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Abstract

It is known that integrating multiple information is effective for sentence extraction. In this
paper, we describe a method of sentence extraction based on Support Vector Machines (SVM). To
confirm the performance of our method, we have conducted experiments wiht two other comparison
methods, one is a Lead-baed method, the other is a Decision Tree-based method. Results on TSC
corpus show that our system has the highest accuracy.

Keywords: Sentence Extraction, Text Summarization, Machine Learning, Support Vector Machine
1 @UsIc ARSI DND 2L B ST, FREE
EECH S, TEREET L TEADS R ENEEZDLIELVWETHS. LT,

BELLDOAEMET2EMOZ L ThH A, i  EECHMBIL, I BERLEHZEET D0
WENCEAT, B L TOMBTH LMY ERENLERO—-2L LTHESITAZ EHT

—121—



5.
EECHHICET A RINERD LS 1T
b Tnb, ENOFERITEDS I, B
HEVIIEBOTHEP N ICESIXNEREY
RELTWAS., THEPD ELTIE, X2ERT
HEFBOERE, XOWBRME, XEHE, T
HHYERR, ZEOFERIFAVONL. L
TEBO TP 2 REWIHR) FHEELT,
Edmundson (2], 5 [6] iE, & TH»DI

FLTRATZ252, AFILI-oTRELLE.

AEERLIAATORBMe XDERE LT
HFEEREL TS, LaL, W) 0¥
BEL b E, AFIZL W ELAORBEEER RE
TAHZEHEEEICES &) MENH o7,

—F, REOIEET — 5752 b N HEIC
BBRFBFESEANTHL I EFAMONT
By, AF, BARASHELEOKA ZHRTEIC
BWTHEEIN TS, Aone 5 [1], Mani 5
5], BAD [14], BN 5 [10] ZEHROTHDY
2R L-EE R 2 BREBFEIC LT
EHRLTWE, 7272L, IhOHREREE %
ERELI2DDTHo7:. BREBFED—
T& 5% Suport Vector Machine (LL'F, SVM)
9], XESEB, 15, Fro¥r 7|4,
DRV (13] 2 EOBASFHRLEITCA SR
ZDOHEMUTFHRE SN TS,

ZZTARBTIE, SVM V- EBE T
FHEERET S, FERT -2 a3y T THAH
NTCIR ( NII-NACSIS Test Collection for IR
Systems ) Workshop-2 D% 7% X7 & LTH
& N7z TSC ( Text Summarization Chal-
lenge ) DEELHB I XA/ D7~ 5 ZFHWT
M EIT R, ZOFMEERRT.

BT, 28 Ti2 SVM OBEE L SVM %7 H
L7z EESCHHFEIC W TN, 3ETHEM
EROMBELHEREZRL, BBRTL).

2 Support Vector Machine (2D <
BEHHFE
2.1 Support Vector Machine (SVM)
SVM &, “fESEDD DS WV FE T
NWI)ALTHDS. BERER1ITRT.
N7 —2 & LTUTORS M VESEZE
Z5.

O QO
@ =5 (@

K 1: SVM D4

Support Vector

(x1,91), -, (xp,u), x € R™, y; € {+1, -1}

x; REB i kFbT n RTEOEHN S b LTH
B.oyild, B AERTHALE 2121, A
ThBHEEI1RED. SYM I, x; #UTFO
SETECES, BT 5.

w-x+b=0, weR"beR 1)

2L, TOXD HaBETFEIE—AENICS B
ET AP, SUM Titv—Y Y1 BSBKIZAR 3
I wkbERETS.

IEEA B TERVEALERICA
nNCe—TJ v aRAETE720121%, EEOE
BTHorerBEAL,

!
SIWIZ+C3 2)
i=1

ERAMETRIZ X v, BB -V v OkRE
BT A, KIHIIGEETE =do 2T
HENENFNOFH w-x+b=F1 b <N
PEITEENTWAPERTHTSHA. ClIInb
ZODEDEEVEROI/INT A= THA.

Z 2T, Lagrange 8 \, p% H\>T Lagu-
range BAEL L(w, b, A\ pu) XL TFToORXTERD S
na,

{
1
SiwliP+C )¢
. 2 i=1
TRLRGIL ) OERBMOBAE L ERL ) OR

BlEOBREOMOEREEL v — TV Y LIER,

—122—



!
Y (- & —yiw - xi + b))
i=1
!
- Zﬂifi (3)

L7225 T, T ORIFD S & 12 Lagurange
BE ((3) ) #/mARITTIIT L\,

OL(w,b, A, l
__(___5.‘;,—”) = w-—-;/\iyixizo
OL(wW,bA ) _ &y
% = ; Aili —10
RwWbAE) _ oy =0 ()
0§;

IRLOBEE AT, FA NEHx 245
FBHBIBE f(x) £ LTRORDEOND.

J(x) = sgn (z_/\iyxxrwa) (%)

= sgn(w-x+0b)

BB HE Support Vector 2 & > THARRE
&M, Support Vector LSO H]I 5B %K
DREIZHEBEGZE\.

& 512, SVM D n—2 13 GBI % E FE
BICESIHIRTE S HIZH Y, FREIDSEE
FE2ERTES. ZhiEk (5) DAL Ker-
nel BB TCEEHZ L ZETEHREINS. Ker-
nel B % AV 7-8E&0HBIBEHIZ, TR
L h,

f(x) =sgn (Z Aiyi K (xi, ) + b) (6)

AR TIIARTERENS d RD Polyno-
mial BE% Kernel & L THW .

K(x,y)=(x-y+1) (7)

2.2 SVM (CEIK BEETHEFX
BEEVHH L3, HEXEPLBEELEFRY
BOLsHHETAIETH Y, TEHOLIC

D(x1) = 0.5
D(x:z) = 0.3
D(xs) = 0.4
D(xy =0.7
D(xs) =0.45

D(xe) =025~

2: S HEFE A S OB EED  GH

MUTC, BEE(EH), FEE (BH) DT~V
5T 2 2 ESERETHLE VL. T
bh, JET— 7555 2 6 hiug, Figicai
L7 SVM 2 FVWTEEY, FEETOEHE
B, REF—5 & LTAD SN EHD
BYXREEY, FEELWFETAHILHNTE
. 127L, XEHOMBOLHFEELL LT
SEESNDL PRSP RV,

—%, BEHIE Y A7 Tidd b5 LOEY
EOWTEELOLTLHIHT B NG L5
NBDON I TH L. I TABTIE, 58
TS B F ORI ET X MER FE
L, FHMEEOSHEF»SIEICEEE L TR
AT aFEr o7 (M2). SRR L EH x
R o B |2 30 < EHEifE D(x) U TFTOR TS
5.

D(x) = tanh (Z AiyiK (%, %) + b) (8)

1

72721, tanh(z) U TOXTERING.

1

" 1+exp(—z) ©)
(9) 1, S EETFE B x HoEEL v E
4 FREBICATILZETH Y, SEHFEEILD
HEEZ 005 1 T COMECERLLZSDTH
% [7). '

tanh(z)

2.3 Ft
REFETRIEEDI S 13 L TUT O
WEERE LTHV ., ZHOK (x; DXTTn)
12407 TH B

—123—



XOWE

NOMEBIZHE T 258 L LT, XEPOME
Fiocy, BEFDALE Fioe,, MHTREXEHN
ZH LTS B XEDKEDS N FLUAICH

BHED Flop V2. ZhHEZAERK
ATEZLL.
C
Floca(51) = &2
. OPJ‘
Fioe, (1) = 52

NXBAIH B & &)

1 (S CEDEE,S
Floe, (S3) =
0 (otherwize)

72720, Cqid S; HIBY B XEDIFH, Cs,
i3 S; DREILE, Cp, 138 BT A% p; ©
XFH, Cs, &S DEREDIZBIT B FRBNE
TH5b.

NOEX
C;

maxg,;epCj

HBUEREDLT.

Flen(Si) =

HESEFICEASI(XNEEE

Y, XEFOHEtOEEE w(t) 2 #H
WEZE L BB e TED S 12, 2L
T, S OBREE u(t) OMEAE LTRAT
EETS.

Fy(Si) =Y tf(t,Si) - wlt)

-7 KOBE

ETROI-BEBEEELFALC, XEFT
BEEEOBVENIEIOBEL X —7— FKW
EThH. ZIT, XS IBITAE KW OEE%
BW DN FEEFALTRDS. N=v
TREK fu(k, ) i3, DTORTEHRSL L.
72720, LREWOHL, kIZXS; 1tBiTA
BONETH 5.

(1 =1 < W/2)
(Ik =1 > Wy/2)

fu(k, )= { 1 (1 + cos2mkzt)

ZZT, falk, ) EAWTX S, DEELZUTD
NCTEET 5.

1+ W72
Fa(S)= ) fu(k,1)-a(k)
k=l-W/2
72720, a(k) ZELTOEL & 5.
w(t) HEFt(e KW) BBk
REEELTHBEBTS
alk) =
L&
0 otherwize
BEERR

IREX? DOREAFEHRFEMEICIZEAERB X
UHERA (5t 8 @;E) DEE. ZOEEY
NE:,--,NE,,.--,NEg ¥ LTUTOXTE

#£T5.
N 1(NEﬁSL&ﬁT%a&
FnE,(S:) = { 0 (otherwize)

HEfad
3 S; WX BT B B (RT3 HER) OFE. &

e & cony, - .,consz & LTULT?D
NTEET 5.

Feon, (Si) = { (1)

<., CONpy,y

(con, 7% S;ICHIRT 5 & &)

(otherwize)

HEESE

S BV HAERERE (BH 173 1EHH) OB, #
REFE% funi, -, fung, -, funizs & LTELF
DRTEET 5.
Frun, (8)) = { 1 (Fun,?S S;ICHET 5 & &)

0 (otherwize)

ShEA AR
XS 2B A (BT 66 FEEE) OFE. &
% posy,---,posy, -+, posgs & L TELNF DK

TERTS.
N_ [ 1 (posp®PSHTHBT B LX)
Fpos,,(81) = { 0 (otherwize)

2 Information Retrieval and Extraction Exercise,
http://cs.nyu.edu/cs/projects/proteus/irex/

—124—



£ 1: TSC TR I T —F £y b
A B C
TE (i3 X 30 30 120
EXH 716 | 994 | 2811
BEEXH (10%) | 108 | 102 | 287
EEXH(30%) | 324 | 301 | 851
EEXH (50%) | 540 | 508 | 1437

BuAHFIJUDORE
XS BT A& noun DY — T R
BITABBORE. ¥ V—-F AL LTIZHAE
EEARTHVWA 1), BAREBRERERTHE,
L1 BER D — FOowThrlgESh
H. BRE%E cy,---,cnyoyenn & LTUTOR
TERT 5.
1 (S;ICHET B noun B°
PERE c BT L &)

Fe,(Si) = {
0 (otherwize)
3 FHMEXEER
3.1 aA—-N1X
FHMlFESRICIE, TSC TRt SN -EEICH
WF—-2%FBELE 207513, EBFHH
944, 954, BENHGE, 3, BHEZLDE
1B0FLEL LS. FRLELHRT HXDHUS
FLT, 10%, 30%, S50%NDEMRIILLE
BEX2H S L5250 Tv53 | Dryrun BRI
30 (& (LIF, v MA), Formalrun %2 30
X&F (BT, v b B) BSAH &N, Formalrun
#2120 3CE (ULF, &y b C) ARSI
CEty POFMERLIORT.

3.2 FHMEAE
TSC PEEXIE Y A7 TREXENEE
BRI L THETREIHEPIRREATY
L. HEoT, FOXHITID LML %2 L7
4, Precision, Recall, F-measure ([ CfE%
b, ARTIZI DMEE —FE (Accuracy) &
LT, MBEROFMEIT 2072, VAT AIC
Lo THIH SNEEXOHZ o, alZEIN
BERLOKE b L5 L, —HEIUTOR

TERDbEND.
37z, 10X LR XETIR, 10%DEHET

113, 30%DEHETIZI XL, 5o%m¥%$fcisj‘c
PNEEXLLTEZoN5.

—125—

# 2. A ZIBICHAWASESOMBERL

BHE SVM C4.5 | Lead
10% | 0.278 (d=2) | 0.178 | 0.284
30% | 0.430 (d =1) | 0.350 | 0.432
50% | 0.591 (d =1) | 0.543 | 0.586

#£ 3 A+C EIBICHV B SN ERE

BHE SVM C4.5
10% | 0.362 (d = 2) | 0.297
30% |0.475(d=1)}0.387
50% | 0.604 (d =1) | 0.558
b
Accuracy = " (10)

SVM D% A —% D9 %, Polynomial B
DR A, 1~4, @2 DCIE, 001~1F
TESE, ZEETHRELL. SVM o7
75 A Tiny SVM % Fw 7z,

T, BB LEEXCHEFETH S
Lead &, REAFE L 2FEL HBHR
E L7 REAREBIZIZCA5(8) BRI L.
D%, ZoFEF C4.5 LBERLT 5. C4.5 Tl
REFELEALEET RV

3.3 HEREER
3.3.1 HHEEICEALT

BETFHE, Lead Tk, C4.5 OMBBEL I
L7 AD3NXE, A+CO 150 XEEXFN
FhilEty L, BO3XELFFML
BRETER2, EIITRT. 2721, EEHEI
MLTEZON-EEXRIEH, FEEXTE
Bl LTEB T o7,

A %BIET— & L LTRVSE (F2) 123,
Lead FiE & BEFEFNIZAEOBETH Y,
CA5D¥EEL LRlo7-. REFERLCL5 LY
DEWMFBEEEFIB LAFER, -5
P LILLo T, HMBEEOR EAERFT
5. FIT, 7T —2% A+CITHRL (X
BELTIIHSHE), ALTALT—% (B) %
BWCEHEEIT o7 (K3). TR, REF
%, C4.5 &b imBBEIMLEL, I#EFET
1%, Lead FEL Y bBOBEIBLNA. —



* 4 ZEREIC L HMBEE

LA eSS SVM C4.5 | Lead
10% | 0.416 (d=1) | 0.374 | 0.372
30% | 0.509 (d=1) | 0.416 | 0.446
50% | 0.648 (d=1) | 0.519 | 0.588

¥, C4.5 1 3EHE30%, 50%DWH T Lead F
ELDSBEISE.

LW EEOBVEMZITR ) 720, £THOXL
FE(OXE)Y%25%5 L, sAORERERIT
ol MIRBEOEHELE4ITRT. BE
FEIROEBETRNT Lead FiE, C4.5D
TETHotz. 3FEMOKEELETTL/20,
METMICEBLREND L0 ) 2L EIEE
TH5A Tuky DHEETRNTRE:L TR 7.
10%DEHRIZB VT, 3FEBICEEER
OO NRh o2, 30%, 50%DEHRIZH
Wik, REFEIFEKE 1% THO 2 FiE
CHBLTERTWAZ ESbhot. b,
C45 & Lead FEDOBIZIZEEE T o 7.

PLEX D, Lead Fi:, REAFFIIETL
FHREEBLT, REFEIEALTVEEY
25,

3.3.2 T —2EMEFT—2CEALT
—RRENZ, BMEBTFETHAT 58123,
LV AREBOIBETF— 7 ZHNBE I L2 X YRR
FETAZENTRETHE. 2 LR3I ZH
BT 5 LIICHC D XEREFEMEE L Z &
THREDRLZHERTEL. LiL, TEHE
12030F (e LTid 2811 30) ML TH C4.5
WL BFED 10RO BEHRL B LTk
BEOHLELIPALNZW., ZORERD—DE
LT, JBRT— 5 oI+ ThwE v g
A b, BEFETIE, N@EFT— 52T 5
HHBEITA I F—5 L0 33575,
T~y 2R ZETTFA P F— 7o
HRBELSE LT A RENH S,
REFELTHCTCEIHT—7& L, A,
Bl L7-EREESIIRT. £5 &b, [
CIlET— 7 2 HWTWBICb2hbbd, A
EBEFHE LSS IIFOBEIIRELRENT
TWB I ENbhb, ZOEZ KERERD

¥ 5: HHBEDEY

E#2 | Dryrun | Formalrun
10% 0.464 0.308
30% 0.546 0.421
50% 0.769 0.584

Fty MEAOEDENI D BKEL, Ld,
BTORBEIX, £2 LB THREM LA
LhZw, ThenZ eds, CItHIBTAE
BEXEBICHBTAEEL L OB IZHHD
HEEHLEEZOLNSD,

4 F&

A TIE, Support Vector Machine (SVM)
THOWLEEHMMFEZREL:. TSC O
D= NRAZHVWTREFEE Lead FiE, HE
RIZEDSFHEE OB 24T 2072, 20
KR, REFEFFETWICEELRETIERDOF
BLVERBETHLZ EEHERL .

HEr «

R EED BIZHT2 2T, Tiny SVM O 71
FTAERRBL T L EDICER RO R
¥R RWIEW R BRI EER RERRF
DITHERRICEH LT,

SE R

[1] Aone, C., Okurowski, M. and Gorlin-
sky, J.: Trainable Scalable Summariza-
tion Using Robust NLP and Machine
Learining, In Proc. of the 17th COLING
and 36th ACL, pp. 62-66 (1998).

[2] Edmundson, H.: New methods in au-

tomatic abstracting, Journal of ACM,
Vol. 16, No. 2, pp. 246-285 (1969).
[3] Joachims, T.: Text Categorizatin with
Supprt Vector Machines: Learing with
Many Relevant Features, In Proc. of Eu-
ropean Conference on Machine Leariﬁg
(1998).
Kudo, T. and Matsumoto, Y.: Chunking
with Support Vector Machine, In Proc.

4

—_—

—126—



of the 2nd Meeting of the NAACL, pp.
192-199 (2001).

(5] Mani, I. and Bloedorn, E.: Machine
Learnig of General and User-Focused
Summarization, In Proc. of the 15th
National Conference on Artifical - Int-
teligence, pp. 821-826 (1998).

[6] Nobata, C. et al.: Sentence Extraction
System Assembling Multiple Evidence,
In Proc. of the 2nd NTCIR Workshop
Meeting, pp. 213-218 (2001).

[7] Platt, J.: Probabilistics OQutputs for Sup-
port Vector Machine and Compairsons to
Regularized Likelihood Methods. In Ad-
vances in Large Margin Classifires, MIT
Press (2000).

[8] Quinlan, J.: C4.5: Programs for
Machine Learning, Morgan Kaufman
(1993).

[9] Vapnik, V.. The Nature of Statistical
Learning Theory, New York (1995).

(10] B, EOBRK, ZAKE: REAFEBE
w7532 PEBEHIZETEIND
POER, ERLBFRE 59 BEERE
HIEARCE (9 5), pp. 393-394. 5N-2
(1999).

[ NIT232=9—v3 RN RT
B AAEERREMSR, BEE (1999).

[12] BIEE, BBEZ, RE®: 7XA MDY
+—<y b EHEOHBANEREREZAML
7% — 77— N, HELEE AR IGE
Vol. 38, No. 2 (1997).

(13] L##h, AAME: Support Vector Ma-
chine & X % BAFELR ) SZVTHRAT, THHLE
2ATRIEHE NL-138, pp. 79-86 (2000).

[14] BFAEE, ARG ANEOEZEEHEIC
EOWIHBEHORA, HRLEFEIH
23R4 NL-120-11, pp. 71-76 (1997).

(15] “FEIE, FEFHZ: Support Vector Ma-
chine 12L& A7 ¥ A M HHICBIT B BIEE
iR, EHLEE ST ES, Vol. 39, No. 4,
pp. 1113-1123 (2000).

—127—



