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New methods to retrieve sentences based on syntactic similarity
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This paper proposes a method to retrieve sentences which have a similar syntactic structure to the
syntax tree of the query sentence. Tree Kernel has been proposed by Collins as a method to calculate
structural similarity. However, the similarity retrieval by Tree Kernel is not practicable because Tree
Kernel computation requires significant resources. A general method to shorten the retrieving time and
to reduce required computation is indexing the corpora beforehand. However, in case of Tree Kernel, it is
too hard to index the corpora. Therefore, we propose faster approximation algorithms: Tree Overlapping
and Subpath Set. These algorithms are faster than Tree Kernel because indexing is possible. This paper
describes three algorithms: Tree Kernel, Tree Overlapping and Subpath Set, and shows the result of

evaluations and algorithm comparison.
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1 [FU&IC

WA, TEEREER PRI D 7= & 12, BRA 2B
YMBROBMNERINTLE, 120, XHOFE
(B L L) OMBHEICESI S bDTH S, Hi
BUEDEAE IR % 7203, % DiEZILHICEL X%
BRI ET2FHETH S, U, FEECNED
P 2 XZMBRTE2DOICHEL 72 5ETH D, TR
K ETHeoniTws, $9 1203, Xhokhd
P, MEEONNICER L2 ThH D, HFI
N— AR SicfibnTwe s, (1, 2]

LU, dbailseBhi, BhBhEd o M A2sEEl L Tw
TH, BUEERRY ZITERNEEL B2 25480
H2 (F1)., TOL) RXZHELLEARLL TH
RedzL, HRIcR->TLES., 24U, EED
BRURER O FD3, GEP % £ DLREDIFEHRD
Az, G R EOMREDOE WERE K-
TORVOPEKTH 5.

RESCRDBEDHEHE L LT, Collins[3, 4] D
Z$ 5 Tree Kernel "% %. L2 L, IO %
Fioa— 20 5 2R T 2 DI, % O
SUR & D Tree Kernel IZ & 2 HLUEZFHHET 50T
1, W30 0 $F 5, 2070, MERIHIRE
DI=OIZ, TOMBNRDA VT v 7 A%ffp L
BEZo6NS, L L Tree Kernel % i\ 7 F 1L
BRI, 7LV ALDWHEE, £ vy 2 AL
SHEETDH .

Z 2T, MR L 2ol e R 7 v Y
AL, Tree Overlapping & Subpath Set #2475,

INSDTNITY ALDHEIT 2HBEIL, 20
Z1 Tree Kernel & (3587 228, JHPIOMHE Z R
=8, 245 1E Tree Kernel DIERI7 LTV A4 &
R7e¥ %, 7%, Tree Kernel & 135740, WiFL b
A>Ty 7 2tk OB O EEDRETH 5.

K 1. DT 2 230 SR 3 5 72 2 4

7 X)X | mEEVTREIRA: EBEIDME R 7.
FLOC [ ETHEE & HEHEEL 7.

2 Tree Kernel
2.1 BLUEDEE

Collins 5 [3, 4] IFARFHEH OBEZ 5.2 5 Tree
Kernel &\ FiEZIRZE L 72, Tree Kernel TlZ,
2ODAKEEDEEPE R, Zi o DARMEDLEIC

GUHIROBETRL TS, 7L, 2ITE
MRy AR L 121,

o 2fEHLL D/ — F#§iD,

o flilx DEHHMHIO—FE7 1T 2 & A TIEWIT 2w,
W) iliNH 5.

FLE ISR o N2 WEIZGHAICL > TERE S/
&, Collins D Tree Kernel 25 & DIHFIC bt L T
L3R e R, 22 THEGS 5] 1%, R4 ZIGH
I TE % X 912, Tree Kernel ZRX— R & L7z
STREOBELEZIRE L 2. AWfZETIE, i
RELZBMEC (Ke) 2Hv5,

Sv

= 1
Ko (Th, 1) Jﬁg§l;§ggi(7(n1,n2) (1)

ZI2TCO(n1,n2)ld, ny ZRETIIIAREL T,
ng ZRET MR E LTHHIT 25 RDEK
Th 5.
2.2 ZILTJYXL
Collins[3, 4] X, AT OHHIT C(ny,ny) 2K
% Z &T, ZFINIC Tree Kernel #3158 T % Fik%
REL .
o ny & ng DY/ — FaEHT 2RI 55
&, C(ni,ne) =0
o ny & ng DEHMAINEL <, n; & ne 3D
ISRl 5 D, C(ni,ng) =1
® N & n2 ®§Hﬁﬁ,ﬁﬂz’)>%t (, ny b N9 nL ?é)
I A& SEL S C R VIS,

nc(ny)

Clnne) = [] (1+Clehln, i), ch(ns, 1)) (2)

i=1

ZZTne(n) ldnd+F/—FOEZRL, ch(n,i)
3/ —FnDiFEHDOT/ —Fzrd, X2 TETF
/= FDC M2, %/ — FHD C 2 &IEF
TRONL, HEREAETH S, 2O, Th, T
D) —=FREEzZNENmn £BL L, Ko(Th,Ts)
DIRHEFHEER X O(mn) 75 5.

Collins G 1%, Tree Kernel DFEMRIE % H 72
BBFEIC OV TIBRRTWARY, 22T, 7
V&R LARMEL, BENROETORMEGE L DM
TEZ WS Ko(Ty, Ty) Z5HE L, 2% —
FE2 LW BTN ZLEBRAL 7.
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2.3

BT 2 ARETZERICANS D, T
LIEHRENL D E VIR DH B, Lo LIEN,
RIWRDATDOAKEE & ORITHE % 1 BEBUE %2 515
T57:9, KBEZHET 2 E0IREAVH S,

% DRRFIETIE, BRI Z FfE T 5 72912,
FOMBRRDOAL 7y 7 A% L TEL. Tree
Kernel D¥é, H 5@ 5o RKE2F—L LT, 21
BELREA VT Yy 7 ZETENUR, W BERDS
WifETE 5. L LEAARIE 1 DORSCROFITE
BHHOHET 2720, FEICE, Bokzx—L 7
247y AMUTHETH 5.

3 Tree Overlapping

1 FUEDOER

Tree Overlapping 23H W 2L Sro (T, Tz) %
DTDE)IicERT 3.

RKTy D/ —=Fng ERT, D/ —F ny 235F LAz
EICEZD XIS, Ty L T #ERAGbELIL%E
E2 5, oW, THRCSATICE U SEHAERIL 2 S X
2, 2EHBH. 2DLKH) K TEAeICELR > EN
B, 0% Cro(ni,no) £9%. Sro(Ty,Ts) I
2D Cro(ni,ne) Zfi>T, ITO LI ITERI N
%, ZiZ Tree Kernel DHEELE Ko ORITHIG
7 5.

Sro(T1,T2) = nax max Cro(ni,ng) (3)

ZZFEC, N L, #EREDYS) Lok
Wa L TERLD, I CTHERERZENS, B,
BBEDTFD XS IcEHT 3.

mi, ma T17T2 @{f%@/ h }\

i LD A REL

nonterm(T) KT KOS/ — F DES,
ch(n,1) J—=Fn®iFHDT/ —F.

prod(n) J—=FndOFf/—FZ2EHTZH
Al 1 OHITIE prod(b) = (b —
de)

L(’rL17 77,2) rn1 k_ na ﬁilﬁj Lﬁlﬁz:%& Z) c]:

T Ty #EHELAEDLER
Wiz, B4 2/ —Fofl, of
& 1(3) oHlTlt L(g,g') =
{(9,9"), (3,7)}

URfiGodcir, B —F (B) ¥/ —F (i), &
W) B THNS.

(n1,n2) € L(ny,n2)

(m1,mz2) € L(ny,n2) % 513

(ch(my,1), ch(ma,1)) € L(nl,ng)
(ch(my,1),ch(ma,1)) € L(ny,ng) % 513,
(mq, ma) € L(ny,n2)

4. 2~3 ZHRINICEA L TO 2 EDETH VY
DIF L(ng,no) ITHEF N\,

C’To(nl,ng) EUTDEIICERTE S,

Cro(ni,nz)
my € nonterm(11)
mgy € nonterm(Ty)
= |q (m1,m2)
(m1,m2) € L(ni,n2)
A prod(mi) = prod(ms)
(4)
2 FHEOH
BleL<, M1(1) DTy & Ty DFRE
Sro(Ty,Te) %55 T 5,

(O a nooa [®)) a a 3

Cro(Tvb)(T2b) =2 Cro((T1.g).T2g) = 1 ‘
j

1: FDE D FHEH

£7, Cro((Th,b), (Tn, b)) #RDTHS. Ty & T
D) —FbDELELEHIIT L Ty ZELRAGDED
23, K1(2)THbB., 2H)THILT, bodee—yg
D 2 DOEHBADECAEICE LR >, XoT,
Cro((T1,0), (T2,b)) =2 £ 75 %,

FRIZ, Cro((Th,9), (T2, 9)) ZRDOTHSB. Th
ET D/ —Fgn@EL2X9ICT) & Ty zEHEOA
HbEDD, K13) THD., Mno, 5ERICHE >
TORHEIHANL g — i FIEESD S, Eo,
Cro((T1,9), (T2,9)) =1 £ 7% 5.

FRRICAED / — FIZDWTh Cro AT % &,
SUEDL DI EN TS, £oT
Sro(Ti,Ty) =2 LR %
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3.3 ZIJUXL
3.3.1 EANRBT AT« 7

FHEARMITIE Tree Kernel DR (2.2 i) LR
$, UTFOFETHPEDE W AZ o0 T,

o 71 Ty &, BERNRIPDIELZDART & DM

DFBIE Sro(Ty, T) Z4TRD 5,

e ZhzY— 175,

7272 L, Tree Overlapping Tl&, Tree Kernel &
Wiz h, FOL v Ty I Aot LT, M
PEEIRZERLTE 5. flzflioCHHT %,

HleLT, 7ZV%K2D T, &L, WENR%E
X 2D T, T, D2 eE&a—RAET S,

T, HowBENHAp I LT TZoHHIH
A= RNAHDEDARD EITHEBLT 200, LwHA
Y7y 7 A p) #ER L TE L. SRIOFITIE, £
2DX)IT% B,

£ 2. ATy 7 2ADH

|10 |
a—be | {(T1,a)}
b—de | {(Th,0),(Ts,b)}
e—yg | {(Ti,e), (Tr,e)}
g—i | {(T1,9), (T2, 9)}
a—gb | {(Tz,a)}
g—J | {(I29)}

Rz, 7V ICEENLHEHBA (2 2T
a—beltb—ode) IOV, £ VFv 7 A%{H->
T THUCHHID 2 =R AhD EZITHBIT 20 %
BLHET. F9a—bcZETE, TI DaBHON
5, Z22C, TaBHEUAIEIRE L) T £ Ty D
B (M22) LT, 184 2523,
(o THELN) ICE>TEL ZEHBRAIN1 S/
Dot EWVIHIEKRTH D)

ARRIC, b—odeZa—RAFhoETE, TI D
beE T DOWBEODE, 2T, "o HME U AEIC R
2X9% T LT, 0BRSS, (K2(2) &, TbosH
UAiEICR 2 K9 & Ty & Ty DERIT (IK2(3))
2, ZNEN1RA V2525,

f, K20 (2) o THF 284~ b, (3)D
MG IC1I RV EDIAE, 2DORA ¥ M Cro
DIEICEHE LS B0, 2295 Sro(Ty,Ti) =
2,870(To, To) = 1 D3R £ 3.

ZIT, A Y 25250 KTH2 THiTi
ZEIRWTL0DBHEE RS, 2D, T & T,
DaDFEUCMEICKRS X)) RERG) £ T & Ty
Db WEUALEICKS L) BHELST) 2H—HTE
ZUFIUE, 7T RLIFIEL @i,

Z22C, T EmPEUMEICERS LI, 22
DARZERLRZ, Hx-o7/ — Foffl (L(n,m))
DR TROBISEY), 252 5888 top ZE AT
5. K2 Ty, Ty, To IZET 5 top(n, m) DHIlZZ 31
AT, ZDtop(n,m)x TEHLKG & 1% 1M
L2EDG05, XoT, 'n & mdSFUALEICK
% &9 ENRIT) % top(n,m) TRIT 3.

7 3: top(n,m) OHI

’ (n,m) ‘ top(n, m) ‘
((To, a), (T3, 0)) | ((To, @), (T, a))
((To, ), (T1,0)) | ((To, @), (T1,a))
((To, d), (T1,d)) | ((To, a), (T1,a))
((To, ), (T3,b)) | ((To,b), (T2,b))
((To, d), (T»,d)) | ((To,b), (13,b))

3.3.2 BRE7ZIITUX L
UED7A T4 7%F D00, LUTo7La

VALTH S, ZOfiTIE, UToidszHw25,

To 7L ERDBAR,

F RN R & 7 5 RDES,

nonterm(T) AR T RO/ — F DS,

tree(n) J—F ndET 5K,

prod(n) J—=FndOf/—F2EHT 548
I,

parent(n) J—Fnofl/,—F

order(n) /= F nd¥parent(n) D kHEHD
F7% 5, order(n) =k

Fo, HoWBREHBEA p o LT, UTDkH %
AvFy 7R Ip| #1FKT 3.

I[p] = {m|T € FAm € nonterm(T)\p = prod(m)}

(5)

DTFO7NLITY) ZLTCn,m| D (Ra7) %
Kz,

C[n,m] := 0 for all (n,m)
foreach n in nonterm(Ty) do
foreach m in I[prod(n)] do

(n',m') := top(n, m)
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M Ty a Ty a T a
/\ 8 UZAN
b ¢ b c g b
/\ /N\ VAN
d e d i d

Cln/,m'] :=Cln/,m'] +1
top(n,m) ZRDZ 7L TY ZLIFLLTDEBD,

function top(n, m);
begin
(n',m’) := (n,m)
while order(n’) = order(m’) do
n' := parent(n’)
m' := parent(m')
return (n/,m’)

end

Z 2 ETT Cltop(n,m)]
<,

= CTO(n,m) CI: t,CZ)O)

max ma.
nenonterm(Ty) menonterm(T)

STO(TO; T) = C[’IL’ITL]

(6)
2k > T, BEROBUME Sro(To, T) 3K E 5.
3.4

Sro(T1,Ty) DA%, TTy, T, C/\L?ZJH%j(@%B
IRICEEFNEHRHA O, LI1IF—T 5. D
F 1, Tree Kernel ® Ko & I_JT%, Mg 5 DA H5E
THRHAARDRES ) 2R THES R 5. 2721,
WARD TREX ) DEHRIILVEL S,

EL, K3nkHie, @hicoy Lotz
J—=FPEEES>THTH, FEHDTHY Y FLTL
9.

F 7z, Tree Kernel £ 2720, BENRDOA v Ty
7 ZALSTIHE 72 72 8, Tree Kernel & b s 7 ik
WHRETH 5.

4 Subpath Set
4.1 BUEDER

FTX¥ A MEOBELE L LTIZ, TF A MOHEME
R PLicE W EMER X Hwens, 2

Score 1

Score 2

2: Tree Overlapping DR DHI

(O I a 2) 7> 3) ah
. (A\ féé\y”
VANVAN A A A N
d e f g dd el ff gg
Sro(Th,12) =2
X 3: flo@EHosRKEEEDTAHTIFLTLE
9 11

N REHEIZIGH L 72 D23 Subpath Set DFALIE T
b5,

Subpath Set T, 7¥ A F 2K T2 T I
MMT2b0%, AEED TR SIEE TORK L
ZO—y LT, TS ERT OIPDIRE LS

Z LT, Wk MBIHER Y P VI W,
FRE 2R T 5, BHERY FVICH-D B
BEEZ b DD 3D, Z 2Tk TMHFDORICHE
THHEBEOR (EEIIAY P LRV v
Il b DRV S
4.2 FEE OB

BIZIE, M4 DTy & Ty OFIFEREZINET 5 L
M4(2) DEHCH D), SSIKKkD T & Ty DM
U GLET 2RO 1315 Lk 5.

[ a 7o a @ O R

c g b ©. (@). (0). (d). (©). (8). (). [0

(a.c). (a.b). (b.d). (b.e). (c.2). (g.i). (a.g). (gJ).

(e.g.0), (ab.d). (a,b. ¢), (b.c.g), (a.g.0), (¢.g.).

(b.c.g.i). (abe.g) (b.e.g.j).

(ab.e.gi) (abe.gj)

Sssi(11,72) = 15

4: TRITHEHE DB

TSR

4.3 7ILTJY XL

L) DR%E Ty, MBENRNROROELG® F £ T
5. ¥, RT OFIREOELAE P(T) £ £,

0430


研究会temp
テキストボックス
－43－


Fo, HHWBEMARERE p IOV, UTDXH
KA VT 7 A Ilp| #IERLTHL,

Ip|={TIT e FApe PD)}  (7)

DTFO7NTY RALT ST %515 T 5,

S[T]:=0for all T
foreach p in P(T}) do
foreach T in I[p] do
ST :=S[T)+1

COXICUTEHELL ST 28 Ty & T izt
TR ORL 1K BDT, ThzY—FLT
Hg g g kv,

4.4 FH¥

Tree Overlapping & ik, BENRDA VT v 7
Ui X 2B OEED ARETH 5. FHIT, i}
72 EEN— 2 OFPRR FE 2z v 5 720, BE
HFOY—NVONMLARETSH 5.

7272 L, Tree Kernel % Tree Overlapping IZ X
&, MEHDOT/ —FrzXillzwi s, fHo
HHRICHE D CRETH 5. 2D, BREIRIC/
A ZWAD T,

L2LZDaT7NaY XLBEH DT, Tree
Overlapping & D HIZEHTH 5.

5 & EEER
5.1 I
LTFog7LITY ZLico0T, TR#EEGER2 7

Jed 2k, L TPSF AT LT oM%K, %
Ruby 1.8.2 TH#E L 7,

e Tree Kernel (TK)
e Tree Overlapping (TO)
e Subpath Set (SS)

5.2 EERAE

FILAREL 7V XL DHMEZFHGT %

72, UTOFMETEBEZITS .

o EITT25DI%, 5.1HTHEL IO L
TY R4,

o MM RIFE T Ka— 1R [6] »oREMB L%
2483 3, &TC, AFICX 2 KBED ATV 3,

o ZDHNG TV LMIEALT 100 XD AKEE %
7x)ELT, BRET.

o {4 DBRRDOFTE CPU IR &, B (142
Do T ET) 2T 5.

o EBEED < i3 CPU Xeon 2.4GHz, X %€
1 2GB.

5.3 EERIER

SOFERTIE, MENRICZ ) HABEEN
2. EEOFER, LOo7LITY)RALTH, 7TVH
HiZ1fiTcey TR ERSeoT, £oT, DL
TIORTEERER T, 7)) HY2RERER» S
Bk L7z,

Z DEBIT A R R T — 7 DEE L 2\
728, #T7NTY) X LZEEICHET 5 2 & CRE
L7.

ZZTRTDIMTOMETH 5,

o BT NITYZXLTDL 7Y Kb DR
R (CPU ) .

o ZTINITYALTIMTE Y L7, flbod
T3 X LTS 2 B> (RN, fHIE
) |

o ZT7 NI XLDnii (n=1,510,50) Bk
M, H#d 2 M H 5 .

K41 731 W70 OFEGRRERI ]

| 7Ty 2o | TR 5] |
TK 529.42
TO 6.29
SS 0.47

£ 5. AT >7=XD B TOIESDOEINN
| BNA| TK | TO | ss |

TK 67.30 | 75.97
TO 8.79 34.90
SS 81.27 | 37.27

#£6: AT 57=XD B TONEN DI

| BNA| TK | TO | ss |
TK 11.64 | 17.86
TO 3.65 6.57
SS 15.95 | 8.31
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BEM%)

100

90

80

70

60

50

40

30

20

BT TKDnEFTELETNLITY) RLD n i E CICHET 2 L0 EHE

V=N 1frxT 507% T 107 % T 50 fr ¥ T
TK 1.00  (100.0%) | 5.00 (100.0%) | 10.00 (100.0%) | 50.00 (100.0%)
TO 025  (25.0%) | 1.68  (33.6%) | 3.63  (36.3%) | 19.45  (38.9%)
SS 0.15  (15.0%) | 0.98  (19.6%) | 2.18  (21.8%) | 13.07  (26.1%)
& TODnMEFTEET LY RLD n i ETIHEYT 2 XDB & H S
V2= PN g 507% T 107% T 50 fr ¥ T
TK 0.25  (25.0%) | 1.68  (33.6%) | 3.63  (36.3%) | 19.45  (38.9%)
TO 1.00 (100.0%) | 5.00 (100.0%) | 10.00 (100.0%) | 50.00 (100.0%)
SS 0.25  (25.0%) | 1.59  (31.8%) | 3.38  (33.8%) | 17.96  (35.9%)
£9:SSDOnMETEETNTY XLD nfizETICHET 2 LB L EE
FNTY XL 1% T 507 % T 10f7%T 50 i £ T
TK 015  (15.0%) | 0.98  (19.6%) | 2.18  (21.8%) | 13.07  (26.1%)
TO 0.25  (25.0%) | 1.59  (31.8%) | 3.38  (33.8%) | 17.96  (35.9%)
SS 1.00 (100.0%) | 5.00 (100.0%) | 10.00 (100.0%) | 50.00 (100.0%)

50

100 150
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5.4 EERHER O

Z ZTlE, TK (Tree Kernel) DRzRtHE %2 Hus
£ 9%, Tree Kernel 3D X 16 L 7- BRI
ORETHY, FHINZEHRDSEEZOND
72OTH 5.

#£ 455, TO (Tree Overlapping) DRI
& TK O 1/84 TH 5. SS-T & SS-S (Subpath
Set) ICE->TI, TK DfY 1/4800 DfisRIR % F%
HLTws, 2ol ihs, MBOEEMITIZEY
L7zEER 5.

TO ORI (1 72V 472D 6.298) 1%, H
BIZE 2 TIEHPPREVEKE 200 Lz, L
P LBED TO 3584 vy 7V ¥ RO Sk
(Ruby) THEL 7270, INZMRIFEELTa
VA IO EFETHIEET UL, B 5D
HEETH 5.

TK T 1072 > 7 XDMEN %2 il % & (35, #
6 DRTFEBT) , TO DRBFEFDSHSS LD TK
WGEWE W) T ENTD S, K5.106 bFkD
EDWTI D,

Dl bEDS, 7% A b ORESTELIEL %2 72
i,

o MRKERD V", Z2kD2%6, TO
o MR THE, #kd27%5, SS
WL TWBIENTHI D,

6 NAFZDE E

P D ARBREFERIE DO RETH % Tree Kernel %
HAWBmEREXR—2 74 L L, K oo
AEEERRT 5, EEL7ILTY X L% 2 R
RLT-.

e Tree Overlapping. Tree Kernel 23U\ 55 %
1L, Tree Kernel & D 120 ICHEHTH 5.

e Subpath Set. FEEEIZPE S %28, Tree Overlap-
ping X D HICEHTH 5.

KRS TIRE L 27 L2 R A TH S il
NENFTFzy 7 L2 A, ANEDPHES LU
XERBZHOLDOVBEEEFTN Tk,

2, ARICE > TOBBICICE, &2 T
X722 K, BRPEREOEDHENKE VLD TH S,

£oT, AED»SRTHRT I EBET 27
BT,

o KHEDFHED—HLERET 5.

o W UHEELINOREE (IRFAREER E) ZHv2
B EDTLRPBETH 5,

F7, B LOWELSCOWEITIGHIZ X > Tk
570, EEOISHICHEH L CFHitid 2 2 £ 23 E
ThH 5, 1HITH E L TRRZBEMEER P, #OK
& 23— R RO IR 7 E~DIEH Z IR L
TWE7»,

SE R
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