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MACHINE TRANSLATION USING VECTOR 
SPACE REPRESENTATIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/408,957 to Bradford, entitled “Machine 
Translation Using Vector Space Representations,” ?led on 
Apr. 24, 2006, noW alloWed, Which application claims bene?t 
under 35 U.S.C. §119(e) to US. Provisional Patent Applica 
tion 60/674,705, entitled “System And Method For Improved 
Machine Translation Using Vector Space Representation,” to 
Bradford, ?led on Apr. 26, 2005, the entirety of each of the 
foregoing applications is hereby incorporated by reference as 
if fully set forth herein. 

BACKGROUND 

[0002] 1. Field of the Invention 
[0003] The present invention is generally directed to the 
?eld of machine translation. 

[0004] 
[0005] Translation of text from one human language into 
another is important in many commercial and governmental 
activities, as Well as having personal applications. Translation 
of text by human translators is time-consuming and expen 
sive. There is a substantial need for automated means of 
carrying out the translation function. Numerous approaches 
have been applied in softWare for automated machine trans 
lation. HoWever, as Will be described in more detail beloW, the 
quality of the output from contemporary machine translation 
systems is generally Well short of desired performance. 
[0006] Machine translation softWare converts text from one 
human language (the source-language) into another (the tar 
get-language). Despite 50 years of development, the capabili 
ties of automated machine translation systems are still dis 
couragingly limited, as discussed in Machine Translation: an 
Introductory Guide, NCC Blackwell, London, 1994, ISBN: 
1855542-17><. Major approaches applied in machine transla 
tion are: (i) rule-based systems; (ii) example-based systems, 
and (iii) statistical machine translation. 
[0007] Even for the simplest of language pairs (for 
example, English and Spanish), complex sentences and idi 
omatic expressions are often poorly handled. For more di?i 
cult language pairs (for example, English and Arabic), the 
meaning of sentences is often garbled. With the present state 
of-the-art, the applicability of machine translation is limited. 
[0008] A key problem in machine translation is the lack of 
?delity With Which translated text re?ects the meaning and 
tone of source text. For example, machine translation systems 
have problems in several areas, including: 
[0009] 1. Word sense disambiguation. In human languages, 
many Words have multiple meanings. For example, the 
English Word “strike” has doZens of common meanings. 
Examples of poor machine translation typically involve an 
incorrect choice of Word sense. 

[0010] 2. Idiomatic expressions. Better capabilities should 
be developed to deal With idiomatic expressions, such as 
“kicked the bucket” or “good as gold.” 

[0011] 3. Anaphora resolution. Machine translation sys 
tems have di?iculties resolving ambiguous references. 

2. Background 
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[0012] 4. Logical decomposition. Machine translation sys 
tems have di?iculties decomposing long sentences into 
coherent textual elements, particularly for languages such as 
Arabic. 
[0013] Therefore, What is needed is a system and method 
for improving the performance of machine translations. For 
example, the improvement should more effectively deal With 
Word sense ambiguity, idiomatic expressions, anaphora reso 
lution, and logical decomposition. 

BRIEF SUMMARY 

[0014] In accordance With the present invention there is 
provided a system and method for improving the performance 
of machine translations. A conceptual representation 
afforded by an abstract mathematical vector space (such as, a 
Latent Semantic Indexing (LSI) space) addresses the 
machine translation problems by more effectively dealing 
With, inter alia, Word sense ambiguity, idiomatic expressions, 
anaphora resolution, and logical decomposition. 
[0015] An embodiment of the present invention provides a 
method for automatically translating text, including the fol 
loWing steps. First, a conceptual representation space is gen 
erated based on source-language documents and target-lan 
guage documents, Wherein respective terms from the source 
language and target-language documents have a 
representation in the conceptual representation space. The 
conceptual representation space may be, for example, a 
Latent Semantic Indexing (LSI) space. Second, a neW source 
language document is represented in the conceptual represen 
tation space, Wherein a subset of terms in the neW source 
language document is represented in the conceptual 
representation space, such that each term in the subset has a 
representation in the conceptual representation space. In an 
LSI-based example, the representation of each respective 
term may be a vector representation. Then, a term in the neW 
source-language document is automatically translated into a 
corresponding target-language term based on a similarity 
betWeen the representation of the term and the representation 
of the corresponding target-language term. In an LSI-based 
example, the similarity may be a cosine similarity betWeen 
vector representations. 
[0016] In an example, the above-mentioned embodiment 
may include a method for disambiguating Words at a Word 
level, Which includes the folloWing additional steps. A dis 
ambiguated conceptual representation space is generated for 
at least one of the source-language documents. In the disam 
biguated conceptual representation space, a polysemous 
Word contained in the at least one source-language document 
has a plurality of representations, Wherein each representa 
tion of the polysemous Word corresponds to a sense of that 
Word. A representation of the neW source-language document 
is then generated in the disambiguated conceptual represen 
tation space, Wherein a subset of terms in the neW source 
language document is represented in the disambiguated con 
ceptual representation space, such that each term in the subset 
has a representation in the disambiguated conceptual repre 
sentation space. A term in the neW source-language document 
is automatically translated into a corresponding target-lan 
guage term based on a similarity betWeen the representation 
of the term and the representation of one of the senses of the 
polysemous Word. 
[0017] Another embodiment of the present invention pro 
vides a method for automatically translating text based on a 
disambiguation of text at a dictionary-level, including the 
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following steps. First, a conceptual representation space 
(such as an LSI space) is generated based on source-language 
documents and target-language documents. Second, a plural 
ity of dictionaries is provided. Third, a representation of each 
dictionary is generated in the conceptual representation 
space. Fourth, a neW source-language document is repre 
sented in the conceptual representation space. Fifth, a ?rst 
dictionary is selected from the collection of dictionaries 
based on a similarity betWeen the representation of the ?rst 
dictionary and the representation of the neW source-language 
document. Then, a term in the neW source-language docu 
ment is automatically translated into a corresponding target 
language term based on the ?rst dictionary. 

[0018] A further embodiment of the present invention pro 
vides a method for producing a machine translation of a text 
passage based on a combination of a plurality of translations 
of the text passage, including the folloWing steps. First, a 
conceptual representation space is generated based on a col 
lection of source-language documents and a collection of 
target-language documents. Second, a plurality of transla 
tions of a text passage are provided. The plurality of transla 
tions may be received from a conventional translation algo 
rithm, such as a rule-based algorithm, an example-based 
algorithm, or a statistical machine translation algorithm. 
Third, a representation of each translation is generated in the 
conceptual representation space. Then, the text passage is 
automatically translated based on similarity comparisons 
among the representations of the translations. 
[0019] A further embodiment of the present invention pro 
vides a method for generating a parallel corpus of documents, 
including the folloWing steps. First, a conceptual representa 
tion space is generated based on a collection of source-lan 
guage documents and a collection of target-language docu 
ments. Each target-language document in the collection of 
target-language documents comprises a translation of a 
source-language document in the collection of source-lan 
guage documents. Second, a neW collection of documents is 
provided, including both source-language documents and tar 
get-language documents. Third, a representation of each 
document in the neW collection of documents is generated in 
the conceptual representation space. Fourth, a collection of 
parallel documents is identi?ed based on similarity compari 
sons among the representations in the conceptual representa 
tion space. Then, the collection of source-language docu 
ments and the collection of target-language documents are 
combined With the collection of parallel documents resulting 
in a combined collection of documents, and a neW conceptual 
representation space is generated based on the combined 
collection of documents, Wherein the neW conceptual repre 
sentation space is stored in an electronic format. 

[0020] A further embodiment of the present invention pro 
vides a method for automatically translating text, including 
the folloWing steps. First, a conceptual representation space is 
generated based on source-language documents and target 
language documents, Wherein respective terms from the 
source-language documents and the target-language docu 
ments have a representation in the conceptual representation 
space. Second, a similarity is measured betWeen at least one 
pair of terms based on the representations of terms included in 
the at least one pair of terms, Wherein the at least one pair of 
terms includes a term from at least one of the source-language 
documents and a term from at least one of the target-language 
documents. Third, the similarity is converted to an associa 
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tion probability. Then, the association probability is used as 
an estimate of a parameter in a statistical translation algo 
rithm. 
[0021] Techniques in accordance With embodiments of the 
present invention provide several advantages over other tech 
niques, including the example advantages listed beloW. 
[0022] l. A method in accordance With an embodiment of 
the present invention generates conceptual representation 
spaces that deal With character strings and thus are inherently 
independent of language. Hence, techniques in accordance 
With embodiments of the present invention can be applied to 
all combinations of source and target-languages, and are 
independent of genre and subject matter. 
[0023] 2. An embodiment of the present invention can be 
used for creating conceptual representation spaces that are 
generated from large collections of documents, thus captur 
ing detail of languages in a manner much more e?icient than 
human construction. 
[0024] 3. Since methods in accordance With embodiments 
of the present invention are based on machine learning prin 
ciples, the conceptual representation spaces generated by 
these methods may be continuously and automatically 
updated With neW data, thus keeping pace With changes in 
language. 
[0025] 4. A method in accordance With the embodiments of 
the present invention can deal directly With teems that are not 
actual Words, such as abbreviations and acronyms. 
[0026] Further features and advantages of the invention, as 
Well as the structure and operation of various embodiments of 
the invention, are described in detail beloW With reference to 
the accompanying draWings. It is noted that the invention is 
not limited to the speci?c embodiments described herein. 
Such embodiments are presented herein for illustrative pur 
poses only. Additional embodiments Will be apparent to per 
sons skilled in the relevant art(s) based on the teachings 
contained herein. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

[0027] The accompanying draWings, Which are incorpo 
rated herein and form part of the speci?cation, illustrate the 
present invention and, together With the description, further 
serve to explain the principles of the invention and to enable 
a person skilled in the relevant art(s) to make and use the 
invention. 
[0028] FIG. 1 illustrates formation of the term by document 
matrix used in an embodiment of the present invention. 

[0029] FIG. 2 illustrates decomposition of the term by 
document matrix of an embodiment of the present invention 
into three constituent matrices. 
[0030] FIG. 3 illustrates formation of the LSI matrix used in 
an embodiment of the present invention. 

[0031] FIG. 4 illustrates the location of the training docu 
ments in the data object space for an example reduced to tWo 
dimensions in a dual language example. 
[0032] FIG. 5 depicts a ?owchart of a method for automati 
cally translating text in accordance With an embodiment of 
the present invention. 
[0033] FIG. 6 depicts a ?owchart of a method for automati 
cally accounting for Word sense disambiguation at a dictio 
nary level in accordance With an embodiment of the present 
invention. 
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[0034] FIG. 7 depicts a ?owchart of a method for automati 
cally accounting for Word sense disambiguation at a Word 
level in accordance With an embodiment of the present inven 
tion. 

[0035] FIG. 8 depicts a ?owchart of a method for automati 
cally treating idiomatic expressions in machine translation 
systems in accordance With an embodiment of the present 
invention. 

[0036] FIG. 9 is a block diagram of a computer system on 
Which an embodiment of the present invention may be 
executed. 

[0037] The features and advantages of the present invention 
Will become more apparent from the detailed description set 
forth beloW When taken in conjunction With the draWings, in 
Which like reference characters identify corresponding ele 
ments throughout. In the draWings, like reference numbers 
generally indicate identical, functionally similar, and/or 
structurally similar elements. The draWing in Which an ele 
ment ?rst appears is indicated by the leftmost digit(s) in the 
corresponding reference number. 

DETAILED DESCRIPTION 

I. Introduction 

[0038] As is described in more detail herein, according to 
an embodiment of the present invention there is provided a 
method and system for improving machine translation of text. 
A conceptual representation afforded by an abstract math 
ematical vector space addresses the machine translation prob 
lems by more effectively dealing With Word sense ambiguity, 
idiomatic expressions, anaphoric resolution, statistical 
machine translation and logical decomposition. 
[0039] It is noted that references in the speci?cation to “one 
embodiment”, “an embodiment”, “an example embodiment”, 
etc., indicate that the embodiment described may include a 
particular feature, structure, or characteristic, but every 
embodiment may not necessarily include the particular fea 
ture, structure, or characteristic. Moreover, such phrases are 
not necessarily referring to the same embodiment. Further, 
When a particular feature, structure, or characteristic is 
described in connection With an embodiment, it is submitted 
that it is Within the knoWledge of one skilled in the art to effect 
such feature, structure, or characteristic in connection With 
other embodiments Whether or not explicitly described. 

[0040] As used herein, a “term” shall mean any string of 
characters, including letters, numbers, symbols, and other 
similar characters. An example of a term can include, but is 
not limited to, a Word, a collection of Words, a Word stem, a 
collection of Word stems, a phrase, an acronym, an alphanu 
meric designator, an entity name, and similar strings of char 
acters and combinations thereof. It is to be appreciated that 
the Word “term” as used herein may refer to a string of 
characters in any human language, computer language, or 
other similar language comprised of strings of characters. 
[0041] Embodiments of the present invention are described 
beloW in terms of a particular abstract mathematical space 
called a Latent Semantic Indexing (LSI) space. This is for 
illustrative purposes only, and not limitation. It Will be appar 
ent to a person skilled in the relevant art(s) from the descrip 
tion contained herein hoW to implement embodiments of the 
present invention in other abstract mathematical spaces. 
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II. OvervieW 

[0042] Methods have been developed for generating vector 
space representations of language that demonstrably capture 
aspects of the conceptual content of text. For example, one of 
these techniques is called latent semantic indexing (LSI), an 
implementation of Which is described beloW in Section III 
and in US. Pat. No. 4,839,853 (the ’853 patent), entitled 
“Computer Information Retrieval Using Latent Semantic 
Structure” to DeerWester et al., the entirety of Which is incor 
porated by reference herein. 
[0043] The LSI technique can automatically process arbi 
trary collections of text and generate a high-dimensional vec 
tor space in Which both text objects (generally documents) 
and terms are distributed in a fashion that re?ects their mean 
ing. An extension of this technique alloWs processing of 
phrases. Experiments have demonstrated a striking similarity 
betWeen some aspects of the text processing in the LSI rep 
resentation space and human processing of language, as dis 
cussed by Landauer, T., et al., in “Learning Human-Like 
Knowledge by Singular Value Decomposition: A Progress 
Report,” in M. I. Jordan, M. J. Kearns and S. A. Solla (Eds.), 
Advances in Neural Information Processing Systems 10, 
Cambridge: MIT Press, pp. 45-51 (1998), the entirety of 
Which is incorporated by reference herein. 
[0044] Other techniques have also been developed that gen 
erate high-dimensional vector space representations of text 
objects and their constituent terms, for example, as described 
in the folloWing references: (i) Marchisio, G., and Liang, 1., 
“Experiments in Trilingual Cross-language Information 
Retrieval,” Proceedings, 2001 Symposium on Document 
Image Understanding Technology, Columbia, Md., 2001, pp. 
169-178; (ii) Hoffman, T., “Probabilistic Latent Semantic 
Indexing,” Proceedings of the 22”“ Annual SIGIR Confer 
ence, Berkeley, Calif., 1999, pp. 50-57; (iii) Kohonen, T., 
“Self-Organizing Maps,” 3rd Edition, Springer-Verlag, Ber 
lin, 2001; and (iv) Kolda, T., and O.Leary, D., “A Semidis 
crete Matrix Decomposition for Latent Semantic Indexing 
Information Retrieval,” ACM Transactions on Information 
Systems, Volume 16, Issue 4 (October 1998), pp. 322-346. 
The entirety of each of these is incorporated by reference 
herein. In the present application, the conceptual representa 
tion spaces generated by LSI or any of the other foregoing 
techniques Will be referred to generally as “conceptual rep 
resentation spaces.” 
[0045] An embodiment of the present invention is premised 
on the recognition that, at a fundamental level, properties of a 
conceptual representation space provide a mechanism for 
facilitating machine translation. In a conceptual representa 
tion space, terms that are similar in meaning have associated 
vector representations that are close together in the space. In 
an embodiment of the present invention, a conceptual repre 
sentation space is generated based on source-language docu 
ments and target-language documents. An example method 
for generating such a conceptual representation space is 
described beloW in Section IV and in US. Pat. No. 5,301,109 
(the ’109 patent), entitled “Computerized Cross-language 
Document Retrieval Using Latent Semantic Indexing” to 
Landauer et al., the entirety of Which is incorporated by 
reference herein. In such a space, terms in one language have 
vector representations that are close to the vector representa 
tions for terms of similar meaning in other language(s). An 
embodiment of the present invention exploits this fact to 
improve machine translation by: (1) creating a cross-lingual 
conceptual representation space for a source-language and a 
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target-language; and (2) translating terms in a source text 
based on a similarity (such as, a closeness) With terms of the 
target-language in the conceptual representation space. 
[0046] The above-described method can be used on its oWn 
or as a supplement to source-language to target-language 
mappings generated via other means (such as, from a bilin 
gual dictionary). For example, an extension of the above 
described method can be used to improve automatic machine 
translation of text While accounting for Word sense disam 
biguation at the dictionary level or at the Word level, as 
described in Sections VI and VII, respectively. Terms that are 
translated may include Words, acronyms, abbreviations, and 
idiomatic expressions, as described in Section VIII. Alterna 
tive embodiments are described in Section IX, including ana 
phora resolution, logical decomposition, data fusion, statisti 
cal machine translation, and boot-strapping (to generate a 
parallel corpus of documents). Then, an example computer 
system is described in Section X, Which computer system 
may be used to implement methods in accordance With 
embodiments of the present invention. 

III. OvervieW of Latent Semantic Indexing 

A. Introduction 

[0047] Before discussing details of embodiments of the 
present invention, it is helpful to present a motivating 
example of LSI, Which can also be found in US. Pat. No. 
7,024,407, entitled “Word Sense Disambiguation” to Brad 
ford, the entirety of Which is incorporated by reference 
herein. This motivating example is used to present an over 
vieW of the LSI technique and hoW it may be used to gener 
ated a disambiguated LSI space and/or a cross-lingual con 
ceptual representation space, as described in Section IV. 
[0048] To generate an LSI vector space, the folloWing pre 
processing steps may be applied to the text. First, frequently 
occurring Words (such as “the,” “and,” “of,” and similar 
Words) may be removed. Such frequently-occurring Words, 
typically called “stop Words,” have little contextual discrimi 
nation value. Second, certain combinations of term’s (such as, 
United States) may be treated as phrases. Third, hyphenated 
terms may be split into separate terms. Fourth; a process, 
knoWn as Word stemming, may be applied in Which a Word is 
reduced to its root form. For example, the Words “clears,” 
“cleared,” and “clearing” Would all be reduced to the stem 
“clear.” The extent to Which any or all of these four pre 
processing steps are applied Will depend on the application. 
[0049] Although other vector space representations could 
be used in accordance With embodiments of the present 
invention, the technique of Latent Semantic Indexing (LSI) 
provides a vector space that is desirable in key respects. The 
LSI technique (including singular value decomposition and 
dimensionality reduction as described herein) provides a 
method for extracting semantic information that is latent in a 
collection of text that is susceptible to a high degree of auto 
mation. This technique can create a full index (that is, an LSI 
vector space) of a collection of documents Without signi?cant 
human intervention. The LSI technique is described in Deer 
Wester, S., et al., “Indexing by Latent Semantic Analysis,” 
Journal of the American Society for Information Science, 
41(6), pp. 391-407, October, 1990 and in US. Pat. No. 4,839, 
853 (the ’ 853 patent). The entirety of each of these references 
is incorporated by reference herein. The optimality of this 
technique is shoWn in Ding, C., A Similarity-based Probabil 
ity Model for Latent Semantic Indexing, Proceedings of the 
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22nd Annual SIGIR Conference, Berkeley, Calif., August, 
1999. The LSI technique has been shoWn to be of consider 
able value as an approach to text retrieval. 
[0050] The LSI technique starts With a collection of text 
passages, typically referred to in the literature as documents. 
The term document in this case may refer to paragraphs, 
pages, or other subdivisions of text and not necessarily to 
documents in the usual sense, i.e., externally de?ned logical 
subdivisions of text. For simplicity, this disclosure folloWs the 
standard convention of referring to the text passages of inter 
est as documents. The disclosure uses term and Word inter 
changeably as elements of documents. 
[0051] The use of LSI is illustrated With reference to FIG. 1. 
As a ?rst step, a large sparse matrix 10 is formed. The matrix 
1 0 is typically referred to as a term-by-document matrix (T by 
D matrix, for short), Which has a dimension m><n, Where m is 
equal to the number of unique terms considered and n equals 
the number of documents considered. Each roW (such as roW 
12) in the T by D matrix 10 corresponds to a term that appears 
in the documents of interest, and each column (such as col 
umn 14) corresponds to a document. Each element (i, j) in the 
matrix corresponds to the number of times that the term 
corresponding to roW i occurs in the document corresponding 
to column j. For example, in FIG. 1, “able” appears one time 
in Doc #1 and “acid” appears tWo times in Doc #2. 
[0052] Referring to FIG. 2, a knoWn technique of singular 
value decomposition (SVD) can be used to decompose the T 
by D matrix to a product of three matricesinamely, a term 
matrix 30, a singular value matrix 32, and a document matrix 
34. The singular value matrix 32 has non-Zero values only on 
the diagonal. Small values on this diagonal, and their corre 
sponding roWs and columns in the term matrix 30 and column 
matrix 34 are then deleted. This truncation process is used to 
generate a vector space of reduced dimensionality as illus 
trated in FIG. 3 by recombining the three truncated matrices 
into (T by D)' matrix. The relationship betWeen the position of 
terms and documents in this neW vector space are subject to 
the same properties as in the original vector space. 

B. General Model Details 

[0053] It is noW elucidating to describe in someWhat more 
detail the mathematical model underlying the latent structure, 
singular value decomposition technique. 
[0054] Any rectangular matrix Y of t roWs and d columns, 
for example, a t-by-d matrix of terms and documents, can be 
decomposed into a product of three other matrices: 

YOITOS oDoT (1) 

such that TO and DO have unit-length orthogonal columns (i.e. 
TOTTOII; DOTDOII) and S0 is diagonal. This is called the 
singular value decomposition (SVD) of Y. A procedure for 
SVD is described in the text “Numerical Recipes,” by Press, 
Flannery, Teukolsky and Vetterling, 1986, Cambridge Uni 
versity Press, Cambridge, England, the entirety of Which is 
incorporated by reference herein. TO and D0 are the matrices 
of left and right singular vectors and S0 is the diagonal matrix 
of singular values. By convention, the diagonal elements of SO 
are ordered in decreasing magnitude. 
[0055] With SVD, it is possible to devise a simple strategy 
for an optimal approximation to Y using smaller matrices. 
The k largest singular values and their associated columns in 
TO and DO may be kept and the remaining entries set to Zero. 
The product of the resulting matrices is a matrix YR Which is 
approximately equal toY, and is of rank k. The neW matrix Y R 
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is the matrix of rank k Which is the closest in the least squares 
sense to Y. Since Zeros Were introduced into SO, the represen 
tation of SO can be simpli?ed by deleting the roWs and col 
umns having these Zeros to obtain a neW diagonal matrix S, 
and then deleting the corresponding columns of T0 and D0 to 
de?ne neW matrices T and D, respectively. The result is a 
reduced model such that 

YRITSDT. (2) 

The value of k is chosen for each application; it is generally 
such that k§l00 for collections of 1000-3000 data objects. 

C. Example Similarity Comparisons 

[0056] For discussion purposes, it is useful to interpret the 
SVD geometrically. The roWs of the reduced matrices T and 
D may be taken as vectors representing the terms and docu 
ments, respectively, in a k-dimensional space. These vectors 
then enable the mathematical comparisons betWeen the terms 
or documents represented in this space. Typical comparisons 
betWeen tWo entities involve a dot product, cosine or other 
comparison betWeen points or vectors in the space or as 
scaled by a function of the singular values of S. For example, 
if dl and d2 respectively represent vectors of documents in the 
D matrix, then the similarity betWeen the tWo vectors (and, 
consequently, the similarity betWeen the tWo documents) can 
be computed as any of: (i) dl~d2, a simple dot product; (ii) 
(dl ~d2)/(||dl||><||d2||), a simple cosine; (iii) (dl S)~(d2S), a scaled 
dot product; and (iv) (dl S-d2S)/(||dlS||><||d2S||), a scaled 
cosine. 
[0057] Mathematically, the similarity betWeen representa 
tion dI and d2 can be represented as (d1 |d2>. Then, for 
example, if the simple cosine from item (ii) above is used to 
compute the similarity betWeen tWo vectors, (dl ld2) can be 
represented in the folloWing Well-known manner: 

Where d1 ,1. and d2,” are the components of the representations 
dl and d2, respectively. 

D. Folding In Documents 

[0058] It is often useful to generate a representation of a 
document in the LSI space, even When that document is not 
used to generate the LSI space. The process of representing a 
document in an LSI space is often referred to as “folding” the 
document into the LSI space. The mathematical details for 
this process are the same Whether the document is an existing 
document in the LSI space or a neW document that is to be 
represented in the LSI space. 
[0059] One criterion for such a derivation is that the inser 
tion of a real document Y1. should give DZ. When the model is 
ideal (i.e., YIYR). With this constraint, 

YqITSDqT. (4) 
Multiplying both sides of equation (4) by the matrix TT on the 
left, and noting that TT T equals the identity matrix, yields, 

Multiplying both sides of this equation by S-1 and rearrang 
ing yields the folloWing mathematical expression for folding 
in a document: 
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[0060] Thus, With appropriate resealing of the axes, folding 
a document into the LSI space amounts to placing the vector 
representation of that document at the scaled vector sum of its 
corresponding term points. 
[0061] As a prerequisite to folding a document into an LSI 
space, at least one or more of the terms in that document must 
already exist in the term space of the LSI space. The location 
of a neW document that is folded into an LSI space (“the 
folded location”) Will not necessarily be the same as the 
location of that document had it been used in the creation of 
the LSI space (“the ideal location”). HoWever, the greater the 
overlap betWeen the set of terms contained in that document 
and the set of terms included in the term space of the LSI 
space, the more closely the folded location of the document 
Will approximate the ideal location of the document. 

E. Folding In Terms 

[0062] Similar to documents, the process of representing a 
term in an LSI space is often referred to as “folding” the term 
into the LSI space. The mathematical details for this process 
are the same Whether the term is an existing term in the LSI 
space or a neW term that is to be represented in the LSI space. 
[0063] Folding a term into the LSI space is similar to fold 
ing a document into the LSI space. The basic criterion is that 
the insertion of a real term into Yl- should give T,- when the 
model is ideal (i.e., YIYR). With this constraint, 

YqITqSDT. (6) 

Multiplying both sides of equation (6) by the matrix D, and 
noting that DT D equals the identity matrix, yields 

YqDITqS. (7) 

Multiplying both sides of equation (7) by S-1 and rearranging 
yields the folloWing mathematical expression for folding in a 
term: 

[0064] Thus, With appropriate resealing of the axes, per 
turbing an LSI space to fold a term into the LSI space amounts 
to placing the vector representation of that term at the scaled 
vector sum of its corresponding document points. 
[0065] As a prerequisite to folding a term into an LSI space, 
at least one or more of the documents using that term must 
already exist in the document space of the LSI space. Similar 
to documents, the location of a neW term that is folded into an 
LSI space (“the folded location”) Will not necessarily be the 
same as the location of that term had it been used in the 
creation of the LSI space (“the ideal location”). HoWever, the 
greater the number of documents in the LSI space that use that 
term, the more closely the folded location of the term Will 
approximate the ideal location of the term. 

IV. Multi-Language Case 

[0066] To extend the principles of LSI to cross-language 
retrieval, a document set comprising all documents of inter 
est, in the languages to be searched, is formed. A subset of the 
documents, called the “training set,” is selected; the “training 
set” is composed of documents for Which translations exist in 
all the languages (tWo or more). The so-called “joint” term 
by-document matrix of this set is composed from the addition 
of the terms in their renditions in all the languages. This joint 
matrix differs from the single-language LSI matrix in that 
each column, Which represents a single multi-language docu 
ment, is the combination of terms from the tWo (or more) 
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languages coalesced into just a single column vector. As With 
the single-language technique, the joint matrix is then ana 
lyZed by singular value decomposition. The resulting repre 
sentation de?nes vectors for the training-set terms and docu 
ments in the languages under consideration. Once the training 
analysis has been completed, other single-language docu 
ments can be “folded in” as pseudo-documents on the basis of 
terms from any one of the original languages alone. Most 
importantly, a user query is treated as such a neW document. 

[0067] In the derived indexing space there is a point repre 
senting each term in the training set. A neW single-language 
document is assigned a point in the same space by putting it at 
an appropriate average of the location of all the terms it 
contains. For cross-language retrieval, the same number or 
greater of dimensions are kept as Would be required to repre 
sent the collection in a single language. As outlined above, 
full or partial equivalence (in the sense that one term Will have 
the same or similar effect in referencing documents as 
another) is induced betWeen any tWo or more terms approxi 
mately to the extent that their pattern of use, or the overall 
pattern of association betWeen other terms With Which they 
co-occur, is similar across documents in the training set. 
Equivalent or nearly equivalent terms in different languages 
Would, of course, be expected to be distributed in nearly the 
same Way in a set of documents and their translations. Thus, 
the location of tWo or more equivalent terms in different 
languages should be almost the same in the resulting repre 
sentation. Consequently, a document folded in by terms in 
one language is retrieved by a query containing the appropri 
ate set of Words in another language. 
[0068] A simple example may aid in understanding the 
general procedure. For this example, a training set of “docu 
ments” is composed of four titles, each of Which is stated in 
both English and French. 
[0069] Training Doc. Tl. Effect of falling oil prices on 
small companies. Les consequences de la chute des prix du 
petrole pour les petites compagnies. 
[0070] Training Doc. T2. LoW oil pricesiEffect on Cal 
gary. La baisse des prix petroliersiLes consequences pour 
les citoyens de Calgary. 
[0071] Training Doc. T3. Canadian nuclear poWer sta 
tionsiSafety precautions. Les reacteurs nucleaires cana 
diensiLes precautions prises pour en assurer la securite. 
[0072] Training Doc. T4. Safety standards for nuclear 
poWer plantsiSWedish call for international conference. Les 
normes de securite en matiere de centrales nucleairesi 
L’appel de la Suede en faveur d’une conference intemation 
ale. 
[0073] First the 55 (20 English-only, 32 French-only, and 3 
both) joint term-by-four document training matrix formed 
from these “documents” is constructed, as partially depicted 
in Table 1; this table shoWs the ?rst six English-only Words, 
the three Words shared by both languages, and the last three 
French-only Words. It is this joint matrix that Will be decom 
posed by SVD. 

TABLE 1 

DOCUMENTS 

TERMS Tl(el, fl) T2(e2, f2) T3(e3, f3) T4(e4, f4) 

effect 1 l 0 0 
of l 0 0 0 
falling l 0 0 0 
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TABLE l-continued 

DOCUMENTS 

TERMS Tl(el, n) T2(e2, i2) T3(e3, B) T4(e4, f4) 

oil I l O 0 
prices 1 l 0 0 
on 1 l 0 0 
Calgary 0 2 0 0 
precautions 0 0 2 0 
conference 0 0 0 2 
d O O O l 
une 0 0 0 l 
intemationale 0 0 0 l 

[0074] As is apparent from the joint term-by-document 
training matrix of Table 1, each document is composed of all 
the terms in both French and English, ie the addition of terms 
from each document including its translation(s). For instance, 
since the term “precautions” appears as the same term in both 
the English and French versions, there is an entry of “2” under 
title T3 in the “precautions” roW. As suggested by the fore 
going illustrative example, the general procedure for formu 
lating the joint term-by-document matrix for the multi-lan 
guage case is as folloWs: 

[0075] (l) for each document in the training set Written in 
an original language, translate this document into all the other 
languages. (In the above example, each of the four training 
documents is in English, Which is considered the original 
language, and each is translated to one other language, 
namely, French); 
[0076] (2) each original document plus all of the other 
translations of each original document are parsed to extract 
distinct terms composing the multi-language documents. 
These terms de?ne a database designated the lexicon data 
base, and this database is stored in a memory of a computer. 
The lexicon database is used in constructing the general joint 
term-by-document matrix as presented beloW. (In the above 
example, the ?rst document contained eight (8) distinct 
English terms and twelve (12) distinct French termsi“les” is 
repeated; the second document contains only tWo (2) more 
distinct English terms not contained in the ?rst English docu 
ment, namely, “loW” and “Calgary”. The terms “oil”, 
“prices”, “effect”, and “on” are already in the lexicon data 
base as a result of parsing the ?rst English document. Con 
tinued parsing in this manner results in the ?fty-?ve (55) 
distinct terms presented above, namely, 20 English-only, 32 
French-only and 3 terms common to both languages.) 

[0077] (3) the distinct terms from the lexicon database are 
then treated as being listed in a column, such as the TERMS 
column in Table l, as an aid in preparing the joint term-by 
document matrix; this column contains t roWs. Each training 
document, composed of both the original as Well as all trans 
lations, is assigned one column in the joint matrix; if there are 
d training documents, then there are d columns. Any (i,j) cell 
in the joint term-by-document matrix, that is, the intersection 
of the ith “term” roW With the jth “document” column contains 
a tabulation of the frequency of occurrence of the term in the 
ith roW With the document assigned to the jth column. (In the 
example, training document T2 is shoWn to have a tabulation 
of l in the roW With the term “effect” since it appears only 
once in the coalesced or merged English and French versions 
of the document. In contrast, there is an entry of 2 in the roW 
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With the term “Calgary” since it appears twice in the docu 
ments of T2, namely, once in the English document and once 
in the French document.) 
[0078] It is important to understand that it is not necessary 
to use all available documents to compose the training set. 
One useful test for the number of documents to include in the 
training set is the satisfactory retrieval of a document Written 
in one language as determined by inputting the terms of the 
document as a query in another language. One illustrative test 
for the su?iciency of the training set Will be presented beloW 
after the joint term-by-document matrix is decomposed. Also, 
it is important to realiZe that some retrieval situations Will not 
require assigning all terms obtained during the parsing step to 
the lexicon database. A test of What terms to assign to the 
database is again the satisfactory retrieval of a document 
Written in one language as determined by inputting the terms 
of the document as a query in another language. 

[0079] By Way of terminology, the generalization of a 
“document” is called a “data object,” to include applications 
such as graphics-type information as Well as text. Moreover, 
the coalesced version of all translations of a data object as 
Well as the original data object is called a merged data object. 
[0080] The results of the decomposition are shoWn in Table 
2, Table 3, and Table 4 for tWo dimensions. 

TABLE 2 

TERM MATRIX (55 terms by 2 dimensions) 

effect 0.0039 —0.1962 
of 0.0042 —0.2550 
falling 0.0042 —0.2550 
oil 0.0039 —0.1962 
prices 0.0039 —0.1962 
on 0.0039 —0.1962 

Calgary 0.0056 —0.2178 
precautions 0.0451 —0.0036 
conference 0.3299 0.0124 
d 0.2081 0.0078 
une 0.2081 0.0078 

internationale 0.2081 0.0078 

TABLE 3 

DOCUMENT MATRIX (4 documents by 2 
dimensions) 

T1 0.0200 —0.8799 
T2 0.0169 -0.4743 
T3 0.1355 -0.0079 
T4 0.9904 0.0269 

TABLE 4 

DIAGONAL (2 singular values) 

3.2986 2.3920 

[0081] FIG. 4 shoWs the location of the four training docu 
ments in this space. Since the angle of the coordinates repre 
sentative of each document is the important parameter for 
search purposes and the absolute magnitude of the coordi 
nates of each document is relatively unimportant for search 
purposes, the magnitude of each document has been normal 
iZed to unit magnitude for clarity of presentation. 
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[0082] Next, all single-language documents are folded into 
the space derived from the training set. Each remaining docu 
ment is folded into the resulting space separately in its 
English and French versions, i.e. using only English terms 
and then only French terms in the pseudo-document repre 
sentation of equation (5): for instance, 
[0083] NeW Doc Ne. OntarioiPremier’s rejection of fur 
ther nuclear poWer plants. (Absolute Coordinates of 0.0695, — 
0.0708) 
[0084] NeW Doc Nf. L’ ontarioile refus du premier minis 
tre de favoriser la construction d’autres centrales nucleaires. 
(Absolute coordinates of 0.1533,—0.0775) 
[0085] As shoWn, the English-only and French-only ver 
sions, Ne and Nf, end up close (“similar”) to one another and 
Well separated from the other text items in the space. In fact, 
for a search angle of approximately plus/minus 26 degrees 
(cosine of 0.90), each document falls Within the angle of 
similarity of the other document. The degree of similarity or 
closeness of corresponding documents folded into the seman 
tic space after training is used as a test for the suf?ciency of 
the set of data objects selected to train the semantic space. For 
instance, after training, if a set of documents like Ne and Nf 
does not fall Within a pre-selected angle of similarity, then it 
may be necessary to re-train the semantic space in order to 
meet the prescribed retrieval criterion/criteriaifor the illus 
trative case, a single criterion is falling Within the angle of 
search. Typically, paragraphs of 50 Words or more from 500 
or more multi-language documents are suitable to train the 
semantic space. 

V. An Example Embodiment 

[0086] Referring to FIG. 5 there is depicted a ?owchart of a 
method 500 for automatically translating text in accordance 
With an embodiment of the present invention. Method 500 
begins at a step 520 in Which a collection of parallel docu 
ments is providedithat is, a collection of documents for 
Which each document has a source-language version and a 
target-language version. Each target-language document 
(such as, English) is a translation of a source-language docu 
ment (such as, Arabic). In addition, the source-language 
documents can be translated into more than one target-lan 
guage. 
[0087] In a step 530, a conceptual representation space is 
generated based on terms in the parallel collection of docu 
ments. For example, the conceptual representation space may 
be generated in accordance With the LS1 technique, an imple 
mentation of Which is described above and in commonly 
oWned US. Pat. No. 4,839,853 entitled “Computer Informa 
tion Retrieval Using Latent Semantic Structure” to 
DeerWester et al., the entirety of Which is incorporated by 
reference herein. Additionally or alternatively, the conceptual 
representation space may be generated in accordance With a 
multi-lingual method as described above and in US. Pat. No. 
5,301,109, entitled “Computerized Cross-language Docu 
ment Retrieval Using Latent Semantic Indexing.” Step 530 
can also be performed using alternative techniques or com 
binations thereof for generating a conceptual representation 
space. 
[0088] In a step 540, a representation of a neW source 
language document (that is, a document that is to be trans 
lated) is generated in the conceptual representation space. For 
example, the neW source-language document may be folded 
into the conceptual representation space as described above. 
The source-language document is parsed to determine the 
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terms in the document. Generating the conceptual represen 
tation space (step 530) will afford many of the terms with a 
vector representation in that space. However, new terms may 
be present in the source-language document that do not 
already have a vector representation in the conceptual repre 
sentation space. A vector representation can be established 
for these new teems. A potential meaning of each new term 
can be inferred from the term’s vector representation in the 
conceptual representation space. 
[0089] In a step 550, a term in the source-language docu 
ment of step 540 is automatically translated into a corre 
sponding term in a target-language document based on a 
similarity between the representation of the term in the 
source-language document and the representation of the cor 
responding target-language term. The similarity can be mea 
sured using any similarity metric de?ned on the conceptual 
representation space. Examples of similarity metrics include, 
but are not limited to, a cosine measure, a dot product, an 
inner product, a Euclidean distance measure, or some other 
similarity measure as would be apparent to a person skilled in 
the relevant art(s). Step 550 can be repeated for each term in 
the source-language document that is to be translated. 

VI. Word Sense Disambiguation at a Dictionary 
Level 

[0090] As will be described in more detail below, an 
embodiment of the present invention can address word sense 
disambiguation at a dictionary level. 
[0091] One of the primary sources of error in machine 
translation is the selection of a wrong sense of a word. For 
example, in an article about military operations, the word 
“tank” can have a different meaning than the same word in an 
article about automobiles. Some commercial machine trans 
lation systems allow a user to choose different dictionaries 
depending on the subject matter being translated. These dic 
tionaries provide the most common translations of words 
within the context of their speci?ed subject matter. Thus, 
while a general-purpose dictionary might provide a transla 
tion of “tank” using the sense of container for liquid, a mili 
tary-speci?c dictionary would likely provide the sense of 
armored vehicle. Use of such dictionaries can considerably 
improve the quality of machine translation. However, there 
are two key drawbacks of existing implementations. 
[0092] First, users must manually choose the dictionary to 
be used. This has drawbacks in terms of cost and time, and 
may present a problem for a user who has no knowledge of the 
source-language and may not have any a priori knowledge of 
the subject matter of an item to be translated. Second, a single 
dictionary is applied to a complete document or set of docu 
ments. This is a signi?cant problem, as many documents treat 
more than one topic. 

[0093] FIG. 6 depicts a ?owchart 600 of a method in accor 
dance with an embodiment of the present invention that uses 
characteristics of a conceptual representation space to over 
come the above-described limitations. As shown in FIG. 6, 
the method of ?owchart 600 begins at a step 610 in which a set 
of source-language documents is assembled. The assembled 
documents cover relevant concepts and vocabulary for mate 
rial that is to be translated. 

[0094] In a step 620, a conceptual representation space is 
generated from these documents. For example, the concep 
tual representation space may be generated in accordance 
with the LSI technique described above and in detail in com 
monly-owned US. Pat. No. 4,839,853 or by any other known 
technique for generating a conceptual representation space. 
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[0095] In a step 630, vectors in the conceptual representa 
tion space are created that are representative of the dictionar 
ies available to be used in the machine translation process. 
Step 630 can be implemented using several different meth 
ods. For example, in accordance with a ?rst method, for each 
available dictionary, many or all of the source-language terms 
and phrases in that dictionary are concatenated into a single 
text object and a corresponding vector representation is cre 
ated in a manner consistent with the type of conceptual rep 
resentation space. For example, in an LSI space, the corre 
sponding vector representation can be created by applying a 
pseudo-query technique as described in commonly-owned 
US. Pat. No. 4,839,853. 
[0096] In accordance with a second method for implement 
ing step 630, for each available dictionary, source-language 
terms and phrases in the dictionary are rationally partitioned. 
Next, corresponding text objects are created from the source 
language terms and phrases in each partition. Then, a corre 
sponding vector representation is created for each text object 
in a manner consistent with the conceptual representation 
space. 
[0097] In accordance with a third method for implementing 
step 630, translations of some or all of the target-language text 
from the dictionaries can be used to augment the ?rst or 
second methods described immediately above. 
[0098] In accordance with a fourth method for implement 
ing step 630, a cross-lingual conceptual representation space 
is created. For example, methods analogous to those 
described in commonly-owned US. Pat. No. 5,301,109 may 
be used to create a cross-lingual conceptual representation 
space. Then, one or more vector representations are created 
for each dictionary based on some combination of the source 
and target-language text contained in the dictionaries. For 
example, text from a source-language dictionary may be con 
catenated with text from a target-language dictionary, and a 
vector representation can be generated for this concatenation. 
[0099] In a step 640, for each document to be translated, a 
vector representation for that document is created using an 
appropriate approach for the particular conceptual represen 
tation space being employed. 
[0100] In a step 650, during translation, apply a dictionary 
that is most conceptually similar to a document to be trans 
lated. For most conceptual representation spaces, the most 
conceptually similar dictionary can be determined by ?nding 
the closest dictionary-related vector to the document vector. 
In an LSI space, for example, “closeness” can be determined 
by a cosine measure, or some other similarity measure, 
de?ned in the space. 
[0101] Auxiliary structures other than dictionaries (such as, 
synonym lists, lists of expansions for acronyms and abbre 
viations, lists of idiom substitutions, etc.) may be treated in a 
manner analogous to that described above with reference to 
?owchart 600. Auxiliary structures for multiple languages 
can be represented in a single conceptual representation 
space, thus allowing the above technique to be applied to 
more than one source-language and/ or more than one target 
language in a single conceptual representation space. 
[0102] The method depicted by ?owchart 600 does not 
require a user to manually choose a dictionary to be used. In 
addition, an extension of the method of ?owchart 600 can be 
used so that a single dictionary is applied to conceptually 
coherent portions of documents to be translated. For example, 
commonly-owned US. patent application Ser. No. 11/316, 
837 entitled “Automatic Linear Text Segmentation” to Price, 
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?led Dec. 27, 2005, which corresponds to US. Published 
Patent Application No. 2006/ 0224584, (the entirety of which 
is incorporated by reference herein) describes a method for 
automatically decomposing documents into conceptually 
cohesive portions. For documents treating more than one 
topic, this method can be used to identify conceptually coher 
ent portions of the documents. Then, the method of ?owchart 
600 can be sequentially applied to each of the conceptually 
coherent portions. 

VII. Word Sense Disambiguation at a Word Level 

[0103] As will be described in more detail below, a method 
in accordance with an embodiment of the present invention 
addresses word sense disambiguation at a word level. 

[0104] Choosing an appropriate dictionary to be used in a 
machine translation process, as described above, can have a 
bene?cial effect on the quality of the translations produced. 
However, improvement in translation quality can also be 
obtained through word sense disambiguation at the word 
level. An embodiment of the present invention provides a 
method that uses automated word sense disambiguation in a 
conceptual representation space to improve machine transla 
tion. For example, the automated word sense disambiguation 
can be achieved by employing a method described in com 
monly-owned US. Pat. No. 7,024,407, entitled “Word Sense 
Disambiguation” to Bradford, the entirety of which is incor 
porated by reference herein. 
[0105] FIG. 7 depicts a ?owchart 700 of a method for 
disambiguating word sense at a word level. As shown in FIG. 
7, ?owchart 700 begins at a step 710 in which a set of source 
language documents is assembled. The assembled documents 
cover relevant concepts and vocabulary for material that is to 
be translated. 

[0106] In a step 720, a conceptual representation space is 
generated from these documents using a technique consistent 
with the type of conceptual representation space. For 
example, the conceptual representation space can be an LSI 
space as described above. In this example, the technique for 
generating the conceptual representation space would be 
similar to a technique described in US. Pat. No. 4,839,853 

[0107] In a step 730, a disambiguated version of the con 
ceptual representation space is generated. Commonly-owned 
US. Pat. No. 7,024,407, entitled “Word Sense Disambigua 
tion” to Bradford, describes methods for generating disam 
biguated versions of a conceptual representation space. 
[0108] In a step 740, for each document to be translated, a 
vector representation for that document is created in the dis 
ambiguated conceptual representation space. This vector rep 
resentation can be created in a manner consistent with the 
particular type of conceptual representation space generated 
in step 720. For example, in an LSI space, this vector repre 
sentation can be created by application of a pseudo-query 
technique described in detail in US. Pat. No. 4,839,853. In 
the disambiguated conceptual representation space, this 
could require iterated disambiguation. That is, a ?rst estimate 
of the vector representation for the document can be gener 
ated based on vector combination of either: (i) the vectors 
representing the most common senses of polysemous words it 
contains; or (ii) the vectors representing the averages of the 
word senses for the polysemous words (that is, the vectors 
generated in creating the initial conceptual representation 
space, prior to disambiguation). 
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[0109] Based on the initial vector representation, vectors 
representing the closest word senses are then chosen for each 
polysemous word in the document. (For these purposes, a 
word is polysemous if there is more than one vector repre 
sentation generated for that word in the disambiguation pro 
cess of step 730.) A new estimate of the vector representation 
for the document is generated by vector combination (such as, 
vector addition, vector averaging, or the like) using these 
vector representations. This process may have to be repeated 
until either there is no more change in the calculated vector 
representation or the changes in that vector are below a 
threshold. 

[0110] In a step 750, during translation, the indicated sense 
of each word or phrase is used in the translation of the poly 
semous word or phrase in the source document. For example, 
in applying a bilingual dictionary, the dictionary meaning 
corresponding to the sense indicated in the conceptual repre 
sentation space can be used. If the senses are labeled accord 
ing to a tagging method, step 750 may be implemented by 
comparing tags and labeled senses in the dictionary. For 
example, the tagging method can be similar to that described 
in commonly-owned US. Pat. No. 7,024,407, entitled “Word 
Sense Disambiguation” to Bradford. If a tagging method is 
not used, step 750 may be implemented by comparing posi 
tions in the conceptual representation space of word sense 
vectors and dictionary entries. 
[0111] It is to be appreciated that dictionary entries for 
more than one language can be represented in a single con 
ceptual representation space, allowing this technique to be 
applied to multiple target-languages using a single concep 
tual representation space. 

VIII. Idiomatic Expressions 

[0112] A dif?cult problem for machine translation algo 
rithms is the occurrence of idiomatic expressions, such as 
“raining cats and dogs.” Many idiomatic expressions have a 
standard format, such as “good as gold,” or a small number of 
possible format variants, such as “hold (his/her/one’s) 
horses.” A standard feature of conceptual representation 
spaces is that terms that are similar in meaning (such as, car 
and automobile) are located close to each other in the con 
ceptual representation space. Phrases can be treated as units 
in the creation of conceptual representation spaces, as 
described, for example, in commonly-owned US. Pat. No. 
7,113,943, entitled “Method for Document Comparison and 
Selection” to Bradford (Publication No. 2002/0103799 Al), 
the entirety of which is incorporated by reference herein. In 
the resulting conceptual representation space, the vector rep 
resentation for the phrase will be located near words that have 
meanings similar to the phrase. For example, the representa 
tion vectors for LAN and “local area network” will be very 
close together in a conceptual representation space contain 
ing that term and that phrase (provided “local area network” 
is indexed as a phrase). 

[0113] Multilingual conceptual representation spaces can 
be generated using a method as described above and in US. 
Pat. No. 5,301,109. In such multilingual spaces, terms and 
phrases in one language have vector representations that are 
close to the vector representations for terms and phrases in the 
other language that are similar in meaning. This fact provides 
the basis for an embodiment of the present invention that 
enables treatment of idiomatic expressions in machine trans 
lation systems. 



US 2010/0268526 A1 

[0114] FIG. 8 depicts a ?owchart 800 of a method for 
treating idiomatic expressions in a machine translation sys 
tem in accordance With an embodiment of the present inven 
tion. As shoWn in FIG. 8, the method of ?owchart 800 begins 
at a step 810 in Which a cross-lingual conceptual representa 
tion space is created for a source and target-language(s). The 
cross-lingual conceptual representation space may be cre 
ated, for example, in accordance With a method as described 
above and in US. Pat. No. 5,301,109. 
[0115] In a step 820, idiomatic expressions are identi?ed in 
the source-language and treated as phrases. This may be 
achieved in a number of Ways. For example, a list of idiomatic 
expressions may be available for the language of interest 
(such as, a list of idiomatic expressions used in English is 
provided by “The American Heritage Dictionary of Idioms,” 
Houghton Mif?in Company, Boston, 1997). In that case, the 
list of idiomatic formats is used to determine sequences of 
Words that Will be treated as phrases during the pre-process 
ing stage of creating the conceptual representation space. 
Alternatively, an automated mechanism for identi?cation of 
idiomatic expressions can be employed. For example, the 
idiomatic expressions can be automatically identi?ed in the 
folloWing manner. 
[0116] First, through statistical analysis of a signi?cant 
body of source-language material, sequences of Words that 
appear more often than a threshold are identi?ed. For 
example, the threshold can be heuristically determined. 
These sequences constitute candidate idiomatic expressions. 
In general, the number of Words in an idiom Will be limited in 
extent. For example, in English, many idiomatic expressions 
do not exceed ?ve Words. 

[0117] Second, these candidate idiomatic expressions can 
be iteratively treated as phrases in creating a conceptual rep 
resentation space (more than one at a time may be treated in 
a single iteration). 
[0118] Third, the vector representation for the candidate 
idiom is compared With the vector representation created by 
combining the vector representations for the constituent 
Words of that candidate idiom. The combination is carried out 
in accordance With the standard method applicable to the 
particular type of conceptual representation space being used. 
For example, in the case of an LSI space, this can be a 
Weighted average of the constituent vectors, as calculated for 
a pseudo-object as described in detail in US. Pat. No. 4,839, 
853. 

[0119] Fourth, if the vector representation for the candidate 
idiom differs from that of the combined individual Words of 
the candidate by more than a heuristically-determined 
amount, the candidate is treated as an idiom in further con 
ceptual representation space processing. 
[0120] Referring back to ?oWchart 800, in a step 830, dur 
ing the translation process, idiomatic expressions are identi 
?ed in the source text through comparison to the list of idi 
omatic expressions generated in step 820. As such idiomatic 
expressions are encountered, a similarity metric (such as, 
proximity) in the conceptual representation space is used to 
identify likely translations of the idiom into the target-lan 
guage(s). For example, these likely translations can be Words 
or phrases from the target-language that are close to the vector 
representation for the source-language idiom in the concep 
tual representation space. 
[0121] The effectiveness of the method illustrated by How 
chart 800 can be improved by processing idiomatic expres 
sions as described above forboth the source-language and the 

Oct. 21,2010 

target-language in the same cross-lingual conceptual repre 
sentation space. Note that the approach described above can 
be applied to both multiple source-languages and multiple 
target-languages in a single conceptual representation space. 

IX. Alternative Embodiments 

A. Anaphora Resolution 

[0122] As demonstrated in the literature (Klebanov, B., and 
Wiemer-Hastings, P., 2002, “Using LSA for Pronominal Ana 
phora Resolution,” in Gelbukh, A. (ed.) Computational Lin 
guistics and Intelligent Text Processing, LNCS 2276, 
SpringerVerlag, pp. 197-199), the speci?c technique of latent 
semantic indexing (also referred to as latent semantic analy 
sis) has been shoWn to have potential utility in determining 
antecedents for pronoun references. An embodiment of the 
present invention uses conceptual representation spaces to 
resolve anaphora in the context of a machine translation sys 
tem. 

B. Logical Decomposition 

[0123] In some languages, such as Arabic, it is not unusual 
to encounter sentences that are very long in comparison to 
those typically found in English. Such long sentences present 
a challenge to machine translation systems. An embodiment 
of the present invention uses automatic linear text segmenta 
tion (an implementation of Which is described in commonly 
oWned US. patent application Ser. No. 11/316,837 entitled 
“Automatic Linear Text Segmentation” to Price, Which cor 
responds to US. Published Application No. 2006/0224584, 
?led Dec. 27, 2005, the entirety of Which is incorporated by 
reference herein) to subdivide lengthy sentences into lo gi 
cally coherent subsets. These subsets can then be translated as 
individual sentences. 

[0124] Lengthy sentences may be subdivided in accor 
dance With the folloWing example method. First, all sentences 
contained in a source-language document (such as Arabic) 
are identi?ed. The sentences may be identi?ed using off-the 
shelf softWare, such as a utility called “java.text.BreakItera 
tor” provided Within the JavaTM 2 Platform. HoWever, other 
Well-knoWn methods for determining sentence boundaries 
(such as identifying all Words betWeen punctuation marks) 
can be used. Second, sentences that are longer than a cut-off 
value are partitioned into smaller blocks of text, each block 
containing at least one candidate subject, object, and verb. 
Third, each such block of text is represented in a conceptual 
representation space (such as an LSI space). Fourth, concep 
tual similarity scores are computed for adjacent blocks of text 
based on the representations of the adjacent blocks of text in 
the conceptual representation space. In an example in Which 
the conceptual representation space is an LSI space, the con 
ceptual similarity score can be a cosine similarity betWeen the 
vector representation of adjacent blocks of text. Then, similar 
adjacent blocks of text are aggregated into conceptually cohe 
sive segments based on the similarity scores. The aggregation 
process continues so long as aggregation criteria are satis?ed. 

[0125] After the lengthy sentences are subdivided into con 
ceptually cohesive segments, each conceptually cohesive 
sentence can be automatically translated using methods 
described herein. 
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C. Data Fusion 

[0126] A further embodiment of the present invention com 
bines multiple translation algorithms to produce a result of 
higher quality than any of the individual translations. This 
embodiment is one example of an application of data fusion 
methods in natural language processing and exploits the 
orthogonality among the errors produced by the individual 
techniques that are combined. Several different approaches 
exist for combining outputs from multiple translation algo 
rithms (such as, voting, Weighted voting, application of 
Dempster-Schafer theory of evidence combination, etc.). 
Properties of a conceptual representation space can provide 
additional possibilities for such combinations. 
[0127] An embodiment of the present invention provides a 
method for combining outputs from multiple translation algo 
rithms. The method includes: (i) for a given text passage 
(typically a sentence) creating multiple translations from the 
source-language text to the target-language using different 
machine translation algorithms; (ii) generating vector repre 
sentations for each of the multiple translations (for example, 
an LSI vector representation can be generated); and (iii) 
choosing Words and phrases for the output translated text 
based on comparisons among the individual vector represen 
tations. Step (iii) can be performed in several different Ways. 
For example, a vector representation can be calculated for 
eachpossible combination of Words and phrases suggested by 
the individual machine translation outputs. The combination 
of Words and phrases that produces a vector representation 
closest to the average of the vector representations can be 
chosen for the individual machine translation outputs. 

D. Statistical Machine Translation 

[0128] TWo of the primary current approaches to machine 
translation are example-based machine translation and statis 
tical machine translation. These approaches make use of par 
allel corpora, from Which statistics about a source-language 
and a target-language are derived. In accordance With an 
embodiment of the present invention statistics for example 
based machine translation and/ or statistical machine transla 
tion approaches are derived based on a distribution of Words 
(and phrases) in a multilingual conceptual representation 
space. These statistics may be more robust than those gener 
ated by existing techniques. For example, current approaches 
to statistical machine translation typically are variations on a 
technique described in P. F. BroWn, et al., “The Mathematics 
of Statistical Machine Translation: Parameter Estimation,” 1 9 
Computational Linguistics 263 (1993) (“the IBM paper”). In 
their technique, estimates of the degree of association of 
Words in source and target language are determined based 
upon the statistics of alignments in translated pairs of sen 
tences. In an embodiment of the present invention, proximity 
of source and target Words in a conceptual representation 
space provides a more poWerful indication of such associa 
tion. This proximity measurement can be converted to an 
association probability and this probability directly inserted 
into models such as those described in the IBM paper. 
[0129] A method in accordance With an embodiment of the 
present invention uses source-language and target-language 
statistics derived from a conceptual representation space in an 
implementation of example-based machine and/or statistical 
machine translation. The more data (text in the source and 
target-languages) that is taken into consideration in the gen 
eration of these statistics, the better. 
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E. Boot-Strapping To Create A Parallel Corpus Of 
Documents 

[0130] A method in accordance With another embodiment 
of the present invention creates a cross-lingual document 
space through an iterative process. The method includes the 
folloWing steps. 
[0131] In a ?rst step, an initial cross-lingual space is cre 
ated. The cross-lingual space can be created using knoWn 
techniques (such as, the technique described in US. Pat. No. 
5,301,109, entitled “Computerized Cross-language Docu 
ment Retrieval Using Latent Semantic Indexing,” Which 
issued Apr. 5, 1994). 
[0132] In a second step, a quantity of documents in the 
languages of the cross-lingual space is collected. It is to be 
appreciated that more than tWo languages can be treated in 
one space at the same time. 

