
)LQGLQJ�5HODWLRQVKLSV�²�$�/DERUDWRU\�*UDSKLQJ�([HUFLVH

2EMHFWLYHV

7R�JDLQ�H[SHULHQFH�LQ�XVLQJ�D�FRPPHUFLDO�JUDSKLQJ�SURJUDP�VXFK�DV�0LFURVRIW�([FHO�

7R�GHWHUPLQH�PDWKHPDWLFDO�UHODWLRQVKLSV�EHWZHHQ�YDULDEOHV�XVLQJ�JUDSKLFDO�PHWKRGV�

7R�SUDFWLFH�GUDZLQJ�VFLHQWLILF�FRQFOXVLRQV�EDVHG�RQ�JUDSKLFDO�GDWD�

,QWURGXFWLRQ
,Q�VHYHUDO�ODERUDWRU\�LQYHVWLJDWLRQV�LQ�&+0�����DQG�&+0������D�SULPDU\�REMHFWLYH�ZLOO�EH�WR�REVHUYH�DQG�TXDQWLI\�
WKH�PDWKHPDWLFDO�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV��$Q LPSRUWDQW�WRRO�IRU�GHWHUPLQLQJ�PDWKHPDWLFDO�UHODWLRQVKLSV�LQ�
ODERUDWRU\�VFLHQFH�PDNHV�XVH�RI�JUDSKLFDO�PHWKRGV��)RU�H[DPSOH��&+0�����VWXGHQWV�XVH�JUDSKLQJ�WR�GHWHUPLQH�WKH�
PDWKHPDWLFDO�UHODWLRQVKLS�EHWZHHQ�WKH�GHQVLW\�RI�D�VDOW�ZDWHU�VROXWLRQ�DQG�WKH�PDVV�SHUFHQW�RI�VDOW�LQ�WKH�VROXWLRQ��,Q�
DQRWKHU�H[SHULPHQW��VWXGHQWV�PD\�EH�DVNHG�WR�GHWHUPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�YROXPH�RI�D�FRQILQHG�JDV�DQG�
WKH�WHPSHUDWXUH�RI WKH�JDV��$W�RWKHU�WLPHV��VWXGHQWV�PD\�XVH�JUDSKLFDO�PHWKRGV�WR�GRFXPHQW�XQXVXDO�RU�XQH[SHFWHG�
GHYLDWLRQV�LQ�GDWD�VHWV��,Q�WKLV�H[HUFLVH��VWXGHQWV�ZLOO�SUDFWLFH�XVLQJ D�FRPPHUFLDO�JUDSKLQJ�SURJUDP�WR�GHWHUPLQH�
PDWKHPDWLFDO�UHODWLRQVKLSV�EHWZHHQ�YDULDEOHV�DQG�GUDZ�FRQFOXVLRQV�EDVHG�RQ�FROOHFWHG�JUDSKLFDO�GDWD��

7KH�3DUWV�RI�D�6FLHQWLILF�*UDSK
�$�VFLHQWLILF�JUDSK�VKRXOG�VWDQG�E\�LWVHOI��,Q�RWKHU�ZRUGV��D�UHDGHU�VKRXOG�EH�DEOH�WR�VHH�DOO�WKH�LPSRUWDQW�LQIRUPDWLRQ�
DERXW�WKH�GDWD�IURP�WKH�JUDSK��&RQVHTXHQWO\��VFLHQWLILF�JUDSKV�PXVW�LQFOXGH�

�� 0HDQLQJIXO�D[HV��ZLWK�ZHOO�FKRVHQ�JULG�OLQHV��WLFN�PDUNV��DQG�DSSURSULDWH�PLQLPXPV�DQG�PD[LPXPV
�� $�GHVFULSWLYH�FDSWLRQ�RU�WLWOH
�� $�FOHDU�OHJHQG LI�WKHUH�LV�PRUH�WKDQ�RQH�GDWD�VHW�RQ�D�VLQJOH�JUDSK
�� $�WUHQGOLQH�DQG�HTXDWLRQ�IRU�WKH�VORSH�RI�WKH�WUHQGOLQH��\� �P[���E� LI WKH�PDWKHPDWLFDO�UHODWLRQVKLS

EHWZHHQ�WKH�YDULDEOHV�LV�WR�EH�XVHG�RU�UHSRUWHG�

&RPPRQ�*UDSK�7\SHV��6FDWWHU�&KDUWV
&RPPHUFLDO�JUDSKLQJ�DSSOLFDWLRQV�VXFK�DV�([FHO�DOORZ�XVHUV�WR�FUHDWH�D ZLGH�YDULHW\�RI�JUDSK�RU�FKDUW�³W\SHV´��7KH
³6FDWWHU´�FKDUW�RSWLRQ�LV�XVXDOO\�WKH�EHVW�JUDSKLQJ�RSWLRQ�LI�GDWD�FRQWDLQ�ERWK�[�DQG�\�YDOXHV����³/LQH´�FKDUWV�PD\�EH�XVHG�
LI�GDWD�FRQWDLQ�QXPHULFDO�YDOXHV�RQO\�RQ�WKH�\ D[LV��RU�LI�WKH�GDWD�GLVSOD\�WUHQGV�RYHU�WLPH��EDU��SLH��DQG�DUHD�JUDSKV�DUH�
DOVR�XVHG�LQ�VFLHQFH��EXW�QRW�LQ�WKLV�FRXUVH����)RU�WKLV�FRXUVH�ZH�ZLOO�DOPRVW�H[FOXVLYHO\�SUHSDUH�6FDWWHU FKDUWV�ZLWK�GDWD�
PDUNHUV��'R�QRW�GUDZ�GDWD�OLQHV LQ�WKLV�FRXUVH�±�DOZD\V�VHOHFW�WKH�FKDUW�VXE�W\SH�ZLWK�GDWD�PDUNHUV��QRW OLQHV��

'UDZLQJ�D�*UDSK
0LFURVRIW�([FHO�LV�WKH�JUDSKLQJ�DSSOLFDWLRQ�WKDW�LV�VXSSRUWHG�DQG�DYDLODEOH�RQ�19&&�FRPSXWHUV���0DQ\�SHUVRQDO�
FRPSXWHUV�DQG�WDEOHWV�KDYH�([FHO�LQVWDOOHG��EXW�DQ\�19&&�VWXGHQW�FDQ�DOVR�REWDLQ�D�IUHH�FRS\�RI�([FHO�DV�SDUW�RI WKH�
0LFURVRIW�2IILFH�����VXLWH��2WKHU�FRPPHUFLDO�JUDSKLQJ�SURGXFWV�H[LVW��EXW�DUH�QRW�VXSSRUWHG�E\�WKH�&ROOHJH��1RWH�WKDW�
WKHUH�DUH�PDQ\�YHUVLRQV�RI�([FHO�LQ�FRPPRQ�XVH�±�HDFK�YHUVLRQ�KDV�VOLJKW�YDULDWLRQV��VR�SUHFLVH�LQVWUXFWLRQV�IRU�RQH�
YHUVLRQ�PD\�QRW�DSSO\�WR�DQRWKHU�YHUVLRQ��<RX�PD\�KDYH�WR�H[SHULPHQW�D�OLWWOH�WR�SURGXFH�\RXU�GHVLUHG�JUDSK���

7KH�IROORZLQJ�LV�WKH�EDVLF�SURFHVV�IRU SUHSDULQJ�D�VFLHQWLILF�JUDSK�±�FRQVLGHU�([DPSOH����VXSSRVH�\RX�KDYH�IRXU�RUGHUHG�
SDLUV [ �LQ�\DUGV��DQG�\��LQ�IHHW������������������������������������DQG�\RX�ZDQW�WR�GHWHUPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WKHP�

[� ��\�
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�� ����

�� ���

�� ���

7KH�ILUVW�ORJLFDO�VWHS�LV�WR�PDNH�D�JUDSK�RI�\ YHUVXV�[��,QSXW�WKH�GDWD�LQ�FROXPQV�LQ�DQ�([FHO�ZRUNERRN��ZLWK�WKH�[ GDWD�
SODFHG�LQ�D�FROXPQ�WR�WKH�OHIW�DQG�DGMDFHQW�WR�WKH�\�GDWD��VHH�EHORZ���3ODFH KHDGLQJV�DW�WKH�WRS�RI�HDFK�FROXPQ��VHOHFW�WKH���
GDWD�FROXPQV��DQG�LQVHUW�D�FKDUW�WKDW�LV�³VFDWWHU�W\SH´�ZLWK�GDWD�PDUNHUV �QRW OLQHV�DQG�PDUNHUV����
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7KH�UHVXOWDQW�URXJK�JUDSK�IRU�([DPSOH���LV�VKRZQ�EHORZ��

6LQFH�WKH�VKDSH�RI�WKH�SORW�DSSHDUV�WR�EH�OLQHDU�LW�LV�SUREDEO\�D�VLPSOH�GLUHFW PDWKHPDWLFDO�UHODWLRQVKLS��EXW�WKLV�FDQQRW�EH�
FRQILUPHG�XQWLO�WKH�WUHQGOLQH�LV�LQVHUWHG�DQG�WKH�FRUUHODWLRQ�FRHIILFLHQW�5� LV�HYDOXDWHG��VHH�EHORZ���

'UDZLQJ�DQG�/DEHOLQJ�$[HV
:KHQ�GUDZLQJ�EDU�FKDUWV��WKH D[LV WUDGLWLRQDOO\ VWDUWV�DW�]HUR��7KLV�UXOH�GRHV�127 QHFHVVDULO\�DSSO\�WR�VFDWWHU�RU�OLQH�
FKDUWV��DV�FDQ�EH�REVHUYHG�LQ�WKH�JUDSK�DERYH���0LQLPXP�DQG�PD[LPXP�YDOXHV�IRU�HDFK�D[LV�RQ�D�VFDWWHU�FKDUW�VKRXOG�EH�
VHOHFWHG�VR�WKDW�WKH�GDWD�SRLQWV�DUH�VSUHDG�RYHU PRVW�RI�WKH�JUDSK��7R�FKDQJH�D PLQLPXP�RU�PD[LPXP�D[LV YDOXH��ULJKW�
FOLFN RQ�WKH�D[LV�DQG�FKRVH�³)RUPDW�$[LV´�DW�WKH�ERWWRP�RI�WKH�GLDORJXH�ER[��6HW�WKH�PLQLPXP���PD[LPXP�WR�DQ�
DSSURSULDWH�IL[HG�YDOXH��$OZD\V�VHW�D[LV�OLPLWV VR�WKDW�DOO GDWD�LV�YLVLEOH��EXW�WKHUH�LV�QRW D�ORW�RI�HPSW\�VSDFH��2WKHU�
DGMXVWPHQWV�WR�HDFK�D[LV��JULG�OLQHV��HWF���FDQ�DOVR�EH�PDGH�IURP�WKH�VDPH�GLDORJXH�ER[��$GG�D[LV�WLWOHV�WR�D�JUDSK�E\�
JRLQJ�WR�³&KDUW�7RROV´��³/D\RXW´�DQG�³$[LV�7LWOHV´���

+RZ�GR�\RX NQRZ�ZKLFK�ZD\�WR�RULHQW�WKH�D[HV" 7KH�[�D[LV�VKRXOG�EH�WKH�LQGHSHQGHQW�YDULDEOH��WKH�RQH�WKDW�LV
FRQWUROOHG��7KH�\�D[LV�LV�WKH GHSHQGHQW�YDULDEOH��WKH�YDULDEOH�ZKRVH�YDOXH�LV�WR�EH�GHWHUPLQHG�RU�HYDOXDWHG��2IWHQ��\RX�
ZLOO�QHHG�WR�WKLQN�DERXW�WKH�VFLHQWLILF�ODZ�RU�LGHD�WKDW�WKH�JUDSK�LV�LQWHQGHG�WR�VKRZ��LQ�RUGHU�WR�GHWHUPLQH�ZKDW�LV�EHLQJ�
FRQWUROOHG��[��DQG�ZKDW�LV�WR�EH�GHWHUPLQHG��\����5HPHPEHU�WR DOZD\V�LQFOXGH�XQLWV�IRU�YDULDEOHV�WKDW�KDYH�XQLWV��

$GGLQJ�7UHQGOLQHV
,Q�ODE��\RX�ZLOO�XVXDOO\��EXW�QRW�DOZD\V��EH�GUDZLQJ�JUDSKV�EDVHG�RQ�D�VFLHQWLILF�ODZ��&RQVHTXHQWO\��WKH�QH[W�VWHS XVXDOO\
LV�WR�GHWHUPLQH�WKH�PDWKHPDWLFDO�UHODWLRQVKLS�EHWZHHQ�WKH�GDWD�SRLQWV���7KHUH�DUH�WZR�GLIIHUHQW�W\SHV�RI�OLQHV�WKDW�FDQ EH�
GUDZQ�RQ�JUDSKV��GDWD�OLQHV�DQG�WUHQGOLQHV��'DWD�OLQHV�³FRQQHFW�WKH�GRWV´�EHWZHHQ GDWD�SRLQWV��7KH\�FDQ�EH�XVHIXO�LI�WKH�
GDWD�VHW�LV�KXJH��EXW�\RX�ZLOO DOPRVW QHYHU�GUDZ�GDWD�OLQHV�LQ WKLV�FRXUVH� $�WUHQGOLQH LV�D�PDWKHPDWLFDO�ILW�WR�WKH GDWD��DQG�
LQ�WKLV�FRXUVH�LV�XVXDOO\�EDVHG�RQ�VFLHQWLILF�ODZ��/LQHDU�WUHQGOLQHV�DUH FRPPRQ��EXW�H[SRQHQWLDO�RU�ORJDULWKPLF�WUHQGOLQHV�
DUH�DOVR�VRPHWLPHV�QHFHVVDU\��GHSHQGLQJ�RQ�WKH�H[SHULPHQW��7R�LQVHUW D�WUHQGOLQH�RQ�D�JUDSK��ULJKW�FOLFN�D�GDWD�SRLQW DQG�
FKRRVH�³,QVHUW�7UHQGOLQH´�IURP�WKH�GLDORJXH�ER[���'LVSOD\�WKH�HTXDWLRQ�IRU�WKH�VORSH�RI�WKH�WUHQGOLQH�DQG�WKH�5� YDOXH�E\�
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VHOHFWLQJ�WKH�DSSURSULDWH�FKHFNER[HV�LQ�WKH�7UHQGOLQH�GLDORJXH�ER[���5�DQG�5� DUH FRUUHODWLRQ�FRHIILFLHQWV�±�WKH\�JLYH D�
VHQVH�RI ZKHWKHU�WKH WUHQGOLQH�LV�D�JRRG�PDWFK�WR�WKH�GDWD�SRLQWV��:KDW�PDNHV�DQ 5�RU�5� YDOXH�³JRRG´�GHSHQGV�RQ�WKH�
W\SH�RI�GDWD���$�YDOXH�RI���LV�D�SHUIHFW�PDWFK��DQG�IRU�DQDO\WLFDO�FKHPLVWU\���������LV�D�JRRG�5���EXW�IRU�VRPH�EXVLQHVV�
DQDO\VHV�5�� �����LV�FRQVLGHUHG�DQ�DFFHSWDEOH ILW��1RWH�WKDW�³)RUHFDVW�)RUZDUG´�DQG�³)RUHFDVW�%DFNZDUG´�FDQ�DOVR�EH�
XVHG�LI�WKH�WUHQGOLQH�QHHGV�WR�H[WHQG�EH\RQG�WKH�GDWD�\RX�DUH�ILWWLQJ��

6RPHWLPHV��JUDSKLFDO�GDWD�GR�QRW IROORZ�D�SDWWHUQ�RU�PDWKHPDWLFDO�UHODWLRQVKLS�WKDW�DOORZV�IRU�LQVHUWLRQ�RI�D�PHDQLQJIXO�
WUHQGOLQH��(YHQ�LQ�VXFK�FDVHV��FRQFOXVLRQV�DQG�SUHGLFWLRQV�GUDZQ�IURP�WKH�JUDSKLFDO�GDWD�FDQ�EH�GUDPDWLF�DQG�
VFLHQWLILFDOO\�VLJQLILFDQW��6RPH�FRPPRQ�H[DPSOHV�LQFOXGH�WKH�YDULDWLRQ�LQ�OLIH�H[SHFWDQF\�WKURXJKRXW�8�6��KLVWRU\�DQG�
GRFXPHQWHG�LQFUHDVHV�LQ�ZRUOGZLGH�&2� HPLVVLRQV�ZLWK�LQFUHDVLQJ�SRSXODWLRQ�DQG�LQGXVWULDOL]DWLRQ�

$Q�H[DPSOH�RI�WKH�³URXJK�GUDIW´�JUDSK�IURP�([DPSOH�� LV�VKRZQ�EHORZ�

*UDSK�7LWOHV DQG�/HJHQGV
$OO�JUDSKV�QHHG�GHVFULSWLRQV�WKDW�H[SODLQ�WKH�JUDSK��6FLHQWLILF�ZULWLQJ�XVXDOO\�XVHV�FDSWLRQV��FRPSOHWH�VHQWHQFHV�WKDW�
H[SODLQ�WKH�UHOHYDQW�H[SHULPHQWDO�GHWDLOV�QHHGHG�WR�XQGHUVWDQG�WKH�JUDSK��)RU�YLVXDO�SUHVHQWDWLRQV�KRZHYHU��VFLHQWLVWV�
RIWHQ�XVH�WLWOHV��7LWOHV�VKRXOG�127�MXVW�UHSHDW�WKH�D[LV�ODEHOV�±�WKH�UHDGHU�FDQ VHH�WKH�D[HV��VR�WKHUH¶V�QR�SRLQW�UHSHDWLQJ�
WKHP��7KLQN�DERXW�ZK\�\RX�DUH�GUDZLQJ�WKH�JUDSK�DQG�WKHQ�GHVFULEH�LW�WR�WKH�UHDGHU�LQ�WKH�WLWOH��*R�WR�³&KDUW�7RROV´��
³/D\RXW´��³&KDUW�WLWOH´��DQG�FKDQJH�WKH�WLWOH�WR�D�PHDQLQJIXO�VXPPDU\��

$�JUDSK�VKRXOG�KDYH�D�OHJHQG�RQO\�LI�WKHUH�DUH�PXOWLSOH GDWD�VHWV�EHLQJ�JUDSKHG�±�LW�VKRXOG�QRW�KDYH�D�OHJHQG�IRU�RQH�GDWD�
VHW�DQG�D�WUHQGOLQH��,I�WKHUH�DUH�PXOWLSOH�GDWD�VHWV��PDNH�VXUH�WKDW�WKH�GDWD�PDUNHUV�DUH�GLVWLQFW�DQG�WKDW�WKH�OHJHQG�FDQ�
GLVWLQJXLVK�WKH�GDWD�VHWV�

$Q�H[DPSOH�RI�WKH�³ILQLVKHG´�JUDSK�IURP�([DPSOH�� ZLWK�D�EDFNZDUG�IRUHFDVW�WUHQGOLQH�LV�VKRZQ�EHORZ�
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$V�QRWHG�HDUOLHU��VLQFH�WKH�VKDSH�RI�WKH�SORW�LV�D�VWUDLJKW�OLQH�WKDW�SDVVHV�WKURXJK�WKH�RULJLQ��������LW�LV�D�VLPSOH�GLUHFW
UHODWLRQVKLS��ZLWK�WKH�\�LQWHUFHSW� ����7KH�HTXDWLRQ�LV�ZULWWHQ�VKRZLQJ�WKLV�UHODWLRQVKLS��\  �P�[��7KLV�LV�GRQH�E\�ZULWLQJ�
WKH�YDULDEOH�IURP�WKH�YHUWLFDO�D[LV��GHSHQGHQW�YDULDEOH��RQ�WKH�OHIW�VLGH�RI�WKH�HTXDWLRQ��DQG�WKHQ�HTXDWLQJ�LW�WR�D�
SURSRUWLRQDOLW\�FRQVWDQW��P��PXOWLSOLHG�E\�[��WKH�LQGHSHQGHQW�YDULDEOH��7KH�FRQVWDQW��P��FDQ�EH�GHWHUPLQHG�HLWKHU�E\�
GLVSOD\LQJ�WKH�VORSH�RI�WKH�JUDSK�RU�E\�VROYLQJ�WKH�HTXDWLRQ�IRU�P��P  �\�[���DQG�ILQGLQJ�P IRU�RQH�RI�WKH�RUGHUHG�SDLUV��,Q�
WKLV�VLPSOH�H[DPSOH��P� ����� ����,I�LW�LV�WKH�FRUUHFW�SURSRUWLRQDOLW\�FRQVWDQW��WKHQ�\RX�VKRXOG�JHW�WKH�VDPH�P YDOXH�E\�
GLYLGLQJ�DQ\�RI�WKH�\�YDOXHV�E\�WKH�FRUUHVSRQGLQJ�[�YDOXH��&RQVHTXHQWO\��WKH�HTXDWLRQ�IRU�WKH�UHODWLRQVKLS�LV ZULWWHQ DV��

\  ���[���\ YDULHV�GLUHFWO\�ZLWK�[�

$�IHZ�H[DPSOHV�RI�QRQ�OLQHDU�ILW�JUDSKV�DUH�EULHIO\�FRQVLGHUHG�EHORZ�

([DPSOH����&RQVLGHU�WKHVH�RUGHUHG�SDLUV� �[�������������\�

�� ����
�� ����
�� ���
�� ���

,I�RQH�SORWV�\�YHUVXV�[��WKH�JUDSK�DSSHDUV�DV�VKRZQ�RQ�WKH�IROORZLQJ�SDJH��

\

[

,W�DSSHDUV�WKDW�\ LQFUHDVHV�DV�[ LQFUHDVHV��EXW�VLQFH�WKH�JUDSK�LV�QRW�D�VWUDLJKW�OLQH��WKH�LQFUHDVH�LV�QRW�SURSRUWLRQDO��GLUHFW���
5DWKHU��\ YDULHV�H[SRQHQWLDOO\ ZLWK�[��7KXV�\ PLJKW�YDU\�ZLWK�WKH�VTXDUH RI�[ RU�WKH�FXEH�RI�[��7KH�QH[W�ORJLFDO�SORW�ZRXOG�
EH�\ YHUVXV�[���7KH�UHVXOWDQW�JUDSK�ORRNV�OLNH�WKLV���

\

[�

6LQFH�WKLV�SORW�LV�D�VWUDLJKW�OLQH�SDVVLQJ�WKURXJK�WKH�RULJLQ��\ YDULHV�ZLWK�WKH�VTXDUH�RI�[��DQG�WKH�HTXDWLRQ�LV� \� �P�[�

'HWHUPLQH P�HLWKHU�E\�GLVSOD\LQJ�WKH�VORSH�RI�WKH�JUDSK�RU�E\�GLYLGLQJ�\�E\�[��IRU�DQ\�GDWD�SDLU���P  �\�[�� �������  ��
7KLV�YDOXH�ZLOO�EH�WKH�VDPH�IRU�DQ\�RI�WKH�IRXU�RUGHUHG�SDLUV��DQG�\LHOGV�WKH�HTXDWLRQ�

\� ���[� ��\ YDULHV�GLUHFWO\�ZLWK�WKH�VTXDUH�RI�[��

([DPSOH����&RQVLGHU�WKHVH�RUGHUHG�SDLUV�� �[�����������\�

���� ���
���� ���
���� ���
���� ����
��� ����

$�SORW�RI�\ YHUVXV�[ JLYHV�D�JUDSK�WKDW�ORRNV�OLNH�WKLV�

\

[
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$�JUDSK�ZLWK�WKLV�FXUYH�DOZD\V�VXJJHVWV�DQ�LQYHUVH�UHODWLRQVKLS��7R�FRQILUP�DQ�LQYHUVH�UHODWLRQVKLS��SORW�WKH UHFLSURFDO RI�
RQH�YDULDEOH�YHUVXV�WKH�RWKHU�YDULDEOH��,Q�WKLV�FDVH��\ LV�SORWWHG�YHUVXV�WKH�UHFLSURFDO�RI�[��RU���[��7KH�JUDSK�ORRNV�OLNH�WKLV��

� � [

\

6LQFH�WKLV�JUDSK�\LHOGV�D�VWUDLJKW�OLQH�WKDW�SDVVHV�WKURXJK�WKH�RULJLQ��������WKH�UHODWLRQVKLS�EHWZHHQ�[�DQG�\�LV�LQYHUVH��
8VLQJ�WKH�VDPH�PHWKRG�ZH�XVHG�LQ�([DPSOHV���DQG����WKH�HTXDWLRQ�ZRXOG�EH���\  �P���[���RU��\� �P�[
7R�ILQG P��GLVSOD\�WKH�HTXDWLRQ�IRU�WKH�VORSH�RU�VROYH�IRU�P�P  �\�[���8VLQJ�WKH�RUGHUHG�SDLU���������P  �������� ����

7KXV�WKH�HTXDWLRQ�ZRXOG�EH�� � \� ����[���\ YDULHV�LQYHUVHO\�ZLWK�[��

1RWH�WKDW�LQ�VRPH�FDVHV��WKH�EHVW�ILW�RI�WKH�GDWD�PLJKW�EH�DQ�LQYHUVH�VTXDUH�UHODWLRQVKLS��RU�HYHQ�D�ORJDULWKPLF�UHODWLRQVKLS�

6WDQGDUG�&XUYHV
$�VWDQGDUG�FXUYH��RU�FDOLEUDWLRQ�FXUYH��LV�D�JUDSK UHODWLQJ�D�PHDVXUHG�TXDQWLW\ �UDGLRDFWLYLW\��IOXRUHVFHQFH� RU�RSWLFDO
GHQVLW\��IRU H[DPSOH� WR WKH�FRQFHQWUDWLRQ�RI�D�VXEVWDQFH�RI LQWHUHVW LQ��NQRZQ��VDPSOHV�

7KH�GDWD�REWDLQHG�IURP D�VHW�RI�NQRZQ�VDPSOHV�LV�XVHG�WR�PDNH�D�VWDQGDUG�FXUYH��E\�SORWWLQJ�WKH�LQGHSHQGHQW�YDULDEOH�RQ�
WKH�[�D[LV��DQG�GHSHQGHQW�YDULDEOH RQ�WKH�\�D[LV��,I�WKH�GDWD�H[KLELW D�OLQHDU�UHODWLRQVKLS��WKH�VWDQGDUG�FXUYH�ZLOO�EH�D�VWUDLJKW�
OLQH��7KH�VDPH�H[SHULPHQW LV�WKHQ�SHUIRUPHG�ZLWK�VDPSOHV�RI�XQNQRZQ�FRQFHQWUDWLRQ��7R�DQDO\]H�WKH�GDWD��RQH�FDQ�YLVXDOO\�
ORFDWH WKH�PHDVXUHPHQW�RQ�WKH�\�D[LV�WKDW�FRUUHVSRQGV�WR�WKH�XQNQRZQ�VXEVWDQFH��DQG�IROORZ D�OLQH�WR�LQWHUVHFW�WKH�VWDQGDUG�
FXUYH��7KH�FRUUHVSRQGLQJ�YDOXH�RQ�WKH�[�D[LV�LV�WKH�FRQFHQWUDWLRQ�RI�VXEVWDQFH�LQ�WKH�XQNQRZQ�VDPSOH���

$OWHUQDWLYHO\��WKH�YDOXH�RQ�WKH�\�D[LV�DQG�WKH�HTXDWLRQ�IRU�WKH�EHVW�ILW�OLQH�FDQ�EH�XVHG�WR�VROYH�IRU�[ PDWKHPDWLFDOO\��:KHQ�
D�OLQH�LQ�D�WZR�YDULDEOH�V\VWHP LV�GHILQHG�E\�WKH�HTXDWLRQ�\� �P[���E��WKH�\ YDULDEOH�FDQ�EH�H[SUHVVHG�LQ�WHUPV�RI�D�FRQVWDQW�
�E� DQG�D�VORSH��P��WLPHV�WKH�[ YDULDEOH��7KH�FRQVWDQW�LV�DOVR�UHIHUUHG�WR�DV�WKH�LQWHUFHSW �RU�PRUH�VSHFLILFDOO\�WKH�\�LQWHUFHSW��
DQG�WKH�VORSH�DV�WKH�UHJUHVVLRQ�FRHIILFLHQW��$JDLQ��D FRUUHODWLRQ�FRHIILFLHQW��5��RU�FRHIILFLHQW�RI�GHWHUPLQDWLRQ��5���PD\�EH
FRPSXWHG��7KH�FORVHU�5�LV�WR� ��WKH�EHWWHU�WKH�DSSUR[LPDWLRQ��7\SLFDOO\�DQ�5�YDOXH�RI�DW�OHDVW ������RU�DQ�5� YDOXH�RI�����
RU�KLJKHU��LV�QHHGHG�IRU�D�JRRG�OLQHDU�DSSUR[LPDWLRQ�LQ�D�VFLHQWLILF�DSSOLFDWLRQ�

,Q�3DUW�$�RI�WKLV�H[HUFLVH��VWXGHQWV ZLOO�OHDUQ�KRZ�WR�FUHDWH�VWDQGDUG�FXUYHV�XVLQJ�([FHO�DQG�WKHQ�XVH�WKHP�WR�GHWHUPLQH�WKH�
FRQFHQWUDWLRQ�OHYHO�RI�XQNQRZQ�VDPSOHV��7KH�IRFXV�ZLOO�EH�RQ�OLQHDU�IXQFWLRQV�DQG�JUDSKV��6WXGHQWV�ZLOO��

(QWHU�'DWD�LQWR�DQ�([FHO�6SUHDGVKHHW
&UHDWH�DQG�0RGLI\�*UDSKV

R 8VLQJ�&KDUW�:L]DUG�WR�3ORW�WKH�'DWD
6HOHFW &KDUW�7\SH
$GG�'DWD
)RUPDW�*UDSK

&UHDWH�7UHQGOLQHV�WR�ILQG�6WDQGDUG�&XUYHV�LQ�([FHO
R 'LVSOD\�HTXDWLRQ
R 'LVSOD\�5� YDOXH

,Q 3DUW�% RI�WKLV�H[HUFLVH��VWXGHQWV�ZLOO�XVH�VRPH�RI�WKH�VNLOOV�SUDFWLFHG�LQ�3DUW�$�WR�JUDSK�DQG�DVVHVV�WKH�WUHQGV�DQG�
YDULDWLRQV�LQ�WKH�DYHUDJH�PDVV�RI�8�6��SHQQLHV�SURGXFHG�RYHU�D����±����\HDU�SHULRG��
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3$57�$�²�3UHSDUDWLRQ�RI�D�6WDQGDUG�&XUYH��'HWHUPLQDWLRQ�RI�&RQFHQWUDWLRQ�IURP�D�
6WDQGDUG�&XUYH

*HQHUDO�,QVWUXFWLRQV�
�� 7KH�DVVLJQPHQW�LV�WR�EH�FRPSOHWHG�E\�JURXSV�RI�WZR�VWXGHQWV��EXW�HDFK�VWXGHQW�PXVW�VXEPLW�D�FRS\�RI�WKH

DVVLJQPHQW�IRU�JUDGLQJ�
�� $OO�GDWD�VKRXOG�EH�UHFRUGHG�DQG�JUDSKHG�XVLQJ�DOO�DYDLODEOH�VLJQLILFDQW�ILJXUHV�
�� <RXU�LQVWUXFWRU�ZLOO�DVVLJQ�HLWKHU�([HUFLVH���RU�([HUFLVH���WR�HDFK�VWXGHQW�JURXS��(DFK�VWXGHQW�VKRXOG�ZRUN�RQ

DQG�VXEPLW�ZRUN�IRU�WKH�DVVLJQHG�([HUFLVH�

([HUFLVH�����6WDQGDUG�&XUYH�IRU�3URWHLQ�0HDVXUHPHQWV�

$�VWDQGDUG�FXUYH�IRU�SURWHLQ�FRQFHQWUDWLRQ�LV�RIWHQ�FUHDWHG�XVLQJ�NQRZQ�FRQFHQWUDWLRQV�RI�ERYLQH�VHUXP�DOEXPLQ��SURWHLQ���
7KLV�SURFHVV LV�FDOOHG�WKH�%UDGIRUG�$VVD\��LW�LV�D�FRORULPHWULF�DVVD\��$�VSHFLDO UHDJHQW�WXUQV�EOXH�ZKHQ�LW�ELQGV�WR�DPLQR�
DFLGV�SUHVHQW�LQ�SURWHLQ��7KH�LQWHQVLW\�RI�WKH�FRORU�LV�EHVW�PHDVXUHG�ZLWK�D�VSHFWURSKRWRPHWHU��D GHYLFH�IRU�FRPSDULQJ�WZR�
OLJKW�UDGLDWLRQV��ZDYHOHQJWK�E\�ZDYHOHQJWK���,Q�WKH�FDVH�RI�WKH�%UDGIRUG�$VVD\�WKH�JUHDWHU�WKH�DEVRUEDQFH��WKH�KLJKHU�WKH�
SURWHLQ�FRQFHQWUDWLRQ�

$� VHULHV� RI� WHVWV� ZHUH� SHUIRUPHG� RQ� VRPH� VDPSOHV� DQG� WKH� IROORZLQJ� PHDVXUHPHQWV� ZHUH� REWDLQHG� XVLQJ� D�
VSHFWURSKRWRPHWHU��

3URWHLQ
&RQFHQWUDWLRQ

�PJ�PO� $EVRUEDQFH��$�
���� �����
���� �����
���� �����
���� �����
���� �����

7$6.6�

�� (QWHU�WKH GDWD�LQWR�([FHO�±�WKH�SURWHLQ�FRQFHQWUDWLRQ�LV�WKH�LQGHSHQGHQW�YDULDEOH�

�� &UHDWH�D�VFDWWHU�JUDSK�RI�WKH�GDWD�WKDW�LV�DSSURSULDWHO\�WLWOHG�DQG�ODEHOHG��VHH�,QWURGXFWLRQ��

�� 8VH�WKH�7UHQGOLQH�IHDWXUH�RI�([FHO�WR�ILQG�WKH�EHVW�OLQHDU�ILW WR�WKH�GDWD�

�� 'LVSOD\�WKH�HTXDWLRQ�DQG�WKH�5��YDOXH�RI�WKH�WUHQGOLQH�RQ�WKH�JUDSK�DQG�SULQW�RXW�WKH�JUDSK�

�� 3ULQW�WKH�JUDSK��VFDOLQJ�VR�WKDW�LW�ILWV�RQ�DQ��ò�[����LQ��VKHHW�

�� 8VH�WKH�HTXDWLRQ�IRU�WKH�VWDQGDUG�FXUYH WR�GHWHUPLQH�WKH�SURWHLQ�FRQFHQWUDWLRQV�RI�WKH�IROORZLQJ�XQNQRZQ�VDPSOHV�
$EVRUEDQFH��$�

�����
�����
�����
�����

([HUFLVH�����6WDQGDUG�&XUYH�IRU�'1$�0HDVXUHPHQWV�
3XUH��GLVVROYHG�'1$�IRUPV�D�WUDQVSDUHQW��FRORUOHVV�VROXWLRQ��'1$�ZLOO�UHDFW�ZLWK�D�FKHPLFDO�FDOOHG�GLSKHQ\ODPLQH�
�'3$���DQG�WKH�UHDFWLRQ�SURGXFHV�D�EOXH�FRORU��7KH�'3$�UHDFWV�ZLWK�WKH�GHR[\ULERVH�LQ�WKH�'1$�DQG�LV�TXDQWLWDWLYH��WKDW�
LV��WKH�PRUH�'1$�SUHVHQW��WKH�PRUH�LQWHQVH�WKH�EOXH�FRORU��7KH�LQWHQVLW\�RI�WKH�EOXH�FRORU�LV�PHDVXUHG�XVLQJ�D�
VSHFWURSKRWRPHWHU�DV�GHVFULEHG�LQ�([HUFLVH ��DERYH��
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$�VHULHV�RI�WHVWV�ZHUH�SHUIRUPHG�DQG�WKH�IROORZLQJ�PHDVXUHPHQWV�ZHUH�REWDLQHG�XVLQJ�D�VSHFWURSKRWRPHWHU��

J�'1$�LQ
WKH�6DPSOH $EVRUEDQFH��$�

� �

��� �����

��� �����

��� �����

��� �����

��� �����

���� �����
7$6.6�

�� (QWHU�WKH GDWD�LQWR�([FHO�±�WKH�DPRXQW�RI�'1$�LV�WKH�LQGHSHQGHQW�YDULDEOH�

�� &UHDWH�D�VFDWWHU�JUDSK�RI�WKH�GDWD�WKDW�LV�DSSURSULDWHO\�WLWOHG�DQG�ODEHOHG��VHH�,QWURGXFWLRQ��

�� 8VH�WKH�7UHQGOLQH�IHDWXUH�RI�([FHO�WR�ILQG�WKH�EHVW OLQHDU�ILW WR�WKH�GDWD�

�� 'LVSOD\�WKH�HTXDWLRQ�DQG�WKH�5� YDOXH�RI�WKH�WUHQGOLQH�RQ�WKH�JUDSK�DQG�SULQW�RXW�WKH�JUDSK�

�� 3ULQW�WKH�JUDSK��VFDOLQJ�VR�WKDW�LW�ILWV�RQ�DQ��ò�[����LQ��VKHHW�

�� 8VH�WKH�HTXDWLRQ�IRU�WKH�VWDQGDUG�FXUYH�WR�GHWHUPLQH�WKH�'1$�FRQFHQWUDWLRQV�RI�WKH�IROORZLQJ�XQNQRZQ�VDPSOHV�

$EVRUEDQFH��$�
�����
�����
�����
�����
�����

&RPSOHWHG�DVVLJQPHQW� IRU�([HUFLVH���RU�([HUFLVH�� LQFOXGHV�3DUW�$�'DWD�6KHHW�� VKRZLQJ� UHVXOWV� IRU�XQNQRZQ�
FRQFHQWUDWLRQV�DQG�VDPSOH�FDOFXODWLRQ�IRU�DW�OHDVW�RQH�XQNQRZQ�FRQFHQWUDWLRQ��DQG�WKH�WLWOHG�DQG�ODEHOHG�JUDSK��


