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�
&RPSLOHG�E\�-HQQ\�+XUVW��6XVDQ�:LVHU��+D]HO�%URDGEHQW��1LFN�6SHQFHU��
6DUDK�5LFKDUGVRQ�	�/DUU\�%XUURZV��/DQGFDUH�5HVHDUFK��/LQFROQ�
�
�
��� 1XPEHU�RI�QHZ�UHFRUGV�DUFKLYHG�LQ�196�
�
$�WRWDO�RI����QHZ�GDWDVHWV�ZHUH�DGGHG�HOHFWURQLFDOO\�WR�196�LQ����������\HDU�WR�
���-XQH�������)LJ����	�$SSHQGL[����ZLWK�D�WRWDO�RI�������SORWV�DGGHG��)LJ������,Q�
DGGLWLRQ��KDUGFRSLHV�RI�SORW�GDWD�VKHHWV�ZHUH�DUFKLYHG�IRU����GDWDVHWV��$SSHQGL[�����
0DMRU�SURYLGHUV�RI�GDWD�DQG�W\SHV�RI�GDWD�DUH�VKRZQ�RYHU�WKH�SDVW�ILYH�\HDUV��)LJ������
7KLV�OHYHO�RI�QHZ�GDWD�DUFKLYHG�LQ�196�LV�VLPLODU�WR�WKDW�RI�UHFHQW�\HDUV��'XULQJ�WKH�
��������\HDU�����RI�QHZ�GDWD�LQFRUSRUDWHG�LQWR�196�ZHUH�GHSRVLWHG�E\�WKH�
'HSDUWPHQW�RI�&RQVHUYDWLRQ��'2&���,W�FRQWLQXHV�WR�EH�VWDQGDUG�RSHUDWLQJ�SURFHGXUH�
LQ�'2&�IRU�196�WR�EH�WKH�UHSRVLWRU\�IRU�DOO�VWDQGDUG�SORW�EDVHG�YHJHWDWLRQ�GDWD�
FROOHFWHG�E\�WKH�'HSDUWPHQW��7KH�GHYHORSPHQW�DQG�XVH�RI�196�/LWH�VRIWZDUH�LV�DOVR�
IDFLOLWDWLQJ�WKH�DGGLWLRQ�RI�GDWD�LQWR�196��
�
�
��� 6LJQLILFDQW�UHYLVLRQV�RI�GDWD�
�
:H�KDYH�FRQWLQXHG�WR�LGHQWLI\�DQG�FRUUHFW�HUURUV�LQ�WKH�UHFRUGLQJ�RI�WDJV��VSHFLHV��DQG�
WUHH�GLDPHWHUV�DQG�WR�DGG�VXESORW�LQIRUPDWLRQ�WR�SHUPDQHQW�IRUHVW�SORW�GDWD��%HFDXVH�
WKH�QHZ�GDWDEDVH�V\VWHP��VHH�VHFWLRQ����HOLPLQDWHV�PXFK�RI�WKH�UHGXQGDQF\�SUHVHQW�LQ�
WKH�ROG�V\VWHP��H[WHQVLYH�GDWD�FKHFNLQJ�ZDV�UHTXLUHG�WR�DOORZ�GDWD�WR�EH�VXFFHVVIXOO\�
PLJUDWHG��7KLV�LQFOXGHG�FRPSOHWLQJ�RXU�RQJRLQJ�HIIRUW�WR�UDWLRQDOLVH�WUHH�WDJV�DQG�
VSHFLHV�LGHQWLILFDWLRQV�DPRQJ�PHDVXUHPHQWV�RI�LQGLYLGXDO�SORWV��DQG�WR�FRUUHFW�
LQFRQVLVWHQW�SORW�LGHQWLILHUV�DPRQJ�PHDVXUHPHQWV��)XUWKHU��ZH�UHVROYHG�LVVXHV�ZKHUH�
GDWDVHWV�LQFOXGHG�PHDVXUHPHQWV�RYHU�GLVSDUDWH�SORWV�VHWV�LQ�GLVSDUDWH�\HDUV��HQVXUHG�
WKDW�SURMHFW�LGHQWLILHUV�IRU�JUDVVODQG�VXUYH\V�ZHUH�XQLTXH��DQG�WKDW�PHDVXUHPHQW�XQLWV�
ZHUH�FRQVLVWHQW�DFURVV�GDWDVHWV��,Q�DGGLWLRQ��ZH�LQYHVWLJDWHG�VRPH�KLVWRULFDO�VXUYH\V��
IRU�ZKLFK�OLWWOH�LQIRUPDWLRQ�KDV�SUHYLRXVO\�EHHQ�DYDLODEOH��LQ�RUGHU�WR�FRQVWUXFW�PRUH�
FRPSOHWH�PHWDGDWD���
�
�
�

�������������������������������������������������
��,QFOXGLQJ�GDWD�HQWHUHG�XVLQJ�196�/LWH�WKDW�DUH�FXUUHQWO\�EHLQJ�YDOLGDWHG��VHH�$SSHQGL[����
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)LJ�����7RS��1XPEHU�RI�GDWDVHWV�LQFOXGHG�HOHFWURQLFDOO\�LQ�WKH�1DWLRQDO�9HJHWDWLRQ�
6XUYH\�'DWDEDQN�SHU�ILQDQFLDO�\HDU�IRU�WKH�SDVW�ILYH�\HDUV��WRWDO�DQG�IURP�WZR�PDMRU�
GDWD�XVHUV���%RWWRP��1XPEHU�RI�YHJHWDWLRQ�SORWV�LQFOXGHG�HOHFWURQLFDOO\�LQ�WKH�
1DWLRQDO�9HJHWDWLRQ�6XUYH\�'DWDEDQN�SHU�ILQDQFLDO�\HDU�IRU�WKH�SDVW�ILYH�\HDUV��WRWDO�
DQG�RI�IRXU�PDMRU�GDWD�W\SHV��1RWH�WKDW�WKLV�GRHV�QRW�LQFOXGH�GDWD�HQWHUHG�XVLQJ�196�
/LWH�WKDW�DUH�FXUUHQWO\�EHLQJ�YDOLGDWHG��



��� 'DWDEDVH�GHYHORSPHQW�DQG�LQWHJUDWLRQ�
�
196�/LWH�GDWD�HQWU\�VRIWZDUH�
7KH�196�/LWH�VRIWZDUH�WRRO�ZH�GHYHORSHG�WR�DOORZ�HQWU\�DQG�YDOLGDWLRQ�RI�ORFDOO\�
KHOG�GDWDVHWV�LV�QRZ�LQ�FRPPRQ�XVH�ZLWK�VWURQJ�XSWDNH�E\�'2&�VWDII�DQG�SULYDWH�
FRQVXOWDQWV��196�/LWH�LV�D�SXUSRVH�EXLOW�SURJUDP�IRU�HQWHULQJ�YHJHWDWLRQ�GDWD�
FRPSDWLEOH�ZLWK�WKH�196�'DWDEDQN�DQG�WKH�SURJUDP�DFFHSWV�GDWD�FROOHFWHG�XVLQJ�WKH�
196�VWDQGDUG�IRUHVW�PRQLWRULQJ��L�H��SHUPDQHQW����î����P�SORWV��DQG�YHJHWDWLRQ�
LQYHQWRU\��L�H��UHOHYp�5HFFH�SORW��PHWKRGV��7KH�VRIWZDUH�ZDV�UHOHDVHG�LQ�-XQH�������
'DWD�FDSWXUHG�XVLQJ�WKH�VRIWZDUH�DUH�XSORDGHG�WR�WKH�196�'DWDEDQN�YLD�D�OLQN�RQ�WKH�
196�ZHEVLWH��2QFH�XSORDGHG��IXUWKHU�YDOLGDWLRQ�SURFHGXUHV�DUH�UXQ�DQG�HOHFWURQLF�
FRSLHV�RI�WKH�GDWD�FDQ�EH�UHTXHVWHG�E\�WKH�GDWD�RZQHU��$QHFGRWDO�IHHGEDFN�IURP�XVHUV�
KDV�FRPSOHPHQWHG�VXSSRUW�SURYLGHG�E\�WKH�196�WHDP�DQG�XVHUV�KDYH�EHHQ�VXFFHVVIXO�
LQ�XSORDGLQJ�GDWD��$V�ZLWK�DQ\�QHZ�VRIWZDUH�WKHUH�KDYH�EHHQ�WHHWKLQJ�SUREOHPV�
DURXQG�HQWHULQJ�VRPH�GDWD�W\SHV�DQG�XQLTXH�GDWDVHWV��7KH�SURJUDP�LV�IUHH�DQG�FDQ�EH�
GRZQORDGHG�IURP�WKH�196�ZHEVLWH��KWWS���QYV�ODQGFDUHUHVHDUFK�FR�Q]����7R�GDWH�����
196�/LWH�GDWDVHWV�KDYH�EHHQ�XSORDGHG�YLD�WKH�ZHEVLWH��$SSHQGL[�����
�
0LJUDWLRQ�LQWR�WKH�QHZ�196�GDWDEDVH�VWUXFWXUH�FRPSOHWHG�
:H�FRPSOHWHG�D�PDMRU�WHFKQRORJLFDO�XSJUDGH�WKLV�\HDU�E\�WKH�PLJUDWLRQ�RI�DOO�RI�WKH�
GDWD�FRQWDLQHG�LQ�WKH�196�'DWDEDQN�LQWR�D�QHZ�GDWDEDVH�V\VWHP��,Q�������WKH�196�
'DWDEDQN�ZDV�XSJUDGHG�IURP�D�PDQDJHPHQW�V\VWHP�RSWLPLVHG�IRU�HDUO\�PDLQIUDPH�
FRPSXWHUV��L�H��IODW�ILOHV��DFFHVV�YLD�)2575$1�DQG�'26�EDVHG�SURJUDPPHV��WR�D�
UHODWLRQDO�GDWDEDVH��$W�WKDW�WLPH��KRZHYHU��LW�ZDV�QRW�IHDVLEOH�WR�UHPRYH�WKH�H[WHQVLYH�
UHGXQGDQF\�RI�WKH�RULJLQDO�GHVLJQ�RU�WR�VXSSRUW�LQWHURSHUDELOLW\�ZLWK�LQWHUQDO�V\VWHPV�
DQG�H[WHUQDO�GDWD�FRQVXPHUV��7R�DFKLHYH�WKLV��ZH�GHVLJQHG�DQG�LPSOHPHQWHG�QHZ�
GDWDEDVHV�IRU�PHWDGDWD�DQG�SORW�GDWD�WKDW�SURYLGH�UREXVW�LQIRUPDWLRQ�RUJDQLVDWLRQ�DQG�
VWRUDJH��7KLV�LV�DFKLHYHG�WKURXJK�DQ�DUFKLWHFWXUH�XVLQJ�:HE�VHUYLFH�DSSURDFKHV�WKDW�
VXSSRUW�LQWHURSHUDELOLW\�ZLWK�LQWHUQDO�V\VWHPV�DQG�H[WHUQDO�RUJDQLVDWLRQV��VXFK�DV�
'2&�DQG�UHJLRQDO�FRXQFLOV��0LOHVWRQH�����2XU�V\VWHP�FRQIRUPV�WR�LQWHUQDWLRQDO�GDWD�
PRGHO�VWDQGDUGV��LV�LQWHJUDWHG�DQG�LQWHURSHUDEOH�ZLWK�RWKHU�VWUDWHJLF�LQIRUPDWLRQ�
UHVRXUFHV�ZLWKLQ�WKH�RUJDQLVDWLRQ�DQG�HOVHZKHUH��H�J��1HZ�=HDODQG�3ODQWV�1DPHV�
'DWDEDVH���DQG�LPSOHPHQWV�D�EXVLQHVV�SURFHVV�PRGHO�WKDW�HQVXUHV�TXDOLW\��HIILFLHQF\�
DQG�VHFXULW\�LQ�WKH�PDQDJHPHQW�RI�WKH�SK\VLFDO�FROOHFWLRQV�DQG�DVVRFLDWHG�GDWD��7R�
FRQILUP�WKLV��WKH�GDWD�PRGHO�WKDW�XQGHUSLQV�WKH�196�WHFKQRORJ\�ZDV�LQGHSHQGHQWO\�
UHYLHZHG�E\�WKH�SURMHFW�PDQDJHU�DQG�GHYHORSHU�IRU�WKH�86�9HJ%DQN�V\VWHP��0LFKDHO�
/HH��
�
1HZ�DQG�LPSURYHG�GDWD�DFFHVV�WRROV�
'RZQORDG�LQWHUIDFHV�WR�H[SRUW�GDWD�IURP�WKH�QHZ�GDWDEDVH�V\VWHP�KDYH�EHHQ�
GHYHORSHG�DQG�DUH�LQ�XVH�E\�196�VWDII��7KXV�IDU��WKHVH�DOORZ�H[SRUW�RI�GDWD�LQWR�([FHO�
DQG�WH[W�ILOHV��WKHVH�ILOH�W\SHV�DUH�JHQHUDOO\�DSSURSULDWH�IRU�D�ZLGH�UDQJH�RI�GDWD�XVHUV�
DQG�WH[W�ILOHV�FDQ�EH�UHDGLO\�XVHG�LQ�H[LVWLQJ�YHJHWDWLRQ�DQDO\VLV�VRIWZDUH�SURJUDPV��
([SRUW�IRUPDWV�IRU�VSHFLILF�VRIWZDUH�SDFNDJHV�DUH�DOVR�XQGHU�GHYHORSPHQW���
�
3URJUHVV�RQ�GHYHORSPHQW�RI�D�SODQW�WUDLWV�PRGXOH�
$�KLJKO\�IOH[LEOH�GDWDEDVH�IRU�SODQW�IXQFWLRQDO�DWWULEXWH�GDWD�KDV�QRZ�EHHQ�FRQVWUXFWHG�
DQG�ZH�DUH�LQ�WKH�SURFHVV�RI�UHILQLQJ�WKH�XVHU�LQWHUIDFH��6SHFLILFDOO\��196�VWDII�KDYH�
EHJXQ�WR�HQWHU�GDWD�WR�LGHQWLI\�LPSURYHPHQWV�WKDW�FRXOG�EH�PDGH�WR�WKH�GDWD�HQWU\�
LQWHUIDFH�IRU�WKLV�PRGXOH��7KH�GDWDEDVH�FDQ�EH�SUH�SRSXODWHG�ZLWK�DQ�XS�WR�GDWH�OLVW�RI�



DOO�WD[D�IURP�WKH�1HZ�=HDODQG�IORUD�DQG�XVHU�GHILQHG�DWWULEXWHV�HQWHUHG�DJDLQVW�WKRVH�
WD[D��7KH�GDWDEDVH�FDQ�VWRUH�VLQJOH�YDOXHV�RI�DWWULEXWHV�IRU�D�WD[RQ��RU�PXOWLSOH�YDOXHV�
IURP�UHSOLFDWH�LQGLYLGXDOV��RU�UHSOLFDWHV�IURP�WKH�VDPH�LQGLYLGXDO��7KLV�DSSURDFK�
UHWDLQV�WKH�JUDQXODULW\�RI�WKH�GDWD�DQG�DOORZV�WKH�XVHU�WR�GHILQH�KRZ�VXPPDU\�VWDWLVWLFV�
VKRXOG�EH�JHQHUDWHG��&XUUHQW�SULRULWLHV�DUH�WR�LPSRUW�H[LVWLQJ�GDWD�RQ�OHDI�DQG�OLWWHU�
FKHPLVWU\�DQG�VHHG�PDVV��DQG�WR�SRSXODWH�D�IODJVKLS�GDWDVHW�GHILQLQJ�WKH�IXQFWLRQDO�
WUDLWV�RI�WKH�1HZ�=HDODQG�IORUD��7KLV�GDWDVHW�ZLOO�FRYHU�WKH�PRVW�IUHTXHQWO\�UHTXHVWHG�
DWWULEXWHV�LQ�YHJHWDWLRQ�DQDO\VLV�VXFK�DV�SODQW�JURZWK�IRUP��SODQW�KHLJKW��DQG�VHHG�
GLPHQVLRQV��
�
�
��� 'DWD�VKDULQJ�DJUHHPHQWV�DQG�GDWD�H[FKDQJH�
�
,QWHUQDWLRQDO�H[FKDQJH�VWDQGDUG�IRU�SORW�EDVHG�YHJHWDWLRQ�GDWD�
'HYHORSPHQW�RI�DQ�LQWHUQDWLRQDO�YHJHWDWLRQ�GDWD�H[FKDQJH�VFKHPD�FRQWLQXHV�WR�EXLOG�
PRPHQWXP�DQG�ZH�FRQWLQXH�WR�SOD\�D�OHDGLQJ�UROH�LQ�WKLV�SURMHFW��:H�GHOLYHUHG�D�
SUHVHQWDWLRQ�RQ�WKH�GUDIW�,QWHUQDWLRQDO�9HJHWDWLRQ�([FKDQJH�6WDQGDUG��9HJ�;��DW�WKH�
7':*��IRUPHUO\�NQRZQ�DV�WKH�µ7D[RQRPLF�'DWDEDVH�:RUNLQJ�*URXS¶��PHHWLQJ�LQ�
3HUWK�LQ�2FWREHU��
�
6SHQFHU�1��&iFHUDV�0��.OHLNDPS�0��/HH�0��3HHW�5��:LVHU�6.�������$Q�H[FKDQJH�

VWDQGDUG�IRU�YHJHWDWLRQ�SORW�GDWD��3UHVHQWDWLRQ�WR�WKH�2EVHUYDWLRQV�	�
6SHFLPHQV�,QWHUHVW�*URXS�DW�WKH�%LRGLYHUVLW\�,QIRUPDWLRQ�6WDQGDUGV�*URXS�
�7':*��DQQXDO�FRQIHUHQFH��3HUWK��$XVWUDOLD����±���2FWREHU��������

�
$V�D�UHVXOW��RXU�SURSRVDO�WR�EHFRPH�D�7':*�ZRUNLQJ�JURXS�XQGHU�WKH�2EVHUYDWLRQ�
6SHFLPHQ�5HFRUGV�,QWHUHVW�*URXS�ZDV�DFFHSWHG�ODWH�LQ�������7KLV�QRZ�SURYLGHV�XV�
ZLWK�D�VWUXFWXUHG�ZD\�WR�SURJUHVV�WKH�VFKHPD�WKURXJK�WR�DFFHSWDQFH�DV�DQ�LQWHUQDWLRQDO�
VWDQGDUG�DQG�ZLOO�HQFRXUDJH�XV�WR�PDNH�VXUH�ZH�DUH�GRLQJ�VR�LQ�FRQMXQFWLRQ�ZLWK�RWKHU�
HIIRUWV�LQ�WKLV�DUHD��H�J��'DUZLQ�&RUH�DQG�WKH�2EVHUYDWLRQV�'DWD�7DVN�*URXS��:H�QRZ�
KDYH�D�QHZ�ZRUNLQJ�JURXS�:LNL�VLWH�SURYLGHG�E\�7':*�
�KWWS���ZLNL�WGZJ�RUJ�WZLNL�ELQ�YLHZ�9HJHWDWLRQ�:HE+RPH���WKURXJK�ZKLFK�ZH�FDQ�
FDSWXUH�LGHDV�DQG�GLVFXVVLRQ�IRU�RXU�VFKHPD��7KH�VFKHPD�GUDIW�ZDV�SRVWHG�RQ�WKH�
:LNL�VLWH�LQ�)HEUXDU\�������
�
6HYHUDO�PHPEHUV�RI�RXU�ZRUNLQJ�JURXS��LQFOXGLQJ�6XVDQ�:LVHU��/DQGFDUH�5HVHDUFK��
ZHUH�LQYLWHG�WR�WKH�ILUVW�PHHWLQJ�RI�WKH�%RWDQLFDO�,QIRUPDWLRQ�DQG�(FRORJ\�1HWZRUN�
�%,(1��DW�1&($6��1DWLRQDO�&HQWHU�IRU�(FRORJLFDO�$QDO\VLV�DQG�6\QWKHVLV��LQ�WKH�
86$�LQ�'HFHPEHU�������7KLV�JURXS�VHHNV�WR�GHYHORS�DQ�LQWHJUDWHG�ERWDQLFDO�
LQIRUPDWLRQ�QHWZRUN�WR�LQYHVWLJDWH�WKH�HFRORJLFDO�LPSDFWV�RI�JOREDO�FOLPDWH�FKDQJH�RQ�
SODQW�ELRGLYHUVLW\��7R�WKLV�HQG��WKH\�DUH�SODQQLQJ�WR�V\QWKHVLVH�SODQW�RFFXUUHQFH��IURP�
FROOHFWLRQV�GDWD��DQG�YHJHWDWLRQ�SORW�GDWD�IURP�DFURVV�WKH�$PHULFDV��5HSUHVHQWDWLYHV�
RI�WKH�PDMRU�KHUEDULD��1<��02��DQG�VRPH�RI�WKH�PDMRU�SORW�GDWD�FROOHFWLRQ�HIIRUWV�
�H�J��9HJ%DQN��&7)6��5$,1)25��$PD]RQ�7UHH�'LYHUVLW\�1HWZRUN��DWWHQGHG�WKH�
ZRUNVKRS��:H�ZHUH�LQYLWHG�WR�UHSUHVHQW�WKH�HIIRUWV�EHLQJ�PDGH�RQ�WKH�LQWHUQDWLRQDO�
9HJHWDWLRQ�([FKDQJH�6FKHPD��6XVDQ�:LVHU�GHOLYHUHG�WKH�7':*�SUHVHQWDWLRQ�WR�WKH�
ZRUNVKRS�SDUWLFLSDQWV��
�



6XVDQ�:LVHU��1LFN�6SHQFHU��5REHUW�3HHW��9HJ%DQN��DQG�0LTXHO�'H�&iFHUDV�
�9HJ$QD��DUH�FXUUHQWO\�SUHSDULQJ�D�PDQXVFULSW�DERXW�WKH�H[FKDQJH�VFKHPD�IRU�
VXEPLVVLRQ�ODWHU�WKLV�\HDU��
�
)DFLOLWDWLQJ�GDWD�VKDULQJ�
,Q���������'2&�UHYLHZHG�LWV�SURWRFROV�VXUURXQGLQJ�GDWD�VKDULQJ��'DWD�DUFKLYHG�LQ�
196�IRU�ZKLFK�'2&�KDV�FXVWRGLDO�UHVSRQVLELOLW\�FDQ�QRZ�EH�DFFHVVHG�E\�'2&�VWDII�
�RU�E\�RWKHU�UHVHDUFKHUV�ZRUNLQJ�RQ�'2&�IXQGHG�SURMHFWV��ZLWKRXW�REWDLQLQJ�
SHUPLVVLRQ�IURP�'2&�WHFKQLFDO�VXSSRUW�RIILFHUV��7KLV�KDV�VLJQLILFDQWO\�VWUHDPOLQHG�
WKH�SURFHVV�IRU�JDLQLQJ�SHUPLVVLRQ�WR�XVH�'2&�GDWDVHWV���
�
,Q���������ZH�DOVR�FRQWLQXHG�FRQWDFWLQJ�/HYHO���GDWDVHW�RZQHUV�LQ�RUGHU�WR�UHYLHZ�
VXUYH\�DFFHVV�FRQVWUDLQWV��7R�GDWH����VXUYH\V�KDYH�EHHQ�FKDQJHG�IURP�UHVWULFWHG�
�/HYHO����WR�SXEOLF��/HYHO����DFFHVV��
�
196�LV�QRZ�URXWLQHO\�PHHWLQJ�UHTXHVWV�IRU�GDWD�FROOHFWHG�XQGHU�WKH�DXVSLFHV�RI�WKH�
1HZ�=HDODQG�,QGLJHQRXV�&DUERQ�0RQLWRULQJ�6\VWHP��1=,&06���7KHVH�GDWD�DUH�DOVR�
NQRZQ�DV�WKH�/8&$6�3URMHFW�QDWXUDO�IRUHVW�SORW�GDWD��196�KDV�DQ�DJUHHPHQW�ZLWK�WKH�
0LQLVWU\�IRU�WKH�(QYLURQPHQW�WR�VXSSO\�WKHVH�GDWD��ZKLFK�ZHUH�ILUVW�DUFKLYHG�LQ�196�
DV�D�FRPSOHWH�VXUYH\�LQ���������EXW�ZKLFK�KDYH�VLQFH�EHHQ�XSGDWHG�DQG�PLJUDWHG�LQWR�
WKH�QHZ�196�GDWDEDVH�VWUXFWXUH��7KH�SULPDU\�SXUSRVH�RI�1=,&06�SORWV�LV�WR�PRQLWRU�
FDUERQ�VHTXHVWUDWLRQ�UDWHV��EXW�SODQW�ELRGLYHUVLW\�LQIRUPDWLRQ�LV�DOVR�FROOHFWHG��
3HUPDQHQW�SORWV�ZHUH�HVWDEOLVKHG�RQ�DQ���NP��JULG�DFURVV�WKH�DUHDV�PDSSHG�DV�
LQGLJHQRXV�IRUHVW�������PLOOLRQ�KHFWDUHV��DQG�VKUXEODQG�������PLOOLRQ�KHFWDUHV��E\�WKH�
��������YHUVLRQ�RI�WKH�/DQG�&RYHU�'DWDEDVH��/&'%����196�SURYLGHV�D�JRRG�FRQGXLW�
IRU�GLVFRYHU\�DQG�XVDJH�RI�/8&$6�GDWD�E\�D�ZLGH�UDQJH�RI�HQG�XVHUV��,Q�IXWXUH�
1=,&06�GDWD�ZLOO�DOVR�EH�DFFHVVLEOH�LQ�IRUPDWV�FRPSDWLEOH�ZLWK�196�VSHFLILF�
DQDO\WLFDO�VRIWZDUH���
�
�
��� 5HPHDVXUHPHQW�RI�FULWLFDO�SORW�QHWZRUNV�
�
$�FROODERUDWLYH�HIIRUW�WR�PDLQWDLQ�H[LVWLQJ�196�GDWDVHWV�VDZ�/DQGFDUH�5HVHDUFK�DVVLVW�
'2&�LQ�UHPHDVXULQJ����SHUPDQHQW�IRUHVW�SORWV�LQ�WKH�:KLWFRPEH�5LYHU�YDOOH\��:HVW�
&RDVW��7KHVH�SORWV��HVWDEOLVKHG�LQ������DQG�UHPHDVXUHG�HDFK�GHFDGH��SURYLGH�DQ�
LPSRUWDQW�UHFRUG�RI�WKH�ORQJ�WHUP�G\QDPLFV�RI�WKHVH�PRQWDQH�IRUHVWV��'DWD�ZLOO�EH�
HQWHUHG�E\�'2&�XVLQJ�WKH�196�/LWH�GDWD�HQWU\�WRRO�DQG�DUFKLYHG�LQ�WKH�196�
'DWDEDQN��7KH�GDWD�ZLOO�EH�XVHG�IRU�UHVHDUFK�SURMHFWV�DQG�ZLOO�DOVR�FRQWULEXWH�WR�'2&�
PDQDJHPHQW�DQG�UHSRUWLQJ�QHHGV��
�
�
��� .HHSLQJ�HQG�XVHUV�LQIRUPHG�DERXW�196�
�
/DQGFDUH�5HVHDUFK�VWDII�DVVRFLDWHG�ZLWK�WKH�196�'DWDEDQN�GHOLYHUHG�VHYHUDO�
SUHVHQWDWLRQV�WKURXJKRXW�WKH�\HDU�WR�GLVVHPLQDWH�LQIRUPDWLRQ�WR�HQG�XVHUV�DQG�RWKHU�
JRYHUQPHQW�DJHQFLHV���
�
+XUVW�-��:LVHU�6�������196�/LWH��$�GDWD�HQWU\�V\VWHP�IRU�5HFFH�GHVFULSWLRQ�DQG�

SHUPDQHQW����î����P�SORW�GDWD��:RUNVKRS�UXQ�DW�1HZ�=HDODQG�(FRORJLFDO�
6RFLHW\�&RQIHUHQFH��$XFNODQG�����6HSW�±���2FW�������



9LFNHUV�6��+XUVW�-��%URDGEHQW�+��6SHQFHU�1��:LVHU�6�������196�/LWH��$�GDWD�HQWU\�
V\VWHP�IRU�5HFFH�GHVFULSWLRQ�DQG�SHUPDQHQW����î����P�SORW�GDWD��3RVWHU�
SUHVHQWDWLRQ�DW�1HZ�=HDODQG�(FRORJLFDO�6RFLHW\�&RQIHUHQFH��$XFNODQG��
���6HSW�±���2FW�������

:LVHU�6.�������7KH�1DWLRQDO�9HJHWDWLRQ�6XUYH\�'DWDEDQN�DQG�LWV�UHODWLRQVKLS�WR�
/8&$6��'DWD�VKDULQJ�ZRUNVKRS��/8&$6�DQG�1HZ�=HDODQG�HQYLURQPHQWDO�
GDWD�VHWV��2UJDQLVHG�E\�0R567�����0DUFK�������:HOOLQJWRQ��

�
:H�DOVR�SURGXFHG�D�SRSXODU�DUWLFOH�IRU�,QGLJHQD��WKH�PDJD]LQH�RI�WKH�LQGLJHQRXV�
VHFWLRQ�RI�WKH�1HZ�=HDODQG�)DUP�)RUHVWU\�$VVRFLDWLRQ��:LVHU�6�������$�FHQWXU\�RI�
1HZ�=HDODQG�QDWLYH�IRUHVW�VXUYH\V��0D\�LVVXH��SS����±�����)DUP�IRUHVWHUV�DUH�D�JURXS�
ZKR�FDQ�EHQHILW�IURP�196�GDWD�DV�WKHVH�GDWD�SURYLGH�DQ�LPSRUWDQW�VRXUFH�RI�
LQIRUPDWLRQ�DERXW�WKH�FRPSRVLWLRQ�DQG�VWUXFWXUH�RI�QDWLYH�IRUHVWV��7KLV�DUWLFOH�
GRFXPHQWHG�WKH�SURJUHVV�RI�1HZ�=HDODQG�IRUHVW�LQYHQWRULHV�IURP�WKH�ILUVW�EURDG�
LQYHQWRU\�LQ�WKH�����V��WR�WKH�1DWLRQDO�)RUHVW�6XUYH\������±������GDWD�DUFKLYHG�LQ�
196���WR�HIIRUWV�XQGHUWDNHQ�E\�WKH�1=�)RUHVW�6HUYLFH�WKURXJK�WR�WKH�ODWH�����V��GDWD�
DUFKLYHG�LQ�196���DQG�WR�RQJRLQJ�HIIRUWV�WR�XQGHUVWDQG�WKH�FXUUHQW�VWDWXV�DQG�WUHQG�LQ�
FRPSRVLWLRQ�DQG�VWUXFWXUH�RI�RXU�IRUHVWV��
�
�
��� 2XWFRPHV�
�
&RQVHUYDWLRQ�RXWFRPHV�
5HVHDUFK�SURJUDPPHV�IXQGHG�E\�'2&�RYHU�WKH���������\HDU�FRQWLQXH�WR�PDNH�VWURQJ�
XVH�RI�GDWD�DUFKLYHG�LQ�196��
� $�FROODERUDWLYH�SURMHFW�EHWZHHQ�'2&��'U�(ODLQH�:ULJKW�DQG�5LFKDUG�(DUO��DQG�

/DQGFDUH�5HVHDUFK��'UV�6XVDQ�:LVHU�	�$QQD�0DUEXUJ��DFFHVVHG�YHJHWDWLRQ�GDWD�
IURP�196�LQ�RUGHU�WR�EHJLQ�PDSSLQJ�1HZ�=HDODQG¶V�IRUHVW�DQG�VKUXEODQG�
YHJHWDWLRQ�FODVVHV��7KLV�SURMHFW�XVHV�ERWK�UHFHQW��H�J��1=,&06��DQG�KLVWRULFDO�
GDWD��H�J��7KH�1DWLRQDO�)RUHVW�6XUYH\�RI�����±���DQG�5HFFH��UHOHYp��SORWV�LQ�
VHOHFWHG�DUHDV�RI�WKH�FRXQW\��DQG�LV�DQ�RQJRLQJ�SURMHFW�EXLOGLQJ�RQ�D�FODVVLILFDWLRQ�
RI�1HZ�=HDODQG�IRUHVW�DQG�VKUXEODQGV�XQGHUWDNHQ�LQ�WKH���������\HDU���

� 5HFHQW�ZRUN�E\�/DQGFDUH�5HVHDUFK�VFLHQWLVWV�DV�SDUW�RI�WKH�(FRV\VWHP�3URFHVVHV�
2XWFRPH�%DVHG�,QYHVWPHQW��,2�����LQFOXGLQJ�'UV�3HWHU�%HOOLQJKDP��1RUP�
0DVRQ��$QQD�0DUEXUJ�DQG�5RE�$OOHQ���ZKLFK�FRQWULEXWHV�WR�'2&¶V�1DWXUDO�
+HULWDJH�0DQDJHPHQW�6WUDWHJ\��1+06���KDV�SURSRVHG�D�VHW�RI�LQGLFDWRUV�WR�
PRQLWRU�YHJHWDWLRQ�WUHQGV�LQ�WKH�QRQ�ZRRG\�HFRV\VWHPV��H�J��JUDVVODQGV��GXQHV��
DOSLQH�FRPPXQLWLHV��RI�WKH�SXEOLF�FRQVHUYDWLRQ�HVWDWH��,Q�FRQVXOWDWLRQ�ZLWK�'2&�
VFLHQWLVWV��D�FRPPRQ�VDPSOLQJ�IUDPHZRUN�RQ�DQ���î���NP�JULG�ZDV�SURSRVHG�
DFURVV�DOO�ODQG�DGPLQLVWHUHG�E\�WKH�'HSDUWPHQW��6WDQGDUG�PHWKRGV�ZHUH�SURSRVHG�
WKDW�DUH�W\SLFDO�RI�196�GDWD��VXFK�DV�WKH�FRPPRQO\�XVHG�5HFFH�DQG����î����P�
SHUPDQHQW�SORW�PHWKRGV��7KH�GHVLJQ�DQG�ILHOG�PHWKRGV�KDYH�EHHQ�WULDOOHG�RYHU�WKH�
SDVW�ILHOG�VHDVRQ�DQG��VKRXOG�WKH�SURJUDPPH�EH�DGRSWHG��LW�ZLOO�VLJQLILFDQWO\�
LQFUHDVH�WKH�GDWD�DYDLODEOH�LQ�196�IURP�QRQ�ZRRG\�HFRV\VWHPV���

�
,QWHUQDWLRQDO�UHSRUWLQJ��
7KH�0RQWUpDO�3URFHVV�LV�WKH�:RUNLQJ�*URXS�RQ�&ULWHULD�DQG�,QGLFDWRUV�IRU�WKH�
&RQVHUYDWLRQ�DQG�6XVWDLQDEOH�0DQDJHPHQW�RI�7HPSHUDWH�DQG�%RUHDO�)RUHVWV��,W�ZDV�
IRUPHG�LQ�*HQHYD��6ZLW]HUODQG��LQ�-XQH������WR�GHYHORS�DQG�LPSOHPHQW�
LQWHUQDWLRQDOO\�DJUHHG�FULWHULD�DQG�LQGLFDWRUV�IRU�WKH�FRQVHUYDWLRQ�DQG�VXVWDLQDEOH�



PDQDJHPHQW�RI�WHPSHUDWH�DQG�ERUHDO�IRUHVWV��0HPEHUVKLS�LQ�WKH�:RUNLQJ�*URXS�LV�
YROXQWDU\�DQG�FXUUHQWO\�LQFOXGHV�FRXQWULHV�IURP�ERWK�KHPLVSKHUHV��HQFRPSDVVLQJ�D�
ZLGH�UDQJH�LQ�QDWXUDO�DQG�VRFLDO�FRQGLWLRQV��7KH�PHPEHU�FRXQWULHV�UHSUHVHQW�DERXW�
����RI�WKH�ZRUOG¶V�WHPSHUDWH�DQG�ERUHDO�IRUHVWV�LQ�WKH�QRUWKHUQ�DQG�VRXWKHUQ�
KHPLVSKHUHV��7KLV�DPRXQWV�WR�����RI�DOO�RI�WKH�IRUHVWV�RI�WKH�ZRUOG���
�
)RU�1HZ�=HDODQG¶V�UHSRUWLQJ�UHTXLUHPHQWV��WKH�196�'DWDEDQN�LV�LQFOXGHG�DV�D�GDWD�
VRXUFH�IRU�,QGLFDWRU����D��µ$YDLODELOLW\�RI�GDWD¶��ZKLFK�GHVFULEHV�WKH�DYDLODELOLW\�DQG�
H[WHQW�RI�XS�WR�GDWH�GDWD��VWDWLVWLFV�DQG�RWKHU�LQIRUPDWLRQ�LPSRUWDQW�WR�
PHDVXULQJ�GHVFULELQJ�LQGLFDWRUV�DVVRFLDWHG�ZLWK�&ULWHULD��±���
�
&DSDFLW\�EXLOGLQJ�RI�IXWXUH�HFRORJLVWV�
'UV�6DEULQD�5XVVR�DQG�5LFKDUG�5HEDUEHU��8QLYHUVLW\�RI�1HEUDVND��KDYH�EHHQ�FR�
WHDFKLQJ�D�µFDSVWRQH¶�XQGHUJUDGXDWH�FODVV�LQ�PDWKHPDWLFV�DQG�ELRORJ\��RQH�RI�WKH�
JRDOV�RI�WKH�FRXUVH�LV�WR�GHYHORS�D�PDWKHPDWLFDO�PRGHO�IRU�D�SDUWLFXODU�HFRORJLFDO�
V\VWHP��7KHLU�PRGHO�PDGH�XVH�RI�SHUPDQHQW�SORW�GDWD�IURP�196�WR�LPSURYH�
QHLJKERXUKRRG�PRGHOV�RI�WUHH�JURZWK��7KH�XQGHUJUDGV�SURJUHVVHG�ZHOO�DQG�KDYH�
GHYHORSHG�D�PRGHO�WKDW�ZLOO�LQ�DOO�OLNHOLKRRG�EH�SXEOLVKDEOH�DV�D�SDSHU�LQ�DQ�
XQGHUJUDGXDWH�UHVHDUFK�MRXUQDO�DQG�SUHVHQWHG�DW�DQ�XQGHUJUDGXDWH�V\PSRVLXP�DW�WKH�
6RFLHW\�IRU�0DWKHPDWLFV�DQG�%LRORJ\��60%��DQG�SRVVLEO\�DW�(6$�DV�D�SRVWHU��
�
�
��� :HE�VWDWLVWLFV�
�
,Q�WKH���������\HDU�ZH�XQGHUWRRN�D�UHYLVLRQ�RI�WKH�196�ZHEVLWH�
�KWWS���QYV�ODQGFDUHUHVHDUFK�FR�Q]��ZLWK�WKH�DGGLWLRQ�RI�WKH�196�/LWH�SURJUDP�
GRFXPHQWDWLRQ�DQG�VHYHUDO�PLQRU�XSGDWHV�WKURXJKRXW�WKH�\HDU��:HEVLWH�DFWLYLW\�LV�
QRZ�PRQLWRUHG�XVLQJ�*RRJOH�$QDO\WLFV��ZKLFK�HQVXUHV�ZH�FDQ�PRUH�DFFXUDWHO\�
DFFRXQW�IRU�ZHEVLWH�WUDIILF��1RWH�WKDW�LQFRPSOHWH�VWDWLVWLFV�FDQ�UHVXOW�IURP�ZHE�XVHUV�
GHOHWLQJ�RU�EORFNLQJ�µFRRNLHV¶��UHVXOWLQJ�LQ�WKH�ORVV�RI�GDWD�SHUWDLQLQJ�WR�WKRVH�YLVLWV���
�
2YHU�UHFHQW�\HDUV�DQ�LQFUHDVLQJ�QXPEHU�RI�RUJDQLVDWLRQV�DUH�SURYLGLQJ�OLQNV�WR�WKH�
196�ZHEVLWH�DV�D�UHVRXUFH�IRU�YHJHWDWLRQ�GDWD��DV�D�SURYLGHU�RI�LQIRUPDWLRQ�RQ�
YHJHWDWLRQ�PRQLWRULQJ��DQG�DV�D�1HZ�=HDODQG�*RYHUQPHQW�FRQVHUYDWLRQ�UHVRXUFH��2Q�
DYHUDJH�����RI�SDJH�YLHZV�ZHUH�WKH�UHVXOW�RI�UHIHUUDOV�IURP�RWKHU�VLWHV��ZKHUHDV�
DFFHVV�YLD�VHDUFK�HQJLQHV�UHPDLQV�WKH�PRVW�IUHTXHQW�SDWKZD\�WR�WKH�196�ZHEVLWH�
�������7KH�UHPDLQGHU�������ZDV�GLUHFW�WUDIILF��LQGLFDWLQJ�WKDW�IUHTXHQW�XVHUV�
ERRNPDUN�WKH�ZHEVLWH���
�
)URP���-XO\������WR����-XQH�������WKH�196�ZHEVLWH�ZDV�KLW���������WLPHV��ZKLFK�
UHSUHVHQWV�D������LQFUHDVH�VLQFH����������DQG�D������LQFUHDVH�RYHU�WKH���������
\HDU��7KHUH�ZHUH�������XQLTXH�YLVLWRUV�WR�WKH�VLWH������RI�ZKRP�ZHUH�QHZ�YLVLWRUV�WR�
WKH�ZHEVLWH��2I�WKH�FXUUHQW�\HDU¶V�KLWV�WKDW�FRXOG�EH�WUDFHG�WR�RULJLQ��WKH�PDMRULW\�RI�
YLVLWV�ZHUH�IURP�1HZ�=HDODQG��������IROORZHG�E\�WKH�86$�&DQDGD�������8.������
DQG�$XVWUDOLD�������8QVXUSULVLQJO\�WKH�LQGH[�SDJH�WR�WKH�VLWH�ZDV�YLHZHG�IUHTXHQWO\�
�����RI�DOO�SDJH�YLVLWV���'HWDLO�DERXW�ILHOG�WHFKQLTXHV��PDQXDOV��DQG�ILHOG�IRUPV�ZHUH�
DOVR�SRSXODU������RI�SDJH�YLVLWV���3DJHV�WR�IDFLOLWDWH�GDWD�UHTXHVWV�IURP�196�
�������������������������������������������������
����������WLPHV�ZKHQ�PHDVXUHG�XVLQJ�)XQQHO:HE��DV�GRQH�RYHU�SUHYLRXV�\HDUV��
�������WLPHV�ZKHQ�PHDVXUHG�XVLQJ�)XQQHO:HE��



FRQVWLWXWHG�����RI�YLVLWV��QRWH�WKDW�IUHTXHQW�XVHUV�RI�196�XVXDOO\�FRQWDFW�WKH�GDWDEDVH�
DGPLQLVWUDWRU�GLUHFWO\���ZKLOH�����RI�SDJH�KLWV�UHODWHG�WR�PHWDGDWD�UHFRUGV�IRU�
LQGLYLGXDO�VXUYH\V��9DULRXV�GRFXPHQWV�DUH�DYDLODEOH�WR�GRZQORDG�IURP�WKH�196�
ZHEVLWH�DQG�GXULQJ����������������GRFXPHQWV�ZHUH�GRZQORDGHG��WKH�PRVW�SRSXODU�RI�
ZKLFK�DUH�OLVWHG�LQ�7DEOH����
�
�
�
7DEOH���1XPEHU�RI�GRFXPHQW�GRZQORDGV�IURP�WKH�196�ZHEVLWH�GXULQJ���������
�FRPSLOHG�XVLQJ�)XQQHO:HE�DQG�*RRJOH�$QDO\WLFV���)XQQHO:HE�GRZQORDG�ILJXUHV�
IURP���������DUH�JLYHQ�LQ�SDUHQWKHVHV���
'RFXPHQW� 1XPEHU�RI�GRZQORDGV�

�)XQQHO:HE��
1XPEHU�RI�GRZQORDGV��

�*RRJOH�$QDO\WLFV��
5HFRQQDLVVDQFH�SORW�PDQXDO� ������������ ����
)RUHVW�SHUPDQHQW�SORW�PDQXDO� ������������ ����
196�/LWH�PDQXDO� �����1$�� ����
)%,�PDQXDO��SORW�VKHHWV�DQG�
IROLDU�FRYHU�VFDOH� �����1$�� ���
5HFRQQDLVVDQFH�SORW�±�SUR�IRUPD�
GDWD�VKHHW� ���������� ���
)LHOG�JXLGH�WR�XVH�RI�*36� ���������� ����
)RUHVW�WUHH�GLDPHWHU�±�SORW�SUR�
IRUPD�GDWD�VKHHW� ���������� ���
)RUHVW�VHHGOLQJ�SORW�±�SUR�IRUPD�
GDWD�VKHHW� ���������� ���
*UDVVODQG�VXUYH\�PDQXDO� ������������ ���
196�/LWH�3URJUDP�LQVWDOODWLRQ�� �����1$�� ���
&RPELQHG�WRWDOV�IRU�SUHYLRXV�DQG�XSGDWHG��������PDQXDOV��
�1RWH�WKDW�IRU�'2&�VWDII�WKH�196�/LWH�SURJUDP�LV�LQVWDOOHG�GLUHFWO\�E\�'2&¶V�
FRPSXWHU�VXSSRUW�SURYLGHU��
�
�

�������������������������������������������������
���������WLPHV�ZKHQ�PHDVXUHG�XVLQJ�)XQQHO:HE��



��� 196�GDWD�UHTXHVWV�
�
$�WRWDO�RI����UHTXHVWV�IRU�196�GDWD�DQG�PHWDGDWD�ZHUH�PDGH�GXULQJ���������DQG�D�
WRWDO�RI������GDWDVHWV�ZHUH�VXSSOLHG��)LJ�����±�D�����LQFUHDVH�RYHU����������7KH�
SULQFLSDO�DJHQFLHV�IURP�ZKLFK�WKHUH�ZHUH�UHTXHVWV�IRU�GDWD�DQG�QXPEHU�RI�GDWDVHWV�
VXSSOLHG�DUH�VKRZQ�RYHU�WKH�SDVW�ILYH�\HDUV��)LJ������7KH�PDMRU�DJHQFLHV�UHTXHVWLQJ�
GDWD��'2&��/DQGFDUH�5HVHDUFK��DQG�XQLYHUVLW\�VWDII�DQG�VWXGHQWV��KDYH�PDGH�VLPLODU�
QXPEHUV�RI�UHTXHVWV�RYHU�UHFHQW�\HDUV��EXW�WKH�QXPEHU�RI�GDWDVHWV�UHTXHVWHG�KDV�EHHQ�
JUDGXDOO\�LQFUHDVLQJ�EHFDXVH�LW�LV�FRPPRQ�IRU�D�ODUJH�QXPEHU�RI�GDWDVHWV�WR�EH�
UHTXHVWHG�DW�RQH�WLPH�IRU�V\QWKHWLF�VWXGLHV��,QGHHG��EXON�GDWD�UHTXHVWV�FRQWLQXH�WR�EH�D�
IHDWXUH�RI�196�GDWD�XVH��ZLWK�HLJKW�UHTXHVWV�RYHU�WKH���������\HDU�FRPSULVLQJ�!����
GDWDVHWV�SHU�UHTXHVW���
�
/DUJH�GDWD�UHTXHVWV�RYHU�WKH�ODVW�\HDU�LQFOXGHG�SHUPDQHQW�IRUHVW�SORW�DQG�5HFFH�
�UHOHYp��GDWD�UHTXHVWHG�E\��D��VWDII�RI�/DQGFDUH�5HVHDUFK�WR�VXSSRUW�RQJRLQJ�DVSHFWV�
RI�'2&¶V�µ,QYHQWRU\�DQG�0RQLWRULQJ¶�SURMHFW�DQG�&URVV�'HSDUWPHQW�5HVHDUFK�3RRO�
�&'53��7HUUHVWULDO�(FRV\VWHP�3URMHFW���µ+RZ�GR�WUHQGV�LQ�HFRV\VWHP�FRPSRVLWLRQ�
DORQJ�HQYLURQPHQWDO�DQG�GLVWXUEDQFH�KLVWRU\�JUDGLHQWV�UHIOHFW�FKDQJH�WR�ZKROH�
HFRV\VWHPV"¶���E��DQ�LQWHUQDWLRQDO�XQLYHUVLW\�VWXGHQW�LQ�WKH�8.�WR�H[DPLQH�WUHH�JURZWK�
UDWHV��DQG��F��'2&�VWDII�WR�H[DPLQH�QDWLRQDO�GLVWULEXWLRQV�RI�H[RWLF�SODQW�VSHFLHV��7KH�
0LQLVWU\�IRU�WKH�(QYLURQPHQW�FRQWLQXHV�WR�UHTXHVW�SHUPDQHQW�IRUHVW�SORW�GDWD�WR�
VXSSRUW�WKH�QDWLRQDO�&DUERQ�0RQLWRULQJ�6\VWHP�DV�SDUW�RI�WKH�/8&$6�SURJUDPPH���
�
�
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)LJ�����7RS��1XPEHU�RI�UHTXHVWV�IRU�GDWD�IURP�WKH�1DWLRQDO�9HJHWDWLRQ�6XUYH\�
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%HH�-1��7DQHQW]DS�$-��/HH�:*��/DYHUV�5%��0DUN�$)��0LOOV�-$��&RRPHV�'$�������

7KH�EHQHILWV�RI�EHLQJ�LQ�D�EDG�QHLJKERXUKRRG��SODQW�FRPPXQLW\�FRPSRVLWLRQ�
LQIOXHQFHV�UHG�GHHU�IRUDJLQJ�GHFLVLRQV��2LNRV��������±����

%HOOLQJKDP�3-��6SDUURZ�$'�������0XOWL�VWHPPHG�WUHHV�LQ�PRQWDQH�UDLQ�IRUHVWV��WKHLU�
IUHTXHQF\�DQG�GHPRJUDSK\�LQ�UHODWLRQ�WR�HOHYDWLRQ��VRLO�QXWULHQWV��DQG�
GLVWXUEDQFH��-RXUQDO�RI�(FRORJ\��������±�����

&RRPHV�'$��$OOHQ�5%�������7HVWLQJ�WKH�PHWDEROLF�VFDOLQJ�WKHRU\�RI�WUHH�JURZWK��
-RXUQDO�RI�(FRORJ\��LQ�SUHVV��

'LFNLH�,$��5LFKDUGVRQ�6-��:LVHU�6.�������(FWRP\FRUUKL]DO�IXQJDO�FRPPXQLWLHV�DQG�
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&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK���������±������
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=HDODQG�-RXUQDO�RI�(FRORJ\�����LQ�SUHVV��
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WUHQGV�RUJ�ELRGLYHUVLW\RIIVHWSURJUDP�JXLGHOLQHV�VHQ]�FDVH�VWXG\�SGI���
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IRUHVW��%ULWLVK�(FRORJLFDO�6RFLHW\�$QQXDO�0HHWLQJ��,PSHULDO�&ROOHJH��/RQGRQ��
8.���±��6HSWHPEHU�������

6SHQFHU�1��&iFHUDV�0��.OHLNDPS�0��/HH�0��3HHW�5.��:LVHU�6.�����D��$Q�H[FKDQJH�
VWDQGDUG�IRU�YHJHWDWLRQ�SORW�GDWD��3UHVHQWDWLRQ�WR�WKH�%RWDQLFDO�,QIRUPDWLRQ�
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