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$EVWUDFW�� 'DWD� JHQHUDWLRQ� SOD\V� DQ� LQFUHDVLQJO\� LPSRUWDQW� DQG� FUXFLDO� UROH� LQ� WUDLQLQJ�
DUWLILFLDO�LQWHOOLJHQFH��$,��PRGHOV��)RFXVLQJ�RQ�WKH�ILHOG�RI��'�FRPSXWHG�WRPRJUDSK\��IRU�

H[DPSOH��WKHUH�LV�RIWHQ�D�ODFN�RI�DYDLODEOH�GDWD��7R�DGGUHVV�WKLV�SUREOHP��ZH�SURSRVH�DQ�$,�

EDVHG�VROXWLRQ�WR�JHQHUDWH�WUDLQLQJ�GDWD�E\�DGGLQJ�DUWLILFLDO�GHIHFWV�WR�&7�GDWD��2XU�PHWKRG�

HQDEOHV�WKH�JHQHUDWLRQ�RI�ODUJH�DPRXQWV�RI�UHDOLVWLF�GHIHFW�ODGHQ�SDUWV�WKDW�FDQ�EH�XVHG�DV�

WUDLQLQJ�GDWD�IRU�$,�DSSOLFDWLRQV��%\�DXWRPDWLQJ�WKH�SURFHVV�DQG�DGMXVWLQJ�WKH�SDUDPHWHUV��

ZH�FDQ�JHQHUDWH�GLIIHUHQW�GHIHFW�W\SHV�DQG�GLVWULEXWLRQV��7R�HYDOXDWH�WKH�JHQHUDWHG�UHVXOWV��

WKLV�ZRUN�WUDLQV�D�VHJPHQWDWLRQ�$,�DQG�DSSOLHV�LW�WR�XQVHHQ�UHDO�ZRUOG�GDWD��7KLV�DSSURDFK�

FORVHV� WKH� JDS� LQ� WKH� DYDLODELOLW\� RI� WUDLQLQJ� GDWD� DQG� HQDEOHV� WKH� LQGXVWU\� WR� XVH� $,�

WHFKQRORJ\�HIIHFWLYHO\��

.H\ZRUGV��'DWD�*HQHUDWLRQ��6SDUVH�'DWD��$UWLILFLDO�,QWHOOLJHQFH��'HHS�/HDUQLQJ��,QGXVWULDO�
&RPSXWHG�7RPRJUDSK\��'HIHFW�$QDO\VLV��$XWRHQFRGHU���'�6HJPHQWDWLRQ�

�� ,QWURGXFWLRQ�
,Q�WKH�UHDOP�RI�WHFKQRORJLFDO�LQQRYDWLRQ��$UWLILFLDO�,QWHOOLJHQFH��$,��DQG�'HHS�/HDUQLQJ��'/��

KDYH�HPHUJHG�DV� WUDQVIRUPDWLYH� IRUFHV��+RZHYHU�� WKHLU�YRUDFLRXV�DSSHWLWH� IRU�GDWD�SUHVHQWV�D�

IRUPLGDEOH�FKDOOHQJH�WKDW�VSDQV�DFURVV�GLYHUVH�DSSOLFDWLRQV��2XU�IRFXV�FHQWHUV�RQ�DGGUHVVLQJ�WKLV�

FKDOOHQJH�ZLWKLQ�WKH�GRPDLQ�RI�LQGXVWULDO�FRPSXWHG�WRPRJUDSK\��&7��GDWD�DQDO\VLV��ZKHUH�GDWD�

VFDUFLW\� KDV� ORQJ� KLQGHUHG� SURJUHVV�� 7KLV� SDSHU� LQWURGXFHV� DQ� $,� GDWD�GULYHQ� SLSHOLQH� WKDW�

OHYHUDJHV�D�VLQJOH�&7�VFDQ�RI�DQ�LQGXVWULDO�DGGLWLYHO\�PDQXIDFWXUHG�PHWDO�FRPSRQHQW�FRQWDLQLQJ�

LQWHUQDO�GHIHFWV�DV�LWV�IRXQGDWLRQDO�GDWD�VRXUFH��7KLV�SLSHOLQH�FRPSULVHV�D�VHTXHQFH�RI�VWHSV��HDFK�

FUXFLDO�IRU�UHVKDSLQJ�WKH�ODQGVFDSH�RI�GDWD�GULYHQ�$,�DSSOLFDWLRQV��

�

7KLV�UHVHDUFK�UHSUHVHQWV�DQ�LPSRUWDQW�FRQWULEXWLRQ�LQ�WKH�GRPDLQ�RI�GDWD�SURYLVLRQ�IRU�$,�DQG�

'/�DSSOLFDWLRQV��RIIHULQJ�D�QRYHO�VROXWLRQ�WR�WKH�SHUVLVWHQW�FKDOOHQJH�RI�GDWD�VFDUFLW\��2XU�DELOLW\�

WR�JHQHUDWH�GLYHUVH�GDWD�IURP�PLQLPDO�LQSXWV�KDV�WKH�SRWHQWLDO�WR�LPSURYH�VLJQLILFDQWO\�LQGXVWULDO�

&7�GDWD�DQDO\VLV�DQG�QXPHURXV�RWKHU�ILHOGV�UHOLDQW�RQ�GDWD�LQWHQVLYH�$,�PRGHOV��2QH�RI�WKH�PRVW�

FKDOOHQJLQJ�RQH�LV��'�&7�'DWD�



�� 5HODWHG�ZRUN�
7KH�FXUUHQW� VWDWH� RI�V\QWKHWLF�GDWD� JHQHUDWLRQ� UHVHDUFK�HQFRPSDVVHV� WKUHH�PDMRU�DSSURDFKHV��

DOJRULWKPLF�GDWD�JHQHUDWLRQ��VLPXODWLRQ��DQG�$,�EDVHG�PHWKRGV�� ,W�LQYROYHV�D�GLYHUVH�DUUD\�RI�

WHFKQLTXHV�DQG�DOJRULWKPV��&ODVVLFDO�DOJRULWKPLF�GDWD�JHQHUDWLRQ�UHOLHV�RQ�UDQGRPQHVV�DV�LWV�FRUH�

SULQFLSOH��,Q�WKLV�FDVH��WKH�GDWD�FDQ�EH�JHQHUDWHG�GLUHFWO\�E\�DOJRULWKPLF�UXOHV�WKDW�DUH�IHG�ZLWK�

UDQGRP�QXPEHUV� WR�LQFUHDVH�YDULDWLRQ�>�@��7KH�UDQJHV�RI� UDQGRP�QXPEHU�JHQHUDWLRQ�PXVW�EH�

SDUDPHWHUL]HG�IRU�WKLV�SXUSRVH��)RU�WKLV��D�GHHS�XQGHUVWDQGLQJ�RI�WKH�FKDUDFWHULVWLFV�RI�WKH�WDUJHW�

GDWD� LV� QHFHVVDU\� WR� VHW� XS� DQG� SDUDPHWHUL]H� WKH� FRUUHVSRQGLQJ� UXOHV�� 'HSHQGLQJ� RQ� WKH�

FRPSOH[LW\�RI�WKH�GDWD�WR�EH�JHQHUDWHG��LQ�WKLV�ZRUN�LQGXVWULDO�&7�GDWD��DQ�DOJRULWKPLF�JHQHUDWLRQ�

FDQ� EHFRPH� YHU\� FRPSOH[��ZKLFK� FDQ� DIIHFW� WKH� UHDOLVP� DV�ZHOO� DV� WKH� YDULDQFH�RI� WKH� GDWD��

$QRWKHU�ZD\�RI�JHQHUDWLQJ�GDWD�LV�VLPXODWLRQ�>����@�� HUH��WKH�UHDO�JHQHUDWLRQ�SURFHVV�LV�GLJLWDOO\�

UHFUHDWHG��'HSHQGLQJ�RQ�WKH�HIIRUW�DQG�WKH�DSSOLFDWLRQ��D�VLPXODWLRQ�FDQ�SURYLGH�UHDO�GDWD�FORVH�

WR� UHDOLW\�� ,Q� FRPELQDWLRQ�ZLWK� D� FRQWUROODEOH� UDQGRP� JHQHUDWRU�� D� ORW�RI� YDULDQW� GDWD� FDQ� EH�

JHQHUDWHG��7KLV�JHQHUDWLRQ�FDQ�EH�XVHG�IRU�LQGXVWULDO�&7�GDWD��:LWK�WKH�XVH�RI�GHHS�OHDUQLQJ��'/��

WHFKQLTXHV��LQ�SDUWLFXODU�DXWRHQFRGHUV��$(��>� DQG�JHQHUDWLYH�DGYHUVDULDO�QHWZRUNV��*$1��>�@��

ZKLFK� FDQ� EH� XVHG� LQ� PDQ\� GLIIHUHQW� DSSOLFDWLRQV�� *HQHUDWLYH� QHWZRUNV� DUH�PDLQO\� XVHG� WR�

JHQHUDWH�GDWD�>�±��@��&RPSDUHG�WR�SUHYLRXV�PHWKRGV��'/�KDV�WKH�DGYDQWDJH�WKDW�DUWLILFLDO�QHXUDO�

QHWZRUNV��$11��FDQ�OHDUQ�ZKDW�WKH�GDWD�VKRXOG�ORRN�OLNH�E\�XVLQJ�WUDLQLQJ�GDWD��7KH�FKRLFH�RI�

WUDLQLQJ�GDWD�LV�LPSRUWDQW��7KH\�VKRXOG�EH�VXIILFLHQWO\�QXPHURXV�DQG�UHIOHFW�DOO�QHFHVVDU\�UHDO�

IHDWXUHV�DV�ZHOO�DV�SRVVLEOH�WKURXJK�WKHLU�YDULDQFH��,Q�WKLV�ZD\��JRRG�WUDLQLQJ�FRQGLWLRQV�FDQ�EH�

FUHDWHG�LQ�ZKLFK�WKH�$11�OHDUQV�WKH�SDWWHUQV�DQG�VWUXFWXUHV�RI�WKH� WUDLQLQJ�GDWD�DQG�FDQ� WKXV�

JHQHUDWH� QHZ� GDWD�� 2XU� DSSURDFK� RI� DQ� ,�EDVHG� JHQHUDWLRQ� RI� LQGXVWULDO� &7� GDWD� LQFOXGLQJ�

GHIHFWV�LV�GHVFULEHG�EHORZ�LQ�WKLV�SDSHU��7KH�VWDWH�RI�WKH�DUW�LQ�GDWD�JHQHUDWLRQ�LV�DQ�HYHU�HYROYLQJ�

ILHOG�RI�UHVHDUFK��7KH�ILHOG�LV�FRQVWDQWO\�HYROYLQJ�DQG�H[SDQGLQJ��SDUWLFXODUO\�ZLWK�WKH�DGYHQW�RI�

DUWLILFLDO�LQWHOOLJHQFH�PHWKRGV�DQG�WKH�GDWD�WKH\�UHTXLUH��7KH�FKRLFH�RI�D�VXLWDEOH�GDWD�JHQHUDWLRQ�

PHWKRG�GHSHQGV�RQ�WKH�DSSOLFDWLRQ��WKH�UHTXLUHG�NQRZ�KRZ�DQG�WKH�DYDLODEOH�KDUGZDUH��

�

7KH� ODQGVFDSH� RI� VHJPHQWDWLRQ� LQ� UHFHQW� \HDUV� KDV� ZLWQHVVHG� D� VLJQLILFDQW� WUDQVIRUPDWLRQ��

7UDGLWLRQDO�PHWKRGV��ZKLOH�VWLOO�UHOHYDQW�LQ�PDQ\�DSSOLFDWLRQV��DUH�SURJUHVVLYHO\�JLYLQJ�ZD\�WR�

$,�GULYHQ�DSSURDFKHV��$PRQJ�WKHVH�FODVVLF�WHFKQLTXHV�LV�WKUHVKROGLQJ��ZKLFK�UHOLHV�RQ�YDULDWLRQV�

LQ�LPDJH�LQWHQVLW\�WR�LVRODWH�IHDWXUHV�ZLWKLQ�D�VSHFLILHG�LQWHQVLW\�UDQJH��,WV�HIIHFWLYHQHVV�KLQJHV�

RQ�IHDWXUHV�KDYLQJ�GLVWLQFW�LQWHQVLW\�YDOXHV��:KHQ�RWKHU�IHDWXUHV�VKDUH�WKH�VDPH�LQWHQVLW\�UDQJH��

WKUHVKROGLQJ�EHFRPHV�LQFDSDEOH�RI�GLVWLQJXLVKLQJ�EHWZHHQ�WKHP��)RU�VFHQDULRV�ZKHUH�IHDWXUHV�

YDU\� RYHU� WLPH� DQG� UHTXLUH� FRQWH[WXDO� LQIRUPDWLRQ� IRU� UHFRJQLWLRQ�� FRQYHQWLRQDO� DOJRULWKPLF�

WHFKQLTXHV�� VXFK�DV�HGJH�GHWHFWLRQ��H[KLELW� OLPLWDWLRQV�GXH�WR� WKHLU�ULJLG�UXOHV��'HHS�/HDUQLQJ�

�'/��HPHUJHV�DV�D�JDPH�FKDQJHU�LQ�VXFK�VLWXDWLRQV��7KURXJK�WUDLQLQJ�$11V�DFTXLUH�WKH�DELOLW\�

WR� GLVFHUQ� IHDWXUHV� ZLWKLQ� WKHLU� QDWXUDO� FRQWH[W��:KHQ� WKH� FLUFXPVWDQFHV� FKDQJH�� WKH� $11V�

EHQHILW�IURP�WKHLU�DELOLW\�WR�DEVWUDFW�DQG�DUH�VWLOO�DEOH�WR�UHFRJQL]H�WKH�GHVLUHG�IHDWXUHV��,PSRUWDQW�

$11�DUFKLWHFWXUHV�IRU�VHJPHQWDWLRQ�DUH�81HW�>������@�EDVHG�DUFKLWHFWXUHV��7KH�EDVLV�RI�WKHVH�

DUFKLWHFWXUHV� LV� WKHLU� 8�VKDSHG� VWUXFWXUH� EDVHG� RQ� HQFRGHUV� DQG� GHFRGHUV�� 7KH� HQFRGHU� SDUW�

FRQVLVWV�RI�FRQYROXWLRQDO�OD\HUV�WKDW�DUH�XVHG�WR�H[WUDFW�WKH�IHDWXUHV��7KH�GHFRGHU�UHFRPELQHV�WKH�

LQIRUPDWLRQ�LQ�WKH�DVFHQGLQJ�SDWK�DQG�FRQYHUWV�LW�LQWR�D�UHSUHVHQWDWLRQ��,Q�DGGLWLRQ�WR�WKH�$(��WKH�

81HW�DUFKLWHFWXUH�DGGV�VNLS�OLQNV�WKDW�FRQQHFW�WKH�HQFRGHU�DQG�GHFRGHU�LQ�GLIIHUHQW�OD\HUV��7KLV�

OLQNV�LQIRUPDWLRQ�LQ�GLIIHUHQW�OD\HUV�WR�JLYH�D�PRUH�DFFXUDWH�UHVXOW��7KH�81HW�DUFKLWHFWXUH�LV�WKH�

EDVLV�IRU�PDQ\�RWKHU�GHULYDWLYHV�VXFK�DV�91HW�>��@ RU�3&81HW�>��@��$OO�WKHVH�GHULYDWLYHV�KDYH�

GLIIHUHQW� DGYDQWDJHV� GHSHQGLQJ� RQ� WKH� GDWD�� GGLWLRQDOO\�� WKHVH� DUFKLWHFWXUHV� QRZDGD\V� JHW�

HQKDQFHG�XVLQJ�DWWHQWLRQ�PHFKDQLVPV�>��@ EXLOG�LQ�7UDQVIRUPHU�PRGHOV�OLNH�81(75�>������@��



�� 0HWKRGRORJ\�

)RU�DQ�$,�EDVHG�SLSHOLQH�WR�JHQHUDWH�GDWD�LQ�WKH�FDVH�RI��'�LQGXVWULDO�&7�GDWD�RI�FRPSRQHQWV�

ZLWK�LQWHUQDO�GHIHFWV��WKH�IROORZLQJ�SLSHOLQH�)LJ��� ZDV�GHYHORSHG��

�

)LJ�����3LSHOLQH�IURP�&7�VFDQ�WR�LPDJH�VHJPHQWDWLRQ�
��

��� &7�VFDQ��7KH�ILUVW�VWHS�LV�WR�H[WUDFW�WKH�LQWHUQDO�GHIHFWV�IURP�D�UHDO�VFDQQHG�FRPSRQHQW��7KH�

VFDQQHG�SDUW�LV�DYDLODEOH�LQ�YR[HO�IRUPDW��7R�H[WUDFW�WKH�GHIHFWV�� WKH�SDUW�LV�FRQYHUWHG�WR�67/�

IRUPDW��ZKLFK�UHSUHVHQWV�WKH�VXUIDFH�JHRPHWU\�RI�WKH�SDUW��7KLV�VWHS�DOORZV�WKH�H[WUDFWLRQ�RI�WKH�

LQWHUQDO�GHIHFWV�ZKLFK�DUH�VDYHG�DV�LQGLYLGXDO�VHSDUDWH�67/�ILOHV��

��� 7UDLQ�$XWRHQFRGHU�� 7KH� VHFRQG� VWHS� LQYROYHV� FUHDWLQJ� WKH� FRUH� RI� WKH� GHIHFW� JHQHUDWLRQ�

SURFHVV��DQ�$(�DUFKLWHFWXUH�DV�VKRZQ�LQ�)LJ�����7R�ZRUN�ZLWK�WKH�$(��WKH�VHSDUDWH�67/�GHIHFWV�

IURP�WKH�ILUVW�VWHS�DUH�WUDQVIRUPHG�EDFN�LQWR�D�FRQVWDQW�VL]HG���ñ�YR[HO�IRUPDW��:LWK�WKLV�LQSXW�

GDWD��WKH�$(�OHDUQV�E\�HQFRGLQJ�GHIHFWV��PDSSLQJ�WKHP�WR�D�FRPSUHVVHG�UHSUHVHQWDWLRQ��DQG�WKHQ�

GHFRGLQJ�WKHP�WR�UHFUHDWH�GHIHFWV�LQ�WKH�YR[HO�IRUPDW��

�

)LJ�����6FKHPDWLF�RI�DQ�$(�DUFKLWHFWXUH��
�

����'HIHFW�*HQHUDWLRQ��,Q�WKH�WKLUG�VWDJH��WKH�WUDLQHG�$(�LV�XVHG�WR�JHQHUDWH�GHIHFWV��7KLV�LV�GRQH�

E\�VHSDUDWLQJ�WKH�HQFRGHU�SDUW�IURP�WKH�$(��%\�VSHFLILFDOO\�YDU\LQJ�WKH�FRGH�OD\HU��LQGLYLGXDOO\�

GHILQHG� GHIHFWV� ZLWK� GHVLUHG� JHRPHWULF� SURSHUWLHV� FDQ� EH� JHQHUDWHG�� 7R� IHHG� WKH� FRUUHFW�

DFWLYDWLRQV� LQWR� WKH� FRGH� OD\HU�� LQGLYLGXDO� SURSHUWLHV� DUH� VSHFLILFDOO\� DQDO\]HG�� UHVXOWLQJ� LQ� D�

SDUDPHWHU� VSDFH� WKDW� SURGXFHV�SRVVLEOH� UHDO� JHQHUDWLRQV�� 7KH� ODUJHU� WKH� FRGH� OD\HU�� WKH�PRUH�

SUHFLVHO\� LQGLYLGXDO� SURSHUWLHV� FDQ� EH� PDSSHG� DQG� VHW� LQ� WKH� JHQHUDWLRQ�� 'HSHQGLQJ� RQ� WKH�

WUDLQLQJ�TXDOLW\�RI�WKH�DXWR�HQFRGHU��DQ�LQILQLWH�QXPEHU�RI�GHIHFWV�FDQ�EH�JHQHUDWHG��

��� 'HIHFW�3ODFHPHQW�� ,Q� WKH� IRXUWK� VWHS�� WKH�JHQHUDWHG�GDWD� LV� FRQYHUWHG� WR� 67/� IRUPDW� DQG�

SODFHG�LQWR�D�GHVLUHG�67/�REMHFW��7KH�SODFHPHQW�RI�GHIHFWV�LQ�REMHFWV�RU�FRPSRQHQWV�LV�GRQH�

XVLQJ�DOJRULWKPV�EDVHG�RQ�SURSHUWLHV�VXFK�DV�QXPEHU�RI�GHIHFWV��GHIHFW�VL]H�DQG�LQWHUVHFWLRQ��,Q�

WKLV�ZD\��PDQ\�YDULDWLRQV�RI� D� FRPSRQHQW�ZLWK�GLIIHUHQW� GHIHFW� FKDUDFWHULVWLFV�� QXPEHUV� DQG�

GLVWULEXWLRQV�DUH�JHQHUDWHG�DQG�SURFHVVHG�LQ�WKH�QH[W�VWHS��

��� &7�6LPXODWLRQ��,Q�WKLV�ZRUN�� WKH�DSSOLFDWLRQ�DQG�SODXVLELOLW\�RI� WKH�JHQHUDWLRQ�SLSHOLQH� LV�

HYDOXDWHG�XVLQJ�LQGXVWULDO�&7�GDWD�RI�FRPSRQHQWV�ZLWK�LQQHU�GHIHFWV��7KH�&7�VLPXODWLRQ�VRIWZDUH�

$57,67�LV�XVHG�WR�JHQHUDWH�WKH�DUWLILFLDO�&7�GDWD��5HDOLVWLF�VLPXODWLRQ�VHWXSV�ZHUH�FUHDWHG�IRU�

WKLV� SXUSRVH�� 7KH� VRIWZDUH� ZDV� DXWRPDWHG� XVLQJ� D� VFULSW�� 7KH� FKDOOHQJH� OLHV� LQ� WKH�

SDUDPHWHUL]DWLRQ� RI� WKH� VRIWZDUH�� 5HDOLVWLF� VHWXSV� UHTXLUH� NQRZOHGJH� RI� ;�UD\� SK\VLFV�� ,Q� D�

IXUWKHU�VWHS��WKH�&7�SURMHFWLRQV�DUH�UHFRQVWUXFWHG�LQWR�D��'�LPDJH�XVLQJ�WKH�&7�UHFRQVWUXFWLRQ�

����&7�VFDQ
����7UDLQ�

$XWRHQFRGHU
����'HIHFW�
*HQHUDWLRQ

����'HIHFW�
3ODFHPHQW

����&7�
6LPXODWLRQ

����$,�
6HJPHQWDWLRQ



VRIWZDUH� 6LHPHQV� &HUD� >��@ %\� YDU\LQJ� WKH� VLPXODWLRQ� DQG� UHFRQVWUXFWLRQ� SDUDPHWHUV�� WKH�

GLYHUVLW\�RI�WKH� UHVXOWLQJ�LPDJHV� LQFUHDVHV��$V�D� UHVXOW�RI� VWHS���RI�WKH�VWHS�FKDLQ�� DUWLILFLDOO\�

UHDOLVWLF�&7�LPDJHV�ZLWK�LQWHUQDO�GHIHFWV�DUH�FUHDWHG��$GGLWLRQDOO\��JURXQG�WUXWK�LV�QHHGHG�IRU�WKH�

QH[W� SKDVH�� DQG� WR� REWDLQ� WKLV�� WKH� VFDQV� DQG� UHFRQVWUXFWLRQV� DUH� LGHDOL]HG�� 7KLV� LQYROYHV�

VLPXODWLQJ� D� GHIHFW�IUHH� DQG� GHIHFWLYH� FRPSRQHQW� WR� JHQHUDWH� ELQDU\� JURXQG� WUXWK� WKURXJK�

VXEWUDFWLRQ�DQG�WKUHVKROGLQJ��7KHVH�ODEHO�PDSV�VHUYH�DV�WUDLQLQJ�GDWD�IRU�DOO�YDULDWLRQV�RI�DUWLILFLDO�

&7�GDWD�VLQFH�GHIHFW�SRVLWLRQV�UHPDLQ�FRQVLVWHQW�EHWZHHQ�LGHDO�DQG�UHDOLVWLF�VLPXODWLRQV��

����$,�6HJPHQWDWLRQ�� ,Q� WKH�ODVW� VWHS�RI�WKH�GDWD�JHQHUDWLRQ�SLSHOLQH��DUWLILFLDO�QHXUDO�QHWZRUN�

PRGHOV��VXFK�DV�FRQYROXWLRQDO�QHXUDO�QHWZRUNV��&11V���DUH�WUDLQHG�ZLWK�WKH�V\QWKHWLF��'�GDWD��

7KH��'�YR[HO�GDWD�IURP�����ZHUH�VOLFHG�LQWR�VPDOOHU�FKXQNV�ZLWK�D�UHVROXWLRQ�RI����ñ�YR[HOV�WR�

DYRLG� KDUGZDUH� OLPLWDWLRQV�� ,Q� WKLV� ZRUN� D� 81HW� DUFKLWHFWXUH� LV� XVHG�� 6LQFH� WKLV� LV� D� ELQDU\�

VHJPHQWDWLRQ��WKH�VLJPRLG�IXQFWLRQ�LV�XVHG�DV�WKH�RXWSXW�IXQFWLRQ��7KH�ELQDU\�FURVV�HQWURS\�LV�

XVHG�DV� WKH� ORVV�� 7KH�SHUIRUPDQFH�RI� WKH� VHJPHQWDWLRQ� LV�PRQLWRUHG�XVLQJ� WKH�PHWULF�%LQDU\�

,QWHUVHFWLRQ�RYHU�8QLRQ��%,R8���$IWHU�WUDLQLQJ��WKH�PRGHO�LV�XVHG�WR�VHJPHQW�UHDO�&7�VFDQV�RI�

FRPSRQHQWV��H�J��IRU�TXDOLW\�FRQWURO�LQ�PDQXIDFWXULQJ��0DQXDO�DQQRWDWLRQ�FDQ�WKHQ�EH�RPLWWHG��

�� 5HVXOWV�
,Q�WKLV�SDSHU�ZH�SURSRVH�D�SLSHOLQH�WKDW�FDQ�V\QWKHWLFDOO\�JHQHUDWH�VLQJOH�SDUW�IHDWXUHV�RU�ZKROH�

REMHFWV��,Q�RXU�XVH�FDVH��ZH�VSHFLDOL]H�WKH�SLSHOLQH�RQ�GHIHFWLYH�LQGXVWULDO�&7�GDWD��7KLV�SLSHOLQH�

FDQ�H[WUDFW�WKH�LQIRUPDWLRQ�IRU�WKH�FRPSOHWH�ZRUNIORZ�IURP�D�VLQJOH�UHDO�LPDJH��WUDLQ�WKH�$,�DQG�

JHQHUDWH�DV�PXFK�GDWD�DV�GHVLUHG��7KH�IROORZLQJ�DUH�UHVXOWV�RI�WKH�SLSHOLQH�DQG�LQGLYLGXDO�VXE�

SRLQWV�WKDW�DUH�LPSRUWDQW�DQG�QHFHVVDU\�WR�JHQHUDWH�WKH�GHVLUHG�V\QWKHWLF�GDWD��7KH�SLSHOLQH�LV�

GHYHORSHG�DV�S\WKRQ�PRGXOHV�IRU�HDFK�VWHS�H[FHSW�IRU�WKH�VLPXODWLRQ�DQG�UHFRQVWUXFWLRQ�ZKLFK�

PDNHV�LW�HDV\�WR�DXWRPDWH�WKH�SURFHVVHV��

����,QLWLDO�&7�'DWD��67/�&RPSRQHQW�DQG�'HIHFW�H[WUDFWLRQ�

7KH�ILUVW�VWHS�LQ�WKH�3LSHOLQH�LV�WR�FUHDWH�D�&7�VFDQ�RI�WKH�FRPSRQHQW��7DEOH����OHIW��DV�EDVHOLQH��

2QO\�RQH�VFDQ�LV�UHTXLUHG�IRU�WKH�ZKROH�SLSHOLQH�ZKLFK�LV�GRQH�RQ�D�&7�PDFKLQH��7KH�SURMHFWLRQ�

GDWD�LV�WKHQ�UHFRQVWUXFWHG�WR�D�YR[HO��'�YROXPH��7DEOH����FHQWHU���,Q�WKLV�FDVH�WZR�KRFN�SDUWV�

ZHUH� VFDQQHG� WRJHWKHU� XVLQJ� DGGLWLRQDO� VXSSRUW� PDWHULDO� WR� IL[� WKH� SDUWV� GXULQJ� WKH� VFDQ�

SURFHGXUH��0DUFKLQJ�FXEH�>��@ DOJRULWKP�WHFKQLTXHV�DOORZ�WR�H[WUDFW�WKH�PDWHULDO�DQG�GHIHFWV�

VXUIDFHV� GHSHQGLQJ� RQ� D� WKUHVKROG� DQG� D� YR[HO� UHVROXWLRQ� �7DEOH� ��� ULJKW���$GGLWLRQDOO\�� WKH�

VXSSRUW�PDWHULDO�FRXOG�EH�HOLPLQDWHG�RQ�67/�OHYHO��%\�VHSDUDWLQJ�WKH�KXOO�DV�67/�FRPSRQHQW�LW�

FDQ�EH�ODWHU�XVHG�WR�SODFH�V\QWKHWLF�GHIHFW�YDULDWLRQV�LQ�LW��7KH�UHDO�GHIHFWV�LWVHOI�DUH�VHSDUDWHG�

DQG� VWRUHG� RQH� E\� RQH� LQ� DQ� 67/� ILOH� DV� ZHOO�� 7KRVH� DUH� WKH� EDVHOLQH� IRU� V\QWKHWLF� GHIHFW�

JHQHUDWLRQ��$URXQG��������GHIHFWV�FRXOG�EH�H[WUDFWHG�IURP�WKH�FRPSRQHQW��%\�DSSO\LQJ�D�ILOWHU�

WR�UHWULHYH�RQO\�ZDWHUWLJKW�VWUXFWXUHV�RI�D�FHUWDLQ�VL]H�DURXQG��������GHIHFWV�DUH�XVHIXO�IRU�IXUWKHU�

SURFHVVLQJ��

� �



7DEOH�����ULJKW��$�SKRWR�RI�WKH��'�SULQWHG�PHWDO�FRPSRQHQW���FHQWHU��9R[HO�UHQGHULQJ�RI��'�
UHFRQVWUXFWLRQ�DIWHU�&7�VFDQ���ULJKW��67/�UHQGHULQJ�RI�FRPSRQHQW�ZLWK�LQWHUQDO�GHIHFWV��

5HDO�

&RPSRQHQW�

�'�&7�5HFRQVWUXFWLRQ� 67/�&RPSRQHQW�ZLWK�

'HIHFWV�

� � �

����$XWRHQFRGHU�7UDLQLQJ�DQG�'HIHFW�*HQHUDWLRQ�

6\QWKHWLF� GHIHFW� JHQHUDWLRQ� HPSOR\V� DQ� $(�� 7KH� LQLWLDO� VWHS� LQYROYHV� FUHDWLQJ� WKH� $(�

DUFKLWHFWXUH��7R�DGGUHVV� WKH�LVVXH�RI�YDU\LQJ�YHUWH[�DQG� IDFH�FRXQWV�LQ�67/�GHIHFWV�� WKH\�DUH�

FRQYHUWHG�LQWR�ELQDU\�YR[HO�YROXPHV�DW�D�FRQVLVWHQW���ñ�UHVROXWLRQ�IRU�HDVLHU�GDWD�PDQDJHPHQW�

�7DEOH� ��� �VW� URZ���$SSUR[LPDWHO\� ������� YR[HOL]HG� GHIHFWV� VHUYH� DV� WUDLQLQJ� GDWD��ZLWK� WKH�

HQFRGHU� OHDUQLQJ� WR�FUHDWH�D� VLPSOLILHG� UHSUHVHQWDWLRQ�RI� WKH� LQSXW� LQ� WKH�FRGH� OD\HU�DQG� WKHQ�

UHFRQVWUXFW�LW�XVLQJ�WKH�GHFRGHU��3RVW�WUDLQLQJ��WKH�HQFRGHU�DQG�GHFRGHU�FDQ�IXQFWLRQ�DV�VHSDUDWH�

PRGHOV��:KHQ� WKH� VDPH�GDWD� LV� DSSOLHG� WR� WKH�HQFRGHU� IRU�SUHGLFWLRQ�� LW�SURGXFHV� FRGH� OD\HU�

UHSUHVHQWDWLRQV�� 7KH� FRGH� OD\HU� YDOXHV� IRU� DOO� ������� VDPSOHV� DUH� UHFRUGHG�� DQG� PHDQ� DQG�

VWDQGDUG� GHYLDWLRQ� FDOFXODWLRQV� DUH� SHUIRUPHG�� 7KHVH� YDOXHV� DUH� FUXFLDO� IRU� JHQHUDWLQJ�

PHDQLQJIXO�YDULDWLRQV�ZLWK�WKH�GHFRGHU��9DOXHV�RXWVLGH�WKH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�UDQJHV�

\LHOG� XQUHDOLVWLF� UHVXOWV�� 7KH� GHFRGHU� FDQ�SURGXFH� V\QWKHWLF� GHIHFWV� �7DEOH� ���� G� URZ��ZLWK�

KLJKHU� UHVROXWLRQ� FRPSDUHG� WR� WKH� H[WUDFWHG� GHIHFWV�� HQKDQFLQJ� JHRPHWULF� GHWDLOV�� 7KLV�

GHPRQVWUDWHV� WKH� GHFRGHU
V� DELOLW\� WR� JHQHUDWH� JHRPHWULHV� FORVHO\� UHVHPEOLQJ� UHDO� GDWD�� 7KH�

UDWLRQDO�QXPEHU�VSDFH�RIIHUV�DQ�LQILQLWH�QXPEHU�RI�YDULDWLRQV��HYHQ�ZKHQ�FRQVWUDLQLQJ�YDOXHV�WR�

WKH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�UDQJHV�IRU�HDFK�FRGH�OD\HU�QRGH��7KH�ELQDU\�YR[HO�FRXQW�RI�HDFK�

JHQHUDWHG�GHIHFW�LV�PHDVXUHG�DQG�VWRUHG��DORQJ�ZLWK�WKHLU�FRUUHVSRQGLQJ�67/�YHUVLRQV��LQ�D�VL]H�

RULHQWHG�GDWDEDVH��

7DEOH������VW�URZ��([WUDFWHG�GHIHFWV�IURP�WKH�RULJLQDO�FRPSRQHQW�DV�VLQJOH�67/�ILOHV����QG�URZ��6\QWKHWLF�
GHIHFWV�JHQHUDWHG�ZLWK�WKH�HQFRGHU�RI�WKH�$(�EURXJKW�WR�DSSOLFDWLRQ��
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����'HIHFW�3ODFHPHQW�5HVXOWV�

,Q���� ZH�SUHVHUYHG�WKH�67/�VXUIDFH�KXOO�RI�WKH�FRPSRQHQW�WR�SODFH�GHIHFW�YDULDWLRQV�LQVLGH��7R�

DFKLHYH�WKLV��DQ�DOJRULWKP�ILUVW�ORDGV�WKH�67/�KXOO��ZKLFK�LV�WKH��'�PRGHO�RI�WKH�FRPSRQHQW��,W�

WKHQ�SURFHHGV�WR�FDOFXODWH�WKH�VSHFLILF�GHIHFWV�WR�SODFH�ZLWKLQ�WKH�FRPSRQHQW�EDVHG�RQ�WZR�NH\�

SDUDPHWHUV��WKH�GHVLUHG�DYHUDJH�GHIHFW�VL]H�DQG�WKH�VWDQGDUG�GHYLDWLRQ��7KHVH�SDUDPHWHUV�JXLGH�

WKH�DOJRULWKP�LQ�VHOHFWLQJ�ZKLFK�IROGHUV�ZLWKLQ�WKH�GHIHFW�GDWDEDVH�WR�ORDG�WKH�GHIHFWV�IURP��,Q�

RWKHU�ZRUGV��WKH�DOJRULWKP�XVHV�WKHVH�SDUDPHWHUV�WR�GHWHUPLQH�WKH�DSSURSULDWH�VRXUFHV�IRU�GHIHFWV�

WKDW�ZLOO�EH�SODFHG�ZLWKLQ�WKH�67/�FRPSRQHQW��$OVR��GHSHQGLQJ�RQ�WKH�LQQHU�YROXPH�LQ�XQLW��DQG�

D� GHILQHG� GHIHFW� GHQVLW\� IDFWRU� WKH� DOJRULWKP� FDOFXODWHV� WKH� QXPEHU� RI� GHIHFWV� WR� EH� SODFHG��

$IWHUZDUGV� LW� VHDUFKHV� FRRUGLQDWHV� LQVLGH� WKH� 67/�KXOO� E\� SLFNLQJ� UDQGRP� FRRUGLQDWHV�� WKHQ�

FKHFNLQJ� LI� WKH� FRRUGLQDWHV� DUH�ZLWKLQ� WKH� VXUIDFH� XVLQJ� WKH� QRUPDO�YHFWRU� RI� WKH� IDFHV�� ,I� D�

FRRUGLQDWH�LV�YDOLG��LW�SODFHV�D�GHIHFW�LQVLGH�FKRVHQ�UDQGRPO\�IURP�WKH�GDWDEDVH�ZLWKLQ�WKH�GHIHFW�

VL]H�VSUHDG��7KH�DOJRULWKP�DOVR�DOORZV�WR�HQDEOH�DQG�GLVDEOH�LQWHUVHFWLRQV�E\�XVLQJ�WKH�HPSW\�

KXOO�RU�WKH�GHIHFW�XSGDWHG�KXOO�IRU�YDOLG�FRRUGLQDWH�VHDUFK��$GGLWLRQDOO\��PXOWLSURFHVVLQJ�FRXOG�

EH� DFWLYDWHG� WR� GHFUHDVH� WKH� WLPH� IRU� SURFHVVLQJ� VLJQLILFDQWO\� GHSHQGLQJ� RQ� WKH� DYDLODEOH�

UHVRXUFHV�� 8VLQJ� RXU� SODFHPHQW� DOJRULWKP� ��� YDULDWLRQV� RI� WKH� FRPSRQHQW� ZLWK� GHIHFWV� DUH�

FUHDWHG��,Q�7DEOH����ZH�FRPSDUH�WKH�SODFHPHQW�RI�GHIHFWV��7KH�ILUVW�URZ�VKRZV�ODUJH�GHIHFWV�ZLWK�

D�ORZ�GHQVLW\�IDFWRU��ZKLOH�WKH�VHFRQG�URZ�VKRZV�VPDOO�GHIHFWV�ZLWK�D�KLJK�GHQVLW\�IDFWRU��:LWK�

WKH�ILUVW�IRXU�VWHSV�LW�LV�SRVVLEOH�WR�JHQHUDWH�D�ODUJH�DPRXQW�RI�67/�'DWD�ZLWK�LQQHU�GHIHFWV�IRU�

IXUWKHU�DSSOLFDWLRQV��$GGLWLRQDOO\��LV�LW�SRVVLEOH�WR�SODFH�WKH�JHQHUDWHG�GHIHFWV�LQ�DQ\�67/��

7DEOH����&RPSDULVRQ�RI�GHIHFW�SODFHPHQW�XVLQJ�GLIIHUHQW�SDUDPHWHUV��
� &URVV�VHFWLRQ�RI�FRPSRQHQW�ZLWK��

LQWHUQDO�GHIHFWV�

,QWHUQDO�GHIHFWV�

'HIHFWV������

'HQVLW\�IDFWRU��������

$YJ��VL]H������Y[�

� �

'HIHFWV�������

'HQVLW\�IDFWRU�������
$YJ��VL]H�����Y[�

� �

����&7�6FDQ�DQG�5HFRQVWUXFWLRQ�5HVXOWV�

&UHDWLQJ� XVHIXO� WUDLQLQJ� GDWD� IRU� VHJPHQWDWLRQ� ZH� QHHG� WKH� VDPSOHV� DQG� WKH� FRUUHVSRQGLQJ�

JURXQG� WUXWK��)RU� WKLV�SXUSRVH�� ILUVW�D� VLQJOH� LGHDO�VFDQ� DQG�UHFRQVWUXFWLRQ� LV�GRQH�RI� WKH�KXOO�

ZLWKRXW�GHIHFWV�DQG�RI�HDFK�RI�WKH����YDULDWLRQV�RI�WKH�GHIHFWLYH�FRPSRQHQWV��%\�VXEWUDFWLQJ�WKH�

UHFRQVWUXFWLRQ�RI�WKH�GHIHFWLYH�FRPSRQHQWV�IURP�WKH�KXOO�RQO\�WKH�GHIHFWV�DQG�VRPH�UDQGRP�VFDQ�

DQG�UHFRQVWUXFWLRQ�DUWLIDFWV�UHPDLQ��7KHQ�D�ELQDUL]DWLRQ�LV�GRQH�WR�FUHDWH�WKH�JURXQG�WUXWK�YR[HO�



YROXPH�ILOHV��7KH�SURFHVV�LV�LOOXVWUDWHG�LQ�7DEOH����$IWHUZDUGV��WKH����FRPSRQHQW�YDULDWLRQV�ZLWK�

GHIHFWV� DUH� VLPXODWHG� DQG� UHFRQVWUXFWHG� PRUH� UHDOLVWLFDOO\� XVLQJ� DGYDQFHG� SDUDPHWHUV� DQG�

IXQFWLRQV� RI� WKH� VLPXODWLRQ� DQG� UHFRQVWUXFWLRQ��$IWHUZDUGV� DQ� DOJRULWKP� LV� XVHG� WR� FKRS� WKH�

YROXPH�VDPSOHV�DQG�WKHLU�JURXQG�WUXWK�LQWR�FKXQNV��WKHUHIRUH�LW� LWHUDWHV�WKURXJK�WKH�VDPSOH��,I�

WKH�DFWXDO�FKXQN�KDV�D�FHUWDLQ�DPRXQW�RI�YR[HO�DERYH�D�PDWHULDO�WKUHVKROG�DQG�WKLV�DPRXQW� LV�

PRUH� WKDQ� D� FHUWDLQ� SHUFHQWDJH� RI� WKH� ZKROH� FKXQN�� WKHQ� WKLV� FKXQN� LV� VWRUHG� ZLWK� WKH�

FRUUHVSRQGLQJ�FKXQN�RI�WKH�JURXQG�WUXWK��7KH�VHOHFWHG�FKXQN�VL]H�LV����ñ��8VLQJ�DQ�RYHUODS�RI�

����ZKHQ�ZLQGRZLQJ�DURXQG������VDPSOHV�IRU�WUDLQLQJ�FRXOG�EH�UHWULHYHG��

7DEOH����6WHS�E\�VWHS�LOOXVWUDWLRQ�RI�JURXQG�WUXWK�SUHSDUDWLRQ��
+XOO�ZLWKRXW�

GHIHFWV�

&RPSRQHQW�ZLWK�

GHIHFWV�

6XEWUDFWLRQ�UHVXOW� 7KUHVKROGLQJ� %LQDU\�

VHJPHQWDWLRQ�

� � � � �

����6HJPHQWDWLRQ�0RGHO�DQG�7UDLQLQJ�5HVXOWV�

7KH�VHJPHQWDWLRQ�LV�GRQH�XVLQJ�D�QHXUDO�QHWZRUN�PRGHO�ZLWK�WKH�81HW�DUFKLWHFWXUH��,QVWHDG�RI�

EXLOGLQJ�D�PRGHO�ZLWK�IXOO�VL]H�&7�YROXPH�UHVROXWLRQ��WKH�PRGHO�LV�WUDLQHG�RQ�WKH������FKXQNV�

ZLWK�D�UHVROXWLRQ�RI����ñ��VSOLW�LQWR�WUDLQ���WHVW��DQG�YDOLGDWLRQ�GDWD�������������7KLV�UHGXFHV�WKH�

FRPSXWDWLRQDO� HIIRUW� DQG� WUDLQLQJ� WLPH�� 6LQFH� WKH�PRGHO� VKRXOG� IRFXV� RQ� WKH� IHDWXUHV� RI� WKH�

GHIHFWV� DQG� WKHLU� FORVH� VXUURXQGLQJV� RI� PDWHULDO� WR� DLU� WUDQVLWLRQ� WKH� RXWHU� JHRPHWU\� LV� OHVV�

UHOHYDQW� DQG� WKHUHIRUH� LW� LV� FRPPRQ� WR� WUDLQ� RQ� FKXQNV�� 7KH�PRGHO� KDV� DURXQG� ����PLOOLRQ�

SDUDPHWHUV��$V�OD\HU�DFWLYDWLRQ�WKH�(/8�IXQFWLRQ�LV�XVHG��DV�RXWSXW�DFWLYDWLRQ�VLJPRLG�IXQFWLRQ��

:H�XVH�ELQDU\�FURVV�HQWURS\�DV�ORVV�IXQFWLRQ��7R�WUDFN�WKH�SURJUHVV�RI�WKH�WUDLQLQJ�ZH�XVH�WKH�

PHWULF�%,R8��7KH�PRGHO�DFKLHYHG�UHPDUNDEOH�����%,R8�RQ�WKH�YDOLGDWLRQ�GDWD��,Q�WKH�IROORZLQJ�

WDEOH��7DEOH����D�VDPSOH�VOLFH�RI�WKH�V\QWKHWLF�WHVW�GDWD�LV�VKRZQ�WRJHWKHU�ZLWK�LWV�FRUUHVSRQGLQJ�

JURXQG�WUXWK��WKH�SUHGLFWLRQ�DQG�D�FRPSDULVRQ�EHWZHHQ�JURXQG�WUXWK�DQG�SUHGLFWLRQ��:H�FDQ�VHH�

WKDW�WKH�PRGHO�ZDV�DEOH�WR�ILQG�DOO�GHIHFWV��7KH�VHJPHQWDWLRQ�LV�DOPRVW�FRPSOHWH�RQO\�D�YHU\�IHZ�

YR[HO�GR�QRW�PDWFK��7KH�FRPSDULVRQ�LV�PDJQLILHG�WR�LQFUHDVH�WKH�YLVLELOLW\�RI�WKH�GLIIHUHQFHV��

7DEOH����,OOXVWUDWLRQ�RI�H[DPSOH�VDPSOH�VOLFH��JURXQG�WUXWK��SUHGLFWLRQ�DQG�D�FRPSDULVRQ�RYHUOD\�RI�
JURXQG�WUXWK�DQG�SUHGLFWLRQ�

6DPSOH� *URXQG�WUXWK� 3UHGLFWLRQ� &RPSDULVRQ��PDJQLILHG��

� � � �



����3UHGLFWLRQ�RQ�5HDO�&7�'DWD�

)LQDOO\��WKH�FDSDELOLWLHV�RI�WKH�PRGHO�WUDLQHG�RQ�SXUHO\�V\QWKHWLF�&7�GDWD�DQG�SUHGLFWLRQ�RQ�UHDO�

GDWD�LV�VKRZQ��7R�SUHGLFW�RQ�WKH�UHDO�&7�GDWD�� LW�ZDV�DOVR�FKRSSHG� LQWR�FKXQNV��ILWWLQJ�WR�WKH�

PRGHO�DUFKLWHFWXUH��,Q�7DEOH����ZH�SUHVHQW�WKH�RXWFRPHV�RI�RXU�UHVHDUFK��IRFXVLQJ�RQ�WKH�ILQDO�

VWDJH�RI�RXU�SURFHVV��2XU�REMHFWLYH�LQ�WKLV� VWDJH�LV� WR�JHQHUDWH�V\QWKHWLF�GDWD�ZLWK�VLJQLILFDQW�

YDULDELOLW\��7KLV�GLYHUVH�GDWDVHW� LV� LQWHQGHG� IRU�WUDLQLQJ�D�VHJPHQWDWLRQ�PRGHO�XVHG�LQ�TXDOLW\�

DQDO\VLV��1RWDEO\��ZH�DFKLHYH�WKLV�XVLQJ�RQO\�D�VLQJOH�UHDO�&7�VFDQ�DV�WKH�EDVLV�IRU�RXU�V\QWKHWLF�

GDWD�JHQHUDWLRQ��:H�FDQ�VHH�WKDW�WKH�FRPSRQHQW�KDV� LQ�VRPH�DUHDV�D�YHU\�KLJK�SRURVLW\��7KH�

GDUNHU�JUD\�VSRWV�LQ� WKH�PDWHULDO� DUH�DOO�GHIHFWV��7KH�WUDLQHG�GHIHFWV� VHJPHQWDWLRQ�PRGHO�FDQ�

GHWHFW�PRVW�RI�WKH�GHIHFWV�ZLWK�JRRG�YR[HO�DFFXUDF\�LQ�UHVSHFW�WR�WKH�GHIHFW�JHRPHWULHV��7KXV��

ZH�VKRZ�WKDW�WKH�HQWLUH�SLSHOLQH�ZRUNV��7KH�V\QWKHWLF�GDWD�JHQHUDWHG�DUH�VXIILFLHQWO\�UHDOLVWLF�WR�

WUDLQ�VHJPHQWDWLRQ�$,�PRGHOV�DQG�DSSO\�WKHP�WR�UHDO�GDWD��

7DEOH����3UHGLFWLRQ�UHVXOW�RQ���UHDO�&7�GDWD�VDPSOH�VOLFHV��
5HDO�VDPSOH��� 3UHGLFWLRQ��� 5HDO�VDPSOH��� 3UHGLFWLRQ���

� � � �

�� &RQFOXVLRQ�
7KH�GHYHORSHG�GDWD�JHQHUDWLRQ�SLSHOLQH�SURYLGHV�D�VROXWLRQ�WR� ILOO�DQ\�67/�ILOH�ZLWK�DUWLILFLDO�

GHIHFWV� �SRUHV�� WKDW� FDQ� EH� XVHG� DV� WUDLQLQJ� GDWD� IRU� YDULRXV� $,� DSSOLFDWLRQV� DQG� DOVR� RWKHU�

DSSOLFDWLRQV�ZKLFK�PDNH�XVH�RI�67/�GDWD�OLNH�ILQLWH�HOHPHQW�VLPXODWLRQ��7KLV�SLSHOLQH�SURYLGHV�

QHZ�RSSRUWXQLWLHV�IRU�WKH�FUHDWLRQ�RI�QXPHURXV�GLJLWDO�FRPSRQHQWV�ZLWK�VSHFLILF�GHIHFW�VHWV��,Q�

WKLV�ZRUN��WKH�SLSHOLQH�LV�XVHG�WR�JHQHUDWH�GDWD�IRU�GHIHFW�VHJPHQWDWLRQ�LQ�&7�GDWD��)RU�FRQYHUVLRQ�

IURP�67/�WR�&7�GDWD�ZH�XVH�WKH�VLPXODWLRQ�WRRO�D57LVW�DQG�WKH�UHFRQVWUXFWLRQ�VRIWZDUH�&(5$��

%\�VFULSWLQJ�DQG�DXWRPDWLQJ�WKH�SLSHOLQLQJ�VWHSV��RXU�PHWKRG�SURYLGHV�DQ�HIILFLHQW�DSSURDFK�WR�

JHQHUDWLQJ�&7�GDWD��7KH� VHJPHQWDWLRQ� UHVXOWV�ZLWK� V\QWKHWLF�GHIHFWV� DUH�XVHG� WR�HYDOXDWH� WKH�

SHUIRUPDQFH�RI� RXU� SLSHOLQH�� 7KH� VXFFHVVIXO� VHJPHQWDWLRQ�RI� GHIHFWV� LQ� UHDO� GDWD� SURYHV� WKH�

HIIHFWLYHQHVV�DQG�VWDELOLW\�RI�RXU�PHWKRG��7KLV�DSSURDFK�HQDEOHV�WKH�JHQHUDWLRQ�RI�DQ� LQILQLWH�

DPRXQW�RI�GDWD�IRU�YDULRXV�DSSOLFDWLRQV�WKDW�UHTXLUH�LPDJH�GDWD��7KLV�LV�HVSHFLDOO\�YDOXDEOH�LQ�

LQGXVWU\��ZKHUH�GDWD�IRU�TXDOLW\�DVVXUDQFH�DQG�RWKHU�XVH�FDVHV�LV�RIWHQ�VSDUVH��:LWKRXW�VXIILFLHQW�

WUDLQLQJ�GDWD��$,�DOJRULWKPV�FDQQRW� OHDUQ�HIIHFWLYHO\��2XU�SLSHOLQH�DGGUHVVHV� WKLV�SUREOHP�E\�

SURYLGLQJ�D�ZLGH�UDQJH�RI�GHIHFWV�ZLWK�KLJK�YDULDWLRQ��DFKLHYHG�E\�DGMXVWLQJ�WKH�FRGH�OD\HU�IRU�

SRUH�JHQHUDWLRQ��%\�FRPELQLQJ�VLPXODWLRQ�DQG�UHFRQVWUXFWLRQ�WHFKQLTXHV��ZH�DOVR�KDYH�FRQWURO�

RYHU� WKH� FRPSOH[LW\� DQG� DSSHDUDQFH� RI� WKH� GHIHFWV�� ,Q� VXPPDU\�� ZH� KDYH� VXFFHHGHG� LQ�

GHYHORSLQJ�D�SURFHVV� WKDW�XVHV�&7�VFDQV� WR�JHQHUDWH�FRXQWOHVV�UHDOLVWLF� UHSOLFDV� IURP�D�VLQJOH�

FRPSRQHQW�DQG�KDYH�GHPRQVWUDWHG�LWV�TXDOLW\�LQ�FRPSDULVRQ�ZLWK�UHDO�GDWD��

+RZHYHU��WKHUH�DUH�VRPH�VWHSV�LQ�WKH�VLPXODWLRQ�DQG�UHFRQVWUXFWLRQ�WKDW�UHTXLUH�D�ORW�RI�WLPH�DQG�

NQRZ�KRZ�IRU�D�JRRG�SDUDPHWHUL]DWLRQ�DQG� WKXV� IRU� WKH�JHQHUDWHG�UHVXOWV��7R�RSWLPL]H�� WKHVH�

WRROV�QHHG�WR�EH�KDQGOHG�PRUH�HIILFLHQWO\��2QH�RI�RXU�QH[W� WDUJHWV�LV�WR�HOLPLQDWH�WKH�QHHG�IRU�

H[WHUQDO�WRROV�DQG�WR�LQWHJUDWH�WKH�ZKROH�SURFHVV�LQWR�RXU�$,�EDVHG�SLSHOLQH��,Q�DGGLWLRQ��ZH�DUH�
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