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Confusing pairs of Chinese vowels and consonants 

(57) ABSTRACT 

Fault-tolerant Systems and methods to process and correct 
input Spelling errors for non-Roman based languages Such as 
Chinese, Japanese, and Korean (CJK) are disclosed. The 
method may be applied to a Chinese input method using 
pinyin. For example, the method may generally include 
receiving a pinyin input representing characters in Chinese, 
the input having at least one original pinyin, identifying 
potentially incorrect pinyins in the input, expanding each 
potentially incorrect pinyin to at least one additional alter 
native pinyin, each pair of potentially incorrect and corre 
sponding alternative pinyin having a proximity measure 
ment, converting each pinyin in the input and each 
alternative pinyin to Chinese characters, computing likeli 
hoods of possible conversions of the pinyin input to Chinese 
characters, each possible Chinese conversion being a com 
bination of the converted original and/or alternative pinyins 
of the input, the probabilities being based on the proximity 
measurement and optionally on a context of the possible 
Chinese conversion, and determining a most likely Chinese 
conversion from the possible conversions. 
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Fuzzy Pinyins Corresponding to a Confusing Pinyin Input 
Pinyin Input Zhen fu 

Fuzzy Pinyin(s) Zhen, Zheng, Zen, Zeng 
(incl. orig. ip) 

Zhong, Zong 

FIG. 4 
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Zhong Guo Zhen Fu 
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FAULTTOLERANT ROMANIZED INPUT 
METHOD FOR NON-ROMAN CHARACTERS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates generally to process 
ing non-Roman based languages. More specifically, fault 
tolerant Systems and methods to process and correct input 
Spelling errors for non-Roman based languages Such as 
Chinese, Japanese, and Korean (CJK) are disclosed. 
0003 2. Description of Related Art 
0004 Spell correction generally includes detecting erro 
neous words and determining appropriate replacements for 
the erroneous words. Most Spelling errors in alphabetical, 
i.e., Roman-based, languages Such as English are either out 
of vocabulary words, e.g., “thna’ rather than “than,” or valid 
words improperly used in its context, e.g., “Stranger then 
rather than "Stranger than.” Spell checkers that detect and 
correct out of Vocabulary Spelling errors in Roman-based 
languages are well known. 
0005. Users of non-Roman based languages such as 
Chinese, Japanese, and Korean (CJK) often utilize Roman 
based (alphabetical) input methods. For example, many 
Chinese language users use pinyin (phonetic spelling) to 
input Chinese characters. However, Chinese language users 
may not know the correct pronunciations (pinyins) of Some 
Chinese characters due to, for example, their dialect and/or 
accent, and therefore may enter incorrect pinyin inputs. 
0006 The conventional pinyin input system typically 
converts a pinyin input and provides a list of candidate 
Chinese character Sets from which the user may select the 
intended set of Chinese characters. However, the user's 
intended character Set may not be included in the candidate 
list as most pinyin input methods have a low or no fault 
tolerance. 

0007. In addition, non-Roman based languages such as 
Chinese, Japanese, and Korean (CJK) languages generally 
have no invalid characters encoded in any computer char 
acter Set, e.g., UTF-8 character Set, Such that most Spelling 
errors are valid characters improperly used in context rather 
than out of Vocabulary Spelling errors. In Chinese, the 
correct use of words can generally only be determined in 
context. Thus an effective spell checker for a non-Roman 
based language should make use of contextual information 
to determine which characters and/or words in context are 
not Suitable. 

0008 Spell correction for non-Roman languages such as 
CJK languages is also complex and challenging in that there 
are no Standard dictionaries in Such languages because the 
definition of CJK words are not clean. For example, some 
may regard “Beijing city' in Chinese as one word while 
otherS may regard them as two words. In contrast, the 
English dictionary/wordlist lookup is a key feature in 
English Spell correction and thus English Spell correction 
methods cannot be easily adapted for use in CJK languages. 
Furthermore, the Chinese language has a high concentration 
of homographs and homophones as well as invisible (or 
hidden) word boundaries that create ambiguities that also 
make efficient and effective Chinese spell correction com 
plex and difficult to implement. As is evident with such 
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differences between Chinese and English, many efficient 
techniques available for English spell correction are not 
Suitable for Chinese Spell correction. 
0009 Thus what is needed is a computer system and 
method for effective, efficient and accurate processing and 
correcting of Spelling errors for non-Roman based languages 
Such as Chinese, Japanese and Korean languages. 

SUMMARY OF THE INVENTION 

0010 Fault-tolerant systems and methods to process and 
correct input Spelling errors for non-Roman based languages 
Such as Chinese, Japanese, and Korean (CJK) are disclosed. 
In particular, the Systems and methods use the hidden 
Markov model and a proximity matrix of pinyins with 
confusing pronunciations. In the fault-tolerant pinyin input 
method, the proximity between a pair of confusingly similar 
pinyins may be a positive number if they are pronounced 
Similarly. Otherwise, the value is Zero. In one embodiment, 
the proximity may be a probability or likelihood with a value 
between 0 and 1. The Systems and methods are particularly 
applicable to web-based Search engines and downloadable 
applications at client Sites, e.g., implemented in a toolbar or 
deskbar, but are applicable to various other applications. It 
should be appreciated that the present invention can be 
implemented in numerous ways, including as a process, an 
apparatus, a System, a device, a method, or a computer 
readable medium Such as a computer readable Storage 
medium or a computer network wherein program instruc 
tions are Sent over optical or electronic communication 
lines. The term computer generally refers to any device with 
computing power Such as personal digital assistants (PDAS), 
cellular telephones, and network Switches. Several inventive 
embodiments of the present invention are described below. 
0011. The fault-tolerant input method generally includes 
receiving an input in a format representing characters in a 
language, the input having at least one original component, 
identifying potentially incorrect input components, expand 
ing each potentially incorrect component to at least one 
additional alternative component, each pair of potentially 
incorrect component and corresponding alternative compo 
nent having a proximity measurement, converting each input 
component and each alternative component to the language, 
computing probabilities of possible conversions of the input 
to characters in the language, each possible conversion 
being a combination of the converted original and/or alter 
native components of the input, the probabilities being based 
on the proximity measurement and optionally on a context 
of the possible conversion, and determining a most likely 
conversion from the possible conversions. 
0012. As an example, the method may be applied to a 
Chinese input method using pinyin. For example, the 
method may include receiving a pinyin input having at least 
one original pinyin representing Chinese characters, identi 
fying potentially incorrect pinyins, expanding each poten 
tially incorrect pinyin to at least one additional alternative 
pinyin, each pair of potentially incorrect and corresponding 
alternative pinyin having a proximity measurement, con 
Verting the pinyins in the input and the alternative pinyins to 
Chinese characters, computing probabilities of possible con 
versions of the pinyin input to Chinese characters, each 
possible Chinese conversion being a combination of the 
converted original and/or alternative pinyins of the input, the 
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probabilities being based on the proximity measurement and 
optionally on a context of the possible Chinese conversion, 
and determining a most likely Chinese conversion from the 
possible conversions. 
0013 The identifying potentially incorrect input compo 
nents may be based on pairs of confusingly similar compo 
nents which in turn may be based on confusing pairs of 
Vowels and consonants. Each potentially incorrect compo 
nent may be associated with at least one confusingly similar 
alternative Such that the expanding includes expanding each 
potentially incorrect component to every additional alterna 
tive component associated therewith. The converting may be 
performed on each component individually and/or on mul 
tiple components jointly. The determining the most likely 
conversion may include determining multiple most likely 
conversions. For example, the most likely conversions may 
include at least one possible original conversion converted 
from only the original components of the input. The most 
likely conversions may also include a possible modified 
conversion that includes at least one converted alternative 
component, for example, if the probability of the possible 
modified conversion exceeds the probability of the possible 
original conversion by a predetermined threshold. 

0.014) The language may be a non-Roman based language 
Such a Chinese, Japanese, Korean (CJK) or Thai, etc. In the 
case that the language is Chinese and more typically Sim 
plified Chinese, the format may be pinyin. The method can 
be utilized in various applications. Such as in a Search engine 
Such that the input is a user Search query. Various other 
Systems may similarly employ Such fault-tolerant input 
methods Such as language input Systems. 

0.015 A fault-tolerant input system generally includes a 
receiver adapted to receive an input having at least one 
original component in a format representing characters in a 
language, an identifier adapted to identify potentially incor 
rect components of the received input, an expander adapted 
to expand each potentially incorrect component of the 
received input to at least one additional alternative compo 
nent in the format, each pair of the potentially incorrect 
component of the input and the corresponding additional 
alternative component having a proximity measurement, a 
converter adapted to convert each component of the received 
input and each additional alternative component in the 
format to the language, a computing module adapted to 
compute probabilities of possible conversions of the 
received input to characters in the language, each possible 
conversion being a combination of the converted original 
and/or alternative components of the received input, the 
probabilities being based at least in part on the proximity 
measurement, and an output module adapted to determine a 
most likely conversion to characters in the language from 
the possible conversions of the input. 
0016 A computer program product for use in conjunction 
with a computer System, the computer program product 
generally includes a computer readable Storage medium on 
which are Stored instructions executable on a computer 
processor, the instructions including receiving an input in a 
format representing characters in a language, the input 
having at least one original component, identifying poten 
tially incorrect input components, expanding each poten 
tially incorrect input component to at least one additional 
alternative component, each pair of potentially incorrect 

Mar. 2, 2006 

component and the corresponding alternative component 
having a proximity measurement, converting each input 
component and each alternative component in the format to 
the language, computing probabilities of possible conver 
Sions of the input to characters in the language, each possible 
conversion being a combination of the converted original 
and/or alternative components of the input, the probabilities 
being based at least in part on the proximity measurement, 
and determining a most likely conversion to characters in the 
language from the possible conversions of the input. 
0017. A method for generating proximity measurements 
may generally include collecting user inputs in a format 
representing characters in a language and rates of user 
Selection of corresponding candidates decoded from the user 
inputs into the language, identifying user inputS having a 
low rate of candidate Selection as non-Selected inputs, deter 
mining a percentage of each non-Selected input entered 
without a user Selection of any of the decoded candidates 
being made, assigning a modified input close in confusion 
proximity to each corresponding non-Selected input as a 
corresponding intended input, the modified input having a 
higher rate of candidate Selection than the corresponding 
non-Selected input, determining the proximity measurement 
for each pair of modified input and non-Selected input based 
on the number of times the corresponding non-Selected input 
is entered as input and the number of times the correspond 
ing non-Selected input is entered as input without a user 
Selection of any of the decoded candidates being made. The 
confusion proximity may be based on a list of pairs of 
confusingly similar elements in the format and the modified 
input differs from the corresponding non-Selected input by 
one or more pairs of the confusingly similar elements. 
0018. An application implementing the system and 
method may be implemented on a Server Site Such as on a 
Search engine or may be implemented, e.g., downloaded, on 
a client Site Such as a user's computer to provide spell 
corrections for text inputting into a document or to interface 
with a remote Server Such as a Search engine. 
0019. These and other features and advantages of the 
present invention will be presented in more detail in the 
following detailed description and the accompanying figures 
which illustrate by way of example principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The present invention will be readily understood by 
the following detailed description in conjunction with the 
accompanying drawings, wherein like reference numerals 
designate like Structural elements. 
0021 FIG. 1 is a table listing an exemplary set of 
common confusing pronunciations pairs of Chinese vowels 
and consonants. 

0022 FIG. 2 is a proximity matrix of confusing pinyins 
containing the probabilities of various intended pinyins 
given a potentially incorrect (confusing) input pinyin. 
0023 FIG. 3 is a flowchart illustrating a process for 
automatically converting a confusing input pinyin to a Set of 
candidates that may include one or more candidates corre 
sponding to a spelling-corrected pinyin input. 
0024 FIG. 4 is a table listing confusing pinyins gener 
ated from an exemplary pinyin input "Zhongguo Zhen fu’ 
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based on the list of common confusing pronunciations pairs 
of Chinese vowels and consonants of FIG. 1. 

0025 FIG. 5 is a table listing conversions to Chinese 
characters or words generated from the list of confusing 
pinyins in FIG. 4 for the exemplary pinyin input "Zhongguo 
Zhen ful.” 

0.026 FIG. 6 is a lattice diagram illustrating the confus 
ing pinyins, Some of their conversions to Chinese characters 
and words, and the transitions between each pair of the 
Chinese character/word conversions for the exemplary 
pinyin input “Zhongguo Zhen fu' of FIGS. 4 and 5. 

0027 FIG. 7 is two illustrative user interfaces each 
presenting a candidate list of three most likely candidate 
conversions from the exemplary pinyin input "Zhongguo 
Zhen fu' of FIGS. 4-6, including one candidate conversion 
corresponding to a spelling-corrected pinyin input. 

0028 FIG. 8 is a graph illustrating character conversion 
accuracy rate relative to confusing pinyin input error rate 
with and without fault-tolerant input processing. 
0029 FIG. 9 is a graph illustrating query conversion 
accuracy rate relative to confusing pinyin input error rate 
with and without fault-tolerant input processing. 
0030 FIG. 10 is a flowchart illustrating a process for 
training a fault-tolerant input processor. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

0.031 Fault-tolerant systems and methods to process and 
correct input Spelling errors for non-Roman based languages 
Such as Chinese, Japanese, and Korean (CJK) are disclosed. 
The fault-tolerant input systems and methods described 
herein generally relate to processing, detecting, and correct 
ing Spelling errors by employing probabilities that may be 
derived from user input entries and associated user Selec 
tions Such as query logs. It is noted that for purposes of 
clarity only, the examples presented herein are generally 
presented in terms of processing, detecting and correcting 
Chinese pinyin inputs. However, the Systems and methods 
for Spelling error detection and correction may be similarly 
applicable for other non-Roman based languages Such as 
Japanese, Korean, Thai, etc. The following description is 
presented to enable any perSon Skilled in the art to make and 
use the invention. Descriptions of Specific embodiments and 
applications are provided only as examples and various 
modifications will be readily apparent to those skilled in the 
art. The general principles defined herein may be applied to 
other embodiments and applications without departing from 
the Spirit and Scope of the invention. Thus, the present 
invention is to be accorded the widest Scope encompassing 
numerous alternatives, modifications and equivalents con 
Sistent with the principles and features disclosed herein. For 
purpose of clarity, details relating to technical material that 
is known in the technical fields related to the invention have 
not been described in detail So as not to unnecessarily 
obscure the present invention. 
0.032 Users of non-Roman based languages such as 
Chinese, Japanese, and Korean (CJK) often utilize Roman 
based (alphabetical) input methods. For example, many 
Chinese language users use pinyin (phonetic spelling) for 
inputting Chinese characterS Such as a Search query for a 
Search engine. Pinyin is a phonetic input method used 
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mainly for inputting simplified Chinese character. AS 
referred to herein, pinyin generally refers to phonetic rep 
resentation of Chinese characters, with or without represen 
tation of the tones associated with the Chinese characters. In 
particular, "pinyin' as used herein refers to all phonetic 
notations for Chinese, Simplified or traditional, include 
Zhuyin fuhao (Bopomofo), i.e., “The Notation of Annotated 
Sounds.” 

0033 Some Chinese language users may not know the 
correct pronunciations (pinyins) of Some Chinese characters 
due to, for example, their dialect and/or accent, and therefore 
may enter incorrect pinyin inputs. However, despite an 
incorrect pinyin input, the fault-tolerant pinyin input pro 
cessing System converts the incorrect pinyin input and aims 
to provide a list of candidate Chinese character Sets that 
includes the user's intended Chinese character Set. 

0034) Most often, pinyin spelling errors attributable to 
incorrect pronunciations are based on a Set of confusing 
pronunciation pairs of vowels and consonants. In other 
words, a large portion of pinyin Spelling errors attributable 
to incorrect pronunciations may result from the user inter 
changing one for the other of a confusing pair of vowels or 
consonants. The table of FIG. 1 lists an exemplary set of 
common confusing pairs of pronunciations of Chinese vow 
els and consonants. Pronunciations of the confusing conso 
nants and/or vowels listed in FIG. 1 can be similar and 
confusing to many Chinese language userS Such that pinyin 
inputs that contain one or more of the confusing consonants 
and/or vowels may be misspelled. It is to be understood that 
additional and/or alternative confusing consonants and/or 
Vowels may exist and may be taken into account by the 
fault-tolerant input System and method as described herein 
and that FIG. 1 is merely an exemplary set that may be 
employed in the Systems and methods described herein. AS 
shown, common confusing consonant pairs may include 
retroflexion and non-retroflexion, Such as sh/s, ch/c, and the 
like, as well as various other confusing consonant pairS Such 
as h/f, l/n, and the like. Common confusing vowels may 
include front and back nasal Sound Such as an/ang, en/eng, 
in?ing, and the like. 
0035) To identify and correct pinyin input errors, a prob 
ability of an intended pinyin given an input pinyin may be 
utilized to facilitate in determining whether the input pinyin 
is likely to be incorrect and if So, the most likely corrected 
or intended pinyin and/or the most likely pinyin-to-charac 
ter/word conversions based on the corrected or intended 
pinyin. A collection of probabilities of an intended pinyin P' 
given an input pinyin P, i.e., p(PP), may be provided in a 
proximity matrix, also referred to herein as fuzzy pinyin 
matrix. FIG. 2 is an example of a normalized proximity or 
fuzzy pinyin matrix of confusing pinyin pairs. A confusing 
pinyin, as referred to herein, generally refers to a pinyin 
containing at least one of the identified common confusing 
consonant or vowel pairs such as those listed in FIG. 1. In 
other words, a confusing pinyin is one that may be mispro 
nounced and thus misspelled according to the Set of common 
confusing pairs of pronunciations Such as that shown in 
FIG. 1. All other pinyins are non-confusing pinyins, i.e., 
pinyins that do not contain any of the identified common 
confusing consonant or vowel pairS Such as those listed in 
FIG. 1. 

0036 Referring again to FIG. 2, each cell of the prox 
imity matrix indicates how likely when a user intended 
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pinyin P' when the user entered pinyin P. The matrix 
contains the probabilities of various possible intended piny 
ins P given a confusing input pinyin P. The empty cells 
represent a value of 0, i.e., no confusion or ambiguity 
between the corresponding pinyin pair. To illustrate, given 
an input pinyin P"lin,” the user's intended pinyin P' may be 
“lin” (the original input pinyin, i.e., P'=P), “ling” (in-ing 
confusing pair from FIG. 1), “nin' (1-n confusing pair), or 
“ning (both 1-n and in-ing confusing pairs). Each of the 
possible intended pinyins P' corresponds to an estimated or 
otherwise computed probability that the user intended pinyin 
P" given the input pinyin P. 
0037. The proximity matrix may be built based on some 
knowledge or assumptions of Chinese pronunciations and 
optionally on Statistics Specifying the frequency of the 
mistakes that Chinese language users make. Such knowl 
edge and/or Statistics may be obtained from, for example, 
Search query logs. For purposes of reducing computational 
complexity only, once the fuzzy pinyin matrix is established, 
misspellings can be assumed to be context independent 
although Such an assumption may not be true. 

0038. The matrix of FIG. 2 is a small subset of all 
possible confusing pinyin pairs and only illustrates Some of 
the likelihoods or probabilities that may be computed or 
otherwise assigned to the corresponding confusing pinyin 
pairs and different likelihoods or probabilities may be simi 
larly computed or otherwise assigned. In particular, assum 
ing that the table of FIG. 1 lists all confusing pairs of 
Chinese vowels and consonants, roughly half of the approxi 
mately 408 Chinese pinyins can be confused with another 
confusing Chinese pinyin. The estimated probability of an 
intended pinyin P' being entered as pinyin P may be used to 
determine if the input pinyin is likely to be misspelled and 
if So, the most likely correct or intended pinyin or candidate 
characters. Contextual probabilities may also be used in 
determining a Set of likely candidate Chinese characters to 
increase the accuracy of Such determinations. The estimated 
probability can be used to determine the probability of the 
corresponding Chinese characters. Thus the more likely a 
given pinyin (original input or alternate) is the intended 
pinyin, the higher the probability of the corresponding 
Chinese characters. Merely as example, if each of the 
intended pinyins “san' and “shan” has a likelihood of 
approximately 1% and 3%, respectively, of being mispro 
nounced and misspelled as “shang, the Chinese characters 
corresponding to the pinyin "san' would be assigned a 
weight that is one-third that for the Chinese characters 
corresponding to “shan.” Thus the perplexity stays nearly 
the same as the that of not considering the confusing pinyins. 
Perplexity generally relates to the average number of poS 
Sible characters given the context. The greater the perplexity, 
the more uncertain the character can be. 

0039 FIG. 3 is a flowchart illustrating a process 20 for 
automatically converting a pinyin input that may include one 
or more confusing pinyins to candidate Chinese character 
Sets that may include one or more Chinese character Sets 
corresponding to a spelling-corrected pinyin input. At block 
22, a user pinyin input is received. At block 24, each 
confusing pinyin, if any, in the pinyin input is identified and 
expanded to include the other possible intended pinyins. At 
block 26, the most likely conversion candidates are deter 
mined. In performing blockS 24 and 26, a fuzzy pinyin 
proximity matrix, Such as one shown in FIG. 2, may be 
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employed to identify possible intended pinyins for a given 
confusing pinyin and their corresponding probabilities. In 
addition, in determining the most likely conversion candi 
dates at block 26, contextual probabilities may also be 
employed. At block 28, N (e.g., 3) most likely conversion 
candidates are presented to the user. 

