
Contents

Preface page ix

1 D ata  Mining 1
1.1 W h at is D a ta  M ining? 1
1.2 S tatistical L im its on D a ta  M ining 4
1.3 Things Useful to  Know 7
1.4 O utline of th e  Book 15
1.5 Sum m ary of C hap te r 1 17
1.6 References for C hap ter 1 17

2 M apR educe and  th e  New Software S tack  19
2.1 D istributed  File System s 20
2.2 M apReduce 22
2.3 A lgorithm s Using M apReduce 28
2.4 Extensions to  M apReduce 38
2.5 T he C om m unication C ost M odel 44
2.6 Com plexity T heory  for M apR educe 50
2.7 Sum m ary of C hap te r 2 64
2.8 References for C hap te r 2 66

3 Finding Similar Item s 68
3.1 A pplications o f  N ear-Neighbor Search 68
3.2 Shingling of D ocum ents 72
3.3 S im ilarity-Preserving Sum m aries o f  Sets 75
3.4 Locality-Sensitive H ashing for D ocum ents 82
3.5 D istance M easures 87
3.6 T he T heory  of Locality-Sensitive Functions 93
3.7 LSH Fam ilies for O ther D istance M easures 98
3.8 A pplications of Locality-Sensitive H ashing 104
3.9 M ethods for High Degrees of S im ilarity  111
3.10 Sum m ary of C hap ter 3 119
3.11 References for C hap te r 3 122

4 Mining D ata  S tream s 123



123
127
130
133
137
142
148
150
152

154
154
168
174
178
182
187
190

191
191
198
207
214
220
224
226

228
228
232
241
249
252
256
262
265

267
267
270
273
276
285

C o n ten ts

4.1 T he S tream  D a ta  Model
4.2 Sam pling D a ta  in a  S tream
4.3 F iltering  S tream s
4.4 C ounting D istinct E lem ents in a  S tream
4.5 E stim ating  M oments
4.6 C ounting O nes in a  W indow
4.7 Decaying W indows
4.8 Sum m ary of C hap ter 4
4.9 References for C hap te r 4

Link Analysis
5.1 PageR ank
5.2 Efficient C om putation  of PageR ank
5.3 Topic-Sensitive PageR ank
5.4 Link Spam
5.5 H ubs and A uthorities
5.6 Sum m ary of C hap te r 5
5.7 References for C hap ter 5

Frequen t I tem sets
6.1 T he M arket-B asket M odel
6.2 M arket B askets and th e  A -Priori A lgorithm
6.3 H andling Larger D atase ts  in M ain M emory
6.4 L im ited-Pass A lgorithm s
6.5 C ounting Frequent Item s in a  Stream
6.6 Sum m ary of C hap ter 6
6.7 References for C hap te r 6

Clustering
7.1 In troduction  to  C lustering  Techniques
7.2 H ierarchical C lustering
7.3 К -m eans A lgorithm s
7.4 T he C U R E A lgorithm
7.5 C lustering in N on-Euclidean Spaces
7.6 C lustering for S tream s an d  Parallelism
7.7 Sum m ary of C hap te r 7
7.8 References for C h ap te r 7

Advertising on th e  Web
8.1 Issues in  O n-Line Advertising
8.2 O n-Line A lgorithm s
8.3 T he M atching Problem
8.4 T he Adwords Problem
8.5 A dw ords Im plem entation



C o n ten ts  vii

8.6 Sum m ary of C hap te r 8 289
8.7 References for C hap te r 8 290

9 R ecom m endation  S ystem s 292
9.1 A M odel for Recom m endation System s 292
9.2 C ontent-B ased R ecom m endations 296
9.3 C ollaborative F iltering  306
9.4 D im ensionality R eduction  312
9.5 T he N etF lix  Challenge 321
9.6 Sum m ary of C hap ter 9 322
9.7 References for C hap ter 9 323

10 Mining Social-Network G raphs 325
10.1 Social Networks as G raphs 325
10.2 C lustering of Social-Network G raphs 330
10.3 D irect Discovery of C om m unities 338
10.4 Partition ing  of G raphs 343
10.5 F inding  O verlapping C om m unities 350
10.6 Sim rank 357
10.7 C ounting Triangles 361
10.8 N eighborhood P roperties of G rap h s 367
10.9 Sum m ary of C hap ter 10 378
10.10 References for C hap ter 10 381

11 Dimensionality Reduction 384
11.1 Eigenvalues and  Eigenvectors 384
11.2 Principal-C om ponent Analysis 391
11.3 Singular-Value D ecom position 397
11.4 C U R  D ecom position 406
11.5 Sum m ary of C hap te r 11 412
11.6 References for C hap ter 11 414

12 Large-Scale M achine  Learning - 415
12.1 T he M achine-Learning Model 416
12.2 Perceptrons 422
12.3 Support-V ector M achines 436
12.4 Learning from N earest N eighbors 447
12.5 C om parison of Learning M ethods 455
12.6 Sum m ary of C hap ter 12 456
12.7 References for C hap ter 12 457
Index  459


