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}W*!#]uK*1kG3<@ObGk,?(kN(r

GgH9k\*@l8r5w9k,"5wuV,DgG"k?

a?J,+NJ1=Khjaw*5wrTCF$k#Ul<:

Y<9bGk [1℄GO1lN]u8G"CFbUl<:P~N
c$KhCFN(M,[Jk?a"Fud8KP9kUl<:

P~N&A7)KN(GgNP~raa"=NN(rQ$F]

uudrfS9Y-G"k,"3Nh&J7)JfSOTol

F$J$#l}G]ukLH7FNr5lJ+C?h 2LJ<
NudKO"hj]u:YNb$bN,^^lk3H,Nil

F$k [2℄#=3G"3liNudKP7FN(r7)KGg=
9kUl<:hZj&P~raa>93HG]uudNgLU

1r~17"]u:Yr~e5;k3H,G-kHWolk#

Pu8KP7F?(il?Ul<:F<Vk+iN(Gg9

JoAG,JUl<:P~ (phrase alignment)raakj!
H7FO"0tWh!rQ$?j! [3℄ ,sF5lF$k#7
+7"3Nj!GO=_-/Q$ilF$kj*<@js0b

Gk,M85lF$J$#\FGO"j*<@js0bGkr

H~_D=J7?JUl<:"i$J (phrase aligner)Nj0
=rsF7"3lr}W*!#]u79F`N]uudNji

s-s0K~Q9k3HG]u:Y,~e9k3HrB3*K

(9#2 Ul<:"i$J2.1 }W*!#]u

}W*!#]u79F`O"~O8 f KP9k]uudH7
F"ifk\*@l8 erM87"GbN(Nb$\*@l8êr]ukLH7FPO9k#9JoA"J<N0KpE$F
]uud êOhj5lk [1℄#ê = argmaxe X P (f ; je)P (e)� argemaxe max P (f ; je)P (e) (1)
0 (1)K*$F"P (e)O@lbGkr"O f"eVGN1l
"k$OUl<:NPuX8r=9#^? argemaxemax O
G3<@HFPl"?(il? f N]uH7FGbN(Nb$er5w9k#Ul<:]ubGk [1℄ GO"]uNG.1LH
7F"39k1lsG"kUl<:rQ$"J<Nawr*/#P (f ; je) �  IYi=1P ( �fij�ei)! � P (je) (2)

33G" �f"�e OF96@lUl<:"\*@lUl<:r" = 1; 2; � � � ; I O6@l{\*@lVGNUl<:P~X8
r=9#i O6@l&G iV\NUl<: �fi ,P~9k\*@
l&Ul<:NVfG"k#9JoA �fi O\*@l&G i V
\NUl<: �ei KP~9k#P ( �fij�ei ) OUl<:]uN("P (je)Oj*<@js0bGkH=l>lFPlk#j*<@
js0bGkO]u0eGNlgQ=KP9kN(r?(kb

GkG"j"=_O\*@l&GYjg&Ul<:1NN6@

l&K*1kLVX8rN(bGk=7?bN,-/Q$il

F$k#2.2 Ul<:P~dj

Pu8*hSUl<:P8g,?(il?H-"Pu8NF

1lrlY:Do$9kUl<:PNHg;r=NPu8KP

9kUl<:P~H$& [3℄#Ul<:P~djHO"Pu8hf ; ei"*hSUl<:PH=N]uN( 
 �f; �e; P ( �f j�e)�N8g
G"kUl<:F<Vk,?(il?H-"N(Gg9JoA

G,JUl<:P~raakdjG"j"3lrB=9k79

F`rUl<:"i$JHFV [3℄#Ul<:"i$JOJ<N
0GjA5lk#D �̂fI1 ; �̂eI1; ̂E = arg max�eI1=e; �fI1=f ;=I1 P � �fI1 j�eI1; �P ��eI1; je�(3)
33G"I1 = 1; 2; � � � ; I G"j �fI1 , �eI1 KD$Fb1MKj
A5lk#0 (3)N&Uhl`*hShs`O"=l>l0 (2)
NbNHP~7F$k#2.3 0tWhdjH7FNj0=

Ul<:F<VkfNUl<:P

 �fk; �ek� KP7F=NH

QN-5r=9 2MQt xk 2 f0; 1g"*hSFUl<:P,6
@l8Go$9k1lLVr 1"=lJ0r 0G=9 2MTsF r3~9k#J*"F OT,6@l8K^^lk1lG"s
,FUl<:PG$sG/7s05lF$k#\*@l&KD

$Fb F H1MKTs E rjA9k#
Pu8 hf = f1; f2; f3; f4; e = e1; e2; e3i KP7F^ 1 Nh
&JUl<:P,,QD=JlgrM(k#^ 1 K*$FM
Q$H,Ul<:r=7"Ul<:1NrkV~,Ul<:P

~G"k#3NH-"F;E O0 (4)Nh&KJk#c(P"U
l<:P 1O6@l&G f1; f2 ro$9k?a"Ts F N 1T1s*hS 2T 1s.,, 1HJCF$k#F = 0BB� 1 1 0 01 0 1 00 0 0 10 0 0 1 1CCA ; E = 0� 1 0 1 01 1 0 00 0 0 1 1A (4)
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^ 1 Ul<:P8g

!

J1=N?a"0 (3)N&Uhs`9JoAj*<@js0
N(r 1HV-"Ul<:]uN(N_rM89kH>j9l
P"Ul<:P~djO!Nh&K=5lk [3℄#maximize Xk2K xk log pksubjet to Fx = 1;Ex = 1;xk 2 f0; 1g (8k 2 K) : (5)
33G pk O P ( �fkj�ek)N,-G"j"K OPu8K,QD=
JUl<:PN8gr=9#^? 1 = (1 � � � 1)T G"k#3 sFj!3.1 -~0iUNQ9H7FNUl<:P~[3℄ Nj0=GOFUl<:PKP7FQtrV/?a"U
l<:P1NNLVX8r=9j*<@js0bGkrl!0

H7F\*XtKH~`NOq7$#=3G\aGO"e-N

djrrh9kUl<:P~djN7?Jj0=rsF9k#

\FGsF9kj0=GO"Pu8K,QD=JUl<:P

r\*@l&KD$F-~0iUeK=93HrM(k#^ 1
NUl<:Pr-~0iUeK=9H^ 2Nh&KJk#^ 2
K*$F e1Ae3 O\*@l8fN1lG"k#Ul<:OM
Q$HG=5lF*j"FUl<:NLVHg-5Oo$9k

1lLVKP~9k#^?Ul<:NVfO^ 1NUl<:P
NVfKP~7F$k#Ul<:1NrkV-~^Kdj6i

l?tzO^Vf ar=9#Ul<:P~O"6@l&KD$
F0 (5)N6@l&)s0 Fx = 1r~?7"+D\*@l&
0iUK*$F+ON<I s+i*<N<I g XNQ9HJC
F$k,W,"k#c(P^ 2 f"Ul<: 2, 3, 4 rLkQ
9OPu8KP9kUl<:P~udNlDG"k#Ul<:

P~K^^lkUl<:PO"\*@l&0iUNQ9K^^

lk^+ib3/3H,Phk#3NbGk=NbHGO"j

*<@js0N(r\*@l&0iUN^KP9kE_H7F

H~`3H,G-k#[3℄Nj0=GQ$ilF$k-fKC(F"\*@l&-~
0iUfN^ aKP7"a,Q9K^^lklgO 1"=&GJ
$lgO 0rHk>Qt ya r7?K3~9k#3NH-"U

^ 2 -~0iUeK=7?Ul<:1NNX8

l<:P~djOJ<Nh&Kj0=5lk#maximize Xk2K xk log pk +Xa2A ya log dasubjet to Fx = 1;My = b;Ny = x;xk 2 f0; 1g (8k 2 K) ;ya 2 f0; 1g (8a 2 A) : (6)
33G My = b O\*@l&0iUGN<I s +iN<I g
XNQ9HJk?aNroG"j.L]8'HFPlk#N O
\*@l&Q9K^^lk^HFUl<:PHNX8r?(k

TsG"k#^? AO9YFN^N8gr"da O\*@l&
NF^KdjvFilkj*<@js0N(r=9#

^ 2 KD$F".L]8'rq-<9H0 (7) Nh&KJ
k#8Uhl`OTs M G"j"FTO s"Ul<: 1" %%%
"Ul<: 4"g NN<IKP~9k#c(P0 (7) N 5 T\
O"Ul<:P 4 NN<IKD$FN.L]8'KP~7"y4 + y5 = y6 r=9#0BBBBBB� �1 �1 0 0 0 01 0 0 �1 0 00 1 �1 0 0 00 0 1 0 �1 00 0 0 1 1 �10 0 0 0 0 1