[0133] In a third step, the collected documents are folded 
into the cross-lingual space. For example, the documents can 
be folded into the cross-lingual space according to the fold 
ing-in method as described in US. Pat. No. 4,839,853, 
entitled “Computer Information Retrieval Using Latent 
Semantic Structure,” Which issued Jun. 13, 1989. 
[0134] In a fourth step, the closest pairs (sets) of collected 
documents in the tWo (or more) languages are identi?ed. This 
could be the N closest pairs (sets) or all pairs (sets) closer than 
a given threshold. Both N and the threshold can be determined 
heuri stically. 
[0135] In a ?fth step, the pairs (sets) of documents identi 
?ed in the fourth step are treated as additional parallel docu 
ments in creating a next iteration of the cross-lingual space. 
That is, these identi?ed document pairs are treated as addi 
tional document pairs (sets) for matrix creation and singular 
value decomposition (SVD) processing in creating a neW 
iteration of the cross-lingual space as in the ?rst step. 

[0136] In a sixth step, the fourth and ?fth steps are repeated 
until no pairs (sets) are closer than a threshold (such as, an 
empirically determined threshold). In an alternative imple 
mentation of the sixth step, the second through ?fth steps are 
repeated until there are no pairs closer than the threshold. 

[0137] It is to be appreciated that the above-described 
method creates a robust cross-lingual conceptual representa 
tion spaces and may be used in conjunction With any of the 
above-described methods in Which a cross-lingual space is 
employed. 
[0138] Being able to use monolingual data to create auxil 
iary structures for machine translation potentially makes sev 
eral orders of magnitude more information available. Typi 
cally only thousands to hundreds of thousands of pages of true 
parallel text are available for most languages. HoWever, there 
could be millions to hundreds of millions of pages of mono 
lingual text available. 

X. Example Computer System Implementation 

[0139] Various aspects of the present invention can be 
implemented by softWare, ?rmWare, hardWare, or a combi 
nation thereof. FIG. 9 illustrates an example computer system 
900 in Which an embodiment of the present invention, or 
portions thereof, can be implemented as computer-readable 
code. For example, the methods illustrated by ?oWchar‘ts 500, 
600, 700, and 800 ofFIGS. 5, 6, 7, and 8, respectively, can be 
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implemented in system 900. Various embodiments of the 
invention are described in terms of this example computer 
system 900. After reading this description, it Will become 
apparent to a person skilled in the relevant art hoW to imple 
ment the invention using other computer systems and/ or com 
puter architectures. 

[0140] Computer system 900 includes one or more proces 
sors, such as processor 904. Processor 904 can be a special 
purpose or a general purpose processor. Processor 904 is 
connected to a communication infrastructure 906 (for 
example, a bus or network). 

[0141] Computer system 900 also includes a main memory 
908, preferably random access memory (RAM), and may also 
include a secondary memory 910. Secondary memory 910 
may include, for example, a hard disk drive 912 and/or a 
removable storage drive 914. Removable storage drive 914 
may comprise a ?oppy disk drive, a magnetic tape drive, an 
optical disk drive, a ?ash memory, or the like. The removable 
storage drive 914 reads from and/or Writes to a removable 
storage unit 918 in a Well knoWn manner. Removable storage 
unit 918 may comprise a ?oppy disk, magnetic tape, optical 
disk, etc. Which is read by and Written to by removable storage 
drive 914. As Will be appreciated by persons skilled in the 
relevant art(s), removable storage unit 918 includes a com 
puter usable storage medium having stored therein computer 
softWare and/or data. 

[0142] In alternative implementations, secondary memory 
910 may include other similar means for alloWing computer 
programs or other instructions to be loaded into computer 
system 900. Such means may include, for example, a remov 
able storage unit 922 and an interface 920. Examples of such 
means may include a program cartridge and cartridge inter 
face (such as that found in video game devices), a removable 
memory chip (such as an EPROM, or PROM) and associated 
socket, and other removable storage units 922 and interfaces 
920 Which alloW softWare and data to be transferred from the 
removable storage unit 922 to computer system 900. 

[0143] Computer system 900 may also include a commu 
nications interface 924. 

[0144] Communications interface 924 alloWs softWare and 
data to be transferred betWeen computer system 900 and 
external devices. Communications interface 924 may include 
a modem, a netWork interface (such as an Ethernet card), a 
communications port, a PCMCIA slot and card, or the like. 
Software and data transferred via communications interface 
924 are in the form of signals 928 Which may be electronic, 
electromagnetic, optical, or other signals capable of being 
received by communications interface 924. These signals 928 
are provided to communications interface 924 via a commu 
nications path 926. Communications path 926 carries signals 
928 and may be implemented using Wire or cable, ?ber optics, 
a phone line, a cellular phone link, an RF link or other com 
munications channels. 

[0145] In this document, the terms “computer program 
medium” and “computer usable medium” are used to gener 
ally refer to media such as removable storage unit 918, 
removable storage unit 922, a hard disk installed in hard disk 
drive 912, and signals 928. Computer program medium and 
computer usable medium can also refer to memories, such as 
main memory 908 and secondary memory 910, Which can be 
memory semiconductors (such as DRAMs, etc.). These com 
puter program products are means for providing softWare to 
computer system 900. 
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[0146] Computer programs (also called computer control 
logic) are stored in main memory 908 and/or secondary 
memory 910. Computer programs may also be received via 
communications interface 924. Such computer programs, 
When executed, enable computer system 900 to implement 
the present invention as discussed herein. In particular, the 
computer programs, When executed, enable processor 904 to 
implement the processes of the present invention, such as the 
steps in the methods illustrated by ?oWchart 500 of FIG. 5, 
?oWchart 600 of FIG. 6, ?oWchart 700 of FIG. 7, and ?oW 
chart 800 of FIG. 8 discussed above. Accordingly, such com 
puter programs represent controllers of the computer system 
900. Where the invention is implemented using softWare, the 
softWare may be stored in a computer program product and 
loaded into computer system 900 using removable storage 
drive 914, interface 920, hard drive 912 or communications 
interface 924. 
[0147] The invention is also directed to computer products 
comprising softWare stored on any computer useable 
medium. Such softWare, When executed in one or more data 
processing devices, causes a data processing device(s) to 
operate as described herein. Embodiments of the invention 
employ any computer useable or readable medium, knoWn 
noW or in the future. Examples of computer useable mediums 
include, but are not limited to, primary storage devices (such 
as, any type of random access memory), secondary storage 
devices (such as, hard drives, ?oppy disks, CD ROMS, ZIP 
disks, tapes, magnetic storage devices, optical storage 
devices, MEMS, nanotechnological storage device, etc.), and 
communication mediums (such as, Wired and Wireless com 
munications netWorks, local area netWorks, Wide area net 
Works, intranets, etc.). 

XI. Conclusion 

[0148] It is to be appreciated that the Detailed Description 
section, and not the Summary and Abstract sections, is 
intended to be used to interpret the claims. The Summary and 
Abstract sections may set forth one or more but not all exem 

plary embodiments of the present invention as contemplated 
by the inventor(s), and thus, are not intended to limit the 
present invention and the appended claims in any Way. 

What is claimed is: 
1. A computer-implemented method for translating text, 

comprising: 
generating a conceptual representation space based on a 

plurality of source-language documents and a plurality 
of target-language documents; 

generating, in the conceptual representation space, respec 
tive representations of a neW source-language document 
and each of a plurality of dictionaries; 

selecting a ?rst dictionary from the plurality of dictionaries 
responsive to a similarity betWeen the representation of 
the neW source-language document and the representa 
tion of the ?rst dictionary; and 

translating, by using the ?rst dictionary, a term in the neW 
source-language document into a target-language term. 

2. The method of claim 1, Wherein generating a represen 
tation of each of the plurality of dictionaries comprises: 

concatenating terms in each of the plurality of dictionaries 
into a single text object; and 

generating a representation of the single text object in the 
conceptual representation space. 




