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Abstract 

:LWK�WKH�UDSLG�GHYHORSPHQW�RI�WKH�,QWHUQHW��SHRSOH�DOO�RYHU�WKH�FRXQWU\�DUH�NHHQ�WR�H[SUHVV�WKHLU�
YLHZV� DQG� RSLQLRQV� RQ� VRPHWKLQJ� RQ� VRFLDO�PHGLD�� ,Q� WKH�8.�� SHRSOH� DUH� DFFXVWRPHG� WR� XVLQJ�
7ZLWWHU�WR�H[SUHVV�WKHLU�RSLQLRQV��ZKLOH�LQ�&KLQD��SHRSOH�DUH�PRUH�LQFOLQHG�WR�H[SUHVV�WKHLU�RSLQLRQV�
RQ�:HLER��$W�WKH�VDPH�WLPH��ZLWK�WKH�SRSXODUL]DWLRQ�RI�PRELOH�SKRQHV�DQG�WKH�VPRRWKQHVV�RI�WKH�
,QWHUQHW��ZH�FDQ�GLVFRYHU�QHZ�WKLQJV�DQ\WLPH�DQG�DQ\ZKHUH��DQG�ZH�FDQ�DOVR�H[SUHVV�RXU�RSLQLRQV�
DQ\WLPH��DQ\ZKHUH��7KHUHIRUH��WKH�LQIRUPDWLRQ�RQ�VRFLDO�PHGLD�KDV�D�VWURQJ�VKDULQJ�DQG�UHDO�WLPH�
QDWXUH��$W�WKH�VDPH�WLPH��EHFDXVH�LW�LV�LQIRUPDWLRQ�UHOHDVHG�E\�SHRSOH
V�VXEMHFWLYH�ZLVKHV��SHRSOH
V�
YLHZV�DUH�PRUH�VXEMHFWLYH�DQG�DXWKHQWLF��)URP�VRFLDO�PHGLD��ZH�FDQ�JHW�DOPRVW�DQ\�LQIRUPDWLRQ�ZH�
ZDQW��)RU�H[DPSOH��WKH�JRYHUQPHQW�ZDQWV�WR�OLVWHQ�WR�SHRSOH
V�RSLQLRQV�RQ�WKH�QHZO\�SURPXOJDWHG�
SROLFLHV��EX\HUV�ZDQW�WR�JHW�SHRSOH
V�FRPPHQWV�RQ�SURGXFWV��DQG�PRYLH�SXEOLVKHUV�ZDQW�WR�JHW�SXEOLF�
FRPPHQWV�RQ�PRYLHV��$OPRVW�DOO�RI�WKHP�FDQ�EH�IRXQG�RQ�VRFLDO�PHGLD��7KHUHIRUH��DIWHU�REWDLQLQJ�
VRFLDO�PHGLD�LQIRUPDWLRQ��LW�LV�YHU\�LPSRUWDQW�WR�SHUIRUP�VHQWLPHQW�DQDO\VLV�RQ�WKH�WH[W�LQIRUPDWLRQ�
RI�VRFLDO�PHGLD� 
 
7KLV�SURMHFW�PDLQO\�FRQGXFWV�VHQWLPHQW�DQDO\VLV�RI�VRFLDO�PHGLD��7KURXJK�WKH�VHQWLPHQW�DQDO\VLV�RI�
VRFLDO�PHGLD��WKH�NH\ZRUGV�RI�PLFUREORJV�ZLWK�GLIIHUHQW�VHQWLPHQWV�FDQ�EH�REWDLQHG��$QDO\]H�WKH�
NH\�WHFKQLFDO�LVVXHV�RI�VRFLDO�PHGLD��PRGHO�WKH�HPRWLRQDO�DQDO\VLV�RI�VRFLDO�PHGLD��DQG�SUHGLFW�WKH�
HPRWLRQDO�WHQGHQF\�RI�WKH�WH[W�LQIRUPDWLRQ�RI�VRFLDO�PHGLD��$W�WKH�VDPH�WLPH��WKURXJK�VRFLDO�PHGLD�
VHQWLPHQW�DQDO\VLV�LQ�GLIIHUHQW�ODQJXDJHV��DQDO\VLV�PHWKRGV�DQG�PRGHO�FKRLFHV�VXLWDEOH�IRU�GLIIHUHQW�
ODQJXDJHV�DUH�REWDLQHG� 
 
7KLV�SURMHFW�XVHV�WKH�7ZLWWHU�DQG�:HLER�GDWD�VHWV� IRU� DQDO\VLV�DQG�XVHV� MLHED� WR�SHUIRUP�SDUW�RI�
VSHHFK�WDJJLQJ�DQG�ZRUG�VHJPHQWDWLRQ�RQ�WKH�&KLQHVH�GDWD�VHW��8VH�VWDWLVWLFDO�PHWKRGV�WR�DQDO\]H�
WKH�GDWD�VHW��XVH�7I�,')�DQG�%DJ�RI�:RUGV�PHWKRGV�WR�H[WUDFW�IHDWXUHV�RI�WKH�GDWD��DQG�XVH�ORJLVWLF�
UHJUHVVLRQ�DQG�QDLYH�%D\HV�DOJRULWKP�WR�FODVVLI\�WH[W��)LQDOO\��WKH�%HUW�SUH�WUDLQLQJ�PRGHO�ZDV�XVHG�
IRU�VRFLDO�PHGLD�VHQWLPHQW�DQDO\VLV�DQG�DFKLHYHG�WKH�EHVW�UHVXOWV� 
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Chapter 1: Introduction 

����,QWURGXFWLRQ�WR�WKH�SUREOHP 

7LP� %HUQHUV�/HH� FUHDWHG� WKH� ILUVW� ZHEVLWH� LQ� ������ :LWK� WKH� UDSLG� GHYHORSPHQW� RI� ,QWHUQHW�
WHFKQRORJ\�� YDULRXV� SURGXFWV� OHG� E\�FRPSDQLHV� VXFK�DV�*RRJOH�� )DFHERRN��$PD]RQ��%DLGX�� DQG�
$OLEDED�KDYH�EHFRPH�WKH�PDLQVWUHDP�RI�WKH�FXUUHQW�,QWHUQHW�ZRUOG��,W�DOVR�PDNHV�WKH�,QWHUQHW�WKH�
WKLUG� ODUJHVW� PHGLD� EHVLGHV� WHOHYLVLRQ� EURDGFDVWLQJ�� QHZVSDSHUV�� DQG� PDJD]LQHV�� ,W� DOVR� PDNHV�
SHRSOH�PRUH�DQG�PRUH�DFFXVWRPHG�WR�SXEOLVKLQJ�LQIRUPDWLRQ�DQG�REWDLQLQJ�LQIRUPDWLRQ�WKURXJK�WKH�
,QWHUQHW��DQG�PRUH�DFFXVWRPHG�WR�SXEOLVKLQJ�VRPH�LQIRUPDWLRQ�FRQWDLQLQJ�WKHLU�RZQ�IHHOLQJV�RQ�WKH�
,QWHUQHW��7KHUHIRUH��YDULRXV�WH[W�PHVVDJHV�H[SUHVVLQJ�HPRWLRQV�DUH�ZLGHO\�GLVWULEXWHG�RQ�WKH�,QWHUQHW��
VXFK�DV�%%6��FKDW�URRPV��SHUVRQDO�EORJV��DQG�VRFLDO�QHWZRUNV�VXFK�DV�:HLER�DQG�7ZLWWHU� 
 
:LWK�WKH�UDSLG�GHYHORSPHQW�RI�WKH�,QWHUQHW��ZH�FDQ�REWDLQ�PRUH�DQG�PRUH�LQIRUPDWLRQ��2Q�WKH�RQOLQH�
VKRSSLQJ�VLWHV��ZH�FDQ�ILQG�D�ORW�RI�H[SHULHQFH�DERXW�WKH�VDPH�LWHP�WKDW�DQRWKHU�SHUVRQ�SXUFKDVHV�
EHIRUH�ZH�EX\�LW�E\�RXUVHOYHV��2Q�WKH�YDULRXV�EORJ�VLWHV��ZH�FDQ�VHH�WKH�YLHZV�RI�EORJJHUV�DERXW�RQH�
WKLQJ��2Q� WKH� VRFLDO�PHGLD��ZH� FDQ� JHW� YLHZLQJ� FRPPHQWV� RQ�D� QHZO\� UHOHDVHG�PRYLH�ZKLFK� LV�
SXEOLVKHG�E\�RWKHU�SHRSOH��SDUWLFLSDWH�LQ�GLVFXVVLRQV�RQ�FXUUHQW�SRSXODU�QHZV�HYHQWV��DQG� REWDLQ�
IHHOLQJV�RU�YLHZV�RQ�DQ\�HYHQW��:LWK�WKLV�RSHQ�FRQFHSW�RI�XVHU�FHQWHUHG�DQG�XVHU�SDUWLFLSDWLRQ��WKH�
UROH�RI�WKH�XVHU�KDV�FKDQJHG�IURP�D�PHUH�RQOLQH�UHDGHU�WR�D�QHWZRUN�FRQWULEXWRU�DQG�SDUWLFLSDQW��
7KLV�UROH�FKDQJH�KDV�EURXJKW�DERXW�D�EORZRXW�RI�WKH�,QWHUQHW
V�VXEMHFWLYH�VHQWLPHQW�WHQGHQFLHV� 
 
$PRQJ�WKHP��7ZLWWHU�LV�D�YHU\�SRSXODU�PLFUREORJJLQJ�VHUYLFH�WKDW�IRFXVHV�RQ�EULHI��UHDO�WLPH�VWDWXV�
XSGDWHV��,W�DWWUDFWV�PRUH�DQG�PRUH�SHRSOH�WR�H[SUHVV�RSLQLRQV�DQG�HPRWLRQV�RQ�FXUUHQW�KRW�WRSLFV��
,Q�WKH�IRXUWK�TXDUWHU�RI�������WKH�QXPEHU�RI�XVHUV�WKDW�SRVW�D�WZHHW�LQ�RQH�GD\�LV�����PLOOLRQ��8VHUV�
XVH�WKH�VHUYLFH�SURYLGHG�E\�7ZLWWHU�WR�FUHDWH�D�NLQG�RI�VWDWXV�LQIRUPDWLRQ��WZHHW��WR�H[SUHVV�WKHLU�
YLHZV�RQ�GLIIHUHQW�WRSLFV��7ZLWWHU�XVHUV�FDQ�IROORZ�RWKHU�XVHUV�RU�EH�IROORZHG�E\�RWKHU�XVHUV�ZLWKRXW�
DQ\�DXWKHQWLFDWLRQ�LQIRUPDWLRQ��7KLV�KDV�DFFHOHUDWHG�WKH�VSHHG�RI�LQIRUPDWLRQ�GLVVHPLQDWLRQ� 
 
6LPLODUO\��:HLER� LV� D�PLFUREORJJLQJ� VHUYLFH� LQ�&KLQD��:HLER� LV� D� SDUDJUDSK� RI� WH[W� DV� WKH�PDLQ�
FRQWHQW��ZKLOH�HPRMLV��SLFWXUHV��YLGHRV��HWF��FDQ�EH�LQWURGXFHG�WR�QDUUDWH�DQG�VXSSOHPHQW�WKH�WH[W��,Q�
WKLV�VHOI�PHGLD�HUD��:HLER�SOD\V�D�SLYRWDO�UROH�LQ�&KLQD��$FFRUGLQJ�WR�WKH�ODWHVW�GDWD�IURP�WKH�&KLQD�
,QWHUQHW�&HQWHU�>��@��DV�RI�-XQH�������WKH�QXPEHU�RI�:HLER�XVHUV�ZDV�DSSUR[LPDWHO\�����PLOOLRQ��
$PRQJ�WKH�W\SLFDO�VRFLDO�DSSOLFDWLRQV�LQ�&KLQD��WKH�QXPEHU�RI�XVHUV�LQ�:HLER�UDQNV�DPRQJ�WKH�WRS�
WKUHH�DQG�LV�RQ�WKH�ULVH� 
 
&RPSDUHG�ZLWK�RWKHU�VRFLDO�PHGLD��:HLER�DQG�7ZLWWHU�KDYH�REYLRXV�DGYDQWDJHV� 
���7KH�IRUP�RI�UHOHDVH�LV�VLPSOH�DQG�GLYHUVH��7ZLWWHU�DQG�:HLER�FDQ�VKDUH�WKHLU�VWRULHV�DQG�SXEOLVK�
WKHLU�WKRXJKWV�DQ\WLPH�DQG�DQ\ZKHUH�WKURXJK�WKH�PRELOH�FOLHQW��DQG�FDQ�DOVR�DGG�HPRMLV��SLFWXUHV��
YLGHRV��DQG�OLQNV��7KH�UHOHDVH�IRUP�LV�VLPSOH�DQG�FOHDU��DQG�WKHUH�DUH�PDQ\�ZD\V�WR�XSORDG� 
 
���$�ZLGH� UDQJH� RI� LQIRUPDWLRQ� DFTXLVLWLRQ� SODWIRUPV��7ZLWWHU� DQG�:HLER� FRYHU� WKH� DFFRXQWV� RI�



YDULRXV� SXEOLF� ILJXUHV�� LQGXVWU\� HOLWHV�� QHZV� DQG� LQIRUPDWLRQ� PHGLD�� HWF�� 0RVW� FHOHEULWLHV� DQG�
UHOHYDQW�LQGXVWU\�SODWIRUPV�DOVR�KDYH�UHOHYDQW�DFFRXQWV��:H�FDQ�DOVR�REWDLQ�DOO�NLQGV�RI�QHZV�RQ�WKLV�
SODWIRUP�LQ�WLPH�DQG�XQGHUVWDQG�UHOHYDQW�LQIRUPDWLRQ��%\�VHDUFKLQJ�WKH�WRSLF�WKDW�ZH�DUH�LQWHUHVWHG�
LQ�RQ�WKLV�SODWIRUP��ZH�FDQ�DOVR�JHW�WKH�JHQHUDO�SXEOLF¶V�GLVFXVVLRQV�DQG�RSLQLRQV�RQ�UHODWHG�WRSLFV���
7KHUHIRUH��7ZLWWHU�DQG�:HLER�FDQ�HDVLO\�REWDLQ�WKH�LQIRUPDWLRQ�WKDW�ZH�ZDQW�WR�NQRZ� 
 
���,QIRUPDWLRQ�LV�XSGDWHG�DQG�VSUHDG�TXLFNO\�DQG�ZH�FDQ�JHW�WKH�ODWHVW�QHZV� 
 
,Q� WKH� HUD�ZKHQ� WKH� ,QWHUQHW� LV� QRW� SRSXODU�� LI� JRYHUQPHQW� GHSDUWPHQWV�ZDQW� WR� REWDLQ� FLWL]HQV¶�
RSLQLRQV�RQ�D�FHUWDLQ�PDWWHU�RU�ILOP�FRPSDQLHV�ZDQW�WR�NQRZ�WKH�DXGLHQFH¶V�HYDOXDWLRQ�DQG�OLNHV�RI�
D�FHUWDLQ�PRYLH��WKH\�XVXDOO\�XVH�TXHVWLRQQDLUH�VXUYH\V�RU�YRWLQJ�WR�REWDLQ�WKH�LQIRUPDWLRQ��7KLV�
PHWKRG�RQO\�UHOLHV�RQ�PDQXDO�WUDFNLQJ�DQG�DQDO\VLV��VR�WKH�ZRUN�HIILFLHQF\�LV�YHU\�ORZ��ZKLFK�QRW�
RQO\�ZLOO�FRQVXPH�D�ORW�RI�PDQSRZHU�DQG�PDWHULDO�UHVRXUFHV��EXW�WKH�SURFHVV�RI�REWDLQLQJ�UHVXOWV�
ZLOO�DOVR�EH�YHU\�ORQJ��:LWK�WKH�ELUWK�RI�VRFLDO�PHGLD��WKHVH�PHWKRGV�KDYH�JUDGXDOO\�ZLWKGUDZQ�IURP�
WKH�VWDJH��+RZ�WR�TXLFNO\�REWDLQ�WKH�LQIRUPDWLRQ�ZH�QHHG�IURP�VKRUW�WH[W�GDWD�VXFK�DV�VRFLDO�PHGLD��
DQG�DQDO\]LQJ�WKLV�LQIRUPDWLRQ�UHSODFHV�WKH�SDVW�PHWKRGV� 
 
)DFHG�ZLWK�VXFK�D�ODUJH�DPRXQW�RI�XQVWUXFWXUHG�HPRWLRQDO�GDWD��LW� LV�PRUH�DQG�PRUH�GLIILFXOW�IRU�
SHRSOH� WR�REWDLQ� WKH� UHTXLUHG�NQRZOHGJH�� LW� LV�DOVR�PRUH�DQG�PRUH�GLIILFXOW� IRU�SHRSOH� WR�REWDLQ�
HIIHFWLYH�LQIRUPDWLRQ��DQG�LW�LV�DOVR�GLIILFXOW�IRU�XVHUV�WR�REWDLQ�DQ�RYHUDOO�JUDVS�RI�WKLV�LQIRUPDWLRQ��
7KHUHIRUH�� KRZ� WR� HIIHFWLYHO\� SURFHVV� DQG� DQDO\]H� WKHVH� PDVVLYH� DPRXQWV� RI� LQIRUPDWLRQ� DQG�
TXLFNO\�DQG�DFFXUDWHO\�GLVFRYHU�WKH�UHTXLUHG�LQIRUPDWLRQ�KDV�EHFRPH�PRUH�DQG�PRUH�LPSRUWDQW� 
 
,Q� UHVSRQVH� WR� WKH� DERYH� VLWXDWLRQ�� VHQWLPHQW� DQDO\VLV� WHFKQRORJ\� LV�PRUH� DQG�PRUH� ZRUWK\� RI�
DWWHQWLRQ��7H[W� VHQWLPHQW� DQDO\VLV� LV� WR� DQDO\]H� WKH� WH[W�DQG� MXGJH� LWV� VHQWLPHQW� SRODULW\�� WKDW� LV��
SRVLWLYH��QHJDWLYH��RU�QHXWUDO�VHQWLPHQW��7KURXJK�VHQWLPHQW�DQDO\VLV�RI�PDVVLYH�VRFLDO�PHGLD�GDWD��
ZH�FDQ�XQGHUVWDQG�WKH�XVHU¶V�IHHGEDFN�RQ�D�FHUWDLQ�HYHQW�RU�D�FHUWDLQ�SURGXFW��XQGHUVWDQG�WKH�XVHU¶V�
WUXH�IHHOLQJV�DQG�JHQHUDO�RSLQLRQV��WR�SURYLGH�GHFLVLRQ�PDNLQJ�VXSSRUW�WR�WKH�VHUYLFH�SURYLGHU�DQG�
JLYH�XVHUV�EHWWHU�H[SHULHQFH� 
 
,Q�VXPPDU\��KRZ�WR�ILOWHU�DQG�DQDO\]H�LQIRUPDWLRQ�RQ�VRFLDO�PHGLD��DQG�KRZ�WR�FODVVLI\�LQIRUPDWLRQ�
RQ� VHQWLPHQW� LV� RI� JUHDW� SUDFWLFDO� VLJQLILFDQFH��7KHUHIRUH�� WKLV� SURMHFW� VHOHFWV�7ZLWWHU� DQG�:HLER�
GDWDVHWV�IRU�VRFLDO�PHGLD�VHQWLPHQW�DQDO\VLV� 

����$LP�DQG�REMHFWLYHV 

7KH�JRDO�RI�WKLV�SURMHFW�LV�WR�SHUIRUP�VHQWLPHQW�DQDO\VLV�RQ�VRFLDO�PHGLD�WH[WV��,WV�PDLQ�WDVN�LV�WR�
DQDO\]H� WKH�HPRWLRQDO�WHQGHQF\�H[SUHVVHG� LQ� WKH� WH[W�� WKDW�LV�� WKH�SRVLWLYH�RU�QHJDWLYH�HPRWLRQDO�
WHQGHQF\� UHIOHFWHG� LQ�WKH�WH[W�FRQWHQW��6LQFH�VRFLDO�PHGLD� LV�D� VKRUW� WH[W��WKLV�SURMHFW� IRFXVHV�RQ�
VHQWHQFH�OHYHO�VHQWLPHQW�DQDO\VLV��)RU�H[DPSOH���7RGD\�LV�D�JRRG�GD\�����$�ELW�EDG�OXFN��WRGD\���
7KURXJK�DQDO\VLV��ZH�FDQ�NQRZ�WKDW�WKH�ILUVW�VHQWHQFH�LV�D�SRVLWLYH�HPRWLRQDO�WHQGHQF\��ZKLOH�WKH�
VHFRQG�VHQWHQFH�LV�D�QHJDWLYH�HPRWLRQDO�WHQGHQF\��7KURXJK�VHQWLPHQW�DQDO\VLV�RI�WKH�WH[W��ZH�FDQ�
XQGHUVWDQG�SHRSOH
V�IHHGEDFN�RQ�D�FHUWDLQ�HYHQW�RU�D�FHUWDLQ�SURGXFW��WR�EHWWHU�XQGHUVWDQG�WKH�UHDO�
IHHOLQJV�DQG�RSLQLRQV�RI�XVHUV� 



 
7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH�DV�IROORZV� 
���5HVHDUFK�LQ�WKH�ILHOG�RI�VHQWLPHQW�DQDO\VLV��7KLV�REMHFWLYH�LV�YHU\�LPSRUWDQW�DQG�XQGHUVWDQGLQJ�
WKH� UHODWHG� UHVHDUFK�DQG� UHODWHG�WKHRULHV�RI� VHQWLPHQW�DQDO\VLV�ZLOO�SOD\�DQ� LPSRUWDQW� UROH�LQ� WKH�
SURMHFW� 
 
��� 3HUIRUP� GDWD� DQDO\VLV� RQ� WKH� GDWD� VHW�� 3HUIRUP� VWDWLVWLFDO� DQDO\VLV� RQ� WKH� GDWD� VHW� WR� EHWWHU�
XQGHUVWDQG�WKH�GDWD�VHW�DQG�JUDVS�WKH�FKDUDFWHULVWLFV�RI�UHODWHG�HPRWLRQ�W\SHV� 
 
���$QDO\]H� WKH� HPRWLRQDO� WHQGHQF\� H[SUHVVHG� E\� WKH� WH[W�� GHVLJQ� GLIIHUHQW�PRGHOV�� DQG� FRQGXFW�
H[SHULPHQWV��5HVHDUFK�DQG�DQDO\]H�WKH�H[SHULPHQWDO�UHVXOWV�DQG�VHOHFW�WKH�DSSURSULDWH�VRFLDO�PHGLD�
VHQWLPHQW�DQDO\VLV�PRGHO� 
 
���&RPSDUH�WKH�GLIIHUHQFHV�LQ�VHQWLPHQW�DQDO\VLV�EHWZHHQ�&KLQHVH�DQG�(QJOLVK�VRFLDO�PHGLD� 
 
 

  



Chapter 2 Literature Review 

����&RQFHSW 

,Q� WKLV� VHFWLRQ�� ZH� ZLOO� LQWURGXFH� VRPH� SURIHVVLRQDO� WHUPV� DQG� FRQFHSWV� LQYROYHG� LQ� VHQWLPHQW�
DQDO\VLV��DV�ZHOO�DV�WKH�GHILQLWLRQ�RI�UHODWHG�FRQFHSWV�LQ�WKH�ILHOG�RI�SV\FKRORJ\� 

������(PRWLRQ�DQG�VHQWLPHQW 

$W�SUHVHQW��ZLWK� WKH� UDSLG�GHYHORSPHQW�RI� ,QWHUQHW� WHFKQRORJ\�DQG�WKH�JUDGXDO�SRSXODUL]DWLRQ�RI�
VPDUW� SKRQHV�� SHRSOH� LQFUHDVLQJO\� UHO\� RQ� RQOLQH� VRFLDO� QHWZRUNV��$W� WKH� VDPH� WLPH�� SHRSOH
V�
LQIRUPDWLRQ�H[FKDQJH��VKDULQJ�RI�OLIH��DQG�H[SUHVVLQJ�WKHLU�RSLQLRQV�DQG�HPRWLRQV�DUH�QRW�OLPLWHG�WR�
IDFH�WR�IDFH� FRPPXQLFDWLRQ�� EXW� PRUH� WR� H[SUHVV� WKHLU� WKRXJKWV� RQ� VRFLDO� QHWZRUNV� DQ\WLPH��
DQ\ZKHUH��6RFLDO�QHWZRUNV�FXUUHQWO\�FRQWDLQ�D�ODUJH�DPRXQW�RI�XQVWUXFWXUHG�GDWD�RI�XVHU�HPRWLRQV��
7R�EHWWHU�XQGHUVWDQG�XVHU�HPRWLRQV�DQG�EHKDYLRUV��LW�LV�QHFHVVDU\�WR�SHUIRUP�VHQWLPHQW�DQDO\VLV�RQ�
WKHVH�XQVWUXFWXUHG�GDWD� 
 
,Q� GDLO\� OLIH��ZH� DOZD\V� FRQIXVH� HPRWLRQ� DQG� VHQWLPHQW�� EXW� SV\FKRORJLVWV� EHOLHYH� WKDW� WKH\� DUH�
GLIIHUHQW��(PRWLRQ�LV�D�PRUH�FRPSOH[�PHQWDO�VWDWH��ZKLFK�LV�XVXDOO\�OLQNHG�WR�DFWLRQV���6HQWLPHQW�
LV� D� SV\FKRORJLFDO�DWWLWXGH� EDVHG� RQ� HPRWLRQ� >�@��:DWVRQ�DQG�7HOOHJHQ� JDYH� WKH� IDPRXV�PHQWDO�
PRGHO�GLDJUDP��ZKLFK�VKRZV�WKH�WZR�GLPHQVLRQDO�VWUXFWXUH�RI�HPRWLRQV�ZHOO��DV�VKRZQ�LQ�)LJXUH�
�>�@�� ,W� FDQ� EH� VHHQ� IURP� WKH� ILJXUH� WKDW� HPRWLRQV� DUH� GLYLGHG� LQWR� �� FDWHJRULHV�� DQG� WKHQ� HDFK�
FDWHJRU\� LV� VXEGLYLGHG� LQWR� ���� FDWHJRULHV�� D� WRWDO� RI� ��� FDWHJRULHV�� ,Q� WKH� ILHOG� RI� SV\FKRORJ\��
HPRWLRQ�FDWHJRULHV�DUH�  

 
PRUH�GLYHUVH�DQG�ULFKHU��$PHULFDQ�SV\FKRORJLVW�(NPDQ�EHOLHYHV�WKDW�WKHUH�DUH�VL[�EDVLF�HPRWLRQV��
QDPHO\�MR\��VDGQHVV��DQJHU��IHDU��GLVJXVW��DQG�VXUSULVH>�@��/DWHU�RWKHU�SV\FKRORJLVWV�DGGHG�WZR�EDVLF�
HPRWLRQV��WUXVW��DQG�DQWLFLSDWLRQ� 

	������ͳ��������Ǧ��������������������������������ȏͳȐ 



������6HQWLPHQW�DQDO\VLV 

1HVXNDZD�HW�DO�>�@SURSRVHG�VHQWLPHQW�DQDO\VLV�DQG�GHVFULEHG�WKH�WDVNV�DQG�GLIILFXOWLHV�RI�VHQWLPHQW�
DQDO\VLV�LQ�GHWDLO��$W�SUHVHQW��:HLER�DQG�7ZLWWHU�KDYH�EHFRPH�YHU\�SRSXODU�FRPPXQLFDWLRQ�WRROV�
DPRQJ�,QWHUQHW�XVHUV��6LQFH�WKH�PHVVDJH�IRUPDW�LV�XQUHVWULFWHG�DQG�WKH�SODWIRUP�LV�HDVLO\�DFFHVVLEOH��
SHRSOH�DUH�LQFUHDVLQJO\�LQFOLQHG�WR�VZLWFK�IURP�WUDGLWLRQDO�FRPPXQLFDWLRQ�WRROV�VXFK�DV�WUDGLWLRQDO�
EORJV��PDLOLQJ�OLVWV��DQG�WHOHSKRQHV�WR�WKHVH�,QWHUQHW�VRFLDO�QHWZRUNLQJ�VLWHV�VRIWZDUH��0LOOLRQV�RI�
PHVVDJHV�DSSHDU�RQ�WKHVH�ZHEVLWHV�HYHU\�GD\��7KLV�LQIRUPDWLRQ�FRQWDLQV�WKH�DXWKRU
V�OLIH�UHFRUGV��
VKDUHG�YLHZV�RQ�YDULRXV�HYHQWV��DQG�HYHU\RQH�ZLOO�GLVFXVV�WRJHWKHU� WR� IRUP�D�WRSLF�FLUFOH��0RUH�
LPSRUWDQWO\��PRUH�DQG�PRUH�XVHUV�ZLOO�SXEOLVK�WKH�SURGXFWV�RU�VHUYLFHV�WKH\�XVH�DQG�JLYH�FRPPHQWV�
RU�H[SUHVV� WKHLU�SROLWLFDO�DQG� UHOLJLRXV�YLHZV��:LWK�WKH�XVHU
V�SHUPLVVLRQ��PDNLQJ� IXOO�XVH�RI� WKLV�
LQIRUPDWLRQ� FDQ� EH� HIIHFWLYHO\� XVHG� IRU� PDUNHWLQJ� RU� VRFLDO� UHVHDUFK�� )RU� H[DPSOH�� VHQWLPHQW�
DQDO\VLV�FDQ�DOORZ�FXVWRPHUV�WR�KDYH�D�PRUH�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�D�SURGXFW�EDVHG�RQ�
WKH�EX\HU
V�HPRWLRQV��DW�WKH�VDPH�WLPH��LW�FDQ�DOVR�DOORZ�EXVLQHVVHV�WR�EHWWHU�LPSURYH�WKHLU�SURGXFWV�
EDVHG� RQ� QHJDWLYH� UHYLHZV�� 6HQWLPHQW� DQDO\VLV� LV� DOVR� YHU\� LPSRUWDQW� IRU� SROLWLFDO� LQIRUPDWLRQ��
%HIRUH� WKH�(XURSHDQ�3DUOLDPHQW�HOHFWLRQ�� UHVHDUFKHUV�ZLOO�FROOHFW�PRUH� WKDQ� ����PLOOLRQ�7ZLWWHU�
FRQYHUVDWLRQV� �LQFOXGLQJ� WKUHH� ODQJXDJHV�� IRU� DQDO\VLV�ZLWKLQ� WZR�ZHHNV���7KHUHIRUH�� VHQWLPHQW�
DQDO\VLV�SOD\V�DQ�LPSRUWDQW�UROH�LQ�DOO�DVSHFWV� 
 
5HVHDUFKHUV� KDYH� JLYHQ� VSHFLILF� GHILQLWLRQV� RI� RSLQLRQV�HPRWLRQV�� 7KH\� EHOLHYH� WKDW�
RSLQLRQV�HPRWLRQV� QHHG� ILYH� SDUWV�� QDPHO\� WKH� QDPH� RI� WKH� HQWLW\�� WKH� DVSHFW� RI� WKH� HQWLW\�� WKH�
VHQWLPHQW�RQ�WKH�DVSHFW�RI�WKH�HQWLW\��WKH�KROGHU�RI�WKH�RSLQLRQ��DQG�WKH�WLPH�RI�SXEOLFDWLRQ��ZKLFK�
LV� H[SUHVVHG� E\� D� ��WXSOH� �HL�� DLM�� VLMNO�� KN�� WO�>�@�>�@� LQWURGXFHG� DQG� FRPSDUHG� YDULRXV� YLHZV� LQ�
VHQWLPHQW� DQDO\VLV�� LQFOXGLQJ� UHJXODU� DQG� FRPSDUDWLYH� YLHZV�� H[SOLFLW� DQG� LPSOLFLW� YLHZV��
VXEMHFWLYLW\�DQG�HPRWLRQ� 
 
7KH�FXUUHQW�UHVHDUFK�RQ�VHQWLPHQW�DQDO\VLV�FDQ�EH�FODVVLILHG�IURP�WKUHH�SHUVSHFWLYHV��7DVN�RULHQWHG��
*UDQXODULW\�RULHQWHG� DQG� 0HWKRGRORJ\�RULHQWHG�� 7DVN�RULHQWHG� PDLQO\� LQFOXGHV� 3RODULW\�
&ODVVLILFDWLRQ�� 7KH� /HYHO� RI� 9DOHQFH� RU� $URXVDO� DW� D� 6SHFLILF� 6FDOH�� %H\RQG� 3RODULW\��
6XEMHFWLYLW\�2EMHFWLYLW\�,GHQWLILFDWLRQ�DQG�)HDWXUH�$VSHFW�EDVHG�6HQWLPHQW�$QDO\VLV��*UDQXODULW\�
RULHQWHG�PDLQO\�LQFOXGHV�'RFXPHQW�/HYHO�6HQWLPHQW�$QDO\VLV��6HQWHQFH�/HYHO�6HQWLPHQW�$QDO\VLV�
DQG�:RUG�/HYHO�6HQWLPHQW�$QDO\VLV��0HWKRGRORJ\�RULHQWHG�PDLQO\�LQFOXGHV�6XSHUYLVHG�/HDUQLQJ�
$SSURDFK��8QVXSHUYLVHG�/HDUQLQJ�$SSURDFK�DQG�6HPL�VXSHUYLVHG�/HDUQLQJ�$SSURDFK�� 

����'DWDVHW 

7KLV�VHFWLRQ�ZLOO�LQWURGXFH�WKH�GDWD�VHWV�XVHG�LQ�WKLV�SURMHFW��7KLV�SURMHFW�PDLQO\�XVHV�WKUHH�GDWD�VHWV��
DOO�RI�ZKLFK�DUH�SXEOLF�GDWD�VHWV�DQG�GR�QRW�LQYROYH�SULYDF\�DQG�RWKHU�UHODWHG�LVVXHV��$OO�WKUHH�GDWD�
VHWV�FDQ�EH�XVHG�IRU�VHQWLPHQW�DQDO\VLV��WZR�RI�ZKLFK�EHORQJ�WR�WKH�(QJOLVK�GDWD�VHW��7ZLWWHU��,0'%���
DQG�RQH�EHORQJV� WR� WKH�&KLQHVH�GDWD�VHW� �:HLER���7ZLWWHU�DQG�:HLER�DUH�VRFLDO�PHGLD�VHQWLPHQW�
DQDO\VLV�GDWD�VHWV��DQG�,0'%�LV�D�PRYLH�UHYLHZ�GDWD�VHW� 



������7ZLWWHU�GDWDVHW 

6HQWLPHQW����FDQ�EH�REWDLQHG� IURP�KWWS���KHOS�VHQWLPHQW����FRP�IRU�VWXGHQWV��7KH�GDWD�VHW� LV� LQ�
&69�IRUPDW��DQG�DQ\�WUDFHV�RI�HPRML�KDYH�EHHQ�GHOHWHG��7KH�GDWD�VHW�FRQWDLQV�D�WRWDO�RI�����������
WZHHWV�H[WUDFWHG�IURP�WKH�7ZLWWHU�$3,��7KLV�GDWD�VHW�ODEHOV�����������WZHHWV�DV�WZR�HPRWLRQV��ZLWK�
��UHSUHVHQWLQJ�QHJDWLYH�DQG���UHSUHVHQWLQJ�SRVLWLYH��  
 
7KLV� LV�D�SXEOLF�GDWD�VHW�WKDW�PDLQO\�FROOHFWV�WZHHWV� WKDW�SHRSOH�SXEOLVK�RQ�7ZLWWHU��7KLV�GDWD�VHW�
SHUIRUPV�SUHOLPLQDU\�GDWD�FOHDQLQJ�RQ�WZHHWV��GHOHWLQJ�LQIRUPDWLRQ�VXFK�DV�HPRMLV��DQG�DW�WKH�VDPH�
WLPH��WKLV�GDWD�VHW�KDV�VHQWLPHQW�DQQRWDWLRQV�IRU�HDFK�WZHHW��7KH�VHQWLPHQW�WDJJHG�WZHHWV�FDQ�ZHOO�
YHULI\�WKH�PRGHO
V�DELOLW\�WR�SHUIRUP�VHQWLPHQW�DQDO\VLV� 
 
,Q�VRFLDO�PHGLD��WKH�LQIRUPDWLRQ�SHRSOH�SXEOLVK�RIWHQ�FRQWDLQV�WKHLU�RZQ�RSLQLRQV�DQG�H[SHULHQFHV��
DQG� WKLV� LQIRUPDWLRQ� RIWHQ� FRQWDLQV� ULFK� HPRWLRQV�� $� UHDVRQDEOH� VHQWLPHQW� DQDO\VLV� RI� WKLV�
LQIRUPDWLRQ� FDQ� SURYLGH� JXLGDQFH� IRU� PHUFKDQWV� DQG� FRQVXPHUV� LQ� PDUNHWLQJ� VWUDWHJLHV� DQG�
FRQVXPSWLRQ�FKRLFHV��$W�WKH�VDPH�WLPH��LW�FDQ�DOVR�SURYLGH�FRQYHQLHQFH�IRU�WKH�JRYHUQPHQW�DQG�
RWKHU�RIILFLDO�GHSDUWPHQWV�WR�XQGHUVWDQG�WKH�SXEOLF�RSLQLRQ�DQG�SXEOLF�RSLQLRQ�RULHQWDWLRQ� 

������,0'%�GDWDVHW 

>�@SXEOLVKHG�WKH�GDWD�VHW�XVHG�LQ�WKH�H[SHULPHQW��ZKLFK�SURYLGHV�D�PRYLH�UHYLHZ�GDWD�VHW��LQFOXGLQJ�
�������,0'%�PRYLH�UHYLHZV��RI�ZKLFK��������DUH�XVHG�DV�WKH�WUDLQLQJ�VHW�DQG��������DUH�XVHG�DV�
WKH�WHVW�VHW��$W�WKH�VDPH�WLPH��WKH�GDWD�VHW�LV�D�EDODQFHG�GDWD�VHW�ZLWK�WKH�VDPH�QXPEHU�RI�SRVLWLYH�
DQG� QHJDWLYH��$W� WKH� VDPH� WLPH�� WKH� GDWD� VHW� DOVR� SURYLGHV� ������� XQODEHOHG�PRYLH� UHYLHZV� IRU�
XQVXSHUYLVHG�OHDUQLQJ� 
 
7KLV�LV�D�SXEOLF�GDWD�VHW��FROOHFWHG�PDLQO\�IRU�SHRSOH�HYDOXDWH�WKH�ILOP��$QG�WKH�GDWD�VHW�KDV�VHQWLPHQW�
DQQRWDWLRQV�IRU�SHRSOH
V�HYDOXDWLRQV� 
 
7KH�GLVWULEXWRU�FDQ�SUHGLFW�WKH�ER[�RIILFH�EDVHG�RQ� WKH�DXGLHQFH
V�FRPPHQWV�GXULQJ�WKH�PRYLH
V�
UHOHDVH�� DQG� WKH� DXGLHQFH� FDQ� DOVR� MXGJH� ZKHWKHU� WR� ZDWFK� WKH� PRYLH� EDVHG� RQ� WKH� FRPPHQWV��
)LOPPDNHUV�FDQ�DOVR�DQDO\]H�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�PRYLHV�EDVHG�RQ�DXGLHQFH�FRPPHQWV�
DQG�PDNH�EHWWHU�PRYLHV� 

������:HLER�GDWDVHW 

7KLV� LV� D� &KLQHVH� GDWD� VHW�� 7KH� :HLER� GDWDVHW� FDQ� EH� REWDLQHG� IURP�
KWWSV���JLWKXE�FRP�6RSKRQ3OXV�&KLQHVH1OS&RUSXV�EORE�PDVWHU�GDWDVHWV��� 7KH� GDWD� VHW� FRQWDLQV�
PRUH�WKDQ���������6LQD�:HLER��ZKLFK�FRQWDLQV�D�WRWDO�RI���HPRWLRQV����PHDQV�MR\����PHDQV�DQJHU��
��PHDQV�GLVJXVW��DQG���PHDQV�GHSUHVVLRQ��$PRQJ�WKHP��WKHUH�DUH�DERXW���������IRU�MR\��DQG�DERXW�
�������IRU�DQJHU��GLVJXVW��DQG�GHSUHVVLRQ�UHVSHFWLYHO\� 
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7KLV�LV�D�&KLQHVH�GDWD�VHW��ZKLFK�LV�OLNH�WKH�&KLQHVH�YHUVLRQ�RI�7ZLWWHU��&KLQHVH�XVHUV�ZLOO�SRVW�RQ�
:HLER�VRPH�RI�WKHLU�GDLO\�OLIH�DQG�WKHLU�YLHZV�RQ�VRPH�WKLQJV��7KLV�GDWD�VHW�SHUIRUPV�PRUH�ILQH�
JUDLQHG�VHQWLPHQW�DQDO\VLV�RQ�XVHU�:HLER��ZKLFK�FDQ�EHWWHU�FODVVLI\�XVHU�VHQWLPHQW� 
 
7KH�VHQWLPHQW�DQDO\VLV�RI�:HLER�LV�DV�LPSRUWDQW�DV�WKH�VHQWLPHQW�DQDO\VLV�RI�7ZLWWHU� 

����'DWD�SUHSURFHVVLQJ 

,Q�WKLV�VHFWLRQ��ZH�ZLOO�LQWURGXFH�KRZ�WR�SUHSURFHVV�GDWD��'DWD�SUHSURFHVVLQJ�LV�RQH�RI�WKH�EDVLF�
WDVNV�RI�VHQWLPHQW�DQDO\VLV�RU�QDWXUDO�ODQJXDJH�SURFHVVLQJ��'DWD�SUHSURFHVVLQJ�LV�WR�FRQYHUW�WH[W�LQWR�
DQ� LQWHUPHGLDWH� IRUP� VXLWDEOH� IRU� WH[W� SURFHVVLQJ� DQG� UHPRYH� VRPH� LUUHOHYDQW� IHDWXUHV�� VXFK� DV�
UHPRYLQJ�IRUPDW�WDJV�LQ�WKH�WH[W��ILOWHULQJ�XVHOHVV�LQIRUPDWLRQ��DQG�UHPRYLQJ�VWRS�ZRUGV� 

������)RUPDW�PDUN�UHPRYDO�LQ�GDWD�VHW 

6RPH�GRFXPHQWV�LQ�WKH�GDWD�VHW�DUH�VWRUHG�LQ�WKH�IRUP�RI�ZHE�SDJHV��DQG�VRPH�DUH�VWRUHG�LQ�WKH�IRUP�
RI� K\SHUWH[W� ODQJXDJH�� 'RFXPHQWV� VWRUHG� LQ� WKH� IRUP� RI�ZHE� SDJHV� QHHG� WR� ILOWHU� VRPH� XVHOHVV�
LQIRUPDWLRQ�� VXFK� DV� 85/� OLQNV�� 7ZLWWHU� XVHUQDPHV� DUH� WKH� VWULQJ� IROORZLQJ� #�� DQG� VSHFLDO�
FKDUDFWHUV�LQ�7ZLWWHU�VXFK�DV��57��DQG�RWKHU�DEEUHYLDWLRQV�XVHG�H[FOXVLYHO\�E\�7ZLWWHU�VRIWZDUH��>�@ 

������5HPRYH�VWRS�ZRUGV�DQG�VWHPPLQJ 

6WRS�ZRUGV�JHQHUDOO\�UHIHU�WR�IXQFWLRQ�ZRUGV�LQ�WKH�ODQJXDJH��7KHVH�VWRS�ZRUGV�DSSHDU�PDQ\�WLPHV�
LQ�WKH�WH[W�EXW�KDYH�QR�SUDFWLFDO�PHDQLQJ��*HQHUDOO\�FDOOHG�IXQFWLRQ�ZRUGV�LQ�&KLQHVH��VXFK�DV��䖃
����☯����⑉����⌖��DQG�VR�RQ��,Q�(QJOLVK��LW� LQFOXGHV�DUWLFOHV��SURQRXQV��DX[LOLDU\�YHUEV��FRSXODV��
HWF�>��@� 
 
6WHPPLQJ�RQO\�PHDQV�UHPRYLQJ�WKH�SUHIL[HV�DQG�VXIIL[HV�RI�ZRUGV�LQ�(QJOLVK��DQG�RQO\�NHHSLQJ�WKH�
VWHP�SDUWV� RI� WKH�ZRUGV��:RUGV� LQ�(QJOLVK� RIWHQ� KDYH� SUHIL[HV�� URRWV� DQG� VXIIL[HV�� ,Q� VHQWHQFHV��
ZRUGV� DOVR� KDYH� SDUW�RI�VSHHFK�FKDQJHV� LQ� JHQGHU�� QXPEHU�� FDVH�� DQG� WHQVH�� VR� WKH\� QHHG� WR� EH�
VWHPPHG>��@��&RPPRQO\�XVHG�WRROV�DUH�6WDQIRUG�FRUH1/3>�@ 

������:RUG�VHJPHQWDWLRQ 

:RUG�VHJPHQWDWLRQ�LV�DOVR�DQ�LPSRUWDQW�VWHS�LQ�SUHSURFHVVLQJ� 
 
,Q� (QJOLVK�� WKH� FOHDU� GLYLVLRQ� EHWZHHQ� ZRUGV� DQG� VWULFW� JUDPPDWLFDO� QRUPV�PDNH� (QJOLVK� WH[W�
SURFHVVLQJ� PRUH� FRQYHQLHQW�� ,W� LV� ZRUWK� QRWLQJ� WKDW� LW� LV� QHFHVVDU\� WR� PDNH� VXUH� WKDW� VRPH�
DEEUHYLDWLRQV�DUH�QRW�GLYLGHG��VXFK�DV�,¶P��,¶OO��HWF��)LQDOO\��VRPH�XVHOHVV�VWRS�ZRUGV�LQ�WKH�WH[W�QHHG�
WR�EH�UHPRYHG��VXFK�DV��D����DQ��DQG�VR�RQ>�@� 
 
,Q�&KLQHVH��WKHUH�LV�QR�REYLRXV�ERXQGDU\�VHJPHQWDWLRQ�EHWZHHQ�ZRUGV��ZKLFK�PDNHV�&KLQHVH�WH[W�



SURFHVVLQJ�PXVW�ILUVW�GR�&KLQHVH�ZRUG�VHJPHQWDWLRQ��)RU�H[DPSOH���ㄐ�,��⒛㨡�OLNH��ᴬ◼�&KLQD����
7KHUH�DUH�WKUHH�PHWKRGV�IRU�&KLQHVH�ZRUG�VHJPHQWDWLRQ��XQGHUVWDQGLQJ�ZRUG�VHJPHQWDWLRQ��VWULQJ�
PDWFKLQJ�ZRUG�VHJPHQWDWLRQ��DQG�VWDWLVWLFDO�ZRUG�VHJPHQWDWLRQ��7KH�VWULQJ�PDWFKLQJ�PHWKRG�LV�WR�
XVH�D�GLFWLRQDU\�OLEUDU\�WR�PDWFK�VWULQJV��7KH�PRUH�ZRUGV�LQ�WKH�GLFWLRQDU\�OLEUDU\��WKH�KLJKHU�WKH�
DFFXUDF\�RI�ZRUG�VHJPHQWDWLRQ��7KH�FRPSUHKHQVLRQ�PHWKRG�LV�WR�XVH�WKH�UXOH�EDVH�WR�XQGHUVWDQG�
WKH� VWULQJ��7KH� ODUJHU� WKH� UXOH� EDVH�� WKH� KLJKHU� WKH�DFFXUDF\� RI�ZRUG� VHJPHQWDWLRQ�� EXW� WKH� WLPH�
FRPSOH[LW\�RI�SURFHVVLQJ�WKH�UXOH�EDVH�DOJRULWKP�LV�YHU\�KLJK��DQG�WKH�VSHHG�RI�ZRUG�VHJPHQWDWLRQ�
LV� VORZHU� WKDQ� WKH� RWKHU� WZR� VSHHGV�� 6WDWLVWLFV�EDVHG� ZRUG� VHJPHQWDWLRQ� UHTXLUHV� D� GLFWLRQDU\�
GDWDEDVH�IRU�VWDWLVWLFDO�WUDLQLQJ�WR�REWDLQ�WKH�SUREDELOLW\�RI�YDULRXV�ZRUGV��ZKLFK�FDQ�EH�XVHG�DV�WKH�
EDVLV�IRU�ZRUG�VHJPHQWDWLRQ��7KH�VL]H�RI�WKH�GLFWLRQDU\�GDWDEDVH�DQG�WKH�VL]H�RI�WKH�WUDLQLQJ�VHW�ZLOO�
DIIHFW�WKH�DFFXUDF\�RI�ZRUG�VHJPHQWDWLRQ>��@��$W�SUHVHQW��WKH�PRUH�SRSXODU�ZRUG�VHJPHQWDWLRQ�WRROV�
DUH�MLHED�ZRUG�VHJPHQWDWLRQ>�@�DQG�6WDQIRUG�FRUH1/3�>�@� 

�������3DUW�RI�VSHHFK�WDJJLQJ 

7KH�EDVLF�PHWKRGV�RI�SDUW�RI�VSHHFK�WDJJLQJ�DUH�UXOH�EDVHG�SDUW�RI�VSHHFK�WDJJLQJ�DQG�VWDWLVWLFV�
EDVHG�SDUW�RI�VSHHFK�WDJJLQJ��7KH�UXOH�EDVHG�ZRUG�WDJJLQJ�PHWKRG�PDLQO\�UHOLHV�RQ�WKH�FRQWH[W�WR�
MXGJH�WKH�FRQFXUUHQW�ZRUGV��7KH�SDUW�RI�VSHHFK�WDJJLQJ�PHWKRG�EDVHG�RQ�VWDWLVWLFV�LV�WR�WDJ�WKH�SDUW�
RI�VSHHFK�EDVHG�RQ�WKH�FR�RFFXUUHQFH�SUREDELOLW\��,W�LV�JHQHUDOO\�EHOLHYHG�WKDW�FRPELQLQJ�VWDWLVWLFDO�
PHWKRGV� DQG� UXOH�PHWKRGV� LV� WKH� EHVW� ZD\� WR� VROYH� WKH� SUREOHP� RI� SDUW�RI�VSHHFK� WDJJLQJ��7KH�
FRPPRQO\�XVHG�WRRO�LV�6WDQIRUG�FRUH1/3�>�@� 

����7HFKQLTXHV�IRU�6HQWLPHQW�3URFHVVLQJ 

,Q�WKLV�VHFWLRQ��FRPPRQO\�XVHG�PHWKRGV�LQ�VHQWLPHQW�DQDO\VLV�ZLOO�EH�LQWURGXFHG� 

������0HWKRG�EDVHG�RQ�VHQWLPHQW�GLFWLRQDU\ 

7KH�PHWKRG�EDVHG�RQ�WKH�VHQWLPHQW�GLFWLRQDU\�QHHGV�WR�XVH�D�GLFWLRQDU\�ZLWK�VHQWLPHQW�ODEHOLQJ�IRU�
GLIIHUHQW�ZRUGV�DQG�SHUIRUP�VHQWLPHQW�DQDO\VLV�EDVHG�RQ�WKH�VHQWLPHQW�ODEHOLQJ�ZRUGV�SURYLGHG�E\�
WKH�GLFWLRQDU\��7KLV�PHWKRG�ILUVW�QHHGV�WR�SUHSURFHVV�WKH�LQSXW�WH[W��WKHQ�SHUIRUP�ZRUG�VHJPHQWDWLRQ��
PDWFK� WKH� VHJPHQWHG� ZRUGV� ZLWK� WKH� ZRUGV� LQ� WKH� GLFWLRQDU\�� DQG� ILQDOO\� RXWSXW� WKH� UHVXOWV� RI�
VHQWLPHQW�DQDO\VLV�DFFRUGLQJ�WR�WKH�UXOHV�RI�VHQWLPHQW�MXGJPHQW��0RVW�HPRWLRQDO�GLFWLRQDULHV�DUH�
DUWLILFLDOO\�FRQVWUXFWHG��,W�WDNHV�D�ORW�RI�FRVW�WR�EXLOG�DQ�HPRWLRQDO�GLFWLRQDU\��7KH�WDJJHU�QHHGV�WR�
UHDG�D�ORW�RI�UHODWHG�PDWHULDOV�DQG�H[LVWLQJ�GLFWLRQDULHV��%DVHG�RQ�WKLV�NQRZOHGJH��FRPELQHG�ZLWK�
WKH� WDJJHU
V� XQGHUVWDQGLQJ�� VXPPDUL]H� WKH� ZRUGV� ZLWK� HPRWLRQDO� LQFOLQDWLRQ�� DQG� PDUN� WKH�
HPRWLRQDO�GHJUHH�RI�WKHVH�ZRUGV��6HQWL:RUG1HW>��@LV�WKH�HDUOLHVW�VHQWLPHQW�GLFWLRQDU\��,W�SXWV�ZRUGV�
RI� WKH�VDPH�PHDQLQJ� WRJHWKHU�DFFRUGLQJ� WR�:RUG1HW�DQG�PDUNV� WKH�HPRWLRQDO�WHQGHQF\�RI�WKHVH�
ZRUGV�� 7KH� GLFWLRQDU\� PDLQO\� PDUNV� WKH� SRVLWLYH� RU� QHJDWLYH� SRODULW\� VFRUHV� RI� WKH� ZRUGV>��@��
&KLQHVH� VHQWLPHQW� GLFWLRQDULHV� PDLQO\� LQFOXGH� 1786'>��@�� +2:� 1(7>��@� DQG� VHQWLPHQW�
YRFDEXODU\�RQWRORJ\�GDWDEDVH>��@��7KHVH�WKUHH�GLFWLRQDULHV�FRQWDLQ�GLIIHUHQW�QXPEHUV�RI�&KLQHVH�
SUDLVH�DQG�GHURJDWRU\�ZRUGV>��@� 



������6XSHUYLVHG�OHDUQLQJ�DSSURDFK 

��������5XOH�EDVHG�DOJRULWKP 

5XOH�EDVHG�DOJRULWKPV��UXOHV�DUH�IRUPXODWHG�GLIIHUHQWO\�DFFRUGLQJ�WR�GLIIHUHQW�HPRWLRQV��DQG�WKHQ�
PDWFK�WKH�UXOHV�DFFRUGLQJ�WR�WKH�LQSXW�WH[W��7KH�HPRWLRQV�FRUUHVSRQGLQJ�WR�WKH�PDWFKLQJ�UXOHV�DUH�
WKH�HPRWLRQV�RI�WKH�LQSXW�WH[W��$VJKDU�HW�DO�>��@DQDO\]HG�WKH�VHPDQWLFV�RI�ZRUGV��GLYLGHG�WKH�ZRUGV�
LQWR��LYH�DQG��LYH�FDWHJRULHV��DQG�WKHQ�LGHQWLILHG�DQG�FODVVLILHG�WKH�H[SUHVVLRQV��PRGLILHUV��JHQHUDO�
ZRUGV��DQG�GRPDLQ�VSHFLILF�ZRUGV�H[SUHVVHG�LQ�WKH�SXEOLF¶V�IHHGEDFN�RQ�WKH�SURGXFW���7KLV�PHWKRG�
VROYHV�WKH�SUREOHP�RI�ORZ�HIILFLHQF\�FDXVHG�E\�GDWD�VSDUVHQHVV� 

��������.11�DOJRULWKP 

.11�ZDV�SURSRVHG�E\�&RYHU�DQG�+DUW�LQ�������,W�LV�RQH�RI�WKH�HDUOLHVW�DOJRULWKPV�DSSOLHG�WR�WH[W�
FODVVLILFDWLRQ�DQG�KDV�D�JRRG�FODVVLILFDWLRQ�HIIHFW�>��@��7KH�EDVLF�LGHD�LV�JLYHQ�WKH�WH[W�WR�EH�FODVVLILHG��
ILQG�WKH�N�WH[WV�FORVHVW�WR�WKH�QHZ�WH[W�LQ�WKH�WUDLQLQJ�WH[W�VHW��DQG�WKHQ�MXGJH�WKH�FDWHJRU\�RI�WKH�QHZ�
WH[W�DFFRUGLQJ�WR�WKH�FDWHJRU\�RI�WKH�N�WH[WV�>��@� 
 
7KH�.11�DOJRULWKP�LQFOXGHV�WKH�IROORZLQJ�VWHSV��ILUVW�SUHSDUH�WKH�GDWD�DQG�SHUIRUP�SUHSURFHVVLQJ��
WKHQ� FDOFXODWH� WKH� GLVWDQFH� EHWZHHQ� WKH� WHVW� VDPSOH� DQG� RWKHU� VDPSOHV�� WKHQ� VRUW� WKH� FDOFXODWHG�
GLVWDQFH�DQG�VHOHFW�WKH�N�SRLQWV�ZLWK�WKH�VPDOOHVW�GLVWDQFH��DQG�ILQDOO\�FRPSDUH��WHVW�WKH�VDPSOH�7KH�
FDWHJRU\�RI�LV�WKH�FDWHJRU\�ZLWK�WKH�KLJKHVW�SURSRUWLRQ�DPRQJ�WKH�.�SRLQWV� 
 
7KH�.11�DOJRULWKP�KDV�KLJK�DFFXUDF\�DQG�JRRG�VWDELOLW\��EXW�LW�FDQ�EH�VHHQ�IURP�WKH�VWHSV�WKDW�WKH�
YDOXH�RI�N�LV�YHU\�LPSRUWDQW��,I�WKH�N�YDOXH�LV�WRR�VPDOO��WKH�WUXH�FODVVLILFDWLRQ�RI�WKH�WHVW�VDPSOH�PD\�
QRW�EH�VHOHFWHG�>��@��,I�WKH�YDOXH�RI�N�LV�WRR�ODUJH��WKH�DPRXQW�RI�FDOFXODWLRQ�ZLOO�LQFUHDVH��DQG�WKH�
FDOFXODWLRQ�RYHUKHDG�ZLOO�EH�YHU\�ODUJH��ZKLFK�ZLOO�DIIHFW�WKH�HIIHFW�RI�FODVVLILFDWLRQ� 

��������1DLYH�%D\HV�$OJRULWKP 

7KLV�LV�D�SUREDELOLW\�EDVHG�PDFKLQH�OHDUQLQJ�DOJRULWKP��ZKLFK�LV�ZLGHO\�XVHG�LQ�WH[W�FODVVLILFDWLRQ��
7KH�PDLQ� FRQFHUQ� LV� WKH� SUREDELOLW\� RI� WKH� WH[W� EHORQJLQJ� WR�HDFK�FDWHJRU\��7KH�PDLQ� LGHD� LV� WR�
FDOFXODWH� WKH� JLYHQ� WH[W� G �W��W��W������ ���� WQ�� WKH� SUREDELOLW\� WKDW� WKH� IHDWXUH� LWHP� W� EHORQJV� WR� HDFK�
FDWHJRU\��WKH�SUREDELOLW\�WKDW�WKH�WH[W�G�EHORQJV�WR�WKH�FDWHJRU\�&L�FDQ�EH�REWDLQHG��DQG�WKH�FDWHJRU\�
RI�WKH�WH[W�G�LV�MXGJHG�E\�WKHVH�SUREDELOLW\�YDOXHV��DQG�WKH�IUHTXHQF\�RI�WKH�IHDWXUH�LWHP�DSSHDULQJ�
LQ�WKH�FDWHJRU\�&L�LV�FDOFXODWHG�7KH�SUREDELOLW\�WKDW�WKH�IHDWXUH�LWHP�EHORQJV�WR�WKH�FDWHJRU\�&L�FDQ�
EH�REWDLQHG>��@� 
 
1DLYH�%D\HV�SHUIRUPV�VHQWLPHQW�DQDO\VLV��WKH�SURFHVV�LV�VLPSOH�DQG�IDVW��DQG�ZKHQ�WKH�DVVXPSWLRQ�
RI�LQGHSHQGHQFH�RI�GLVWULEXWLRQ�LV�HVWDEOLVKHG��WKH�HIIHFW�RI�%D\HVLDQ�FODVVLILFDWLRQ�LV�YHU\�JRRG��DQG�
LW� UHTXLUHV� IHZHU� VDPSOHV� >��@�� 1DLYH� %D\HV� LV� KLJKO\� HIILFLHQW� DQG� UREXVW�� %XW� LW� DOVR� KDV�
VKRUWFRPLQJV��7KH�JRRG�UHVXOWV�DUH�EDVHG�RQ�GLVWULEXWLRQ�LQGHSHQGHQFH��,Q�IDFW��WKLV�DVVXPSWLRQ�LV�



GLIILFXOW�WR�DFKLHYH��VR�LW�ZLOO�DIIHFW�WKH�SUHGLFWLRQ�HIIHFW>��@� 

��������6XSSRUW�YHFWRU�PDFKLQH�DOJRULWKP 

7KH�VXSSRUW�YHFWRU�PDFKLQH�>��@�VWDUWHG�DV�D�WZR�FODVV�FODVVLILFDWLRQ�PRGHO��7KH�PDLQ�LGHD�RI�WKLV�
PHWKRG�LV�WR�WDUJHW�WKH�IHDWXUH�YHFWRU�LQ�D�SODQH��LQFOXGLQJ�SRVLWLYH�DQG�QHJDWLYH�FDWHJRULHV��WKH�690�
DOJRULWKP�LV�WR�GLYLGH�WKH�WZR�FDWHJRULHV�E\�ILQGLQJ�D�K\SHUSODQH�WR�GLVWLQJXLVK�WKH�WZR�FDWHJRULHV�
>��@��7KH�VSHFLILF�FODVVLILFDWLRQ�LV�VKRZQ�LQ�WKH�ILJXUH��� 
 
)RU�VXFK�D�WZR�FODVVLILFDWLRQ�PRGHO��ZKHQ�PXOWL�FODVVLILFDWLRQ�RI�WH[W�LV�WR�EH�SHUIRUPHG��PXOWLSOH�
K\SHUSODQHV�QHHG�WR�EH�FRQVWUXFWHG��7KH�PDLQ�PHWKRGV�DUH��  
���2QH�WR�PDQ\�� WDNH� RQH� DV� D� SRVLWLYH� VDPSOH�� DQG� WKH� RWKHU� DV� D� QHJDWLYH� VDPSOH�� DQG� ILQDOO\�
FRQVWUXFW� D� PXOWLSOH� 690� PRGHO�� ,Q� VDPSOH� SUHGLFWLRQ�� WKH� ILQDO� FDWHJRU\� LV� FODVVLILHG� DV� WKH�
FDWHJRU\�ZLWK�WKH�ODUJHVW�690�YDOXH�>��@��  
���2QH�WR�RQH��HDFK�RI�WKH�SRVLWLYH�DQG�QHJDWLYH�VDPSOHV�VHOHFWV�RQH�FODVV��)RU�.�FODVV�VDPSOHV��
.�.������FODVVLILHUV�DUH�ILQDOO\�FRQVWUXFWHG�>��@� 
��� '$*� 690� PHWKRG�� &RQVWUXFW� D� GLUHFWHG� DF\FOLF� JUDSK� DQG� FODVVLI\� DQG� WUDLQ� DFFRUGLQJ� WR�
GLIIHUHQW�FDWHJRULHV�>��@� 

 
)LJXUH���&ODVVLILFDWLRQ�DOJRULWKP�SURFHVV�>��@ 

������'HHS�OHDUQLQJ 

7KLV�VHFWLRQ�PDLQO\�LQWURGXFHV�VHYHUDO�EDVLF�QHXUDO�QHWZRUN�PRGHOV� 

��������5HFXUUHQW�QHXUDO�QHWZRUN 

7KH�F\FOLF�QHXUDO�QHWZRUN�LV�D�QHWZRUN�PRGHO�ZLWK�DQ�LWHUDWLYH�VWUXFWXUH��7KH�LQSXW�LV�D�WLPH�VHULHV�
VWULQJ��7KH�LQWXLWLYH�XQGHUVWDQGLQJ�LV�VLPLODU�WR�WKH�ZD\�KXPDQV�UHDG�RU�UHDG�WH[W��:LWK�WKH�KHOS�RI�
WKH�FRGLQJ�RI�LQWHUQHXURQV�LQ�WKH�FRPSXWHU��WKH�KLVWRU\�RI�LQWHUQHXURQV�,QIRUPDWLRQ�FDQ�QDWXUDOO\�EH�
SDVVHG�WR�WKH�QH[W�LQWHUQHXURQ��VR�LW�KDV�REYLRXV�PHPRU\�FDSDELOLWLHV�DQG�FDQ�PRGHO�VHULDOL]HG�GDWD��



+RZHYHU�� LQ� WKH� 511� GHVLJQ�� WKH� EDFN� SURSDJDWLRQ� RI� WKH� JUDGLHQW� OHDGV� WR� WKH� FRQWLQXRXV�
DFFXPXODWLRQ�RI�WKH�JUDGLHQW��DQG�WKH�LQWHUPHGLDWH�HLJHQYDOXHV�ZLOO�DSSHDU�WR�PRYH�FORVHU�WR�WKH�
H[WUHPH�YDOXH��ZKLFK�LV�PDQLIHVWHG�DV�LQILQLW\�RU�FORVH�WR����7KLV�SKHQRPHQRQ�LV�FDOOHG�JUDGLHQW�
H[SORVLRQ�RU�JUDGLHQW�GLVDSSHDUDQFH��7KHUHIRUH��WKH�ELJJHVW�FKDOOHQJH�511�IDFHV�LV�WKH�SUREOHP�RI�
ORQJ�WHUP�GHSHQGHQFH��/RQJ�WHUP�GHSHQGHQFH�PHDQV�WKDW�WKH�QRGHV�RI�WKH�QHXUDO�QHWZRUN�FDQQRW�
REWDLQ�FRQWH[WXDO�LQIRUPDWLRQ�IURP�ORQJ�GLVWDQFH�WLPH�VWHSV�DIWHU�PXOWLSOH�FDOFXODWLRQV�RYHU�WLPH��
7KH� VSHFLILF� SHUIRUPDQFH� LV� WKDW� WKH� JUDGLHQW� RI� WKH�ZHLJKW�PDWUL[� DIWHU�PXOWL�VWDJH� SURSDJDWLRQ�
WHQGV� WR�GLVDSSHDU�RU�H[SORGH��7KH�JUDGLHQW� LV�WKH�YDOXH�XVHG� WR�XSGDWH� WKH�ZHLJKW�RI�WKH�QHXUDO�
QHWZRUN�� 7KH� GLVDSSHDUDQFH� RI� WKH� JUDGLHQW� PHDQV� WKDW� WKH� JUDGLHQW� GHFUHDVHV� DV� WKH�
EDFNSURSDJDWLRQ��,I�WKH�JUDGLHQW�YDOXH�EHFRPHV�YHU\�VPDOO��WKH�QHWZRUN�ZLOO�QRW�FRQWLQXH�WR�XSGDWH�
WKH�ZHLJKW��8VLQJ�511�DV�D�WUDLQLQJ�PRGHO�RIWHQ�IDLOV�WR�DFKLHYH�H[SHFWDWLRQV�7KH�HIIHFW��WKH�PRGHO�
VWUXFWXUH�GLDJUDP�LV�VKRZQ�LQ�)LJXUH��� 
 

 
)LJXUH���511�PRGHO�GLDJUDP 

��������/RQJ�VKRUW�WHUP�PHPRU\�QHWZRUN 

,Q� RUGHU� WR� VROYH� WKH� SUREOHP�RI� JUDGLHQW� GLVDSSHDUDQFH�DQG� JUDGLHQW�H[SORVLRQ� LQ� WKH� UHFXUUHQW�
QHXUDO� QHWZRUN�� +RFKUHLWHU� >��@� HW� DO�� SURSRVHG� D� ORQJ� DQG� VKRUW�WHUP�PHPRU\� QHXUDO� QHWZRUN��
UHIHUUHG� WR�DV�/607��&RPSDUHG�ZLWK�511�� WKH� QHXURQ� RI�/670� LV�DOVR� D�PRGHO� IRU�PRGHOLQJ�
VHULDOL]HG� GDWD�� DQG� LWV� LQSXW� LQFOXGHV� WKH� FXUUHQW� QRGH� DQG� WKH� SUHYLRXV� KLGGHQ� OD\HU� >��@��7KH�
ELJJHVW�GLIIHUHQFH�IURP�511�LV�WKH�FKDQJH�RI�LQWHUQDO�VWUXFWXUH��ZKLFK�LV�VSHFLILFDOO\�PDQLIHVWHG�LQ�
WKH�DGGLWLRQ�RI�LQSXW�JDWHV��IRUJHW�JDWHV��RXWSXW�JDWHV�DQG�LQWHUQDO�PHPRU\�XQLWV�WR�QHXURQV�>��@��
7KH�/670�PRGHO�VWUXFWXUH�LV�VKRZQ�LQ�)LJXUH��� 

 
)LJXUH���511�PRGHO�GLDJUDP�>��@ 



��������&RQYROXWLRQDO�1HXUDO�1HWZRUN 

&RQYROXWLRQDO� QHXUDO� QHWZRUNV� ZHUH� ILUVW� XVHG� LQ� WKH� ILHOG� RI� FRPSXWHU� YLVLRQ�� 7UDGLWLRQDO�
FRQYROXWLRQDO�QHXUDO�QHWZRUNV�FRQVLVW�RI�WKUHH�VWUXFWXUHV��FRQYROXWLRQ��DFWLYDWLRQ��DQG�SRROLQJ��.LP�
>��@�HW�DO��DSSOLHG�FRQYROXWLRQDO�QHXUDO�QHWZRUN�WR�WH[W�FODVVLILFDWLRQ��7H[W�&11��IRU�WKH�ILUVW�WLPH��
WUDLQLQJ�ZRUG�YHFWRUV�DV�ZHLJKW�YDULDEOHV�WR�EHWWHU�FDSWXUH�WKH�ORFDO�UHOHYDQFH�RI�WH[W�VHPDQWLFV�DQG�
FRQYHUW�WH[W�LQWR�YHFWRUV�ZKHQ�SURFHVVLQJ�WH[W�WDVNV�7KH�ILQDO�RXWSXW�LV�REWDLQHG�DIWHU�D�VHULHV�RI�
RSHUDWLRQV� VXFK� DV� FRQYROXWLRQ�� SRROLQJ�� GURSRXW� UHJXODUL]DWLRQ�� HWF��� E\� PXOWLSO\LQJ� GLIIHUHQW�
FRQYROXWLRQ�NHUQHOV��VL]H��QXPEHU��DQG�YHFWRUV�E\�HOHPHQWV��7KH�PRGHO�VWUXFWXUH�RI�7H[W�&11�LV�
VKRZQ�LQ�)LJXUH��� 

 
)LJXUH���7H[W�&11�PRGHO�GLDJUDP�>��@ 

 
,Q�DGGLWLRQ�� WKHUH�DUH�PDQ\�MRLQW�GHHS� OHDUQLQJ�PRGHOV��/XR�)DQ�HW�DO��>��@�XVHG�FRPELQHG� ORRS�
QHXUDO�QHWZRUN�DQG�FRQYROXWLRQDO�QHXUDO�QHWZRUN�WR�SURSRVH�D�PXOWL�OD\HU�QHWZRUN�PRGHO�+�511�
&11��ZKLFK�XVHV�D�WZR�OD\HU�511�WR�PRGHO�WH[W�DQG�LQWURGXFHV�LW�LQWR�WKH�VHQWHQFH�OD\HU��5HDOL]H�
WKH�VHQWLPHQW�FODVVLILFDWLRQ�RI�ORQJ�WH[WV��;LQJ�HW�DO��>��@�LQWURGXFHG�D�QHZ�SDUDPHWULF�FRQYROXWLRQDO�
QHXUDO�QHWZRUN�IRU�DVSHFW�OHYHO�VHQWLPHQW�FODVVLILFDWLRQ��ZKLFK�XVHV�D�SDUDPHWHUL]HG�ILOWHU��3)�&11��
DQG� D� SDUDPHWHU� JDWH� PHFKDQLVP� �3*�&11��� +DQ� -LDQVKHQJ� HW� DO�� >��@� SURSRVHG� D� VHQWLPHQW�
DQDO\VLV� PRGHO� EDVHG� RQ� %L�7HPSRUDO� &RQYROXWLRQDO� 1HWZRUN� �%L�7&1��� 7KH� PRGHO� XVHV� D�
XQLGLUHFWLRQDO�PXOWL�OD\HU�FDYLW\�FDXVDO�FRQYROXWLRQ�VWUXFWXUH�WR�H[WUDFW�WKH�IRUZDUG�DQG�EDFNZDUG�
IHDWXUHV�RI�WKH�WH[W�UHVSHFWLYHO\�DQG�FRPELQHV�WKH�VHTXHQFH�IHDWXUHV�LQ�WKH�WZR�GLUHFWLRQV�WR�SHUIRUP�
VHQWLPHQW� FODVVLILFDWLRQ�� 7KH� H[SHULPHQW� SURYHV� WKDW� LW� LV� FRPSDWLEOH� ZLWK� WKH� RQH�ZD\� WLPH�
FRQYROXWLRQDO� QHWZRUN� VHQWLPHQW� DQDO\VLV� PRGHO�� ,Q� FRPSDULVRQ�� WKH� ELGLUHFWLRQDO� WHPSRUDO�
FRQYROXWLRQDO�QHWZRUN�PRGHO�KDV�D�KLJKHU�DFFXUDF\�UDWH� 

��������$WWHQWLRQ�PHFKDQLVP 

7KH�DWWHQWLRQ�PHFKDQLVP�LV�GHULYHG� IURP�VFLHQWLVWV
� UHVHDUFK�RQ�KXPDQ�YLVLRQ��DQG�WKH�VHOHFWLYH�
DWWHQWLRQ� PHFKDQLVP� RI� WKH� KXPDQ� YLVXDO� V\VWHP� KDV� DWWUDFWHG� WKH� DWWHQWLRQ� RI� VFLHQWLVWV� >��@��
%LRORJLVWV�KDYH�GLVFRYHUHG�WKDW�WKH�DWWHQWLRQ�RI�WKH�KXPDQ�YLVXDO�V\VWHP�LV�YHU\�OLPLWHG��DQG�LW�LV�
LPSRVVLEOH�WR�FDUHIXOO\�REVHUYH�WKH�LQIRUPDWLRQ�SHUFHLYDEOH�E\�WKH�H\HV�DW�WKH�VDPH�WLPH��:H�WHQG�
WR�TXLFNO\�ORFDWH�WKH�WDUJHW�DUHD�WKDW�QHHGV�WR�EH�IRFXVHG�RQ�DFFRUGLQJ�WR�RXU�RZQ�QHHGV��VR�DV�WR�



GHYRWH� OLPLWHG�YLVXDO�DWWHQWLRQ� WR� WKH� WDUJHW�DUHD�� VR�WKDW�ZH�ZLOO�EH�DEOH� WR�REWDLQ�PRUH�GHWDLOHG�
LQIRUPDWLRQ� RI� WKH� WDUJHW� DUHD��DQG�ZH�ZLOO� DOVR� DEDQGRQ� WKH� XVHOHVV� LQIRUPDWLRQ� LQ� RWKHU� DUHDV��
ZKLFK�JUHDWO\�LPSURYHV�WKH�HIILFLHQF\�RI�RXU�YLVXDO�V\VWHP�WR�SURFHVV�LQIRUPDWLRQ��7KH�DWWHQWLRQ�
PHFKDQLVP�LQ�PDFKLQH�OHDUQLQJ�LV�LQVSLUHG�E\�WKH�VHOHFWLYH�DWWHQWLRQ�PHFKDQLVP�RI�WKH�YLVXDO�V\VWHP��
7KH�FRUH�JRDO�LV�WR�REWDLQ�PRUH�XVHIXO�DQG�FULWLFDO�LQIRUPDWLRQ�IRU�WKH�FXUUHQW�WDVN�IURP�D�YDULHW\�RI�
LQIRUPDWLRQ�>��@� 
 
7KH�DWWHQWLRQ�PHFKDQLVP�PRGHO�LV�VKRZQ�LQ�WKH�ILJXUH� 

 

)LJXUH���7KH�DWWHQWLRQ�PHFKDQLVP�PRGHO�>��@ 
 
)URP�WKH�ILJXUH��ZH�FDQ�VHH�WKDW�WKH�DWWHQWLRQ�PHFKDQLVP�LV�FRPSRVHG�RI�D�VHULHV�RI��NH\��YDOXH!�
GDWD�SDLUV��:KHQ�D�FHUWDLQ�TXHU\�LV�JLYHQ�WR�SHUIRUP�D�FHUWDLQ�WDVN��WKH�4XHU\�DQG�WKH�ZHLJKW�VFRUH�
RI�HDFK�NH\�DUH�FDOFXODWHG��FRUUHODWLRQ���WKH�YDOXH�FRUUHVSRQGLQJ�WR�WKH�NH\�LV�ZHLJKWHG�DQG�VXPPHG�
WR�REWDLQ� WKH� ILQDO�$WWHQWLRQ�YHFWRU�YDOXH��7KH�DERYH�SURFHVV�FDQ�EH�H[SUHVVHG�E\� WKH� IROORZLQJ�
IRUPXOD�>�@� 

 

$PRQJ� WKHP��.H\� DQG�9DOXH� DUH� UHDO� QXPEHU� YHFWRUV�� 4XHU\� DQG�$WWHQWLRQ�9DOXH� DUH� DOVR� UHDO�
QXPEHU�YHFWRUV��WKH�SRVLWLYH�LQWHJHU�P�UHSUHVHQWV�WKH�OHQJWK�RI�WKH�6RXUFH��DQG�WKH�VFRUH���� LV�WKH�
VLPLODULW\�FDOFXODWLRQ�IXQFWLRQ� 

��������%HUW 

,Q�������WKH�VWURQJHVW�1/3�PRGHO�UHOHDVHG�E\�WKH�*RRJOH�WHDP�%(57�>��@��%LGLUHFWLRQDO�(QFRGHU�
5HSUHVHQWDWLRQ� IURP�7UDQVIRUPHUV��EURNH� WKH�EHVW� UHFRUG�RI����1/3� WDVNV� LQ�RQH� IHOO� VZRRS�DQG�
EHFDPH�WKH�PRVW� VXFFHVVIXO�PRGHO� LQ� WKH�1/3�ILHOG��%HUW¶V� LQQRYDWLRQ�LV� WR�XVH�WKH�7UDQVIRUPHU�
VWUXFWXUH�LQ�WKH�ODQJXDJH�PRGHO�DQG�XVH�WKH�VWUDWHJ\�RI�0DVN�SDUW�RI�WKH�ZRUG�LQ�WKH�SUH�WUDLQLQJ�
ODQJXDJH�PRGHO�>��@��7KLV�PHWKRG�FDQ�IXUWKHU�HQKDQFH�WKH�JHQHUDOL]DWLRQ�DELOLW\�RI�WKH�SUH�WUDLQLQJ�
ODQJXDJH�PRGHO�DQG�FDQ�IXOO\�GHVFULEH�WKH�FKDUDFWHU�OHYHO�DQG�ZRUGV�>��@��7KH�FKDUDFWHULVWLFV�RI�WKH�
UHODWLRQVKLS�EHWZHHQ�WKH�OHYHOV� 
 
7KH�UHDVRQ�ZK\�%HUW�LV�VR�VXFFHVVIXO�LV�WKDW�LW�XVHV�D�QRYHO�VWUDWHJ\�LQ�WKH�SUH�WUDLQLQJ�ODQJXDJH�
PRGHO��,W�XVHV�WKH�0DVNHG�/DQJXDJH�0RGHO�ZKHQ�WUDLQLQJ�ZRUG�OHYHO�UHSUHVHQWDWLRQ�DQG�XVHV�1H[W�
6HQWHQFH� 3UHGLFWLRQ� IRU� VHQWHQFH�OHYHO� UHSUHVHQWDWLRQ�� 7KH� %HUW� PRGHO� XVHV� WKH� 7UDQVIRUPHU�



DUFKLWHFWXUH� LQVLGH�� 7KH� 7UDQVIRUPHU� DUFKLWHFWXUH� LV� FRPSOHWHO\� EDVHG� RQ� WKH� DERYH� DWWHQWLRQ�
PHFKDQLVP��DQG�WKH�UHVLGXDO�FRQQHFWLRQ�DQG�QRUPDOL]DWLRQ�PHWKRGV�DUH�XVHG��DQG�WKH�QXPEHU�RI�
QHWZRUN�OD\HUV�FDQ�EH�YHU\�GHHS��7KH�%HUW�PRGHO�XVHV�D�WZR�ZD\�7UDQVIRUPHU�DV�WKH�IUDPHZRUN�RI�
LWV�WUDLQLQJ�PRGHO�>��@� 
 
$W�WKH�VDPH�WLPH��ZH�FDQ�DOVR�XVH�WKH�ZRUG�YHFWRU�H[WUDFWHG�IURP�WKH�%HUW�SUH�WUDLQLQJ�ODQJXDJH�
PRGHO�WR�UHSODFH�WKH�WUDGLWLRQDO�:RUG�9HF�ZRUG�YHFWRU�IHDWXUHV�DQG�WUDQVIRUP�IURP�D�FRQWH[W�IUHH�
VWDWLF�ZRUG�YHFWRU�WR�D�FRQWH[W�VHQVLWLYH�G\QDPLF�ZRUG�YHFWRU��ZKLFK�FDQ�EHWWHU�VROYH�WKH�SRO\VHP\�
RI�D�ZRUG�SUREOHP�DQG�FDQ�DOVR�LPSURYH�WKH�FODVVLILFDWLRQ�SHUIRUPDQFH�RI�WKH�PRGHO�>��@� 
 
7KH�WZR�WDVNV�RI�%HUW�DUH�DV�IROORZV� 
 
����0DVNHG�/DQJXDJH�0RGH��ZKLFK�FDQ�EH�XQGHUVWRRG�DV�FOR]H�LQ�WKH�(QJOLVK�WHVW��LW�ZLOO�UDQGRPO\�
PDVN�����RI�WKH�ZRUGV�LQ�HDFK�VHQWHQFH��DQG�WKHQ�WKH�PRGHO�ZLOO�SUHGLFW�WKH�ZRUGV�WKDW�LV�PDVNHG�
EDVHG�RQ�WKH�FRQWH[W�LQIRUPDWLRQ��)RU�H[DPSOH��LI�WKH�LQSXW�VHTXHQFH�LV��,�DP�D�VWXGHQW���WKH�PDVNHG�
VHTXHQFH�PD\�EH��,�DP�D�>PDVN@���DQG�WKHQ�WKH�PDVNHG�ZRUG�LV�SUHGLFWHG�WKURXJK�PRGHO�SUH�WUDLQLQJ��
$W�WKH�VDPH�WLPH��LQ�RUGHU�WR�VROYH�WKH�SUREOHP�WKDW�VRPH�ZRUGV�PD\�QRW�DSSHDU�LQ�WKH�PRGHO��D�
PHWKRG�RI�UHSODFLQJ�DFFRUGLQJ�WR�SUREDELOLW\�LV�DOVR�DGRSWHG��,Q�����RI�WKH�ZRUGV�LQ�WKH�PDVN������
RI�WKH�SUREDELOLW\�LV�GLUHFWO\�UHSODFHG�E\�WKH�>PDVN@�ODEHO��DQG�����RI�WKH�SUREDELOLW\�LV�XVHG�ZRUGV�
WKDW�DUH�UDQGRPO\�VHOHFWHG�IURP�WKH�FRUSXV�WR�UHSODFH�WKH�PDVN�ZRUGV��)RU�H[DPSOH���,�DP�D�VWXGHQW��
PD\�EH�UHSODFHG�ZLWK��,�DP�D�WHDFKHU���DQG�WKHUH�LV�D�����SUREDELOLW\�WKDW�LW�ZLOO�QRW�EH�UHSODFHG��
8VLQJ�WKLV�VWUDWHJ\�DOORZV�WKH�7UDQVIRUPHU�PRGHO�WR�EHWWHU�REWDLQ�WKH�GLVWULEXWHG�UHSUHVHQWDWLRQ�RI�
JOREDO�LQIRUPDWLRQ�>��@� 
 
����1H[W�6HQWHQFH�3UHGLFWLRQ�FDQ�FDSWXUH�VHQWHQFH�OHYHO�IHDWXUHV��,Q�WKLV�WDVN��WKH�PDLQ�REMHFWLYH�LV�
WR� SUHGLFW�ZKHWKHU� WZR� VHQWHQFHV� DUH� D�FRQWLQXRXV� VHQWHQFH� SDLU� UHODWLRQVKLS��:KHQ� WUDLQLQJ� WKH�
PRGHO��WKH�LQSXW�VHQWHQFH�SDLU�LQIRUPDWLRQ�ZLOO�EH�UHSODFHG��ZKLFK�PHDQV�WKDW�WKH�VHFRQG�VHQWHQFH�
LQ�WKH�VHQWHQFH�SDLU�ZLOO�EH�UHSODFHG�ZLWK�D�����SUREDELOLW\��%HUW
V�SUH�WUDLQHG�ODQJXDJH�PRGHO�FDQ�
GLUHFWO\�REWDLQ�D�XQLTXH�YHFWRU�UHSUHVHQWDWLRQ�RI�DQ�HQWLUH�VHQWHQFH��$�PDUNHU��>&/6@��LV�DGGHG�LQ�
IURQW�RI�HDFK�LQSXW�VHQWHQFH��DQG�D�PDUNHU��>6(3@��LV�DOVR�DGGHG�DW�WKH�HQG�RI�WKH�VHQWHQFH��VR�WKDW�
WKH� 7UDQVIRUPHU� FDQ� HQFRGH� �>&/6@�� GXULQJ� WKH� WUDLQLQJ� SURFHVV�� 7KHUHIRUH�� WKH� HQFRGLQJ�
LQIRUPDWLRQ�RI��>&/6@��UHSUHVHQWV�WKH�VHPDQWLF�LQIRUPDWLRQ�RI�WKH�HQWLUH�VHQWHQFH�>��@� 

����)HDWXUH�VHOHFWLRQ 

)URP� WKH� JUDPPDWLFDO� OHYHO�� DQ� DUWLFOH� LV� JHQHUDOO\� FRPSRVHG� RI�ZRUGV�� SKUDVHV�� VHQWHQFHV� DQG�
SDUDJUDSKV�� VR� WKHVH� FRQVWLWXHQW� HOHPHQWV� FDQ� EH� XVHG� DV� WKH� FKDUDFWHULVWLFV� RI� WKH� GRFXPHQW��
+RZHYHU��WKH�FRPELQHG�IHDWXUHV�ZLOO�LQFUHDVH�H[SRQHQWLDOO\�DV�WKH�OHYHO�RI�JUDPPDWLFDO�HOHPHQWV�
LQFUHDVHV��7KHUHIRUH��FODVVLILFDWLRQ�PHWKRGV�EDVHG�RQ�WKH�IHDWXUHV�RI�VHQWHQFHV�DQG�SDUDJUDSKV�DUH�
UHODWLYHO\�UDUH��&RPPRQ�GRFXPHQW�IHDWXUHV�LQFOXGH�ZRUGV��1�JUDP�LWHPV��SKUDVHV��FRQFHSWV��DQG�
SDUWV�RI�VSHHFK� 



������:RUG 

)RU� D� JLYHQ� GRFXPHQW�� WKH�PRVW� GLUHFW�PHWKRG� LV� WR� XVH�ZRUGV� RU� SKUDVHV� DV� IHDWXUH� LWHPV� WKDW�
UHSUHVHQW�WKH�VHPDQWLFV�RI�WKH�GRFXPHQW��6LQFH�&KLQHVH�LV�GLIIHUHQW�IURP�(QJOLVK�LQ�IRUPDW��WKHUH�LV�
QR�REYLRXV�GHPDUFDWLRQ�SRLQW�EHWZHHQ�ZRUGV��,W�LV�QHFHVVDU\�WR�XVH�GLFWLRQDULHV�DQG�VSHFLDO�ZRUG�
VHJPHQWDWLRQ�WHFKQRORJ\�WR�SUH�SURFHVV�&KLQHVH�GRFXPHQWV�IRU�ZRUG�VHJPHQWDWLRQ��,I�QHFHVVDU\��LW�
LV�QHFHVVDU\�WR�PDUN�SDUW�RI�VSHHFK� 

������1�JUDP 

7KH�Q�JUDP�PRGHO�ZDV�SURSRVHG�E\�&�(��6KDQQRQ��WKH�IRXQGHU�RI�LQIRUPDWLRQ�WKHRU\��ZKHQ�KH�ZDV�
VWXG\LQJ�LQIRUPDWLRQ�FRGLQJ>��@��,W�ZDV�ODWHU�XVHG�WR�VWXG\�WKH�VWDWLVWLFDO�FKDUDFWHULVWLFV�RI�VWULQJV�
LQ�(QJOLVK�WH[WV�LQIRUPDWLRQ�HQWURS\��$IWHU�WKDW��1�JUDP�ZDV�DSSOLHG�LQ�PDQ\�ILHOGV��LQFOXGLQJ�WH[W�
SURFHVVLQJ�UHODWHG�ILHOGV��7KH�EDVLF�LGHD�RI�WKH�1�JUDP�PRGHO�LV�WR�RSHUDWH�D�VOLGLQJ�ZLQGRZ�RI�VL]H�
1�LQ�WKH�XQLW�RI�FKDUDFWHU�E\WHV�IRU�WKH�WH[W�FRQWHQW��DQG�LQWHUFHSW�D�VWULQJ�RI�OHQJWK�1��(DFK�VWULQJ�
LV�FDOOHG�DQ�1�JUDP�LWHP��  
$QG�Q�JUDP�LWHP�SHUIRUPV�IUHTXHQF\�VWDWLVWLFV�WR�IRUP�D�WH[W�IHDWXUH�YHFWRU�VSDFH��)RU�&KLQHVH��1�
JUDP�LWHPV�JHQHUDOO\�FRQVLVW�RI�1�DGMDFHQW�&KLQHVH�FKDUDFWHUV� 

������7)�,') 

7KH�7)�,')�ZHLJKW�IXQFWLRQ�LV�D�VWDWLVWLFDO�PHWKRG��ZKLFK�XVHV�WKH�LQYHUVH�GRFXPHQW�IUHTXHQF\�RI�
WKH�ZRUG�WR�ZHLJKW�WKH�ZRUG�IUHTXHQF\�>��@��7KH�EDVLF�LGHD�RI�7)�,')�LV�WKDW�WKH�PRUH�WKH�ZRUG�
DSSHDUV�LQ�WKH�WH[W��WKH�PRUH�LPSRUWDQW�LW�LV��DQG�WKH�KLJKHU�WKH�WH[W�IUHTXHQF\�RI�WKH�ZRUG��7KH�ORZHU�
WKH�LPSRUWDQFH�RI�WKH�ZRUG�>��@��7KH�YDOXH�RI�7),')�LV�REWDLQHG�E\�WKH�SURGXFW�RI�WZR�SDUWV��ZKLFK�
DUH� WHUP� IUHTXHQF\� �7)�� DQG� UHYHUVH� GRFXPHQW� IUHTXHQF\�� ,')� LV� D� YDOXH� XVHG� WR� PHDVXUH� WKH�
XQLYHUVDOLW\�RI�D�ZRUG��DQG� WKH� ,')�RI�D� IHDWXUH� LWHP� LV�REWDLQHG�E\� WDNLQJ� WKH� ORJDULWKP�RI� WKH�
UHFLSURFDO�RI�WKH�GRFXPHQW�IUHTXHQF\��')��RI�WKH�IHDWXUH��7),')�WHQGV�WR�NHHS�WKH�PRUH�VSHFLDO�
ZRUGV�LQ�WKH�GRFXPHQW�DQG�ILOWHU�WKH�PRUH�FRPPRQO\�XVHG�ZRUGV�LQ�WKH�WUDLQLQJ�VHW��7KH�SULQFLSOH�
LV�WKDW�LI�WKH�IHDWXUH�LWHPV�DUH�FRQFHQWUDWHG�LQ�VRPH�VSHFLILF�WH[WV�LQ�WKH�VHW��WKH\�RIWHQ�DSSHDU�LQ�
VRPH�VSHFLILF�WH[WV��DQG�WKHVH�WH[WV�DFFRXQW�IRU�D�YHU\�ODUJH�SURSRUWLRQ�RI�WKH�HQWLUH�WUDLQLQJ�VHW��,I�
LW�LV�VPDOO��WKHQ�WKH�IHDWXUH�FDQ�JHW�D�KLJK�ZHLJKW�7),')��7KH�IRUPXOD�LV�DV�IROORZV� 

ሻݐሺݓ ൌ ǡݐሺ݂ݐ ݀ሻ ൈ ݂݅݀ሺݐሻ ൌ ǡݐሺ݂ݐ ݀ሻ ൈ ����ሺ ே
ௗ௙ሺ௧ሻ

ሻሾ͵͹ሿ 

$PRQJ�WKHP��WI�W��G��LV�WKH�QXPEHU�RI�WLPHV�WKH�IHDWXUH�LWHP�W�DSSHDUV�LQ�WKH�WH[W�G��1�LV�WKH�WRWDO�
QXPEHU�RI�WH[WV�LQ�WKH�WUDLQLQJ�VHW��DQG�GI�W��LV�WKH�QXPEHU�RI�WH[WV�WKDW�FRQWDLQ�WKH�IHDWXUH�LWHP�W� 
 
)RU�H[DPSOH��LI�WKH�WRWDO�QXPEHU�RI�ZRUGV�LQ�D�GRFXPHQW�LV������DQG�WKH�ZRUG��KDSS\��DSSHDUV�WKUHH�
WLPHV��WKHQ�WKH�ZRUG�IUHTXHQF\��WI��RI�WKH�ZRUG� �KDSS\��LQ�WKH�GRFXPHQW�LV������ ������$VVXPH�
WKDW�WKHUH�DUH������������GRFXPHQWV�LQ�WRWDO��DQG�WKH�ZRUG��KDSS\��DSSHDUV�LQ�������GRFXPHQWV��
7KHQ�WKH�UHYHUVH�GRFXPHQW�IUHTXHQF\��LGI��LV�ORJ������������������ ���7KHQ�WKH�7)�,')�VFRUH�RI�
WKH�ZRUG�LV�����
� ����� 



������%DJ�RI�ZRUGV�PRGHO 

7KH�%2:�PRGHO� LV�DOVR�D� GRFXPHQW� UHSUHVHQWDWLRQ�PHWKRG��ZKLFK� LV� RIWHQ� XVHG� LQ� WKH� ILHOG� RI�
LQIRUPDWLRQ�UHWULHYDO�>��@��7KH�%2:�PRGHO�LJQRUHV�IDFWRUV�VXFK�DV�WKH�RUGHU��JUDPPDU��DQG�V\QWD[�
RI�WKH�ZRUGV�LQ�WKH�GRFXPHQW��DQG�UHJDUGV�WKH�FRQWHQW�LQ�WKH�GRFXPHQW�DV�D�FROOHFWLRQ�RI�VHYHUDO�
FKDUDFWHUV�RU�ZRUGV��7KH�FKDUDFWHUV�RU�ZRUGV�LQ� WKH�GRFXPHQW�PDLQWDLQ� WKHLU�RZQ�LQGHSHQGHQFH��
DQG�WKHLU�DSSHDUDQFH�GRHV�QRW�GHSHQG�RQ�WKH�DSSHDUDQFH�RI�RWKHU�ZRUGV�RU�ZRUGV� 
7KH�VSHFLILF�SUDFWLFHV�RI�WKH�%2:�PRGHO�DUH�DV�IROORZV�>��@� 
����:RUG�VHJPHQWDWLRQ�LV�SHUIRUPHG�RQ�WKH�VHQWHQFHV�RI�DOO�GRFXPHQWV��DQG�WKH�VHQWHQFHV�DUH�FXW�
LQWR�VHSDUDWH�ZRUGV�>��@� 
����8VH�DOO�WKH�ZRUGV�LQ�WKH�GRFXPHQW�WR�IRUP�D�GLFWLRQDU\�>��@� 
����&RQVWUXFW�DQ�LQGH[�WR�WKH�ZRUGV�LQ�WKH�GLFWLRQDU\�>��@� 
����(QFRGH�WKH�GRFXPHQW�DQG�FRQVWUXFW�D�YHFWRU�UHSUHVHQWDWLRQ�RI�HDFK�GRFXPHQW��7KH�OHQJWK�RI�WKH�
YHFWRU�LV�WKH�OHQJWK�RI�WKH�GLFWLRQDU\��DQG�WKH�YDOXH�RI�HDFK�ELW�RI�WKH�YHFWRU�LV�WKH�QXPEHU�RI�WLPHV�
WKH�ZRUG�UHSUHVHQWHG�DSSHDUV�LQ�WKH�GRFXPHQW�>��@� 
%HORZ��JLYHV�DQ�H[DPSOH��IRU�H[DPSOH��7KHUH�DUH�WZR�GRFXPHQWV�DV�IROORZV� 
����,�DP�D�VWXGHQW� 
����,�DP�D�WHDFKHU� 
$FFRUGLQJ�WR�WKH�DERYH�WZR�GRFXPHQWV��WKH�GLFWLRQDU\�LV�FRQVWUXFWHG�DV�IROORZV� 
^�,������DP������D������VWXGHQW������WHDFKHU���` 
7KH�WZR�GRFXPHQWV�DUH�UHSUHVHQWHG�DV�WKH�IROORZLQJ�WZR�YHFWRUV� 
����>�������@ 
����>�������@ 
,Q�WKLV�ZD\��WKLV�YHFWRU�LV�D�NLQG�RI�WH[W�UHSUHVHQWDWLRQ�DQG�FDQ�EH�XVHG�DV�D�IHDWXUH�RI�WKH�WH[W� 

������:RUG�9HF 

:RUG�9HF�>��@>��@�LV�D�PRGHO�IRU�IDVW�WUDLQLQJ�ZRUG�YHFWRUV�SURSRVHG�E\�WKH�WHDP�OHG�E\�*RRJOH�
UHVHDUFKHU�0LNRORY��,W�FRQWDLQV�WZR�WUDLQLQJ�PRGHOV��RQH�LV�&%2:�DQG�WKH�RWKHU�LV�6NLS�JUDP��%RWK�
PRGHOV�LQFOXGH�DQ�LQSXW�OD\HU��D�SURMHFWLRQ�OD\HU��DQG�DQ�RXWSXW�OD\HU� 
 
����&%2: 
7KH�&%2:�PRGHO�LV�WR�JLYH�D�SLHFH�RI�WH[W�SUHGLFWLRQ�IRU�WUDLQLQJ��DQG�WKHQ�VHOHFW�D�FHUWDLQ�OHQJWK�
�ZLQGRZ��DV�WKH�UHVHDUFK�REMHFW�DQG�XVH�FRQWH[W�YRFDEXODU\�WR�SUHGLFW�WKH�WDUJHW�YRFDEXODU\�>��@>��@�
7KDW�LV��WKH�FRQWH[W�RI�D�FHUWDLQ�FKDUDFWHULVWLF�ZRUG�LV�XVHG�WR�SUHGLFW�WKH�ZRUG�YHFWRU�RI�WKLV�ZRUG��
,WV�LQSXW�LV�WKH�FRQWH[W�ZRUG�YHFWRU�RI�D�FHUWDLQ�FKDUDFWHULVWLF�ZRUG��DQG�LWV�RXWSXW�LV�WKH�ZRUG�YHFWRU�
RI�WKH�FKDUDFWHULVWLF�ZRUG��7KH�&%2:�PRGHO�LV�VKRZQ�LQ�)LJXUH��� 



 
)LJXUH���:RUG�YHF�&%2:�PRGHO�>��@>��@ 

����6NLS�JUDP�PRGHO 
7KH� IXQFWLRQ� RI� WKH� 6NLS�JUDP�PRGHO� DQG� WKH� &%2:�PRGHO� LV� MXVW� WKH� RSSRVLWH�� *LYHQ� D� WH[W�
SUHGLFWLRQ�IRU�WUDLQLQJ��D�FHUWDLQ�OHQJWK��ZLQGRZ��LV�VHOHFWHG�DV�WKH�UHVHDUFK�REMHFW��DQG�WKH�WDUJHW�
YRFDEXODU\� LV� XVHG� WR� SUHGLFW� WKH�FRQWH[W� YRFDEXODU\� >��@>��@��7KDW� LV�� WKH�PRGHO� XVHV� D� FHUWDLQ�
IHDWXUH�ZRUG�WR�SUHGLFW�WKH�VXUURXQGLQJ�FRQWH[W��7KH�VNLS�JUDP�PRGHO�LV�VKRZQ�LQ�)LJXUH��� 

 
)LJXUH���:RUG�YHF�VNLS�JUDP�PRGHO�>��@>��@ 

����(YDOXDWLRQ�LQGLFDWRUV 

7KH�HYDOXDWLRQ�LQGLFDWRUV�FRPPRQO\�XVHG�LQ�FODVVLILFDWLRQ�SUREOHPV�DUH�VHOHFWHG��ZKLFK�DUH�FDOOHG�
3UHFLVLRQ��5HFDOO��DQG�)��9DOXH��)��0HDVXUH���$PRQJ�WKHP��3UHFLVLRQ�UHIHUV�WR�WKH�SURSRUWLRQ�RI�
VDPSOHV�WKDW�DUH�SUHGLFWHG�WR�EH�SRVLWLYH�DQG�FRUUHFW�LQ�WKH�ILQDO�VLWXDWLRQ�DPRQJ�DOO�VDPSOHV�WKDW�DUH�
SUHGLFWHG� WR� EH� SRVLWLYH�� 5HFDOO� UHIHUV� WR� WKH� SURSRUWLRQ� RI� DOO� DFWXDO� SRVLWLYH� VDPSOHV� WKDW� DUH�
SUHGLFWHG�WR�EH�SRVLWLYH�DQG�FRUUHFW�LQ�WKH�ILQDO�VLWXDWLRQ��7KH�FDOFXODWLRQ�IRUPXODV�RI�WKH�WZR�QHHG�
WR�XVH�WKH�FRQIXVLRQ�PDWUL[�>��@��WKH�PDWUL[�LV�VKRZQ�LQ�WKH�7DEOH��� 
 
 
 
 



Table 1 &RQIXVLRQ�PDWUL[�>��@ 
 Predicted as positive sample Predicted as negative sample 

Actual positive sample TP FN 
Actual negative sample FP TN 

73� UHSUHVHQWV� WKH� SRVLWLYH� VDPSOH� WKDW� LV� XOWLPDWHO\� SUHGLFWHG� WR� EH� SRVLWLYH�� )3� UHSUHVHQWV� WKH�
QHJDWLYH�VDPSOH�WKDW�LV�XOWLPDWHO\�SUHGLFWHG�WR�EH�SRVLWLYH��)1�UHSUHVHQWV�WKH�SRVLWLYH�VDPSOH�WKDW�LV�
XOWLPDWHO\�SUHGLFWHG� WR�EH�QHJDWLYH��71�UHSUHVHQWV�WKH�QHJDWLYH� WKDW� LV�XOWLPDWHO\�SUHGLFWHG� WR�EH�
QHJDWLYH�VDPSOH� 
7KH�FDOFXODWLRQ�SURFHVV�RI�3UHFLVLRQ�LV�DV�IROORZV�>��@� 
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7KH�FDOFXODWLRQ�SURFHVV�RI�5HFDOO�LV�DV�IROORZV�>��@� 

ܴ݈݈݁ܿܽ ൌ
ܶܲ

ܶܲ ൅  ܰܨ

3UHFLVLRQ�LV�JHQHUDOO\�XVHG�WR�PHDVXUH�WKH�DFFXUDF\�RI�FODVVLILFDWLRQ��5HFDOO�LV�JHQHUDOO\�XVHG� WR�
PHDVXUH�ZKHWKHU�WKH�FODVVLILFDWLRQ�UHVXOWV�DUH�FRPSOHWHO\�FRUUHFW��,Q�DFWXDO�XVH��\RX�ZLOO�ILQG�WKDW�
3UHFLVLRQ� DQG� 5HFDOO� DUH� D� SDLU� RI� RSSRVLWH� PHDVXUHPHQW� LQGLFDWRUV�� VR� XVXDOO\� WKH� ZHLJKWHG�
KDUPRQLF�DYHUDJH�RI�WKH�WZR�LV�XVHG�DV�WKH�FRUUHVSRQGLQJ�FRPSUHKHQVLYH�HYDOXDWLRQ�LQGLFDWRU��WKDW�
LV��WKH�)��YDOXH��7KH�FDOFXODWLRQ�SURFHVV�RI�)��LV�DV�IROORZV�>��@� 

ܴ݈݈݁ܿܽ ൌ
ʹ כ ݊݋݅ݏ݅ܿ݁ݎܲ כ ܴ݈݈݁ܿܽ
݊݋݅ݏ݅ܿ݁ݎܲ ൅ ܴ݈݈݁ܿܽ  

����&RQFOXVLRQV 

7KH� FRUH� RI� VHQWLPHQW� DQDO\VLV� WDVN� OLHV� LQ� WKH� DFTXLVLWLRQ� RI� WH[W� VHQWLPHQW� IHDWXUHV� DQG� WKH�
FRQVWUXFWLRQ�RI�FODVVLILFDWLRQ�PRGHOV��,Q�UHFHQW�\HDUV��ZLWK�WKH�SRSXODULW\�RI�GHHS�OHDUQLQJ��PRUH�
DQG�PRUH�GHHS�OHDUQLQJ�WHFKQLTXHV�KDYH�EHHQ�DSSOLHG�WR�VHQWLPHQW�DQDO\VLV�WDVNV��8VLQJ�D�YDULHW\�
RI� QHXUDO� QHWZRUN� DUFKLWHFWXUHV�� WKH� PRGHO� FDQ� H[WUDFW� PRUH� DQG� GHHSHU� LQIRUPDWLRQ�� DQG� KDV�
DFKLHYHG�JRRG�UHVXOWV��  
$W� WKH� VDPH� WLPH��PRUH� DQG�PRUH�PRGHO� FRPELQDWLRQ� WHFKQLTXHV� DUH� DOVR� DSSOLHG� WR� VHQWLPHQW�
DQDO\VLV�WDVNV��2X\DQJ�HW�DO��>��@�SURSRVHG�D�PHWKRG�RI�FRPELQLQJ�&11�QHWZRUN�DQG�:RUG�9HF�
YHFWRU� DQG� DGGHG� GURSRXW� WHFKQRORJ\� WR� WKH� PRGHO� WR� SUHYHQW� RYHUILWWLQJ�� %UDGEXU\� HW� DO�� >��@�
FRPELQHG�&11�DQG�511�QHWZRUNV� WR� FRQVWUXFW� D� EUDQG�QHZ� VWUXFWXUH²4511V��7KH�PRGHO� LV�
PXFK�IDVWHU�WKDQ�WKH�VLPSOH�511�VWUXFWXUH�LQ�WUDLQLQJ�VSHHG�DQG�DFKLHYHV�EHWWHU�SHUIRUPDQFH�>��@��
;XH�HW�DO��>��@XVHG�&11�WR�FRPELQH�ZLWK�WKH�JDWH�PHFKDQLVP�DQG�XVHG�WKH�7DQK�5HOX�DFWLYDWLRQ�
IXQFWLRQ� DV� WKH� WKUHVKROG� XQLW� DQG� DFKLHYHG� JRRG� UHVXOWV� >��@�� =KDQJ� HW� DO�� >��@� FRPELQHG� WKH�
FRQYROXWLRQDO� QHXUDO� QHWZRUN�ZLWK� WKH� DWWHQWLRQ�PHFKDQLVP�� XVHG� &11� WR� H[WUDFW� IHDWXUHV�� DQG�
DGGHG� WKH� IHDWXUHV� H[WUDFWHG� E\� &11� WR� WKH� DWWHQWLRQ� PHFKDQLVP�� WKHUHE\� LPSURYLQJ� WKH�
SHUIRUPDQFH�RI�WKH�PRGHO�>��@��$PEDUWVRXPLDQGHQJ�HW�DO��>��@�DSSOLHG�WKH�VHOI�DWWHQWLRQ�PHFKDQLVP�
WR�VHQWLPHQW�DQDO\VLV�WDVNV��:DQJ�:HL�DQG�RWKHUV�>��@�LQWHJUDWHG�WKH�DWWHQWLRQ�PHFKDQLVP�LQWR�WKH�
WZR�ZD\�JDWHG�UHFXUUHQW�QHXUDO�QHWZRUN��XVHG�%L*58��%LGLUHFWLRQDO�*DWH�5HFXUUHQW�8QLW��>��@�WR�
H[WUDFW� WKH� HPRWLRQDO� IHDWXUHV� LQ� WKH� WH[W�� DQG� WKHQ� FDOFXODWHG� DQG� DVVLJQHG� WKH� FRUUHVSRQGLQJ�
ZHLJKWV�WR�WKH�HPRWLRQDO�IHDWXUHV�WKURXJK�WKH�DWWHQWLRQ�PHFKDQLVP��7KH�FODVVLILFDWLRQ�DELOLW\�RI�WKH�
PRGHO�ZDV�DOVR�LPSURYHG�>��@� 



Chapter 3 Research and Development Methodology 

7KLV�FKDSWHU�ZLOO�PDLQO\�GLVFXVV�WKH�UHVHDUFK�DQG�GHYHORSPHQW�PHWKRGV�RI�WKH�SURMHFW� 

����5HVHDUFK�0HWKRGRORJ\ 

7KLV�SURMHFW�PDLQO\�XVHV�WZR�UHVHDUFK�PHWKRGV� 
 
����&ROOHFWLRQ�RI�OLWHUDWXUH�DQG�WKHRUHWLFDO�UHVHDUFK� 
,Q�UHVSRQVH�WR�WKH�SUREOHP�RI�VRFLDO�PHGLD�VHQWLPHQW�DQDO\VLV��E\�FRQVXOWLQJ�UHOHYDQW�LQIRUPDWLRQ�
VXFK�DV�QHWZRUN�LQIRUPDWLRQ��MRXUQDO�OLWHUDWXUH��HWF���ZH�OHDUQHG�DERXW�WKH�EDFNJURXQG�RI�VHQWLPHQW�
DQDO\VLV�DQG�UHODWHG�WKHRUHWLFDO�DQG�WHFKQLFDO�UHVHDUFK�NQRZOHGJH�DQG�VWXGLHG�WKH�IHDVLELOLW\�RI�WKH�
SURMHFW�GHVLJQ�SODQ� 
 
����'DWD�DQDO\VLV�PHWKRG 
3HUIRUP�VWDWLVWLFDO�DQDO\VLV�DQG�H[SHULPHQWV�RQ�WKH�DFTXLUHG�GDWD�DFFRUGLQJ�WR�FHUWDLQ�PHWKRGV� 
 

����([SHULPHQWDO�'HVLJQ 

$W�SUHVHQW��WKHUH�DUH�WZR�PRVW�ZLGHO\�XVHG�GDWD�PLQLQJ�PRGHOV��QDPHO\�6$6
V�6(00$�DQG�&5,63�
'0�>��@��7KH�WZR�PRGHOV�ZLOO�EH�EULHIO\�LQWURGXFHG�LQ�WKH�IROORZLQJ� 
 
����6(00$ 
7KH� ZKROH� SURFHVV� RI� 6(00$� LV� GLYLGHG� LQWR� �� SDUWV�� 6DPSOH�� ([SORUH�� 0RGLI\�� 0RGHO� DQG�
$VVHVVPHQW��6(00$�UHIOHFWV�WKH�HVVHQFH�RI�GDWD�PLQLQJ�>��@� 
 
'DWD�VDPSOLQJ��7KH�WDVN�RI�WKLV�VWHS�LV�WR�VDPSOH�WKH�GDWD��:H�QHHG�WR�H[WUDFW�D�VDPSOH�GDWD�VXEVHW�
UHODWHG� WR� WKH� H[SORUDWLRQ� SUREOHP� IURP� D� ODUJH� DPRXQW� RI� GDWD��7KURXJK� WKH� VHOHFWLRQ� RI� GDWD�
VDPSOHV��WKLV�FDQ�UHGXFH�WKH�DPRXQW�RI�GDWD�SURFHVVLQJ��VDYH�V\VWHP�UHVRXUFHV��DQG�DW�WKH�VDPH�WLPH�
PDNH�WKH�UHJXODULW\�UHIOHFWHG�E\�LW�PRUH�SURPLQHQW�>��@� 
 
'DWD�SURFHVVLQJ��7KLV�VWHS�FDQ�EH�IXUWKHU�GLYLGHG�LQWR�WKUHH�SDUWV��IHDWXUH�H[SORUDWLRQ��DQDO\VLV�DQG�
SUHSURFHVVLQJ��$IWHU�REWDLQLQJ�D�VDPSOH�GDWD�VHW��ZH�QHHG�WR�FKHFN�ZKHWKHU�LW�PHHWV�WKH�HQYLVDJHG�
UHTXLUHPHQWV��ZKHWKHU�LW�KDV�REYLRXV�ODZV�DQG�WUHQGV��DQG�ZKHWKHU�WKHUH�DUH�XQH[SHFWHG�GDWD�VWDWHV��
,Q�DGGLWLRQ��LQ�RUGHU�WR�LPSURYH�WKH�HIIHFW�RI�GDWD�PLQLQJ��WKH�GDWD�QHHGV�WR�EH�SUHSURFHVVHG�>��@� 
 
'DWD�DQDO\VLV��7KLV�VWHS�FRQWLQXHV�WR�FODULI\�WKH�SUREOHP�DQG�ZKHWKHU�WKH�GDWD�VHW�ILWV�WKH�SUREOHP��
,Q�DOO�VWDJHV��GDWD�PLQLQJ�SURGXFWV�PXVW�PDNH�WKH�GDWD�XVHG�DQG�WKH�PRGHO�WR�EH�HVWDEOLVKHG�LQ�D�
VWDWH�RI�HDV\�DGMXVWPHQW��PRGLILFDWLRQ�DQG�FKDQJH�WR�HQVXUH�WKH�HIIHFWLYH�SURJUHVV�RI�GDWD�PLQLQJ��
7KHUHIRUH��DW�WKLV�VWDJH�ZH�QHHG�WR�FODULI\�WKH�SUREOHP��DGMXVW�WKH�GDWD��DQG�VHOHFW�WKH�WHFKQRORJ\�
>��@� 



0RGHO�HVWDEOLVKPHQW��7KLV�VWHS�LV�WKH�NH\�DQG�FRUH�SDUW�RI�GDWD�PLQLQJ��:H�PXVW�SURYLGH�VXIILFLHQW�
DOWHUQDWLYH�WHFKQLFDO�PHDQV�DW�WKLV�VWDJH�>��@� 
 
0RGHO�HYDOXDWLRQ��7KLV�VWHS�LV�WR�FRPSUHKHQVLYHO\�H[SODLQ�DQG�HYDOXDWH�WKH�PRGHO�DQG�NQRZOHGJH�
>��@� 
 
����&5,63�'0 
&5,63�'0�LV�WKH�ZRUOG
V�ILUVW�GDWD�PLQLQJ�LQGXVWU\�PHWKRGRORJ\��MRLQWO\�ODXQFKHG�E\�WKH�ZRUOG
V�
OHDGLQJ� GDWD�PLQLQJ� H[SHUWV� 6366�� 1&5�� 'DLPOHU� &KU\VOHU� DQG� 2+5$� >��@��$FFRUGLQJ� WR� WKH�
&5,63�'0�PRGHO�� WKH�GHYHORSPHQW�SURFHVV�RI�D�GDWD�PLQLQJ�SURMHFW� LQFOXGHV� WKH� IROORZLQJ�VL[�
LQWHUFRQQHFWHG�OLQNV��EXVLQHVV�JRDO�YDOXH��GDWD�XQGHUVWDQGLQJ��GDWD�SUHSURFHVVLQJ��PRGHO�EXLOGLQJ��
HYDOXDWLRQ�PRGHO�DQG�PRGHO�LPSOHPHQWDWLRQ�>��@��7KH�&5,63�'0�PRGHO�LV�VKRZQ�LQ�WKH�)LJXUH��� 

 
)LJXUH���7KH�&5,63�'0�PRGHO�>��@ 

 
$W�WKH�VDPH�WLPH��WKH�VL[�OLQNV�DOVR�KDYH�WKHLU�RZQ�WDVNV��7KH�VWDJHV�DQG�WKHLU�WDVNV�DUH�VKRZQ�LQ�WKH�
)LJXUH���� 

 
)LJXUH����7KH�VWDJHV�DQG�WKHLU�WDVNV 



,W�FDQ�EH�VHHQ�IURP�WKH�ILJXUH�WKDW�WKH�&5,63�'0�PRGHO�SURYLGHV�DQ�RYHUDOO�GHVFULSWLRQ�RI�WKH�OLIH�
F\FOH�RI�D�GDWD�PLQLQJ�SURMHFW��LQFOXGLQJ�WKH�VL[�SKDVHV�WKDW�WKH�GDWD�PLQLQJ�SURMHFW�ZLOO�JR�WKURXJK��
WKH�WDVNV�LQ�HDFK�SKDVH��DQG�WKH�FRQQHFWLRQV�EHWZHHQ�HDFK�SKDVH��,W�LV�ZRUWK�QRWLQJ�WKDW�WKH�RUGHU�RI�
WKHVH�VWDJHV�LV�QRW�IL[HG��7KHUH�LV�D�F\FOH�EHWZHHQ�VWDJHV��DV�VKRZQ�E\�WKH�GLUHFWLRQ�RI�WKH�UHDOL]DWLRQ�
DUURZ���DQG�DW�D�FHUWDLQ�VWDJH��LW�PD\�EH�QHFHVVDU\�WR�UHWXUQ�WR�WKH�SUHYLRXV�VWDJH��:KLFK�VWDJH�RU�
WDVN� WR�EH�H[HFXWHG� LQ�HDFK�VWHS�GHSHQGV�RQ� WKH� UHVXOW�RI� WKH�SUHYLRXV�VWHS��$V� LQGLFDWHG�E\�WKH�
GLUHFWLRQ�RI� WKH�GDVKHG�DUURZ��WKH�RYHUDOO�F\FOH�SURFHHGV�LQ�VWDJHV��$W�WKH�VDPH� WLPH�� WKH�PRGHO�
VKRZV�WKDW�WKH�GDWD�PLQLQJ�ZRUN�GRHV�QRW�HQG�DW�RQFH��LW�LV�D�SURFHVV�RI�PXOWLSOH�LWHUDWLRQV��PXOWLSOH�
DGMXVWPHQWV�� FRQWLQXRXV� ORRSV�� FRQWLQXRXV� LWHUDWLRQV�� DQG� FRQWLQXRXV� UHYLVLRQ� DQG� LPSURYHPHQW�
>��@� 
 
,Q�VXPPDU\��&5,63�'0�GHVFULEHV�WKH�GDWD�PLQLQJ�SURFHVV�IURP�WKH�SHUVSHFWLYH�RI�VXSSRUW�IXQFWLRQ�
DQG� PHWKRGRORJ\�� DQG� LW� LV�PRUH� DSSURSULDWH� WR� GHVFULEH� WKH� GDWD� PLQLQJ� SURFHVV� DW� RQH� WLPH��
7KHUHIRUH��WKLV�SURMHFW�XVHV�WKH�&5,63�'0�PRGHO�IRU�GDWD�PLQLQJ�DQG�DQDO\VLV� 
  



Chapter 4: Design and Implementation 

7KLV�FKDSWHU�ZLOO�FDUU\�RXW�H[SHULPHQWDO�GHVLJQ�DQG�LPSOHPHQWDWLRQ�DFFRUGLQJ�WR�WKH�&5,63�'0�
PRGHO�PHQWLRQHG�LQ�WKH�SUHYLRXV�FKDSWHU� 
 

����8QGHUVWDQGLQJ�RI�EXVLQHVV�JRDOV 

$W�WKLV�VWDJH��ZH�QHHG�WR�XQGHUVWDQG�RXU�QHHGV��DQG�WKHQ�IRFXV�RQ�XQGHUVWDQGLQJ�WKH�QHHGV�RI�WKH�
SURMHFW�IURP�D�EXVLQHVV�SHUVSHFWLYH��DQG�WKHQ�FRQYHUW�WKLV�NQRZOHGJH�LQWR�SUREOHP�GHILQLWLRQV�IRU�
GDWD�PLQLQJ� 
 
:LWK�WKH�UDSLG�GHYHORSPHQW�RI�WKH�,QWHUQHW��SHRSOH�DUH�PRUH�DQG�PRUH�LQFOLQHG�WR�SRVW�VRPH�RI�WKHLU�
VXEMHFWLYH� IHHOLQJV� RQ� VRFLDO� PHGLD�� 7KLV� LQIRUPDWLRQ� LQFOXGHV� FRPPHQWV� RQ� FHUWDLQ� SURGXFWV��
SDUWLFLSDWLRQ�LQ�GLVFXVVLRQV�RQ�FXUUHQW�SRSXODU�QHZV�HYHQWV��DQG�HPRWLRQV�RU�YLHZV�RQ�DQ\�HYHQW�� �
$PRQJ�WKHVH�VRFLDO�PHGLD��YHU\�SRSXODU�PLFUREORJV��VXFK�DV�7ZLWWHU�DQG�:HLER��ZKLFK�PDLQO\�IRFXV�
RQ� EULHI�� UHDO�WLPH� VWDWXV� XSGDWHV�� DWWUDFW� PRUH� DQG� PRUH� SHRSOH� WR� H[SUHVV� WKHLU� RSLQLRQV� DQG�
HPRWLRQV�RQ�FXUUHQW�KRW�WRSLFV� 
 
� $W�WKH�VDPH�WLPH��7ZLWWHU�DQG�:HLER�FDQ�XVH�VRPH�VSHFLILF�VLJQV�WR�LQGLFDWH�ZKLFK�HYHQW�LWHP�WKH\�
DUH�FRPPHQWLQJ�RQ�ZKHQ�WKH\�SRVW�FRPPHQWV�RU�WKHLU�RZQ�HPRWLRQV��7KHUHIRUH��ZKHQ�ZH�QHHG�WR�
JHW�SHRSOH
V�YLHZV�RQ�D�VSHFLILF�HYHQW�RU�SURGXFW�RU�PRYLH��ZH�RQO\�QHHG�WR�VHDUFK�DFFRUGLQJ�WR�D�
VSHFLILF�ORJR�WR�JHW�SHRSOH
V�FRPPHQWV��7KLV�JUHDWO\�IDFLOLWDWHV�XV�WR�FROOHFW�SHRSOH
V�YLHZV�RQ�FHUWDLQ�
WKLQJV��  
 
$FFRUGLQJ� WR� GLIIHUHQW� VSHFLILF� VLJQV�� GLIIHUHQW� LQVWLWXWLRQV� FDQ� REWDLQ� UHOHYDQW� LQIRUPDWLRQ�
DFFRUGLQJ�WR�WKHLU�RZQ�QHHGV��)RU�H[DPSOH��JRYHUQPHQW�GHSDUWPHQWV�QHHG�WR�REWDLQ�SHRSOH¶V�YLHZV�
RQ� D� UHFHQWO\� SURPXOJDWHG� SROLF\�� VR� JRYHUQPHQW� GHSDUWPHQWV� FDQ� VHDUFK� IRU�FRPPHQWV� RQ� WDJV�
FRQWDLQLQJ�WKH�SROLF\�WR�JHW�SHRSOH¶V�LGHDV��VR�DV�WR�EHWWHU�LPSURYH�WKH�SROLF\��,I�D�EXVLQHVV�ZDQWV�WR�
JHW�SHRSOH
V�RSLQLRQV�RQ�D�FHUWDLQ�SURGXFW��WKH\�FDQ�DOVR�VHDUFK�IRU�WKH�WDJ�WKDW�FRQWDLQV�WKH�SURGXFW�
WR�REWDLQ�IHHGEDFN�RQ�WKH�SURGXFW��DQG�FRQWLQXRXVO\�LPSURYH�WKHLU�SURGXFW�EDVHG�RQ�WKH�IHHGEDFN�WR�
LPSURYH�WKHLU�UHSXWDWLRQ� 
 
$IWHU�ZH�KDYH�FROOHFWHG�WKH�LQIRUPDWLRQ�UHOHDVHG�E\�SHRSOH��ZH�QHHG�WR�SHUIRUP�VHQWLPHQW�DQDO\VLV�
DQG�FODVVLILFDWLRQ�RI�WKH�UHOHDVHG�LQIRUPDWLRQ��)DFHG�ZLWK�D�ODUJH�DPRXQW�RI�XQVWUXFWXUHG�HPRWLRQDO�
GDWD�� LW� LV� YHU\� GLIILFXOW� WR� GUDZ� FRQFOXVLRQV� E\� RQO\� UHO\LQJ� RQ� RQH�E\�RQH� PDQXDO� UHDGLQJ��
7KHUHIRUH�� PRGHOLQJ� DQG� VHQWLPHQW� DQDO\VLV� DUH� QHFHVVDU\�� ZKLFK� DUH� RI� JUHDW� VLJQLILFDQFH� WR�
GLIIHUHQW�RUJDQL]DWLRQV�VXFK�DV�JRYHUQPHQW�GHSDUWPHQWV�DQG�EXVLQHVVHV� 
 
$FFRUGLQJ�WR�WKH�DERYH�GHVFULSWLRQ��WKLV�SURMHFW�PDLQO\�FRQGXFWV�GDWD�PLQLQJ�EDVHG�RQ�WKH�IROORZLQJ�
EDFNJURXQG� 
���7KH� WH[W� LQIRUPDWLRQ� RI� GLIIHUHQW�HPRWLRQV�ZLOO� FRQWDLQ�GLIIHUHQW� HPRWLRQ�ZRUGV�� DQG� WKH� WH[W�



LQIRUPDWLRQ�RI�WKH�VDPH�HPRWLRQ�ZLOO�FRQWDLQ�PDQ\�ZRUGV�RI�WKH�VDPH�HPRWLRQ��,W�LV�GLIILFXOW�IRU�
GLIIHUHQW�LQVWLWXWLRQV�WR�REWDLQ�NH\�HPRWLRQDO�ZRUGV�RI�GLIIHUHQW�HPRWLRQV�RQO\�IURP�WH[W�LQIRUPDWLRQ� 
 
���$IWHU�ZH�REWDLQ�D�ODUJH�DPRXQW�RI�WH[W�LQIRUPDWLRQ��LW�LV�GLIILFXOW�IRU�LQVWLWXWLRQV�WR�GLUHFWO\�REWDLQ�
WKH�HPRWLRQDO�WHQGHQF\�RI�WKH�WH[W�LQIRUPDWLRQ� 
 
���)RU� GLIIHUHQW� ODQJXDJH� WH[W� LQIRUPDWLRQ�� GLIIHUHQW�PHWKRGV� DUH� QHHGHG� WR� SURFHVV� WKH� WH[W� DQG�
DQDO\]H�WKH�VHQWLPHQW�RI�WKH�WH[W� 

����'DWD�XQGHUVWDQGLQJ 

,Q� WKH� GDWD� XQGHUVWDQGLQJ� VWDJH�� ZH� ILUVW� QHHG� WR� FROOHFW� WKH� LQLWLDO� GDWD� VRXUFHV�� DQG� WKHQ� GR� D�
SUHOLPLQDU\� DQDO\VLV� RI� WKH� GDWD�� LQFOXGLQJ� LGHQWLI\LQJ� GDWD� TXDOLW\� SUREOHPV�� DQG� REWDLQLQJ� D�
SUHOLPLQDU\� XQGHUVWDQGLQJ� RI� WKH� GDWD�� LPSOLFLW� LQIRUPDWLRQ�� DQG� LWV� DVVXPSWLRQV� DQG� IHHOLQJV�
WKURXJK�EDVLF�REVHUYDWLRQV�RI�WKH�GDWD��,QWHUHVWHG�GDWD�VXEVHW�>��@� 

������3UHOLPLQDU\�DQDO\VLV�RI�WKH�GDWD�VHW 

7KH�VRXUFH�RI�WKH�GDWD�VHW�ZDV�LQWURGXFHG�LQ������VR�WKLV�VHFWLRQ�ZLOO�LQLWLDOO\�DQDO\]H�WKH�GDWD�VHW� 
 
���7ZLWWHU�GDWD�VHW 
 
7KH�GDWD�VHW�KDV�RQO\�RQH�FVY�ILOH��7KH�&69�ILOH�FRQWDLQV�D�WRWDO�RI���ILHOGV��ZKLFK�DUH�WKH�VHQWLPHQW�
SRODULW\�RI�WKH�WZHHW��WKH�LG�RI�WKH�WZHHW��WKH�GDWH�RI�WKH�WZHHW��WKH�IODJ��WKH�LG�RI�WKH�XVHU��DQG�WKH�
WH[W�RI�WKH�WZHHW��7KLV�SURMHFW�PDLQO\�XVHV�WKH�ILUVW�DQG�ODVW�FROXPQV��QDPHO\�WKH�HPRWLRQDO�SRODULW\�
RI�WKH�WZHHW�DQG�WKH�WH[W�RI�WKH�WZHHW��)RU�WKLV�GDWD�VHW��LW�PDLQO\�DQDO\]HV�WKH�SRODULW\�RI�7ZLWWHU�WH[W��
,Q�WKLV�GDWDVHW��WZHHW�WH[WV�PDLQO\�KDYH�WZR�SRODULWLHV��QHJDWLYH�����DQG�SRVLWLYH������)RU�H[DPSOH��
WKH�QHJDWLYH��,P�KHDUWEURNHQ���WKH�SRVLWLYH��KDYH�D�JUHDW�WLPH�LQ�ULR�� 
 
7KH�GDWD�VHW�PDLQO\�FRQWDLQV�VL[�DWWULEXWHV��DV�VKRZQ�LQ�WKH�IROORZLQJ�7DEOH���� 

Fields Data type Description 
target number The polarity of the tweet漏negative:0, positive:4漐 
id integer The id of tweet 
date string The date of the tweet 
flag string The query. If there is no query, then this value is NO_QUERY. 
user string The user that tweeted. 
text string The text of the tweet. 

7DEOH���)LHOGV�LQ�WKH�7ZLWWHU�GDWD�VHW 
 
 
 
 
 



6RPH�QHJDWLYH�HPRWLRQDO�WZHHWV�DUH�VKRZQ�LQ�WKH�)LJXUH���� 

 
)LJXUH����1HJDWLYH�HPRWLRQDO�WZHHWV 

 
 
6RPH�SRVLWLYH�WZHHWV�DUH�VKRZQ�LQ�WKH�)LJXUH��� 

 

)LJXUH����3RVLWLYH�WZHHWV 
 
,Q�IDFW��ZH�MXVW�QHHG�WKH�ILUVW�DQG�ODVW�FROXPQV��VR�WKH�ILUVW�DQG�ODVW�FROXPQV�RI�WKH�GDWD�QHHG�WR�EH�
H[WUDFWHG��DQG�WKHQ�WKH�WH[W�LQ�WKH�7ZLWWHU�WH[W�QHHGV�WR�EH�SUHSURFHVVHG��%HFDXVH�WKH�GDWD�VHW�LV�QRW�
GLYLGHG�LQWR�WUDLQLQJ�VHW��WHVW�VHW��DQG�YDOLGDWLRQ�VHW��7KHUHIRUH��WKH�GDWD�VHW�QHHGV�WR�EH�GLYLGHG�DW�D�
UDWLR�RI������� 
 
���,0'%�GDWD�VHW 
7KLV�GDWD�VHW�LV�D�PRYLH�UHYLHZ�GDWD�VHW��ZKLFK�FRQWDLQV�WZR�IROGHUV��WUDLQ�DQG�WHVW��7KH�WUDLQ�IROGHU�
LV�PDLQO\�XVHG�IRU�PRYLH�UHYLHZV�IRU�WUDLQLQJ��DQG�WZR�IROGHUV��QHJ�DQG�SRV��QHHG�WR�EH�XVHG��1HJ�
FRQWDLQV�DOO� WKH�QHJDWLYH�FRPPHQWV��ZKLFK�FRQWDLQV�������� W[W� ILOHV��DQG�HDFK� W[W� ILOH�FRQWDLQV�D�
QHJDWLYH�FRPPHQW��7KH�VDPH�SRV�FRQWDLQV�DOO� WKH�SRVLWLYH�FRPPHQWV��ZKLFK�FRQWDLQV��������W[W�
ILOHV��DQG�HDFK�W[W�ILOH�FRQWDLQV�D�SRVLWLYH�FRPPHQW��7KH�7HVW�IROGHU�LV�PDLQO\�XVHG�IRU�WHVWLQJ�PRYLH�
UHYLHZV��DQG�LWV�VWUXFWXUH�LV�WKH�VDPH�DV�WKH�WUDLQ�IROGHU� 
)RU�WKH�,0'%�GDWD�VHW��LW�LV�QHFHVVDU\�WR�PDWFK�WKH�PRYLH�UHYLHZV�LQ�WKH�GDWD�VHW�ZLWK�WKHLU�SRODULWLHV��
(DFK�UHYLHZ�LQ�WUDLQ�DQG�SRV�QHHGV�WR�EH�SODFHG�LQ�WKH�VDPH�FVY�ILOH�� DQG�HDFK�UHYLHZ�LV�JLYHQ�D�
SRODULW\�ODEHO��3RV�LV�PDUNHG�DV����DQG�QHJ�LV�PDUNHG�DV����7KHUHIRUH��WKH�FVY�ILOH�VKRXOG�FRQWDLQ�WZR�
FROXPQV��RQH�FROXPQ�LV�SRODULW\�ODEHO��DQG�WKH�RWKHU�FROXPQ�LV�PRYLH�UHYLHZV� 
 
7KH�SURFHVVHG�GDWD�VHW�FRQWDLQV���DWWULEXWHV��DV�LV�VKRZQ�7DEOH��� 

Fields Data type Description 
target number The polarity of the tweet漏negative:0, positive:1漐. 
comment string The movie reviews. 

7DEOH���)LHOGV�LQ�WKH�,0'%�GDWD�VHW 
 
2QH�QHJDWLYH�FRPPHQW�LV�DV�IROORZV� 
6WRU\�RI�D�PDQ�ZKR�KDV�XQQDWXUDO�IHHOLQJV�IRU�D�SLJ��6WDUWV�RXW�ZLWK�D�RSHQLQJ�VFHQH�WKDW�LV�D�WHUULILF�
H[DPSOH�RI�DEVXUG�FRPHG\��$�IRUPDO�RUFKHVWUD�DXGLHQFH�LV�WXUQHG�LQWR�DQ�LQVDQH��YLROHQW�PRE�E\�WKH�
FUD]\� FKDQWLQJV� RI� LWV� VLQJHUV�� 8QIRUWXQDWHO\�� LW� VWD\V� DEVXUG� WKH�:+2/(� WLPH�ZLWK� QR� JHQHUDO�
QDUUDWLYH�HYHQWXDOO\�PDNLQJ�LW�MXVW�WRR�RII�SXWWLQJ��(YHQ�WKRVH�IURP�WKH�HUD�VKRXOG�EH�WXUQHG�RII��7KH�
FU\SWLF�GLDORJXH�ZRXOG�PDNH�6KDNHVSHDUH�VHHP�HDV\�WR�D�WKLUG�JUDGHU��2Q�D�WHFKQLFDO�OHYHO�LW
V�EHWWHU�



WKDQ�\RX�PLJKW� WKLQN�ZLWK�VRPH�JRRG�FLQHPDWRJUDSK\�E\� IXWXUH�JUHDW�9LOPRV�=VLJPRQG��)XWXUH�
VWDUV�6DOO\�.LUNODQG�DQG�)UHGHULF�)RUUHVW�FDQ�EH�VHHQ�EULHIO\� 
 
$�SRVLWLYH�FRPPHQW�LV�DV�IROORZV� 
$OWKRXJK�WKLV�ZDV�REYLRXVO\�D�ORZ�EXGJHW�SURGXFWLRQ��WKH�SHUIRUPDQFHV�DQG�WKH�VRQJV�LQ�WKLV�PRYLH�
DUH�ZRUWK�VHHLQJ��2QH�RI�:DONHQ
V�IHZ�PXVLFDO�UROHV�WR�GDWH���+H�LV�D�PDUYHORXV�GDQFHU�DQG�VLQJHU�
DQG� KH� GHPRQVWUDWHV� KLV�DFUREDWLF� VNLOOV� DV�ZHOO� ��ZDWFK� IRU� WKH�FDUWZKHHO���$OVR� VWDUULQJ� -DVRQ�
&RQQHU\��$�JUHDW�FKLOGUHQ
V�VWRU\�DQG�YHU\�OLNDEOH�FKDUDFWHUV� 
 
���:HLER�GDWD�VHW 
7KH�GDWD� VHW� KDV� �������� SLHFHV� RI� GDWD�� LQFOXGLQJ� �� NLQGV� RI� HPRWLRQV�� MR\�� DQJHU�� GLVJXVW��DQG�
GHSUHVVLRQ��$PRQJ�WKHP��WKHUH�DUH�DERXW���������SLHFHV�RI�MR\��DQG��������SLHFHV�HDFK�RI�DQJHU��
GLVJXVW�DQG�GHSUHVVLRQ��7KH�GDWD�VHW�DOVR�RQO\�FRQWDLQV�D�FVY�ILOH��DQG�DOVR�QHHGV�WR�EH�GLYLGHG�LQWR�
WUDLQLQJ�VHW��WHVW�VHW�DQG�YDOLGDWLRQ�VHW�DFFRUGLQJ�WR�WKH�UDWLR�RI������� 
 
7KH�GDWD�VHW�FRQWDLQV�WZR�DWWULEXWHV��DV�LV�VKRZQ�LQ�7DEOH��� 

Fields Data type Description 
label number The polarity of the tweet漏joy:0, angry:1, disgust:2, depression:3漐

. 
Weibo string The text of Weibo. 

7DEOH���)LHOGV�LQ�WKH�:HLER�GDWD�VHW 
 
$Q�HPRWLRQDOO\�SRVLWLYH�:HLER� 
⠩匋ᶅ⡼⋮䄰⏥ȼ漏6R�FXWH��VR�FXWH漐 
 
$Q�DQJU\�:HLER� 
⌂ᶅ᳿ᴩ⳧⠦䖃梄桻⭄䀵ᴌ壈⺖桰a�a�a�,�GLG�QRW�IHHO�IXOO�DIWHU�HDWLQJ�D�KXJH�SLHaaa� 
 
$�GLVJXVW�:HLER� 
ㄐ坧䠹⊊↚⺇⠦ȼ漏,�VDLG�LW�ZDV�YHU\�VWUHVVHG漐 
 
$�GHSUHVVLQJ�:HLER� 
㔎㔎╨╨�㳶㳶㮋㮋a�aㄐ䖃ᴕ䑋⁄㷠ᶅ㱅䯉a�a��)DLQW��FKDRWLFa�a0\�ZRUOG�LV�IXOO�RI�SDVWHaa� 
 

)URP�WKH�DERYH�H[DPSOH��ZH�FDQ�VHH�WKDW�WKH�ILUVW�WZR�GDWD�VHWV�DQG�WKH�WKLUG�GDWD�VHW�DUH�GLIIHUHQW�
ODQJXDJHV��$W�WKH�VDPH�WLPH��WKH�WZHHWV�LQ�WKH� ILUVW�GDWD�VHW�DUH�PRVWO\�VKRUWHU�(QJOLVK�VHQWHQFHV��
ZKLOH�WKH�VHFRQG�GDWD�VHW�DUH�PRVWO\�ORQJHU�(QJOLVK�VHQWHQFHV� 

������'DWD�TXDOLW\ 

)LUVW��WKH�FRPSOHWHQHVV�RI�WKH�GDWD�VHW�LV�DQDO\]HG��7KURXJK�WKH�WUDYHUVDO�RI�WKH�WKUHH�GDWD�VHWV��LW�LV�
IRXQG�WKDW�WKH�LQWHJULW\�RI�WKH�GDWD�VHW�LV�KLJK��DQG�WKHUH�LV�QR�GDWD�ZLWK�QXOO�YDOXHV��  
 
7KHQ��,�PDGH�EDVLF�REVHUYDWLRQV�RQ�WKH�GDWD�VHW�DQG�IRXQG�WKDW�RQ�VRFLDO�PHGLD�VXFK�DV�7ZLWWHU�DQG�



:HL%R��SHRSOH�DUH�PRUH�FDVXDO�ZKHQ�H[SUHVVLQJ�WKHLU�HPRWLRQV�DQG�WKRXJKWV��GR�QRW� SD\�VSHFLDO�
DWWHQWLRQ�WR�ODQJXDJH�QRUPV��DQG�XVH�VRPH�DEEUHYLDWLRQV�DQG�VRPH�VSHFLDO�V\PEROV��)RU�H[DPSOH��
LQ�WKH�7ZLWWHU�GDWD�VHW��KRSH�\RXU�RN���$V�D�QRQ�LQGLJHQRXV�&KLQHVH��KH�LV�QRW�YHU\�FOHDU�DERXW�VRPH�
FROORTXLDO�H[SUHVVLRQV��VXFK�DV��,V�QRW�JRLQJ�WR�VOHHS�WRQLWH���,W�LV�NQRZQ�WKDW�WRQLWH�LV�WRQLJKW�E\�
FKHFNLQJ�WKH�LQIRUPDWLRQ��,Q�WKH�VDPH�:HL%R�GDWD�VHW���⾫䒐⬎嫳 ������6XVSHQVH�1RYHO��������������
PD\�EH�DQ�HPRML���⠩晙� ㇈����ⷢ� ⍉㇌㐜� ᴬ���,W
V�VR�SUHWW\��:H
UH�6KRRWLQJ�D�FRPPHUFLDO���7KH�
WUDQVODWLRQ�PD\�EH�PRUH�JUDPPDWLFDO��EXW�LQ�IDFW��IURP�WKH�&KLQHVH�SRLQW�RI�YLHZ��WKLV�VHQWHQFH�XVHV�
D�ORW�RI�VSDFHV��DQG�WKH�H[SUHVVLRQ�LV�PRUH�FROORTXLDO��$W�WKH�VDPH�WLPH��LW�LV�ZRUWK�QRWLQJ�WKDW�WKH�
WH[W�FRQWHQW�RI�WDJV���DQG���LQ�WKH�:HL%R�GDWDVHW��WKDW�LV��GLVJXVW�DQG�GHSUHVVLRQ��DUH�WKH�VDPH��VR�
WKH� GDWDVHW� KDV� RQO\� ��HPRWLRQ� W\SHV� LQVWHDG� RI� WKH� �� W\SHV� RI� HPRWLRQ� GHVFULEHG� LQ� WKH� GDWDVHW�
LQWURGXFWLRQ��7KHUHIRUH��WKH�VXEVHTXHQW�SUHSURFHVVLQJ�VWDJH�LV�YHU\�LPSRUWDQW� 

����'DWD�SUHSURFHVVLQJ 

7KH�GDWD�SUHSURFHVVLQJ�VWDJH�FRYHUV�DOO�WKH�DFWLYLWLHV�XVHG�WR�FRQVWUXFW�WKH�ILQDO�GDWD�VHW�IURP�WKH�
RULJLQDO�GDWD��DQG�WKH�ILQDO�GDWD�VHW�ZLOO�EH�XVHG�DV�WKH�LQSXW�RU�VDPSOH�GDWD�RI�WKH�GDWD�PLQLQJ�PRGHO�
>��@��(DFK�WDVN�LQ�WKH�GDWD�SUHSURFHVVLQJ�VWDJH�PD\�QHHG�WR�EH�H[HFXWHG�UHSHDWHGO\��$V�PHQWLRQHG�
LQ�WKH�SUHYLRXV�FKDSWHU��WKH�RUGHU�LQ�ZKLFK�WKHVH�WDVNV�DUH�H[HFXWHG�LV�QRW�IL[HG��,Q�WKLV�VWDJH��ZH�
QHHG�WR�VHOHFW�WKH�DWWULEXWHV�RI�WKH�GDWD�VHW��DQG�DW�WKH�VDPH�WLPH��ZH�QHHG�WR�FOHDQ��WUDQVIRUP��DQG�
RUJDQL]H�WKH�GDWD�VHW�DFFRUGLQJ�WR�RXU�QHHGV�DQG�WKH�FKDUDFWHULVWLFV�RI�WKH�GDWD��7KH�TXDOLW\�RI�GDWD�
LV�FULWLFDO�WR�GDWD�PLQLQJ��DQG�LW�RIWHQ�DIIHFWV�RXU�SUHGLFWLRQ�UHVXOWV��7KHUHIRUH��LQ�WKH�SURFHVV�RI�GDWD�
PLQLQJ��ZH�FDQQRW�LJQRUH�GDWD�SUHSURFHVVLQJ� 
 
'XULQJ�WKLV�VWDJH��ZH�QHHG�WR�SURFHVV�WKH�GDWD��&RPPRQ�SURFHVVLQJ�LQFOXGHV�VHOHFWLRQ�RI�DWWULEXWH�
VHWV�� SURFHVVLQJ� RI�DEQRUPDO� GDWD�� SURFHVVLQJ� RI�PLVVLQJ� YDOXHV�� GDWD� VWDQGDUGL]DWLRQ�� GDWD� W\SH�
FRQYHUVLRQ��HWF��:H�QHHG�WR�SURFHVV�WKH�GDWD�DSSURSULDWHO\�DFFRUGLQJ�WR�RXU�QHHGV� 
 
7KLV�SURMHFW�IRFXVHV�RQ�VHQWLPHQW�DQDO\VLV�RI�VRFLDO�PHGLD��ZKLOH�WKLV�SURMHFW�ZLOO�IRFXV�RQ�VHQWLPHQW�
DQDO\VLV�RI�VKRUW�WH[WV��7KH�,0'%�GDWD�VHWV�DUH�PRVWO\�ORQJ�WH[WV�DQG�RQO\�UHOHYDQW�WH[W�LQIRUPDWLRQ�
RI�PRYLH� UHYLHZV��7KHUHIRUH�� WKLV�SURMHFW� ILQDOO\�FKRVH� WKH�7ZLWWHU�DQG�:HLER�GDWDVHWV� IRU� VRFLDO�
PHGLD�VHQWLPHQW�DQDO\VLV�DFFRUGLQJ�WR�WKH�QHHGV�DQG�JRDOV�RI�WKH�SURMHFW�DQG�WKH�DFWXDO�VLWXDWLRQ��
7KH�IROORZLQJ�ZLOO�LQWURGXFH�WKH�SUHSURFHVVLQJ�ZRUN�RI�WKLV�SURMHFW�RQ�WKH�WZR�GDWD�VHWV�ZLWK�7ZLWWHU�
DQG�:HLER� 

������7ZLWWHU�GDWD�VHW 

)URP�WKH�LQWURGXFWLRQ�RI�WKH�SUHYLRXV�GDWD�VHW��ZH�NQRZ�WKDW�WKH�GDWD�VHW�FRQWDLQV�VL[�DWWULEXWHV��DV�
LV�VKRZQ�LQ�WKH�)LJXUH�����DQG�ZH�RQO\�QHHG�WKH�ILUVW�DWWULEXWH��ZKLFK�LV�VHQWLPHQW�SRODULW\��DQG�WKH�
ODVW�DWWULEXWH��ZKLFK�LV�WZHHWV�WH[W��7KHUHIRUH��WKHVH�WZR�UHODWHG�DWWULEXWHV�LQ�WKH�GDWD�VHW�QHHG�WR�EH�
H[WUDFWHG��DV�LV�VKRZQ�LQ�WKH�)LJXUH���� 



 
)LJXUH����2ULJLQDO�7ZLWWHU�GDWD�VHW 

 

 
)LJXUH����7ZR�DWWULEXWH�7ZLWWHU�GDWD�VHW 

 
$IWHU�REWDLQLQJ�WKH�WZHHWV�WH[W�DQG�LWV�SRODULW\��WKH�WZHHWV�WH[W�QHHGV�WR�EH�IXUWKHU�FOHDQHG��)LUVW��ZH�
QHHG� WR� UHPRYH� WKH�#XVHU�PDUN� LQ� WZHHWV��$V�PHQWLRQHG�HDUOLHU�� WKH� WZHHWV� WH[W� FRQWDLQV�PDQ\�
7ZLWWHU�WDJV��DQG�WKHVH�WDJV�DUH�XVHU�LQIRUPDWLRQ�RQ�7ZLWWHU��EHFDXVH�WKLV�LQIRUPDWLRQ�LV�QRW�KHOSIXO�
IRU�VHQWLPHQW�DQDO\VLV� 
 
$FFRUGLQJ� WR�WKH�FKDUDFWHULVWLFV�RI�WKH�7ZLWWHU� WDJ�� UHJXODU�H[SUHVVLRQV�DUH�XVHG�WR�FOHDQ�XS�� WKH�
UHJXODU�H[SUHVVLRQ�LV��#>?Z@
���DQG�WKH�FOHDQHG�GDWD�VHW�LV�VKRZQ�LQ�WKH�)LJXUH���� 

 

)LJXUH����7ZLWWHU�GDWD�VHW�DIWHU�FOHDQLQJ 
 
7KH�FRPSDULVRQ�VKRZV�WKDW�#VZLWFKIRRW�LQ�WKH�ILUVW�VHQWHQFH��#.HQLFKDQ�LQ�WKH�WKLUG�VHQWHQFH��DQG�
#QDWLRQZLGHFODVV�LQ�WKH�ILIWK�VHQWHQFH�KDYH�EHHQ�UHPRYHG� 
 
$W�WKH�VDPH�WLPH��LW�FDQ�EH�QRWLFHG�WKDW�WKHUH�LV�D�OLQN�ZHEVLWH�LQ�WKH�ILUVW�VHQWHQFH��ZKLFK�LV�QRW�YHU\�
KHOSIXO� IRU� VHQWLPHQW� DQDO\VLV�� VR� LW� DOVR� QHHGV� WR� EH� UHPRYHG�� 6LPLODUO\�� DFFRUGLQJ� WR� WKH�
FKDUDFWHULVWLFV�RI�WKH�OLQN�85/��UHJXODU�H[SUHVVLRQV�DUH�XVHG�WR�FOHDQ�XS��WKH�UHJXODU�H[SUHVVLRQ�LV�
���KWWS����>A�@
_�KWWSV����>A�@
_��ZZZ?��>�A�@
�´��WKH�GDWD�VHW�DIWHU�FOHDQLQJ�LV�VKRZQ�LQ�WKH�)LJXUH���� 



 
)LJXUH��� 7ZLWWHU�GDWD�VHW�DIWHU�FOHDQLQJ 

 
3XQFWXDWLRQ�PDUNV��QXPEHUV�DQG�VSHFLDO�FKDUDFWHUV�DUH�DOVR�PHDQLQJOHVV��DQG�WKHVH�FKDUDFWHUV�DOVR�
QHHG�WR�EH�HOLPLQDWHG��6LPLODUO\��XVH�UHJXODU�H[SUHVVLRQV�WR�HOLPLQDWH�WKHVH�FKDUDFWHUV��WKH�UHJXODU�
H[SUHVVLRQ�LV��>AD�]$�=?
@���DQG�WKH�FOHDQHG�GDWD�VHW�LV�VKRZQ�LQ�WKH�)LJXUH���� 

 
)LJXUH��� 7ZLWWHU�GDWD�VHW�DIWHU�FOHDQLQJ 

 
,Q�DGGLWLRQ�� VRPH�VWRS�ZRUGV�DQG�ZRUGV�ZLWK� FKDUDFWHUV� OHVV� WKDQ���DUH�PHDQLQJOHVV�ZRUGV��7KH�
(QJOLVK� VWRS�ZRUGV� XVHG� LQ� WKLV� SURMHFW�FRPH� IURP� WKH�(QJOLVK� VWRS�ZRUGV� SURYLGHG� E\�+DUELQ�
,QVWLWXWH�RI�7HFKQRORJ\�>��@��7KH�PHWKRG�XVHG�LV�PDLQO\�WR�GHWHUPLQH�ZKHWKHU�WKH�YRFDEXODU\�LQ�WKH�
VHQWHQFH�LV�LQ�WKH�VWRS�ZRUG�OLVW��ZKHWKHU�WKH�FKDUDFWHU�RI�WKH�YRFDEXODU\�LV�OHVV�WKDQ����DQG�LI�LW�LV��
LW�ZLOO�EH�HOLPLQDWHG��7KH�FOHDQHG�GDWD�VHW�LV�VKRZQ�LQ�WKH�ILJXUH� 

 
)LJXUH����7ZLWWHU�GDWD�VHW�DIWHU�FOHDQLQJ 

������:HL%R�GDWD�VHW 

)URP�WKH�LQWURGXFWLRQ�RI�WKH�SUHYLRXV�GDWD�VHW��LW�FDQ�EH�NQRZQ�WKDW�WKH�GDWD�VHW�FRQWDLQV���DWWULEXWHV��
$V�VKRZQ�LQ�WKH�)LJXUH�����WKH�ILUVW�DWWULEXWH�LV�WKH�HPRWLRQ�FDWHJRU\��DQG�WKH�RWKHU�DWWULEXWH�LV�WKH�
:HLER�WH[W��6LQFH�WKH�GDWD�IRUPDW�LV�RQO\�LQWURGXFHG�KHUH��WKH�VHQWHQFH�LV�QRW�WUDQVODWHG� 



 
)LJXUH����:HL%R�GDWD�VHW 

 
,W�LV�ZRUWK�QRWLQJ�WKDW��DV�PHQWLRQHG�LQ�WKH�SUHYLRXV�GDWD�TXDOLW\�DQDO\VLV��WKH�GDWD�VHW�KDV�RQO\�WKUHH�
HPRWLRQ�FDWHJRULHV����IRU�MR\����IRU�DQJHU��DQG���IRU�GLVJXVW��7KH�GHSUHVVLYH�VHQWLPHQW�WH[W�ZKLFK�
WKH�YDOXH�RI�ODEHO�LV���ZLOO�QRW�EH�GLVFXVVHG�LQ�WKH�VXEVHTXHQW�DQDO\VLV 
 
1H[W��ZH�ZLOO�FRXQW�WKH�QXPEHU�RI�PLFUREORJV�FRQWDLQHG�LQ�HDFK�W\SH�RI�VHQWLPHQW�LQ�WKH�PLFUREORJ�
GDWD�VHW�DQG�WKH�QXPEHU�RI�PLFUREORJV�FRQWDLQHG�LQ�WKH�HQWLUH�GDWD�VHW��7KH�VWDWLVWLFDO�UHVXOWV�RI�WKH�
H[SHULPHQW�DUH�VKRZQ�LQ�WKH�)LJXUH���� 

 
)LJXUH����7KH�QXPEHU�RI�PLFUREORJV 

 
6LQFH�WKH�DERYH�VWDWLVWLFDO�UHVXOW�LV�DGGHG�WR�WKH�QXPEHU�RI�PLFUREORJV�LQ�WKH�GHSUHVVLRQ�FDWHJRU\��
WKH� DERYH� VWDWLVWLFDO� UHVXOW� LV� QRW� WRR� DFFXUDWH�� ,Q� IDFW�� WKH� GDWD� VHW� FRQWDLQV� D� WRWDO� RI� ��������
PLFUREORJV�� RI�ZKLFK� WKH� QXPEHU� RI�PLFUREORJV� LQ� WKH� KDSS\� HPRWLRQ� FDWHJRU\� LV� ��������� WKH�
QXPEHU� RI� PLFUREORJV� LQ� WKH� DQJU\� FDWHJRU\� LV� �������� DQG� WKH� QXPEHU� RI� PLFUREORJV� LQ� WKH�
GLVJXVWLQJ�HPRWLRQ�FDWHJRU\�LV��������� 
 
,Q�&KLQHVH�WH[W�SURFHVVLQJ��ZRUG�VHJPHQWDWLRQ�LV�D�YHU\�LPSRUWDQW�SUHSURFHVVLQJ�VWHS�>��@��,Q�WKH�
(QJOLVK�WH[W��WKH�(QJOLVK�WH[W�KDV�FOHDU�VHSDUDWRU�VSDFHV�WR�GLYLGH�ZRUGV��VR�WKH�ZRUG�VHJPHQWDWLRQ�
RI�WKH�(QJOLVK�WH[W�ZLOO�EH�HDVLHU��)RU�H[DPSOH���ㄐ㔮᳿⌌⩥䐞ȼ���,�DP�D�VWXGHQW���&KLQHVH�ZRUG�
VHJPHQWDWLRQ�UHVXOW�LV��ㄐ�,��㔮�DP��᳿ᴩ�D��⩥䐞�VWXGHQW����,W�FDQ�EH�VHHQ�WKDW�(QJOLVK�WH[WV�FDQ�
JHQHUDOO\� EH� VHJPHQWHG� E\� VSDFHV� RU� RWKHU� SXQFWXDWLRQ� PDUNV�� ZKLOH� &KLQHVH� WH[WV� QHHG� WR�
XQGHUVWDQG�WKHLU�PHDQLQJ�WR�EH�DEOH�WR�EH�DFFXUDWHO\�VHJPHQWHG��,Q�IDFW��VRPHWLPHV�LQ�&KLQHVH�WH[WV�
LQ� GLIIHUHQW� FRQWH[WV�� WKH� VDPH� VHQWHQFH� PD\� KDYH� GLIIHUHQW� SDUWLFLSOHV� UHSUHVHQWLQJ� GLIIHUHQW�
PHDQLQJV� 
 
7KLV�SURMHFW�PDLQO\�XVHV�WKH�MLHED�>�@�WRRO�IRU�ZRUG�VHJPHQWDWLRQ��7KH�VSHFLILF�FRGH�LV�DV�IROORZV� 
 



[BDOOBGDWD� �OLVW�PDS�ODPEGD�[��OLVW�ILOWHU�ODPEGD�[��OHQ�[�!���  
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � MLHED�OFXW�[�����DOOBGDWD>
UHYLHZ
@�YDOXHV�� 
 
7KH�ZRUG�VHJPHQWDWLRQ�UHVXOWV�RI�WKH�GDWD�VHW�DUH�VKRZQ�LQ�WKH�)LJXUH���� 

 
)LJXUH����7KH�ZRUG�VHJPHQWDWLRQ�UHVXOWV 

 
6LQFH�RQO\�WKH�FRQWHQW�RI�WKH�ZRUG�VHJPHQWDWLRQ�LV�GLVSOD\HG��WKH�DERYH�UHVXOWV�DUH�QRW�WUDQVODWHG��
&RPSDULQJ� WKH�FRQWHQW�RI� WKH� UHYLHZ�WDJ� LQ�WKH�DERYH�)LJXUH����� LW�FDQ�EH�VHHQ� WKDW� WKH� WRRO�KDV�
FRPSOHWHG�WKH�ZRUG�VHJPHQWDWLRQ�ZRUN� 
 
$W�WKH�VDPH�WLPH��LW�FDQ�EH�IRXQG�WKURXJK�FRPSDULVRQ�WKDW�VRPH�FKDUDFWHUV�ZHUH�UHPRYHG�GXULQJ�
WKH�ZRUG� VHJPHQWDWLRQ� SURFHVV��/LNH� WKH�7ZLWWHU� GDWD� VHW� SUHSURFHVVLQJ�� WKH�:HLER� GDWD� VHW� DOVR�
UHPRYHG�PHDQLQJOHVV�VWRS�ZRUGV�LQ�&KLQHVH�DQG�VHJPHQWDWLRQ�ZRUGV�WKDW�LV�OHVV�WKDQ�RQH�FKDUDFWHU��
&KLQHVH�VWRS�ZRUGV�DOVR�XVH�&KLQHVH�VWRS�ZRUGV�SURYLGHG�E\�+DUELQ�,QVWLWXWH�RI�7HFKQRORJ\�>��@�� 
 
$W�WKLV�SRLQW��ZH�KDYH�FRPSOHWHG�WKH�ZRUN�RI�GDWD�FOHDQLQJ��WKH�IROORZLQJ�ZLOO�IXUWKHU�DQDO\VLV�DQG�
PRGHOLQJ�RI�WKH�GDWD�VHW� 

����'DWD�DQDO\VLV 

7KLV�VHFWLRQ�ZLOO�FRQGXFW�D�GHWDLOHG�VWDWLVWLFDO�DQDO\VLV�RI�WKH�7ZLWWHU�DQG�:HL%R�GDWD�VHWV��,Q� WKLV�
SURFHVV��ZH�ZLOO�FRXQW�WKH�QXPEHU�RI�VDPSOHV�DQG�WKH�QXPEHU�GLVWULEXWLRQ�RI�HDFK�W\SH�RI�ODEHO��$W�
WKH� VDPH� WLPH�� WKH� GLVWULEXWLRQ� RI� VHQWHQFH� OHQJWK� DQG� ZRUG� IUHTXHQF\� ZLOO� DOVR� EH� DQDO\]HG��
7KURXJK�WKHVH�DQDO\VHV��ZH�FDQ�REWDLQ�WKH�NH\ZRUGV�RI�HDFK�HPRWLRQ��DQG�VROYH�WKH�ILUVW�JRDO�LQ�WKH�
XQGHUVWDQGLQJ�RI�EXVLQHVV�JRDOV��WKDW�LV��WH[W�LQIRUPDWLRQ�RI�GLIIHUHQW�HPRWLRQV�ZLOO�FRQWDLQ�GLIIHUHQW�
HPRWLRQ�ZRUGV��DQG�WH[W�LQIRUPDWLRQ�RI�WKH�VDPH�HPRWLRQ�ZLOO�FRQWDLQ�PDQ\�RI�WKH�VDPH�HPRWLRQ�
ZRUGV��,W�LV�GLIILFXOW�IRU�GLIIHUHQW�LQVWLWXWLRQV�WR�REWDLQ�NH\�HPRWLRQDO�ZRUGV�RI�GLIIHUHQW�HPRWLRQV�
RQO\� IURP� WH[W� LQIRUPDWLRQ�� 1RW� RQO\� WKDW�� EXW� WKH� DQDO\VLV� FDQ� DOVR� KHOS� WKH� JRXUS� MXGJH� WKH�
UHDVRQDEOH� WUXQFDWLRQ� OHQJWK� RI� WKH� VHQWHQFH��ZKLFK� SOD\V�D� YLWDO� UROH� LQ� WKH� FRQVWUXFWLRQ� RI� WKH�
VXEVHTXHQW�PRGHO� 

������7ZLWWHU�GDWD�VHW 

,Q�WKH�ILUVW�VWHS��ZH�ILUVW�QHHG�WR�XQGHUVWDQG�WKH�GLVWULEXWLRQ�RI�WKH�QXPEHU�RI�HPRWLRQDO�SRODULW\�
ODEHOV� LQ� WKH� GDWDVHW�� ,Q� WKLV� SURMHFW�� WKH� VHDERUQ� WRRONLW� LV� XVHG� IRU� VWDWLVWLFDO� DQDO\VLV�� DQG� WKH�
VWDWLVWLFDO�UHVXOWV�DUH�VKRZQ�LQ�WKH�)LJXUH���� 
 



 
)LJXUH��� 7KH�GLVWULEXWLRQ�RI�WKH�QXPEHU�RI�HPRWLRQDO�SRODULW\�ODEHOV 

 
,W�FDQ�EH�VHHQ�IURP�WKH�ILJXUH�WKDW���UHSUHVHQWV�D�WZHHW�ZLWK�D�QHJDWLYH�DWWLWXGH��DQG���UHSUHVHQWV�D�
WZHHW�ZLWK� D� SRVLWLYH�DWWLWXGH��7KH� WZHHWV� RI� WKH� WZR� DWWLWXGHV� DUH� HYHQO\� GLVWULEXWHG�� HDFK�ZLWK�
��������WZHHWV� 
 
7KH� VHFRQG� VWHS� LV� WR� DQDO\]H� WKH� VHQWHQFH� OHQJWK� GLVWULEXWLRQ��7KH� VHQWHQFH� OHQJWK� GLVWULEXWLRQ�
GLDJUDP�LV�VKRZQ�LQ�WKH�)LJXUH���� 

 
)LJXUH��� 7KH�VHQWHQFH�OHQJWK�GLVWULEXWLRQ 

)URP�WKH�DERYH�DQDO\VLV��ZH�FDQ�VHH� 
 
���7KH�OHQJWK�RI�WKH�VHQWHQFH�LV�EHWZHHQ�������ZKLFK�UHIOHFWV�WKDW�WKH�FRQWHQW�RI�WKH�VRFLDO�PHGLD�
7ZLWWHU�7ZHHWV�LV�VKRUW��DQG�WKHUH�LV�QR�H[FKDQJH�FRQWHQW�OLNH�RWKHU�IRUXPV��ZKLFK�QHYHU�HQGV��DQG�
WKH�OHQJWK�LV�ORQJHU� 
 
���$W�WKH�VDPH�WLPH��LW�FDQ�EH�VHHQ�IURP�WKH�ILJXUH�WKDW�PRVW�VHQWHQFHV�DUH�FRQFHQWUDWHG�EHWZHHQ�WKH�
OHQJWKV� RI� ������7KHUHIRUH�� LQ� VXEVHTXHQW�H[SHULPHQWV�� WKH� OHQJWK� RI� ���FDQ� EH�FRQVLGHUHG�DV� D�
UHDVRQDEOH�WUXQFDWHG�DOLJQPHQW�OHQJWK��WKDW�LV��LW�ZLOO�QRW�FDXVH�D�ODUJH�QXPEHU�RI�VHQWHQFHV�WR�EH�
WUXQFDWHG� DQG� ORVH� WKH�PDLQ� LQIRUPDWLRQ�� DQG� LW� FDQ� HIIHFWLYHO\� DYRLG� WRR�PDQ\� FRPSOHPHQWDU\�
IHDWXUHV��UHVXOWLQJ�LQ�H[FHVVLYH�PRGHO�SDUDPHWHUV� 
 
7KH�WKLUG�VWHS�LV�WR�DQDO\]H�ZRUG�IUHTXHQF\� 



 
)LUVW��FRXQW�WKH����PRVW�IUHTXHQW�ZRUGV�RI�QHJDWLYH�DWWLWXGH�WZHHWV��DV�LV�VKRZQ�LQ�WKH�)LJXUH���� 

 
)LJXUH��� 7KH����PRVW�IUHTXHQW�ZRUGV�RI�QHJDWLYH�DWWLWXGH�WZHHWV 

 
7KH�IROORZLQJ�ILJXUH�VKRZV�WKH�PRVW�IUHTXHQW�ZRUGV�LQ�QHJDWLYH�FRPPHQWV��7KH�QHJDWLYH�HPRWLRQ�
WZHHWV�ZRUG�FORXG�LV�VKRZQ�LQ�WKH�)LJXUH��� 

 
)LJXUH����1HJDWLYH�HPRWLRQ�WZHHWV�ZRUG�FORXG 

7KH����PRVW�IUHTXHQW�ZRUGV�RI�WZHHWV�ZLWK�SRVLWLYH�DWWLWXGHV�DUH�FRXQWHG��DV�LV�VKRZQ�LQ�WKH�)LJXUH�
��� 

 

)LJXUH��� 7KH����PRVW�IUHTXHQW�ZRUGV�RI�WZHHWV�ZLWK�SRVLWLYH�DWWLWXGHV 



 
7KH� SLFWXUH� EHORZ� VKRZV� WKH�PRVW� IUHTXHQW� ZRUGV� LQ� SRVLWLYH� FRPPHQWV��7KH� SRVLWLYH� HPRWLRQ�
WZHHWV�ZRUG�FORXG�LV�VKRZQ�LQ�WKH�)LJXUH��� 

 
)LJXUH��� 3RVLWLYH�HPRWLRQ�WZHHWV�ZRUG�FORXG 

 
,W�FDQ�EH�VHHQ�IURP�WKH�DERYH�ZRUG�IUHTXHQF\�DQDO\VLV� 
 
���7KH� QXPEHU� RI� RFFXUUHQFHV� RI� µ/2/¶� LQ� WKLV� GDWD� VHW� LV�JUHDWHU�� 
/2/
� LV� D�FRPSHWLWLYH� JDPH��
LQGLFDWLQJ�WKDW�WKH�FROOHFWLRQ�WLPH�RI�WKLV�GDWD�VHW�LV�OLNHO\�WR�HQFRXQWHU�D�PDMRU�JDPH�RI�WKH�
/2/
�
JDPH��VR�SHRSOH�GLVFXVVHG�WKH�JDPH�RQ�7ZLWWHU�DW�WKDW�WLPH��DQG�LW�DOVR�VKRZV�WKDW�VHQWLPHQW�DQDO\VLV�
RI�VRFLDO�PHGLD�FDQ�ZHOO�JUDVS�SHRSOH
V�YLHZV�RQ�D�FHUWDLQ�HYHQW�DQG�VRFLDO�PHGLD�KDV�D�JRRG�UHDO�
WLPH�QDWXUH� 
 
���)URP� WKH� QHJDWLYH� HPRWLRQ� WZHHWV��ZH� FDQ� ILQG� WKDW� 
VDG
�� 
VLFN
�� 
EDG
��DQG� 
KDWH
� DSSHDU�PRUH�
IUHTXHQWO\��LQGLFDWLQJ�WKDW�SHRSOH�XVH�VRPH�QHJDWLYH�YRFDEXODU\�LQ�D�QHJDWLYH�DWWLWXGH��ZKLFK�LV�DOVR�
LQ� OLQH�ZLWK�RXU�FRJQLWLRQ��$W�WKH�VDPH� WLPH�� LW�FDQ�EH�QRWLFHG�WKDW� VRPH�SRVLWLYH�ZRUGV�VXFK�DV�

JRRG
�DQG�
ORYH
�DOVR�DSSHDU�LQ�QHJDWLYH�HPRWLRQ�WZHHWV��EXW�LW�VKRXOG�EH�QRWHG�WKDW�WKHUH�DUH�PRUH�
QHJDWLYH�ZRUGV�VXFK�DV�
GRQ¶W
�DQG�
FDQ¶W
�LQ�QHJDWLYH�ZRUGV�WKDQ�WKH�SRVLWLYH�DWWLWXGH�DQG�HPRWLRQ�
WZHHWV��VR�LW�PD\�EH�D�QHJDWLYH�RI�VRPH�SRVLWLYH�ZRUGV��7KURXJK�WKH�SRVLWLRQLQJ�VHDUFK��LW�ZDV�IRXQG�
WKDW�VXFK�FROORFDWLRQV�DV��JRRG�PRUQLQJ��DQG��JRRG�OXFN��OHDG�WR�PRUH�QHJDWLYH�HPRWLRQV�ZLWK�WKH�
ZRUG��JRRG���$W�WKH�VDPH�WLPH��PDQ\�VHQWHQFHV�ZHUH�DOVR�IRXQG�WR�QHJDWH�VRPH�SRVLWLYH�ZRUGV��
VXFK�DV��VSHQFHU�LV�QRW�D�JRRG�JX\�����#'RQQLH:DKOEHUJ�,�KRSH�L�FDQ�PDNH�LW�WR�WKH�DXEXUQ�VKRZ��
EXW�LWV�QRW�ORRNLQJ�JRRG�IRU�PH���HWF� 
 
���)URP�SRVLWLYH�HPRWLRQDO�WZHHWV��ZH�FDQ�ILQG�WKDW�ZRUGV�VXFK�DV��JRRG����JUHDW����ORYH����IXQ���
HWF��DSSHDU�PRUH�IUHTXHQWO\��LQGLFDWLQJ�WKDW�SHRSOH�XVH�PRUH�SRVLWLYH�ZRUGV�LQ�D�SRVLWLYH�DWWLWXGH��
ZKLFK� LV�DOVR� LQ�OLQH�ZLWK�RXU�SHUFHSWLRQ��$W�WKH�VDPH� WLPH�� LW�FDQ�EH� IRXQG�WKDW�QHJDWLYH�ZRUGV�
UDUHO\�DSSHDU�LQ�WZHHWV�ZLWK�SRVLWLYH�DWWLWXGHV��LQGLFDWLQJ�WKDW�SHRSOH�UDUHO\�QHJDWH�QHJDWLYH�ZRUGV�
WR�H[SUHVV�SRVLWLYH�HPRWLRQV��  



������:HLER�GDWD�VHW 

,Q�WKH�ILUVW�VWHS��ZH�ILUVW�QHHG�WR�XQGHUVWDQG�WKH�QXPEHU�GLVWULEXWLRQ�RI�VHQWLPHQW�FODVVLILFDWLRQ�ODEHOV�
LQ�WKH�GDWDVHW��7KH�VWDWLVWLFDO�UHVXOWV�DUH�VKRZQ�LQ�WKH�)LJXUH���� 

 

)LJXUH����&DWHJRU\�GLVWULEXWLRQ�PDS 
 
)LUVW��WKH�ODEHO�ZKLFK�WKH�YDOXH�LV���VKRXOG�EH�LJQRUHG��$W�WKH�VDPH�WLPH��LW�FDQ�EH�IRXQG�WKDW�WKH�
QXPEHU�RI�GDWD�ODEHOV�LV�QRW�EDODQFHG��,Q�RUGHU�WR�FRQGXFW�H[SHULPHQWV�EHWWHU��WKH�QXPEHU�RI�ODEHOV�
QHHGV�WR�EH�EDODQFHG��7KHUHIRUH��LQ�WKH�IROORZ�XS�H[SHULPHQWV��������SLHFHV�RI�GDWD�ZHUH�UDQGRPO\�
VHOHFWHG�IURP�HDFK�ODEHO�IRU�UHODWHG�H[SHULPHQWV� 
 
7KH� VHFRQG� VWHS� LV� WR� DQDO\]H� WKH� VHQWHQFH� OHQJWK� GLVWULEXWLRQ��7KH� VHQWHQFH� OHQJWK� GLVWULEXWLRQ�
GLDJUDP�LV�VKRZQ�LQ�WKH�ILJXUH�EHORZ� 

 
)LJXUH����7KH�VHQWHQFH�OHQJWK�GLVWULEXWLRQ 



$V�FDQ�EH�VHHQ�IURP�WKH�DERYH�ILJXUH��WKH�OHQJWK�RI�WKH�VHQWHQFH�LV�EHWZHHQ�������DQG�PRVW�VHQWHQFHV�
DUH�FRQFHQWUDWHG�LQ�WKH�OHQJWK�RI�������7KHUHIRUH��LQ�VXEVHTXHQW�H[SHULPHQWV��WKH�OHQJWK�RI����FDQ�
EH�FRQVLGHUHG�DV�D�UHDVRQDEOH�WUXQFDWHG�DOLJQPHQW�OHQJWK� 
 
)LQDOO\��WKH�ZRUG�IUHTXHQF\�RI�WKH�WKUHH�W\SHV�RI�VHQWLPHQW�PLFUREORJV�ZLOO�EH�DQDO\]HG�DQG�FRXQWHG��
6LQFH�WKH�VHQWLPHQW�RI�&KLQHVH�VHQWLPHQW�DQDO\VLV�LV�PDLQO\�UHIOHFWHG�E\�DGMHFWLYHV��WKH�MLHED�WRRO�
ZDV�XVHG�IRU�SDUW�RI�VSHHFK�WDJJLQJ�LQ�WKLV�SURMHFW��DQG�WKH�DGMHFWLYHV�ZHUH�H[WUDFWHG�IRU�DQDO\VLV�
DQG�VWDWLVWLFV� 
 
)LUVW��FRXQW�WKH����ZRUGV�ZLWK�WKH�KLJKHVW�IUHTXHQF\�RI�RFFXUUHQFH�RI�KDSS\�:HLER��DV�LV�VKRZQ�LQ�
WKH�)LJXUH���� 

 
)LJXUH����:RUGV�ZLWK�WKH�KLJKHVW�IUHTXHQF\�RI�RFFXUUHQFH 

 
7KH�ILUVW�WHQ�ZRUGV�DUH��+DSSLQHVV����+DSS\����:HLER����*RRG���,PSRUWDQW����6XFFHVV����6LPSOH���
�%HVW����(DV\����3UHWW\���  
 
7KH�SLFWXUH�EHORZ�VKRZV�WKH�ZRUG�FORXG�RI�WKLV�HPRWLRQ�W\SH� 

 

)LJXUH����:RUG�&ORXG 
 



)URP�WKH�SLFWXUH��ZH�FDQ�DOVR�VHH�SRVLWLYH�HPRWLRQ�ZRUGV�VXFK�DV��⻪ᵏ���KDSS\����ὤⶶ���KHDOWK���
DQG��⽬⒛���FRQJUDWXODWLRQV�� 
 
7KHQ��FRXQW�WKH����ZRUGV�ZLWK�WKH�KLJKHVW�IUHTXHQF\�RI�RFFXUUHQFH�RI�DQJHU�:HLER��DV�LV�VKRZQ�LQ�
WKH�)LJXUH���� 

 
)LJXUH��� :RUGV�ZLWK�WKH�KLJKHVW�IUHTXHQF\�RI�RFFXUUHQFH 

 
7KH�ILUVW�WHQ�ZRUGV�DUH�
:HLER
��
+DSSLQHVV
��
*RRG
��
+RUURU
��
6HULRXV
��
6KDPHOHVV
��
(DV\
��
+DSS\
��

'HSUHVVHG
�� 
&UD]\
��:KDW� LV� PRUH� VXUSULVLQJ� LV� WKDW� WKHUH� DUH� PDQ\� SRVLWLYH� ZRUGV� LQ�:HLER�
FODVVLILHG�E\�DQJU\�HPRWLRQV��EXW�RQ�WKH�ZKROH��WKHUH�DUH�PRUH�QHJDWLYH�RU�QHXWUDO�ZRUGV�VXFK�DV�
ERUHGRP�㓟佉���VDGQHVV�⾱⎿���EDG�OXFN�ἑ昈���LUULWDELOLW\�㿥嶀���HWF��ZKLFK�UDUHO\�DSSHDU�LQ�KDSS\�
HPRWLRQ�:HLER��YRFDEXODU\� 
 
7KH�)LJXUH����EHORZ�VKRZV�WKH�ZRUG�FORXG�RI�WKLV�HPRWLRQ�W\SH� 

 
)LJXUH����:RUG�FORXG 

,Q�WKH�SLFWXUH��ZH�FDQ�VHH�ZRUGV�WKDW�GR�QRW�DSSHDU�LQ�KDSS\�HPRWLRQV�VXFK�DV�GHSUHVVLRQ��忀擶���
KRUURU��⽏⼕���ERUHGRP��㓟佉���DQG�VDGQHVV��⾱⎿���DV�ZHOO�DV�SRVLWLYH�ZRUGV�VXFK�DV�KDSSLQHVV��⻪
ᵏ��DQG�EHDXW\��㸁ᶭ�� 
 



)LQDOO\��FRXQW�WKH����ZRUGV�ZLWK�WKH�KLJKHVW�IUHTXHQF\�RI�RFFXUUHQFH�RI�DQJHU�:HLER��DV�LV�VKRZQ�
LQ�WKH�)LJXUH���� 

 
)LJXUH��� :RUGV�ZLWK�WKH�KLJKHVW�IUHTXHQF\�RI�RFFXUUHQFH 

 
7KH�ILUVW�WHQ�ZRUGV�DUH�
+DSSLQHVV
��
+DSS\
��
:HLER
��
(DV\
��
+DUG
��
+RUURU
��
*RRG
��
*UHDW
��
6LOHQFH
��

6HULRXV
��7KH�KLJK�IUHTXHQF\�ZRUGV�DSSHDULQJ�LQ�:HLER�ZLWK�GLVJXVW�DQG�DQJHU�DUH�VLPLODU��7KHUH�
ZLOO�EH�ZRUGV�RI�SRVLWLYH�HPRWLRQV��DV�ZHOO�DV�ZRUGV�RI�QHJDWLYH�HPRWLRQV� 
 
7KH�)LJXUH����EHORZ�VKRZV�WKH�ZRUG�FORXG�RI�WKLV�HPRWLRQ�W\SH� 

 
)LJXUH����:RUG�FORXG 

,Q� WKH�SLFWXUH��ZH�FDQ�VHH�ZRUGV� WKDW�GR�QRW�DSSHDU� LQ� MR\IXO�HPRWLRQV�VXFK�DV�KDUGVKLS� �庚凥���
WURXEOH� �㿥⽻��� UHJUHW� �彖ソ��� DQG�PLVIRUWXQH� �ᴌ⵷���$W� WKH� VDPH� WLPH��ZH� FDQ� DOVR� VHH� VRPH�
SRVLWLYH�ZRUGV�VXFK�DV�KDSS\��⻪ᵏ��DQG�KDSSLQHVV��⵷䢎�� 



������&RQFOXVLRQV 

)URP�WKH�DERYH�DQDO\VLV��LW�FDQ�EH�VHHQ�WKDW�ZKHWKHU�LW�LV�&KLQHVH�RU�(QJOLVK�VRFLDO�PHGLD�PLFUREORJV��
PLFUREORJV�ZLWK�SRVLWLYH�DWWLWXGHV�DQG�HPRWLRQV�FRQWDLQ�PRUH�ZRUGV�ZLWK�SRVLWLYH�DWWLWXGHV��DQG�
JHQHUDOO\�GR�QRW�VKRZ�ZRUGV�ZLWK�QHJDWLYH�DWWLWXGHV��)RU�PLFUREORJV�ZLWK�QHJDWLYH�DWWLWXGHV�DQG�
HPRWLRQV� �LQFOXGLQJ�PLFUREORJV�ZLWK� DQJU\� HPRWLRQV� DQG� GLVJXVWLQJ� HPRWLRQV��� WKHUH� DUH� RIWHQ�
ZRUGV�ZLWK�QHJDWLYH�DWWLWXGHV��DQG�ZRUGV�ZLWK�SRVLWLYH�DWWLWXGHV�DSSHDU�PRUH�RIWHQ��7KLV�LV�PRUH�
VXUSULVLQJ� WR�PH�� ,� OHDUQHG�WKURXJK�DQDO\VLV�� ,W�PD\�EH�EHFDXVH�PDQWUDV�RU�LGLRPV�FRQWDLQ�PRUH�
SRVLWLYH�ZRUGV��DQG�SHRSOH�DOVR�XVH�QHJDWLYH�SRVLWLYH�ZRUGV�WR�H[SUHVV�WKHLU�QHJDWLYH�HPRWLRQV� 

����0RGHO 

7KLV�VWDJH�LV�PDLQO\�EDVHG�RQ�WKH�SUHYLRXV�DQDO\VLV�RI�EXVLQHVV�YDOXH�JRDOV��PRGHOLQJ�LQ�WKH�SUH�
SURFHVVHG�GDWD��DQG�GDWD�PLQLQJ��$W�WKLV�VWDJH��7)�,')�DQG�%DJ�RI�:RUGV�DUH�PDLQO\�XVHG�WR�H[WUDFW�
IHDWXUHV�DQG�HQFRGH�WKH�GDWD��$W�WKH�VDPH�WLPH��ORJLVWLF�UHJUHVVLRQ�DQG�%HUW�DUH�XVHG�WR�FODVVLI\�WKH�
FRUUHVSRQGLQJ�VHQWLPHQW�RI�WKH�GDWD�VHW� 

������'DWD�VHW 

7KLV�SURMHFW�PDLQO\�XVHV�WZR�GDWD�VHWV��ZKLFK�DUH�7ZLWWHU�DQG�:HLER��$W�WKH�VDPH�WLPH��DFFRUGLQJ�
WR�WKH�SUHYLRXV�GHVFULSWLRQ��WKH�GDWD�VHWV�KDYH�EHHQ�SUHSURFHVVHG�DFFRUGLQJO\� 

������([SHULPHQW 

)LUVW��ZH�QHHG�WR�SHUIRUP�IHDWXUH�H[WUDFWLRQ�RQ�WKH�FOHDQHG�GDWD�VHW��7KLV�SURMHFW�PDLQO\�XVHV�WZR�
PHWKRGV�WR�H[WUDFW�WKH�IHDWXUHV�RI�WKH�PLFUR�EORJ�FRQWHQW�LQ�WKH�GDWD�VHW��DQG�WKHQ�YHFWRUL]H�LW�IRU�
WH[W�UHSUHVHQWDWLRQ� 
 