1CCCCCCA0BBBBBB� y1y2y3y4y5y6
1CCCCCCA = 0BBBBBB� �100001

1CCCCCCA(7)
^?"^ 2N0iUK*$FUl<:P 4NN<IKO^ 4J
$7O^ 5+iQ9,.~9k3HKJk#7?,CF^KP
9kQt y4"y5 N$:l+, 1rHkH-"Ul<:P 4K
P9kQt x4 NMO 1HJk#Jehj y4 + y5 = x4 H$&
X80,3+lk#=N>NUl<:PKD$Fb1MK7F

-~^HNX80raakH")s0 Ny = xO!Nh&KJ
k#33G"8Uhl`NTs, N G"k#0BB� 1 0 0 0 0 00 1 0 0 0 00 0 1 0 0 00 0 0 1 1 0 1CCA0BBBBBB� y1y2y3y4y5y6

1CCCCCCA = 0BB� x1x2x3x4 1CCA (8)3.2 Ul<:"i$JrQ$?jis-s0Njg

\aGO"3.1 aGsF7?Ul<:"i$Jr]u79F
`K~Q7F]uudNUl<:P~rG,=7jis-s0

rT&.lrb@9k#

^:"Ul<:Y<9G3<@rQ$F~O8KP9k]u

udeL N D9JoA N best ]uraak#!K"G3<
@K~O7?6@l8HF]uudNZ"rPu8H7F"U

l<:"i$JrQ$FG,Ul<:P~raak#J*"U

l<:P~G,=~KO]u~H[Jj"\*@l8G"k]

uud8,Gj5lF$k?a"@lbGkN(d\*@l8－ 862 －



= 1 3<Q9\Y

G<?;CH 8t 1lt lC5$:

X,;CH (Q) 1,798,571 59,974,173 142,435
X,;CH (|) 1,798,571 64,184,179 121,652dev.;CH (Q) 915 30,028 3,986dev.;CH (|) 915 32,427 3,653
F9H;CH (Q) 1,381 45,334 4,116
F9H;CH (|) 1,381 48,737 3,882

= 2 >AB3ro

!

`\ ro

G3<@ Moses (08/02/20 release)
S<`} 10, 20, 50, 100, 200, 500, 1,000beam-threshold 1e-5ttable-limit 20
j*<@js0bGk msd-bidiretional-fe
D_w%)B J7

t}WhdjN Solver CPLEX 11.0
9KhkZJkF#OM87J/Fh$3HKmU5l?$#

GeK"G,=5l?Ul<:P~N93"K@lbGk93

"*hS\*@l89ZJkF#rC#7"F]uudNFg

LU1rT$"GbN(Nb$udr]u79F`NPOH9

k#33G93"HOPtN(G"k#9JoAsFj!O"

>hN}W*!#]u79F`HO[Jj"0 (1)N max N
t,raw9k3HJ/7)KT&#4 >AB34.1 B3ro

B3KO"NTCIR-7Cv]u?9/ [4℄G[[5l?Q|P
u3<Q9rQ$?#Ul<:F<VkNX,KO1X,;C

Hr"G3<@NFG-KP9kE_X,KO development
;CHrHQ7?#^?F9H;CHO NTCIR-7 U)<^k
isG[[5l?F9H;CHH7?#3<Q9N\Yr= 1
K(9#]u}~O|QH7"]u:YN>AKO BLEUr"
Y<9i$sKO Moses G3<@*1rQ$?#G3<@Qi
a<?yNB3ror= 2K(9#^?6@l8l8"?jNN besttOS<`}H1MH7?#
^?"MosesO N best]uraak]"5wSfG reom-bine7?]u>brF8+7 N best udK^ak#7+7"Moses N reombineroOj*<@js093"NlWr]
c7J$?a"Moses,U?7? N best]uNj*<@js
093"Oaw5lF$k#=N?a"Mosesr=N^^xQ
7F N best ]ur@kHsFj!Khk93"N~1r5N
K>A9k3H,G-J$#=3G"reombinerorGU)
kHN^^H7?lgKC(F"j*<@js093",lW

9k3Hr]c9k?aN reombinerorIC7?lgKD
$Fb"93"~1}r>A9k?aKB3rTC?#J*"reombinerorIC7?lg"1~K N best]uK\*@
l8,lW7J$?aN MosesN*W7gs'distintr,Q
7?#*1 http://www.statmt.org/moses/

4.2 B3kLMoses*hSsFj!Khk]ukLN BLEUr= 3*h
S^ 3K(9#=*hS^f"rerankOsFj!r"defaultOMoses\hN reombineroG"j"+D distint*W7gs
J7Nlgr"reombine+O reombinerorMosesK7?
KIC7 distint*W7gsr,Q7?lgr=l>lU#9
k#sFj!H MosesrfS9kHsFj!OoK Mosesh
j BLEU M,b/JCF$k#CK reombine+Nlg"-
Ue` 5% H7F-U9!jrTC?H3m"S<`} 200J
<N4,j@K*$FsFj!,Mosesr-UKesCF$k
H$&kL,@il?#^? defaultH reombine+HGg-
J BLEUN9O+ilJ+C?#reombine+ K*1kF9H;CHKP9kh}~VHBLEU NX8r^ 4 K"S<`}H?Q93"~1}HN
X8r^ 5K=l>l(9#33Gh}~VO"MosesNlg
KOF9H;CH48N]uKW7?~Vr"rerankNlgK
OMosesN]u~VHUl<:P~G,=KW7?~VHNB
r=9#?Q93"~1}O"N best FudNUl<:P~
G,=0eN93"N9,r?Q7?bNG"k#J*"Fu

dN93"Ng-5O**h=-10 +i-100xYN*<@<G
"C?#^ 4 K*$F Moses HsFj!HGh}~VrfS
9kH"sFj!OMosesH1xYN]u:YNH-"*h=MosesN 2\xYN~VrW9k3H,o+k#^?5w~V
,;$H-"9JoAS<`},.5$H-KO rerank Kh
k BLEU N~1,g-$,"S<`}rg-/7F$/H!
hKsFj!NzL,.5/JCF$/#G**K"S<`}500JeGOMosesHsFj!HG]u:YO[\QoiJ/
Jk#3lOS<`}rg-/Hk3HG"MosesN5wN:
Y,~e7F$/?aG"k#3N3HO^ 5+ibN'9k
3H,G-"S<`}rg-/7F$/H93"~1},.5

/JCF$/MR,+ilk#

GeK"sFj!KhjUl<:P~*hS]u:Y,~1

5l?cr^ 6 K(9#^f"Moses O MosesKhk]uk
Lr=7"rerank OsFj!Khj93", 1 LHJC?]
uudr=9#^?^ 6KO]ukLN>K"jis-s0K
hj93" 1LKJC?udNG,=0eNUl<:P~b(
7F"j"MQ$H,Ul<:r"Ul<:1NrkV~,U

l<:P~r=7F$k#^ 6GO"5r]ucfN \ontroleletrode ( gate )"H$&Ul<:,"MosesN]ukLK*
$FO \ontrol eletrode"H \( gate )"HK,r5l"\( gate)"N8jh,QoCF7^CF$k#l}"rerank O5rc
H1MK \ontrol eletrode"H \( gate )"H,"37F*j"MosesKfYFh$]uHJCF$kH@(k#^?^ 6K*
$F"jis-s0NkL93" 1LKJC?]uudNG,
=0eNUl<:P~rfS9kH"G,=0O \F $k #"
H \."H,P~7F$?NKP7"G,=eO \\3 5l F $
k" H \is onneted""*hS \#" H \."H$C?hj+3J
Ul<:P~K~15lF$k3H,o+k#5 *ojK

\FGO"j*<@js0bGkrM87?Ul<:P~

djN77$j0=rsF7?#^?"=lrQ$FUl<:

Y<9]u79F`N]uudKP7Ul<:P~G,=rT

$"P (f ; je) r7)KGg=9k3HKhCFjis-s0
rT&j!KD$F!$7?#sFj!O NTCIR-7Cv]u
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^ 6 sFj!KhjUl<:P~*hS]u:Y,~15l?c

= 3 ]u:Y (1L'%BLEU)
S<`}

default reombine+Moses rerank Moses rerank10 28.2 28.4 28.2 28.320 28.5 28.6 28.5 28.750 28.8 29.0 28.9 29.1100 29.1 29.2 29.0 29.2200 29.2 29.4 29.2 29.5500 29.4 29.6 29.5 29.51,000 29.4 29.5 29.6 29.6

^ 3 S<`}KP9k]u:Y

^ 4 ]u~VH BLEUHNX8

^ 5 S<`}KP9k?Q93"~1}

?9/NG<?;CHrQ$?>AB3K*$F"oKMoses
,]uudK?(?93"r~17"BLEUr~e5;k3H
,N'G-?#7+7"sFj!Khk93"~1O=l[I

g-/J/">h+iQ$ilF$kRe<j9F#C/5w

G"CFb"Ul<:P~KD$FO+Jjb$:YNr,@

ilF$kH@(k##eO"]u~KG,=j!rhj~l

k}!KD$F!$7F$-?$#
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