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What is Machine Translation?
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History of MT and NLP

• 7 January 1954
• The first public demonstration of a Russian-English MT in 

New York, IBM
• Having just 250 words and translating just 49 Russian 

sentences into English.
• Rough translation of Russian scientific journals in order 

to intercept secret information.

• Early 1970s
• Russian-English project called SYSTRAN 
• An attempt to translate a vast body of terminology 

connected with the military 
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A Critical Problem of MT

• The spirit is willing, but the flesh is weak

• The vodka is good, but the steak is lousy
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The Goal of Machine Translation

• Automatic translation of all kinds of documents
• At a quality of the best human translators
• In fact, this goal was impossible!
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기계번역 vs. 자동통역

•문어체 vs. 대화체
• 문서번역 vs. 대화통역(동시통역, 실시간통역)

•기계번역의유형
• Fully Automatic MT

• Human-Assisted MT (HAMT)

• Machine-Assisted Human Translation (MAHT)
• MT Workbench
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기계번역필요성
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Who is winning the race in 
translation?

• Google Translate

https://translate.google.co.kr/

• Babylon

http://translation.babylon-software.com/english/to-korean/

• Jibbigo

http://jibbigo-translator-2-0.soft112.com/

• iLingual: French, German, Spanish, Arabic
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Translation Examples

• If it is an online translator you need, you have just 
found the best and it is free!

• 그것은필요한온라인 Translator 경우찾았을지도최고의
무료!

• 당신이필요로하는온라인번역가인경우에, 당신은지
금베스트를찾아내고자유롭다!

• 만약에이것이당신이필요로하는온라인번역기라면, 
당신은바로가장좋은것을찾았고이것은무료입니다.
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• Babylon, the world's leading provider of language 
solutions,

• 바벨론, 세계 &#039; 언어솔루션을공급하는선도업체로서

• 세계최고의언어솔루션제공업체인바빌론 (Babylon)은

• 세계의주도적인언어솔루션공급자인바빌론은
(국제적으로언어솔루션을주도적으로공급하는바빌론은)
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• puts at your disposal an automatic translator for 
translating single words, full texts, phrases and more.

• 고객의편의대로이용하실단일단어를번역하는자동
번역, 전체글귀, 구절등을배치합니다.

• 한단어, 전문을번역하는자동번역기를제공합니다.

• 한단어, 전문, 구등을번역하기위한자동번역기를당신
이처분할수있게해줍니다.
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• Search for literally millions of terms in Babylon Software’s database of over 
1,700 dictionaries, glossaries, thesauri, encyclopedias and lexicons covering a 
wide range of subjects; all in more than 77 languages.

• 바빌론에서소프트웨어의 1700여사전, 또는메뉴별, thesauri , 백과사전신
민들의광범위한용어데이터베이스용어말그대로수백만검색, 모두 77개
이상의언어로.

• 바빌론소프트웨어의 1,700 개가넘는사전, 용어집, 시소러스, 백과사전및
광범위한주제를다루는어휘집으로이루어진수백만단어를문자그대로
검색하십시오. 모두 77 개이상의언어로제공됩니다.

• 넓은범위의주제들을포괄하는 1,700개이상의사전과용어집, 시소러스, 
백과사전, 어휘사전을보유하고있는바빌론소프트웨어데이터베이스에서
수백만개의용어들을검색해보세요. 모두 77개이상의언어로.
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How many languages? 104
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기계번역방법예제
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M.T. Approaches

• Direct Translation
• Rule-Based M.T.

• Transfer-based Approach
• Interlingua/Pivot Approach

• Corpus-Based M.T.
• Statistical M.T. (SMT)
• Example-Based M.T. (EBMT)

• Knowledge-Based M.T.
• Neural Network Approach
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Traditional MT approaches

• Transfer-based
• Interlingua
• Example-based (EBMT)
• Statistical MT (SMT)
• Hybrid approach
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Direct Translation

• 인공지능입문 -그림으로풀어본 : 도우치준이치지
음, 최기선옮김, 미래사, 1992, Page 129~141
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Transfer Approach

• Number of translators: N x N
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• Analysis, transfer, generation:
1. Parse the source sentence
2. Transform the parse tree with transfer rules
3. Translate source words
4. Get the target sentence from the tree

• Resources required:
• Source parser
• A translation lexicon
• A set of transfer rules
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Example: Korean-to-English
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Issues in Transfer-based MT

• Parsing:  linguistically motivated grammar or formal 
grammar?

• Transfer: 
• context-free rules? A path on a dependency tree? 
• Apply at most one rule at each level?
• How are rules created?

• Translating words: word-to-word translation?
• Generation: using LM or other additional knowledge?

• How to create the needed resources automatically?
• For n languages, we need n(n-1) MT systems!
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Interlingua Approach

• Language-independent representation of a 
sentence

• We only need n analyzers, and n generators.

• Resource needed:
• A language-independent representation
• Sophisticated analyzers
• Sophisticated generators
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Interlingua/Pivot Approach

• Esperanto like intermediate representation
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Analysis & Generation

• Number of translators: N + N
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Interlingua: Pivot Approach
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Direct, Transfer, and Interlingua
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MT triangle
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Transfer approach

EBMT, SMT



Issues in Interlingua

• Language-independent meaning representation 
really exist? If so, what does it look like?

• It requires deep analysis: how to get such an 
analyzer: e.g., semantic analysis

• It requires non-trivial generation: How is that done?

• It forces disambiguation at various levels: lexical, 
syntactic, semantic, discourse levels.
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NLP and Machine Translation
is to

Analysis and Generation
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NLP issues and applications
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필기체 인식

전문검색

문서분류 시스템

자동요약
HCI 응용

텍스트마이닝

기계학습

감성분석
자동통
역대화처리

정보검색

정보분류

정보추출

기계번역

음성인식

언어지식

 형태소분석

 각종해석시스템I
문맥처리 

 표기오류
정정기술

철자검사

 의미분석
 정보자동분류

 자연어 IF
텍스트분석

내용오류교정

 정보추출

 자동색인

 문자인식후처리

 구문청킹

 정보필터링

연속음성인식 
후처리

형태소

구문
의미

화행 개체명

폭소노미

택소노미

단어망

태그부착
말뭉치

원시언어
텍스트

멀티미디어

형태소

시소러스
개체명

언어
사전

 사전관리기술

화행분석기 

문법검사 

 개체명인식
 입출력정보 표준화



NLP Basics

• Morphological analysis(형태소분석)
• Word-level

• Syntactic analysis(구문분석)
• Sentence-level

• Semantic analysis(의미분석)
• Word-sense disambiguation

• Natural Language Generation(자연어생성)

• Language Resources(언어자원)
• 말뭉치, WordNet, 온톨로지등
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NLP Applications

• Machine Translation, 1950’s-now

• Information Retrieval, 1980’s-now
• Text Classification, Information Extraction
• Text Summarization
• Text Mining, Opinion Mining
• Sentiment Classification(감성분류)

• Natural Language Understanding, 1960-70, 2000’s
• ELIZA: Doctor, Joseph Weizenbaum, MIT, 1965
• SHRDLU: Robot arm, Terry Winograd, MIT, 1971
• LUNAR
• Ask Jeeves(ask.com), 1996
• Wolfram alpha, 2009
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• Speller and grammar checker

• Spam mail filtering, Spam 문자 filtering
• Sentiment analysis(감성분석)

• 아이폰시리, IBM 왓슨, 자동통역시스템
• 텍스트마이닝, 빅데이터분석
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NLP Resources and NLTK in Python
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NLP resources in
http://nlp.stanford.edu/
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POS tagging

The strongest rain ever recorded in India shut down 
the financial hub of Mumbai, snapped 
communication lines, closed airports and forced 
thousands of people to sleep in their offices or walk 
home during the night, officials said today.

The/DT strongest/JJS rain/NN ever/RB recorded/VBN 
in/IN India/NNP shut/VBD down/RP the/DT financial/JJ 
hub/NN of/IN Mumbai/NNP ,/, snapped/VBD 
communication/NN lines/NNS ,/, closed/VBD 
airports/NNS and/CC forced/VBD thousands/NNS of/IN 
people/NNS to/TO sleep/VB in/IN their/PRP$ offices/NNS 
or/CC walk/VB home/NN during/IN the/DT night/NN ,/, 
officials/NNS said/VBD today/NN ./. 
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• This output was generated with the command:

• java -mx200m edu.stanford.nlp.parser.lexparser.LexicalizedParser -
retainTMPSubcategories -outputFormat
"wordsAndTags,penn,typedDependencies" englishPCFG.ser.gz mumbai.txt
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NLTK: NLP Took Kit

• Natural Language Toolkit
• http://www.nltk.org/

• Suite of classes for several NLP tasks
• Parsing, POS tagging, classifiers…

• Easy-to-use interfaces to over 50 corpora and 
lexical resources

• http://www.nltk.org/nltk_data/
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Installing NLTK

• http://www.nltk.org/install.html
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• Mac/Unix
1. Install Setuptools
2. Install Pip
3. Install Numpy(optional)
4. Install PyYAML and NLTK
5. Test installation

• Windows
1. Install Python
2. Install Numpy(optional)
3. Install Setuptools
4. Install Pip
5. Install PyYAML and NLTK
6. Test installation

http://www.nltk.org/install.html


Modules

• The NLTK modules include:
• nltk.token : processing individual elements of text, such 

as words or sentences
• nltk.tagger : tagging tokens with supplemental 

information, such as POS or wordnet sense tags
• nltk.parser : high-level interface for parsing texts
• nltk.classify : classify text into categories
• nltk.corpus : access (tagged)corpus data

…….

• http://www.nltk.org/py-modindex.html#
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Example: POS tagging
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Example: Parsing
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Example: WordNet
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For more details

• NLTK
• http://www.nltk.org/index.html

• NLTK demo site
• http://text-processing.com/demo/
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NLP Generation

• Robot Journalism: 스포츠, 지진, 교통, 일기예보
• https://automatedinsights.com/
• https://www.narrativescience.com/
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NLP Generation (cont)

• ChatBot: dialogue analysis and generation

• Pattern match in the new programming languages
• Scala, Swift, and Wolfram Language
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NLP, Machine Learning, and
Machine Translation
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Machine Learning for NLP

• HMM, MEM(Maximum Entropy Model)

• kNN(k-Nearest Neighbor)

• Naïve Bayse

• SVM(Support Vector Machine)

• CRF++ (Conditional Random Field)

• Neural Network
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Support Vector Machine (SVM)

• Support Vector Machine (SVM)
• 이원(binary)패턴인식문제를해결하기위해제안된
학습방법

• 두클래스사이에가장최적의결정면(벡터평면)을
찾는것이목적
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SVM: binary classifier

• SVM light
• Thorsten Joachims <thorsten@joachims.org>

• Cornell University Department of Computer Science
• An implementation of the SVMs in C.

• SVM 엔진다운로드
• http://svmlight.joachims.org/
• source code: 

http://download.joachims.org/svm_light/current/svm_li
ght.tar.gz

• Binary versions are also available for the various systems.
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SVM: Install and compile

• Create a new directory
• $ mkdir svm_light

• Move svm_light.tar.gz into svm_light and decompress
• $ tar xzf svm_light.tar.gz

• Compile
• $ make

• Two executables will be created.
• svm_learn (learning module)
• svm_classify (classification module)
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Learning Module

• svm_learn [options] example_file model_file
• options: Refer help messages using “-?” option
• example_file: Input file for training examples.

• Format for classification mode
• <Target> <Feature1>:<Value1> <F2>:<V2>…<Fn>:<Vn>

• Target: +1 | -1 | 0
• Feature: <integer>, Value: <float>

• Feature/value pairs MUST be ordered by increasing feature 
number.

• For example
• -1 1:0.43 3:0.12 9284:0.2 --- Negative example
• 1 1:0.1 10:0.45 --- Positive example
• 0 1:0.34 5:0.13 189:0.5 --- Unknown example

• model_file: Result of svm_learn is the model which is learned 
from the training examples.
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Classification Module

• svm_classify [options] example_file model_file
output_file

• options: Refer help messages using “-?” option
• example_file: Test examples in the same format as the 

training examples.
• model_file: The model_file from svm_learn.
• output_file

• The result of svm_classify which has the predicted values.
• The predicted values are result of the decision function for 

each examples.
• The sign of the predicted value is the predicted class.
• The zero indicates unknown

2017-06-15 57



SVM 실행예

• Example
• http://download.joachims.org/svm_light/examples/example1.tar.gz

• The task is to learn which Reuters articles are about "corporate 
acquisitions“.

• 9947 features : Each feature corresponds to a word stem.
• train.dat : 1000 positive and 1000 negative examples
• test.dat : 600 test examples
• words : A set of word stems. Features correspond to the line 

numbers. (9947 lines)

• 학습모델생성및실행
$ svm_learn train.dat model
$ svm_classify test.dat model predictions
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CRF++

• http://crfpp.googlecode.com/svn/trunk/doc/index.
html#download

• CRF++-0.58.tar.gz -- Source
• CRF++-0.58.zip

• Binary for MS-Windows
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CRF 통합가능한언어

• C++, Java, Python, Perl, Ruby 등
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언어 설치 Directory 설명 비고

C++ CRF++-0.58/sdk
C++에서 CRF++라이브러리

연동 방법 제공

swig를이용한

스크립트언어

C++ 라이브러리

인터페이스

JAVA CRF++-0.58/java
JAVA 에서 CRF++라이브러리연동 방

법 제공

Python CRF++-0.58/python
Python 에서 CRF++라이브러리연동

방법 제공

Perl CRF++-0.58/perl
Perl 에서 CRF++라이브러리

연동 방법 제공

Ruby CRF++-0.58/ruby
Ruby 에서 CRF++라이브러리

연동 방법 제공



CRF++-0.58/example/basenp/
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[taeseok@localhost CRF++-0.58]$ cd example/basenp/
exec.sh template test.data train.data
[taeseok@localhost python]$ ../../crf_learn -c 10.0 template train.data model
…
iter=33 terr=0.00000 serr=0.00000 act=32970 obj=19.70277 diff=0.00019
iter=34 terr=0.00000 serr=0.00000 act=32970 obj=19.70237 diff=0.00002
iter=35 terr=0.00000 serr=0.00000 act=32970 obj=19.70003 diff=0.00012
iter=36 terr=0.00000 serr=0.00000 act=32970 obj=19.69958 diff=0.00002
iter=37 terr=0.00000 serr=0.00000 act=32970 obj=19.69887 diff=0.00004
iter=38 terr=0.00000 serr=0.00000 act=32970 obj=19.69855 diff=0.00002

Done!0.15 s

[taeseok@localhost python]$ ../../crf_test -m model test.data > output.txt
…
of      IN      O       O
Columbus        NNP     B       B
,       ,       O       O
Ohio    NNP     B       B
,       ,       O       O
grew    VBD     O       O
3.8     CD      B       B
%       NN      I       I
.       .       O       O

[taeseok@localhost python]$ ./conlleval.pl -d "\t" < output.txt
processed 19172 tokens with 5051 phrases; found: 4978 phrases; correct: 4285.
accuracy:  93.67%; precision:  86.08%; recall:  84.83%; FB1:  85.45

: precision:  86.08%; recall:  84.83%; FB1:  85.45  4978
: precision:  86.08%; recall:  84.83%; FB1:  85.45  4978

# Unigram
U00:%x[-2,0]
U01:%x[-1,0]
U02:%x[0,0]
U03:%x[1,0]
U04:%x[2,0]
U05:%x[-1,0]/%x[0,0]
U06:%x[0,0]/%x[1,0]

U10:%x[-2,1]
U11:%x[-1,1]
U12:%x[0,1]
U13:%x[1,1]
U14:%x[2,1]
U15:%x[-2,1]/%x[-1,1]
U16:%x[-1,1]/%x[0,1]
U17:%x[0,1]/%x[1,1]
U18:%x[1,1]/%x[2,1]

U20:%x[-2,1]/%x[-1,1]/%x[0,1]
U21:%x[-1,1]/%x[0,1]/%x[1,1]
U22:%x[0,1]/%x[1,1]/%x[2,1]

U23:%x[0,1]

# Bigram
B

http://www.cnts.ua.ac.be/conll2000/chunking/output.html

http://www.cnts.ua.ac.be/conll2000/chunking/output.html
http://www.cnts.ua.ac.be/conll2000/chunking/output.html


AI, ML, NN, and Deep Learning

• AI
• 지식표현, game theory
• NLP, Q&A, M.T., pattern recognition, expert system, etc

• Machine Learning
• Decision tree, Neural Net, SVM, Naïve Bayes, Ada boost

• Deep Learning (Deep Neural Network)
• Convolutional Neural Network (CNN)
• Recurrent Neural Network (RNN)
• Restricted Boltzmann Machine (RBM)
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SMT and NMT
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Example-based MT

• Basic idea: translate a sentence by using the closest 
match in parallel data.

• First proposed by Nagao (1981)
• Ex: 

• Training data:
• w1 w2 w3 w4  w1’ w2’ w3’ w4’
• w5 w6 w7  w5’ w6’ w7’
• w8 w9  w8’ w9’

• Test sent:
• w1 w2 w6 w7 w9  w1’ w2’ w6’ w7’ w9’  
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• Types of EBMT:
• Lexical (shallow)
• Morphological / POS analysis 
• Parse-tree based (deep)

• Types of data required by EBMT systems:
• Parallel text
• Bilingual dictionary 
• Thesaurus for computing semantic similarity
• Syntactic parser, dependency parser, etc.
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• Word alignment: using dictionary and heuristics 
 exact match

• Generalization: 
• Clusters: dates, numbers, colors, shapes, etc. 
• Clusters can be built by hand or learned automatically.

• Ex:
• Exact match: 12 players met in Paris last Tuesday 

12 Spieler trafen sich letzen Dienstag in Paris

• Templates: $num players met in $city $time
$num Spieler trafen sich $time in $city
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Progress in M.T.
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Statistical MT

• Basic idea: learn all the parameters from parallel data
• Major types: Word-based, Phrase-based

• Strengths:
• Easy to build, and it requires no human knowledge
• Good performance when a large amount of training data is 

available

• Weaknesses:
• How to express linguistic generalization?
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Hybrid MT

• Basic idea: combine different approaches

• Types of hybrid HT:
• Borrowing concepts/methods:

• SMT from EBMT:  phrase-based SMT; Alignment templates
• EBMT from SMT:  automatically learned translation lexicon
• Transfer-based from SMT:  automatically learned translation 

lexicon, transfer rules; using LM
• Using two MTs in a pipeline: 

• Using transfer-based MT as a preprocessor of SMT
• Using multiple MTs in parallel, then adding a re-ranker
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Statistical M.T. with 
Bilingual(Parallel) Corpus
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SMT Model
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Neural Machine Translation

• Demo -- http://104.131.78.120/

https://devblogs.nvidia.com/parallelforall/introduction-neural-machine-translation-with-gpus/73



History Google Translator

• 2006, SYSTRAN

• 2007, SMT

• 2016, Google’s Multilingual Neural M.T.
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Traditional vs. Google Translate

• Traditional M.T. system
• Break sentences into words and phrases
• Translate each individually

• Google Translate, 2016/09
• Neural translation system
• Neural network to work on entire sentences at once
• Multiple language combinations

• Eng <-> Japanese & Eng <-> Korean  Kor <-> Japanese
• By Cho Kyunghyun, New York Univ.
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Learning the lingo: Google Translate

• gathers from across the internet

• community input

• the Bible for obscure languages
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빅데이터활용예: 구글번역

• 기존의기계번역방식
• 변환(transfer)방식과피봇(pivot)방식의자동번역기법

• 컴퓨터가명사, 형용사, 동사등단어와어문의문법적구조를
인식하여번역하는방식

• 구글이제공하는자동번역서비스인구글번역의특징
• 통계적방식: 빅데이터를활용하는방법으로구현

• 수억건의문장과번역문을데이터베이스화

• 번역시유사한문장과어구를기존에축적된데이터를바탕으
로추론

• 구글은수억건의자료를활용하여전세계 58개언어간의자
동번역프로그램개발에성공

• 데이터양의측면에서의엄청난차이가자동번역프로그램
의번역의질과정확도에영향을미침



GNMT: Google’s Multilingual Neural 
Machine Translation System

• Zero-Shot Translation
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Zero-Shot Translation
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• Part (a) shows an overall geometry of these translations.
• The points in this view are colored by the meaning; a sentence 

translated from English to Korean with the same meaning as a 
sentence translated from Japanese to English share the same color.

• From this view we can see distinct groupings of points, each with 
their own color.

• Part (b) zooms in to one of the groups.
• Part (c) colors by the source language.

• Within a single group, we see a sentence with the same meaning 
but from three different languages.

• This means the network must be encoding something about the 
semantics of the sentence rather than simply memorizing phrase-
to-phrase translations.

• We interpret this as a sign of existence of an interlingua in the 
network. 

2017-06-15 81



2017-06-15 82



References

• Austermühl, Frank (2001)  Electronic Tools For Translators
• http://www.essex.ac.uk/linguistics/clmt/MTbook/

an introductory guide to MT by D.J.Arnold (1994) 
• Free-to-use machine translation on the web:

• http://www.translatorsbase.com/ (Free human translation service) 
• http://www.freetranslation.com/
• http://www.tranexp.com:2000/InterTran?from=fre

• http://www.systransoft.com/
• http://www.systranet.com/ (the Systran site) 
• http://www.babylon.com/
• http://www.reverso.net/textonly/default_ie.asp

• http://translate. google.com/

2017-06-15 83

http://www.essex.ac.uk/linguistics/clmt/MTbook/
http://www.translatorsbase.com/
http://www.freetranslation.com/
http://www.tranexp.com:2000/InterTran?from=fre
http://www.tranexp.com:2000/InterTran?from=fre
http://www.systransoft.com/
http://www.systranet.com/
http://www.babylon.com/
http://www.reverso.net/textonly/default_ie.asp
http://www.google.com/language_tools/


마지막으로…
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http://nlp.kookmin.ac.kr/
http://cafe.daum.net/nlpk

• 한국어형태소분석

• 구문분석

• 색인어추출및가중치계산

• 복합명사분해

• 맞춤법검사및교정

• 자동문서분류

• 자동띄어쓰기등
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형태소분석과구문분석
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문서에서키워드추출
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