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� 7 KH�GHYHORSP HQW�RI�( 3 , 6�DQG�* , 6�ZLWKRXW�DGHTXDWH�UHTXLUHP HQW�
DQDO\ VLV�OHG�WR�LWV�GLVFRQWLQXDQFH�DQG�QRQ�XVH��

3̂DUDJUDSK���������̀�

� $ QQXDO�XSGDWLRQ�RI�FKLOG�UHFRUGV�LQ�&7 6�GDWDEDVH�E\�XQDXWKRULVHG�
EDFNHQG�TXHU\�DQG�E\�SDVVLQJ�WKH�ODLG�GRZQ�SURFHGXUH�OHG�WR�
XQUHOLDELOLW\�RI�GDWD�IRU�SODQQLQJ�SXUSRVHV��

3̂DUDJUDSK����̀�

�������, QWURGXFWLRQ��

2 GLVKD�3ULP DU\�( GXFDWLRQ�3URJUDP P H�$ XWKRULW\��2 3( 3$��IXQFWLRQLQJ�XQGHU�WKH�
6FKRRO�DQG�0 DVV�( GXFDWLRQ�' HSDUWP HQW��60 ( ' ��LV�WKH�6WDWH�,P SOHP HQWLQJ�
6RFLHW\��6,6��IRU�RYHUVHHLQJ�WKH�VXFFHVVIXO�LP SOHP HQWDWLRQ�RI�6DUYD�6KLNVKD�
$ EKL\ DQ��66$���D�QDWLRQDO�IODJVKLS�SURJUDP P H�LQ�WKH�6WDWH�WR�DFKLHYH�WKH�JRDOV�RI�
8 QLYHUVDO�( OHP HQWDU\�( GXFDWLRQ��8 ( ( ���) RU�LP SOHP HQWDWLRQ�RI�SURJUDP P H��
YDULRXV�GDWD�ZHUH�WR�EH�FROOHFWHG��FRP SXWHULVHG�DQG�FRP SLOHG�LQ�D�V\ VWHP DWLF�
SURFHVV�IRU�HIIHFWLYH�SODQQLQJ�DQG�SURJUHVV�P RQLWRULQJ���

2 3( 3$�LP SOHP HQWHG�,7�V\ VWHP�RI�H�6LVKX�3URMHFW�FRQVLVWLQJ�RI�VXE�V\ VWHP V�YL]��
&KLOG�7UDFNLQJ�6\ VWHP V��&76���* HRJUDSKLFDO�,QIRUP DWLRQ�6\ VWHP��* ,6��DQG�
( GXFDWLRQ�3HUVRQQHO�,QIRUP DWLRQ�6\ VWHP��( 3,6��GXULQJ���������WR�WUDFN�HDFK�
FKLOG��P LQLP LVH��HOLP LQDWH�GXSOLFDWH�DQG�IDNH�HQUROP HQWV��IRUP XODWLRQ�RI�SODQV�IRU�
IXWXUH�HQWUDQWV�WR�WKH�HGXFDWLRQ�V\ VWHP�ZLWK�LQIUDVWUXFWXUH��GHYHORSP HQW�RI�HDFK�
FKLOG�EDVHG�RQ�KLV��KHU�DFKLHYHP HQWV�WR�HQVXUH�TXDOLW\�HGXFDWLRQ���

��������1 HHG�IRU�FRQGXFWLQJ�IROORZ�XS�$ XGLW��

,P SOHP HQWDWLRQ�RI�,7�V\ VWHP�RI�H�6LVKX�3URMHFW�RI�2 3( 3$�Z DV�DXGLWHG�IRU�WKH�
SHULRG���������DQG�P HQWLRQ�ZDV�P DGH�LQ�3DUDJUDSK�����RI�&$ * ∂ V�5HSRUW��&LYLO��
IRU�WKH�\ HDU�HQGHG�0 DUFK������RQ�* RYHUQP HQW�RI�2 GLVKD�WKDW�&76�IDLOHG�GXH�WR�
GHIHFWLYH�VRIWZDUH�DQG�DEVHQFH�RI�VXSHUYLVLRQ�DQG�P RQLWRULQJ�LQ�LP SOHP HQWDWLRQ�
RI�SURMHFW�DQG�( 3,6�DQG�* ,6�UHP DLQHG�LQFRP SOHWH�GXH�WR�IDXOW\�SODQQLQJ���

7KLV�$ XGLW��LQ�WKH�QDWXUH�RI�IROORZ�XS��ZDV�FRQGXFWHG�ZLWK�WKH�REMHFWLYH�WR�DVVHVV�
ZKHWKHU�UHFRP P HQGDWLRQV�LQ�HDUOLHU�$ XGLW�5 HSRUW�RQ�GHYHORSP HQW�DQG�
P DLQWHQDQFH�RI�,7�V\ VWHP V��( 3,6��* ,6�DQG�&76��LQFOXGLQJ�LQIRUP DWLRQ�VHFXULW\�
ZHUH�DGRSWHG�DGHTXDWHO\�DQG�HIIHFWLYHO\�GXULQJ���������WR�HQVXUH�DFKLHYHP HQW�RI�
XQLYHUVDO�HOHP HQWDU\�HGXFDWLRQ�XQGHU�66$��$ XGLW�ZDV�FRQGXFWHG�ZLWK�WHVW�FKHFN�
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RI�UHFRUGV�RI�2 3( 3$��HLJKW�' LVWULFW�3URMHFW�&RRUGLQDWRUV��' 3&V���HLJKW�%ORFN�
( GXFDWLRQ�2 IILFHUV��%( 2 V������%ORFN�5 HVRXUFH�&HQWHU�&RRUGLQDWRUV��%5 &&V��
DQG����6FKRROV�FRYHULQJ�WKH�SHULRG�IURP����������7KH�LQWHJULW\��DXWKHQWLFLW\�DQG�
UHOLDELOLW\�RI�GDWD�LQ�UHVSHFW�RI�,7�V\ VWHP V�ZHUH�DQDO\ VHG�XVLQJ�VWUXFWXUHG�TXHU\�
ODQJXDJH��64 / ���,QWHUDFWLYH�' DWD�( [ WUDFWLRQ�DQG�$ QDO\ VLV��, ' ( $���7KH�ILQGLQJV�
ZHUH�GLVFXVVHG�ZLWK�&RP P LVVLRQHU�FXP�6HFUHWDU\�RI�WKH�' HSDUWP HQW�ZKR�LV�DOVR�
WKH�6WDWH�3URMHFW�' LUHFWRU�RI�2 3( 3$�LQ�$ XJXVW������DQG�UHVSRQVHV�RI�WKH�
' HSDUWP HQW�ZHUH�FRQVLGHUHG�DQG�VXLWDEO\�LQFRUSRUDWHG�LQ�WKH�5 HSRUW��$ XGLW�
WUDFNHG�WKH�GHYHORSP HQWV�RQ�IROORZLQJ�UHFRP P HQGDWLRQV��

� $G�KRF�DSSURDFK�LQ�WKH�SODQQLQJ�RI�FRP SXWHULVDWLRQ�HIIRUWV�VKRXOG�EH�
DYRLGHG����

* �8 QLTXH�&KLOG�, ' �VKRXOG�EH�DOORWWHG�IRU�HDFK�FKLOG�IRU�WKHLU�LGHQWLILFDWLRQ��
* �,QSXW�DQG�YDOLGDWLRQ�FRQWUROV�VKRXOG�EH�EXLOW�LQ�WR�HQVXUH�FRP SOHWHQHVV�DQG�

FRUUHFWQHVV�RI�WKH�GDWD��

* �,QLWLDWLYHV�VKRXOG�EH�WDNHQ�DW�GLVWULFW�OHYHO�IRU�SURP SW��SHULRGLF�DQG�UHJXODU�
XSGDWLRQ�RI�GDWDEDVH��

$ XGLW�ILQGLQJV�

������, P SOHP HQWDWLRQ�RI�( 3 , 6��* , 6�VXEV\ VWHP V�

' HVSLWH�UHFRP P HQGDWLRQ�P DGH�LQ�WKH�HDUOLHU�$ XGLW�5 HSRUW��DG�KRF�DSSURDFK�
LQ�SODQQLQJ�RI�FRP SXWHULVDWLRQ�FRQWLQXHG�ZKLFK�UHVXOWHG�LQ�IDLOXUH�DQG�
GLVFRQWLQXDQFH�RI�ZHE�EDVHG�( 3 , 6�DQG�GHYHORSP HQW�RI�LQFRP SOHWH�DQG�
XQUHOLDEOH�* , 6���

' XULQJ�������2 3( 3$�UHGHVLJQHG�DQ�HDUOLHU�DSSOLFDWLRQ�L�H���' LVWULFW�,QVSHFWRU�RI�
6FKRRO�6RIWZDUH��' ,66��WR�D�ZHE�EDVHG�FHQWUDOLVHG�( 3,6�VRIWZDUH�WR�DGGUHVV�
GHILFLHQFLHV�LQ�WKH�' ,66�DQG�DGGLWLRQDO�IXQFWLRQDO�UHTXLUHP HQWV�RI�' LVWULFW�3URMHFW�
2 IILFHV��' 32 V���2 3( 3$�DQG�WKH�' LUHFWRUDWH�RI�( OHP HQWDU\�( GXFDWLRQ��' ( ( ��IRU�
P RQLWRULQJ�DQG�VXSHUYLVLRQ�DW�HDFK�VXFK�OHYHOV��%HVLGHV��2 3( 3$�SODQQHG�
LP SOHP HQWDWLRQ�RI�D�* 36�EDVHG�* ,6�VRIWZDUH�IRU�P DSSLQJ�RI�DOO�HGXFDWLRQDO�
LQVWLWXWLRQV�RI�WKH�6WDWH�DQG�FUHDWLRQ�RI�LQIUDVWUXFWXUH�GDWDEDVH�WR�EH�XVHG�DV�D�
GHFLVLRQ�VXSSRUW�V\ VWHP�WRRO�IRU�WRS�P DQDJHP HQW�LQ�HQVXULQJ�TXDOLW\�HGXFDWLRQ���

��������, P SOHP HQWDWLRQ�RI�( 3 , 6�

2 3( 3$�LP SOHP HQWHG�( 3,6�LQ������ZLWK�WKH�REMHFWLYHV�RI�FRP SXWHULVDWLRQ�RI�
SHUVRQQHO�LQIRUP DWLRQ��SHQVLRQ�DQG�JUDWXLW\��SD\�UROO��WUHDVXU\�WUDQVDFWLRQ�DQG�
OHJDO�P DWWHUV�LQ�UHVSHFW�RI�DOO�HP SOR\ HHV��WHDFKHUV�DQG�6KLNVKD�6DKD\ DNV��66V��
XQGHU�' ( ( �DQG�2 3( 3$��7KH�GDWDEDVH�IURP�HDFK�' LVWULFW�,QVSHFWRU��' ,��RI�6FKRRO�
DQG�%' 2�ZDV�WR�EH�FXP XODWHG�DW�UHVSHFWLYH�' 32�WKURXJK�&' V��' 9 ' V��ZKLFK�
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ZRXOG�EH�IXUWKHU�V\ QFKURQLVHG�WR�6WDWH�VHUYHU�DW�2 3( 3$�WKURXJK�9�6$ 7����
FRQQHFWLYLW\�IRU�RQ�OLQH�FHQWUDOLVHG�P RQLWRULQJ�DQG�UHSRUWLQJ���
, ' &2 / �6RIWZDUH�/ LP LWHG��,6/ ���D�* RYHUQP HQW�DJHQF\�ZDV�DVVLJQHG��-XO\�������
WKH�UHVSRQVLELOLW\�IRU�VXFFHVVIXO�LP SOHP HQWDWLRQ�RI�( 3,6�DW�SURMHFW�FRVW�RI�C�������
ODNK����ZLWK�WKH�VWLSXODWLRQ�IRU�FRPSOHWLRQ�ZLWKLQ�VL[�P RQWKV��
��

3URMHFW�* RYHUQDQFH�
$ V�SHU�HVWDEOLVKHG�EHVW�SUDFWLFHV��IRU�LP SOHP HQWDWLRQ�RI�DQ\�,7�SURMHFW�WKDW�
DGGUHVVHV�FRUH�EXVLQHVV�SURFHVVHV�RI�DQ�HQWLW\�WKHUH�VKRXOG�EH�DQ�,7�VWHHULQJ�
FRP P LWWHH�ZLWK�UHSUHVHQWDWLRQ�RI�WRS�VWDNHKROGHUV�WR�RYHUVHH�LWV�RYHUDOO�GLUHFWLRQ�

�������������������������������������������������
����$�YHU\�VP DOO�DSHUWXUH�WHUP LQDO��9 6$ 7��XVHG�LQ�ZLGH�DUHD�QHWZRUN�DV�D�FRP P XQLFDWLRQ�

P HGLXP�
�����&XVWRP LVDWLRQ�RI�H[ LVWLQJ�VRIWZDUH��C������ODNK��' HYHORSP HQW�RI�ZHE�EDVHG�DSSOLFDWLRQ�DQG�

LQWHJ UDWLRQ�Z LWK�H[ LVWLQJ�2 3( 3$ �SRUWDO��C�������ODNK��,P SOHP HQWDWLRQ�IRU�LQGLYLGXDO�VLWH��
C�������ODNK��%DFNORJ�GDWD�HQWU\��C�������ODNK��6NLOOHG�P DQSRZ HU�DW�' ,�2 IILFHV��C�������ODNK�
DQG�P DLQWHQDQFH�IRU�RQH�\ HDU��C������ODNK�
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RI�WKH�,7�LQLWLDWLYHV��&ODXVH����RI�WKH�0 HP RUDQGXP�RI�$ VVRFLDWLRQ�RI�2 3( 3$�
DOVR�VWLSXODWHG�WKDW��6WDWH�3URMHFW�' LUHFWRU��63' ��VKDOO�FRQVWLWXWH�D�6WHHULQJ�* URXS�
IRU�GHYHORSP HQW�DQG�LP SOHP HQWDWLRQ�RI�WKH�SURMHFWV���

$ XGLW�QRWLFHG�WKDW�63' �GLG�QRW�IRUP�D�6WHHULQJ�* URXS�SULRU�WR�WKH�GHYHORSP HQW�
DQG�LP SOHP HQWDWLRQ�RI�( 3,6�LQ�������' XULQJ�LP SOHP HQWDWLRQ�RI�( 3,6��ZKHQ�
SUREOHP V�OLNH�HUURUV�LQ�WKH�VRIWZDUH��QRQ�LQVWDOODWLRQ�RI�( 3,6�LQ�GLIIHUHQW�ILHOG�
RIILFHV��HWF��ZHUH�QRWLFHG��D�6WHHULQJ�&RP P LWWHH����ZDV�IRUP HG�LQ�1 RYHP EHU�
������7KLV�FRP P LWWHH�P HW�RQO\�RQFH�DQG�ZDV�FKDLUHG�E\�' HSXW\�* HQHUDO�
0 DQDJHU��' * 0 ���6\ VWHP V��RI�, ' &2 / �6RIWZDUH�/ LP LWHG��,6/ ���WKH�YHQGRU�IRU�WKH�
SURMHFW�LQVWHDG�RI�EHLQJ�FKDLUHG�E\�DGP LQLVWUDWLYH�DXWKRULW\�IURP�2 3( 3$��7KH�
ORZ�OHYHO�RI�LQYROYHP HQW�RI�2 3( 3$�P DQDJHP HQW�LQ�SURMHFW�LP SOHP HQWDWLRQ�
FOHDUO\�LQGLFDWHG�ODFN�RI�SURMHFW�RZQHUVKLS�E\�WKH�HQWLW\�UHQGHULQJ�WKH�SURMHFW�
GHYHORSP HQW�GLUHFWLRQOHVV��

' XULQJ�GLVFXVVLRQ��$ XJXVW��������&RP P LVVLRQHU�FXP�6HFUHWDU\�DJUHHG�WKDW�KHDG�
RI�DGP LQLVWUDWLYH�HQWLW\�VKRXOG�KHDG�WKH�FRP P LWWHH�WR�P RQLWRU�WKH�GHYHORSP HQW�
DQG�LP SOHP HQWDWLRQ�RI�( 3,6�ZKLFK�ZRXOG�EH�WDNHQ�LQWR�DFFRXQW�LQ�IXWXUH���

, QDGHTXDWH�UHTXLUHP HQW�DQDO\ VLV�

$�VRIWZDUH�QDP HG�µ%( 7$ 1 ∂����ZDV�LQ�XVH�IURP������LQ�����%ORFNV�RI�WKH�6WDWH�
IRU�JHQHUDWLRQ�RI�SD\�ELOOV�RI�WKH�HP SOR\ HHV�DQG�WHDFKHUV��7KH�6WDWH�* RYHUQP HQW�
LQ�* HQHUDO�$ GP LQLVWUDWLRQ��* $��' HSDUWP HQW�KDG�DOVR�LQLWLDWHG�WKH�SURFHVV�RI�
GHYHORSP HQW��0 D\�������RI�+ XP DQ�5 HVRXUFH�0 DQDJHP HQW�6\ VWHP��+ 5 0 6��ZLWK�
WKH�REMHFWLYH�WR�HQDEOH�DOO�HVWDEOLVKP HQWV�RI�DOO�GHSDUWP HQWV�WR�FDUU\�RXW�SHUVRQQHO�
P DQDJHP HQW�WUDQVDFWLRQV�OLNH�UHFUXLWP HQW��SURP RWLRQV��WUDQVIHUV��OHDYH��WUDLQLQJV��
GHSXWDWLRQV��FRXUW�FDVHV��SHQVLRQ��SD\ UROO�SURFHVVLQJ��HWF��WKURXJK�D�ZHE�EDVHG�
V\ VWHP���

: LWKRXW�FRQVLGHULQJ�WKH�XVDELOLW\�RI�+ 5 0 6�DQG�%( 7$ 1��WKH�2 3( 3$�DZDUGHG�
�-XO\�������WKH�ZRUN�RI�GHYHORSP HQW�RI�\ HW�DQRWKHU�VLP LODU�VRIWZDUH�( 3,6�WR�
DGGUHVV�VLP LODU�+ 5�IXQFWLRQDOLWLHV�OLNH�SD\ UROO��SHQVLRQ��FRXUW�FDVHV��7KH�REMHFWLYH�
RI�( 3,6�DOVR�LQFOXGHG�WUDFNLQJ�RI�VFKRRO�OHYHO�YDFDQFLHV��WHDFKHU�UDWLRQDOLVDWLRQ�
DQG�P DQDJHP HQW�RI�WUDQVIHU�DQG�SRVWLQJV��7KH�( 3,6�DLP HG�WR�FRYHU��������
ORFDWLRQV�ZKLFK�LQFOXGHG�����EORFNV�E\�UHGHVLJQLQJ�HDUOLHU�DEDQGRQHG�' ,66���

: H�QRWHG�WKDW�GXULQJ�LP SOHP HQWDWLRQ�VWDJHV��WKHUH�ZDV�LQDGHTXDWH�LQYROYHP HQW�RU�
GLUHFWLRQ�E\�2 3( 3$�P DQDJHP HQW��$ V�D�UHVXOW��RXW�RI�WKH�����WDUJHWHG�ORFDWLRQV��
( 3,6�FRXOG�QRW�EH�LP SOHP HQWHG�LQ�����EORFNV�DV�%( 7$ 1�ZDV�VXFFHVVIXOO\�

�������������������������������������������������
�����$ VVLVWDQW�' LUHFWRU��0 ,6���2 3( 3$��3URJUDP P HU��632��3URJUDP P HU��$ QJXO��' LVWULFW�,QVSHFWRU�

RI�6FKRROV��. KRUGKD��' DWD�( QWU\�2 SHUDWRU��. �1 DJDU��( VWDEOLVKP HQW�2 IILFHU��' ( ( ��DQG�
0 DQDJHU�( [ HFXWLYH��74 0 ��

�����$�VRIWZDUH�GHYHORSHG�E\�2 GLVKD�&RP SXWHU�$ SSOLFDWLRQ�&HQWUH�UHODWLQJ�WR�SD\ UROO�
P DQDJHP HQW�V\ VWHP�RI�3DQFKD\ DWL�5 DM�' HSDUWP HQW��* RYHUQP HQW�RI�2 GLVKD�

�����' ,V�����%ORFNV�������8 / %V�����' 32 V�����' ( ( ���DQG�632���
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UXQQLQJ�WKHUH�DQG�2 3( 3$�KDG�WR�UHGXFH��1 RYHP EHU�������WKH�FRYHUDJH�IURP������
WR�����ORFDWLRQV�H[ FOXGLQJ�����ORFDWLRQV������EORFNV�DQG����8 / %V����

&KHFN�RI�UHFRUGV�RI�VDP SOHG�GLVWULFWV�UHYHDOHG�WKDW�DOO�' 32 V�ZHUH�QRW�XVLQJ�( 3,6��
7KH�' 32 V�ZHUH�P DLQO\�UXQQLQJ�ZLWK�FRQWUDFWXDO�HP SOR\ HHV�DQG�WKHLU�SD\ UROO�
UHFRUGV�ZHUH�EHLQJ�JHQHUDWHG�DQG�P DLQWDLQHG�WKURXJK�( [ FHO�VKHHWV��$ IWHU�XVLQJ�
( 3,6�XS�WR�0 DUFK�������' ,�RI�VFKRROV�DOVR�GLVFRQWLQXHG�WKH�VDP H�DQG�DGRSWHG�WKH�
+ 5 0 6�ZKLFK�ZDV�P DGH�P DQGDWRU\�IRU�DOO�' ' 2 V�IURP�$ SULO�������7 KLV�DOVR�
LQGLFDWHG�LQDGHTXDWH�UHTXLUHP HQW�DQDO\ VLV�EHIRUH�WDNLQJ�XS�WKH�SURMHFW�ZKLFK�
UHVXOWHG�LQ�UHGXFWLRQ�RI�VFRSH�P LGZD\�GXULQJ�LP SOHP HQWDWLRQ�DQG�GLVFRQWLQXDQFH�
RI�( 3,6�LQ�' 32 V�DQG�' ,V���

' XULQJ�GLVFXVVLRQ��$ XJXVW��������&RP P LVVLRQHU�FXP�6HFUHWDU\�DGPLWWHG�ODSVH�RI�
SODQQLQJ�RQ�WKH�SDUW�RI�2 3( 3$�DQG�VWDWHG��$ XJXVW�������WKDW�( 3,6�ZDV�EHLQJ�
XVHG�LQ�6WDWH�3URMHFW�2 IILFH��632��DQG�' ( ( ��%XW�WKH�IDFW�UHP DLQHG�WKDW�WKH�EDVLF�
REMHFWLYH�RI�( 3,6�YL]��WUDFNLQJ�RI�VFKRRO�OHYHO�YDFDQFLHV��FRXUW�FDVHV��WHDFKHU�
UDWLRQDOLVDWLRQ��WUDQVIHU�DQG�SRVWLQJ�FRXOG�QRW�EH�P HW��

3URMHFW�P RQLWRULQJ���3 D\ P HQW�WR�YHQGRU�ZLWKRXW�GHYHORSP HQW�RI�FRQWUDFWHG�
P RGXOH�

: HE�EDVHG�( 3,6�ZDV�WR�VHUYH�DV�DQ�HIIHFWLYH�RQOLQH�+ XP DQ�5 HVRXUFH�,QIRUP DWLRQ�
6\ VWHP��+ 5 ,6��IRU�FHQWUDOLVHG�P RQLWRULQJ�DQG�UHSRUWLQJ�WRRO�IRU�WKH�GHFLVLRQ�
VXSSRUW�V\ VWHP�LQ�WUDFNLQJ�YDFDQFLHV�DQG�FDSDFLW\�P DSSLQJ�DW�YDULRXV�ORFDWLRQV��
2 QH�RI�WKH�REMHFWLYHV�RI�( 3,6�ZDV�WR�KHOS�LQ�WUDQVIHU�DQG�GHSXWDWLRQ�UHODWHG�
GHFLVLRQV��

: H�QRWLFHG�WKDW�GDWD�ZDV�WUDQVP LWWHG�LQ�&' V�E\�WKH�' LVWULFWV�WR�2 3( 3$�LQVWHDG�RI�
V\ QFKURQLVDWLRQ�WKURXJK�WKH�ZHE�DSSOLFDWLRQ���7 R�DQ�DXGLW�TXHU\�WR�IXUQLVK�WKH�
ZHE�DSSOLFDWLRQ�RI�( 3,6�IRU�YHULILFDWLRQ��2 3( 3$�SURGXFHG�D�' 9 ' �FRQWDLQLQJ�
VRP H�UHSRUW�ILOHV�DQG�GDWD�SHUWDLQLQJ�WR�. KRUGKD�' LVWULFW�ZKLFK�GLG�QRW�FRQWDLQ�
WKH�LQWHQGHG�ZHE�DSSOLFDWLRQ�DV�HQYLVDJHG�LQ�WKH�SURMHFW�SURSRVDO��7KLV�LQGLFDWHG�
WKDW�WKH�P RGXOH�ZDV�QRW�GHYHORSHG��

%XW��2 3( 3$�SDLG��$ XJXVW������±�0 D\�������C�������ODNK�ZKLFK�LQFOXGHG�ZHE�
EDVHG�DSSOLFDWLRQ�FRVW�IRU�C�������ODNK�ZLWKRXW�YHULI\ LQJ�WKH�GHOLYHUDEOHV����

7KXV��GXH�WR�QRQ�GHYHORSP HQW�RI�WKH�ZHE�P RGXOH��2 3( 3$�FRXOG�QRW�DFKLHYH�WKH�
HQYLVDJHG�REMHFWLYHV�RI�( 3,6�L�H���VXSHUYLVLRQ�DQG�P RQLWRULQJ�WKURXJK�FHQWUDOLVHG�
UHSRUWLQJ�V\ VWHP�IRU�GHFLVLRQ�VXSSRUW���

' XULQJ�GLVFXVVLRQ��&RP P LVVLRQHU�FXP�6HFUHWDU\�VWDWHG�WKDW�2 3( 3$�VKRXOG�VKDUH�
HYLGHQFH�RI�H[ LVWHQFH�RI�P RGXOH�WR�$ XGLW��LI�DYDLODEOH��+ RZHYHU��WKH�VDP H�ZDV�QRW�
VKRZQ�WR�$ XGLW��6HSWHP EHU��������

7KXV��GXH�WR�SRRU�SURMHFW�SODQQLQJ��RZQHUVKLS�DQG�P RQLWRULQJ�RI�2 3( 3$��ZHE�
EDVHG�( 3,6�VRIWZDUH�FRXOG�QRW�EH�GHYHORSHG�DQG�LP SOHP HQWDWLRQ�RI�WKH�
FXVWRP LVHG�YHUVLRQ�RI�( 3,6�IDLOHG�LQ�VSLWH�RI�H[ SHQGLWXUH�RI�C�������ODNK���
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��������, P SOHP HQWDWLRQ�RI�* HRJUDSKLFDO�, QIRUP DWLRQ�6\ VWHP��* , 6����

2 3( 3$�GHFLGHG��������WR�GHYHORS�D�VWDWHZLGH�* OREDO�3RVLWLRQLQJ�6\ VWHP��* 36��
EDVHG�* HRJUDSKLFDO�,QIRUP DWLRQ�6\ VWHP��* ,6��VRIWZDUH�ZLWK�DOO�WKH�HGXFDWLRQDO�
LQIUDVWUXFWXUH�GHWDLOV�ZLWK�SKRWRJUDSKV�WR�DFW�DV�D�GHFLVLRQ�VXSSRUW�V\ VWHP�WRRO�IRU�
WKH�WRS�P DQDJHP HQW�RI�2 3( 3$�IRU�VSHHG\�DQG�DFFXUDWH�GHFLVLRQ�RQ�SURYLGLQJ�
LQIUDVWUXFWXUH��L�H���VFKRROV��EXLOGLQJV��WRLOHWV��GULQNLQJ�ZDWHU�IDFLOLWLHV��HWF���WR�
HQVXUH�TXDOLW\�HGXFDWLRQ��' HVSLWH�VSHQGLQJ�C������FURUH�RQ�WKH�SURMHFW��2 3( 3$�
IDLOHG�WR�DFKLHYH�WKH�REMHFWLYHV�IRU�UHDVRQV�GHWDLOHG�XQGHU��

' DWD�TXDOLW\�

$�NH\�HOHP HQW�RI�WKH�SURMHFW�ZDV�WR�FUHDWH�D�GDWDEDVH�KDYLQJ�ORFDWLRQDO�
LQIRUP DWLRQ�DQG�DYDLODEOH�DP HQLWLHV�LQ�VFKRROV�LQ�2 GLVKD��7KH�ZRUN�ZDV�DZDUGHG�
WR�2 &&/ ��WKH�YHQGRU�LQ�$ SULO������WR�FUHDWH�WKH�LQIUDVWUXFWXUDO�GDWDEDVH�ZLWKLQ�
WKUHH�P RQWKV��2 &&/ �VXEP LWWHG�LW�LQ�' HFHP EHU������WR�2 3( 3$��6HYHUDO�HUURUV�LQ�
WKH�GDWDEDVH�UHODWHG�WR�VFKRRO�W\ SH��FODVV�UDQJH�RI�VFKRROV��P LVP DWFK�RU�QRQ�
DYDLODELOLW\�RI�SKRWRJUDSKV��HWF��ZHUH�QRWLFHG�E\�63' ��2 3( 3$��2 &&/ �
UHVXEP LWWHG�WKH�GDWD��0 DUFK�������EXW�ZLWK�VLP LODU�HUURUV��7KH�HQWLUH�GDWD�RQ�* ,6�
VXEP LWWHG�E\�2 &&/ �ZDV�WR�EH�VFUXWLQLVHG�DQG�SD\ P HQW�ZDV�WR�EH�UHOHDVHG�DJDLQVW�
WKH�TXDOLW\�RI�ZRUN�GRQH��$�SURMHFW�HYDOXDWLRQ�FRP P LWWHH�HYDOXDWHG�WKH�FODLP�RI�
2 &&/ �LQ�0 DUFK�������,W�ZDV�UHYHDOHG�WKDW�WKH�FRP P LWWHH�RQO\�YHULILHG�WKH�WRWDO�
QXP EHU�RI�VFKRROV�YLV�j�YLV�WKH�DFWXDO�QXP EHU�RI�VFKRROV�VXUYH\ HG�DJDLQVW�ZKLFK�
ERWK�SKRWRJUDSKV�DV�ZHOO�DV�* 36�UHDGLQJV�ZHUH�SUHVHQW�ZLWKRXW�H[ DP LQLQJ�RWKHU�
HUURUV��7KH�ILQDO�SD\ P HQW�ZDV�UHOHDVHG��$ SULO�������WR�WKH�YHQGRU�EDVHG�RQ�WKH�
YHULILFDWLRQ�UHSRUW�VXEP LWWHG�E\�WKH�FRP P LWWHH��7KH�FRP P LWWHH��KRZHYHU��OHIW�D�
JDS�LQ�HQVXULQJ�WKH�TXDOLW\�RI�GDWD�DV�VXEP LWWHG�E\�2 &&/ �GXULQJ�ILQDO�
YHULILFDWLRQ���

$ QDO\ VLV�RI�GDWD�E\�$ XGLW�SHUWDLQLQJ�WR�SKDVH�,�ZRUN�UHYHDOHG�WKH�IROORZLQJ�
HUURUV��

� 2 XW�RI��������UHFRUGV�RI�VFKRROV�FULWLFDO�HUURUV�OLNH�VFKRROV�KDYLQJ�GXSOLFDWH�
ORQJLWXGH�DQG�ODWLWXGH��P LVVLQJ�SKRWRJUDSKV��GXSOLFDWH�SKRWRJUDSKV��HWF��
ZHUH�QRWLFHG�LQ��������VFKRROV�����SHU�FHQW���6XFK�NLQG�RI�HUURUV�ZRXOG�OHDG�
WR�P LVOHDGLQJ�LQIRUP DWLRQ�WR�WKH�WRS�P DQDJHP HQW�LQ�WDNLQJ�GHFLVLRQV�RQ�
SURYLVLRQ�RI�QHZ�VFKRROV��LQIUDVWUXFWXUH�IDFLOLWLHV�WR�WKH�UHTXLUHG�VFKRROV��$ V�
DQ�LQVWDQFH��VRP H�RI�WKH�HUURUV�DUH�LOOXVWUDWHG�EHORZ��

, OOXVWUDWLRQ��������� ' LIIHUHQW�VFKRROV�KDYLQJ�VDP H�ORQJLWXGH�DQG�ODWLWXGH�
1 DP H�RI�WKH�' LVWULFW� 6FKRRO�1 DP H� / DWLWXGH� / RQJLWXGH�

* DQMDP � . RLQSKXOLD�3�6�� ��������� ���������
* DQMDP � . XWXP EDUL�3�6�� ��������� ���������
* DQMDP � 6LDOVLQJ L�3�6�� ��������� ���������
* DQMDP � 7 DEXGLD�3�6�� ��������� ���������

�
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, OOXVWUDWLRQ��������6FKRROV�KDYLQJ�P LVVLQJ�SKRWRJUDSKV�
1 DP H�
RI�WKH�

' LVWULFW�
6FKRRO�1 DP H� 3KRWRJUDSK��� 0 LVVLQJ�

3KRWRJUDSK���
0 LVVLQJ�

3KRWRJUDSK���

$ QJXO� 6DUDVZDWL�6KLVKX�
0 DQGLU� ,0 * B������ 1 XOO� 1 XOO�

$ QJXO� ' �$�9��3XEOLF�6FKRRO� ,0 * B������ 1 XOO� 1 XOO�

$ QJXO� 1 LJDP DQDQGD�,QVWLWXWH�
RI�( GXFDWLRQ� ,0 * B������ 1 XOO� 1 XOO�

, OOXVWUDWLRQ��������6FKRROV�ZKHUH�WKH�SKRWRJUDSKV�ZHUH�GXSOLFDWHG�DJDLQVW�GLIIHUHQW�
VFKRROV�

1 DP H�RI�
WKH�

' LVWULFW�

6FKRRO�1 DP H� 3KRWRJUDSK��� 3KRWRJUDSK��� 3KRWRJUDSK���

$ QJXO� ' DODEHKHUDVDKL�66� 3�,0 * B���� 3�,0 * B����� 3�,0 * B�����
$ QJXO� %UXWL�36� 3�,0 * B���� 3�,0 * B����� 3�,0 * B�����
$ QJXO� 7HQWRORL�66� ,0 * B������ ,0 * B�����J� ,0 * B�����J�
$ QJXO� 1 XDVDKL�36� ,0 * B������ ,0 * B�����J� ,0 * B�����J�

� 2 &&/ �KDG�WR�VXSSO\�WKUHH�SKRWRJUDSKV�IURP�HDFK�VFKRRO��7KLV�P HDQW�
VXEP LVVLRQ�RI����������SKRWRJUDSKV�LQ�UHVSHFW�RI��������VFKRROV�DFURVV�
2 GLVKD��%XW��DXGLW�QRWHG�WKDW�RQO\����SHU�FHQW�SKRWRJUDSKV�ZHUH�XSORDGHG���

7KLV�UHVXOWHG�LQ�VKRUW�VXSSO\�RI����SHU�FHQW�SKRWRJUDSKV�E\�2 &&/ ��7KH�
DEVHQFH�RI�SKRWRJUDSKV�ZRXOG�OHDG�WR�QRQ�LGHQWLILFDWLRQ�RI�WKH�VFKRRO�DQG�WKH�
DFWXDO�FRQGLWLRQ�RI�WKH�VFKRRO�EXLOGLQJ��URRP V��WRLOHWV�DQG�LWV�VXUURXQGLQJV�IRU�
IXUWKHU�SURYLVLRQ�RI�DP HQLWLHV��

� 7KH�VFKRRO�SKRWRJUDSKV�ZHUH�VDYHG�LQ�WKH�GLVNV�LQ�IROGHUV�QDP HG�DV�
FRUUHVSRQGLQJ�EORFN�FRGH��7KH�QDP HV�RI�WKH�ILOHV�DUH�VWRUHG�LQ�WKH�GDWDEDVH�
ILHOG��7KURXJK�WKLV�OLQN��L�H���ILOH�QDP H�RI�WKH�LP DJH��WKH�V\ VWHP�FRXOG�
UHWULHYH�WKH�LP DJH�RI�WKH�VFKRRO��: H�QRWLFHG�WKDW�WKHUH�ZHUH�LQFRUUHFW�LP DJH�
ILOH�QDP HV�LQ�WKH�GDWDEDVH�ZKLFK�ZRXOG�QRW�IHWFK�WKH�OLQNHG�LP DJH�ILOHV��

�����������

�����

&KDUW����������' HWDLOV�RI�SKRWRJUDSKV�UHTXLUHG�YLV�D�YLV�
SKRWRJUDSKV�VXSSOLHG�E\�2 &&/

3KRWRJUDSKV�XSORDGHG�DQG�XVDEOH 3KRWRJUDSKV�VKRUW�VXSSOLHG

3KRWRJUDSKV�XSORDGHG�DQG�XQXVDEOH
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WKHUHE\�RQO\����������SKRWRJUDSKV�ZHUH�WDJJHG�WR�VFKRROV�UHQGHULQJ��������
SKRWRJUDSKV�ZLWKRXW�XVH���

7KXV��WKH�GHYHORSP HQW�RI�HUURU�SURQH�DQG�LQFRP SOHWH�* ,6�VRIWZDUH�ZKLFK�FRXOG�
QRW�EH�SXW�WR�XVH�IRU�SODQQLQJ�DQG�GHFLVLRQ�SXUSRVHV�EHFDXVH�RI�WKH�XQUHOLDELOLW\�
RI�WKH�GDWD��UHQGHUHG�H[ SHQGLWXUH�RI�C������FURUH�LQIUXFWXRXV���

' XULQJ�GLVFXVVLRQ��$ XJXVW��������&RP P LVVLRQHU�FXP�6HFUHWDU\�VWDWHG�WKDW�WKH�
SD\ P HQW�ZDV�UHOHDVHG�WR�2 3( 3$�RQ�WKH�EDVLV�RI�UHFRP P HQGDWLRQV�RI�WHFKQLFDO�
FRP P LWWHH���

%XW��FRP P LWWHH�KDG�UHSUHVHQWDWLRQ� IURP�2 3( 3$�DQG�LW�VKRXOG�KDYH�
UHFRP P HQGHG�IRU�UHOHDVH�RI�SD\ P HQW�DIWHU�DGGUHVVLQJ�DFFXUDF\�DQG�FRP SOHWHQHVV�
RI�WKH�GHOLYHUDEOHV�SURYLGHG�E\�2 &&/ ���

5 HYLYDO�RI�SKDVH�, ,�SURSRVDO�GHVSLWH�HUURQHRXV�GDWDEDVH��

,Q�WKH�FLUFXP VWDQFHV�RI�SUREOHP V�RI�GDWD�UHOLDELOLW\�DQG�XVDELOLW\�RI�* ,6��LW�ZDV�
GHFLGHG�LQ������QRW�WR�JR�DKHDG�ZLWK�SKDVH�, ,�RI�WKH�SURMHFW��+ RZHYHU��RQ�WKH�
EDVLV�RI�FRP P XQLFDWLRQ�UHFHLYHG�IURP�0 �V�* HR�,QIRWHFK�/ LP LWHG��' HFHP EHU�
������WKH�HDUOLHU�SURSRVDO�RI�SKDVH�, ,�ZRUN�IRU�GHYHORSP HQW�RI�ZHE�EDVHG�* ,6�
V\ VWHP�ZDV�DUELWUDULO\�UHYLYHG��-DQXDU\��������: KLOH�2 3( 3$�HQJDJHG�LQ�
LGHQWLI\ LQJ�WKH�DSSURSULDWH�YHQGRU�IRU�GHVLJQLQJ�ZHE�EDVHG�* ,6��WKH�0 LQLVWU\�RI�
+ RXVLQJ�DQG�8 UEDQ�3RYHUW\�$ OOHYLDWLRQ��* R,�LGHQWLILHG����SURSULHWRUV�ZKR�GHDOW�
LQ�* ,6�VRIWZDUH��2 3( 3$��KRZHYHU��DZDUGHG�WKH�ZRUN�RI�SURMHFW�LPSOHP HQWDWLRQ�
WR�* HR�,QIRWHFK�LQ�0 DUFK������ZKLFK�ZDV�RQH�RI�WKH�YHQGRUV�RI�2 &&/ �GXULQJ�
SKDVH�,�ZRUN��7KH�ZRUN�ZDV�VSOLW�LQWR�ILYH�ZRUNV����DQG�DZDUGHG�WR�* HR�,QIRWHFK�
IRU�C�������ODNK�ZLWKRXW�LQYLWLQJ�RSHQ�WHQGHU��H�WHQGHU�RQ�WKH�JURXQG�RI�VLQJOH�
VRXUFH�SURFXUHP HQW�DQG�ZLWKRXW�H[ SORULQJ�SRVVLELOLW\�RI�RWKHU�HOLJLEOH�YHQGRUV���

7KH�* ,6�DSSOLFDWLRQ�ZDV�WR�EH�GHYHORSHG�ZLWK�H[ LVWLQJ�GDWDEDVH�ZLWK�2 3( 3$�
GHYHORSHG�E\�2 &&/ �GXULQJ�SKDVH�,�ZRUN�ZKLFK�FRQWDLQHG�HUURUV�LQ�ORQJLWXGH��
ODWLWXGH��LQIUDVWUXFWXUH�SKRWRJUDSKV��HWF��ZKLFK�KDV�EHHQ�GLVFXVVHG�LQ�WKH�
IRUHJRLQJ�SDUDJUDSK��* HR�,QIRWHFK�ZDV�WR�FRP SOHWH�WKH�ZRUNV�ZLWKLQ�VL[�P RQWKV�
IURP�WKH�GDWH�RI�ZRUN�RUGHU��7KH�DSSOLFDWLRQ�VRIWZDUH�RQ�* ,6�ZDV�LQVWDOOHG�LQ�WKH�
VHUYHU�DW�2 3( 3$�DQG�WHVWHG�LQ�$ XJXVW�������7KH�SKDVH�, ,�ZRUN�VWDWHG�WR�KDYH�
EHHQ�FRP SOHWHG�E\�* HR�,QIRWHFK�ZDV�GHILFLHQW�DV�WKH�ORFDWLRQDO�GDWD�RI�VFKRROV�
�ORQJLWXGH�DQG�ODWLWXGH��ZDV�LQFRUUHFW�DQG�WKH�GHYHORSHG�ZHE�EDVHG�* ,6�V\ VWHP�
ODFNHG�SURYLVLRQ�RI�KDELWDWLRQ�EDVHG�DQDO\ VLV�ZKLFK�ZDV�D�EDVLF�UHTXLUHP HQW�RI�
* ,6�WR�JHW�WKH�LQIRUP DWLRQ�RQ�KDELWDWLRQV�ZKLFK�ZDV�QHHGHG�IRU�SODQQLQJ�IXUWKHU�
VFKRROLQJ�IDFLOLWLHV��

' XULQJ�GLVFXVVLRQ��$ XJXVW��������&RP P LVVLRQHU�FXP�6HFUHWDU\�DVNHG�2 3( 3$�WR�
IXUQLVK�MXVWLILFDWLRQ�WKDW�WKLV�ZHE�EDVHG�* ,6�VRIWZDUH�DFTXLUHG�E\�2 3( 3$�ZDV�

�������������������������������������������������
�����$ UF* ,6�6HUYHU�VWDQGDUG�( GLWLRQ��C�������ODNK��$ UF* ,6�$ UF( GLWRU��C�������ODNK��$ SSOLFDWLRQ�

GHYHORSP HQW�Z LWK�GXDO�ODQJ XDJ H�SRUWDO�C�������ODNK��' DWD�P LJ UDWLRQ�DQG�LQVWDOODWLRQ��WHVWLQJ��
HWF�C�������ODNK��3ULQWLQJ�RI�P DSV�DQG�SODFHP HQW�RI�WHFKQLFDO�H[ SHUWV�C������ODNK�
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WKH�RQO\�VRIWZDUH�DYDLODEOH�LQ�WKH�P DUNHW��2 3( 3$��KRZHYHU��FRXOG�QRW�IXUQLVK�WKH�
MXVWLILFDWLRQ�DV�RI�6HSWHP EHU��������

������ , P SOHP HQWDWLRQ�RI�&KLOG�7 UDFNLQJ�6\ VWHP��&7 6��

$�GDWDEDVH�RI�DOO�FKLOGUHQ�RI������\ HDUV�ZLWK�WKHLU�QDP H��DJH��VH[��FDVWH��
HGXFDWLRQDO�VWDWXV��UHDVRQV�IRU�QRW�DWWHQGLQJ�VFKRRO�DQG�RWKHU�LQGLFDWRUV�ZDV�
GHYHORSHG�RQ�WKH�EDVLV�RI�GDWD�FROOHFWHG�WKURXJK�KRXVHKROG�VXUYH\�GXULQJ�2 ULVVD�
&KLOG�&HQVXV�������7KLV�GDWDEDVH�ZDV�ORDGHG�LQ�WKH�6WDWH�GDWDEDVH�VHUYHU�DQG�
GLVWULFW�VHUYHUV��7KH�REMHFWLYH�ZDV�WR�GHYHORS�DQ�RQOLQH�&76�ZKHUHLQ�WKH�FXUUHQW�
VWDWXV�RI�HDFK�FKLOG�ZRXOG�EH�DYDLODEOH�LQ�WKH�ZHE��7KH�&76�YDOLGDWLRQ�DQG�
XSGDWLQJ�SURFHVV�ZDV�DGRSWHG�WR�XSGDWH�FKDQJHV�RI�WKH�FODVV��HGXFDWLRQ�SURJUHVV�
LQGLFDWRUV��SHUFHQWDJH�RI�P DUNV�VHFXUHG�LQ�WKH�DQQXDO�H[ DP LQDWLRQ���VFKRRO��
GURSRXWV�RI�VFKRROV�DQG�QHZ�DGP LVVLRQV�RI�WKH�FKLOGUHQ�IRU�WKH�\ HDUV�������������
�����DQG�������7KHUHDIWHU��DQRWKHU�FKLOG�VXUYH\�ZDV�FRQGXFWHG�GXULQJ������DQG�
WKH�FKLOG�GDWD�ZDV�VXEVHTXHQWO\�XSGDWHG�IRU�WKH�\ HDUV������DQG�������

$ XGLW�QRWLFHG�WKH�IROORZLQJ�GHILFLHQFLHV��

��������1 RQ�DOORWP HQW�RI�8 QLTXH�&KLOG�, ' ��

' XH�WR�QRQ�DOORWP HQW�RI�8 QLTXH�&KLOG�, ' �WR�HDFK�FKLOG�IRU�WKHLU�LGHQWLILFDWLRQ�
DV�UHFRP P HQGHG�LQ�HDUOLHU�$ XGLW�5 HSRUW��REMHFWLYH�RI�FRQWLQXRXV�WUDFNLQJ�RI�
HDFK�FKLOG�IRU�HGXFDWLRQDO�DQG�HFRQRP LF�VWDWXV�FRXOG�QRW�EH�DFKLHYHG��

2 3( 3$�GHYHORSHG�D�FKLOG�GDWDEDVH��&76��FRQWDLQLQJ�FKLOG�LQIRUP DWLRQ�OLNH�FKLOG�
QDP H��JXDUGLDQ��YLOODJH��VFKRRO��FODVV��GDWH�RI�ELUWK��DQQXDO�DWWHQGDQFH��P DUNV�
VHFXUHG��HWF��DIWHU�FRQGXFWLQJ�D�GRRU�WR�GRRU�VXUYH\�GXULQJ�������8 QGHU�&76��
HDFK�FKLOG�ZDV�WR�EH�SURYLGHG�ZLWK�XQLTXH�FKLOG�FRGH�WR�WUDFN�KLV��KHU�HGXFDWLRQDO�
DQG�VRFLRHFRQRP LF�VWDWXV��7KH�GDWDEDVH�ZDV�XSGDWHG�HYHU\�\ HDU�XS�WR������XQWLO�
LQWURGXFWLRQ�RI�5 LJKW�WR�( GXFDWLRQ�$ FW�������7 UDFNLQJ�WKH�VWDWXV�RI�D�FKLOG�LV�
SRVVLEOH�RQO\�WKURXJK�DGRSWLRQ�RI�XQLTXH�FKLOG�, ' ���2 3( 3$�FODLPHG�WKDW�LW�KDG�
DGRSWHG�WKH�UHFRP P HQGDWLRQ�P DGH�LQ�WKLV�UHJDUG�LQ�WKH�$ XGLW�5 HSRUW�RI�
&RP SWUROOHU�DQG�$ XGLWRU�* HQHUDO�RI�,QGLD��

7KH�FKLOG�GDWDEDVH�ZDV�EXLOW�GXULQJ������DQG�WKLV�ZDV�DJDLQ�YDOLGDWHG�LQ�������
$ FFRUGLQJO\�������FURUH�FKLOG�, ' V�ZHUH�DOORWWHG�WR�DOO�WKH�FKLOGUHQ�RI���WR����\ HDUV�
RI�DJH��,Q�VXEVHTXHQW�\ HDUV�����������&76�XSGDWLRQ�ZDV�GRQH�IRU�WKH�FKLOGUHQ�RI�
���WR����\ HDUV�DJH�JURXS��+ HQFH��GXULQJ�WKH�\ HDUV������WR������WKH�FKDQFHV�RI�
LGHQWLILFDWLRQ�RI�QHZ�FKLOGUHQ�ZRXOG�EH�P HDJUH�DJDLQVW�ZKRP�QHZ�FKLOG�, ' V�ZHUH�
DOORWWHG��%XW��LW�ZDV�REVHUYHG�WKDW����ODNK�QHZ�FKLOG�, ' V�ZHUH�DOORWWHG�GXULQJ�
�����������7KHUH�ZHUH������FURUH�FRGHV�LQ�UHVSHFW�RI�DOO�GLVWULFWV�IRXQG�DOORWWHG�
GXULQJ�����������DV�GHSLFWHG�LQ�WKH�FKDUW�EHORZ���
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7KH�FUHDWLRQ�RI�QHZ�, ' V�ZDV�VL]HDEOH�IURP������WR�������7KLV�LV�EHFDXVH��LQVWHDG�
RI�XVLQJ�XQLTXH�, ' �GXULQJ�XSGDWLRQ�FKLOGUHQ�WUDQVIHUUHG�IURP�RQH�VFKRRO�WR�
DQRWKHU�ZHUH�DOORWWHG�, ' V�DIUHVK��,Q�WKLV�SURFHVV��WKH�VDP H�FKLOG�ZDV�DOORWWHG�
GLIIHUHQW�, ' V�LQ�GLIIHUHQW�\ HDUV�ZKHQ�KH�LV�WUDQVIHUUHG�WR�QHZ�VFKRRO��' DWDEDVH�
DQDO\ VLV�UHYHDOHG�WKDW�LQ�WKH�\ HDU������WKH�QXP EHU�RI�FKLOG�UHFRUGV�ZDV�������ODNK�
RXW�RI�ZKLFK�RQO\�������ODNK�FKLOGUHQ�KDYH�FRQVLVWHQW�FRGH�DFURVV�SUHYLRXV�\ HDUV��
7KHUHIRUH��WKH�SHUIRUP DQFH�WUDFNLQJ�DFURVV�SUHYLRXV�\ HDUV�ZDV�QRW�SRVVLEOH�
DJDLQVW�������ODNK�FKLOGUHQ�ZKLFK�LV�P RUH�WKDQ����SHU�FHQW�RI�WKH�FKLOG�
SRSXODWLRQ��

2 3( 3$�GLG�QRW�XSGDWH�WKH�FKLOG�GDWDEDVH�GXULQJ������GXH�WR�GHOD\ HG�VRIWZDUH�
P RGLILFDWLRQ�SURFHVV�LQ�WXQH�ZLWK�5 7( �$ FW�������,W�FUHDWHG�DQRWKHU�VRIWZDUH�
EDVHG�RQ�5 7( �UHTXLUHP HQW�GXULQJ������DW�D�FRVW�RI�C�������ODNK��,Q�WKH�QHZ�
VRIWZDUH��QHZ�IXQFWLRQDOLWLHV�LQ�WXQH�WR�5 7( �$ FW�ZHUH�DGGHG�DQG�WKH�
IXQFWLRQDOLWLHV�OLNH�SURYLVLRQ�RI�XQLTXH�FKLOG�, ' ��LQIRUP DWLRQ�RQ�DSSHDUDQFH�LQ�
DQQXDO�H[ DP LQDWLRQ��P DUNV�VHFXUHG��HWF��ZHUH�UHP RYHG��7KH�FRGLQJ�SDWWHUQ�LQ�
UHVSHFW�RI�YLOODJHV��VFKRROV�DQG�FKLOGUHQ�ZHUH�FKDQJHG�DQG�WKH�QHZ�GDWDEDVH�ORVW�
WKH�OLQN�WR�WKH�HDUOLHU�GDWDEDVHV�RI������WR��������

: H�IXUWKHU�QRWLFHG�WKDW�GXH�WR�LP SURSHU�UHODWLRQDO�LQWHJULW\�FRQVWUDLQWV�LP SRVHG�
LQWR�WKH�GDWDEDVH�GHVLJQV��WKHUH�ZHUH�P XOWLSOH�FKLOG�QDP HV�P DSSHG�WR�VLQJOH�FKLOG�
, ' ��7KHUH�ZHUH�������VXFK�FDVHV�LQ���������DQG������FDVHV�LQ���������
GDWDEDVHV��

7KXV��ZLWKRXW�D�XQLTXH�FKLOG�, ' ��2 3( 3$�IDLOHG�WR�WUDFN�HDFK�FKLOG�IRU�HGXFDWLRQDO�
VWDWXV�RQ�DQ�DQQXDO�EDVLV��WKHUHE\�GHIHDWLQJ�WKH�REMHFWLYH�RI�LP SOHP HQWDWLRQ�RI�WKH�
VRIWZDUH��' HVSLWH�WKH�UHFRP P HQGDWLRQV�P DGH�LQ�WKH�HDUOLHU�$ XGLW�5 HSRUW��VXFK�
LUUHJXODULWLHV�QRW�RQO\�SHUVLVWHG�EXW�WKH�P DWWHU�ZDV�QRW�ORRNHG�LQWR�ZKLOH�P DNLQJ�
P RGLILFDWLRQ�WR�WKH�&76�LQ�������

&KDUW��������&UHDWLRQ�RI�1 HZ�&KLOG�, ' V�
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' XULQJ�GLVFXVVLRQ��$ XJXVW��������&RP P LVVLRQHU�FXP�6HFUHWDU\�FRQVHQWHG�WR�WKH�
SURSRVDO�RI�2 3( 3$�IRU�P DSSLQJ�WKH�FKLOG�GDWD�RI������DQG������P DQXDOO\��7KH�
IDFW�UHP DLQHG�WKDW�XQLTXH�FKLOG�,' �KDV�QRW�EHHQ�DGRSWHG�VLQFH�������

��������: HDN�DSSOLFDWLRQ�FRQWUROV�DIIHFWLQJ�GDWD�TXDOLW\�

' HVSLWH�UHFRP P HQGDWLRQV�P DGH�LQ�HDUOLHU�$ XGLW�5 HSRUW�WR�EXLOG�LQSXW�DQG�
YDOLGDWLRQ�FRQWUROV�WR�HQVXUH�FRP SOHWH�DQG�FRUUHFWQHVV�RI�GDWD��WKH�VDP H�
LUUHJXODULWLHV�FRQWLQXHG�GXH�WR�ZKLFK�GDWD�UHP DLQHG�XQUHOLDEOH��LQDFFXUDWH�
DQG�IDLOHG�YHU\�SXUSRVH�RI�WUDFNLQJ�HDFK�FKLOG∂ V�HGXFDWLRQ��

$ QDO\ VLV�RI�GDWDEDVH�UHYHDOHG�WKDW�WKHUH�ZHUH�LQFRQVLVWHQW�GDWD�LQ�WKH�GDWDEDVH�DV�
EHORZ��

�L�� $ EVHQFH�RI�UDQJH�FKHFN��: H�IRXQG�WKDW�WKHUH�ZDV�QR�DJH�OHYHO�YDOLGDWLRQ�
LQ�WKH�ILHOG�FDSWXULQJ�WKH�GDWD�L�H���WKH�FODVV�DWWHQGHG�E\�WKH�FKLOG��7KLV�
UHVXOWHG�LQ�HUURQHRXV�GDWD�FDSWXUH��DFURVV�WKH�\ HDUV�FKHFNHG�LQ�$ XGLW��
7KHVH�HUURUV�ZHUH�QRWHG�WR�WKH�H[ WHQW�IURP����������FDVHV�RI���������WR�
���������FDVHV�LQ����������

6LP LODU�YDOLGDWLRQ�FRQWUROV�ZHUH�ODFNLQJ�IRU�ILOOLQJ�FKLOG�FDWHJRU\��6&��67��
2 %&��2 WKHUV��RU�P RWKHU�WRQJXH��EDVHG�RQ�ODQJXDJH�VSRNHQ�LQ�WKH�6WDWH���
UHOLJLRQ��UHDVRQ�IRU�VFKRRO�GURSRXW��HWF��OHDGLQJ�WR�XQUHOLDEOH�GDWD�DQG�
ZURQJ�P DQDJHP HQW�LQIRUP DWLRQ�IRU�SODQQLQJ���

�LL�� ( UURQHRXV�GDWD�W\ SH�GHILQLWLRQ�RI�FHUWDLQ�LP SRUWDQW�ILHOGV���7KH�QDP H�
RI�WKH�FKLOG�DQG�SDUHQW�LQ�WKH�GDWDEDVH�VKRXOG�QRW�FRQWDLQ�QXP EHUV��VSHFLDO�
FKDUDFWHUV��HWF��DV�SUHVHQFH�RI�VXFK�ZRXOG�OHDG�WR�P LVLQIRUP DWLRQ��7KHUH�
ZHUH��������UHFRUGV�RI���������GDWDEDVH�DQG�������UHFRUGV�RI���������
GDWDEDVH�ZKHUH�WKH�QDP HV�RI�FKLOG�DQG�SDUHQW�FRQWDLQHG�QXP EHUV�WKHUHE\�
FRP SURP LVLQJ�WKH�LQWHJULW\�RI�WKH�GDWD�DYDLODEOH�LQ�WKH�VRIWZDUH��

�LLL�� 1 R�UHIHUHQWLDO�LQWHJULW\ �FKHFN��$ XGLW�QRWLFHG�WKDW�WKH�GDWD�HQWU\�VFUHHQ�
DFFHSWHG�FKLOG∂ V�YLOODJH�FRGHV�ZKLFK�ZDV�QRW�YDOLGDWHG�E\�WKH�YLOODJH�
P DVWHU�GDWD��7KLV�UHQGHUHG�����FKLOG�UHFRUGV�RI���������DQG�����UHFRUGV�
RI���������ZLWKRXW�DQ\�YLOODJH��7KXV��WKH�FKLOG�SRSXODWLRQ�UHSRUW�DJDLQVW�
VXFK�YLOODJHV�ZRXOG�P LVOHDG�WKH�SODQQLQJ�IRU�LQIUDVWUXFWXUH��,QVWDQFHV�RI�
VXFK�FDVHV�DUH�DV�IROORZV��

, OOXVWUDWLRQ��������
&KLOG�, ' � 9 LOODJH�&RGH�� 5 HP DUNV�
' ��%��&������� ' ��%��*��9���� 1 RW�DYDLODEOH�LQ�YLOODJH�
' �����&������� ' ��%��*��9���� �GR��
' ��%��&������� ' ��%��*��9���� �GR��
' ��%��&������� ' ��%��*��9���� �GR��
' ��%��&������� ' ��%��*��9���� �GR��
��$ OO�WKHVH�FRGHV�GLG�QRW�H[ LVW�LQ�YLOODJH�P DVWHU�WDEOH�
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6LP LODU�GHVLJQ�SUREOHP�ZDV�DOVR�QRWLFHG�LQ�FDVH�RI�VFKRRO�FRGHV��7KHUH�
ZHUH����������DQG��������FKLOG�UHFRUGV�LQ�WKH���������DQG���������
GDWDEDVHV�UHVSHFWLYHO\�ZKHUH�VFKRRO�FRGHV�GLG�QRW�P DWFK�ZLWK�WKH�VFKRRO�
P DVWHU�WDEOH��7KHVH�FKLOGUHQ�ZHUH�QRW�FRQVLGHUHG�LQ�WKH�VFKRRO�ZLVH�FKLOG�
HQUROP HQW�UHSRUWV��

' XULQJ�GLVFXVVLRQ��$ XJXVW��������WKH�2 3( 3$�VWDWHG�WKDW�WKH�GDWDEDVH�LV�WR�EH�
UHFKHFNHG�DJDLQ��7KH\�DGGHG�WKDW�WKH�YDOLGDWLRQ�IRU�UHOLJLRQ�FRGH�ZDV�JLYLQJ�
SUREOHP�LQ�GLIIHUHQW�EURZVHUV��7KH�IDFW�UHP DLQHG�WKDW�WKH�&76�VWLOO�FRQWDLQHG�
HUURUV��

��������' XSOLFDWH�FKLOG�UHFRUGV�LQ�&76�GDWDEDVH��

$ V�SHU�* R,�LQVWUXFWLRQV��V\ VWHP�RI�YLOODJH�HGXFDWLRQ�UHJLVWHUV��9 ( 5 V��ZDV�
LQWURGXFHG�DW�YLOODJH�OHYHO�WR�WUDFN�DOO�FKLOGUHQ�IURP������\ HDUV�VLQFH�������7KH�
9 ( 5 V�ZHUH�WR�EH�P DLQWDLQHG�E\�WKH�9 LOODJH�( GXFDWLRQ�&RP P LWWHHV��9 ( &V����2 QH�
RI�WKH�SXUSRVHV�RI�VXFK�VXUYH\�ZDV�WR�HOLP LQDWH�JKRVW�FKLOGUHQ�ZKRVH�QDP HV�
DSSHDU�LQ�P RUH�WKDQ�RQH�VFKRRO��%XW��+ HDG�0 DVWHUV��9 ( &V�ZKR�ZHUH�UHVSRQVLEOH�
IRU�XSGDWLQJ�9 ( 5 V�GLG�QRW�P DNH�UHJXODU�XSGDWLRQ�IRU�ZKLFK�2 3( 3$�LQWURGXFHG��
H�9 ( 5�V\ VWHP�DIWHU�FRQGXFWLQJ�D�IUHVK�KRXVHKROG�VXUYH\�LQ�&KLOG�&HQVXV������DW�
D�FRVW�RI�C������FURUH��7KLV�GDWDEDVH�ZDV�YDOLGDWHG�LQ������DW�D�FRVW�RI�C������
FURUH��,W�ZDV�XSGDWHG�LQ�VXEVHTXHQW�\ HDUV�XS�WR������H[ FHSW�IRU�WKH�\ HDU��������

$ QDO\ VLV�RI�DERYH�FKLOG�GDWDEDVHV�UHYHDOHG�WKDW�LQ�FDVH�RI������ODNK�FKLOGUHQ��NH\�
LGHQWLILHUV�OLNH�QDP H��GDWH�RI�ELUWK��JXDUGLDQ�QDP H�DQG�YLOODJH�FRGH�ZDV�H[ DFWO\�
WKH�VDP H�LQGLFDWLQJ�GDWD�UHGXQGDQF\��7KLV�DOVR�LQGLFDWHG�SRVVLELOLW\�RI�JKRVW�
FKLOGUHQ�LQ�VFKRROV��7KH�SUHVHQFH�RI�JKRVW�LQVWDQFHV�KDG�GLUHFW�LP SOLFDWLRQ�RQ�
* RYHUQP HQW�H[ FKHTXHU�LQ�VR�IDU�DV�P LG�GD\�P HDO��IUHH�WH[ WERRN��XQLIRUP�HWF��DUH�
FRQFHUQHG�EHVLGHV�ZURQJ�UHSRUWLQJ�RI�WRWDO�ILJXUHV�LP SDFWLQJ�WKH�SODQQLQJ��

�
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7KHVH�GXSOLFDWHV�ZHUH�GXH�WR�SUHVHQFH�RI�D�FKLOG�UHFRUG�LQ�P RUH�WKDQ�RQH�VFKRRO��
FODVV��GDWD�HQWU\�HUURUV�DQG�VRIWZDUH�SUREOHP V�OLNH�DEVHQFH�RI�YDOLGDWLRQ��7KLV�OHG�
WR�LQFRUUHFW�&76�UHSRUW�RQ�JURVV�HQUROP HQW�UDWLR�DQG�QHW�HQUROP HQW�UDWLR�ZKLFK�
DUH�XVHG�DV�YLWDO�SDUDP HWHUV�IRU�VFKHP H�SODQQLQJ���

' XULQJ�GLVFXVVLRQ��$ XJXVW��������&RP P LVVLRQHU�FXP�6HFUHWDU\�DJUHHG�DQG�VWDWHG�
WKDW�WKLV�ZRXOG�EH�WDNHQ�FDUH�RI�E\�IODJJLQJ�GXSOLFDWH�FKLOG�UHFRUGV�EDVHG�RQ�QDP H�
RI�WKH�FKLOG��SDUHQW�QDP H��GDWH�RI�ELUWK�DQG�YLOODJH�LQ�WKH�VRIWZDUH�IURP�������

��������, UUHJXODU�XSGDWLRQ�RI�&76�GDWD�

' HVSLWH�UHFRP P HQGDWLRQ�P DGH�LQ�HDUOLHU�$ XGLW�5 HSRUW�WR�WDNH�LQLWLDWLYHV�DW�
GLVWULFW�OHYHO�IRU�SURP SW��SHULRGLF�DQG�UHJXODU�XSGDWLRQ�RI�GDWDEDVHV��VXFK�
LUUHJXODU�XSGDWLRQ�FRQWLQXHG�OHDGLQJ�WR�GDWDEDVH�EHFRP LQJ�XQUHOLDEOH�DQG�
LQFRUUHFW��

' DWD�XSGDWLRQ�WR�&76�ZDV�DQ�DQQXDO�SURFHVV��7KH�FKLOG�UHFRUGV�RI�WKH�HDUOLHU�\ HDU�
ZHUH�SULQWHG�E\�WKH�' 32 V�LQ�VSHFLILHG�IRUP DWV����YLOODJH�ZLVH��VFKRRO�ZLVH�IURP�
WKH�V\ VWHP�DQG�GLVWULEXWHG�WR�WKH�9 ( &�RI�HDFK�YLOODJH�DORQJ�ZLWK�EODQN�IRUP DWV����
WKURXJK�WKH�UHVSHFWLYH�%ORFN�5 HVRXUFH�&HQWHU�&RRUGLQDWRU��%5 &&���&OXVWHU�
5 HVRXUFH�&HQWHU�&RRUGLQDWRU��&5 &&���7KHVH�SULQWHG�UHFRUGV�ZHUH�YDOLGDWHG�E\�
HQXP HUDWRUV��+ HDGP DVWHUV��WHDFKHUV��IURP�P DQXDO�DWWHQGDQFH�UHFRUGV��DGP LVVLRQ�
UHJLVWHUV�IRU�LQ�VFKRRO�FKLOGUHQ�DQG�IURP�KRXVH�VXUYH\�LQ�FDVH�RI�FKLOGUHQ�ZKR�
ZHUH�RXW�RI�VFKRRO��WUDQVIHUUHG�WR�RWKHU�VFKRROV��,Q�FDVH�ZKHUH�D�FKLOG�ZDV�LQ�WKH�
OLVW�EXW�ZDV�QRW�LQ�WKH�VFKRRO�DWWHQGDQFH�UHJLVWHU��WKH�HQXP HUDWRU�P DUNHG�WKH�FKLOG�
UHFRUG�DV�GHOHWHG��WUDQVIHUUHG�WR�RWKHU�VFKRRO��RXW�RI�VFKRRO��HWF��DV�WKH�FDVH�P D\�
EH�DQG�DJDLQVW�H[ LVWLQJ�FKLOGUHQ�XSGDWHG�WKH�FODVV�RI�WKH�FKLOG��SHUFHQWDJH�RI�
P DUNV�VHFXUHG��QXP EHU�RI�DWWHQGDQFHV��HWF��LQ�WKH�IRUP DWV��7KH�YDOLGDWLRQ�SURFHVV�
ZDV�UHYLHZHG�E\�WKH�&5 &&V��%5 &&V��7KHVH�YDOLGDWHG�P DQXDO�UHFRUGV�ZHUH�VHQW�
WR�WKH�' 32�ZKHUH�GDWD�IURP�WKHVH�UHFRUGV�ZHUH�HQWHUHG�LQWR�WKH�&7 6��7KH�
GLVWULFWV�WKHQ�VHQW�WKLV�GDWD�WR�VWDWH�IRU�FRQVROLGDWLRQ��7KH�QHWZRUN�DGP LQLVWUDWRU�
DQG�SURJUDP P HU�RI�WKH�6WDWH�3URMHFW�2 IILFH�XVHG�WR�FRQVROLGDWH�WKH�GDWD�LQ�WKH�
6WDWH�VHUYHU��) RU�WKLV�MRE�WKH�2 3( 3$�SDLG�C������SHU�FKLOG�WR�HQXP HUDWRUV�IRU�GDWD�
FROOHFWLRQ�DQG�C������SHU�FKLOG�IRU�GDWD�HQWU\�IRU�WKH�\ HDUV������DQG�������

�������������������������������������������������
����) RUP ����D��±�,Q�6FKRRO�&KLOGUHQ�DQG�) RUP ����E��±�1 HZ�FKLOGUHQ�LQ�VFKRRO��EODQN�IRUP��
�����) RUP����D��±�2 XW�RI�6FKRRO�&KLOGUHQ��) RUP ����E��±�1 HZ�RXW�RI�VFKRRO�FKLOGUHQ��EODQN�IRUP ��
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$ XGLW�REVHUYHG�WKDW�WKLV�HQWLUH�GDWD�XSGDWLRQ�SURFHVV�ZDV�FRP SURP LVHG�GXULQJ�
�����ZKLFK�UHVXOWHG�LQ�XQUHOLDEOH�LQIRUP DWLRQ�LQ�WKH�&76�GDWDEDVH��

� ' DWD�XSGDWLRQ�XVLQJ�EDFNHQG�VFULSW�EDVHG�RQ�H[ LVWLQJ�GDWD��7KH�
&76�DSSOLFDWLRQ�ZDV�GHVLJQHG�LQ�D�P DQQHU�WKDW�HYHU\�GDWD�HQWU\��
XSGDWLRQ�E\�XVHU�ZRXOG�WULJJHU�WKH�FDSWXUH�RI�H[ DFW�WLP H�RI�FUHDWLRQ��
XSGDWLRQ�RI�UHFRUG�XS�WR�P LOOLVHFRQG�OHYHO�LQWR�WKH�GDWDEDVH��

$�FRP SDULVRQ�EHWZHHQ�GDWH�RI�FUHDWLRQ�RI�FKLOG�GDWD�RI������DQG�WKDW�
RI������UHYHDOHG�WKDW�WLP H�RI�FUHDWLRQ�RI�D�FKLOG�UHFRUG�RI������ZDV�
H[ DFWO\�VDP H�LQ�WKH�FRUUHVSRQGLQJ�UHFRUG�RI������ZKLOH�\ HDU�SRUWLRQ�RI�
FUHDWLRQ�GDWH�RI������ZDV�LQFUHDVHG�E\�RQH�IURP�WKDW�RI������LQ�
UHVSHFW�RI����GLVWULFWV�DQG�E\�WZR�LQ�FDVH�RI�RQH�GLVWULFW��* DQMDP��LQ�
��������������SHU�FHQW��FDVHV�RXW�RI�����������UHFRUGV�DV�GHWDLOHG�LQ�
$ SSHQGL[��������$ Q�LOOXVWUDWLRQ�RI�VXFK�FDVHV�LV�DV�EHORZ��

�
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, OOXVWUDWLRQ�������� 6DP SOH����FDVHV�RI�%KDGUDN�' LVWULFW�ZKHUH�WLP H�SRUWLRQ�
RI�WKH�GDWH�RI�FUHDWLRQ�RI�UHFRUGV�ZHUH�VDP H�DORQJ�ZLWK�
P DUNV�DQG�DWWHQGDQFH�RI�D�FKLOG�GXULQJ�WKH�\ HDUV������
DQG������UHVSHFWLYHO\ �

&KLOG�, ' �

' DWD�RI������ ' DWD�RI������
' DWH�WLP H�RI�
&UHDWLRQ�RI�
UHFRUG�

&ODVV�� 0 DUN�
VHFXUHG�

$ WWHQGDQFH�� ' DWH��WLP H�RI�
FUHDWLRQ�RI�
UHFRUG�

&ODVV� 0 DUN�
VHFXUHG�

$ WWHQGDQFH�

' ��%��&������ �����������
�������������

�� ��� ���� �����������
�������������

�� ��� ����

' ��%��&������ �����������
�������������

�� ��� ���� �����������
�������������

�� ��� ����

' ��%��&������ �����������
�������������

�� ��� ���� �����������
�������������

�� ��� ����

' ��%��&������ �����������
�������������

�� ��� ���� �����������
�������������

�� ��� ����

' ��%��&������ �����������
�������������

�� ��� ���� �����������
�������������

�� ��� ����

' ��%��&������ �����������
�������������

�� ��� ���� �����������
�������������

�� ��� ����

' ��%��&������ �����������
�������������

�� ��� ���� �����������
�������������

�� ��� ����

' ��%��&������ �����������
�������������

�� ��� ���� �����������
�������������

�� ��� ����

' ��%��&������ �����������
�������������

�� ��� ���� �����������
�������������

�� ��� ����

' ��%��&������ �����������
�������������

�� �� �� �����������
�������������

�� �� ��

' ��%��&������ �����������
�������������

�� ��� ���� �����������
�������������

�� ��� ����

$ V�LOOXVWUDWHG�DERYH��LW�LV�HYLGHQW�WKDW�WKH�GDWD�XSGDWLRQ�SURFHVV�ZDV�
GRQH�E\�UXQQLQJ�EDFNHQG�SURFHGXUHV�RQ�WKH�H[ LVWLQJ�GDWD��&ODVV�RI�
HDFK�FKLOG�GXULQJ������ZDV�LQFUHDVHG�E\�RQH�LQ������ZKHUHDV�P DUNV�
VHFXUHG�DQG�WRWDO�DWWHQGDQFHV�DJDLQVW�HDFK�FKLOG�UHP DLQHG�VDP H�LQ�ERWK�
WKH�\ HDUV��7KXV����������������SHU�FHQW��FKLOG�UHFRUGV�ZHUH�FRSLHG�
IURP������WR������GDWDEDVHV�ZLWKRXW�XSGDWLQJ�WKH�VDP H�WKURXJK�WKH�
GHILQHG�GDWD�HQWU\�SURFHVV�DW�GLVWULFW�OHYHO���

� 1 R�QHZ�FKLOG�FRGHV�JHQHUDWHG��7KH�HQXP HUDWRUV�UHTXLUHG�WR�FROOHFW�
WKH�FKLOGUHQ�GDWD�IURP�VFKRROV�DQG�YLOODJHV�UHJDUGLQJ�FKLOGUHQ�
DGP LWWHG�IRU�ILUVW�WLP H�LQ�VFKRRO�DQG�QHZO\�LGHQWLILHG�RXW�RI�VFKRRO�LQ�
IRUP����E��DQG�IRUP����E��UHVSHFWLYHO\��: KLOH�HQWHULQJ�WKHVH�GDWD�LQWR�
WKH�GDWDEDVH��QHZ�FKLOG�, ' V�DUH�JHQHUDWHG�E\�WKH�V\ VWHP��) RU�WKH�\ HDUV�
�����DQG�����������������DQG�����������QHZ�FKLOG�, ' V�ZHUH�IRXQG�
FUHDWHG�UHVSHFWLYHO\��
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%XW��GXULQJ�������QR�QHZ�, ' V�ZHUH�JHQHUDWHG�LQ����GLVWULFWV�IRU�ZKLFK�
SUHYLRXV�\ HDU∂ V��������GDWD�ZDV�XSGDWHG�WKURXJK�EDFNHQG�SURFHGXUHV�
ZKHUHDV�JHQHUDWLRQ�RI�QHZ�, ' V�UDQJHG�IURP�������WR��������LQ������
LQGLFDWLQJ�FRS\ LQJ�RI�SUHYLRXV�\ HDU∂ V�GDWD��,Q�UHP DLQLQJ�IRXU�GLVWULFWV�
�%DUJDUK��%DODQJLU��-DMSXU�DQG�. KRUGKD��JHQHUDWLRQ�RI�QHZ�, ' V�LQ�
�����UDQJHG�IURP�����WR��������ZKHUHDV�VDP H�ZDV��������WR����������
LQ������LQGLFDWLQJ�P D[ LP XP�FRS\ LQJ�RI�SUHYLRXV�\ HDU∂ V�GDWD��' LVWULFW�
ZLVH�DOORWP HQW�RI�QHZ�FRGHV�GXULQJ���������DUH�GHWDLOHG�LQ�$ SSHQGL[�
��������

: H�DOVR�QRWLFHG�WKDW�WKH�GDWD�XSGDWLRQ�E\�XVLQJ�EDFNHQG�VFULSW�KDG�RFFXUUHG�LQ�
HDUOLHU�\ HDUV�DV�ZHOO��

� 7 LP H�RI�FUHDWLRQ�RI�FKLOG�UHFRUG�ZDV�≥ ���������¥ ��7KHUH�ZHUH�
�����������������SHU�FHQW��FKLOG�UHFRUGV�RI������������������������SHU�
FHQW��FKLOG�UHFRUGV�RI������DQG������������������SHU�FHQW�FKLOG�UHFRUGV�
RI������ZKHUH�WLP H�RI�YDOLGDWLRQ��FUHDWHG�GDWH��ZDV�µ������������∂ �
�]HUR�KRXUV��]HUR�P LQXWHV��]HUR�VHFRQGV��]HUR�P LOOLVHFRQGV�L�H���VKDUS�DW�
������P LGQLJKW��LQ�DOO�GLVWULFWV�DV�JLYHQ�LQ�$ SSHQGL[��������,W�ZDV�
XQOLNHO\�WKDW����WR����SHU�FHQW�RI�HQWULHV�ZHUH�P DGH�DW�WKDW�RQH�WLP H��
7KLV�LQGLFDWHV�SRVVLELOLW\�WKDW�GDWDEDVH�ZDV�WDP SHUHG�E\�ZD\�RI�
FRS\ LQJ�RI�FKLOG�UHFRUGV�IURP�GDWDEDVH�RI�SUHYLRXV�\ HDUV���

� &RS\�RI�FKLOG�UHFRUGV�IURP������GDWDEDVH��$ QDO\ VLV�DOVR�UHYHDOHG�
���������UHFRUGV�RI����������������UHFRUGV�RI������DQG��������UHFRUGV�
RI������ZHUH�VLP SO\�FRSLHG�IURP�WKH������GDWDEDVH�DV�GDWH�RI�FUHDWLRQ�

������
&KDUW��������&RP SDULVRQ�RI�FUHDWLRQ�RI�QHZ�FKLOG�FRGHV�
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RI�UHFRUGV�RI������DJDLQVW�HDFK�VXFK�FKLOG�ZDV�H[ DFWO\�WKH�VDP H�LQ�WKH�
WDUJHW�WDEOHV��L�H��������������DQG������WDEOHV�UHVSHFWLYHO\����

( YLGHQFH�RI�VXFK�FRS\ LQJ�RI�UHFRUGV�L�H���UHFRUG�FUHDWLRQ�GDWH�ZDV�DOVR�WDP SHUHG�
ZLWK��

7R�DQ�DXGLW�TXHU\�WR�IXUQLVK�WKH�DQQXDO�&76�GDWD�' 9 ' V�VXEP LWWHG�E\�WKH�GLVWULFWV�
GXULQJ�����������WR�6WDWH�IRU�FRQVROLGDWLRQ��WKH�63' �VWDWHG�WKDW�DOO�WKHVH�' 9 ' V�JRW�
GDP DJHG�DQG�FRXOG�QRW�EH�IXUQLVKHG�WR�DXGLW��

) URP�WKH�DERYH�LW�FDQ�EH�QRWLFHG�WKDW�E\�SDVVLQJ�WKH�XSGDWLQJ�SURFHVV��GDWD�ZHUH�
HQWHUHG�LQWR�WKH�GDWDEDVH�E\�P DQLSXODWLQJ�GDWD�IURP������WR�������7KLV�
XQDXWKRULVHG�XSGDWLRQ�FDQ�EH�DVFHUWDLQDEOH�LQ������ZKHQ�P D[ LP XP�FRS\ LQJ�RI�
UHFRUGV�ZDV�REVHUYHG�LQ����GLVWULFWV�DQG�SD\ P HQW�RI�C�������ODNK�ZDV�P DGH�
WRZDUGV�GDWD�HQWU\�DQG�GDWD�FROOHFWLRQ��7KLV�LQFOXGHG�SD\ P HQW�RI�C�������ODNK����
WR�WKH�H[ WHQW�RI�GDWD�XSGDWHG�WKURXJK�EDFNHQG�TXHU\���

6XFK�LUUHJXODU�XSGDWLRQ�P DGH�WKH�GDWDEDVHV�XQUHOLDEOH�DQG�LQFRUUHFW�ZKLFK�
LQGLFDWHG�WKDW�WKHUH�ZDV�QR�VXSHUYLVLRQ�RQ�WKH�TXDOLW\�RI�GDWD�LQ�WKH�&76�GDWDEDVH��
7KLV�KDG�DOVR�DIIHFWHG�WKH�UHDO�RXWFRP H�RI�WKH�SURMHFW�L�H���SODQQLQJ�UHQGHULQJ�WKH�
GDWDEDVH�XQXVDEOH���

' XULQJ�GLVFXVVLRQ��$ XJXVW��������&RP P LVVLRQHU�FXP�6HFUHWDU\�H[ SUHVVHG�GHHS�
FRQFHUQ�RYHU�VXFK�DFWLYLWLHV�ZKLFK�GDP DJHG�UHSXWDWLRQ�RI�WKH�SURMHFW�DQG�
HQTXLUHG�IURP�2 3( 3$��WKH�EDVLV�RQ�ZKLFK�SD\ P HQW�RQ�GDWD�HQWU\�ZDV�P DGH��
5 HSO\�IURP�* RYHUQP HQW�KDV�QRW�EHHQ�UHFHLYHG��$ XJXVW���������

��������� , QDFFXUDWH�LQIRUP DWLRQ�WR�VWDNHKROGHUV�

$ V�SHU�3DUD�������RI�* XLGHOLQHV����IRU�,QGLDQ�* RYHUQP HQW�: HEVLWHV��HDFK�DQG�
HYHU\�ELW�RI�FRQWHQW�SXEOLVKHG�RQ�D�* RYHUQP HQW�ZHEVLWH�VKRXOG�EH�YHULILHG�DQG�
FKHFNHG�WKRURXJKO\�DV�WKH�SXEOLF�H[ SHFWV�QRWKLQJ�OHVV�WKDQ�DXWKHQWLF�DQG�DFFXUDWH�
LQIRUP DWLRQ�IURP�D�FUHGLEOH�VRXUFH�VXFK�DV�DQ�RIILFLDO�* RYHUQP HQW�ZHEVLWH��
,QFRUUHFW�UHSRUWV�ZLOO�QRW�RQO\�P LVOHDG�WKH�VWDNHKROGHUV�EXW�ZLOO�DIIHFW�WKH�XVH�RI�
LQIRUP DWLRQ�IRU�GHFLVLRQ�P DNLQJ�SURFHVVHV���

$ QDO\ VLV�RI�WKH�FLWL]HQ�FHQWULF�UHSRUWV�UHYHDOHG�LQFRQVLVWHQFLHV��GLVFUHSDQFLHV�LQ�
WRWDO�ILJXUH�DP RQJ�GLVWULFW��EORFNV�DQG�JUDP�SDQFKD\ DW�OHYHO�UHSRUWV�UHJDUGLQJ�
FKLOG�SRSXODWLRQ��FKLOG�HQUROP HQW��RXW�RI�VFKRRO�FKLOGUHQ��GURSRXWV��WHDFKHUV∂ �
VWUHQJWK��HWF��) RU�H[ DP SOH�WKH�IROORZLQJ�µ5 HSRUW�RQ�7RWDO�&KLOG�3RSXODWLRQ∂ �
VKRZHG�WKH�FKLOG�SRSXODWLRQ�RI�$ QJXO�EORFN�DV�������LQ�WKH�GLVWULFW�UHSRUW�

�������������������������������������������������
���������������FKLOG�UHFRUGV�DW�WKH�UDWH�RI�C�������
�����3UHSDUHG�E\�WKH�' HSDUWP HQW�RI�$ GP LQLVWUDWLYH�5 HIRUP V�DQG�3XEOLF�* ULHYDQFHV�LQ�DVVRFLDWLRQ�

Z LWK�' HSDUWP HQW�RI�,QIRUP DWLRQ�7 HFKQRORJ \�DQG�1 DWLRQDO�,QIRUP DWLFV�&HQWUH��1 ,&���
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ZKHUHDV�WKH�WRWDO�FKLOG�SRSXODWLRQ�RI�DOO�WKH�* 3V�LQ�$ QJXO�EORFN�VKRZHG��������LQ�
WKH�EORFN�UHSRUW�DV�GHSLFWHG�EHORZ��

, OOXVWUDWLRQ�������

�

6LP LODU�GLVFUHSDQFLHV�LQ�RWKHU�UHSRUWV�DUH�GHWDLOHG�LQ�$ SSHQGL[���������' XH�WR�
HUURUV�LQ�GDWD�DQG�VRIWZDUH�RI�H�6LVKX�FRXSOHG�ZLWK�LQFRKHUHQW�FRQVROLGDWLRQ�RI�
GLVWULFW�GDWD�LQ�6WDWH�VHUYHU��UHSRUWLQJ�V\ VWHP�JHQHUDWHG�LQFRQVLVWHQW�DQG�
XQUHOLDEOH�UHSRUWV�ZKLFK�FRXOG�QRW�EH�XVHG�IRU�SODQQLQJ��* XLGHOLQHV�IRU�P DQDJLQJ�
JRYHUQP HQW�ZHEVLWH�ZHUH�QRW�IROORZHG�DV�WKH�FRQWHQW�RI�VLWH�KDG�EHFRP H�
XQUHOLDEOH�GXH�WR�SUHVHQFH�RI�LQFRQVLVWHQW�LQIRUP DWLRQ��$ W�WKH�LQVWDQFH�RI�DXGLW�WKH�
HUURUV�LQ�WKH�UHSRUWV�ZHUH�UHFWLILHG�E\�2 3( 3$��$ XJXVW��������

' XULQJ�GLVFXVVLRQ��$ XJXVW��������WKH�2 3( 3$�DJUHHG�WKDW�HUURUV�ZDV�GXH�WR�GHOD\�
LQ�FRQVROLGDWLRQ�RI�LQIRUP DWLRQ��

��������%DFNXS�DQG�VHFXULW\�FRQWUROV�

,QIRUP DWLRQ�EDFNXS�DQG�VHFXULW\�SROLF\�VKRXOG�VWDWH�P DQDJHP HQW∂V�FRP P LWP HQW�
DQG�VHW�RXW�RUJDQLVDWLRQ∂ V�DSSURDFK�WR�P DQDJLQJ�LQIRUP DWLRQ�VHFXULW\�LQ�RUGHU�WR�
DFKLHYH�JRDOV�RI�WKH�RUJDQLVDWLRQ��,QIRUP DWLRQ�VHFXULW\�SROLF\�P D\�EH�GRFXP HQWHG�
DQG�FRP P XQLFDWHG�WKURXJKRXW�WKH�RUJDQLVDWLRQ�WR�XVHUV�LQ�D�IRUP�WKDW�LV�
DFFHVVLEOH�DQG�XQGHUVWDQGDEOH�WR�WKH�LQWHQGHG�UHDGHU��

������

������
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2 3( 3$��KRZHYHU��KDG�IDLOHG�LQ�IUDP LQJ�VHFXULW\�DQG�EDFNXS�SROLF\�DQG�WR�
GRFXP HQW�LW�SURSHUO\�ZKLFK�KDG�P DGH�WKH�,7�V\ VWHP V�DQG�DVVHWV�YXOQHUDEOH�WR�
VHFXULW\�ULVN�DV�GLVFXVVHG�EHORZ��

*� ,Q�2 3( 3$�QR�LQIRUP DWLRQ�VHFXULW\�SROLF\�GRFXP HQW�H[ LVWHG�WR�SURWHFW�
YDOXDEOH�,7�DVVHWV��' DWD�DQG�EDFNXS�SROLF\�ZHUH�QRW�GRFXP HQWHG�DQG�
P DLQWDLQHG�DW�2 3( 3$��' DWDEDVHV�ZHUH�P DQXDOO\�EDFNHG�XS�WR�D�GLIIHUHQW�
IROGHU�LQ�WKH�VDP H�VHUYHU�ZHHNO\��DQG�WKHQ�FRSLHG�WR�H[ WHUQDO�KDUG�GLVN�
ZKLFK�VKRXOG�KDYH�EHHQ�DYRLGHG�DV�EDFNXSV�NHSW�LQ�WKH�VDP H�VHUYHU�FRXOG�
OHDG�WR�QRQ�UHVWRUDWLRQ�LQ�FDVH�RI�GLVDVWHU��6\ VWHP�LQVSHFWLRQ�DOVR�UHYHDOHG�
WKDW�WKH�VFKHGXOHU�IRU�EDFNXS�ZDV�QRW�DFWLYDWHG��1 HWZRUN�DGP LQLVWUDWRU�
H[ SODLQHG�WKDW�GXH�WR�ODFN�RI�VSDFH�LQ�WKH�VHUYHU��VFKHGXOHU�FRXOG�QRW�EH�
DFWLYDWHG�DV�LW�ZRXOG�FUHDWH�ODUJH�QXP EHU�RI�EDFNXS�ILOHV�DQG�WKXV�EDFNXSV�
ZHUH�P DQXDOO\�P DGH�DQG�FRSLHG�WR�DQ�H[ WHUQDO�KDUG�GLVN�ZHHNO\��
' RFXP HQWHG�EDFNXS�WHVWLQJ�SURFHGXUHV�DQG�WKH�EDFNXS�KDUG�GLVN�KRZHYHU�
ZDV�QRW�VKRZQ�WR�$ XGLW��%DFNXSV�KDG�QRW�EHHQ�NHSW�LQ�D�JHRJUDSKLFDO�
GLVWDQW�SODFH�DQG�ZHUH�QRW�UHJXODUO\�WHVWHG�DQG�P RQLWRUHG��

*�6HUYHUV�ZHUH�FRQQHFWHG�WR�LQWHUQHW�WKURXJK�D�ILUHZDOO��EXW�GHIDXOW�VHWWLQJ�
RI�WKH�VHUYHU�DQG�ILUHZDOO�ZHUH�QRW�FKDQJHG�DIWHU�LQVWDOODWLRQ�RI�OLYH�
V\ VWHP V��P DNLQJ�WKH�V\ VWHP V�YXOQHUDEOH�WR�H[ WHUQDO�DWWDFNV�DV�WKHVH�ZHUH�
LQ�' HP LOLWDULVHG�=RQH��' 0 =���' HIDXOW�XVHU�L�H���≥ DGP LQLVWUDWRU¥ �ZDV�QRW�
GLVDEOHG�LQ�DOO�WKH�VHUYHUV�DQG�WKHUH�ZHUH�FRQWLQXRXV�DWWHP SWV�IURP�DQ�
H[ WHUQDO�,3�XVLQJ�µDGP LQLVWUDWRU∂ �DV�XVHUQDP H�WR�ORJ�LQWR�WKH�VHUYHUV�
�DSSOLFDWLRQ�DQG�GDWDEDVH��ZKLFK�ZHUH�DQ�DWWHP SW�WR�KDFN�WKH�V\ VWHP V��
) LUHZDOO�ORJV�ZHUH�QRW�P RQLWRUHG���

*��$ W�DSSOLFDWLRQ�OHYHO��WKH�DFFHVV�DXGLW�ORJV�RI�WKH�VHUYHU�LQWHQGHG�IRU�
DFFRXQWDELOLW\�RI�DXWKRULVHG�WUDQVDFWLRQV�ZHUH�QRW�P RQLWRUHG��&76��&0 6�
DSSOLFDWLRQ�GLG�QRW�FDSWXUH�DFFHVV�DXGLW�ORJV�DV�WKH�WDEOH�WR�FDSWXUH�VXFK�
ORJV�FRQWDLQHG�QR�UHFRUGV�IRU�P RQLWRULQJ�SXUSRVH��7KLV�LQGLFDWHG�WKDW�WKH�
DSSOLFDWLRQ�KDG�QR�SURYLVLRQ�WR�VDYH�DFFHVV�ORJV���
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*�7KHUH�ZDV�D�SUR[ \�VHUYHU��EXW�$ XGLW�QRWLFHG�WKDW�LWV�ORFDWLRQ�RYHU�WKH�/ $ 1�
ZDV�LQDSSURSULDWH�DV�V\ VWHP V�RYHU�/ $ 1�DFFHVVHG�WKH�LQWHUQHW�WKURXJK�WKH�
' + &3�VHUYHU�DQG�E\ SDVVHG�WKH�SUR[ \�VHUYHU��7KLV�P DGH�V\ VWHP V�
YXOQHUDEOH�WR�P DOZDUH�DQG�7URMDQ�DWWDFNV�DV�QR�FRQWHQW�ILOWHULQJ�FRXOG�EH�
HQIRUFHG�LQ�SUR[ \�VHUYHU��7UDIILF�FRXOG�QRW�EH�P RQLWRUHG�DV�LQWHUQHW�ZDV�
DYDLODEOH�WR�XVHUV�GLUHFWO\�WKURXJK�' + &3��

*�2 3( 3$�KDG�GHVLJQHG�QHWZRUN�DQG�VHUYHU�DUFKLWHFWXUH�WR�P DLQWDLQ�YDULRXV�
DSSOLFDWLRQ�V\ VWHP V��7KH�VHUYHUV�ZHUH�KRXVHG�LQ�DQ�HQFORVHG�URRP�ZLWKRXW�
ILUH�H[ WLQJXLVKHU��

' XH�WR�DEVHQFH�RI�DSSURSULDWH�EDFNXS�DQG�VHFXULW\�SROLFLHV��,7�V\ VWHP�DQG�DVVHWV�
ZHUH�SURQH�WR�VHFXULW\�ULVN���
' XULQJ�GLVFXVVLRQ��$ XJXVW��������WKH�&RP P LVVLRQHU�FXP�6HFUHWDU\�DFFHSWHG�WKH�
IDFWV���

������&RQFOXVLRQ�

7KH�UHFRP P HQGDWLRQV�P DGH�LQ�WKH�3DUDJUDSK�����RI�&$ * ∂ V�5 HSRUW��&LYLO��IRU�WKH�
\ HDU�HQGHG�0 DUFK������ZHUH�DFFHSWHG�E\�WKH�2 GLVKD�3ULP DU\�( GXFDWLRQ�
3URJUDP P H�$ XWKRULW\��2 3( 3$���2 Q�D�IROORZ�XS�DXGLW��ZH�IRXQG�WKDW�WKHVH�
UHFRP P HQGDWLRQV�ZKLFK�ZHUH�VWLOO�SHUWLQHQW�ZHUH�QRW�FDUULHG�RXW��7KUHH�VXE�
V\ VWHP V�( 3,6��* ,6�DQG�&76�XQGHU�WKH�H�6LVKX�SURMHFW�ZHUH�UHYLHZHG��: H�IRXQG�
WKDW�WKH�VFRSH�RI�LP SOHP HQWDWLRQ�RI�( 3,6�JRW�VHYHUHO\�FXUWDLOHG�DQG�LWV�SULP DU\�
REMHFWLYHV�OLNH�YDFDQF\�WUDFNLQJ�RI�WHDFKHUV�UHP DLQ�XQIXOILOOHG��7KH�* ,6�VRIWZDUH�
FRQWDLQHG�HUURUV�OLNH�ZURQJ�GHSLFWLRQ�RI�ORFDWLRQ��P LVVLQJ�SKRWRJUDSKV�HWF��ZKLFK�
LQKLELWHG�KDELWDWLRQ�EDVHG�DQDO\ VLV�DQG�UHQGHUHG�WKH�* ,6�XQILW�IRU�XVH�E\�WKH�WRS�
P DQDJHP HQW�RI�2 3( 3$��,Q�FDVH�RI�WKH�&76��Z H�IRXQG�WKDW�WKH�XQLTXH�FKLOG�ZDV�
QRW�DGGUHVVHG�DQG�QRW�HYHQ�DGRSWHG�LQ�WKH�DSSOLFDWLRQ�XSJUDGH�GXULQJ�������7KXV��
REMHFWLYH�RI�&7 6�WR�WUDFN�HDFK�FKLOG�IRU�HGXFDWLRQDO�DQG�HFRQRP LF�VWDWXV�FRXOG�
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QRW�EH�DFKLHYHG��) XUWKHU��ZH�IRXQG�D�JURVV�GHYLDWLRQ�IURP�ODLG�GRZQ�SURFHVV�RI�
DQQXDO�GDWD�XSGDWLRQ�IRU�ZKLFK�IXQGV�ZHUH�DOORWWHG�DQG�VSHQW��6LJQLILFDQW�
SURSRUWLRQ�RI����SHU�FHQW�RI�FKLOG�UHFRUGV�ZDV�XSGDWHG�UXQQLQJ�EDFNHQG�VFULSW�
WKHUHE\�YLWLDWLQJ�WKH�SURFHVV�DQG�UHQGHULQJ�WKH�WRWDO�LQIRUP DWLRQ�XQUHOLDEOH�DQG�
LQIUXFWXRXV��7KHUH�ZHUH�DOVR�GHILFLHQFLHV�QRWHG�LQ�WKH�VHFXULW\�DQG�EDFNXS�
SURFHGXUH��7KXV��WKH�NH\�REMHFWLYHV�RI�H�6LVKX�V\ VWHP�WR�WUDFN�HDFK�FKLOG��
P LQLP LVH�GXSOLFDWH��IDNH�HQUROP HQWV�DQG�IRUP XODWLRQ�RI�SODQV�WR�SURYLGH�TXDOLW\�
HGXFDWLRQ�UHP DLQHG�ODUJHO\�XQIXOILOOHG��

�

�

�

�

%KXEDQHVZDU�� � � � �$ P DU�3DWQDLN��
7KH� � $ FFRXQWDQW�* HQHUDO��* �66$��

��������������������������������������2 GLVKD�

� &RXQWHUVLJQHG�

1 HZ�' HOKL� �����6KDVKL�. DQW�6KDUP D��
7KH� &RP SWUROOHU�DQG�$ XGLWRU�* HQHUDO�RI�, QGLD�

�


