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given: find:
» source language SL machine translation h:SL — TL

> target language TL

e.g.
SL = English s = | saw the man with the telescope
TL = German h(s) = Ich sah den Mann durch das Tel.

machine translation ~ statistical machine translation

modeling - training - evaluation

assumptions — — H hypothesis space

assumptions: mental work, experience, no data
hypothesis space: H C {h | h: SL — TL}
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hypothesis space:  H = {hy\o | A € RZy, ®: Y — R™}
h)\7¢ . SL—TL

S TTL (argmax yey: A Cb(y))

msL(y)=s

)\1-¢(y)1—|—...+>\m-¢(y)m

here:
m = 2

d(y) = (hrm(y), hom(y))

hra: translation model
hrai: language model
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first assumption:

SL and TL are the yields of
weighted recognizable tree languages

weighted tree language: L: Ty — R

L is recognizable:
if there is a wta A

which “recognizes” (computes) L
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»6=(0s|0€EY) 6, QxQ—R

oo(q1- - gk, q) €ER
» F C Q (final states)
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oo(qr--ak,q) ER

» F C Q (final states)

runon§ € Tx: r:pos(§) — Q set of runs on & R4(&)

weight of ri = wt(r) = [, epos(e) So(r(wl) - - r(wk), r(w))

o: label of £ at w
k: rank of o

weighted tree language recognized by A:

La: Ty =R, Ly(&) = erga>(<£) wt(r)
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second assumption:
translation from SL and TL is specified by

a weighted tree transducer

[Yamada, Knight 01] translation from English to Japanese
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weighted tree transducer (wtt) M = (Q, X, qo, R)

» @, X as for wta 3 : input and output symbols
> qo € Q (initial state)
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weighted tree transducer (wtt) M = (Q, X, qo, R)

» @, X as for wta 3 : input and output symbols

> qo € Q (initial state)

> R finite set of particular term rewrite rules with weights

a
O’/ — ></ \o~\ H a
-
x,\/ \KL ‘3"‘ ?1
x4 Xy
(leftmost) derivation: d=p1-pn
weight of a derivation d: wt(d) =[], wt(p;)

weighted tree transformation computed by M:

™ - Ty x Tz—)R, TM(£17£2): max Wt(d)
d€Dpg:
Da: set of all derivations m(d)=(£1,€2)
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log-linear modeling with wtt and wta:

A

= A + R (T)

se SL teTl

wtt M as translation model; d € Dy

wta A as language model; r € Ry

set Y of correspondence
structures [Liang et al. 06]

Y ={(d,r) € Dp x Ra | r € Ra(last(d))}

msi(d, r) = yield(first(d))
mr.(d, r) = yield(last(d))
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wtt M as translation model; d € Dy
wta A as language model; r € Ry

Y ={(d,r) € Do x Ra | r € Ry(last(d))}

here:
m =

2
o(d,r) = (logth(d), logth(r)>
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wtt M as translation model; d € Dy
wta A as language model; r € Ry

Y ={(d,r) € Do x Ra | r € Ry(last(d))}
here:

= 2
o(d,r) = (logth(d), logth(r)>

H={hamal A€RS,, wtt M, wta A}
h)\,./\/l,A: SL — TL

S+ TTL (argmax (d,r)eY: wt g (d)M 'WtA(r))Q)

s (d,r)=s
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let 7:TgxTy—>R and L: Ty >R

output product of 7 and L:

input product of L and 7:

7> L: Ty x Ty - R

Lar:Tsx Ty - R
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Theorem [Maletti 06]: Let M wtt and A wta.
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Theorem [Maletti 06]: Let M wtt and A wta.
There is a wtt M > A such that: Ty =70 > Lg

Proof: [Baker 79, Engelfriet, Fiilop,V. 02]

rule of M: q
o —
PN
xXa Ky
states of A:  p, p1, p2
rule of M > A:
ap
.
RN
Xa Ko

/U\
o # a
PR
a1 ﬁll
| X

A

o
PR

o . Wi, )
PARN .*F a X )
Q1 P4 ql PL N e? ( o P >
| | AN TN
I3 Xy <2
Pa P

A
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%4
+ Po\d’t'o\( “un ?/
d:
%l?
o
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{
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e(

¢: Dy — {(d,p) | d € Dam, p € RE™¥(d)} bijection
Wt(dl) = Wt(d) MaXyecompletion(p) Wt(r)
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hx a4

SL — TL
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Theorem [Biichse, Nederhof, V. 11]:

Let M synchronized tree-adjoining grammar (STAG)
and A wta.

There is an STAG M > A such that: Tapa = 7A > Lg

Theorem [Nederhof, V. 12]:

Let M synchronized context-free tree grammar (SCFTG)
and A wta.

There is an SCFTG M > A such that: 7apa =70 > Lg
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» model for translation from SL to TL: wtt M

» model for TL:

» sentence s of SL

hx at,4(5)

(weight exp.)

(output product)

(B,S,P; input product)

wta A

TTL (argmax d,r)ey: wiag(d)M - wta(r) 2>

7T5L(d r) S

7L (argmax (d.ney’: Wha(d) - wta(r ))

s (d,r)=s
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msL(d,r)=s
(output product) =  TTL (argmaXdeDMDA,; WtMD.A/ (d))
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(B.S,P; input product) = 7T, (argmaxdeDAsq(MDA) WtASQ(MDA/)(d))

— 7TTL< Knuth(As < (M > A"))) )
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