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('*$5�9HUVLRQ�����SURYLGHV�JOREDO�DQQXDO�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV��ERWK�SHU�UHJLRQ�DQG�RQ�D��R[�R JULG��7KHRYHUDOO�DLP�IRU�9HUVLRQ�����ZDV�WR�XSGDWH�WKH�LQYHQWRULHV�IURP������ WR�������DQG�IRU�GLUHFW�JUHHQKRXVH�JDVHV�DOVR� WR������WR�LQFOXGH�QHZ�JUHHQKRXVH�JDVHV��$IWHU�FRQVXOWDWLRQ�RI�WKH�XVHUV��WKH�REMHFWLYHV�KDYH�EHHQ�VRPHZKDW�FKDQJHG�DQGH[WHQGHG�� 7KXV�� VSHFLILF� DLPV� ZHUH�� �D�� XSGDWH�H[WHQVLRQ� IURP� ����� WR� ������ �E�� H[WHQG� WLPH� VHULHV� IRU� GLUHFWJUHHQKRXVH�JDVHV�WR�������������F��LQFOXGH�QHZ�JUHHQKRXVH�JDVHV�+)&V��3)&V��6)�� �G���JUHHQKRXVH�JDVHV�DOVR�RQ�SHUFRXQWU\�EDVLV�XVLQJ� ,3&&�VRXUFH�FDWHJRULHV�� �H�� LQFOXGH�30[� �I�� LPSURYH�LQFOXGH�XQFHUWDLQW\� DQG� WLPH�SURILOHV��$OVRGXULQJ�WKH�SURMHFW��ZH�KDYH�WULHG�WR�LGHQWLI\�WKH�PRVW�XUJHQW�ZLVKHV�RI�FXUUHQW�DQG�SRWHQWLDO�XVHUV�DQG�FKHFNHG�ZKHWKHUZH�FRXOG�LQFOXGH�WKHVH�LQ�WKH�XSGDWH�SURJUDPPH��,Q�DGGLWLRQ�WKH�ZRUN�LV�OLQNHG�LQWR�DQG�SDUW�RI�WKH�*OREDO�(PLVVLRQV
,QYHQWRU\�$FWLYLW\��*(,$� RI�,*%3�,*$&�

&RPSRXQGV)RU� XSGDWLQJ� DQG� H[WHQGHG� WLPH� VHULHV� GLIIHUHQW� SULRULWLHVZHUH�JLYHQ�IRU�IRXU�JURXS�RI�JDVHV�� GLUHFW� JUHHQKRXVH� JDVHV� &2�� &+�� 1�2 DQG� QHZ� JDVHV+)&V��3)&V��6)�� ���������� R]RQH� SUHFXUVRUV� &2��12[� 1092&� DV� ZHOO� DV� 62� DQG1+�� XSGDWH����DQG���� DGG�30[ EDVHG�RQ�712�VWXG\�UHVXOWV�IRU�(XURSH� H[WHQG�&)&V��KDORQV��+&)&V�WR�����������6SHFLDO�DWWHQWLRQ�ZDV�JLYHQ�WR�WKH�FRPSLODWLRQ�RI�D�UHIHUHQFHGDWDVHW�IRU�QHZ�)�JDVHV�DV�QRQH�ZDV�DYDLODEOH�
$SSURDFK)RU� WKH� XSGDWH� RI� WKH� FXUUHQW�9HUVLRQ� ����� ZH� IROORZHG� WKHIROORZLQJ�SULQFLSOH�� $FWLYLW\� GDWD� XSGDWH� E\� LQFOXGLQJ� UHOHYDQW� VWDWLVWLFV� IRUWKH� SHULRG� ����������� DIWHU� FKHFNLQJ� IRU� SRVVLEOHFKDQJHV�RI�VRXUFH�FDWHJRULHV��WKLV�LPSOLHV�WKH�LQFOXVLRQ�RIWKH�µQHZ¶�FRXQWULHV��H�J��IRU�WKH�IRUPHU�8665� (PLVVLRQ� IDFWRUV� RQO\� WR� EH� FKDQJHG� IRU� ����� LIYDOLGDWLRQ� VKRZHG� PDMRU� GLVFUHSDQFLHV�� RQO\� WR� EHFKDQJHG�IRU������FRPSDUHG�WR������LI�WKHUH�DUH�FRQFUHWHLQGLFDWLRQV� WKDW� WKHUH�PDMRU� FKDQJHV� KDYH� RFFXUUHG� WKDWFDQQRW�EH�QHJOHFWHG��WKH�VDPH�KROGV�IRU�IDFWRUV�IRU������LQ�SDUWLFXODU�IRU�GLUHFW�JUHHQKRXVH�JDVHV�� *ULG�PDSV� RQO\�WR�EH�XSGDWHG�LI�PDSV�DYDLODEOH�RI�EHWWHUTXDOLW\�RU�EHWWHU�DSSOLFDELOLW\�
9DOLGDWLRQ,Q� RUGHU� WR� MXGJH� ZKHWKHU� XSGDWH� RI� PHWKRGV� RU� HPLVVLRQIDFWRUV�IRU������LV�QHHGHG��D�YDOLGDWLRQ�RI�9����GDWD�IRU�����ZDV� SHUIRUPHG�� IRU� JUHHQKRXVH� JDVHV� ZLWK� 1DWLRQDO&RPPXQLFDWLRQV� VXEPLWWHG� XQGHU� WKH� 81� &OLPDWH&RQYHQWLRQ�DQG�IRU�RWKHU�JDVHV�ZLWK�GDWD� IURP�&25,1$,5�*(,$� DQG� RWKHUV�� ,Q� DGGLWLRQ�� LQYHQWRULHV� LQ� 1DWLRQDO&RPPXQLFDWLRQV� ZHUH� FKHFNHG� IRU� WKH� XVH� RI� GLIIHUHQWHPLVVLRQ�IDFWRUV�IRU������DQG������LQ�RUGHU�WR�VHOHFW�VRXUFHVDQG� JDVHV� IRU� ZKLFK� VSHFLILF� HPLVVLRQ� IDFWRUV� IRU� ����� LQ('*$5�9����QHHG�WR�EH�GHWHUPLQHG�

7KLV�KDV�EHHQ�GRQH�IRU�WKH�SXUSRVH�RI�WKH�XSGDWH��EXW�DOVR�DVDSSOLFDWLRQ�RI�9HUVLRQ�����DV�UHIHUHQFH�GDWDVHW�IRU�FRPSDULQJZLWK� RIILFLDO� QDWLRQDO� JUHHQKRXVH� JDV� LQYHQWRULHV� WR� IODJSRVVLEOH�LQFRQVLVWHQFLHV�LQ�VRXUFH�DOORFDWLRQ��LQFRPSOHWHQHVVRI� VRXUFHV�� DQG� DUHDV� RI� LQFRPSDUDELOLW\�� ,Q� DGGLWLRQ�� IRU&2�� 12[ DQG�62� D FRPSDULVRQ�ZDV�PDGH�ZLWK�WKH�SUHVHQW*(,$�LQYHQWRULHV��ERWK�RQ�JULG�DQG�SHU�FRXQWU\��IURP�ZKLFKLQWHUHVWLQJ� FRQFOXVLRQV� FRXOG� EH� GUDZQ� UHJDUGLQJ� WKHDSSDUHQW� XQFHUWDLQW\� LQ� LQWHUQDWLRQDO� VWDWLVWLFV�� RQ� HPLVVLRQIDFWRUV�� PLVVLQJ� VRXUFHV� DQG� RQ� DSSDUHQW� VWURQJ� HPLVVLRQWUHQGV�LQ�VSHFLILF�UHJLRQV�VRXUFHV�
*OREDO�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV����������
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)LJ�� �� 7UHQG� LQ� JUHHQKRXVH� JDV� HPLVVLRQV� ���������� RI� WKH� VL[
µ.\RWR¶�JDVHV�LQ�$QQH[�,�FRXQWULHV�DQG�RWKHU�UHJLRQV��LQ�&2��HT��
6RXUFHV�� ('*$5�5,0��� ����� �&2��� +)&V��� %3�� ����� �&2���
:RUOG� %DQN�� ������ )$2�� ����� �&+��� 1�2��� ,0$*(� ����� ����
�&+���1�2���RZQ�HVWLPDWHV�������&+���1�2��+)&V��3)&V��6)���

$FWLYLW\�GDWD1H[W��GDWD�ZHUH�FROOHFWHG�IRU�WKH�SHULRG������������$�PDMRUSDUW�FRXOG�EH�GUDZQ�IURP�,($��HQHUJ\���81��VXSSOHPHQWDU\HQHUJ\�� LQGXVWULDO� SURGXFWLRQ�� DQG� )$2� �DJULFXOWXUH�GDWDEDVHV�� %XW� IRU� VRPH� VRXUFH� OLNH� ELRIXHOV� DQG� VSHFLILFLQGXVWULDO� SURGXFWLRQ�RI� FRPPRGLWLHV� OLNH� DGLSLF� DFLG�� QLWULFDFLG�DQG�IOXRULQDWHG�FDUERQV�FRXQWU\�VWDWLVWLFV�DUH�QRW�UHDGLO\DYDLODEOH��)RU�HDFK�RI�WKHVH�ODWWHU�FRPSRXQGV�DGGLWLRQDO�GDWDVRXUFHV� ZHUH� IRXQG� DQG� XVHG�� )RU� ELRIXHOV� ZH� XVH� WKHSUHYLRXV�9����GDWDVHW�IRU�OHVV�GHYHORSHG�FRXQWULHV�DQG�)$2IXHOZRRG�SOXV�,($�GDWD�IRU�2(&'�FRXQWULHV��,Q�DGGLWLRQ��IRU
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WKH� ,3&&� VRXUFHV� µ/DQG�XVH� FKDQJH� DQG� IRUHVWU\¶� �/8&)�DQG� µ:DVWH¶� WKHUH� LV� QR� UHDGLO\� DYDLODEOH� GDWD� LQ� WLPH�VHULHVSHU� FRXQWU\�� +HUH�� LQ� OLQH� ZLWK� WKH� DSSURDFK� WDNHQ� IRU� WKHFRPSLODWLRQ� RI� WKH� *(,$� 1+� LQYHQWRU\�� ELRPDVV� EXUQLQJGDWD��YHJHWDWLRQ�ILUHV��IRU�/8&)�ZHUH�EDVHG�RQ�)$2�UHSRUWVSURYLGLQJ����\HDU�DYHUDJHG�HVWLPDWHV��VXSSOHPHQWHG�ZLWK�DQHVWLPDWH� IRU� DJULFXOWXUDO�ZDVWH� EXUQLQJ� HVVHQWLDOO\� EDVHG� RQWKH�PHWKRGRORJ\� XVHG� IRU�1+�� )RU�ZDVWH�� WKH� DFWLYLW\� GDWDSHU� FRXQWU\� DUH� EDVHG� RQ� D� ILW� ZLWK� RI� LQWHUQDWLRQDO� ZDVWHJHQHUDWLRQ�ILJXUHV�SHU�FDSLWD���DV�UHFHQWO\�SXEOLVKHG�E\�,3&&DQG� UHIHUHQFHV� PHQWLRQHG� WKHUHLQ� �� ZLWK� SHU� FDSLWD� LQFRPHSHU�FRXQWU\�
(PLVVLRQ�IDFWRUV7KH� HPLVVLRQ� IDFWRUV� IRU� GLUHFW� JUHHQKRXVH� JDVHV� &2�� &+�DQG� 1�2 ZLOO� EH� EURXJKW� PRUH� LQ� OLQH� ZLWK� WKH� GHIDXOWVUHFRPPHQGHG� LQ� WKH� 5HYLVHG� ,3&&� *XLGHOLQHV� IRU
*UHHQKRXVH�*DV� ,QYHQWRULHV� DQG� IRU� UHIHUHQFH�SXUSRVHV�DQ\GHSDUWXUHV� IURP� WKHP� ZLOO� EH� FOHDUO\� LGHQWLILHG�� )RU� &2�IURP� IRVVLO� IXHO� XVH�� HPLVVLRQ� IDFWRUV� SHU� GHWDLOHG� IXHO� W\SHZLOO�EH�XVHG��LQ�9�����RQH�DJJUHJDWHG�IDFWRU�IRU�FRDO��RLO�DQGJDV���7KLV�DOVR�PHDQV� WKDW� WKH�DJULFXOWXUDO� HPLVVLRQV�ZLOO�EHDIIHFWHG� FRQVLGHUDEO\� E\� WKH� LQFOXVLRQ� RI� VRPH� µLQGLUHFW¶HPLVVLRQV�� 2WKHU� H[DPSOHV� RI� DUHDV� ZKHUH� HPLVVLRQ� IDFWRUVZLOO�EH�XSGDWHG�DUH�12[ IURP�LQWHUQDWLRQDO�VKLSSLQJ�DQG�&+�IURP�ULFH�DQG�ODQGILOOV�8SGDWHG� HPLVVLRQ� IDFWRUV�� RU� DQRWKHU� PL[� RI� VXE�DFWLYLWLHV�IRU� ����� ZLOO� EH� UHTXLUHG� IRU� VRXUFHV� VXFK� DV� FRDO� PLQLQJ�JDVROLQH�FDUV�� VKLIWLQJ� W\SH�RI� ULFH�FXOWLYDWLRQ�� ODQGILOOV�ZLWKJDV�UHFRYHU\��EXW�DOVR�IRU�SRZHU�SODQWV�DQG�VRPH�LQGXVWULHV�LQFRXQWULHV� ZKHUH� DGGLWLRQDO� FRQWURO� WHFKQRORJ\� H�J�� IRU� 62�DQG�12[ KDV�EHHQ�LQVWDOOHG��)RU�H[WHQVLRQ�WR�HPLVVLRQ�IDFWRUVIRU������VLPLODU�FRQVLGHUDWLRQV�KDYH�EHHQ�PDGH�
8QFHUWDLQW\,W� KDV� EHHQ� DFNQRZOHGJHG�� WKDW� SURYLGLQJ� LPSURYHGXQFHUWDLQW\�HVWLPDWHV�LV�DQ�XUJHQW�QHHG�IRU�PRGHOV�DQG�SROLF\DSSOLFDWLRQV�� EXW� DOVR� WKDW� LW� LV� KDUG� WR� DFKLHYH� RQ� WKH� VKRUWWHUP�RWKHU�WKDQ� WKURXJK�FROOHFWLYH�H[SHUW� MXGJHPHQW��:LWKLQWKH�,3&&�,QYHQWRU\�3URJUDPPH�D�VSHFLDO�DFWLYLW\�KDV�UHFHQWO\EHHQ�VWDUWHG�DLPLQJ� DW� SURYLGLQJ�GHIDXOW� YDOXHV� DQG� D� EHWWHUIUDPHZRUN� IRU� HVWLPDWLQJ� DQG� UHSRUWLQJ� RI� XQFHUWDLQWLHV�� $VLPLODU� DFWLYLW\� ZLOO� VWDUW� ZLWKLQ� *(,$�� DLPLQJ� DW� WKH� VDPHUHVXOWV�DW�FRXQWU\�OHYHO�DV�ZHOO�DV�RQ�JULG�OHYHO��EXW�IRU�D�PRUHH[WHQGHG� JURXS� RI� FRPSRXQGV� DQG� LQ� D� PRUH� VFLHQWLILFVHWWLQJ��&RPSDULVRQV�RI�GLIIHUHQW�GDWDVHWV�� H�J�� DV� GRQH�ZLWKWKH�('*$5�GDWD��PD\�EH�DQ�LQSXW�WR�WKLV�SURFHVV�7KHUHIRUH��LW�ZDV�GHFLGHG�E\�WKH�('*$5�WHDP�WKDW�LW�ZDV�DWSUHVHQW� QRW� IHDVLEOH� WR� JR� EH\RQG� WKH� XQFHUWDLQW\� WDEOHFRPSLOHG� IRU� 9HUVLRQ� ����� H[FHSW� IRU� WKH� DSSDUHQWFRQFOXVLRQV� RQ� XQFHUWDLQW\� WKDW� FRXOG� EH� GUDZQ� IURP� WKHFRPSDULVRQ� RI� 9���� ZLWK� RWKHU� GDWDVHWV� DV� SDUW� RI� WKHYDOLGDWLRQ�DQG�FKHFN�IRU�XUJHQW�DGDSWDWLRQV�
5HVXOWV$V� DQ� H[DPSOH� RI� WKH� FDSDELOLW\� RI� WKH� QHZ� YHUVLRQ� VRPHSUHOLPLQDU\� UHVXOWV� DUH� VKRZQ�KHUH� RI� WKH�KLVWRULFDO� WUHQG� LQJOREDO�HPLVVLRQV�RI�WKH�QHZ�JUHHQKRXVH�JDVHV�DQG�RI�WKH�µVL[JDVHV� LQFOXGHG� LQ� WKH� .\RWR� 3URWRFRO� RQ� WKH� UHGXFWLRQ� RIJUHHQKRXVH� JDV� HPLVVLRQV� LQ� WKH� SHULRG� ���������� E\� VR�FDOOHG� $QQH[� ,� FRXQWULHV� �2(&'� DQG� (FRQRPLHV� ,Q7UDQVLWLRQ���7KHVH�HPLVVLRQV�DUH�HLWKHU�EDVHG�RQ�JOREDO� WRWDODFWLYLW\� GDWD� DQG� VXEVHTXHQWO\� DOORFDWHG� WR� LQGLYLGXDOFRXQWULHV� RU� EDVHG� RQ� DFWLYLW\� GDWD� SHU� FRXQWU\� �H�J�DOXPLQLXP�SURGXFWLRQ���)LJ���� VKRZV� WUHQGV� LQ�+)&V��3)&VDQG�6)�� SHU�DSSOLFDWLRQ��ZKHUHDV�)LJ����SUHVHQWV�WKH�WUHQG�LQ

JOREDO�&2��HT��HPLVVLRQV��E\�JDV�DQG�E\�JURXS�RI�FRXQWULHV�$V�RQH�RI� WKH� ILQDO� SURGXFWV� IURP�9HUVLRQ�����ZH� LQWHQG� WRSXEOLVK� WKH� WUHQG� LQ� HPLVVLRQV�RI� DOO� WKHVH� JDVHV� ���������IRU�DOO� LQGLYLGXDO�FRXQWULHV��$QRWKHU�SURGXFW�RI� WKH�GDWDEDVHDUH� WKH� VR�FDOOHG� ('*$5�+<'(� 9���� LQYHQWRULHV�� ZKLFKSURYLGHV� JULGGHG� DQG� UHJLRQDO� HPLVVLRQV� RI� WKH� GLUHFW� DQGLQGLUHFW� JUHHQKRXVH� JDVHV� LQFOXGHG� LQ� ('*$5� 9���� IRU������ EXW� QRZ� IRU� WKH� ZKROH� SHULRG� ���������� ZLWK� WLPHVWHSV�RI����\HDU�
*OREDO�WUHQG�LQ�)�JDV�HPLVVLRQV����������
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6)��2WKHU�XVH

6)��6HPLFRQGXFWRU�PDQXIDFWXULQJ

6)��0DJQHVLXP�SURGXFWLRQ

6)��(OHFWULFLW\�VHFWRU

+)&�2WKHU�XVH

+)&�IURP����D�XVH

+)&�IURP�+&)&����SURGXFWLRQ

3)&�2WKHU

3)&�6ROYHQW�XVH

3)&�6HPLFRQGXFWRU�PDQXIDFWXULQJ

3)&�$OXPLQLXP�SURGXFWLRQ

(/(&75,&,7<�6(&725

$/80,1,80�352'8&7,21

+&)&����352'8&7,21

)LJ�� ��*OREDO� HPLVVLRQV� RI�+)&V�� 3)&V� DQG� 6)�� ���������� �LQ
&2��HT��

$SSOLFDWLRQV�RI�9HUVLRQ�����WR�GDWH9HUVLRQ� ���� KDV� EHHQ� XVHG� IRU� FRPSDULVRQ� RI� LQYHQWRULHVSURYLGHG� LQ� WKH� ILUVW� 1DWLRQDO� &RPPXQLFDWLRQV� RI� $QQH[� ,FRXQWULHV� DQG� DYDLODEOH� LQYHQWRULHV� UHVXOWLQJ� IURP� FRXQWU\VWXGLHV�IRU�RWKHU�FRXQWULHV��7KLV�KDV�VKRZQ�WR�EH�D�XVHIXO�WRROWR� FKHFN� WKH� VXEPLWWHG� LQYHQWRULHV� IRU� WKHLU� FRPSDUDELOLW\�2WKHU� XVH� RI� WKH� LQYHQWRULHV� LV� E\� PRGHOHUV�� ZKR� FDQGRZQORDG�WKH�JULGGHG�LQYHQWRULHV�DQG�WDEXODU�GDWD�IRU�UHJLRQVIURP�WKH�)73�VLWH�
7KH�WUHQG�IHDWXUHV�RI�WKH�QHZ�('*$5�����LQYHQWRULHV�ZLOO�EHXVHG�IRU�WKH�DQQXDO�(QYLURQPHQWDO�%DODQFH�RI�5,90�DV�ZHOOWR�FDOLEUDWH�QHZ�YHUVLRQV�RI�WKH�HPLVVLRQ�VFHQDULR�PRGXOHV�RIWKH� ,0$*(� PRGHO�� :H� DQWLFLSDWH� WKDW� WKH� QHZ('*$5�*(,$�LQYHQWRULHV�RQ�GLUHFW�JUHHQKRXVH�JDVHV�ZLOO�EHXVHG� DV� VFLHQWLILF� UHIHUHQFH� GDWD� VHWV� IRU� FRPSDULVRQ� RIRIILFLDO� FRXQWU\� GDWD�� ,Q� DGGLWLRQ�� WKH� ('*$5� VRIWZDUH� LVFDSDEOH� RI� FRQYHUWLQJ� RIILFLDO� HPLVVLRQ� ILJXUHV� SHU� FRXQWU\LQWR� JULGGHG� HPLVVLRQV� ZKLFK� FDQ� WKHQ� EH� WHVWHG� RU� HYHQYHULILHG� E\� DWPRVSKHULF� PRGHO� FDOFXODWLRQV�� SURYLGHG� WKDWWKHUH�DUH�VXIILFLHQW�DWPRVSKHULF�FRQFHQWUDWLRQ�PHDVXUHPHQWVWR�FRPSDUH�ZLWK��+HUH�WRR��NQRZOHGJH�RI�WKH�WLPH�SURILOHV�RIVRXUFHV� LV� UHOHYDQW�DVSHFW� WKDW�QHHGV� WR�EH�FRQVLGHUHG��$OVR�('*$5� GDWD� PD\� EH� XVHG� DV� GHIDXOWV� IRU� PRUH� VSDWLDOO\GHWDLOHG�*(,$�LQYHQWRULHV
7KH�)XWXUH"3RVVLEOH� IXWXUH� GLUHFWLRQV� IRU� WKH� ('*$5� V\VWHP� FRXOG� EHWKDW�� LQ� FRRSHUDWLRQ� ZLWK� RWKHU� LQWHUQDWLRQDO� DQG� UHJLRQDORUJDQLVDWLRQV�� WKH� GDWDEDVH� RQ� GLUHFW� JUHHQKRXVH� JDVHV� LVPDLQWDLQHG� IRU� WKH� SXUSRVH� RI� UHIHUHQFH� ('*$5�*(,$GDWDVHW� WR� WKH� RIILFLDO� FRXQWU\� VXEPLVVLRQV� DV� ZHOO� OLQNLQJRIILFLDO� FRXQWU\� GDWD� ZLWK� DWPRVSKHULF� PRGHOV� WKURXJK� WKHFRQYHUVLRQ� WR� WKH� JULG� DV� SDUW� RI� WKH� LQWHUDFWLRQ� EHWZHHQERWWRP�XS� DQG� WRS�GRZQ� HYDOXDWLRQ� RI� DQQXDO� EXGJHWV� DVZHOO� DV� WKH� WUHQG� LQ� WKHP� EDVHG� RQ� ERWWRP�XS� HPLVVLRQLQYHQWRULHV� DQG� WRS�GRZQ� FDOFXODWLRQV� XVLQJ� FRQFHQWUDWLRQPHDVXUHPHQWV�� )RU� WKH� RWKHU� JDVHV� WKH� V\VWHP� FRXOG� SOD\� DVLPLODU�UROH�
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