0040 Various suitable mechanisms for converting each 
fuzzy pinyin to corresponding Chinese characters and/or 
words Such as performed in block 26 may be implemented. 
For example, various decoders are Suitable for converting 
pinyin to Hanzi (Chinese characters). In one embodiment, a 
Viterbi decoder using hidden Markov models may be imple 
mented. The training for the hidden Markov models may be 
achieved, for example, by collecting empirical counts or by 
computing an expectation and performing an iterative maxi 
mization process. The Viterbi algorithm is a useful and 
efficient algorithm to decode the Source input according to 
the output observations of a Markov communication chan 
nel. The Viterbi algorithm has been successfully imple 
mented in various applications for natural language proceSS 
ing, Such as Speech recognition, optical character 
recognition, machine translation, Speech tagging, parsing 
and Spell checking. However, it is to be understood that 
instead of the Markov assumption, various other Suitable 
assumptions may be made in implementing the decoding 
algorithm. In addition, the Viterbialgorithm is merely one 
Suitable decoding algorithm that may be implemented and 
various other Suitable decoding algorithms Such as a finite 
State machine, a Bayesian network, a decision plane algo 
rithm (a high dimension Viterbialgorithm) or a Bahl-Cocke 
Jelinek-Raviv (BCJR) algorithm (a two pass forward/back 
ward Viterbialgorithm) may be implemented. 

0041 FIGS. 4-6 illustrate an example of the process 20 
for automatically converting an exemplary confusing pinyin 
input "Zhongguo Zhen fu' to candidate Chinese character 
Sets that may include one or more Chinese character Sets 
corresponding to a spelling-corrected pinyin input. Specifi 
cally, FIG. 4 is a table expanding each pinyin in the 
confusing pinyin input "Zhongguo Zhen fu' to its corre 
sponding confusing or fuzzy pinyins (i.e., the original pinyin 
and any other confusing pinyins) based on the list of 
common confusing pronunciations pairs of Chinese vowels 
and consonants. For example, a lookup of the proximity 
matrix such as that shown in FIG. 2 may be performed in 
order to expand each pinyin in the confusing pinyin input to 
its corresponding confusing or fuzzy pinyins. AS Shown, 
each of “Zhong,”“Zhen,” and fu' is expanded to multiple 
confusing pinyins. In contrast, "guo' corresponds only to 
itself as it is generally not confused with any other pinyin, 
i.e., no ambiguity. 

0042 FIG. 5 is a table listing illustrating some of the 
possible conversions to Chinese characters or words gener 
ated from the list of expanded fuzzy or confusing pinyins of 
FIG. 4 for the exemplary pinyin input “Zhongguo Zhen ful.” 
AS shown, in the absence of context, each Chinese pinyin 
can map to multiple Chinese characters. For example, the 
pinyin "fu' can be mapped to amplitude, home, luck, 
husband, etc. while the pinyin "hu' maps to family name, 
lake, tiger, etc. In addition, where two or more pinyins can 
form a Chinese word, the multiple pinyins can also be 
converted to the Chinese word. For example, the pinyins 
"Zhongguo' may be converted to Chinese or China. 
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0.043 FIG. 6 is a lattice diagram illustrating the confus 
ing/fuzzy pinyins, Some of their conversions to Chinese 
characters or words, and the transitions between each pair of 
the Chinese character/word conversions for the exemplary 
pinyin input “Zhongguo Zhen fu” of FIGS. 4 and 5. As 
shown, each fuzzy pinyin node is associated with a prob 
ability p(PIP) of the fuzzy pinyin being the intended pinyin 
P" given the input pinyin P. For example, the probabilities 
p(Zongzhong) and p(Zhongzhong) of the fuzzy pinyins 
“Zong” and “Zhong' being the intended pinyin given the 
input pinyin “Zhong” is 0.15 and 0.85, respectively. Note 
that because the input pinyin "guo' corresponds only to 
itself, its assigned probability is 1.0. 

0044 FIG. 6 also illustrates some of the conversions of 
the fuzzy pinyins to Chinese characters or words as well as 
Some of the transitions between each possible pair of the 
Chinese character/word conversions. Merely for purposes of 
clarity, not all of the conversions of the fuzzy pinyins to 
Chinese characters or words are shown and not all of the 
transitions of the conversions are shown. A probability for 
each link or transition may be assigned based on context, for 
example. Thus the probability or likelihood of each possible 
path, i.e., from the conversion of the first to the last pinyin, 
may be determined. In one embodiment, the probability 
Score for a given path may be determined by multiplying the 
probability of each node in the path as well as the probability 
of each link in the path. 

004.5 FIG. 7 shows two illustrative user interfaces each 
presenting a candidate list of N (e.g., 3) likely conversion 
candidates from the exemplary pinyin input "Zhongguo 
Zhen fu' of FIGS. 4-6. Note that various other Suitable user 
interfaces may be utilized. The likely N conversion candi 
dates presented to the user may be Selected from both 
candidates generated from the original input and candidates, 
if any, generated using the fault-tolerant methods. A decision 
as to whether to present the Spelling-corrected conversion 
candidate may be based on, for example, whether the 
probability Score of the Spelling-corrected candidate exceeds 
that of the most and/or the Second most likely original input 
candidate by a minimum predetermined threshold. AS 
shown, the two most likely candidate conversions 30, 32 are 
converted from the original pinyin input "Zhongguo Zhen 
fu' while the third candidate conversion 34 is converted 
from a spelling-corrected pinyin input of “Zhongguo Zheng 
fu.” In particular, the candidate conversion 30 corresponds 
to the China/Chinese-oscillation-amplitude path while 
the candidate conversion 30 corresponds to the China/ 
Chinese-vibration-rich path in the lattice shown in FIG. 
6. The Spelling-corrected candidate conversion 34 corre 
sponds to the Chinese-government path in the lattice shown 
in FIG. 6. 

0046) The spelling-corrected or fuzzy conversion candi 
date 34 may be presented differently from the original pinyin 
conversion candidates 30, 32 so as to indicate to and alert the 
user that the fuzzy conversion 34 corresponds to a spelling 
corrected pinyin input rather than the original pinyin input. 
Merely as examples, the corrected candidate conversion 34 
may be presented in a different color and/or a different font 
(font size, underlined, bold, and/or italicized, etc.). 
0047 FIG. 8 is a graph illustrating character conversion 
accuracy rate relative to a confusing pinyin input error rate 
with (upper curve) and without (lower curve) fault-tolerant 
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input processing. The confusing pinyin input error rate 
(X-axis) refers to the percentage of confusing pinyins that are 
incorrectly entered. The graph of FIG. 8 may be generated 
from, for example, a Set of user inputS Such as user queries. 
AS shown, the conversion accuracy with 0% confusing 
pinyin input error rate can be as high as approximately 96%. 
However, if any of the pinyins in the character input is 
incorrect, i.e., confused with another Similarly pronounced 
pinyin, the character conversion accuracy decreases. The 
lower curve illustrates a relatively significant decrease in 
character conversion accuracy without the use of the fault 
tolerant (fuzzy) pinyin input processing as the confusing 
pinyin input error rate increases. For example, the character 
conversion accuracy decreases to approximately 62% at a 
100% confusing pinyin input error rate. Note that even if all 
the confusing pinyins in an input are incorrect, the input may 
contain non-confusing pinyinS Such that the conversion 
accuracy is not 0% even at a 100% confusing pinyin input 
error rate. The upper curve illustrates a much lower decrease 
in character conversion accuracy with the use of fault 
tolerant (fuzzy) pinyin input processing even as the confus 
ing pinyin input error rate increases. For example, the 
character conversion accuracy remains relatively unchanged 
even at 100% confusing pinyin input error rate. 

0048 FIG. 9 is a graph illustrating query conversion 
accuracy rate relative to a confusing pinyin input error rate 
with (upper curve) and without (lower curve) fault-tolerant 
input processing. If one word or character in a given query 
is incorrectly converted, the entire query is considered as 
incorrect. For example, a query containing 4 characters of 
which 1 is non-confusing and 3 are confusing and one of the 
3 confusing pinyin is incorrect would have a 33% confusing 
pinyin input error rate. AS Such, the conversion accuracy at 
the query level is lower than that at the character level as 
shown and described above with reference to FIG. 8. The 
confusing pinyin input error rate (X-axis) refers to the 
percentage of confusing pinyins in the query input that are 
incorrectly entered. AS Shown, the conversion accuracy with 
0% confusing pinyin input error rate for a query can be as 
high as approximately 85%. However, if any of the pinyins 
in the query input is incorrect, i.e., confused with another 
Similarly pronounced pinyin, the query conversion accuracy 
decreases. The lower curve illustrates a relatively significant 
decrease in query conversion accuracy without the use of the 
fault-tolerant (fuzzy) pinyin input processing as the confus 
ing pinyin input error rate increases. For example, the query 
conversion accuracy decreases to approximately 25% at a 
100% confusing pinyin input error rate. The upper curve 
illustrates a much lower decrease in query conversion accu 
racy with the use of fault-tolerant (fuzzy) pinyin input 
processing even as the confusing pinyin input error rate 
increases. For example, the query conversion accuracy 
decreases only slightly to approximately 80% even at 100% 
confusing pinyin input error rate. 

0049 FIG. 10 is a flowchart illustrating a process 40 for 
training the fault-tolerant input System and method and more 
Specifically, for generating the proximity matrix Such as that 
shown in FIG. 2. In particular, the process of generating the 
proximity matrix may utilize data collected from user pinyin 
inputs and asSociated user Selections in order to generate 
fuzzy pinyin probabilities. By using a Set of inputs to train 
the proximity matrix, the likelihood of a spelling error in the 
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pinyin input can be determined and processed to enhance the 
efficiency and effectiveness of the fault-tolerant input Sys 
tem. 

0050. The process for training the fault-tolerant input 
System and method and more specifically, for generating the 
proximity matrix may utilize data collected from user pinyin 
inputs and associated user Selections in order to generate 
fuZZy pinyin probabilities. For example, in the context of a 
Search engine, the user queries and the converted queries 
Selected by the users are tracked and processed. For 
example, at block 42, data on user pinyin inputs and the rates 
of Selection by users of each corresponding conversion/ 
decoding candidate is collected. By using a set of actual user 
inputs to train the proximity matrix, the likelihood of a 
Spelling error in the pinyin input can be determined and 
processed to enhance the efficiency and effectiveness of the 
fault-tolerant input System. 

0051 When a pinyin input containing at least one mis 
Spelled pinyin is entered, the user typically does not Select 
any of the conventionally converted candidates, i.e., con 
verted without fault tolerance, as generally none of the 
candidates would correspond to the user's intended input. In 
contrast, when the user correctly enters a pinyin input, one 
of the converted Chinese candidates is likely to be selected. 
Thus at block 44, the non-selected pinyin inputs that have 
low candidate Selection rates are identified as those that may 
contain a misspelled pinyin P, i.e., a pinyin that is likely to 
be different from the intended pinyin P". In addition, at block 
46, the percentage or rate of pinyin input entered by users 
without a Selection from the conversion candidates being 
made is determined as the proximity measurement (prob 
ability) p(PIP). 

0.052 The process 40 also determines all possible correct 
(intended) pinyin inputs for the non-selected incorrect 
pinyin inputs. In particular, at block 48, for each non 
Selected pinyin input, the intended pinyin input is deter 
mined as the pinyin input with relatively high (or highest) 
user Selection rates that are close in confusion proximity 
(i.e., close in editing distance as determined in terms of the 
pairs of confusing pinyin elements Such as those shown in 
FIG. 1) to the corresponding non-Selected pinyin input. In 
other words, the confusion proximity is determined based on 
the list of pairs of confusingly similar pinyin elements. Thus 
the misspelled pinyin P (contained in the original pinyin 
input) and the intended pinyin P' (contained in the intended 
pinyin input) differ from each other by one or more pairs of 
the confusingly similar pinyin elements. 

0.053 At block 50, the proximity measurement is asso 
ciated with each pair of confusing pinyins P and P. For 
example, the non-Selected pinyin input and the intended 
pinyin input may be compared to determine the incorrect 
pinyin P and the intended pinyin P". The proximity mea 
Surement associated with the confusing pair of pinyins Pand 
P" thus relates to the likelihood that the users entered pinyin 
input P and intended pinyin P', i.e., the frequency that an 
input pinyin P should be substituted by the pinyin P". 
Specifically, the proximity measurement p(PP) (as deter 
mine in block 46) of a given confusing pinyin pair P and P 
is determined as n(P->P)/n(P) where n(P) is the number of 
times that pinyin input P is entered by users and n(P->P) is 
the number of times that the pinyin input should be substi 

Mar. 2, 2006 

tuted by its corresponding fuzzy pinyin P', i.e., the number 
of times that the users did not make a Selection from the list 
of candidate conversions. 

0054 AS is evident, the order of the blocks illustrated for 
process 40 is merely illustrative and may be modified. 
Further, it is noted that the proximity matrix may remain 
constant once generated or may be modified periodically 
over time based on new user pinyin input and Selection data. 
One alternative process for generating the proximity matrix, 
Such as when there is an insufficient amount of data to 
generate meaningful probabilities, is to Set the proximity 
(probability) between each pair of confusing pinyins to an 
estimated constant. For example, it may be assumed that the 
likelihood or probability that a user enters pinyin “shang” 
instead of the intended pinyin “shan” is 0.03. Note that for 
a given confusing input pinyin P, the Sum of the likelihood 
or probability that the input pinyin is the intended pinyin, 
i.e., P'=P, and the likelihoods or probabilities that the input 
pinyin is a variant of the intended pinyin should total 
approximately 1.0. 

0055. It is noted that the illustrative fault-tolerant input 
Systems and methods as described herein are particularly 
applicable in the context of a Web Search engine and to a 
Search engine for a database containing organized data. 
However, it is to be understood that the fault-tolerant input 
Systems and method may be adapted and employed for 
various other applications for Spelling error detection and 
correction, particularly for entries in a non-Romanized lan 
guage. For example, the System and method may be adapted 
for a CJK text input application, e.g., word processing 
application, that detects and corrects Spelling errors. 
0056. The fault-tolerant input systems and method are 
particularly well Suited for use with non-Roman based 
languages and can be highly effective in both detecting 
Spelling errors and in inferring the correct Chinese charac 
ters from pinyin inputs with Spelling errors. Such fault 
tolerant input System and method allow Chinese users to 
input Chinese words using approximate pronunciations 
rather than requiring the use of precise pinyins. The method 
may also utilize context to reduce uncertainty and/or the 
perplexity. 
0057 While the exemplary embodiments of the present 
invention are described and illustrated herein, it will be 
appreciated that they are merely illustrative and that modi 
fications can be made to these embodiments without depart 
ing from the Spirit and Scope of the invention. Thus, the 
Scope of the invention is intended to be defined only in terms 
of the following claims as may be amended, with each claim 
being expressly incorporated into this Description of Spe 
cific Embodiments as an embodiment of the invention. 

What is claimed is: 
1. A fault-tolerant input processing method, comprising: 
receiving an input in a format representing characters in 

a language, the input having at least one original 
component, 

identifying potentially incorrect components of the input; 

expanding each potentially incorrect component of the 
input to at least one additional alternative component in 
the format, each pair of the potentially incorrect com 
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ponent of the input and the corresponding additional 
alternative component having a proximity measure 
ment, 

converting each component of the input and each addi 
tional alternative component in the format to the lan 
guage, 

computing likelihoods of possible conversions of the 
input to characters in the language, each possible 
conversion being a combination of the converted origi 
nal and/or alternative components of the input, the 
likelihoods being based at least in part on the proximity 
measurement; and 

determining a most likely conversion to characters in the 
language from the possible conversions of the input. 

2. The method of claim 1, wherein the identifying poten 
tially incorrect components of the input is based on pairs of 
confusingly similar components. 

3. The method of claim 1, wherein the identifying poten 
tially incorrect components of the input is based on confus 
ing pairs of vowels and consonants. 

4. The method of claim 1, wherein each potentially 
incorrect component is associated with at least one addi 
tional confusingly similar alternative component and 
wherein the expanding includes expanding each potentially 
incorrect component to every additional alternative compo 
nent associated with the potentially incorrect component. 

5. The method of claim 1, wherein the converting of each 
component is one of converting each component individu 
ally and converting multiple components jointly. 

6. The method of claim 1, wherein the computing likeli 
hoods is also based on a context of the possible conversion. 

7. The method of claim 1, wherein the determining the 
most likely conversion includes determining more than one 
most likely conversion. 

8. The method of claim 1, wherein the most likely 
conversion includes a first possible conversion comprising 
only converted original components of the input and a 
Second possible conversion comprising at least one con 
verted alternative component of the input if the likelihood of 
the Second possible conversion exceeds the likelihood of the 
first possible conversion by a predetermined threshold. 

9. The method of claim 1, wherein the language is a 
non-Roman based language. 

10. The method of claim 1, wherein the language is 
Chinese and the format is pinyin. 

11. The method of claim 1, wherein the input is a user 
Search query. 

12. A fault-tolerant input System, comprising: 

a receiver, adapted to receive an input having at least one 
original component in a format representing characters 
in a language, 

an identifier adapted to identify potentially incorrect com 
ponents of the received input; 

an expander adapted to expand each potentially incorrect 
component of the received input to at least one addi 
tional alternative component in the format, each pair of 
the potentially incorrect component of the input and the 
corresponding additional alternative component having 
a proximity measurement; 
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a converter adapted to convert each component of the 
received input and each additional alternative compo 
nent in the format to the language; 

a computing module adapted to compute likelihoods of 
possible conversions of the received input to characters 
in the language, each possible conversion being a 
combination of the converted original and/or alterna 
tive components of the received input, the likelihoods 
being based at least in part on the proximity measure 
ment; and 

an output module adapted to determine a most likely 
conversion to characters in the language from the 
possible conversions of the input. 

13. The system of claim 12, wherein the identifier is 
further adapted to identify based on pairs of confusingly 
Similar components. 

14. The system of claim 12, wherein the identifier is 
further adapted to identify based on confusing pairs of 
Vowels and consonants. 

15. The system of claim 12, wherein each potentially 
incorrect component is associated with at least one addi 
tional confusingly similar alternative component and 
wherein the expander is further adapted to expand each 
potentially incorrect component to every additional alterna 
tive component associated with the potentially incorrect 
component. 

16. The system of claim 12, wherein the converter is 
further adapted to convert each component by one of con 
Verting each component individually and converting mul 
tiple components jointly. 

17. The system of claim 12, wherein the computing 
module is further adapted to compute likelihoods based on 
a context of the possible conversion. 

18. The system of claim 12, wherein the output module is 
further adapted to determine more than one most likely 
conversion. 

19. The system of claim 12, wherein the most likely 
conversion includes a first possible conversion comprising 
only converted original components of the input and a 
Second possible conversion comprising at least one con 
verted alternative component of the input if the likelihood of 
the Second possible conversion exceeds the likelihood of the 
first possible conversion by a predetermined threshold. 

20. The System of claim 12, wherein the language is a 
non-Roman based language. 

21. The System of claim 12, wherein the language is 
Chinese and the format is pinyin. 

22. The System of claim 12, wherein the System is a Search 
engine and the received input is a Search query. 

23. A computer program product for use in conjunction 
with a computer System, the computer program product 
comprising a computer readable Storage medium on which 
are Stored instructions executable on a computer processor, 
the instructions including: 

receiving an input in a format representing characters in 
a language, the input having at least one original 
component, 

identifying potentially incorrect components of the input; 

expanding each potentially incorrect component of the 
input to at least one additional alternative component in 
the format, each pair of the potentially incorrect com 
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ponent of the input and the corresponding additional 
alternative component having a proximity measure 
ment, 

converting each component of the input and each addi 
tional alternative component in the format to the lan 
guage, 

computing probabilities of possible conversions of the 
input to characters in the language, each possible 
conversion being a combination of the converted origi 
nal and/or alternative components of the input, the 
probabilities being based at least in part on the proX 
imity measurement; and 

determining a most likely conversion to characters in the 
language from the possible conversions of the input. 

24. The computer program product of claim 23, wherein 
the identifying potentially incorrect components of the input 
is based on pairs of confusingly similar components. 

25. The computer program product of claim 23, wherein 
the identifying potentially incorrect components of the input 
is based on confusing pairs of vowels and consonants. 

26. The computer program product of claim 23, wherein 
each potentially incorrect component is associated with at 
least one additional confusingly similar alternative compo 
nent and wherein the expanding includes expanding each 
potentially incorrect component to every additional alterna 
tive component associated with the potentially incorrect 
component. 

27. The computer program product of claim 23, wherein 
the converting of each component is one of converting each 
component individually and converting multiple compo 
nents jointly. 

28. The computer program product of claim 23, wherein 
the computing probabilities is also based on a context of the 
possible conversion. 

29. The computer program product of claim 23, wherein 
the determining the most likely conversion includes deter 
mining more than one most likely conversion. 

30. The computer program product of claim 23, wherein 
the most likely conversion includes a first possible conver 
Sion comprising only converted original components of the 
input and a Second possible conversion comprising at least 
one converted alternative component of the input if the 
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probability of the Second possible conversion exceeds the 
probability of the first possible conversion by a predeter 
mined threshold. 

31. The computer program product of claim 23, wherein 
the language is a non-Roman based language. 

32. The computer program product of claim 23, wherein 
the language is Chinese and the format is pinyin. 

33. The computer program product of claim 23, wherein 
the input is a user Search query. 

34. A method for generating proximity measurements, 
comprising, 

collecting user inputs in a format representing characters 
in a language and rates of user Selection of correspond 
ing candidates decoded from the user inputs into the 
language, 

identifying user inputs having a low rate of candidate 
Selection as non-Selected inputs; 

assigning a modified input close in confusion proximity to 
each corresponding non-Selected input as a correspond 
ing intended input, the modified input having a higher 
rate of candidate Selection than the corresponding non 
Selected input; and 

determining the proximity measurement for each pair of 
modified input and non-Selected input based on a 
percentage of the corresponding non-Selected input is 
entered as input without a user Selection of any of the 
decoded candidates being made. 

35. The method of claim 34, wherein the confusion 
proximity is based on a list of pairs of confusingly similar 
elements in the format and the modified input differs from 
the corresponding non-Selected input by one or more pairs of 
the confusingly similar elements. 

36. The method of claim 34, wherein the language is a 
non-Roman based language and the format is a Romanized 
representation of the language. 

37. The method of claim 34, wherein the language is 
Chinese and the format is pinyin. 

38. The method of claim 34, wherein the user inputs are 
user Search queries. 


