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Google Translate[M 15

Search Images Maps Drve Calendar Translate Photos Videos More »

Google

Translate From: Detect language ~ To: English ~

Detect language Catalan Finnish
English Spanish French Afikaans A Erench

Albanian Chinese Galician
Arabic Croatian Georgian
Armenian Czech German
Azerbaijani Danish Greek
Basque Dutch Gujarati
Belarusian English Haitian Creole

Type text or a website address ggngali Esperanto Hebrew
Bosnian Estonian Hindi
Bulgarian Filipino Hmong

» XF7IMIES

» MERMEFHEE20UA ST

Hungarian Latin
Icelandic Latvian
Indonesian Lithuanian
Irish Macedonian
Italian Malay
Japanese Maltese
Javanese Marathi
Kannada Norwegian
Khmer Persian
Korean Polish

Lao Portuguese
~bing.com)

» FAPEEN3{Z, BFRIEIFIEKI0{ZZ5

Romanian
Russian
Serbian
Slovak
Slovenian
Spanish
Swahili
Swedish
Tamil
Telugu
Thai

Turkish
Ukrainian
Urdu
Viethnamese
Welsh
Yiddish
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Qutline

o HZRHENIEfor dummy
o HlERENFEMIEIRMER
» Mlgr¥ >
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Training a Translation Model

#2F L B H

word alignment!?
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Word Alignment
B LB |

a cat on the mat

* BRI H

| saw a cat

x B @ M M

| have a cat and a dog




Word Alignment

B5 /_/I:/El”ﬂfj#

a cat on the mat

=59 BN

| saw
x B | IH
ya

g-H-

A\

d

| have 'a cat

cat

A

and

&3

a dog

AN
7IN




Word Alignment

¥4
H#F /J:E’JJ'E%‘
a cat on the mat
7]
/
a cat
7 5]

and a dog

AN
7IN




¥

Word Alignment

a cat on the mat

7L O

I

/

a cat

and

&3

19
a dog

2R

IZA
N




Word Alignment

w7 b #

0 on the Tat

I

/

a cat

and

N\
a dog




Word Alignment
i N e DI -

a cat on the mat e o \ord dictionary

context

g 2[5
| N

Saw a cat
phrase dictionary

2 JE M
A A

have 'a cat and a dog
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Phrase Extraction

d

( dianzi shang , the mat )

d

( mao |

#2F L B H

de mao

a cat )

13




Phrase Extraction

#2f L£ B IH
de X()

d

X — ( dianzi shang , the mat )
X — ( mao, acat)
X — ( dianzi shang de X, , X, on the mat >

|4
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(
<
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Phrase Extraction

#2F L B H

de mao

dianzi shang , the mat )
mao , acat )

’

d

dianzi shang de X, , X, on the mat >

de mao ,acatonX, )

|5




Lol

Phrase Extraction

dianzi shang , the mat )
mao , acat )

dianzi shang de X, , X, on the mat >

X, de mao ,acatonX )

Xo de X;, XjonX;)

16




Decoding a Test Sentence

B2F L

( dianzi shang , the mat )

X —

(X — ( gou , the dog )

X — (Xpde X;, X;on X))
@ — <X0,Xn>)

S_><X07 XO>

Y 94

dianzi shang de gou
the dog on the mat

Translation is easy!?

X—><X0 de Xl,Xl on X0>

X—(dianzi shang, the mgd;)\

dianzi shang de

X — (gou, the dog )

o0OU

|7
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Translation Ambiguity
#B2F L B JH

de mao

X—><XO de Xl,Xl oIl X0>

X—><XO de Xl,Xl of X0>

X—(Xg de X1,Xqg Xy)

XH<X0 de Xl,XO ’S X1>

18




I

Decoder
(e.g. Joshua)

i)

dianzi shang de mao

Sy
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o

S—><X0, X0>
|

1
( X—><X0 de Xl,X]_ on X0> )

X—(dianzi shang, the h

| X—(mao, a cat)

Maos

dianzip shang, dey

a cat on the mat |

S—><X0, X0>
|

( X—(Xo de Xq,X; of Xo) )

X—(dianzi shang, the h

X—(mao, a cat)

Mao3

dianzip shang, de

a cat of the mat |

I

Decoder
(e.g. Joshua)

S—><X0, X()>

1
( X—><X0 de Xl,XO X1> )

X—(dianzi shang, the h

X—(mao, a cat)

Maos

dianzio shang, de;

the mata cat |

S—><X0, X()>
|
C X—><X0 de Xl,X() ’s X1> )

X—(dianzi shang, the h

| X—(mao, a cat)

Mao3

dianzip shang, dey

the mat’s a cat |

)

dianzi shang

de mao 2
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Language Model

a cat on the mat | the mat a cat

a cat of the mat | the mat ’s a cat

EXEIRXRXIERT, BEFR L
PR A FESEIEN 7
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Statistical Machine Translation Pipeline

Held-out Bilingual Data

ili ' Translation
Bilingual ___ Align, | l
Data Extract . Models
\. Discriminative Optimal
! .. > :
; Training Weights
Monolingual o . Language / '.
' —>» Training [=—+> -
English : Models :
....... e
v
Unseen ; Decoding i Translation
Sentences Outputs

22
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Numbers in Real World

o JI&EFXY
» JLTHA (—TESXY)

® Phrase Dictionary

» ZKEFEE (—TMESX)

¢ 1|:| |:|7|§;'E< v,

» {ZZ%ngrams (—T™MEEXY)

23
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Qutline

¢ Google Translate

o Nlzs#liEFfor dummy

o NAsEIXEMEILTIEIA

4

4

Was= ]

BiREH, RE, BX

LAl SRV 2 BRI R AT SEAK

24




Mez=>] @ 775Sen

[(T2xF I L] HFE I ALEEMN
RO —TMREEZRMR AR, T »)
SHREERNANERT, HREAEAMNF '
=NBEMERNEREIET, A...http:/
t.cn/zHNXceF, BEEZ“VaaF "HE
., EB—http://t.cn/ziINCS5w

e KX (Classification)

y HIA SHIE

y i o SR

» Naive Bayes, mxAf&, SVM, &

2z

P 4E

ZN=ECIi=

BOaHTE

EEEHTE
M F

25
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Structured Prediction(SP): Z5 #3150
o AMEFRERE—THEIRYSPIO)

| like machine-learning

%ia ©hE A

: 2417
like: 911A], TIA]

machine-learning: %17, 17




Structured Prediction as Classification
o SPRILUERZEFFIAR D30

» RPN HBEEM AR KEMEDNHRIEK

| like machine-learning

27




Structured Prediction as Classification
o SPRILUE R EFFIRIY 73S 0]

y RN PN EEE ANKEMERNIIEK

y FRIANZEER

| like machine-learning

VNN
%18 ©hR £4TA

28




Structured Prediction as Classification
o SPRILUE R EFFIRRY 3L 0]

y PPN PEE R ANKEMIE R IIEK

y FRIANZEEL R

y FH 2 BB EGR

| like machine-learning

o N NN
1A
O @&

TiE A
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Structured Prediction as Classification
o SPRILUE R EFFIRRY 3L 0]

y RHIPEEEE ANIKEMEZIIEK

y FRIANZEEL R

y FH 2 BB EGR

X LS IR M (1S SPRYME LI

=

Pavaulih s B
LEETEE !

FZEDELSNEENEE (WE
) FESPLETHERE




Structured Prediction 0] Zi

hAE e R

TAEFRE A)f A3
N A7 Gl
AR BT BT XA T
EEIRT k) 2k
F5IA5 £ 2k
SEIR AR ks




Qutline

® Google Translate

o H25ENFfor dummy
o MBI FEMIEILME R
» Nlar=F ]
y BUERSEM, BRE, BX

o T\I5FRHas®IFRG LA




S—(Xo, Xo) S—(Xo, Xo)

X—(Xo de X1, X; on Xo) X—(Xo de X1,Xo X1)
X—><diim(ang,the %q @ cat X—><diim(ang,the %q @ cat)
dianzio shang| de; me:-!03 dianzio shang, de; ma!03

a cat on the mat | the mata cat |
S—(Xo, Xo) S—(Xo, Xo)

X—(Xo de X1,X; of Xo) X—(Xo de X1, X s X1)
X—><dian{ang,the %@ 2 cat) X—><dian(amg,the %m @ cat)
dianzio shang| de» m!103 dianzlio shang; de» ma|03

a cat of the mat ' the mat’s a cat '
I

Decoder
(e.g. Joshua)

\t:‘j dianzi shaﬁg de mao 3
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“
*
*
‘$
*

{ X (X de X1\X; on Xo)
X (Xoide X1, Xo ’s X,) :

X—><X0 de Xl,XO X1>

.
l“‘
--------
.
«*
“
.
.
R
*

mmn
-------------------
-
.t
R

X 0,2

X—(dianzi [shang, the mat)

dianzio shang;

*
.....
llllll
L]
........
.....

l..
...
Ny
LN ]
.....
L]
]
1]
-
v
g
»
4
.

*

X—(Xoide Xy, X, of Xg)

b ]
«
v
.
v
.
L]
.,
-
-
.
.
.
.
3
*

X13,4

X—(mao, acat)

de» Maos

I

Decoder
(e.g. Joshua)

\tt‘j dianzi shaﬁg de mao

34
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A hypergraph is a compact data structure to edge I
encode exponentially many trees. /.

S70,4 hyperedge
S_><X07XO>
X O 4 4 <
hyperedge SERNGE
\ X—(Xg de X;1)\X; on X0>.’"-.
X_><X0‘:_“:de X1,Xo s Xy) X—(Xo de X1, X3 of Xp)
M — FSA
node} xlo,zj ]38
£ Packed

X—(dianzi [shang, the mat)

Forest

dianzip shang de Maos

35
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A hypergraph is a compact data structure to
encode exponentially many trees.

ST0.4

...
.....
...
* ay
. oy
. Ya,
\d ¥
o ",
0..
.

>

X—><X0 de Xl,Xl on X0> “-_

X (Xpide Xq,Xo s X1 )
X—(Xo de X1{X, X1) &

* *e .
* IS .
[ 34 s
-----------------
.........
---------- ;,‘-l“ '00
J a ]
................
[ B
& " .sssssassssamsssit &ll ...
------
.....
.
% .
. )
}( () .
S
| ;2 <—-..~\\y .

X—(dianzi [shang, the mat)

dianzly shang; de Maos
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A hypergraph is a compact data structure to
encode exponentially many trees.

S]0,4

X—(Xo de Xi,

LB ]
------------------
we®
.t
*

X—(dian ang, the mat)

dianZlp shang; de 103

37
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A hypergraph is a compact data structure to
encode exponentially many trees.

S

0,4

‘¢
*
*
‘0
*

X%<X0 de Xl,XO X1> “:.“

* ‘e

. .

un® Ta,
-----------

L/ LR
lllllllllllllll
“““
*

X—(dian ang, the mat)

dianZlo  shang;

...
Ny
...
Ny
.....
vy
[
']
[
[
v
v
L4
.

*

X , 4
X—(mao, t)
dey Mao3
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A hypergraph is a compact data structure to
encode exponentially many trees.

ST0,4

Structure sharing
—><X0,X0>

*
*
*
*
*
‘Q
*

X—><X0 de Xl, X1 on XO

X (Xpide Xq,Xo s X1 )

X X1, X, of X
X—(Xo de X1 \Xo X;) —(Jggfle X1, X, of Xo)

o i
Y 4
llllllll
lllllllllllll
LAY}

X 0,2
. X |3, 4
X—(dianzi[shang, the mat) X (mao, aleat)
dianzlp shang; de Maos

39
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Why Hypergraphs!

® (eneral compact data structure

® special cases include
® finite state machine (e.g., lattice)
® and/or graph

® packed forest

® can be used for speech, parsing,
tree-based MT systems, and many more

40
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S (X0, Xo) Linear model: I derivation

10,2 foreign input

xv <X0‘@X1OHXO> ( ) =0 (d7 CIZ"/)
Welghted Hypergraph F

AN

weights features

A X 314

X—(dianzi |[shang, the mat)

X—(mao, a‘cat)

dianzip shang; des Mao: |
X—><X0 de X]_,XO X1>

P — 3 | X—(dianzi shang, the h

X—(mao, a cat)
S—(Xo, Xo) |

dianzio shang; dex  maos

X—><X0 de Xl,XO ’s X1>

X—(dianzi shang, the h

p=1

X—(mao, a cat) P=2 |
S—><X0, X0> | I S—><X0, X0>
| dianzip shang; de;  maos
X—(Xo de X;,X; on Xo) X—(Xp de Xy, X; of Xo)
XH(dian(ang,theh X—(dianzi shang,theh
| X—(mao, a cat) | X—(mao, a cat)
dianzio shang; de;  maos dianzio shang; de;  maos

41
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S—(Xo, Xo) LOg-Iineal" mOdeI: l

““““ '{ d e 6.-Pb ( d,x )
I T) =
Probabilistic | pd | ) Z(z)

Hypergraph Z=2+1+3+2=8 |
X 0/,2 o\

. X[3,4

X—(dianzi |[shang, the mat)

X—(mao, a‘cat)

SH<XIO,X0> p=2/ 3 I

X—><X0 de X]_,XO X1>

P — 3/8 | Xe(dian(ang,the h

X—(mao, a cat)
S—><X0, X0> I

dianzio shang; dex  maos

dianzio shang de) Maos

X—><X0 de Xl,XO ’s X1>

P - 1/ 8 I XH(dian(ang,the h

| X—(mao, a cat) P=2/8 |

S—><X0, X0> I S—><X0, X0>
| dianzip shang; de;  maos
X—(Xo de X;,X; on Xo) X—(Xp de Xy, X; of Xo)
X—><dian(ang,the h X—><dian(ang,the h
| X—(mao, a cat) | X—(mao, a cat)
dianzio shang; de;  maos dianzio shang; de;  maos

42
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S—(Xo, Xo)
X10,4 ...
““““ v \'--.._..........h
Probabilistic
X—(X
Hypergraph
| 27 \\ -
X | 0,2 X - 3', 7
X—(dianzi |[shang, the mat)

dianzip shang;

X—(mao, a‘cat)

The hypergraph defines a probability
distribution over trees!

the distribution is parameterized by O

:1 of X0>

SH<XIO,X0> p=2/ 3 I

de; Maos

X—(Xo de X1, Xo X1)

P—3/8 l Xe(dian(ang,theh
X—(mao, a cat)

S—(Xo, Xo) | | |
dianzio shang; dex  maos
—><X0 de Xl,XO ’s X1>
P_1/8 XH(dian(ang,the %07& Cat> P_2/8 l
S—><X0,X0> | I X() XO
| dianzip shang; de;  maos

X—

<X0 de Xl,X]_ on X0>

X—(dianzi shang, the %

dianzio

X—(mao, a cat)

shang; de,  maos

X—><X0 de Xl,Xl of X0>

X—(dianzi shang, the h

| X—(mao, a cat)

dianzip shang, de;  maos

43
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S—(Xp X} The hypergraph defines a probability

0. distribution over trees!
Probabilistic D::)he distribution is parameterized by ©
X—(X S
Hypergraph training decoding
XI 6,2 \)(\3 : (e.g., mert) (e.g., mbr)
X—(dianzi [shang, the mat) X . atomic inference Opel"ations
~{mao,ajeat) (e.g., finding one-best, k-best or expectation,
- inference can be exact or approximate)
dianzio shang de) Maos
Which translation do we present to a user? Decoding
How do we set the parameters O? Training

What atomic operations do we need to perform? Atomic Inference

Why are the problems difficult?

- brute-force will be too slow as there are exponentially
many trees, so require sophisticated dynamic programs

- sometimes intractable, require approximations

44
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Inference, Training and Decoding on Hypergraphs

® Atomic Inference Algorithms
e finding one-best derivations

Graph Topological — . Best-i.irst —
no heuristic with heuristic with hierarchy
FSA Viterbi Dijkstra A* HA*®
Hypergraph CYK Knuth Klein and Manning Generalized A*

e finding k-best derivations
® computing expectations (e.g., of features)

® T[raining ® Decoding
® Perceptron e Viterbi
e Conditional random field (CRF) * Maximum a posterior (MAP)

® Minimum error rate training (MERT) * Minimum Bayes risk (MBR)

¢ Minimum risk
e MIRA

45
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RIEBNEENES

CCFAEAM AR IES N as= S > I

:
/>I/
/

I

Structured PredictionTt H A 1E

http://mobvoi-resource.oss.aliyuncs.com/ccf2013 noannimation_.pdf

IR EY R A
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AT 2Bl
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71
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RRTDSSI0 8 2L © BN X

S->(S0 S1,50 SI)

S->(S0 S1,50 SI)

N

S->(M18x, machine)  S->(BHIE, translation) S->(3Xf4, software)

S->(S0 S1,S0 SI)

™

S->(S0 SI,S0 S1)

™

S->(M12&, machine)  S->(BHIE, translation) s->(3Xf4, software)

S->(S0 #H1% S|, SO translation S1)

\

s->(1/1. 85, machine) 3% S->(E 15, software)

48
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el 8 Rt BITFERYIR X

S->(S0 S1,S0 Sl)

S->(S0 S1,S0 Sl)

N

s->(#128, machine)  S->(B1F, translation) s->(#X{F, software)

machine translation software

1,50 SI)

S->(S0 S
/ \
S}(SO'S IQ
S->(M12x, machine)  S->(BHIFE, transfer)  s->(3Xf4, software)

machine transfer software

49
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ERDas AV E ZRIE | PERRVIER X

S->(S0 #H1% S|, SO translation S|I)

s->(Hlas, ma{' \\

3% S-> (¥R, software)

machine translation software

S->(S0 #1%E S1, S| translation SO)

s->(M 2w, ma{ \\

3% S-> (¥R, software)

software translation machine

50

Saturday, August 17, 13



® /T

el 8 T

— M+, EBRUER

'x%}/_—gg“EF '11353(

A ENRYI X

»  BIFEHII X

» BEFRRIB X

2]

o
AR

z5

PIBERIR X 8l Pl /%2

N
Eﬂ\i
o
IR

LM

[LL

MR X B =SB T IRF
ATEE, FTUAFREIES 8 MBS
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Qutline

® (Google Translate

o Nlgs#liEfor dummy

o HS2EMIE:

4

4

Mas=>]

Wi, RE, BHX

A E R

CAln 3t

LA\l SR en B R G SR AR
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TERNEZEN

— Yl N 1% 2

_B AL,

3501

S ERHN] TR R A KIEEN
(BIRENF RS AIME— R 2N ES
WHFEIES, NHEREEEmai
MR &AL E)
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T2 2Google?

e |IBM Research 2 1F % NLP#%/

® Microsoft Researchifi B S EHINLPEM;

NS

LNE

IAE/\J)

Bl=

1A

AN

o {HGooglest — M EENIFMUA AFIE A BX M = i,

JIT2 77

55

Saturday, August 17, 13



1T 25 ZEGoogle!
o J9{AGooglesE—MEENIF MK A IEE BEM =G ?
» HIPAEHR : BIEER+ T2
y BPRINKINGE  SCHELE
y REUE - FRRGAILTANAF
» =Z214  GFS, Map-reduce, Big-table

o REFESMAINEIEE LE

i

=a=Rtabill Z{R1R 5] B REET
REF ] FIRETE X IETE R
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F1i&{RB 2 BYGoogle Translate?
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Rkt - 10A
BEEE (1)
Fhggs (1)

HIRALIE (2)

X3z (1)

NLPEALELR (1)

TEMZEH (3)
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=

e izE (2)

(16 N\)

59




BN N BIRRERE 7

TRAX 1 A
open source
BE . Moses Joshua  CDec
NLPL X @ Stanford NLP  Berkeley Parser
IESRE 1 SRILM
~ITE Hadoop

MEsF>] . CRF++ |ibSVYM
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Qutline

® (Google Translate

o Max&l1¥for dummy

o M axHlFEAnIE

A E A

» M=

4

Wi, RE, BHX

L\l SR e @l 1 R G SE AR

AN as BN IFEHARCNLP!!
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t]15Google NowHYFSZhR

o IZHE . www.mobvoi.com

& ERIGoogle
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— T REER IRV EIEENF

MEH—18 "4 or
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Thank you!
XieXie!
151 157!
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