7KH�ILUVW�PHWKRG�LV�%DJ�RI�:RUGV�IRU�IHDWXUH�H[WUDFWLRQ��PDLQO\�XVLQJ�WKH�&RXQW9HFWRUL]HU�WRRONLW�
LQ�VNOHDUQ�LQ�S\WKRQ�IRU�IHDWXUH�H[WUDFWLRQ��7KH�FRUUHVSRQGLQJ�SDUDPHWHU�VHWWLQJV�DUH�DV�IROORZV� 
&RXQW9HFWRUL]HU��PD[BGI ������PLQBGI ���PD[BIHDWXUHV ���������VWRSBZRUGV 
HQJOLVK
� 
 
$IWHU�H[WUDFWLQJ�WKH�YRFDEXODU\�IHDWXUHV�LQ�WKH�GDWD�VHW��WKH�GDWD�VHW�LV�GLYLGHG�LQWR�WUDLQLQJ�VHW�DQG�
WHVW�VHW�DFFRUGLQJ�WR�WKH�UDWLR�RI������7KHQ�LW�LV�QHFHVVDU\�WR�YHFWRUL]H�WKH�REWDLQHG�IHDWXUHV�E\�SDVVLQJ�
WKH�WUDLQLQJ�VHW�DQG�WKH�WHVW�VHW� 
 
7KH�VHFRQG�PHWKRG� LV�7)�,')�IRU� IHDWXUH�H[WUDFWLRQ��PDLQO\�XVLQJ� WKH�7ILGI9HFWRUL]HU� WRRONLW� LQ�
VNOHDQ�LQ�S\WKRQ�IRU�IHDWXUH�H[WUDFWLRQ��7KH�FRUUHVSRQGLQJ�SDUDPHWHU�VHWWLQJV�DUH�DV�IROORZV� 
7ILGI9HFWRUL]HU��PD[BGI ������PLQBGI ���PD[BIHDWXUHV ���������VWRSBZRUGV 
HQJOLVK
� 
 
$IWHU�WKH�IHDWXUHV�DUH�DOVR�H[WUDFWHG��WKH�SURSRUWLRQHG�WUDLQLQJ�VHW�DQG�WKH�GDWD�VHW�DUH�YHFWRUL]HG�E\�
WKH�DFTXLUHG�IHDWXUHV� 



7KHQ�� DIWHU� REWDLQLQJ� WKH� YHFWRUL]HG� UHSUHVHQWDWLRQ�� VHOHFW� WKH� FRUUHVSRQGLQJ� PDFKLQH� OHDUQLQJ�
DOJRULWKP�IRU�WUDLQLQJ�DQG�SUHGLFWLRQ��7KLV�SURMHFW�PDLQO\�FKRVH�ORJLVWLF�UHJUHVVLRQ�DQG�QDLYH�%D\HV�
DOJRULWKP�IRU�WUDLQLQJ�DQG�SUHGLFWLRQ� 
 
/RJLVWLF�UHJUHVVLRQ�PDLQO\�XVHV�WKH�VNOHDUQ��OLQHDUBPRGHO��/RJLVWLF5HJUHVVLRQ�WRRONLW�LQ�S\WKRQ�WR�
EXLOG� WKH� DOJRULWKP� PRGHO�� ([SHULPHQW� ZLWK� WKH� GHIDXOW� SDUDPHWHUV� LQ� VNOHDUQ�� ZKLFK� LV�
ORJLVWLF0RGHO� �/RJLVWLF5HJUHVVLRQ���� 
 
1DLYH� %D\HV� DOVR� XVHV� WKH� VNOHDUQ�� QDLYHBED\HV��0XOWLQRPLDO1%� WRRONLW� LQ� S\WKRQ� WR� EXLOG� WKH�
DOJRULWKP�PRGHO��8VH�WKH�GHIDXOW�SDUDPHWHUV�RI�WKH�WRRO�WR�H[SHULPHQW��WKDW�LV��QE� �0XOWLQRPLDO1%�
��� 
 
)LQDOO\��WKLV�SURMHFW�DOVR�FRQGXFWHG�H[SHULPHQWV�XVLQJ�WKH�%HUW�SUH�WUDLQLQJ�PRGHO��7KH�(QJOLVK�GDWD�
VHW�PDLQO\�XVHV�WKH�ZZPBXQFDVHGB/���B+�����B$����>��@�SUH�WUDLQHG�PRGHO�IRU�H[SHULPHQWV��,Q�
RUGHU�WR�VDYH�WLPH�DQG�ZDVWH�RI�UHVRXUFHV��HSRFK�LV�VHW�WR����$FFRUGLQJ�WR�WKH�H[SHULPHQWDO�UHVXOWV��
WKH� EHVW� VWDWH� LV� RIWHQ� UHDFKHG� LQ� WKH� ���� URXQGV�� 7KH� &KLQHVH� GDWD� VHW� PDLQO\� XVHV� WKH�
FKLQHVHBZZPB/���B+����B$���>��@SUH�WUDLQLQJ�PRGHO� IRU�H[SHULPHQWV��6LPLODUO\��WKH�HSRFK�LV�
VHW�WR����$FFRUGLQJ�WR�WKH�H[SHULPHQWDO�UHVXOWV��WKH�EHVW�VWDWH�LV�RIWHQ�UHDFKHG�LQ�OHVV�WKDQ���URXQGV��
,W�LV�ZRUWK�QRWLQJ�WKDW�%HUW�KDV�LWV�RZQ�VHW�RI�VWDQGDUGV�IRU�ZRUG�VHJPHQWDWLRQ��:H�RQO\�QHHG�WR�
LQSXW�RXU�VHQWHQFHV�DQG�HPRWLRQDO�ODEHOV�LQ�WKH�FRUUHVSRQGLQJ�IRUPDW�WR�VWDUW�WUDLQLQJ�WKH�PRGHO�DQG�
WHVW�GDWD��8QOLNH�WKH�SUHYLRXV�GDWD�VHW�GLYLVLRQ��WKLV�URXQG�RI�H[SHULPHQWV�LV�GLYLGHG�LQWR�WUDLQLQJ�VHW��
YDOLGDWLRQ�VHW��DQG�WHVW�VHW�DFFRUGLQJ�WR�������  



Chapter 5 Results and discussion 

,Q�WKLV�FKDSWHU��WKH�H[SHULPHQWDO�UHVXOWV�ZLOO�EH�JLYHQ�DQG�DQDO\]HG� 

����5HVXOWV 

$FFRUGLQJ� WR� WKH�H[SHULPHQWDO�SURFHGXUHV�LQ� WKH�SUHYLRXV�FKDSWHU��WKLV�SURMHFW�XVHV�WKH�DFFXUDF\�
UDWH�LQ�VHFWLRQ�����DV�WKH�HYDOXDWLRQ�LQGH[��7KH�H[SHULPHQWDO�UHVXOWV�DUH�VKRZQ�LQ�WKH�7DEOH����,W�LV�
ZRUWK�QRWLQJ�WKDW�GXH�WR�WKH�ODUJH�DPRXQW�RI�:HL%R�GDWD��WKLV�SURMHFW�FDUULHG�RXW�D�VPDOO�VDPSOH�
H[SHULPHQW�ZLWK�DERXW�������H[SHULPHQWDO�GDWD��DQG�WKHQ�FRQGXFWHG�H[SHULPHQWV�ZLWK�DERXW��������
H[SHULPHQWDO�GDWD� 
 

7DEOH���7KH�H[SHULPHQWDO�UHVXOWV 
 BOW+ 

LogisticRegression 
TF-IDF+ 

LogisticRegression 
BOW+ 

naive_bayes 
TF-IDF+ 

naive_bayes 
Bert 

Twitter 0.7295 0.7576 0.7250 0.7440 0.7829 
Weibo 
(4,000) 

0.2437 0.2675 0.2662 0.2850 0.2950 

Weibo 
(30,000) 

0.4524 0.4879 0.5025 0.5467 0.6047 

����'LVFXVVLRQ 

)URP� WKH� DERYH� H[SHULPHQWDO� UHVXOWV�� LW� FDQ� EH� VHHQ� WKDW� WKH� UHVXOWV� RI� VRFLDO� PHGLD� VHQWLPHQW�
DQDO\VLV�RI�&KLQHVH�WH[WV�DUH�ZRUVH�WKDQ�WKRVH�RI�(QJOLVK�WH[WV��7KLV�PD\�PDLQO\�FRPH�IURP�WKUHH�
DVSHFWV�� )LUVW�� WKH� &KLQHVH� WH[W� LQYROYHV� ZRUG� VHJPHQWDWLRQ�� %\� DQDO\]LQJ� WKH� UHVXOWV� RI� ZRUG�
VHJPHQWDWLRQ��LW�FDQ�EH�VHHQ�WKDW�WKH�UHVXOWV�RI�VRPH�ZRUG�VHJPHQWDWLRQ�DUH�QRW�YHU\�FRQVLVWHQW�ZLWK�
&KLQHVH�JUDPPDU��$W�WKH�VDPH�WLPH��WKHUH�DUH�PXOWLSOH�ZRUG�VHJPHQWDWLRQ�LQ�D�VHQWHQFH��$QG�WKH�
UHVXOWV� RI� GLIIHUHQW� ZRUG� VHJPHQWDWLRQ� H[SUHVV� GLIIHUHQW� PHDQLQJV�� 6HFRQG�� WKH� VRFLDO� PHGLD�
VHQWLPHQW�FODVVLILFDWLRQ�RI�&KLQHVH�WH[W� LV�D� WKUHH�FDWHJRU\�SUREOHP��$W� WKH�VDPH� WLPH��LW�FDQ�EH�
OHDUQHG�IURP�WKH�SUHYLRXV�DQDO\VLV�WKDW�WKH�NH\ZRUGV�RI�GLVJXVWLQJ�HPRWLRQ�DQG�DQJU\�HPRWLRQ�DUH�
UHODWLYHO\�VLPLODU��VR�LW�LV�UHODWLYHO\�GLIILFXOW�WR�H[WUDFW�WKHLU�UHVSHFWLYH�FKDUDFWHULVWLFV��7KLUG��LQ�WKH�
GDWD�VHW�RI�&KLQHVH�WH[W��WKH�VHQWLPHQW�DQDO\VLV�FODVVLILFDWLRQ�LV�LQFRUUHFW��DQG�WKHUH�DUH�WH[WV�WKDW�DUH�
GLIILFXOW� WR� EH� FODVVLILHG� DV� GHILQLWH� VHQWLPHQW� FODVVLILFDWLRQ��7KHUHIRUH�� WKH� UHVXOWV� RI� VHQWLPHQW�
DQDO\VLV�RI�&KLQHVH�WH[W�VRFLDO�PHGLD�DUH�SRRU� 
 
$W�WKH�VDPH�WLPH��LW�FDQ�DOVR�EH�VHHQ�WKDW�ZKHQ�XVLQJ�WKH�VDPH�PHWKRG�WR�H[WUDFW�IHDWXUHV��&KLQHVH�
WH[W�LV�PRUH�VXLWDEOH�IRU�VHQWLPHQW�FODVVLILFDWLRQ�XVLQJ�1DLYH�%D\HVLDQ�DOJRULWKP��ZKLOH�(QJOLVK�WH[W�
LV�PRUH�VXLWDEOH�IRU�VHQWLPHQW�FODVVLILFDWLRQ�XVLQJ�ORJLVWLF�UHJUHVVLRQ�DOJRULWKP��,W�FDQ�DOVR�EH�VHHQ�
WKDW�%HUW�FDQ�LQGHHG�H[WUDFW�WKH�IHDWXUHV�LQ�WKH�GDWD�EHWWHU��WKXV�VKRZLQJ�WKH�EHVW�DFFXUDF\�RQ�DOO�GDWD�
VHWV� 



)LQDOO\��WKURXJK�WKH�FRPSDUDWLYH�H[SHULPHQW�RI�WKH�GDWD�YROXPH�RI�WKH�&KLQHVH�GDWD�VHW��LW�FDQ�EH�
VHHQ�WKDW�DQ\�DOJRULWKP�QHHGV�PRUH�GDWD�WR�DFKLHYH�EHWWHU�UHVXOWV�DQG�SHUIRUPDQFH��7KHUHIRUH��ZKHQ�
SHUIRUPLQJ�GDWD�DQDO\VLV��QRW�RQO\�WKH�TXDOLW\�RI�WKH�GDWD�QHHGV�WR�EH�SDLG�DWWHQWLRQ�WR��EXW�DOVR�WKH�
TXDQWLW\�RI�WKH�GDWD� 

  



Chapter 6 Conclusions and recommendations 

����&RQFOXVLRQV 

7KLV� SURMHFW� FDUULHG� RXW� VHQWLPHQW� DQDO\VLV� RQ�7ZLWWHU� DQG�:HLER� DFFRUGLQJ� WR� WKH� &5,63�'0�
PHWKRG�DQG�VROYHG�WKH�WKUHH�JRDOV�RI�WKLV�SURMHFW�DW�WKH�VDPH�WLPH� 
 
)LUVW�RI�DOO��WKLV�SURMHFW�FOHDQHG�XS�WKH�GDWD�VHW��,Q�WKLV�ZRUN��LW�ZDV�GLVFRYHUHG�WKDW�VHQWLPHQW�DQDO\VLV�
RI�&KLQHVH�WH[WV�DQG�VHQWLPHQW�DQDO\VLV�RI�(QJOLVK�WH[WV�DUH�YHU\�GLIIHUHQW�LQ�ZRUG�VHJPHQWDWLRQ� 
 
7KHQ�� WKURXJK� VWDWLVWLFDO� DQDO\VLV� RI� WKH� GDWD� VHW�� WKH� HPRWLRQDO� ZRUGV� RIWHQ� XVHG� E\� GLIIHUHQW�
HPRWLRQDO�WHQGHQFLHV�ZHUH�REWDLQHG��$W�WKH�VDPH�WLPH��LW�ZDV�XQH[SHFWHGO\�GLVFRYHUHG�WKDW�SHRSOH�
IUHTXHQWO\�XVH�SRVLWLYH�HPRWLRQDO�WHQGHQFLHV�LQ�QHJDWLYH�HPRWLRQV� 
 
)LQDOO\��WKURXJK�PRGHOLQJ��WKH�VHQWLPHQW�DQDO\VLV�DQG�FODVVLILFDWLRQ�RI�WKH�GDWD�VHW�LV�FRPSOHWHG��$W�
WKH�VDPH�WLPH��DFFRUGLQJ�WR�WKH�H[SHULPHQWDO�UHVXOWV��LW�LV�IRXQG�WKDW�ZKHQ�&KLQHVH�WH[W�VHQWLPHQW�
DQDO\VLV�DQG�(QJOLVK�VHQWLPHQW�DQDO\VLV�XVH�WKH�VDPH�IHDWXUHV��GLIIHUHQW�DOJRULWKPV�VKRXOG�EH�XVHG� 

����5HFRPPHQGDWLRQV 

$OWKRXJK�WKLV�SURMHFW�KDV�EHHQ�FRPSOHWHG��WKHUH�DUH�VWLOO�PDQ\�DUHDV�IRU�LPSURYHPHQW�LQ�WKLV�SURMHFW� 
 
$OWKRXJK�%HUW
V�SHUIRUPDQFH�LQ�VRFLDO�PHGLD�VHQWLPHQW�DQDO\VLV�LV�UHODWLYHO\�JRRG��WKH�WUDLQLQJ�WLPH�
LV�SDUWLFXODUO\�ORQJ��%HFDXVH�RI�WKH�PDQ\�SDUDPHWHUV��LW�WDNHV�D�ORQJ��ORQJ�WLPH�WR�WUDLQ��7KHUHIRUH��
LQ�IXWXUH�ZRUN��FDQ�WKH�PRGHO�EH�PRGLILHG�WR�UHGXFH�WKH�WUDLQLQJ�WLPH"�  
 
6HFRQGO\�� LW�FDQ�EH�VHHQ� WKDW� WKH�HIIHFW�RI� VRFLDO�PHGLD�VHQWLPHQW�DQDO\VLV�RI�&KLQHVH�WH[W� LV�QRW�
VDWLVIDFWRU\��ZKHWKHU�LW�LV�SRVVLEOH�WR�XVH�PRUH�FRPSOH[�DQG�GHHSHU�QHXUDO�QHWZRUNV�WR�H[WUDFW�WKH�
PRUH� IHDWXUHV�RI�&KLQHVH�WH[W�� VR�DV� WR� LPSURYH� WKH�HIIHFW�RI� VRFLDO�PHGLD�VHQWLPHQW�DQDO\VLV�RI�
&KLQHVH�WH[W�  



Chapter 7 Reflection 

-XVW�OLNH�DQ�ROG�&KLQHVH�VD\LQJ��WKH�VXQ�DQG�WKH�PRRQ�IO\�E\��DQG�WLPH�IOLHV�OLNH�DQ�DUURZ��ZKLFK�
PHDQV�WKDW�WLPH�SDVVHV�YHU\�TXLFNO\��7KLV�SURMHFW�LV�QHDULQJ�LWV�HQG��7KURXJK�WKLV�SURMHFW��,�KDYH�
OHDUQHG�D�ORW�DQG�KDYH�D�GHHSHU�XQGHUVWDQGLQJ�RI�GDWD�PLQLQJ�UHODWHG�NQRZOHGJH� 
 
)URP�WKH�GD\�ZKHQ�WKH�WRSLF�ZDV�UHOHDVHG��,�ZDV�YHU\�H[FLWHG�WR�FKRRVH�3URIHVVRU�1LN�:KLWHKHDG
V�
WRSLF�RQ�VRFLDO�PHGLD�VHQWLPHQW�DQDO\VLV��%HFDXVH�WKLV�WRSLF�LV�YHU\�DWWUDFWLYH�WR�PH��,�WKLQN�WKH�WRSLF�
LV�YHU\�LQWHUHVWLQJ��)LUVW�RI�DOO��WKH�FRQWHQW�RI�VRFLDO�PHGLD�LV�YHU\�ULFK��:H�FDQ�DOPRVW�JHW�SHRSOH
V�
YLHZV�DQG�FRPPHQWV�RQ�DQ\�WKLQJV�RU�DUWLFOHV�WKDW�ZH�ZDQW�WR�NQRZ��DQG�DQDO\]H�WKH�WH[W�LQIRUPDWLRQ�
SXEOLVKHG� E\� SHRSOH�� VR� WKDW� ,� FDQ� EHWWHU� XQGHUVWDQG� SHRSOH
V� YLHZV� DQG� WKRXJKWV�� 6HFRQGO\�� WKH�
DPRXQW� RI� LQIRUPDWLRQ� RQ� VRFLDO�PHGLD� LV� KXJH�� ,� JHW�ZKDW� ,�ZDQW� IURP� WKH�PDVVLYH�DPRXQW� RI�
LQIRUPDWLRQ�DQG�SHUIRUP�VHQWLPHQW�DQDO\VLV��7KLV�WRSLF�LV�YHU\�FKDOOHQJLQJ�DQG�FDQ�DOVR�LPSURYH�
P\�DELOLW\�DQG�XQGHUVWDQGLQJ�RI�NQRZOHGJH��)LQDOO\��VHQWLPHQW�DQDO\VLV�RQ�VRFLDO�PHGLD�LV�DOVR�RI�
JUHDW� FRPPHUFLDO� DQG� SUDFWLFDO� YDOXH��'LIIHUHQW� W\SHV� RI� WH[W� GDWD� FDQ� EH� VHOHFWHG� IRU� VHQWLPHQW�
DQDO\VLV�IRU�GLIIHUHQW�QHHGV��6RFLDO�PHGLD�DOORZV�XV�WR�REWDLQ�DOPRVW�DQ\�UHTXLUHG�GDWD��$QG�VRFLDO�
PHGLD�KDV�FODVVLILHG�GLIIHUHQW�WH[W�GDWD�DFFRUGLQJ�WR�WKH�UHOHYDQFH�RI�HYHQWV�RU�WKLQJV��ZH�FDQ�REWDLQ�
WKHP�DFFRUGLQJ�WR�WKH�QHHGV�HDVLO\��$IWHU�WKH�GDWD�LV�REWDLQHG��WKH�VHQWLPHQW�FODVVLILFDWLRQ�FDQ�EH�
XVHG� WR� XQGHUVWDQG� SHRSOH
V� RSLQLRQV� DQG� HPRWLRQV�� 7KLV� LV� YHU\� LPSRUWDQW�� EHFDXVH� SHRSOH
V�
RSLQLRQV�DQG�HPRWLRQV�FDQ�RIWHQ�DIIHFW�WKH�GHYHORSPHQW�RI�WKLQJV��VXFK�DV�WKH�VXEVHTXHQW�SXUFKDVHV�
RI� JRRGV�� SROLF\� FKDQJHV�� DQG� VXEVHTXHQW� PRYLH� ER[� RIILFH�� 7KHUHIRUH�� ZKHQ� ,� VDZ� WKH� WRSLF�
VHOHFWLRQ��,�GLG�QRW�KHVLWDWH�WR�FKRRVH�VRFLDO�PHGLD�VHQWLPHQW�DQDO\VLV� 
 
$IWHU�LGHQWLI\LQJ�WKH�WRSLF��,�VWDUWHG�WR�UHDG�D�ORW�RI�SDSHUV��DQG�WKHQ�IRXQG�WKDW�VHQWLPHQW�DQDO\VLV�
LV�D�YHU\�FRPSOH[�WRSLF��,W�LQFOXGHV�VHQWLPHQW�DQDO\VLV�RI�ORQJ�WH[WV��VHQWLPHQW�DQDO\VLV�RI�VKRUW�WH[WV��
H[SOLFLW�VHQWLPHQW�DQDO\VLV�DQG�LPSOLFLW�VHQWLPHQW�DQDO\VLV��7KHQ�,�VWDUWHG�WR�UHDG�DERXW�WKH�UHODWHG�
WHFKQRORJLHV�RI�VHQWLPHQW�DQDO\VLV��DQG�ILQDOO\�FKRVH�WR�XVH�PDFKLQH�OHDUQLQJ�DQG�GHHS�OHDUQLQJ�WR�
H[SHULPHQW� 
 
$IWHU�ZULWLQJ�D�OLWHUDWXUH�UHYLHZ�DQG�FRPPXQLFDWLQJ�ZLWK�P\�VXSHUYLVRU��,�VWDUWHG�P\�GDWD�DQDO\VLV�
DQG�H[SHULPHQWV��'XULQJ�WKH�GDWD�DQDO\VLV��WKH�H[SHULPHQW�SURJUHVVHG�UHODWLYHO\�VPRRWKO\��EXW�ODWHU�
P\�VHUYHU�IDLOHG�DQG�WKH�H[SHULPHQW�FRXOG�QRW�EH�SHUIRUPHG��DQG�WKH�H[SHULPHQW�UHVXOWV�FRXOG�QRW�
EH�REWDLQHG�IRU�D�ORQJ�WLPH��,�DP�YHU\�JUDWHIXO�WR�P\�PHQWRU��EHFDXVH�ZKHQ�VKH�OHDUQHG�WKDW�,�GLG�
QRW�JHW�WKH�UHVXOWV�RI�WKH�H[SHULPHQW�LQ�WKH�ODWHU�FRPPXQLFDWLRQ�� VKH�DQDO\]HG�P\�SURMHFW�IRU�PH�
HYHU\� WLPH�� DQG� DW� WKH� VDPH� WLPH�� KH� FRQWLQXHG� WR� HQFRXUDJH�PH��7KHUHIRUH�� LQ� WKH� ODWHU� JURXS�
PHHWLQJ��,�ZDV�QRW�WRR�VDWLVILHG�ZLWK�P\�RZQ�SHUIRUPDQFH� 
 
$W�WKH�VDPH�WLPH��LQ�WKH�ODWHU�H[FKDQJHV�DQG�GLVFXVVLRQV��,�ILQH�WXQHG�WKH�JRDO�RI�WKLV�WRSLF��RQO\�WR�
SHUIRUP�VHQWLPHQW�DQDO\VLV�RQ�VKRUW�WH[WV�LQ�VRFLDO�PHGLD��VR�LQ�WKH�HQG�RQO\�WZR�GDWD�VHWV�RI�7ZLWWHU�
DQG�:HLER�ZHUH�VHOHFWHG�IRU�H[SHULPHQWDWLRQ��DQG�WKH�VHQWLPHQW�RI�,0'%�ORQJ�WH[WV�ZDV�UHPRYHG�
IURP�P\�SURMHFW��,�DP�YHU\�JUDWHIXO�WR�P\�VXSHUYLVRU�IRU�KLV�XQGHUVWDQGLQJ�DQG�KHOS��DQG�FRQVWDQWO\�
UHYLVLQJ�HYHU\�SDUW�RI�WKH�SDSHU�,�VXEPLWWHG� 
 



,Q� WKH�SURFHVV�RI� FRPSOHWLQJ�WKH�SURMHFW��LQ�DGGLWLRQ� WR�VHUYHU� IDLOXUHV�� ,�DOVR�HQFRXQWHUHG�PDQ\�
SUREOHPV�ZLWK�ZULWLQJ�SDSHUV�DQG�LPSOHPHQWLQJ�H[SHULPHQWDO�FRGHV��)RU�WKH�WKHVLV�ZULWLQJ�SUREOHP��
P\�VXSHUYLVRU�JDYH�PH�WKH�JUHDWHVW�KHOS�DQG�VXSSRUW��DQG�VPRRWKO\�VROYHG�P\�SUREOHPV�LQ�WKH�WKHVLV�
ZULWLQJ�SURFHVV��3UREOHPV�UHODWHG�WR�WKH�H[SHULPHQWDO�FRGH�ZHUH�VXFFHVVIXOO\�VROYHG�E\�UHDGLQJ�WKH�
LQIRUPDWLRQ� DQG� FKHFNLQJ� WKH� EORJ�� $OWKRXJK� WKHUH� ZHUH� PDQ\� GLIILFXOWLHV� LQ� WKH� SURFHVV� RI�
FRPSOHWLQJ�WKH�SURMHFW��P\�DELOLW\�KDV�EHHQ�JUHDWO\�LPSURYHG� 
 
,Q� WKH� HQG�� ZLWK� WKH� KHOS� DQG� HQFRXUDJHPHQW� RI� P\�PHQWRU�� ,� FRPSOHWHG� WKH� SURMHFW� UHODWLYHO\�
VPRRWKO\��,Q�WKLV�SURMHFW��,�FRPSOHWHG�WKH�FOHDQLQJ�RI�WKH�WZR�GDWD�VHWV�RI�7ZLWWHU�DQG�:HL%R��$W�WKH�
VDPH� WLPH�� ,�H[WUDFWHG�WKH�NH\ZRUGV�RI�GLIIHUHQW�HPRWLRQDO� WH[W� LQIRUPDWLRQ��$W� WKH�VDPH� WLPH�� ,�
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