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$EVWUDFW7KLV�SDSHU�LV�DQ�H[SORUDWLRQ�LQ�WKH�UHODWLYH�SHUIRUPDQFH�DQG�VRXUFHV�RI�SURGXFWLYLW\�JURZWK�RI�8�6�SULYDWH�EXVLQHVVHV�DFURVV�LQGXVWULHV�DQG�OHJDO�VWUXFWXUH���,Q�RUGHU�WR�DVVHPEOH�WKH�GLVSDUDWH�GDWD�IURPYDULRXV�VRXUFHV�WR�GHYHORS�D�FRKHUHQW�SURGXFWLYLW\�GDWDEDVH��ZH�GHYHORSHG�D�JHQHUDO�V\VWHP�WR�PDQDJHGDWD���7KH�SDSHU�GHVFULEHV�WKLV�V\VWHP�DQG�WKHQ�DSSOLHV�LW�E\�EXLOGLQJ�VXFK�D�GDWDEDVH�7KH�SDSHU�SUHVHQWV�XSGDWHG�HVWLPDWHV�RI�JURVV�RXWSXW��LQWHUPHGLDWH�LQSXW�XVH�DQG�YDOXH�DGGHGXVLQJ�WKH�%($ V�*32�GDWD�VHW���,W�VXSSOHPHQWV�WKHVH�GDWD�ZLWK�HVWLPDWHV�RI�PLVVLQJ�GDWD�RQ�LQWHUPHGLDWHLQSXW�XVH�DQG�SULFHV�IRU�WKH�����������SHULRG��DQG�LW�FRQFRUGV�WKHVH�GDWD��ZKLFK�DUH�RUJDQL]HG�RQ�D�����6,&�EDVLV��WR�WKH������6,&�LQ�RUGHU�WR�KDYH�FRQVLVWHQW�WLPH�VHULHV�FRYHULQJ�WKH�ODVW�WZHQW\�IRXU�\HDUV���,WIXUWKHU�UHILQHV�WKHVH�GDWD�E\�GLVDJJUHJDWLQJ�WKHP�E\�OHJDO�IRUP�RI�RUJDQL]DWLRQ���7KH�SDSHU�DOVR�SUHVHQWVHVWLPDWHV�RI�ODERU�KRXUV��ODERU�TXDOLW\��LQYHVWPHQW��FDSLWDO�VHUYLFHV�DQG��FRQVHTXHQWO\��PXOWLIDFWRUSURGXFWLYLW\�GLVDJJUHJDWHG�E\�LQGXVWU\�DQG�OHJDO�IRUP�RI�RUJDQL]DWLRQ��DQG�LW�DQDO\]HV�WKH�FRQWULEXWLRQ�RIYDULRXV�LQGXVWULHV�DQG�EXVLQHVV�RUJDQL]DWLRQV�WR�DJJUHJDWH�SURGXFWLYLW\���7KH�SDSHU�DOVR�UHFRQVLGHUV�WKHVHHVWLPDWHV�LQ�OLJKW�RI�WKH�VXUJH�LQ�VSHQGLQJ�LQ�DGYDQFH�RI�WKH�FHQWXU\�GDWH�FKDQJH�
-(/�&RGHV��'����(��.H\ZRUGV��GDWDEDVHV��OHJDO�IRUP�RI�RUJDQL]DWLRQ��SURGXFWLYLW\

�7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�&DURO�&RUUDGR�IRU�FRPPHQWV�DW�YDULRXV�VWDJHV�RI�WKH�SURMHFW�DQG-RQDWKDQ�(OOHU��6X]DQQH�3RODW]��0DUFLQ�3U]\E\OD��%ULDQ�5RZH��.RHQ�9HUPHO\HQ��DQG�0DWW�:LOVRQ�IRUUHVHDUFK�DVVLVWDQFH��WKH�%($�IRU�SURYLGLQJ�GDWD��DQG�FRPPHQWV�IURP�%DUEDUD�)UDXPHQL��(GZDUG�3UHVFRWW�DQG�'DQLHOH�&RHQ�3LUDQL��DQG�SDUWLFLSDQWV�DW�WKH�1%(5�&5,:�6XPPHU�,QVWLWXWH��)HGHUDO�5HVHUYH�%DQN�RI0LQQHDSROLV��DQG�WKH�:LQWHU�0HHWLQJV�RI�WKH�(FRQRPHWULF�6RFLHW\���7KLV�SDSHU�UHSUHVHQWV�WKH�DXWKRUV�RZQYLHZV�DQG�QRW�WKRVH�RI�6WDWLVWLFV�1HWKHUODQGV��WKH�%RDUG�RI�*RYHUQRUV�RI�WKH�)HGHUDO�5HVHUYH�6\VWHP��RUWKHLU�VWDIIV�
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,���,QWURGXFWLRQ,Q�D�VHOI�UHIHUHQWLDO�DSSOLFDWLRQ�RI�WKH�HFRQRPLF�GLFWXP��³<RX�GRQ¶W�RIWHQ�ILQG�����ELOOV�O\LQJ�RQ
WKH�VLGHZDON´��LQWHUHVWLQJ�TXHVWLRQV�DQG�UHDG\�PDGH�GDWD�VHWV�DUH�QRW�IRXQG�VLGH�E\�VLGH��
(VSHFLDOO\�IRU�SURGXFWLYLW\�DQDO\VLV��ZKHUH�WKH�VXEMHFW�RI�LQWHUHVW�LV�WKH�UHODWLRQ�EHWZHHQ�RXWSXWV
DQG�LQSXWV��UHVHDUFKHUV�XVXDOO\�KDYH�WR�EXLOG�WKHLU�GDWD�VHWV�XVLQJ�GLIIHUHQW�VRXUFHV���7KHVH
GLVSDUDWH�GDWD�VRXUFHV�DUH�SURGXFHG�E\�GLIIHUHQW�JRYHUQPHQW�DJHQFLHV�RU�SULYDWH�RXWILWV�DQG�DUH
GHVLJQHG�WR�DQVZHU�GLIIHUHQW�TXHVWLRQV���$V�VXFK��FKDQJHV�LQ�WKH�UDWLR�RI�UHDO�RXWSXWV�WR�LQSXWV
PD\�UHIOHFW�LQFRQVLVWHQFLHV�LQ�WKH�GDWDVHW��UDWKHU�WKDQ�PRYHPHQWV�LQ�SURGXFWLYLW\���%HFDXVH�WKH
VRXUFH�GDWD�ZHUH�QRW�DVVHPEOHG�WR�VWXG\�SURGXFWLYLW\��WKH\�FDQ�DOVR�EH�LQFRPSOHWH��

$�EDVLF�PHDVXUH�RI�7)3�UHTXLUHV�GDWD�RQ�GHIODWHG�RXWSXW��ODERU�LQSXW��FDSLWDO�VHUYLFHV�
LQWHUPHGLDWH�LQSXWV��DQG�WKH�GLVWULEXWLRQ�RI�LQFRPH�WR�IDFWRUV�RI�SURGXFWLRQ���7KHVH�GDWD�QHHG�WR
PHDVXUH�WKH�DFWLYLWLHV�RI�WKH�VDPH�SURGXFHUV�WR�JHW�DQ�DFFXUDWH�UHDGLQJ�RI�SURGXFWLYLW\�JURZWK
EXW��LI�WKH\�DUH�DVVHPEOHG�IURP�GLIIHUHQW�VRXUFHV��WKH\�PD\�QRW�EH�FRPSDUDEOH�IRU�D�YDULHW\�RI
UHDVRQV��HYHQ�LI�WKHLU�GHVFULSWLRQV�DUH�WKH�VDPH���$FURVV�GLIIHUHQW�YDULDEOHV��WKH�XQGHUO\LQJ�PLFUR
GDWD�PD\�KDYH�EHHQ�FROOHFWHG�LQ�DQ�LQFRQVLVWHQW�PDQQHU����'DWD�VHWV�PD\�EH�RUJDQL]HG�XVLQJ
GLVSDUDWH�FODVVLILFDWLRQ�V\VWHPV���(YHQ�LI�WKH�GDWD�FRPH�IURP�RQH�VRXUFH��WKH�FODVVLILFDWLRQ�V\VWHP
FDQ�YDU\�RYHU�WLPH���6RPHWLPHV�GLIIHUHQW�FODVVLILFDWLRQ�VFKHPHV�UHIOHFW�PRUH�IXQGDPHQWDO
GLIIHUHQFHV��EXW�WKH�GDWD�VWLOO�PD\�FRQWDLQ�H[SORLWDEOH�LQIRUPDWLRQ�

$QRWKHU�SUREOHP�LV�WKH�HVWLPDWLRQ�RI�PLVVLQJ�GDWD���'DWD�DUH�RIWHQ�SXEOLVKHG�DW�KLJKHU
OHYHOV�RI�DJJUHJDWLRQ�WKDQ�LV�GHVLUHG���6RPHWLPHV�GDWD�DUH�DYDLODEOH�DW�D�ILQH�OHYHO�RI�GHWDLO�LQ�RQH
GLPHQVLRQ�EXW�RQO\�DW�D�YHU\�KLJK�OHYHO�RI�DJJUHJDWLRQ�LQ�DQRWKHU�GLPHQVLRQ�ZKHQ�GHWDLOHG�GDWD
DUH�QHHGHG�LQ�ERWK�GLPHQVLRQV���$�SUDFWLFDO�SUREOHP�RFFXUV�ZKHQ�QHZ�GDWD�UHOHDVHV�SURYLGH
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WRWDOV�ILUVW��RQO\�WR�IROORZ�ZLWK�GHWDLOHG�GDWDVHWV�DW�D�FRQVLGHUDEOH�ODJ���,Q�RUGHU�WR�FRQGXFW
UHVHDUFK�ZLWK�DOO�WKH�GHVLUHG�GHWDLO�DQG�WR�PDNH�XVH�RI�WKH�ODWHVW�GDWD��SURFHGXUHV�DUH�QHHGHG�WR
EHVW�XVH�DOO�WKH�DYDLODEOH�LQIRUPDWLRQ�

7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WKUHHIROG���)LUVW��LW�GHVFULEHV�D�V\VWHP�WKDW�ZH�KDYH�EXLOW�LQ
RUGHU�WR�RYHUFRPH�WKH�GDWD�KXUGOHV�MXVW�GHVFULEHG���:H�KDYH�GHYHORSHG�D�JHQHUDO�DSSURDFK�WR�GDWD
RUJDQL]DWLRQ�DQG�D�VHW�RI�VWDQGDUGL]HG�URXWLQHV�WKDW�DOORZ�XV�WR�SURGXFH�FRQVLVWHQW�GDWDVHWV�IURP
PXOWLSOH�VRXUFHV���,Q�SDUW��WKH�V\VWHP�DOORZV�UHVHDUFKHUV�WR�FUHDWH�FRKHUHQW�GDWD�RXW�RI�YDULRXV�ELWV
DQG�SLHFHV�RI�LQIRUPDWLRQ���6HFRQG��WKH�SDSHU�VNHWFKHV�WKH�FRQVWUXFWLRQ�RI�D�GDWDVHW�WR�VWXG\
SURGXFWLYLW\�XVLQJ�WKLV�V\VWHP���7KLUG��WKH�SDSHU�SUHVHQWV�VRPH�VLPSOH�DSSOLFDWLRQV���,W�UHSRUWV
HVWLPDWHV�RI�7)3�JURZWK�E\�LQGXVWU\�DQG�E\�OHJDO�IRUP�RI�RUJDQL]DWLRQ��DQG�LW�UHFRQVLGHUV�WKHVH
HVWLPDWHV�DVVXPLQJ�WKDW�ILUPV�VFUDSSHG�DQ�XQXVXDO�DPRXQW�RI�FDSLWDO�DGGUHVVLQJ�SRWHQWLDO�<�.
EXJV��

3URGXFWLYLW\�LQ�WKH�8�6��LV�WKH�IRFXV�RI�WKH�SDSHU�DQG�LV�SURPLQHQW�LQ�WKH�GLVFXVVLRQ�RI�WKH
GDWD�SUREOHPV���+RZHYHU��WKH�GDWD�LVVXHV�DUH�XELTXLWRXV��DQG�WKH�V\VWHP�FDQ�DFFRPPRGDWH�RWKHU
W\SHV�RI�VWXG\��VXFK�DV�LQWHUQDWLRQDO�WUDGH��HFRQRPLF�JHRJUDSK\��PDFURHFRQRPLF�LQFRPH
G\QDPLFV��DQG�VXSSO\�DQG�GHPDQG�LQ�JHQHUDO�HTXLOLEULXP���7KH�SDSHU�HPSKDVL]HV�LQGXVWU\�OHYHO
GDWD�LQ�LWV�DQDO\VLV��EXW�WKH�V\VWHP�HDVLO\�VFDOHV�GRZQ�WR�PRUH�PLFUR�GDWD�RU�VFDOHV�XS�WR�PRUH
DJJUHJDWH�GDWD��VXFK�DV�FURVV�FRXQWU\�GDWD�

7KH�DGYDQWDJHV�RI�VXFK�D�V\VWHP�DUH�QXPHURXV���2EYLRXVO\��LW�DOORZV�HFRQRPLVWV�WR
HQWHUWDLQ�GDXQWLQJ�UHVHDUFK�SURMHFWV���0RUHRYHU��GRFXPHQWDWLRQ�RI�DQ\�SDUWLFXODU�DSSOLFDWLRQ�FDQ
HDVLO\�EH�WKRURXJK�EHFDXVH�WKH�XVH�RI�VWDQGDUGL]HG�URXWLQHV�SHUPLWV�D�WHUVH�GHVFULSWLRQ�RI
FRPSOH[�RSHUDWLRQV���$OVR��EHFDXVH�RI�WKH�DXWRPDWHG�QDWXUH�RI�WKH�V\VWHP��UHVHDUFKHUV�FDQ�HDVLO\
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YDU\�WKH�SDUWLFXODU�DVVXPSWLRQV�WKDW�WKH\�XVHG�WR�FUHDWH�WKHLU�HVWLPDWHV�LQ�RUGHU�WR�WHVW�IRU�WKHLU
VHQVLWLYLW\���$�UHVHDUFKHU�FRXOG�JR�IDUWKHU�DQG�SURGXFH�FRQILGHQFH�EDQGV�DURXQG�VXFK�HVWLPDWHV��
2QH�FRXOG�DOVR�DSSO\�WKLV�PHWKRGRORJ\�WR�DOUHDG\�SXEOLVKHG�GDWD�WKDW�DUH�SURGXFHG�E\�WKH
VWDWLVWLFDO�DJHQFLHV���,QGHHG��VRPH�GDWD�VHWV�WKDW�KDYH�EHHQ�PDGH�DYDLODEOH�E\�JRYHUQPHQW
DJHQFLHV�UHO\�RQ�WKH�VDPH�WHFKQLTXHV�DYDLODEOH�LQ�RXU�V\VWHP�WR�SURGXFH�WKHLU�HVWLPDWHV���$V�VXFK�
D�UHFRQVLGHUDWLRQ�RI�WKH�DVVXPSWLRQV�WKDW�WKHVH�DJHQFLHV�XVHG�WR�SURGXFH�WKHLU�HVWLPDWHV�PD\�EH
XVHIXO�� )LQDOO\��WKLV�DSSURDFK�DOORZV�RQH�WR�FRQVLGHU�ULJRURXVO\�FRXQWHUIDFWXDO�H[HUFLVHV�RU�WR
H[SORUH�WKH�LPSOLFDWLRQV�RI�PLVPHDVXUHPHQW��VXFK�DV�LQ�-RUJHQVRQ�DQG�6WLURK��������
,,���'HVFULSWLRQ�RI�WKH�6\VWHP
7KH�V\VWHP�WKDW�ZH�KDYH�GHYHORSHG�SURYLGHV�D�SUDFWLFDO�PHWKRG�WR�FRSH�ZLWK�WKH�GDWD�SUREOHPV��
%HIRUH�GHVFULELQJ�RXU�DSSURDFK��ZH�JLYH�VRPH�EULHI�H[DPSOHV�RI�WKH�W\SHV�RI�KXUGOHV�IDFHG�ZKHQ
EXLOGLQJ�D�FRQVLVWHQW�GDWDVHW��
,,�$��'DWD�KXUGOHV
7R�VWDUW��D�SRWHQWLDOO\�GLIILFXOW�SUREOHP�DULVHV�ZKHQ�WZR�DJJUHJDWHV�WKDW�DUH�WLWOHG�WKH�VDPH�LQ
SXEOLFDWLRQV�DUH�GHILQHG�GLIIHUHQWO\���)RU�H[DPSOH��WKH�%/6�DQG�WKH�%($�KDYH�GLIIHUHQW
GHILQLWLRQV�RI�QRQIDUP�EXVLQHVV���7KH�%/6�H[FOXGHV�WZR�LPSXWDWLRQV��RZQHU�RFFXSLHG�KRXVLQJ
DQG�WKH�UHQWDO�YDOXH�RI�QRQ�SURILWV¶�FDSLWDO�HTXLSPHQW�DQG�VWUXFWXUHV��WKDW�WKH�%($�PDNHV�WR
�:LWK�WKH�H[FHSWLRQ�RI�WKH�UHFHQW�OLWHUDWXUH�FRQVLGHULQJ�PLVPHDVXUHG�RU�ELDVHG�SULFHV��ZH�DUH�QRW�DZDUH�RID�ORW�RI�SDSHUV�WKDW�GLUHFWO\�H[SORUH�WKH�LGHD�WKDW�SXEOLVKHG�GDWD�DUH�SDUWLDOO\�EXLOW�RQ�DVVXPSWLRQV�DQGPRGHOV�ZKHUH�DOWHUQDWLYHV�FDQ�EH�FRQVLGHUHG���([FHSWLRQV�LQFOXGH�:LOFR[��������DQG�0LURQ�DQG�=HOGHV���������7KHUH�LV��KRZHYHU��D�GHYHORSHG�OLWHUDWXUH�VWXG\LQJ�WKH�HIIHFWV�RI�PHDVXUHPHQW�HUURU��VHH�%HOO�DQG:LOFR[��������DQG�UHIHUHQFHV�WKHUHLQ���6HH�:HDOH��������IRU�DQ�DSSURDFK�VLPLODU�WR�WKH�VWUDWHJ\�WKDW�FRXOGEH�FRQWHPSODWHG�ZLWK�RXU�V\VWHP�
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HVWLPDWH�*'3�� $OWKRXJK�D�FDUHIXO�UHDGLQJ�RI�XQGHUO\LQJ�GRFXPHQWDWLRQ�FDQ�WUDS�VXFK
GLIIHUHQFHV��RQO\�WKH�GHWDLOHG�UHFRQVWUXFWLRQ�DQG�UH�DJJUHJDWLRQ�RI�WKH�XQGHUO\LQJ�GDWD�ZLOO�DOORZ
RQH�WR�UHFRQFLOH�WKH�GLIIHUHQFHV�LQ�RXWFRPHV�RI�DQDO\VLV�EDVHG�RQ�WKH�WZR�RXWSXW�GHILQLWLRQV��

$�PRUH�IXQGDPHQWDO�SUREOHP�LV�UHODWHG�WR�WKH�XQGHUO\LQJ�GDWD�FROOHFWLRQ���2QH�ZHOO�
NQRZQ�H[DPSOH�RI�WKLV�LV�WKH�ILUP�HVWDEOLVKPHQW�SUREOHP���8�6��EXVLQHVV�GDWD�DUH�XVXDOO\
FROOHFWHG�DW�RQH�RI�WZR�OHYHOV��DW�WKH�HVWDEOLVKPHQW�OHYHO��VXFK�DV�DW�LQGLYLGXDO�SODQWV��VWRUHV��RU
FRPSDUDEOH�SODFHV�RI�ZRUN��RU�DW�WKH�ILUP�OHYHO��3RVWQHU����������$�SUREOHP�DULVHV��KRZHYHU�
ZKHQ�D�ILUP�KDV�PXOWLSOH�HVWDEOLVKPHQWV�WKDW�DUH�HQJDJHG�LQ�GLIIHUHQW�OLQHV�RI�ZRUN���*(�KDV
H[WHQVLYH�RSHUDWLRQV�LQ�PDQXIDFWXULQJ��ILQDQFH��DQG�VHUYLFHV���'DWD�FROOHFWHG�DW�WKH�HVWDEOLVKPHQW
OHYHO��ZLOO�HIIHFWLYHO\�VSOLW�*(�GDWD�DPRQJ�GLIIHUHQW�LQGXVWULHV�DORQJ�WKH�GLIIHUHQW�OLQHV�RI�ZRUN�RI
WKH�LQGLYLGXDO�HVWDEOLVKPHQWV���'DWD�FROOHFWHG�DW�WKH�ILUP�OHYHO�ZLOO�FODVVLI\�DOO�RI�*(�LQ�RQH
LQGXVWU\�EDVHG�RQ�LWV�PDMRU�OLQH�RI�ZRUN���&XUUHQWO\�&RPSXVWDW�DVVLJQV�*(�WR�WKH�FDWFKDOO
FDWHJRU\�PLVFHOODQHRXV��DOWKRXJK�D�IHZ�\HDUV�DJR�*(�ZDV�GHVLJQDWHG�DQ�HOHFWULFDO�HTXLSPHQW
PDQXIDFWXUHU��

5HVHDUFKHUV�PDQLSXODWLQJ�WKH�GDWD�KDYH�WR�NQRZ�KRZ�WKH�GDWD�ZHUH�FROOHFWHG���,Q�SXWWLQJ
WRJHWKHU�WKH�*URVV�3URGXFW�2ULJLQDWLQJ��*32��GDWD�VHW��HFRQRPLVWV�LQ�WKH�,QGXVWU\�'LYLVLRQ�DW�WKH
%XUHDX�RI�(FRQRPLF�$QDO\VLV��%($��KDYH�FRQYHUWHG�DOO�RI�WKH�GDWD�WR�DQ�HVWDEOLVKPHQW�EDVLV
FRQFHSW���7KH�1,3$V��RQ�WKH�RWKHU�KDQG��DOVR�SUHVHQW�VRPH�LQGXVWU\�GDWD��EXW�WKH\�DUH�QRW
FRQVLVWHQW�DFURVV�GLIIHUHQW�W\SHV�RI�LQFRPH���7KH�FRPSHQVDWLRQ�GDWD��WDEOH����&�LQ�WKH�1,3$V��DUH
FROOHFWHG�DW�WKH�HVWDEOLVKPHQW�OHYHO��DQG�DV�WDEOH���LOOXVWUDWHV��WKH�WZR�VRXUFHV�PDWFK���7KH�SURILW
GDWD��WDEOH�����&���KRZHYHU��DUH�FROOHFWHG�DW�WKH�ILUP�OHYHO�IURP�DGPLQLVWUDWLYH�VRXUFHV��DQG
� 7KH�%($�ZLOO�UHGHILQH�WKH�QRQIDUP�EXVLQHVV�VHFWRU�WR�EH�FRQVLVWHQW�ZLWK�WKH�%/6�LQ�LWV�'HFHPEHU�����UHYLVLRQ�
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WKHUHIRUH��WKH�WZR�GDWDEDVHV�GR�QRW�DJUHH�RQ�WKH�PL[�RI�SURILWV�DFURVV�LQGXVWULHV��DOWKRXJK�WKH\�GR
PDWFK�LQ�WKH�DJJUHJDWH�

$�SUREOHP�WKDW�LV�SDUWLFXODUO\�DQQR\LQJ�WR�UHVHDUFKHUV�LV�ZKHQ�WZR�GLIIHUHQW�FODVVLILFDWLRQ
VFKHPHV�DUH�XVHG���5HVHDUFKHUV�RIWHQ�ZDQW�ORQJ�WLPH�VHULHV��EXW�FODVVLILFDWLRQ�VFKHPHV�HYROYH
RYHU�WLPH���8VXDOO\��LQGXVWU\�GDWD�EHIRUH������DUH�EDVHG�RQ�WKH������6WDQGDUG�,QGXVWULDO
&ODVVLILFDWLRQ�6\VWHP��6,&���ZKLOH�GDWD�DIWHUZDUGV�DUH�RUJDQL]HG�RQ�WKH������6,&���5HFHQWO\
VWDWLVWLFDO�DJHQFLHV�KDYH�EHJXQ�WR�VZLWFK�WR�WKH�1RUWK�$PHULFDQ�,QGXVWU\�&ODVVLILFDWLRQ�6\VWHP
�1$,&6����,QSXW�RXWSXW�WDEOHV�XVH�WKHLU�RZQ�FODVVLILFDWLRQ�V\VWHPV��ZKLFK�DOVR�KDYH�FKDQJHG�RYHU
WLPH���5HFODVVLI\LQJ�WKH�GDWD�VR�WKDW�WKH\�DUH�DOO�RQ�RQH�V\VWHP�±�D�SURFHGXUH�FDOOHG�FRQFRUGLQJ ±
FDQ�EH�GLIILFXOW�ZKHQ�RQO\�SXEOLVKHG�GDWD�VRXUFHV�DUH�DYDLODEOH�

6RPHWLPHV��WZR�FODVVLILFDWLRQ�V\VWHPV�PD\�EH�PRWLYDWHG�E\�HQWLUHO\�GLIIHUHQW�FRQFHSWV��
1HYHUWKHOHVV��LQFRUSRUDWLQJ�LQIRUPDWLRQ�IURP�ERWK�V\VWHPV�PD\�EH�XVHIXO���$�JRRG�GHDO�RI�1,3$
GDWD�LV�SUHVHQWHG�E\�OHJDO�IRUP�RI�RUJDQL]DWLRQ��/)2����:KLOH�WKHVH�GDWD�FDQQRW�EH�VLPSO\�OLQNHG
WR�GDWD�VSOLW�E\�LQGXVWU\��ZH�NQRZ�IURP�WKH�HFRQRPLF�FHQVXVHV�WKDW�WKH�PL[�RI�FRUSRUDWH�YHUVXV
QRQFRUSRUDWH�EXVLQHVVHV�YDULHV�DFURVV�LQGXVWULHV���0DQXIDFWXULQJ��PLQLQJ��DQG�XWLOLWLHV�DUH
SUHGRPLQDWHO\�FRUSRUDWH��ZKLOH�VRPH�VHUYLFH�LQGXVWULHV��VXFK�DV�PHPEHUVKLS�RUJDQL]DWLRQV�
SHUVRQDO��DQG�OHJDO�VHUYLFHV�KDYH�D�ODUJH�IUDFWLRQ�RI�XQLQFRUSRUDWHG�ILUPV���$V�VXFK��WKH�/)2�GDWD
FRQWDLQ�H[SORLWDEOH�LQIRUPDWLRQ�RQ�WKH�PL[�RI�DQ�DJJUHJDWH�DFURVV�LQGXVWULHV��

$QRWKHU�ZD\�GDWD�FDQ�EH�PLVPDWFKHG�WR�WKH�QHHGV�RI�WKH�UHVHDUFKHU�LV�ZKHQ�VRPH�GDWD�DUH
LQFRPSOHWH�RU�PLVVLQJ���2QH�GDWDVHW�PD\�SUHVHQW�PDQXIDFWXULQJ�LQGXVWU\�GDWD�VSOLW�DW�WKH�WZR
GLJLW�6,&�OHYHO��ZKLOH�DQRWKHU�PD\�LQFOXGH�RQO\�GXUDEOH�DQG�QRQGXUDEOH�VXE�DJJUHJDWHV���$
GLIIHUHQW�H[DPSOH�FDQ�EH�IRXQG�LQ�WKH�1,3$V�ZKHUH�DW�WKH�QDWLRQDO�OHYHO��WDEOH��������LQGLUHFW
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EXVLQHVV�WD[HV��EXVLQHVV�WUDQVIHUV��DQG�WKH�VXUSOXV�RI�JRYHUQPHQW�HQWHUSULVHV�OHVV�VXEVLGLHV�DUH
SUHVHQWHG�VHSDUDWHO\��EXW�IRU�FRUSRUDWLRQV��WDEOH�������RQO\�WKH�VXP�LV�OLVWHG��

$�VHFRQG�H[DPSOH�RI�WKH�SUREOHPV�SUHVHQWHG�E\�PLVVLQJ�GDWD�DULVHV�ZKHQ�D�UHVHDUFKHU�KDV
GDWD�RI�DJJUHJDWHV�LQ�GLIIHUHQW�GLPHQVLRQV�EXW�GRHV�QRW�KDYH�GHWDLOHG�HVWLPDWHV�EURNHQ�RXW�LQ
HDFK�GLPHQVLRQ���)RU�LQVWDQFH��WKH�*32�FRQWDLQV�LQIRUPDWLRQ�RQ�QRQFRUSRUDWH�QHW�LQWHUHVW�SDLG
E\�YDULRXV�LQGXVWULHV���7KH�1,3$V�SURYLGH�QDWLRQDO�WRWDOV�IRU�QHW�LQWHUHVW�SDLG�E\�SDUWQHUVKLSV�DQG
SURSULHWRUVKLSV�DQG�E\�RWKHU�SULYDWH�EXVLQHVVHV���1R�SXEOLVKHG�GDWD��KRZHYHU��H[LVW�RQ�QHW
LQWHUHVW�SDLG�VSOLW�ERWK�E\�LQGXVWU\�DQG�E\�WKLV�OHYHO�RI�OHJDO�IRUP�RI�RUJDQL]DWLRQ��

$�ILQDO�ZD\�LQ�ZKLFK�GDWD�FDQ�EH�LQFRPSOHWH�LV�ZKHQ�DJJUHJDWH�GDWD�DUH�XSGDWHG��EXW
XSGDWHG�GLVDJJUHJDWHG�GDWD�DUH�QRW�\HW�DYDLODEOH���)RU�H[DPSOH��WKH�%($�SXEOLVKHV�LQLWLDO�GDWD�RQ
DOO�RI�WKH�FRPSRQHQWV�RI�JURVV�GRPHVWLF�LQFRPH�IRU�D�SDUWLFXODU�\HDU�DW�WKH�HQG�RI�0DUFK�RI�WKH
IROORZLQJ�\HDU���7\SLFDOO\��LW�SXEOLVKHV�EHQFKPDUNHG�GDWD�DW�WKH�HQG�RI�-XO\��EXW�WKH�LQGXVWU\
*32�GDWD�DUH�QRW�UHOHDVHG�XQWLO�1RYHPEHU���2QH�FRXOG�LPDJLQH�WKDW�LW�ZRXOG�EH�SRVVLEOH�WR
GHYHORS�LQLWLDO�HVWLPDWHV�IRU�WKH�UHFHQWO\�FRPSOHWHG�\HDU�DQG�LQFRUSRUDWH�WKH�UHYLVHG�QDWLRQDO�GDWD
WR�XSGDWH�TXLFNO\�LQGXVWU\�HVWLPDWHV�LQ�SULRU�\HDUV���,QGHHG��WKH�%($�KDV�GHYHORSHG�D�SURJUDP�WR
SURGXFH�VXFK�³DFFHOHUDWHG�FXUUHQW�GROODU�HVWLPDWHV´��VHH�<XVNDYDJH���������HYHQ�VR��UHYLVHG�GDWD
DW�WKH�PRUH�GHWDLOHG�OHYHO�DUH�RQO\�DYDLODEOH�ZLWK�WKH�UHOHDVH�RI�WKH�IXOO�GDWDVHW�
,,�%��2YHUYLHZ�RI�WKH�'DWD�6\VWHP
7KH�V\VWHP�WKDW�ZH�KDYH�GHYHORSHG�FDQ�EH�WKRXJKW�RI�DV�FRPSULVLQJ�IRXU��LQWHUUHODWHG
FRPSRQHQWV�WKDW�SURYLGH�SUDFWLFDO�WRROV�WR�GHDO�ZLWK�WKHVH�SUREOHPV���)LUVW��ZH�UH�FRGH�DQG�VWRUH
HFRQRPLF�GDWD��VXFK�DV�WKH�1,3$V��*32��DQG�LQSXW�RXWSXW�GDWD�LQ�D�UHODWLRQDO�GDWDEDVH��
5HODWLRQDO�GDWDEDVHV�DUH�VWUXFWXUHG�GLIIHUHQWO\�WKDQ�KLHUDUFKLFDO�GDWDEDVHV��ZKLFK�DUH�FRPPRQO\



�

XVHG�E\�HFRQRPLVWV�HLWKHU�IRU�UHVHDUFK�RU�IRU�VRXUFLQJ�WLPH�VHULHV�IURP�FRPPHUFLDO�GDWD�YHQGRUV�
+LHUDUFKLFDO�GDWDEDVHV�ZHUH�WKRXJKW�WR�EH�SDUWLFXODUO\�ZHOO�VXLWHG�IRU�WLPH�VHULHV�EXLOW�XS�IURP
XQLWV�UHODWHG�LQ�D�KLHUDUFKLFDO�PDQQHU���7KH�PQHPRQLFV�JLYHQ�WR�WKH�VHULHV�IRU�UHWULHYDO�IURP�WKH
GDWDEDVH�UHIOHFW�WKH�KLHUDUFK\���,Q�WKH�HDUO\�\HDUV�RI�UHODWLRQDO�GDWDEDVHV��WKHVH�VWUXFWXUHV�ZHUH
WKRXJKW�WR�EH�GLIILFXOW�WR�PDQLSXODWH�HIILFLHQWO\��&RGG����������+RZHYHU��WKH�KLHUDUFKLFDO
VWUXFWXUH�FDQ�EH�VWRUHG�LQ�UHODWHG�WDEOHV�LQ�WKH�IRUP�RI�DQ�RUGHUHG�JUDSK�DQG�FDQ�EH�WUDYHUVHG�ZLWK
UHFXUVLRQ�RU�PDQLSXODWHG�XVLQJ�TXHULHV�

7KLV�EULQJV�XV�WR�WKH�VHFRQG�IHDWXUH�RI�RXU�V\VWHP���7KH�ZD\V�LQ�ZKLFK�WKH�GDWD�LQWHU�
UHODWH�DUH�FRGHG�LQ�PHWD�GDWDEDVHV���,Q�SDUWLFXODU��WKHVH�PHWD�GDWD�GHVFULEH�KRZ�WKH�GHWDLOHG�GDWD
DJJUHJDWH�LQ�D�KLHUDUFK\�DQG�KRZ�WZR�FODVVLILFDWLRQV�PDS�LQWR�HDFK�RWKHU�WKURXJK�FRQFRUGDQFHV��
7KH�PHWD�GDWD�IRUP�OLQHDU�UHVWULFWLRQV�DFURVV�REVHUYDWLRQV�WKDW�HQVXUH�RYHUDOO�FRQVLVWHQF\�RI�WKH
GDWDVHW�

7KH�UHODWLRQDO�GDWDEDVH�DQG�WKH�PHWD�GDWD�PDNH�LW�SRVVLEOH�WR�ZULWH�VWDQGDUGL]HG�URXWLQHV�
RU�WRROV��WR�PDQLSXODWH�WKH�GDWD���:H�WKLQN�RI�WKHVH�JHQHUDOL]HG�WRROV�DV�IDOOLQJ�LQ�RQH�RI�IRXU
FDWHJRULHV��DJJUHJDWLQJ��GLVDJJUHJDWLQJ��EDODQFLQJ��DQG�FRQFRUGLQJ�GDWD���7KHVH�IRXU�RSHUDWLRQV
KHOS�WR�RYHUFRPH�PDQ\�RI�WKH�KXUGOHV�WKDW�UHVHDUFKHUV�IDFH�ZKHQ�XVLQJ�GDWD�IURP�GLIIHUHQW
VRXUFHV�

)LQDOO\��WKH�V\VWHP�FRQWDLQV�VRPH�VSHFLDOL]HG�WRROV�QHFHVVDU\�IRU�WKH�VWXG\�RI
SURGXFWLYLW\���7KHVH�VSHFLDOL]HG�WRROV�DOORZ�XVHUV�WR�HVWLPDWH�FDSLWDO�VWRFNV��FDSLWDO�VHUYLFHV��DQG
WRWDO�IDFWRU�SURGXFWLYLW\�HPSOR\LQJ�D�YDULHW\�RI�DVVXPSWLRQV��
,,�&���5HODWLRQDO�GDWDEDVHV
$�UHODWLRQDO�GDWDEDVH�LV�DQ�RUJDQL]DWLRQ�RI�GDWD�WKDW�WDNHV�VHULRXVO\�WKH�LGHD�WKDW�D�SLHFH�RI�GDWXP
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LV�QRW�VLPSO\�WKH�SDUWLFXODU�QXPHULFDO�YDOXH�DQ�REVHUYDWLRQ�WDNHV�EXW�DOO�RI�WKH�FKDUDFWHULVWLFV�WKDW
LGHQWLILHV�WKH�REVHUYDWLRQ���)RU�H[DPSOH��VXSSRVH�ZH�KDYH�WKHVH�SLHFHV�RI�GDWD�

WKH�ORJJLQJ�LQGXVWU\�SXUFKDVHG������ELOOLRQ�RI�IRUHVWU\�SURGXFWV�LQ������RUQRQ�SURILW�KHDOWK�FDUH�RUJDQL]DWLRQV�HPSOR\HG�����PLOOLRQ�ZRUNHUV�LQ������
%HVLGHV�WKH�QXPEHU������VL[�RWKHU�FKDUDFWHULVWLFV��RU�GLPHQVLRQV��GHVFULEH�WKDW�SDUWLFXODU
REVHUYDWLRQ���,Q�D�UHODWLRQDO�GDWDEDVH��WKHVH�REVHUYDWLRQV�PD\�EH�FRGHG�DV�

5HODWLRQDO�'DWDEDVH6HFWRU $FWLYLW\ 3URGXFW 7UDQVDFWLRQ 'DWH 8QLWV 9DOXHSULYDWH ORJJLQJ IRUHVWU\ LQWPG��LQSXW ���� ELO��GROODUV ���
QRQ�SURILW KHDOWK ZRUNHUV ODERU�LQSXW ���� PLO��HPSOR\HHV ���
ZKHUH�HDFK�GLPHQVLRQ�JHWV�LWV�RZQ�FROXPQ�WR�FRQWDLQ�GDWD��

7KLV�LV�LQ�FRQWUDVW�WR�WKH�PRUH�W\SLFDO�WLPH�VHULHV�GDWDEDVH��ZKLFK�PD\�ORRN�VRPHWKLQJOLNH�
,QSXWV�8VHG�E\�,QGXVWU\'DWH S���B����� Q��BHPS���� ��� ����� � ���

,Q�WKH�VHFRQG�W\SH�RI�GDWDEDVH��D�ORW�RI�LQIRUPDWLRQ�LV�FRQWDLQHG�LQ�WKH�PQHPRQLFV�IRU�WKH
YDULDEOHV��µS¶�LQGLFDWHV�SULYDWH�EXVLQHVV��µ���¶LV�WKH��6,&��FRGH�IRU�WKH�ORJJLQJ�LQGXVWU\��DQG
µ�����¶�LV�WKH��,2��FRGH�IRU�IRUHVWU\�SURGXFWV���2WKHU�LQIRUPDWLRQ�LV�LQFOXGHG�LQ�WKH�QDPH�RI�WKH
GDWDEDVH��LQ�WKLV�FDVH�WKDW�DOO�RI�WKH�LQIRUPDWLRQ�LQ�WKH�GDWDVHW�SHUWDLQV�WR�LQSXW�XVDJH���2WKHU
LQIRUPDWLRQ�PD\�QRW�EH�QRWHG�DW�DOO��VRPHKRZ�WKH�XVHU�NQRZV�WKDW�WKH�XQLWV�RI�HPSOR\HHV�DUH
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PLOOLRQV�RI�ZRUNHUV��ZKLOH�LQWHUPHGLDWH�JRRGV�DUH�PHDVXUHG�LQ�ELOOLRQV�RI�GROODUV�� ,Q�VRPH
V\VWHPV��WKLV�LQIRUPDWLRQ�LV�FRQWDLQHG�LQ�DWWDFKHG�ODEHOV��DWWULEXWHV��RU�LQ�VHSDUDWH�GRFXPHQWDWLRQ�

$�UHODWLRQDO�GDWDEDVH�KDV�D�FRXSOH�RI�DGYDQWDJHV���2QH�FDQ�VHDUFK�RYHU�WKH�SDUWLFXODU
YDOXHV�RI�D�SDUWLFXODU�FROXPQ�DQG�RSHUDWH�RQ�D�SDUWLFXODU�VXEVHW�RI�YDOXHV���)RU�LQVWDQFH��IRU�HDFK
YDOXH�RI�WKH�WULSOHW��VHFWRU��GDWH��XQLWV���RQH�FDQ�VXP�RYHU�WKH�YDOXHV�ZKHUH�DFWLYLW\� �³ORJJLQJ´
DQG�WUDQVDFWLRQ� �³LQWPG��,QSXW´�WR�JHW�WRWDO�LQWHUPHGLDWH�LQSXW�XVDJH�E\�WKH�ORJJLQJ�LQGXVWU\�LQ
HDFK�\HDU�E\�OHJDO�IRUP�RI�RUJDQL]DWLRQ���7R�DVVRFLDWH�WZR�GDWDEDVHV�WKDW�DUH�RUJDQL]HG�WKH�VDPH
ZD\��RQH�FDQ�FRGH�WKH�LGHQWLI\LQJ�FKDUDFWHULVWLFV�LQ�WKH�VDPH�PDQQHU�DQG�WKHQ�MRLQ�WKH�GDWDVHWV�
7KH�XELTXLWRXV�ODQJXDJH�WKDW�LV�XVHG�WR�PDNH�VXFK�FDOFXODWLRQV�LV�WKH�6WUXFWXUHG�4XHU\�/DQJXDJH
�64/���YDULRXV�GDWDEDVH�SDFNDJHV�KDYH�WKHLU�RZQ�SDUWLFXODU�LPSOHPHQWDWLRQV�

7KH�H[DPSOH�RI�WKH�UHODWLRQDO�GDWDEDVH�SUHVHQWHG�DERYH�FRQWDLQV�DOO�RI�WKH�GLPHQVLRQV
WKDW�ZH�XVH�LQ�RXU�DSSOLFDWLRQ�WR�WKH�VWXG\�RI�SURGXFWLYLW\��H[FHSW�RQH�DGGLWLRQDO�GLPHQVLRQ���,Q
WKH�1,3$V��WZR�W\SHV�RI�GDWD�DUH�ODUJHO\�LPSXWHG���)LUVW��D�ODUJH�FRPSRQHQW�RI�FRQVXPSWLRQ�LV
RZQHU�RFFXSLHG�KRXVLQJ���7KH�%($�DFFRXQWV�IRU�WKLV�E\�DVVXPLQJ�WKDW�WKHUH�LV�D�EXVLQHVV�WKDW
RZQV�WKH�VWRFN�RI�RZQHU�RFFXSLHG�KRXVLQJ�DQG�UHQWV�LW�EDFN�WR�LWV�RZQHUV���7KH�UHQWDO�YDOXH�RI
RZQHU�RFFXSLHG�KRXVLQJ�LV�WUHDWHG�DV�FRQVXPSWLRQ���7R�SUHVHUYH�WKH�LGHQWLW\�WKDW�*URVV�'RPHVWLF
3URGXFW�HTXDOV�*URVV�'RPHVWLF�,QFRPH��XS�WR�WKH�VWDWLVWLFDO�GLVFUHSDQF\���WKH�%($�LPSXWHV
LQFRPH�WR�WKLV�GXPP\�EXVLQHVV���7KH�VHFRQG�LPSXWHG�VHFWRU�LQYROYHV�WKH�UHQWDO�YDOXH�RI�QRQ�
SURILW¶V FDSLWDO�HTXLSPHQW�DQG�VWUXFWXUHV���$V�IRU�RZQHU�RFFXSLHG�KRXVLQJ��WKH�%($�SUHWHQGV�WKDW
WKHUH�LV�D�EXVLQHVV�WKDW�RZQV�WKLV�FDSLWDO�DQG�UHQWV�LW�WR�QRQ�SURILW�RUJDQL]DWLRQV�� 7KH�DGYDQWDJH
� :KLOH�LW�PD\�VHHP�WULYLDO��PRVW�GDWDEDVHV�GR�QRW�VWRUH�WKH�¶IXOO¶�QXPEHU��H�J� �����������EXW�LQVWHDGWUXQFDWH�WKH�QXPEHU�DW�D�VWDQGDUG�OHYHO���+RZHYHU��WKLV�OHYHO�LV�QRW�VWDQGDUG�DFURVV�GDWDVHWV���DQGVRPHWLPHV�LV�QRW�FRQVLVWHQW�ZLWKLQ�D�GDWDVHW��7R�EH�H[DFW��WKHVH�DUH�RQO\�QRQ�SURILW�LQVWLWXWLRQV�WKDW�SULPDULO\�VHUYH�LQGLYLGXDOV���1RQ�SURILWV�WKDW
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RI�WKLV�DSSURDFK�LV�WKDW�LW�DOORZV�WKH�%($�WR�WUHDW�WKH�SXUFKDVH�RI�QHZ�RZQHU�RFFXSLHG�KRXVLQJ
E\�LQGLYLGXDOV�DQG�DOO�FDSLWDO�HTXLSPHQW�DQG�VWUXFWXUHV�RZQHG�E\�QRQ�SURILWV�DV�LQYHVWPHQW���$W
WKH�VDPH�WLPH��LW�SUHVHUYHV�WKH�PRGHO�RI�WKH�FLUFXODU�IORZ�ZKHUHE\�SXUFKDVHV�RI�JRRGV�DQG
VHUYLFHV�E\�EXVLQHVVHV�DUH�HLWKHU�LQWHUPHGLDWH�RU�LQYHVWPHQW��ZKLOH�WKH�VDPH�SXUFKDVHV�E\
KRXVHKROGV�DQG�QRQ�SURILWV�WKDW�SULPDULO\�VHUYH�LQGLYLGXDOV�DUH�FRQVXPSWLRQ���,Q�WKH�FDVH�RI
KRXVLQJ��WKLV�WHFKQLTXH�DOVR�PDNHV�*'3�LQYDULDQW�WR�ZKHWKHU�WKH�KRXVH�LV�UHQWHG�RU�RFFXSLHG�E\
LWV�RZQHUV���:H�UHIHU�WR�WKLV�DGGLWLRQDO�GLPHQVLRQ�DV�,PSXWHG��DQG�OHW�LW�WDNH�RQH�RI�WKUHH�YDOXHV�
³RZQHU�RFFXSLHG�KRXVLQJ´��³UHQWDO�YDOXH�RI�QRQ�SURILWV´��RU�³QRW�LPSXWHG´��

%\�OHJDO�IRUP�RI�RUJDQL]DWLRQ��WKH�%($�LQFOXGHV�WKHVH�WZR�LPSXWHG�VHFWRUV�ZLWKLQ�WKH
FDWHJRU\�³2WKHU�3ULYDWH�%XVLQHVV´��ZKLFK�LV�D�VXEVHW�RI�QRQFRUSRUDWH�EXVLQHVV���:H�FRXOG
DFFRXQW�IRU�WKHVH�LPSXWHG�VHFWRUV�DV�VLPSO\�RQH�RI�WKUHH�W\SHV�RI�RWKHU�SULYDWH�EXVLQHVV��EXW�ZH
KDYH�IRXQG�LQ�VRPH�RI�RXU�URXWLQHV�WKDW�LW�LV�HDVLHU�WR�DFFRPSOLVK�WKH�VDPH�JRDO�ZLWK�D�GLIIHUHQW
GLPHQVLRQ��UDWKHU�WKDQ�D�UHILQHPHQW�RI�WKH�KLHUDUFK\�LQ�DQ�H[LVWLQJ�GLPHQVLRQ���,W�LV�XVHIXO�WR�NHHS
WUDFN�RI�WKHVH�LPSXWHG�VHFWRUV�EHFDXVH��DV�DOUHDG\�GLVFXVVHG��WKH�%/6�PHDVXUH�RI�QRQIDUP�RXWSXW
HTXDOV�WKH�%($�PHDVXUH�RI�QRQIDUP�RXWSXW�OHVV�WKHVH�WZR�LPSXWHG�VHFWRUV�

7KH�GLPHQVLRQV�WKDW�ZH�XVH�DUH�VXPPDUL]HG�EHORZ�
6HFWRU UHSUHVHQWV�WKH�1,3$�LQVWLWXWLRQDO�VHFWRUV��EXVLQHVV��JHQHUDO�JRYHUQPHQW�KRXVHKROGV��DQG�QRQ�SURILW�LQVWLWXWLRQV����7KH�EXVLQHVV�VHFWRU�LV�IXUWKHU�UHILQHGE\�OHJDO�IRUP�RI�RUJDQL]DWLRQ��FRUSRUDWH��QRQFRUSRUDWH��JRYHUQPHQW��HWF���$FWLYLW\ GHVFULEHV�WKH�SDUWLFXODU�LQGXVWU\�WKDW�GHILQHV�WKH�SURGXFHU��VXFK�DV�DJULFXOWXUH�PDQXIDFWXULQJ��HWF���6HFWRU�DQG�DFWLYLW\�DUH�QRW�WKH�VDPH�FRQFHSW��EXW�WKH\�DUHVRPHWLPHV�UHODWHG���7KHUH�DUH�QXPHURXV�FODVVLILFDWLRQ�VFKHPHV�IRU�LQGXVWULHV�
SULPDULO\�VHUYH�EXVLQHVVHV��VXFK�DV�WUDGH�DVVRFLDWLRQV��DUH�WUHDWHG�OLNH�DQ\�RWKHU�EXVLQHVV�LQ�WKH�1,3$V�LQWKDW�WKHLU�FRQVXPSWLRQ�RI�QRQGXUDEOH�JRRGV�DUH�FRXQWHG�DV�LQWHUPHGLDWH�XVDJH�DQG�WKHLU�SXUFKDVHV�RIHTXLSPHQW�DQG�VWUXFWXUHV�DUH�FRXQWHG�DV�LQYHVWPHQW���7KH�LQFRPH�SDLG�E\�WKHVH�LQVWLWXWLRQV�WR�YDULRXVIDFWRUV�RI�SURGXFWLRQ�LV�LQFOXGHG�LQ�WKH�DJJUHJDWHV�IRU�FRUSRUDWLRQV�



��

VXFK�DV�1$,&6��1$&(��,6,&��6,&��HWF�,PSXWHG DFFRXQWV�IRU�ZKHWKHU�WKH�GDWD�DSSO\�WR�WKH�WZR�LPSXWHG�VHFWRUV��RZQHU�RFFXSLHG�KRXVLQJ�DQG�WKH�UHQWDO�YDOXH�RI�QRQ�SURILWV¶�FDSLWDO�HTXLSPHQW�DQGVWUXFWXUHV��RU�QRW�3URGXFW UHSUHVHQWV�WKH�W\SH�RI�JRRGV�RU�VHUYLFHV�SURGXFHG��SXUFKDVHG��FRQVXPHG�RUVXSSOLHG���$V�ZLWK�DFWLYLW\�WKHUH�DUH�PXOWLSOH�FODVVLILFDWLRQ�VFKHPHV��VXFK�DVLQSXW�RXWSXW�FRPPRGLWLHV����GLJLW�SURGXFWV�LQ�WKH������6,&��DQG�WKH�W\SHV�RISXUFKDVHG�FDSLWDO�JRRGV�LQ�WKH�FDSLWDO�IORZV�VXUYH\��HWF�7UDQVDFWLRQ GHVFULEHV�ZKHUH�WKH�SURGXFW�RU�LQSXW�UHODWHV�LQ�WKH�FKDLQ�RI�SURGXFWLRQ���7KHUHDUH�WZR�W\SHV�RI�WUDQVDFWLRQV��GLVWULEXWLYH�DQG�SURGXFWLYH���'LVWULEXWLYHWUDQVDFWLRQV�DUH�W\SLFDOO\�LQFRPH��RU�LQFRPH�OLNH�LWHPV�VXFK�DV�FRPSHQVDWLRQ�SURILWV��LQGLUHFW�EXVLQHVV�WD[HV��GLYLGHQGV�SDLG��FDSLWDO�FRQVXPSWLRQ��HWF��3URGXFWLYH�WUDQVDFWLRQV�UHODWH�WR�JRRGV�DQG�VHUYLFHV�SURGXFHG�RU�FRQVXPHG�DVLQSXWV�WR�WKH�SURGXFWLYH�SURFHVV��VXFK�DV�JURVV�RXWSXW��LQWHUPHGLDWH�LQSXWV�ODERU�KRXUV��FDSLWDO�VHUYLFHV��LQYHVWPHQW��FRQVXPSWLRQ��HWF�'DWH LV�WKH�SDUWLFXODU�GDWH�RI�REVHUYDWLRQ��VXFK�DV����������4���-DQXDU\��������1RWHWKDW�WKH�GDWH�GLPHQVLRQ�DOVR�FDQ�EH�FRGHG�WR�LQFRUSRUDWH�LQIRUPDWLRQ�RQ�WKHIUHTXHQF\�RI�WKH�GDWD��PRQWKO\��TXDUWHUO\��HWF���DQG�RWKHU�WLPLQJ�DWWULEXWHV�VXFK�DV�DYHUDJH�RYHU�SHULRG��HQG�RI�SHULRG��HWF�8QLW GHVFULEHV�KRZ�WKH�YDULDEOH�LV�PHDVXUHG�DQG�ZKHWKHU�LW�LV�D�QRPLQDO�YDULDEOH�SULFH�GHIODWRU�RU�UHDO�YDULDEOH���([DPSOHV�LQFOXGH�PLOOLRQV�RI�GROODUV��)LVKHUFKDLQ�ZHLJKWHG�SULFH�LQGH[������ �����HWF�9DOXH UHSRUWV�WKH�QXPHULFDO�YDOXH�RI�WKH�GDWD�RI�LQWHUHVW�
$�FRPSOHWH�DFFRXQWLQJ�RI�WKH�FLUFXODU�IORZ�RI�JRRGV��VHUYLFHV��DQG�LQFRPH�ZRXOG�LQFOXGH

D�IHZ�RWKHU�GLPHQVLRQV�WKDW�LGHQWLI\�QRW�RQO\�ZKR�SURGXFHV�WKH�JRRG�RU�VHUYLFH�RU�ZKR�SD\V�WKH
LQFRPH��EXW�DOVR�ZKR�SXUFKDVHV�WKH�JRRG�RU�VHUYLFH�RU�UHFHLYHV�WKH�LQFRPH���,Q�VXFK�D�ZD\��RQH
FRXOG�IXOO\�LQWHJUDWH�DOO�RI�WKH�1,3$�GDWD�LQWR�WKH�V\VWHP��VXFK�DV�WDEOH�����RQ�3HUVRQDO�,QFRPH
RU�DOO�RI�WDEOH�����RQ�*RYHUQPHQW�5HFHLSWV�DQG�([SHQGLWXUHV����6XFK�DQ�DQDO\VLV�ZRXOG�EH
QHFHVVDU\�ZKHQ�VWXG\LQJ�LQFRPH�G\QDPLFV�RU�JHQHUDO�HTXLOLEULXP��

7KH�SUHVHQFH�RI�YDULRXV�LQGXVWULDO�FODVVLILFDWLRQ�VFKHPHV�SUHVHQWV�D�VPDOO�GLOHPPD���2QH
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FRXOG�LPDJLQH�KDYLQJ�VHSDUDWH�GLPHQVLRQV�WR�GHVFULEH�HDFK�FODVVLILFDWLRQ�VFKHPH��RQH�IRU�6,&
������DQRWKHU�IRU�6,&�������DQG�D�WKLUG�IRU�1$,&6���8QGHU�WKLV�VWUDWHJ\��REVHUYDWLRQV�XVLQJ�RQH
V\VWHP�ZRXOG�EH�FRQFRUGHG�WR�DOO�RI�WKH�RWKHU�UHOHYDQW�FODVVLILFDWLRQ�V\VWHPV�EHIRUH�WKH\�ZHUH
VWRUHG�LQ�D�GDWDEDVH���:H�GR�QRW�IROORZ�WKLV�VWUDWHJ\���8VXDOO\�RQH�LV�QRW�SDUWLFXODUO\�LQWHUHVWHG�LQ
VHHLQJ�KRZ�WKH�GLIIHUHQW�FODVVLILFDWLRQ�V\VWHPV�FRPSDUH��LQVWHDG��RQH�MXVW�ZDQWV�WR�FRQYHUW�DOO�RI
WKH�GDWD�WR�RQH�SDUWLFXODU�V\VWHP���0DLQWDLQLQJ�QHZ�GDWD�RQ�DQ�ROG�FODVVLILFDWLRQ�VFKHPH�FRXOG
EHFRPH�EXUGHQVRPH��DQG�WKH�QHZHU�V\VWHP�VKRXOG�KDYH�VRPH�DGYDQWDJHV�LQ�UHSUHVHQWLQJ�WKH
FXUUHQW�VWUXFWXUH�RI�WKH�HFRQRP\���1RQHWKHOHVV��LW�ZRXOG�EH�SRVVLEOH�WR�LPSOHPHQW�WKLV�VWUDWHJ\�
DQG�LQ�VRPH�FDVHV��VXFK�DV�EXLOGLQJ�D�FRQFRUGDQFH�IURP�PLFUR�GDWD��LW�ZRXOG�EH�WKH�ZD\�WR�JR�
,,�'���0HWD�GDWD

7KH�V\VWHP�UHTXLUHV�WZR�W\SHV�RI�PHWD�GDWD��KLHUDUFKLHV�DQG�FRQFRUGDQFHV���$�KLHUDUFK\
GHVFULEHV�KRZ�WKH�GDWD�DGG�WR�WKHLU�WRWDO���.QRZLQJ�WKH�KLHUDUFK\�LV�XVHIXO�IRU�VHYHUDO�UHDVRQV���,W
PDNHV�SRVVLEOH�WKH�FDOFXODWLRQ�RI�LQWHUHVWLQJ�VXEDJJUHJDWHV��DQG�LW�PDNHV�PDWFKLQJ�GDWDVHWV�WKDW
GLIIHU�RQ�WKHLU�OHYHO�RI�DJJUHJDWLRQ�HDVLHU���2QH�FDQ�NHHS�VRPH�VXEWRWDOV�LQ�D�GDWDEDVH�DQG�XVH�WKH
KLHUDUFK\�WR�WKHQ�H[FOXGH�WKRVH�VXEDJJUHJDWHV�ZKHQ�FDOFXODWLQJ�RWKHU�VXEDJJUHJDWHV�RU�WRWDOV���,W
PD\�EH�LPSRUWDQW�WR�FDUU\�WKHVH�VXEDJJUHJDWHV�LQ�WKH�GDWDEDVH��HVSHFLDOO\�ZKHQ�WKH\�DUH�UHDG
GLUHFWO\�IURP�D�GDWD�VRXUFH���)RU�H[DPSOH��URXQGLQJ�LVVXHV�PDNH�WKH�VXEDJJUHJDWHV�UHDG�GLUHFWO\
IURP�WKH�GDWD�VRXUFH�PRUH�DFFXUDWH�WKDQ�DQ\WKLQJ�WKDW�FDQ�EH�FDOFXODWHG��HVSHFLDOO\�IRU�FKDLQ�
ZHLJKWHG�DJJUHJDWHV�

)LQDOO\��DQG�SHUKDSV�PRVW�LPSRUWDQWO\��WKH�KLHUDUFKLHV�FRGH�WKH�P\ULDG�RI�OLQHDU
FRQVWUDLQWV�WKDW�H[LVW�LQ�HFRQRPLF�WKHRU\��DV�ZHOO�DV�YDULRXV�GDWDVHWV���)RU�LQVWDQFH��WKH�IDFW�WKDW
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YDOXH�DGGHG�LV�WKH�VXP�RI�YDULRXV�LQFRPH�FRPSRQHQWV�FDQ�EH�UHSUHVHQWHG�E\�WKH�IROORZLQJ
WUDQVDFWLRQV�KLHUDUFK\�

&DSLWDO�FRQVXPSWLRQ
,QGLUHFW�WD[HV2WKHU�YDOXH�DGGHG 7D[HV�	�WUDQVIHUVOHVV�VXEVLGLHV %XVLQHVV�WUDQVIHUV
6XEVLGLHV��QHJDWLYH�9DOXH�DGGHG &RPSHQVDWLRQ,QFRPH 3URILWV&DSLWDO�LQFRPH 3URSULHWRUV LQFRPH5HQWDO�LQFRPH1HW�LQWHUHVW

6XSSRVH�DW�WKH�VDPH�WLPH��WKHUH�LV�DQRWKHU�KLHUDUFK\�WKDW�GLYLGHV�*'3�EHWZHHQ�WKH�YDOXH�DGGHG
RI�PDQXIDFWXULQJ�DQG�QRQPDQXIDFWXULQJ�LQGXVWULHV���7KHQ��WKH�VXP�RI�LQFRPH�FRPSRQHQWV�RI
PDQXIDFWXULQJ�VXP�WR�YDOXH�DGGHG�RI�PDQXIDFWXULQJ��DQG�OLNHZLVH�IRU�QRQPDQXIDFWXULQJ��
0DQXIDFWXULQJ�DQG�QRQPDQXIDFWXULQJ�FRPSHQVDWLRQ�VXP�WR�WRWDO�FRPSHQVDWLRQ��DV�ZHOO�DV�IRU
RWKHU�W\SHV�RI�LQFRPH��DQG�VR�RQ�

,Q�VRPH�LQVWDQFHV��RQH�PD\�QHHG�PXOWLSOH�KLHUDUFKLHV�WR�UHSUHVHQW�RVWHQVLEO\�WKH�VDPH
FODVVLILFDWLRQ�V\VWHP���)RU�LQVWDQFH��GDWDVHWV�VRPHWLPHV�RUJDQL]H�JRYHUQPHQW�GDWD�E\�ILUVW
VSOLWWLQJ�WKH�GDWD�EHWZHHQ�WKH�IHGHUDO��)('��DQG�VWDWH�DQG�ORFDO��6/��JRYHUQPHQWV��DQG�WKHQ
VSOLWWLQJ�HDFK�EHWZHHQ�JHQHUDO�JRYHUQPHQW��**��DQG�JRYHUQPHQW�HQWHUSULVHV��*(����2WKHU�WLPHV
WKH�RUGHU�LV�UHYHUVHG��



��

+,(5$5&+<�� +,(5$5&+<��*29 *29)(' 6/ ** *(**) *() **6/ *(6/ **) **6/ *() *(6/
1RWH�WKDW�WKH�ORZHVW�QRGHV��RU�DWRPV��RI�WKH�WZR�KLHUDUFKLHV�DUH�WKH�VDPH��DQG�VR�D�FRQFRUGDQFH
EHWZHHQ�WKHVH�WZR�ZD\V�RI�RUJDQL]LQJ�WKH�GDWD�LV�D�VLPSOH�RQH�WR�RQH�PDWFK���:KLFK�KLHUDUFK\�WR
XVH�GHSHQGV�RQ�ZKLFK�VXEDJJUHJDWHV�DUH�UHOHYDQW��$QRWKHU�H[DPSOH�RI�WKH�UHDUUDQJHPHQW�RI�WKH
VDPH�DWRPV�LQYROYHV�WKH�WUHDWPHQW�RI�JRYHUQPHQW�HQWHUSULVHV���6RPHWLPHV��JRYHUQPHQW
HQWHUSULVHV�DUH�FRXQWHG�DV�D�EXVLQHVV��RWKHU�WLPHV�WKH\�DUH�WUHDWHG�DV�SDUW�RI�WKH�JRYHUQPHQW��

,W�LV�REYLRXV�IURP�WKH�DERYH�H[DPSOHV�WKDW�WKH�FRQVWUXFWLRQ�RI�KLHUDUFKLHV�DQG�WKH�QXPEHU
RI�GLPHQVLRQV�DUH�QRW�XQLTXH���7KHUH�DUH�GLIIHUHQW�ZD\V�WR�VOLFH�WKH�GDWD���,Q�WKH�GLVFXVVLRQ�RQ
LPSXWHG�YDOXHV��ZH�QRWHG�WKDW�LQVWHDG�RI�FUHDWLQJ�D�VHSDUDWH�GLPHQVLRQ��RQH�FRXOG�VLPSO\�UHILQH
WKH�KLHUDUFK\�DQG�FUHDWH�WKUHH�QRGHV�XQGHUQHDWK�RWKHU�SULYDWH�EXVLQHVV���7KH�LVVXH�DOVR�DURVH
ZKHQ�FRQVLGHULQJ�GLIIHUHQW�FODVVLILFDWLRQ�VFKHPHV���$QRWKHU�H[DPSOH�ZDV�VXJJHVWHG�E\�WKH�WZR
KLHUDUFKLHV�WKDW�GHVFULEH�WKH�JRYHUQPHQW���,QVWHDG�RI�KDYLQJ�WZR�KLHUDUFKLHV��RQH�FRXOG�FUHDWH
VHSDUDWH�GLPHQVLRQV�

0(7+2'�� 0(7+2'��6(&725 6(&725�� 6(&725��**) *(1 )('**6/ *(1 6/*() *( )('*(6/ *( 6/
7KH�REYLRXV�SUREOHP�ZLWK�FUHDWLQJ�PXOWLSOH�GLPHQVLRQV�LQ�WKLV�H[DPSOH�LV�WKDW�IRU�VHFWRUV�RWKHU
WKDQ�WKH�JRYHUQPHQW��WKH�VHFRQG�GLPHQVLRQ�LV�LUUHOHYDQW���1RQHWKHOHVV��KRZ�WR�RUJDQL]H�WKH
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GLPHQVLRQV�DQG�WKH�KLHUDUFKLHV�LV�D�PDWWHU�RI�FKRLFH�
7KH�VHFRQG�W\SH�RI�PHWD�GDWD��D�FRQFRUGDQFH� GHVFULEHV�KRZ�WZR�FODVVLILFDWLRQ�VFKHPHV

UHODWH���7KH�FRQFRUGDQFH�FDQ�EH�DV�VLPSOH�DV�D�OLVW�RI�ZKLFK�FRPSRQHQWV�LQ�RQH�V\VWHP�PDS�WR�WKH
FRPSRQHQWV�RI�D�VHFRQG�V\VWHP�DQG�YLFH�YHUVD��RU�LW�FDQ�SURYLGH�PRUH�GHWDLO�RQ�WKH�UHODWLYH
PDJQLWXGHV�RI�KRZ�PXFK�RI�RQH�FRPSRQHQW�RI�RQH�V\VWHP�LV�VSOLW�DPRQJ�WKH�FRPSRQHQWV�RI�WKH
RWKHU�V\VWHP���:KDW�GLVWLQJXLVKHV�D�FRQFRUGDQFH�ZLWK�GHWDLOHG�LQIRUPDWLRQ�RQ�UHODWLYH
PDJQLWXGHV�IURP�VLPSO\�D�GHWDLOHG�GDWDVHW�LV�WKDW�WKH�LQIRUPDWLRQ�RQ�PDJQLWXGHV�LQ�D
FRQFRUGDQFH�LV�W\SLFDOO\�DYDLODEOH�IRU�RQO\�RQH�\HDU���7KH�FRQFRUGDQFH�WRRO�HQVXUHV�WKDW�WKHVH
UHODWLYH�PDJQLWXGHV�DUH�DSSOLHG�DFURVV�\HDUV��DQG�WKH�GLVFXVVLRQ�RI�WKH�FRQFRUGDQFH�WRRO�GHVFULEHV
FRQFRUGDQFHV�LQ�PRUH�GHWDLO�
,,�(���6WDQGDUGL]HG�RSHUDWLRQV
7KH�WKLUG�FRPSRQHQW�RI�WKH�V\VWHP�XVHV�WKH�PHWD�GDWD�DORQJ�ZLWK�WKH�RUJDQL]DWLRQ�RI�WKH�GDWD�LQ�D
UHODWLRQDO�GDWDEDVH�WR�DXWRPDWH�UHJXODU�GDWD�VHW�RSHUDWLRQV�
,,�(�����$JJUHJDWLQJ
7KH�PRVW�VWUDLJKWIRUZDUG�RSHUDWLRQ�LV�DJJUHJDWLRQ���1RPLQDO�GROODU�DQG�FRXQW�GDWD��VXFK�DV�KRXUV
DQG�HPSOR\PHQW��DUH�VLPSO\�DGGHG�XS�WKH�GHILQHG�KLHUDUFK\���6OLSSLQJ�VXEDJJUHJDWHV�LQWR�WKH
KLHUDUFK\�PHWD�GDWD�LV�DOO�WKDW�LV�QHHGHG�WR�FDOFXODWH�WKHP�HDVLO\���2QH�FDQ�DOVR�DJJUHJDWH�GDWD�WR
FUHDWH�/DVSH\UHV��3DDVFKH��)LVKHU�LGHDO��RU�'LYLVLD�FKDLQHG�LQGH[HV�
,,�(�����'LVDJJUHJDWLQJ
$�VHFRQG�RSHUDWLRQ�WKDW�LV�RIWHQ�UHTXLUHG�LV�GLVDJJUHJDWLRQ��ZKLFK�LV�WKH�LQYHUVH�RSHUDWLRQ�RI
DJJUHJDWLRQ���*LYHQ�DQ�DJJUHJDWH��RQH�FDQ�HVWLPDWH�WKH�FRQVWLWXHQW�SLHFHV���)RU�LQVWDQFH��LQ�WKH
*32�GDWD�EHIRUH�������LQGXVWULHV�����HOHFWULFDO�PDFKLQHU\��DQG�����LQVWUXPHQWV��DUH�DJJUHJDWHG
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WRJHWKHU��KRZHYHU��ZH�ZRXOG�OLNH�WR�VSOLW�WKHVH�LQ�WZR���7KH�GLIIHUHQFH�EHWZHHQ�DJJUHJDWLRQ�DQG
GLVDJJUHJDWLRQ��KRZHYHU��LV�WKDW�WKH�IRUPHU�LV�D�PDQ\�WR�RQH�RSHUDWLRQ���1R�RWKHU�LQIRUPDWLRQ
EHVLGHV�WKH�FRQVWLWXHQW�SLHFHV��DQG�SHUKDSV�FRUUHVSRQGLQJ�ZHLJKWV�LQ�WKH�FDVH�RI�IDQFLHU
DJJUHJDWHV��LV�UHTXLUHG�WR�FDOFXODWH�WKH�DJJUHJDWH���2Q�WKH�RWKHU�KDQG��GLVDJJUHJDWLRQ�LV�XVXDOO\�D
RQH�WR�PDQ\�RSHUDWLRQ��DQG�WKXV��RQH�QHHGV�DGGLWLRQDO�LQIRUPDWLRQ�WR�FKRRVH�DPRQJ�WKH�LQILQLWH
SRVVLEOH�ZD\V�WR�VSOLW�WKH�WRWDO�� :H�UHIHU�WR�WKLV�DGGLWLRQDO�LQIRUPDWLRQ�DV�D�µSDWWHUQ¶���7KH
SDWWHUQ�GDWD�QHHG�QRW�EH�FRQVLVWHQW�ZLWK�WKH�RULJLQDO�GDWD�RI�LQWHUHVW���$IWHU�DOO��LI�WKH�SDWWHUQ�GDWD
ZHUH�WR�DJJUHJDWH�WR�WKH�WDUJHW��RQH�ZRXOG�DOUHDG\�KDYH�FRQVLVWHQW�HVWLPDWHV�RI�WKH�SLHFHV��

)RU�VLPSOH�GDWD�WKDW�DGG��WKH�SURFHGXUH�VFDOHV�XS�RU�GRZQ�WKH�SDWWHUQ�GDWD�WR�\LHOG
GLVDJJUHJDWHG�SLHFHV�WKDW�VXP�WR�WKH�NQRZQ�WRWDO���,Q�WKH�FDVH�RI�)LVKHU�LGHDO�LQGH[HV��WKH
SURFHGXUH�GRHV�WKLV�VHSDUDWHO\�IRU�3DDVFKH�DQG�/DVS\UHV�LQGH[HV��ZKLFK�GR�DGG��DQG�WKHQ�WDNHV
WKH�JHRPHWULF�DYHUDJH�RI�WKH�WZR��

7KH�TXDOLW\�RI�WKH�UHVXOW�GHSHQGV�RQ�KRZ�ZHOO�WKH�LQLWLDO�SDWWHUQ�UHIOHFWV�WKH�WUXH
GLVWULEXWLRQ�RI�WKH�DJJUHJDWH���6RPHWLPHV��RQH�RQO\�KDV�D�IHZ�VFUDSV�WKDW�RQH�KRSHV�JHWV�WKH

URXJK�PDJQLWXGHV�ULJKW��LQ�WKH�OLPLW��WKH�IDOO�EDFN�FRXOG�EH�WR�VLPSO\�VSOLW�WKH�DJJUHJDWH�HYHQO\�
2WKHU�WLPHV��VRPH�PDUNHW�FRQGLWLRQV�RU�RWKHU�UHDVRQDEOH�DVVXPSWLRQV�PD\�EH�XVHG�WR�MXVWLI\�D
SDUWLFXODU�SDWWHUQ���)RU�LQVWDQFH��VXSSRVH�RQH�KDV�DQ�DJJUHJDWH�RI�ODERU�KRXUV�WKDW�LV�WR�EH�VSOLW

DPRQJ�WZR�LQGXVWULHV���8VLQJ�REVHUYHG�FRPSHQVDWLRQ�LPSOLFLWO\�DVVXPHV�WKDW�WKH�KRXUO\
FRPSHQVDWLRQ�UDWHV�LQ�WKH�WZR�LQGXVWULHV�DUH�WKH�VDPH���,QGXVWULHV�WKDW�DUH�DJJUHJDWHG�WRJHWKHU
WHQG�WR�EH�FORVH�LQ�WKH�FODVVLILFDWLRQ�VFKHPH��DQG�KHQFH��VLPLODU�LQ�VWUXFWXUH��RSHQLQJ�XS�WKH

SRVVLELOLW\�RI�GHIHQGLQJ�WKLV�VWUDWHJ\�LQ�D�QXPEHU�RI�FDVHV�
� ,Q�FDVHV�ZKHQ�WKH�DJJUHJDWH�DQG�DOO�EXW�RQH�FRPSRQHQW�DUH�NQRZQ��WKH�SURFHGXUH�LV�H[DFW��DQG�QR�SDWWHUQGDWD�DUH�QHHGHG�
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7KH�DXWRPDWHG�QDWXUH�RI�WKH�WRRO�SURYLGHV�D�FRXSOH�RI�DGYDQWDJHV���%\�YDU\LQJ�WKH�SDWWHUQ
GDWD��VXFK�DV�E\�DGGLQJ�UDQGRP�QRLVH��RQH�FDQ�PHDVXUH�KRZ�VHQVLWLYH�WKH�UHVXOWV�DUH�WR�WKH
RULJLQDO�SDWWHUQ���,QGHHG��ZLWK�D�VWDQGDUG�VHW�RI�VWDWLVWLFDO�DVVXPSWLRQV��RQH�FRXOG�HVWLPDWH
VWDQGDUG�HUURUV�DURXQG�WKH�HVWLPDWHV���
,,�(�����%DODQFLQJ
$�WKLUG�RSHUDWLRQ��EDODQFLQJ��DOORZV�RQH�WR�HVWLPDWH�GDWD�VXEMHFW�WR�OLQHDU�FRQVWUDLQWV�LQ�PXOWLSOH
GLPHQVLRQV���$Q�H[DPSOH�RI�D�EDODQFLQJ�SUREOHP�VKRZV�XS�ZKHQ�WU\LQJ�WR�FDOFXODWH�FDSLWDO
VHUYLFHV���7R�GR�WKLV��RQH�QHHGV�LQYHVWPHQW�E\�W\SH�RI�HTXLSPHQW�DQG�E\�W\SH�RI�LQGXVWU\��ZKLOH
RQO\�GDWD�RQ�HFRQRP\�ZLGH�LQYHVWPHQW�E\�W\SH�RI�HTXLSPHQW�DQG�WRWDO�LQYHVWPHQW�E\�LQGXVWU\
PD\�EH�DYDLODEOH��

6HYHUDO�VROXWLRQV�WR�WKLV�SUREOHP�KDYH�EHHQ�SURSRVHG�LQ�WKH�OLWHUDWXUH��6FKQHLGHU�DQG�=HQLRV�
��������:H�RIIHU�WKUHH���7KH�ILUVW�LV�GLUHFWO\�DSSOLFDEOH�ZKHQ��DV�LQ�WKH�DERYH�LQYHVWPHQW�H[DPSOH�
WKHUH�DUH� OLQHDU�FRQVWUDLQWV� LQ� WZR�GLPHQVLRQV�� � ,Q� WKLV�SDUWLFXODU�H[DPSOH��RQH�FDQ�WKLQN�RI� WKH
XQNQRZQV�DV�D�PDWUL[��ZKHUH�WKH�URZV�UHSUHVHQW�GLIIHUHQW�YDOXHV�LQ�RQH�GLPHQVLRQ��DQG�WKH�FROXPQV
UHSUHVHQW�GLIIHUHQW�YDOXHV�LQ�WKH�VHFRQG�GLPHQVLRQ���)RU�LQVWDQFH��WKH�URZV�FDQ�UHSUHVHQW�GLIIHUHQW
LQGXVWULHV��ZKLOH�WKH�FROXPQV�FRXOG�UHSUHVHQW�GLIIHUHQW�DVVHW�W\SHV�

$VVHW�W\SHV 5RZFRQWUROV7� 7� � 7RWDOV
,� ��D ��D � ¦ -M MD� �
,� ��D ��D � ¦ -M MD� �,QGXVW

ULHV

� � � �&ROXPQFRQWUROV 7RWDOV ¦ ,L LD� � ¦ ,L LD� � ¦¦  
,
L

-
M LMD� �
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7KH�FRQVWUDLQWV�DUH�UHSUHVHQWHG�DV�UHVWULFWLRQV�RQ�WKH�VXPV�DFURVV�WKH�URZV�DQG�FROXPQV��
6XSSRVH�RQH�KDV�DQ�LQLWLDO�JXHVV�RI�WKH�PDWUL[��$N����ZKLFK�LV�QRW�FRQVLVWHQW�ZLWK�WKH�URZ

DQG�FROXPQ�FRQWUROV���7KH�ILUVW�WHFKQLTXH��WKH�VR�FDOOHG�5$6�SURFHGXUH��HVWLPDWHV�$ WKURXJK�WKH
IROORZLQJ�DOJRULWKP���2QH�PXOWLSOLHV�$N�� E\�5N VR�WKDW�5N $N�� VDWLVILHV�WKH�FROXPQ�FRQWUROV��
7KHQ�RQH�PXOWLSOLHV�5N$N�� E\�6N VR�WKDW�5N$N�� 6N VDWLVILHV�WKH�URZ�FRQWUROV���/HW�$N  �5N $N�� 6N�
5HSHDWLQJ�WKH�SURFHGXUH�OHDGV�WR�D�VHULHV�RI�PDWULFHV�WKDW��XQGHU�FHUWDLQ�FRQGLWLRQV��FRQYHUJHV��VR
WKDW�$� �5 $ 6��ZKHUH�$�VDWLVILHV�ERWK�URZ�FRQWUROV�DQG�FROXPQ�FRQWUROV� � 7KH�OLPLWLQJ
FRQGLWLRQ��$� �5 $ 6��DOVR�H[SODLQV�WKH�PRQLNHU�µ5$6¶�DOJRULWKP�WKDW�KDV�EHHQ�DWWULEXWHG�WR
6WRQH��6WRQH�DQG�%URZQ����������7KH�UHVWULFWLRQ�LPSOLHG�E\�WKH�SURFHGXUH�WKDW�WKH�ILQDO�PDWUL[�LV
D�IXQFWLRQ�RI�RQO\�D�VHULHV�RI�URZ�DQG�FROXPQ�VFDOLQJ�IDFWRUV�LV�DOVR�NQRZQ�DV�WKH�ELSURSRUWLRQDO
FRQVWUDLQW��DQG�WKH�DOJRULWKP�LV�NQRZQ�DV�ELSURSRUWLRQDO�PDWUL[�EDODQFLQJ�

$�GLIIHUHQW�VWUDWHJ\�LV�WR�VWDFN�WKH�FROXPQV�RI�WKH�PDWUL[�LQWR�D�YHFWRU�DQG�ZULWH
LLL DD H� � RU� LLL DD H � ZKHUH� �D LV�WKH�YHFWRU�RI�LQLWLDO�JXHVVHV�RI�WKH�WUXH�YDOXH�D DQG�WKH�HUURU

WHUP� LH KDV�D�NQRZQ�GLVWULEXWLRQ���7ZR�FRPPRQO\�XVHG�GLVWULEXWLRQV�DUH�WKH�QRUPDO�DQG�ORJ
QRUPDO�GLVWULEXWLRQ��7KH�DGYDQWDJH�RI�WKLV�DSSURDFK�LV�WKDW�LW�FDQ�KDQGOH�PXOWLSOH�GLPHQVLRQV�DQG
PRUH�JHQHUDO�UHVWULFWLRQV���:H�IXUWKHU�JHQHUDOL]H�WKH�SUREOHP�E\�DOORZLQJ�WKH�FRQVWUDLQWV�DOVR�WR
EH�PHDVXUHG�ZLWK�HUURU��

7KH�XQNQRZQ�YDOXHV�DUH�HVWLPDWHG�YLD�D�PD[LPXP�OLNHOLKRRG�SURFHGXUH�
� %DFKDUDFK �������SURYLGHV�XQLTXHQHVV�DQG�FRQYHUJHQFH�UHVXOWV���6FKQHLGHU�DQG�=HQLRV��������FUHGLW6LQNKRUQ��������IRU�DQ�HDUO\�UHVXOW�WKDW�LI�WKH�HQWULHV�RI�$�DUH�VWULFWO\�SRVLWLYH�WKHQ�WKH�5$6�SURFHGXUH�ZLOOFRQYHUJH�
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,I� �� NV WKH�FRQWURO�LV�PHDVXUHG�H[DFWO\��DQG� NO UHSODFHV� NV�� LQ�WKH�PLQLPL]DWLRQ�SUREOHP
ZKHUH� NO LV�QRZ�DQ�XQNQRZQ�/DJUDQJLDQ�PXOWLSOLHU�WR�EH�VROYHG�IRU���6WRQH��&KDPSHUQRZQH�
DQG�0HDGH��������ILUVW�SURSRVHG�D�OHDVW�VTXDUHV�PRGHO���,Q�WKHLU�DSSOLFDWLRQ��WKH\�ZHLJKWHG�WKH
REVHUYDWLRQV�DFFRUGLQJ�WR�KRZ�SUHFLVH�WKH�HVWLPDWHV�RI�WKH�SDWWHUQ�ZHUH��EXW�WKH\�DVVXPHG�WKH
FRQWUROV�ZHUH�PHDVXUHG�H[DFWO\�

(DFK��PHWKRG�KDV�LWV�RZQ�DGYDQWDJHV���7KH�DGYDQWDJHV�RI�WKH�5$6�PRGHO�LV�WKDW�LW�LV�HDV\
WR�FDOFXODWH��DQG�XQGHU�FHUWDLQ�FLUFXPVWDQFHV��WKH�ELSURSRUWLRQDO�FRQVWUDLQW�KDV�EHHQ�JLYHQ�DQ
HFRQRPLF�LQWHUSUHWDWLRQ���,Q�WKH�FDVH�RI�FDOFXODWLQJ�DQ�LQSXW�RXWSXW�PDWUL[�LQ�\HDU�W EDVHG�RQ�D
NQRZQ�LQSXW�RXWSXW�PDWUL[�LQ�\HDU�W����3DULNK��������LQWHUSUHWV�WKH�WZR�VFDOLQJ�IDFWRUV��5 DQG�6�
DV

x D�VXEVWLWXWLRQ�HIIHFW WKDW�PHDVXUHV�WKH�H[WHQW�WR�ZKLFK�WKH�RXWSXW�RI�D�VHFWRUVXEVWLWXWHV�RU�KDV�EHHQ�VXEVWLWXWHG�E\�WKH�RXWSXW�RI�WKH�SURGXFW�RI�RWKHU�VHFWRUV�DV�DQLQWHUPHGLDWH�LQSXW�
x D�IDEULFDWLRQ�HIIHFW WKDW�PHDVXUHV�WKH�H[WHQW�WR�ZKLFK�WKH�UDWLR�RI�LQWHUPHGLDWH�JRRGVWR�WRWDO�JURVV�RXWSXW�KDV�FKDQJHG�LQ�D�VHFWRU�
7KH�EHQHILW�IURP�WKH�VWDWLVWLFDO�DSSURDFK�LV�WKDW�LW�DOORZV�RQH�WR�WHVW�D�VXEVHW�RI

UHVWULFWLRQV�XVLQJ�HLWKHU�D�OLNHOLKRRG�UDWLR�WHVW�RU�D�:DOG�WHVW���:HDOH��������XVHV�WKLV�LQVLJKW�WR
WHVW�WKH�K\SRWKHVLV�WKDW�WKH�8�6��FXUUHQW�DFFRXQW�ZDV�SRVLWLYH�LQ���������LQVWHDG�RI�QHJDWLYH��DV
PHDVXUHG�E\�WKH�%($�� 0RGHOLQJ�WKH�GLVWULEXWLRQ�RI�WKH�HUURUV�DV�D�QRUPDO�GLVWULEXWLRQ��SHUKDSV
�*RODQ��-XGJH�DQG�5RELQVRQ��������GHYHORS�D�JHQHUDOL]HG�YHUVLRQ�RI�WKH�5$6�PRGHO�ZKHUHE\�WKH
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ZLWK�D�VWDQGDUG�GHYLDWLRQ�SURSRUWLRQDO�WR�WKH�REVHUYHG�YDOXHV�RI�D���DOVR�DOORZV�WKH�SURFHGXUH�WR
FKRRVH�QHJDWLYH�YDOXHV���,Q�FDVHV�ZKHUH�VHYHUDO�YDOXHV�DUH�NQRZQ�WR�EH�]HUR��D�VROXWLRQ�WR�WKH
SUREOHP�PD\�UHTXLUH�D�VZLWFK�LQ�WKH�VLJQV�RI�WKH�LQLWLDO�JXHVV��DQG�LQ�VXFK�D�FDVH��WKH�5$6
SURFHGXUH�ZLOO�QRW�FRQYHUJH��
,,�(�����&RQFRUGLQJ
7KH�ODVW�EDVLF�WRRO�FRQFRUGV�WZR�GDWD�VHWV�ZKRVH�GLPHQVLRQV�DUH�RUJDQL]HG�RQ�GLIIHUHQW
FODVVLILFDWLRQ�VFKHPHV���)RU�H[DPSOH��WKH�*32�GDWD�IURP������WR������DUH�RUJDQL]HG�DORQJ�WKH
�����6,&��IURP������WR������WKH\�DUH�RUJDQL]HG�DORQJ�WKH������6,&���6RPH�RI�WKHVH�LQGXVWULHV
PDS�WR�PRUH�WKDQ�RQH�LQGXVWU\�

6,&����� 6,&�����7HOHSKRQH��WHOHJUDSK��DQGRWKHU�FRPPXQLFDWLRQVVHUYLFHV
7HOHSKRQH��WHOHJUDSK�DQGRWKHU�FRPPXQLFDWLRQVVHUYLFHV

5DGLR�	�79�EURDGFDVWLQJ 5DGLR�	�79�EURDGFDVWLQJ��DQGRWKHU�79�VHUYLFHV
:KROHVDOH�WUDGH :KROHVDOH�WUDGH
5HWDLO�WUDGH 5HWDLO�WUDGH

$V�LV�VXJJHVWHG�E\�WKH�DERYH�ILJXUH��WKH�SUREOHP�RI�FRQFRUGLQJ�GDWD�RUJDQL]HG�E\�WKH�KLHUDUFK\
RQ�WKH�OHIW�WR�WKH�KLHUDUFK\�RQ�WKH�ULJKW�LV�VLPSO\�WR�VSOLW�WKH�SLHFHV�RI�WKH�OHIW�KDQG�VLGH�LQWR�SDUWV
VR�WKDW�WKH\�FDQ�EH�DOORFDWHG�WR�WKH�GLIIHUHQW�FDWHJRULHV�RQ�WKH�ULJKW�KDQG�VLGH�DQG�WKHQ�DGGHG
SUREDELOLWLHV�RYHU�D�GLVFUHWL]HG�VSDFH�RI�YDOXHV�DUH�HVWLPDWHG�YLD�VRPHWKLQJ�OLNH�WKH�5$6�SURFHGXUH���7KHVHHVWLPDWHV�DOVR�DOORZ�RQH�WR�FRQGXFW�VWDWLVWLFDO�WHVWV��7KH�5$6�SURFHGXUH�FDQ�EH�DGDSWHG�WR�DOORZ�IRU�QHJDWLYH�YDOXHV��*�QO�N�ùHQHVHQ�DQG�%DWHV��������EXWWKH�SURFHGXUH�ZLOO�QRW�VZLWFK�WKH�VLJQV�RI�WKH�LQLWLDO�JXHVVHV�
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EDFN�XS���&RQFRUGLQJ�WKH�ULJKW�KDQG�VLGH�WR�WKH�OHIW�KDQG�VLGH�LV�WKH�PLUURU�LPDJH�RI�WKLV
RSHUDWLRQ�

7KXV��IRU�WKH�PRVW�SDUW��WKH�SUREOHP�RI�FRQFRUGLQJ�LV�VLPSO\�WKH�RUJDQL]HG�XVH�RI
DJJUHJDWLQJ�DQG�GLVDJJUHJDWLQJ���$V�VXFK��WKH�LPSRUWDQW�SDUW�RI�WKH�LPSOHPHQWDWLRQ�LV�GHYHORSLQJ
ZHLJKWV�IRU�WKH�GLVDJJUHJDWLRQ���,Q�PRVW�FDVHV��LQIRUPDWLRQ�RQ�WKH�UHODWLYH�ZHLJKWV�LV�OLPLWHG
EHFDXVH�QR�GDWD�DUH�UHSRUWHG�RQ�ERWK�EDVHV���$V�D�UHVXOW��WKH�ZHLJKWV�KDYH�WR�EH�GHYHORSHG�XVLQJ
ZKDWHYHU�LQIRUPDWLRQ�LV�DYDLODEOH���,Q�FRQFRUGLQJ�WKH�LQSXW�RXWSXW�WDEOHV�WR�WKH�*32�GDWD��D�IHZ
LQSXW�RXWSXW�LQGXVWULHV�KDG�WR�EH�VSOLW��WR�GR�WKLV��ZH�XVHG�D�YDULHW\�RI�GDWD��VXFK�DV�GHWDLOHG
HPSOR\PHQW�VKDUHV�DQG�FHQVXV�VKLSPHQWV�GDWD��VHH�$SSHQGL[��

,Q�RQH�LPSRUWDQW�FDVH��GDWD�DUH�UHSRUWHG�RQ�WZR�EDVHV��DOORZLQJ�IRU�D�ULFKHU�FRQFRUGDQFH��
WKH�*32�GDWD�IRU������DUH�DYDLODEOH�XVLQJ�WKH������6,&�DQG�WKH������6,&���)RU�H[DPSOH�
LQGXVWULHV����������WHOHSKRQH��WHOHJUDSK��DQG�RWKHU�FRPPXQLFDWLRQV�VHUYLFHV��DQG��������UDGLR
DQG�79�EURDGFDVWLQJ��RQ�WKH������EDVLV�PDS�WR�LQGXVWULHV����������WHOHSKRQH��WHOHJUDSK��DQG
RWKHU�FRPPXQLFDWLRQV�VHUYLFHV��DQG��������UDGLR�DQG�79�EURDGFDVWLQJ�DQG�RWKHU�79�VHUYLFHV��RQ
WKH������EDVLV���2QH�FDQ�WKLQN�RI�WKH�SUREOHP�RI�GHYHORSLQJ�FRQFRUGDQFH�ZHLJKWV�DV�D�EDODQFLQJ
SUREOHP�ZKHUH�WKH������DQG������WRWDOV�DUH�FRQWUROV���$V�LQLWLDO�JXHVVHV�IRU�WKH�SDWWHUQ��ZH�XVHG
WKH�FRQFRUGDQFH�LQ�WKH�1%(5�3URGXFWLYLW\�'DWDEDVH��%DUWHOVPDQ�DQG�*UD\��������IRU
PDQXIDFWXULQJ��DQG�VLPSO\�XVHG���1�IRU�RWKHU�LQGXVWULHV�IRU�FHOOV�WKDW�DUH�QRQ�]HUR�DFFRUGLQJ�WR
DQ�DYDLODEOH�PDSSLQJ���7KLV�VLPSOH�H[DPSOH�JDYH�
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*URVV�2XWSXW�RI�&RPPXQLFDWLRQV������6,&���������� ���������� ����������� ����� ����� ����6,&��� ����� ���� ��� ����
7KH�FHOOV�RI�WKH�PDWUL[�DUH�WKH�FRQFRUGDQFH�ZHLJKWV���7KH�DGYDQWDJH�RI�EDODQFLQJ�D�PDWUL[�RI
ZHLJKWV�LV�WKDW�RQH�FDQ�FRQFRUG�GDWD�ERWK�ZD\V�LQ�D�FRQVLVWHQW�PDQQHU���&RQFRUGLQJ�GDWD�IURP�WKH
�����6,&�WR�WKH������6,&�DQG�WKHQ�EDFN�DJDLQ�\LHOGV�WKH�RULJLQDO������GDWD�

&RQFRUGLQJ�SURYLGHV�D�PHDQV�IRU�PRYLQJ�WKH�GDWD�EHWZHHQ�WZR�FODVVLILFDWLRQ�VFKHPHV�LQ
WKH�VDPH�FRQFHSWXDO�GLPHQVLRQ���7HFKQLFDOO\�DQDORJRXV�LV�WKH�SUREOHP�RI�FURVV�FODVVLILFDWLRQ�
VXFK�DV�PRYLQJ�GDWD�FROOHFWHG�DW�WKH�ILUP�OHYHO�DQG�SXEOLVKHG�E\�DFWLYLW\��WR�PDWFK�GDWD�E\
DFWLYLW\�FROOHFWHG�IURP�HVWDEOLVKPHQWV���7KH�FURVV�FODVVLILFDWLRQ�WDEOH�ZRXOG�FRQWDLQ�GDWD�DNLQ�WR
WKDW�LQ�D�FRQFRUGDQFH��VKRZLQJ�WKH�DPRXQW�LQ�D�ILUP�EDVHG�DFWLYLW\�WKDW�ZRXOG�VSOLW�LQWR�YDULRXV
HVWDEOLVKPHQW�EDVHG�DFWLYLWLHV�
,,�)���6SHFLDOL]HG�3URGXFWLYLW\�7RROV
:H�KDYH�GHYHORSHG�VHYHUDO�WRROV�WR�KHOS�LQ�WKH�VWXG\�RI�SURGXFWLYLW\�WKDW�ZH�HPSOR\�LQ�WKH
SUHVHQW�VWXG\���2QH�WRRO�DFFXPXODWHV�ZHLJKWHG�OHYHOV�RI�SDVW�LQYHVWPHQW�XVLQJ�WKH�VR�FDOOHG
SHUSHWXDO�LQYHQWRU\�PHWKRG�WR�HVWLPDWH�VWRFNV�RI�SDUWLFXODU�DVVHWV���7KH�ZHLJKWV�DUH�PRGHOHG�LQ
WKH�VDPH�PDQQHU�DV�WKH�%/6�DQG�)5%��*LOEHUW�DQG�0RKU��������XVH�WR�DFFRXQW�IRU�ZHDU�DQG�WHDU�
WKH�DYHUDJH�UDWH�RI�GLVFDUGV��DQG�WKH�HIIHFWV�RI�REVROHVFHQFH���$�VHFRQG�WRRO�ZHLJKWV�WKHVH�VWRFNV
XVLQJ�WKH�VWDQGDUG�XVHU�FRVW�PRGHO�RI�+DOO�DQG�-RUJHQVRQ��������LQ�RUGHU�WR�HVWLPDWH�FDSLWDO



��

VHUYLFHV���7KH�UDWH�RI�UHWXUQ�FDQ�EH�DQ�H[�DQWH�UDWH��VXFK�DV�D�FRUSRUDWH�ERQG�UDWH��RU�DQ�H[�SRVW
UDWH��VXFK�DV�SURSHUW\�W\SH�LQFRPH�GLYLGHG�E\�DQ�HVWLPDWH�RI�WKH�YDOXH�RI�WKH�FDSLWDO�VWRFN���$
WKLUG�WRRO�HVWLPDWHV�7)3�JURZWK�E\�FDOFXODWLQJ�D�'LYLVLD�LQGH[�RI�WKH�LQSXWV�XVLQJ�GLIIHUHQW
DSSURDFKHV��WKH�LPSOHPHQWDWLRQ�LQ�WKLV�SDSHU�XVHV�FRVW�VKDUHV�WR�ZHLJKW�WKH�LQSXWV�
,,,���&UHDWLQJ�D�'DWD�6HW�IRU�WKH�6WXG\�RI�3URGXFWLYLW\
,,,�$� %DVLF�,QGXVWU\�'DWD
7KH�PDLQ�FRPSRQHQW�RI�WKH�GDWDEDVH�WKDW�ZH�KDYH�SXW�WRJHWKHU�LV�WKH�*32�GDWDVHW�SXEOLVKHG�E\
WKH�%($���7KH�*32�LQFOXGHV�DQQXDO�GDWD�RQ�SULFH�GHIODWRUV��UHDO�DQG�QRPLQDO�PHDVXUHV�RI�JURVV
RXWSXW��LQWHUPHGLDWH�LQSXWV��DQG�YDOXH�DGGHG�URXJKO\�DW�WKH�WZR�GLJLW�6,&�OHYHO���7KH�GDWDVHW�DOVR
LQFOXGHV�QRPLQDO�LQFRPH�FRPSRQHQWV�RI�YDOXH�DGGHG��VXFK�DV�FDSLWDO�FRQVXPSWLRQ�DOORZDQFHV�
LQGLUHFW�EXVLQHVV�WD[HV��FRPSHQVDWLRQ��DQG�FDSLWDO�LQFRPH���7KH�GDWD�DUH�FRQVLVWHQW�ZLWK�WKH
LQFRPH�VLGH�PHDVXUH�RI�QDWLRQDO�SURGXFW�LQ�WKH�1,3$V��WKH�VXP�DFURVV�DOO�LQGXVWULHV�WRWDOV�JURVV
GRPHVWLF�LQFRPH�� 'DWD�RQ�HPSOR\PHQW�DQG�DOO�SHUVRQV�HQJDJHG�LQ�SURGXFWLRQ�DUH�DOVR�LQFOXGHG
LQ�WKH�GDWDVHW���&RPSOHWH�GDWD�DUH�DYDLODEOH�IURP������WR�������ZKHUH�LQGXVWULHV�DUH�FODVVLILHG�E\
WKH������6,&���0RVW�PHDVXUHV�DUH�DOVR�DYDLODEOH�IURP������WR������RQ�WKH������6,&�EDVLV�
DOWKRXJK�VRPH�SLHFHV�DUH�PLVVLQJ���1RPLQDO�GDWD�VHULHV�DQG�HPSOR\PHQW�GDWD�H[WHQG�EDFN�WR
�����

:H�PDGH�WZR�W\SHV�RI�DGMXVWPHQWV�WR�WKH�*32�GDWD���)LUVW��ZH�FRQFRUGHG�WKH�GDWD�RQ�WKH
�����EDVLV�WR�WKH������6,&�WR�JHW�D�FRQVLVWHQW�WLPH�VHULHV���6HFRQG��ZH�ILOOHG�LQ�VRPH�PLVVLQJ
GDWD���7DEOH���GHVFULEHV�ZKLFK�GDWD�KDG�WR�EH�HVWLPDWHG�DQG�WKH�PHWKRG�E\�ZKLFK�WKH�HVWLPDWHV
� *URVV�GRPHVWLF�LQFRPH�HTXDOV�JURVV�GRPHVWLF�RXWSXW�OHVV�WKH�VWDWLVWLFDO�GLVFUHSDQF\��VHH��3DUNHU�DQG
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ZHUH�PDGH���7KH�WDEOH�LV�EURNHQ�LQWR�VHFWLRQV���7KH�SDUWLFXODU�GDWD�WKDW�ZDV�HVWLPDWHG�LV�OLVWHG�DW
WKH�WRS�RI�HDFK�VHFWLRQ�LQ�EROG���7KH�ILUVW�WZR�FROXPQV�UHSRUW�WKH�SDUWLFXODU�LQGXVWULHV�DQG�\HDUV
WKDW�DSSO\���)RU�VRPH�HVWLPDWHV��WKH�%($�SURYLGHG�WR�XV�XQSXEOLVKHG�GDWD���2WKHUZLVH��W\SLFDOO\
WKH�GDWD�ZHUH�HVWLPDWHG�E\�GLVDJJUHJDWLQJ�DQ�REVHUYDWLRQ�RU�E\�HVWLPDWLQJ�WKH�GDWD�VXEMHFW�WR
VRPH�UHVWULFWLRQV���7KH�VRXUFHV�IRU�WKHVH�FRQWUROV��DV�ZHOO�DV�WKH�LQLWLDO�HVWLPDWHV�RI�WKH�SDWWHUQ�RI
WKH�GHWDLOHG�GDWD��DUH�OLVWHG�LQ�WKH�WKLUG�FROXPQ���2WKHU�GHWDLOV�RI�WKH�GLVDJJUHJDWLRQ�RU�EDODQFLQJ
WRROV�DUH�GHVFULEHG�LQ�WKH�ODVW�FROXPQ�

$�IHZ�DGGLWLRQDO�FRPPHQWV�DERXW�VRPH�RI�WKH�HVWLPDWHV�DUH�LQ�RUGHU���,Q�RUGHU�WR�ILOO�RXW
VRPH�RI�WKH�SULFH�GDWD�IRU������WR�������ZH�FRQFRUGHG�WKH�������������DQG������LQSXW�RXWSXW
WDEOHV�WR�WKH�*32�GDWD��VHH�$SSHQGL[����:H�XVHG�WKH�LPSOLFLW�ZHLJKWV�LQ�WKH�LQSXW�RXWSXW�WDEOHV
WR�FDOFXODWH�SULFH�GHIODWRUV�IRU�LQWHUPHGLDWH�LQSXWV��DORQJ�ZLWK�DYDLODEOH�JURVV�SURGXFW�GHIODWRUV�
WKHVH�\LHOGHG�JURVV�RXWSXW�GHIODWRUV��

7KH�*32�LQFOXGHV�GDWD�RQ�DOO�SHUVRQV�HQJDJHG�LQ�SURGXFWLRQ��ZKLFK�HTXDOV�WKH�QXPEHU�RI
HPSOR\HHV�LQ�DQ�LQGXVWU\�SOXV�WKH�QXPEHU�RI�SHRSOH�ZRUNLQJ�DORQH���7KH�%/6�SXEOLVKHV
DJJUHJDWH�HVWLPDWHV�RI�WKH�ODERU�KRXUV�RI�WKH�VHOI�HPSOR\HG�DQG�DQ�HVWLPDWH�RI�VHOI�HPSOR\HG
FRPSHQVDWLRQ���7KLV�ODVW�PHDVXUH�UHSUHVHQWV�WKH�IUDFWLRQ�RI�SURSULHWRUV¶�LQFRPH�WKDW�FRXOG�EH
FRQVLGHUHG�ODERU�FRPSHQVDWLRQ���,W�LV�DV�LI�WKH�SURSULHWRU�SD\V�D�VDODU\�WR�KLP�RU�KHUVHOI���7KH�%/6
PDNHV�WKLV�FDOFXODWLRQ�LQ�RUGHU�WR�FRUUHFWO\�ZHLJKW�WKH�FRQWULEXWLRQ�RI�ODERU�DQG�FDSLWDO�LQ
SURGXFWLRQ�IXQFWLRQ�HVWLPDWHV���:H�PDNH�WKLV�VDPH�DGMXVWPHQW�DW�D�PRUH�GHWDLOHG�OHYHO��ZH
HVWLPDWH�VHOI�HPSOR\HG�KRXUV�DQG�FRPSHQVDWLRQ�E\�LQGXVWU\�FRQWUROOHG�WR�WKH�%/6¶V�DJJUHJDWHV�
,,,�%� /HJDO�)RUP�DQG�2WKHU�5HILQHPHQWV
6HVNLQ��������
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:H�KDYH�IXUWKHU�UHILQHG�WKHVH�LQGXVWU\�HVWLPDWHV�E\�VSOLWWLQJ�RXWSXW�EHWZHHQ�EXVLQHVVHV�DQG�QRQ�
SURILWV��DQG�ZH�IXUWKHU�VSOLW�EXVLQHVVHV�EHWZHHQ�FRUSRUDWH�DQG�QRQ�FRUSRUDWH�RUJDQL]DWLRQV� ��
:H�DOVR�DOORFDWHG�WKH�LPSXWDWLRQV��RZQHU�RFFXSLHG�KRXVLQJ�DQG�WKH�UHQWDO�YDOXH�RI�WKH�FDSLWDO�RI
QRQ�SURILWV��DFURVV�LQGXVWULHV���7DEOH���GHVFULEHV�WKH�VRXUFHV�DQG�PHWKRGV�E\�ZKLFK�ZH�PDGH
WKHVH�HVWLPDWHV��WKH�WDEOH�LV�RUJDQL]HG�LQ�WKH�VDPH�PDQQHU�DV�WDEOH����

5HILQLQJ�WKHVH�GDWD�E\�OHJDO�IRUP�RI�RUJDQL]DWLRQ�LV�XVHIXO�IRU�VHYHUDO�UHDVRQV���6SOLWWLQJ
RZQHU�RFFXSLHG�KRXVLQJ�DQG�WKH�UHQWDO�YDOXH�RI�QRQ�SURILWV¶�FDSLWDO�DOORZV�XV�WR�EHWWHU�DFFRXQW
IRU�WKH�SURGXFWLYLW\�RI�WKH�%/6¶V�QRQIDUP�FRUSRUDWH�VHFWRU��� ,Q�WKH�FDVH�RI�RZQHU�RFFXSLHG
KRXVLQJ��QR�ODERU�LQSXW�LV�DVVRFLDWHG�ZLWK�WKLV�RXWSXW���,Q�WKH�FDVH�RI�QRQ�SURILWV��WKHLU�ODERU�LQSXW
DQG�ODERU�FRPSHQVDWLRQ�DUH�FRXQWHG�RXWVLGH�RI�EXVLQHVV���7KH�%/6�DGMXVWV�WKH�%($¶V�QRQIDUP
RXWSXW�WR�H[FOXGH�WKHVH�LPSXWDWLRQV�ZKHQ�HVWLPDWLQJ�SURGXFWLYLW\�EHFDXVH��DV�FRQVWUXFWHG��WKH\
UHSUHVHQW�RXWSXW�JHQHUDWHG�ZLWKRXW�DQ\�ODERU�LQSXW���2QH�PD\�DOVR�ZDQW�WR�H[DPLQH�WKHVH�GDWD
VHSDUDWHO\�EHFDXVH�WKH�SULFLQJ��KLULQJ��DQG�LQYHVWPHQW�GHFLVLRQV�RI�WKHVH�RUJDQL]DWLRQV�DUH
SUHVXPDEO\�QRW�PRWLYDWHG�E\�SURILW�PD[LPL]DWLRQ�

6SOLWWLQJ�WKH�LQGXVWU\�RXWSXW�E\�OHJDO�IRUP�LV�DOVR�XVHIXO�EHFDXVH�LW�EHWWHU�PDWFKHV�WKH
VRXUFHV�RI�DW�OHDVW�VRPH�RI�WKH�LQFRPH�FRPSRQHQWV���0XFK�RI�WKH�LQFRPH�GDWD�DUH�FROOHFWHG
WKURXJK�WD[�UHFRUGV��DQG�FRUSRUDWLRQV�DQG�RWKHU�EXVLQHVVHV�ILOH�GLIIHUHQW�IRUPV���7KH�GDWD�DOVR
KDYH�WR�EH�DGMXVWHG�IRU�PLVUHSRUWLQJ��WKH�GROODU�DGMXVWPHQW�WR�SURSULHWRUV¶�LQFRPH�ZDV�PRUH�WKDQ
WZLFH�DV�ODUJH�DV�WR�FRUSRUDWH�SURILWV�LQ�������HYHQ�WKRXJK�SURSULHWRUV¶�LQFRPH�LV�D�PXFK�VPDOOHU
�� 6HH�6HVNLQ�DQG�3DUNHU��������IRU�GHILQLWLRQV�RI�FRUSRUDWLRQV��VROH�SURSULHWRUVKLSV�DQG�SDUWQHUVKLSV��DQGRWKHU�IRUPV�RI�OHJDO�RUJDQL]DWLRQ�DV�XVHG�LQ�WKH�1,3$V��� 7KH�RXWSXW�RI�JRYHUQPHQW�HQWHUSULVHV��ZKLFK�LV�H[FOXGHG�IURP�RXU�HVWLPDWHV��LV�LQFOXGHG�LQ�%/6¶VPHDVXUH�RI�QRQ�IDUP�EXVLQHVV�RXWSXW��DV�SXEOLVKHG�LQ�WKH�TXDUWHUO\�3URGXFWLYLW\�DQG�&RVWV�UHOHDVH��*RYHUQPHQW�HQWHUSULVHV�DUH�H[FOXGHG��KRZHYHU��IURP�WKH�DQQXDO�PXOWLIDFWRU�SURGXFWLYLW\�HVWLPDWHV���
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IUDFWLRQ�RI�QDWLRQDO�LQFRPH��3DUNHU�DQG�6HVNLQ����������7KLV�VXJJHVWV�WKDW�WKH�PHDVXUHPHQW�RI
RXWSXW�IRU�WKH�QRQFRUSRUDWH�VHFWRU�LV�VXEMHFW�WR�ODUJHU�HUURUV�WKDQ�IRU�WKH�FRUSRUDWH�VHFWRU�

&RUUDGR�DQG�6OLIPDQ��������VKRZHG�WKDW�SURGXFWLYLW\�LQ�WKH�QRQFRUSRUDWH�EXVLQHVV�VHFWRU
LV�PHDVXUHG�WR�KDYH�EHHQ�GHFOLQLQJ�IRU�RYHU�WZR�GHFDGHV��HYHQ�WKRXJK�FDSLWDO�LQFRPH�DV�D�VKDUH
RI�RXWSXW�ZDV�UHODWLYHO\�KLJK���7KH\�SRLQWHG�WR�PLVPHDVXUHG�SULFHV�DV�RQH�OLNHO\�H[SODQDWLRQ�IRU
WKH�FRQIOXHQFH�RI�WKHVH�REVHUYDWLRQV���7R�WKH�H[WHQW�WKDW�SULFHV�DUH�ELDVHG�XSZDUGV�LQ�LQGXVWULHV
WKDW�KDYH�D�GLVSURSRUWLRQDWH�VKDUH�RI�QRQFRUSRUDWH�EXVLQHVV��WKH�UHDO�RXWSXW�RI�QRQFRUSRUDWH
EXVLQHVV�ZRXOG�EH�ELDVHG�GRZQ�PRUH�WKDQ�IRU�FRUSRUDWH�EXVLQHVV���6SOLWWLQJ�LQGLYLGXDO�LQGXVWULHV
E\�OHJDO�IRUP�²�ZKHUH�SUHVXPDEO\�WKH�RXWSXW�DQG�LQSXW�SULFHV�WR�WKH�VHFWRUV�ZLWKLQ�DQ�LQGXVWU\
DUH�VLPLODU�²�DQG�FRPSDULQJ�WKHLU�UHODWLYH�SHUIRUPDQFHV�PD\�VKHG�VRPH�DGGLWLRQDO�OLJKW�RQ�WKH
LVVXH�
,,,�&���,QYHVWPHQW�DQG�&DSLWDO�6WRFNV
7KH�LQYHVWPHQW�VHULHV�WKDW�ZH�XVH�DUH�WKH�GHWDLOHG�LQGXVWU\�HVWLPDWHV�RI�LQGXVWU\�LQYHVWPHQW�E\
DVVHW�W\SH�WKDW�WKH�%($�KDV�PDGH�DYDLODEOH�RQ�LWV�ZHE�VLWH��ZZZ�EHD�JRY�EHD�GQ�IDZHE�������:H
KDYH�UHILQHG�WKHVH�GDWD�E\�VSOLWWLQJ�LQGXVWU\�LQYHVWPHQW�EHWZHHQ�FRUSRUDWH�DQG�QRQFRUSRUDWH
LQYHVWPHQW�IRU�HDFK�W\SH�RI�HTXLSPHQW�DQG�VWUXFWXUH��FRQWUROOLQJ�WKH�WRWDO�IRU�HDFK�OHJDO�IRUP�WR
HTXDO�WKH�GDWD�DYDLODEOH�LQ�WDEOHV�����RI�WKH�6WDQGDUG�)L[HG�$VVHW�7DEOHV�DQG�WKH�UHVLGHQWLDO
LQYHVWPHQW�WDEOHV�RI�WKH�'HWDLOHG�)L[HG�$VVHW�7DEOHV���7KH�QRQUHVLGHQWLDO�LQYHVWPHQW�WDEOHV
UHSRUW�LQYHVWPHQW�LQ�HTXLSPHQW�DQG�LQ�VWUXFWXUHV�E\�OHJDO�IRUP��GLYLGHG�DPRQJ�WKUHH�DFWLYLW\
JURXSV��IDUP��PDQXIDFWXULQJ��DQG�RWKHU����7R�UHILQH�WKHVH�GDWD�E\�LQGXVWU\�DQG�E\�DVVHW�W\SH��ZH
XVHG�WRWDO�LQGXVWU\�LQYHVWPHQW�E\�LQGXVWU\�DQG�E\�DVVHW�W\SH�DV�DQ�LQLWLDO�SDWWHUQ�LQ�RXU�EDODQFLQJ
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URXWLQH���$�SUDFWLFDO�SUREOHP�LQ�ZRUNLQJ�ZLWK�WKH�GDWD�ZDV�WKDW�WKH�LQYHVWPHQW�ILJXUHV�ZHUH
URXQGHG�WR�LQWHJHUV���,Q�HDUO\�\HDUV��RU�IRU�DFWLYLW\�W\SH�FRPELQDWLRQV�ZLWK�ORZ�OHYHOV�RI
LQYHVWPHQW��GLYLGLQJ�QRPLQDOV�E\�UHDOV�SURYLGHG�D�SRRU�HVWLPDWH�RI�WKH�GHIODWRU���7R�UHFWLI\�WKLV�
ZH�DVVXPHG�WKDW�WKHVH�DVVHW�SULFHV�GLG�QRW�YDU\�E\�DFWLYLW\�DQG�XVHG�WKH�GHIODWRU�FDOFXODWHG�IURP
DJJUHJDWH�GDWD�

&DSLWDO�VWRFNV�DUH�FDOFXODWHG�E\�DFFXPXODWLQJ�WKH�LQYHVWPHQW�GDWD�XVLQJ�WKH�VWDQGDUG�%/6
VWRFKDVWLF�PHDQ�VHUYLFH�OLIH�DQG�EHWD�GHFD\�SDUDPHWHUV���:H�HVWLPDWH�FDSLWDO�VHUYLFHV�XVLQJ�WKH
+DOO�-RUJHQVRQ�IRUPXOD�XVLQJ�H[�DQWH�UHWXUQV��DQG�WR�DQDO\]H�WUHQGV��ZH�VHSDUDWH�FDSLWDO�VHUYLFHV
LQWR�WKUHH�FDWHJRULHV��KLJK�WHFK�HTXLSPHQW�DQG�VRIWZDUH��,&7���RWKHU�HTXLSPHQW��DQG�VWUXFWXUHV���
,,,�'���/DERU�6HUYLFHV

$QDORJRXV�WR�FDSLWDO��D�XQLW�RI�ODERU�RI�D�FHUWDLQ�W\SH�PD\�SURYLGH�D�GLIIHUHQW�OHYHO�RI
VHUYLFH�WKDQ�D�XQLW�RI�ODERU�RI�DQRWKHU�W\SH��7KH�PHDVXUH�RI�ODERU�LQSXW�DSSURSULDWH�IRU
SURGXFWLYLW\�DQDO\VLV��ODERU�VHUYLFHV��LV�FRPSXWHG�DV�D�TXDOLW\�ZHLJKWHG�DJJUHJDWH�RI�ODERU�KRXUV
E\�W\SH���7KH�ZHLJKWV�XVHG�WR�DJJUHJDWH�ODERU�DUH�H[SHQGLWXUHV�VKDUHV�IRU�HDFK�W\SH�

)RU�HDFK�LQGXVWU\�DQG�VHFWRU��LQIRUPDWLRQ�LV�WKXV�QHHGHG�RQ�KRXUV�ZRUNHG�DQG
FRPSHQVDWLRQ�IRU�ZRUNHUV�E\�W\SH��7KHVH�GDWD�DUH�QRW�GLUHFWO\�DYDLODEOH�IURP�ILUP��RU
HVWDEOLVKPHQW�EDVHG�GDWD�VRXUFHV��+RZHYHU��WKH�&XUUHQW�3RSXODWLRQ�6XUYH\��&36��0DUFK
6XSSOHPHQW�IURP�WKH�8�6��%XUHDX�RI�WKH�&HQVXV�KDV�LQIRUPDWLRQ�RQ�ZDJHV�RI�ZRUNHUV��DORQJ
ZLWK�RWKHU�ZRUNHU�FKDUDFWHULVWLFV�VXFK�DV�DJH��JHQGHU��RFFXSDWLRQ��HGXFDWLRQ��DQG�LQGXVWU\�

7R�FDOFXODWH��ODERU�VHUYLFHV��ZH�ILUVW�HVWLPDWHG�0LQFHU¶V�ZDJH�HTXDWLRQ�RI�WKH�IROORZLQJ
�� ,&7�FDSLWDO�LV�GHILQHG�DV�FRPSXWHUV�DQG�SHULSKHUDO�HTXLSPHQW��FRPPXQLFDWLRQV�HTXLSPHQW��SKRWRFRS\�DQG�UHODWHG
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ZKHUH�Z�V�[��UHSUHVHQWV�ZDJH�HDUQLQJV�RI�VRPHRQH�ZLWK�V \HDUV�RI�VFKRROLQJ�DQG�[ \HDUV�RI�ZRUN
H[SHULHQFH��,Q�WKH�UHJUHVVLRQ�ZH�DOVR�LQFOXGHG�JHQGHU��SDUW�WLPH�IXOO�WLPH�DQG�,&7�RFFXSDWLRQ
GXPPLHV��VXPPDUL]HG�LQ�=��ZLWK�FRHIILFLHQW�YHFWRU�+���7KH�ZDJH�HTXDWLRQ�ZDV�HVWLPDWHG�XVLQJ
86�&HQVXV�%XUHDX�&36�0DUFK�VXUYH\�GDWD�IRU�\HDUV�������������:H�XVHG�WKH�ILWWHG�YDOXHV�RI
WKLV�HTXDWLRQ�WR�LPSXWH�ZDJHV�WR�DOO�ZRUNHUV�LQ�WKH�GDWD�VHW��8VLQJ�HVWLPDWHG�ZDJHV�DQG�KRXUV�RI
LQGLYLGXDO�ZRUNHUV��KRXUV�DQG�LPSXWHG�FRPSHQVDWLRQ�DUH�FRPSXWHG��E\�LQGXVWU\�DQG�E\�IRXU
W\SHV�RI�ZRUNHUV���7KH�IRXU�ZRUNHU�W\SHV�WKDW�ZH�XVH�DUH�WHFKQRORJ\�ZRUNHUV�DQG�WKUHH�RWKHU
ZRUNHU�W\SHV�EDVHG�RQ�HGXFDWLRQ�DWWDLQHG��KLJK�VFKRRO�GURSRXW��KLJK�VFKRRO�JUDGXDWH��DQG�FROOHJH
SOXV����

:LWK�WKHVH�HVWLPDWHV�IURP�WKH�&36��ZH�GLVDJJUHJDWHG�WKH�*32�HPSOR\HH�KRXUV�DQG
FRPSHQVDWLRQ�SDLG��WR�REWDLQ�WKHVH�YDULDEOHV�E\�ZRUNHU�W\SH�FRQVLVWHQW�ZLWK�WKH�DJJUHJDWHV�ZH
REVHUYH�LQ�RXU�DXJPHQWHG�*32�GDWDVHW���:H�WKHQ�DJJUHJDWHG�KRXUV�RI�WKH�IRXU�ZRUNHU�W\SHV�E\
LQGXVWU\�XVLQJ�7RUQTYLVW�FRPSHQVDWLRQ�ZHLJKWV�WR�REWDLQ�ODERU�VHUYLFHV���7KH�ODERU�TXDOLW\�LQGH[
LV�GHILQHG�DV�ODERU�VHUYLFHV�GLYLGHG�E\�KRXUV��DQG�VR��ODERU�VHUYLFHV�DUH�GHILQHG�DV�ODERU�TXDOLW\
WLPHV�KRXUV������
,9���$SSOLFDWLRQV
HTXLSPHQW��LQVWUXPHQWV��DQG�VRIWZDUH��� )RU�WKH�\HDUV�����������,&7�ZRUNHUV�DUH�GHILQHG�DV�FRPSXWHU�SURJUDPPHUV��FRPSXWHU�V\VWHPV�DQDO\VWV�FRPSXWHU�VSHFLDOLVWV��Q�H�F���HOHFWULFDO�DQG�HOHFWURQLF�HQJLQHHUV��DQG�FRPSXWHU�DQG�SHULSKHUDO�HTXLSPHQWRSHUDWRUV���)RU�WKH�\HDUV����������,&7�ZRUNHUV�DUH�GHILQHG�DV�HOHFWULFDO�DQG�HOHFWURQLF�HQJLQHHUV�FRPSXWHU�V\VWHPV�DQDO\VWV�DQG�VFLHQWLVWV��RSHUDWLRQV�DQG�V\VWHPV�UHVHDUFKHUV�DQG�DQDO\VWV��VXSHUYLVRUV�FRPSXWHU�HTXLSPHQW�RSHUDWRUV��FKLHI�FRPPXQLFDWLRQV�RSHUDWRUV��FRPSXWHU�RSHUDWRUV��DQG�SHULSKHUDOHTXLSPHQW�RSHUDWRUV�
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,9�$���3URGXFWLYLW\�*URZWK�RI�1RQIDUP�%XVLQHVV
$V�DQ�LQLWLDO�H[HUFLVH��ZH�HVWLPDWHG�WRWDO�IDFWRU�SURGXFWLYLW\��7)3��E\�LQGXVWU\�DQG�E\�OHJDO�IRUP
RI�RUJDQL]DWLRQ��DJJUHJDWHG�WR�SULYDWH�QRQIDUP�EXVLQHVV���$W�WKH�LQGLYLGXDO�LQGXVWU\�OHYHO��ZH
PRGHO�WKH�JURZWK�UDWH�RI�7)3�DV�WKH�JURZWK�UDWH�RI�UHDO�QHW�RXWSXW�OHVV�WKH�VKDUH�ZHLJKWHG�JURZWK
UDWHV�RI�UHDO�LQWHUPHGLDWH�LQSXWV��ODERU�LQSXW��DQG�FDSLWDO�VHUYLFHV���1HW�RXWSXW�LV�GHILQHG�DV�JURVV
RXWSXW�OHVV�WKH�FRQVXPSWLRQ�RI�RZQ�LQGXVWU\�RXWSXW�DV�LQWHUPHGLDWH�LQSXWV��OLNHZLVH�
LQWHUPHGLDWH�LQSXWV�DUH�VWULSSHG�RI�RZQ�LQGXVWU\�SURGXFWV���:H�XVH�GDWD�IURP�WKH�LQSXW�RXWSXW
WDEOHV�RQ�WKH�UDWLR�RI�QHW�RXWSXW�WR�JURVV�RXWSXW�WR�HVWLPDWH�RZQ�LQGXVWU\�LQSXWV���7KH�GDWD�RQ�UHDO
JURVV�RXWSXW��LQWHUPHGLDWH�LQSXWV��DQG�FRVW�ZHLJKWHG�H[SHQGLWXUH�VKDUHV�FRPH�IURP�RXU�PRGLILHG
*32�GDWDVHW��

7R�FDOFXODWH�DJJUHJDWH�7)3�JURZWK�ZH�WDNH�D�ZHLJKWHG�VXP�RI�WKH�LQGLYLGXDO
FRPSRQHQWV��ZKHUH�WKH�ZHLJKWV�DUH�FDOFXODWHG�DV�VNHWFKHG�LQ�'RPDU���������� :H�HVWLPDWH�WKH
UDWLR�RI�QHW�RXWSXW�WR�JURVV�RXWSXW�LQ�HDFK�LQGXVWU\�WLPHV�WKH�UDWLR�RI�QHW�RXWSXW�WR�JURVV�RXWSXW�RI
DOO�SULYDWH�LQGXVWULHV�H[FOXGLQJ�IDUP�DQG�RZQHU�RFFXSLHG�KRXVLQJ�DV�PHDVXUHG�LQ�WKH�����������
DQG������LQSXW�RXWSXW�WDEOHV���:H�LQWHUSRODWH�WKHVH�UDWLRV�EHWZHHQ�\HDUV�DQG�WKHQ�PXOWLSO\�WKHP
E\�WKH�UDWLR�RI�JURVV�RXWSXW�LQ�RXU�GDWDVHW�IRU�HDFK�LQGXVWU\�WR�JURVV�RXWSXW�RI�DOO�SULYDWH�QRQIDUP
LQGXVWULHV�WR�REWDLQ�DQQXDO�'RPDU�ZHLJKWV���7KH�FRQWULEXWLRQ�RI�LQSXWV��H[FOXGLQJ�PDWHULDOV��DQG
7)3�WR�QRQIDUP�EXVLQHVV�QHW�RXWSXW�JURZWK�HTXDOV�WKH�ZHLJKWHG�VXP�RI�WKH�FRQWULEXWLRQV�WR
JURZWK�RI�WKH�LQSXWV�DQG�7)3�WR�LQGLYLGXDO�LQGXVWU\�QHW�RXWSXW�JURZWK��ZKHUH�WKH�ZHLJKWV�DUH�WKH
DQQXDO�'RPDU�ZHLJKWV����7KH�FRQWULEXWLRQ�IURP�PDWHULDOV�LV�FDOFXODWHG�DV�WKH�JURZWK�UDWH�RI�QHW
�� 6HH�DOVR�*ROORS��������DQG�+XOWHQ��������IRU�D�PRUH�GHWDLOHG�GLVFXVVLRQ�RI�WKH�GHULYDWLRQ�DQG
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RXWSXW�OHVV�WKH�VXP�RI�WKH�FRQWULEXWLRQV�IURP�WKH�RWKHU�LQSXWV�DQG�7)3���$V�QRWHG�E\�'RPDU��WKH
ZHLJKWHG�VXPV�RI�7)3�JURZWK�UDWHV�PHDVXUHV�WKH�LQFUHDVH�LQ�DJJUHJDWH�RXWSXW�KROGLQJ�WKH�IDFWRUV
RI�SURGXFWLRQ�FRQVWDQW��ZKLFK�LV�WKH�FORVHVW�WKLQJ�WR�WKH�FRQFHSW�RI�WHFKQLFDO�SURJUHVV�WKDW�ZH
KDYH�

7DEOH���UHSRUWV�WKH�JURZWK�UDWH�RI�DJJUHJDWH�QHW�RXWSXW�IRU�SULYDWH�QRQIDUP�EXVLQHVVHV
RYHU�HDFK�RI�WKH�WLPH�SHULRGV�FRQVLGHUHG��DV�ZHOO�DV�DQ�HVWLPDWH�RI�WKH�FRQWULEXWLRQV�WR�JURZWK
IURP�WKH�XVH�RI�PDWHULDOV��FDSLWDO��ODERU��DQG�WRWDO�IDFWRU�SURGXFWLYLW\���$V�GHVFULEHG�LQ�WKH�WDEOH�
QHW�RXWSXW�JUHZ�RQ�DYHUDJH�����SHUFHQW�SHU�\HDU���&DSLWDO�VHUYLFHV�FRQWULEXWHG�����SHUFHQWDJH
SRLQWV�SHU�\HDU��DQG�ODERU�KRXUV�DGGHG�����SHUFHQWDJH�SRLQW���:H�HVWLPDWH�WKDW�LQFUHDVHV�LQ�WKH
TXDOLW\�RI�ODERU�FRQWULEXWHG�D�OLWWOH�RYHU�ò�SHUFHQWDJH�SRLQW�WR�QHW�RXWSXW�JURZWK���7KH�'RPDU
ZHLJKWHG�DYHUDJH�DFURVV�LQGXVWULHV�RI�ODERU�TXDOLW\�FRQWULEXWHG������SHUFHQWDJH�SRLQW��ZKLOH�WKH
'RPDU�ZHLJKWHG�DYHUDJH�RI�WKH�FRQWULEXWLRQ�RI�KRXUV�OHVV�WKH�VLPSOH�VXP�RI�1)%�KRXUV�WLPHV
ODERU�VKDUH��ZKLFK�ZH�UHIHU�WR�DV�UHDOORFDWLRQ�HIIHFWV��DGGHG������SHUFHQWDJH�SRLQW���7KHVH
HVWLPDWHV��LQFOXGLQJ�WKH�UHDOORFDWLRQ�HIIHFWV��DUH�D�OLWWOH�KLJKHU�WKDQ�LV�LPSOLHG�E\�WKH�UHVXOWV�LQ
-RUJHQVRQ��+R�DQG�6WLURK��������DQG�LQ�$DURQVRQ�DQG�6XOOLYDQ����������:H�HVWLPDWH�WKDW�7)3
URVH�RQ�DYHUDJH������SHUFHQW�SHU�\HDU���2YHU�WKH�����������SHULRG��QHW�RXWSXW�FOLPEHG����
SHUFHQW�SHU�\HDU���7)3�DFFHOHUDWHG�WR�����SHUFHQW�SHU�\HDU��DQG�WKH�DYHUDJH�FRQWULEXWLRQ�RI�KLJK�
WHFK�FDSLWDO�VHUYLFHV�LQFUHDVHG�WR�����SHUFHQWDJH�SRLQWV�

7DEOHV��D��F�UHSRUW�WKH�GLVDJJUHJDWHG�HVWLPDWHV�IRU�WKH�VL[W\�LQGXVWULHV�WKDW�ZH�DQDO\]H
RYHU�WKH�WKUHH�VHOHFWHG�WLPH�SHULRGV���$V�KDV�EHHQ�QRWHG�HOVHZKHUH��DOWKRXJK�WHFKQLFDO�SURJUHVV
KDV�DOZD\V�EHHQ�UDSLG�LQ�WKH�PDFKLQHU\�PDQXIDFWXULQJ��ZKLFK�LQFOXGHV�FRPSXWHUV��DQG�HOHFWULFDO
LQWHUSUHWDWLRQ�RI�WKH�'RPDU�ZHLJKWV�
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PDFKLQHU\�PDQXIDFWXULQJ�LQGXVWULHV��ZKLFK�LQFOXGHV�FRPPXQLFDWLRQ�HTXLSPHQW�DQG
VHPLFRQGXFWRUV��WKHVH�LQGXVWULHV�FRQWULEXWHG�LPSRUWDQWO\�WR�WKH�DFFHOHUDWLRQ�LQ�7)3���7HFKQLFDO
SURJUHVV�DOVR�SLFNHG�XS�LQ�WKH�WUDGH�LQGXVWULHV��DV�GLG�WKH�JURZWK�UDWH�RI�WKHLU�VWRFN�RI�KLJK�WHFK
HTXLSPHQW���6RPH�RWKHU�LQGXVWULHV��VXFK�DV�GHSRVLWRU\�LQVWLWXWLRQV�DQG�EXVLQHVV�VHUYLFHV��DOVR
SXVKHG�XS�WKHLU�UDWHV�RI�LQYHVWPHQW�LQ�KLJK�WHFK�HTXLSPHQW���%XW��WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK
LQFUHDVHG�RQO\�����SHUFHQWDJH�SRLQW�LQ�GHSRVLWRU\�LQVWLWXWLRQV�DQG�IHOO�VKDUSO\�LQ�EXVLQHVV
VHUYLFHV�

7DEOH���UHSRUWV�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK�VSOLW�EHWZHHQ�FRUSRUDWH�DQG�QRQ�FRUSRUDWH
SULYDWH�EXVLQHVVHV���$W�WKH�DJJUHJDWH�OHYHO��WKH�DFFHOHUDWLRQ�QRWHG�LQ�WDEOH���LQ�QRQIDUP�EXVLQHVV
7)3�LV�GXH�WR�WKH�VKDUS�LPSURYHPHQW�DPRQJ�QRQFRUSRUDWH�EXVLQHVV���,QGHHG��DPRQJ�DOO�PDMRU
FRPSRQHQWV��7)3�URVH�PRUH�UDSLGO\�DPRQJ�QRQFRSRUDWH�EXVLQHVVHV�WKDQ�FRUSRUDWLRQV���7KLV
FRXOG�EH�DQ�DUWLIDFW�RI�PLVPHDVXUHG�FDSLWDO�VHUYLFHV��KRZHYHU���$V�VKRZQ�LQ�WKH�ERWWRP�KDOI�RI
WKH�WDEOH��WKH�FRQWULEXWLRQ�WR�JURZWK�IURP�FDSLWDO�VHUYLFHV�ZDV�PRUH�UDSLG�DPRQJ�FRUSRUDWLRQV
WKDQ�QRQFRUSRUDWH�EXVLQHVVHV�
,9�%���<�.
,Q�WKH�ODWH�����¶V��EXVLQHVVHV�VSHQW�D�ODUJH�DPRXQW�RI�PRQH\�ZRUNLQJ�WR�IL[�SRWHQWLDO�<�.�EXJV��
6RIWZDUH�WKDW�FRXOG�QRW�UHFRJQL]H�WKDW�WKH�\HDU�UHSUHVHQWHG�E\�WKH�WZR�GLJLW�QXPEHU�³��´�ZDV�RQH
\HDU�ODUJHU�WKDQ�WKH�\HDU�³��´�KDG�WR�EH�PRGLILHG�RU�UHSODFHG���,QGXVWU\�UHSRUWV�LQGLFDWH�WKDW�VRPH
ILUPV�VDZ�EX\LQJ�ZKROH�QHZ�V\VWHPV��LQFOXGLQJ�KDUGZDUH��DV�SUHYHQWLYH�PDLQWHQDQFH��

7KH�LVVXH�IRU�WKH�VWXG\�RI�SURGXFWLYLW\�LV�WKDW�WKHVH�VWRULHV�VXJJHVW�WKDW�WKH�UDWH�RI
GHSUHFLDWLRQ�DQG�GLVFDUGV�RI�FRPSXWHUV�DQG�VRIWZDUH�ZDV�XQXVXDOO\�KLJK�LQ�DGYDQFH�RI�WKH
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FHQWXU\�GDWD�FKDQJH���7KH�PRGHOV�WKDW�ZH�HPSOR\�WR�HVWLPDWH�FDSLWDO�VWRFNV�GR�QRW�GLUHFWO\
PHDVXUH�WKLV�UDWH���8QOHVV�DXJPHQWHG��WKHVH�PRGHOV�DVVXPH�WKDW�WKH�UDWH�LV�D�IXQFWLRQ�RI�WKH�VWRFN
DQG�DJH�RI�HTXLSPHQW�RI�HDFK�YLQWDJH���$V�D�VPDOO�H[SHULPHQW�ZLWK�RXU�V\VWHP��ZH�DGMXVW�WKH
VWRFNV�RI�FRPSXWHUV�DQG�VRIWZDUH�DVVXPLQJ�WKDW�VRPH�VKDUH�RI�<�.�VSHQGLQJ�UHSUHVHQWHG
DGGLWLRQDO�VFUDSSDJH�

7R�SDUDPHWHUL]H�WKH�H[SHULPHQW��ZH�XVHG�ILJXUHV�UHSRUWHG�E\�WKH�8�6��'HSDUWPHQW�RI
&RPPHUFH����������7KDW�UHSRUW�FLWHV�D�VWXG\�IURP�,QWHUQDWLRQDO�'DWD�&RUSRUDWLRQ�WKDW�SXEOLF�DQG
SULYDWH�VSHQGLQJ�IURP������WR������WR�IL[�WKH�<�.�SUREOHP�ZDV�URXJKO\������ELOOLRQ���,W�DOVR
FLWHV�DQ�20%�UHSRUW�WKDW�WKH�IHGHUDO�JRYHUQPHQW�ZDV�VSHQGLQJ�D�OLWWOH�RYHU����ELOOLRQ�DQG�D
)HGHUDO�5HVHUYH�VWXG\�FLWHG�LQ�WKH�'HSDUWPHQW�RI�&RPPHUFH�UHSRUW�WKDW�VXJJHVWV�VSHQGLQJ�E\
VWDWH�DQG�ORFDO�JRYHUQPHQWV�ZDV�URXJKO\�KDOI�RI�IHGHUDO�VSHQGLQJ���7KH�&RPPHUFH�UHSRUW�DOVR
SURYLGHV�VRPH�ILJXUHV�GHYHORSHG�E\�(GZDUG�<DUGHQL�RI�WKH�GLVWULEXWLRQ�RI�VSHQGLQJ�DFURVV
LQGXVWULHV���:H�XVHG�WKH�DJJUHJDWH�HVWLPDWHV�WR�FDOFXODWH�EDVHOLQH�VSHQGLQJ�RQ�<�.�E\�WKH�SULYDWH
VHFWRU�RYHU������������DQG�ZH�XVHG�WKH�<DUGHQL�HVWLPDWHV�WR�VSOLW�WKHP�DFURVV�EURDG�LQGXVWU\
DJJUHJDWHV���:H�DVVXPH�WKDW�<�.�VSHQGLQJ�DFURVV�GLIIHUHQW�W\SHV�RI�FRPSXWHU�HTXLSPHQW�DQG
VRIWZDUH�ZDV�WKH�VDPH�DV�WRWDO�VSHQGLQJ��H[FHSW�WKDW�ZH�JRRVHG�XS�WKH�IUDFWLRQ�RQ�VRIWZDUH�E\���
SHUFHQW�EDVHG�RQ�VRPH�,'&�ILJXUHV�RQ�WKH�VSOLW�RQ�VSHQGLQJ�EHWZHHQ�KDUGZDUH�DQG�VRIWZDUH�WR
UHGUHVV�WKH�<�.�EXJ�

7ZR�FRQVLGHUDWLRQV�VXJJHVW�WKHVH�ILJXUHV�DUH�QRW�SUHFLVH���,'&�LQGLFDWHV�WKDW�D�ORZHU�DQG
XSSHU�UDQJH�IRU�VSHQGLQJ�ZDV�SOXV�RU�PLQXV����SHUFHQW���,Q�DGGLWLRQ��DOO�RI�WKLV�<�.�VSHQGLQJ
GRHV�QRW�QHFHVVDULO\�UHIOHFW�DGGLWLRQDO�VSHQGLQJ�RQ�LQYHVWPHQW���(VWLPDWHV�IURP�,'&�LQGLFDWH�WKDW
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RQO\����SHUFHQW�RI�ZRUOGZLGH�VSHQGLQJ�ZDV�RQ�³KDUGZDUH�RU�VRIWZDUH´��ZKHUHDV�WKH�UHVW�ZDV�RQ
³LQWHUQDO�RU�H[WHUQDO´�VSHQGLQJ��ZKLFK�PD\�QRW�KDYH�EHHQ�FRXQWHG�DV�LQYHVWPHQW���$V�D�ORZHU
ERXQG��ZH�DVVXPH�QRQH�RI�WKH��LQWHUQDO�RU�H[WHUQDO��VSHQGLQJ�ZDV�LQYHVWPHQW��DV�DQ�XSSHU
ERXQG��ZH�DVVXPH�DOO�RI�LW�ZDV���7KLV�OHDYHV�D�ZLGH�UDQJH�RI�LQYHVWPHQW�RI�����WR������ELOOLRQ�
ZKLFK�ZH�DVVXPH�DOVR�UHSUHVHQWV�WKH�DGGLWLRQDO�VFUDSSDJH�RI�ROGHU�VWRFNV�RI�KDUGZDUH�DQG
VRIWZDUH�

7DEOH���UHSRUWV�WKH�FKDQJH�LQ�HVWLPDWHV�RI�7)3�E\�EURDG�DJJUHJDWHV�ZKHQ�RQH�DVVXPHV
WKDW�WKH�XSSHU�ERXQG�RI�<�.�VSHQGLQJ�������ELOOLRQ��ZHQW�WR�UHSODFLQJ�KLJK�WHFK�HTXLSPHQW�DQG
VRIWZDUH�WKDW�ZDV�VFUDSSHG�DQG�UHSODFHG��� 7KH�ODUJHVW�HIIHFW�RQ�DQ\�DJJUHJDWH�LQ�DQ\�\HDU�LV
������SHUFHQW�LQ�WKH�FRPPXQLFDWLRQV�LQGXVWU\�LQ��������7KH�H[WUD�VFUDSSDJH�UHGXFHV�WKH�JURZWK
UDWH�RI�FDSLWDO�VHUYLFHV���%HFDXVH�UHDO�RXWSXW�LV�QRW�FKDQJHG��WKH�ORZHU�FRQWULEXWLRQ�IURP�FDSLWDO
VHUYLFHV�PHDQV�WKDW�7)3�PXVW�KDYH�EHHQ�KLJKHU��LQ�WKLV�FDVH�E\������SHUFHQWDJH�SRLQW���,Q�D�IHZ
LQGXVWULHV��VXFK�DV�FRPPXQLFDWLRQV��GHSRVLWRU\�DQG�QRQGHSRVLWRU\�LQVWLWXWLRQV��DQG�EXVLQHVV�DQG
PLVFHOODQHRXV�SURIHVVLRQDO�VHUYLFHV��WKH�HIIHFW�RI�<�.�VFUDSSDJH�FRXOG�EH�LPSRUWDQW���)RU�WKH
UHVW��WKH�HIIHFW�DSSHDUV�WR�KDYH�EHHQ�VPDOO�UHODWLYH�WR�WKH�DYHUDJH�\HDU�WR�\HDU�YDULDWLRQ�LQ�7)3��
,Q�WRWDO��LI�FDSLWDO�VHUYLFHV�DUH�DGMXVWHG�DORQJ�WKH�OLQHV�VXJJHVWHG�DERYH��WKH�UDWH�RI�JURZWK�LQ�7)3
ZRXOG�EH����EDVLV�SRLQWV�KLJKHU�LQ�WKH�ODVW�KDOI�RI�WKH�����V�DQG����SRLQWV�ORZHU�LQ������DQG
�������$VVXPLQJ�D�PRUH�PRGHUDWH�OHYHO�RI�<�.�VSHQGLQJ�WKDW�UHSUHVHQWV�UHSODFHPHQW�LQYHVWPHQW
�����ELOOLRQ��UHGXFHV�WKH�FXPXODWLYH�HIIHFW�WR�RQH�TXDUWHU�RI�WKH�XSSHU�ERXQG�HIIHFW�

�� )RU�WKH�H[HUFLVH��WKH�XQGHUO\LQJ�GDWDEDVH�ZDV�ILUVW�DJJUHJDWHG�WR�WKH�OHYHO�RI�GHWDLO�DYDLODEOH�IRU�WKH�<�.VSHQGLQJ��)RU�HDFK�RI�WKHVH�DFWLYLW\�JURXSV��7)3�ZDV�FRPSXWHG�XVLQJ�QHW�RXWSXW�DQG�QHW�LQWHUPHGLDWH�XVHFRQFHSWV��)RU�KLJKHU�OHYHO�DJJUHJDWHV��WKH�7)3�ZDV�DJJUHJDWHG�XVLQJ�DSSURSULDWH�'RPDU�ZHLJKWLQJ�
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9���&RQFOXVLRQ
7KLV�SDSHU�H[SOLFDWHV�D�JHQHUDO�DSSURDFK�WR�WKH�SUREOHP�RI�EXLOGLQJ�D�FRQVLVWHQW�GDWD�VHW

IRU�WKH�VWXG\�RI�HFRQRPLF�LVVXHV���&RGLQJ�REVHUYDWLRQV�LQ�D�UHODWLRQDO�GDWDEDVH�DOORZV�XV�WR�HDVLO\
PDQLSXODWH�HFRQRPLF�GDWD��ZKLOH�WKH�PHWD�GDWD�KHOS�XV�WR�SUHVHUYH�WKH�QXPHURXV�OLQHDU�UHODWLRQV
DFURVV�YDULDEOHV���7KH�WRROV�WKDW�ZH�KDYH�GHYHORSHG�WDNH�DGYDQWDJH�RI�WKH�VWDQGDUGL]HG�GDWD�DQG
PHWD�GDWD�LQ�RUGHU�WR�EXLOG�D�FRQVLVWHQW�GDWD�VHW�

7KH�V\VWHP�ZDV�RULJLQDOO\�FRQFHLYHG�WR�DLG�LQ�WKH�VWXG\�RI�SURGXFWLYLW\���7R�WKDW�HQG��ZH
VWDUWHG�ZLWK�WKH�%($¶V�*32�GDWD���:H�FRQFRUGHG�WKH�*32�GDWD�EHIRUH�������ZKLFK�DUH
RUJDQL]HG�XVLQJ�WKH������6,&��WR�WKH�PRUH�UHFHQW�GDWD��ZKLFK�XVH�WKH������6,&�WR�FODVVLI\
LQGXVWULHV���:H�WKHQ�VXSSOHPHQWHG�WKH�GDWDVHW�E\�LQFOXGLQJ�HVWLPDWHV�RI�HPSOR\HH�DQG�DOO�SHUVRQV
KRXUV�IURP�WKH�1,3$V�DQG�WKH�%/6��DV�ZHOO�DV�HVWLPDWLQJ�VRPH�PLVVLQJ�SLHFHV�RI�GDWD��VXFK�DV
JURVV�RXWSXW�IRU�VRPH�LQGXVWULHV�EHIRUH������DQG�VRPH�SULFH�GHIODWRUV���:H�DOVR�FRQFRUGHG�WKH
%($¶V�HVWLPDWHV�RI�LQYHVWPHQW�E\�LQGXVWU\�DQG�E\�W\SH�WR�WKH�*32�GDWD���7R�VWXG\�SURGXFWLYLW\�
ZH�OLQNHG�GDWD�IURP�WKH�LQSXW�RXWSXW�WDEOHV�WR�FDOFXODWH�'RPDU�ZHLJKWV��ZH�LQFRUSRUDWHG�GDWD
IURP�WKH�&XUUHQW�3RSXODWLRQ�6XUYH\��0DUFK�6XSSOHPHQW������������WR�HVWLPDWH�ODERU�VHUYLFHV�
DQG��ZH�HPSOR\HG�VRPH�VSHFLDOL]HG�WRROV�WKDW�ZH�GHYHORSHG�WR�HVWLPDWH�FDSLWDO�VWRFNV��FDSLWDO
VHUYLFHV��DQG�7)3���)LQDOO\��ZH�GHFRPSRVHG�DOO�RI�WKH�GDWD�E\�OHJDO�IRUP�RI�RUJDQL]DWLRQ�
FRQWUROOLQJ�WKH�HVWLPDWHV�WR�EH�FRQVLVWHQW�ZLWK�LQGXVWU\�WRWDOV�DQG�DJJUHJDWH�OHJDO�IRUP�WRWDOV�LQ
WKH�1,3$V�

2XU�RYHUDOO�HVWLPDWHV�RI�7)3�JURZWK�E\�LQGXVWU\�SRLQW�WR�WKH�VDPH�TXDOLWDWLYH�UHVXOWV
VHHQ�HOVHZKHUH���7)3�DFFHOHUDWHG�LQ�WKH�ODVW�KDOI�RI�WKH�����V�DQG�ZDV�SDUWLFXODUO\�KLJK�LQ�PRVW
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LQGXVWULHV�RXWVLGH�RI�WKH�VHUYLFH�VHFWRU���7KH�FRQWULEXWLRQ�WR�RXWSXW�JURZWK�IURP�LQFUHDVHG
LQYHVWPHQW�LQ�KLJK�WHFK�FDSLWDO�HTXLSPHQW�DOVR�SLFNHG�XS���:H�DOVR�GHPRQVWUDWHG�KRZ�WKH�V\VWHP
FRXOG�EH�HPSOR\HG�WR�UHFRQVLGHU�DVVXPSWLRQV�PDGH�LQ�WKH�FRQVWUXFWLRQ�RI�GDWD�DQG�FRXQWHUIDFWXDO
H[HUFLVHV���,Q�WKLV�VPDOO�H[SHULPHQW��ZH�WRRN�HVWLPDWHV�RI�WKH�DPRXQW�RI�VSHQGLQJ�WR�UHPHG\�WKH
<�.�SUREOHP�DQG�DVVXPHG�WKDW�VRPH�IUDFWLRQ�RI�WKLV�HVWLPDWH�ZDV�QRW�DQ�LQFUHPHQW�WR�WKH�FDSLWDO
VWRFN�EXW�LQVWHDG�SXUHO\�UHSODFHG�DQ�XQXVXDOO\�KLJK�DPRXQW�RI�FDSLWDO�WKDW�ZDV�VFUDSSHG�EHFDXVH
LW�ZDV�SRWHQWLDOO\�LQIHFWHG�ZLWK�WKH�<�.�EXJ���([FHSW�IRU�D�IHZ�LQGXVWULHV��WKH�HIIHFWV�RQ�7)3
ZHUH�OLNHO\�VPDOO�XQOHVV�RQH�ZHUH�WR�DVVXPH�WKDW�WKH�VFUDSSDJH�DVVRFLDWHG�ZLWK�WKH�FHQWXU\�GDWH
FKDQJH�ZDV�YHU\�ODUJH�

$�IHZ�REYLRXV�H[WHQVLRQV�DSSHDU�SRVVLEOH���)XOO\�LQFRUSRUDWLQJ�WKH�LQSXW�RXWSXW�GDWD�
LQFOXGLQJ�PDNLQJ�WKHP�IXOO\�FRQVLVWHQW�ZLWK�WKH�YDOXH�DGGHG�GDWD�LQ�WKH�*32��ZRXOG�RSHQ�XS
VHYHUDO�UHVHDUFK�DYHQXHV���,PPHGLDWHO\��LW�ZRXOG�DOORZ�XV�WR�KDYH�D�IXOO\�FRQVLVWHQW�DSSOLFDWLRQ�RI
'RPDU�ZHLJKWLQJ���,W�ZRXOG�DOORZ�XV�WR�VWXG\�YDULRXV�SULFH�PDUNXS�PRGHOV�DQG�WR�SHUIRUP
YDULRXV�FRXQWHUIDFWXDOV��VXFK�DV�WKH�HIIHFWV�RI�GLIIHUHQW�SURGXFWLYLW\�JURZWK�UDWHV�DPRQJ
LQWHUPHGLDWH�SURGXFHUV�RQ�SULFHV�DQG�DJJUHJDWH�SURGXFWLYLW\���,I�DW�WKH�VDPH�WLPH��VHSDUDWH
HVWLPDWHV�RI�LQSXW�RXWSXW�WDEOHV�DW�WKH�VDPH�OHYHO�RI�DJJUHJDWLRQ�FRQWUROOHG�WR�WKH�FXUUHQW
H[SHQGLWXUH�VLGH�HVWLPDWHV�RI�*'3�ZHUH�DYDLODEOH��ZH�FRXOG�VWXG\�WKH�VWDWLVWLFDO�GLVFUHSDQF\��
([WHQGLQJ�WKH�LQSXW�RXWSXW�WDEOHV�IXUWKHU�EDFN�DQG�LQFRUSRUDWLQJ�DX[LOLDU\�LQIRUPDWLRQ�RQ�SULFHV
ZLOO�HQDEOH�XV�WR�HVWLPDWH�LQGXVWU\�SULFH�GHIODWRUV�EHIRUH������

,Q�SXWWLQJ�WRJHWKHU�RXU�SUHOLPLQDU\�HVWLPDWHV�RI�FDSLWDO�VHUYLFHV��ZH�VLPSO\�XVHG�WKH
%($¶V�HVWLPDWHV�RI�LQYHVWPHQW�E\�LQGXVWU\�DQG�E\�W\SH�WKDW�LW�HPSOR\V�WR�HVWLPDWH�FDSLWDO
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FRQVXPSWLRQ�DQG�ZHDOWK���+RZHYHU��WKHVH�HVWLPDWHV�DUH�EDVHG�RQ�OLPLWHG�GDWD�RI�LQYHVWPHQW�E\
LQGXVWULHV�RXWVLGH�RI�FHQVXV�\HDUV�DQG�DUH�QRW�EDVHG�RQ�DQ\�V\VWHPDWLF�LQIRUPDWLRQ�RQ�LQYHVWPHQW
E\�ERWK�LQGXVWU\�DQG�E\�W\SH�LQ�DQ\�\HDU��VHH�IRU�LQVWDQFH��%RQGV�DQG�$\ORU����������,QGHHG��HYHQ
WKRXJK�WKH�%($�KDV�PDGH�WKHVH�GDWD�SXEOLFO\�DYDLODEOH�RQ�WKHLU�ZHEVLWH��WKH\�FRQVLGHU�WKHP
XQSXEOLVKHG�EHFDXVH�WKH\�GR�QRW�ULVH�WR�WKHLU�XVXDO�VWDQGDUGV�IRU�VWDWLVWLFDO�UHOLDELOLW\���,Q�WKH
IXWXUH��ZH�SODQ�WR�H[DPLQH�KRZ�VHQVLWLYH�WKH�FDSLWDO�VHUYLFHV�HVWLPDWHV�DUH�WR�RWKHU�SODXVLEOH
GLVWULEXWLRQV�RI�LQYHVWPHQW���%DVHG�LQ�SDUW�RQ�FRQYHUVDWLRQV�ZLWK�RXU�FROOHDJXHV��ZH�VXVSHFW�WKDW
WKH�GLVWULEXWLRQ�RI�FRPSXWHU�LQYHVWPHQW�FRXOG�PDWWHU�LPSRUWDQWO\��EXW�IRU�RWKHU�W\SHV�RI
HTXLSPHQW��WKH�HIIHFWV�PD\�EH�VPDOO���$W�WKH�VDPH�WLPH��ZH�SODQ�WR�H[DPLQH�KRZ�LPSRUWDQW�WKH
GHSUHFLDWLRQ�HVWLPDWHV�DUH�IRU�HVWLPDWHV�RI�FDSLWDO�VHUYLFHV�

)LQDOO\��WKH�V\VWHP�KDV�WKH�WRROV�QHFHVVDU\�WR�VWDUW�ZLWK�WKH�PRVW�PLFUR�OHYHO�GDWDVHWV�
0DQ\�RI�WKH�SUREOHPV�RI�VZLWFKLQJ�FODVVLILFDWLRQV�DQG�FURVV�FODVVLILFDWLRQ�ZRXOG�EH�EHWWHU
DSSURDFKHG�E\�ZRUNLQJ�ZLWK�SODQW�DQG�ILUP�OHYHO�GDWD���)RU�H[DPSOH��D�EHWWHU�FRQFRUGDQFH
EHWZHHQ�WKH�6,&�DQG�1$,&6�FRXOG�EH�GHYHORSHG�E\�DWWDFKLQJ�6,&�DQG�1$,&6�FRGHV�WR�HDFK�ILUP
RU�HVWDEOLVKPHQW�LQ�D�SDUWLFXODU�\HDU��EDVHG�RQ�WKH�VDPH�ORJLF�XVHG�WR�DSSO\�WKH�RULJLQDO�DFWLYLW\
FRGH�WR�D�UHVSRQGHQW�LQ�WKH�VXUYH\��DQG�WKHQ�WDEXODWLQJ�D�FRQFRUGDQFH�IRU�HDFK�UHOHYDQW�YDULDEOH��
,QGHHG��D�MRLQW�)HGHUDO�5HVHUYH�&HQVXV�SURMHFW�LV�FXUUHQWO\�XQGHU�ZD\�WR�GHYHORS�VXFK�D
FRQFRUGDQFHV�IRU�PDQXIDFWXULQJ�XVLQJ�WKH�/RQJLWXGLQDO�5HVHDUFK�'DWDEDVH��.OLPHN�DQG�%D\DUG�
��������7KH�VDPH�PHWKRG�FRXOG�EH�XVHG�LQ�PDNLQJ�D�ILUP�HVWDEOLVKPHQW�FURVV�FODVVLILFDWLRQ�E\
OLQNLQJ�HQWHUSULVH��ILUP��DQG�HVWDEOLVKPHQW�FRGHV�DW�WKH�PLFUR�OHYHO��DQG�WKHQ�PHUJLQJ�DQG
DJJUHJDWLQJ�GLIIHUHQW�GDWD�VRXUFHV�WR�FUHDWH�D�FURVV�FODVVLILFDWLRQ�WDEOH�
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5HIHUHQFHV
$DURQVRQ��'DQLHO�DQG�'DQLHO�6XOOLYDQ���������³*URZWK�LQ�:RUNHU�4XDOLW\´��)HGHUDO�5HVHUYH%DQN�RI�&KLFDJR�(FRQRPLF�3HUVSHFWLYHV �������)RXUWK�4XDUWHU��������%DFKDUDFK��0LFKDHO���������$(VWLPDWLQJ�1RQHJDWLYH�0DWULFHV�IURP�0DUJLQDO�'DWD#�,QWHUQDWLRQDO�(FRQRPLF�5HYLHZ �������6HSWHPEHU����������%DUWHOVPDQ��(ULF�-��DQG�:D\QH�*UD\���������³7KH�1%(5�0DQXIDFWXULQJ�3URGXFWLYLW\�'DWDEDVH´�1%(5�7HFKQLFDO�:RUNLQJ�3DSHU�7������2FWREHU��%HOO��:LOOLDP�5��DQG�'DYLG�:��:LOFR[���������$7KH�(IIHFW�RI�6DPSOLQJ�(UURU�RQ�WKH�7LPH6HULHV�%HKDYLRU�RI�&RQVXPSWLRQ#��-RXUQDO�RI�(FRQRPHWULFV�����������-DQXDU\�)HEUXDU\����������%RQGV��%HOLQGD�DQG�7LP�$\ORU���������³,QYHVWPHQWV�LQ�1HZ�6WUXFWXUHV�DQG�(TXLSPHQW�LQ�����E\�8VLQJ�,QGXVWULHV´��6XUYH\�RI�&XUUHQW�%XVLQHVV ���������'HFHPEHU��&RGG��(�)����������7KH�5HODWLRQDO�0RGHO�IRU�'DWDEDVH�0DQDJHPHQW��5HDGLQJ��0$���$GGLVRQ�:HVOH\�&RUUDGR��&DURO�DQG�/DZUHQFH�6OLIPDQ���������³'HFRPSRVLWLRQ�RI�3URGXFWLYLW\�DQG�8QLW�&RVWV´�$PHULFDQ�(FRQRPLF�5HYLHZ��3DSHUV�DQG�3URFHHGLQJV���������0D\����������'RPDU��(YVH\�'����������³2Q�WKH�0HDVXUHPHQW�RI�7HFKQRORJLFDO�&KDQJH´��(FRQRPLF�-RXUQDO�������������������)UDXPHQL��%DUEDUD�0����������³7KH�0HDVXUHPHQW�RI�'HSUHFLDWLRQ�LQ�WKH�8�6��1DWLRQDO�,QFRPHDQG�3URGXFW$FFRXQWV´��6XUYH\�RI�&XUUHQW�%XVLQHVV �������-XO\��������*RODQ��$���*��-XGJH��DQG�6��5RELQVRQ���������$5HFRYHULQJ�,QIRUPDWLRQ�IURP�,QFRPSOHWH�RU3DUWLDO�0XOWLVHFWRUDO�(FRQRPLF�'DWD#��5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV ���������������*ROORS��)UDQN�0����������³0RGHOLQJ�$JJUHJDWH�3URGXFWLYLW\�*URZWK��7KH�,PSRUWDQFH�RI,QWHUVHFWRUDO�7UDQVIHU�3ULFHV�DQG�,QWHUQDWLRQDO�7UDGH´��5HYLHZ�RI�,QFRPH�DQG�:HDOWK�������-XQH�����������*�QO�N�ùHQHVHQ��*��DQG�-�0��%DWHV���������³6RPH�([SHULPHQWV�ZLWK�0HWKRGV�RI�$GMXVWLQJ8QEDODQFHG�'DWD�0DWULFHV´��-RXUQDO�RI�5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�$ �����������������+DOO��5REHUW�(��DQG�'DOH�:��-RUJHQVRQ���������³7D[�3ROLF\�DQG�,QYHVWPHQW�%HKDYLRU´��$PHULFDQ(FRQRPLF�5HYLHZ �������-XQH�����������+XOWHQ��&KDUOHV�5����������³*URZWK�$FFRXQWLQJ�ZLWK�,QWHUPHGLDWH�,QSXWV´��5HYLHZ�RI�(FRQRPLF6WXGLHV �������2FWREHU�����������-RUJHQVRQ��'DOH�:���0XQ�6��+R��DQG�.HYLQ�-��6WLURK���������³,QIRUPDWLRQ�7HFKQRORJ\�(GXFDWLRQ��DQG�WKH�6RXUFHV�RI�(FRQRPLF�*URZWK�DFURVV�8�6��,QGXVWULHV´��PLPHR�+DUYDUG8QLYHUVLW\��$SULO��
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-RUJHQVRQ��'DOH�:��DQG�.HYLQ�-��6WLURK���������$5DLVLQJ�WKH�6SHHG�/LPLW��8�6��(FRQRPLF*URZWK�LQ�WKH�,QIRUPDWLRQ�$JH#��%URRNLQJV�3DSHUV�RQ�(FRQRPLF�$FWLYLW\����������������.OLPHN��6KDZQ�'��DQG�.LPEHUO\�1��%D\DUG���������³&ODVVLI\LQJ�WKH�&HQVXV�RI�0DQXIDFWXUHVIURP�WKH�6WDQGDUG�,QGXVWU\�&ODVVLILFDWLRQ�6\VWHP�������WR�����´��PLPHR��&HQWHU�IRU(FRQRPLF�6WXGLHV��8�6��&HQVXV�%XUHDX�/DUNLQV��'DQLHO����������³%XVLQHVV�6LWXDWLRQ´���������6HSWHPEHU�������/DUNLQV��'DQLHO��5DOSK�:��0RUULV��(XJHQH�3��6HVNLQ��DQG�)UHGHULFN�YRQ�%DWFKHOGHU��������³%XVLQHVV�6LWXDWLRQ´����������1RYHPEHU�������0LURQ��-HIIUH\�$��DQG�6WHSKHQ�3��=HOGHV���������$3URGXFWLRQ��6DOHV��DQG�WKH�&KDQJH�LQ,QYHQWRULHV��$Q�,GHQWLW\�7KDW�'RHVQ W�$GG�8S#��-RXUQDO�RI�0RQHWDU\�(FRQRPLFV �������-XO\���������0RKU��0LFKDHO�)��DQG�&KDUOHV�(��*LOEHUW���������³&DSLWDO�6WRFN�(VWLPDWHV�IRU�0DQXIDFWXULQJ,QGXVWULHV��0HWKRGV�DQG�GDWD´��%RDUG�RI�*RYHUQRUV�RI�WKH�)HGHUDO�5HVHUYH�6\VWHP�0DUFK���ZZZ�IHGHUDOUHVHUYH�JRY�UHOHDVHV�*���FDSLWDOBVWRFNBGRF�ODWHVW�SGI��0R\ODQ��&DURO���������³(VWLPDWLRQ�RI�6RIWZDUH�LQ�WKH�8�6��1DWLRQDO�$FFRXQWV��1HZ'HYHORSPHQWV´��2(&'��6WDWLVWLFV�'LUHFWRUDWH�:RUNLQJ�3DSHU�67'�1$����������6HSWHPEHU������3DULNK��$VKRN���������$)RUHFDVWV�RI�,QSXW�2XWSXW�0DWULFHV�8VLQJ�WKH�5�$�6��0HWKRG#��5HYLHZRI�(FRQRPLFV�DQG�6WDWLVWLFV �������$XJXVW�����������3DUNHW��5REHUW�DQG�%UXFH�*ULPP���������³5HFRJQLWLRQ�RI�%XVLQHVV�DQG�*RYHUQPHQW([SHQGLWXUHV�IRU�6RIWZDUH�DV�,QYHVWPHQW���0HWKRGRORJ\�DQG�4XDQWLWDWLYH�,PSDFWV���������´��KWWS���ZZZ�EHD�JRY�EHD�SDSHUV�VRIWZDUH�SGI�3RVWQHU��+DUU\�+����������³1HZ�'HYHORSPHQWV�7RZDUGV�5HVROYLQJ�WKH�&RPSDQ\�(VWDWEOLVKPHQW3UREOHP´���������'HFHPEHU�����������6FKQHLGHU��0�+��DQG�6�$��=HQLRV���������$$�&RPSDUDWLYH�6WXG\�RI�$OJRULWKPV�IRU�0DWUL[%DODQFLQJ#��2SHUDWLRQV�5HVHDUFK ������������3DUNHU��5REHUW�3��DQG�(XJHQH�3��6HVNLQ���������³7KH�6WDWLVWLFDO�'LVFUHSDQF\´��6XUYH\�RI�&XUUHQW%XVLQHVV �������$XJXVW������6HVNLQ��(XJHQH�3��DQG�5REHUW�3��3DUNHWU���������³$�*XLGH�WR�WKH�1,3$¶V´��6XUYH\�RI�&XUUHQW%XVLQHVV �������0DUFK���������6LQNKRUQ��5����������³$�5HODWLRQVKLS�EHWZHHQ�$UELWUDU\�3RVLWLYH�0DWULFLHV�DQG�'RXEO\6WRFKDVWLF�0DWULFHV´��$QQDOV�RI�0DWKHPDWLFDO�6WDWLVWLFV ������������6WRQH��5��DQG�-�$�&��%URZQ����������$�&RPSXWDEOH�0RGHO�RI�(FRQRPLF�*URZWK���/RQGRQ�&KDSPDQ�DQG�+DOO�6WRQH��5LFKDUG��'�*��&KDPSHUQRZQH��DQG�-�(��0HDGH���������$7KH�3UHFLVLRQ�RI�1DWLRQDO,QFRPH�(VWLPDWHV#��7KH�5HYLHZ�RI�(FRQRPLF�6WXGLHV ������6XPPHU�����������



��

:HDOH��0DUWLQ���������$7HVWLQJ�/LQHDU�+\SRWKHVLV�RQ�1DWLRQDO�$FFRXQW�'DWD#��5HYLHZ�RI(FRQRPLFV�DQG�6WDWLVWLFV���������1RYHPEHU����������:LOFR[��'DYLG�:����������$7KH�&RQVWUXFWLRQ�RI�8�6��&RQVXPSWLRQ�'DWD��6RPH�)DFWV�DQG�7KHLU,PSOLFDWLRQV�IRU�(PSLULFDO�:RUN#��$PHULFDQ�(FRQRPLF�5HYLHZ �������6HSWHPEHU�����������8�6��'HSDUWPHQW�RI�&RPPHUFH��(FRQRPLFV�DQG�6WDWLVWLFV�$GPLQLVWUDWLRQ���������³7KH(FRQRPLFV�RI�<�.�DQG�WKH�,PSDFW�RQ�WKH�8QLWHG�6WDWHV´��1RYHPEHU����<XVNDYDJH��5REHUW�(����������³*URVV�'RPHVWLF�3URGXFW�E\�,QGXVWU\��$�SURJUHVV�UHSRUW�RQDFFHOHUDWHG�HVWLPDWHV´��6XUYH\�RI�&XUUHQW�%XVLQHVV ��������-XQH��������



��

7DEOH��&RPSDULVRQ�RI������&RPSHQVDWLRQ�DQG�3URILWV�'DWD�LQ�WKH�*32DQG�WKH�1,3$�'DWDVHWV
&RPSHQVDWLRQ 3URILWV�Z��,9$*32�� 1,3$ *32 1,3$0DQXIDFWXULQJ ����� ����� ���� ����7UDQVSRUWDWLRQ�DQG�8WLOLWLHV ����� ����� ���� ����:KROHVDOH�7UDGH ����� ����� ���� ����5HWDLO�7UDGH ����� ����� ���� ����5HPDLQLQJ�GRPHVWLF�SULYDWH�LQGXVWULHV ������ ������ ����� �����

*32�DQG�1,3$�FRPSHQVDWLRQ�GDWD�DUH�FROOHFWHG�RQ�DQ�HVWDEOLVKPHQW�EDVLV���1,3$�SURILWV�GDWD�DUHFROOHFWHG�E\�ILUPV��WKH�*32�FRQYHUWV�WKHVH�GDWD�WR�DQ�HVWDEOLVKPHQW�EDVLV�



7DEOH��(VWLPDWLQJ�,QGXVWU\�'DWD
,QGXVWULHV <HDU &RQWUROV�DQG�LQLWLDO�JXHVV 0HWKRG
6SOLW��IXOO�WLPH�HTXLYDOHQW�HPSOR\HHV��)7(���IXOO�WLPH�DQG�SDUW�WLPH�HPSOR\HHV��)737���DQG�SHUVRQV�HQJDJHG�LQ�SURGXFWLRQ��3(3��RI������6,&�����DQG��$���6,&�����EHWZHHQ���UH�DQG���KV�
��UH�DQG��KV ��������� � 6XP�RI���UH�DQG���KV�IURP�*32�� 8VH�FRPSHQVDWLRQ�DV�LQLWLDO�JXHVV� 'LVDJJUHJDWLRQ�XVHG�
(VWLPDWH�HPSOR\HH�KRXUV�E\�LQGXVWU\$OO�SULYDWH ��������� 'LUHFW�IURP�WDEOH�%($�
$OO�SULYDWH ��������� � 7RWDOV�RI�DYDLODEOH�VXEDJJUHJDWHV�IURP�WDEOH����F�� ,QLWLDO�SDWWHUQ�IURP�ROG�%($�GDWD� 'LVDJJUHJDWLRQ�XVHG���%($�SURYLGHG�KRXUVGDWD�WKDW�KDYH�EHHQ�VXEVHTXHQWO\�UHYLVHG�$OO�SULYDWH ��������� � 7RWDOV�RI�DYDLODEOH�VXEDJJUHJDWHV�IURP�WDEOH����F�� 8VH�FRPSHQVDWLRQ�DV�LQLWLDO�SDWWHUQ� 'LVDJJUHJDWLRQ�XVHG�
$OO�SULYDWHH[����UH���KV��������

�������� 'LUHFW�IURP�%($�
������ ��������� � +RXUV�IRU����SOXV����FDOFXODWHG�DV�KRXUV�IRU�DOO�VHUYLFHV�OHVV�KRXUV�LQ�RWKHUVHUYLFH�LQGXVWULHV�� 8VH�FRPSHQVDWLRQ�DV�LQLWLDO�SDWWHUQ�

'LVDJJUHJDWLRQ�XVHG�
$OO�SULYDWH�LQFO�����H[����UH���KV��������

��������� � 7RWDOV�RI�DYDLODEOH�VXEDJJUHJDWHV�IURP�WDEOH����E�� ,QLWLDO�SDWWHUQ�FDOFXODWHG�LQ�VWHSV�� 5HJUHVV�ORJ�+2856��RQ�ORJ�)7(���ORJ�&203���ORJ�&203�+RXUV���IRU�WKHDYDLODEOH�DJJUHJDWH��DQG�ORJ�+2856�)7(��IRU�WKH�DJJUHJDWH������������ 8VH�HVWLPDWHG�FRHIILFLHQWV�WR�FDOFXODWH�(>ORJ�+2856�@�RYHU�SHULRG�� 8VH�(>+2856@� �H[S�(>ORJ�+2856�����ò�YDULDQFH�@��DV�LQLWLDO�SDWWHUQ�

'LVDJJUHJDWLRQ�XVHG�

������ ��������� � 6DPH�DV�DERYH�H[FHSW�H[FOXGH�ORJ�)7(��DQG�ORJ�+2856�)7(��IURP�UHJUHVVLRQ� 'LVDJJUHJDWLRQ�XVHG�
��UH����KV ��������� � 7RWDO�IRU�������FDOFXODWHG�DERYH�RU�LQ�*32�� 8VH�FRPSHQVDWLRQ�DV�LQLWLDO�SDWWHUQ� 'LVDJJUHJDWLRQ�XVHG�



��

7DEOH����FRQWLQXHG,QGXVWULHV <HDU &RQWUROV�DQG�LQLWLDO�JXHVV 0HWKRG
(VWLPDWH�QRQ�HPSOR\HH�KRXUV E\�LQGXVWU\�)DUP ��������� 'LUHFW�IURP�%/6� %XVLQHVV�DOO�SHUVRQV�KRXUV���QRQIDUP�EXVLQHV�DOO�SHUVRQV�KRXUV�PLQXV�WKH�VDPH�IRU�HPSOR\HH�KRXUV�
1RQIDUPSULYDWH ��������� � 0DQXIDFWXULQJ�WRWDO�IURP�%/6��$OO�SHUVRQV�KRXUV�OHVV�HPSOR\HH�KRXUV�� 1RQPDQXIDFWXULQJ�WRWDO�IURP�%/6��$OO�SHUVRQV�KRXUV��QRQIDUP�OHVV�HPSOR\HHKRXUV��QRQIDUP��OHVV�PDQXIDFWXULQJ�WRWDO�� ,QLWLDO�SDWWHUQ�HTXDOV�SURSULHWRUV LQFRPH�WLPHV�FRPSHQVDWLRQ�SHU�HPSOR\HHKRXUV�

� 'LVDJJUHJDWLRQ�XVHG���$OO�QRQ�HPSOR\HHKRXUV�DUH�QRQ�FRUSRUDWH���&RUSRUDWH�QRQ�HPSOR\HH�KRXUV�HTXDOV�]HUR�

(VWLPDWH�VHOI�HPSOR\HG�FRPSHQVDWLRQ E\�LQGXVWU\�
)DUP ��������� 'LUHFW�IURP�%/6��DOO�SHUVRQV�FRPSHQVDWLRQ�OHVV�HPSOR\HH�FRPSHQVDWLRQ�IRU�EXVLQHVV�PLQXV�WKH�VDPH�IRU�QRQIDUP�EXVLQHVV��
1RQ�IDUP ��������� � 7RWDOV�IRU�GXUDEOH�PDQXIDFWXULQJ��QRQGXUDEOH�PDQXIDFWXULQJ��DQG�RWKHU�QRQ�IDUPGLUHFW�IURP�%/6��DOO�SHUVRQV�FRPSHQVDWLRQ�OHVV�HPSOR\HH�FRPSHQVDWLRQ����2WKHUQRQ�IDUP�FDOFXODWHG�DV�QRQIDUP�EXVLQHVV�OHVV�PDQXIDFWXULQJ�� ,QLWLDO�SDWWHUQ�HTXDOV�VHOI�HPSOR\HG�KRXUV�WLPHV�FRPSHQVDWLRQ�SHU�KRXU�RIHPSOR\HHV�

'LVDJJUHJDWLRQ�XVHG�

(VWLPDWH�PLVVLQJ�JURVV�RXWSXW�DQG�LQWHUPHGLDWH�LQSXWV�
�����������������UH���������������������JRY��HQW�

��������� � &RQFRUG������LQSXW�RXWSXW�WDEOH�WR������6,&���7DNH�DYHUDJH�RI�RXWSXW�WR�YDOXH�DGGHG�LQ������FRQFRUGHG�WDEOH�DQG������LQSXW�RXWSXW�WDEOH���7DNH������UDWLR�IRU������DQG�\HDUV�EHIRUH���,QWHUSRODWH�EHWZHHQ������DQG������UDWLR�IRU�������������0XOWLSO\�UDWLRE\�JURVV�SURGXFW�� ,QWHUPHGLDWHV�HTXDO�JURVV�RXWSXW�OHVV�JURVV�SURGXFW�



��

7DEOH����FRQWLQXHG
,QGXVWULHV <HDU &RQWUROV�DQG�LQLWLDO�JXHVV 0HWKRG
������ ��������� � /LNH�SURFHGXUH�DERYH��EXW�XVH�UHVXOWV�DV�D�SDWWHUQ� $JJUHJDWH�RI����DQG����IURP�*32�� ,QWHUPHGLDWH�LQSXWV�HTXDOV�JURVV�RXWSXW�OHVV�JURVV�SURGXFW�

'LVDJJUHJDWLRQ�XVHG�
(VWLPDWH�PLVVLQJ�JURVV�SURGXFW�GHIODWRUV�
�����������������UH���������������������JRY��HQW�

��������� � 8VH�FRQFRUGHG�XVH�WDEOHV�FDOFXODWHG�DERYH�WR�ZHLJKW�LQWHUPHGLDWH�LQSXW�SULFHV���8VH�WKH�JURVV�RXWSXW�GHIODWRUV�RI�LQGXVWULHV�WKDW�DUHNQRZQ�DV�LQWHUPHGLDWH�SULFHV���$GG�LQ�YDOXH�DGGHG�RI�LQGXVWULHV�WR�EH�HVWLPDWHG�DQG�WKH�YDOXH�DGGHG�GHIODWRU�LQ�*32���8VH�D�JXHVVIRU�WKH�JURVV�RXWSXW�GHIODWRU�IRU�WKH�PLVVLQJ�LQGXVWULHV�WR�XVH�DV�LQSXW�SULFHV�IRU�RWKHU�LQGXVWULHV���,WHUDWH�XQWLO�FRQYHUJHQFH���8VHJURVV�SURGXFW�GHIODWRU�DV�LQLWLDO�JXHVV�� ,QWHUPHGLDWH�LQSXW�GHIODWRUV�HTXDO�JURVV�RXWSXW�GHIODWRU�OHVV��LQ�FKDLQ�ZHLJKWHG�VHQVH��JURVV�SURGXFW�GHIODWRU�
������ ��������� � /LNH�SURFHGXUH�DERYH��EXW�XVH�UHVXOWV�DV�D�SDWWHUQ� $JJUHJDWH�RI����DQG����IURP�*32�� ,QWHUPHGLDWH�LQSXW�GHIODWRUV�HTXDO�JURVV�RXWSXW�GHIODWRU�OHVV��LQ�FKDLQ�ZHLJKWHGVHQVH��JURVV�SURGXFW�GHIODWRU�

'LVDJJUHJDWLRQ�XVHG�



��

7DEOH��(VWLPDWLQJ�,QGXVWU\�E\�6HFWRU�'DWD
,QGXVWULHV <HDU &RQWUROV�DQG�LQLWLDO�JXHVV 0HWKRG
6SOLW�FRPSHQVDWLRQ�E\�LQGXVWU\�DQG�E\�VHFWRU�
�� ��������� � 7RWDO�IRU���KV�DQG���UH�IURP�*32�� 7RWDO�IRU�HDFK�VHFWRU�SURYLGHG�E\�%($��FRPS�E\�OIR�� ,QLWLDO�JXHVV�IURP�&HQVXV�/)2�GDWD�

%DODQFLQJ��ORJ�VSHF���XVHG�
$OO�SULYDWH ��������� 'LUHFW�IURP�%($� %($�SURYLGHG�WR�XV�FRPSHQVDWLRQ�E\�/)2�IRU������������EXW�WKH�����������GDWD�KDYH�EHHQ�UHYLVHG�
$OO�SULYDWH ��������� � 7RWDO�IRU�HDFK�LQGXVWU\�IURP�*32������������� 7RWDO�IRU�HDFK�VHFWRU�IURP�WDEOH������ ,QLWLDO�JXHVV�LV�WKH�XQUHYLVHG�LQGXVWU\�E\�VHFWRU�GDWD�IURP�%($�

%DODQFLQJ��ORJ�VSHF���XVHG���7KH�1,3$�GDWD�DUH�DGMXVWHG�IRUURXQGLQJ�WR�VXP�H[DFWO\�WR�WKH�*32�GDWD���6WDQGDUG�GHYLDWLRQV�IRUDOO�FRQWUROV�WKHQ�VHW�WR�]HUR���6WDQGDUG�GHYLDWLRQV�IRU�JXHVVHVZKHUH�FRPS� ���LV����RWKHUZLVH� �����
$OO�SULYDWH ��������� � &RQWUROV�DV�DERYH�� ,QLWLDO�JXHVV�HTXDOV������GDWD�E\�LQGXVWU\�E\�VHFWRU�WLPHV�WKHUDWLR�RI�LQGXVWU\�FRPSHQVDWLRQ�LQ������DQG������WR�LQGXVWU\FRPSHQVDWLRQ�LQ������

$V�IRU�DOO�SULYDWH�FRPSHQVDWLRQ�������������

�� ��������� � 7RWDO�IRU���KV�DQG���UH�IURP�*32�� 7RWDO�IRU�HDFK�VHFWRU�SURYLGHG�E\�%($��FRPS�E\�OIR�� ,QLWLDO�JXHVV�IURP�&HQVXV�/)2�GDWD�
%DODQFLQJ��ORJ�VSHF���XVHG�

$OO�SULYDWHH[FO�������� ��������� 'LUHFW�IURP�%($ 'DWD�DUH�RQ������6,&���,QGXVWU\�E\�VHFWRU GDWD�FRQFRUGHG�WR������6,&�DVVXPLQJ�WKDW�IRU�HDFK�LQGXVWU\��VSOLWV�DFURVVVHFWRUV�DUH�WKH�VDPH�DV�IRU�WKH�DJJUHJDWH�



��

������ ��������� 'LUHFW�IURP�%($�
������ ��������� � 7RWDO�IRU�HDFK�LQGXVWU\�IURP�*32�� 7RWDO�IRU�HDFK�VHFWRU�HTXDOV�YDOXHV�IURP�WDEOH������OHVV�VXP�RIRWKHU�LQGXVWULHV�� ,QLWLDO�JXHVV�IRU�\HDU�W HTXDOV�PL[�LQ�\HDU�W���

%DODQFLQJ��ORJ�VSHF���XVHG���7KH�HVWLPDWHV�DUH�UXQ�LWHUDWLYHO\EDFNZDUG�VWDUWLQJ�LQ��������1,3$�DJJUHJDWHV�DUH�FRUUHFWHG�DQGVWDQGDUG�GHYLDWLRQV�DUH�FDOFXODWHG�DV�LQ�DOO�SULYDWH�FRPSHQVDWLRQ������������



��

7DEOH����FRQWLQXHG,QGXVWULHV <HDU &RQWUROV�DQG�LQLWLDO�JXHVV 0HWKRG
$OORFDWH�DOO�LQFRPH�RI�RZQHU�RFFXSLHG�KRXVLQJ�DFURVV�LQGXVWULHV
$OO�SULYDWH ��������� 'LUHFW�IURP�WDEOH��������2QO\�LQ�LQGXVWU\�����IRU�RWKHU�HTXDOV�]HUR�

$OORFDWH�DOO�LQFRPH�RI�UHQWDO�YDOXH�RI�QRQ�SURILW¶V�HTXLSPHQW�DQG�VWUXFWXUHV�DFURVV�LQGXVWULHV�
$OO�SULYDWH ��������� � 1DWLRQDO�WRWDOV�IURP�WDEOH������� ,QLWLDO�SDWWHUQ�HTXDOV�FRPSHQVDWLRQ�RI�LQVWLWXWLRQV�WLPHV�UDWLR�RIHDFK�LQFRPH�LQ�*32�GLYLGHG�E\�FRPSHQVDWLRQ�LQ�*32�

'LVDJJUHJDWLRQ�XVHG�
$OORFDWH�EXVLQHVV�WUDQVIHU�SD\PHQWV�E\�LQGXVWU\�DQG�E\�VHFWRU�
$OO�SULYDWH ��������� 'LUHFW�IURP�*32�EHFDXVH�DOO�WUDQVIHUV�DUH�DVVXPHG�WR�EH�FRUSRUDWH�
&DOFXODWH�QRQ�FRUSRUDWH�LQFRPH�H[FOXGLQJ�RZQHU�RFFXSLHG�KRXVLQJ�DQG�UHQWDO�YDOXH�RI�QRQ�SURILW V�HTXLSPHQW�DQG�VWUXFWXUHV�DFURVV�LQGXVWULHV�
$OO�SULYDWH ��������� � &RPSHQVDWLRQ�IRU�QRQFRUSRUDWHV�FDOFXODWHG�DERYH�FRPSHQVDWLRQ�IRU�LPSXWHG�VHFWRUV�HTXDOV�]HUR�� 2WKHU�FRPSRQHQWV�IRU�QRQFRUSRUDWHV�IURP�*32�

'LUHFW�VXEWUDFWLRQ�
$OORFDWH�LQGLUHFW�WD[HV�SOXV�VXEVLGLHV�E\�LQGXVWU\�DQG�E\�VHFWRU�
$OO�SULYDWH ��������� 'LUHFW�IURP�%($� %($�SURYLGHG�WR�XV�WKH�VXP�RI�LQGLUHFW�WD[HV��EXVLQHVV�WUDQVIHUV�DQG�VXEVLGLHV�IRU�FRUSRUDWLRQV�IRU�������������7KH����������GDWD�KDYH�EHHQ�UHYLVHG���$OO�EXVLQHVV�WUDQVIHUV�VXEWUDFWHG�RXW�WR�JHW�LQGLUHFW�WD[HV�SOXV�VXEVLGLHV�



��

7DEOH����FRQWLQXHG,QGXVWULHV <HDU &RQWUROV�DQG�LQLWLDO�JXHVV 0HWKRG
$OO�SULYDWH ��������� � 1DWLRQDO�WRWDOV�IRU�FRUSRUDWH�WD[HV�SOXV�VXEVLGLHV�VXP�WR�WDEOH� �����OHVV�EXVLQHVV�WUDQVIHUV��WDEOH������ 1DWLRQDO�WRWDOV�IRU�QRQFRUSRUDWH�WD[HV�SOXV�VXEVLGLHV�VXP�WR1,3$�WRWDO��WDEOH�������OHVV�FRUSRUDWH�WRWDO��WDEOH�������DQG�OHVVJRYHUQPHQW�HQWHUSULVHV�LQ�WKH�*32�� ,QGXVWU\�WRWDOV�IURP�*32�� ,QLWLDO�JXHVV�HTXDOV�XQUHYLVHG�%($�GDWD�

'LVDJJUHJDWLRQ�XVHG�

$OO�SULYDWH ��������� � ,QLWLDO�SDWWHUQ�HTXDOV�WKH������YDOXH�WLPHV�WKH�UDWLR�RI�YDOXHDGGHG�OHVV�LQGLUHFW�WD[HV�DQG�VXEVLGLHV�LQ������DQG������WR�WKHYDOXH�DGGHG�OHVV�LQGLUHFW�WD[HV�DQG�VXEVLGLHV�LQ������
'LVDJJUHJDWLRQ�XVHG�

$OO�SULYDWH ��������� � 1DWLRQDO�DQG�LQGXVWU\�WRWDOV�IURP�*32�� 7KH�LQLWLDO�JXHVV�,W HTXDOV�WKH�YDOXH�LQ�\HDU�W�� WLPHV�WKH�UDWLRRI�YDOXH�DGGHG�OHVV�WD[HV�DQG�VXEVLGLHV�LQ�\HDU�W�WR�YDOXH�DGGHGOHVV�WD[HV�DQG�VXEVLGLHV�LQ�\HDU�W�����7KH�YDOXH�IRU�W��  �����LV�IURP�DERYH�
%DODQFLQJ��ORJ�VSHF���XVHG���7KH�HVWLPDWHV�DUH�UXQ�LWHUDWLYHO\EDFNZDUG�VWDUWLQJ�LQ��������1,3$�DJJUHJDWHV�DUH�FRUUHFWHG�DQGVWDQGDUG�GHYLDWLRQV�DUH�FDOFXODWHG�DV�LQ�DOO�SULYDWH�FRPSHQVDWLRQ������������

)RU�HDFK�LQGXVWU\��VSOLW�WKH�DJJUHJDWH�RI�LQGLUHFW�EXVLQHVV�WD[HV�OHVV�VXEVLGLHV EHWZHHQ�WD[HV�DQG�VXEVLGLHV�DQG�E\�VHFWRU�
$OO�SULYDWH ��������� � ,QGXVWU\�E\�VHFWRU�VXP�RI�WD[HV�DQG�VXEVLGLHV�FDOFXODWHG�DERYH�� ,QGXVWU\�WRWDO�IRU�WD[HV�IURP�*32�� ,QGXVWU\�WRWDO�IRU�VXEVLGLHV�IURP�*32�� ,QLWLDO�SDWWHUQ�IRU�LQGLUHFW�WD[HV�HTXDOV�YDOXH�DGGHG�H[FHSWLQGLUHFW�WD[HV��WUDQVIHUV�DQG�VXEVLGLHV�E\�LQGXVWU\�DQG�E\�VHFWRUWLPHV�LQGLUHFW�WD[HV�IRU�ZKROH�LQGXVWU\�GLYLGHG�E\�YDOXHG�DGGHGOHVV�WD[HV��WUDQVIHUV�DQG�VXEVLGLHV�IRU�ZKROH�LQGXVWU\�

)RU�LQGXVWULHV�ZKHUH�VXEVLGLHV�HTXDO�]HUR��DVVXPH�VXEVLGLHV�HTXDO]HUR�IRU�DOO�VHFWRUV��WD[HV�HTXDO�WKH�SUHYLRXVO\�FDOOHG�WRWDO�RI�WD[HVDQG�VXEVLGLHV���)RU�LQGXVWULHV�ZKHUH�VXEVLGLHV�QRW�HTXDO�]HUR��XVH%DODQFLQJ��ORJ�VSHF�����)RU�QHJDWLYH�LQLWLDO�JXHVVHV��PXOWLSO\�JXHVVDQG�DOO�FRHIILFLHQWV�LQ�OLQHDU�UHVWULFWLRQV�E\������7UHDW�RZQHU�RFFXSLHG�KRXVLQJ�DQG�UHQWDO�YDOXH�RI�QRQ�SURILW V�FDSLWDO�DVVHSDUDWH�VHFWRUV�
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6SOLW�FRUSRUDWH�FRPSHQVDWLRQ�LQWR�ILQDQFLDO�	�QRQ�ILQDQFLDO
$OO�SULYDWHH[FO���� ��������� � ,QGXVWULHV�������DUH�ILQDQFLDO�� ,QGXVWULHV�H[FOXGLQJ�����������DUH�QRQILQDQFLDO�
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7DEOH����FRQWLQXHG,QGXVWULHV <HDU &RQWUROV�DQG�LQLWLDO�JXHVV 0HWKRG
,QGXVWU\��� ��������� � 1RQILQDQFLDO�HTXDOV�DOO�FRUSRUDWLRQV�IURP�WDEOH������OHVV�VXPRI�RWKHU�QRQILQDQFLDO�FRUSRUDWLRQV�FDOFXODWHG�DERYH�� )LQDQFLDO�HTXDOV�FRUSRUDWH�WRWDO�IRU����OHVV�QRQILQDQFLDO����

&DOFXODWHG�GLUHFWO\�

6SOLW�HPSOR\HH�KRXUV E\�LQGXVWU\�DQG�E\�VHFWRU�
$OO�SULYDWH � ,QGXVWU\�WRWDO�SUHYLRXVO\�FDOFXODWHG�� 1RQILQDQFLDO�FRUSRUDWH�WRWDO�IURP�%/6�� ,QLWLDO�SDWWHUQ�HTXDOV�FRPSHQVDWLRQ�E\�VHFWRU��LPSXWHG�SDUWV�RIQRQ�FRUSRUDWH�HTXDOV�]HUR�

%$/$1&,1*��ORJ�VSHF���XVHG���6WDQGDUG�GHYLDWLRQV�IRU�FRQWUROVHTXDO�]HUR��RWKHU�VWDQGDUG�GHYLDWLRQV�HTXDO�����

6SOLW�DOO�HPSOR\HHV�DQG�IXOO�WLPH�HTXLYDOHQW�HPSOR\HHV�E\�LQGXVWU\�DQG�E\�VHFWRU�
$OO�SULYDWH ��������� � ,QGXVWU\�WRWDO�IURP�*32�� ,QLWLDO�SDWWHUQ�HTXDOV�HPSOR\HH�KRXUV�VSOLW�E\�LQGXVWU\�DQG�E\VHFWRU�FDOFXODWHG�DERYH�

'LVDJJUHJDWLRQ�XVHG�

6SOLW�QRQ�HPSOR\HH�KRXUV E\�LQGXVWU\�
)DUP ��������� 'LUHFW�IURP�%/6� EXVLQHVV�DOO�SHUVRQV�KRXUV���QRQIDUP�EXVLQHVV�DOO�SHUVRQV�KRXUV�PLQXV�WKH�VDPH�IRU�HPSOR\HH�KRXUV�
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1RQIDUPSULYDWH ��������� � 0DQXIDFWXULQJ�WRWDO�IURP�%/6��DOO�SHUVRQV�KRXUV�OHVV�HPSOR\HHKRXUV��� 1RQPDQXIDFWXULQJ�WRWDO�IURP�%/6��DOO�SHUVRQV�KRXUV��QRQIDUPOHVV�HPSOR\HH�KRXUV��QRQIDUP��OHVV�PDQXIDFWXULQJ�WRWDO�� ,QLWLDO�SDWWHUQ�HTXDOV�SURSULHWRUV LQFRPH�WLPHV�FRPSHQVDWLRQSHU�HPSOR\HH�KRXUV�

� 'LVDJJUHJDWLRQ�XVHG���$OO�QRQ�HPSOR\HH�KRXUV�DUH�QRQ�FRUSRUDWH���&RUSRUDWH�QRQ�HPSOR\HH�KRXUV�HTXDO�]HUR�
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7DEOH����FRQWLQXHG
,QGXVWULHV <HDU &RQWUROV�DQG�LQLWLDO�JXHVV 0HWKRG
6SOLW�VHOI�HPSOR\HG�FRPSHQVDWLRQ E\�LQGXVWU\�
)DUP ��������� 'LUHFW�IURP�%/6��DOO�SHUVRQV�FRPSHQVDWLRQ�OHVV�HPSOR\HH�FRPSHQVDWLRQ�IRU�EXVLQHVV�PLQXV�WKH�VDPH�IRU�QRQIDUP�EXVLQHVV��
1RQ�IDUP ��������� � 7RWDOV�IRU�GXUDEOH�PDQXIDFWXULQJ��QRQGXUDEOH�PDQXIDFWXULQJ�DQG�RWKHU�QRQ�IDUP�GLUHFW�IURP�%/6��DOO�SHUVRQV�FRPSHQVDWLRQOHVV�HPSOR\HH�FRPSHQVDWLRQ����2WKHU�QRQ�IDUP�FDOFXODWHG�DVQRQIDUP�EXVLQHVV�OHVV�PDQXIDFWXULQJ�� ,QLWLDO�SDWWHUQ�HTXDOV�VHOI�HPSOR\HG�KRXUV�WLPHV�FRPSHQVDWLRQSHU�KRXU�RI�HPSOR\HHV�

'LVDJJUHJDWLRQ�XVHG�

(VWLPDWH�OHJDO�IRUP�VSOLWV�RI�LQYHVWPHQW�E\�LQGXVWU\�DQG�E\�DVVHW�W\SH�
$OO�SULYDWH ��������� � 7RWDO�IRU�HDFK�LQGXVWU\�[�DVVHW�W\SH�IURP�XQSXEOLVKHG�%($HVWLPDWHV�DYDLODEOH�DW�KWWS���ZZZ�EHD�JRY�EHD�GQ�IDZHE��� 7RWDO�LQYHVWPHQW�E\�OHJDO�IRUP�IRU�HTXLSPHQW�DQG�IRUVWUXFWXUHV�IURP�WDEOH�����RI�6WDQGDUG�)L[HG�$VVHW�7DEOHVSXEOLVKHG�E\�%($�� 8VH�WRWDOV�IRU�HDFK�LQGXVWU\�DV�D�SDWWHUQ�

%DODQFLQJ��ORJ�VSHF���XVHG�LQ�HDFK�\HDU�





Table 4
Growth Accounting, Nonfarm Business

Capital Services Labor Services Net

Mat. ICT Eqp. Str. Hours Reall. Qual. TFP Output

1978-2001 0.16 0.70 0.24 0.35 0.66 0.37 0.17 0.45 3.10

1978-1989 -0.08 0.52 0.22 0.46 0.81 0.54 0.20 0.20 2.88

1990-1995 0.71 0.59 0.15 0.24 0.37 -0.05 0.17 0.54 2.72

1996-2001 0.09 1.17 0.36 0.24 0.63 0.46 0.10 0.88 3.93
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Table 5a
Growth Accounting

(1977-1989)

Domar Capital Services Labor Serv.

weight Mat. ICT Eqp. Str. Hours Qual. TFP Output

Agricultural services 0.7 -0.28 0.12 0.31 0.19 3.02 0.06 2.09 5.52

Metal mining 0.2 -0.85 0.02 -0.31 0.20 -0.69 0.09 2.33 0.79

Coal mining 0.8 1.14 0.01 -0.24 0.39 -1.07 0.13 2.54 2.90

Oil and gas extraction 4.4 0.27 0.14 0.13 1.22 0.25 0.04 -2.97 -0.92

Other mineral mining 0.4 -0.37 0.03 0.04 0.26 0.05 0.11 0.45 0.57

Construction 10.7 0.06 0.01 -0.09 0.02 1.17 0.11 -0.47 0.81

Lumber and wood 1.3 0.27 0.03 -0.16 0.04 0.09 0.21 1.08 1.56

Furniture and fixtures 0.9 1.57 0.04 0.03 0.06 0.36 0.13 0.28 2.48

Stone, clay, and glass 1.5 0.30 0.13 -0.13 -0.01 -0.16 0.08 0.30 0.50

Primary metalss 3.3 -0.24 0.02 -0.08 -0.04 -0.91 0.10 -0.11 -1.26

Fabricated metals 3.9 -0.16 0.07 0.11 0.04 -0.20 0.10 0.54 0.50

Machinery 5.6 1.46 0.29 0.14 0.07 0.05 0.19 2.91 5.11

Electrical machinery 3.9 1.34 0.43 0.23 0.12 0.35 0.31 1.93 4.70

Motor vehicles 4.3 1.53 0.07 0.00 0.04 -0.31 0.14 -0.56 0.91

Other transportation equip. 2.7 2.01 0.33 0.07 0.09 1.02 0.28 -0.11 3.68

Instruments 2.6 2.99 0.28 0.04 0.12 0.50 0.26 1.19 5.37

Miscellaneous manufacturing 0.9 -0.70 0.06 -0.01 0.03 0.05 0.21 0.97 0.60

Food 7.7 1.30 0.06 0.07 0.02 0.02 0.05 0.72 2.24

Tobacco 0.5 5.50 0.10 0.25 0.18 -0.41 0.05 -6.35 -0.68

Textiles 1.3 -0.59 0.06 -0.10 -0.04 -0.58 0.12 1.36 0.23

Apparel 1.6 -0.12 0.04 -0.03 0.03 -0.50 0.13 1.24 0.78

Paper 2.2 1.74 0.12 0.31 0.05 0.03 0.15 0.11 2.51

Printing 2.9 2.35 0.30 0.08 0.09 1.20 0.14 -0.83 3.34

Chemicals 4.9 1.06 0.13 0.11 0.09 0.00 0.08 0.68 2.14

Petroleum 5.0 -1.06 0.03 0.04 0.01 -0.09 0.02 0.90 -0.16

Rubber and plastics 2.1 1.50 0.06 0.06 0.07 0.38 0.13 1.35 3.54

Leather 0.3 -3.47 0.01 -0.08 -0.02 -1.97 0.20 1.18 -4.15

Railroad transportation 0.9 0.33 0.09 -0.23 -0.51 -1.08 0.09 3.54 2.23

Local & interurban transit 0.4 -0.45 0.14 0.02 0.17 0.91 0.15 -1.77 -0.84

Trucking and warehousing 2.4 2.74 0.04 0.45 0.03 0.49 0.15 0.40 4.31

Water transportation 0.7 -1.37 0.03 -0.50 0.09 0.14 0.11 -0.10 -1.59
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Table 5a
Growth Accounting

(1977-1989)

Domar Capital Services Labor Serv.

weight Mat. ICT Eqp. Str. Hours Qual. TFP Output

Transportation by air 1.6 3.09 0.13 0.44 0.17 2.21 -0.01 1.16 7.20

Pipelines, ex. natural gas 0.3 1.03 0.03 -0.03 -0.52 0.07 0.05 -1.09 -0.47

Transportation services 0.5 -0.36 0.34 0.03 0.07 2.50 0.20 0.64 3.42

Telephone and telegraph 3.3 0.34 1.44 0.19 0.86 0.05 0.11 1.56 4.56

Radio and television 0.9 2.53 1.01 0.13 0.88 0.16 -0.07 -1.44 3.20

Utilities 5.8 0.75 0.44 0.71 0.65 0.29 0.08 -0.89 2.04

Wholesale trade 11.8 0.21 0.30 0.16 0.29 1.04 0.13 1.50 3.63

Retail trade 16.2 0.89 0.51 0.16 0.19 1.80 0.12 -0.55 3.14

Depository institutions 4.5 0.98 0.97 0.50 0.51 0.58 0.13 -0.76 2.91

Nondepository institutions 0.6 0.30 1.76 1.53 0.08 15.94 0.20 -14.53 5.29

Security/commodity brokers 1.0 3.34 0.87 0.29 0.57 4.86 0.36 0.50 10.79

Insurance carriers 3.0 3.46 0.60 0.28 0.34 1.05 0.10 -3.45 2.37

Insurance agents 1.1 0.33 0.13 -0.05 0.02 2.12 0.15 -0.88 1.84

Nonfarm housing services 2.7 -0.03 0.00 0.00 1.62 -0.05 0.02 1.40 2.97

Other real estate 4.7 3.58 0.13 0.27 1.80 0.32 0.06 0.52 6.68

Investment offices 0.4 5.67 1.45 0.54 1.07 2.70 0.19 -8.14 3.48

Hotels and other lodging 1.4 1.70 0.07 0.16 0.56 1.00 0.15 -1.09 2.55

Personal services 1.1 1.01 -0.03 -0.04 0.05 1.24 0.16 -0.43 1.97

Business services 4.0 2.88 1.90 -0.24 0.14 5.01 0.32 -1.33 8.69

Automobile services 1.6 1.34 0.12 0.50 0.08 1.50 0.09 -0.12 3.52

Misc. repair services 0.7 1.43 0.08 -0.00 0.05 0.92 0.12 0.14 2.73

Motion pictures 0.4 0.81 0.16 0.35 0.25 2.37 -0.04 1.64 5.55

Amusement and recreation 0.9 0.76 -0.06 -0.15 0.21 0.72 -0.03 1.69 3.14

Health services 5.5 3.30 0.21 0.07 0.22 1.96 0.19 -2.08 3.86

Legal services 1.6 1.77 0.35 0.17 0.10 3.59 0.09 -2.18 3.88

Educational services 0.7 3.40 0.05 -0.00 0.12 0.20 0.02 0.04 3.83

Social services 0.5 7.63 0.17 0.04 0.05 2.88 0.00 -1.07 9.70

Membership organizations 0.8 0.34 0.06 0.01 0.02 4.65 0.12 -3.87 1.33

Other services 3.5 2.22 0.46 0.09 0.13 -2.40 0.15 5.51 6.14
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Table 5b
Growth Accounting

(1990-1995)

Domar Capital Services Labor Serv.

weight Mat. ICT Eqp. Str. Hours Qual. TFP Output

Agricultural services 0.8 0.91 0.22 0.99 0.12 1.52 0.01 -0.80 2.97

Metal mining 0.1 -3.31 0.58 0.12 -0.27 -0.30 0.06 1.91 -1.21

Coal mining 0.5 -0.97 0.15 -0.07 0.14 -1.08 0.07 3.16 1.39

Oil and gas extraction 1.8 -0.94 0.09 -0.56 -0.27 -0.25 0.03 0.85 -1.03

Other mineral mining 0.3 -0.03 0.19 0.07 -0.07 -0.02 0.07 0.66 0.88

Construction 8.5 -0.11 0.11 0.00 0.01 0.06 0.13 -0.23 -0.02

Lumber and wood 1.2 1.86 0.10 -0.11 0.01 0.21 0.05 -1.73 0.40

Furniture and fixtures 0.8 1.31 0.10 0.02 0.02 -0.14 0.11 0.38 1.79

Stone, clay, and glass 1.1 -0.13 0.02 -0.10 -0.04 -0.19 0.15 1.02 0.74

Primary metalss 2.2 0.36 0.03 -0.09 -0.07 -0.33 0.06 1.25 1.20

Fabricated metals 3.0 0.74 0.15 0.02 0.01 0.05 0.06 0.80 1.84

Machinery 4.6 4.40 0.32 0.02 0.03 -0.09 0.05 2.02 6.74

Electrical machinery 3.7 4.19 0.43 0.24 0.09 -0.49 0.12 5.64 10.22

Motor vehicles 4.0 2.02 0.10 0.09 0.03 0.74 0.06 0.70 3.74

Other transportation equip. 2.3 -1.49 -0.03 -0.07 0.05 -2.38 0.05 -0.94 -4.80

Instruments 2.4 2.58 0.45 -0.03 0.06 -1.00 0.27 -1.07 1.25

Miscellaneous manufacturing 0.7 1.26 0.13 0.01 0.02 0.00 0.41 -0.47 1.35

Food 6.4 0.67 0.08 0.09 0.03 0.17 0.05 0.63 1.72

Tobacco 0.6 2.09 0.05 -0.08 -0.00 -0.38 0.03 -0.67 1.04

Textiles 1.0 0.58 0.20 -0.06 -0.03 -0.51 0.18 1.49 1.85

Apparel 1.2 1.48 0.11 -0.01 0.02 -0.70 0.19 0.33 1.41

Paper 2.1 1.59 0.16 0.21 0.04 0.02 0.12 -0.50 1.64

Printing 2.8 1.06 0.40 -0.03 0.05 0.21 0.13 -2.37 -0.55

Chemicals 4.6 -0.40 0.47 0.15 0.11 -0.07 0.11 0.79 1.17

Petroleum 2.6 0.40 0.20 0.17 -0.05 -0.14 0.03 -0.40 0.22

Rubber and plastics 2.1 2.56 0.14 0.24 0.06 0.47 0.11 0.87 4.45

Leather 0.1 -3.53 0.08 -0.13 -0.05 -2.20 0.20 2.52 -3.11

Railroad transportation 0.6 0.21 0.07 -0.21 -0.64 -0.32 0.06 3.99 3.15

Local & interurban transit 0.4 0.96 -0.01 0.15 0.24 1.03 0.12 -1.46 1.02

Trucking and warehousing 2.6 2.41 0.20 0.16 0.06 0.40 0.09 1.36 4.67

Water transportation 0.5 0.74 0.02 -0.65 0.07 0.38 0.04 1.60 2.20
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Table 5b
Growth Accounting

(1990-1995)

Domar Capital Services Labor Serv.

weight Mat. ICT Eqp. Str. Hours Qual. TFP Output

Transportation by air 1.7 -0.93 0.31 0.17 0.07 3.16 0.18 0.10 3.07

Pipelines, ex. natural gas 0.1 1.31 0.69 -0.11 -0.38 -0.22 0.01 -3.02 -1.71

Transportation services 0.5 3.09 1.26 -0.18 0.12 1.74 0.07 -0.59 5.50

Telephone and telegraph 3.3 2.76 1.04 0.40 0.34 0.21 0.17 1.85 6.76

Radio and television 0.9 -4.50 1.69 0.22 0.86 0.24 -0.12 2.50 0.89

Utilities 5.1 0.25 0.28 0.34 0.42 -0.02 0.01 0.52 1.80

Wholesale trade 11.5 2.11 0.23 0.20 0.33 0.18 0.02 0.98 4.04

Retail trade 16.2 1.50 0.73 0.01 0.10 1.18 0.11 -0.92 2.71

Depository institutions 4.9 1.11 1.07 -0.34 0.34 -0.69 0.06 -0.16 1.39

Nondepository institutions 1.0 4.34 3.60 1.23 0.06 -2.73 0.04 2.59 9.13

Security/commodity brokers 1.5 3.86 0.10 0.46 0.30 2.54 -0.09 3.61 10.77

Insurance carriers 3.9 -0.62 0.81 0.21 0.27 -0.52 0.11 -0.11 0.15

Insurance agents 1.2 1.11 0.17 0.13 0.02 0.56 0.19 -3.52 -1.35

Nonfarm housing services 3.0 -0.49 0.00 0.00 0.57 0.23 0.01 0.68 1.00

Other real estate 6.8 2.49 0.55 0.01 0.80 -0.11 0.01 -0.14 3.61

Investment offices 0.4 1.09 0.01 -0.11 0.90 -0.05 -0.05 -0.24 1.56

Hotels and other lodging 1.6 0.93 0.10 0.16 0.31 -0.65 -0.01 1.29 2.13

Personal services 1.2 1.59 0.23 -0.03 0.05 0.50 0.23 -1.01 1.55

Business services 6.2 3.21 0.44 0.24 0.05 2.31 0.27 0.31 6.84

Automobile services 1.8 1.57 0.09 1.56 0.05 0.33 0.04 -1.20 2.43

Misc. repair services 0.7 3.88 0.26 -0.06 0.03 0.17 0.05 -1.72 2.61

Motion pictures 0.6 4.93 0.98 0.49 0.25 2.06 -0.02 -3.44 5.25

Amusement and recreation 1.2 4.61 0.05 0.20 0.23 0.21 -0.01 1.85 7.15

Health services 7.4 2.78 0.28 0.03 0.12 0.71 0.23 -1.54 2.61

Legal services 2.1 -0.05 0.18 -0.07 0.02 -0.21 0.43 -0.75 -0.44

Educational services 0.8 2.70 0.07 -0.05 0.07 -0.03 0.03 0.42 3.22

Social services 0.9 2.64 0.16 0.01 0.03 0.73 0.09 0.71 4.38

Membership organizations 0.8 2.56 0.08 -0.01 0.02 -18.85 0.18 19.84 3.81

Other services 4.2 0.83 0.23 -0.01 0.06 0.94 0.39 -0.24 2.18
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Table 5c
Growth Accounting

(1996-2001)

Domar Capital Services Labor Serv.

weight Mat. ICT Eqp. Str. Hours Qual. TFP Output

Agricultural services 0.8 0.99 0.27 1.45 0.06 1.73 0.05 -0.10 4.45

Metal mining 0.1 -5.07 0.06 -0.19 -0.69 -1.58 -0.05 6.69 -0.83

Coal mining 0.3 -0.98 0.16 0.53 -0.02 -0.85 -0.04 2.48 1.29

Oil and gas extraction 1.6 2.23 0.26 0.01 0.02 0.01 -0.01 -1.61 0.90

Other mineral mining 0.2 -1.26 0.37 1.14 0.00 0.02 -0.06 1.67 1.88

Construction 8.5 0.79 0.14 0.29 0.01 1.93 -0.06 -0.27 2.84

Lumber and wood 1.1 1.32 0.12 0.11 -0.00 -0.26 0.13 -0.82 0.59

Furniture and fixtures 0.8 1.06 0.14 0.09 0.01 0.03 0.00 0.15 1.48

Stone, clay, and glass 1.1 0.95 0.27 0.53 0.04 0.16 0.03 -0.82 1.15

Primary metalss 1.8 -1.60 0.08 -0.03 -0.05 -0.46 0.18 0.44 -1.45

Fabricated metals 2.8 1.40 0.20 0.07 0.01 -0.05 0.08 -0.27 1.44

Machinery 4.6 1.49 0.61 0.13 0.03 -0.47 0.07 3.67 5.52

Electrical machinery 4.0 3.67 0.62 0.31 0.18 -0.12 0.24 6.42 11.33

Motor vehicles 4.1 1.45 0.10 0.15 0.01 -0.17 0.06 0.02 1.62

Other transportation equip. 1.8 1.99 0.29 -0.00 0.01 -0.13 0.01 1.64 3.79

Instruments 2.0 3.25 0.63 0.04 0.05 -0.06 0.05 -1.27 2.68

Miscellaneous manufacturing 0.7 -0.13 0.16 0.07 -0.01 -0.50 0.06 2.00 1.65

Food 5.3 2.36 0.11 0.15 0.02 -0.04 -0.02 -1.53 1.07

Tobacco 0.6 5.78 0.05 -0.11 0.02 -0.25 -0.01 -9.16 -3.67

Textiles 0.7 -1.01 0.13 -0.04 -0.05 -1.87 0.10 0.01 -2.73

Apparel 0.9 -0.51 0.09 0.01 -0.00 -2.67 0.10 1.09 -1.89

Paper 1.7 -0.74 0.13 0.08 0.01 -0.43 0.03 -0.15 -1.06

Printing 2.5 0.42 0.68 0.05 0.01 -0.62 0.02 -1.00 -0.43

Chemicals 4.1 0.66 0.38 0.16 0.09 -0.14 0.09 -0.10 1.14

Petroleum 2.2 0.92 0.02 -0.11 -0.05 -0.14 0.01 0.20 0.85

Rubber and plastics 2.0 1.47 0.19 0.35 0.05 -0.18 0.10 0.62 2.61

Leather 0.1 1.92 0.21 0.01 -0.06 -3.91 0.16 -1.93 -3.60

Railroad transportation 0.5 -0.19 0.14 0.02 -0.47 -0.54 0.03 1.26 0.25

Local & interurban transit 0.4 -0.57 0.13 0.85 0.17 1.42 0.04 0.11 2.15

Trucking and warehousing 2.7 1.66 0.15 0.31 0.12 0.86 0.00 -0.22 2.88

Water transportation 0.5 1.28 0.07 -0.24 0.04 0.27 0.03 1.01 2.47
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Table 5c
Growth Accounting

(1996-2001)

Domar Capital Services Labor Serv.

weight Mat. ICT Eqp. Str. Hours Qual. TFP Output

Transportation by air 1.7 0.89 0.84 0.99 0.07 0.32 0.05 0.13 3.29

Pipelines, ex. natural gas 0.1 -1.81 0.77 0.18 -0.35 -0.16 0.01 0.74 -0.61

Transportation services 0.6 1.69 2.48 0.50 0.07 0.68 0.05 -0.64 4.84

Telephone and telegraph 4.0 5.93 2.56 0.51 0.63 0.93 0.08 1.78 12.40

Radio and television 1.1 4.95 3.44 0.73 0.64 1.36 -0.05 -6.92 4.14

Utilities 4.3 1.43 0.25 0.16 0.44 -0.19 0.02 -1.04 1.06

Wholesale trade 11.1 -0.55 0.53 0.22 0.22 0.21 0.08 4.00 4.73

Retail trade 15.8 0.56 1.36 0.23 0.08 0.74 0.03 1.82 4.82

Depository institutions 5.2 0.40 1.84 -0.15 0.14 -0.01 0.13 0.28 2.62

Nondepository institutions 1.7 0.89 5.51 1.84 0.04 1.59 0.07 -1.39 8.55

Security/commodity brokers 2.7 1.49 0.62 0.47 0.18 3.41 0.26 7.66 14.08

Insurance carriers 3.8 -1.38 1.15 0.18 0.18 0.60 0.04 -1.28 -0.51

Insurance agents 1.2 1.76 0.43 0.34 0.02 0.74 0.07 -1.14 2.23

Nonfarm housing services 2.6 0.34 0.00 0.00 1.12 0.12 0.00 -0.80 0.77

Other real estate 7.2 1.98 0.77 0.22 0.55 0.17 0.00 1.38 5.07

Investment offices 0.5 1.32 1.47 0.72 1.04 0.33 0.15 6.51 11.54

Hotels and other lodging 1.6 0.73 0.19 0.21 0.54 1.84 0.14 -2.14 1.52

Personal services 1.2 1.23 0.16 0.05 0.06 0.63 0.11 -0.11 2.13

Business services 8.6 5.06 1.70 0.40 0.07 3.19 0.25 -1.57 9.10

Automobile services 1.8 1.00 0.17 1.05 0.02 0.81 0.07 0.62 3.73

Misc. repair services 0.7 2.25 0.41 0.18 0.02 -0.19 0.07 -2.49 0.25

Motion pictures 0.6 -0.02 0.71 0.22 0.27 1.35 0.12 -0.31 2.34

Amusement and recreation 1.4 2.29 0.18 0.37 0.37 1.73 0.09 -2.25 2.78

Health services 7.3 2.39 0.38 0.07 0.11 1.13 0.03 -1.44 2.66

Legal services 2.0 1.37 0.53 0.02 0.02 1.27 0.12 -0.48 2.85

Educational services 0.8 2.65 0.19 -0.01 0.10 0.27 0.00 -0.48 2.71

Social services 1.0 5.27 0.29 0.02 0.03 0.64 0.02 -0.32 5.95

Membership organizations 0.8 2.41 0.25 0.01 0.03 0.99 0.07 -1.13 2.63

Other services 5.0 2.61 0.54 0.03 0.05 3.17 -0.03 0.51 6.88
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Table 6
Output Contribution from

Capital Services and TFP by Legal Form of Organization

1977-1989 1990-1995 1996-2001

Corp. NCrp. Corp. NCrp. Corp. NCrp.7)3
Nonfarm private business 0.30 -0.06 0.78 -0.11 0.64 1.77

Agricultural services 3.11 1.35 -0.92 -0.44 -0.52 0.95

Mining -1.43 -2.64 0.87 4.14 -0.42 0.73

Manufacturing 0.89 2.24 0.93 -0.41 0.72 2.71

Transportation & utilities 0.18 1.12 0.88 3.52 -0.41 0.83

Wholesale trade 1.52 -0.07 1.19 -1.07 3.97 3.29

Retail trade -0.91 -0.32 -0.87 -1.60 1.76 2.15

Finance, insurance & real estate -2.21 1.65 0.25 0.50 1.06 2.28

Services 0.76 -1.33 0.64 -0.72 -1.99 -0.14

1977-1989 1990-1995 1996-2001&DSLWDO�6HUYLFHV
Corp. NCrp. Corp. NCrp. Corp. NCrp.

Nonfarm private business 1.18 1.27 0.99 0.43 1.83 0.85

Agricultural services -4.15 -0.89 2.02 0.26 2.58 0.36

Mining 1.13 2.00 -0.29 -1.06 0.67 -0.97

Manufacturing 0.38 0.06 0.40 -0.11 0.59 0.12

Transportation & utilities 1.39 1.31 1.07 0.52 2.06 1.23

Wholesale trade 0.79 -2.16 0.68 0.81 0.93 0.98

Retail trade 0.95 -0.29 0.86 0.44 1.72 0.96

Finance, insurance & real estate 2.24 1.63 1.61 0.53 2.59 0.75

Services 1.01 0.44 0.71 0.16 1.39 0.41
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Table 7
Effect of Y2K Spending on TFP Growth

$150 billion $50 b.

Activity 1995 1996 1997 1998 1999 2000 2001 Cum. Cum.

Nonfarm private business 0.05 0.17 0.26 0.22 0.10 -0.12 -0.13 0.56 0.14

Forestry, fishing, agrc. services 0.00 0.00 0.00 0.00 0.00 -0.00 -0.00 0.01 0.00

Mining and construction 0.02 0.05 0.09 0.08 0.04 -0.03 -0.04 0.21 0.05

Manufacturing 0.02 0.06 0.09 0.08 0.03 -0.04 -0.04 0.21 0.05

Durable goods 0.02 0.08 0.11 0.10 0.04 -0.05 -0.05 0.25 0.06

Electronic eq. and instr. 0.04 0.14 0.17 0.13 0.05 -0.07 -0.08 0.39 0.10

Motor vehicles & equipment 0.01 0.02 0.02 0.02 0.01 -0.01 -0.01 0.06 0.01

Other mfg. durables 0.02 0.06 0.10 0.09 0.04 -0.04 -0.04 0.21 0.05

Nondurable goods 0.01 0.04 0.06 0.05 0.02 -0.02 -0.03 0.13 0.03

Chemical, petroleum, coal 0.01 0.03 0.04 0.04 0.02 -0.02 -0.02 0.10 0.02

Excluding petrochemicals 0.01 0.04 0.06 0.05 0.02 -0.02 -0.03 0.13 0.03

Transportation and utilities 0.05 0.17 0.25 0.21 0.11 -0.11 -0.11 0.57 0.14

Communications 0.11 0.36 0.52 0.41 0.21 -0.23 -0.21 1.16 0.29

Excluding communications 0.03 0.08 0.13 0.12 0.06 -0.05 -0.06 0.31 0.08

Wholesale and retail trade 0.04 0.12 0.18 0.16 0.08 -0.08 -0.09 0.41 0.10

Finance, insurance & real estate 0.05 0.14 0.21 0.17 0.07 -0.09 -0.10 0.45 0.11

Depository & nondepository 0.09 0.32 0.44 0.35 0.14 -0.19 -0.21 0.93 0.23

Other finance & insurance 0.05 0.09 0.14 0.12 0.05 -0.06 -0.07 0.31 0.08

Real estate 0.01 0.04 0.07 0.06 0.03 -0.02 -0.03 0.17 0.04

Services 0.06 0.20 0.29 0.24 0.09 -0.15 -0.14 0.59 0.15

Business & other services 0.08 0.25 0.36 0.29 0.09 -0.20 -0.18 0.69 0.17

Recreation & motion pictures 0.03 0.09 0.13 0.10 0.00 -0.06 -0.06 0.24 0.06

Other services 0.05 0.16 0.24 0.20 0.09 -0.10 -0.11 0.52 0.13
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