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3 Supervised learning
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3.1 Probabilistic models for text learning
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3.1.1 Naive Bayes classification
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3.1.2 Parameter smoothing and feature selection
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3.1.3 Limited dependence modeling
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4.1.2 Agglomerative clustering
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4.2 Techniques from linear algebra
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4.2.2 Random projections
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5 Semi-supervised learning
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5.1 Learning from labeled and unlabeled
documents

� YKP#]�QMY���k�JMPRQMV�_?L�]�QMHK[�^a]:[�j�_?HKVXHKYZ]�QMH�JD��r�PRJ�o(P�PR[�YZ]�r�P�YKP#jl]�[�j�h�[�n
YZ]:r�P�YKP#j�j�N�`�h�VXP�[�JM_(HK_�]/_?N5h�QM`RPTN:f�HK[
fsN:QMVi]�JMHKN5[�JML�]�JpVi]��iYKP#]5j
JMN0HK[�`RQMP#]�_?P#j�`�YZ]:_?_?H���`#]�JMHKN5[x]:`�`�h
Qu]:`R��|q~(L�HK_�L�]:_/HZ[�j�P�P�jmr�P�P�[
O@PRQMH���P#jqh�_?HK[�^�]�_?HKVX\�YKPi]:YK^:N:QMH�JML�V \�]�J?JMPRQM[�P�jm]�f$JMPRQ�Ã��
\�P�`RJu]�n
JMHKN5[mÀ�]��
HKVXHZ��]�JMHKN5[I½�Ã�À�¿ Ö ÷ ×�Ø |W~(L�PX]:YK^:N:QMH�JML�VÓ��QM_dJeJ?Qu]:HK[�_�]
[�]�HKO@P��(]���PR_X`�YZ]:_?_?H���PRQih�_?HK[�^qN:[�Y��vYZ]:r�PRYZP�j�j�]�Ju]
|x~(L�PbQMP#]�f$JMPRQ
P#]�`bL�Ã�À H�JMPRQu]�JMHZN:[x`RN5[�_?HK_dJM_/N:fpJML�PWÃ�n�_dJMPR\�]:[�j�Àcn�_dJMP�\�|�GmP
QMP�_dJ?QMHK`RJ�JML�P�j�HK_?`�h�_?_?HKN:[mJMN�[�]�HZO5PX�(]���P�_?HZ]:[q`�YZ]:_?_?H���PRQM_�|c�D[tJML�P
Ã�n�_dJMPR\�N5[�PTP�_dJMHKVi]�JMP�_ K@� B ' h�_?HK[�^l]lO:]�QMHZ]:[�J'N:f�P��1h�]�JMHKN5[q½�Ù@¿b�

K@� B ' # Ñ�7 % @ �C½���� �M¿�$�Q�½E�  �
¿ �  7 % @ $�Q�½E�  �
¿ % O �F½����>R�¿ � ½ Ý ¿

~(L�PgVXN1j�H���`#]�JMHKN5[lHK_�JML�]�JFj
N�`�h�VXP�[�JM_�j
N�[�N:JFr�P�YKN:[�^Tj
PRJMPRQMVXHK[�n
HK_dJMHK`#]:YKY��mJMN�]�_?HK[�^:YKPc`�YZ]�_?_�kFr�h�J�Vi]��tr�P�YKN5[�^�\�QMN5r�]:r�HZYKHK_dJMHK`#]:YKY��
JMN0Vi]:[��t`�YZ]:_?_?P�_�|x½�~(L�HK_lj�HK_dJ?QMHKr�h�JMHKN:[mopHZYKY{r�PWj�PR^5P�[�PRQu]�JMPifsN�Q
JML�PXHK[�HKJMHZ]�Y(YZ]:r�P�YKP#jvj
N�`�h�VXP�[�JM_�| ¿I�D[tJML�PWÀcn�_dJMP�\}k�JML�P$K � B ' PR_dnJMHKVi]�JMP�_�]�QMP�h�_?P�jtJMN�]�_?_?HK^5[m`�YZ]�_?_�\
QMN5r�]:r�HKYKH�JMHKP�_�$FQ�½E�  �
¿�JMN�]:YKY
j�N�`Rh�VXP�[�JM_C[�N:JgYZ]:r�P�YKP#jW]:_(\�]�Q?J{N�f}JMLXHK[�\�h�J#|�~(L�P�_?PaÃgÀ·H�JMPRQu]�n
JMHKN5[�_g`�N:[1JMHK[1h�P'h�[�JMHKY�½�[�P#]�Q?nD¿�`�N5[1O@PbQM^5P�[�`�P5|F¾'P�_?h�Y�JM_(]�QMP�VXN:_dJMY��
f�]#O@N�Qu]:r�YZPi`�N:VX\�]�QMP#jtJMNc[�]:HKO@Pi�g]#�@P�_�]:YKN5[�P5��PRQ?QMN:Q�HK_eQMP#j�h�`�P#j
r��0]WJML�H�Quj0HK[0JML�P/r�P�_dJe`#]�_?P�_�k�r�h�Ja`#]�QMP�[�P�P#j
_aJMNcr�P�Ju]:y@PR[�HK[
VXN1j�PRYZHK[�^�`�YZ]:_?_?P�_�]:_'VXH��1JMh�QMP�_(N�f�JMPRQMV±j
HZ_dJ?QMHKr�h�JMHKN5[�_�|

5.2 Relaxation labeling
�D[x_?h�\�PRQMO1HK_?P#jxJMN:\�HK`�YKP#]�QM[�HK[�^mf!QMN:V JMPR�1J#kpj�HK_dJ?QMHKr�h
JMHZN:[�n�r�]�_?P#j
`�YZ]:_?_?H���PRQM_�\�N:_?H�Ja]�`�YZ]:_?_dn�`�N:[�j�H�JMHKN5[�]:Y�JMPRQMV�j�HK_dJ?QMHKr�h
JMHKN5[ $�Q�½32�  ��¿
]:[�jàh�_?PqJML�HK_�JMNxP�_dJMHKVi]�JMPtJML�Pq\�N:_dJMPRQMHKN:Q0`�YZ]�_?_t\
QMN5r�]:r�HKYKH�JMHKP�_$�Q�½E�  �
¿'fsN�Q�]i^5HKO@P�[tj�N�`Rh�VXP�[�J#| � N5[�_?HZj
PRQe[�N#o¼JML�P/L��
\�PRQ?JMPR�1J
VXN1j�PRYaHK[3�R÷1| ÷�k�opL�PRQMPtJ?Qu]�HK[�HK[�^.]:[�j�JMP�_dJMHK[�^�j
N�`�h�VXP�[�JM_W]�QMP
[�N1j
P�_XHK[I]tL1�
\�PRQ?JMPb�
Jl^:Qu]�\�L}|���JX_?PRP�VX_XN5r1O1HKN5h�_�JML�]�Ji]�\�]�Q?J
f!QMN:VãJMPRQMVX_�HK[iJML�P'J?Qu]�HK[�HK[�^/]:[�jlJMP�_dJMHK[�^/j�N�`�h�VXP�[�JM_�k@JML�PRQMP�]�QMP
N:JML�PRQT_?N:h�QM`�PR_TN:f�HK[�fsN�QMVi]�JMHKN5[tHK[�j
h�`�P#j�r��cJML�P�YZHK[�y
_�k�r�h�JaHKJaHK_
h�[�`�YKP#]�Q'L�N�owJMN�Pb��\�YKN5H�JpJML�P�V�|�a[�P{`#]�[X]5j
N5\�JFJML�P{[�N:JMHKN:[}k�VXN�JMHZO:]�JMP�j/r���_?\�QMP#]:j�HK[�^�]�`RJMHKO5]�n
JMHKN5[tJMP�`bL�[�HZ��h�P�_�k�JML�]�J�]XJMPRQMV â j�H�z�h�_?P�_���JMN�j
N�`�h�VXP�[�JM_THK[0JML�P
YKN�`#]:Y�YKHZ[�y�[�P�HK^:L
r�N�QML�N�N1jqN�fgJML�PXj�N�`�h�VXP�[�JaopL�PRQMP�H�J�r�P�YKN5[�^5_�á
JML�HK_CL�]�_Cr�PRP�[X\�QMN�O@P#j�h�_?PRf!h�Y�HZ[XL��
\�PRQ?JMPR�1J���¾ Ö Þ:×�Ø |���[lN:h�Q�`�N5[
n
JMPR�1J#kCH�J�VXP#]�[�_lh�\�^�Qu]5j�HK[�^tN:h�QXVXN1j
P�Y�JMN�]�`�YZ]:_?_dn�`�N:[�j�H�JMHKN5[�]:Y
j�HK_dJ?QMHKr�h
JMHKN5[WN�O5PRQ{[�N�J{N5[�Y��XJMPRQMVX_(HK[WJML�P�`Rh�Q?QMP�[�Jpj
N�`�h�VXP�[�JI��k
r�h
J{]�YZ_?N/[�P�HK^:L
r�N�QMHK[�^/j�N�`�h�VXP�[�JM_<.q½��
¿�½�_?N:VXP�_?h�H�Ju]:r�YKP'Qu]5j�HKh�_
`#]�[�r�Pe`bL�N5_?P�[cJMNij�PRJMPRQMVXHK[�P[.q½��
¿?¿bk�O
HK�5|Kk5$FQ�½32�R½��
¿ �42��½N.�½��
¿?¿  ��¿b|�a\�PRQu]�JMHZN:[�]�YZY���k�H�JTVXP#]�[�_'JML�]�J�JMPRQMVX_'HZ[0[�P�HK^5L1r�N:QM_TN�f(]XJ?Qu]:HK[
n
HK[�^vj
N�`�h�VXPR[1J �   `�N5[�J?QMHKr�h
JMPcJMNqJML�P�VXN1j�PRY(fsN:QiJML�P�`�YZ]:_?_WN:f�   k}]:[�j0JMPbQMVX_aHK[�[�P�HK^5L1r�N:QM_aN:fgJMPR_dJMHZ[�^�j
N�`�h�VXPR[1JO� © Vi]���r�Ph�_?P�jvJMN0P�_dJMHKVi]�JMPcJML�Pi`�YZ]�_?_X\�QMN5r�]:r�HZYKH�JMHKP�_�fsN�Q9� © |�½k�a[�PWVi]#�]:\�\�Y���]iL�PRh�QMHK_dJMHK`lj�]:VX\�HK[�^�fsh�[�`RJMHKN5[�opL�HK`uL0YZHKVXH�JM_�JML�PeQu]5j�HKh�_
N:fFHK[
ß�h�PR[�`�PTN�fF]/JMPRQMV�| ¿
�D[�JMPRQMP�_dJMHK[�^:Y���k�JML�HZ_'j
N�P�_p[�N:J'YKP#]:jcJMN�r�PRJ?JMPRQ�]�`�`�h�Qu]�`R�cHZ[�PR�1n

\�PRQMHKVXP�[�JM_ ÖKÑ�Þ�Ø |g~(L�PpQMP#]:_?N:[}k
HK[WL�HK[�j�_?HK^:L1J#k1HK_gJML�]�Jg`�N5[�JMP�[�J�PR�1n
\�]�[�_?HKN5[�HK_'[�N�J�JML�PeN5[�Y���\�h�QM\�N:_?PeN:fC`�H�Ju]�JMHKN:[}á�HK[�N:JML�PRQ'o(N:Quj
_�k
H�J�HK_�[�N:J�]�Y�o{]��
_�JML�P�`#]�_?P�JML�]�JaopHKJML�QMP�_?\�P�`RJeJMN�]c_?PRJ�N�f(JMN5\
n

¢ �?£aùe�T�¼ÃF�
\�YKN�Qu]�JMHKN5[�_�| � N:\��
QMHK^:L1J `ú ÷:U:U5Uiûeü�ýÿþ����������Xk��@]:[0÷�U5U:U
| 	�N:YKh�VXP Ñ k���_?_?h�P�÷�nC\�]�^5P Þ



HK`�_�k(L1�
\�PRQ?JMPb�
J/fsN�QMVX_�O@PRQ?�mJMHK^:L1JMY��.HK_?N5YZ]�JMP�jx`�YKh�_dJMPbQM_�|I�D[vJML�PS ¢ $�]�JMP�[�JM_�j�]�Ju]�r�]:_?P:k�fsN�QaPb��]�VX\�YKP5k
N5[�PeN:f$JMP�[���[�j�_{`�H�Ju]�JMHKN:[�_
f$QMN5V�\�]�JMP�[�JM_(f!QMN:V»JML�P�`�YZ]:_?_Tâ�]�VX\�YKH���PRQM_��1JMNlJML�Pa`�YZ]�_?_eâ N5_?`RHZYKYZ]�n
JMN�QM_���½�r�h
Jg[�N5[�PpJMNlâ \�P�_dJMHK`�HZj�P�_�� ¿b|�~(L1h�_gN:[�P'HK_gYKP#j�JMN�QMPb��[�P{JML�P
VXN1j
P�Y�N:fFYKHK[�y:]:^:P�_{JMNl\�N5_?H�J�]l`�YZ]�_?_�`�N:[�j
HKJMHKN:[�]:Y1�dN:HK[1J�j
HZ_dJ?QMHKr�h�n
JMHKN:[qN5[tJMPRQMVX_THK[�]�j�N�`Rh�VXP�[�J�]�[�j�JML�P ç�éKè�ìuì å ì N:f{[�P�HK^5L1r�N:QM_�k
j
P�[�N�JMP#j�r�� $�Q�½32��½��
¿ � 2�5½N.q½��
¿?¿  �#¿b|�óaN:JMP/JML�]�JaJML�PRQMP�HK_�]c`RHKQM`Rh�n
YZ]�QMHKJ���HK[1O@N:YZO1HK[�^l`�YZ]:_?_'Y$]�r�P�YK_�|�a[�P(]:\�\
QMN@]�`bLlJMN�QMP�_?N5YKO@P{JML�Pg`�H�QM`�h�YZ]�QMH�J���HK_�JMNTHK[�H�JMHZ]:YKY���h�_?P(]
JMPb�
J?n�N:[�Y��a`RY$]�_?_?H���PRQ�JMNp]�_?_?HK^5[�HZ[�H�JMH$]�Y@`�YZ]:_?_�\�QMN5r�]:r�HZYKH�JMHKP�_ $�Q ? j D ½E�` �
¿JMN�]�YZY�j
N�`�h�VXPR[1JM_CHK[W]�_?h�H�Ju]:r�YKP�[�P�HK^5L1r�N�QML�N�N1jiN:f�JML�PpJMP�_dJ{j
N�`Rn
h�VXP�[�J#k:JML�P�[lH�JMPRQu]�JMHKO@P�Y��l`RN5VX\�h
JMP5k�fsN:QCP#]�`bLl[�N1j�Pp]�JC_dJMP�\ � 7�Ñ k$FQ ? � �   D ½E�  ��� .q½��
¿?¿ #

�
�� ? 8 ?A@ D^D $�Q ? � D 2�5½N.q½��
¿?¿$FQ ? � D ½E�  ��� 2�:½N.q½��
¿?¿?¿ � ½�S5¿

opL�PRQMP(JML�P�_?h�V¼HK_FN�O@PRQC]�YZY
\�N5_?_?HKr�YZP{[�P�HK^5L1r�N:QML�N�N1j/`�YZ]�_?_g]�_?_?HZ^:[�n
VXPR[1JM_�|p½���[c\
Qu]:`RJMHK`�P�N:[�PTJ?QMh�[�`#]�JMPR_(JML�HK_p_?h�V�| ¿
�D[IJML�P0`#]:_?P0opL�PRQMPt_?N5VXPtN:f�JML�Pt[�N1j�P�_cHK[ .q½��
¿W]�QMP�\
QMPRn

`RY$]�_?_?H���P#j�k�JML�HK_�r�PR`�N5VXP�_C]T\�]�Q?JMHZ]:YKY���_?h�\�PRQMO1HZ_?P�jlYKP#]�QM[�HZ[�^e\�QMN:r�n
YKP�V�|à¾'P�YZ]���]�JMHKN:[IYZ]:r�P�YKHK[�^vHK_c]:r�YKP�JMNm_?VXN�N�JML�Y��xHZVX\
QMN�O@P�H�JM_
]�`�`�h
Qu]:`R��]:_pJML�HK_{L�]�\�\�P�[�_ ÖKÑ�Þ�Ø |

6 Social network analysis
~(L�Pao(PRr�HK_']:[�Pb��]�VX\�YKPaN�f�] ìbí#çRë�è:é�î å ò � í ä���| ¢ N�`�HZ]�Y}[�PRJDogN:QMy1_
L�]#O@P�r�P�P�[�PR�1JMP�[�_?HKO@PRYK�0QMP�_?P�]�QM`uL�P#j Ö Ý U Ø | ¢ N�`�HZ]:Y�[�PRJ�o(N�QMy
_�]�QMP
f!N:QMVXP#j�r�PRJ�o(P�PR[�]�`#]5j
P�VXHK`�_ar���`�N:n�]:h
JML�N�QMHZ[�^�k}]5j
O1HZ_?HK[�^�k�_?PRQMO�n
HK[�^qN5[x`�N5VXVXH�J?JMP�PR_�á{r�PRJDogP�P�[xVXN�O1HKP�\�PbQM_?N5[�[�P�Ypr���j�H�QMP�`RJMHK[�^
]�[�j.]:`RJMHK[�^�á{r�PRJ�o(P�PR[xV/h�_?HK`�HZ]:[�_�k�f!N�N:JMr�]�YKY'_dJu]�QM_�kgf$QMHZPR[�j�_�]:[�j
QMPRY$]�JMHKO@P�_�á�r�PRJ�o(P�P�[�\�P�N5\�YZP�r��WVi]:y1HK[�^�\�L�N5[�Pe`#]:YKYK_e]�[�jcJ?Qu]�[�_dn
VXH�J?JMHK[�^/HK[�fsPR`RJMHKN5[}á�r�PRJ�o(P�P�[c\�]�\�PRQM_(JML�QMN:h�^5LW`�H�Ju]�JMHKN:[}k�]�[�jir�PRn
J�o(P�PR[�o(P�r�\�]:^:P�_pr��cL��
\�PRQMYKHK[�y1HK[�^�JMN�N:JML�PRQ{o(P�r�\�]:^:P�_�|
¢ N�`RH$]�Y�[�PRJDogN:QMyTJML�P�N:Q?��HK_�`�N:[�`�PRQM[�P#jeopHKJML�\�QMN:\�PRQ?JMHKP�_�QMP�YZ]�JMP�j

JMNX`RN5[�[�P�`RJMHKO1H�JD�c]:[�j�j�HK_dJu]:[�`�P�_'HK[�^:Qu]�\�L�_�k�opH�JML0j�HKO@PRQM_?P�]�\�\�YKH�n
`�]�JMHKN5[�_TYKHZy5P/P�\�HZj�P�VXHKN5YKN:^:��k�P�_?\�HKN5[�]�^5P5k�`�H�Ju]�JMHZN:[�HK[�j�PR�
HK[�^
k�PRJM`5|
��[tJML�P���QM_dJTJDogN�PR��]�VX\�YKP�_�k�N5[�PlVXHK^5L�Jer�P�HK[�JMPRQMP�_dJMP#j0HK[�HZj�PR[�n
JMH�f$��HK[�^�]cfsPboã[�N1j�P�_TJMN�r�PlQMP�VXN�O@P#j�JMN�_?HK^5[�H���`#]�[1JMY���HK[�`RQMP#]�_?P
]#O@PbQu]:^5Pg\�]�JML�YKP�[�^:JML�r�PRJDogP�P�[�\�]�HKQM_�N:f�[�N1j�P�_�|��D[�`�H�Ju]�JMHKN:[l]�[�]:Y�n
�
_?HK_�k�N5[�P/Vi]��WopHK_?L0JMNiHZj�PR[1JMH�f$��HK[�ß�h�P�[�JMHZ]:Y}N:QT`RP�[�J?Qu]:Y�\�]:\�PRQM_�á
JML�HK_(JMh�QM[�_�N5h
J(JMNlr�Pa�1h�H�JMP�_d�
VXVXPRJ?QMHK`pJMN���[�j�HK[�^/^:N�N1jc_?h�QMO5PR�
\�]:\�PRQM_�á�JML�HK_�_d��VXVXPbJ?Q?��L�]�_er�P�P�[�PR�
\�YKN:QMP#jtr���À�HZ�bQMh�`uL�H�]:[�j
N�JML�PRQM_ Ö Û5Û Ø |'�D¾öYKHKJMPbQu]�JMh�QMP�HK[�`�YKh�j�P�_'HK[�_?HK^5L�J?fsh�Y�_dJMh�j
HKP�_�N�fC`�H�Ju]�n
JMHKN:[}k1`�N�n�`RHKJu]�JMHKN5[}k�]�[�j�HK[�ß�h�P�[�`�PpN:f�]:`#]:j�P�VXHK`'\�h�r�YKHZ`�]�JMHKN5[ Ö × S Ø |

6.1 Applying social network analysis to the
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6.1.2 Hyperlink induced topic search (HITS)
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