Table of Contents

1. Introduction === e e 1

11 i What is the World Wide Web? ...................................... 1

1.2. A Brief History of the Web and the Internet -------eeeeeeeee 2

1-3- Web Data Mining ........................................................... 4

131 . What is Data Mining? ................................................. 6

1.3.2' What |S Web Mlnlng? ................................................. 6

1 4 Summary Of Chapters ................................................... 8

1.5. HOW to Read this Book ................................................ 11

Bibliographic Notes ................................................................ 12
Part I: Data Mining Foundations

2. Association Rules and Sequential Patterns ------------ 13

2.1. Basic Concepts of Association Rules «+----eeeeeereeeeeees 13

2-2- Apriori Algorithm ........................................................... 16

2.21 . Frequent Itemset Generation ................................... 16

2‘2.2 ASSOCIatIOI’I Rule Generatlon ................................... 20

2.3. Data Formats for Association Rule Mining «««««xxxxseeeeee 22

2.4. Mining with Multiple Minimum Supports ------oeeeeeeeeeees 22

2.41 Extended Model ....................................................... 24

2.42 Mining Algorithm ...................................................... 26

2‘4.3. Rule Generatlon ....................................................... 31

25 Mlnlng Class ASSOC'atIOn Rules ................................... 32

2-51 . Problem Deflnltlon .................................................... 32

2_52 Mlnlng Algorlthm ...................................................... 34

2.5.3. Mining with Multiple Minimum Supports ««-xxeeeeeee 37



VI

Table of Contents

2.6. Basic Concepts of Sequential Patterns ---------oeeeeeeeeeeee 37
2.7. Mining Sequential Patterns Based on GSP------xxxxxxeee-- 39
271 . GSP Algorlthm ......................................................... 39
2.7.2.  Mining with Multiple Minimum Supports ----xeeeeeees 41
2.8. Mining Sequential Patterns Based on PrefixSpan -+ 45
281 . PrefiXSpan Algorlthm ............................................... 46
2.8.2. Mining with Multiple Minimum Supports -:««xxeeeeeee 48
2.9. Generating Rules from Sequential Patterns------«-«-------- 49
2.91 . Sequential Rules ...................................................... 50
2_92 Label Sequential Rules ............................................ 50
2_93 Class Sequential Rules ............................................ 51
Blbllographlc Notes ................................................................ 52
Supervised Learning .................................................. 55
31 . Bas|c Concepts ................................................................... 55
32 DeC|S|On Tree |nduct|0n .................................................... 59
321 . Learning A|gor|thm ................................................... 62
322 |mpur|ty FUnCtion ..................................................... 63
3.2.3. Handling of Continuous Attributes --------sreeeeeeeeees 67
3_24 Some Other Issues .................................................. 68
33 Class|f|er Evaluanon .......................................................... 71
3‘3.1 . Evaluatlon Methods ................................................. 71
3.3.2. Precision, Recall, F-score and Breakeven Point - 73
34 Rule Inductlon ..................................................................... 75
341 . Sequentia| COVering ................................................. 75
3.4.2. Rule Learning: Learn-One-Rule Function:«-««------+- 78
3_43 Discussion ................................................................ 81
3.5. Classification Based on Associations :«:-eemeeeemeeeeeees 81
3.5.1. Classification Using Class Association Rules -+ 82
3.5.2. Class Association Rules as Features ««-«--eeeeeeeeeeeeee 86
3.5.3. Classification Using Normal Association Rules - 86
36 Nalve BayeSIan CIaSSlflcatlon .......................................... 87
3.7. Naive Bayesian Text Classification «««-eeemeeninienne. 91
371 . Probab”istic Framework ........................................... 92
372 Na'l've Bayesian Mode| ............................................. 93
373 DiSCUSSion ................................................................ 96
38 Support Vector Machlnes .................................................. 97

3_81 . Linear SVM Separable Case .................................. 99



Table of Contents VII

3.8.2. Linear SVM: Non-Separable Case «+-rereeereeeess 105
3.8.3.  Nonlinear SVM: Kernel Functions «------«x=-seeeeeeeeee 108
39 K_Nearest Ne|ghbor Learnlng ......................................... 112
3.10. Ensemble of Classifiers === 113
3101 Bagglng .................................................................. 114
3102 Boostlng ................................................................. 114
B|b||ographlc Notes .................................................................... 115
Unsupervised Learning ............................................ 117
41 . BaS|C Concepts ........................................................... 117
42 K_means Clusterlng .................................................... 120
421 . K_means Algorlthm ................................................ 120
4.2.2. Disk Version of the K-means Algorithm «----xxeeeeeee 123
423 Strengths and Weaknesses -------rrrreremmnmeamiannneninns 124
4.3. Representation Of ClUStErS «----rrrerrrremmrrrrrmmrrmrereenneaees 128
4.3.1. Common Ways of Representing Clusters -+ 129
432 Clusters of Arbltrary Shapes .................................. 130
44 Hlerarchlcal Clusterlng .................................................... 131
441 . Slngle_L|nk Method ................................................ 133
442 Complete_Llnk Method ........................................... 133
443 Average_Llnk Method ............................................. 134
444 Strengths and Weaknesses ................................... 134
4.5. Distance FUNCLONS e 135
4_51 i Numerlc Attrlbutes ................................................. 135
4.5.2. Binary and Nominal Attributes ----«---eeeeeemermemeneeen 136
453 Text Documents ..................................................... 138
4.6. Data Standardization - 139
4.7. Hand”ng of Mixed Attributes --------rrrerrrmmrmmmmreenaees 141
4.8. Which Clustering Algorithm to Use? e 143
4.9. Cluster Evaluation - 143
4.10. Discovering Holes and Data Regions ««--«-««-xseeeeereeeees 146
B|b||0graph|c NOLES «reerererr e 149
Partia"y Supervised Learning ................................. 151
5.1. Learning from Labeled and Unlabeled Examples - 151

5.1.1. EM Algorithm with Naive Bayesian Classification - 153



VIII  Table of Contents

5.2.

51 2 Co_Training ............................................................ 156
51 3 Self_Tralnlng ........................................................... 158
5.1.4. Transductive Support Vector Machines -« 159
51 5 Graph_Based Methods ........................................... 160
51 6 DiSCUSSion .............................................................. 164
Learning from Positive and Unlabeled Examples - 165
521 . App”cations of PU Learning ................................... 165
522 Theoretical Foundation .......................................... 168
5.2.3. Building Classifiers: Two-Step Approach --«««+----:- 169
5.2.4. Building Classifiers: Direct Approach -----««xxxreeeeeeeee 175
525 DiSCUSSion .............................................................. 178

Appendix: Derivation of EM for Naive Bayesian Classification -- 179
Blbhographlc Notes .................................................................... 181

Partll: Web Mining

6. Information Retrieval and Web Search =------xxseeeeeeee 183
6.1. Basic Concepts of Information Retrieval -------eeeeeeeeeee 184
6.2. Information Retrieval Models =« --=srrrerrmmammimmniiiiiiiaan, 187

621 Boolean Model ....................................................... 188
622 Vector Space Model ............................................... 188
623 Statlst|ca| Language Model .................................... 191
6.3. Relevance FeedbacCk - 192
6.4. Evaluation Measures - i, 195
6.5. Text and Web Page Pre-Processing -« seeeeeeeeeeee: 199
651 i Stopword Removal ................................................. 199
6.5.2.  StemMMINg --ererersrrr 200
6.5.3. Other Pre-Processing Tasks for Text ««-weeeeeeeeee: 200
6.54. Web Page Pre_PrOCeSSing ..................................... 201
655 Dupllcate Detectlon ................................................ 203
6.6. Inverted Index and Its Compression e 204
6.61 X Inver‘ted Index ........................................................ 204
6.6.2. Search Using an Inverted Index -------wreeeeeemeeees 206
663 |ndeX Constructlon ................................................. 207

664 |ndeX Compressu)n ................................................ 209



Table of Contents IX

67 Latent Semantlc Indexn‘]g ............................................... 215
6.7.1. Singular Value Decomposition «««««--ssxreessereesneee 215
672 Query and Retrieva| ............................................... 218
673 An EXampIe ............................................................ 219
674 DiSCUSSion .............................................................. 221

68 Web Search ...................................................................... 222

6.9. Meta-Search: Combining Multiple Rankings -« 225
6.9.1. Combination Using Similarity Scores ««««+--=-xxxeseeee 226
6.9.2. Combination Using Rank Positions ----«-=---sxeeeeeeeee 227

610 Web Spammlng ................................................................ 229
6‘10‘1 . Content Spammlng ................................................ 230
6‘10‘2. Llnk Spammlng ...................................................... 231
6‘10‘3. Hldlng Technlques ................................................. 233
6104 Combating Spam ................................................... 234

Blbllographlc Notes ................................................................... 235

Link Analysis ............................................................ 237

71 . SOC|a| Network Analys|s .................................................. 238
71 1 Centra“ty ................................................................ 238
71 2 PreSt|ge .................................................................. 241

7.2. Co-Citation and Bibliographic Coupling ««««-«ssseeeeeee: 243
7.21 . Co_Citation ............................................................. 244
7‘2.2. Blbllographlc Coupllng ........................................... 245

73 PageRank .......................................................................... 245
731 . PageRank A|gor|thm .............................................. 246
7.3.2. Strengths and Weaknesses of PageRank «««---++++-- 253
733 Tlmed PageRank .................................................... 254

T A, HITS ooeereeremreeeeesesie ittt 255
7‘4.1 . HlTS Algorlthm ....................................................... 256
7‘4.2. Flndlng Other Elgenvectors ................................... 259
7.4.3. Relationships with Co-Citation and Bibliographic

Coup"ng ................................................................. 259
7.4.4. Strengths and Weaknesses of HITS -weerereeeeeerneee 260

75 Communlty Dlscovery ..................................................... 261
7.5_1 . Problem Definition .................................................. 262
7.52 Bipartite Core Communities ................................... 264
7‘5.3. MaXImum Flow Communltles ................................. 265
7.5.4. Email Communities Based on Betweenness ------- 268

7.5.5. Overlapping Communities of Named Entities ------ 270



X

Table of Contents

Blbllographlc Notes .................................................................... 271
Web Crawling ............................................................ 273
81 . A BaSIC Crawler Algorlthm .......................................... 274
8‘1 ‘1 . Breadth_Flrst Crawlers ........................................... 275
81 2 Preferentlal Crawlers ............................................. 276
82 Implementatlon Issues .................................................... 277
821 . Fetchlng ................................................................. 277
822 ParSIng ................................................................... 278
8.2.3. Stopword Removal and Stemming ---wwreoeeeeeeeeeeees 280
8.2.4. Link Extraction and Canonicalization «------«-+-seee 280
825 Splder Traps ........................................................... 282
826 Page RepOSItory .................................................... 283
827 Concurrency ........................................................... 284
83 Unlversal Crawlers ........................................................... 285
831 . Scalablllty ............................................................... 286
8.3.2. Coverage vs Freshness vs Importance ----w---eee 288
84 Focused Crawlers ............................................................ 289
85 TOp|Ca| Crawlers ............................................................... 292
8-51 . TOpICﬂ' Locallty and Cues ...................................... 294
8-52 Best_FIrSt Varlatlons ............................................... 300
8-53 Adaptatlon .............................................................. 303
86 Evaluat|on .......................................................................... 310
87 Crawler Eth|CS and Confhcts .......................................... 315
88 Some NeW Developments .............................................. 318
BIb|IOgraph|C Notes .............................................................. 320

Structured Data Extraction: Wrapper Generation - 323

91 Pre”minaries ..................................................................... 324
9.1.1. Two Types of Data Rich Pages «--ereeeerreeeeee 324
91 2 Data MOdel ............................................................. 326
9.1.3. HTML Mark-Up Encoding of Data Instances ------- 328
92 Wrapper |ndUCti0n ............................................................ 330
921 . EXtraCtion from a Page .......................................... 330
922 Learning EXtraCtion Ru|es ...................................... 333
9.2.3. Identifying Informative Examples «+---wrrerererereeeee 337

924. Wrapper Maintenance =+« - =+rerrerrrerrirrnn 338



10.

Table of Contents XI

9.3. Instance-Based Wrapper Learning -« 338
9.4. Automatic Wrapper Generation: Problems -----eoeeeee- 341
9.4_1 . TWO Extraction Problems ....................................... 342
9.4.2. Patterns as Regular EXpressions «««««xwweeeeeeeees 343
9.5. String Matching and Tree Matching ««««weereeereeeneeees 344
951 . Strlng Edlt Distance ............................................... 344
952 Tree Matching ........................................................ 346
96 Multlple A“gnment ............................................................ 350
9_61 . Center Star Method ................................................ 350
9_62 Partial Tree Alignment ........................................... 351
97 Bu||d|ng DOM Trees ........................................................ 356
9.8. Extraction Based on a Single List Page:
Flat Data Records ............................................................ 357
9.8.1. Two Observations about Data Records -----«-++---x+ 358
982 Mlnlng Data Regions .............................................. 359
9.8.3. Identifying Data Records in Data Regions -« 364
9.8.4. Data Item Alignment and Extraction ----------xs-eeee 365
9.8.5. Making Use of Visual Information ««-««------eeeeeeeeeee 366
9_86 Some Other Techniques ........................................ 366
9.9. Extraction Based on a Single List Page:
Nested Data Records ...................................................... 367
9.10. Extraction Based on Multiple Pages ««ereeemrerneens 373
9.10.1. Using Techniques in Previous Sections --w«wwwxwweeee 373
9102 RoadRUnner A|gor|thm .......................................... 374
91 1 . Some Other Issues .......................................................... 375
9‘1 1 ‘1 . Extractlon from Other Pages .................................. 375
9‘1 1 ‘2. Dlsjunctlon or Optlonal ........................................... 376
9‘1 1 ‘3. A Set Type ora Tuple Type ................................... 377
91 1 4 Labe"ng and |n’[egrati0n ........................................ 378
91 1 5 Domain SpeCifiC EXtraCtion .................................... 378
912 DISCUSSIOH ......................................................................... 379
B|bl|ograph|c Notes .................................................................... 379
Information Integration ............................................ 381
10.1. Introduction to Schema Matching «««-weeeeeeeeeeeneees 382
10.2. Pre-Processing for Schema Matching ««----eeeeeees 384

10.3. Schema-Level Match e 385



XII

11.

Table of Contents

1031 Linguistic Approaches .......................................... 385
10.3.2. Constraint Based Approaches -:wrerereemrmsereeeee 386
10.4. Domain and Instance-Level Matching «---eeeeeeeereees 387
105 Comblr"ng Slm”arlt'es ................................................... 390
106 1m Match ........................................................................ 391
107 Some Other |Ssues ......................................................... 392
10.7.1. Reuse of Previous Match Results ««+--wxeeermeeeeeeees 392
10.7.2. Matching a Large Number of Schemas -+« 393
1073 Schema MatCh ReSUItS ........................................ 393
1074 User InteraCtionS .................................................. 394
10.8. Integration of Web Query Interfaces «««wweeeeeeeeeees 394
10.8.1. A Clustering Based Approach ««-«-«xeeeeeeeeeeeeees 397
10.8.2. A Correlation Based Approach:-«-«-«-«-eweeeeeeeeeee: 400
1083 An |nstance Based Approach ................................ 403
10.9. Constructing a Unified Global Query Interface - 406
10.9.1. Structural Appropriateness and the
Merge A|gonthm .................................................... 406
1092 LeXicaI Appropriateness ........................................ 408
1093 |nstance Appropriateness ...................................... 409
B|bl|ograph|c Notes .................................................................... 410
Opinion Mining ...................................................................... 411
1 11 . Sentlment CIaSSlflcatlon ................................................ 412
11.1.1. Classification Based on Sentiment Phrases - 413
11.1.2. Classification Using Text Classification Methods - 415
11.1.3. Classification Using a Score Function «««-----------== 416
11.2. Feature-Based Opinion Mining and Summarization -- 417
1121 Prob|em Definition ................................................ 418
1122 Object Feature EXtraCtiOn ...................................... 424
11.2.3. Feature Extraction from Pros and Cons
Of Format 1 ............................................................ 425
11.2.4. Feature Extraction from Reviews of
Of Formats 2 and 3 ................................................ 429
11.2.5. Opinion Orientation Classification ««-«---------ssseeeeee 430
11.3. Comparative Sentence and Relation Mining -« 432
1 1 31 . Prob|em Definition ................................................ 433

11.3.2. Identification of Gradable Comparative
Sentences ............................................................ 435



Table of Contents XII1

11.3.3. Extraction of Comparative Relations ««--«-+-------xeee 437
1 14 Oplnlon Search ................................................................ 439
1 15 Op”'"on Spam .................................................................. 441
11.5.1. Objectives and Actions of Opinion Spamming - 441
11.5.2. Types of Spam and Spammers ---------wxeeeeeeeeeees 442
1 153 Hldll’lg TeChniqUeS ................................................. 443
1154 Spam DeteCtion .................................................... 444
Blbllographlc Notes .................................................................... 446
12. Web Usage Mining ............................................................... 449
12.1. Data Collection and Pre-Processing -« -««-weeeeeees 450
12‘1 .1 Sources and Types Of Data .................................. 452

12.1.2 Key Elements of Web Usage Data
Pre_ProceSSIng ..................................................... 455
12.2 Data Modeling for Web Usage Mining -«-----weeeeeeeeeees 462
12.3 Discovery and Analysis of Web Usage Patterns - 466
12.3.1. Session and Visitor Analysis «::::xwweeeeseeseseeeee 466
12.3.2. Cluster Analysis and Visitor Segmentation -« 467
12.3.3 Association and Correlation Analysis ««-------==xeee- 471

12.3.4 Analysis of Sequential and Navigational Patterns 475
12.3.5. Classification and Prediction Based on Web User

Transactlons ......................................................... 479

12.4. Discussion and QULIOOK =i 482
B|bl|ograph|c Notes .................................................................... 482
ReferenCeS 485




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


