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Fig. 2. {A) Red and blue bars represent completedness judgments of musicians and non-musicians, respectively. B and C depict completedness judgment of both groups.
There were no main effects for Group, though there were for Tonality (B) and End-type (C), revealing that both tonal melodies and tonic endings elicited a stronger sense of
completeness than atonal melodies and subdominant endings did, X bars represent the proportion of responses in the forced-choice task (completed or uncompleted). Error
bars reflect standard error of the mean. Erver bars reflect standard ervor of the mean. (For interpretation of the references to colour in this figure legend, the reader is referred

to the web version of this article.)
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Fig. 3. MEG waveforms and the blacked line in the upper figures indicates 22 planar
sensor pairs (44 channels) that were used for analysis (A). (B) ANOVA results of N1
latency. N1m latency is significantly faster in musicians than in non-musicians. (C)
In SF amplitude, the responses of SF musicians were significantly larger in tonal
conditions than in atonal conditions. In contrast, the oppasite trend was observed in
non-musicians. Error bars reflect standard error of the mean.

between group and tonality (F (1, 16)=17.29, p < 0.001). Post-hoc
analysis revealed that non-musicians had a larger peak amplitude
in response to tonal melody than musicians did (F (1, 1)=5.77,
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Fig. 4. Grand-averaged RMS waveforms of 44 predetermined channels (22 channels
for each hemisphere). Because we applied two different low-pass filters, figures for
—100-300 and 300-700 ms are shown separately.

p < 0.05). The responses of musicians were larger in tonal melody
than in atonal melody (F(1, 1) = 9.57, p < 0.001). In contrast, the re-
sponses to atonal melody were larger in non-musicians than in
musicians (F (1, 1) =7.78, p< 0.05) (Figs. 3B and 4).
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3.2.3.1. ANOVA results using averaged data of SF window. As Fig. 3B
shows, SF amplitude appears to be more sustained in non-musi-
cians than in musicians. To verify this tendency, we also conducted
repeated ANOVA for the average value of a 50-ms time window.
Significant interaction between group and tonality was observed
for a latency of 300-700ms in the right hemisphere (300-
350ms: (F (1, 16)=10.11, p<0.01), 350-400ms: (F (1,
16) = 14.97, p < 0.005), 400-450 ms: (F (1, 16)=13.70, p < 0.005),
450-500 ms: (F (1, 16)=14.35, p<0.005), 500-550ms: (F (1,
16) =16.24, p < 0.005), 550-600 ms: (F (1, 16)=13.46, p < 0.005),
600-650 ms: (F (1, 16)=8.55, p<0.01)). 650-700ms: (F (1,
16) = 5.53, p < 0.05)).Post-hoc analysis revealed that amplitude in
response to tonal melody was significantly larger in non-musicians
than in musicians (300-600;300~350 ms: (F (1, 1) = 6.03, p < 0.05),
350~400ms: (F(1, 1)=4.96, p < 0.05), 400~-450 ms: (F (1, 1) =4.56,
p<0.05), 450-500 ms: (F(1, 1) =4.57, p < 0.05), 500-550 ms: (F (1,
1)=4.74, p < 0.05), 550-600 ms: (F (1, 1)=5.17, p < 0.05)).

The responses of musicians were larger in tonal melody than in
atonal melody (300-550 ms) while the responses of non-musicians
were larger in atonal melody than in tonal melody (300-700 ms).

3.3. Dipole location

We calculated the x (medial-lateral), y (posterior-anterior), and
z (inferior-superior) coordinates of the ECDs for the N1m, P2m and
SF peaks in each group, stimulus, and hemisphere, respectively. In
order to evaluate the dynamics of dipole location through time, the
coordinates of each component were averaged across stimulus
conditions. Fig. 5 shows the contour maps and G6A shows the
calculated equivalent current dipole locations of one representa-
tive subject overlaid onto the individual MRI brain reconstruction.
The group-averaged source locations of the N1im, P2m, and SF
components are also plotted on an x-y (axial) plane (Fig. 6B). The
mean locations of ECDs across subjects with different peaks were
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Fig. 5. Shows contour maps of the four stimulus types in representative partici-
pants. Red and blue markers indicate averaged dipole location in musidans and
non-musicians, respectively. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this arficle.)

confined to a small volume ~8 mm lengths in x, y, and z coordi-
nates, although intersubject variation existed.

For statistical evaluations of estimated locations between
groups, we conducted t-tests between musicians and non-musi-
cians across every component. There was no significant difference
between groups in any component. Then, to examine the effect of
statistical location shift regardless of group, we averaged the
coordinates of the last note and conducted ANOVA to examine
any difference in the x, y, or z values among N1m, P2m, and SF
components. Location difference was found in x and y coordinates
across components in both hemispheres, indicating that the P2m
ECDs had larger y coordinates than did the N1m ECDs and SF ECDs,
which means that the ECD of P2m response was located anterior to
the ECD of SF or N1m response in the left hemisphere. Another
difference found that the N1m ECDs had larger x coordinates than
did P2m ECDs in the right hemisphere, indicating that the N1m
responses were located lateral to the ECDs of P2m responses
(Fig. 6C).

N1m estimated sources tend to be more lateral to those of P2m
and P2m estimated sources were located anterior to those of N1m.
These location shifts were consistent with those seen in a previous
study (Kuriki et al., 2006),

Generally, ECDs were found in the vicinity of Heschl's gyrus
(HG) and the perisylvian area. Dipoles of P2m and SF were also
localized in the inferior prefrontal area and the insular area. None
of the variables was consistently found to influence the location of
ECDs, but these dipoles were localized in the area that is responsi-
ble for tonal processing.

4. Discussion

The current study examined whether there was any difference
in the neural responses of musicians and non-musicians to tonic
and subdominant melody endings given no difference in their
behavioral responses. We also examined whether the context
provided by the preceding melody influenced the sense of the mel-
ody’s completion. Behavioral results indicated that the judgment of
a melody’s completeness is similar in musicians and non-musi-
cians. Tonal melodies with tonic endings were judged to sound
the most complete, while atonal melodies without tonic endings
were judged to sound the least complete. In contrast, neural
responses recorded by MEG were different between musicians
and non-musicians in each of two components, N1m and SF. The
latency of N1m, which is sensitive to the physical aspects of tones
(Naitanen and Picton, 1987), was significantly shorter in musicians
than in non-musicians. On the contrary, SF, which is suggested to
be relate to sustained attention and cognitive burden (Minati
et al, 2008, 2009, 2010), was stronger and more sustained in
non-musicians than in musicians. These findings suggest that dif-
ferent processing mechanisms are at work in musicians and non-
musicians, even when there is no apparent difference in their
behavioral responses to the melodies.

4.1. Differences in evoked responses between musicians and non-
musicians

First, the latency of N1m was shorter in musicians than in non-
musicians in the right hemisphere. The different latencies infer
that the melody process in the present study is different between
musicians and non-musicians. N1m is sensitive to the physical as-
pects of tones: its amplitude is positively correlated with the
strength of a tone (Siedenberg et al.,, 1996) and influenced by the
frequency of a tone: N1m responses are generated by tonotopically
organized neuronal populations (Woods et al., 1993). In addition to
being sensitive to a tone’s physical aspects, N1m is also sensitive to
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Fig. 6. (A) Dipole location on the MRI surface. (B) Calculated equivalent current dipole locations of one representative subject overlaid onto that individual's MRI brain
reconstruction. (C) The group-averaged source locations of the N1m, P2im, and SF components are also plotted on an x-y (axial) plane.

the cognitive factors of listeners including attention and expecta-
tion (Hillyard et al, 1973; Naatdnen and Picton, 1987; Berman
and Friedman, 1895; Helenius ef al., 2002; Rof et al,, 2002; Lange,
2009; Choyama ef al, 2012); expectations in particular are
strongly affected by the effects of training. It is also reported that
the amplitude of N1m is correlated with the musicality score and
with the paradigm’s difficulty (Alhe et al, 2012). In their study, dif-
ferences between musicians and non-musicians were elicited only
when both participant groups were engaged in melody oddball
paradigm not but ordinary oddball paradigm, suggesting that neu-
ral differences are derived from music ability (Alho et al,, 2012). It
is also well known that listening strategy differs between musi-
cians and non-musicians {Fujioka et al, 2005; Neuhaus et al,
2006). A musician relies more heavily on an expectative way of lis-
tening than a non-musician does (Pantev et al,, 1998, 2001; Shahin
ef al., 2003; Fujicka et al., 2004, 2005; Tervaniemy ef al,, 2008;
Straif et al, 2010). When the subject uses expectative listening,
as when, for example, an identical stimulus is presented repeat-
edly, a strong attenuation of N1m/N1 occurs (Siedenberg et al.,
1996; Rof et al., 2005). This phenomenon is due not to any adap-
tation of auditory cortical neurons but rather to an effect of expec-
tation, namely, template matching. When listeners can easily
predict the next stimulus, cortical activity declines.

In the present experiment, the physical aspects of the tones
were completely equal befween conditions, allowing us to consider
other factors that may influence N1m latencies other than the
physical aspects of the tone. Although we did not present the same
stimulus repeatedly, we presented stimulus sequences based on
musical rules, so that listeners with knowledge about musical rules
could easily predict the ending tone. The music experts who partic-
ipated in this study fall into this category because almost all of

them said that they noticed the presentation rule in this study
and accordingly listened with expectation. The amplitude and
latency of N1 is enhanced by memory-based attention (Ohoyama
et al., 2012). The differences between musicians and non-musi-
cians in N1m amplitude and its latency are possibly caused by
difference of memory-based attention.

Second, the amplitude of SF was significantly larger in non-
musicians than in musicians in response to tonal melodies in the
right hemisphere. In non-musicians it was greater in response to
tonal melodies than to atonal melodies. In contrast, the responses
to tonal melodies were significantly smaller than those to atonal
melodies in musicians. SF, which is essentially related to the stim-
ulus duration, has been demonstrated to be enhanced by attention,
especially continuous attention during an entire sound signal
presentation (Rof et al., 2004; Okamoto et al., 2011). In addition,
enhanced amplitude of SF has been also suggested to reflect stim-
ulus complexity and task difficulty (Gunji et al.,, 2003). Minati et al.
(2008, 2009) have demonstrated that a sustained late component
whose latency window and amplitude are quite similar to those
of our SF was prolonged as the structural complexity of a melody
and the corresponding cognitive burden, requiring the gradual for-
mation of a melodic gestalt, increased (Minati et al., 2008, 2009,
2010). In the field of language research, it is reported that facilitat-
ing factors like semantic or phonological priming tend to reduce
the amplitude of the N400 component, whose time window and
sustained waveforms are also similar to those of our SF (Helenius
et al., 2002).

In the present study, again, although structural complexity was
identical among all stimuli, our data on the interaction between
group and tonality suggest that tonal information elicits different
neural processing patterns in different groups. Possibly, the same
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behavioral task constitutes a more difficult task and a greater cog-
nitive burden for non-musicians than for musicians. For musicians,
it is easier to predict the ending pattern in a tonal melody than in
an atonal melody, so that this task elicits a higher SF amplitude for
an atonal melody than for a tonal melody. For non-musicians, in
contrast, judging the completedness of a melody is a difficult task.
They might focus on the tonal melody in order to judge completed-
ness, therefore eliciting a higher SF amplitude for a tonal melody
than for an atonal melody. This intergroup difference in response
to tonal melody is also explainable on the basis of differences in to-
nal processing between the groups.

We found a similar interaction in N1m amplitude, but it did not
obtain significance in post hoc analysis. It might be due to the style
in which we presented each melody; specifically, our end tones
consisted of pairs of the same semitone. Musicians were therefore
more likely to expect the final tone from the tone before the final
tone.

The difference in SF between musicians and non-musicians con-
trasts with the shorter N1m in musicians, suggesting that different
melodic processing techniques are used by musicians and non-
musicians.

In the current study, there was no significant difference in the
P2m component between musicians and non-musicians or be-
tween melody types. Whether P2 is modulated by training is still
a matter of controversy (Tremblay et al, 2001; Shahin et al,
2003; Bosnyak et al., 2004). A large N1 amplitude is sometimes
accompanied by a large P2 amplitude, but not always, especially
in an MEG study. There have been many articles reporting atten-
tion modulation or other differences between musicians and
non-musicians in N1m and SF without P2m, especially in MEG
experiments (Rof et al., 2002, 2005; Kuriki et al,, 2005, 2006; Alho
et al., 2012). It might be difficult to elucidate a slight difference be-
tween musicians and non-musicians in a study like the present one
because the RMS increase for P2 is less prominent in MEG than in
EEG (Shahin et al., 2007).

4.2, Preceding melody effect

Our behavioral results clearly showed that tonal melodies with
tonic endings (Tonal-Tonic) elicited a strong sense of complete-
ness, and that this sense of completeness was attenuated as
tonality was reduced. Based on these findings, the sense of com-
pleteness is considered to be unstable and easily influenced by
both the tonality of the preceding melody and that of the ending
pattern. Partially tonal melodies and endings (as in Tonal-Subdo-
minant, Atonal-Tonic) might evoke a limited sense of complete-
ness. The sense of completeness was dramatically attenuated
when an atonal melody was paired with a subdominant ending
(Atonal-Subdominant). This behavioral tendency demonstrates
that the degree of completion does not depend on the local har-
monic and acoustic features of the final two tones, but rather on
the interaction between the preceding melody and the final tones
{Bigand and Pineau, 1997). Furthermore, this tendency to rate
more tonal melody-ending combinations as more complete was
found to occur to a similar degree in both musicians and non-musi-
cians, without any significant difference according to our statistical
analyses. This suggests that the process of judging the complete-
ness of a melody may remain unchanged after musical training,
in keeping with previous reports showing that learning musical
structure does not require explicit training (Bigand and Pineau,
1997).

Because we did not require our participants to judge the com-
pleteness of the melodies as quickly as possible, behavioral indices
such as response time were not available for the study of addi-
tional possible differences between musicians and non-musicians.
Our results, however, are consistent with previous reports showing

that even non-musicians can process tonal musical information
(Koelsch et al,, 2000; Koelsch and Siebel, 2005).

4.3. Deviant detection

Most of the preceding studies of event-related potentials have
employed tasks in which the target stimulus was presented less
frequently, in order to evaluate the ability to detect the target. In
the present study, in contrast, we presented four kinds of stimuli,
each with the same probability. In other words, the tonal melody
with the tonic ending and the other three melodies with their grad-
ual changes in tonality of melody and ending were each presented
one-fourth of the time. Therefore, given the physical similarity of
the stimulus cenditions, the differences between responses to
tonal melodies and responses to atonal melodies are probably
derived from the listener’s expectation of the ending.

Music syntactic experiments repeatedly demonstrated that
unexpected harmonies may evoke right lateralized ERAN or EN
even when a musical stimulus is ignored and participants had no
special musical expertise (Koelsch et al,, 2002; Koelsch and Siebel,
2005). In the present study, we observed decreased N1m latency in
the right hemisphere and differently enhanced SF amplitude
between musicians and non-musicians in the right hemisphere,
suggesting right lateralized music processing.

4.4. Stimulus conditions

In the present experiment, we used an identical sequence of
two final tones for all combinations of melody and ending types,
and changed the melody and ending types by manipulating the
preceding melody. Conventional experiments on musical percep-
tion usually replace only the last cadence with an unusual cadence
or tone. That experimental method, however, is not ideal for our
goal of investigating whether musical context influences the sense
of a melody's completeness regardless of local differences in the fi-
nal chord. Neural responses elicited by a single dissonant chord or
minor chord in the ending may not be the same as those elicited by
a single consonant chord (Blood et al,, 1999; Mizuno and Sugishita,
2007; Green et al., 2008; Virtala et al., 2010). The emotions elicited
by dissonant chords are also different from those elicited by conso-
nant chords (Blood et al, 1899; Tervaniemi and Brattico, 2004;
Pallesen et al,, 2005). Even a consonant stimulus can be perceived
as a deviant stimulus when it follows a chord in a different key, be-
cause of the juxtaposition of different harmonies {Bergelson and
Idsardi, 2009). When presented in a musical context, the sensory
dissonance of a chord also depends on its harmonic pitch relation-
ship with preceding chords (Regnault et al., 2001).

The previous experiments on this topic could not eliminate the
possibility of differences in response caused by differences in the
final chords themselves, because the ending tones or chords of
the stimuli were always physically different from those of the con-
trol stimuli (tonic chords versus dissonant/unrelated chords). In
our experimental paradigm, on the other hand, we used an acous-
tically identical ending pattern with each stimnulus in order to elim-
inate the possibility of differences in neural responses due to the
use of different ending tones. By this means we observed neural
responses indicating processing using information from the rela-
tionship between context of the preceding melody and the end
of the melody.

Harmonic expectancy is generated in both bottom-up (i.e.,
results in peripheral analyses of auditory information evoke expec-
tation of following musical sequence in the central structures) and
top-down (i.e., template matching) manners (Narwmour, 1991;
Regnault ef al.,, 2001). The bottom-up manner of listening reflects
the influence of perceptual organization based on acoustical anal-
ysis of the target stimuli, while the top-down manner of listening
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reflects the importance of the listeners’ knowledge of a given mu-
sical idiom such as tomal-harmonic hierarchy (Regnault et al,
2001). In the present study, we set out to assess a type of selective
attention, namely, the expectation of a particular type of musical
ending (top-down listening based on the knowledge of musical
rule), which is not realized by the bottom-up manner of listening,
and also to assess specifically the effect of training on the top-
down listening process. Indeed, it has been shown that top-down
listening affects bottom-up sensory input and controlled cortical
re-organization in adult rats (Ohoyama et al.,, 2012). The effect of
selective attention has also been confirmed in a human imaging
study, which suggested that attention focused on one auditory
component intensifies its representation (Debener et al, 2003;
Okamoto et al.,, 2007). For this purpose we compared responses
to the same physical ending tone sequence paired with different
preceding melodies.

5. Conclusion

Musicians and non-musicians rated the sense of a melody's
completeness similarly when they listened to stimuli composed
of various combinations of tonal and atonal meledies and tonic
and subdominant endings. Musicians and non-musicians did exhi-
bit differences in amplitude of both the N1m and SF components of
MEG waves. The present findings suggest that, in assessing a
melody’s completion based on the combination of the preceding
melody and the ending tone, musicians and non-musicians may
undergo distinct neural processes, even when the two groups
assess the sense of completion similarly.
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BERITOMETIE, BEZzAZBLOMNEEBETI V-T2, 55 L0%KD
TBWZ V- THOELEIER I TIEBREZBERLCE . L2l #
DHEEZERA IV TIIBTABBEALORBPITELVwE W MERS 5.
FITHRAL, ERBIIN-TTLIIRLBEFEERL, Fhondh o Rl %:
&ﬁ%&b%% WERET L. COETVIREBLEEOEWI V- TIBT 5 EMR
DML ZBETAZLIZL s TREHLRIEZIT) 2N TE, SE0NERE{LHT
BECThAH. ERTIE, REFEIERERICEIBFIVIBEIALTL L%
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Japanese Predicate Argument Structure Analysis by
Comparing Candidates in Different Positional Relations

between Predicate and Arguments

YuTa HavasHiBe!, MAMORU KomacHI'T and Yuir Matsumoro!

In general, arguments are located near the predicate. A previous study has exploited
this characteristic to group candidates by positional relations between a predicate
and its candidate arguments and then searched for the final candidate using a pre-
determined priority list of the groups. However, in such an analysis, candidates in
different groups cannot be compared. Therefore, we propose a Japanese predicate
argument structure analysis model that gathers the most likely candidates from all
the groups and then selects the final candidate amongst them. We can account for
candidates with less priority before making a final decision to perform global optimiza-
tion. Experimental results show that our model outperforms deterministic models.

