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&RPSLOHG�E\�+D]HO�%URDGEHQW��3HWHU�%HOOLQJKDP��1LFN�6SHQFHU�DQG�6XVDQ�:LVHU��
/DQGFDUH�5HVHDUFK��/LQFROQ�
�
����1XPEHU�RI�QHZ�UHFRUGV�DFFHVVHG�
�
$�WRWDO�RI�����QHZ�GDWD�VHWV�ZHUH�DGGHG�HOHFWURQLFDOO\�WR�196�LQ�����±����WR����
-XQH�������)LJ���D��ZLWK�D�WRWDO�RI������SORWV�DGGHG��)LJ���E����0DMRU�SURYLGHUV�RI�
GDWD��)LJ���D��DQG�W\SHV�RI�GDWD��)LJ���E��DUH�VKRZQ�RYHU�WKH�SDVW���\HDUV���7KH�
LQFUHDVH�RYHU�����±���LV�GXH�SULQFLSDOO\�WR�LQYHVWPHQW�E\�WKH�7HUUHVWULDO�DQG�
)UHVKZDWHU�%LRGLYHUVLW\�,QIRUPDWLRQ�6\VWHPV��7)%,6��SURJUDPPH�LQ�WZR�SURMHFWV���L��
WR�LQFRUSRUDWH�RXWVWDQGLQJ�GDWD�VHWV�FROOHFWHG�E\�WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ��
DQG��LL��WR�LQFRUSRUDWH�GDWD�VHWV�FROOHFWHG�E\�VRPH�SUH�HPLQHQW�UHVHDUFKHUV��
HVSHFLDOO\�IURP�XQLYHUVLWLHV�DQG�UHVHDUFK�LQVWLWXWHV��
�
$GYDQFHV�PDGH�LQ�WKH�196�GDWDEDQN�UHVXOWHG�LQ�LW�EHFRPLQJ�WKH�UHSRVLWRU\�IRU�DOO�
VWDQGDUG�YHJHWDWLRQ�GDWD�FROOHFWHG�E\�WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ��LPSOHPHQWHG�
WKURXJK�D�6WDQGDUG�2SHUDWLQJ�3URFHGXUH�WKDW�EHFDPH�HIIHFWLYH�LQ�2FWREHU���������
�
�

$

%

<HDU
������� ������� ������� ������� �������

1X
PE

HU�
RI�

SOR
WV�

DG
GH

G�H
OHF

WUR
QLF

DOO
\

�

����

����

����

����

����

����

����
)RUHVW�WUHH�GLDPHWHU�GDWD�
5HFRQQDLVVDQFH�SORWV�
5DQN�SORWV�
*UDVVODQG�WUDQVHFWV�
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'HSDUWPHQW�RI�&RQVHUYDWLRQ�
/DQGFDUH�5HVHDUFK�
8QLYHUVLWLHV�
7RWDO�

��
)LJ������$���1XPEHU�RI�GDWD�VHWV�LQFOXGHG�HOHFWURQLFDOO\�LQ�WKH�1DWLRQDO�9HJHWDWLRQ�
6XUYH\�GDWDEDQN�SHU�\HDU�IRU�WKH�SDVW�ILYH�\HDUV��WRWDO�DQG�IURP�WZR�PDMRU�GDWD�
XVHUV����%���1XPEHU�RI�YHJHWDWLRQ�SORWV�LQFOXGHG�HOHFWURQLFDOO\�LQ�WKH�1DWLRQDO�
9HJHWDWLRQ�6XUYH\�GDWDEDQN�SHU�\HDU�IRU�WKH�SDVW�ILYH�\HDUV��WRWDO�DQG�RI�IRXU�PDMRU�
GDWD�W\SHV��



�
��� 6LJQLILFDQW�UHYLVLRQV�RI�GDWD�
�
:H�FDSWXUHG�WKH�VXESORW�LGHQWLW\�IRU�F����������PHDVXUHPHQWV�RI�WDJJHG�WUHHV�RQ�F��
�����PHDVXUHPHQWV�RI�SHUPDQHQW�SORWV���:H�KDYH�FRQWLQXHG�WR�LGHQWLI\�DQG�FRUUHFW�
HUURUV�LQ�UHFRUGLQJ�RI�WDJV��VSHFLHV��DQG�WUHH�GLDPHWHUV���7KLV�ZRUN�EXLOGV�RQ�DQ�
LQLWLDWLYH�EHJXQ�LQ�����±����D�WKUHH�\HDU�SURMHFW�µ7HVWV�RI�FRPSHWLWLRQ�WKHRU\�LQ�
IRUHVWV�XVLQJ�QHLJKERXUKRRG�PRGHOOLQJµ��IXQGHG�E\�WKH�1DWLRQDO�(QYLURQPHQWDO�
5HVHDUFK�&RXQFLO��1(5&��RI�WKH�8QLWHG�.LQJGRP�DQG�/DQGFDUH�5HVHDUFK��
�
��� 0DLQWHQDQFH�DQG�GHYHORSPHQW�DFWLYLWLHV�
�
'XULQJ�����±����D�SXUSRVH�EXLOW�DUFKLYH�IRU�WKH�SK\VLFDO�FRPSRQHQW�RI�WKH�196�
GDWDEDQN��FRSLHV�RI�SORW�VKHHWV��PDSV��DHULDO�SKRWRJUDSKV��VOLGHV�HWF���ZDV�
FRPSOHWHG�DQG�LV�QRZ�LQ�XVH���7KLV�GHGLFDWHG�IDFLOLW\�SURYLGHV�UHVWULFWHG�DQG�VHFXUH�
DFFHVV��RQO\�196�,2�VWDII�PHPEHUV�KDYH�DFFHVV���KDV�KLJK�TXDOLW\�FOLPDWH�FRQWURO��
DPSOH�VSDFH�IRU�H[SDQVLRQ�DV�196�FRQWLQXHV�WR�JURZ��H�J���WKURXJK�7)%,6�IXQGHG�
SURMHFWV���FRPSXWHU�IDFLOLWLHV��DQG�DPSOH�ZRUNVSDFH���3UHYLRXVO\��196�SK\VLFDO�
UHFRUGV�ZHUH�VWRUHG�LQ�WKH�$OODQ�+HUEDULXP��ZKHUH�VSDFH�ZDV�OLPLWHG��WKH�FROOHFWLRQ�
ZDV�IUDJPHQWHG��DQG�VHFXULW\�RI�DFFHVV�ZDV�QRW�JXDUDQWHHG���7KH�QHZ�DUFKLYH��
ZLWKLQ�WKH�/DQGFDUH�5HVHDUFK�OLEUDU\�DW�/LQFROQ��UHSUHVHQWV�D�VXEVWDQWLDO�
LPSURYHPHQW�LQ�WKH�TXDOLW\�RI�WKH�IDFLOLWLHV�XVHG�E\�WKH�196�GDWDEDQN�DQG�ZDV�
IXQGHG�E\�/DQGFDUH�5HVHDUFK¶V�FDSLWDO�H[SHQGLWXUH�EXGJHW��
�
2QH�RI�WKH�LPSRUWDQW�DUHDV�RI�ZRUN�DVVRFLDWHG�ZLWK�WKH�196�GDWDEDQN�,2�LV�WR�KHOS�
WKRVH�ZKR�FROOHFW�SORW�GDWD�WR�µUDLVH�WKHLU�JDPH¶���7KLV�LV�HVSHFLDOO\�LPSRUWDQW�IRU�ILHOG�
VWDII�LQ�WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ���8VH�RI�WHPSRUDU\�VWDII��KLJK�ILHOG�VWDII�
WXUQRYHU�DQG�OLPLWHG�EXGJHWV�RIWHQ�UHVXOW�LQ�WKH�TXDOLW\�RI�ILHOG�GDWD�EHLQJ�
FRPSURPLVHG�DQG�KHQFH�OLPLWV�LWV�XWLOLW\���)RU�WKLV�UHDVRQ��D�PLOHVWRQH�LQ�WKH�196�,2�
IRFFXVVHV�RQ�GHYHORSLQJ�VWDQGDUGV�DQG�JXLGHOLQHV�IRU�GDWD�TXDOLW\�DQG�VHFXULW\�DQG�
ZRUNLQJ�ZLWK�'2&�WR�HQVXUH�WKH\�DUH�LPSOHPHQWHG���7R�WKLV�HQG�ZH�KDYH�PDGH�WKUHH�
VLJQLILFDQW�DFKLHYHPHQWV�GXULQJ�����±�����7KH�ILUVW�ZDV�SXEOLFDWLRQ�RQ�WKH�196�
ZHEVLWH�RI�JXLGHOLQHV�IRU�GHDOLQJ�ZLWK�GDWD�TXDOLW\�LVVXHV�ZKHQ�HQWHULQJ�DQG�
FRUUHFWLQJ�GDWD���7KLV�ZDV�PRWLYDWHG�E\�WKH�QHHG�WR�HQVXUH�WKDW�GDWD�HQWU\�DQG�
FRUUHFWLRQV�FDUULHG�RXW�E\�'2&�DQG�0LQLVWU\�IRU�WKH�(QYLURQPHQW��0I(��LWV�&DUERQ�
$FFRXQWLQJ�6\VWHP��LV�GRQH�WR�WKH�VDPH�KLJK�VWDQGDUG�ZH�XVH�LQWHUQDOO\����7KH�
VHFRQG�ZDV�RXU�FRQWUDFWHG�VXSSRUW�WR�KHOS�'2&�GHYHORS�WKHLU�WUDLQLQJ�PRGXOH�IRU�
YHJHWDWLRQ�PRQLWRULQJ���)RUPDO�WUDLQLQJ�KDV�EHHQ�LQIUHTXHQW�LQ�WKH�SDVW�DQG�DV�SDUW�RI�
WKH�GHYHORSPHQWV�DVVRFLDWHG�ZLWK�'2&¶V�1DWXUDO�+HULWDJH�0DQDJHPHQW�6\VWHP�D�
FRPPLWPHQW�WR�UHJXODU�GHOLYHU\�RI�WUDLQLQJ�FRXUVHV�KDV�EHHQ�PDGH���7KLUG��
SUHVHQWDWLRQV�UHJDUGLQJ�WKH�196�GDWDEDQN�ZHUH�D�VLJQLILFDQW�FRPSRQHQW�RI�D�
QDWLRQDO�SODQW�LQYHQWRU\�DQG�PRQLWRULQJ�ZRUNVKRS�UXQ�E\�'2&�LQ�&KULVWFKXUFK�LQ�-XO\�
������
�
��� :HE�VWDWLVWLFV�
�
)URP����-XQH������WR����-XQH�������WKH�196�ZHE�VLWH�
�KWWS���QYV�ODQGFDUHUHVHDUFK�FR�Q]��ZDV�KLW���������WLPHV���7KLV�ZDV�D������
LQFUHDVH�RYHU�WKH�QXPEHU�RI�WLPHV�WKH�ZHE�VLWH�ZDV�KLW�WKH�SUHYLRXV�\HDU���2I�WKH�
FXUUHQW�\HDU¶V�KLWV�WKDW�FRXOG�EH�WUDFHG�WR�RULJLQ��������ZHUH�IURP�1HZ�=HDODQG�DQG�
$XVWUDOLD���������ZHUH�IURP�1RUWK�$PHULFD�DQG��������ZHUH�IURP�(XURSH���9DULRXV�
GRFXPHQWV�DUH�DYDLODEOH�WR�GRZQORDG�IURP�WKH�196�ZHE�VLWH�DQG�GXULQJ�����±���
DQG��������GRFXPHQWV��OLVWHG�LQ�7DEOH����ZHUH�GRZQORDGHG��
�



7DEOH����1XPEHU�RI�GRZQORDGV�RI�GRFXPHQWV�DYDLODEOH�RQ�WKH�196�ZHE�VLWH�GXULQJ�
����±�����FRPSLOHG�XVLQJ�)XQQHO�:HE���
�
'RFXPHQW� 1XPEHU�RI�

GRZQORDGV�
*UDVVODQG�VXUYH\�PDQXDO� ������
5HFRQQDLVVDQFH�SORW�PDQXDO� ������
)RUHVW�SHUPDQHQW�SORW�PDQXDO� ������
� �
)LHOG�JXLGH�WR�XVH�RI�*36� �������
0DLQWDLQLQJ�ELRGLYHUVLW\�LQIRUPDWLRQ��:LVHU�HW�DO��������
1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��
�

�����

$Q�DVVHVVPHQW�RI�WKH�TXDOLW\�RI�GDWD�VWRUHG�LQ�WKH�
1DWLRQDO�9HJHWDWLRQ�6XUYH\�GDWDEDVH��UHSULQW�RI�/DQGFDUH�
5HVHDUFK�FRQWUDFW�UHSRUW��
�

�����

5HFRQQDLVVDQFH�SORW�SUR�IRUPD�GDWD�VKHHW� ����
)RUHVW�WUHH�GLDPHWHU�SORW�SUR�IRUPD�GDWD�VKHHW�
�QYVVWHPGLDP�������DQG�VWHPGLDP������
��

�����

)RUHVW�VHHGOLQJ�SORW�SUR�IRUPD�GDWD�VKHHW� �����
� �

�
�
$Q�LQFUHDVLQJ�QXPEHU�RI�ZHEVLWHV��ERWK�ZLWKLQ�1HZ�=HDODQG�DQG�LQWHUQDWLRQDOO\�
SURYLGH�GHVFULSWLRQV�RI��DQG�OLQNV�WR��WKH�196�GDWDEDQN���,QWHUQDWLRQDOO\��UHFHQWO\�
GLVFRYHUHG�OLQNV�LQFOXGH�,1787(��D�IUHH�RQOLQH�VHUYLFH�SURYLGLQJ�DFFHVV�WR�:HE�
UHVRXUFHV�IRU�HGXFDWLRQ�DQG�UHVHDUFK��FUHDWHG�E\�D�QHWZRUN�RI�8.�XQLYHUVLWLHV�DQG�
SDUWQHUV���%LRORJ\�%URZVHU��D�IUHH�ZHE�VLWH�SURGXFHG�E\�7KRPVRQ�6FLHQWLILF��86$�
RIIHULQJ�UHVRXUFHV�IRU�WKH�OLIH�VFLHQFHV�LQIRUPDWLRQ�FRPPXQLW\���WKH�PHWDGDWD�SRUWDO�
RI�1%,,��1DWLRQDO�%LRORJLFDO�,QIRUPDWLRQ�,QIUDVWUXFWXUH��86$��DQG�=LSFRGH�=RR��D�
ZHEVLWH�WKDW�FROODWHV�ELRGLYHUVLW\�GDWD�LQWHUQDWLRQDOO\�WR�PDNH�LW�DYDLODEOH�WR�DUPFKDLU�
QDWXUDOLVWV��
�
��� 'DWD�VKDULQJ�DJUHHPHQWV�
�
6XVDQ�:LVHU��-HUU\�&RRSHU��DQG�1LFN�6SHQFHU�KRVWHG�D�ZRUNVKRS�LQ�1RUWK�&DUROLQD��
86$�GXULQJ�$SULO������WR�LQLWLDWH�WKH�GHYHORSPHQW�RI�D�FRPPRQO\�DJUHHG�GDWD�
H[FKDQJH�IRUPDW�IRU�YHJHWDWLRQ�GDWD�EHWZHHQ�PDMRU�LQWHUQDWLRQDO�YHJHWDWLRQ�
GDWDEDVH�JURXSV��LQFOXGLQJ�WKRVH�IURP�WKH�1HWKHUODQGV��*HUPDQ\��6SDLQ��$XVWUDOLD��
1HZ�=HDODQG��DQG�86$��7KH�ZRUNVKRS�ZDV�KRVWHG�E\�'XNH�8QLYHUVLW\
V�1DWLRQDO�
(YROXWLRQDU\�6\QWKHVLV�&HQWHU��1(6&HQW��DQG�WUDYHO�IRU�WKH�WZHOYH�DWWHQGHHV�ZDV�
IXQGHG�D�FRPELQDWLRQ�RI�7)%,6��,7,3��DQG�&DSDELOLW\�IXQGLQJ��*RRG�SURJUHVV�ZDV�
PDGH�GXULQJ�WKH���GD\V�WKH�JURXS�ZDV�WRJHWKHU�ZLWK�JRDOV��FRQFHSWV��WHUPLQRORJ\�
DQG�D�FRQFHSWXDO�VFKHPD�DOO�EHLQJ�DJUHHG�XSRQ�E\�WKH�HQG�RI�WKH�ZRUNVKRS��7ZR�
NH\�SDUWLFLSDQWV�YROXQWHHUHG�WR�ILQLVK�WKH�ILUVW�GUDIW�RI�WKH�VFKHPD�RYHU�WKH�QH[W�IHZ�
PRQWKV��7KH�UHVXOWV�RI�WKLV�VFKHPD�ZRUNVKRS�ZLOO�EHQHILW�1HZ�=HDODQG�RQ�VHYHUDO�
OHYHOV���)LUVW��WKLV�VROLGLILHV�WKH�SRVLWLRQ�RI�1HZ�=HDODQG�DV�D�NH\�SOD\HU�LQ�WKH�
LQWHUQDWLRQDO�YHJHWDWLRQ�GDWD�FRPPXQLW\���6HFRQG��ZLWKLQ�1HZ�=HDODQG��WKLV�LV�D�



QHFHVVDU\�WKH�ILUVW�VWHS�LQ�IDFLOLWDWLQJ�GDWD�H[FKDQJH�DPRQJ�PDMRU�GDWDEDQNV�WKDW�
LQFOXGH�YHJHWDWLRQ�GDWD��L�H��363�RI�HQVLV�MY��/8&$6�RI�0I(����7KLUG��WKLV�LV�D�
QHFHVVDU\�ILUVW�VWHS�LQ�VKDULQJ�RI�YHJHWDWLRQ�GDWD�LQWHUQDWLRQDOO\�ZLWK�WKH�IORZ�RQ�
HIIHFW�RI�LQFUHDVHG�FROODERUDWLRQV�EHWZHHQ�1=�YHJHWDWLRQ�VFLHQWLVWV�DQG�WKRVH�
HOVHZKHUH�LQ�WKH�ZRUOG��
�
,Q�ODWH�������1LFN�6SHQFHU�JDYH�D�SUHVHQWDWLRQ�WR�'2&�KHDG�RIILFH�RQ�196�DQG�WKH�
196�0HWDGDWD�V\VWHP��+H�DOVR�FRYHUHG�196�7)%,6�UHODWHG�ZRUN��VXFK�DV�WKH�
YHJHWDWLRQ�H[FKDQJH�VFKHPD�DQG�GLUHFW�DFFHVV�WR�196�GDWD�IRU�'2&�VWDII��
�
/DUU\�%XUURZV�DQG�+D]HO�%URDGEHQW�DXWKRUHG�WKH�LQWHUQDO�UHSRUW�³5HYLHZ�RI�1DWLRQDO�
9HJHWDWLRQ�6XUYH\�'DWDEDQN��196��3URWRFRO�DQG�'DWD�$FFHVV�/HYHOV´���7KLV�UHSRUW�
ZDV�UHYLHZHG�E\�'2&�DQG�E\�3DP�3\H��WKH�/DQGFDUH�5HVHDUFK�OHJDO�DGYLVRU���7KLV�
UHSRUW�GRFXPHQWV�WKH�ILQGLQJ��EDVHG�RQ�XVHU�VXUYH\V��WKDW�WKH�H[LVWLQJ�SURWRFRO�LV�
DGHTXDWH��EXW�DFWLRQV�FRXOG�EH�WDNHQ�WR�HQFRXUDJH�GDWD�SURYLGHUV�WR�EH�PRUH�RSHQ�
DERXW�WKH�XVH�RI�WKHLU�GDWD��H�J��FRQWDFWLQJ�GDWD�SURYLGHUV�DQQXDOO\�WR�ILQG�LI�WKH\�DUH�
ZLOOLQJ�IRU�WKHLU�GDWD�WR�QR�ORQJHU�UHTXLUH�SHUPLVVLRQ�WR�EH�XVHG��SURYLGLQJ�DQ�DQQXDO�
UHSRUW�WR�GDWD�SURYLGHUV��UHJDUGOHVV�RI�WKH�DFFHVV�OHYHO�WKH\�KDYH�VHW�RQ�WKHLU�GDWD��RI�
ZKR�KDV�UHTXHVWHG�WKH�XVH�RI�WKHLU�GDWD����7KH�UHSRUW�LV�SRVWHG�RQ�WKH�196�ZHEVLWH�
DQG�WKH�UHFRPPHQGDWLRQV�DUH�EHLQJ�DFWLRQHG����
�
��� %XON�GDWD�UHTXHVWV�
�
$�WRWDO�RI����UHTXHVWV�IRU�196�GDWD�DQG�PHWDGDWD�ZHUH�PDGH�GXULQJ�����±�������
PRQWKV�WR�HQG�RI����-XQH�������)LJ���D��DQG�D�WRWDO�RI�����GDWD�VHWV�ZHUH�VXSSOLHG�
�)LJ���E����7KH�SULQFLSDO�DJHQFLHV�IURP�ZKLFK�WKHUH�ZHUH�UHTXHVWV�IRU�GDWD��)LJ���D��
DQG�QXPEHU�RI�GDWD�VHWV�VXSSOLHG��)LJ���E��DUH�VKRZQ�RYHU�WKH�SDVW���\HDUV���7KH�
PDMRU�DJHQFLHV�UHTXHVWLQJ�GDWD��'HSDUWPHQW�RI�&RQVHUYDWLRQ��/DQGFDUH�5HVHDUFK��
DQG�XQLYHUVLW\�VWDII�DQG�VWXGHQWV��KDYH�PDGH�VLPLODU�QXPEHUV�RI�UHTXHVWV�RYHU�UHFHQW�
\HDUV��WKH�ODUJH�LQFUHDVH�GXULQJ�����±���GHULYHG�IURP�UHTXHVWV�SULYDWH�FRQWUDFWRUV��
�
%XON�GDWD�UHTXHVWV�KDYH�LQFUHDVLQJO\�EHFRPH�D�IHDWXUH�RI�196�XVH�RYHU�WKH�SDVW�
WKUHH�\HDUV���7KH�0I(�PDGH�EXON�GDWD�UHTXHVWV�IURP������LQ�FRQMXQFWLRQ�ZLWK�WKH���
\HDU�&DUERQ�0RQLWRULQJ�6\VWHP�SURMHFW�ZKLFK�HQWDLOHG��LQ�SDUW��UHPHDVXUHPHQW�RI�
H[LVWLQJ�IRUHVW�SORWV�ZLWK�GDWD�VWRUHG�LQ�WKH�196�GDWDEDQN���7KLV�SDUW�RI�WKH�SURMHFW�
FRQFOXGHG�LQ�HDUO\������VR�QR�IXUWKHU�GDWD�UHTXHVW�ZHUH�PDGH�GXULQJ�����±����)LJ��
�E���GDWD�IURP�SHUPDQHQW�SORWV�LQ�LQGLJHQRXV�IRUHVWV�DQG�VKUXEODQGV�PHDVXUHG�LQ�WKH�
&DUERQ�0RQLWRULQJ�6\VWHP�ZLOO�EH�VWRUHG�LQ��DQG�DYDLODEOH�IURP��WKH�196�GDWDEDQN�LQ�
WKH�QHDU�IXWXUH���/DUJH�GDWD�UHTXHVWV�GXULQJ�����±���LQFOXGHG�SHUPDQHQW�IRUHVW�SORW�
GDWD��UHTXHVWHG�E\�VWDII�RI�/DQGFDUH�5HVHDUFK�WR��
•� VXSSRUW�DVSHFWV�RI�WKH�³6XVWDLQLQJ�DQG�UHVWRULQJ�ELRGLYHUVLW\´�2XWFRPH�EDVHG�

,QYHVWPHQW��IXQGHG�E\�WKH�)RXQGDWLRQ�IRU�5HVHDUFK��6FLHQFH�DQG�7HFKQRORJ\��
•� DVVLVW�WKH�LQYHVWLJDWLRQ�³'RHV�HQYLURQPHQWDO�UHSUHVHQWDWLRQ�LQGLFDWH�VSHFLHV�

VHFXULW\"´��&URVV�GHSDUWPHQWDO�5HVHDUFK�3RRO�3URMHFW�����DGPLQLVWHUHG�E\�WKH�
'HSDUWPHQW�RI�&RQVHUYDWLRQ���

�
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�� 'HSDUWPHQW�RI�&RQVHUYDWLRQ�
/DQGFDUH�5HVHDUFK�
8QLYHUVLW\�VWDII�DQG�VWXGHQWV�
7RWDO�
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'HSDUWPHQW�RI�&RQVHUYDWLRQ
/DQGFDUH�5HVHDUFK
8QLYHUVLW\�VWDII�DQG�VWXGHQWV
0LQLVWU\�IRU�WKH�(QYLURQPHQW�
7HUULWRULDO�ORFDO�DXWKRULWLHV�
7RWDO

%

��
�
)LJ������$���1XPEHU�RI�UHTXHVWV�IRU�GDWD�IURP�WKH�1DWLRQDO�9HJHWDWLRQ�6XUYH\�
GDWDEDQN�SHU�\HDU�IRU�WKH�SDVW�ILYH�\HDUV��WRWDO�DQG�IURP�WKUHH�PDMRU�GDWD�XVHUV����%���
1XPEHU�RI�UHTXHVWV�IRU�GDWD�IURP�WKH�1DWLRQDO�9HJHWDWLRQ�6XUYH\�GDWDEDQN�SHU�\HDU�
IRU�WKH�SDVW�ILYH�\HDUV��WRWDO�DQG�IURP�ILYH�PDMRU�GDWD�XVHUV��
�
��� 3XEOLFDWLRQV�GLUHFWO\�DVVRFLDWHG�ZLWK�WKH�196�GDWDEDQN�
�
7KH�IROORZLQJ�SXEOLFDWLRQV�GXULQJ�����±���XVHG�GDWD�GHULYHG�IURP�WKH�196�
GDWDEDQN��
�
%URZQ��&�6���0DUN��$�)���.HUVKDZ��*�3��	�'LFNLQVRQ��.�-�0��������6HFRQGDU\�

VXFFHVVLRQ����\HDUV�DIWHU�GLVWXUEDQFH�RI�D�1HZ�=HDODQG�KLJK�DOSLQH�
FXVKLRQILHOG���$UFWLF��$QWDUFWLF��DQG�$OSLQH�5HVHDUFK��������±�����

&RRPHV��'�$��	�$OOHQ��5�%��������0RUWDOLW\�DQG�WUHH�VL]H�GLVWULEXWLRQV�LQ�QDWXUDO�
PL[HG�DJH�IRUHVWV���-RXUQDO�RI�(FRORJ\�������±����

'XQFDQ��5�3���5XVFRH��:�$���5LFKDUGVRQ��6�-��	�$OOHQ��5�%��������&RQVHTXHQFHV�RI�
GHHU�FRQWURO�IRU�.DZHND�PRXQWDLQ�EHHFK�IRUHVW�G\QDPLFV���8QSXEOLVKHG�
/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&�������������SS��

(OLWK��-��	�/HDWKZLFN��-��������3UHGLFWLQJ�VSHFLHV�GLVWULEXWLRQ�IURP�PXVHXP�DQG�
KHUEDULXP�UHFRUGV�XVLQJ�PXOWLUHVSRQVH�PRGHOV�ILWWHG�ZLWK�PXOWLYDULDWH�
DGDSWLYH�UHJUHVVLRQ�VSOLQHV���'LYHUVLW\�DQG�'LVWULEXWLRQV��������±�����



*XLVDQ��$���*UDKDP��&�+���(OLWK��-���+XHWWPDQQ��)��	�WKH�1&($6�6SHFLHV�'LVWULEXWLRQ�
0RGHOOLQJ�*URXS��������6HQVLWLYLW\�RI�SUHGLFWLYH�VSHFLHV�GLVWULEXWLRQ�PRGHOV�WR�
FKDQJH�LQ�JUDLQ�VL]H��'LYHUVLW\�DQG�'LVWULEXWLRQV��������±������

+XUVW�-�0�������7HPSRUDO�DQG�VSDWLDO�SDWWHUQV�RI�WUHH�PRUWDOLW\�LQ�D�PRQWDQH�1HZ�
=HDODQG�PRXQWDLQ�EHHFK�IRUHVW��$�WKHVLV�VXEPLWWHG�LQ�SDUWLDO�IXOILOPHQW�RI�WKH�
UHTXLUHPHQWV�IRU�WKH�'HJUHH�RI�0DVWHU�RI�6FLHQFH��/LQFROQ�8QLYHUVLW\��

+XVKHHU��6�:��������&KDQJHV�WR�WKH�IRUHVWV�RI�(JPRQW�1DWLRQDO�3DUN�����±�������
'HSDUWPHQW�RI�&RQVHUYDWLRQ�5HVHDUFK�	�'HYHORSPHQW�6HULHV�������±����

+XVKHHU��6�:���$OOHQ��5�%��	�5REHUWVRQ��$�:�������6XSSUHVVLRQ�RI�UHJHQHUDWLRQ�LQ�
1HZ�=HDODQG�PRXQWDLQ�EHHFK�IRUHVWV�LV�GHSHQGHQW�RQ�VSHFLHV�RI�LQWURGXFHG�
GHHU���%LRORJLFDO�,QYDVLRQV�������±�����

+XVKHHU��6�:�������,QWURGXFHG�UHG�GHHU�UHGXFH�WUHH�UHJHQHUDWLRQ�LQ�3XUHRUD�)RUHVW��
FHQWUDO�1RUWK�,VODQG��1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�������±
���

-LPpQH]�&DVWLOOR��0���:LVHU��6��	�/XVN��&�+��������/LDQD�UHSUHVHQWDWLRQ�LQ�ZRRG\�
IORUDV�RI�WHPSHUDWH�UDLQIRUHVWV�GHFOLQHV�ZLWK�LQFUHDVLQJ�DOWLWXGH��-RXUQDO�RI�
%LRJHRJUDSK\��������±�����

0LOOHU��$�/�������8QWDQJOLQJ�VSDWLDO�GLVWULEXWLRQ�SDWWHUQV�RI�WKH�LQYDVLYH�KHUE�
+LHUDFLXP�OHSLGXOXP�6WHQVWU���$VWHUDFHDH��LQ�D�1HZ�=HDODQG�PRXQWDLQ�
ODQGVFDSH��7KHVLV�VXEPLWWHG�LQ�SDUWLDO�IXOILOPHQW�RI�WKH�UHTXLUHPHQWV�IRU�WKH�
'HJUHH�RI�3K�'���/LQFROQ�8QLYHUVLW\��

1RYRWQ\��9���'UR]G��3���0LOOHU��6�(���.XOIDQ��0���-DQGD��0���%DVVHW��<��	�:HLEOHQ��
*�'���������:K\�DUH�WKHUH�VR�PDQ\�VSHFLHV�RI�KHUELYRURXV�LQVHFWV�LQ�WURSLFDO�
UDLQIRUHVWV"��6FLHQFH����������±������

5XVVR��6�(���:LVHU��6�.��	�&RRPHV��'�$��������*URZWK±VL]H�VFDOLQJ�UHODWLRQVKLSV�RI�
ZRRG\�SODQW�VSHFLHV�GLIIHU�IURP�SUHGLFWLRQV�RI�WKH�0HWDEROLF�(FRORJ\�0RGHO���
(FRORJ\�/HWWHUV�����LQ�SUHVV��

6WHIIHQV��.��	�+DZFURIW��$�������7KH�LPSDFW�RI�UHG�GHHU��&HUYXV�HODSKXV�VFRWLFXV��LQ�
WKH�:HVWHUQ�5XDKLQHV��HYLGHQFH�IURP�H[FORVXUH�SORWV��:DQJDQXL�
&RQVHUYDQF\�0RQLWRULQJ�5HSRUW���8QSXEOLVKHG�UHSRUW�IRU�WKH�'HSDUWPHQW�RI�
&RQVHUYDWLRQ��:DQJDQXL�&RQVHUYDQF\��

:DOWKHU��*���*ULWWL��(�6���%HUJHU��6���+LFNOHU��7��7DQJ��=��	�6\NHV��0�7�������3DOPV�
WUDFNLQJ�FOLPDWH�FKDQJH��*OREDO�(FRORJ\�DQG�%LRJHRJUDSK\��2QOLQH(DUO\�
$UWLFOHV���

:LVHU��6�.��	�5�3��%X[WRQ���������&RQWH[W�PDWWHUV���PDWUL[�YHJHWDWLRQ�LQIOXHQFHV�
QDWLYH�DQG�H[RWLF�VSHFLHV�FRPSRVLWLRQ�RQ�KDELWDW�LVODQGV���(FRORJ\�����LQ�
SUHVV��

�
��� 2WKHU�VLJQLILFDQW�GHYHORSPHQWV�
�
1HZ�=HDODQG�LV�D�PHPEHU�RI�WKH�0RQWUHDO�3URFHVV�&ULWHULD�DQG�,QGLFDWRUV�:RUNLQJ�
*URXS�ZKLFK�EHJDQ�LQ�������7KH�ILUVW�FRXQWU\�UHSRUW�RQ�SURJUHVV�PDGH�ZDV�
SXEOLVKHG�LQ�������E\�0$)���7KLV�UHSRUW�ZDV�DQ�LQLWLDO�VWHS�LQ�UHSRUWLQJ�RQ�SURJUHVV�
FRYHULQJ�D�VPDOO�QXPEHU�RI�LQGLFDWRUV���7KH�196�GDWDEDQN�IHDWXUHG�SURPLQHQWO\�LQ�
WKH�µ6WDWLVWLFDO�5HOLDELOLW\¶�VHFWLRQ�LQ�UHJDUG�WR�,QGLFDWRU������&DSDFLW\�WR�PHDVXUH�DQG�
PRQLWRU�FKDQJHV�LQ�WKH�FRQVHUYDWLRQ�DQG�VXVWDLQDEOH�PDQDJHPHQW�RI�IRUHVWV��
KWWS���ZZZ�PDI�JRYW�Q]�IRUHVWU\�PRQWUHDO�SURFHVV�Q]�FRXQWU\�USW������SGI��
�
,Q�0DUFK�������WKH�0)(¶V�&OLPDWH�&KDQJH�RIILFH�SURGXFHG�1HZ�=HDODQG¶V�)RXUWK�
1DWLRQDO�&RPPXQLFDWLRQ�XQGHU�WKH�81)&&&���7KLV�UHSRUW�XSGDWHV�1HZ�=HDODQG¶V�
SURJUHVV�WRZDUGV�LWV�FRPPLWPHQWV�XQGHU�WKH�81)&&&�DQG�WRZDUGV�LPSOHPHQWDWLRQ�
RI�WKH�.\RWR�3URWRFRO�DQG�LQFOXGHV�1=
V�5HSRUW�RQ�WKH�*OREDO�&OLPDWH�2EVHUYLQJ�
6\VWHP��*&26���1=�KDV�EXLOW�XS�DQ�DUFKLYH�RI�V\VWHPDWLF�DWPRVSKHULF��RFHDQLF�DQG�
WHUUHVWULDO�REVHUYDWLRQV��'HWDLOV�RI�WKHVH�REVHUYDWLRQV�DUH�WDEXODWHG�LQ�WKLV�UHSRUW�
PDGH�LQ�DFFRUGDQFH�ZLWK�WKH�81)&&&�5HSRUWLQJ�*XLGHOLQHV�RQ�*OREDO�&OLPDWH�



&KDQJH�2EVHUYLQJ�6\VWHPV���7KH�196�GDWDEDQN�IHDWXUHV�SURPLQHQWO\�LQ�7DEOH�����
$YDLODEOH�KRPRJHQHRXV�GDWD�VHWV�IRU�VXVWDLQHG�WHUUHVWULDO�DQG�HFRORJLFDO�
REVHUYDWLRQV��KWWS���ZZZ�FOLPDWHFKDQJH�JRYW�Q]�UHVRXUFHV�UHSRUWV�QDWLRQDO�
FRPPXQLFDWLRQ������KWPO�SDJH���KWPO��
�
$�VHULHV�RI�SHUPDQHQW�IRUHVW�SORWV�RQ�DQG�QHDU�0W�)\IIH��QHDU�.DLNRXUD��ZHUH�
UHPHDVXUHG�LQ�HDUO\�������IRU�WKH�ILUVW�WLPH�VLQFH�WKH\�ZHUH�HVWDEOLVKHG�LQ��������7KH�
RULJLQDO�GDWD�IURP�WKHVH�SORWV�DUH�LQ�WKH�196�GDWDEDQN�DQG��RQFH�FKHFNHG��WKH�GDWD�
IURP�WKH�UHPHDVXUHPHQW�ZLOO�EH�HQWHUHG�LQWR�WKH�GDWDEDQN���7KH�IRUHVWV�DUH�
VLJQLILFDQW�LQ�KDYLQJ�KLJK�GHQVLWLHV�RI�ODUJH�SRGRFDUSV��FRXSOHG�ZLWK�KLJK�VRLO�IHUWLOLW\�
ZKLFK�KDV�DOORZHG�ZHHG�LQYDVLRQ���7KLV�UHPHDVXUHPHQW�ZLOO�SURYLGH�DQ�LQFUHDVH�LQ�
DFFHVVLEOH�GDWD�IURP�D�SDUW�RI�WKH�FRXQWU\�DQG�IRUHVW�W\SH�IRU�ZKLFK�OLWWOH�VXFK�WLPH�
VHULHV�GDWD�H[LVWV��7KLV�SURMHFW�ZDV�MRLQWO\�IXQGHG�E\�WKH�196�GDWDEDQN�,2�DQG�WKH�
³,QFUHDVH�QDWXUDO�HFRV\VWHP�UHVLOLHQFH�WR�ZHHGV´�,2��ZLWK�DGGLWLRQDO�IXQGLQJ�IURP�WKH�
'HSDUWPHQW�RI�&RQVHUYDWLRQ¶V�5HVHDUFK��'HYHORSPHQW�DQG�,PSURYHPHQW�'LYLVLRQ��
�
6XVDQ�:LVHU�RUJDQLVHG�D�V\PSRVLXP�RQ�%LRLQIRUPDWLFV�IRU�WKH���WK�DQQXDO�
FRQIHUHQFH�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�9HJHWDWLRQ�6FLHQFH�LQ�3DOPHUVWRQ�
1RUWK��������)HEUXDU\���6SHDNHUV�LQFOXGHG�UHSUHVHQWDWLYHV�IURP�1HZ�=HDODQG��
&]HFK�5HSXEOLF��-DSDQ��)UDQFH��,WDO\��WKH�1HWKHUODQGV�DQG�WKH�8QLWHG�6WDWHV���7KLV�
V\PSRVLXP�KHOSHG�UDLVH�DZDUHQHVV�RI�196�LQWHUQDWLRQDOO\�DQG�DOORZHG�XV�WR�IXUWKHU�
HQJDJH�ZLWK�WKH�LQWHUQDWLRQDO�YHJHWDWLRQ�GDWDEDQNLQJ�FRPPXQLW\�WR�H[WHQG�RXU�XVHU�
EDVH�LQWHUQDWLRQDOO\��



$SSHQGL[�����/LVWLQJ�RI�QHZ�HOHFWURQLF�GDWD�VHWV�LQFRUSRUDWHG�LQWR�196��-XO\������±�
-XQH�������
�
$QFKRU�,VODQG�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
$RUDQJL�±�.DZDNDZD�H[FORVXUH�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
$RUDQJL�±�.DZDNDZD�H[FORVXUH�������'LDPHWHU��XQGHUVWRUH\�
$RUDQJL�±�3DUDUDNL�H[FORVXUH�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
$RUDQJL�±�3DUDUDNL�H[FORVXUH�������'LDPHWHU��XQGHUVWRUH\�
%OHQKHLP�(FRORJLFDO�'LVWULFW�31$3�VXUYH\�������5HFFH�
&HQWUDO�2WDJR�����±����5HFFH�
&KDWKDP�,VODQGV��3LWW�,VODQG�H[FORVXUH�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
&URPHO�IRUHVW�H[FORVXUHV�������'LDPHWHU��XQGHUVWRUH\�
&URPHO�IRUHVW�H[FORVXUHV�������'LDPHWHU��XQGHUVWRUH\�
)HVFXH�WXVVRFN�VXUYH\�����±������5HFFH�
)OD[ERXUQH�(FRORJLFDO�'LVWULFW�31$3�VXUYH\�����±����5HFFH�
)R[�*ODFLHU�������5RELQ�0LWFKHOO�3K'�GDWD���5HFFH�
*HRUJH�6RXQG�H[FORVXUHV�������'LDPHWHU��XQGHUVWRUH\�
*RGOH\�5LYHU�������5RELQ�0LWFKHOO�3K'�GDWD���5HFFH�
*UDVPHUH�(FRORJLFDO�'LVWULFW�31$3�VXUYH\�������5HFFH�
+LKLWDKL�)RUHVW�6DQFWXDU\�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
+LOOHUVGHQ�(FRORJLFDO�'LVWULFW�31$3�VXUYH\�������5HFFH�
+RSH�5LYHU�������5HFFH�
+RSH�5LYHU�YHJHWDWLRQ�SORW�VXUYH\�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
.DSLWL�,VODQG�VHHGOLQJV�����±����8QGHUVWRUH\�
.DSLWL�,VODQG�VHHGOLQJV�����±����8QGHUVWRUH\�
.DSLWL�,VODQG�VHHGOLQJV�������8QGHUVWRUH\�
.DSLWL�,VODQG�VHHGOLQJV�������8QGHUVWRUH\�
.DZHND�±�/RWNRZ�H[FORVXUH�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
.DZHND�±�0DQJDWDLQRND�IRUHVW�H[FORVXUH�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
.DZHND�±�7H�3XNH�H[FORVXUH�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
/DNH�7KRPVRQ�����±����5RELQ�0LWFKHOO�3K'�GDWD���5HFFH�
0DQDZDKH�(FRORJLFDO�&RUULGRU�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
0DSDUD�������5HFFH�
0DSDUD�������5HFFH�
0DUDWRWR�������5HFFH�
0DWHPDWHDRQJD���������'LDPHWHU��XQGHUVWRUH\�
0RNDX�5LYHU��NDKLNDWHD�EHQG�H[FORVXUH�������'LDPHWHU��XQGHUVWRUH\��UHFFH��
1RUWK�ZHVW�1HOVRQ�H[FORVXUHV�������'LDPHWHU��XQGHUVWRUH\�
1LKRQLKR�H[FORVXUH�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
1R�0DQ�YHJHWDWLRQ�VHTXHQFHV�������5HFFH�
1RUWKHUQ�.DLPDL±0DPDNX�)RUHVW�3DUN�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
2NDULWR�������5HFFH�
2URQJRURQJR�������'LDPHWHU�
2URQJRURQJR�����±����'LDPHWHU�
2URQJRURQJR�������'LDPHWHU�
2URQJRURQJR�H[FORVXUHV�����±����'LDPHWHU��XQGHUVWRUH\��UHFFH�
3HJ�&UHHN�H[FORVXUHV�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
3HORUXV�H[FORVXUHV�����±����'LDPHWHU��XQGHUVWRUH\��UHFFH�
3HORUXV�H[FORVXUHV�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
3RNHND�������'LDPHWHU��XQGHUVWRUH\�
3XUHRUD�����±����'LDPHWHU��XQGHUVWRUH\��UHFFH�
5HG�+LOOV�IRUHVW�������5HFFH�
5HG�+LOOV�VFUXE�������5HFFH�
5HG�+LOOV�VFUXE�������5HFFH�
5HG�+LOOV�WXVVRFN�����±����5HFFH�



5RWRLWL�1DWXUH�5HFRYHU\�3URMHFW�FRPPXQLWLHV�����±����5HFFH�
5RWRPD�)RUHVW�+HDOWK�$VVHVVPHQW�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
5XDKLQH��7XNLWXNL��������'LDPHWHU��XQGHUVWRUH\��UHFFH�
5XDKLQH�H[FORVXUHV�±�0DURSHD�)RUNV�H[FORVXUHV�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
5XDKLQH�H[FORVXUHV�±�:DWHUIDOO�+XW�H[FORVXUHV�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
5XDKLQH�1RUWK�.DZHND�.DLPDQDZD�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
5XDKLQH�1RUWK�.DZHND�5XDKLQH�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
5XDKLQH��1RUWK�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
6RXWKODQG�DOOXYLDO�IORRGSODLQ�����±������'LDPHWHU�
7DZKDUDQXL�5HJLRQDO�3DUN�������8QGHUVWRUH\�
7KUHH�.LQJV�,VODQGV�������5HFFH�
8UHZHUD�1RUWK�H[FORVXUHV�������'LDPHWHU��XQGHUVWRUH\�
:DLSDSD�����±����5HFFH�
:HOOLQJWRQ�/DQG�'LVWULFW�����±����'LDPHWHU��XQGHUVWRUH\��UHFFH�
:KDNDSRKDL�SHUPDQHQW�SORWV�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
:KDQJDQXL�1DWLRQDO�3DUN��%DOG\
V�&OHDULQJ�([FORVXUH�������'LDPHWHU��XQGHUVWRUH\��
UHFFH�
:KDQJDQXL�1DWLRQDO�3DUN��0DQJDSXUXD�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
:KDQJDQXL�1DWLRQDO�3DUN��0DQJDZDLLWL�(DVW�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
:KDQJDQXL�1DWLRQDO�3DUN��0DQJDZDLLWL�H[FORVXUH�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
:KDQJDQXL�1DWLRQDO�3DUN��0DWHPDWHDRQJD�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
:KDQJDQXL�1DWLRQDO�3DUN��7DQJDKRH�������'LDPHWHU��XQGHUVWRUH\��UHFFH�
:LWKHU�+LOOV�(FRORJLFDO�'LVWULFW�31$3�VXUYH\�������5HFFH�
�


