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�
&KDSWHU����,QWURGXFWLRQ� ��
����3URJUDP�RYHUYLHZ� ��
������:KDW�LV�*,1.*2� ��
������7HFKQLFDO�LQIRUPDWLRQ� ��

����*HQHUDO�IHDWXUHV� ��
������'DWD�PDWUL[�W\SHV� ��
������0XOWLYDULDWH�DQDO\VLV�W\SHV� ��
������*,1.*2�PDLQ�ZLQGRZV� ��
������:RUNLQJ�SURMHFWV� ���

&KDSWHU����'DWD�PDQDJHPHQW�DQG�RSHUDWLRQV� ���
����'DWD�(GLWRU�:LQGRZ� ���
������,QWURGXFWLRQ� ���
������'DWD�0DWUL[�QDPH�DQG�W\SH� ���
������&UHDWLQJ�QHZ�GDWD�PDWULFHV� ���
������,PSRUWLQJ�H[SRUWLQJ�GDWD�PDWULFHV� ���
������'HOHWLQJ�GDWD�LWHPV� ���
������0RYLQJ�GDWD�LWHPV�EHWZHHQ�*,1.*2�ZLQGRZV� ���
������(GLWLQJ�PDWULFHV� ���

����2SHUDWLRQV�RQ�REMHFW�GHVFULSWRU�GDWD� ���
������7UDQVIRUPLQJ�REMHFW�GHVFULSWRU�PDWULFHV� ���
������$QDO\VLV�RI�GHVFULSWRUV� ���

����6\PPHWULF�PDWULFHV� ���
������%XLOGLQJ�6LPLODULW\�'LVVLPLODULW\�PDWULFHV�� ���
������7UDQVODWLQJ�VLPLODULWLHV�WR�GLVWDQFHV�� ���

&KDSWHU����2UGLQDWLRQ�PHWKRGV� ���
����2UGLQDWLRQ�FRQFHSWV� ���
����3ULQFLSDO�&RPSRQHQWV�$QDO\VLV��3&$�� ���
������7KH�PHWKRG� ���
������5XQQLQJ�3&$� ���
������3&$�VWDQGDUG�RXWSXW� ���
������3&$�VFDOLQJV��SORWV�DQG�SUHVHUYHG�GLVWDQFHV� ���
������0HDQLQJIXO�FRPSRQHQWV� ���

����0HWULF�0XOWLGLPHQVLRQDO�6FDOLQJ��FODVVLFDO�0'6�� ���
������,QWURGXFWLRQ� ���
������&ODVVLFDO�0'6�DOJRULWKP� ���
������1HJDWLYH�HLJHQYDOXHV� ���
������5XQQLQJ�FODVVLFDO�0'6�LQ�*,1.*2�� ���

����1RQ�PHWULF�0XOWLGLPHQVLRQDO�6FDOLQJ��10'6�� ���
������,QWURGXFWLRQ� ���
������.UXVNDO
V�10'6�DOJRULWKP� ���
������5XQQLQJ�10'6�LQ�*,1.*2� ���
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����&RUUHVSRQGHQFH�$QDO\VLV��&$�� ���
������,QWURGXFWLRQ� ���
������7KH�PHWKRG� ���
������5XQQLQJ�&$� ���

����5HGXQGDQF\�$QDO\VLV��5'$�� ���
������,QWURGXFWLRQ�WR�FDQRQLFDO�DQDO\VLV� ���
������,QWURGXFWLRQ�WR�5HGXQGDQF\�DQDO\VLV� ���
������$OJHEUD�RI�5'$� ���
������5XQQLQJ�5'$� ���
������5'$�SORWV�DQG�ELSORWV� ���

����&DQRQLFDO�&RUUHVSRQGHQFH�$QDO\VLV��&&$�� ���
������,QWURGXFWLRQ�WR�&DQRQLFDO�FRUUHVSRQGHQFH�DQDO\VLV� ���
������0HWKRG�DQG�DOJHEUD�RI�&&$� ���
������5XQQLQJ�&&$� ���
������&&$�SORWV�DQG�ELSORWV� ���

����5HODWHG�0XOWLGLPHQVLRQDO�6FDOLQJ��50'6�� ���
������,QWURGXFWLRQ� ���
������50'6�IRXQGDWLRQV�DQG�PHWKRG�GHVFULSWLRQ� ���
������50'6�LQ�*,1.*2� ���

&KDSWHU����&ODVVLILFDWLRQ�PHWKRGV� ���
����&ODVVLILFDWLRQ�FRQFHSWV��&OXVWHULQJ�DQG�'LVFULPLQDQW�$QDO\VLV� ���
����&DQRQLFDO�OLQHDU�GLVFULPLQDQW�DQDO\VLV� ���
������,QWURGXFWLRQ� ���
������$OJHEUD�DQG�PHWKRG�GHVFULSWLRQ� ���
������5XQQLQJ�/')� ���
������/')�RXWSXW� ���

����4XDGUDWLF�GLVFULPLQDQW� ���
������7KH�TXDGUDWLF�GLVFULPLQDQW�UXOH� ���
������5XQQLQJ�TXDGUDWLF�GLVFULPLQDQW� ���

����'LVWDQFH�EDVHG�GLVFULPLQDQW�DQDO\VLV� ���
������,QWURGXFWLRQ� ���
������7KHRUHWLFDO�IRXQGDWLRQV� ���
������7KH�'%�UXOH� ���
������5XQQLQJ�'%�GLVFULPLQDQW�DQDO\VLV� ���

����$JJORPHUDWLYH�+LHUDUFKLFDO�&OXVWHULQJ� ���
������,QWURGXFWLRQ� ���
������+LHUDUFKLFDO�DOJRULWKPV� ���
������5XQQLQJ�DQ�DJJORPHUDWLYH�FOXVWHULQJ�PHWKRG� ���
������3ORWWLQJ�KLHUDUFKLFDO�PHWKRGV¶�UHVXOWV� ���
������%XLOGLQJ�SDUWLWLRQV�IURP�GHQGURJUDPV� ���

����.�PHDQV� ���
������.�PHDQV�FOXVWHULQJ�PHWKRG� ���
������5XQQLQJ�.�PHDQV� ���
������.�PHDQV�RXWSXW� ���

����)X]]\�&�PHDQV� ���
������)X]]\�VHWV��IX]]\�ORJLF�DQG�IX]]\�SDUWLWLRQV� ���
������)X]]\�&�PHDQV��)&0�� ���
������5XQQLQJ�)X]]\�&�PHDQV� ���

����.�PHGLDQV�)X]]\�&�PHGLDQV� ���
������&HQWURLGV�DQG�PHGRLGV� ���
������5XQQLQJ�.�PHGLDQV�)X]]\�&�PHGLDQV�LQ�*,1.*2� ���
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����3RVVLELOLVWLF�&�PHDQV� ���
������7KH�3&0�PHWKRG� ���
������7ZR�3&0�LPSURYHPHQWV� ���
������5XQQLQJ�3&0� ���
������3&0�RXWSXW� ���
������$FWLRQV�RQ�RXWSXW�DQG�JUDSKLFV� ���

�����5(%/2&.� ���
�������7KH�PHWKRG� ���
�������5XQQLQJ�5(%/2&.� ���

&KDSWHU���(YDOXDWLRQ�DQG�LQWHUSUHWDWLRQ�RI�FODVVLILFDWLRQV� ���
����(YDOXDWLRQ�RI�FODVVLILFDWLRQV� ���
������,QWURGXFWLRQ� ���
������,QWHUQDO�FULWHULD�RI�SDUWLWLRQ�HYDOXDWLRQ��'HWHUPLQLQJ�WKH�QXPEHU�RI�JURXSV�� ���
������&RPSDULQJ�FODVVLILFDWLRQV� ���
������&RPSDULVRQV�LQ�*,1.*2� ���

����)XUWKHU�LQWHUSUHWDWLRQ�RI�FOXVWHUV� ���
������$QDO\]LQJ�FOXVWHU�SURSHUWLHV�RQ�D�GDWD�PDWUL[� ���
������0HDVXUHPHQW�RI�HFRORJLFDO�GLYHUVLW\� ���
������&RPSXWLQJ�HFRORJLFDO�GLYHUVLW\�VWDWLVWLFV� ���
������&RPSXWLQJ�VSHFLHV�ILGHOLWLHV�DQG�GLDJQRVWLF�VSHFLHV� ���

&KDSWHU����*UDSKLFV� ���
����,QWURGXFWLRQ�WR�*UDSKLFV�LQ�*,1.*2� ���
������2YHUYLHZ� ���
������*UDSKLF�W\SHV� ���

����&UHDWLQJ�JUDSKLFV� ���
������&UHDWLQJ��'�DQG��'�VFDWWHU�SORWV� ���
������&UHDWLQJ�RWKHU�SORWV� ���

����*UDSKLF�PDQLSXODWLRQ��SULQWLQJ�DQG�H[SRUWLQJ� ���
������*UDSKLF�FRQWUROV� ���
������*UDSKLF�SULQWLQJ�DQG�H[SRUWLQJ� ���

5HIHUHQFHV� ���





&KDSWHU����,QWURGXFWLRQ�
�

����3URJUDP�RYHUYLHZ�
������:KDW�LV�*,1.*2�

*,1.*2� LV� D� FRPSXWHU�SURJUDP� WKDW� WULHV� WR�PDNH�PXOWLYDULDWH� DQDO\VLV�PHWKRGV�HDVLHU� WR�
UXQ�IRU�QRQ�H[SHUWV�LQ�VWDWLVWLFV��,W�KDV�EHHQ�GHYHORSHG�LQ�WKH�FRQWH[W�RI�QXPHULFDO�HFRORJ\��EXW�LW�
FDQ� EH� XVHG� LQ� RWKHU� VFLHQWLILF� GLVFLSOLQHV� �H�J�� VRFLRORJ\�� SV\FKRORJ\��� :KLOH� LW� UXQV�
LQGHSHQGHQWO\�� LW� LV� WKH� VWDWLVWLFDO� PRGXOH� RI� 9(*$1$� SDFNDJH�� D� ZRUNLQJ� HQYLURQPHQW� WKDW�
SURYLGHV�VHYHUDO�WRROV�IRU�HGLWLQJ�DQG�DQDO\VLQJ�IORUD�DQG�YHJHWDWLRQ��'H�&iFHUHV�HW�DO����������

7KH�SURJUDP�KDV�DQ�HDV\�WR�XVH�JUDSKLFDO� LQWHUIDFH�FRQWDLQLQJ� WKUHH�PDLQ�ZLQGRZV��D�'DWD�
(GLWRU�� DQ�$QDO\VLV�0DQDJHU�� DQG� D�*UDSKLF� (GLWRU�� 7KH�ZKROH� LQWHUIDFH� SURYLGHV� DQ� LQWXLWLYH�
LQWHJUDWHG� IUDPHZRUN� WKDW� DOORZV� XVHUV� WR� H[SORUH�� VWHS� E\� VWHS�� WKHLU� PXOWLYDULDWH� GDWD�� )LUVW��
VFDODU� RU� YHFWRU� WUDQVIRUPDWLRQV� FDQ� EH� DSSOLHG��7KHQ�� UHVHPEODQFH� EHWZHHQ� VLWHV� RU� VSHFLHV� LV�
HVWDEOLVKHG� E\� FKRRVLQJ� EHWZHHQ� GLIIHUHQW� VLPLODULW\� DQG� GLVVLPLODULW\� FRHIILFLHQWV�� $IWHU� WKDW��
GDWD�VWUXFWXUH�FDQ�EH�VWXGLHG�XVLQJ�RUGLQDWLRQ�DQG�FODVVLILFDWLRQ�PHWKRGV��ZKRVH�UHVXOWV�DUH�VWRUHG�
LQ� WKH�$QDO\VLV�0DQDJHU��&OXVWHULQJ�PHWKRGV�GHWHFW�GLIIHUHQW�FOXVWHU�VWUXFWXUHV��VR�WKH\�PD\�EH�
XVHG� WR� TXHU\� GDWD� VWUXFWXUH� IURP� GLIIHUHQW� SRLQWV� RI� YLHZ�� 7KH� UHVXOWV� REWDLQHG� IURP� WKRVH�
DQDO\VHV� FDQ� EH� HYDOXDWHG� DQG� FRPSDUHG� LQ� WKH� VDPH�$QDO\VLV�0DQDJHU�ZLQGRZ�� )LQDOO\�� LW� LV�
SRVVLEOH�WR�UH�FRS\�UHVXOW�PDWULFHV�EDFN�RQWR�WKH�GDWD�HGLWRU�IRU�VXEVHTXHQW�DQDO\VHV��

$V� D� ZKROH�� WKH� SURJUDP� PDNHV� LW� SRVVLEOH� WR� GR� PXOWLYDULDWH� DQDO\VHV� RI� PRGHUDWH�
FRPSOH[LW\��7KLV�VRUW�RI�HFRORJLFDO�GDWD�PLQLQJ�FDQ�EH�GRQH�LQ�VHYHUDO�VHVVLRQV�EHFDXVH�FRPSOHWH�
ZRUNLQJ�SURMHFWV�DUH�VDYHG�LQ�FRPSUHVVHG���]LS��ILOHV��

�
������7HFKQLFDO�LQIRUPDWLRQ�

7KH�*,1.*2�SURJUDP�LV�ZULWWHQ�LQ�-DYD�SURJUDPPLQJ�ODQJXDJH��7KHUHIRUH��FRPSLOHG�FRGH�
FDQ�EH�UXQ�XQGHU�GLIIHUHQW�RSHUDWLQJ�V\VWHPV��:LQGRZV��/LQX[��0DF��HWF����,Q�IDFW��DQ\�SODWIRUP�
VXSSRUWLQJ�-DYD�5XQWLPH�(QYLURQPHQW�YHUVLRQ�������RU�KLJKHU��KWWS���ZZZ�MDYD�FRP���LV�VXLWHG�WR�
UXQ�WKH�SURJUDP��/LNH�DQ\�RI�WKH�9(*$1$�VRIWZDUH�PRGXOHV��*,1.*2�LV�IUHHO\�GLVWULEXWHG�DQG�
FRQWLQXRXVO\� LPSURYHG�� ,QVWDOODWLRQ� LQVWUXFWLRQV�� SURJUDP� GRZQORDGV� DQG� VDPSOH� GDWD� VHWV� DUH�
DYDLODEOH�DW�WKH�9(*$1$�ZHE�VLWH��KWWS���ELRGLYHU�ELR�XE�HV�YHJDQD���

%ULHI� LQVWUXFWLRQV�RQ�KRZ� WR� LQVWDOO� DQG�XSGDWH� WKH�SURJUDP�ZRXOG�EH�DV� IROORZV��)LUVW�� WKH�
XVHU� VKRXOG� FKHFN� WKDW� KLV� FRPSXWHU� KDV� WKH� -DYD� 5XQWLPH� (QYLURQPHQW� LQ� D� VXLWDEOH� YHUVLRQ�
LQVWDOOHG�� ,I� VR�� WKHQ� WKH�XVHU� VKRXOG�JR� WR� WKH�9(*$1$�ZHE�SDJH�DQG�FOLFN�RQ� WKH�*,1.*2�
LFRQ��7KLV�ZLOO�ODXQFK�-DYD�:HE�6WDUW��-:6���GRZQORDG�WKH�SURJUDP�DQG�UXQ�LW��,I�GHVLUHG��DQ�LFRQ�
RI�*,1.*2�FDQ�EH�SODFHG�RQ�WKH�GHVNWRS��2QFH�WKH�SURJUDP�LV�LQVWDOOHG��VXEVHTXHQW�XSGDWHV�DUH�
DXWRPDWLFDOO\� GRQH� YLD� -:6� WHFKQRORJ\�� (DFK� WLPH� WKH� XVHU� VWDUWV� WR� UXQ� WKH� SURJUDP�� LI� WKH�
FRPSXWHU�LV�RQOLQH��-:6�FKHFNV�ZKHWKHU�WKHUH�LV�D�QHZHU�YHUVLRQ�DQG�GRZQORDGV�LW�LI�WKHUH�LV���

7KH�PLQLPXP�HVWLPDWHG�KDUGZDUH�UHTXLUHPHQWV�DUH�D�3HQWLXP�,,,�SURFHVVRU�DQG�����0%�RI�
PHPRU\��/DQJXDJHV�FXUUHQWO\�VXSSRUWHG�DUH�(QJOLVK��6SDQLVK�DQG�&DWDODQ��
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����*HQHUDO�IHDWXUHV�
������'DWD�PDWUL[�W\SHV�

*,1*.2�FDQ� KDQGOH� WZR� W\SHV�RI� GDWD�PDWULFHV�� REMHFW�GHVFULSWRU�PDWULFHV� DQG� V\PPHWULF�
PDWULFHV��

2EMHFW�'HVFULSWRU�'DWD��

1XPHULFDO� GDWD� LV� RIWHQ� LQ� WKH� IRUP� RI� D� VHW� RI� Q� YHFWRUV� LQ� WKH� IHDWXUH� VSDFH� Sℜ RI� S�
GHVFULSWRUV�RU�YDULDEOHV��7KDW�LV��WKH�PDWUL[�WR�DQDO\]H�LV�XVXDOO\�D�UHFWDQJXODU��Q�[�S��PXOWLYDULDWH�
GDWD�PDWUL[�;� �^[���[��������[Q�`���ZKHUH� S

L ℜ∈[ LV�D�GHVFULSWRU�YHFWRU�UHSUHVHQWLQJ�REMHFW� L��L� ����
�����Q��� DQG� ℜ∈LM[ � � �M� ���� �����S�� LV� WKH� MWK�PHDVXUHG�GHVFULSWRU�RU�YDULDEOH�RI�REMHFW� L��2EMHFW�
GHVFULSWRU�PDWULFHV�DUH�WKH�PRVW�FRPPRQ�IRUP�RI�RULJLQDO�XVHU�GDWD���

6\PPHWULF�'DWD��

6TXDUH�V\PPHWULF�GDWD�PDWULFHV�XVXDOO\�UHSUHVHQW�WKH�DVVRFLDWLRQ�RU�UHVHPEODQFH��QRUPDOO\�D�
VLPLODULW\�RU�GLVVLPLODULW\��DPRQJ�REMHFWV��7KUHH�V\PPHWULF�VXEFDWHJRULHV�DUH�DYDLODEOH��XVHG�WR�
ODEHO�DQG�GLVWLQJXLVK�V\PPHWULF�PDWULFHV���

o 81.12:1�6<00(75,&��
o 6,0,/$5,7<�0$75,;��
o ',66,0,/$5,7<�0$75,;���

/HW�5� �>UKO@�GHQRWH�D�V\PPHWULF�Q�[�Q�UHODWLRQDO�RU�UHVHPEODQFH�PDWUL[��ZKHUH�UKO�PHDVXUHV�WKH�VWUHQJWK�RI�WKH�UHODWLRQVKLS�EHWZHHQ�HOHPHQWV� K�DQG� O��5�PD\�EH�HLWKHU�D�VLPLODULW\��6��RU�D�GLVVLPLODULW\� �'��PDWUL[� �RU� D� V\PPHWULF� UHODWLRQ�ZLWK�XQNQRZQ�SURSHUWLHV���$�GLVVLPLODULW\� �RU�
GLVWDQFH��Q�[�Q�PDWUL[�'� �>GKO@�VDWLVILHV�WKH�IROORZLQJ�WKUHH�FRQGLWLRQV��

�=KKG �IRU�DQ\�K� ���������Q�� ����D��
�≥KOG �IRU�DQ\�K� ���������Q�DQG�O� ���������Q��DQG� ����E��
OKKO GG = �IRU�DQ\�K� ���������Q�DQG�O� ���������Q�� ����F��

&RQYHUVHO\��D�VLPLODULW\�PDWUL[�6� �>VKO@��IXOILOV��
�≥KOV �IRU�DQ\�K� ���������Q�DQG�O� ���������Q��� ����D��
OKKO VV = �IRU�DQ\�K� ���������Q�DQG�O� ���������Q��DQG� ����E��
KKKO VV ≤ �IRU�DQ\�K� ���������Q�DQG�O� ���������Q�� ����F��

�
������0XOWLYDULDWH�DQDO\VLV�W\SHV�

*,1.*2�GLYLGHV� WKH�SURYLGHG�PXOWLYDULDWH�PHWKRGV� LQWR�FDWHJRULHV�RU�DQDO\VLV� W\SHV��(DFK�
PXOWLYDULDWH�DQDO\VLV� W\SH�KDV�D�FRUUHVSRQGLQJ�PHQX�HOHPHQW�LQ�WKH�*,1.*2�PHQX�EDU��8QGHU�
HDFK�PHQX��WKRVH�DQDO\VHV�UHODWHG�WR�WKH�FRUUHVSRQGLQJ�W\SH�DUH�DYDLODEOH�DV�PHQX�LWHPV��
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�

��

2UGLQDWLRQV�� 7KHVH� DQDO\VHV� SXUVXH� WKH� UHSUHVHQWDWLRQ� RI�PXOWLYDULDWH� REMHFWV� LQ� D� UHGXFHG�
GLPHQVLRQ�VFDWWHU�GLDJUDP��2UGLQDWLRQV�PD\�EH�FODVVHG�DV�FDQRQLFDO�RU�QRQ�FDQRQLFDO��GHSHQGLQJ�
RQ�WKH�QXPEHU�RI�LQSXW�PDWULFHV��6HH�FKDSWHU���IRU�PRUH�LQIRUPDWLRQ�RQ�RUGLQDWLRQ�PHWKRGV��

&ODVVLILFDWLRQV��7KHVH�PXOWLYDULDWH�PHWKRGV�SXUVXH�WKH�JURXSLQJ�RI�REVHUYDWLRQV�LQWR�FODVVHV��
&ODVVLILFDWLRQ� FDQ� EH� GRQH� E\�FOXVWHULQJ� �XVLQJ� GDWD� VROHO\�� RU�GLVFULPLQDQW� DQDO\VLV� �XVLQJ� DQ�
LQLWLDO� FODVVLILFDWLRQ� IRU� OHDUQLQJ� SXUSRVHV�� PHWKRGV�� 6HH� FKDSWHU� �� IRU� PRUH� LQIRUPDWLRQ� RQ�
FODVVLILFDWLRQ�PHWKRGV��

&RPSDULVRQV�� $OORZ� WKH� FRPSDULVRQ� RI� PXOWLYDULDWH� VWUXFWXUHV� �HLWKHU� FODVVLILFDWLRQV� RU�
RUGLQDWLRQV���6HH�FKDSWHU���IRU�PRUH�LQIRUPDWLRQ�RQ�WKRVH�PHWKRGV��

2WKHU�DQDO\VHV��7KLV�FDWHJRU\�LQFOXGHV�UHVXOWV�SURYLGHG�E\�*,1.*2�PHWKRGV�WKDW�FDQQRW�EH�
LQFOXGHG�LQWR�WKH�SUHYLRXV�FDWHJRULHV���

�
������*,1.*2�PDLQ�ZLQGRZV�

*,1.*2�KDV�WKUHH�PDLQ�ZLQGRZV��7KH\�FDQ�EH�RSHQHG�DQG�VHQW�WR�WKH�IURQW�E\�VHOHFWLQJ�WKH�
FRUUHVSRQGLQJ� PHQX� LWHPV� LQ� WKH�:LQGRZ� PHQX� RI� WKH� *,1.*2� PDLQ� PHQX� EDU� RU� XVLQJ�
NH\ERDUG�VKRUWFXWV��(DFK�ZLQGRZ�KDV�LWV�RZQ�PHQX�EDU��ZKLFK�DOORZV�DFWLRQV�UHODWHG�WR�LW��7KH�
WKUHH�ZLQGRZV�DUH���

'DWD� 0DWUL[� (GLWRU� �$OW�)���� +DQGOHV� GDWD� PDWULFHV� DQG� HQDEOHV� HGLWLQJ� WKHP�� 'DWD�
PDWULFHV�DUH�DUUDQJHG�E\�W\SH�LQ�D�KLHUDUFKLFDO�WUHH��:KHQ�\RX�VHOHFW�RQH�WUHH�QRGH��WKH�
DVVRFLDWHG�GDWD� LWHP� LV�GLVSOD\HG�RQ� WKH� ULJKW�SDUW�RI� WKH�ZLQGRZ��7KH�DYDLODEOH�PHQX�
RSWLRQV� FKDQJH�GHSHQGLQJ�RQ� WKH� WUHH�QRGH� VHOHFWHG� DW� WKH� WLPH��'DWD� WUDQVIRUPDWLRQV��
UHVHPEODQFH�PDWUL[�EXLOGLQJ�DQG�RWKHU�VLPSOH�RSHUDWLRQV�DUH�GRQH� LQVLGH� WKLV�ZLQGRZ��
0RVW�PXOWLYDULDWH�DQDO\VHV�FDQ�RQO\�EH�ODXQFKHG�ZKHQ�D�VXLWDEOH�GDWD�PDWUL[�LV�VHOHFWHG�
LQ� WKH� 'DWD� 0DWUL[� (GLWRU�� 2WKHU� DQDO\VHV� DUH� HQDEOHG� ZKHQ� WKH� 'DWD� 0DWUL[� (GLWRU�
LQFOXGHV�HQRXJK�PDWULFHV�RI�D�JLYHQ�W\SH��
$QDO\VLV� 0DQDJHU� �$OW�)���� 7KLV� ZLQGRZ� VWRUHV� WKH� PXOWLYDULDWH� DQDO\VLV� UXQQLQJ� RU�
DOUHDG\�GRQH��$QDO\VHV�DUH�DUUDQJHG�E\�DQDO\VLV� W\SH� LQ�D�KLHUDUFKLFDO� WUHH��:KHQ�RQH�
WUHH�QRGH�LV�VHOHFWHG��WKH�DVVRFLDWHG�DQDO\VLV�LV�GLVSOD\HG�RQ�WKH�ULJKW�SDUW�RI�WKH�ZLQGRZ��
7KH� DYDLODEOH� PHQX� RSWLRQV� FKDQJH� GHSHQGLQJ� RQ� WKH� WUHH� QRGH� VHOHFWHG� DW� WKH� WLPH��
$QDO\VHV�ZKLFK�DUH�VWLOO�UXQQLQJ�DUH�LQGLFDWHG�LQ�UHG��7KH�XVHU�FDQ�VWRS�WKHLU�H[HFXWLRQ�
EHIRUH�ILQLVKLQJ��
*UDSKLF�(GLWRU��$OW�)����7KLV�ZLQGRZ�LV�XVHG�DV�D�VLQN�IRU�JUDSKLFV�REWDLQHG�HLWKHU�IURP�
SORWWLQJ�RULJLQDO�GDWD�RU�IURP�SORWWLQJ�PXOWLYDULDWH�DQDO\VLV¶�UHVXOWV��7KH�*UDSKLF�(GLWRU�
RUJDQL]HV�LWV�JUDSKLFV�LQ�D�WDEEHG�SDQH��,W�PDNHV�LW�SRVVLEOH�WR�FKDQJH�VRPH�SORW�IHDWXUHV�
DQG�WR�H[SRUW�SORWV�DV�LPDJH�ILOHV��7KH�PHQX�RSWLRQV�DYDLODEOH�FDQ�FKDQJH�GHSHQGLQJ�RQ�
WKH�WDE�VHOHFWHG��

�
�
�
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��

������:RUNLQJ�SURMHFWV�

*,1.*2�DOZD\V�UXQV�XVLQJ�D�ZRUNLQJ�SURMHFW��$�ZRUNLQJ�SURMHFW� LQFOXGHV�ERWK� WKH�VRXUFH�
GDWD� PDWULFHV� DQG� WKH� DQDO\VLV� UHVXOWV� VR� IDU� REWDLQHG� IURP� WKHP�� 3URMHFWV� FDQ� EH� VDYHG� DV�
FRPSUHVVHG� ]LS� ILOHV��� $V� D� UHVXOW�� WKH� DQDO\VLV� SURMHFW� FDQ� EH� FRQWLQXHG� LQ� ODWHU� VHVVLRQV���
*UDSKLFV�JHQHUDWHG�LQ�*,1.*2�DUH�QRW�VWRUHG�LQ�WKH�SURMHFW�EXW�FDQ�EH�H[SRUWHG�DV�LPDJH�ILOHV��

$OO�SURMHFW�DFWLRQV��VXFK�DV�FUHDWLQJ�QHZ�SURMHFWV�RU�RSHQLQJ�DQG�VDYLQJ�SURMHFWV��DUH�KDQGOHG�
XVLQJ� WKH�3URMHFW�PHQX� LQ� WKH� *,1.*2�PDLQ� PHQX� EDU�� 3URMHFW� RSWLRQV� FDQ� EH� FKDQJHG� E\�
FOLFNLQJ�RQ�(GLW�SURMHFW�RSWLRQV�PHQX�LWHP��7KH�DYDLODEOH�SURMHFW�RSWLRQV�DUH��

3URMHFW�+RPH�'LUHFWRU\��'LUHFWRU\�ZKHUH�ILOHV�DUH�VDYHG�E\�GHIDXOW��
/DQJXDJH��/DQJXDJH�XVHG�LQ�PHQXV��
/RRN�$QG�)HHO��3ODWIRUP�ORRN�RI�WKH�SURJUDP��:LQGRZV��81,;��0HWDO�����
*UDSKLF�,PDJHV�'LUHFWRU\��'LUHFWRU\�ZKHUH�JUDSKLF�LPDJH�ILOHV�DUH�H[SRUWHG�E\�
GHIDXOW��
'DWD�6DYH�2SWLRQV��+HUH�WKH�XVHU�FDQ�VHOHFW�ZKLFK�GDWD�W\SHV�DQG�DQDO\VLV�UHVXOWV�
ZLOO�EH�VDYHG��(DFK�GDWD�RU�DQDO\VLV�W\SH�KDV�D�GLIIHUHQW�FKHFN�ER[���
'HFLPDO�)RUPDW�2SWLRQV��+HUH�XVHUV�FDQ�VSHFLI\�ZKLFK�GHFLPDO�IRUPDW�KDV�WR�EH�
XVHG��E\�GHIDXOW��WR�GLVSOD\�YDOXHV�LQ�HDFK�PDWUL[�W\SH��

�
��

�������������������������������������������������
��;0/�IRUPDW�LV�DOVR�DYDLODEOH��+RZHYHU��=,3�ILOH�IRUPDW�LV�KLJKO\�UHFRPPHQGHG�GXH�WR�LWV�GDWD�FRPSUHVVLRQ����7KH�RQO\�DQDO\VHV�ZKLFK�DUH�QRW�VWRUHG�LQ�ZRUNLQJ�SURMHFW�ILOHV�DUH�WKRVH�SHQGLQJ�LQ�WKH�µ2WKHU�DQDO\VHV¶�QRGH�LQ�
$QDO\VLV�0DQDJHU��



&KDSWHU����'DWD�PDQDJHPHQW�DQG�RSHUDWLRQV�
�

����'DWD�(GLWRU�:LQGRZ�
������,QWURGXFWLRQ�

'DWD�(GLWRU�LV�WKH�*,1.*2�ZLQGRZ�FRQWDLQLQJ�WKH�GDWD�WR�EH�HGLWHG�DQG�DQDO\]HG��1HDUO\�DOO�
DQDO\VHV�VWDUW�IURP�D�GDWD�PDWUL[�LQ�WKH�'DWD�(GLWRU��$OO�GDWD�PDWULFHV�DUH�OLVWHG�LQ�WKH�(GLWRU�LQ�
WKH�IRUP�RI�D�WUHH�RQ�WKH�OHIW�SDUW�RI�WKH�PRGXOH��7ZR�PDLQ�QRGHV�DUH�SUHVHQW�RQ�WKH�WUHH��HDFK�RQH�
FRUUHVSRQGLQJ�WR�RQH�GDWD�W\SH��3URMHFW�GDWD�LWHPV�DUH�RUJDQL]HG�DV�WUHH�QRGHV�KDQJLQJ�IURP�RQH�
RI�WKHVH��:KHQ�D�GDWD�LWHP�LV�VHOHFWHG�LQ�WKH�WUHH��WKH�FRUUHVSRQGLQJ�GDWD�PDWUL[�LV�GLVSOD\HG�RQ�
WKH�ULJKW�DV�DQ�HGLWDEOH�WDEOH��7KH�'DWD�(GLWRU�FDQ�EH�VKRZQ�ZKHQ�QRW�YLVLEOH�E\�SUHVVLQJ�$OW�)����
������'DWD�0DWUL[�QDPH�DQG�W\SH�

7KH� 'DWD� (GLWRU� HQDEOHV� HGLWLQJ� QXPHULFDO� GDWD� PDWULFHV�� HLWKHU� REMHFW� GHVFULSWRU� RU�
V\PPHWULF�RQHV��(DFK�GDWD�LWHP�KDV�D�QDPH�DQG�D�W\SH��7KH�LWHP�QDPH�LGHQWLILHV�WKH�GDWD�PDWUL[�
DQG� WKH� W\SH� UHVWULFWV� WKH�RSHUDWLRQV� WKDW�FDQ�EH�SHUIRUPHG�RQ� WKH�GDWD��7KH� WZR�GDWD� W\SHV�DUH�
GLVWLQJXLVKHG�LQ�WKH�'DWD�(GLWRU�E\�JURXSLQJ�GDWD�LWHPV�LQWR�WZR�FRUUHVSRQGLQJ�WUHH�QRGHV��7KH�
QDPH�DQG� W\SH�RI�D�GDWD� LWHP�DUH�GLVSOD\HG�RQ�D�SDQHO�RQ� WRS�RI� WKH�GDWD� WDEOH��DORQJ�ZLWK� WKH�
PDWUL[¶V�GLPHQVLRQV��³QXPEHU�RI�URZV´�[�³QXPEHU�RI�FROXPQV´���

�
7KH� GDWD� LWHP¶V� QDPH� DQG� W\SH� FDQ� EH� FKDQJHG� E\� XVLQJ� WKH� IROORZLQJ� RSWLRQV� LQ� WKH� ILOH�

PHQX��$OWHUQDWLYHO\��WKH�PDWUL[�QDPH�FDQ�EH�HGLWHG�E\�GRXEOH�FOLFNLQJ�RQ�WKH�FRUUHVSRQGLQJ�WUHH�
QRGH��

&RPPDQG�� 0HQX�,WHP��)LOH�0HQX�� .H\VWURNH�
&KDQJHV�GDWD�W\SH��RQO\�IRU�V\PPHWULF�PDWULFHV�� &KDQJH�PDWUL[�W\SH� &WUO�7�
&KDQJHV�GDWD�LWHP�QDPH� &KDQJH�PDWUL[�QDPH� &WUO�1�



*,1.*2�XVHU¶V�PDQXDO�

�

��

������&UHDWLQJ�QHZ�GDWD�PDWULFHV�

7KH�VLPSOHVW�ZD\�WR�FUHDWH�D�QHZ�HPSW\�GDWD�LWHP�LQ�WKH�HGLWRU� LV�E\�VHOHFWLQJ�&UHDWH�QHZ�
PDWUL[�LQ�WKH�)LOH�PHQX��7KH�GLDORJ�WKDW�DSSHDUV�HQDEOHV�WKH�XVHU�WR�VHOHFW�WKH�PDWUL[�W\SH��QDPH�
DQG�PDWUL[�GLPHQVLRQV�RI�WKH�QHZ�GDWD�LWHP��2QFH�FUHDWHG��WKH�QHZ�GDWD�LWHP�ZLOO�EH�VKRZQ�LQ�WKH�
(GLWRU¶V�WUHH�DV�D�QHZ�WUHH�QRGH�DV�D�FKLOG�RI�WKH�FRUUHVSRQGLQJ�GDWD�W\SH�QRGH��

�
�
������,PSRUWLQJ�H[SRUWLQJ�GDWD�PDWULFHV�

,PSRUWLQJ�

'DWD� LWHPV�DUH� W\SLFDOO\� LPSRUWHG� WR�*,1.*2�IURP�DQ�$6&,,�ILOH��8VHU�FDQ�FKRRVH�DPRQJ�
VHYHUDO� LPSRUWLQJ�RSWLRQV�� WKH�YDOXH�VHSDUDWLRQ�FKDUDFWHU�� WKH�GHFLPDO�VHSDUDWLRQ�FKDUDFWHU��DQG�
ZKHWKHU�FROXPQ�DQG�RU�URZ�QDPHV�DUH�LQFOXGHG�LQ�WKH�$6&,,�LQSXW�ILOH��

�
$6&,,�REMHFW�GHVFULSWRU�PDWUL[� UHDGLQJ� LV�DV� IROORZV��7KH�QXPEHU�RI�REMHFWV� �Q�� LV�HTXDO� WR�

WKH�QXPEHU�RI�QRQ�HPSW\�OLQHV��H[FOXGLQJ�WKH�ILUVW�OLQH�LI�LW�LV�FRPSRVHG�RI�FROXPQ�KHDGHUV���)RU�
HDFK�OLQH��D�QXPEHU�RI�HOHPHQWV��DUH�LGHQWLILHG�XVLQJ�WKH�LQGLFDWHG�VHSDUDWRU�FKDUDFWHU��7KHQ��WKH�
QXPEHU�RI�GHVFULSWRUV��S��LV�VHW�WR�WKH�PD[LPXP�RI�URZ��OLQH��HOHPHQWV�IRXQG��PLQXV�RQH�LI�WKH�
ILUVW�FROXPQ�FRQVLVWV�RI�REMHFW�QDPHV���,I�FROXPQ�KHDGHUV�DUH�LQFOXGHG�LQ�WKH�ILUVW�OLQH��WKH�ODVW�S�
HOHPHQWV�DUH�XVHG�DV�GHVFULSWRU�QDPHV���$6&,,�V\PPHWULF�PDWULFHV�DUH�UHDG�VLPLODUO\��



9HUVLRQ�����

�

���

$GGLWLRQDO�LPSRUWLQJ�IDFLOLWLHV�DUH�SURYLGHG�IRU�XVHUV�RI�&$12&2��WHU�%UDDN�������RU�RWKHU�
SURJUDPV� GHDOLQJ�ZLWK� LWV� ILOH� IRUPDW�� VLQFH� LW� LV� SRVVLEOH� WR� LPSRUW� &$12&2� VSHFLHV� GDWD� RU�
HQYLURQPHQWDO�GDWD�ILOHV�LQWR�WKH�*,1.*2�'DWD�(GLWRU��

([SRUWLQJ�

7KH�VDPH�$6&,,�DQG�&$12&2�IRUPDWV�DUH�DYDLODEOH� IRU�H[SRUWLQJ�GDWD� IURP�*,1.*2�WR�
RWKHU�VRIWZDUH�WRROV��$Q�DOWHUQDWLYH�ZD\�WR�H[SRUW�WDEOHV�IURP�*LQNJR�FRQVLVWV�RI�VLPSO\�VHOHFWLQJ�
WKH� GHVLUHG� WDEOH� URZV� DQG� SUHVVLQJ�&WUO�&� WR� FRS\� WKHP� WR� WKH� V\VWHP� FOLSERDUG�� 7KH�ZKROH�
PDWUL[�FDQ�EH�FRSLHG�E\�SUHVVLQJ�WKH�µ&RS\¶�EXWWRQ�RQ�WKH� LWHP�SDQHO��2WKHU�VRIWZDUH��VXFK�DV�
0LFURVRIW�([FHO��FDQ�WKHQ�UHDG�WKH�WDEOH�FRSLHG�RQWR�WKH�FOLSERDUG��

,PSRUWLQJ�SK\WRVRFLRORJLFDO�UHOHYp�WDEOHV�

48(5&86�LV�DQRWKHU�FRPSXWHU�SURJUDP�EHORQJLQJ�WR�WKH�9(*$1$�SDFNDJH��5HOHYp�WDEOHV�
LQ�;0/�48(5&86�IRUPDW�FDQ�EH�LPSRUWHG�WR�*,1.*2��7KH�SURFHGXUH�LV�WKH�VDPH�DV�WKH�RQH�
WKDW�HQDEOHV�H[SRUWLQJ�IURP�48(5&86�WR�*,1.*2��7KH�UHDGHU�LV�UHIHUUHG�WR�WKH�FRUUHVSRQGLQJ�
VHFWLRQ� LQ� WKH� 48(5&86� XVHU¶V� PDQXDO�� ,PSRUW�([SRUW� FRPPDQGV� DUH� VXPPDUL]HG� LQ� WKH�
IROORZLQJ�WDEOH��

&RPPDQG�� 0HQX�,WHP��)LOH�0HQX��
,PSRUWV�D�WH[W�ILOH� ,PSRUW�GDWD����$6&,,�7H[W�
,PSRUWV�D�&$12&2�VSHFLHV�GDWD�ILOH� ,PSRUW�GDWD����&$12&2�'(&25$1$��FRQGHQVHG��VSHFLHV�GDWD�
,PSRUWV�D�&$12&2�HQYLURQPHQWDO�GDWD�ILOH� ,PSRUW�GDWD����&$12&2�HQYLURQPHQWDO�GDWD�
([SRUWV�D�VSDFHG�WH[W�ILOH� ([SRUW�GDWD����$6&,,�7H[W�
([SRUWV�D�&$12&2�VSHFLHV�GDWD�ILOH� ([SRUW�GDWD����&$12&2�'(&25$1$��FRQGHQVHG��VSHFLHV�GDWD�
([SRUWV�D�&$12&2�HQYLURQPHQWDO�GDWD�ILOH� ([SRUW�GDWD����&$12&2�HQYLURQPHQWDO�GDWD�
,PSRUWV�D�48(5&86�5HOHYp�7DEOH� ,PSRUW�;0/�UHOHYp�WDEOH�

������'HOHWLQJ�GDWD�LWHPV�

'DWD�LWHPV�FDQ�EH�GHOHWHG�IURP�WKH�SURMHFW�E\�VLPSO\�SUHVVLQJ�&WUO�'HOHWH�ZKHQ�WKH�GDWD�LWHP�
LQ�TXHVWLRQ�LV�VHOHFWHG�RQ�WKH�(GLWRU¶V� WUHH��7KH�FRUUHVSRQGLQJ�PHQX�RSWLRQ�LQ�WKH�)LOH�PHQX�LV�
FDOOHG�5HPRYH�GDWD�PDWUL[�IURP�SURMHFW���
������0RYLQJ�GDWD�LWHPV�EHWZHHQ�*,1.*2�ZLQGRZV�

6RPHWLPHV�WKH�XVHU�PD\�EH�LQWHUHVWHG�LQ�PRYLQJ�FODVVLILFDWLRQ�PDWULFHV�IURP�WKH�'DWD�(GLWRU�
WR�WKH�$QDO\VLV�0DQDJHU��RU�DOWHUQDWLYHO\��LQ�SXWWLQJ�UHVXOW�PDWULFHV�EDFN�LQWR�WKH�'DWD�(GLWRU�LQ�
RUGHU� WR�SHUIRUP�VXEVHTXHQW� DQDO\VLV��7KH� IROORZLQJ� WDEOH� LQGLFDWHV�ZKHUH� WKH�PHQX� LWHPV� WKDW�
ODXQFK�WKHVH�DFWLRQV�DUH��

$FWLRQ� 0HQX�,WHP�� 0HQX� :LQGRZ� .H\VWURNH�
&RSLHV�D�GDWD�PDWUL[�RQWR�WKH�FOLSERDUG��LQ�
*,1.*2�IRUPDW��QRW�XVHG�IRU�H[SRUW���

&RS\�DOO�PDWUL[�WR�
FOLSERDUG�

)LOH� 'DWD�(GLWRU� &WUO�$�
3DVWHV�D�GDWD�PDWUL[�IURP�WKH�FOLSERDUG�LQWR�'DWD�
(GLWRU��QRW�XVHG�IRU�LPSRUW���

3DVWH�PDWUL[�IURP�
FOLSERDUG�WR�HGLWRU�

)LOH� 'DWD�(GLWRU� &WUO�1�
3ODFHV�D�FRS\�RI�WKH�VHOHFWHG�PDWUL[�LQ�WKH�$QDO\VLV�
0DQDJHU�LQ�WKH�'DWD�(GLWRU��

&RS\�VHOHFWHG�PDWUL[�WR�
'DWD�(GLWRU�

(GLW� $QDO\VLV�
0DQDJHU� &WUO�6KLIW�&�

3DVWHV�PDWUL[�IURP�FOLSERDUG�LQ�*,1.*2�IRUPDW�
LQWR�WKH�$QDO\VLV�0DQDJHU��

3DVWH�FOLSERDUG�PDWUL[�DV�
QHZ�SDUWLWLRQ�

(GLW� $QDO\VLV�
0DQDJHU� &WUO�9�



*,1.*2�XVHU¶V�PDQXDO�
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������(GLWLQJ�PDWULFHV�
9DOXH�HGLWLRQ�DQG�YLVXDOL]DWLRQ�

'DWD�PDWUL[�FHOO�YDOXHV�FDQ�EH�HGLWHG�PDQXDOO\�DV�LQ�D�VSUHDGVKHHW��:KHQ�HGLWLQJ�D�FHOO��L�M��LQ�
D� V\PPHWULF� PDWUL[� WKH� FRPSOHPHQWDU\� FHOO� �M�L�� ZLOO� EH� DOVR� EH� DOWHUHG�� &ROXPQ� ZLGWK� DQG�
GHFLPDO�IRUPDW�LV�FRQWUROOHG�XVLQJ�WKH�IROORZLQJ�PHQX�LWHPV�RI�WKH�PHQX�(GLW���

$FWLRQ� 0HQX�,WHP��(GLW�0HQX��
'HFLPDO�SUHFLVLRQ�LV�LQLWLDOO\�VHW�XVLQJ�SURMHFW�GHIDXOWV��,W�FDQ�EH�FKDQJHG�XVLQJ�WKLV�
PHQX�LWHP��7KLV�PHQX�LWHP�LV�DOVR�DYDLODEOH�ZKHQ�ULJKW�FOLFNLQJ�RQ�WKH�WDEOH�� &KDQJH�YDOXH�IRUPDW�
&ROXPQ�ZLGWK�LV����SL[HOV�E\�GHIDXOW��,W�FDQ�EH�FKDQJHG�XVLQJ�WKLV�PHQX�LWHP��,Q�
DGGLWLRQ��WKH�XVHU�FDQ�VHW�WKLV�SURSHUW\�E\�ULJKW�FOLFNLQJ�RQ�WKH�WDEOH�ZKHQ�RQH�FROXPQ�
LV�VHOHFWHG�RU�E\�SODFLQJ�PRXVH�DUURZ�RQ�WKH�FROXPQ�KHDGHU�ERUGHU�DQG�GUDJJLQJ�LW��

&KDQJH�FROXPQ�ZLGWK�
:LGWK�RI�REMHFW�ODEHO��FROXPQ�FDQ�EH�FKDQJHG�XVLQJ�WKLV�PHQX�LWHP��,W�LV�DOVR�
DYDLODEOH�ZKHQ�ULJKW�FOLFNLQJ�RQ�WKH�REMHFW�ODEHO�FROXPQ�� &KDQJH�ODEHO�ZLGWK�

5RZ�DQG�FROXPQ�PDQLSXODWLRQ�

7KH� IROORZLQJ� WDEOH� OLVWV� DOO� PHQX� LWHPV� RI� WKH� PHQX� (GLW� UHODWHG� WR� URZ� DQG� FROXPQ�
PDQLSXODWLRQ��

$FWLRQ� 0HQX�,WHP��(GLW�0HQX��
$GGV�QHZ�URZV�WR�D�UHFWDQJXODU�PDWUL[�� $GG�1HZ����URZV�
$GGV�QHZ�FROXPQV�WR�D�UHFWDQJXODU�PDWUL[�� $GG�1HZ����FROXPQV�
$GGV�QHZ�HOHPHQWV�WR�D�V\PPHWULF�PDWUL[�� $GG�1HZ����HOHPHQWV�
)LOWHUV�HPSW\�URZV�LQ�D�UHFWDQJXODU�PDWUL[�� )LOWHU����QXOO�URZV�
)LOWHUV�HPSW\�FROXPQV�LQ�D�UHFWDQJXODU�PDWUL[�� )LOWHU����QXOO�FROXPQV�
)LOWHUV�VSHFLHV�ZLWK�ORZ�IUHTXHQF\�LQ�WKH�PDWUL[� )LOWHU����ORZ�FRQVWDQF\�VSHFLHV�
'HOHWHV�URZV�LQ�D�UHFWDQJXODU�PDWUL[�� 5HPRYH����URZV�
'HOHWHV�FROXPQV�LQ�D�UHFWDQJXODU�PDWUL[�� 5HPRYH����FROXPQV�
'HOHWHV�HOHPHQWV�LQ�D�V\PPHWULF�PDWUL[�� 5HPRYH����HOHPHQWV�

$OO�WKHVH�DFWLRQV�FDQ�DOVR�EH�GRQH�E\�VHOHFWLQJ�D�URZ�RU�FROXPQ�LQ�WKH�WDEOH�DQG�ULJKW�FOLFNLQJ��
5RZ�FROXPQV� FDQ� EH�PRYHG� E\� VHOHFWLQJ� WKHP� DQG� ULJKW�FOLFNLQJ� RQ� WKH� QHZ� SRVLWLRQ� GHVLUHG�
�WKLV� LV� VLPLODU� WR�D�FXW�SDVWH�DFWLRQ���5RZ�FROXPQ� ODEHOV� �QDPHV��DUH�FKDQJHG� WKURXJK�GRXEOH�
FOLFNLQJ� RQ� WKH� GHVLUHG� URZ� RU� FROXPQ�� 7DEOH� URZV� PD\� EH� UHRUGHUHG� IROORZLQJ� WKH� VHOHFWHG�
FROXPQ�YDOXHV��LQFUHDVLQJ��RU�IROORZLQJ�URZ�ODEHO�DOSKDEHWLFDO�RUGHULQJ��

$OO�WDEOH�DFWLRQV�

2WKHU�(GLW�PHQX�DFWLRQV�DIIHFW�WKH�GDWD�PDWUL[�DV�D�ZKROH��
$FWLRQ�� 0HQX�,WHP��

&ORQHV�D�GDWD�PDWUL[�DQG�FUHDWHV�D�QHZ�LWHP��$�GLDORJ�LV�SURPSWHG�WR�VHW�WKH�QDPH�RI�WKH�QHZ�LWHP�� &ORQH�0DWUL[�
7UDQVSRVHV�D�UHFWDQJXODU�PDWUL[��7KDW�LV��FKDQJLQJ�URZV�E\�FROXPQV�DQG�YLFH�YHUVD��7KLV�PHDQV�
WUHDWLQJ�REMHFWV�DV�GHVFULSWRUV�DQG�GHVFULSWRUV�DV�REMHFWV�� 7UDQVSRVH�0DWUL[�
&URSV�D�UHFWDQJXODU�PDWUL[��$�GLDORJ�LV�SURPSWHG�WR�VHOHFW�ZKLFK�HOHPHQWV�DUH�WR�EH�H[FOXGHG�� &URS�0DWUL[�
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�

���

(GLW�DFWLRQV�FRQFHUQLQJ�JURXSV�

,W� LV� SRVVLEOH� WR� JHQHUDWH� D� SDUWLWLRQ� �D� FODVVLILFDWLRQ� RI� REMHFWV� WR� EH� SXW� LQWR� WKH�$QDO\VLV�
0DQDJHU�� IURP� D� VSHFLILF� FROXPQ�RI� DQ�REMHFW�GHVFULSWRU�PDWUL[��7KLV� LV� GRQH�E\� VHOHFWLQJ� WKH�
&UHDWH�SDUWLWLRQ�IURP�FROXPQ�PHQX�LWHP��7KH�XVHU�KDV�WR�FKRRVH�ZKLFK�YDULDEOH��FROXPQ��ZLOO�
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VSOLW�D�JLYHQ�PDWUL[� LQWR�JURXS�VXEPDWULFHV� �XVLQJ�*URXSV����([WUDFW�GDWD�JURXSV�IROORZLQJ�D�
SDUWLWLRQ�� RU� WR� UHPRYH�REMHFWV� �URZV�� EHORQJLQJ� WR� D� FHUWDLQ�JURXS� �XVLQJ�*URXSV����5HPRYH�
GDWD�JURXSV�IROORZLQJ�D�SDUWLWLRQ���
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&DOFXODWHV� FRYDULDWLRQ� PDWULFHV� IRU� WKH� VHOHFWHG� YDULDEOHV� �GHVFULSWRUV�� RI� WKH� FXUUHQW�
UHFWDQJXODU� GDWD� PDWUL[�� 7KH� IROORZLQJ� PDWULFHV� FDQ� EH� REWDLQHG�� 6XP� RI� VTXDUHV� PDWUL[��
&RYDULDQFH� PDWUL[�� 3HDUVRQ� FRUUHODWLRQ� PDWUL[�� 6SHDUPDQ� FRUUHODWLRQ� PDWUL[�� ,I� FKHFNER[�
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)UHTXHQF\�KLVWRJUDP��
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ULJKW�SDUW�LV�WKH�*OHDVRQ�LQGH[��
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&KL�VTXDUH� VLPLODULW\� LQGH[�� 7KLV� LV� WKH�
FRPSOHPHQW� RI� &KL�6TXDUH� 0HWULF�� $V�
WKH� PHWULF� H[FOXGHV� GRXEOH�]HURV� WKLV�
LQGH[� GRHV� WKH� VDPH�� ,W� QHHGV� SRVLWLYH�
GDWD� PDWULFHV� EHFDXVH� LW� XVHV� YDOXHV� DV�
IUHTXHQFLHV��
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��
������7UDQVODWLQJ�VLPLODULWLHV�WR�GLVWDQFHV��

0DQ\� RI� WKH� PXOWLYDULDWH� PHWKRGV� FDQQRW� ZRUN� ZLWK� VLPLODULWLHV�� ,I� RQH� ZDQWV� WR� XVH� WKH�
REMHFW�UHODWLRQV�SURYLGHG�E\�D�VLPLODULW\�PHDVXUH�LQ�GLVWDQFH�EDVHG�FRPSXWDWLRQV�LW�LV�QHFHVVDU\�WR�
WUDQVIRUP� VLPLODULW\� YDOXHV� LQWR�GLVWDQFH�YDOXHV��7UDQVIRUPDWLRQV� DUH� ODXQFKHG�E\� VHOHFWLQJ� WKH�
7UDQVIRUP� '�6� PHQX� LWHP� RQ� WKH�5HVHPEODQFH�PHQX� �RU� SUHVVLQJ�&WUO�)���� 7KH� IROORZLQJ�
WUDQVIRUPV�DUH�DYDLODEOH��

KOKO VG −=� � ����D��
KOOOKKKO VVVG �−+= � ����E��

�� KOKO VG −= � ����F��



&KDSWHU����2UGLQDWLRQ�PHWKRGV�
�

����2UGLQDWLRQ�FRQFHSWV�
,Q�YLHZ�RI�WKH�REYLRXV�GLIILFXOW\�LQYROYHG�LQ�JUDSKLFDOO\�GLVSOD\LQJ�WKH�LQIRUPDWLRQ�FRQWDLQHG�

LQ� PXOWLYDULDWH� PDWULFHV� ZKHQ� WKH� QXPEHU� RI� REMHFWV� DQG�RU� GHVFULSWRU� LV� KLJK�� VHYHUDO�
PXOWLYDULDWH�PHWKRGV�KDYH�EHHQ�GHYHORSHG�WR�DVVLVW�LQ�WKLV�WDVN��2UGLQDWLRQ�PHWKRGV�EXLOG�YHFWRU�
VSDFHV�OLQHDUO\�RU�QRQ�OLQHDUO\�UHODWHG�WR�WKH�RULJLQDO�YDULDEOHV��$�XVXDO�REMHFWLYH�LV�WR�DFFXPXODWH�
WKH�YDULDELOLW\�RI�GDWD� LQ� WKH� ILUVW�GLPHQVLRQV�RI� WKH�RUGLQDWLRQ�VSDFH�� LQ�RUGHU� WR�PD[LPL]H� WKH�
DPRXQW�RI� LQIRUPDWLRQ�GLVSOD\HG� LQ��'�RU��'�RUGLQDWLRQ�VFDWWHU�GLDJUDPV��,Q�JHQHUDO�� WKH�PRUH�
GLPHQVLRQV� RI� WKH� RULJLQDO� VSDFH� WKHUH� DUH�� WKH� OHVV� LQIRUPDWLRQ� ZLOO� EH� VKRZQ� LQ� RUGLQDWLRQ�
GLDJUDPV�� $Q� LPSRUWDQW� DVSHFW� WR� FRQVLGHU� LQ� WKLV� UHJDUG� LV� WKH� UHSUHVHQWDWLYHQHVV� RI� WKH�
UHSUHVHQWDWLRQ�LQ�UHGXFHG�VSDFH��

7UDGLWLRQDOO\�� RUGLQDWLRQ� PHWKRGV� KDYH� EHHQ� GLYLGHG� LQWR� FDQRQLFDO� DQG� QRQ�FDQRQLFDO�
PHWKRGV��,I�RQO\�RQH�GDWD�PDWUL[�LV�XVHG��WKH�PHWKRG�LV�UHIHUUHG�WR�DV�µQRQ�FDQRQLFDO¶��RU�LQGLUHFW�
JUDGLHQW�DQDO\VLV���,Q�D�QRQ�FDQRQLFDO�RUGLQDWLRQ�PHWKRG�WKH�LQWHUSUHWDWLRQ�RI�WKH�UHVXOWLQJ�D[HV�LV�
JLYHQ�E\�WKH�FRQWULEXWLRQ�RI�WKH�RULJLQDO�YDULDEOHV��2Q�WKH�RWKHU�KDQG��LI�WKH�DQDO\VLV�QHHGV�WZR�RU�
PRUH�PDWULFHV� LW� LV� EURDGO\� FDOOHG� µFDQRQLFDO¶� �RU�GLUHFW� JUDGLHQW� DQDO\VLV� LQ� FDVH�RI� HFRORJLFDO�
GDWD��� ,Q� FDQRQLFDO�PHWKRGV��ZKLFK� DUH� XVXDOO\� EDVHG�RQ�PXOWLSOH� UHJUHVVLRQV�� LQWHUSUHWDWLRQ�RI�
RUGLQDWLRQ�LV�GRQH�E\�FRQVLGHULQJ�WKH�FRQWULEXWLRQ�RI�H[SOLFDWLYH�YDULDEOHV�WR�WKH�FDQRQLFDO�D[HV��

2UGLQDWLRQ�PHWKRGV�DYDLODEOH�LQ�*,1.*2�DUH�GLVSOD\HG�DV�PHQX�LWHPV�LQ�WKH�2UGLQDWH�PHQX�
RI�WKH�PDLQ�PHQX�EDU��,I�WKH�XVHU�ZDQWV�WR�ODXQFK�QRQ�FDQRQLFDO�RUGLQDWLRQV��D�GDWD�PDWUL[�PXVW�
EH� VHOHFWHG� LQ� WKH�'DWD� (GLWRU�� 7KH� W\SH� RI� GDWD� VHOHFWHG� LQ� WKH�'DWD� (GLWRU¶V� WUHH� GHWHUPLQHV�
ZKLFK�DQDO\VLV�FDQ�EH�GRQH��:KHQ�VHOHFWLQJ�RQH�DQDO\VLV�LQ�WKH�2UGLQDWH�PHQX��D�GLDORJ�ZLOO�EH�
SURPSWHG� WR� UHTXHVW� DQDO\VLV� RSWLRQV�� ,Q�PRVW� QRQ�FDQRQLFDO� RUGLQDWLRQ�PHWKRGV�� WKH� XVHU� FDQ�
UHVWULFW� WKH� DQDO\VLV� WR� D� VXEPDWUL[� RI� WKH� VHOHFWHG� PDWUL[� E\� FOLFNLQJ� RQ� 6HW� REMHFWV� RU� 6HW�
GHVFULSWRUV��:KHQ�UXQQLQJ�RUGLQDWLRQ�DQDO\VLV�RQ�V\PPHWULF�PDWULFHV�RQO\�6HW�REMHFWV�ZLOO�EH�
DYDLODEOH�� ,I� WKH�8VH� DOO� FKHFNER[� LV� VHOHFWHG� WKHQ� DOO� REMHFWV�YDULDEOHV� ZLOO� EH� XVHG� IRU� WKH�
RUGLQDWLRQ���

&DQRQLFDO� PHWKRGV� DUH� UXQ� VLPLODUO\�� WKRXJK� GDWD� PDWULFHV� DUH� VHOHFWHG� LQ� WKH� SURPSWHG�
GLDORJ��1R�UHVWULFWLRQ�RI�REMHFWV�RU�GHVFULSWRUV�FDQ�EH�GRQH��PDWUL[�FURSSLQJ�KDYH�EHHQ�SHUIRUPHG�
SUHYLRXVO\��WKRXJK���

$IWHU�VHOHFWLQJ�WKH�GHVLUHG�SDUDPHWHUL]DWLRQ�DQG�FOLFNLQJ�RQ�2N�WKH�DQDO\VLV�ZLOO�VWDUW��DQG�D�
QHZ�LWHP�ZLOO�EH�SRVWHG�RQ�WKH�$QDO\VLV�0DQDJHU�WUHH��
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����3ULQFLSDO�&RPSRQHQWV�$QDO\VLV��3&$��
������7KH�PHWKRG�

8QGHU� D� PXOWLQRUPDO� GLVWULEXWLRQ�� WKH� ILUVW� SULQFLSDO� D[LV� LV� WKH� OLQH� WKDW� JRHV� WKURXJK� WKH�
JUHDWHVW�GLPHQVLRQ�RI�WKH�FRQFHQWUDWLRQ�K\SHUHOOLSVRLG�GHVFULELQJ�WKH�GLVWULEXWLRQ��([WHQGLQJ�WKLV�
LGHD��WKH�SULQFLSDO�D[HV�DUH�D�VHW�RI�D[HV�UHVXOWLQJ�IURP�D�ULJLG�URWDWLRQ�RI�WKH�RULJLQDO�FRRUGLQDWH�
V\VWHP�� DQG� FRUUHVSRQGLQJ� WR� WKH� VXFFHVVLYH� GLUHFWLRQV� RI�PD[LPXP�YDULDQFH� RI� WKH� VFDWWHU� RI�
SRLQWV�� 7KH� SULQFLSDO� FRPSRQHQWV� JLYH� WKH� SRVLWLRQV� RI� WKH� REMHFWV� LQ� WKH� QHZ� V\VWHP� RI�
FRRUGLQDWHV��

3ULQFLSDO� &RPSRQHQWV� $QDO\VLV� �3&$�� +RWHOOLQJ� ������ LV� WKH� VLPSOHVW� RI� WKH� RUGLQDWLRQ�
PHWKRGV�� ,W� ILQGV� WKH� SULQFLSDO� D[HV� WKURXJK� WKH� HLJHQYDOXH� GHFRPSRVLWLRQ� RI� WKH� GLVSHUVLRQ�
PDWUL[�6��L�H��VROYLQJ��
� �X,6 =− NN �� � ������
ZKHUH�WKH�GLVSHUVLRQ�PDWUL[�LV�FRPSXWHG�DV��
� [ ] [ ][[[[6 −−
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(LJHQYHFWRUV�XN�DUH�WKH�SULQFLSDO�D[HV�RI�GLVSHUVLRQ�PDWUL[�6��$�PD[LPXP�RI�F� �S�SULQFLSDO�D[HV�PD\�EH�GHULYHG�IURP�D�GDWD�WDEOH�FRQWDLQLQJ�S�YDULDEOHV��7KH\�DUH�QRUPDOL]HG�WR�XQLW�OHQJWK�
EHIRUH� FRPSXWLQJ� WKH� SULQFLSDO� FRPSRQHQWV�� ZKLFK� JLYH� WKH� FRRUGLQDWHV� RI� WKH� REMHFWV� RQ� WKH�
VXFFHVVLYH�SULQFLSDO�D[HV��6LQFH�DQ\�GLVSHUVLRQ�PDWUL[�6� LV� V\PPHWULF�� LWV�SULQFLSDO�D[HV�XN� DUH�RUWKRJRQDO� WR� RQH� DQRWKHU� �L�H�� WKH\� FRUUHVSRQG� WR� OLQHDUO\� LQGHSHQGHQW� GLUHFWLRQV� LQ� WKH�
FRQFHQWUDWLRQ�HOOLSVRLG�RI� WKH�GLVWULEXWLRQ�RI�REMHFWV���2Q�WKH�RWKHU�KDQG�WKH�HLJHQYDOXHV� N RI�D�
GLVSHUVLRQ�PDWUL[� JLYH� WKH� DPRXQW� RI� YDULDQFH� FRUUHVSRQGLQJ� WR� WKH� VXFFHVVLYH� SULQFLSDO� D[HV��
%HFDXVH�RI�WKH�DERYH�SURSHUWLHV��3&$�FDQ�VXPPDUL]H�LQ�D�IHZ�GLPHQVLRQV�PRVW�RI�WKH�YDULDELOLW\�
RI�D�GLVSHUVLRQ�PDWUL[�RI�D�ODUJH�QXPEHU�RI�GHVFULSWRUV��

7KH�HOHPHQWV�XMN�RI�WKH�HLJHQYHFWRUV�DUH�DOVR�ZHLJKWV��RU�ORDGLQJV��RI�WKH�RULJLQDO�GHVFULSWRUV�LQ� WKH� OLQHDU� FRPELQDWLRQ� RI� GHVFULSWRUV� IURP� ZKLFK� WKH� SULQFLSDO� FRPSRQHQWV� DUH� FRPSXWHG��
7KXV��WKH�SRVLWLRQ�RI�REMHFW� L�RQ�WKH�ILUVW�SULQFLSDO�D[LV�LV�JLYHQ�E\�WKH�OLQHDU�FRPELQDWLRQ��
� [ ] �� X[[ ⋅−= LLI � ������
DQG� WKH�SRVLWLRQ�RI� DOO� REMHFWV� LQ� WKH�QHZ�V\VWHP�RI�F� D[HV��)�Q� [� F��� L�H�� WKH�PDWUL[�RI�SULQFLSDO�FRPSRQHQWV��RU�VFRUHV���LV�FRPSXWHG�XVLQJ�WKH�PDWUL[�RI�HLJHQYHFWRUV��8�S�[�F����
� [ ] 8[[) ⋅−= �� ������
$V�FDQ�EH�VHHQ�IURP�WKH�SUHYLRXV�HTXDWLRQV��WKH�V\VWHP�RI�SULQFLSDO�D[HV�LV�FHQWHUHG�ZLWK�UHVSHFW�
WR�WKH�VFDWWHU�RI�SRLQW�REMHFWV��7KH�TXDOLW\�RI�WKH�UHSUHVHQWDWLRQ�LQ�D�UHGXFHG�(XFOLGHDQ�VSDFH�ZLWK�
P�GLPHQVLRQV�RQO\��F�≥�P��PD\�EH�DVVHVVHG�E\�WKH�UDWLR��
� ����YDU� �� ∑∑ ==
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1RWH�WKDW�WKH�GHQRPLQDWRU�LV�DFWXDOO\�HTXDO�WR�WKH�WUDFH�RI�6��
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������5XQQLQJ�3&$��

3&$�FDQ�RQO\�EH�H[HFXWHG�RQ�DQ�REMHFW�GHVFULSWRU�PDWUL[��6WDUWLQJ�IURP�WKLV�PDWUL[��;���WKH�
SURFHGXUH�FRPSXWHV�WKH�GLVSHUVLRQ�PDWUL[�6�DQG�SHUIRUPV�HLJHQYDOXH�GHFRPSRVLWLRQ�RQ�LW��$SDUW�
IURP�FURSSLQJ�WKH�PDWUL[�WR�EH�DQDO\]HG��WKHUH�DUH�WZR�RWKHU�3&$�RSWLRQV�WKDW�FDQ�EH�FKDQJHG�E\�
WKH�XVHU��)LUVW��WKH�XVHU�FDQ�UHVWULFW�WKH�QXPEHU�RI�RUGLQDWLRQ�D[HV�WR�EH�IRXQG��E\�GHIDXOW��DOO�D[HV�
ZLOO� EH� FRPSXWHG���6HFRQG��RULJLQDO�GHVFULSWRUV� FDQ�EH� VWDQGDUGL]HG�SULRU� WR�3&$��7KLV� FDXVHV�
HLJHQDQDO\VLV�WR�EH�EDVHG�RQ�FRUUHODWLRQ�PDWUL[�LQVWHDG�RI�GLVSHUVLRQ�PDWUL[��,W�PD\�EH�DGYLVDEOH�
WR�XVH�WKLV�RSWLRQ�ZKHQ�RULJLQDO�GHVFULSWRUV�DUH�LQ�GLIIHUHQW�XQLWV��

�
�

������3&$�VWDQGDUG�RXWSXW�

7KH� 3&$� SURFHGXUH� RXWSXWV� D� WH[W� ZLWK� D� OLVW� RI� HLJHQYDOXHV� DQG� WKHLU� FRUUHVSRQGLQJ�
SHUFHQWDJH� RI� YDULDQFH� �L�H�� WKH� SURSRUWLRQ� RI� 6� WUDFH��� &XPXODWLYH� SHUFHQWDJHV� RI� H[SODLQHG�
YDULDQFH� DUH� DOVR� JLYHQ�� 2Q� WKH� RWKHU� KDQG� WZR� PDWULFHV� DUH� JLYHQ�� WKH� REMHFW� SULQFLSDO�
FRPSRQHQWV��PDWUL[�)��DQG�WKH�YDULDEOH�ORDGLQJV��PDWUL[�8���
������3&$�VFDOLQJV��SORWV�DQG�SUHVHUYHG�GLVWDQFHV�

$V�PHQWLRQHG� LQ� VXEVHFWLRQ�������HLJHQYHFWRUV�DUH�XVXDOO\� VFDOHG� WR�XQLW� OHQJWK��8QGHU� WKLV�
VFDOLQJ��(XFOLGHDQ�GLVWDQFHV�FDOFXODWHG�EHWZHHQ�REMHFWV�XVLQJ�DOO�SULQFLSDO�FRPSRQHQWV�DUH�HTXDO�
WR�WKH�(XFOLGHDQ�GLVWDQFHV�RQ�WKH�RULJLQDO�VSDFH��,I�RQO\�WKH�ILUVW�SULQFLSDO�FRPSRQHQWV�DUH�XVHG��WR�
WKH� (XFOLGHDQ� GLVWDQFHV� RQ� WKH� RULJLQDO� VSDFH� DUH� RQO\� DSSUR[LPDWHG�� 7KXV�� GLVWDQFHV� EHWZHHQ�
REMHFWV�SORWWHG�LQ�D�VFDWWHU�GLDJUDP�RI�SULQFLSDO�FRPSRQHQWV�VKRXOG�EH�WDNHQ�FDXWLRXVO\�ZKHQ�WKH�
FXPXODWLYH�SHUFHQWDJH�RI�H[SODLQHG�YDULDQFH�LV�QRW�FORVH�RU�HTXDO�WR��������

,W� LV� DOVR�SRVVLEOH� WR�SORW�YDULDEOH� ORDGLQJV�RQ�D� VFDWWHU�GLDJUDP��7KH�KLJKHU� WKH�YDOXH�RI� D�
YDULDEOH�RQ�DQ�D[LV��WKH�JUHDWHU�ZHLJKW�LW�KDV�RQ�WKH�D[LV�GHILQLWLRQ��1RUPDOL]LQJ�WKH�HLJHQYHFWRUV�
WR�XQLW� OHQJWK�DOVR�QRUPDOL]HV� WKH�D[HV�RI�GHVFULSWRUV� LQ� WKH�RUGLQDWLRQ�VSDFH��7KXV�� WDNLQJ� LQWR�
DFFRXQW� DOO� RUGLQDWLRQ� VSDFH�� WKH�GLUHFWLRQV�RI�RULJLQDO�GHVFULSWRUV� DUH�RUWKRJRQDO� WR�HDFK�RWKHU�
�VLQFH�8� LV� DQ� RUWKRQRUPDO� VTXDUH� PDWUL[��� 7KLV� GRHV� QRW� PHDQ� WKDW�� LQ� D� VFDWWHU� GLDJUDP� RI�
YDULDEOH� ORDGLQJV��GHVFULSWRU�D[HV�DUH�VKRZQ�DV�RUWKRJRQDO� �VLQFH�VRPH�RUGLQDWLRQ�D[HV�PD\�EH�
ODFNLQJ��� 1RWH� WKDW� DQJOHV� DPRQJ� GHVFULSWRU�D[HV� LQ� VXFK� D� GLDJUDP� GR� QRW� DSSUR[LPDWH� WKHLU�
FRUUHODWLRQ� YDOXHV�� 7KH� DLP� RI� EXLOGLQJ� VXFK� SORWV� LV� WR� YLVXDOL]H� WKH� ZHLJKW� RI� WKH� RULJLQDO�
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YDULDEOHV� RQ� WKH� FRQVWUXFWLRQ� RI� WKH� RUGLQDWLRQ� D[HV�� :KHQ� ERWK� SULQFLSDO� FRPSRQHQWV� DQG�
YDULDEOH�ORDGLQJV�DUH�SORWWHG�LQ�WKH�VDPH�GLDJUDP��LW�LV�FDOOHG�D�GLVWDQFH�ELSORW���

7KHUH�LV�D�VHFRQG�DSSURDFK�WR�WKH�VWXG\�RI�WKH�UHODWLRQVKLSV�DPRQJ�GHVFULSWRUV��,W�FRQVLVWV�LQ�
VFDOLQJ�WKH�HLJHQYHFWRUV�LQ�VXFK�D�ZD\�WKDW�WKH�FRVLQHV�RI�WKH�DQJOHV�EHWZHHQ�GHVFULSWRU�D[HV�DUH�
SURSRUWLRQDO� WR� WKHLU� FRYDULDQFHV�� ,Q� WKLV� DSSURDFK�� WKH� DQJOHV� EHWZHHQ� GHVFULSWRU�D[HV� DUH�
EHWZHHQ�����PD[LPXP�SRVLWLYH�FRYDULDQFH���DQG�������PD[LPXP�QHJDWLYH�FRYDULDQFH���$Q�DQJOH�
RI� ���� LQGLFDWHV� D� QXOO� FRYDULDQFH� �RUWKRJRQDOLW\��� 7KLV� DSSURDFK� LV� REWDLQHG� E\� VFDOLQJ� WKH�
HLJHQYHFWRUV�WR�D�OHQJWK�HTXDO�WR�WKHLU�VWDQGDUG�GHYLDWLRQ��7KDW�LV��IRU�DOO�XN�PXOWLSO\�E\� N ��,Q�
PDWUL[�IRUP��ZH�FDQ�ZULWH�WKLV�QHZ�VFDOLQJ�DV� ���8 ⋅ ��8QGHU�WKLV�VHFRQG�VFDOLQJ��WKH�SURMHFWLRQ�RI�
D� GHVFULSWRU�D[LV� RQ� D� SULQFLSDO� D[LV� VKRZV� LWV� FRYDULDQFH� DQG�� WKXV�� LWV� SRVLWLYH� RU� QHJDWLYH�
FRQWULEXWLRQ��&RUUHODWLRQV�DPRQJ�RULJLQDO�GHVFULSWRUV�DUH�JLYHQ�E\�WKH�DQJOH�EHWZHHQ�GHVFULSWRU�
D[HV��RQ�WKH�IXOO�VSDFH���QRW�E\�WKH�SUR[LPLW\�EHWZHHQ�DSLFHV�RI�D[HV��,I�WKH�UHSUHVHQWDWLRQ�LV�QRW�
RQ�IXOO�VSDFH��WKH�DQJOHV�EHWZHHQ�D[HV�RI�GHVFULSWRUV�RQO\�DSSUR[LPDWH�WKHLU�FRUUHODWLRQV��

2EMHFWV� FDQ� DOVR� EH� SORWWHG� RQWR� WKLV� QHZ� VFDOLQJ�� $SSO\LQJ� WKH� VDPH� WUDQVIRUP� WR� D[HV��
[ ] ���8[[* ⋅⋅−= �� GRHV� WKLV�� (XFOLGHDQ� GLVWDQFHV� EHWZHHQ� REMHFWV� RQ� WKLV� VFDOLQJ� GR� QRW�

DSSUR[LPDWH� (XFOLGHDQ� GLVWDQFHV� RI� WKH� RULJLQDO� VSDFH�� EXW� UDWKHU� DSSUR[LPDWH� 0DKDODQRELV�
GLVWDQFHV�RQ�WKH�RULJLQDO�VSDFH��$JDLQ��SULQFLSDO�FRPSRQHQWV�DQG�YDULDEOH�ORDGLQJV�FDQ�EH�SORWWHG�
WRJHWKHU�RQ�WKLV�VFDOLQJ��6XFK�D�ELSORW�LV�FDOOHG�D�FRUUHODWLRQ�ELSORW����
������0HDQLQJIXO�FRPSRQHQWV�

7KH� VXFFHVVLYH� SULQFLSDO� FRPSRQHQWV� FRUUHVSRQG� WR� VXFFHVVLYHO\� VPDOOHU� IUDFWLRQV� RI�
YDULDQFH��2QH�SUREOHP�LV�WKHUHIRUH�WR�GHWHUPLQH�KRZ�PDQ\�FRPSRQHQWV�DUH�PHDQLQJIXO��7KH�EHVW�
DSSURDFK�PD\�EH�WR�VWXG\�WKH�UHSUHVHQWDWLYHQHVV�RI�SURMHFWLRQV�LQ�UHGXFHG�VSDFH�IRU�WZR��WKUHH�RU�
PRUH�GLPHQVLRQV��XVLQJ�6KHSDUG�GLDJUDPV��7KLV�FRQVLVWV� LQ�SORWWLQJ� WKH�(XFOLGHDQ�GLVWDQFHV�RQ�
WKH�UHGXFHG�RUGLQDWLRQ�VSDFH�DJDLQVW�WKH�(XFOLGHDQ�GLVWDQFHV�RQ�WKH�IXOO�RUGLQDWLRQ�VSDFH��,I�WKH�
REMHFW�GLVWDQFHV�DUH�HTXDO�RU�SURSRUWLRQDO�LQ�ERWK�SURMHFWLRQV��WKH�SRLQWV�LQ�WKH�6KHSDUG�GLDJUDP�
ZLOO�IRUP�D�VWUDLJKW�OLQH��+RZHYHU��WKH�PRUH�HOOLSWLFDO�WKH�FRQILJXUDWLRQ�RI�SRLQWV�LQ�WKH�6KHSDUG�
GLDJUDP�LV��WKH�OHVV�VLPLODU�WKH�WZR�SURMHFWLRQV�ZLOO�EH��DQG�WKHUHIRUH�WKH�OHVV�UHSUHVHQWDWLYH�WKH�
SURMHFWLRQ� LQ� UHGXFHG�VSDFH�ZLOO�EH��$OWHUQDWLYHO\�� LW�PD\�DOVR�EH�KHOSIXO� WR�GUDZ�D�VFUHH�SORW��
ZKHUH�HLJHQYDOXHV�DUH�SORWWHG�LQ�GHVFHQGLQJ�RUGHU��

7KHUH�LV�DQ�HPSLULFDO�UXOH��DOVR�NQRZQ�DV�WKH�.DLVHU�*XWWPDQ�FULWHULRQ��VXJJHVWLQJ�WKDW�RQH�
VKRXOG� RQO\� LQWHUSUHW� D� SULQFLSDO� FRPSRQHQW� LI� WKH� FRUUHVSRQGLQJ� HLJHQYDOXH� LV� ODUJHU� WKDQ� WKH�
PHDQ�RI�WKH�HLJHQYDOXHV��,I�VWDQGDUGL]HG�GHVFULSWRUV�DUH�XVHG�LQ�3&$��6�LV�DFWXDOO\�D�FRUUHODWLRQ�
PDWUL[��WKH�PHDQ�RI�HLJHQYDOXHV�LV����

�
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�
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����0HWULF�0XOWLGLPHQVLRQDO�6FDOLQJ��FODVVLFDO�0'6��
������,QWURGXFWLRQ�

&ODVVLFDO�0'6��DOVR�FDOOHG�3ULQFLSDO�&RRUGLQDWHV�$QDO\VLV��ZDV�FUHDWHG�E\�*RZHU��������DV�D�
PHWKRG�WR�REWDLQ�(XFOLGHDQ�UHSUHVHQWDWLRQV��L�H��LQ�D�&DUWHVLDQ�VSDFH��IURP�D�VHW�RI�REMHFWV�ZKRVH�
UHODWLRQV�DUH�REWDLQHG�E\�XVLQJ�DQ\�GLVVLPLODULW\�PHDVXUH��7KXV��LW�LV�SHUIRUPHG�RQ�D�GLVVLPLODULW\�
PDWUL[�'��2QH�LQWHUHVWLQJ�DVSHFW�RI�FODVVLFDO�0'6�LV�WKDW�LW�PD\�EH�XVHG�ZLWK�DOO�W\SHV�RI�RULJLQDO�
;� YDULDEOHV�� SURYLGHG� WKDW� D� FRHIILFLHQW� DSSURSULDWH� WR� WKH� GDWD� KDV� EHHQ� XVHG� WR� FRPSXWH� WKH�
GLVWDQFH�PDWUL[��

3ULQFLSDO�FRPSRQHQWV�LQ�3&$�DUH�OLQHDU�FRPELQDWLRQV�RI�WKH�RULJLQDO�GHVFULSWRUV��,Q�FRQWUDVW��
SULQFLSDO�FRRUGLQDWHV�RI�FODVVLFDO�0'6�DUH�FRPSOH[�IXQFWLRQV�RI�WKH�RULJLQDO�GHVFULSWRUV�PHGLDWHG�
WKURXJK�D�GLVVLPLODULW\�PHDVXUH��+RZHYHU�� ERWK� DQDO\VHV�\LHOG�(XFOLGHDQ� VSDFHV�GLVSOD\DEOH� LQ�
VFDWWHU� GLDJUDPV��:KHQ� FODVVLFDO�0'6� LV� UXQ� IURP� D� (XFOLGHDQ� GLVWDQFH� PDWUL[�� WKH� SULQFLSDO�
FRRUGLQDWHV� REWDLQHG� DUH� HTXDO� WR� WKH� SULQFLSDO� FRPSRQHQWV� RI� 3&$�� +RZHYHU�� LI� RWKHU�
GLVVLPLODULW\�PHDVXUHV�DUH�XVHG�WR�PHDVXUH�REMHFW�UHODWLRQV�WKLV�HTXLYDOHQFH�EHWZHHQ�PHWKRGV�LV�
ORVW���

:KHQ�XVLQJ�FODVVLFDO�0'6�RQ�D�GLVVLPLODULW\�PDWUL[�QRW�HPEHGGDEOH�RQ�D�(XFOLGHDQ�VSDFH��
QHJDWLYH�HLJHQYDOXHV�DUH�REWDLQHG�DQG�WKXV�VRPH�RUGLQDWLRQ�D[HV�DUH�LPDJLQDU\��VHH�EHORZ���1RQ�
PHWULF� 0XOWLGLPHQVLRQDO� 6FDOLQJ�� 10'6�� DOVR� REWDLQV� RUGLQDWLRQV� IURP� DQ\� GLVVLPLODULW\� �RU�
VLPLODULW\�� PDWUL[� �VHH� VHFWLRQ� ������ 2QH� DGYDQWDJH� RI� 10'6� RYHU� FODVVLFDO�0'6� LV� WKDW� WKH�
IRUPHU�DOZD\V�\LHOGV�UHDO�(XFOLGHDQ�D[HV�QR�PDWWHU�ZKDW�WKH�RULJLQDO�GLVVLPLODULW\�PHDVXUH�XVHG�
LV��+RZHYHU��10'6�FDQ�EH�FRPSXWDWLRQDOO\�YHU\�H[SHQVLYH��
������&ODVVLFDO�0'6�DOJRULWKP�

0'6�VWDUWV�IURP�D�V\PPHWULF�GLVWDQFH�PDWUL[��'����7KH�FODVVLFDO�0'6�DOJRULWKP�LQFOXGHV�WKH�
IROORZLQJ�VWHSV��

���0DWUL[�'�LV�WUDQVIRUPHG�WR�$�DSSO\LQJ�WKH�IROORZLQJ�HTXDWLRQ�IRU�HDFK�SDLU�RI�REMHFWV��
� ������ OKOK GD −= �� ������

��� 0DWUL[�$� LV� WKHQ� FHQWHUHG� WR� WKH� FRRUGLQDWHV¶� RULJLQ�� \LHOGLQJ� WKH� LQQHU� SURGXFW�PDWUL[�
'�= [δOK@��ZKRVH�HOHPHQWV�DUH���

� DDDD KOOKOK +−−=δ ��� ������
ZKHUH� WKH� FROXPQ� DQG� URZ�PHDQV� DUH� VXEWUDFWHG� IURP� HDFK� DOK� HOHPHQW� DQG� WKH� JUDQG�PHDQ�LV�DGGHG���

��� &RPSXWH�DQ�HLJHQYDOXH�GHFRPSRVLWLRQ�'��REWDLQLQJ�D�GLDJRQDO�PDWUL[�RI�HLJHQYDOXHV��/��
DQG�D�PDWUL[�RI�HLJHQYHFWRUV��8���6FDOH�HLJHQYHFWRUV�WR�KDYH�D�OHQJWK�HTXDO�WR�WKH�VTXDUH�
URRW� RI� WKH� FRUUHVSRQGLQJ� HLJHQYDOXH�� 7KHVH� VFDOHG� HLJHQYHFWRUV� FRUUHVSRQG� WR� WKH�
SULQFLSDO�FRRUGLQDWHV�RI�REMHFWV��7KDW�LV��DVVXPLQJ�WKDW�8�LV�LQLWLDOO\�FROXPQ�VFDOHG�WR�XQLW�
OHQJWK��

� ���8; = �� ������
�������������������������������������������������
��,I�RQH�KDV�D�V\PPHWULF�VLPLODULW\�PDWUL[�6��LWV�YDOXHV�PXVW�EH�WUDQVIRUPHG�LQWR�GLVWDQFHV��VXEVHFWLRQ���������



*,1.*2�XVHU¶V�PDQXDO�

�

��

'XH�WR�WKH�FHQWHULQJ��VWHS�����PDWUL[�'�KDV�DOZD\V�DW�OHDVW�RQH�]HUR�HLJHQYDOXH��1RWH�WKDW��DW�
PRVW���Q�±����D[HV�DUH�QHFHVVDU\�IRU�UHSUHVHQWLQJ�Q�SRLQWV�LQ�(XFOLGHDQ�VSDFH��7KHUH�PD\�EH�PRUH�
WKDQ� RQH� ]HUR� HLJHQYDOXH� LQ� WKH� FDVH�ZKHUH� WKH� GLVWDQFH�PDWUL[� LV� GHJHQHUDWH� �L�H��ZKHQ� WKH�Q�
REMHFWV�FDQ�EH�UHSUHVHQWHG�LQ�OHVV�WKDQ�Q�±���GLPHQVLRQV���,I�PDWUL[�'�LV�WKH�(XFOLGHDQ�'LVWDQFH�
FRPSXWHG� IURP� D� UHFWDQJXODU� PDWUL[� ZLWK� PRUH� REMHFWV� WKDQ� GHVFULSWRUV� �Q� !� S��� WKHQ� WKH�
PD[LPXP� QXPEHU� RI� QRQ�]HUR� HLJHQYDOXHV� LV� S�� 2WKHU� UHVHPEODQFH� FRHIILFLHQWV� PD\� SURGXFH�
IHZHU�RU�PRUH�D[HV��7KH�WUDQVIRUPDWLRQ�RI�$�LQWR�'��VWHS����LV�QRW�HVVHQWLDO��,W�LV�VLPSO\�PHDQW�WR�
HOLPLQDWH� RQH� RI� WKH� HLJHQYDOXHV� �WXUQ� LW� LQWR� ���� FRQFUHWHO\� WKH� HLJHQYDOXH� WKDW� ZRXOG� RQO\�
DFFRXQW�IRU�WKH�GLVWDQFH�EHWZHHQ�WKH�FHQWURLG�DQG�WKH�RULJLQ��

%\� FRQVWUXFWLRQ�� FODVVLFDO�0'6� SUHVHUYHV� WKH� RULJLQDO� GLVWDQFHV�� UHJDUGOHVV� RI� WKH� IRUPXOD�
XVHG� WR� FRPSXWH� WKHP��7KH� UHSUHVHQWDWLRQ� RI� SULQFLSDO� FRRUGLQDWHV� LQ� UHGXFHG� VSDFH� IRUPV� WKH�
EHVW�(XFOLGHDQ�DSSUR[LPDWLRQ�RI�WKH�RULJLQDO�GLVWDQFHV��LQ�WKH�VHQVH�WKDW�WKH�VXP�RI�VTXDUHV�RI�WKH�
SURMHFWLRQ� GLVWDQFHV� RI� WKH� REMHFWV� RQWR� WKH� VHOHFWHG� VXEVSDFH� LV�PLQLPXP��$V�ZLWK� 3&$�� WKH�
TXDOLW\�RI�WKH�UHSUHVHQWDWLRQ�FDQ�EH�DVVHVVHG�E\�PHDQV�RI�D�6KHSDUG�GLDJUDP�RU�E\�D�VFUHH�SORW��

$V�SUHYLRXVO\�PHQWLRQHG��UXQQLQJ�D�FODVVLFDO�0'6�VWDUWLQJ�IURP�D�PDWUL[�RI�WKH�3\WKDJRUHDQ�
(XFOLGHDQ�'LVWDQFH�LV�HTXLYDOHQW�WR�UXQQLQJ�D�3&$��+RZHYHU��0'6�GRHV�QRW�SURGXFH�WKH�UHODWLRQ�
EHWZHHQ�RULJLQDO�GHVFULSWRUV�DQG�WKH�SULQFLSDO�FRRUGLQDWHV��DV�3&$�GRHV��EHFDXVH�LW�GRHV�QRW�VWDUW�
IURP� D� UHFWDQJXODU� GDWD� PDWUL[�� +RZHYHU�� RQH� FRXOG� D� SRVWHULRUL� FRPSXWH� FRYDULDQFHV� DQG�
FRUUHODWLRQV�ZLWK�RULJLQDO�GHVFULSWRUV��

�
������1HJDWLYH�HLJHQYDOXHV�

6RPH�V\PPHWULF�GLVVLPLODULW\�PDWULFHV�GR�QRW�DOORZ�D�IXOO�UHDO�(XFOLGHDQ�UHSUHVHQWDWLRQ��7KLV�
KDSSHQV�LQ�WZR�VLWXDWLRQV�����,I�GLVVLPLODULWLHV�GR�QRW�IXOILOO�WKH�WULDQJOH�LQHTXDOLW\��PHDVXUH�G�LV�
QRW�D�PHWULF���RU����,I�WKH�PHDVXUH�LV�D�PHWULF�EXW�LWV�UHVHPEODQFH�YDOXHV�DUH�QRW�IXOO\�HPEHGGDEOH�
LQ� D� (XFOLGHDQ� VSDFH�� :KHQ� WUDQVIRUPLQJ� VLPLODULWLHV� ZH� PXVW� EH� DZDUH� RI� WKH� (XFOLGHDQ�
SURSHUWLHV�RI�WKH�WUDQVIRUPHG�PHDVXUH��)RU�H[DPSOH��WUDQVIRUP�����D��FRXOG�\LHOG�PHWULF�EXW�QRQ�
(XFOLGHDQ�UHODWLRQV��2Q�WKH�RWKHU�KDQG������F��ZLOO�QRUPDOO\�\LHOG�IXOO\�HPEHGGDEOH�VSDFHV��

$�GLVVLPLODULW\�QRW�IXOO\�HPEHGGDEOH�LQ�D�(XFOLGHDQ�VSDFH�ZLOO�\LHOG�QHJDWLYH�HLJHQYDOXHV�LQ�
WKH� HLJHQYDOXH� GHFRPSRVLWLRQ� SKDVH� RI� FODVVLFDO� 0'6�� 7KLV� PHDQV� WKHUH� ZLOO� EH� LPDJLQDU\�
SULQFLSDO�FRRUGLQDWHV��ZKLFK�FDQQRW�EH�UHSUHVHQWHG�DORQJ�ZLWK�WKH�UHDO�SDUW��7R�VROYH�WKLV��VRPH�
FRUUHFWLRQV�IRU�QRQ�HXFOLGHDQDULW\�KDYH�EHHQ�SURSRVHG���

7KH�/LQJRHV��������FRUUHFWLRQ�PHWKRG�LV�WKH�RQH�LPSOHPHQWHG�LQ�*,1.*2��,Q�WKLV�PHWKRG��
WKH� ODUJHVW� QHJDWLYH� HLJHQYDOXH� �P�� \LHOGHG� E\� FODVVLFDO� 0'6� LV� XVHG� WR� FRUUHFW� WKH� RULJLQDO�
GLVVLPLODULW\�PDWUL[�DV�IROORZV���
� PGG OKOK �� += ��� ������
$IWHU� WKLV� FRUUHFWLRQ� RI� GLVWDQFHV�� 0'6� LV� UXQ� DJDLQ� DQG� WKHQ� QR� QHJDWLYH� HLJHQYDOXHV� DUH�
SURGXFHG�� +RZHYHU�� FRUUHFWLRQV� IRU� QRQ�(XFOLGHDQDULW\� FDQ� EH� SRWHQWLDOO\� GLVWRUWLQJ�� EHFDXVH�
VPDOO�GLVWDQFH�YDOXHV�ZLOO�EH� LQFUHPHQWHG�PRUH� WKDQ� ODUJH�GLVWDQFH�YDOXHV��7KLV�KDV�DQ�RYHUDOO�
HIIHFW�RI�PDNH�SRVVLEOH�FOXVWHU�VWUXFWXUHV�SUHVHQW�LQ�GDWD�PRUH�IX]]\��
�
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������5XQQLQJ�FODVVLFDO�0'6�LQ�*,1.*2���

&ODVVLFDO�0'6�FDQ�RQO\�EH� UXQ�ZKHQ�D�GLVVLPLODULW\�PDWUL[� LV� VHOHFWHG�RQ� WKH�'DWD�(GLWRU��
2QFH�WKH�0'6�GLDORJ�DSSHDUV��WKH�XVHU�FDQ�FKDQJH�VRPH�DQDO\VLV�RSWLRQV��)LUVW��VRPH�HOHPHQWV�
IURP�WKH�RULJLQDO�GLVVLPLODULW\�PDWUL[�PD\�EH�H[FOXGHG�IURP�WKH�FRPSXWDWLRQV�E\�XQVHOHFWLQJ�WKH�
FKHFNER[� µXVH� DOO� REMHFWV¶�� 6HFRQG�� WKH� XVHU� PD\� DVN� IRU� WKH� /LQJRHV� FRUUHFWLRQ� RI� QHJDWLYH�
HLJHQYDOXHV�E\�VHOHFWLQJ�FKHFNER[�µ1HJDWLYH�(9�FRUUHFWLRQ¶��)LQDOO\��H[WUD�RXWSXW�PDWULFHV�FDQ�
EH�UHTXHVWHG�IURP�WKH�DQDO\VLV��VHH�EHORZ���

6LPLODUO\� WR�3&$�� WKH�URXWLQH�IRU�FODVVLFDO�0'6�OLVWV�HLJHQYDOXHV�DQG�WKHLU�DVVRFLDWHG���RI�
YDULDQFHV��DV�ZHOO�DV�WKH�FXPXODWLYH�SHUFHQWDJHV��7KH�XVHU�PXVW�EH�DZDUH�WKDW��ZKHQHYHU�QHJDWLYH�
HLJHQYDOXHV� DUH� SURGXFHG�� FXPXODWLYH� SHUFHQWDJHV� RI� UHDO� HLJHQYDOXHV� FDQ� H[FHHG� ����� VLQFH�
SURSRUWLRQV�DUH�FRPSXWHG�XVLQJ�RYHUDOO�YDULDQFH��7KHUHIRUH��WKHVH�QXPEHUV�PXVW�EH�UHJDUGHG�ZLWK�
FDXWLRQ��$IWHU�DGGLQJ�YDULDQFH�RI�LPDJLQDU\�D[HV��WKH�FXPXODWLYH�SHUFHQWDJH�DW�WKH�HQG�LV������
�QRWH�WKDW�YDULDQFH�RI�LPDJLQDU\�D[HV�LV�QHJDWLYH����

$V� QHJDWLYH� HLJHQYDOXHV�PD\�EH�SURGXFHG��*,1.*2�FDQ�EH� DVNHG� WR� RXWSXW� ERWK� UHDO� DQG�
LPDJLQDU\� SULQFLSDO� FRRUGLQDWHV�� ,W� DOVR� RXWSXWV� WKH� FRUUHVSRQGLQJ� GLVWDQFH� VSDFHV� �UHDO� DQG�
LPDJLQDU\�VSDFH���,I�QR�FRUUHFWLRQ�KDV�EHHQ�GRQH��WKH�LQLWLDO�GLVVLPLODULW\�PDWUL[�FDQ�EH�UHFRYHUHG�
E\�VXEWUDFWLQJ�WKH�VTXDUHG�LPDJLQDU\�GLVWDQFH�HOHPHQWV�IURP�WKH�VTXDUHG�UHDO�GLVWDQFH�HOHPHQWV��

�
��

�
��

�
LPDJOKUHDOOKOK GGG −= ��WKH�SURJUDP�FDQ�DOVR�EH�DVNHG�WR�SURGXFH�WKH�UHVXOWLQJ�PDWUL[���2Q�WKH�RWKHU�

KDQG��LI�FRUUHFWLRQ�IRU�QHJDWLYH�HLJHQYDOXHV�LV�GRQH��WKH�GLVVLPLODULW\�PDWUL[�FRPSXWHG�ZLWK�WKLV�
IRUPXOD�ZLOO�GLIIHU�IURP�WKH�LQLWLDO�GLVVLPLODULW\�PDWUL[��

�$� ILQDO� DGGLWLRQDO� RXWSXW� RSWLRQ� IRU� FODVVLFDO� 0'6� LV� WR� FRPSXWH� WKH� SRVLWLRQ� RI� FOXVWHU�
FHQWURLGV�LQ�WKH�VSDFH�RI�SULQFLSDO�FRRUGLQDWHV��2EYLRXVO\�� WKH�XVHU� LV� WKHQ�DVNHG�WR�FKRRVH�RQH�
FODVVLILFDWLRQ�PDWUL[� DPRQJ� WKRVH� DYDLODEOH� LQ� WKH� DQDO\VLV�PDQDJHU�� ,GHDOO\�� WKLV� FODVVLILFDWLRQ�
VKRXOG� KDYH� EHHQ� REWDLQHG� IURP� WKH� VDPH� GLVVLPLODULW\� PDWUL[� EHLQJ� XVHG� LQ� 0'6�� 3ORWWLQJ�
FOXVWHU�FHQWURLGV�LQ�0'6�GLDJUDPV�LV�D�JRRG�ZD\�WR�FRPELQH�UHVXOWV�IURP�RUGLQDWLRQ�ZLWK�WKRVH�
RI�FODVVLILFDWLRQ��
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����1RQ�PHWULF�0XOWLGLPHQVLRQDO�6FDOLQJ��10'6��
������,QWURGXFWLRQ�

$OO� VSDFH�RUGLQDWLRQ� PHWKRGV� DWWHPSW� WR� UHSUHVHQW� REMHFWV� LQ� D� UHGXFHG� VSDFH� ZKLOH�
SUHVHUYLQJ�� DV�ZHOO� DV� SRVVLEOH�� WKH� GLVWDQFH� UHODWLRQVKLSV� DPRQJ� WKHP�� 6RPHWLPHV� LW� LV� QRW� RI�
SULPDU\�LPSRUWDQFH�WR�SUHVHUYH�WKH�H[DFW�GLVWDQFH�YDOXHV��,QVWHDG��RQH�FDQ�SUHVHUYH�WKH�RUGHULQJ�
UHODWLRQVKLSV� RI� REMHFWV� DQG� EH� DEOH� WR� UHSUHVHQW� WKHP� LQ� D� VPDOO� DQG� VSHFLILHG� QXPEHU� RI�
GLPHQVLRQV��7KH�PHWKRG�WKDW�GRHV�VR�LV�FDOOHG�QRQ�PHWULF�PXOWLGLPHQVLRQDO�VFDOLQJ��10'6���
7KH�10'6�PHWKRG�DQG�ILUVW�DOJRULWKP�ZHUH�SURSRVHG�E\�.UXVNDO������D������E���DOWKRXJK�PDQ\�
RWKHU� DOJRULWKPV� KDYH� EHHQ� SURSRVHG�� .UXVNDO
V� 10'6� LV� WKH� DOJRULWKP� LPSOHPHQWHG� LQ�
*,1.*2��

/LNH�LWV�FODVVLFDO�PHWULF�FRXQWHUSDUW��10'6�LV�QRW�OLPLWHG�WR�(XFOLGHDQ�GLVWDQFH�PDWULFHV��,W�
FDQ� SURGXFH� RUGLQDWLRQV� RI� REMHFWV� IURP� DQ\� GLVVLPLODULW\�PDWUL[�� 7KH�PHWKRG� FDQ� DOVR� KDQGOH�
PLVVLQJ� YDOXHV� DV� ORQJ� DV� WKHUH� DUH� HQRXJK� GLVWDQFH�PHDVXUHV� OHIW�� &RQWUDU\� WR� 3&$�� FODVVLFDO�
0'6�RU�&$��ZKLFK�DUH�HLJHQYHFWRU�PHWKRGV��10'6�FDOFXODWLRQV�GR�QRW�PD[LPL]H�WKH�YDULDELOLW\�
DVVRFLDWHG�ZLWK� LQGLYLGXDO� D[HV� RI� WKH� RUGLQDWLRQ��10'6� D[HV� DUH� DUELWUDU\�� VR� WKDW� SORWV�PD\�
DUELWUDULO\� URWDWHG�� FHQWHUHG� RU� LQYHUWHG�� 7KXV�� LW� LV� FRPPRQ� WR� SHUIRUP�� DIWHU� 10'6�� D� ILQDO�
URWDWLRQ��3&$��WR�PD[LPL]H�WKH�YDULDQFH�FRQWDLQHG�RQ�WKH�ILUVW�D[HV��

10'6�LV�DQ�LWHUDWLYH�VHDUFK�IRU�D�UDQNLQJ�DQG�SODFHPHQW�RI�Q�HQWLWLHV�RQ�P�GLPHQVLRQV��D[HV��
WKDW�PLQLPL]HV� WKH�VWUHVV� RI� WKH�P�GLPHQVLRQDO�FRQILJXUDWLRQ��6WUHVV� LV� D�PHDVXUH�RI�GHSDUWXUH�
IURP�PRQRWRQLFLW\� LQ� UHODWLRQVKLS�EHWZHHQ� WKH�GLVVLPLODULW\� LQ� WKH�RULJLQDO�S�GLPHQVLRQDO�VSDFH�
DQG�GLVWDQFH�LQ�WKH�UHGXFHG�P�GLPHQVLRQDO�RUGLQDWLRQ�VSDFH���
������.UXVNDO
V�10'6�DOJRULWKP�

&RQVLGHU�D�JHQHUDO�GLVVLPLODULW\�PDWUL[�>δKO@�FRPSXWHG�XVLQJ�D�PHDVXUH�DSSURSULDWH�WR�WKH�GDWD�DW�KDQG��7KH�XVHU�PXVW�VSHFLI\� WKH�QXPEHU�RI�P�GLPHQVLRQV�IRU�VFDOLQJ�WKH�REMHFWV��7KH�RXWSXW�
ZLOO�SURYLGH�FRRUGLQDWHV�RI�WKH�Q�REMHFWV�RQ�P�D[HV��10'6�WKHQ�SURFHHGV�DV�IROORZV��

��� &RQVWUXFW�DQ�LQLWLDO�;Q�[�P�FRQILJXUDWLRQ�RI�WKH�Q�REMHFWV�LQ�P�GLPHQVLRQV�WR�EH�XVHG�DV�D�VWDUWLQJ�SRLQW�IRU�WKH�LWHUDWLYH�DOJRULWKP���
��� 1RUPDOL]H�FRQILJXUDWLRQ��
��� &DOFXODWH� D� PDWUL[� ' RI� ILWWHG� GLVWDQFHV� GKO� LQ� WKH� RUGLQDWLRQ� VSDFH�� XVLQJ� RQH� RI� WKH�0LQNRZVNL
V�PHWULFV���QG�RUGHU�PHWULF��WKH�(XFOLGHDQ�GLVWDQFH��LQ�WKH�FDVH�RI�*,1.*2���,Q�

WKH�ILUVW�LWHUDWLRQ�GLVWDQFHV�GKO�DUH�FRPSXWHG�IURP�WKH�LQLWLDO�P�VSDFH�FRQILJXUDWLRQ��DQG�LQ�WKH�RWKHUV�WKH\�DUH�WKH�PRGLILFDWLRQV�RI�WKRVH�GLVWDQFHV��
��� 2QH� UHJUHVVLRQ� PXVW� WKHQ� EH� FKRVHQ� WR� UHJUHVV� GKO� RQ� δKO�� 9DOXHV� IRUHFDVWHG� E\� WKH�

UHJUHVVLRQ�OLQH�DUH�FDOOHG� KOGÖ ��,Q�FDVH�RI�*,1.*2�D�PRQRWRQH�UHJUHVVLRQ�LV�LPSOHPHQWHG��
0RQRWRQH�UHJUHVVLRQ�LV�D�VWHS�IXQFWLRQ��ZKLFK�LV�FRQVWUDLQHG�WR�DOZD\V�LQFUHDVH�IURP�OHIW�
WR�ULJKW��,W�LV�HTXLYDOHQW�WR�D�OLQHDU�UHJUHVVLRQ�SHUIRUPHG�DIWHU�PRQRWRQLF�WUDQVIRUPDWLRQ�RI�
WKH�RULJLQDO�GLVWDQFHV�� VR�DV� WR�PD[LPL]H� WKH� OLQHDU� UHODWLRQVKLS�EHWZHHQ�GKO�DQG δKO��7KH�UHJUHVVLRQ�LV�ILWWHG�E\�OHDVW�VTXDUHV��VWUHVV�IXQFWLRQ���

��� 0HDVXUH�WKH�JRRGQHVV�RI�ILW�RI�WKH�UHJUHVVLRQ�XVLQJ�DQ�REMHFWLYH�IXQFWLRQ��7KLV�LV�EDVHG�RQ�
WKH�VXP�RI�VTXDUHG�GLIIHUHQFHV�EHWZHHQ�ILWWHG�YDOXHV�GKO�DQG�WKH�IRUHFDVWHG� KOGÖ YDOXHV�E\�
WKH�UHJUHVVLRQ�IXQFWLRQ��
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��� ,PSURYH�WKH�FRQILJXUDWLRQ�E\�PRYLQJ�LW�VOLJKWO\�LQ�D�GLUHFWLRQ�RI�GHFUHDVLQJ�VWUHVV��7KLV�LV�
GRQH�E\�PHWKRGV�RI�QXPHULFDO�RSWLPL]DWLRQ�EDVHG�RQ�JUDGLHQW�� VXFK�DV�VWHHSHVW�GHVFHQW��
7KH� GLUHFWLRQ� RI� VWHHSHVW� GHVFHQW� LV� WKH� GLUHFWLRQ� LQ� WKH� VSDFH� RI� VROXWLRQV� DORQJ�ZKLFK�
VWUHVV�LV�GHFUHDVLQJ�PRUH�UDSLGO\��:H�ILUVW�FDOFXODWH�WKH�QHJDWLYH�JUDGLHQW�RI�VWUHVV�IRU�HDFK�
SRLQW�L��L�H��WKH�GLUHFWLRQ�RI�PRYHPHQW�RI�HDFK�SRLQW�L�LQ�WKH�NWK�GLPHQVLRQ�RI�WKH�P�VSDFH�
LQ�ZKLFK�VWUHVV�GHFUHDVHV�IDVWHU���7KH�JUDGLHQW�YHFWRU�J�LV�FDOFXODWHG�E\���
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7KH� OHWWHU�K� LQGH[HV� RQH� RI� WKH�Q� SRLQWV�� O� LQGH[HV� DQRWKHU� RI� WKH�Q�SRLQWV��N� LQGH[HV� D�
SDUWLFXODU�GLPHQVLRQ��DQG�L�LQGH[HV�D�WKLUG�SRLQW��WKH�SRLQW�RI�LQWHUHVW�ZKLFK�LV�PRYHG�RQ�
GLPHQVLRQ�N�� 6R�JLN� LQGLFDWHV� D� VKLIW� IRU�SRLQW� L� DORQJ�GLPHQVLRQ�N��+HUH�  δLK� DQG�δLO� DUH�.URQHFNHU�GHOWDV�ZKLFK�KDYH�WKH�YDOXH���LI�L�DQG�K�RU�L�DQG�O�LQGLFHV�DUH�HTXDO��RWKHUZLVH�
WKH\�KDYH�YDOXH����7KH�DPRXQW�RI�PRYHPHQW�LQ�WKH�GLUHFWLRQ�RI�WKH�QHJDWLYH�JUDGLHQW�LV�VHW�
E\�WKH�VWHS�VL]H��α��ZKLFK�LV�LQLWLDOO\�VHW�DW�����EXW�FDQ�FKDQJH�GXULQJ�WKH�LWHUDWLRQV��7KH�
QH[W�FRQILJXUDWLRQ��;¶��LV�REWDLQHG�E\��

� LNLNLN JJPDJ[[ ��
 α
+= � �������

ZKHUH�PDJ�J�� PHDQV� WKH� UHODWLYH� PDJQLWXGH� RI� J� DQG� LV� JLYHQ� E\� �DVVXPLQJ� WKDW� [� LV�
QRUPDOL]HG���

� ∑ ∑=
Q
L

P
N LNJQJPDJ ���� �� �������

��� :H�UHSHDW�VWHSV�����XQWLO�FRQYHUJHQFH�LV�DFKLHYHG��D�PLQLPXP���7KH�ODVW�VWHS�FRRUGLQDWHV�
RI�VWHS���DUH�WKH�RUGLQDWLRQ�D[HV�RI�WKH�Q�REMHFWV�LQ�WKH�P�GLPHQVLRQV��

�
�
������5XQQLQJ�10'6�LQ�*,1.*2�

10'6�RSWLRQV�

10'6� LV� UXQ� VWDUWLQJ� IURP� D� V\PPHWULF� GLVVLPLODULW\� PDWUL[� �LI� WKH� VWDUWLQJ� PDWUL[� LV� D�
V\PPHWULF� VLPLODULW\� PDWUL[�� D� WUDQVIRUP� VKRXOG� EH� DSSOLHG� ILUVW��� $V� ZLWK� RWKHU� V\PPHWULF�
VWDUWLQJ�PHWKRGV��FKDQJLQJ�WKH�REMHFWV�LQFOXGHG�LQ�WKH�DQDO\VLV�UHVXOWV�LQ�XVLQJ�D�VXEPDWUL[�IRU�WKH�
FRPSXWDWLRQ��7KH�RWKHU�10'6�RSWLRQV�DUH��
1XPEHU� RI� GLPHQVLRQV�� 7KH� QXPEHU� RI� GLPHQVLRQV� WR� EH� VHDUFKHG�� 7KH� ORZHU� WKH� QXPEHU� RI�
GLPHQVLRQV�VHOHFWHG��WKH�KLJKHU�WKH�VWUHVV�ZLOO�EH���
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�
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6WDUWLQJ�PRGH��$V�ZLWK�.�PHDQV� �VHFWLRQ������� VWDUWLQJ�PRGH� LV�YHU\� LPSRUWDQW� LQ�10'6��7KLV�
VWDUWLQJ�SRLQW�LV�FULWLFDO��DV�LW�LV�LQ�PRVW�RSWLPL]DWLRQ�DOJRULWKPV��OLNH�.�PHDQV��VSDFH�PD\�FRQWDLQ�
VHYHUDO�PLQLPD�EHVLGHV�WKH�RYHUDOO�PLQLPXP���7ZR�RSWLRQV�DUH�SURYLGHG�LQ�*,1.*2�DV�VWDUWLQJ�
RSWLRQV��

• 5DQGRP�VWDUW��5XQ�WKH�SURJUDP�VHYHUDO�WLPHV��VWDUWLQJ�IURP�GLIIHUHQW�UDQGRP�SODFHPHQW�RI�
REMHFWV���

• 3&R$�VWDUW��,QLWLDWH�WKH�UXQ�IURP�D�FODVVLFDO�0'6�RUGLQDWLRQ��
7KH�UHFRPPHQGHG�SURFHGXUH�LV�WR�SHUIRUP�D�PHWULF�0'6��FODVVLFDO�0'6��ILUVW��DQG�WR�VHOHFW�WKH�
GHVLUHG�QXPEHU�RI� D[HV��7KRVH�D[HV�DUH�XVHG�DV� VWDUWLQJ�FRRUGLQDWHV� IRU�10'6���$OWHUQDWLYHO\��
UDQGRPO\� JHQHUDWHG� FRRUGLQDWHV� FDQ� EH� FKRVHQ� DV� VWDUWLQJ� SRLQW�� ,Q� VXFK� FDVHV�� WKH� QXPEHU� RI�
UDQGRP�VWDUWLQJV�FDQ�EH�VSHFLILHG���
0D[LPXP�QXPEHU� RI� LWHUDWLRQV��7KH� XVHU� FDQ� VSHFLI\� D� QXPEHU� RI� LWHUDWLRQV� WR� EH�GRQH�EHIRUH�
VWRSSLQJ��1RUPDOO\�WKLV�RSWLRQ�LV�QRW�FKDQJHG��
6WRS�DW�VWUHVV�VWHS��$V�VWUHVV�ZLOO�EH�UHGXFHG�ZLWK�HDFK�VWHS��D�WKUHVKROG�IRU�VWRSSLQJ�WKH�LWHUDWLRQV�
PXVW�EH�FKRVHQ��1RUPDOO\�WKLV�RSWLRQ�LV�QRW�FKDQJHG���
)LQDO�3&$��10'6�GRHV�QRW�PD[LPL]H�WKH�YDULDQFH�LQ�KLV�D[LV��,W�LV�D�FRPPRQ�SUDFWLFH�WR�SHUIRUP�
D�ILQDO�3&$��L�H��D�URWDWLRQ��WR�FXPXODWH�YDULDQFH�LQ�ILUVW�D[LV��VHH�VHFWLRQ��������

�
10'6�RXWSXW�

10'6� RXWSXW� LV� GLIIHUHQW� GHSHQGLQJ� RQ� WKH� VWDUWLQJ� PRGH� DQG� ZKHWKHU� D� ILQDO� 3&$� LV�
SHUIRUPHG�RU�QRW��+RZHYHU��10'6�SURFHGXUH�DOZD\V�\LHOGV�WKH�ILQDO�REMHFW�FRRUGLQDWHV��DQG�WKH�
�(XFOLGHDQ�� GLVWDQFH� PDWUL[� RQ� WKH� 10'6� VSDFH�� 7KH� SURFHGXUH� DOVR� RXWSXWV� WKH� QXPEHU� RI�
10'6�LWHUDWLRQV�XVHG�DQG�WKH�ILQDO�10'6�675(66�YDOXH��

�

�������������������������������������������������
��6HH�VHFWLRQ�����IRU�D�GHVFULSWLRQ�RI�KRZ�PHWULF�VFDOLQJ�ZRUNV��
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����&RUUHVSRQGHQFH�$QDO\VLV��&$��
������,QWURGXFWLRQ�

&RUUHVSRQGHQFH� DQDO\VLV� ZDV� GHYHORSHG� LQGHSHQGHQWO\� E\� VHYHUDO� DXWKRUV�� ,W� ZDV� ILUVW�
SURSRVHG�IRU�DQDO\VLQJ�WZR�ZD\�FRQWLQJHQF\�WDEOHV��ZKHUH�WKH�VWDWHV�RI�D�ILUVW�GHVFULSWRU��URZV��
DUH�FRPSDUHG�WR�WKH�VWDWHV�RI�D�VHFRQG�GHVFULSWRU��FROXPQV���'DWD�LQ�HDFK�FRQWLQJHQF\�WDEOH�FHOO�
DUH�IUHTXHQFLHV��L�H��QXPEHUV�RI�REMHFWV�FRGHG�ZLWK�D�FRPELQDWLRQ�RI�VWDWHV�RI�WKH�WZR�GHVFULSWRUV��
7KHVH�IUHTXHQFLHV�DUH�WKXV�SRVLWLYH�LQWHJHUV�RU�]HURV���

,Q�HFRORJ\��&$�LV�RIWHQ�XVHG�WR�DQDO\]H�VSHFLHV�GDWD�DW�GLIIHUHQW�VDPSOLQJ�VLWHV��ZKHUH�YDOXHV�
DUH�DOVR�]HUR�RU�SRVLWLYH�QXPEHUV�RI�VSHFLHV�DEXQGDQFHV��7KH�URZV�DQG�FROXPQV�WKHQ�FRUUHVSRQG�
WR�VLWHV�DQG�VSHFLHV��UHVSHFWLYHO\��6XFK�D�WDEOH�FDQ�EH�WUHDWHG�DQDORJRXVO\�WR�D�FRQWLQJHQF\�WDEOH��
&$�FDQ�DOVR�EH�XVHG�RQ�FRQWLQJHQF\�WDEOHV� WKDW�FRPSDUH� WZR�JURXSV�RI�GHVFULSWRUV�� ,Q�JHQHUDO��
&$� FDQ� EH� DSSOLHG� WR� DQ\� GDWD� WDEOH� WKDW� LV� GLPHQVLRQDOO\� KRPRJHQHRXV� DQG� RQO\� FRQWDLQV�
SRVLWLYH�LQWHJHUV�RU�]HUR�YDOXHV���

&$�LV�SULPDULO\�D�PHWKRG�RI�RUGLQDWLRQ��$V�VXFK�LW�LV�VLPLODU�WR�3&$��,W�SUHVHUYHV��LQ�WKH�VSDFH�
RI�SULQFLSDO�D[HV��WKH�(XFOLGHDQ�GLVWDQFH�EHWZHHQ�SURILOHV�RI�ZHLJKWHG�FRQGLWLRQDO�SUREDELOLWLHV��
,Q�RWKHU�ZRUGV��WKH�χ��GLVWDQFH�LV�XVHG�WR�TXDQWLI\�WKH�UHODWLRQVKLSV�EHWZHHQ�URZV�DQG�FROXPQV��
ZKLFK�LQ�WKLV�DQDO\VLV�DUH�WUHDWHG�V\PPHWULFDOO\��7KXV��WKH�(XFOLGHDQ�GLVWDQFH�EHWZHHQ�REMHFWV�RQ�
WKH�RUGLQDWLRQ�D[HV�HTXDOV�WKH�χ��GLVWDQFH�RQ�WKH�RULJLQDO�FRQWLQJHQF\�WDEOH���

%HVLGHV�LWV�UROH�DV�DQ�RUGLQDWLRQ�PHWKRG��&$�PD\�EH�XVHG�WR�VWXG\�WKH�SUR[LPLWLHV�EHWZHHQ�
URZV� RU� FROXPQV� RI� WKH� FRQWLQJHQF\� WDEOH�� DV� ZHOO� DV� WKH� FRUUHVSRQGHQFH� EHWZHHQ� URZV� DQG�
FROXPQV��
�
������7KH�PHWKRG�

/HW�;�EH� D� FRQWLQJHQF\� WDEOH�ZLWK� U� URZV� DQG� F� FROXPQV�� 7KHUHIRUH�� WKHLU� FHOO� YDOXHV� �[LM��VKRXOG�EH�UHJDUGHG�DV�IUHTXHQFLHV��[LM� �ILM���7KHQ��D�PDWUL[�3� �>SLM@�RI�UHODWLYH�IUHTXHQFLHV�FDQ�EH�FRPSXWHG��$VVXPH�WKDW�WKH�WDEOH�LV�ZULWWHQ�LQ�VXFK�D�ZD\�WKDW�U�≥�F��LW�PD\�EH�WUDQVSRVHG��VLQFH�
URZV�DQG�FROXPQV�DUH�WUHDWHG�V\PPHWULFDOO\�LQ�&$���7KH�VWHSV�LQ�&RUUHVSRQGHQFH�$QDO\VLV�DUH�DV�
IROORZV��

��� 5HPHPEHU�WKDW�3HDUVRQ�χ��VWDWLVWLF�LV�D�VXP�RI�VTXDUHG�χLM�YDOXHV��FRPSXWHG�IRU�HYHU\�FHOO� LM� RI� WKH� FRQWLQJHQF\� WDEOH�� (DFK� � χLM� YDOXH� LV� WKH� VWDQGDUGL]HG� UHVLGXDO� RI� D�IUHTXHQF\� ILM�DIWHU� ILWWLQJ�D�QXOO�PRGHO� WR�WKH�FRQWLQJHQJ\�WDEOH��7KH�QXOO�PRGHO�VWDWHV�WKDW�WKHUH�LV�QR�UHODWLRQVKLS�EHWZHHQ�URZV�DQG�FROXPQV�RI�WKH�WDEOH��&$�LV�EDVHG�XSRQ�D�
PDWUL[�4��U�[�F���ZKRVH�FHOOV�DUH�GHILQHG�YHU\�VLPLODUO\�WR�χLM�YDOXHV��7KXV�4�LV�D�PDWUL[�RI�GHSDUWXUHV��UHVLGXDOV��IURP�WKH�QXOO�PRGHO��
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ZKHUH� ∑ =+ =
F
M LML [[ � � DQG� ∑ =+ =

U
L LMM [[ � � DUH� WKH� URZ� DQG� FROXPQ�PDUJLQDOV�� UHVSHFWLYHO\�

�WKH�VDPH�IRU�UHODWLYH�IUHTXHQFLHV�SLM���DQG� ∑ ∑= =++ =
U
L

F
M LM[[ � � LV�WKH�JUDQG�WRWDO��7KH�VXP�

RI�VTXDUHV�RI�DOO�YDOXHV�LQ�PDWUL[�4��∑ �
LMT ��PHDVXUHV�WKH�WRWDO�LQHUWLD�LQ�4��

��� 6LQJXODU�YDOXH�GHFRPSRVLWLRQ�LV�DSSOLHG�WR�PDWUL[�4��ZLWK�WKH�IROORZLQJ�UHVXOW��
� �������� 
Ö F[FU[FU[FU[F 8:84 = � �������

ZKHUH�ERWK�8� DQG� 8Ö DUH�FROXPQ�RUWKRQRUPDO�PDWULFHV�DQG�:� LV�D�GLDJRQDO�PDWUL[�RI�
VLQJXODU�YDOXHV��6LQFH8Ö �LV�RUWKRQRUPDO�� ,88 =Ö
Ö �DQG��

� 


Ö
Ö

 :88::8888:44 == � �������

7KH�GLDJRQDO�PDWUL[�:¶:�ZKLFK�FRQWDLQV�VTXDUHG�VLQJXODU�YDOXHV�RQ�LWV�GLDJRQDO��LV�WKH�
GLDJRQDO� PDWUL[� RI� HLJHQYDOXHV� RI� 4¶4�� ,Q� DGGLWLRQ� 8� LV� HTXDO� WR� WKH� PDWUL[� RI�
HLJHQYHFWRUV� RI� 4¶4�� 7KHUHIRUH�� LGHQWLFDO� UHVXOWV� FDQ� EH� REWDLQHG� DSSO\LQJ�
HLJHQDQDO\VLV�WR�4¶4��%RWK�VLQJXODU�YDOXH�GHFRPSRVLWLRQ�RI�4�DQG�HLJHQYDOXH�DQDO\VLV�
RI�4¶4� DOZD\V� \LHOG� RQH� QXOO� HLJHQYDOXH�� GXH� WR� WKH� FHQWHULQJ� VWHS� LPSOLFLW� LQ� WKH�
FRQVWUXFWLRQ�RI�4��7KXV��WKHUH�DUH��F�±����SRVLWLYH�HLJHQYDOXHV�RU�VLQJXODU�YDOXHV�ZKHQ�U�
≥�F��

��� 0DWULFHV�8� DQG8Ö PD\�EH�XVHG�DV� VFRUHV� WR�SORW� WKH�SRVLWLRQV�RI� WKH� URZ�DQG�FROXPQ�
YHFWRUV� LQ� WZR� VHSDUDWH� VFDWWHU� GLDJUDPV�� )RU� MRLQW� SORWV� YDULRXV� VFDOLQJV� KDYH� EHHQ�
SURSRVHG��)LUVW��PDWULFHV�8�DQG8Ö FDQ�EH�ZHLJKWHG�E\�WKH�LQYHUVH�RI�WKH�VTXDUH�URRWV�RI�
WKH�FROXPQ�DQG�URZ�VFRUHV���

� 8'9 ���
�� �� −

+= MF[F S �� �������

� 8'9 Ö��Ö ���
��

−
+= LF[F S ��� �������

0DWUL[� )�� ZKLFK� JLYHV� WKH� SRVLWLRQV� RI� WKH� URZV� RI� WKH� FRQWLQJHQF\� WDEOH� LQ� WKH�
FRUUHVSRQGHQFH\� DQDO\VLV� VSDFH�� LV� REWDLQHG� IURP� WKH� WUDQVIRUPHG� PDWUL[� RI�
HLJHQYHFWRUV�9��ZKLFK�JLYHV�WKH�SRVLWLRQV�RI�WKH�FROXPQV�LQ�WKDW�VSDFH��7KLV�LV�GRQH�E\�
DSSO\LQJ�WKH�XVXDO�HTXDWLRQ�IRU�FRPSRQHQW�VFRUHV�WR�4��LQFOXGLQJ�D�GLYLVLRQ�E\�WKH�URZ�
ZHLJKWV���

� 49') �
�� �� −

+= LU[F S ��� �������

,Q�WKH�VDPH�ZD\��PDWUL[�)Ö ��ZKLFK�JLYHV�WKH�SRVLWLRQV�RI�WKH�FROXPQV�RI�WKH�FRQWLQJHQF\�
WDEOH�LQ�WKH�FRUUHVSRQGHQFH�DQDO\VLV�VSDFH��LV�REWDLQHG�IURP�WKH�WUDQVIRUPHG�PDWUL[�RI�
HLJHQYHFWRUV�9Ö ��ZKLFK�JLYHV�WKH�SRVLWLRQV�RI�WKH�URZV�LQ�WKDW�VSDFH���

� 94') Ö
��Ö �
��

−
+= MF[F S �� �������

�



9HUVLRQ�����

�

���

)URP�WKH�ODVW�&$�FRPSXWDWLRQ�VWHS��LW�VKRXOG�EH�FOHDU�WKDW�WKHUH�DUH�WZR�SRVVLEOH�VFDOLQJV�WR�
GUDZ�ELSORWV�RI�URZV�DQG�FROXPQV��

• 6FDOLQJ�W\SH����'UDZ�D�MRLQW�SORW�ZLWK�WKH�URZV��)��DW�WKH�FHQWURLGV�RI�WKH�FROXPQV�
�9��� ,Q� WKLV�SORW�� GLVWDQFHV�EHWZHHQ� URZV� �L�H�� VLWHV� LQ� HFRORJ\��SUHVHUYH� WKHLU�χ��
GLVWDQFHV��1RWH�WKDW�SRVLWLRQV�RI�WKH�FHQWURLGV�DUH�FDOFXODWHG�XVLQJ�ZHLJKWV�HTXDO�WR�
WKH�UHODWLYH�IUHTXHQFLHV�RI�WKH�FROXPQV��VSHFLHV���VR�WKH�RUGLQDWLRQ�RI�URZV��VLWHV��
LV�PHDQLQJIXO��

• 6FDOLQJ�W\SH����'UDZ�D�MRLQW�SORW�ZLWK�WKH�FROXPQV��)Ö ��DW�WKH�FHQWURLGV�RI�WKH�URZV�
�9Ö ���,Q�WKLV�SORW�GLVWDQFHV�EHWZHHQ�FROXPQV��L�H��VSHFLHV�LQ�HFRORJ\��SUHVHUYH�WKHLU�
χ��GLVWDQFHV��

�
������5XQQLQJ�&$�

&$�FDQ�RQO\�EH� UXQ� IURP�D� UHFWDQJXODU�REMHFW�GHVFULSWRU�PDWUL[�FRQWDLQLQJ�SRVLWLYH�RU�]HUR�
YDOXHV��$V�LQ�3&$��VRPH�REMHFWV�RU�GHVFULSWRUV�FDQ�EH�H[FOXGHG�IURP�FRPSXWDWLRQV��7KH�XVHU�FDQ�
DOVR�OLPLW�WKH�QXPEHU�RI�D[HV�WR�EH�NHSW��XQVHOHFWLQJ�WKH�µ$OO�HLJHQYDOXHV¶�FKHFNER[�DQG�HQWHULQJ�
D�VXLWDEOH�QXPEHU��

$V� WH[W� RXWSXW�� *,1.*2� JLYHV� D� WDEOH� RI� VLQJXODU� YDOXHV�� DORQJ� ZLWK� WKHLU� FRUUHVSRQGLQJ�
HLJHQYDOXHV�DQG�WKHLU�FRQWULEXWLRQ�WR�WKH�WRWDO�LQHUWLD�RI�4���

%\�GHIDXOW�� WKH�&$�URXWLQH�JLYHV�PDWULFHV�IRU�VFDOLQJ����9�DQG�)���EXW�FDQ�EH�DVNHG�WR�DOVR�
JLYH�WKH�PDWULFHV�IRU�VFDOLQJ����9Ö DQG�)Ö ���'HSHQGLQJ�RQ�WKH�ILQDO�DYDLODEOH�PDWULFHV��WKH�&$�SORWV�
WKDW�FDQ�EH�EXLOW��RQ�WKH�3ORW�PHQX��DUH��

• 6FUHH�SORW��3ORW�RI�HLJHQYDOXHV��VHH��������
• 2EMHFW¶V�VSDFH�SORW��6FDWWHU�SORW�RI�PDWUL[�)��
• &KDUDFWHU¶V�VSDFH��6FDWWHU�SORW�RI�PDWUL[�)Ö ��
• &$�ELSORW�VFDOLQJ����6FDWWHU�ELSORW�RI�PDWULFHV�9�DQG�)��
• &$�ELSORW�VFDOLQJ����6FDWWHU�ELSORW�RI�PDWULFHV�9Ö �DQG�)Ö ��

�

�
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����5HGXQGDQF\�$QDO\VLV��5'$��
������,QWURGXFWLRQ�WR�FDQRQLFDO�DQDO\VLV�

&DQRQLFDO�DQDO\VLV�LV�WKH�VLPXOWDQHRXV�DQDO\VLV�RI�WZR��RU�HYHQWXDOO\�VHYHUDO��GDWD�WDEOHV��,Q�
HFRORJ\�� RQH� PD\� W\SLFDOO\� EH� LQWHUHVWHG� LQ� WKH� UHODWLRQVKLS� EHWZHHQ� D� ILUVW� WDEOH� GHVFULELQJ�
VSHFLHV�FRPSRVLWLRQ�DQG�D�VHFRQG�WDEOH�FRQVLVWLQJ�RI�HQYLURQPHQWDO�GHVFULSWRUV��REVHUYHG�DW�WKH�
VDPH� ORFDWLRQV�� ,Q� VRPH� FDQRQLFDO� DQDO\VHV� WKH� WZR� WDEOHV� DUH� WUHDWHG� V\PPHWULFDOO\�� VR� WKH\�
FRXOG� EH� LQWHUFKDQJHG� ZLWKRXW� HIIHFW� �50'6� RI� VHFWLRQ� ���� LV� DQ� H[DPSOH� RI� WKLV��� ,Q� RWKHU�
FDQRQLFDO� DQDO\VHV�� ZKHUH� UHJUHVVLRQ� WHFKQLTXHV� DUH� LQYROYHG�� WKH� WZR� WDEOHV� DUH� WUHDWHG�
DV\PPHWULFDOO\��2QH�RI�WKH�PDWULFHV�LV�XVHG�DV�DQ�H[SODQDWRU\�PDWUL[��IURP�QRZ�RQ�ZH�ZLOO�FDOO�
WKLV�PDWUL[�;�� DQG� WKH� RWKHU� DV� D� UHVSRQVH�PDWUL[� �IURP� QRZ�RQ�ZH�ZLOO� FDOO� WKLV�PDWUL[�<���
5HGXQGDQF\�DQDO\VLV�DQG�&DQRQLFDO�&RUUHVSRQGHQFH�$QDO\VLV�DUH�H[DPSOHV�RI�WKH�ODWWHU�W\SH�RI�
FDQRQLFDO� DQDO\VLV�� ,Q� WKRVH� DQDO\VHV�� PDWUL[�;� LQWHUYHQHV� LQ� WKH� RUGLQDWLRQ� RI�<�� IRUFLQJ� WKH�
RUGLQDWLRQ�YHFWRUV� WR�EH�PD[LPDOO\�UHODWHG��WKURXJK�PXOWLSOH�UHJUHVVLRQ��WR�FRPELQDWLRQV�RI�WKH�
YDULDEOHV�LQ�;��7KLV�PDNHV�LW�SRVVLEOH�WR�EULQJ�RXW�DOO�WKH�YDULDQFH�RI�<�WKDW�LV�UHODWHG�WR�;��DQG�WR�
WHVW�VRPH�D�SULRUL�K\SRWKHVHV��)XUWKHU�H[DPLQDWLRQ�RI�WKH�XQH[SODLQHG�YDULDELOLW\�RI�<�PD\�KHOS�
WR�JHQHUDWH�QHZ�K\SRWKHVHV�WR�EH�WHVWHG�XVLQJ�QHZ�REVHUYDWLRQV��

�
������,QWURGXFWLRQ�WR�5HGXQGDQF\�DQDO\VLV�

5HGXQGDQF\�$QDO\VLV� �5'$��YDQ�GHQ�:ROOHQEHUJ������� LV� WKH�GLUHFW� H[WHQVLRQ�RI�PXOWLSOH�
UHJUHVVLRQ�WR�WKH�PRGHOLQJ�RI�PXOWLYDULDWH�UHVSRQVH�GDWD��7KH�WHUP�µUHGXQGDQF\¶�LV�V\QRQ\PRXV�
KHUH�ZLWK�µH[SODLQHG�YDULDQFH¶��7KH�DQDO\VLV� LV�DV\PPHWULF�� ,Q�5'$��HDFK�FDQRQLFDO�RUGLQDWLRQ�
D[LV�FRUUHVSRQGV�WR�D�GLUHFWLRQ�LQ�WKH�UHVSRQVH�VSDFH�RI�<��ZKLFK�LV�PD[LPDOO\�UHODWHG�WR�D�OLQHDU�
FRPELQDWLRQ�RI�WKH�H[SODQDWRU\�YDULDEOHV�;��,Q�IDFW��WKUHH�RUGLQDWLRQV�RI�WKH�REMHFWV�DUH�REWDLQHG�
LQ�5'$���

���� 2UGLQDWLRQ�RI�REMHFWV� LQ� WKH�VSDFH�RI�YDULDEOHV�<��6FRUHV�DUH� OLQHDU�FRPELQDWLRQV�RI�
WKH�<�YDULDEOHV��DV�LQ�3&$��EXW�XVLQJ�FDQRQLFDO�D[HV�DV�ORDGLQJV���

���� 2UGLQDWLRQ�RI�REMHFWV� LQ�WKH�VSDFH�RI�YDULDEOHV�;�RU� LQ�WKH�VSDFH�RI�ILWWHG�YDOXHV� <Ö ��
6FRUHV� DUH� OLQHDU� FRPELQDWLRQV� RI� WKH� ILWWHG� <Ö � YDULDEOHV�� ZKLFK� DUH� DOVR� OLQHDU�FRPELQDWLRQV�RI�WKH�;�YDULDEOHV��

���� 2UGLQDWLRQ�RI�REMHFWV�LQ�WKH�VSDFH�RI�UHVLGXDOV�� << Ö− ���
5'$�SUHVHUYHV� WKH�(XFOLGHDQ�GLVWDQFH�EHWZHHQ�REMHFWV� LQ�PDWUL[� <Ö �FRQWDLQLQJ�YDOXHV�RI�<�

ILWWHG�E\�UHJUHVVLRQ�WR�WKH�H[SODQDWRU\�YDULDEOHV�;��
�

������$OJHEUD�RI�5'$�

/HW�;��Q�[�P��EH�WKH�H[SODQDWRU\�PDWUL[�RI�P�H[SODQDWRU\�GHVFULSWRUV�RQ�Q�REMHFWV��DQG�OHW�<�
�Q� [� S�� EH� WKH� UHVSRQVH�PDWUL[� RI�S� GHVFULSWRUV� RQ� WKH� VDPH�Q� REMHFWV�� )RU� FRQYHQLHQFH�� WKHVH�
PDWULFHV�DUH�DVVXPHG�WR�EH�FROXPQ�FHQWHUHG��3UREOHPV�RI�FDQRQLFDO�DQDO\VLV�PD\�EH�SUHVHQWHG�E\�
WKH�IROORZLQJ�SDUWLWLRQHG�FRYDULDQFH�PDWUL[��UHVXOWLQJ�IURP�WKH�IXVLRQ�RI�WKH�<�DQG�;�GDWD�VHWV��
WKH�MRLQW�GLVSHUVLRQ�PDWUL[�6<�;�FRQWDLQV�EORFNV�WKDW�DUH�LQGHQWLILHG�DV�IROORZV�IRU�FRQYHQLHQFH��



9HUVLRQ�����

�

���

� 







=








=+

;;<;

<;<<

;;;<

<;<<
;< 66

66
66
666 
 � �������

ZKHUH� VXEPDWULFHV�6<<� �S� [� S�� DQG�6;;� �P� [�P�� FRQFHUQ� HDFK� RI� WKH� WZR� VHWV� RI� GHVFULSWRUV��ZKHUHDV�6<;��S�[�P��DQG�LWV�WUDQVSRVH�6¶<;� �6;<��P�[�S��DFFRXQW�IRU�WKH�FRYDULDQFHV�DPRQJ�WKH�GHVFULSWRUV�RI�WKH�WZR�JURXSV���
7KH�HLJHQDQDO\VLV�HTXDWLRQ�IRU�UHGXQGDQF\�DQDO\VLV�LV��

� �X,666 <;;;<; =−−
LL �
� � � �������

DQG� PD\� EH� GHULYHG� WKURXJK� PXOWLSOH� OLQHDU� UHJUHVVLRQ�� IROORZHG� E\� SULQFLSDO� FRPSRQHQW�
GHFRPSRVLWLRQ� �3&$���7KLV�FDQ�EH�SURYHQ�DV� IROORZV�� ,I�ZH�GR�D�PXOWLSOH� OLQHDU� UHJUHVVLRQ� IRU�
HDFK�YDULDEOH�LQ�WDEOH�<�RQ�DOO�YDULDEOHV�RI�;��WKH�PDWUL[�RI�UHJUHVVLRQ�FRHIILFLHQWV�FRUUHVSRQGLQJ�
WR�WKH�ZKROH�VHW�RI�UHJUHVVLRQV��L�H��IRU�DOO�UHVSRQVH�YDULDEOHV��LV�
� [ ] <;
;;
% �−= � �������
DQG�WKH�PDWUL[�RI�ILWWHG�YDOXHV��ZKLFK�ZH�ZLOO�FDOO�<Ö ��LV��
� [ ] <;
;;
;%;< �Ö −== � �������
%HFDXVH�YDULDEOHV�LQ�;�DQG�<�DUH�FHQWHUHG�RQ�WKHLU�PHDQV��WKHUH�LV�QR�LQWHUFHSW�SDUDPHWHU�LQ�WKH�
YHFWRUV�RI�%��>,I�P� �Q��;�LV�VTXDUH��LQ�WKDW�FDVH��WKH�PXOWLSOH�UHJUHVVLRQ�ZLOO�DOZD\V�H[SODLQ�WKH�
YDULDEOHV�LQ�PDWUL[�<�HQWLUHO\��VR�WKDW� << =Ö @��7KH�FRYDULDQFH�PDWUL[�FRUUHVSRQGLQJ�WR�WKH�ILWWHG�
YDOXHV�<Ö �LV�FRPSXWHG�IURP��
� ( ) ( ) [ ] [ ] <;;;<;<< 666<;
;;
;;
;;
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VR�WKXV�LW�LV�VKRZQ�WKDW�5'$�DSSOLHV�3&$�RQ�WKH�FRYDULDQFH�PDWUL[�RI�WKH�WDEOH�RI�ILWWHG�YDOXHV<Ö ��
� �X,6 << =− LL �� Ö
Ö �� �������

7KH�PDWUL[�FRQWDLQLQJ�QRUPDOL]HG�FDQRQLFDO�HLJHQYHFWRUV� LV�FDOOHG�8� �S�[�S���7KH\�JLYH�WKH�
FRQWULEXWLRQV�RI�WKH�GHVFULSWRUV�LQ�<Ö �WR�WKH�YDULRXV�FDQRQLFDO�D[HV��,W�FRQWDLQV�RQO\�PLQ>S��P��Q�±�
�@�HLJHQYHFWRUV�ZLWK�QRQ�]HUR�HLJHQYDOXHV��7KH\�VKRXOG�EH�LQWHUSUHWHG�DV�LQ�3&$��7KH�RUGLQDWLRQ�
RI�REMHFWV�LQ�WKH�VSDFH�RI�WKH�UHVSRQVH�YDULDEOHV�FDQ�EH�REWDLQHG�GLUHFWO\�IURP�WKH�FHQWHUHG�PDWUL[�
<�E\�SURMHFWLQJ�RQ�WKH�FDQRQLFDO�D[HV��
� <8) = � �������
2UGLQDWLRQ�YHFWRUV�DUH�VRPHWLPHV�FDOOHG�³VLWH�VFRUHV´��7KH\�KDYH�YDULDQFHV�WKDW�DUH�FORVH�EXW�QRW�
HTXDO�WR�WKH�FRUUHVSRQGLQJ�HLJHQYDOXHV��VLQFH�HLJHQYDOXH�GHFRPSRVLWLRQ�KDV�EHHQ�SHUIRUPHG�RQ�
WKH�PDWUL[�<Ö �RI�ILWWHG�YDOXHV�DQG�QRW�RQ�WKH�RULJLQDO�UHVSRQVH�PDWUL[���7KH�RUGLQDWLRQ�RI�REMHFWV�
LQ�VSDFH�;��RU�<Ö ��LV�REWDLQHG�VLPLODUO\��
� ;%88<= == Ö � �������
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7KHVH�RUGLQDWLRQ�YHFWRUV�DUH�VRPHWLPHV�FDOOHG�³ILWWHG�VLWH�VFRUHV´��7KH\�KDYH�YDULDQFHV�HTXDO�WR�
WKH�FRUUHVSRQGLQJ�HLJHQYDOXHV��

7KH�FRQWULEXWLRQ�RI�H[SODQDWRU\�YDULDEOHV� �&�� WR� WKH� IRUPDWLRQ�RI�FDQRQLFDO�RUGLQDWLRQ�D[HV�
FDQ�EH�NQRZQ�E\�FRPSXWLQJ�&� �%8��

5HGXQGDQF\� DQDO\VLV� GRHV� QRW� FRPSOHWHO\� H[SODLQ� WKH� YDULDWLRQ� LQ� WKH� UHVSRQVH� YDULDEOHV�
�PDWUL[�<���'XULQJ�WKH�UHJUHVVLRQ�VWHS��UHJUHVVLRQ�UHVLGXDOV�PD\�EH�FRPSXWHG�IRU�HDFK�YDULDEOH�\��
7KH�UHVLGXDOV�DUH�REWDLQHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�REVHUYHG�YDOXHV�DQG�WKH�FRUUHVSRQGLQJ�ILWWHG�
YDOXHV��7KH�PDWUL[�RI�UHVLGXDOV��<UHV��Q�[�S��LV�WKXV�REWDLQHG�E\��
� <<<UHV Ö−= � �������
5HVLGXDOV�PD\� EH� DQDO\]HG� E\� 3ULQFLSDO� &RPSRQHQWV�$QDO\VLV�� OHDGLQJ� WR�PLQ>S�� Q� ±� �@� QRQ�
FDQRQLFDO�HLJHQYDOXHV�DQG�HLJHQYHFWRUV��8UHV���1RQ�FDQRQLFDO�REMHFW�VFRUHV�DUH�WKHQ�REWDLQHG�E\�SURMHFWLQJ�<UHV�RQ�WKH�QRQ�FDQRQLFDO�D[HV���
� )UHV �<UHV8UHV� �������

:KHQ�WKH�YDULDEOHV�LQ�;�DUH�JRRG�SUHGLFWRUV�RI�WKH�YDULDEOHV�LQ�<��WKH�FDQRQLFDO�HLJHQYDOXHV�
PD\� EH� ODUJHU� WKDQ� WKH� ILUVW� QRQ�FDQRQLFDO� HLJHQYDOXHV�� EXW� WKLV� LV� QRW� DOZD\V� WKH� FDVH�� ,I� WKH�
YDULDEOHV�LQ�;�DUH�QRW�JRRG�SUHGLFWRUV�RI�<��WKH�ILUVW�QRQ�FDQRQLFDO�HLJHQYDOXHV��FRPSXWHG�RQ�WKH�
UHVLGXDOV��PD\�EH�ODUJHU�WKDQ�WKHLU�FDQRQLFDO�FRXQWHUSDUWV��

1RWH� WKDW� WKH� ³VLWH� VFRUHV´� DSSUR[LPDWH� WKH� REVHUYHG� GDWD�� ZKLFK� FRQWDLQV� UHVLGXDOV�
� UHV<<< += Ö ���2Q�WKH�RWKHU�KDQG��WKH�³ILWWHG�VLWH�VFRUHV´�DSSUR[LPDWH�RQO\�WKH�ILWWHG�GDWD��(LWKHU�
PD\�EH�XVHG�LQ�ELSORWV��

,Q�WKH�FDVH�ZKHUH�<�FRQWDLQV�D�VLQJOH�UHVSRQVH�YDULDEOH��UHGXQGDQF\�DQDO\VLV�LV�QRWKLQJ�EXW�
PXOWLSOH�OLQHDU�UHJUHVVLRQ�DQDO\VLV��

�
������5XQQLQJ�5'$�

:KHQ�UXQQLQJ�5'$�LQ�*,1.*2�WKH�XVHU�PXVW�VSHFLI\�ZKLFK�GDWD�LWHPV�LQ�WKH�'DWD�(GLWRU�
ZLOO�EH�XVHG�DV�H[SODQDWRU\�DQG� UHVSRQVH��1RWH� WKDW� LI� WKHUH�DUH� OHVV� WKDQ� WZR�REMHFW�GHVFULSWRU�
PDWULFHV�5'$�FDQQRW�EH�FRPSXWHG��6RPH�RWKHU�RSWLRQV�DUH�DYDLODEOH��

• $OO�HLJHQYDOXHV��7KLV�RSWLRQ�LV�VHOHFWHG�E\�GHIDXOW��VR�DOO�HLJHQYDOXHV�DUH�VRXJKW��7KH�
XVHU�FDQ�VSHFLI\�KRZ�PDQ\�HLJHQYDOXHV�DUH�WR�EH�NHSW�LQ�WKH�ILQDO�UHVXOWV��

• 6WDQGDUGL]H� H[SODQDWRU\� �;��� &HQWHULQJ� RI� ;� LV� DOZD\V� GRQH�� ,I� WKH� H[SODQDWRU\�
YDULDEOHV�DUH�VWDQGDUGL]HG�� WKH�SRVVLEOH�HIIHFWV�RI� WKHLU�GLIIHUHQW�SK\VLFDO�GLPHQVLRQV�
DUH� UHPRYHG��7KLV� WXUQV� UHJUHVVLRQ�FRHIILFLHQWV� LQWR�VWDQGDUG� UHJUHVVLRQ�FRHIILFLHQWV��
ZKLFK�PDNHV�WKHP�FRPSDUDEOH�WR�RQH�DQRWKHU��

• 6WDQGDUGL]H�UHVSRQVH��<���&HQWHULQJ�RI�<�LV�DOZD\V�GRQH��EXW�WKH�XVHU�FDQ�VWDQGDUGL]H�
FROXPQV�RI� WKH� UHVSRQVH�PDWUL[��ZKLFK� LV� DGYLVDEOH�ZKHQ� WKH�GLIIHUHQW�YDULDEOHV�DUH�
QRW�GLPHQVLRQDOO\�KRPRJHQHRXV��
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(LJHQYDOXH�RXWSXW�LQIRUPDWLRQ�LV�OLVWHG�LQ�WZR�VHSDUDWH�EORFNV��RQH�IRU�FDQRQLFDO�D[HV�DQG�WKH�

RWKHU� IRU� WKH�QRQ�FDQRQLFDO�RQHV��7KH�SDUWLWLRQ�RI� WKH� WRWDO�YDULDQFH�RI�<�EHWZHHQ� WKH�YDULDQFH�
H[SODLQHG� E\� UHJUHVVLRQ� DQG� WKH� UHVLGXDO� YDULDQFH� LV� DOVR� JLYHQ�� 7KH� DYDLODEOH� 5'$� RXWSXW�
PDWULFHV�DUH��

• &DQRQLFDO�(LJHQ�9HFWRUV��8���(LJHQYHFWRUV�UHVXOWLQJ�IURP�WKH�GHFRPSRVLWLRQ�RI�ILWWHG�
UHVSRQVH�YDOXHV�FRYDULDQFH�PDWUL[��

• &DQRQLFDO�6FRUHV� �)� �<8���2EMHFW� VFRUHV� �DOVR�FDOOHG�³VLWH�VFRUHV´�� UHVXOWLQJ� IURP�
SURMHFWLQJ�RULJLQDO�UHVSRQVH�YDOXHV�RQ�FDQRQLFDO�D[HV��

• )LWWHG� &DQRQLFDO� 6FRUHV� � ;%88<= == Ö ��� 2EMHFW� VFRUHV� �DOVR� FDOOHG� ³ILWWHG� VLWH�
VFRUHV´��UHVXOWLQJ�IURP�SURMHFWLQJ�ILWWHG�UHVSRQVH�YDOXHV�RQ�FDQRQLFDO�D[HV��

• 1RQ�&DQRQLFDO�(LJHQ�9HFWRUV��8UHV���(LJHQYHFWRUV�UHVXOWLQJ�IURP�WKH�'HFRPSRVLWLRQ�RI�5HVLGXDO�5HVSRQVH�9DOXHV�&RYDULDQFH�0DWUL[��
• 1RQ�&DQRQLFDO� 6FRUHV� �)UHV � <UHV8UHV��� 2EMHFW� VFRUHV� UHVXOWLQJ� IURP� SURMHFWLQJ�UHVLGXDO�UHVSRQVH�YDOXHV�RQ�QRQ�FDQRQLFDO�D[HV��
• )LWWHG�5HVSRQVH�9DOXHV�� %;< =Ö ���)LWWHG�9DOXHV�UHVXOWLQJ�IURP�0XOWLSOH�5HJUHVVLRQV��
• �6WDQGDUGL]HG��5HJUHVVLRQ�&RHIILFLHQWV��%����6WDQGDUGL]HG��UHJUHVVLRQ�FRHIILFLHQWV�IRU�

�VWDQGDUGL]HG��H[SODQDWRU\�YDULDEOHV�UHVXOWLQJ�IURP�PXOWLSOH�UHJUHVVLRQV��
• &DQRQLFDO� &RHIILFLHQWV� �&�  � %8��� :HLJKWV� RI� WKH� H[SODQDWRU\� YDULDEOHV�;� RQ� WKH�

IRUPDWLRQ�RI�WKH�FDQRQLFDO�D[HV��
• &RUUHODWLRQV� ;� YV�� )�� 3HDUVRQ� FRUUHODWLRQV� EHWZHHQ� H[SODQDWRU\� YDULDEOHV� DQG�

FDQRQLFDO�VFRUHV���
������5'$�SORWV�DQG�ELSORWV�

$V�LQ�3&$��5'$�SORWV�DQG�ELSORWV�FRXOG�EH�EDVHG�RQ�WZR�W\SHV�RI�VFDOLQJ��EHFDXVH�FDQRQLFDO�
D[HV�FDQ�EH�VFDOHG�WR�OHQJWK�HTXDO�WR���RU�WR�OHQJWK�HTXDO�WR�LWV�VWDQGDUG�GHYLDWLRQ�� L ���7KH�VDPH�
DSSOLHV�WR�WKH�QRQ�FDQRQLFDO�D[HV��,Q�*,1.*2�VFDOLQJ�WR�OHQJWK���LV�WKH�RQO\�VFDOLQJ�DYDLODEOH�IRU�
5'$���

&DQRQLFDO�RUGLQDWLRQ�SORWV�FDQ�EH�EXLOW�LQ�*,1.*2�XVLQJ��HLWKHU�)��=�RU�8��$GGLWLRQDOO\��)�
DQG�8�RU�=�DQG�8�FDQ�EH�XVHG�WRJHWKHU�LQ�ELSORWV�EHFDXVH�WKH�SURGXFWV�RI�WKH�HLJHQYHFWRUV�ZLWK�
WKH� REMHFW� VFRUH�PDWULFHV� UHFRQVWUXFW� WKH� RULJLQDO�PDWULFHV� �HLWKHU�<� RU� <Ö ��� 7KHVH� ELSORWV� DUH�
FDOOHG�GLVWDQFH�ELSORWV� �LQ� WKH� VFDOLQJ� WR� OHQJWK����� DQG�DOORZ� WKH� LQWHUSUHWDWLRQ� WR� IRFXV�RQ� WKH�
RUGLQDWLRQ�RI� REMHFWV� EHFDXVH�(XFOLGHDQ�GLVWDQFHV� DSSUR[LPDWH� WKHLU�(XFOLGHDQ�GLVWDQFHV� LQ� WKH�
VSDFH�RI�UHVSRQVH�YDULDEOHV��6LPLODUO\��QRQ�FDQRQLFDO�RUGLQDWLRQ�SORWV�FDQ�EH�EXLOW�XVLQJ�)UHV�RU�
8UHV��DQG�D�QRQ�FDQRQLFDO�GLVWDQFH�ELSORW�LV�DYDLODEOH�VKRZLQJ�WKH�LQIRUPDWLRQ�RQ�ERWK�PDWULFHV��
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����&DQRQLFDO�&RUUHVSRQGHQFH�$QDO\VLV��&&$��
������,QWURGXFWLRQ�WR�&DQRQLFDO�FRUUHVSRQGHQFH�DQDO\VLV�

&DQRQLFDO� FRUUHVSRQGHQFH� DQDO\VLV� �&&$�� WHU� %UDDN� ������ ������ LV� WKH� FDQRQLFDO� IRUP� RI�
FRUUHVSRQGHQFH�DQDO\VLV��VHFWLRQ�������$Q\�GDWD�WDEOH�WKDW�FRXOG�EH�VXEMHFWHG�WR�FRUUHVSRQGHQFH�
DQDO\VLV�IRUPV�D�VXLWDEOH�UHVSRQVH�PDWUL[�<�IRU�&&$��VHH���������

7KH�PDWKHPDWLFV�RI�&&$� LV� HVVHQWLDOO\� WKH� VDPH�DV� LQ� UHGXQGDQF\�DQDO\VLV� �VHH� VXEVHFWLRQ�
�������� 7KXV� &&$� LV� HVVHQWLDOO\� D� PXOWLSOH� UHJUHVVLRQ� IROORZHG� E\� DQ� RUGLQDWLRQ� DQDO\VLV��
+RZHYHU��WKHUH�DUH�VRPH�GLIIHUHQFHV��7KH�GHSHQGHQW�GDWD�WDEOH�LQ�&&$�LV�QRW�PDWUL[�<�FHQWHUHG�
E\� YDULDEOHV� DV� LQ� 5'$�� &&$� XVHV� PDWUL[� 4� RI� FRQWULEXWLRQV� WR� WKH� χ�� VWDWLVWLF� �VHH�
FRUUHVSRQGHQFH� DQDO\VLV� VHFWLRQ��� 5HODWLYH� IUHTXHQFLHV� LQ� <� DUH� DOVR� XVHG� LQ� WKH� VFDOLQJ�
RSHUDWLRQV�� $QRWKHU� GLIIHUHQFH� LV� WKDW� ZHLJKWHG� PXOWLSOH� UHJUHVVLRQ� LV� XVHG� LQVWHDG� RI� D�
FRQYHQWLRQDO�OLQHDU�PXOWLSOH�UHJUHVVLRQ��&&$�DSSUR[LPDWHV�χ��GLVWDQFHV�EHWZHHQ�WKH�URZV�RI�WKH�
GHSHQGHQW�GDWD�PDWUL[��VXEMHFW�WR�WKH�FRQVWUDLQW�WKDW�WKH�FDQRQLFDO�RUGLQDWLRQ�YHFWRUV�KDYH�WR�EH�
PD[LPDOO\�UHODWHG�WR�ZHLJKWHG�OLQHDU�FRPELQDWLRQV�RI�WKH�H[SODQDWRU\�YDULDEOHV��
������0HWKRG�DQG�DOJHEUD�RI�&&$�

+HUH�<�PXVW�EH�UHJDUGHG�DV�D�FRQWLQJHQF\�WDEOH�ZLWK�Q�URZV�DQG�S�FROXPQV��7KHUHIRUH��WKHLU�
FHOO�YDOXHV� �\LM�� VKRXOG�EH� UHJDUGHG�DV� IUHTXHQFLHV� �\LM� � ILM���7KHQ��D�PDWUL[�3� �>SLM@�RI� UHODWLYH�IUHTXHQFLHV�FDQ�EH�FRPSXWHG��,Q�DGGLWLRQ��WKH�PDUJLQDOV�KDYH�WR�EH�FDOFXODWHG���

∑ =+ =
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7KH�&&$�PHWKRG�LV�DV�IROORZV���
��� &RPSXWH�4�� WKH�PDWUL[� RI� GHSDUWXUHV� �UHVLGXDOV�� RI� WKH� UHVSRQVH�PDWUL[�<� IURP� WKH�
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$V� LQ� FRUUHVSRQGHQFH� DQDO\VLV�� WKH� VXP�RI� VTXDUHV� RI� DOO� YDOXHV� LQ�PDWUL[�4� �∑ �
LMT ��

PHDVXUHV�WKH�WRWDO�LQHUWLD�LQ�4��
��� 7KH�H[SODQDWRU\�PDWUL[�;�LV�VWDQGDUGL]HG�XVLQJ�ZHLJKWV�'�\L�������� :HLJKWHG�PXOWLSOH�UHJUHVVLRQ�LV�XVHG�LQVWHDG�RI�WKH�FRQYHQWLRQDO�PXOWLSOH�UHJUHVVLRQ��

7R�GR�D�ZHLJKWHG�PXOWLSOH�UHJUHVVLRQ��WKH�ZHLJKWV��JLYHQ�E\�GLDJRQDO�PDWUL[�'�SL�������PXVW�EH�DSSOLHG�WR�PDWUL[�;�HYHU\ZKHUH�LW�RFFXUV��7KH�PXOWLSOH�UHJUHVVLRQ�FRHIILFLHQWV�
RI�5'$�DUH�LQ�&&$�FRPSXWHG�DV��

� [ ] 4';
;';
% ���� ���� +
−

+= LL SS � �������
DQG�WKH�HTXDWLRQ�IRU�FRPSXWLQJ�<Ö LV��
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��� (LJHQYDOXH�GHFRPSRVLWLRQ�LV�FDUULHG�RXW�RQ�WKH�FRYDULDQFH�PDWUL[� <<6 Ö
Ö ��ZKLFK�LQ�WKLV�
FDVH�LV�VLPSO\��
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(LJHQYDOXH�GHFRPSRVLWLRQ�SURGXFHV�D�GLDJRQDO�PDWUL[�RI�HLJHQYDOXHV�/�DQG�D�PDWUL[�8�
RI�HLJHQYHFWRUV��

��� 7KH�QRUPDOL]HG�PDWUL[�8Ö LV�REWDLQHG�XVLQJ�
� ���Ö 488 = � �������

7KLV�PDWUL[�GRHV�QRW�FRQWDLQ�WKH�ORDGLQJV�RI�WKH�URZV�RI� <Ö �RQ�WKH�FDQRQLFDO�D[HV��EXW�
WKH�ORDGLQJV�RI�WKH�URZV�RI�4�RQ�WKH�FDQRQLFDO�D[HV��DV�LQ�FRUUHVSRQGHQFH�DQDO\VLV��,W�LV�
XVHG� WR� ILQG� WKH�³VLWH�VFRUHV´� LQ� WKH�VSDFH�RI� WKH�RULJLQDO�YDULDEOHV��&DQRQLFDO�FROXPQ�
DQG� URZ� VFRUHV� IRU� WKH� WZR� &$� VFDOLQJV� �PDWULFHV�9&DQ�� 9Ö &DQ�� )&DQ� DQG� )� &DQ�� DUH�REWDLQHG�XVLQJ�WKH�WUDQVIRUPDWLRQV�RI�����������������������DQG���������

��� 7KH�³ILWWHG�VLWH�VFRUHV´��OLQHDU�FRPELQDWLRQV�RI�WKH�HQYLURQPHQWDO�YDULDEOHV��DUH�IRXQG�
IURP�<Ö XVLQJ�WKH�IROORZLQJ�HTXDWLRQV��

� 8<'= Ö�� ���
�

−
+= LVFDOLQJ S � �������

� ������
� Ö�� −−

+= 8<'= LVFDOLQJ S � �������

��� 5HVLGXDOV� � <4<UHV Ö−= �� FDQ� EH� DQDO\]HG� E\� DSSO\LQJ� HLJHQYDOXH� GHFRPSRVLWLRQ� WR�
FRYDULDQFH�PDWUL[� UHVUHV<< <<6 � � �� � � 

 = ��SURGXFLQJ�PDWULFHV�RI�QRQ�FDQRQLFDO�HLJHQYDOXHV�
DQG�HLJHQYHFWRUV��7KHQ�D�QRQ�FDQRQLFDO�PDWUL[�8Ö �LV�REWDLQHG�XVLQJ��������DQG�WKH�QRQ�
FDQRQLFDO�VFRUHV�IRU�ERWK�URZV�DQG�FROXPQV�DUH�FRPSXWHG�DJDLQ�XVLQJ�HTXDWLRQV���������
������� ������� DQG� ��������2Q� WKHVH� HTXDWLRQV� WKH� URZ� DQG� FROXPQ� VXPV� ����� −

+LS' � DQG�
����� −

+ MS' IURP�WKH�RULJLQDO�PDWUL[�<�KDYH�WR�EH�XVHG��
�
������5XQQLQJ�&&$�

$V�ZLWK�LWV�OLQHDU�FRXQWHUSDUW��ZKHQ�UXQQLQJ�&&$�LQ�*,1.*2�WKH�XVHU�PXVW�VSHFLI\�ZKLFK�
WZR�GDWD�LWHPV�LQ�WKH�'DWD�(GLWRU�ZLOO�EH�XVHG�DV�H[SODQDWRU\�DQG�UHVSRQVH�PDWULFHV��1RWH�WKDW�LI�
WKHUH� DUH� OHVV� WKDQ� WZR� REMHFW� GHVFULSWRU� PDWULFHV� &&$� FDQQRW� EH� FRPSXWHG�� 2WKHU� RSWLRQV�
LQFOXGH�ZKHWKHU�DOO�HLJHQYDOXHV�KDYH�WR�EH�NHSW�DQG�ZKLFK�RXWSXW�PDWULFHV�DUH�GHVLUHG���

(LJHQYDOXH�RXWSXW�LQIRUPDWLRQ�LV�OLVWHG�LQ�WZR�VHSDUDWH�EORFNV��RQH�IRU�FDQRQLFDO�D[HV�DQG�WKH�
RWKHU� IRU� WKH� QRQ�FDQRQLFDO� RQHV�� 7KH� SDUWLWLRQ� RI� WKH� WRWDO� LQHUWLD� RI�4� EHWZHHQ� WKH� LQHUWLD�
H[SODLQHG�E\�UHJUHVVLRQ�DQG�WKH�UHVLGXDO�LQHUWLD�LV�DOVR�JLYHQ���
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7KH�DYDLODEOH�RXWSXW�PDWULFHV�RI�&&$�DUH��
• &DQRQLFDO�VLWH�VFRUHV�VFDOLQJ����)&DQ���5RZ�VFRUHV�RQ�WKH�FDQRQLFDO�D[HV�IRU�VFDOLQJ����
• &DQRQLFDO�VLWH�VFRUHV�VFDOLQJ����9Ö &DQ���5RZ�VFRUHV�RQ�WKH�FDQRQLFDO�D[HV�IRU�VFDOLQJ����
• &DQRQLFDO�VSHFLHV�VFRUHV�VFDOLQJ����9&DQ���&ROXPQ�VFRUHV�RQ�WKH�FDQRQLFDO�D[HV�IRU�VFDOLQJ����
• &DQRQLFDO�VSHFLHV�VFRUHV�VFDOLQJ����)� &DQ���&ROXPQ�VFRUHV�RQ�WKH�FDQRQLFDO�D[HV�IRU�VFDOLQJ����
• 1RQ�FDQRQLFDO�VLWH�VFRUHV�VFDOLQJ����)1RQ&DQ���6LWH�6FRUHV�RQ�WKH�QRQ�FDQRQLFDO�D[HV�IRU�6FDOLQJ����
• 1RQ�FDQRQLFDO�VLWH�VFRUHV�VFDOLQJ����9Ö 1RQ&DQ���5RZ�VFRUHV�RQ�WKH�QRQ�FDQRQLFDO�D[HV�IRU�VFDOLQJ����
• 1RQ�FDQRQLFDO� VSHFLHV� VFRUHV� VFDOLQJ� �� �91RQ&DQ��� &ROXPQ� VFRUHV� RQ� WKH� QRQ�FDQRQLFDO� D[HV� IRU�VFDOLQJ����
• 1RQ�FDQRQLFDO� VSHFLHV� VFRUHV� VFDOLQJ��� �)� 1RQ&DQ���&ROXPQ� VFRUHV�RQ� WKH�QRQ�FDQRQLFDO� D[HV� IRU�6FDOLQJ���
• &DQRQLFDO� HLJHQYHFWRUV� �8&DQ��� (LJHQYHFWRUV� UHVXOWLQJ� IURP� WKH� GHFRPSRVLWLRQ� RI� ILWWHG� UHVSRQVH�

YDOXHV�FRYDULDQFH�PDWUL[�� <<6 <<
Ö
ÖÖ
Ö = ���

• 1RQ�FDQRQLFDO� HLJHQYHFWRUV� �81RQ&DQ��� (LJHQYHFWRUV� UHVXOWLQJ� IURP� WKH� GHFRPSRVLWLRQ� RI� WKH�UHVLGXDO�UHVSRQVH�FRYDULDQFH�PDWUL[�� UHVUHV<< <<6 � � �� � � 

 = ���
• ([SODQDWRU\�YDULDEOH�ZHLJKWV� �&� �%8&DQ���:HLJKWV��FRQWULEXWLRQ��RI�H[SODQDWRU\�YDULDEOHV�LQ�WKH�

IRUPDWLRQ�RI�WKH�PDWUL[�RI�ILWWHG�VLWH�VFRUHV��
• &RUUHODWLRQ�;�YV�9Ö &DQ��&RUUHODWLRQV�EHWZHHQ�H[SODQDWRU\�YDULDEOHV�DQG�VLWH�VFRUHV��
• )LWWHG�UHVSRQVH�YDOXHV��<Ö ���)LWWHG�YDOXHV�UHVXOWLQJ�IURP�ZHLJKWHG�PXOWLSOH�UHJUHVVLRQV��
• 5HJUHVVLRQ�FRHIILFLHQWV��%����9DULDEOH�FRHIILFLHQWV�UHVXOWLQJ�IURP�ZHLJKWHG�PXOWLSOH�UHJUHVVLRQV��

������&&$�SORWV�DQG�ELSORWV��

*,1.*2�DOORZV�&&$�SORWV�RI�URZ��VLWHV��)&DQ��VSDFH�RU�FROXPQ��VSHFLHV��)� &DQ��VSDFH��:LWK�
VFDOLQJ�W\SH����FDQRQLFDO�ELSORWV�FDQ�EH�GUDZQ�XVLQJ�HLWKHU�)&DQ�DQG�9&DQ��RU�=6FDOLQJ���DQG�9&DQ��
$QDORJRXVO\��ZLWK�VFDOLQJ�W\SH����FDQRQLFDO�ELSORWV�FDQ�EH�GUDZQ�XVLQJ�HLWKHU�)� &DQ�DQG�9Ö &DQ��RU�
=6FDOLQJ� �� DQG� )� &DQ�� 2QH�PDWUL[� SORWV� RI� WKH� QRQ�FDQRQLFDO� FRQWULEXWLRQ� DUH� EXLOW� XVLQJ� HLWKHU�
)1RQ&DQ�RU�)� 1RQ&DQ��%LSORWV�RI�WKH�QRQ�FDQRQLFDO�FRQWULEXWLRQ�FDQ�EH�GRQH�XVLQJ�HLWKHU�)1RQ&DQ�DQG�
91RQ&DQ�IRU�VFDOLQJ���RU�)� 1RQ&DQ�DQG�9Ö 1RQ&DQ�IRU�VFDOLQJ����
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����5HODWHG�0XOWLGLPHQVLRQDO�6FDOLQJ��50'6��
������,QWURGXFWLRQ�

:KHUHDV� UHGXQGDQF\� DQDO\VLV� DQG� FDQRQLFDO� FRUUHVSRQGHQFH� DQDO\VLV� XVH� RQH�PDWUL[� DV� DQ�
H[SODQDWRU\� GDWD� PDWUL[� DQG� WKH� RWKHU� DV� D� UHVSRQVH� PDWUL[�� UHODWHG� PXOWLGLPHQVLRQDO� VFDOLQJ�
�50'6�� &XDGUDV� 	� )RUWLDQD� ������ WUHDWV� ERWK� PDWULFHV� V\PPHWULFDOO\� �L�H�� WKH\� FDQ� EH�
LQWHUFKDQJHG�ZLWKRXW�DQ\�HIIHFW���50'6�FRPELQHV�WKH�UHVHPEODQFH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WZR�
GLVVLPLODULW\�PDWULFHV�WR�GHULYH�D�VLQJOH�(XFOLGHDQ�UHSUHVHQWDWLRQ��50'6�FDUULHV�WKH�DGYDQWDJH�RI�
EHLQJ�DEOH� WR� ILOWHU�RXW� UHGXQGDQW� UHVHPEODQFH� LQIRUPDWLRQ� IURP� WKH� WZR�GLVVLPLODULW\�PDWULFHV��
,QGHHG��WKLV�RUGLQDWLRQ�PHWKRG�FDQ�EH�YLHZHG�DV�WKH�V\PPHWULF�FDQRQLFDO�FRXQWHUSDUW�RI�FODVVLFDO�
0'6���
������50'6�IRXQGDWLRQV�DQG�PHWKRG�GHVFULSWLRQ�

6XSSRVH�WKDW�ZH�KDYH�WZR�Q�[�Q�GLVWDQFH�PDWULFHV�'$� �>G$�L��M�@�DQG�'%� �>G%�L��M�@��ZKLFK�DUH�GHILQHG�RQ�WKH�VDPH�ILQLWH�VHW�RI�REMHFWV��SDLUHG�EHWZHHQ�WKHP��$V�LQ�FODVVLFDO�0'6��RXU�REMHFWLYH�
LV� WR�FRQVWUXFW�D� MRLQW�Q�[�Q�GLVWDQFH�PDWUL[�'$% �>G$%�L�� M�@�ZKLFK�DOORZV�XV� WR� UHSUHVHQW� WKH�Q�REMHFWV�LQ�D�VLQJOH�SORW��UHODWLQJ�WKH�SORWV�WKDW�RQH�ZRXOG�REWDLQ�DSSO\LQJ�FODVVLFDO�0'6�RQ�HLWKHU�
'$�RU�'%��7KH�SUREOHP�RI�FRQVWUXFWLQJ�'$%� LV�VLPLODU� WR�WKDW�RI�FRQVWUXFWLQJ�D�MRLQW�SUREDELOLW\�GLVWULEXWLRQ�JLYHQ� LWV�PDUJLQDOV��7KH� DXWKRUV� �&XDGUDV�	�)RUWLDQD�������SURSRVH� WKH� IROORZLQJ�
SURSHUWLHV�IRU�G$%��ZLWK�PDUJLQDO�GLVWDQFHV�G$�DQG�G%��
� ,I�G$� ���WKHQ�G$%� �G%���,I�G%� ���WKHQ�G$%� �G$�� �����D��
� ,I�G$� �G%�WKHQ�G$%� �G$� �G%�� �����E��

,I� WKH� SULQFLSDO� FRRUGLQDWHV� REWDLQHG� IURP� '$� DQG� WKRVH� REWDLQHG� IURP� '%� DUH�RUWKRJRQDO��WKHQ�G$%�� �G$����G%��� �����F��
.QRZLQJ�KRZ�FODVVLFDO�0'6�ZRUNV��WKH�50'6�PHWKRG�LV�VLPSO\�DV�IROORZV��
��� /HW� '$� DQG� '%� EH� WKH� LQQHU� SURGXFW� PDWULFHV� DVVRFLDWHG� ZLWK�'$� DQG�'%� UHVSHFWLYHO\��7KHVH�LQQHU�SURGXFW�PDWULFHV�DUH�REWDLQHG�DSSO\LQJ�HTXDWLRQV�������DQG�������WR�PDWULFHV�'$�DQG�'%��
��� 7KH�LQQHU�SURGXFW�PDWUL[�'$%�DVVRFLDWHG�ZLWK�WKH�PDWUL[�'$%�RI�MRLQW�GLVWDQFHV�LV�JLYHQ�E\��

� ���
� ������������

$%%$%$$% +−+= � �������

ZKHUH� 
������
αααα ;; ⋅⋅= �� EHLQJ� α; WKH� SULQFLSDO� FRRUGLQDWHV�� DQG� α WKH� GLDJRQDO�

PDWUL[�RI�HLJHQYDOXHV��α� �$��%���,W�FDQ�EH�SURYHG�WKDW�WKH�PDWUL[�'$%�RI�MRLQW�GLVWDQFHV��
ZKRVH� FRUUHVSRQGLQJ� LQQHU� SURGXFW� PDWUL[� LV� '$%�� IXOILOV� WKH� SURSHUWLHV� RI� �����D�F���SURYLGHG�WKDW�'$�DQG�'%�KDYH�WKH�VDPH�JHRPHWULF�YDULDELOLW\��VHH���������L�H��LI��
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1RWH� WKDW� WKLV� FRQGLWLRQ� FDQ� DOZD\V� EH� DVVXPHG� WR� KROG�� VLQFH� PXOWLSO\LQJ� RQH� RI� WKH�
PDUJLQDO�GLVWDQFHV�E\�DQ�DSSURSULDWH�FRQVWDQW�DPRXQWV�WR�D�FKDQJH�RI�PHDVXUHPHQW�XQLW��
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��� )LQDOO\�� WKH� UHODWHG� PHWULF� VFDOLQJ� VROXWLRQ� ;$%� LV� FRPSXWHG� IURP� WKH� VSHFWUDO�GHFRPSRVLWLRQ� RI� '$%�� ZKLFK� JLYHV� WKH� PDWUL[� RI� HLJHQYDOXHV $% DQG� WKH� PDWUL[� RI�
HLJHQYHFWRUV $%8 ��

� ���
$%$%$% 8; = � �������

������50'6�LQ�*,1.*2�

6LPLODUO\� WR� 5'$� DQG� &&$� WR� UXQ� 50'6� LQ� *,1.*2� WKH� XVHU� PXVW� VSHFLI\� ZKLFK� WZR�
V\PPHWULF�GLVVLPLODULW\�LWHPV�LQ�WKH�'DWD�(GLWRU�ZLOO�EH�XVHG�DV�RULJLQDO�GLVWDQFH�PDWULFHV�'$�DQG�
'%�� +RZHYHU�� LQ� WKLV� FDVH� WKH� RUGHULQJ� RI� WKH�PDWULFHV� LV� QRW� LPSRUWDQW�� VLQFH� WKH� DQDO\VLV� LV�V\PPHWULF��7ZR�FKHFNER[�RSWLRQV�RI�WKH�PHWKRG�FDQ�EH�FKDQJHG��
1HJDWLYH�(9�FRUUHFWLRQ�� ,W�PD\�KDSSHQ� WKDW� HLWKHU�'$�RU�'%��RU�ERWK�GLVVLPLODULW\�PDWULFHV�DUH�QRQ�(XFOLGHDQ�� ,Q� HLWKHU� FDVH�� '$%� ZRXOG� FRQVHTXHQWO\� KDYH� VRPH� QHJDWLYH� HLJHQYDOXHV��7KHUHIRUH�LW�LV�DGYLVDEOH�WR�DSSO\�WKH�XVXDO�/LQJRHV��������FRUUHFWLRQ�������EHIRUH�50'6��
0DNH�JHRPHWULF�YDULDQFHV�HTXDO��,Q�VWHS���RI�50'6�LW�LV�DVVXPHG�WKDW�'$�DQG�'%�KDYH�WKH�VDPH�JHRPHWULF� YDULDELOLW\�� ,I� WKLV� RSWLRQ� LV� VHOHFWHG�� D� FRUUHFWLQJ� IDFWRU� LV� DSSOLHG� WR�'%� LQ� RUGHU� WR�HQVXUH�WKLV�SURSHUW\��

7KH�50'6�URXWLQH�RXWSXWV�D�OLVW�RI�HLJHQYDOXHV�� $% ��DQG�WKHLU�DVVRFLDWHG���RI�YDULDQFH��RI�WKH� MRLQW�$%� VSDFH��� DV�ZHOO� DV� WKH� FXPXODWLYH� SHUFHQWDJHV�� 2XWSXW�PDWULFHV� DUH� WKH�PDWUL[� RI�
HLJHQYHFWRUV�� $%8 ���WKH�50'6�REMHFW�SULQFLSDO�FRRUGLQDWHV��;$%��DQG�WKH�50'6�GLVWDQFHV�LQ�WKH�
IXOO�RUGLQDWLRQ�VSDFH��



&KDSWHU����&ODVVLILFDWLRQ�PHWKRGV�
�

����&ODVVLILFDWLRQ�FRQFHSWV��&OXVWHULQJ�DQG�'LVFULPLQDQW�$QDO\VLV��
7KH� QHFHVVLW\� RI� HVWDEOLVKLQJ� FODVVHV� DPRQJ� D� VHW� RI� HOHPHQWV� LV�PRWLYDWHG� E\� WKH�D�SULRUL�

EHOLHI� WKDW� WKH� REVHUYHG� YDULDELOLW\� RI� GDWD� PDNHV� LW� SRVVLEOH� WR� GLYLGH� WKH� VHW� LQWR� FDWHJRULHV�
ZKLFK� DUH� H[SHFWHG� WR� EH� XVHIXO� LQ� IXUWKHU� VWXGLHV�� +RZHYHU�� WKH� ZD\� RQH� VKRXOG� WDFNOH� WKH�
FODVVLILFDWLRQ�SUREOHP�ZLOO�EH�GLIIHUHQW�GHSHQGLQJ�RQ�WKH�D�SULRUL�NQRZOHGJH�RI�GDWD���

,I� WKHUH� LV� D� VXEVHW� RI� GDWD� VDPSOHV� ZKRVH� FODVVLILFDWLRQ� LV� NQRZQ� D� SULRUL�� ZH� DUH� WKHQ�
DOORZHG�WR�XVH�WKLV�VXEVHW�DV�D�WUDLQLQJ�VHW�WR�PDWKHPDWLFDOO\�OHDUQ�KRZ�WR�FODVVLI\�QHZ�VDPSOHV��
7KLV� LV�ZKDW� LV�GRQH�LQ�GLVFULPLQDQW�DQDO\VLV�PHWKRGV�DQG�UHODWHG�WHFKQLTXHV��7KRVH�PHWKRGV�
XVH�WKH�WUDLQLQJ�GDWD�WR�EXLOG�VRPH�QXPHULFDO�FULWHULD�RU�UXOHV��ZKLFK�DUH�H[SHFWHG�WR�EH�XVHIXO�LQ�
FODVVLI\LQJ�QHZ�REVHUYDWLRQV�ZKRVH�FODVV�LV�XQNQRZQ��7KH�TXDOLW\�RI�WKH�UXOHV�EXLOW�GHSHQGV�RQ�
WKH�TXDOLW\�DQG�TXDQWLW\�RI�LQIRUPDWLRQ�DERXW�WKH�JURXSV�DYDLODEOH��7KH�EHVW�VLWXDWLRQ�LV�ZKHQ�RQH�
QRW�RQO\�NQRZV�WKH�FODVVLILFDWLRQ�RI�WKH�WUDLQLQJ�VHW��EXW�DOVR�NQRZV�WKH�PXOWLYDULDWH�GLVWULEXWLRQ�
RI�HDFK�JURXS�DQG�LWV�SDUDPHWHUV��,Q�WKLV�LGHDO�FDVH�WKH�RSWLPDO�RU�%D\HV�FODVVLILFDWLRQ�UXOH�FRXOG�
EH�DSSOLHG��,I�RQH�NQRZV�WKH�WKHRUHWLFDO�GLVWULEXWLRQ�RI�YDULDEOHV�EXW�QRW� WKHLU�SDUDPHWHUV�� WKHVH�
FDQ� EH� HVWLPDWHG� XVLQJ� VDPSOH� VWDWLVWLFV��8QIRUWXQDWHO\�� LW� LV� YHU\� FRPPRQ� WR� LJQRUH� HYHQ� WKH�
WKHRUHWLFDO�GLVWULEXWLRQ�RI�GDWD���

$Q�XVXDO�VWHS�LQ�HFRORJLFDO�DQDO\VLV�LV�WR�VWDUW�ZLWK�DQ�DOUHDG\�NQRZQ�JURXSLQJ�RI�WKH�REMHFWV�
DQG� WU\� WR� GHWHUPLQH� WR� ZKDW� H[WHQW� D� VHW� RI� TXDQWLWDWLYH� GHVFULSWRUV� FDQ� DFWXDOO\� H[SODLQ� WKLV�
JURXSLQJ��,W�PD\�EH�WKH�UHVXOW�RI�D�FOXVWHU�DQDO\VLV�FRPSXWHG�IURP�D�GLIIHUHQW�GDWD�VHW��RU�UHIOHFW�D�
K\SRWKHVLV� WR�EH� WHVWHG��7KXV�� DSDUW� IURP�EHLQJ�DEOH� WR�FODVVLI\�QHZ�REVHUYDWLRQV��GLVFULPLQDQW�
DQDO\VLV� KHOSV� WR� LQWHUSUHW� DOUHDG\� GHILQHG� JURXSV�� 6RPH� UHIHUHQFH� PDQXDOV� RQ� GLVFULPLQDQW�
DQDO\VLV�DUH�0F/DFKODQ���������0DUGLD�HW�DO���������RU�'XGD�HW�DO����������

,Q� WKH�ZRUVW� FDVH�� WKH�FODVVLILFDWLRQ�RI� WKH� WUDLQLQJ�VHW�FDQ�DOVR�EH�XQNQRZQ��7KHQ�� WKHUH� LV�
DFWXDOO\�QR�WUDLQLQJ�VHW�DQG�GLVFULPLQDQW�DQDO\VLV�FDQQRW�EH�XVHG��/XFNLO\�WKHUH�LV�D�VHFRQG�JURXS�
RI�FODVVLILFDWLRQ�PHWKRGV�WKDW�FDQ�EH�XVHG��FOXVWHU�DQDO\VLV��RU�FOXVWHULQJ��PHWKRGV��,Q�FRQWUDVW�
WR�GLVFULPLQDQW�DQDO\VLV��WKH�ODFN�RI�D�SULRUL�NQRZOHGJH�DERXW�GDWD�FDXVHV�FOXVWHULQJ�PHWKRGV�WR�
EH�YHU\�KHXULVWLF�LQ�WKHLU�DSSURDFK�WR�FODVVLILFDWLRQ��+DUWLJDQ��������VWDWHG�LQ�UHIHUHQFH�WR�WKRVH�
PHWKRGV�� µWKH\� DUH� QRW� \HW� DQ� DFFHSWHG� LQKDELWDQW� RI� WKH� VWDWLVWLFDO�ZRUOG¶�� 5HIHUHQFH�PDQXDOV�
IRFXVLQJ�RQ�FOXVWHU�DQDO\VLV�DUH�-DLQ�	�'XEHV���������(YHULWW��������RU�*RUGRQ���������

2QH� RI� WKH� IXQGDPHQWDO� SUREOHPV� RI� FOXVWHU� DQDO\VLV� �DQG� VRPHWLPHV� DOVR� RI� GLVFULPLQDQW�
DQDO\VLV��LV�WKH�ODFN�RI�D�SUHFLVH�GHILQLWLRQ�RI�ZKDW�D�FOXVWHU�LV��7KLV�KDV�OHG�WR�D�KXJH�DPRXQW�RI�
GLIIHUHQW�DG�KRF�FOXVWHULQJ�PHWKRGV�DQG�DOJRULWKPV��:H�ZLOO�IRFXV�KHUH�PDLQO\�RQ�WKRVH�EDVHG�RQ�
LQWHUREMHFW� GLVWDQFHV�� %H\RQG� WKLV�� WKHUH� DUH� PDQ\� SRVVLELOLWLHV�� 2QH�PD\�� IRU� LQVWDQFH�� FUHDWH�
FOXVWHUV� E\� FRQQHFWLQJ� FORVH� SRLQWV�� E\� VHHNLQJ� GHQVH� UHJLRQV�RI� SRLQWV� RU� E\�SDUWLWLRQLQJ�GDWD�
VHHNLQJ�WR�PLQLPL]H�JURXS�YDULDQFHV��([DPSOH�PHWKRGV�IRU�WKHVH�FOXVWHULQJ�FULWHULD�DUH�IRXQG�LQ�
WKH�QH[W�VHFWLRQV��
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����&DQRQLFDO�OLQHDU�GLVFULPLQDQW�DQDO\VLV�
������,QWURGXFWLRQ�

/LQHDU��RU�FDQRQLFDO��GLVFULPLQDQW�DQDO\VLV�FDQ�EH�VHHQ�DV�D�PHWKRG�RI�OLQHDU�PRGHOLQJ��OLNH�
DQDO\VLV�RI�YDULDQFH��PXOWLSOH�OLQHDU�UHJUHVVLRQ��DQG�FDQRQLFDO�FRUUHODWLRQ�DQDO\VLV��,W�SURFHHGV�LQ�
WZR�VWHSV��)LUVW��RQH�WHVWV�IRU�GLIIHUHQFHV�LQ�WKH�H[SODQDWRU\�YDULDEOHV��;���DPRQJ�WKH�SUHGHILQHG�
JURXSV��WKLV�LGHQWLFDO�WR�WKH�RYHUDOO�PXOWLYDULDWH�DQDO\VLV�RI�YDULDQFH�WHVWV���,I�WKH�WHVWV�VXSSRUW�WKH�
DOWHUQDWLYH�K\SRWKHVLV�RI�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�JURXSV��WKH�DQDO\VLV�SURFHHGV�WR�ILQG�WKH�
OLQHDU�FRPELQDWLRQV��DOVR�FDOOHG�GLVFULPLQDQW�IXQFWLRQV��RI�WKH�;�YDULDEOHV�WKDW�EHVW�GLVFULPLQDWH�
DPRQJ�JURXSV��/LQHDU�GLVFULPLQDQW�DQDO\VLV�LV�DOVR�FDOOHG�FDQRQLFDO�YDULDWH�DQDO\VLV��&9$���

$QDO\VLV�RI�YDULDQFH�LV�RIWHQ�XVHG�IRU�VFUHHQLQJ�YDULDEOHV�SULRU�WR�OLQHDU�GLVFULPLQDQW�DQDO\VLV��
+RZHYHU�� DQ\� VLQJOH� YDULDEOH�PD\�QRW� GLVFULPLQDWH� EHWZHHQ�JURXSV�ZHOO� DOWKRXJK� LW�PD\�KDYH�
KLJK�GLVFULPLQDWLQJ�SRZHU�LQ�FRPELQDWLRQ�ZLWK�RWKHU�YDULDEOHV��7KHUHIRUH��RQH�VKRXOG�EH�FDUHIXO�
ZKHQ� XVLQJ� XQLYDULDWH� DQDO\VLV� WR� HOLPLQDWH� YDULDEOHV��0HWKRGV� RI� YDULDEOH� VHOHFWLRQ� �IRUZDUG��
EDFNZDUG�RU� VWHSZLVH�VHOHFWLRQ��DUH�D�EHWWHU�ZD\� WR�VHOHFW� VHWV�RI�YDULDEOHV�ZLWK�GLVFULPLQDWLQJ�
SRZHU�� +RZHYHU�� WKHVH� YDULDEOH� VHOHFWLRQ� PHWKRGV� GR� QRW� JXDUDQWHH� WKDW� WKH� ³EHVW´� VHW� RI�
H[SODQDWRU\�YDULDEOHV�LV�QHFHVVDULO\�JRLQJ�WR�EH�IRXQG��

&RQFUHWHO\�WKH�SUREOHP�RI�OLQHDU�GLVFULPLQDQW�DQDO\VLV�FRQVLVWV�LQ�ILQGLQJ�OLQHDU�FRPELQDWLRQV�
RI�WKH�GLVFULPLQDQW�GHVFULSWRUV�LQ�PDWUL[�;� WKDW�PD[LPL]H�WKH�GLIIHUHQFHV�DPRQJ�JURXSV��ZKLOH�
PLQLPL]LQJ� WKH� YDULDWLRQ�ZLWKLQ� JURXSV�� 7KH� H[SODQDWRU\� GHVFULSWRUV� PXVW� EH� TXDQWLWDWLYH� RU�
ELQDU\��VLQFH�WKH\�DUH�FRPELQHG�LQWR�D�OLQHDU�IXQFWLRQ��,I�QHFHVVDU\��WKH\�PXVW�KDYH�DOUHDG\�EHHQ�
WUDQVIRUPHG�WR�PHHW�WKH�FRQGLWLRQ�RI�PXOWLQRUPDOLW\��7KH�GLVFULPLQDQW�DQDO\VLV�PRGHO�LV�UREXVW�WR�
GHSDUWXUHV� IURP� WKLV� FRQGLWLRQ� EXW� WKH� VWDWLVWLFDO� WHVWV� DVVXPH�ZLWKLQ�JURXS� QRUPDOLW\� RI� HDFK�
YDULDEOH��
������$OJHEUD�DQG�PHWKRG�GHVFULSWLRQ�

&RPSXWDWLRQV� DUH� FDUULHG� RXW� RQ� WKH� PDWULFHV� RI� VXPV� RI� VTXDUHV� DQG� FURVV� SURGXFWV� RI�
FHQWHUHG�GHVFULSWRUV��1RWH�WKDW�WKHVH�PDWULFHV�FDQ�EH�FRQVWUXFWHG�ZLWK�D�FODVVLILFDWLRQ�LQ�WKH�IRUP�
RI� D� FULVS� RU� D� IX]]\� SDUWLWLRQ� �VHH� VXEVHFWLRQ� ������ IRU� PRUH� LQIRUPDWLRQ� RQ� FULVS� DQG� IX]]\�
SDUWLWLRQV���*LYHQ�D� IX]]\�F�SDUWLWLRQ�� WKH� IROORZLQJ� IRUPXODV�SURYLGH� WKH�HTXDWLRQV� WR�FRPSXWH�
WKH� IX]]\� VXP� RI� VTXDUHV� DQG� FURVV� SURGXFWV� PDWULFHV� IRU� WKH� WRWDO�� ZLWKLQ�JURXS�� DQG� DPRQJ�
JURXS� SDUWV� RI� VFDWWHU�� 7KHVH� IRUPXODV� JHQHUDOL]H� WKH� FULVS� FDVH� �L�H�� ZKHUH� YHFWRU� X� LV� QRW� D�
FRQWLQXRXV�YDULDEOH�EXW�DQ�LQGLFDWRU�RI�FULVS�PHPEHUVKLS���
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7RWDO�VXP�RI�VTXDUHV�SURGXFW���7� �$���:� ������
1RWH�WKDW�LI�IX]]\�PHPEHUVKLSV�DUH�XVHG�DQG�WKH�IX]]LQHVV�H[SRQHQW�LV�JUHDWHU�WKDQ����WKH�VXP�RI�
:�DQG�$�GRHV�QRW�HTXDO�WKH�XVXDO�WRWDO�VXP�RI�VTXDUHV�PDWUL[�RI�GDWD���

7KH�VROXWLRQ�WR�WKH�SUREOHP�RI�PD[LPL]LQJ�WKH�YDULDWLRQ�DPRQJ�JURXSV�ZKLOH�PLQLPL]LQJ�WKDW�
ZLWKLQ�JURXSV�FDOOV� IRU� WKH�HLJHQYDOXHV�DQG�HLJHQYHFWRUV�RI�D�PDWUL[�FRUUHVSRQGLQJ� WR� WKH� UDWLR�
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EHWZHHQ�WKH�DPRQJ�JURXS�DQG�EHWZHHQ�JURXS�VXP�RI�VTXDUHV�DQG�FURVV�SURGXFWV�PDWULFHV��7KDW�
LV��WKH�FKDUDFWHULVWLF�HTXDWLRQ�LV��
� ��� =−−

NN X,$: � λ � ������

1RWH� WKDW� WKH� HLJHQYHFWRUV� XN� ZLOO� QRW� EH� RUWKRJRQDO� LQ� WKH� UHIHUHQFH� VSDFH� RI� RULJLQDO�YDULDEOHV�� 7KXV�� ZKHQ� WKHVH� QRQ�RUWKRJRQDO� HLJHQYHFWRUV� DUH� SORWWHG� DW� ULJKW� DQJOHV�� WKH\�
VWUDLJKWHQ� WKH� UHIHUHQFH� VSDFH� DQG� WKH� HOOLSVRLGV� RI� ZLWKLQ�JURXS� VFDWWHUV� RI� REMHFWV�� ,I� WKH�
HLJHQYHFWRUV�DUH�QRUPDOL]HG�LQ�DQ�DSSURSULDWH�PDQQHU��WKH�ZLWKLQ�JURXS�VFDWWHUV�RI�REMHFWV�FDQ�EH�
PDGH� FLUFXODU�� LQVRIDU� DV� WKH� ZLWKLQ�JURXS� FURVV�SURGXFW� PDWULFHV� DUH� KRPRJHQHRXV� �VDPH�
GLVSHUVLRQ�LQ�DOO�JURXSV���7KHVH�QRUPDOL]HG�FRHIILFLHQWV��HLJHQYHFWRUV��DUH��
� ����
� −= 9888& � ������
ZKHUH�WKH�QRUPDOL]LQJ�IDFWRU�LV� ����
� 988 ��

0DWULFHV� RI� QRUPDOL]HG� �&�� FRHIILFLHQWV� FDQ� WKHQ� EH� XVHG� WR� REWDLQ� WKH� REMHFW� FDQRQLFDO�
FRRUGLQDWHV��SURMHFWLQJ�FHQWHUHG�;�YDOXHV�RQ�WKH�FDQRQLFDO�VSDFH��)RU�HDFK�REMHFW����
� &[[) �
� −= LL � ������
6LPLODUO\��WKH�JURXS�FHQWURLGV�FDQ�DOVR�EH�SURMHFWHG�WR�WKH�FDQRQLFDO�VSDFH��IRU�HDFK�N�JURXS��
� &[[) �
� −= NN � ������
1RWH� WKDW� FDQRQLFDO� FRRUGLQDWHV� FRXOG� DOVR� EH� FRPSXWHG� XVLQJ� PDWUL[� 8� RI� QRQ�QRUPDOL]HG�
HLJHQYHFWRUV���

&DQRQLFDO�FRRUGLQDWHV�DUH�XVHG�WR�EXLOG�WKH�FODVVLILFDWLRQ��RU�LGHQWLILFDWLRQ��UXOH��RU�IXQFWLRQ��
XVHG�WR�FODVVLI\�REMHFWV��(DFK�REMHFW�LV�DVVLJQHG�WR�WKH�FODVV�ZKRVH�FHQWURLG�LV�FORVHVW��LQ�WHUPV�RI�
(XFOLGHDQ�'LVWDQFH��WR�WKH�REMHFW�RQ�WKH�FDQRQLFDO�VSDFH��,I�WKH�QXPEHU�RI�JURXSV�LV�WZR��F� �����
WKLV�UXOH�FRUUHVSRQGV�WR�FODVVLI\LQJ�HDFK�REMHFW�WR�WKH�FORVHVW�JURXS�LQ�WKH�RULJLQDO�VSDFH��XVLQJ�DV�
SUR[LPLW\�PHDVXUH�WKH�0DKDODQRELV�GLVWDQFH�IURP�WKDW�REMHFW�WR�HDFK�RQH�RI�WKH�JURXS��
�
�
������5XQQLQJ�/')��

,QSXW�GDWD�DQG�WUDLQLQJ�FODVVHV�

/LQHDU�GLVFULPLQDQW�DQDO\VLV�FDQ�RQO\�EH�H[HFXWHG�ZKHQ�DQ�REMHFW�GHVFULSWRU�PDWUL[� LWHP�LV�
VHOHFWHG�RQ�WKH�'DWD�(GLWRU�WUHH��$V�XVXDO��WKLV�PDWUL[�FDQ�EH�FURSSHG�LQ�RUGHU�WR�HOLPLQDWH�WKRVH�
REMHFWV�RU�YDULDEOHV�QRW�GHVLUHG�IRU�WKH�DQDO\VLV��,Q�DGGLWLRQ��/')�QHHGV�D�VWDUWLQJ�FODVVLILFDWLRQ�
�SDUWLWLRQ��RI�REMHFWV��8VHUV�FDQ�WDNH�D�VHOHFWHG�FROXPQ�RI�WKH�RULJLQDO�PDWUL[�DV�WKH�FODVVLILFDWLRQ�
FROXPQ��$OWHUQDWLYHO\�� D� VHOHFWHG� FODVVLILFDWLRQ�PDWUL[� IURP� WKH�$QDO\VLV�0DQDJHU� FDQ� DOVR� EH�
XVHG���

�
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$GYDQFHG�RSWLRQV�

/')�H[HFXWLRQ�RSWLRQV�LQ�*,1.*2�����DUH�WKH�IROORZLQJ��
8VH�DOO�%�:�GLPHQVLRQV��.HHSV�DOO�FDQRQLFDO�D[HV�UHVXOWLQJ�IURP�WKH�HLJHQYDOXH�GHFRPSRVLWLRQ�RU�
XVHV�RQO\�WKH�ILUVW�LQGLFDWHG�D[HV��
1RUPDOL]H� HLJHQYHFWRUV�� 1RUPDOL]H� HLJHQYHFWRUV� E\� WKH� VTXDUH� URRW� RI� 988
 �� /HDYLQJ� WKLV�
FKHFNER[�VHOHFWHG�LV�UHFRPPHQGHG��
$VVXPH�HTXDO�JURXS�VL]HV��$PRQJ�JURXS�VXP�RI�VTXDUHV�DUH�QRUPDOO\�ZHLJKWHG�E\� WKHLU�JURXS�
VL]HV��7KH�XVHU�PD\�LQ�VRPH�FDVHV�IRUFH�WKH�DQDO\VLV�WR�UHJDUG�SRSXODWLRQV�DV�HTXDOO\�VL]HG��
6HOHFWLRQ� PRGH�� 3HUPLWV� WKH� DSSOLFDWLRQ� RI� YDULDEOH� VHOHFWLRQ� SURFHGXUHV� VXFK� DV� IRUZDUG��
EDFNZDUG�RU�VWHSZLVH�VHOHFWLRQ��
3�YDOXH� WKUHVKROG��6HWV� WKH�PD[LPXP�SUREDELOLW\�RI�HUURU� IRU� WKH� LQFOXVLRQ�RI�D�YDULDEOH� LQ� WKH�
/')�PRGHO��
/HDYH� RQH� RXW� �/22��� (YDOXDWHV� WKH� /')� FODVVLILFDWLRQ� UXOH� E\� FODVVLI\LQJ� HDFK� REMHFW� DIWHU�
H[WUDFWLQJ�LW�IURP�WKH�PRGHO��
5HVXEVWLWXWLRQ�� (YDOXDWHV� WKH� /')� FODVVLILFDWLRQ� UXOH� E\� UHFODVVLI\LQJ� HDFK� REMHFW� �ZLWKRXW�
H[WUDFWLRQ���
'LVFULPLQDWH�DQRWKHU�PDWUL[��$SSOLHV� WKH�/')� UXOH� WR�D�QHZ�VHW�RI�REMHFWV� �SURYLGHG� WKDW� WKH\�
KDYH�YDOXHV�IRU�WKH�VDPH�VHW�RI�YDULDEOHV���

�
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������/')�RXWSXW�

/')�PD\�RXWSXW�D� ORW�RI� LQIRUPDWLRQ��7R�VWDUW�ZLWK��XQLYDULDWH�$129$�WHVW�UHVXOWV�PD\�EH�
ZULWWHQ�� ,I� WKH� XVHU� UHTXHVWV� D� YDULDEOH� VHOHFWLRQ� SURFHGXUH�� WKH� GLIIHUHQW� SURFHGXUH� VWHSV� DUH�
VKRZQ�LQ�WKH�WH[W�RXWSXW��LQFOXGLQJ�WKH�WHVWV�GRQH�WR�LQFOXGH�RU�H[FOXGH�YDULDEOHV��

$IWHU�VHOHFWLQJ�WKH�RULJLQDO�YDULDEOHV�WR�EH�LQFOXGHG�LQ�WKH�/')�DQDO\VLV��D�0$129$�:LON¶V�
WHVW�FDQ�EH�SHUIRUPHG��7KHQ��WKH�HLJHQYDOXHV�RI� $: �− DUH�SUHVHQWHG��DV�ZHOO�DV�WKHLU�FRQWULEXWLRQ�
WR�YDULDQFH�DQG�WKHLU�DVVRFLDWHG�:LON¶V�UDWLR��

7KH�RXWSXW�PDWULFHV�WKDW�*,1.*2�PD\�RXWSXW�DUH��
• 3RROHG� ZLWKLQ�JURXS� GLVSHUVLRQ�� :LWKLQ�JURXS� FRYDULDQFH� PDWUL[� �SRROLQJ� ZLWKLQ�

JURXS�VXP�RI�VTXDUHV���
• %HWZHHQ�JURXS�GLVSHUVLRQ��%HWZHHQ�JURXS�FRYDULDQFH�PDWUL[��
• 7RWDO�GLVSHUVLRQ��2YHUDOO�FRYDULDQFH�PDWUL[��
• 3RROHG�ZLWKLQ�JURXS�VXP�RI�VTXDUHV��3RROHG�ZLWKLQ�JURXS�VXP�RI�VTXDUHV�PDWUL[��
• %HWZHHQ�JURXS�VXP�RI�VTXDUHV��%HWZHHQ�JURXS�VXP�RI�VTXDUHV�PDWUL[��
• 7RWDO�VXP�RI�VTXDUHV��2YHUDOO�VXP�RI�VTXDUHV�PDWUL[��
• &DQRQLFDO� FRHIILFLHQWV�� &DQRQLFDO� HLJHQYHFWRUV� �QRUPDOL]HG� LI� UHTXHVWHG�� GHILQLQJ�

FDQRQLFDO�D[HV��
• &DQRQLFDO�REMHFW�FRRUGLQDWHV��2EMHFW�VFRUHV�RQ�FDQRQLFDO�D[HV��
• &DQRQLFDO�JURXS�FHQWURLGV��&HQWURLG�FRRUGLQDWHV�RQ�FDQRQLFDO�D[HV��
• &DQRQLFDO� FHQWURLGV� LQWHUGLVWDQFHV�� (XFOLGHDQ� GLVWDQFHV� EHWZHHQ� FHQWURLGV� RQ�

FDQRQLFDO�VSDFH��
• ;�)�FRUUHODWLRQV��3HDUVRQ�FRUUHODWLRQV�EHWZHHQ�FDQRQLFDO�FRRUGLQDWHV�DQG�WKH�RULJLQDO�

GHVFULSWRUV��
,I�UHFODVVLILFDWLRQ�RI�REMHFWV�ZDV�UHTXHVWHG�E\�WKH�XVHU��DGGLWLRQDO�FODVVLILFDWLRQ�SDUWLWLRQV�DUH�

SUHVHQWHG��REWDLQHG�IURP�UHVXEVWLWXWLRQ�RU�/22�SURFHGXUHV��7KHVH�FODVVLILFDWLRQ�PDWULFHV�FDQ�EH�
FRPSDUHG�ZLWK� WKH� RULJLQDO� FODVVLILFDWLRQ�PDWUL[� XVHG� WR� EXLOG� GLVFULPLQDQW� DQDO\VLV� DIWHUZDUGV�
�VHH� VHFWLRQ�����&RPSDULQJ� FODVVLILFDWLRQV���3HUFHQWDJHV�RI� FRUUHFW� UHFODVVLILFDWLRQ� DUH�JLYHQ� LQ�
WKH�WH[W�RXWSXW��)LQDOO\��DQ�DGGLWLRQDOO\�FODVVLILFDWLRQ�PDWUL[�ZLOO�DSSHDU�LI�WKH�XVHU�DVNHG�IRU�WKH�
FODVVLILFDWLRQ�RI�DQ�H[WHUQDO�GDWD�PDWUL[�FRQWDLQLQJ�QHZ�REMHFW�REVHUYDWLRQV��

7KH� FDQRQLFDO� REMHFW� FRRUGLQDWHV�PDWUL[� FDQ� EH� SORWWHG� GLUHFWO\� IURP�/')�DQDO\VLV�� ,Q� WKLV�
VFDWWHU�JUDSKLF��JURXSV�IURP�HLWKHU� WKH�RULJLQDO�FODVVLILFDWLRQ�RU� UHFODVVLILFDWLRQV�FDQ�EH�XVHG� WR�
JURXS�VDPSOH�SRLQWV��7R�GLVSOD\�RWKHU�PDWULFHV�WKH\�PXVW�EH�UHFRSLHG�LQWR�WKH�'DWD�(GLWRU��VHH�
*UDSKLFV�FKDSWHU�IRU�PRUH�LQIRUPDWLRQ���
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����4XDGUDWLF�GLVFULPLQDQW�
������7KH�TXDGUDWLF�GLVFULPLQDQW�UXOH�

7KH� TXDGUDWLF� GLVFULPLQDQW� LV� EDVHG� RQ� WKH� SUHPLVH� WKDW� JRRG� FODVVLILFDWLRQ� UXOHV� PD\� EH�
REWDLQHG�E\�PLQLPL]LQJ�WKH�SUREDELOLW\�RI�HUURQHRXV�FODVVLILFDWLRQ��,I�WKH�SUREDELOLVWLF�SRSXODWLRQ�
PRGHO� IRU� HDFK� SRSXODWLRQ� �JURXS�� LV� WKDW� RI� PXOWLYDULDWH� QRUPDO� GLVWULEXWLRQ� ZLWK� HTXDO�
FRYDULDQFH�PDWULFHV��WKH�UXOH�WKDW�PLQLPL]HV�WKH�SUREDELOLW\�RI�HUURQHRXV�FODVVLILFDWLRQ�LV�WKDW�RI�
�FDQRQLFDO��OLQHDU�GLVFULPLQDQW�DQDO\VLV��,I��LQ�FRQWUDVW��WKH�FRYDULDQFH�PDWULFHV�RI�JURXSV�DUH�QRW�
HTXDO�� WKH� EHVW� UXOH� LV� SURYLGHG� E\� TXDGUDWLF� GLVFULPLQDQW� IXQFWLRQ� �4')��� 4')� IXQFWLRQ� IRU�
REMHFW� L�DQG�IRU�JURXS�ΩN�LV��
� NNLNNL[4') πOQ�OQ����� � −Σ+∆=Ω [ � ������
ZKHUH� Mπ LV�WKH�SURSRUWLRQ�RI�JURXS�ΩN�DQG� ���

LN [∆ �LV�WKH�0DKDODQRELV�GLVWDQFH�IURP�REMHFW� L�WR�
JURXS�ΩN���
� ���
��� ��

MLMMLLN [[[[[ −Σ−=∆ − � ������

.QRZQ�DV�4')��WKH�TXDGUDWLF�GLVFULPLQDQW�UXOH�FDQ�EH�VLPSO\�VWDWHG�DV���
³$VVLJQ�REMHFW� L�WR�JURXS�ΩN�LI�� { }���PLQ��� KLKNL [4')[4') Ω=Ω ´��

�
������5XQQLQJ�TXDGUDWLF�GLVFULPLQDQW�

$V� LQ� OLQHDU�GLVFULPLQDQW�DQDO\VLV��4')�QHHGV�D�VHOHFWHG�GDWD� LWHP� WR�EH� UXQ��$V�XVXDO�� WKH�
DQDO\VLV�GLDORJV�PDNH�FURSSLQJ�WKH� LQSXW�PDWUL[�SRVVLEOH�� LQ�RUGHU� WR�HOLPLQDWH�WKRVH�REMHFWV�RU�
YDULDEOHV�QRW�GHVLUHG��4')�DJDLQ�QHHGV�D�VWDUWLQJ�FODVVLILFDWLRQ��L�H��D�IX]]\�RU�FULVS�F�SDUWLWLRQ��
RI�REMHFWV��8VHUV�FDQ�WDNH�D�VHOHFWHG�FROXPQ�RI�WKH�RULJLQDO�PDWUL[�DV�WKH�FODVVLILFDWLRQ�FROXPQ��
$OWHUQDWLYHO\��D�VHOHFWHG�FODVVLILFDWLRQ�PDWUL[�IURP�WKH�$QDO\VLV�0DQDJHU�FDQ�DOVR�EH�XVHG���

5XOH�HYDOXDWLRQ�FDQ�EH�GRQH�E\�OHDYH�RQH�RXW��H[WUDFWLQJ�HDFK�REMHFW�EHIRUH�UHFODVVLI\LQJ�LW��
RU�E\�UHVXEVWLWLWXWLRQ��UHFODVVLI\LQJ�WKH�REMHFWV�XVHG�WR�EXLOG�WKH�UXOH�ZLWKRXW�H[WUDFWLRQ���$OVR��DQ�
DGGLWLRQDO�REMHFW�GHVFULSWRU�PDWUL[�FDQ�EH�XVHG�WR�FODVVLI\�QHZ�REVHUYDWLRQV��

4XDGUDWLF� GLVFULPLQDQW� RXWSXW� LQ� *,1.*2� LV� PXFK� VLPSOHU� WKDQ� LQ� /')�� 1R� FDQRQLFDO�
FRRUGLQDWHV�DUH�SURGXFHG��&RYDULDQFH�PDWULFHV�DQG�WKHLU�GHWHUPLQDQWV�DUH�JLYHQ�IRU�HDFK�JURXS��
EHFDXVH� WKHVH�DUH�QHFHVVDU\� VWHSV� LQ� WKH�FRPSXWDWLRQ�RI�4')�� ,I� UHFODVVLILFDWLRQ�RI�REMHFWV�KDV�
EHHQ� UHTXHVWHG� E\� WKH� XVHU�� DGGLWLRQDO� FODVVLILFDWLRQ� SDUWLWLRQV� DUH� SUHVHQWHG�� REWDLQHG� IURP�
UHVXEVWLWXWLRQ� RU� /22� SURFHGXUHV�� 7KHVH� FODVVLILFDWLRQ� PDWULFHV� FDQ� EH� FRPSDUHG� ZLWK� WKH�
RULJLQDO� FODVVLILFDWLRQ� PDWUL[� XVHG� WR� EXLOG� GLVFULPLQDQW� DQDO\VLV� DIWHUZDUGV� �VHH� VHFWLRQ� ����
&RPSDULQJ� FODVVLILFDWLRQV��� 3HUFHQWDJHV� RI� FRUUHFW� UHFODVVLILFDWLRQ� DUH� JLYHQ� LQ� WKH� WH[W� RXWSXW��
)LQDOO\��DQ�DGGLWLRQDO�FODVVLILFDWLRQ�PDWUL[�ZLOO�DSSHDU�LI�WKH�XVHU�KDV�DVNHG�IRU�WKH�FODVVLILFDWLRQ�
RI�DQ�H[WHUQDO�GDWD�PDWUL[�FRQWDLQLQJ�QHZ�REMHFW�REVHUYDWLRQV��
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����'LVWDQFH�EDVHG�GLVFULPLQDQW�DQDO\VLV�
������,QWURGXFWLRQ�

%RWK� LQ� OLQHDU� DQG� TXDGUDWLF� GLVFULPLQDQW� DQDO\VLV� WKH� LQSXW� GDWD� PDWUL[� �;�� LV� DOZD\V� D�
UHFWDQJXODU�GDWD�PDWUL[��,Q�DGGLWLRQ��WKH�DVVXPHG�WKHRUHWLFDO�SUREDELOLW\�GLVWULEXWLRQ�RI�YDULDEOHV�
LQ� HDFK� JURXS� LV� WKH� PXOWLYDULDWH� QRUPDO� GLVWULEXWLRQ� �ZLWK� HLWKHU� HTXDO� RU� XQHTXDO� JURXS�
YDULDQFHV���,Q�FRQWUDVW��GLVWDQFH�EDVHG��'%��GLVFULPLQDQW�DQDO\VLV��&XDGUDV�HW�DO��������GRHV�QRW�
VXSSRVH� D� SDUWLFXODU� GLVWULEXWLRQ� RI� GHVFULSWRUV�� ,Q� DGGLWLRQ�� LW� QHHGV� D� V\PPHWULF� GLVVLPLODULW\�
PDWUL[� DV� LQSXW�� WKXV� DOORZLQJ� WKH� DSSOLFDWLRQ� RI�PDQ\� GLVVLPLODULW\� LQGLFHV� WR�PHDVXUH� REMHFW�
UHODWLRQV�LQ�;��
������7KHRUHWLFDO�IRXQGDWLRQV�

/HW�;�EH�D�S�GLPHQVLRQDO�UDQGRP�YHFWRU��GHILQHG�RQ�D�SUREDELOLW\�VSDFH��Π��$��3��DQG�WDNLQJ�
YDOXHV�LQ� 36 ℜ⊂ �ZLWK�D�GHQVLW\�SUREDELOLW\�IXQFWLRQ� I�ZLWK�UHIHUHQFH�WR�DQ�DGHTXDWH�PHDVXUH�λ��
)XUWKHUPRUH��OHW� ��� ⋅⋅G EH�D�GLVVLPLODULW\�IXQFWLRQ�GHILQHG�RYHU�SDLUV�RI�HOHPHQWV�LQ�Π��VR�WKDW�LWV�
VTXDUH�LV�LQWHJUDEOH�LQ�6��7KHQ��WKH�JHRPHWULF�YDULDELOLW\�RI�;�ZLWK�UHVSHFW�WR� ��� ⋅⋅G LV�GHILQHG�DV�
�&XDGUDV�	�)RUWLDQD���������

� [ ] ∫ ×
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*LYHQ� 3ℜ∈R[ �� ZH� GHILQH� WKH� SUR[LPLW\� RI� R[ � WR� WKH� SRSXODWLRQ�Π� ZLWK� UHVSHFW� WR� ��� ⋅⋅G � DV�
�&XDGUDV�HW�DO����������
� ������������� �R�R� ;[[[[[ G6G 9GIG −=Π ∫ λφ � �������

,I� D� UHSUHVHQWDWLRQ� RI� ��� ⋅⋅G � H[LVWV�� L�H�� LI� WKHUH� LV� D� IXQFWLRQ� /5 3 →�ψ � �ZKHUH� ⋅⋅��/ �
V\PEROL]HV�DQ�(XFOLGHDQ�RU�+LOEHUW�VSDFH�ILOOHG�ZLWK�D�VFDODU�SURGXFW� ⋅⋅� ��VXFK�DV� XXX �____ � = �LV�
WKH�QDWXUDO�QRUP�IRU�HYHU\� /∈X ���DQG�DVVXPLQJ�WKDW ���� ;ψ( �DQG� �__��__� �;ψ( �DUH�ILQLWH��WKHQ�WKH�
JHRPHWULF�YDULDELOLW\�RI�;�DQG�WKH�SUR[LPLW\�RI� R[ WR�WKH�SRSXODWLRQ�Π�DUH���

� �__������__��� �;;; ψψ ((9G −= � �����D��
� �

RR
� ��������� ;[[ ψψφ (G −= � �����E��

������7KH�'%�UXOH�

7KH�NH\�RI�WKH�GLVWDQFH�EDVHG��'%��DSSURDFK�LV�WR�FRPSXWH�WKH�GLVWDQFH�IURP�DQ�REMHFW�WR�D�
JURXS�IURP�D�PDWUL[�'�Q�[�Q�� �>G��L��M�@�RI�REMHFW�LQWHUGLVWDQFHV���7KLV�DSSURDFK�LV�SRVVLEOH�ERWK�IRU�FULVS�DQG�IX]]\�SDUWLWLWLRQV��VHH���������:H�ZLOO�ILUVW�HQXQFLDWH�WKH�'%�UXOH�IRU�WKH�FULVS�FDVH�DQG�
ODWHU�JLYH�WKH�IX]]\�JHQHUDOL]DWLRQ��/HW� NQNN ������ � [[ � EH�WKH�QN�YHFWRUV�RI�REMHFWV�EHORQJLQJ�WR�D�
JURXS�ΩN��7KH�VTXDUHG�GLVWDQFH�RI�D�JLYHQ�REMHFW� L�WR�WKH�JURXS�ΩN�LV��&XDGUDV�HW�DO����������
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7KHVH�HTXDWLRQV�VKRXOG�EH�FRPSXWHG�IRU�HDFK�REMHFW�YHFWRU� L[ �L� �������«��Q��DQG�HDFK�ΩN�JURXS�
�N� �������«��F��XQWLO�REWDLQLQJ�D�PDWUL[�RI�VTXDUHG�GLVWDQFHV�IURP�DOO�REMHFWV�WR�DOO�JURXS�FHQWHUV��
1RZ�WKH�GLVWDQFH�EDVHG��'%��UXOH�LV�VWDWHG�DV�IROORZV��
� ³$VVLJQ� L�WR�WKH�JURXS�ΩN�LI� �`��������������^PLQ��� �

�
�

�
��

FLLLNL GGGG ΩΩΩ=Ω [[[[ ´� �������
$V�VWDWHG�DERYH��HTXDWLRQV� �������DQG� �������FDQ�EH�JHQHUDOL]HG�WR�WKH�FDVH�RI�KDYLQJ�D�IX]]\�

SDUWLWLRQ� �VHH� �������� *LYHQ� D� IX]]\� SDUWLWLRQ� PDWUL[�8�Q� [� F�� DQG� D� IX]]LQHVV� H[SRQHQW�P�� WKH�GLVWDQFH�IURP�DQ�REMHFW�WR�D�IX]]\�JURXS�ΩN�DQG�WKH�IX]]\�JURXS�JHRPHWULFDO�YDULDELOLW\�DUH���
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1RWH�WKDW�WKHVH�ODVW�HTXDWLRQV�UHGXFH�WR�HTXDWLRQV��������DQG��������ZKHQ�WKH�FODVVLILFDWLRQ�WUDLQLQJ�
PDWUL[�LV�D�FULVS�SDUWLWLRQ��
�
������5XQQLQJ�'%�GLVFULPLQDQW�DQDO\VLV��

8QOLNH�/')�DQG�4')��'%�GLVFULPLQDQW�DQDO\VLV�QHHGV�D�VHOHFWHG�D�V\PPHWULF�GLVVLPLODULW\�
LWHP�WR�EH�UXQ��$V�XVXDO��WKH�'%�GLVFULPLQDQW�DQDO\VLV�GLDORJ�PDNHV�LW�SRVVLEOH�WR�FURS�WKH�LQSXW�
PDWUL[� LQ� RUGHU� WR� HOLPLQDWH� WKRVH� REMHFWV�� 7KH� DQDO\VLV� DOVR� QHHGV� D� VWDUWLQJ� FODVVLILFDWLRQ�
�SDUWLWLRQ��RI�REMHFWV��,Q�WKLV�FDVH�RQO\�D�VHOHFWHG�FODVVLILFDWLRQ�PDWUL[�IURP�WKH�$QDO\VLV�0DQDJHU�
FDQ�EH�XVHG��,I�WKH�VHOHFWHG�FODVVLILFDWLRQ�PDWUL[�LV�IX]]\��WKHQ�HTXDWLRQV��������DQG��������ZLOO�EH�
XVHG�WR�REWDLQ�VTXDUHG�GLVWDQFHV�WR�FHQWURLGV��2WKHUZLVH�WKHLU�FULVS�FRXQWHUSDUWV�ZLOO�EH�XVHG�LQ�
WKH�'%�UXOH��

$V�RXWSXW��'%�GLVFULPLQDQW�DQDO\VLV�\LHOGV�WKH�JHRPHWULF�YDULDELOLW\�RI�HDFK�JURXS��FRPSXWHG�
WKURXJK� ������� RU� �������� ,I� UHFODVVLILFDWLRQ� RI� REMHFWV� KDV� EHHQ� UHTXHVWHG� E\� WKH� XVHU�� DGGLWLRQDO�
FODVVLILFDWLRQ� SDUWLWLRQV� DUH� SUHVHQWHG�� REWDLQHG� IURP� UHVXEVWLWXWLRQ� RU� /22� SURFHGXUHV�� 7KHVH�
FODVVLILFDWLRQ� PDWULFHV� FDQ� EH� FRPSDUHG� ZLWK� WKH� RULJLQDO� FODVVLILFDWLRQ� PDWUL[� XVHG� WR� EXLOG�
GLVFULPLQDQW� DQDO\VLV� DIWHUZDUGV� �VHH� VHFWLRQ� ���� &RPSDULQJ� FODVVLILFDWLRQV��� 3HUFHQWDJHV� RI�
FRUUHFW�UHFODVVLILFDWLRQ�DUH�JLYHQ�LQ�WKH�WH[W�RXWSXW��
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����$JJORPHUDWLYH�+LHUDUFKLFDO�&OXVWHULQJ�
������,QWURGXFWLRQ�

$JJORPHUDWLYH� KLHUDUFKLFDO�PHWKRGV� SURGXFH� GHQGURJUDPV� DV� JUDSKLFDO� RXWSXW�� 7KHVH� SORWV�
VKRZ�KLHUDUFKLFDO�UHODWLRQV�EHWZHHQ�REMHFWV�LQ�WKH�IRUP�RI�D�WUHH�ZLWK�EUDQFKHV�RI�HTXDO�OHQJWK��
$Q\� DJJORPHUDWLYH�KLHUDUFKLFDO� FODVVLILFDWLRQ� FDQ�EH� IXOO\�GHVFULEHG�E\�PHDQV�RI� D�FRSKHQHWLF�
PDWUL[�� $� FRSKHQHWLF� VLPLODULW\� �RU� GLVWDQFH�� RI� WZR� REMHFWV� LV� GHILQHG� DV� WKH� VLPLODULW\� �RU�
GLVWDQFH�� OHYHO� DW� ZKLFK� WKRVH� REMHFWV� EHFRPH� PHPEHUV� RI� WKH� VDPH� FOXVWHU� RU� QRGH�� $Q\�
GHQGURJUDP�FDQ�EH�XQLTXHO\�UHSUHVHQWHG�E\�D�PDWUL[� LQ�ZKLFK� WKH�VLPLODULW\��RU�GLVWDQFH��IRU�D�
SDLU�RI�REMHFWV�LV�WKHLU�FRSKHQHWLF�VLPLODULW\��RU�GLVWDQFH���

+LHUDUFKLFDO� DJJORPHUDWLYH� PHWKRGV� FDQ� EH� YHU\� XVHIXO� IRU� JUDSKLFDOO\� VXPPDUL]LQJ� WKH�
UHODWLRQV� FRQWDLQHG� LQ� D� UHVHPEODQFH� PDWUL[�� +RZHYHU�� WKHVH� FOXVWHULQJ� DOJRULWKPV� EHFRPH�
SUREOHPDWLF� ZKHQ� GHDOLQJ� ZLWK� PDQ\� REMHFWV� EHFDXVH� GHQGURJUDP� WUHHV� EHFRPH� GLIILFXOW� WR�
XQGHUVWDQG��,Q�DGGLWLRQ��DW�WKH�KLJKHVW�OHYHOV�RI�WKH�KLHUDUFK\�WKH�EUDQFKHV�DUH�WRWDOO\�GHSHQGHQW�
RQ� WKH� ORZHU� OLQNV� DQG� FDQ� DFFXPXODWH� HUURUV�� *HQHUDOO\� VSHDNLQJ�� DOPRVW� DOO� KLHUDUFKLFDO�
DJJORPHUDWLYH� DOJRULWKPV� DUH� VDIH� ZKHQ� WKH� LQWHUHVW� LV� SODFHG� RQ� WKH� VPDOO�� ORZ� OHYHOV� RI� WKH�
KLHUDUFK\�� DQG� WKH\� EHFRPH� XQVDIH� DW� KLJK� OHYHOV�� 3UHFLVHO\�� WKH� GLIIHUHQW� KLHUDUFKLFDO�
DJJORPHUDWLYH� DOJRULWKPV� QRUPDOO\� GLIIHU� LQ� WKH� VROXWLRQV� JLYHQ� DW� WKRVH� KLJK� OHYHOV�� 6HH�
/HJHQGUH�	�/HJHQGUH��������IRU�D�GHWDLOHG�H[SODQDWLRQ�RQ�WKLV�NLQG�RI�DOJRULWKPV��7KH�IROORZLQJ�
VXEVHFWLRQ�EULHIO\�LQWURGXFHV�WKRVH�DOJRULWKPV�LPSOHPHQWHG�LQ�*,1.*2��

�
������+LHUDUFKLFDO�DOJRULWKPV��

6LQJOH�/LQNDJH��WKH�EDVLF�PRGHO��

7KH� EDVLF� DJJORPHUDWLYH� PRGHO� LV� 6LQJOH� /LQNDJH� �6QHDWK�� ������� DOVR� FDOOHG� QHDUHVW�
QHLJKERU�� ,W� FDQ� VWDUW� IURP� D� UHVHPEODQFH�PDWUL[� DPRQJ� REMHFWV� �GLVWDQFH�PDWUL[� RU� VLPLODULW\�
PDWUL[��� ,W�RUGHUV�REMHFW�SDLUV�DFFRUGLQJ� WR� VLPLODULW\� LQ�D�GHVFHQGLQJ�RUGHU�� DQG� IRUPV�FOXVWHUV�
KLHUDUFKLFDOO\�VWDUWLQJ�IURP�WKH�PRVW�VLPLODU�SDLUV��

,Q�VLQJOH�OLQNDJH�� WR�MRLQ�DQ�REMHFW�WR�DQ�DOUHDG\�H[LVWLQJ�FOXVWHU�LW�PXVW�KDYH�D�VLPLODULW\�DW�
OHDVW� HTXDO� WR� WKH� FRQVLGHUHG� VLPLODULW\� OHYHO�ZLWK�21(� RI� WKH� REMHFWV� DOUHDG\� LQFOXGHG� LQ� WKH�
FOXVWHU�� 7KHUHIRUH�� DQ� HOHPHQW� ZLOO� EH� JURXSHG� WR� D� FOXVWHU� DW� WKH� OHYHO� FRUUHVSRQGLQJ� WR� WKH�
PD[LPXP�VLPLODULW\�EHWZHHQ�LW�DQG�WKH�HOHPHQWV�LQ�WKH�FOXVWHU��'XH�WR�LWV�QDWXUH��VLQJOH�OLQNDJH�
SUHVHQWV� D� SURSHUW\��ZKDW� LV� FDOOHG�FKDLQLQJ��$V� D� UHVXOW�� LW�PD\�EH� LQDGHTXDWH� LQ�PDQ\�FDVHV��
&KDLQLQJ�PHDQV�WKDW�WKH�REMHFWV�MRLQ�D�FOXVWHU�HDVLO\�LI�WKHUH�DUH�LQWHUPHGLDWH�REMHFWV�WKDW�EULGJH�
WKH� FOXVWHU� WR� RWKHU� REMHFWV�� $V� FKDLQLQJ� DSSHDUV� ZKHQ� WKHUH� DUH� LQWHUPHGLDWH� SRLQWV�� VLQJOH�
OLQNDJH�LV�D�JRRG�ZD\�WR�GHWHFW�WKHP��2Q�WKH�RWKHU�KDQG��FKDLQLQJ�PDNHV�VLQJOH�OLQNDJH�SURQH�WR�
GDWD�QRLVH��7KH�ELJJHU�WKH�FOXVWHU�LV��WKH�HDVLHVW�LW�LV�WR�MRLQ�PRUH�DQG�PRUH�HOHPHQWV��EHFDXVH�WKH�
SUREDELOLW\�RI�ILQGLQJ�LQWHUPHGLDWH�REMHFWV�LQFUHDVHV��7KXV��VLQJOH�OLQNDJH�LV�VDLG�WR�FRQWUDFW�WKH�
VSDFH�RI�UHODWLRQV�DPRQJ�REMHFWV�LQ�WKH�QHDUE\�RI�FOXVWHUV��

&RPSOHWH�/LQNDJH�

,Q�FRPSOHWH� OLQNDJH� WZR�FOXVWHUV� IXVH�GHSHQGLQJ�RQ� WKH�PRVW�GLVWDQW�SDLU� RI�REMHFWV� DPRQJ�
WKHP�� ,Q�RWKHU�ZRUGV�� DQ�REMHFW� MRLQV�D� FOXVWHU�ZKHQ� LWV� VLPLODULW\� WR�$//� WKH�HOHPHQWV� LQ� WKDW�
FOXVWHU�LV�HTXDO�WR�RU�KLJKHU�WKDQ�WKH�FRQVLGHUHG�OHYHO��,Q�D�JURZLQJ�FOXVWHU��QHZ�REMHFWV�KDYH�OLWWOH�



*,1.*2�XVHU¶V�PDQXDO�
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FKDQFH�WR�MRLQ��EHFDXVH�WKH\�PXVW�EH�FORVH�WR�DOO�REMHFWV�LQ�WKH�FOXVWHU��VR�WKH\�MRLQ�ODWHU�ZKHQ�WKH�
OHYHO� RI� VLPLODULW\� FRQVLGHUHG� LV� ORZHU��7KXV��ZKHQ� D� FOXVWHU� JURZV�� LW�PRYHV� DSDUW� IURP�RWKHU�
REMHFWV��&RPSOHWH�OLQNDJH�LV�VDLG�WR�H[SDQG�WKH�VSDFH�LQ�HDFK�FOXVWHU�VXUURXQGV��7KLV�DOJRULWKP�
PD\�EH�DGHTXDWH�ZKHQ�RQH�ZDQWV�WR�LQVSHFW�FOHDU�GLVFRQWLQXLWLHV��

$OO� WKH� IROORZLQJ�PHWKRGV� DUH� VDLG� WR�FRQVHUYH� WKH�PHWULF� UHODWLRQV�RI� WKH� UHIHUHQFH� VSDFH��
7KH\�DUH�QRW�REMHFW�OLQN�PHWKRGV� LQ� WKH�VHQVH�RI�SUHYLRXV�PHWKRGV��$OWHUQDWLYHO\�� WKH\�DYHUDJH�
WKH�VLPLODULWLHV�DW�HDFK�DJJORPHUDWLYH�VWHS��

��
83*0$��8QZHLJKWHG�DULWKPHWLF�DYHUDJH�FOXVWHULQJ��

$V�ZLWK�WKH�SUHYLRXV�PHWKRGV��DW�HDFK�VWHS�WKH�KLJKHVW�VLPLODULW\�LGHQWLILHV�WKH�QHZ�FOXVWHU�WR�
EH� IRUPHG��7KLV�PHWKRG� WKHQ�PRGLILHV� WKH� VLPLODULWLHV�EHWZHHQ� WKH� UHVW�RI� HOHPHQWV� �REMHFWV�RU�
FOXVWHUV�� DQG� WKH� QHZO\� IRUPHG� FOXVWHU�� 83*0$� �8QZHLJKWHG� 3DLU�*URXS� 0HWKRG� XVLQJ�
$YHUDJHV��FRPSXWHV�WKH�VLPLODULW\�EHWZHHQ�DQ�HOHPHQW�DQG�WKH�FOXVWHU�DV�WKH�DULWKPHWLF�DYHUDJH�
RI� WKH� VLPLODULWLHV� EHWZHHQ� WKH� HOHPHQW� DQG� DOO� WKH� REMHFWV� LQ� WKH� FOXVWHU�� ,I� WKH� HOHPHQW� WR� EH�
FRPSDUHG�LV�DOVR�D�FOXVWHU��WKH�VLPLODULW\�EHWZHHQ�ERWK�FOXVWHUV�LV�WKH�DYHUDJH��,Q�WKH�WZR�FOXVWHU�
FDVH��WKH�DYHUDJH�LV�FRPSXWHG�DPRQJ�DOO�LQWHUFOXVWHU�SDLUV��,W�LV�XQZHLJKWHG�EHFDXVH�DOO�RULJLQDO�
REMHFWV� UHFHLYH� HTXDO�ZHLJKW� LQ� WKH� FRPSXWDWLRQV�� ,W� VKRXOG� EH� XVHG� LQ� FRQQHFWLRQ�ZLWK� VLPSOH�
UDQGRP� RU� V\VWHPDWLF� VDPSOLQJ� LI� WKH� UHVXOWV� DUH� WR� EH� H[WUDSRODWHG� WR� D� ELJJHU� UHIHUHQFH�
SRSXODWLRQ��

��
:3*0$��:HLJKWHG�DULWKPHWLF�DYHUDJH�FOXVWHULQJ��

,W� PD\� RFFXU� WKDW� WKH� GLIIHUHQW� JURXSV� RI� REMHFWV� DUH� XQHTXDOO\� VDPSOHG� LQ� WKH� UHIHUHQFH�
SRSXODWLRQV�VR�WKHLU�SURSRUWLRQV�LQ�WKH�VDPSOH�GR�QRW�UHIOHFW�WKHLU�SURSRUWLRQV�LQ�WKH�SRSXODWLRQ��
(OLPLQDWLQJ�REMHFWV�ZRXOG�PHDQ�ORVLQJ�YDOXDEOH�LQIRUPDWLRQ��2Q�WKH�RWKHU�KDQG��WKH�SUHVHQFH�RI�
ELJ� JURXSV�ZKLFK� DUH�PRUH� VLPLODU�D� SULRUL� GXH� WR� WKHLU� FRPPRQ� RULJLQ� FDQ� GLVWRUW� WKH� UHVXOWV�
REWDLQHG�ZLWK�83*0$�ZKHQ�IXVLQJ�ZLWK�D�VPDOO�JURXS��6RNDO�	�0LFKHQHU��������SURSRVHG�DQ�
DOJRULWKPLF�VROXWLRQ�WR�WKLV�TXHVWLRQ��FDOOHG�ZHLJKWHG�DULWKPHWLF�DYHUDJH�FOXVWHULQJ��:3*0$��,W�
FRQVLVWV�LQ�JLYLQJ�HTXDO�ZHLJKW�WR�WKH�WZR�IXVLQJ�EUDQFKHV��PHDQLQJ�WKDW�WKH�RULJLQDO�REMHFWV�DUH�
XQHTXDOO\� ZHLJKWHG� �L�H�� WKH� REMHFWV� LQ� WKH� ODUJHU� JURXS� UHFHLYH� ORZHU� ZHLJKWV��� &RPSDUHG� WR�
83*0$��LW�LQFUHDVHV�WKH�VHSDUDWLRQ�DPRQJ�JURXSV��VLQFH�WKH�ORZ�VLPLODULWLHV�LQ�ODUJH�JURXSV�DUH�
GRZQ�ZHLJKWHG��

��
83*0&��8QZHLJKWHG�FHQWURLG�FOXVWHULQJ��

$�FOXVWHU�FHQWURLG� LV� WKH� W\SLFDO�REMHFW�RI� WKH� FOXVWHU��ZKHWKHU� H[LVWV�RU�QRW�� ,Q� WKH�RULJLQDO�
VSDFH��LW�LV�EXLOW�DV�WKH�SRLQW�ZLWK�FRRUGLQDWHV�FRUUHVSRQGLQJ�WR�WKH�DYHUDJH�RI�WKH�FOXVWHU�REMHFW�
YDOXHV�� 83*0&� �8QZHLJKWHG� 3DLU�*URXS�0HWKRG� XVLQJ� FHQWURLGV�� LV� EDVHG� RQ� D� YHU\� VLPSOH�
JHRPHWULF�DSSURDFK��$V�XVXDO��WKH�KLJKHVW�VLPLODULW\�SRLQWV�WR�WKH�QH[W�IXVLRQ�WR�EH�PDGH��,Q�WKH�
FRPSXWDWLRQ�RI�WKH�VLPLODULWLHV�EHWZHHQ�WKH�QHZO\�IRUPHG�FOXVWHU�DQG�WKH�UHVW�RI�WKH�HOHPHQWV��WKH�
PHPEHUV�RI�WKH�FOXVWHU�DUH�UHSUHVHQWHG�E\�WKH�FOXVWHU�FHQWURLG��7KLV�FHQWURLG�LV�FRQVLGHUHG�D�QHZ�
REMHFW� IRU� WKH� UHVW�RI� WKH� VWHSV��7KH� IRUPXOD�SURSRVHG�E\�*RZHU� IRU�FRPSXWLQJ� WKH� VLPLODULWLHV�
EHWZHHQ�WKH�FHQWURLG�IRUPHG�E\�WKH�HOHPHQWV�K�DQG�L���ZLWK�D�WKLUG�HOHPHQW�J�LV��
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ZKHUH�ZL�DUH�WKH�ZHLJKWV�JLYHQ�WR�FOXVWHUV��,Q�FODVVLFDO�FHQWURLG�FOXVWHULQJ��WKH�QXPEHU�RI�REMHFWV�LQ�HDFK�HOHPHQW�LV�WDNHQ�DV�WKH�ZHLJKW�YDOXH��$W�WKH�EHJLQQLQJ��WKH�ZHLJKWV�DUH�DOO���EHFDXVH�HDFK�
HOHPHQW� LV� MXVW� RQH� REMHFW�� ,Q� *RZHU
V� IRUPXOD� LW� LV� JXDUDQWHHG� WKDW� WKH� FHQWURLG� KL� OLHV�
JHRPHWULFDOO\� RQ� WKH� OLQH� EHWZHHQ�K� DQG� L��1RWH� WKDW� WKH�PDLQ� GLIIHUHQFH� EHWZHHQ� WKH� DYHUDJH�
PHWKRG�DQG�WKH�FHQWURLG�PHWKRG�LV�WKDW�LQ�WKH�IRUPHU�WKH�DYHUDJHG�YDOXHV�DUH�WKH�VLPLODULWLHV��RU�
GLVWDQFHV��WKHPVHOYHV��ZKLOH�LQ�WKH�ODWWHU�WKH�IRUPXOD�LPSOLHV�VLPLODULWLHV�EXW�WKH�DYHUDJHG�YDOXHV�
DUH�FRQFHSWXDOO\�WKH�RULJLQDO�FRRUGLQDWHV��VR�LW�LV�D�JHRPHWULF�DYHUDJH�RSHUDWLRQ��

83*0&�FDQ�EH�XVHG�ZLWK�DQ\�VLPLODULW\�PHDVXUH��EXW�*RZHU
V�IRUPXOD�UHPDLQV�YDOLG�RQO\�IRU�
VLPLODULWLHV� FRUUHVSRQGLQJ� WR�PHWULF�GLVWDQFHV��7KH� VDPSOLQJ� DVVXPSWLRQV�RI� WKLV�PRGHO� DUH� WKH�
VDPH�DV�83*0$��EHFDXVH�DOO�WKH�RULJLQDO�REMHFWV�DUH�JLYHQ�WKH�VDPH�ZHLJKW��83*0&�FDQ�\LHOG�
UHYHUVDOV��

��
:3*0&�:HLJKWHG�FHQWURLG�FOXVWHULQJ��

:3*0&�LV�WKH�FHQWURLG�FRXQWHUSDUW�RI�:3*0$��:KHQ�WKHUH�DUH�WZR�XQHTXDO�VL]HG�FOXVWHUV�
WKDW� MRLQ�� WKH�ELJJHU�RQH�ZLOO�GUDJ� WKH�QHZ�FHQWURLG�WR�LWVHOI��,I� WKH�VDPSOLQJ�LV�QRW�UDQGRP�WKLV�
PD\�EH�XQGHVLUDEOH��7R�JLYH�HTXDO�ZHLJKW�WR�ERWK�EUDQFKHV�ZH�PXVW�XVH�WKH�IROORZLQJ�IRUPXOD��

� ����
����

�
������������ LKJLJKJKL 6666 −++= � �������

$IWHU�HDFK�VWHS��WKH�QHZO\�IRUPHG�FOXVWHU�KDV�D�FHQWURLG�WKDW�UHSUHVHQWV�WKH�JHRPHWULF�FHQWHU�
RI�WKH�OLQH�MRLQLQJ�WKH�SUHYLRXV�FHQWURLGV��:3*0&�FDQ�SURGXFH�UHYHUVDOV���

�

:DUG¶V�PHWKRG�RU�PLQLPXP�VXP�RI�VTXDUHV�PHWKRG��:DUG�������

7KLV�PHWKRG� LV� UHODWHG� WR� WKH� WZR�SUHYLRXV�RQHV� LQ� WKH�VHQVH� WKDW� WKH� WZR�FHQWURLGV�SOD\�DQ�
LPSRUWDQW�UROH��:DUG¶V�PHWKRG�PLQLPL]HV��DW�HDFK�VWHS��WKH�VXP�RI�TXDGUDWLF�HUURUV��&RQFUHWHO\��LW�
IXVHV�WKRVH�QRGHV�\LHOGLQJ�D�ORZHU�LQFUHDVH�LQ�TXDGUDWLF�HUURU��1RWH�WKDW�WKLV�REMHFWLYH�IXQFWLRQ�LV�
VLPLODU�WR�WKDW�RI�.�PHDQV��VHH�QH[W�VHFWLRQ���

�

�)OH[LEOH�PHWKRG���

/DQFH�	�:LOODPV� ������� SURSRVHG� D� JHQHUDOL]HG� KLHUDUFKLFDO�PHWKRG� WKDW� LQFOXGHV� DOO� WKH�
DERYH�PHWKRGV��/HW�K�DQG�L�EH�WKH�HOHPHQWV�RI�WKH�QHZO\�IRUPHG�JURXS��DQG�J�DQ�H[WHUQDO�REMHFW��
7KH�GLVWDQFH�IURP�J�WR�WKH�JURXS��KL��LV�FRPSXWHG�XVLQJ��
� � JMJLLMJMMJLLLMJ GGGGGG −⋅+⋅+⋅+⋅= λβαα�� ��� �������
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$VVLJQLQJ�GLIIHUHQW�YDOXHV�WR�WKH�IRXU�PRGHO�SDUDPHWHUV�RI�WKH�PRGHO��LW�LV�SRVVLEOH�WR�REWDLQ�DOO�
WKH�KLHUDUFKLFDO�DOJRULWKPV�GHVFULEHG�VR�IDU��,Q�DGGLWLRQ��/DQFH�	�:LOODPV��������SURSRVHG�WR�OHW�
RQH� RI� WKH� SDUDPHWHUV�� �� YDU\� EHWZHHQ� ±���� DQG� ���� LQ� RUGHU� WR� REWDLQ� LQWHUPHGLDWH� VROXWLRQV�
EHWZHHQ�VLQJOH�OLQNDJH�DQG�FRPSOHWH�OLQNDJH��7KLV�PHWKRG�ZDV�ODWHU�FDOOHG� �IOH[LEOH�FOXVWHULQJ��
7KH�UHIHUHQFH�VSDFH�LV�FRQVHUYHG�IRU� �§��������YDOXH�UHFRPPHQGHG�E\�0LOOLJDQ����������
������5XQQLQJ�DQ�DJJORPHUDWLYH�FOXVWHULQJ�PHWKRG��

$JJORPHUDWLYH� FOXVWHULQJ� PHWKRGV� LQ� *,1.*2� FDQ� EH� UXQ� IURP� HLWKHU� VLPLODULW\� RU�
GLVVLPLODULW\�V\PPHWULF�PDWULFHV��$IWHU�VHOHFWLQJ�WKH�GHVLUHG�PDWUL[�RQ�WKH�'DWD�(GLWRU�WKH�PHQX�
RSWLRQ�
$JJORPHUDWLYH�KLHUDUFKLFDO�FOXVWHULQJ
�PXVW�EH�VHOHFWHG��$�GLDORJ�LV�SURPSWHG��DQG�WKH�
XVHU�PXVW�VHOHFW�WKH�DJJORPHUDWLYH�PHWKRG�WKDW�LV�WR�EH�UXQ��6RPH�REMHFWV�LQ�WKH�LQLWLDO�VLPLODULW\�
PDWUL[�FDQ�EH�H[FOXGHG�IURP�WKH�FRPSXWDWLRQV��

7KH� UHVXOWLQJ� RXWSXW� SDQHO� RI� DQ� DJJORPHUDWLYH� PHWKRG� FRQWDLQV� WZR� PDWULFHV�� WKH� LQSXW�
V\PPHWULF�PDWUL[�DQG�WKH�FRSKHQHWLF�PDWUL[��ZKLFK�LV�WKH�PDWUL[�UHSUHVHQWDWLRQ�RI�WKH�UHVXOWLQJ�
KLHUDUFKLFDO� FODVVLILFDWLRQ�� 7KUHH� PHDVXUHV� RI� JRRGQHVV�RI�ILW� EHWZHHQ� WKH� FOXVWHULQJ� UHVXOWV�
�FRSKHQHWLF�PDWUL[��DQG�WKH�RULJLQDO�V\PPHWULF�PDWUL[�DUH�DOVR�SURYLGHG��

• 3HDUVRQ� U� &RSKHQHWLF� &RUUHODWLRQ�� 3HDUVRQ� FRUUHODWLRQ� FRPSXWHG� E\�
FRPSDULQJ�WKH�PDWULFHV¶�RUGHUHG�FHOO�SDLUV���

• 6SHDUPDQ�U�&RSKHQHWLF�&RUUHODWLRQ��6SHDUPDQ�UDQN�FRUUHODWLRQ�FRPSXWHG�
E\�FRPSDULQJ�WKH�PDWULFHV¶�RUGHUHG�FHOO�SDLUV���

• *RZHU�'LVWDQFH� �6WUHVV���� 6XP� RI� VTXDUHG� GLIIHUHQFHV� EHWZHHQ� YDOXHV� LQ�
WKH�FRSKHQHWLF�PDWUL[�DQG�WKH�RULJLQDO�V\PPHWULF�PDWUL[���

������3ORWWLQJ�KLHUDUFKLFDO�PHWKRGV¶�UHVXOWV�

*,1.*2�HQDEOHV�WKH�XVHU�WR�EXLOG�WZR�GLIIHUHQW�SORWV�IURP�D�KLHUDUFKLFDO�FOXVWHULQJ�PHWKRG�
UHVXOW��WKH�GHQGURJUDP�DQG�WKH�6KHSDUG�GLDJUDP��7KH�ILUVW�JUDSKLFDOO\�GLVSOD\V�WKH�FRSKHQHWLF�
UHODWLRQV� DPRQJ� REMHFWV�� ZKLOH� WKH� VHFRQG� FRPSDUHV� LQ� D� WZR� GLPHQVLRQDO� VFDWWHU� JUDSKLF� WKH�
RULJLQDO� VLPLODULWLHV� �RU� GLVWDQFHV��ZLWK� WKH� FRSKHQHWLF� VLPLODULWLHV� �RU� GLVWDQFHV�� REWDLQHG��7KH�
GLDJRQDO�UHSUHVHQWV� WKH�HTXLYDOHQFH�EHWZHHQ�ERWK�YDOXHV�� ,Q�D�6KHSDUG�SORW�� WKH�XVHU�FDQ�FKHFN�
WZR�WKLQJV��)LUVW��D�JUDSKLFDO� LGHD�RI� WKH�VWUHVV� LV�SUHVHQWHG��6HFRQG�� LW�FDQ�EH�VHHQ�ZKHWKHU�WKH�
UHIHUHQFH�VSDFH�KDV�EHHQ�FRQVHUYHG��H[SDQGHG�RU�FRQWUDFWHG��GHSHQGLQJ�RQ�ZKHWKHU�WKH�SRLQWV�IDOO�
QHDU��EHORZ�RU�DERYH�WKH�GLDJRQDO�UHVSHFWLYHO\��
������%XLOGLQJ�SDUWLWLRQV�IURP�GHQGURJUDPV�

3DUWLWLRQV�FDQ�EH�REWDLQHG�E\�
FXWWLQJ
�D�GHQGURJUDP�DW�D�JLYHQ�VLPLODULW\��RU�GLVWDQFH��OHYHO��
7KH�QXPEHU�RI�JURXSV� LQ� WKH� UHVXOWLQJ�SDUWLWLRQ�ZLOO�GHSHQG�RQ�KRZ�PDQ\�EUDQFKHV�DUH� 
FXW
�DW�
WKDW�OHYHO�LQ�WKH�GHQGURJUDP��%\�VHOHFWLQJ� 
&UHDWH�UHVHPEODQFH�OHYHO�SDUWLWLRQ
�D�SDUWLWLRQ�ZLOO�
EH� FUHDWHG� E\� FXWWLQJ� WKH� GHQGURJUDP� DW� D� JLYHQ� OHYHO�� VR� WKH� QXPEHU� RI� JURXSV� REWDLQHG�ZLOO�
GHSHQG�RQ�WKH�GHQGURJUDP��%\�VHOHFWLQJ�
&UHDWH�D�QXPEHU�RI�JURXSV�SDUWLWLRQ
�WKH�GHQGURJUDP�
ZLOO�EH�FXW�DW�WKH�OHYHO�WKDW�\LHOGV�WKH�GHVLUHG�QXPEHU�RI�JURXSV��QRWHG�DV�F�LQ�WKH�QH[W�VHFWLRQ���,Q�
ERWK�FDVHV�� WKH�QHZO\� IRUPHG�SDUWLWLRQ� LV�DGGHG� WR� WKH�3DUWLWLRQ�QRGH�RI� WKH�$QDO\VLV�0DQDJHU�
WUHH�� ,Q� WKLV�ZD\�� GHQGURJUDPV� FDQ� EH� XVHG� WR� JHQHUDWH� FODVVLILFDWLRQV� WR� EH� H[SRUWHG�� XVHG� LQ�
IXUWKHU�DQDO\VLV�RU�FRPSDUHG�WR�RWKHU�FODVVLILFDWLRQV��

�
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.�PHDQV��0DF4XHHQ�������LV�D�FODVVLILFDWLRQ�DOJRULWKP�ZKLFK�SDUWLWLRQV�D�VHW�RI�Q�REMHFWV�LQ�
F� JURXSV� RU� FOXVWHUV�� 7KH� .�PHDQV� FULWHULRQ� IRU� GHILQLQJ� WKH� JURXSV� LV� WKDW� WKH\� PXVW� KDYH� D�
PLQLPXP�GLVSHUVLRQ��7KH�IXQFWLRQDO�WR�EH�PLQLPL]HG�LV�WKH�7RWDO�(UURU�6XP�RI�6TXDUHV��7(66����
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ZKHUH� � ��N( �LV�WKH�VXP�RI�VTXDUH�HUURUV��(66��IRU�JURXS� NΩ ��DQG� [ ] �=Ω⊂ NL, ω �LI�REMHFW Lω �EHORQJV�
WR� NΩ ��DQG� [ ] �=Ω⊂ NL, ω �RWKHUZLVH�� �

LNH LV�WKH�VTXDUH�GLVWDQFH�IURP�WKH�REMHFW� Lω �WR�FHQWURLG�RI�
NΩ ��,Q�RWKHU�ZRUGV�� �

LNH �LV�WKH�VFDWWHU�RI�REMHFW� Lω �ZLWK�UHVSHFW�WR�WKH�FHQWURLG��

� ���
������ ��
�

��
�

��
��

NL
S

M
NLMNLMNLLN [[GH [[[[ −−=−=Ω= ∑

=

ω � �������

1RWH� WKDW�� DV� WKHUH� LV� D� OLPLWHG�QXPEHU�RI�SRVVLEOH�SDUWLWLRQV�RI�REMHFWV� LQWR�JURXSV�� RQH� FRXOG�
LGHDOO\�H[SORUH�WKHP��WR�HQG�XS�NHHSLQJ�WKH�SDUWLWLRQ�ZLWK�ORZHVW�FRUUHVSRQGLQJ�7(66��+RZHYHU�
WKH� QXPEHU� RI� SRVVLEOH� SDUWLWLRQV� FDQ� EH� H[WUHPHO\� KLJK� HYHQ� IRU� PRGHUDWH� YDOXHV� RI� Q� RU� F��
7KHUHIRUH��DOJRULWKPV�RSWLPL]LQJ�7(66�DUH�QHHGHG���

7KH�FRQFUHWH�LPSOHPHQWDWLRQ�DOJRULWKP�RI�.�PHDQV�FDQ�WDNH�VHYHUDO�IRUPV��EXW�LQ�*,1.*2�
LW�LV�DV�IROORZV��6WDUWLQJ�IURP�DQ�LQLWLDO�SDUWLWLRQ��

��� &DOFXODWH�WKH�FOXVWHU�FHQWHUV��FHQWURLGV���
��� &DOFXODWH�VTXDUH�GLVWDQFHV�IURP�DOO�REMHFWV�WR�DOO�FHQWURLGV�ZLWK����������
��� 5HDVVLJQ�HDFK�REMHFW�WR�LWV�QHDUHVW�FOXVWHU���
��� ,WHUDWH�������XQWLO�QR�PRUH�PRYHV�RFFXU���

%\� FRQVWUXFWLRQ�� HDFK�.�PHDQV� LWHUDWLRQ� GHFUHDVHV�7(66�XQWLO� D�PLQLPXP� LV� UHDFKHG�� ,W� LV�
LPSRUWDQW�WR�QRWH�WKDW�IRU�HDFK�FOXVWHU�FRQILJXUDWLRQ�WKHUH�LV�D�GLVWLQFW�7(66�YDOXH��7KHUH�H[LVWV�D�
VROXWLRQ� VSDFH� WKDW� GHSHQGV� RQ� WKH� FHQWURLG� SRVLWLRQV�� 'HSHQGLQJ� RQ� WKH� VWDUWLQJ� SRLQW� LQ� WKLV�
VROXWLRQ� VSDFH�� WKH� DOJRULWKP� PD\� FRQYHUJH� WR� GLIIHUHQW� ILQDO� VROXWLRQV�� 7KHVH� VROXWLRQV� PD\�
FRUUHVSRQG�WR�ORFDO�PLQLPD�RI�WKH�IXQFWLRQDO��$V�WKH�VWDUWLQJ�FOXVWHU�FRQILJXUDWLRQ�PD\�EH�FULWLFDO��
ZH� PXVW� EH� FDUHIXO� ZKHQ� UXQQLQJ� .�PHDQV�� 'LIIHUHQW� DSSURDFKHV� KDYH� EHHQ� SURSRVHG� �VHH�
VWDUWLQJ�PRGHV�EHORZ���

.�PHDQV�FDQ�EH�H[HFXWHG�HLWKHU�RQ�D�UHFWDQJXODU�REMHFW�GHVFULSWRU�PDWUL[��;��RU�D�V\PPHWULF�
GLVVLPLODULW\�PDWUL[��'���7KLV�VHFRQG�PRGH�LV�SRVVLEOH�GXH�WR�WKH�GLVWDQFH�EDVHG��'%��DSSURDFK�
�+DWKDZD\� HW� DO�� ������� ,WV� UDWLRQDOH� LV� VLPLODU� WR� 'LVWDQFH�EDVHG� GLVFULPLQDQW� DQDO\VLV�
�VXEVHFWLRQ� �������� L�H�� VTXDUHG� GLVWDQFHV� EHWZHHQ� REMHFWV� DQG� FOXVWHU� FHQWHUV� FDQ� EH� FRPSXWHG�
IURP�D�PDWUL[�RI�REMHFW�LQWHUGLVWDQFHV�XVLQJ�HTXDWLRQV��������DQG���������7KHVH�DUH�VXEVWLWXWHV�LQ�WKH�
DOJRULWKP�IRU�FRPSXWLQJ�FOXVWHU�FHQWURLGV�DQG�DSSO\LQJ���������7KH�HTXLYDOHQFH�EHWZHHQ�UXQQLQJ�
.�PHDQV�RQ�;�RU�RQ�'�LV�VWUDLJKWIRUZDUG�LQ�WKH�FDVH�RI�(XFOLGHDQ�GLVWDQFH��EXW�FDQ�EH�SURYHG�IRU�
RWKHU�GLVVLPLODULWLHV�E\�PHDQV�RI�FODVVLFDO�PXOWLGLPHQVLRQDO�VFDOLQJ��0'6����
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������5XQQLQJ�.�PHDQV��

.�PHDQV� LQ� *,1.*2� FDQ� EH� UXQ� IURP� HLWKHU� D� UHFWDQJXODU� GDWD� PDWUL[� RU� D� V\PPHWULF�
GLVVLPLODULW\� PDWUL[�� WKRXJK� LW� FDQQRW� EH� UXQ� IURP� D� VLPLODULW\� PDWUL[�� 7KLV� KDV� WR� EH� ILUVW�
FRQYHUWHG�WR�D�GLVWDQFH�PDWUL[��$V�ZLWK�RWKHU�DQDO\VHV��VRPH�REMHFWV�DQG�RU�VRPH�GHVFULSWRUV�FDQ�
EH�H[FOXGHG�IURP�FRPSXWDWLRQV��7KH�RWKHU�RSWLRQV�LQ�WKH�.�PHDQV�GLDORJ�DUH��

6WDUWLQJ�0RGH��$V�H[SODLQHG�LQ�WKH�DOJRULWKP�VHFWLRQ��.�PHDQV�FDQ�EH�VWDUWHG�IURP�GLIIHUHQW�
SDUWLWLRQ�FRQILJXUDWLRQV��7KLV�RSWLRQ�LV�FULWLFDO��VR�WKH�XVHU�PXVW�EH�DZDUH�RI�WKH�DGYDQWDJHV�DQG�
GLVDGYDQWDJHV� RI� HDFK� VWDUWLQJ� PRGH�� )LYH� VWDUWLQJ� PRGHV� FDQ� EH� XVHG� LQ� *,1.*2�� $� JRRG�
VWUDWHJ\�LV�WR�UXQ�.�PHDQV�ZLWK�WKH�VDPH�GDWD�VHYHUDO�WLPHV��XVLQJ�D�GLIIHUHQW�VWDUWLQJ�PRGH�HDFK�
WLPH��DQG�WR�ILQDOO\�NHHS�WKH�UHVXOWV�RI�WKH�UXQ�ZKLFK�\LHOGHG�D�ORZHU�7(66��7KH�DYDLODEOH�VWDUWLQJ�
PRGHV�IRU�.�PHDQV��DQG�)X]]\�&�PHDQV��DUH�JLYHQ�KHUH��DV�ZHOO�DV�VRPH�UHFRPPHQGDWLRQV�IRU�
WKHLU�XVH��

��� 5$1'20�6(('6��*,1.*2�ZLOO�SHUIRUP�VHYHUDO�.�PHDQV�UXQV�HDFK�WLPH�FKRRVLQJ�
GLIIHUHQW�REMHFWV�DV�VWDUWLQJ�FOXVWHU�FHQWHUV��VHHGV���7KH�QXPEHU�RI�UDQGRP�UXQV�DQG�WKH�
QXPEHU� FOXVWHUV� FDQ� EH� FKDQJHG��:KHQ� ORRNLQJ� IRU� D� KLJK� QXPEHU� RI� FOXVWHUV�� WKH�
QXPEHU�RI�UXQV�VKRXOG�DOVR�EH�KLJK�LQ�RUGHU�WR�H[SORUH�PRUH�FRPSOHWHO\�WKH�VSDFH�RI�
.�PHDQV�VROXWLRQV��7KLV�RSWLRQ�FDQ�EH�YHU\�VORZ�DQG�LQHIIHFWLYH�ZKHQ�WKH�QXPEHU�RI�
REMHFWV�RU�FOXVWHUV�LV�KLJK�EXW�LW�LV�VDIH�WR�UXQ�LW�DQG�WKHQ�FRPSDUH�LWV�UHVXOWV�ZLWK�RWKHU�
VWDUWLQJ�PRGHV���

��� )$57+(67�32,176��*,1.*2�ZLOO� WU\� WR�GHWHUPLQH� WKH�SRLQWV� WKDW� OLH� IDUWKHU� DQG�
XVH�WKHP�DV�VWDUWLQJ�VHHGV��$�VLQJOH�UXQ�LV�PDGH�ZLWK�WKLV�VWDUWLQJ�PRGH���

��� &+26(1�6(('6��7KH�XVHU�FDQ�FKRRVH� WKH�REMHFWV� WKDW�ZLOO�EH�XVHG�E\�.�PHDQV�DV�
VWDUWLQJ� FOXVWHU� FHQWHUV� �VHHGV��� 7KH� QXPEHU� RI� FOXVWHUV�ZLOO� EH� WKH� QXPEHU� RI� VHHGV�
FKRVHQ��$�VLQJOH�.�PHDQV�UXQ�LV�PDGH�ZLWK�WKLV�VWDUWLQJ�PRGH���

��� &+26(1�3$57,7,216��7KH�XVHU�FDQ�FKRRVH�WKH�SDUWLWLRQV��IURP�WKH�RQHV�DYDLODEOH�
LQ� WKH�$QDO\VLV�0DQDJHU��ZKLFK�ZLOO�EH�XVHG�E\�.�PHDQV�DV� VWDUWLQJ�SDUWLWLRQV��7KH�
QXPEHU�RI�FOXVWHUV�ZLOO�EH�WKH�QXPEHU�RI�JURXSV�LQ�HDFK�FKRVHQ�SDUWLWLRQ���

��� +,(5$5&+,&$/�67$57,1*��7KLV�RSWLRQ�SHUIRUPV�DQ�$JJORPHUDWLYH�+LHUDUFKLFDO�
&OXVWHULQJ� EHIRUH� UXQQLQJ� .�PHDQV�� 7KH� GHQGURJUDP� FRPLQJ� IURP� WKH� KLHUDUFKLFDO�
DOJRULWKP�LV�
FXW
�DW�D�OHYHO�ZKLFK�\LHOGV�WKH�GHVLUHG�QXPEHU�RI�FOXVWHUV�WR�EH�IRXQG�DQG�
WKH� UHVXOWLQJ� SDUWLWLRQ� LV� XVHG� DV� VWDUWLQJ� SDUWLWLRQ� FRQILJXUDWLRQ� IRU� .�PHDQV�� 7KH�
$JJORPHUDWLYH�KLHUDUFKLFDO�FOXVWHULQJ�PHWKRGV�DYDLODEOH�DUH�WKH�VDPH�DV�ZKHQ�UXQQLQJ�
WKHP�DORQH��7KLV�LV�UHFRPPHQGHG�ZKHQ�ORRNLQJ�IRU�D�KLJK�QXPEHU�RI�FOXVWHUV��:KHQ�
WKH� QXPEHU� RI� FOXVWHUV� WR� EH� IRXQG� LV� ORZ� FRPSDUHG� WR� WKH� QXPEHU� RI� REMHFWV� D�
5$1'20�6(('6�VWDUWLQJ�PRGH�PD\�EH�PRUH�HIIHFWLYH��

1XPEHU�RI�&OXVWHUV��.�PHDQV�LV�D�SDUWLWLRQLQJ�WHFKQLTXH��VR�WKH�QXPEHU�RI�JURXSV�LQ�WKH�SDUWLWLRQ�
PXVW� EH� NQRZQ� LQ� DGYDQWDJH��:KHQ� VWDUWLQJ� E\� 5$1'20� 6(('6�� )$57+(67� 32,176� RU�
+,(5$5&+,&$/�$**/20(5$7,9(�&/867(5��WKH�XVHU�FDQ�VSHFLI\�WKH�QXPEHU�RI�FOXVWHUV�
WR�EH�IRXQG��
1XPEHU� RI� UDQGRP� UXQV�� 7KLV� RSWLRQ� LV� RQO\� IXQFWLRQDO�ZKHQ� WKH� VWDUWLQJ�PRGH� LV�5$1'20�
6(('6��
6HHGV�SDUWLWLRQV��:KHQ�VWDUWLQJ�IURP�&+26(1�6(('6�RQH�PXVW�VSHFLI\�ZKLFK�REMHFWV�ZLOO�EH�
XVHG� DV� VWDUWLQJ� FOXVWHU� VHHGV�� $QDORJRXVO\�� ZKHQ� UXQQLQJ� .�PHDQV� VWDUWLQJ� IURP� &+26(1�
3$57,7,216� WKLV� RSWLRQ� PXVW� EH� XVHG� WR� VSHFLI\� ZKLFK� SDUWLWLRQV� ZLOO� EH� XVHG� DV� VWDUWLQJ�
FRQILJXUDWLRQV��
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+LHUDUFKLF� DOJRULWKP�� 7KLV� RSWLRQ� LV� RQO\� IXQFWLRQDO� ZKHQ� VWDUWLQJ� .�PHDQV� IURP�
+,(5$5&+,&$/�$**/20(5$7,9(�&/867(5��+HUH�WKH�XVHU�FDQ�FKRRVH�ZKLFK�KLHUDUFKLFDO�
DJJORPHUDWLYH�PHWKRG�ZLOO�EH�XVHG�SULRU�WR�N�PHDQV��
'\QDPLF�GLVWDQFH�PRGH��6RPHWLPHV� WKH�QXPEHU�RI�REMHFWV� LQ�D�GDWD�PDWUL[� LV� VR�JUHDW� WKDW� WKH�
V\PPHWULF� GLVWDQFH�PDWUL[� FDQQRW� EH� FRPSXWHG� GXH� WR� WKH� ODFN� RI� IUHH�PHPRU\�� ,I� RQH� LV� QRW�
LQWHUHVWHG� LQ� WKH� GLVWDQFH� PDWUL[� LWVHOI� EXW� ZDQWV� WR� UXQ� .�PHDQV� RQ� WKH� VSDFH� SURYLGHG� E\� D�
FHUWDLQ� GLVVLPLODULW\� PHDVXUH�� LW� LV� SRVVLEOH� WR� UXQ� .�PHDQV� LQ� D� GLVWDQFH�EDVHG� PRGH�� ZKLOH�
FRPSXWLQJ� REMHFW� LQWHUGLVWDQFHV� ZKHQ� QHHGHG�� 2EYLRXVO\�� WKH� GUDZEDFN� RI� WKLV� G\QDPLF�
FDOFXODWLRQ� RI� GLVWDQFHV� LV� WKH� LQFUHDVH� LQ� FRPSXWDWLRQDO� EXUGHQ�� 7KLV� RSWLRQ� LV� RQO\� DYDLODEOH�
ZKHQ�VWDUWLQJ�.�PHDQV�IURP�D�UHFWDQJXODU�PDWUL[��
/22�LQVLGH�.�PHDQV��,QFOXGHV�D�/HDYH�2QH�2XW�YDOLGDWLRQ�PHFKDQLVP�LQVLGH�.�PHDQV��7KLV�ZLOO�
QRW�FKDQJH�WKH�.�PHDQV�EHVW�VROXWLRQV��EXW�FDQ�EH�YHU\�XVHIXO�IRU�LQFUHDVLQJ�WKH�HIIHFWLYHQHVV�RI�
UDQGRP�VWDUWLQJ��/HDYH�2QH�2XW�YDOLGDWLRQ�FRQVLVWV�RI�H[WUDFWLQJ�WKH�REMHFW�IURP�D�FOXVWHU�ZKHQ�
HYDOXDWLQJ�LWV�GLVWDQFH�WR�WKH�FOXVWHU�FHQWHU��2OLYD�HW�DO���������
������.�PHDQV�RXWSXW�

.�PHDQV� WH[W� RXWSXW� ZLOO� YDU\� GHSHQGLQJ� RQ� WKH� .�PHDQV� VWDUWLQJ� PRGH� DQG� ZKHWKHU� WKH�
GHWDLOHG� RXWSXW� RSWLRQ� KDV� EHHQ� VHOHFWHG� RU� QRW�� +RZHYHU�� LW� DOZD\V� LQFOXGHV� WKH� IROORZLQJ�
LQIRUPDWLRQ�RQ�WKH�SDUWLWLRQ�IRXQG��

• 7(66��)LQDO�WRWDO�VXP�RI�VTXDUHV�HUURU��
• 7(66�/22�� )LQDO� WRWDO� VXP� RI� VTXDUHV� HUURU� ZLWK� /22� FRUUHFWLRQ� �RQO\�

VKRZQ�ZKHQ�/22�FRUUHFWLRQ�KDV�EHHQ�UHTXHVWHG���
• 7RWDO�9DU��7RWDO�GDWD�YDULDQFH��7KLV�ZLOO�EH�DOZD\V�JUHDWHU�WKDQ�7(66��,W�LV�

WKH�WRWDO�GLVSHUVLRQ�RI�GDWD�SRLQWV��
• &�+� SVHXGR� )�� &DOLQVNL�+DUDEDV]� SVHXGR� )� VWDWLVWLF� �VHH� �������� 7KLV�

PHDVXUH�PD\�SURYH�WR�EH�XVHIXO�IRU�GHFLGLQJ�KRZ�PDQ\�FOXVWHUV�FRXOG�H[LVW�
LQ�WKH�GDWD�DQDO\]HG��

1H[W��D�WDEOH�GHVFULELQJ�HDFK�JURXS�LV�ZULWWHQ��,W�LQFOXGHV��
• *URXS��JURXS�QXPEHU��
• )UHT��1XPEHU�RI�REMHFWV��LQ�IORDW�IRUPDW��LQFOXGHG�LQ�WKH�JURXS��
• (66��6XP�RI�VTXDUHV�HUURU�RI�WKH�JLYHQ�JURXS��
• 0D['��0D[LPXP�GLVWDQFH�EHWZHHQ�REMHFWV�EHORQJLQJ�WR�WKLV�JURXS��
• 1HDU��1HDUHVW�JURXS�QXPEHU��
• 1HDU'��1HDUHVW�JURXS�GLVWDQFH��

7R�KHOS�LQWHUSUHW�WKH�UHVXOWLQJ�JURXSV��LI�.�PHDQV�ZDV�UXQ�XVLQJ�D�GLVVLPLODULW\�PDWUL[��RU�LI�
VWDUWLQJ� ZDV� +,(5$5&+,&$/�&/867(5�02'(�� .�PHDQV� RXWSXWV� D�6LOKRXHWWH� DQDO\VLV� RI�
WKHVH� JURXSV� �VHH� VXEVHFWLRQ� ������ IRU� PRUH� LQIRUPDWLRQ��� ,I� .�PHDQV� KDV� EHHQ� UXQ� XVLQJ� D�
UHFWDQJXODU� PDWUL[�� WKH� XVHU� PD\� DVN� IRU� XQLYDULDWH� $129$V� LQ� RUGHU� WR� WHVW� IRU� GLIIHUHQFHV�
DPRQJ�JURXSV�IRU�HDFK�RI�WKH�RULJLQDO�YDULDEOHV��

.�PHDQV�DYDLODEOH�RXWSXW�PDWULFHV�DUH�WKH�IROORZLQJ��
• 2EMHFW�PHPEHUVKLSV��'LVSOD\V�WKH�RXWSXW�SDUWLWLRQ�RI�WKH�REMHFW�VHW��2EMHFWV�

DUH� LQ� URZV� DQG� JURXSV� LQ� FROXPQV�� 9DOXHV� DUH� HLWKHU� ���� �IRU� DQ� REMHFW�
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EHORQJLQJ�WR�WKH�JLYHQ�JURXS�FROXPQ��RU������IRU�DQ�REMHFW�QRW�EHORQJLQJ�WR�
WKH�JLYHQ�JURXS�FROXPQ���7KLV�PDWUL[�FDQ�EH�XVHG�LQ�SDUWLWLRQ�FRPSDULVRQV�
RU�WR�JURXS�SRLQWV�LQ�SORWV��

• 3URWRW\SHV�� 2QO\� DYDLODEOH� ZKHQ� UXQQLQJ� .�PHDQV� IURP� D� UHFWDQJXODU�
REMHFW�GHVFULSWRU� PDWUL[�� 3URYLGHV� WKH� ILQDO� FHQWURLG� FRRUGLQDWHV� IRU� DOO�
JURXSV� LQ� WKH� SDUWLWLRQ�� 5HFWDQJXODU� PDWUL[� ZLWK� JURXSV� LQ� URZV� DQG� WKH�
GHVFULSWRUV�LQ�FROXPQV��

• 'LVWDQFH�WR�FOXVWHUV��5HFWDQJXODU�PDWUL[�ZLWK�REMHFWV� LQ�URZV�DQG�FOXVWHUV�
LQ�FROXPQV�DV�ZLWK�PHPEHUVKLS�PDWUL[��0DWUL[�FHOOV�DUH�WKH�GLVWDQFHV�IURP�
WKH�REMHFWV�WR�WKH�FOXVWHU�FHQWHUV��

• 6TXDUHG�GLVWDQFH�WR�FOXVWHUV��5HFWDQJXODU�PDWUL[�ZLWK�REMHFWV�LQ�URZV�DQG�
FOXVWHUV� LQ� FROXPQV� DV� ZLWK� PHPEHUVKLS� PDWUL[�� 0DWUL[� FHOOV� DUH� WKH�
VTXDUHG�GLVWDQFHV�IURP�WKH�REMHFWV�WR�WKH�FOXVWHU�FHQWHUV��

• ,QWHU�FOXVWHU� GLVWDQFHV�� 6\PPHWULF� GLVWDQFH� PDWUL[�� &HOOV� DUH� GLVWDQFHV�
EHWZHHQ�SDLUV�RI�FOXVWHUV��7KLV�PDWUL[�UHIOHFWV� WKH�VSDFH�UHODWLRQV�EHWZHHQ�
FOXVWHU�FHQWHUV��FHQWURLGV���

��
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����)X]]\�&�PHDQV�
������)X]]\�VHWV��IX]]\�ORJLF�DQG�IX]]\�SDUWLWLRQV�

)X]]\�VHW�WKHRU\��)67��LV�DQ�H[WHQVLRQ�RI�WKH�FODVVLF�VHW�WKHRU\�GHYHORSHG�E\�=DGHK��������DV�
D�ZD\� WR� GHDO�ZLWK� YDJXH� FRQFHSWV�� VXFK� DV� �-RUGL� LV� WDOO���&ODVVLFDO� �KDUG� RU� FULVS�� VHW� WKHRU\�
FRQVLGHUV�DQ�REMHFW�DV�D�PHPEHU�RI�D�JLYHQ�VHW��L�H��WKH�VHW�RI�WDOO�SHRSOH��RU�QRW��:H�PD\�H[SUHVV�
WKLV�PHPEHUVKLS�XVLQJ�DQ�LQGLFDWRU�YDULDEOH��,���ZKLFK�ZLOO�WDNH�YDOXH���LI�WKH�REMHFW�LV�PHPEHU�RI�
WKH�VHW�DQG���RWKHUZLVH��,Q�D�IX]]\�VHW��WKH�ELQDU\�LQGLFDWRU�YDULDEOH�LV�H[WHQGHG�WR�D�FRQWLQXRXV�
YDULDEOH� �X�� QDPHG�PHPEHUVKLS��ZKLFK� FDQ�QRZ� WDNH� LQWHUPHGLDWH�YDOXHV� LQ� WKH� LQWHUYDO� >���@�
�L�H��-RUGL�FDQ�KDYH�D�YDOXH�RI�����RI�PHPEHUVKLS�WR�WKH�VHW�RI�WDOO�SHRSOH����

$� IX]]\� SDUWLWLRQ� LV� D� SDUWLWLRQ� RI� REMHFWV� LQWR� JURXSV� RU� FODVVHV� DOORZLQJ� LQWHUPHGLDWH�
PHPEHUVKLSV�� ,Q� D� IX]]\� SDUWLWLRQ�� HDFK� REMHFW� VSOLWV� LWV� RYHUDOO�PHPEHUVKLS� RI� �� EHWZHHQ� WKH�
GLIIHUHQW�FOXVWHUV��)RUPDOO\�VSHDNLQJ��PDWUL[�8�Q�[�F�� �>XLN@�LV�D�QRQ�GHJHQHUDWH�IX]]\�F�SDUWLWLRQ�LI�VDWLVILHV��
� �� ≤≤ LNX �IRU�DOO�L� ���������Q�DQG�N� ���������F�� �����D��
� �

�
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=

F
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L
LNX �IRU�DOO�N� ���������F�� �����F��

1RWH� WKDW� KDUG� RU� FULVS� F�SDUWLWLRQV� �OLNH� WKRVH� RI� .�PHDQV�� LPSO\� WKH� VDPH� FRQGLWLRQV�
H[FHSWLQJ������D���ZKLFK�KDV�WR�EH�UHSODFHG�E\��
� { }���∈LMX �IRU�L� ���������Q�DQG�M� ���������F�� �����D¶��
�

������)X]]\�&�PHDQV��)&0��

)X]]\�&�PHDQV��)&0��LV�DQ�H[WHQVLRQ�RI�FODVVLF�.�PHDQV�XVLQJ�WKH�FRQFHSWV�RI�IX]]\�ORJLF��
2QH�RI�WKH�ZD\V�WR�LQWURGXFH�IX]]\�ORJLF�LQ�.�PHDQV�IXQFWLRQDO�LV��%H]GHN���������������NHHSLQJ�
.�WR�QRWH�WKH�QXPEHU�RI�FOXVWHUV���
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ZKHUH� LNX �LV�WKH�IX]]\�PHPEHUVKLS�RI�REMHFW Lω �WR�WKH�IX]]\�VHW� NΩ ��DQG� ���� ∞∈P �LV�D�IX]]LQHVV�
H[SRQHQW�ZKLFK�GHWHUPLQHV�WKH�LQFLGHQFH�RI�IX]]\�YDOXHV�RQ�WKH�FRPSXWDWLRQV��+HUH� �

LNH �KDV�WKH�
VDPH�PHDQLQJ�DV�LQ�.�PHDQV��WKRXJK�WKH�FHQWURLG�FRRUGLQDWHV�DUH�QRZ�FRPSXWHG�DV��
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)URP�WKH�PLQLPL]DWLRQ�RI�WKH�IXQFWLRQDO�HTXDWLRQ�RQH�FDQ�REWDLQ�WKH�IROORZLQJ�H[SUHVVLRQ�WR�
FRPSXWH�PHPEHUVKLSV���

� �����
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�
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)X]]\�&�PHDQV�DOJRULWKP�ZRUNV� LQ�HVVHQWLDOO\� WKH�VDPH�ZD\�DV�.�PHDQV��:H�PXVW�VSHFLI\�
WKH�VWDUWLQJ�FRQGLWLRQV�DQG�OHW�WKH�DOJRULWKP�PLQLPL]H�LWV�IXQFWLRQDO��SURYLGHG�WKDW�FHQWURLGV�DUH�
FRPSXWHG� XVLQJ� ������� DQG� REMHFWV� DUH� UHDVVLJQHG� XVLQJ� �������� ,Q� DGGLWLRQ�� )&0� QHHGV� D�PRUH�
FRPSOH[� VWRSSLQJ� UXOH�� 7KLV� LV� GRQH� KHUH� E\� FRPSDULQJ� WKH� IX]]\� SDUWLWLRQV� RI� WZR� VXFFHVVLYH�
LWHUDWLRQV��,W�VWRSV�ZKHQ�8W�DQG�8W���GLIIHU�OHVV�WKDQ�D�VSHFLILHG�YDOXH��
�
������5XQQLQJ�)X]]\�&�PHDQV�

$V� .�PHDQV�� )&0� FDQ� EH� UXQ� IURP� ERWK� UDZ� GDWD� PDWULFHV� DQG� V\PPHWULF� GLVVLPLODULW\�
PDWULFHV�� )&0� GLDORJ� LV� PDLQO\� WKH� VDPH� DV� .�PHDQV� �VHH� ������ IRU� GHWDLOHG� LQIRUPDWLRQ� RQ�
LQSXW���2QO\�RQH�QHZ�SDUDPHWHU�� WKH� IX]]LQHVV�H[SRQHQW�P��PXVW�EH�VXSSOLHG��+LJKHU�YDOXHV�RI�
IX]]LQHVV�ZLOO�FDXVH�)&0�WR�\LHOG�IX]]LHU�FODVVLILFDWLRQ�PDWULFHV��)RU�QRUPDO�GDWD�DQ�P� �����FDQ�
EH�XVHG�PRVW�RI�WKH�WLPH��:LWK�HFRORJLFDO�FRPPXQLW\�GDWD�WKHUH�LV�D�KLJK�GHJUHH�RI�QRLVH��DQG�P�
PXVW�EH�ORZHU�LQ�RUGHU�WR�LQFUHDVH�SDUWLWLRQ�KDUGQHVV��P� �>��������@���/HDYH�RQH�RXW�YDOLGDWLRQ�LV�
QRW�DYDLODEOH�LQ�)&0��

2EYLRXVO\��RXWSXW� WH[W�DQG�PDWULFHV�SURGXFHG� LQ�)&0�DUH�DOVR�VLPLODU� WR� WKRVH�RI�.�PHDQV�
�VHH�������IRU�GHWDLOHG�LQIRUPDWLRQ�RQ�RXWSXW���,Q�WKLV�FDVH��REMHFW�PHPEHUVKLSV�DUH�IX]]\��VR�ERWK�
WKH�PHPEHUVKLS�PDWUL[�DQG�WKH�FOXVWHU�QXPEHU�RI�REMHFWV��IX]]\�VHW�FDUGLQDOLW\��DUH�UHDO�QXPEHUV��

6RPH�DGGLWLRQDO�PHDVXUHV�RI�ILW�DUH�SURYLGHG�ZKHQ�UXQQLQJ�)&0��WKHVH�DUH�IXOO\�H[SODLQHG�LQ�
VHFWLRQ�������

• 'XQQ�FRHIILFLHQW��0HDVXUHV�WKH�³FULVSQHVV´�LQ�D�IX]]\�SDUWLWLRQ��,WV�PD[LPXP�YDOXH�
LV������FULVS����

• 1RUPDOL]HG� 'XQQ� FRHIILFLHQW�� 1RUPDOL]HV� WKH� SUHYLRXV� PHDVXUH�� ,W� LV� UDQJHG�
EHWZHHQ�����DQG�������

• 3DUWLWLRQ�HQWURS\��$Q�LQGLFDWRU�RI�WKH�LQIRUPDWLRQ�FRQWHQW���
• 3DUWLWLRQ�HIILFLHQF\��1RUPDOL]HV�SDUWLWLRQ�HQWURS\��,W�LV�UDQJHG�EHWZHHQ�����DQG������

��



9HUVLRQ�����

�

���

����.�PHGLDQV�)X]]\�&�PHGLDQV��
������&HQWURLGV�DQG�PHGRLGV�

%RWK�.�PHDQV�DQG�)&0�DVVXPH�WKDW�WKH�EHVW�ZD\�RI�UHSUHVHQWLQJ�WKH�SURWRW\SH�RI�D�FOXVWHU�LV�
E\�PHDQV� RI� LWV� FHQWURLG� �L�H�� WKH� DYHUDJH� YHFWRU��� DQG� WKDW� GLVWDQFHV� IURP� HYHU\� REMHFW� WR� WKH�
FOXVWHU�PXVW�EH�FRPSXWHG�WKURXJK�WKH�(XFOLGHDQ�'LVWDQFH�WR�WKH�FHQWURLG��1RWH�WKDW�WKLV�VWLOO�KROGV�
WUXH� ZKHQ� UXQQLQJ� WKHVH� FOXVWHULQJ� PHWKRGV� XVLQJ� GLVVLPLODULW\� PDWULFHV�� $OWKRXJK� WKH�
GLVVLPLODULW\� PD\� EH� QRQ�(XFOLGHDQ�� LQ� WKH� 'LVWDQFH�EDVHG� DSSURDFK� WKH� FHQWURLG� LV� LPSOLFLWO\�
SODFHG�LQ�D�SRVLWLRQ�DVVXPLQJ�(XFOLGLDQLW\��

,W� LV� SRVVLEOH� WR�GHILQH�.�PHDQV�)&0�FRXQWHUSDUWV� IRU� WKH�/��QRUP� �LQVWHDG�RI�/����8QGHU�
WKLV� QRUP�� WKH�SURWRW\SHV� DUH� GHILQHG� DV� WKH�YHFWRU� RI�PHGLDQV� �PHGRLGV��� DQG� WKH�GLVWDQFHV� WR�
WKHP� DUH� FRPSXWHG� XVLQJ� WKH�0DQKDWWDQ�PHWULF� �L�H�� E\� VXP� RI� GLIIHUHQFHV� LQ� DEVROXWH� YDOXH���
7KHVH�FRXQWHUSDUW�PHWKRGV�DUH�FDOOHG�.�PHGLDQV��.�PHG��DQG�)X]]\�&�PHGLDQV��)&0HG���7KH�
GLIIHUHQFH�EHWZHHQ�WKHP�LV�WKH�VDPH�DV�LQ�WKH�FDVH�RI�.�PHDQV�)&0��1R�GLVWDQFH�EDVHG�DSSURDFK�
LV�DYDLODEOH�LQ�WKLV�FDVH��
������5XQQLQJ�.�PHGLDQV�)X]]\�&�PHGLDQV�LQ�*,1.*2�

.�PHG�)&0HG�PHWKRGV� DUH� VWDUWHG� RQO\� IURP� DQ� REMHFW�GHVFULSWRU�PDWUL[�� $V� XVXDO�� VRPH�
REMHFWV�RU�GHVFULSWRUV�PD\�EH�H[FOXGHG�IURP�WKH�DQDO\VLV��7KH�DYDLODEOH�RSWLRQV�DUH�VLPLODU�WR�.�
PHDQV�RU�)&0��%RWK�DQDO\VHV�VKDUH�WKH�VDPH�PHQX�LWHP��7KHUHIRUH��)X]]\�&�PHGLDQV�PXVW�EH�
LQGLFDWHG� WKURXJK� D� FKHFNER[� LQ� WKH� GLDORJ�� 7KH� RXWSXW� LV� VLPLODU� WR� WKH� SUHYLRXV� FOXVWHULQJ�
PHWKRGV�� H[FHSW� IRU� WKH� RSWLPL]DWLRQ� IXQFWLRQ�� ZKLFK� LV� QRZ� D� PHDVXUH� RI�0HGLDQ� $EVROXWH�
'HYLDWLRQV��0$'���DQG�WKH�RXWSXW�SURWRW\SHV��ZKLFK�DUH�PHGRLGV��
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����3RVVLELOLVWLF�&�PHDQV�
������7KH�3&0�PHWKRG�

&RQVWUDLQW������E��RQ�IX]]\�SDUWLWLRQV�FDXVHV�)&0�WR�JHQHUDWH�IX]]\�PHPEHUVKLSV�WKDW�FDQ�EH�
LQWHUSUHWHG�DV�GHJUHHV�RI�VKDULQJ�RU�UHODWLYH�PHPEHUVKLSV�EXW�QRW�DV�GHJUHHV�RI�WUXH�W\SLFDOLW\��L�H��
WKH�FRPSDWLELOLW\�EHWZHHQ�WKH�REMHFW�DQG�WKH�FODVV�SURWRW\SH���7KH�PRVW�VHULRXV�GLVDGYDQWDJH�RI�
XVLQJ� UHODWLYH�PHPEHUVKLSV� LV� WKDW� WKH�SHUIRUPDQFH�RI�)&0�FDQ�EH� LQDGHTXDWH�ZKHQ�QRLVH�DQG�
RXWOLHUV�FRQWDPLQDWH� WKH�GDWD�VHW��7KLV�SUREOHP�PRWLYDWHG� WKH�VHDUFK�IRU�PRUH�UREXVW�FOXVWHULQJ�
PHWKRGV��)ULJXL�	�.ULVKQDSXUDP�������'DYp�	�.ULVKQDSXUDP���������

.ULVKQDSXUDP�	�.HOOHU��������FDVW�WKH�FOXVWHULQJ�SUREOHP�LQWR�WKH�IUDPHZRUN�RI�SRVVLELOLW\�
WKHRU\�� 7KHVH� DXWKRUV� SUHVHQWHG� WKH� SRVVLELOLVWLF� F�PHDQV� �3&0�� DOJRULWKP�� � ,Q� 3&0�
PHPEHUVKLSV�YDOXHV�DUH�DEVROXWH�DQG�FDQ�EH�LQWHUSUHWHG�LQ�WHUPV�RI�WUXH�FOXVWHU�W\SLFDOLWLHV��7KXV�
3&0� LV� D� PRGH�VHHNLQJ� DOJRULWKP�� L�H��� HDFK� FRPSRQHQW� JHQHUDWHG� E\� 3&0� FRUUHVSRQGV� WR� D�
GHQVH�UHJLRQ�LQ�WKH�GDWD�VHW��$V�LWHUDWLRQV�SURFHHG��SURWRW\SHV�DUH�VXFFHVVLYHO\�DWWUDFWHG�WR�GHQVH�
UHJLRQV� LQ� IHDWXUH� VSDFH�� ,Q�3&0��HDFK�FOXVWHU� LV� LQ� IDFW� LQGHSHQGHQW�RI� WKH�RWKHUV��+HQFH�� WKH�
REMHFWLYH� IXQFWLRQ� FRUUHVSRQGLQJ� WR� FOXVWHU� N� FDQ� EH� IRUPXODWHG� DV� �.ULVKQDSXUDP� 	� .HOOHU�
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ZKHUH�ηN�LV�D�VXLWDEOH�SRVLWLYH�QXPEHU��D�³EDQGZLGWK´�SDUDPHWHU�FDOOHG�UHIHUHQFH�GLVWDQFH��XN�LV�WKH�YHFWRU�FRQWDLQLQJ�DOO�WKH�SRVVLELOLVWLF�PHPEHUVKLS�YDOXHV�DVVRFLDWHG�ZLWK�FOXVWHU�ΩN��7KHQ�XN�PD\�EH�D�ORFDO�PLQLPXP�RI�-N�RQO\�LI�PHPEHUVKLSV�DUH�FRPSXWHG�XVLQJ��
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$V�HTXDWLRQ��������VKRZV��WKH�PHPEHUVKLS�YDOXH�RI�REMHFW� L�LQ�FOXVWHU�ΩN�GHSHQGV�RQO\�RQ�WKH�GLVWDQFH�IURP�WKH�IHDWXUH�YHFWRU�[L�WR�SURWRW\SH�[N�DQG�QRW�RQ�WKH�GLVWDQFHV�IURP�[L�WR�RWKHU�FOXVWHU�SURWRW\SHV�� DV� KDSSHQV� LQ� )&0��7KHUHIRUH�� 3&0�FDQ� EH� VHHQ� DV� F� LQGHSHQGHQW� UXQV� RI� D� RQH�
FOXVWHU� SRVVLELOLVWLF� DOJRULWKP�� ,QWHUSUHWDWLRQ� RI�P� LV� DOVR� GLIIHUHQW� LQ� )&0� DQG� 3&0�� ,Q� WKH�
IRUPHU��LQFUHDVLQJ�YDOXHV�RI�P�UHSUHVHQW�LQFUHDVHG�VKDULQJ�RI�SRLQWV�DPRQJ�DOO�FOXVWHUV��ZKHUHDV�
LQ� WKH� ODWWHU�� LQFUHDVLQJ� YDOXHV� RI� P� UHSUHVHQW� LQFUHDVHG� SRVVLELOLW\� RI� DOO� SRLQWV� FRPSOHWHO\�
EHORQJLQJ�WR�D�JLYHQ�FOXVWHU��7KH�YDOXH�RI�P�WKDW�JLYHV�VDWLVIDFWRU\�UHVXOWV�FDQ�EH�GLIIHUHQW�LQ�WKH�
WZR�DOJRULWKPV���
������7ZR�3&0�LPSURYHPHQWV��

&RUUHFWLRQ�IRU�ERXQGHG�GLVVLPLODULWLHV�

%RXQGHG� GLVVLPLODULWLHV� DUH� WKRVH� GLVVLPLODULW\� PHDVXUHV� ZLWK� DQ� XSSHU� ERXQG� �PD[LPXP�
YDOXH���UHJDUGOHVV�RI�WKHLU�PHWULF�RU�(XFOLGHDQ�SURSHUWLHV��/HW�GE�EH�WKH�XSSHU�GLVVLPLODULW\�ERXQG�RI� RQH� RI� VXFK� PHDVXUHV�� ,Q� WKH� FDVH� RI� GLVVLPLODULW\� PDWULFHV� REWDLQHG� XVLQJ� D� ERXQGHG�
GLVVLPLODULW\�� LW� LV� HDV\� WR� VHH� WKDW� D� SUREOHP� DULVHV�� FRQFHUQLQJ� WKH� SRVVLELOLVWLF� PHPEHUVKLS�
IXQFWLRQ�ZKHQ� UXQQLQJ�3&0��QR�PDWWHU�ZKDW� WKH� IX]]LQHVV� OHYHO� LV�� WKH�FDOFXODWHG�PHPEHUVKLS�
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YDOXH� IRU� WKH� XSSHU� GLVWDQFH� ERXQG�� X�GE��� ZLOO� DOZD\V� EH� QRQ�]HUR�� ,Q� RWKHU�ZRUGV�� WKH� XVXDO�SRVVLELOLVWLF�PHPEHUVKLS�IXQFWLRQ�RQO\�DV\PSWRWLFDOO\�\LHOGV�QXOO�YDOXHV�IRU�ODUJH�GLVWDQFHV���
,Q�RUGHU�WR�VROYH�WKLV�SUREOHP��RQH�FDQ�VLPSO\�FRUUHFW��'H�&iFHUHV�HW�DO��VXEPLWWHG��IXQFWLRQ�

�������E\�UH�VFDOLQJ�LW�WR�WKH�LQWHUYDO�>���X�GE�@��7KDW�LV��ZH�GHILQH�D�QHZ�SRVVLELOLVWLF�PHPEHUVKLS�IXQFWLRQ��QRWHG�X��DV���
� LNLNNENELNLN DXGXGXXX ⋅=−−= ���������� � �������

ZKHUH� WKH� ULJKW� SURGXFW�PHPEHU� ������� ���� −−= P
ELNLN GHD � LV� WKH�PHPEHUVKLS� IXQFWLRQ¶V� FRUUHFWLQJ�

IDFWRU��7KH�FORVHU� �
LNH �JHWV�WR� �

EG ��WKH�FORVHU�WR�]HUR�IDFWRU�DLN�ZLOO�EH��DQG�VR�ZLOO�X��:KHQ�XVLQJ�
HTXDWLRQ� ������� LQVWHDG� RI� ������� LQ� WKH� 3&0� DOJRULWKP�� RQH� REWDLQV� D� QHZ� DOJRULWKPLF� YDULDQW��
ZKLFK�PLQLPL]HV�WKH�IROORZLQJ�REMHFWLYH�IXQFWLRQ��
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(VWLPDWLQJ�VXLWDEOH�UHIHUHQFH�GLVWDQFHV��

5HIHUHQFH�GLVWDQFH��ηN���FDQ�EH�LQWHUSUHWHG�DV�D�³VFDOH´�RU�³EDQGZLGWK´�SDUDPHWHU��,Q�JHQHUDO��LW� LV� GHVLUDEOH� IRU� ηN� WR� EH� UHODWHG� WR� WKH� RYHUDOO� VL]H� RI� WKH� FOXVWHU�ΩN�� 7KLV� SDUDPHWHU� DOVR�GHWHUPLQHV�WKH�]RQH�RI�LQIOXHQFH�RI�D�FOXVWHU��7KH�ODUJHU�ηN�LV�LQ�D�FOXVWHU��WKH�PRUH�PRELOLW\�LW�KDV�LQ�3&0��VLQFH�LW�FDQ�³VHH´�PRUH�SRLQWV��7KHUHIRUH��RYHUHVWLPDWLQJ�ηN�IRU�D�³VPDOO´�FOXVWHU�ORFDWHG�EHVLGH�D�³ODUJHU´�RQH�LQFUHDVHV�WKH�SUREDELOLW\�RI�PLVVLQJ�WKH�VPDOO�RQH��7KXV��LW�LV�REYLRXV�WKDW�
JRRG�HVWLPDWLRQV�RI�WKLV�SDUDPHWHU�DUH�FUXFLDO�IRU�WKH�VXFFHVV�RI�3&0��

:KHQ�WKH�QDWXUH�RI�FOXVWHUV�LV�NQRZQ��YDOXHV�IRU�ηN��PD\�EH�IL[HG�D�SULRUL��.ULVKQDSXUDP�	�.HOOHU��������SURYLGH�WZR�ZD\V�RI�LQLWLDOL]LQJ�ηN���
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ZKHUH ( )αNΩ � LV� DQ� DSSURSULDWH� �FXW� RI�ΩN��+RZHYHU�� HVWLPDWLQJ� UHIHUHQFH� GLVWDQFH� IURP�)&0�
DQG� XVLQJ� WKH� DERYH� HTXDWLRQV� FDQ� RYHUHVWLPDWH� RU� XQGHUHVWLPDWH� WKLV� SDUDPHWHU�� GXH� WR� WKH�
LQFOXVLRQ� RI� RXWOLHUV� DQG� LQOLHUV� LQ� WKH� LQLWLDO� SDUWLWLRQ�� ,Q� DGGLWLRQ�� FOXVWHU� YDULDQFH� PD\� QRW�
SURYLGH�JRRG�ηN�HVWLPDWHV�ZKHQ�FOXVWHUV�H[KLELW�ODUJH�GHYLDWLRQV�IURP�PXOWL�QRUPDOLW\��ZKLFK�LV�H[SHFWHG�WR�EH�WKH�FDVH�LQ�PDQ\�DUELWUDU\�GLVVLPLODULW\�PDWULFHV���

:KDW� LV� QHHGHG� LV� D� IXQFWLRQ� WR� SURYLGH� VXLWDEOH� YDOXHV� IRU� ηN�� WKDW� LV�� YDOXHV� WKDW� \LHOG�FRPSDFW� DQG� LVRODWHG� FOXVWHUV�� $� KHXULVWLF� FULWHULRQ� WR� SURYLGH� VXLWDEOH�ηN� YDOXHV� ZRXOG� EH� WR�VHDUFK� IRU� WKRVH� YDOXHV� WKDW� FRUUHVSRQG� WR� ORFDO� PLQLPXP� YDOXHV� RI� WKH� SDUWLDO� GHULYDWLYH� RI�
FOXVWHU� YDULDQFH� �VHH� VHFWLRQ��������ZLWK� UHVSHFW� WR� UHIHUHQFH�GLVWDQFH�� NNIG9 η∂Ω∂ ���Ö ��+RZHYHU��
FOXVWHU�YDULDQFH�LQFUHDVHV�TXDGUDWLFDOO\�DQG�QRW�OLQHDUO\�LQ�DQ�LVRWURSLF�VSDFH��7KH�VROXWLRQ�WR�WKLV�
LV� WR� XVH� FOXVWHU� ³VWDQGDUG� GHYLDWLRQ´� � �����Ö�� NIGNIG 96WG Ω=Ω �� LQVWHDG� RI� FOXVWHU� YDULDQFH�� 7KH�
SDUWLDO�GHULYDWLYH�RI�FOXVWHU�VWDQGDUG�GHYLDWLRQ�ZLWK�UHVSHFW�WR�UHIHUHQFH�GLVWDQFH�LV��
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)LQDOO\��UHIHUHQFH�GLVWDQFH�LQLWLDOL]DWLRQ�VWUDWHJ\�LV�DV�IROORZV��'H�&iFHUHV�HW�DO��VXEPLWWHG����
• 6WDUWLQJ� IURP� D� VXLWDEOH� LQLWLDO� PHPEHUVKLS� PDWUL[�� FDOFXODWH� IRU� HDFK� FOXVWHU� WKH� XVXDO�

HVWLPDWH�RI�UHIHUHQFH�GLVWDQFH�XVLQJ�HTXDWLRQ����������
• )RU�HDFK�FOXVWHU��ILQG�WKH�FORVHVW�UHIHUHQFH�GLVWDQFH�WKDW�\LHOGV�D�PLQLPXP�RI���������$YRLG�

WKH�WULYLDO�VROXWLRQV�ηN� ����DQG�ηN� �GE���LQ�WKH�FDVH�RI�ERXQGHG�PLQLPD���
�
������5XQQLQJ�3&0�

/LNH�.�PHDQV�DQG�)&0��SRVVLELOLVWLF�&�PHDQV�FDQ�EH�UXQ�IURP�ERWK�UDZ�GDWD�PDWULFHV�DQG�
V\PPHWULF�GLVVLPLODULW\�PDWULFHV��$V�XVXDO��XQGHVLUHG�REMHFWV�RU�GHVFULSWRUV�FDQ�EH�H[FOXGHG�IURP�
FRPSXWDWLRQV��7KH�3&0�RSWLRQV�DYDLODEOH�DUH��
6WDUWLQJ� FODVVLILFDWLRQ�� 7KH� FXUUHQW� LPSOHPHQWDWLRQ� RI� 3&0� LQ� *,1.*2� QHHGV� D� VWDUWLQJ�
FODVVLILFDWLRQ�WR�EH�UXQ��)RU�HDFK�FOXVWHU�RI�WKH�VWDUWLQJ�FODVVLILFDWLRQ��WKH�3&0�SURFHGXUH�ILQGV�D�
VXLWDEOH�UHIHUHQFH�GLVWDQFH��VHH��������DQG�UXQV�WKH�3&0�LWHUDWLYH�DOJRULWKP��ZKLFK�LV�DWWUDFWHG�WR�
LGHQWLI\� D� GHQVH� UHJLRQ��:KHQ� WZR� LQLWLDO� FOXVWHUV� FRQYHUJH� WR� WKH� VDPH� ILQDO� 3&0�FOXVWHU�� DQ�
LQVLJKW� LV� JLYHQ� DJDLQVW� WKH� VWDWLVWLFDO� YDOLGLW\� RI� RQH� RU� ERWK� LQLWLDO� FOXVWHUV�� VLQFH� WKH\� GR� QRW�
FRQVWLWXWH�WUXH�GHQVH�UHJLRQV��7KXV��3&0�DFWV�DV�D�VRUW�RI�YDOLGDWLRQ�IRU�WKH�FOXVWHUV�RI�WKH�VWDUWLQJ�
FODVVLILFDWLRQ���
)X]]LQHVV�H[SRQHQW��7KLV�KDV�D�PHDQLQJ�VLPLODU�WR�WKDW�IRXQG�LQ�)&0��+LJKHU�YDOXHV�RI�IX]]LQHVV�
ZLOO�FDXVH�3&0�WR�\LHOG�IX]]LHU�FODVVLILFDWLRQ�PDWULFHV��,QFUHDVLQJ�YDOXHV�RI�P�UHSUHVHQW�LQFUHDVHV�
WKH��SRVVLELOLW\�RI�DOO�SRLQWV�FRPSOHWHO\�EHORQJLQJ�WR�D�JLYHQ�FOXVWHU��)RU�QRUPDO�GDWD�DQ�P� �����
FDQ�EH�XVHG�PRVW�RI�WKH�WLPH��:LWK�HFRORJLFDO�FRPPXQLW\�GDWD�WKHUH�LV�D�KLJK�GHJUHH�RI�QRLVH��DQG�
P�PXVW�XVXDOO\�EH�YHU\� ORZ� LQ�RUGHU� WR� LQFUHDVH�SDUWLWLRQ�KDUGQHVV� �P� � >���������@���7KHUH� LV��
KRZHYHU��DQ�REMHFWLRQ�DJDLQVW�ORZHU�YDOXHV�RI�P�VLQFH�WKH\�UHGXFH�3&0�FOXVWHU�PRELOLW\�RQ�WKH�
VSDFH�RI�VROXWLRQV��
%RXQGHG�PHWULF��$V�H[SODLQHG�LQ�VXEVHFWLRQ���������3&0�PHPEHUVKLS�IXQFWLRQ�QHHGV�D�FRUUHFWLRQ�
ZKHQ�RSHUDWLQJ�RQ�D�VSDFH�RI�GLVVLPLODULWLHV�ZLWK�D�GLVWDQFH�PD[LPXP�YDOXH��,I� WKLV� LV� WKH�FDVH�
ZLWK� WKH� LQSXW�PDWUL[�� WKH�XVHU� VKRXOG�DFWLYDWH� WKLV�RSWLRQ�DQG� LQGLFDWH� WKH�PD[LPXP�YDOXH� IRU�
GLVVLPLODULWLHV��
0LQLPXP�FDUGLQDOLW\��0LQLPXP�FDUGLQDOLW\��L�H��WKH�QXPEHU�RI�REMHFWV�EHORQJLQJ�WR�WKH�FOXVWHU��LQ�
IX]]\�WHUPV��WKDW�D�JLYHQ�FOXVWHU�PXVW�KDYH�LQ�RUGHU�WR�EH�UHWDLQHG�E\�WKH�3&0�SURFHGXUH��/RZ�
FDUGLQDOLW\�FOXVWHUV�PD\�EH�FRQVLGHUHG�VWDWLVWLFDOO\�QRQ�VLJQLILFDQW�DV�GHQVH�UHJLRQV�RI�VSDFH��
5HIHUHQFH�GLVWDQFH�SUHFLVLRQ��5HIHUHQFH�GLVWDQFH� VWHS�XVHG�E\� WKH�SURJUDP� LQ� WKH�RSWLPL]DWLRQ�
DOJRULWKP�WKDW�ORRNV�IRU�WKH�EHVW�UHIHUHQFH�GLVWDQFH�WR�EH�XVHG�LQ�3&0��
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'HWDLOHG�RXWSXW��6HOHFWLQJ�WKLV�RSWLRQ�LQFUHDVHV�WKH�DPRXQW�RI�WH[W�RXWSXW�SURGXFHG�LQ�3&0��

�
������3&0�RXWSXW�

7KH� IOH[LELOLW\� RI� WKH� FOXVWHU� FRQFHSW� LQ� 3&0� PDNHV� LW� FDSDEOH� RI� GHWHFWLQJ� VWUXFWXUHV� DW�
GLIIHUHQW� FOXVWHULQJ� OHYHOV��+RZHYHU�� WKH� VDPH�SURSHUW\�PD\�EH� UHJDUGHG� DV� D� GUDZEDFN�RI� WKH�
DOJRULWKP��VLQFH�QHVWHG�FOXVWHUV�PD\�EH�SURGXFHG��7KHUHIRUH��3&0�FOXVWHUV�FDQ�EH�UHSUHVHQWHG�LQ�
WKH� IRUP� RI� D� WUHH� RI� QHVWHG� FOXVWHUV�� 7KLV� LV� WKH� RXWSXW� IRUP� FKRVHQ� LQ� *,1.*2�� 7KH� 3&0�
RXWSXW�SDQHO�KDV�WKUHH�VXESDQHOV��

• 2XWSXW�WH[W�SDQHO��3DQHO�ZLWK�DOO�WKH�WH[W�RXWSXW�\LHOGHG�E\�3&0�SURFHGXUH��
• &OXVWHU� WUHH�SDQHO��3DQHO�ZLWK� WKUHH�SDUWV��2Q� WKH� OHIW�SDUW� WKHUH� LV�D� WUHH�RI�3&0�

FOXVWHUV��:KHQ� VHOHFWLQJ� D� FOXVWHU� QRGH� RQ� WKH� WUHH�� WKH�SDQHO� EHORZ� WKH� WUHH�ZLOO�
VKRZ� LQIRUPDWLRQ� DERXW� WKH�3&0�FOXVWHU� VHOHFWHG� �UHIHUHQFH�GLVWDQFH�� FDUGLQDOLW\��
FOXVWHU� VWDQGDUG� GHYLDWLRQ«��� $W� WKH� VDPH� WLPH�� RQ� WKH� ULJKW� SDUW� WKH� YHFWRU� RI�
REMHFW�SRVVLELOLVWLF�PHPEHUVKLSV�ZLOO�EH�VKRZQ��

• &OXVWHU�GHVFULSWRUV�SDQHO��3DQHO� VKRZLQJ� WKH� LQIRUPDWLRQ�RQ�DOO�3&0�FOXVWHUV�� LQ�
WKH�IRUP�RI�DQ�REMHFW�GHVFULSWRU�PDWUL[��

�
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������$FWLRQV�RQ�RXWSXW�DQG�JUDSKLFV��

6RPH�DFWLRQV�DUH�SRVVLEOH�DIWHU�WKH�3&0�FDOFXODWLRQV�KDYH�EHHQ�GRQH��7KH�IROORZLQJ�RSWLRQV�
DUH�DYDLODEOH�RQ�WKH�3&0�PHQX�LQ�WKH�$QDO\VLV�0DQDJHU��

• �5H�EXLOG� FOXVWHU� WUHH�� &RQVWUXFWV� RU� UHFRQVWUXFWV� WKH� WUHH� RI� 3&0� FOXVWHUV��
DQDO\]LQJ�ZKLFK�FOXVWHUV�DUH�QHVWHG�RU�RYHUODSSHG��:KHQ�VRPH�FOXVWHUV�KDYH�EHHQ�
GHOHWHG��VRPHWLPHV�WKH�FOXVWHU�WUHH�QHHGV�WR�EH�UHEXLOW��

• �5H�EXLOG� FODVVLILFDWLRQ� PDWUL[�� &RQVWUXFWV� RU� UHFRQVWUXFWV� D� SRVVLELOLVWLF�
FODVVLILFDWLRQ�PDWUL[�PHUJLQJ�WKH�GLIIHUHQW�3&0�FOXVWHU�PHPEHUVKLS�YHFWRUV���

• %XLOG� IX]]\� SDUWLWLRQ�� %XLOGV� D� IX]]\� SDUWLWLRQ� IURP� WKH� 3&0�FOXVWHUV��8VHU�PXVW�
GHFLGH�� ���:KLFK� FRPELQDWLRQ� RI� FOXVWHUV�� IURP� WKH� RQHV� DYDLODEOH� LQ� WKH� FXUUHQW�
FOXVWHU�WUHH��ZLOO�EH�XVHG�WR�EXLOG�WKH�SDUWLWLRQV�����:KLFK�OHYHO�RI�IX]]LQHVV�ZLOO�EH�
XVHG�� ���:KHWKHU� WKH� UDWLR� EHWZHHQ� SRVVLELOLVWLF� PHPEHUVKLSV� RU� WKH� GLVWDQFH� WR�
HDFK�FOXVWHU�FHQWHU�ZLOO�EH�XVHG�WR�FRPSXWH�IX]]\�PHPEHUVKLS�YDOXHV��

• 6KRZ�LQWHUVHFWLRQ�PDWUL[��%XLOGV�D�V\PPHWULF�PDWUL[�RI�3&0�FOXVWHU�LQWHUVHFWLRQ��
• 6KRZ�LQFOXVLRQ�PDWUL[��%XLOGV�D�VTXDUH�PDWUL[�RI�LQFOXVLRQ�EHWZHHQ�FOXVWHUV��
• 6KRZ� EHVW� VXLWHG� FRPELQDWLRQV�� )LQGV�ZKLFK� FOXVWHU� FRPELQDWLRQV�� IURP� WKH� RQHV�

DYDLODEOH�LQ�WKH�FXUUHQW�FOXVWHU�WUHH��DUH�EHWWHU�VXLWHG�WR�SDUWLWLRQ�GDWD��
• &RPSDUH� WR� FODVVLILFDWLRQ� PDWUL[�� &RPSXWHV� 3HDUVRQ� FRUUHODWLRQ� DPRQJ� WKH�

PHPEHUVKLS�YHFWRUV�RI�WKH�VHOHFWHG�FODVVLILFDWLRQ�PDWUL[�DQG�WKH�3&0�FOXVWHUV��
• 'HOHWH�FOXVWHU�QRGH��'HOHWHV�WKH�WUHH�VHOHFWHG�FOXVWHU�QRGH��
• 'HOHWH� ORZ� FDUGLQDOLW\� QRGHV�� 'HOHWHV� FOXVWHUV� KDYLQJ� FDUGLQDOLWLHV� ORZHU� WKDQ� D�

VSHFLILHG�WKUHVKROG�YDOXH��
*,1.*2� DOORZV� XVHUV� RI� 3&0� WR� EXLOG� DQ� LQWHUDFWLYH� SORW�� WKURXJK� WKH�PHQX� LWHP� IX]]\�

LQWHUDFWLYH�JUDSKLF��6XFK�D�SORW�LV�PDGH�XS�RI�D�FOXVWHU�WUHH�DQG�D�VFDWWHU�GLDJUDP��)RU�WKH�ODWWHU��
WKH�XVHU�PXVW�LQGLFDWH�ZKLFK�FRRUGLQDWH�PDWUL[�KDV�WR�EH�XVHG�DV�WKH�VRXUFH�IRU�RUGLQDWLRQ�D[HV��
2QFH�EXLOW��HDFK�WUHH�QRGH�VHOHFWLRQ�KLJKOLJKWV�WKH�FRUUHVSRQGLQJ�FOXVWHU�RQ�WKH�VFDWWHU�GLDJUDP��,I�
WZR�RU�PRUH�QRGHV�DUH�VHOHFWHG��WKH�FRUUHVSRQGLQJ�FOXVWHUV�DUH�LQGLFDWHG�LQ�GLIIHUHQW�FRORUV��

�
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�

���

�����5(%/2&.�
�������7KH�PHWKRG�

5(%/2&.� �3RGDQL� 	� )HROL� ������ LV� D� FOXVWHULQJ� DOJRULWKP� WKDW� SHUIRUPV� D� GRXEOH�
FODVVLILFDWLRQ� RI� REMHFWV� DQG� GHVFULSWRUV�� ,W� KDV� EHHQ� GHVLJQHG� LQ� WKH� FRQWH[W� RI� QXPHULFDO�
SK\WRVRFLRORJ\�� IRU� FODVVLI\LQJ� SODQW� FRPPXQLWLHV� DQG� DW� WKH� VDPH� WLPH� LGHQWLI\LQJ� VSHFLHV�
JURXSV��,Q�LWV�RULJLQDO�FRQFHSWLRQ��LW�PDNHV�LW�SRVVLEOH�WR�RSWLPL]H�WKUHH�GLIIHUHQW�IXQFWLRQV��EXW�LQ�
*,1.*2� WKH� RQO\� IXQFWLRQ� RSWLPL]HG� LV� D� �� VWDWLVWLF�� 7KH� DFWXDO� DLP� LV� WR� PD[LPL]H� WKH�
FRQWLQJHQF\�RI�EORFNV��GHILQHG�E\�REMHFW�JURXSV�DQG�GHVFULSWRU�JURXSV��WKURXJK�WKH�VWDWLVWLF���

� ∑∑
= = ⋅








 ⋅
−

=
� �

�� � �
ÂÂ
ÂÂ

�

ÂÂ
ÂÂ

�
���

F

L

F

M ML

ML
LM

FF

I
II
I
III

χ � �������

ZKHUH�F��DQG�F��DUH�WKH�QXPEHU�RI�REMHFW�DQG�GHVFULSWRU�JURXSV��UHVSHFWLYHO\��ILM�LV�WKH�QXPEHU�RI�SUHVHQFHV� �[OV� !� ��� LQ� EORFN� LM�� 7KH� VWDWLVWLF� PHDVXUHV� WKH� GLYHUJHQFH� RI� VSHFLHV� SUHVHQFH�GLVWULEXWLRQ�LQ�WKH�EORFNV�IURP�WKH�H[SHFWHG��UDQGRP��RQH��
$Q� LPSRUWDQW�GUDZEDFN�RI�5(%/2&.�� LV� WKDW� LW�QHHGV� WKH�GHVFULSWRU�DQG�REMHFW�QXPEHU�RI�

JURXSV�WR�EH�VSHFLILHG�D�SULRUL��6WDUWLQJ�IURP�DQ�LQLWLDO�GRXEOH�SDUWLWLRQ��WKH�DOJRULWKP�UHDVVLJQV�
WKH�YDULDEOH�RU�REMHFW�WKDW�WXUQV�LQWR�D�ODUJHU�LQFUHDVH�RI�WKH�IXQFWLRQDO��$V�LQ�.�PHDQV�DQG�UHODWHG�
PHWKRGV��WKH�ILQDO�VROXWLRQ�RI�5(%/2&.�GHSHQGV�RQ�WKH�LQLWLDO�GRXEOH�SDUWLWLRQ�XVHG��VR�VHYHUDO�
VWDUWV�DUH�UHFRPPHQGHG���

7R� HYDOXDWH� LWV� UHVXOWV�� 3RGDQL�	�)HROL� ������� SURSRVHG� WR� XVH�$QDO\VLV� RI�&RQFHQWUDWLRQV�
�$2&��)HROL�	�2UOyFL�������� ,Q� WKDW�SDSHU�� WKH� �

��� 
� FFχ VWDWLVWLF�ZDV�XVHG� WR�HYDOXDWH� WKH� UHODWLYH�
VKDUSQHVV� RI� SK\WRVRFLRORJLFDO� GRXEOH� SDUWLWLRQV�� )HROL� 	� 2UOyFL� ������� DOVR� SURSRVHG� WKH�
IROORZLQJ�PHDVXUH�RI�VKDUSQHVV��
� [ ]����PLQ�� ��ÂÂ

�
��� � −−⋅= FFI6 FFχ �� �������

7KH�JUHDWHU�6�ZDV�� WKH�EHWWHU� WKH�GRXEOH�SDUWLWLRQ�ZRXOG�EH�� ,Q�RXU�RSLQLRQ�� WKLV�PHDVXUH�KDV�D�
ELDV�EHFDXVH�LW�ZRXOG�EH�PLQLPXP�ZKHQ�F� F���,Q�*,1.*2��WKH�IROORZLQJ�PRGLILHG�PHDVXUH�RI�UHODWLYH�VKDUSQHVV�LV�JLYHQ��WR�EH�XVHG�DV�D�VRXUFH�IRU�HYDOXDWLRQV��
� ( )������ ��ÂÂ

�
��� �� −⋅−⋅= FFI6 FFχ �� �������
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�������5XQQLQJ�5(%/2&.�

5(%/2&.� FDQ� EH� VWDUWHG�ZKHQ� WKHUH� LV� D� VHOHFWHG� REMHFW�GHVFULSWRU� GDWD� LWHP� LQ� WKH�'DWD�
(GLWRU��$V�XVXDO��REMHFWV�RU�GHVFULSWRUV�PD\�EH�H[FOXGHG��7KH�LQSXW�PDWUL[�LV�WUHDWHG�DV�LI�LW�ZHUH�
ELQDU\��YDOXHV�DERYH���DUH�WUHDWHG�DV�����7KH�RSWLRQV�WKDW�WKH�XVHU�PD\�FKDQJH�DUH��
2EMHFW�QXPEHU�RI�JURXSV��7KH�QXPEHU�RI�REMHFW�JURXSV�WR�EH�IRUPHG��
'HVFULSWRU�QXPEHU�RI�JURXSV��7KH�QXPEHU�RI�GHVFULSWRU�JURXSV�WR�EH�IRUPHG��
1XPEHU�RI� UDQGRP�UXQV��7KH�QXPEHU�RI� WLPHV�5(%/2&.�ZLOO�EH� UXQ�VWDUWLQJ�ZLWK�D�GLIIHUHQW�
UDQGRP�GRXEOH�SDUWLWLRQ��
'HWDLOHG�RXWSXW��7KH�XVHU�PD\�VHOHFW�WKLV�RSWLRQ�LQ�RUGHU�WR�IROORZ�WKH�LQFUHDVH�RI�WKH�IXQFWLRQDO�
DW�HDFK�VWHS��

$V�WH[W�RXWSXW�� WKH�5(%/2&.�SURFHGXUH�\LHOGV�WKH�FKL�VTXDUH�YDOXH�RI�HDFK�UXQ���������7KH�
VROXWLRQ�ZLWK�ODUJHU�IXQFWLRQDO�LV�NHSW��7KH�UHODWLYH�VKDUSQHVV��������RI�HDFK�VROXWLRQ�LV�DOVR�JLYHQ��
2XWSXW�PDWULFHV� DUH� WKH� REMHFW� DQG� GHVFULSWRU�PHPEHUVKLSV� WR� WKHLU� UHVSHFWLYH� JURXSV� �WKH� WZR�
SDUWLWLRQV���DQG�WKH�DEVROXWH�DQG�UHODWLYH�FRQWULEXWLRQV�WR�WKH�FKL�VTXDUH�VWDWLVWLF��



&KDSWHU���(YDOXDWLRQ�DQG�LQWHUSUHWDWLRQ�RI�FODVVLILFDWLRQV�
�

����(YDOXDWLRQ�RI�FODVVLILFDWLRQV�
������,QWURGXFWLRQ�

7KH� YDOLGLW\� RI� D� FOXVWHULQJ� VWUXFWXUH� FDQ� EH� H[SUHVVHG� LQ� WHUPV� RI� WKUHH� FULWHULD�� LQWHUQDO��
H[WHUQDO� RU� UHODWLYH� �-DLQ�	�'XEHV� ������� ,QWHUQDO� FULWHULD� QRW� RQO\� DVVHVV� WKH� ILW� EHWZHHQ� WKH�
FOXVWHUV� DQG� WKH� RULJLQDO� GDWD�� EXW�PD\� DOVR� EH� XVHG� WR� GHWHUPLQH�� IRU� H[DPSOH�� WKH� QXPEHU� RI�
JURXSV� WR�EH�VRXJKW��([WHUQDO�FULWHULD�DUH�XVHG�ZKHQ�PDWFKLQJ�D�FOXVWHULQJ�VWUXFWXUH� WR�D�SULRUL�
H[WHUQDO� LQIRUPDWLRQ� �W\SLFDOO\� DQRWKHU� FODVVLILFDWLRQ� VWUXFWXUH��� )LQDOO\�� UHODWLYH� FULWHULD�
GHWHUPLQH�ZKLFK�RI�WZR�FOXVWHU�VWUXFWXUHV�LV�EHWWHU�LQ�VRPH�TXDOLWDWLYH�RU�TXDQWLWDWLYH�VHQVH��
������,QWHUQDO�FULWHULD�RI�SDUWLWLRQ�HYDOXDWLRQ��'HWHUPLQLQJ�WKH�QXPEHU�RI�JURXSV��

2QH� RI� WKH� DQQR\LQJ� DVSHFWV� RI� SDUWLWLRQLQJ� DOJRULWKPV� LV� WKH� QHHG� WR� VSHFLI\� D� SULRUL� WKH�
QXPEHU�RI�JURXSV� WR�EH�IRXQG��F��7KLV�SDUDPHWHU� LV� UDUHO\�NQRZQ�EHIRUH�FRQGXFWLQJ� WKH�FOXVWHU�
DQDO\VLV��$� FRPPRQ� VWUDWHJ\� LV� WR� UXQ� SDUWLWLRQLQJ�PHWKRGV� XVLQJ� GLIIHUHQW� YDOXHV� RI� F� DQG� WR�
FRPSDUH�WKH�UHVXOWV�E\�PHDQV�RI�VXLWDEOH�LQWHUQDO�FULWHULD��L�H��FRPSDULQJ�WKH�YDOXHV�RI�D�VWDWLVWLF���
,W�LV�LPSRUWDQW�WR�VD\�WKDW�WKH�LQWHUQDO�FULWHULD�XVHG�WR�GHFLGH�WKH�QXPEHU�RI�JURXSV�FRQWDLQHG�LQ�D�
JLYHQ�GDWD� LWHP�VKRXOG�DOZD\V�EH�FRQJUXHQW�ZLWK� WKH�FOXVWHULQJ�PHWKRG��:H�ZLOO�IRFXV�KHUH�RQ�
LQWHUQDO� FULWHULD� DSSOLFDEOH� WR�
.�PHDQV�DQG�)&0�UHVXOWV��7KH�
ILJXUH� RQ� WKH� ULJKW� VKRZV� DQ�
H[DPSOH� IURP�7LEVKLUDQL� HW� DO��
��������ZKHUH� WKH� HYROXWLRQ� RI�
7(66� �:N�� LV� VKRZQ� LQ� D�VLWXDWLRQ�RI�UDQGRP�GLVWULEXWLRQ�
�DERYH�� DQG� D� WZR� FOXVWHU�
GLVWULEXWLRQ� �EHORZ��� ,Q� ERWK�
FDVHV�� WKH� WRWDO� VXP�RI� VTXDUHG�
HUURUV��7(66��GHFUHDVHV�ZKHQ�F�
LQFUHDVHV�� 7KH� GHFUHDVH� RFFXUV�
UHJDUGOHVV� RI� WKH� H[LVWHQFH� RI�
FOXVWHU�VWUXFWXUH��+RZHYHU�� LI�D�
FOXVWHU� VWUXFWXUH� H[LVWV�� WKH�
LQLWLDO�GHFUHDVH� LV� VWHHSHU��7KLV�
VRUW� RI� ³HOERZ´� LQ� WKH� 7(66�
SORW� LV�ZKDW�PDQ\�VWDWLVWLFV� WU\�
WR�GHWHFW��HOERZ�SUREOHP���

*,1.*2�LQFRUSRUDWHV� WZR� LQGLFHV� WKDW�PD\�EH�XVHG�DV�YDOLGDWLQJ� LQWHUQDO�FULWHULD� IRU�FULVS�
�DQG� IX]]\�� SDUWLWLRQV�� &DOLQVN\�+DUDEDV]� ������� SVHXGR�)� VWDWLVWLF�� DQG� WKH� QRQ�SDUDPHWULF�
VLOKRXHWWH� �5RXVVHXZ� ������� 7KH� ODWWHU� FDQ� DOVR� EH� XVHG� WR� GHWHFW� LQGLYLGXDO� REMHFW�
PLVFODVVLILFDWLRQV���

�
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3VHXGR�)�

2QH� RI� WKH�PRVW� FRPPRQO\� XVHG� FULWHULD� IRU� WKH� VHOHFWLRQ� RI� D� QXPEHU� RI� JURXSV��F�� LV� WKH�
PD[LPL]DWLRQ�RI�D�SVHXGR�)�VWDWLVWLF��&DOLQVN\�+DUDEDV]��������
� ���

������ FQ
FF)

−
−

= :
$ � ������

ZKHUH�$� DQG�:� DUH� JLYHQ� E\� HTXDWLRQV� ������ DQG� ������� UHVSHFWLYHO\�� 7KLV� VWDWLVWLF� LV� EDVHG� RQ�
PXOWLYDULDWH�QRUPDO�GLVWULEXWLRQ�RI�GDWD��7KHUHIRUH��LW�ZRUNV�EHVW�ZLWK�FOXVWHUV�VKRZLQJ�WKLV�NLQG�
RI�GLVWULEXWLRQ��'HSDUWXUHV�IURP�QRUPDOLW\�ZLOO�WHQG�WR�ORZHU�WKH�SHUIRUPDQFH�RI�WKLV�VWDWLVWLF��7KH�
KLJKHU� WKH� YDOXH� RI� SVHXGR�)� LV�� WKH�PRUH� YDULDQFH� DPRQJ� JURXSV� WKHUH� ZLOO� EH� �FRPSDUHG� WR�
ZLWKLQ�JURXS�YDULDQFH���DQG�WKH�EHWWHU�WKH�SDUWLWLWLRQ�ZLOO�EH��1RWH�WKDW�3VHXGR�)�FDQ�EH�FRPSXWHG�
XVLQJ�IX]]\�SDUWLWLRQV���

6LOKRXHWWHV�

$QRWKHU�SRVVLELOLW\� LV� WR�XVH�D�QRQ�SDUDPHWULF��JHRPHWULF�� DSSURDFK��6LOKRXHWWHV� �5RXVVHXZ�
������WU\�WR�PDNH�D�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�SDUWLWLRQ��LQGLFDWLQJ�IRU�HDFK�REMHFW��ZKHWKHU�LW�
LV�FORVHVW�WR�WKH�JURXS�LW�EHORQJV�WR�RU�LV�FORVHU�WR�DQRWKHU�FOXVWHU��)RU�HDFK�HOHPHQW�� Lω �VLOKRXHWWH�
LV ��LV�FRPSXWHG�DV�IROORZV��

��� /HW� D� EH� WKH� FOXVWHU� FRQWDLQLQJ� Lω ��:H� ILUVW� GHILQH� LD DV� WKH� DYHUDJH� GLVVLPLODULW\�
EHWZHHQ� Lω DQG�WKH�RWKHU�HOHPHQWV�LQ� D����

��� :H�QH[W�GHILQH� ��NG L �DV�WKH�DYHUDJH�GLVVLPLODULW\�EHWZHHQ� Lω �DQG�WKH�HOHPHQWV�RI� N��
:H�FRPSXWH�IRU�DOO�N ��������F� �� DN ≠ ��

��� :H�VHOHFW�WKH�PLQLPXP� ��NGPLQE LDNL ≠
= ��7KH�FOXVWHU�FRUUHVSRQGLQJ�WR�WKLV�PLQLPXP�LV�

WKH�QHLJKERU�FOXVWHU�� E��
��� LV LV�REWDLQHG�FRPELQLQJ LD DQG� LE ���

� `�^ LL

LL
L EDPD[

DEV −
= � ������

)URP�WKLV�GHILQLWLRQ�RQH�FDQ�VHH�WKDW� �� ≤≤− LV ��9DOXHV�RI� LV �QHDU�]HUR�LQGLFDWH�LW� LV�QRW�FOHDU�
ZKHWKHU�REMHFW� Lω �VKRXOG�EH�DVVLJQHG�WR� D�RU�WR� E��3RVLWLYH�YDOXHV�FRQILUP�D�JRRG�FODVVLILFDWLRQ�
RI� WKH�REMHFW��ZKHUHDV�QHJDWLYH�YDOXHV�DUH�D�JRRG� LQGLFDWRU�RI�PLVFODVVLILFDWLRQ�� �7KH�JUDSKLFDO�
UHSUHVHQWDWLRQ� RI� FOXVWHU� VLOKRXHWWHV� LV� PDGH� GHSLFWLQJ�� IRU� HDFK� REMHFW�� OLQHV� ZKRVH� OHQJWK� LV�
SURSRUWLRQDO� WR� LWV� LV YDOXH�� $ULWKPHWLF� DYHUDJH� RI� DOO� FOXVWHU� LV � YDOXHV� LV� FDOOHG� WKH� DYHUDJH�
FOXVWHU�VLOKRXHWWH��)LQDOO\��DYHUDJLQJ� LV �IRU�DOO�REMHFWV�LQ�WKH�GDWD�VHW�JLYHV�WKH�DYHUDJH�SDUWLWLRQ�
VLOKRXHWWH���
,W�LV�LPSRUWDQW�WR�VD\�WKDW�LW�LV�SRVVLEOH�WR�H[WHQG�WKH�PHDVXUH�RI�VLOKRXHWWH�LQ�FDVH�RI�IX]]\�VHWV��E\�
VLPSO\�UHGHILQLQJ�DL�DQG�EL��

�
∑

∑

=

=

⋅
= Q

M
MD

Q

M
LMMD

L
X

GX
D

�

� �������

















⋅

=

∑

∑

=

=

≠ Q

M
MN

Q

M
LMMN

DNL
X

GX
E

�

�PLQ �� ������



9HUVLRQ�����

�

���

)X]]LQHVV�PHDVXUHV�IRU�IX]]\�SDUWLWLRQV�

,Q� SDUDOOHO� WR� WKH� GHYHORSPHQW� RI� IX]]\� SDUWLWLYH� FOXVWHULQJ� DOJRULWKPV�� VRPH� SDUWLWLRQ�
IX]]LQHVV�LQGLFHV�KDYH�EHHQ�SURSRVHG��'XQQ��������6HH�.LP�HW�DO���������IRU�D�UHFHQW�UHYLHZ�RQ�
WKH� VXEMHFW�� 7KH�SDUWLWLRQ�RU�'XQQ� FRHIILFLHQW� �%H]GHN� ������ ������� �PHDVXUHV� WKH� GHJUHH� RI�
µKDUGQHVV¶�RU�µIX]]LQHVV¶�RI�D�SDUWLWLRQ��
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:KHQ�D�SDUWLWLRQ�LV�FRPSOHWHO\�IX]]\� FF3& ����� =8 ��ZKLOH�IRU�D�FULVS�SDUWLWLRQ� ���� =8F3& ��
$�QRUPDOL]HG�YHUVLRQ�RI�WKH�'XQQ�FRHIILFLHQW�LV��
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$QRWKHU�LQWHUQDO�PHDVXUH�RI�IX]]LQHVV�LV�SDUWLWLRQ�HQWURS\��5XVSLQL��������ZKLFK�PHDVXUHV�
WKH�LQIRUPDWLRQ�FRQWHQW�RI�WKH�IX]]\�SDUWLWLRQ��
� ∑ ∑
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7KH� IX]]LHU� WKH�SDUWLWLRQ�� WKH�PRUH�HQWURS\� �GLVRUGHU��ZLOO� DSSHDU��$QDORJRXVO\� WR� WKH�SUHYLRXV�
FRHIILFLHQW��SDUWLWLRQ�HQWURS\�FDQ�EH�DOVR�QRUPDOL]HG�E\�GLYLGLQJ�E\�LWV�PD[LPXP�YDOXH��7KLV�LV�
FDOOHG�QRUPDOL]HG�HQWURS\�RU�SDUWLWLRQ�HIILFLHQF\��'XQQ��������
�

( )QF
F+F+ QRUP ��

������
−

=
88 � ������

%RWK� WKH� QRUPDOL]HG� SDUWLWLRQ� FRHIILFLHQW� DQG� QRUPDOL]HG� HQWURS\� DUH� VWDWLVWLFV� WKDW� FDQ� EH�
XVHG� WR� GHFLGH� WKH� QXPEHU� RI� JURXSV� LQ� IX]]\� SDUWLWLRQLQJ� �'XQQ� ������0DUVLOL�/LEHOOL� ������
(TXLKXD� ������� 2QH� PXVW� FKRRVH� WKH� F� YDOXH� ZLWK� D� KLJKHVW� SDUWLWLRQ� FRHIILFLHQW� RU� ORZHVW�
SDUWLWLRQ�HIILFLHQF\��5HPHPEHU��WKRXJK��WKDW�WKHVH�FRHIILFLHQWV�XVH�RQO\�WKH�PHPEHUVKLS�YDOXHV�WR�
HYDOXDWH�SDUWLWLRQV��DQG�QRW�WKH�JHRPHWULFDO�VWUXFWXUH�RI�GDWD��
�

�

�

������&RPSDULQJ�FODVVLILFDWLRQV�

,Q�RUGHU� WR�HYDOXDWH�FULVS�SDUWLWLRQV�XVLQJ�H[WHUQDO�FULWHULD��*,1.*2�SURYLGHV�WKH�FRUUHFWHG�
5DQG��5DQG�������+XEHUW�	�$UDELH�������DQG�)RZONHV�0DOORZV�������� LQGLFHV��7KHVH� LQGLFHV�
FDQ� DVVHVV� WKH� OHYHO� RI� DJUHHPHQW� VKRZQ� EHWZHHQ� WZR� FULVS� SDUWLWLRQV�� 7R� FRPSDUH� IX]]\�
SDUWLWLRQV�XVLQJ�WKHVH�LQGLFHV��WKH\�PXVW�ILUVW�EH�³GHIX]]LILHG´��$OWHUQDWLYHO\��*,1.*2�ERDVWV�D�
PRGLILFDWLRQ�RI�WKH�FRUUHFWHG�5DQG�LQGH[��ZKLFK�GLUHFWO\�FRPSDUHV�IX]]\�PDWULFHV��XQSXEOLVKHG�
UHVXOWV���



*,1.*2�XVHU¶V�PDQXDO�
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&RQIXVLRQ�WDEOHV�

/HW�8Q[F�DQG�9Q[F¶�EH�WZR�SDUWLWLRQV�LQWR�F�DQG�F¶�FOXVWHUV��UHVSHFWLYHO\��RI�WKH�VDPH�GDWD�VHW��7KHUH� DUH� GLIIHUHQW� DSSURDFKHV� WR� WKH� UHVHPEODQFH� EHWZHHQ� SDUWLWLRQV�� ,Q� D� ILUVW� DSSURDFK�� RQH�
EXLOGV�D�FURVV�FODVVLILFDWLRQ�WDEOH�RU�FRQIXVLRQ�WDEOH��7F[F¶�ZKHUH�WKH�WZR�SDUWLWLRQV�DUH�FURVVHG��(DFK�WNN¶�HOHPHQW�FRQWDLQV�WKH�QXPEHU�RI�REMHFWV�FODVVLILHG�LQ�JURXS�N�RI�8�DQG�LQ�JURXS�N¶�RI�9��7KH�VLPSOH�LQVSHFWLRQ�RI�PDWUL[�7�JLYHV�D�ORW�RI�LQIRUPDWLRQ�UHODWHG�WR�WKH�UHODWLRQ�EHWZHHQ�WKH�
WZR�SDUWLWLRQV���

,QFLGHQFH�PDWULFHV��5DQG�LQGH[�

$QRWKHU�DSSURDFK�WR�PHDVXUH�SDUWLWLRQ�DJUHHPHQW�LPSOLHV�WKH�LQWHUPHGLDWH�VWHS�RI�WUDQVODWLQJ�
HDFK�SDUWLWLRQ�PDWUL[�LQWR�DQ�LQFLGHQFH�PDWUL[�&Q[Q���,Q�WKLV�PDWUL[��HDFK�FHOO�FLM�KDV�D�YDOXH���LI�WKH�REMHFWV� L�DQG� M�EHORQJ�WR�WKH�VDPH�FOXVWHU��DQG���RWKHUZLVH��)URP�WKLV�VWDUWLQJ�SRLQW��LW�LV�SRVVLEOH� WR�VWXG\�WKH�UHODWLRQ�EHWZHHQ�WKH� WZR�SDUWLWLRQV�FRPSDULQJ�WKH�FHOOV�RI� WKHLU�UHVSHFWLYH�
LQFLGHQFH�PDWULFHV��2QH�RI� WKH�PRVW� FRPPRQ�SDUWLWLRQ� DJUHHPHQW�PHDVXUHV� LV� WKH�5DQG� LQGH[�
�5DQG��������,W�FRPSXWHV�WKH�SUREDELOLW\�WKDW�WZR�UDQGRPO\�FKRVHQ�REMHFWV�FDQ�EH�WUHDWHG�LQ�WKH�
VDPH�PDQQHU�LQ�WKH�WZR�SDUWLWLRQV��)RUPDOO\��LW�LV�GHILQHG�DV��
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D�� LM� ���LI� L�DQG� M�EHORQJ�WR�WKH�VDPH�JURXS�LQ�ERWK��8�DQG�9��F�8�LM� ���DQG�F�9�LM� ����E�� LM� ���LI� L�DQG� M�EHORQJ�WR�D�GLIIHUHQW�JURXS�LQ�8�DQG�WR�WKH�VDPH�JURXS�LQ�9��F�8�LM ��DQG�F�9�LM� ���F�� LM� ���LI� L�DQG� M�EHORQJ�WR�WKH�VDPH�JURXS�LQ�8�DQG�WR�D�GLIIHUHQW�JURXS�LQ�9��F�8�LM ��DQG�F�9�LM ���G�� LM� ���LI� L�DQG� M�EHORQJ�WR�D�GLIIHUHQW�JURXS�LQ�ERWK�8�DQG�9��F�8�LM ��DQG�F�9�LM ����
,W� LV� UDWKHU� HDV\� WR� VKRZ� WKDW� WKH� 5DQG� LQGH[� FDQ� DOVR� EH� FRPSXWHG� IURP� WKH� FURVV�

FODVVLILFDWLRQ�WDEOH�7��
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8VLQJ� WKLV� ODVW� DSSURDFK�� +XEHUW� 	� $UDELH� ������� SURSRVHG� WR� FRUUHFW� WKH� 5DQG� LQGH[� WR�
H[WUDFW�WKH�DJUHHPHQW�WKDW�ZRXOG�RFFXU�RQO\�GXH�WR�FKDQFH�HIIHFWV��7KH�FRUUHFWHG�5DQG�LQGH[�LV��

����
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7KH�FRUUHFWHG�5DQG� LQGH[� LV���ZKHQ� WKH�QXPEHU�RI�FRLQFLGHQFHV� LV�HTXDO� WR� WKRVH�H[SHFWHG�E\�
FKDQFH��QXOO�PRGHO��� ,Q�FRQWUDVW�� WKH�YDOXH�RI��� LPSOLHV��DV� LQ� WKH�FDVH�RI� WKH�XQFRUUHFWHG�5DQG�
LQGH[�� D� SHUIHFW� FRUUHVSRQGHQFH� EHWZHHQ� WKH� FRPSDUHG� SDUWLWLRQV�� $Q� DGYDQWDJH� RI� WKH� 5DQG�
LQGH[��ZKHWKHU�FRUUHFWHG�RU�QRW��LV�WKDW�LW�FDQ�EH�FRPSXWHG�HYHQ�LI�WKH�QXPEHU�RI�FOXVWHUV�F�DQG�F¶�
DUH�GLIIHUHQW��

0,1'07�

$QRWKHU� DSSURDFK� WR� WKH�PHDVXUH� RI� SDUWLWLRQ� DJUHHPHQW� FRQVLVW� LQ� H[SUHVVLQJ� WKH� GLVWDQFH�
EHWZHHQ�SDUWLWLRQV� LQ� WHUPV�RI� WKH�PLQLPXP�FKDQJHV�QHHGHG�WR� WUDQVIRUP�RQH�SDUWLWLRQ� LQWR� WKH�
RWKHU��7KLV�LV�ZKDW�WKH�0,1'07��PLQLPXP�QXPEHU�RI�GLYLVLRQV��PHUJHQFHV�DQG�WUDQVIHUV��'D\�
������3RGDQL�������LQGH[�GRHV��

&RPSDULQJ�IX]]\�SDUWLWLRQV�

,Q� RUGHU� WR� FRPSDUH� IX]]\� SDUWLWLRQV�� WKH� VLPSOHU� DSSURDFK� LV� WR� µGHIX]]LI\¶� WKHP� EHIRUH�
DSSO\LQJ�FULVS�FRPSDULVRQ�LQGLFHV��'HIX]]LILFDWLRQ�FDQ�EH�GRQH�LQ�WZR�EDVLF�ZD\V�����&UHDWLQJ�D�
FULVS�SDUWLWLRQ�E\�FKRRVLQJ��IRU�HDFK�REMHFW��WKH�JURXS�WKDW�KDV�D�KLJKHU�PHPEHUVKLS�����&UHDWLQJ�D�
FULVS�SDUWLWLRQ�IURP�DQ� �FXW��L�H���GHILQLQJ�D�FULVS�PHPEHUVKLS�PDWUL[�ZKHUH�YDOXHV�DUH���RQO\�LI�
WKH�FRUUHVSRQGLQJ�IX]]\�YDOXH�LV�DERYH�D�VSHFLILHG� �WKUHVKROG��$V�WKH�VHFRQG�PHWKRG�FDQ�\LHOG�
GHJHQHUDWH� SDUWLWLRQV� �QRW� IXOILOOLQJ� FRQGLWLRQ� ����E�� WKH� PRVW� IUHTXHQWO\� XVHG� GHIX]]LILFDWLRQ�
PHWKRG�LV�WKH�ILUVW���

,Q�*,1.*2�IX]]\�SDUWLWLRQV�PD\�EH�GHIX]]LILHG�WKURXJK�WKH�PHQX�LWHP�'HIX]]LI\�SDUWLWLRQ�
LQ� WKH� $QDO\VLV� 0DQDJHU� E\� FKRRVLQJ� DQ� � YDOXH�� +RZHYHU�� ZKHQ� VHYHUDO� JURXSV� KDYH� D�
PHPEHUVKLS�DERYH�WKH�WKUHVKROG�QRQ�GHJHQHUDF\�LV�DYRLGHG�E\�FKRRVLQJ�WKH�KLJKHVW�PHPEHUVKLS�
JURXS��7KXV��VHWWLQJ� �WR�����WKH�ILUVW�GHIX]]LILFDWLRQ�PHWKRG�LV�XVHG��

0,1'07�

,I� RQH� ZDQWV� WR� FRPSDUH� WZR� IX]]\� SDUWLWLRQV� ZLWKRXW� ORVLQJ� WKH� LQIRUPDWLRQ� FRQWDLQHG� LQ�
IX]]\�PHPEHUVKLSV�PHDVXUHV� RI� DJUHHPHQW� IRU� IX]]\� YDOXHV� DUH� QHHGHG�� ,Q� WKLV� VHQVH�� 3RGDQL�
�������SURSRVHG�WR�H[WHQG�0,1'07�WR�WKH�IX]]\�FDVH��&RQFUHWHO\��DOO�WKH�SRVVLEOH�SHUPXWDWLRQV�
RI�FROXPQV�LQ�8�ZLWK�UHVSHFW�WR�9�DUH�WHVWHG�WR�ILQG�WKH�SHUPXWDWLRQ�WKDW�PLQLPL]HV�WKH�GLVWDQFH��
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)X]]\�5DQG�LQGH[�

7KH�0,1'07�DSSURDFK�KDV�WKH�GUDZEDFN�RI�QRW�DOORZLQJ�GLIIHUHQW�QXPEHUV�RI�JURXSV�LQ�8�
DQG�9�� ,Q�RUGHU� WR�FRPSDUH� IX]]\�SDUWLWLRQV�ZLWKRXW� WKLV� OLPLWDWLRQ�ZH�PXVW� VHHN� WR�JHQHUDOL]H�
LQGLFHV�DOORZLQJ�GLIIHUHQW�QXPEHUV�RI�JURXSV��7KLV�JHQHUDOL]DWLRQ�LV�SRVVLEOH�IRU�WKH�5DQG�LQGH[�LI�
ZH�H[SUHVV�7�DQG�&�LQ�PDWUL[�QRWDWLRQ��
� 98987 ⋅= 
��� � �������

� 
�� 888& ⋅= � �������
1RWH�WKDW��XVLQJ�PDWUL[�QRWDWLRQ�8�DQG�9�FDQ�KDYH�IX]]\�YDOXHV��&RPSXWLQJ�&�DV���������RQH�FDQ�
WKHQ�FRPSXWH�WKH�IRXU�FHOOV��D�G��RI�WKH�5DQG�LQGH[�DV��
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,W� LV� HDV\� WR� VKRZ� WKDW� WKLV� GHILQLWLRQ� JHQHUDOL]HV� WKH� FULVS� FDVH�� DQG� WKDW�� LQ� FDVH� RI� QRQ�
GHJHQHUDWH� SDUWLWLRQV�� IXOILOOV� WKH� HTXDWLRQ� �D�E�F�G��  � �Q� Â�Q� �� ���� �� ��� $QDORJRXVO\�� WKLV�
JHQHUDOL]DWLRQ� LV� H[WHQVLEOH� WR� WKH� FRUUHFWHG�5DQG� LQGH[��7KH� ILJXUHV� EHORZ� VKRZ� WZR�FDVHV� WR�
H[HPSOLI\�WKH�JHQHUDOL]DWLRQ���

3DUWLWLRQ�8� 3DUWLWLRQ�9� �

� 8�� 8�� � 9�� 9�� �
�� �� �� �� �� �� �
�� �� �� �� �� �� �
�� �� �� �� �� �� �
�� �� �� �� �� �� �
�� �� �� �� �� �� �
�� �� �� �� ����S� S� �

� �

S
��� ��� ��� ��� ��� ���
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5DQG�
)X]]\�5DQG�
&RUUHFWHG�5DQG�
)X]]\�&RUUHFWHG�5DQG�

([DPSOH� ��� 3DUWLWLRQV� 8� DQG�9� RI� GLPHQVLRQV� �[�� DUH� RQ� WKH� OHIW�� 7KH� RQO\� GLIIHUHQFH� EHWZHHQ� WKHP� LV� WKH�
FODVVLILFDWLRQ�RI�WKH�ODVW�REMHFW�� ���ZKLFK�LQ�9�GHSHQGV�RQ�WKH�YDOXH�RI�SDUDPHWHU�S��7KH�GLDJUDP�RQ�WKH�ULJKW�VKRZV�WKH�5DQG�LQGH[�YDOXHV�LQ�WKH�FDVHV�RI�FRPELQLQJ�FRUUHFWLRQ�DQG�IX]]\�JHQHUDOL]DWLRQ��,Q�WKH�H[WUHPH�FDVHV��S� ���DQG�
S� �����WKH�IX]]\�DQG�FULVS�YHUVLRQV�DUH�FRLQFLGHQW��)RU�LQWHUPHGLDWH�YDOXHV�RI�S�WKH�IX]]\�PHPEHUVKLS�RI� ���PDNHV�WKH�IX]]\�5DQG�LQGH[�FKDQJH�JUDGXDOO\��2Q�WKH�RWKHU�KDQG��WKH�FRUUHFWHG�YHUVLRQV�RI�ERWK�LQGLFHV�VKRZ��ORJLFDOO\��
WKH�VDPH�SDWWHUQ��EXW�LQ�ORZHU�YDOXHV��

3DUWLWLRQ�8� 3DUWLWLRQ�9� �

� 8�� 8�� � 9�� 9�� �
�� �� �� �� S� ������S� �
���� ���� ���� ���� ���� ���� �
Q����� �� �� Q����� S� ������S� �

Q��� �� �� Q��� ������S� S� �

���� ���� ���� ���� ���� ���� �
Q� �� �� Q� ������S� S� �

� �
S

��� ��� ��� ��� ��� ���

LQG
H[

�YD
OXH

���

���

���

���
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���
)X]]\�5DQG�
)X]]\�&RUUHFWHG�5DQG��1 ����
)X]]\�&RUUHFWHG�5DQG��1 ������
)X]]\�&RUUHFWHG�5DQG��1 ����

([DPSOH����3DUWLWLRQV�8�DQG�9�RI�GLPHQVLRQV�Q[��DUH�RQ�WKH�OHIW��8�LV�D�WZR�JURXS�SDUWLWLRQ��HDFK�RI�VL]H�Q����,Q�9��
WKH�PHPEHUVKLS� WR� WKHVH�VDPH�JURXSV�GHSHQGV�RQ�SDUDPHWHU�µS¶��7KH�GLDJUDP�RQ�WKH�ULJKW�VKRZV�WKH�IX]]\�5DQG�
LQGH[�YDOXHV��,Q�WKH�H[WUHPHV��S� ���DQG�S� ����WKH�LQGH[�LV������)RU�WKH�LQWHUPHGLDWH�FRQIXVLRQ�]RQH�RI�9��S�DURXQG�
������WKH�XQFRUUHFWHG�LQGH[�LV�����DQG�WKH�FRUUHFWHG�LQGH[�LV������LQGHSHQGHQWO\�RI�WKH�QXPEHU�RI�REMHFWV��7KLV�ZRXOG�
UHIOHFW�WKDW�WKH�LQGHWHUPLQDWLRQ�LQ�9�FRUUHVSRQGV�LQ�D�FULVS�VHQVH��WR�WKH�UDQGRP�DVVLJQPHQW�RI�REMHFWV��
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&RPSDULQJ�DJJORPHUDWLYH�KLHUDUFKLFDO�WUHHV�

&RPSDULVRQV� EHWZHHQ� KLHUDUFKLFDO� FODVVLILFDWLRQV� �L�H�� GHQGURJUDPV�� FDQ� EH� PDGH� E\�
JHQHUDWLQJ�SDUWLWLRQV�DW�GLIIHUHQW�FXWWLQJ�OHYHOV�DQG�WKHQ�DVVHVVLQJ�WKHLU�DJUHHPHQW�ZLWK�DQ\�RI�WKH�
DIRUHPHQWLRQHG� LQGLFHV�� 0RUHRYHU�� WKLV� VWUDWHJ\� LV� DSSOLFDEOH� WR� FRPSDULVRQV� EHWZHHQ�
GHQGURJUDPV�DQG�SDUWLWLRQV��

�
������&RPSDULVRQV�LQ�*,1.*2�

7KH�*,1.*2�DOORZV�WKH�FRPSDULVRQ�RI�FODVVLILFDWLRQV�WKURXJK�WKH�PHQX�&RPSDUH�DYDLODEOH�
LQ�WKH�PDLQ�PHQX�EDU��)LUVW��WKH�SURJUDP�DOORZV�WKH�FRPSDULVRQ�RI�VHYHUDO�FODVVLILFDWLRQ�PDWULFHV�
E\� PHDQV� RI� WKH� 5DQG� LQGH[�� WKH� IX]]\� 5DQG� LQGH[�� WKH� )RZONHV�0DOORZV� ������� LQGH[� RU�
0,1'07��8VHUV�FDQ�DVN�IRU� WKH��IX]]\��FRQIXVLRQ�PDWUL[�RI�HDFK�FRPSDULVRQ�DQG�WKH�SKL��L�H��
3HDUVRQ�� FRUUHODWLRQ� EHWZHHQ� FOXVWHUV�� 6HFRQG�� KLHUDUFKLFDO� DJJORPHUDWLYH� WUHHV� FDQ� EH� DOVR�
FRPSDUHG�XVLQJ�WKH�VDPH�LQGLFHV��,Q�WKLV�FDVH�WKH�LQGH[�YDOXHV�DUH�FRPSXWHG�IRU�HDFK�QXPEHU�RI�
JURXSV�IURP�N ��WR�N Q��7KH�UHVXOWLQJ�YHFWRUV�DUH�LQFOXGHG�LQ�WKH�RXWSXW�DQG�DUH�VKRZQ�DV�LQGH[�
SURILOHV�LQ�WKH�*UDSKLF�(GLWRU�ZLQGRZ��

,Q�RUGHU�WR�IDFLOLWDWH�YDOLGDWLRQ�E\�PHDQV�RI�H[WHUQDO�FULWHULD��H[WHUQDO�FODVVLILFDWLRQ�PDWULFHV�
FDQ�EH�LPSRUWHG�LQWR�WKH�$QDO\VLV¶�0DQDJHU�E\�UHDGLQJ�UHFWDQJXODU�$6&,,�WH[W�ILOHV��5HPHPEHU�
WKDW�FODVVLILFDWLRQ�PDWULFHV�FDQ�EH�FUHDWHG�IURP�GDWD�PDWULFHV�LQ�WKH�'DWD�(GLWRU��VHH�VXEVHFWLRQ�
�������� ,Q� DGGLWLRQ�� *,1.*2� LV� FDSDEOH� RI� UHDGLQJ� 7:,163$1¶V� GRXEOH� SDUWLWLRQV� �L�H�� RQH�
SDUWLWLRQ� RI� UHOHYpV� DQG� RQH� RI� VSHFLHV�� DV� JHQHUDWHG� E\� WKH� SURJUDP� 3&�25'� �0F&XQH� 	�
0HIIRUG��������

�

�
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����)XUWKHU�LQWHUSUHWDWLRQ�RI�FOXVWHUV�
������$QDO\]LQJ�FOXVWHU�SURSHUWLHV�RQ�D�GDWD�PDWUL[�

2QFH�D�FODVVLILFDWLRQ�KDV�EHHQ�REWDLQHG�LW�LV�SRVVLEOH�WR�FKHFN�LWV�DJUHHPHQW�ZLWK�D�QHZ�GDWD�
VHW��GLIIHUHQW�IURP�WKH�RQH�XVHG�WR�REWDLQ�WKH�FODVVLILFDWLRQ��7KLV�D�SRVWHULRUL�DQDO\VLV�RI�FOXVWHUV�
FDQ�EH�GRQH�LQ�*,1.*2�WKURXJK�WKH�PHQX�LWHP�'HVFULEH�FOXVWHU�LQ�GDWD�IURP�WKH�PHQX�*URXS�
LQIR��1RWH� WKDW� WKH� QHZ� GDWD� VHW�PD\� EH� HLWKHU� D� UHFWDQJXODU� REMHFW�GHVFULSWRU� �2��PDWUL[� RU� D�
V\PPHWULF� GLVWDQFH� �'�� PDWUL[�� $V� ZLWK� RWKHU� DQDO\VHV�� VRPH� REMHFWV� RU� GHVFULSWRUV� PD\� EH�
H[FOXGHG� IURP� FRPSXWDWLRQV�� 7KH� XVHU� PXVW� DOVR� VSHFLI\� ZKLFK� FODVVLILFDWLRQ� ZLOO� EH� XVHG� DV�
VRXUFH�IRU�FOXVWHUV��7KH�SURPSWHG�GLDORJ�VKRZV�PDQ\�RWKHU�RSWLRQV��DYDLODEOH�GHSHQGLQJ�RQ�WKH�
LQSXW�PDWUL[�XVHG��

• 9DULDQFH�GHVFULSWLRQ��2�'���*LYHV�WKH�HUURU�VXP�RI�VTXDUHV��(66��RI�HDFK�FOXVWHU��DV�
ZHOO�DV�LWV�YDULDQFH�DQG�SHUFHQWDJH�RI�WKH�WRWDO�HUURU�VXP�RI�VTXDUHV��7(66���

• &HQWURLG� FRRUGLQDWHV� �2��� *LYHV� WKH� YHFWRU� RI� DYHUDJH� YDOXHV� IRU� HDFK� FOXVWHU� �D�
ZHLJKWHG�DYHUDJH�LQ�WKH�FDVH�RI�IX]]\�SDUWLWLRQV���

• (XFOLGHDQ�'LVWDQFHV� WR� &HQWURLGV� �2�'���*LYHV� WKH�PDWUL[� RI� �(XFOLGHDQ�� GLVWDQFHV�
EHWZHHQ�REMHFWV�DQG�FHQWURLGV��

• 0HGRLG�FRRUGLQDWHV��2���*LYHV�WKH�YHFWRU�RI�PHGLDQ�YDOXHV�IRU�HDFK�FOXVWHU��D�IX]]\�
PHGLDQ�LQ�WKH�FDVH�RI�IX]]\�SDUWLWLRQV���

• 0DQKDWWDQ�'LVWDQFHV�WR�0HGRLGV��2���*LYHV�WKH�PDWUL[�RI�0DQKDWWDQ�PHWULF�GLVWDQFHV�
EHWZHHQ�REMHFWV�DQG�PHGRLGV��

• &OXVWHU�IRUP��2�'���'LIIHUHQW�VWDWLVWLFV�RI�FOXVWHU�VSKHULFLW\�DUH�JLYHQ��LQ�WKH�IROORZLQJ�
0� PD\� EH� DQ� LQQHU� SURGXFW� PDWUL[�� IRU� '� FDOFXOXV�� RU� D� FRYDULDQFH� PDWUL[�� IRU� 6�
FDOFXOXV����

��GHW�0����GHWHUPLQDQW��VTXDUHG�YROXPH��RI�0��
��GHW�0�A���S����([SHFWHG�PHDQ�WUDFH�SHU�GLPHQVLRQ�RI�0��
��WU�0����WUDFH�RI�0��
��WU�0��S���PHDQ�WUDFH�SHU�GLPHQVLRQ�RI�0��
��>WU�0��S@AS���H[SHFWHG�GHWHUPLQDQW��VTXDUHG�YROXPH��XQGHU�VSKHULFLW\��
��+\SHU9ROXPH�5DWLR� �GHW�0���>WU�0��S@AS����PHDVXUHV�WKH�GHSDUWXUH�IURP�VSKHULFDO�FRQGLWLRQ�

DV�D�UDWLR�LQ�S�GLPHQVLRQV��
��9DULDQFH�5DWLR� �>GHW�0�A���S�@�>WU�0��S@���PHDVXUHV�WKH�GHSDUWXUH�IURP�VSKHULFDO�FRQGLWLRQ�

DV�D�UDWLR�LQ�RQH�GLPHQVLRQ��
• ,VRODWLRQ� VWDWLVWLFV� �'���*LYHV� D�PDWUL[� RI� FOXVWHU� LVRODWLRQ� VWDWLVWLFV� FRPSXWHG� IURP�

HDFK� FOXVWHU� YHFWRU� RQ� GLVWDQFH� WR� FHQWURLG� PDWUL[�� $YHUDJH�� PHGLDQ�� VWDQGDUG�
GHYLDWLRQ��VNHZQHVV��PHDQ�FOXVWHU�VLOKRXHWWH������

• ,QWHUJURXS�GLVWDQFHV��2�'���*LYHV�D�PDWUL[�RI��(XFOLGHDQ��GLVWDQFHV�EHWZHHQ�FOXVWHU�
FHQWURLGV��

• ,QWHUJURXS�DGMDFHQF\��2�'���*LYHV�D�PDWUL[�RI�DGMDFHQF\�EHWZHHQ�FOXVWHUV��)LQGV�WKH�
QHDUHVW�JURXS�IRU�HDFK�REMHFW��H[FOXGLQJ�WKH�DFWXDO�JURXS��7KH�VDPH�PDWUL[�LV�JLYHQ�LQ�
JURXS�SHUFHQWDJHV��

• 6XP�RI�VTXDUHV�JURXS�PDWULFHV��2���*LYHV�WKH�VXP�RI�VTXDUHV�PDWUL[�IRU�HDFK�JURXS��
• &RYDULDQFH�JURXS�PDWULFHV��2���*LYHV�WKH�FRYDULDQFH�PDWUL[�IRU�HDFK�JURXS��
• &RUUHODWLRQ�JURXS�PDWULFHV��2���*LYHV�WKH�FRUUHODWLRQ�PDWUL[�IRU�HDFK�JURXS��
• 8QLYDULDWH�$129$V� �2���*LYHV� D�PDWUL[�ZLWK� XQLYDULDWH�$129$�FRPSXWDWLRQV� IRU�

HDFK� GHVFULSWRU� �LQFOXGLQJ� VXP� RI� VTXDUHV�� GHJUHHV� RI� IUHHGRP�� PHDQ� VTXDUHV�� )�
VWDWLVWLFV�DQG�S�YDOXHV����
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������0HDVXUHPHQW�RI�HFRORJLFDO�GLYHUVLW\�

7KH�PHDVXUHPHQW�RI�HFRORJLFDO�GLYHUVLW\� LV�DQ�REMHFW�RI� VWXG\� LQ� VHYHUDO� UHIHUHQFH�PDQXDOV�
�VHH�IRU�LQVWDQFH��0DUJDOHI�������0DJXUUDQ������R�/HJHQGUH�	�/HJHQGUH��������:H�ZLOO�EULHIO\�
LQWURGXFH�KHUH�VRPH�VWDWLVWLFV�UHODWHG�WR�GLYHUVLW\��7KHUH�DUH�WZR�PDLQ�IDFWRUV�LQ�WKH�PHDVXUHPHQW�
RI�HFRORJLFDO�GLYHUVLW\��WKH�QXPEHU�RI�VSHFLHV��6��DQG�WKHLU�DEXQGDQFHV��Q���Q�������Q6���7KH�HQWURS\�RU�6KDQQRQ�:LHQHU��6KDQQRQ�	�:HDYHU�������GLYHUVLW\�LQGH[��LV�RQH�RI�WKH�FRPPRQHVW�ZD\V�WR�
PHDVXUH�WKH�ELRORJLFDO�GLYHUVLW\�LQ�D�VDPSOH��
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�

,QFUHDVLQJ�WKH�RUGHU��D��OHVVHQV�WKH�LQIOXHQFH�RI�UDUH�VSHFLHV�DV�FRPSDUHG�WR�WKH�GRPLQDQW�RQHV��
7KHUHIRUH��GHSHQGHQFH�RI�GLYHUVLW\�PHDVXUHV�ZLWK�UHVSHFW�WR�WKH�QXPEHU�RI�VSHFLHV�LV�KLJKHU�IRU�
ORZ�YDOXHV�RI�D���

,I�RQH�FDOFXODWHV�WKH�GLYLVLRQ�EHWZHHQ�WKH�REVHUYHG�+��YDOXH�DQG�WKH�YDOXH�LW�ZRXOG�KDYH�LI�DOO�VSHFLHV�ZHUH�HTXLSUREDEOH��+PD[� �ORJ�6�� +���RQH�REWDLQV�D�PHDVXUH�RI�HYHQQHVV�RU�HTXLWDELOLW\�LQ�WKH�SURSRUWLRQ�RI�V\PEROV��3LHORX���������
� � ��PD[ �� ++++- == � �������
3LHORX¶V�HYHQQHVV�LV�WRR�GHSHQGHQW�RQ�WKH�VDPSOLQJ�HIIRUW��VLQFH�LW�LQFOXGHV�+���7R�RYHUFRPH�WKLV�OLPLWDWLRQ��+LOO��������SURSRVHG�D�IDPLO\�RI�XQLIRUPLW\�PHDVXUHV���
� EDED '1'1( �� = ���D�!�E��� �������

:KHQ�GLYHUVLW\�LV�PHDVXUHG�RQ�WKH�VSHFLHV�DEXQGDQFH�YDOXHV�VDPSOHG�RQ�D�VSHFLILF�VLWH��LW�LV�D�
PHDVXUH�RI�DOSKD��α��GLYHUVLW\�RI�WKH�FRPPXQLW\��6WXG\LQJ�GLYHUVLW\�LV�PRUH�GLIILFXOW�ZKHQ�RQH�



*,1.*2�XVHU¶V�PDQXDO�
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ZDQWV�WR�SRRO�GLIIHUHQW�VDPSOHV�EHORQJLQJ�WR�D�JLYHQ�JURXS�RU�FOXVWHU��7KH�VLPSOHVW�RSWLRQ�LV�WR�
DYHUDJH� WKH� DOSKD� GLYHUVLW\� YDOXHV� RI� DOO� JURXS� VLWH� PHPEHUV�� $OWHUQDWLYHO\�� LW� LV� SRVVLEOH� WR�
FRPSXWH� GLYHUVLW\� PHDVXUHV� WDNLQJ� DV� VDPSOH� WKH� JURXS� SRROHG� GDWD�� :KHQ� WKH� XQLW� RI�
PHDVXUHPHQW� LV� D� JHRJUDSKLFDO� UHJLRQ�� RQH� FDQ� VSHDN� RI� JDPPD� �γ�� RU� UHJLRQDO� GLYHUVLW\��
+RZHYHU��LI�WKH�JURXS�GRHV�QRW�KDYH�D�JHRJUDSKLFDO�VHQVH��WKLV�QRPHQFODWXUH�LV�HUURQHRXV��DQG�LW�
FDQ�VLPSO\�EH�FDOOHG�JURXS�GLYHUVLW\���

7R� VXP� XS�� LW� LV� LPSRUWDQW� WR� GLVWLQJXLVK�� ���� VLWH� DOSKD� GLYHUVLW\� YDOXHV�� ���� WKH� DYHUDJH�
GLYHUVLW\�YDOXHV� IRU�D�JURXS��DQG����� WKH�JURXS�GLYHUVLW\�FRPSXWHG� WDNLQJ�JURXS�SRROHG�GDWD�DV�
VDPSOLQJ�XQLW��
������&RPSXWLQJ�HFRORJLFDO�GLYHUVLW\�VWDWLVWLFV�

*,1.*2� PDNHV� LW� SRVVLEOH� WR� FRPSXWH� VHYHUDO� GLYHUVLW\� VWDWLVWLFV� XVLQJ� WKH� PHQX� LWHP�
&OXVWHU� VSHFLHV� GLYHUVLW\� IURP� WKH� PHQX� *URXS� LQIR�� 1RWH� WKDW� WKH� GDWD� VHW� KDV� WR� EH� D�
UHFWDQJXODU�REMHFW�GHVFULSWRU�PDWUL[��$V�ZLWK�RWKHU�DQDO\VHV��VRPH�REMHFWV�RU�GHVFULSWRUV�PD\�EH�
H[FOXGHG�IURP�FRPSXWDWLRQV��7KH�XVHU�PXVW�DOVR�VSHFLI\�ZKLFK�FODVVLILFDWLRQ��SDUWLWLRQ��ZLOO�EH�
XVHG�DV�VRXUFH�IRU�FOXVWHUV���

%\�GHIDXOW��WKH�GLYHUVLW\�SURFHGXUH�SHUIRUPV�DQDO\VLV�RI�YDULDQFH�RQ�WKUHH�SDUDPHWHUV��VSHFLHV�
ULFKQHVV� �6��� VLWH� WRWDO� DEXQGDQFH�DQG�6KDQQRQ¶V�HQWURS\� �+��� ,W� ILUVW�RXWSXWV� D�PDWUL[�ZLWK� WKH�
IROORZLQJ�VWDWLVWLFV�FRPSXWHG�IRU�HDFK�JURXS�RU�FOXVWHU��

• 1�VS�$9(5$*(��$YHUDJH�VLWH�VSHFLHV�ULFKQHVV�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��
• 1�VS�66���6XP�RI�VTXDUHV�RI�VLWH�VSHFLHV�ULFKQHVV�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��
• 1�VS�67''(9���6WDQGDUG�GHYLDWLRQ�RI�VLWH�VSHFLHV�ULFKQHVV�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��
• 1�VS�&9���9DULDWLRQ�FRHIILFLHQW�RI�VLWH�VSHFLHV�ULFKQHVV�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��
• $EXQGDQFH�$9(5$*(��$YHUDJH�WRWDO�VLWH�DEXQGDQFH�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��
• $EXQGDQFH�66���6XP�RI�VTXDUHV�RI�WRWDO�VLWH�DEXQGDQFH�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��
• $EXQGDQFH�67''(9���6WDQGDUG�GHYLDWLRQ�RI�WRWDO�VLWH�DEXQGDQFH�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��
• $EXQGDQFH�&9���9DULDWLRQ�FRHIILFLHQW�RI�WRWDO�VLWH�DEXQGDQFH�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��
• +�'LY�$9(5$*(��$YHUDJH�VLWH�6KDQQRQ
V�+�GLYHUVLW\�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��
• +�'LY�66���6XP�RI�VTXDUHV�RI�VLWH�6KDQQRQ
V�+�GLYHUVLW\�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��
• +�'LY�67''(9���6WDQGDUG�GHYLDWLRQ�RI�VLWH�6KDQQRQ
V�+�GLYHUVLW\�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��
• +�'LY�&9���9DULDWLRQ�FRHIILFLHQW�RI�VLWH�6KDQQRQ
V�+�GLYHUVLW\�ZLWKLQ�VLWHV�RI�WKH�VDPH�JURXS��

7KH�$129$V�UHVXOWV�DUH�SUHVHQWHG�LQ�WKH�RXWSXW�WH[W��)RXU�DGGLWLRQDO�DQDO\VHV�FDQ�EH�SHUIRUPHG��
• $OSKD��VLWH��GLYHUVLW\�YDOXHV��2XWSXWV�GLYHUVLW\�VWDWLVWLF�YDOXHV�FRPSXWHG�DW�HDFK�VLWH�

�REMHFW���LQ�IRUP�RI�D�PDWUL[�ZLWK�WKH�IROORZLQJ�GHVFULSWRUV��
��1�>1�VS@���1XPEHU�RI�VLWH�VSHFLHV��'LYHUVLW\�QXPEHU�RI�RUGHU�]HUR��
��+����(QWURS\�RI�RUGHU�]HUR� �HA�1����
��1�>H[S�+�@���'LYHUVLW\�QXPEHU�RI�RUGHU�RQH� �HA�+����
��+�>6KDQQRQ�HQWURS\@��(QWURS\�RI�RUGHU�RQH��6KDQQRQ
V�HQWURS\�PHDVXUH��
��1�>��&RQFHQWUDWLRQ@���'LYHUVLW\�QXPEHU�RI�RUGHU�WZR ,QYHUVH�RI�VSHFLHV�FRQFHQWUDWLRQ��
��+�>�ORJ�&RQFHQWUDWLRQ�@��(QWURS\�RI�RUGHU�WZR� ���ORJ�VSHFLHV�FRQFHQWUDWLRQ���
��3LHORX
V�->+��+�@��3LHORX
V�PHDVXUH�RI�(YHQQHVV��
��1��1���0HDVXUH�RI�HYHQQHVV��5DWLR�EHWZHHQ�1��DQG�1���
��+��+����0HDVXUH�RI�HYHQQHVV��5DWLR�EHWZHHQ�+��DQG�+���
��1��1���0HDVXUH�RI�HYHQQHVV��5DWLR�EHWZHHQ�1��DQG�1���
��9DU+���0HDVXUH�RI�HYHQQHVV��9DULDQFH�RI�VLWH�6KDQQRQ�HQWURS\�YDOXHV��

• *DPPD� �JURXS�� GLYHUVLW\� YDOXHV�� *URXS� GLYHUVLW\� VWDWLVWLFV� FRPSXWHG� WDNLQJ� JURXS�
SRROHG�GDWD� DV� VDPSOLQJ�XQLW�� 3RROLQJ� FDQ�EH�GRQH�E\�FRXQWLQJ� VSHFLHV�RFFXUUHQFHV�
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�FRQVWDQF\��RU�VXPPLQJ�XS�DEXQGDQFHV��WRWDO�DEXQGDQFH���7KH�RXWSXW�PDWUL[�KDV�WKH�
IROORZLQJ�GHVFULSWRUV��

��1�N����1XPEHU�RI�VLWHV�LQ�JURXS�N��
��1��N����1XPEHU�RI�VSHFLHV�LQ�JURXS�N��
��+��N����(QWURS\�RI�RUGHU�]HUR� �HA�1��N����
��+��N��&RQVWDQFLHV��� (QWURS\� RI� RUGHU� RQH�� 6KDQQRQ
V� HQWURS\� PHDVXUH�� FRPSXWHG� XVLQJ�

VSHFLHV�IUHTXHQF\�LQ�GDWD��
��1��N��&RQVWDQFLHV��� 'LYHUVLW\� QXPEHU� RI� RUGHU� WZR ,QYHUVH� RI� VSHFLHV� FRQFHQWUDWLRQ��

FRPSXWHG�XVLQJ�VSHFLHV�IUHTXHQF\�LQ�GDWD��
��+��N��&RQVWDQFLHV��� (QWURS\� RI� RUGHU� WZR�  � �� ORJ�VSHFLHV� FRQFHQWUDWLRQ��� FRPSXWHG� XVLQJ�

VSHFLHV�IUHTXHQF\�LQ�GDWD��
��- +��+��N��&RQVWDQFLHV���3LHORX
V�PHDVXUH�RI�(YHQQHVV��FRPSXWHG�XVLQJ�VSHFLHV�IUHTXHQF\�

LQ�GDWD��
��1��1��N��&RQVWDQFLHV���0HDVXUH� RI� HYHQQHVV�� 5DWLR� EHWZHHQ� 1�� DQG� 1��� FRPSXWHG� XVLQJ�

VSHFLHV�IUHTXHQF\�LQ�GDWD��
��+��+��N��&RQVWDQFLHV���0HDVXUH� RI� HYHQQHVV�� 5DWLR� EHWZHHQ�+�� DQG�+��� FRPSXWHG� XVLQJ�

VSHFLHV�IUHTXHQF\�LQ�GDWD��
��1��1��N��&RQVWDQFLHV���0HDVXUH� RI� HYHQQHVV�� 5DWLR� EHWZHHQ� 1�� DQG� 1��� FRPSXWHG� XVLQJ�

VSHFLHV�IUHTXHQF\�LQ�GDWD��
��+��N��7RW�$E���� (QWURS\� RI� RUGHU� RQH�� 6KDQQRQ
V� HQWURS\� PHDVXUH�� FRPSXWHG� XVLQJ� WRWDO�

DEXQGDQFH�RI�VSHFLHV�LQ�GDWD��
��1��N��7RW�$E����'LYHUVLW\� QXPEHU� RI� RUGHU� WZR ,QYHUVH�RI� VSHFLHV� FRQFHQWUDWLRQ�� FRPSXWHG�

XVLQJ�WRWDO�DEXQGDQFH�RI�VSHFLHV�LQ�GDWD��
��+��N��7RW�$E���� (QWURS\� RI� RUGHU� WZR�  � �� ORJ�VSHFLHV� FRQFHQWUDWLRQ��� FRPSXWHG� XVLQJ� WRWDO�

DEXQGDQFH�RI�VSHFLHV�LQ�GDWD��
��- +��+��N��7RW�$E���� 3LHORX
V� PHDVXUH� RI� (YHQQHVV�� FRPSXWHG� XVLQJ� WRWDO� DEXQGDQFH� RI�

VSHFLHV�LQ�GDWD��
��1��1��N��7RW�$E����0HDVXUH� RI� HYHQQHVV�� 5DWLR� EHWZHHQ�1�� DQG�1��� FRPSXWHG� XVLQJ� WRWDO�

DEXQGDQFH�RI�VSHFLHV�LQ�GDWD��
��+��+��N��7RW�$E����0HDVXUH� RI� HYHQQHVV��5DWLR� EHWZHHQ�+�� DQG�+��� FRPSXWHG� XVLQJ� WRWDO�

DEXQGDQFH�RI�VSHFLHV�LQ�GDWD��
��1��1��N��7RW�$E����0HDVXUH� RI� HYHQQHVV�� 5DWLR� EHWZHHQ�1�� DQG�1��� FRPSXWHG� XVLQJ� WRWDO�

DEXQGDQFH�RI�VSHFLHV�LQ�GDWD��
��9DU+��&RQVWDQFLHV��� 0HDVXUH� RI� HYHQQHVV�� 9DULDQFH� RI� VLWH� 6KDQQRQ� HQWURS\� YDOXHV��

FRPSXWHG�XVLQJ�VSHFLHV�IUHTXHQF\�LQ�GDWD��
��9DU+��7RW�$E����0HDVXUH�RI� HYHQQHVV��9DULDQFH�RI� VLWH�6KDQQRQ�HQWURS\�YDOXHV�� FRPSXWHG�

XVLQJ�WRWDO�DEXQGDQFH�RI�VSHFLHV�LQ�GDWD��
• &RQVWDQF\�DQDO\VLV��&RPSXWHV�VSHFLHV��YDULDEOH��FRQVWDQF\�YDOXHV�IRU�HDFK�JURXS�RI�

VLWHV��REMHFWV���DV�ZHOO�DV�WKH�DEVROXWH�DQG�UHODWLYH�IUHTXHQF\�RI�FRQVWDQF\�FODVVHV��ILYH�
FODVVHV��IRU�HDFK�JURXS���

• 0HDQ�DEXQGDQFH�DQDO\VLV��&RPSXWHV�VSHFLHV��YDULDEOH��DYHUDJH�DEXQGDQFH�YDOXHV�IRU�
HDFK�JURXS�RI�VLWHV��REMHFWV���DV�ZHOO�DV� WKH�DEVROXWH�DQG�UHODWLYH�IUHTXHQF\�RI�PHDQ�
DEXQGDQFH�FODVVHV��ILYH�FODVVHV��IRU�HDFK�JURXS��
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������&RPSXWLQJ�VSHFLHV�ILGHOLWLHV�DQG�GLDJQRVWLF�VSHFLHV�

'LDJQRVWLF�VSHFLHV�DUH� WKRVH�VSHFLHV�VKRZLQJ�D�SUHIHUHQFH�IRU�D�JLYHQ�YHJHWDWLRQ�XQLW��$V�D�
FRQVHTXHQFH�� WKH\� DUH� XVHIXO� IRU� SRLQWLQJ� WR� D� VSHFLILF� YHJHWDWLRQ� W\SH� DPRQJ� RWKHUV�� WKXV�
UHVHPEOLQJ� WKH� FRQFHSW� RI� LQGLFDWRU� VSHFLHV�� 7KH� GHJUHH� RI� SUHIHUHQFH� VKRZQ� E\� D� VSHFLHV� LV�
FDOOHG�µILGHOLW\¶�LQ�WKH�(XURSHDQ�DSSURDFK�WR�SK\WRVRFLRORJ\��)LGHOLW\�ZDV�LQLWLDOO\�GHILQHG�DV�WKH�
GHJUHH�RI�SUHIHUHQFH�RI�D�VSHFLHV�IRU�D�JLYHQ�SK\WRVRFLRORJLFDO�DVVRFLDWLRQ�EXW�WKH�FRQFHSW�FDQ�EH�
H[WHQGHG�WR�PHDQ�WKH�GHJUHH�RI�SUHIHUHQFH�RI�D�WD[RQ�IRU�D�JLYHQ�V\QWD[RQ���

*,1.*2�IRFXVHV�RQ� ILGHOLW\�PHDVXUHPHQWV� VXLWDEOH� IRU�FDWHJRULFDO�GDWD�� ,Q�YHJHWDWLRQ�GDWD�
VHWV��VSHFLHV�SUHVHQFHV�DEVHQFHV�JLYH�PRUH�UREXVW�ILGHOLW\�HVWLPDWLRQV�WKDQ�FRYHUV�DEXQGDQFHV��DV�
WKH\�DUH�OHVV�DIIHFWHG�E\�WHPSRUDO�IOXFWXDWLRQV�DQG�REVHUYHU�ELDV��&K\WUê�HW�DO���������*HQHUDOO\�
VSHDNLQJ��WKH�GHJUHH�RI�ILGHOLW\�VKRZQ�E\�D�WD[RQ�LV�PDLQO\�DVVHVVHG�E\�UHJDUGLQJ�WKH�GLIIHUHQFH�
LQ�WKH�GHJUHH�RI�SUHVHQFH�RI�D�VSHFLHV�LQVLGH�DQG�RXWVLGH�WKH�YHJHWDWLRQ�XQLW��:H�FDQ�UHIHU�WR�WKLV�
GLIIHUHQFH�LQ�IUHTXHQF\�DV�VHOHFWLYLW\��%HVLGHV�LWV�LQIOXHQFH�RQ�VHOHFWLYLW\��WKH�GHJUHH�RI�SUHVHQFH�
SOD\V�D�UROH�E\�LWVHOI�LQ�ILGHOLW\�DVVHVVPHQW��$�UDUH�VSHFLHV�PD\�LQGHHG�EH�YHU\�VHOHFWLYH�EXW��LI�LWV�
RFFXUUHQFH�LV�YHU\�ORZ�RQH�PD\�VXUYH\�WKH�GLDJQRVHG�YHJHWDWLRQ�W\SH�EXW�IDLO�WR�VDPSOH�LW��WKXV�
ORVLQJ� LWV� LQGLFDWRU� LQIRUPDWLRQ�� 7KHUHIRUH�� FRQVWDQW� VHOHFWLYH� VSHFLHV� DUH� IDU� PRUH� XVHIXO� DV�
LQGLFDWRUV�IRU�WKH�GLDJQRVHG�YHJHWDWLRQ�XQLW��:KHUHDV��ILGHOLW\�GHJUHHV�DUH�FDOFXODWHG�RQ�WKH�EDVLV�
RI�GHJUHH�RI�SUHVHQFH�DQG�VHOHFWLYLW\��LI�ZH�ZDQW�WR�DVVHVV�KRZ�UHOLDEOH�D�SDUWLFXODU�ILGHOLW\�GHJUHH�
LV�ZH�PXVW�FRPSXWH�LWV�VWDWLVWLFDO�VLJQLILFDQFH��/HW�$�EH�D�VLQWD[RQ�RU�YHJHWDWLRQ�XQLW�IRU�ZKLFK�
WD[RQ�GLDJQRVWLF�YDOXH�LV�WR�EH�DVVHVVHG��7KHQ�ZH�GHILQH��

• 1� �QXPEHU�RI�UHOHYpV�LQ�WKH�GDWD�VHW��
• 1$� �QXPEHU�RI�UHOHYpV�EHORQJLQJ�WR�$��
• Q� �QXPEHU�RI�WD[RQ�RFFXUUHQFHV�LQ�WKH�GDWD�VHW��
• Q$� �QXPEHU�RI�WD[RQ�RFFXUUHQFHV�LQ�UHOHYpV�EHORQJLQJ�WR�$���

:LWK� NQRZQ� YDOXHV� IRU� WKHVH� SDUDPHWHUV�� VHYHUDO� ILGHOLW\� VWDWLVWLFV� PD\� EH� FRPSXWHG�� 7KH�
IROORZLQJ�DUH�DYDLODEOH�LQ�*,1.*2��
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7KH� PHQX� LWHP�&OXVWHU� VSHFLHV� ILGHOLW\� IURP� WKH� PHQX�*URXS� LQIR� PDNHV� LW� SRVVLEOH� WR�

FRPSXWH�WKHVH�LQGLFHV�RQ�WKH�GDWD�LWHP�FXUUHQWO\�VHOHFWHG�LQ�WKH�'DWD�(GLWRU��1RWH�WKDW�WKH�GDWD�VHW�
KDV� WR� EH� D� UHFWDQJXODU� REMHFW�GHVFULSWRU� PDWUL[�� $V� ZLWK� RWKHU� DQDO\VHV�� VRPH� REMHFWV� RU�
GHVFULSWRUV�PD\�EH�H[FOXGHG�IURP�FRPSXWDWLRQV��7KH�XVHU�PXVW�DOVR�VSHFLI\�ZKLFK�FODVVLILFDWLRQ�
�SDUWLWLRQ��ZLOO�EH�XVHG�DV�VRXUFH�IRU�FOXVWHUV��7KH�RWKHU�RSWLRQV�RI�WKLV�SURFHGXUH�DUH��

• )LGHOLW\� LQGH[�� 6WDWLVWLF� WR� EH� FRPSXWHG� DPRQJ� WKRVH� SUHVHQWHG� DERYH��$�PDWUL[� RI�
GLPHQVLRQV� �S� [� F�� �QXPEHU� RI� VSHFLHV� E\� QXPEHU� RI� JURXSV��ZLOO� EH� WKH� RXWSXW� RI�
ILGHOLW\�YDOXHV��

• /LVW� RUGHUHG� ILGHOLWLHV��&KHFNER[� WKDW� SHUPLWV� OLVWLQJ�� IRU� HDFK�JURXS�� RI� WKH� ILGHOLW\�
YDOXHV�JRLQJ�LQ�RUGHU�IURP�WKH�PRUH�GLDJQRVWLF��KLJKHVW�YDOXH��WR�WKH�OHDVW�GLDJQRVWLF�
�ORZHVW�YDOXH���

• *HQHUDWH� ILGHOLW\� SURILOHV��0DNHV� SRVVLEOH� FRPSXWLQJ� RI� ILGHOLW\� SURILOHV�� 7KHVH� DUH�
REWDLQHG�� VWDUWLQJ� IURP� WKH� VLWHV�EHORQJLQJ� WR� WKH�FOXVWHU��E\�DGGLQJ�RQH�VLWH�DW� HDFK�
VWHS�WR�WKH�UHIHUHQFH�VHW�RI�VLWHV�XVHG�WR�FRPSXWH�ILGHOLW\��

• &RPPXQLW\� RUGHULQJ� GLVWDQFH�� 'LVWDQFH� PHDVXUH� XVHG� WR� RUGHU� WKH� H[WHUQDO� VLWHV�
EHIRUH�VWDUWLQJ�WKH�DGGLQJ�VHTXHQFH�LQ�WKH�SURILOH�JHQHUDWLRQ�SURFHVV��

�
��





&KDSWHU����*UDSKLFV�
�
�

����,QWURGXFWLRQ�WR�*UDSKLFV�LQ�*,1.*2�
������2YHUYLHZ�

7KH�UHVXOWV�RI�RUGLQDWLRQ�PHWKRGV�FDQ�EH�GLVSOD\HG�LQ��'�RU��'�VFDWWHU�GLDJUDPV��LQFOXGLQJ�
RUGLQDWLRQ�ELSORWV�DQG�6KHSDUG�GLDJUDPV��6KHSDUG�������� ,Q�DGGLWLRQ��DQ\�DYDLODEOH�SDUWLWLRQ� LQ�
WKH�$QDO\VHV�0DQDJHU��ZKHWKHU�IX]]\�RU�FULVS��PD\�EH�XVHG�WR�ODEHO�REMHFWV�LQ�VFDWWHU�GLDJUDPV��,W�
LV� WKHUHIRUH� SRVVLEOH� WR� LQWHUSUHW� GDWD� VWUXFWXUH� E\� FRPELQLQJ� WKH� SDWWHUQV� UHYHDOHG� XVLQJ� ERWK�
FODVVLILFDWLRQ�DQG�RUGLQDWLRQ�PHWKRGV���

7KH� JHQHUDWHG� JUDSKLFV� DUH� GLVSOD\HG� LQ� *,1.*2¶V� *UDSKLFV� (GLWRU�� ZKHUH� HDFK� SORW� LV�
GLVSOD\HG�LQ�D�GLIIHUHQW�WDE��*UDSKLFV�(GLWRU�PDNHV�LW�SRVVLEOH�WR�HGLW�VRPH�SORW�SURSHUWLHV��H[SRUW�
LPDJH�ILOHV��DQG�VHQG�SULQW�MREV��
������*UDSKLF�W\SHV�

7KH�IROORZLQJ�JUDSKLFV�DUH�DYDLODEOH�LQ�*,1.*2��
• 6FDWWHU�JUDSKLFV��6FDWWHU�JUDSKLFV�WKDW�GLVSOD\�SRLQWV�DQG�DUURZV�LQ�D��'�RU��'�VSDFH�

XVLQJ�REMHFW��DQG�VRPHWLPHV�GHVFULSWRU��FRRUGLQDWHV�DV�LQSXW��7KH�XVHU�FDQ�GHFLGH�WR�
VKRZ�ODEHOV�RU�FOXVWHU�UHVXOWV�RQ�WKH�GLVSOD\��

• &RQQHFWHG�VFDWWHU�JUDSKLFV��6FDWWHU�JUDSKLFV�WKDW�GLVSOD\�FRQQHFWHG�SRLQWV�LQ�D��'�RU�
�'�VSDFH��XVLQJ�REMHFW�FRRUGLQDWHV�DV�LQSXW��7KH�XVHU�FDQ�GHFLGH�WR�VKRZ�ODEHOV�RQWR�
WKH�GLVSOD\��

• �'�VHULHV�JUDSKLFV��*UDSKLFV�WKDW�GLVSOD\�RUGHUHG�VHULHV�RI�YDOXHV�RQ�D��'�SORW�XVLQJ�
REMHFW�GHVFULSWRU�FRRUGLQDWHV�DV�LQSXW��2EMHFW�ODEHOV�DUH�XVHG�LQ�WKH�DEVFLVHV¶�D[LV�DQG�
HDFK�GHVFULSWRU�YHFWRU�LV�XVHG�WR�GLVSOD\�D�GLIIHUHQW�VHULHV�RI�RUGLQDWH�YDOXHV��

• %DU�JUDSKLFV��*UDSKLFV�WKDW�GLVSOD\�RQH�RU�WZR�VHULHV�RI�YDOXHV�LQ�D��'�SORW��7KHVH�DUH�
XVHG�LQ�*,1.*2�RQO\�WR�UHSUHVHQW�YDULDEOH�IUHTXHQF\�KLVWRJUDPV��

• 6KHSDUG�GLDJUDPV�� �'� VFDWWHU�JUDSKLF�ZKHUH� FRRUGLQDWHV� DUH�JLYHQ�E\�YDOXHV� LQ� WKH�
VDPH�FHOO�RI�WZR�V\PPHWULF�PDWULFHV��

• 'HQGURJUDPV��+LHUDUFKLFDO�SORW�RI�FOXVWHU�UHODWLRQV�DYDLODEOH�RQO\�IURP�WKH�RXWSXW�RI�
KLHUDUFKLFDO�DJJORPHUDWLYH�FOXVWHULQJ�PHWKRGV��

• 6FUHH�SORW��*UDSKLF�WKDW�GLVSOD\V�WKH�RUGHUHG�VHULHV�RI�GHFUHDVLQJ�HLJHQYDOXHV�FRPLQJ�
IURP�WKH�HLJHQDQDO\VLV�LQ�PDQ\�RUGLQDWLRQ�PHWKRGV��

�



*,1.*2�XVHU¶V�PDQXDO�

�

��

����&UHDWLQJ�JUDSKLFV�
������&UHDWLQJ��'�DQG��'�VFDWWHU�SORWV�

6FDWWHU�SORWV�FDQ�EH�FUHDWHG�LQ�WZR�ZD\V�����)URP�UDZ�GDWD��LQ�WKH�'DWD�(GLWRU���RU����)URP�
WKH� UHVXOWV� RI� D� PXOWLYDULDWH� DQDO\VLV� PHWKRG� \LHOGLQJ� REMHFW� FRRUGLQDWHV� �LQ� WKH� $QDO\VLV�
0DQDJHU���,Q�WKH�ILUVW�FDVH��WKH�XVHU�PXVW�VHOHFW�WKH�GDWD�PDWUL[�ZKHUH�WKH�SRLQW�FRRUGLQDWHV�DUH�
EHIRUH� VHOHFWLQJ� 6FDWWHU� JUDSKLF� LQ� WKH�'UDZ� PHQX�� ,Q� WKH� FDVH� RI� DQ� DQDO\VLV�� PHQX� LWHPV�
HQDEOLQJ� WKH� SRVVLEOH� VFDWWHU� SORWV�ZLOO� DSSHDU� RQ� WKH�PHQX� EDU� RI� WKH�$QDO\VLV�0DQDJHU�� 7KH�
VDPH�GLDORJ�SURPSWV�LQ�ERWK�FDVHV��7KH�IROORZLQJ�RSWLRQV�DUH�DYDLODEOH��

• 7LWOH�� 7KH� WLWOH� RI� WKH� JUDSKLF�� ,W�ZLOO� EH� XVHG� WR� ODEHO� WKH� FRUUHVSRQGLQJ� WDE� LQ� WKH�
*UDSKLF�(GLWRU�ZLQGRZ��

• )LUVW�D[LV��7KH�GHVFULSWRU��YDULDEOH��WR�EH�XVHG�DV�ILUVW�D[LV�LQ�WKH�VFDWWHU�SORW��
• 6HFRQG�D[LV��7KH�GHVFULSWRU��YDULDEOH��WR�EH�XVHG�DV�VHFRQG�D[LV�LQ�WKH�VFDWWHU�SORW��
• �'�SORW��&KHFNER[�WR�HQDEOH��'�SORWV��
• 7KLUG�D[LV��7KH�GHVFULSWRU��YDULDEOH��WR�EH�XVHG�DV�WKLUG�D[LV�LQ�WKH�VFDWWHU�SORW��
• 6KRZ�ODEHOV��&KHFNER[�WR�HQDEOH�SRLQW�ODEHOV��
• 3URSRUWLRQDO� ;�<�=� $[HV�� &KHFNER[� WR� PDNH� DOO� VFDWWHU� D[HV� ERXQGHG� LQ� WKH� VDPH�

UDQJH��
• $SSO\� FODVVLILFDWLRQ� PDWUL[�� &KHFNER[� WR� HQDEOH� JURXSLQJ� SRLQWV� IROORZLQJ� WKH�

LQIRUPDWLRQ�JLYHQ�E\�D�FODVVLILFDWLRQ�PDWUL[��LI�DQ\��IURP�WKH�$QDO\VLV�0DQDJHU��
• $SSO\�IX]]\�VHW��&KHFNER[�WR�HQDEOH�H[SUHVVLRQ�RI�WKH�PHPEHUVKLS�GHJUHH�VKRZQ�E\�

WKH�UHSUHVHQWHG�REMHFWV�WR�D�JLYHQ�IX]]\�VHW�DV�D�V\PERO�RI�SURSRUWLRQDO�VL]H�DQG�FRORU�
LQWHQVLW\��

������&UHDWLQJ�RWKHU�SORWV�

&RQQHFWHG�VFDWWHU�SORWV�DUH�RQO\�GUDZQ�E\�FKRRVLQJ�DQ�REMHFW�GHVFULSWRU�GDWD�LWHP�LQ�WKH�'DWD�
(GLWRU�� DQG� WKHQ�VHOHFWLQJ� WKH�PHQX� LWHP�&RQQHFWHG�VFDWWHU�JUDSKLF� IURP� WKH�'UDZ�PHQX�� ,Q�
WKLV� FDVH�� GDWD� LV� H[SHFWHG� WR� EH� DGHTXDWHO\� RUGHUHG�� RWKHUZLVH� WKH� FRQQHFWLRQV� GUDZQ�ZLOO� EH�
PHDQLQJOHVV��7KH�SURPSWHG�GLDORJ�LV�VLPLODU�WR�WKDW�RI��XQFRQQHFWHG��VFDWWHU�SORWV��H[FHSW�IRU�WKH�
IDFW�WKDW�LQIRUPDWLRQ�IURP�FODVVLILFDWLRQ�PDWULFHV�RU�IX]]\�VHWV�FDQQRW�EH�UHSUHVHQWHG�RQ�WKH�SORW��

,Q�RUGHU� WR�GUDZ�D��'�VHULHV�JUDSKLF�DQ�REMHFW�GHVFULSWRU�GDWD� LWHP�PXVW�EH� VHOHFWHG� LQ� WKH�
'DWD�(GLWRU��7KH�RSWLRQV�LQ�WKLV�FDVH�LQFOXGH�VSHFLI\LQJ�WKH�JUDSKLF�WLWOH��DV�ZHOO�DV�WKH�WLWOHV�IRU�
WKH�;�DQG�<�D[LV��DQG�WKH�YDULDEOHV�LQ�WKH�GDWD�PDWUL[�WR�EH�LQFOXGHG�DV�VHULHV�RI�YDOXHV��

�



9HUVLRQ�����

�
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%DU�JUDSKLFV�DUH�FUHDWHG�IURP�WKH�9DULDEOH�$QDO\VLV�PHQX�RI�WKH�'DWD�(GLWRU�PHQX�EDU��VHH�
VXEVHFWLRQ����������

6KHSDUG� GLDJUDPV� FDQ� EH� EXLOW� IURP� WKH� 'DWD� (GLWRU� RQO\� ZKHQ� WKHUH� DUH� DW� OHDVW� WZR�
V\PPHWULF� GDWD�PDWULFHV� DYDLODEOH� LQ� WKH� SURMHFW��:KHQ� WKH� XVHU� VHOHFWV� WKH�6KHSDUG�GLDJUDP�
PHQX�LWHP�IURP�WKH�'UDZ�PHQX��WKH�SURPSWHG�GLDORJ�DVNV�IRU�WKH�WZR�V\PPHWULF�PDWULFHV�WR�EH�
XVHG� DV� VRXUFH� IRU� FRRUGLQDWHV�� 6KHSDUG� GLDJUDPV� FDQ� DOVR� EH� EXLOW� IURP� WKH� RXWSXW� RI� VRPH�
PXOWLYDULDWH� DQDO\VLV�� VXFK� DV� FODVVLFDO� 0'6� DQG� 10'6� RUGLQDWLRQ�� DQG� IURP� D� KLHUDUFKLFDO�
DJJORPHUDWLYH�FOXVWHULQJ�� ,Q� WKRVH�FDVHV�� WKH�PHQX�LWHP�FDQ�EH�IRXQG�RQ�WKH�$QDO\VLV�0DQDJHU�
PHQX�EDU��DQG�QR�GLDORJ�LV�SURPSWHG���

'HQGURJUDPV� DUH� RQO\� DYDLODEOH� IURP� WKH� UHVXOWV� RI� KLHUDUFKLFDO� DJJORPHUDWLYH� FOXVWHULQJ�
PHWKRGV��:KHQ�VHOHFWLQJ�'HQGURJUDP�LQ�WKH�3ORW�PHQX�RI�WKH�$QDO\VLV�0DQDJHU�PHQX�EDU��WKH�
LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�XOWUDPHWULF�PDWUL[�LV�XVHG�WR�EXLOG�WKH�GHQGURJUDP���

6FUHH�SORWV�DUH�DYDLODEOH�IURP�WKH�RXWSXW�RI�RUGLQDWLRQ�PHWKRGV�LQFOXGLQJ�HLJHQDQDO\VLV��$Q�
LWHP�PHQX�QDPHG�6FUHH�SORW�ZLOO�DSSHDU�DPRQJ�WKH�PHQX�LWHPV�RI�WKH�$QDO\VLV�0DQDJHU�PHQX�
EDU��1R�GLDORJ�ZLOO�EH�SURPSWHG��7KH�SORW�SURGXFHG�LV�VLPLODU�WR�WKDW�RI�D��'�VHULHV�JUDSKLF��



*,1.*2�XVHU¶V�PDQXDO�

�

��

����*UDSKLF�PDQLSXODWLRQ��SULQWLQJ�DQG�H[SRUWLQJ�
������*UDSKLF�FRQWUROV�

7KH� IROORZLQJ� RSWLRQV� FDQ� EH� XVHG� WR� FKDQJH� WKH� DSSHDUDQFH� RI� D� FHUWDLQ� SORW�� 7KH\� DUH�
DYDLODEOH�LQ�WKH�2SWLRQV�PHQX�RI�WKH�*UDSKLFV�(GLWRU�PHQX�EDU��1RW�DOO�RSWLRQV�DUH�DSSOLFDEOH�LQ�
DOO�SORWV��

• 5HVL]H�JUDSKLF��(QDEOHV�FKDQJLQJ� WKH�JUDSKLF�VL]H� �LQ�SL[HOV���7KH�GLDORJ� LQFOXGHV�D�
FKHFNER[�RSWLRQ� WR� HQVXUH�PDLQWHQDQFH�RI� WKH�SURSRUWLRQV�EHWZHHQ� WKH�SORW¶V�ZLGWK�
DQG�KHLJKW��

• &KDQJH�D[HV�UDQJH��3HUPLWV�FKDQJLQJ�WKH�UDQJH��PLQLPXP�DQG�PD[LPXP��RI�VFDWWHU�
D[HV��

• 6KRZ�JULG��&KHFNER[�PHQX�LWHP�WR�LQFOXGH�WKH�JULG�LQ�D�VFDWWHU�SORW��
• (GLW� VHULHV�� 7KH� SURPSWLQJ� GLDORJ� RI� WKLV� RSWLRQ� DOORZV� WKH� XVHU� WR� FKDQJH� WKH�

DSSHDUDQFH� RI� HDFK� VHULHV� RI� GDWD� EHLQJ� GLVSOD\HG��&KDQJHDEOH� RSWLRQV� DUH�� V\PERO�
W\SH��VL]H�DQG�FRORU��ODEHOV��$�VSHFLDO�RSWLRQ�LV�WKH�DSSOLFDWLRQ�PXOWLSOLFDWLYH�IDFWRU�WR�
GDWD� YDOXHV� �PDNHV� VHQVH�ZKHQ�GHVFULSWRUV� DQG�REMHFWV� DUH� GLVSOD\HG� LQ� D� ELSORW�� LQ�
RUGHU�WR�UHVFDOH�WKH�VHULHV�LQ�UHODWLRQ�WR�WKH�RWKHUV��

• (GLW�WLWOHV��3HUPLWV�D�FKDQJH�LQ�WKH�JUDSKLF�WLWOH��DV�ZHOO�DV�D[LV�WLWOHV��
• $QWLDOLDVLQJ��&KHFNER[�PHQX�LWHP�WR�PDNH�WKH�RYHUDOO�JUDSKLF�DSSHDUDQFH�VRIWHU��

6FDWWHU�JUDSKLFV��ZKHWKHU�FRQQHFWHG�RU�QRW��HQDEOH�WKH�XVHU�WR�µQDYLJDWH¶�LQVLGH�WKHP��7KLV�LV�
GRQH�XVLQJ�WKH�PRXVH�DQG�WKH�NH\V�&75/�DQG�6+,)7��,Q�D��'�VFDWWHU�SORW��SUHVVLQJ�&75/�OHIW�
EXWWRQ�DQG�GUDJJLQJ�DOORZV�WKH�XVHU�WR�VHOHFW�DQ�DUHD�WR�EH�]RRPHG�LQ�RQ��2QFH�RQO\�D�SDUW�RI�WKH�
SORW� LW� LV� VKRZQ�� WKH� XVHU�PD\� µPRYH¶� WKH�ZLQGRZ� E\� XVLQJ� GUDJJLQJ� WKH�PRXVH�ZLWK� WKH� OHIW�
EXWWRQ�SUHVVHG�� ,I�&75/�OHIW� EXWWRQ� LV�SUHVVHG� DJDLQ�ZLWKRXW�GUDJJLQJ� LW�PDNHV� WKH�SORW� ]RRP�
RXW��,Q�D��'�VFDWWHU�SORW�WKH�OHIW�EXWWRQ�RQ�WKH�PRXVH�LV�XVHG�WR�URWDWH�WKH�SORW��7KH�ULJKW�EXWWRQ�
FDQ�EH�XVHG�WR�PRYH�WKH�SORW�LQVLGH�WKH�JUDSKLF�SDQHO��,Q�WKH�VDPH�SORW��GUDJJLQJ�WKH�PRXVH�ZLWK�
6+,)7�ULJKW�EXWWRQ�DOORZV�WKH�XVHU�WR�]RRP�LQ�DQG�RXW�RI�WKH�SORW��

��
������*UDSKLF�SULQWLQJ�DQG�H[SRUWLQJ�

*UDSKLFV�FDQ�EH�H[SRUWHG�DV�LPDJH�ILOHV�VHOHFWLQJ�WKH�PHQX�RSWLRQ�([SRUW�WR�LPDJH�ILOH�LQ�WKH�
PHQX�)LOH� RI� WKH�*UDSKLFV� (GLWRU�� 2XWSXW� IRUPDWV� GHSHQG� RQ� WKH� FDSDELOLWLHV� RI� WKH� RSHUDWLQJ�
V\VWHP��W\SLFDOO\�*,)��-3*��31*�LPDJH�IRUPDWV�DUH�DOORZHG���7R�SULQW�WKH�FXUUHQW�JUDSKLF��VHOHFW�
WKH�PHQX�RSWLRQ�3ULQW� IURP� WKH�PHQX�)LOH� RI� WKH�*UDSKLFV�(GLWRU��$�GLDORJ�ZLOO�EH�SURPSWHG��
DVNLQJ�WKH�XVHU�WR�VHOHFW�D�SULQWHU��LI�PRUH�WKDQ�RQH�LV�DYDLODEOH��DV�ZHOO�DV�VRPH�RWKHU�RSWLRQV��
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6RFLDO�6FLHQFHV�������������
'H�&iFHUHV��0���2OLYD��)��	�)RQW��;���6XEPLWWHG��´2Q�UHODWLRQDO�SRVVLELOLVWLF�FOXVWHULQJ´��
'H�&iFHUHV��0���)RQW��;���*DUFtD��5��	�2OLYD��)�� �������� ³9(*$1$��XQ�SDTXHWH�GH�SURJUDPDV�SDUD� OD�

JHVWLyQ� \� DQiOLVLV� GH� GDWRV� HFROyJLFRV´�� 9,,� &RQJUHVR� 1DFLRQDO� GH� OD� $VRFLDFLyQ� (VSDxROD� GH�
(FRORJtD�7HUUHVWUH��SS�������������

'XGD��5��2���+DUW��3��(���	�6WRUN��'��*����������3DWWHUQ�&ODVVLILFDWLRQ���QG�HGQ��:LOH\�	�6RQV��1HZ�<RUN��
'XQQ��-�&�����������$�)X]]\�5HODWLYH�RI�WKH�,62'$7$�3URFHVV�DQG�LWV�8VH�LQ�'HWHFWLQJ�&RPSDFW��:HOO�

6HSDUDWHG�&OXVWHUV���-��&\EHUQ������������
'XQQ��-�&�����������,QGLFHV�RI�SDUWLWLRQ�IX]]LQHVV�DQG�WKH�GHWHFWLRQ�RI�FOXVWHUV�LQ�ODUJH�GDWD�VHWV��LQ��*XSWD��

0���HG��)X]]\�DXWRPDWD�DQG�GHFLVLRQ�SURFHVVHV���(OVHYLHU��
'XIUrQH�0��	�/HJHQGUH�3�� �������� ³6SHFLHV� DVVHPEODJHV� DQG� LQGLFDWRU� VSHFLHV�� 7KH� QHHG� IRU� D� IOH[LEOH�

DV\PHWULFDO�DSSURDFK´��(FRORJLFDO�0RQRJUDSKV���������������
(TXLKXD��0����������³)X]]\�FOXVWHULQJ�RI�HFRORJLFDO�GDWD´��-RXUQDO�RI�HFRORJ\��������������
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(YHULWW��%��6����������³&OXVWHU�$QDO\VLV´��(GZDOG�$UQROG��/RQGRQ��0HOERXUQH��$XFNODQG��
)HROL��(��	�2UOyFL��/����������³$QDO\VLV�RI�FRQFHQWUDWLRQ�DQG�GHWHFWLRQ�RI�XQGHUO\LQJ�IDFWRUV�LQ�VWUXFWXUHG�

WDEOHV´��9HJHWDWLR������������
)RZONHV��(��%��	�0DOORZV��&��/���������$�PHWKRG�IRU�FRPSDULQJ�WZR�KLHUDUFKLFDO�DOJRULWKPV��-RXUQDO�RI�

WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��������������
)ULJXL�� +�� 	� .ULVKQDSXUDP�� 5�� �������� ³$� UREXVW� DOJRULWKP� IRU� DXWRPDWLF� H[WUDFWLRQ� RI� DQ� XQNQRZQ�

QXPEHU�RI�FOXVWHUV�IURP�QRLV\�GDWD´��3DWWHUQ�5HFRJQLWLRQ�/HWWHUV����������������
*RUGRQ��$��'����������&ODVVLILFDWLRQ���QG�HGQ��&KDSPDQ�DQG�+DOO�&5&��/RQGRQ��
*RZHU�� -�&�� �������� ³6RPH� GLVWDQFH� SURSHUWLHV� RI� ODWHQW� URRWV� DQG� YHFWRU�PHWKRGV� XVHG� LQ�PXOWLYDULDWH�

DQDO\VLV´��%LRPHWULND��������������
+DUWLJDQ��-����������&OXVWHULQJ�$OJRULWKPV��-RKQ�:LOOH\�DQG�6RQV��1HZ�<RUN���
+DWKDZD\�� 5�-��� 'DYHQSRUW�� -�:��� %H]GHN�� -�&�� �������� ³5HODWLRQDO� GXDOV� RI� WKH� F�PHDQV� FOXVWHULQJ�

DOJRULWKPV´��3DWWHUQ�5HFRJQLWLRQ������������������
+LOO��0��2����������³'LYHUVLW\�DQG�HYHQQHVV��D�XQLI\LQJ�QRWDWLRQ�DQG�LWV�FRQVHTXHQFHV´��(FRORJ\���������

�����
+RWHOOLQJ�� +�� �������� ³$QDO\VLV� RI� FRPSOH[� VWDWLVWLFDO� YDULDEOHV� LQWR� SULQFLSDO� FRPSRQHQWV´�� -�� (GXF��

3V\FKRO���������������
+XEHUW��/��	�$UDELH��3����������³&RPSDULQJ�SDUWLWLRQV´��-RXUQDO�RI�&ODVVLILFDWLRQ�������������
-DLQ��$�.��	�'XEHV��5�&�� ��������$OJRULWKPV� IRU�FOXVWHULQJ�GDWD��3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV��1HZ�

-HUVH\��
.LP��'��:���/HH��.��+���	�/HH��'����������³2Q�FOXVWHU�YDOLGLW\�LQGH[�IRU�HVWLPDWLRQ�RI�WKH�RSWLPDO�QXPEHU�

RI�IX]]\�FOXVWHUV´��3DWWHUQ�5HFRJQLWLRQ����������������
.ULVKQDSXUDP��5��	�.HOOHU��-�0����������³$�SRVVLELOLVWLF�DSSURDFK�WR�FOXVWHULQJ´��,(((�7UDQVDFWLRQV�RQ�

)X]]\�6\VWHPV����������������
.ULVKQDSXUDP�� 5�� 	� .HOOHU�� -�0�� �������� ³7KH� 3RVVLELOLVWLF� &�0HDQV� $OJRULWKP�� ,QVLJKWV� DQG�

5HFRPPHQGDWLRQV´��,(((�7UDQVDFWLRQV�RQ�)X]]\�6\VWHPV�����������������
.UXVNDO��-�%�������D���³0XOWLGLPHQVLRQDO�VFDOLQJ�E\�RSWLPL]LQJ�JRRGQHVV�RI�ILW�WR�D�QRQPHWULF�K\SRWKHVLV´��

3V\FKRPHWULND��������������
.UXVNDO��-�%�������E���³1RQPHWULF�0XOWLGLPHQVLRQDO�VFDOLQJ��$�QXPHULFDO�PHWKRG´��3V\FKRPHWULND��������

���������
/DQFH��*�1��	�:LOOLDPV��:�7�����������³0L[HG�GDWD�FODVVLILFDWRU\�SURJUDPV��,��$JJORPHUDWLYH�V\VWHPV´��

$XVWU��&RPSXW��-RXUQDO������������
/HJHQGUH��3��	�/HJHQGUH��/����������1XPHULFDO�(FRORJ\��6HFRQG�(QJOLVK�(GLWLRQ��(G��(OVHYLHU������SS���
/HJHQGUH��3��	�*DOODJKHU��(�'����������³(FRORJLFDOO\�PHDQLQJIXO�WUDQVIRUPDWLRQV�IRU�RUGLQDWLRQ�RI�VSHFLHV�

GDWD´��2HFRORJLD�������������������
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/LQJRHV�� -�� �������� ³6RPH� ERXQGDU\� FRQGLWLRQV� IRU� D� PRQRWRQH� DQDO\VLV� RI� V\PPHWULF� PDWULFHV´��
3V\FKRPHWULND������������������

0DJXUUDQ��$��(����������'LYHUVLGDG�HFROyJLFD�\�VX�PHGLFLyQ���(G��9HUGUD��%DUFHORQD��
0DUJDOHI��5����������(FRORJLD��(G��2PHJD��%DUFHORQD�����SS��
0DUVLOL�/LEHOOL��6����������³)X]]\�FOXVWHULQJ�RI�HFRORJLFDO�GDWD´��&RHQRVHV������������
0LOOLJDQ�� *�� :�� �������� ³$� VWXG\� RI� WKH� EHWD�IOH[LEOH� FOXVWHULQJ� PHWKRG´�� 0XOWLYDULDWH� %HKDYLRUDO�

5HVHDUFK��������������
0LOOLJDQ�� *�:��� 6RNRO� /�0�� �������� ³$� WZR� VWDJH� FOXVWHULQJ� DOJRULWKP� ZLWK� UREXVW� UHFRYHU\�

FKDUDFWHULVWLFV´��(GXFDWLRQDO�DQG�3V\FKRORJLFDO�0HDVXUHPHQW��������������
0DF4XHHQ��-����������³6RPH�PHWKRGV�IRU�FODVVLILFDWLRQ�DQG�DQDO\VLV�RI�PXOWLYDULDWH�REVHUYDWLRQ´��SS������

���� LQ�� /�0�� /H� &DP� 	� -�� 1H\PDQ� �HGV��� 3URFHHGLQJV� RI� WKH� ILIWK� %HUNHOH\� V\PSRVLXP� RQ�
PDWKHPDWLFDO�VWDWLVWLFV�DQG�SUREDELOLW\��9RO�����8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV��%HUNHOH\��

0DUGLD��.��9���.HQW��-��7��	�%LEE\��-��0����������0XOWLYDULDWH�DQDO\VLV��$FDGHPLF�3UHVV��/RQGRQ��8QLWHG�
.LQJGRP������SS��

0F&XQH��%�	�0HIIRUG�0�-����������3&�25'��0XOWLYDULDWH�DQDO\VLV�RI�HFRORJLFDO�GDWD��9HUVLRQ����0M0�
6RIWZDUH�'HVLJQ��*OHQHGHQ�%HDFK��25��86��85/��KWWS���KRPH�FHQWXU\WHO�QHW�aPMP��

0F/DFKODQ��*�� -�� ��������'LVFULPLQDQW�DQDO\VLV�DQG�VWDWLVWLFDO�SDWWHUQ� UHFRJQLWLRQ��:LOH\�	�6RQV��1HZ�
<RUN��

2OLYD��)���&iFHUHV��0��GH��)RQW��;��	�&XDGUDV��&�0����������³&RQWULEXFLRQHV�GHVGH�XQD�SHUVSHFWLYD�EDVDGD�
HQ�SUR[LPLGDGHV�DO�IX]]\�.�PHDQV�FOXVWHULQJ´��;;,9�&RQJUHVR�6(,2��ÒEHGD��6SDLQ��SHUV��FRPP����

2UORFL��/����������³$Q�DJJORPHUDWLYH�PHWKRG�IRU�FODVVLILFDWLRQ�RI�SODQW�FRPPXQLWLHV´��-RXUQDO�RI�(FRORJ\�
�������������

3LHORX��(�&����������³7KH�PHDVXUHPHQW�RI�GLYHUVLW\�LQ�GLIIHUHQW�W\SHV�RI�ELRORJLFDO�FROOHFWLRQV´��-RXUQDO�RI�
7KHRUHWLFDO�%LRORJ\���������������

3RGDQL��-����������³&RPSDULVRQ�RI�SDUWLWLRQV�LQ�YHJHWDWLRQ�VWXGLHV´��$EVWUDFWD�%RWDQLFD��������������
3RGDQL��-����������³&RPSDULVRQ�RI�IX]]\�FODVVLILFDWLRQV´��&RHQRVHV�����������
3RGDQL�� -�� 	� )HROL�� (�� �������� ³$� JHQHUDO� VWUDWHJ\� IRU� WKH� VLPXOWDQHRXV� FODVVLILFDWLRQ� RI� YDULDEOHV� DQG�

REMHFWV�LQ�HFRORJLFDO�GDWD�WDEOHV´��-RXUQDO�RI�9HJHWDWLRQ�6FLHQFH�������������
5DQG�� :�0�� �������� ³2EMHFWLYH� &ULWHULD� IRU� WKH� (YDOXDWLRQ� RI� &OXVWHULQJ� 0HWKRGV´�� -RXUQDO� RI� WKH�

$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��������������
5DR��(�� �������� ³$� UHYLHZ�RI� FDQRQLFDO� FRRUGLQDWHV� DQG�DQ�DOWHUQDWLYH� WR� FRUUHVSRQGHQFH�DQDO\VLV�XVLQJ�

+HOOLQJHU�GLVWDQFH´�4�HVWLLy��4XDGHUQV�G
(VWDGLVWLFD�L�,QYHVWLYDFLy�2SHUDWLYD��������������
5pQ\L��$����������³2Q�PHDVXUHV�RI�HQWURS\�DQG�LQIRPDWLRQ´�����������,Q��-��1H\PDQ��HG���3URFHHGLQJV�RI�

WKH�IRXUWK�%HUNHOH\�V\PSRVLXP�RQ�PDWKHPDWLFDO�VWDWLVWLFV�DQG�SUREDELOLW\��8QLYHUVLW\�RI�&DOLIRUQLD�
3UHVV��%HUNHOH\��
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5RXVVHXZ�� 3�-�� �������� ³6LOKRXHWWHV�� D� JUDSKLFDO� DLG� WR� WKH� LQWHUSUHWDWLRQ� DQG� YDOLGDWLRQ� RI� FOXVWHU�
DQDO\VLV´��-RXUQDO�RI�&RPSXWDWLRQ�DQG�$SSOLHG�0DWKHPDWLFV������������

5XVSLQL��(����������³$�1HZ�$SSURDFK�WR�&OXVWHULQJ´��,QI��&RQWURO�������������
6KDQQRQ��&��(��	�:HDYHU��:����������7KH�0DWKHPDWLFDO�7KHRU\�RI�&RPPXQLFDWLRQ��8QLYHUVLW\�RI�,OOLQRLV�

3UHVV��8UEDQD��,/��
6KHSDUG��5��1����������³7KH�DQDO\VLV�RI�SUR[LPLWLHV��PXOWLGLPHQVLRQDO�VFDOLQJ�ZLWK�DQ�XQNQRZQ�GLVWDQFH�

IXQFWLRQ´��3V\FKRPHWULND��������������
6QHDWK��3��+��$��	�6RNDO��5��5����������1XPHULFDO�WD[RQRP\�±�7KH�SULQFLSOHV�DQG�SUDFWLFH�RI�QXPHULFDO�

FODVVLILFDWLRQ��:��+��)UHHPDQ��6DQ�)UDQFLVFR������SS��
6RNDO�� 5�� 5��	�0LFKHQHU�� &�� '�� �������� ³$� VWDWLVWLFDO�PHWKRG� IRU� HYDOXDWLQJ� V\VWHPDWLF� UHODWLRQVKLSV´��

8QLY�.DQV�6FL�%XOO�����������������
6RNDO� 	� 5RKOI� �������� %LRPHWU\� �� WKH� SULQFLSOHV� DQG� SUDFWLFH� RI� VWDWLVWLFV� LQ� ELRORJLFDO� UHVHDUFK�� �UG�

HGLWLRQ��1HZ�<RUN��)UHHPDQ��
7D\ORU�� /�5�� �������� ³%DWHV�� :LOOLDPV�� +XWFKLQVRQ� ±� D� YDULHW\� RI� GLYHUVLWLHV�� ,Q�� 'LYHUVLW\� RI� ,QVHFW�

)DXQDV´�� /�$�� 0RXQG� 	� 1�� :DUORII� �HGV���� �WK� 6\PSRVLXP� RI� WKH� 5R\DO� (QWRPRORJLFDO� 6RFLHW\��
%ODFNZHOO��2[IRUG��SS��������

WHU� %UDDN�� &�-�)�� �������� ³&DQRQLFDO� FRUUHVSRQGHQFH� DQDO\VLV�� $� QHZ� HLJHQYHFWRU� WHFKQLTXH� IRU�
PXOWLYDULDWH�GLUHFW�JUDGLHQW�DQiOLVLV´��(FRORJ\��������������������

WHU�%UDDN��&�-�)����������³&DQRQLFDO�FRUUHVSRQGHQFH�DQDO\VLV�DQG�UHODWHG�PXOWLYDULDWH�PHWKRGV�LQ�DTXDWLF�
HFRORJ\´��$TXDWLF�6FLHQFHV������������������

WHU� %UDDN�� &�-�)�� 	� âPLODXHU�� 3�� ��������&$12&2� UHIHUHQFH� PDQXDO� DQG� XVHU¶V� JXLGH� WR� &DQRFR� IRU�
:LQGRZV�� 6RIWZDUH� IRU� &DQRQLFDO� &RPPXQLW\� 2UGLQDWLRQ� �YHUVLRQ� ���� &HQWUH� RI� %LRPHWU\��
:DJHQLQJHQ��85/��KWWS���ZZZ�PLFURFRPSXWHUSRZHU�FRP��

7LEVKLUDQL��5���:DOWKHU��*���	�+DVWLH��7����������³(VWLPDWLQJ�WKH�QXPEHU�RI�FOXVWHUV�LQ�D�GDWD�VHW�YLD�WKH�
JDS�VWDWLVWLF´��-RXUQDO�RI�WKH�5R\DO�6WDWLVWLFDO�6RFLHW\�%��������������

YDQ�GHQ�:ROOHQEHUJ��$�/����������³5HGXQGDQF\�DQDO\VLV��DQ�DOWHUQDWLYH�IRU�FDQRQLFDO�FRUUHODWLRQ�DQDO\VLV´��
3V\FKRPHWULND�����������������

:DUG�� -��+�� �������� ³+LHUDUFKLFDO� JURXSLQJ� WR� RSWLPL]H� DQ� REMHFWLYH� IXQFWLRQ´�� -RXQDO� RI� WKH�$PHULFDQ�
6WDWLVWLFDO�$VVRFLDWLRQ��������������

=DGHK��/�$����������³)X]]\�VHWV´��,QIRUPDWLRQ�DQG�&RQWURO�������������
�


