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Abstract. In this paper, we present the method to automatically re-
vise morphological analysis errors caused by unregistered person names.
In order to detect and revise their errors, we propose the Person Name
Construction Model for kanji characters composing Japanese names. Our
method has the advantage of not using context information, like a suf-
fix, to recognize person names, thus making our method a useful one.
Through the experiment, we show that our proposed model is effective.

1 Introduction

It is clear that morphological analysis is an important module for an NLP system
like the MT system. One problem in the morphological analysis is word segmen-
tation errors caused by unregistered words. Most unregistered words are proper
nouns, like place names, organization names, and person names. In this paper,
we focus on person names, and propose the Person Name Construction Model
to correct morphological analysis errors caused by unregistered person names.
This model gives a score to the given word sequence. This score indicates the
degree to which the given word sequence appears to be a person’s name. By
the score, we can extract the name from the morphological analysis result. If
the extracted name is not consistent with the morphological analysis result, we
revise the result to take the extracted person name into account.

The Person Name Construction Model is based on the heuristic that a per-
son’s name is composed of kanji characters which are placed in the first position,
the middle position and the last position of the name. For example, in the case of
the family name, kanji characters frequently used in the first position are “#”,
“f and “B&”. And in the middle position, they are “&”, “4”, “&”. And in the
last position, they are “H”, “#”, “}#”. Our proposed model deduces that the
character sequences “FAMH", “EfE” and “¥AEH”, which are a combination
of their characters, have the appearance of being names'. However, this model
tends to judge the given character sequence to be a person’s name. So, in order

! These character sequences are not registered in the dictionary. We don’t know
whether these character sequences are real person names. However, most Japanese
agree that these character sequences seem to be family names.
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to remove non-names from the extraction, we also use the heuristic based on the
morphological analysis error patterns caused by unregistered person names.

A feature of our proposed model makes no use of contextual clues. Strategies
to recognize unregistered words are divided into two types. The one type uses
contextual clues, like a suffix (ex. “B& (Mr.)”, “& A (Ms..)”), a prefix (ex. “&
(the late)”, “&% (the first-born daughter)”), the initial phrasing(ex. “#t& (the
president)”, “A#E#H (the President”)), a verb (ex. “MffZ 415 (be arrested)”,
“# =5 (be killed)”) and so on in order to recognize unregistered words[3, 8].
Another type uses only clues in the given word sequence, and doesn’t use infor-
mation out of the given word sequence. The former is powerful, and currently
the automatic acquisition of such contextual clues is being researched(6, 1, 5].
However we often have the situation without contextual clues. Thus the former
strategy needs to have the latter strategy module. For example, in the case of the
phrase “~#f& (the president ~)”, the “~” part often includes a name. Thus,
the phrase “~#L£” is a contextual clue to recognize person names. However,
the “~” words in this phrase do not always include a person’s name. Therefore
from only information in the “~” sequences, we must judge whether it includes
a person’s name or not. Our proposed model is useful in doing this, and can be
applied to all sorts of former strategies.

Last we experimented using a small sampling. For morphological analysis
errors caused by unregistered person names, our system revised them with 63.8%
precision and 72.5% recall. Investigating our system failures, we found most
failures acceptable and reasonable. So our proposed model was shown to be
useful and effective for the recognition of unregistered person names.

2 Extraction of person names and revision of
morphological analysis errors

2.1 Basic procedures

First, we pick out kanji word sequences for doing a morphological analysis of
a sentence. Here, we define the term “kanji word” as words composed of kanji
characters. For example, for the following sentence (1), we get sentence (2) as
the result of a morphological analysis, and we pick out the three kanji word
sequences shown in (3).

(1) HOTFERFOFENHAREERALRTT

(That student going to Chiba university is the president Suzuki Kensirou.)
(2) [HD)TEE/KRE/D/FE/N8AR/ B/ MER/#5/TT/
(3) /TEE/KRE/, [FEE/, [#AR/R/MER/tHE/

(Chiba university, student, the president Suzuki Kensirou)

A name is extracted from each kanji word sequence if the sequence contains
a person’s name. If the extracted name is not consistent with the morphological
analysis result, we correct the morphological analysis result to account for the
extracted name.
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; Table 1. Person names extracted form kanji word sequences
5 (kanji word sequence lextracted person name =
i ; [TE/RE/ /T3] (last name) ...(4)

| JEE/ nothing

i : [ERA /B /UER 4K/ /S8R /BEVUER/ (last name/first name)...(5)

S issey s p

For the above example, we have extracted the names shown in Table 1.

From the kanji sequence “/TE/RE/”, we extract the name “/TE/ as
the last name (c.f. (4)). This segmentation is consistent with the morphological
analysis result, so we don’t revise it. On the other hand, the sequence “/fitpy
BR/”, extracted as the first name from the kanji sequence “/#hA/{d/PUER /%1
/", is not consistent with the morphological analysis result, in which “{gt DU R
is segmented into “/f#/” and “/PHER/” . Therefore, we revise the morphological
analysis result to the sequence “/f#IUER e

Next, we describe the procedure to extract the person’s name from the kanji
sequence. First we extract kanji word subsequences as a part of the given kanji
word sequences, and we give each kanji word subsequence a score which indicates
the degree to which the given kanji word subsequence appears to be a person’s
name. Next, we identify the kanji word subsequence as a name if its maximum
score goes over a threshold value. The output is the kanji word subsequence
recognized as the person’s name and classified by type (i.e. last name, first name,
or their combination).

Take the case of the kanji word sequence “/SHA/ i/ UER /# 5 /7 . We extract
kanji word subsequences from its sequence, and get the score for each kanji word
subsequence as shown in Table 2. We output the phrase “/#3A/f&IUER /” with
the maximum score.
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2.2 Person Name Construction Model

Our system computes a score which indicates the degree to which the given
word sequence appears to be a person’s name. In order to compute the score,
we propose the Person Name Construction Model.

Japanese names consist of a last name and first name. Last names can be
divided into three character parts: the first position character(LFC), the middle
position character(LMC) and the last position character(LLC). For instance,

the last name “"FEE” has following the three character parts.
LFC = “q” LMC =“E", and LLC =“48”.
In the case of the last name “887X”, the character parts are:

LFC: “%%,,,LA/IC: :m’ and LLC — «*n_
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Table 2. Score for the kanji word subsequence

[kanji word subsequence] score|extracted name A
[/ T/ ER /2R F/ O|nothing

JERR /B /AR / 338970480 |/#nA/F2IUER/ (last name/first name)
JEAR /1) 4014368/ /8u7A/f#/ (last name /first name)
V7 5296|/8aA/ (last name)

/B /mER /# &/ O[nothing

/& /mER / 43167|/fRIUER/ (first name)

/B/ 758|/f%&/ (first name)

JIHER /3t / : - .0[nothing

JIHER/ 5906/ /fMER/ (first name)

[H&/ O|nothing

In the same way, first names can divided into three character parts: the first
position character(FFC), the middle position character(FMC) and the last
position character(FLC).

Our model assumes that any kanji character “a” has a score which indicates
how often the character “a” is used as an LFC. Also the character “a” has scores
for LMC and LLC. We define Sis.(a) to be the LFC score for a character
“a”. We define Sim.(a) and Sic(a) similarly. By the following expression, we
define the score Si(e), which indicates the degree to which aicha}acter sequence
& = ajazag---a, appears, to be a last name.

5{(0!) =X Slfc(al) Ar Z?:.__; Slmc(ai) + Sﬂc(an)

n

In the same way, in the following expression, we define the score S¢(B), which
indicates the degree to which a character sequence # = b1bybs ---b, appears, to
be a first name.

S/ (B) = Spre(b) + E:':gl Stme(bi) * Spec(bn)

n

Finally, in the following expression, we define a score indicating the degree to
which a string o appears to be a last name and a string 2 a first name.

Si(a) * Sy (8)

If the length of the character sequence is over 2, we can calculate the score
for the character sequence. If the length of the character sequence is 1, i.e. the
character sequence is « = a;, we define the scores as follows:

Si(a) = Si(ay)
St(e) = Sp1(ay)
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We will define Siy(e1) and Sjy(a;) later.

When we are given the kanji word subsequence P = wiw - - *Wm, We regard
it as the character sequence P = a;a,---a,. Next we compute each score of
Si1(P),S;(P) and Si(ayasz---a;) * St(aiy1@i42 - ay), and output one with the
maximum score.

Finally, we must explain how to construct scores of Sife(ar) and so on. In this
paper, we used one-year-old newspaper articles as the training corpus. First, we
segmented words by morphological analysis for the training corpus. We identified
person’s names as a result of the morphological analysis, and made a frequency
table (T1) for these names. And then we picked out person’s names from the
dictionary used for morphological analysis and made a frequency table (T2) for
these names. T2 always has a frequency of 1. Next we merged T1 and T2, and
divided it into a frequency table (TL) for last names and a frequency table
(TF) for first names. Further, we divided TL into a frequency table (TL1) for
names of the length 1 and a frequency table (TL2) for names of length 2 or
over. Similarly, we got TF1 and TF2. Next if the frequency of the name o =
aiaza3---an(n > 1) in TL2 is f, we add the value f to the Sjpc(a1),Sime(az) ,
Simc(a3), " Sime(an-1) and Stec(an). We repeated this procedure for all names
in TL2. As a result we arrived at scores Sife(a),Sime(a) and Sy.(a). And we also
got scores Syr.(a),S¢me(a) and Sy,.(a) in this same way.

We defined Sij(a) and Sy;(a) to be the frequency of the last name “a” and |
the first name “a”, so these scores can be defined in TL1 and TF1.

Lastly, we explain the case that Sic(a) or S,i(a) is equal to zero. In that
case, basically Sj(a) or Sy(a) is defined to be zero. However, if the character
sequence « has the following form:

last name + first name,
we used 10 % of Si(e) as Si(a), and 10 % of St(a) as Sy (a),

2.3 Use of morphological analysis result

The Person Name Construction Model tends to extract too many names from
kanji word sequences. This occurs because this model measures the appearance
of the person name, although appearance is a weak indication of a person’s name.
Therefore, it is difficult to judge by only these characteristics whether or not the
kanji word sequence is a person’s name.

In this paper, we use the result of morphological analysis, together with the
Person Name Construction Model. First, we have applied the following heuristics.

HO Morphological analysis error caused by the unregistered person name in-
cludes the kanji word whose length is 1.

For example, the first name “fPUER” is segmented into “/f&/” and “/DUER/”,
but this segmentation is wrong. This morphological analysis error includes the
kanji word “/f#/” whose length is 1. Most Japanese names have a length of
1,2 or 3. So, if a morphological analysis has incorrectly segmented a part of a
person’s name, it is clear that a kanji word with length 1 is included.
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By using the heuristics HO and the dictionary, we can judge that a kanji
word sequence isn’t a person’s name. It should be noted that the heuristics HO
does not help us to judge whether a kanji word sequence is a name. If we can
judge that the given kanji word sequence isn’t a name, the score is zero, and if
we cannot judge, the score is obtained by using the Person Name Construction
Model.

Next, for the kanji word sequence which includes a kanji word with length 1,
we use the following heuristics.

H1 If a morphological analysis error caused by the unregistered person name
1includes the kanji word whose length is 2, this kanji word is a person’s name.

In the above example, the morphological analysis error (segmentation into
“/8/” and “/EER/”) for the first name “fMUER” includes the kanji word “/IH
BR/” with length 2, and this word is a person’s name. The heuristics H1 seems
tenuous. However we confirmed it to be effective by the following experiment.
First we picked person names with length 3 from the dictionary. If the picked
word has a character string of k;k;ks, we made the character strings k;k; and
k2k3, and checked whether k1ks or kaks is a person’s name. 78.0% of the picked
names kik; or koks resulted as person names. This experiment shows that the
heuristics H1 is effective.

By using the heuristics H1, we can judge that a kanji word sequence is not
a person’s name. Again note that the heuristics H1 cannot judge that a kanji
word sequence is a person’s name. If we can judge that the kanji word sequence
isn’t a person’s name, the score is zero, and if we cannot judge it, the score is
obtained by the Person Name Construction Model.

Lastly we use the following heuristics:

H2 “numeral word + suffix word” is not a person’s name.

