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Abstract: We propose a simple syntax-based preordering method that improves translation accuracy of
distant language pairs, such as English and Japanese, using statistical machine translation. Our method
reorders a source-side binary constituent tree by assigning reordering labels, whether the order of child nodes
under a binary node should be reversed, using linear support vector machine as a binary classifier. While this
idea has been repeatedly implemented in the task of preordering, the way how to obtain oracle reordering
labels used for training the classifier remains in a nontrivial open problem. We introduce a procedure to
obtain the oracle reordering labels as well as a set of features that improves binary classification accuracy
on the task of predicting reordering labels. The tree reordered according to the classified labels is used to
yield reordered source sentence, which is fed to a standard statistical machine translation system to generate
translation. Experimental results in English-to-Japanese and Japanese-to-English patent translation show
that our proposal substantially improves a previously proposed method in terms of translation accuracy.
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Fig. 1 Overview of the proposed method at training and runtime.
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nary classification is.
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represent word alignment between the English parse

tree and its translation in Japanese.

K1 /= Foli,p, ) IBIFEEM,ET T L— b BHd, I, rid
d>0Al=max(i,p—d) Ar =min(p+ 1+ d,j) Ziii/=7
Table 1 Feature templates for the node v(i,p, j), where inte-
gers d, [, and r satisfy d > 0 Al = max(i,p—d) Ar =

min(p + 1 +d, j).

VOAME <3 V) —F#

Lisps tpt 115, Wisps Wpt1:55 o(v(i,p, 7)),
Lisp O tpt1:j, Wisp © Wpy1:5,  or(v(i,p,7)),
tip O tpt1:j © Wisp O Wpt1:5, o¢(v(i,p, 7)),
tip, tp+1iry Wiip, Wpt1:r, ow(v(i,p, 7))

tl:p o tp+1:7‘a Wi:p O Wp+1:r,

ti:p O tp+1:r O Witp © Wpt1:r,

F2 M2TDOVP/—F0u(224) 12

HEEFRIE L wyy, SOICHEEOMAETIIFLT o ZHWVTE
LT A, E5I1, HDOLWILEESOANRYZNULTAEI L
HHLT, fo/kExA/%h%ﬂm%‘ﬁA%mw
b, INOEESE

d>0Al=max(i,p—d)Ar=min(p+1+4d,j)

RSB d, 1, r 2T, EESASY (1,p) £
AN (p+1,r) LERT A, B4, BEELEY
TR AN T TERT L7220, 0 L Er2EHs ANy
DIKREDTOME NG 2 5. JEE AN 3 A IS Y
DEFEEHOERA Ty 7 A p ICEEENTWD &
PEHINT, FRRIS, G AN SRS DG HEE
MOLIA Ty 7 AN p+ 1 IZHEE SN TV S HAE
WTHbH. 0D, FAOET AN/, Hifliz n-gram
T\, SNSRI AL, TEAANY EFL L,
JEAIS Y EA A DiFEVE L S 2 BRE RO,

v ) —FEMIE, S EM W TREE L LTINS 53
e, REEMNG LML T OMAERT, £/ — FE2K
ik & LTEREAT A, V) —FMWTIE, /= Fo(i,p,j) D
SA%E o(v(i,p,j)) LKL T S, FRIZ, FFRHALTDAD S
ﬁ%m(@n))$€%E@&@Sﬁ?mA@pJD&
FiLT A, M2 T, /— Foli,p,j) POI#miLTICEH
LT IR T OB L TOMAEY (T-/ — FBHEL &

GAH, — FOR) &, R — FhO0RES 2RI
iﬁb%ﬂ#ﬁb’é“(ﬂéb, or(v(i,p,j)) EERLTH. Th
LORMED I B, o(v(i,p, ), ou(v(i,p, ), 0w(v(i,p,]))
D 3OEH—DFEWE LTV, 0.(v(i,p, 7)) IOV TIEH
MAES 12Oz M RT.

BleLT, {2IZK2HDVP /= Fo(2,2,4) D0
TOFEWA VAY Y A%RRT. TOVP /— K&, AN
¥ (is?) LAY (binary® classification®) 2. %
T L= MIXFHEEERLTBY, e 2E, T
T L= bt IZIERIRRL T O L TH] VBZ OFREE LT
KB, EBRIZIE, TRSOFEWHMRICIZ T, £FEZ
MAGLELXFH TS, 728 218, A tagotsy

BUAEWDOAL VA v AR RT

Table 2 Feature instance examples for the VP node v(2,2,4) in Fig. 2.

FMETFTL—F AYAF TR
t2:2 VBZ
t3.4 JJ_.NN
ts3.3 JJ
wWo.o is
W34 binary_classification
w3.3 binary

o(v(2,2,4))
or(v(2,2,4))
ot (v(2,2,4))
ow(v(2,2,4))

(VP(VBZis)(NP(JJbinary)(NNclassification)))

OVP 1VBZ INP 2JJ 2NN 0VP_VBZ 0VP_NP 1INP_JJ INP_NN
(VP(VBZ)(NP(JJ)(NN)))

((is)((binary)(classification)))
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%= 3

7=y HI OB RS AT CHERNEA 1 L 72 8,000 3L & HEEMIEH T Eh T

V100 BXLOWT % 2 R DR IZH 5
Table 3 Data Splitting: Both the 8,000 manually annotated sentences and one million

unannotated sentences are used to train binary classifier.
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AN Z 2 training FAEH tuning dev test9 | testlO
ANFT HER I 2 L AFT
BRI | ez b HEEA AT
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&t 2,916,615 269,669 2,000 2,000 | 2,300
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xR ZENEFNELRL WL ) EEAMET 5. B%T—%
2,000 i, A 1,000 L& EWEIRS AT 2 0F 2 —
SV DRI, $BED 1,000 X (dev) #RETHED
BFIZHVS. ZOR%ET— % D% 1,000 L (dev) B &
D8 7 — & H B BRI L 72 8,000 SCIZ I3 AT CHEE
e 59 5.

PEMEIER > A 7 21213, 1B R 7 L — AX— 2O
HIFEMEIER > A 7 4 Td A Moses 3[23] x 5. DITFIC
FZ BT 4. SREE TV SRILM 1.7.0[36] % JiW T
6-gram DFE THE T 5. Bt id MGIZA [10] & Hwv
TH®HEZE L, grow-diag-final-and & 22— X7 1 7 AT
WIALT 5. BB Y A7 213, BRI 2 [39] %
AVBZET, BAFIBRDONAI)N=INF 2= % N\FTH
2T, Rm/AGRD RFETFE (MERT) 29] 2 W CF =2 —
ZYTTAh, TA- FHOERTNVIT) ALIZIEAY v o
%774 ) MEDOH A X100 THEAL, 20Oz bk
KIV—ZEDN20 % EFT7 4+ )V MEIZHEL 5. FHETER
BT, METRMEIR > A 7 41252 57— 4 O
WLERLE L CEMT 5.

PGB > A 7 2 OFFfiiC 1%, RIBES[18] & BLEU [31]
" FENENT T 4 ) hi%E TH 5%, RIBES I3 KFMZ%
FENEOIE L & %, BLEU 3R 2 EIEOIE L S & 5Ffi§
LILHEFNFNE-LTWAS., 202 00K ER,
ANBIDMER L 7B IRER L ARWENR © 2 7 2 o i ) DML
%, [0,100]% OEIRTAITHITL, BAITTHLITLE

*6 RIBES & BLEU ® 2 2 71T & #57HIHIE 1213 Travatar [27]
i AYAR
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5 HEMROIET—2 (dev). 7 FIMEIL 0.4172
Fig. 5 Japanese-to-English development data (dev): average
T =0.4172.

AT AR ABFUCHEL L Wb LR EKT.

HEENEZ OO0 7 — FHiLE L LT, NTCIR ®
XFRT— % % Berkeley parser 1.7[32], [33] & T 2 4K
LR AR E L CHESTRIT T 4. FRICHARREICO W T
Haruniwa [9] @ 2 43KE 7V, Comainu 0.7.0[45], MeCab
0.996 [24], UniDic 2.1.2[5] %Y =V xfwbZ LT, H

FEMLD Berkeley parser & Hg4e LT, 3LEE & MARICHE L
BT 4. Berkeley parser \$JFEIZ BT A SCARNTAE LA
F1 A3 77T 90.2, Haruniwa (& HARFEIZ BT % 1 SRS
FEANFL AT 7T80.29 THALHMEINTEY, BED
RESCRRATARS E \ZAR I IR S & B T B,

2 AR ORESE 1213, LIBLINEAR 1.96 [8] O+
K= IR I=2T v fvid, ZOB, N7 x2—-% Cid
LOWEEL, N4 T AHIZHW TV AR, £ 512, 2.4 fi
THEA L723CPHIEMEE, ERICEEE Ny ¥ 21 [35] %
HWT, 30 ¥y T LERIEICER L THWS, #
PNy v afbic &Y, 2EFBEEOFEICLER AT )MH
HExHRL, Fo¥BEELN LS E0TES.

3.2 HFEMIDERDLEER

REFEVPH D 2G5 FROFEO-DIZ, LD E
WEEE -y (B e T —%) 2AERTAZEE2EHME
LT, 2B OHENINHEFHET L. £ 1 OFAETIE,
ehliZe LRI Gizat++ [30) 87— % (AR O#y
300 F30xt) IS L, Bo N HESIGOH % Giza
Ty AT AL 2 ORETIE, Bhid ) HEESILA
Nile [34] % %8 7 — % 2 b HAE AL L TAF CTHEEIL
17 L7z 8,000 33 THBET 4. Dk, FHIFEAD Nile
BT S ICHEAL, BN HESICOH )% Nile
F—¥ LT B, B, Gizat++ & Nile D 2 DD HFER
B DOREIE % NTFCTHEBFINAHT L7723 T — 4 (dev) %
FAWTFi§4 &, Gizat++id F1 A 27 T50.1, Nile &
F1 A2 7T86.9 &%&niz.

KIZ, Giza 7— % & Nile 7— % O—#% T 2 {55
HerFH L, TNENE Giza 75EZB L O Nile 772
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6 4T UNIEARFRZ TNV EFBT HIRETEL B LM%
T =%, 7 F¥HHEIZ 0.9091
Fig. 6 Development data after applying the proposed proce-
dure to obtain oracle reordering labels: average 7 =
0.9091.

7 Giza 7¥E© B L72HZET— 2. 7 ¥ 0.7320
Fig. 7 Development data reordered by the Giza classifier: av-
erage 7 = 0.7320.

8 Nile p¥fias 2 @M L7257 — . 7 FHEIL 0.7478
Fig. 8 Development data reordered by the Nile classifier: av-
erage 7 = 0.7478.

ERMFT A BRI, FET—4 300 H3OE0 ) b,
AT CHFETIGA T L72 8,000 3L &, F0Mho 100 HXD,
AFF100 /8,000 X% ERRE LT 2 E53HEEDFE 7 — %
WA, AFE VIR BRI L2012, &
T=Z IR, FEHEBRO Giza 5B £ O Nile 574
WOMREETHET 5720, NFTHRERIDTT L22B%
T =% (dev) &FNFNDOIHEETIE_E 2, Kendall’s
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Fig. 9 Binary classification accuracy of the learning curves of the Giza and Nile classi-

fiers for the development data (dev).

T D53 [18] & FHE % IV CHRYERT 4. Kendall’s 7
DA TIE, MEEE ST L NV @ Kendall’s 7 Ofi, #iEdilx
LOEOBEIIK T 2EEGE2RT LT, BRI IBOE
JIE & EfERENE O RELE %2 WAL 5.

5 |2 Kendall’s 7 45745 CH#RAL L 72 FHRiE -~ 2 B D
BT — % %79, Kendall’'s 7 O 0.4 1%, FEIEOH
ST L AR L, iR & HARRED SREA T o~
ZHAIDOELSEFRL TS, T, 6 I2IFRETF
BB D47 7 ViEREZ TNV & e SR 2
BT — % #/~9. Kendall’'s 7 DI 0.9 1%, FENE
DOMBEPIEFITHRNZ L2 E]RT 2. K5 L6 DD
EWWIE, T 7 IVAEREZ TN K o TEEIEDE WO R
DR SN2 2 b B PIREISRT.

