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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�����±�������PRQWKV�
WR�HQG�RI����-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�ODUJH�QXPEHU�RI�GDWD�VHWV�DGGHG�LQ�������WRWDO�RI�����GDWD�VHWV��ZDV�
XQXVXDO�±�WKLV�ZDV�EHFDXVH�RI�WKH�LQFOXVLRQ�RI�D�ODUJH�QXPEHU�RI�GDWD�VHWV�IURP�
JUDVVODQGV��SUHYLRXVO\�FXUDWHG�E\�'7=��LQ�D�MRLQW�SURMHFW�EHWZHHQ�/DQGFDUH�5HVHDUFK�
DQG�'7=�DQG�IXQGHG�E\�WKH�7HUUHVWULDO�DQG�)UHVKZDWHU�%LRGLYHUVLW\�,QIRUPDWLRQ�
6\VWHPV��7)%,6��SURJUDPPH��
�
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'HSDUWPHQW�RI�&RQVHUYDWLRQ�
/DQGFDUH�5HVHDUFK�
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�
�
7KH�1DWLRQDO�(QYLURQPHQWDO�5HVHDUFK�&RXQFLO��1(5&��RI�WKH�8QLWHG�.LQJGRP�DQG�
/DQGFDUH�5HVHDUFK�DUH�IXQGLQJ�WKH�WKUHH�\HDU�SURMHFW�µ7HVWV�RI�FRPSHWLWLRQ�WKHRU\�LQ�
IRUHVWV�XVLQJ�QHLJKERXUKRRG�PRGHOOLQJµ����.H\�&ROODERUDWRUV�LQ�WKLV�SURMHFW�DUH�'UV��
6DEULQD�5XVVR�DQG�'DYLG�&RRPHV��&DPEULGJH�8QLYHUVLW\����'UV��5LFKDUG�'XQFDQ�
DQG�6XVDQ�:LVHU��/DQGFDUH�5HVHDUFK���'U�5LFKDUG�%DUNHU��2WDJR�8QLYHUVLW\��DQG�'U��
&KDUOHV�&DQKDP��7KH�,QVWLWXWH�IRU�(FRV\VWHP�6WXGLHV��86$���7KH�IXQGHG�UHVHDUFK�
UHOLHV�KHDYLO\�RQ�SHUPDQHQW�IRUHVW�SORW�GDWD�KHOG�LQ�WKH�196�GDWDEDQN����7R�DOORZ�WUHH�
QHLJKERXUKRRGV�WR�EH�TXDQWLILHG��WKLV�SURMHFW�KDV�IXQGHG�WKH�FDSWXUH�RI�VXESORW�
LGHQWLW\�IRU�a��������WDJJHG�WUHHV�RQ�a�����SHUPDQHQW�SORWV���,W�KDV�DOVR�IXQGHG�D�
VXEVWDQWLDO�HIIRUW�WR�LGHQWLI\�DQG�FRUUHFW�HUURUV�LQ�UHFRUGLQJ�RI�WDJV��VSHFLHV��DQG�WUHH�
GLDPHWHUV���7KLV�ZRUN�KDV�UHVXOWHG�LQ�D�PDMRU�LQFUHDVH�LQ�WKH�TXDOLW\�RI�WKH�IRUHVW�
SHUPDQHQW�SORW�GDWD�VWRUHG�LQ�196�WKDW�ZLOO�EHQHILW�QRW�RQO\�WKLV�SURMHFW��EXW�DOO�IXWXUH�
XVHUV�RI�WKHVH�GDWD��
�
7KURXJK�7)%,6�SURMHFW�����
(QKDQFH�H[LVWLQJ�PHWDGDWD�RI�WKH�DOSLQH�JUDVVODQG�
GDWDVHWV
��&ODLUH�1HZHOO�DQG�$ODQ�5RVH�KDYH�FKHFNHG�DQG�XSGDWHG�WKH�PHWDGDWD�IRU�
WKH�DOSLQH�JUDVVODQG�WUDQVHFW�GDWDVHWV�LQ�196�WKDW�KDYH�EHHQ�PHDVXUHG�PRUH�WKDQ�
RQFH�����GDWDVHWV�IURP����DOSLQH�DUHDV���'XULQJ�WKLV�SURFHVV�WKH\�KDYH�GHYHORSHG�D�
VWDQGDUG�VHW�RI�NH\�ZRUGV�DQG�UHVRXUFHV�	�PHWKRGV�FKHFNOLVW�WR�XVH�ZKHQ�XSGDWLQJ�
JUDVVODQG�PHWDGDWD��7KH�FKHFNV�VKRXOG�HQVXUH�WKDW�WKH�PHWDGDWD�UHIHUHQFHV�DOO�NH\�
UHVRXUFHV��H�J��EDVH�PDSV��ORFDWLRQ�VOLGHV��SORW�GHVFULSWLRQ�VKHHWV��DQG�DOO�NH\�
FLWDWLRQV�DVVRFLDWHG�ZLWK�HDFK�GDWDVHW��&KHFNV�RQ�RWKHU�DOSLQH�JUDVVODQG�WUDQVHFW�
GDWDVHWV��WKH�UHPDLQLQJ����RI�WKH����GDWDVHWV��KDYH�EHJXQ��
�
��� 0DLQWHQDQFH�DQG�GHYHORSPHQW�DFWLYLWLHV�
�
1HZ�ZHE�EDVHG�PDSSLQJ�RI�196�SORWV�DQG�VSHFLHV�GLVWULEXWLRQV�KDV�EHHQ�GHOLYHUHG�
WKURXJK�D�QHZ�*HR6SDWLDO�'DWD�,QWHJUDWLRQ�3RUWDO��7KH�*HR6SDWLDO�'DWD�,QWHJUDWLRQ�
3RUWDO�KDV�EHHQ�GHYHORSHG�WR�EULQJ�WRJHWKHU�WKH�PDQ\�GLIIHUHQW�W\SHV�RI�VFLHQWLILF�
LQIRUPDWLRQ�DERXW�1HZ�=HDODQG¶V�QDWXUDO�HQYLURQPHQW�KHOG�E\�/DQGFDUH�5HVHDUFK��
196�SORW�DQG�VSHFLHV�GLVWULEXWLRQV�FDQ�EH�YLHZHG�WKURXJK�WKH�SRUWDO�DW�ERWK�ILQH�DQG�
FRDUVH�VFDOHV��DFFRPPRGDWLQJ�YDU\LQJ�HQG�XVHU�,QWHUQHW�FDSDELOLWLHV��7KH�196�ZHE�
VLWH�KDV�EHHQ�IXUWKHU�HQKDQFHG�ZLWK�D�QDPHV�VHDUFK�PHFKDQLVP�ZKLFK�OLQNV�196�
VSHFLHV�QDPHV�WR�WKH�1J �7LSX�R�$RWHDURD�±�1HZ�=HDODQG�3ODQWV�GDWDEDVH�WR�
SURYLGH�FRPSUHKHQVLYH�WD[RQRPLF�GHWDLOV�IRU�D�SDUWLFXODU�SODQW��
�
$�JHQHUDOLVHG�GDWD�PRGHO�IRU�YHJHWDWLRQ�GDWD�KDV�EHHQ�DGDSWHG�WR�PHHW�WKH�QHHGV�RI�
WKH�196�GDWD�PDQDJHPHQW�V\VWHP��7KLV�DOORZV�196�WR�UHDGLO\�VWRUH�D�ZLGH�UDQJH�RI�
GDWD�VWUXFWXUHV���7KH�PRGHO�LV�SXEOLFO\�DYDLODEOH�RQ�WKH�196��ZHEVLWH��MRLQWO\�IXQGHG�
LQ�WKH�)567�2%,�³(FRV\VWHP�5HVLOLHQFH´�ZLWK�RQH�RII�GDWDEDVH�GHYHORSPHQW�
SURMHFW���
�
��� :HE�VWDWLVWLFV�
�
)URP���-XO\������WR����-XQH�������WKH�196�ZHE�VLWH�
�KWWS���QYV�ODQGFDUHUHVHDUFK�FR�Q]��ZDV�KLW���������WLPHV��RI�WKRVH�WKDW�FRXOG�EH�
WUDFHG�WR�RULJLQ�������ZHUH�IURP�1HZ�=HDODQG�DQG�$XVWUDOLD��������ZHUH�IURP�1RUWK�
$PHULFD�DQG������ZHUH�IURP�(XURSH���2I�DQ�DQQXDO�WRWDO�RI��������KLWV�RQ�LQGLYLGXDO�
SDJHV�ZLWKLQ�WKH�196�ZHE�VLWH��PHWDGDWD�IRUPV�WKDW�LQIRUP�EURZVHUV�DERXW�LQGLYLGXDO�



GDWD�VHWV��ZKHQ��ZKHUH��KRZ�GDWD�ZHUH�FROOHFWHG�DQG�E\�ZKRP��KRZ�PDQ\�SORWV��
HWF���ZHUH�E\�IDU�WKH�PRVW�IUHTXHQWO\�VRXJKW��������RI�DOO�SDJH�YLVLWV����8QVXUSULVLQJO\�
WKH�LQGH[�SDJH�WR�WKH�VLWH�ZDV�YLHZHG�IUHTXHQWO\��������RI�DOO�SDJH�YLVLWV����'HWDLO�
DERXW�ILHOG�WHFKQLTXHV��PDQXDOV�DQG�ILHOG�IRUPV�FRQVWLWXWHG������RI�SDJH�YLVLWV���
3DJHV�WR�IDFLOLWDWH�GDWD�UHTXHVWV�IURP�196�FRQVWLWXWHG������RI�YLVLWV���3DJHV�ZLWK�
LQIRUPDWLRQ�RQ�SURWRFROV�IRU�XVH�RI�196�GDWD�DQG�SURSULHWDU\�RZQHUVKLS�RI�GDWD�
UHFHLYHG������RI�YLVLWV�DQG�WKRVH�FRQFHUQHG�ZLWK�GDWD�VWDQGDUGV������RI�YLVLWV��
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�KLWV�
)RUHVW�SHUPDQHQW�SORW�PDQXDO� �����
5HFRQQDLVVDQFH�SORW�PDQXDO� �����
*UDVVODQG�VXUYH\�PDQXDO� �����
0DLQWDLQLQJ�ELRGLYHUVLW\�LQIRUPDWLRQ��:LVHU�HW�DO��������
1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��
�

����

)LHOG�JXLGH�WR�XVH�RI�*36� ����
$GGLQJ�YDOXH�WR�WKH�196�GDWDEDQN��UHSULQW�RI�/DQGFDUH�
5HVHDUFK�FRQWUDFW�UHSRUW��
�

����

$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� ����
�
'DWD�VWDQGDUG�JXLGHOLQHV�IRU�LPSURYLQJ�WKH�TXDOLW\�RI�
SHUPDQHQW�SORW�GDWD�DUFKLYHG�LQ�WKH�1DWLRQDO�9HJHWDWLRQ�
6XUYH\�GDWDEDVH��UHSULQW�RI�/DQGFDUH�5HVHDUFK�FRQWUDFW�
UHSRUW��
�

�
����

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

�
��� 'DWD�VKDULQJ�DJUHHPHQWV�
�
1R�QHZ�DJUHHPHQWV�QHJRWLDWHG�GXULQJ�����±����
�
��� %XON�GDWD�UHTXHVWV�
�
$�WRWDO�RI����UHTXHVWV�IRU�196�GDWD�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���%XON�GDWD�UHTXHVWV�
KDYH�LQFUHDVLQJO\�EHFRPH�D�IHDWXUH�RI�196�XVH�RYHU�WKH�SDVW�WKUHH�\HDUV���/DUJH�
GDWD�UHTXHVWV�GXULQJ�����±���LQFOXGHG��



•� 3HUPDQHQW�IRUHVW�SORW�GDWD��UHTXHVWHG�E\�0LQLVWU\�IRU�WKH�(QYLURQPHQW�DQG�LWV�
FRQWUDFWRUV�WR�VXSSRUW�WKH�QDWLRQDO�&DUERQ�0RQLWRULQJ�6\VWHP���7KLV�
FRQWLQXHV�D�VHULHV�RI�UHTXHVWV�RI�D�VLPLODU�QDWXUH�WKURXJKRXW�WKLV�SURMHFW��
DOWKRXJK�VFDOHG�GRZQ�FRPSDUHG�ZLWK�SUHYLRXV�\HDUV��)LJ���E���

•� 6SHFLHV�FRPSRVLWLRQ�GDWD�IURP�WKURXJKRXW�ORZ�UDLQIDOO�DUHDV�RI�1HZ�=HDODQG��
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\��

,W�LV�SRVVLEOH�WR�LQWHUURJDWH�WKH�HQWLUH�GDWD�VHWV��IRU�H[DPSOH�IRU�VSHFLHV�GLVWULEXWLRQV���
$�UHTXHVW�RI�WKLV�W\SH�GXULQJ�����±�����ZDV�IURP�D�3K'�VWXGHQW�UHTXHVWLQJ�
GLVWULEXWLRQV�RI�DOO�WUHH�IHUQ�VSHFLHV�LQ�196�SORWV��
�
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/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��
�
%HOOLQJKDP��3�-��	�/HH��:�*����������'LVWLQJXLVKLQJ�QDWXUDO�SURFHVVHV�IURP�LPSDFWV�

RI�LQYDVLYH�PDPPDOLDQ�KHUELYRUHV���,Q��$OOHQ��5�%��	�/HH��:�*���HGV���
%LRORJLFDO�,QYDVLRQV�LQ�1HZ�=HDODQG��SS�����±������6SULQJHU��%HUOLQ��

%HOOLQJKDP��3�-��	�5LFKDUGVRQ��6�-����������7UHH�VHHGOLQJ�JURZWK�DQG�VXUYLYDO�RYHU���
\HDUV�DFURVV�GLIIHUHQW�PLFURVLWHV�LQ�D�WHPSHUDWH�UDLQ�IRUHVW���&DQDGLDQ�-RXUQDO�
RI�)RUHVW�5HVHDUFK��������±�����

&RRPHV��'�$���$OOHQ��5�%���%HQWOH\��:�$���%XUURZV��/�(���&DQKDP��&�'���)DJDQ��/���
)RUV\WK��'�0���*D[LROD�$OFDQWDU��$���3DUILWW��5�/���5XVFRH��:�$���:DUGOH��'�$���
:LOVRQ��'�-��	�:ULJKW��(�)����������7KH�KDUH��WKH�WRUWRLVH�DQG�WKH�FURFRGLOH��
WKH�HFRORJ\�RI�DQJLRVSHUP�GRPLQDQFH��FRQLIHU�SHUVLVWHQFH�DQG�IHUQ�ILOWHULQJ���
-RXUQDO�RI�(FRORJ\��������±�����

&RRPHV��'�$���0DUN��$�)��	�%HH��-����������$QLPDO�FRQWURO�DQG�HFRV\VWHP�UHFRYHU\���
,Q��$OOHQ��5�%��	�/HH��:�*���HGV���%LRORJLFDO�,QYDVLRQV�LQ�1HZ�=HDODQG��SS��
���±������6SULQJHU��%HUOLQ��

)UDQNOLQ��-���:LVHU��6�.���'UDNH��'�5���%XUURZV��/�(��	�6\NHV��:��������(QYLURQPHQW��
GLVWXUEDQFH�KLVWRU\�DQG�UDLQ�IRUHVW�FRPSRVLWLRQ�DFURVV�WKH�LVODQGV�RI�7RQJD��
:HVWHUQ�3RO\QHVLD���-RXUQDO�RI�9HJHWDWLRQ�6FLHQFH��������±�����

+XUVW��-�0���%URDGEHQW��+��	�0F.D\��0���������'HDOLQJ�ZLWK�FRPPRQ�5(&&(�DQG�
3HUPDQHQW�3ORW�GDWD�TXDOLW\�LVVXHV�GXULQJ�GDWD�HQWU\�RU�FKHFNLQJ��9HUVLRQ����
/DQGFDUH�5HVHDUFK�,QWHUQDO�5HSRUW�/&����������$W�
KWWS���QYV�ODQGFDUHUHVHDUFK�FR�Q]�KWPO���������+XUVW�SGI��

+XVKHHU��6�:��������9HJHWDWLRQ�PRQLWRULQJ��7DUDUXD�)RUHVW�3DUN��1HZ�=HDODQG��
����±�����'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�:��	�)UDPSWRQ��&�0��������)DOORZ�GHHU�LPSDFWV�RQ�:DNDWLSX�EHHFK�
IRUHVW���1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�������±����

+XVKHHU��6�:���+DQVHQ��4�:��	�8UOLFK��6�&��������(IIHFWV�RI�UHG�GHHU�RQ�WUHH�
UHJHQHUDWLRQ�DQG�JURZWK�LQ�$RUDQJL�)RUHVW��:DLUDUDSD���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\��LQ�SUHVV���

1HZHOO��&�/��	�/HDWKZLFN��-�5����������0DSSLQJ�+XUXQXL�IRUHVW�FRPPXQLW\�
GLVWULEXWLRQ�XVLQJ�FRPSXWHU�PRGHOV���6FLHQFH�IRU�&RQVHUYDWLRQ���������S��

3HOW]HU��'�$���$OOHQ��5�%��	�5RJHUV��*�0���������'LHEDFN�DQG�UHFUXLWPHQW�RI�WKH�
IRUHVW�GRPLQDQWV�1RWKRIDJXV�IXVFD�DQG�/LERFHGUXV�ELGZLOOLL��FHQWUDO�1RUWK�
,VODQG��1HZ�=HDODQG���6FLHQFH�IRU�&RQVHUYDWLRQ����������S��

5RJHUV��*��	�:DONHU��6�������,V�3LWWRVSRUXP�SDWXOXP�+RRN��I��WKUHDWHQHG�E\�SHVW�
KHUELYRU\�LQ�HDVWHUQ�6RXWK�,VODQG��1HZ�=HDODQG"�1HZ�=HDODQG�-RXUQDO�RI�
(FRORJ\�������±����

:LVHU��6�.��	�$OOHQ��5�%����������:KDW�FRQWUROV�LQYDVLRQ�RI�LQGLJHQRXV�IRUHVWV�E\�
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