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MT Evaluation

BLEU Evaluation Metric

BLEU Evaluation Metric

(Papineni et al, ACL-2002)

Reference (human) translation:
The U.S. island of Guam is
maintaining a high state of alert
after the Guam airport and its
offi¢es both received an e-mail
frony someone canmg himself the
Saudi Arabian Osama bin Laden
and threatening a.biological/
chentical attack ggainst publlc

place$ such as the airport

Machine lranslatlon
The Anterigan [?] interriational
airport and its the officetall
receives one calls self the sand
Arab rich business [?] ahd so on
electroni¢ mail , which sends out ;
The thredt will be able after public
place and:so on the airport to start
the biochémistry attack , [?] highly
alerts after the maintenance.

N-gram precision (score is between 0 & 1)

— What percentage of machine n-grams can
be found in the reference translation?

— An n-gram is an sequence of n words

— Not allowed to match same portion of
reference translation twice at a certain n-
gram level (two MT words airport are only
correct if two reference words airport; can't
cheat by typing out “the the the the the”)

— Do count unigrams also in a bigram for
unigram precision, etc.

Brevity Penalty

— Can't just type out single word
“the” epre(:l)élon 1.01)

It was thought quite hard to “game” the system
(i.e., to find a way to change machine output so
that BLEU goes up, but quality doesn’t)

(Papineni et al, ACL-2002)

Reference (human) translation:
The U.S. island of Guam is
maintaining a high state of alert
after the Guam airport and its
offi¢es both received &n e-mail
frony someone cang himself the
Saudi Arabian Osama bin Laden
and threatening a.biological/
chentical attack ggainst public

BLEU is a weighted geometric mean, with a
brevity penalty factor added.

« Note that it's precision-oriented
BLEU4 formula
(counts n-grams up to length 4)

exp (1.0 * log p1 +

places such as the airport 0.5 * log p2 +
K s H 0.25 * log p3 +
0.125 * log p4 —

Machine lransiatnon H
The Anterigan [?] interdational
airport and its the officé all
receives one calls self fhe sand
Arab rich business [?] dnd so on
electronig mail , which sends out ;
The threat will be able after public
place and:so on the airport to start
the biochémistry attack , [?] highly
alerts after the maintenance.

max(words-in-reference / words-in-machine — 1, 0)

= 1-gram precision
2-gram precision
P3 = 3-gram precision
P4 = 4-gram precision

Note: only works at corpus level (zeroes kill it);
there’s a smoothed variant for sentence-level

BLEU in Action

LiEX s Yot N

the gunman was shot to death by the police .

(Foreign Original)

(Reference Translation)

the gunman was police kill . #1
wounded police jaya of #2
the gunman was shot dead by the police . #3
the gunman arrested by police kill . #4
the gunmen were killed . #5

the gunman was shot to death by the police . #6
gunmen were killed by police ?SUB>0 ?SUB>0  #7
al by the police . #8
the ringer is killed by the police . #9

police killed the gunman . #10

green = 4-gram match (good!)
red = word not matched (bad!)

Multiple Reference Translations

Reference translation 1:

Reference translation 2:

Guam memauonawvunn =

offices are mai

Machine transfation:

(Phpacerican [7]{rzafRatonel a\rM/
i on

needs to be in high precaution about
this matter




Initial results showed that BLEU predicts
human judgments well

@ Adequacy
@ Fluency

NIST Score  (variant of BLEU)

Human Judgments

slide from G. Doddington (NIST)

Quiz question!

MT Hypothesis: the gunman was shot dead by
police .

— Ref 1: The gunman was shot to death by the police .

— Ref2: The cops shot the gunman dead .

* What is the:
— Unigram precision?
— Trigram precision?

Note: punctuation tokens are counted in calculation but
not sentence boundary tokens

Automatic evaluation of MT

People started optimizing their systems to maximize BLEU score
— BLEU scores improved rapidly
— The correlation between BLEU and human judgments of quality
went way, way down
— StatMT BLEU scores now approach those of human translations
but their true quality remains far below human translations
Coming up with automatic MT evaluations has become its own
research field
— There are many proposals: TER, METEOR, MaxSim, SEPIA, our
own RTE-MT
— TERPpA is a representative good one that handles some word
choice variation.
MT research really requires some automatic metric to allow a rapid
development and evaluation cycle.

A complete translation system

Decoding for IBM Models

Of all conceivable English word strings, find the
one maximizing P(e) x P(f | e)

Decoding is NP hard

— (Knight, 1999)

Several search strategies are available

— Usually a beam search where we keep multiple stacks
for candidates covering the same number of source
words

Each potential English output is called a

hypothesis.

Search for Best Translation

voulez — vous vous taire !




Search for Best Translation

voulez — vous vous taire !

/]

you — you you quiet !

Search for Best Translation

voulez — vous vous taire !

N/

quiet you — you you !

Search for Best Translation

voulez — vous vous taire !

\

you shut up !

Dynamic Programming Beam Search

1sttarget  2ndtarget 3" target 4™ target

word word word word
-
start
bl all source
words
covered
\11

Each partial translation hypothesis contains:
- Last English word chosen + source words covered by it
- Next-to-last English word chosen Welinek, 1969;
- Entire coverage vector (so far) of source sentence =m W "5 o 996 US Patent:
- Language model and translation model scores (so far) | (Och, Ueffing, and Ney, 2001]

Dynamic Programming Beam Search

1sttarget ~ 2"dtarget 3" target 4™ target
word word word word

best predecessor
link

start

/|

all source
words
covered

N

Each partial translation hypothesis contains:
- Last English word chosen + source words covered by it
- Next-to-last English word chosen Welinek, 1969
- Entire coverage vector (so far) of source sentence Wl Bl 5 o o “{996 US Patent:
- Language model and translation model scores (so far) | (Och, Ueffing, and Ney, 2001]

The “Fundamental Equation of Machine
Translation” (Brown et al. 1993)

é = argmax P(e | f)
e

=argmax P(e) xP(f| e)/ P(f)
e

=argmax P(e)x P(f|e)
e




What StatMT people do in the
privacy of their own homes
argmax P(e|f) =
e

argmax P(e)xP(f|e)/P(f) =
e

argmax P(e)'®xP(f|e) ... works better!
e

‘ Which model are you now paying more attention to?

What StatMT people do in the
privacy of their own homes
argmax P(e|f) =
e

argmax P(e) x P(f| e)/ P(f)
e

argmax P(e)"® x P(f | e) x 1.1length(e)
e \

Rewards longer hypotheses, since
these are ‘unfairly’ punished by P(e)

What StatMT people do in the
privacy of their own homes

argmax P(e)'® x P(f | e) x 1.1length(e) x KS 37 .
e

Lots of knowledge sources vote on any given hypothesis.

“Knowledge source” = “feature function” = “score component”.

Feature function simply scores a hypothesis with a real value.
(May be binary, as in “e has a verb”).

Problem: How to set the weights?
(We look at one way later: maxent models.)

Flaws of Word-Based MT

* Multiple English words for one French word
— IBM models can do one-to-many (fertility) but not
many-to-one
» Phrasal Translation

"o«

— “real estate”, “note that”, “interested in”
» Syntactic Transformations
— Verb at the beginning in Arabic
— Translation model penalizes any proposed re-ordering

— Language model not strong enough to force the verb
to move to the right place

Phrase-Based Statistical MT

Phrase-Based Statistical MT
‘ nach Kanada ‘ ‘ zur Konferenz ‘

‘ Tomorrow ‘ m ‘ will fly ‘ ‘ to the conference ‘ ‘ In Canada ‘

» Foreign input segmented into phrases
— “phrase” is any sequence of words

» Each phrase is probabilistically translated into English
— P(to the conference | zur Konferenz)
— P(into the meeting | zur Konferenz)

» Phrases are probabilistically re-ordered

See J&M or Lopez 2008 for an intro.

This is still pretty much the state-of-the-art!




Advantages of Phrase-Based

* Many-to-many mappings can handle non-
compositional phrases

 Local context is very useful for
disambiguating
—“interest rate” > ...
—“interestin” > ...

* The more data, the longer the learned
phrases
— Sometimes whole sentences

How to Learn the Phrase
Translation Table?

* Main method: “alignment templates” (Och et al, 1999)
 Start with word alignment, build phrases from that.

Maria no di6 una bofetada a  la bruja verde
This word-to-word
Mary N .
alignment is a
did by-product of
" training a
no translation model
slap like IBM-Model-3.
the
This is the best
green (or “Viterbi”)
witch alignment.

How to Learn the Phrase
Translation Table?

* One method: “alignment templates” (Och et al, 1999)

 Start with word alignment, build phrases from that.

Maria no di6 una bofetada a la  bruja verde
This word-to-word
Mary . .
alignment is a
did by-product of
" training a
no translation model
slap like IBM-Model-3.
the o
This is the best
green (or “Viterbi”)
witch alignment.

IBM Models are 1-to-Many

* Run IBM-style aligner both directions, then
merge:

E-F best
alignment

ﬂ\IMERGE —H ]
H

Union or intersection
or cleverer algorithm

F->E best
alignment

How to Learn the Phrase
Translation Table?

« Collect all phrase pairs that are consistent with the word alignment

Maria no did Maria no did Maria no dio
Mary Mary Mary
did | did | did |
not not not
slap slap slap
consistent inconsistent inconsistent

« Phrase alignment must contain all alignment points for all the words
in both phrases!

« These phrase alignments are sometimes called beads

Phrase Pair Probabilities

« A certain phrase pair (f-f-f, e-e-e) may appear
many times across the bilingual corpus.

* No EM training
« Just relative frequency:
count(f-f-f, e-e-e)

P(f-f-f| e-e-e) = ——-—mmmmmmmeem
count(e-e-e)




Phrase-Based Translation

% TA| s T )

Phrase-Based Translation

i i

Table 1: #114 the seven - member crew includes astronauts from france and

Scoring: Try to use phrase pairs that have been frequently observed.
Try to output a sentence with frequent English word sequences.
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Table 1: #11# the seven - member crew includes astronauts from france and

Scoring: Try to use phrase pairs that have been frequently observed.
Try to output a sentence with frequent English word sequences.

Phrase-Based Translation
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Table 1: #113 the seven - member crew includes astronauts from france and

Scoring: Try to use phrase pairs that have been frequently observed.
Try to output a sentence with frequent English word sequences.

Phrase-Based Translation
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Table 1: #11# the seven - member crew includes astronauts from france and

Scoring: Try to use phrase pairs that have been frequently observed.
Try to output a sentence with frequent English word sequences.

Syntax and Semantics
in Statistical MT

MT Pyramid

interlingua

semantics semantics

syntax syntax
phrases

phrases

words

SOURCE TARGET




Why Syntax?
* Need much more grammatical output
* Need accurate control over re-ordering
* Need accurate insertion of function words

» Word translations need to depend on
grammatically-related words

Yamada and Knight (2001):
The need for phrasal syntax

» He adores listening to music.

WoF FE E B O B RFE TT
Kare ha ongaku wo kiku no ga daisuki desu

Syntax-based Model

* E—J Translation (Channel) Model

Parse Tree Sentence

(English)y = :":ggzllation = (Japanese)

» Preprocess English by a parser

» Probabilistic Operations on a parse-tree
1. Reorder child nodes
2. Insert extra nodes
3. Translate leaf words

Parse Tree(E) — Sentence (J)

Parse Tree(E)

v e
o R | e | N T
\ — o
Je adores YB T he /TO\ YB adores
A listening
listening O MN MmN TO
! | music to
to music
Insert
vB vB
PRP VB2 VvBL Translate PR VB2 VB1
e e S
he ha TO VB ga = ke ha 10 VB @
N adores desu N daisuki desu
My TO MN TO

music  to listening no ongaku Wo kiku  no

Take Leavey
Sentence(J)

‘ Kare ha ongaku wo kiku no ga daisuki desu ‘

Experiment

* Training Corpus: J-E 2K sentence pairs
» J: Tokenized by Chasen [Matsumoto, et al., 1999]
» E: Parsed by Collins Parser [Collins, 1999]
--- Trained: 40K Treebank, Accuracy: ~90%
» E: Flatten parse tree
--- To Capture word-order difference (SVO->SOV)
* EM Training: 20 Iterations

--- 50 min/iter (Sparc 200Mhz 1-CPU) or
--- 30 secl/iter (Pentium3 700Mhz 30-CPU)

Result: Alignments

Ave. Score ~ # perf sent
Y/K Model 0582 10

IBM Model 5 0.431 0

- Ave. by 3 humans for 50 sents
- okay(1.0), not sure(0.5), wrong(0.0)
- precision only




Result: Alignment 2

Syntax-based model
7 e aim%

ok EE & R IC AT E

Kare  ha kenju  wo watashi ni  muke  ta

1BM Model 3
7 e aim%

ok B &2 ORI AT E

Result: Alignment 3

Syntax-based Model
He has unusual ability in English

S T W3

mottu te i

T = I %

sainou wo

I

ni zubanuke ta

od e

Kare  ha eigo

IBM Model 3
He has unusual ability in English

o WE ICTFERT E T R o T Wwh

MT Applications

Christopher Manning
CS 224N
2009

MT: The early history (1950s)

ELECTRONIC
TBRATIN

Taansloles

RUSSTAN to BNGLISH

PARAMOUNY HEWY

MT Applications: 1. Traditional

» Traditional scenario:
— Documents had to be translated fortyour company/
organization. Document production for organization

— Generally, the quality/accuracy demands are high

— High cost
« Though most of it is now done as outsourced piecework

* MT tends to be ineffective: The cost of post-
translation error correction is too high
» Main technology in the game: translation memory/
translation workbench/terminology management
- E.g., TRADOS.

« Very slowly, MT technology is starting to be incorporated, but
most of the action is in terminology lexicon management




Cmatedty @ FORD ANNOUNCES SAFETY RECALL

Bad I MT Applications: 2. Web

TRADOS . .
Screenshot... * Web applications:

— Dominant scenario: User-initiated translation
=== « Crucial difference: The quality doesn’t have to be
Trados is great. The user is usually okay if they can

relatively pricey | i e o e s Cue it v b ke A understand the gist of what is going on
(high hundreds a1~ W ad o 00% =gyl & 4 G|B@ 1 | s

for PCversions,  [Jaasei S romsnenes /i ST & [ ot 2 B3 — Second scenario

thousands for FOR RELEASE AT | PM EASTERN TIME ON SEPT * « Somehow on the web people will accept medium
servse;:: r:s'on); ; quality results. Accessible information is better
necessary Ff,)R.D ANNOUNCES SAFETY RECALL than no information
productivity tool FORD OBBSBJISIET OB OT3bIBE ABTOMOBILTEI /LT51 OBECTIEY

(Photoshopfor | * MT is saved!!! “It's the web, stupid.”
translators) ) . * (Butis there money in it?)

DEAREORN, Mick, Sept 7~ Ford Motor Company sntoumeced today that  is conducting  voluntary safety
Bronco velucles to correct 3 systems mieraction that could cause the speed control deactiation swntch to overt
BtheUS

xcles on the toad tod
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arlicle | | dscussion | | edlt this page | | isiory
SYSTRAN

AllaVista Search Services Dellvers Free Web From Wikpedia, the free encyclopedia.

1997: Transtakon Service in Spasish, French, German, memA
Portuguese and halian The Fre Eney SYSTRAN, founded by Dr. Peter Toma in 196811, is one. forthe
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Web Images Maps News Video Gmail more v ign in

Go ogle Language Tools Aboul Google

Search across languages

Type a search phrase in your own language to easily find pages in another language. Well translate the results for you to read.

Search for:

My language: Engish 3: Search pages written in:

Tip: Use advanced search to restrict your search by language and country without translating your search phrase.

Translate text

hola
Albanian
Arabic
8ulgarian
Catalan

Chinese (Simplified)
Chinese (Traditional)

800 Microsoft .NET Framework 2.0 (=}

L hupsupport. microsoft.comph/ 291

—
© Oc22ans.. | © [5YouTube .| o Hesz2anst. | & Hjavajedr... | © @VakeJeal. | © ITjavaTech

B fileChoo...| & [Mcrosoft.. | > | ¥

EGIR: e que recibas un mensaie de error cuando intenta cerrar una
aplicacién basada en formularios, de Windows cuando 1a aplicacién se
cecuts n NeT Fromewark 20

Corrige un problema que roduci cuando intenta cerror una
apicacon basada on ormuiarios 4¢ Windows Que uiza s ormaden
Zabre herramientas. Es posile que reciba un

& atem MullReforancexception: abietos g referencia 1o .

Més Descargas.

18 Solucién de problemas - .NET Framework 2.0

£ control de usuario de AtveX no st isole en ¢ disefador de
formulrioscuand seueie sy srovects exstete

(Plica que el control de usuario de ACEVeX no 6 vizible en el disefiador de
Vi Forms cuand s vothe s abrirun proyects xistene. Proporcions
un métado para solucionar este prol
No puede estabecer el foco a o cantoles secundarios de un conirl de
usuario mediante la tecla TAB
e s o contolessecundarin de un control de
usuario mediante la tecla TAB. Proporciona uns solucién para solucionar
este problema.
ERROR:" Pucde de iniciarla depuracién en el servidor Web mensaje de
error cuando ejecuta unas aplicaciones Web ASPNET
Describe un problema que se produce cuando utiiza localhost como !
servidor Ve pora crear una aplcacién ASPNET v uiza s dieccién’ w pars

ra resalver el problema, modifa
archivo de proyecto webinfo y.

Més Solucién de problemas

Croatian
spansh [0 Czech Islate Gtima revidn : miéele, 05 ce noviemre ce 2008
Danish
Translateay Outch ENecesita més ayuda?
7 English Contactar con un profesionsl de soports técnico por correo electrico, oline o por teléfon
g/ Estonian
Filipino L trato de Servicos MiCrOSOFE
s W) Finoin Fefate ) < Ayuda y soporte Contacts con Microsoft  Avisolegal  Marcas registradas | Privacdad ©2009 crosol
French M
[ e
Calician = L |
T Translated version licrosoft. i =]
@00  Hcontrol de usuario de ActiveX no esté visible en el disefador de formularios cuando se vuelve a abrir un proyecto existente = = — I
H@5 Coogle
QE@AT prm ) ﬂ\
“Ths page was automaticalytransated from Spanish. Back to Translate

[ € ¥ vouTube
Argentina  Cambiar

Esparil] | Inglés

mmmm@m

Inicio ~ Centros de soluciones ~ Busqueda avanzada ~ Grupos de discusion Mapa del web

articulo 82; vision: lun 03 jiciembre br ENecesita ma
El control de usuario de ActiveX no esta V|s1ble en el disefiador de formularios cuando se (Q\ :"""’
‘ontactar con
vuelve a abrir un proyecto existente el
coporte técnicl
correo electro
oiine o por

{ Advertencia: Artculo de Traduccidn Automatica, vea la exencidn de responsabilidad.

2] souién

Para solucionar este problema, quitar las existentes las referencias de control de usuario de ActiveX v,
3 continuacién, gregue las referencias actualizadas de nuevo. Para ello, siga uno de los métodos
siguientes.

+ Volver al principio
1 (Método)

1. EnlExplorador de solucones, b refrsncas hga clccon el bt secundariodel e
n AxProject1 y, a continuacién, haga clic en Qu

. referencias, hage clc con e btén secundari dél mouse en Project y, a continuacidn,
haga clic en Quitar

. En el cuadro de herramientas, haga doble clic en Project1.TestControl para agregar el control
de usuario de ActiveX madificado en el formulario.

‘View orginal web page or mouse over text to view original language.
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To salve this problem, remove the existing references to user control of ActiveX, and then add
references updated again. To do this, follow one of the following methods.

 Backtotop

1 (Method)

1. In Solution Explorer, under References, right-clic the secandary mouse AxProject, and then
clck Remove.

References, click with the secondary mouse button in Project1, and then click Remove.
In the toolbox, double-cick Project1.TestControl to add the user control of ActiveX in the
amended form.

Note that the ActiveX user control in the Windows Forms designer and reference to Project1 and
AxProject1 listed under references to UserControlDe
4. In the menu, click Build Solution.
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[5] WORKAROUND
To work around this problem, remove the existing references of the ActiveX user control, and then add
the updated references again. To do this, follow one of the following methods.
 Back to the top
Method 1
1. In Solution Explorer, under References, right-click AxProject1, and then click Remove.
Under References, right-click Project1, and then click Remove.

In the toolbox, double-click Project1.TestControl to add the modified ActiveX user control to
the form.

Notice that the ActiveX user control in the Windows Form Designer and the references to
AxProject1 and Project1 appear under References for UserControlDemo.
4. On the Build menu, click Build Solution.

You do not receive any errors.

Machine Translation Summary

*  Usable Technologies
—  “Translation memories” to aid translator
—  Low quality screening/web translators
*  Technologies
—  Traditional: Systran (Altavista Babelfish, what you got till
mid-2006 on Google) is now seen as a limited success
—  Statistical MT over huge training sets is successful
(ISl/LanguageWeaver, Microsoft, Google)
»  Key ideas of the present/future
—  Statistical phrase based models
—  Syntax based models
—  Better language models (e.g., bigger, using grammar)
—  Better decoding models (e.g., by restricting model?)
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