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$Q�RSHQ�DUFKLWHFWXUH�IRU�FRPSOH[�HYHQW�SURFHVVLQJ�ZLWK�PDFKLQH�OHDUQLQJ�

1KDQ��1DWKDQ��7UL�/XRQJ��=RUDQ�0LORVHYLF�����$QGUHZ�%HUU\���)HWKL�5DEKL���
�'HRQWLN��$XVWUDOLD��

�,QVWLWXWH�IRU�,QWHJUDWHG�DQG�,QWHOOLJHQW�6\VWHPV��*ULIILWK�8QLYHUVLW\��$XVWUDOLD�
�6FKRRO�RI�&RPSXWHU�6FLHQFH�DQG�(QJLQHHULQJ��8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV��$XVWUDOLD�

^OXRQJWULQKDQ#JPDLO�FRP��]RUDQ#GHRQWLN�FRP��DQG\E#GHRQWLN�FRP��I�UDEKL#XQVZ�HGX�DX`�
��

$EVWUDFW� ²� 7KLV� SDSHU� SURSRVHV� DQ� DGYDQFHG�� RSHQ�
DUFKLWHFWXUH�WR�DXJPHQW�VWUHDPLQJ�GDWD�SODWIRUPV�ZLWK�ERWK�
FRPSOH[� HYHQW� SURFHVVLQJ� �&(3�� DQG� SUHGLFWLYH� PDFKLQH�
OHDUQLQJ�PRGHOV��:H�OHYHUDJH�WKH�SRZHU�RI�&(3�WR�SUHSURFHVV�
VWUHDPV� XVLQJ� VRSKLVWLFDWHG� HYHQW� SDWWHUQ� H[SUHVVLRQV� WKHQ�
SUHVHQW�WKHVH�SUHSURFHVVHG�VWUHDPV�IRU�GRZQVWUHDP�WUDLQLQJ�
DQG�SUHGLFWLYH�FRPSXWDWLRQV��:H�GHPRQVWUDWH�WKLV�DSSURDFK�
XVLQJ�VSHFLILF�WHFKQRORJ\�FRPSRQHQWV��

.H\ZRUGV�±� VWUHDPLQJ�� UHDO�WLPH�DQDO\WLFV�� FRPSOH[� HYHQW�
SURFHVVLQJ��PDFKLQH�OHDUQLQJ��DUWLILFLDO�LQWHOLJHQFH��

,�� �,1752'8&7,21��
7KH� LQFUHDVLQJ�DYDLODELOLW\�RI�GLJLWDOO\�DFFHVVLEOH� UHDO�

WLPH�GDWD� VRXUFHV� VXFK�DV� VWRFN�PDUNHW�GDWD��QHZV�� VRFLDO�
PHGLD� DQG� ,R7� V\VWHPV�� DQG� WKH� JURZLQJ� QXPEHU�RI� GDWD�
VWUHDPLQJ�HQJLQHV�SURYLGH�D�EDVLV�IRU�PDQ\�QHZ�UHDO�WLPH�
DQDO\WLFV�DSSOLFDWLRQV��7KHVH�DSSOLFDWLRQV�GHOLYHU�UHDO�WLPH�
LQVLJKWV� LQWR� FKDQJHV� RFFXUULQJ� LQ� EXVLQHVV� RU� VRFLDO�
HQYLURQPHQWV�DQG�HQDEOH�UDSLG�GHFLVLRQ�PDNLQJ���

$� GDWD� VWUHDP� LV� D� VHTXHQFH� RI� GDWD� LWHPV� FDUU\LQJ�
LQIRUPDWLRQ�DERXW�HYHQWV��HDFK�VLJQLI\LQJ�DQ�RFFXUUHQFH�RI�
DQ�LPSRUWDQW�FKDQJH�LQ�WKH�HQYLURQPHQW��7KHUH�DUH�WZR�PDLQ�
DOJRULWKPLF�FKDOOHQJHV�ZKHQ�GHDOLQJ�ZLWK�VWUHDPLQJ������WKH�
VWUHDPV�DUH�ODUJH�DQG�KDYH�KLJK�YHORFLW\��DQG�����ZH�QHHG�WR�
PDWFK�SDWWHUQV�DQG�PDNH�SUHGLFWLRQV�LQFUHPHQWDOO\�LQ�UHDO�
WLPH��7KLV�LPSOLHV�WKDW�ZH�RIWHQ�QHHG�WR�DFFHSW�DSSUR[LPDWH�
VROXWLRQV�LQ�RUGHU�WR�XVH�OHVV�WLPH�DQG�PHPRU\��

,W�LV�SRVVLEOH�WR�FDSWXUH�HYHQW�UHODWLRQVKLSV�WKURXJK�HYHQW�
SDWWHUQ� W\SHV�� VSHFLI\LQJ� ORJLFDO�� WHPSRUDO� RU� FDXVDO�
UHODWLRQVKLSV� EHWZHHQ� HYHQWV�� (YHQWV� FDQ� EH� HPLWWHG� E\�
PXOWLSOH� VRXUFHV� DQG� LW� LV� RIWHQ� WKURXJK� FRPELQLQJ� WKHVH�
VRXUFHV� XVLQJ� VDPSOLQJ�� ILOWHULQJ�� FRUUHODWLRQ� DQG�
DJJUHJDWLRQ� WKDW� QHZ� LQVLJKWV� FDQ� EH� GHOLYHUHG�� )RU�
H[DPSOH�� D� VHTXHQFH� RI� HYHQWV� UHSUHVHQWLQJ� SULFH�
PRYHPHQWV�FDQ�EH�FRUUHODWHG�ZLWK�QHZV�LWHPV�FRPLQJ�IURP�
VRXUFHV� OLNH� VRFLDO�PHGLD� WR�KLJKOLJKW� LQIOXHQFHV�RQ�VWRFN�
SULFH���

7KH� JURZLQJ� GHYHORSPHQW� DQG� VRSKLVWLFDWLRQ� RI�
PDFKLQH� OHDUQLQJ� �0/�� DQG� DUWLILFLDO� LQWHOOLJHQFH� �$,��
SURYLGHV�GDWD�GULYHQ�LQIHUHQFH�DQG�OHDUQLQJ�DERXW�DFWLYLWLHV�
LQ�D�SDUWLFXODU�GRPDLQ��&RQVLGHUDEOH�UHVHDUFK�LQ�0/�DQG�$,�
KDV� EHHQ� FHQWUHG� DURXQG� DFFHVVLQJ�� FXUDWLQJ� DQG� SUH�
SURFHVVLQJ�VWDWLF�GDWD�VHWV�IRU�PRGHO�WUDLQLQJ�SXUSRVHV��)RU�
H[DPSOH�� WKH� XVH� RI�0/� DQG�$,� FDQ� KHOS� LGHQWLI\� VWRFNV�
ZKRVH� KLVWRULFDO� WUDGH� SULFHV� PRYH� WRJHWKHU� LQ� WKH� VDPH�
GLUHFWLRQ��NQRZQ�DV�SDLUV�WUDGLQJ��7KLV�FDQ�EH�H[WHQGHG�WR�
KHOS� LGHQWLI\� VSHFLILF� WUDGLQJ�RSSRUWXQLWLHV� LQ�UHDO�WLPH�RU�
VHOHFW� DVVHWV� GXULQJ� SRUWIROLR� FRQVWUXFWLRQ�� 3URFHVVLQJ� RI�
FRQWLQXRXVO\� FKDQJLQJ� GDWD� VWUHDPV� IRU� 0/� SXUSRVHV�
KRZHYHU�EULQJV�PDQ\�DGGLWLRQDO�FKDOOHQJHV�>�@��

&RQWLQXRXV� OHDUQLQJ� LV� WKH� DELOLW\� RI� D�PRGHO� WR� OHDUQ�
FRQWLQXRXVO\�IURP�D�VWUHDP�RI�GDWD��7KLV� UHTXLUHV�IOH[LEOH�
DUFKLWHFWXUHV� WR� VXSSRUW� LQWHJUDWLRQ� RI� SUH�SURFHVVLQJ��
WUDLQLQJ�DQG�SUHGLFWLRQ�WDVNV��7KLV�SDSHU�SURYLGHV�DQ�RSHQ�
DUFKLWHFWXUH� WKDW� VXSSRUWV� FRPSOH[� SUH�SURFHVVLQJ� XVLQJ�
&(3�SDWWHUQ�PDWFKLQJ�FDSDELOLWLHV�DQG�LQWHJUDWHV�LW�ZLWK�WKH�
GRZQVWUHDP�0/�DQG�$,�IXQFWLRQV�LQ�D�PDQQHU�WKDW�VXSSRUWV�
UHDO�WLPH�$,�SUHGLFWLRQ�DQG�G\QDPLF�WUDLQLQJ���

7KH� QH[W� VHFWLRQ� SUHVHQWV� HPHUJLQJ� WUHQGV� DQG�
FKDOOHQJHV�LQ�LQWHJUDWLQJ�VWUHDPLQJ�DQDO\WLFV�ZLWK�0/�DQG�
$,�� DQG�SUHVHQWV�D�JHQHULF� DUFKLWHFWXUH� LQ� VXSSRUW�RI� WKLV��
6HFWLRQ�,,,�GHVFULEHV�RXU�VSHFLILF�LPSOHPHQWDWLRQ�DSSURDFK��
VHFWLRQ�,9�SURYLGHV�HYDOXDWLRQ�RI�RXU�DSSURDFK�DQG�VHFWLRQ�
9�SUHVHQWV�FRQFOXVLRQV�DQG�IXWXUH�GLUHFWLRQV��

,,�� ,17(*5$7,1*�(9(17�%$6('�675($0,1*�$1'�$,��

$�� 5HODWHG�ZRUN��
:H� DGGUHVV� WZR� GLVWLQFW� DVSHFWV� RI� LQWHJUDWLQJ� HYHQW�

EDVHG�VWUHDPLQJ�DQG�0/�$,�VROXWLRQV��
x� 3URYLGLQJ� D� IOH[LEOH� DUFKLWHFWXUH� WR� VXSSRUW�PXOWLSOH�

FRQILJXUDWLRQV� DQG� GHSOR\PHQW� RSWLRQV�� DQG� WR�
DFFRPPRGDWH�GLIIHUHQW�UHDO�WLPH�DQDO\WLFV�XVH�FDVHV���

x� 'HYHORSLQJ�VWUHDPLQJ�DOJRULWKPV�WKDW�VXSSRUW�PDFKLQH�
OHDUQLQJ�DQG�SUHGLFWLRQ�WDVNV�RQ�D�UHDO�WLPH�GDWD�VWUHDP��
7KH�NH\�UHODWHG�UHVHDUFK�HIIRUWV�DUH�VXPPDULVHG�QH[W��
��� $UFKLWHFWXUH�DVSHFWV�
$� IOH[LEOH� DUFKLWHFWXUH� VKRXOG� DFFRPPRGDWH� D� ZLGH�

UDQJH�RI�UHDO�WLPH�DQDO\WLFV�XVH�FDVHV��)RU�H[DPSOH��VRPH�
XVDJH� VFHQDULRV� GR� QRW� UHTXLUH� VRSKLVWLFDWHG� &(3�
IXQFWLRQDOLW\�DQG�FDQ�EH�LPSOHPHQWHG�XVLQJ�RXW�RI�WKH�ER[�
FRQVWUXFWV� IURP� VWUHDPLQJ� HQJLQHV�� VXFK� DV� ILOWHULQJ� DQG�
VLPSOH�TXHULHV�RYHU�HYHQWV�PDGH�SRVVLEOH�E\�QHZ�UHDO�WLPH�
DQDO\WLFV� HQJLQHV�� ([DPSOHV� DUH�0LFURVRIW� $]XUH� 6WUHDP�
$QDO\WLFV�>��@��$PD]RQ�6WUHDPLQJ�>��@�ZLWK�PXOWLSOH�RSHQ�
VRXUFH� VWUHDPLQJ� HQJLQHV�� LQFOXGLQJ�.DIND� >�@�� )OXPH>�@��
6SDUN�>�@�DQG�6WRUP>�@��DQG�&ORXGHUD�VWUHDPLQJ�DQDO\WLFV�
>��@��EDVHG�RQ�$SDFKH�)OLQN�>�@��7KHVH�VWUHDPLQJ�VHUYLFHV�
KDYH�HYROYHG�WKHLU�DELOLW\�WR�VXSSRUW�SURFHVVLQJ�RI�HYHQWV��
QRZ�LQFOXGLQJ�EDVLF�HOHPHQWV�RI�VRPH�HDUOLHU�FRPSOH[�HYHQW�
SURFHVVLQJ��&(3��WHFKQRORJLHV�>�@��DV�DOVR�GLVFXVVHG�LQ�RXU�
HDUOLHU�DQDO\VLV�RI�UHDO�WLPH�DQDO\WLFV�VROXWLRQV�>��@���

7KHUH�DUH�KRZHYHU�RQO\�D�VPDOO�QXPEHU�RI�&(3�HQJLQHV�
DEOH�WR�VXSSRUW�WUXO\�HYHQW�EDVHG�DQG�GLVWULEXWHG�SURFHVVLQJ�
ZLWK� PLQLPDO� ODWHQF\� DQG� ULFK� H[SUHVVLYHQHVV� RI� HYHQW�
UHODWLRQVKLSV�� DQG� ZLWK� LQWHJUDWHG� HYHQW� DQG� WHPSRUDO�
UHODWLRQVKLSV� QHHGHG� IRU� YDULRXV� W\SH� RI� VOLGLQJ� ZLQGRZ�
DSSOLFDWLRQV�� $W� SUHVHQW�� WKH� EHVW� DSSURDFK� WR� VXSSRUWLQJ�
&(3� IXQFWLRQDOLW\� RYHU� D� VWUHDPLQJ� HQJLQH� LV� WR� SURYLGH�
VHSDUDWH� &(3� OLEUDU\� FRPSRQHQWV� >��@� WR� EH� XVHG�
LQFUHPHQWDOO\� LI� WKH�HYHQW�EDVHG�SURFHVVLQJ�UHTXLUHV�PRUH�
H[SUHVVLYH�HYHQW�SDWWHUQ�VHPDQWLFV��7KLV�DOORZV�WKH�XVH�RI�
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VRSKLVWLFDWHG�&(3�VROXWLRQV�RQO\�ZKHQ�WKH\�DUH�QHHGHG�WR�
DGG�WKH�&(3�SURSHUWLHV�RYHU�VWUHDPLQJ�IXQFWLRQDOLW\��ZKLOH�
DOORZLQJ� VHSDUDWH� PDQDJHPHQW� RI� YDULRXV� SURSHUWLHV�
GLFWDWHG�E\�WKH�VSHFLILF�UHDO�WLPH�DQDO\WLFV�XVH�FDVHV���

)LQDOO\��DGGLQJ�0/�FDSDELOLW\�WR�VWUHDPLQJ�SODWIRUPV�LV�
D� YHU\� UHFHQW� GHYHORSPHQW� LQ� UHVSRQVH� WR� QHZ� UHDO�WLPH�
SUHGLFWLYH� UHTXLUHPHQWV�� 7KLV� FDQ� IRU� H[DPSOH� EH�
GHPRQVWUDWHG� E\� WKH� 7HQVRU)ORZ�� IHDWXUH� WR� VXSSRUW�
LQWHUIDFLQJ�ZLWK�WKH�.DIND�SODWIRUP�>��@���
��� 'DWD�VWUHDPLQJ�DOJRULWKPV��
7KHUH� DUH� PDQ\� FKDOOHQJHV� IRU� WKH� GHYHORSPHQW� RI�

DGYDQFHG� DOJRULWKPV� WKDW� FRXOG� VXSSRUW� LQWHJUDWLRQ� RI�
VWUHDPLQJ�DQG�&(3�SURFHVVLQJ�ZLWK�0/�WDVNV�DV�GLVFXVVHG�
LQ� >�@��7KHVH� FDQ�EH� JURXSHG� LQ� WKH� IROORZLQJ�FDWHJRULHV��
FODVVLILFDWLRQ��UHJUHVVLRQ��FOXVWHULQJ��DQG� IUHTXHQW�SDWWHUQ�
PLQLQJ��,Q�FODVVLILFDWLRQ�RYHU�FRQWLQXRXVO\�DUULYLQJ�VWUHDP�
RI�GDWD��WKH�SUREOHP�LV�WR�DVVLJQ�D�ODEHO�IURP�D�VHW�RI�QRPLQDO�
ODEHOV� WR� HDFK� DUULYLQJ� LWHP�� DV� D� IXQFWLRQ� RI� WKH� RWKHU�
IHDWXUHV�RI�WKH�LWHP��$Q�H[DPSOH�RI�FODVVLILFDWLRQ�LV�WR�ODEHO�
LQFRPLQJ�HPDLO�PHVVDJHV�DV�VSDP�RU�QRW�VSDP��5HJUHVVLRQ�
LV�VLPLODU�WR�FODVVLILFDWLRQ��ZLWK�WKH�GLIIHUHQFH�WKDW�WKH�ODEHO�
WR�SUHGLFW�LV�D�QXPHULF�YDOXH�LQVWHDG�RI�D�QRPLQDO�RQH��$Q�
H[DPSOH�RI�UHJUHVVLRQ�LV�SUHGLFWLQJ�WKH�YDOXH�RI�D�VWRFN�LQ�
WKH� VWRFN� PDUNHW� WRPRUURZ� >�@�� &ODVVLILFDWLRQ� DQG�
UHJUHVVLRQ�DUH�VXSHUYLVHG�OHDUQLQJ�WDVNV�EHFDXVH�WKH\�QHHG�
D� VHW� RI� SURSHUO\� ODEHOOHG� H[DPSOHV� IRU� WUDLQLQJ�� :KHQ�
H[DPSOHV�DUH�QRW�ODEHOOHG�KRZHYHU��RQH�FDQ�XVH�FOXVWHULQJ�
DOJRULWKPV�WR�JURXS�WKHP�LQ�KRPRJHQHRXV�FOXVWHUV��VXFK�DV�
WR�JURXS�XVHU�SURILOHV�LQ�D�ZHEVLWH��7KLV�LV�DQ�H[DPSOH�RI�DQ�
XQVXSHUYLVHG� OHDUQLQJ� WDVN�� )UHTXHQW� SDWWHUQ� PLQLQJ�
VHDUFKHV�IRU�WKH�PRVW�UHOHYDQW�SDWWHUQV�ZLWKLQ�WKH�H[DPSOHV��
VXFK� DV� DVVRFLDWLRQ� EHWZHHQ� VWRFNV� ERXJKW� WRJHWKHU�� H�J��
EDQNLQJ�DQG�LQVXUDQFH�VWRFNV��

7KHUH�LV�UHFHQW�UHVHDUFK�HIIRUW�IRU�OLQNLQJ�VWUHDPLQJ�DQG�
SUHGLFWLYH�DQDO\WLFV�>��@���WKURXJK�FRPSXWLQJ�YDULRXV�NLQGV�
RI� IRUHFDVWV� EDVHG� RQ� D� EXVLQHVV� SURFHVV� HYHQW� ORJ�� 7KH�
DXWKRUV�ILUVW�LQWURGXFH�D�VWDWLF�SUHGLFWLRQ�ZRUNIORZ�SDWWHUQ��
ZKLFK�VHSDUDWHV�WKH�HYHQW�ORJ�LQWR�RQH�VXE�VWUHDP�IRU�HDFK�
SURFHVV� LQVWDQFH��DQG� WKHQ�FRPSXWH�D�SUHGLFWLRQ�EDVHG�RQ�
WKH� FRQWHQW� RI� D� VOLGLQJ� ZLQGRZ� RI� HYHQWV�� 7KH\� IXUWKHU�
GHYHORS� D� SUHGLFWLYH� OHDUQLQJ� ZRUNIORZ� IRU� FRPSXWLQJ� D�
IXQFWLRQ��L�H��D�³OHDUQHG´�IXQFWLRQ��IURP�SUHYLRXV�LQVWDQFHV�
RI� WKH�SURFHVV��ZKLFK�FDQ� WKHQ�EH�XVHG� DV� D�SUHGLFWRU� IRU�
IXWXUH�LQVWDQFHV��7KH\�GR�WKLV�E\�UXQQLQJ�DQ�0/�DOJRULWKP�
RQ� D� IHDWXUH� YHFWRU� FDOFXODWHG� RYHU� D� VOLGLQJ� ZLQGRZ� RI�
HYHQWV�� )LQDOO\�� WKH\� GHYHORS� D� VHOI�FRUUHODWHG� SUHGLFWLRQ�
FRPELQLQJ� WKH� SUHYLRXV� WZR� SDWWHUQV�� ZLWK� WKH� JRDO� WR�
FRPSXWH� D�SUHGLFWLRQ�RQ� IXWXUH�HYHQWV� EDVHG�RQ�ZKDW�KDV�
EHHQ�OHDUQHG�RQ�SDVW�HYHQWV�RI�WKH�VDPH�ORJ��

%�� 3URSRVHG�DUFKLWHFWXUH�
2XU�SURSRVHG�DUFKLWHFWXUH�LV�EDVHG�RQ�WKH�LGHDV�RI��

x� 6HSDUDWLQJ� IXQFWLRQDOLW\� DVVRFLDWHG� ZLWK� WKH� &(3�
VROXWLRQV�IURP�WKH�HPHUJLQJ�VWUHDPLQJ�VROXWLRQV��ZKLFK�
SURYLGH� VLPSOHU� HYHQW� SURFHVVLQJ� IXQFWLRQDOLW\�� WKLV�
DOORZV�IRU�&(3�IXQFWLRQDOLW\�WR�EH�PDQDJHG�VHSDUDWHO\���

x� 8VLQJ�SUH�SURFHVVHG�VWUHDPLQJ�GDWD�FRPLQJ�HLWKHU�IURP�
WKH�VWUHDPLQJ�HQJLQH�RU�IURP�WKH�&(3�HQJLQH�DV�LQSXW�
WR�WKH�PDFKLQH�OHDUQLQJ��WUDLQLQJ��FDSDELOLW\��

x� $OORZLQJ� DQ\� SUHGLFWLRQ� DOJRULWKP� �SUHGLFWRU�� WR� EH�
OLQNHG�ZLWK�WKH�PDFKLQH�OHDUQLQJ��WUDLQLQJ��IXQFWLRQV��

x� $SSO\LQJ�WKH�SUHGLFWLRQ�DOJRULWKPV�WUDLQHG�DV�DERYH�WR�
WKH�UHDO�WLPH��SUH�SURFHVVHG�GDWD�VWUHDP��

7KLV�OHDGV�XV�WR�D�JHQHUDO�DUFKLWHFWXUH�ZKLFK�LQWHJUDWHV�
VWUHDPLQJ��&(3�IXQFWLRQDOLW\�DQG�0/�$,�ZLWK�WKH�IROORZLQJ�
FRPSRQHQWV��VHH�)LJ������
x� 'DVKERDUG��ZKLFK�DOORZV�D�XVHU�IULHQGO\�LQWHUIDFH�IRU�

VSHFLILFDWLRQ� RI� HYHQW� SDWWHUQV�� H�J�� HYHQW� VHTXHQFH�
W\SHV��LQGLFDWLQJ�LQFUHDVH�RU�GHFUHDVH�RI�VWRFN�SULFH�DQG�
YLVXDOLVDWLRQ�RI� UHOHYDQW�UHVXOWV��VXFK�DV�WKH�H[WUDFWHG�
VWRFN�PRYHPHQW�SDWWHUQV��

x� )HWFK� ZKLFK� GHOLYHUV� GDWD� �HYHQWV�� IURP� H[WHUQDO�
VRXUFHV�IRU�SURFHVVLQJ��

x� 6WUHDP� 3URFHVVRU�� IRU� VLPSOH� HYHQW� SURFHVVLQJ�� H�J��
ILOWHULQJ��SODFLQJ�HYHQWV�RI� VSHFLILF� W\SHV�RQ�GLIIHUHQW�
HYHQW� FKDQQHOV�� SRVVLEO\� WR� EH� SHUVLVWHG� YLD� VSHFLILF�
PHVVDJLQJ� WRSLFV�� NHHSLQJ� SHUVLVWHQW� VWRUH� RI� HYHQW�
RFFXUUHQFHV�� WKDW� FDQ� VXEVHTXHQWO\� EH� SURFHVVHG� IRU�
DQDO\WLFV�SXUSRVHV���

x� &DWFK��ZKLFK�LV�DQ�HYHQW�SDWWHUQ�GHWHFWLRQ�FRPSRQHQW�
WKDW� SURFHVVHV� WKH� HYHQWV� IURP� WKH�6WUHDP�3URFHVVRU�
DQG�PDWFKHV�SDWWHUQV�DV�SHU�&(3�UXOHV��7KLV�FRPSRQHQW�
DSSOLHV�VRSKLVWLFDWHG�&(3�IXQFWLRQDOLW\�RYHU�WKH�HYHQWV��

x� 7UDLQHU��ZKLFK�LV�D�0/�WUDLQLQJ�FRPSRQHQW�LQWHQGHG�WR�
WUDLQ�PRGHOV� XVLQJ� GDWDVHWV� FUHDWHG� LQFUHPHQWDOO\� RQ�
WKH�6WUHDP�3URFHVVRU��7KHVH�GDWDVHWV�FRQVLVW�RI�HLWKHU�
WKH�GDWD� IURP� WKH� UDZ�HYHQWV� UHFHLYHG�E\� WKH�6WUHDP�
3URFHVVRU� IURP�)HWFK� RU� WKH� HYHQW� SDWWHUQ� LQVWDQFHV�
PDWFKHG� E\� &DWFK�� 7KH� PDFKLQH� OHDUQLQJ� PRGHO� WR�
ZKLFK�WKH�GDWDVHW�LV�VXSSOLHG�LV�GHWHUPLQHG�E\�WKH�XVHU��

x� 3UHGLFWRU��ZKLFK�XVHV� WKH� WUDLQHG�PRGHO�SURGXFHG�E\�
WKH� 7UDLQHU�� DSSO\LQJ� LW� WR� LQFRPLQJ� UDZ� HYHQWV� RU�
GHWHFWHG�HYHQW�SDWWHUQV�WR�JHQHUDWH�SUHGLFWLRQV��7KHVH�
SUHGLFWLRQV� FDQ�EH�DVVHVVHG�E\�D� VHSDUDWH�PRQLWRULQJ�
FRPSRQHQW�� DQG� WKH� RXWSXW� RI� WKHVH� FDQ� EH� XVHG� WR�
XSGDWH� WUDLQLQJ� PRGHOV� WR� UHIOHFW� WKH� QHZ� VWDWLVWLFDO�
GLVWULEXWLRQ�RI�DUULYLQJ�GDWD�IRU�H[DPSOH��7KLV�LV�SDUW�RI�
WKH� FRQWLQXRXV� OHDUQLQJ� DSSURDFK� �QRW� VKRZQ� LQ� WKH�
GLDJUDP��EXW�ZH�SODQ�WR�LQYHVWLJDWH�WKLV�LQ�WKH�IXWXUH���

x� 2UFKHVWUDWRU�� ZKLFK� RUFKHVWUDWHV� WKH� DFWLYLWLHV� RI� WKH�
DERYH�FRPSRQHQWV�DQG�PDQDJHV�WKH�LQWHUQDO�VWDWH�RI�WKH�
DSSOLFDWLRQ��
&RQWLQXRXV�OHDUQLQJ�LV�WKXV�VXSSRUWHG�E\�FROOHFWLQJ�WKH�

HYHQW�SDWWHUQ� LQVWDQFHV�GHWHFWHG�E\� WKH�&DWFK�FRPSRQHQW��
7KHVH� DUH� WKHQ� SHUVLVWHG� LQ� WKH� PHVVDJLQJ� OD\HU� RI� WKH�
6WUHDP�3URFHVVRU�DQG�FDQ�EH�XVHG�DV�WUDLQLQJ�GDWD�VHWV�IRU�
7UDLQHU�FRPSRQHQW��7KLV�FRPSRQHQW�FDQ�SHUIRUP�UHWUDLQLQJ�
DV�GLFWDWHG�E\� WKH�VSHFLILFV�RI� WKH�DSSOLFDWLRQ� LQ�TXHVWLRQ��
)RU� H[DPSOH�� LQ� WKH� SDLUV� WUDGLQJ� VFHQDULR� LGHQWLILHG� LQ�
VHFWLRQ�,��WKLV�FDQ�EH�GRQH�DW�WKH�HQG�RI�WKH�WUDGLQJ�GD\�RU�LQ�
WKH� H[WUHPH� FDVH�� DIWHU� HDFK� WUDGH�� :H� DOVR� VHSDUDWH� WKH�
IXQFWLRQDOLWLHV� RI� WKH� 7UDLQHU� DQG�3UHGLFWRU� WR� DOORZ� WKH�
PRGHO�WR�EH�XSGDWHG�LQ�WKH�EDFNJURXQG�E\�WKH�7UDLQHU�ZKLOH�
WKH�3UHGLFWRU�FRQWLQXHV�ZLWKRXW�LQWHUUXSWLRQ��

�
)LJXUH����$�VSHFLILF�LQVWDQFH�RI�WKH�DUFKLWHFWXUH�



�
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,,,�� ,03/(0(17$7,21�
7KLV�JHQHUDO�DUFKLWHFWXUH�FDQ�EH�XVHG�DV�D�WHPSODWH�IRU�

PDQ\�HQG�WR�HQG�UHDO�WLPH�DQDO\WLFV�DQG�0/�VFHQDULRV��7KLV�
VHFWLRQ� SUHVHQWV� RQH� VSHFLILF� LPSOHPHQWDWLRQ� ZKLFK�
OHYHUDJHV�PDQ\�\HDUV�RI�RXU�&(3�UHVHDUFK�>��@>��@�DQG�LV�
LQ�OLQH�ZLWK�RXU�HDUOLHU�ZRUN�LQ�ILQDQFH�>�@��:H�H[SHULPHQW�
ZLWK�GHWHFWLQJ�VSHFLILF�VWRFN�SULFH�SDWWHUQV�LQ�UHDO�WLPH��VXFK�
DV� SDLUV� WUDGLQJ� VFHQDULRV�� L�H�� ZKHQ� VWRFN� SULFHV� IURP�
GLIIHUHQW� FRPSDQLHV� FRQVLVWHQWO\� PRYH� LQ� WKH� VDPH�
GLUHFWLRQ�� 7KLV� VLWXDWLRQ� FDQ� KHOS� LQYHVWRUV� LQ� PDNLQJ�
GHFLVLRQV� DERXW� WKHLU� VWRFN� SRUWIROLR�� ([DPSOHV� RI� VRPH�
W\SLFDO�VWRFN�SULFH�SDWWHUQV�DUH�VKRZQ�LQ�)LJ����EHORZ��
� .H\� HOHPHQWV�RI� WKHVH�SDWWHUQV� DUH� JUDGLHQWV�RI� VWRFN�
SULFH� PRYHPHQW� ZKLFK� FDQ� EH� XS�� GRZQ� RU� IODW�� (DFK�
JUDGLHQW�OLQH�VHJPHQW�LV�GHILQHG�E\�WKH�VWRFN�SULFHV�FDUULHG�
E\�TXRWH�HYHQWV��7ZR�RU�PRUH�HYHQWV�LQ�WKH�VDPH�GLUHFWLRQ�
IRUP�DQ�HYHQW�VHTXHQFH�SDWWHUQ��VHH�VHFWLRQ�,,,�'���)LJ����
GHSLFWV�KRZ�WZR�JUDGLHQWV�FDQ�EH�FRPELQHG��

7KH�VSHFLILF�FRPSRQHQWV�RI�RXU�LPSOHPHQWDWLRQ�DUH��

$�� )ODVN�±�UHDOLVHV�)HWFK��
:H�XVH�)ODVN�>��@�WR�LQWHJUDWH�D�ZHE�VFUDSHU�ZKLFK�YLVLWV�

WKH� <DKRR� ILQDQFH� VLWH� DQG� UHWULHYHV� GDWD� HYHU\� PLQXWH��
HQFRGHV�LW�LQ�D�-621�PHVVDJH�DQG�SXEOLVKHV�LW�RQ�D�.DIND�
WRSLF��)ODVN�DOORZV�XV�WR�SUHVHQW�WKH�)HWFK�FRPSRQHQW�DV�DQ�
$3,�VHUYLFH�WKDW�OLVWHQV�IRU�XVHU�LQSXW�IURP�WKH�'DVKERDUG���

%�� ([SUHVV�MV����UHDOLVHV�2UFKHVWUDWRU�
([SUHVV�MV� >��@�DOORZV�GHYHORSHUV� WR�FUHDWH�VHUYHU�VLGH�

ZHE� DSSOLFDWLRQV� TXLFNO\� DQG� HIILFLHQWO\�� :H� FKRVH�
([SUHVV�MV� EHFDXVH� LW� LQWHJUDWHV� ZHOO� ZLWK� WKH� 6RFNHW�LR�
OLEUDU\�>��@�WKDW�ZH�XVHG�LQ�ERWK�WKH�'DVKERDUG��5HDFW�MV��
DQG� WKH� 2UFKHVWUDWRU� WR� HQDEOH� EL�GLUHFWLRQDO�
FRPPXQLFDWLRQV�EHWZHHQ�WKH�VHUYHU�DQG�WKH�FOLHQW��ZKLFK�LV�
YLWDO�WR�WKH�H[SHULHQFH�RI�WKH�XVHUV��:KHQ�WKH�XVHU�DFWLYDWHV�
RQH�RI�WKH�&(3�'LVSOD\�7LOHV��VHH�)LJ�����WKH�2UFKHVWUDWRU�
UHFHLYHV� D� UHTXHVW� IURP� WKH� 'DVKERDUG� WKHQ� VHQGV�
FRUUHVSRQGLQJ�$3,�UHTXHVWV�WR�ERWK�)HWFK�DQG�&DWFK�WR�VWDUW�
WKH� HYHQW� SDWWHUQ� FDSWXUH� SURFHVV�� 7KH� 2UFKHVWUDWRU� ZLOO�
NHHS�WUDFN�RI�WKH�RYHUDOO�VWDWH�RI�WKH�DSSOLFDWLRQ�DQG�KDQGOHV�
DOO�WKH�FOHDQLQJ�XS�ZKHQ�WKH�XVHU�GHOHWHV�D�&(3�'LVSOD\�7LOH��
,W� DOVR� IDFLOLWDWHV� WKH� WDVN� RI� VWDUWLQJ� PRGHO� WUDLQLQJ� DQG�
GHSOR\LQJ�D�WUDLQHG�PRGHO�LQWR�WKH�3UHGLFWRU��

&�� .DIND�±�UHDOLVHV�6WUHDP�3URFHVVRU��
.DIND� >�@�ZDV� VHOHFWHG� DV� D�ZHOO�GHVLJQHG� GLVWULEXWHG�

VWUHDPLQJ�HQJLQH�WKDW�SUHVHQWV�D�VWUHDP�RI�HYHQWV�IURP�WKH�
SURGXFHUV� �)HWFK� DQG� &DWFK��� .DIND� WRSLFV� DOORZ�
VHJUHJDWLRQ�RI�HYHQWV�RI�SDUWLFXODU�W\SHV�VR�WKHVH�HYHQWV�FDQ�
EH�HIILFLHQWO\�FRQVXPHG�E\�RWKHU�FRPSRQHQWV��)XUWKHU�� DV�
DOO� HYHQWV� DUH� VWRUHG� LQ� D� UHOLDEOH� PDQQHU�� WKH\� FDQ� EH�

TXHULHG�E\�FRQVXPHUV�WKDW�QHHG�KLVWRULFDO�GDWD��7KLV�LV�YHU\�
KHOSIXO�IRU�RXU�7UDLQHU�FRPSRQHQW�EHFDXVH�LW�QHHGV�WR�WUDLQ�
RQ�SDVW�HYHQWV��

:H� KDYH� WZR� .DIND� WRSLFV� QDPHG� &DWFK� DQG� )HWFK�
ZKLFK� UHFHLYH� GDWD� IURP� WKH� &DWFK� DQG� WKH� )HWFK�
FRPSRQHQWV�� 7KH� &DWFK� WRSLF� LV� FRQVXPHG� E\� ERWK�
'DVKERDUG��WR�SURYLGH�UHDO�WLPH�YLVXDO�IHHGEDFN�WR�WKH�XVHUV�
ZKHQ�D�PDWFK�KDSSHQV��DQG�WKH�7UDLQHU�3UHGLFWRU��WR�WUDLQ�
DQG�XVH�WKH�0/�PRGHOV���7KH�)HWFK�WRSLF�LV�FRQVXPHG�E\�
ERWK�&DWFK� �WR� FDSWXUH� HYHQW� VHTXHQFH�PDWFKHV� IURP� UDZ�
GDWD��DQG�7UDLQHU�3UHGLFWRU�IRU�WKH�VDPH�UHDVRQ�DV�DERYH��

'�� (YHQW6ZDUP�±�UHDOLVHV�&DWFK��
(YHQW6ZDUP� >�@� LV� D� OLJKWZHLJKW�� LQ�PHPRU\�� RSHQ�

VRXUFH�&(3�OLEUDU\�VXSSRUWLQJ�GDWD�GULYHQ�DQG�ORZ�ODWHQF\�
SURFHVVLQJ�� DQG� GHVLJQHG� IRU� HPEHGGLQJ� LQ� DSSOLFDWLRQV��
HYHQ�PRELOH�DSSOLFDWLRQV��.H\�FRQFHSWV�LQFOXGH�>�@�>�@��

(YHQW�W\SH�±�FKDUDFWHUL]HV�D�VHW�RI�HYHQWV�WKDW�VKDUH�SDU��
WLFXODU�SURSHUWLHV��5HFDOO�WKDW�DQ�HYHQW�FDSWXUHV�LQIRUPDWLRQ�
DERXW�VRPH�RFFXUUHQFHV�LQ�WKH�UHDO�RU�YLUWXDO�ZRUOG���

(YHQW�SDWWHUQ�±�GHILQHV�D�UHODWLRQVKLS�EHWZHHQ�HYHQWV��
3DWWHUQV�DUH�PDWFKHG�E\�IHHGLQJ�HYHQWV�WKURXJK�RQH�RU�PRUH�
SURFHVVLQJ�JUDSKV�WKDW�VHOHFW�PDWFKLQJ�JURXSV�RI�HYHQWV��

7ULJJHUV�DQG�$FWLRQV���HYHQW�SURFHVVLQJ�FRPSRQHQWV�DUH�
FRQQHFWHG�XVLQJ�WULJJHUV�DQG�DFWLRQV��8SVWUHDP�FRPSRQHQWV�
RIIHU� WULJJHUV�� GRZQVWUHDP� FRPSRQHQWV� KDYH� DFWLRQV��
$FWLRQV�DUH�UHJLVWHUHG�DJDLQVW�RQH�RU�PRUH�XSVWUHDP�WULJJHUV�
GHILQLQJ�WKH�HGJHV�RI�WKH�SURFHVVLQJ�JUDSK��

(YHQW6HW���WKH�FRUH�DJJUHJDWLRQ�FRQVWUXFW�WKDW�FROOHFWV�DQ�
DUELWUDU\�JURXS�RI�HYHQWV�LQ�DQ�RUGHU�FRQVLVWHQW�ZLWK�WLPH��
$Q�(YHQW6HW�LV�DJQRVWLF�WR�WKH�XQGHUO\LQJ�HYHQW�W\SHV��H�J��
LI�WKH�W\SHV�DUH�WZHHWV��WKHQ�D�ILOWHU�FDQ�EH�XVHG�WR�PDNH�VXUH�
WKH�(YHQW6HW�RQO\�FRQWDLQV�WZHHWV���

:LQGRZ���D�ERXQGHG�(YHQW6HW�LV�XVHG�WR�OLPLW�WKH�VFRSH�
RI�HYHQW�SDWWHUQ�PDWFKHV�DQG�FRQWURO�PHPRU\�XVDJH��EDVHG�
RQ�WLPH��H�J��D�VOLGLQJ�WLPH�ZLQGRZ��RU�QXPEHU�RI�HYHQWV���

([SUHVVLRQV� �� GHVFULEHV� HYHQW� SDWWHUQV� WR� EH�PDWFKHG��
ZKLFK� FDQ� EH� HLWKHU� VLPSOH� �VLQJOH� HYHQW�� RU� FRPSOH[�
�PXOWLSOH� HYHQWV� RU� HYHQW� UHODWLRQVKLSV��� $� &RPSOH[�
([SUHVVLRQ� LV�DQ�H[SUHVVLRQ� WKDW�PDWFKHV�PXOWLSOH�HYHQWV��
H�J�� D� IRU� H[DPSOH�� D� WZHHW� IROORZHG� E\� RQH� RU� PRUH�
UHWZHHWV�� 7KHUH� DUH� WZR� NH\� &RPSOH[([SUHVVLRQ� FODVVHV��
$1'([SUHVVLRQ�� VDWLVILHG�ZKHQ� LW�FROOHFWV�D� VHW�RI�HYHQWV�
WKDW� PDWFK� WKH� FRPSRQHQW� H[SUHVVLRQV�� DQG� D�
6HTXHQFH([SUHVVLRQ�� VDWLVILHG� ZKHQ� LW� FROOHFWV� D� VHW� RI�
HYHQWV� WKDW� PDWFK� WKH� FRPSRQHQW� H[SUHVVLRQV� DQG� DUH�
VWULFWO\�RUGHUHG�LQ�WLPH��L�H��WLPHVWDPS�D����WLPHVWDPS�E����
WLPHVWDPS�F��«��

$EVWUDFWLRQV� SHUIRUP� FDOFXODWLRQV� RU� FRPSXWH� GHULYHG�
YDOXHV� RYHU� DQ� (YHQW6HW�� H�J� D� 6WDWLVWLFV$EVWUDFWLRQ� WKDW�
PDLQWDLQV� VWDWLVWLFV� RQ� QXPHULF� YDOXHV� H[WUDFWHG� IURP�
LQGLYLGXDO� HYHQWV� E\� D� 9DOXH5HWULHYHU�� 0RVW� RI� WKH�
DEVWUDFWLRQV�� LQFOXGLQJ� WKH� 6WDWLVWLFV$EVWUDFWLRQ�� DUH�
XSGDWHG�LQFUHPHQWDOO\�DV�HYHQWV�IORZ�WKURXJK��

�
)LJXUH����*UDGLHQW�(YHQW�6HTXHQFH�9LVXDOL]DWLRQ�

�
)LJXUH����&RPPRQ�6WRFN�3DWWHUQV�
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(�� 7HQVRU)ORZ�±�UHDOLVHV�7UDLQHU�DQG�3UHGLFWRU�
7HQVRU)ORZ�ZDV�VHOHFWHG�EHFDXVH�LW�LQWHJUDWHV�ZHOO�ZLWK�

.DIND� GDWD� VWUHDPV� WKURXJK� WKH� LQWURGXFWLRQ� RI�

.DIND'DWDVHW� OLEUDU\� >��@�� DOORZLQJ� UHDGLQJ� IURP� DQG�
ZULWLQJ�WR�.DIND�WRSLFV��7HQVRU)ORZ�KDV�D�ODUJH�QXPEHU�RI�
SUH�EXLOW� OLEUDULHV� WKDW�KHOS� WR�EXLOG�DQG� WUDLQ�0/�PRGHOV�
HIIHFWLYHO\��,Q�WKLV�LPSOHPHQWDWLRQ�ZH�XVHG�7HQVRU)ORZ�WR�
EXLOG�D�/RQJ�6KRUW�7HUP�0HPRU\�1HWZRUN��/670��PRGHO�
WKDW�LV�FDSDEOH�RI�SUHGLFWLQJ�VWRFN�SULFHV�EDVHG�RQ�WKH�UDZ�
GDWD� FRPLQJ� LQ� IURP� WKH� .DIND� FRPSRQHQW�� :H� DOVR�
LPSOHPHQWHG�D�'\QDPLF�7LPH�:DUSLQJ��'7:��DOJRULWKP�
WKDW�FDOFXODWHV� WKH�GLVWDQFH�EHWZHHQ� WZR� WLPH�VHULHV��7KLV�
FDQ� EH� XVHG� WR� DVVLVW� XVHUV� WR� GHYHORS� WKHLU� RZQ� WUDGLQJ�
VWUDWHJ\�DV�ZLOO�EH�GLVFXVVHG�LQ�VHFWLRQ�,,,�)��

)�� 5HDFW�MV�±�UHDOLVHV�'DVKERDUG�
5HDFW�MV� LV� XVHG� EHFDXVH� LW� UHQGHUV� WKH� XVHU� LQWHUIDFH�

HIILFLHQWO\��ZKLOH�HQFRXUDJLQJ�UHXVDELOLW\�RI�FRPSRQHQWV���
)LJ����VKRZV�WKH�RYHUDOO�YLHZ�RI�WKH�'DVKERDUG��,W�LV�D�

WLOH�EDVHG�V\VWHP�ZLWK�WZR�PDLQ�W\SHV�RI�WLOHV���
��� 7KH�'HILQH�7LOH�
7KH�'HILQH�7LOH�DOORZV�D�XVHU�WR�FKRRVH�³$QDO\WLFV�7\SH´�

WR� GHFLGH� ZKLFK� 'LVSOD\� 7LOH� WR� FUHDWH��:KHQ� FUHDWLQJ� D�
'LVSOD\�7LOH�RI�W\SH�0/��)LJ������D�XVHU�FDQ�VSHFLI\�WKH�0/�
7\SH� �VXSHUYLVHG� RU� XQVXSHUYLVHG��� D� FXVWRP� QDPH� IRU�
FRQYHQLHQFH��WKHQ�FKRRVH�WKH�'DWD�6RXUFH�WKDW�WKH�7UDLQLQJ�
FRPSRQHQW�FDQ�WUDLQ�RQ��$W�WKH�WLPH�RI�ZULWLQJ��WKHUH�DUH�WZR�
PDLQ� WUDLQLQJ� GDWD� VRXUFHV� FRPLQJ� IURP� HLWKHU� )HWFK� RU�
&DWFK� FRPSRQHQWV�� DQG� WKLV� GDWD� LV� FDSWXUHG� E\� WKH�
FRUUHVSRQGLQJ�.DIND�WRSLFV���
7KH� )HWFK� VRXUFH� SURYLGHV� UDZ� HYHQWV� IURP� <DKRR�

ILQDQFH�GDWD�VWUHDPV�SXEOLVKHG�RQ��WKH�FRUUHVSRQGLQJ�.DIND�
WRSLF��JUHHQ�OLQH�EHWZHHQ�)HWFK�DQG�.DIND�LQ�)LJ������7KH�
&DWFK�VRXUFH�SXEOLVKHV�HYHQW�SDWWHUQV�WKDW�DUH�FDSWXUHG�E\�
WKH�&DWFK�FRPSRQHQW�RQ�WKH�FRUUHVSRQGLQJ�.DIND�WRSLF��UHG�
OLQH�EHWZHHQ�&DWFK�DQG�.DIND�LQ�)LJ������$�XVHU�FDQ�VHOHFW�
RQH�RI�WKH�0/�$OJRULWKPV�SURYLGHG�WR�H[SHULPHQW�ZLWK�WKH�
LGHDV�� &XUUHQWO\�� WKH� SODWIRUP� VXSSRUWV� '\QDPLF� 7LPH�
:DUSLQJ� �'7:�� DQG� /RQJ� 6KRUW�7HUP� 0HPRU\� 1HXUDO�
1HWZRUN��/670���+RZHYHU��DGGLQJ�QHZ�DOJRULWKPV�LV�QRW�
GLIILFXOW�GXH�WR�WKH�H[SDQGDELOLW\�RI�WKH�DUFKLWHFWXUH��

:KHQ� FUHDWLQJ� D� 'LVSOD\� 7LOH� RI� W\SH� &(3�� WKHUH� DUH�
PXOWLSOH�&(3� W\SHV�ZKLFK�FDQ�EH�FKRVHQ�XVLQJ� WKH�³&(3�
7\SH´�PHQX��VXFK�DV�WKH�RQH�VKRZQ�LQ�WKH�ERWWRP�ULJKW�WLOH�
RI�)LJ�����QDPHO\� WKH�³6HTXHQFH�RI�*UDGLHQWV´�&(3�W\SH��

7KH�6\PERO�SDUDPHWHU�LV�QHHGHG�WR�VSHFLI\�ZKLFK�VWRFN�GDWD�
WR�IHWFK��

1RWH� WKDW� *UDGLHQW� LV� D� VSHFLDO� NLQG� RI� (YHQW6ZDUP�
HYHQW� VHTXHQFH� ZKLFK� GHWHFWV� D� FRQWLQXRXVO\� LQFUHDVLQJ��
GHFUHDVLQJ��RU�XQFKDQJHG�QXPHULFDO�VHTXHQFH��7KLV�VLPSOH�
JUDGLHQW�SDWWHUQ�LV�VXIILFLHQW�WR�H[SORUH�PXOWLSOH�VWRFN�SULFH�
SDWWHUQV� QR� PDWWHU� KRZ� FRPSOH[� WKH\� DUH� �)LJ�� ���� 7KH�
FRPSRVLWLRQ�RI�JUDGLHQWV�FRPSULVHV�D�QXPEHU�RI�LQGLYLGXDO�
JUDGLHQWV� WKDW�FDQ�EH�FKDLQHG� WRJHWKHU�XVLQJ� WKH� VHTXHQFH�
HGLWRU��7KHVH�JUDGLHQWV�DUH�ORRNLQJ�IRU�WKH�RSHQLQJ�SULFH�RI�
HDFK�VWRFN�HYHQW��$OO�*UDGLHQWV�DUH�FRQFDWHQDWHG�EDFN�WR�
EDFN�WR�HDFK�RWKHU�VWDUWLQJ�IURP�*UDGLHQW����(DFK�*UDGLHQW�
KDV���PDLQ�SDUDPHWHUV��WKH�PLQLPXP�DQG�PD[LPXP�OHQJWK�
RI�WKH�*UDGLHQW��DQG�LWV�GLUHFWLRQ�����VWDQGV�IRU�JRLQJ�XS�����
IRU�JRLQJ�GRZQ��DQG���IRU�VWD\LQJ�IODW���8VLQJ�)LJ����DV�DQ�
H[DPSOH��WKH�YDOXHV�LQ�WKH�VHTXHQFH�HGLWRU�FRUUHVSRQG�WR�WKH�
YLVXDOL]DWLRQ�JUDSK�LQ�)LJ�����ZKHUH�HDFK�HYHQW�LV�GHSLFWHG�
XVLQJ�D�FLUFOH��&LUFOHV�ZLWK�WKH�VROLG�RXWOLQH�FUHDWH�D�PLQLPDO�
VHTXHQFH�WKDW�FDQ�EH�PDWFKHG�E\�WKH�VSHFLILHG�SDUDPHWHUV��
ZKLOH�WKH�PD[LPDO�VHTXHQFH�LQFOXGHV�ERWK�VROLG�DQG�GDVKHG�
FLUFOHV��
��� 7KH�'LVSOD\�7LOH�
7KH� 0/� 'LVSOD\� 7LOH� �WKH� ERWWRP�OHIW� WLOH� RI� )LJ�� ���

DOORZV�XVHUV�WR�HLWKHU�VWDUW�WKH�WUDLQLQJ�SURFHVV�RU�GRZQORDG�
WKH� GDWDVHW� LQ� FVY� IRUPDW�� 7KH� 7UDLQHU� SXOOV� GDWD� IURP� D�
.DIND� WRSLF� EDVHG� RQ� WKH� 'DWD� 6RXUFH� VSHFLILHG�� WKHQ�
SHUIRUPV� WKH� WUDLQLQJ�� DIWHU� ZKLFK� WKH� WUDLQHG� PRGHO� LV�
WUDQVIHUUHG� WR� WKH� 3UHGLFWRU� IRU� SUHGLFWLRQV� RQ� WKH� QHZ�
LQFRPLQJ�GDWD� IURP� WKH� VDPH�'DWD� 6RXUFH��7KH� UHVXOW� LV�
VKRZQ�GLUHFWO\�RQ�WKH�WLOH��7KH�H[DPSOH�LQ�)LJ����VKRZV�WKDW�
WKH�FDOFXODWHG�'7:�YDOXH�LV�������1RWH�WKDW�WKH�VPDOOHU�WKH�
GLVWDQFH��WKH�PRUH�UHODWHG�WKHVH�HYHQW�SDWWHUQV�DUH��L�H��WKHVH�
WZR� VWRFNV� WHQG� WR� PRYH� LQ� D� VLPLODU� ZD\� GXULQJ� WKLV�
VFHQDULR�� 7ZR� HYHQW� SDWWHUQV� DUH� LGHQWLFDO� ZKHQ� WKHLU�
GLVWDQFH�LV����

7KH�&(3�'LVSOD\�7LOH��WKH�WRS�OHIW�WLOH�RI�)LJ�����VKRZV�
D�FRXQWHU�IRU�WKH�QXPEHU�RI�PDWFKHV�GHWHFWHG��$IWHU�D�WLOH�
DFWLYDWLRQ�� UDZ�VWRFN�GDWD�ZLOO� IORZ�IURP�)HWFK� WR�&DWFK��
DQG�LI�D�PDWFK�RFFXUV��&DWFK�VHQGV�WKH�PDWFKHG�GDWD�WR�WKH�
)URQW�YLD�.DIND�WKHQ�WKH�FRXQWHU�WLFNV��

*��'RFNHU�HQYLURQPHQW���PDQDJLQJ�WKH�FRPSRQHQWV��
:LWK�D�ODUJH�QXPEHU�RI�VHSDUDWH�FRPSRQHQWV��LW�LV�KDUG�

WR�PDQDJH�DOO�RI�WKHLU�GHSHQGHQFLHV�DQG�WR�H[HFXWH�WKHP�LQ�
LQ� D� UHTXLUHG�RUGHU�� ,Q�RUGHU� WR�PLWLJDWH� WKLV�SUREOHP��ZH�
SDFNDJHG�HDFK�FRPSRQHQW�DV�D�'RFNHU�LPDJH�>��@��'RFNHU�
LV� D� JRRG� ILW� IRU� D� PLFURVHUYLFHV� DUFKLWHFWXUH� OLNH� RXUV�
EHFDXVH�HDFK� LPDJH�PDSV�GLUHFWO\� WR�D�FRPSRQHQW��ZKLFK�
DOORZV� IDVWHU� VRIWZDUH�GHOLYHU\�F\FOHV�DQG�H[SDQGDELOLW\� ��

�
)LJXUH����7KH�'DVKERDUG�

�
)LJXUH����7KH�'HILQH�7LOH�IRU�D�0/�'LVSOD\�7LOH�
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ZH�FDQ�DGG�D�QHZ�FRPSRQHQW�WR�WKH�V\VWHP�MXVW�E\�EXLOGLQJ�
DQRWKHU�'RFNHU�LPDJH��0DQDJLQJ�D�ODUJH�QXPEHU�RI�GRFNHU�
FRPSRQHQWV� KRZHYHU� LV� GLIILFXOW�� VR� ZH� XVH� 'RFNHU�
&RPSRVH�� WR� GHILQH� DQG� H[HFXWH� WKH� LPDJHV� LQ� D� VSHFLILF�
RUGHU� IROORZLQJ� RXU� FRQILJXUDWLRQ�� 7KH� DSSOLFDWLRQ� LV�
DYDLODEOH�DV�RSHQ�VRXUFH�>��@��

,9�� (9$/8$7,21�
:H�XVHG�WKLV�DUFKLWHFWXUH�WR�H[SHULPHQW�ZLWK�WZR�VWRFN�

SULFH�DQDO\VLV�VFHQDULRV��GHVFULEHG�QH[W��

$�� 6FHQDULR�,�
7KLV�VFHQDULR�GLG�QRW�LQYROYH�&(3�IXQFWLRQDOLW\��DV�WKH�

JRDO� ZDV� WR� H[SHULPHQW� ZLWK� WKH� FRQQHFWLRQ� RI� )HWFK�
6WUHDP3URFHVVRU�7UDLQHU�3UHGLFWRU�FKDLQ��7KH�SXUSRVH�ZDV�
SHUIRUPLQJ�VWRFN�SULFH�SUHGLFWLRQ�IRU�D�SDUWLFXODU�FRPSDQ\�
DQG�IRU�WKH�QH[W�WUDGLQJ�GD\��7KH�WUDLQLQJ�DOJRULWKP�DFFHVVHV�
VWRFN� GDWD� REWDLQHG� IURP� <DKRR� )LQDQFH� YLD� WKH� )HWFK�
FRPSRQHQW�DQG�SHUVLVWHG�RQ�D�.DIND�WRSLF��-621�IRUPDW���
:H�FRQVLGHUHG�D�QXPEHU�RI�SUHGLFWLRQ�DOJRULWKPV�DQG�FKRVH�
D� /RQJ� 6KRUW�7HUP� 0HPRU\� �/670�� 5HFXUUHQW� 1HXUDO�
1HWZRUN�LQ�3\WKRQ�XVLQJ�7HQVRU)ORZ���DQG�.HUDV��EDVHG�RQ�
WKH�DSSURDFK�UHSRUWHG�LQ�>��@��:H�FKRVH�/670�DV�WKLV�KDV�
EHFRPH�D�SUHYDLOLQJ�DOJRULWKP�IRU�WLPH�VHULHV�SUHGLFWLRQ���

$�XVHU�FDQ�FUHDWH�DQ�0/�'LVSOD\�7LOH�XVLQJ�WKH�/670�
$OJRULWKP��)HWFK�6RXUFH�DQG�FOLFN�WKH�³7UDLQ´�EXWWRQ��7KH�
7UDLQHU�IHWFKHV�DOO�UHWULHYHG�VWRFN�GDWD�IURP�.DIND�DQG�VWDUWV�
WKH� WUDLQLQJ� SKDVH�� 2QFH� FRPSOHWHG�� LW� ZLOO� VKRZ� WKH�
SUHGLFWLRQ�RI�WKH�XSFRPLQJ�VWRFN�SULFH�EDVHG�RQ�WKH�KLVWRU\�
LW�H[DPLQHG�RQ�WKH�0/�'LVSOD\�7LOH��7KH�XVHU�FDQ�UH�WUDLQ�
WKH�PRGHO�DW�DQ\�WLPH�WR�FRYHU�D�ZLGHU�UDQJH�RI�GDWD��ZKLFK�
LV�GHOLYHUHG�HYHU\�PLQXWH�IURP�WKH�)HWFK�FRPSRQHQW���

,QYHVWRUV� FDQ� XVH� WKLV� IXQFWLRQDOLW\� WR� JHW� WKH� PRVW�
LQIRUPDWLYH� LQGLFDWRUV� DQG�PDNH� EHWWHU� SUHGLFWLRQV�� 7KH\�
FDQ�XVH�WKH�SODWIRUP�WR�IHWFK�GDWD�IURP�PXOWLSOH�VRXUFHV�DQG�
FRPSDQLHV��GR�0/�WUDLQLQJ�LQ�SDUDOOHO�RQ�DOO�WKH�GDWD�DQG�JHW�
WKH�UHVXOW�EDFN�XVLQJ�RQH�XQLILHG�SODWIRUP��

%�� 6FHQDULR�,,�
2XU�VHFRQG�VFHQDULR�DGGUHVVHV�WKH�SDLUV�WUDGLQJ�SUREOHP�

LQWURGXFHG� LQ� VHFWLRQ� ��� DOORZLQJ� WKH� XVHU� WR� H[SHULPHQW�
ZLWK�GLIIHUHQW�SDUDPHWHUV�DQG�DVVLVW�WKHP�LQ�GHWHFWLQJ�VWRFN�
SDLUV�WKDW�WHQG�WR�PRYH�WRJHWKHU�ZLWKRXW�EHLQJ�GLVWUDFWHG�E\�
DOO�WKH�PDUNHW�QRLVH�WKDW�PDNHV�WKH�VWRFN�IOXFWXDWH��

,Q�WKLV�FDVH�DOO�FRPSRQHQWV�RI�DUFKLWHFWXUH�DUH�XVHG��7KH�
&DWFK� HIIHFWLYHO\�DFWV� DV�D� ILOWHU� WKDW�FDSWXUHV�PHDQLQJIXO�
VWRFN�SDWWHUQV�WKDW�WKH�XVHUV�DUH�LQWHUHVWHG�LQ��7KLV�ILOWHULQJ�
LV� H[WUHPHO\� LPSRUWDQW� VLQFH� WKH� 0/� DOJRULWKPV� WHQG� WR�
SHUIRUP�SRRUO\�RQ�GDWD�WKDW�KDV�D�ORW�RI�QRLVH��6SHFLILFDOO\��
ZH�PDGH�XVH�RI�$1'([SUHVVLRQ�DQG�6HTXHQFH([SUHVVLRQ�
GHVFULEHG� LQ� ,,,�'� WR� SUH�SURFHVV� UDZ� GDWD� FRPLQJ� IURP�
)HWFK�EHIRUH�JRLQJ�WR�WKH�7UDLQHU��7KH�FRPELQDWLRQ�RI�WKHVH�
WZR� H[SUHVVLRQV� DOORZHG� XV� WR� FDSWXUH� PRUH� PHDQLQJIXO�
LQIRUPDWLRQ� ZKLFK� HQKDQFHV� WKH� HIIHFWLYHQHVV� RI� WKH�
7UDLQHU���

7KH�XVHU�FDQ�FUHDWH�WZR�GLIIHUHQW�&(3�'LVSOD\�7LOHV�WKDW�
VSHFLI\�SDUDPHWHUV�WR�FDSWXUH�GLIIHUHQW�VWRFN�SDWWHUQV�IURP�
GLIIHUHQW� FRPSDQLHV� LQ� UHDO�WLPH�� H�J�� ³PVIW´� �0LFURVRIW��
DQG� ³DDSO´� �$SSOH��� $OO� WKH� GHWHFWHG� HYHQW� SDWWHUQV� DUH�
SXEOLVKHG�LQ�.DIND��2QFH�WKH�XVHU�LV�KDSS\�ZLWK�WKH�QXPEHU�
RI�FDSWXUHG�VWRFN�SDWWHUQV��WKH\�FDQ�FUHDWH�DQ�0/�'LVSOD\�
7LOH�WKDW�XVHV�&DWFK�DV�WKH�GDWD�VRXUFH�DQG�'7:�DV�WKH�0/�
$OJRULWKP��7KH�GHFLVLRQ�RI�ZKHQ�WR�VWDUW�WKH�0/�$OJRULWKP�

GHSHQGV�RQ�WKH�XVHU�UDWKHU�WKDQ�EHLQJ�IXOO\�DXWRPDWHG��7KLV�
LV� D� JRRG� H[DPSOH� RI� WKH� FRPELQHG� DFWLRQV� RI� XVHUV� DQG�
DOJRULWKPV�� RIWHQ� UHIHUUHG� WR� DV� DXJPHQWHG� LQWHOOLJHQFH��
EHLQJ� XVHG� WR� DVVLVW� KXPDQV� ZLWK� WKH� GHFLVLRQ� PDNLQJ�
SURFHVV��7KH�RXWSXW�RI� WKLV�0/�'LVSOD\�7LOH� LV�D�QXPEHU�
LQGLFDWLQJ� WKH� GLVWDQFH� EHWZHHQ� WKH� WZR� VHULHV� RI� HYHQW�
SDWWHUQV�FDSWXUHG�E\�WKH�SUHYLRXV�&(3�'LVSOD\�7LOHV��7KLV�
GLVWDQFH�PHDVXUH� LQGLFDWHV�KRZ�GLIIHUHQW� WKHVH� VHULHV� DUH��
ZLWK�D�GLVWDQFH�RI���LQGLFDWLQJ�WKDW�WKH�VHULHV�DUH�LGHQWLFDO�
DQG�WKH�GLVWDQFH�LQFUHDVLQJ�DV�WKH�VHULHV�EHFRPH�OHVV�VLPLODU��
$�VFUHHQVKRW�RI�WKLV�VFHQDULR�LV�GHSLFWHG�LQ�)LJ�����LQ�ZKLFK�
WKH�GLVWDQFH�EHWZHHQ�0LFURVRIW� DQG�$SSOH� VWRFNV� LV� ������
7KLV� PHDQV� WKDW� WKHVH� WZR� VWRFN� SULFHV� WHQGHG� WR� SHDN�
WRJHWKHU�GXULQJ�WKH�H[SHULPHQW��

7KLV�DOORZV� LQYHVWRUV� WR�H[SHULPHQW�ZLWK�D�QXPEHU�RI�
GLIIHUHQW�HYHQW�SDWWHUQV�WR�UHIOHFW�LQYHVWRU�LQWHUHVWV��WKHQ�XVH�
WKH� V\VWHP� WR� FDOFXODWH� '7:� GLVWDQFH� EHWZHHQ� GLIIHUHQW�
SDLUV� RI� VWRFNV� DQG� GHWHUPLQH� ZKHWKHU� WKHVH� VWRFNV� DUH�
FORVHO\�UHODWHG��H�J��WKH\�PRYH�LQ�D�VLPLODU�ZD\��RU�QRW��7KH�
SODWIRUP�DOVR�DOORZV�WKH�LQYHVWRUV�WR�GRZQORDG�WKH�WUDLQLQJ�
GDWDVHW�E\�XVLQJ� WKH�³*HW�'DWDVHW´�EXWWRQ�RQ�0/�'LVSOD\�
7LOHV��7KLV�GDWDVHW�LV�YHU\�YDOXDEOH�VLQFH�LW�KDV�EHHQ�ILOWHUHG�
WKURXJK�WKH�&DWFK�FRPSRQHQW�DQG�IRUPDWWHG�LQ�WKH�SRSXODU�
FVY� IRUPDW��7KLV�GDWDVHW� LV� FRQVLGHUDEO\�PRUH� UHOLDEOH� IRU�
0/�WUDLQLQJ�WKDQ�UDZ�GDWD�EHFDXVH�LW�RQO\�VKRZV�UHOHYDQW�
VWRFN�SDWWHUQV� VSHFLILHG�E\� WKH�XVHU��7KH� UHVXOWLQJ�GDWDVHW�
FRQWDLQV�OHVV�WKDQ�D�KXQGUHG�UHFRUGV�IRU�HDFK�VWRFN�V\PERO�
SHU�GD\�FRPSDUHG�WR�KDOI�D�WKRXVDQG�UDZ�UHFRUGV��,QYHVWRUV�
FDQ�PDQXDOO\�DQDO\VH�WKH�GDWDVHW�WR�PDNH�IXUWKHU�GHFLVLRQV�
RU� WKH\� FDQ� LPSRUW� LW� LQWR� RWKHU� V\VWHPV� IRU� IXUWKHU�
LQYHVWLJDWLRQ�� 7KH� SODWIRUP� SURYLGHV� D� ODUJH� QXPEHU� RI�
SRVVLEOH�FRPELQDWLRQV�RI�SDUDPHWHUV�WKDW�WKH�LQYHVWRUV�FDQ�
WU\�XQWLO�WKH\�REWDLQ�LQWHUHVWLQJ�UHVXOWV��

&�� ,PSOHPHQWDWLRQ�5HPDUNV�
2QH�RI�WKH�NH\�REVHUYDWLRQV�LQ�WHVWLQJ�WKH�V\VWHP�LV�WKH�

VLJQLILFDQW�LPSDFW�RI�ZKHQ�DQG�KRZ�WKH�UHWUDLQLQJ�LV�GRQH��
$V�WKH�GDWD�FRPHV�HYHU\�PLQXWH�IURP�WKH�)HWFK��WKH�WUDLQHG�
PRGHO�SURGXFHG�E\�WKH�0/�FRPSRQHQW�FKDQJHV�HYHU\�WLPH�
WKH�XVHU� FOLFNV�RQ� WKH� ³WUDLQ´�EXWWRQ�� DQG� WKXV� WKH�GDWDVHW�
IHWFKHG�LQWR�WKH�0/�FRPSRQHQW�FRQWLQXRXVO\�JURZV�ODUJHU�
RYHU� WLPH�� %\� GHIDXOW�� WKH� GDWDVHW� LQFOXGHV� HYHU\WKLQJ�
UHWULHYHG�E\�WKH�)HWFK�IURP�WKH�EHJLQQLQJ�XS�WR�WKH�FXUUHQW�
WLPH��+RZHYHU��D�ODUJHU�GDWDVHW�GRHV�QRW�DOZD\V�LPSURYH�WKH�
DFFXUDF\� RI� WKH� WUDLQHG� PRGHO� EHFDXVH� VRPH� ROGHU� GDWD�
PLJKW�QRW�EH�UHOHYDQW� WR� WKH�SUHGLFWLRQV��7KXV�ZH�QHHG� WR�
LGHQWLI\� DQ� RSWLPDO� ZD\� RI� GHWHUPLQLQJ� KRZ� RIWHQ� WKH�
UHWUDLQLQJ�VKRXOG�EH�GRQH��H�J��HYHU\�KRXU��RU�HYHU\�GD\�HWF��
DQG�KRZ�PXFK�GDWD�VKRXOG�EH�LQFOXGHG��H�J��RQH�GD\��WZR�
GD\V� HWF��� 7KH� &(3� SODWIRUP� FDQ� DVVLVW� LQ� WKLV� WKURXJK�
GHWHFWLQJ� SDWWHUQV� WR� WULJJHU� UHWUDLQLQJ� DQG� FRQVWUDLQLQJ�
WUDLQLQJ�GDWDVHWV�WKURXJK�VOLGLQJ�ZLQGRZV��:H�VKRXOG�DOVR�
LQYHVWLJDWH�ZKHWKHU�FRQWLQXRXV� OHDUQLQJ�VROXWLRQV�DUH�DEOH�
WR�PDQDJH�WKLV�SUREOHP�DOJRULWKPLFDOO\��

$QRWKHU� REVHUYDWLRQ� LV� WKDW� WKH� 0/� FRPSRQHQW�
FRQVXPHV�VLJQLILFDQW�&38�UHVRXUFHV�IRU�WUDLQLQJ��6LQFH�WKH�
XVHUV� DUH� IUHH� WR� UHWUDLQ� WKH�PRGHO� DV� RIWHQ� DV� WKH\�ZDQW��
GRLQJ�VR�UHSHDWHGO\�FDQ�FRQVXPH�VLJQLILFDQW�FRPSXWDWLRQDO�
SRZHU�DQG�PD\�DIIHFW�WKH�SHUIRUPDQFH�RI�WKH�VHUYHU�FOXVWHU��
7KLV�FDQ�EH�PLWLJDWHG�E\�OLPLWLQJ�FRQFXUUHQW�0/�WUDLQLQJ�
SURFHVVHV� EDVHG� RQ� WKH� KDUGZDUH� FRQILJXUDWLRQ� RI� WKH�
V\VWHP�RU�XVLQJ�FORXG�VHUYLFHV�IRU�DXWR�VFDOLQJ���



�

�

(DFK�0/�DOJRULWKP�UHTXLUHV�D�GLIIHUHQW�IRUPDW�IRU� WKH�
LQSXW�GDWDVHW�DQG�QHHGV�GLIIHUHQW�W\SHV�RI�DWWULEXWHV�RQ�HDFK�
UHFRUG� RI� WKH� WUDLQLQJ� GDWDVHW��:H� KDG� WR� OLPLW� HDFK�0/�
DOJRULWKP� WR�SHUIRUP� WUDLQLQJ�RQ�D� VXEVHW�RI�DOO�DWWULEXWHV�
DYDLODEOH�RQ�WKH�GDWD��$Q�DGGLWLRQDO�FRPSRQHQW�WR�WUDQVIRUP�
WKH�GDWD�EHLQJ�IHWFKHG�WR�PDWFK�LQSXW�UHTXLUHPHQWV�RI�HDFK�
0/�DOJRULWKP�ZRXOG�EH�KHOSIXO��7KH�&(3�FRPSRQHQW�FRXOG�
EH� FRQILJXUHG� IRU� WKLV� SXUSRVH�� EXW� DQ� RII�WKH�VKHOI� WRRO�
RSWLPLVHG� IRU� VXFK� WUDQVIRUPDWLRQV� LV� OLNHO\� WR� EH� PRUH�
HIILFLHQW��

9�� &21&/86,21�$1'�)8785(�:25.�
7KH� XOWLPDWH� REMHFWLYH� RI� WKLV� SDSHU� LV� WR� LQWURGXFH� D�

QRYHO� DUFKLWHFWXUH� WKDW� DOORZV� XVHUV� WR� H[SHULPHQW� ZLWK�
YDULRXV�FRPELQDWLRQ�RI�VWUHDPLQJ��&(3�DQG�0/�FDSDELOLWLHV�
LQ�UHDO�WLPH��7KLV�LV�DFKLHYHG�WKURXJK�SURYLGLQJ�D�QXPEHU�
RI� VWDQGDUG�VRIWZDUH� FRPSRQHQWV�ZKLFK�FDQ�EH�FRPELQHG�
DFFRUGLQJ�WR�WKH�UHTXLUHPHQWV�RI�D�VSHFLILF�XVH�FDVH��ZKLFK�
VSHHGV� XS� WKH� GHYHORSPHQW� F\FOH� GXH� WR� UHGXFHG�
GHSHQGHQFLHV� DQG� DOVR� LPSURYHV� WKH� H[WHQVLELOLW\� RI� WKH�
V\VWHP���

:H� SURYLGHG� D� VSHFLILF� UHDOLVDWLRQ� RI� WKH� DUFKLWHFWXUH�
XVLQJ� .DIND�� 7HQVRU)ORZ� ��� DQG� (YHQW6ZDUP�� 2XU�
UHDOLVDWLRQ�SURYLGHV�XVHUV�ZLWK�D�VLPSOH�DQG�VWUDLJKWIRUZDUG�
LQWHUIDFH�WKDW�KLGHV�PRVW�RI�WKH�FRPSOH[LW\�DVVRFLDWHG�ZLWK�
WKH�GHWDLOV�RI�VWUHDPLQJ��&(3�DQG�0/�FRPSRQHQWV��,W�DOORZV�
DQDO\VWV� WR� IRFXV� RQ� H[SHULPHQWLQJ� DQG� JDWKHULQJ�
FRPSHOOLQJ�UHVXOWV�LQ�WKHLU�GRPDLQ�RI�H[SHUWLVH���

:H�KDYH�VKRZQ�WKURXJK�RXU�H[DPSOH�VFHQDULRV�WKDW�WKH�
LQFOXVLRQ�RI�&(3�IRU�SUH�SURFHVVLQJ�DQG�SDWWHUQ�PDWFKLQJ�
H[WUDFWV� KLJKHU�OHYHO� IHDWXUHV� IURP� WKH� UDZ� GDWD� DQG�
SURYLGHV�PRUH� LQIRUPDWLRQ� WR� WKH�0/�DOJRULWKPV� WR�ZRUN�
RQ��7KLV�HQDEOHV�WKH�WUDLQHG�PRGHO�WR�SURYLGH�QHZ�LQVLJKWV�
LQWR�WKH�GDWD���

7KLV�JHQHUDO�DUFKLWHFWXUH�FDQ�EH�DSSOLHG�WR�VXSSRUW�XVH�
FDVHV� LQ� D�ZLGH� UDQJH�RI� GRPDLQV�� VXFK� DV�GLJLWDO� KHDOWK��
DJULFXOWXUH��FOLPDWH�FKDQJH��DQG�VR�RQ���

2XU�LPPHGLDWH�JRDO�LV�WR�IXUWKHU� LQYHVWLJDWH�WKH�XVH�RI�
.DIND�WRSLFV�WR�VXSSRUW�LQFUHPHQWDO�OHDUQLQJ��:H�DOVR�SODQ�
WR�VXSSRUW�D�ODUJHU�YDULHW\�RI�&(3�UXOHV�DQG�0/�DOJRULWKPV�
VR� WKDW� WKH� XVHUV� FDQ� KDYH� DFFHVV� WR� D� PRUH� SRZHUIXO�
SODWIRUP�IRU�TXLFN�H[SHULPHQWDWLRQ��'XULQJ�WKLV�SURFHVV��ZH�
ZLOO� LQFUHDVH� WKH� VWDELOLW\� RI� WKH� SODWIRUP� WKURXJK� EHWWHU�
VFDOLQJ� DQG� PDQDJHPHQW� RI� UHVRXUFHV� XVHG� LQ� WUDLQLQJ�
SURFHVVHV��2Q�D�ORQJHU�WLPH�KRUL]RQ��ZH�SODQ�WR�DXWRPDWH�
VRPH�RI�WKH�XVHU�FKRLFHV�UHODWHG�WR�0/�WHFKQLTXH�VHOHFWLRQ�
DQG�ILQH�WXQLQJ�E\�LQWHJUDWLQJ�DGGLWLRQ�H[WHUQDO�FRPSRQHQWV�
IRU� GDWD� SURILOLQJ�� WUDQVIRUPDWLRQ� DQG� PLQLQJ�� 7KLV� ZLOO�
HQDEOH�PRUH�FRPSOH[�0/�WHFKQLTXHV��H�J��'HHS�/HDUQLQJ��
WR�EH�GHSOR\HG�ZLWK�(36�WHFKQRORJ\�DXWRPDWLFDOO\�DSSO\LQJ�
FRPSOH[� GDWD� WUDQVIRUPDWLRQV� DV� UHTXLUHG� E\� WKHVH�

WHFKQLTXHV�� 7KLV� FDQ� EH� HQKDQFHG� E\� RIIHULQJ� WKH�
RSSRUWXQLW\� WR�SHUIRUP�FRQWLQXRXV� OHDUQLQJ�YLD�DXWRPDWLF�
SDUDPHWHU�WXQLQJ� EDVHG� RQ� DQDO\VLQJ� WKH� UHVXOWV� DQG� XVHU�
IHHGEDFN��

5()(5(1&(6�
>�@� 5HDO� 7LPH� ,QWHOOLJHQFH� 	� &RPSOH[� (YHQW� 3URFHVVLQJ��
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>�@� $SDFKH�)OXPH��KWWSV���IOXPH�DSDFKH�RUJ��DFFHVVHG����$SU�����
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>�@� =��0LORVHYLF��:��&KHQ��$��%HUU\��)��$��5DEKL��$Q�RSHQ�DUFKLWHFWXUH�

IRU�HYHQW�EDVHG�DQDO\WLFV��,QWHUQDWLRQDO�-RXUQDO�RI�'DWD�6FLHQFH�DQG�
$QDO\WLFV����������������

>��@� $]XUH� 6WUHDPLQJ� $QDO\WLFV�� KWWSV���D]XUH�PLFURVRIW�FRP�HQ�
DX�VHUYLFHV�VWUHDP�DQDO\WLFV����DFFHVVHG����$SU�����

>��@� $PD]RQ� 6WUHDPLQJ�� KWWSV���DZV�DPD]RQ�FRP�VWUHDPLQJ�GDWD���
�DFFHVVHG����$SU�����

>��@� &ORXGHUD� 6WUHDPLQJ� DQDO\WLFV�� KWWSV���GRFV�FORXGHUD�FRP�FVD��
�DFFHVVHG����$SU�����

>��@� 0�� 5RXGMDQH�� '�� 5HEDwQH�� 5�� .KRXU\� DQG� 6�� +DOOp�� �3UHGLFWLYH�
$QDO\WLFV� IRU� (YHQW� 6WUHDP� 3URFHVVLQJ��� ('2&����� &RQIHUHQFH�
�('2&���3DULV��)UDQFH��������SS�����������

>��@� =��0LORVHYLF��:��&KHQ��$��%HUU\��)��$��5DEKL��5HDO�7LPH�$QDO\WLFV��
LQ�%LJ�'DWD��3ULQFLSOHV�DQG�3DUDGLJPV��0RUJDQ�.DXIPDQQ�(OVHYLHU��
�������
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LQ�KHDOWK��PRQLWRULQJ�KHDOWK�GDWD�TXDOLW\��('2&�����&RQIHUHQFH��
9DQFRXYHU��&DQDGD��������

>��@� +RZ� WR� 3UHGLFW� 6WRFN� 3ULFHV� LQ� 3\WKRQ� XVLQJ� 7HQVRU)ORZ� �� DQG�
.HUDV�� KWWSV���ZZZ�WKHS\WKRQFRGH�FRP�DUWLFOH�VWRFN�SULFH�
SUHGLFWLRQ�LQ�S\WKRQ�XVLQJ�WHQVRUIORZ���DQG�NHUDV� �DFFHVVHG� ���
0D\�����

>��@� <DKRR�)LQDQFH��KWWSV���ILQDQFH�\DKRR�FRP���DFFHVVHG����0D\�����
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>��@� 'RFNHU��KWWSV���ZZZ�GRFNHU�FRP���DFFHVVHG����0D\�����
>��@� 7HQVRU)ORZ� .DIND� 'DWDVHW� GRFXHPQWDWLRQ�

KWWSV���ZZZ�WHQVRUIORZ�RUJ�LR�DSLBGRFV�S\WKRQ�WILR�NDIND�.DIND'D
WDVHW�

>��@� 6WRFNVZDUP��KWWSV���JLWODE�FRP�7UHHQKDQ�VWRFNVZDUP��DFFHVVHG����
0D\�����

�


