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)LUVW�3XEOLVKHG�LQ������E\�%UL[WRQ�%RRNV��6WDWLRQ�%XLOGLQJ��/ODQLGORHV��3RZ\V�6<����(%
7KLV�HGLWLRQ�SXEOLVKHG�����
&RS\ULJKW��������6WHYH�%HQQHWW��0DUN�0\DWW��'DPLHQ�-ROOH\��DQG�$QGU]HM�5DGDORZLF]
$OO�ULJKWV�UHVHUYHG��1R�SDUW�RI�WKLV�SXEOLFDWLRQ�PD\�EH�UHSURGXFHG��VWRUHG�LQ�D�UHWULHYDO�V\VWHPRU�WUDQVPLWWHG�LQ�DQ\�IRUP�E\�DQ\�PHDQV��ZLWKRXW�WKH�SULRU�SHUPLVVLRQ�RI�WKH�SXEOLVKHU��QRURWKHUZLVH�FLUFXODWHG�LQ�DQ\�IRUP�RI�ELQGLQJ�RU�FRYHU�RWKHU�WKDQ�WKDW�LQ�ZKLFK�LW�ZDV�RULJLQDOO\SXEOLVKHG�DQG�ZLWKRXW�D�VLPLODU�FRQGLWLRQ�EHLQJ�LPSRVHG�RQ�WKH�VXEVHTXHQW�SXUFKDVHU�
$�&,3�FDWDORJXH�UHFRUG�IRU�WKLV�ERRN�LV�DYDLODEOH�IURP�WKH�%ULWLVK�/LEUDU\
,6%1��������������
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&RGLQJ�DQG�GDWD�HQWU\�DUH�WKH�&LQGHUHOODV�RI�VXUYH\�PHWKRG��DWWUDFWLQJ�OLWWOH�DFDGHPLFLQWHUHVW�RU� FRQFHUQ�FRPSDUHG�ZLWK� VDPSOLQJ�� LQWHUYLHZLQJ� DQG� WHVWV� RI� VLJQLILFDQFH�<HW�D�VXUYH\��OLNH�WKH�SURYHUELDO�FKDLQ��LV�SUREDEO\�DV�JRRG�DV�LWV�ZHDNHVW�OLQN��$QG�LIHQRXJK� FDUH�� WKRXJKW� DQG� WLPH� DUH� QRW� GHYRWHG� WR� WKHVH� DVSHFWV� RI� WKH� VWXG\� WKHYDOLGLW\�DQG�XVHIXOQHVV�RI�WKH�ZKROH�RSHUDWLRQ�DUH�MHRSDUGLVHG��:H�KDYH�QR�PDJLFDODOWHUQDWLYHV�WR�WKH�SDLQVWDNLQJ�DQG�PHWKRGLFDO�DWWHQWLRQ�WR�GHWDLO�ZKLFK�DUH�QHHGHG�IRUWKLV�SDUW�RI�WKH�VWXG\��7R�GR�LW�ZHOO�\RX�QHHG�WR�EH�REVHVVLRQDO�
$QQH�&DUWZULJKW�	�&OLYH�6HDOH��7KH�1DWXUDO�+LVWRU\�RI�D�6XUYH\������

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�1HDO�$OH[DQGHU��/LQGD�:LOOLDPV��DQG�WKH�ODWH�1LFROD'ROOLPRUH�IRU�WKHLU�FRQWULEXWLRQ�WR�WKH�FRXUVHV�RQ�ZKLFK�SDUWV�RI�WKLV�ERRN�DUH�EDVHG�0DULD�4XLJOH\��-XGLWK�*O\QQ��DQG�RWKHU�WHDFKLQJ�FROOHDJXHV�DW�WKH�/RQGRQ�6FKRRO�RI+\JLHQH�DQG�7URSLFDO�0HGLFLQH�IRU�WKHLU�FRPPHQWV�RQ�HDUOLHU�YHUVLRQV��DQG�-LPP\:KLWZRUWK�IRU�DOORZLQJ�XV�WR�XVH�WKH�RQFKRFHUFLDVLV�GDWD�
6WHYH�%HQQHW�DQG�$QGU]HM�5DGDORZLF]�DUH�VXSSRUWHG�E\�WKH�0HGLFDO�5HVHDUFK&RXQFLO�

7KLV�ERRN�LV�GHGLFDWHG�WR�WKH�PHPRU\�RI�1LFROD�'ROOLPRUH�
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&RQWHQWV
'DWDEDVHV2EMHFWLYHV ��7KH�DGYDQWDJHV�RI�XVLQJ�D�FRPSXWHU ��2YHUYLHZ�RI�GDWD�SURFHVVLQJ��7KH�2QFKRFHUFLDVLV�6WXG\ ��7KH�SURJUHVV�RI�D�TXHVWLRQQDLUH ��2YHUYLHZ�RI�(SL,QIR ��'DWDEDVH�GHILQLWLRQ�DQG�VWUXFWXUH ��1XOO�YDOXHV ��,GHQWLI\LQJ��,'��QXPEHUV ��&UHDWLQJ�D�GDWD�ILOH ��([DPLQLQJ�D�GDWDVHW ��0DNLQJ�D�VFUHHQ�TXHVWLRQQDLUH ��&UHDWLQJ�D�GDWDEDVH�ILOH ��(QWHULQJ��HGLWLQJ��DQG�VHDUFKLQJ�IRU�GDWD ��'DWD�4XDOLW\�DQG�'DWD�&KHFNLQJ2EMHFWLYHV ��*,*2��*DUEDJH�,Q�*DUEDJH�2XW� ��7\SHV�RI�HUURU ��3UHYHQWLQJ��GHWHFWLQJ��DQG�FRUUHFWLQJ�HUURUV ��4XDOLW\�DQG�YDOLGLW\ ��&+(&.�DQG�LQWHUDFWLYH�FKHFNLQJ ��'RXEOH�HQWU\�DQG�YDOLGDWLRQ ��3XQFK�DQG�YHULI\ ��'DWD�FRQVLVWHQF\ ��2WKHU�IRUPV�RI�GDWD�FKHFNLQJ ��'DWD�0DQDJHPHQW,QWURGXFWLRQ�DQG�REMHFWLYHV ��&RQFDWHQDWLRQ ��0LVVLQJ�YDOXHV ��&UHDWLQJ�DQG�WUDQVIRUPLQJ�YDULDEOHV ��)LOH�VSOLWWLQJ ��)LOH�PHUJLQJ ��0XOWLSOH�5(/$7(V ��0(5*(�DQG�5(/$7( ��)ROORZ�XS�DQG�5HFDOO ��6XPPDU\�DQG�3UHVHQWDWLRQ,QWURGXFWLRQ ��&UHDWLQJ�WDEOHV ��6XPPDULVLQJ�TXDQWLWDWLYH�GDWD ��*UDSKLFV ��(SL,QIR�SURJUDPV ��([SRUWLQJ�(SL,QIR�GDWD ��&OHDQLQJ�XS�DIWHU�\RXUVHOI ���7KH�'DWD�3URFHVVLQJ�1HHGV�RI�D�6WXG\3ODQQLQJ�WKH�GDWD�SURFHVVLQJ�QHHGV�RI�D�VWXG\ ���$SSHQGL[����)LOHV�DQG�9DULDEOHV)LOH�DQG�YDULDEOH�GHILQLWLRQV ���



�
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2YHUYLHZ�RI�WKH�FRXUVH
7KH�REMHFWLYH�RI�WKLV�ERRN�LV�WKDW�\RX�VKRXOG�XQGHUVWDQG�DQG�NQRZ�KRZ�WR�FDUU\�RXW�WKH�GDWDSURFHVVLQJ�DVSHFWV�RI�D�UHVHDUFK�VWXG\��7KLV�ERRN�XVHV�WKH�(SL,QIR�VRIWZDUH�SDFNDJH��(SL,QIRZDV�GHYHORSHG�IRU�HSLGHPLRORJLFDO�UHVHDUFK��WKH�VWXG\�RI�LOOQHVV�LQ�SRSXODWLRQV�UDWKHU�WKDQ�LQLQGLYLGXDOV���DQG�WKH�FDVH�VWXG\�ZH�XVH�WKURXJKRXW�WKLV�ERRN�LV�D�PHGLFDO�RQH��EXW�WKH�SULQFLSOHVRI�GDWD�PDQDJHPHQW��DQG�WKH�GHWDLOV�RI�GDWD�PDQDJHPHQW�DFWLYLWLHV�DUH�WKH�VDPH�ZKDWHYHU�WKHILHOG�RI�VWXG\�
:H�KDYH�FKRVHQ�(SL,QIR�IRU�WKLV�ERRN�IRU�WKUHH�UHDVRQV�

��� ,W�KDV�EHHQ�VSHFLILFDOO\�ZULWWHQ�IRU�XVH�LQ�UHVHDUFK�VWXGLHV�ZLWK�PRGXOHV�WKDW�DUHGHVLJQHG�WR�DVVLVW�ZLWK�HDFK�VWDJH�WKH�GDWD�PDQDJHPHQW�SURFHVV�
��� ,W�LV�HDV\�WR�XVH��$OWKRXJK�LWV�IHDWXUHV�PD\�EH�IHZHU�WKDQ�PRUH�VRSKLVWLFDWHG�SDFNDJHV�WKH�VLPSOLFLW\�LV�D�EHQHILW�LQ�PDQ\�VLWXDWLRQV��SDUWLFXODUO\�IRU�EHJLQQHUV�
��� ,W�LV�GLVWULEXWHG�IUHH�RI�FKDUJH�

:H�HPSKDVLVH�WKDW�WKH�REMHFWLYH�LV�WKDW�\RX�VKRXOG�OHDUQ�WKH�SULQFLSOHV�RI�GDWD�SURFHVVLQJ��VRWKDW�HYHQ�LI�\RX�JR�RQ�WR�ZRUN�LQ�DQRWKHU�VRIWZDUH�SDFNDJH��WKH�FRQFHSWV�DQG�WHFKQLTXHV�WKDW\RX�KDYH�OHDUQHG�KHUH�XVLQJ�(SL,QIR�ZLOO�UHPDLQ�YDOLG�
'DWD�SURFHVVLQJ�WDNHV�SODFH�DW�DOO�VWDJHV�RI�D�VWXG\��DQG�VKRXOG�EH�SODQQHG�DW�WKH�YHU\�VWDUW��7KHREMHFWLYH�LV�WR�SURGXFH�GDWD�RI�WKH�KLJKHVW�SRVVLEOH�TXDOLW\�LQ�D�IRUP�VXLWDEOH�IRU�VWDWLVWLFDODQDO\VLV��7KH�VWDJHV�RI�GDWD�SURFHVVLQJ�WKDW�ZH�VKDOO�FRQVLGHU�DUH�

��3ODQQLQJ�WKH�GDWD�QHHGV�RI�D�VWXG\
��'DWD�FROOHFWLRQ
��'DWD�HQWU\
��'DWD�YDOLGDWLRQ�DQG�FKHFNLQJ
��'DWD�PDQDJHPHQW�DQG�PDQLSXODWLRQ
��'DWD�VXPPDU\�DQG�SUHVHQWDWLRQ

7KH�PDWHULDO�LV�GHVLJQHG�VR�WKDW�VWXGHQWV�ZRUN�WKURXJK�WKH�ERRN�DW�WKHLU�RZQ�SDFH�
$OO�RI�WKH�H[HUFLVHV�LQ�WKLV�ERRN�UHTXLUH�\RX�WR�KDYH�DFFHVV�WR�(SL,QIR�YHUVLRQ����7KLV�ERRNPDNHV�H[WHQVLYH�XVH�RI�VDPSOH�GDWDVHWV�ZKLFK�DUH�VXSSOLHG�RQ�WKH�DFFRPSDQ\LQJ�GLVN��<RXVKRXOG�FRS\�DOO�WKH�ILOHV�RQ�WKLV�GLVN�WR�D�ZRUNLQJ�GLUHFWRU\�RQ�\RXU�KDUG�GLVN�EHIRUHFRQWLQXLQJ�
:H�GR�QRW�FRQVLGHU�WKH�GHWDLOV�RI�VWDWLVWLFDO�DQDO\VLV�LQ�WKLV�ERRN�
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'DWDEDVHV



��
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2EMHFWLYHV�RI�WKLV�VHFWLRQ
%\�WKH�HQG�RI�WKLV�VHFWLRQ�\RX�VKRXOG�EH�DEOH�WR�

��$SSUHFLDWH�WKH�VWHSV�LQYROYHG�LQ�GDWD�SURFHVVLQJ�IRU�D�UHVHDUFK�VWXG\�
��8QGHUVWDQG�WKH�LGHD�RI�D�GDWDEDVH��DQG�WKH�FRQFHSWV�RI�ILOH��FDVH�DQG�YDULDEOH�
��8QGHUVWDQG�WKH�W\SHV�RI�YDULDEOHV�XVHG�LQ�(SL,QIR�DQG�WKHLU�DWWULEXWHV�
��&UHDWH�D�TXHVWLRQQDLUH�DQG�GDWD�HQWU\�VFUHHQ�XVLQJ�WKH�(3('�PRGXOH�RI�(SL,QIR�
��&UHDWH�D�GDWDEDVH�ILOH�XVLQJ�WKH�(17(5�PRGXOH�RI�(SL,QIR�
��(QWHU�GDWD�LQWR�D�ILOH�XVLQJ�WKH�(17(5�PRGXOH�RI�(SL,QIR�

7KH�DGYDQWDJHV�RI�XVLQJ�D�FRPSXWHU
0RVW�HSLGHPLRORJLFDO�VWXGLHV�LQYROYH�WKH�FROOHFWLRQ�RI�LQIRUPDWLRQ��GDWD���HLWKHU�E\�DVNLQJTXHVWLRQV��RU�IURP�KRVSLWDO�UHFRUGV��RU�IURP�ODERUDWRU\�UHVXOWV��7KH�XVH�RI�D�FRPSXWHU�DOORZV�

��6WRUDJH�RI�HQRUPRXV�TXDQWLWLHV�RI�GDWD�
��(DVH�RI�FKHFNLQJ�DQG�FRUUHFWLQJ��HGLWLQJ��GDWD�
��(DVH�RI�WDEXODWLRQ�DQG�SUHVHQWDWLRQ�RI�UHVXOWV�
��3RZHUIXO�DQG�TXLFN�VWDWLVWLFDO�DQDO\VHV�

7KH�FRPSXWHU�FDQ�DOVR�EH�XVHG�WR�
��*HQHUDWH�OLVWV�RI�VWXG\�VXEMHFWV�ZKR�DUH�WR�EH�VHHQ�DJDLQ�
��3URGXFH�XSGDWHG�UHSRUWV�RQ�WKH�SURJUHVV�RI�WKH�VXUYH\�



��

&DVH�VWXG\��7KH�5LYHU�%OLQGQHVV��2QFKRFHUFLDVLV��6WXG\
$Q\�LQYHVWLJDWLRQ�LV�OLNHO\�WR�LQYROYH�FROOHFWLQJ�GDWD�IURP�VHYHUDO�GLIIHUHQW�VRXUFHV�XVLQJ�PRUHWKDQ�RQH�W\SH�RI�TXHVWLRQQDLUH��$W�WKLV�VWDJH��KRZHYHU��ZH�VKDOO�LPDJLQH�WKDW�RXU�VWXG\�XVHVRQO\�RQH�W\SH�RI�TXHVWLRQQDLUH�DQG�VHH�ZKDW�KDSSHQV�WR�WKH�GDWD�FROOHFWHG�ZLWK�LW�
7KH�VWXG\�WKDW�ZH�VKDOO�ZRUN�ZLWK�WKURXJKRXW�WKLV�ERRN�LV�D�WULDO�RI�DQ�LQWHUYHQWLRQ�DJDLQVW�ULYHUEOLQGQHVV��RQFKRFHUFLDVLV��LQ�6LHUUD�/HRQH�LQ�:HVW�$IULFD��5LYHU�EOLQGQHVV�LV�D�GLVHDVH�VSUHDGE\�WKH�EODFNIO\��VLPXOLXP��WKDW�EUHHG�LQ�IDVW�IORZLQJ�ULYHUV��7KH�IO\�ELWHV�DQG�LQMHFWV�WKHSDUDVLWH�ODUYDH��PLFURILODULDH��XQGHU�WKH�VNLQ��7KHVH�PDWXUH�DQG�SURGXFH�IXUWKHU�ODUYDH�WKDW�PD\PLJUDWH�WR�WKH�H\H�ZKHUH�WKH\�PD\�FDXVH�OHVLRQV�OHDGLQJ�WR�EOLQGQHVV�
7KH�VWXG\�LV�D�UDQGRPLVHG�WULDO�RI�WKH�GUXJ�,YHUPHFWLQ�0HUFN��DJDLQVW�D�SODFHER��$Q�LQLWLDOFHQVXV�ZDV�IROORZHG�E\�ILYH�VXUYH\�DQG�WUHDWPHQW�URXQGV�DW�VL[�PRQWKO\�LQWHUYDOV�
7KH�TXHVWLRQQDLUH�RQ�SDJH����LV�VLPLODU�WR�WKDW�XVHG�WR�FROOHFW�EDVHOLQH�GDWD�IRU�WKH�VWXG\��,WFRQWDLQV�TXHVWLRQV�RQ�EDFNJURXQG�GHPRJUDSKLF�DQG�VRFLR�HFRQRPLF�IDFWRUV��DQG�RQ�VXEMHFWV
SUHYLRXV�H[SHULHQFH�RI�RQFKRFHUFLDVLV�
5HIHUHQFH
:KLWZRUWK�-$*��0RUJDQ�'��0DXGH�*+��'RZQKDQ�0'��DQG�7D\ORU�':���������$�FRPPXQLW\WULDO�RI�LYHUPHFWLQ�IRU�RQFKRFHUFLDVLV�LQ�6LHUUD�/HRQH��FOLQLFDO�DQG�SDUDVLWRORJLFDO�UHVSRQVHV�WRWKH�LQLWLDO�GRVH��7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�RI�7URSLFDO�0HGLFLQH�DQG�+\JLHQH�����������



��

7KH�SURJUHVV�RI�D�TXHVWLRQQDLUH
7KH�XVXDO�SURJUHVV�RI�WKH�TXHVWLRQQDLUH�DQG�LWV�GDWD�ZRXOG�EH�

�� ,QWHUYLHZHU�FROOHFWV�GDWD�DQG�FRPSOHWHV�TXHVWLRQQDLUH�
�� ,QWHUYLHZHU�FKHFNV�TXHVWLRQQDLUH��DQG�FRUUHFWV�DQ\�HUURUV��UHWXUQLQJ�WR�UHVSRQGHQW�LIQHFHVVDU\�
�� 6XSHUYLVRU�FKHFNV�TXHVWLRQQDLUHV��UH�LQWHUYLHZLQJ�D�VDPSOH�RI�UHVSRQGHQWV�
�� $�GDWD�HQWU\�FOHUN�HQWHUV�WKH�GDWD�LQWR�WKH�FRPSXWHU�
�� $�GLIIHUHQW�GDWD�HQWU\�FOHUN�HQWHUV�WKH�GDWD�LQWR�WKH�FRPSXWHU�D�VHFRQG�WLPH�
�� 7KH�WZR�GDWD�ILOHV�DUH�FRPSDUHG�WR�ILQG�DQ\�W\SLQJ�HUURUV��DQG�HUURUV�FRUUHFWHG�
�� (LWKHU�DW�WKH�WLPH�RI�GDWD�HQWU\��RU�DIWHUZDUGV��GDWD�DUH�FKHFNHG��7KH�FKHFNV�HQVXUH�WKDWGDWD�DUH�ZLWKLQ�DOORZDEOH�UDQJHV��H�J��VH[�PXVW�EH�HLWKHU�PDOH�RU�IHPDOH���&KHFNV�DOVRHQVXUH�WKDW�GDWD�DUH�FRQVLVWHQW�IURP�RQH�TXHVWLRQ�WR�DQRWKHU��H�J��LI�UHVSRQGHQW�LVSUHJQDQW�WKHQ�VH[�PXVW�EH�IHPDOH����$Q\�HUURUV�IRXQG�DUH�FRUUHFWHG�
�� :KHQ�WKH�GDWD�DUH�FOHDQ��WKHUH�ZLOO�XVXDOO\�EH�D�QHHG�WR�FUHDWH�QHZ�YDULDEOHV�RUPDQLSXODWH�H[LVWLQJ�RQHV��H�J��FDOFXODWLRQ�RI�ODWHQF\�SHULRGV��JURXSLQJ�DJH�LQ�ILYH�\HDUEDQGV�HWF���
�� 'DWD�ZLOO�QHHG�WR�EH�OLQNHG��RU�UHODWHG��WR�GDWD�IURP�RWKHU�IRUPV�DQG�TXHVWLRQQDLUHV�H�J��OLQNLQJ�LQWHUYLHZ�GDWD�ZLWK�ODERUDWRU\�GDWD��
��� 7DEOHV�DQG�JUDSKV�ZLOO�EH�SURGXFHG�
��� 6WDWLVWLFDO�DQDO\VHV�ZLOO�EH�SHUIRUPHG�
��� 'DWD�PD\�QHHG�WR�EH�WUDQVIHUUHG�WR�D�GLIIHUHQW�VRIWZDUH�SDFNDJH�IRU�DGYDQFHG�VWDWLVWLFDODQDO\VLV�RU�JUDSKLFV�

7KLV�LV�WKH�VHTXHQFH�RI�HYHQWV�WKDW�ZH�VKDOO�EH�FRQVLGHULQJ�LQ�WKLV�ERRN�



��

2YHUYLHZ�RI�(SL,QIR
(SL,QIR�YHUVLRQ���LV�D�FRPSXWHU�SDFNDJH�VSHFLDOO\�FUHDWHG�WR�HQDEOH�UHVHDUFKHUV�WR�FDUU\�RXWHSLGHPLRORJLFDO�LQYHVWLJDWLRQV��,W�FRQVLVWV�RI�VHYHUDO�PRGXOHV��ZKLFK�FDUU\�RXW�DOO�WKH�WDVNVGHVFULEHG�DERYH��DQG�PRUH�

0RGXOH )XQFWLRQV(3(' &UHDWH�TXHVWLRQQDLUHV�RU�ZULWH�DQG�HGLW�WH[W��VXFK�DVRXWSXW�IURP�WKH�$1$/<6,6�PRGXOH��(17(5 0DNH�GDWD�ILOHV�IURP�TXHVWLRQQDLUH�ILOHV��HQWHU��HGLW��DQGTXHU\�GDWD��(SL,QIR�Y�����KDV�DQ�H[WHQGHG�YHUVLRQ�RI(17(5�FDOOHG�(17(5[��7KLV�SURJUDP�ZRUNV�LQ�H[DFWO\WKH�VDPH�ZD\�DV�(17(5�EXW�XVHV�¨KLJK�PHPRU\©DOORZLQJ�LW�WR�FRSH�ZLWK�ODUJHU�DQG�PRUH�FRPSOH[�ILOHV�$1$/<6,6 %DWFK�FKHFNLQJ�RI�GDWD��FUHDWLRQ�DQG�PDQLSXODWLRQ�RIYDULDEOHV��SURGXFWLRQ�RI�WDEOHV�DQG�JUDSKV��DQG�VWDWLVWLFDODQDO\VLV�&+(&. $GG�UDQJH�FKHFNLQJ��VNLS�SDWWHUQV��OHJDO�YDOXHV��DQGFRPSOH[�FRGLQJ�UXOHV�WR�WKH�GDWD�HQWU\�SURFHVV�,03257 ,PSRUW�GDWD�ILOHV�IURP�RWKHU�SURJUDPV�LQWR�(SL,QIR�(;3257 ([SRUW�(SL,QIR�ILOHV�WR�RWKHU�ILOH�IRUPDWV�0(5*( $SSHQG��FRPELQH��XSGDWH��RU�UHVWUXFWXUH�GDWD�ILOHV�67$7&$/& &DOFXODWRU�IRU���[���WDEOHV��VDPSOH�VL]H�FDOFXODWLRQV��DQGWKH�FKL�VTXDUH�WHVW�IRU�WUHQG�&6$03/( $QDO\VH�GDWD�IURP�FRPSOH[�VDPSOH��H�J��FOXVWHU�VDPSOHG�VXUYH\V�(3,7$%/( 6WDWLVWLFDO�DQG�HSLGHPLRORJLFDO�FDOFXODWRU(3,187 1XWULWLRQDO�DQWKURSRPHWU\9$/,'$7( &RPSDULVRQ�RI�WZR�FRSLHV�RI�D�GDWD�ILOH(3,*/8( &UHDWH�FXVWRPLVHG�PHQX�DQG�KHOS�V\VWHPV
7KH�VKDGHG�PRGXOHV�DUH�QRW�FRYHUHG�LQ�WKLV�ERRN��%HVLGHV�WKHVH�PRGXOHV�WKHUH�DUH�WZR�RSWLRQDOPRGXOHV�

0RGXOH )XQFWLRQV(3,0$3 3URGXFWLRQ�RI�PDSV�IURP�(SL,QIR�GDWD�ILOHV/2*,67,& /RJLVWLF�DQG�FRQGLWLRQDO�ORJLVWLF�UHJUHVVLRQ
(SL,QIR�DQG�(SL0DS�ZHUH�GHYHORSHG�DW�&'&�(32��&HQWUHV�IRU�'LVHDVH�&RQWURO(SLGHPLRORJLFDO�3URJUDP�2IILFH��LQ�$WODQWD�DQG�:+2�*3$��:RUOG�+HDOWK�2UJDQLVDWLRQ*OREDO�3URJUDP�RQ�$,'6��LQ�*HQHYD��/RJLVWLF�ZDV�GHYHORSHG�E\�*HUDUG�'DOODO�DQG�LV�SDUW�RIKLV�H[FHOOHQW�6WDW7RROV��VXLWH�RI�ORZ�FRVW�VWDWLVWLFDO�DQG�HSLGHPLRORJLFDO�VRIWZDUH��7KHSURJUDPV��PDQXDOV��DQG�UHODWHG�SURGXFWV�DUH�GLVWULEXWHG�E\�%UL[WRQ�%RRNV�



��

'DWDEDVH�GHILQLWLRQ
7KH�FRUH�IHDWXUH�RI�D�GDWDEDVH�ILOH�LV�WKDW�LQGLYLGXDO�UHFRUGV�DUH�VWRUHG�LQ�D�ILOH�WKDW�FRQWDLQVGDWD��QXPEHUV�DQG�FKDUDFWHUV��DQG�D�VWUXFWXUH�WKDW�GHILQHV�ZKDW�WKH�QXPEHUV�DQG�FKDUDFWHUVUHIHU�WR�
$�GDWDEDVH�ILOH�ZLOO�EH�SDUW�RI�D�GDWDEDVH�PDQDJHPHQW�V\VWHP��'%06���6XFK�V\VWHPV�DOORZ�WKHXVHU�WR�SHUIRUP�D�ZLGH�UDQJH�RI�RSHUDWLRQV�XVLQJ�D�VHW�RI�VLPSOH�LQVWUXFWLRQV��7KHVH�LQFOXGHFUHDWLQJ�QHZ�ILOHV��RSHQLQJ�H[LVWLQJ�ILOHV��HQWHULQJ�QHZ�GDWD��DQG�VRUWLQJ��VHDUFKLQJ�DQG�HGLWLQJUHFRUGV��7R�XVH�D�'%06�IRU�D�VSHFLILF�SURMHFW�LW�LV�QHFHVVDU\�WR�DGDSW�WKH�JHQHUDO�V\VWHP�IRU�WKHVSHFLILF�VHW�RI�GDWD�LQ�KDQG�
7KHUH�DUH�PDQ\�GLIIHUHQW�'%06�VRIWZDUH�SDFNDJHV�DYDLODEOH�IRU�XVH�RQ�SHUVRQDO�FRPSXWHUV��RIZKLFK�G%DVH��DQG�GHULYDWLYHV�VXFK�DV�)R[3UR�DQG�9LVXDO�G%DVH���3DUDGR[��$FFHVV��DQG$SSURDFK�DUH�SUREDEO\�WKH�PRVW�ZLGHO\�XVHG��:H�VKRZ�KHUH�KRZ�WR�VHW�XS�D�GDWDEDVH�XVLQJ�WKH(SL,QIR�SDFNDJH�
2QFH�WKH�OD\RXW�RI�D�TXHVWLRQQDLUH�RU�GDWD�FROOHFWLRQ�IRUP�KDV�EHHQ�GHFLGHG��WKH�GDWDEDVHVWUXFWXUH�FDQ�EH�GHILQHG��7KLV�ZLOO�FRUUHVSRQG�GLUHFWO\�WR�WKH�GDWD�WKDW�LV�WR�EH�FROOHFWHG�DOWKRXJK�WKHUH�PD\�EH�TXHVWLRQV�RQ�WKH�IRUP�WKDW�OHDG�WR�GDWD�WKDW�LV�QRW�QHFHVVDU\�RU�VXLWDEOHIRU�HQWHULQJ�RU�IXUWKHU�DQDO\VLV��
6LPSOH�VWXGLHV�PD\�KDYH�MXVW�D�VLQJOH�GDWD�FROOHFWLRQ�IRUP��&RPSOH[�VWXGLHV�PD\�JHQHUDWHVHYHUDO�IRUPV��6HSDUDWH�GDWD�ILOHV�ZLOO�EH�FUHDWHG�WR�VWRUH�GDWD�IURP�WKH�VHSDUDWH�IRUPV��%\HQVXULQJ�WKDW�WKHUH�LV�DQ�LGHQWLILFDWLRQ�YDULDEOH�FRPPRQ�WR�HDFK�GDWD�ILOH��H�J��LQGLYLGXDO,'12��LW�LV�D�VLPSOH�MRE�WR�OLQN�GDWD�IURP�WKH�GLIIHUHQW�GDWD�ILOHV�ZKHQ�UHTXLUHG�



��

'DWDVHWV��FDVHV��DQG�ILOHV
$�VHW�RI�GDWD�DUH�VWRUHG�LQ�WKH�FRPSXWHU�DV�D�ILOH��$�ILOH�FRQVLVWV�RI�D�FROOHFWLRQ�RI�FDVHV��RUUHFRUGV���(DFK�FDVH�FRQWDLQV�GDWD�LQ�D�VHULHV�RI�YDULDEOHV��RU�ILHOGV���,Q�RXU�H[DPSOH�WKH�FDVHVDUH�LQGLYLGXDOV�LQWHUYLHZHG�IRU�WKH�RQFKRFHUFLDVLV�EDVHOLQH�VXUYH\�DQG�WKH�YDULDEOHV�DUH�WKHDQVZHUV�WR�WKH�TXHVWLRQV�DVNHG�

�����������,G1R�������
�����������'DWH����GG�PP�\\\\!
������������$JH�����
������������6H[����$!
����������7ULEH����
�����+RXVHKRXOG�����
�������5HODWLRQ����
�����������/LIH����<!
���������/LYLQJ�����

9DULDEOHV &DVH )LOH

2QFH�WKH�OD\RXW�RI�WKH�TXHVWLRQQDLUH�RU�GDWD�FROOHFWLRQ�IRUP�KDV�EHHQ�GHFLGHG�WKH�VWUXFWXUH�RIWKH�GDWD�ILOH�FDQ�EH�GHILQHG��7KLV�LV�D�VWUDLJKWIRUZDUG�SURFHVV�VLQFH�WKH�VWUXFWXUH�ZLOOFRUUHVSRQG�WR�WKH�GDWD�WKDW�LV�WR�EH�FROOHFWHG�
'DWD�DUH�XVXDOO\�UHSUHVHQWHG�LQ�D�WDEOH�LQ�ZKLFK�HDFK�URZ�UHSUHVHQWV�DQ�LQGLYLGXDO�FDVH��UHFRUG��DQG�HDFK�FROXPQ�UHSUHVHQWV�D�YDULDEOH��ILHOG���2QO\�WKH�ILUVW�IHZ�TXHVWLRQV�DUH�VKRZQ�KHUH�IRUWKH�ILUVW�IRXU�UHVSRQGHQWV�

6XUYH\1XPEHU 'DWH 6H[ $JH 7ULEH +RXVHKROG1XPEHU
5HODWLRQ�7R+HDG2I�+RXVHKROG� ���������� 0 �� � � �� ���������� ) �� � � �� ���������� 0 �� � � �� ���������� 0 �� � � �

$�ILOH�ZLWK�D�VWUXFWXUH�VXFK�DV�WKLV��ZLWK�LQIRUPDWLRQ�DERXW�WKH�YDULDEOHV�VXFK�DV�WKHLU�QDPHVDQG�DOORZDEOH�UDQJHV��LV�NQRZQ�DV�D�GDWDEDVH�ILOH�



��

'HILQLQJ�GDWDEDVH�ILOH�VWUXFWXUH
7R�GHILQH�WKH�VWUXFWXUH�RI�D�GDWDEDVH�ILOH�ZH�QHHG�WR�VSHFLI\�IRU�HDFK�YDULDEOH�D�QDPH��D�W\SH�DQG�D�OHQJWK��7KH�YDULDEOH�W\SH�FKRVHQ�ZLOO�GHSHQG�RQ�WKH�W\SH�RI�GDWD�WKDW�WKH�YDULDEOH�LV�WRFRQWDLQ�
$Q�H[DPSOH�RI�WKH�VWUXFWXUH�FRUUHVSRQGLQJ�WR�HLJKW�YDULDEOHV�LQ�WKH�RQFKRFHUFLDVLV�EDVHOLQHTXHVWLRQQDLUH�ZLWK�WKH�(SL,QIR�YDULDEOH�GHILQLWLRQV�LV�

1DPH 7\SH /HQJWK (SL,QIR�GHILQLWLRQ,'12 QXPHULF � ����'$7( GDWH � �PP�GG�\\\\!$*( QXPHULF � ��6(; WH[W � �$!75,%( QXPHULF � �++12 QXPHULF � ��5(/ QXPHULF � �/9,// ORJLFDO��\HV�QR� � �<!
(DFK�YDULDEOH�KDV�D�QDPH��1DPHV�DOORZV�XV�WR�UHIHU�WR�YDULDEOHV�IRU�GDWD�FKHFNLQJ�DQG�DQDO\VLV�
(DFK�YDULDEOH�LV�RI�D�FHUWDLQ�W\SH��7KH�W\SH�\RX�FKRRVH�WR�DVVLJQ�WR�D�YDULDEOH�GHSHQGV�XSRQ�WKHW\SH�RI�GDWD�LW�ZLOO�FRQWDLQ��7KH�PRVW�FRPPRQO\�XVHG�GDWD�W\SHV�DUH�WH[W��QXPHULF��ORJLFDO��DQGGDWH�
7KH�OHQJWK�RI�D�YDULDEOH�GHILQHV�KRZ�PXFK�GDWD�LW�FDQ�KROG��$�WH[W�YDULDEOH�ZLWK�OHQJWK�WHQ�ZLOOEH�DEOH�WR�KROG�XS�WR�WHQ�OHWWHUV�RU�QXPEHUV��$�QXPHULF�YDULDEOH�ZLWK�OHQJWK�WKUHH�ZLOO�EH�DEOH�WRKROG�QXPEHUV�EHWZHHQ�����DQG������7KH�OHQJWK�RI�D�YDULDEOH�PXVW�FRUUHVSRQG�WR�WKH�PD[LPXPDQWLFLSDWHG�QXPEHU�RI�OHWWHUV�DQG���RU�QXPEHUV�



��

9DULDEOH�QDPHV
,Q�(SL,QIR�YDULDEOH�QDPHV�

��0XVW�QRW�H[FHHG����FKDUDFWHUV
��0XVW�EHJLQ�ZLWK�D�OHWWHU�QRW�D�QXPEHU
��&DQ�RWKHUZLVH�FRQWDLQ�DQ\�VHTXHQFH�RI�OHWWHUV�DQG�GLJLWV
��6KRXOG�QRW�FRQWDLQ�DQ\�VSDFHV�RU�SXQFWXDWLRQ�PDUNV

1DPHV�FDQ�GHVFULEH�WKH�YDULDEOH�WKH\�UHIHU�WR��H�J��2&&83�LV�SUREDEO\�PRUH�LQIRUPDWLYH�WKDQ9$5����EXW�ZLWK�ODUJH�TXHVWLRQQDLUHV�LW�PD\�EH�HDVLHU�WR�XVH�TXHVWLRQ�QXPEHUV��H�J��4�����DVYDULDEOH�QDPHV�
([DPSOHV�RI�LOOHJDO�YDULDEOH�QDPHV�DUH�

�'$7( �EHJLQV�ZLWK�D�QXPEHU�
/$67�1$0( �FRQWDLQV�D�VSDFH�
&28175<2)25,*,1 �ORQJHU�WKHQ�WHQ�FKDUDFWHUV�

:ULWH�GRZQ�WKUHH�OHJDO�DQG�WKUHH�LOOHJDO�YDULDEOH�QDPHV�
/HJDO�9DULDEOH�1DPHV ,OOHJDO�9DULDEOH�1DPHV

(SL,QIR�DOORZV�\RX�WR�FUHDWH�YDULDEOH�QDPHV�WKDW�DUH�WHQ�FKDUDFWHUV�ORQJ��2WKHU�SDFNDJHV��VXFKDV�6366�3&���OLPLW�WKH�OHQJWK�RI�YDULDEOH�QDPHV�WR�HLJKW�FKDUDFWHUV��,I�\RX�WKLQN�WKDW�\RX�PLJKWQHHG�WR�XVH�DQRWKHU�SDFNDJH�WR�DQDO\VH�\RXU�GDWD�WKHQ�\RX�VKRXOG�PDNH�VXUH�WKDW�\RX�OLPLW�WKHOHQJWK�RI�YDULDEOH�QDPHV�WR�HLJKW�FKDUDFWHUV�



��

9DULDEOH�W\SHV
(DFK�YDULDEOH�PXVW�EH�RI�D�FHUWDLQ�W\SH��7KH�W\SH�\RX�FKRRVH�WR�DVVLJQ�D�YDULDEOH�ZLOO�GHSHQGRQ�WKH�W\SH�RI�GDWD�\RX�ZLVK�LW�WR�FRQWDLQ��7KH�(SL,QIR�SDFNDJH�SURYLGHV�PDQ\�GLIIHUHQWYDULDEOH�W\SHV�

7(;7�YDULDEOHV�DUH�XVHG�IRU�KROGLQJ�LQIRUPDWLRQ�FRQVLVWLQJ�RI�WH[W�DQG���RU�QXPEHUV�7H[W�YDULDEOHV�DUH�XVHIXO�IRU�KROGLQJ�LQIRUPDWLRQ�VXFK�DV�QDPHV�DQG�DGGUHVVHV�
(SL,QIR�KDV�D�VSHFLDO�W\SH�RI�WH[W�YDULDEOH�FDOOHG�833(5�&$6(�7(;7��7KLV�LV�VLPLODUWR�WKH�WH[W�W\SH�EXW�FDQ�RQO\�KROG�XSSHU�FDVH��L�H��FDSLWDO��OHWWHUV�DV�ZHOO�DV�QXPEHUV��,I\RX�HQWHU�ORZHU�FDVH�WH[W�LQWR�DQ�XSSHU�FDVH�WH[W�YDULDEOH�LW�ZLOO�DXWRPDWLFDOO\�EHFRQYHUWHG�LQWR�XSSHU�FDVH�WH[W��7KLV�LV�XVHIXO�EHFDXVH�LW�DYRLGV�SRWHQWLDO�SUREOHPVFDXVHG�E\�LQFRQVLVWHQW�XVH�RI�FDSLWDO�OHWWHUV�IRU�GDWD�LWHPV�VXFK�DV�SRVWFRGHV��<RX�FDQHQWHU�QXPEHUV�LQWR�WH[W�DQG�XSSHU�FDVH�WH[W�YDULDEOHV�EXW�\RX�FDQQRW�SHUIRUPPDWKHPDWLFDO�RSHUDWLRQV�ZLWK�WKHP�
180(5,&�YDULDEOHV�DUH�XVHG�IRU�KROGLQJ�QXPHULFDO�LQIRUPDWLRQ��7KH\�FDQ�EH�XVHGIRU�KROGLQJ�FDWHJRULFDO�RU�FRQWLQXRXV�GDWD��1XPHULF�YDULDEOHV�FDQ�EH�GHILQHG�WR�KROGHLWKHU�LQWHJHUV��ZKROH�QXPEHUV��RU�UHDO�QXPEHUV��QXPEHUV�ZLWK�D�IUDFWLRQDO�SDUW��
/2*,&$/�RU�<(6�12�YDULDEOHV�DUH�XVHG�IRU�KROGLQJ�GDWD�WKDW�FDQ�KDYH�WZR�SRVVLEOHVWDWHV�VXFK�DV�ZKHWKHU�D�UHVSRQGHQW�KDV�EHHQ�LOO�RU�QRW��/RJLFDO�YDULDEOHV�FDQ�KROGHLWKHU�WKH�FKDUDFWHU�
<
�RU�WKH�FKDUDFWHU�
1
��/RJLFDO�YDULDEOHV�DUH�VRPHWLPHV�FDOOHGELQDU\�FDWHJRULFDO�YDULDEOHV�
'$7(�YDULDEOHV�DUH�XVHG�WR�KROG�GDWHV��'DWH�YDULDEOHV�FDQ�EH�XVHG�WR�KROG�GDWD�LQ�WKH$PHULFDQ��PP�GG�\\\\�RU�PP�GG��DQG�(XURSHDQ��GG�PP�\\\\�RU�GG�PP�IRUPDWV��<RX�FDQ�SHUIRUP�VLPSOH�DULWKPHWLF�VXFK�DV�DGGLWLRQ�DQG�VXEWUDFWLRQ�ZLWK�GDWHW\SH�YDULDEOHV��7KH�DGYDQWDJH�RI�XVLQJ�GDWH�W\SH�YDULDEOHV�LV�WKDW�WKH�(17(5�PRGXOH�RI(SL,QIR�ZLOO�RQO\�DOORZ�\RX�WR�HQWHU�YDOLG�GDWHV��'DWH�W\SH�YDULDEOHV�DOVR�VLPSOLI\�DQ\FDOFXODWLRQV�DV�IDFWRUV�VXFK�DV�YDULDEOH�PRQWK�OHQJWK�DQG�OHDS�\HDUV�DUH�DFFRXQWHG�IRU�

(SL,QIR�DOVR�SURYLGHV�3+21(180��/$67�83'$7(���DQG�$872�,1&5(0(17�YDULDEOHW\SHV��7KHVH�DUH�RI�OLPLWHG�XVH�LQ�VXUYH\V�DQG�WULDOV�EXW�DUH�RI�PRUH�XVH�LQ�URXWLQH�GDWDFROOHFWLRQ�DFWLYLWLHV�VXFK�DV�FRPPXQLFDEOH�GLVHDVH�VXUYHLOODQFH�



��

'DWD�DQG�YDULDEOH�W\SHV
:KHQ�GHVLJQLQJ�\RXU�RZQ�TXHVWLRQQDLUHV�DQG�GDWD�ILOHV�WKLQN�FDUHIXOO\�DERXW�WKH�VRUW�RI�GDWD\RX�ZDQW�HDFK�YDULDEOH�WR�KROG�
,I�\RX�ZLVK�WR�SHUIRUP�PDWKHPDWLFDO�RSHUDWLRQV�ZLWK�YDULDEOHV�WKH\�PXVW�EH�RI�WKH�QXPHULFW\SH��<RX�VKRXOG�DOZD\V�XVH�QXPHULF�YDULDEOHV�IRU�FRQWLQXRXV�GDWD�VXFK�DV�XQPRGLILHGPHDVXUHV�RI�KHLJKW�DQG�ZHLJKW��6WDWLVWLFDO�SURFHGXUHV�VXFK�DV�$129$��FRUUHODWLRQ��DQGUHJUHVVLRQ�ZLOO�RQO\�ZRUN�ZLWK�GDWD�VWRUHG�LQ�QXPHULF�YDULDEOHV�
<RX�FDQ�XVH�WH[W�RU�QXPHULF�YDULDEOHV�WR�KROG�FDWHJRULFDO�GDWD��6RPH�LQYHVWLJDWRUV�SUHIHU�WR�XVHQXPHULF�YDULDEOHV�WR�KROG�FDWHJRULFDO�GDWD��&DWHJRULHV�DUH�JLYHQ�QXPHULF�FRGHV��'DWD�FRGHG�LQWKLV�ZD\�PD\�EH�HDVLHU�WR�XVH�ZLWK�RWKHU�VWDWLVWLFDO�SDFNDJHV�DQG�ZLWK�VRPH�VWDWLVWLFDOSURFHGXUHV��H�J��PDUNHU�YDULDEOHV�LQ�UHJUHVVLRQ�DQDO\VLV���:LWK�FDWHJRULFDO�GDWD�LW�LV�D�JRRG�LGHDWR�NHHS�FRGHV�FRQVLVWHQW�DFURVV�YDULDEOHV��7KLV�ZLOO�KHOS�UHGXFH�HUURUV�DW�DOO�VWDJHV�RI�D�VXUYH\�
,I�\RX�XVH�WH[W�YDULDEOHV�WR�KROG�FDWHJRULFDO�GDWD�PDNH�VXUH�WKDW�\RX�XVH�WKH�XSSHU�FDVH�WH[WW\SH��7KLV�ZLOO�DYRLG�SRWHQWLDO�SUREOHPV�FDXVHG�E\�LQFRQVLVWHQW�FDSLWDOLVDWLRQ�RI�GDWD�LWHPV�
/RJLFDO�RU�<HV�1R�YDULDEOHV�KROG�D�VSHFLDO�W\SH�RI�FDWHJRULFDO�GDWD��6RPH�LQYHVWLJDWRUV�SUHIHUWR�XVH�QXPHULF�YDULDEOHV�WR�KROG�FDWHJRULFDO�GDWD��&DWHJRULHV�DUH�JLYHQ�QXPHULF�FRGHV��'DWDFRGHG�LQ�WKLV�ZD\�PD\�EH�HDVLHU�WR�XVH�ZLWK�RWKHU�VWDWLVWLFDO�SDFNDJHV�DQG�ZLWK�VRPH�VWDWLVWLFDOSURFHGXUHV��H�J��PDUNHU�YDULDEOHV�LQ�UHJUHVVLRQ�DQDO\VLV��
0DQ\�VWDWLVWLFDO�SDFNDJHV�GR�QRW�VXSSRUW�GDWH�W\SH�YDULDEOHV��,I�\RX�XVH�GDWH�W\SH�YDULDEOHV�WKHQ\RX�PD\�QHHG�WR�FRQYHUW�GDWD�WR�D�GLIIHUHQW�IRUPDW��H�J��FDOHQGDU�PRQWK�LQ�FHQWXU\�RU�GDWH�WLPHLQGH[�QXPEHU��EHIRUH�LW�FDQ�EH�XVHG�ZLWK�RWKHU�SDFNDJHV��9DULDEOHV�FDQ�EH�FKDQJHG�RU�UHFRGHGZLWK�WKH�$1$/<6,6�PRGXOH�RI�(SL,QIR��6RPHWLPHV�\RX�ZLOO�EH�LQWHUHVWHG�LQ�D�VLQJOH�GDWD�LWHP�H�J��PRQWK�RU�\HDU��RU�\RX�PD\�QHHG�WR�XVH�GDWHV�WKDW�GR�QRW�FRQIRUP�WR�D�:HVWHUQ�FDOHQGDU��,QWKLV�FDVH�\RX�PD\�QHHG�WR�XVH�D�FRPELQDWLRQ�RI�QXPHULF�DQG�WH[W�W\SH�YDULDEOHV�WR�KROG�\RXUGDWD��7KH�DGYDQWDJH�RI�XVLQJ�GDWH�W\SH�YDULDEOHV�LV�WKDW�WKH�(17(5�PRGXOH�RI�(SL,QIR�ZLOO�RQO\DOORZ�\RX�WR�HQWHU�YDOLG�GDWHV��'DWH�W\SH�YDULDEOHV�DOVR�VLPSOLI\�DQ\�FDOFXODWLRQV�DV�IDFWRUV�VXFKDV�YDULDEOH�PRQWK�OHQJWK�DQG�OHDS�\HDUV�DUH�DFFRXQWHG�IRU�



��

'HILQLQJ�YDULDEOH�W\SH�DQG�OHQJWK
(SL,QIR�YDULDEOHV�DUH�GHILQHG�XVLQJ�VSHFLDO�FKDUDFWHUV�LQ�TXHVWLRQQDLUH���4(6��ILOHV�

180(5,&�YDULDEOHV�DUH�GHILQHG�XVLQJ�WKH�
�
�FKDUDFWHU��$�YDULDEOH�GHILQHG�DV����FDQ�KROG�WKUHH�GLJLWV��,I�D�GHFLPDO�SRLQW�LV�JLYHQ�WKHQ�WKH�YDULDEOH�ZLOO�EH�LQ�IL[HGGHFLPDO�IRUPDW��$�YDULDEOH�GHILQHG�DV����������FDQ�KROG�QXPEHUV�EHWZHHQ���������DQG����������
7(;7�YDULDEOHV�DUH�GHILQHG�XVLQJ�WKH�XQGHUOLQH�
B
�FKDUDFWHU��7KH�OHQJWK�RI�WKHYDULDEOH�ZLOO�EH�WKH�QXPEHU�RI�XQGHUOLQH�FKDUDFWHUV�XVHG�
833(5�&$6(�7(;7�YDULDEOHV�DUH�GHILQHG�E\�HQFORVLQJ�DQ�XSSHU�FDVH�
$
�ZLWKLQDQJOH�EUDFNHWV��7KH�QXPEHU�RI�FKDUDFWHUV�EHWZHHQ�WKH�
�
�DQG�
!
�FKDUDFWHUV�GHILQHVWKH�OHQJWK�RI�WKH�YDULDEOH��$�YDULDEOH�GHILQHG�DV��$$$!�ZLOO�EH�DEOH�WR�KROG�XS�WR�WKUHHXSSHU�FDVH�OHWWHUV�DQG�QXPEHUV�
'$7(�YDULDEOHV�DUH�GHILQHG�E\�HQFORVLQJ�WKH�UHTXLUHG�GDWH�IRUPDW�EHWZHHQ�DQJOHEUDFNHWV��$�YDULDEOH�GHILQHG�DV��GG�PP�\\\\!�ZLOO�EH�DEOH�WR�KROG�D�/RQJ�(XURSHDQGDWH��7KH�RWKHU�GDWH�IRUPDWV�SURYLGHG�E\�(SL,QIR�DUH��GG�PP!��6KRUW�(XURSHDQ���PP�GG�\\\\!��/RQJ�$PHULFDQ���DQG��PP�GG!��6KRUW�$PHULFDQ��
/2*,&$/�RU�<(6�12�DUH�GHILQHG�E\�HQFORVLQJ�DQ�XSSHU�FDVH�
<
�EHWZHHQ�DQJOHEUDFNHWV��L�H���<!���7KH\�DUH�XVHG�IRU�KROGLQJ�LQIRUPDWLRQ�WKDW�FDQ�KDYH�WZR�SRVVLEOHVWDWHV�VXFK�DV�ZKHWKHU�D�UHVSRQGHQW�KDV�EHHQ�LOO�RU�QRW��/RJLFDO�YDULDEOHV�FDQ�KROGHLWKHU�WKH�FKDUDFWHU�
<
�RU�WKH�FKDUDFWHU�
1
�

<RX�VKRXOG�QRW�XVH�DQ\�RI�WKHVH�VSHFLDO�FKDUDFWHUV��L�H��
B
��
�
��
!
��DQG�
�
��LQ�(SL,QIRTXHVWLRQQDLUH���4(6��ILOHV�IRU�DQ\�SXUSRVH�RWKHU�WKDQ�GHILQLQJ�YDULDEOH�W\SH�DQG�OHQJWK�
:KHQ�GHVLJQLQJ�\RXU�RZQ�GDWD�ILOHV�WKLQN�FDUHIXOO\�DERXW�WKH�VRUW�RI�GDWD�\RX�ZDQW�HDFKYDULDEOH�WR�KROG��,I�\RX�ZDQW�WR�SHUIRUP�PDWKHPDWLFDO�RSHUDWLRQV�ZLWK�YDULDEOHV�WKHQ�WKH\VKRXOG�EH�RI�WKH�QXPHULF�W\SH��6RPH�VWDWLVWLFDO�SURFHGXUHV�ZLOO�RQO\�ZRUN�LI�GDWD�DUH�VWRUHG�LQQXPHULF�YDULDEOHV��,W�PD\�DOVR�EH�XVHIXO�WR�XVH�QXPHULF�YDULDEOHV�WR�KROG�FDWHJRULFDO�GDWD�IRUXVH�ZLWK�VRPH�VWDWLVWLFDO�SURFHGXUHV�
<RX�FDQ�HQWHU�QXPEHUV�LQWR�WH[W�DQG�XSSHU�FDVH�WH[W�YDULDEOHV�EXW�\RX�FDQQRW�SHUIRUPPDWKHPDWLFDO�RSHUDWLRQV��,I�\RX�ZLVK�WR�SHUIRUP�PDWKHPDWLFDO�RSHUDWLRQV�ZLWK�YDULDEOHV��H�J�FDOFXODWH�PHDQV��WKH\�VKRXOG�EH�RI�WKH�QXPHULF�W\SH�
$Q�DGYDQWDJH�RI�XVLQJ�GDWH�YDULDEOHV�LV�WKDW�(SL,QIR�ZLOO�RQO\�DOORZ�\RX�WR�HQWHU�YDOLG�GDWHV�<RX�FDQ�SHUIRUP�DGGLWLRQ�DQG�VXEWUDFWLRQ�ZLWK�GDWH�YDULDEOHV��7KHVH�FDOFXODWLRQV�DFFRXQW�IRUYDULDEOH�PRQWK�OHQJWK�DQG�OHDS�\HDUV��DQG�JLYH�DQ�DQVZHU�LQ�GD\V�



��

'DWDEDVH�VWUXFWXUH
*LYH�D�VXLWDEOH�VWUXFWXUH��L�H��YDULDEOH�QDPH��W\SH��OHQJWK��LQFOXGLQJ�WKH�(SL,QIR�YDULDEOHGHILQLWLRQ�IRU�WKH�IROORZLQJ�YDULDEOHV�

9DULDEOH 1DPH 7\SH /HQJWK (SL,QIR�GHILQLWLRQ
)DPLO\�1DPH )$01$0( 7H[W �� �$$$$$$$$$$$$$$$!
'DWH�RI�%LUWK
3URYLQFH
7HPSHUDWXUH
+RVSLWDO�1XPEHU
$JH�LQ�\HDUV
,OO�WRGD\"
'LDJQRVLV

:KHQ�GHVLJQLQJ�\RXU�RZQ�TXHVWLRQQDLUHV�DQG�GDWDEDVH�ILOHV�WKLQN�FDUHIXOO\�DERXW�WKH�VRUW�RIGDWD�\RX�ZDQW�HDFK�YDULDEOH�WR�KROG��7KH�VDPH�GDWD�PD\�EH�FRGHG�DQG�VWRUHG�LQ�GLIIHUHQW�ZD\V�)RU�H[DPSOH��D�GLDJQRVLV�RI�SULPDU\�V\SKLOLV�RI�WKH�WRQVLOV�FRXOG�EH�FRGHG�DQG�VWRUHG�LQ�DQ\�RIWKH�IROORZLQJ�ZD\V�
&RGLQJ &RGHG 7\SH /HQJWK (SL,QIR�GHILQLWLRQ1RQH 6<3+,/,6��7216,/6� 7H[W �� �$$$$$$$$$$$$$$$$$$!.&�� $� 7H[W � �$$!,&'�� ���� 1XPHULF � ����

.&���LV�D�FRGLQJ�VFKHPH�XVHG�E\�WKH�8.�'HSDUWPHQW�RI�+HDOWK�IRU�WKH�VXUYHLOODQFH�RI�VH[XDOO\WUDQVPLWWHG�LQIHFWLRQV�DQG�WR�PHDVXUH�*80�67'�FOLQLF�ZRUNORDG��,&'���LV�DQ�LQWHUQDWLRQDOFRGH�XVHG�WR�UHFRUG�PRUELGLW\�DQG�PRUWDOLW\�LQ�D�VWDQGDUGLVHG�IRUP�
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1XOO�YDOXHV
6RPHWLPHV�GDWD�LWHPV�ZLOO�QRW�EH�DYDLODEOH�RU�DUH�QRW�DSSURSULDWH�WR�FROOHFW�IRU�VRPHUHVSRQGHQWV��H�J��DJH�DW�PHQDUFKH�IRU�PDOH�UHVSRQGHQWV���,W�LV�LPSRUWDQW�WKDW�\RX�WDNH�WKLV�LQWRDFFRXQW�ZKHQ�GHVLJQLQJ�TXHVWLRQQDLUHV��FRGLQJ�VFKHPHV��DQG�GDWD�ILOHV��'DWD�WKDW�LV�PLVVLQJ�RUQRW�DSSURSULDWH�LV�FDOOHG�QXOO�GDWD��7KHUH�DUH�WZR�W\SHV�RI�QXOO�GDWD�

:KHQ�GDWD�DUH�QRW�DYDLODEOH�LW�LV�GHILQHG�DV�PLVVLQJ�GDWD��,W�LV�EDG�SUDFWLFH�WR�OHDYH�GDWDHQWU\�VSDFHV�RQ�WKH�TXHVWLRQQDLUH�RU�GDWD�HQWU\�VFUHHQ�HPSW\�EHFDXVH�LW�FDQ�OHDG�WRFRQIXVLRQ�DW�GDWD�HQWU\�WLPH��$OZD\V�FRQVLGHU�WKH�FRGHV�WR�XVH�ZKHQ�D�YDOXH�LV�PLVVLQJ�,W�LV�FRPPRQ�SUDFWLFH�WR�XVH������������HWF��WR�GHQRWH�PLVVLQJ�GDWD��&RGLQJ�PLVVLQJ�GDWDLQ�WKLV�ZD\�ZLOO�UHTXLUH�GDWD�WR�EH�FRGHG�EDFN�WR�PLVVLQJ�RU�QXOO�SULRU�WR�DQDO\VLV�
:KHQ�GDWD�DUH�QRW�DYDLODEOH�EHFDXVH�LW�LV�QRW�DSSURSULDWH�WR�FROOHFW�LW�LV�GHILQHG�DV�QRW�DSSURSULDWH��$OZD\V�FRQVLGHU�WKH�FRGHV�WR�XVH�ZKHQ�GDWD�DUH�QRW�DSSURSULDWH��,W�LVFRPPRQ�SUDFWLFH�WR�XVH������������HWF��WR�GHQRWH�QRW�DSSURSULDWH�GDWD��&RGLQJ�QRW�DSSURSULDWH�GDWD�LQ�WKLV�ZD\�PD\�UHTXLUH�GDWD�WR�EH�FRGHG�EDFN�WR�PLVVLQJ�RU�QXOO�SULRUWR�DQDO\VLV�

7KH�FRGLQJ�VFKHPH�\RX�GHFLGH�WR�XVH�IRU�PLVVLQJ�DQG�QRQ�DSSURSULDWH�GDWD�VKRXOG�EH�GHILQHG�LQDGYDQFH�DQG�EH�FRQVLVWHQW�DFURVV�YDULDEOHV�
(SL,QIR�KDQGOHV�PLVVLQJ�GDWD�DXWRPDWLFDOO\��$Q\�ILHOG�WKDW�LV�OHIW�HPSW\�DW�GDWD�HQWU\�RU�XVHVPLVVLQJ�GDWD�LQ�FDOFXODWLRQV�UHFHLYHV�D�VSHFLDO�PLVVLQJ�GDWD�FRGH����� �PLVVLQJ��



��

,GHQWLI\LQJ��,'��QXPEHUV
:KHQ�GHVLJQLQJ�D�TXHVWLRQQDLUH�RU�D�GDWDEDVH�ILOH�LW�LV�LPSRUWDQW�WR�LQFOXGH�D�YDULDEOH�WKDW�KROGVD�XQLTXH�YDOXH�IRU�HDFK�FDVH��7KLV�PDNHV�ILQGLQJ�ERWK�SDSHU�IRUPV�DQG�LQGLYLGXDO�FDVHV�LQ�DGDWDEDVH�ILOH�HDVLHU�VKRXOG�\RX�QHHG�WR�TXHU\�RU�HGLW�D�GDWD�LWHP��7KLV�YDULDEOH�LV�FDOOHG�WKH�NH\RU�LGHQWLILHU�YDULDEOH�
$�VXUYH\�ZLOO�XVXDOO\�LQFOXGH�VHYHUDO�GLIIHUHQW�IRUPV�UHODWHG�WR�HDFK�RWKHU��7KH�NH\�YDULDEOHDOORZV�FDVHV�LQ�RQH�ILOH�WR�EH�OLQNHG�WR�FDVHV�LQ�DQRWKHU�ILOH�
,Q�WKLV�H[DPSOH�LW�LV�SRVVLEOH��XVLQJ�D�NH\�YDULDEOH��080,'���WR�OLQN�GDWD�IURP�PRWKHUV�DQGFKLOGUHQ�

0RWKHU
V�)LOH &KLOGUHQ
V�)LOH0XP,' ��� ��� ��� 0XP,' .LG,' ������ ��� ������ ��� ������ ������ ���
7KH�XVH�RI�D�NH\�YDULDEOH�HQVXUHV�WKDW�GDWD�IRU�HDFK�PRWKHU�FDQ�EH�OLQNHG�ZLWK�GDWD�IRU�WKDWPRWKHU
V�FKLOGUHQ��1RWH�WKDW�LQ�WKLV�H[DPSOH�WKH�NH\�YDULDEOH�LV�XQLTXH�LQ�WKH�PRWKHU
V�ILOH�EXWQRW�XQLTXH�LQ�WKH�FKLOGUHQ
V�ILOH��7KH�FRPELQDWLRQ�RI�080,'�DQG�.,','�XQLTXHO\�LGHQWLILHVHDFK�FKLOG�
$QRWKHU�H[DPSOH�RI�OLQNLQJ�GDWD�EHWZHHQ�ILOHV�LV�ZKHQ�D�ILHOG�TXHVWLRQQDLUH�LV�OLQNHG�WR�DODERUDWRU\�UHSRUW�IRUP�IRU�WKH�VDPH�SHUVRQ�
$�GDWDEDVH�WKDW�FRQVLVWV�RI�PRUH�WKDQ�RQH�OLQNHG�GDWD�ILOH�LV�FDOOHG�D�UHODWLRQDO�GDWDEDVH��$GDWDEDVH�WKDW�FRQVLVWV�RI�RQH�GDWD�ILOH��RU�PDQ\�ILOHV�RI�LGHQWLFDO�VWUXFWXUH��LV�FDOOHG�D�IODW�ILOHGDWDEDVH�
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&UHDWLQJ�D�GDWD�ILOH
&UHDWLQJ�D�GDWDEDVH�ILOH�LQ�(SL,QIR�LV�D�WZR�VWDJH�SURFHVV�

�� )LUVW�\RX�XVH�(3('�WR�FUHDWH�D�VFUHHQ�TXHVWLRQQDLUH��RU�GDWD�HQWU\�VFUHHQ��7KLV�PXVWLQFOXGH�WKH�YDULDEOH�QDPHV��W\SHV��DQG�OHQJWKV��$�TXHVWLRQQDLUH�ILOH�PXVW�KDYH�WKHH[WHQVLRQ��4(6�
�� 7KH�VWUXFWXUH�RI�WKLV��4(6�ILOH�LQ�WXUQ�GHILQHV�WKH�VWUXFWXUH�RI�WKH�GDWD�ILOH��<RX�FUHDWHWKLV�XVLQJ�WKH�(17(5�PRGXOH��,Q�(SL,QIR�D�GDWD�ILOH�LV�FDOOHG�D�UHFRUG�ILOH�DQG�KDV�WKHH[WHQVLRQ��5(&�

(3('
�4(6�ILOH

(17(5
�5(&�ILOH

'HILQHV�VWUXFWXUH�RI�GDWD�ILOH'HILQHV�OD\RXW�RI�GDWD�HQWU\�VFUHHQV

+ROGV�WKH�GDWD
7KH�TXHVWLRQQDLUH���4(6��ILOH�GHILQHV�WKH�VWUXFWXUH�RI�WKH�UHFRUG���5(&��ILOH�DQG�WKH�OD\RXW�RIWKH�GDWD�HQWU\�VFUHHQV��'DWD�DUH�HQWHUHG�DQG�VWRUHG�LQ�WKH�UHFRUG���5(&��ILOH�
7KH�(17(5�PRGXOH�LV�DOVR�XVHG�WR�HQWHU�GDWD�LQWR�DQ�H[LVWLQJ�UHFRUG���5(&��ILOH�
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6WDUWLQJ�(SL,QIR
2Q�GLIIHUHQW�FRPSXWHU�V\VWHPV�WKHUH�ZLOO�EH�GLIIHUHQW�ZD\V�RI�VWDUWLQJ�WKH�(SL,QIR�SDFNDJH��2QPRVW��KRZHYHU��LW�ZLOO�EH�VXIILFLHQW�WR�W\SH�

HSL�
DW�WKH�'26�SURPSW�DQG�SUHVV�WKH�H �NH\�
2QFH�(SL,QIR�KDV�VWDUWHG�\RX�ZLOO�VHH�WKH�WRS�OHYHO�PHQX��6HOHFW�3URJUDPV�IURP�WKH�WRS�OHYHOPHQX��7R�VHOHFW�DQ�LWHP�IURP�WKH�WRS�OHYHO�PHQX�\RX�PXVW�ILUVW�PRYH�WKH�KLJKOLJKWHG�EDU�XVLQJWKH�] �DQG�[ �NH\V��:KHQ�WKH�KLJKOLJKWHG�EDU�LV�RYHU�WKH�PHQX�LWHP�\RX�ZDQW�WR�VHOHFW��LQ�WKLVFDVH�3URJUDPV��SUHVV�WKH�H �NH\�WR�VHOHFW�LW��$�GURS�GRZQ�PHQX�ZLOO�WKHQ�DSSHDU�
8VH�WKH�Z �DQG�\ �NH\V�WR�PRYH�WKH�FXUVRU�EDU��$V�\RX�PRYH�WKH�FXUVRU�EDU�XS�DQG�GRZQ�WKH3URJUDPV�GURS�GRZQ�PHQX�\RX�ZLOO�VHH�WKH�GHVFULSWLRQV�RI�WKH�GLIIHUHQW�PRGXOHV�RQ�WKHERWWRP�OLQH�RI�WKH�VFUHHQ��8VH�WKH�Z �DQG�\ �NH\V�WR�PRYH�WKH�FXUVRU�EDU�XS�DQG�GRZQ�DQGUHDG�WKH�GHVFULSWLRQV�RI�WKH�GLIIHUHQW�PRGXOHV�
<RX�PD\�JHW�D�PRUH�FRPSOHWH�GHVFULSWLRQ�RI�HDFK�PRGXOH�LI�\RX�SUHVV�WKH�O �NH\�ZKLOH�WKHFXUVRU�EDU�LV�RYHU�WKH�QDPH�RI�WKH�PRGXOH�WKDW�\RX�DUH�LQWHUHVWHG�LQ��3ODFH�WKH�FXUVRU�EDU�RYHUWKH�67$7&$/&�FDOFXODWRU�PHQX�LWHP�DQG�SUHVV�WKH�O �NH\��(SL,QIR�ZLOO�GLVSOD\�DZLQGRZ�FRQWDLQLQJ�D�GHVFULSWLRQ�RI�WKH�67$7&$/&�PRGXOH��2QFH�\RX�KDYH�UHDG�WKHGHVFULSWLRQ�SUHVV�A �WR�UHWXUQ�WR�WKH�PHQX�V\VWHP�
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8VLQJ�$1$/<6,6�WR�EURZVH�WKURXJK�D�GDWDVHW
$1$/<6,6�LV�WKH�GDWD�DQDO\VLV�PRGXOH�RI�(SL,QIR��8VLQJ�$1$/<6,6�\RX�FDQ�XVH�VLPSOHFRPPDQGV�WR�SURGXFH�OLVWV��IUHTXHQFLHV��VWDWLVWLFV��DQG�JUDSKV��,Q�WKLV�H[HUFLVH�\RX�ZLOO�XVH$1$/<6,6�WR�H[DPLQH�D�GDWDVHW�
3RVLWLRQ�WKH�FXUVRU�EDU�RYHU�WKH�PHQX�RSWLRQ�$1$/<6,6�RI�GDWD�RQ�WKH�3URJUDPV�PHQX�3UHVV�H �WR�VHOHFW�$1$/<6,6�
2QFH�$1$/<6,6�VWDUWV�WKH�VFUHHQ�LV�GLYLGHG�LQWR�VHYHUDO�GLVWLQFW�VHFWLRQV��7KH�XSSHU�VHFWLRQ�LVKHDGHG�2XWSXW�DQG�WKH�ORZHU�VHFWLRQ�LV�KHDGHG�&RPPDQGV��$W�WKH�WRS�RI�WKH�VFUHHQ�DUH�WZROLQHV�JLYLQJ�WKH�VWDWXV�LQIRUPDWLRQ��)RU�H[DPSOH�

'DWDVHW���1RQH!�������������������������)UHH�PHPRU\����.8VH�5($'�WR�FKRRVH�D�GDWDVHW
7KH�VWDWXV�LQIRUPDWLRQ�VKRZV�WKH�QDPH�RI�WKH�FXUUHQW�GDWD�ILOH�DQG�WKH�DPRXQW�RI�IUHH�PHPRU\LQ�WKH�V\VWHP��WKH�H[DFW�ILJXUH�ZLOO�GHSHQG�RQ�KRZ�\RXU�V\VWHP�KDV�EHHQ�FRQILJXUHG��
7KH�ERWWRP�OLQH�RI�WKH�VFUHHQ�VKRZV�WKH�IXQFWLRQ�NH\V�DYDLODEOH�IURP�ZLWKLQ�$1$/<6,6�

.H\ )XQFWLRQO +HOSP 'LVSOD\�PHQX�RI�FRPPDQGVQ 'LVSOD\�PHQX�RI�YDULDEOHV�LQ�WKH�FXUUHQW�GDWDVHWR %URZVHS 7RJJOH�SULQWHU�RQ�DQG�RIIW '26�VKHOOX 4XLW�$1$/<6,6
:H�QHHG�WR�WHOO�$1$/<6,6�WKH�QDPH�RI�WKH�GDWDVHW�ZH�ZDQW�WR�ORRN�DW��7\SH�

UHDG�GHPRJB��UHF
$QG�SUHVV�H ��7KH�QDPH�RI�WKH�ILOH��'(02*B��5(&��DQG�WKH�QXPEHU�RI�UHFRUGV�������ZLOODSSHDU�DW�WKH�WRS�RI�WKH�VFUHHQ�VKRZLQJ�WKDW�WKH�ILOH�KDV�EHHQ�UHDG�
3UHVV�WKH�R �NH\�WR�EURZVH�WKURXJK�WKH�GDWD��7KH�ILUVW�WZHQW\�RQH�UHFRUGV�RI�'(02*B��5(&DSSHDU�RQ�WKH�VFUHHQ��RQH�UHFRUG�SHU�OLQH��ZLWK�YDULDEOHV�UXQQLQJ�DFURVV�WKH�OLQH��0RYH�DURXQGWKH�ILOH�XVLQJ�WKH�Z ��[ ��\ ��] ��^ ��` ��G ��DQG�J �NH\V�
3UHVV�R �DJDLQ�WR�VHOHFW�IXOO�VFUHHQ�PRGH��<RX�QRZ�KDYH�D�VLQJOH�UHFRUG�GLVSOD\HG�RQ�WKHVFUHHQ��7KH�UHFRUG�QXPEHU�LV�GLVSOD\HG�WR�WKH�ULJKW�RI�WKH�PHQX�EDU�DW�WKH�ERWWRP�RI�WKH�VFUHHQ�/RRN�DW�WKH�PHQX�EDU�DQG�ZRUN�RXW�KRZ�WR�PRYH�WR�WKH�QH[W�UHFRUG�DQG�EDFN�WR�WKH�SUHYLRXVRQH��7U\�WKLV�D�IHZ�WLPHV��3UHVV�R �DJDLQ�WR�UHWXUQ�WR�EURZVH�PRGH��:KHQ�\RX�KDYH�ILQLVKHGH[DPLQLQJ�WKH�GDWD�SUHVV�X �WR�UHWXUQ�WR�WKH�PDLQ�VFUHHQ�
3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX
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0DNLQJ�D�VFUHHQ�TXHVWLRQQDLUH
6LQFH�RXU�GDWD�FRPHV�IURP�DQ�RQFKRFHUFLDVLV�VWXG\�ZH�PLJKW�FDOO�WKH�TXHVWLRQQDLUH���4(6��ILOH21&+2�4(6��:H�FDQ�XVH�(3('�PRGXOH�WR�FUHDWH�TXHVWLRQQDLUH���4(6��ILOHV�
7KH�IRUPDW�RI�WKH�TXHVWLRQQDLUH���4(6��ILOH�FDQ�EH�YHU\�VLPSOH��)RU�H[DPSOH�

�����,'12������������'DWH����GG�PP�\\\\!������$JH�����������6H[����$!����7ULEH���������++12�����������5HO��������/9LOO����<!
7KH�TXHVWLRQQDLUH���4(6��ILOH�ZLOO�XVXDOO\�EH�PRUH�HODERUDWH�DQG�ORRN�PRUH�OLNH�WKH�ILHOGTXHVWLRQQDLUH�WKDQ�WKLV�
:KDWHYHU�DSSHDUV�LQ�WKH�TXHVWLRQQDLUH���4(6��ILOH�ZLOO�DSSHDU�RQ�WKH�VFUHHQ�GXULQJ�GDWD�HQWU\��,WLV�ZRUWK�VSHQGLQJ�D�OLWWOH�WLPH�JHWWLQJ�LW�WR�ORRN�JRRG�E\�OLQLQJ�XS�FROXPQV��JLYLQJ�DGHTXDWHVSDFHV�WR�PDNH�LW�FOHDUHU�WR�UHDG��DQG�SXWWLQJ�JURXSV�RI�VLPLODU�YDULDEOHV�WRJHWKHU��,W�LV�D�PDWWHURI�FKRLFH�ZKHWKHU�WKHUH�LV�PRUH�WKDQ�RQH�YDULDEOH�RQ�D�OLQH���WKH�FRPSXWHU�ZLOO�UHDG�DFURVV�WKHOLQHV��)RU�ODUJH�GDWD�HQWU\�SURMHFWV�LW�LV�EHVW�WR�OD\�RXW�WKH�GDWD�HQWU\�VFUHHQV�ZLWK�RQH�YDULDEOHSHU�OLQH�ZLWK�WKH�YDULDEOHV�OLQHG�XS�RQH�EHORZ�WKH�RWKHU��7KLV�FDQ�PDNH�GDWD�HQWU\�OHVV�HUURUSURQH�
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(3('
6HOHFW�(3('�ZRUG�SURFHVVRU�IURP�WKH�3URJUDPV�PHQX��2QFH�(3('�VWDUWV�WKH�VFUHHQZLOO�EH�EODQN�H[FHSW�WKH�WRS�DQG�ERWWRP�OLQHV�RI�WKH�VFUHHQ�
7KH�WRS�OLQH�LV�FDOOHG�WKH�PHQX�EDU��$OO�WKH�FRPPDQGV�DYDLODEOH�ZLWKLQ�(3('�DUH�DFFHVVHGIURP�WKH�PHQX�EDU��7R�VHOHFW�DQ�LWHP�IURP�WKH�PHQX�EDU�SUHVV�WKH�DVVRFLDWHG�IXQFWLRQ�NH\��)RUH[DPSOH�WR�DFFHVV�WKH�FRPPDQGV�WKDW�GHDO�ZLWK�ILOHV��H�J��ORDGLQJ�DQG�VDYLQJ�ILOHV��\RX�ZRXOGQHHG�WR�SUHVV�WKH�P �NH\��$OO�FRPPDQGV�DUH�VHOHFWHG�IURP�PHQXV�RI�WKH�KLJKOLJKWHG�EDU�W\SH�
2Q�WKH�VFUHHQ�\RX�ZLOO�VHH�D�VPDOO�IODVKLQJ�OLQH�RU�EORFN��7KLV�LV�FDOOHG�WKH�FXUVRU��:KDWHYHU\RX�W\SH�DW�WKH�NH\ERDUG�ZLOO�EH�SODFHG�RQ�WKH�VFUHHQ�DW�WKH�FXUVRU�SRVLWLRQ�
7KH�ERWWRP�OLQH�RI�WKH�VFUHHQ�LV�FDOOHG�WKH�VWDWXV�OLQH�DQG�FRQYH\V�LQIRUPDWLRQ�DERXW�WKHGRFXPHQW�EHLQJ�HGLWHG��$�W\SLFDO�VWDWXV�OLQH�PLJKW�ORRN�OLNH�WKLV�

���817,7/('�������(3('�������������3����/����&���::�,QV
:RUG:UDS��::��PHDQV�WKDW�WH[W�ZLOO�DXWRPDWLFDOO\�EH�ZUDSSHG�RQWR�WKH�QH[W�OLQH�ZKHQ�LWUHDFKHV�WKH�HGJH�RI�WKH�VFUHHQ��7KLV�PHDQV�WKDW�\RX�GR�QRW�KDYH�WR�SUHVV�H �DW�WKH�HQG�RIHDFK�OLQH�DV�\RX�ZRXOG�ZLWK�D�W\SHZULWHU��7KLV�LV�XVHIXO�IRU�ZULWLQJ�GRFXPHQWV�DQG�OHWWHUV��EXWQRW�IRU�TXHVWLRQQDLUH�ILOHV�DV�LW�SUHYHQWV�\RX�IURP�XVLQJ�WKH�IXOO�ZLGWK�RI�WKH�VFUHHQ�
,Q�LQVHUW��,QV��PRGH��WH[W�LV�LQVHUWHG�EHIRUH�WKH�FKDUDFWHU�DW�WKH�FXUVRU�SRVLWLRQ��:KDW�\RX�W\SHZLOO�QRW�W\SH�RYHU�ZKDW�LV�DOUHDG\�RQ�WKH�VFUHHQ�EXW�ZLOO�EH�LQVHUWHG�LQWR�WKH�WH[W��7KHDOWHUQDWLYH�LV�RYHUW\SH��LQ�ZKLFK�QHZ�WH[W�RYHUZULWHV�WKH�SUHYLRXV�WH[W��,W�LV�EHVW�WR�NHHS�WR�LQVHUWPRGH�DV�WKLV�PDNHV�LW�OHVV�OLNHO\�WKDW�\RX�ZLOO�ORVH�WH[W�E\�W\SLQJ�RYHU�LW��<RX�FDQ�PRYHEHWZHHQ�LQVHUW�DQG�RYHUW\SH�PRGHV�E\�XVLQJ�WKH�6HW�PHQX�RU�E\�SUHVVLQJ�WKH�K �NH\�
(3('�KDV�DOO�WKH�XVXDO�IDFLOLWLHV�RI�D�VLPSOH�ZRUG�SURFHVVRU��EORFNV��ILQG�DQG�UHSODFH��HWF���7KHVH�IDFLOLWLHV�DUH�QRW�FRYHUHG�LQ�WKLV�ERRN��,I�\RX�ZLVK�WR�XVH�WKHVH�IDFLOLWLHV�\RX�FDQ�H[SORUHWKH�IXQFWLRQ�NH\V�DQG�KHOS�V\VWHP��3UHVVLQJ�Q �(3,$,'�DQG�VHOHFWLQJ�:RUG�SURFHVVLQJWXWRULDO�ZLOO�JLYH�\RX�D�WXWRULDO�RQ�XVLQJ�(3('�



��

6HWWLQJ�XS�(3('
7KH�(3('�PRGXOH�SHUIRUPV�WKUHH�VHSDUDWH�IXQFWLRQV��7KHVH�DUH�

��:RUG�SURFHVVLQJ�DQG�UHSRUW�ZULWLQJ
��&UHDWLQJ�TXHVWLRQQDLUH���4(6��ILOHV�IRU�XVH�ZLWK�(17(5
��(GLWLQJ�FRPPDQG�ILOHV��SURJUDPV��IRU�XVH�ZLWK�$1$/<6,6�DQG�&+(&.

(DFK�IXQFWLRQ�UHTXLUHV�GLIIHUHQW�HGLWLQJ�IHDWXUHV��7KLV�PHDQV�WKDW�EHIRUH�\RX�VWDUW�HQWHULQJ�WH[W\RX�KDYH�WR�WHOO�(3('�KRZ�WR�EHKDYH�
)XQFWLRQ ::�7;7�4(6�PRGH:RUGSURFHVVLQJ�DQG�UHSRUW�ZULWLQJ ::&UHDWLQJ��4(6�ILOHV�IRU�XVH�ZLWK�(17(5 4(6(GLWLQJ�FRPPDQG�ILOHV 7;7

6HOHFW�WKH�6HW�PHQX�E\�SUHVVLQJ�T �
6HOHFW�WKH�RSWLRQ�::�7;7�4(6�PRGH�IURP�WKH�6HW�PHQX�E\�SRLQWLQJ�WR�LW�ZLWK�Z �DQG�\NH\V��3UHVV�WKH�N �EDU�XQWLO�WKH�PRGH�UHDGV�4(6��3UHVV�WKH�A �NH\�WR�FORVH�WKH�PHQX�DQGUHWXUQ�WR�WKH�HGLWLQJ�VFUHHQ�
:KHQ�(3('�LV�LQ�4(6�PRGH�LW�SODFHV�EODFN�EORFNV�DW�WKH�OHIW�DQG�ULJKW�VLGHV�RI�WKH�VFUHHQ�DW�WKHWRS�RI�HDFK�GDWD�HQWU\�VFUHHQ�
*HW�KHOS�RQ�::�7;7�4(6�PRGH�E\�SRLQWLQJ�WR�LW�RQ�WKH�6HWT �PHQX�DQG�SUHVVLQJ�O �(3('�ZLOO�GLVSOD\�D�ZLQGRZ�GHVFULELQJ�WKH�FRPPDQG��:KHQ�\RX�KDYH�UHDG�WKH�KHOS�WH[W��SUHVVA ��3UHVV�A �DJDLQ�WR�FORVH�WKH�PHQX��*HW�KHOS�IRU�D�IHZ�PRUH�FRPPDQGV��,I�WKHUH�LV�PRUHWKDQ�RQH�VFUHHQ�RI�KHOS�DYDLODEOH�3J'Q�ZLOO�EH�GLVSOD\HG�LQ�WKH�ERWWRP�ULJKW�FRUQHU�RI�WKH�KHOSZLQGRZ��3UHVVLQJ�` �ZLOO�GLVSOD\�WKH�QH[W�VFUHHQ�RI�KHOS�LQIRUPDWLRQ�
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&UHDWLQJ�D��4(6�ILOH�XVLQJ�(3('
:H�VKDOO�FUHDWH�D�TXHVWLRQQDLUH���4(6��ILOH�XVLQJ�(3('��9DULDEOH�QDPHV�DUH�W\SHG�RQWR�WKHVFUHHQ�LQ�WKH�SRVLWLRQ�DQG�RUGHU�\RX�ZRXOG�OLNH�WR�XVH�ZKHQ�HQWHULQJ�GDWD��1H[W�WR�WKH�YDULDEOHQDPHV�DUH�W\SHG�WKH�VSHFLDO�FKDUDFWHUV�WKDW�GHILQH�WKH�OHQJWK�DQG�W\SH�RI�HDFK�YDULDEOH��2Q�WKHEODQN�VFUHHQ�FRS\�WKH�TXHVWLRQQDLUH�

�2QFKRFHUFLDVLV�%DVHOLQH�6XUYH\���3HUVRQDO�'DWD�,'�1XPEHU��������������������������^,'12`�������'DWH�RI�,QWHUYLHZ������������������^'$7(`���GG�PP�\\\\!�$JH�LQ�\HDUV������������������������^$*(`�����6H[��0�RU�)�������������������������^6(;`���$!�7ULEH���0HQGH����2WKHU������������^75,%(`����+RXVHKROG�QXPEHU�������������������^++12`�����5HODWLRQ�WR�KHDG�RI�KRXVHKROG"������^5(/`����/LYHG�LQ�YLOODJH�DOO�\RXU�OLIH"���^/9,//`���<!�<HDUV�OLYLQJ�LQ�WKLV�YLOODJH"������^67$<`�����:KDW�LV�\RXU�PDLQ�RFFXSDWLRQ"�������^2&&`���
(3('�KDV�D�IHDWXUH�WKDW�PDNHV�LW�HDV\�WR�GHILQH�YDULDEOH�W\SHV�DQG�OHQJWKV��+ROG�GRZQ�WKHE �NH\�DQG�SUHVV�WKH�4 �NH\�WZLFH��<RX�ZLOO�EH�SUHVHQWHG�ZLWK�D�PHQX�RI�YDULDEOH�W\SHV�6HOHFW�WKH�W\SH�\RX�UHTXLUH��,I�\RX�FKRRVH�D�W\SH�WKDW�DOORZV�IRU�YDULDEOHV�RI�GLIIHUHQW�OHQJWKV�H�J��WH[W��XSSHU�FDVH�WH[W��RU�QXPHULF��\RX�ZLOO�EH�SURPSWHG�IRU�WKH�DSSURSULDWH�LQIRUPDWLRQ�7KH�YDULDEOH�GHILQLWLRQ�ZLOO�EH�LQVHUWHG�DW�WKH�FXUUHQW�FXUVRU�SRVLWLRQ��<RX�FDQ�REWDLQ�WKH�VDPHUHVXOW�E\�VHOHFWLQJ�48(67,216�IURP�WKH�7[WR �PHQX�
(SL,QIR�ZLOO�DXWRPDWLFDOO\�WDNH�WKH�ILUVW�WHQ�QRQ�EODQN�FKDUDFWHUV�RI�WH[W�SULRU�WR�D�YDULDEOHGHILQLWLRQ�DQG�PDNH�WKLV�WKH�YDULDEOH�QDPH��6RPH�ZRUGV�VXFK�DV�¨ZKDW©��¨DUH©��DQG�¨RI©�DUHGLVFDUGHG�DXWRPDWLFDOO\��H�J��¨'DWH�RI�RQVHW©�EHFRPHV�'$7(216(7���,I�\RX�SUHFHGH�WKH�WH[WZLWK�D�QXPEHU��(SL,QIR�ZLOO�DGG�WKH�SUHIL[�¨1©��H�J��WKH�WH[W�¨���$JH©�EHFRPHV�1�$*(���7KLVFDQ�OHDG�WR�XQVXLWDEOH�YDULDEOH�QDPHV��H�J��<($56/,9,1�UDWKHU�WKDQ�67$<���7KH�EHVW�ZD\�RIRYHUFRPLQJ�WKLV�LV�WR�SXW�^�`�DURXQG�WKH�FKDUDFWHUV�WKDW�\RX�ZDQW�WR�EH�WKH�YDULDEOH�QDPH�$OZD\V�FUHDWH�YDULDEOHV�ZLWK�XQLTXH��VKRUW��HDVLO\�UHPHPEHUHG��EXW�PHDQLQJIXO�QDPHV��)RU�ORQJTXHVWLRQQDLUHV�LW�PD\�EH�HDVLHU�WR�XVH�TXHVWLRQ�QXPEHUV��H�J��4����DV�YDULDEOH�QDPHV�
&RPSOH[�FRGLQJ�LQIRUPDWLRQ��ZKLOH�QHHGHG�RQ�SDSHU�FROOHFWLRQ�IRUPV�ZRXOG�WHQG�WR�FOXWWHU�XSWKH�GDWD�HQWU\�VFUHHQ�DQG�VKRXOG�QRW�EH�LQFOXGHG�
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&UHDWLQJ�D��4(6�ILOH
&KHFN�\RXU�ZRUN�FDUHIXOO\�DJDLQVW�WKH�H[DPSOH�TXHVWLRQQDLUH���4(6��ILOH��:KHQ�\RX�DUHVDWLVILHG�VHOHFW�6DYH�E\�SUHVVLQJ�W ��:KHQ�SURPSWHG�JLYH�WKH�ILOHQDPH�21&+2�4(6�DQGSUHVV�WKH�H �NH\��7KH�TXHVWLRQQDLUH���4(6��ILOH�LV�VDYHG�WR�GLVN�DV�21&+2�4(6�
3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�
7KH�TXHVWLRQQDLUH���4(6��ILOH�KDV�EHHQ�VDYHG�WR�GLVN��:KHQ�QDPLQJ�ILOHV�DOZD\V�FKRRVH�DVHQVLEOH�DQG�HDVLO\�UHFRJQLVDEOH�QDPH��7KH�FRQYHQWLRQV�IRU�QDPLQJ�ILOHV�DUH�WKH�VDPH�DV�IRU'26��HLJKW�FKDUDFWHUV�IRU�WKH�QDPH�DQG�WKUHH�FKDUDFWHUV�IRU�WKH�H[WHQVLRQ�VHSDUDWHG�E\�D�IXOOVWRS���<RX�PXVW�XVH�WKH�H[WHQVLRQ��4(6�IRU�TXHVWLRQQDLUH�ILOHV�
)LOHQDPHV�PXVW�EH�XQLTXH��,I�\RX�VSHFLI\�WKH�QDPH�RI�D�ILOH�WKDW�DOUHDG\�H[LVWV�WKDQ�(3('�ZLOODVN�LI�\RX�ZDQW�WR�RYHUZULWH�LW��,I�\RX�DUH�QRW�VXUH�WKDW�\RX�ZDQW�WR�RYHUZULWH�WKH�ILOH�WKHQVSHFLI\�D�GLIIHUHQW�ILOHQDPH�
:KHQ�ZRUNLQJ�RQ�D�ORQJ�ILOH�LW�LV�EHVW�WR�VDYH�\RXU�ZRUN�IUHTXHQWO\���HVSHFLDOO\�LI�ZKHUH�\RXZRUN�LV�SURQH�WR�IOXFWXDWLRQV�RU�FXWV�LQ�WKH�HOHFWULFLW\�VXSSO\��<RX�FDQ�VDYH�D�GRFXPHQW�DW�DQ\WLPH�E\�SUHVVLQJ�W �
0DNH�VXUH�WKDW�WKH�TXHVWLRQQDLUH���4(6��ILOH�\RX�XVH�WR�FUHDWH�WKH�UHFRUG�ILOH�LV�WKH�ILQDOYHUVLRQ��,I�\RX�QHHG�WR�PDNH�VRPH�FKDQJHV�WR�D�UHFRUG�ILOH��H�J��DGG�D�YDULDEOH��DIWHU�LW�KDV�EHHQFUHDWHG�WKHQ�\RX�ZLOO�QHHG�WR�XVH�(17(5�WR�UHVWUXFWXUH�WKH�GDWD�ILOH�IURP�WKH�UHYLVHG��4(6�ILOH�
7KH�V\PEROV�
�
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!
��
B
��DQG�
�
�DUH�XVHG�E\�(SL,QIR�WR�GHILQH�YDULDEOHV��$YRLG�XVLQJWKHP�DQ\ZKHUH�HOVH�LQ�WKH�TXHVWLRQQDLUH���4(6��ILOH�
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(GLWLQJ�WKH�TXHVWLRQQDLUH
6WDUW�(3('�DQG�SUHVV�P )LOH�DQG�VHOHFW�2SHQ�ILOH�WKLV�ZLQGRZ��:KHQ�SURPSWHG�IRUD�ILOHQDPH��W\SH�21&+2�4(6�DQG�SUHVV�H �WR�UHFDOO�WKH�ILOH�WKDW�\RX�MXVW�FUHDWHG�
:KLFK�YDULDEOHV�DUH�GHILQHG�DV�QXPHULF"

1DPH (SL,QIR�GHILQLWLRQ

:KLFK�YDULDEOH�LV�GHILQHG�DV�XSSHU�FDVH�WH[W"
1DPH (SL,QIR�GHILQLWLRQ

:KLFK�YDULDEOH�LV�GHILQHG�DV�'$7("
1DPH (SL,QIR�GHILQLWLRQ

:KLFK�YDULDEOH�LV�GHILQHG�DV�<(6�12"
1DPH (SL,QIR�GHILQLWLRQ
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(GLWLQJ�WKH�TXHVWLRQQDLUH
:KDW�DUH�WKH�QDPHV�JLYHQ�WR�WKH�ILUVW�IRXU�YDULDEOHV�LQ�WKH�GDWDEDVH"

1DPH (SL,QIR�GHILQLWLRQ

%\�GHIDXOW��(SL,QIR�ZLOO�DXWRPDWLFDOO\�SLFN�XS�WKH�ILUVW�WHQ�FKDUDFWHUV�RI�WH[W��H[FOXGLQJ�EODQNV�SULRU�WR�D�YDULDEOH�VSHFLILFDWLRQ�DQG�PDNH�WKLV�WKH�YDULDEOH�QDPH��7KH�EHVW�ZD\�RI�RYHUFRPLQJWKLV�LV�WR�SXW�^�`�URXQG�WKH�FKDUDFWHUV�WKDW�\RX�ZDQW�WR�EH�WKH�YDULDEOH�QDPH��,I�WKH�^�`�ZHUHUHPRYHG�IURP�^/9,//`�ZKDW�QDPH�ZRXOG�(SL,QIR�JLYH�WR�WKDW�YDULDEOH"

$IWHU�WKH�ODVW�YDULDEOH��2&&��DGG�WKH�YDULDEOHV�IRU�WUHDWPHQW��KHLJKW�DQG�ZHLJKW�IURP�WKH�ILHOGYHUVLRQ�RI�WKH�TXHVWLRQQDLUH�VKRZQ�RQ�WKH�QH[W�SDJH��0DNH�VXUH�WKH�YDULDEOH�QDPHV�DQG�W\SHVDUH�DSSURSULDWH�DQG�WKDW�WKH�VFUHHQ�LV�HDV\�WR�UHDG��<RX�ZLOO�QHHG�WR�UHSODFH�WKH�ER[HV�RQ�WKHILHOG�TXHVWLRQQDLUH�ZLWK�DSSURSULDWH�(SL,QIR�YDULDEOH�GHILQLWLRQV��([SHULPHQW�ZLWK�WKHE44 �PHWKRG�RI�LQVHUWLQJ�WKH�YDULDEOH�GHILQLWLRQV��&RGLQJ�LQIRUPDWLRQ�QHHGHG�RQ�WKHILHOG�TXHVWLRQQDLUHV�ZLOO�WHQG�WR�FOXWWHU�XS�WKH�GDWD�HQWU\�VFUHHQV�
7\SH�P �DQG�VHOHFW�6DYH�ILOH�WR����DQG�W\SH�WKH�QHZ�ILOH�QDPH�DQG�SUHVV�H ��'R QRWXVH�WKH�W �NH\�DV�WKLV�ZLOO�RYHUZULWH�WKH�RULJLQDO�TXHVWLRQQDLUH��21&+2�4(6��ZKLFK�ZH�ZLOOXVH�ODWHU�
/HDYH�(3('�E\�SUHVVLQJ�X �
3UHVV�X �DJDLQ�WR�OHDYH�(SL,QIR�
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)LHOG�TXHVWLRQQDLUH
�2QFKRFHUFLDVLV�%DVHOLQH�6XUYH\���3HUVRQDO�'DWD
�1DPH���������������������������������������,'12�_BB_BB_BB_BB_
�9LOODJH�������������������������
�'DWH�RI�LQWHUYLHZ��������������������������'$7(�_BB_BB_BB_BB_BB_BB_BB_BB_
�$JH�LQ�\HDUV��������������������������������$*(�_BB_BB_
�6H[��0�RU�)���������������������������������6(;�_BB_
�7ULEH���0HQGH���2WKHU���������������������75,%(�_BB_
�+RXVHKROG�QXPEHU���������������������������++12�_BB_BB_
�5HODWLRQVKLS�WR�KHDG�RI�KRXVHKROG"����������5(/�_BB_
����������6HOI�������������������2WKHU�%ORRG�5HODWLYH����������3DUHQW�����������������6SRXVH����������FKLOG������������������2WKHU�1RQ�%ORRG�5HODWLYH����������VLEOLQJ����������������)ULHQG
�+RZ�ORQJ�KDYH�\RX�OLYHG�LQ�WKLV�YLOODJH"���67$<�_BB_BB_��\HDUV�
�:KDW�LV�\RXU�PDLQ�RFFXSDWLRQ"���������������2&&�_BB_
����������1RQH���0LVVLQJ���������2IILFH�:RUN����������$W�+RPH����������������7UDGLQJ����������$W�6FKRRO��������������+RXVHZRUN����������)DUPLQJ����������������0LQLQJ����������)LVKLQJ
�:KDW�WUHDWPHQW�KDYH�\RX�KDG�IRU�RQFKRFHUFLDVLV"�����������������������������������������21&+757�_BB_
����������1RQH���������������������	������������1RGXOHFWRP\��������������	������������%DQRFLGH�����������������	������������1DWLYH�0HGLFLQH����������	���	��
�:HLJKW��NJ������������������������������:(,*+7�_BB_BB_
�+HLJKW��FP������������������������������+(,*+7�_BB_BB_BB_
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&UHDWLQJ�D�GDWDEDVH�ILOH
6WDUW�(SL,QIR�DQG�VHOHFW�(17(5�GDWD�IURP�WKH�3URJUDPV�PHQX�
,Q�UHVSRQVH�WR�WKH�UHTXHVW�IRU�D�GDWD�ILOH�W\SH�21&+2��WKH��5(&�H[WHQVLRQ�LV�DSSHQGHGDXWRPDWLFDOO\��DQG�SUHVV�H ��$V�WKH�ILOH�21&+2�5(&�GRHV�QRW�H[LVW�\RX�VKRXOG�VSHFLI\�WKHRSWLRQ�

���&UHDWH�QHZ�GDWD�ILOH�IURP��4(6�ILOH
DQG�SUHVV�H �
<RX�ZLOO�WKHQ�EH�SURPSWHG�IRU�WKH�QDPH�RI�WKH�TXHVWLRQQDLUH���4(6��ILOH��,Q�UHVSRQVH�WR�WKHUHTXHVW�IRU�D�TXHVWLRQQDLUH�ILOH�W\SH�21&+2��WKH��4(6�H[WHQVLRQ�LV�DSSHQGHG�DXWRPDWLFDOO\�DQG�SUHVV�H �
3UHVV�H �DJDLQ�WR�FRQILUP�WKDW�\RX�ZLVK�WR�SURFHHG�
7KH�(17(5�PRGXOH�ZLOO�XVH�WKH�TXHVWLRQQDLUH�ILOH��21&+2�4(6��WR�FUHDWH�D�GDWD�ILOH�21&+2�5(&��DQG�WKHQ�GLVSOD\�WKH�TXHVWLRQQDLUH�RQ�WKH�VFUHHQ��UHDG\�WR�UHFHLYH�GDWD�
<RX�KDYH�FRPSOHWHG�WKH�SURFHVV�

(3('
�4(6�ILOH

(17(5

�5(&�ILOH

'HILQHV�VWUXFWXUH�RI�GDWD�ILOH'HILQHV�OD\RXW�RI�GDWD�HQWU\�VFUHHQV

+ROGV�WKH�GDWD
DQG�PD\�QRZ�PRYH�RQ�WR�HQWHULQJ�GDWD�WKDW�ZLOO�EH�VWRUHG�LQ�WKH�GDWD���5(&��ILOH�
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(QWHULQJ�GDWD
)LOO�LQ�WKH�EODQNV�RQ�WKH�GDWD�HQWU\�VFUHHQ�XVLQJ�WKH�GDWD�IRU�WKH�IROORZLQJ�VDPSOH�FDVHV�
,'12 '$7( $*( 6(; 75,%( ++12 5(/ /9,// 67$< 2&&���� ���������� �� 0 � �� � 1 � ����� ���������� �� ) � �� � 1 � ����� ���������� �� ) � �� � < ����� ���������� �� 0 � �� � 1 � ����� ���������� �� ) � �� � < ����� ���������� �� ) � �� � < ����� ���������� �� 0 � �� � < ����� ���������� �� 0 � �� � 1 � ����� ���������� �� ) � �� � < ����� ���������� �� ) � �� � < �

<RX�FDQ�RQO\�HQWHU�WKH�W\SH�RI�GDWD�VKRZQ�RQ�WKH�SURPSW�OLQH�DW�WKH�ERWWRP�OHIW�RI�WKH�VFUHHQ�7KLV�PD\�EH�GLIIHUHQW�IRU�HDFK�YDULDEOH�DQG�GHSHQGV�RQ�WKH�YDULDEOH�W\SHV�\RX�VSHFLILHG�LQ�WKHTXHVWLRQQDLUH���4(6��ILOH��,I�\RX�HQWHU�GDWD�RI�WKH�ZURQJ�W\SH�LQWR�D�YDULDEOH��RU�DQ�LQYDOLG�GDWHLQWR�D�GDWH�W\SH�YDULDEOH��WKHQ�(17(5�ZLOO�EHHS��5H�HQWHU�WKH�FRUUHFW�GDWD�
3UHVVLQJ�H �RQ�LWV�RZQ��L�H��HQWHULQJ�QR�GDWD��ZLOO�VHW�D�YDULDEOH�WR�
PLVVLQJ
��7KLV�LV�D�VSHFLDOYDOXH�WKDW�LV�UHFRJQLVHG�DV�PLVVLQJ�E\�WKH�$1$/<6,6�PRGXOH�DQG�H[FOXGHG�IURP�DQ\�DQDO\VLV�6WDWLVWLFDO�DQG�GDWDEDVH�SDFNDJHV�YDU\�LQ�WKH�ZD\�WKH\�WUHDW�PLVVLQJ�GDWD�VR�LW�PD\�EH�EHVW�WRXVH�H[SOLFLW�FRGHV�IRU�PLVVLQJ�DQG�QRW�DYDLODEOH�GDWD�ZKLFK�ZLOO�KDYH�WR�EH�UHFRGHG�EHIRUH�WKH\FDQ�EH�XVHG�LQ�$1$/<6,6�
<RX�PD\�QHHG�WR�SUHVV�H �WR�PRYH�RQWR�WKH�QH[W�YDULDEOH�
7KH�Z �DQG�\ �NH\V�DOORZ�\RX�WR�PRYH�EHWZHHQ�YDULDEOHV��7KH�J �NH\�ZLOO�PRYH�WKH�FXUVRUWR�WKH�ILUVW�YDULDEOH��7KH�G �NH\�ZLOO�PRYH�WKH�FXUVRU�WR�WKH�ODVW�YDULDEOH�
$IWHU�\RX�KDYH�HQWHUHG�DOO�WKH�GDWD�IRU�RQH�FDVH�WKH�PHVVDJH�

:ULWH�GDWD�WR�GLVN��<�1��(VF!�"
ZLOO�EH�GLVSOD\HG�DW�WKH�ERWWRP�RI�WKH�VFUHHQ��$QVZHU�< �WR�WKLV�SURPSW��$�QHZ��EODQN�TXHVWLRQQDLUH�ZLOO�EH�GLVSOD\HG�RQ�WKH�VFUHHQ��1RWH�WKDW�5HF� ���LV�GLVSOD\HG�LQ�WKH�ORZHUULJKW�FRUQHU�RI�WKH�VFUHHQ��(QWHU�GDWD�IRU�DOO�RI�WKH�VDPSOH�FDVHV�ZULWLQJ�HDFK�WR�GLVN��3UHVV�XWR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�
7KH�G �NH\�PD\�DOVR�FDXVH�WKH�:ULWH�GDWD�WR�GLVN��<�1��(VF!�"�PHVVDJH�WR�EHGLVSOD\HG��,I�\RX�DQVZHU�1 �RU�A �WR�WKLV�SURPSW�(17(5�ZLOO�QRW�VDYH�WKH�FDVH�WR�WKH�GLVNEXW�SUHVHQW�\RX�ZLWK�WKH�VDPH�FDVH�ZKLFK�FDQ�WKHQ�EH�HGLWHG�
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(GLWLQJ�GDWD
'DWD�FDQ�DOVR�EH�HGLWHG�DIWHU�LW�KDV�EHHQ�VDYHG�WR�GLVN�
6HOHFW�(17(5�GDWD�IURP�WKH�3URJUDPV�PHQX�
,Q�UHVSRQVH�WR�WKH�UHTXHVW�IRU�D�GDWD�ILOH�W\SH�21&+2��WKH��5(&�H[WHQVLRQ�LV�DSSHQGHGDXWRPDWLFDOO\��DQG�SUHVV�H �WKUHH�WLPHV��7KLV�ILOH�DOUHDG\�H[LVWV�DQG�(17(5�ZLOO�QRW�DVN�\RXIRU�D�TXHVWLRQQDLUH���4(6��ILOH�EXW�GLVSOD\�WKH�TXHVWLRQQDLUH�RQ�WKH�VFUHHQ�UHDG\�WR�UHFHLYH�GDWD�7KH�FXUUHQW�UHFRUG�QXPEHU�LV�GLVSOD\HG�LQ�WKH�ORZHU�ULJKW�KDQG�FRUQHU�RI�WKH�VFUHHQ�
7KH�U �DQG�V �NH\V�SURYLGH�D�PHDQV�RI�PRYLQJ�IURP�FDVH�WR�FDVH�ZLWKLQ�D�GDWD�ILOH��7KH�UNH\�PRYHV�RQH�FDVH�EDFN�DQG�WKH�V �NH\�PRYHV�RQH�FDVH�IRUZDUG��7KH�GLVSOD\HG�FDVH�FDQ�EHHGLWHG�DQG�WKHQ�VDYHG�WR�GLVN�E\�SUHVVLQJ�WKH�G �NH\�DQG�DQVZHULQJ�< �WR�WKH�SURPSW�

:ULWH�GDWD�WR�GLVN��<�1��(VF!�"
7R�FRQWLQXH�HQWHULQJ�QHZ�FDVHV�SUHVV�E1 ��L�H��KROG�GRZQ�E �NH\�DQG�SUHVV�1��
8VH�WKH�U �DQG�V �NH\V�WR�PRYH�WKURXJK�WKH�FDVHV�DQG�UHYLHZ�\RXU�ZRUN�
(GLW�D�FDVH�E\�SRLQWLQJ�WR�D�YDULDEOH�ZLWK�WKH�FXUVRU�DQG�FKDQJLQJ�LWV�FRQWHQWV�
6DYH�WKH�HGLWHG�FDVH�E\�SUHVVLQJ�WKH�G �NH\�DQG�UHSO\LQJ�< �WR�WKH�SURPSW�

:ULWH�GDWD�WR�GLVN��<�1��(VF!�"
5HWXUQ�WR�GDWD�HQWU\�PRGH�E\�SUHVVLQJ�E1 �



��

6HDUFKLQJ�IRU�GDWD
:KHQ�\RX�KDYH�PDQ\�FDVHV�LQ�D�GDWD�ILOH�LW�FDQ�EH�WLPH�FRQVXPLQJ�WR�ILQG�D�VLQJOH�FDVH��RU�DSDUWLFXODU�VHW�RI�FDVHV��<RX�FDQ�ILQG�D�SDUWLFXODU�FDVH��RU�VHW�RI�FDVHV��XVLQJ�E) �WR�SODFHWKH�(17(5�PRGXOH�LQ�ILQG�PRGH��:KHQ�\RX�SUHVV�E) �WKH�(17(5�PRGXOH�GLVSOD\V�DEODQN�TXHVWLRQQDLUH��<RX�FDQ�HQWHU�GDWD�LQWR�WKLV�TXHVWLRQQDLUH�WKDW�PDWFKHV�WKH�GDWD�KHOG�LQ�WKHFDVH�V��\RX�ZLVK�WR�ILQG��WKLV�H[DPSOH�GDWD�LV�FDOOHG�WKH�VHDUFK�FULWHULD�RU�WKH�VHDUFK�NH\V���,QWKLV�H[HUFLVH�ZH�ZLOO�VHDUFK�IRU�PHPEHUV�RI�KRXVHKROG�QXPEHU����
3UHVV�E) �WR�SODFH�WKH�(17(5�PRGXOH�LQ�ILQG�PRGH�
0RYH�WKH�FXUVRU�WR�WKH�++12�ILHOG�
(QWHU����LQWR�WKH�++12�ILHOG�
3UHVV�Q WR�ILQG�WKH�ILUVW�PDWFKLQJ�FDVH��L�H��WKH�ILUVW�FDVH�ZLWK�++12� ������(17(5�ILQGV�DOOPDWFKLQJ�FDVHV�DQG�GLVSOD\V�WKHP�LQ�D�OLVW��<RX�FDQ�H[DPLQH�D�FDVH�E\�PRYLQJ�WKH�KLJKOLJKWHGEDU�WR�LW�DQG�SUHVVLQJ�WKH�H �NH\�
7KH�IROORZLQJ�NH\V�ZRUN�LQ�ILQG�PRGH�

.H\ )XQFWLRQP )LQG�FDVH�E\�UHFRUG�QXPEHUQ )LQG�ILUVW�PDWFKLQJ�FDVHR )LQG�QH[W�PDWFKLQJ�FDVHMR )LQG�SUHYLRXV�PDWFKLQJ�FDVHS 3ULQW�FDVHT 'HOHWH�FDVHU 0RYH�EDFN�RQH�FDVHV 0RYH�IRUZDUG�RQH�FDVH
<RX�FDQ�HGLW�FDVHV�LQ�ILQG�PRGH��3UHVV�E1 �WR�UHWXUQ�WR�GDWD�HQWU\�PRGH�DQG�HQWHU�QHZFDVHV��3UHVV�E) �WR�HQWHU�ILQG�PRGH�DQG�VSHFLI\�D�QHZ�VHW�RI�VHDUFK�FULWHULD��)LQG�PRGH�LVXVHIXO�LQ�ILQGLQJ�LQGLYLGXDO�UHFRUGV�E\�WKHLU�NH\�RU�XQLTXH�LGHQWLILHU�YDULDEOH�
'HOHWH�T �GRHV�QRW�DFWXDOO\�GHOHWH�GDWD�EXW�PDUNV�LW�WR�EH�LJQRUHG�E\�WKH�$1$/<6,6�PRGXOHRI�(SL,QIR��T �LV�D�WRJJOH��7KH�ILUVW�WLPH�\RX�SUHVV�T �LW�ZLOO�GHOHWH�WKH�UHFRUG��,I�\RX�SUHVV�TRQ�D�UHFRUG�WKDW�KDV�DOUHDG\�EHHQ�GHOHWHG�LW�ZLOO�EH�XQGHOHWHG��'HOHWHG�UHFRUGV�DUH�PDUNHG�ZLWKDQ�DVWHULVN�


�QH[W�WR�WKH�UHFRUG�QXPEHU�LQ�WKH�ERWWRP�ULJKW�FRUQHU�RI�WKH�GDWD�HQWU\�VFUHHQ�
5HWXUQ�WR�WKH�WRS�OHYHO�PHQX�E\�SUHVVLQJ�X �



��



��

'DWD�4XDOLW\�DQG�'DWD&KHFNLQJ



��
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2EMHFWLYHV�RI�WKLV�VHFWLRQ
%\�WKH�HQG�RI�WKLV�VHFWLRQ�\RX�VKRXOG�EH�DEOH�WR�

��/LVW�WKH�W\SHV�RI�HUURU�WKDW�FDQ�RFFXU�LQ�GDWD��KRZ�WKH\�DULVH��DQG�KRZ�WR�DYRLG�WKHP�
��8QGHUVWDQG�WKH�SULQFLSOHV�RI�GDWD�FKHFNLQJ�
��8VH�WKH�&+(&.�PRGXOH�WR�VHW�XS�LQWHUDFWLYH�FKHFNV�
��'RXEOH�HQWHU�DQG�FRPSDUH�GDWD�XVLQJ�WKH�9$/,'$7(�PRGXOH�
��'RXEOH�HQWHU�DQG�FRPSDUH�GDWD�XVLQJ�WKH�SXQFK�DQG�YHULI\�PHWKRG�
��8VH�WKH�$1$/<6,6�PRGXOH�WR�LPSOHPHQW�EDWFK�FKHFNLQJ�RI�GDWD�
��8VH�$1$/<6,6�DQG�&+(&.�WR�LPSOHPHQW�FRQVLVWHQF\�FKHFNV�

*,*2
*,*2�LV�WKH�PRVW�LPSRUWDQW�DFURQ\P�LQ�FRPSXWHU�VFLHQFH��,W�VWDQGV�IRU�*DUEDJH�,Q�*DUEDJH2XW��3XW�VLPSO\��WKLV�PHDQV�LI�\RXU�GDWD�DUH�RI�SRRU�TXDOLW\�WKHQ�WKH�UHVXOWV�RI�DQ\�DQDO\VLV�ZLOOEH�XQUHOLDEOH��)RU�WKLV�UHDVRQ�JUHDW�HPSKDVLV�LV�SODFHG�RQ�FKHFNLQJ�GDWD�DQG�PLQLPLVLQJ�HUURU�
$OWKRXJK�WKH�DFURQ\P�*,*2�RULJLQDWHG�LQ�FRPSXWHU�VFLHQFH�LW�LV�LPSRUWDQW�WR�UHDOLVH�WKDW�LWDSSOLHV�WR�DOO�GDWD�KDQGOLQJ�SURFHGXUHV�DW�DOO�VWDJHV�RI�D�VXUYH\�
7KH�PDMRU�UROHV�RI�GDWD�PDQDJHPHQW�LV�WR�PLQLPLVH�HUURU�DW�DOO�VWDJHV�RI�D�VXUYH\�DQG�QRW�MXVW�DWWKH�FRPSXWLQJ�VWDJH��7R�PLQLPLVH�HUURUV�DQG�FKHFN�GDWD�HIIHFWLYHO\�\RX�VKRXOG�EH�DZDUH�RI�WKHW\SHV�RI�HUURU�WKDW�FDQ�ILQG�WKHLU�ZD\�LQWR�GDWD�



��

7\SHV�RI�HUURU
7KHUH�DUH�VL[�PDLQ�W\SHV�RI�HUURU�WKDW�FDQ�ILQG�WKHLU�ZD\�LQWR�\RXU�GDWD�

7UDQVSRVLWLRQ�H�J�����EHFRPHV�����7UDQVSRVLWLRQ�HUURUV�DUH�XVXDOO\�W\SLQJ�RU�NH\ERDUGHUURUV��7KHVH�DUH�FRPPRQ�LQ�WKH�HDUO\�VWDJHV�RI�GDWD�HQWU\�DQG�ZLOO�WHQG�WR�UHGXFHGUDPDWLFDOO\�DV�WKH�GDWD�HQWU\�RSHUDWRUV�EHFRPH�PRUH�H[SHULHQFHG�ZLWK�WKH�GDWDFROOHFWLRQ�IRUPV�DQG�GDWD�HQWU\�V\VWHP��7UDQVSRVLWLRQ�HUURUV�VKRXOG�EH�GHWHFWHG�E\YDOLGDWLRQ�DIWHU�GRXEOH�HQWU\��SDUWLFXODUO\�LI�WKH�GDWD�DUH�HQWHUHG�E\�WZR�GLIIHUHQWSHRSOH�
&RS\LQJ�(UURUV�H�J����DV����2�DV���HWF��&RS\LQJ�(UURUV�DUH�DQRWKHU�W\SH�RI�NH\ERDUGHUURU�DQG�ZLOO�DOVR�WHQG�WR�UHGXFH�DV�WKH�VXUYH\�SURJUHVVHV��$QRWKHU�FDXVH�RI�FRS\LQJHUURUV�LV�SRRUO\�ILOOHG�LQ�TXHVWLRQQDLUHV��&RS\LQJ�HUURUV�VKRXOG�EH�GHWHFWHG�E\YDOLGDWLRQ�DIWHU�GRXEOH�HQWU\��SDUWLFXODUO\�LI�WKH�GDWD�DUH�HQWHUHG�E\�WZR�GLIIHUHQWSHRSOH��6RPH�FRS\LQJ�HUURUV�ZLOO�EH�HOLPLQDWHG�E\�FORVH�VXSHUYLVLRQ�RI�GDWD�FROOHFWLRQDQG�HQVXULQJ�WKDW�GDWD�DUH�FDUHIXOO\�DQG�FOHDUO\�UHFRUGHG�RQ�WKH�GDWD�FROOHFWLRQ�IRUPV�
&RGLQJ�HUURUV��6RPHWLPHV�GDWD�DUH�FRGHG�DIWHU�FROOHFWLRQ��7KLV�LQYROYHV�DGGLQJ�DFRGLQJ�VWDJH�WR�WKH�VXUYH\�ZKLFK�FDQ�LQWURGXFH�HUURU��4XHVWLRQQDLUHV�VKRXOG�EH�SLORWHGVR�WKDW�JURXSV��WUHDWPHQWV�HWF��FDQ�EH�FRGHG�GLUHFWO\�RQWR�WKH�GDWD�FROOHFWLRQ�IRUP�DW�WKHLQWHUYLHZ��(UURUV�FDQ�DOVR�EH�PLQLPLVHG�E\�XVLQJ�D�FRQVLVWHQW�FRGLQJ�VFKHPH�
5RXWLQJ�HUURUV��7KH�LQWHUYLHZHU�DVNV�WKH�ZURQJ�TXHVWLRQV�RU�DVNV�TXHVWLRQV�LQ�WKHZURQJ�RUGHU��7KLV�LV�XVXDOO\�FDXVHG�E\�D�SRRUO\�GHVLJQHG�TXHVWLRQQDLUH�RU�EDGO\�WUDLQHGGDWD�FROOHFWLRQ�VWDII�
&RQVLVWHQF\�HUURUV��7ZR�RU�PRUH�UHVSRQVHV�DUH�FRQWUDGLFWRU\��7KHVH�DUH�XVXDOO\FDXVHG�E\�EDGO\�GHVLJQHG�RU�ZRUGHG�TXHVWLRQQDLUHV�RU�EDGO\�WUDLQHG�GDWD�FROOHFWLRQVWDII�
5DQJH�HUURUV��$QVZHUV�OLH�RXWVLGH�RI�SUREDEOH��RU�SRVVLEOH��YDOXHV��)RU�PRVW�YDULDEOHVFRPPRQ�VHQVH�RU�SUHYLRXV�H[SHULHQFH�ZLOO�GHFLGH�WKH�UDQJH��H�J��IRU�KDHPRJORELQPHDVXUHG�LQ�J�GO�WKH�ORZHU�OLPLW�ZRXOG�EH���J�GO�DQG�WKH�XSSHU�OLPLW�ZRXOG�EH����J�GO��



��

3UHYHQWLQJ�HUURUV
3UHYHQWLQJ�HUURUV�UHOLHV�RQ�DQ�XQGHUVWDQGLQJ�RI�WKH�W\SH�RI�HUURUV�WKDW�FDQ�RFFXU��:KLOVW�WKHUHDUH�PDQ\�VSHFLILF�W\SHV�RI�HUURU�WKH\�FDQ�EH�EURDGO\�FDWHJRULVHG�DV�UHVSRQVH�HUURU�DQGSURFHVVLQJ�HUURU��5HVSRQVH�HUURU�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�
WUXH
�DQVZHU�DQG�ZKDW�DSSHDUVRQ�WKH�TXHVWLRQQDLUH��3URFHVVLQJ�HUURU�LV�WKH�HUURU�WKDW�FUHHSV�LQ�GXULQJ�WKH�FRGLQJ��GDWD�HQWU\�DQG�GDWD�DQDO\VLV�VWDJHV�RI�D�VXUYH\�
5HVSRQVH�HUURUV�FDQ�DULVH�EHFDXVH�RI�TXHVWLRQQDLUH�IDXOWV��HUURUV�PDGH�E\�WKH�LQWHUYLHZHU��RUHUURUV�PDGH�E\�WKH�VXEMHFW��7KH�EHVW�ZD\�RI�PLQLPLVLQJ�UHVSRQVH�HUURUV�LV�D�ZHOO�GHVLJQHG�DQGSLORWHG�TXHVWLRQQDLUH�DGPLQLVWHUHG�E\�ZHOO�WUDLQHG�DQG�PRWLYDWHG�VWDII�
3URFHVVLQJ�HUURUV�DUH�FDXVHG�E\�WKH�ZD\�GDWD�DUH�KDQGOHG�DIWHU�LW�KDV�EHHQ�FROOHFWHG��7KHSULQFLSDO�ZD\�RI�SUHYHQWLQJ�SURFHVVLQJ�HUURUV�LV�H[WHQVLYH�FKHFNLQJ�RI�GDWD�RQ�WKH�SDSHU�IRUPVDQG�RQ�WKH�FRPSXWHU��$�ZHOO�GHVLJQHG�GDWD�HQWU\�V\VWHP�DQG�ZHOO�WUDLQHG�DQG�PRWLYDWHG�GDWDHQWU\�VWDII�DUH�HVVHQWLDO��3URFHVVLQJ�HUURUV�DOVR�RFFXU�DW�WKH�GDWD�DQDO\VLV�VWDJH�VR�LW�LV�LPSRUWDQWWR�FKHFN�WKH�UHVXOWV�RI�DQ\�UHFRGHV��WUDQVIRUPDWLRQV��DQG�FDOFXODWLRQV��,W�LV�D�JRRG�LGHD�WRSHUIRUP�SURFHGXUHV�RQ�D�VPDOO�VDPSOH�RI�GDWD�ILUVW��VR�WKDW�WKH�UHVXOWV�FDQ�EH�DQDO\VHG�LQ�GHWDLOIRU�DQ\�PLVWDNHV�



��

'HWHFWLQJ�HUURUV�LQ�GDWD
7KHUH�DUH�IRXU�PHWKRGV�RI�FKHFNLQJ�GDWD��0RUH�WKDQ�RQH�PHWKRG�PD\�EH�DSSOLHG�WR�WKH�VDPHGDWD�DV�HDFK�PHWKRG�KDV�GLIIHUHQW�VWUHQJWKV�DQG�ZHDNQHVVHV�

0DQXDO�&KHFNLQJ��$SSO\�WKLV�WHVW�WR�D�IHZ�FRPSOHWHG�TXHVWLRQQDLUHV��,W�SURYLGHV�DQLQLWLDO�DVVHVVPHQW�RI�GDWD�TXDOLW\�DQG�KLJKOLJKWV�SUREOHPV�ZLWK�WKH�TXHVWLRQQDLUH�DQGGDWD�FROOHFWLRQ�SURFHVV��0DQXDO�FKHFNLQJ�LV�SDUWLFXODUO\�XVHIXO�LQ�GHWHFWLQJ�URXWLQJHUURUV��,QWHUYLHZHUV�VKRXOG�FKHFN�WKURXJK�HDFK�TXHVWLRQQDLUH�LPPHGLDWHO\�RQFRPSOHWLRQ��7KLV�LV�DQ�LPSRUWDQW�SDUW�RI�GDWD�FKHFNLQJ�DV�WKH�HUURU�FDQ�EH�FRUUHFWHG�LQWKH�ILHOG�ZLWKRXW�WKH�QHHG�IRU�UH�LQWHUYLHZLQJ�RI�WKH�UHVSRQGHQW��'DWD�FROOHFWLRQ�VWDIIVKRXOG�EH�FDUHIXOO\�WUDLQHG�LQ�FKHFNLQJ�WKHLU�ZRUN��'DWD�VXSHUYLVRUV�VKRXOG�FKHFNWKURXJK�DOO�TXHVWLRQQDLUHV�LPPHGLDWHO\�DIWHU�FROOHFWLRQ�IURP�LQWHUYLHZHUV��&KHFNVVKRXOG�EH�PDGH�IRU�FRPSOHWHQHVV��FRUUHFW�URXWLQJ��DQG�FOHDU�KDQGZULWLQJ��7KHUHVHDUFKHU�VKRXOG�FKHFN�DOO�TXHVWLRQQDLUHV�DW�WKH�VWDUW�RI�D�VXUYH\��7KH�UHVHDUFKHUVVKRXOG�FRQWLQXH�WR�FKHFN�VDPSOHV�RI�WKH�TXHVWLRQQDLUHV�WKURXJKRXW�WKH�VXUYH\��0DQXDOFKHFNLQJ�LV�YHU\�LPSRUWDQW�EHFDXVH�LW�WDNHV�SODFH�YHU\�HDUO\�LQ�WKH�GDWD�FROOHFWLRQ��HQWU\���DQDO\VLV�SURFHVV��3UREOHPV�FDQ�EH�GHWHFWHG�DQG�FRUUHFWHG�LQ�WKH�ILHOG�ZLWKRXW�WKHQHHG�IRU�UH�LQWHUYLHZ�
&KHFNLQJ�GXULQJ�GDWD�HQWU\��,QWHUDFWLYH�&KHFNLQJ���7KH�&+(&.�PRGXOH�LQ�(SL,QIRDOORZV�IRU�LPPHGLDWH�GHWHFWLRQ�DQG�FRUUHFWLRQ�RI�SUREOHPV�ZLWK�GDWD�DV�LW�LV�HQWHUHG�,QWHUDFWLYH�FKHFNLQJ�LV�XVHIXO�LQ�SLFNLQJ�XS�UDQJH��FRS\LQJ��FRQVLVWHQF\��DQG�URXWLQJHUURUV�
&KHFNLQJ�DIWHU�GDWD�HQWU\��%DWFK�&KHFNLQJ���,W�LV�SRVVLEOH�WR�XVH�WKH�$1$/<6,6PRGXOH�WR�FKHFN�GDWD�DIWHU�LW�KDV�EHHQ�HQWHUHG��3URGXFLQJ�IUHTXHQF\�WDEOHV�DQG�VFDWWHUSORWV�FDQ�KLJKOLJKW�SUREOHPV�ZLWK�GDWD��,W�LV�DOVR�SRVVLEOH�WR�SHUIRUP�UDQJH�DQGFRQVLVWHQF\�FKHFNV�
9DOLGDWLRQ��RU�9HULILFDWLRQ���7KLV�LQYROYHV�WKH�GDWD�EHLQJ�HQWHUHG�WZLFH�LQWR�GLIIHUHQWILOHV�E\�GLIIHUHQW�RSHUDWRUV��7KH�UHVXOWLQJ�ILOHV�DUH�WKHQ�FRPSDUHG�WR�HDFK�RWKHU�WR�VHH�LIWKH\�DUH�WKH�VDPH��9DOLGDWLRQ�LV�XVHIXO�LQ�SLFNLQJ�XS�WUDQVSRVLWLRQ�DQG�FRS\LQJ�HUURUV�7KH�9$/,'$7(�SURJUDP�LQ�(SL,QIR�SURYLGHV�YDOLGDWLRQ��7KH�(17(5�SURJUDP�LQ(SL,QIR�SURYLGHV�SXQFK�DQG�YHULI\�VW\OH�YDOLGDWLRQ��'DWD�LV�HQWHUHG�WZLFH�LQWR�WKH�VDPHILOH��7KH�VHFRQG�WLPH�LW�LV�HQWHUHG�HDFK�HQWU\�LV�FRPSDUHG�ZLWK�WKH�GDWD�DOUHDG\�HQWHUHG�$�PHVVDJH�DSSHDUV�ZKHQ�HQWULHV�GR�QRW�PDWFK�DQG�GDWD�FDQ�EH�UH�HQWHUHG�

7KH�W\SH�RI�FKHFNLQJ�\RX�GR�ZLOO�GHSHQG�RQ�WKH�ZD\�\RXU�VWXG\�LV�RUJDQLVHG��,I�\RX�DUH�XVLQJH[SHULHQFHG�GDWD�HQWU\�VWDII�ZKR�DUH�QRW�IDPLOLDU�ZLWK�\RXU�GDWD�WKHQ�LQWHUDFWLYH�FKHFNLQJ�PD\VORZ�WKH�GDWD�HQWU\�SURFHVV�DV�HDFK�SUREOHP�LV�UHIHUUHG�WR�WKH�GDWD�VXSHUYLVRU��$�FRPSURPLVHDSSURDFK�LV�VRPHWLPHV�XVHG��'DWD�HQWU\�VWDII�DUH�ZDUQHG�RI�DQ�HUURU�DQG�DVNHG�WR�FRQILUP�WKDWWKH�GDWD�HQWHUHG�LV�WKH�VDPH�DV�WKDW�RQ�WKH�GDWD�FROOHFWLRQ�IRUP��7KH�RSHUDWRU�FDQ�WKHQ�FRUUHFW�RUOHDYH�WKH�HUURU��VR�WKDW�LW�FRUUHVSRQGV�WR�ZKDW�LV�RQ�WKH�GDWD�FROOHFWLRQ�IRUP���(UURUV�DUH�WKHQGHWHFWHG�ZLWK�EDWFK�FKHFNLQJ��7KLV�DSSURDFK�PLQLPLVHV�WKH�FDOO�RQ�WKH�VXSHUYLVRUV�WLPH�



��

&RUUHFWLQJ�HUURUV
2QFH�HUURUV�KDYH�EHHQ�GHWHFWHG�WKH�SUREOHP�LV�ZKDW�WR�GR�ZLWK�WKHP��,I�WKH�HUURU�LV�GHWHFWHG�LQWKH�ILHOG�RU�VRRQ�DIWHU�FROOHFWLRQ�WKHQ�LW�VKRXOG�EH�SRVVLEOH�WR�UH�LQWHUYLHZ�DQG�FROOHFW�WKHFRUUHFW�GDWD��2IWHQ�WKLV�ZLOO�LQYROYH�DVNLQJ�RQO\�D�IHZ�TXHVWLRQV�RI�WKH�UHVSRQGHQW�
,I�WKH�HUURU�LV�GHWHFWHG�ODWHU�LW�PD\�QRW�EH�SRVVLEOH�WR�UH�LQWHUYLHZ��7KHUH�DUH�WKUHH�RSWLRQVDYDLODEOH�IRU�GHDOLQJ�ZLWK�FDVHV�WKDW�KDYH�VRPH�HUURUV�LQ�WKHP�

,JQRUH�WKH�HUURUV�DQG�XVH�DOO�WKH�GDWD��7KLV�DSSURDFK�LV�ILQH�RQO\ LI�\RX�DUHDEVROXWHO\�FHUWDLQ�WKDW�WKH�HUURUV�DUH�QRW�V\VWHPDWLF��(YHQ�LI�HUURUV�DUH�QRW�V\VWHPDWLFWKH\�ZLOO�DGG�QRLVH�WR�WKH�GDWD�DQG�PD\�FUHDWH�D�ELDV�WRZDUGV�WKH�QXOO�LQ�VXEVHTXHQWVWDWLVWLFDO�DQDO\VLV��7KLV�DSSURDFK�LV�YHU\�UDUHO\�XVHG�
0DUN�HUURQHRXV�GDWD�DV�PLVVLQJ�DQG�XVH�WKH�UHVW�RI�WKH�GDWD��7KLV�DSSURDFK�HQVXUHVWKDW�QR�REYLRXVO\�HUURQHRXV�GDWD�DUH�LQFOXGHG�LQ�VXEVHTXHQW�DQDO\VLV��7KHUH�LV�D�ULVNWKDW�WKH�GDWD�WKDW�LV�QRW�REYLRXVO\�HUURQHRXV�PD\�EH�RI�SRRU�TXDOLW\��7KLV�LV�WKH�PRVWFRPPRQO\�XVHG�DSSURDFK�
7KURZ�RXW�DOO�HUURQHRXV�FDVHV��7KLV�LV�WKH�VWURQJ�SRVLWLRQ�DQG�HQVXUHV�WKDW�QRHUURQHRXV�GDWD�DUH�LQFOXGHG�LQ�VXEVHTXHQW�DQDO\VLV��3RWHQWLDOO\�HUURQHRXV�GDWD�DUHILOWHUHG�RXW�RQ�D�
JXLOW�E\�DVVRFLDWLRQ
�EDVLV��7KLV�DSSURDFK�PD\�ELDV�UHVXOWV�GHSHQGLQJZKR�JHWV�WR�GHFLGH�RQ�ZKLFK�UHFRUGV�DUH�WR�EH�H[FOXGHG�IURP�VXEVHTXHQW�DQDO\VLV�DQG�LVUDUHO\�XVHG�LQ�SUDFWLFH�



��

4XDOLW\�DQG�YDOLGLW\
0RVW�RI�WKH�FKHFNV�\RX�FDQ�SHUIRUP�VLPSO\�E\�H[DPLQLQJ�TXHVWLRQQDLUHV�RU�GDWD�UHFRUGV�UHODWHODUJHO\�WR�WKH�YDOLGLW\�RI�WKH�GDWD�EXW�QRW�QHFHVVDULO\�WR�WKH�TXDOLW\�RI�WKH�GDWD��,W�LV�SRVVLEOH�WRFKHFN�WKH�TXDOLW\�RI�WKH�GDWD��6RPH�H[DPSOHV�WKDW�PLJKW�EH�SRVVLEOH�

4XHVWLRQ�5HGXQGDQF\��$VN�LPSRUWDQW�TXHVWLRQV�LQ�GLIIHUHQW�ZD\V�DW�GLIIHUHQW�SRLQWVLQ�WKH�LQWHUYLHZ��5HVSRQVHV�FDQ�EH�FRPSDUHG��7KLV�LV�XVHIXO�DW�WKH�SLORW�VWDJH�DQG�FDQKHOS�\RX�GHFLGH�ZKLFK�TXHVWLRQ�HOLFLWV�WKH�PRVW�UHOLDEOH�UHVSRQVH�
&RQILUPDWRU\�&KHFNV��,QFRUSRUDWH�FKHFNV�ZLWKLQ�WKH�TXHVWLRQQDLUH��H�J��DVN�DERXWYDFFLQDWLRQ�KLVWRU\��FKHFN�DJDLQVW�KHDOWK�FDUG��DVN�WR�VHH�YDFFLQDWLRQ�VFDU��
([WHUQDO�5HFRUGV��&KHFN�D�VDPSOH�RI�TXHVWLRQQDLUHV�DJDLQVW�H[WHUQDO�UHFRUGV��H�J��LIDVNLQJ�DERXW�FOLQLF�YLVLWV�WKHQ�FKHFN�DJDLQVW�FOLQLF�UHFRUGV��
([SHFWHG�GLVWULEXWLRQV��,W�LV�OLNHO\�WKDW�\RX�ZLOO�DOUHDG\�NQRZ�VRPHWKLQJ��H�J��IURPWKH�&HQVXV�RU�SUHYLRXV�VWXGLHV��DERXW�WKH�SRSXODWLRQ�XQGHU�VWXG\��<RX�VKRXOG�FKHFNWKDW�WKH�GLVWULEXWLRQV��H�J��DJH�GLVWULEXWLRQ��VH[�UDWLRV��HWF���LQ�\RXU�GDWD�DUH�VLPLODU�WRWKRVH�\RX�H[SHFWHG�
&RPSDUH�UHVXOWV�IURP�GLIIHUHQW�LQWHUYLHZHUV��8VH�D�YDULDEOH�RQ�WKH�GDWD�FROOHFWLRQIRUP�WKDW�LGHQWLILHV�WKH�LQWHUYLHZHU�
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&+(&.
7KH�(17(5�PRGXOH�SURYLGHV�D�OLPLWHG�IRUP�RI�GDWD�FKHFNLQJ��,W�ZLOO�RQO\�DOORZ�\RX�WR�HQWHUQXPEHUV�LQWR�QXPHULF�YDULDEOHV��YDOLG�GDWHV�LQWR�GDWH�YDULDEOHV��DQG�< �RU�1 �UHVSRQVHV�LQWR\HV�QR�YDULDEOHV��$OWKRXJK�\RX�PD\�XVH�WKH�(17(5�PRGXOH�RQ�LWV�RZQ�LW�LV�EHWWHU�WR�XVH�LW�ZLWKWKH�&+(&.�PRGXOH��7KH�&+(&.�PRGXOH�FRQWDLQV�VRPH�IHDWXUHV�WKDW�DOORZ�IRU�LQWHUDFWLYHHUURU�FKHFNLQJ��DXWRPDWLFDOO\�FRGLQJ�RI�YDULDEOHV��DQG�FRQWURO�RYHU�TXHVWLRQQDLUH�URXWLQJ��7KHVHIXQFWLRQV�DUH�OLVWHG�EHORZ�

0XVW�HQWHU�YDULDEOHV��&+(&.�DOORZV�\RX�WR�VSHFLI\�WKDW�FHUWDLQ�YDULDEOHV�PXVW�EHILOOHG�ZLWK�D�YDOXH�RWKHU�WKDQ�PLVVLQJ�
/HJDO�YDOXHV��7KH�LQSXW�PXVW�PDWFK�RQH�RI�D�VSHFLILHG�OLVW�RI�YDOXHV��7KH�YDULDEOH�FDQEH�OHIW�EODQN�XQOHVV�LW�LV�GHVLJQDWHG�DV�D�PXVW�HQWHU�YDULDEOH�
5DQJH�&KHFNV��7KH�FRQWHQWV�RI�D�YDULDEOH�PXVW�OLH�EHWZHHQ�WZR�ERXQGLQJ�YDOXHV��7H[WDQG�XSSHU�FDVH�WH[W�YDULDEOHV�PD\�XVH�UDQJH�FKHFNV�EDVHG�RQ�DOSKDEHWLFDO�RUGHU�&+(&.�DOORZV�\RX�WR�PL[�UDQJH�FKHFNV�DQG�OHJDO�YDOXHV��H�J��IRU�PLVVLQJ�YDOXHV��
5HSHDW�YDULDEOHV��7KH�YDULDEOH�ZLOO�DXWRPDWLFDOO\�KROG�WKH�YDOXH�IRU�WKH�SUHYLRXV�FDVH�7KLV�LV�XVHIXO�IRU�GDWD�WKDW�VHOGRP�FKDQJHV��H�J��ORFDWLRQ�FRGHV��
$XWRPDWLF�FRGLQJ��7KH�LQSXW�LV�FRPSDUHG�DJDLQVW�D�SUH�HQWHUHG�WDEOH�RI�FRGHV�DQG
SKUDVHV
��,I�D�PDWFK�LV�IRXQG�DQRWKHU�YDULDEOH�FDQ�EH�VHW�WR�D�FRGH�YDOXH�
&RQGLWLRQDO�MXPSV��&+(&.�DOORZV�\RX�WR�FKHFN�D�YDULDEOH�IRU�YDOXHV�WKDW�LI�IRXQGZLOO�FDXVH�WKH�FXUVRU�WR�MXPS�WR�D�VSHFLILHG�YDULDEOH��,I�WKH�WHVWV�IDLO�WKH�FXUVRU�PRYHV�WRWKH�QH[W�YDULDEOH��&RQGLWLRQDO�MXPSV�DUH�XVHG�WR�LPSOHPHQW�TXHVWLRQQDLUH�URXWLQJGXULQJ�GDWD�HQWU\�
3URJUDPPHG�FKHFNV��&+(&.�DOVR�SURYLGHV�D�EORFN�VWUXFWXUHG�SURJUDPPLQJ�ODQJXDJHWKDW�DOORZV�\RX�WR�SURJUDP�PRUH�FRPSOH[�FKHFNLQJ�SURFHGXUHV��H�J��FRQVLVWHQF\FKHFNV��

7KH�&+(&.�PRGXOH�SURYLGHV�RQH�W\SH�RI�GDWD�FKHFNLQJ�FDOOHG�LQWHUDFWLYH�FKHFNLQJ��L�H�FKHFNLQJ�WKH�GDWD�DV�LW�LV�HQWHUHG���7KH�9$/,'$7(�SURJUDP�DOORZV�IRU�EDWFK��L�H��DOO�FDVHV�DWRQFH��FKHFNLQJ�RI�GDWD�WKDW�KDV�EHHQ�GRXEOH�HQWHUHG��%DWFK�FKHFNV�IRU�UDQJH�DQG�FRQVLVWHQF\FDQ�EH�SHUIRUPHG�ZLWK�WKH�$1$/<6,6�PRGXOH�DV�FDQ�DQDO\WLFDO�FKHFNLQJ�IRU�RXWOLHU��XQXVXDO�YDOXHV�
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6HWWLQJ�XS�FKHFNV
6HOHFW�&+(&.�FXVWRPL]H�HQWU\�IURP�WKH�3URJUDPV�PHQX�
7\SH�WKH�ILOHQDPH�21&+2��WKH��5(&�H[WHQVLRQ�ZLOO�EH�DSSHQGHG�DXWRPDWLFDOO\��DQG�SUHVV�WKHH �NH\�
7KH�21&+2�GDWD�HQWU\�VFUHHQ�DSSHDUV��DV�ZLWK�WKH�(17(5�SURJUDP��EXW�ZLWK�D�GLIIHUHQW�VHW�RIIXQFWLRQ�NH\�SURPSWV�DW�WKH�ERWWRP�RI�WKH�VFUHHQ��7KH�PRVW�LPSRUWDQW�IXQFWLRQ�NH\V�WKDW�ZRUNLQ�&+(&.�DUH�

.H\ )XQFWLRQO 6HW�ORZHU�OLPLW�IRU�UDQJHP 6HW�XSSHU�OLPLW�IRU�UDQJHQ 5HSHDW�YDOXH�IURP�SUHYLRXV�FDVHR 'DWD�PXVW�EH�HQWHUHG�LQWR�WKLV�YDULDEOHS /LQN�YDULDEOHV�IRU�FRGHV�DQG�ORRN�XS�YDOXHV��XVHG�RQO\�ZLWK�V�T 6HW�D�OHJDO�YDOXHMT 'LVSOD\�OHJDO�YDOXHV�IRU�YDULDEOHET 'HOHWH�WKH�YDOXH�LQ�YDULDEOH�IURP�WKH�OHJDO�YDOXHV�OLVWU 6HW�XS�MXPSV�EDVHG�RQ�YDOXH�LQ�YDULDEOHMU 'LVSOD\�MXPSV�IRU�YDULDEOHEU 'HOHWH�WKH�MXPS�IRU�WKH�YDOXH�LQ�YDULDEOHV $GG�FRGH�DQG�ORRN�XS�YDOXH�IRU�OLQNHG��S��YDULDEOHVMV 'LVSOD\�FRGHV�DQG�ORRN�XS�YDOXHV�IRU�OLQNHG��S��YDULDEOHVEV 'HOHWH�WKH�FRGH�DQG�ORRN�XS�YDOXH�LQ�OLQNHG��S��YDULDEOHVW (GLW�&+(&.�FRPPDQGV�DVVRFLDWHG�ZLWK�YDULDEOH
7\SH������LQWR�WKH�,'12�YDULDEOH��3UHVV�O �WR�PDNH�WKLV�WKH�PLQLPXP�YDOXH�DOORZHG�LQ�WKLVYDULDEOH��7\SH������LQWR�WKH�,'12�YDULDEOH��3UHVV�P �WR�PDNH�WKLV�WKH�PD[LPXP�YDOXHDOORZHG�LQ�WKLV�YDULDEOH��:LWK�WKH�FXUVRU�VWLOO�LQ�WKH�,'12�YDULDEOH�SUHVV�R �WR�PDNH�WKLV�DPXVW�HQWHU�YDULDEOH��1RWH�WKDW�D�OLQH�DW�WKH�ERWWRP�RI�WKH�GDWD�HQWU\�VFUHHQ�FKDQJHV�WR�UHDG�

,'12��9DOLG�YDOXHV������WR������<RX�PXVW�HQWHU�GDWD
WR�LGHQWLI\�WKH�FKHFNV�\RX�KDYH�DGGHG�
0RYH�WKH�FXUVRU�WR�WKH�'$7(�YDULDEOH�DQG�W\SH����������LQWR�WKH�'$7(�YDULDEOH��3UHVV�OWR�PDNH�WKLV�WKH�PLQLPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH��7\SH����������LQWR�WKH�'$7(YDULDEOH��3UHVV�P �WR�PDNH�WKLV�WKH�PD[LPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH�
0RYH�WKH�FXUVRU�WR�WKH�$*(�YDULDEOH�DQG�W\SH����LQWR�WKH�$*(�YDULDEOH��3UHVV�O �WR�PDNH�WKLVWKH�PLQLPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH��7\SH����LQWR�WKH�$*(�YDULDEOH��3UHVV�P �WR�PDNHWKLV�WKH�PD[LPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH��7\SH����LQWR�WKH�$*(�YDULDEOH��3UHVV�T �WRPDNH�WKLV�D�OHJDO�YDOXH�����LV�XVHG�IRU�PLVVLQJ�GDWD��
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6HWWLQJ�XS�FKHFNV
0RYH�WKH�FXUVRU�WR�WKH�6(;�YDULDEOH�DQG�W\SH�0�LQWR�WKH�6(;�YDULDEOH��3UHVV�T �WR�PDNH�WKLV�DOHJDO�YDOXH��7\SH�)�LQWR�WKH�6(;�YDULDEOH��3UHVV�T �WR�PDNH�WKLV�D�OHJDO�YDOXH�
0RYH�WKH�FXUVRU�WR�WKH�75,%(�YDULDEOH�DQG�W\SH���LQWR�WKH�75,%(�YDULDEOH��3UHVV�T �WR�PDNHWKLV�D�OHJDO�YDOXH��7\SH���LQWR�WKH�75,%(�YDULDEOH��3UHVV�T �WR�PDNH�WKLV�D�OHJDO�YDOXH��:LWKWKH�FXUVRU�VWLOO�LQ�WKH�75,%(�YDULDEOH�SUHVV�Q �WR�PDNH�WKLV�D�UHSHDW�YDULDEOH�
0RYH�WKH�FXUVRU�WR�WKH�++12�YDULDEOH�DQG�W\SH����LQWR�WKH�++12�YDULDEOH��3UHVV�O �WR�PDNHWKLV�WKH�PLQLPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH��7\SH����LQWR�WKH�++12�YDULDEOH��3UHVV�P �WRPDNH�WKLV�WKH�PD[LPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH��7\SH����LQWR�WKH�++12�YDULDEOH��3UHVVT �WR�PDNH�WKLV�D�OHJDO�YDOXH�����LV�XVHG�IRU�PLVVLQJ�GDWD��
0RYH�WKH�FXUVRU�WR�WKH�5(/�YDULDEOH�DQG�W\SH���LQWR�WKH�5(/�YDULDEOH��3UHVV�O �WR�PDNH�WKLVWKH�PLQLPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH��7\SH���LQWR�WKH�5(/�YDULDEOH��3UHVV�P �WR�PDNHWKLV�WKH�PD[LPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH�
0RYH�WKH�FXUVRU�WR�WKH�/9,//�YDULDEOH�DQG�W\SH�<�LQWR�WKH�/9,//�YDULDEOH�DQG�SUHVV�U ��0RYHWKH�FXUVRU�WR�WKH�2&&�YDULDEOH�DQG�SUHVV�U �DJDLQ��7KH�FXUVRU�ZLOO�QRZ�MXPS�DXWRPDWLFDOO\�WRWKH�2&&�YDULDEOH�ZKHQ�<�LV�HQWHUHG�LQWR�WKH�/9,//�YDULDEOH�GXULQJ�GDWD�HQWU\�
0RYH�WKH�FXUVRU�WR�WKH�67$<�YDULDEOH�DQG�W\SH���LQWR�WKH�67$<�YDULDEOH�DQG�SUHVV�O �WRPDNH�WKLV�WKH�PLQLPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH��7\SH����LQWR�WKH�67$<�YDULDEOH��3UHVVP �WR�PDNH�WKLV�WKH�PD[LPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH��7\SH����LQWR�WKH�67$<�YDULDEOH�3UHVV�T �WR�PDNH�WKLV�D�OHJDO�YDOXH�����LV�XVHG�IRU�PLVVLQJ�GDWD��
0RYH�WKH�FXUVRU�WR�WKH�2&&�YDULDEOH�DQG�W\SH���LQWR�WKH�2&&�YDULDEOH��3UHVV�O �WR�PDNH�WKLVWKH�PLQLPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH��7\SH���LQWR�WKH�2&&�YDULDEOH��3UHVV�P �WR�PDNHWKLV�WKH�PD[LPXP�YDOXH�DOORZHG�LQ�WKLV�YDULDEOH�
3UHVV�X �DQG�FRQILUP�WKDW�\RX�ZLVK�WR�VDYH�WKH�FKHFNV�
&KHFNLQJ�\RXU�FKHFNV
8VH�WKH�(17(5�PRGXOH�WR�HQWHU�VRPH�PRUH�GDWD��PDNH�VRPH�XS��LQWR�21&+2�5(&��9HULI\WKDW�WKH�UDQJH��OHJDO�YDOXH��DQG�FRQGLWLRQDO�MXPSV�ZRUN�FRUUHFWO\�
5HWXUQ�WR�WKH�WRS�OHYHO�PHQX�E\�SUHVVLQJ�X �
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3URJUDPPLQJ�GDWD�HQWU\
7KH�&+(&.�PRGXOH�SURYLGHV�PDQ\�PRUH�FRPPDQGV�WKDQ�DUH�DYDLODEOH�XVLQJ�WKH�IXQFWLRQNH\V��7KH�&+(&.�PRGXOH�FUHDWHV�D�WH[W�ILOH�ZLWK�WKH�VDPH�QDPH�DV�WKH�UHFRUG���5(&��ILOH�EXWZLWK�WKH�H[WHQVLRQ��&+.��7KH�FKHFN���&+.��ILOH�FRQWDLQV�FRPPDQGV�WKDW�DUH�H[HFXWHG�E\�WKH(17(5�PRGXOH�DW�GDWD�HQWU\�WLPH��7KH�FKHFN���&+.��ILOH�LV�D�SODLQ�WH[W�ILOH�DQG�FDQ�EH�HGLWHGXVLQJ�(3('�RU�WKH�VLPSOH�HGLWRU�EXLOW�LQWR�WKH�&+(&.�PRGXOH�
6WDUW�&+(&.��7\SH�WKH�ILOHQDPH�21&+2��WKH��5(&�H[WHQVLRQ�ZLOO�EH�DSSHQGHGDXWRPDWLFDOO\��DQG�SUHVV�WKH�H �NH\�
0RYH�WKH�FXUVRU�WR�WKH�,'12�YDULDEOH�DQG�SUHVV�WKH�W (GLW�)LHOG�NH\��7KH�VFUHHQFKDQJHV�WR�VKRZ�WKH�&+(&.�FRPPDQGV�DVVRFLDWHG�ZLWK�WKH�,'12�YDULDEOH�

,'12��0867(17(5��5$1*(����������(1'
3UHVV�A �WR�UHWXUQ�WR�WKH�PDLQ�&+(&.�VFUHHQ�
3RLQW�WR�HDFK�YDULDEOH�LQ�WXUQ�DQG�SUHVV�W (GLW�)LHOG�WR�H[DPLQH�WKH�&+(&.�FRPPDQGVDVVRFLDWHG�ZLWK�HDFK�YDULDEOH��'R QRW�DOWHU�DQ\�RI�WKH�FRPPDQGV��3UHVV�A �WR�UHWXUQ�WR�WKHPDLQ�&+(&.�VFUHHQ�
%\�SUHVVLQJ�W (GLW�)LHOG�ZLWKLQ�&+(&.�\RX�FDQ�VHH�WKDW�WKH�&+(&.�FRPPDQGV�DUHVWRUHG�LQ�EORFNV�DVVRFLDWHG�ZLWK�HDFK�YDULDEOH��7KH�EORFN�KDV�WKH�JHQHUDO�IRUP�

91$0(��,16758&7,216��,16758&7,216��,16758&7,216��������������������������,16758&7,216(1'
'HWDLOV�RI�WKH�FRPPDQGV�DYDLODEOH�ZLWKLQ�&+(&.�FDQ�EH�IRXQG�LQ�WKH�(SL,QIR�PDQXDO�
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6SHFLI\LQJ�D�.(<�YDULDEOH
&+(&.�SURYLGHV�D�ZD\�RI�HQVXULQJ�WKDW�D�YDULDEOH�LV�XQLTXH��L�H��WKDW�QR�RWKHU�FDVH�KDV�WKHVDPH�YDOXH�LQ�D�SDUWLFXODU�YDULDEOH���7KLV�LV�XVHIXO�IRU�NH\�YDULDEOHV�DQG�VSHHGV�XS�VHDUFKHV�IRUGDWD��,W�DOVR�HQVXUHV�D�PHDVXUH�RI�GDWD�LQWHJULW\�DV�LW�PDNHV�LW�GLIILFXOW�IRU�WKH�VDPH�SHUVRQ
VGDWD�WR�EH�HQWHUHG�WZLFH�DQG�WKXV�FRXQWHG�WZLFH�LQ�DQDO\VLV�DQG�UHSRUWV�
0RYH�WKH�FXUVRU�WR�WKH�,'12�YDULDEOH�DQG�SUHVV�W (GLW�)LHOG��&+(&.�GLVSOD\V�WKH&+(&.�FRPPDQGV�DVVRFLDWHG�ZLWK�WKLV�YDULDEOH�

,'12��0867(17(5��5$1*(����������(1'
(',7�WKH�&+(&.�FRPPDQGV�DVVRFLDWHG�ZLWK�WKLV�YDULDEOH�WR�UHDG�

,'12��0867(17(5��.(<�81,48(��5$1*(����������(1'
3UHVV�A �WR�UHWXUQ�WR�WKH�PDLQ�&+(&.�VFUHHQ��3UHVV�X �DQG�FRQILUP�WKDW�\RX�ZLVK�WR�VDYHWKH�FKHFNV��1RZ�XVH�WKH�(17(5�PRGXOH�WR�HQWHU�WZR�FDVHV��PDNH�XS�VRPH�GDWD��ZLWK�WKH�VDPHYDOXH�LQ�WKH�,'12�YDULDEOH�LQWR�21&+2�5(&��(17(5�ZLOO�QRW�DFFHSW�WKH�VHFRQG�FDVH�EXW�SRSXS�D�ZLQGRZ�LQ�WKH�FHQWUH�RI�WKH�VFUHHQ�ZDUQLQJ�

,'12�PXVW�EH�XQLTXH�3UHVV�(6&
3UHVV�A �DQG�FKDQJH�WKH�YDOXH�LQ�WKH�,'12�YDULDEOH�DQG�SUHVV�G �WR�VDYH�WKH�FKDQJHV�$QVZHU�< �WR�WKH�SURPSW�

:ULWH�GDWD�WR�GLVN��<�1��(VF!�"
DQG�SUHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�
,Q�YHUVLRQV�RI�(SL,QIR�SULRU�WR������WKH�(17(5�PRGXOH�GRHV�QRW�ZDUQ�\RX�RI�D�GXSOLFDWH�.(<YDULDEOH�XQWLO�\RX�DWWHPSW�WR�ZULWH�WKH�GDWD�WR�GLVN��,W�LV�SRVVLEOH�WR�IRUFH�(17(5�WR�PDNH�DVHDUFK�RI�WKH�GDWD�ILOH�IRU�D�GXSOLFDWH�,'12�LPPHGLDWHO\�XVLQJ�WKH�$8726($5&+�FRPPDQG�

,'12��0867(17(5��.(<�81,48(��5$1*(������������$8726($5&+(1'
7KH�&+(&.�FRPPDQG�.(<�XVHG�RQ�LWV�RZQ��L�H��ZLWKRXW�81,48(��FDQ�EH�XVHG�WR�VSHHG�XSVHDUFKHV�ZLWKRXW�IRUFLQJ�WKH�YDULDEOH�WR�KROG�XQLTXH�YDOXHV��:KHQ�\RX�XVH�WKH�&+(&.FRPPDQGV�.(<�DQG�.(<�81,48(�WZR�QHZ�ILOHV�ZLWK�WKH�VDPH�QDPH�DV�WKH�UHFRUG���5(&�ILOH�EXW�ZLWK�WKH�H[WHQVLRQV��,;�DQG��'$7�ZLOO�EH�FUHDWHG��7KHVH�ILOHV�DUH�FDOOHG�LQGH[�ILOHV�DQGVSHHG�XS�WKH�ZD\�(SL,QIR�VHDUFKHV�IRU�GDWD�



��

'DWD�HQWU\�ZLWK�OHJDO�YDOXH�PHQXV
7KH�(17(5�PRGXOH�DOORZV�\RX�WR�HQWHU�GDWD�E\�SLFNLQJ�RSWLRQV�IURP�PHQXV��7KHVH�PHQXV�DUHDFFHVVHG�E\�SUHVVLQJ�W &KRLFHV�LQ�(17(5��7KLV�RSWLRQ�RQO\�ZRUNV�ZLWK�YDULDEOHV�WKDW�KDYHKDG�OHJDO�YDOXHV�DVVLJQHG�WR�WKHP�ZLWK�WKH�&+(&.�PRGXOH�
6WDUW�(17(5�ZLWK�WKH�ILOH�21&+2�5(&��(QWHU�VRPH�GDWD��PDNH�LW�XS���:KHQ�\RX�JHW�WR�WKH75,%(�YDULDEOH�SUHVV�W &KRLFHV��$�PHQX�ZLOO�SRS�XS��6HOHFW�WKH�GDWD�\RX�ZDQW�WR�HQWHU�E\PRYLQJ�WKH�KLJKOLJKWHG�EDU�XVLQJ�WKH�Z �DQG�\ �NH\V�DQG�SUHVVLQJ�H ��3UHVV�X �'21(�DQGDQVZHU�1 �WR�WKH�SURPSW�

:ULWH�GDWD�WR�GLVN��<�1��(VF!�"
8VLQJ�PHQXV�WR�HQWHU�FDWHJRULFDO�GDWD�WKDW�LV�QRW�FRGHG��H�J��IXOO�QDPH�RI�WULEDO�JURXS�LQVWHDG�RU��RU����FDQ�VSHHG�XS�GDWD�HQWU\�DQG�UHOLHYH�GDWD�HQWU\�VWDII�RI�XQQHFHVVDU\�W\SLQJ��:KHQ�\RX�XVHWKH�W &KRLFHV�RSWLRQ�WKH�SRS�XS�PHQX�ZLOO�GLVSOD\�D�OLVW�RI�OHJDO�YDOXHV�ZLWK�QR�FOXH�DV�WRZKDW�HDFK�FRGH�UHIHUV�WR��/XFNLO\�WKHUH�LV�D�&+(&.�FRPPDQG��&200(17�/(*$/��WKDWDOORZV�XV�WR�XVH�PHDQLQJIXO�QDPHV�ZKHQ�HQWHULQJ�FRGHG�FDWHJRULFDO�GDWD��6HOHFW�&+(&.�IURPWKH�3URJUDPV�PHQX��7\SH�WKH�ILOHQDPH�21&+2��WKH��5(&�H[WHQVLRQ�ZLOO�EH�DSSHQGHGDXWRPDWLFDOO\��DQG�SUHVV�WKH�H �NH\��0RYH�WKH�FXUVRU�WR�WKH�75,%(�YDULDEOH�DQG�SUHVV�W(GLW�)LHOG��&+(&.�GLVSOD\V�WKH�FRPPDQGV�DVVRFLDWHG�ZLWK�WKLV�YDULDEOH�

75,%(��5(3($7��/(*$/������������(1'(1'
(',7�WKH�&+(&.�FRPPDQGV�DVVRFLDWHG�ZLWK�WKLV�YDULDEOH�WR�UHDG�

75,%(��5(3($7&200(17�/(*$/�������0(1'(��������27+(5���(1'(1'
3UHVV�A �WR�UHWXUQ�WR�WKH�PDLQ�&+(&.�VFUHHQ��3UHVV�X �DQG�FRQILUP�WKDW�\RX�ZLVK�WR�VDYHWKH�FKHFNV��6WDUW�(17(5�ZLWK�WKH�ILOH�21&+2�5(&��(QWHU�VRPH�GDWD��PDNH�LW�XS���:KHQ�\RXJHW�WR�WKH�75,%(�YDULDEOH�SUHVV�W &KRLFHV��$�PHQX�ZLOO�SRS�XS��7KLV�WLPH�WKH�PHQX�KDVODEHOV�QH[W�WR�WKH�FRGHV��6HOHFW�WKH�GDWD�\RX�ZDQW�WR�HQWHU�E\�PRYLQJ�WKH�KLJKOLJKWHG�EDU�XVLQJWKH�Z �DQG�\ �NH\V�DQG�SUHVVLQJ�H �
3UHVV�X �'21(�DQG�DQVZHU�1 �WR�WKH�SURPSW�

:ULWH�GDWD�WR�GLVN��<�1��(VF!�"
<RX�PLJKW�OLNH�WR�DGG�GDWD�HQWU\�PHQXV�WR�WKH�5(/�DQG�2&&�YDULDEOHV��7KH�FRGHV�XVHG�IRUWKHVH�YDULDEOHV�DUH�VKRZQ�RQ�WKH�TXHVWLRQQDLUH�RQ�SDJH����DQG�LQ�$SSHQGL[���



��

/LPLWDWLRQV�RI�&+(&.
7KH�&+(&.�PRGXOH�SURYLGHV�D�YHU\�SRZHUIXO�WRRO�IRU�LQWHUDFWLYH�GDWD�FKHFNLQJ��,QWHUDFWLYHFKHFNLQJ�LV�JRRG�DW�GHDOLQJ�ZLWK�PDQ\�VRUWV�RI�HUURU�EXW�FDQQRW�SURYLGH�D�FRPSOHWH�VKLHOGDJDLQVW�W\SLQJ�HUURUV�DQG�GLJLW�WUDQVSRVLWLRQ��H�J����DQG���PD\�ERWK�EH�YDOLG�RFFXSDWLRQ�FRGHV����DQG����PD\�ERWK�EH�YDOLG�DJHV���$OVR��GDWD�PD\�EH�LQYDOLG�RQ�WKH�GDWD�FROOHFWLRQ�IRUP�DQG(17(5�DQG�&+(&.�ZLOO�QRW�DOORZ�WKH�GDWD�WR�EH�HQWHUHG��7KLV�FDQ�VORZ�WKH�GDWD�HQWU\�SURFHVVDV�HDFK�RIIHQGLQJ�FDVH�PD\�QHHG�WR�EH�FKHFNHG�E\�WKH�GDWD�VXSHUYLVRU�DV�LW�LV�HQWHUHG��7KLV�FDQEH�DGYDQWDJHRXV�LI�GDWD�DUH�HQWHUHG�VRRQ�DIWHU�FROOHFWLRQ�DV�XQUHVROYHG�TXHULHV�FDQ�EH�UHIHUUHGEDFN�WR�WKH�ILHOG��,QWHUDFWLYH�FKHFNLQJ�FDQ�EH�XVHIXO�LQ�EULQJLQJ�WR�OLJKW�SUREOHPV�ZLWK�GDWDFROOHFWLRQ�
$QRWKHU�SUREOHP�ZLWK�LQWHUDFWLYH�FKHFNLQJ�LV�WKDW�LW�LV�SUHVFULSWLYH��,W�GRHV�QRW�DOORZ�DQ\�GDWDWKDW�YLRODWH�WKH�GDWD�FKHFNLQJ�UXOHV�WR�EH�HQWHUHG��7KLV�PHDQV�WKDW�LQWHUDFWLYH�FKHFNLQJ�LV�EHVWXVHG�ZKHQ�WKHUH�FDQ�EH�QR�FRQWURYHUVLDO�EXW�FRUUHFW��UHDO�EXW�XQOLNHO\��YDOXHV�
(SL,QIR�SURYLGHV�DQRWKHU�PHWKRG�RI�GDWD�FKHFNLQJ�FDOOHG�YDOLGDWLRQ��DOVR�NQRZQ�DVYHULILFDWLRQ���9DOLGDWLRQ�LQYROYHV�GDWD�EHLQJ�HQWHUHG�WZLFH�LQWR�WZR�VHSDUDWH�ILOHV�E\�WZRGLIIHUHQW�GDWD�HQWU\�RSHUDWRUV��7KH�WZR�ILOHV�DUH�WKHQ�FRPSDUHG�DQG�DQ\�GLVFUHSDQFLHV�FDQ�EHFKHFNHG�DJDLQVW�GDWD�FROOHFWLRQ�IRUPV�
:LWK�YDOLGDWLRQ�LW�LV�LPSRUWDQW�WKDW�WKH�GDWD�DUH�HQWHUHG�E\�WZR�GLIIHUHQW�RSHUDWRUV��7KLV�LV�WRRYHUFRPH�HUURUV�FDXVHG�E\�GLJLW�SUHIHUHQFHV��WKH�VDPH�RSHUDWRU�ZLOO�WHQG�WR�PDNH�WKH�VDPHPLVWDNHV�LQ�WKH�VDPH�VLWXDWLRQV��
9DOLGDWLRQ�ZRUNV�EHVW�ZKHQ�HDFK�FDVH�KDV�D�NH\�RU�XQLTXH�LGHQWLILHU�YDULDEOH��,I�D�NH\�YDULDEOHLV�QRW�XVHG�WKHQ�GDWD�PXVW�EH�HQWHUHG�LQWR�WKH�WZR�ILOHV�LQ�WKH�VDPH�RUGHU��7KLV�LV�GLIILFXOW�WRJXDUDQWHH�VR�DOZD\V�XVH�D�NH\�RU�XQLTXH�LGHQWLILHU�YDULDEOH�



��

'RXEOH�HQWU\�DQG�YDOLGDWLRQ
8VH�(17(5�WR�FUHDWH�D�GDWD�ILOH�FDOOHG�21&+2�$�5(&�XVLQJ�21&+2�4(6��'R�QRW�HQWHU�DQ\GDWD�EXW�OHDYH�(SL,QIR�DQG�UHWXUQ�WR�'26�E\�SUHVVLQJ�X �WZLFH��$W�WKH�'26�SURPSW�HQWHU�WKHFRPPDQG�

FRS\�RQFKR�FKN�RQFKR�D�FKN
WR�FUHDWH�D��&+.�ILOH�ZLWK�D�ILOHQDPH�DSSURSULDWH�WR�21&+2�$�5(&��:H�FDQ�FRS\�WKH��&+.ILOH�DV�WKH�ILOHV�21&+2�5(&�DQG�21&+2�$�5(&�KDYH�WKH�VDPH�VWUXFWXUH��7KH��&+.�ILOHFRQWDLQV�WKH�&+(&.�FRPPDQGV�IRU�D�SDUWLFXODU�GDWD�ILOH��7KH�(SL,QIR�ILOH�W\SHV�XVHG�VR�IDU�DUH�

�4(6 'HILQHV�WKH�VWUXFWXUH�RI�WKH�GDWD�ILOH�DQG�WKH�OD\RXW�RI�WKH�GDWD�HQWU\�VFUHHQV�5(& &RQWDLQV�WKH�GDWD�,; ,QGH[�ILOH�IRU�.(<�DQG�.(<�81,48(�ILHOGV��RSWLRQDO��'$7 ,QGH[�ILOH�IRU�.(<�DQG�.(<�81,48(�ILHOGV��RSWLRQDO��&+. &RQWDLQV�GDWD�&+(&.LQJ�FRPPDQGV��RSWLRQDO�
6WDUW�(SL,QIR�DQG�WKHQ�VWDUW�(17(5�ZLWK�WKH�ILOH�21&+2�$�5(&��)LOO�LQ�WKH�EODQNV�RQ�WKHTXHVWLRQQDLUH�XVLQJ�WKH�GDWD�IURP�WKH�VDPSOH�FDVHV�
,'12 '$7( $*( 6(; 75,%( ++12 5(/ /9,// 67$< 2&&���� ���������� �� 0 � �� � 1 � ����� ���������� �� ) � �� � 1 � ����� ���������� �� ) � �� � < ����� ���������� �� 0 � �� � 1 � ����� ���������� �� ) � �� � < �

(QWHU�GDWD�IRU�WKH�VDPSOH�FDVHV��ZULWLQJ�HDFK�WR�GLVN��3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�8VH�(17(5�WR�FUHDWH�D�GDWD�ILOH�FDOOHG�21&+2�$�5(&�XVLQJ�21&+2�4(6��/HDYH�(SL,QIRDQG�UHWXUQ�WR�'26��8VH�WKH�&23<�FRPPDQG�WR�FUHDWH�21&+2�$�&+.��6WDUW�(SL,QIR�DQG�WKHQVWDUW�(17(5�ZLWK�WKH�ILOH�21&+2�$�5(&��)LOO�LQ�WKH�EODQNV�RQ�WKH�TXHVWLRQQDLUH�XVLQJ�WKHGDWD�IURP�WKH�VDPH�VDPSOH�FDVHV��0DNH�WZR�RU�WKUHH�GHOLEHUDWH�PLVWDNHV�ZKHQ�HQWHULQJ�GDWDLQWR�WKLV�VHFRQG�ILOH��3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�



��

'RXEOH�HQWU\�DQG�YDOLGDWLRQ
6HOHFW�9$/,'$7(�GXSOLFDWH�HQWU\�IURP�WKH�3URJUDPV�PHQX��,Q�UHVSRQVH�WR�WKHSURPSW�

)LOH��
W\SH�21&+2�$��WKH��5(&�H[WHQVLRQ�LV�DSSHQGHG�DXWRPDWLFDOO\��DQG�SUHVV�H ��,Q�UHVSRQVHWR�WKH�SURPSW�

)LOH��
W\SH�21&+2�$�DQG�SUHVV�H ��3UHVV�H �DJDLQ�WR�FRQILUP�WKDW�\RX�ZRXOG�OLNH�WR�VHQG�WKHRXWSXW�WR�D�ZLQGRZ�RQ�WKH�VFUHHQ��$V�WKH�RXWSXW�LV�WR�EH�VHQW�WR�D�ZLQGRZ�RQ�WKH�VFUHHQ�WKH�

2XWSXW�ILOH�QDPH
SURPSW�VKRXOG�EH�OHIW�EODQN��3UHVV�H �DJDLQ�WR�H[FOXGH�DQ\�GHOHWHG�UHFRUGV�IURP�WKHFRPSDULVRQV��:LWK�WKH�FXUVRU�LQ�WKH�ER[�QH[W�WR

8VH�XQLTXH�,'V
SUHVV�WKH�N �EDU��$�FKHFN�PDUN�>;@�VKRXOG�DSSHDU�LQ�WKH�8VH�XQLTXH�,'V�ER[��3UHVVH �WZLFH�WR�VWDUW�WKH�ILOH�FRPSDULVRQ��%HFDXVH�\RX�DVNHG�9$/,'$7(�WR�8VH�XQLTXH,'V�D�OLVW�RI�ILHOGV�LQ�WKH�GDWD�ILOHV�ZLOO�SRS�XS��7KHUH�VKRXOG�EH�D�GLDPRQG�VKDSHG�FKHFN�PDUN���� QH[W�WR�WKH�,'12�ILHOG��3UHVV�H �WR�FRQILUP�WKDW�WKLV�LV�WKH�FRUUHFW�XQLTXH�,'�RU�PDWFKILHOG��3UHVV�H �WZLFH�WR�VWDUW�WKH�ILOH�FRPSDULVRQ��9$/,'$7(�ZLOO�UHSRUW�DQ\�GLVFUHSDQFLHV�E\�UHFRUG�QXPEHU��VKRZLQJ�WKH�GLIIHUHQW�YDOXHV�LQ�HDFK�ILOH�
0DNH�D�QRWH�RI�WKH�SUREOHPV��3UHVV�X �WR�TXLW�9$/,'$7(��8VH�(17(5�WR�HGLW�GDWD�LQ�WKH�WZRILOHV�DQG�WKHQ�XVH�9$/,'$7(�WR�FRPSDUH�WKH�WZR�ILOHV�DJDLQ��<RX�PD\�QHHG�WR�UHSHDW�WKLVSURFHVV�XQWLO�\RX�KDYH�HOLPLQDWHG�DOO�RI�WKH�GLVFUHSDQFLHV�EHWZHHQ�WKH�WZR�ILOHV�

(17(521&+2�$ (17(521&+2�$ 9$/,'$7( $Q\�GLIIHUHQFHV" 6WRS1R
(UURUV�LQ�21&+2�$�5(&

(UURUV�LQ�21&+2�$�5(&
6WDUW

9$/,'$7(�FKHFNV�ZKHWKHU�GDWD�HQWHUHG�LQWR�WZR�VHSDUDWH�ILOHV�LV�WKH�VDPH��,W�GRHV�QRW�FKHFNWKH�YDOLGLW\�RI�WKH�GDWD��&+(&.�DOORZV�\RX�WR�FKHFN�WKH�YDOLGLW\�RI�WKH�GDWD�DV�LW�LV�HQWHUHG��7RHQVXUH�JRRG�TXDOLW\�GDWD�\RX�VKRXOG�XVH�ERWK�WKH�&+(&.�DQG�9$/,'$7(�PRGXOHV�
'RXEOH�HQWU\�PD\�VHHP�DQ�XQQHFHVVDU\�VWHS�WKDW�DGGV�WLPH�DQG�H[SHQVH�WR�D�VWXG\�EXW�LW�LV�DQHVVHQWLDO�VWHS�LQ�HQVXULQJ�GDWD�TXDOLW\�DQG�VKRXOG�DOZD\V�EH�SHUIRUPHG��6RPH�UHVHDUFKHUV�KROGWKH�YLHZ�WKDW�HUURUV�LQ�GDWD�DUH�UDQGRP�HYHQWV�DQG�ZLOO�QRW�OHDG�WR�ELDV�LQ�ODUJH�VWXGLHV��7KLV�LV�DPLVWDNHQ�YLHZ�DV�PDQ\�W\SLQJ�PLVWDNHV�DUH�FDXVHG�E\�D�V\VWHPDWLF�GLJLW�SUHIHUHQFH�E\�WKH�GDWDHQWU\�RSHUDWRU�DQG�FDQ�OHDG�WR�D�V\VWHPDWLF�ELDV�LQ�WKH�GDWD�



��

3XQFK�DQG�YHULI\
3XQFK�DQG�YHULI\�FRPELQHV�WKH�FRQYHQLHQFH�RI�LQWHUDFWLYH�FKHFNLQJ�ZLWK�WKH�ULJRXU�RI�GRXEOHHQWU\�DQG�YDOLGDWLRQ��:LWK�SXQFK�DQG�YHULI\��GDWD�DUH�HQWHUHG�LQWR�WKH�VDPH�ILOH�WZLFH�DQGGLVFUHSDQFLHV�DUH�GHWHFWHG�DV�WKH\�RFFXU��(QWHU�WKH�IROORZLQJ�VDPSOH�FDVHV�LQWR21&+2�$�5(&�
,'12 '$7( $*( 6(; 75,%( ++12 5(/ /9,// 67$< 2&&���� ���������� �� ) � �� � < ����� ���������� �� 0 � �� � < �

3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX��6WDUW�(17(5�DQG�VSHFLI\�21&+2�$�5(&��DJDLQ��DVWKH�GDWD�ILOH�DQG�SUHVV�H ��6SHFLI\�RSWLRQ�
���5HHQWHU�DQG�YHULI\�UHFRUGV�LQ�H[LVWLQJ�GDWD�ILOH

DQG�SUHVV�H ��(17(5�QRZ�DVNV�
1DPHV�RI�,GHQWLI\LQJ�)LHOGV

7\SH�,'12�DQG�SUHVV�H �WZLFH�WR�VWDUW�HQWHULQJ�GDWD��(QWHU�WKH�GDWD�IRU�WKH�ILUVW�VDPSOH�FDVH�,'12� ��������0DNH�WKH�GHOLEHUDWH�PLVWDNH�RI�HQWHULQJ�$*(�DV�����(17(5�UHFRJQLVHV�DGLVFUHSDQF\�DQG�GLVSOD\V�D�ZDUQLQJ�PHVVDJH�

,I�\RX�SUHVV�A �QRZ�\RX�ZLOO�EH�UHWXUQHG�WR�WKH�GDWD�HQWU\�VFUHHQ��'R�QRW�SUHVV�A �,QVWHDG�SUHVV�W ��(17(5�QRZ�GLVSOD\V�

<RX�FDQ�QRZ�FKRRVH�ZKLFK�LV�WKH�FRUUHFW�YDOXH�IRU�$*(��,Q�WKLV�FDVH�WKH�FRUUHFW�YDOXH�LV����VRSUHVV�O ��O �VHWV�WKH�YDOXH�WR�WKH�ILUVW�YDOXH�HQWHUHG�DQG�P �VHWV�WKH�YDOXH�WR�WKH�VHFRQG�YDOXHHQWHUHG�
(QWHU�WKH�UHVW�RI�WKH�GDWD�IRU�ERWK�VDPSOH�FDVHV��0DNH�VRPH�GHOLEHUDWH�PLVWDNHV�VR�WKDW�\RX�FDQSUDFWLFH�ZRUNLQJ�ZLWK�(17(5
V�SXQFK�DQG�YHULI\�IDFLOLW\�
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'DWD�FRQVLVWHQF\
6R�IDU�ZH�KDYH�XVHG�(17(5��&+(&.�DQG�9$/,'$7(�WR�HQVXUH�WKH�YDOLGLW\�RI�LQGLYLGXDO�GDWDLWHPV��:H�KDYH�QRW�FKHFNHG�ZKHWKHU�GDWD�DUH�LQWHUQDOO\�FRQVLVWHQW��&RQVLVWHQF\�FKHFNV�DUH�XVHGWR�LGHQWLI\�FDVHV�ZKHUH�WZR�RU�PRUH�UHVSRQVHV�DUH�FRQWUDGLFWRU\��<RX�FDQ�SHUIRUP�FRQVLVWHQF\FKHFNV�ZLWK�WKH�&+(&.�PRGXOH��IRU�RQ�OLQH�RU�LQWHUDFWLYH�FKHFNLQJ��DQG�$1$/<6,6��IRUEDWFK�FKHFNLQJ�DIWHU�GDWD�KDV�EHHQ�HQWHUHG���<RX�FDQQRW�SHUIRUP�FRQVLVWHQF\�FKHFNV�ZLWK�WKH9$/,'$7(�PRGXOH�
,W�LV�XS�WR�\RX�ZKHWKHU�WR�XVH�LQWHUDFWLYH�FRQVLVWHQF\�FKHFNLQJ�DV�WKLV�PD\�VORZ�WKH�GDWD�HQWU\SURFHVV��,QWHUDFWLYH�FKHFNLQJ�LV�PRVW�XVHIXO�LI�GDWD�DUH�HQWHUHG�E\�ILHOG�VWDII�ZKR�FROOHFWHG�LW�IDPLOLDU�ZLWK�WKH�GDWD�EXW�VORZ�W\SLVWV���,I�GDWD�DUH�HQWHUHG�E\�FOHUNV��IDVW�W\SLVWV�EXW�UHO\LQJ�RQWKH�VXSHUYLVRU�IRU�DOO�SUREOHPV�ZLWK�WKH�GDWD��LW�FDQ�VORZ�GDWD�HQWU\��<RX�VKRXOG�DOZD\VSHUIRUP�EDWFK�FRQVLVWHQF\�FKHFNV�DIWHU�WKH�GDWD�KDV�EHHQ�HQWHUHG��7\SLFDOO\�EDWFK�FKHFNLQJ�ZLOODOVR�DSSO\�WKH�VWDQGDUG�FKHFNV��UDQJH��OHJDO�YDOXHV��HWF���DV�ZHOO�DV�FRQVLVWHQF\�FKHFNV�
7KH�RQFKRFHUFLDVLV�GDWD�UHTXLUHV�OLWWOH�FRQVLVWHQF\�FKHFNLQJ��2QH�FKHFN�ZH�FRXOG�DSSO\�LV�WRFKHFN�WKDW�QR�GDWD��RWKHU�WKHQ�WKH�
PLVVLQJ
�YDOXH��LV�HQWHUHG�LQWR�WKH�67$<�YDULDEOH�LI�<�LVHQWHUHG�LQWR�WKH�/9,//�YDULDEOH��,QVWHDG�ZH�ZLOO�FUHDWH�D�QHZ�GDWD�ILOH�WKDW�UHTXLUHV�PRUHFRQVLVWHQF\�FKHFNV��6WDUW�(3('�DQG�VHW�::�7;7�4(6�PRGH�WR�4(6��2Q�WKH�EODQN�VFUHHQW\SH�WKH�VDPSOH�TXHVWLRQQDLUH�

��,GHQWLILFDWLRQ�1XPEHU����������������^,'12`������$JH�RI�0RWKHU������������������������^$JH0`�����$JH�DW�)LUVW�3DULW\������������������^$JH3`�����1XPEHU�RI�/LYH�%LUWKV��������������^%LUWKV`���
&KHFN�\RXU�ZRUN�FDUHIXOO\��:KHQ�\RX�DUH�VDWLVILHG�VHOHFW�6DYH�E\�SUHVVLQJ�W ��:KHQSURPSWHG�JLYH�WKH�ILOHQDPH�0806�4(6�DQG�SUHVV�H ��7KH�TXHVWLRQQDLUH�ILOH��0806�4(6�ZLOO�EH�VDYHG�WR�GLVN��3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�
:LWK�WKLV�VPDOO�QXPEHU�RI�YDULDEOHV�WKHUH�DUH�WZR�FRQVLVWHQF\�FKHFNV�WKDW�QHHG�WR�EH�PDGH��7KHDJH�RI�WKH�PRWKHU��$*(0��VKRXOG�EH�JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�DJH�DW�ILUVW�SDULW\��$*(3���$FKHFN�DOVR�QHHGV�WR�EH�PDGH�RQ�WKH�QXPEHU�RI�OLYH�%,57+6�DJDLQVW�WKH�QXPEHU�RI�
IHUWLOH�\HDUV
�$*(0���$*(3���,W�PD\�VHHP�VHQVLEOH�WR�TXHU\�D�ELUWK�LQWHUYDO�RI�OHVV�WKDQ�WZR�\HDUV��7KHQXPEHU�RI�IHUWLOH�\HDUV�GLYLGHG�E\�%,57+6�VKRXOG�QRW�EH�OHVV�WKDQ�WZR�

�$*(0���$*(3����%,57+6�! ��
7R�FRUUHFW�IRU�WKH�ILUVW�ELUWK��ZKHUH�$*(0���$*(3� ����ZH�QHHG�WR�DGG�WZR�WR�$*(0�WRSHUIRUP�FRQVLVWHQF\�FKHFNV�LQ�WKLV�ZD\�

�$*(0�������$*(3����%,57+6�! ��
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&RQVLVWHQF\�FKHFNV
8VH�(17(5�WR�FUHDWH�0806�5(&��XVLQJ�0806�4(6���(QWHU�WKH�IROORZLQJ�VDPSOH�FDVHV�

,'12 $*(0 $*(3 %,57+6��� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� �
<RX�PD\�QRWLFH�WKDW�WKH�GDWD�FRQWDLQV�VRPH�REYLRXV�HUURUV��'R QRW�DWWHPSW�WR�FRUUHFW�WKHVHHUURUV��3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�
1RZ�WKDW�ZH�KDYH�HQWHUHG�WKH�GDWD�ZH�ZLOO�XVH�WKH�$1$/<6,6�PRGXOH�WR�SHUIRUP�EDWFKFKHFNLQJ�



��

$1$/<6,6
$1$/<6,6�LV�WKH�GDWD�DQDO\VLV�PRGXOH�RI�(SL,QIR��8VLQJ�$1$/<6,6�\RX�FDQ�XVH�VLPSOHFRPPDQGV�WR�SURGXFH�OLVWV��IUHTXHQFLHV��VWDWLVWLFV��DQG�JUDSKV��,Q�WKLV�H[HUFLVH�\RX�ZLOO�XVHDQDO\VLV�WR�SHUIRUP�EDWFK�FKHFNLQJ�RI�GDWD�
3RVLWLRQ�WKH�FXUVRU�EDU�RYHU�WKH�PHQX�RSWLRQ�$1$/<6,6�RI�GDWD�RQ�WKH�3URJUDPV�PHQX�3UHVV�H �WR�VHOHFW�$1$/<6,6�
2QFH�$1$/<6,6�VWDUWV�WKH�VFUHHQ�LV�GLYLGHG�LQWR�VHYHUDO�GLVWLQFW�VHFWLRQV��7KH�XSSHU�VHFWLRQ�LVKHDGHG�2XWSXW�DQG�WKH�ORZHU�VHFWLRQ�LV�KHDGHG�&RPPDQGV��$W�WKH�WRS�RI�WKH�VFUHHQ�DUH�WZROLQHV�JLYLQJ�WKH�VWDWXV�LQIRUPDWLRQ�

'DWDVHW���1RQH!�������������������������)UHH�PHPRU\����.8VH�5($'�WR�FKRRVH�D�GDWDVHW
7KH�VWDWXV�LQIRUPDWLRQ�VKRZV�WKH�QDPH�RI�WKH�FXUUHQW�GDWD�ILOH�DQG�WKH�DPRXQW�RI�IUHH�PHPRU\LQ�WKH�V\VWHP��WKH�H[DFW�ILJXUH�ZLOO�GHSHQG�RQ�KRZ�\RXU�V\VWHP�KDV�EHHQ�FRQILJXUHG��
7KH�ERWWRP�OLQH�RI�WKH�VFUHHQ�VKRZV�WKH�IXQFWLRQ�NH\V�DYDLODEOH�IURP�ZLWKLQ�$1$/<6,6�

.H\ )XQFWLRQO +HOSP 'LVSOD\�PHQX�RI�FRPPDQGVQ 'LVSOD\�PHQX�RI�YDULDEOHV�LQ�WKH�FXUUHQW�GDWDVHWR %URZVHS 7RJJOH�SULQWHU�RQ�DQG�RIIW '26�VKHOOX 4XLW�$1$/<6,6
7KH�O �NH\�SURYLGHV�KHOS��3UHVV�O �DW�DQ\�WLPH�IRU�KHOS�RQ�ZKDW�\RX�DUH�GRLQJ��7KH�KHOSSURYLGHG�LV�FRQWH[W�VHQVLWLYH�VR�LI�\RX�W\SH�D�FRPPDQG�DQG�WKHQ�SUHVV�O �$1$/<6,6�ZLOOUHVSRQG�ZLWK�KHOS�IRU�WKDW�SDUWLFXODU�FRPPDQG�
$�PHQX�RI�FRPPDQGV�LV�DYDLODEOH�E\�SUHVVLQJ�WKH�P �NH\�
$�PHQX�RI�YDULDEOHV�LQ�WKH�GDWD�ILOH�LV�DYDLODEOH�E\�SUHVVLQJ�WKH�Q �NH\�



��

(QWHULQJ�FRPPDQGV�LQ�$1$/<6,6
7KHUH�DUH�WZR�PHWKRGV�RI�HQWHULQJ�FRPPDQGV�LQ�$1$/<6,6��<RX�PD\�HLWKHU�W\SH�WKHFRPPDQG�GLUHFWO\�DW�WKH�NH\ERDUG�RU�FKRRVH�FRPPDQGV�DQG�YDULDEOHV�IURP�PHQXV�
3UHVVLQJ�WKH�P �NH\�EULQJV�XS�D�PHQX�RI�DYDLODEOH�FRPPDQGV��7R�VHOHFW�D�FRPPDQG�IURP�WKHPHQX�\RX�PXVW�ILUVW�PRYH�WKH�KLJKOLJKWHG�EDU�XVLQJ�WKH�DUURZ�NH\V��:KHQ�WKH�KLJKOLJKWHG�EDU�LVRYHU�WKH�FRPPDQG�\RX�ZLVK�WR�XVH�SUHVV�H �WR�VHOHFW�LW��7R�H[HFXWH�WKH�FRPPDQG�SUHVVH �DJDLQ��:LWK�PRVW�FRPPDQGV�\RX�ZLOO�QHHG�WR�VSHFLI\�DW�OHDVW�RQH�YDULDEOH�
,I�\RX�VHOHFW�WKH�ZURQJ�FRPPDQG�E\�PLVWDNH�SUHVV�A �WR�FOHDU�WKH�FRPPDQG�OLQH�
3UHVVLQJ�WKH�Q �NH\�EULQJV�XS�D�PHQX�RI�YDULDEOHV�LQ�WKH�FXUUHQW�GDWDVHW��9DULDEOHV�FDQ�EHVHOHFWHG�IURP�WKH�PHQX��7R�VHOHFW�D�YDULDEOH�SRLQW�WR�LW�XVLQJ�WKH�DUURZ�NH\V�DQG�SUHVV�H �7R�VHOHFW�D�JURXS�RI�YDULDEOHV�SRLQW�WR�HDFK�LQ�WXUQ�DQG�SUHVV�WKH�� �NH\��:KHQ�\RX�KDYHVHOHFWHG�DOO�WKH�YDULDEOHV�\RX�QHHG�SUHVV�H ��,I�\RX�VHOHFW�D�YDULDEOH�E\�PLVWDNH�\RX�FDQGHVHOHFW�LW�XVLQJ�WKH�� �NH\�
*HWWLQJ�+HOS�RQ�&RPPDQGV
7KHUH�DUH�WZR�ZD\V�RI�JHWWLQJ�KHOS�RQ�FRPPDQGV�LQ�$1$/<6,6��,I�\RX�SUHVV�O �EHIRUH�\RXKDYH�W\SHG�D�FRPPDQG�WKHQ�$1$/<6,6�ZLOO�SUHVHQW�D�PHQX�ZLWK�RSWLRQV�IRU�KHOS�RQ�JHQHUDOWRSLFV�DQG�VSHFLILF�FRPPDQGV��2SWLRQV�DUH�VHOHFWHG�IURP�WKH�PHQX�LQ�WKH�XVXDO�ZD\��,I�\RXZDQW�KHOS�RQ�D�VSHFLILF�FRPPDQG�WKHQ�W\SH�WKH�FRPPDQG��H�J��)5(4��DQG�SUHVV�O �$1$/<6,6�ZLOO�UHVSRQG�ZLWK�KHOS�RQ�WKH�FRPPDQG�\RX�W\SHG�
,I�WKHUH�LV�PRUH�WKDQ�RQH�VFUHHQ�RI�KHOS�RQ�D�SDUWLFXODU�WRSLF�RU�FRPPDQG�WKHQ�3J'Q�ZLOO�EHGLVSOD\HG�LQ�WKH�ERWWRP�ULJKW�KDQG�FRUQHU�RI�WKH�KHOS�ZLQGRZ��3UHVVLQJ�` �ZLOO�GLVSOD\�WKHQH[W�VFUHHQ�RI�LQIRUPDWLRQ�
3UHVV�A �WR�UHWXUQ�WR�$1$/<6,6�



��

&KRRVLQJ�D�GDWD�ILOH
%HIRUH�SHUIRUPLQJ�DQ\�FKHFNV�RU�DQDO\VLV�\RX�PXVW�ILUVW�WHOO�$1$/<6,6�ZKLFK�GDWD�ILOH�\RXZDQW�WR�ZRUN�ZLWK��LQ�WKLV�FDVH�0806�5(&���7KH�$1$/<6,6�FRPPDQG�WR�UHWULHYH�D�GDWD�ILOHLV�5($'�IROORZHG�E\�WKH�QDPH�RI�WKH�ILOH��2QFH�\RX�KDYH�UHWULHYHG�D�GDWD�ILOH�WKH�VWDWXV�OLQHVRQ�WKH�VFUHHQ�ZLOO�FKDQJH�WR�VKRZ�WKH�QDPH�RI�WKH�GDWDVHW�DQG�WKH�QXPEHU�RI�FDVHV�LQ�WKHGDWDVHW�
(QWHU�WKH�FRPPDQG�

UHDG�PXPV�UHF
DQG�SUHVV�H �
)RU�GDWD�ILOHV�FUHDWHG�XVLQJ�WKH�(17(5�PRGXOH�RI�(SL,QIR�\RX�GR�QRW�QHHG�WR�VSHFLI\�WKH��5(&H[WHQVLRQ�
$1$/<6,6�FDQ�DOVR�UHDG�ILOHV�FUHDWHG�ZLWK�G%DVH��RU�DQ\�DSSOLFDWLRQ�WKDW�FDQ�ZULWH�D�G%DVHIRUPDW�ILOH���7R�UHDG�D�G%DVH�ILOH�\RX�QHHG�WR�VSHFLI\�WKH��'%)�H[WHQVLRQ�
,I�\RX�FDQQRW�UHPHPEHU�WKH�QDPH�RI�WKH�ILOH�\RX�ZDQW�WR�ZRUN�ZLWK�WKHQ�LVVXH�WKH�5($'FRPPDQG�RQ�LWV�RZQ��L�H��ZLWKRXW�D�ILOH�QDPH���$1$/<6,6�ZLOO�UHVSRQG�ZLWK�D�PHQX�OLVWLQJ�DOOWKH��5(&�ILOHV�LQ�WKH�FXUUHQW�GLUHFWRU\�
7UXWK�7DEOHV
%HIRUH�LVVXLQJ�FRPPDQGV�WR�FKHFN�GDWD��LW�LV�JRRG�SUDFWLFH�WR�OLVW�WKH�W\SHV�RI�HUURUV�\RX�DUHORRNLQJ�IRU��7R�GR�WKLV�ZH�XVH�D�WUXWK�WDEOH�RU�HUURU�WDEOH�WR�OLVW�WKH�SRWHQWLDO�HUURUV�WKDW�FDQRFFXU�LQ�WKH�GDWD��%HFDXVH�D�FRQVLVWHQF\�HUURU�FDQ�EH�FDXVHG�E\�DQ�HUURU�LQ�D�VLQJOH�GDWD�LWHPFKHFNV�VKRXOG�DOVR�EH�SHUIRUPHG�RQ�VLQJOH�GDWD�LWHPV�

&RQGLWLRQ 7\SH &RGH$*(0������RU�$*(0�!��� 5DQJH $*(0$*(3������RU�$*(3�!��� 5DQJH $*(3$*(3�!�$*(0 &RQVLVWHQF\ $*(3�!�$*(0�$*(0�������$*(3����%,57+6���� &RQVLVWHQF\ %,57+�,17%,57+6�����RU�%,57+6�!��� 5DQJH %,57+6
(DFK�SRVVLEOH�HUURU�KDV�D�FRGH�DVVLJQHG�WR�LW��:H�ZLOO�XVH�WKLV�FRGH�WR�DVVLJQ�HUURU�YDOXHV�WRLQGLYLGXDO�FDVHV�EDVHG�RQ�WKH�W\SHV�RI�HUURU�SUHVHQW�LQ�HDFK�FDVH��7KH�FRGHV�FKRVHQ�VLPSO\UHIOHFW�WKH�QDWXUH�RI�WKH�HUURU�



��

(UURU�YDOXHV
,Q�WKH�0806�5(&�GDWD�ILOH�WKHUH�LV�QR�YDULDEOH�WR�KROG�WKH�HUURU�FRGHV��:H�QHHG�WR�FUHDWH�DQHZ�YDULDEOH�WKDW�ZLOO�FRQWDLQ�WKH�HUURU�FRGH�IRU�HDFK�FDVH��7KH�'(),1(�FRPPDQG�LV�XVHG�WRFUHDWH�D�QHZ�YDULDEOH��7KH�'(),1(�FRPPDQG�ZKHQ�XVHG�RQ�LWV�RZQ�FUHDWHV�D�QHZ�YDULDEOH�RIWKH�QXPHULF�W\SH��7R�FUHDWH�RWKHU�YDULDEOH�W\SHV�XVH�WKH�VDPH�VSHFLDO�FKDUDFWHUV�WKDW�GHILQHYDULDEOH�W\SH�DQG�OHQJWK�LQ�TXHVWLRQQDLUH���4(6��ILOHV��7KH�FRPPDQG�'(),1(�(55��$$!FUHDWHV�DQ�XSSHU�FDVH�WH[W�YDULDEOH�RI�OHQJWK�WZR��2QFH�ZH�KDYH�GHILQHG�D�QHZ�YDULDEOH��(55�ZH�QHHG�WR�JLYH�LW�DQ�LQLWLDO�YDOXH������ �QR�HUURUV��DQG�LQVWUXFW�$1$/<6,6�WR�DVVLJQ�HUURUYDOXHV�IRU�HDFK�FDVH��7KH�(55�YDULDEOH�VKRXOG�EH�ORQJ�HQRXJK�WR�KROG�DOO�SRVVLEOHFRPELQDWLRQV�RI�WKH�HUURU�FRGHV�����FKDUDFWHUV�LQ�WKLV�H[DPSOH���<RX�PD\�QHHG�WR�FUHDWH�PRUHWKDQ�RQH�YDULDEOH�RU�XVH�VKRUWHU�FRGHV�WR�FKHFN�D�ILOH�ZLWK�ORWV�RI�YDULDEOHV�
(QWHU�WKH�IROORZLQJ�FRPPDQGV�RQH�DW�D�WLPH�

GHILQH�HUU��$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!HUU� ����LI�DJHP������RU�DJHP�!����WKHQ�HUU� �HUU����$*(0���LI�DJHS������RU�DJHS�!����WKHQ�HUU� �HUU����$*(3���LI�DJHS�!�DJHP�WKHQ�HUU� �HUU����$*(3�!�$*(0���LI��DJHP�������DJHS����ELUWKV�����WKHQ�HUU� �HUU����%,57+�,17���LI�ELUWKV�����RU�ELUWKV�!����WKHQ�HUU� �HUU����%,57+6���
7KH�,)�����7+(1�FRPPDQG�VHTXHQFH�DOORZV�XV�WR�FKHFN�IRU�VSHFLILF�FRQGLWLRQV�DQG�SHUIRUP�DQDFWLRQ�EDVHG�RQ�WKH�RXWFRPH�RI�WKDW�FKHFN�
$OO�$1$/<6,6�FRPPDQGV�ZRUN�ZLWK�DOO��VHOHFWHG��FDVHV�LQ�WKH�GDWD�ILOH��7KLV�VHW�DW�D�WLPHSURFHVVLQJ�LV�FRPPRQ�WR�DOO�VWDWLVWLFDO�SDFNDJHV�
$V�WKH�FRPPDQGV�WR�SHUIRUP�EDWFK�FKHFNLQJ�ZLOO�EH�XVHG�IUHTXHQWO\�LW�PD\�EH�EHVW�WR�LQFOXGHWKHP�LQ�D�SURJUDP�ILOH�IRU�SHULRGLF�XVH�RQ�EDWFKHV�RI�FDVHV��$�SURJUDP�ILOH�LV�VLPSO\�D�OLVW�RILQVWUXFWLRQV�VWRUHG�LQ�D�WH[W�ILOH�
$1$/<6,6�SURYLGHV�DQ�HDV\�ZD\�RI�GHYHORSLQJ�SURJUDPV��)LUVW�HQWHU�WKH�FRPPDQGVLQWHUDFWLYHO\��DV�\RX�KDYH�GRQH�DOUHDG\���$IWHU�\RX�KDYH�HQWHUHG�WKH�FRPPDQGV�XVH�WKH�6$9(FRPPDQG�WR�VDYH�WKHP�LQ�D�SURJUDP���3*0��ILOH��3URJUDP�ILOHV�DUH�RUGLQDU\�WH[W�ILOHV�DQG�FDQEH�HGLWHG�XVLQJ�(3('�RU�DQ\�RWKHU�WH[W�HGLWRU��$1$/<6,6�SURJUDP���3*0��ILOHV�VKRXOG�KDYHWKH�H[WHQVLRQ��3*0��7KH�6$9(�FRPPDQG�XVXDOO\�VDYHV�WKH�ODVW����FRPPDQGV�HQWHUHG��,I�\RXZDQW�WR�VDYH�PRUH�WKDQ����FRPPDQGV�WKHQ�\RX�VKRXOG�HQWHU�WKH�FRPPDQG�6(7�&0'67$&.� QQ�ZKHUH�QQ�LV�WKH�QXPEHU�RI�FRPPDQGV�\RX�ZLVK�WR�VDYH��XS�WR�D�PD[LPXP�RI������<RXVKRXOG�XVH�6(7�&0'67$&.�EHIRUH�HQWHULQJ�DQ\�RI�WKH�FRPPDQGV�\RX�ZLVK�WR�VDYH��7KHIROORZLQJ�$1$/<6,6�FRPPDQG�ZLOO�VDYH�SUHYLRXVO\�HQWHUHG�FRPPDQGV�WR�D�ILOH�FDOOHG%$7&+�3*0�

VDYH�EDWFK�SJP
<RX�FDQ�UXQ�WKHVH�FRPPDQGV�DJDLQ�ZLWK�WKH�$1$/<6,6�FRPPDQG�

UXQ�EDWFK�SJP



��

/LVWLQJ�HUURU�YDOXHV
(QWHU�WKH�FRPPDQG�

OLVW�LGQR�HUU
WR�OLVW�WKH�HUURU�YDOXHV�IRU�HDFK�FDVH��(QWHU�WKH�FRPPDQG�

OLVW
DQG�FRPSDUH�WKH�HUURU�YDOXHV�DJDLQVW�WKH�RWKHU�YDULDEOHV�LQ�HDFK�FDVH�
3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�
2QFH�\RX�KDYH�D�OLVW�RI�HUURUV�IRU�HDFK�FDVH�LW�LV�D�UHODWLYHO\�VLPSOH�PDWWHU�WR�FKHFN�GDWD�DJDLQVWGDWD�FROOHFWLRQ�IRUPV��UHWXUQ�WR�WKH�ILHOG��LI�UHTXLUHG��DQG�FRUUHFW�WKH�GDWD�
<RX�FDQ�XVH�WKH�5287(�FRPPDQG�WR�VHQG�D�FRS\�RI�WKH�RXWSXW�WR�D�ILOH�RQ�GLVN��5287(ILOHQDPH��RU�WR�WKH�SULQWHU��5287(�35,17(5���0DNH�VXUH�WKDW�WKH�SULQWHU�LV�FRQQHFWHG�DQG�
RQ�OLQH
�EHIRUH�LVVXLQJ�WKH�5287(�35,17(5�FRPPDQG��7R�VWRS�VHQGLQJ�RXWSXW�WR�D�ILOH�RU�WR�WKHSULQWHU�LVVXH�WKH�FRPPDQG�5287(�6&5((1��7KH�5287(�FRPPDQG�ZLOO�RQO\�UHGLUHFW�WKHRXWSXW�RI�VXEVHTXHQW�FRPPDQGV��,I�\RX�ZDQW�D�UHFRUG�RI�DQ�$1$/<6,6�VHVVLRQ�WKHQ�WKH5287(�FRPPDQG�VKRXOG�EH�WKH�ILUVW�FRPPDQG�\RX�LVVXH��,W�LV�EHVW�WR�5287(�WR�D�ILOHQDPHDQG�WKHQ�HGLW�WKH�RXWSXW��XVLQJ�(3('��EHIRUH�SULQWLQJ�
$QRWKHU�ZD\�RI�YLHZLQJ�WKH�HUURU�YDOXHV�LV�WR�XVH�WKH�%52:6(�FRPPDQG��R��RU�WKH83'$7(��T��FRPPDQG��7KH�83'$7(��T��FRPPDQG�DOORZV�\RX�WR�HGLW�WKH�RIIHQGLQJ�GDWDYDOXHV�GLUHFWO\�DQG�VHH�WKH�HIIHFW�RI�DQ\�HGLWV�RQ�WKH�YDOXH�RI�WKH�(55�YDULDEOH�
<RX�FDQ�VFUROO�WKURXJK�WKH�RXWSXW�JHQHUDWHG�E\�SUHYLRXV�FRPPDQGV�XVLQJ�WKH�^ �DQG�`NH\��E^ �DQG�E` �VFUROOV�WKURXJK�WKH�RXWSXW�D�OLQH�DW�D�WLPH�
<RX�FDQ�VFUROO�WKURXJK�SUHYLRXVO\�HQWHUHG�FRPPDQGV�XVLQJ�WKH�Z �DQG�\ �NH\V�
(YHU\�(SL,QIR�GDWD���5(&��ILOH�KDV�D�VHW�RI�V\VWHP�YDULDEOHV�ZKLFK�\RX�GR�QRW�VHH�GXULQJ�GDWD�HQWU\�EXW�DUH�YLVLEOH�WR�$1$/<6,6��7KHVH�YDULDEOHV�DUH�

9DULDEOH &RQWHQWV 'HILQLWLRQ5(&180%(5 5HFRUG�1XPEHU ����������5(&'(/(7(' ,V�WKLV�UHFRUG�GHOHWHG" �<!5(&9(5,),(' +DV�WKLV�UHFRUG�EHHQ�YHULILHG" �<!6<67(0'$7( &XUUHQW�'DWH �00�''�<<<<!6<67(07,0( &XUUHQW�7LPH �$$$$$$$$$$$!
<RX�FDQ�XVH�WKH�5(&9(5,),('�YDULDEOH�WR�SURGXFH�D�OLVW�RI�UHFRUGV�WKDW�KDYH�QRW�EHHQGRXEOH�HQWHUHG�DQG�YHULILHG��ZLWK�HLWKHU�9$/,'$7(�RU�(17(5©V�SXQFK�DQG�YHULI\�IDFLOLW\�XVLQJ�WKH�IROORZLQJ�$1$/<6,6�FRPPDQGV�

VHOHFW�UHFYHULILHG� �¦1§OLVW�UHFQXPEHU



��

,QWHUDFWLYH�FRQVLVWHQF\�FKHFNV
,W�LV�DOVR�SRVVLEOH�WR�XVH�WKH�&+(&.�SURJUDP�WR�SHUIRUP�FRQVLVWHQF\�FKHFNV�DV�GDWD�DUHHQWHUHG��:KHWKHU�\RX�FKRRVH�WR�GR�WKLV�GHSHQGV�RQ�WKH�ZD\�\RXU�VWXG\�LV�RUJDQLVHG��,QWHUDFWLYHFKHFNLQJ�FDQ�VORZ�WKH�GDWD�HQWU\�SURFHVV�DV�HDFK�RIIHQGLQJ�FDVH�PD\�QHHG�WR�EH�FKHFNHG�E\�WKHGDWD�VXSHUYLVRU�DV�LW�LV�HQWHUHG��7KLV�FDQ�EH�DGYDQWDJHRXV�LI�GDWD�DUH�HQWHUHG�VRRQ�DIWHUFROOHFWLRQ��8QUHVROYHG�TXHULHV�FDQ�EH�UHIHUUHG�EDFN�WR�WKH�ILHOG��,QWHUDFWLYH�FKHFNLQJ�FDQ�EHXVHIXO�LQ�EULQJLQJ�WR�OLJKW�SUREOHPV�ZLWK�GDWD�FROOHFWLRQ��7KLV�PD\�EH�XVHG�WR�DGYDQWDJH�LQ�WKHHDUO\�VWDJHV�RI�D�VWXG\�
6WDUW�&+(&.�DQG�VSHFLI\�WKH�ILOH�0806��WKH��5(&�H[WHQVLRQ�LV�DSSHQGHG�DXWRPDWLFDOO\��DQGSUHVV�H ��8VH�WKH�IXQFWLRQ�NH\V�WR�VHW�XS�WKH�IROORZLQJ�UDQJH�FKHFNV�

9DULDEOH /RZHU 8SSHU,'12 ��� ���$*(0 �� ��$*(3 �� ��%,57+6 � ��
0RYH�WKH�FXUVRU�WR�WKH�YDULDEOH�$*(3�DQG�SUHVV�W (GLW�)LHOG�DQG�FKDQJH�WKH�&+(&.FRPPDQGV�DVVRFLDWHG�ZLWK�WKLV�YDULDEOH�WR�UHDG�

$*(3��5$1*(��������,)�$*(3�!�$*(0��7+(1����+(/3���48(5<���$JH3�!�$JH0������*272�$*(3��(1',)(1'
3UHVV�A �WR�UHWXUQ�WR�WKH�&+(&.�PDLQ�VFUHHQ�
7KH�,)�����7+(1�����(1',)�FRPPDQG�VHTXHQFH�DOORZV�XV�WR�WHVW�D�FDVH�IRU�D�VSHFLILF�VHW�RIFRQGLWLRQV�DQG�SHUIRUP�DQ�DFWLRQ�EDVHG�RQ�WKH�RXWFRPH�RI�WKH�WHVW�
7KH�+(/3�FRPPDQG�FDXVHV�(17(5�WR�VXVSHQG�GDWD�HQWU\�DQG�SRS�XS�D�ZLQGRZ�RQ�WKH�VFUHHQFRQWDLQLQJ�WKH�WH[W�HQFORVHG�LQ�WKH�TXRWH�����FKDUDFWHUV��7R�UHVXPH�GDWD�HQWU\�WKH�GDWD�HQWU\RSHUDWRU�PXVW�SUHVV�WKH�A �NH\�
7KH�*272�FRPPDQG�FDXVHV�(17(5�WR�PRYH�WKH�FXUVRU�WR�D�VSHFLILHG�YDULDEOH��7KH�*272FRPPDQG�LV�XVHG�KHUH�WR�HQVXUH�WKDW�RQO\�YDOLG�GDWD�DUH�HQWHUHG�E\�JRLQJ�EDFN�WR�WKH�YDULDEOHZKHUH�WKH�HUURU�ZDV�GHWHFWHG��WKLV�LV�QRW�QHFHVVDULO\�WKH�RIIHQGLQJ�YDULDEOH��



��

,QWHUDFWLYH�FRQVLVWHQF\�FKHFNV
0RYH�WKH�FXUVRU�WR�WKH�%,57+6�YDULDEOH�DQG�SUHVV�W �(',7�DQG�FKDQJH�WKH�&+(&.FRPPDQGV�DVVRFLDWHG�ZLWK�WKLV�YDULDEOH�WR�UHDG�

%,57+6��5$1*(�������,)��$*(0�������$*(3����%,57+6������7+(1����+(/3���48(5<��%LUWK�LQWHUYDO����������*272�%,57+6��(1',)(1'
3UHVV�A �WR�UHWXUQ�WR�WKH�PDLQ�&+(&.�VFUHHQ��3UHVV�X �WR�VDYH�WKH�FKHFNV�DQG�UHWXUQ�WR�WKHWRS�OHYHO�PHQX��6WDUW�(17(5�DQG�VSHFLI\�WKH�0806�ILOH��(QWHU�WKH�VDPSOH�GDWD�DQG�YHULI\�WKDWWKH�FRQVLVWHQF\�FKHFNV�ZRUN�

,'12 $*(0 $*(3 %,57+6��� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� ���� �� �� �
3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�
1RWH�WKDW�LQWHUDFWLYH�FRQVLVWHQF\�FKHFNV�DSSO\�RQO\�WR�QHZ�GDWD�DV�LW�LV�HQWHUHG�DQG�QRW�WR�GDWDDOUHDG\�LQ�WKH�ILOH��<RX�VKRXOG�XVH�$1$/<6,6�WR�FKHFN�GDWD�WKDW�LV�DOUHDG\�LQ�WKH�ILOH�
7KH�,)�����7+(1�����(1',)�FRPPDQG�VHTXHQFH�WHVWV�IRU�D�VSHFLILF�VHW�RI�FRQGLWLRQV�DQG�SHUIRUPDQ�DFWLRQ�EDVHG�RQ�WKH�RXWFRPH�RI�WKH�WHVW�
7KH�+(/3�FRPPDQG�FDXVHV�(17(5�WR�VXVSHQG�GDWD�HQWU\�DQG�SRS�XS�D�ZLQGRZ�RQ�WKH�VFUHHQFRQWDLQLQJ�WKH�WH[W�HQFORVHG�LQ�WKH�TXRWH�����FKDUDFWHUV��7R�UHVXPH�GDWD�HQWU\�WKH�GDWD�HQWU\RSHUDWRU�PXVW�SUHVV�WKH�A �NH\�
7KH�*272�FRPPDQG�FDXVHV�(17(5�WR�PRYH�WKH�FXUVRU�WR�D�VSHFLILHG�YDULDEOH�DQG�LV�XVHGKHUH�WR�HQVXUH�WKDW�RQO\�YDOLG�GDWD�DUH�HQWHUHG�E\�JRLQJ�EDFN�WR�WKH�YDULDEOH�ZKHUH�WKH�HUURU�ZDVGHWHFWHG��7KLV�H[DPSOH�KLJKOLJKWV�D�SUREOHP�ZLWK�XVLQJ�LQWHUDFWLYH�GDWD�FKHFNLQJ��$�ELUWKLQWHUYDO�RI�OHVV�WKDQ�WZR�\HDUV�LV�D�SRVVLEOH�FRUUHFW�YDOXH�IRU�%,57+6��H�J��LQ�WKH�FDVH�RI�WZLQV�EXW�RXU�FKHFNV�ZLOO�QRW�DOORZ�IRU�WKLV��,QWHUDFWLYH�FKHFNV�DUH�SUHVFULSWLYH�DQG�DUH�EHVW�XVHGZKHQ�WKHUH�FDQ�EH�QR�FRQWURYHUVLDO�EXW�FRUUHFW�YDOXHV��,I�\RX�JHW�VWXFN�XVLQJ�LQWHUDFWLYHFKHFNLQJ�\RX�FDQ�XVXDOO\�IRUFH�(17(5�WR�DFFHSW�
IDXOW\
�GDWD�E\�SUHVVLQJ�WKH�G �NH\�



��

2WKHU�IRUPV�RI�GDWD�FKHFNLQJ
7KH�$1$/<6,6�PRGXOH�FDQ�EH�XVHG�WR�SURYLGH�DQRWKHU�IRUP�RI�GDWD�FKHFNLQJ�XVLQJ�VXPPDU\VWDWLVWLFV��7KH�IROORZLQJ�W\SHV�RI�GDWD�FKHFNV�DUH�SRVVLEOH�

'XSOLFDWH�DQG�PLVVLQJ�FDVHV��,I�\RX�XVH�WKH�&+(&.�FRPPDQG�.(<�81,48(�WKHQ�LWLV�XQOLNHO\�WKDW�DQ\�GXSOLFDWH�FDVHV�ZHUH�HQWHUHG��7KH�9$/,'$7(�PRGXOH�ZLOO�DOVRSRLQW�RXW�GXSOLFDWH�FDVHV��$V�D�ILQDO�FKHFN�IRU�GXSOLFDWH�FDVHV�SURGXFH�D�IUHTXHQF\�WDEOH�XVLQJ�WKH�)5(4�FRPPDQG�LQ�$1$/<6,6��RI�WKH�XQLTXH�LGHQWLILHU�YDULDEOH��7KLVVKRXOG�SURGXFH�D�YHU\�ORQJ�WDEOH�ZLWK�QR�FRXQWV�JUHDWHU�WKDQ�RQH��&KHFN�WKH�WDEOH�IRUFRQVHFXWLYH�YDOXHV�RI�WKH�XQLTXH�LGHQWLILHU�YDULDEOH��,I�YDOXHV�DUH�QRW�FRQVHFXWLYH�WKHQ�DFDVH�PD\�QRW�KDYH�EHHQ�HQWHUHG�
([SHFWHG�GLVWULEXWLRQV��,W�LV�OLNHO\�WKDW�\RX�ZLOO�DOUHDG\�NQRZ�VRPHWKLQJ��H�J��IURP�WKH&HQVXV�RU�SUHYLRXV�VWXGLHV��DERXW�WKH�SRSXODWLRQ�XQGHU�VWXG\�VXFK�DV�DJH�GLVWULEXWLRQ�VH[�UDWLR�HWF��<RX�VKRXOG�FKHFN�WKDW�WKH�GLVWULEXWLRQV�LQ�\RXU�GDWD�DUH�VLPLODU�WR�WKRVH\RX�H[SHFWHG�XVLQJ�WKH�)5(4�DQG�0($16�FRPPDQGV�LQ�$1$/<6,6�

5HSUHVHQWLQJ�GDWD�LQ�JUDSKLFDO�IRUP�RIWHQ�PDNHV�LW�HDV\�WR�LGHQWLI\�RXWOLHUV��H[WUHPH�YDOXHV��7KH�$1$/<6,6�PRGXOH�SURYLGHV�WKH�3,(��%$5��+,672*5$0��DQG�6&$77(5�FRPPDQGV�IRUWKLV�SXUSRVH��7KH�+,672*5$0�FRPPDQG�LV�XVHIXO�LQ�JDXJLQJ�WKH�VKDSH�RI�WKH�GLVWULEXWLRQ�RI\RXU�GDWD��H�J��QRUPDO��XQLIRUP��HWF���



��

'DWD�0DQDJHPHQW



��



��

,QWURGXFWLRQ�DQG�REMHFWLYHV
,Q�WKLV�VHFWLRQ�ZH�ZLOO�GLVFXVV�VRPH�DVSHFWV�RI�GDWD�PDQDJHPHQW�WKDW�FDQ�EH�SHUIRUPHG�ZLWK(SL,QIR��'DWD�PDQDJHPHQW�FDQ�EH�VSOLW�LQWR�WZR�EURDG�FDWHJRULHV�DQG�LV�SHUIRUPHG�E\�WZRPRGXOHV�RI�(SL,QIR�

7KH�ILUVW�FDWHJRU\�FUHDWHV�DQG�PDQLSXODWHV�LQGLYLGXDO�YDULDEOHV�LQ�D�GDWDVHW��([DPSOHVDUH�FODVVLI\LQJ�SHRSOH�ZKRVH�DJHV�DUH�NQRZQ�LQWR�GLVFUHWH�DJH�FODVVHV��DQG�WUDQVIRUPLQJPDODULD�SDUDVLWDHPLD�IURP�SDUDVLWHV�SHU�����OHXFRF\WHV�WR�SDUDVLWHV�SHU�PO��7KHVHIXQFWLRQV�DUH�SHUIRUPHG�E\�WKH�$1$/<6,6�PRGXOH�
7KH�VHFRQG�FDWHJRU\�GHDOV�ZLWK�WKH�XVH�RI�VHYHUDO�GDWD�VHWV�VLPXOWDQHRXVO\��([DPSOHVDUH�DSSHQGLQJ�D�ILOH�WKDW�FRQWDLQV�WKLV�\HDU
V�GDWD�WR�D�ILOH�FRQWDLQLQJ�ODVW�\HDU
V�DQGHDUOLHU�GDWD��DQG�OLQNLQJ�D�ILOH�FRQWDLQLQJ�ODERUDWRU\�UHVXOWV�WR�D�ILOH�FRQWDLQLQJ�ILHOGUHVXOWV��7KHVH�IXQFWLRQV�DUH�SHUIRUPHG�E\�WKH�0(5*(�PRGXOH��VRPH�RI�WKHVH�IXQFWLRQVDUH�DOVR�DYDLODEOH�ZLWKLQ�WKH�$1$/<6,6�PRGXOH��

7KLV�VHFWLRQ�LV�GHVLJQHG�WR�GHPRQVWUDWH�VRPH�FRPPRQ�WDVNV�LQYROYHG�LQ�WKH�PDQDJHPHQW�RIUHDO�GDWDVHWV��7KH�PDWHULDO�FRYHUV�
��5HFRGLQJ�PLVVLQJ�YDOXH�FRGHV�WR�V\VWHP�PLVVLQJ�YDOXHV�
��'HILQLQJ�DQG�FUHDWLQJ�QHZ�YDULDEOHV�
��0HUJLQJ�GDWDVHWV�
��)ROORZ�XS�DQG�UHFDOO�



��

%DFNJURXQG
2QFKRFHUFLDVLV��RU�PRUH�IDPLOLDUO\�ULYHU�EOLQGQHVV��LV�D�FRPPRQ�DQG�GHELOLWDWLQJ�GLVHDVH�RI�WKHWURSLFV��,W�LV�PDLQO\�D�FKURQLF�GLVHDVH��DIIHFWLQJ�WKH�VNLQ�DQG�H\HV�RI�DIIOLFWHG�SHUVRQV��,WVSDWKRORJ\�LV�WKRXJKW�WR�EH�GXH�WR�WKH�FXPXODWLYH�HIIHFWV�RI�LQIODPPDWRU\�UHVSRQVHV�WR�LPPRELOHDQG�GHDG�PLFURILODULDH�LQ�WKH�VNLQ�DQG�H\HV��0LFURILODULDH�DUH�WLQ\�ZRUP�OLNH�SDUDVLWHV�GHSRVLWHG�LQ�WKH�VNLQ�E\�IOLHV�WKDW�LQIHVW�VRPH�WURSLFDO�ULYHUV��7KH�ZRUPV�DUH�GHWHFWDEOH�E\PLFURVFRSLF�H[DPLQDWLRQ�RI�VNLQ�VDPSOHV��XVXDOO\�VQLSSHG�IURP�DURXQG�WKH�KLSV��VHYHULW\�RILQIHFWLRQ�LV�PHDVXUHG�E\�FRXQWLQJ�WKH�DYHUDJH�QXPEHU�RI�ZRUPV�SHU�PLFURJUDP�RI�VNLQH[DPLQHG�
$�GRXEOH�EOLQG�SODFHER�FRQWUROOHG�WULDO�ZDV�GHVLJQHG�WR�VWXG\�WKH�FOLQLFDO�DQG�SDUDVLWRORJLFDOHIIHFWV�RI�UHSHDWHG�WUHDWPHQW�ZLWK�D�QHZO\�GHYHORSHG�GUXJ�FDOOHG�,YHUPHFWLQ��6XEMHFWV�ZHUHHQUROOHG�IURP�VL[�YLOODJHV�LQ�6LHUUD�/HRQH��:HVW�$IULFD���DQG�LQLWLDO�GHPRJUDSKLF�DQGSDUDVLWRORJLFDO�VXUYH\V�ZHUH�FRQGXFWHG�EHWZHHQ�-XQH�DQG�2FWREHU�������6XEMHFWV�ZHUHUDQGRPO\�DOORFDWHG�WR�HLWKHU�WKH�,YHUPHFWLQ�WUHDWPHQW�JURXS�RU�WKH�SODFHER�FRQWURO�JURXS�5DQGRPLVDWLRQ�ZDV�GRQH�LQ�/RQGRQ��1HLWKHU�WKH�FOLQLFDO�VXUYH\�WHDPV�QRU�WKH�VWXG\�SRSXODWLRQNQHZ�WKH�PHDQLQJ�RI�WKH�FRGHV�XVHG�WR�ODEHO�WKH�WZR�WUHDWPHQWV�
)ROORZ�XS�SDUDVLWRORJ\�DQG�UHSHDWHG�WUHDWPHQW�ZDV�SHUIRUPHG�IRU�ILYH�IXUWKHU�VXUYH\V�DW�VL[PRQWKO\�LQWHUYDOV��7KH�SULQFLSDO�RXWFRPH�RI�LQWHUHVW�ZDV�WKH�FRPSDULVRQ�EHWZHHQ�PLFURILODULDOFRXQWV�ERWK�EHIRUH�DQG�DIWHU�WUHDWPHQW��DQG�EHWZHHQ�WKH�WZR�WUHDWPHQW�JURXSV�
7KH�GDWD
$V�D�GHPRQVWUDWLRQ��ZH�ZLOO�XVH�WKH�RQFKRFHUFLDVLV�GDWDVHW��LQWURGXFHG�HDUOLHU�LQ�WKLV�ERRN�'HWDLOHG�LQIRUPDWLRQ�DERXW�WKH�GDWD�FDQ�EH�IRXQG�LQ�$SSHQGL[���



��

2ULHQWDWLRQ
'DWD�IURP�WKLV�WULDO�ZHUH�FROOHFWHG�DQG�HQWHUHG�LQWR�DQ�(SL,QIR�GDWD���5(&��ILOH�XVLQJ�WKH(17(5�PRGXOH��7KH�&+(&.�PRGXOH�ZDV�XVHG�IRU�YDOLGDWLRQ�RI�OHJDO�FRGHV�DW�GDWD�HQWU\��'DWDZHUH�HQWHUHG�WZLFH�DQG�YDOLGDWHG�XVLQJ�WKH�9$/,'$7(�PRGXOH�
6HYHUDO�ILOHV�ZHUH�XVHG�WR�VWRUH�WKH�GDWD�

)LOHQDPH &RQWHQWV'(02*B��5(& %DVHOLQH�GHPRJUDSK\�ILOH'(02*B��5(& %DVHOLQH�GHPRJUDSK\�ILOH'(02*B��5(& %DVHOLQH�GHPRJUDSK\�ILOH0,&52�5(& 0LFURILODULDH�FRXQWV%/22'�5(& 5HVXOWV�IURP�EORRG�VDPSOHV707&2'(6�5(& 5DQGRPLVDWLRQ�FRGHV
)XOO�GHWDLOV�RI�HDFK�ILOH
V�VWUXFWXUH�DQG�FRGLQJ�VFKHPH�DUH�VKRZQ�LQ�WKH�$SSHQGL[���
6WDUW�$1$/<6,6�DQG�LVVXH�WKH�FRPPDQG�

UHDG�GHPRJB��UHF
WR�UHWULHYH�WKH�ILUVW�EDVHOLQH�GHPRJUDSK\�ILOH��3UHVV�R �WR�%52:6(�WKURXJK�WKH�ILOH��7DNH�QRWHRI�WKH�YDULDEOH�QDPHV�DQG�YDOXHV��8VH�WKH�DUURZ�NH\V�WR�PRYH�WKURXJK�WKH�ILOH��3UHVV�WKH�ANH\�WR�UHWXUQ�WR�WKH�$1$/<6,6�PDLQ�VFUHHQ�
([DPLQH�WKH�FRQWHQWV�RI�DOO�WKHVH�GHPRJUDSK\�ILOHV��'(02*B��5(&��'(02*B��5(&��DQG'(02*B��5(&���&KHFN�WKDW�WKHVH�ILOHV�KDYH�WKH�VDPH�VWUXFWXUH��([DPLQH�WKH�FRQWHQWV�RI�WKHRWKHU�GDWD�ILOHV��0,&52�5(&��%/22'�5(&��DQG�707&2'(6�5(&��
$QRWKHU�ZD\�RI�ORRNLQJ�DW�WKH�VWUXFWXUH�RI�D�GDWD�ILOH�LV�WR�XVH�WKH�9$5,$%/(6�FRPPDQG��7KH9$5,$%/(6�FRPPDQG�GLVSOD\V�D�OLVW�RI�YDULDEOHV�LQ�WKH�FXUUHQW�GDWD�ILOH�ZLWK�LQIRUPDWLRQDERXW�WKHLU�W\SH�DQG�OHQJWK��7KH�Q �NH\�DOVR�GLVSOD\V�D�OLVW�RI�YDULDEOHV�EXW�ZLWKRXW�LQIRUPDWLRQDERXW�WKHLU�W\SH�DQG�OHQJWK�



��

&RQFDWHQDWLRQ
'HPRJUDSKLF�TXHVWLRQQDLUHV�ZHUH�ILOHG�E\�,'12�LQ�WKH�ILHOG�RIILFH��7KH�GDWD�HQWU\�WDVN�ZDVVLPSOLILHG�E\�HQWHULQJ�GDWH�LQWR�WKUHH�VHSDUDWH�ILOHV�IRU�,'12V������������������DQG�������7KH�VDPH��4(6�ILOH�ZDV�XVHG��EXW�WKH�HQG�UHVXOW�ZDV�WKUHH�GLIIHUHQW�ILOHV��:H�ZDQW�WR�MRLQ�WKHWKUHH�ILOHV�HQG�WR�HQG�WR�FUHDWH�D�VLQJOH�ILOH�IRU�DQDO\VLV�
7KH�SURFHVV�RI�MRLQLQJ�ILOHV�HQG�WR�HQG�LV�FDOOHG�FRQFDWHQDWLRQ��7KH�0(5*(�PRGXOH�LQ�(SL,QIRZLOO�DOORZ�XV�WR�FRQFDWHQDWH��L�H��MRLQ�WRJHWKHU�HQG�WR�HQG��GLIIHUHQW�(SL,QIR�ILOHV��$W�HDFK�SDVV�WKH�0(5*(�PRGXOH�ZLOO�FRQFDWHQDWH�WZR�ILOHV�WR�PDNH�D�FRPELQHG�ILOH�
6WDUW�WKH�0(5*(�PRGXOH��)LOO�LQ�WKH�SURPSWV�DV�IROORZV�

)LOH��� '(02*B�)LOH��� '(02*B�2XWSXW�ILOH� 7(030HUJH�RSWLRQV� &RQFDWHQDWH
7KH�0(5*(�PRGXOH�ZLOO�FUHDWH�D�QHZ�(SL,QIR�GDWD�ILOH��FDOOHG�7(03��WKDW�FRQWDLQV�WKHUHFRUGV�IURP�ERWK�LQSXW�ILOHV�
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3UHVV�H �WR�FOHDU�WKH�0(5*(�LQIRUPDWLRQ�ER[�
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&RQFDWHQDWLRQ
5HSHDW�WKH�0(5*(�EXW�WKLV�WLPH�FRQFDWHQDWH�7(03�5(&�ILOH�ZLWK�'(02*B��5(&��&DOO�\RXURXWSXW�ILOH�'(02*�5(&��3UHVV�H �WR�FOHDU�WKH�0(5*(�LQIRUPDWLRQ�ER[��3UHVV�X �WR�H[LW0(5*(�DQG�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�
6WDUW�WKH�$1$/<6,6�PRGXOH��7\SH�WKH�FRPPDQG�

UHDG�GHPRJ�UHF
$QG�SUHVV�WKH�H �NH\��(SL,QIR�ZLOO�GLVSOD\�WKH�WRWDO�QXPEHU�RI�UHFRUGV�LQ�WKH�FRPSOHWH�ILOH�7KHUH�VKRXOG�EH������UHFRUGV�
<RX�PD\�JHW�D�PHVVDJH�5817,0(�(5525�����ZKHQ�FUHDWLQJ�QHZ�ILOHV��7KLV�PHDQV�WKDW\RXU�GLVN��RU�QHWZRUN�DOORZDQFH��LV�IXOO��5HWXUQ�WR�'26�DQG�GHOHWH�VRPH�XQZDQWHG�ILOHV�
,W�LV�DOVR�SRVVLEOH�WR�FRQFDWHQDWH�ILOHV�ZLWK�$1$/<6,6��7R�GR�WKLV�\RX�VKRXOG�OLVW�WKH�QDPHV�RIWKH�ILOHV�WR�EH�FRQFDWHQDWHG�LQ�WKH�5($'�FRPPDQG�

UHDG�GHPRJB��UHF�GHPRJB��UHF�GHPRJB��UHF
7KH�ILOHV�PXVW�KDYH�LGHQWLFDO�VWUXFWXUHV��7KH�ILOHV�DUH�FRQFDWHQDWHG�WHPSRUDULO\�DQG�WKH�HQG�WR�HQG�MRLQ�ZLOO�EH�EURNHQ�ZKHQ�\RX�TXLW�$1$/<6,6��<RX�FDQ�PDNH�WKH�MRLQ�SHUPDQHQW�E\FUHDWLQJ�D�QHZ�ILOH�XVLQJ�WKH�5287(�ILOHQDPH�DQG�:5,7(�5(&),/(�FRPPDQGV�

UHDG�GHPRJB��UHF�GHPRJB��UHF�GHPRJB��UHFHUDVH�GHPRJ�UHFURXWH�GHPRJ�UHFZULWH�UHFILOH
,I�\RX�XVH�WKLV�PHWKRG�RI�FRQFDWHQDWLQJ�ILOHV�PDNH�VXUH�WKDW�WKH�RXWSXW�ILOH�GRHV�QRW�DOUHDG\H[LVW��DV�LV�GRQH�ZLWK�WKH�(5$6(�FRPPDQG�LQ�WKH�H[DPSOH�DERYH��EHIRUH�ZULWLQJ�WR�LW�DV:5,7(�5(&),/(�ZLOO�DGG�UHFRUGV�WR�DQ�DOUHDG\�H[LVWLQJ�ILOH�DQG�WKLV�PD\�QRW�EH�ZKDW�\RXZDQW�WR�KDSSHQ��,I�WKH�RXWSXW�ILOH�DOUHDG\�H[LVWV�DQG�KDV�D�GLIIHUHQW�VWUXFWXUH�IURP�WKH�ILOHV�\RXDUH�WU\LQJ�WR�FRQFDWHQDWH�WKHQ�WKH�UHVXOWLQJ�ILOH�ZLOO�EH�XQXVDEOH�
%RWK�0(5*(�DQG�$1$/<6,6�UHTXLUH�WKDW�WKH�ILOHV�WR�EH�FRQFDWHQDWHG�KDYH�LGHQWLFDOVWUXFWXUHV�
7KH�ILOH�7(03�5(&�LV�QR�ORQJHU�UHTXLUHG�DQG�FDQ�EH�VDIHO\�GHOHWHG�



��

0LVVLQJ�YDOXHV
0RVW�GDWDVHWV�ZLOO�FRQWDLQ�PLVVLQJ�YDOXHV��0LVVLQJ�YDOXHV�DUH�RIWHQ�UHFRUGHG�XVLQJ�LPSRVVLEOHYDOXHV�IRU�HDFK�ILHOG��,Q�WKH�%/22'�5(&�GDWD�ILOH��D�3&9�RI����LV�QRW�SRVVLEOH��VR�WKLV�YDOXH�LVXVHG�WR�IODJ�D�PLVVLQJ�YDOXH��0LVVLQJ�YDOXHV�KDYH�WR�EH�WUHDWHG�FDUHIXOO\�GXULQJ�DQDO\VLV�RU�WKH\ZLOO�
SROOXWH
�WKH�UHVXOWV��$SSHQGL[���VKRZV�WKH�PLVVLQJ�YDOXH�FRGHV�IRU�HDFK�YDULDEOH�LQ�WKHGDWDVHW��0RVW�VWDWLVWLFDO�SDFNDJHV��LQFOXGLQJ�(SL,QIR��KDYH�ZD\V�RI�UHPRYLQJ�PLVVLQJ�YDOXHVIURP�DQDO\VLV�
,Q�WKH�$1$/<6,6�PRGXOH��HQWHU�WKH�FRPPDQG�

UHDG�EORRG�UHF
3UHVV�R �WR�EURZVH�WKURXJK�WKH�GDWD��7KHUH�DUH�ILYH�YDULDEOHV�

9DULDEOH &RQWHQWV 0LVVLQJ,'12 5HVSRQGHQW�,'�QXPEHU65 6XUYH\�URXQG(26,1 (RVLQRSKLO�FRXQW ����3&9 3DFNHG�FHOO�YROXPH ��036 3UHVHQFH�RI�PDODULD�SDUDVLWHV �
3UHVV�A �WR�UHWXUQ�WR�WKH�$1$/<6,6�PDLQ�VFUHHQ��7R�SURGXFH�D�KLVWRJUDP�RI�WKH�3&9YDULDEOH��HQWHU�WKH�FRPPDQG�

KLVWRJUDP�SFY
7KH�PLVVLQJ�YDOXHV�DUH�WR�WKH�ULJKW�KDQG�VLGH�RI�DQ�RWKHUZLVH�V\PPHWULF�EHOO�VKDSHGGLVWULEXWLRQ��,I�WKH�PLVVLQJ�YDOXHV�DUH�LQFOXGHG�WKH\�ZLOO�SROOXWH�WKH�DQDO\VLV��(QWHU�WKHFRPPDQG�

PHDQV�SFY��Q
7KHVH�FRPPDQGV�ZLOO�VKRZ�WKH�PHDQ��VWDQGDUG�GHYLDWLRQ�DQG�TXDUWLOHV�RI�WKH�GLVWULEXWLRQ�RI3&9��7KH�VWDQGDUG�GHYLDWLRQ�LV�KXJH��DQG�WKH�TXDUWLOHV�DUH�ZURQJ��8VH�+(/3�O �DQG�VHOHFW0($16�WR�ILQG�RXW�ZKDW�LV�WKH�SXUSRVH�RI�WKH�
�1
�DW�WKH�HQG�RI�WKH�0($16�FRPPDQG��7RUHPHG\�WKLV��XVH�WKH�UHFRGH�FRPPDQG�

UHFRGH�SFY��� �
7KH�SHULRG�����DW�WKH�HQG�RI�WKLV�FRPPDQG�LV�LPSRUWDQW��,W�LV�(SL,QIR
V�VSHFLDO�FRGH�IRU�D�PLVVLQJYDOXH��5HSHDW�WKH�+,672*5$0�DQG�0($16�FRPPDQGV��7KH�PLVVLQJ�YDOXHV�DUH�QRZH[FOXGHG�IURP�WKH�DQDO\VLV��5HFRGH�WKH�(26,1�DQG�WKH�036�YDULDEOHV�DQG�VDYH�WKH�FOHDQHGGDWD�ZLWK�WKH�FRPPDQGV�

UHFRGH�HRVLQ����� �UHFRGH�PSV�� �HUDVH�EORRGFOQ�UHFURXWH�EORRGFOQ�UHFZULWH�UHFILOH



��

&UHDWLQJ�DQG�WUDQVIRUPLQJ�YDULDEOHV
7KH�SULQFLSDO�RXWFRPH�YDULDEOHV�LQ�WKLV�VWXG\�DUH�

�� WKH�SUHVHQFH�RU�DEVHQFH�RI�PLFURILODULDH�LQ�VNLQ�VDPSOHV
�� WKH�DYHUDJH�GHQVLW\�RI�PLFURILODULDH�SHU�PLOOLJUDP�RI�VNLQ

,Q�WKH�GDWD�ILOH�0,&52�5(&�WKH�YDULDEOHV�0)5,&�DQG�0)/,&�FRQWDLQ�WKH�QXPEHUV�RIPLFURILODULDH�REVHUYHG�LQ�HDFK�ULJKW�DQG�OHIW�VNLQ�VDPSOH��7KH�YDULDEOHV�665,&�DQG�66/,&UHFRUG�WKH�GLDPHWHUV�RI�WKH�ULJKW�DQG�OHIW�VNLQ�VDPSOHV��,W�LV�FRPPRQ�WR�FRQYHUW�WKH�GLDPHWHU�RID�VNLQ�VQLS�WR�LWV�PDVV�XVLQJ�WKH�IRUPXOD�
�PDVV�LQ�PJ�� �������
��GLDPHWHU�LQ�PP���������

,Q�$1$/<6,6�LVVXH�WKH�5($'�FRPPDQG�WR�DFFHVV�WKH�ILOH�0,&52�5(&�
UHDG�PLFUR�UHF

8VH�%52:6(�R �WR�IDPLOLDULVH�\RXUVHOI�ZLWK�WKLV�ILOH�
5HFRGH�PLVVLQJ�YDOXHV�WR�WKH�(SL,QIR�PLVVLQJ�YDOXHV�XVLQJ�WKH�FRPPDQGV�

UHFRGH�PIULF���� �UHFRGH�PIOLF���� �UHFRGH�VVULF�� �UHFRGH�VVOLF�� �
:H�QHHG�WR�GHILQH�D�QHZ�YDULDEOH�WR�FRQWDLQ�WKH�WRWDO�QXPEHU�RI�PLFURILODULDH�LQ�ERWK�VDPSOHV�:H�VKRXOG�GHILQH�WKLV�QHZ�YDULDEOH�EHIRUH�LW�LV�XVHG�

GHILQH�PIWRW�����
1RWH�WKDW�WKH�VDPH�VSHFLDO�FKDUDFWHUV�XVHG�LQ�TXHVWLRQQDLUH���4(6��ILOHV�DUH�XVHG�ZLWK�WKH'(),1(�FRPPDQG�WR�VSHFLI\�YDULDEOH�W\SH�DQG�OHQJWK��,VVXH�WKH�IROORZLQJ�FRPPDQG�WR�ILQG�WKHVXP�RI�WKH�OHIW�DQG�ULJKW�PLFURILODULDH�FRXQWV�DQG�VWRUH�WKH�UHVXOW�LQ�WKH�QHZO\�GHILQHG�YDULDEOH0)727�

PIWRW� �PIOLF���PIULF
1RWH�WKDW�0)727�ZLOO�EH�VHW�WR�PLVVLQJ�LI�HLWKHU�0)/,&�RU�0)5,&�FRQWDLQ�PLVVLQJ�YDOXHV�
1H[W��GHILQH�D�ELQDU\�YDULDEOH�WR�LQGLFDWH�WKH�SUHVHQFH�RI�DQ\�PLFURILODULDH�

GHILQH�PIDQ\��UHFRGH�PIWRW�WR�PIDQ\�� ����KL �
+,�LV�D�VSHFLDO�NH\ZRUG�WKDW�VWDQGV�IRU�DOO�KLJKHU�YDOXHV��7KHUH�LV�DOVR�D�NH\ZRUG�/2�WKDWVWDQGV�IRU�DOO�ORZHU�YDOXHV�
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&UHDWLQJ�DQG�WUDQVIRUPLQJ�YDULDEOHV
7R�VHH�WKH�RYHUDOO�SHUFHQWDJH�SRVLWLYH�IRU�PLFURILODULDH�DFURVV�DOO�VDPSOHV�LVVXH�WKH�FRPPDQG�

IUHT�PIDQ\
7R�JHW�VLPLODU�SHUFHQWDJHV�IRU�HDFK�VXUYH\�VHSDUDWHO\�LVVXH�WKH�FRPPDQGV�

VHW�OLQHV� �RQVHW�SHUFHQWV� �RQWDEOHV�VU�PIDQ\
,W�LV�ZLVH�WR�VDYH�\RXU�GDWD���5(&��ILOH�UHJXODUO\�LI�\RX�DUH�GRLQJ�PDQ\�UHFRGHV��LQ�FDVH�RI�HUURURU�V\VWHP�IDLOXUH��8VH�D�GLIIHUHQW�ILOHQDPH��RU�WKH�(5$6(�FRPPDQG��LI�\RX�GR�QRW�ZLVK�WRDSSHQG��DGG�WR�WKH�HQG�RI��DQ�H[LVWLQJ�ILOH��)RU�H[DPSOH��DW�WKLV�VWDJH�

HUDVH�PIWHPS�UHFURXWH�PIWHPS�UHFZULWH�UHFILOH
3UHVV�X �WR�TXLW�$1$/<6,6��5H�VWDUW�$1$/<6,6�DQG�LVVXH�WKH�FRPPDQG�

UHDG�PIWHPS�UHF
$�EHWWHU�DSSURDFK�LV�WR�XVH�D�SURJUDP��VHH�SDJH�����WR�SHUIRUP�UHFRGHV�DQG�WUDQVIRUPDWLRQV�
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&UHDWLQJ�DQG�WUDQVIRUPLQJ�YDULDEOHV
&UHDWH�D�QHZ�YDULDEOH�FDOOHG�0)'(16�WR�KROG�WKH�GHQVLW\�SHU�PJ�RI�PLFURILODULDH��:H�ZDQW�DQXPHULF�YDULDEOH�ZLWK�RQH�GHFLPDO�SODFH�VR�HQWHU�WKH�FRPPDQGV�

GHILQH�PIGHQV������PIGHQV� �PIWRW�����������
��VVOLF���VVULF����������
7R�VHH�WKH�PHDQ�GHQVLW\�RI�PLFURILODULDH�IRU�DOO�VDPSOHV�LVVXH�WKH�FRPPDQG�

PHDQV�PIGHQV��Q
7R�JHW�WKH�PHDQ�GHQVLW\�VHSDUDWHO\�IRU�HDFK�VXUYH\�URXQG�LVVXH�WKH�FRPPDQG�

PHDQV�PIGHQV�VU��Q
6DYH�WKH�UHVXOWV�RI�\RXU�UHFRGLQJ�LQ�D�QHZ�ILOH�ZLWK�WKH�FRPPDQGV�

HUDVH�PLFURFOQ�UHFURXWH�PLFURFOQ�UHFZULWH�UHFILOH
3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�
7KH�FRPSDULVRQ�EHWZHHQ�VXUYH\V�LV�QRW�YDOLG�EHFDXVH�WKH�VDPH�SHRSOH�ZHUH�XVHG�DW�ERWKVXUYH\V��/DWHU�ZH�ZLOO�UHDUUDQJH�WKLV�GDWD�ILOH�VR�WKDW�FRPSDULVRQV�FDQ�EH�PDGH�ZLWKLQ VXEMHFW�
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)LOH�VSOLWWLQJ
6WDUW�$1$/<6,6�DQG�5($'�WKH�UHFHQWO\�FUHDWHG�PLFURILODULDH�ILOH��0,&52&/1�5(&��%URZVHWKURXJK�WKH�GDWD�WR�FKHFN�WKDW�LW�FRQWDLQV�ZKDW�\RX�H[SHFW��:H�ZDQW�WR�VHOHFW�RQO\�WKRVH�UHVXOWVIRU�WKH�EDVHOLQH�VXUYH\��(QWHU�WKH�FRPPDQGV�

VHOHFW�VU� ��
1RWH�WKH�VHOHFWLRQ�FULWHULRQ�LV�VKRZQ�LQ�WKH�VWDWXV�OLQH�DW�WKH�WRS�RI�WKH�VFUHHQ��&UHDWH�D�QHZ�ILOHFDOOHG�0,&52��5(&�WR�KROG�GDWD�IRU�WKH�ILUVW�VXUYH\�URXQG��(QWHU�WKH�FRPPDQGV�

HUDVH�PLFUR��UHFURXWH�PLFUR��UHFZULWH�UHFILOH�LGQR�VU�PIDQ\�PIGHQV
$V�ZH�RQO\�QHHG�WKH�QHZO\�FUHDWHG�YDULDEOHV�0)$1<�DQG�0)'(16�LQ�ODWHU�DQDO\VHV�ZH�FDQVDYH�GLVN�VSDFH�DQG�SURFHVVLQJ�WLPH�E\�ZULWLQJ�WR�GLVN�RQO\�WKH�YDULDEOHV�ZH�ZDQW��&UHDWH�DVLPLODU�ILOH�IRU�WKH�GDWD�IURP�WKH�ILIWK�VXUYH\��)LUVW�FOHDU�WKH�FXUUHQW�6(/(&7LRQ�FULWHULD�E\HQWHULQJ�WKH�FRPPDQG�

VHOHFW
6(/(&7�RQO\�WKH�UHVXOWV�IRU�WKH�ILIWK�VXUYH\�E\�HQWHULQJ�WKH�FRPPDQG�

VHOHFW�VU� ��
:H�PXVW�EH�FDUHIXO�WR�XVH�GLIIHUHQW�QDPHV�IRU�WKH�YDULDEOHV�ZH�VDYH��VR�WKDW�ZKHQ�WKH�WLPHFRPHV�WR�PHUJH�WKH�GDWD�ILOHV��ZH�FDQ�GLIIHUHQWLDWH�EHWZHHQ�WKH�LQLWLDO�DQG�WKH�ODWHU�UHVXOWV�(QWHU�WKH�FRPPDQGV�

GHILQH�PIDQ\���GHILQH�PIGHQV�������PIDQ\�� �PIDQ\PIGHQV�� �PIGHQVHUDVH�PLFUR��UHFURXWH�PLFUR��UHFZULWH�UHFILOH�LGQR�VU�PIDQ\��PIGHQV�
:H�KDYH�VSOLW�WKH�ILOH�0,&52�5(&�LQWR�WZR�ILOHV�FDOOHG�0,&52��5(&�DQG�0,&52��5(&�

1 1EHFRPHV �
5

5

8VH�5($'�DQG�R �WR�EURZVH�WKURXJK�0,&52��5(&�DQG�WKHQ�WKURXJK�0,&52��5(&��+RZPDQ\�UHFRUGV�DUH�LQ�HDFK�ILOH"�:K\�DUH�WKHUH�IHZHU�UHFRUGV�LQ�0,&52��WKDQ�LQ�0,&52�"�,VWKLV�D�SUREOHP�IRU�WKH�DQDO\VLV"
3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�
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)LOH�PHUJLQJ
$�SURSHU�DQDO\VLV�RI�WKH�PLFURILODULDH�UHVXOWV�IURP�WKLV�VWXG\�UHTXLUHV�D�OLQN�WR�EH�PDGH�EHWZHHQWKH�EHIRUH�DQG�DIWHU�UHVXOWV�IRU�HDFK�VXEMHFW��,Q�FRPSDULQJ�WKH�GHQVLW\�RI�LQIHFWLRQ�ZH�VKRXOGFRQVLGHU�WKH�GLIIHUHQFH�LQ�GHQVLW\�DIWHU�WUHDWPHQW�FRPSDUHG�ZLWK�WKDW�EHIRUH�WUHDWPHQW��7R�GRWKLV�ZH�QHHG�WR�KDYH�WKH�UHVXOWV�OLQNHG�E\�VXEMHFW�LGHQWLILHU��(SL,QIR�SURYLGHV�WZR�ZD\V�WRSHUIRUP�VXFK�D�OLQN��8VLQJ�WKH�0(5*(�PRGXOH��ZH�FDQ�FUHDWH�D�SHUPDQHQW�OLQNHG�ILOH��ZLWK�WKHEHIRUH�DQG�DIWHU�UHVXOWV�VWRUHG�LQ�WKH�VDPH�ILOH��$QRWKHU��VRPHWLPHV�PRUH�HIILFLHQW��ZD\�WRPDWFK�WKH�EHIRUH�DQG�DIWHU�UHVXOWV�LV�WR�XVH�WKH�5(/$7(�FRPPDQG�LQ�WKH�$1$/<6,6�PRGXOH�
)URP�WKH�3URJUDPV�PHQX��VHOHFW�WKH�0(5*(�PRGXOH��)LOO�LQ�WKH�SURPSWV�DV�IROORZV�

)LOH��� 0,&52�)LOH��� 0,&52�2XWSXW�ILOH� 0,&52��0HUJH�RSWLRQV� -RLQ
3UHVV�WKH�H �NH\�WZLFH��:LWK�WKH�FXUVRU�LQ�WKH�FKHFN�ER[�QH[W�WR�
,'12
�SUHVV�WKH�N EDUWR�PDUN�WKLV�ILHOG�DV�WKH�PDWFK�ILHOG��3UHVV�H ��:LWK�WKH�FXUVRU�LQ�WKH�FKHFN�ER[�QH[W�WR�

,QFOXGH�XQPDWFKHG�UHFRUGV
SUHVV�WKH�N �EDU��3UHVV�WKH�H �NH\�WZLFH��0(5*(�ZLOO�MRLQ�WKH�ILOHV�0,&52��5(&�DQG0,&52��5(&�VLGH�E\�VLGH�PDWFKLQJ�HDFK�UHFRUG�XVLQJ�WKH�,'12�YDULDEOH�DQG�FUHDWH�D�QHZILOH�FDOOHG�0,&52���5(&�WKDW�FRQWDLQV�PLFURILODULDO�FRXQWV�IRU�HDFK�VXEMHFW�IURP�ERWKVXUYH\V�
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3UHVV�H �WR�FOHDU�WKH�0(5*(�LQIRUPDWLRQ�ER[��3UHVV�X �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�8VH�WKH�$1$/<6,6�PRGXOH�WR�5($'�0,&52����%URZVH�R �WKURXJK�WKH�ILOH�DQG�FKHFN�WKDWWKH�ILOH�FRQWDLQV�LQIRUPDWLRQ�IURP�ERWK�WKH�ILUVW�DQG�WKH�ILIWK�VXUYH\V�
7ZR�ILOHV�FDQ�EH�0(5*(G�VLGH�E\�VLGH�RQO\�LI�WKH\�VKDUH�D�FRPPRQ�OLQNLQJ�YDULDEOH�WKDW�KDVWKH�VDPH�QDPH��W\SH��DQG�OHQJWK�LQ�ERWK�ILOHV��7KH�0(5*(�RSHUDWLRQ�FDQ�EH�LQFOXVLYH�RUH[FOXVLYH�GHSHQGLQJ�RQ�ZKHWKHU�\RX�ZDQW�DOO�FDVHV�LQ�WKH�RXWSXW�ILOH�RU�MXVW�WKRVH�ZLWK�PDWFKLQJFDVHV�LQ�ERWK�ILOHV��,W�LV�LPSRUWDQW�WR�GLIIHUHQWLDWH�EHWZHHQ�ILOHV�ZLWK�XQLTXH�PDWFKLQJ�LGHQWLILHUV�L�H��HDFK�ILOH�KDV�RQO\�RQH�FDVH�IRU�HDFK�LGHQWLILHU��DQG�ILOHV�ZLWK�PXOWLSOH�PDWFKHV��H�J�PRWKHUV
�DQG�FKLOGUHQ
V�ILOHV���0(5*(�FDQ�GHDO�ZLWK�HLWKHU�VLWXDWLRQ�EXW�WKH�ILOH�ZLWK�XQLTXHLGHQWLILHUV�PXVW�EH�QDPHG�ILUVW�RQ�WKH�0(5*(�LQSXW�VFUHHQ�
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)LOH�PHUJLQJ
7KH�0(5*(�PRGXOH�ZDV�XVHG�WR�OLQN�WZR�ILOHV�WRJHWKHU�VLGH�E\�VLGH��7KH�VDPH�RSHUDWLRQ�FDQEH�SHUIRUPHG�XVLQJ�WKH�5(/$7(�FRPPDQG�LQ�WKH�$1$/<6,6�PRGXOH�
8VH�WKH�$1$/<6,6�PRGXOH�WR�5($'�'(02*�5(&��8VH�%52:6(�R �WR�IDPLOLDULVH\RXUVHOI�ZLWK�WKLV�ILOH�
%HIRUH�VSHFLI\LQJ�WKH�UHODWLRQ�ZH�ZLOO�GHILQH�D�UHFRGHG�DJH�YDULDEOH�WKDW�ZLOO�EH�XVHIXO�LQ�ODWHUZRUN�

GHILQH�DJHJ��UHFRGH�DJH�WR�DJHJ���� ������ ������� ������� �����KL �
1RZ�DWWDFK�WKH�PLFURILODULDH�UHVXOWV�WR�WKH�FXUUHQW�GDWDVHW�ZLWK�WKH�FRPPDQG�

UHODWH�LGQR�PLFUR��
%URZVH�R �WKURXJK�WKH�ILOH��&KHFN�WKDW�DOO�WKH�UHVXOWV�DUH�QRZ�DYDLODEOH�IRU�HYHU\�VXEMHFW�LQ�WKHRQH�UHFRUG�
,W�LV�LQVWUXFWLYH�WR�VHH�KRZ�(SL,QIR�ODEHOV�WKH�GLIIHUHQW�YDULDEOHV��3UHVV�WKH�Q 9DULDEOHV�NH\DQG�QRWH�WKDW�WKH�YDULDEOH�QDPHV�IURP�WKH�5(/$7(G�ILOH�DUH�SUHFHGHG�E\�WKH�ILOHQDPH�DQG�DSHULRG��7KH�YDULDEOH�QDPH�0,&52���0)$1<��IRU�H[DPSOH��UHIHUV�WR�WKH�0)$1<�YDULDEOH�LQWKH�ILOH�0,&52���5(&��7KLV�LV�D�FRPPRQ�SUDFWLFH�LQ�UHODWLRQDO�GDWDEDVH�V\VWHPV��6XFK�DFRQYHQWLRQ�LV�SDUWLFXODUO\�XVHIXO�LI�YDULDEOH�QDPHV�DUH�VKDUHG�EHWZHHQ�WKH�UHODWHG�ILOHV�
7KH�5(/$7(�FRPPDQG�GRHV�QRW�OLQN�WKH�WZR�ILOHV�SHUPDQHQWO\��7KH�OLQN�LV�ORVW�LI�\RX�UHDGDQRWKHU�ILOH�RU�TXLW�WKH�$1$/<6,6�PRGXOH��(QWHU�WKH�FRPPDQGV�

HUDVH�RQFKDOO��UHFURXWH�RQFKDOO��UHFZULWH�UHFILOH
WR�VDYH�WKH�GDWD�IURP�WKH�OLQNHG�ILOH�DV�21&+$//��5(&�
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0XOWLSOH�5(/$7(V
7KH�5(/$7(�FRPPDQG�FDQ�EH�XVHG�WR�OLQN�VHYHUDO�ILOHV�WRJHWKHU��(QWHU�WKH�FRPPDQGV�

UHDG�GHPRJ�UHFUHODWH�LGQR�PLFUR�UHODWH�LGQR�PLFUR�
%URZVH�R �WKURXJK�WKLV�ILOH�DQG�FKHFN�WKDW�LW�FRQWDLQV�WKH�VDPH�LQIRUPDWLRQ�DV21&+$//�5(&��1RWLFH�WKDW�WKH�YDULDEOH�QDPHV�DUH�DPELJXRXV��7KLV�LV�EHFDXVH�0,&52��DQG0,&52��KDYH�YDULDEOHV�ZLWK�WKH�VDPH�QDPHV��3UHVV�A �WR�UHWXUQ�WR�WKH�PDLQ�$1$/<6,6VFUHHQ��([DPLQH�WKH�YDULDEOH�QDPHV�E\�SUHVVLQJ�Q ��$1$/<6,6�FDQ�GLIIHUHQWLDWH�EHWZHHQYDULDEOHV�ZLWK�VLPLODU�QDPHV�IURP�GLIIHUHQW�5(/$7(G�ILOHV��7KH�YDULDEOHV�FDQ�EH�DGGUHVVHG�E\D�GRXEOH�EDUUHOOHG�QDPH�FRQVLVWLQJ�RI�WKH�ILOHQDPH�DQG�WKH�YDULDEOH�QDPH�VHSDUDWHG�E\�D�SHULRGRU�IXOO�VWRS�����FKDUDFWHU��7KXV�\RX�FDQ�DVN�IRU�

WDEOHV�PLFUR��PIDQ\�PLFUR��PIDQ\�
7KH�5(/$7(�FRPPDQG�GRHV�QRW�OLQN�WKH�WZR�ILOHV�SHUPDQHQWO\��7KH�OLQN�LV�ORVW�LI�\RX�UHDGDQRWKHU�ILOH�RU�TXLW�WKH�$1$/<6,6�PRGXOH��<RX�PD\�XVH�WKH�5287(�ILOHQDPH�DQG�:5,7(5(&),/(�FRPPDQGV�WR�VDYH�OLQNHG�ILOHV�
,I�\RX�XVH�:5,7(�5(&),/(�ZLWK�5(/$7(G�ILOHV�WKDW�KDYH�WKH�VDPH�YDULDEOH�QDPHV$1$/<6,6�ZLOO�QRW�UHWDLQ�WKH�ILOHQDPH�SUHIL[�DQG�\RX
OO�HQG�XS�ZLWK�DQ�DPELJXRXVO\�GHILQHGILOH�VWUXFWXUH�
7KH�EDVH�ILOH�DFFHVVHG�ZLWK�WKH�5($'�FRPPDQG�GHILQHV�WKH�XQLW�RI�DQDO\VLV��)LOHV�DFFHVVHGZLWK�5(/$7(�FDQ�RQO\�DGG�GDWD�WR�HDFK�H[LVWLQJ�FDVH��7KH�5(/$7(G�ILOH�PXVW�KDYH�XQLTXHLGHQWLI\LQJ�YDULDEOHV��)RU�H[DPSOH��LI�\RX�ZDQWHG�WR�OLQN�GDWD�DERXW�PRWKHUV�WR�GDWD�DERXWFKLOGUHQ�WKHQ�WKH�FKLOGUHQ
V�ILOH�ZRXOG�EH�WKH�5($'�ILOH�DQG�WKH�PRWKHU
V�ILOH�ZRXOG�EH�WKH5(/$7(G�ILOH�
,W�LV�VDIH�WR�GHOHWH�WKH�WHPSRUDU\�ILOHV��0)7(03�5(&��0,&52��5(&��0,&52��5(&���<RXFDQQRW�GHOHWH�RSHQ�ILOHV�XVLQJ�WKH�(5$6(�FRPPDQG�LQ�$1$/<6,6�RU�ZKHQ�XVLQJ�WKH�'(/FRPPDQG�LQ�D�'26�VKHOO��W���<RX�FDQ�FORVH�DOO�RSHQ�ILOHV�LQ�$1$/<6,6�ZLWK�WKH�FRPPDQG�

FORVH
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0(5*(�DQG�5(/$7(
7KH�0(5*(�PRGXOH�DQG�WKH�5(/$7(�FRPPDQG�LQ�$1$/<6,6�SURYLGH�EURDGO\�VLPLODUIXQFWLRQV��0(5*(�LV�PRUH�YHUVDWLOH�DV�\RX�FDQ�FKRRVH�WR�LQFOXGH�RU�H[FOXGH�UHFRUGV�WKDW�GRQRW�PDWFK�WKH�LGHQWLILHU�YDULDEOH�LQ�WKH�ILUVW�ILOH�
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5(/$7(�&RPPDQG

7KH�5(/$7(�FRPPDQG�LQ�$1$/<6,6�H[FOXGHV�UHFRUGV�WKDW�GR�QRW�PDWFK�ZLWK�UHFRUGV�LQ�WKHILUVW�ILOH��:LWK�0(5*(�\RX�VSHFLI\�WKH�
SDUHQW
�ILOH�DV�WKH�ILUVW�ILOH�DQG�WKH�
FKLOGUHQ
�ILOH�DV�WKHVHFRQG�ILOH�EXW�ZLWK�WKH�5(/$7(�FRPPDQG�LQ�$1$/<6,6�WKH�
FKLOGUHQ
�ILOH�VKRXOG�EH�WKH�ILUVWILOH��L�H��WKH�ILOH�VSHFLILHG�ZLWK�WKH�5($'�FRPPDQG��DQG�WKH�
SDUHQW
�ILOH�VKRXOG�EH�WKH�ILOHVSHFLILHG�ZLWK�WKH�5(/$7(�FRPPDQG��7KH�$1$/<6,6�FRPPDQGV�
UHDG�SDUHQW�UHFUHODWH�LGYDULDEOH�FKLOGUHQ�UHF

LV�HTXLYDOHQW�WR�XVLQJ�0(5*(�ZLWK�(;&/8'(��7KH�$1$/<6,6�FRPPDQGV�
UHDG�FKLOGUHQ�UHFUHODWH�LGYDULDEOH�SDUHQW�UHF

LV�HTXLYDOHQW�WR�XVLQJ�0(5*(�ZLWK�,1&/8'(��$�PLQRU�GLIIHUHQFH�EHWZHHQ�WKH�5(/$7(FRPPDQG�LQ�$1$/<6,6�DQG�0(5*(�ZLWK�,1&/8'(�LV�WKDW�5(/$7(�ZLOO�QRW�LQFOXGHUHFRUGV�IRU�ZKLFK�D�UHFRUG�GRHV�QRW�H[LVW�LQ�WKH�ILUVW�ILOH��5HODWH�RQO\�DGGV�GDWD�WR�UHFRUGVDOUHDG\�LQ�WKH�ILUVW�ILOH�
$�PDMRU�GLIIHUHQFH�EHWZHHQ�0(5*(�DQG�5(/$7(�LV�WKDW�0(5*(�LV�SHUPDQHQW�DQG�5(/$7(LV�WHPSRUDU\��<RX�QHHG�WR�XVH�WKH�5287(�ILOHQDPH�DQG�:5,7(�5(&),/(�FRPPDQGV�WR�PDNHD�SHUPDQHQWO\�5(/$7(G�ILOH�
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0(5*(�DQG�5(/$7(
,Q�VRPH�VLWXDWLRQV�LW�ZLOO�QRW�EH�SRVVLEOH�WR�ZRUN�ZLWK�5($'�DQG�5(/$7(�WR�UHWULHYH�PXOWL�ILOH�GDWDVHWV��,Q�WKH�IROORZLQJ�FOLQLFDO�GDWDVHW�

RQH
PDQ\

RQH
PDQ\3DWLHQWV 9LVLWV 7HVWV

SDWLHQWV�PD\�KDYH�PDQ\�YLVLWV�DQG�DW�HDFK�YLVLW�D�SDWLHQW�PD\�KDYH�PDQ\�WHVWV��,Q�WKLV�FDVH5($'�DQG�5(/$7(�FRPPDQGV�LQ�$1$/<6,6�FDQQRW�UHWULHYH�WKH�FRPSOHWH�GDWDVHW��7KHFRPPDQGV�
UHDG�WHVWV�UHFUHODWH�LG�YLVLWV�UHFUHODWH�LG�SDWLHQWV�UHF

UHVXOW�LQ�WKH�GDWD�IRU�SDWLHQWV�ZLWKRXW�UHFRUGHG�WHVWV�EHLQJ�H[FOXGHG��&RQVLGHU�WKH�UHVXOW�RI�WKHILUVW�5(/$7(�FRPPDQG�EHWZHHQ�7(676�5(&�DQG�9,6,76�5(&�
7HVWV 9LVLWV,' 'DWH 7\SH 5HVXOW ,' 9LVLW 9LVLWLQJ���� �������� 5RXWLQH � ���� �������� '7&���� �������� 73+$ � ���� �������� $-5���� �������� 5RXWLQH � ���� �������� '7&���� �������� 5RXWLQH �� ���� �������� '7&���� �������� $-5���� �������� '7&

7KLV�SURGXFHV�D�GDWDVHW�ZLWK�GDWD�IURP�ERWK�ILOHV�
)URP�7HVWV )URP�9LVLWV,' 'DWH 7\SH 5HVXOW 9LVLW 9LVLWLQJ���� �������� 5RXWLQH � �������� '7&���� �������� 73+$ � �������� '7&���� �������� 5RXWLQH � �������� $-5���� �������� 5RXWLQH �� �������� '7&

ZLWK�WKH�YLVLW�UHFRUGV�IRU�SDWLHQWV�������������DQG������H[FOXGHG��5(/$7(�ZLOO�QRW�DGGUHFRUGV�IRU�ZKLFK�D�UHFRUG�GRHV�QRW�DOUHDG\�H[LVW�LQ�WKH�ILUVW�ILOH��5(/$7(�ZLOO�RQO\�DGG�GDWDWR�UHFRUGV�DOUHDG\�LQ�WKH�ILUVW�ILOH��7(676�5(&�LQ�WKLV�H[DPSOH���,Q�WKHVH�VLWXDWLRQV�\RX�PXVWXVH�0(5*(�ZLWK�,1&/8'(�WR�UHWULHYH�WKH�FRPSOHWH�GDWDVHW�
,W�LV�YHU\�HDV\�WR�DFFLGHQWDOO\�LQFOXGH�RU�H[FOXGH�UHFRUGV�ZLWK�0(5*(�DQG�5(/$7(��<RXVKRXOG�DOZD\V�FKHFN�WKH�UHVXOWV�RI�DQ\�0(5*(�RU�5(/$7(�RSHUDWLRQ�EHIRUH�FRQWLQXLQJ�ZLWKIXUWKHU�GDWD�PDQDJHPHQW�RU�GDWD�DQDO\VLV�



��

$QRWKHU�8VH�IRU�0(5*(
0(5*(�KDV�DQRWKHU�LPSRUWDQW�IXQFWLRQ�WKDW�LV�GLIILFXOW�WR�DFKLHYH�XVLQJ�WKH�5(/$7(FRPPDQG�LQ�$1$/<6,6��7KLV�LV�WKH�83'$7(�IXQFWLRQ�ZKLFK�DOORZV�\RX�WR�FKDQJH�RU�DGG�WRGDWD�LQ�RQH�ILOH�EDVHG�RQ�WKH�GDWD�LQ�DQRWKHU�ILOH�

,' 9� 9�
��
��
��

,' 9� 9�
��
��
��

�
�
�

� �
� �

�

,' 9� 9�
��
��
��

� �
� �
� �

)LOH�� )LOH�� 8SGDWHG�)LOH

�
�� � �

�

� �
� �

����
��

��

7KH�83'$7(�IXQFWLRQ�LQ�0(5*(�LV�FRPPRQO\�XVHG�LQ�VXUYHLOODQFH�V\VWHPV�LQ�ZKLFK�LW�LVLPSRUWDQW�WR�EH�DEOH�WR�XSGDWH�UHFRUGV�EDVHG�RQ�VXEVHTXHQW�VXEPLVVLRQV�RI�UHFRUGV�ZLWK�WKHVDPH�LGHQWLILHUV�



��

)ROORZ�XS�DQG�5HFDOO
0DQ\�VWXGLHV�LQYROYH�UHFDOOLQJ�SDUWLFLSDQWV�IRU�IROORZ�XS��H�J��IRU�WHVW�RI�FXUH��RU�IRU�UHFDOO��H�J�IRU�D�IXUWKHU�URXQG�RI�WUHDWPHQW���<RX�FDQ�XVH�(SL,QIR�WR�KHOS�\RX�PDQDJH�IROORZ�XSV�DQGUHFDOOV�
8VH�(3('�WR�FUHDWH�WKH�IROORZLQJ�TXHVWLRQQDLUH���4(6��ILOH�

���������^,G`�1XPEHU����������������^)XOO�1DPH`����$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!���������^$GGUHVV��`����$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!���������^$GGUHVV��`����$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!���������^$GGUHVV��`����$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!���������^$GGUHVV��`����$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!�^,QWHU`YHQWLRQ�'DWH����GG�PP�\\\\!����^)ROORZ`�8S�'DWH����GG�PP�\\\\!
6DYH�WKH�ILOH�DV�)2//2:83�4(6��8VH�(17(5�WR�FUHDWH�D�GDWD���5(&��ILOH�FDOOHG)2//2:83�5(&��(QWHU�VRPH�GDWD�LQWR�WKLV�ILOH��0DNH�VXUH�\RX�HQWHU�VRPH�,17(5YHQWLRQGDWHV�IURP�EHIRUH�VL[�PRQWKV�DJR�DQG�WKDW�\RX�OHDYH�VRPH�)2//2:�XS�GDWHV�EODQN�IRU�WKHVHFDVHV��2QFH�\RX�KDYH�HQWHUHG�VRPH�VDPSOH�GDWD�\RX�VKRXOG�TXLW�(17(5�DQG�VWDUW�$1$/<6,6�
<RX�FDQ�LQVWUXFW�$1$/<6,6�WR�OLVW�WKH�FDVHV�ZLWK�RYHUGXH�IROORZ�XSV��KHUH�ZH�DVVXPH�DIROORZ�XS�SHULRG�RI�VL[�PRQWKV�RU�����GD\V��XVLQJ�WKH�IROORZLQJ�FRPPDQGV�

UHDG�IROORZXS�UHFGHILQH�GXH��$!GXH� ����LI��V\VWHPGDWH���LQWHU�!�������DQG�IROORZ� ���WKHQ�GXH� ����VHOHFW�GXH� ����OLVW�LG�IXOOQDPH�LQWHU�IROORZ



��

)ROORZ�XS�DQG�5HFDOO�/HWWHUV
<RX�FDQ�XVH�$1$/<6,6�WR�DXWRPDWLFDOO\�SULQW�UHFDOO�OHWWHUV�IRU�FDVHV�ZLWK�RYHUGXH�IROORZ�XSV�7KH�IROORZLQJ�$1$/<6,6�FRPPDQGV��ZKLFK�DUH�EHVW�VWRUHG�DV�D�SURJUDP�ILOH���VHH�SDJH����ZLOO�SULQW�WKH�)8//1$0(��DGGUHVV�YDULDEOHV��DQG�,'�QXPEHU�DERYH�WKH�WH[W�RI�D�IROORZ�XSOHWWHU�ZKLFK�LV�VWRUHG�LQ�D�ILOH�FDOOHG�)8/(77(5�7;7��ZKLFK�\RX�ZLOO�QHHG�WR�FUHDWH�XVLQJ(3('��

FPG�IXOHWWHU��W\SH��#IXOOQDPH���LI�DGGUHVV���!���WKHQ�W\SH��#DGGUHVV����LI�DGGUHVV���!���WKHQ�W\SH��#DGGUHVV����LI�DGGUHVV���!���WKHQ�W\SH��#DGGUHVV����LI�DGGUHVV���!���WKHQ�W\SH��#DGGUHVV����W\SH������W\SH��2XU�5HI��#LG���W\SH������W\SH��'HDU�#IXOOQDPH���W\SH������W\SH�IXOHWWHU�W[WHQGUHDG�IROORZXS�UHFGHILQH�GXH��$!GXH� ����LI��V\VWHPGDWH���LQWHU�!�������DQG�IROORZ� ���WKHQ�GXH� ����URXWH�SULQWHULI�GXH� �����WKHQ�IXOHWWHUSURFHVVURXWH�VFUHHQTXLW7KH�&0'�FRPPDQG�LQ�$1$/<6,6�DOORZV�\RX�WR�GHILQH�D�EORFN�RI�FRPPDQGV��W\SHG�EHWZHHQ&0'�DQG�(1'��DV�D�VLQJOH�FRPPDQG��,Q�WKH�DERYH�H[DPSOH�WKH�&0'�FRPPDQG�LV�XVHG�WRGHILQH�D�QHZ�FRPPDQG�FDOOHG�)8/(77(5�ZKLFK�SULQWV�QDPH��DGGUHVV��DQG�LGHQWLILHU�GDWDIROORZHG�E\�WKH�WH[W�RI�WKH�ILOH�)8/(77(5�7;7��7KH�FRPPDQG�
LI�GXH� �����WKHQ�IXOHWWHU

(QVXUHV�WKDW�WKLV�RFFXUV�RQO\�IRU�UHFRUGV�ZLWK�'8(� �¦�§��7KH�352&(66�FRPPDQG�LQVWUXFWV$1$/<6,6�WR�ZRUN�WKURXJK�WKH�GDWD�ILOH�RQH�UHFRUG�DW�D�WLPH�DQG�SHUIRUP�DOO�FDOFXODWLRQV�WKDWKDYH�EHHQ�VSHFLILHG�LQ�WKH�IROORZLQJ�IRUPV�
)RUP ([DPSOH�H[SUHVVLRQ! GXH� ����LI�£�WKHQ��H[SUHVVLRQ! LI�GHOD\�!�����WKHQ�GXH� ����LI�£�WKHQ��FRPPDQG! LI�GXH� �����WKHQ�IXOHWWHU

7KH�¨#©�VLJQ�EHIRUH�WKH�QDPH��DGGUHVV��DQG�LGHQWLILHU�YDULDEOHV�LQ�WKH�7<3(�FRPPDQGVLQVWUXFWV�$1$/<6,6�WR�XVH�WKH�FRQWHQWV�RI�D�YDULDEOH�LQ�WKH�UHFRUG�WKDW�LV�FXUUHQWO\�EHLQJ352&(66HG�UDWKHU�WKDQ�OLVW�WKH�FRQWHQWV�RI�WKDW�YDULDEOH�IRU�HYHU\�UHFRUG�



��

6XPPDU\�DQG3UHVHQWDWLRQ



��
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,QWURGXFWLRQ
%HIRUH�FRQGXFWLQJ�DQ\�IRUPDO�VWDWLVWLFDO�WHVWV�RU�GDWD�DQDO\VLV�SURFHVV�LW�LV�HVVHQWLDO�WR�SUHSDUHVLPSOH�VXPPDULHV�DQG�WDEXODWLRQV��7KHVH�SHUIRUP�VHYHUDO�IXQFWLRQV�

��6FUHHQLQJ�IRU�XQGHWHFWHG�GDWD�HQWU\�DQG�FRGLQJ�HUURUV�
��'HVFULELQJ�WKH�VWXG\�SRSXODWLRQ�
��3URYLGLQJ�DQ�RYHUYLHZ�RI�UHVXOWV�
��+HOSLQJ�\RX�VHOHFW�WKH�DSSURSULDWH�VWDWLVWLFDO�DQDO\VLV�

,Q�WKLV�6HFWLRQ�WKH�RQFKRFHUFLDVLV�GDWDVHW�LV�XVHG�WR�GHPRQVWUDWH�PHWKRGV�RI�GDWD�VXPPDU\XVLQJ�(SL,QIR��7KHVH�FRYHU�
��3URGXFLQJ�IUHTXHQF\�WDEOHV�DQG�FURVV�WDEXODWLRQV�
��3URGXFLQJ�JUDSKV�
��3URJUDPPLQJ�(SL,QIR�WR�SURGXFH�UHSHDW�DQDO\VHV�



��

&UHDWLQJ�WDEOHV
(SL,QIR�FDQ�SURGXFH�VWUDLJKWIRUZDUG�IUHTXHQF\�WDEOHV�DQG�FURVV�WDEXODWLRQV�RI�FDWHJRULFDOYDULDEOHV��7KH�EDVLF�FRPPDQGV�WR�UHTXHVW�WKHVH�DUH�)5(4�DQG�7$%/(6��)RU�WKHRQFKRFHUFLDVLV�GDWD�LW�LV�LPSRUWDQW�WR�GHVFULEH�WKH�EDVHOLQH�GHPRJUDSK\�DQG�PLFURILODULDO�ORDGV�7KLV�ZLOO�MXVWLI\�WKH�FKRLFH�RI�WKLV�SRSXODWLRQ�DV�D�PRGHO�IRU�WKH�XVH�RI�,YHUPHFWLQ��7KH�XVXDOPHDVXUHV�RI�PLFURILODULDH�ORDG�DUH�

��3UHYDOHQFH�RI�DQ\�PLFURILODULDH
��*HRPHWULF�PHDQ�GHQVLW\�RI�PLFURILODULDH�SHU�PJ�RI�VNLQ�DFURVV�WKH�SRSXODWLRQ�

7KH�JHRPHWULF�PHDQ�LV�TXRWHG��UDWKHU�WKDQ�WKH�DULWKPHWLF�PHDQ��EHFDXVH�GLVWULEXWLRQV�DUH�RIWHQKLJKO\�VNHZHG�
6WDUW�$1$/<6,6�DQG�5($'�WKH�ILOH�21&+$//�5(&��7R�REWDLQ�D�EUHDNGRZQ�RI�WKH�DJHVWUXFWXUH�RI�WKH�SRSXODWLRQ�LVVXH�WKH�FRPPDQG�

IUHT�DJHJ
1RWH�WKDW�WKLV�LQFOXGHV�UHODWLYH�IUHTXHQFLHV�DQG�FXPXODWLYH�IUHTXHQFLHV��)5(4�DOVR�FDOFXODWHVVXPPDU\�VWDWLVWLFV�EXW�WKHVH�DUH�QRW�UHOHYDQW�KHUH��2QH�ZD\�WR�REWDLQ�D�VHSDUDWH�DJH�GLVWULEXWLRQIRU�PDOHV�DQG�IHPDOHV�LV�WR�HQWHU�WKH�FRPPDQGV�

VHOHFW�VH[� ��IUHT�DJHJVHOHFWVHOHFW�VH[� ��IUHT�DJHJVHOHFW
$�TXLFNHU�DQG�PRUH�HIIHFWLYH�ZD\�RI�REWDLQLQJ�DQ�DJH�VH[�EUHDNGRZQ�LV�ZLWK�WKH�FRPPDQG�

WDEOHV�DJHJ�VH[
1RWH�WKH�DUUDQJHPHQW�RI�WKH�YDULDEOHV��WKH�ILUVW��$*(*��LV�YHUWLFDO�DQG�WKH�VHFRQG��6(;�KRUL]RQWDO��3URGXFH�D�WDEOH�RI�WKH�DJH�VSHFLILF�SUHYDOHQFH�RI�PLFURILODULDH�ZLWK�SHUFHQWDJHV�E\HQWHULQJ�WKH�FRPPDQGV�

VHW�OLQHV� �RQVHW�SHUFHQWV� �RQWDEOHV�DJHJ�PIDQ\
7ZR�SHUFHQWDJHV�DUH�SURGXFHG�IRU�HDFK�FHOO�RI�WKH�WDEOH��7KH�XSSHU�YDOXH�LV�URZ�SHUFHQWDJH�7KH�ORZHU�YDOXH�LV�WKH�FROXPQ�SHUFHQWDJH��7KH�FRPPDQG�6(7�/,1(6� �21�PDNHV�WKH�WDEOHHDVLHU�WR�UHDG�E\�SULQWLQJ�VHSDUDWLQJ�OLQHV�EHWZHHQ�WKH�FHOOV�RI�WKH�WDEOH�



��

6XPPDULVLQJ�TXDQWLWDWLYH�GDWD
7R�REWDLQ�WKH�PHDQ�DQG�RWKHU�GHVFULSWLYH�VWDWLVWLFV�IRU�WKH�YDULDEOH�$*(�LVVXH�WKH�FRPPDQG�

PHDQV�DJH��Q
8VH�+(/3�O �DQG�VHOHFW�0($16�WR�ILQG�RXW�ZKDW�LV�WKH�SXUSRVH�RI�WKH�
�1
�DW�WKH�HQG�RI�WKH0($16�FRPPDQG�
,I�\RX�ZHUH�VLPSO\�WR�HQWHU�WKH�FRPPDQG�

PHDQV�DJH
<RX�ZRXOG�REWDLQ�D�OLVWLQJ�RI�DOO�WKH�GDWD�IROORZHG�E\�WKH�VXPPDU\�VWDWLVWLFV��7KLV�WDEOH�LVLGHQWLFDO�WR�WKH�RQH�SURGXFHG�E\�WKH�)5(4�FRPPDQG�
:H�VKDOO�QRZ�SURGXFH�WKH�JHRPHWULF�PHDQ�GHQVLWLHV�RI�PLFURILODULDH��(SL,QIR�GRHV�QRW�UHSRUWWKH�JHRPHWULF�PHDQ�DXWRPDWLFDOO\�VR�ZH�PXVW�FDOFXODWH�WKH�DULWKPHWLF�PHDQ�RI�WKH�ORJDULWKP�RIGHQVLW\�SOXV�RQH��DGGHG�WR�DYRLG�DWWHPSWLQJ�WR�WDNH�WKH�ORJDULWKP�RI�]HUR��DQG�WKHQ�UHSRUW�LWVDQWLORJDULWKP�SOXV�RQH�
&UHDWH�D�QHZ�YDULDEOH�FDOOHG�/'(16�WR�KROG�WKH�ORJ�GHQVLW\��SHU�PJ�RI�PLFURILODULDH��:H�ZDQWD�QXPHULF�YDULDEOH�ZLWK�WZR�GHFLPDO�SODFHV��VR�HQWHU�WKH�FRPPDQGV�

GHILQH�OGHQV������OGHQV� �OQ�PIGHQV�����
2QH�LV�DGGHG�WR�WKH�0)'(16�WR�DYRLG�WDNLQJ�WKH�ORJDULWKP�RI�]HUR��8VH�WKH�0($16�FRPPDQGWR�ILQG�WKH�RYHUDOO�PHDQV�

PHDQV�OGHQV��Q
8VH�D�FDOFXODWRU�RU�D�VHW�RI�ORJ�WDEOHV�WR�ZRUN�RXW�WKH�JHRPHWULF�PHDQ�GHQVLW\�IRU�WKH�HQWLUHSRSXODWLRQ��8VH�WKH�0($16�FRPPDQG�WR�ILQG�WKH�PHGLDQ�RI�WKH�XQWUDQVIRUPHG�YDULDEOH0)'(16�

PHDQV�PIGHQV��Q
$QG�FKHFN�WKDW�\RXU�FDOFXODWHG�JHRPHWULF�PHDQ�LV�UHDVRQDEO\�FORVH�WR�WKLV�
7R�SURGXFH�DJH�VSHFLILF�JHRPHWULF�PHDQ�GHQVLWLHV�HQWHU�WKH�FRPPDQG�

PHDQV�OGHQV�DJHJ��Q
8VH�D�FDOFXODWRU�RU�D�VHW�RI�ORJ�WDEOHV�WR�ZRUN�RXW�WKH�JHRPHWULF�PHDQ�GHQVLW\�IRU�HDFK�DJHJURXS�



��

6DYLQJ�RXWSXW
6XPPDU\�GDWD�FDQ�EH�VDYHG�WR�D�ILOH��7KLV�FDQ�ODWHU�EH�SULQWHG�RXW�RU�LQFRUSRUDWHG�LQWR�D�UHSRUWE\�LPSRUWLQJ�LW�LQWR�D�ZRUG�SURFHVVRU��8VH�WKH�5287(�FRPPDQG�ZLWK�D�ILOHQDPH�WR�VHQG�WKHRXWSXW�RI�$1$/<6,6�FRPPDQGV�WR�D�ILOH�

HUDVH�DJHWDE�RXWURXWH�DJHWDE�RXWWDEOHV�DJHJ�PIDQ\URXWH�VFUHHQ
7KH�ODVW�5287(�FRPPDQG�FORVHV�WKH�RXWSXW�ILOH�DQG�LQVWUXFWV�$1$/<6,6�WR�VHQG�RXWSXW�WR�WKHVFUHHQ�RQO\�
7KH�WDEXODWHG�SUHYDOHQFH�GDWD�KDYH�EHHQ�ZULWWHQ�WR�D�ILOH�FDOOHG�$*(7$%�287�RQ�\RXU�GLVN�<RX�FDQ�YHULI\�WKLV�E\�TXLFNO\�
VKHOOLQJ�RXW
�WR�'26�IURP�$1$/<6,6�ZLWK�W �DQG�LVVXLQJ�WKH'26�FRPPDQG�

W\SH�DJHWDE�RXW�_�PRUH
7R�VHH�WKH�RXWSXW�DV�D�'26�WH[W�ILOH��7KH�RXWSXW�RI�WKH�FRPPDQG�7$%/(6�$*(*�0)$1<�KDVEHHQ�VDYHG�LQ�WKH�ILOH�$*(7$%�287��7KLV�LV�D�SODLQ�WH[W�ILOH�DQG�FDQ�EH�LPSRUWHG�GLUHFWO\�LQWRDQ\�ZRUG�SURFHVVRU�
,VVXH�WKH�'26�FRPPDQG�

H[LW
7R�UHWXUQ�WR�$1$/<6,6��'R QRW VWDUW (SL,QIR DJDLQ�RU�\RX�ZLOO�KDYH�WZR�FRSLHV�RI�(SL,QIRUXQQLQJ�DQG�QHLWKHU�ZLOO�IXQFWLRQ�FRUUHFWO\�
<RX�FDQ�XVH�WKH�5287(�FRPPDQG�WR�VHQG�RXWSXW�WR�WKH�SULQWHU�ZLWK�WKH�FRPPDQG�

URXWH�SULQWHU
LVVXHG�EHIRUH�WKH�FRPPDQGV�ZKRVH�RXWSXW�\RX�ZRXOG�OLNH�SULQWHG��7KH�5287(�FRPPDQG�LVDOZD\V�LVVXHG�EHIRUH�WKH�FRPPDQGV�ZKRVH�RXWSXW�\RX�ZRXOG�OLNH�WR�VDYH�RU�SULQW��7KH�5287(FRPPDQG�ZLOO�QRW�VDYH�RU�SULQW�WKH�RXWSXW�RI�SUHYLRXVO\�LVVXHG�FRPPDQGV�
)RU�D�WLGLHU�RXWSXW�\RX�PD\�QHHG�WR�VHW�WKH�FRUUHFW�SDJH�OHQJWK�XVLQJ�WKH�6(7�3$*(�FRPPDQGZKLFK�VHWV�WKH�QXPEHU�RI�OLQHV�SHU�SDJH�DQG�FKDUDFWHUV�SHU�OLQH�

VHW�SDJH� ������URXWH�SULQWHU
,Q�WKLV�FDVH�ZH�DUH�VHWWLQJ�WKH�SDJH�VL]H�WR����OLQHV�RI����FKDUDFWHUV��7KHVH�YDOXHV�DUH�VXLWDEOHIRU�$��SDSHU�RQ�D�GRW�PDWUL[�SULQWHU��:KHQ�\RX�KDYH�ILQLVKHG�HQWHU�WKH�FRPPDQG�5287(6&5((1�WR�WXUQ�RII�RXWSXW�WR�WKH�SULQWHU�



��

&UHDWLQJ�(SL,QIR�JUDSKLFV
7KH�TXDOLW\�DQG�FRQWHQW�RI�JUDSKLFDO�GLVSOD\V�RI�GDWD�DUH�GHSHQGHQW�RQ�WKH�LQWHQGHG�DXGLHQFH�'XULQJ�GDWD�DQDO\VLV��D�TXLFN�DQG�VLPSOH�SLFWXUH�RU�GLVSOD\�LV�YHU\�XVHIXO�WR�KHOS�LQWHUSUHWDWLRQDQG�WR�ILQG�RXWO\LQJ�REVHUYDWLRQV��/DWHU��RQH�ZRXOG�ZDQW�WR�SURGXFH�SXEOLFDWLRQ�TXDOLW\JUDSKLFV�IRU�LQFOXVLRQ�LQ�D�ILQDO�UHSRUW�RU�PDQXVFULSW�
+HUH�ZH�VKDOO�EH�FRQFHUQHG�RQO\�ZLWK�WKH�
URXJK�	�UHDG\
�SLFWXUHV�WKDW�(SL,QIR�SURGXFHV��7KHUHDUH�ILYH�EDVLF�JUDSKLFV�FRPPDQGV�LQ�(SL,QIR��%$5��+,672*5$0��/,1(��3,(��DQG�6&$77(5�:H�VKDOO�VXUYH\�WKHLU�DFWLRQV�EULHIO\�
7KH�%$5�FRPPDQG�RU�WKH�3,(�FRPPDQG�FDQ�EH�XVHG�WR�GLVSOD\�WKH�IUHTXHQF\�GLVWULEXWLRQ�RI�DFDWHJRULFDO�YDULDEOH��(QWHU�WKH�FRPPDQG�

EDU�YLOO
3UHVV�DQ\�NH\�WR�UHWXUQ�WR�WKH�$1$/<6,6�VFUHHQ�DQG�HQWHU�WKH�FRPPDQG�

SLH�YLOO
7LWOHV�FDQ�EH�DGGHG�WR�D�SORW�ZLWK�WKH�7,7/(�FRPPDQG�

WLWOH���RQFKRFHUFLDVLV�LQWHUYHQWLRQ�VWXG\
7KH�WLWOH�FDQ�FRQVLVW�RI�XS�WR�WKUHH�OLQHV�IRU�SORWV��H�J��%$5��3,(��HWF���DQG�XS�WR�ILYH�OLQHV�IRUFRPPDQGV�WKDW�SURGXFH�WH[W�RXWSXW��H�J��)5(4��7$%/(6��0($16��HWF����7KH�QXPEHULPPHGLDWHO\�DIWHU�WKH�ZRUG�7,7/(�WHOOV�(SL,QIR�RQ�ZKLFK�WLWOH�OLQH�WR�SODFH�WKH�UHVW�RI�WKHFRPPDQG�
7R�VHH�WKH�HIIHFW�RI�WKH�7,7/(�FRPPDQG�LVVXH�WKH�FRPPDQG�

EDU�YLOO



��

&UHDWLQJ�(SL,QIR�JUDSKLFV
7KH�+,672*5$0�FRPPDQG�VKRXOG�EH�XVHG�WR�SORW�TXDQWLWDWLYH�GDWD��(SL,QIR�ZLOO QRW�FKRRVHDSSURSULDWH�JURXSV��DV�\RX�FDQ�VHH�ZLWK�WKH�FRPPDQG�

KLVWRJUDP�DJH
<RX�FDQ�FKRRVH�\RXU�RZQ�FXW�SRLQWV��VXFK�DV�WKRVH�ZH�DOUHDG\�KDYH�

KLVWRJUDP�DJHJ
%XW�WKLV�LJQRUHV�WKH�GLIIHULQJ�ZLGWKV�RI�WKH�DJH�JURXSV��8VH�WKH�5(&2'(�FRPPDQG�WR�JHQHUDWHHTXDO�ZLGWK�LQWHUYDOV��(QWHU�WKH�FRPPDQGV�

GHILQH�DJHJ���$$$$$$$$$$$$$$!UHFRGH�DJH�WR�DJHJ��E\���KLVWRJUDP�DJHJ�
7R�VHH�KRZ�D�%$5�FKDUW�GLIIHUV�IURP�D�+,672*5$0�LQ�(SL,QIR�LVVXH�WKH�FRPPDQG�

EDU�DJHJ�
7KH�GLVWULEXWLRQ�RI�D�TXDQWLWDWLYH�YDULDEOH�EURNHQ�GRZQ�E\�JURXSV�RI�DQRWKHU�YDULDEOH�FDQ�EHVKRZQ�XVLQJ�WKH�/,1(�FRPPDQG�

OLQH�DJHJ��PIDQ\
7KH�6&$77(5�FRPPDQG�FDQ�EH�XVHG�WR�H[DPLQH�WKH�MRLQW�GLVWULEXWLRQ�RI�WZR�TXDQWLWDWLYHYDULDEOHV��(QWHU�WKH�FRPPDQG�

VFDWWHU�DJH�PIGHQV
$�UHJUHVVLRQ�OLQH�FDQ�EH�DGGHG�E\�DSSHQGLQJ�
�5
�WR�WKH�FRPPDQG�

VFDWWHU�DJH�PIGHQV��U
7KLV�PDNHV�OLWWOH�VHQVH�IRU�D�VNHZHG�YDULDEOH�VXFK�DV�0)'(16��:LWK�D�ORJ�WUDQVIRUPDWLRQ�KRZHYHU��LW�LV�PRUH�DSSURSULDWH�

VFDWWHU�DJH�OGHQV��U
7KH�6&$77(5�FRPPDQG�LV�DOVR�XVHIXO�WR�FKHFN�WKH�FRQVLVWHQF\�RI�QXPHULF�YDULDEOHV��(QWHUWKH�FRPPDQG�

VFDWWHU�DJH�VWD\
([SODLQ�WKH�YHU\�QRQ�UDQGRP�SDWWHUQ�VKRZQ�E\�WKH�GDWD�SRLQWV��DQG�WKHQ�FRPPHQW�RQ�WKHRXWO\LQJ�SRLQWV�WKDW�OLH�DERYH�WKH�OLQH�$*(� �67$<��&DQ�\RX�OLVW�WKH�,'12V�RI�WKHVH�SRLQWV�VRWKDW�WKHLU�GDWD�UHFRUGV�FDQ�EH�FKHFNHG"
3UHVV�X �WR�TXLW�$1$/<6,6�DQG�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�



��

&UHDWLQJ�(SL,QIR�SURJUDPV
$1$/<6,6�LV�D�KLJKO\�LQWHUDFWLYH�SURJUDP��LQ�WKH�VHQVH�WKDW�FRPPDQGV�DUH�H[HFXWHG�DV�WKH\DUH�HQWHUHG��7KLV�LV�YHU\�DSSHDOLQJ�EXW�FDQ�OHDG�WR�GLIILFXOWLHV�ZKHQ�\RX�ZDQW�WR�UHSURGXFH�\RXUZRUN�DW�D�ODWHU�GDWH��$OVR��\RX�PLJKW�ILQG�\RXUVHOI�W\SLQJ�WKH�VDPH�FRPPDQGV�UHSHDWHGO\��DQG�LWZRXOG�EH�FRQYHQLHQW�WR�EH�DEOH�WR�DXWRPDWH�WKH�SURFHVV��7KLV�LV�ZKHUH�SURJUDP�ILOHV�FDQ�EHXVHG��$�SURJUDP�ILOH�LV�VLPSO\�D�WH[W�ILOH�WKDW�FRQWDLQV�$1$/<6,6�FRPPDQGV��7KH�FRPPDQGVLQ�D�SURJUDP�ILOH�DUH�WKH�VDPH�DV�WKRVH�XVHG�DW�WKH�(3,!�SURPSW�LQ�$1$/<6,6�
3URJUDPV�DUH�SDUWLFXODUO\�XVHIXO�ZKHQ�\RX�ZLVK�WR�FDUU\�RXW�UHSHDWHG�DQDO\VHV�RQ�URXWLQH�GDWD�H�J��VXUYHLOODQFH�GDWD���/RQJ�VHULHV�RI�WDEXODWLRQV�RU�FRPSOH[�DQDO\VLV�FDQ�EH�SURGXFHG�E\VLPSO\�W\SLQJ�WKH�QDPH�RI�WKH�SURJUDP�ILOH��3URJUDP�ILOHV�KHOS�DYRLG�SURFHVVLQJ�HUURUV��$V�\RXHQWHU�WKH�FRPPDQGV�ZLWK�D�WH[W�HGLWRU�LW�LV�SRVVLEOH�WR�FKHFN�WKH�ILOH�IRU�PLVWDNHV�EHIRUHH[HFXWLQJ�WKH�FRPPDQGV�
7KH�PRVW�FRQYHQLHQW�ZD\�WR�FUHDWH�D�SURJUDP�ILOH�LV�WR�XVH�(3('��<RX�VKRXOG�XVH�WKH�ILOHQDPHH[WHQVLRQ��3*0�IRU�\RXU�SURJUDP�ILOHV��VR�WKDW�\RX��(SL,QIR�DQG�RWKHUV�ZLOO�UHFRJQLVH�WKHP�LQWKH�IXWXUH�
6WDUW�(3('�DQG�VHW�7[W�PRGH��7\SH�WKH�VDPSOH�SURJUDP�

�HUDVH�RQFKDOO�RXW�URXWH�RQFKDOO�RXW�UHDG�RQFKDOO�UHF�VHW�VWDWLVWLFV� �RII�UHODWH�LGQR�WPWFRGHV�WDEOHV�GUXJ�PIDQ\�WDEOHV�GUXJ�PIDQ\��GHILQH�OGHQV������OGHQV� �OQ�PIGHQV������PHDQV�OGHQV�GUXJ��Q�GHILQH�OGHQV�������OGHQV�� �OQ�PIGHQV�������PHDQV�OGHQV��GUXJ��Q�URXWH�VFUHHQ�TXLW
7KHVH�FRPPDQGV�DUH�QRW�EHLQJ�H[HFXWHG�LPPHGLDWHO\�VR�\RX�FDQ�XVH�WKH�Z ��\ ��[ ��] �DQGF �NH\V�DV�QRUPDO��&KHFN�\RXU�ZRUN�FDUHIXOO\��6HOHFW�6DYH�E\�SUHVVLQJ�W ��:KHQSURPSWHG�JLYH�WKH�ILOHQDPH�21&+$//�3*0�DQG�SUHVV�WKH�H �NH\��3UHVV�X �WR�UHWXUQ�WRWKH�WRS�OHYHO�PHQX�
6WDUW�WKH�$1$/<6,6�PRGXOH�DQG�HQWHU�WKH�FRPPDQG�

UXQ�RQFKDOO�SJP
3URJUDP���3*0��ILOHV�DUH�LGHDO�IRU�VWRULQJ�FRGH�IRU�EDWFK�FKHFNLQJ�RI�GDWD�DQG�IRU�URXWLQHUHSRUWV�VXFK�DV�UHFDOO�OLVWV�LQ�FOLQLFDO�RU�FRPPXQLW\�WULDOV�



��

&UHDWLQJ�(SL,QIR�SURJUDPV
:DWFK�DV�$1$/<6,6�SURFHVVHV�DOO�\RXU�FRPPDQGV��DQG�ZULWHV�WKH�RXWSXW�ERWK�WR�WKH�VFUHHQDQG�LQWR�WKH�ILOH�21&+$//�287��<RX�ZLOO�EH�UHWXUQHG�WR�WKH�WRS�OHYHO�PHQX�ZKHQ�WKHSURJUDP�ILQLVKHV�
6WDUW�(3('��6HOHFW�WKH�)LOH�PHQX�E\�SUHVVLQJ�P �DQG�VHOHFW�WKH�2SHQ�ILOH�WKLVZLQGRZ�RSWLRQ��7\SH�WKH�ILOHQDPH�21&+$//�287�DQG�SUHVV�H ��7KH�RXWSXW�IURP�WKHSURJUDP�DSSHDUV�RQ�WKH�VFUHHQ��&KHFN�WKH�RXWSXW�RI�WKH�SURJUDP�DQG�UHWXUQ�WR�WKH�WRS�OHYHOPHQX�E\�SUHVVLQJ�X �
<RX�PLJKW�ILQG�VRPH�HUURUV�LQ�\RXU�SURJUDP�ZKLOH�LW�LV�UXQQLQJ�RU�LQ�WKH�RXWSXW�ILOH��&DUHIXOO\H[DPLQH�WKH�UHVXOWV�IURP�$1$/<6,6�WR�ILQG�WKH�RIIHQGLQJ�FRPPDQGV��(GLW�21&+$//�3*0DQG�UXQ�WKH�ILOH�DJDLQ�
<RX�FDQ�DOVR�HGLW�SURJUDP�ILOHV�IURP�ZLWKLQ�$1$/<6,6�XVLQJ�WKH�(',7�FRPPDQG��7KHFRPPDQG�

HGLW�RQFKDOO�SJP
LVVXHG�IURP�ZLWKLQ�$1$/<6,6�ZLOO�DOORZ�\RX�WR�HGLW�WKH�21&+$//�3*0�SURJUDP�ILOH��7KHIROORZLQJ�NH\V�ZRUN�ZLWKLQ�WKH�$1$/<6,6�SURJUDP�HGLWRU�

.H\ )XQFWLRQP 6DYH�ILOHQ 2SHQ�ILOHU 0DUN�VWDUW�RI�EORFNV 0DUN�HQG�RI�EORFNE.9 0RYH�EORFNE.& &RS\�EORFNE.< 'HOHWH�EORFNE< 'HOHWH�OLQHE4) )LQG����E4$ )LQG�	�UHSODFH����X 4XLW



��

([SRUWLQJ�(SL,QIR�GDWD
(SL,QIR�KDV�DW�OHDVW�WZR�DGYDQWDJHV�RYHU�FRQYHQWLRQDO�GDWDEDVH�PDQDJHPHQW�V\VWHPV�IRU�GDWDPDQDJHPHQW�DQG�DQDO\VLV�

��5DSLG�DQG�FRPSUHKHQVLYH�GDWD�HQWU\�DQG�YDOLGDWLRQ�SURFHGXUHV�
��$XWRPDWLF�FDOFXODWLRQ�RI�XVHIXO�HSLGHPLRORJLFDO�VWDWLVWLFV��VXFK�DV�WKH�RGGV�UDWLR��ULVNUDWLR��0DQWHO�+DHQ]HO�HVWLPDWHV��HWF�

/LNH�HYHU\�FRPSXWHU�SURJUDP�(SL,QIR�KDV�OLPLWDWLRQV��7KHUH�DUH�PDQ\�VWDWLVWLFDO�FDOFXODWLRQVZKLFK�(SL,QIR�FDQQRW�GR��7KH�GDWD�DQDO\VW�PD\�ILQG�WKHPVHOYHV�ZDQWLQJ�WR�PRYH�GDWD�RXW�RI(SL,QIR�DQG�LQWR�DQRWKHU�SURJUDP��(SL,QIR�SURYLGHV�D�PRGXOH��FDOOHG�(;3257��WR�SHUIRUPWKHVH�GDWD�H[SRUWV�
6WDUW�WKH�(;3257�PRGXOH��7KH�(;3257�PHQX�VKRZV�WKH�UDQJH�RI�FKRLFHV�DYDLODEOH�WR�\RXIRU�H[SRUWLQJ�\RXU�GDWD�

/2786��8VH�WKLV�IRU�VSUHDGVKHHW�SDFNDJHV��H�J��/RWXV��4XDWWUR��([FHO���7KLV�LV�DOVR�DFRQYHQLHQW�ZD\�WR�JHW�DQ�HQWLUH��5(&�ILOH�LQWR�FKDUWLQJ�SURJUDPV�
6<67$7��6WDWSDF��6$6��6366�3&���08/7/5��(SL6WDW��(*5(7��7R�PRYH�\RXUGDWD�LQWR�DQRWKHU�VWDWLVWLFV�SURJUDP�RQ�WKH�3&��6$6�ILOHV�FDQ�DOVR�EH�XVHG�ZLWK�WKHPDLQIUDPH�YHUVLRQ�RI�6$6�
6366�;��6HOHFW�WKLV�RSWLRQ�LI�\RX�ZDQW�WR�PRYH�\RXU�GDWD�RQWR�D�PDLQIUDPH�WR�XVH�WKH6366�;�SURJUDP��7KLV�LV�GLIIHUHQW�IURP�WKH�6366�3&��FRQYHUVLRQ�
G%DVH��������7KHVH�RSWLRQV�ZLOO�FUHDWH�D�G%DVH�ILOH��0RVW�VWDWLVWLFDO�SDFNDJHV�GDWDEDVHV��ZRUG�SURFHVVRUV��H�J��IRU�PDLO�PHUJH�RI�UHFDOO�OHWWHUV���DQG�VSUHDGVKHHWVVKRXOG�EH�DEOH�WR�UHDG�D�G%DVH�IRUPDW�ILOH�
%$6,&��),;('��8VH�WKHVH��SODLQ�WH[W��IRUPDWV�ZKHQ�DOO�HOVH�IDLOV�

)LOO�LQ�WKH�SURPSWV�RQ�WKH�(;3257�VFUHHQ�DV�IROORZV�
,QSXW�ILOH�QDPH� 21&+$//2XWSXW�IRUPDW� ����6366�3&��2XWSXW�ILOH�QDPH� 21&+$//

(;3257�VXSSOLHV�WKH�ILOHQDPH�H[WHQVLRQV��LQ�WKLV�FDVH��636���3UHVV�WKH�H �NH\�WR�EHJLQFRQYHUVLRQ��3URJUHVV�LV�UHSRUWHG�RQ�WKH�VFUHHQ��3UHVV�H �WR�FOHDU�WKH�LQIRUPDWLRQ�ER[��3UHVVX �WR�UHWXUQ�WR�WKH�WRS�OHYHO�PHQX�
7KH�6366�3&��ILOH�FUHDWHG�E\�(;3257�LV�D�WH[W�ILOH�WKDW�QHHGV�WR�EH�SURFHVVHG�DV�DQ�LQFOXGHILOH�E\�6366�3&��EHIRUH�WKH�GDWD�FDQ�EH�DQDO\VHG��<RX�PD\�QHHG�WR�HGLW�WKH��636�ILOH�EHIRUHXVLQJ�LW�ZLWK�6366�IRU�:LQGRZV���RU�XVH�WKH�6366�;�H[SRUW�RSWLRQ��



���

&OHDQLQJ�XS�DIWHU�\RXUVHOI
%\�JRLQJ�WKURXJK�WKH�H[HUFLVHV�SUHVHQWHG�LQ�WKLV�ERRN�\RX�ZLOO�KDYH�FUHDWHG�PDQ\�WHPSRUDU\DQG�ZRUNLQJ�ILOHV��<RX�VKRXOG�GHOHWH�WKHVH�ILOHV��RU�FRS\�WKHP�WR�DQRWKHU�ORFDWLRQ��LI�\RX�ZDQWWR�UXQ�WKURXJK�WKH�ZRUNHG�H[DPSOHV�DJDLQ��7R�GHOHWH�WKHVH�ILOHV�\RX�VKRXOG�W\SH�

FOHDQXS
DW�WKH�'26�SURPSW��7KLV�UXQV�WKH�'26�EDWFK�ILOH�&/($183�%$7�ZKLFK�ZDV�SURYLGHG�ZLWK�WKHH[DPSOH�GDWD�ILOHV��7R�JR�WKURXJK�WKH�H[HUFLVHV�LQ�WKLV�ERRN�DJDLQ�\RX�ZLOO�QHHG�WKH�IROORZLQJILOHV�

EORRG�UHFFOHDQXS�EDWGHPRJB��UHFGHPRJB��UHFGHPRJB��UHFPLFUR�UHFRQFKDOO�UHFWPWFRGHV�UHF
7KHVH�ILOHV�DUH�RQ�WKH�DFFRPSDQ\LQJ�GLVN�



���

7KH�'DWD�3URFHVVLQJ1HHGV�RI�D�6WXG\



���
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3ODQQLQJ�WKH�GDWD�SURFHVVLQJ�QHHGV�RI�D�VWXG\
7KH�RWKHU�VHFWLRQV�RI�WKLV�ERRN�FRQVLGHU�WKH�SURJUHVV�RI�D�VLQJOH�TXHVWLRQQDLUH�WKURXJK�WKHVWDJHV�RI�D�VXUYH\��RU�WKH�PDQLSXODWLRQ�RI�GDWD�RQFH�LW�KDV�EHHQ�HQWHUHG�LQWR�WKH�FRPSXWHU��,QWKLV�VHFWLRQ�ZH�VKDOO�FRQVLGHU�WKH�GDWD�SURFHVVLQJ�QHHGV�RI�WKH�VWXG\�DV�D�ZKROH�
,W�LV�LPSRUWDQW�WKDW�WKH�GDWD�SURFHVVLQJ�QHHGV�DUH�FDUHIXOO\�SODQQHG�ZKHQ�WKH�VWXG\�LV�EHLQJGHVLJQHG��DQG�WKDW�WKH�FRVWV�IRU�DGHTXDWH�KDUGZDUH��VRIWZDUH�DQG�SHUVRQQHO�DUH�LQFOXGHG�LQ�WKHEXGJHW��2WKHUZLVH�WKHUH�LV�WKH�UHDO�GDQJHU�RI�D�EDFNORJ�RI�IRUPV�EXLOGLQJ�XS��GHOD\LQJ�DQDO\VLVRI�WKH�GDWD��,Q�DGGLWLRQ��LQ�VWXGLHV�ZKHUH�UHSHDW�YLVLWV�WR�WKH�SDUWLFLSDQWV�DUH�SODQQHG��WKHFRPSXWHU�PD\�EH�XVHG�WR�SUHSDUH��IRU�H[DPSOH��OLVWV�RI�SHUVRQV�WR�EH�YLVLWHG��,Q�WKLV�FDVH��DKROG�XS�LQ�GDWD�SURFHVVLQJ�FRXOG�OHDG�WR�GHOD\V�LQ�WKH�ILHOGZRUN��$V�ZHOO�DV�GHOD\V�WR�WKHDQDO\VLV�RU�ILHOG�ZRUN��LQDGHTXDWH�UHVRXUFHV�IRU�WKH�GDWD�SURFHVVLQJ�DVSHFWV�RI�D�VWXG\�FDQ�OHDGWR�EUHDNGRZQV�LQ�TXDOLW\�FRQWURO�DW�GLIIHUHQW�SRLQWV�LQ�WKH�VXUYH\�SURFHVV�UHVXOWLQJ�LQ�SRRUTXDOLW\�GDWD�
$V�DQ�H[DPSOH��WKURXJKRXW�WKLV�VHFWLRQ��ZH�VKDOO�WDNH�DQ�RYHUDOO�YLHZ�RI�WKH�RQFKRFHUFLDVLVVWXG\��WDNLQJ�LQWR�DFFRXQW�LWV�SULPDU\�REMHFWLYH��DV�D�WULDO�RI�WKH�HIIHFWLYHQHVV�RI�WKH�GUXJ,YHUPHFWLQ��0HUFN��LQ�UHGXFLQJ�WKH�V\PSWRPV�RI�WKH�GLVHDVH�
5HIHUHQFHV
6HFWLRQV������DQG������RI�0HWKRGV�IRU�ILHOG�WULDOV�RI�LQWHUYHQWLRQV�DJDLQVW�WURSLFDO�GLVHDVHV��DWRROER[�E\�3*�6PLWK�DQG�5+�0RUURZ��2[IRUG�8QLYHUVLW\�3UHVV�������
&KRRVLQJ�DQG�XVLQJ�D�PLFURFRPSXWHU�IRU�WURSLFDO�HSLGHPLRORJ\��,��3UHOLPLQDU\�FRQVLGHUDWLRQVE\�3�%\DVV��-RXUQDO�RI�7URSLFDO�0HGLFLQH�DQG�+\JLHQH������������������
3URFHVVLQJ�'DWD��7KH�6XUYH\�([DPSOH�E\�/%�%RXUTXH�DQG�9$�&ODUN��6DJH��������



���

'DWD�VRXUFHV
,Q�SODQQLQJ�WKH�GDWD�SURFHVVLQJ�QHHGV��WKH�ILUVW�VWDJH�LV�WR�VXPPDULVH�WKH�GDWD�VRXUFHV�LQ�WKHVWXG\��,W�LV�LPSRUWDQW�WR�LQFOXGH�DOO�VRXUFHV�RI�GDWD��LQFOXGLQJ�VHFRQGDU\�GDWD��LQWHUYLHZVFKHGXOHV�DQG�TXHVWLRQQDLUHV��ODERUDWRU\�IRUPV��UHJLVWHUV�RI�HYHQWV��HWF����ZKHWKHU�FRPSXWHULVHGRU�QRW��7KLV�ZLOO�LQYROYH�DQ�RXWOLQH�RI�WKH�VWXG\�SODQ�
7KH�,YHUPHFWLQ�WULDO�WRRN�SODFH�LQ�VL[�YLOODJHV��DQG�LQFOXGHG�HYHU\ERG\�LQ�WKRVH�YLOODJHV�DJHGRYHU�RQH�\HDU�RI�DJH��$�FHQVXV�ZDV�FDUULHG�RXW�ZKLFK�VKRZHG�WKH�WRWDO�SRSXODWLRQ�RI�WKH�VL[YLOODJHV�WR�EH�DERXW������SHUVRQV��7KLV�ZDV�IROORZHG�E\�D�EDVHOLQH�VXUYH\�WR�UHFRUG�EDVLFGHPRJUDSKLF�GDWD�VXFK�DV�QDPH��DJH��VH[��RFFXSDWLRQ��UHVLGHQFH�
&RLQFLGHQW�ZLWK�WKLV�VXUYH\��DQG�WKHQ�DJDLQ�HYHU\�VL[�PRQWKV�IRU�D�WRWDO�RI�ILYH�VXUYH\V��DFOLQLFDO�VXUYH\�ZDV�FRQGXFWHG�WR�UHFRUG�V\PSWRPV�RI�RQFKRFHUFLDVLV�VXFK�DV�VNLQ�OHVLRQV�QRGXOHV�RU�LWFKLQJ��DQG�DQ�RSKWKDOPLF�VXUYH\�WR�UHFRUG�H\H�GDWD�DQG�YLVXDO�DFXLW\��7KHVHVXUYH\V�ZHUH�FRQGXFWHG�LQ�RQH�YLOODJH�HYHU\�IHZ�ZHHNV��WKXV�FRYHULQJ�WKH�VL[�YLOODJHV�LQ�DERXWILYH�PRQWKV��6DPSOHV�RI�EORRG�DQG�VNLQ�VQLSV�WDNHQ�GXULQJ�WKH�FOLQLFDO�VXUYH\�ZHUH�DQDO\VHGDQG�WKH�UHVXOWV�VWRUHG�LQ�ODERUDWRU\�UHFRUGV�
$W�HDFK�VXUYH\�URXQG��LQIRUPDWLRQ�DERXW�GHDWKV�RFFXUULQJ�VLQFH�WKH�SUHYLRXV�VXUYH\�ZDVUHFRUGHG��%DVHOLQH�GDWD�ZDV�UHFRUGHG�DERXW�QHZ�HQWUDQWV�WR�WKH�VWXG\��FKLOGUHQ�UHDFKLQJ�WKHLUILUVW�ELUWKGD\�RU�LQ�PLJUDQWV��
(DFK�LQGLYLGXDO�ZDV�UDQGRPLVHG�WR�RQH�RI�HLJKWHHQ�FRGHV��QLQH�RI�ZKLFK�ZHUH�DOORFDWHG�WRUHFHLYH�,YHUPHFWLQ��DQG�WKH�RWKHU�QLQH�WR�UHFHLYH�SODFHER��1RWH�WKDW�LQ�WKH�H[DPSOH�H[HUFLVH�LQWKLV�ERRN�RQO\�WZR�FRGHV�ZHUH�XVHG�IRU�VLPSOLFLW\�EXW�PRUH�FRGHV�DUH�GHVLUDEOH�WR�SURWHFWEOLQGLQJ�VKRXOG�WKH�FRGH�QHHG�WR�EH�EURNHQ�IRU�D�VLQJOH�LQGLYLGXDO��H�J��LQ�FDVH�RI�VHULRXV�LOOQHVVRU�VXVSHFWHG�VHYHUH�DOOHUJLF�UHDFWLRQ�WR�WKH�GUXJ���7KH�DOORFDWLRQ�RI�FRGHV�ZDV�GRQH�LQ�WKH�8.�VR�WKDW�ERWK�WKH�UHVHDUFKHUV�DQG�WKH�YLOODJHUV�ZHUH�EOLQG�WR�WKH�WUHDWPHQW�JLYHQ��$IWHU�HDFKVXUYH\�URXQG��D�WUHDWPHQW�ILOH�ZDV�FUHDWHG�ZLWK�WKH�ZHLJKW�RI�HDFK�VXEMHFW�DQG�WKH�DSSURSULDWHGRVH��DFFRUGLQJ�WR�ZHLJKW�UHFRUGHG�DW�WKH�FOLQLFDO�VXUYH\���7KLV�ILOH�ZDV�XVHG�WR�SUHSDUHWUHDWPHQW�FDUGV��WR�HDFK�RI�ZKLFK�ZDV�VWDSOHG�D�EOLVWHU�SDFN�FRQWDLQLQJ�WKH�DSSURSULDWH�QXPEHURI�WDEOHWV��7KH�VXEMHFWV�ZHUH�WUHDWHG��DQG�WKLV�IDFW�UHFRUGHG�RQ�WKH�WUHDWPHQW�ILOH�
)URP�WKH�VWXG\�RXWOLQH��D�OLVW�RI�WKH�SULPDU\�GDWD�VRXUFHV�FDQ�EH�GUDZQ�XS��LQFOXGLQJ�WKHQXPEHU��IUHTXHQF\�DQG�VL]H�RI�HDFK�

)RUPV�QHHGHG 4XDQWLW\ )UHTXHQF\ &KDUDFWHUV�SHU�UHFRUGFHQVXV ���� RQFH ��EDVHOLQH�VXUYH\ ���� RQFH ��GHDWK�UHFRUGV XQNQRZQ RQFHQHZ�HQWUDQWUHFRUGV XQNQRZQ RQFH
FOLQLFDO�VXUYH\ ���� ILYH�WLPHV��HYHU\�VL[PRQWKV� ��

RSKWKDOPLF�VXUYH\ ���� ILYH�WLPHV��HYHU\�VL[PRQWKV� ��
ODERUDWRU\�UHFRUGV ���� ILYH�WLPHV��HYHU\�VL[PRQWKV� ��
WUHDWPHQW�ILOH ���� ILYH�WLPHV��HYHU\�VL[PRQWKV� ��



���

7DVNV�DULVLQJ�IURP�WKH�GDWD
)XUWKHU�WDVNV�ZLOO�IROORZ�IURP�WKLV�OLVW�RI�SULPDU\�GDWD�VRXUFHV��DQG�ZLOO�LQ�WXUQ�JHQHUDWHVHFRQGDU\�GDWD�

��&RPELQDWLRQ�RI�WKH�FHQVXV��WKH�EDVHOLQH�VXUYH\�GDWD�DQG�WKH�UDQGRPLVDWLRQ�FRGHV�LQWR�DSRSXODWLRQ�UHJLVWHU�
��0DLQWHQDQFH�RI�WKLV�UHJLVWHU�DQG�XSGDWLQJ�ZLWK�GHWDLOV�RI�QHZ�ELUWKV��GHDWKV�DQGPLJUDQWV�
��8VLQJ�WKH�UHJLVWHU�WR�JHQHUDWH�OLVWV�RI�VXEMHFWV�IRU�FOLQLFLDQ�DQG�RSKWKDOPRORJLVW�WR�YLVLWDW�HDFK�VXUYH\�URXQG�
��3URGXFWLRQ�RI�VWLFN\�ODEHOV�VKRZLQJ�QDPH��DJH��VH[��DGGUHVV��,'�QR��RI�HDFK�VXEMHFW�WREH�DIIL[HG�WR�EODQN�FOLQLFDO�DQG�RSKWKDOPLF�TXHVWLRQQDLUHV��DQG�WR�ODERUDWRU\�IRUPV�
��8VLQJ�WKH�UHJLVWHU�DQG�PRVW�UHFHQW�VXUYH\�GDWD�WR�SURGXFH��XVLQJ�WKH�WUHDWPHQW�ILOH��DOLVW�RI�VXEMHFWV�WR�EH�YLVLWHG�IRU�WUHDWPHQW�E\�HDFK�ILHOG�ZRUNHU��7KLV�OLVW�ZDV�SULQWHGGRXEOH�VSDFHG�WR�DOORZ�WKH�ILHOG�ZRUNHU�WR�UHFRUG�WUHDWPHQW�JLYHQ�DQG�RWKHULQIRUPDWLRQ�
��3URGXFWLRQ�RI�D�VWLFN\�ODEHO�ZLWK�WUHDWPHQW�FRGH�DQG�QXPEHU�RI�SLOOV�IRU�HDFK�VXEMHFW�WREH�WUHDWHG�
��3URGXFWLRQ�RI�OLVWV�RI�WKRVH�VXEMHFWV�QRW�VHHQ�DW�WKH�FOLQLFDO�RU�RSKWKDOPLF�VXUYH\�RU�QRWWUHDWHG�DW�WUHDWPHQW�URXQG��IRU�VXEVHTXHQW�IROORZ�XS�

7KH�QXPEHU�DQG�QDWXUH�RI�HDFK�RI�WKHVH�WDVNV�QHHGV�WR�EH�HVWLPDWHG�EHIRUHKDQG��LQ�RUGHU�WRTXDQWLI\�WKH�UHVRXUFHV�QHHGHG�WR�FDUU\�WKHP�RXW�



���

/LQNLQJ�RI�GDWD�ILOHV
)LOHV�QHHG�WR�EH�OLQNHG�ZLWK�D�XQLTXH�LGHQWLI\LQJ�QXPEHU��,Q�WKH�,YHUPHFWLQ�WULDO�D�VLPSOH�IRXUGLJLW�QXPEHU��,'12��ZDV�DSSHQGHG�LQLWLDOO\�WR�WKH�EDVHOLQH�VXUYH\�GDWD��,Q�SUDFWLFH�LW�LV�RIWHQKHOSIXO�WR�XVH�DQ�LGHQWLILHU�ZKLFK�FRPELQHV�LQIRUPDWLRQ�DERXW�WKH�SHUVRQ
V�UHVLGHQFH��)RUH[DPSOH��LQ�D�VWXG\�LQ�7KH�*DPELD�ZKLFK�FRYHUHG�DERXW�WZHQW\�YLOODJHV��WKH�LGHQWLI\LQJQXPEHU�ZDV�RI�WKH�IRUP�

$�����
7KH�LQLWLDO�OHWWHU�LQGLFDWHG�WKH�YLOODJH��WKH�ILUVW�WZR�GLJLWV�LQGLFDWHG�WKH�FRPSRXQG�ZLWKLQ�WKDWYLOODJH��DQG�WKH�ILQDO�WKUHH�GLJLWV�LQGLFDWHG�WKH�LQGLYLGXDO�ZLWKLQ�WKDW�FRPSRXQG�

$ �� ���

9LOODJH
&RPSRXQG

,QGLYLGXDO

7KLV�NLQG�RI�KLHUDUFKLFDO�QXPEHULQJ�VFKHPH�LV�SDUWLFXODUO\�XVHIXO�ZKHQ�LQIRUPDWLRQ�LV�UHFRUGHGDW�GLIIHUHQW�OHYHOV�RI�WKH�KLHUDUFK\��)RU�H[DPSOH��SUHYDOHQFH�RI�LOOQHVV�DPRQJ�LQGLYLGXDOV�LVUHODWHG�WR��H�J���VDQLWDWLRQ�ZLWKLQ�WKH�FRPSRXQG�



���

3HUVRQQHO�UHTXLUHPHQWV
:KHQ�SODQQLQJ�WKH�QXPEHU�DQG�OHYHO�RI�VWDII�UHTXLUHG��WKH�IROORZLQJ�JHQHUDO�GDWD�SURFHVVLQJWDVNV�QHHG�WR�EH�FRQVLGHUHG�LQ�DGGLWLRQ�WR�WKRVH�PHQWLRQHG�DERYH�

��'LVWULEXWLRQ�DQG�WUDFNLQJ�RI�IRUPV�WR�DQG�IURP�LQWHUYLHZHUV�LQ�WKH�ILHOG�
��5DLVLQJ�TXHULHV�ZLWK�ILHOG�VWDII�DERXW�GDWD��UH�HQWHULQJ�FRUUHFWHG�RU�DGGLWLRQDO�GDWD�
��6HWWLQJ�XS�DQG�PDLQWDLQLQJ�V\VWHPV�IRU�FKHFNLQJ�WKDW�HDFK�IRUP�JRHV�WKURXJK�DOO�WKHQHFHVVDU\�VWDJHV�RI�GDWD�HQWU\��,W�LV�XVHIXO�WR�PDUN�WKH�IRUPV�LQ�VRPH�ZD\�VR�WKDW�LW�LVREYLRXV�ZKLFK�RQHV�KDYH�JRQH�WKURXJK�ZKLFK�SURFHVVHV��,W�FDQ�EH�XVHIXO�WR�KDYH�FOHDUO\PDUNHG�WUD\V�IRU�IRUPV�UHDG\�IRU��RU�KDYLQJ�FRPSOHWHG��D�FHUWDLQ�VWDJH�LQ�WKH�SURFHVV�
��&KHFNLQJ�GDWD�HQWU\��HLWKHU�E\�GRXEOH�GDWD�HQWU\�RU�DQ�DOWHUQDWLYH�PHWKRG���2IWHQFKHFNLQJ�SURJUDPV�DUH�ZULWWHQ�ZKLFK�QHHG�WR�EH�UXQ�SHULRGLFDOO\�
��%DFNLQJ�XS�GDWD�ILOHV��1HHG�WR�GHFLGH�ZKR�ZLOO�GR�WKLV��KRZ�RIWHQ�DQG�RQWR�ZKDW��RQHFRS\�RI�DOO�SURJUDP�DQG�GDWD�ILOHV�VKRXOG�EH�VWRUHG�RII�VLWH�LQ�FDVH�RI�WKHIW�RU�ILUH��
��9LUXV�FKHFNLQJ��:KR�ZLOO�NHHS�YLUXV�FKHFNLQJ�SURJUDPV�XS�WR�GDWH�DQG�KRZ�RIWHQ�ZLOOWKH\�EH�UXQ�WR�FKHFN�FRPSXWHUV"
��3URWHFWLQJ�VXEMHFW�FRQILGHQWLDOLW\�
��'RFXPHQWLQJ�SURJUDPV

$GPLQLVWUDWLYH�GXWLHV��OHDYH�DQG�VLFNQHVV�DOVR�QHHG�WR�EH�WDNHQ�LQWR�DFFRXQW�



���

'DWD�HQWU\�FOHUNV�DQG�FRGHUV
8QOHVV�WUDLQHG�GDWD�HQWU\�FOHUNV�DQG�FRGHUV�DUH�DOUHDG\�DYDLODEOH��WKH\�ZLOO�QHHG�WR�EH�KLUHG�DQGWUDLQHG��7KH�OHYHO�RI�SHUVRQ�KLUHG�GHSHQGV�RQ�WKH�H[WHQW�WR�ZKLFK�WKH\�ZLOO�EH�UHTXLUHG�WR�XVHWKHLU�MXGJHPHQW��%\DVV��������IRXQG�WKDW�VHFRQGDU\�VFKRRO�OHDYHUV�FRXOG�EH�WUDLQHG�IRUVWUDLJKWIRUZDUG�GDWD�FRGLQJ�DQG�HQWU\��%RXUTXH�DQG�&ODUN��������DGYLVH�WKDW��DV�WKH�ZRUN�RIGDWD�SURFHVVLQJ�SHUVRQQHO�WHQGV�WR�EH�UHSHWLWLYH�DQG�WHGLRXV�DQG�GHPDQGV�DWWHQWLRQ�WR�GHWDLO��LWLV�LPSRUWDQW�WR�H[SODLQ�GXULQJ�WUDLQLQJ�WKH�LPSRUWDQFH�DQG�UHOHYDQFH�RI�WKHLU�ZRUN�WR�WKH�ZKROHUHVHDUFK�SURFHVV��,I�RSHQ�TXHVWLRQV�DQG�TXDOLWDWLYH�GDWD�DUH�WR�EH�FRGHG�WKHQ�LW�LV�JHQHUDOO\QHFHVVDU\�WR�HPSOR\�GDWD�SURFHVVLQJ�SHUVRQQHO�ZLWK�D�KLJKHU�OHYHO�RI�HGXFDWLRQ�WKDQ�FRPSOHWLRQRI�VHFRQGDU\�VFKRRO�
7KH�QXPEHU�RI�GLIIHUHQW�WDVNV��VXFK�DV�WKRVH�OLVWHG�DERYH��WKDW�D�GDWD�HQWU\�FOHUN�ZLOO�SHUIRUPYDULHV�IURP�VWXG\�WR�VWXG\��2EYLRXVO\�D�PDLQ�FRPSRQHQW�RI�D�GDWD�HQWU\�FOHUN©V�GXWLHV�LV�WRHQWHU�GDWD��DQG�LQ�RUGHU�WR�HVWLPDWH�WKH�DPRXQW�RI�WLPH�QHHGHG�IRU�WKLV�LW�LV�QHFHVVDU\�WR�FRQVLGHUWKH�DPRXQW�RI�GDWD��)RU�WKH�,YHUPHFWLQ�VWXG\�WKH�PDMRU�ORDG�ZLOO�EH�WKH�SURFHVVLQJ�RYHU�HDFK�VL[PRQWK�SHULRG�RI�WKH������FOLQLFDO��RSKWKDOPLF��ODERUDWRU\�DQG�WUHDWPHQW�IRUPV��7KLV�ZLOODYHUDJH�RXW�DV������[�������� �DERXW�����IRUPV�SHU�ZHHN��RU�����VLQFH�WKH\�ZLOO�EH�GRXEOHHQWHUHG�
7KH�UHTXLUHPHQW�IRU�GDWD�HQWU\�FOHUNV�FDQ�EH�HVWLPDWHG�IURP�WKLV��,I�WKH�DYHUDJH�VL]H�RI�IRUPV�LVDURXQG����FKDUDFWHUV�WKLV�ZLOO�HQWDLO�HQWU\�RI��������FKDUDFWHUV�SHU�ZHHN��%\DVV��������IRXQG�LQ7KH�*DPELD�WKDW�VHFRQGDU\�VFKRRO�OHDYHUV�FRXOG�EH�WUDLQHG�WR�W\SH�TXLWH�TXLFNO\�DQG�KDQGOHRYHU�����UHFRUGV�RI�����FKDUDFWHUV�SHU�GD\��D�WRWDO�RI��������FKDUDFWHUV�SHU�ZHHN���7KLVLQGLFDWHV�WKDW�RQH�FOHUN�VKRXOG�EH�VXIILFLHQW�IRU�WKLV�VWXG\��DOWKRXJK�LW�LV�XVXDOO\�SUHIHUDEOH�WRKDYH�GLIIHUHQW�SHRSOH�W\SLQJ�LQ�WKH�WZR�HQWULHV�RI�GRXEOH�HQWHUHG�GDWD���,Q�FRXQWULHV�DQG�XUEDQDUHDV�ZKHUH�WUDLQHG�NH\ERDUG�RSHUDWRUV�DUH�DYDLODEOH��IDU�KLJKHU�GDWD�HQWU\�VSHHGV�FDQ�EHH[SHFWHG�



���

7KH�GDWD�PDQDJHU
)RU�ODUJH�VWXGLHV�LW�LV�DGYLVDEOH�WR�DSSRLQW�D�GDWD�PDQDJHU��7KLV�SHUVRQ�ZLOO�EH�UHVSRQVLEOH�IRU

��6XSHUYLVLQJ�WKH�GDWD�HQWU\�FOHUNV�
��2UJDQLVLQJ�WKH�¨IORZ©�RI�WKH�TXHVWLRQQDLUHV�
��(QVXULQJ�WKH�TXDOLW\�RI�WKH�GDWD�
��(QVXULQJ�WKH�VHFXULW\�RI�WKH�GDWD��EDFNXSV��FRQILGHQWLDOLW\��
��&DUU\LQJ�RXW�WKH�WDVNV�DULVLQJ�IURP�WKH�GDWD�VXFK�DV�SURGXFWLRQ�RI�OLVWV�DQG�ODEHOV�
��,QVWDOOLQJ�DQG�PDLQWDLQLQJ�WKH�KDUGZDUH�
��,QVWDOOLQJ�DQG�PDLQWDLQLQJ�VRIWZDUH�
��3URGXFLQJ�VXPPDULHV�RI�WKH�GDWD�WR�HQDEOH�WKH�LQYHVWLJDWRU�WR�PRQLWRU�SURJUHVV�



���

6RIWZDUH�UHTXLUHPHQWV
$V�\RX�KDYH�VHHQ��(SL,QIR�FDQ�KDQGOH�WKH�UHTXLUHPHQWV�RI�ODUJH�VWXGLHV��7KH�$1$/<6,6PRGXOH�RI�(SL,QIR�FDQ�SHUIRUP�PRVW�RI�WKH�VWDWLVWLFV�WKDW�ZLOO�EH�UHTXLUHG�IRU�DQDO\VLQJ�GDWDIURP�D�VXUYH\�RU�WULDO�EXW�LW�LV�OLNHO\�WKDW�DQRWKHU�VWDWLVWLFV�SDFNDJH�ZLOO�EH�UHTXLUHG�WR�SHUIRUPPXOWLYDULDWH�RU�UHSHDWHG�PHDVXUHV�DQDO\VLV��7KH�FKRLFH�RI�VWDWLVWLFDO�SDFNDJH�LV�EHVW�OHIW�WR�WKHVWDWLVWLFLDQ�ZKR�ZLOO�EH�UHVSRQVLEOH�IRU�WKH�GDWD�DQDO\VLV��,Q�WKH�FDVH�RI�FOLQLFDO�WULDOV�WKH�FKRLFHRI�VWDWLVWLFV�SDFNDJH�PD\�EH�GLFWDWHG�E\�WKH�OLFHQVLQJ�DXWKRULW\�
)RU�FRPSOH[�GDWDVHWV�\RX�PD\�RSW�IRU�D�VSHFLDOLVHG�VXLWH�RI�SURJUDPV�WR�EH�ZULWWHQ��IRU�H[DPSOHLQ�D�GDWDEDVH�SDFNDJH�VXFK�DV�$FFHVV��LQFRUSRUDWLQJ�IXQFWLRQV�VXFK�DV�GRXEOH�GDWD�HQWU\��UDQJHDQG�FRQVLVWHQF\�FKHFNV��DQG�WKH�OLQNLQJ�DQG�PHUJLQJ�ILOHV��,I�\RX�FKRRVH�WKLV�URXWH�\RX�VKRXOGLQVLVW�WKDW�HYHU\WKLQJ�LV�IXOO\�GRFXPHQWHG��7KH�PDLQWHQDQFH�RI�XQGRFXPHQWHG�SURJUDPV�FDQ�EHYHU\�GLIILFXOW�DQG�PD\�UHTXLUH�D�FRPSOHWH�UHZULWH�RI�DOO�SURJUDPV�LI�WKH�RULJLQDO�SURJUDPPHU�LVQR�ORQJHU�DYDLODEOH�IRU�DGYLFH��,I�D�GHFLVLRQ�LV�PDGH�WR�XVH�D�SDFNDJH�RWKHU�WKDQ�(SL,QIR�IRU�WKHEXON�RI�WKH�ZRUN��WKHQ�\RX�ZRXOG�DOVR�QHHG�D�ZRUG�SURFHVVLQJ�SDFNDJH�DQG�D�VWDWLVWLFDOSDFNDJH��7KH�FRVW�RI�WKHVH�ZLOO�QHHG�WR�EH�FRQVLGHUHG��DQG�WLPH�DQG�UHVRXUFHV�DOORFDWHG�IRUWUDLQLQJ�



���

+DUGZDUH�UHTXLUHPHQWV
+DUGZDUH�VSHFLILFDWLRQV�FKDQJH�IURP�PRQWK�WR�PRQWK�PDNLQJ�LW�GLIILFXOW�WR�JLYH�DQ\WKLQJ�PRUHWKDQ�JHQHUDO�JXLGHOLQHV�

��$OZD\V�JR�IRU�WKH�¨LQGXVWU\�VWDQGDUG©�LQ�ERWK�KDUGZDUH�DQG�RSHUDWLQJ�V\VWHP��$W�WKHWLPH�RI�ZULWLQJ�WKLV�PHDQW�DQ�,%0�FRPSDWLEOH�SHUVRQDO�FRPSXWHU��3&��EDVHG�XSRQ�WKH,QWHO�3HQWLXP�SURFHVVRU�UXQQLQJ�0LFURVRIW�:LQGRZV�
����2WKHU�FRPELQDWLRQV�RIKDUGZDUH��H�J��$SSOH�0DFLQWRVK�RU�3RZHU3&��RU�RSHUDWLQJ�V\VWHP��26����PD\�EHDSSHDOLQJ�EXW�PD\�SURYH�GLIILFXOW�WR�VXSSRUW��$OZD\V�EX\�IURP�D�UHSXWDEOHPDQXIDFWXUHU��'R�QRW�EH�WHPSWHG�E\�EDUJDLQ�SULFHV�
��%X\�WKH�KLJKHVW�VSHFLILHG�HTXLSPHQW�\RX�FDQ�DIIRUG��3URFHVVRU�VSHHG�LV�LPSRUWDQW��7KHDPRXQW�RI�PHPRU\��5$0��FDQ�DOVR�JUHDWO\�HIIHFW�V\VWHP�SHUIRUPDQFH��0DNH�VXUH�WKDWWKH�KDUG�GLVN�LV�ODUJH�HQRXJK�WR�KROG�DW�OHDVW�WZLFH�WKH�DQWLFLSDWHG�VL]H�RI�GDWD�DQGSURJUDP�ILOHV��$�ODUJH�PRQLWRU�����RU����LQFK��PD\�SURYH�XVHIXO�IRU�GDWD�DQDO\VLVPDFKLQHV��0DFKLQHV�WKDW�DUH�WR�EH�XVHG�IRU�GDWD�HQWU\�SXUSRVHV�RQO\�FDQ�EH�OHVV�KLJKO\VSHFLILHG��(SL,QIR�FDQ�UXQ�ZHOO�RQ�PRGHVWO\�VSHFLILHG�PDFKLQHV�
��$OO�PDFKLQHV�VKRXOG�KDYH�VRPH�IRUP�RI�EDFNXS�PHFKDQLVP��)RU�VPDOO�VXUYH\V�\RX�FDQUHO\�RQ�IORSS\�GLVNV�EXW�IRU�ODUJHU�VXUYH\V�\RX�ZLOO�QHHG�D�WDSH�EDFNXS�GHYLFH��<RXVKRXOG�DOVR�SXUFKDVH�D�VPDOO�ILUHSURRI�ER[�RU�VDIH�IRU�VWRUDJH�RI�EDFNXS�GLVNV�RU�WDSHV�

<RX�VKRXOG�KDYH�DW�OHDVW�WZR�FRPSXWHUV�IRU�DQ\�VXUYH\��7KLV�ZLOO�DOORZ�WKH�VXUYH\�WR�FRQWLQXHLI�RQH�PDFKLQH�VKRXOG�IDLO�EXW�LW�DOVR�DOORZV�GDWD�WR�EH�HQWHUHG�RQ�RQH�PDFKLQH�ZKLOVW�WKH�RWKHUPDFKLQH�LV�XVHG�IRU�DGPLQLVWUDWLYH�RU�GDWD�PDQDJHPHQW�WDVNV��,Q�UHPRWH�ORFDWLRQV�LW�ZLOO�KHOS�LIWKH�FRPSXWHUV�DUH�LGHQWLFDO�VR�WKDW�D�VLQJOH�VHW�RI�VSDUH�SDUWV�ZLOO�VXIILFH�IRU�ERWK�PDFKLQHV�DQGRQH�PDFKLQH�FDQ�DOZD\V�EH�NHSW�UXQQLQJ�E\�FDQQLEDOLVLQJ�WKH�RWKHU��3RUWDEOH�FRPSXWHUV�DUHDWWUDFWLYH�EXW�KDYH�OLPLWHG�NH\ERDUGV�DQG�VFUHHQV�DQG�DUH�GLIILFXOW�WR�UHSDLU��7KH\�DUH�PRUHH[SHQVLYH�WKDQ�GHVNWRS�PDFKLQHV�DQG�DUH�PRUH�VXVFHSWLEOH�WR�WKHIW�
7KH�SULQWHU�\RX�XVH�ZLOO�GHSHQG�RQ�WKH�VL]H�DQG�FRPSOH[LW\�RI�WKH�VXUYH\��)RU�ODUJH�VXUYH\V�\RXPD\�UHTXLUH�D�GHGLFDWHG�SULQWHU�WR�SURGXFH�OLVWV��UHSRUWV��DQG�WKH�RXWSXW�RI�DQDO\VLV��6XFK�DSULQWHU�ZLOO�EH�RSWLPLVHG�IRU�VSHHG�RI�RXWSXW��QRW�TXDOLW\��DQG�EH�DEOH�WR�KDQGOH�ZLGHFRQWLQXRXV�VWDWLRQDU\��GRW�PDWUL[�SULQWHU���,I�\RX�ZLOO�QHHG�WR�SURGXFH�IROORZ�XS�OHWWHUV�WKHQ�DSULQWHU�FDSDEOH�RI�KDQGOLQJ�VWDQGDUG�OHWWHU�SDSHU�DQG�SURGXFLQJ�KLJK�TXDOLW\�WH[W�ZLOO�EHUHTXLUHG��LQN�MHW�RU�ODVHU�SULQWHU���&KHDS�FRORXU�LQN�MHW�SULQWHUV�DUH�DYDLODEOH�ZKLFK�ZLOO�SURGXFHKLJK�TXDOLW\�WH[W�DQG�JUDSKLFV�EXW�WHQG�WR�EH�H[SHQVLYH�WR�UXQ��,Q�UHPRWH�ORFDWLRQV�PDNH�VXUHWKDW�\RX�EX\�D�JRRG�VXSSO\�RI�SDSHU�DQG�RWKHU�FRQVXPDEOH�LWHPV��VXFK�DV�LQN��ULEERQV��RUFDUWULGJHV��DW�WKH�VWDUW�RI�WKH�VXUYH\��$OZD\V�EX\�IURP�D�UHSXWDEOH�PDQXIDFWXUHU��'R�QRW�EHWHPSWHG�E\�EDUJDLQ�SULFHV�
,Q�UHPRWH�RU�GHYHORSLQJ�FRXQWU\�ORFDWLRQV�\RX�PD\�DOVR�QHHG�WR�SXUFKDVH�DQ�XQLQWHUUXSWLEOHSRZHU�VXSSO\��836��DV�WKLV�ZLOO�SURWHFW�\RXU�FRPSXWHUV�DJDLQVW�GDPDJLQJ�¨VSLNHV©�LQ�WKH�PDLQVVXSSO\��PDLQWDLQ�WKH�VXSSO\�IRU�D�VKRUW�SHULRG��HQRXJK�WLPH�WR�VDYH�DQ\�RSHQ�ILOHV��WR�SURWHFWDJDLQVW�FXW�LQ�PDLQV�VXSSO\��EODFN�RXWV���DQG�SURYLGH�JRRG�TXDOLW\�SRZHU�GXULQJ�SHULRGV�RI�ORZYROWDJH�FDXVHG�E\�H[FHVV�GHPDQG��EURZQ�RXWV���$LU�FRQGLWLRQLQJ�V\VWHPV�DUH�QRW�UHTXLUHG�DVPRVW�FRPSXWHUV�DUH�HTXLSSHG�ZLWK�LQWHUQDO�IDQV�EXW�GXVW�DQG�KXPLGLW\�FDQ�FDXVH�SUREOHPV�



���
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$SSHQGL[��)LOHV�DQG�9DULDEOHV
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)LOH 9DULDEOH &RQWHQWV 9DOXHV���&RGHV 0LVVLQJ'(02*B[�5(& ,'12 6XEMHFW�,'�QXPEHUEDVHOLQH�GHPRJUDSK\ 9,// 9LOODJH�QXPEHU �������'$7( 'DWH�RI�LQWHUYLHZ GG�PP�\\$*( $JH�LQ�\HDUV 3RVLWLYH�LQWHJHUV ��6(; 6H[ �� �0DOH�� �)HPDOH �
75,%( 7ULEH�FRGH �� �0HQGH�� �2WKHU++12 +RXVHKROG�QXPEHU 3RVLWLYH�LQWHJHUV ��5(/ 5HODWLRQ�LQ�KRXVHKROG �� �6HOI�� �3DUHQW�� �&KLOG�� �6LEOLQJ�� �2WKHU�EORRG�� �6SRXVH�� �2WKHU�QRQ�EORRG�� �)ULHQG�� �2WKHU

�

67$< <HDUV�LQ�YLOODJH 3RVLWLYH�LQWHJHUV��� �0LVVLQJ ��
2&& 2FFXSDWLRQ�FRGH �� �$W�KRPH�� �$W�VFKRRO�� �)DUPLQJ�� �)LVKLQJ�� �2IILFH�ZRUN�� �7UDGLQJ�� �+RXVHZRUN�� �0LQLQJ�� �2WKHU

�

0,&52�5(& ,'12 6XEMHFW�,'�QXPEHUPLUFRILODULDH�FRXQWV 65 6XUYH\�URXQG �������0)5,& 0)�FRXQW��ULJKW� 3RVLWLYH�LQWHJHUV ���0)/,& 0)�FRXQW��OHIW� 3RVLWLYH�LQWHJHUV ���665,& 6NLQ�GLDPHWHU��ULJKW� 3RVLWLYH�UHDOQXPEHUV �
66/,& 6NLQ�GLDPHWHU��OHIW� 3RVLWLYH�UHDOQXPEHUV �

%/22'�5(& ,'12 6XEMHFW�,'�QXPEHUEORRG�VDPSOHV 65 6XUYH\�URXQG �������(26,1 (RVLQRSKLO�FRXQW 3RVLWLYH�LQWHJHUV ����3&9 3DFNHG�FHOO�YROXPH 3RVLWLYH�LQWHJHUV ��036 0DODULD�SDUDVLWHV �� �1HJDWLYH�� �3RVLWLYH �
707&2'(6�5(&WUHDWPHQW�FRGHV '58* 'UXJ�EDWFK ,9(5� �'58*3/$&� �3/$&(%2,'12 6XEMHFW�,'�QXPEHU
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,QGH[
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,QGH[
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