TLaT AV BN ER D 5% 55

I X ER

BB SR

taro.watanabe @ nict.go.jp



\\.ﬁ.

/.EE IO\

|

o WAABEEZBINES > TWLWET,

o EEMNLGTANRIE Faie HFEATLIEE LY,

_LI
I

Translation
Philipp Koehn

(Koehn, 2009)

o ZDARZA RDERHh
http://mastarpj.nict.go.jp/~t_watana

2


http://mastarpj.nict.go.jp/~t_watana
http://mastarpj.nict.go.jp/~t_watana
http://www.statmt.org/book/
http://www.statmt.org/book/
http://www.statmt.org/book/
http://www.statmt.org/book/

T B AR

data

S~

[Iearnerj
The United Inspection Department

T model of Heishantou Port has shortened
LSRR Ei IR R E — 2 G the procedures for leaving and

= KHITERNHBAIEFEZRI—K I >[ > entering the territory from originally

o 2 - 3 days to | day.
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+ noise

encoder >Y > 1S I >X > decoder

\7

)
— alrerrnax P’I"(w‘ )PT( )
- e Pr(z)

= argmax Pr(x|y)Pr(y)

/g) = argmax Pr(y|x
J

REZE - y /
NEE é— argmax Pr(f|e)Pr(e)

e

o DA BRI, OCR. T alER...
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wERTET I

eé = argmax [Pr(ﬂe)][P’r‘

e

#ERETIL =

o FEREF)L: 83

o KF1—KYUPILDOARIL
o ERETETIL:XOEL T —DIELE.
2‘:
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(Brown et al., 1990)

& UTTDIE U & (adequecy)

' Z514)b; D



Samat7 /b

Pr(I do not know)
Pr(I not do know)
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ngram Ssat 7/l

o VILATRRENEBILITEZAFTRUL &2
® Bigram:
p(Idonotknow) = p(I)p(do|l)p(not|do)p(know|not)

o FE: R + smoothing (Good-

Turing, Witten-Bell, Kneser-Ney etc.)
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Larger Data, Better LM

350 F 7 < .
+.026/x2 .
300 B \\\ .//. B 0.5 "
X, = 2
X o * g
) \ o
250 \ \\ /,/@ 1044
200 | 5, o +.038/x2 5
S - ’ : os%
2150 - +.035/x2 .~ " -
Pl target KN PP ——— |, ¢
. idcnews KN PP ——x—— 29
100  +.022/x2 .» webnews KN PP - O
target C5 = T
2 +ldcnews C5 ---=-- 7| 0.1
S0 o +webnews C5 -~ o - -
. L , L . L | +Web C5 I N O
10 100 1000 10000 100000 1 e+06

LM training data size in million tokens (Brants et al., 2007)
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Test data BLEU

Better LM, Better MT

0.44 + A
+0.51 BP/x2 PRI S
o = ; +0.15BP/x2
042 1 i +0.39BP/x2 ]
+O.568P/x2 .
04 B X />-</’ "/ _
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10 100 1000 10000 100000 1e+06

LM training d?’f_)a size in million tokens (Brants et al., 2007)
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WERTE T

f = jene sais pas
e = Idonotknow
Pr(fle) =77

o 'BHEEVZAXYVN, [CEDKHERETIV

® Model | (Brown et al., 1993):
o “DKDICP(Hle)Z2zFIET Hh

o KDL SICP(fle)zHETET B H
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Pr(fle) = ZPT (f, ale)

know .
not .

. a={(1—1),(2—3),3—>4),(4—3)}

je mne sais pas

o P(fle) Z 72 #&: P(f,a|e)

HDRY Y EVYT
olelx|f|

e “AREFBELEMNSHLEDE

M
lm

alill

® “a”OD %Izé_&?

18



—XJ% DLl

NULLy I; do; not; knowy

>

know . je; neg sais3 pas,

ot/ N B a={1,3,4,3}

I = 1’m — f17f27f37”'
. e p— 66 p— 60,61,62,63,"'
je mne sais pas qa = a?ln — ai,as,as, -
o fDXREEENeD—EHEN &I

o FIEIENULLD elTdh B & IRTE

f]
" el + 1)|
o “a"DE (lel
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~ | — 7J
S 557 H#E: Model |
Pr(fle) = ZPr(f,a|e)
— Z Pr(f|a,e)Pr(ale)

Pr(mle) » ~ Pr(f|a,m,e)Pr(alm,e)

ik 1
Eza:jl—_llt(fﬂeaj) (l _|_ 1)m
s.t¥e: Y t(fle) =1
f

2

® uan@_,fﬁu:
NULL;, I; do; nots know, € X
‘ />< X
X

je; nes sais3 pas,

t(je,|I1) X t(nes nots)
t(saisz|know,) x t(pas,|nots)

1
4
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HETE: Model |

o fLe)DONDXIERT —H: D = (F.,&)
[ Prifle)

(f,e)eD
T ONBLEZRKILT EH/INTA—-F0%

>
- f = argmax Z log Py(fle)
0 (f,e)eD

Kk

o T—Y DI

® Model ITlE. O=t(f|e)DT—T )
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EMJ7)L Y X /n: Model |

o HD“A’CX LT, B =TI
NULLy I; dos; not; knowy

, - count(je, I
‘ />< Hiell) = D s count(f,I)

je; ney; saiss pas,

o EMJ7)L O X Lx:t(fle) (T K B “fractional counts”
NULLy I; dos; not; knowy

- (el count(je, I;6)
I \\ \“\~\~~~ e —
I N ) Zf count(f,I;@)



know

NULL

Model |

je ne sais pas

not

do

I

ap a2 4z d4

® Generative story: Model |

o fDRE

\é §£

— AH

=S

e 5 A
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Model 2

je ne sais pas

know

not

do

NULL

® Model | &[EERIC
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t(fle) x a(ilj,m,)

(Brown et al., 1993)
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HMM Model

je ne sais pas
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® Model | °Model 2. HMME LK E1R 5

o fertilitylC KD, BARHIIC—XIZ DR Z xRIR

E

Model 3-5

do not know

je  ne sals pas

DIRYETIEL

(Dynamic Programmmg)?fM

|

| N0\ fertility

| not not know

Voo } | NULL insertion
| not not know

1| } l translation
je  ne pas sais

U < distortion

(Brown et al., 1993)
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fiCH. .GLETR UEE)
o — %D ZHE LicLy

o t1—YXTFT w7 (Ochand Ney, 2003; Koehn et al,,
2003)
o FEh|CHI#(Liang et al., 2006; Ganchev et al., 2008)

o Fertility®D E7')L{t(Zhao and Gildea, 2010; Lin and Bilmes,
201 1)

o B mHY7R %I (DeNero and Klein, 2007; Pauls et al.,
2010)

o j(%U)%f’l‘fi(Berg-Kirkpatrick et al, 2010; Dyer et al,, 201 1)
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o T)ICED < HEMBIER
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o X% DH

. A

o UL —XEEMEIER. HIC
al., 2003)
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FAIcE DL ETIL

show me || the one ] |in the window

T

oevk— 0|2 % |BE TFIu

® Generative story:

o ZRINENHE + RE)ZHR + LWUOE X
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FAIcE DL ETIL

€ = argmax

CXP (WT ' h(ev ¢7 f))
e DogeXp(w! -h(e, ¢, f))

= argmaxw ' -h(e, ¢,f)

e

o B DZFRIEh(e, d,f)%Zlog-lineariCHHAE 10"

=N

o O:(f,e) DAIE[LDHE!

o w: X3t

- DEHTIT



Questions

A

é = argmaxw ' - h(e, ¢,f)

FEAENTA=FTEZEDKLSICEEIT 5N
(P and h)?
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o IEEMNIRE 21—V RT AV IRBRFE

(Koehn et al.,2003)
TAXY NDFE

DIIII

o

o 7L —ART D

o JL—ARF7ZDRAT7Z IV
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talk B

with

Sharon

(Example from Huang and Chiang, 2007)
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TJL—ZARF7 DL+

o @t

Sl
Bush .
held B
a
talk B
with
Sharon

e EUABEEFSAAYINELT
W5 H)Z
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Bush |ﬁ

held

a

talk i

with

Sharon
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o —_ HMDRMEZTFERE
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- count(e, f)
lo fle = | —
gpo(fle) "5 S5 count (e, ')
o count é,f

> count(e’, f)
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7 oAXY MCEDLCEHE

_ 1
l ex f_a_ = 1 t(eilfy
O& Pi ( ‘e a) Og H ‘{]| ; ]) c a}‘v(;e (6 |fj)
1,7)€Ea
f]
_ 1
] zelf,a) = 1 — t(file;
O& Pi (e‘ a) Og];[ ‘{Z‘(], ) c a} ‘ v(;e (f]‘e )
71,7)€Ea




DAY= =

o @t

Sl
Bush +9
held |
a iE
talk
with -3
Sharon

® ES%E (—’_-I-_‘j<3f"|/-:
d(f,¢,e) = [+ 2[+[0] +|=5] =7
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‘o"(g& %\Z“&of;&&‘%\e\\&v&o
Bush /%-\
held / \%/,
a An)
talk //7,(_1\
with A
Sharon

o XA EDMOBEZFRME: logp,(o € {m,s,d}|f,e)

® monotone, swap, discontinuous



ftl DFRTE

o (BHD)SEETIL

St TB/INA1 7K

- TRW 51 7BV BZFEF
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Questions

é = argmaxw ' - h(e, ¢,f)

o T7O—RNARR): EDKDICLUTHRELGERZ
H 2| S HM(argmax)?
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T L —ARF7DH|E

Bush and held a talk
with Sharon talked
with held meeting
Bush| |and|| Sharon | | hold talks

bushi yu shalong juxing le huitan

o ANIXSFICXT L., REFBUEINY Y F I 50 Z5F

o bW\, TL—ARFVDEIR + OEZ
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7 L —AXN—RA 13 IR R ZE ]
[ @ ]—{ -000- j—»[--”“ J\BAush

Sharon held talks
[ ______ /] Sharon "””j
\, held a talk
BUSh [ ®----- J {Q--.CC .0-.00]

bushi yu shalong juxing le huitan
o /—RN:BIERESNCIRSFBEDEEAIIE%Z 3K bit-vector

o T :left-to-righticHAT SN S BHSEHI DT

o RERZM:0Q2"). BFE: O@2"n?) (Why?)
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WeElz—I]LAY VIEE

® NP-hard problem:Z&mhmZz—EL TN S

o K[EE—I)ILXAYVHERBEE UL TDMT(Knight, 1999)

® EE%@%E—HEI %B I
o FIHYETIEIE(DP)IC K 5 FE:

o State: Fi1L7cERT (bit-vector)
o IRZRZEME: O(n?)

o RRZEMZ/NSLK T BcdH, WOEZ ICHHY
i.e. long distortion:[ | Je— ] {  Jo— ]

45




FBETN TR WHRIE

heId|Sharon

Sh - -
p(Sgaron] <))] —-a---Sharon [ i e ee-held.

, (held|Bush) o--00- he|C|
...... <g> W
Bush™| e :Bush |

p(Bush|(s)) g m i Lemeeetalk]

p(held|Bush)p(alheld)p(talk|a)
o 7L —XICEAU TWRWRM: bigramSBETI/L

o ROXAF7DEREI DIcdHIC. —EBERERF

® m-gram LM: BRZRZEfE: O(2" V™)), IffE: O(2"V™-'n2)
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4 ) 4 ) 4 )
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o RRZEMZ "BIRS N7cEFEE = cardinality; T
7)—T1k

e /\& L cardinalityZ %;ﬁigb‘:ﬁh\ S R[]
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e BIULVIN—T DRGNS TIIL—=2T

o MHAHAWIRAVICLBTIL—=27

° O(2“)@IE7EO(nb)/\f§E/J\



Questions

A

e = argmaxw h(e, ¢,f)

o Fa— 4 (BE): EDLSICLTERM
17 7& 9 S DM(w)?
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Fa—=>7

W = argmin Z ((argmaxw ' -h(e,f,), e;)

s=1
® MERT (Minimum Error Rate Training) (Och, 2003)
o HETHUMBIER TIFEZE(THMDNLPIRY X T Tl
(EL oY qWANAY
o |()ICXTUT., KRR QRIS —E% %« =R A 8E(BLEV)
o SITH LT, T5—RICIEELIRIENTTAE

(BLEU)

o |0+IEEDEHEDRN




MERT

W = argmin Z ((argmaxw ' -h(e,f,), e;)

s=1

o Hlif7% U/J\b: Powell;= . Downhill-Simplex;%

o WZEHHI DICVICT, argmaxZ TR UV EI &
LY & W TR LY

® n-bestic & D. eDZEfEZ Tl (Och and Ney,
2002)
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n-best f& & [C K D IT1Ll

1: procedure MERT({ (es, fS)}le)

2 forn=1...N do

3 Decode and generate nbest list using w
4: Merge nbest list

5: for k =1...K do

6 for each parameter m = 1...M do
7 Solve one dimensional optimization
8 end for

9: update w

10: end for

11: end for

12: end procedure

o IRTEDw CTn-beste £k, ifaa(N[E])

e MXITT(M = RMEDE) DR RITICK UT, &=iE
£, wazBH(KE)




Line Search!(cC jJ’_RﬂS

é = argmaxw, - h,,(e, f)—I—WT - h,,
e SN———— _\/—/

slope constant

0
o
v

>

A Wm
.
O
.
v
> W,
o —DDRIL=ZEIRLIHZE., TDIkiiZze "#Ry &UT
RiaE5
o iR, DF

=AM 5. e (convex hul)Z 5THE
53



error count

T 7 —HiR

9480 I I I I I I I 9450 I I I I I I I
unsmoothed error count unsmoothed error count
smoothed error rate (alpha=3) ------- smoothed error rate (alpha=3) -------
|| \\\\
9470 | !} 1 0445 | _
9440 | 4
9460 [ - \\
\ A 9435 |- -
9450 \ e
I L 9430 - -
\ / \ ! [ AN /
\\ /’“ // \\ / 8 \\\ ///
9440 | A T 1 ¢ N
/ ‘\ / o \\ ’/
® 9425 |
9430 |- ] .
9420 | _
9420 (- _
9415 .
9410 - 9410 | i
9400 l l l l l l l 9405 l l l l l l l
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2

3 4
54 (Och, 2003)



MERT D IHE

= 5 LIS HIHA{E (Macherey et al., 2008; Moore and

Quirk, 2008)
Z 25 N7 73 (Macherey et al., 2008)

ITo—DMETEDAL—I > (Cer et al.,, 2008)

Regularization(Hayashi et al., 2009)
Forest/LatticeD* 5 (DMERT (Macherey et al., 2008; Kumar

et al., 2009)
D TE. TDEE&EIL (Galley and Quirk, 201 1)

&% {E3[O|MERT. FIIBLEUZ RS U 78 S L\ (Clark et al,,
201 1) (Z AR 77 TRTR)




Answered!

SGEDIRWETL(T
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7_

/

BTG —Ta T
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FMERT? (BEEZE > TR

- [ HETET
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= ngram D E 5 2R

Well, | 'd like to stay five nights beginning
October twenty-fifth to thirty .

| 'd like to stay there for five nights , from October twenty
fifth to the thirtieth .

| want to stay for five nights , from October twenty fifth to
the thirtieth .

| 'd like to stay for five nights , from October twenty fifth to
the thirtieth .

| would like to reserve a room for five nights , from October
twenty fifth to the thirtie’glg .



= ngram D E 5 2R

Well , | 'd like to stay five nights beginning
October twenty-fifth to thirty .

P1

11

—1
A

| 'd like to stay there for five nights , from October twenty
fifth to the thirtieth .

| want to stay for five nights , from October twenty fifth to
the thirtieth .

| 'd like to stay for five nights , from October twenty fifth to
the thirtieth .

| would like to reserve a room for five nights , from October
twenty fifth to the thirtiegg .



= ngram D E 5 2R

WVell , beginning
October twenty-fifth to thirty .
11
P1 = 15
there for , from October twenty

fifth to the thirtieth .

| want for , from October twenty fifth to
the thirtieth .

for , from October twenty fifth to
the thirtieth .

| would reserve a room for  from October
twenty fifth to the thirtie’glg .



= ngram D E 5 2R

WVell ,

P1

five nights beginning
October twenty-fifth to thirty .
11
15

there for five nights , from October twenty

fifth to the thirtieth .

| want to stay for five nights , from October twenty fifth to
the thirtieth .

for five nights , from October twenty fifth to

the thirtieth .

| would like to reserve a room for five nights , from October
twenty fifth to the thirtiegl]w .



= ngram D E 5 2R

WVell ,

P1

five nights beginning
October twenty-fifth to thirty .
11
15

there for five nights , from October twenty

fifth to the thirtieth .

| want to stay for five nights , from October twenty fifth to
the thirtieth .

for five nights , from October twenty fifth to

the thirtieth .

| would like to reserve a room for five nights , from October
twenty fifth to the thirtieglzw .



=Y{ih: BLEU

N
exp (Z Wy, log p,, + min(1 — i, O))
C

n=1

lhmli

5 A5 17 3 & 32 (Papineni et al., 2002)

® brevity penalty: 29 & 5 XICX T HRFTILT 1 —

o r=ZHRDODRE,c=FEROKS

Pl
Ok

o BEHDSHRDIZE. clc "I R £

o RFaXVKNEMRICHWIT DAY



& BLEU?

o XM/ EHMR,

T~ L TI0E

® ngram’&x D T L\ TF L)

o X LTI

STE. EE(

R

2187

/N E)

MENT

= F:BLEU & H[CSMT I FH &

—)N\ABEFMICAOAT7 &

e BP[E]E(Chiang et al., 2009):8p 2 X CRUWEER Z £

H. MO TREWEERZL

"R UL THRBIUORFTIL

“R U T

7 A=

e {t1(C H: NIST(Doddington, 2002), METEOR (Banerjee and
Lavie, 2005), TER(Snover et al., 2006), RIBES(Isozaki et al.,

2010) etc.
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A

o RiFEICED < HEMEIR

=1=1—M

o 5 =x:CFG, hypergraph, deductive system

66



5= CFG

S — NP VP G
NP — NNP —
NP — NP PP N|P VP
/\
NP — DP NN NNP VBD NP
NP — DT NN | | —
Bush held NP PP
VP — VBD NP P T~
NNP —  Bush DT NN IN NP
| | |
VBD — |

held a talk with NNP
|

o WXHRIT = CFG & XXFFI(IERSL Sharon
K) & DA Z (intersection)

o7

N/Zy



TE S EEAT: CKY

Bush held a talk with Sharon
® O(n3) :%:%én\ %1ﬁ%|\ %)l/_}l/ X _’Y Z\

B sz sk

® (Bottom-up) topologic;l order



Rypergraph

SO,6
fW\
NPO,1 VP1,6 c = <VP1,67{VBD1,27NP2,6}>
—— N ——
T A h(e) T(e)
NNPO,l VBDLQ NP2)6 VPl,G

T T
Bush  held
(Klein and Manning, 2001)

o 7T T7D—b:

VBDLQ NP2’6
® h(e): 814 (hyperedge) eDhead./ — . T(e): EeDtail / — N

arity = |T(e)|
o BHN=AVRYVRILENEIL—I

® and-or 7 77 &UTHEREAEE

69



Deductive System

antecedents
VBDLQ NP2,6 m
1,2 2.6
_ Y J VP, . VP[i,j] — VBZ[j,k] NP[U{]
VPL@ \/-7/
consequent (Shieber et al., 1995)
o B HEMT )L X AlE. JE#E/E (deduction system) CTECiR B
BE

o NIE(axiom)M 5D, goalNfc & D E K XTSRRI Z EFE

o Fiff(antecedent) W FERHE NI 5. Z DR (consequent)HVEE
HHE 1 %

o HEAARAIDE L = &

70



Packed Forest

VP 6 NPy 4 PPy
S S Lt
4 I | VP1,6

%\j\/\i VBD; 2 NP3 4 PPy

NPy, PPy VPie

(Klein and Manning, 2001; Huang and Chiang, 2005)

o /—REHBFIZZLICKD, BHOELHZ
7%
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Summary of Formalisms

hypergraph AI;E:;SR CFG dijicztge
vertex OR-node symbol item
source-vertex | leaf OR-node terminal axiom

target-vertex |root OR-node| start symbol goal item

instantiated

hyperedge AND-node production deduction
(v, {ur, uz}) @ U= U1 U2 2
v
A

@ 72




Weight and Semiring

VP 2 VBD NP

NP =3 NP PP

VP1)6 . W1 ®C®d
VBDLQ . C NP2,6 . d

AR
r R VP1’62UJ1®C®CZ
VBDLQ . C NPQ,G . d

NP2’6IUJ2®CL®[)
A NP24 CLPP46 b

( A NP26 w2®a®b
NP274 . a PP4’6 . b

® WFSTD L DT, B ICweightZ BEE (75

. W1

® ® :extension (multiplicative), ® : summary (additive)
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Weight a Semiring

D (w(€2, Uz, Usg) & d(us) @ d(ua))
8 D Bweightld. ZDEIFD / — K [CHKTF(non-

monotonic)

— D DE T Dweight = {81 D Bweight DIE

b5/ — K Dweightld. Z1Z T E L Dweight DF]



Semirings

K= (K,5,®,0,1)

semiring 0
Viterbi [0, 1] max X 0 I
Real R + X 0 I
Log R | logsumexp + 00
Tropical R min + + 00
Expectation | <P,R> PP “PI®P2, <0,0>|<1,0>
ri®r> PI®M®p2®r|>

75




*x <

o BN ICEATEEECER: H< E
THEWBIEROF 12— KU 7ILTY)

/7 1\

® CFG, parsing, hypergraph, deductive
system, weight, semiring

/6



HASC A E

NA

&G [ ED < EEMEIER

X% (synchronous-CFG)

77



[RIRASCAR B BB OE

----------------
L L]
- L}
. "o
. ]
. .

X1 Xl
/ ...... \ ....... e J/ ...... \
X2 X3 X2 ......... X3
/ _____ \ L : // ..... \
it X %47 Xz Bush held Xz Al

5 pR

7 2%

€ = argmax

o d:[EIHASIARKE

e

e

X

a talk with Sharon
exp (W' -h(e,d,f))  (Chiang2007)

D el qr €XD (w'! -h(e,d,f))

— argmaxw  -h(e, d,f)

N
S
/

(synchronous-CFG, SCFG)& A

HEDRKREICLDEH



[ A A B B X E: Model

S —  (Sq Xz, Sq) Xg7)
S — (X, X))
X = (Xq #1T Xz, hold Xg Xrq7)
X — <"_ W, with Sharon>
VP — (VBDg NPj, NPy VBDy)
NP — (NPy PPjg, NPy PPy))
VP — (VBDy NPy PPg, NPy PPy VBDy)

o SEXEWS2DDATI 'J (D & (Chiang, 2007)

b B WIETRBHEIT D T

and Venugopal, 2006)
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Bush
held

a

talk
with

Sharon

® Hiero3X %: B)(D}

AT

JL—ILDh L

—

INZ

£1T T 2

(he!

d a tall

.

~

=
ek

Al

30

k with Sharon,

DT T &)

<With Sharon, &5 % >

(held, 21T)

7 2%

, X5 a talk X1>

(Example from Huang and Chiang, 2007)

o+ /NS WAET 9 (Chiang, 2007)



Bush [ <hei_d\ a talk with Sharon,
52k 247 7T &%)
held VBD¢ B
o <With Sharon, & 59‘i?>
| — e
talk . <h€1d, 4 ﬂ'>
with | [l —»VBD a talk PE,PPVBD T 2%
Sharon .

e SAMT:REEH S WIHWETHED AT I —%& 1
E“—(Zollman and Venugopal, 2006)
81



IL—ILDFE

B 5 DRET T &
Xy Xg T &% Xg a talk X
Bush i Xq Xy &3 X a talk Xy

held B Xq Xg 2% Xpg talk X
X X 21T X5 held X5 X5
held a Xz X
talk X with Sharon
with . X with X5
X1, o] X
Sharon . 2h =l 2>

Xm)
mIL— L& 52

o FICED L HEMBRRERR. A

® + glue rules 32



A A YHH’R = B SR ST

Xao, |

I

bushi

yu shalong| |le huitan

=%

Xo0,6
AR
X6 Ak
X =/ (Xq juxing X,
held X5 X))
X34 [ X46| | Xo,i| |X34| [X4s X3
1 t 1 ) 1
juxing Bush talks
hold with Sharon
RS B TEXE#ENT. BNSEAITEIERFR




[A] HA AR B B8 3OZ 48 SAE AT

e SCFGIC & 27 J—7F« %/ (Chiang, 2007)

o REEMHI TESEE XN
o XEULKI—IDOBWEZAITEERGA
Gy

o FERFZD S HFBEREH Z K8 5 (Huang
and Chiang, 2005)
o STE=:0(n%) = BEEECKY
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X

SRR ANRER L

— (X juxing X5

held Xz X)) | X1

A

X4,6

p(talk | 2) a talk

talks
meeting
meetings

o X/NVONEIDIE

held alfalk with)Sharon
Cheld@alks with)Sharon
held 2/ talk and)Sharon
held meetngSharoermh

o o]

3 FIX

85

\ ISR (ICHBDEEEIC
X3 B TERHR

with Sharon p(Sharon | with)
and Sharon p(Sharon | and)

Sharon with p(with | Sharon)
Sharon and P(and | Sharon)

MNIHNE (B, bigram LM)




Bisram3& %

o held * Sharon
X = (Xg juxing Xp), held * Sharon

held X5 Xq) K16 held * Sharon

T held * with
[ N

X46 X3
a * talk with * Sharon
talks and * Sharon
meeting Sharon * with
meetings Sharon * and

® bigram|C MNE IR B = (RFF:2E 58 (why?)



Language Model Scoring

o BRFFICZDODIAVTFAKNERE:

® Prefix K5 H = 11 S ngram

o Suffix: K DngramDETEDCHD IV T
FAB (i.e. 7L —AXR—ZAMT)

o STH=:O(ndVvim)

o EEICIHMRT(EMSLENS, BItFDOR
TOHEIEDLEZEE




Forest Rescoring
e SCFGIT & %7 1—F« % (Chiang, 2007)

Z
=

o RERBAITESHEENA

o XEULLI—IOBENESEAITHRAZE
R+ ERFAMARMEICEZ YR OT
o FERAZD SmiERE H 2 K6 5 (Huang

and Chiang, 2005)




Cube Pruning

|.5 |.7 2.6 3.2
a*tallk 1.0 2.5 2.7 3.6 4.7
tallks 1.3 2.8 3.0 3.9 4.5
meeting 2.2 3.7 3.9 4.8 54
meetings 2.6 | 4.1 4.3 5.2 5.8
o ZBHAICXT LT, BIFEDHEAETHLEZIRU “cube” Z1E

A% (Huang and Chiang, 2007 )




Cube Pruning

held X 9 X 1 >\N\'€(\ ’b(\é 5\\%(0 6\\,&(0
|.5 1.7 2.6 3.2
a*talk 1.0 2.5 2.7 3.6 4.2
talks 1.3 2.8 3.0 3.9 4.5
meeting 2.2 3.7 3.9 4.8 5.4
meetings 2.6 | 4.1 4.3 5.2 5.8
® Bigram(dBIFD > T FRX MHWEGERATHIZL:

?'I‘E) 90



Cube Pruning

ueue: (0,0 Qo o
q ( ) } S\\’&(O S\\’&( o(\ % \N\'ﬁ M ’b’(\é
k-best: - % o® o

RO\ N e e
|.5 |.7 2.6 3.2

a*talk 1.0} 3.0

talks 1.3

meeting 2.2

meetings 2.6

o L FDOREMNSHEHATDEZIZE(min-costZ K E)



Cube Pruning

ueue: |
1 oy ot 2 ot 4 o * °
k-best: (0,0) oo o ¥ S o =
\N\& N S\\’b/ 5\\'3,
|.5 |.7 2.6 3.2

a*talk 1.0] 3.0

talks 1.3

meeting 2.2

meetings 2.6

o L FDOREMNSHEHATDEZIZE(min-costZ K E)



Cube Pruning

ueue: |
X (0.1)(1.0) Q) ’A(O(\ \0@(0‘\ % \N\Q(\ * '&\6
k-best: (0,0) oo o ¥ S o =
RO\ N e e
|.5 |.7 2.6 3.2

a*tlk 1.0} 3.0 3.7

talks 1.3 3.1

meeting 2.2

meetings 2.6

o L FDOREMNSHEHATDEZIZE(min-costZ K E)



Cube Pruning

ueue: (1,0 .
1 (1.9) oy ot 2 ot 4 o * °
k-best: (0,0)(0, 1) xoF W of o°
Qi 2 e e
|.5 1.7 2.6 3.2

a*tlk 1.0} 3.0 3.7

talks 1.3 3.1

meeting 2.2

meetings 2.6

o L FDOREMNSHEHATDEZIZE(min-costZ K E)



Cube Pruning

queue: (1,0)(0,2) (1,1) %S\@(o“ S\@(oﬂ\ SRR
k-best: (0,0) (O, |) \ri\"\'(\ ®06% 5\\'2’(00 5\\7’(0(\
|.5 |.7 2.6 3.2
a*talk 1.0 3.0 3.7
talks 1.3 3.1 4.5

meeting 22| 4.2

meetings 2.6

o L FDOREMNSHEHATDEZIZE(min-costZ K E)



Cube Pruning

queue: (0,2) (1,1) “ . “ .
k-best: (0,0)(0,1)(1,0) ..* e Lo b F N
. y ) ’ \N\Q(\ 'b(\é 5\\’2&(0 S\\’Z&(O
1.5 1.7 2.6 3.2
2*wlk 10| 3.0 | 3.7
talks 1.3 3.1 45

meeting 2.2 4.2

meetings 2.6

o L FDOREMNSHEHATDEZIZE(min-costZ K E)



Cube Pruning

queue: (0,2)(1,1)(3,0) \\750(\ o RS
k-best: (0,0)(0,1) (] ,0)&\* 3 & ) RN
|.5 |.7 2.6 3.2
a*talk 1.0 3.0 3.7 5.1
talks 1.3 3.1 4.5

meeting 22| 4.2

meetings 2.6

o L FDOREMNSHEHATDEZIZE(min-costZ K E)



Cube Pruning

Iqubeue ((|) (|)) ((3) (I)) . 25\\ o S\(@(oﬂ\ K G K RS
<-best: (0,0)(0, 1) ( )(Qx ) &7 @ o
|.5 |.7 2.6 3.2
a*tllk 1.0 3.0 3.7 5.1
talks 1.3 3.1 4.5

meeting 22| 4.2

meetings 2.6

o £ FDIEMSHEHAE LT ZFIZE(min-cost™ IKTE



Cube Pruning

queue: (0,4) (1,1)(1,2) (3,0) N 0 O
e *S\"z’( o N N
k-best: (0,0)(0,1)(1,0) (Qi) & JESLARE
1.5 1.7 2.6 3.2
a*tlk 1.0] 3.0 3.7 5.1
talks 1.3] 3.1 4.5

meeting 22| 4.2 4.9

meetings 2.6 4.4

o £ FDIEMSHEHAE LT ZFIZE(min-cost™ IKTE



Multiple Cubes

X6

X34 Xi,3
X4

o [ Uh(e)zfF DO %Z. [AUqueuelc A%

o {5 (cube) = W + cube DI E

100



Further Faster Decoding

® Cube Growing (Huang and Chiang, 2007)
® bottom uplCkiEDIRERZFET 5D Tld7k <.

top downC "WAZREICT,) FZFE

® Faster Cube Pruning (Gesmundo and Henderson, 2010)
o cubeDHNZFEDEFZREMICT B & TRDIE

'"XEY— ZF

\

Z=(Alg. 2)

o ETCOEMINFESNTCRDAICER(Alg. 3)

® [ncremental (Huang and Mi, 2010)
® Top-down|C 7 —7 « > (Watanabe et al., 2006

ETTWLNB)

101



&k <

o HHANXIKBEHXE: FERiImsc s ZIEF U1
JL—IL DX

o . T L —AR—ZASMTEERRICEE
o /NEWLWAIZKEWVWADIERIFEE S

o 70— : REEAT OB

® cube pruninglC K DXNERFHEASOED
Bij 22

102



A

o RiFEICED < HEMEIR

o [FHASCE: {string,tree}-to-{string,tree}

103



{Tree,String}-to-{Tree,String}

-------
"""""""""""
----
- L ]
. "
.« * ",
L

-----------
----------

NPB V..o R e 7

-
. [ ]
....
L

I . \;v | 0," /\:'\
-------------------------- doT
bushi PP e VPB Bush . x5 e Ty

/\ LI“‘ /I\ LI“ /ﬁ\ /\h\
P NPB VS AS NPB held a xg with 27
| | o | |
yu shalongjuxing le huitan talk Sharon

(Galley et al., 2004)

o KEEAER>TZIL—ILDOXRY

o [AHAANNEMEN A (Tree Substitution Grammars)

104 (Eisner, 2003)



Tree-to-String Rules
PP

PP VPDB —
P NPB VS AS z::NPB | T

| | | | dang x1:IP LC
yu shalong juxing le |

— with Sharon — held a z7 hou

— when x4

NP
QP P o~
— — DNP NP
r1:CD CLP  z,:NP VP -
| — ™~ z.:NP DEG
ben ZEQZIP Q?gIVPB |
— X1 — 1 XT3 I9 de

. — X9 of 21



JL—ILDh L

IP
/\
NPB VP
| /\
bushi PP VPB

‘\ /\ /I\
' P NPB VS AS NPB

1

o o

' yu shalong Juxmg le hu1tan

Bush held a talk Wlth Sharon
o _ (Galley et al., 2004)
o JL—XXD&SIc. "BIIL—=ILRT) ZEK
65% 106



JL—ILDh L

1P(0,1,3,4,5)
/\
NPB(0) VP (1,3,4,5)
| _—
bushi ~ PP(4,5) VPB(1,3)
N T~
g P‘)(4) NPB(5) VS(I)AFQI)NPB(B)

' yu Shalong Juxmg le hu1tan

- -~
‘ L L
- —y

Bush held a talk Wlth Sharon
(Galley et al., 2004)

® bottom-uplc 7 T XY Mok, 'X/\>, Z&r
B (AREIR /)

107



JL—ILDh L

IP(0,1,3,4,5)()

/\
NPB(0)(1,3,4,5)vP (I,3,4,5)(0)
| _—
bushi ~ PP(4,5)(0,1,3) VPB(I,3)(0,4,5)
P\ /I\
O,I,3,5 4)NPB(5) VY |)AS I NPB3)0,1,4,5
013N P14

\‘ yu shalong Juxmg le hu1tan

- T~
~~

Bush held a talk Wlth Sharon

s (Galley et al., 2004)
® top-downC 'fE5E(complement)y L7c7 ZA XV

Nz ST E(OMAI R /X))

108



JL—ILDh L

IP(0,1,3,4,5) ()

/\

NPB(0)(1,3,4,5)vP (!,3,4,5)(0)
| /\

bushi = PP(4,5)(0,1,3) VPB(I,3)(0,4,5
VO )/I\( 04

(0,1,3,5)R4) NPB(5) VS§I JAS IgNPB(j)ég), 1,4,5)

1 (0,113,4)(0,1,3,4,5)(0,1]3,4,

' yu shalong juxing le huitan

- T
~~

- ~—
“ ~~~
- —

(Galley et al., 2004)

® “frontier”: span & complement& DBEESHZEE

109

AN
—



® “frontier’Hh 5

JL—ILDh L

T~
— r1:NPB x1:VP

bushi =~ PP VPB

‘\ /\ /I\
' P NPB VS AS NPB

1

o o

' yu shalong Juxmg le hu1tan

Bush held a talk Wlth Sharon
(Galley et al., 2004)

=/I\NJL—)LZimH

110




® “frontier’Hh 5

JL—ILDh L

P NPB
VP bushi
bushi PP VPB

‘\ /\ /I\
' P NPB VS AS NPB

1

o o

' yu shalong Juxmg le hu1tan

Bush held a talk Wlth Sharon
(Galley et al., 2004)

=/I\NJL—)LZimH

111




® “frontier’Hh 5

JL—ILDh L

%\

s VS AS z;:NPB
| |
N]i)B VP juxing le
/\
bushi PP —> held a x1

\‘ /\ P
P NPB VS AS

1

o o

' yu shalong Juxmg le hu1tan

Bush held a talk Wlth Sharon
(Galley et al., 2004)

=/I\NJL—)LZimH

112




=

® BEx/

f

JL—ILDh L

IP VP
/\
_— z,:PP VPB
| /\ VS AS z,:NPB
I I
bushi juxing le
“ /\ _— | ~— held a zo 1

L
-

\ ‘ |

~~

4 (-

<W\W7 L —X) .,

.

" P NPB VS AS

'\ yu shalong juxing le huitan

Bush held a talk with Sharon
« (Galley et a,l.’, 006)
b=z AE P E. “compound rules 5



Decoding: String-{String, Tree}

— T DNP xo:NP
VS AS z::NPB T
| | r1:NP DEG
juxing le |

de
— T of x4

(VPB — juxing le NPB;, (NP — NP; de NPy,

r — hold a x1) r — xy of 1)
(Galley et aI 2004)

o SCFG & ARG T 11— K:[E EE%@'JODW*B@T & %
OBWEIIL—ILTrFO— R, BESEAITE
DR7|‘7|<%:'/__E\Z

— held a x4

114



Decoding: Tree-{String, Tree}

IP L1
/\
NPB VP T2 X3
| /\ | /\
bushi PP | Bush s
O — N /\
P NPB VS AS NPB held a xzg with 2~
| | | | | | |
yu shalong juxing le huitan talk Sharon
° Aj] j{ % *%j{ ;-7|J-1§}'/ (Huang et al., 2006)

e JI—JLDEEEATYYF>VT. BWEZAITEER
77FI7<F€/-—E\Z 115




® string-to-{tree,sting}: |7

Forest Rescoring

o [tree,string}-to-{tree,string}llc K57 A—TFT 1 >
(Huang and Chiang, 2007)

RS BRI TE S EESEM

tree-to-{tree,string: AN X = B X T, [RSE
FVy

HTAREEDY vV

REURRIL—=ILD

FERZRD S EE S
Chiang, 2005)

VS s2 I TRAER AR & ERX

RIE

116

1 %¢ 3K 8D % (Huang and



Binarization

__————___~
—y

—-—
-_—
” --l-ll---..--.-.....l.~
a "

______ Sk T N’\S
k - .t ~ k/\;.{\ﬂ ~ \\A:r 7 *
NP PP VP NP VP PP
| | | | | |
w1 5 Ak 217 7 £1% Bush held a talk with Sharon
S S
/\ /\
NP+PP VP NP PP+VP
/\ | | /\
NP PP 3T 7 &% mf PP VP
| | | |
i 5 Wk 5 Wk T T &%
g — — - _ Lo (?hang et al., 20009)
o H=E(MCNFD K SIC. [RIHEAN;EDbinarization

o FHoBEANLWWTUL & D?
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__————___-
—y

—
-—
” _,.--ll---"""""'Il-~
a B

______ Sk v N’\S
k - . ~ k"‘;"."’g _ \\A:r 7 *
NP PP VP NP VP PP
| | | | | |
w1 5 Ak 217 7 £1% Bush held a talk with Sharon
S S
/\ /\
NP+PP VP NP PP+VP
/\ | | /\
NP PP 3T 7 &% mf PP VP
| | | |
w5 Pr 5 Pk 21T 7T 2%

(Zhang et al., 2009)
® SCFGICIE. CNFA R\ (rank=4DIiFH. W9 U Hbinarize TE R L)
® shift-reduce 77)L 3 X n (Zhang et al., 2009)
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Tree or Forest

I L_.%":}‘\“'l
bushi PP VPB
./\. — T
P NPB VS AS NPB
| | o
yu shalong juxing le huitan

(Mi et al., 2008)

® tree-to-string Cld. AJIXDIEHEX

RATER D (255 L)

o EXEEMTErD 5 (RN D SN o) B XX EfTFRZ L 7]
o ZMLRIER., HBHWE. FHRDLSEER

119




7F7|< 75\ %ng IIIR

0.250 |
0.248 -
0.246 -
0.244
0.242 k=30 -
0.240 |-
0.238 -
0.236 -
0.234 -
0.232 forests decoding ---*---

0230 I I I I I I I I
O 5 10 15 20 25 30 35

average decoding time (secs/sentence)
(Mi et al., 2008)

® k-bestiEB XTI ARZFNZFNERIT LD ER
o BHDARZMEILLHFTKRIEIT A EICEDHIEDEWLWEIER

120

BLEU score

k-best trees | _




~ A /
RO XRIER
0254 + -
0.252
0.250
0.248 .
0.246 | -
0.244 || | -
forest extraction —+—

0.242 = 1-best k-best extraction ----x%---

0.240 11
o 1 2 3 4 5 6

average extracting time (secs/1000 sentences)

o kbestHXBIANSEBTZLDEE
o RNLEEFETDHILICED. KD KIWVWER

k=30 -
X

BLEU score

121



Forest or Binarized Forest

IP
/\
NPB VP
| —_—
bushi PP VPB
/\ /I\
P NPB VS AS NPB
| | o
yu shalong juxing le huitan

(Zhang et al., 201 1)

o TENHENTD |-bestt /] Z binarize: & T Dbinarization
HE X OIL—)LDIEF Z 8 X J-binarization

122




Forest or Binarized Forest

C

IP
/\
NPB VP

bushi PP

N

P NPB

o

yu shalong
|

juxing le huitan

BN EEMTD | -best i 177
SKWIL—)LDIEFR Z B X

A Z T-binarization

123

VPB

vsﬁ\A'MNPB
N ~x

VS

AS NPB
| |

(Zhang et al., 201 I)

binarize: & C Mbinarization




Forest or Binarized Forest

C

IP
/\
NPB VP

| ol

bushi : PP
N

P NPB
o

yu shalong

|

juxing le huitan

BN EEMTD | -best i 177
SKWIL—)LDIEFR Z B X

A Z T-binarization

124

VPB

vsﬁ\&'swPB
N ~x

VS

AS NPB
| |

(Zhang et al., 201 I)

binarize: & C Mbinarization




Binarized Forest

BLEU BLEU
rules dev test dev test

no binarization 378M | 28.0 36.3 cyk-2 14.9 16.0
head-out 408M | 30.0 38.2 parser | 14.7 15.7
cyk-1 527M | 31.6 | 40.5

cyk-2 803M | 31.9 40.7 (Zhang et al., 201 1)

cyk-3 1053M | 32.0 | 40.6

cyk-00 1441M | 32.0 | 40.3

e CYK binarization DXL X

* FICTS

125
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-----------

-
o =
[ |

4
[
1

A 3

PN
(or ) 1w

- 2
? T (Dyer and Resnik, 2010)

P

John ate an apple

¢ CFGIC KB EXIETANICT(e)Z M O X 1B Z BN (Dyer
and Resnik, 2010)
o Earley 7L YU XALICKD T L —ARF &EDRZE (Dyer,2010)

® Yamada and Knight (2001) &2V, IB5RIEEER L TLVR L
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CFGM 5

Feature

note

VP — VE NP
VP — VV VP
VP — VV NP
VP — VP PP~
VP — VV NP IP
PP — P NP

IP — NP VP PU
VP — VC NP
NP — DP NP
NP — NP CP~*

0.995
0.939
0.895
0.803
0.763
0.753
0.728
0.598
0.538
0.537

modal + VP

PP modifier of VP

PU = punctuation

rel. clauses follow

D iz O

%IE;IE

A

S

o

Condition Mono | PB | Hiero || Forest
BTEC 474 | 51.8 | 524 54.1
Chinese-Eng. | 29.0 | 30.9 | 32.1 324
Arabic-Eng. 41.2 | 45.8 | 46.6 44.9

o IO ZDET)LZMaxEntlC T

e MERTHRICIEZ. — D DXHIKE

(Dyer and Resnik, 2010)

127
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*x <

® [tree,string}-to-{tree,string}|C K &3

o HLOSFELICIL—ILEER. TH

o L—ILIZEHEER

® %}tbg-l-%LL—Ej\\( /<—|J/

o EXHEMTERD [CXT T BIEEMED =6,
X1 =FEE

128



NA

o RiFEICED < HEMEIR

O

|
I
alill

D18 X 2T (biparsing)

129



X = (f,e)
X=X X] | (X X) | [f]e
o SCFGD 1 > A% > X, Inversion Transduction Grammar
(ITG) (Wu, 1997)

o BHEE T A X MWu, 1997; Zhang and Gildea, 2005;
Haghighi et al.,2009). 7 L —X7 54 X > ~(Cherry
and Lin, 2007; Zhang et al., 2008). 71— K~ KD l#Y
(Zens and Ney, 2003; Zens et al., 2004)
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- ¢§Yﬁ¢$ﬁ

o _=EEMDNESCFGEDRE

e ITG (Wu, 1997) Tl&. O(N3 M3)

o XREnEm. BUEI&E]. BIL—ILXDYZ,
§~§]\m§zll"l_:—l\ktl
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Span Pruning
y

“m

.

-
Rt -

e T &figure-of-merit X 177 TR/ DRF ZIXXD
952 & TERE

® O(N* for a naive algorithm (Zhang and Gildea, 2005)
® O(N?) for a DP-based algorithm (Zhang et al., 2008)
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Beam Pruning

S
N\ Y

X N\

--‘---’ ------ --‘---,--.--- --.---’--. ‘-- --. .--’--. .--
~_________
)

-.----’ ------ -.----’--.--- -.----’--. .--

------ ym——=0- @ e @ - oeEl A EICEEEL B
R
)

. J

e cardinality CIRERZERZ 7 )L—71E (Saers et al., 2009)
® cardinality = T XEET S N/ iImaC = DX

o cardinalityE TN D

TEE O(bN3)

.




Two Parse

Xy = (Xg Xz, Xg Xg)
Xg = (Xg Xg), Xg Xg)
X5 — (bushi, Bush)
X X — <X. juxing X. held X. X> X
1 X — <X. juxing X. hold X- X> 1
_—— Xg — (yushalong, with Sharon) _—" ~__
X 5 X 3 Xz — (yu shalong,and Sharon)X 5 X 3
P, X5 — (le huitan, a talk) o
: . X —  (le huitan, talked)
bushi Xy juxing X Bush held X Xz
yu shalong le huitan a talk with Sharon

¢ HiroXUETIE. 2 TDIL—ILZFNET ZHE 7R
(Dyer, 2010): Dyer and Resnik (2010) T{E A
RS il CIRS Bz BT

o REULIIL—ILDOBEKEEATHRSEZ BET
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ITGICKD ) T7A X~

px(reg)
— ~
px(reg) px(reg)
/ N v ~
| | | S N
p:(i/il me) p,(hate/cotite)p,(to/de) p.(term) px(term)

| |
p:(admit /admettre) p,(it/le)

1 hate to admit it (An example from

\\\\\ Neubig et al., 201 1)

1l me coitte (2.56 le admettre
1




TG 7/1’></ N

Method Prec

Matching | 0.916 | 0.860 | 0.110

D-ITG 0.940 | 0.854 | 0.100

SD-ITG | 0944 | 0.878 | 0.086 (Cherry and Lin, 2006)
o V—YVRANIELFEICLDZEHREFEEDHIHKY
o 7 T4 X NZEME (Zens and Ney, 2003): Schroder Number O(5.83")
e Alignment Error Rate(AER)(C &K 5 5

o A=V TAAXAKNDEL, S=Sure7 A A ENDE. P=
Possible 7 714 X > KD

AER(A, S, P) = (1

\AmS|+\AmP|)
Al +[5]



2l O &l

5O g mO e
O |4 O A
0 WA O SIS
O IR O m ®m] | gz
B OO | =zZw B O O | 2w

//\P%O: «Q?f/lé %@(% ‘?%@ 2% o A ‘4}%0: «0@,7@ %%% ‘9@%’) 2 9 .,
% ’?2@0[ & 0@(7 o, e , G OGO'

(Haghighi et al., 2009)

o 7L —XE[DHIKIZ AN D (Haghighi
et al., 2009)
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Block-ITG ) 714 X2 S

Alignments Translations
Model Prec | Rec | Rules | BLEU
GIZA++ 62 84 | 1.9M | 23.22
Joint HMM 79 77 | 4.0M | 23.05
Viterb1 ITG 90 80 | 3.8M | 24.28
Posterior ITG 81 83 | 42M | 24.32

(Haghighi et al., 2009)
o FEFE. REBEV TFAAVKNIRY

e MIRA& MaxEntlc K B5FH

o VOAXYKNDMELICLKBBLEUDE EZIFZFUSHT
T U s R
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ITG + Bi-parsing” 71 X 2 I~

S

T~ Features
NP AP VP —|o (IP,s) @ (bo,s,s’) |
IONNN ¢ (NP,s) & (b1,s,5) | —Alignment

> ¢ (VPs) ¢ (bns,s)) |

NP

\ Parsing )
IP

¢ (S,s") | o (P, Do)

b / ¢ (NP, s7) | o< (Do, S) — Synchronization
VP ¢ (AP,5) | ¢<(b1, NP)

by (b2 ® (VP,s") | dua(IP, by, S)

(Burkett et al.,2010)

o TGV ZAXY MEEE. BHESEZBDEXK

~—— —

o JE[RIHARY/E R4, + Mean Field Inferencelc & 5

A4 15
= 139




ITG + Bi-parsing)” 71 X2

Test Results
Precision Recall AER F;
HMM 86.0 584 300 695
ITG 86.8 73.4 202 79.5
Joint 85.5 84.6 149 85.0
Rules Tune Test
HMM 1.IM 29.0 294
ITG 1.5M | 299 | 304"
Joint 1.5M 29.6 30.6

140

(Burkett et al.,2010)




BEEAMNS T L —XN\

HEMRUFREICELD T L —AR7 2 EEFE

(Marcu and Wong, 2002; DeNero et al., 2008; Arun
et al., 2009)

ITGICED < Z&(Cherry and Lin, 2007; Zhang et
al., 2008; Blunsom et al., 2009)
RlE. HERDMERER L L TLZRL

—

® ﬁ%)__’

B

N\

=2ICk S

— YU RXT a4 TR D

|
LL
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ITGIC K BEH

px(reg)
~ ~

px(reg) px(reg)

/ N\ / ~
px(term) p.(term) py(term) px(inv)

| hatefcolte | - N

p.(i/il me) p,(base) p,(to/de) p.(term) px(term)
i/il me | to/de | |

Prase(hate/cotite) p,(admit/admettre) p,(it/le)

admit/admettre it/le
(Neubig et al., 201 |)

o /N7 L—XDHETILNEN
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Backoff I TGO EH

i hate to admit it/il me colte de le admettre

p:(base)
|
px(reg)
i hate/il me colite - ™~ to admit it/de le admettre
p:(base) p:(base)
| |
px(reg) px(reg)
-/ Nhate/coute ~ ™~ admit it/le admettre
p.(i/il me) p,(base) p,(to/de) p:(base)
i/il me | to/de |
px(base) px(inv)
| admit/admettre - < it/le

Prase(hate/colite)  p;(admit/admettre) p,(it/le)
® Pt T/_ E\Zén —ATGD/\()?%EHD (Neubig et al., 201 1)
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BLEU*100

Translation Accuracy

24
23
22
21
20
19
18

17
16 1 [

de-en es-en fr-en ja-en

Backoff I TGO EH

Million Phrases

S BB N W B O O

o NEWVWETILTGIZA++ER U TE
http: //Www phontron.com/pialign

Phrase Table Size

B GIZA++
B FLAT
HIER

de-en es-en fr-en ja-en

(Neubig et al., 201 |)

—

=N

J

>
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http://www.phontron.com/pialign
http://www.phontron.com/pialign

A— B C A — (BY Cc®)
Al - B C Al — (B c®?)
AR - B C AR — BV c®)
A — Ap Ap —a /[
Al — AL AL — o/ (
AR AR AR —a/f
(Mylonakis and Sima’an, 201 1)

o ITGIF—DDLAN)LUMEE

Z LUV

o —DHIHEZ XU & D (Mylonakis and Sima’an,
2011)
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— N
HdJY—0DFHE
X, SBAR, WHNP+VP, WHNP+VBZ+NP

X, VBZ+NP, VP, SBAR\WHNP
X, SBAR/NN, WHNP+VBZ+DT

X, VBZA4DT, VP/NN
X, WHNP+VBZ, X, NP,
SBAR/NP VP\VBZ

X, WHNP, | X, VBZ, X, DT, X, NN,

SBAR/VP VP/NP NP/NN NP\DT

which is the problem

(Mylonakis and Sima’an, 201 I)

o X TIEARTD. THMBRNAALTIY —%Z—
B ICRTE TE 7R\ (Zollman and Venugopal, 2006)

o EMZ)TVXALTEEHEULTCLERWVWRL &S
(Mylonakis and Sima’an, 201 1)
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H-dJ)—0DFE

Training | Enelish to French German Dutch Chinese
set size 8 BLEU | NIST BLEU NIST BLEU NIST BLEU NIST
200K josh-base | 29.20 | 7.2123 18.65 5.8047 21.97 6.2469 22.34 6.5540
lts 29.43 | 7.2611** | 19.10** | 5.8714** | 22.31* | 6.2903* | 23.67** | 6.6595%*
400K josh-base | 29.58 | 7.3033 18.86 5.8818 22.25 6.2949 23.24 6.7402
lts 29.83 | 7.4000%* | 19.49%* | 5.9374** | 22.92** | 6.3727** | 25.16** | 6.9005%*

(Mylonakis and Sima’an, 201 I)
e NTIU—DFE+D LN ZELREY
52 I K D KIERM L
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*x <

_EEEXETrERIbIT S EIcK
n. BMLETET)ILZ2FE0]EE

o HIENS T —X

e N1 —DFEML

o ITGDJL—I)LDEEH1Y
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NA

o RiFEICED < HEMEIR

o [AIEAN 5 IE[RIER
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Asynchronous Models
o MHANETILTIE., BHD—X—DNYvEVY

Z R TE

o IHEDHFERIFZFAKRH ATV (Hwa etal,

2002; Fox 2002)

® quasi-synchronous models: 7K1

35 0D

DWI nH

M ./ — K H[EHA(Smith and Eisner, 2006)

® non-synchronized models: TEifER 7 L — AR Y

(Galley and Manning, 2010)
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Quasi-Synchronous Models

sehe ‘- see schwimmt - - likes
oy T gern - - swimming
bﬁl’l{m\e v ansv\v/er Voelkerrecht ;- law
auf Antwork " to * i
* international

exXp (WT ‘ h(f7 £, €, Te, a))

e",7.,a") = argmax
< » leo > oo a) Ze/,q;,a’ exp (WT-h(f,Tf,e/7Té,a/))

o TAHEIKIEME). aF TA AT N (Smithand Esnen 2009
o REH. BNSEOBREMELTT I1X Yk
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Quasi-Synchronous Models

/\A<?€;§>\

$ konnten sie es libersetzen ?

could vou translate it ? (Gimpel and Smith, 2009)

¥ N\
$ konnten:could konn¥en:could

konnten:couldn es:it \ ‘

‘ konnten:might' v % v

ibersetzen:
translate
o KX [EE Clattice™ {ERL: B

Ak:
o |attice_E DESEMNTIC K& D FIER+IKFE & Z & A

EE TR

alill




Quasi-Synchronous Models

MTO3 (tune) MTO02 MTO5 MTO06 Average
Moses 33.84 33.35 31.81 28.82 31.33
QPDG (TT) 34.63 (+0.79) | 34.10 (+0.75) 32.15(+0.34) 29.33 (+0.51) | 31.86 (+0.53)
QPDG (TT+S2T+T2T) | 34.98 (+1.14) | 34.26 (+0.91) 32.34 (+0.53) 29.35 (+0.53) | 31.98 (+0.65)

(Gimpel and Smith, 201 1)

o 7 L —X TlatticeZ {EAX(Gimpel and Smith, 201 |)
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ilfﬂ HH)L—)U

(ii) (iii)

Source a b, ¢, d, a; b, a; b, a
target: b, d a ¢ a b a b, b,a b
Hiero: (Galley and Manning, 2010)
je / do ne veux plus X <— do not want X anymore
ne not je ne veux plus X «— I do not want X anymore
veux want This work:
plus to veux <— do ... want
jouer play ne ... plus «<— not ... anymore

anymore  je ne ... plus <— I ... not ... anymore
VEeux ... jouer <— do ... want to play
ne veux plus <— do not want ... anymore
je ne veux plus «<— I do not want ... anymore

o SCFGTCIIEERIETELWI 1M/ X VN

AHAILTWARLL THEDHZ T
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3|5|3tb}?EI’J BRTA=T4 27T

IAE 757 X — Ui MR A

said this visit make arrangements
he said are . for this one access arrangements ... made

he said arrangements are *  made * for this visit
made for this | made for this

00------- 00----- 00 00000--00 00000--00 00000--00 000000000
score =-1.3 § score = -3.2 § score = -4.8 § score = -6.1 § score =-7.2 score = -8.5

(Galley and Manning, 2010)

o EAMICHICEDKETILOFIA—-—REAU

o capNNH O EZTICRHREBEFUWAZEAT S
ikg@?ﬂbﬁéhtﬂﬁﬁé
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FEEEARRETIL

he also said now are for this one Vvisit make arrangements

i | | BAE| |1BEfE Ny K| | — Uil [ TEH LR

| \ )
| \
! J

he also || said that the current || arrangements || are || made || for the || visit .
(Galley and Manning, 2010)

System | Features | MTO06 (tune) MTO03 MTO5
Moses | Moses 34.23 33.772 3251
Phrasal | Moses 34.25 33.772 3249
Phrasal | Default 35.02 3498 33.21

(Cer et al,,2010)

ENLREZEANT S

® Moses&E [AZF. & 5ICPE
C & THE

N
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*x <

o JEEHARETILICKRIR DM

® quasi-synchronous models

® non-synchronized models

o SZEDFREICHRF
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NA

o RiFEICED < HEMEIR
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fitl [

o HHHKT“/\K/L\(TreeAdjommg Grammars)

o BHALINIC. HHAZFFI X E(DeNeefe and Knight,

2009; Liu et al., 201 I)

o RTEFEEHNTICED < BEMENER (Alshawi et al., 2000; Ding
and Palmer, 2005; Quirk et al., 2005)

® (E

EARRIIC, STAG(H S W&, STSG)ERU

B AT E)BRIRREAR b 7 > XA 72— (Finite State Tree

Transducer) (Knight and Graehl, 2005; Graehl et al., 2008)

\FRESCEICHBITBFSTO L DI, IERARSCEICE T
BFSTT(XFANE®RE UTIGE. XIREHEIE)
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Tuning

X exp (WT -h(e, ¢, f))

€ = argmax

e Ze’,gb’ exp (w' -h(e, ¢ f))
— argmaxw - h(e,o,f)

T2 —x//\ME (Och, 2003)

MaxEnt (Och and Ney, 2002)
N — 3 VKt (Watanabe et al., 2007; Chiang et al.,

2008; Hopkins and May, 201 |)
') X 7 &x//\ME(Smith and Eisner, 2006; Li and Eisner 2009)

HA{SFBLEUER A1t (Pauls et al., 2009; Rosti et al., 2010;
Rosti et al., 201 |)
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Maximum Entropy

. Zexp w' -h(e*,f;))

X A e* cORACLE(F,
W = argmin [l = 3 log c (o)

1 Z exp (w' -h(e,f))

e’ cGEN(f;)

® negative conditional log-likelihood’ £%/J\{t,(Och

and Ney, 2002)

e GENM65 O X

o EXENFRIE

o IRANLXEHEEZE

=/\TXORACLEDES %K 5

it77)L 3" X In: LBFGS. SGD

25 A B]gE
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Why Not MaxEnt!?

error criterion used 1n training | mWER [%] | mPER [%] | BLEU [%] | NIST | # words
confidence intervals +/- 2.7 +/- 1.9 +/- 0.8 +/-0.12 -
MMI 68.0 51.0 11.3 5.76 21933
mWER 68.3 50.2 13.5 6.28 22914
smoothed-mWER 68.2 50.2 13.2 6.27 22902
mPER 70.2 49.8 15.2 6.71 24399
smoothed-mPER 70.0 49.7 15.2 6.69 24198
BLEU 76.1 53.2 17.2 6.66 28002
NIST 73.3 51.5 16 4 6.80 26602
(Och, 2003)
® BLEUIC £ 5ORACLEZ IR U T UL 7R L\ (Och and Ney,
2002): [ ZNHVEE L LN ( O — /N B +BPfEE)

® summation[GigE: n-bestig & IC & B

I 1E U WED:
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2ThHET

System Test (BLEU)
Discriminative max-derivation 25.778
Hiero (pg4, gr, rc, we) 26.48
Discriminative max-translation 27.72
Hiero (p4, p, p&ex,piex, gr,rc, we) 28.14
Hiero (p4, p,-, pﬁf'x,pff“”, gr,rc,wc, lm) 32.00

(Blunsom et al., 2008)

® Blunsom et al. (2008):FFAMNSETH. EFEDELN%Z
—2D(CET. BEHROEHICX U THREL

o /2L, IEBEIFEIERNZSIRAREY Y F LD
@@ﬁ 164
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Large Margin
— argmm —||WH2 + L L Zfs e* e’

s=1 e}
w! - h(esafs)_ ! h(esafS) _f( Cs, s> gse €
e* ¢ ORACLE(f,)
e/ € GEN(f,)

e 7] & 9 ©F & (Structured Output learning)

JER .« € Ye* x| d 5 Z & XIFIFAAIRE

n-best fE S IC KDL, HBAEWE. A>VT1 YV
FEICKBIEM
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Online Learning

Require: {(fs,e;s)},_,

witl = w! + h(e,,f,) — h(e,f,)

1: W1 — {O}

2: t=1

3: for 1...N do

4: s ~ random(1, .5)

5: e € GEN(fs,Wt_l)
6: if [(e,es) > 0 then
7:

8: t=1t+1

9: end if

10: end for

. tor LSV Wi
11: return w* or ) . | W

® Averaged perceptron (Liang et al., 2006)

o VoA VTERHE:

L
Y

166
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Online Large Margln

W—argm1n§|\w — w||* + max (£5 — - Ahy)
é;, = argmaxw ' -h(e,f,)
ls = L&) — l(ey)
Ah, = h(e,f;)—h(e",f;)

® MIRA(Crammer et al.,2006)(C K 5 BE#T
(Watanabe et al., 2007; Chiang et al., 2008)
e TlE. £S5V > TBLEUZETET %hHV
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GEN(fs, w)
e,
> 7} *
ela 9 es 9 7eS
e,

|I'I1

SETODEXICK T BBLEUDRET = Z R17(1 -
bestdd & L\ [T oracle)

o U U n-bestlC &K % BT (Watanabe et al., 2007)
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THE T K BBLEUD ML

b « 09x(b+c(e))
[« 09 x(l+If]

B(e) = (I + |f]) x Bleu(b + c(e))

e; = argmax—B(e)+ w-he,f;)

e

e.; = argmax-+B(e)+ w-h(e,f)

S

e sentence-BLEUICXI U T, S X TDBLUED EFE(x0.9)
% 0 2% (Chiang et al., 2008)

o T T —7Z=8/cargmax



Results

System Training | Features # | Tune Test
Hiero MERT baseline 11 | 354 36.1
MIRA syntax, distortion 356 | 359 36.9°
syntax, distortion, discount 61 | 36.6 37.3*
all source-side, discount 10990 | 384 37.6™
Syntax MERT | baseline 25 | 38.6 395
MIRA baseline 25 | 38.5 39.8°
overlap 132 | 38.7 39.9"
node count 136 | 38.7 40.0*
all target-side, discount 283 | 39.6 40.6™

(Chiang et al., 2009)

® + feature engineeringlc & D, MERTD
N—=R 74 Y XDREETNICEMRF L
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Ranking Approach
= argmin 7wl +LLL§S

—1 e”

—log (1 + exp(—w Ahe” o)) = —Eser e
e, , e, € GEN(f,)
/(e ,e)) >0
Aheue = h(e!,f,) — h(e.,f,)
n-bestia & IC &K %18l (Hopkins and May, 201 1)

K7 B{RID L& (sentence-BLEU)+H > 7 >

=D _E7%Ee(Z C TlE. logistic-loss) + BT /\
TA—5 EDRREAET |,




Results

4-ref BLEU

Iteration (Hopkins and May, 201 I)

e MERTPMIRA & [FIEEERDFER (THMoses

E&ETIE...)
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) X7 &/t
minE,. [f(e.)] ~ T H(py )

v, W
LLK s)Py.wie

exp (nyT h(es7 fs))
> exp(yw' -h(e?,f,))

e w £(es)]

p%W(eng) —

YICEBAL—IVT, T MAOE—HO)ICLS
FAIME . JRETIC K /5 E](Smith and Eisner, 2006)

1 A DETE? BLEU & non-linear
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7T 4 7 —RRIC X 5 uE

1 n .
logBleu = ZZIOgZO - min (1—%,0)

n=1
4
0 log Bleu’
log Bleu’ — log Bleu =~ Z(Cr/n,—cn) og Bleu

/
n—=0 aCn c/ =cnp

B cy — Co 1 c. — Cp
N Co 4 7;1 Cr,
® ngramD 1TV M) DEFT(CW)IC K DBleuNDE
Bk Z 1L (Tromble et al., 2008)

® Smith and Eisner (2006) C(dBleuZ D H D % 3Tl
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Results

Training scheme dev  test
MERT (Nbest, small) 42.6 47.7
MR (Nbest, small) 40.8 47.7
MR+DA (Nbest, small) 41.6 47.8
MR (hypergraph, small) 41.3 484
MR+DA (hypergraph, small) | 41.9 48.3
MR (hypergraph, large) 42.3 48.7

e MERT & (2

® hypergraph CETEH I 5 2 &IC

VAR W

OJJ

I__M%fd e

175
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(Li and Eisner, 2009)
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HA{FBLEUR K1k

y min {32, 5, . cot Braelelg) e (0}
S Ly o Erw[c(90)

min < ex 2s s
" { g (1 Zs y:z y:glee’fS ﬂ%W[C(gl)]) 71}

HA{FBLEU %

S = Ex AN{E (Pauls et al., 2009; Rosti et

al.,, 2010; Rosti et al,, 201 1)

® ngram g,

HAfFBE[.]Z JCICETE

® Smith and Eisner (2006) D BLEUIT{EL (T 3T LY
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0.8 r

0.4

0.2

O | |
-10 -5 0 5 10

matlab CEAR T LTl EDE WS UL\ (Rosti et al,
2010; Rosti et al,, 201 1)
BP7% &8 9 5 (Tromble et al., 2008)

min’z &7 9 2 (Pauls et al., 2009)



clipl¥ & 29 %2

351 min{x,c} ~

3 |
2.5
> 2
1.5
1 L
0.5

N
o
Rd
\\\\
03
g
O - I

-----------------
S
N

OO0
I | | |
wn—+0O

0 0.5

lattice/forest®

\—

1 1.5

2

STETE
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3.5 4

W F

2.5

(Rosti et al., 201 |)

JE=: Rosti et al. (201 1) D (15)IC/\T



Results

test cz—en de—en es—en fr—en

System TER BLEU TER BLEU TER BLEU TER BLEU
worst 65.35 17.69 69.03 15.83 61.22 19.79 62.36 21.36
best 5221 2954 58.00 24.16 50.15 30.14 50.15 30.32
latBLEU 52.80 29.89 5587 2622 48.29 3391 48.51 32.93
nbExpBLEU 5297 2993 55777 26.52 48.39 3386 48.25 32.94
latExpBLEU 52.68 2999 5574 26.62 48.30 34.10 48.17 3291

o VAT LAOAYVEXR—Y 3 2E K WHlattice

T D HATH

fFsemiringlc K XD K WETERE

179

EDETE (Rosti et al,, 201 1)




*x <

e MERTHMEZE: HIVFER /G EZ T KI5 &
THOEEIL 7)Y X %= EA T e

o [RAR/XFRE
® BLEU(H D WIETZEFNUHNDR

Z) Db

N

® n-bestitEHDWVWEA Y T A VIC KD
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NA

o RiFEICED < FEMEIER

1= —N

o 5 :=:CFG, hypergraph, deductive system

o [FEHANARE BH3E (synchronous-CFG)

o [FHASE: {string,tree}-to-{string,tree}
o = A D1E AT (biparsing)
o [FHAH 5 IE[AIHA
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|

® pre-reordering: 7 J1— B ICAM OV A i aEamAvis
i%:_(CoIIins et al., 2005; Isozaki et al,, 2010). N

(Tromble and Eisner, 2009; DeNero and Uszkoreit,
201 1)

o BEXHEMAKRICKDEBEET)L(Shen et al., 2008; Mi
and Liu, 2010; Shwartz et al,, 201 |)

o £7)LO>EX— 3 (Lieu et al., 2009; DeNero
et al.,, 2010)
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