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Today | will give a lecture on machine translation .
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Today | will give a lecture on machine translation .

Today | will give a lecture on machine translation :
SHIEZ. ZTLEXT DFEE T ENER ;
Today machine translation a lecture on | will give :
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Hanako met Taro

Hanako met to Taro
Hanako ran in to Taro
Taro met Hanako

The Hanako met the Taro

« ENHRRELTAHIIDOLWLAT?

o CDEFEZERT DI EBEERDERE
o EQIUHHHEINLWHoIENEZ DERE
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« BIERET IV (TM)
P“45H” |“today”) = high P“45H (& .7 |‘today”) = medium

PUFER” |“today”) = low
» WAREZET IV (RM)

NAIST

' AN BR3E = = B3 BN BR?
P( v v )=high P(}i )=high P(}i )=low
chicken eats eats chicken eats chicken
« ERETIV(LM)

P( “Taro met Hanako” )=high P( “the Taro met the Hanako” )=high
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Taro visited Hanako.

EFIcTLEY FEELR,
He gave Hanako a present.
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HARZEBAZ2—0OHh3145) 7THREBYICToZH

F—AL—2R
Mousse di formaggi

SUT7TyL 4AFEOF—-IYV—2R
Tagliatelle al 4 formaggi

AHDOHERA

Pesce del giorno

HEOYT— HRETI-VE-RARA
Filetto di pesce su “Risi e Bisi”

FILFz&EF—X
Dolce e Formaggi

« [formaggi ] OHEHZAEERIE? Tpescel 7 el 7
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ING — 2B DB
HAZEAZ2—0OH3144) PTHRIEBYICT2Z56

F=ZX /=2
Mousse di formaggi

SUT7Tyl 4AFEOF—XY—
Tagliatelle al 4 formaqggi

AEHDHRA

Pesce del giorno

BEOYT—KETIV-VE-RARA
Filetto di pesce su “Risi e Bisi”

FILFx&EF—X
Dolce e Formagaqi

« [formaggi ] OHEHZAEERIE? Tpescel 7 el 7
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(easier said than done)
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EVALUATION: test

input-from-sgm
tokenire-input
parse-input

parse-relas-input
factorize-input
truec 353'1I'IDL1L

split-input

Graham Neubig

CORPUS:toy

post-parse-clean

T
LM:tay TRUECA;F}/

¥

tokenize consolidate factorize

| factorize

LFrUECASE

truecase

lowercase

post-split-clean

TRAINING

consolidate

prepare-data

randomi ze

quantire

parse-relax

f 4 N

binarire run-giza

run-giza-inverse

Y

| ¥ MMELTiAe-g1a8

‘ pelg-scare ‘

build-lex-trans

eatract-phrases

build-wable build-regrdering

create-coniig

reference-fram-sgm

tokenize-reference TEMOYE-m ark up |
h J L

lowercase-reference ‘ detruecase-gutput |

h | L
analysis detokenize-output

nist-bleu-c

‘ nist-hleu

i
Z

repart

/ TUNING

apply-weights
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* Linux (Ubuntu/Cent OS 72 &)
e IHARMNSLUTOIOT Y NEZET
« WERNy/—T% apt-get TM1 VA =)L

~N7

$ sudo apt-get install automake autoconf g++ libtool libboost-all-dev perl python

« Mac

e Xcode =z YA M—)L
e IARMNLLUTODIOY Y R&EZET
« MERNY S —T% apt-get TA VA M—JL

$ sudo port install automake autoconf libtool boost
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4

 Windows

e http://www.cygwin.com/ 75 Cygwin Z4 ~ A k—JL
e {VAMN—=ITBE. UTD/Ny I5—I % ZFIR
Devel -> automake autoconf gcc-g++ libtool make
Libs -> libboost-devel

Perl -> perl
Python -> python
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« £0S
e Java D SDK A4 o >O—RKRLTA VYA MN=I

http://www.oracle.com/technetwork/java/javase/downloads/index.html
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c SEBICWERY I - T—YIEEHFERD
alagin/download |C127E

e A7 5L 1 Moses, GIZA++, pialign, IRSTLM,
KyTea, Stanford Parser, Eda, AlignmentTool, lader

e T—4 1 RETVV—EERIAITHWLNS
Wikipedia RE&RFEEEESE

¢« INZETAVAMN—INT B EFFEALINIDND

-$%A74b7huuﬁﬁb\4y1h—w17U7
N & 3217

e script/00-setup.sh
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SmEETILY

e HEFERZITWLWIZWEFIC, ENAIEMRE?

W1 = Taro visited Hanako

W2 = the Taro visited the Hanako

ABSI3fEF=ZanE LT

W3 = fat visit ro flower child

W, = ABB I3 EF & 35/ Lic
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SmEETILY

e HEFERZITWLWIZWEFIC, ENAIEMRE?

W1 = Taro visited Hanako

W2 = the Taro visited the Hanako
NEBIIEFZ=anfE LT

W3 = fat visit ro flower child

W, = ABB I3 EF & 35/ Lic

s ERETIVE [E2&EHL LW XZEATIND
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RPN EEZET I
s ERETILDBEXICHEERZEZ S

W, = taro visited hanako P(W)=4.021*10°

W_ = the taro visited the hanako ~ P(W,) = 8.932 * 10™
W_ = fat visit ro flower child P(W,) =2.432 * 10"
W, = KEBIZEF &2 #5 Lie  P(W,) =9.124* 10

- P(W)>P(W)>P(W,)>PW,)HMEZLL
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X DERETE
o NODMERMNMERL L

W = taro visited hanako
« BHTLUTDLDIZKRT

P(lWl — 3’ lentaron’ W2:”ViSited”, W3:11hanakon)
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X DERETE
o NODMERMNMERL L

W = taro visited hanako

« BHTLUTDLDICKT (EHDERZRHWT):

P(JW| = 3, w ="taro”, w_="visited”, w_="hanako”) =
P(W:L:Htaroﬂ | WO —_ H<S>”)
* P(w,="visited” [ w_ = "<s>", w ="taro”)
* P(w,="hanako” | w, = “<s>", w ="taro”, w_="visited")
* P(w,="</s>" | w_ = "<s>", w ="taro”, w_="visited”, w_="hanako")
E: i 21
NEE T <s> ;) &K T </s> 5 ;BB P(w =<s>) =1
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e HIDRA 14 ROBEZLUTD L I IT—f%1b

o UTDRGMIWERDROAIL?

P(wilwo...w;_)
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c(wi...w)

P(Wi‘w1°°-wi1)zc(w W)
1- i—1

| live In osaka . </s>
| am a graduate student . </s>
my school Is Iin nara . </s>

P(live | <s>1) =c(<s>1live)lc(<s>1)=1/2=0.5
P(am | <s>1I1)=c(<s>1am)/c(<s>1)=1/2=0.5
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« AR DEWIRRICEHL

. | live In osaka . </s>
EaE | am a graduate student . </s>
my school Is Iin nara . </s>

<s> | live In nara . </s>

d

HERFTE: P(nara|<s>ilive in) =0/1 =0

d

P(W=<s>Ilive iInnara.</s>) =0 2
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1-gram €7/

c BEZHAWLRWI ETCEREEDIRRZFH O T

C(Wi)
P(wlw,..w_,)~P(w,)= .
2., c(w)
| live in osaka . </s> P(nara) = 1/20 = 0.05
| am a graduate student . </s> P(l) =2/20=0.1
my school is In nara . </s> P(</s>) = 3/20 = 0.15

P(W=ilive In nara . </s>) =
0.1 *0.05*0.1*0.05*0.15*0.15=5.625* 10"
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R FEE DX Iy

« RFEBAEENDFEIT 1-gram TIAHEEH Y

i live in osaka . </s> P(nara) = 1/20 = 0.05
| am a graduate student . </s> - »P(j) =2/20=0.1
my school is in nara . </s> P(kyoto) = 0/20 = 0

« ZL DIgE (B : BFFEHE) . RMEHNEBRIND
o L DEERIE

- D UDWRERNMEBICEIVHETS (A =1-A)

« RMBAEUCEEHEZNEL, UTORTHERSTE
1

P(Wz‘):7\1 PML(WI')_I_(I_}\'I)W
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2 AIEEOL]

o« RMEBZESLE=EE: N=10°
. RHFEME : A =0.05(\ =0.95)

P(Wi):kl PML(Wz')"|'(1_7\'1)l

N
D(nara) = 0.95*0.05 + 0.05*(1/10°) = 0.04750005
=10 = 0.95*0.10 + 0.05*(1/10°) = 0.09500005
b (kyoto) = 0.95*0.00 + 0.05*(1/10°) = 0.00000005
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1-gram ETIIVIEEEIEZZE L 720
o LIFOMERIKETF

P (w=taro visited hanako) =

uni

P(w=taro) * P(w=visited) * P(w=hanako) * P(w=</s>)

P _(w=hanako visited taro) =
P(w=taro) * P(w=visited) * P(w=hanako) * P(w=</s>)

28



V/ANAIST Graham Neubig - ##HEIR

1-gram €T IVIXEFED
ERMEZERE LWL
. CEMIAY : (BEEERL—H)

P (w=iam) = P (w=we are) =

uni uni

P(w=I) * P(w=am) * P(w=</s>) P(w=we) * P(w=are) * P(w=</s>)

o MUENTZRAWX @ (BFEETFRI}FE)

P _(w=we am) = P _(w=lare) =
P(w=we) * P(w=am) * P(w=</s>) P(w=I) * P(w=are) * P(w=</s>)
v \/v

LML, BRI LEDON EEF
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XkZ=ZRET 5 & THOR
1-gram ET7ILIEXARZZE L 8L

P(Wi‘Wo---Wi—1>NP(Wi>

2-gram (& 1 EED MR Z &R
P(Wi|WO°°°Wi—1)NP(Wi‘wi—l)
3-gram (& 2 EBED MR = E =

P(""i‘wo- . Wi—l)NP (Wi‘wi—ZWi—l)

4-gram. 5-gram. 6-gram /X E7RE

Graham Neubig - #&MEIER
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P(w|w

C
i—n+1"'wi—1):C(

| live In osaka . </s>
| am a graduate student . </s>
my school is in nara . </s>

P(osaka | in) = c¢(in osaka)/c(in) =1/2=0.5
P(nara | In) = c(in nara)/c(in)=1/2=0.5

n=2

1
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~

'f-; /‘/E\JE N-gram @FmﬁiEEE

« n-gram $8E N 0 - n-gram #EERE 0

P(osaka | In) =c(inosaka)/c(in) =1/2=0.5
P(nara | in) =c(in nara)/c(in) =1/2=0.5
P(school | In) = c(in school)/c(in) =0/ 2 = 0!

« I-gram EFILERUL., AR ZA WS

2-gram: P(wi‘wi_l) =N, Py (wi\wi_1)+(1 —7\2) P(Wi)

1-gram: P(Wi):xlpML(Wi)_l_(l_}\'l)%
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BREDZIRE : 7 v KRR

Ehmtm< s LD I0ER

A,=0.95,\, =0.95
A,=0.95, A, =0.90
A,=0.95, A, =0.85

A,=0.95,A,=0.05
A,=0.90,\,=0.95
A,=0.90,\, =0.90

2

—

L o

A,=0.05,\,=0.10
A, =0.05,\,=0.05

=] EE i
BIRENZITED
- ZERICEHEIHIH B |

27TOn-gram [CXF ULTE U A
> LEIMREEIIMBFESEL!
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NHk7ZEZRE L /- mE R DER

sAEDEVVERE: Tokyo sEE DRV VEZE: Tottori
c(Tokyo city) = 40 c(Tottori is) = 2
c(Tokyo is) = 35 c(Tottori city) = 1

c(Tokyo was) = 24
c(Tokyo tower) = 15
c(Tokyo port) = 10

F & A ED 2-gram HERERE KEVAID 2-gram A3 )
> RETBADHRBE S5 INESRANEE

« FEIRBOZBRICEXRZERE :
P(Wi‘wi—1>:7\'wiIPML(Wi‘Wi—1>+(1_7\'wiI)P(Wi> 34
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Witten-Bell Y£;51k
e N, EBRTEDITD

. H ( Wi—l)
A, =1
- U(Wz‘ 1)+C(Wi—1)
u ( W; —1) W, ®1&|'-:JL CHIEOELKI
e 5 Z 1,

c(Tottori is) = 2  c(Tottori city) = 1 c(Tokyo city) = 40 c(Tokyo is) = 35 ...
c(Tottori) = 3 u(Tottori) = 2 c(Tokyo) =270  u(Tokyo) = 30

2 30

A =1 =0.6 A =1 =0.9

Tottori 2413 Tokyo —— 30+ 270

30
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« FREFMOIODRDT—Y ZHE
MSIHI—“_Q

| live in osaka :E )|/
| am a graduate student T
my school is in nara ?f‘g ; :E T)l/
S EFI

ik

Sl T — 5 W
| live in nara \:E T“/;;{
i am a student jf”ﬁ DR

| have lots of homework iT;QjEF*_
T rFOE-—
IN=TLFF7 4
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y
¢ REREFILMAELSNEBOBAS T —F
(FEF—5 W_) DR

P(Wtest‘M) :HWEWM P (W‘M)

Mt

v 0 nara P(w="i live in nara”|M) = 2.52)’:10'21
i am a student P(w="i am a student’|M) = 3.48*10"
X
my classes are hard  P(w="my classes are hard’|M) = 2.15*10™*

1.89*10°"°
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EILE

c LEDEMNIEEICNHNIL, HIhHINDLIELIFTE S
s LEZWNHICERY 5 & CRIBERR

lOg P(Wtest‘M): Zwewtest lOg P(W‘M)

| live In nara

| am a student

my classes are hard

log P(w="i live in nara’|[M) =
log P(w="i am a student”|M) =

log P(w="my classes are hard’|M) =

-20.58
-18.45

-33.67

-72.60

38
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NAIST

IV hAE—
s TV MNOE—HIZBDE2 DB LEA BEHTE -
fCﬂE 1
H(Wtest|M>: 7% ZWEW _IOgZP(WlM)
| test | ot
R o) reerea log, P(w="1 live in nara’|M)= 68.il3
i am a student log, P(w="I am a student”|M)= 61.32
+
my classes are hard  log, P(w="my classes are hard”|M)=\111.84
/
BHEEL: 12
20.13

F<ls> EEIEE LTRABCEEH BN, COTIRANTLAL
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v MOE— & IBHRENE

e T bhOKE—HIZHEZONIT— '975:+’ﬂE3‘%>0)L_,Z\
BREY NITEHS (v / VODIFERESRICEY)
1

H:|W Zwewm —log,P(w|M)

] t€St|
a bird a cat a dog a </s>

'
a -1 P(w="a")=0.5  -log, 0.5=1
Encoding ngl B 88(1) P(w="bird") = 0.125 -log, 0.125 = 3
dog — 010 P(w= “cat”) = 0.125 -log, 0.125 =3
P(w=“dog”) = 0.125 -log, 0.125 = 3

</s> - 011
L P(w= “</s>") = 0.125 -log, 0.125 = 3

40
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IN—=TLFTT4
e 20T bAOE—%

ppL=2"

o —HRDMDIZEIF. BIRROHICHS

1
_lngg

1
V=5 H=-log,z PPL=2"=2 °=2"%"=5
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jj/\l/ \\\

e FHMET—4ICIRN/<EEE (n-gram) DOAFT, ETI/I
CEFNTWBEE

a bird a cat a dog a </s>
/

“dog” IXKR*0EE
HINL—=2:7/8*

* NAREESZERVEHSIE - 6/7

42



V/ANAIST Graham Neubig - ##HEIR

Bt 3%

e Nn-gram ICEETHHEDIETHBIDHM?
[Goodman 01]
« SHENC U TITEE
« WRT7ILTY XL EHEENEW
o VU TIRENIES
« TDDFE
e ms 2z A L/EEE T/ [Charniak 03]
« Za—JJ)bxy NSFEET/ [Bengio 06]
« E5JL M [Chen 09]
« RERE-
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(HEWMERER CTIL<EHN )
|:||:||:|:E7__\\)l/‘/_)l/ﬂ\:‘/ |\

 SRILM:

s RELKFEDLNEZEZTETINEE - BWY—ILFv i

« F—TTUV—R, HARAMAIFER., EmRAMBIEIER
 |IRSTLM:

c MDEEBETIFEEY—ILFv b

« F—TVV—X, R, MAIREBITENR
 KenLM:

« 2BRETERVD, MRORVWEEETIIEMNE S=E
BTV EANEY

« F—T VY-, MR BERREEICER
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IRSTLM TEEBETI/ILEE (1)

it 78 & £l D download/irstim-5.80.01.tgz
SRR T usr/bin IC4 Y A ~—JLiEH
EEEFAMEEDART Y S

Jlinl

« 1: X358 - XRELEZEM
« 2. SRETNEE (HEXR - FB{LEHE)

N=TLx2T 1 DEE
BERAD/NA )1k

=~ W N P g

Graham Neubig - #&MEIER

45



V/ANAIST Graham Neubig - ##HEIR

IRSTLM TEEBETI/IEE (2)

« MIAY %7 —4% & data/tok/kyoto-train.ja
e F¥IMmT a4 LU M) Z{ERK

e IRSTLM T4 L2 N %3$87E

$ export IRSTLM=$HOME/alagin/usr

46
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IRSTLM TE&ETILFE (3)

e IRSTLM D add-start-end.sh TXEE - XFKEES DN

$ usr/bin/add-start-end.sh < data/tok/kyoto-train.ja > lm/kyoto-train.sb.ja
« FEINALT—YZHE :

$ head 1lm/kyoto-train.sb.ja
</s>
<s> Fff (E€oLw> . 1420 & (MWK 27 &) -1506 & (KIE 3 F)

) & B T . 15 tHid B =H B (C FHE L 7= K2 @ R - #E T . HE
s MR bh B, </s>
<s> HRXR O KE B =2 ZT I & £, </s>

47



V/ANAIST Graham Neubig - ##HEIR

IRSTLM TEEETI/ILEE (3)

e n-gram fEXRDEFTE & ARPAFAANDE L

$ usr/bin/build-1lm.sh -i 1lm/kyoto-train.sb.ja \

A

-t ./tmp -p —-s improved-kneser-ney -o lm/kyoto-train.ja.lm

$ usr/bin/compile-1m --text yes lm/kyoto-train.ja.lm.gz 1lm/kyoto-train. ja.arpa

c EEEFILT7 7MIDEE

$ head 1m/kyoto-train.ja.arpa
\data\

ngram 1= 146902

ngram 2= 1517994

ngram 3= 1040240

\1l-grams:

-6.80151  <s> -1.03883 .
-1.4588 </s> log(P(</I\Y 77T >| Eft))

log(P(EF1)) — » EBRE: E£1-0.483976 48
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IRSTLM TEEET /I FE (4)

FFT —4 data/tok/kyoto-dev.ja CTEEET I DT
{if

$ usr/bin/compile-1m lm/kyoto-train.ja.lm.gz --eval data/tok/kyoto-dev.ja

%% Nw=26856 PP=130.57 PPwp=10.87 Nbo=11694 Noov=145 00V=0.54Y,

AREGEICEK D
BEER N=TLF>F« KRENES RIER
N=TLF>741 & /X 7T n-gram O
INSCE I

49
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IRSTLM CTEEZEEFILEE (5)
e MEALDI=DH, EFINZ/N1F 1)t

$ mosesdecoder/bin/build_binary lm/kyoto-train.ja.arpa lm/kyoto-train.ja.blm
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A ‘uﬁﬂgé _3_ %) ‘!n_ ‘j:

TI'I|

‘ nEiEEEHE 4
EEEETETN

it @M=

s BAEENETO/SIVIFa—M)T7IL(1,2[1EH)
http.//www.phontron.com/teachinm

* “ADbit of progress in language modeling”
[Goodman 01] !



V/ANAIST Graham Neubig - ##HEIR

NEETFRIR
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FCFERMTIN?

(4
O
[E

fl
A
550 RN T LUV 0AHT OB ¢
SOWVTRNHT L‘LJ‘*T;\'f&j;\@jﬁk|
E:ﬂ E,p}]j‘fﬂ‘g BSIATPIKDFE
HRCEER AT P KD E

1 pe

2 & |

3 Bhy

4 MY

5 A &

L -RPEERA TR K DF
1 FRRAL O)
2 WUIEH
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Today | will give a lecture on machine translation .
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best score[0] =0
for each node in the graph ( RIIE)
best_score[node] = «
for each incoming edge of node
score = best_score|edge.prev_node] + edge.score
If score < best_score[node]
best _score[node] = score
best_edge[node] = edge
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'score = 0 + 2.5 = 25(<oo)
best_score[l] =
best_edge[l] = e1
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score 0+25= 25(<oo)
best_score[l] =
best_edge[l] = e1
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score=0+14=14 (<)
best_score[2] =
best_edge[2] = e,
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best_ edge = (NULL, e , e, e_)
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best _path =]
next_edge = best_edge|best_edge.length — 1]
while next_edge '= NULL

add next_edge to best_path

next_edge = best_edge[next_edge.prev_node]
reverse best path
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next_edge = best_edge[3] = e,
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0:<S> |1:Z| S['L:E" ]=-log (P_ (M |&E)*P, (F|[<S>)) + S['0:<S>"
1:4t | S[‘1:4L” 1=-log (P_ (M |1L)*P (1t [<S>)) + S[‘0:<S>"]
1: A | S[1: AV ] =-log (P (DM DM) * P (HV[<S>)) + S['0:<S>"
1: K| S[1: " ]=-log (P_ (M| F)*P_ (T I[<S>)) +S[0:<S>"]
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1 L7
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N1) 7= {ERR

* KyTea &\ 5 ERMENTER CREEDE - G T 5
(FRICFETETSLD. 20000 XDH=FIH)

$ head -20000 data/orig/kyoto-train.ja |

\

usr/bin/kytea -notag 1 -tagbound "|" > kkc/kyoto-train.wordpron

ﬁ%ﬂ*g gnntn)b%& r | d _Cﬁj\ﬁu

c LO—EBEREDIDHEITD

$ head -20000 data/orig/kyoto-train.ja |

usr/bin/kytea -notags > kkc/kyoto-train.word
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c EEZTTINEZTHMET IV ZEE

$ usr/local/kkc/train-bigram.py kkc/kyoto-train.word > kkc/kyoto-train.lm

$ usr/local/kkc/train-tm.py kkc/kyoto-train.wordpron > kkc/kyoto-train.tm

« THETILTC Al OREZHEHE

$ grep "~ A " kkc/kyoto-train.tm
A U & 0.493261

A ICh 0.444744
A UA 0.061995
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$ echo "ELHI THIIZTLODEITHIDET, " > kkc/test.txt
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$ usr/local/kkc/kkc.py kkc/kyoto-train.lm kkc/kyoto-train.tm kkc/test.txt
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Today | will give a lecture on machine translation .

Today | will give a lecture on machine translation :
Today machine translation a lecture on | will give :
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$ mosesdecoder/bin/moses -config model/moses.ini

Created input-output object : [26.041] seconds
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This is a pen.
| ate with my friend yesterday.
Elephants' trunks are long.
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g“l"v 0.36 -/ a8 +webnews KN - # .
e =i target SB =
- +0.66BP/x2 +ldcnews SB ---=-
0.34 | +webnews SB -- = i
L L | . L | . L | . +.Wellj S.B “".-‘”.”I-
10 100 1000 10000 100000 1e+06
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Web T — Y YRE
1 o ~ O .
o MWHR—DFE [Resnik 03]
ﬁEIJp F-b  za-R | FE=F> | RF-y  ILEA  BE WEEE  ENG ahe jmalnlthl
FE-—F #HE KB BR 174
bos A=A inE [PR] 4 0EHS@ILLESEEKIT A ARICR3HRc) ik 7L
[PR] kAT 0¥ Sice 2401 Bt i T fitbi sk | LUA A~ et 7L F+1) 0| [WYf—bic0| EETTH Frus| = REEZER 0 XEHAL h [ %
F+[ 0| a1k |c23| |[ETTSH |15 Fzul & EsAR 0 T
Editorial: Aging society does not necessarily spell doom
ﬁﬁﬁ‘ﬁ?ﬂﬁﬁ rﬁﬂﬂj )] #ﬂ%ai Longevity is something to be celebrated, but when it comes to the aging of Japanese society, it is

E0HM 20125058058 0283049

RERSODTLEVIELROIL, BEbERBEBRRAELOTESNBIES F V. RFHA
BRI TVWBHVTEHZ. HRAANDBHENALTEIFEEHY) 15, RF AL BHE
B ILABEEDNALHLEFRIILD DI LM AOREIZD L1435,

EALITREESEL~IOERGEE (REFROGIE)E2HIDPLEIELFERIL,
[BER I REIFHELIATI . FHEESHOOSVWALNET VDS ID. #Hilit:

often discussed in a pessimistic tone.

One reason for this is the continuing decline in people of working age. Learning that our society
is shifting from one in which four working people financially support one senior citizen, to
another in which each working person must support one senior citizen - a so-called "piggyback"
setup -- would make anyone anxious. And indeed, that is exactly what is happening.

b 150U R P U N S 7 (S SRR AN S [ | RN VO (R [N Y R N [ U O RS T

[EfR: BEHHE ]
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Web # 5 7 — 4 IR 4

o WHIR—IDFER [Resnik 03]

o

e X774 X~ K [Moore 02]
ﬁEIJP #—L | Za=R | FESFY | A=y | IxX M| HKEE | ENG ahe jmalnltl']l

FE=—F» HER KiEF HFER 7L

bod - AP=AY - EE [PR] 4 0 @mAS@ILLEH B KIF A RIRdBART:I)/ YT
[PR] T A #2401 B A uped ik | LUAEHE / w7 R:1)10 ] [M24ThI<0) (HBTIR zz0] | B Ewamm | AvAX a2
| 0| [wy4—b[{z3| RETIH |15 Fzvy| B DEEOR XPEY

Editorial: Aging society does not necessarily spell doom

‘*iiﬂﬁrﬁ?ﬂ*iﬁ rﬁﬂﬂj @D #ﬂ%aﬁ_ ‘ Longevity is something to be celebrated, but when it comes to the aging of Japanese society, it is

E0HM 20125058058 0283049

often discussed in a pessimistic tone.

~ NS ERDIL S #r FEE0: EE gt i

‘ B BIOCRINE SO} ﬁﬁ_ibt RO EBMAMELOTRONEIEN L. ﬁ S ‘ One reason for this is the continuing decline in people of working age.|Learning that our society
FITLBHLTEHZ, REAADEBHEIAESEI FEREI A5, REIANSHE

B IRBEEDhSELERRIEDES I LM AOLEIED LIS,

is shifting from one in which four working people financially support one senior citizen, to
another in which each working person must support one senior citizen - a so-called "piggyback"

EhasFEERESELRIOEREGEE (B EROSE) £S5V LE|X EIFfAa~X, setup --would make anyone anxious. And indeed, that is exactly what is happening.
[BEHIRESBELETEoY. FREEEHECOSVARETVOESEID . Wit
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Web # 5 7 — 4 IR 4

o WHIR—IDFER [Resnik 03]

e X7 714 AV N [Moore 02]
ﬁEIJP #—L | Za=R | FESFY | A=y | IxX M| HKEE | ENG ahe jmalnltl']l

o

FE=—F» HER KiEF HFER 7L

(0 A=A 2= 4 0BASMILEREE IR AASIcaadhieiic g7 I

[PR] (I H A S 24074 B 5 Atgedrofitbiss | LUAEE ~ i 2T F+jc0| |MUf—kc0| HETFD Frvy| @ DEER TPYAZL p R X

| 0| [wy4—b[{z3| RETIH |15 Fzvy| B DEEOR XPEY

Editorial: Aging society does not necessarily spell doom
‘ﬁiﬂﬁ‘ﬁ?ﬁﬁﬁ rﬁﬂﬂj @D #a%aﬁ_ ‘ Longevity is something to be celebrated, but when it comes to the aging of Japanese society, it is

E0HM 20125058058 0283049

often discussed in a pessimistic tone.

SOTREVIERDIL. & Cl= 5 Eohaiedf

‘ B BIOCRINE SO} ﬁﬁ_ibt RO EBMAMELOTRONEIEN L. ﬁ S ‘ One reason for this is the continuing decline in people of working age.|Learning that our society
FITLBHLTEHZ, REAADEBHEIAESEI FEREI A5, REIANSHE

B IRBEEDhSELERRIEDES I LM AOLEIED LIS,

is shifting from one in which four working people financially support one senior citizen, to
another in which each working person must support one senior citizen - a so-called "piggyback"

EhasFEERESELRIOEREGEE (B EROSE) £S5V LE|X EIFfAa~X, setup --would make anyone anxious. And indeed, that is exactly what is happening.
[BEHIRESBELETEoY. FREEEHECOSVARETVOESEID . Wit

b 150U R P U N S 7 (S SRR AN S [ | RN VO (R [N Y R N [ U O RS T
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« T—HEXDY SV KV =22 [Ambati 10]
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 Mechanical Turk. duolingo =
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N—2 1k
o« Bl : HAXRZEDEZEDE
ANBEHEFZahfE UTe,
Y
ABE A £F & #afE Lic .

o« Bl . REBED/NXFIE, AHKDDE

Taro visited Hanako.

v

taro visited hanako .
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N—2 D & T A
c 5L IEBVWEX  FLUWER

cr
i
N

N ER N — taroo

NBE &#7 — » taroo

s RIEZLEF TS ILEFNRTNITHIRT
KEB?f)\ — faro o i

NBfzZ= > KBB%Z& X FBT =55
« I E B EERERDEEEM

N BB A — > fatro X
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NAIST

N—2 MY —Ib

« I—AOY/NDE3E

tokenize.perl en < input.en > output.en
tokenize.perl fr < input.fr > output.fr

- HAFE
MeCab: mecab -0 wakati < input.ja > output.ja
KyTea: kytea -notags < input.ja > output.ja
JUMAN, eftc.

e FR[EZE

Stanford Segmenter, LDC, KyTea, etc...
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B

o T

¢ 5%1

BR O

V= = NE—
* M8l= D E

« fthd

J WP (3
chof 2t

=:=h
=N=T=] A

BEEH,

CEHEEEEA [Sudoh 11]

Bt 3%

BRLiZoRr3E N—2 1t

—EMNEED [Chang 08]

ABR A £F = anfE Llc .

Taro <ARG1> visited <ARG2> Hanako .

xE=

2. 7o ETESE) [Niessen 01]

s

« HEM/A LEE [Chung 09, Neubig 12]

EEHiil TR

SOHH RO U e 2
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BB S AT E D < #EmENER

[Neubig+ 12]
e HER(ICH DL EFILTIE AL
the hotel front desk

|
AT O S

o XFHNZED K HEMBENER !

the hotel front desk

/
~ T I O 2

« SELEA L TRMEICHS. BEMNBERE TH
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Be . T —Y%EE@Q)
e h—OUEENTELINET—S DT 4 LY MY ER

 kyoto-test DHAZEZREIL. INXFILT S

$ usr/bin/kytea -notags < data/orig/kyoto-test.ja > mydata/tok/kyoto-test.ja
$ mosesdecoder/scripts/tokenizer/lowercase.perl <

mydata/tok/kyoto-test.ja > mydata/low/kyoto-test.ja
» kyoto-test DmEEA b—2 b L. NINXFILT S

$ mosesdecoder/scripts/tokenizer/tokenizer.perl <
data/orig/kyoto-test.en > mydata/tok/kyoto-test.en

$ mosesdecoder/scripts/tokenizer/lowercase.perl <

mydata/tok/kyoto-test.en > mydata/low/kyoto-test.en

« kyoto-dev, kyoto-tune, kyoto-train TR U LR
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$ mosesdecoder/scripts/training/clean-corpus-n.perl
mydata/low/kyoto-train ja en mydata/low/kyoto-train.cln 1 40

N

« HAKREBIRDIO, 2AXLETDZEET —5 = FX
(BEEETZFIHA)

$ head -20000 < mydata/low/kyoto-train.cln.ja > mydata/low/kyoto-train.small. ja

$ head -20000 < mydata/low/kyoto-train.cln.en > mydata/low/kyoto-train.small.en
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- BREREADEXICHRZSA S

E1: Taro visited Hanako P(E1)
E2: the Taro visited the Hanako P(E2)

E3: Taro visited the bibliography P(E3)

* RUSBEET I REEORWVWICEWER%E
P(E1) > P(E2) P(E1) > P(E3)
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« XKHDE
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— N
7oA X b
X InEFER

ABB Y feF & ahfd Lic, ABR Y e+ = ahfd Lic,

—>

taro visited hanako . taro visited hanako .

e MEXRETFTIVICKZBEEED (AR L) ER

HZA5E
HZAE
- H&EE

English
English
- English

P( /£ |hanako) = 0.99
P( XER |taro) = 0.97
P(visited| 541 ) = 0.46
P(visited| L7z ) =0.04
P({£ |taro) = 0.0001
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NAIST

IBM/HMM £ 5 JL
[Brown+ 93, Vogel+ 906]
e IWZT T4 XY MNETIL

/_.l_\T)l/ D 2T the hotel front desk
V'S » X X

the hotel front desk 7.|_\T)|/ O xﬁ
e IBM Model 1: ZBIEZZ&= L 7Ly
e IBM Models 2-5, HMM: &4« ICEE T (53R
=B AN (FBE -5TE3RX M ++)

DIIII

132
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EM 7))L X A

 IBM E 7 /L& EM(Expectation-Maximization) 77)L 3)
ZATP—‘-_J_J

7ATT
c ERTY T i HERETFIVICEDWTEEDORIGEETE
c MAT w7 BEDOWINCEDWTETILESH

s REZBEYIRTCETETIDHEEE 2R L

133
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EM 7L X LDf)

o FIHAIRRR : BEDXINIEARF, HEERL —#k
F—X L—2R
m | P(F — X |formaggi) = 0.16
Mousse di formaggi P( /n— R |formaggi) = 0.16
‘ P(ZA<H |formaggi) = 0.16
AH O ER P( @ |[formaggi) = 0.16
P% P( BJLF T |formaggi) = 0.16
esSce det giorno P( & |formaggi) = 0.16
AH O F-X P(Z~H |giorno) = 0.25
Formaggi del giorno :Zg ;i,i@,lﬁg%rirc])cr)%o:) _ 832
BILFT & F—3 P( F— X |giorno) = 0.25
W 134

Dolce e Formaggi
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EM 77)L31) XL DB
* MRT v 7 : FERZ% B

F—X h—2R
m _ P(F — X |formaggi) = 0.375
Mousse di formaggl P( /n— R |formaggi) = 0.125
‘ P(Z~H [formaggi) = 0.125
AH O #R P( O |formaggi) = 0.125
P% P( FJL7F x |formaggi)) = 0.125
esce del giorno P( & [formaggi) = 0.125
AH DO F—X P( ~H giorno) = 0.33
. : P(® |giorno) = 0.33
Formaggi del giorno Pg %iiﬁ? giorzlo) _ 0.16
BILFT & F—3 P( F— X |giorno) = 0.16

Dolce e Formaggi



V/ANAIST Graham Neubig - ##HEIR

EM 77)L31) X L DA
c EXF v 7 BER G B

F—-X L—2R
D_& _ P(F — X |formaggi) = 0.375
Mousse di formaggl P( /n— R |formaggi) = 0.125
‘ P(ZH [formaggi) = 0.125
AH D BR P( O |formaggi) = 0.125
P( FJVF x [formaggi)) = 0.125
Pesce del giorno P( & |formaggi) = 0.125
AHOQF-X P(ZH |giorno) = 0.33
= : P( @ |giorno) = 0.33
Formaggi del giorno P§ ﬁilﬁg giorzlo) _ 016
FVF & F-X P(7 = A lgiomo) = .

- 136
Dolce € Formaggl
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EM 77)L31) X LDH
e MRAT v 7 : HERAEEHIH

F-—XLh—2R
T P(F—X [formaggi)= 0.9
Mousse di formaggl P( /n— R |formaggi) = 0.02
‘ P(ZAH [formaggi) = 0.02
AH 0 Ha P( @ |formaggi) = 0.02
P( FJL7F x |[formaggi)) = 0.02
Pesce del giorno P( & [formaggi) = 0.02
AH 0) TR P(Z<H |giorno) = 0.48
= : P( @ |giorno) = 0.48
Formaggi del giorno P§ ﬁilﬁg giorzlo) _ 0.02
LTI & F-X P(F=Algiomo) = 0.02

- 137
Dolce € Formaggl
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EM 77)L31) X L DA
c EXF v 7 BER G B

F—-—XLh—2R
D& _ P(F — X |formaggi) = 0.9
Mousse di formaggi P( /n— R |formaggi) = 0.02
‘ P(ZA&H |formaggi) = 0.02
AB O &8 P( @ |formaggi) = 0.02
P% P( BJLF x |formaggi) = 0.02
esce del giorno P( & |formaggi) = 0.02
AH D F—X P( ~H giorno) = 0.48
. . P( @ |giorno) = 0.48
Formaggi del giorno Pg %iiﬁ? giorzlo) _ 0.02
BILFT & F—3 P( F— X |giorno) = 0.02
| ~ / o

Dolce e Formaggi
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1% 754 A NORAEDLE

KTV D yS(H the ho;(el front desk

the hotel front desk RFIL D xﬁ
%%Ab%
the hotel front desk
/T\T)l/ » xﬁ

e FRaba—Y A7 1 vV FE (grow-diag-final )
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e mkcls: 2 SEECTEEZ VDA ZBEEFHER

RTIL O 35 49 12
the hotel front desk 23 35 12 19
e GIZA++: IBM ETIVICEL BT SA XV N (V5 REF
W THERZ JE81k)
m"TIL O =T 35 49 12 /tl‘\v_-)lxd) AT

the hotel frontdesk 23 35 12 19 the hot’el fro‘nt desk

e symal: MARDY7 T4 XAV N =HHrEHED
 (Moses O train-model.perl D—Ef & L TEITIND)
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Bt 3%

e 7oA XV MIFXEH
o HETHY TS A X
A E S R el

e« JL—AR—A7

ICEERDH ? [Ganchev+ 08]

N [Fraser 06, Haghighi 09]
214 X2 K~ [DeNero 07]

A4 X2~ [Marcu 02, DeNero 08]

\Il‘al\’.
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7L —XpH

e PSAXYMIEDWTITL—XAFZE

R
T =
}[/G){T TV @ - hotel
the /j_ﬁ_')l/ M - the hotel
hotel Z{7 > front desk
Ote RTIVDOZ{T > hotel front desk
front B RTILDZ{TF > the hotel front desk
desk N




NAIST

e SODNEEWNLQ AT T L —XDEFEM - [FHHE

JL—XDORAATEE

M

« 7L —XENERFER

P(fle) = c(f,e)/c(e) P(elf) = c(f,e)/c(f)

B : c(HTIL D, the hotel) / c(the hotel)

s&5 (lexical) BERmMER

- 7L —XARDEZDOHFREEZFIA (IBM Model 1)
- BEEDO 7 L —AWOEREFEICIZKILD

P(fle) = N 1/le] 5_P(fle)

Bl -
(P( 7KL [the)+P( 755 JL |hotel))/2 * (P( @ |the)+P( @ |hotel))/2

¢ IL—ZRFIF4 :FRTOIL—ZT1

Graham Neubig - #&MEIER
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Y —Ib

 extract: 7 L —XHiH
 phrase-extract/score: 7 L —ZXMD XA AT {FF
« (Moses O train-model.perl D—Ef & L TEITIND)
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Bt 3%

s HERET I DL ER [Koehn 07, Matsoukas 09]
« FE - EHEEDEWVWT L—XDHEIFR [Johnson 07]
o 7L —XEBEK4#E)E [Carpuat 07]
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REEDRNDOERFERT

74X/|\ > 1% |

5 _(GIZAH) SIS | A Al
FEZN abt T wEm [ ElE T —T
) ‘ g EE e-f | 47V 44208

(GIZA++) I

+ B LR, Moses R ETILLEHbNn3
- BEBHTEI ) RTA Vv I AL I A

- BEICOMI NS0, xRERNTHD 7L —X7—
7)1/037%%&\_.:.197&\,\ A4 XY N EES

- WERICHEINA T L —XT—T IV




NAIST

- FEENER

RFT7 24X b -3

INZ LI
FEIAN

[Neubig+ 11]

o mEM
>

Graham Neubig

L TFSAAVE

e + BEETJL—XTF—TINAEETIIETES
+ Ea—UVURATA Y I RADHENGLLRS
+ BFEZERLBEISTL—XXTFT—TILDOH A XHE 5

T3

e Inversion Transduction Grammar (ITG) %z FH LN /=&,

BYETIL TS

335

e pialign YV —JL¥ v N TEE
http://www.phontron.com/pialign

=
=]

147
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ZELIAREATTIL
o IE - W& - NEHE

AN KN FUL
V\ENBERER T
the
fat [E]
man AE®
visited
Taro i E
ALy = the fat XNER = — Taro
[EDFEENF L HEDHERAF L

C AN AL B AR E TRER T R
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Y=l

o extract: 7 L —XHiH & RE—

- lexical-reordering/score: WNEZ A ETIL=FH
 (Moses O train-model.perl D—Ef & L TEITIND)
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- HERETILDRE (1)

« PBHE—FUITORI )T b

$ mosesdecoder/scripts/training/train-model.perl

ZI

M
\

\l

\\m’i_

-parallel
—external-bin-dir $HOME/alagin/usr/local/giza-pp
-root-dir $HOME/alagin/train

—corpus $HOME/alagin/mydata/low/kyoto-train.small

-f en -e ja

—alignment grow-diag-final-and

-reordering msd-bidirectional-fe

-1m 0:3:$HOME/alagin/lm/kyoto-train.ja.blm:8 &> training.log
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HE BERETILOEE (2)

« FER. TIA XAV NDOHEREZHEE
« 724 X bk : trainf/model/aligned.grow-diag-final-and
T —4% : mydata/low/kyoto-train.small.{ja,en}

« BEIEDHIIC. T—4% % head THIJR

$ head -100 train/model/aligned.grow-diag-final-and > mydata/align.txt

$ head -100 mydata/low/kyoto-train.small.ja > mydata/ja.txt
$ head -100 mydata/low/kyoto-train.small.en > mydata/en.txt

- EEUIZEEIL., h 5% ER

$ java -jar download/AlignmentTool.jar
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ENER DEEER M
 BOWHEE - SELEH R LBV, BRICEAE

TR BRERE

’fb% 75)\ j(EB L\- E') 7':_
Hanako met Taro
Hanako met to Taro
Hanako ran in to Taro
Taro met Hanako

The Hanako met the Taro

o > FEROFMAE THEEL W
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AFH

« BERBIZ LM (Adequacy): REEZBXDEKRIMEH 5 H

o REZM (Fluency): BREEXXHNBEAD
o LEEEE(H (Pairwise): X &Y EoBD ARV

ANEEAfEFZ&aRfE LT
W»
Taro visited Hanako the Taro visited the Hanako Hanako visited Taro
Ti\ ’ ,? o O X
g ? O X o

XEDERL B, C C
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(Acceptabllity) [Goto+ 11]

» oM EmEEEHA S OE I MmEL

B Z 0GR
I TEE
NnNcL\sd

Yes

Yes R—F 4 F ["AA

i D3t b 1%

'

Wiﬁ%mt No
1IEULY Yes
mmicEmg "B
Yes T:TEES‘ZCD No t%é
> W@?’J\Eﬁﬂr — W C
TT %
No
>
No
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=

o« VAT LHAIRIEEHEIC—HT 5 H

wmhi

[18:3% Taro visited Hanako
2T LM the Taro visited the Hanako

e BIEROERITIEBE—TIXRWED, EROEREAFIHT
5 &EE
IFfRX : Taro visited Hanako

Taro ran in to Hanako
2T ALAH S the Taro visited the Hanako
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BLEU [Papineni+ 03]

s RAICIREINT-BEFHTMRE
« REICKLEER
e n-gramBEER+FIRFILT 4

Reference: Taro visited Hanako

System: the Taro visited the Hanako

1-gram: 3/5
2-gram: 1/4
Brevity: min(1, |System|/|Reference|) = min(1, 5/3)  brevity penalty = 1.0

BLEU-2 = (3/5*1/4)*** 1.0
=0.387
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RIBES [Isozaki+ 10]

§3iJIIE'L:%
4 SEDEAIAEREE % FI

Im:

f1a):

Taro visits Hanako

1 X 3
RIBES: 0.9036
BLEU@y:  0.5773

==
A & & W EE

L 7= 54 R )

Mk

Taro visited Hanako

Hanako Taro visited
3 1 2

0.3333
0.7598

ERCEMQRSFE (RBMT - SMT) T
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oD
T30

- ERBREHWCHMRE

« METEOR: #8%:Z [Banerjee 05]
« MEANT: ELKfEHT [Lo 11]
e Fa—=—VJICBWEMARE [Cer 10]
- BROFLMREDFIA [Albrecht 07]
e FHIED Y S KY— >4 [Callison-Burch 11]
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& 4

BHa . ANFIH

« BIRRIGERZMM LT 71 :
download/en-ja-result.tsv

« WERFKETEY 7 M THE. E3CIC Acceptability 514
NP

~
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et I El
BE - BEIFH

 download/kyoto-test-{pb,hiero,preorder}.ja I 3 D D&}

sRAx D

L

e BLEU IC & 25T

$ mosesdecoder/s

cripts/generic/multi-bleu.perl

data/tok/kyoto-test.ja < download/kyoto-test-pb.ja

$ mosesdecoder/s

cripts/generic/multi-bleu.perl

data/tok/kyoto-test.ja < download/kyoto-test-hiero.ja

$ mosesdecoder/s

cripts/generic/multi-bleu.perl

data/tok/kyoto-test.ja < download/kyoto-test-preorder.ja

RIBES IZ & % 314

$ python3 usr/lo

cal/RIBES-1.02.3/RIBES.py

-r data/tok/kyoto-test.ja download/kyoto-test-{pb,hiero,preorder}. ja
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F 1 —=" % [Och+ 02]
s BETIINDROAT7 A ELELHEDRIOT
LM ™ RM

o Taro visited Hanako -4 -3 -1 -8
X the Taro visited the Hanako -5 -4 -1 -10
X Hanako visited Taro _2 -3 -2 Tv 25K X

« AATZEH#TITBERVERDFLOND

LM __TM _RM L BRO
o Taro visited Hanako 0.2*4 0.3%*3 0.5*1 -2.2
X the Taro visited the Hanako (g 2+5 (g 3%x4 05*1 -2.7
X Hanako visited Taro 0.2%~2 0.3%*3 0.5%2 213

« Fa—=ZVJIFEAEHERER w =0.2w_=0.3w_ =0.5
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n-best 1 77 (dev)

the Taro visited the Hanako
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Taro visited Hanako

/ IFf#3 (dev)
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e 1 0 -1 0] e . 1 0 -2 0
1,1 2.1
e, 0 1 0] 1 e, 3 0 1 0
e |1 0 1 0] e 2 1 2 1
1,3 2,3
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BEH1DDREIL
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w =1, w_=1 w_ =??? y=ax+b
LM ™ RM
a=Qgy b:WLM O T Wy Oy
fl ¢ LM ¢ ™ ¢ RM
el,l 1 0 -1 al,lz_l b1,1:_1
e 0 1 0 a = b1 2:1
e, 1 0 1 a = b1’3:-1
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« MERT %17 mert-moses.pl % &

44

~

$ mosesdecoder/scripts/training/mert-moses.pl
$HOME/alagin/mydata/low/kyoto—tune.en
$HOME/alagin/mydata/low/kyoto-tune. ja
$HOME/alagin/mosesdecoder/bin/moses
$HOME/alagin/train/model/moses.ini
-mertdir $HOME/alagin/mosesdecoder/bin/

-working-dir $HOME/alagin/tune

-decoder-flags "-threads 4" &> tuning.log

(decoder-flags THiFI A L v R ZETE )
o Fa—ZV U &bNIL BLEU DR %= KR

$ grep BLEU tune/*.moses.ini




V/ANAIST Graham Neubig - ##HEIR

& SRR




V/ANAIST Graham Neubig - ##HEIR

GREEITEBERMELS S 1T |

| saw a girl with a telescope

o WX WN—=T V7)) [IEERNREIRYE % 705

180



V/ANAIST Graham Neubig - ##HEIR

FE X BEAT DIEZA

o RV RN BECBEDDOANY EEHF

NV

| saw a girl with a telescope

» DIBEMHNT: AL TOHIENRIEEZEHR

S

VP
/\PP
NP NP fNP
P?PV?D DJ N¢N |?| ?T NN

'
| saw a girl with a telescope
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PRP VBD DT NN IN DT NN
v v A vy v

| saw agirl with a telescope

182



V/QNAIST Graham Neubig - #H§EIER
A DB IFHLIEE

183



V/QNAIST Graham Neubig - #H§EIER
A DB IFHLIEE

184



N
A
N
T
Gl
D,
__I
J& B
7
AN
E=
-:\iljz- Gr
aha
\
ub
ig
- T
g
BN




V/ANAIST Graham Neubig - H45EIR
\ SH-
= EI/‘J 7Ld~ 7|‘$E:LE'_




V/ANAIST Graham Neubig - ##HEIR

187



V/ANAIST Graham Neubig - ##HEIR




V/ANAIST Graham Neubig - ##HEIR




V/ANAIST Graham Neubig - ##HEIR




V/ANAIST Graham Neubig - ##HEIR
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s XXM E5Z b, BXAY =T

S

VP
fpp
NP NP f?\lP
PRPVBD DT NN IN DT NN
v v v v v \
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argmax P (Y |X )
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BEXARY EXXDEFICERETIVICEYVERINE
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95
P(Y,X)

Y dE, FARFERMZEEVY IISFREXRD

x%j
=xEHEL

argmax P (Y|X )=argmax P(Y, X)
Y Y
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FE ==k B B XA (PCFG)

e PCFG : &/ — RODOHEXRAERICESE
P(S-> NPVP) —» S

vp 4 P(VP ~ VBD NP PP)

/ o 4 P(PP ~ INNP)
P(NP — DT NN)
P(PRP - “I") NP NP Nl
v » o 4 a  P(NN - “telescope”)

— ™ PRPVBD DT NN IN DT NN 4
Y Y v Y vy v
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FE ==k B B XA (PCFG)

e PCFG : &/ — RODOHEXRAERICESE
P(S-> NPVP) —» S

vp 4 P(VP ~ VBD NP PP)

/ o 4 P(PP ~ INNP)
P(NP — DT NN)
P(PRP - “I") NP NP Nl
v ¥ oA 4~ P(NN - “telescope”)

— ™ PRPVBD DT NN IN DT NN 4
Y Y v Y vy v

| saw a girl with a telescope
EXADIERIZ ) — NDERDIE

P(S -~ NP VP) * P(NP - PRP) * P(PRP - “I)

* P(VP — VBD NP PP) * P(VBD - “saw”) * P(NP — DT NN)
*P(DT - “a’) * P(NN - “girl") * P(PP — IN NP) * P(IN - “with)
* P(NP - DT NN) * P(DT - “a’) * P(NN - “telescope”)

o
S~
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S
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PP
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0,1 2,4 5,7
PRP VBD DT NN IN DT NN
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e I
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op PRP VBD DT NN NN
47 12 23 34 6.7

# ooy # # '
NP NP ﬂp | saw a girl with a telescope
0,1 2,4 o,/

PRP VBD DT NN IN DT NN

01 12 23 34 4,5 5,6 6,7
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S
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NP NP /\I\IP
0.1 2.4 5.7
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01 12 23 34 A5 56 6.7
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NP NP Np
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NP / NP /\I\IP
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# 4 /\ /\
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| Saw 1,2 27 12 24 47

e BUSTDOREITT Y DRBMDEKXIE
c JSTJIIRHB1LDEITZ7 |

2.1 205




V/ANAIST Graham Neubig - ##HEIR

limli

S AT IET T 7

e« 75 7¢EELK
s BUSTODITvIICEMIETE
« BDOWIHER (EYET7IT) X LERFDER)

Tl

0,7

-log(P(S - NP VP)) -log(P(VP - VBD NP))

-log(P(VP — VBD NP PP) e
| A — - | ~
4.7
NP // NP NP
0,1 Y 2,4 5,7
PRP VBD DT NN IN DT NN
0,1 1,2 2,3 34 4.5 5,6 6,7
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c BXEIIT=B/270bRXAIT7D/NEVAKEER

« JZ7TIREYETINITY X LZFIA
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e VP1,7 DER/NAIATREE

score(e ) =

-log(P(VP - VBD NP PP)) +
best_score[VBD1,2] +
best_score[NP2,4] +
best_score[NP2,7]

score(e,) =
-log(P(VP - VBD NP)) +
best_score[VBD1,2] +
best_score[VBD2,7]
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J—RKRORRFTY S
e VP1,7 DER/NAIATREE

score(e ) =

-log(P(VP - VBD NP PP)) +
best_score[VBD1,2] +
best_score[NP2,4] +
best_score[NP2,7]

score(e,) =
-log(P(VP - VBD NP)) +
best_score[VBD1,2] +
best_score[VBD2,7]

best_edge[VB1,7] = argmin_ __ score
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J—RKRORRFTY S
e VP1,7 DER/NAIATREE

score(e ) =

-log(P(VP - VBD NP PP)) +
best_score[VBD1,2] +
best_score[NP2,4] +
best_score[NP2,7]

score(e,) =
-log(P(VP - VBD NP)) +
best_score[VBD1,2] +
best_score[VBD2,7]

best_edge[VB1,7] = argmin_ __ score

best_score[VB1,7] =
score(best_edge[VB1,7])
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P(NP - DT NN)=0.5 | saw a girl with a telescope
P(NP -~ NN) =0.5
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o fRKT2ODBIT T T7EDIVPCO>TIHEETZIN?

212



V/ANAIST Graham Neubig - ##HEIR

CKY 7ZJL3dY X A

« CKY(Cocke-Kasami-Younger) 77)L. 3") X LIE3EIC
EOWTNAN—=T5T7%BERL THEL

o SGEIEF 3 LR F—EHEER (CNF)
» =L DAAIEIERImEES 2 26 L < [EiimsesS 1 D

OK OK Not OK!
S - NP VP PRP - “I" VP - VBD NP PP
S - PRP VP VBD - “saw’ NP - NN
VP - VBD NP DT - “a” NP — PRP

e ZDEMEEFEILBWIL—IVIZEETEE

VP - VBD NP_PP
VP - VBD NP PP = NP PP — NP PP

NP - PRP +PRP - “I" = NP - “I"
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$ echo "I saw a girl with a telescope." > mydata/to-parse.en

« Stanford Parser TREDBEXENT 21TV, RKRT D

$ usr/local/stanford-parser-2012-11-12/lexparser.sh
mydata/to-parse.en > mydata/parsed.en
$ head mydata/parsed.en
(ROOT
(S
(NP (PRP I))
(VP (VBD saw)
(NP (DT a) (NN girl))
(PP (IN with)
(NP (DT a) (NN telescope))))
C. )
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fil: n=2

X, visited X/ Xos. 1L Xos. 1B X yisited X /
X, I3 X% 3 Ui 1.4 AR z
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— 2,5 EL) | K 25, R4 | I\IZ
e X house/X =X 0‘1/

X X X Lthe white house/
OLME|# ~ 0L 3.4, BV AL RIA - J\IR:15

he/ 1K :-1.5% & he/ 1% |3 :-4.2 ¢ white/ B0 :-0.3
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SEEFIAEELEZTFI—FTa VT

° T%%?:Faﬁﬁ\wlj( !
s IEPHRIRBRNVE

o l: —LARRZEBAN | [FEEZEXDXFIICNT %IR35
RANEZERITS
o Cube Pruning : FOMAEHEDIIEL [Chiang 07]

o WAREF A DR
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BT BT L —AR—REFIDLE

* Moses DBEEDFEZIC
[ -hierarchical -glue-grammar -max-phrase-length 5 |

I BINT 57T

$ mosesdecoder/scripts/training/train-model.perl
—hierarchical -glue-grammar -max-phrase-length 5
-parallel
—external-bin-dir $HOME/alagin/usr/local/giza-pp
-root-dir $HOME/alagin/trainhiero

—corpus $HOME/alagin/mydata/low/kyoto-train.small

-f en -e ja

—alignment grow-diag-final-and

-reordering msd-bidirectional-fe

-1m 8:3:$HOME/alagin/lm/kyoto-train.ja.blm &> traininghiero.log

« EFJ/LZREE : trainhiero/model/rule-table.gz
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Heag N — AEMENER [Sato+ 90]

e SETHENULEFEEIBXARFAZFBL AL

o BXENTIIAZRIE L., BEERME % 5B
SEROBELEICOAREEEZONS

REm COENSETCHA MR
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NAIST

BIERETILDFELE
string string
he visited the white house miE R"T74 08 NDR A AR L7
free tree
S /S\’ VP
ﬁp PP PP

NP NP
A
PEQP VED DT Ni\IP Ni\IP

he visited the white house

dependency
dobj
nsubj det

n
he visited the white house

to ¥, v

A S T N
® & RI7A4M NOR & 55 LK

dependency
subj
n n n dobj n

8
® & R4 08 NDOR = 55/ L&
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Graham Neubig -

string-to-tree &R

PEAERER

|Galley+ 06]
- BINSEERID A THRE B 2 F
e BRI 7L —AXR—R&IFEAER UM
« JL—ILOEMEEAICADIRILVENET S
[ES3EE BHRSEE a1 A7
he g NP -1.5
he 1B 1 NP -4.2
X visited X_ NP & NP Z &ifd LT S 1.4
X visited X_ NP X NP, Z &l S 04
the white house HRJA F+ <« J\DX NP 1.5
the X house ADJ e NP -0.1
white l:\ ADJ -0.3 239
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string-to-tree &MaR
[Galley+ 06]
« FOA—F 4 VI DOBIIENEZOASINIVEEE

X, visited X / S X, visited X /
NP, 13 NP, & #5f Lfc:1.4, °° NP [3 NP, Z 5htafc :0.4

NP  the white house/

) §401/ 25 JROA k- J\TIRX:15
NP ADJ
0,1 34
he/ i :-1.5)  hel 1% I :-4.2 vy white/ E1) :-0.3

e JL—ILEEDBWVWSRILD ./ —RKRAEFALAW
(NP D& ZAICADI AR W)
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tree-to-string #&R
. RS ERDHIHEEREREFIE
. 2EEOAR

o [FEIBRFEXEEMNT + B8R LA & string-to-tree & [A#k
- + BEHENTER Y I ERBYTR

- JELY
- AR ZFRENDE
. SRR | FEICBAA 1T o T S EIR
- + JRL

-+ REEBEOIM A 2 GRS L
- - BRHTRY OE
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AfEE IcED < #5R [Liu+ 06]
e BXALEDI—ILTYFUITEITD

— . Xl XO
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LD C#ER [Liu+ 06]

s =V eRTEBI 77 %
YERX

s TA—T 1 VT IIEEN
JL—AR—2 EHE L

VF’O_5
x1 with x0: 0.56  *~ VP .
N x1x0:0.6 ' yp
0 _ 4-5
friend: 0.12 N v
N v 2 ate: 0.5
my friend: 0.3 \ »

a meal: 0.5 rice: 0.3
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1? U XH—* lrk- T < %:.I

[Quirk+ 05]
 dependency-to-string #1ER € $H
dobj
nsubj det ; 4 nsubj dobj N
he visited the white house X1 visited X2

\

WIERITA B N\DRX & &8[E UTc \Xl X2 §hfE] b72:/

244
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RYZIFEEICED CEHER

[Sato+ 90, Nakazawa+ 06]

° /'?\7(0)*/7\7-1—\(,:; de encency-to-dependency THE

dObj
nsubi det 7 nsubi dobi
he visited the white house X1 visited X2
BITRTA R I\ X %Z 551 UTc X1 X2 FpfE Ufe
n _ xS
n n dobj dob n

e

245
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ABIE vs. RY ZITEE

e MRS EFELINTVWAWIL—IILEFIBIT->—RMY

Fv P X1 X3 X2
X1:NP ﬁ‘XS:NP
(SVO - SOV)

X2:VBD

c RYZHEE  BROHZREERIARALENEZBICH
B —>FEEEIRICFREL ?

dobj dobj
/\ /\
run a program run a marathon 246
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g Bk & [ > 7 BHER DR

« Y—Jl:
« ERRF/N—2 27 - Bl5R : Moses (& {tree|string}-to-{tree]
string} %= 2%
s ERIN—Y VY  BERBWA—T VYV —RDEEIIR

~ GEEZARE?)
e (WDLEML-OAREZIF—TEZIITDRV)

247
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gl NE A [Xia+ 04]

e 7L —XAR—BERIIFRAREHODH DD, EIEHD
W ARE Z X555

e BIMIREZR : EIEEENZEHNWETEBXIEWESEIC
\‘//\%EZ_

F= & & ZfR = BN
‘ ‘ - " L; ~

|

F= & 1 BRI i 7
as \ "

E= he ate rice

¢« JL—AR—RAFROBERENRIATND 249
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e |m & FWCRITANE X

e EEEZDENYARNICT L THERBFZIN—ILAESE
S

waP
PN

PRN wa N
| | |

F= kare wa gohan o tabeta

F'= kare wa tabeta gohan o
L W V Ag

E= he ate rice
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FEBICY Y TIRIL—ILTRKEI PR
HIL—ILT R Y EREPROBEZ KRICHL
[Collins+ 05]

RKEED D SOV EEBNDERERD 72D IL—)JL [Xu+ 08]

KREFERICEWVWT MREMNETEHEAZEZEAICEF > TWITIE
B U] [Isozaki+ 10]
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Head Finalization
[Isozaki+ 10]

U Original English
— T
| ,;;_3_ )
.-'----'-FH-- '—.
LZT.Q_: /?
- / _
{:_%_-_} - 7/€LQ‘ ‘_It]b - _. J‘l_/:l T
John went to the police  because Mar}f lost h1s wallet
,S?-E'i‘_‘— ______[-Ee;ad Final English
- 3
- T
~ -
-
,f * i
P - P .x_g__ﬁ_fﬁ
IS IS B> 7
2> <Cho T > 9> U T
John Mary his wallet lost  because  the police
Jjon (wa) meari (ga) kare no salfu (wo) nakushita node - keisatsu i itta

Figure 3: Head-Finalizing a complex sentence.
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Il NE X & tree-to-string

e tree-to-string (XL RE X S BIER = ERF ICIRR-FEE +
e tree-to-string IFBELINTZIN—ILZEEIZIKRA S

VP VP
PP PP
PR P
X &) X WS
X Is high likes X
e BIIARZFZFHZ T CEIERIV—ILEFIHET&E

253
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)bl:n: ‘E%E%*U L/fck\a\ UCI’\‘%EK

[Neub|g+ 12]

e Inversion Transduction Grammar %z Fl FE

F= kare Wa gohan o tabeta

F'= kare wa tabeta gohan o

» SHRFHIKE. WRT I D oFE AL

e laderV—JLF v b& L TERE 254
http://www.phontron.com/lader
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SEBE : ITG A {E -~ 7=ai RE 2

o lader ODEHERBET I =7

» usr/local/lader-model-kftt-en-ja/run-lader-en-ja.sh = #®5
« LADER_DIR %Z= [ $HOME/alagin/usr/local/lader-0.1.3 | |

« usr/local/lader-model-kftt-en-ja/kftt-en-ja.mod 7% #REE

« [ /home/ 2L—+ Jalagin/usr/local/lader-0.1.3/kftt-en-ja.pt 1] DK I IZ 7L
INR % kftt-en-japt DETBICEZIHZ D

AP

e WREZDT77M4ILEFERL. HREZ D

$ echo "kiyomizu-dera temple is one of the famous sites in kyoto ."

> mydata/to-parse.en
$ usr/local/lader-model-kftt-en-ja/run-lader-en-ja.sh

kiyomizu-dera temple kyoto in famous sites the of one is .

B/ Y Y VY v RV N
a7k FII RE O BRGE EHF O —DTH3 .,
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= H A EE
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RS 257 LADHBEBETE

o ¥EIY R T LA ERK
o #EUYIRL :
e BiERZ=4.R L. ANFFMZ1TD
c FERIBEER > TWEEMZEEEMNICON
s TOMBZHRT DAEZRHANRS
EELTEATS
- FESRD /=& B ENFH = 7 3

257
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=TV —=RJ T bDEWA

o MWBIERIZA—T VYV —RAY I MNTEEFNTWS
e FUVWANLLL O SAWVWEHIERER K EZITEL
e MosesDX—1 > J1) XN

~ 1

258
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BHERDY D F K ATH7R W EE

e BLEUNM 1.0 <HW, {AIAEE>DTWS ?
« <K HBIAN:

o T—HDITEDE D TLARW
e BILIEATO>TULWAWL, 2EEFIANTED
e OJ 77 ’r)l/%_’:ubgf T™-— %T?kj—
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H = BHER*EE D —4

o« VAT L TL—AR—R, gIERFZ (lader). tree-
to-string

e 754 XY NGIZA++. Fa1—="% MERT
e T—4 : TEPEEE Wikipedia X. FEIIE ~350k X

. i : BLEU, RIBES, Acceptability (0-5)
« BXHEEITH : KyTea + EDA. 3 : Egret
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BLEU

21.5
21
20.5
20
19.5
19
18.5

69
68
67
ﬂ 66
0 65
@ 64
63
62
PBMT+Pre
PBMT T2S
3.2
3
>
= 2.8
I
Yol 2.6
(b}
S 24
<
2.2
PBMT+Pre

PBMT

T2S

EERFGER (=B)

PBMT+Pre
PBMT T2S
F2S

Graham Neubig - ##%&0ER
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BLEU

17
16.8
16.6
16.4
16.2

16
15.8
15.6

Graham Neubig - ##%&0ER

RiRiGR (HXE)

65.5

65
64.5
64
63.5
63
62.5

62
PBMT PBMT+Pre T2S PBMT PBMT+Pre T2S

RIBES

o

Acceptability
N A OO 00O W N

NN

PBMT  PBMT+Pre T2S
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#=H F2Svs. PBMT+Pre

Input:
Department of Sociology in Faculty of Letters opened .

PBMT+Pre:
HZE F XF 2 1t F8,

E2S:
NZF & 15 F ¥ = HER

F2S N &zgaf) + Efza & 1E U < fEIR

264
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#=H F2Svs. PBMT+Pre

Input:

Afterwards it was reconstructed but its influence declined .
PBMT+Pre:

FOERERULULREN., ZOHEZXITTCTHBEIN
cEDOTh 5,

F2S

ZORBEENTWEDY., BEHLER 1,

F2S H' 2 DDENRAAIDEFREIE L <187t

265
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#=H F2Svs. PBMT+Pre

Input:
Introduction of KANSAI THRU PASS Miyako Card

PBMT+Pre:
Ay & kansai 88 —F D BN

F2S:
K ZAJbw & KANSAI &S Bh— B

F2S DEX fENTE= 1)

(NP (NP Introduction) (PP of KANSAI THRU PASS) (NP Miyako) (NP Card))

266
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& T2S vs. PBMT+Pre

Input:
FPECITIEEOERIIZL),

PBMT+Pre:
In the historical fact is not directly related to it .

12S:
IS not directly related to the historical facts .

“ICIZ - B& AT HAIELL “related to” &EIER

267
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& T2S vs. PBMT+Pre
Input:

NEEZX IS HE - 71%351% IC ki fcn., KRB - —
ZREIIEE LB IRE ICT H o =,

PBMT+Pre:
michiie kujo was his eldest son and heir , norizane kujo ,
and his second son , yoshizane nijo was disinherited .

12S:

michiie kujo to his legitimate son kujo norizane died
before him , and the second son , nijo yoshizane was
virtually disowned .

T2S 7’.')\\\/|:T.’€|—: LJ < ﬁj\EU 268

Graham Neubig - #&MEIER
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& T2S vs. PBMT+Pre
nput:

N EE HAE ﬁz; =
1474 & ~ 1478 F£ - UIB K &

PBMT+Pre:
the department of japanese language and literature

In 1474 to 1478 - masatoyo yamana

12S:
jJapanese language and literature
masatoyo yamana 1474 shokoku-ji in -

T2S ha)E £ <)L=V DO A LER
T2S OB ERIFER ) (“Yamana” ¥ 1 DD &G & UTHERR)

[@))

9
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IREOEMBIERIIANEE?

%Z < DB TERHN LX)V

o BFICH L, HEDL D BIEWEENR

e JL—AXR—AFERMN N Z=REE
-ﬁﬁﬁ@ﬁﬁ?—&

« WEROEEE RN EEREERIISIBELEIER

-VWbmaﬁbﬂﬁr H e REICIRETE 50
- EFfHEESERT
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IREOEMBIERITAI DN EF?

c MEBVPEHADOHEENKEIKELRDEEY
c MREEBHRZHAWLCFETHEZHNS
o D, BNENTERY IBIEROBE = E1L
e REKERDEEBWTIZEEMISHAELY (Z< W
s O—AIIREHRTHEIRTETARVERE
« FHO—H. XED—EM
« KIEBELZEEFE I—NRIANEFEELAVES
- VEEEE
o WERT— 9D BFEHELAVWSE, x4 (OFE
c WEEZESFXTWVWEER
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