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TRANSLATION AND LANGUAGE MODELS

FOREIGN --> ENGLISH MT MODEL
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FOREIGN --> ENGLISH MT MODEL
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BRUTE FORCE SEARCH

® SIMPLE MINDED WAY TO DO TRANSLATION IS LIKE
WHAT YOU ARE DOING FOR HOMEWORK 3

® FIND TRANSLATIONS OF EACH WORD WITH HIGHEST
TRANSLATION SCORE AND APPEND THEM TOGETHER

B LIST ALL POSSIBLE TRANSLATIONS, SCORE THEM,
AND PICK THE BEST

B NOT GOOD : WHY?

Wednesday, November 21, 12



BRUTE FORCE SEARCH

A SIMPLE EXAMPLE:

B 16 CHARACTERS. LET’S SAY EACH CHARACTER HAS 5
POSSIBLE TRANSLATIONS

B 5416= 152 BILLION POSSIBLE TRANSLATIONS

B PHRASE-BASED TRANSLATION --> DIFFERENT
SEGMENTATION OF THE FOREIGN SENTENCE

® RE-ORDERING. A LOT MORE COMBINATIONS POSSIBLE!
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DECODER?

® WE NEED A STRATEGY TO SEARCH AMONG ALL

POSSIBLE TRANSLATIONS IN AN EFFICIENT
MANNER

# “DECODER” IS THE COMPONENT THAT DOES THE
SEARCH
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DECODER AND SEARCH SPACE

® USUALLY THE SEARCH SPACE IS SPECIFIED AND LIMITED
BY A GRAMMAR AND/OR THE DECODER ITSELF

B EMPHASIS IS ON EFFICIENCY WHILE MAKING AS FEW
SEARCH ERRORS AS POSSIBLE

decoder output (English)
el coso=l

“best” translation
cost= 6.2

(not not reachable)
Y\~

~ all possible
" translations

another translation
cost= 6.8
(search error)
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GENERAL SEARCH STRATEGY

#@ CREATE AND SCORE ‘“PARTIAL HYPOTHESIS”

® EACH PARTIAL HYP IS THE TRANSLATION OF CERTAIN
WORDS OF FOREIGN LANGUAGE

® GROUP PARTIAL HYPS

® IN EACH GROUP KEEP ONLY THE MOST PROMISING
PARTIAL HYPS

® EXTEND PARTIAL HYPS
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DECODERS:

® PHRASE DECODER
B HIERARCHICAL DECODER (CHART)
B LEFT-TO-RIGHT HIERARCHICAL

B YOUR OWN DECODING STRATEGY...
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PHRASE-BASED DECODER

B OTHER NAMES: BEAM DECODER, STACK DECODER, ...

B LEFT-TO-RIGHT PRODUCTION OF TRANSLATION

B BUT CAN MOVE AROUND FOREIGN SENTENCE

B THE MOVES ARE NOT TOTALLY ARBITRARY.
WHY?
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Decoding Process

Maria

no

dio

una

bofetada

la

bruja

verde

e Build translation left to right

— select foreign words to be translated
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Decoding Process

Maria

no

dio

una

bofetada

la

bruja

verde

Mary

e Build translation left to right

— select foreign words to be translated

— find English phrase translation

— add English phrase to end of partial translation
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Decoding Process

Maria

no dio

una

bofetada

la

bruja

verde

e Build translation left to right

select foreign words to be translated

find English phrase translation

add English phrase to end of partial translation

mark foreign words as translated
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Decoding Process

Maria no

dio

una

bofetada

la

bruja

verde

e One to many translation
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Decoding Process

Maria no dio una bofetada

la

bruja

verde

Mary did not slap

e Many to one translation
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Decoding Process

Maria no dio una bofetada

Mary did not slap

e Many to one translation

a la

bruja

verde

the
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Decoding Process

Maria no

Mary did not

e Reordering

dio una bofetada

slap

a la

the

bruja

verde

green
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Decoding Process
Maria no dio una bofetada a la bruja

Mary did not slap the green witch

e Translation finished
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Translation Options

Maria no dio una bofetada a la bruja verde
Mary not give a slap o the —witch .o greenisy
did not a _slap by green witch
no slap to the
did not gijve to
the
slap the witch

® Look up possible phrase translations
— many different ways to segment words into phrases

— many different ways to translate each phrase

Wednesday, November 21, 12



Hypothesis Expansion

Maria no dio una bofetada a la bruja verde
Mary not give a slap to the witch green
did not a slap by g e Ty
no slap to the
did not give to
the
slap the witch
e:
f: ——————-
p: 1

e Start with null hypothesis

— €: no English words

— f: no foreign words covered

— p: probability 1
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Hypothesis Expansion

Maria no dio una bofetada a la bruja verde
Mary not give a slap to the witch green
did not a slap by g e Ty
no slap to the
did not give to
the
slap the witch
e: e: Mary
f: - ——————- —p{f: *ee———
p: 1 p: .534

e Pick translation option

e Create hypothesis

— e: add English phrase Mary
— f: first foreign word covered

— p: probability 0.534
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Hypothesis Expansion

Maria no dio una bofetada a la bruja verde
Mary not give a slap to the Cwiteh ™ _green
did not a slap by g e Ty
no slap to the
did not give to
the
slap the witch
e: witch
f: —————- *—
p: .182
e: e: Mary
f: - f: e
p: 1 p: .534

e Add another hypothesis
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Hypothesis Expansion

no dio una bofetada a la bruja verde

Mary not give a slap to the —witch. . L. igreamns
did not a slap by S g e Ty e
no slap to the
did not give to
the
slap the witch
. slap
s h_kkk_—__
.043
e:
f: -
p: 1

e Further hypothesis expansion
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Hypothesis Expansion

Maria no dio una bofetada a la bruja verde
Mary not give a slap o the eyt ol fln SignEaemiin
_did not a slap by green witch
no slap to the
did not give to
the
slap the witch

e: $ 3 s : the e:green witch
fo mmmm———— . : . e hkkkkkk_— o H*hkkhhhh*k

p: 1 3 o 3 ¢ 3 ¢ .004283 p: .000271

e ... until all foreign words covered
— find best hypothesis that covers all foreign words

— backtrack to read off translation
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Hypothesis Expansion

Maria no dio una bofetada a la bruja verde
Mary not give a slap o the —witch = __green
did not a _slap by green witch
no slap fto the
did not give o
the
slap the witch
e: witch e: slap
f: _______ * — f: b b
p: .182 p: .043
e: e: Mary e: did not : the e:green witch
fo - feo *mm—m————_ feo H*ho s KkkKkKkKkKk__ fo *kkhhhhhk
p: 1 p: .534 o) 154 .004283 p: .000271

e Adding more hypothesis

—> Explosion of search space
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NESTRICTING THE SEARCH SPAGE

®@ SEARCH SPACE IS TOO BIG.
@ USE THE TWO FOLLOWING RESTRICTIONS ON MOVEMENTS:

1. SKIP: HOW MANY SOURCE WORDS CAN WE TEMPORARILY
SKIP DURING TRANSLATION

2. WINDOW WIDTH: HOW FAR TO THE RIGHT CAN WE GO
BEFORE WE ARE FORCED TO TRANSLATE A SKIPPED WORD
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Explosion of Search Space

e Number of hypotheses is exponential with respect to

sentence length

—> Decoding is NP-complete [Knight, 1999]

—> Need to reduce search space
— risk free: hypothesis recombination

— risky: histogram/threshold pruning
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Hypothesis Recombination

p=1 p=0.534 | . p=0.092
|:|:|:||||||:MarY>I:EI|||||: CLOMNOE TR YC 4 HEEEEER
SLE e [TT1TT+—>EE T 11111

p=0.164 9 °C p=0.044

e Different paths to the same partial translation
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Hypothesis Recombination

p=1 p=0.534 ; ;
|:|:|:||||||:MarY>I:EII||||: AUl Lo glve

did not\-:I
[T111

p=0.164

p=0.092
2 HEEEEEN

give

e Different paths to the same partial translation

—> Combine paths
— drop weaker hypothesis

— keep pointer from worse path
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Hypothesis Recombination

p=0.092 . . p=0.017
EEEEE SLL{e) L ROT G e 2 HEEEEN
Joe
p=1 p=0.534 , , p=0.092
EEEEEEEEE ary>I:I:I|||||: ClOmNOTHYC o, HEEEEER

didnot\-:I
[T111

p=0.164

give

e Recombined hypotheses do not have to match completely

e No matter what is added, weaker path can be dropped, if:
— last two English words match (matters for language model)

— foreign word coverage vectors match (effects future path)
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Hypothesis Recombination

p=0.092
i [TTT] did not give
p=1 p=0.534 : , p=0.092
EEEEEEEEE ary>I:I:I|||||: G SOMTOTTIShVC 2 HEEEEER

did not\-:I
[T111

p=0.164

give

® Recombined hypotheses do not have to match completely

e No matter what is added, weaker path can be dropped, if:
— last two English words match (matters for language model)

— foreign word coverage vectors match (effects future path)

—> Combine paths
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Pruning

® Hypothesis recombination is not sufficient

—> Heuiristically discard weak hypotheses

e Organize Hypothesis in stacks, e.g. by
— same foreign words covered
— same number of foreign words covered (Pharaoh does this)

— same number of English words produced

e Compare hypotheses in stacks, discard bad ones
— histogram pruning: keep top n hypotheses in each stack (e.g., n=100)

— threshold pruning: keep hypotheses that are at most « times the cost of

best hypothesis in stack (e.g., « = 0.001) A

N
w
N
]
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Comparing Hypotheses

e Comparing hypotheses with same number of foreign

words covered

Maria no dio una bofetada a la bruja verde
e: Mary did not e: the
f: K e e e e e f: _____ R,
p: 0.154 p: 0.354
better covers
partial easier part

translation

--> lower cost

e Hypothesis that covers easy part of sentence is preferred

—> Need to consider future cost
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Future Cost Estimation

e Estimate cost to translate remaining part of input

e Step 1: find cheapest translation options
— find cheapest translation option for each input span
— compute translation model cost
— estimate language model cost (no prior context)
— ignore reordering model cost

e Step 2: compute cheapest cost
— for each contiguous span:
— find cheapest sequence of translation options

e Precompute and lookup
— precompute future cost for each contiguous span

— future cost for any coverage vector:
sum of cost of each contiguous span of uncovered words

— N0 expensive computation during run time
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Outline
® Phrase-Based Statistical MT

e Beam Search Decoding
e Experiments

® Advanced Features
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Experiments

® Decoder has to be evaluated in terms of search errors
— translation errors not due to search errors are a challenge
to the translation model
— do not rely on search errors for good translation quality!

e Experimental setup
— German to English
— Europarl training corpus (30 million words)
— 1500 sentence test corpus (avg. length 28.9 words)
— 3 Ghz Linux machine, needs 512 MB RAM
— Focus: illustrate trade-off speed / search errors

® Not measuring true search error
— it is not tractable to find truly best translation
— relative to best translation found with high beam and different settings
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Threshold Pruning

Threshold 0.0001 0.001 0.01 0.05 0.08
Time per Sentence | 149sec | 119sec | 70sec | 27 sec | 18 sec
Search Errors - +0% +0% +0% +0%
Threshold 0.1 0.15 0.2 0.3
Time per Sentence {OESEE 13 sec | 10 sec 7/ secC
Search Errors +1% +3% +6% | +12%

e Low ratio of search errors for threshold o < 0.1

e Results depend on weights for models
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Histogram Pruning

Beam Size 1000 200 100 50 20 10 5
Time 15s 15s 14s 10s 9s 9s 7S
Search Errors | +1% | +1% | +2% | +4% | +8% | +20% | +35 %

e Low ratio of search errors for beam size n > 200
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Translation Table Entries per Input Phrase

T-Table Limit 1000 500 200 100 50 20 10 5
Time 150s | 76s | 38s | 19s | 09s | 04s | 0.2s 0.1s
Search Errors +1% +1% +1% +1% +1% +2% +7% +18%

e Low ratio of search errors for limit of > 50 entries in the

translation table for each source language phrase

e About 1 second per sentence (30 words per second)

e Your mileage may vary
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HIERARCHICAL DECODER




PHRASE-BASED DECODER
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PHRASE-BASED DECODER
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PHRASE-BASED DECODER
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PHRASE-BASED DECODER

WHAT’S WRONG HERE?
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PHRASE-BASED VS. HIERARCHICAL

® PHRASE-BASED DECODER IS GOOD AT
CAPTURING LOCAL RE-ORDERINGS

® HIERARCHICAL DECODING CAN CAPTURE RE-
ORDERINGS AMONG PHRASES THEMSELVES

B USEFUL FOR CAPTURING LONG-DISTANCE MOVEMENTS
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HIERARCHICAL TRANSLATION
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HIERARCHICAL TRANSLATION

L)

5db &

5 North = diplomatic E/\j few
Korea | relations countries

(Australia )
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HIERARCHICAL TRANSLATION

i
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HIERARCHICAL TRANSLATION
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HIERARCHICAL TRANSLATION

-
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HIERARCHICAL TRANSLATION

Wednesday, November 21, 12



HIERARCHICAL TRANSLATION
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HIERARCHICAL TRANSLATION

REORDERING PROBLEM WE SAW BEFORE IS SOLVED!
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HIERARCHICAL RULES

B EXTRACTED FROM PHRASES

(you know phrase extraction from previous lecture)

HopEE N1 A —>  have diplomatic talks with China

M2k —>  diplomatic talks

HH | & —> China
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HIERARCHICAL RULES

B EXTRACTED FROM PHRASES
(you know phrase extraction from previous lecture)

HrEE N2 —>  have diplomatic talks with China

MM —>  diplomatic talks

HH | & —> China

D 4

X: 5 [X1] & [X2], have [X2] with [X1]
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CHART DECODING
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CHART DECODING

16

X: 5 [X1] B [X2], have [X2] with [X1]

14 15
— "

13

12

HAVE DIPLOMATIC RELATIONS WITH NORTH KOREA
Yy

11

10

S

. x FEW
~
~ | o GOUNTRIES
' ~

Al AUSTRALIA NORTH DIPLOMATIE

KOREA ELATION

IS

\
5 dbEE AR BERC—

N

\

<SEE <~
LR

Wednesday, November 21, 12



CHART DECODING

16

J

X: [X1] B [X2], [X2] that [X1]
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16

Ii_l CHART DECODING

15

| X: [X1] 2— , one of the [X1]
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CHART DECODING

16

X: [X1] [X2], [X1][X2] “glue rule”
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16

Ii_l CHART DECODING

15
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CHART DECODING: COMPLEXITY

“-...__# new hyps per each
rule in each cell

N : sentence length (in 10s)

h : # kept hyps in each cell (in 100s)

7 : # rules in each cell (in 10s)

—> }* contributes the most to the complexity
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CHART DECODING: CUBE PRUNING

PROBLEM: FIND THE BEST 5 COMBINED HYPS WITHOUT
TRYING ALL 25 POSSIBLE COMBINATIONS

gl

g2

g3

g4

gs

=-la
.
- " o
l' ..

hi h2 h3 h4 hs

XeaiSieGl s a2 ] shave X2 withe 1
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CHART DECODING: CUBE PRUNING

@ THE HYPS IN THE LOWER CELL ARE ORDERED

B BUT: hy < ho,g1 <g2# (h1+g1) < (ha+ g2)

® WE NEED A STRATEGY TO EXPLORE THE MOST
PROMISING COMBINATIONS
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CHART DECODING: CUBE PRUNING

B WHY hy <hg,g1<ge# (h1+g1) <(h2+g2) ?
& MAIN REASON IS LANGUAGE MODEL (OR ANY CONTEXT-SENSITIVE MODEL))
B P(s) < P(waAs) DOESN’T NECESSARILY MEAN P(C(AuUsTRALIA Is) < P(AUSTRALIA WAS)
P(AUSTRALIA 1S) = P(AUSTRALIA)+P(is| AUSTRALIA)
X: [X1] [X2], [X1] [X2]

P
P(AuUsTRALIA WAS) = P(AUSTRALIA)+P(WAs| AUSTRALIA)

g2 CONTEXT CHANGES. TRUE FOR ALL LANGUAGE MODELS ORDERS EXCEPT UNIGRAM

Wednesday, November 21, 12



CHART DECODING: CUBE PRUNING

» Start with the top-right corner, build the new hyp, and

add the two neighboring combinations to the priority list

gl

g2

g3

g4

gs

=-lﬂ
.
- " o
.
l' 1

hi h2 h3 h4 hs

\/ e G

v

C21

XeaiSieGl s a2 ] shave X2 withe 1
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CHART DECODING: CUBE PRUNING

» Pick the lowest cost item 1n the priority queue, build hyp
and add neighbors
» Priority queue ordered by approximate cost: Cz,y = Nz + gy

hi h2 h3 h4 hs

g1 \/ o
g2 \/ ----- > C22
Cs.2
g3
g4
E S
."

XeaiSieGl s a2 ] shave X2 withe 1

=-lﬂ
.
- " o
l' ..
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CHART DECODING: CUBE PRUNING

gl

g2

g3

g4

gs

=-la
.
- " o
.
l' 1

hi h2 h3 h4 hs

/ J/ ----- - > C1,3

Csz2

XeaiSieGl s a2 ] shave X2 withe 1
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CHART DECODING: CUBE PRUNING

hi h2 h3 h4 hs

g1 \/ \/ \/ ------ > C1,4
g2 \/ Cai2 C;,3
Cse2
g3
g4
O S
Y

=-la
.
- " o
.
l' 1

XeaiSieGl s a2 ] shave X2 withe 1
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CHART DECODING: CUBE PRUNING

hi h2 h3 h4 hs

EEERE T
g2 v S VAR G
i el o Cé,3
g4

- .ﬂ .