This pattern appears frequently. The kanji word sequence “/¥F/F/” is an
example of this. We assume that these kanji word sequences are not person
names.

2.4 Collection of revision error

Even if we use the proposed model and heuristics HO,H1 and H2, some kanji
word sequences are judged wrongly as person names. However the frequency of
these wrong revision patterns is low, and we gathered frequent revision errors to
avoid these errors.

~ First, we did morphological analysis on a part of the training corpus 2. Next
we revised morphological analysis errors with our system. We collected revised
person names, and made a frequency table for the names. Because the frequency
of general person names is low, names with high frequency are regarded as wrong

# 10% of training corpus
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revisions. Through these experiments, we registered the following 10 phrases as
non-names. :

“E]ﬂé”, u%%’eu, “ﬂan' “@FBEI”, :cTETﬁ::, u%"fi:”, ::_@::’ u{;.‘_;_‘-ﬁn’ uqun, “B
{ﬁ.n

3 Experiment

To confirm that our proposed model is useful and effective, we picked 1,095
sentences from the beginning of newspaper articles®, and experimented with
them. We did a morphological analysis of these sentences using the JUMAN
system *. Investigating the results of the morphological analysis on them, we
found 51 errors (42 kinds) caused by unregistered person names. Our system
revised 58 phrases (41 kinds) that resulted from the morphological analysis.
A correction was made on 37 phrases (28 kinds). This result shows that the
precision rate was 63.8% and the recall rate was 72.5%.
The corrections are shown in Table 3.

Table 3. Right revisions

[kanji word sequence |correction ]
[EN/F/B/HE/ /5 #/*F B/ (last name/first name)
G ZIEIEEE T /&7 [ K=K/ (last name/first name)
[N/ B=/B R3/8FE/|//NF/B=/ (last name/first name)
R/ &EBER/FI R/ /AR /& TEEE/ (last name/first name)
IEIE=T /XE/ (last name)

[iR/ix/ JIR3E/ (last name)

VeV TRZPN /=8 /B A/ (last name/first name)

Our system could not detect 14 morphological analysis errors (13 kinds)
caused by unregistered person names. We have classified the reasons for this
into the following 4 types.

1. Segmentation of a registered word is wrong (2 errors, 2 kinds).
These two kanji word sequences were segmented as follows:

- [F L[/ /E/ (Right segmentation is /3 £ /M /K% /)
— /3 1/HH/%/#85A/ (Right segmentation is /3 1 /H /H&/#&54)

% Mainichi Shinbun '95 CD-ROM.

* JUMAN is a standard Japanese morphological analysis system
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The registered words (“/f%%&/” and “/H/”) were also wrongly segmented
like those above. Because our system assumes that there are none of these
types of errors, our system cannot extract the name or revise this type of
error.

. Person’s name is foreign (7 errors, 2 kinds).

For example, “/8f/{L/f/” and “/E/3X/M/” are morphological analysis
errors. But these name are Chinese or Korean names.

Because our proposed model is based on heuristics founded on Japanese
person name, our model can basically not detect this type of error.

. Person’s name is old (3 errors, 3 kinds).

The three names are /K& /5=/k/", </EHS /B /)" and “/F/%/”. Be-
cause we used current newspapers as the training corpus, it is difficult to
devise the model parameters for old Japanese names. These name are not
covered by our model.

. Person’s name is very rare (2 errors, 2 kinds).

These name are “/i/&8/38/=/” and “/H/#/3L/”. Our model must re-

vise these errors, but was not able to do this.

Only the 4th error type has been unsatisfactory in our proposed model, so it

is reasonable to assume that our proposed model is effective.

Next we classify revision errors (19 errors, 16 kinds) into 4 types as follows.

— The detection that the given kanji word sequence includes a person’s name,
is successful, but revision fails (4 errors, 3 kinds).

In the case of morphological analysis error “/#i/#F/5#/=/”, we revised “/
/587 to /K" (last name), but this is wrong. The right revision is &
1%%8 /3=t (last name/first name). In this case, the system has successfully
detected that the kanji word sequence “/#/%E8/i#/=\/” includes a person’s
name. : :
The unregistered proper noun which is not a person’s name is revised (9
errors, 7 kinds).

In the case of morphological analysis error “/%/&/BH#k/”, we revised &/
2/ to “/28/” (last name). The kanji word sequence “/2/5/" is an
unregistered proper noun, and the right segmentation is “/28/”. So our
revision is effective, but the word “/2&/” is not a person’s name.

The unregistered proper noun which is not a person name is detected, but
the revision fails (5 errors, 5 kinds).

In the case of morphological analysis error “/i/Fk/#1/”, we revised “/Fk/
Hi/” to “/KEH/” (last name). The kanji word sequence “/id/KR/H1/”7 is an
unregistered proper noun, and the right segmentation is “/THFRHL/” . We suc-
cessfully detected that this kanji word sequence includes unregister words,
but failed to judge the unregistered word is a person’s name, and the seg-
mentation for it failed.

Results of morphological analysis were correctly revised (1 error, 1 kind).
For example, we correctly revised the segmentation “«/®/O/7 to “/RE/”

(last name).
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Generally, we cannot judge without contextual information whether a proper
noun is a person’s name or not. Therefore, we cannot avoid the 2nd type error.
The recognition of an unregistered word is useful in NLP systems. As for our
system, only the 4th error is regarded as a failure.

In conclusion, We should note that our proposed model is useful and effective.

4 Remarks

The aim of our system is the automatic revision of morphological analysis errors
caused by unregistered person names. However, our system can be used as the
extraction system for person names. In recent years, the information extraction
systems have been actively researched[4]. In these systems, it is important to
correctly extract person names from texts(7]. Our system is useful in this aspect.
The problems of extracting person names are classified into the following 3 types.
These type phenomena make it difficult to extract names.

1. Morphological analysis errors cause by unregistered words.
For example, the right segmentation for the character sequence “EiA{@0Y
BR” is “/8hA/HEIUER /7, but a morphological analysis wrongly segments it
as “/EnA/f/IUER/”, because the first name “EEIUER” is unregistered.

2. Assignment of part of speech fails.
For example, a morphological analysis correctly segments “HiJI[IE” as “/#f
JI/IE/”, but the part of speech for “HHJI” is assigned as a general noun.
This is wrong. The part of speech for “4JI[” is the person’s name.

3. The word is correctly judged as a person’s name upon morphological analysis,
but the word is not a person’s name in the context.
For example, a morphological analysis correctly segments “4A FE” as Tl
F/2/”, and the part of speech for “#AF” is correctly assigned as a person’s
name. However, in information extraction, the word “AF” should not be
extracted as a person’s name, because the phrase “/TR°F /2" is the orga-
nization name. 3

Our system can be useful in solving the first problem. The 2nd and 3rd prob-
lems cannot be solved without contextual information. Contextual information
is also useful for the 1st problem. However, as mentioned in the introduction,
even the method using contextual information needs to Judge whether the given
word sequence is a person’s name or not. And our model can be used together
with all methods using contextual information. The improvement of the module,
which judges whether the given word sequence is a person’s name or not, directly
improves the extraction system of person names.

A fault of our system is that scores are defined by heuristic method. We
should define scores by probability. However, it is unclear how to make the score
correspond to the probability, and how to determine probabilities. A definition
of the score based on frequency like our system is simple, and works well. Con-
sideration of this aspect will improve our system.
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Our model deals with Japanese names and not foreign names. However, for-
eign names expressed by kanji characters are almost always Chinese names or
Korean names. There are a limited number of last names of Chinese and Korean,
and there is a heuristic that the length of the last name is 1 and the length of the
first name is 2[2]. We believe that it is easy to recognize unregistered Chinese
names and Korean names in Japanese texts.

5 Conclusion

In this paper, we presented the method to automatically revise morphologi-
cal analysis errors caused by unregistered person names. The main part of our
method is the module to give the word sequence a score which indicates the
degree to which it appears a person’s name. To implement this module, we pro-
posed the Person Name Construction Model which applies the heuristic rule on
kanji characters composing Japanese names. Through the experiment, we have
shown that our proposed model is effective and useful. The problem of our revi-
sion system is how to define scores. For this problem, the import of probability
may be effective. This is our future task.
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