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choice words 20. Each choice word 20 is associated with a
word model or sequence of word models and represents a
symbol or sequence or symbols that can be substituted into
the data string in memory 12 for the current word 38. The
word list generator 16 generates a word list for each choice
word 20 by storing in the associated word list memory 22
words 24 that together can represent a semantic profile for
the associated choice word 20. The data processor 26 can
compare the words 24 of the semantic profiles against the
context words 36, to select the choice word 20 that best
represents the word 38.

In the character recognition embodiment illustrated in
FIG. 1, the current word 38 can be a partially recognized
word having one or more recognized characters, such as
letters. For example, the current word 38 could have an
unrecognized first character succeeded by the recognized
letter string “ORSE.”

The current word 38 being recognized can be transferred
via the bus interface 48 to the processing unit 48. The
processing unit 48 can, in one example, analyze the known
information about the current word 38 to select choice words
20A-20E from the vocabulary memory 50. Continuing with
the above example of an current word 38 having the letter
string “ORSE,” the choice list generator 14, can match the
identified string with stored vocabulary words. The word 38
could, for example, be associated with any of the vocabulary
words gorse, horse, norse, morse, or worse, stored in the
vocabulary memory 50. Each of these five vocabulary words
can be one of the respective choice words 20A—20E stored
by the processor unit 48 in the choice list memory 18.

Alternatively, the choice list generator 14 can select the
choice words 20A—20E as a function of a static language
model. In one embodiment the choice list generator can
employ a uni-gram model to select choice words 20 as a
function of their rate of occurrence in the English language.
Each choice word 20 is associated with probability signal
32. The probability signal 32 can represent the fact that not
all words are used with the same frequency in a given
language, and in fact, some words are used much more
commonly than others. The probability signal 32 can rep-
resent a probability distribution related to the likelihood that
the associated choice word 20 would normally occur in a
word sequence such as the data string in memory 12. The
system 10 can generate a probability signal 32 for one or
more of the choice words 20 by any of the statistical
analytical techniques known in the art of language model-
ing. In this example, the system 10 employs a uni-gram
language model that analyzes extensive amounts of training
data, and measures, for each word in the language, the
number of times the word occurs in the analyzed training
data. Other language models, including the bi-gram and
tri-gram models, can be used to generate the occurrence
signals 32 and practiced with the depicted recognition
system 10.

Alternatively and preferably, the probability signal 28 and
additional probability information are employed by the data
processor 26 to generate a signal that represents the overall
likelihood that the choice word 20 is substantially similar to
the current ambiguous word 38. In particular the data
processor 26 can gencrate the signal as a function of the
probability signal 28 and the probability signal 32. In one
practice, a tuning procedure is employed to develop a set of
weighted coefficients that the data processor 26 employs to
combine the signals 28 and 32 and generate a combined
signal that represents the likelihood that the associated
choice word 20 represents the current word. Such a com-
bined signal takes into consideration the acoustic character-
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14
istics of the current ambiguous word 38 and the context
characteristics of the current ambiguous word 38. The data
processor 26 can have a program memory that includes
program instructions for generating the probability signal as
a function of the two probability signals 28 and 32. Tech-
niques for generating the probability signal given two
constraints, the probability signal 28 and the probability
signal 32 are well known in the field of mathematics and any
of the techniques capable of generating a probability signal
given a set of constraints, including the maximum entropy
technique, can be practiced with the present invention with-
out departing from the scope thereof. The processor 26
employs the probability signal to generate the rank signal 30.

Alternatively, the choice list generator 14 employs a long
context language model that computes a probability signal
32 for each of the choice words 20A—20E as a function of
the surrounding words in the data string stored in memory
12. Generally, context can be modeled by the context words
36 and the order of these words 36 in the data string in
memory 12. The selection of surrounding words 36 that can
make up the context depends on the application. For
example, in a document the context can comprise all the
current words 36 that precede and follow the current word
38 being identified. In a real-time speech recognition
system, the context can be modeled from the words 36 in the
utterance that precede the current word 38 being identified.
A speech recognition system, employing a long context
model can use these available words to generate the list of
choice words.

In another embodiment of the invention, the system 10
employs a context window 34 that selects a particular set of
the context words 36 in the data string stored in memory 12
and employs this selected set during the recognition process.
In the embodiment, illustrated in FIG. 1, the choice list
generator 14 places the context window 34 around the k
words preceding the current word 38 being recognized.
However, in alternative embodiments, the context window
34 can select the k words that follow the word 38 or the k
words that surround the word 38. Other sets of words can be
selected, such as words at the beginning of paragraphs that
are relevant to the context of the data string in the memory
12 and the word 38, without departing from the scope of the
invention. It should be apparent that k can be any integer
number and its value depends on the application. For
example, the long context model can employ long strings of
data, for which an appropriate k value can range from
100-2000.

With reference again to FIG. 1, the depicted word list
generator 16 can be explained. As discussed above, for each
choice word 20A-20E, an associated word list 22A—22F can
model the likely contexts in which the choice word 20 would
occur. The word list generator 16 can generate words 24 for
storing in the word list memory 22 and the system 10 can
compare the words 24 with the context words 36 and
determine the likelihood that the word 20 represents the
current word 38 currently being recognized.

The word list generator 16 can generate data for storing in
the word list memory 22 by selecting words 24 that have a
semantic association with the choice word 20. In one
embodiment, the word list generator 16 employs a heuristic
approach to select words 24. In a first step, the generator 16
selects a reference source 40 containing sample passages of
raw text, i.e., language information, and data that are rel-
evant to the corresponding choice word 20. Typically, the
reference source 40 includes relevance indicators for each
sample passage. Typical relevance indicators include dictio-
nary and encyclopedia headwords, or the keyword lists
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associated with magazine and journal articles. The word list
generator 16 can identify the contextually relevant sample
passages by comparing the relevance indicators to the word
being analyzed.

The reference database 40 can be a dictionary, thesaurus,
antonym dictionary, medical dictionary, legal dictionary,
scientific and engineering dictionary, or other type of refer-
ence source. Typically, the source 40 is one or more existing
reference sources that include headword relevance indica-
tors. However, it should be apparent to one of ordinary skill
in the art that any database can be readily indexed by word
to thereby create reference database 40 particularly suited
for use with the invention. Such indexing programs include
the program ZY Index manufactured by the company ZY
Lab.

