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Eirst Machine Translation (1954)

Hurd, Dostert and Watson at the
interface

IBM-701 for first MT

IBM 701 at New York headquarters

— “filling a room as big as a tennis court” (New York Herald Tribune)
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Punched card input

Punched card input

Sentence iput on punch card

Sentence input on punch card
ST

THE QUALSTY <oAL IS DETERMINED 8y
CALORY CONTENT

Specimen punched card and below a strip with translation, printed within 2 few seconds
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Card reading unit

Data input

Elowehart for syntax analysis

Sheridan’s flowchart f is (part of one rule)
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Dictionary for MT

Dictionary output for example sentence

*  Russian input English equivalents 1st code 2nd code 3rd code
Eng, Eng, (PID) (cDD,) (CDD,)

*  vyelyichyina magnitude --- bl ok

< ugl coal angle 121 il 25
+ - of 131 25
+ opryedyelyayetsya is determined - o i
+  otnoshyenyi- relation the relation 151

+  -yem 131

« dlyin- ok

B

« dug-
. i 131

131
<k 121

*  radyius- radius ol
- to 131

Output of English text

Output on line printer
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New: York Times, 1954-01-08

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

e In the demonstration, a girl operator typed out on a
keyboard the following Russian text in English characters:
“Mi pyeryedayem mislyi posryedstvom ryechi” (M u
mMepemgaemMMECIHUIOCDPECTDBOM
p e 4 u) . 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 othnoshyenyiyem
dlyinidugi kradyiusu.” (Be 1 m4uHa yTrIaa
OImMpengeJsdaeTCd OTHOIIIEeHUEM IOJ HUHHE
Lyre E papguycy)Andthe machine translated it
as: “Magnitude of angle is determined by the relation of
length of arc to radius.” (New York Times, January 8, 1954)

Z1gzag oft MT development

$$
Activity
USA SYAN
Europe Europe
Canada Canada
USSR Japan
China
USSR
Korea
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M 1n China

e Past
e 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)
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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

The 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)
RI-84 system (1984, Uni-Heilongjiang)
GCAT system (1985, Feng Zhiwei)

FCAT system (1985, Feng Zhiwei)
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EAJRA system

o ﬂi%iﬁﬁ)\:
4 November1981

B RBIAE A IR TR BRI
. SEIIEERWBTTIE = 1 E 2B .
QTSR T EAHLIE R AT S .
HaHLE R RNES FI—F#ZE 3. EF
FR AL REASHE— N T ) B MR 5 —
WILE. XA-BEBERACEPANIER T
FFE . WRBNFEXAD RS HAD—LE RS AH
Ehak, BATLUE e A

English output

English output

HWiIBWMH 4 Novembrs 1931

Language and communication play important role in human
1fe. Scholars are actively studying automatie trenslation of lang-
uage.They havae proposed the theory of automat on and the theory
of formal grammar. Aq automaton ls an abatract maching that can
recognize Ianguage. Gramnar rule <an transform a tree graph to
saother tree graph automatically, This system for automatic
transliation hod been used by them for five years. If weo ocompare
this syatem with other systems, then we can see its advantaga.
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Erench output

French output

EERY 4 Noyembre 1581

Le langage et la communication jeuent un réle important dung
la vie humaine.Los savanws soot en train d’étudier activement la
troduction automatique des langages. [13 ont proposé la théorie des
agtcmates et la thécria des grammuires formelles. wn automate
est une machine abstraite qui peut recennalire le langage. La
régle de la grammaire peut transforroer sutowatiqueinent une
arborescence en une autre arborascence, Ce gystéme de la traduction
automatique a éué utilisé par eux pendant cing ans, Sl nots compa-
rons ce systéme & d'eutres systdmas, alord nous pouvons voir Ses
avantages.

German output

German output

Mg 4 Novembre 1981

Die Sprache 'md dia Kommunikation spielen im Leben der
Menschen Wichtige Holle, Die Wissenschattler sind gerade dabei,
die automatische {bersetzung der Sprachen sktiv zu studieren. Sie
haben die Theorie der Automaten und die Theorie der formalen
Grammatiken Vorgeschlagen. Ein Automat ist eine abstrakte Mas-
chine, dle die Sprache erkennen Kann. Die Grammatikregel Kann
einen Baumgraphen in eilnen anderen Baumgraphen automatisch
umwandeln. Dieses System zur automatischen Ubersetzung war von
Ihnen seit fiinf Jahren verwendet worden. Wenn wir dietes Syatem
mit anderen Systemen vergleichen, dann knnen wir seitien Voriug

schen.
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Japanese output

' Japanese output

BiESH 4 Novermbre 1981

EHEATE D EZCEHCETERLTVE, BIAX
REBEOSB IR MLEFRLT WS, &5 F -y 0>
WIBATEORAFBRLUTV A, A -7 bR ERERENT
scepTEI—~HOBREITH L, DENRNRBE2DRD
FE7ERDRDY T ICHNMCEAT ALY T xS, BEUEH
WOAEDDCDYRAT A EEFICLSTELEEbOATNR, 20
LRFLEHMDURTFLALENS L, bROEZORAEONE
LEMTEA,

RuUssian output

Russian output

EE A 4 Novembre 1341

FlaLK A KOMMYHAEAIRS HIPANT BAKHYIO DOAb B MHIH JeXxope-
qecTBd. Y EHAE AXTHBAO H3Y 180T ARTOMATHIEC KR mepesaz KIHKOIADHH
BHISHIZIOT TCODHK) QBTOMATA H TEODHK (PODPMALLROX TIPAMMATREX,
Apromar ectn ogua 35(‘.1'1}3‘.“{:]“ MAEHA,KOTOP AL MOKET PACIOIHABATE
3w, [(pankan rPpAMMATHER MOMET UL7CMATIUECKH Npenpauldts 01y
RpeBOBHNYI0 CXEMY HA IIVTYIO IPeBOKILANYI0 CXedy.ITa CicTea an~
TOMBTHUECKOIO NEPEBOTA HCOONLIOBAHE HMH Yy#e LTk o, Ecas Mu

CPABHHDAEM 3TY CHCTEMY & APYrHMM CHCTCMAMH,I0 Mbl MOMEN BHASTH

eé NpeRwyTIecta,

——
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The blossom period

e KEYI-1 English-Chinese system of
Mars Institute (Beijing)
. translation speed is 3,000 words/hour

. the result of translation is 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 research work of all these MT
systems  was supported by  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 in this period.
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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)

GAOLT MT system (English-
Chinese)

e Basic 1lexical dictionary: 60,000
entries

e Linguistic rules: more than 800
rules

e Background knowledge database: more
than 150 entries

e Translation accuracy: 80%

® Readability of translated text:
80%—90%
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863—IMT/EC system
(English-Chinese)

eBasic English lexical base:
39, 000 entries

eBasic Chinese lexical |Dbase:
29,000 entries

e Linguistic rules: 1500 rules

e Translation accuracy: 80%

SINO-TRANS system
(Chinese-English)

eBasic dictionary: 40, 000
entries

e Two special subject technical
dictionaries

—Navel ships and boats (9312
entries)

—rocket—gun (33, 773 entries)
e Linguistic rules: 1,000 rules

Chinese Translation Technology: Past,
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SUNSHINE YIWANG system

 Highest translation speed:
100 sentences per second

e Can be wused for browsing
the text of INTERNET

e Web readworld:

e Multi—windows display

YAXIN=YIBA systaem .

® 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

® Rich special subject dictionaries:
30 subjects (e. g. Computer,
telecommunication, medicine)
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E-to—J system (English—
Japanese)

® This system is developed by JEC
company in Bei jing.

® Technique of transformation
from phrase tree (P-tree) to
dependency tree (D-tree)

®Closely integrated with word
processor

Rule-based approaches
abroad (1)

e Linguistic string analysis (Zellig Harris)
e Phrase structure Grammar (N. Chomsky)
* Top-down parsing
* Bottom-up parsing
Tomita Algorithm
Left-corner parsing
Cocke-Younger-Kasami algorithm
(CYK algorithm)

e Augmented Transition Network (ATN, W.
Woods)
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Rule-based approaches
abroad (2)

e 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 (L.
Tesniere, G. Herbig)

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

RUle=hased appreaches
abroad (3)

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, I. Sag)

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

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

Preference Semantics (Y. A. Wilks)

Conceptual Dependency Theory (R. Schank)
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Statistic-based Approeaches

e N-gram Grammar

e Hidden Markov Model (HMM)

e Noisy Channel Model

e Parameter Estimation
 Maximum Likelihood Estimation (MLE)
e Sparse data problem
e Parameter Smoothing approaches

* Interpolated estimation
 Adjusting frequency

e Preference-based Approaches

e Collocation (strong [tee] / powerful [computer]

* Word association (doctor / nurse)
e Stochastic:Context-Free Grammar (SCFG)

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 [-Tree method (Integrated Tree method)

e How-Net
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MMT model

emulti—label tree - algebraic
values of the sentence

emulti—-branched tree — geometric
values of the sentence

IC analysis (Intermediate
Constituent Analysis)

e logic—semantic principle
@ Hierarchical principle

e Contradistinction principle

Chinese Translation Technology: Past,
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LS method (Logic—Semantic
me thod)

® The main logic—semantic features:
agent, patient and action

® The subordinate logic—semantic
features: space, color, role

® The action is the focus of the
logic—semantic structure of a
sentence

ST method (String
Transformation method)

Holding position
Justifying (changing) position
Item addition

Item deletion

Chinese Translation Technology: Past,
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[-Tree method (Integrated
Tree method)

e I[-tree is the general expression
of the structure of the sentence

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

How-NEet

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
Conceptual Design (1988-1993)

Experiment (1993-1997)

Engineering implementation (19971999)
Revision (1999-2003)

Development of second resources as evaluation
tools (2003-2005)
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EBMT (example—based Machine
Translation system)

e Since 1989, the corpus approach (ex.

statistical approach, example—based
approach) is introduced to machine
translation

® The combination of machine
translation with corpus approach
will promote the development of the
language translation technology in
China.

Japanese-Chinese EBMT

Sy Stem

@ The corpus for Japanese and
Chinese alignment sentences

e The example unit is sentence

e The similarity rate calculation
based on word
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Different channels of
Chinese government funding

e The national fund for social
sciences (linguistic section)

@ The national fund for natural
sciences (information science
section)

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

® The 905 Chinese Language Processing
Project

[nvestment of private
companies

® GAOLT MT system is supported by
GAOLI private computer company

e YIBA MT system is supported by
YAXINCHENG private software
company (MINGTAI company)

® TONGYI MT system is supported
by DATONG private software
computer company

Chinese Translation Technology: Past,
Present and Future
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Three types of users of MT
sof tware products

e Government
e Common people

eThe state large— scale and
medium—scale enterprises

Common people users

oMT software steadily becomes
the popular software that is
necessary for common people

® The MT market was formed

® The private companies play more
and more important role in
driving the MT market

Chinese Translation Technology: Past,
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The MI' 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

® The document is huge

eMT rough translation texts can
be welcome by these enterprises

The features of user region
distribution for MT
software

e The translation demand 1is
concentrated in the big cities
and developing regions

® The MT software must Dbe
oriented to big cities and
developing regions

Chinese Translation Technology: Past,
Present and Future
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New strategies 1n
translation technology,

e Combination with terminology data
bank

e Combination with  technique of
language corpus processing

e Combination with speech technology

® Combination with Chinese characters
recognition technology

® Developing the translation
technologyin INTERNET

MT" sofitware combines with
terminology data—bank

e The terminology is crystallization
of scientific knowledge in language,
it is an important language
resource

® The terminology data bank is a very
strong support to  specialized
machine translation
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The national standards for

terminology data—bank

e 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

Terminology data banks (1)