Key Words: predicate argument structure analysis, positional relations between predicates
and arguments, selection-then-classification model
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1 1EU®HIC

{4

WERBIERAN O B, Rie N6 OHEL XOFRMY 2 BREML L LT, X#E»S [
P& ES L] L) BRNZEEAIILT AL THE. onid, BERHRSEESEL
EQHREFLHOIGHIIBWTERL Y A7 0125 THA (Surdeanu, Harabagiu, Williams,
and Aarseth 2003; Wu and Fung 2009).

MEELOEZIT, MOBEE L &I 5 (B AR CENFES 2010). BARGE
T, RFFERFICL - T, WEFRE - BIFAE - ZFAFEO SEEICHTONE. BES
BRZ 3010, #iF (FFEzad) PLETHY, TNSIEEENENRS. /-, &F
EEHOBERMEGBERT IV LR LIRS

HEIRAHERP S TR L ZEZIINL 2L PHY, ERSn-EBEY FOKKHE Yo
ﬁ%ﬁﬁ%ﬁ?é%?%%ﬁﬂ&%ﬁ COERIAFIIEOBE LIFIIN, HAECTIIHEOSE
WEAS /U7 E 5 Z 8 b, RFFEMEETIIE O BISETE LT kbTE L R, B
& 2004; 15, Eﬁ2mn

KTk, HEAFEOMNERGROEEZ RO 4HEICHETS. RELE—XNIZHVRY
ZUEMRICH HE?, (PuRfRGHOKTHAL LTHR—XHICHEET S) XHAED, (PuiidH
DFATIH & L TCHRFE L TR A PICHFET H) XHED, BLU CCEHRIZIEEELZW) 4
RETHALH. KIETIX, #FNZFNINTRA.D, INTRA_Z, INTER, EXO L5, HAMEENDH 5
ICTHZR 2w E &1, ZOREOHEIT ARGyurL 728 L, #O#3E & ARGy 1& NULL
EWHMBEBERICHDE LTELSL. ABE T, EXO & NULL 2#F%: LT NO-ARG & .5
BlzE FlLeBWT, [ZRor] & (B 0I9RE 2y 47 | 1ZIFNFNINTRAD -
INTRA.Z, [#RAZZ] OFHEIE (%] X INTER ¢, =#3HiX ARGyuLr, TH 5.

a0y e o R, BWTENL.

(p7%) YVa—ABbEKATL. M

—fgic, HIRRBRFIENEIAHIIHD L) RE GLRERE ¢Ro. 2o, IniE
TORBHEBERTOMETIE, ZORFEOFIRAEZKRL LR THRATE /2.

ME, B (2004) % Taira, Fujita, and Nagata (2008) IZIEBEM & REFEOHRY ZIFBHEFEOME
BOLIZHEANO )R T IONEFZ2ERL, FOEFRICEs THOBER®To/z. 72, lida,
Inui, and Matsumoto (2007) iZR5E & F— XA OEMEZ BENICER L. I o 0EfTie
TiEHo» LOED TBVWEHONERRICED CEFICH - LER 2T, ELHLWLONF
ROPNEUBROBREIZ L2V, 20700, EZAVERRICHLIEMED [EELPLDHE

LARCIE, AREEIRELERR)RIBRIIRCI L EERT S,
2 I COBKENE 2Lk, BMOEFF—OBELEEERO LB ) 5,



FRER - /BT - HATK MEE CROMEBERR I & OBBIUEC & 3 B RERZFREEMRAT

SLwAl EWwI) MM REBIITR Y, AFLEEGORHRLIS [0 HVEE LTSS
bLWh] LI LHE2Tba T NER S n ) MEESH 5.

Z T, AT, BOMEBERILICHBIIICRABRH2EH LR, FAO0RLLHL
BT 1OBRTALVWIETVERETS. NEHERILICEBREFAVESTALIET, &
ISR ETFNERECER LIRS, T MBEROBLIEREZF TR, 200
B (EM) DAVTRAMNICELLMNL) AL LW hPHEITE L L1k 5,

AREOEEBRTIE, ¥, @TOBRHZ2ZBLTLLEBINTIEFVE, BEOBEHYEEL
THRETDHETFTNVERRLT, RENLENOBRLELE2SWTA. I/ BICEOMBEE
TEORBETDLEVWET VR, BEERICEIo R ENLRBITET VEREEFTVEREL
T, TR IR TRIVEVEELZERTE 2L 3RT.

KEOBRIZUTOL I E>TWa,. T 2ETHREEBERITOLITHETCOMBREIE
LEADLZ ) 2T SOBEEF OB OWTRMNT 5. SETHREFEICOVWTIHRL, 4
ETHFMEROEREIZOWVWTENRS. 58 -6 ETIEEREROIT 2T, TETILO%

4 >

179

2 BEERE
S TIE, REBEEEBITOLSTHEICBITS, NMBBRREE~NOLZNRTIOERIERD
BN DOVWTEBANT L. IR LEREFEOBRE 2R 1ICE LD/,

2.1 RARTEHLENZETORE

2.1.1 BEIERE ZGRETHICKD 3HE

AE, BAE (2004) 13, B2 PORGEARE L ETAREO 2B, Ktk 7
BRIEE A RATARTOBICHG . EOOFETIE, T, K7L — 28 ICED RN

£1 TAHELBREFEORE

HOMEBEMROK | MERRI L ICEHRAEET NV RS S | RER % BT
AR, EAE (2004) 20 7
Tida et al. (2007) 2 v v
Taira et al. (2008) 7 v v
8, BAF (2011) — J

Imamura, Saito, and Izumi (2009) —
H, ®E, BF (2013)° —
REFE 3 7

S CHEITRE L 2.
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ko, FufaiEomiti 1), 200 HIFEETL LHESWAEER, Hoh L
RO TBWERIERIIE > TEMZREL, BHLE 7 v — 2 A OELEPBEL >
SHEERTCHOEME D ENLBEMERITHE LTRET S, SHBIIEOMERZICEDLS T,
HEHEDOD OB Lz, FEMICE, B7 -2 L 0BUERRAL &% v,
Mok, BEmEN, EE, HORALAEE Vo - XEROMEL D L, HoMBEG
MESiE (@A 7Y | EIFATE) % 0 EEICOHE L7
Wi, MEHTTY LN, BATROW) R 8%
FATHRCOMED 7TV H 5 A
FORET T TV 5L AR AERO N @
TARAaATLLZ:. #LC MEDTITY ZE, JHRET F A I 2734 (Kawahara, Kurchashi,
and Hasida 2002) 25 A2 72 HH L, BoN/IAaT7Z2EEIZY — P LTEFRENOHEIZD
WCESENER % 472

2.1.2 XAEH#HEZEENICERT 2 AHE

Tida et al. (2007) 1%, f7RlEM & ¥ RAFOMBEHBEHREL Ny — LT 272012, REH

I DT —AT 4 7T NIT) XL BACT (L, AR 2004) % v 7. BACT i3 A&7 —

Yae ANt L, @TOHIROFLODEIIHFSTHHIRIIN LTRELEAEZDIT L. K

HiX, EATREM L E oL oMLY ZARe, BRzRIREL, R/ - FlicFeLTo

ZIWTCBACT DA & L7z,

XEETAOREICIIFR N ZTERZANEATE 2V D, WOIXBTAOREE TV E XN

R, XHNEREEENICERTAUTOFER L o /.

