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7H[WXDO�&RQWHQW�0RGHUDWLRQ�XVLQJ�6XSHUYLVHG�0DFKLQH�
/HDUQLQJ�$SSURDFK

5HYDWL�*DQRUNDU���*DXUDQJ�6XNL���6KXEKDP�'HVKSDQGH����0D\XU�*LUL������$UDGGKDQD�
'HVKPXNK�

������� 6WXGHQW��'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��6PW��.DVKLEDL�1DYDOH�&ROOHJH�RI�(QJLQHHULQJ���3XQH
�$DUKXV�8QLYHUVLW\��+HUQLQJ��'HQPDUN

UHYDWLVJDQRUNDU#JPDLO�FRP��JDXUDQJ������#JPDLO�FRP��VKXEKDPGHVKSDQGH���#JPDLO�FRP��
PJLUL����#JPDLO�FRP����DDUDGKQD�GHVKPXNK#JPDLO�FRP�

$%675$&7
%\�WKH�LQFUHDVLQJ�XVH�RI�6RFLDO�1HWZRUNLQJ�6LWHV��D�KXJH�DPRXQW�RI�GDWD�LV�JHQHUDWHG�
RQ� GDLO\� EDVLV�� 7KLV� GDWD� FRQWDLQV� D� SOHWKRUD� RI� KDWH� VSHHFK� DQG� RIIHQVLYH� FRQWHQW�
ZKLFK�PDNHV� D� QHJDWLYH� LPSDFW� RQ� VRFLHW\��9DULRXV� WHFK� JLDQWV� VXFK� DV�)DFHERRN>�@�
DQG�0LFURVRIW�KDYH�EHHQ�XVLQJ�PDQXDO�FRQWHQW�PRGHUDWLRQ�WHFKQLTXHV�RQ�WKHLU�ZHEVLWH��
%XW�HYHQ�WKLV�KDV�D�QHJDWLYH�HIIHFW�RQ�FRQWHQW�PRGHUDWRUV�UHYLHZLQJ�FRQWHQW�DFURVV�WKH�
ZRUOG�� ,Q� RUGHU� WR� WDFNOH� WKLV� LVVXH��ZH�KDYH� SURSRVHG�DQ� HIILFLHQW� DXWRPDWHG� WH[WXDO�
FRQWHQW�PRGHUDWLRQ�WHFKQLTXH�ZKLFK�XVHV�VXSHUYLVHG�PDFKLQH�OHDUQLQJ�DSSURDFK�
.(<:25'6
6RFLDO� 1HWZRUNLQJ� 6LWHV�� FRQWHQW� PRGHUDWLRQ�� KDWH� VSHHFK�� RIIHQVLYH� ZRUGV�� WH[W�
FODVVLILFDWLRQ
���,1752'8&7,21
6RFLDO� 1HWZRUNLQJ� 6LWHV� KDYH� JDLQHG� D�
FRQVLGHUDEOH� DPRXQW� RI� SRSXODULW\� LQ�
UHFHQW� \HDUV�� ,W� KDV� WRWDOO\� FKDQJHG�
SHRSOH¶V� ZD\� RI� FRPPXQLFDWLRQ� DQG�
VKDULQJ�RI�LQIRUPDWLRQ�

3HRSOH� XVH� GLIIHUHQW� PHDQV� IRU�
FRPPXQLFDWLRQ� �([DPSOH�� WH[W� PHVVDJHV��
LPDJHV�� DXGLR� FOLSV�� YLGHR�FOLSV�� HWF��7KLV�
LQIRUPDWLRQ� VKDUHG� RQ� VRFLDO� QHWZRUNLQJ�
VLWHV�PD\� FRQWDLQ� VRPH� GDWD�ZKLFK�PLJKW�
EH� RIIHQVLYH� WR� VRPH� SHRSOH�� $OVR�� WKH�
VKDUHG� PHGLD� PD\� FRQWDLQ� VRPH� LOOHJDO�
LQIRUPDWLRQ� ZKLFK� FDQ� VSUHDG� WKH� ZURQJ�
PHVVDJH�LQ�WKH�VRFLHW\�

,Q� >�@�� DXWKRUV� KDYH� REVHUYHG� WKDW� WKH�
LQFUHDVH� LQ� WKH� XVH� RI VRFLDO� PHGLD� DQG�
:HE�����DUH�GDLO\�GUDZLQJ�PRUH�SHRSOH�WR�
SDUWLFLSDWH�DQG�H[SUHVV�WKHLU�SRLQW�RI�YLHZV�
DERXW�D�YDULHW\�RI�VXEMHFWV��+RZHYHU��WKHUH�
DUH�D�KXJH�QXPEHU�RI�FRPPHQWV�ZKLFK�DUH�
RIIHQVLYH� DQG� VRPHWLPHV� QRQ�SROLWLFDOO\�
FRUUHFW� DQG� VR� PXVW� EH� KLQGHUHG� IURP�
FRPLQJ� XS� RQOLQH�� 7KLV� LV� SXVKLQJ� WKH�
VHUYLFHV�SURYLGHUV�WR�EH�PRUH�FDUHIXO�ZLWK�

WKH�FRQWHQWV� WKH\�SXEOLVK� WR�DYRLG� MXGLFLDO�
FODLPV�� 7KLV� ZRUN� SURSRVHV� WKH� XVH� RI�
DXWRPDWLF� WH[WXDO�FODVVLILFDWLRQ� WHFKQLTXHV�
WR� LGHQWLI\� DQG� RQO\� DOORZ� WR� JR� RQOLQH�
KDUPOHVV�WH[WXDO�SRVWV�DQG�RWKHU�FRQWHQW�

'LIIHUHQW� VLWHV� XVH� GLIIHUHQW� PHWKRGV� WR�
PRGHUDWHG� WKH� WH[WXDO� FRQWHQW�� 616� OLNH�
)DFHERRN>�@�� 7ZLWWHU>�@� PDQXDOO\�
PRGHUDWH�WKH�FRQWHQW�ZKHUHDV�/LQNHGLQ>�@�
DXWRPDWLFDOO\� UHPRYHV� WKH� FRQWHQW� DIWHU�
UHSRUWHG�E\�D�FHUWDLQ�QXPEHU�RI�XVHUV��%XW��
PDQXDO� PRGHUDWLRQ� RI� FRQWHQW� UHTXLUHV�
PDQSRZHU� DQG� WKH�PRGHUDWRUV� KDYH� WR� JR�
WKURXJK� D� ORW� RI� PHQWDO� VWUHVV� ZKLOH�
PRGHUDWLQJ� WKH� GDWD�� 6RPH� RI� WKH� FDVHV�
ZKHUH� PRGHUDWRUV� VXIIHUHG� IURP� H[WUHPH�
VWUHVV� DUH� GLVFXVVHG� KHUH�� ,Q� >�@� FRQWHQW�
PRGHUDWRUV� DOOHJHG� )DFHERRN>�@� WKDW� LW�
IDLOHG� WR� NHHS� LWV�PRGHUDWRUV� VDIH� DV� WKH\�
GHYHORSHG� SRVW�WUDXPDWLF� VWUHVV� DQG�
SV\FKRORJLFDO� WUDXPD� IURP� YLHZLQJ�
JUDSKLF�LPDJHV�DQG�YLGHRV��

,Q� DQRWKHU� LQFLGHQW� >�@�� WZR� HPSOR\HHV� DW�
0LFURVRIW�ILOHG�D�ODZVXLW�DJDLQVW�0LFURVRIW�
DV� WKH\� ZHUH� IRUFHG� WR� YLHZ� FRQWHQW� WKDW�
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LQKXPDQH� ZKLFK� OHG� WR� VHYHUH� SRVW�
WUDXPDWLF� VWUHVV� GLVRUGHU�� 7KXV�� PDQXDO�
PRGHUDWLRQ�RI�DEXVLYH�FRQWHQW�LV�PDOLFLRXV�
IRU�WKH�SHUVRQ�PRGHUDWLQJ�WKH�FRQWHQW�DV�LW�
FDXVHV�KDUPIXO�HIIHFWV�RQ�WKHP�

7KHUHIRUH WKHUH� LV� D� QHHG� IRU� DQ� HIILFLHQW�
WHFKQLTXH� WR� PRQLWRU� KDWH� VSHHFKHV� DQG�
RIIHQVLYH� ZRUGV� RQ� VRFLDO� QHWZRUNLQJ�
VLWHV�

���/,7(5$785(�6859(<
,Q� >�@�� WKH� SDSHU� LQFOXGHV� PRGHUDWLRQ� RI�
PXOWLPRGDO� VXEWOHWLHV� VXFK� DV� LPDJHV� RU�
WH[W��7KH� DXWKRUV� GHYHORS� D� GHHS� OHDUQLQJ�
FODVVLILHU� WKDW� MRLQWO\� PRGHOV� WH[WXDO� DQG�
YLVXDO� FKDUDFWHULVWLFV� RI� SUR�HDWLQJ�
GLVRUGHU� FRQWHQW� WKDW� YLRODWHV� FRPPXQLW\�
JXLGHOLQHV�� )RU� DQDO\VLV�� WKH\� XVHG� D�
PLOOLRQ� SKRWRV�� SRVWV� IURP� 7XPEOU�� 7KH�
FODVVLILHU� GLVFRYHUV� GHYLDQW� FRQWHQW�
HIILFLHQWO\� ZKLOH� DOVR� PDLQWDLQLQJ� KLJK�
UHFDOO� ������� 7KH\� DOVR� GLVFXVV� KRZ�
DXWRPDWLRQ� PLJKW� LPSDFW� FRPPXQLW\�
PRGHUDWLRQ� DQG� WKH� HWKLFDO� DQG� VRFLDO�
REOLJDWLRQV�RI�WKLV�DUHD�

,Q�>�@��WKH�SURSRVHG�V\VWHP�LV�GHVLJQHG�IRU�
RSHQ�VRXUFH�RSHUDWLQJ�V\VWHP�ZLQGRZV�RU�
/LQX[��7KH� LPSOHPHQWDWLRQ�RI� WKLV� V\VWHP�
LV� EDVHG� RQ� 3+3� IUDPHZRUN�� 0\64/�
GDWDEDVH�LV�XVHG�IRU�VWRULQJ�WKH�GDWDVHWV�E\�
FRQILJXULQJ� WKH� /$03� VHUYHU� LQ� 8EXQWX�
DQG�:$03� VHUYHU� LQ� ZLQGRZV�� $OVR� WKH�
FRQILJXUDWLRQ� RI� 3+30\$GPLQ�� 8EXQWX�
KHOSV� WR� SHUIRUP� YDULRXV� WDVNV� VXFK� DV�
FUHDWLQJ�� PRGLI\LQJ� RU� GHOHWLQJ� GDWDEDVHV�
ZLWK� WKH� XVH� RI� D� ZHE� EURZVHU�� 'UHDP�
YLHZHU� LV� EHLQJ� XVHG� IRU� WKH� V\VWHP�
GHYHORSPHQW�� )RU� UHFRPPHQGDWLRQ�
JHQHUDWLRQ�� ODWHVW� YHUVLRQ� RI� $SDFKH� LV�
XVHG�� 7R� FRQILJXUH� :DPS� ZLWK� ZLQGRZV�
HQYLURQPHQW� WKH� LQWHJUDWLRQ� RI� :DPS�
VHUYHU� LQ� ZLQGRZV� LV� GRQH�� 7R� PDNH� WKH�
:HE� HQYLURQPHQW� VFDODEOH� LW� LV� EHLQJ�

LQWHJUDWHG�ZLWK�3+3� DQG�:DPS�� ,QLWLDOO\��
IRU� WKH� WHVWLQJ� SXUSRVH�� D� 3KDVH� RQH�
GHYHORSPHQW� LV� EHLQJ� HVWDEOLVKHG� RQ�
ORFDOKRVW�

,Q� >�@�� YDULRXV� WHFKQLTXHV� DSSOLHG�
UHJDUGLQJ� ZLWK� GDWD� SURFHVVLQJ�� VXFK� DV�
ZHLJKWLQJ�RI�WHUPV�DQG�WKH�GLPHQVLRQDOLW\�
UHGXFWLRQ�� $OO� WKHVH� WHFKQLTXHV� ZHUH�
VWXGLHG�LQ�RUGHU�WR�PRGHO�DOJRULWKPV�WR�EH�
DEOH� WR� PLPLF� ZHOO� WKH� KXPDQ� GHFLVLRQV�
UHJDUGLQJ� WKH� FRPPHQWV�� 7KH� UHVXOWV�
LQGLFDWH� WKH� DELOLW\� WR� PLPLF� H[SHUWV�
GHFLVLRQ� RQ� ������� LQ� WKH� GDWD� VHW� XVHG��
7KH�FODVVLILHUV�XVHG�IRU�FRPSDULVRQ�RI� WKH�
UHVXOWV�ZHUH� WKH�.�1HDUHVW�1HLJKERUV� DQG�
WKH� &RYDOHQW� %RQG� &ODVVLILFDWLRQ�� )RU�
GLPHQVLRQDOLW\� UHGXFWLRQ�� WHFKQLTXHV� IRU�
WKH� H[WUDFWLRQ� RI� WHUPV�ZHUH� DOVR� XVHG� WR�
EHVW� FKDUDFWHUL]H� WKH� FDWHJRULHV�ZLWKLQ� WKH�
GDWD�VHW�

$V� 616V� KDYH� EHFRPH� RI� SDUDPRXQW�
UHOHYDQFH� QRZDGD\V�� PDQ\� SHRSOH� UHIXVH�
WR� SDUWLFLSDWH� LQ� RU� MRLQ� WKHP� EHFDXVH� RI�
KRZ� HDV\� LW� LV� WR� SXEOLVK� DQG� VSUHDG�
FRQWHQW�WKDW�PLJKW�EH�FRQVLGHUHG�RIIHQVLYH��
,Q� >�@�� WKH� DSSURDFK� DFFXUDWHO\� LGHQWLILHV�
LQDSSURSULDWH� FRQWHQW� EDVHG� RQ� DFFXVHUV¶�
UHSXWDWLRQV��$QDO\VLV�RI� UHSRUWLQJ�V\VWHPV�
WR� DVVHVV� FRQWHQW� DV�KDUPOHVV�RU�RIIHQVLYH�
LQ�616V�

���*$3�$1$/<6,6
1RW� DOO� WKH� GDWD� JHQHUDWHG� IURP� 616� FDQ�
EH� FRQVLGHUHG� DV� QRUPDO�� ,W� FRQWDLQV D�
FRQVLGHUDWH� DPRXQW� RI� GDWD� WKDW� FDQ� EH�
FRQVLGHUHG� DV� RIIHQVLYH� DQG� KDWHIXO��
0DQXDO�FRQWHQW�PRGHUDWLRQ�LV�HIIHFWLYH�EXW�
UHTXLUHV� D� FRQVLGHUDWH� DPRXQW� RI�
PDQSRZHU� DQG� VRPHWLPHV� LW� FDQ� EH�
WUDXPDWLF� IRU� KXPDQV� WR� H[DPLQH� VXFK�
LQDSSURSULDWH� FRQWHQW�� +HQFH�� LQ� UHFHQW�
GD\V� VRPH� RUJDQL]DWLRQV� KDYH� FRPH� XS�
ZLWK� HIIHFWLYH� WHFKQLTXHV� ZKLFK� FDQ� EH�
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XVHG� IRU� ILOWHULQJ� LQDSSURSULDWH� FRQWHQW��
)ROORZLQJ� WDEOH� VXPPDUL]HV� DOO� WKH�
GLIIHUHQW� WHFKQLTXHV� XVHG� E\� GLIIHUHQW�
RUJDQL]DWLRQV�WR�UHFWLI\�WKLV�LOOHJDO�GDWD�

5HSRUWLQJ�
6\VWHPV

$XWRPDWLF�YV�KXPDQ�
LQWHUYHQWLRQ

8GG +DWH�UHSRUWV�DUH�
DXWRPDWLFDOO\�ILOWHUHG�

:RUN��%OXH�
DQG�KRIIPDQ

&RQWHQW�ZLWKGUDZQ�
GHSHQGLQJ�RQ�RZQHU¶V�
UHSXWDWLRQ

)DFHERRN 0DQXDO�UHYLHZ�RI�FRQWHQW�
RQ�VRFLDO�PHGLD

/LQNHGLQ $XWRPDWHG�ZLWKGUDZDO�
DIWHU�UHSRUWHG�E\�IL[HG�QR��
RI�XVHU�

7ZLWWHU� 0DQXDO�UHYLHZ�RI�FRQWHQW�
RQ�VRFLDO�PHGLD�DQG�DOVR�
XVHV�DXWRPDWHG�GDWD�

7DEOH����&RQWHQW�0RGHUDWLRQ�
7HFKQLTXHV�

0RVW� RI� WKH� RUJDQL]DWLRQV� PDQXDOO\�
PRQLWRU� WKH� FRQWHQW�� %HFDXVH� RI� WKLV�
SHRSOH� DUH� H[SRVHG� WR� RIIHQVLYH� FRQWHQW�
ZKLFK� VRPHWLPHV� FDQ� EH� KRVWLOH� IRU� WKH�
SHUVRQ�PRQLWRULQJ� WKH� GDWD� DQG� FDQ� FDXVH�
PHQWDO�VWUHVV��7KHUH�LV�D�QHHG�IRU�D�V\VWHP�
WKDW� ZLOO� DXWRPDWLFDOO\� PRQLWRU� RIIHQVLYH�
FRQWHQW� DQG� UHGXFH� WKH� PDQXDO� ZRUNORDG��
7KXV�� ZH� DUH� SURSRVLQJ� D� V\VWHP� ZKLFK�
ZLOO�DXWRPDWLFDOO\�PRQLWRU�616�IRU�PDOLJQ�
FRQWHQW�ZLWK�WKH�KHOS�RI�PDFKLQH�OHDUQLQJ�

���352326('�6<67(0
$XWRPDWLF� FRQWHQW� PRGHUDWLRQ� FDQ� EH�
DFKLHYHG� ZLWK� WKH� KHOS� RI� WUDGLWLRQDO�
QDWXUDO� ODQJXDJH� SURFHVVLQJ� WHFKQLTXHV�

FRXSOHG� ZLWK� VXSHUYLVHG� FODVVLILFDWLRQ�
OHDUQLQJ�� 8VLQJ� WKH� DVVRFLDWLRQ� EHWZHHQ�
WKHVH�WZR�PHWKRGV��WKH�PRGHO�IRU�RIIHQVLYH�
DQG�KDWHIXO�WH[W�GHWHFWLRQ�LV�SURSRVHG��7KH�
SURSRVHG� PRGHO� LV� GHVLJQHG� WR� DFKLHYH�
PRUH� HIILFLHQF\� LQ� LOOHJDO� WH[W�
FODVVLILFDWLRQ�SHUIRUPDQFH�

7KH�PDLQ�DLP�RI�WKH�SURSRVHG�PRGHO�LV�WR�
HOLPLQDWH� WKH� QHHG� IRU� PDQXDO� FRQWHQW�
PRGHUDWLRQ�� 7KLV� FDQ� EH� HIIHFWLYHO\�
DFKLHYHG�E\�XWLOL]LQJ�WHFKQLTXHV�RI�QDWXUDO�
ODQJXDJH�SURFHVVLQJ�DQG�PDFKLQH�OHDUQLQJ�
WKDW� ZKHQ� WUDLQHG� ZLWK� DSSURSULDWH� GDWD��
SUHGLFWV�D�QHDUO\�DFFXUDWH�RXWFRPH�

7KH� SURSRVHG� PRGHO� LV� FRPSRVHG� RI� WKH�
IROORZLQJ� FRUH� FRPSRQHQWV� DV� VKRZQ� LQ�
)LJXUH���

�� 1DWXUDO�/DQJXDJH�3URFHVVLQJ�� ,W�
LV� UHVSRQVLEOH� RI� WDNLQJ� WH[WXDO� GDWD� DV�
LQSXW�DQG�DSSO\�VHULHV�RI�QDWXUDO� ODQJXDJH�
SURFHVVLQJ� WHFKQLTXHV� VR� WKDW� LW� FDQ� EH�
SURFHVVHG� E\� WH[W� FODVVLILHU�� +HUH�
VHQWHQFHV�DUH�ILOWHUHG�DQG�FRQYHUWHG�LQWR�D�
YHFWRU�RI�QXPEHUV�
�� 7UDLQLQJ�� 7ZLWWHU��FRUSXV�LV�JLYHQ�
WR� 1DWXUDO� /DQJXDJH� 3URFHVVLQJ�
FRPSRQHQW�ZKLFK�FRQYHUWV� LW� LQWR�D� VHW�RI�
YHFWRUV�� 7KHVH� YHFWRUV� DQG� SUH�DVVLJQHG�
ODEHOV� DUH� XVHG� IRU� FRQVWUXFWLRQ� DQG�
WUDLQLQJ�RI�WKH�FODVVLILHU�PRGHO��7KH�PRGHO�
REWDLQHG� LV� WKHQ� LPSURYHG�ZLWK�SDUDPHWHU�
WXQLQJ��7KH�SDUDPHWHU�WXQLQJ�PHWKRG�XVHG�
KHUH�LV����IROG�FURVV�YDOLGDWLRQ�
�� &ODVVLILHU�PRGHO�� 'XULQJ�WUDLQLQJ��
FODVVLILHU� PRGHO� LV� FRQVWUXFWHG� IURP� WKH�
YHFWRUL]HG� VHQWHQFHV� SUHSDUHG� E\� 1DWXUDO�
/DQJXDJH�3URFHVVLQJ�FRPSRQHQW�DQG�ODEHO�
�2IIHQVLYH�1RUPDO�� ZKLFK� DUH� DOUHDG\�
SUHVHQW�LQ�WKH�GDWDVHW��)XUWKHU��WKLV�WUDLQHG�
FODVVLILHU� PRGHO� LV� XVHG� IRU� SUHGLFWLQJ� D�
JLYHQ� VHQWHQFH� ZKHWKHU� LW¶V� RIIHQVLYH� RU�
QRW�� &ODVVLILHU� SUHGLFWV� WKH� RXWFRPH�
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DFFXUDWHO\�DQG�SUHFLVHO\��)RU�WKLV�SXUSRVH��
�� DOJRULWKPV� DUH� FRPSDUHG� IRU� WKHLU�

FODVVLILFDWLRQ� SHUIRUPDQFH�

)LJXUH����3URSRVHG�$UFKLWHFWXUH

7ZHHWV� FRQWDLQ� XQQHFHVVDU\� GDWD� VXFK� DV�
VWRS�ZRUGV�� HPRMLV�� XVHUQDPHV�� 7KLV� NLQG�
RI� GDWD� GRHV� QRW� FRQWULEXWH� PXFK� LQ� WKH�
FODVVLILFDWLRQ�DQG�KHQFH��ZH�QHHG� WR� ILOWHU�
RXW�WKLV�GDWD�DV�ZHOO�DV�QRUPDOL]H�LW�LQWR�D�
VXLWDEOH� IRUPDW� VR� WKDW� LW� FDQ� EH� XVHG� IRU�
WUDLQLQJ� WKH� FODVVLILHU� IRU� FODVVLI\LQJ� WKH�
XQNQRZQ�WH[W�GDWD��$Q�,QGLYLGXDO�WZHHW�LV�
WDNHQ� DQG� LV� WKHQ� WRNHQL]HG� LQWR� ZRUGV��
7KHVH� WRNHQV� DUH� WKHQ� XVHG� WR� GHWHUPLQH�
XQQHFHVVDU\� GDWD� VXFK� DV� HPRML� DQG�
XVHUQDPHV�� )XUWKHUPRUH�� XQQHFHVVDU\�
V\PEROV� DQG� VWRSZRUGV� DUH� UHPRYHG� LQ�
RUGHU�WR�UHGXFH�WKH�GDWD�YROXPH�

7KH� PDLQ� WDVN� LV� WR� QRUPDOL]H� WKH� GDWD��
+HQFH� WKH� DLP� LV� WR� LQIHU� WKH� JUDPPDU�
LQGHSHQGHQW� UHSUHVHQWDWLRQ� RI� D� JLYHQ�
WZHHW�� /HPPDWL]DWLRQ� LV� XVHG� WR� ILQG� RXW�
WKH�WKH�OHPPD�RI�HDFK�WRNHQ��$IWHU�WKLV��DOO�
WKH� ILOWHUHG� WRNHQV� IRU� RQH� WZHHW� DUH�
FROOHFWHG�WRJHWKHU�IRU�IXUWKHU�SURFHVVLQJ�

7KH� YHFWRUL]DWLRQ� DOJRULWKP� XVHG� LQ� WKH�
SURSRVHG� PRGHO� LV� 7)�,')� YHFWRUL]DWLRQ��
7KH� UHDVRQ� WR� FKRRVH� WKLV� SDUWLFXODU�
YHFWRUL]DWLRQ� WHFKQLTXH� LV� WKDW� WKH� GDWDVHW�
XVHG� IRU� WKH� H[SHULPHQWDWLRQ� D� FRQWDLQV�
ODUJH� QXPEHU� RI� WZHHWV� FRQWDLQLQJ�
RIIHQVLYH�ZRUGV�ZKLFK�GRPLQDWH�WKH�VPDOO�
QXPEHU� RI� UHJXODU� WZHHWV�� $V� 7)�,')�
DVVLJQV� WKH� VFRUH� GHSHQGLQJ� XSRQ� WKH�
RFFXUUHQFH� RI� D� WHUP� LQ� D� GRFXPHQW�� WKLV�
VHHPV�WR�EH�WKH�EHVW�FKRLFH�

7KH� FODVVLILHU� PRGHO� LV� WKHQ� WUDLQHG� RQ� D�
FROOHFWLRQ� RI� SDLUV� FRQWDLQLQJ� YHFWRUL]HG�
WZHHWV� DQG� ZKHWKHU� WKH\� DUH� RIIHQVLYH� RU�
QRW� 6XSHUYLVHG� FODVVLILFDWLRQ� LV� XVHG� LQ�
WKLV�SURSRVHG� V\VWHP� LV� DEOH� WR� WKHQ� OHDUQ�
IURP� WKHVH� WZHHWV� DQG� FDQ� FODVVLI\� D� QHZ�
WZHHW�

$IWHU�WUDLQLQJ��D�QHZ�WZHHW�LV�JLYHQ�WR�WKH�
PRGHO�� LW� ZLOO� UHSHDW� DOO� WKH� DERYH� VWHSV�
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H[FHSW� WUDLQLQJ� WKH� PRGHO�� $IWHU� JRLQJ�
WKURXJK� WKHVH� VWHSV�� YHFWRUL]HG�
UHSUHVHQWDWLRQ� RI� D� VHQWHQFH� LV� REWDLQHG��
7KLV� YHFWRUL]HG� UHSUHVHQWDWLRQ� LV� WKHQ�
JLYHQ� WR� SUHYLRXVO\� WUDLQHG� FODVVLILHU�
PRGHO� DV� LQSXW� DQG� LW� FODVVLILHV� WKH� WZHHW�
GHSHQGLQJ�RQ�LWV�FRQWHQW�

���0$7+(0$7,&$/�02'(/
7KH�3URSRVHG�PRGHO�FDQ�EH�UHSUHVHQWHG�LQ�
PDWKHPDWLFDO�PRGHO�DV�IROORZV��

7HUP� IUHTXHQF\� LQYHUVH� GRFXPHQW�
IUHTXHQF\� �7)�,')�� RI� ZRUGV� LQ� JLYHQ�
FRUSXV�LV�FDOFXODWHG�E\�

�������

:KHUH��

W�� WHUPV

D�� LQGLYLGXDO�GRFXPHQW

'�� FROOHFWLRQ�RI�GRFXPHQW

WI� � WHUP� IUHTXHQF\� L�H�� QXPEHU� RI�
WLPHV� � � ZRUGV� DSSHDU� LQ� HDFK�
GRFXPHQW

LGI�� LQYHUVH�GRFXPHQW�IUHTXHQF\�
FDOFXODWHG�E\

8VLQJ� ���� DOO� HTXDWLRQ� DUH� YHFWRUL]HG��

/HW�9L UHSUHVHQW�YHFWRUL]HG�VHQWHQFH�L��WKHQ�
JHQHUDO�FODVVLILHU�LV�UHSUHVHQWHG�XVLQJ

:KHUH�

��SUHGLFWHG�RXWFRPH

&���FODVVLILHU�IXQFWLRQ

+HUH�� ZH� XVHG� �� FODVVLILHU� PRGHOV��
�%HUQRXOOL�1DLYH�%D\HV�DQG�%DJJHG�690��
IRU�SHUIRUPDQFH�FRPSDULVRQ

��� 1DLYH�%D\HV��
DUJPD[��

�

��� %DJJHG�6XSSRUW�9HFWRU�
0DFKLQHV��
$V�JLYHQ�LQ�>��@��6XSSRUW�9HFWRU�0DFKLQHV�
FDQ�EH�EDJJHG�DV

ZKHUH�

+P���6HTXHQFH�RI�FODVVLILHUV

P����������0

0���1XPEHU�RI�FODVVLILHUV�LQ�
EDJJLQJ

��/HDUQLQJ�SDUDPHWHU

���5(68/7�	�',6&866,21
:H� XVHG� GDWDVHW� GHYHORSHG� E\� >��@� DQG�
IXUWKHU� PRGLILHG� LW� WR� ILW� WKH� QHHGV� IRU�
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FODVVLILFDWLRQ�RI�WKH�SURSRVHG�V\VWHP��7KLV�
GDWDVHW�RULJLQDOO\�FRQWDLQHG���FDWHJRULHV�

��1RUPDO�WZHHWV

��2IIHQVLYH�WZHHWV

��7ZHHWV�FRQWDLQLQJ�KDWH�VSHHFK

2QO\� �� FDWHJRULHV� DUH� XVHG� IRU� WKH�
H[SHULPHQWDWLRQ�� 1RUPDO� WZHHWV� DQG�
HIIHQVLYH� WZHHWV�� +DWH� VSHHFK� ZKLFK� DOVR�
FRQWDLQHG�RIIHQVLYH�WZHHWV�DUH�ILOWHUHG�DQG�
DUH�WUHDWHG�DV�RIIHQVLYH�WZHHW�RQO\��

7KH� SURSRVHG� PRGHO� LV� LPSOHPHQWHG� LQ�
6FLNLW�OHDUQ� OLEUDU\>��@� LQ� RUGHU� WR� REWDLQ�
UHVXOWV�� )ROORZLQJ� WDEOH� VKRZV� WKH�

FRPSDULVRQ� RI� YDULRXV� SUHGLFWLYH� PHWULFV�
IRU� �� PRGHOV� ZKLFK� DUH� XVHG� IRU� WKH�
WUDLQLQJ�

5HVXOWV
%HUQRXOOL�
1DLYH�%D\HV
 %DJJHG�690

$FFXUDF
\ ������������ ������������

3UHFLVLRQ ������������ ������������

5HFDOO ������������ �����������

)��6FRUH ������������ ������������

7DEOH����3HUIRUPDQFH�PHWULFV�IRU�%HUQRXOOL�1DLYH��
%D\HV¶�DQG�%DJJHG�690

)LJXUH�����%DU�FKDUW�IRU�GLIIHUHQW�PHWULF�FRPSDULVRQ�EHWZHHQ�WKH�WZR�PRGHOV

)URP� )LJXUH� ��� LW� FDQ� EH� LQIHUUHG� WKDW�
ERWK�PRGHOV�\LHOG�DOPRVW�VDPH�DFFXUDF\�
EXW�E\�FRQVLGHULQJ�RWKHU�PHWULFV��%DJJHG�
690� SHUIRUPV� EHWWHU� WKDQ� %HUQRXOOL�
1DLYH�%D\HV¶�

���)8785(�:25.�
7UDGLWLRQDOO\�FRQWHQW�PRGHUDWLRQ�LV�GRQH�
PDQXDOO\�� 7KLV� PDQXDO� ZRUN� FDQ� EH�

UHGXFHG� XVLQJ� WKH� SURSRVHG� V\VWHP��
&XUUHQWO\�� WKH� SURSRVHG� V\VWHP� LV� IRU�
WH[WXDO�GDWD�EXW�LQ�WKH�IXWXUH��WKLV�FDQ�EH�
H[WHQGHG� WR� LPDJHV�� YLGHRV�� DQG� DXGLR��
)XUWKHU�� DQ� HIILFLHQW� PRGHO� ZLWK� KLJKHU�
HIILFLHQF\� FDQ� EH� XVHG� WR� FODVVLI\� WH[W�
GDWD�PRUH�HIIHFWLYHO\��$GGLWLRQDOO\�� � WKH�
DOJRULWKP�WR�ILQG�RXW�ZKDW�LV�ZURQJ�ZLWK�
WKH�FRQWHQW�FDQ�DOVR�EH�GHVLJQHG��0DQXDO�
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0RGHUDWRUV�ZLOO� EH� OHVV� H[SRVHG� WR�KDWH�
VSHHFKHV� DQG� RIIHQVLYH� LI� VXFK� PRGHOV�
DUH�LPSOHPHQWHG�RQ�ODUJH�VFDOH���

���&21&/86,21
7KLV� V\VWHP� PDLQO\� IRFXVHV� RQ�
FDWHJRUL]LQJ� WH[W� GDWD� LQ� WZR� FDWHJRULHV�
QDPHO\� RIIHQVLYH� DQG� QRUPDO�� 7KLV� ZLOO�
KHOS� FRQWHQW� PRGHUDWRUV� WR� UHYLHZ� OHVV�
RIIHQVLYH� GDWD�� &RQWHQW� PRGHUDWLRQ�
SURFHVV�ZLOO�EH�DXWRPDWHG�E\�WKH�XVH�RI�D�
PDFKLQH�OHDUQLQJ�WHFKQLTXH�

5()(5(1&(

>�@ )DFHERRN�KWWSV���ZZZ�IDFHERRN�FRP��
>$FFHVV�'DWH�����'HF�����@�

>�@ 7ZLWWHU�KWWSV���WZLWWHU�FRP��������������������
>$FFHVV�'DWH�����'HF�����@�

>�@ /LQNHG,Q�KWWSV���LQ�OLQNHGLQ�FRP�����������
>$FFHVV�'DWH�����'HF�����@�

>�@ 0DUFRV� 5RGULJXHV� 6D~GH�� 0DUFHOR� GH�
0HGHLURV� 6RDUHV�� +HQULTXH� *RPHV� %DVRQL��
3DWULFN� 0DUTXHV� &LDUHOOL�� (OLDV� 2OLYHLUD�� ³$�
6WUDWHJ\�IRU�$XWRPDWLF�0RGHUDWLRQ�RI�D�/DUJH�
'DWD� 6HW� RI� 8VHUV� &RPPHQWV´�� ,Q� ����� ;/�
/DWLQ� $PHULFDQ� &RPSXWLQJ� &RQIHUHQFH�
�&/(,��������6HSWHPEHU��

>�@ )DFHERRN
V� ������ 0RGHUDWRUV� 3URWHFW� <RX�
)URP� WKH� ,QWHUQHW
V�0RVW�+RUULI\LQJ�&RQWHQW��
%XW� :KR
V� 3URWHFWLQJ� 7KHP�
KWWSV���ZZZ�LQF�FRP�FKULVWLQH�
ODJRULR�IDFHERRN�FRQWHQW�PRGHUDWRU�
ODZVXLW�KWPO�>$FFHVV�'DWH�����'HF�����@�

>�@ 0RGHUDWRUV� ZKR� KDG� WR� YLHZ� FKLOG� DEXVH�
FRQWHQW�VXH�0LFURVRIW��FODLPLQJ�376'�

KWWSV���ZZZ�WKHJXDUGLDQ�FRP�WHFKQRORJ\����
��MDQ����PLFURVRIW�HPSOR\HHV�FKLOG�DEXVH�
ODZVXLW�SWVG�>$FFHVV�'DWH�����'HF�����@�

>�@ 6WHYLH�&KDQFHOORU��<DQQLV�.DODQWLGLV�� -HVVLFD�
$�� 3DWHU��0XQPXQ�'H�&KRXGKXU\��'DYLG�$��
6KDPPD�� ´0XOWLPRGDO� &ODVVLILFDWLRQ� RI�
0RGHUDWHG� 2QOLQH� 3UR�(DWLQJ� 'LVRUGHU�
&RQWHQW´�� ,Q� 3URFHHGLQJV� RI� WKH� ����� &+,�
&RQIHUHQFH�RQ�+XPDQ�)DFWRUV� LQ�&RPSXWLQJ�
6\VWHPV� �3J�� ����������� RQ� $&0�
������0D\��

>�@ 6DQDIDULQ� 0XOOD�� $YLQDVK� 3DODYH��
³0RGHUDWLRQ�7HFKQLTXH�)RU�6H[XDOO\�([SOLFLW�
&RQWHQW´�� ,Q� ����� ,QWHUQDWLRQDO� &RQIHUHQFH�
RQ� $XWRPDWLF� &RQWURO� DQG� '\QDPLF�
2SWLPL]DWLRQ� 7HFKQLTXHV� �,&$&'27�� DW�
,QWHUQDWLRQDO� ,QVWLWXWH� RI� ,QIRUPDWLRQ�
7HFKQRORJ\��,�,7���3XQH�������6HSWHPEHU��

>�@ )pOL[� *yPH]� 0iUPRO�0DQXHO� *LO� 3pUH]�
�*UHJRULR� 0DUWtQH]� 3pUH]�� ³5HSRUWLQJ�
2IIHQVLYH� &RQWHQW� LQ� 6RFLDO� 1HWZRUNV��
7RZDUG� D� 5HSXWDWLRQ�%DVHG� $VVHVVPHQW�
$SSURDFK´�� ,Q� ,(((� ,QWHUQHW� &RPSXWLQJ�
9ROXPH������,VVXH�����0DU��$SU�������

>��@ 'DYLGVRQ�� 7KRPDV� DQG�:DUPVOH\��'DQD� DQG�
0DF\�� 0LFKDHO� DQG� :HEHU�� ,QJPDU��
´$XWRPDWHG� +DWH� 6SHHFK� 'HWHFWLRQ� DQG� WKH�
3UREOHP� RI� 2IIHQVLYH� /DQJXDJH´�� ,Q�
SURFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� $$$,�
&RQIHUHQFH� RQ :HE� DQG� 6RFLDO�0HGLD� ������
�3J�����������

>��@ 6FLNLW�OHDUQ��$�PRGXOH�IRU�PDFKLQH�OHDUQLQJ�

KWWSV���VFLNLW�OHDUQ�RUJ� >$FFHVV� 'DWH�� ��� 'HF�
���@�

>��@ .ULVWtQD� 0DFKRYi�� )UDQWLãHN� %DUþiN�� 3HWHU�
%HGQiU�� ³$�%DJJLQJ�0HWKRG�8VLQJ�'HFLVLRQ�
7UHHV�LQ�WKH�5ROH�RI�%DVH�&ODVVLILHUV´�LQ�$FWD�
3RO\WHFKQLFD� +XQJDULFD�� 9RO���� 1R���� ������
���������,661�����������


