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Course QOutline

(1) Introduction

"I Why do Machine Translation?
I Approaches to Machine Translation
* Rule-based (Knowledge-based): Transfer, Interlingual
x Example-based: Statistical, Case-based, Translation Memories

« Combinations: Hybrid, Multi-engine
(2) Case Studies

I An in depth-look at some MT Systems
x Analysis and Generation
x Transfer
x Tuning and Adaptation

I Conclusion and References

ACL/HCSNet NLP/IR 2006



QOutline for Lecture 2

[1 Qutline

[1 A deeper look at some systems

I Commercial Systems

I Research Systems
x ALT-J/E (NTT RBMT System)

* Ntrans (NTT SMT System)
+ Open Systems: Jaen Demo (DELPH-IN Transfer system)

[ Summary and References
Some slides adapted from John Hutchins
http://ourworld.compuserve.com/homepages/wjhutchins/
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State of the Art (in Japan)

[] Shrink-wrapped or pre-installed direct-transfer systems

[1 Three price levels

1 50,000 yen: Best systems, e.g. ATLAS (Fujitsu)
'] 10,000 yen: Most large companies
I 2-3,000 yen: Many awful systems

[] Competition by bullet point:

| Lexicon size + number of domain lexicons
I MS Word integration

I Web integration

I Translation Memory (TM) integration

ACL/HCSNet NLP/IR 2006



Innovation in Social Engineering

4 “¥ akushite Net” Communities %\‘1
Sports Travel &
Local
mforrnation
S chﬂ ':'1 ................................................. ; ...: ............ : ..... .- .
; User can participate i warions
TranslatonITRL fe 2t formatte df iles) comrannities, as well as create

cormrtities of interest wia

| Bilingual chatting I the Infernet

Eelated links with
translation functon

Eg: www. school

Ldd, delete, St hool
gearch Cheohonarsy User 1

Oki Denki's shared translation environment/Community Web Site
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Yakushite Net

[] This has a hierarchical collection of domains
Travel / Foreign countries / Europe / Norway

[J Each domain lists the number of users, the number of lexical entries (EJ
and JE), and the number of FAQs
matpakker N BiY4 obento EJ Bond

palser N kv bhRwZ hottodoggu EJ Bond

[1 Users can then upload the dictionary to their machine or translate on-line
(file or web page)

[] Selecting one or more user dictionaries
[1 Endless vigorous debate about translation entries

[1 Can edit translations on-line, results are stored
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Hand-held speech systems: Enavi

Produced by NEC
Speech input and output

Text feedback

[1 Narrow domain
Information about the Airport

[1 < 5,000 word vocabulary

[1 Distributed at Tokyo New International Airport
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Template-based Translation: ALTFLASH

[] Useful when there are many domain-specific phrases that rarely appear
elsewhere.
E.G., stock market news reports, disaster reports

[] Hard to translate

| the syntax is often convoluted
I words are used with special meanings

[] Prepare template-rules for frequently occurring expressions in the domain

[1 Translate them using these template-rules.
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An Example Template

(1) (GeE&|mW) (1Z] 5| ) (BEEL BB T 1)
(baibaidaka|akinai) (walga|no) (gaisan|gaisande|yaku)
(trade uptrade) (TOP|NOM|ACC) (estimatéestimate¢hbout)
<X> B [7o72].
<X> kabu [datta] .
<X> shargwas]

Trading volume was estimated at <X> shares.

This template rule will match any combination of the alternatives (in
brackets) combined with an unknown numerical value, the verb datta “was"
may be omitted. All the possible matches are translated into the same
English sentence.

[1 Used to replace two translators and an editor with just an editor.
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Summary of commercial activities

[] Almost no research on machine translation itself since 1999
[] Some research on lexicon expansion
[1 Much development of better interfaces

[1 Many small niche companies
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A deeper look at some Research Systems

1 ALT-J/E (NTT RBMT System)
[J Ntrans (NTT SMT System)

[1 Open Systems: Jaen Demo (DELPH-IN Transfer system)
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NTT's RBMT ALT-J/E

ALT-J/X: Automatic Language Translator — Japanese to X —
NTT's research system from 1985 to 2003

Japanese ) (1) Separation and Recombination ( English
of Subjective and Objective parts

Japanese Subjective Expression English
Analysis Transfer Analysis

(2) Multi-Level Transfer

Objective 5 /~ Objective
@—* Direct Parse lTree Transfer Expression

‘ Idiomatic Expression Transfer }—»

J

‘ Semantic Valency Transfer }—»

l

‘ General Pattern Transfer }*

The Multi-Level Translation Method
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The translation process

The process of translation can be divided into seven parts.

. ALT-J/E splits the Japanese text into morphemes.

. Analyses the sentence syntactically, often giving multiple possible
interpretations.

3. Rewrites complicated Japanese expressions.

. Evaluates the various interpretations using syntactic and semantic
criteria.

. Selects the best interpretation and does discourse processing.

. This interpretation is used as input to generate English or Malay
(Chinese, French, Vietnamese).

. The translated sentence is adjusted to give the correct word order and
inflectional forms.
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ALT-J/E’s distinguishing features

[] Precise Semantic Dictionaries

1 Semantic attribute system: 3,000 categories (is-a and has-a
"1 400,000 word semantic lexicon

Appropriate Selection of Translations

Principled English Generation

Automatic Transliteration

Automatic Rewriting; Direct Parse Tree Transfer

Context Processing

0 o oo O o 0O

Extensibility
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The Top Four Levels of ALT-J/E’s Semantic

Hierarchy

person
agent organization
facility
concrete place region

natural place
object<<:::::::::animate
inanimate
4{imenta1 state
noun abstract thing action

human activity
event<EE:EEEE:EE:phenomenon
natural phenomenon

abstract existence
system
relationship
property

relation state

shape
amount
location
time

ACL/HCSNet NLP/IR 2006
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Japanese Noun Lexical Entries (75 )l hoteru “hotel”)

[ Index Form NAVI%
Pronunciation /hoteru/
Canonical Form 5L
Part of Speech noun

Semantic Classes [common noun lodging, enterprise]
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Japanese-English Noun Lexical Entries (8 hana “nose”)

Index

sense 1

sense 2

B hana

-English Translation
Part of Speech

Default Number
Default Article
Inherently Possessed

Semantic Classes

-English Translation
Part of Speech

Default Number
Default Article
Inherently Possessed

Semantic Classes

Selectional Restriction

Noun Countability Pref.

Noun Countability Pref.

nose
noun

fully countable
singular

t

common noun

trunk

noun

fully countable
singular

t

common noun nose, nose—main]

[modified—by z0 “elephant” }

nose,

nose-main]

ACL/HCSNet NLP/IR 2006
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Japanese-English Verb Lexical Entries (I % toru < take)

[ Pattern-1D -0001-00-
Semantic Class (action, transfer)
[pred  H% toru i
pos  verb
[case-role Agent
N1 case-marker ga “Nom"”
Japanese  restriction agent
[case-role Patient
N2 case-marker o “Acc”
restriction *
-pred take |
pos verb
[ function subject
English N1 case nominative]
N2 [function direct—object]
case accusative
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Japanese-English Verb Lexical Entries (f{ % toru < reserve)

[Pattern-ID  -0002-00- |
Sem. Class (action)
[pred  HY% toru i
pos verb
[case-role Agent
N1 case-marker ga “NoMm"
Japanese restriction agent
[case-role Patient
N2 case-marker o “Acc”
restriction lodging, room, vehicle,
pred reserve
pos  verb
[function subject
English N1 . ]
case nominative
N2 [function direct-object
case accusative
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Correct translation of Verbs and Nouns

AR 2 XA 2 B . FIHRTIVER 72,

NS Kz N5 ¥Rl % WY FEd TTbe Wo7e,

watashi-wa kyuka-o toru kyoka-o  tori, tuma-wa hoteru-o totta.
| vacationtake permissiortake, wife hotel took.

‘| got permission to take a vacation and my wife reserved a hotel.’

T RIZEDRWD . BIZEDIE VW, |
Sl &K O Bw BT 824 Ewn,

zou-wa hana-ga nagat ga, buta-wa hana-ga maijikas.
elephanhose long but, pig nose short.

‘Elephants have long trunks but pigs have short snouts.’

ACL/HCSNet NLP/IR 2006
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Translation of the particle " r | to “and”

CRAMIRBR e FERICATS L RIS R EFAICAT 72,

NS KR & HAR(Z TS . IS HERE HAR(Z
watashi-wa oosaka-to kyouto-ni iki, kare-wa shachou-to kyouto-ni
| Osaka Kyoto go, he president Kyoto
1o 72,

itta.

went.

‘| went to Osaka and Kyoto and he went to Kyoto with the president.’
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When is an idiomatic expression idiomatic?

RO L -l 72 oA, IZIEDOL I3 E2O0hATS, |

N 4 Lold%d >hAa,. Hid B D L3 %
watashi-wa kare-no shippo-o tsukams, kare-wa neko-no shippo-o
| he tail grasp, he cat tail
DAL,

tsukanda.

grasped.

‘| found his weak point and he grasped the cat’s tail.’
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Context processing: Supplementation

I NTTISHERZEZEAT S,

NTTIZ FAAHHE % HAT S,
NTT-wa shingatakoukanki-o dounyuu-suru.
NTT new model switching systemtroduce.

‘NTT will introduce a new model switching system.’

THOZWRBEEZBE. 20> A TL%2KET S PE, |

HCOZ Wi % B, 20 2X74% RETSLH  TEL.
jikoshindankinou-o tousai, 20-shisutemu-o secchi-suru yotei-da.
self checking functiorequip, 20 system Install plan

“The new model switching system is equipped with a self checking function
and NTT is planning to install 20 systems.’
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Automatic rewriting within the source language

TRMIBHEICE - TERNMTE . BIINICH-> T FVTER
NATH 72,

I BHIC O TERN 173, W3 Nz BHHoT BN
watashi-wa densha-ni notte gakkou-e iki, kare-wa kawa-ni sotte  aruite
| train ride school go, he river go alongwalking

FRN Ao,
gakkou-e itta.
school went.

‘I ride to a train and go to school and it went along a river and he walked and went
to school.’

I BHT TR ATE L WIS NZwm->T RN FWie,
watashi-wa densha-de gakkou-e tki, kare-wa kawa-nisotte gakkou-e aruita.
| by train school go, he river along school walked.

‘I went to school by train and he walked to school along a river.’
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Translation of the particle " | no “of”

' HEDIRBESF OB D EO—FRDE., |

HAD IREISFD o ko —hRHO £,
kyouto-no ginkakuji-no tou-no ue-no hitohira-no kumo.

Kyoto Ginkakuji Templetower top onewisp cloud.

‘One wisp of cloud on the tower of Ginkakuji Temple in Kyoto.’

ACL/HCSNet NLP/IR 2006
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Translation of the particle T de “by”

TRE a2 — Y TER LB TERAICZAE T, ZDORY
VATHL Kb r<@mHETHZHL, |

N aAVE 22— TR L BRE T HAI(IC whZET,
watashi-wa konpyuta-de sakusei-shita eiga-de yuumei-ni naru-made,
| computer made movie famous become until,

ZD AZVATHLiL<H<BHT &  HLL.
kono sutajio-de chokuchoku karou-de netsu-o dashita.
this studio often overworkfever put out.

‘Until | became famous for the movie made with a computer, | often
developed a fever from overwork in this studio.’
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Automatic Transliteration

=A== X —(ZHEWTI B LIF s i< — 20N
2774 VT —DFEEREY Vv —F—3HIRDOETICHRII L7,

=X 7=\ —XA P—=ZHEWT  FIb ETFosnk

mazugurobarusabeiya-ni tuduite uchi-agerareta

Mars global surveyor following was launched
R—ANRXT 74 VT —DREHEY Vv —F—I3 HRD FEATIC
mazupasufainda-no tansasasha-sojana-wa jihyo-no soko-ni
mars pathfinder Inquiry vehicle sojouneearth surfacéravel
I L7z,

setko-shita.

succeeded

* 'Sojourner’, an inquiry car of ‘Mars pathfinder’ launched following ‘Mars
global surveyor’, succeeded in the traveling of the surface of the earth.’
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Translation into very different structures

IS T2 E TR TH T XA UHllEZEALR, |

LG s Z[H( ST AT X UHIERE
kawasakishi-wa zenkoku-ni  sakigakete onbuzuman seido-o
Kawasaki-city whole countryleads ombudsman system
HALT,

donyu-shita

Introduced.

‘Kawasaki-shi was the first to introduce an ombudsman system in the whole
country.’
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Translation of idiomatic expressions

CRME T ZRCHIRDR H AHD, 74 Y TIVE TSR .

Vi, |

7N T A BEERA HBH D, 74 TIVR AT RABH
watashi-wa tenisu-nt kyoumi-ga aru ga, whinburudon-ni tku yoyuu-ga
| tennis interest  havebut, Wimbledon go margin
AW

nai.

have not.

‘[ am interested in tennis but can not afford to go to Wimbledon.’
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Automatic rewriting within the source language

"N T T :lc & (2 _‘/ a—J)b—A, —EICHRE, E&E, 3
NTTIZ ZRC va—)l—h% FAHL. =&
NTT-wa nikai-ni shorumu  -o kaisetsu-shi, sangai-ni
NTT second flooshowroom setup, third floor
e SRE, I F—F% T 5 .
shoudan-shitsu, kaigi-shitsu, semina-shitsu-o kaisetsu-suru.

meeting room, conference roongeminar room set up.

‘NTT will set up a showroom in the second floor and will set up meeting,
conference and seminar rooms in the third floor.’
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Generating Number and Countability

HEDRHNZE > TWIRDIEN Z W ADFFNDIEST72, |

B Hnz E->TwWe JRD Bz JFAD Hnh  Eo7z,
ushi-no mure-o otte-ita ookami-no mure-o karyuudo-no mure-ga otta.
cow  group were chasingvolf group hunter group chased.

‘A group of hunters chased a pack of wolves that were chasing a herd of
cattle.’

ZORFIEIEEDERY 6FEZED L,

D RFIS £ [EH D B & FH % E£D 5,
sono daigaku-wa zenkoku-no  koukou-kara gakusei-o atsumeru.

that university whole countryhigh school fronstudent gather.

“That university recruits students from high schools throughout the country.’
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Countability

TR RDAE 2 —FZRHANTWAERIC., BFIEHERDY 7
r T & PN,

N ERD AV a—2&FfAXNTWE [, BF3
watashi-ga onoono-no konpyuta-o  shirabete-iru aida-ni, musuko-wa
| each computer be checking while, son

& 1D VAV NN 4 AR
onoono-no sofutouea-o  shirabeta.
each software checked.

‘While | was checking each computer, my son checked each piece of
software.’
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Use of possessive pronouns as determiners

PRIZEF A2y =72, WEEHIZLE., |

i BEFE  TrYIZTICL, R’z EEIC L7z,
kare-wa musuko-o enjinia-ni  shi, musume-o isha-ni shita.
he son engineer do, daughter doctor did.

‘He made his son an engineer and made his daughter a doctor.’

ACL/HCSNet NLP/IR 2006
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NTRANS Statistical MT (NTT)

[] Demo System trained on computer-related web-text
[J 12 Languages (Ja — Ar, De, En, Es, Fr, It, Ko, Ne, Pt, Ru, Th, Zh)
[1 Data from 10-20 million words (aligned bitext)

[ Bleu Score from 0.36 (Ja-De) to 0.52 (Ja-Zh).

ACL/HCSNet NLP/IR 2006
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NTRANS Example

Bh—4 | W Ty sw—2 #Red Hat Network [fSupport fShop fProducts fTraining

TR T35

T RAMNS

[E3

[

machine translation is useful

== _
A la traduccién automiatica es util
Eaa—]

‘@) 4 ey AT

I Ila traduction est utile

-maschinel le ist hilfreich

I Ila traduzione automatica utile

-MaIJJV[I—IHO[‘O MepeBo/ja l1oJe3HO JJ 4

de vertaling handig

* IETREEE

a traducdo automatica é ntil

Tasae LT das 5 gl

= .
5 ula e @gan
—
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Some Open Systems

[ Open Source Software provides

| sharing of components
] a chance to compare systems
1 a chance to combine the best parts

[1 Improvements in parts improve the whole

[1 We can grow MT through cooperative use

ACL/HCSNet NLP/IR 2006
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OpenTrad

[J] OpenTrad is a Spanish Open Source Translation Initiative
http://www.opentrad.org/index.php?=&lang=en

[] A general MT framework and two Engines

"1 Shallow Transfer (Apertium)

x Castillan Spanish < Catalan

x Castillan Spanish < Galician

x Castillan Spanish < Portuguese
I Structural Transfer

* Castillan Spanish « Basque

[1 Shared components for all systems (deformatter, . . . )

ACL/HCSNet NLP/IR 2006
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OpenLogos Machine Translation

[] OpenlLogos is a 30 year-old Commercial Transfer System
http://logos-os.dfki.de/

[ Mature System
[1 German/English — French/Italian/Spanish/Portuguese/. . .

[1 New Documentation already appearing

[ Dual License (Commercial /GPL)

ACL/HCSNet NLP/IR 2006
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The DELPH-IN Open Source MT System

S Source
ource Analysis
Text

(JACY)

MRS's

|

Semantic
Transfer

MRS+t

|

Target

Generation
(ERG)

—Target
— Text

Stochastic Model(s)

[ HPSG-based bi-directional grammars

| other grammars possible (e.g., LFG, used in LOGON)

[] Semantic transfer using Minimal Recursion Semantics

[] Controlled by the LOGON system architecture

[J LGPL and BSD licensed components

ACL/HCSNet NLP/IR 2006
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Open Resources : DELPH-IN

[] Deep Linguistic Processing with HPSG Initiative

Grammars Japanese, English, Korean, Norwegian, . . .
Development Environment LKB (Parser/Generator)
Runtime Environment PET (Parser)

Test Environment [incr tsdb()]

Treebanking and Stochastic Modeling Redwoods
Machine Translation LOGON (in [incr tsdb()])

Deep and Shallow Hybrids Heart of Gold

ACL/HCSNet NLP/IR 2006
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Example: Source

(2) E—1z =5 Lo T ET <722 Wn
buru-wo mittsu  motte kite kudasat
beerAcc three-CLhold comeplease

Please bring three beers.
(3)  (ha,{hs: imp_m(hg),

hs: biiru_n(x1), he: udef_q(x,h7,hg), he: card(ug, xq, “3"),

hi1: motsu_v(er, Uz, X1), hi1: kuru_v(ez, us),
h152 kudasaru_v(eg, Us, Us, h17),

hi7: proposition_m(hyg) },

{hg =qhi5,h7 =g ha, g =g M1})

ACL/HCSNet NLP/IR 2006
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Example: Transfer

Transfer:

O biiru_n(x) — beer_n(x;)

[ hj:  motsu_v(er,uz,X1), “hold” hj;: kuru_v(ep,uz) ‘“come”
hj: bring_v(ey, Uz, X1)

[ hi: kudasaru_v(ej, hy) — hi: please_a(ej, hy)
Generation:

[J hy: imp_m(hz) = hy: pronoun_q(Xo, h7,hg),hs: pron(xp{2nd})

ACL/HCSNet NLP/IR 2006
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Example: Target

(4) (ho,{ho: please_a(es, ),
hi: imp_m(hs),
hp: pronoun_q(Xo, h7,hg), hs: pron(xp{2nd}),
hs: bring_v(&, X0, X1),

hs: beer_n(x1), hg: udef_q(x1, h1o, hg), h11: card(ug, g, “3") },

{hs =qhs,h7 =g ha,ho=¢q b1, })
(5) Please bring three beers.

ACL/HCSNet NLP/IR 2006
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Comments

[] Source and Target grammars do much of the work

[1 Language specific details hidden by the
Semantic Interface (SEM-I)

[1 The EPs are an unordered bag
[] Scope information is in the handles

[] Easy to apply rules to the bag of EPs

ACL/HCSNet NLP/IR 2006 43



Remaining Problems

[] Sense Disambiguation
is i&hato a dove or a pigeon

[1 Language Differences

| number
| honorification

[1 Multi-Word Expressions

Over-generate and choose with a stochastic model

ACL/HCSNet NLP/IR 2006
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Current Status

[ Bi-Directional (Ja—En and En—Ja)
[ Japanese Lexicon: 48,000 words (37,000 at MT Summit)
(1 English Lexicon: 33,000 words (21,000 at MT Summit)

[ Transfer Lexicon: 50,000 word pairs (15,000 at MT Summit)

| Automatic construction from Edict
Nouns, (In)Transitive Verbs, Adjectives, Adverbs

[1 Little systematic testing

ACL/HCSNet NLP/IR 2006
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Machine Translation: Summary

Machine translation (MT) is the application of computers to the
task of translating texts from one natural language to another. One
of the very earliest pursuits in computer science, MT has proved to
be an elusive goal, but today a number of systems are available which
produce output which, if not perfect, is of sufficient quality to be
useful in a number of specific domains.

European Association for Machine Translation
— What is Machine Translation? (1997)

ACL/HCSNet NLP/IR 2006
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Has MT improved?

[] In what respect?

I translation quality: general-purpose vs. domain-specific
| usability (ease of use)
| adaptability (integration with other software)

[1 Since when?

I quality perhaps not in last ten years, but since 1980 it has

[ Why not?

"I inherent problems of language
I inherent problems of ‘cultural’ differences

ACL/HCSNet NLP/IR 2006
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MT: when it works and when it doesn’t

[] Cannot be both fully automatic and general-purpose

I Too difficult at present:
x literature, philosophy, sociology, law

[] For large corporations, cost-effective if:

| controlled input, standardised terminology, multilingual output,
repetitive documentation, restricted domain

[ Occasional (information-only)

"1 Rough, not for publication; immediate (fast) production

[1 Small-scale MT

1 *formulaic’ documents (business correspondence), restricted domain
| interactive assistance
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MT and HT in complementation

[] Dissemination

HT: single item, context/culture-sensitive,

HT with TM: repetitive (e.g. localization, web localization)

MT only: restricted language, repetitive (e.g. Meteo); document
drafting

MT with post-editing/controlled language: large scale, technical,
localization

[] Assimilation

[]
[]

[]

MT with (rapid) post-editing:scientific, technical

MT only (PC or online): single item (non-literary), general purpose;
information monitoring /filtering

MT domain-specific (online)
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[] Interchange

I HT: business correspondence; interpreting

I MT: email, personal correspondence; database searching; TV captions
I MT domain-specific: business correspondence

1 MT (speech) domain-specific: telephone enquiries
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General Comments

[1 MT is not translation as usually understood, it is merely a computer-
based tool

| for translators
I for cross-language communication
| for access to information resources

[1 Perfectionism is not necessary or essential

"1 publishable quality will always require human editing/revision
| assimilation /interchange can always tolerate imperfect communication
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Conclusions

[1 MT should be used only as required to save costs/effort in appropriate
circumstances

[1 Judgment should be based

not on whether system produces ‘real’ translations

and particularly not whether it produces ‘good’ translations
but: whether the output can be used

and: whether its use will save time or money

I
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New directions and challenges (1)

[] Spoken language translation

I general-purpose?

[1 "Minor’ languages

I languages of India, Africa, Asia
I non-national (‘official’) languages (e.g. Welsh, Basque, Catalan)
1 languages of minorities (e.g. non-indigenous languages in Britain)

[] Systems for monolinguals

"I from unknown source language
'] to unknown target language
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New directions and challenges (2)

[l Improvement expectations
I particularly PC commercial and Internet systems

[1 Reusability of resources (particularly dictionaries and translation
memories)

[1 Integration

I MT as option in word processing packages, on Web pages
I MT as option with summarization, information extraction, information
retrieval, data retrieval, question-answering, Internet search tools
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