(1) JABITAREBET IV My €, XARLLITH Cr 235k0 5

(2) HEHHEET VM, T, CrOFRTALLEDAIT p 2RKDL. HOHPLDOEDT
B HE O R LT, pp > Opge THNIE, CF 2BATFAEL LTERETS. £9T
RV IIE (3) IED.

(3) BABATAREET IV My T, JLHBARATH C3 2RO S

(4) FRISHHBET IV My T, C3 OFTHALLIDRAAT pp 2 KDL, HOHPLOEDT
BT HME Gpger WO LT, po > Oipger THNIE, C ZHRATHAE LTHRETH. €9 T
RiFE, BITALZLETS.

Mg« My FFNEFNBACT 2> THEH - 5L, /5T A~ Onira & Oier V&, BET—

YRHWTRELZLDERD L. ZOFETIE, XRORLETHRE R BIOEHE 21 CH

DEMOBRIBELETIC, RENICBIT LTS,
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2.1.3 BEENCZEROICROZHE
Taira et al. (2008) ¥, REVU A b2 BV TELTOBROMHNT 2 FERIZITH) FERRELL.
FYAMIBAOESICERBEMZFIT-230THY, BREFEBOEREL AFTHLeTnE
WIORRDPH L. EOoIIEHOMBRBR Y+ 4 A - BEFEICMA T, HEOHRE - HEAES
2k (R, B, B, BRE, 75, A, Kl K199 2o B/BONEERS T I - B
DWTHP1D2EMAZDDEHE LTHY, ThEnolz 1o0F®E L. #LC &
78 = & |2 Support Vector Machine DFE TREUNEAX BT, ZHEZEATY - LAEID%
REVAME LA, T2bb, 100FRT1OOREIAIOV—LE LTHo 1.
BOWHOBMN 2 BFR e L, HOMBREFAZRY ZTEBIESWTRO TEEICERLT
W3, B, fwk bw BN LEET, FOMOBEEFRL I LB TES.
e Incoming Connection Type (ic): Bx B XHPRFL O XEHIFE-o TS
HAKE ypm 7° ERLL
e Outgoing Connection Type (oc): BFEZ F L LEH I EHEZ E L LHICHE - T3
BEHEVLZ HHE a0
e Within the Same Phrase Type (sc): HASHEE & [/ UXHINICH 3
ARG g .
e Connection into Other Case role Types (ga.c, wo.c, ni.c): HEZ B L XHPRFEL L
Hite, hoBOELENAL THE-TE
P2 s g0 D BNy WL 2HE
e Non-connection Type (nc): HABFE L IZELRLHLIH B
e Forward Type (fw): XEWNIZT, HPRFORHIZH A
o Backward Type (bw): XERIZT, HIPFRFEOBRTIZH 5
EROMITIE, BBREICOVTROFIETITo 7.
(1) ic, oc, ga.c, woc, niciZPWVT, MBIV AP EZHWTHZRET S
(2) (1) THRIELLEDSLBIEOVT, sc DREVAIZ2HAWVWTHLZRET S
(3) WROBFFEEZFOMERS 50%L ETHNL (4) ILED
(4) nc, fw, bw ICBETAREV A P2 HVWTHEZEET 5
CZOFEFIIRERNIC, BLEERE
ic, oc, ga_c, wo_c, ni_.c > sc >> nc, fw, bw
DEHIICEDIE VLD, i, oc, gac, woc, nic HTOD, HROELEBIT .

COHER, BEBEONERRZEELLSD, AR )R TVIORLED T DPFFFH
THb. 12720, BEBELTVWAEMEABAFOBHROAZHWTEDL LW e ) 2o fHEFL T
X1z, LTFLILTORMESRL TP ORBMLBANZRET 2T TIER L, BHET
ENHTES LW O R 2T bk v,
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214 BBEHRVZURRCHI2GHEBENCETHI AL THE
B (2011) 1%, MTHSRFEORK 7 L — MEFIF NI LT, ROFIETHR T L —
L e HFEER OIS VR A AR L7
o EMTHNGURFRE LEBEMRY ZUBMRICH 2R ER LY, BENALBE T L2020y b
ERISAIT A, R RRAREIEE & o THEL L :5ER, BB AIsaim o ML
Il &, BEBOBAT Y M EDRIGMITDNEZ SNLEAE, £ A TRTOR
SR R T 5.
o LEOMBCERSNIMIGMTEFICNL, ST shhdo itk - 98 - =K
b, TR EE LR D TR R WEEEER ORI T 21T
Z L0, WEMIEE T VIS Tl D SRS WRIGAH ) # BT R e LTl LA &
ML, Bk 9 AR BEAEHREROMIE, HIKE HBEMEIICET S 850 2 EZM DL H
Wiz,
COFETIE, BTEIHTICBIT AT 2o TWADTIE L, FEBICERET%S. L
L, BELRYZTEBICDLEMZELOICETHL EALT D, B0 ZITERICHLE
e, R0 ZITBIRIC R WER F 22130 I B BB & OERIZT R 2.

2.2 BEIEFEZFEEELTRETIHE
MEBRELEADLZ )T SOBREELIER L LA LRERN LRI 24T O TIX 7% <,
FHEELTCHELAETRD S 5.

221 BAIYMAF—-ZZHWSHE

Imamura et al. (2009) 1%, ALY PO E—FICEITCEBIMET VE AV H61X,
BERIEICEFVESITAOTIE AL, FHLLT, RELEHOMERE, R Z)HE
rHWE, FLTEREESIZ, HE2ELZWI L AR T 2458 NULL =iz, F0OH9
%%ﬁ@%%ﬂ%f%&wo%rwm%ﬁot.&b,@ﬁﬁ#ﬁ@tb,iﬁﬁ@ﬁiLm
PELXOERMOLICHBELAZbNE, IRFTOMFTTITIKEL LTREINZSDOIR
ZLTW5S,

COFETIHBRILICEFT VT 1D FEFETRIL I v, 2720, ZOFETIE, BHEHEO
R EMRE LTHWA Z LI TE RV,

2.2.2 Markov Logic Z H\\ 3 Fi&

11 At (2013) 1%, Markov Logic #FIH LT, XAOBEROABTED HEEWAT & FRIZIT )
FERIRE L. Markov Logic 13— FEFHH & Markov Networks 2 #lA &b/ DT, —
BREREROFEZDIBEEORT VT 4 OLTRDSL I EHFTELHETNEIREE OB
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HThHAE. ROHIZERFE - EHEMEIR - B7 VA5 2REBIT)EFTVEREL .
ok, XMOBRMZMALOBFHBEEOME,r SEEZL LT3, R (BHIRFE) 12
BELEFEORYZITEMRZEZ BV,

3 M ECEOMEBREMR I & DEMILRIC & 5 B AEREIEEERH

FATATIE, BRIBLOBRNIEERICHZ2BHIEISBINTIC, BT Twi, 2
DFEE, BEIENOSWNERRICHZ2EOEZEOERII LTS Z L TE B0, BRIEM
DEWHBRERICHZ2EFHOBRFEITIFCLI) LWIMEASEHSL. T, BLEELOK
WA BBRICHI2BEHOZE L CHhOREBNEEREXITo L FA, &&0 2B RS LT
LEERD.

FITHRAE, BRULM—FAL D D200 72X 0k sh, NBHERILICRLEEY
ROTHOBRBHEHNZROLETVEREST S, ChiE, BR8] Lvw) 200
7 x— AR FORBREATHEE T TV (lida, Inui, and Matsumoto 2005) \ZEFE L BT, %¥0
SE7 - X% b—F A MR BEBRZZLDOTH A, B, TOEFNVIREILICERS
*2H - ERT 5.

3.1 EEEBMICHIIERETI—F A FETIL
3.1.1 1R&E

LoD T - ATEHEEOHREET IV % VT INTRAD, INTRA_Z, INTER D& A&
WrBHETS. FNENELRLZZEURLETFTVEAVTL L., EFVIZIE, REBELEENERD
BHEEASELTHZ, ERGAROEFOFO 122N IS,

3.1.2 bh—FA>b
KDTz2—ATRHERT =X THOLNLIDOBRAEREZANLL, 20550 10%
“NO-ARG” 2HAITA. Zhitih, BREBEHOI L ENSERETH L, dLIIEZE
AR ARV Y Il i AP
C0T7x2—XUEMIIRLEZEI I @) 5 () D320 2HFEEF NV THEIND. &
B, THEBITELRLIEFRZHE LAY, YARLEBRLZ () K TEBLETXLZ0)HE
JERNEE bt & =N AS
(a) INTRAD & INTRAZZHELT, LDV ZOBRFOESL LWHEZES
(b) INTER ¥ (a) CEHSNABHZHELT, IVZORFEOES LWHEERR
() (b) TERHEINZEHYL “NO-ARG” ¥ HELC, L) ZORBEOES LVFEES
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(c)

(a (b)
INTRA_D} [!NTRA_Z lNTER}[NO—ARG]
(a)- Lt

for— >

fros
»

M1 b—F A T7x2—ATO, MEBEBRSREL 2 HEHPSOBEOESE

(a) D5 (c) DL OFEEFHFIZIE, Algorithm 1 TRT L ) IKHER 7 = - X TCHELNLTR
Lz A5,

3.2 REFEOEEME

BEFEEI2DDETFTNEBEIILTWVA.

120 BB/ O RIS IS BT 2 BRBETRER T T IV (selection-then-classification model)
(Tida et al. 2005) TH 5. ZOETFTMIFDIC, BARTALZEKDD (oo nt 4RE” LIE
AT RIS, FORERTAZACT, AFAUFERICBEHATHL2LE) 22 ET S (]
Skt «HE LIFAR). CoETIVOR AR, BSERELRVWERAGLIEERMNOL
BICER DL ThE. WoIERT, BRARTAL B CREEHERTo4139 2% &A
RHHZ AV VEAS LD AEVEESEA IO, BEFED, NMBHEEAILICHRL
BHE RO COBRRPERICETH 20 RHET L. BABHOERZEICTED 2
ETC, MBERILORLEMEERFEINOERICHL ZENTES.

20 BT PO BISHITICBITA h—=F X2 MEFIV (IH, ¥, 7K 2004) THH. FDET
WE, ETORTHAER (EBRIZIETT2ETORAFAM) ORTIINLT, EbohLhE
FES L0 ESELEYET. P—F AV PEFLVOMBIIEFEOBREOZELF
FTENTELATHL, BREFEOI—F AV P 72— XTHRKIZ, bP—=F AL FEFV
PHWT, NMBHERIEIERINRLBEHORT 2L L LN ERES Lo 2{E58E
BYVEL, BREEOLELZTHIZLBTES.

4 FHEEER

41 ERBRF-—2tv b
FFMEFEEAICIE NAIST 7 % 2 b 2—/82 148 (S, AN, 2z b, &, B 2010) % Hy
7o, THREEHARETFAPNI-NA30 AZEICLTE), REHEMESE FRELFAOERE,

4 http://nlp.ist.i.kyoto-u.ac.jp/nl-resource/corpus/KyotoCorpus3.0.tar.gz

10
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Algorithm 1 57%E%% (a) classifier_a, (b) classifier_b, (c) classifier.c DB EFIOIEF TN TY
A
procedure TRAIN(predicate, gold_argument, candidates)

gold_argument_type < getArgumentType(predicate, gold.argument)
> EBEONERMARYIRT S

> MERERI L ICRAEM2IUFT 5
most_likely_candidate INTRA.D < getMostLikelyCandidate(predicate, candidates, INTRA_D)
most_likely_candidate INTRA_Z < getMostLikelyCandidate(predicate, candidates, INTRA_Z)
most_likely_candidate INTER + getMostLikelyCandidate(predicate, candidates, INTER)

if gold_argument_type = NO_ARG then
MakeExample(classifier_c, NO_ARG, predicate, most_likely_candidate INTRA_D)
MakeExample(classifier_c, NO_ARG, predicate, most_likely_candidate_ INTRA_Z)
MakeExample(classifier_c, NO_ARG, predicate, most_likely_candidate INTER)
return

end if

- MakeExample(classifier_c, HAVE_ARG, predicate, gold_argument)
if gold_argument_type = INTRA_D then
MakeExample(classifier_a, INTRA_D, predicate, gold_argument,
mostlikely_candidate INTRA_Z)
MakeExample(classifier_b, INTRA, predicate, gold.argument, most._likely candidate INTER)
else if gold_argument_type = INTRA_Z then
MakeExample(classifier_a, INTRA_Z, predicate, gold_argument,
most_likely_candidate INTRA D)
MakeExample(classifier_b, INTRA, predicate, gold_argument, most_likely_candidate INTER)
else if gold.argument_type = INTER then
MakeExample(classifier_b, INTER, predicate, gold_argument, most_likely_candidate INTRA D)
MakeExample(classifier_b, INTER, predicate, gold_argument, most_likely_candidate INTRA _Z)
end if
return

end procedure

procedure MAKEEXAMPLE(classifier, label, predicate, candidatel, candidate2)
> candidate2 1 X ERETX %
T candidatel, candidate2 2SHRISEARIC & FLITHBUI/ERL L 2\,
7R 5E predicate & JEEH candidatel, candidate2 I2Xf LT, EMRE F 2G5,
222 classifier I LT, FE2HWT, label # 9NNV & T H5EFHFE 1 OERT 5.

end procedure

11



BREEQIE  Vol. 21 No. 1 March 2014

HBIICH T 2 WA 40,000 XOHME I bl THE IR TWE, B, 7/5—v 3
VOBYOLD 6EEBRN L. SOOI RNADRELRE2CET LI ICET - 1% 055
A= Fa—y7) - FHEOLOIZ30E L. T, Taira et al. (2008) 2751 il (2013)
ERUAEHETH B, FIIWCHODAOKRHER 2 RIS

4.2 EBRTT

FEERTIE, MeCab0.996 - IPADIC-2.7.0-20070801 THAT L CTH O M- TBREZER, FEKEF
THFAPIT—IIR 3.0 THESNTWBHEITEHR, CaboCha0.66 THEMT L THLNAED 2
BR% 7z, JHOBEMIISCETRAL THid L7z, BT ST A & RO IETTY, RiEr &t
LD O ITHEBEM 2 T L e vy, 2B, HBBFFEOKITOWCOMENERITE URZEoMmo
FEAZ DO W T DIRIT IS E 2 RT3 v,

KB CHEREICESZRAL D, BEREI AZIZHIHET 2w, Wiz 5L, B
BETHIPEHODP LDV AT LG Z2TBL. BFEICITBRHE [T ] REAHHLEE.
RABEMREIE, b—F A2 METV(EH M 2004) V. 2O, REBEHOBER
HEZEICRRDEFVEERL, EFVOFEFEDL (B i 2004) I2HE- 7. BIIE, #
FFEIIEL 7 = — XT3 INTRAD, INTRAZ, INTER O LERZ FET 525, FhEFn

% 2 NAIST 5 F A b 22— 32 D FEHEEHR

Za—ARBEOHMHE | AHEEOME | RES | X | BE
#E | 1A1H~11H 1R~8H 1,673 | 23,150 | 64,173
% |1 A 12H~13 H 9 A 458 | 4,634 | 13,105
MM |1 14 BH~17H 10 H~12 H 662 | 8,795 | 24,296
£ 3 NAIST 7 F A b a—/RIZ BT ABEOHH
# | SAME.BS | INTRAD | INTRA_Z | INTER | EXO | NULL
W 128 33,775 12,057 | 7,436 | 10,529 248
2E | TR 58 22,869 2,051 806 60 | 38,329
=1 527 10,427 555 278 25 | 52,361
ki 39 6,954 2,700 | 1,819 | 1,501 92
% | T# 10 4,724 445 147 18| 7,761
. 51 2,673 212 80 5| 10,084
T 40 12,805 4829 | 3,241 | 3,140 241
Sl | T 18 8,665 829 291 14 | 14,479
- 132 5,023 358 155 12 | 18,616

5 ot L7 3CE ID - 951230038, 951225057, 950106156, 950106034, 951221047, 950106211

6 SAME BS IZH L BB FE—-XHTHE I L2 RT.

12



FREB - /AT - AR WREE L EOMBEMEZ & OBHELEIC & 3 RS REIEEERE
B 255 300BITET VR RALEFEEICHVS

4.3 HEBEFRME

FTRT X b—=F AV} 72— XA THVL3EIHITIE, Support Vector Machine (Cortes
and Vapnik 1995) & — AV THW:. BfE#I213 LIBLINEARL.OS"TOEE v, B
F— Y B HVINTG A= F - T ETFo T,

F #1213 Imamura et al. (2009) THWHNZZH D EIFIZE—OHREE W/,

o RFE - EERMOEE - BB - TOMOFEOMBR - WERER
o BEFZTHOPHALEO L EIXITDEE
o R FVAREORFE L HERDOBELRS
B ZIREDHEBER , — F N, LBFE/ — F N, »6FNZFN ROOT FfIZ
W EBILHOTRIT L/ —FE N &L, Nﬁ?ﬂViT@L@ULEU/—Fﬂ
% Agoco NpDO N, ETOEDONICEDL/—F % A, & T5. T2, N.ASHEKD
ROOT FCOEDYIZEL /) — Fil% A,y ope, & T 5. REBRTIE, /- FHlOXFE
FIFEH L LT,
- EFOEE
- EHom#A
~ BWEEEORE
—  BREEFEOmE
— BEEFEOERER + BEEFEO M
DEEY BRI, Ay OXFHNERBE S, ., A, . OXFHRHEZ S, . L L, Th
& DERER Syo + Spoe EF 5 |
FMIIL, S ot Speer SactSpctSers SavetSpctSer e+ SaotSpctSer cn e
Dr+1AOXEH TRV, 2% ). BRELEEHOBERL 5(r+1) BOXFF|THEA
L7-.
o HVFZIFARLED 2DODEBEH DG
RO FEETR ZITo 2.
o MEELIEMH - 2 00EEMMOMERE CUEIEAM - THAMA L 3 12)
o [AFE HEMOLIE PRl oax—1AhofEAa 7
g L HORKBEOET VLI (BH, &, BKR2004) 1o, ERaPEMEAEZAL

7 http://www.csie.ntu.edu.tw/~cjlin/liblinear/

8 Imamura et al. (2009) THX, YD X ) ZFBARBAICE L LAALPITFER STV R,

9 Imamura et al. (2009) TiE, ZNKEMHLET 23D LT, Good Turing AA—TV » V&L A-HBEREZHNT
Vwh. B NAIST 7% X b I — S AAHUEH % RV 7z 1991~2002 €O EAHME A2
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THE v 14> TV B & & ORI P((v,¢,n)) ZHET D720, (v,¢,n) % (v,¢) & n
OF S SRR/ I

LI H O HE (Hindle 1990) % v 7.

P({v,c,m))

P({v,c))P(n)

B, AL—T U7 Tbhrol. HOMAEBHREOFEHIZIEKRD 20022 %
vy, 200fExZNEN_MEZREEL L TRV,

PMI({v,c),n) =log

NEWS: 1995 % B < 1991 F4> 5 2003 4F F T4 HHEHK 1,800 773L. MeCab0.98'1C
TLHEFMEMT % 1TV CaboCha0.60pred 2 CH: Y VT 24T o 72, #FE& 1L NAIST Japanese
Dictionary 0.6.33% 7z, #92,700 Jixf o> ( BhE, #BIF, &5 ) oM & Ml L7z

WEB: Kawahara and Kurohashi (2006) 257 x 7% &N L7 B ARFHEK 5 &3, JU-
MANY CIZRER M 21TV, KNP TR Y Z BT 2477% > T 5. KNP OHEER
ARG R 54 53 BN o (GRFE, BB, B ) o it LT

o JEEMLRIOEBERN CHE ol Eh 2R 2 EIFH

o IEMEH O EF O Salient Reference List (Nariyama 2002) 12 38 V) 5 JHAL

4.4 HBWHR

FATHIZE T, A DD DL BRIRUEREBEBOFELF o TBVERREVFELR L. £
DI, "= F4 7 EFINE LTIIDA2005 HEMNEET IV E L TIIDA2007 - IIDA2007+ -
PPR- 2%, NBEMBAILICEABEHLZ RO THLOoRENZEN 2RO 2REET IV PPR
(Preferences based on Positional Relations) & IWE$ 5.

