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Anaphoric analysis system ANASYS
based on semantic analysis
- Antecedent identification by EM algorithm -

Masahide Nishio®, Haruka Murakami',
Yoshitatsu Matsuda'" and Minoru Harada™"

We developed anaphoric analysis system ANASYS based on the semantic analysis.
ANASYS resolves the anaphoric correspondence including the exophoric correspondence
to the word which does not exist in the sentence including the anaphora. In this research,
to each antecedent candidate, seven features such as the concept similarity calculated
from the meaning of a word given by the semantic analysis, the deep case representing
the function of the antecedent candidate and the sentence structure, are given. By using
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the EM algorithm for the learning data having these seven features, we estimated the
parameters of the contaminated normal distribution according to which each antecedent
candidate becomes a correct antecedent. Experimentation using NAIST text corpus of
609 articles (including 13967 anaphora) resulted in precision 33% and recall 41%.
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SR M) [ 0.411103] 0.79] 0.63] 0.83] -0.39] -0.07] -0.28] 0.43] FALSE
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ERJO0% 0.4213] —1.09] _0.51] —0.21] —0.389] =0.068[ —0.277] —0.17[FALSE gTEEIZaY BRI F R EA AR — T F I RY R ($E
LASSAIE 1] -1.09] 075 263[-0.389] -0.068] -0.277] _0.43] TRUE EEEIETES 1] 036] -1.4] 2.63|-0.389|14.785| 3.6165| 1.81] TRUE
BERERFD 0.2024] -0.12] 0.87] —0.72[ -0.389] —0.068] -0.277] 0.08[FALSE T, 0.159283| -1.09] -1.16] -0.72]| -0.389]| -0.068| -0.277[ 1.81[FALSE
) 05272 -1.09] 0.99] -0.72[ -0.389] -0.068] -0.277] 0.43[FALSE FE& | 0721622] 0.27] -0.92| —0.21] 2.5728] -0.068] —0.277| _0.95|FALSE
ROSTTE 0.8808] —0.14] 1.1 0] —0.389] —0.068] —0.277| _ 0.08| FALSE 2E 0.481488] -1.09] —0.44| -0.72[-0.389] -0.068] —0.277] _0.95| FALSE
ORIy —ERE 09937 —0.14] _1.46] 0.31] -0.389] —0.068] -0.277] _0.43[FALSE ASWOC? 0.938948] —1.09] 0.03 0] -0.389] -0.068] —0.277| 1.81|FALSE
HEE 0.9916{ —0.14] 0.28] 1.09]-0.389] -0.068| -0.277| 0.43|FALSE BA®D |0831998] 03] 051] —0.72] 2.5728] -0.068] -0.277| 0.43[FALSE
ﬁﬁ D o 2L 012 0989, 0008 AT s e 03] 0097287 —1.09] 075 0.31] -0.389] -0.068] -0.277] 0.95|FALSE
15} —_ a1 A —1. . . —0. —0. —0. . R S, — . — .

(LR (— AFh) 0.9561] -1.09] -05| 0.83] -0.389] -0.068] -0.277] _ 0.43[FALSE *"—_iﬂ/ 0.996185 _0-12 1.22 _0.72 3.5728 _0.068 _0,277 3.54| FALSE
a1 0.32385] -1.09] 1.27| —0.72| -0.389] -0.068] —0.277| 1.81| FALSE

INF(F) 0.9813] 1.15[ 0.63] 0.83] -0.389] -0.068] -0.277] 0.43]FALSE —
= - - - FrE L4 0960765 —1.09] 0.81] 0.06] —0.389] -0.068] -0.277| 1.81| FALSE

LEION) 09987 —1.09] 063 1.09] -0.389] -0.068] -0.277] 0.66]FALSE g
SL5 () 0.0927] —1.09] _0.63] _0.83[-0.389] -0.068] ~0.277] _0.43[FALSE gggg o%?3§§§ _?-g)g :‘1)-(2)2 _é-gg f-g;gg :g-ggg :g-g;; g-gg Eﬁtgg
8 LE SITRTHEHALIHMEFOFTHD. [HEKIIEE, HREFL2EOLEA g‘éfg g-géglﬁ —:-gg —:-gg —8-@ —g-ggg —g-ggg —8-§;; g-gg Eﬁtgg

— SN - R - NUIRN - g 0. -1 -1 —0.18] -0. -0. -0. .
APNZASWOCHFD, HADEDUHLAZITET D e o7 §ig & OB KA P (FREEI< | 0.292123] 036] -1.58] —072| 25728 -0.068] -0.277] 0.43[FALSE
SCTHBRL, ZOELSLHN 2 EZTHITWVWS. ] LWy XEHRIZBWT, FRINEIT %ﬁg—i 0.973843] -0.48] -0.63] 1.09] -0.389] -0.068] -0.277| _ 0.43[ FALSE
~ . — N 0927969 -0.48] —0.97| 0.83[-0.389] -0.068] —0.277| 0.43| FALSE
7 ) 70 Vol N 77 A 4 - - |71

R ”@f“ I{J ‘T%}Z); zﬁﬁnfbi‘ﬁ‘%ﬁ*ﬁﬁ%%mb\fﬁiﬂﬁ%ﬁ9 f‘&)’ = [ShR () [ 0965021] -1.09] -0.3] 0.83] -0.389] -0.068] -0.277] 0.43[FALSE
o ZOORISTFHNEFE AT WD] EWFIEMRICH D LWV IFERNE X HILT [5FF (K) [ 0.992907] —0.44] -0.3] 1.09] -0.389] —0.068] —0.277] _ 0.66] FALSE
W5, [J— SO HIBUR I & 2 EE O EEER U )23 <, thaETR—E 5LF () | 0965021] -1.09] -0.3] 0.83] -0.389] —0.068] -0.277] 0.43] FALSE

RN R LR LT, ELETE TAHEKIT) 24MiET 2 2L TETND.
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X9 & 6ITRTHEHNINRABIENKI L T D HEFTH D, [ (iR X D
FRTHREEZZT A, EERLIEA D —MOFFEBLTIE @K 23 LA
JhuEZe behnolo. (R LWV O XEFICBWT, BGH (=0 78546) & v
FELZR T NIE R B oo NEENENLERICE LN TV RN —AA 72 A 158

72%. ANASYS TIHA R 2 BITrEmIc T, S0 - SR LIk THh

=

17w

175 AN ZRIET D ZENTETND.

B 9 SEATEIREE DHEH 4 SR OFEBI(ViVi)

= 6 JeATHRFEOFER 4 SR OFFI(FFR)

[ |ZH54 agent

ETRAFEIRD7  |BEE| AR FEE|EE AR —F [ EEE|FRYZ(HE
sEWmE] 0.300939] 053] -1.38] 1.34] 2.5728] -0.068] -0.277] -0.35[FALSE
HEE®D]| 000625] 1.37] -0.61] -0.72] -0.389] -0.068] -0.277] -0.61[FALSE
Sr5(C | 0.005491]  1.76] -0.35] -0.72] -0.389[ -0.068] —0.277| —0.49| FALSE
BE(C | 0437937 1.27] 0.93] -0.72] -0.389[ -0.068] —0.277| 1.81[FALSE
F—H—M] 0550463 1.78 1.1] -0.72] -0.389] -0.068] —0.277]  1.81| FALSE
EEER] 0.737819] -0.24] 0.49] -0.72] -0.389] -0.068] —0.277|  3.54| FALSE
NE%k 1% | 052725 -0.34] -0.14] 0.06] -0.389] -0.068] -0.277|  3.54| FALSE
NATHE 001859 -1.09] -1.08] —0.72] -0.389] —0.068] -0.277| 0.08| FALSE
HEENM] 0595115]  1.37] -1.35] 0.83] -0.389] -0.068] -0.277]  0.08] FALSE
37519 5J 0.013096] -0.24] -1.58] -0.72] -0.389] -0.068] -0.277] 0.08] FALSE
51 5 (— N 0.968172 15 0.07] 1.09] -0.389] -0.068] —0.277|  0.43| FALSE
41 (— N 0881303 1.32] -05] 0.83[-0.389| -0.068[ -0.277] 0.43| FALSE
(51 R (F) [ 0982543 1.06] 0.63] 0.83] -0.389] -0.068] -0.277] 0.43] FALSE
LR () [ 098289 1.98[ 0.63] 1.09]-0.389] -0.068] -0.277] 0.43] TRUE
S E M) | 0.981067] 1.17]  0.63]  0.83] -0.389] —0.068] -0.277|  0.43| FALSE
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4.2 MRS HIE O B E ST

AWFFE T, FEFEEICOWTIENAIST T F A ha—X2EZFHALTWE I LD
ZBRRBISTFOMAEFHTE S, 22T, a— AR 5 RISHHEDORE %,
SRR 609 50T 18721 LA W TEME L7=. #EREFE 71057 T.

#£ 7 WUSFPHIEIZ IS T 2k R

BEE BEE Fi&
i 80.53% 98.97% 88.8
(13823/17166) | (13823/13967)

43 SITERHEOFREFEM

AWFIETI, AT EDHEEZ DB TITo TWA T, 4585 2 LI ETM %
1179528 &T 5. WFESUTIIWEESE 64 4, FEd S0 CTlE wikipedia SUE 51 Ff41, 7
L—AXTIEI RY I UER S FHHZFHA L. FlEE T3 TROZBISTE %
FIZ, TinySVM[13], EM 7 /L= U XA, EM 7L 3 X L TRUERE D& KIFITB W
TOMFHREEAFHO L7z, BEREIXFEECRERME EDZLOEMHEHL, 223
FATRRFEICBNTHE LI A AT NEELL LD b DO DK% RIS x4 & L, BIE
ATFOL DTS e T2 L. TNEFNRREE S LFIIIRT. £8
> ANASYS2007 1% 2007 4FE O SCIZ 81T 5 EBRAE R3] T, BEEEES A, 5
PEEES S, TEEAA, EALFASRNDLMRD 4 DOFME SVMIZL > TEH LTV
%. ANASYS2008S (I AL Tik~7= 7 HOFEME VT SVM TFE L7546 T,
ANASYS2008E [Z[FEED 7TIHDOF M Z AN TEM T ALY AATEEH LEBAETHS.
ANASYS2008ET (d A =2 7 23RBS ER E L= BE % LBl 72354 O 7 % BRSO & 5
ELTEBETHD. HBRSIZBWTHMNE L W ) OIXIEMREITRNINRIZ 72 2 BRIG
FERMET — 20BN LEESATH D, FOSBEIITNToOT— Zillixtg & L
BATHD., BRBHMEICBOWTHESNERFIET MIF L0272, £ 9 1XF
BRIZ[INAS ANASYS2007 12 & D EBRFERTH 5.
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F 8 SEATHMMIEICI T DR REAL GO )
i S5 HEE BRE Fi&
ANASYS2007 ] 21.51% 24.55% 22.9
(1372/6374) {1372/5589)
ANASYS2008S = 30.72% 37.76% 33.9
(5273/17167) (5273/13965)
i3 32.53% 43.37% 37.2
(4165/12802) (4165/9603)
ANASYS2008E " 33.32% 40.95% 36.7
(5720/17167) (5720/13965)
i3 33.80% 45.06% 38.6
(4327/12802) (4327/9603)
ANASYS2008ET | & 46.15% 7.4% 12.8
(1035/2106) (1035/13965)
b3 54.18% 10.7% 17.8
(1035/1591) {1035/9603)
9 FATRHIEIZ I T 2 0 B FEAT GO B 2ASH)
' BEE BEE FiE
Mg 41.22%(47/114) 51.64%(47/91) 45.8
[49.25%] [51.56%] [50.4]
fra:: 39.31%(46/117) 42.20% (46/109) 40.7
[29.03%] [30.51%] [29.7]
L—L 41.60%(57/137) 46.34%(57/123) 43.8
[26.83%] [28.45%] [27.6]

5.

FTATFIHEE ISR T DREE TIE, FEICBWTANED 7 HoFEEEZHAWEZE Z 5,
SVMIZEZ2FE, EMT7T VIV XAZLDFEENZNIZONTEEN 30 2 L[R5
BEZG-. ik, F—EESR el EEzHVWRZEEZEA L LICLY,
TG DREEN K E < [ L L7270 ANASYS2007 (ZH~NT 10% B Lo ks ki
BRST-LEDNS. SYMITHAREM 743 Y X 5% WA DD 3%IF &R
NEDoT=Z LiE, BUSIEITICBIT S EM 73U XXX 5 EHOFEMEEZ R LT
WHEWZR D, F72, EM7ATY XLIZE > THRATFNCR DT WER A2 EHERD
50T, BMEEREL TEEEOE VLA BREZENTEL LI TR, FD
R S0% T VVEE AT 2 N TE, L LEARE LT 51O H ] 28 0 ATy

Vol.2009-NL-191 No.5
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L, HERITHIEDFEMES Lo TLE o7, BROFELR LTI EEED
BWEFOKEZELT 2 L T OB TE 5. AFFE T3NS 2 & A 72K
JSTRAT 24T 9 728, SROFMZ EORET D0 RICKES S EEE G2 5. M
PREES S B R EAR DR MEDOGE R Z 0.1 BX D720 THMATRRICKE 0k
Brbhz, AREZEME LT TECLE-RY, TR EARDPRITN R 2o
TLEIZ L LD D. Lo TR ELOITICH AN TEWHEEZGD Z L BRETH
HEWVWRD., ZODITE, ARICHONTIE, =/ "ARTHRZ AT & D B
bl B E R ETE LRV N R ELTET RETHD.
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