
7KUHH�:D\�'DWD�$QDO\VLV�DQG�3/6�3DWK�0RGHOOLQJIRU�(VWLPDWLQJ�&RPSRQHQWV�RI�D�7HPSRUDO�3URFHVV���$QDOLVL�GL�7DEHOOH�D�SL��YLH�H�0RGHOOL]]D]LRQH�EDVDWD�VXO�3/6�SHU�OD�6WLPD�GHOOH�&RPSRQHQWL�GL�XQ�3URFHVVR�7HPSRUDOH9LQFHQ]R�(VSRVLWR�9LQ]L��*HUPDQD�6FHSL'LSDUWLPHQWR�GL�0DWHPDWLFD�H�6WDWLVWLFD��8QLYHUVLWj�³)HGHULFR�,,´�GL�1DSROL�9LD�&LQWLD��0RQWH�6��$QJHOR�������1DSROLELQFL#XQLQD�LW��VFHSL#XQLQD�LW
5LDVVXQWR�� ,Q� TXHVWR� ODYRUR� VL� SURSRQH� XQD� VWUDWHJLD� FKH� XWLOL]]D� FRQJLXQWDPHQWH�O¶DSSURFFLR� FRQIHUPDWLYR� GHL� PRGHOOL� DG� HTXD]LRQL� VWUXWWXUDOL� �VHFRQGR� LO� FULWHULR� GHO�3DUWLDO�/HDVW�6TXDUHV��3/6�3DWK�0RGHOOLQJ��H� WHFQLFKH�HVSORUDWLYH�GL�DQDOLVL�GHL�GDWL�D�SL�� YLH� �$QDOLVL� GHOOH� 0DWULFL� 3ULQFLSDOL��� 7DOH� VWUDWHJLD� FRQVHQWH� GL� UDSSUHVHQWDUH� � H�LQWHUSUHWDUH�VWUXWWXUH�GL�GDWL�FRVWLWXLWH�GD�EORFFKL�GL�YDULDELOL�RVVHUYDWH�VXOOH�VWHVVH�XQLWj��LGHQWLILFDWH� GD� LVWDQWL� WHPSRUDOL�� LQ� RFFDVLRQL� GLIIHUHQWL�� /¶RELHWWLYR� ILQDOH� q� TXHOOR� GL�DUULFFKLUH� OD VWLPD�GHL�FRHIILFLHQWL�GL�XQ�PRGHOOR� WHPSRUDOH�FRQ� O¶LQWHUSUHWD]LRQH�GHOOH�VXH�GLYHUVH�FRPSRQHQWL�
.H\ZRUGV�� 3DUWLDO� /HDVW� 6TXDUHV� �3/6��� 6WUXFWXUDO� (TXDWLRQ� 0RGHOOLQJ�� 3ULQFLSDO�0DWULFHV�$QDO\VLV��0XOWL�%ORFN�'DWD�6WUXFWXUH��'\QDPLF�&RPSRQHQWV�
���,QWURGXFWLRQ
:LWKLQ� WKH� FRQILUPDWRU\� DSSURDFK� WR� SDWK� PRGHOV�� WKH� 3DUWLDO� /HDVW� 6TXDUHV� �3/6��DOJRULWKP�GHYHORSHG�E\�+��:ROG� �������KDV� UHFHQWO\� JDLQHG�SRSXODULW\� EHFDXVH�RI� LWV�IOH[LEOH� HVWLPDWLRQ� RSWLRQV�� LWV� ³VRIW´�PRGHOOLQJ� K\SRWKHVHV� DQG� LWV� EHLQJ� IHDVLEOH� IRU�VHYHUDO� GRPDLQV� RI� DSSOLFDWLRQ�� 1DPHO\�� LQ� D�PXOWL�ZD\� WDEOHV� IUDPHZRUN�� 3/6� 3DWK�0RGHOOLQJ� ORRNV� IRU� ODWHQW� YDULDEOHV� ZKLFK� VXPPDULVH� RQH�GLPHQVLRQDO� EORFNV� RI�PDQLIHVW�YDULDEOHV�WDNLQJ�LQWR�DFFRXQW�DOVR�WKH�FDXVDO�OLQNV�RI�GHSHQGHQFH�EHWZHHQ�WKH�EORFNV��,Q�WKH�IROORZLQJ��WKH�3/6�DSSURDFK�WR�SDWK�PRGHOOLQJ�LV�SUHIHUUHG�WR�PD[LPXP�OLNHOLKRRG� QRW� RQO\� EHFDXVH� RI� LWV� UREXVWQHVV� LQ� SUHVHQFH� RI� PLVVLQJ� GDWD� DQG�PXOWLFROOLQHDULW\�EXW�DOVR�IRU�LWV�SUHGLFWLRQ�RULHQWHG�VHWWLQJ�,Q� WKH� VDPH� IUDPHZRUN�� EXW� ZLWK� DQ� H[SORUDWRU\� REMHFWLYH�� VHYHUDO� WKUHH�ZD\� GDWD�DQDO\VLV�WHFKQLTXHV�KDYH�EHHQ�SURSRVHG�LQ�RUGHU�WR�V\QWKHVLVH�DQG�JUDSKLFDOO\�UHSUHVHQW�WKH� UHODWLRQVKLSV� EHWZHHQ DQG�RU� ZLWKLQ� PXOWL�ZD\� WDEOHV� �5L]]L�� ������ ZKHQ� QR�H[SODQDWRU\�LQIRUPDWLRQ�LV�DYDLODEOH�7KH� DLP� RI� WKLV� SDSHU� LV� WR� SURYLGH� D� MRLQW� VWUDWHJ\� RI� D� WKUHH�ZD\� GDWD� DQDO\VLV�WHFKQLTXH� �3ULQFLSDO� 0DWULFHV� $QDO\VLV�� 30$�� '¶$OHVVLR� ������ ZLWK� 3/6� SDWK�PRGHOOLQJ� LQ�RUGHU� WR�DOORZ� IRU� D�GHFRPSRVLWLRQ� DQG�DQ� LQWHUSUHWDWLRQ�RI� WKH�GLIIHUHQW�
����7KH�SUHVHQW�SDSHU�LV�ILQDQFLDOO\�VXSSRUWHG�E\�WKH�35,1������JUDQW�'DWD�0LQLQJ�H�$QDOLVL�6LPEROLFD�UHVS��3URI��&DUOR�/DXUR��
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FRPSRQHQWV�RI� D� WHPSRUDO�SURFHVV�� ,W�ZLOO� EH� HQKDQFHG�KRZ� WKLV� VWUDWHJ\� HQULFKHV� WKH�UHVXOWV�RI�FODVVLFDO�3/6�SDWK�PRGHOOLQJ�ZKHQ�WKH�GDWD�VWUXFWXUH�DW�KDQG�VKRZV�D�GRXEOH�EORFN�SDUWLWLRQ�� L�H�� EORFNV� RI� YDULDEOHV� �E\� FROXPQ�� DQG� EORFNV� RI� REVHUYDWLRQDO�RFFDVLRQV� �E\� URZ���7KH�SURSRVHG� VWUDWHJ\�ZLOO� EH� DSSOLHG� WR� DQ� LQGXVWULDO�SURGXFWLRQ�SURFHVV�
���'DWD�6WUXFWXUH
7KH� GDWD� VWUXFWXUH� RI� LQWHUHVW� FRPSULVHV� - �M ��«�-�� JURXSV� RI� PDQLIHVW� YDULDEOHV�REVHUYHG� RQ� WKH� VDPH� Q� �L ��«�Q�� WLPH� SRLQWV� DW� 7 �W ��«�7�� GLIIHUHQW RFFDVLRQV��7KHUHIRUH�� IRU� HDFK� JURXS� RI� YDULDEOHV�� D� VHTXHQFH� RI�7 PDWULFHV�;W�Q�SM�� LV� GHILQHG��6XSSRVH� WKDW� HDFK� FROXPQ� YHFWRU� RI�;W�Q�SM�� LV� D� UHDOLVDWLRQ� RI� D� VWULFWO\� VWDWLRQDU\�VHTXHQFH�RI�UDQGRP�YDULDEOHV��7KH�JHQHULF�W�WK�VHTXHQFH�IRU�HDFK�JURXS�RI�YDULDEOHV�FDQ�EH�WKRXJKW�RI�DV�D�VHW�RI�PHDVXUHPHQWV�RI��WKH�VDPH�YDULDEOHV�LQ�GLIIHUHQW�RFFDVLRQV��H�J��GD\V���ZKLOH�WKH�Q URZV�RI�HDFK�PDWUL[�UHSUHVHQW�VDPSOH�REVHUYDWLRQV�WDNHQ�DW�GLIIHUHQW�WLPHV�LQ�HDFK�RFFDVLRQ��)LQDOO\��WKH�VR�GHILQHG�VWUXFWXUH�LV�FRQVWLWXWHG�E\�7 EORFNV�RI�-JURXSV�RI�PDQLIHVW�YDULDEOHV�
)LJXUH�� 7KH�'DWD�6WUXFWXUH�E\�EORFNV

$V� LQ� D� FODVVLFDO� 3/6� SDWK� PRGHOOLQJ� �)LJXUH� ���� ZH� VXSSRVH� WKDW� �-���� JURXSV� RI�PDQLIHVW� YDULDEOHV� SOD\� WKH� UROH� RI� H[SODQDWRU\� YDULDEOHV� ZLWK� UHVSHFW� WR�D� VHW� RI�4GHSHQGHQW�YDULDEOHV�ZKLFK�DUH�DOVR�PDQLIHVW��7KH�4 YDULDEOHV�DUH�REVHUYHG�RQ�WKH�VDPH��L ��«�Q�� WLPH� SRLQWV� DW� 7 �W ��«�7�� GLIIHUHQW� RFFDVLRQV�� 7KHUHIRUH�� PDWUL[� < RI�
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GHSHQGHQW� YDULDEOHV� KDV� GLPHQVLRQV� �Q
7�4��� ,Q� )LJXUH� ��� WKH� ILQDO� GDWD� VWUXFWXUH� LV�UHSUHVHQWHG� ZLWK� - �� YDULDEOHV� RYHUDOO�� ,Q� SDUWLFXODU�� ZH� KDYH� WZR� H[RJHQRXV� ODWHQW�YDULDEOHV�DQG�RQH�ODWHQW�YDULDEOH�ZKLFK�LV�HQGRJHQRXV�
���3/6�3DWK�0RGHO�DQG�(VWLPDWLRQ
(DFK�JURXS�RI�YDULDEOHV�LV�FRQVLGHUHG�WR�FRQVWLWXWH�WKH�REVHUYDEOH�H[SUHVVLRQ�RI�D�ODWHQW�VWDQGDUGLVHG�YDULDEOH�JURXS�[[M��(DFK�PDQLIHVW�YDULDEOH�[MK �K ��«�SM��LQ�WKH�M�WK�EORFN�LV�DVVXPHG�WR�EH�FRQQHFWHG�WR�LWV�ODWHQW�YDULDEOH�[[M �LQ�D�UHIOHFWLYH�VFKHPH��E\�WKH�HTXDWLRQ�
ZKHUH�HHMK LV�D�]HUR�PHDQ�UDQGRP�HUURU�XQFRUUHODWHG�ZLWK�WKH�M�WK�ODWHQW�YDULDEOH��0RUHRYHU�� LW� LV� SRVVLEOH� WR� GHILQH� WKH� IROORZLQJ� FDXVDO� UHODWLRQVKLSV� EHWZHHQ� WKH�HQGRJHQRXV�ODWHQW�YDULDEOH�DQG�WKH�H[RJHQRXV�RQHV�

ZKHUH�QQM LV�D�]HUR�PHDQ�UDQGRP�HUURU�XQFRUUHODWHG�ZLWK�WKH�- ODWHQW�YDULDEOHV�7KH�HVWLPDWLRQ�SURFHVV� IRU� WKH� ODWHQW�YDULDEOHV��EDVHG�RQ�3/6��FRPSULVHV� WZR� LWHUDWLYH�VWHSV��H[WHUQDO�HVWLPDWLRQ�IURP�WKH�PDQLIHVW�YDULDEOHV�DQG�LQWHUQDO�HVWLPDWLRQ�IURP�WKH�RWKHU� ODWHQW� YDULDEOHV�� )RU� HDFK� RI� WKHVH� VWHSV�� GLIIHUHQW�PRGHV� H[LVW�ZKLFK� SURYLGH� D�IOH[LEOH�ZD\�RI�FDOFXODWLQJ�WKH�FRHIILFLHQWV�O MK¶V�DQG�EM¶V��7HQHQKDXV��������,Q� WKH� IROORZLQJ� SDUDJUDSK�� ZH� SURSRVH� D� QHZ�PHWKRG� IRU� HVWLPDWLQJ� WKH� H[RJHQRXV�ODWHQW�YDULDEOHV�LQ�WKH�FDVH�RI�WKH�SHFXOLDU�GDWD�VWUXFWXUH�LOOXVWUDWHG�DERYH��,Q�SDUWLFXODU��ZH�DLP�DW�REWDLQLQJ�PRUH�WKDQ�RQH�ODWHQW�YDULDEOH�IRU�HDFK�H[SODQDWRU\�YDULDEOH�LQ�RUGHU�WR�WDNH�LQWR�DFFRXQW�WHPSRUDO�FRPSRQHQWV�
���7KUHH�ZD\�GDWD�DQDO\VLV�IRU�WKH�GHFRPSRVLWLRQ�RI�ODWHQW�YDULDEOHV
,I� FODVVLFDO� 3/6� SDWK� PRGHOOLQJ� LV� GLUHFWO\� DSSOLHG� RQ� WKH� GDWD� VWUXFWXUH� VKRZQ� LQ�6HFWLRQ����WKH�UHVXOWV�ZRXOG�QRW�H[SOLFLWO\�FRQVLGHU�WKH�WHPSRUDO�OLQN�EHWZHHQ�WKH�EORFNV�ZLWKLQ� HDFK� JURXS� RI� H[SODQDWRU\� YDULDEOHV�� ,Q� IDFW�� HDFK� VHTXHQFH� RI� H[SODQDWRU\�YDULDEOHV�ZRXOG� EH� VXPPDULVHG� E\� D� VLQJOH� ODWHQW� YDULDEOH� DV� D OLQHDU� FRPELQDWLRQ� RI�HDFK�PDQLIHVW�YDULDEOH�REVHUYHG�RQ�Q
7 XQLWV��,Q�RUGHU�WR�LQFOXGH�WKH�WHPSRUDO�DVSHFW�LQ�WKH� DQDO\VLV�� D� 30$� LV� SHUIRUPHG� RQ� HDFK� VHTXHQFH� RI�7 EORFNV� RI� WKH� H[SODQDWRU\�YDULDEOHV�� $V� D� FRQVHTXHQFH�� ZH�PD\� REWDLQ�SM UHIHUHQFH� PDWULFHV� IRU� HDFK� JURXS� RI�PDQLIHVW�YDULDEOHV�ZKLFK�DUH�DFWXDOO\�FRPSURPLVHV��ZHLJKWHG�VXPV��RI�WKH�RULJLQDO�;W¶V�GHILQHG�DV�
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ZKHUH� XD �W LV� WKH� W�WK� HOHPHQW� RI� WKH� D�WK� HLJHQYHFWRU� RI� WKH� GLDJRQDOLVDWLRQ� RI� WKH�LQWHUVWUXFWXUH� PDWUL[� ,6 ZLWK� JHQHUDO� HOHPHQW�� LVWW¶�� WKH� 59�FRUUHODWLRQ� FRHIILFLHQW� RI�(VFRXILHU�EHWZHHQ�WKH�YDULDEOHV�DW�7 GLIIHUHQW�RFFDVLRQV�

,Q�WKH�FDVH�RI�WHPSRUDO�GDWD��WKH�ILUVW�HLJHQYHFWRU�X� RI�PDWUL[�,6 FDQ�EH�FRQVLGHUHG�DV�D�FRPSRQHQW�ZKLFK�LV�QRW�OLQNHG�WR�WLPH�DQG�LV�WKHUHIRUH�GHILQHG�DV�WKH�FRUH RI�WKH�GDWD�VWUXFWXUH��ZKLFK�XVXDOO\�H[SODLQV�PRVW�RI�WKH�WRWDO�LQHUWLD���2Q�WKH�FRQWUDU\��WKH�VHFRQG�HLJHQYHFWRU�X� HQKDQFHV� WKH�PDLQ� WHPSRUDO� HYROXWLRQ�DQG�GHILQHV� WKH�WUHQG��ZKLOH� WKH�WKLUG�HLJHQYHFWRU�X� UHIHUV�WR�WKH�F\FOH �'¶$OHVVLR��������)ROORZLQJ� WKLV� VFKHPH�� ZH� PD\� UHWDLQ� WKH� ILUVW� WKUHH� HLJHQYHFWRUV� DQG� FRPSXWH� WKH�DVVRFLDWHG� UHIHUHQFH� PDWULFHV�&2���&2���&2� ZKLFK� UHSUHVHQW� WKH� FRPSRQHQWV�FRUH�WUHQG DQG�F\FOH�RI� HDFK� JURXS� RI� H[SODQDWRU\� YDULDEOHV�� 7KHVH�PDWULFHV� VXEVWLWXWH� WKH�VHTXHQFHV�RI�H[SODQDWRU\�YDULDEOHV�RQ�WKH�OHIW�KDQG�VLGH�RI�WKH�GDWD�VWUXFWXUH�LQ�)LJXUH���DQG� WKHUHIRUH� UHSUHVHQW� WKH� LQSXW� YDULDEOHV� IRU� WKH� H[WHUQDO� HVWLPDWLRQ� RI� WKH� ODWHQW�YDULDEOHV�� $V� D� FRQVHTXHQFH�� WKH� JHQHULF� ODWHQW� YDULDEOH� [[M LV� GHFRPSRVHG� LQ� WKUHH�FRPSRQHQWV� [[MFRUH� [[MWUHQG DQG [[MF\FOH� )LQDOO\�� E\� PHDQV� RI� WKH� VWUXFWXUDO� UHODWLRQVKLSV��VXFK�D�GHFRPSRVLWLRQ� LV� WUDQVIHUUHG� WR� WKH� HQGRJHQRXV� ODWHQW� YDULDEOH�[[ WKXV� DOORZLQJ�WKH�HVWLPDWLRQ�RI�LWV�WHPSRUDO�FRPSRQHQWV����$Q�H[DPSOH�RI�DSSOLFDWLRQ�RQ�UHDO�GDWD
7KH� SURSRVHG� PHWKRGRORJ\� LV� SURILWDEO\� DSSOLHG� WR� D� UHDO� GDWD� VHW� FRQFHUQLQJ� WKH�FRQWLQXRXV�SURGXFWLRQ�RI�]LQF�LQ�DQ�,WDOLDQ�IDFWRU\�ZKLFK��IRU�FRQILGHQWLDOLW\�UHDVRQV��LV�NHSW�DQRQ\PRXV��7KH�PDQLIHVW�H[SODQDWRU\�YDULDEOHV�PHDVXUH�GLIIHUHQW�VHW�XS�YDOXHV�RI�WHPSHUDWXUH�� SUHVVXUH� DQG� RWKHU� VLJQLILFDQW� HQYLURQPHQWDO� YDULDEOHV� LQ� WKH� SURGXFWLRQ�SURFHVV��7KHVH�YDULDEOHV�DUH�UHJXODUO\�REVHUYHG�IRU�VHYHUDO�GD\V�DQG�VHYHUDO�WLPHV�D�GD\�DQG�DUH�VXSSRVHG�WR�LQIOXHQFH�WKH�DPRXQW�RI�]LQF�DQG�RWKHU�PDWHULDOV�SURGXFHG�E\�WKH�SURFHVV��6XFK�D�GDWD�VWUXFWXUH�SHUIHFWO\�ILWV�WKH�RQH�GHILQHG�LQ�)LJXUH����)RU�WKH�VDNH�RI�EUHYLW\�� WKH� GHWDLOHG� UHVXOWV� RI� WKH� DSSOLFDWLRQ�� DQG� WKHLU� UHOHYDQFH� LQ� WHUPV� RI�LQWHUSUHWDWLRQ�RI�WKH�ODWHQW�YDULDEOHV�HVWLPDWHV��ZLOO�EH�GLVFXVVHG�LQ�WKH�H[WHQGHG�SDSHU�
5HIHUHQFHV�
'¶$OHVVLR� *�� ������� /¶$QDOLVL� GL� VXFFHVVLRQL� GL� PDWULFL� GL� GDWL� TXDOLWDWLYL�� 7HVL� GL�'RWWRUDWR�GL�5LFHUFD� 8QLYHUVLWj�/D�6DSLHQ]D�±5RPD�'¶$OHVVLR�*��������0XOWLVWHS�SULQFLSDO�FRPSRQHQW�DQDO\VLV�LQ�WKH�VWXG\�RI�SDQHO�GDWD��LQ��0XOWLZD\�'DWD�$QDO\VLV��5�&RSSL�	�6�%RODVFR��(GV����1RUWK�+ROODQG����������5L]]L� $������� 2Q� WKH� V\QWKHVLV� RI� WKUHH�ZD\� GDWD� PDWULFHV� LQ�� 0XOWLZD\� 'DWD�$QDO\VLV��5�&RSSL�	�6�%RODVFR��(GV����1RUWK�+ROODQG����������7HQHQKDXV��������/D�UpJUHVVLRQ�3/6��7KpRULH�HW�3UDWLTXH��7HFKQLS��3DULV�:ROG� ������� 1RQOLQHDU� ,WHUDWLYH� 3DUWLDO� /HDVW� 6TXDUHV� �1,3$/6��0RGHOOLQJ�± 6RPH�&XUUHQW� 'HYHORSPHQW�� LQ��0XOWLYDULDWH� $QDO\VLV�� .ULVKQDMDK� 3�5�� �(G���� $FDGHPLF�3UHVV��1HZ�<RUN�������������
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