=-la
.
- " o
.
l' 1

XeaiSieGl s a2 ] shave X2 withe 1
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CHART DECODING: CUBE PRUNING

STOPPING CRITERIA:

B STOP WHEN A PRE-DEFINED NUMBER OF HYPS ARE
GENERATED (GREEN CHECKMARKS)

B STOP WHEN THE COST DIFFERENCE BETWEEN THE
MOST RECENT HYP AND THE BEST ONE SO FAR IS
HIGHER THAN A PRE-DEFINED VALUE
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CHART DECODING: HYP COMBINATION

® DYNAMIC PROGRAMMING

B COMBINE TWO HYPS IF THEIR COMPLETION
COSTS ARE THE SAME

@ IE. HOWEVER WE EXTEND ONE, WE CAN EXTEND THE OTHER IN THE SAME EXACT
WAY, AND WITH THE SAME EXACT ADDITIONAL COST

B DEFINE ‘“STATES” BASED ON THE COMPLETION CONCEPT

B COMBINE HYPS THAT SHARE THE SAME STATE
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CHART DECODING: HYP COMBINATION

B ONLY COMPARE AND DEFINE HYPS IN THE SAME CELL
(SAME COVERAGE OF FOREIGN WORDS)

® STATES ARE DEFINED BASED ON LANGUAGE MODEL

(OR ANY ADDITIONAL CONTEXT-SENSITIVE MODELS)

® WE CAN APPEND TO A HYP FROM EITHER LEFT OR RIGHT

B LANGUAGE MODEL STATE IS DEFINED AS THE (N-1)
LEFT-MOST AND (N-1) RIGHT-MOST WORDS

FEW COUNTRIES THAT HAVE DIPLOMATIC RELATIONS WITH NORTH KOREA
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CHART DECODING: HYP COMBINATION

B COST OF WORDS IN THE MIDDLE ARE NOT GOING TO
CHANGE

P(THAT) = P(THAT| FEW COUNTRIES)

B CONTINUATION COSTS DEPEND ON THE LAST 2 WORDS
ONLY

P( .| NORTH KOREA)

;
DOES NOT DEPEND ON WHAT WORDS WERE
THERE BEFORE ‘“NORTH KOREA”
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CHART DECODING: HYP COMBINATION

B AMONG THE HYPS IN THE SAME CELL,
SHARING THE SAME (LM) STATES, KEEP
ONLY THE BEST (LOWEST-COST) ONE

B NO NEED TO EXPLORE THE EXPANSION OF
THE HIGHER-COST HYPS WITH THE SAME
STATE

@ THE HIGHER-COST HYPS CAN BE KEPT AND USED FOR
BUILDING N-BEST LISTS
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SEARCH SPACE:

PHRASE-BASES VS.
HIERARCHICAL




COVERAGE VECTORS: N=6, ALL POSSIBLE PERMUTATIONS
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COVERAGE VECTORS: N=6, ALL POSSIBLE PERMUTATIONS

000000x
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COVERAGE VECTORS: N=6, ALL POSSIBLE PERMUTATIONS

000000x
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COVERAGE VECTORS: N=6, ALL POSSIBLE PERMUTATIONS

000000x
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COVERAGE VECTORS: N=6, ALL POSSIBLE PERMUTATIONS
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COVERAGE VECTORS: N=6, ALL POSSIBLE PERMUTATIONS
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COVERAGE VECTORS: N=6, ALL POSSIBLE PERMUTATIONS
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COVERAGE VECTORS: N=6, ALL POSSIBLE PERMUTATIONS

R
02,0000
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[[[1,2],3],4] [[[3,2],1]1,4] [[[2,3]1,4],1]

[2],[4]1,[1]1,[3] [3]1,[1]1,[4],[2]
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SIMPLIFIED HIERARCHICAL

B INVERSION TRANSDUCTION GRAMMARS (ITG)
Wu, 1997

PSS DXL X215 DG HEX 2] “glue rule”

XEE X TX2T 7 pX2 DG “swap rule”
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SSRIART DECODER SEARCH SPACE:

SENTENCE LENGTH = N

NO CONSTRAINTS

CHART ITG CONSTRAINTS

PERMUTATIONS

nn+1
o A UNIQUE COVERAGE 272 ( )
VECTORS
2
< 2n+n
EDGES EXTENSIONS EChOOSG(”ak)’(” =
=0 3
L SOURCE ORDER n! ;
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COMPARISON

N=6 N=10
ALL ITG S, WW=2,3 ALL ITG S WW=2.,3
STATES 64 28 28 1024 53] Bi7
EDGES beiz 72 60 5120 340 124
PATHS 720 394 101 3.6E+6 ZIERED 4096

Wednesday, November 21, 12



SEARCH SPACE COMPARISON

all possible
translations




