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7KH�1DWLRQDO�6HYHUH�6WRUPV�/DERUDWRU\��1RUPDQ��2NODKRPD��LQ�FRRSHUDWLRQ�ZLWK�RWKHU
JRYHUQPHQW�JURXSV��DQG�ZLWK�XQLWV�RI�FRPPHUFH�DQG�HGXFDWLRQ��VHHNV�WR�LQFUHDVH�XQGHUVWDQGLQJ
RI�VHYHUH�ORFDO�VWRUPV��WR�LPSURYH�PHWKRGV�IRU�GHWHFWLQJ�WKHVH�VWRUPV�DQG�IRU�PHDVXULQJ
DVVRFLDWHG�PHWHRURORJLFDO�SDUDPHWHUV��DQG�WR�SURPRWH�WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQV�RI
ZHDWKHU�UDGDU�

5HSRUWV�E\�WKH�FRRSHUDWLQJ�JURXSV�DUH�SULQWHG�LQ�WKLV�VHULHV�WR�IDFLOLWDWH�SURPSW�FRPPXQLFDWLRQ
RI�LQIRUPDWLRQ�WR�YLWDOO\�LQWHUHVWHG�SDUWLHV��7KHVH�UHSRUWV�DUH�QRW�IRUPDO�VFLHQWLILF�SXEOLFDWLRQV�

7KH�166/�UHSRUWV�FRQWLQXH�WKH�VHTXHQFH�HVWDEOLVKHG�E\�WKH�8�6��:HDWKHU�%XUHDX�1DWLRQDO
6HYHUH�6WRUPV�3URMHFW��.DQVDV�&LW\��0LVVRXUL�

1R��� 1DWLRQDO�6HYHUH�6WRUPV�3URMHFW�2EMHFWLYHV�DQG�%DVLF�'HVLJQ��6WDII��1663��0DUFK
�����

1R��� 7KH�'HYHORSPHQW�RI�$LUFUDIW�,QYHVWLJDWLRQV�RI�6TXDOO�/LQHV�IURP��������������%��%�
*RGGDUG�

1R��� ,QVWDELOLW\�/LQHV�DQG�7KHLU�(QYLURQPHQWV�DV�6KRZQ�E\�$LUFUDIW�6RXQGLQJV�DQG�4XDVL�
+RUL]RQWDO�7UDYHUVHV���'��7��:LOOLDPV��)HEUXDU\������

1R��� 2Q�WKH�0HFKDQLFV�RI�WKH�7RUQDGR��-��5��)XONV��)HEUXDU\������
1R��� $�6XPPDU\�RI�)LHOG�2SHUDWLRQV�DQG�'DWD�&ROOHFWLRQ�E\�WKH�1DWLRQDO�6HYHUH�6WRUPV

3URMHFW�LQ�6SULQJ��������-��7��/HH��0DUFK������
1R��� ,QGH[�WR�WKH�1663�6XUIDFH�1HWZRUN��7��)XMLWD��$SULO������
1R��� 7KH�9HUWLFDO�6WUXFWXUH�RI�7KUHH�'U\�/LQHV�DV�5HYHDOHG�E\�$LUFUDIW�7UDYHUVHV��(��/�

0F*XLUH��$SULO������
1R��� 5DGDU�2EVHUYDWLRQV�RI�D�7RUQDGR�7KXQGHUVWRUP�LQ�9HUWLFDO�6HFWLRQ��5DOSK�-�

'RQDOGVRQ��-U��$SULO������
1R��� '\QDPLFV�RI�6HYHUH�&RQYHFWLYH�6WRUPV��&KHVWHU�:��1HZWRQ��-XO\������
1R���� 6RPH�0HDVXUHG�&KDUDFWHULVWLFV�RI�6HYHUH�6WRUP�7XUEXOHQFH��5R\�6WHLQHU�DQG�5LFKDUG

+��5K\QH��-XO\������
1R���� $�6WXG\�RI�WKH�.LQHPDWLF�3URSHUWLHV�RI�&HUWDLQ�6PDOO�6FDOH�6\VWHPV��'��7��:LOOLDPV�

2FWREHU������
1R���� $QDO\VLV�RI�WKH�6HYHUH�:HDWKHU�)DFWRU�LQ�$XWRPDWLF�&RQWURO�RI�$LU�5RXWH�7UDIILF��:�

%R\QWRQ�%HFNZLWK��'HFHPEHU������
1R���� ����.F��6HF��6IHULFV�6WXGLHV�LQ�6HYHUH�6WRUPV��'RXJODV�$��.RKO�DQG�-RKQ�(��0LOOHU�

$SULO������
1R���� )LHOG�2SHUDWLRQV�RI�WKH�1DWLRQDO�6HYHUH�6WRUPV�3URMHFW�LQ�6SULQJ�������/��'��6DQGHUV�

0D\������
1R���� 3HQHWUDWLRQV�RI�7KXQGHUVWRUPV�E\�DQ�$LUFUDIW�)O\LQJ�DW�6XSHUVRQLF�6SHHGV��*��3�

5R\V��5DGDU�3KRWRJUDSKV�DQG�*XVW�/RDGV�LQ�7KUHH�6WRUPV�RI������5RXJK�5LGHU��3DXO
:��-��6FKXPDFKHU��0D\������

1R���� $QDO\VLV�RI�6HOHFWHG�$LUFUDIW�'DWD�IURP�1663�2SHUDWLRQV��������7��)XMLWD��0D\������
1R���� $QDO\VLV�0HWKRGV�IRU�6PDOO�6FDOH�6XUIDFH�1HWZRUN�'DWD��'��7��:LOOLDPV��$XJXVW������
1R���� 7KH�7KXQGHUVWRUP�:DNH�RI�0D\����������'��7��:LOOLDPV��$XJXVW������
1R���� )UHH�:DWHU�&RQWHQW�0HDVXUHPHQW�DQG�+LJK�6SHHG�'URSOHW�3KRWRJUDSK\�'XULQJ

3HQHWUDWLRQ�RI�*UHDW�3ODLQV�7KXQGHUVWRUPV��*��3��5R\V��-DQXDU\������
1R���� )LHOG�2SHUDWLRQV�RI�WKH�1DWLRQDO�6HYHUH�6WRUPV�3URMHFW�LQ�6SULQJ�������-��7��/HH��/�'�

6DQGHUV��DQG�'��7��:LOOLDPV��-DQXDU\�����
1R���� 2Q�WKH�0RWLRQ�DQG�3UHGLFWDELOLW\�RI�&RQYHFWLYH�6\VWHPV�DV�5HODWHG�WR�WKH�8SSHU

:LQGV�LQ�D�&DVH�RI�6PDOO�7XUQLQJ�RI�:LQG�ZLWK�+HLJKW��-DPHV�&��)DQNKDXVHU��-DQXDU\
�����

1R���� 0RYHPHQW�DQG�'HYHORSPHQW�3DWWHUQV�RI�&RQYHFWLYH�6WRUPV�DQG�)RUHFDVWLQJ�WKH
3UREDELOLW\�RI�6WRUP�3DVVDJH�DW�D�*LYHQ�/RFDWLRQ��&KHVWHU�:��1HZWRQ�DQG�-DPHV�&�
)DQNKDXVHU��-DQXDU\�����
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6HFWLRQ 7LWOH 3DJH

�� ,QWURGXFWLRQ �

�� 2EMHFWLYHV�DQG�3URJUDP�*XLGHOLQHV �

�� 2UJDQL]DWLRQ �

�� 3URJUDPV �

$�����0HDVXUHPHQW�RI�SUHFLSLWDWLRQ�UDWH�E\�UDGDU �

%� $SSOLFDWLRQ�WR�DLU�WUDIILF�FRQWURO�RI�JURXQG�EDVHG�ZHDWKHU
UDGDU�DQG�VIHULFV�HTXLSPHQW �

&� 'RSSOHU�UDGDU �

'� :LQG�DQG�ZDWHU�GLVWULEXWLRQV�DQG�HQHUJ\�FRQYHUVLRQ�DQG
WUDQVSRUW�SURFHVVHV �

(� 6WDWLVWLFDO�FKDUDFWHUL]DWLRQ�RI�ZHDWKHU�SDWWHUQV��DQG
LPSOLFDWLRQV �

)��0HWHRURORJLFDO�V\VWHPV�DQDO\VLV�DQG�DGYDQFHG�LQVWUXPHQWDWLRQ� �

�� 3XEOLFDWLRQ�RI�5HVXOWV ��

�� 5HIHUHQFHV� ��

$SSHQGL[���0HVRVFDOH�QHWZRUNV�RI�VXUIDFH�REVHUYLQJ�VWDWLRQV� ��
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(GZLQ�.HVVOHU
'LUHFWRU��1DWLRQDO�6HYHUH�6WRUPV�/DERUDWRU\

���,1752'8&7,21

7KH�QHHGV�IRU�PRUH�DFFXUDWH��WLPHO\��DQG�PHDQLQJIXO�ZHDWKHU�LQIRUPDWLRQ�JURZ�DV
SURGXFWLRQ��WUDQVSRUWDWLRQ��DQG�FRPPXQLFDWLRQ�SURFHVVHV�EHFRPH�PRUH�LQWULFDWH�DQG�PRUH
ZHDWKHU�VHQVLWLYH��$YLDWRUV��DJULFXOWXULVWV��EXLOGHUV��VKLSSHUV��DQG�LQVXUHUV�DUH�DPRQJ�WKRVH
ZKR�LQFUHDVLQJO\�GHSHQG�RQ�LQIRUPDWLRQ�FRQFHUQLQJ�WKH�SUHVHQW�DQG�IRUHFDVW�RFFXUUHQFHV�RI
VWRUP�KD]DUGV�

'HYHORSPHQW�RI�WKH�QDWLRQDO�ZHDWKHU�V\VWHP�WR�PHHW�QDWLRQDO�QHHGV�HIILFLHQWO\
GHSHQGV�RQ�WKH�DSSOLFDWLRQ�RI�ILQGLQJV�RI�EDVLF�DQG�DSSOLHG�PHWHRURORJLFDO�UHVHDUFK�
0RGHUQ�WHFKQRORJ\�KDV�SURGXFHG�QXPHURXV�UHVHDUFK�WRROV�ZKRVH�FRRUGLQDWHG�XVH�VKRXOG
FRQWULEXWH�LPSRUWDQWO\�WR�LPSURYHG�XQGHUVWDQGLQJ�RI�WKH�PHWHRURORJLFDO�SURFHVVHV
DVVRFLDWHG�ZLWK�VHYHUH�VWRUP�GHYHORSPHQW��WR�PRUH�DFFXUDWH�ZHDWKHU�DQDO\VLV�DQG
IRUHFDVWLQJ��DQG�WR�HYHQWXDO�EHQHILFLDO�PRGLILFDWLRQ�RU�FRQWURO�RI�ZHDWKHU�LQFOXGLQJ�VHYHUH
VWRUPV�

7KH�1DWLRQDO�6HYHUH�6WRUPV�/DERUDWRU\�DLPV�WR�H[WHQG�RXU�XQGHUVWDQGLQJ�RI�VHYHUH
FRQYHFWLYH�SKHQRPHQD�VXFK�DV�WRUQDGRHV��KDLOVWRUPV��DQG�KHDY\�UDLQV��)RU�WKH�VWXG\�RI
WKHVH�SKHQRPHQD��PRGHUQ�ZHDWKHU�UDGDU�LV�DQ�LQGLVSHQVDEOH�WRRO��DQG�FRQVLGHUDEOH
VSHFLDOL]DWLRQ�LQ�WHFKQLTXHV�RI�UDGDU�GDWD�GLVSOD\�DQG�SURFHVVLQJ��LQFOXGLQJ�V\QWKHVLV�RI
UDGDU�GDWD�ZLWK�RWKHU�NLQGV�RI�LQIRUPDWLRQ��LV�UHTXLUHG��,W�LV�QDWXUDO��WKHUHIRUH��WKDW�WKH
/DERUDWRU\�DOVR�VHUYH�WKH�:HDWKHU�%XUHDX�DV�D�UHVHDUFK�IDFLOLW\�IRU�GHYHORSPHQW�DQG
DSSOLFDWLRQV�RI�UDGDU�WR�JHQHUDO�PHWHRURORJ\�DQG�WKH�QDWLRQDO�ZHDWKHU�V\VWHP�

���2%-(&7,9(6�$1'�352*5$0�*8,'(/,1(6

7KH�/DERUDWRU\�REMHFWLYHV�LQ�WKH�QDWLRQDO�LQWHUHVW�DUH�

���7R�JDLQ�QHZ�NQRZOHGJH�RI�WKH�PRUSKRORJ\�DQG�G\QDPLFV�RI�VHYHUH�VWRUPV��VXFK
DV�KHDY\�UDLQV��VTXDOO�OLQHV��WKXQGHUVWRUPV�DQG�WRUQDGRHV��DQG�WKHUHE\�WR�FRQWULEXWH�WR�WKH
GHYHORSPHQW�RI�LPSURYHG�IRUHFDVWLQJ��DQG�XQGHUVWDQGLQJ�



�

���7R�GLVFRYHU�LPSURYHG�PHWKRGV�IRU�FROOHFWLQJ��DQDO\]LQJ��DQG�SURFHVVLQJ�VHYHUH
VWRUP�GDWD��DQG�WR�VWLPXODWH�GHYHORSPHQW�RI�HTXLSPHQW��HVSHFLDOO\�UDGDU�HTXLSPHQW��KROGLQJ
SURPLVH�RI�H[SDQGHG�FDSDELOLWLHV�

���7R�VWXG\�RSHUDWLQJ�FRQILJXUDWLRQV�RI�PHQ�DQG�HTXLSPHQW��DQG�WKHUHE\�WR�FRQWULEXWH
WR�WKH�GHVLJQ�RI�LPSURYHG�VWRUP�REVHUYLQJ�DQG�UHSRUWLQJ�V\VWHPV�ZKHUHLQ�VHQVRUV�
SURFHVVRUV�DQG�FRPPXQLFDWLRQV�IDFLOLWLHV�DUH�HIILFLHQWO\�PHVKHG�WR�SURYLGH�WLPHO\��DFFXUDWH
LQIRUPDWLRQ�WR�WKH�KRVW�RI�XVHUV�

7KH�1DWLRQDO�6HYHUH�6WRUPV�/DERUDWRU\�KDV�REMHFWLYHV�RI�LQYHVWLJDWLRQ�IRUPHUO\
DGGUHVVHG�E\�WKH�1DWLRQDO�6HYHUH�6WRUPV�3URMHFW�DW�.DQVDV�&LW\��0R��DQG�E\�WKH�:HDWKHU
5DGDU�/DERUDWRU\�DW�1RUPDQ��2NOD���DQG�ZLOO�HPSKDVL]H�WKH�DSSOLFDWLRQV�RI�UDGDU�DQG
DLUFUDIW�SUREHV��DQG�VXUIDFH�QHWZRUNV�RI�FORVHO\�VSDFHG�DXWRPDWLF�UHFRUGLQJ�VWDWLRQV�IRU
WKHVH�VWXGLHV��$�JUHDW�YDULHW\�RI�VHYHUH�ZHDWKHU�RFFXUV�QHDU�1RUPDQ��DQG�WKH�FR�ORFDWHG
8QLYHUVLW\�RI�2NODKRPD�DQG�LWV�$WPRVSKHULF�5HVHDUFK�/DERUDWRU\�ZLOO�IXUQLVK�LPSRUWDQW�DQG
XQLTXH�VXSSRUW�WR�WKH�/DERUDWRU\�PLVVLRQ��ILJXUH����

7KH�VKDSH�RI�WKH�166/�SURJUDP�DW�D�SDUWLFXODU�WLPH�ZLOO�QDWXUDOO\�EH�GHWHUPLQHG�E\�WKH
LQWHUHVWV�DQG�FDSDELOLWLHV�RI�SDUWLFLSDWLQJ�SHUVRQQHO��7KH�QDWLRQDO�SUREOHP�RI�VNLOOHG
PDQSRZHU�VKRUWDJH�ZLOO�FHUWDLQO\�EH�UHIOHFWHG�LQ�WKH�VFRSH�RI�WKH�SURJUDP��$�IHZ�KLJKO\
TXDOLILHG�VSHFLDOLVWV�ZLOO�EH�UHWDLQHG�DV�FRQVXOWDQWV��DQG�HYHU\�UHDVRQDEOH�HIIRUW�ZLOO�EH
PDGH�WR�DWWUDFW�FDSDEOH�SHRSOH�ZLWK�LQWHUHVWV�LQ�DOO�WKH�SK\VLFDO�DQG�PDWKHPDWLFDO�GLVFLSOLQHV
QHHGHG�WR�DGYDQFH�PHWHRURORJLFDO�IURQWLHUV�

7KH�GHFLVLRQ�WR�ZRUN�RQ�D�SDUWLFXODU�WDVN�ZLOO�EH�EDVHG�RQ�FRQVLGHUDWLRQV�RI�WKH
LPSRUWDQFH�RI�WKH�SUREOHP��WKH�UHDVRQDEOHQHVV�RI�WKH�SURSRVHG�DSSURDFK�WR�D�VROXWLRQ��DQG
WKH�DGHTXDF\�RI�DYDLODEOH�UHVRXUFHV�WR�VHFXUH�D�GHVLUHG�XVHIXO�UHVXOW�

)LQDQFLDO�UHVRXUFHV��HTXLSPHQW��DQG�IDFLOLWLHV�DXWKRUL]HG�IRU�166/�PDQDJHPHQW�ZLOO�EH
DOORFDWHG�WR�LQ�KRXVH�RU�FRQWUDFWRU�FRQWURO�RQ�D�EDVLV�RI�HVWLPDWHG�EHQHILWV�SHU�XQLW
H[SHQGLWXUH��0DQ\�LQWDQJLEOHV�HQWHU�VXFK�HVWLPDWHV��*RYHUQPHQW��XQLYHUVLW\��DQG
FRPPHUFLDO�HQWHUSULVHV�KDYH�GLVWLQFWLYH�FKDUDFWHULVWLFV�ZKLFK�PD\�GHWHUPLQH�WKH�W\SH�RI
IDFLOLW\�EHVW�VXLWHG�WR�SDUWLFXODU�WDVNV�

���25*$1,=$7,21

2UJDQL]DWLRQ�RI�WKH�1DWLRQDO�6HYHUH�6WRUPV�/DERUDWRU\�LV�RXWOLQHG�LQ�ILJXUH����7KH
/DERUDWRU\�LV�UHVSRQVLEOH�WR�WKH�2IILFH�RI�0HWHRURORJLFDO�5HVHDUFK��DQG�ZLOO�UHFHLYH
JXLGDQFH�IURP�FRQVXOWDQWV�GUDZQ�IURP�LQVWLWXWLRQV�RI�JRYHUQPHQW��FRPPHUFH��DQG
HGXFDWLRQ��7KH�LQWHUHVWV�RI�RWKHU�DJHQFLHV�ZLOO�EH�PDGH�NQRZQ�WKURXJK�WKH�RIILFH�RI�WKH
&KLHI��8�6��:HDWKHU�%XUHDX��DQG�E\�FRQWDFWV�DW�RWKHU�OHYHOV�

7KH�DFWLYLWLHV�RI�UHVHDUFK�DQG�HTXLSPHQW�GHYHORSPHQW�VKRZQ�LQ�ILJXUH���DUH�WKH
/DERUDWRU\
V�UDLVRQ�G
HWUH��$OO�RWKHU�DFWLYLWLHV�DUH�VXSSRUWLQJ�DQG�WKHLU�YDOXH�ZLOO�EH�MXGJHG�LQ
WHUPV�RI�WKHLU�VXSSRUW�HIIHFWLYHQHVV



)LJXUH��� $HULDO�YLHZ�VKRZLQJ�8QLYHUVLW\�RI�2NODKRPD�5HVHDUFK�3DUN��1RUPDQ��2NODKRPD��ZLWK�EXLOGLQJV�KRXVLQJ�WKH
86:%
V�1DWLRQDO�6HYHUH�6WRUPV�/DERUDWRU\��DQG�RWKHU�IDFLOLWLHV�



)LJXUH��� *HQHUDO�RUJDQL]DWLRQ�RI�166/��1RUPDQ��2NODKRPD��,Q�SUDFWLFH��LW�LV�FRPPRQ�IRU�VLQJOH�LQGLYLGXDOV�WR�SDUWLFLSDWH
LQ�GLIIHUHQW�DFWLYLWLHV

+TV��8��6��:��%�

:HDWKHU�%XUHDX
7HFKQLFDO�5HTXLUHPHQWV

&RQVXOWDQWV�5HSUHVHQWLQJ�*RYHUQPHQW
&RPPHUFH�DQG�(GXFDWLRQ

2IILFH�RI
0HWHRURORJLFDO�5HVHDUFK

'LUHFWRU��166/

5HVHDUFK�$QDO\VLV
%UDQFK

5HVHDUFK�2SHUDWLRQV
���������%UDQFK

0HVRQHWZRUN
5DGDU
$LUFUDIW
5DGLRVRQGH
'DWD�3URFHVVLQJ
(QJLQHHULQJ
3KRWRJUDSK\

$GYDQFHG�7HFKQLTXHV
������������%UDQFK

'RSSOHU�5DGDU
5DGLRPHWU\
2WKHU

��������6HYHUH�6WRUPV�6HFWLRQ

'\QDPLFV�RI�0HVR�V\VWHPV
6WRUP�3DWWHUQ�&KDUDFWHUL]DWLRQ
:HDWKHU�UDGDU�,QWHUSUHWDWLRQ

2WKHU�$JHQFLHV

������6\VWHPV�5HVHDUFK�6HFWLRQ

5DGDU�K\GURORJ\
$SSOLFDWLRQV�WR�)RUHFDVWLQJ
0HWHRURORJLFDO�2EVHUYLQJ
��DQG�)RUHFDVWLQJ�6\VWHPV



�

1RW�DOO�RI�WKH�DFWLYLWLHV�VXJJHVWHG�E\�ILJXUH���ZLOO�EH�IXOO\�VWDIIHG�E\�166/�HPSOR\HHV�
6RPH�DFWLYLWLHV�PD\�EH�VWDIIHG�E\�FRQWUDFWRUV�RU�E\�WKH�HPSOR\HHV�RI�RWKHU�JRYHUQPHQW
DJHQFLHV��6RPH�ZRUN�PD\�EH�IXQGHG�E\�WUDQVIHU�RI�PRQLHV�WR�166/�PDQDJHPHQW�IURP
RWKHU�DJHQFLHV�

���352*5$0

'XULQJ�SDVW�VHDVRQV��ZHDWKHU�UHFRQQDLVVDQFH�DQG�ZHDWKHU�SHQHWUDWLRQ�DLUFUDIW�RI
FRRSHUDWLQJ�DJHQFLHV�DQG�RI�WKH�8�6��:HDWKHU�%XUHDX�KDYH�EHHQ�XVHG�ZLWK�REVHUYDWLRQV�RI
UDGDU�DQG�D�QHWZRUN�RI�FORVHO\�VSDFHG�VXUIDFH�REVHUYDWLRQ�VWDWLRQV��DQG�ZLWK�V\QRSWLF�GDWD�
WR�GHVFULEH�DWPRVSKHULF�VWDWHV�DQG�SK\VLFDO�SURFHVVHV�DVVRFLDWHG�ZLWK�WKXQGHUVWRUPV�DQG
UHODWHG�ZHDWKHU�V\VWHPV��)LQGLQJV�DQG�FRQFOXVLRQV�KDYH�EHHQ�GRFXPHQWHG�LQ�WKH�UHSRUWV�RI
WKH�1DWLRQDO�6HYHUH�6WRUPV�3URMHFW�>�����DQG�RWKHUV��LQ�SUHVV@��WKHVH�DUH�LPSRUWDQW�WR�WKH
SODQQLQJ�RI�IXWXUH�ZRUN�

7KH�FRRUGLQDWHG�XVH�RI�PRGHUQ�REVHUYLQJ�HTXLSPHQW�ZLOO�FRQWLQXH�WR�EH�HPSKDVL]HG�DW
166/��LPSRUWDQW�DQG�GLIILFXOW�WDVNV�ZLOO�EH�WKH�GHVLJQ�RI�H[SHULPHQWV�WR�WDNH�JUHDWHVW
SRVVLEOH�DGYDQWDJH�RI�FRPSOHPHQWDU\�REVHUYDWLRQDO�FDSDELOLWLHV�

2I�FRXUVH��LW�LV�QRW�SRVVLEOH�DW�WKH�RXWVHW�WR�PDS�WKH�IRUWKFRPLQJ�SURJUDP�LQ�GHWDLO�
)RFL�RI�HIIRUW�ZLOO�EH�GHWHUPLQHG�E\�QHHG�DQG�WKH�DYDLODELOLW\�RI�JRRG�LGHDV�DQG�VXIILFLHQW
UHVRXUFHV��6RPH�SUREOHP�DUHDV�ZKLFK�PD\�UHFHLYH�DFWLYH�DWWHQWLRQ�DW�166/�DUH�GLVFXVVHG
EULHIO\�LQ�WKH�IROORZLQJ�VHFWLRQV�

$��0HDVXUHPHQW�RI�SUHFLSLWDWLRQ�UDWH�E\�UDGDU���7KLV�WDVN�UHTXLUHV�FRUUHODWLRQ�EHWZHHQ
UDGDU�DQG�UDLQ�JDJH�REVHUYDWLRQV�DQG�ZLOO�XWLOL]H�GLJLWDO�FRPSXWHUV�IRU�UDGDU�GDWD�SURFHVVLQJ
�VHH�ILJ����DQG�DVVHPEO\�RI�UDLQ�JDJH�GDWD�IURP�VWDWLRQV�PDLQWDLQHG�E\�WKH�/DERUDWRU\
�DQG
WKH�$JULFXOWXUDO�5HVHDUFK�6HUYLFH��&KLFNDVKD��2NOD��

�$XVWLQ�>��@��:LOVRQ�>��@�DQG�RWKHUV
KDYH�GHPRQVWUDWHG�WKH�SRWHQWLDO�DFFXUDF\�RI�WKH�:65����IRU�UDLQIDOO�PHDVXUHPHQWV�LQ
ZLGHVSUHDG�SUHFLSLWDWLRQ��7KHLU�ZRUNV�PXVW�EH�H[WHQGHG�WR�LQFOXGH�PDQ\�FDVHV�RI�KLJKO\
YDULDEOH�SUHFLSLWDWLRQ��,W�LV�H[SHFWHG�WKDW�UDGDU�FDQ�SURYLGH�LQIRUPDWLRQ�RI�UDLQIDOO
RFFXUUHQFHV�VR�WLPHO\�DQG�DFFXUDWH�WKDW�IODVK�IORRG�IRUHFDVWLQJ�ZLOO�EH�JUHDWO\�LPSURYHG�
ZLWK�UHVXOWDQW�VDYLQJ�RI�OLYHV�DQG�SURSHUW\�DQG�PRUH�HFRQRPLFDO�XWLOL]DWLRQ�RI�UHVHUYRLUV�DQG
K\GURHOHFWULF�IDFLOLWLHV��7KH�WDVNV�RI�DSSO\LQJ�SUHFLSLWDWLRQ�UDWH�UDGDU�HFKR�UHODWLRQVKLSV�WR
SUREOHPV�RI�VWUHDP�IORZ�DQG�JURXQG�ZDWHU�DUH�ZLWKLQ�WKH�MXULVGLFWLRQ�RI�WKH�2IILFH�RI
+\GURORJ\��8�6��:HDWKHU�%XUHDX��WKH�&RUSV�RI�(QJLQHHUV��8�6��$UP\��DQG�WKH�'HSDUWPHQW
RI�$JULFXOWXUH�

$FFXUDWH�PHDVXUHPHQW�RI�SUHFLSLWDWLRQ�UDWH�RQ�D�VPDOO�VFDOH�VKRXOG�DOVR�FRQWULEXWH�WR
HVWDEOLVKPHQW�RI�FULWHULD�IRU�VHYHUH�VWRUP�LGHQWLILFDWLRQ�DQG�WR�DQDO\VLV�RI�WKH�ZDWHU�DQG
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,Q�VSULQJ�������D����VWDWLRQ�QHWZRUN�IRU�FRPSUHKHQVLYH�PHVRVFDOH�ZHDWKHU
REVHUYDWLRQV��VHH�$SSHQGL[�


�,Q�VSULQJ�����������UHFRUGLQJ�UDLQ�JDJHV�RYHU������VT�PL��IRU�UDLQIDOO�UXQRII
VWXGLHV�DORQJ�WKH�:DVKLWD�5LYHU�DQG�WULEXWDULHV��VHH�$SSHQGL[�
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)LJXUH����'LJLWL]HG�GLVWULEXWLRQ�RI�UDGDU�HFKR�LQWHQVLWLHV�ZLWKLQ�����QP��RI�1RUPDQ��2NOD��
$XJXVW����������DV�SURGXFHG�E\�D�FRPSXWHU�IURP�VHULHV�RI�:65����UDGDU�REVHUYDWLRQV�
$�SKRWRJUDSK�RI�WKH�SODQ�SRVLWLRQ�LQGLFDWRU�ZLWK�KLJK�UDGDU�VHQVLWLYLW\�LV�DOVR�VKRZQ�
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HQHUJ\�EXGJHW�RI�VWRUPV��NQRZOHGJH�RI�EXGJHW�SDUDPHWHUV�LV�HVVHQWLDO�WR�WKH�XQGHUVWDQGLQJ
RI�VWRUP�PHFKDQLFV�

%��$SSOLFDWLRQ�WR�DLU�WUDIILF�FRQWURO�RI�JURXQG�EDVHG�ZHDWKHU�UDGDU�DQG�VIHULFV
HTXLSPHQW���,QFLGHQWV�DVVRFLDWHG�ZLWK�IOLJKWV�RI�DLUFUDIW�LQ�WKH�YLFLQLW\�RI�WKXQGHUVWRUPV�KDYH
HPSKDVL]HG�WKH�QHHG�IRU�PRUH�NQRZOHGJH�RI�DVVRFLDWLRQV�EHWZHHQ�WKXQGHUVWRUP�HFKRHV
DQG�WXUEXOHQFH�DQG�LPSURYHG�DSSOLFDWLRQ�RI�REVHUYLQJ�WRROV�WR�SUREOHPV�RI�DLU�VDIHW\��:LWK
WKH�DLG�RI�JURXQG�EDVHG�UDGDUV��KLJK�SHUIRUPDQFH�DLUFUDIW�ZLOO�EH�YHFWRUHG�WKURXJK�DQG�QHDU
WKXQGHUVWRUP�DUHDV�ZKLOH�VIHULFV�FRXQWV�DQG�GLVWULEXWLRQV�RI�UDGDU�UHIOHFWLYLW\�DUH
VLPXOWDQHRXVO\�UHFRUGHG�
�7KHVH�GDWD�VKRXOG�UHYHDO�WKH�IUHTXHQF\�GLVWULEXWLRQV�RI
VLJQLILFDQW�SDUDPHWHUV�RI�DWPRVSKHULF�WXUEXOHQFH��HOHFWULFLW\��DQG�KDLO�ZKLFK�DUH
FKDUDFWHULVWLF�RI�SDUWLFXODU�DOWLWXGHV��DQG�RI�UDGDU�DQG�VIHULFV�LQGLFDWLRQV��)LQGLQJV�VKRXOG
SURYLGH�D�EDVLV�IRU�UDWLRQDO�HVWLPDWLRQ�RI�WKH�HFRQRPLF�DQG�KXPDQ�IDFWRUV�DVVRFLDWHG�ZLWK
IOLJKW�WKURXJK�SDUWLFXODU�ZHDWKHU�FRQGLWLRQV�DQG��WKXV��IRU�RSHUDWLRQDO�GHFLVLRQV�ZKLFK
LQFRUSRUDWH�WKHVH�IDFWRUV�

&��'RSSOHU�UDGDU���'RSSOHU�UDGDU�>��@�FDQ�PHDVXUH�WKH�UDGLDO�VSHHGV�RI�VFDWWHULQJ
HOHPHQWV��KHQFH�FDQ�EH�D�EDVLV�IRU�GHGXFLQJ�PXFK�LQIRUPDWLRQ�DERXW�ZLQGV�>��@��DQG
SUREDEO\�KROGV�WKH�JUHDWHVW�SRWHQWLDO�RI�DOO�WKH�QHZ�WRROV�IRU�H[SDQGLQJ�PDQ
V�NQRZOHGJH�RI
ZLQG�ILHOGV�DFFRPSDQ\LQJ�SUHFLSLWDWLQJ�ZHDWKHU�V\VWHPV��'RSSOHU�GDWD�FDQ�EH�XVHG�WR�LQIHU
GLVWULEXWLRQV�RI�SUHFLSLWDWLRQ�SDUWLFOH�VL]H��DQG�FRQWULEXWH�WR�XQGHUVWDQGLQJ�RI�WKH
PLFURSK\VLFDO�SURFHVVHV�IXQGDPHQWDO�WR�SUHFLSLWDWLRQ�SURGXFWLRQ�>������@��5HFHQW
DSSOLFDWLRQV�RI�'RSSOHU�KDYH�FRQWULEXWHG�WR�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�QDWXUH�RI�UDGDU
HFKRHV�IURP�LQYLVLEOH�VRXUFHV��WKH�UDGDU��DQJHOV���DQG�VXJJHVW�DGYDQFHG�WHFKQLTXHV�ZKLFK
PD\�SURYLGH�D�QHHGHG�EUHDNWKURXJK�LQ�WKH�VWXG\�RI�FOHDU�DLU�WXUEXOHQFH�>������@�

7KH�ZLGWK�RI�WKH�'RSSOHU�VSHFWUXP�IURP�SUHFLSLWDWLRQ�GHSHQGV�RQ�WKH�YDULDWLRQ�RI�UDGLDO
VSHHGV�DPRQJ�WKH�VFDWWHULQJ�SDUWLFOHV�DQG�PD\�EH�D�PHDVXUH�RI�DLUFUDIW�VHQVHG�WXUEXOHQFH�
DQ�5�PHWHU�>��@�DWWDFKPHQW�SHUPLWV�D�FRQYHQWLRQDO�UDGDU�WR�HVWLPDWH�VSHFWUXP�ZLGWK�DOVR
>��@��166/�ZLOO�XVH�DLUFUDIW�ZLWK�'RSSOHU�DQG�FRQYHQWLRQDO�UDGDUV�WR�VHDUFK�IRU�D�VXLWDEOH
PHDQV�IRU�LGHQWLI\LQJ�ORFDWLRQV�RI�VHYHUH�WXUEXOHQFH�TXLFNO\�DQG�HFRQRPLFDOO\��5HVHDUFK
VXFFHVV�ZRXOG�EH�TXLFNO\�WUDQVODWHG�LQWR�EHQHILWV�IRU�DYLDWLRQ�PHWHRURORJ\�

7KH�DSSOLFDWLRQ�RI�'RSSOHU�WHFKQLTXHV�WR�PHWHRURORJ\�LV�UDWKHU�QHZ�DQG�VSHFLDO
VLJQDO�SURFHVVLQJ�WHFKQLTXHV�DUH�QHFHVVDU\��DW�SUHVHQW�WKHUH�DUH�YHU\�IHZ��'RSSOHU�ZHDWKHU
IDFLOLWLHV��%HFDXVH�RI�WKH�JUHDW�SRWHQWLDO�RI�'RSSOHU�UDGDU��166/�LV�GHYHORSLQJ�DQ�LQVWDOODWLRQ
IRU�XVH�E\�LWV�VWDII�DQG�RWKHU�PHWHRURORJLVWV��ILJ����DQG�>��@��

'��:LQG�DQG�ZDWHU�GLVWULEXWLRQV�DQG�HQHUJ\�FRQYHUVLRQ�DQG�WUDQVSRUW�SURFHVVHV����2XU
FDSDELOLWLHV�IRU�IRUHFDVWLQJ�DQG�FRQWUROOLQJ�VHYHUH�VWRUPV�ZLOO�EH�DGYDQFHG�E\�NQRZOHGJH�RI
DVVRFLDWHG�DLU�FLUFXODWLRQV�DQG�HQHUJ\�WUDQVIRUPDWLRQ�SURFHVVHV��WKLV�UHTXLUHV�WKDW
REVHUYDWLRQV�EH�FRQVLGHUHG�LQ�WKH�OLJKW�RI�IXQGDPHQWDO�WKHRULHV��0DQ\�PHDQV�RI

BBBBBBBBBBBBBBBBBBBB


2I�FRXUVH��HYHQ�KLJK�SHUIRUPDQFH�DLUFUDIW�PXVW�EH�JXLGHG�WR�DYRLG�DUHDV�ZKHUH�WKH�D�SULRUL
SUREDELOLW\�RI�H[WUHPHO\�VHYHUH�ZHDWKHU�LV�MXGJHG�WR�EH�KLJK�



)LJXUH��� 0RELOH�;�%DQG�SXOVHG�'RSSOHU�UDGDU�DW�166/��$W�SUHVHQW��SHDN�SRZHU�LV���NZ��DQG�WKH�SXOVH�UHSHWLWLRQ�IUHTXHQF\�LV
YDULDEOH�WR����NF��VHF��KDOI�SRZHU�EHDPZLGWK�LV�����
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REVHUYDWLRQ�PXVW�EH�XVHG��EHFDXVH�VLJQLILFDQW�VWRUP�GHWDLOV�DUH�GLVWULEXWHG�RQ�VPDOO�VSDFH
DQG�WLPH�VFDOHV��$LUFUDIW�VKRXOG�SURYLGH�SKRWRJUDSKV��IURP�ZKLFK�WKH�VKDSH�RI�FORXGV�FDQ
EH�DFFXUDWHO\�PDSSHG��DQG�PHDVXUHPHQWV�RI�WHPSHUDWXUH��SUHVVXUH��ZLQG��DQG�ZDWHU
FRQWHQW��ILJ������UDGDU�UHIOHFWLYLW\�GDWD�FDQ�EH�D�EDVLV�IRU�HVWLPDWHV�RI���GLPHQVLRQDO
GLVWULEXWLRQV�RI�SUHFLSLWDWLRQ�FRQWHQW��WKH�REVHUYDWLRQV�RI�VXUIDFH�VWDWLRQV�VHSDUDWHG�E\
PHVRVFDOH�OHQJWKV�SURYLGHV�UDLQIDOO�DQG�ZLQG�GDWD�HVVHQWLDO�WR�ZDWHU�EXGJHW�FRQVLGHUDWLRQV�
DQG�WKH�VXUIDFH�GLVWULEXWLRQV�RI�SUHVVXUH�DQG�WHPSHUDWXUH��7KHVH�FRQVLGHUDWLRQV�KDYH�EHHQ
GLVFXVVHG�LQ�GHWDLO�E\�%UDKDP�>��@��$WODV�>��@��DQG�)XMLWD�>��@��IRU�H[DPSOH�

$W�166/��D�JUHDW�SDUW�RI�WKH�SURJUDP�ZLOO�EH�GHYRWHG�WR�GHYHORSLQJ�LPSURYHG�V\QWKHVHV
RI�VHYHUH�VWRUP�REVHUYDWLRQV�DQG�WKHRULHV��,Q�WKLV�UHJDUG��WKH�LGHDV�RI�/KHUPLWWH�>��@�
%URZQLQJ�>��@��.HVVOHU�>��@��DQG��JXUD�>��@�VXJJHVW�LPSRUWDQW�SRVVLELOLWLHV�

(��6WDWLVWLFDO�FKDUDFWHUL]DWLRQ�RI�ZHDWKHU�SDWWHUQV��DQG�LPSOLFDWLRQV���7KH�GHYHORSPHQW
RI�DSSOLFDWLRQV�IRU�UDGDU�GHULYHG�DQG�VDWHOOLWH�GHULYHG�LQIRUPDWLRQ�KDV�EHHQ�VORZHG

LQ�SDUW�E\�GLIILFXOWLHV�RI�REMHFWLYH�SDWWHUQ�GHVFULSWLRQ��7KH�DYDLODELOLW\�RI�ODUJH�KLJK
VSHHG�GLJLWDO�FRPSXWHUV�QRZ�SHUPLWV�DGYDQFHV�LQ�WKLV�LPSRUWDQW�DUHD�>��������������@�
)RU�H[DPSOH��REMHFWLYH�PHDVXUHV�RI�SDWWHUQ�EDQGHGQHVV�DQG�RULHQWDWLRQ��WKH�FKDUDFWHULVWLF
OHQJWK�RI�SDWWHUQ�HOHPHQWV��DQG�SDWWHUQ�PRWLRQ�DQG�GHYHORSPHQW�FDQ�DOO�EH
GHWHUPLQHG�ZLWK�FRPSXWHU�SHUIRUPHG�FRUUHODWLRQ�URXWLQHV��7KH�DYHUDJH�UDGDU�HFKR
LQWHQVLW\��WKH�LQWHQVLW\�YDULDQFH��DQG�WKH�SURSRUWLRQDO�DUHD�FRYHUHG�E\�HFKRHV�KDYH�EHHQ
VKRZQ�WR�GLVFULPLQDWH�DPRQJ�UDGDU�HFKR�SDWWHUQV��6LQFH�SDWWHUQ�SDUDPHWHUV�DUH�FRUUHODWHG
ZLWK�HDFK�RWKHU��QRW�DOO�DUH�HVVHQWLDO�WR�D�FRPSUHKHQVLYH�GHVFULSWLRQ�RI�SDWWHUQ�VWDWLVWLFV�
7KH�GHVFULSWLRQ�RI�D�ZHDWKHU�SDWWHUQ�E\�D�PLQLPXP�QXPEHU�RI�YDULDEOHV�LV�LPSRUWDQW�WR�WKH
HFRQRPLFDO�FRPPXQLFDWLRQ�RI�ZHDWKHU�LQWHOOLJHQFH�

7KH�UHODWLRQVKLS�RI�UDGDU�HFKR�DQG�VDWHOOLWH�SKRWRJUDSK�SDWWHUQ�SDUDPHWHUV�WR�VHYHUH
VWRUP�RFFXUUHQFHV�DQG�WR�V\QRSWLF�ZHDWKHU�IHDWXUHV�LV�LPSRUWDQW�WR�WKH�FRRUGLQDWHG�XVH�RI
WKH�FRQYHQWLRQDO�REVHUYLQJ�WRROV�ZLWK�WKH�QHZ��6WXGLHV�OLNH�>��@�ZKLFK�UHODWH�WKH
SUHGLFWDELOLW\�RI�VFDOH�ZHDWKHU�SDWWHUQV�WR�RWKHU�SDWWHUQ�GHVFULSWRUV�VKRXOG�EH�H[WHQGHG�
7HFKQLTXHV�VXFK�DV�PXOWLSOH�GLVFULPLQDQW�DQDO\VLV�>��@�VKRXOG�EH�XVHG�LQ�WKLV�ZRUN�

2WKHU�LPSRUWDQW�SUREOHPV�FRQFHUQ�UHODWLRQVKLSV�DPRQJ�VWDWLVWLFDO�SURSHUWLHV�RI�VWRUP
SDWWHUQV�DQG�WKH�DVVRFLDWHG�WXUEXOHQFH��PRPHQWXP�DQG�HQHUJ\�WUDQVSRUW�DQG�FRQYHUVLRQ
SURFHVVHV��DQG�WKH�ODUJH�VFDOH�IORZ�

)��0HWHRURORJLFDO�V\VWHPV�DQDO\VLV�DQG�DGYDQFHG�LQVWUXPHQWDWLRQ���6WXGLHV�RI�YDULRXV
FRQILJXUDWLRQV�RI�PHQ�DQG�HTXLSPHQW�DUH�QHFHVVDU\�WR�LQFRUSRUDWH�QHZ�WHFKQLTXHV�IRU
REVHUYLQJ�DQG�UHSRUWLQJ�VWRUPV�LQWR�HIIHFWLYH�RSHUDWLRQDO�URXWLQHV��6\VWHP�VWXGLHV�PD\�EH
XQGHUWDNHQ�DW�WKH�UHTXHVW�RI�WKH�6\VWHPV�'HYHORSPHQW�2IILFH�DQG�RWKHU�VSRQVRULQJ
RUJDQL]DWLRQV�DQG�LQ�SDUWQHUVKLS�ZLWK�UHVSRQVLEOH�JURXSV��LQ�VRPH�FDVHV��/DERUDWRU\
SHUVRQQHO�PD\�KDYH�FRQVXOWLQJ�UROHV��5HSRUWV�RI�VXFK�VWXGLHV�ZLOO�LQFOXGH�UHFRPPHQGDWLRQV
FRQFHUQLQJ�QHHGV�IRU�VSHFLDOL]HG�HTXLSPHQW��>��������������@��IRU�H[DPSOH��IRU�RSHUDWLRQDO
GDWD�FROOHFWLQJ��SURFHVVLQJ��DQG�FRPPXQLFDWLQJ�



)LJXUH����7KH�LPSRUWDQFH�RI�DLUFUDIW�REVHUYDWLRQV�LV�LOOXVWUDWHG�E\�WKLV�FURVV�VHFWLRQ�RI�WKH�ZDWHU�YDSRU�GLVWULEXWLRQ�DFURVV�D�GU\
OLQH�LQ�QRUWKZHVWHUQ�2NODKRPD��7KH�ORFDWLRQV�RI�REVHUYDWLRQV�PDGH�DORQJ�WKH�DLUFUDIW�IOLJKW�SDWK�DUH�LQGLFDWHG�E\�GRWV��7KH
YHUWLFDO�RULHQWDWLRQ�RI�WKH�]RQH�RI�DEUXSW�PRLVWXUH�FKDQJH��LWV�H[WUHPHO\�QDUURZ�KRUL]RQWDO�H[WHQW��DQG�GHWDLOV�RI�WKH�PRLVWXUH
GLVWULEXWLRQ�LQ�WKH�KXPLG�DLU�FRXOG�QRW�EH�GHOLQHDWHG�H[FHSW�IURP�DLUFUDIW�PHDVXUHPHQWV�
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,Q�WKH�UHVHDUFK�SURJUDPV��PXFK�GDWD�PD\�EH�XVHIXOO\�UHGXFHG�E\�KDQG�DQG�SURFHVVHG
LQ�HVWDEOLVKHG�IDFLOLWLHV��EXW�GHYHORSPHQW�DQG�SURFXUHPHQW�RI�VRPH�VSHFLDOL]HG�HTXLSPHQW
ZLOO�SUREDEO\�DOVR�EH�QHFHVVDU\��7KH�HIIHFWLYH�FRPELQDWLRQ�IRU�UHVHDUFK�SXUSRVHV�RI�GDWD
IURP�DLUFUDIW��UDGDU�DQG�PHVRQHWZRUN�VRXUFHV��DQG�WKH�VSHHG\��FRPSUHKHQVLYH�DQDO\VLV
DQG�UHFRUGLQJ�RI�'RSSOHU�UDGDU�VSHFWUD��IRU�H[DPSOH��PD\�GHSHQG�RQ�HTXLSPHQW
GHYHORSPHQW�RU�SURFXUHPHQW�E\�WKH�/DERUDWRU\�

���38%/,&$7,21�2)�5(68/76

,PSRUWDQW�UHVXOWV�RI�166/�LQYHVWLJDWLRQV�ZLOO�EH�RIIHUHG�DV�VRRQ�DV�SRVVLEOH�DIWHU�WKHLU
FRPSOHWLRQ�IRU�SXEOLFDWLRQ�LQ�VFLHQWLILF�MRXUQDOV��7KH�SUHSXEOLFDWLRQ�VHULHV�UHSUHVHQWHG�E\
WKLV�UHSRUW�ZLOO�EH�XVHG�IRU�GLVVHPLQDWLQJ�LQIRUPDWLRQ�PRUH�UDSLGO\�DQG�LQ�PRUH�GHWDLO�WKDQ�LV
SUDFWLFDEOH�YLD�IRUPDO�SXEOLFDWLRQ�



��
5()(5(1&(6

�� 6WDII�RI�1663���1DWLRQDO�6HYHUH�6WRUPV�3URMHFW�2EMHFWLYHV�DQG�%DVLF�'HVLJQ��
1663�5HSRUW�1R�����8�6��:HDWKHU�%XUHDX�����������SS�

�� *RGGDUG��%��%����7KH�'HYHORSPHQW�RI�$LUFUDIW�,QYHVWLJDWLRQV�RI�6TXDOO�/LQHV�IURP
������������1663�5HSRUW�1R����8�6��:HDWKHU�%XUHDX�����������SS�

�� :LOOLDPV��'��7����,QVWDELOLW\�/LQHV�DQG�7KHLU�(QYLURQPHQWV�DV�6KRZQ�E\�$LUFUDIW
6RXQGLQJV�DQG�4XDVL��KRUL]RQWDO�7UDYHUVHV���1663�1R����8�6��:HDWKHU�%XUHDX�
���������SS�

�� )XONV��-��5�����2Q�WKH�0HFKDQLFV�RI�WKH�7RUQDGR���1663�5HSRUW�1R����8��6��:HDWKHU
%XUHDX�����������SS�

�� /HH��-��7����$�6XPPDU\�RI�)LHOG�2SHUDWLRQV�DQG�'DWD�&ROOHFWLRQ�E\�WKH�1DWLRQDO
6HYHUH�6WRUPV�3URMHFW�LQ�6SULQJ��������1663�5HSRUW�1R�����8�6��:HDWKHU�%XUHDX�
���������SS�

�� )XMLWD��7����,QGHV�WR�WKH�1663�6XUIDFH�1HWZRUN���1663�5HSRUW�1R����8�6��:HDWKHU
%XUHDX�����������SS�

��� 0F*XLUH��(��/����7KH�9HUWLFDO�6WUXFWXUH�RI�7KUHH�'U\�/LQHV�DV�5HYHDOHG�E\�$LUFUDIW�7UDYHUVHV��
1663�5HSRUW�1R����8�6��:HDWKHU�%XUHDX�����������SS�

�������'RQDOGVRQ��5DOSK�-���-U����5DGDU�2EVHUYDWLRQV�RI�D�7RUQDGR�7KXQGHUVWRUP�LQ
9HUWLFDO�6HFWLRQ���1663�5HSRUW�1R����8�6��:HDWKHU�%XUHDX�����������SS�

�������1HZWRQ��&��:����'\QDPLFV�RI�6HYHUH�&RQYHFWLYH�6WRUPV���1663�5HSRUW�1R���
8�6��:HDWKHU�%XUHDX�����������SS�

�������6WHLQHU��5��DQG�5K\QH��5�+����6RPH�0HDVXUHG�&KDUDFWHULVWLFV�RI�6HYHUH�6WRUP
7XUEXOHQFH��1663�5HSRUW�1R������8�6��:HDWKHU�%XUHDX�����������SS�

�������:LOOLDPV��'��7���$�6WXG\�RI�WKH�.LQHPDWLF�3URSHUWLHV�RI�&HUWDLQ�6PDOO�6FDOH�6\VWHPV���1663
5HSRUW�1R�����8�6��:HDWKHU�%XUHDX�����������SS�

�������%HFNZLWK��:��%����$QDO\VLV�RI�WKH�6HYHUH�:HDWKHU�)DFWRU�LQ�$XWRPDWLF�&RQWURO�RI
$LU�5RXWH�7UDIILF���1663�5HSRUW�1R������8��6��:HDWKHU�%XUHDX�����������SS�

�������.RKO��'��$��DQG�0LOOHU��-��(��������NF�VHF�6IHULFV�6WXGLHV�LQ�6HYHUH�6WRUPV��
1663�5HSRUW�1R������8�6��:HDWKHU�%XUHDX�����������SS�

�������6DQGHUV��/��'��)LHOG�2SHUDWLRQV�RI�WKH�1663�LQ�6SULQJ�������1663�5HSRUW�1R�����
8�6��:HDWKHU�%XUHDX�����������SS�

���� 5R\V��*��3����3HQHWUDWLRQ�RI�7KXQGHUVWRUPV�E\�DQ�$LUFUDIW�)O\LQJ�DW�6XSHUVRQLF�6SHHGV��DQG
���������6FKXPDFKHU��3��:��-����5DGDU�3KRWRJUDSKV�DQG�*XVW�/RDGV�LQ�7KUHH�6WRUPV�RI������5RXJK
���������5LGHU���WKHVH�WZR�VWXGLHV�FRPELQHG�LQ�1663�5HSRUW�1R������8�6��:HDWKHU�%XUHDX�����������SS�

�������)XMLWD��7����$QDO\VLV�RI�6HOHFWHG�$LUFUDIW�'DWD�IURP�1663�2SHUDWLRQV�������
1663�5HSRUW�1R�����8�6��:HDWKHU�%XUHDX�����������SS�

�������:LOOLDPV��'��7��,��$QDO\VLV�0HWKRGV�IRU�6PDOO�6FDOH�6XUIDFH�1HWZRUN�'DWD���1663
5HSRUW�1R������8�6��:HDWKHU�%XUHDX�����������SS�



���

��� :LOOLDPV��'��7���7KH�7KXQGHUVWRUP�:DNH�RI�0D\�����������1663�5HSRUW�1R������8��6��:HDWKHU
%XUHDX�����������SS�

��� 6WDII�RI�1663���(QYLURQPHQWDO�DQG�7KXQGHUVWRUP�6WUXFWXUHV�DV�6KRZQ�E\�1DWLRQDO�6HYHUH
6WRUPV�3URMHFW�2EVHUYDWLRQV�LQ�6SULQJ������DQG��������0RQWKO\�:HDWKHU�5HYLHZ��YRO������1R����
-XQH�������SS����������

��� $XVWLQ��3��0����5DGDU�0HDVXUHPHQWV�RI�WKH�'LVWULEXWLRQ�RI�3UHFLSLWDWLRQ�LQ�1HZ�(QJODQG�6WRUPV��
3URFHHGLQJV���WK�:HDWKHU�5DGDU�&RQIHUHQFH��$PHULFDQ�0HWHRURORJLFDO�6RFLHW\��%RVWRQ��0DVV��
������SS����������

��� :LOVRQ��-��:����(YDOXDWLRQ�RI�3UHFLSLWDWLRQ�0HDVXUHPHQWV�ZLWK�WKH�:65����:HDWKHU�5DGDU��
-RXUQDO�RI�$SSOLHG�0HWHRURORJ\��YRO�����1R�����$SULO�������SS������,���

��� %DUORZ��(��-����'RSSOHU�5DGDU���3URFHHGLQJV�RI�WKH�,QVWLWXWH�RI�5DGLR�(QJLQHHUV��9RO������1R����
$SULO�������SS����������

��� /KHUPLWWH��5��0����1RWH�RQ�:LQG�9DULDELOLW\�ZLWK�'RSSOHU�5DGDU���-RXUQDO�RI�$WPRVSKHULF
6FLHQFHV��9RO������1R�����$XJXVW�������SS����������

��� /KHUPLWWH��5��0��DQG�'��$WODV���'RSSOHU�)DOOVSHHG�DQG�3DUWLFOH�*URZWK�LQ�6WUDWLIRUP
3UHFLSLWDWLRQ���3URFHHGLQJV���WK�:HDWKHU�5DGDU�&RQIHUHQFH��$PHULFDQ�0HWHRURORJLFDO�6RFLHW\�
%RVWRQ��0DVV���������SS����������

��� %DWWRQ��/��-��DQG�$��5��.DVVDQGHU��-U����([SHULPHQWDO�3XOVHG�'RSSOHU�5DGDU�IRU�&ORXG�3K\VLFV��
FROOHFWLRQ�RI�UHSULQWV�LQ�$QQXDO�5HSRUW�WR�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�E\�WKH�8QLYHUVLW\�RI
$UL]RQD�RQ�*UDQW�*��������VHH�DOVR�3URFHHGLQJV���WK�:HDWKHU�5DGDU�&RQIHUHQFH��������

��� *R\HU��*��*��DQG�5��:DWVRQ���7KH�/DVHU�DQG�,WV�$SSOLFDWLRQ�WR�0HWHRURORJ\���%XOOHWLQ�RI�WKH
$PHULFDQ�0HWHRURORJLFDO�6RFLHW\��YRO������1R�����6HSWHPEHU�������SS����������

��� 5XWNRZVNL��:��DQG�)OHLVKHU��$����7KH�5�0HWHU��$Q�,QVWUXPHQW�IRU�0HDVXULQJ�*XVWLQHVV��
:HDWKHU�5DGDU�5HVHDUFK�5HSRUW�1R�����&RQWUDFW�'$��������6&�������0DVVDFKXVHWWV�,QVWLWXWH
RI�7HFKQRORJ\����������SS�

��� )OHLVKHU��$�����6RPH�6SHFWUD�RI�7XUEXOHQFH�LQ�WKH�)UHH�$WPRVSKHUH���-RXUQDO�RI�0HWHRURORJ\�
9RO������1R�����$SULO�������SS����������

��� /KHUPLWWH��5��DQG�.HVVOHU��(����$Q�([SHULPHQWDO�3XOVH�'RSSOHU�5DGDU�IRU�6HYHUH
6WRUP�,QYHVWLJDWLRQV���3URFHHGLQJV������:RUOG�&RQIHUHQFH�RQ�5DGLR�0HWHRURORJ\�LQFRUSRUDWLQJ
��WK�:HDWKHU�5DGDU�&RQIHUHQFH��$PHULFDQ�0HWHRURORJLFDO�6RFLHW\��%RVWRQ��0DVV���������SS�
��������

��� %UDKDP��5��5���-U����7KH�:DWHU�DQG�(QHUJ\�%XGJHWV�RI�WKH�7KXQGHUVWRUP�DQG�7KHLU�5HODWLRQ�WR
7KXQGHUVWRUP�'HYHORSPHQW���-RXUQDO�RI�0HWHRURORJ\��9RO�����1R�����$XJXVW��������SS����������

��� $WODV��'����5DGDU�$QDO\VLV�RI�6HYHUH�6WRUPV���0HWHRURORJLFDO�0RQRJUDSKV��YRO����
1R������$PHULFDQ�0HWHRURORJLFDO�6RFLHW\��%RVWRQ��0DVV���������SS����������

��� )XMLWD��7����$QDO\WLFDO�0HVRPHWHRURORJ\��$�5HYLHZ���0HWHRURORJLFDO�0RQRJUDSKV��9RO�����1R�����
$PHULFDQ�0HWHRURORJLFDO�6RFLHW\��%RVWRQ��0DVV���������SS���������



��

��� %URZQLQJ��.��$����7KH�%DVLV�RI�D�*HQHUDO�0RGHO�RI�WKH�$LUIORZ�DQG�3UHFLSLWDWLRQ�7UDMHFWRULHV
ZLWKLQ�3HUVLVWHQW�&RQYHFWLYH�6WRUPV���SDSHU�SUHVHQWHG�DW�WKH��UG�&RQIHUHQFH�RQ�6HYHUH�/RFDO
6WRUPV��8UEDQD��,OOLQRLV�������

��� .HVVOHU��(���,,,��3��-��)HWHULV��(��$��1HZEXUJ�DQG�*��:LFNKDP���5HODWLRQVKLSV�%HWZHHQ�7URSLFDO
3UHFLSLWDWLRQ�DQG�.LQHPDWLF�&ORXG�0RGHOV���5HSRUWV�1R�������7UDYHOHUV�5HVHDUFK�&HQWHU�WR�WKH
8�6��$UP\�(OHFWURQLFV�5HVHDUFK�DQG�'HYHORSPHQW�/DERUDWRU\�RQ�&RQWUDFW�'$��������6&
�����������������

��� 2JXUD��<����$�5HYLHZ�RI�1XPHULFDO�0RGHOLQJ�5HVHDUFK�RQ�6PDOO�6FDOH�&RQYHFWLRQ�LQ�WKH
$WPRVSKHUH���0HWHRURORJLFDO�0RQRJUDSKV��YRO�����1R������$PHULFDQ
�0HWHRURORJLFDO�6RFLHW\�
%RVWRQ��0DVV���������SS��������

���� (SVWHLQ��(��6��DQG�/RHVH��-RKQ�$����$SSOLFDWLRQ�RI�7ZR�'LPHQVLRQDO�6SHFWUDO
�$QDO\VLV�WR�WKH�4XDQWLILFDWLRQ�RI�6DWHOOLWH�&ORXG�3KRWRJUDSKV���-RXUQDO�RI�0HWHRURORJ\�������YRO����
1R�����2FWREHU�������SS����������

��� .HVVOHU��(���,,,�DQG�-��$��5XVVR��-U����$�3URJUDP�IRU�WKH�$VVHPEO\�DQG�'LVSOD\�RI�5DGDU�HFKR
'LVWULEXWLRQV���-RXUQDO�RI�$SSOLHG�0HWHRURORJ\��YRO�����1R�����$XJXVW�������SS����������

��� .HVVOHU��(���,,,�DQG�-��$��5XVVR��-U����6WDWLVWLFDO�3URSHUWLHV�RI�:HDWKHU�5DGDU�(FKRHV��
3URFHHGLQJV���WK�:HDWKHU�5DGDU�&RQIHUHQFH��$PHULFDQ�0HWHRURORJLFDO�6RFLHW\��%RVWRQ��0DVV��
������SS��������

��� 0DFK��5��(����5HVHDUFK�RQ�WKH�3URFHVVLQJ�RI�6DWHOOLWH�3KRWRJUDSK\�E\�'LJLWDO�7HFKQLTXHV���)LQDO
UHSRUW�E\�,QWHUQDWLRQDO�%XVLQHVV�0DFKLQHV�&RUS��WR�$LU�)RUFH�&DPEULGJH�5HVHDUFK�/DERUDWRULHV
RQ�&RQWUDFW�1R��$)������������������������SS�

��� 0LOOHU��5��*����6WDWLVWLFDO�3UHGLFWLRQ�E\�'LVFULPLQDQW�$QDO\VLV���0HWHRURORJLFDO�0RQRJUDSKV��YRO����
1R������$PHULFDQ�0HWHRURORJLFDO�6RFLHW\��%RVWRQ��0DVV������������SS�

��� $WODV��'����6WRUP�5DGDU�'DWD�3URFHVVRU�2EVHUYHV�D�7RUQDGR���%XOOHWLQ�RI�WKH
$PHULFDQ�0HWHRURORJLFDO�6RFLHW\��YRO������1R�����-DQXDU\�������SS��������

��� &ROOLV��5��7��+����$�5DGDU�5DLQIDO,�,QWHJUDWRU���3URFHHGLQJV�RI�WKH���WK�:HDWKHU�5DGDU
&RQIHUHQFH��$PHULFDQ�0HWHRURORJLFDO�6RFLHW\��%RVWRQ��0DVV���������SS����������

��� 0RWRUROD��,QF����'HVLJQ�3ODQ�IRU�DQ�$XWRPDWLF�&ORXG�0HDVXULQJ�,QGLFDWRU���5HSRUW�WR�8�6��$UP\
6LJQDO�5HVHDUFK�DQG�'HYHORSPHQW�/DERUDWRU\��)RUW�0RQPRXWK��1��-��RQ�&RQWUDFW�1R��'$�������
6&��������������SS�����

��� 5DELQRZ�(QJLQHHULQJ�&R����2SHUDWLRQ�DQG�$GMXVWPHQW�0DQXDO��:HDWKHU�5DGDU�3DWWHUQ
&RQYHUWHU���5HSRUW�WR�)HGHUD,�$YLDWLRQ�$JHQF\�RQ�&RQWUDFW�)$$�%5'���������������SS�
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$33(1',;

0HVR�VFDOH�1HWZRUNV�RI�6XUIDFH�2EVHUYLQJ�6WDWLRQV

7KH�QHWZRUN�VKRZQ�LQ�ILJXUH�$��FRQVLVWV�RI����VXUIDFH�UHFRUGLQJ�VWDWLRQV�H[WHQGLQJ�IURP
1RUPDQ��2NOD���VRXWKZHVWZDUG�DERXW�����VWDWXWH�PLOHV��6WDWLRQV�DUH�VSDFHG����WR����PL��DSDUW
DQG�FRQWLQXRXVO\�UHFRUG�SUHVVXUH��WHPSHUDWXUH��UHODWLYH�KXPLGLW\��SUHFLSLWDWLRQ��DQG�ZLQG�VSHHG
DQG�GLUHFWLRQ��3ODQV�H[LVW�IRU�LQVWUXPHQWLQJ�D�����
�WHOHYLVLRQ�WRZHU�QHDU�2NODKRPD�&LW\��DQG
LQVWDOOLQJ�QHZ�VWDWLRQV�DORQJ�WKH�QRUWK�VLGH�RI�WKH�SUHVHQW�HVWDEOLVKPHQW��1HWZRUN�GDWD�DUH
IXUWKHU�DXJPHQWHG�E\�UDZLQVRQGH�DVFHQWV�PDGH�VHULDOO\�DW�)RUW�6LOO��DW�:LOO�5RJHUV�)LH,G��DQG�DW
7LQNHU�$LU�)RUFH�%DVH��DOVR�VKRZQ�LQ�WKLV�ILJXUH��2WKHU�VXUIDFH�ZHDWKHU�REVHUYDWLRQV�DUH
DYDLODEOH�IURP�$UGPRUH��+REDUW��&OLQWRQ�6KHUPDQ�$)%��)RUW�6LOO��DQG�:LFKLWD�)DOOV��7H[�
5HSRUWV�RQ�VHYHUH�ZHDWKHU�DUH�UHFHLYHG�IURP�DERXW�����YROXQWHHU�REVHUYHUV�LQ�WKH�DUHD�ZKR
DUH�VXSSOLHG�VSHFLDO�UHSRUWLQJ�IRUPV�E\�166/�

)LJXUH�$��VKRZV�WKH�QHWZRUN�RI�����UHFRUGLQJ�UDLQ�JDJHV�RSHUDWHG�DOO�\HDU�E\�WKH
$JULFXOWXUDO�5HVHDUFK�6HUYLFH�RI�WKH�'HSDUWPHQW�RI�$JULFXOWXUH��7KHVH�JDJHV�DUH�VSUHDG�RYHU
�����PL���RI�WKH�:DVKLWD�5LYHU�:DWHUVKHG��ZKHUH����VWUHDP�JDJHV�DUH�DOVR�RSHUDWHG��7KH
��PL��VSDFLQJ�RI�WKH�UDLQ�JDJHV�\LHOGV�GDWD�RQO\�VOLJKWO\�FRDUVHU�WKDQ�WKH�UHVROXWLRQ�RI�WKH�UDGDU�



)LJXUH�$����1HWZRUN�RI����VXUIDFH�UHFRUGLQJ�VWDWLRQV�RSHUDWHG�E\�166/�



)LJXUH�$�� 1HWZRUN�RI�����UHFRUGLQJ�UDLQ�JDJHV�RSHUDWHG�DOO�\HDU�E\�WKH�$JULFXOWXUDO
5HVHDUFK�6HUYLFH�RI�WKH�'HSDUWPHQW�RI�$JULFXOWXUH�


