Foundations
of
Statistical
Natural
Language
Processing

Christopher 0. Manning
Hinrich Schiitze

The MIT Press
Cambridge, Massachusetts
London, England



Contents

List of Tables  xv

List of Figures  xxi
Table of Notations — xcv
Preface  xix

Koad Map oo

I Preliminaries 1

1 Ievivindunction 3

1.1 Rationalisi and Empiricist Approaches to Language 4
1.2 Scientific Contemt 7
1.21  (heestions that limoeistics shauld answer 8
1.2.2  Noncategorical phenomena in language 11
L23  Language and cognition as probehilistic
phenomena 15
1.3 The Ambsiguity of Language: Why NLP Is Difficuli 17
1.4 Dirty Hands L]
141  Lexdbcal resources 14
1.4.2 Word coumis 20
143 Hplslaws 23
144 Collocations 29
145 Concordances 31
1.5 Furiher Reading 34



Conferty

1.6 Exercises 35

Mathematical Foundations 39
21 FElementary Probability Theory 40
21,1 Probability spaces 40
1,1.2  Conditional probability and independeonce 42
2.3 Bayes' theorem 43
214 HRandom varlables 45
215 Expectation and varbince 46
216 Notation 47
2L.7  Joint and conditional diseributions 48
218 Determining P 48
219 Standard distributions 50
2.1.10 Bayesian statistics 54
2011 Exercises EL ]
2.2  Essential Information Theary 6D
221 [ntropy 61
222 lolnt entropy and conditional entropy 63
223 Mutual mforma tion 66
&4 The nolsy channe] model 68
2.2.5  Relative entropy of Kullback leibler divergence 72
20  The relation to language: Cross entropy 73
22.7  The entropy of English 76
&.2.8 Porplexity 78
229 Exercises 78
23 Further Reading 70
Linguistic Essertfals 81
31 Parts of Speech and Morphology 81
311 Nouns and pronouns 83
3.2 Words that aceompany nouns: Detérminers and
adjectives 87
313 Verhs 88
114 Other parts of speech a1
3.2 Phrase Steucture 93
3.2.1 Phrase structure grammars 96
322  Dependency: Argumenis and adjuncts 1ol
323 X theary 106
324 Please structure ambiguity 107



Comievis

3.3
34
3.5
=N

41

4.3

4.4
4.5

Semantics and Progmatics 108
Other Areas 112

Further Reading 113
Exercises 114

Corpus-Bised Work 117

Getting Set Up 118

4.1  Computers 118

412 Corpara 118

4.1.3 Software 120

Looking a1t Text 123

421 lowlevel formatting issues 123
4,23  Tokemizaton: What is a word? 124
423  Morphology 131

424 Sentences 134

Marked-up Data 136

431 Markup schemes 137

4.3.2 Grammatical tagging 139
Further Reading 145

Exercises 147

I Words 149
5 Collocations 151

51
5.2
53

54
55
5.6

Frequency 153

Mean and Vanance 157

Hypothesis Testing 162

53.1 Thet test 163

5.3.2  Hypothesis testing of dilferences 166
5.3.3 Pearson's chi-square (est 1659

534 Likelibood ratios 172

Mutual Information 178

The Notion of Collocation 183

Further Reading 187

6 Staristical inference: n-gram Models over Sparse Dati

6.l

Bins: Forming Fquivalence Classes 192
6.1.1  Rellability vs. discrimination 192
6.1.2  ngram models 192

191



Cowite rts

10.3.1 Applying HMMs (o POS tagging 357
10.3.2 The elfect of initializaton on AMM tralning 350
104 Transformaton-Based Leaming of Tags 6
10.4.1 Transformatlons 362
1042 The leaming algorithm 14
10.4.3 Relation to other models 165
1044 Auntomaia I6T
1045 Summary 360
105 Other Methods, (iher Languages i
10.5.1 Other approachaes o gging 370
10.5.2 Languages othier than Enghish =~ 371
LiLe Tagging Acouracy and Lses of Taggers 371
10.6.1 Tapring sccuracy 371
1062 Applications of tagging 74
10,7 Further Reading K
LB Exerclses 370

11 Prodaidlistic Comtext Free Grammary 381

11.1 Some Featwres of PCFGS 66
11.2 (estions for PCFGs 388
11.3 The Probabiliry of a Smring 392
11.3.1 Using inside probabilitkes 382
11.3.2 Using outside probabilities 394
11.3.3 Finding the most Lkely parse lor a sentence 396
11.3.4 Tradninga PCTG 308
11.4 Problems with the nside-Outside Algorithm 400
115 Further Reading 402
116 Exerclses 404

12 Probalilistic Parsing 407
12,1 Some Concepts 408
12.1.1 Parsing for disamblguation 408
12.1.2 Treshaiks 412
12.1.3 Parsing models vs. language models 414
12.1.4 Weakening the independence assumptions of
PCFGs 416
12.1.5 Tree probabilities and derivatiomal probabilities 421
12.1.6 There's more than one wiy 1o do i 423



Cantemits Xl

1217 Phrase structure grammars and dependency
gramumars 428

12.1.8 Evaluation 431
12.1.9 Equivalent models 437
12.1_10 Building parsers: Search methods 434
12.1.11 Use of the geometric mean 42

12.2 S5ome Approaches 443
12.2.1 Nondexicalized ireebank grammars 443
12.2.2 Lexicalized models using derivational histories 448
12.2.3 Dependency-based models 451
12.2.4 Discussion 454

12.3 Further Reacing 456

124 Exercises 458

IV Applications and Techniques 461

13 Statistical Alignment and Machine Translation 463

131 Text Alignment 466
1311 Aligning sentences and paragraphs 467
13.1.2 Length-based methods 471
13.1.3 Offset alignment by signal processing

techniques 475

13.1.4 Lexical methods of sentence alignment 478
13.L.5 Sommory 484
13.1.6 Exercises 484

13.2 Word Alignmeant 484

133 Statistical Machine Translation 486

154 Further Reading 4492

14 Clustering 405

14.1 Hierarchical Clustering 500
1411 Single-link and completelink clustering 503
14.1.2 Group-average agglomerative clustering 507
14.1.3 Anapplication: Impreving a language model 09
14.1.4 Top-down clustering 512

14.2 Non-Hierarchical Clusiering 314
14.2.1 K-means 513
14.2.2 The EM algorithm 514

14.3 Further Reading 527



Cimiternis

144 Exerclses 5218

15 Towpics fn Information Retrieval 529
15.1 Some Background on Information Retrfeval 530
15.1.1 Common design features of IR systems 532
15.12 Evafoation measures 534
15.13 The probability ranking principle (PRI 53H
152 The Vector Space Moded 530
15.2.1 Wector similarity 540
15.2.2 Term welghting 541
1533 Term Distribution Models 544
15.3.1 The Molsson distributlon =~ 545
1532 The rwo-Polsson model 548
1533 The K mixure 549
15.34 [nverse document freguency 351
15.3.5 Residual inverse document frequency 553
15,36 Usage of term distribution models 534
154 Larent Semantic Indexing 554
1541 Least-squares methods 557
1542 Singular Value Decomposition 558
15.4.3 Latent Semantic Indexing in IR~ 564
155 Discourse Segmentation 566
15.5.1 TextTiling BT
15.6 Further Reading 570
157 Exerrises 573

16 Text Categorization 575

16.1 Decision Trees 578

16.2 Maximum Entropy Modeling 589
16.2.1 Generalized terative scaling 591
16.2.2 Application to text cotegorization 5594

163 Perceptrons 597

164 k Nearest Melghbor Classificatlon 604

1635 Furiher Beading 607

Ty Statistical Tables G049
Bibliography 611
Index 657



	1
	2
	3
	4
	5
	6
	7