4.4.1 IIDA2005

MEBEZICEDLL T, ECOBRHOFPORLOEMETHERT7 - A T1OEH LR,
FN—F A N 72— ATENPFEE L TSSO LWAELEHETT5ET IV, (lida et al. 2005)
DRBFATHEIMET NV TH .

SETOBEBOTPL 1 D% EL LV ) ST (Imamura et al. 2009) & FIZFFEDET N TH 5.

WEEzUTOLEOABRATIRE EBRICIE, 2% 4554 FTo1HATELIELRELRA V.
11 https://code.google.com/p/mecab/

12 https://code.google.com/p/cabocha/

13 http://sourceforge.jp/projects/naist-jdic/

4 gAY 3 HHE, BEASW 2 BT, 2=— 2 #idH 700 .

15 http: //nlp.ist.i.kyoto-u.ac.jp/index.php? JUMAN

16 http://nlp.ist.i.kyoto-u.ac.jp/index.php?KNP

17 gpE 5 8 B, EA 2.8 BT, 12— 7 i 1.6 .
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FAED « /INET - #AXK HEE EIRONBRR T & OHEMLERIC £ 2 BARSREERHESRT

HODETNVERLLELRRE, RARMRAELREBHBEZELRL2EF VT AL, &1
BERFEER I 2 ERMHOBRELREL LTHAVEATHS.

CON—AFGAVETNVEZDMOET N ELET A2 LT, HOMBERICX > THRRED
BREFEZOITAZLOMRSL, NBERILERLBEREESVEE ) RLEGRLOL
BzBIZiT) R eHANS.

4.4.2 I1IIDA2007

THARAEMZER LB, TEBEFEE LTAIb Ly EHTIFns4EE LTHED
L, &9 ThITIERICCHEFOERRZIT) TNV, 2128 TR/ (lida et al. 2007) D
XANEHZELCHICERETAETVTHS.
WoDEFNERERLELR KL, RAGRHERERERHOBEREHEZT ) BRI BACT T
7% SVM 2 VA HTHA.

IIDA2005 & BT 5 2 LT, XNBEHEZELEWICERRTAZLOHREFARS.

4.4.3 TIDA2007+

INTRAD OREHR, ZLBEHISEHLLTHSh LAY ) »oHlr GERENE) 2179
BHRTHNTENEZHTILET T 4. FEEBTHILUTINTRAZ OBRRZTV, FEHFIEBSE
HEZIT). FRHFEETHITINTER OFERZITV, @k THTENEHI L, FFERE
THITHEHITE N L HUT 5. 1IDA2005 & IIDA2007 ® BAALILR T, BRiED O HKEN 2R
DTS DR FEFRIIEET 5.

IIDA2007 & (BT 5 2 & T, XAERMEZMA < INTRAD & INTRA Z 1253 CTEEIER %
DA ELDONRERANRS.

4.4.4 PPR- ‘

COEFVIE, BEETFTNVEIFIZRLETFIVCH A7, INTRAD & INTRA Z % XF¢ 312,
M ERERA INTRA & INTER D 2 7V —TThBERETSH. B1D (b) & (c) TRT LI 2
F—F A P 72—XF 200 2MEFEET VAL 5. 32 (c) 13 INTRA & INTER O
WOELOPRLBERHTH AP ZHETT 5.

PPR L HET 22 LT, XRNOEDNEM{REMA { INTRAD & INTRA Z I245 THRA
BEREASEFTNVEEY, FLEMRELOREZT) 2L OFREFAL.

4.4.5 HBHERETIETHRA
NAIST 7 ¥ A b =A% F, 2 TOEOMEMIR TEER % 1T 5 TV 5 (Taira et al. 2008)
& (Imamura et al. 2009) & DL BITH . 72720, AEBRE I ICEBRREVER LD,
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BB BB TERVWI L ICEELTIEL W,

Taira et al. (2008) DHEETIL 19501 MDA % 7 A M2, 49,527 A 2H 12, 11,023 B %25
B TWDH, FLBETCHREHRETFA LT8R 4.0 THES ENTVAEY SIT1EHR
CIBERIFRE AT TCWAEY, 7AMTCIEIMEORY ZITETGZ AN T0n5,

Imamura et al. (2009) DEECH, 25,500 HORFEE T A M2, 67,145 5B |2, 13,594 18
TR TWAE, MAETHEAET F A b3 —,32 3.0 Z V7275, Imamura et al. (2009)
BERA KT FA D T—I%2 4.0 THEINTVEHEY) FITHERE BREEEREEE L 57 2 b
WCHWTWw5,

4.4.6 ZOMOEITHHZ

E, BT (2011) 1, REVATARRBEOMNAIT) L0, %0 H - FRETHS
REFVLERE S LTEB Y, AR TIILBSRE Lk,

A (2013) 1, CREIBIZMB AR E LT vizy, RETIHEBESRE L.

(3, HE, AR 2010) IZRFEER L EHOBRKEHOKTHEREEE L2055, L% RHE
IZEE, BT EITOBEFUCTFNVEREL WS, LAL, KBLEIELLZTF—F Ly b %
AWTwasZ b, MEBERREITL W

4.5 FHARE

Precision, Recall, F B AL B4R Z & 1ZERM 2179 .

VAT LAFHA LM ERBEE T THH L0095, ELLEARTE TV A DD tpry,
TETVEVHYDOEE fpr), YATLFAEIN Do HO ) LRERBRET ThHb b
DO frnm LT 5L,

tp(T)

() P 2. Precision - Recall
tpery + o)

Recall = ——rte =
’ eca tpery + frery’ Precision + Recall

Precision =
LERTEAD.
F/z, VAT L2 (ALL) O tp, fp, fn & Precision, Recall, FfED, FRICERTE 5.
5 &Rl

£4.5 6100 I SHROEBRERETT. P, R, F, Ay 3% N 2N Precision, Recall,
FfE, FlEn~ 7 0¥ty (INTRAD, INTRAZ, INTER O FEOENFHE) #RT.
ALL O FEICEA LT, PPR— & PPRASIIDA2007 L HEIL CEBEENH LD hOWES
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