7 &X 8 12, Kendall's 7 53 Ai CHJ AL L 72, =%
N Giza 73 ¥2% & Nile g CHujb 2 L7z T —
5 &R . WEHEDIEIZL Y, Nile 52513 Giza 52
L0 Z L DEFIFEADOEABZER (1(x) =1) »MEFEHN
TWBLZ DV nsb.

X 9 12 Giza 77 JH2% & Nile 7R 2 58 L 72028
MART. MBS T — & 12B T B IR, e
F= S BELOBETRLTWS., FEHF—¥121%, AFT
HFERHEAT 1 L 72 8,000 SCkF & HEEXF LA H LTz
100 3k oM 2 M L CH Y, HEEIEA ) L7z 8,000
tE 2 DBRFE, HEEMISAT STV 100 300
10 DFSREDOEGTT— Vi ZL3ETw5E,. 2ol
#2r5, Nile 52525 Giza S HBF L VENLTNE Z LS
GBI .

RAVIRETELRET— % (dev) 2B A 2MH5H
DIEfFESCHNRFEIG L 7285 R B & OBIFRRS B CHMOEEm L
TAERART. 22T, Giza 538 & Nile 5525 0%
W, EAHIR (DL &) 3EHEHOEVICERT . E
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x4 TS (dev) OHERFUZBU S Giza 756 & Nile 5
HEROFER. KT13 bootstrap resampling [22] 128V T
a7 LEEAEENE (p<0.01) BRnIeitET

Table 4 Results of the Giza and Nile classifiers for the

Japanese-to-English translation of the development
data (dev). Bold text denotes no significance (p <
0.01) from the highest score obtained within boot-
strap resampling [22].

dev
T DL iEf##% RIBES BLEU
Giza 57¥8: 0 82.60  76.72  31.38
Giza 7787 10 82.60 76.71 31.64
Giza 7784 20 82.60 76.22 31.11
Nile 7%+ 0 90.36  76.80 31.45
Nile 4% 10 90.36  76.89  31.81
Nile 77#i# 20  90.36 76.32  31.77

AHIBRIE, 0 LA E 20 LT OELMEDID 2 3% 70,
0, 10, 20 O 3 EMEIEFE L7z, ZOFEELS, Nile 4538
L EAHIR 10 OHAERETH D Loy oizizd, L
FEeDERBRTIERMOZEZ V5.

3.3 FMETLTL— FORBRERR

= 512, JBATHIgE 25 OF T v T L — b, RETFE
DFEWET TV — 1, BIOREFEORNET 7L — |
OB pR LG ao N EN T R_EFFICHAL, B
37— % (dev) (2B 2 2 ESHOIEMH L FFRAEELT
WL REZRT. Zolkirs, REFEORET ~
TL—= bIRTEAVDGENRETH D Lhol. F
72, ANVEMNY ) —HFWLI VAN TH L Z L QRERT
&7z, 2K E LTUE, FERImL T ORI EE O
ETNVEEATYS Y, HiEERRB LIRS DA
BOARTTREI T TPV ERoTWAIENEZLN
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x5 WHET—% (dev) OHEFFICEB BBREHEHRE. KT
bootstrap resampling [22] IZB W THEA I 7 EfEaHTAE
P (p < 0.01) VI &EEFERT
Table 5 Ablation tests in the Japanese-to-English translation
of the development data (dev). Bold text denotes no
significance (p < 0.01) from the highest score obtained
within bootstrap resampling [22].

dev
Fr o 7L— b DL iEff# RIBES BLEU
Ebe N 10  90.36 76.89 31.81
A8 FEPELAE 10  86.97 73.02 30.26
a(v(i, p, 7)) Lot 10 90.18 76.83 31.71
or(v(i,p,7)) LMk 10 9029 76.28  31.67
ot (v(i,p,§)) LAk 10 90.33  76.73  31.91

ow(v(i,p, 7)) DAt 10 90.31 76.94  31.62
FATHEZE [25] OFEME 10 84.38 66.59 27.39

K6 HHET—% (dev) DHERMFRICBIT 2 FU L 72iE~FER 7
NIV EF T IV R TNV ORER. KT bootstrap re-
sampling [22] 12 BV TG A 3 7 LHaHIAEME (p < 0.01)
RN

Table 6 Results of predicted and oracle classifiers for the

Japanese-to-English translation of the development
data (dev). Bold text denotes no significance (p <
0.01) from the highest score obtained within boot-
strap resampling [22].

dev
Fik DL IEf#% RIBES BLEU
Nile 7% 10 90.36 76.89 31.81
2R HY DT 7V 10 100 82.36 33.58
29K LOF T 20 10 84.65  36.62

L. E5, WETHROFEN TV 7L — FoEEWD,
FifgenFzET v 7T L — b EDFEWIZ X o TEERIGITIR S
NnTwns,

34 FHILAERBEZINILEF T TILAEREZ TN
)53

TSR & 2 ME R D CIRETFE DR Y % AT
T 5720, 2EFERRD L 2 5RO ENSRETF
FAHZ T EBERET— 5 (dev) 2B 5 RS
ECRT. 2MEAHHEY ICoWTIE, FHlLE~Ez T
ANV (Nile) & 2.2 i THRR7ZIBEFEL BT LI LT
BoNDLET 7N EZ TN 20KREKH DL T
7)) mILET LI ET, WEOTFIEEICHED CIRETF
B, FOEREDEZWPSPICT D, 20KEH#ICON
T, AIEOF 7 7 ViR 700 2 5AKEKH Y O
FToN) &, HEEWIDEREN Y — b TliE 2 [40],
Z OHFEM IS D E LA EEAE B 2 R (2 A
W LoFT 7)) ZHET 5.

£6 1, FHMLARNEZ TN, 77 VIENEZ T
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=7 EHFFRICBIT 2 REER. KT bootstrap resampling [22]
EBWTREAIT EMTAEREYE (p <0.01) VeIt
EE)
Table 7 Final testing results for the English-to-Japanese
translation. Bold text denotes no significance (p <
0.01) from the highest score obtained within boot-
strap resampling [22].

test9 test10
Tk DL RIBES BLEU RIBES BLEU
HATEREZ VR WR—RA T A
Moses 0 64.91 25.83 65.16 27.64
Moses 10 69.40 31.34  69.33 32.57
Moses 20  70.74  32.05 70.82 32.91
R—EFE

Giza 7% 0 78.68  34.62 78.75 35.61
Giza /7-¥gs 10 78.72  34.82 78.88  36.28
Nile 73 %i# 0 79.05  35.03 79.11 36.25
Nile 4%figs 10 79.04 35.42 79.29 36.59

8 HIEFMRIZBIT B mAAH. KT13 bootstrap resampling [22]
CBWTREAIT EMEIAEREYE (p <0.01) 2w Er
E)
Table 8 Final testing results for the Japanese-to-English
translation. Bold text denotes no significance (p <
0.01) from the highest score obtained within boot-
strap resampling [22].

test9 test10
Tk DL RIBES BLEU RIBES BLEU
AR EH VR VWAR—2F 1 >~
Moses 0 66.95 26.36 67.50 27.17
Moses 10  68.95 29.41 69.64 30.20
Moses 20  69.88 30.12 70.22 30.51
REFIE

Giza 77#% 0 77.49 33.08 77.49 33.65
Giza 538i# 10 77.44 33.28 77.42 33.77
Nile 73482 0 77.74 32.97 77.89  33.91
Nile /78%# 10 77.97 33.55 78.07 34.13

N, WEBEHEERFEZIZEROZNEFNUIIONWT, B%
T=% (dev) OBFIEEEZRT. ZNENITECDTD 5
A, FHILZEREBRZ IV EF T 7 ViERER T NILD
MIOEVE, 2 ESE Y SRR T 5 HREE S E
BT LI E2#FLTWA. TR, 250K
ZEKS 2 HFREEOAILD ARICHFET AL 2R T
Wh, INHORENS, 2ESERRD T 7213 2 AT
R 2 BSOS & B 2 & TRETFETH ML
ECTEXDIEDPREENGL, BRI % ETEIT RO
mE L.

3.5 FHET—2ICH T BERER
KT LR8I, EHERE HEFR COREFEOM
Rz, FHliT— 7 1B AHFBE CENEIURT. 20
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F 9 EHFERICBUI2RFEFHLMATHOMR. KF1E bootstrap resampling [22] (25
WA T REETINAEENE (p <0.01) HHnZ & a2k
Table 9 Results of the proposed method and previous methods for the English-to-

Japanese translation. Bold text denotes no significance (p < 0.01) from the

highest score obtained within bootstrap resampling [22].

test9 test10

F& DL RIBES BLEU RIBES BLEU %3]
AR ER 2 7 LD Moses 20 70.74 32.05 70.82 32.91

BN FED BT [19] 10 75.39 34.08 75.68 34.69
FATGE D T [25] 10  77.04 34.29 77.21 35.48 1 HH
REFE (X7 VERBEZITVOR) 10 76.88 34.13 77.20 35.64 1 HH
RETE FEUTy7TL—boAk) 10 78.82 35.29 78.94  36.58 1 HH
REFE 10 79.04 35.42 79.29 36.59 1 B

F 10 HEFERICBIT 2RETHE LA TEOMER. KT bootstrap resampling [22] 123
WTIREA T EREEHIA RN (p < 0.01) P nI e iRT
Table 10 Results of the proposed and previous methods for the Japanese-to-English

translation. Bold text denotes no significance (p < 0.01) from the highest

score obtained within bootstrap resampling [22].

test9 test10
T DL RIBES BLEU RIBES BLEU 3K
HHANE~ER 2 % LD Moses 20 69.88 30.12 70.22 30.51
FATHIFTE [25] DAE~RBEZ TNV +FEEF > 7FL—F 10 68.37 29.13 69.34 30.09 1 HH
RETHE (XTI NVERBEZTNVDOHR) 10 66.24 2846  65.88  29.00 1 HMH
RETHE (FETF 7T —r0hk) 10 7749 33.25 7777 34.31 1 HMH
RETH 10 77.97 33.55 78.07 34.13 1 HM

iS5, RIBES 227 & BLEU 22 7OMET, &%
FERXR—=Z T A 2T 5 HFNE~E 21D Moses D Fl
FTHEREFFEEICWE L2 D0 5. BRI, RETET
Giza 3z ) Nile SR EFHT LI L Two 2
I DYEEDPE SN0, RETFHRITHFEG I T 25 E
FETHLILEL VRN THLERBEINS, &5, £
FTFHERIEARFRZ L (DL =0) THEWEIREEZE
BLTBY, FEEE2 B TOMEZ K L Tw
HEDh.

3.6 BEIFFEEDLR

£ 9 BLUEK 10 12, RETLELLATHIR [25] D FHH)
AR 2 Pk L BANCEED CHRniE~FR 2 Tk (19 o2
FNERBLIERERT. RPOITVDH E [REF
B (F T NAERER TNV DOR) ] dF T 7 NAERER T
NV EATIISE O FEME T v T L — N OMEYE, [IRETE
(FEMT > 7L —boH) ] &, FBATHIROEEER 7NV
CRETHEOZENT > 7L — boMEeR, [HRETE] 1,
T T NHREZ TNV EREFEORET 7L -
MAEEE, ZNEFNERL TS,

RETFHITH BT E HEFROMW S CBATFE L
o7z $RI2, FATAIZED TS HERER TR -2 7 1 ~
THDLERIE_EZTO Moses # TR AFERERD, 17
KTHEEPEERECHYR SN, BT L L 22 E K
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BT AL, Wl FENET TV FOFEMIKE o

7o ST, AT INIAEER TN EMALEDEDL
T, TRNTCOTF— ¥ - G R RS 2R LT\ 5.
4. BEEMZE

4.1 AEEE 2 ERERICED (HRUERE A

RETFIE, 2.1 HiCHERE % 587 L 72 J64TF%¢E [25]) O F
FBEICEDOWTWD, TOTERF T 7 VIEREZ TNV %
HWTBLT, ftbhiz, B2 INVEERT L0
Dea—) AT 4 7 A HWTEEEZT->TVED, 0D
FUHITEHETHRIEE N TW o7z, bk 2—1)
AT 47 AL, FHT— 5 % Gizat+ CHIEFIOAT L,
AT O HGEZFRSCMOHFEA > 7y 7 A % H TS
T 5. RIZ, EHIBROATIL2 S HFESILSSEERZT 550
hr&, KD 2w 2lsER T FE ST 5. 2 E5ER
DT RIITE, HFERIL S5 05 L - FELFRD T X
VaEHWa, #FHEIE, B8, RS, %/ - FDA
NV LD HEE Z AV TWW 5.

PREFHICBIT S Kendall’s 7 E HW 2 ERAA L Z @B T
5T LT, A EDOL 22— AT 14 7 ADRYMEE
HTDH, oD =) A5 147 A, HESIOHPEET
BHEOZHRNTVE 20, FEF—FhD r(a) =1 %72
i r(a) = -1 27T HFOART 2 MESHEEROFZHIH
WCWBERLREDL, 20720, ZOa—) AT A7 A
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DERT A2 TARNVIEE T 7 ViR 2z TR L
LFLD LR, 2.2 HIORETEEZZ o HZHESR
LTWh 720, FATHROMAAD ) b a—) AT 4 7
ADREZIFHA TRV, FIREEIE, BT HATIcE
BHLTBLIENTEL72®, Kendall’'s 7 122D AR
B INVOBENER ) = FICBU A 2MHSEOERT
O(n%logn)+O(n) TH 5.

4.2 EREBEICED(ERIUANER

AR (2D CHATIE A~ 2 T3 [11], [20] DARE S
NTW5D, AR TIE, Bz 20K TlE% < n ks
WRER DI, TR TNVOEMIZOMm) FEL,
GEFTOM) +0(n) ORIFERE LR L. T2 F 2 7 KR—
MY &< 2 WA IC & o TEBRIZFHE S
B Fk [44] TlE, BEANEZ TNV OEHIZ CKY 7V T
ALEHWT, AT OoMm3) +0n) DRtEE L 2 5.

4.3 RENICXF72 3 NEICEDCERENEZ
FHE T v A5 7 3a 30 [41) 1230 a2
F: (6], [14], [26], [28] bIRE SN TV 5. FRIIKEL N T >~
AF s va e L YRMILLZ2T 7y MEPT VA
57 oA v A1) 120 Tk [6), [26], [28] 1, BEFEO
RSB 2 LB L L WM TH 5. HZMHICE
%)= FIZBUFBANVE, EAT/ — FDOANVEDOH
T, HRE#RME, FERGERLS, Gizat++ % 721% Brown 7 7 A
)T 2] EHVTRONIHFEZ FA, SHIZT7 L —
AF—T Ve LTHWTWwS, HE&EIE, CKY 7
VT ZLEHWBOEFTOM?) Tho7hs, Bk
EAALT O(n?) 12238 L2 Tk [26]) bigRS . Lid
WZ, BXAZEMICFIETE W0, RETHELIVE
W REE AL L 7 B

5. b

KL TUE, HEHBMEIER O 72 © OfRE I 20 < Fai
B2 PR R L7z, IRETE, W & 2 E5H
BEHOCTH RO K/ — FICKE - ERFED T~ % 4
53 2 AT F: [25) &, T 7 VilEERL TNV E
FHT TV — b 200l THRE L7z, 4T 7 Vi
Bz 700121, Kendall's 7 S K127 A & ) ICKn &
TIIERRD T XNV RS L7z, F72, #EET 7L — b
AR L, 2MESHHOIEMEI;RKIEICLET S I & E R
L7z, BRAAMEROFHLFEL L, REFEIHEM2D
AR ISR SURAT 2R AT BE 22 3 C O S REx I8 H T R
Thb. KBELRETRT— 7 ZHW-%H - HIERRIEER
T, REFEILATIEOF LD S OFIFREE O KR 2 2L
HER L2, 2D L9 mEER T SRR ED SR VT
W) ANTERCTELZEDS, RETFHEOHMEI IR
7.
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BE Ao IV w, NTT 23 2=
r—3 a3 YRVYEIETENISEET O T RERG IG5 4.
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