
1 Description Title of Invention: DEVICE, METIIOD AND PROGRAM FOR ASSESSING
SYNONYMOUS EXPRESSIONS Technical Field 5[0001]          The present invention relates to a
synonymous expression assessment device, a synonymous expression assessment method, and a
synonymous expression assessment program for assessing whether or not expressions are
synonymous. Background Art 10[0002]          A synonymous expression dictionary is one of the
language resources necessary for conducting accurate search in response to a query with a complex
syntactic structure such as a natural sentence. Synonymous expressions typically need to be
organized for each field of documents to be searched. Securing experts with 15special knowledge for
a long time, however, requires significant manpower cost. Hence, there is demand for a technique of
automatically organizing the synonymous expression dictionary. [00031 Consider, in particular,
automatic extraction of synonymous expressions of 20binary relations each of which is represented by
a combination of a nominal and a predicate. For example, "dengen o ireru (activate the power)" and
"dengen suitchi o tonyu sum (turn on the power switch)" are synonymous expressions of binary
relations each of which is represented by a combination of a nominal and a predicate. A predicate
included in an input binary relation is hereafter referred to as "input predicate", 25and a nominal
included in the input binary relation as "input nominal". [0004]         As a technique of extracting
synonymous expressions of binary relations, there is a method in which surrounding contexts of binary
relations are collected from a document set as feature values and binary relations having similar
feature values are 30extracted as synonymous expressions, as described in Non Patent Literature
(NPL) 1. The surrounding contexts used here include a predicate modified by the input predicate and a
nominal, other than the input nominal, that is in a case relation to the input predicate in the document
set. For instance, from a sentence "daigaku o shuseki de sotsugyo shi kaisha ni shushoku suru
(graduate from the university with top honors and 



enter the company)", "shuseki de (with top honors)" and "shushoku suru (enter)" are acquired as
feature values of a binary relation "daigaku o sotsugyo sum (graduate from the university)". [0005]
As another technique of extracting synonymous expressions of binary relations, there is a method in
which, for each of an input predicate pair and an input nominal pair, whether or not the pair are in a
synonymous relation is separately assessed and, in the case of assessing that both the input predicate
pair and the input nominal pair are synonymous, they are extracted as synonymous expressions. This
can be done 10simply by applying a technique of extracting synonymous expressions of nominals
described in NPL 2. NPL 2 describes a technique of collecting, as a feature value of each input
nominal, a distribution of occurrence frequencies of predicates that are in binary relations to the input
nominal in a document set, and extracting input nominals having similar feature values as synonymous
expressions. 15Citation List Non Patent Literature(s) [0006]            NPL 1: Tomohide Shibata, Sadao
Kurohashi, "Context-dependent Synonymous Predicate Acquisition", IPS," SIG Technical Report,
2010-NL-199, No. 13, 202010. NPL 2: Masai f Iagiwara, Yasuhiro Ogawa, Katsuhiko Takeyama,
"Supervised Synonym Acquisition Using Distributional Features and Syntactic Patterns", Journal of
Natural Language Processing, Vol.16, No.2, pp.59-83, 2009 Summary of Invention 75Technical
Problem [0007]         However, in the method described in NPL 1, it is difficult to sufficiently acquire
feature values for extracting synonymous expressions of binary relations, because no feature value
can be acquired from a sentence that contains only a binary 30relation. [0008]         In the method
described in NPL 2, in the case where the input predicates or the input nominals are polysemous, their
feature values are not similar, making it impossible to assess synonymous binary relations.  [0009] As
an example, in synonymy assessment of "dengen suitchi o tonyu suru (turn 



on the power switch)" and "dengen o ireru (activate the power)", it is necessary to assess whether or
not "dengen suitchi" and "dengen" are synonymous. Let a meaning 5Abe the meaning of "tonyu suru"
and "ireru" determined by "dengen o ireru (activate the power)" and "dengen suitchi o tonyu suru (turn
on the power switch)". The feature values (the distributions of the occurrence frequencies of the
nominals that are in binary relations to the input predicates) in the case where "tonyu suru" and "kern"
are used in the meaning A are similar, The feature values in the case where "tonyu suru" and  10
"ireru" are used in a meaning other than the meaning A, however, are not necessarily similar. Thus,
the feature values of "tonyu sure and "irem" are not similar. The same problem applies to "dengen
suitchi" and "dengen". [0010] In view of this, the present invention has an object of providing a
synonymous 15expression assessment device, a synonymous expression assessment method, and a
synonymous expression assessment program capable of properly assessing synonymous expressions
of binary relations even in the case where input predicates or input nominals are polysemous. Solution
to Problem [0011]          A synonymous expression assessment device according to the present
invention includes: synonymy assessment means for receiving input of binary relations each of which
includes a nominal and a predicate, and assessing whether or not the input binary relations are
synonymous using a similarity between input nominals and a 25similarity between input predicates;
and inter-predicate similarity computation means for, when computing the similarity between the input
predicates based on a distribution of occurrence frequencies of nominals that are in binary relations to
the input predicate in a document set, performing the computation using a distribution of only nominals
that are used in the same type of concept as the input nominal. 30[0012]          A synonymous
expression assessment method according to the present invention includes: receiving input of binary
relations each of which includes a nominal and a predicate, and assessing whether or not the input
binary relations are synonymous using a similarity between input nominals and a similarity between
input predicates; and  4 when computing the similarity between the input predicates based on a
distribution of occurrence frequencies of nominals that are in binary relations to the input predicate in a
document set, performing the computation using a distribution of only nominals that are used in the
same type of concept as the input nominal. 5[0013]         A synonymous expression assessment
program according to the present invention causes a computer to execute: a synonymy assessment
process of receiving input of binary relations each of which includes a nominal and a predicate, and
assessing whether or not the input binary relations are synonymous using a similarity 10between input
nominals and a similarity between input predicates; and an inter- 



predicate similarity computation process of, when computing the similarity between the input
predicates based on a distribution of occurrence frequencies of nominals that are in binary relations to
the input predicate in a document set, performing the computation using a distribution of only nominals
that are used in the same type of concept as the 15input nominal. Advantageous Effects of Invention
[0014] According to the present invention, synonymous expressions of binary       relations can be
properly assessed even in the case where input predicates or input 20nominals are polysemous. Brief
Description of Drawings [0015]         [Fig. I] Fig. 1 is a diagram showing an example of a structure of a
synonymous expression assessment device according to the present invention 25[Fig. 2] Fig. 2 is a
flowchart showing an example of processes executed by the synonymous expression assessment
device.         [Fig. 3] Fig. 3 is an explanatory diagram showing an example of data stored in an
occurrence frequency storage unit.              [Fig. 4] Fig. 4 is an explanatory diagram showing an
example of data stored in 30a concept class storage unit.         [Fig. 5] Fig. 5 is an explanatory diagram
showing an example of data stored in a corrected occurrence frequency storage unit.         [Fig. 6] Fig.
6 is a diagram showing an example of a computation method by inter-predicate similarity computation
means.  5         [Fig. 7] Fig. 7 is a diagram showing an example of a computation method by
inter-nominal similarity computation means.         [Fig. 8] Fig. 8 is a block diagram showing an example
of a minimum structure of the synonymous expression assessment device. 5Description of
Embodiment(s) [0016] 



The following describes an exemplary embodiment of the present invention with reference to drawings.
Fig. 1 is a diagram showing an example of a structure of a synonymous expression assessment
device according to the present invention. As 10shown in Fig, 1, the synonymous expression
assessment device according to the present invention includes: a data processing device 1 that
operates under program control; a storage device 2 for storing information; an input device 3 such as a
keyboard; and an output device 4 such as a display device. [0017] 15The input device 3 has a function
of inputting data indicating two binary relations to the data processing device 1 according to a user
operation or the like. A binary relation represents a combination of a predicate and a nominal that is in
a case relation to the predicate. For example, the input device 3 inputs data indicating "dengen - ireru
(power - activate)" and data indicating "dengen suitchi - tonyu sum 20(power switch - turn on)" to the
data processing device 1, as two binary relations. Though this exemplary embodiment describes an
example where the input device 3 inputs two binary relations to the data processing device 1, the
number of input binary relations is not limited to two and may be three or more. [0018] 25The output
device 4 has a function of outputting processing results by the data processing device 1. For example,
the output device 4 is realized by a display device such as a display, and displays the processing
results by the data processing device 1 on a display unit. [0019] 30The data processing device 1
includes occurrence frequency computation means 10, occurrence frequency correction means 11,
inter-predicate similarity computation means 12, inter-nominal similarity computation means 13, and
synonymy assessment means 14. The data processing device 1 is specifically realized by an
information processing device such as a personal computer that operates according to a  6 program.
[0020]         The occurrence frequency computation means 10 has a function of extracting binary
relations from document data (hereafter simply referred to as "document") stored 5in a document
storage unit 20 and computing an occurrence frequency of each binary 



relation. The occurrence frequency computation means 10 is specifically realized by a CPU of an
information processing device that operates according to a program. [0021] The occurrence frequency
correction means 11 has a function of determining. 10for each predicate or nominal included in the
document set, a degree to which the predicate or the nominal is used in the same concept as the input
predicate or the input nominal, with reference to a concept class storage unit 22. The occurrence
frequency correction means 11 also has a function of correcting the occurrence frequency of each
binary relation included in the document set according to the determined degree. The 15occurrence
frequency correction means 11 is specifically realized by a GPU of an information processing device
that operates according to a program. [0022]         The inter-predicate similarity computation means 12
has a function of setting, as a feature value of each input predicate, a distribution of occurrence
frequencies or 20corrected occurrence frequencies of nominals that are in binary relations to the input
predicate in the document set, and computing a degree of similarity between feature values of the
input predicates. The inter-predicate similarity computation means 12 is specifically realized by a CPU
of an information processing device that operates according to a program. 25[0023]         The
inter-nominal similarity computation means 13 has a function of setting, as a feature value of each
input nominal, a distribution of occurrence frequencies or corrected occurrence frequencies of
predicates that are in binary relations to the input nominal in the document set, and computing a
degree of similarity between feature 30values of the input notninals. The inter-nominal similarity
computation means 13 is specifically realized by a CPU of an information processing device that
operates according to a program. [0024] The synonymy assessment means 14 has a function of
assessing the input two  7 binary relations as synonymous expressions in the case where the similarity
between the predicates and the similarity between the nominals satisfy a predetermined condition, and
outputting the assessment results to the output device 4. The synonymy assessment means 14 is
specifically realized by a CPU of an information processing device that operates according to a
program. [0025]         The storage device 2 includes the document storage unit 20, an occurrence
frequency storage unit 21, a same class belonging probability storage unit 22, and a corrected
occurrence frequency storage unit 23. The storage device 2 is specifically 



10realized by an optical disk device, a magnetic disk device, or the like. [00261 The document storage
unit 20 stores the document set. The occurrence frequency storage unit 21 stores data indicating
occurrence frequencies of binary relations included in the document set. For example, these data
indicating the 15occurrence frequencies are registered in the occurrence frequency storage unit 21 by
the occurrence frequency computation means 10. [0027]         The concept class storage unit 22
stores data indicating types of concept classes to which predicates or nominals belong. For example,
these data are manually 20determined and registered in the concept class storage unit 22 beforehand,
or automatically computed based on statistical values and the like and registered in the concept class
storage unit 22. [0028] The corrected occurrence frequency storage unit 23 stores data indicating 95
corrected occurrence frequencies of binary relations. For example, these data are registered in the
corrected occurrence frequency storage unit 23 by the occurrence frequency correction means 11.
[0029] The operation in this exemplary embodiment is described next, with reference 30to Fig. 2. Fig.
2 is a flowchart showing an example of processes executed by the synonymous expression
assessment device. The following describes, as an example, the case where the input device 3 inputs
data indicating "dengen - trent (power - activate)" and data indicating "dengen suitchi - tonyu suru
(power switch - turn on) to the data processing device 1 as two binary relations.  8 [0030]          When
the above-mentioned data indicating the two binary relations are input from the input device 3, the
occurrence frequency computation means 10 extracts binary relations from the documents stored in
the document storage unit 20, and computes an  5 occurrence frequency of each binary relation (step
Si in Fig. 2). A binary relation represents a combination of a predicate and a nominal that is in a case
relation to the predicate. [0031] 



In step SI, the occurrence frequency computation means 10 extracts the  10 binary relations included
in the documents using, for example, a morphological analysis/syntactic analysis tool such as
CaboCha. CaboCha is described in the literature (http://chasen.org/--taku/software/cabocha/). [0032]
The occurrence frequency computation means 10 segments a sentence into 15words and assigns a
part of speech to each word, using the morphological analysis tool. Suppose the sentence "dengen
suitchi o tonyu suru (turn on the power switch)" is morphologically analyzed. The morphological
analysis results "dengen [noun-general] / suitchi [noun-general] / o [particle-case] / tonyu [noun-verbal]
/ sum [verb-free]" are then output. Following this, the occurrence frequency computation means 10
20combines the morphological analysis results into clauses and assigns dependency relations
between the clauses, using the syntactic analysis tool. The above-mentioned morphological analysis
results are combined into two clauses, i.e. (1) {dengen / suitchi / o} and (2) {tonyu / sum}, and a
dependency relation that (1) is a dependent and (2) is a head is assigned between the clause (1) and
the clause (2). [0033]          The occurrence frequency computation means 10 extracts each binary
relation using the morphological analysis/syntactic analysis results, by the following method. The
occurrence frequency computation means I 0 first detects a predicate clause. The predicate clause is
a clause whose first morpheme is "verb-free", "noun-adjective(-na)", 30or "noun-verbal". [0034]
The occurrence frequency computation means 10 then assesses whether or not a clause which is a
dependent of the predicate clause is a nominal clause in a case relation to the predicate clause. The
nominal clause is a clause whose first morpheme  9 is "noun-general", "noun-verbal", or
"noun-adjective(-na)". Whether or not the nominal clause is in a case relation to the predicate clause is
determined based on whether or not the last morpheme of the nominal clause is -particle-case" or
"particle-binding". 5[0035]         Lastly, the occurrence frequency computation means 10 recognizes,
as the nominal, the word sequence of the nominal clause from which the particle in the case relation to
the predicate is removed, and recognizes, as the predicate, the word sequence of the predicate
clause. In the above-mentioned example, -dengen suitchi - tonyu 10suru" is obtained. [0036]
Here, the particle in the case relation to the predicate may be included in the nominal. In this case,
"dengen suitchi o - tonyu sure is obtained. The inclusion of such a particle enables a distinction
between different meanings of binary relations due 15to their difference in particle. There is, however,
also a disadvantage that occurrence 



frequencies are more distributed. [0037]         The occurrence frequency computation means 10
computes the occurrence frequency of each extracted binary relation, and stores the computation
results in the 20occurrence frequency storage unit 21. Fig. 3 shows an example of data stored in the
occurrence frequency storage unit. In the example shown in Fig. 3, the vertical axis represents the
nominals, the horizontal axis represents the predicates, and the values in the table represent the
occurrence frequencies of the binary relations. For instance, the occurrence frequency of "dengen
suitchi - tonyu suru" is 10. 25[0038]         Next, the occurrence frequency correction means 11
determines, for each predicate or nominal included in the document set, a degree to which the
predicate or the nominal is used in the same concept as the input predicate or the input nominal, with
reference to the concept class storage unit 22. The occurrence frequency correction 30means 11
corrects the occurrence frequency of each binary relation included in the document set, according to
the determined degree (step S2 in Fig. 2). [0039]         The concept class storage unit 22 stores data
indicating types of concept classes to which predicates or nominals belong. These values are stored
beforehand.  I0 Probability values may be manually determined, or automatically determined through
computation. A method of automatically determining probability values is described below [0040] 5A
type of a concept class to which a nominal belongs is determined using probabilistic clustering such as
GMM (multivariate normal distribution). GMM is described, for example, in the literature
(http://convexbrain.sourceforgejp/cgibin/wilky.pl?p-GMM). There are various methods of probabilistic
clustering other than GMM. For instance, PLSI (Thomas Hofmann, Probabilistic latent semantic
10indexing, Proceedings of the 22nd annual international ACM SIGIR conference on Research and
development in information retrieval (SI0IR1999), pp. 50-57, 1999.) may be used. [0041] In
probabilistic clustering using GMM, assuming that the number K of 



ISconcept classes is designated beforehand, each concept class a (1 < a K) has one multivariate
normal distribution. A nominal N is represented by vector data whose number of dimensions is the
number of types of predicates, and the value of each dimension is an occurrence frequency of a
predicate which is the head of the nominal N. Accordingly, the number of dimensions of the
multivariable normal distribution is also 20the number of types of predicates V. [0042] A probability
P(a1N) that the nominal N belongs to a is computed using an EM algorithm. First, arbitrary P(aN) is
given as am initial state. Next, the mean and variance of' the multivariate normal distribution of a are
updated based on P(a1N). 25P(a1N) is then updated based on the new multivariate normal
distribution. This is repeated a finite number or times, to determine P(aN). [0043] (a) in Fig. 4 shows an
example of concept classes to which nominals belong, which are stored in the concept class storage
unit 22. There are five concept classes al 30to a5. Each concept class to which a nominal belongs is
given the probability P(a1N). [0044]         A type of a concept class to which a predicate belongs is
determined by the same computation method. (b) in Fig. 4 shows an example of concept classes to
which predicates belong, which are stored in the concept class storage unit 22. There are five  11
concept classes hl to h5 Each concept class to which a predicate belongs is given the probability.
[0045] The occurrence frequency correction means 11 computes the degree to which 5the predicate or
nominal included in the document set is used in the same concept as the input predicate or the input
nominal, with reference to the concept class storage unit 22. The occurrence frequency correction
means 11 first computes the degree CS(N, IN) to which the nominal N included in the document set is
used in the same concept as the input nominal IN, using the following equation (1). 10[0046] 



CS(N, IN) - a min[P(aiN), P(201\1)]Equation (1). [0047] Here, a denotes the concept class, and P(a1N)
denotes the probability of N belonging to a. Since there are two input nominals IN1 and IN2, the
occurrence 15frequency correction means 11 computes the degree CS(N, IN I, IN2) to which the
nominal N included in the document set is used in the same concept as the input nominals INI1 and
IN2, using the following equation (2). [0048] CS(N, Ni, IN2) = Max [CN(N, IN1), CN(N, IN2)1Equation
(2), 20[00491         In this example, the input nominals are "dengen (power)" and "dengen suitchi
(power switch)". The nominals included in the document set are "dengen (power)", "dengen suitchi
(power switch)", "botan (button)", "gakko (school)", and "daigaku (university)", as shown in Fie:. 3.
Computing CS from these yields the following 25results. [0050]         CS(dengen, dengen, dengen
suitchi) = Max {CN(dengen, dengen), CN(dengen, dengen suitchi)} = 1.0. CS(dengen suitchi, dengen
suitchi) = 1.0. 30CS(botan, dengen, dengen suitchi) = 0.6. CS(gakko, dengen, dengen snitch = 0.1.
CS(daigaku, dengen, dengen suitchi) = 0.1. 1005 1] In the same manner, the occurrence frequency
correction means 11 computes  12 the degree to which the predicate P included in the document set is
used in the same concept as the input predicates 1P1 and IP2, using the following equations (3) and
(4). 



[0052] CS(P, 1P1, IP2) = Max1CN(P,CN(P, IP2)1Equation (3). 5CS(P, TP) = Lb min TP(P, b), PUP,
b)}Equation (4). [0053] In this example, the input predicates are "ireru (activate)" and "tonyu sum (turn
on)". The predicates included in the document set are "tonyu suni (turn on)", "ireru (activate)", "tsukeru
(switch on)", "ochiru (drop)", and "antei suru (stabilize)", as 10shown in Fig. 3. Computing CS from
these yields the following results. [0054] CS(tonyu suru, hem, tonyu suru) = 1.0. CS(ireru, ireru, tonyu
suru) = 1.0. CS(tsukeru, ireru, tonyu suru) = 0.7. ISCS(ochiru, ireru, tonyu suru) = 0.2. CS(antei suru,
ireru, tonyu suru) = 0.2. [0055]          Note that the computation method of CS is not limited to the
above. Other methods include, for example, a method in which the number of concept classes
20common to two nominals or predicates is set as CS, and a method in which CS = I in the case
where a concept class with a highest probability value is common to two nominals or predicates and
CS = 0 otherwise. [0056] The occurrence frequency correction means 11 then corrects the occurrence
25frequency of each binary relation stored in the occurrence frequency storage unit 21, using the
above-computed CS. There are the correction with respect to the predicate of the binary relation and
the correction with respect to the nominal of the binary 



relation, which respectively use CS(P, IP I , IP2) and CS(N, NP I , NP2) mentioned above. An example
of the correction method is a method of setting the occurrence frequency to 300 if CS is less than a
predetermined threshold. (a) in Fig. 5 shows an example of occurrence frequencies corrected with
respect to the nominal of each binary relation with the threshold being set to 0.6, which are stored in
the corrected occurrence frequency storage unit 23. Likewise, (b) in Fig. 5 shows an example of
occurrence frequencies corrected with respect to the predicate of each binary relation with the
threshold being set to 0.6. Another example of the correction method is a method of multiplying the
occurrence frequency by CS. [0057] Next, the inter-predicate similarity computation means 12 sets, as
a feature 5value of each input predicate, a distribution of occurrence frequencies or corrected
occurrence frequencies of nominals that are in binary relations with the input predicate in the
document set, and computes a degree of similarity between feature values of the input predicates.
Moreover, the inter-nominal similarity computation means 13 sets, as a feature value of each input
nominal, a distribution of occurrence frequencies or 10corrected occurrence frequencies of predicates
that are in binary relations with the input nominal in the document set, and computes a degree of
similarity between feature values of the input nominals (step 53 in Fig. 2). The processes executed by
the inter-predicate similarity computation means 12 and the inter-nominal similarity computation
means 13 may be in any order. 15[0058]          The inter-predicate similarity computation means 12
first sets, as the feature value of each input predicate, the distribution of the occurrence frequencies or
corrected occurrence frequencies of the notninals that are in binary relations to the input predicate in
the document set. For example, when the input predicates are denoted by VI and 20V2, the
inter-predicate similarity computation means 12 sets {P(V1 n) n EN} and {P(02)IneN1 as the feature
values of the input predicates. P(V1In) and P(nIV2) respectively denote the values (probabilities in this
example) obtained by normalizing the corrected occurrence frequencies of the nominals that are in
binary relations to V1 and V2, and n denotes any nominal selected from a universal set N. The
corrected 25occurrence frequency mentioned here is the occurrence frequency corrected with respect
to the nominal in the occurrence frequency correction means 11, [0059]          The inter-predicate
similarity computation means 12 then computes Score(VI, V2) which is the degree of similarity
between the feature values of the predicates. In 30detail, the inter-predicate similarity computation
means 12 computes Score(V1. V2) 



using the following equation (5). [0060] Score(V I, V2) = P(V1 V2) = 1;n eN P(V1In) x P(n V2)Equation
(5). [0061]  14         The computation method of Score is not limited to the method that uses the
equation (5). For example, Score may be computed based on Cosine similarity, using RV 1, n)In e NI
and { f(V2, n)ine N} as the feature values of the predicates of the input binary relations. Here, RV I, n)
and f(V2, n) denote the corrected occurrence 5frequencies of the binary relations corresponding to Vi
and V2 respectively. [0062]          The proposed technique column in Fig. 6 shows the results of
computing Score(V1, V2) = P(tonyu surulireru) using the corrected occurrence frequencies. In the
example shown in Fig. 6, Score(V1, V2) = 0.263. I 0[0063]          The inter-nominal similarity
computation means 13 computes the degree of similarity between the feature values of the input
nominals, in the same manner as the inter-predicate similarity computation means 12. When the
nominals of the binary relations are denoted by NI and N2, P(NlIv) and P(vN2) respectively denote the
values 15(probabilities in this example) obtained by normalizing the corrected occurrence frequencies
of the predicates that are in binary relations to NI and N2, and v denotes any predicate selected from a
universal set V. [0064] The inter-nominal similarity computation means 13 computes Score(N I, N2)
20which is the degree of similarity between the feature values of the predicates, In detail, the
inter-nominal similarity computation means 13 computes Score(N 1, N2) using the following equation
(6). [0065] Score(N N2) = P(N N2) = vcV P(N11%) P(N2)Equation (6). 25[0066] 



The proposed technique column in Fig. 7 shows the results of computing Score(N1, N2) = P(dengen
suitchildengen) using the corrected occurrence frequencies. In the example shown in Fig. 7, Score(N I,
N2) = 0.276. [0067]  30 Next, the synonymy assessment means 14 assesses the input two binary
relations as synonymous expressions in the case where the similarity between the predicates and the
similarity between the nominals satisfy a predetermined condition, and outputs the assessment results
to the output device 4 (step S4 in Fig. 2). [0068]  15          The predetermined condition is, for example,
that the product of the similarity between the predicates and the similarity between the nominals is not
less than a designated value. In this case, Score(V1, V2) x Score(N1, N2) = 0.263 x 0.274 = 0.072.
The applied method is not limited to this. Other methods include, for example, 5a method using the
sum or mean of the similarities instead of the product of the similarities, and a method using a
condition that each of the similarity between the predicates and the similarity between the nominal s is
not less than a designated value. [0069] Though the input device 3 and the output device 4 are used
as a human- 10computer interface in this exemplary embodiment, the input device 3 and the output
device 4 may be used to receive the input from another device or system and output the assessment
results to the device or the like. In this case, the synonymy assessment means 14 may directly output
the product of the similarities or the like. Alternatively, the computation results of the inter-predicate
similarity computation means 12 and the 15inter-nominal similarity computation means 13 may be
directly output, without using the synonymy assessment means 14. [0070] The advantageous effects
of this exemplary embodiment are described below. In this exemplary embodiment, synonymous
expressions of binary relations can be 70properly assessed even in the case where input predicates or
input nominals are 



polysemous. This is possible because, when computing the similarity between the input predicates,
the distribution of the occurrence frequencies of only the predicates that are used in the same type of
concept as the input nominal is used as the feature value and, when computing the similarity between
the input nominals, the distribution 75of the occurrence frequencies of only the predicates that are
used in the same type of concept as the input predicate is used as the feature value. [0071]         Let a
meaning A be the meaning of the input predicate determined by its relation to the input nominal. Using,
as the feature value, the distribution of the 30 occurrence frequencies of only the nominals having the
same type of concept as the input nominal signifies that the distribution of the occurrence frequencies
of the nominals that are in binary relations to the input predicate used in the meaning A is used as the
feature value. Therefore, the feature values of the input predicates which are synonymous expressions
are similar.  16 [0072]          For example, let the meaning A be the meaning of "tonyu sum" and "item"
determined by "dengen o ireru (activate the power)" and "dengen suitchi o tonyu suru (turn on the
power switch)". Using, as the feature value, the occurrence frequencies of 5only the nominals having
the same type of concept as the input nominal signifies that the distribution of the occurrence
frequencies of the nominals that are in binary relations to "tonyu suru" and "ireru" used in the meaning
A is used as the feature value. This is because the meaning of "tonyu suru" and "irem" determined by
"[nominal having the same type of concept as "dengen" or "dengen suitchr] o tonyu suru" and
"[nominal 10having the same type of concept as "dengen" or "dengen suitchil o ken.'" can be equally
regarded as the meaning A. Therefore the feature values of "tonyu suru" and "ireru" are similar. [0073]
Likewise, let a meaning B be the meaning of the input nominal determined by  15 its relation to the
input predicate. Using, as the feature value, the distribution of the occurrence frequencies of only the
predicates having the same type of concept as the input predicate signifies that the distribution of the
occurrence frequencies of the predicates that are in binary relations to the input nominal used in the
meaning B is used as the feature value. Therefore, the feature values of the input nominals which are
20synonymous expressions are similar. [0074]         Figs. 6 and 7 respectively show the comparison of
the computed value of the similarity between the input predicates between the technique described in
NPI., 2 and the proposed technique (i.e. in this exemplary embodiment) and the comparison of the
25computed value of the similarity between the input nominals between the technique described in
NPL 2 and the proposed technique. In the case of using the technique described in NPL 2, the
similarity between the input nominals is 0.192, the similarity between the input predicates is 0.2, and
their product is 0.038. In the case of using the 



proposed technique, on the other hand, the similarity between the input nominals is  30 0.263, the
similarity between the input predicates is 0.276, and their product is 0.072. This demonstrates that the
proposed technique enables proper synonymy assessment even when input predicates or input
nominals are polysemous. [0075] As described above, the synonymous expression assessment
device according  17 to the present invention relates to a synonymous expression assessment device
fin receiving input of binary relations each of which includes a nominal and a predicate and assessing
whether or not the input binary relations are synonymous using a similarity between input nominals
and a similarity between input predicates, the synonymous expression assessment device being
characterized in that: when computing the similarity between the input predicates based on a
distribution of occurrence frequencies of nominals that are in binary relations to the input predicate in a
document set, a distribution of only nominals that are used in the same type of concept as the input
nominal is used; and when computing the similarity between the input nominals based 10 on a
distribution of occurrence frequencies of predicates that are in binary relations to the input nominal in
the document set, a distribution of only predicates that are used in the same type of concept as the
input predicate is used [00761 The following describes a minimum structure of the synonymous
expression 15assessment device according to the present invention. Fig. 8 is a block diagram showing
an example of the minimum structure of the synonymous expression assessment device. As shown in
Fig. 8, the synonymous expression assessment device includes the synonymy assessment means 14
and the inter-predicate similarity computation means 12 as minimum structural elements. 20[00771
In the synonymous expression assessment device of the minimum structure shown in Fig. 8, the
synonymy assessment means 14 receives input of binary relations each of which includes a nominal
and a predicate, and assesses whether or not the input binary relations are synonymous using a
similarity between input nominals and a 25 similarity between input predicates. The inter-predicate
similarity computation means 12, when computing the similarity between the input predicates based on
a distribution of occurrence frequencies of nominals that are in binary relations to the input predicate in
a document set, uses a distribution of only nominals that are used in the same type of concept as the
input nominal. 30[00781         Thus, the synonymous expression assessment device of the minimum
structure can properly assess synonymous expressions of binary relations even in the case where
input predicates or input nominals are polysemous. [0079]  18 



Note that the characteristic structures of the synonymous expression assessment device as in the
following (I) to (5) are shown in this exemplary embodiment. [0080] 5(1) The synonymous expression
assessment device includes: synonymy assessment means (for example realized by the synonymy
assessment means 14) for receiving input of binary relations each of which includes a nominal and a
predicate, and assessing whether or not the input binary relations are synonymous using a similarity
between input nominals and a similarity between input predicates; and inter- 10predicate similarity
computation means (for example realized by the inter-predicate similarity computation means 12) for,
when computing the similarity between the input predicates based on a distribution of occurrence
frequencies of nominals that are in binary relations to the input predicate in a document set,
performing the computation using a distribution of only nominals that are used in the same type of
concept as the 15input nominal. [0081]          (2) The synonymous expression assessment device
includes: synonymy assessment means (for example realized by the synonymy assessment means
14) for receiving input of binary relations each of which includes a nominal and a predicate, 20and
assessing whether or not the input binary relations are synonymous using a similarity between input
nominals and a similarity between input predicates; inter-predicate similarity computation means (for
example realized by the inter-predicate similarity computation means 12) for, when computing the
similarity between the input predicates based on a distribution of occurrence frequencies of nominals
that are in 25binary relations to the input predicate in a document set, performing the computation
using a distribution of only nominals that are used in the same type of concept as the input nominal;
and inter-nominal similarity computation means (for example realized by the inter-nominal similarity
computation means 13) for, when computing the similarity between the input nominals based on a
distribution of occurrence frequencies of 30predicates that are in binary relations to the input nominal
in the document set, performing the computation using a distribution of only predicates that are used in
the same type of concept as the input predicate. [0082]          (3) The synonymous expression
assessment device includes: synonymy  19 assessment means (for example realized by the
synonymy assessment means 14) for receiving input of binary relations each of which includes a
nominal and a predicate, and assessing whether or not the input binary relations are synonymous
using a similarity between input nominals and a similarity between input predicates; concept class
storage means (for example realized by the concept class storage unit 22) for storing types of concept
classes to which predicates or nominals belong; occurrence frequency correction means (for example
realized by the occurrence frequency correction means 11) for determining, with reference to the types
of the concept classes stored in the concept class storage means, a degree to which a predicate or a
nominal 10included in a document set is used in the same concept as the input predicate or the 



input nominal, and correcting an occurrence frequency of a binary relation included in the document
set according to the determined degree; inter-predicate similarity computation means (for example
realized by the inter-predicate similarity computation means 12) for setting, as a feature value of the
input predicate, a distribution of 15occurrence frequencies or corrected occurrence frequencies of
nominals that are in binary relations to the input predicate in the document set, and computing a
degree of similarity between feature values of the input predicates; and inter-nominal similarity
computation means (for example realized by the inter-nominal similarity computation means 13) for
setting, as a feature value of the input nominal, a distribution of 20occurrence frequencies or corrected
occurrence frequencies of predicates that are in binary relations to the input nominal in the document
set, and computing a degree of similarity between feature values of the input nominals. [0083]
(4) In the synonymous expression assessment device, a nominal in each binary 25relation may also
include a particle that is in a case relation to a predicate in the binary relation. [0084]            (5) In the
synonymous expression assessment device, the synonymy       assessment means may assess the
input binary relations as synonymous, in the case 30where the similarity between the input nominals
and the similarity between the input predicates satisfy a predetermined condition. [0085]         Though
the present invention has been described with reference to the above exemplary embodiment, the
present invention is not limited to the above exemplary  20 embodiment. Various changes
understandable by those skilled in the art within the scope of the present invention can be made to the
structures and details of the present invention. For example, one or more structural elements may be
omitted from the structural elements shown in the exemplary embodiment, and one or more other
5structural elements may bc combined with the structural elements shown in the exemplary
embodiment. [0086]            This application claims priority based on Japanese Patent Application No.
2011-105589 filed on May 10, 2011, the disclosure of which is incorporated herein in its 10entirety.
Industrial Applicability 



[0087] The present invention is applicable, ter example, to conduct accurate search in      response to
a query with a complex syntactic structure such as a natural sentence. 15Reference Signs List [0088]
1data processing device 2storage device 3input device 204output device 10occurrence frequency
computation means 11occurrence frequency correction means 12inter-predicate similarity computation
means 13inter-nominal similarity computation means 2514synonymy assessment means 20document
storage unit 21occurrence frequency storage unit 92concept class storage unit 23corrected
occurrence frequency storage unit 30  21 Claims 1. A synonymous expression assessment device
comprising: 



synonymy assessment means for receiving input of binary relations each of which includes a nominal
and a predicate, and assessing whether or not the input binary relations are synonymous using a
similarity between input nominals and a similarity between input predicates; and inter-predicate
similarity computation means for, when computing the similarity between the input predicates based
on a distribution of occurrence frequencies 10of nominals that are in binary relations to the input
predicate in a document set, performing the computation using a distribution of only nominals that are
used in the same type of concept as the input nominal. 2. A synonymous expression assessment
device comprising: ISsynonymy assessment means for receiving input of binary relations each of
which includes a nominal and a predicate, and assessing whether or not the input binary relations are
synonymous using a similarity between input nominals and a similarity between input predicates;
inter-predicate similarity computation means for, when computing the 20similarity between the input
predicates based on a distribution of occurrence frequencies of nominals that are in binary relations to
the input predicate in a document set, performing the computation using a distribution of only nominals
that are used in the same type of concept as the input nominal; and         inter-nominal similarity
computation means ['or, when computing the similarity between the input nominals based on a
distribution of occurrence frequencies of predicates that are in binary relations to the input nominal in
the document set, performing the computation using a distribution of only predicates that are used in
the same type olconcept as the input predicate. 303.A synonymous expression assessment device
comprising:         synonymy assessment means for receiving input of binary relations each of which
includes a nominal and a predicate, and assessing whether or not the input binary relations are
synonymous using a similarity between input nominals and a similarity between input predicates;  22
concept class storage means for storing types of concept classes to which predicates or nominals
belong;         occurrence frequency correction means for determining, with reference to the types of the
concept classes stored in the concept class storage means, a degree to which 5a predicate or a
nominal included in a document set is used in the same concept as the input predicate or the input
nominal, and correcting an occurrence frequency of a binary relation included in the document set
according to the determined degree;         inter-predicate similarity computation means for setting, as a
feature value of the input predicate, a distribution of occurrence frequencies or corrected occurrence
10frequencies of nominals that are in binary relations to the input predicate in the document set, and
computing a degree of similarity between feature values of the input predicates; and 



inter-nominal similarity computation means for setting, as a feature value of the input nominal, a
distribution of occurrence frequencies or corrected occurrence 15frequencies of predicates that are in
binary relations to the input nominal in the document set, and computing a degree of similarity
between feature values of the input nominals.  4. The synonymous expression assessment device
according to any one of 20claims 1 to 3, wherein a nominal in each binary relation also includes a
particle that s in a case relation to a predicate in the binary relation.  5. The synonymous expression
assessment device according to any one of claims 1 to 4, wherein the synonymy assessment means
assesses the input binary 95relations as synonymous, in the case where the similarity between the
input nominals and the similarity between the input predicates satisfy a predetermined condition.  6. A
synonymous expression assessment method comprising: receiving input of binary relations each of
which includes a nominal and a 30predicate, and assessing whether or not the input binary relations
are synonymous using a similarity between input nominals and a similarity between input predicates;
and when computing the similarity between the input predicates based on a distribution of occurrence
frequencies of nominals that are in binary relations to the input predicate in a document set,
performing the computation using a distribution of  only nominals that are used in the same type of
concept as the input nominal. 7.A synonymous expression assessment program for causing computer
to execute:          a synonymy assessment process of receiving input of binary relations each of which
includes a nominal and a predicate, and assessing whether or not the input binary relations are
synonymous using a similarity between input nominals and a similarity between input predicates; and
an inter-predicate similarity computation process of, when computing the 10similarity between the
input predicates based on a distribution of occurrence frequencies 



of nominals that are in binary relations to the input predicate in a document set, performing the
computation using a distribution of only nominals that are used in the same type of concept as the
input nominal. 