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-
building industry: 250, 000 terms,
Chinese—English-French—German—Russian—
Japanese, 1996
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Terminology data banks(2)

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

® Thesaurus bank on chemical industry:
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, Beijing
Aviation & Space—flight University

® 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.
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Chinese National Corpus
Project

m 70 million Chinese characters

m The selection of this Corpus has
three restrictions:
— Diachronic 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
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From text corpus to tree
hank

o1 [z &% o Iw ]

e 2 [zj [fj [dj &%/ [vp &NV [np [np Ek/in &
Bin 1 Wilu [np &% ARZEM 101, w [vp
[vbar &/a H/iv] [np #JE/a BI/u [np #ii/n 1
P T - w ]

e 3 [zj [fj [dj [np &%In Hlu F&/n ] [ap 1R/d
J7la 1], /w [dj[pp B T/p [vp [tp tHAkv Bf/in]
ZEiv 1], /w [vp H/d [vbar #/p [vp Aafiv
[np WA/« /w BELXR/ Fifc [np Z2ZIn Blu
B/ 100 - I ]

The speech technology and MT

e Text to Speech software
BMTINGWANG: XUNFEI Company, Anhui Province.
e Chinese speech recognition is relatively
easy
— Chinese: 420 syllables
— English: 4,030 syllables
— Russian: 2,960 syllables
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Chinese characters recognition
technology (OCR) and MT

e To recognize 6763 Chinese
characters in GB 2312-80

® Recognition rate: 99.9%

® Recognition rapidity: real time

The translation technology
in INTERNET

e Many MT software can be used in
Internet.

e The advantage for MT software in
Internet:

—Higher translation speed
—Real-time translation

—Large machine dictionary

—Cheap price

—Possibility to add the new words
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New: Project supported by
Chinese government — 973

Progect

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

SMT

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)
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Paper publication on statistical MT
Incrementally: increased

80
60

40
28 ﬁmﬁnﬂﬂWH‘ﬁ !

P ov o

vV Google

BILEU index of SMT
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Impact of size of language model
traiing| data on quality. ofi SM;

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

SISES
52.5
SED
50.5 1
49.5 ~

48.5 ~ +weblm =

47.5 4 LM trained on
219B words of
web data

Gox nge'

Example of SMT in Chinese
Academy of Sciences

o FHEMNFET H2H M, KRR B i 5Lt
Rl: TH2HZN31S)r, B3k 2 51 4205 0
R, RRERENFEKENLISEE.

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
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Bleu4 (NIST 2006)

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

Hedinburgh
Obbn

Hnrc
Oitcirst
Eumd-jhu
Ontt
Hnict
HEcmu
Emsr
Eqmul

O hkust
Hupc
Oupenn
Oiscas
Olicc

O3 xmu

L Olingua |

Speech Trranslation

S —[EaR
e ﬁ%ni%u
B R AT
5@&
BfFES X
BEe
e
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Speech Translation in NLPR

SETEBFIITHNEESEERS
In ETRI In NLPR

Chinese
Mediator Mediator| [ ey

Speech Speech

Yy
Korea HLT Chin HLT

IL.T: Speech recognizeryy .85
Parsing from uftter. to | Communication
, and TTS. ! | Switch server.

C-STAR (Consortium for Speech
Translation Advanced Research)

e China is kern member of C-STAR
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C-STAR kern member delegates

C-STAR I Goal

-STAR III Goal

= Technology for real

application
= [ranslating aid for
traveler

= Service available
anywhere, anytime
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Interchange Format (IF) of C-STAR

pranneeam— |

/_i\"""_r — 4
Z “GtolF IFto G .

/ EtoIF IFtoE N\ A

IEEONIE MIEOI ™--

KtolF

C-STAR
#iFHESR
I IF: Interchange Format
or Translated Text

Japanese-Chinese Speech MT In
NLPR
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Multilingual Service system for
Olympic Game 2008

End

e Thank you !
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