In one example, the generator 16 connects to a dictionary
reference source 40. The dictionary reference source 40 can
be a conventional software dictionary reference that includes
discrete passages of text, with each passage indexed by a
head word. Typically, each discrete passage represents a
dictionary definition of the associated head word. The sys-
tem 10 employs the head word as a relevance indicator
which indicates whether the discrete passage contains infor-
mation relevant to the choice word. The generator 16 selects
passage words from one or more sample passages associated
with a respective choice word 20. The selected passage
words represent words that are likely to be semantically
related to the respective choice word 20. Therefore, the
semantics of the selected passage words 24 model the
contexts that are likely to be expressed in a window 34 that
surrounds the current word 38.

In one preferred embodiment of the invention, the refer-
ence source 4 comprises an on-line electronic database that
is word indexed for addressably accessing subtopics of
information. For example, a word recognition system 10
could maintain on-line the GROLIER’S ENCYCLOPEDIA
sold by the Grolier’s Electronic Publishing. The word list
generator 16 can access interactively the encyclopedia pas-
sages related to the choice word 20. The word list generator
16 can select passage words from the selected encyclopedia
passages semantically related to the choice word 20. For
example, the generator 16 can select every content word in
the first three sentences of a selected encyclopedia passage.
A content word, as is generally known in the field of word
recognition, is a non-function word, and can be a noun, verb
or adjective. These words are generally considered in the
field of word recognition to be more meaningful to context
than function words, such as pronouns, articles and prepo-
sitions.

One important aspect of the invention is that the reference
source 48 employed by the system 10 can contain informa-
tion recorded in a different language from the language of
the words being recognized. For example, the system 10 can
be adapted for recognizing words in the Greek language. As
described above, text can be scanned in by the scanner
element 42 and context words 36 in the Greek language can
be stored in the data memory 12 while current words 38 are
processed by the system 10. As described above, the choice
list generator 14 can generate for cach current word 38 a list
of choice words 20A—20E. The word list generator 16 can
generate a context list 22 for each choice word 20A-20E. In
one embodiment of the invention, the word list generator 16
can be adapted for accessing a reference database having
information in the English language. For example, each
choice word 20A-20E can be transmitted to the word lList
generator 16, which includes a conventional translation unit,
so that an English language translation of each of the choice
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words 20A-20E can be generated by the word list generator
using any of the known translation techniques, including
bi-lingual dictionary databases, bi-lingual concordance lists
and bi-lingual dictionaries produced by aligning text auto-
matically. One such bi-lingual dictionary is described in the
publication Brown et al., ““A Statistical Approach to Machine
Transiation”, Computational Linguistics, Vol. 16, No. 2, p
79-85 (1951).

The English language translation of each choice word 2¢
can be employed by the word list generator 16 to access the
reference database 40 of information recorded in the English
language. For example, the reference database 40 can be an
English language version of the Encyclopedia Britainica.
Alternatively, the reference database 40 can be a source of
information, such as a database of English language patents,
that may not be available in the native language of the
document being analyzed.

As described above, the word list generator can select a
plurality of passage words 24A-24E from the English
language reference source 40 and can store the passage
words 24A—24E in a word list memory 22A—22E. The word
list generator 16 can then translate each of the English
language passage words into a native language equivalent,
such as a Greek language equivalent. The system 10 can
continue as described above by comparing the translated
passage words 24A—24E with the native language words 36
stored in the data memory 12. It should therefore be apparent
to one of ordinary skill in the art of speech recognition, that
the invention provides a system that includes semantic
profiles of select words, and that these semantic profiles
transcend the native language of the document being rec-
ognized. Therefore, the invention can employ reference
sources that include, in part or in whole, information
recorded in a language, or several languages, different from
the language of the words being recognized.

The lack of sufficient native language reference informa-
tion can also be addressed by an alternative embodiment of
the word list generator 16 that includes a language model
element adapted to generate a list of words strongly related
to the context of the choice word 20. One model, previously
described, can be the long context language model, for
generating a list of words 24 shown to be strongly related to
the choice word 20. In an off-line step, the long context
model can analyze training data to develop for each word in
the vocabulary a training list of strongly related words. The
word list generator 16 can select these words, or a portion of
these words, to represent the stored words 24. The short lists
can be employed in a system that recognizes words in the
same language, or can be translated using any of the known
techniques, into a different language for use with a system
that recognizes words in a different language from the native
language of the developed context Lists.

The data processor 26 can generate the probability signal
28 as a function of the data string in the memory 12 and the
data in the word lists memory 22. In one embodiment, the
processor 26 compares and generates the probability signal
28 as a function of the co-occurrence of words stored in the
list memory 22 and the data string in the memory 12. The
probability signal can be generated by counting the number
of matches between distinct words in the word list and
distinct context words. For example, if the word HORSE
appears as a context word 36, then the occurence, any
number of times, of the word HORSE in a passage generates
a word count of one. A choice word that is associated with
passages that include many of the context words, is probably
a good choice. Alternatively, each matched word can be
weighted by a frequency count representative of the fre-
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quency with which it occurs in the selected passage or by the
frequency with which it occurs as a context word 36.
Additionally, the significance of each word match between
a context word 36 and a word in a passage can be weighted
by the word distance between the context word and the
choice word 20 associated with the passage. Moreover, the
system. can weight the matched words as a function of
whether the matched words are content words or function
words. Furthermore, the probability signal can be adjusted
upon detection of matching n-grams between a series of
context words and a series of passage words. However, it
will be apparent to one of ordinary skill in the art of word
recognition that many known techniques can be employed to
" generate the probability signal 28. Any of these methods, or
variations thereof, can be used without departing from the
scope of the present invention.

In an optional step, the data processor 26 can order the
choice words 20 as a function of the probability signal 28,
and generate arank signal 30 that identifies the order of each
choice word 20A-20E. The choice words 20A-20E, can be
displayed as a menu of choices on the optional monitor 44.
The operator of the word recognition system 10 can select a
choice word 20 from the menu to confirm a substitute for the
current word 38 being recognized. Alternatively, the word
recognition system 10 can select the choice word 20 with the
highest probability signal 28 or rank signal 30 to substitute
for the current word 38 currently being recognized. In a
preferred yet optional embodiment, the data processor 26
stores a user-selected probability threshold signal that rep-
resents a probability indicating sufficient confidence that the
choice word 20 represents the current word 38 being rec-
ognized. The processor 26 can automatically select the
choice word 20 having the highest probability signal 28 over
the user-selected threshold. Alternatively, the processor 26
can display a menu of the choice words 20 to allow the user
to select the choice word.

It should be readily understood to one of ordinary skill in
the art of electrical engineering or computer science that
system 10, illustrated as a block diagram of components, can
be readily constructed as a system of circuit card assemblies,
software modules or a combination of both. In particular, the
data string memory 12, choice list generator 14, word list
generator 16 and data processor 26 can be constructed as a
system of machine code and program instructions for oper-
ating a word recognition system employing known tech-
niques in the art of computer engineering.

It should also be apparent, from the above description,
that in a recognition application, the actual words used in the
current passage are not known, but in fact are being esti-
mated by the system. In a word-by-word interactive system,
there will be a left to right asymmetry—the preceding
context words have been confirmed by the user, but the
following context words have only been guessed or esti-
mated. More generally, even the preceding context words
may be uncertain. When there is uncertainty about some of
the context words in the current passage, the preferred
embodiment will analyze multiple alternate hypotheses for
the current passage. The total estimated probability for any
choice word in a particular position will be the total prob-
ability assigned to that choice word in each hypothesis for
the current passage summed over all alternate hypotheses for
the current passage.

In FIG. 2, another embodiment of the present invention is
shown, incorporating the word recognition system of the
invention into a speech recognition system 60. The system
60 can include a speech input device 62 for acquiring speech
signals, an A/D converter unit 64 for converting the acquired
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speech signals into digital data signals, and a speech analysis
unit 66, for analyzing the speech signals and for recognizing,
with a certain degree of probability, the words that make up
the speech signals. Systems and methods for speech analysis
that collect and analyze portions of speech are known and
have been developed and described in patented publications
by the assignee hereof. Such systems are described in U.S.
Pat. No. 4,866,778, “Interactive Speech Recognition
Apparatus”, issued to James K. Baker and assigned to the
assignee hereof. These and other speech recognition systems
can be practiced with the present invention without depart-
ing from the scope thereof.

System 60 can detect words within portions of speech
signals and compare these detected words to acoustic mod-
els of known words, or sequence of acoustic models of
known words. The comparison leads to a probability signal
that indicates the certainty that the detected word is sub-
stantially acoustically similar to the word associated with the
acoustic model. A high degree of certainty indicates that the
detected word has been recognized as the word associated
with the corresponding acoustic model. The recognized
word is presented as a context word 36 in the current passage
stored in the data string memory 12. Alternatively, a low
degree of certainty indicates that the detected word has not
been confidently identified. This unrecognized word is rep-
resented as the current word 38 in the data string memory 12.
The current word 38 is associated with a list of choice words
20A-20E. The choice list 18 can store the words 20 asso-
ciated with the acoustic models from the vocabulary
memory 50 which are acoustically similar to the current
ambiguous word 38 being identified. Each choice word
20A-20E can have a comesponding acoustic probability
signal 68A~68E that represents the degree of certainty that
the word 20 associated with the acoustic model is substan-
tially representative of the current word 38 being recog-
nized. Additionally, the probability signal 68A-68E can
represent the acoustic model probability adjusted by an
n-gram probability, or any suitable language model.

The speech recognition system 60 depicted in FIG. 2
includes, in addition to the speech input device 62, the A/D
converter 64 and the speech analysis unit 66, a data memory
12, a choice list generator 14, a word list generator 16, a data
processor 26, an optional reference database 40, and an
optional monitor unit 44. As illustrated in FIG. 2, the
memory 12 can connect via a transmission path to the speech
analysis unit 66. The memory 12 can receive analyzed
speech data signals from unit 66 that represent the voice
signals spoken into the input device 62. The analyzed speech
data signals can include context words 36 and current words
38. The current words 38 can in this embodiment represent
spoken words that contain insufficient information for the
analysis unit 66 to determine, or determine with a sufficient
level of confidence, a word model that can be associated
with that word 38. As- further illustrated by FIG. 2, the
optional monitor 44 connects to the data memory 12 for
displaying the data string of context words 36 and current
words 38 stored in the memory 12. The data memory 12 can
connect via a transmission path to a computer interface 46
in the choice list generator 14. The choice list generator 14
can contain choice list memory 18, a processor 48 and a
vocabulary memory 50.

The word list generator 16 can connect via a transmission
path to the choice list generator 14 and can connect to an
optional reference database 40 via a second transmission
path. The word list generator 16 can have word list memo-
ties 22 each having storage elements 24 for storing a word.

The data processor 26 can connect via a transmission path
to the word list generator 16 and via a transmission path to
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the data memory 12. The data processor 26 can generate a
probability signal 28 rcpresentative of the likelihood that
one of the choice words 20 substantially representative of
the current ambiguous word 38 and the memory 12. Option-
ally the data processor 26 can generate a rank signal 30
representative of the probability as a function of the acoustic
language model and the context model that the choice word
is representative of the current word 38.

In the embodiment depicted in FIG. 2, the choice list
generator 14 can be a circuit card assembly that couples via
a computer bus interface to the data string memory 12. As
previously described with reference to FIG. 1, the choice list
generator 14 can also include a computer interface element
46 for transmitting data between the choice list generator 14
and the memory clement 12 via the computer bus. In the
depicted embodiment the data memory 12 can store and
transmit to the choice list generator 14 information regard-
ing the acoustic characteristics of the current word 38. The
choice list generator 14 can include a processor unit 48 and
a vocabulary memory 50 constructed to operate on the
acoustic characteristics of a word. The processor 48 and
vocabulary memory 50 can be constructed according to any
of the known techniques for recognizing a word from
acoustic characteristics of a speech signal and for storing an
acoustic model of a spoken word or sound.

The processor 48 can implement any of the known
techniques for selecting from a vocabulary of word models,
a set of word models or a sequence of word models likely to
represent an unknown or current word. Such systems and
methods are described in U.S. Pat. No. 5,027,406 titled
“Method for Interactive Speech Recognition and Training”
and U.S. Pat. No. 5,202,952, titled “Large-vocabulary Con-
tinuous Speech Prefiltering and Processing System”, both of
which are assigned to the assignee hereof and incorporated
herein by reference. For example, the present invention can
be practiced as part of a continuous speech recognition
system, such as the systems described in the above-
referenced U.S. Pat. No. 5,202,952. As described in greater
detail therein, these systems can include a stored vocabulary
of word models. Utterances spoken into the microphone are
temporarily segmented, and at least two non-successive
segments are processed with respect to the vocabulary. A
subset of word models is selected from the stored vocabu-
lary based on predetermined criteria. The subset of word
models defines a list of candidate words which are repre-
sentative by a signal generated by the system of the inven-
tion. The list of candidate words can be used as a list of
choice words 20, by the present invention. Accordingly, a
continuous speech recognition system employing the con-
text recognition process of this invention represents multiple
operations of discrete speech recognition taking place in
parallel. For simplicity and clarity, only one operation is
described herein.

To generate the list of choice words 20 from a continuous
speech utterance, the invention, in one form, generates a
succession of frame data sets which begin at a frame start
time. Each of the frame data sets represents successive
acoustic scgments of utterances for a specified frame period.
The system also includes a vocabulary, trained into the
system by the operator, which may be stored within the
system as clusters. Each cluster includes a plurality of word
models which are acoustically similar over a succession of
frame periods. Each word model includes nodes represent-
ing the probability distribution for the occurrence of a
selected acoustic segment from that word model in a seg-
ment of the speech to be recognized.

The system generates a cluster score which represents the
likelihood whether the frames represent words in that word
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cluster. Cluster sets having cluster scores above a predeter-
mined acoustic threshold are removed from further consid-
eration.

The remaining cluster sets are then unpacked to identify
the individnal words from each identified cluster. At this
point, the system can generate a word score for each
unpacked word resulting from the first filter. The word score
can, in one practice, represent the sum of the cluster score
for the cluster from which the word was unpacked, and a
static language model score generated by the above
described method and system. This word score is used to
identify those words which are below a second combined
threshold to form a list of choice words 20. Preferably, the
system generates a list of the best segmentation hypotheses,
an N best list, and applics the context recognition scheme
only to those hypotheses that have an acceptable likelihood
of success. The choice words generated by this embodiment
can represent phrases of one or more words. These choice
phrases represent candidate word sequences which may
represent the utterance being analyzed. Moreover, in this
embodiment, the current word being analyzed in actually an
utterance of speech which can represent one or more words.
The choice list 20 gencrated by the system is a List of phrases
that is sent to the data processor 26 for analysis by the
context model system and method of the present invention.
Additionally, the choice list generator 14 can incorporate
along with these acoustic model matching techniques, other
techniques as were described with reference to FIG. 1,
including language model techniques.

Each of the illustrated choice words 20A—20E can be
stored in the choice list memory 18 that can be constructed
as a data memory for storing electrical data signals repre-
sentative of machine-readable data. Preferably yet
optionally, each choice word 20 can be associated with a
probability signal 68, illustrated in FIG. 2 as stored in the
choice list memory 18 as signals 68A—68E. The probability
signals 68A—68E can represent the likelihood that the asso-
ciated choice word 20A—-20E is substantially representative
of the current word 38 currently being recognized. In one
embodiment of the speech recognition system 60, the prob-
ability signal 68A—68E can be generated as a function of the
acoustic properties of the current utterance 38 being ana-
lyzed and the acoustic propertics of the word models stored
in the vocabulary 50. Such techniques for generating this
probability signal 68A—68E are described in the references
cited above.

The word list generator 16 can also be constructed as a
circuit card assembly having a computer interface for cou-
pling via a computer bus to the choice list generator 14. As
described with reference to FIG. 1, the word list generator 16
can include a processing element and can optionally connect
to a reference database 40. The word list generator 16 can
select passages from a reference source, and optionally
generate context words 24 for storing in the word list
memories 22A-22E. The word list generator 16 can access
via a transmission path the reference database 40 and can
identify information in the reference database 40 that relate
to the topic, theme, or subject of a choice word 20. The word
list generator 16 can select from this identified information,
one or more words that can represent the words 24A-24E.
In the iilustrated embodiment, the word list generator 16
generates data to store in the word list memories 22A-22E
having one or more words 24. It will be apparent to one of
ordinary skill in the art that the word list generator 16 can be
modified to generate word lists for only select choice words
20, and can be modified to generate data for the word list
memories 22 that store a predetermined number of words 24
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that have certain characteristics. Such characteristics can
include distance, in time, or word sequence, of the context
word 24 from the choice word 20 in the database, or the
number of times the word 24 occurs within the reference
database 40 in relation to the associated choice word 20.
The reference database 40 can be an on-line database that
is accessed by the word list generator 16 on the fly. Such
databases include the Grolier’s Encyclopedia previously
described. Additionally, the reference database 40 can be a
dictionary, thesaurus, antonym dictionary, medical
dictionary, legal dictionary, scientific and engineering
dictionary, or other type of reference source. Preferably the
database 40 is addressable as a function of the choice word
20, however it should be apparent to one of ordinary skill in
the art that any database can be readily indexed by word, for
generating a reference database 40 suitable for use with the
present invention. Such indexing programs include the pro-
gram ZY Index manufactured by the company ZY Lab.
The data processor 26 connects via transmission paths to
the memory element 12 and the choice list generator 14, and
generates as a function of the context words in the memory
element 12 and the passage words 24 in the word lists 22, a
probability signal 28 representative of the likelihood that the
choice word or phrase 20 substantially represents the utter-
ance currently being recognized. The data processor 26 as
previously described can be a processing unit of the type
commonly used for processing digital data signals. The
processor 26 can include a processing unit and a program
memory for executing program instructions to operate the
processing unit to manipulate the data in memory element
12 and the data stored in the word list memories 22A-22E.
In one embodiment of the present invention, the data pro-
cessor 26 performs a matching function to calculate the
number of matched words between the context words 36 and
the stored word or phrase 24. The relative frequency of
matches between the context words 36 and the passage
words 24, indicates the relative likelihood that the choice
word or phrase 20 associated with the matched words 24, is
substantially representative of the current ambiguous word
38. In one practice, the choice word 20 represents a phrase
of one or more words that may represent the utterance being
analyzed. The word list generator 16 can select relevant
passages from the reference source 40 for each word in the
choice phrase 20. The data processor 26 can compare the
context words 36 with all the passages for all the words in
a particular choice phrase, to determine the likelihood that
the choice phrase represents the utterance being analyzed.
Alternatively and preferably, the probability signal 28 and
additional probability information are employed by the data
processor 26 to generate a signal that represents the overall
likelihood that the choice word 20 is substantially similar to
the cumrent ambiguous word 38. In particular the data
processor 26 can gencrate the signal as a function of the
probability signal 28 and the probability signal 68. In one
practice, a tuning procedure is employed to develop a set of
weighted coefficients that the data processor 26 employs to
combine the signals 28 and 68 and generate a combined
signal that represents the likelihood that the associated
choice word 20 represents the current word. Such a com-
bined signal takes into consideration the acoustic character-
istics of the current ambiguous word 38 and the context
characteristics of the current ambiguous word 38. The data
processor 26 can have a program memory that includes
program instructions for generating the probability signal as
a function of the two probability signals 28 and 68. Tech-
niques for generating the probability signal given two
constraints, the probability signal 28 and the probability
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signal 68 are well known in the field of mathematics and any
of the techniques capable of generating a probability signal
given a set of constraints, including the maximum entropy
technique, can be practiced with the present invention with-
out departing from the scope thereof. The processor 26
employs the probability signal to generate the rank signal 30.

FIG. 3 depicts an alternative embodiment of the invention
that is a word recognition system 76 which includes the
speech input device 62, an A/D converter 64 and the speech
analysis unit 66 depicted in FIG. 1. Additionally, an optional
monitor 44 connects to a data memory 78 and can display
the context words 36 and the current words 38 stored in the
memory 78. The system 76 further includes a choice list
generator 14 that includes a choice list memory 18 for
storing choice words 20A—20E and for optionally storing a
probability signal 68A—68E. The choice list generator 14
further includes the computer interface 46, a processing unit
48 and a vocabulary memory 50. System 76 further includes
a word list generator 80 that has word list memories
22A-22E for storing words 24. The word list generator 80
connects to an optional reference database 40, connects to
the memory 78 and connects to a data processor 82. The data
processor 82 connects to the memory 78 and generates
probability signals 28A—28E and optionally 30 for each
choice word 20 generated by the choice list generator 14.

In the illustrated embodiment the memory element 78
connects via a transmission path to the speech analysis unit
68 and a via transmission path to the optional monitor 44. As
illustrated in FIG. 3, the memory element 78 includes
storage elements 84 that store for each context word 36 a list
of words 86. As further illustrated by FIG. 3 the memory
element 78 connects via transmission paths to the list
generator 80. In the embodiment depicted, the word list
generator 80 generates for each context word 36, as previ-
ously described, list of passage words 86 that can be stored
in the memory element 84 associated with a particular
context word 36. In a preferred embodiment of the invention
the memory element 78 is a digital data random access
memory for electronically addressably reading, writing and
storing data. The memory element 78 can be a sequential
memory having a first memory register bank for storing the
context word 36 and having a second register bank 84 for
storing the list of passage words 86 associated with the
context word 36 in the first register bank. The memory
element 78 can have a computer interface for connecting to
a computer bus and for transmitting information to the
computer interface 46 of the choice list generator 14.

The choice list generator 14 can be constructed as previ-
ously described with reference to FIGS. 1 and 2, for gen-
erating a list of choice words 20A—-20E that can be stored in
choice list memory 18. The choice list generator 14 can use
language models, including the long context model, uni-
gram, bi-gram, tri-gram and special language models as well
as acoustic model matching, for selecting from the vocabu-
lary memory 50 the choice words 20A-20E. Additionally
the processor element 48 of choice list generator 14 can
generate a probability signal 68A—68E representative of the
likelihood that the choice word is substantially similar to the
current ambiguous word 38 being recognized. The processor
element 48 of choice list generator 14 can generate the
signals 68A—68E as a function of the acoustic model
characteristics, language model characteristics, or combina-
tions of both, according to known techniques in the art of
probability statistics and word recognition.

The word list generator 80 connects via a transmission
path, such as a computer interface, to the memory element
78 and optionally connects via a transmission path to the °
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reference database 40. The word list generator 80 can
operate as previously described to select words 24 for one or
more of the choice words 20A—20E and for storing these
words in the word list memories 22, each associated with a
respective form of the choice word 20A-20E.

The data processor 82 can include a processing element,
such as a conventional data processing unit for processing
digital data signals, that can generate probability signals
28A-28E as a function of the context words 36, the list of
passage words 86 and passage words 24. In one embodiment
of the present invention, the data processor 82 generates the
probability signals 28A—28E by comparing the occurrence
of passage words 24 within the data string that includes the
context words 36 and the associated expanded list of context
words 86. In one embodiment, the data processor generates
a passage count signal, for each choice word, that represents
the number of passages of context words that include that
choice word. The passge count can be employed by the data
processor as a wieghting factor for generating the correlation
signal. Other systems and methods for generating the prob-
ability signals 28A-28E can be practiced with the invention
without departing from the scope thereof. As explained with
reference to FIG. 2 the data processor 82 optionally can
generate a rank signal 30 that represents the likelihood, as a
function of the context matching and acoustic model match-
ing that a choice word 20 is substantially similar to the
current word 38 cumrently being recognized.

