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Babel Tower

e Language barrier & communication




Eirst Machine Translation (1954)

Hurd, Dogert and Watson at the
Interface




IBM-701 for first M T

IBM 701 at New Y ork headquarters

— “filling aroom as big as a tennis court” (New Y ork Herald Tribune)




Punchedi card Input

Punched card input




Sentence Input on punch card

Sentence input on punch card
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Thisg card is punched with a sample Russian Janguage lxtencn (as

interpreted at the top) in standard IBM punched-card ¢ i It is .
then accepted by the Y01, converted into its own binary languags and
tra.nalatid meansa of stored di tioimry aixd oparational syntactical

programa injo the English laiguage equivalent which 1 tlui priniad.

THE QUALITY IS DETERMINED
CALORY CONTENT

Specimen punched card and helow a strip with translation, printed within 2 few seconds




Card reading unit

Data input




Elewehart for syntax analysis

Sheridan’s flowchart for syntax analysis (part of one rule)
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Figure 1 -~ Dictionary Syntax Flow Chart




Dictionary for M T

Dictionary output for example sentence

Russian input
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Output ofi English text

Output on line printer




New: York Times, 1954-01-08

701 translator published in New York Times, 1954-01-08

In the demonstration, a girl operator typed out on a
keyboard the following Russian text in English characters:
“Mi pyeryedayem mislyi posryedstvom ryechi” Mbil
nepepaeMmMbICAIN NOCPEeCTBOM
pe4yun . The machine printed a translation almost
simultaneously: “We transmit thoughts by means of
speech.” The operator did not know Russian. Again she
types out the meaningless (to her) Russian words:
“Vyelyichyina ugla opryedyelyayatsya otnoshyenyiyem
dlyini dugi k radyiusu.” (BenumMm4yuuHa yr na
onpepgenAaeTcsa OTHOLWEHWUEM AJTUHBbI
,u, y ' bl K papgunycy)Andthe machine translated it
“Magnitude of angle is determined by the relation of
Iength of arc to radius.” (New York Times, January 8, 1954)



Zigzag of MT development
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M 1n China

e Past
® Present
e Future



Past

e the early experimental period
(1956-1966)

e the stagnant period (1966-1975)
e the recovery period (1975-1987)
e the blossom period (since 1987)



The early experimental
PErIod

e The National Plan for Developing the
Science and Technology - Project
“machine translation” (1956)

— establishing of the translation rules of
natural language

— mathematical theory for natural languages

e Russian-Chinese MT experiment (RC-59)
— vocabulary of 2,030 Russian words
— algorithm of 29 flowcharts



Ine recovery period

TITLE-1 system (1976-1986, ISTIC)
ECMT-1 system (1978, Liu Zhuo)

JFY system (1976-1984,Liu Zhou)

FAJRA system (1981,Feng Zhiwei, CETA)
INSPEC system (1985)

HT-83 system (1983,Uni-Heilongjiang)
R1-84 system (1984,Uni-Heilongjiang)
GCAT system (1985,Feng Zhiwel)

FCAT system (1985,Feng Zhiwer)



FAJRA System

o
4 November1981



Englishieutput

English output

.1 1) 4 Novembra 1931

Languags and communication play important role in human
life. Scholars are actively studying automatic translation of lang-
uage.They have proposed the theory of automat an and the theory

of formal grammar. An automaton s an abatract machine that can

recognize language. Grammar rule can tranaform a tree graph to
siother tree graph automatially, This system for automatic
translation had been used by them for five years. U we oompare
this svstemn with other systems, then we can see ita advantaga.




Erench output

French utpt

EE 4 Novembre 1981

Le langage et la communication jouent un réle important dans
la vie humaine.Les savants sent en train d*étudier activement la
troduction automatique des langages. 13 ont proposé la théorie das
automates et la thécrle des grammaires formelles. wl automate
est une machine abstraite qui peut reconnaltre le langage. La
régle de la grammaire peut tracsformer automatiquernent une
arborescence en une autre arborescence, Ce systéme de la traduction
automatigue a été utilisé par eux pendant cing ans. Sl nots compa-
rans ce systéme @ d’autres systdmed, alors NOUs pouvons voir sed
BVALtAges.




German output

German output

PG 4 Novembre 1381

Die Sprache imd die Kommunikation spielen im [eben der
Menschen Wichtige Holle, Die Wissenschaftler sind gerade dabei,
die automatische {{bersetzung der Sprachen aktiv zu studieren. Sie
haben die Theorie der Automaten und die Theorie der formalen
Grammatilken Vorgeschlagen. Ein Automat ist eine abstroktie Mas-

chine, die die Sprache erkennen Kann. Die Grammatikregel Kaon
einen Baumgraphen in elnen anderen Baumgraphen automatisch
umwandeln. Dieses System zur automatischen Ubersetzung war von
hnen seit fiinf Jahren verwendet worden. Wenn wir dieses System
mit anderen Systemen vergleichen, dann kénpen wir seitien Vorzug

schen.




Japanese output

'Jap&nese output

Eismy 4 Novembre 1381
THLAZRIANOEZCERR T TERLTVE, BIRA
REHOEBHEVMLIRFRLTWS, HEERA - /OHE
M HAVEOHRAFBRUT VS, A7 P REREENT
Lt TEI—HOBRBEITH I, XEORURPLSORD
FI7HEDRNDY T IICHNMCERTECLSTES, HHH
WOEHDCDYAF AREFCLI2THER/EOATOE, 2O
LRFLEEDUAFLLENZE, DROALEADRAE2ONS
CEMTEB.




RUSSIan output

Russian output

it gl 4 Novembre 1381

Hﬂlﬂ{ H EDMH}I’EI!I!L'LHH Ill‘pam BH.}IH'IFTD P‘:"ﬂh B MHIEH Talome-
T8CTBa. y HdHAE AXTHBRO KIY1A0T ABTOMATHIECKNA Tepenan suuxos, Ouu
BRLANIZIOT TCODHIO OBTOMATA # TeopHI (JOPMAMLAOX TPAMMETAKN,
ABT‘GMHT eoTh OIHA EFHJTPE‘.THHH Mﬂlﬂﬂﬂﬂ,xﬂmplﬂ MOKET pﬂ.anJHLBHTh

Az, TTpanuan rpaMMATHEE MOMKeT 4nfOMaTHYECKH Npenpailars OaHy

ApeBOBHINYIQ CXeMY HA GIDVIYIO JAPeBositinyio cxedy. Jra CHCTeMa aB-

TOMBTHHECKODO TepenolA HCOONLI0OBAHE AMH YHe UNTh ner. Ecan M

CpﬂBI'I.HB-ﬂEM ITY CHCTEMY C APYrAMHy CHOTOMEMH,TO Mhl MOHLCM BRLLETH

eé apeHvyTlecTna.



The blessom period

e KEYI-1 English-Chinese system of
Mars Institute (Beijing)

. translation speed 1s 3,000 words/hour
o the result of translation 1s readable

® TRANS-STAR system :

— China National Software & Technology
Service Co. (CS&S) bought the KEYI-1

copyright
— KEYI-1 system was renamed as TRANS-
STAR system.



Chinese government funding

e The vresearch work of all these MT
systems was supported Dby Chinese
government funds.

e The goal of the machine translation Is
just for translation of scientific
documents In order to exchange the
scientific information with developed
countries.

e No any private company has interest for
MT system 1n this period.



Present

GAOLI MT system (English-Chinese)
863-IMT/EC system (English-Chinese)
SINO-TRANS system (Chinese-English)
TONGYI system (English-Chinese)
YIWANG system (English-Chinese)
YIBA system (English-Chinese)
E-to-J system (English-Japanese)



GAOLI Mir system (Engltsh-
Chiinese)

|
e Basic lexical dictionary: 60,000

entries

e Linguistic rules: more than 800
rules

e Background knowledge database: more
than 150 entries

e Translation accuracy: 80%

e Readability of translated text:
80%-90%



863-IMT/EC system
_(Englrsn=Chinese)

eBasic English lexical base:

35,000 entries

eBasic Chinese |lexical base:
25,000 entries

e Linguistic rules: 1500 rules
e Translation accuracy: 80%



SINO=TRANS system
(Chunese-English)

e Basic dictionary: 40,000
entries
e Two special subject technical
dictionaries
—Navel ships and boats (9312
entries)

—rocket-gun (33,773 entries)
e Linauistic rules: 1.000 rules



SUNSHINE YIWANG system

 Highest translation speed:
100 sentences per second

« Can be used for browsing
the text of INTERNET

e Web readworld:

 Multi-windows display



YAXIN-YI1BA System .

e Three translation models
—on line translation model
—automatic translation model
— Interface translation model

e Open to users: user can revise the
dictionary and rules In MT system

e Rich special subject dictionaries:
30 subjects (e.g. Computer,
telecommunication, medicine)



E-to-J system (English-

Japanese)

e This system i1s developed by JEC
company In Beljing.

e Technique of transformation

from phrase tree (P-tree) to
dependency tree (D-tree)

e Closely integrated with word
Processor



Rule-based approaches

anread (1)

e Linqguistic string analysis (Zellig Harris)
e Phrase structure Grammar (N. Chomsky)

e Top-down parsing
e Bottom-up parsing
 Tomita Algorithm
e Left-corner parsing

 Cocke-Younger-Kasami algorithm

(CYK algorithm)

e Augmented Transition Network (A
Woods)

N, W.



RUle-pased approacnes
anread (2)

* General Syntactic Processing (GSP, R.

Kaplan)
e Chart Parser (Martin Key)
e Category Grammar (Y Bar-Hillel, J. Lambek)
e Link Grammar (D. Sleator, D. Temperley)

e Dependency Grammar or valency Grammar (|
Tesniere, G. Herbig)

e Government & Bounding Theory (GB, N.
Chomsky)



\UIC-Jastu appliuaulics

proad (3)

e Lexical Functional Grammar (LFG, R. Kaplan, J.
Bresnan)

e Functional Unification Grammar (FUG, Martin Kay)
e Montague Grammar (MG, R. Montague)

e Generalized Phrase Structure Grammar (GPSG, G.
Gazdar, |. Sag)

Head-driven Phrase Structure Grammar (HPSG, C.
Polland, |. Sag)

Definite Clause Grammar (DCG, F. Pereira, D. Warren)
Case Grammar (C. Fillmore)

Preference Semantics (Y. A. Wilks)

Conceptual Dependency Theory (R. Schank)



StatlstiC-Dased APProacnes

» N-gram Grammar
 Hidden Markov Model (HMM)
 Noisy Channel Model

 Parameter Estimation
« Maximum Likelihood Estimation (MLE)
e Sparse data problem
 Parameter Smoothing approaches
* Interpolated estimation
» Adjusting frequency
 Preference-based Approaches
e Collocation (strong [tee] / powerful [compute
 \Word association (doctor / nurse)



The rule-based approaches of
machine translation of China

e MMT model (multi-labeled and multi-
branched tree analysis model)

e IC analysis (Intermediate Constituent
Analysis)

e LS method (Logic-Semantic method)
e ST method (String Transformation method)

e I-Tree method (Integrated Tree method)
e How-Net



MMIT model

emulti-label
values of th

e multi-brancl

values of th

tree — algebraic
e sentence

ed tree — geometric
e sentence



IC analysis (Intermediate

_ Copstituent Analysis)

e Logic-semantic principle
e Hierarchical principle
e Contradistinction principle



LS method (Logic-Semantic

W

e The main logic-semantic features:
agent, patient and action

e The subordinate logic-semantic
features: space, color, role

e The action i1s the focus of the
logic-semantic structure of a
sentence



ST method (String
. Iranstormation, methoa)

Holding position

Justifying (changing) position
Item addition

Item deletion



I-Tree method (Integrated
I'ree method)

e |-tree 1Is the general expression
of the structure of the sentence

e Analysis, transfer and generation
are the operation of transformation
for I-tree: addition and deletion
of syntactical elements In the
sentence



How-Neét

» Lexical knowledge description system (English & Chinese)

 Formal description for conceptions, the conceptions and
their features are organized in a complete system

» Useful language resources in Internet

e Conceptual Design (1988-1993)

o Experiment (1993-1997)

 Engineering implementation (19971999)
 Revision (1999-2003)

« Development of second resources as evaluation
tools (2003-2005)



EBMT (example-based Machine
[ranslation system)

e Since 1989, the corpus approach (ex.
statistical approach, example-based
approach) 1Is iIntroduced to machine
translation

e The combination of machine
translation with corpus approach
will promote the development of the
language translation technology 1iIn
China.



Japanese-Chinese EBMT
W

eThe corpus for Japanese and
Chinese alignment sentences

e The example unit IS sentence

e The similarity rate calculation
based on word




Different channels of

. Chinese_government funding

e The national fund for social
sciences (linguistic section)

e The national fund for natural
sciences (information sclence
section)

e The Hi-Tech 863 fund (863-IMT/EC
system, SUNSHINE YIWANG)

e The 905 Chinese Language Processing
Project



Investment of private
Companies

e GAOLI MT system i1s supported by
GAOLI private computer company

eYIBA MT system 1s supported by
YAXINCHENG  private  software
company (MINGTAI company)

e TONGYlI MT system 1s supported
by DATONG private software
computer company



Inree types of users of MT
..software_products

e Government
e Common people

eThe state large- scale and
medium-scale enterprises



Common: people users

eMT software steadily Dbecomes
the popular software that 1s
necessary for common people

e The MT market was formed

e The private companies play more
and more 1mportant role In
driving the MT market




Ine M demand of the state

large- scale and medium-
““scale enterprises

e In these enterprises, there are

many technical documents need
to be translated into Chinese

e The document i1s huge

e MT rough translation texts can
be welcome by these enterprises



Ihe features of User region
distribution for MT
“software™

e The translation demand 1S
concentrated In the big cities
and developing regions

e The MT software must be
oriented to big cities and
developing regions



New' strategies In
translation; technology

e Combination with terminology data
bank

e Combination with  technique of
language corpus processing

e Combination with speech technology

e Combination with Chinese characters
recognition technology

e Developing the translation

~~nhhinAablAacryvs, s INITEDNET



M sofitware combines with

. terminology, data-bank

e The terminology 1s crystallization
of scientific knowledge iIn language,

It 1s an Important language
resource

e The terminology data bank Is a very

strong support to specialized
machine translation



The national standards for
terminology. data-bank

GB/T 13725-92: General principles and methods
for establishing terminology data bank, 1992

GB/T 13725-92: Magnetic tape exchange format

for terminological-lexicographical records,
1992

GB/T 15387.1-94: Guideline for the development
of terminology data banks, 1994

GB/T 15387 .2-94: Guideline for the
documentation for developing terminology data
bank, 1994

GB/T 15625-95: Guideline for the evaluation of
terminology data banks, 1995



llerminology data banks(1l)

e GLOT-C (data processing terminology),
Chinese-English, 1988

e TAL (applied linguistics terminology),
Chinese-English, 10,000 terms, 1990

e COL (computational linguistics

terminology), Chinese-English, 10,000
terms, 1993

e Terminology data bank on machine-
bui lding Industry: 250,000  terms,
Chinese-Engl1sh-French-German-Russian-
Japanese, 1996



llerminology data banks(2)

e Thesaurus data bank on agriculture:
Chinese-English, 25,000 terms, 1991

e Thesaurus bank on chemical i1ndustry:
Chinese-English, 25,000 terms, 1989

e Encyclopedia terminology data bank:
Chinese-English, 800,000 terms,1997

e Terminology data bank for
standardization: Chinese-English




Chinese language corpus

e Comprehensive Chinese corpus (1983), 20
millions Chinese characters, Beljing
Aviation & Space-flight Unlver5|ty

e Corpus on Chinese language teaching
materials for middle school (1983),
1.068 millions Chinese characters,
Beijing Normal University

e Corpus on Chinese Newspapers (1988), 2.5
millions Chinese characters, SHANXI
University

e Corpus of People Dairy, Peking
University.



Chinese National Corpus
Ject

m 70 million Chinese characters

m The selection of this Corpus has
three restrictions:

— Drachronic restriction
— Cultural restriction
— Usage restriction



Corpus Processing

e Automatic segmentation of Chinese
writing text In corpus

e Automatic POS (Part of Speech)
tagging for Chinese Corpus

e Automatic phrase bracketing and
syntactic annotation for Chinese
Corpus



Erom text corpus to tree

LBanK

ol [z In /w ]
e 2 [z [f] [d] In [vp /v [np[np /n
In ] /u [np /n n 1111 /w [vp
[vbar /a /v][np /a [/u [np /n
m ]I iw ]
e 3 [7 [f] [d [np /In Ju In J[ap /d
/al]l /w [d[pp  /p[vpltp N In]
v 1] /w [vp /d [vbar /p [vp IV
[np In  |w In Jc [np /In Ju
m ] /w ]




The speech technology and MT

) Text to Speech software

B TINGWANG: XUNFEI Company, Anhul Province.
» Chinese speech recognition 1s relativel
easy

— Chinese: 420 syllables

— English: 4,030 syllables

—Russian: 2,960 syllables



Chinese characters recognition
technoliogy (OCR) and MT

eTo recognize 6763 Chinese
characters 1n GB 2312-80

e Recognition rate: 99.9%
e Recognition rapidity real time



The translation technology
In INTERNET

e Many MT software can be used 1In
Internet.

e The advantage for MT software 1In
Internet:

—Higher translation speed
—Real-time translation

—Large machine dictionary

—Cheap price

—Possibility to add the new words



NEW FrOJECT SUpPpOrted ny
Chinese government — 973

M&—
e 973 will support the Innovation research
in NLP including MT

e Speech-to-speech MT:
— NLPR, Institute of Automation, Academia
Sinica
— Kern Member of C-STAR (Consortium for Speech
Translation Advanced Research)
e MT system based on HNC (Hierarchical
Network of Concepts) theory, Institute
of acoustics, Academia Sinica



<\/)

e Machine Translation based on
corpus and statistics — Statistical
Machine Translation (SMT)

e Hidden Markov Model (HMM)
e Noisy Channel Model (NCM)
e Parameter Estimation (PE)

e Maximum Entropy (ME)



Paper publication on statistical M T
Incremental IX Increased




BLLEU index of SMT




impact ofi Size of language mode!
training dataon quality. of SM-T:

Impact on size of language model training data (in words) on quality of
Arabic-English statistical machine translation system

53.5
52.5
51.5
50.5 B AE BLEU[%]

49.5

48.5 +weblm =
47 .5 LM trained on
219B words of

Q) Q) Q; Q; Veb dale
/\%%\Q\E\Q\E\Q\x\ V.9 &9 \Q \Cb @SQ\ web data

Google



Example of SMT in Chinese
Academz Ofi Sciences

o { 2
{ 2 31
1

e Xinhuanet, Lhasa July 2 (Xinhua), this is
the world's historical moment: 0:31 on
July 2, the first trip into Tibet, passenger
trains rung first, its docked in Lhasa
Station No.1 of the



Bleud (NIST 2006)

e CAS-ICT's Bleu4 i1s fifth in NIST test

Bisi
Cgoogle
O [w
Erwth
Hict

B edinburgh
Obbn
Enrc
Oitcirst
O umd - j hu
Ontt
HEnict
Ecmu
Emsr

B aqmul

O hkust
H upc
Oupenn
O iscas
Olcc

O xmu

] | i ngua




Speech Translation
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Speech Transiation in NLPR
FHLRIRENMIEEEIER S

In ETRI In NLPR

Mediator Mediator

M A

s Chinese
speaker

Speech Speech

Y L 4

Korea HLT Chin HLT

ILT: Speech recognizery .
arsing from uftter. to . Communication
, and TTS. ) Switch server.




C-STAR (Consortium for Speech
Translation Advanced Researchy)

e China 1s kern member of C-STAR

ATR-SLT
Spoken Langiage Trapslation
Research Labaratones

\
'
u L
NLPR |
Mational Lzboraiory of A* % Jﬁ —
[esstsmite af Seientific =l "
mﬁT:u:h::uS-:lFu::ll.;JHH:-:b Tusees Nmion ? i g ; L "'m" 4

ITC-IRST




C-STAR kern member delegates




C-STAR |1l Goal

-STAR III Goal

= [echnology for real
application

= [ranslating aid for
traveler

= Service available
anywhere, anytime




Interchange Format (IF) of C-STAR
S—

CtolF IFtoC
—a—

ItolF IFtol

e A A
_‘i -GtoIF IFto G

" EtolF IFtoE

* Inter change Form
or Ir .||1~:i| oy




Japanese-Chinese Speech M T In
NLPR




Miultilingual Service system for
Olympic Game 2008

7 BEIING 2008

QQO
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