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� 7UDLQ�/RVV��������_�7UDLQ�$FF���������
� �9DO��/RVV��������_��9DO��$FF���������
(SRFK�����_�(SRFK�7LPH���P���V�
� 7UDLQ�/RVV��������_�7UDLQ�$FF���������
� �9DO��/RVV��������_��9DO��$FF���������
(SRFK�����_�(SRFK�7LPH���P���V�
� 7UDLQ�/RVV��������_�7UDLQ�$FF���������
� �9DO��/RVV��������_��9DO��$FF���������
(SRFK�����_�(SRFK�7LPH���P���V�
� 7UDLQ�/RVV��������_�7UDLQ�$FF���������
� �9DO��/RVV��������_��9DO��$FF���������
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(SRFK�����_�(SRFK�7LPH���P���V�
� 7UDLQ�/RVV��������_�7UDLQ�$FF���������
� �9DO��/RVV��������_��9DO��$FF���������

PRGHO�ORDGBVWDWHBGLFW�WRUFK�ORDG�
511BPRGHO�SW
��
¦
WHVWBORVV�¦WHVWBDFF¦ ¦HYDOXDWH�PRGHO�¦WHVWBLWHUDWRU�¦FULWHULRQ�
SULQW�I
7HVW¦/RVV�¦^WHVWBORVV���I`¦_¦7HVW¦$FF�¦^WHVWBDFF
������I`�
�

7HVW�/RVV��������_�7HVW�$FF���������

\BSUHGLFW¦ ¦>@
\BWHVW¦ ¦>@
¦
PRGHO�HYDO��
ZLWK¦WRUFK�QRBJUDG���
¦¦¦¦IRU¦EDWFK¦LQ¦WHVWBLWHUDWRU�
¦¦¦¦¦¦¦¦SUHGLFWLRQV¦ ¦PRGHO�EDWFK�$EVWUDFW��VTXHH]H���
¦¦¦¦¦¦¦¦URXQGHGBSUHGV¦ ¦WRUFK�URXQG�WRUFK�VLJPRLG�SUHGLFWLRQV��
¦¦¦¦¦¦¦¦\BSUHGLFW¦� ¦URXQGHGBSUHGV�WROLVW��
¦¦¦¦¦¦¦¦\BWHVW¦� ¦EDWFK�,QIR7KHRU\�WROLVW��
¦¦¦¦¦¦¦¦�DFF¦ ¦ELQDU\BDFFXUDF\�SUHGLFWLRQV�¦EDWFK�ODEHO�

0IX�W�WII�LS[�XLI�QSHIP�TIVJSVQW�JSV�1EXL�GPEWW�

\BSUHGLFW¦ ¦QS�DVDUUD\�\BSUHGLFW�
\BWHVW¦ ¦QS�DVDUUD\�\BWHVW�
¦
UHFDOO UHFDOOBVFRUH�\BWHVW�\BSUHGLFW�DYHUDJH 
PDFUR
�
SUHFLVLRQ SUHFLVLRQBVFRUH�\BWHVW�\BSUHGLFW�DYHUDJH 
PDFUR
�
I�VFRUH I�BVFRUH�\BWHVW�\BSUHGLFW�DYHUDJH 
PDFUR
�
DFFXUDF\ DFFXUDF\BVFRUH�\BWHVW�\BSUHGLFW�
DYHUDJHBSUHFLVLRQ¦ ¦DYHUDJHBSUHFLVLRQBVFRUH�\BWHVW�¦\BSUHGLFW�
¦
SULQW�
0DFUR¦3UHFLVLRQ�¦
�¦VWU�SUHFLVLRQ��
SULQW�
0DFUR¦5HFDOO�¦
�¦VWU�UHFDOO��
SULQW�
0DFUR¦)�¦VFRUH�
�¦VWU�I�VFRUH��
SULQW�
$FFXUDF\�¦
�¦VWU�DFFXUDF\��

0DFUR�3UHFLVLRQ���������������������
0DFUR�5HFDOO���������������������
0DFUR�)��VFRUH��������������������
$FFXUDF\��������������������

-R�XLMW�WIGXMSR�[I�YWI�XLI�XVEMRMK�HEXE�JVSQ�4EVX���XS�XVEMR�ER�0(%�QSHIP�ERH�GVIEXI�:MHYEPMWEXMSRW�JVS

4EVX�����8STMG�1SHIPPMRK
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.YWX�PMOI�MR�XEWO�SRI�[I�[MPP�XVEMR�XLI�QSHIP�SR�X[S�XVEMRMRK�WIXW�YWMRK�X[S�WITEVEXI�TVITVSGIWWMRK�XIG

8LIVIF]�XLI�X[S�XVEMRMRK�XIWXW�MRGPYHI�¦VWX�����ERH�¦VWX��������VIGSVHW�VIWTIGXMZIP]�

2S[�XLI�XLI�TVITVSGIWWMRK�ZEVMEXMSRW�XLEX�-�EQ�KSMRK�XS�MQTPIQIRX�EVI�

���;MXL�FMKVEQW�ERH�XVMKVEQW�

8SOIRMWEXMSR��"�6IQSZI�WXST�[SVHW��RYQFIVW�ERH�WMRKPI�GLEVEGXIVW��"�%HH�FMKVEQW�ERH�XVMKVEQW��
&EK�SJ�;SVHW�VITVIWIRXEXMSR

���;MXLSYX�&M�+VEQW

8SOIRMWEXMSR��"�6IQSZI�WXST�[SVHW��RYQFIVW�ERH�WMRKPI�GLEVEGXIVW��"�6IQSZI�VEVI�ERH�GSQQSR�X

'SRWMHIVMRK�[I�LEZI�XS�XVEMR�XLMW�0(%�SR�X[S�HMJJIVIRX�HEXE�WIXW��-�EQ�I\TIGXMRK�WMKRM¦GERXP]�FIXXIV�VI
XLI�FMKKIV�HEXEWIX�

8LSYKL�QSWX�SJ�XLI�PMFEVVEMIW�LEZI�EPVIEH]�FIIR�PSEHIH��[I�MQTSVX�XLI�VIPIZERX�KIRWMQ�QSHYPIW�JSV�X

-QTSVXMRK�0MFVEVMIW

LPSRUW¦ORJJLQJ
IURP¦QOWN�WRNHQL]H¦LPSRUW¦5HJH[S7RNHQL]HU
IURP¦QOWN�VWHP�ZRUGQHW¦LPSRUW¦:RUG1HW/HPPDWL]HU
IURP¦JHQVLP�PRGHOV¦LPSRUW¦3KUDVHV
IURP¦JHQVLP�FRUSRUD¦LPSRUW¦'LFWLRQDU\
IURP¦JHQVLP�PRGHOV¦LPSRUW¦/GD0RGHO
�SLS¦LQVWDOO¦S\/'$YLV  �����
LPSRUW¦S\/'$YLV�JHQVLP

&ROOHFWLQJ�S\/'$YLV  ������
��'RZQORDGLQJ�KWWSV���ILOHV�S\WKRQKRVWHG�RUJ�SDFNDJHV�D���D�DI��H���D�D��H�����F�
�����_ॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄॄ_����0%����0%�V��
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��ZKHHO! �������LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDF
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��QXPS\! ������LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDFN
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��VFLS\! �������LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDF
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��SDQGDV! �������LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SD
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��MREOLE! ������LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDF
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��MLQMD�! ������LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDF
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��QXPH[SU�LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDFNDJHV�
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��S\WHVW�LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDFNDJHV��
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��IXWXUH�LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDFNDJHV��
&ROOHFWLQJ�IXQF\�
��'RZQORDGLQJ�KWWSV���ILOHV�S\WKRQKRVWHG�RUJ�SDFNDJHV����������GH�DIEEIE��G�F�E��
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��S\W]! �������LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDFN
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��S\WKRQ�GDWHXWLO! ������LQ��XVU�ORFDO�OLE�S\WKRQ���
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��0DUNXS6DIH! �����LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��VL[! �������LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDFND
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��DWWUV! �������LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDF
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��VHWXSWRROV�LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDFNDJ
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��S\! ������LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�SDFNDJH

https://files.pythonhosted.org/packages/a5/3a/af82e070a8a96e13217c8f362f9a73e82d61ac8fff3a2561946a97f96266/pyLDAvis-2.1.2.tar.gz
https://files.pythonhosted.org/packages/66/89/479de0afbbfb98d1c4b887936808764627300208bb771fcd823403645a36/funcy-1.15-py2.py3-none-any.whl
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5HTXLUHPHQW�DOUHDG\�VDWLVILHG��SOXJJ\�����! ����LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW�
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��PRUH�LWHUWRROV! ������LQ��XVU�ORFDO�OLE�S\WKRQ����
5HTXLUHPHQW�DOUHDG\�VDWLVILHG��DWRPLFZULWHV! ����LQ��XVU�ORFDO�OLE�S\WKRQ����GLVW
%XLOGLQJ�ZKHHOV�IRU�FROOHFWHG�SDFNDJHV��S\/'$YLV�
��%XLOGLQJ�ZKHHO�IRU�S\/'$YLV��VHWXS�S\������GRQH�
��&UHDWHG�ZKHHO�IRU�S\/'$YLV��ILOHQDPH S\/'$YLV�������S\��S\��QRQH�DQ\�ZKO�VL]H �
��6WRUHG�LQ�GLUHFWRU\���URRW��FDFKH�SLS�ZKHHOV�������������D��H��EE�E����EDH�G�G�
6XFFHVVIXOO\�EXLOW�S\/'$YLV�
,QVWDOOLQJ�FROOHFWHG�SDFNDJHV��IXQF\��S\/'$YLV�
6XFFHVVIXOO\�LQVWDOOHG�IXQF\������S\/'$YLV�������
�XVU�ORFDO�OLE�S\WKRQ����GLVW�SDFNDJHV�SDVW�W\SHV�ROGVWU�S\����'HSUHFDWLRQ:DUQLQJ
��IURP�FROOHFWLRQV�LPSRUW�,WHUDEOH�

.YWX�PMOI�MR�4EVX����7:1�ETTVSEGL
��-�PP�RS[�GVIEXI�JYRGXMSRW�JSV�TVITVSGIWWMRK��QSHIPPMRK�ERJ�ZMWYWEPMW
GSR¦KYVEXMSRW�

-R�XLMW�JYRGXMSR��-�TEWW�X[S�TEVEQIXIVW�

���8VEMRMRK�WIX
���&MKVEQ�*PEK

%W�HMWGYWWIH�EFSZI��XLI�TVITVSGIWWMRK�ZEVMEXMSRW�EVI�FEWIH�SR�MRGPYWMSR�ERH�I\GPYWMSR�SJ�FMKVEQW�JVS
&MKVEQ�*PEK�MW�&SSPIER�TEVEQIXIV�XLEX�VITVIWIRXW�[MXL�FMKVEQW�[LIR�WIX�XS�8VYI�ERH�[MXLSYX�FMKVEQW
LEZI�EPVIEH]�FIIR�[VMXXIR�MR�XLI�PEWX�1EVOHS[R�GIPP��-�PP�WOMT�XLMW�TEVX�LIVI��*MREPP]�XLI�JYRGXMSR�VIXYVRW�

4VI�TVSGIWWMRK

GHI¦SUHBSURFHVV�GRFV�¦ELJUDPBIODJ��
¦¦�¦7RNHQL]H¦WKH¦GRFXPHQWV�
¦¦GRFV¦ ¦GRFV
¦
¦¦�¦6SOLW¦WKH¦GRFXPHQWV¦LQWR¦WRNHQV�
¦¦WRNHQL]HU¦ ¦5HJH[S7RNHQL]HU�U
?Z�
�
¦¦IRU¦LG[¦LQ¦UDQJH�OHQ�GRFV���
¦¦¦¦¦¦GRFV>LG[@¦ ¦GRFV>LG[@�ORZHU��¦¦�¦&RQYHUW¦WR¦ORZHUFDVH�
¦¦¦¦¦¦GRFV>LG[@¦ ¦WRNHQL]HU�WRNHQL]H�GRFV>LG[@�¦¦�¦6SOLW¦LQWR¦ZRUGV�
¦
¦¦�¦5HPRYH¦QXPEHUV�¦EXW¦QRW¦ZRUGV¦WKDW¦FRQWDLQ¦QXPEHUV�
¦¦GRFV¦ ¦>>WRNHQ¦IRU¦WRNHQ¦LQ¦GRF¦LI¦QRW¦WRNHQ�LVQXPHULF��@¦IRU¦GRF¦LQ¦GRFV@
¦
¦¦�¦5HPRYH¦ZRUGV¦WKDW¦DUH¦RQO\¦RQH¦FKDUDFWHU�
¦¦GRFV¦ ¦>>WRNHQ¦IRU¦WRNHQ¦LQ¦GRF¦LI¦OHQ�WRNHQ�¦!¦�@¦IRU¦GRF¦LQ¦GRFV@
¦
¦¦OHPPDWL]HU¦ ¦:RUG1HW/HPPDWL]HU��
¦¦GRFV¦ ¦>>OHPPDWL]HU�OHPPDWL]H�WRNHQ�¦IRU¦WRNHQ¦LQ¦GRF@¦IRU¦GRF¦LQ¦GRFV@
¦
¦¦LI¦�ELJUDPBIODJ��
¦¦¦¦SULQW��%LJUDPV¦$GGHG��
¦¦¦¦ELJUDP¦ ¦3KUDVHV�GRFV�¦PLQBFRXQW ���
¦¦¦¦IRU¦LG[¦LQ¦UDQJH�OHQ�GRFV���
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¦¦¦¦¦¦¦¦IRU¦WRNHQ¦LQ¦ELJUDP>GRFV>LG[@@�
¦¦¦¦¦¦¦¦¦¦¦¦LI¦
B
¦LQ¦WRNHQ�
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦�¦7RNHQ¦LV¦D¦ELJUDP�¦DGG¦WR¦GRFXPHQW�
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦GRFV>LG[@�DSSHQG�WRNHQ�
¦¦HOVH�
¦¦¦¦SULQW��6NLSSLQJ¦%LJUDPV��
¦
¦¦�¦&UHDWH¦D¦GLFWLRQDU\¦UHSUHVHQWDWLRQ¦RI¦WKH¦GRFXPHQWV�
¦¦GLFWLRQDU\¦ ¦'LFWLRQDU\�GRFV�
¦
¦¦�¦)LOWHU¦RXW¦ZRUGV¦WKDW¦RFFXU¦OHVV¦WKDQ¦��¦GRFXPHQWV�¦RU¦PRUH¦WKDQ¦���¦RI¦WKH¦GRFXP
¦¦GLFWLRQDU\�ILOWHUBH[WUHPHV�QRBEHORZ ���¦QRBDERYH ����
¦
¦¦�¦%DJ�RI�ZRUGV¦UHSUHVHQWDWLRQ¦RI¦WKH¦GRFXPHQWV�
¦¦FRUSXV¦ ¦>GLFWLRQDU\�GRF�ERZ�GRF�¦IRU¦GRF¦LQ¦GRFV@
¦¦SULQW�
?Q
�
¦¦SULQW�
1XPEHU¦RI¦XQLTXH¦WRNHQV�¦�G
¦�¦OHQ�GLFWLRQDU\��
¦¦SULQW�
1XPEHU¦RI¦GRFXPHQWV�¦�G
¦�¦OHQ�FRUSXV��
¦
¦¦UHWXUQ�GLFWLRQDU\�¦FRUSXV�

9WMRK�XLI�HMGXMSREV]�ERH�GSVTYW�KIRIVEXIH�JVSQ�TVITVSGIWWMRK�XLI�XI\X��[I�WIX�XLI�XVEMRMRK�TEEVQIXIV
JYRGXMSR�VIXYVR�W�XLI�QSHIP�GVIEXIH�JSV�JYVXLIV�ZMWYEPMWMRK�XLI�VIXYVRW�

1SHIP�8VEMRMRK

GHI¦PRGHOBWUDLQLQJ�GLFWLRQDU\�¦FRUSXV��
¦¦�¦7UDLQ¦/'$¦PRGHO�
¦
¦
¦¦�¦6HW¦WUDLQLQJ¦SDUDPHWHUV�
¦¦180B723,&6¦ ¦�
¦¦FKXQNVL]H¦ ¦����
¦¦SDVVHV¦ ¦��
¦¦LWHUDWLRQV¦ ¦���
¦¦HYDOBHYHU\¦ ¦1RQH¦¦�¦'RQ
W¦HYDOXDWH¦PRGHO¦SHUSOH[LW\�¦WDNHV¦WRR¦PXFK¦WLPH�
¦
¦¦�¦0DNH¦D¦LQGH[¦WR¦ZRUG¦GLFWLRQDU\�
¦¦WHPS¦ ¦GLFWLRQDU\>�@¦¦�¦7KLV¦LV¦RQO\¦WR¦�ORDG�¦WKH¦GLFWLRQDU\�
¦¦LG�ZRUG¦ ¦GLFWLRQDU\�LG�WRNHQ
¦
¦¦PRGHO¦ ¦/GD0RGHO�
¦¦¦¦¦¦FRUSXV FRUSXV�
¦¦¦¦¦¦LG�ZRUG LG�ZRUG�
¦¦¦¦¦¦FKXQNVL]H FKXQNVL]H�
¦¦¦¦¦¦DOSKD 
DXWR
�
¦¦¦¦¦¦HWD 
DXWR
�
¦¦¦¦¦¦LWHUDWLRQV LWHUDWLRQV�
¦¦¦¦¦¦QXPBWRSLFV 180B723,&6�



���������� FRGHB���������LS\QE���&RODERUDWRU\

KWWSV���FRODE�UHVHDUFK�JRRJOH�FRP�GULYH��=��K��O�.<2�W=�K%�Z%HFW\F3�1Q[,B�VFUROO7R :%,�ES]29*KN	SULQW0RGH WUXH �����

¦¦¦¦¦¦SDVVHV SDVVHV�
¦¦¦¦¦¦HYDOBHYHU\ HYDOBHYHU\
¦¦�
¦¦RXWSXWILOH¦ ¦I
PRGHO^180B723,&6`�JHQVLP

¦¦SULQW��6DYLQJ¦PRGHO¦LQ¦�¦�¦RXWSXWILOH�
¦¦SULQW����
¦¦PRGHO�VDYH�RXWSXWILOH�
¦¦UHWXUQ�PRGHO�

*MREPP]��-�[MPP�YWI�XLI�HMGXMSREV]��QSHIP�ERH�GSVTYW�KIRIVEXIH�JVSQ�XLI�TVIZMSYW�JYRGXMSRW�ERH�TEWW�XLI
ZMWYEP�VITVIRWXEXMSR�SJ�XSTMG�QSHIPPMRK�MW�VIXYVRIH�

:MWYEPMWEXMSR

GHI¦YLVXDOLVDWLRQ�PRGHO�¦FRUSXV�¦GLFWLRQDU\��
¦¦OGDBGLVSOD\¦ ¦S\/'$YLV�JHQVLP�SUHSDUH�PRGHO�¦FRUSXV�¦GLFWLRQDU\�¦VRUWBWRSLFV )DOVH�
¦¦UHWXUQ�S\/'$YLV�GLVSOD\�OGDBGLVSOD\��

2S[�-�PP�GEPP�XLI�XLVII�JYRGXMSRW�JSV�IEGL�GSR¦KYVEXMSR�

���7QEPPIV�XVEMRMRK�WIX�[MXL�&MKVEQW
���7QEPPIV�XVEMRMK�WIX�[MXLSYX�&MKVEQW
���&MKKIV�XVEMRMRK�WIX�[MXL�&MKVEQW
���&MKKIV�XVEMRMRK�WIX�[MXLSYX�&MKVEQW

����*MVWX������VIGSVHW�[MXLSYX�&MKVEQW�

ORJJLQJ�EDVLF&RQILJ�IRUPDW 
��DVFWLPH�V¦�¦��OHYHOQDPH�V¦�¦��PHVVDJH�V
�¦OHYHO ORJJLQJ
¦
�¦ORDG¦XS¦WKLV¦GDWD
WH[WBGDWD¦ ¦>@
GI¦ ¦SG�UHDGBFVY�
�FRQWHQW�GULYH�6KDUHGGULYHV�ILW�����V�������WXWRULDOV�$��D[FVBWUDLQ
GI¦ ¦GI>�����@
GRFV¦ ¦GI>
$EVWUDFW
@�WROLVW��
SULQW�
1XPEHU¦RI¦DUWLFOHV¦LQ¦WUDLQLQJ¦VHW�¦
�¦OHQ�GRFV��
UDZBGRFV¦ ¦GRFV�FRS\��
¦
GLFWLRQDU\�¦FRUSXV¦ ¦SUHBSURFHVV�GRFV�¦)DOVH�
PRGHO¦ ¦PRGHOBWUDLQLQJ�GLFWLRQDU\�¦FRUSXV�
YLVXDOLVDWLRQ�PRGHO�FRUSXV�GLFWLRQDU\�
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1XPEHU�RI�DUWLFOHV�LQ�WUDLQLQJ�VHW��������
��������������������������,1)2���DGGLQJ�GRFXPHQW����WR�'LFWLRQDU\���XQLTXH�WRNHQV
��������������������������,1)2���EXLOW�'LFWLRQDU\������XQLTXH�WRNHQV��>
DVVXPLQJ
��������������������������,1)2���GLVFDUGLQJ������WRNHQV��>�
DVVXPLQJ
�������
FRQY
��������������������������,1)2���NHHSLQJ�����WRNHQV�ZKLFK�ZHUH�LQ�QR�OHVV�WKDQ���
��������������������������,1)2���UHVXOWLQJ�GLFWLRQDU\��'LFWLRQDU\�����XQLTXH�WRNH
��������������������������,1)2���XVLQJ�DXWRWXQHG�DOSKD��VWDUWLQJ�ZLWK�>����������
��������������������������,1)2���XVLQJ�VHULDO�/'$�YHUVLRQ�RQ�WKLV�QRGH�
6NLSSLQJ�%LJUDPV�

1XPEHU�RI�XQLTXH�WRNHQV������
1XPEHU�RI�GRFXPHQWV�������
��������������������������,1)2���UXQQLQJ�RQOLQH��PXOWL�SDVV��/'$�WUDLQLQJ����WRSL
��������������������������,1)2���352*5(66��SDVV����DW�GRFXPHQW������������
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Analysing Model Performance 
Part A : Text Classification 

In an attempt to predict the subject a piece of  text belongs to, we created a bunch of  

models — each with a different set of  parameters (configurations) to see what combination of  

preprocessing, training set and model performed best at classifying the given text. 

To discuss the results from each configuration, let’s start with my approach towards the 

variation among each model. As given in the assignment specification, we had 3 separate 

Binary Classification tasks wherein each article had to be tested against the below said 

subjects: 

1. InfoTheory 

2. CompVis 

3. Math 

An article may belong to multiple classes or even none of  them, which basically means 

it could be both InfoTheory and Math related topic or even none of  the give labels. This was 

motivation behind Binary Classification and not multi-class prediction. Thereby we had 8 

models (which simply means 8 sets of  configurations) for each class. 

In those 8 models, we had 2 subsets — a statistical algorithm and a deep learning 

technique. For the statistical classifier I shortlisted SVM and Logistic Regression, from those 

taught in the tutorials. As per this blog on Medium, SVM is a better choice than the Logistic 

Regression for both un-structured and semi-structured data. Plus the author claims SVM isn’t 

as prone to over-fitting as is Logistic Regression. Lastly, as observed in the tutorial for Week 4, 

Logistic Regression couldn’t predict very well when exposed to an imbalanced dataset (or 

skewed distribution) which is the case with our dataset as well. Thus I decided to go with 
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SVM for the statistical classification. And a simple RNN for the other subset. In nutshell, we 

had 4 models using Linear SVC and the other 4 using Simple RNN for each of  the 3 classes. 

The 2 preprocessing techniques involved lemmatising the text using two different 

libraries — NLTK and Spacy. Both of  them tokenised the text and lemmatised but the 

difference is that Spacy does Part of  Speech (POS) tagging as well. Note that the Spacy is an 

exhaustive pipeline with plenty of  components which also include dependency labelling and 

entity name detection. Considering the size of  our dataset the nlp pipeline from Spacy would 

take infinitely long to process all the text articles, so just like in tutorials we disabled the 

former two components (parser and ner) to restrict the pipeline to just POS tagging. Plus this 

allows us to draw a comparison between lemmatisation done by NLTK and Spacy more 

precisely as the only difference here is POS tagging (only in Spacy, not in NLTK).  

Now that we have 3 classification tasks, each modelled on 2 types of  algorithms, with 2 

different preprocessing techniques — we further  train the using 2 different training sets. 

While one is trained on the entire set of  records (close to 54000) the other one restricted to 

just the top 1000 records. Thereby half  the models are are trained on 50 times the size of  

data in the other half. 

Considering the 24 (3 X 2 X 2 X 2) sets of  configuration, I expect better results from 

the simple RNN and those trained on the bigger dataset. Lastly those process with Spacy are 

also expected with better performance metrics. Now given the skewness of  data, most of  the 

articles are labelled as class 0 (across all three subjects), thereby accuracy might not be the best 

measure. For example (drawn from the Jupyter notebook attached) : 96% of  articles are 

labelled as 0 for the CompVis class and blindly labelling each article as 0 will return very high 

accuracy. Considering a serious classification task like in the field of  medicine, False Positives 

may lead to sever repercussion. Therefore we look at Precision, Recall, F1 Score and a 

precision- recall curve to draw conclusions from our models. 

Precision = TP/(TP+FP) 

Recall = TP/(TP+FN) 

Considering the mathematical definition both these metrics can be individually cheated 

with a specific case (or simply imbalanced dataset) to make the denominator equal to TP. This 
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can only be done to either of  them and not both. Therefore a third metric — F1 score which 

is a combination of  both seems the best measure for determining the model performance. 

Looking at the graphs, we can see there’s not much difference between the two 

lemmatisers.  

The graph on the left represents configuration 1.1 (refer Jupyter notebook) and the one 

on right represents 1.2 — both are for InfoTheory classification trained on SVM with the 

smaller dataset. These were pre-processed using Tf-IDF vectoriser with NLTK 

LemmaTokeniser (1.1) and Spacy’s LemmaTokeniser (1.2). The only difference we can see is 

there’s a slightly gradual decline in Precision for the Spacy (right). And the left one is a little 

steeper. Plus the average precision from Spacy (left) is around 10% better (higher) than 

NLTK. While I would like to conclude that Spacy is better than NLTK (restricting it to 

Lemmatisation) but the other graph don’t say the same. In fact all other graph have same 

precision for each pre-processing. In fact, in the last 2 (3.3 and 3.4 — refer Jupyter) NLTK 

has slightly better average-precision than the Spacy. The difference in above attached graphs 

(1.1 and 1.2) is not enough to make an overall statement. Had the other two  cases (2.1 and 

2.2, 3.1 and 3.2) shown same results it would have been wise to generalise. Nonetheless we 

expected Spacy to better, even though slightly, in this particular case it does align with out 

expectation. 

This motivated me to compare the same configuration (SVM with Spacy) with the one 

trained on bigger dataset. The graph on left (next page) represents 1.2 (smaller dataset) and 

that on right represents 1.4 (bigger dataset).   
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While my focus for comparison would be F-1 score in this case, we cannot ignore the 

huge difference in the precision-recall curve. The average precision for bigger 1.4 is 0.95 

which is more than the double of  1.2. We must note that around 80% of  texts in InfoTheory 

are labelled as 0, so the data is highly skewed. Thus looking at just the precision is not a good 

idea, the False Positive might be influenced. Moving to the F1 Score, I see 0.45 for 1.2 versus 

0.94 for 1.4. Similarly with 2.2 and 2.4 (higher F1), the bigger dataset has better prediction 

results. It looks all well when I move to 3.2 with a F1 score of  0.45 but the results are 

surprising when we look at the 3.4 (F1 of  0.4) — Contrary to the trend in InfoTheory and 

CompVis, Math had better F1 Score with smaller training set. Thus I looked at the 

percentage of  0 labels in the Math Class for the bigger training set, which was approximately 

70%.  

Probably the high percentage of  ‘1’ labels in smaller training set caused the model to 

overfit but this can not be the explanation for results from 3.4 as it already has all the data 

records. In fact the bias due to skewed distribution should have been in favour of  class 0, 

unlike the case here. Thinking on those lines, maybe the other 2 classes (InfoTheory and 

CompVis) had bias in results due to extremely high proportion of  0 labels (0.8 and 0.9 

respectively and SVM failed on Math.  Probably it was not the bigger training set that was 

yielding good results but that the SVM is not a good a choice for a skewed dataset. 

This made me look at the Simple RNN performance wherein it proves that SVM was 

not wrong for Math but was biased due to the skewness in InfoTheory and 

CompVis classes. If  this statement was overwhelming at this stage, let’s build a table for a 
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detailed comparison of  the results from the two algorithms. To keep it concise, I’ll limit to the 

models trained on bigger datasets with Spacy’s LemmaTokeniser : 

The results are drawn from the Jupyter notebook attached (please refer for verification). 

Here we can clearly see that the SVM had better performance than RNN for both 

InfoTheory and CompVis. While one may claim that SVM is better than RNN bit things 

change when we look at the results for Math class. Here the RNN outperformed the SVM by 

15% for the F1 score. We can even look at the individual Precision and Recall scores which 

align well with this observation. Had SVM really been better than RNN, it should have had 

the same accuracy (general use, not the performance metric) in predicting the labels for Math 

class as well. Looking at the consistency among RNN for all kinds of  data distribution (0.7, 

0.8, 0.9) in the class labels I can say Linear SVC was overfitting due to the overfitting. 

Although, this is opposite to what were taught in the tutorial where Linear SVC 

outperformed Simple RNN (where we were taught about tweaking the RNN parameters) — 

In my experiment I feel the skewness in InfoTheory and CompVis is the reason for not 

achieving the optimal performance with SVM. 
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Linear SVC Simple RNN

InfoTheory F1 0.92 0.46

Precision 0.94 0.55

Recall 0.90 0.50

CompVis F1 0.92 0.44

Precision 0.96 0.53

Recall 0.88 0.50

Math F1 0.39 0.45

Precision 0.43 0.55

Recall 0.37 0.50



To conclude, Spacy was not significantly better than NLTK in lemmatisation. Rather 

they had identical performance. Next the bigger dataset was clearly a good choice for training 

the models. Lastly, though RNN didn’t have great F1 score when compared to SVM but the 

results were pretty consistent across all three classes despite the varied skewness in each class. 

So at least we can say it did not overfit and could handle skewness better than the SVM. 

Part B : Topic Modelling 

In this section we perform unsupervised clustering (using LDA) on the training data 

from Part A, to find out the dominant topics in each text article. Just like in last section, we 

deploy a range of  configurations with 2 different training sets and 2 different preprocessing 

techniques. The two datasets comprise of  first 1000 and first 20,000 records respectively. And 

the two preprocessing techniques would be :  

1. Without bigrams :  

 

Tokenisation —> Remove stop-words, numbers and single characters —> Remove rare 

and common tokens —> Bag of  Words representation 

 

2. With Bi-Grams 

 

Tokenisation —> Remove stop-words, numbers and single characters —> Add 

bigrams and trigrams —> Remove rare and common tokens —> Bag of  Words 

representation 

Considering we have to train this LDA on two different data-sets, I am expecting 

significantly better results from variation 2 (with bigrams) on the bigger dataset. Plus we will set 

number of  topics to 4 as: 

 

	 (i) 3 main clusters - 1 for each class (InfoTheory, CompVis and Math) 

	 (ii) 1 cluster for documents that fall in none of  the categories 
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Here’s a screenshot (attached above, refer to Jupyter Notebook for interactivity) of  the 

visualisation from one of  the LDA models. This is from the smaller dataset with bigrams. We can 

clearly see the 4 topics are far apart from each other, unlike the one attached below which is 

using the same data (1000 records) but without bigrams. As expected the configuration with 

bigrams can appropriately differentiate between the given topics. 
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Referring the visualisation (figure above) from clustering on the bigger dataset without 

bigrams, we can draw — topics 1 and 2 are pretty close to each other when comparing their 

distance with clusters 3 and 4. Again as per expectation the addition of  bigrams on this bigger 

dataset again changes the placement of  the clusters. The one with bigrams (attached below) 

can cluster the 3 big topics in a more interpretable manner. For instance — the clusters 2,3 

and 4 may belong the to the topics InfoTheory, CompVis and Math which are equally 

distanced from each other with another cluster (labelled as 1) placed right in the middle of  the 

three. The central cluster may represent those articles which do not belong to any of  the three 

mentioned classes. 
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Thus I composed a quick look up table (attached below) to see the common words in 

each topic. 

This reveals that the dominant words in the Cluster 1( Topic_Num 0 in table) are 

method, model, algorithm and quantum. 

Cluster 2 comprises of  system network and data.  

Cluster 3 comprises of  problem, algorithm and graph. 

Cluster 4 comprises of  channel, code, network rate, capacity. 

Cluster 3  seems to be Math as it has the keywords graph and  set. Cluster 4 looks like 

Networking (probably InfoTheory) articles as it has the keywords interference, transmission, 

wireless, network, rate, etc. Lastly the cluster 2 looks like Human-Computer Interaction or 

Application development (potentially CompVis) as it has keywords mobile, device, content, 

platform, architecture, database. etc. 

To conclude, the addition of  bigrams helped in differentiating the topics very well. And 

so did the inclusion of  extra 19,000 records in the second dataset. Unlike the Part A, the 

results are aligning well with our expectations (proposed in the beginning).
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