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(57) ABSTRACT

A method and apparatus derive a dynamic grammar com-
posed of a subset of a plurality of data elements that are each
associated with one of a plurality of reference identifiers. The
present invention generates a set of selection identifiers on the
basis of a user-provided first input identifier and determines
which of these selection identifiers are present in a set of
pre-stored reference identifiers. The present invention creates
a dynamic grammar that includes those data elements that are
associated with those reference identifiers that are matched to
any of the selection identifiers. Based on a user-provided
second identifier and on the data elements of the dynamic
grammar, the present invention selects one of the reference
identifiers in the dynamic grammar.

35
REFERENCE
100 IDENTIFIER
DATABASE
R N REFERENCE
\ A/ SPEECH IDENTIFIER
VOICE RECOGNIZER SELECTION
INpUT/ouTPUT [ INTERFACE o~ CPU MODULE
| PROMPTS DATA INPUT
)
5 2{ 50
DYNANIC
DISPLAY GRAMMAR L— 65
MEMORY

55/



US 2014/0207458 A1

Jul. 24,2014 Sheet 1 of 6

Patent Application Publication

\mm

AIONTN
cg—T UVNNYVY9 AV1dSIa
DINVNAC
05 MN m |
1NdNI Y1V SLdNOYd ’
3010A /
J1NAON Ndd VAN LNd1NO/LNdNI
NOILOTT3S NI7INO0O T 3010A
e BTN EN] 0T3S a/v N
M\OZEE < _/ )
09 3\ 0s 02
3SVaYLVa _
¥311INIQI 00}
INRER
G
IEIN |




Patent Application Publication Jul. 24,2014 Sheet2 of 6 US 2014/0207458 A1

FIG. 2
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FIG. 4
CONFUSION SET 1: AJK
CONFUSION SET 2: CDEPTV3
CONFUSION SET 3: SFX
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CONFUSION SET 6: W
CONFUSION SET 7: H
FIG. 6
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FIG. 5
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CONCISE DYNAMIC GRAMMARS USING
N-BEST SELECTION

PRIORITY APPLICATION

[0001] The present application is a continuation of U.S.
patent application Ser. No. 13/096,431, filed Apr. 28, 2011,
which is a continuation of U.S. patent application Ser. No.
09/097,787, filed Jun. 15, 1998, now U.S. Pat. No. 7,937,260,
issued May 3, 2011, the contents of which are incorporated
herein by reference.

RELATED APPLICATIONS

[0002] The present application is related to the following
applications: U.S. patent application Ser. No. 11/530,002,
filed Sep. 7, 2006, now U.S. Pat. No. 7,630,899; U.S. patent
application Ser. No. 08/763,382, filed Dec. 13, 1996, entitled
“STATISTICAL DATABASE CORRECTION OF ALPHA-
NUMERIC ACCOUNT NUMBERS FOR SPEECH REC-
OGNITION AND TOUCH-TONE RECOGNITION”; U.S.
patent application Ser. No. 08/771,356, filed Dec. 16, 1996,
entitled “CONSTRAINED ALPHA-NUMERICS FOR
ACCURATE ACCOUNT NUMBER RECOGNITION”,
U.S. patent application Ser. No. 08/909,199, filed Aug. 11,
1997, entitled “A CONFUSION MATRIX BASED
METHOD AND SYSTEM FOR CORRECTING MISREC-
OGNIZED WORDS APPEARING INDOCUMENTS GEN-
ERATED BY AN OPTICAL CHARACTER RECOGNI-
TION TECHNIQUE”; U.S. patent application Ser. No.
08/909,200, filed Aug. 11, 1997, entitled “METHOD AND
APPARATUS FOR PERFORMING AN AUTOMATIC
CORRECTION OF MISRECOGNIZED WORDS PRO-
DUCED BY AN OPTICAL CHARACTER RECOGNI-
TION TECHNIQUE BY USING A HIDDEN MARKOV
MODEL BASED ALGORITHM”; U.S. patent application
Ser. No. 08/953,579, filed Oct. 17, 1997, entitled “METHOD
AND APPARATUS FOR ACCESSING PRE-DEFINED
GRAMMARS”; U.S. patent application Ser. No. 08/953,469,
filed Oct. 17, 1997, entitled “METHOD AND APPARATUS
FOR MINIMIZING GRAMMAR COMPLEXITY”; U.S.
patent application Ser. No. 08/953,468, filed Oct. 17, 1997,
entitled “METHOD AND APPARATUS FOR PERFORM-
ING A GRAMMAR-PRUNING OPERATION”; U.S. patent
application Ser. No. 08/975,587, filed Nov. 20, 1997, entitled
“METHOD AND APPARATUS FOR PERFORMING A
NAME ACQUISITION BASED ON SPEECH RECOGNI-
TION”; U.S. patent application Ser. No. 08/975,588, filed
Nov. 20, 1997, entitled “CONFUSION SET-BASED
METHOD AND APPARATUS FOR PRUNING A PREDE-
TERMINED ARRANGEMENT OF INDEXED IDENTIFI-
ERS”; U.S. patent application Ser. No. 08/975,589, filed Nov.
20, 1997, entitled “CHECK-SUM BASED METHOD AND
APPARATUS FOR PERFORMING SPEECH RECOGNI-
TION”; U.S. patent application Ser. No. 08/982,678, filed
Dec. 2, 1997, entitled “METHOD AND APPARATUS FOR
ACCESSING A SYSTEM ON THE BASIS OF PLURAL
MATCHING OPERATIONS”; U.S. patent application Ser.
No. 09/018,449, filed Feb. 4, 1998, entitled “STATISTICAL
OPTION GENERATOR FOR ALPHA-NUMERIC PRE-
DATABASE SPEECH RECOGNITION CORRECTION”;
and U.S. patent application Ser. No. 09/018,575, filed Feb. 5,
1998, entitled “A CONFUSION SET BASED METHOD
AND SYSTEM FOR CORRECTING MISRECOGNIZED
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WORDS APPEARING IN DOCUMENTS GENERATED
BY AN OPTICAL CHARACTER RECOGNITION TECH-
NIQUE”.

BACKGROUND OF THE INVENTION

[0003] The present invention is directed to a method and
apparatus for acquiring a pre-stored identifier based on at
least one input identifier and, in particular, to a method and
apparatus that acquires this pre-stored identifier by first gen-
erating N selection identifiers and selecting from these N
selection identifiers the identifier that matches the desired
pre-stored identifier.

[0004] The increasingly competitive nature of business,
whether it occurs on aregional, national, or even international
scale, has imposed on companies the incentive to seek out
new avenues for achieving comparative advantage over their
competitors. In pursuit of such advantages, companies seck
ways to attract new customers and at the same time raise the
satisfaction and value that existing customers already receive.
In certain markets, one way to achieve this is through improv-
ing customer assistance. Since many companies have a large
customer base that is oftentimes spread out over a vast geo-
graphic area, the only feasible way for a company to provide
broad customer service access is to implement a communi-
cation network that can handle inquiries from customers. One
way such customer service is implemented is a customer
service center that can be remotely accessed by customers
either on the telephone or through an Internet or other com-
puter-based link.

[0005] Once a call is received at the customer service cen-
ter, the next task is to identify who the customer is. This task
is not without difficulty, especially in companies that have
millions of customers. Usually, each customer is uniquely
identified by an account number that is maintained on a data-
base, and each account number is in turn associated with
information that is pertinent to the particular customer for
whom the account number was generated. For example, in a
remote access merchandise center, each account number may
be associated with not only a current merchandise order, but
also with an historical record of purchases made by each
customer. For purposes of this discussion, customer account
numbers are included within a class of information referred to
herein as identifiers; each identifier is a collection of numbers,
letters, typographical characters, or any combination thereof.
Moreover, the identifiers may be pronounced as words or on
a character-by-character basis, the latter type of pronuncia-
tions being referred to as phonetic aggregations. In order to
pair a Caller with a particular account number (identifier),
such remote access systems must first require the caller to
enter his account number, either through a touch-tone keypad,
or, more recently, by speaking into a voice input device that is
coupled to speech recognition technology. After receiving an
input account number, the system searches throughout the
entire customer database for that one account number.
Depending on the customer base, such a search can be time-
consuming and can deplete processing resources that could
otherwise be put to more efficient uses. Therefore, what is
needed is a system that simplifies the manner in which a
system can identify a user trying to gain access thereto.

SUMMARY OF THE INVENTION

[0006] The present invention is thus directed to a method
and apparatus that simplifies the search for one of a plurality
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of pre-stored reference identifiers on the basis of at least one
input identifier provided by a user. In short, this simplification
is achieved by deriving a dynamic grammar from the global
set of reference identifiers. As used herein, the term “gram-
mar” refers to a group of data elements that have been
arranged together according to a set of criteria, and the term
“dynamic grammar” refers to a grammar that is formed in
real-time during the interaction of system 100 with one or
more users. The search for the identifier that uniquely iden-
tifies the user is accomplished with respect to dynamic gram-
mar. As a result, since the amount of reference identifiers
associated this with the data elements of the dynamic gram-
mar will invariably be less than the complete set of reference
identifiers, the search for the identifier that corresponds to the
current user is simplified and its efficiency enhanced.

[0007] According to a first embodiment of the present
invention, the present invention derives a dynamic grammar
from a set of reference identifiers by generating a plurality of
selection identifiers, comparing the plurality of selection
identifiers with the set of reference identifiers to determine
which selection identifiers are present in the set of reference
identifiers, and selecting the dynamic grammar as comprising
those data elements associated with the reference identifiers
that match any one of the selection identifiers.

[0008] According to another embodiment of the present
invention, the present invention accesses a selected one of a
plurality of reference identifiers, in which each reference
identifier is associated with at least one data element. The
present invention accomplishes this access by generating a
plurality of selection identifiers and then determining those
reference identifiers that match any one of the selection iden-
tifiers. The present invention then creates a data element
subset comprising those data elements associated with the
reference identifiers that match any of the selection identifi-
ers. The present invention then selects one of the reference
identifiers on the basis of the at least one associated data
element.

[0009] According to another embodiment of the present
invention, the present invention comprises an apparatus for
transferring a subset of data elements selected from a global
set of data items from a first memory to a second memory,
each data item of the global set being associated with a ref-
erence identifier. This apparatus comprises a processing
device that is coupled to the first memory and to the second
memory. Also coupled to the processing device is a reference
identifier selection module, which includes means for caus-
ing the processing device to select, in accordance with a
predetermined criterion, which data elements are to be
present in the subset of data elements, and which also
includes means for transferring the subset of data elements
from the first memory to the second memory.

[0010] According to yet another embodiment of the present
invention, the present invention comprises an apparatus for
responding to at least one vocal input from a user. This appa-
ratus comprises a speech recognizing device for producing a
predetermined identifier in response to the vocal input and a
processing device having an input for receiving the predeter-
mined identifier from an output of the speech recognizer. In
this apparatus, at least one memory is coupled to the process-
ing device; this memory includes at least one reference iden-
tifier having a predetermined relationship to the predeter-
mined identifier. The apparatus according to the present
invention also includes means for providing the user with
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access to the reference identifier having the predetermined
relationship to the predetermined identifier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates a system constructed in accor-
dance with the principles of the present invention.

[0012] FIG. 2 shows a confusion matrix for arranging a
plurality of probabilities indicative of the likelihood that a
particular character in an identifier was spoken by a user.
[0013] FIG. 3 shows a connectivity matrix that is used to
derive a plurality of confusion sets from a particular confu-
sion matrix.

[0014] FIG. 4 shows an exemplary plurality of confusion
sets
[0015] FIG. 5 illustrates a flow diagram that describes the

operation of the system of FIG. 1.

[0016] FIG. 6 illustrates an exemplary arrangement of ref-
erence identifiers and associated correlation data elements
that may be maintained in a database of the system of FIG. 1
or7.

[0017] FIG. 7 illustrates a system that is in accordance with
another embodiment of the present invention.

DETAILED DESCRIPTION

[0018] FIG. 1 illustrates a system that implements an
N-best dynamic grammar selection routine in accordance
with an embodiment of the present invention. The system of
FIG. 1 is merely an example of one kind of system that is
capable of supporting this routine, and it should be appreci-
ated that this routine is compatible with numerous other
applications.

[0019] The system 100 of FIG. 1 includes a voice input/
output device 10, which may comprise a conventional tele-
phone or microphone. A user wishing to access a particular
service provided by the system would be prompted to speak a
predetermined identifier into voice input/output device 10.
The term “identifier” refers to any arrangement of letters,
numbers, or other typographical characters, regardless of
whether such an arrangement comprises an actual word or a
non-word. As explained above, the identifiers may be pro-
nounced as a whole or on a character-by-character basis.
Thus, if an identifier comprises “JOHN”, a user may provide
this identifier to device 10 either by pronouncing the whole
word, or by pronouncing the characters individually, as in
J-O-H-N. The voice signal provided by the user can be carried
over a telephone line to a public telephone network interface
15, which interfaces the voice signal generated by voice
input/output device 10 to the remaining components of the
speech recognition system. Interface 15 may comprise a pub-
lic-switched telephone network (“PSTN™). Of course, any
wired or wireless connection could convey the voice signal to
the speech recognition system. Moreover, system 100 need
not be limited to a voice input/output device 10 that is
remotely located from CPU 40; instead, system 100 may be
configured as a unitary apparatus, such as a personal com-
puter (“PC”). The system of FIG. 1 further includes an A/D
converter 20, which converts the analog voice signal provided
by interface 15 into a digital signal. A/D converter 20 supplies
the digitized voice signal to speech recognizer 30, which may
comprise, for example, a HARK 3.0 recognizer, which is
manufactured by BBN Co., or a recognizer manufactured by
NUANCE, Inc. After employing a recognition routine, for
example, one that is based on the Hidden Markov Model,
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speech recognizer 30 provides as an output a set of N selec-
tion identifiers, which may or may not include a selection
identifier that corresponds to the identifier that the user spoke
into the device 10. As shall be explained shortly hereafter, the
generation of N selection identifiers may be accomplished
according to at least three different methods; one method,
which can be performed by the NUANCE recognizer, uses a
well-known algorithm based on the Hidden Markov Model.
The other methods rely on confusion matrices and confusion
sets, respectively, which shall be explained soon hereafter.
Each selection identifier comprises digital information that is
arranged according to a code format that is well-known in the
field of speech recognizers. The set of N selection identifiers
is provided to an input of CPU 40. As shall be explained
hereafter, CPU 40 is configured to determine which of these
N selection identifiers corresponds to the input identifier spo-
ken by the user into device 10.

[0020] In short, the process of determining which of these
N selection identifiers corresponds to the first input identifier
involves CPU 40, operating in accordance with the instruc-
tions maintained in reference identifier selection module 60,
comparing the N selection identifiers to the reference identi-
fiers stored in database 35 in order to form a dynamic gram-
mar that is maintained in dynamic grammar memory 65 and
includes only those data elements that are associated with a
reference identifiers that match any of the selection identifi-
ers. As used herein, the term “grammar” refers to a group of
data elements that have been arranged together according to a
set of criteria, and the term “dynamic grammar” refers to a
grammar that is formed in real-time during the interaction of
system 100 with one or more users. In database 35, each of the
reference identifiers is associated with at least one correlation
data element; once the dynamic grammar has been created,
CPU 40 prompts the user to provide a second input identifier,
one that is intended to match a correlation data element that is
associated with one of the selection identifiers in the dynamic
grammar. In order to prompt a user for information, system
100 includes a voice prompt device 25 which may comprise
DIALOGIC telephone interface cards. CPU 40 causes voice
prompt device 25 to issue voice inquiries to a user at voice
input/output device 15. For example, in the case of prompting
the user for second input identifier, the voice prompt device
25 may issue an inquiry such as “Please tell me your mother’s
maiden name”. Once a match is found to exist between the
second input identifier and a correlation data element of the
dynamic grammar, CPU 40 selects the selection identifier that
is associated with the matched correlation data element as the
true match for the first input identifier provided by the user. In
addition to the components of FIG. 1 discussed above, system
100 also includes a data input device 50, such as a keyboard,
a CD-ROM drive, or a floppy drive, and the system of FIG. 1
is also provided with a display 55.

[0021] As explained above, the speech recognizer 30 may
generate the N selection identifiers in response to a first input
identifier by employing any one of a plurality of methods,
which shall now be described. The first method for generating
N selection identifiers uses any suitable Hidden Markov
Model-based algorithm to generate N possible identifiers on
the basis of an input identifier. This first method may be
accomplished by the NUANCE recognizer, which is well-
known in the art. According to this method, the speech rec-
ognizer has been pre-programmed, in accordance with any
suitable technique for doing so, to produce the N identifiers
that most likely match the input identifier; these generated
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identifiers serve as the N selection identifiers. One such algo-
rithm that can be used to generate these N selection identifiers
is the Hidden Markov Model. In providing these N selection
identifiers, speech recognizer 30 may produce identifiers of a
fixed character length or of a variable character length,
depending on the particular needs of the application at hand.

[0022] In order to explain the other two methods for gen-
erating N selection identifiers, the concept of confusion
matrices and confusion sets will have to be explained first.
The discussion regarding confusion matrices and confusion
sets that is presented here is based on U.S. patent application
Ser. No. 08/975,588 (“the *588 application™), which is incor-
porated by reference herein. Further, this discussion is pre-
sented within the context of FIG. 7 of the present application,
which illustrates a system 200 that relies either on confusion
matrices or confusion sets to generate the N selection identi-
fiers. The choice of which method, either one based on con-
fusion matrices or one based on confusion sets, to use to
generate the N selection identifiers may be pre-programmed
into module 60. In discussing system 200, elements that cor-
respond to the same elements in FIG. 1 have been given the
same reference character. The only elements that are new in
FIG. 7 are confusion matrix memory 45, confusion set
memory 70, and confusion set generating module 75.

[0023] The confusion matrix memory 45 stores a plurality
of recognition probabilities arranged in matrix form. An
example of a confusion matrix is illustrated in FIG. 2. In the
example of FIG. 2, each recognition probability is provided in
the form of a decimal value. Each recognition probability
represents the probability that a particular character spoken
by a user into voice input/output device 10 will be recognized
by recognizer 30 either as the same character or as another
character. For example, the confusion matrix is intended to
provide a probability that, when “A” is spoken into device 10,
the recognizer 30 will yield an “A”, or a “B”, a “C”, etc., for
that particular spoken character. Although in practice the
confusion matrix stored in memory 45 would include entries
for each intersection between each row and each column, for
the sake of simplicity and ease of understanding, the confu-
sion matrix of FIG. 2 includes a non-zero entry at only some
of these row/column intersections. Thus, each blank entry in
FIG. 2 is read as a zero; in practice, however, the entire matrix
may be populated with recognition probabilities. Other pos-
sible confusion matrices need not be limited to just letters or
numbers and may cover other characters as well, such as
typographic characters.

[0024] The confusion matrix of FIG. 2 is read as follows:
the vertical columns correspond to characters that are pro-
duced by recognizer 30. The horizontal rows correspond to
characters that are spoken by a user into voice input/output
device 10. Of course, the confusion matrix of FIG. 2 may be
configured in reverse, in which the horizontal rows corre-
spond to characters produced by recognizer 30, and in which
the vertical columns correspond to characters that are spoken
by the user. The values that are provided in the confusion
matrix represent different probabilities. For example, based
onthe confusion matrix of F1G. 2, given that the character “A”
is produced by recognizer 30, the probability that “A” was
spoken by the user is 50%. The column for the character “A”
also reveals a probability of 4% that an “F”” was spoken when
an “A” is recognized, a probability of 4% that an “H” was
spoken when an “A” was recognized, a probability of 21%
that a “J” was spoken when “A” is recognized, and a prob-
ability 0f21% that a “K” was spoken when “A” is recognized.
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Characters that are pronounced similarly are more likely to be
confused with each other, and the values that populate the
confusion matrix of FIG. 2 reflect that observation. That is
why, since “A” and “J” sound alike when pronounced, the
recognition probability that a spoken “A” will be misrecog-
nized by recognizer 30 as “J” (21%) is higher than the recog-
nition probability that a spoken “A” will be misrecognized by
recognizer 30 as an “F” (4%).

[0025] The particular probabilities that are provided in FIG.
2 are determined in advance through experimentation, and
they are tailored to suit the particular recognizer 30 to be used.
Thus, before a particular recognizer is to be used in the system
of FIG. 1, a confusion matrix corresponding to that particular
recognizer must first be populated. Thus, when a particular
recognizer is to be used in the system of FIG. 1, a test group
of persons provides pronunciations of each of the characters
to be included in the confusion matrix, and the recognized
output of recognizer 30 for each pronunciation is recorded. In
order that the results of these tests incorporate the influence of
the noise and bandwidth limitations that affect speech recog-
nizers operating under real conditions, the vocal pronuncia-
tions of this test group of persons may be provided to the
speech recognizer 30 over a telephone line. From these vari-
ous “trial runs” of speech recognizer 30, the probabilities that
characterize the recognition accuracy of the speech recog-
nizer 30 are established, and these probabilities can be
entered as a confusion matrix into memory 45 through data
input device 50. Since different recognizers exhibit different
recognition accuracies, if speech recognizer 30 is to be
replaced with a different recognizer, a confusion matrix cor-
responding to the replacement recognizer may be entered into
memory 45. Or, alternatively, memory 45 may store in
advance a plurality of predetermined confusion matrices cor-
responding to different recognizers, so that when a replace-
ment recognizer is implemented, the corresponding confu-
sion matrix may be accessed by entering a command through
input device 50. It should be noted that the probabilities of a
confusion matrix need not be arranged in matrix form, but
may be arranged as an array, or as any other data structure
capable of associating a recognized and spoken character in
terms of a probability.

[0026] In order to discuss one manner in which a plurality
of confusion sets are generated, reference is now made to
FIGS. 3 and 4. FIG. 3 illustrates what is referred to as a
connectivity matrix, from which a plurality of confusion sets
may be obtained. An example of a plurality of confusion sets
is shown in FIG. 4. For the sake of simplicity, these confusion
sets do not include numerals, covering only letters instead.
Each confusion set is intended to group together those char-
acters that are most likely to be confused with each other.
Within the context of a speech recognition system, the char-
acters that are most often confused with each other are the
characters that are pronounced the most similarly. The man-
ner in which these confusion sets are generated is such that
characters from different confusion sets have a relatively low
probability of being confused with each other. As shall be
explained in connection with FIG. 3, the determination of
which characters should be grouped together may be based on
the recognition probabilities arranged in the confusion matrix
of memory 45. In FIG. 4, confusion set 1 groups together the
characters “A”, “J”, and “K”. Confusion set 2 groups together
the characters “B”, “C”, “D”, “E”, “P”, “T”, and “V”. Con-
fusion set 3 comprises the characters “S”, “F”, and “X”.
Confusion set 4 comprises the characters “I”, “R”, “O”, and
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“L”. Confusion set 5 comprises the characters “M” and “N”.
Confusion set 6 comprises the character “W”, and confusion
set 7 comprises the character “H”. For purposes of this dis-
cussion, the character content of each confusion set shall be
referred to as a character collection. A character collection as
used herein may include one or more characters.

[0027] Operating in accordance with the instructions pro-
vided by confusion set generating module 75 and in accor-
dance with the confusion matrix provided in memory 45,
CPU 40 performs the necessary calculations and procedures
for generating the confusion sets, and once generated, these
confusion sets are maintained in memory 70. The first step in
generating the confusion sets involves generating a matrix
based on the confusion matrix that corresponds to the speech
recognizer 30 currently in use. In particular, each entry loca-
tion (i.e., the intersection point of row X with columnY') of the
newly generated matrix is populated with a value of 1 if the
same entry location in the confusion matrix is populated with
a recognition probability that is greater than a predetermined
threshold. For those entry locations of the confusion matrix
having recognition probabilities that are less than or equal to
the threshold, the corresponding entry locations of the newly
generated matrix receive a value of 0. The threshold is deter-
mined empirically according to any suitable method, and it
reflects the recognition characteristics of the speech recog-
nizer associated with the confusion matrix. The newly gen-
erated matrix that results from this procedure is a matrix that
comprises only ones and zeros. This matrix is then multiplied
by itself a number of times equal to the amount of characters
represented by the confusion matrix. Thus, if the confusion
matrix covers only the alphabet, which includes twenty-six
characters, then the ones-and-zeroes matrix is multiplied by
itself twenty-six times. The product of this multiplication is
referred to as a connectivity matrix, an example of which is
illustrated in FIG. 3.

[0028] The distribution of characters among the various
confusion sets depends on the distribution of ones in the
connectivity matrix. Everywhere in the connectivity matrix
that there is a “one,” the characters of the associated row and
column are included in the same confusion set. For example,
in FIG. 3, the column corresponding to the character “A”
includes a “one” at the rows corresponding to the characters
“J” and “K”. Thus, the characters “A”, “J”, and “K” are placed
within one confusion set. For column “B”, “ones” are asso-
ciated with rows “C”, “D”, “E”, “P”, “T”, and “V”". Thus, the
characters “B”,“C”,“D”, “E”, “P”, “T”, and “V” are included
in another confusion set. This process is repeated until each
character represented in the original confusion matrix is asso-
ciated with a confusion set. The confusion sets of FIG. 4
represent one possible arrangement that the above-discussed
process may yield.

[0029] It should be appreciated that this confusion set gen-
eration need not be performed after the system is put in
practice, but instead may be accomplished before the system
200 begins interacting with users. Moreover, every time a new
recognizer is installed, and consequently a new associated
confusion matrix is activated, the system 200 requires that a
corresponding new plurality of confusion sets be generated.
Of course, each different plurality of confusion sets may be
generated beforehand, so that if a new speech recognizer is
implemented, the appropriate plurality of confusion sets may
be activated by entering a command through data input device
50. Further, the above-discussed procedure is not the only
way to generate a plurality of confusion sets; the present
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invention is intended to encompass any suitable process for
grouping the most often confused characters with one
another. Thus, for example, had the system 100 been pro-
grammed to store recognition probabilities according to a
data structure other than a confusion matrix, the present
invention would encompass whatever technique is suitable
for that data structure for determining which groups of char-
acters are most often confused with one another. Alterna-
tively, the composition of each confusion set may be deter-
mined empirically by having a programmer or a group of
persons select which characters should be grouped together
based on how close they are perceived to be in view of their
respective pronunciations.

[0030] With respect to the generation of N selection iden-
tifiers, what shall now be discussed is how a predetermined
group of confusion sets may be used to generate these N
selection identifiers. Assume that an identifier has been spo-
ken into voice input/output device 10 and that in response to
such an input, speech recognizer 30 has produced the recog-
nized identifier “bsaew”. In this example, identifiers can com-
prise letters only, but in practice, they may comprise other
types of characters as well. In system 200, CPU 40, under the
programmed instructions of module 60, goes to each charac-
ter of this recognized identifier and substitutes that character
with another character belonging to the same confusion set.
For example, the first character, “b”, belongs to confusion set
2 in FIG. 4. Thus, by replacing the letter “b” with each other
letter of the confusion set, the system 200 can generate in this
example up to six selection identifiers in this manner. After
using the characters of confusion set 2 to serve as replace-
ments for “b” in the first character position of this particular
recognized identifier, system 200 goes to the next character,
determines which confusion set it belongs to, and replaces
that character with each of the other characters, if any, in this
determined confusion set. This operation can be performed
for every character position of the recognized identifier, or at
least until N selection identifiers have been generated. This
operation described above need not be limited to replacing a
single character at a time. In addition, this operation may
replace multiple characters at a time; thus, instead of replac-
ing only “b” with “d” to produce the selection identifier
“dsaew”, this operation may be used to replace “bs” with “df”
to produce a new selection identifier. In this multiple charac-
ter operation, the confusion set to which each character that is
to be replaced belongs is used to select the replacement char-
acters for generating the selection identifier. Thus, in the
above example, confusion set 2 would be consulted to select
the replacement characters for “b”, and confusion set 3 would
be consulted to select the replacement characters for “s”.

[0031] The next method for generating selection identifiers
relies directly on the confusion matrix in memory 45. With
respect to the above example, system 200 would consult the
column of the confusion matrix that corresponds to the letter
“b” and determine which of the values included therein
exceed a predetermined threshold, which may be empirically
established according to any suitable method. For example, if
the threshold is set at 4%, then any letter in the “b” column
that is associated with a confusion matrix value that exceeds
this threshold would be used to replace the letter “b” in the
first character position of the recognized identifier, thereby
generating new selection identifiers. In this example, if the
confusion matrix of FIG. 2 issued, the letters “c”, “d”, “e”,
“g”, “p”, “t”, and “v” would be used as the replacement
characters for the character position occupied by “b” in the
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recognized identifier. Notice that if numbers were allowed to
occupy character positions of the identifier, the number 3
would also serve as a replacement character for “b” to create
a corresponding selection identifier because it is associated in
the exemplary confusion matrix of FIG. 2 with a value that is
higher than the threshold of 4%. As with the confusion set-
based operation, this operation based on confusion matrices
may also be used to perform replacement operations on a
multiple character basis. U.S. patent application Ser. No.
09/018,449, filed Feb. 4, 1998, entitled “STATISTICAL
OPTION GENERATOR FOR ALPHA-NUMERIC PRE-
DATABASE SPEECH RECOGNITION CORRECTION”,
which is incorporated by reference herein, also discusses the
manner in which N identifiers may be generated based on the
recognized output provided by a speech recognizer.

[0032] Besides the manner in which selection identifiers
may be generated, a discussion of the data contents of data-
base 35 is necessary as well before the overall operation of the
present invention is described. As FIG. 6 illustrates, each
reference identifier in database 35 is associated with at least
one piece of information, which is referred to as a correlation
data element. In the customer service context, such a data
element may correspond to any combination of the following
types of information: first name, last name, mother’s maiden
name, street address, city, state, zip code, age, etc. In the
example provided by FIG. 6, each account number is associ-
ated with three correlation data elements, namely, one that
includes the corresponding customer’s last name, another
that includes the corresponding customer’s state of residence,
and yet another that includes the corresponding customer’s
zip code. Although each account number in this example is
associated with the same three types of correlation data items,
this need not always be the case. Systems 100 and 200 are
flexible enough to accommodate a database storage scheme
that associates with each reference identifier correlation data
elements that are different in kind and in number. Thus, for
example, one reference identifier may be associated with only
a last name correlation data element, while another reference
identifier in database 35 may be associated with a maiden
name correlation data element and a zip code data correlation
data element.

[0033] For a more complete discussion of the operation of
the systems 100 and 200, reference is now made to the flow
diagram of FIG. 5, which presents an algorithm, maintained
in reference identifier selection module 60, under which CPU
40 operates. The operation as represented in FIG. 5 shall be
discussed within the context of a customer service system, in
which a user dials into the system in order to obtain informa-
tion or execute a transaction relating to his account. In par-
ticular, the operation begins when CPU 40 causes voice
prompt device 25 to issue a request for the user to provide an
input identifier (step 500). Within the customer service con-
text, such an input identifier may comprise a customer
account number. Assume that in this instance, the input iden-
tifier is “bs437w”. As explained before, the analog electrical
signal that embodies this vocally provided identifier is sup-
plied to interface 15, which in turn supplies this signal to A/D
converter 20. The output of A/D converter 20 comprises a
digitized version of the analog signal received at the input
thereof. This digitized signal is supplied to speech recognizer
30, which produces N selection identifiers in response thereto
(step 505). If the system in question is system 100 of FIG. 1,
then the selection identifiers are generated according to the
Hidden Markov Model, as discussed above. If the system is
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system 200, then the N selection identifiers are generated in
accordance with either the confusion set operation or the
confusion matrix operation, as discussed above. Assume that
in this example the N generated selection identifiers are as
follows:

[0034] bs437w bsdg7w bsdp7w bx437w bxdp7w

[0035] bx4z7w ds437w dsdg7w dsdp7w dx437w

[0036] dxdp7w dxdz7w esd37w esdg7w esdpTw

[0037] ex437w exdeTw exdzTw gsd37w gsdgTw

[0038] gsd4t7w gx437w gxdeTw gxdzTw psd3Tw

[0039] psdp7w psdt7w gx437w gxdeTw gx4zTw

[0040] ts437w tx437w txdeTw txdz7w zx43 7w

[0041] zx437w zxdpTw zxdpTw zx4z 71w zx4zTw

[0042] Speech recognizer 30 supplies these N selection

identifiers to CPU 40, which compares these selection iden-
tifiers to the reference identifiers maintained in database 35.
The reference identifiers in database 35 may comprise the
entire customer account base for the particular institution that
employs system 100. For example, if the institution is a credit
card company, database 35 would store all of the customer
accounts that are currently being serviced by the credit card
company. In any event, once this comparison is performed,
CPU 40 excludes those selection identifiers that are not found
in the database 35 and forms a dynamic grammar that
includes those correlation data elements that are associated
with the reference identifiers that match any one of the selec-
tion identifiers. This dynamic grammar is stored in memory
65. Although each reference identifier, as illustrated in FIG. 6,
may be associated with more than one type of correlation data
element, each correlation data element of a reference identi-
fier that matches a selection identifier need not be included in
the dynamic grammar. The type of correlation data element
that is included in dynamic grammar memory 65 may corre-
spond only to the data element type that corresponds to the
type of second identifier that shall be requested of the user.
For example, as shall be discussed below, if the system 100,
200 is programmed to prompt the user for a second identifier
comprising the maiden name of the user’s mother, then for
those reference identifiers that match a selection identifier,
only the associated correlation data elements that embody
maiden names will be provided to memory 65. Had the sec-
ond identifier been required to be a zip code, then the zip code
correlation data element of each reference identifier that
matches a selection identifier would be provided to memory
65. Or if the type of second identifier that the user must
provide is randomly chosen among the possible types of
second identifiers, then all of the correlation data elements
associated with each such reference identifier would be pro-
vided to memory 65.

[0043] As explained above, after system 100 has created a
dynamic grammar based on the comparison ofthe N selection
identifiers with the contents of reference identifier database
35, CPU 40 causes voice prompt device 25 to issue to the user
an inquiry requesting a second input identifier, one that is
intended to match a correlation data element associated with
one of the reference identifiers (step 520). For example, the
voice prompt device may issue a request for the maiden name
of'the user’s mother, or for the zip code in which his residence
is located. At this point, instead of producing N output iden-
tifiers in response to the second input identifier, speech rec-
ognizer 30 produces only a single identifier, which is referred
to herein as a correlation identifier. Speech recognizer 30 may
be programmed to produce N selection identifiers at step 505
and only one correlation identifier after step 525 by being
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programmed to do so in accordance with any suitable pro-
gramming technique that is appropriate for speech recogni-
tion software. For example, speech recognizer 30 may still
internally produce N identifiers in response to the second
input identifier, but may be programmed at this point to select
only the first of those N identifiers, which typically represents
the “best” or “most likely” match for the input identifier. This
second input identifier is referred to as the correlation iden-
tifier.

[0044] Once a correlation identifier has been produced,
CPU 40 determines whether the present correlation identifier
matches any correlation data element of the dynamic gram-
mar in memory 65. For example, if the correlation identifier
comprises the zip code 07031, CPU 40 compares this zip code
with all of the zip code correlation data elements in dynamic
grammar memory 65. If no match exists between the current
correlation identifier and any correlation data item, CPU 40
causes voice prompt device 25 to issue an error message and
re-prompts the user for a new first input identifier (step 530);
on the other hand, if CPU 40 determines that a match exists
between the correlation identifier and one of the correlation
data items, CPU 40 extracts from memory 35 the reference
identifier (i.e., account number) that is associated with the
matched correlation data item (step 535). Although dynamic
grammar memory 65 includes only correlation data elements,
CPU 40 is still able to determine which reference identifier is
associated with the correlation data element that matches the
correlation identifier. CPU 40 can make this determination
according to any suitable data storage scheme. One possible
storage scheme involves “tagging” each data element that is
transferred to memory 65: when a correlation data item is
transferred from memory 35 to memory 65, it is “tagged”
with a data field that identifies the address of the associated
reference identifier’s location in memory 35. Thus, when a
correlation data element of memory 65 is determined to
match the correlation identifier, CPU 40 accesses the data
field “tag” of the correlation data element in order to deter-
mine the address location in memory 35 of the associated
reference identifier.

[0045] In the example where the zip code 07031 was pro-
vided as the correlation identifier, CPU 40 would select the
reference identifier bs437w the reference identifier that
matches the first input identifier originally provided by the
user in step 500. If more than one identifier of the dynamic
grammar is associated with the same matched correlation
data item, CPU 40 may cause voice prompt device 25 to
prompt the user with each identifier of the dynamic grammar
that is associated with the matched correlation data item, at
which point the user would indicate through voice input/
output device 10 or any other suitable input means which of
the prompted identifiers truly matches the one he originally
spoke into device 10. After the reference identifier that cor-
rectly matches the first input identifier is selected, the user
may enter into further interactions with the system 100, 200,
or system 100, 200 may transfer the communication link with
the caller over to another system that can execute particular
user-initiated transactions on the basis, at least in part, of the
matched reference identifier. For example, the user may wish
to check his account balance, transfer funds between
accounts, or pay bills.

[0046] Theabove described embodiments are illustrative of
the principles of the present invention. Other embodiments
could be devised by those skilled in the art without departing
from the spirit and scope of the present invention. For
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example, instead of relying on speech recognition technology
to communicate a user entry to CPU 40, system 100, 200 may
be equipped with components that allow users to provide
identifiers through a telephone keypad, a touch-screen input,
or a remote point of sale (“POS”) terminal.

[0047] Theabove described embodiments are illustrative of
the principles of the present invention. Other embodiments
could be devised by those skilled in the art without departing
from the spirit and scope of the present invention.

1. A method comprising:

creating, via a processor, a correlation table based on

speech input from a user, the correlation table compris-
ing alternative character combinations of the speech
input;
generating a selection identifier based on the speech input,
the selection identifier corresponding to a data element;

comparing the alternative character combinations and the
selection identifier to reference identifiers, to yield a
matched identifier comprising a reference identifier cor-
responding to the speech input; and

when the matched identifier comprises more than one ref-

erence identifier, prompting the user to select which of
the more than one reference identifier corresponds to the
speech input.

2. The method of claim 1, wherein the correction table
comprising the alternative character combinations of the
speech input is based on similar pronunciations of alphanu-
meric characters.

3. The method of claim 2, further comprising analyzing a
speech recognition error probability to determine an alterna-
tive character combination from the correlation table most
likely to match the speech input.

4. The method of claim 3, wherein the speech recognition
error probability comprises a likelihood that the speech input
was incorrectly recognized by a speech recognizer.

5. The method of claim 1, wherein the correlation table
comprising the alternative character combinations uses a Hid-
den Markov Model algorithm based on the speech input.

6. The method of claim 1, further comprising identifying
the user based on the reference identifier.

7. The method of claim 1, wherein the alternative character
combinations comprise groups of characters likely to be con-
fused with each other.

8. A system comprising:

a processor; and

a computer-readable storage medium having instructions

stored which, when executed by the processor, cause the

processor to perform operations comprising:

creating a correlation table based on speech input from a
user, the correlation table comprising alternative char-
acter combinations of the speech input;

generating a selection identifier based on the speech
input, the selection identifier corresponding to a data
element;

comparing the alternative character combinations and
the selection identifier to reference identifiers, to yield
a matched identifier comprising a reference identifier
corresponding to the speech input; and

when the matched identifier comprises more than one
reference identifier, prompting the user to select
which of the more than one reference identifier cor-
responds to the speech input.
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9. The system of claim 8, wherein the correction table
comprising the alternative character combinations of the
speech input is based on similar pronunciations of alphanu-
meric characters.

10. The system of claim 9, the computer-readable storage
medium having additional instructions stored which result in
operations comprising analyzing a speech recognition error
probability to determine an alternative character combination
from the correlation table most likely to match the speech
input.

11. The system of claim 10, wherein the speech recognition
error probability comprises a likelihood that the speech input
was incorrectly recognized by a speech recognizer.

12. The system of claim 8, wherein the correlation table
comprising the alternative character combinations uses a Hid-
den Markov Model algorithm based on the speech input.

13. The system of claim 8, the computer-readable storage
medium having additional instructions stored which result in
operations comprising identifying the user based on the ref-
erence identifier.

14. The system of claim 8, wherein the alternative character
combinations comprise groups of characters likely to be con-
fused with each other.

15. A computer-readable storage device having instruc-
tions stored which, when executed by a computing device,
cause the computing device to perform operations compris-
ing:

creating a correlation table based on speech input from a

user, the correlation table comprising alternative char-
acter combinations of the speech input;
generating a selection identifier based on the speech input,
the selection identifier corresponding to a data element;

comparing the alternative character combinations and the
selection identifier to reference identifiers, to yield a
matched identifier comprising a reference identifier cor-
responding to the speech input; and

when the matched identifier comprises more than one ref-

erence identifier, prompting the user to select which of
the more than one reference identifier corresponds to the
speech input.

16. The computer-readable storage device of claim 15,
wherein the correction table comprising the alternative char-
acter combinations of the speech input is based on similar
pronunciations of alphanumeric characters.

17. The computer-readable storage device of claim 16,
having additional instructions stored which result in opera-
tions comprising analyzing a speech recognition error prob-
ability to determine an alternative character combination
from the correlation table most likely to match the speech
input.

18. The computer-readable storage device of claim 17,
wherein the speech recognition error probability comprises a
likelihood that the speech input was incorrectly recognized
by a speech recognizer.

19. The computer-readable storage device of claim 15,
wherein the correlation table comprising the alternative char-
acter combinations uses a Hidden Markov Model algorithm
based on the speech input.

20. The computer-readable storage device of claim 15,
having additional instructions stored which result in opera-
tions comprising identifying the user based on the reference
identifier.