In one alternative embodiment of the system depicted in
FIG. 3, a machine translation unit, as previously described,
provides for each choice word 20 a list of passage words in
a second language. Further, a machine translation unit, as
previously described, provides for each context word, a list
of passage words 86 in the second language. The data
processor 26 can then perform the comparison by comparing
passage words which are recorded in the second language.

FIG. 4 illustrates a further alternative embodiment of the
present invention. The system 140 depicted in FIG. 4 is
similar to the system 76 depicted in FIG. 3, however, the
system 149 of FIG. 4 includes a word list generator 142 that
connects via transmission paths to the memory element 78
and that generates for each context word 36 in the memory
clement 78, a list of words that can represent the semantic
profile of the context word 36. The expanded list of context
words 86 can be stored in the memory clements 84 for use
by the data processor element 144 that includes a processing
element such as a conventional data processing unit for
processing digital data signals and that is adapted to generate
probability signals 28A-28E as a function of the known
words 36, the list of words 86 and the choice words 20A-E.

As depicted by FIG. 4, the system 140 provides a word
recognition system that employs context models of the
context words 36 in a data string to select one of the choice
words 20A—20E generated by the choice list generator 14.
The data processor eclement 144 can include a program
clement that correlates the list of context words 86 with the
choice words 20A-20E to select the proper choice for the
current ambiguous word 38. As described above, the corre-
lation between the words 86 and the choice words 20A-20E
can include a heuristic process that sclects a choice word
20A-28F by identifying occurrences of the selected choice
word within one or more of the lists of words 86. Other
techniques for selecting one of the choice words 20A-20E
can be practiced with the present invention without depart-
ing from the scope thereof.

FIG. 5 illustrates an alternative embodiment of the inven-
tion. FIG. 5 illustrates a database search system 90 that
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includes a data memory 92 for storing key words 94, a word
list generator 96 for generating and storing in word list
memory 98, words 100, and further includes a data proces-
sor 102 for searching a database 104 having a library of
documents 106 wherein each document has optionally asso-
ciated with it memory 108 for storing a probability signal.
The system 90 further includes a document selection unit
110 for generating a file 112 of documents 114 having text
116 related to the keyword 94 or the context words 100.

The keyword memory 92 depicted in FIG. S can be a
conventional digital data random access memory for storing
the keywords 94 as electronic digital data signals. The
keywords 94 can represent words, phrases, numbers and
punctuation marks or any other symbol suitable for express-
ing an idea, action or object. Keywords 94 can be entered
into data memory 92 according to any conventional methods
or storing information in a data memory, such as by key-
board data entry or by speech recognition. Each keyword 94
is a known word having a known association with a word
model stored in a word vocabulary employed by the system
90.

As illustrated in FIG. 5 the word list generator 96 con-
nects via a transmission path to the data memory 92. The
word list generator 96 receives keywords 94 from data
memory 92 and generates for each keyword 94 a list of
words 100 that are stored in word list memories 98. The
word list generator 96 can include a processing unit in a
vocabulary memory (not shown) as previously described
with reference to FIG. 1. The word list generator 96 can
connect via transmission path to an optional reference
database 40. As previously described, the word list generator
96 can access the reference database 40 to select from
information stored in the database 40, and related to a
respective one of the keywords 94, a list of passage words
100. As described with reference to the earlier embodiments
of the invention, the word list generator 96 can select
passage words 100 as a function of the proximity of the
passage word 100 to the keyword 94 within the reference
source 40, as a function of the rate of occurrence of the
passage word 100 within the information or related to the
keyword 94, as a function of the relative position of the
passage word 100, such as a topic sentence, or as a combi-
nation of these methods. Other methods for selecting the
passage words 100 from the reference database 40 can be
practiced with the present invention without departing from
the scope thereof.

The data processor 102 connects via a transmission path
to the word list generator 96. The data processor 102 can be
a conventional digital data processing unit for manipulating
digital data signals representative of information. The data
processor 102 can further include a program memory for
storing a sequence of program instructions and a processing
unit for operating according to the program instructions in
the program memory. As illustrated in FIG. § the data
processor 102 connects via a transmission path to the
document library 104. The data processor 102 can search the
content of the documents 106 stored in library 104 and
generate for each document 106 a probability signal 108 that
the related document 106 contains information related to the
keywords 94. Preferably the data processor 102 is of the type
capable of performing Boolean searches. Such systems are
known in the art of database searching, and any such system
can be practiced with the present invention without depart-
ing from the scope thereof.

As illustrated in FIG. 5 the system 90 further includes a
document selector 110 that selects one or more documents
106 from the library 104. The selector 110 connects via data
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pathway to the library 104 and to the file 112 for storing in
the file 112 a set of documents 114 likely to obtain infor-
mation related to the keywords 94. In one embodiment of the
invention the selector 110 contains a processing unit having

a user selected threshold signal stored in memory. The user 5

selected threshold represents a confidence value for a prob-
ability signal that is stored in memory 108. The selector 110
can select any document 106 that has an associated prob-
ability signal 108 greater than the confidence signal in
memory stored in the memory of the selector unit 110.

It will thus be seen that the invention efficiently obtains
the objects set forth above, among those made apparent from
the proceeding description. It will also be understood that
changes may be made in the above construction and fore-
going sequences and operations without departing from the
scope of the invention. Accordingly, it is intended that all
matters shown in the accompanying drawings be interpreted
as illustrative rather than in any limiting sense. It is also to
be understood that the following claims are intended to
cover all of the generic and specific features of the invention
as described herein, and all the statements of the scope of the
invention which as a matter of language might be said to fall
therebetween.

Having described the invention, what is claimed as new
and secured by letters patent is:

1. A method for ascertaining an ambiguous word that
occurs in a data string which includes at least one context
word, comprising the steps of

generating a list of one or more choice words to represent

choices for the ambiguous word,

providing a reference source having one or more

passages, each passage including a relevance indicator
and a series of words associated with the relevance
indicator,

selecting as a function of one of said choice words and

said relevance indicators, at least one of said passages
from said reference source,

generating one or more correlation signals, as a function

of said one or more sclected passages, and at least one
of said context words, to represent the likelihood that
said choice word is a match for the ambiguous word,
and

selecting, as a function of said one or more correlation

signals, at least one of said choice words to represent
the ambiguous word being identified.
2. Amethod according to claim 1 for use with a continu-
ous speech recognition system, wherein
said step of generating said list of choice words, includes
the steps of comparing select characteristics of a por-
tion of speech to one or more word models each being
representative of a word in a vocabulary, and

selecting as a function of said comparison a subset of said
words from said vocabulary.

3. The method according to claim 1 wherein said step of
generating said correlation signals includes the further step
of

generating a list of passage words representative of one or

more of the content words in said selected passages.

4. A method according to claim 1 wherein said step of
providing a reference source includes the step of

providing a reference source comprising a dictionary.

5. A method according to claim 1 wherein said step of
providing a reference source includes the step of

providing a reference source comprising an encyclopedia.

6. A method according to claim 1 wherein said step of
selecting passages includes the step of
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selecting a choice word in a first language,
translating said selected choice word into a second
language,
accessing a reference source comprising information
recorded in the second language and selecting said
passages therefrom, and
translating said selected passages into the first language.
7. A method according to claim 1 wherein the step of
selecting passages from a reference source includes the step
of
comparing the choice word with the relevance indicators,
and selecting passages having a relevance indicator that
contains a word that substantially matches the choice
word.
8. A method according to claim 1 wherein the step of
generating said correlation signals includes the step of

determining, for each choice word, a word count repre-
sentative of the number of distinct words in the asso-
ciated passages that match with one of the context
words in the data string and generating said correlation
signal as a function of said word count.

9. A method according to claim 8 wherein said step of
generating said correlation signals includes the further step
of

determining a frequency count for each passage word

representative of the number of times the passage word
occurs in a passage, and

gencrating said correlation signals as function of said

word count weighted by said frequency count.

10. A method according to claim 1 wherein said step of
generating correlation signals includes the further steps of

generating an occurrence signal for each of said choice

words as a function of an n-gram language model and
one or more of said context words to represent the
likelihood that said choice word would be selected
from a set of vocabulary words, and

combining said occurrence signal with said correlation

signal, representative of the likelihood that said choice
word is a match for the ambiguous word, to adjust said
correlation signal as a function of said likelihood of
occurrence for said choice word.

11. A method according to claim 1 wherein said step of
generating said correlation signals includes the step of

adjusting each of said correlation signals as a function of

a word count signal representative of the number of
words separating a matching context word from the
ambiguous word being recognized.

12. A method according to claim 1 wherein the step of
generating the correlation signals includes the step of com-
paring the selected passages with the context words to detect
a matching n-gram.

13. A method for ascertaining an ambiguous word that
occurs in a data string that includes one or more context
words, comprising the steps of

generating a list of one or more choice words to represent

choices for the ambiguous word,

providing a reference source having one or more passages

each of which includes a relevance indicator and a
series of passage words associated with the relevance
indicator,

selecting as a function of each of said relevance indicators

and said context words, at least one passage from said
reference source for at least one of said context words,
generating a correlation signal for each of said choice
words as'a function of said passages and said choice
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words, to represent the likelihood that a respective
choice word is a match for the ambiguous word, and

selecting as a function of said correlation signals, at least
one of said choice words to represent said ambiguous
word.
14. A method according to claim 13 for use with a
continuous speech recognition system, wherein
said step of generating said list of choice words, includes
the steps of comparing select characteristics of a por-
tion of speech to one or more word models each being
representative of a word in a vocabulary, and

selecting as a function of said comparison a subset of said
words from said vocabulary.

15. The method according to claim 13 wherein said step
of generating said correlation signal includes the further step
of

generating a list of passage words representative of one or

more of the content words in said passage.

16. A method according to claim 13 wherein said step of
selecting one or more passages includes the step of

providing a reference source comprising a dictionary.

17. A method according to claim 13 wherein said step of
selecting one or more passages includes the step of

providing a reference source comprising an encyclopedia.

18. A method according to claim 13 wherein said step of
selecting one or more passages includes the steps of

selecting a context word in a first language,

translating said selected context word into a second

language,

accessing a reference source comprising information

recorded in the second language and selecting said one
or more passages therefrom, and

translating said selected passages into the first language.

19. A method according to claim 13 wherein the step of
sclecting passages from a reference source includes the step
of

comparing the context word with each of the relevance

indicators, and selecting passages having a relevance
indicator that contains a word that substantially
matches the context word.

20. A method according to claim 13 wherein the step of
generating said comrelation signals includes the step of

determining, for each choice word, a passage count rep-

resentative of the number of context words having a
passage that includes a word that matches the choice
word and generating each said correlation signal, rep-
resentative of the likelihood that said choice word is a
match for the ambiguous word, as a function of said
passage count.

21. A method according to claim 20 wherein said step of
generating said correlation signal includes the further step of

determining a frequency count for each choice word

representative of the number of times the choice word
occurs in the passages, and

generating each said correlation signal as function of said

passage count weighted by said frequency count.

22. A method according to claim 13 wherein said step of
generating correlation signal includes the further steps of

generating an occurrence signal for each of said choice

words as a function of an n-gram language model and
one or more of said context words to represent the
likelihood that said choice word would be selected
from a vocabulary of words, and

combining said occurrence signal with said correlation

signal, representative of the likelihood that said choice

5

10

15

25

30

45

50

55

65

28

word is a match for the ambiguous word, to adjust said
correlation signal as a function of said likelihood of
occurrence for said choice word.

23. A method according to claim 13 wherein the step of
generating said correlation signal includes the step of

adjusting said correlation signal as a function of a word

count signal representative of the number of words
separating the ambiguous word from a context word
having a passage that contains a word that matches the
choice word.

24. A method for ascertaining an ambiguous word that
occurs in a data string which includes one or more context
words, comprising the steps of

generating a list of one or more choice words to represent

choices for said ambiguous word,

providing a reference source having one or more
passages, each passage including a relevance indicator
and a series of passage words associated with the
relevance indicator,

comparing a respective one of said choice words with
each said relevance indicator to select one or more of
said passages from said reference source.

comparing one of said context words with each said
relevance indicator to select ome or more of said
passages from said reference source, and

generating a correlation signal for each of said respective
choice words by correlating said passages of said
context words with said passages of said respective
choice words, to represent the likelihood that said
choice word is a match for the ambiguous word.
25. A method according to claim 24 for use with a
continuous speech recognition system, wherein
said step of generating said list of choice words, includes
the steps of comparing select characteristics of a por-
tion of speech to one or more word models each being
representative of a word in a vocabulary, and
selecting as a function of said comparison a subset of said
words from said vocabulary.
26. A method according to claim 24 wherein said step of
providing a a reference source includes the step of
providing a reference source comprising a dictionary.
27. A method according to claim 24 wherein said step of
providing a reference source includes the step of
providing a reference source comprising an encyclopedia.
28. A method according to claim 24 wherein the step of
selecting passages from a reference source includes the steps
of
comparing the choice word with each said relevance
indicator, and selecting passages having a relevance
indicator that contains a word that substantially
matches the choice word, and
comparing a representative one of said context words with
each said relevance indicator, and selecting passages
associated with a relevance indicator that substantially
matches the context word.
29. A method according to claim 24 wherein said step of
selecting passages includes the steps of
selecting a choice word and a context word, each being in
a first language,
translating said selected choice word and said context
word into a second language,
accessing a reference source comprising information
recorded in the second language and selecting said one
or more passages therefrom, and

Meta Platforms, Inc. - Exhibit 1002
Page 20 of 22



5,680,511

29

generating said correlation signal as a function of said

selected passages recorded in the second langnage.

30. A method according to claim 24 wherein the step of
generating said correlation signal includes the step of

determining for each choice word, a word count repre-

sentative of the number of distinct words in the choice
word passage that occur within a passage associated
with one of the comtext words and generating said
correlation signal as a function of said word count.

31. A method according to claim 30 wherein said step of
generating said correlation signal includes the further step of

determining a frequency count for each passage word

representative of the number of times the passage word
occurs in a passage, and

generating said correlation signal as function of said word

count weighted by said frequency count.

32. A method according to claim 24 wherein said step of
generating a correlation signal includes the further steps of

generating an occurrence signal for each of said choice

words as a function of an n-gram language model and
one or more of said context words to represent the
likelihood that said choice word would be selected
from a set of vocabulary words, and

combining said occurrence signal with said correlation

signal to adjust said correlation signal as a function of
said likelihood of occumence for said choice word.

33. A method according to claim 24 wherein said step of
generating said correlation signal includes the step of

adjusting said correlation signal as a function of a word

count signal representative of the number of words
separating one of the context words from the ambigu-
ous word being recognized.

34. A method according to claim 24 wherein the step of
generating the correlation signal includes the step of com-
paring the selected passages associated with a context word
and the selected passages associated with a choice word to
detect a matching n-gram.

35. A method for ascertaining an ambiguous phrase that
occurs in a data string which includes at least one context
word, comprising the steps of

generating a list of one or more choice phrases, cach of

which represents one or more words, to represent
choices for the ambiguous phrase,

providing a reference source having one or more

passages, each passage including a relevance indicator
and a series of words associated with the relevance
indicator,

selecting as a function of one or said words in said choice

phrase and each said relevance indicator, at least one of
said passages from said reference source,

generating a correlation signal, as a function of said

selected passage, and at least one of said context words,
to represent the likelihood that said choice phrase is a
match for the ambiguous phrase, and

sclecting, as a function of said correlation signal, at least

one of said choice phrases to represent the ambiguous
phrase being identified.

36. A method according to claim 35 wherein the step of
selecting passages includes the step of

selecting a passage for each of a plurality of the words in

the choice phrase.

37. A method according to claim 35 wherein the step of
generating a correlation signal includes the step of

generating for each choice phrase a word count signal

representative of the number of words in the selected
passages that match the words in the respective choice
phrase.

38. A method according to claim 35 wherein the step of
selecting passages from a reference source includes the step
of
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comparing at least one word of the choice phrase with the
relevance indicators, and selecting passages having a
relevance indicator that contains a word that substan-
tially matches said word of the choice phrase.

39. Apparatus for recognizing an ambiguous word that
occurs in a data string which includes at least one context
word, comprising

means for providing a list of one or more choice words to

represent choices for said ambiguous word,

means for selecting a choice word and for accessing a
reference source having one or more passages, each
passage including a relevance indicator and a series of
words associated with the relevance indicator, to pro-
vide a list of passage words having a known association
with said selected choice word,

means for generating a correlation signal for each of said
choice words as a function of said passage words, to
represent the likelihood that said choice word is sub-
stantially similar to said ambiguous word, and

means for selecting, as a function of said correlation
signal, at lIeast one of said choice words to represent
said ambiguous word.

40. Apparatus according to claim 39 wherein said means
for providing a list of passage words comprises

means for selecting one or more of said passage words

from an electronically addressable reference source
having information related to said selected choice
word.

41. Apparatus according to claim 39 wherein said choice
word is in a first language and said reference source contains
passages in a second language, further including

translating means for translating said selected choice

word into the second language to provide a list of
passage words in the second language.

42. In an apparatus that employs context for recognizing
an ambiguous word that occurs in a data string which
includes one or more context words, the improvement
comprising

means for selecting a list of one or more choice words to

represent choices for said ambiguous word, means for
accessing a reference source, having one or more each
passage including a relevance indicator and a series of
words associated with the relevance indicator, to pro-
vide a list of passage words having a known association
with said selected word, and

means for selecting, as a function of each relevance
indicator, at least one of said choice words to represent
said ambiguous word.

43. Apparatus for recognizing an ambiguous word that
occurs in a data string which includes at least one context
word, comprising

means for providing a list of one or more choice words to

represent choices for said ambiguous word,

means for selecting said context word and for accessing a
reference source, having one or more passages, each
passage including a relevance indicator and a series of
words associated with the relevance indicator, to pro-
vide a list of passage words having a known association
with said selected context word,

means for generating a correlation signal for each of said
choice words as a function of said passage words, to
represent the likelihood that said choice word is sub-
stantially similar to said ambiguous word, and

means for selecting, as a function of said correlation
signal, at least one of said choice words to represent
said ambiguous word.
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