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LJXUH��LPSOH�VFKHPDWLF�GLDJUDP�RI�D�V\VWHP�
�QXPEHU�RI�DWWULEXWHV�IROORZ�IURP�WKHVH�VLPSOH�GHILQLWLRQV�
�� ,QYHQWRU\� FDOFXODWLRQV� DUH� FRQFHUQHG� VROHO\� ZLWK� D� TXDQWLWDWLYH�HVFULSWLRQ�RI�WKH�IORZV�RI�LQSXWV�DQG�RXWSXWV�DFURVV�WKH�V\VWHP�ERXQGDU\���WKDW�VHQVH�WKH\�DUH�QHXWUDO�VLQFH�WKH\�DUH�VLPSO\�WU\LQJ�WR�GHVFULEH�WKHVH�ORZV�LQ�DV�XQDPELJXRXV�D�PDQQHU�DV�SRVVLEOH�
��7KH�V\VWHP�HQYLURQPHQW�DFWV�DV�WKH�VRXUFH�RI�DOO�WKH�LQSXWV�DQG�WKH�VLQN�RU�DOO�WKH�RXWSXWV�
��7KHUH�LV�QR�UHVWULFWLRQ�RQ�WKH�W\SHV�RI�V\VWHP�WKDW�PD\�EH�GHILQHG��,Q�WKH�GXVWULDO�VSKHUH�WKH\�PD\�EH�VLPSOH�SURGXFWLRQ�SURFHVVHV��JDWH�WR�JDWH��RU�H\� PD\� EH� LQFUHDVLQJO\� H[WHQVLYH�� UDQJLQJ� IURP� HFR�SURILOHV� �FUDGOH� WRDWH�� RU� FRPSOHWH� OLIH� F\FOHV� �FUDGOH� WR� JUDYH��� 7KH� IDFWRU�� ZKLFK�LIIHUHQWLDWHV� WKHVH� GLIIHUHQW� W\SHV� RI� V\VWHPV�� LV� WKH� QDWXUH� RI� WKH� LQSXWV�QG�RXWSXWV��$�VLPSOH�SURGXFWLRQ�SURFHVV�ZLOO�XVXDOO\�WDNH�LQ�PDWHULDOV�WKDW�DYH� DOUHDG\� EHHQ� SURFHVVHG� DQG� FDUU\� RXW� IXUWKHU� SURFHVVLQJ�� $Q� HFR�URILOH�ZLOO� VWDUW�ZLWK� UDZ�PDWHULDOV� LQ� WKH�HDUWK�DQG�IROORZ�DOO�SURFHVVLQJ�SHUDWLRQV�XS� WR� WKH�SURGXFWLRQ�RI� VRPH�SURGXFW�DW� WKH� IDFWRU\�JDWH� UHDG\�RU�GLVSDWFK�WR�DQRWKHU�SODQW�IRU�IXUWKHU�SURFHVVLQJ��$�WUXH�OLIH�F\FOH�VWDUWV�LWK� UDZ� PDWHULDOV� LQ� WKH� HDUWK�� IROORZV� DOO� SURFHVVLQJ�� XVH� DQG� GLVSRVDO�SHUDWLRQV�VR�WKDW�WKH�RQO\�RXWSXW�DUH�ZDVWHV�UHWXUQHG�WR�WKH�HDUWK��



�

���,W�LV�YHU\�LPSRUWDQW�WR�UHFRJQLVH�WKDW�WKH�SURSHUW\��ZKLFK�LGHQWLILHV�D�WUXH�/&,�� LV� DQ� LQSXW� RI� UDZ� PDWHULDOV� IURP� WKH� HDUWK� DQG� DQ� RXWSXW� RQO\� RI�ZDVWHV� EDFN� LQWR� WKH� HDUWK�� $Q\� V\VWHP�� ZKLFK� GRHV� QRW� H[KLELW� WKLV�SURSHUW\��LV�QRW�D�WUXH�OLIH�F\FOH�
���7KH�FKDUDFWHULVWLFV�RI�DQ\� WZR�V\VWHPV�FDQ�RQO\�EH�FRPSDUHG�ZKHQ�WKH�WZR� V\VWHPV� SHUIRUP� WKH� VDPH� IXQFWLRQ�� &RPSDULVRQV� EHWZHHQ� V\VWHPV��ZKLFK�SHUIRUP�GLIIHUHQW� IXQFWLRQV�� DUH�PHDQLQJOHVV��7KXV�D� V\VWHP�ZKRVH�IXQFWLRQ� LV� WR� SURGXFH� VWHHO� FDQQRW� EH� FRPSDUHG� ZLWK� D� V\VWHP� ZKRVH�IXQFWLRQ� LV� WR� SURGXFH� 39&�� ,W� LV�PHDQLQJOHVV� WKHUHIRUH� WR� FRPSDUH� VWHHO�DQG�39&�RQ� WKH�EDVLV�RI� WKH�FKDUDFWHULVWLFV�RI� WZR�V\VWHPV��RQH�RI�ZKLFK�SURGXFHV���NJ�RI�VWHHO�DQG�WKH�RWKHU�SURGXFHV���NJ�RI�39&��WKH�VWHHO�V\VWHP�FDQ�QHYHU�SURGXFH�39&�DQG�YLFH�YHUVD�
��� 7KH� LQSXW� VLGH� RI� DQ� LQGXVWULDO� V\VWHP� SURYLGHV� D� GHVFULSWLRQ� RI� WKH�UHVRXUFH�LQSXW�QHHGHG�WR�RSHUDWH�WKH�V\VWHP�DQG�WKH�RXWSXW�VLGH�SURYLGHV�D�PHDVXUH�RI�WKH�SRWHQWLDO�SROOXWLRQ�DVSHFWV�RI�WKH�V\VWHP�
7KH� LPSRUWDQFH� RI� UHFRJQLVLQJ� WKDW� DOO� GHVFULSWLRQV� DUH� EDVHG� RQ� V\VWHPV�FDQQRW�EH�RYHU�HPSKDVL]HG��7KH�PDMRU�SUREOHP�LV�WKDW�DOPRVW�DOO�ZRUNHUV�LQ�WKLV� ILHOG� SD\� OLS� VHUYLFH� WR� WKH� FRQFHSW� EXW� WKHQ� SURFHHG� WR� WDON� DERXW�SURGXFWV�� 7KH� ,62� FRPPLWWHH� ZRUNLQJ� RQ� ,62������ H[DFHUEDWHG� WKH�SUREOHP�� WR� DFKLHYH� D� FRQVHQVXV� RQ� GHILQLWLRQV� WKH\� LQWURGXFHG� WKH�FRQIXVLQJ� WHUP�SURGXFW�V\VWHP��7R�DYRLG�SUREOHPV� LW� LV�SUREDEO\�ZLVHU� WR�XQGHUVWDQG�WKH�GLIIHUHQFH�EHWZHHQ�SURGXFW�DQG�V\VWHP�UDWKHU� WKDQ�XVH�WKLV�PL[HG�WHUP��)RU�D�FRPSOHWH�OLIH�F\FOH��D�V\VWHP�SHUIRUPV�D�IXQFWLRQ�ZKLOH�D�SURGXFW�LV�VLPSO\�D�PDWHULDOV�IORZ�ZLWKLQ�WKH�V\VWHP��,QYHQWRU\�GDWD�UHIHU�WR�WKH�EHKDYLRXU�RI�WKH�V\VWHP�8VLQJ�LQYHQWRU\�GDWD
7KH� RXWSXW� IURP� OLIH� F\FOH� LQYHQWRU\� FDOFXODWLRQV� LV� D� VHW� RI� SDUDPHWHUV��HDFK� RI� ZKLFK� GHVFULEHV� VRPH� IDFHW� RI� WKH� EHKDYLRXU� RI� WKH� V\VWHP�H[DPLQHG�� $V� LQYHQWRU\� FDOFXODWLRQV� KDYH� EHHQ� UHILQHG�� WKH� QXPEHU� RI�SDUDPHWHUV� KDV� LQFUHDVHG�� 7\SLFDOO\� WKHUH�PLJKW� EH� ���� RU�PRUH� GLIIHUHQW�SDUDPHWHUV�LQ�WKH�ILQDO�DJJUHJDWHG�GDWD�VHW�OLVWHG�XQGHU�WKH�YDULRXV�KHDGLQJV�VXFK�DV�IXHO�XVH��UDZ�PDWHULDOV�XVH��HPLVVLRQV�WR�DLU��HPLVVLRQV�WR�ZDWHU�DQG�JHQHUDWLRQ� RI� VROLG� ZDVWH�� 2WKHUV�� VXFK� DV� ODQG� XVH� PD\� DOVR� EH�LQFRUSRUDWHG�
$V�QRWHG�HDUOLHU��LQ�WKH�GD\V�ZKHQ�WKLV�W\SH�RI�ZRUN�ZDV�FRQFHUQHG�ZLWK�D�VLQJOH� SDUDPHWHU� �HQHUJ\�� WKHUH� ZHUH� IHZ� SUREOHPV� RI� LQWHUSUHWDWLRQ�EHFDXVH� HQHUJ\� ZDV� PHDVXUHG� LQ� FRPPRQ� XQLWV� �0-� RU� %WX��� WKH� IXHOV�WKHPVHOYHV� ZHUH� XVXDOO\� LQWHUFKDQJHDEOH� DQG� WKH� HQYLURQPHQWDO�LPSOLFDWLRQV�ZHUH�JOREDO�



(YHQ� ZKHQ� WKH� DQDO\VLV� SURJUHVVHG� WR� PXOWLSOH� SDUDPHWHUV�� DQG� XQWLO� WKH�DGYHQW� RI� HFR�LQGLFHV� DQG� WKHLU� HTXLYDOHQWV�� WKLV� GDWD� VHW� ZDV� UHJDUGHG�VLPSO\� DV� D� FRPSLODWLRQ�RI� LQIRUPDWLRQ� IURP�ZKLFK� WKH�XVHU� VHOHFWV� WKRVH�SDUWV� WKDW�DUH�QHHGHG�WR�DGGUHVV�VSHFLILF�SUREOHPV��7KXV�LI�WKH�LQWHQWLRQ�LV�WR� H[DPLQH� WKH� JUHHQKRXVH� JDV� LPSOLFDWLRQV�� WKH� XVHUV�ZRXOG� VHOHFW�&2���&+���1�2��HWF��IURP�WKH�DLU�HPLVVLRQV�VHW�DQG�LJQRUH�WKH�UHVW�RI�WKH�GDWD�
7ZR� IDFWRUV�� KRZHYHU�� SXVKHG� WRZDUGV� WKH�GHYHORSPHQW�RI� HFR�LQGLFHV�RU�WKHLU�HTXLYDOHQW��)LUVW�WKHUH�ZDV�D�IHHOLQJ�WKDW�WKH�QXPEHU�RI�SDUDPHWHUV�ZDV�VR�ODUJH�WKDW�WKH\�ZHUH�XQPDQDJHDEOH��HVSHFLDOO\�ZKHQ�XVHG�LQ�DSSOLFDWLRQV�VXFK�DV� WKH�GHVLJQ�SURFHVV��6HFRQGO\�� WKHUH�ZDV� WKH�XQGHUVWDQGDEOH�GHVLUH�WR�KDYH�VRPH�VLPSOH�IRUP�RI�VXPPDULVLQJ�DOO�RI�WKLV�LQIRUPDWLRQ�VR�WKDW�WKH�LQWHOOLJHQW� OD\SHUVRQ� FRXOG� JHW� VRPH� LGHD� RI� WKH� RYHUDOO� HQYLURQPHQWDO�LPSOLFDWLRQ�RI�WKH�V\VWHP�

)
7 Q�VF6JJWV
,WFPWH
3
7L
0LF

,QYHQWRU\FDOFXODWLRQV &ODVVLILFDWLRQ	�YDOXDWLRQ :HLJKWLQJ5DZ�GDWD (FR�LQGH[

LJXUH����6WDJHV�LQ�WKH�SURGXFWLRQ�RI�DQ�HFR �LQGH[�
KH� WKUHH� VWDJHV� QHHGHG� WR� SURGXFH� DQ\� IRUP� RI� HFR�LQGH[� DUH� VKRZ
�

FKHPDWLFDOO\� LQ� )LJXUH� ��� )LUVW� WKH� UDZ� GDWD� FROOHFWHG� IURP� WKH� YDULRXV�RPSDQLHV� ZLWKLQ� WKH� V\VWHP� DUH� FRPELQHG� LQ� WKH� LQYHQWRU\� FDOFXODWLRQV��HFRQGO\�� LQ� WKH�FODVVLILFDWLRQ�DQG�YDOXDWLRQ�VWDJHV�� WKH�LQYHQWRU\�GDWD�DUH�URXSHG�WRJHWKHU�DQG�VXPPHG�LQ�DQ�DSSURSULDWH�PDQQHU�VR�WKDW�HDFK�RI�WKH�URXSHG�GDWD�VHWV�GHVFULEH�VRPH�HQYLURQPHQWDO�IDFHW�RI�WKH�V\VWHP��)LQDOO\��KHVH� JURXSHG� GDWD� VHWV� DUH� PXOWLSOLHG� E\� VRPH� ZHLJKWLQJ� IDFWRU� DQG�XPPHG�WR�JLYH�DQ�RYHUDOO�LQGH[�
W� LV� LPSRUWDQW� WR� UHFRJQLVH� WKDW� LQ�FDUU\LQJ�RXW� WKLV� WKUHH�VWDJH�SURFHGXUH��KHUH�ZLOO�EH�SRWHQWLDO�HUURUV�DW�HDFK�VWDJH�RI�WKH�SURFHVV�DQG�WKHVH�ZLOO�EH�DUULHG�WKURXJK�WR�WKH�ILQDO�LQGH[��)XUWKHUPRUH��VLQFH�VWDJHV���DQG���LQYROYH�XOWLSOLHUV�� WKH� HIIHFW� RI� WKHVH� HUURUV� ZLOO� XVXDOO\� EH� PDJQLILHG�� ,W� LV�KHUHIRUH�LPSRUWDQW�WR�H[DPLQH�HDFK�RI�WKH�WKUHH�VWDJHV�LQ�WXUQ�WR�VHH�ZKDW�UURUV�DQG�RPLVVLRQV�DUH�OLNHO\�WR�RFFXU�
UREOHPV�ZLWK�LQYHQWRU\
KH� SULPDU\� SUREOHPV� ZLWK� LQYHQWRULHV� DV� DSSOLHG� WR� WKH� SURGXFWLRQ� RI�QGLFHV�UHODWH�WR�DFFXUDF\�DQG�FRPSOHWHQHVV�
XFK�KDV�EHHQ�ZULWWHQ�DERXW�WKH�DFFXUDF\�RI�LQYHQWRU\�GDWD�DQG�PXFK�RI�LW�V� H[WUHPHO\� PXGGOHG�� )XQGDPHQWDOO\� WKH� UDZ� LQIRUPDWLRQ� IRU� LQYHQWRU\�DOFXODWLRQV�LV�SURYLGHG�E\�LQGXVWULDO�RSHUDWLRQV��,I�ZH�DVVXPH�WKDW�LQGXVWU\�



�

LV� QRW� GHOLEHUDWHO\� VXSSO\LQJ� IDOVH� LQIRUPDWLRQ�� WKHQ�ZH� QHHG� WR� FRQVLGHU�KRZ�DFFXUDWH�WKH�LQIRUPDWLRQ�LV�OLNHO\�WR�EH��
2Q� WKH� LQSXW� VLGH�� WKH� LQIRUPDWLRQ� RI� IXHOV�� HQHUJ\� DQG� UDZ� PDWHULDOV� LV�XVXDOO\� EDVHG� RQ� LQSXWV� WKDW� KDYH� EHHQ� SDLG� IRU�� ,Q� SULQFLSOH�� WKLV� VKRXOG�SURYLGH�DFFXUDWH� LQIRUPDWLRQ�EXW�DW�D�SUDFWLFDO� OHYHO��IDFWRUV�VXFK�DV�VWRFN�FKDQJHV� DQG� ORVVHV� PHDQ� WKDW� IHZ� LQGXVWULHV� ZRXOG� HYHU� FODLP� WKDW� WKHLU�GDWD�DUH�EHWWHU�WKDQ�DERXW�����
2Q�WKH�RXWSXW�VLGH��WKH�DPRXQW�RI�LQIRUPDWLRQ�LV�GHSHQGHQW�RQ�WKH�OHYHO�RI�SROOXWLRQ�PRQLWRULQJ�� ,Q�JHQHUDO�� WKH�EHWWHU� WKH�PRQLWRULQJ�� WKH�JUHDWHU� WKH�HPLVVLRQV� XVXDOO\� DSSHDU�� ,Q� PDQ\� FDVHV�� HPLVVLRQ� GDWD� LV� VLPSO\� QRW�PHDVXUHG�DQG�KDV�WR�EH�HVWLPDWHG��7KH�WHFKQLTXHV�IRU�HVWLPDWLQJ�HPLVVLRQV�YDU\� QRW� RQO\� IURP� FRXQWU\� WR� FRXQWU\� EXW� DOVR� IURP� SODQW� WR� SODQW�� ,W� LV�WKHUHIRUH� LPSRVVLEOH� WR� DVVLJQ� DQ\� VHQVLEOH� DFFXUDF\� ILJXUH� WR� PRVW�SROOXWLRQ�GDWD�DQG�LQ�JHQHUDO��WKH�EHVW�WKDW�LV�SRVVLEOH�LV�WR�FRPSDUH�WKH�GDWD�IURP�D�QXPEHU�RI�VLPLODU�SODQWV�WR�VHH�LI�WKH\�DUH�UHSRUWLQJ�ZLGH�YDULDWLRQV��,I� ZLGH� YDULDWLRQV� RFFXU� WKHQ� WKH� SUREOHP� QHHGV� WR� EH� IROORZHG� XS� ZLWK�LQGLYLGXDO�SODQWV�
7KHUH� LV� D� EHOLHI� DPRQJVW� VRPH� LQYHQWRU\� SUDFWLWLRQHUV� WKDW� DQ\� VSUHDG� LQ�GDWD� ZKHQ� D� QXPEHU� RI� SODQWV� LV� H[DPLQHG�� LV� GXH� WR� UDQGRP� YDULDWLRQV��ZKLFK� FDQ� EH�PDQLSXODWHG� VWDWLVWLFDOO\�� 7KLV� LV� QRW� WKH� FDVH��0RVW� RI� WKH�GLIIHUHQFHV�EHWZHHQ�SODQWV� UHVXOW� IURP�DFWXDO�SK\VLFDO�GLIIHUHQFHV LQ�SODQW�SHUIRUPDQFH�DULVLQJ�IURP�IDFWRUV�VXFK�DV�DJH�RI�SODQW��OHYHO�RI�PDLQWHQDQFH��ZKHWKHU�RSHUDWHG�RQ�D�FRQWLQXRXV�RU�D�VKLIW�EDVLV��DQG�VR�RQ�
,W� LV� YHU\� LPSRUWDQW� WR� UHFRJQLVH� WKDW� OLIH� F\FOH� LQYHQWRULHV� DUH� VLPSO\� D�FRPSLODWLRQ�RI�WKRVH�TXDQWLWDWLYH�SDUDPHWHUV�IRU�ZKLFK�GDWD�DUH�DYDLODEOH��,I�WKH�GDWD�DUH�QRW�DYDLODEOH�DQG�FDQQRW�EH�HVWLPDWHG��WKHQ�WKH\�ZLOO�QRW�DSSHDU�LQ� WKH� ILQDO� UHVXOWV�� )XUWKHUPRUH�� WKHUH� DUH� VRPH� LPSRUWDQW� HQYLURQPHQWDO�SDUDPHWHUV��ZKLFK�FDQQRW�EH�TXDQWLILHG��3URSHUWLHV�VXFK�DV�ELRGLYHUVLW\�DQG�DHVWKHWLFV� FDQQRW� EH� TXDQWLILHG� DQG� VR� GR� QRW� DSSHDU� LQ� WKH� ILQDO� UHVXOWV�WDEOH��,W�LV�WKHUHIRUH�LQFRUUHFW�WR�DVVXPH�WKDW�WKH�LQYHQWRU\�WDEOH�SURYLGHV�D�FRPSOHWH�HQYLURQPHQWDO�SLFWXUH�&KDUDFWHULVDWLRQ�SUREOHPV
&KDUDFWHULVDWLRQ� LQYROYHV� LGHQWLI\LQJ� WKRVH� SDUDPHWHUV� WKDW� FRQWULEXWH�WRZDUGV�D�VSHFLILF�HQYLURQPHQWDO�SUREOHP�DQG�RQFH�LGHQWLILHG��YDOXDWLRQ�LV�WKH� SURFHVV� RI� TXDQWLI\LQJ� WKH� FRQWULEXWLRQ� WKDW� WKH� LGHQWLILHG� SDUDPHWHUV�PDNH��7KH� SUREOHPV� WKDW� DULVH� LQ� WKLV� DUHD� DUH� FRQFHUQHG�ZLWK� WKH� VSDWLDO�H[WHQW�RI�WKH�HQYLURQPHQWDO�SUREOHP�DQG�WKH�GLIILFXOWLHV�LQ�TXDQWLI\LQJ�WKH�FRQWULEXWLRQ�RI�WKH�SDUDPHWHUV�
(QYLURQPHQWDO� SUREOHPV� FDQ� EH� JOREDO� �H�J�� JUHHQKRXVH� HIIHFW��� UHJLRQDO��H�J�� DFLG� UDLQ�� RU� ORFDO� �H�J�� QRLVH��� ,W� KDV� DOUHDG\� EHHQ�QRWHG� WKDW� WKH�



�

RYHUDOO� UHVXOWV� RI� DQ� /&,� PD\� EH� JOREDO� LQ� H[WHQW�� GHSHQGLQJ� RQ� WKH�SDUWLFLSDQWV� LQ� WKH� V\VWHP�� 0RVW� PHWDO� SURFHVVLQJ� V\VWHPV� DUH� JOREDO�EHFDXVH� RUH� FRQFHQWUDWHV� DQG� EXON� PHWDOV� DUH� WUDGHG� LQWHUQDWLRQDOO\�� ,Q�JHQHUDO�� WKHUHIRUH�� WKH� RYHUDOO� UHVXOWV� RI� DQ� /&,� FDQ� RQO\� EH� DSSOLHG� WR�JOREDO�SUREOHPV��,W�LV�PLVOHDGLQJ�WR�DSSO\�WKHP�WR�UHJLRQDO�RU�ORFDO�HIIHFWV��,I�GDWD�DUH�DYDLODEOH�IRU�WKH�FRPSRQHQW�XQLW�RSHUDWLRQV�ZLWKLQ�DQ�/&,��WKHQ�LW� LV� SRVVLEOH� WR� VHOHFW� WKRVH� RSHUDWLRQV� O\LQJ� LQ� D� SDUWLFXODU� UHJLRQ�� )RU�H[DPSOH��LI�ZH�ZLVKHG�WR�H[SORUH�WKH�LQFLGHQFH�RI�DFLG�UDLQ�LQ�6FDQGLQDYLD��GDWD�ZRXOG�EH�UHTXLUHG�RQ�WKH�HPLVVLRQ�RI�WKH�UHOHYDQW�JDVHV�LQ�WKH�8.�DQG�3RODQG�� VLQFH� WKHVH� DUH� WKH� SULQFLSDO� VRXUFHV� RI� WKH� RIIHQGLQJ� JDVHV��(PLVVLRQV� RI� DFLG� UDLQ� JDVHV� LQ� 1RUWK� $PHULFD� RU� $XVWUDOLD� ZRXOG� EH�LUUHOHYDQW�LQ�WKLV�H[DPSOH�
)RU� ORFDOLVHG� SROOXWLRQ� SUREOHPV�� VXFK� DV� QRLVH� RU� WKH� HPLVVLRQ� RI� WR[LF�JDVHV�� ZKLFK� SURGXFH� RQO\� ORFDOLVHG� HIIHFWV�� LW� LV� GRXEWIXO� ZKHWKHU� /&,
V�JLYH�DQ\�QHZ�LQVLJKWV�FRPSDUHG�WR�WKH�PRQLWRULQJ�LQIRUPDWLRQ�WKDW�ZRXOG�EH�XVHG�WR�VDWLVI\�ORFDO�SROOXWLRQ�UHJXODWLRQV��
7KH�XQUHVWUDLQHG�XVH�RI�RYHUDOO�/&,�GDWD� LQ�DOO�SUREOHPV� LV� LQFRUUHFW��7KH�XVHU� RI� DQ\� /&,� GDWD� PXVW� IROORZ� VWDQGDUG� VFLHQWLILF� SUDFWLFH� DQG�GHPRQVWUDWH� WKDW� WKH� GDWD WR� EH� XVHG� LQ� DQ\� HIIHFW� GRHV� LQ� IDFW� SRVVHVV�SK\VLFDO�VLJQLILFDQFH�� ,I� WKLV�FDQQRW�EH�SURYHG�WKHQ�WKH�GDWD�VKRXOG�QRW�EH�XVHG�9DOXDWLRQ�SUREOHPV
2QFH�DQ�HQYLURQPHQWDO�SUREOHP�LV�VHOHFWHG�IRU�DWWHQWLRQ�LW�LV�XVXDOO\�HDV\�WR�LGHQWLI\�ZKLFK�SDUDPHWHUV�DUH� LQYROYHG��&RPELQLQJ� WKH�GDWD�VHWV�IRU� WKHVH�SDUDPHWHUV�FDQ�KRZHYHU�SRVH�VRPH�SUREOHPV�
6RPH� GDWD� VHWV� FDQ� EH� UHDGLO\� FRPELQHG�� )RU� H[DPSOH�� WKH�,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� �,3&&�� SURGXFHV� WDEOHV� RI�YDOXHV�IRU�JOREDO�ZDUPLQJ�SRWHQWLDOV�RI�GLIIHUHQW�JDVHV��� 7KHVH�FDQ�EH�XVHG�WR� FRQYHUW� WKH� WRWDO� ORDGLQJ�RI� WKH� UHOHYDQW�JDVHV� WR�&2� HTXLYDOHQWV��1RW�RQO\�GRHV�WKLV�SURYLGH�WKH�DSSURSULDWH�ZHLJKWLQJ�IDFWRUV�EXW�LW�DOVR�FRQYHUWV�DOO�RI�WKH�XQLWV�WR�D�FRPPRQ�EDVH�
7KHUH� DUH� KRZHYHU� VRPH� LQVWDQFHV ZKHUH� WKH� FRQYHUVLRQV� DUH� HUURQHRXV��)RU� H[DPSOH�� LW� LV� RIWHQ� SURSRVHG� WKDW� UDZ�PDWHULDOV� UHVRXUFHV� VKRXOG� EH�UHIHUUHG�WR�WKH�UDWH�RI�GHSOHWLRQ�RI�UHVHUYHV��7KLV�DWWUDFWLYH�LGHD�VXIIHUV�RQH�PDMRU�GUDZEDFN��UHVHUYHV�RI�DQ\�UDZ�PDWHULDO�FKDQJH�ZLWK�WLPH��7KH�UHDVRQ�IRU� WKLV�ZDV�QHDWO\� VXPPDULVHG�E\�0F.HOYH\��� +H�SURSRVHG� WKDW�D�JUDSK�
�� +RXJKWRQ�� -�7��-HQNLQV�� *�-�� 	� (SKUDXPV�� -�-�� �HGV���&OLPDWH� FKDQJH� � 7KH� ,3&&VFLHQWLILF�DVVHVVPHQW��,6%1�������������;��&DPEULGJH�8QLYHUVLW\�3UHVV�������
�� 0F.HOYH\��9�(��$SSURDFKHV�WR�WKH�PLQHUDO�VXSSO\�SUREOHP��7HFKQRORJ\�5HYLHZ��SS��������0DUFK�$SULO������



VKRXOG�EH�SORWWHG�RI�HFRQRPLF�IHDVLELOLW\�DJDLQVW�JHRORJLFDO�DVVXUHGQHVV�DV�VKRZQ�LQ�)LJXUH���
)URP� WKLV� LW� LV� FOHDU� WKDW� WKH� UHVHUYHV� RI� DQ\� UDZ� PDWHULDO� �WKH� VKDGHG�SRUWLRQ� RI� )LJXUH� ��� DUH� GHWHUPLQHG� E\� D� GHSRVLW� RI� WKH� PDWHULDO� EHLQJ�LGHQWLILHG� DQG� EHLQJ� HFRQRPLF� WR� H[WUDFW�� 7KXV� DV� WKH� SULFH� RI� D� UDZ�PDWHULDO� LQFUHDVHV� RU� DV� IXUWKHU� VXSSOLHV� DUH� GLVFRYHUHG�� WKH� UHVHUYHV�ZLOO�LQFUHDVH��6LPLODUO\�DV�SULFH�IDOOV��WKHQ�UHVHUYHV IDOO��7KXV��XVLQJ�UHVHUYHV�DV�D� EDVH� DJDLQVW� ZKLFK� WR�PHDVXUH� GHSOHWLRQ� RI� UDZ�PDWHULDOV� LV� H[WUHPHO\�XQFHUWDLQ�DQG�WLPH�GHSHQGHQW�

)L:
$ �UHVXOW��E\ WRUV��,Q�FR DVVLJQ�P VLJQLQJ�WK HQVLEOH�MX JOREDO�Z
,W� �ZKLFK�VX QWLUHO\�VX

5HVRXUFHV
5HVHUYHV

,QFUHD
VLQJ�G

HJUHH�
RI�HFR

QRPLF
�IHDVLE

LOLW\

,QFUHDVLQJ�GHJUHH�RI�JHRORJLFDO�DVVXUDQFH

LGHQWLILHG XQGLVFRYHUHG
HFRQRPLF

VXE�HFRQRPLF
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OWKRXJK� WKH�SUREOHPV� LGHQWLILHG� DERYH�ZLOO� DOO� LQIOXHQFH� WKH� ILQDO� IDU� WKH�PRVW�VHULRXV�SUREOHP�DULVHV�ZLWK� WKH�ILQDO�ZHLJKWLQJ�IDFQYHUWLQJ� D� VHW� RI� YDOXDWLRQV� LQWR� DQ� LQGH[�� LW� LV� QHFHVVDU\� WR�XOWLSO\LQJ� IDFWRUV�� ZKLFK� LQGLFDWH� WKHLU� UHODWLYH� LPSRUWDQFH�� $VHVH� ZHLJKWLQJ� IDFWRUV� LPSOLHV� WKDW� LW� LV� SRVVLEOH� WR� PDNH� VGJHPHQWV� DERXW� WKH� UHODWLYH� LPSRUWDQFH� RI� HIIHFWV� VXFK� DV�DUPLQJ��DFLG�UDLQ�DQG�IRVVLO�IXHO�XVH��
LV�FULWLFDOO\�LPSRUWDQW�WR�UHFRJQLVH�WKDW�WKHUH�LV�QR�VFLHQWLILF�ZD\�LQFK� YDOXH� MXGJHPHQWV� FDQ� EH� PDGH�� 7KHVH� MXGJHPHQWV� DUH� HEMHFWLYH�
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/LPLWDWLRQV�RI�HFR�LQGLFHV
(FR�LQGLFHV� DQG� HFR�ODEHOV� DOUHDG\� H[LVW� DQG� DUH� LQ� XVH�� 7KLV� GRHV� QRW�KRZHYHU� LPSO\� WKDW� WKH\� KDYH� DQ\� PHDQLQJ� QRU� GRHV� LW� PHDQ� WKDW� WKH\�FDQQRW� EH� PLVOHDGLQJ�� 7R� MXGJH� WKHLU� YDOXH� DV� D� PHDQV� RI� SURYLGLQJ� D�VXPPDU\� RI� HQYLURQPHQWDO� SHUIRUPDQFH�� LW� LV� LPSRUWDQW� WR� UHFRJQLVH� WKDW�WKHUH� LV�D�ZRUOG�RI�GLIIHUHQFH�EHWZHHQ�KDYLQJ�D�IXOO�GDWD�VHW�DYDLODEOH�DQG�WKHQ� VLPSOLI\LQJ� LW� DQG� KDYLQJ� RQO\� DQ� LQGH[� RU�� LQ� WKH� H[WUHPH�� DQ� HFR�ODEHO��0DQ\�RI� WKH�VWURQJHVW�SURSRQHQWV�RI�HFR�LQGLFHV�NQRZ�ZKDW�WKH�IXOO�GDWD�VHW� ORRNV� OLNH�DQG�FDQ�JXLGH�WKHLU� MXGJHPHQW�DFFRUGLQJO\��,Q�FRQWUDVW��PDQ\� RI� WKH� XVHUV� RI� HFR�LQGLFHV� GR� QRW� HYHQ� NQRZ�ZKDW� D� IXOO� GDWD� VHW�ZRXOG� ORRN� OLNH�� &RQVHTXHQWO\� WKHLU� MXGJHPHQWV� DUH� EDVHG� RQ� WKH� LQGH[�DORQH�DQG�LI�WKH�LQGH[�LV�ZURQJ��VR�DUH�WKHLU�MXGJHPHQWV�
7KH�YDOLGLW\�RI�DQ\�HQYLURQPHQWDO�LQGH[�GHSHQGV�LQ�SDUW�RQ�WKH�VWDUWLQJ�GDWD�DQG� LQ� SDUW� RQ� WKH� ZD\� LQ� ZKLFK� WKH� GDWD� DUH� PDQLSXODWHG� WR� GHULYH� WKH�LQGH[�
,W� LV� RIWHQ� FODLPHG� WKDW� WKH� VWDUWLQJ� GDWD� DUH� REMHFWLYH� DQG� WKHUHIRUH�PHDQLQJIXO�� %XW� LV� WKLV� WUXH"� 3XUH�/&,� GDWD� FDQ� EH� UHJDUGHG� DV� REMHFWLYH�ZLWKLQ� WKH� OLPLWDWLRQV� RI� GDWD� FROOHFWLRQ� DQG� DQDO\VLV�� +RZHYHU�� DOWKRXJK�WKH�DJJUHJDWHG�GDWD�IRU�JOREDOO\�VLJQLILFDQW�SDUDPHWHUV�VXFK�DV�HQHUJ\�XVH��UDZ� PDWHULDOV� FRQVXPSWLRQ� DQG� FDUERQ� GLR[LGH� HPLVVLRQV� FDQ� EH�LPPHGLDWHO\� LQWHUSUHWHG� DQG� UHODWHG� WR� HQYLURQPHQWDO� HIIHFWV�� RWKHUV�� VXFK�DV� DJJUHJDWHG� ORFDO� YDOXHV�RI�&2'��QRLVH�DQG� WR[LF�FKHPLFDOV�SRVVHVV�QR�SK\VLFDO� VLJQLILFDQFH� DQG� VR� DUH� PHDQLQJOHVV� H[FHSW� LQ� WKH� XQXVXDO� FDVH�ZKHQ�WKH�FRPSOHWH�OLIH�F\FOH�RFFXUV�DW�D�VLQJOH�JHRJUDSKLFDO�ORFDWLRQ��7KLV�LV�LOOXVWUDWHG�LQ�)LJXUH����7KXV�REMHFWLYLW\�RI�GDWD�LV�QR�JXLGH�WR�WKH�PHDQLQJ�RI�DQ\�SDUDPHWHU�
0DQLSXODWLQJ�/&,�GDWD�FDQ WDNH�WZR�IRUPV��VHOHFWLYH�DJJUHJDWLRQ�DQG�GLUHFW�LQWHUSUHWDWLRQ�� 7R� LOOXVWUDWH� VHOHFWLYH� DJJUHJDWLRQ�� )LJXUH� ��� IRU� H[DPSOH��VKRZV� WKDW� WKH� /&,� GDWD� IRU� 62[�� RQH� SUHFXUVRU� IRU� DFLG� UDLQ�� LV� RQO\�SDUWLDOO\� PHDQLQJIXO�� 7KH� UHDVRQ� IRU� WKLV� LV� WKDW� DQ� HPLVVLRQ� RI� 62[� LQ�$XVWUDOLD��IRU�H[DPSOH��LV�RI�OLWWOH�FRQVHTXHQFH�WR�WKH�IRUPDWLRQ�RI�DFLG�UDLQ�LQ� 6FDQGLQDYLD�� ,I�� KRZHYHU�� WKH� GDWD� IRU� WKRVH� XQLW� RSHUDWLRQV�ZLWKLQ� WKH�IXOO�OLIH�F\FOH�DQG�ZKLFK�RFFXU�LQ�RQH�JHRJUDSKLFDO�ORFDWLRQ�DUH�DJJUHJDWHG��WKHQ� WKH� UHJLRQDO� DJJUHJDWH� RI� 62[� EHFRPHV� PRUH� PHDQLQJIXO� WKDQ� WKH�FRUUHVSRQGLQJ� /&,� GDWD�� DV� VKRZQ� LQ� )LJXUH� ��� +RZHYHU�� WKH� SURFHVV� RI�VHOHFWLYH� DJJUHJDWLRQ� LPSOLHV� LQYRNLQJ� VRPH� VXEMHFWLYH� MXGJHPHQWV� LQ�GHFLGLQJ�ZKLFK�RSHUDWLRQV�WR�LQFOXGH�LQ�WKH�DJJUHJDWH�
7R�LOOXVWUDWH�GLUHFW�LQWHUSUHWDWLRQ��WKH�JUHHQKRXVH�JDVHV�FRXOG�EH�FRPELQHG�WR�SURGXFH�FDUERQ�GLR[LGH�HTXLYDOHQW��6XFK�D�SURFHGXUH� LV�EDVHG�RQ�ZHOO�IRXQGHG�VFLHQFH�DQG�VR��DOWKRXJK�VXEMHFWLYH�MXGJHPHQWV�DUH�EHLQJ�DSSOLHG��WKH�UHVXOW�LV�VWLOO�PHDQLQJIXO�
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5HJLRQDO(XWURSKLFDWLRQ
LJXUH �FKHPDWLF�GLDJUDP�UHODWLQJ�REMHFWLYLW\�WR�PHDQLQJ�
Q� FRQWUDVW�� LQWHUSUHWLQJ� WKH� ORFDOLVHG� GDWD� WKDW� DUH� DJJUHJDWHG� WRXWURSKLFDWLRQ� SRWHQWLDOV�� IRU� H[DPSOH�� UHTXLUHV� WKH� DSSOLFDWLRLJQLILFDQW� VXEMHFWLYH� MXGJHPHQWV� WR� LQDSSURSULDWH� /&,� GDWD� $RQVHTXHQFH�� WKHUH� LV� D� ORVV� RI� PHDQLQJ� DQG� DQ� LQFUHDVH� LQ� VXEMHFDWLQJV�� ,I� WKH� VWDUWLQJ� GDWD� IRU� VXFK� DQ� LQWHUSUHWDWLRQ� ZHUH� VXEMHFWHOHFWLYH� DJJUHJDWLRQ� EHIRUH� WKH� LQWHUSUHWDWLRQ�ZDV� FDUULHG� RXW�� WKH� URXOG�KDYH�PRUH�PHDQLQJ�DV VKRZQ�LQ�)LJXUH���
FR�LQGLFHV� DQG� HFR�ODEHOV� FDQ� RQO\� EH� SURGXFHG� E\� WKH� DSSOLFDWLRLJQLILFDQW� VXEMHFWLYH� MXGJHPHQWV�� HVSHFLDOO\� DW� WKH� ZHLJKWLQJ� SKDVHKHVH� MXGJHPHQWV� DUH� IUHTXHQWO\� DSSOLHG� WR� WKH� IXOO� /&,� GDWD� VHW��RQVHTXHQFH� WKH\�DSSHDU� LQ�)LJXUH���ZLWK�D�KLJK�VXEMHFWLYLW\� UDWLQJ�HU\�ORZ�PHDQLQJ�
��

QGLFHV� DUH� RQO\� LQWHQGHG� WR� SURYLGH� D� UHODWLYH�PHDVXUH� RI� HQYLURQPHQWDO�HUIRUPDQFH� IRU� RQH� LWHP� YHUVXV� DQRWKHU�� 7KLV� LQIRUPDWLRQ� SURYLGHV� QR�QVLJKWV�LQWR�ZKDW�FDXVHG�WKH�SUREOHP�QRU�GRHV�LW�IDFLOLWDWH�D�OLNHO\�VROXWLRQ��RZHYHU�� LI� GDWD� IRU� LQGLYLGXDO� SDUDPHWHUV� DUH� NHSW� VHSDUDWH�� WKHQ� LW� LV�LNHO\�WKDW�D�GHVLJQ�SURIHVVLRQDO�ZLOO�QRW�RQO\�EH�DEOH�WR�VHH�ZKLFK�GHVLJQV�URGXFH�IHZHU�LPSDFWV��EXW�ZLOO�EH�DEOH�WR�KLJKOLJKW�ZKLFK�SDUDPHWHUV�DUH�IIHFWHG�VR� WKDW� VSHFLILF�FKRLFHV�FDQ�EH�PDGH��)RU�H[DPSOH�� LI� WKH�JRDO�RI�KH�GHVLJQHU�LV�WR�UHGXFH�&2� E\�����GXH�WR�VRPH�UHJXODWRU\�SUHVVXUH��DQ�QGH[�LV�RI�OLWWOH�XVH��,Q�DQ�LQGH[��WKH�&2� YDOXH�LV�MXVW�RQH�FRQWULEXWLRQ�DQG�KHUHIRUH�LWV�RYHUDOO�FRQWULEXWLRQ�LV�GLOXWHG��,Q�PRVW�LQGLFHV�WKHUH�LV�QR�ZD\�R�GHWHUPLQH�WKH�DEVROXWH�FRQWULEXWLRQ�RI�DQ\�RQH�SDUDPHWHU�
ROYLQJ� GHVLJQ� SUREOHPV� XVLQJ� HFR�LQGLFHV� V\VWHP� WDFLWO\� DVVXPHV� WKDW�KHUH�LV�RQO\�RQH�SUREOHP�± ORZHULQJ�HQYLURQPHQWDO�LPSDFWV��+RZHYHU��WKH�



��

WUXWK� LV� WKHUH� DUH� QXPHURXV� SUREOHPV�� (YHU\� V\VWHP� KDV� D� QXPEHU� RI�FRQVHUYDWLRQ�SUREOHPV�DVVRFLDWHG�ZLWK�LQGLYLGXDO�QDWXUDO�UHVRXUFHV��DV�ZHOO�DV� SROOXWLRQ� SUREOHPV� DVVRFLDWHG� ZLWK� QXPHURXV� DLU� HPLVVLRQV�� ZDWHU�HIIOXHQWV��DQG�VROLG�ZDVWHV��7KHUH�LV QR�VFLHQWLILF�PHWKRG�WKDW�FDQ�UHODWH�WKH�LPSRUWDQFH�RI�RQH�LPSDFW�WR�DQRWKHU���
.HHSLQJ� HQYLURQPHQWDO� REMHFWLYHV� VHSDUDWH� IDFLOLWDWHV� VROXWLRQV� RQ� WZR�IURQWV�� )LUVW�� HDFK� SUREOHP� LV� DGGUHVVHG� ULJRURXVO\�ZLWKRXW�PRGLI\LQJ� WKH�RULJLQDO�VFLHQWLILF�GDWD��7KLV�DOORZV�D�GHVLJQHU�WR�NQRZ�WKH�H[DFW�PHDVXUH�RI�WKH� HQYLURQPHQWDO� SUREOHP�� 6HFRQGO\�� LW� DYRLGV� PDNLQJ� LQDFFXUDWH�GHFLVLRQV�� %HFDXVH� WKHUH� DUH� QXPHURXV� W\SHV� RI� HQYLURQPHQWDO� LVVXHV�DVVRFLDWHG�ZLWK�D�SURGXFWLRQ�V\VWHP��LW�LV�XQOLNHO\�WKDW�DQ\�RQH�GHVLJQ�ZLOO�VLPXOWDQHRXVO\� SURYLGH� D� VROXWLRQ� WR� DOO� HQYLURQPHQWDO� SUREOHPV�� 0RUH�RIWHQ� WKDQ� QRW�� WKHUH� DUH� WUDGHRIIV�� $V� RQH� IDFWRU� LV� ORZHUHG� �H�J�� &2����DQRWKHU� PD\� EH� LQFUHDVHG� �H�J�� VROLG� ZDVWHV��� 7R� PHHW� VSHFLILF� FRPSDQ\�REMHFWLYHV�� WKH� GHVLJQ� SURIHVVLRQDO� QHHGV� WR� VHH� ZKLFK� IDFWRUV� DUH� EHLQJ�ORZHUHG�DQG�ZKLFK�DUH�QRW��
7DNH�IRU�H[DPSOH�D�FRPSDQ\�ZLWK�REMHFWLYHV��LQ�RUGHU�RI�SULRULW\��WR�UHGXFH�E\� ���� DFLG� UDLQ�� JUHHQKRXVH� JDVHV�� DQG� VROLG� ZDVWHV�� ,I� WKH� FRPSDQ\�SURGXFHV� HOHFWULFLW\� XVLQJ� FRDO�� LW� PD\� UHGXFH� 62;� HPLVVLRQV� E\�LPSOHPHQWLQJ� IOXH� JDV� GHVXOSKXULVDWLRQ�� +RZHYHU�� DOWKRXJK� WKLV� UHGXFHV�62;�� LW� LQFUHDVHV� &2� HPLVVLRQV��$� VLQJOH� LQGH[�ZRXOG� QRW� LGHQWLI\� WKLV�WUDGHRII��7KH�LQGH[�PD\�VKRZ�D�UHGXFWLRQ�RYHU�DOO�SDUDPHWHUV�LQ�WKH�LQGH[��EXW�LQ�UHDOLW\�WKHUH�PD\�DFWXDOO\�EH�DQ�LQFUHDVH�LQ�WKRVH�SDUDPHWHUV�RI�PRVW�VLJQLILFDQFH� WR� PHHWLQJ� FRPSDQ\� REMHFWLYHV�� $OWHUQDWLYHO\�� LI� GDWD� RQ�LQGLYLGXDO� IDFWRUV� DUH� NHSW� VHSDUDWH�� WKHQ� WKH� GHVLJQHU� LV� SURYLGHG� ZLWK�VRPH� RSWLRQV� RQ� KRZ� WR� VROYH� WKH� SUREOHP�� )OXH� JDV� GHVXOSKXULVDWLRQ� LV�QHHGHG�WR�UHGXFH�62[�HPLVVLRQV�VR�WKDW�VROXWLRQV�IRU�&2� DQG�VROLG�ZDVWH�UHGXFWLRQV�FDQ�EH�VRXJKW�LQ�RWKHU�SDUWV�RI�WKH�V\VWHP�&RQFOXVLRQV
(FR�LQGLFHV� DQG� HFR�ODEHOV� ZHUH� LQWURGXFHG� ZLWK� WKH� ODXGDEOH� DLP� RI�VXPPDULVLQJ� HQYLURQPHQWDO� LQIRUPDWLRQ� LQ� DQ� HDVLO\� GLJHVWLEOH� IRUP��8QIRUWXQDWHO\�� SURGXFLQJ� WKHP� UHTXLUHV� VR� PDQ\� DVVXPSWLRQV� WKDW� WKH\�FDQQRW�EH�UHJDUGHG�DV�RI�DQ\�JUHDW�XVH�LQ�VHULRXV�HQYLURQPHQWDO�GHEDWHV�DQG�VKRXOG�RQO\�EH�XVHG�ZLWK�H[WUHPH�FDXWLRQ�


