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Why Study Language?

There's a lot of it!

It is the fundamental method

of human communication.

$ms are spent paying

people to process

language each year.

It constantly surprises us.
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Translate Centauri -> Arcturan

1a. ok-voon ororok sprok .
1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .
7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .
2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .
8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .
3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .
9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .
4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .
10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .
5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .
11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .
6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .
12b. wat nnat forat arrat vat gat .

Your assignment, translate this Centauri sentence to Arcturan:
farok crrrok hihok yorok clok kantok ok-yurp
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Topology of the Field

Human Language Technologies

Automatic Speech
Recognition

Information
Retrieval

Computational
Linguistics

Natural Language
Processing

ICASSP

??? ACL

SIGIR

NLP

Machine Translation

Summarization

Question Answering

Information Extraction

Parsing

�Understanding�

Generation
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Classical MT (1970s and 1980s)

Source

Text

Source

Language

Analysis

Source

Lexicon

Target

Text

Target

Language

Generation

Target

Lexicon

Knowledge

Base

Transfer/

Interlingua

Representation

Transfer

Rules
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Layers of complexity
� Text:

� Morphology:

� Syntax:

� Semantics:

John saw his brother

John see he brother

+past +gen

S

  NNP  VBD   PRN             NN

  NP    NP

VP

Agent [ Person   John ]

Event see (+past)

Patient   Person   brother 

  Poss       *
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How Much Analysis?

Source Words Target Words

Source

Morphology

Source Syntax

Source Semantics

Interlingua

Target

Morphology

Target Syntax

Target Semantics

An
al

ys
is

Generation
Direct

Classical

Not practical

for open domain

Becoming Popular
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Syntactic Transfer

� Now, just get a bunch of linguists to sit down and write 
rules and grammars

The student will see the man

D      N      AX  V   D   N

    NP                      NP

      SUB   A    V   OB

                  S

Der Student wird den Mann seben

D      N      AX   D     N      V

    NP                 NP

      SUB   A     OB  V

                  S
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While We're Busy Writing Grammars

Claude Shannon

Information

Source

Noisy

Channel

Corrupted

Output

p(s) p(o | s) p(s | o) � p(s) * p(o | s)

“Imagined”

Words

Speech Process Acoustic Signal

Need: p(word sequence)

   and p(signal | word sequence)
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Acoustic Modeling: p(a | w)

Signal:

Transcription: the man ate

Key notion: acoustic-word alignments

Chicken-and-egg

problem that we

can solve using

Expectation

Maximization

(EM)
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Language Modeling: p(w)
� Sentence = sequence of symbols from an alphabet

p�w1,w2, ... , wI � = �
i=1

I

p�wi �w1, ... , wi�1�

� �
i=1

I

p�wi �wi�k , ... , wi�1�

The beloved n-gram

language model

In practice, probabilities

are estimated from a large

corpus, but are “smoothed”

intelligently to avoid zero

probability n-grams.

Language modeling is

often the art of good

smoothing.

See [Goodman 1998]
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Speech Rec = Machine Translation?
� Peter F. Brown
� Stephen A. Della Pietra
� Vincent J. Della Pietra
� Robert Mercer
� The Mathematics of Statistical Machine Translation: 

Parameter Estimation
� Computational Linguistics 19 (2), June 1993

� Probably the most important paper in NLP in the last 20 
years

“Brown 93”
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Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .

Your assignment, translate this to Arcturan:    farok crrrok hihok yorok clok kantok ok-yurp
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Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .

Your assignment, translate this to Arcturan:    farok crrrok hihok yorok clok kantok ok-yurp
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Your assignment, translate this to Arcturan:    farok crrrok hihok yorok clok kantok ok-yurp

Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .
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Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .

Your assignment, translate this to Arcturan:    farok crrrok hihok yorok clok kantok ok-yurp

???
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Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .

Your assignment, translate this to Arcturan:    farok crrrok hihok yorok clok kantok ok-yurp
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Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .

Your assignment, translate this to Arcturan:    farok crrrok hihok yorok clok kantok ok-yurp
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Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .

Your assignment, translate this to Arcturan:    farok crrrok hihok yorok clok kantok ok-yurp
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Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .

Your assignment, translate this to Arcturan:    farok crrrok hihok yorok clok kantok ok-yurp

???
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Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .

Your assignment, translate this to Arcturan:    farok crrrok hihok yorok clok kantok ok-yurp
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Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .

Your assignment, translate this to Arcturan:    farok crrrok hihok yorok clok kantok ok-yurp

process of

elimination
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Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .

Your assignment, translate this to Arcturan:    farok crrrok hihok yorok clok kantok ok-yurp

cognate?
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Your assignment, put these words in order:    { jjat, arrat, mat, bat, oloat, at-yurp }

Centauri/Arcturan [Knight 97]

1a. ok-voon ororok sprok .

1b. at-voon bichat dat .

7a. lalok farok ororok lalok sprok izok enemok .

7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .

2b. at-drubel at-voon pippat rrat dat .

8a. lalok brok anok plok nok .

8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok .

3b. totat dat arrat vat hilat .

9a. wiwok nok izok kantok ok-yurp .

9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok .

4b. at-voon krat pippat sat lat .

10a. lalok mok nok yorok ghirok clok .

10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok .

5b. totat jjat quat cat .

11a. lalok nok crrrok hihok yorok zanzanok .

11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok .

6b. wat dat krat quat cat .

12a. lalok rarok nok izok hihok mok .

12b. wat nnat forat arrat vat gat .

zero

fertility
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Unsupervised EM Training

� la maison �.. la maison bleue �... la fleur �

� the house �.. the blue house ...� the flower �

All P(french-word | english-word) equally likely
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Unsupervised EM Training

� la maison ..� la maison bleue ...� la fleur �

� the house ..� the blue house ...� the flower �

“la” and “the” observed to co-occur frequently,

so P(la | the) is increased.
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Unsupervised EM Training

� la maison ..� la maison bleue �... la fleur �

� the house ..� the blue house ...� the flower �

“maison” co-occurs with both “the” and “house”, but

P(maison | house) can be raised without limit, to 1.0,

while P(maison | the) is limited because of “la”

(pigeonhole principle)
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Unsupervised EM Training

� la maison �.. la maison bleue ...� la fleur �

� the house ..� the blue house �... the flower �

settling down after another iteration
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Unsupervised EM Training

� la maison �.. la maison bleue �... la fleur �

� the house �.. the blue house ...� the flower �

Inherent hidden structure revealed by EM training!

� “A Statistical MT Tutorial Workbook” (Knight, 1999).  Promises free beer.

� “The Mathematics of Statistical Machine Translation” (Brown et al, 1993)

� Software:  GIZA++
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The IBM Model [Brown et al., 1993]

Mary  did    not  slap  the green  witch

Mary not slap     slap slap  the green witch n(3|slap)

Maria no daba  una botefada    a   la bruja verde
d(j|i)

Mary not slap    slap   slap NULL the green witch
P NULL

Maria no daba   una botefada    a   la verde bruja
t(la|the)

Use the EM algorithm for training the parameters
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Decoding for Machine Translation

English

Source

Translation

Model

French

Output

p(e) p(f | e) p(e | f) � p(e) * p(f | e)

Decoding: 	e= argmax
e

p�e� p� f �e�

Problem in NP-hard; use search:

Beam Search

Greedy Search
Integer Programming

A* Search
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Progress in Statistical MT

insistent  Wednesday may recurred 
her trips to Libya tomorrow for flying

Cairo  6-4  ( AFP )  -  an official 
announced today in the Egyptian 
lines company for flying  Tuesday is 
a company  " insistent  for flying "  
may resumed a consideration of a 
day Wednesday tomorrow her trips 
to Libya of Security Council 
decision trace  international the 
imposed ban comment .

And said the official  " the institution 
sent a speech to Ministry of Foreign 
Affairs of lifting on Libya air , a 
situation her receiving replying are 
so a trip will pull to Libya a morning 
Wednesday " . 

Egyptair Has Tomorrow to Resume 
Its Flights to Libya

Cairo 4-6 (AFP) - said an official at 
the Egyptian Aviation Company 
today that the company egyptair 
may resume as of tomorrow, 
Wednesday its flights to Libya after 
the International Security Council 
resolution to the suspension of the 
embargo imposed on Libya.

" The official said that the company 
had sent a letter to the Ministry of 
Foreign Affairs, information on the 
lifting of the air embargo on Libya, 
where it had received a response, 
the first take off a trip to Libya on 
Wednesday morning ".

2002 2003
slide from C. Wayne, DARPA
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Reference translation:  
The U.S. island of Guam is maintaining a high state of alert after the 
Guam airport and its offices both received an e-mail from someone 
calling himself the Saudi Arabian Osama bin Laden and threatening a 
biological/chemical attack against public places such as the airport .

Machine translation:  
The American [?] international airport and its the office all receives 
one calls self the sand Arab rich business [?] and so on electronic 
mail , which sends out ;  The threat will be able after public place and 
so on the airport to start the biochemistry attack , [?] highly alerts 
after the maintenance.

Reference translation:  
The U.S. island of Guam is maintaining a high state of alert after the 
Guam airport and its offices both received an e-mail from someone 
calling himself the Saudi Arabian Osama bin Laden and threatening a 
biological/chemical attack against public places such as the airport .

Machine translation:  
The American [?] international airport and its the office all receives 
one calls self the sand Arab rich business [?] and so on electronic 
mail , which sends out ;  The threat will be able after public place and 
so on the airport to start the biochemistry attack , [?] highly alerts 
after the maintenance.

Reference translation:  
The U.S. island of Guam is maintaining a high state 
of alert after the Guam airport and its offices both 
received an e-mail from someone calling himself the 
Saudi Arabian Osama bin Laden and threatening a 
biological/chemical attack against public places such 
as the airport .

Machine translation:  
The American [?] international airport and its the 
office all receives one calls self the sand Arab rich 
business [?] and so on electronic mail , which sends 
out ;  The threat will be able after public place and so 
on the airport to start the biochemistry attack , [?] 
highly alerts after the maintenance.

Tri-gram match

Bi-gram matches

Automatic Evaluation of Translation 
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Minimum Error Rate Training for MT
� Desire MT system with high BLEU/??? scores

� Algorithm:
� Build MT system based on generative parameters
� Decode development corpus to get n-best lists (~10k best)
� Optimize parameters to get high BLEU scores on n-best 

lists
� Repeat until converged

[Och, ACL03]
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Phrase-Based Translation

Au
st
ra

lia is
with

No
rth

di
pl
om

at
ic 

re
la
tio

ns
ha

ve th
at

co
un

tri
esfe

w

on
e 
ofKo

re
a

�� � �� ���	 
 �� 
���

Australia is with North
Korea is diplomatic

relations
one of 
the few

countries

Australia is diplomatic
relations with North

Korea is
one of 
the few

countries

[Koehn, Och and Marcu, NAACL03]
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Decoding Phrase-Based MT
Maria no daba una botefada a la bruja verde

Mary did not slap the green witch

� Each step induces a cost attributed to:
� Language model probability: p(slap | did not)
� T-table probability: p(the | a la) and p(a la | the)
� Distortion probability: p(skip 1)   [for a la --> verde]
� Length penalty
� ...

[Koehn, Och and Marcu, NAACL03]
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Hierarchical Phrase-Based MT

�� ��� ���	
 �� 
���

few
countries

North
Korea

diplomatic
relationshave with 
�
isAustralia

Australia is North
Korea

diplomatic
relations

few
countries� 
�

[Chiang, ACL05]

CS 5300: MTSlide 41

Hal Daumé III (hal@cs.utah.edu)

Hierarchical Phrase-Based MT

few
countries

North
Korea

diplomatic
relationshave with 
�
isAustralia

few
countries

North
Korea

diplomatic
relationshave withthatisAustralia

one 
of

the

isAustralia few
countries

North
Korea

diplomatic
relationshave withthat 
�

[Chiang, ACL05]
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Syntax for MT

I ate lunch

PRO VBD NN

NPNP

VP

S

tabeta
ate

VBD

hirugohan

lunch

NN

NP

watashi

I

PRO

NP

VP

x y
y wo x

S

x y
x wa y

I

PRO

NP

ate lunch

VBD NN

NP

VP

wa

ate lunch

VBD NN

NP

VP

watashi wa

ate
lunch

VBD

NN

NP

watashi wa wo

watashi wa hirugohan wo tabeta

Kevin Knight, 
Daniel Marcu, 
Ignacio Thayer, 
Jonathan Graehl, 
Jon May, 
Steve DeNeefe
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Syntax for MT
� Decoding:

� Tree-to-tree/string 
automata

� CKY parsing algorithm

� Rule learning:
� Parsed English corpus
� Aligned data (GIZA++)
� Extract rules and 

assign probabilities

Time

B
L

E
U

Phrase-based MT

Syntax-based MT
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Summary
� Old school tranislation = interlingua

� Works well for limited domains
� Costs a lot of money

� New school translation = statistical
� Started out naïve
� Becoming more linguistically motivated every year

� Translation is currently the �hot topic� in NLP
� It looks like linguistics really is going to help, after all
� (so long as you use it wisely in conjunction with statistics)


