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*$7(�7UDLQLQJ�
�� 7KH�IROORZLQJ�DFWLRQV�ZRXOG�KHOS�LQ�HQKDQFLQJ�LQ�KRXVH�FDSDFLW\�WR�FDWHU�WR�WKH�QHHGV�RI�*$7(�

WUDLQLQJ��
o� ,QFOXVLRQ�RI�TXHVWLRQV�DW�SDU�ZLWK�*$7(�SDSHUV�LQ�'+$V��'&$V�DQG�RWKHU�WHVWV�
o� $SSURSULDWH�TXHVWLRQV�IURP�SUHYLRXV�*$7(�SDSHUV�PD\�EH�LQFOXGHG�LQ�TXHVWLRQ�EDQNV�

DQG�VXEVHTXHQWO\�LQ�&7V�
o� 3UHSDUDWLRQ�PDWHULDO�IRU�GLIIHUHQW�VXEMHFWV�PD\�EH�GHYHORSHG�DV�D�ORQJ�WHUP�PHDVXUH�
o� 7HDFKHUV�ZRXOG�EH�UHTXHVWHG�WR�VWDUW�LPSOHPHQWLQJ�DERYH�DV�VRRQ�DV�SRVVLEOH�LQ�

UHVSHFWLYH�VXEMHFWV�
o� ,I�QHHG�DULVHV�VRPH�H[SHUW�OHFWXUHV�FDQ�EH�DUUDQJHG�IRU�VWXGHQWV�
o� $�IHZ�PRFN�WHVW�ZRXOG�EH�RUJDQL]HG�IRU�WKH�*$7(�DVSLUDQWV����

*RYHUQDQFH�6\VWHP�

The roles and responsibilities of various committees 

x� 3URFXUHPHQW�&RPPLWWHH��7KLV�FRPPLWWHH�LV�KHDGHG�E\�3URI��5DKXO�6ZDUXS�6KDUPD��7KH�UHVSRQVLELOLWLHV�RI�
WKH�FRRUGLQDWRU�DUH�WR�HQVXUH�WLPHO\�SXUFKDVH�RI�WKH�LWHPV�DSSURYHG�E\�%R*��,Q�FDVH�DQ\�LWHPV�WR�EH�GURSSHG�
RU� DGGHG� IRU� SURFXUHPHQW�� KH� VKRXOG� UHTXHVW� WKH� FRQFHUQHG� KHDG� RI� WKH� GHSDUWPHQW� WR� SURYLGH� VDWLVIDFWRU\�
UHDVRQV�IRU�DGGLWLRQ�GHOHWLRQ��$Q\�QHZ�LWHP�SURSRVHG�E\�DQ\�GHSDUWPHQW�LQ�DGGLWLRQ�WR�WKH�DSSURYHG�SODQ��WKH�
FRQFHUQHG�+R'�ZLOO�FRPPXQLFDWH�WKH�LWHPV�WR�EH�GURSSHG�IURP�WKH�DSSURYHG�SODQ�WR�PDNH�WKH�IXQGV�DYDLODEOH�
IRU�WKH�QHZ�LWHPV��2QFH�WKLV�LQWHUQDO�SURFHVV�LV�FRPSOHWH��WKH�3URFXUHPHQW�FRRUGLQDWRU�ZLOO�UHSRUW�WR�3URMHFW�
&RRUGLQDWRU�'LUHFWRU�DQG�63,8���13,8�WR�PRGLI\�WKH�SURFXUHPHQW�SODQ�DQG�UHSRUW�LQ�%R*��7KH�FRQYHQHU�ZLOO�
DOVR�KROG�PHHWLQJV�ZLWK�WKH�WHDFKHUV�FRQFHUQHG�WR�DFFHOHUDWH�WKHLU�SURFXUHPHQW�DFWLYLWLHV��

�� $FDGHPLF� $FWLYLW\� &RPPLWWHH�� 7KLV� FRPPLWWHH� LV� KHDGHG� E\� 0U� 5DP� &KDQG� *XSWD�� $OO� SURSRVDOV� IRU�
DFDGHPLF� DFWLYLWLHV� UHODWHG� WR� VWXGHQWV�� 6WXGHQWV� SURMHFW� SURSRVDOV�� 6WXGHQWV� SDUWLFLSDWLRQ� LQ�
FRQIHUHQFH�ZRUNVKRSV�� SD\PHQW� RI� DOORZDQFHV� WR� 5HVHDUFK� VWXGHQWV�� LQWHUQVKLS� HWF�� LV� URXWHG� WKURXJK� WKLV�
FRPPLWWHH��6HOHFWLRQ�RI�YHQGRUV�IRU�*$7(�FRDFKLQJ��(PSOR\DELOLW\�VNLOO�WUDLQLQJ�HWF��LV�LQLWLDWHG�DQG�H[HFXWHG�
E\� WKLV� FRPPLWWHH�� )LQDOO\�� WKH� UHFRPPHQGDWLRQ� RI� WKLV� FRPPLWWHH� LV� VXEPLWWHG� WR� )LQDQFH� &RPPLWWHH� IRU�
DSSURYDO��

�� 7ZLQQLQJ�$FWLYLW\�&RPPLWWHH��7KLV�FRPPLWWHH�LV�KHDGHG�E\�6K��,VKDQW�6LQJKDO��$OO�WZLQQLQJ�DFWLYLWLHV�ZLWK�
0HQWRU� ,QVWLWXWH� �-178,67�� L�H�� VWXGHQW� H[FKDQJH�� MRLQW� FRQIHUHQFH� �� ZRUNVKRS�� )DFXOW\� 'HYHORSPHQW�
3URJUDPPHV���-RLQW�5�	�'�DFWLYLWLHV�PHQWRULQJ�RI�VWXGHQWV�RI�ERWK�WKH�LQVWLWXWLRQV�E\�UHVSHFWLYH�IDFXOWLHV�HWF��
LV�LQLWLDWHG�E\�WKH�FRQYHQHU�RI�WKLV�FRPPLWWHH�DQG�DOO�ILQDQFHV�LQYROYHG�LV�VXEPLWWHG�WR�ILQDQFH�FRPPLWWHH�IRU�
LWV�DSSURYDO���

�� 6WDUW�8S�&RPPLWWHH��7KLV�FRPPLWWHH� LV�KHDGHG�E\�'U��*��6��6��%DEX��7KH�FRPPLWWHH� LV�HQWUXVWHG�ZLWK� WR�
PDNH� D� VWDUWXS� �� LQFXEDWLRQ� FHOO� DQG� HQFRXUDJH� WKH� VWXGHQWV� WR� HQJDJH� WKHPVHOYHV� LQ� WKHVH� DFWLYLWLHV��
2UJDQLVDWLRQ�RI�6WXGHQWV�FRPSHWLWLRQV���+DFNDWKRQ�HWF��DUH�PDQDJHG�E\�WKLV�FRPPLWWHH��

�� )LQDQFH�&RPPLWWHH��7KLV�FRPPLWWHH�LV�FKDLUHG�E\�WKH�'HDQ��PHPEHU�VHFUHWDU\��DQG�1RGDO�2IILFHU�)LQDQFH��
7KH�FRPPLWWHH�DSSURYHV�DOO� WKH� ILQDQFHV� UHTXLUHG� IRU� DFDGHPLF�DFWLYLWLHV� �� SURFXUHPHQW� DFWLYLWLHV� DQG�RWKHU�
DFWLYLWLHV��

�� 0HPEHU�6HFUHWDU\��7KH�FRQWLQXLQJ�'HDQ�LV�WKH�PHPEHU�VHFUHWDU\�RI�%R*��7KH�UHVSRQVLELOLW\�RI�WKH�0HPEHU�
6HFUHWDU\� LV� WR�HQVXUH� WLPHO\�FRQGXFW�RI�%R*�PHHWLQJ��FROOHFWLQJ� WKH�%R*�DJHQGD�IURP�KHDG�RI� WKH�YDULRXV�
FRPPLWWHHV��KROG�WKH�%R*�PHHWLQJ��LQWHUDFWLRQ�ZLWK�WKH�%R*�PHPEHUV�DQG�WLPHO\�SUHSDUDWLRQ�DQG�DSSURYDO�RI�
%R*�PLQXWHV��$OO�WKH�SURSRVDOV�UHODWHG�WR�7(4,3�PXVW�EH�HQGRUVHG���DSSURYHG�E\�WKH�'HDQ��

�� 3URMHFW� &RRUGLQDWRU�� 3URI�� '�� %KDJZDQ� 'DV� LV� WKH� 7(4,3� &RRUGLQDWRU�� +H� LV� UHVSRQVLEOH� IRU� WKH�
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FRRUGLQDWLRQ�ZLWK�WKH�63,8�	�13,8�IRU�DQ\�GRFXPHQWV���LQIRUPDWLRQ�UHTXLUHG�DIWHU�FROOHFWLQJ�LQIRUPDWLRQ���
'DWD�IURP�YDULRXV�FRPPLWWHHV��+H�KDV� WR�HQVXUH� WLPHO\�VXEPLVVLRQ�RI�DOO� LQIRUPDWLRQ�VRXJKW�E\�WKH�63,8���
13,8�LQ�FRQVXOWDWLRQ�ZLWK�WKH�SURMHFW�'LUHFWRU��

�� 3URMHFW�'LUHFWRU��3URI��$�.�6D[HQD�LV�WKH�SURMHFW�'LUHFWRU��+H�KDV�WR�HQVXUH�WKH�SURSHU�FRRUGLQDWLRQ�DPRQJ�
YDULRXV�FRPPLWWHHV�DQG�WLPHO\�H[HFXWLRQ�RI�DOO�DFWLYLWLHV��$Q\�FRPPXQLFDWLRQV�WR�EH�GRQH�ZLWK�63,8�13,8�LV�
GRQH� E\� SURMHFW� GLUHFWRU� 	� SURMHFW� FRRUGLQDWRU�� $OO� SUHVHQWDWLRQV� DW� YDULRXV� IRUXPV� LQ� 63,8�13,8� LV�
FRRUGLQDWHG�ZLWK�WKH�KHOS�RI�SURMHFW�FRRUGLQDWRU�DQG�RWKHU�PHPEHUV��0RQLWRULQJ�RI�SURJUHVV�LQ�WKH�SURMHFW�DQG�
DGGUHVVLQJ�DQ\�LVVXHV�LQ�VPRRWK�FRPSOHWLRQ�RI�WKH�SURMHFW�LV�DOVR�GRQH�E\�KLP��

�� 7KH�5�	�'�FRPPLWWHH��7KH�FRPPLWWHH�LV�LQ�SODFH�LQ�WKH�IDFXOW\��3URI��$�.�6D[HQD�LV�WKH�FRQYHQHU�DQG�RWKHU�
+R'V� DUH� WKH� PHPEHUV� RI� WKH� FRPPLWWHH�� $OO� 5� 	� '� SURSRVDOV� E\� LQGLYLGXDO� )DFXOW\� PHPEHUV� RU� XQGHU�
WZLQQLQJ�DFWLYLWLHV�DUH�ILUVW�DSSURYHG�E\�WKLV�FRPPLWWHH��
�
7KH�+R'V�UHFRPPHQG�WKH�SURSRVDOV�E\�WKH�PHPEHUV���6FKRODUV�RI�WKH�UHVSHFWLYH�GHSDUWPHQWV�WR�WKH�ILQDQFH�
FRPPLWWHH�� 7KH� )&� WKHQ� VXEPLWV� LWV� UHFRPPHQGDWLRQV� WR� 5� 	� '� FRPPLWWHH�� $IWHU� DSSURYDO� RI� WKH� 5	'�
&RPPLWWHH��WKH�SURSRVDO�LV�SXW�XS�EHIRUH�%R*�IRU�LWV�DSSURYDO��

�����,QGLYLGXDO�WHDPV�DUH�ZRUNLQJ�DFFRUGLQJO\��
�
&KDUJH�+DQGRYHU�
7KH�IROORZLQJ�DFWLRQV�DUH�SURSRVHG�WR�HQVXUH�VHDPOHVV�H[FKDQJH�RI�LQIRUPDWLRQ�DQG�LQWURGXFWLRQ�RI�QHZ�
LQFXPEHQW��
�
$OO�+R'V�PD\�EH�LQYLWHG�WR�WKH�%R*�PHHWLQJV�WR�HQVXUH�WKDW�WKH\�DUH�ZHOO�DFTXDLQWHG�ZLWK�7(4,3�DFWLYLWLHV�
DQG�VWDWH�RI�PDWWHUV��
�
7KH�+R'�ZKRVH�DSSRLQWPHQW�DV�WKH�QH[W�'HDQ�LV�GXH�PXVW�EH�DFWLYHO\�LQYROYHG�LQ�WKH�SURFHHGLQJV�RI��%R*�
PHHWLQJV�DQG�KH�ZLOO�KHOS�'HDQ��WKH�PHPEHU�6HFUHWDU\�RI�%R*���LQ�FRQGXFWLQJ�%R*�PHHWLQJV��WR�XQGHUVWDQG�
WKH�GHWDLOHG�SURFHHGLQJV��
�
$Q�DGGLWLRQDO�SRLQW�UHJDUGLQJ�7(4,3�UHVSRQVLELOLWLHV�PD\�EH�DGGHG�WR�WKH�FKDUJH�KDQGRYHU�GRFXPHQW�RI�'HDQ�
WR�KLV�VXFFHVVRU��
�
&RQVWLWXWLRQ�RI�&RPPLWWHH�IRU�HYDOXDWLRQ�RI�5	'�3URSRVDOV�
$FWLRQ�%\��3URI��$�.�6D[HQD��,W�LV�VXEPLWWHG�WKDW�WKH�5�	�'�FRPPLWWHH�DOUHDG\�H[LVWV�DQG�WKH�VDPH�ZDV�UHSRUWHG�LQ�
WKH�ODVW�%R*��$OO�WKH�5�	�'�SURSRVDOV�UHSRUWHG�LQ�WKLV�%R*�PHHWLQJ�ZHUH�DSSURYHG�E\�5�	�'�FRPPLWWHH�DIWHU�WKH�
DSSURYDO�RI�IXQGLQJ�IURP�)LQDQFH�&RPPLWWHH��2QH�SURSRVDO�XQGHU�7ZLQQLQJ�$FWLYLW\�LV�QRZ�UHVXEPLWWHG�DQG�VKDOO�
EH�UHSRUWHG�LQ�WKH�QH[W�%R*�IRU�UDWLILFDWLRQ��
�
0HHWLQJV�RI�)LQDQFH�&RPPLWWHH��
7KH�PHHWLQJV�RI�ILQDQFH�FRPPLWWHH�LV�FRQGXFWHG�ZKHQHYHU�D�IHZ�SURSRVDOV�DUH�UHFHLYHG�E\�WKH�FRPPLWWHH��,Q�FDVH�
RI�DQ\�HPHUJHQF\��WKH�FRPPLWWHH�PHHWV�ZLWKRXW�VFKHGXOH�DQG�HYDOXDWH�	�DSSURYH�WKH�SURSRVDOV��$�IHZ�PLQXWHV�DUH�
DWWDFKHG��
�
,PSDFW�$QDO\VLV��
7KH�LPSDFW�DQDO\VLV�RI�WKH�YDULRXV�IDFLOLWLHV�FUHDWHG�IURP�7(4,3�LV�EHLQJ�GRQH�E\�FROOHFWLQJ�IHHGEDFN�IURP�WKH�VWDII�
PHPEHUV�DQG�WKH�VWXGHQWV�ZKR�DUH�WKH�DFWXDO�XVHUV��7KLV�IHHGEDFN�LV�DOVR�WR�EH�VXEPLWWHG�WR�63,8�13,8��$�YLVLW�RI�
63,8�RIILFLDO�LV�GXH�LQ�WKH�ILUVW�ZHHN�RI�0DUFK�������
�
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$FDGHPLF�7DUJHWV��

��� *$7(�&RDFKLQJ��$SSUR[LPDWH�����VWXGHQWV�RI�WKLUG�\HDU�KDYH�EHHQ�SURYLGHG�ZLWK�*$7(�PDWHULDO��$ERXW�
����VWXGHQWV�RI�)LQDO�<HDU�KDYH�DSSHDUHG�LQ�*$7(�H[DPLQDWLRQ�WKLV�\HDU��

��� (PSOR\DELOLW\�6NLOO�7UDLQLQJ��$OO�VWXGHQWV�RI�7KLUG�<HDU�DQG�)LQDO�<HDU�DUH�EHLQJ�SURYLGHG�����KRXUV�RI�
WKLV�WUDLQLQJ�E\�DQ�HPSDQHOOHG�YHQGRU��7UDLQLQJ�RI���KRXUV�SHU�ZHHN�IRU�ERWK�WKH�FODVVHV�DUH�EHLQJ�KHOG��

��� )XQGLQJ�IRU�)LQDO�<HDU�3URMHFWV��7KH�VWXGHQWV�SURMHFWV�DUH�IXQGHG�IURP�7(4,3�DIWHU�UHFHLYLQJ�SURSRVDOV�
IURP�WKH�YDULRXV�SURMHFW�JURXSV��

��� )XQGLQJ�IRU�7KLUG�<HDU�3URMHFWV��7KH�VWXGHQWV�SURMHFWV�DUH�IXQGHG�IURP�7(4,3�DIWHU�UHFHLYLQJ�SURSRVDOV�
IURP�WKH�YDULRXV�SURMHFW�JURXSV��

��� )XQGLQJ�IRU�VWXGHQWV�DFWLYLWLHV��$OO�VWXGHQWV�SDUWLFLSDWLQJ�LQ�DQ\�FRPSHWLWLYH�DFWLYLWLHV��SDSHU�
SUHVHQWDWLRQV��SDUWLFLSDWLRQ�LQ�+DFNDWKRQ�DUH�EHLQJ�UHLPEXUVHG�WKHLU�H[SHQGLWXUHV�DV�SHU�7(4,3�QRUPV��

3HUIRUPDQFH�$XGLW�
�� 9DULRXV�LVVXHV�UHODWHG�WR�SHUIRUPDQFH�DXGLW�ZDV�UDLVHG�EHIRUH�63,8�13,8�DQG�ZRUOG�EDQN�

RIILFLDOV��7KH\�KDYH�DVVXUHG�WR�UHVROYH�WKH�LVVXH�DIWHU�WDONLQJ�WR�WKH�$XGLWRU��7KH\�DOVR�DGYLVHG�XV�
WR�SXW�RXU�UHPDUNV�EHIRUH�DFFHSWLQJ�WKH�DXGLW�UHSRUW�IURP�WKH�DXGLWRU��

7ZLQQLQJ�$FWLYLWLHV�
x� /LNH�ODVW�\HDU�WKLV�\HDU�DOVR�VWXGHQWV�RI�&LYLO�(QJJ��EUDQFK�VKDOO�EH�YLVLWLQJ�-178�IRU�VXPPHU�

WUDLQLQJ��
x� -178�KDV�SURPLVHG�WR�DUUDQJH�IRU�ILYH�PRQWK�LQWHUQVKLS�IRU�RXU�VWXGHQWV�LQ�WKH�,QGXVWULHV�ZKHUH�WKH\�

KDYH�VRPH�LQIOXHQFH�DQG�DOVR�KHOS�LQ�DUUDQJLQJ�FDPSXV�VHOHFWLRQV��
x� $�MRLQW�5�	�'�SURMHFW�EHWZHHQ�'U��5DQMHHW�.XPDU�DQG�'U��6DVLNDOD�LV�DSSURYHG�E\�%R*�RI�-178�DQG�

DOVR�SUHVHQWHG�IRU�DSSURYDO�RI�%R*�DIWHU�DSSURYDO�IURP�ILQDQFH�FRPPLWWHH��
x� $�MRLQW�:RUNVKRS�RQ�(QHUJ\�6WRUDJH�V\VWHP�LV�SURSRVHG�LQ�-XQH������E\�-178��
x� $�VKRUW�WHUP�FRXUVH�RQ�0LFURJULGV�LV�EHLQJ�RUJDQL]HG�E\�'(,�GXULQJ�������0DUFK�������$�IHZ�

SDUWLFLSDQWV�IRUP�-178�DUH�H[SHFWHG�WR�SDUWLFLSDWH��
x� $�)DFXOW\�'HYHORSPHQW�3URJUDPPH�LV�DOVR�SURSRVHG�ZLWK�-178�DW�'(,�LQ�0D\��������

�
�
� �
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'D\DOEDJK�(GXFDWLRQDO�,QVWLWXWH��'HHPHG�WR�EH�8QLYHUVLW\���
'D\DOEDJK��$JUD�����������8WWDU�3UDGHVK�

0LQXWHV�RI�WKH�)LQDQFH�&RPPLWWHH�0HHWLQJ�RI������������
�

3UHVHQW� 3URI��9��6RDPL�'DV��

3URI��$�.�6D[HQD��

3URI��'��%KDJZDQ�'DV��

3URI��5DKXO�6ZDUXS�6KDUPD��

'U��$VKRN�<DGDY��

6K��*XU�'D\DO�3UDVDG�

&KDLUPDQ��

3URMHFW�'LUHFWRU��

7(4,3�&RRUGLQDWRU��

3URFXUHPHQW�&RRUGLQDWRU�

0HPEHU�

1RGDO�2IILFHU�)LQDQFH�

�
,Q�$WWHQGDQFH� 'U��*��6��6��%DEX�

�

7HDFKHU�&RQFHUQHG�

&RQYHQHU��5�	�'�
6WDWHPHQW�RI�,QWHUHVW� 7KH�&RPPLWWHH�QRWHG�DQG�DSSURYHG�WKH�PLQXWHV�RI�WKH�

)LQDQFH�&RPPLWWHH�VXEPLWWHG�IRU�HDUOLHU�SURFXUHPHQWV�

�$QQH[XUH�,��

)1���������� 5HSODFHPHQW�RI�60)�%DWWHULHV�
��� ���9ROW������$K�60)�%DWWHULHV����������1RV�������,15������������

��� ���9ROW�����$K�60)�%DWWHULHV������������1RV�������,15�����������

��� ���9ROW�����$K�60)�%DWWHULHV�����������1RV�������,15������������
�

7KH�FRPPLWWHH�UHIHUUHG�WR�WKH�SURSRVDO�IRU�WKH�SXUFKDVH�DQG�
UHSODFHPHQW�RI�60)�EDWWHULHV�XVHG�LQ�0XOWLPHGLD�/DERUDWRU\�������
(OHFWURQLFV�/DE�����DQG�0LFURSURFHVVRU�/DE�����IRU�DQ�HVWLPDWHG�FRVW�
RI�,15��������������7KH�FRPPLWWHH�ZDV�LQIRUPHG�WKDW�WKHVH�EDWWHULHV�
DUH���WR���\HDUV�ROG�DQG�KDYH�RXWOLYHG�WKHLU�OLIH�DQG�QHHG�UHSODFHPHQW��

$FWLRQV����� 7KH�FRPPLWWHH�LV�VDWLVILHG�ZLWK�WKH�MXVWLILFDWLRQV�JLYHQ�IRU�WKH�
UHSODFHPHQW�DQG�DSSURYH�WKH�SXUFKDVH�RI�EDWWHULHV�XQGHU�6KRSSLQJ�
PHWKRG�DIWHU�FDOOLQJ�TXRWDWLRQV�IRU�WKH�VDPH��

$FWLRQV����� 'U��*��6��6��%DEX�EH�DQG�LV�KHUHE\�DXWKRULVHG�WR�SODFH�RUGHUV�IRU�WKH�
EDWWHULHV�DV�PHQWLRQHG�DERYH�

7KH�&RPPLWWHH�QRWHG�WKDW�WKH�QH[W�)LQDQFH�&RPPLWWHH�PHHWLQJ�LV�VFKHGXOHG�IRU�0RQGD\����
1RYHPEHU������DW������30�LQ�WKH�)DFXOW\�6HPLQDU�+DOO�

�
�
�

3URI��9��6RDPLGDV��������������������������������������������������������������1RGDO�2IILFHU�)LQDQFH�
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'D\DOEDJK�(GXFDWLRQDO�,QVWLWXWH��'HHPHG�WR�EH�8QLYHUVLW\���
'D\DOEDJK��$JUD�����������8WWDU�3UDGHVK�

0LQXWHV�RI�WKH�)LQDQFH�&RPPLWWHH�0HHWLQJ�KHOG�RQ������������
�

3UHVHQW� 3URI��9��6RDPL�'DV��
3URI��$�.�6D[HQD��
3URI��'��%KDJZDQ�'DV��
3URI��5DKXO�6ZDUXS�6KDUPD��
'U��$VKRN�<DGDY��
6K��*XU�'D\DO�3UDVDG�

&KDLUPDQ��
3URMHFW�'LUHFWRU��
7(4,3�&RRUGLQDWRU��
3URFXUHPHQW�&RRUGLQDWRU�
0HPEHU�
1RGDO�2IILFHU�)LQDQFH�

,Q�$WWHQGDQFH� 'U��*��6��6��%DEX�
�

7HDFKHU�&RQFHUQHG�
&RQYHQHU��5�	�'�

6WDWHPHQW�RI�,QWHUHVW� 7KH�&RPPLWWHH�QRWHG�DQG�DSSURYHG�WKH�PLQXWHV�RI�WKH�)LQDQFH�
&RPPLWWHH�VXEPLWWHG�IRU�HDUOLHU�SURFXUHPHQWV��$QQH[XUH�,��

)1���������� 3URFXUHPHQW�RI�%RRN�$OPLUDK�IRU�NHHSLQJ�5HIHUHQFH�%RRNV�
���6WDQGDUG�%RRN�$OPLUDK�IRU�/LEUDU\�8VH�����1RV�����,15�������������

7KH�FRPPLWWHH�UHIHUUHG�WR�WKH�SURSRVDO�IRU�WKH�SXUFKDVH�RI�%RRN�$OPLUDK�IRU�NHHSLQJ�WKH�
UHIHUHQFH�UDUH�ERRNV�SURYLGHG�E\�WKH�&KDLUPDQ��$GYLVRU\�&RPPLWWHH�RQ�(GXFDWLRQ��7KHVH�
ERRNV�ZLOO�EH�NHSW�DW�GLIIHUHQW�OLEUDULHV�IRU�XVH�E\�WKH�VWXGHQWV�VWDII�IRU�DQ�HVWLPDWHG�FRVW�RI�
,15���������������

$FWLRQV����� 7KH�FRPPLWWHH�LV�VDWLVILHG�ZLWK�WKH�MXVWLILFDWLRQV�JLYHQ�IRU�WKH�SXUFKDVH�DQG�
DSSURYH�WKH�SXUFKDVH��

$FWLRQV����� 3URI��'��%KDJZDQ�'DV�EH�DQG�LV�KHUHE\�DXWKRULVHG�WR�SODFH�RUGHUV�IRU�WKH�
$OPLUDKV�DV�PHQWLRQHG�DERYH��

)1���������� 3URFXUHPHQW�RI�$16<6�722/6�DQG�67$''�352�IRU�VWXGHQWV�RI�DOO�
EUDQFKHV��
3URFXUHPHQW�RI�$16<6�DQG�67$''�352�VRIWZDUH�IRU�XVH�E\�&LYLO���(OHFWULFDO���
)RRWZHDU���0HFKDQLFDO�VWXGHQWV�IRU�,15��������������

7KH�FRPPLWWHH�UHIHUUHG�WR�WKH�SURSRVDO�IRU�WKH�SXUFKDVH�RI�$16<6�DQG�67$''�352�
7RRO�IRU�WKH�VWXGHQWV�RI�YDULRXV�EUDQFKHV�IRU�WHDFKLQJ�DQG�UHVHDUFK��
$16<6�LV�D�0XOWLSK\VLFV�6LPXODWLRQ�VRIWZDUH�FDSDEOH�RI�SHUIRUPLQJ�)($��&)'��DQG�
(OHFWURPDJQHWLF�6LPXODWLRQ�DQG�KDV�GDWD�FRQQHFWLYLW\�ZLWK�DOO�PDMRU�0HFKDQLFDO�&$'�DQG�
(OHFWURQLFV�&$'�6RIWZDUH���������

$FWLRQV����� 7KH�FRPPLWWHH�LV�VDWLVILHG�ZLWK�WKH�MXVWLILFDWLRQV�JLYHQ�IRU�WKH�
SXUFKDVH�DQG�DSSURYH�WKH�SXUFKDVH��

$FWLRQV����� 3URI��5DKXO�6ZDUXS�6KDUPD�EH�DQG�LV�KHUHE\�DXWKRULVHG�WR�SODFH�
RUGHUV�IRU�WKH�VRIWZDUH�DV�PHQWLRQHG�DERYH��

� �
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)1���������� 3URFXUHPHQW�RI�6WRRO�������DQG�7DEOHV�����IRU�/DEV��
��� 3URFXUHPHQW�RI�6WRROV�DQG�7DEOHV�IRU�/DEV���,15�������������

7KH�FRPPLWWHH�UHIHUUHG�WR�WKH�SURSRVDO�IRU�WKH�SXUFKDVH�RI�+XQGUHG�6WRROV�DQG�)RXU�7DEOHV�
IRU�/DEV��+HDW�7UDQVIHU�/DE��DQG�+\GUDXOLFV�/DE��IRU�XVH�E\�VWXGHQWV��7KH�WRWDO�FRVW�RI�WKHVH�
LWHPV�ZRXOG�EH�5V���������������

$FWLRQV����� 7KH�FRPPLWWHH�LV�VDWLVILHG�ZLWK�WKH�MXVWLILFDWLRQV�JLYHQ�IRU�WKH�SXUFKDVH�
DQG�DSSURYH�WKH�SXUFKDVH��

$FWLRQV����� 'U��$VKRN�<DGDY�EH�DQG�LV�KHUHE\�DXWKRULVHG�WR�SODFH�RUGHUV�IRU�WKH�
LWHPV�PHQWLRQHG�DERYH��

)1���������� 3URFXUHPHQW�RI�,RQ&8'26�2%(�1%$�6RIWZDUH�IRU�1%$�$FFUHGLWDWLRQ�
��� 3URFXUHPHQW�RI�,RQ&8'26�2%(�1%$�6RIWZDUH�IRU�,15��������������

7KH�FRPPLWWHH�UHIHUUHG�WR�WKH�SURSRVDO�IRU�WKH�SXUFKDVH�RI�6RIWZDUH�WRRO�,RQ&8'26�
2%(�1%$�VRIWZDUH�IRU�SUHSDULQJ�YDULRXV�UHSRUWV�IRU�1%$�DFFUHGLWDWLRQV��7KH�1%$�
DFFUHGLWDWLRQ�IRU�&LYLO�(QJLQHHULQJ�LV�GXH�DQG�IRU�RWKHU�FRXUVHV�LW�ZLOO�DJDLQ�EH�GXH�LQ�������
7KHUHIRUH�WKH�DERYH�VRIWZDUH�LV�SURSRVHG�WR�EH�SURFXUHG�IRU���\HDU�YDOLGLW\�ZLWK�ILYH�\HDUV�
$0&�ZLWK�DOO�XSJUDGHV��7KH�WRWDO�FRVW�RI�WKLV�SDFNDJH�ZRXOG�EH�5V����������������

$FWLRQV����� 7KH�FRPPLWWHH�LV�VDWLVILHG�ZLWK�WKH�MXVWLILFDWLRQV�JLYHQ�IRU�WKH�SXUFKDVH�DQG�
DSSURYH�WKH�SXUFKDVH��

$FWLRQV����� 'U��*�6�6�%DEX�EH�DQG�LV�KHUHE\�DXWKRULVHG�WR�SODFH�RUGHUV�IRU�WKH�DERYH�
VRIWZDUH�RQ�3URSULHWDU\�$UWLFOH�%DVLV��

7KH�&RPPLWWHH�QRWHG�WKDW�WKH�QH[W�)LQDQFH�&RPPLWWHH�PHHWLQJ�LV�VFKHGXOHG�IRU�0RQGD\����0DUFK�
�����DW������30�LQ�WKH�)DFXOW\�6HPLQDU�+DOO�

�
�
�

3URI��9��6RDPLGDV��������������������������������������������������������������1RGDO�2IILFHU�)LQDQFH�
�



$FWLYLW\�SURSRVHG .H\�3HUVRQV�,QYROYHG 'DWHV
1%$�H�6$5�ILOOLQJ�IRU�FLYLO�
HQJLQHHULQJ�SURJUDP ,67�-178+ 0DUFK������

$�MRLQW�5�	�'�SURMHFW�RQ�%LR��
$HURVRO

'U��5DQMHHW�.XPDU��'(,�DQG�
'U��6DVLNDOD��,67�-178+� 0DUFK������

$�MRLQW�5�	�'�SURMHFW�RQ�/3*�*DV�
VHQVLQJ

'U��.�9HQNDWHVZDUD�5DR��,67�-178+��
'U��5DKXO�6ZDUXS�6KDUPD��'(, 0DUFK������

$�VKRUW�WHUP�FRXUVH�RQ�
0LFURJULGV� '(, ��������0DUFK������

)LYH�PRQWK�&RRS�LQWHUQVKLS�IRU�
�UG�<HDU�VWXGHQWV ,67�-178+�DQG�,QGXVWU\�SHUVRQV $SULO�����6HS����

3ODFHPHQW�RSSRUWXQLWLHV ,67�-178+�DQG�,QGXVWU\�SHUVRQV $SULO������
)DFXOW\�'HYHORSPHQW�
3URJUDPPH� '(,�DQG�,67�-178+ 0D\������

&LYLO�(QJJ��6WXGHQW�H[FKDQJH�IRU�
VXPPHU�WUDLQLQJ ,67�-178+�)DFXOW\�PHPEHUV -XQH������

$�MRLQW�:RUNVKRS�RQ�(QHUJ\�
6WRUDJH�V\VWHP� ,67�-178+�DQG�'(, -XQH������

$FWLRQ�3ODQ�0DUFK���-XQH�����

$11(;85( ��%
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�

EĂŵĞ�ŽĨ�ƚŚĞ�/ŶƐƚŝƚƵƚĞ� �ĂǇĂůďĂŐŚ��ĚƵĐĂƚŝŽŶĂů�/ŶƐƚŝƚƵƚĞ�

�ĚĚƌĞƐƐ� DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ��ĞƉĂƌƚŵĞŶƚ͕��

&ĂĐƵůƚǇ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕��

�ĂǇĂůďĂŐŚ��ĚƵĐĂƚŝŽŶĂů�/ŶƐƚŝƚƵƚĞ�;�ĞĞŵĞĚ�hŶŝǀĞƌƐŝƚǇͿ͕��

�ĂǇĂůďĂŐŚ͕��ŐƌĂ�ϮϴϮϬϬϱ�;hWͿ�

�ŽŶƚĂĐƚ�ĚĞƚĂŝůƐ� vsoamidas@dei.ac.in� ϬϱϲϮͲϮϴϬϭϮϮϲ� �ϴϰϯϯϬϭϵϳϵϰ�

WĞƌŵĂŶĞŶƚ�/Ě�ŽĨ�ƚŚĞ�
/ŶƐƚŝƚƵƚĞ�

ϭͲϰϴϮϰϱϭϴϱϰ��

�ĞƉĂƌƚŵĞŶƚ� DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ��ĞƉĂƌƚŵĞŶƚ�

^ƚƌĞŶŐƚŚ�Θ�tĞĂŬŶĞƐƐ�ŽĨ�
ƚŚĞ�/ŶƐƚŝƚƵƚĞ�

^ƚƌĞŶŐƚŚ͗� /ŶƐƚŝƚƵƚĞ� ŐƌĂĚĞĚ� ͞�н͟� ďǇ� E���͕� �ǆĐĞůůĞŶƚ� �ĐĂĚĞŵŝĐ�
tŽƌŬ͕� /ŶŶŽǀĂƚŝǀĞ� �ĚƵĐĂƚŝŽŶĂů� WƌŽŐƌĂŵŵĞƐ͕� �ĂŵƉƵƐ� ĐŽŵƉůĞƚĞůǇ�
WŽǁĞƌĞĚ� ďǇ� ϱϮϬ� ŬtƉ� ^ŽůĂƌ� WŽǁĞƌ� WůĂŶƚ͕� �ůů� ŚŽƐƚĞůƐ� ƵƐŝŶŐ� ^ŽůĂƌ�
dŚĞƌŵĂů��ŽŽŬŝŶŐ͕�^ĞǀĞƌĂů�D,Z��D�/�d�ƉƌŽŐƌĂŵŵĞƐ�ǁŽƌƚŚ�ZƐ͘�ϰϬ�
ĐƌŽƌĞƐ� ĂƌĞ� ƌƵŶŶŝŶŐ͕� ^ĞǀĞƌĂů� �/�d�� ZΘ�� ĂŶĚ� DK�ZK�� ƉƌŽũĞĐƚƐ�
ĐŽŵƉůĞƚĞĚ͕� /ŶƐƚŝƚƵƚĞ� ŚĂƐ� ĂŶ� ŝŶŶŽǀĂƚŝǀĞ� sŝƐŝŽŶ� ϮϬϯϭ� ƚŽ� ďƌŝŶŐ�
/ŶƐƚŝƚƵƚĞ�ĂŵŽŶŐ�ƚŽƉ�ϮϬ�/ŶƐƚŝƚƵƚĞƐ�ŽĨ�ƚŚĞ�ĐŽƵŶƚƌǇ͘��

tĞĂŬŶĞƐƐ͗�/ŶĚƵƐƚƌǇ�ďĂƐĞĚ�ƌĞƐĞĂƌĐŚ�

�
dĞĐŚŶŝĐĂů�&ŝĞůĚ�ŽĨ�ƉƌŽƉŽƐĂů�
�
tĂƚĞƌ�ĨŝůƚƌĂƚŝŽŶ���

�

�
dŝƚůĞ�ŽĨ�ƉƌŽƉŽƐĂů�
�
ZŝǀĞƌ��ĂŶŬ�&ŝůƚƌĂƚŝŽŶ��
�

�
�ďƐƚƌĂĐƚ�
�
tĂƚĞƌ� ŝƐ� ƚŚĞ� ĞƐƐĞŶĐĞ� ŽĨ� ůŝĨĞ� ĂŶĚ� ĨŽƌ� ŚƵŵĂŶ� ŶĞĞĚ� ŵŽƐƚ� ŽĨ� ŝƚ� ŝƐ� ďĞŝŶŐ� ĞǆƚƌĂĐƚĞĚ� ĨƌŽŵ� ƚŚĞ�
ƵŶĚĞƌŐƌŽƵŶĚ�ǁĂƚĞƌ͘�ZŝǀĞƌďĂŶŬ� ĨŝůƚƌĂƚŝŽŶ� ŝƐ� ŽŶĞ�ŽĨ� ƚŚĞ� ƚĞĐŚŶŝƋƵĞƐ�ƵƐĞĚ� ƚŽ� ĨŝůƚĞƌ� ƚŚĞ�ǁĂƚĞƌ� ĨŽƌ�
ƉŽƚĂďůĞ�ƵƐĞ͘���ZŝǀĞƌďĂŶŬ�&ŝůƚƌĂƚŝŽŶ�ƉƌŽũĞĐƚ�ŚĂƐ�ƌĞĐĞŶƚůǇ�ďĞĞŶ�ƐĞƚ�ƵƉ�ďǇ���/�ǁŝƚŚ�ƚŚĞ�ƐƵƉƉŽƌƚ�ŽĨ�
�^d�ŶĞĂƌ�ƚŚĞ�zĂŵƵŶĂ�ƌŝǀĞƌ�ŝŶ��ĂǇĂůďĂŐŚ͕��ŐƌĂ͘��KŶĞ�ĂƐƉĞĐƚ�ŽĨ�ƐƵĐŚ�Ă�ƉƌŽũĞĐƚ�ŝƐ�ĞƐƚĂďůŝƐŚŝŶŐ�ƚŚĂƚ�
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ƚŚĞ�ǁĂƚĞƌ� ďĞŝŶŐ� ĚƌĂǁŶ� ĨƌŽŵ� ƚŚĞ� ďŽƌĞǁĞůůƐ� ŝƐ� ĂĐƚƵĂůůǇ� ƐƵƌĨĂĐĞ�ǁĂƚĞƌ� ĨƌŽŵ� ƚŚĞ� ƌŝǀĞƌ� ƚŚĂƚ� ŚĂƐ�
ƐĞĞƉĞĚ�ƚŚƌŽƵŐŚ�ŝƚƐ�ďĂŶŬƐ�ĂŶĚ�ŝƐ�ŶŽƚ�ƐŽƵƌĐĞĚ�ĨƌŽŵ�ƵŶĚĞƌŐƌŽƵŶĚ�ǁĂƚĞƌ�ĂƋƵŝĨĞƌƐ͘�
�
&Žƌ�ĂŶ�ĂĐĐƵƌĂƚĞ�ĂŶĂůǇƐŝƐ�ŝƚ�ŝƐ�ƌĞƋƵŝƌĞĚ�ƚŚĂƚ�ƐĞǀĞƌĂů�ďŽƌĞǁĞůůƐ�ďĞ�ĚƌŝůůĞĚ�Ăƚ�ǀĂƌǇŝŶŐ�ĚŝƐƚĂŶĐĞƐ�ĨƌŽŵ�
ƚŚĞ�ƌŝǀĞƌďĂŶŬ͘���ƚ�ĞĂĐŚ�ďŽƌĞǁĞůů�ůŽĐĂƚŝŽŶ͕�ǁĂƚĞƌ�ŚĂƐ�ƚŽ�ďĞ�ĚƌĂǁŶ�ĨƌŽŵ�ƚŚĞ�ƵŶĚĞƌŐƌŽƵŶĚ�ǁĂƚĞƌ�
ƐŽƵƌĐĞ�ĐůŽƐĞƐƚ�ƚŽ�ƚŚĞ�ƐƵƌĨĂĐĞ�ĂŶĚ�ĂŶĂůǇƐĞĚ�ĨŽƌ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ǀĂƌŝŽƵƐ�ĐŚĞŵŝĐĂůƐ͘�
�
/Ŷ� ƚŚĞ�ƉƌĞƐĞŶƚ�ǁŽƌŬ͕�Ă�ĐŽŵƉĂƌŝƐŽŶ�ŽĨ� ƚŚĞ�ƌĞƐƵůƚƐ�ŽĨ� ƚŚĞƐĞ�ĂŶĂůǇƐĞƐ�ǁŽƵůĚ�ŐŝǀĞ�ĂŶ� ŝĚĞĂ�ŽĨ� ƚŚĞ�
ĐŽŶƚĞŶƚ�ŽĨ�ƌŝǀĞƌ�ǁĂƚĞƌ�ŝŶ�ƚŚĞ�ǁĂƚĞƌ�ďĞŝŶŐ�ĚƌĂǁŶ�Ăƚ�ĂŶǇ�ŽĨ�ƚŚĞ�ůŽĐĂƚŝŽŶƐ�ǁŚĞƌĞ�ǁĞůůƐ�ŚĂǀĞ�ďĞĞŶ�
ĚƌŝůůĞĚ͘�
�
<ĞǇǁŽƌĚƐ͗�ƌŝǀĞƌ�ďĂŶŬ�ĨŝůƚƌĂƚŝŽŶ�
�
�
KďũĞĐƚŝǀĞ�Ͳ�WƌŽũĞĐƚ�^ŝŐŶŝĨŝĐĂŶĐĞ�ͬ�ZĞůĞǀĂŶĐĞ�ǁŝƚŚ�ŽŶŐŽŝŶŐ�ĂĐĂĚĞŵŝĐ�ĂĐƚŝǀŝƚŝĞƐ�
�

ϭͿ� dŽ�ĞƐƚĂďůŝƐŚ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�ƚŚĞ�ǁĂƚĞƌ�ŽďƚĂŝŶĞĚ�ŝƐ�ŶŽƚ�ƵŶĚĞƌŐƌŽƵŶĚ�ǁĂƚĞƌ͘�

ϮͿ� dŽ�ĐĂƌƌǇ�ŽƵƚ�ĐŚĞŵŝĐĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ƐĂŵƉůĞƐ�ŽĨ�ǁĂƚĞƌ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ŐƌŽƵŶĚ�ĂŶĚ�

ƌŝǀĞƌďĂŶŬ͘�

ϯͿ� dŽ�ĂĐŚŝĞǀĞ�ƚŚĞ�ĚĞƐŝƌĞĚ�ƉĂƌĂŵĞƚĞƌƐ�ŽĨ�ĨŝůƚĞƌĞĚ�ǁĂƚĞƌ�ĨŽƌ�ƉŽƚĂďŝůŝƚǇ͘�

�
�
WƌŽũĞĐƚ�/ŵƉĂĐƚ�Ͳ�ǆƉĞĐƚĞĚ�ŽƵƚĐŽŵĞ�
�
��ZŝǀĞƌďĂŶŬ�&ŝůƚƌĂƚŝŽŶ�ƉƌŽũĞĐƚ�ŚĂƐ�ƌĞĐĞŶƚůǇ�ďĞĞŶ�ƐĞƚ�ƵƉ�ďǇ���/�ǁŝƚŚ�ƚŚĞ�ƐƵƉƉŽƌƚ�ŽĨ��^d�ŶĞĂƌ�ƚŚĞ�
zĂŵƵŶĂ�ƌŝǀĞƌ�ŝŶ��ĂǇĂůďĂŐŚ͕��ŐƌĂ͘��KŶĞ�ĂƐƉĞĐƚ�ŽĨ�ƐƵĐŚ�Ă�ƉƌŽũĞĐƚ�ŝƐ�ƉƌŽǀŝŶŐ�ƚŚĂƚ�ƚŚĞ�ǁĂƚĞƌ�ďĞŝŶŐ�
ĚƌĂǁŶ�ĨƌŽŵ�ƚŚĞ�ďŽƌĞǁĞůůƐ� ŝƐ�ĂĐƚƵĂůůǇ�ƐƵƌĨĂĐĞ�ǁĂƚĞƌ�ĨƌŽŵ�ƚŚĞ�ƌŝǀĞƌ�ƚŚĂƚ�ŚĂƐ�ƐĞĞƉĞĚ�ƚŚƌŽƵŐŚ�ŝƚƐ�
ďĂŶŬƐ�ĂŶĚ�ŝƐ�ŶŽƚ�ƐŽƵƌĐĞĚ�ĨƌŽŵ�ƵŶĚĞƌŐƌŽƵŶĚ�ǁĂƚĞƌ�ĂƋƵŝĨĞƌƐ͘�
dŚĞ�ƚĞƐƚƐ�ƉĞƌĨŽƌŵĞĚ�ĚƵƌŝŶŐ�ƚŚĞ�ƉƌŽũĞĐƚ�ĚƵƌĂƚŝŽŶ�ǁĞƌĞ�ŶŽƚ�ĐŽŶĐůƵƐŝǀĞ͘��&Žƌ�ĂŶ�ĂĐĐƵƌĂƚĞ�ĂŶĂůǇƐŝƐ�
ŝƚ�ŝƐ�ƌĞƋƵŝƌĞĚ�ƚŚĂƚ�ƐĞǀĞƌĂů�ďŽƌĞǁĞůůƐ�ďĞ�ĚƌŝůůĞĚ�Ăƚ�ǀĂƌǇŝŶŐ�ĚŝƐƚĂŶĐĞƐ�ĨƌŽŵ�ƚŚĞ�ƌŝǀĞƌďĂŶŬ͘���ƚ�ĞĂĐŚ�
ďŽƌĞǁĞůů� ůŽĐĂƚŝŽŶ͕�ǁĂƚĞƌ�ŚĂƐ� ƚŽ�ďĞ�ĚƌĂǁŶ� ĨƌŽŵ� ƚŚĞ�ƵŶĚĞƌŐƌŽƵŶĚ�ǁĂƚĞƌ� ƐŽƵƌĐĞ� ĐůŽƐĞƐƚ� ƚŽ� ƚŚĞ�
ƐƵƌĨĂĐĞ�ĂŶĚ�ĂŶĂůǇƐĞĚ�ĨŽƌ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ǀĂƌŝŽƵƐ�ĐŚĞŵŝĐĂůƐ͘��
�

�
DĞƚŚŽĚŽůŽŐǇ͗�

�
��ĐŽŵƉĂƌŝƐŽŶ�ŽĨ�ƚŚĞ�ƌĞƐƵůƚƐ�ŽĨ�ĂŶĂůǇƐĞƐ�ŽĨ�ǁĂƚĞƌ�ƐĂŵƉůĞƐ�ĚƌĂǁŶ�ĨƌŽŵ�ǁĞůůƐ�Ăƚ�ǀĂƌǇŝŶŐ�ĚŝƐƚĂŶĐĞƐ�
ĨƌŽŵ�ƚŚĞ�ƌŝǀĞƌ�ǁŽƵůĚ�ŐŝǀĞ�ĂŶ�ŝĚĞĂ�ŽĨ�ƚŚĞ�ĐŽŶƚĞŶƚ�ŽĨ�ƌŝǀĞƌ�ǁĂƚĞƌ�ŝŶ�ƚŚĞ�ǁĂƚĞƌ�ďĞŝŶŐ�ĚƌĂǁŶ͘�
�
�Ŷ� ĂĐĐƵƌĂƚĞ� ƌĞƐƵůƚ�ǁŽƵůĚ�ďĞ� ĨŽƌƚŚĐŽŵŝŶŐ� ŝĨ� ƐĞǀĞƌĂů� ďŽƌĞǁĞůůƐ� ĂƌĞ� ĚƌŝůůĞĚ� Ăƚ� ǀĂƌǇŝŶŐ�ĚŝƐƚĂŶĐĞƐ�
ĨƌŽŵ�ƚŚĞ�ƌŝǀĞƌďĂŶŬ͘���ƚ�ĞĂĐŚ�ďŽƌĞǁĞůů�ůŽĐĂƚŝŽŶ͕�ǁĂƚĞƌ�ĚƌĂǁŶ�ĨƌŽŵ�ƚŚĞ�ƵŶĚĞƌŐƌŽƵŶĚ�ǁĂƚĞƌ�ƐŽƵƌĐĞ�
ĐůŽƐĞƐƚ�ƚŽ�ƚŚĞ�ƐƵƌĨĂĐĞ�ǁŽƵůĚ�ďĞ�ĂŶĂůǇƐĞĚ�ĨŽƌ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ǀĂƌŝŽƵƐ�ĐŚĞŵŝĐĂůƐ͘�
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�

�
���
�
�
�

�
�

�ƵĚŐĞƚ��ƐƚŝŵĂƚĞƐ�ʹ�
/ŶƐƚĂůůĂƚŝŽŶƐͬ�ŽŶƐƵŵĂďůĞͬƐĞƌǀŝĐĞ�

�

�
WƌŽƉŽƐĞĚ�ǁŽƌŬ� ^ƉĞĐŝĨŝĐĂƚŝŽŶƐ� EŽ�ŽĨ�

ƵŶŝƚƐ�
�ŽƐƚ�ŝŶ�
ZƐ͘��

�ƌŝůůŝŶŐ�ŽĨ�ďŽƌĞǁĞůůƐ�� ϰ͛�ĚŝĂŵĞƚĞƌ�ďŽƌĞ�ƵƉ�
ƚŽ�ĚĞƉƚŚ�ŽĨ�ǁĂƚĞƌ�
ƚĂďůĞ͕��

ϭϬ� ϭ͕ϬϬ͕ϬϬϬ

� � � �

�ŶĂůǇƐŝƐ�ŽĨ�ǁĂƚĞƌ�ƐĂŵƉůĞƐ� � Ͳ� ϭ͕ϬϬ͕ϬϬϬ
�
dŽƚĂů��ƐƚŝŵĂƚĞĚ��ŽƐƚ�
�
ZƐ�Ϯ͕ϬϬ͕ϬϬϬͬͲ��;dǁŽ�>ĂŬŚƐ�ŽŶůǇͿ�
�
�
�ĞƚĂŝůƐ�ŽĨ�WƌŽũĞĐƚ��ŽŽƌĚŝŶĂƚŽƌ�
�

EĂŵĞ� WZK&͘��s͘�^K�D/��^�

�ǆĂĐƚ�ĚĞƐŝŐŶĂƚŝŽŶ� WƌŽĨĞƐƐŽƌ� �ĂƚĞ�ŽĨ�ũŽŝŶŝŶŐ ϭϵϵϰ�

�ƉƉŽŝŶƚŵĞŶƚ�dǇƉĞ�
ZĞŐƵůĂƌ�

^ĐĂůĞ�ŽĨ�
�ƉƉŽŝŶƚŵĞŶƚ�

;ƉĂǇďĂŶĚͿ
�

�ĞƉĂƌƚŵĞŶƚ� �ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�

YƵĂůŝĨŝĐĂƚŝŽŶƐ�
h'�;�͘dĞĐŚ͕͘�
DĞĐŚĂŶŝĐĂů��ŶŐŐ͘Ϳ�

W'��;D͘dĞĐŚ͕͘�
DĂĐŚŝŶĞ��ǇŶĂŵŝĐƐͿ�

WŚ��;�ŶĂůǇƐŝƐ�ŽĨ�
&ŝďĞƌ�ƌĞŝŶĨŽƌĐĞĚ�
ĐŽŵƉŽƐŝƚĞ�ĂŶŶƵůĂƌ�
ĚŝƐŬƐͿ�

�ǆƉĞƌŝĞŶĐĞ�ŝŶ�ǇĞĂƌƐ� dĞĂĐŚŝŶŐ�;Ϯϵ�ǇĞĂƌƐͿ� /ŶĚƵƐƚƌǇ�;EŝůͿ� ZĞƐĞĂƌĐŚ�;ϯϱ�ǇĞĂƌƐͿ�
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�

^ƚƵĚĞŶƚƐ�ŐƵŝĚĞĚ� h'�;Ϯϱ�ďĂƚĐŚĞƐͿ� W'�;ϯͿ� WŚ��;ϭͿ�

WƵďůŝĐĂƚŝŽŶƐ� EĂƚŝŽŶĂů�;ϭ�ũŽƵƌŶĂůƐ�
н�ϱ�ĐŽŶĨĞƌĞŶĐĞƐͿ�

/ŶƚĞƌŶĂƚŝŽŶĂů�;ϭϭ�
ũŽƵƌŶĂůƐ�н�Ϯ�
ĐŽŶĨĞƌĞŶĐĞƐͿ�

�ŽŽŬƐ�;E/>Ϳ�

ZĞůĞǀĂŶƚ�ĞǆƉĞƌŝĞŶĐĞ�� tŽƌŬĞĚ�ŽŶ�ƌŝǀĞƌ�ďĂŶŬ�ĨŝůƚƌĂƚŝŽŶ�ŝŶ�ƌĞĐĞŶƚůǇ�ĐŽŵƉůĞƚĞĚ��^d�WƌŽũĞĐƚ��

KƚŚĞƌ�ŝŶĨŽƌŵĂƚŝŽŶ� dŚĞ�ƉƌŽƉŽƐĞĚ�ǁŽƌŬ�ĐŽŵƉůĞŵĞŶƚƐ�ƚŚĞ�ƌĞĐĞŶƚůǇ�ĐŽŵƉůĞƚĞĚ��^d�
ƉƌŽũĞĐƚ��

�Ğůů�ŶƵŵďĞƌ� ϴϰϯϯϬϭϵϳϵϰ�ͬ�ϵϮϱϴϳϳϭϱϭϰ�

�ŵĂŝů� ǀƐŽĂŵŝĚĂƐΛĚĞŝ͘ĂĐ͘ŝŶ�

^ŝŐŶĂƚƵƌĞ� �

�
�
dŚĞ�ƉƌŽƉŽƐĂů�ŚĂĚ�ďĞĞŶ�ƉƌĞƐĞŶƚĞĚ�ŝŶ�ƚŚĞ��Ž'�DĞĞƚŝŶŐ�ŽŶ�ϯϬͲϭϭͲϮϬϭϵ͕�ǁŚĞƌĞ�ŝƚ�ǁĂƐ�ĂĚǀŝƐĞĚ�ƚŚĂƚ�ŽƉŝŶŝŽŶ�ŽĨ�ƐŽŵĞ�
ĞǆƉĞƌƚƐ�ŵĂǇ�ďĞ�ŽďƚĂŝŶĞĚ�ƌĞŐĂƌĚŝŶŐ�ƚŚĞ�ƐƵŝƚĂďŝůŝƚǇ�ŽĨ�ƚŚĞ�ŵĞƚŚŽĚ�ƐƵŐŐĞƐƚĞĚ�ĨŽƌ�ƚŚĞ�ƉƵƌƉŽƐĞ�ĞŶǀŝƐĂŐĞĚ͘��
�ĐĐŽƌĚŝŶŐůǇ͕�ƚŚĞ�ƉƌŽďůĞŵ�ŽŶůǇ�;ǁŝƚŚŽƵƚ�ƐƉĞĐŝĨǇŝŶŐ�ƚŚĞ�ŵĞƚŚŽĚ�ŽĨ�ƐŽůƵƚŝŽŶͿ�ǁĂƐ�ƉŽƐĞĚ�ƚŽ�ĂŶ�ŽŶůŝŶĞ�ŐƌŽƵƉ�ǁŽƌŬŝŶŐ�
ŽŶ�ǁĂƚĞƌ�ĂŶĚ�ƚŚŝƐ�ŵĞƚŚŽĚ�ĐĂŵĞ�ƵƉ�ĂƐ�ŽŶĞ�ŽĨ�ƚŚĞ�ƐŽůƵƚŝŽŶƐ͘��&ƵƌƚŚĞƌ͕�ƚŚĞ�ƉƌŽďůĞŵ�ǁĂƐ�ĂůƐŽ�ƐƵďŵŝƚƚĞĚ�ƚŽ��ƌ�^ƵƌĞƐŚ͕�
ĨƌŽŵ�ƚŚĞ��ĞŶƚƌĂů�'ƌŽƵŶĚ�tĂƚĞƌ��ŽĂƌĚ͕�&ĂƌŝĚĂďĂĚ͕�ǁŚŽ�ĂůƐŽ�ĂƉƉƌŽǀĞĚ�ŽĨ�ƚŚĞ�ƐƵŐŐĞƐƚĞĚ�ŵĞƚŚŽĚ͘�
�
/Ŷ�ǀŝĞǁ�ŽĨ�ƚŚĞ�ĂďŽǀĞ͕�ƚŚĞ�ƉƌŽƉŽƐĂů�ŝƐ�ďĞŝŶŐ�ƐƵďŵŝƚƚĞĚ�ĂŐĂŝŶ�ǁŝƚŚ�ƌĞǀŝƐŝŽŶ�ŝŶ�ƚŚĞ�ĨŝŶĂŶĐŝĂů�ƌĞƋƵŝƌĞŵĞŶƚƐ͘�
�
�
�
�
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�

EĂŵĞ�ŽĨ�ƚŚĞ�/ŶƐƚŝƚƵƚĞ� �ĂǇĂůďĂŐŚ��ĚƵĐĂƚŝŽŶĂů�/ŶƐƚŝƚƵƚĞ�

�ĚĚƌĞƐƐ� DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ��ĞƉĂƌƚŵĞŶƚ͕��

&ĂĐƵůƚǇ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕��

�ĂǇĂůďĂŐŚ��ĚƵĐĂƚŝŽŶĂů�/ŶƐƚŝƚƵƚĞ�;�ĞĞŵĞĚ�hŶŝǀĞƌƐŝƚǇͿ͕��

�ĂǇĂůďĂŐŚ͕��ŐƌĂ�ϮϴϮϬϬϱ�;hWͿ�

�ŽŶƚĂĐƚ�ĚĞƚĂŝůƐ� ĂƐŚŽŬǇĂĚĂǀĂĐĂΛŐŵĂŝů͘ĐŽŵ ϬϱϲϮͲϮϴϬϭϮϮϲ� �ϵϰϭϮϴϵϯϰϰϳ�

WĞƌŵĂŶĞŶƚ�/Ě�ŽĨ�ƚŚĞ�
/ŶƐƚŝƚƵƚĞ�

ϭͲϰϴϮϰϱϭϴϱϰ��

�ĞƉĂƌƚŵĞŶƚ� DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ��ĞƉĂƌƚŵĞŶƚ�

^ƚƌĞŶŐƚŚ�Θ�tĞĂŬŶĞƐƐ�
ŽĨ�ƚŚĞ�/ŶƐƚŝƚƵƚĞ�

^ƚƌĞŶŐƚŚ͗�/ŶƐƚŝƚƵƚĞ�ŐƌĂĚĞĚ�͞�н͟�ďǇ�E���͕��ǆĐĞůůĞŶƚ��ĐĂĚĞŵŝĐ�tŽƌŬ͕�
/ŶŶŽǀĂƚŝǀĞ� �ĚƵĐĂƚŝŽŶĂů� WƌŽŐƌĂŵŵĞƐ͕� �ĂŵƉƵƐ� ĐŽŵƉůĞƚĞůǇ� WŽǁĞƌĞĚ�
ďǇ� ϱϮϬ� ŬtƉ� ^ŽůĂƌ� WŽǁĞƌ� WůĂŶƚ͕� �ůů� ŚŽƐƚĞůƐ� ƵƐŝŶŐ� ^ŽůĂƌ� dŚĞƌŵĂů�
�ŽŽŬŝŶŐ͕�^ĞǀĞƌĂů�D,Z��D�/�d�ƉƌŽŐƌĂŵŵĞƐ�ǁŽƌƚŚ�ZƐ͘�ϰϬ�ĐƌŽƌĞƐ�ĂƌĞ�
ƌƵŶŶŝŶŐ͕� ^ĞǀĞƌĂů� �/�d�� ZΘ�� ĂŶĚ� DK�ZK�� ƉƌŽũĞĐƚƐ� ĐŽŵƉůĞƚĞĚ͕�
/ŶƐƚŝƚƵƚĞ�ŚĂƐ�ĂŶ�ŝŶŶŽǀĂƚŝǀĞ�sŝƐŝŽŶ�ϮϬϯϭ�ƚŽ�ďƌŝŶŐ�/ŶƐƚŝƚƵƚĞ�ĂŵŽŶŐ�ƚŽƉ�
ϮϬ�/ŶƐƚŝƚƵƚĞƐ�ŽĨ�ƚŚĞ�ĐŽƵŶƚƌǇ͘��

tĞĂŬŶĞƐƐ͗�/ŶĚƵƐƚƌǇ�ďĂƐĞĚ�ƌĞƐĞĂƌĐŚ�

�
dĞĐŚŶŝĐĂů�&ŝĞůĚ�ŽĨ�ƉƌŽƉŽƐĂů�
�
'ƌŽƵŶĚ�ǁĂƚĞƌ�ƌĞĐŚĂƌŐĞ���

�

�
dŝƚůĞ�ŽĨ�ƉƌŽƉŽƐĂů�
�
�ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĚŝƌĞĐƚ�ƐƵďͲƐƵƌĨĂĐĞ�ǁĂƚĞƌ�ƌĞĐŚĂƌŐĞ�ƐǇƐƚĞŵ�ĨŽƌ�ĞŶŚĂŶĐĞŵĞŶƚ�ŽĨ�ǁĂƚĞƌ�ƚĂďůĞ��
�

�
�ďƐƚƌĂĐƚ�
�
tĂƚĞƌ� ŝƐ� ƚŚĞ� ĞƐƐĞŶĐĞ� ŽĨ� ůŝĨĞ� ĂŶĚ� ĨŽƌ� ŚƵŵĂŶ� ŶĞĞĚ� ŵŽƐƚ� ŽĨ� ŝƚ� ŝƐ� ďĞŝŶŐ� ĞǆƚƌĂĐƚĞĚ� ĨƌŽŵ� ƚŚĞ�
ƵŶĚĞƌŐƌŽƵŶĚ�ǁĂƚĞƌ͘� ,ĞŶĐĞ�ǁĂƚĞƌ� ƚĂďůĞ� ŝƐ� ĨĂƐƚ� ĚĞƉůĞƚŝŶŐ͘� ^ĞƌŝŽƵƐŶĞƐƐ� ŽĨ� ƚŚĞ� ƉƌŽďůĞŵ� ĐĂŶ� ďĞ�
ǀŝƐƵĂůŝǌĞĚ�ǁŝƚŚ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�ƚŚĞ�ǁĂƚĞƌ�ƚĂďůĞ�Ăƚ�ϴϬ�ĨĞĞƚ�ŝŶ�ϮϬϬϴ�ŚĂƐ�ŐŽŶĞ�ĚŽǁŶ�ƚŽ�ϭϱϬ�ĨĞĞƚ�ϮϬϭϴ�
ĂŶĚ� ĐŽŶƚŝŶƵŽƵƐůǇ� ĚĞĐůŝŶŝŶŐ͘� dŚĞ� ƚƌĂĚŝƚŝŽŶĂů� ǁĂǇ� ŽĨ� ƌĂŝŶǁĂƚĞƌ� ŚĂƌǀĞƐƚŝŶŐ� ŝƐ� Ă� ƐůŽǁ� ƉƌŽĐĞƐƐ͕�
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ĚĞƉĞŶĚĞŶƚ�ŽŶ�ŝŶĨŝůƚƌĂƚĞ�ƌĂƚĞ�ŽĨ�ƚŚĞ�ƐŽŝů�Ăƚ�ƚŚĂƚ�ƉůĂĐĞ�ĂŶĚ�ŚĞŶĐĞ�ƵŶĂďůĞ�ƚŽ�ŝŶĨŝůƚƌĂƚĞ�Ăůů�ƚŚĞ�ƌƵŶŽĨĨ�
ǁĂƚĞƌ͘�^Ž͕�ƚŚĞƌĞ�ŝƐ�ĂŶ�ƵƌŐĞŶƚ�ŶĞĞĚ�ƚŽ�ĚĞǀŝĐĞ�Ă�ŵĞĐŚĂŶŝƐŵ�ƚŽ�ƌĞƉůĞŶŝƐŚ�ƚŚĞ�ŐƌŽƵŶĚ�ǁĂƚĞƌ͘��
�
/Ŷ�ƚŚĞ�ƉƌĞƐĞŶƚ�ǁŽƌŬ͕�ĚŝƌĞĐƚ�ƐƵďͲƐƵƌĨĂĐĞ�ǁĂƚĞƌ�ƌĞĐŚĂƌŐĞ�ƐǇƐƚĞŵ�ǁŝůů�ďĞ�ĚĞǀĞůŽƉĞĚ�ŝŶ�&ĂĐƵůƚǇ�ŽĨ�
�ŶŐŝŶĞĞƌŝŶŐ� ďƵŝůĚŝŶŐƐ͘� dŚĞƌĞ� ŝƐ� ůŽƚ� ŽĨ� ƌŽŽĨ� ƐƵƌĨĂĐĞ� ĂƌĞĂ� ŽĨ� ƚŚĞ� ďƵŝůĚŝŶŐ� ĨƌŽŵ� ǁŚĞƌĞ� ĐůĞĂŶ�
ƌĂŝŶǁĂƚĞƌ� ǁŝůů� ďĞ� ĐŽůůĞĐƚĞĚ� Ăƚ� ƐƵŝƚĂďůĞ� ƉŽŝŶƚƐ� ŽŶ� ƚŚĞ� ŐƌŽƵŶĚ� ĂŶĚ� ĂƌƚŝĨŝĐŝĂů� ĂƋƵŝĨĞƌ� ƌĞĐŚĂƌŐĞ�
ƐǇƐƚĞŵƐ�ǁŝůů�ďĞ�ĚĞǀĞůŽƉĞĚ�Ăƚ�ƚŚĞƐĞ�ƉŽŝŶƚƐ�ĨŽƌ�ĚŝƌĞĐƚ�ƐƵďͲƐƵƌĨĂĐĞ�ƌĞĐŚĂƌŐĞ�ŽĨ�ƚŚĞ�ǁĂƚĞƌ�ƚĂďůĞ͘���
�
<ĞǇǁŽƌĚƐ͗� ĚŝƌĞĐƚ� ƐƵďͲƐƵƌĨĂĐĞ� ƌĞĐŚĂƌŐĞ͕� ĂƌƚŝĨŝĐŝĂů� ƌĞĐŚĂƌŐĞ͕� ĂƋƵŝĨĞƌ͕� ƌĂŝŶǁĂƚĞƌ� ŚĂƌǀĞƐƚŝŶŐ͕�
ƌĂŝŶĨĂůů͘�
�
�
KďũĞĐƚŝǀĞ�Ͳ�WƌŽũĞĐƚ�^ŝŐŶŝĨŝĐĂŶĐĞ�ͬ�ZĞůĞǀĂŶĐĞ�ǁŝƚŚ�ŽŶŐŽŝŶŐ�ĂĐĂĚĞŵŝĐ�ĂĐƚŝǀŝƚŝĞƐ�
�

ϭͿ� dŽ�ĞǀĂůƵĂƚĞ�ǀĂƌŝŽƵƐ�ĂƋƵŝĨĞƌ�ƌĞĐŚĂƌŐĞ�ƚĞĐŚŶŽůŽŐŝĞƐ�ĂǀĂŝůĂďůĞ�ŝŶ�ƚŚĞ�ŵĂƌŬĞƚ͘�

ϮͿ� dŽ�ĐĂƌƌǇ�ŽƵƚ�ƚĞĐŚŶŝĐĂů�ĨĞĂƐŝďŝůŝƚǇ�ŽĨ�ĚŝƌĞĐƚ�ŝŶũĞĐƚŝŽŶ�ǁĞůů�ĨŽƌ�ĂƋƵŝĨĞƌ�ƌĞĐŚĂƌŐŝŶŐ͘�

ϯͿ� dŽ�ĚĞƐŝŐŶ�ĂŶĚ�ĚĞǀĞůŽƉ�ĂŶ�ĂƌƚŝĨŝĐŝĂů�ĂƋƵŝĨĞƌ�ƌĞĐŚĂƌŐĞ�ƐǇƐƚĞŵ�ƚŚƌŽƵŐŚ�ŝŶũĞĐƚŝŽŶ�ǁĞůů͘�

ϰͿ� dŽ�ĐĂƌƌǇ�ŽƵƚ�ƚŚĞ�ĞĐŽŶŽŵŝĐ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ƐǇƐƚĞŵ͘�

�
�
WƌŽũĞĐƚ�/ŵƉĂĐƚ�Ͳ�ǆƉĞĐƚĞĚ�ŽƵƚĐŽŵĞ�
�
dŚĞƌĞ�ŝƐ�Ă�ĨĂƐƚ�ĚĞƉůĞƚŝŽŶ�ŽĨ�ǁĂƚĞƌ�ƚĂďůĞ�ŝŶ��ŐƌĂ�ƌĞŐŝŽŶ�ĂƐ�Ă�ƌĞƐƵůƚ�ŽĨ�ǁŚŝĐŚ�ŝŶĨĞƌŝŽƌ�ƋƵĂůŝƚǇ�ĂŶĚ�
ůŽǁ�ƋƵĂŶƚŝƚǇ�ŽĨ�ǁĂƚĞƌ�ŝƐ�ĂǀĂŝůĂďůĞ�ƚŽ�ƚŚĞ�ŐĞŶĞƌĂů�ƉƵďůŝĐ͘��ƵĞ�ƚŽ�ƚŚĞ�ĨĂƐƚ�ĞǆƉĂŶƐŝŽŶ�ŽĨ�ƌĞƐŝĚĞŶƚŝĂů�
ĂƌĞĂ�ŝŶ�ĂŶĚ�ĂƌŽƵŶĚ��ĂǇĂůďĂŐŚ͕�ƚŚĞƌĞ�ŝƐ�ĞǀĞƌ�ŝŶĐƌĞĂƐŝŶŐ�ĚĞŵĂŶĚ�ĨŽƌ�ŐƌŽƵŶĚ�ǁĂƚĞƌ͘�^ĞƌŝŽƵƐŶĞƐƐ�
ŽĨ�ƚŚĞ�ƉƌŽďůĞŵ�ĐĂŶ�ďĞ�ǀŝƐƵĂůŝǌĞĚ�ǁŝƚŚ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�ƚŚĞ�ǁĂƚĞƌ�ƚĂďůĞ�Ăƚ�ϴϬ�ĨĞĞƚ�ŝŶ�ϮϬϬϴ�ŚĂƐ�ŐŽŶĞ�
ĚŽǁŶ�ƚŽ�ϭϱϬ�ĨĞĞƚ�ϮϬϭϴ�ĂŶĚ�ĐŽŶƚŝŶƵŽƵƐůǇ�ĚĞĐůŝŶŝŶŐ͘�dŚĞ�ƚƌĂĚŝƚŝŽŶĂů�ǁĂǇ�ŽĨ�ƌĂŝŶǁĂƚĞƌ�ŚĂƌǀĞƐƚŝŶŐ�
ŝƐ� Ă� ƐůŽǁ�ƉƌŽĐĞƐƐ͕� ĚĞƉĞŶĚĞŶƚ� ŽŶ� ŝŶĨŝůƚƌĂƚĞ� ƌĂƚĞ� ŽĨ� ƚŚĞ� ƐŽŝů� Ăƚ� ƚŚĂƚ� ƉůĂĐĞ� ĂŶĚ� ŚĞŶĐĞ� ƵŶĂďůĞ� ƚŽ�
ŝŶĨŝůƚƌĂƚĞ�Ăůů�ƚŚĞ�ƌƵŶŽĨĨ�ǁĂƚĞƌ͘�^Ž͕�ƚŚĞƌĞ�ŝƐ�ĂŶ�ƵƌŐĞŶƚ�ŶĞĞĚ�ƚŽ�ĚĞǀŝĐĞ�Ă�ŵĞĐŚĂŶŝƐŵ�ƚŽ�ƌĞƉůĞŶŝƐŚ�
ƚŚĞ�ŐƌŽƵŶĚ�ǁĂƚĞƌ͘��
�

�
�
�
DĞƚŚŽĚŽůŽŐǇ͗�

�
/ŶŝƚŝĂůůǇ͕�ĂƐƐĞƐƐŵĞŶƚ�ŽĨ�ƐŝƚĞ�ǁŝůů�ďĞ�ĐĂƌƌŝĞĚ�ŽƵƚ�ďĂƐĞĚ�ŽŶ�ƐƵŝƚĂďŝůŝƚǇ�ŽĨ�ĚƌŝůůŝŶŐ�ƚŚĞ�ŝŶũĞĐƚŝŽŶ�ǁĞůů͘�
dŚŝƐ� ǁŝůů� ŝŶĐůƵĚĞ� ƚŚĞ� ĂƐƐĞƐƐŝŶŐ� ƚŚĞ� ďƵŝůĚŝŶŐƐ� ĂƌĞĂ� ǁŚĞƌĞ� ƉůĞŶƚǇ� ŽĨ� ƌĂŝŶĨĂůů� ǁĂƚĞƌ� ŵĂǇ� ďĞ�
ĐŽůůĞĐƚĞĚ͘� EƵŵďĞƌ� ŽĨ� ŝŶũĞĐƚŝŽŶ� ǁĞůůƐ� ǁŝůů� ďĞ� ĚƌŝůůĞĚ� ďĂƐĞĚ� ŽŶ� ƚŚĞ� ƌĂŝŶĨĂůů͘� &ŝŶĂůůǇ͕� Ă� ǁĂƚĞƌ�
ĐŚĂŵďĞƌ�ǁŝůů�ďĞ�ƉƌĞƉĂƌĞĚ�ĨŽƌ�ĨŝůƚĞƌŝŶŐ�ƚŚĞ�ƌĂŝŶǁĂƚĞƌ͘�������
�
�
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�
�

�ƵĚŐĞƚ��ƐƚŝŵĂƚĞƐ�ʹ��ŽŶƐƵŵĂďůĞ� �
�
WƌŽƉŽƐĞĚ�ĞƋƵŝƉŵĞŶƚͬƐ� ^ƉĞĐŝĨŝĐĂƚŝŽŶƐ� EŽ�

ŽĨ�
ƵŶŝƚƐ

�ŽƐƚ�ŝŶ�ZƐ͘��

Ws��WŝƉĞ�� ϰ͛�ĚŝĂŵĞƚĞƌ͕�
^ƚĂŶĚĂƌĚ�
ƐƉĞĐŝĨŝĐĂƚŝŽŶ�

ϱϬ� ϳϬ͕ϬϬϬ�

� � � �

DĂƐŽŶĂƌǇ�ǁŽƌŬ�;�ĞŵĞŶƚ͕�
ĐŚĂŵďĂů�ƐĂŶĚ͕�ďƌŝĐŬ�ĞƚĐͿ�

ϰ�Ͳϲ�ĐŽŶĐƌĞƚĞ�ƚĂŶŬƐ͕�
ĐŽǀĞƌƐ͕�ĐŚĂŶŶĞůƐ�ĞƚĐ�

Ͳ� ϮϬ͕ϬϬϬ�

�ĚĚ�ƌŽǁƐ�ĂƐ�ƌĞƋƵŝƌĞĚ�
�
�
�
�

�ƵĚŐĞƚ��ƐƚŝŵĂƚĞƐ�ʹ/ŶƐƚĂůůĂƚŝŽŶͬƐĞƌǀŝĐĞ� �
�
�ŽƌŝŶŐ�ǁĞůů� ZƐ�ϱϬ͕ϬϬϬ�

DĂƐŽŶĂƌǇ�>ĂďŽƵƌ� ZƐ�ϱϬ͕ϬϬϬ�
�ĚĚ�ƌŽǁƐ�ĂƐ�ƌĞƋƵŝƌĞĚ�

�
dĞƐƚŝŶŐ��ŚĂƌŐĞƐ�
dĞƐƚŝŶŐ�ĐŚĂƌŐĞƐ� ZƐ͘�ϭϬ͕ϬϬϬ�
�
�
dŽƚĂů��ƐƚŝŵĂƚĞĚ��ŽƐƚ�
�
ZƐ�Ϯ͕ϬϬ͕ϬϬϬͬͲ��;dǁŽ�>ĂĐƐ�ŽŶůǇͿ�
�
�
�ĞƚĂŝůƐ�ŽĨ�WƌŽũĞĐƚ��ŽŽƌĚŝŶĂƚŽƌ�
�

EĂŵĞ� �Z��^,K<�z���s�

�ǆĂĐƚ�ĚĞƐŝŐŶĂƚŝŽŶ� �ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ� �ĂƚĞ�ŽĨ�ũŽŝŶŝŶŐ ϮϭͬϬϳͬϮϬϭϭ�

�ƉƉŽŝŶƚŵĞŶƚ�dǇƉĞ� ZĞŐƵůĂƌ� ^ĐĂůĞ�ŽĨ� ϭϱϲϬϬͲϯϵϭϬϬ�
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�ƉƉŽŝŶƚŵĞŶƚ�
;ƉĂǇďĂŶĚͿ

�ĞƉĂƌƚŵĞŶƚ� �ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�

YƵĂůŝĨŝĐĂƚŝŽŶƐ� h'�;�͘^Đ͘�
�ŶŐŝŶĞĞƌŝŶŐ͕�
DĞĐŚĂŶŝĐĂů��ŶŐŐ͘Ϳ�

W'��;D͘dĞĐŚ͕͘�
�ŶŐŝŶĞĞƌŝŶŐ�
^ǇƐƚĞŵƐͿ�

WŚ��;�ŝŽĨƵĞůƐͿ�

�ǆƉĞƌŝĞŶĐĞ�ŝŶ�ǇĞĂƌƐ� dĞĂĐŚŝŶŐ�;ϮϬ�ǇĞĂƌƐͿ� /ŶĚƵƐƚƌǇ�;EŝůͿ� ZĞƐĞĂƌĐŚ�;ϭϰ�ǇĞĂƌƐͿ�

^ƚƵĚĞŶƚƐ�ŐƵŝĚĞĚ� h'�;ϭϮďĂƚĐŚĞƐ�ǆϰͿ� W'�;ϴͿ� WŚ��;ϭͿ�

WƵďůŝĐĂƚŝŽŶƐ� EĂƚŝŽŶĂů�;ϭ�ũŽƵŶĂůƐ�н�
ϭϱ�ĐŽŶĨĞƌĞŶĐĞƐͿ�

/ŶƚĞƌŶĂƚŝŽŶĂů�;ϲ�
ũŽƵƌŶĂůƐ�н�ϵ�
ĐŽŶĨĞƌĞŶĐĞƐͿ�

�ŽŽŬƐ�;E/>Ϳ�

ZĞůĞǀĂŶƚ�ĞǆƉĞƌŝĞŶĐĞ�� ǁŽƌŬĞĚ�ŽŶ�ďŝŽĚŝĞƐĞůƐ�ĚƵƌŝŶŐ�WŚ��ZĞƐĞĂƌĐŚ͕��

ǁŽƌŬĞĚ�ŽŶ�ƌĞŶĞǁĂďůĞ�ĞŶĞƌŐǇ�ůŝŬĞ�ƐŽůĂƌ�ĞŶĞƌŐǇ�ĨŽƌ�ƚŚĞƌŵĂů�
ŵŽĚĞůŝŶŐ�ŽĨ�ƐŽůĂƌ�ĂƐƐŝƐƚĞĚ�ĐŽŽŬŝŶŐ�ƐǇƐƚĞŵ�ĂŶĚ�ĞǀĂĐƵĂƚĞĚ�ƚƵďĞ�
ǁĂƚĞƌ�ŚĞĂƚĞƌƐ͕��

ǁŽƌŬĞĚ�ĨŽƌ�ĞŶĞƌŐǇ�ĞǆƚƌĂĐƚŝŽŶ�ĨƌŽŵ�ƉĞƚŚĂ�ǁĂƐƚĞ͘�

�

KƚŚĞƌ�ŝŶĨŽƌŵĂƚŝŽŶ� �Ɛ�ĐƌŽƉ�ƌĞƐŝĚƵĞƐ�ĂƐ�ĨƵĞů�ĂƌĞ�ĂůƌĞĂĚǇ�ďĞŝŶŐ�ƵƐĞĚ�ďǇ�ŬŝůŶ�ŽǁŶĞƌƐ͕�
ƚŚŝƐ�ďĞĐŽŵĞƐ�ǀĞƌǇ�ĞƐƐĞŶƚŝĂů�ƚŽ�ĞƐƚĂďůŝƐŚ�ƚŚĞ�ĨĂĐƚƐ�ƚŚĂƚ�ƚŚĞƐĞ�
ĂůƚĞƌŶĂƚĞ�ĨƵĞůƐ�ĂƌĞ�ƉƌŽŵŝƐŝŶŐ�ĨƵĞůƐ�ĨŽƌ�ŬŝůŶƐ͘�EŽ�ƐƚƵĚǇ�ŽŶ�ƚŚĞƐĞ�
ĨƵĞůƐ�ĨŽƌ�ďƌŝĐŬ�ŬŝůŶƐ�ŝƐ�ƐŽ�ĨĂƌ�ĚŽŶĞ͘�

�Ğůů�ŶƵŵďĞƌ� ϵϰϭϮϴϵϯϰϰϳ�

�ŵĂŝů� ĂƐŚŽŬǇĂĚĂǀĂĐĂΛŐŵĂŝů͘ĐŽŵ�

^ŝŐŶĂƚƵƌĞ� �

�
�
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'U��$6+2.�<$'$9�
3ULQFLSDO�,QYHVWLJDWRU�

	�
'5��5$1-,7�.80$5�

&R��3ULQFLSDO�,QYHVWLJDWRU�
'D\DOEDJK�(GXFDWLRQDO�,QVWLWXWH�

�'HHPHG�8QLYHUVLW\���
'D\DOEDJK��

$JUD���������8�3��

������� �
�

'U���0UV��&K��6$6,.$/$�
3ULQFLSDO�LQYHVWLJDWRU��

%DFWHULDO�'LVFRYHU\�/DERUDWRU\��
&HQWUH�IRU�(QYLURQPHQW��

,67���-17�8QLYHUVLW\�+\GHUDEDG��
+<'(5$%$'�����������

7(/$1*$1$�
�
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�
'(,�DQG�-178+�5HVHDUFK�3URJUDP�XQGHU�7ZLQQLQJ�$FWLYLWLHV�

�
2WKHU�7HFKQLFDO�'HWDLOV�

��� 2ULJLQ�RI�WKH�3URSRVDO���

7KH�SUREOHP�RI�DLU�SROOXWLRQ�LV�RQH�RI�WKH�PRVW�VLJQLILFDQW�LVVXHV�LQ�RXU�FRXQWU\��7KH�
SUHVHQFH� RI� SDUWLFXODWHV��ELRORJLFDO� PROHFXOHV�� DQG� PDQ\� KDUPIXO� VXEVWDQFHV� LQWR�HDUWK
V�
DWPRVSKHUH�FDXVHV�WKH�YDULRXV�W\SHV�RI�DLU�SROOXWDQW�YL]���DHURVROV��SDUWLFXODWH�PDWWHU��62[��
12[�� KHDY\� PHWDO�� HWF��7KH� DHURVRO� LV� D� PL[WXUH� RI� VROLG� DQG� OLTXLG� SDUWLFOHV� ZKLFK� DUH�
VXVSHQGHG�LQ�WKH�DWPRVSKHUH��DQG�LW
V�UDQJHG�IURP������WR������P��7KH�HIIHFW�RI�WKH�DHURVRO�
GHSHQGV�XSRQ�WKH�SK\VLFDO��FKHPLFDO��DQG�ELRORJLFDO�FRQVWLWXHQWV�RI�WKH�DHURVROV��$LU�RIWHQ�
FRQWDLQ�PLFUR�RUJDQLVPV�VXFK�DV�YLUXVHV��EDFWHULD��DQG�IXQJL��YLUXVHV�DQG�QRQ�OLYLQJ�SROOHQV��
GHEULV�� HWF�� ZKLFK� DUH� NQRZQ� DV� ELR�DHURVROV�� %LRDHURVROV�� D� JURXS� RI� RUJDQLF� DHURVROV�
UDQJLQJ�IURP�a����QP�WR������P��DUH�DLUERUQH�SDUWLFOHV�RU� ODUJH�PROHFXOHV� WKDW�DUH�HLWKHU�
DOLYH�� FDUU\� OLYLQJ� RUJDQLVPV� RU� DUH� UHOHDVHG� IURP� OLYLQJ� RUJDQLVPV� �H�J��� EDFWHULD�� IXQJL��
YLUXV��SROOHQ��FHOO�GHEULV��DQG�ELRILOPV��7KH�ELRDHURVRO�SDUWLFOHV�FDQ�UDQJH�LQ�VL]H�IURP�������
WR� ���� PLFURPHWHUV� LQ� GLDPHWHU�� GHSHQGLQJ� RQ� WKH� W\SH� DQG� VRXUFH�� +RZHYHU�� WKH\� DOVR�
IUHTXHQWO\� DJJORPHUDWH� LQ� FOXVWHUV�� WKHUHE\� IRUPLQJ�PRUH�PDVVLYH� SDUWLFOHV�� 7KH\� FDQ� EH�
IRXQG� HYHU\ZKHUH� LQ� WKH� WURSRVSKHUH�� VWUDWRVSKHUH� DQG� HYHQ� RYHU� $QWDUFWLFD� �WKH� PRVW�
UHPRWH� FRQWLQHQW� RQ� WKH� HDUWK��� %LRDHURVROV� DUH� FDWHJRUL]HG� LQWR� WZR� VLJQLILFDQW�
FODVVLILFDWLRQV��YLDEOH�DQG�QRQ�YLDEOH�� 9LDEOH� PLFURRUJDQLVPV� OLNH� EDFWHULD�� IXQJL�� \HDVWV��
DQG�PROGV�RULJLQDWH�IURP�VSUD\V�RU�VSODVKHV�RI�PHGLD��IURP�WKH�DJLWDWLRQV�RI�GXVW��DQG�IURP�
VQHH]HV� DQG� FRXJKV� RI� ZKLFK� RQO\� WKH� VPDOO� SDUWLFOHV� UHPDLQ� LQ� WKH� DWPRVSKHUH������������������
6SRUHV��ZKLFK�FDQ�EH�IRUPHG�E\�IXQJL�DQG�FHUWDLQ�EDFWHULD��FDQ�EH�ERWK�YLDEOH�DQG�QRQYLDEOH�
DQG� DUH� UHVSRQVLEOH� IRU� FDXVLQJ� YDULRXV� GLVHDVHV�� ,W� FDXVHV� PDQ\� NLQGV� RI� GLVHDVHV� YL]���
DQWKUD[�� DVWKPD�� LQIOXHQ]D�� PHDVOHV�� HWF�� %LR�DHURVROV� SOD\� DQ� HVVHQWLDO� UROH� LQ� FOLPDWH�
FKDQJH��,W�KDUPV�WKH�KHDOWK�VWDWXV�RI�UHVLGHQWV�RI�WKH�FLWLHV�RI�ERWK�GHYHORSHG�DQG�GHYHORSLQJ�
FRXQWU\��:KHQ�ELRORJLFDO�SDUWLFOHV�UHOHDVHG�LQWR�WKH�DWPRVSKHUH��WKH\�WUDYHO�IURP�RQH�SODFH�
WR�DQRWKHU�SODFH�DORQJ�ZLWK�GXVW�SDUWLFOHV��JHWV�LQFRUSRUDWHG�LQWR�WKH�FORXG��DIIHFWV�UDGLDWLRQV�
DQG�GHSRVLWHG�WR�HDUWK�VXUIDFH�WKURXJK�WKH�GU\�DQG�ZHW�GHSRVLWLRQ��7KHVH�ELRORJLFDO�SDUWLFOHV�
FDXVH�YDULRXV�NLQGV�RI�GLVHDVHV�EXW�OHDVW�VWXGLHG�RYHU�WKH�,QGR�*DQJHWLF�EDVLQ��

�
 
��� 5HYLHZ�RI�WKH�VWDWXV�RI�5HVHDUFK�DQG�'HYHORSPHQW�LQ�WKH�VXEMHFW�

����,QWHUQDWLRQDO�6WDWXV���

0HDVXUHPHQWV�RI�SDUWLFOH�IRUPDWLRQ�KDYH�EHHQ�SHUIRUPHG�RQ�GLIIHUHQW�SODWIRUPV�DQG�
RYHU�GLIIHUHQW�SHULRGV�DURXQG�WKH�ZRUOG��3UHYLRXV�VWXGLHV�KDYH�VKRZQ�WKDW�SDUWLFOH�VL]H�SOD\V�
D� YLWDO� UROH� LQ� SUHGLFWLQJ� FKHPLFDO� FRQWHQW� DQG� PLFURELDO� DEXQGDQFH� DQG� YLDELOLW\� LQ�
DWPRVSKHULF� DHURVROV� �/LJKWKDUW� HW� DO��� ������9LJQDWL� HW� DO��� ������� ,Q�������%RYDOOLXV� DQG�
FROOHDJXHV�REVHUYHG�WKDW�DLUERUQH�EDFWHULD�FRQFHQWUDWLRQ�ZDV�GHSHQGHQW�RQ�ORFDWLRQ�DQG�WKDW�
XUEDQ� DUHDV� KDG� KLJKHU� FRQFHQWUDWLRQV� WKDQ� QRQ�XUEDQ� DUHDV�� %LRDHURVROV� SOD\� UROHV� LQ�
DWPRVSKHULF� FKHPLVWU\� E\� DOWHULQJ� WKH� FKHPLVWU\� RI� WKH� DWPRVSKHUH� YLD� PLFURELRORJLFDO�
GHJUDGDWLRQ� �$UL\D�DQG�$P\RW���������9DULRXV� VWXGLHV�KDYH�HVWDEOLVKHG� WKDW�PLFUREHV�FDQ�
UHPDLQ�YLDEOH�DIWHU�DHURVROL]DWLRQ�IURP�WHUUHVWULDO� DQG�DTXDWLF�VXUIDFHV�DQG�FDQ�WUDYHO� ORQJ�
GLVWDQFHV��VHYHUDO�PHWHUV�WR�WKRXVDQGV�RI�NLORPHWHUV��EHIRUH�GHSRVLWLRQ��0DURQ�HW�DO���������
'XHNHU� HW� DO��� �������7KLV� DHULDO� WUDQVSRUW�PHFKDQLVP� UHSUHVHQWV� D� SRWHQWLDO� SXEOLF� KHDOWK�
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FRQFHUQ�LQ�PDQ\�XUEDQ�DUHDV��ZKHUH�WHUUHVWULDO�DQG�DTXDWLF�SROOXWLRQ�LV�SUHYDOHQW��(VVHQWLDO�
VRXUFHV�IRU�PLFURELDO�DHURVRO�FRQWHQW�LQFOXGH�VKHGGLQJ�IURP�ODUJHU�RUJDQLVPV��/LJKWKDUW�HW�
DO��� ������� ORQJ�UDQJH� WUDQVSRUW� RI� GXVW� SDUWLFOHV� �.HOORJ� HW� DO��� ������ DQG� HPLVVLRQV� IURP�
PDULQH�VXUIDFH�ZDWHUV��%ODQFKDUG�HW�DO����������%HFDXVH�RI�ORQJ�DWPRVSKHULF�UHVLGHQFH�WLPHV�
�GD\V� WR�ZHHNV�� DQG� ORQJ�GLVWDQFH� WUDQVSRUW� SRWHQWLDO� ����¶V� WR� ����¶V� NP��� ILQH� DHURVROV�
�'S�����P��DUH�WKH�XVXDO�IRFXV�RI�DWPRVSKHULF�DHURVRO�VWXGLHV��6HLQIHOG�HW�DO����������:DQJ�
HW� DO��� ������PHDVXUHG� WKH� FRQWHQWV� RI� SRO\F\FOLF� DURPDWLF� K\GURFDUERQV�� SRO\FKORULQDWHG�
ELSKHQ\OV�� RUJDQRFKORULQH� SHVWLFLGHV�� DQG� KHDY\� PHWDOV� LQ� WKH� VXUIDFH� VHGLPHQWV� RI�
ELRPRQLWRULQJ� VLWHV��'HXNHU� HW� DO��� ������ H[DPLQHG� WKH� FRPPXQLW\� FRPSRVLWLRQ� DQG� ORFDO�
GHSRVLWLRQ� RI� EDFWHULDO� DHURVROV�� � /HH� HW� DO��� ������ EULHIO\� UHYLHZHG� WKH� FRQWURO� PHWKRGV�
DJDLQVW� ELRDHURVROV� DQG� RIIHUHG� VXJJHVWLRQV� IRU� IXWXUH� UHVHDUFK� RQ� DLUERUQH� ELRORJLFDO�
SDUWLFOHV��

����1DWLRQDO�6WDWXV�� 
%LRDHURVROV� DUH� XELTXLWRXV� DQG� SOD\� DQ� HVVHQWLDO� UROH� LQ� FOLPDWH� FKDQJH� DQG� KDYH�

DOOHUJHQLF� HIIHFWV� RQ� KXPDQ� KHDOWK�� 0DPWD� HW� DO��� ������ PHDVXUHG� DQG� FKDUDFWHUL]HG� WKH�
ELRDHURVRO� RYHU� ,QGR�*DQJHWLF� SODLQ�� 7KH\� IRXQG� WKDW� PHWHRURORJLFDO� SDUDPHWHUV� SOD\�
HVVHQWLDO�UROHV�LQ�WKH�JURZWK�DQG�SUHVHQFH�RI�PLFURRUJDQLVPV�LQ�WKH�DLU��$FFRUGLQJ�WR�WKHP��
WKH� EDFWHULDO� FRQFHQWUDWLRQV� DUH� JRYHUQHG� PDLQO\� E\� WHPSHUDWXUH�� ZKLOH� IXQJDO�
FRQFHQWUDWLRQV� DUH� LQIOXHQFHG� E\� UHODWLYH� KXPLGLW\�� .XPDU� HW� DO��� ����� PHDVXUHG�
DWPRVSKHULF�FRQFHQWUDWLRQV�RI�JDVHRXV�62���12���+12���DQG�1+��DW�D�VXEXUEDQ�DQG�XUEDQ�
VLWH�DQG�IRXQG�WKDW�FRQFHQWUDWLRQV�ZHUH�KLJKHU�DW�WKH�XUEDQ�VLWH��$GKLNDUL�HW�DO���������KDYH�
UHSRUWHG� WKDW� LQ� WHPSHUDWH� UHJLRQV�� WKH� WHPSHUDWXUH� LV� SUREDEO\� WKH� PRVW� HVVHQWLDO�
PHWHRURORJLFDO�SDUDPHWHU��DIIHFWLQJ�WKH�VSRUH�FRQFHQWUDWLRQ��.XPDU�HW�DO���������VWXGLHG�WKH�
FKDUDFWHULVWLFV�RI�DHURVROV�RYHU�WKH�VXEXUEDQ�DQG�XUEDQ�VLWH�RI�WKH�VHPLDULG�UHJLRQ�LQ�,QGLD��
7KH\�REVHUYHG�WKH�VHDVRQDO�DQG�VSDWLDO�YDULDWLRQ�RI�DHURVRO��6LQJK�HW�DO���������LQYHVWLJDWHG�
WKH�HIIHFW�RI�PLFURELDO�VRXUFH�RQ�VL]H�IUDFWLRQDWHG�FRQFHQWUDWLRQV�RI�DHURVRO��

$MD\� HW� DO��� ������ REVHUYHG� VLJQLILFDQW� GLYHUVLW\� RI� IXQJDO� VSRUHV� LQ� WKH� FRDUVH�
SDUWLFXODWH�PDWWHU��.XPDU�HW�DO���������PHDVXUHG�DHURVRO�DQG�WUDFH�JDVHV�DQG�PHWHRURORJLFDO�
SDUDPHWHUV� LQ� WKH�ZLQWHU�VHDVRQ�DW�$JUD��7KH�DYHUDJH�7630�OHYHO� LV�KLJKHU� WKDQ�1$$46�
YDOXHV� RI� ,QGLD�� DQG� KLJK� ZLQG� VSHHG� IURP� QRUWKZHVW� GLUHFWLRQ� LQIOXHQFHV� WKH� DHURVRO�
ORDG�9DOVDQ� HW� DO��� ������ TXDQWLILHG� WKH� QXPEHU� DQG� PDVV� VL]H� GLVWULEXWLRQV� DQG�
FRUUHVSRQGLQJ�FRQFHQWUDWLRQV�RI�ELRORJLFDO�DHURVRO�IRU�WKUHH�GLVWLQFW�IRFXV�SHULRGV��QDPHO\��
GXVW\��KLJK�ELR��DQG�FOHDQ��LGHQWLILHG�EDVHG�RQ�WKH�SURPLQHQW�ZLQG�GLUHFWLRQ��6WXGLHV�UHODWHG�
WR� WKH� ELRDHURVROV� DUH� UHODWLYHO\� IHZ�� DQG� ZLWK� DQDO\VLV� SHUIRUPHG� RQO\� E\� WUDGLWLRQDO�
WHFKQLTXHV��*DQJDPPD��������6ULYDVWDYD�HW�DO���������3DFKDXUL�HW�DO����������7KHUHIRUH�LW�LV�
HVVHQWLDO� WR� XQGHUVWDQG� DQG� TXDQWLI\� WKH� LPSDFW� RI� ELRDHURVROV� RQ� ELRGLYHUVLW\�ZLWK�PRUH�
VLJQLILFDQW�LPSOLFDWLRQ�IRU�KXPDQ�KHDOWK�DQG�WKH�HFRV\VWHP��������������

����,PSRUWDQFH�RI�WKH�SURSRVHG�SURMHFW�LQ�WKH�FRQWH[W�RI�FXUUHQW�VWDWXV� 
,QGR�*DQJHWLF� SODLQ� ZKLFK� KRVWV� ���� RI� WKH� FRXQWU\� WRWDO� SRSXODWLRQ� DUH�

H[SHULHQFLQJ�GUDVWLF�FKDQJH�LQ�FOLPDWH�DQG�FRPPRQ�SXEOLF�KHDOWK�DUH�VXIIHULQJ�IURP�PDQ\�
KHDOWK� UHODWHG� LVVXHV� OLNH�� GHQJXH�� FKLFNHQJXQLD�� PRQNH\JXQLD�� PDODULD�� W\SKRLG�� DQG�
UHVSLUDWRU\�DQG�FDUGLRYDVFXODU�GLVHDVHV��,QFUHDVH�LQ�WKH�PRUWDOLW\�KDV�EHHQ�DVVRFLDWHG�WR�WKH�
LQFUHDVH�LQ�WKH�SROOXWLRQ��3ULPDU\�ELRORJLFDO�DHURVROV�DUH�KHOG�UHVSRQVLEOH�IRU�GHWHULRUDWLQJ�
KHDOWK� VWDWXV� RI� FRPPRQ� SXEOLF� LQ� PDQ\� XUEDQ� DUHDV� DQG� FLWLHV�� 7KH� DOOHUJHQLF� HIIHFW� RI�
ELRDHURVROV�LQFUHDVHV�LQ�WKH�SUHVHQFH�RI�KHDY\�PHWDOV��+HQFH��LQYHVWLJDWLRQ�RQ�FRQFHQWUDWLRQ�
RI� DPELHQW� DHURVROV� DQG� WKHLU� PLFURELDO� FRPSRQHQWV� DUH� YHU\� LPSRUWDQW�� 8QGHU� WZLQQLQJ�
DFWLYLWLHV�MRLQW�UHVHDUFK�DFWLYLWLHV�RQ�PHDVXUHPHQWV�RI�DHURVRO�SDUWLFOHV��30����DQG�30�����LQ�
$JUD�� D� VLWH� RYHU� ,QGR�*DQJHWLF� SODLQ�� GHWHUPLQDWLRQ� RI� PDVV� FRQFHQWUDWLRQ�� DQG�
LGHQWLILFDWLRQ�RI�PLFURELDO�FRPSRQHQWV�LQ�DHURVROV�ZLOO�EH�FDUULHG�RXW��7KLV�WZLQQLQJ�DFWLYLW\�
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ZLOO� DOVR� KHOS� LQ� FDSDFLW\� EXLOGLQJ� DQG� VWDUW� D� QHZ� UHVHDUFK� SURJUDPPH� RQ� FRQWHPSRUDU\�
WRSLFV� RI� HQYLURQPHQWDO� LVVXHV�� 7KLV� VWXG\� DQG� FROODERUDWLRQ�ZLOO� KDYH� ORQJ� WHUP� LPSDFWV�
DQG�KHOS�LQ�VXVWDLQDEOH�GHYHORSPHQW���

�

����,I�WKH�SURMHFW�LV�ORFDWLRQ�VSHFLILF��EDVLV�IRU�VHOHFWLRQ�RI�ORFDWLRQ�EH�KLJKOLJKWHG��
 

7KH�SUHVHQW�VWXG\�ZLOO�EH�FDUULHG�RXW�LQ�$JUD�RYHU�,QGR�*DQJHWLF�%DVLQ��$JUD�KRVWV�D�
QXPEHU� RI� PRQXPHQWV� LQFOXGLQJ� ³7DM� 0DKDO´� ZKLFK� LV� IDPRXV� DOO� RYHU� WKH� ZRUOG� DQG�
DWWUDFWV�DERXW��������WRXULVWV�SHU�GD\��$W�WKH�VDPH�WLPH�LW� LV�KLJKO\�SROOXWHG�DV�SHU�:+2��
%XW�� WKHUH�DUH�RQO\�D� IHZ�VWXGLHV�RQ�ELRORJLFDO�DLU�SROOXWLRQ� ORDG�DQG� OLPLWHG� WR�FXOWXUDEOH�
FRPSRQHQWV�RQO\��+HQFH��VXFK�NLQG�RI�VWXG\�LV�YHU\�PXFK�UHTXLUHG��$JUD�LV�ORFDWHG�LQ�QRUWK�
FHQWUDO� ,QGLD�� 7ZR� WKLUG� RI� LWV� SHULSKHUDO� ERXQGDULHV� DUH� ERXQGHG� E\� WKH� 7KDU� 'HVHUW� RI�
5DMDVWKDQ�DQG�$JUD� LV�� WKHUHIRUH�� D� VHPL�DULG�DUHD��7KH�VRLO� W\SH� LV�D�PL[WXUH�RI� VDQG�DQG�
ORDP��FRQWDLQLQJ�DQ�H[FHVV�RI�VDOWV��7KH�FOLPDWH�RI�$JUD�KDV�EHHQ�GLYLGHG�LQWR�IRXU�VHDVRQV�
ZLQWHU��'HFHPEHU�WR�)HEUXDU\���VXPPHU��0DUFK�WR�-XQH���PRQVRRQ��-XO\�WR�6HSWHPEHU��DQG�
SRVW�PRQVRRQ��2FWREHU�WR�1RYHPEHU���7KH�ZLQG�VSHHG�LQ�$JUD�LV�PRVWO\�FDOP�RU�PRGHUDWH�
FRQGLWLRQ������P�V����,Q�$JUD��VDPSOLQJ�ZDV�FDUULHG�RXW�DW�'D\DOEDJK��D�ORFDO�VLWH�ZKLFK�LV����
NP�DZD\�IURP�WKH�LQGXVWULDO�VHFWRU�RI�WKH�FLW\�ZKHUH�GXH�WR�DJULFXOWXUDO�SUDFWLFHV�YHJHWDWLRQ�
GRPLQDWHV�� 7KH� HQWLUH� VDPSOHV� ZHUH� FROOHFWHG� RQ� WKH� URRI� RI� WKH� WHFKQLFDO� FROOHJH� LQ� WKH�
FDPSXV� RI� 'D\DOEDJK� (GXFDWLRQDO� ,QVWLWXWH� �'HHPHG� 8QLYHUVLW\��� 'D\DOEDJK�� $JUD�� 7KH�
VDPSOLQJ�VLWH� OLHV�DW�D�GLVWDQFH�RI���NP�IURP�D�QDWLRQDO�KLJKZD\� �1+����ZKLFK�KDV�GHQVH�
YHKLFXODU�WUDIILF��

 
��� :RUN�3ODQ��

����0HWKRGRORJ\���

� 6DPSOH�FROOHFWLRQ�
�

30���30���� VDPSOHV� ZLOO� EH� FROOHFWHG� DW� 'D\DOEDJK� GXULQJ� WKH� VWXG\� SHULRG��
30���30����ZLOO�EH�REWDLQHG�E\�XVLQJ�3ROOWHFK�ILQH�GXVW�VDPSOHU��,W�LV�D�KLJK�YROXPH�VDPSOHU�
ZKLFK�PDLQWDLQV� H[DFW� IORZ�UDWH� ������/30�� WKURXJK� WKH� VDPSOHU��*ODVV� ILEHU� ILOWHU�37)(�
ZLOO� EH�XVHG� IRU�30���� VDPSOH� FROOHFWLRQ��$LU� VDPSOHU� LV� HTXLSSHG�ZLWK� WKH� EORZHU�PRWRU�
DVVHPEO\��ILOWHU�KROGHU��YROXPHWULF�IORZ�FRQWUROOHU��WLPHU��DQG�DQ�DQRGL]HG�DOXPLQXP�VKHOWHU��
,W�GUDZV�SUHFLVH�YROXPHV�RI�DLU�WKURXJK�D�ILOWHU�SDSHU�RI�NQRZQ�ZHLJKW��7KH�SUH�GHVLFFDWHG�
DQG�SUH�ZHLJKHG�VWHULOH� ILOWHU�SDSHU�ZLOO�EH�PRXQWHG�RQ� WKH�VDPSOHU��DQG�VDPSOLQJ�ZLOO�EH�
SHUIRUPHG�IRU����KRXUV�DW�D�IORZ�UDWH�RI�������/30�IRU�30���30������

�
0DVV�FRQFHQWUDWLRQ��

�
7KH�WRWDO�PDVV�RI�DHURVRO�ZDV�GHWHUPLQHG�JUDYLPHWULFDOO\�DV�IROORZV���

�
�

�
�

� +HUH��WKH�PDVV�RI�DHURVRO�GHSRVLWHG�RQ�WKH�ILOWHU�SDSHU�LV�WKH�GLIIHUHQFH�LQ�WKH�ZW��
RI�ILOWHU�SDSHU�EHIRUH�WKH�VDPSOLQJ�DQG�DIWHU�WKH�VDPSOLQJ��DQG�WRWDO�DLU�YROXPH��P���LV�WKH�
PXOWLSOLFDWLRQ�RI�IORZ�UDWH��P����PLQ��DQG�VDPSOLQJ�SHULRGV��PLQXWHV���
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� %LRORJLFDO�FKDUDFWHUL]DWLRQ�RI�DHURVROV�
�

�7KH�ILOWHU�RI�DHURVRO�VDPSOHV�RI�30���30����ZLOO�EH�GLYLGHG�LQWR�WZR�SDUWV��2QH�KDOI�
ZLOO�EH�FXW�LQWR�VPDOO�SLHFHV�DQG�ZLOO�EH�WDNHQ�LQWR�����PO�FRQLFDO�IODVN�����PO�(�SXUH�DQG�
VWHULOH�ZDWHU�ZLOO�EH�SRXUHG�LQWR�IODVN�DQG�VDPSOHV�ZLOO�EH�NHSW�RQ�DQ�HOHFWULFDO�VKDNHU�IRU���
KRXUV� IROORZHG�E\� RQ�XOWUDVRQLF�EDWK� IRU����PLQXWHV��7KH�VDPSOH�ZLOO� EH� ILOWHUHG� WKURXJK�
ILOWHU� SDSHU�� DQG� DTXHRXV� H[WUDFW� ZLOO� EH� XVHG� IRU� ELRORJLFDO� FKDUDFWHULVWLFV� RI� DHURVRO��
&XOWXUH�WHFKQLTXHV�HVWLPDWHG�WKH�SUHVHQFH�RI�EDFWHULD�DQG�IXQJL��

�
� 3UHSDUDWLRQ�RI�FXOWXUH�PHGLD�
�

� )XQJL�DQG�EDFWHULD�ZLOO�EH�FXOWXUHG�XVLQJ�6DERXUDXG�'H[WURVH�$JDU��6'$��PHGLD�
DQG�1XWULHQW�$JDU�0HGLD��1$0���UHVSHFWLYHO\��

�
� )XQJDO�FXOWXUH�
�

7KH� 6DERXUDXG� 'H[WURVH� $JDU� �6'$�� ZLOO� EH� SUHSDUHG� ZLWK� WKH� IROORZLQJ�
FRPSRVLWLRQV��3HSWRQH����J��GH[WURVH����J��$JDU����J��GLVWLOOHG�ZDWHU������PO��DQG�S+������
7R� DVVHVV� WKH� DELOLW\� RI� IDVW� JURZWK� RI� DHUR�IXQJL�� IXQJL�ZLOO� EH� LQFXEDWHG� DW� ���&� LQ� WKH�
6'$�PHGLD��7KH�IXQJDO�VSRUHV�ZLOO�EH�LGHQWLILHG�PRUSKRORJLFDOO\�XQGHU�D�OLJKW�PLFURVFRSH�
�0RWLF� %$����� GLJLWDO� 0LFURVFRSH�� XVLQJ� RLO� LPPHUVLRQ� DW� D� PDJQLILFDWLRQ� RI� ��î�� 7KH�
FRQFHQWUDWLRQ�RI�IXQJDO�VSRUHV�LQ�WKH�DLU�ZLOO�EH�H[SUHVVHG�DV�WKH�QXPEHU�RI�VSRUHV�SHU�FXELF�
PHWHU� RI� DLU� �VSRUH� P����� )XQJL� ZLOO� EH� SXULILHG� E\� VXE�FXOWXULQJ� RI� GHVLUDEOH� FRORQLHV�
DSSHDULQJ�RQ�6'$�SODWH�WLOO�SXUH�IRUP�LV�REWDLQHG���

�
� %DFWHULDO�FXOWXUH�
�

%DFWHULD� ZLOO� EH� LVRODWHG� XVLQJ� :DNVPDQ
V� GLOXWLRQ� WHFKQLTXH�� DQG� GLIIHUHQW�
FRQFHQWUDWLRQ�ZLOO�EH�FXOWXUHG�RQ�QXWULHQW�$JDU�PHGLXP��EHHI�H[WUDFW���J��\HDVW�H[WUDFW����J��
SHSWRQH���J��1D&O���J��GLVWLOOHG�ZDWHU������PO��DQG�/%�PHGLD��7KH�LQFXEDWHG�SODWHV�ZLOO�EH�
NHSW�DW���������&�IRU�RQH�GD\��$V�WKH�FRORQ\�DSSHDUV�RQ�WKH�PHGLXP��LW�ZLOO�EH�UH�FXOWXUHG�
XQWLO�SXUH�FXOWXUHV�ZLOO�EH�REWDLQHG��7KH�EDFWHULDO�VSRUHV�ZLOO�EH�LGHQWLILHG�PRUSKRORJLFDOO\�
XQGHU�D�OLJKW�PLFURVFRSH��0RWLF�%$�����GLJLWDO��XVLQJ�RLO�LPPHUVLRQ�DW�D�PDJQLILFDWLRQ�RI�
���î��7KH�FRQFHQWUDWLRQ�RI�EDFWHULDO�VSRUHV�LQ�WKH�DLU�LV�H[SUHVVHG�DV�WKH�QXPEHU�RI�VSRUHV�
SHU�FXELF�PHWHU�RI�DLU��VSRUHV�P�����

�
���������&RQFHQWUDWLRQ��FIX�P���� �1R��RI�FRORQLHV�[�GLOXWLRQ�)DFWRU���7RWDO�DLU�YROXPH��P���

�
7KH\�ZLOO�EH�IXUWKHU�LGHQWLILHG�EDVHG�RQ�WKHLU�ELRFKHPLFDO�FKDUDFWHULVWLFV�IHDWXUHV�E\�

%HUJH\¶V�0DQXDO�RI�6\VWHPDWLF�%DFWHULRORJ\��&ODXV�DQG�%HUNHO\���������
�

3XULILFDWLRQ�DQG�LGHQWLILFDWLRQ�RI�IXQJL�
�

)XQJL� ZLOO� EH� SXULILHG� E\� VXE�FXOWXULQJ� RI� GHVLUDEOH� FRORQLHV� DSSHDULQJ� RQ� 6'$�
SODWH�� WLOO� SXUH� IRUP�ZLOO� EH�REWDLQHG�� )RU� IXQJDO� LGHQWLILFDWLRQ�� D� VPDOO� SRUWLRQ� RI� IXQJXV�
FRORQ\�ZLOO�EH�WDNHQ�RQ�WR�D�VOLGH�FRQWDLQLQJ����RI�1D&O��$�GURS�RI�FRWWRQ�EOXH�VWDLQ�ZLOO�EH�
DGGHG�RYHU�LW�LPPHGLDWHO\�DQG�ZLOO�EH�OHIW�IRU�DERXW�����PLQ��7KH�DUHD�ZLOO�EH�WKHQ�FRYHUHG�
E\�D�FRYHU�VOLS�DQG�ZLOO�EH�XVHG�IRU�WKH�PLFURVFRSLF�H[DPLQDWLRQ��

�
�
�
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0HWDJHQRPLF�DQDO\VLV��
�
%LRDHURVRO� '1$� H[WUDFWLRQ� IURP� DLU� ILOWHUV� ZLOO� EH� SHUIRUPHG� E\� XVLQJ� SRZHU� VRLO� '1$�

LVRODWLRQ� NLW� � �02�%,270� VRLO� '1$� LVRODWLRQ� NLW�� DQG� SURFHVVHG� DFFRUGLQJ� WR� WKH� SURWRFROV�
PHQWLRQHG� LQ� WKH� NLW�� 7KH� H[WUDFWHG�'1$�ZLOO� EH� VWRUHG� DW� ����&� XQWLO� IXUWKHU� DQDO\VLV��'1$�
VDPSOHV�ZLOO�EH�RXWVRXFHG�IRU� ,OOXPLQD0L�6HT���[����ES��VHTXHQFLQJ� WR�5HVHDUFK�DQG�7HVWLQJ�
/DERUDWRU\� �57/��//&� �/XEERFN��7;��86$���7KH�UDZ�VHTXHQFH� UHDGV�REWDLQHG�DIWHU� ,OOXPLQD�
SDLUHG�HQG�VHTXHQFLQJ�ZLOO�EH�SURFHVVHG�XVLQJ�027+85�VRIWZDUH��6FKORVV��������7KH�WZR�VHWV�
RI� GDWD� IURP� HDFK� VDPSOH� ZLOO� EH� MRLQHG� WR� IRUP� FRQWLJV� DQG� IXUWKHU� SURFHVVHG� WR� UHGXFH� WKH�
VHTXHQFLQJ�DQG�3&5�HUURUV��6HTXHQFHV�VKRUWHU�WKDQ�����QXFOHRWLGHV�ZLWK�KRPRSRO\PHUV�ORQJHU�
WKDQ���QXFOHRWLGHV�DQG�DOO�UHDGV�FRQWDLQLQJ�DPELJXRXV�EDVH�FDOOV�RU� LQFRUUHFW�SULPHU�VHTXHQFHV�
ZLOO�EH�UHPRYHG��.R]LFK�HW�DO���������7KH�LPSURYHG�VHTXHQFHV�ZLOO�EH�IXUWKHU�SURFHVVHG�WR�UHPRYH�
UHGXQGDQW� VHTXHQFHV�� 1H[W�� WKH� SURFHVVHG� VHTXHQFHV� ZLOO� EH� DOLJQHG� DJDLQVW� 6,/9$� Y����
GDWDEDVH�� �3UXHVVH� HW� DO�� ������ DYDLODEOH� DW� KWWS���ZZZ�PRWKXU�RUJ�ZLNL�� $OLJQPHQW� GDWDEDVH��
3XWDWLYH� FKLPHULF� VHTXHQFHV� ZLOO� EH� GHWHFWHG� DQG� UHPRYHG� YLD� &KLPHUD� 8FKLPH�� ZKLFK� LV� DQ�
LQWHJUDWHG� DOJRULWKP� LQ� 027+85�� $OO� WD[RQRPLF� FODVVLILFDWLRQ� ZLOO� EH� SHUIRUPHG� XVLQJ�
%D\HVLDQ� FODVVLILHU� �4LRQJ� HW� DO�� ������� XVLQJ� D�*UHHQJHQHV� GDWDVHW� �JJB��B�B���� DYDLODEOH� DW�
KWWSV���ZZZ�PRWKXU�RUJ�ZLNL�*UHHQJHQHV�IRUPDWWHGBGDWDEDVHV�� 'DWD� ZLOO� EH� QRUPDOL]HG� WR�
REWDLQ�VHYHQ�WD[RQRPLF�OHYHOV�IRU�HDFK�VHTXHQFH�DW�����1DwYH�%D\HVLDQ�ERRWVWUDS�FXW�RII�ZLWK�
�����LWHUDWLRQV��2SHUDWLRQDO�WD[RQRPLF�XQLWV��278V��DW�����DQG�����VHTXHQFH�VLPLODULW\��ZLOO�
EH�FDOFXODWHG�XVLQJ�WKH�0RWKXU�SODWIRUP��7KH�XQGHVLUDEOH�VHTXHQFHV�EHORQJLQJ�WR�0LWRFKRQGULD��
&KORURSODVW�� $UFKDHD� DQG� (XNDU\RWD� ZLOO� EH� UHPRYHG�� 7KH� FRQVWUXFWHG� 278� WDEOH� ZLOO� EH�
FRUUHFWHG�WR�FRPSO\�ZLWK�FXUUHQW�RIILFLDO�QRPHQFODWXUH��/LVW�RI�3URNDU\RWLF�QDPHV�ZLWK�6WDQGLQJ�
LQ�1RPHQFODWXUH�� /361�ZZZ�EDFWHULR�QHW��� 7KH� UDUHIDFWLRQ� DQDO\VLV�ZLOO� EH� FDUULHG� RXW� XVLQJ�
UDUHIDFWLRQ� VLQJOH� IXQFWLRQ� RI�0RWKXU� DQG� DOSKD� GLYHUVLW\�ZLOO� EH� HVWLPDWHG� E\� FDOFXODWLQJ� WKH�
GLYHUVLW\� LQGLFHV� OLNH� ,QYHUVH� 6LPSVRQ�� 6KDQQRQ� GLYHUVLW\� �+�� DQG� 2EVHUYHG� ULFKQHVV� E\� VXE�
VDPSOLQJ��7KH�VWDWLVWLFDO�DQDO\VLV�ZLOO�EH�FDUULHG�RXW�XVLQJ�3$67�Y����� �+DPPHU�HW�DO���������
7KH� VWDWLVWLFDO� WHVWV� OLNH�$129$� DQG� 7XNH\� SRVW�KRF� WHVWV�ZLOO� EH� XVHG� WR� GHWHFW� UHPDUNDEOH�
GLIIHUHQFHV�LQ�GLYHUVLW\�LQGLFHV�EHWZHHQ�%LRDHURVRO�VDPSOHV��7R�IXUWKHU�H[DPLQH�WKH�FRPPXQLW\�
UHODWLRQVKLS�DPRQJ�DOO�WKH�ELRDHURVRO�VDPSOHV�QRQ�PHWULF�PXOWL�GLPHQVLRQDO�VFDOLQJ��10'6��E\�
XVLQJ�%D\�&XUWLV�GLVWDQFH��7KH�QXPEHU�RI�VKDUHG�278V�DPRQJ�DOO�WKH�VDPSOHV�ZLOO�EH�FDOFXODWHG�
DQG�UHSUHVHQWHG�XVLQJ�D�9HQQ�GLDJUDP��VXEVDPSOHG�278�WDEOH��E\�0RWKXU��7KH�GLVWULEXWLRQ�RI�
SRWHQWLDO�SDWKRJHQLF�EDFWHULD�IXQJL�ZLOO�EH�GHGXFHG�IURP�PHWDJHQRPH��
�

5HIHUHQFHV��
x� 6FKORVV�3'��������$�KLJK�WKURXJKSXW�'1$�VHTXHQFH�DOLJQHU� IRU�PLFURELDO�HFRORJ\�

VWXGLHV��3/R6�2QH���H�������
x� 4LRQJ�:��*HRUJH�0*�� -DPHV�07�DQG�-DPHV�5&��������1DLYH�%D\HVLDQ�&ODVVLILHU�

IRU�5DSLG�$VVLJQPHQW�RI� U51$�6HTXHQFHV� LQWR� WKH�1HZ�%DFWHULDO�7D[RQRP\��$SSO�
(QYLURQ�0LFURELRO���������������

x� +DPPHU�2��+DUSHU�'$7��5\DQ�3'��������3$67��3DOHRQWRORJLFDO�VWDWLVWLFV�VRIWZDUH�
SDFNDJH�IRU�HGXFDWLRQ�DQG�GDWD�DQDO\VLV��3DODHRQWRORJLD�(OHFWURQLFD������

x� .R]LFK�--��:HVWFRWW�6/��%D[WHU�17��+LJKODQGHU�6.��6FKORVV�3'��������'HYHORSPHQW�
RI� D� GXDO�LQGH[� VHTXHQFLQJ� VWUDWHJ\� DQG� FXUDWLRQ� SLSHOLQH� IRU� DQDO\]LQJ� DPSOLFRQ�
VHTXHQFH� GDWD� RQ� WKH�0L6HT,OOXPLQD� VHTXHQFLQJ� SODWIRUP��$SSO� (QYLURQ�0LFURELRO�
�������������

x� 3UXHVVH� (�� 4XDVW� &�� .QLWWHO� .�� )XFKV� %0�� /XGZLJ� :*�� 3HSOLHV� -�� *O|FNQHU� )2�
������� 6,/9$�� D� FRPSUHKHQVLYH� RQOLQH� UHVRXUFH� IRU� TXDOLW\� FKHFNHG� DQG� DOLJQHG�
ULERVRPDO�51$�VHTXHQFH�GDWD�FRPSDWLEOH�ZLWK�$5%��1XFO�$FLGV�5HV���������������
�
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����7LPH�6FKHGXOH�RI�DFWLYLWLHV�JLYLQJ�PLOHVWRQHV�WKURXJK�%$5�GLDJUDP���

�

�

����6XJJHVWHG� 3ODQ� RI� DFWLRQ� IRU� XWLOL]DWLRQ� RI� UHVHDUFK� RXWFRPH� H[SHFWHG�
IURP�WKH�SURMHFW��

� 7KH� SURSRVHG� VWXG\� ZLOO� SURYLGH� GHWDLO� LQIRUPDWLRQ� DERXW� WKH� PDVV�
FRQFHQWUDWLRQ� RI� 30��� DQG� 3P���� DORQJ� ZLWK� ELRORJLFDO� FRPSRQHQWV�� 7KLV�
VWXG\�ZLOO�EH�ILUVW�RI� LWV�NLQG�LQ�ZKLFK�WKH�FRQFHQWUDWLRQ�RI�FXOWXUDEOH�DQG�QRQ�
FXOWXUDEOH�EDFWHULD�DQG�IXQJL� LQ� WKH�DHURVRO�SDUWLFOH�ZRXOG�EH�REWDLQHG��+HDOWK�
ULVN�DVVHVVPHQW�RI�ELRDHURVRO�ZLOO�JLYH�LQIRUPDWLRQ�RQ�WKH�UROH�RI�ELRDHURVRO�LQ�
KRVSLWDO�DGPLVVLRQ�DQG�ZLOO�KHOS�LQ�WDNLQJ�FRQWURO�PHDVXUHV��'DWD�REWDLQHG�FDQ�
EH�XVHG�IRU�UHJLRQDO�KHDOWK�PRGHO�DV�ZHOO�DV�D�UHJLRQDO�FOLPDWH�PRGHO�EHFDXVH�
ELRDHURVROV�DUH�RUJDQLF�LQ�QDWXUH��

�

���� (QYLURQPHQWDO�LPSDFW�DVVHVVPHQW�DQG�ULVN�DQDO\VLV���

+HDOWK� ULVN� DVVHVVPHQW� DQDO\VLV�ZLOO� EH� SHUIRUPHG� E\� HVWDEOLVKLQJ� WKH� UHODWLRQVKLS�
EHWZHHQ� WKH�FRQFHQWUDWLRQ�RI�EDFWHULD�DQG� IXQJL� DQG�KRVSLWDO�DGPLVVLRQV��7KH� LQIRUPDWLRQ�
RQ�KRVSLWDO�DGPLVVLRQ�ZLOO�EH�REWDLQHG�IURP�23'�RI�SURPLQHQW�KRVSLWDO�LQ�$JUD��

�
��� ([SHUWLVH��

����([SHUWLVH�DYDLODEOH�ZLWK�WKH�LQYHVWLJDWRUV�LQ�H[HFXWLQJ�WKH�SURMHFW���

'U��5DQMLW�.XPDU�KDV����\HDUV�RI� UHVHDUFK�H[SHULHQFH�LQ� WKH�DUHD�RI�DWPRVSKHULF�
VFLHQFH��+LV�PDLQ�UHVHDUFK�DUHD�LV�WUDFH�JDV�DQG�DHURVRO�PHDVXUHPHQWV�DQG�FKDUDFWHUL]DWLRQ��
ZHW�GHSRVLWLRQ�DQG�GU\�GHSRVLWLRQ�FKHPLVWU\�DQG�PRGHOLQJ��EODFN�FDUERQ�UDGLDWLYH�IRUFLQJ��
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ELRDHURVRO�� FOLPDWH� FKDQJH�� DQG� SXEOLF� KHDOWK�� +H� KDV� SXEOLVKHG� PRUH� WKDQ� ��� UHVHDUFK�
SDSHUV� LQ�1DWLRQDO� DQG� ,QWHUQDWLRQDO� MRXUQDO� RI� UHSXWH� LQFOXGLQJ� RQH� LQ�:RUOG� �VW� UDQNHG�
-RXUQDO� LQ� WKH�ILHOG�RI�(QYLURQPHQWDO�(QJLQHHULQJ�DQG�FRQWULEXWHG�SDSHUV� LQ�PRUH�WKDQ����
VHPLQDUV�FRQIHUHQFHV�LQ�,QGLD�DQG�DEURDG��+H�KDV�FRPSOHWHG�DQG�LQYROYHG�LQ�PDQ\�UHVHDUFK�
SURMHFWV�IXQGHG�E\�&6,5��'67������,652�*%3������8*&������0+5'��,��DV�D�3,�DQG�&R�3,��
'U��.XPDU�ZDV�9LVLWLQJ�)DFXOW\�LQ�WKH�'HSDUWPHQW�RI�(QHUJ\��(QYLURQPHQW�DQG�&KHPLFDO�
(QJLQHHULQJ�DW�:DVKLQJWRQ�8QLYHUVLW\�LQ�6W��/RXLV��86$��+H�KDV�YLVLWHG�*HUPDQ\��1HSDO��
DQG� WKH� 86$�� +LV� UHVHDUFK� KDV� ZLGH� UHFRJQLWLRQ� DV� KH� KDV� UHFHLYHG� PDQ\� 1DWLRQDO� DQG�
,QWHUQDWLRQDO�DZDUGV�OLNH�,6&$�<RXQJ�6FLHQWLVW�$ZDUG�������1(6$�<RXQJ�6FLHQWLVW�$ZDUG�
������ $*8� 67$57� <RXQJ� 6FLHQWLVW� $ZDUG� ������ )DVW� 7UDFN� <RXQJ� 6FLHQWLVW� 3URMHFW�
$ZDUG� ������ '67� $ZDUG� IRU� ��WK� 0HHWLQJ� RI� 1REHO� /DXUHDWHV� DQG� <RXQJ� 6FLHQWLVW� DW�
/LQGDX�� ������ %HUNQHU� )HOORZVKLS� E\� $PHULFDQ� *HRSK\VLFDO� 8QLRQ�� 86$�� ������ 8*&�
5DPDQ� )HOORZVKLS� ����� HWF�� +H� LV� )HOORZ� RI� 6RFLHW\� RI� (DUWK� 6FLHQWLVWV�� /XFNQRZ� DQG�
,QGLDQ�&RXQFLO�RI�&KHPLVWV��$JUD��+H�LV�HOHFWHG�0HPEHU�RI�1DWLRQDO�$FDGHP\�RI�6FLHQFH��
,QGLD�DQG�0HPEHU��&RUH�&RPPLWWHH�� ,1<$6�� ,16$��1HZ�'HOKL��+H� LV�DOVR�D�PHPEHU�RI�
PDQ\�VFLHQWLILF�VRFLHWLHV�YL]���1(6$��1HZ�'HOKL�� ,$67$��0XPEDL�� ,$$3&��%DURGD��66,��
7ULYDQGUXP�� ,6&$�� .RONDWD�� &263$5� �&RPPLWWHH� RQ� 6SDFH� 5HVHDUFK��� 86$�� $IILOLDWH�
0HPEHU��,83$&��86$��HWF��5HFHQWO\�KH�KDV�EHHQ�EHVWRZHG�ZLWK�0HPEHU��,1<$6��,QGLDQ�
1DWLRQDO�<RXQJ�$FDGHP\�RI�6FLHQFHV��� ,16$��1HZ�'HOKL� LQ�������+H�ZDV�PHPEHU�&RUH�
&RPPLWWHH�RI�,1<$6��

�
'U�� $VKRN� <DGDY� LV� $VVRFLDWH� 3URIHVVRU� LQ� WKH� 'HSDUWPHQW� RI� 0HFDQLFDO�

(QJLQHHULQJ��)DFXOW\�RI�(QJLQHHULQJ��'D\DOEDJK�(GXFDWLRQDO�,QVWLWXWH��'HHPHG�8QLYHUVLW\���
'D\DOEDJK�� $JUD�� +H� KDV� ZLGH� H[SHULHQFH� RI� WHDFKLQJ� DQG� UHVHDUFK� LQ� WKH� ILHOG� RI�
HQYLURQPHQWDO�VXVWDLQDELOLW\��

��
3URI�� &K�� 6DVLNDOD�UHFHLYHG� DQ� 0�6F�� GHJUHH� LQ� $SSOLHG� 0LFURELRORJ\� IURP� WKH�

%KDUDWLDU�8QLYHUVLW\��&RLPEDWRUH� DQG� ������� DQG� D�3K�'�� LQ�0LFURELRORJ\� IURP�2VPDQLD�
XQLYHUVLW\��+\GHUDEDG���������$IWHU�D�SRVW�GRFWRUDO�SHULRG�DW�WKH�VDPH�8QLYHUVLW\��VKH�MRLQHG�
-17� 8QLYHUVLW\� +\GHUDEDG� LQ� ������ ZKHUH� VKH� VWDUWHG� KHU� RZQ� ODE�� 6KH� LV� FXUUHQWO\� D�
SURIHVVRU�RI�(QYLURQPHQWDO�VFLHQFH�DQG�WHFKQRORJ\�DW�WKH�&HQWUH�IRU�(QYLURQPHQW��,67��-17�
8QLYHUVLW\�+\GHUDEDG��,QGLD��6KH�LV�DOVR�SUHVHQWO\�WKH�&KDLUSHUVRQ�RI�%RDUG�RI�VWXGLHV��'U��
6DVLNDOD¶V� UHVHDUFK� LQWHUHVWV� DUH� LQ� WKH� DUHD� RI� EDFWHULDO� GLYHUVLW\�� PHWDERORPLFV� DQG�
ELRSURVSHFWLQJ� IRU� HQYLURQPHQWDO� PDQDJHPHQW� DQG� LQ� ELRWHFKQRORJ\�� VSHFLILFDOO\� ZLWK�
UHVSHFW� WR� DQDHURELF�EDFWHULD��*HQHWLF�GLYHUVLW\� VWXGLHV� WKURXJK�PHWDJHQRPH�DQDO\VLV�KDYH�
HQDEOHG�JXHVW�PDWHV�RI�EDFWHULDO�GLYHUVLW\�ZKLOH�FXOWXUHG�GLYHUVLW\� VWXGLHV�KDYH� UHVXOWHG� LQ�
WKH� YDOLG� GHVFULSWLRQ� �L�H��� SXEOLFDWLRQ� LQ� ,QWHUQDWLRQDO� -RXUQDO� RI� 6\VWHPDWLF� DQG�
(YROXWLRQDU\�0LFURELRORJ\��RI�RYHU�����QHZ�VSHFLHV�����QHZ�JHQHUD����QHZ�IDPLO\�DQG���
QHZ� RUGHU� LQ� DGGLWLRQ� WR� VHYHUDO� UHFODVVLILFDWLRQV��6KH� LV� HOHFWHG� DV� D� PHPEHU� RI�
³,QWHUQDWLRQDO�&RPPLWWHH�RQ�V\VWHPDWLF�RI�SURNDU\RWHV��6XEFRPPLWWHH�RQ�WKH�WD[RQRP\�RI�
SKRWRWURSKLF� EDFWHULD´�� �6KH� LV� UHFLSLHQW� RI� 6WDWH� DZDUG� IRU�0HULWRULRXV� WHDFKHUV������ E\�
*RYHUQPHQW�RI�7HODQJDQD�DQG�3URI��%�1��-RKUL�DZDUG�IRU�PLFURELDO�GLYHUVLW\�RI�$VVRFLDWLRQ�
RI�0LFURELRORJLVWV�RI�,QGLD�LQ�������

�
�
�
�
�
�
�
�
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����6XPPDU\�RI�UROHV�UHVSRQVLELOLWLHV�IRU�DOO�,QYHVWLJDWRUV��
 
6�1R�� 1DPH�RI�WKH�,QYHVWLJDWRUV� 5ROHV�5HVSRQVLELOLWLHV�

��� 'U��5DQMLW�.XPDU�
�'(,��

&R�3ULQFLSDO�,QYHVWLJDWRU�
�:LOO�EH�LQYROYHG�LQ�DQDO\VLV�RI�
ELRORJLFDO�FRQVWLWXHQWV�RI�DHURVROV�

DQG�LQWHUSUHWDWLRQ�RI�UHVXOWV��
�

��� 'U��$VKRN�<DGDY�
�'(,��

3ULQFLSDO�,QYHVWLJDWRU�
�:LOO�ORRN�DIWHU�VDPSOLQJ�DQG�

ORJLVWLFV��
��� 'U��&K��6DVLNDOD�

�-178+��
3ULQFLSDO�,QYHVWLJDWRU�

�:LOO�EH�LQYROYHG�LQ�PHWDJHQRPLF�
DQDO\VLV�RI�DHURVROV�DQG�LQWHUSUHWDWLRQ�

RI�ILQGLQJV��
�

 
 

����.H\�SXEOLFDWLRQV�SXEOLVKHG�E\�WKH�,QYHVWLJDWRUV�SHUWDLQLQJ�WR�WKH�WKHPH�
RI�WKH�SURSRVDO�GXULQJ�WKH�ODVW���\HDUV�

�
3XEOLFDWLRQ�RI�3,�

�
x� 5DQMLW�.XPDU� DQG�.��0DKDUDM�.XPDUL��0HDVXUHPHQW� RI� QHDU� XOWUDILQH� 6� DHURVRO� DW� D�

VHPLDULG�UHJLRQ�LQ�,QGLD��1DWLRQDO�$FDGHP\�6FLHQFH�/HWWHU�����������±�����������
�

x� 5DQMLW� .XPDU�� 6�6�� 6ULYDVWDYD� DQG� .�� 0DKDUDM� .XPDUL�� ([SHULPHQWDO� DQG�
SDUDPHWHUL]DWLRQ�PHWKRG�IRU�HYDOXDWLRQ�RI�GU\�GHSRVLWLRQ�RI�DFLGLI\LQJ�6�FRPSRXQGV� WR�
QDWXUDO� VXUIDFHV� �Cassiasiamea��� $WPRVSKHULF� DQG� &OLPDWH� 6FLHQFHV� �� ����� ���������
������

�
x� 5DQMLW� .XPDU�� -�1�� 6ULYDVWDYD�� *�3�� 6DWVDQJL�� 0DPWD� DQG� .�� 0DKDUDM� .XPDUL��

%LDHURVRO�� $� QHZ� UHVHDUFK� SHUVSHFWLYH� LQ� &OLPDWH� FKDQJH�� (DUWK� 6FLHQFH� ,QGLD�� �����
�$FFHSWHG���

�
x� 1XSXU� 5DJKDY�� -�1�� 6ULYDVWDYD�� *�3�� 6DWVDQJL� DQG� 5DQMLW� .XPDU�� ,QYHVWLJDWLRQ� RQ�

DEXQGDQFH�RI�PLFURELDO�FRPPXQLWLHV� LQ�DPELHQW�DLU�RYHU�XUEDQ�VLWH� LQ�VHPL�DULG�UHJLRQ��
-RXUQDO�RI�(QHUJ\�5HVHDUFK�DQG�(QYLURQPHQWDO�7HFKQRORJ\�����������������������

�
x� 5DQMLW�.XPDU��6XGKLU�.XPDU�9HUPD�DQG�.��0DKDUDM�.XPDUL��&KHPLFDO�FKDUDFWHUL]DWLRQ�

RI� GHSRVLWLQJ�PDWHULDOV� RQWR� EXLOGLQJ� VXUIDFHV�� 3URFHHGLQJV� RI�1DWLRQDO� &RQIHUHQFH� RQ�
5HFHQW�$GYDQFHV�LQ�&KHPLFDO�DQG�0DWHULDOV�6FLHQFHV������������������

�
x� 0DPWD�� -�1�� 6ULYDVWDYD�� *�3�� 6DWVDQJL� DQG� 5DQMLW� .XPDU�� $VVHVVPHQW� RI� ELRDHURVRO�

SROOXWLRQ� RYHU� ,QGR�*DQJHWLF� SODLQ�� (QYLURQPHQWDO� 6FLHQFH� DQG� 3ROOXWLRQ� 5HVHDUFK� ���
����������������������

�
x� 5DQMLW�.XPDU�DQG�.��0DKDUDM�.XPDUL��&KDUDFWHUL]DWLRQ�RI�DHURVROV�DQG�WUDFH�JDVHV�LQ�

,QGR��*DQJHWLF�SODLQ��8UEDQ�&OLPDWH������������������
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�
x� 5DQMLW�.XPDU� DQG�.��0DKDUDM� .XPDUL�� (YDOXDWLRQ� RI� GU\� GHSRVLWLRQ� RI� DFLGLI\LQJ�1�

FRPSRXQGV�WR�YHJHWDWLRQ��(QYLURQPHQWDO�6FLHQFH�DQG�3ROOXWLRQ�5HVHDUFK���������������
�������������

�
x� 3��*XSWD��6��3���6LQJK��$��-DQJLG�DQG�5DQMLW�.XPDU��(VWLPDWLRQ�RI�SK\VLFDO�DQG�RSWLFDO�

SURSHUWLHV� RYHU� ,QGR�*DQJHWLF� EDVLQ� LQ� ,QGLD�� 6HVVLRQ�� 3URFHHGLQJ� RI� ,$67$� %XOOHWLQ�
�����	��������������������,661�����������

�
x� 0DPWD��� 3�� *XSWD�� *�3�� 6DWVDQJL� DQG� 5DQMLW� .XPDU�� $WPRVSKHULF� ELRDHURVROV��

FKDUDFWHUL]DWLRQ�DQG�GHSRVLWLRQ��3URFHHGLQJ�RI�,$67$�%XOOHWLQ������	��������������������
,661�����������

�
x� 0DPWD�� -�1�� 6ULYDVWDYD�� *�3�� 6DWVDQJL� DQG� 5DQMLW� .XPDU�� %LRJHQLF� FRQVWLWXHQWV� RI�

UHVSLUDEOH� DHURVRO� RYHU� VHPLDULG� UHJLRQ�� -RXUQDO� RI� &KHPLFDO� %LRORJLFDO� DQG� 3K\VLFDO�
6FLHQFHV�����������������������

�
x� 3UDWLPD�*XSWD��$VKRN�-DQJLG�DQG�5DQMLW�.XPDU��$�VWXG\�RQ�PRQLWRULQJ�RI�DLU�TXDOLW\�

DQG� PRGHOLQJ� RI� SROOXWLRQ� FRQWURO�� ,(((� 5HJLRQ� ��� +XPDQLWDULDQ� 7HFKQRORJ\�
&RQIHUHQFH��5���+7&��'2,����������5���+7&��������������������

�
x� 3UDWLPD�*XSWD��6KDOHQGUD�3UDWDS�6LQJK��$VKRN�-DQJLG�DQG�5DQMLW�.XPDU��0HDVXUHPHQWV�

DQG� FKDUDFWHUL]DWLRQ� RI� EODFN� FDUERQ� LQ� DPELHQW� DLU� RI� FLW\� RI�7DM� RYHU� ,QGR�*DQJHWLF��
VHDVRQDO�YDULDWLRQ�DQG�PHWHRURORJLFDO� LQIOXHQFH��$GYDQFHV�LQ�$WPRVSKHULF�6FLHQFHV�����
�����������������

�
x� 5RKLQL�6LQJK��3UDWLPD�*XSWD��$VKRN�-DQJLG��$QVKXPDOD�6KDUPD��5DQMLW�.XPDU��������$�

RQH� \HDU� VWXG\� RQ� DVVHVVPHQW� RI� IUDFWLRQDWHG� DHURVRO� DW� D� VHPLDULG� UHJLRQ� RYHU� ,QGR��
*DQJHWLF�EDVLQ��&OHDQ��6RLO��$LU�DQG�:DWHU��GRL�RUJ���������FOHQ������������

�
x� 3UDWLPD�*XSWD��$VKRN� -DQJLG� DQG�5DQMLW�.XPDU�� ������0HDVXUHPHQW� RI� 30���� 30����

DQG�%ODFN�&DUERQ� DQG� DVVHVVPHQW� RI� WKHLU� KHDOWK� HIIHFWV� LQ�$JUD�� D� VHPLDULG� UHJLRQ� RI�
,QGLD��3URFHHGLQJ�RI�WKH�,QGLDQ�1DWLRQDO�6FLHQFH�$FDGHP\���$FFHSWHG���

�
x� 3UDWLPD�*XSWD��$VKRN�-DQJLG��6DKDE�'DV�DQG�5DQMLW�.XPDU��6SHFLDWLRQ�RI�FDUERQ�VRRW�

SDUWLFOH�DQG�VRXUFH�LQWHUSUHWDWLRQ��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��������8QGHU�UHYLHZ���
�
�
&KDSWHU�LQ�ERRN�
�

x� 5DQMLW� .XPDU� DQG� 3UDWLPD� *XSWD�� $� FKDSWHU� RQ� ³$LU� 3ROOXWLRQ� FRQWURO� SROLFLHV� DQG�
UHJXODWLRQV´� LQ� D� ERRN� HQWLWOHG� ³$LU� 3ROOXWLRQ� DQG� 3ODQW� +HDOWK�� &OLPDWH� &KDQJH�
3HUVSHFWLYHV�� �(GLWRUV�� 3URI�� 8&� .XOVKUHVWKD� DQG� 'U�� 3DOODYL� 6D[HQD��� &KDSWHU� ����
6SULQJHU��SDJH�QR�����������������

�
x� 5DQMLW�.XPDU��9LQHHWD�'HHZDNDU��-�1��6ULYDVWDYD�DQG�.��0DKDUDM�.XPDUL��%LRFKHPLFDO�

FKDUDFWHULVWLFV� RI� DHURVRO� DW� D� VXE� XUEDQ� VLWH�� ³&KHPLVWU\� RI� 3K\WRSRWHQWLDOV�� +HDOWK�
(QHUJ\�DQG�(QYLURQPHQWDO�3HUVSHFWLYHV´��HGLWRUV���0�0��6ULYDVWDYD��/�'��.KHPDQL�DQG�
6��6ULYDVWDYD���'2,���������������������������B����6SULQJHU�9HUODJ�%HUOLQ�+HLGHOEHUJ��
SDJH����������������
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�
3XEOLFDWLRQ�RI�&K��6DVLNDOD�LQ�WKH�ODVW���\HDUV�������
,PSRUWDQW�SXEOLFDWLRQV�LQ�WKH�SURSRVHG�UHVHDUFK�DUHD�DUH�JLYHQ�EHORZ���
�

x� .XPDU� *DXUDY�� 'KDQHVK� NXPDU�� -DJDGHHVKZDUL� 8SSDGGD�� 6DVLNDOD� &K�� 5DPDQD� &K��
9��������0HWDJHQRPLF�LQVLJKWV�LQWR�WKH�QRW�\HW�FXOWLYDWHG�GLYHUVLW\�RI�3ODQFWRP\FHWHV�RI�
&KLOLND�ODJRRQ�DQG�GHVFULSWLRQV�RI�H[RVSRUH�SURGXFLQJ�Roseiconus lacunae�JHQ��QRY��VS��
QRY��� Pararoseiconus nitratireducens JHQ�� QRY�� VS�� QRY�� 6\VWHPDWLF� DQG� DSSOLHG�
PLFURELRORJ\��FRPPXQLFDWHG��

�
x� .XPDU�*DXUDY��5DGKD�9DGGDYDOOL��-DJDGHHVKZDUL�8SSDGD��6DVLNDOD�&K��5DPDQD�&K��9��

������� 6SRQJH�DVVRFLDWHG� 3ODQFWRP\FHWHV�� %UD]LOLDQ� -RXUQDO� RI� 0LFURELRORJ\�
�&RPPXQLFDWHG��

�
x� *� 6XUHVK�� 'KDQHVK� .XPDU�� .ULVKQD� $�� 6DVLNDOD� &K�� 5DPDQD� &K�9��� 3K�'� �������

Rhodobacter sediminicola� VS�� QRY��� LVRODWHG� IURP� D� IUHVK�ZDWHU� SRQG� RI�*XMDUDW� ,QW�� -��
6\VW��(YRO��0LFURELRO���$FFHSWHG�0V�1R��,-6(0�'�����������

�
x� 6XUHVK�� 7XVKDU��6DVLNDOD��&K� DQG�5DPDQD�� &K��9�� ������� 7D[RJHQRPLFV� UHVROYHG� WKH�

FRQIOLFW�RI�WKH�JHQXV�Rhodobacter��$�WZR�DQG�KDOI�GHFDGHV�SHQGLQJ�WKRXJKW�WR�UHFODVVLI\�
WKH�JHQXV�5hodobacter��)URQWLHUV�LQ�6FLHQFH�5HVHDUFK�,QWHJULW\��DFFHSWHG��

�
x� 6XUHVK�� 'KDQHVK� .XPDU�� -DJDGHHVKZDUL� 8SSDGD�� 6DVLNDOD� &K�� &K� 9� 5DPDQD� �������

Rhodomicrobium lacus� VS�� QRY��� DQ� DONDOLWROHUHQW� EDFWHULXP� LVRODWHG� IURP�8PLDP� ODNH��
6KLOORQJ��,QGLD�,QW��-��6\VW��(YRO��0LFURELRO��$FFHSWHG�0V��1R��,-6(0�'���������5���

�
x� $QXVKD� 5DL�� ,QGX�� 1�� 6PLWD�� *�� 'HHSVKLNKD�� .�� *DXUDY�� .�� 'KDQHVK�� *�� 6XUHVK�� &K��

6DVLNDOD�� DQG� &K�� 9�� 5DPDQD� ������� (PHUJLQJ� &RQFHSWV� LQ� %DFWHULDO� 7D[RQRP\�
0LFURELDO�'LYHUVLW\�LQ�(FRV\VWHP�6XVWDLQDELOLW\�DQG�%LRWHFKQRORJLFDO�$SSOLFDWLRQV�%RRN�
6XEWLWOH�9ROXPH����0LFURELDO�'LYHUVLW\�LQ�1RUPDO�	�([WUHPH�(QYLURQPHQWV�,6%1�����
���������������&KDSWHU�LQ�ERRN��

�
x� 7�� 6�� 6DVL� -\RWKVQD��.��5DKXO�� 6DLNDW�'XWWD��&K�� 6DVLNDOD� DQG� �&K�9��5DPDQD� �������

3K\ORJHQHWLF�'LYHUVLW\�RI�6XOIDWH�5HGXFLQJ�%DFWHULD�RI�6HGLPHQWV�RI�&KLOLND�/DNH��,QGLD��
GHWHUPLQHG� WKURXJK� DQDO\VLV� RI� WKH� 'LVVLPLODWRU\� 6XOILWH� 5HGXFWDVH� �GVU� $%�� JHQHV�
�%LRWHFK��������������

�
��� /LVW�RI�3URMHFWV�VXEPLWWHG�LPSOHPHQWHG�E\�WKH�,QYHVWLJDWRUV���

 
����'HWDLOV�RI�3URMHFWV�VXEPLWWHG�WR�YDULRXV�IXQGLQJ�DJHQFLHV��1$�

�
6��1R� 7LWOH� &RVW�LQ�/DNK� 0RQWK�RI�

VXEPLVVLRQ�
5ROH�DV�3,�&R��
3,�

$JHQF\� 6WDWXV�

� � � � � � �
� � � � � � �
�
�
�
�
�
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����'HWDLOV�RI�3URMHFWV�XQGHU�LPSOHPHQWDWLRQ�
�

6��
1R�

7LWOH� &RVW�LQ�
/DNK�

'XUDWLRQ� 5ROH�DV�
3,�&R�3,�

$JHQF\�

'U��5DQMLW�.XPDU�
���&KDUDFWHUL]DWLRQ�RI�SK\VLFDO�DQG�
RSWLFDO�SURSHUWLHV�RI�DHURVRO�DW�$JUD�
LQ�,QGR�*DQJHWLF�SODLQ�

�����
�
�
�

�������� 3,� ,652�
*%3�

'U��&K�6DVLNDOD�
���%LRGHJUDGDWLRQ�RI�3KDUPDFHXWLFDOV�DQG�
3HUVRQDO�&DUH�3URGXFWV��33&3V���33&3�
GHJUDGLQJ�EDFWHULDO�GLYHUVLW\�DQG�WKHLU�
SRWHQWLDO�DSSOLFDWLRQ�LQ�WKH�ZDVWHZDWHU�
WUHDWPHQW�

����� ����������� 3,� 8*&�
�PLGFDUHHU�
DZDUG�
JUDQW��

���$QR[\JHQLF�SKRWRWURSKLF�EDFWHULDO�GLYHUVLW\�
RI�PDULQH�KDELWDWV�RI�,QGLD��

���� ����������� 3,� 7(4,3�

���&DUERQ�VHTXHVWUDWLRQ�XVLQJ�DQR[\JHQLF�
SKRWR�DXWRWUSKLF�EDFWHULD��3RWHQWLDO�
H[SORLWDWLRQ�IRU�&OLPDWH�&KDQJH�0LWLJDWLRQ��

����� ���������� 3,� $,&7(�
�5HVHDUFK�
3URPRWLRQ�
6FKHPH��

���6WXGLHV�RQ�0LFURELDO�HFRORJ\��GLYHUVLW\�DQG�
WKHLU�%LRSURVSHFWLQJ�IRU�(QYLURQPHQWDO�
0DQDJHPHQW�

����� ���������� 3,� $,&7(�
�02'52

%6��
�

����'HWDLOV�RI�3URMHFWV�FRPSOHWHG�GXULQJ�WKH�ODVW��\HDUV�
�

6��
1R�

7LWOH� &RVW�LQ�
/DNK�

'XUDWLRQ� 5ROH�DV�
3,�&R�3,�

$JHQF\�

'U��5DQMLW�.XPDU�
���$�VWXG\�RQ�ELRDHURVROV�LQ�
7630��30���DQG�30����DW�
D�VXEXUEDQ�VLWH�

������ �������� 3,� '67�

���$�VWXG\�RQ�ELRFKHPLFDO�
FKDUDFWHULVWLFV�RI�DHURVROV�
DW�DQ�XUEDQ�VLWH�RI�,QGR�*DQJHWLF�SODLQ�

������ �������� 3,� 8*&�

'U��&K�6DVLNDOD�
���0DULQH� DQDHURELF� EDFWHULD� GLYHUVLW\� IRU� WKH�
SURGXFWLRQ�RI�DQWLPLFURELDOV�

������ ���������� 3,� 0R(6�

���%DFWHULDO� KRSDQRLGV� DV� � FKHPRWD[RQRPLF�
PDUNHUV��$�VWXG\�RQ�WKH�JHQXV�Rhodovulum�

���� ���������� 3,� 7(4,3�

���3HWUROHXP� K\GURFDUERQ� �37+�� GHJUDGLQJ�
EDFWHULDO� GLYHUVLW\� DQG� WKHLU� SRWHQWLDO�
DSSOLFDWLRQ� LQ� ELRUHPHGLDWLRQ� RI� SHWUROHXP�
FRQWDPLQDWHG�VLWHV�

���� ���������� 3,� 7(4,3�

���(FRORJ\� RI� +DOR�$QR[\JHQLF� SKRWRWURSKLF�
EDFWHULD�RI�PDULQH�KDELWDWV�RI�*XMDUDW��

������ ���������� 3,� 0R(6�

�
�
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�
���/LVW�RI�IDFLOLWLHV�EHLQJ�H[WHQGHG�E\�SDUHQW�LQVWLWXWLRQ�V��IRU�WKH�SURMHFW�

LPSOHPHQWDWLRQ��
D�� ,QIUDVWUXFWXUDO�)DFLOLWLHV�

�
6U��1R�� ,QIUDVWUXFWXUDO�)DFLOLW\� <HV�1R��1RW�UHTXLUHG�)XOO�

RU�VKDULQJ�EDVLV�
��� :RUNVKRS�)DFLOLW\� <HV�
��� :DWHU�	�(OHFWULFLW\� <HV�
��� /DERUDWRU\�6SDFH��)XUQLWXUH� <HV�
��� 3RZHU�*HQHUDWRU� <HV�
��� $&�5RRP�RU�$&� <HV�
��� 7HOHFRPPXQLFDWLRQ�LQFOXGLQJ�H�PDLO�	�ID[� <HV�
��� 7UDQVSRUWDWLRQ� <HV�
��� $GPLQLVWUDWLYH��6HFUHWDULDO�VXSSRUW� <HV�
��� ,QIRUPDWLRQ�IDFLOLWLHV�OLNH�,QWHUQHW�/LEUDU\� <HV�
���� &RPSXWDWLRQDO�IDFLOLWLHV� <HV�
���� $QLPDO�*ODVV�+RXVH� 1RW�5HTXLUHG�
���� $Q\�RWKHU�VSHFLDO�IDFLOLW\�EHLQJ�SURYLGHG� ��

�
E�� (TXLSPHQW�DYDLODEOH�ZLWK�WKH�,QVWLWXWH��*URXS��'HSDUWPHQW�2WKHU�

,QVWLWXWHV�IRU�WKH�SURMHFW��
�

(TXLSPHQW�
DYDLODEOH�ZLWK�

*HQHULF�1DPH�RI�
(TXLSPHQW�

0RGHO��0DNH�	�
\HDU�RI�SXUFKDVH�

5HPDUNV�LQFOXGLQJ�
DFFHVVRULHV�DYDLODEOH�
DQG�FXUUHQW�XVDJH�RI�
HTXLSPHQW�

3,�	�KLV�JURXS�
�'(,��

��30���6DPSOHU�
���30����6DPSOHU�
���30��6DPSOHU�
���7UDFH�JDV�
PHDVXUHPHQWV�XQLW�
���&2��$QDO\]HU�
���6SHFWURSKRWRPHWHU�
��$HWKDORPHWHU�
���0XOWL�ZDYHOHQJWK�
5DGLRPHWHU�
���3\UDQRPHWHU�
����$XWRPDWLF�
$:6������5DYH�
,QQRYDWLRQV��
:HDWKHU�6WDWLRQ�
����0LFURVFRSH�
����8OWUDVRQLF�EDWK�
����/DPLQDU�IORZ�
���%2'�,QFXEDWRU�

(QYLURWHFK�3ROOWHFK��
3ROOWHFK�,QVWUXPHQWV�
(QYLURWHFK�
(QYLURWHFK�
�
5DYH�,QQRYDWLRQV�
6\VWURQLFV�
0	*�$QDO\]HU�
63/�
�
'HOWD�2KP�
5DYH�,QQRYDWLRQV�
�
�
�
0RWLF�
6DUWKDN�6FLHQWLILF�
=HQLWK�
=HQLWK�

�
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����$XWRFODYH�
���0LFURZDYH�RYHQ�
�

=HQLWK�
/*�
�

3,
V�'HSDUWPHQW� ����(�SXUH�'HLRQLVHU�
����,RQ�
&KURPDWRJUDSK�

%DUQVWHDG�7KHUPRO\QH�
�
'LRQH[�'[�����
DQLRQ�FROXPQV�
�$6��$��6HOI�
UHJHQHUDWLQJ��

�

3ULQFLSDO�
,QYHVWLJDWRU�
��,67��-178+��

3&5�
3&5�
*&�
'**(�
6SHFWURIORXULPHWHU�
0LFURSODWH�UHDGHU�
*HO�'RFXPHQWDWLRQ�
0LFURSLSHWWH�
%DFWHULRORJLFDO�LQFXEDWRU�
,QFXEDWRU��VKDNHU�
/DPLQDU�$LU�)ORZ�
&KDPEHUV�
89�6SHFWURSKRWRPHWHU�
3KDVH�FRQWUDVW�
PLFURVFRSH�
3KDVH�&RQWUDVW�
PLFURVFRSH�
)7�,5�
+3/&�
�

%,2�5$'�
(SSHQGRUI�
6KLPDG]X���%�
%LR�UDG�
3HUNLQ�(NPHU��/6����
(SRFK�%LRWHFK�
%LR�5DG��*HO�'RF�(=��
3LSHWWHPDQ�
&LQWH[�
+HLGROSK�
�
�
6KLPDG]X�89������
2O\PSXV�%;����
�
/HLFD�
�
3HUNLQ�(OPHU�6KLPDG]X�
6KLPDG]X�/&���$'�
�

$OO�WKH�LQVWUXPHQWV�DH�
LQ�JRRG�ZRUNLQJ�
FRQGLWLRQ�DQG�XQGHU�
XVH���

�
��� 1DPH� DQG� DGGUHVV� RI� H[SHUWV�� LQVWLWXWLRQ� LQWHUHVWHG� LQ� WKH� VXEMHFW� ��

RXWFRPH� RI� WKH� SURMHFW�� &HQWUDO� 3ROOXWLRQ� &RQWURO� %RDUG�� 6WDWH� SROOXWLRQ�
FRQWURO� %RDUG�� 0LQLVWU\� RI� (QYLURQPHQW�� )RUHVW� DQG� &OLPDWH� FKDQJH��
5HVHDUFKHUV�LQ�WKH�DUHD�RI�DLU�SROOXWLRQ�UHVHDUFK��GRFWRUV��SXOPRQRORJLVWV�DQG�
HSLGHPLRORJLVWV���

�
�
�
�
�
�
�
�
�
�
�
�
�
�
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�
352*5$0�%8'*(7�

�

�� 3DUWLFXODUV�
$PRXQW�

7RWDO�
'(,� -178+�

7UDYHO�

7UDQVSRUWDWLRQ�FKDUJHV�
6WXGHQWV�5HVHDUFKHU�7HDFKHU�
�#�����������SHU�SHUVRQ�SHU�YLVLW��IRU�
WHDFKHU��WZR�YLVLWV��
#�����������SHU�SHUVRQ�SHU�YLVLW��IRU�
VWXGHQW��WZR�YLVLWV���

���������� 1LO� ����������

/RGJLQJ��PHDOV�DQG�LQFLGHQWDO�H[SHQVHV�
IRU�&ROODERUDWRU�
6WXGHQWV�5HVHDUFKHU�7HDFKHU��

����������
�IRU���GD\V�
#�HDFK�
YLVLW��

1LO� ����������

&RQVXPDEOHV� &RQVXPDEOHV�&KHPLFDOV�)LOWHUV�HWF� ������������ ���������� ������������

2XWVRXUFLQJ�

2XWVRXUFLQJ�IRU�PHWDJHQRPH�VHTXHQFLQJ��
�IRU����VDPSOHV��HLWKHU�IRU����6�U�51$�
DPSOLFRQ��VHTXHQFLQJ�RU�VKRWJXQ�
VHTXHQFLQJ�RU�PHWDJHQRPH�DVVHPEOHG�
JHQRPH�VHTXHQFLQJ�WKURXJK�PHWDJHQRPH�
ELQQLQJ��

����� ������������ ������������

7RWDO� ������������ ������������ ������������
�

�
3$57,&,3$17�67$7,67,&6�

�
3URSRVDO�IRU�D�3DUWQHUVKLS�EHWZHHQ��'D\DOEDJK�(GXFDWLRQDO�,QVWLWXWH��$JUD�	�-�1�7�8��

+\GHUDEDG�XQGHU�WZLQQLQJ�DFWLYLWLHV�RI�7(4,3�
�

$QWLFLSDWHG�1XPEHU�RI�'�(�,��3DUWLFLSDQWV�LQ�([FKDQJH�9LVLW��
�

0DOHV�����
�
)HPDOHV�����
�
3DUWLFLSDQWV¶�2FFXSDWLRQV��7HDFKLQJ��
�
7HDFKHUV�)DFXOW\������
�
5HVHDUFKHUV�����
�
*UDGXDWH�6WXGHQWV�����
�
2WKHU��SOHDVH�VSHFLI\���

�
$QWLFLSDWHG�1XPEHU�RI�-�1�7�8�+��3DUWLFLSDQWV�LQ�([FKDQJH�9LVLWV��

�
0DOHV��1LO�
�
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)HPDOHV�����
�
3DUWLFLSDQWV¶�2FFXSDWLRQV��7HDFKLQJ�DQG�5HVHDUFK�
�
7HDFKHUV�)DFXOW\�����
�
5HVHDUFKHUV�����
�
*UDGXDWH�6WXGHQWV��1LO�
�
2WKHU��SOHDVH�VSHFLI\���
�
,QFOXGH� WKH� WRWDO� GXUDWLRQ� RI� DOO� H[FKDQJH� YLVLWV��)RU� WKH� HQWLUH� JUDQW� SHULRG� �������
�������JLYH�WKH�WRWDO�QXPEHU�RI�GD\V�ZHHNV���
'�(�,��3DUWLFLSDQWV�����GD\V�
-�1�7�8��3DUWLFLSDQWV�����GD\V�

�
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�EE�yhZ��ϳͲϭ�Ͳ�WĂŐĞ�ϭͬϮϬ�

7KH� IROORZLQJ� WZLQQLQJ� SURSRVDO� KDG� EHHQ� FRQVLGHUHG� LQ� WKH� %R*�0HHWLQJ� RQ�
������������ EXW� ZDV� GHIHUUHG� ZLWK� D� UHTXHVW� IRU� UHVXEPLVVLRQ� LQ� WKH� SURSHU�
IRUPDW���7KH�UHVXEPLWWHG�WZLQQLQJ�SURSRVDO�PD\�EH�FRQVLGHUHG�IRU�IXQGLQJ�ZLWK�
D�PDWFKLQJ�JUDQW�RI�5V����ODNKV�

7(4,3�,,,�SURMHFW�SURSRVDO�
�
���� 3URMHFW� WLWOH�� /3*� *DV� VHQVLQJ� +\EULG� 1DQR� 6WUXFWXUHV� �*UDSKHQH�� 2[LGH�
�

1DQR�PDWHULDO���%DFWHULDO�3URWHLQ���
�
���� 1DPH�RI�WKH�3,��1DPH���'U��.�9HQNDWHVZDUD�5DR�
�

'HVLJQDWLRQ��3URIHVVRU�RI�1DQR�WHFKQRORJ\�
�

,QVWLWXWH��,QVWLWXWH�RI�VFLHQFH�DQG�WHFKQRORJ\��,67���-178+��
�

7HOHSKRQH�	�0RELOH�1R�����������������	��������������
�
�

(�PDLO���NDODJDGGD����#JPDLO�FRP���NDODJDGGD����#MQWXK�DF�LQ�
�
�
�
�
�
���� 1DPH�RI�WKH��&R�3,��1DPH��'U��5DKXO�6ZDUXS�6KDUPD�
�

'HVLJQDWLRQ��3URIHVVRU�RI�(QJLQHHULQJ�
�

,QVWLWXWH�� 'HSDUWPHQW��RI��0HFKDQLFDO��(QJLQHHULQJ���'D\DOEDJK��(GXFDWLRQDO�
�

,QVWLWXWH��'HHPHG�8QLYHUVLW\��
�

7HOHSKRQH�	�0RELOH�1R�����������������	�
�
�

(�PDLO�� UDKXOVZDUXS#GHL�DF�LQ�� �UDKXOVZDUXS�VKDUPD#JPDLO�FRP�
�
�
�
�
�
���� $PRXQW�RI�5V�LQ�ODNKV������������������������ ������������
�
���� 1DPH�RI�WKH�FHQWUH��&HQWUH�IRU�QDQR�VFLHQFH�DQG�WHFKQRORJ\��&167���,QVWLWXWH�

RI�VFLHQFH�DQG�WHFKQRORJ\��,67���-178+��+\GHUDEDG���������

���� %ULHI�OLWHUDWXUH�UHYLHZ�RQ�WKH�7RSLF���



�EE�yhZ��ϳͲϭ�Ͳ�WĂŐĞ�ϮͬϮϬ

7KH�IDEULFDWLRQ�RI�GLIIHUHQW�QRYHO�VHQVRUV�ZLWK�KLJK�UHVSRQVH�GHWHFWLRQ�RU�D�ORZHU�OLPLW�

RI�GHWHFWLRQ��/2'��IRU�JDV�VHQVLQJ�DSSOLFDWLRQ�XVLQJ�JUDSKHQH�KDV�EHFRPH�D�SRSXODU�

UHVHDUFK�ILHOG�RZLQJ�WR� LWV� XQLTXH�HOHFWULFDO�SURSHUWLHV�� KLJK�VXUIDFH�WR�YROXPH� UDWLR��

KLJK� HOHFWURQ� WUDQVIHU� UDWH�� KLJK� PHFKDQLFDO� SURSHUWLHV� DQG� RXWVWDQGLQJ� IOH[LELOLW\�

FRPSDUH�WR�RWKHU�FDUERQ�PDWHULDOV��(YHQ�WKRXJK�WKH�JDV�VHQVLQJ�UHVSRQVH�RI�UHGXFHG�

JUDSKHQH�R[LGH��JUDSKHQH�� LV� ODUJH�DQG�PRUH�UDSLG�EXW� WKH\�JHW�VWURQJO\�DIIHFWHG�E\�

UHODWLYH� KXPLGLW\� DW� 57�� VORZ� UHFRYHU\�� SRRU� VHOHFWLYLW\�� GHWHFWLRQ� OLPLW� DQG�

UHSHDWDELOLW\� ZKLFK� OLPLWV� WKHLU� SUDFWLFDO� DSSOLFDWLRQ�� $� IXUWKHU� LQFLGHQW� WKDW� KDV�

DWWUDFWHG�D�JUHDW�GHDO�RI�LQWHUHVW�WRZDUGV�WKLV�PDWHULDO�LV�WKH�DGYHQW�RI�GHFRUDWLQJ�U*2�

ZLWK�YDULRXV�PHWDO�R[LGH�13V��%\�DOWHULQJ�� WKH�GHJUHH�RI�ORDGLQJ�WKH�UHVXOWLQJ�K\EULG�

QDQRPDWHULDOV�SURSHUWLHV�FDQ�EH�ILQH�WXQHG��DV�ZHOO�DV�WKH�13V�GHFRUDWHG�RQ�WKH�U*2�

VKHHWV��

/3*��OLTXHILHG�SHWUROHXP�JDV��D�FRORUOHVV��VOLJKW�LUULWDQW�DQG�HDVLO\�H[SORVLYH�JDV��DOVR�

UHIHUUHG� DV� VLPSO\� PL[WXUH� RI� K\GURFDUERQV� VXFK� DV� SURSDQH� �&�+��� DQG� EXWDQH�

�&�+����DV�ZHOO�DV�HWK\O�PHUFDSWDQ��HWKDQH�WKLRO��DQG�VLPLODU�VXOIXULF�FRPSRXQGV� LQ�

VPDOO�DPRXQWV�IRU�RGRUL]DWLRQ��ZKLFK�LV�PRVWO\�XVHG�LQ�FRRNLQJ��5XUDO�KHDWLQJ��DXWRJDV�

��UHIULJHUDWLRQ���+RZHYHU��/3*�JDV�KDV�D�IODVK�SRLQW�RI�í�����&�DQG�DQ�H[SORVLRQ�OLPLW�

RI�����a�������7KLV�PHDQV�WKDW�LW�LV�H[SORVLYH��DQG�KDV�D�WKUHDW�WR�WKH�SURSHUW\�DQG�OLIH�

VDIHW\�RI�SHRSOH�DQG�/3*�FDQ�FDXVH�FROG�EXUQV�LI�LQ�FRQWDFW�ZLWK�WKH�VNLQ��RU�DFW�DV�DQ�

DVSK\[LDQW��PHDQLQJ�\RX�ZRQ¶W�EH�DEOH�WR�EUHDWKH��LI�SUHVHQW�LQ�KLJK�FRQFHQWUDWLRQV���

,Q� DGGLWLRQ�� WKH� WR[LF� DQG� QR[LRXV� JDVHV� RI� FDUERQ� PRQR[LGH� DQG� FDUERQ� GLR[LGH�

SURGXFHG�IURP�/3*�FRPEXVWLRQ�DUH�D�KLGGHQ�GDQJHU�WR�KXPDQ�ERG\�KHDOWK��+HQFH��WKH�

GHWHFWLRQ�RI�WKH�/3*�LV�QHFHVVDU\��
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*UDSKHQH�� D� XQLTXH� WZR�GLPHQVLRQDO� PDWHULDO� ZLWK� D� KH[DJRQDO� ODWWLFH�� KDV�

GUDZQ�D�ZLGH�DWWHQWLRQ�GXH�WR�LWV�LGLRV\QFUDV\�SURSHUWLHV�VXFK�DV�]HUR�EDQG�JDS��

ODUJH� VXUIDFH�DUHD�� KLJK�VWDELOLW\�� DQG�GLVWLQFW� HOHFWURQ�WUDQVSRUW� EHKDYLRXU��$�

JUDSKHQH�PHUJLQJ�ZLWK�HYHQO\�GLVWULEXWHG�QDQRSDUWLFOHV�0HWDO�0HWDO�R[LGH� RQ�

WKH� VXUIDFH� FRXOG� OHDG� WR� D�ZHOO�GHILQHG� QRYHO�JUDSKHQH�ZLWK� DQ� H[FHSWLRQDO�

VXUIDFH�DUHD��,Q�DGGLWLRQ��WKH�0HWDO�0HWDO�R[LGH�QDQR�VWUXFWXUHV�FRXOG�DFW�DV�D�

VWDELOL]LQJ� DJHQWV� DJDLQVW� WKH� DJJORPHUDWLRQ� RI� LQGLYLGXDO� JUDSKHQH� VKHHWV��

ZKLFK�LV�SULQFLSDOO\�FDXVHG�E\�D�VWURQJ�9DQGHU�:DDOV�LQWHUFRQQHFWLRQ�EHWZHHQ�

JUDSKHQH�OD\HUV��7KH�FRPSULVDO�RI�VXFK�QDQRVWUXFWXUHV�RQ�WKH�JUDSKHQH�VXUIDFH�

LV� YDVWO\�FRQYHWDEOH� IRU� WXQLQJ� EDQG�JDS�� VXUIDFH�PRUSKRORJ\�� DQG�HOHFWURQLF�

SURSHUWLHV�LQ�JOXFRVH�VHQVLQJ��

�

�
�
1DQR�VWUXFWXUHG�PHWDO�R[LGHV�� KDYH�DWWUDFWHG�FRQVLGHUDEOH�LQWHUHVW� LQ�WKH�SDVW�GHFDGH�

EHFDXVH� RI� WKHLU� XQLTXH� SURSHUWLHV� DV� ZHOO� DV� WKHLU� SRWHQWLDO� LQGXVWULDO� DSSOLFDWLRQV��

6HPLFRQGXFWRU�QDQRPDWHULDOV�KDYH�DWWUDFWHG�UHPDUNDEOH�DWWHQWLRQ�LQ�UHFHQW�\HDUV�GXH�

WR� QRYHO� RSWLFDO�� HOHFWULFDO� DQG�PHFKDQLFDO� SURSHUWLHV��1DQR� VWUXFWXUHG�PHWDO� R[LGHV�

KDYH�VR�PDQ\�DSSOLFDWLRQV�VXFK�DV�FKHPLFDO�VHQVRUV��KXPLGLW\�VHQVRUV��RSWLFDO�VHQVRUV��

SUHVVXUH� VHQVRUV�� OLWKLXP� LRQ� EDWWHULHV�� HOHFWURFKHPLFDO� SHUIRUPDQFH� IRU� HQHUJ\�

VWRUDJH�� G\H�VHQVLWL]HG� VRODU� FHOOV�� FDWDO\WLF� DQG� SKRWRFDWDO\WLF�� HQYLURQPHQWDO�

UHPHGLDWLRQ�� ILHOG� HPLVVLRQ�QRQ�YRODWLOH�PHPRU\�DQG� WXQQHOLQJ�GHYLFHV�� ELR�FHUDPLF�

FRDWLQJ�DSSOLFDWLRQV��1DQR�JHQHUDWRUV�HWF����������7KH�HDUOLHVW�FRPPHUFLDO�JDV�VHQVRU�

FRPSULVHG�RI�D�KRW�SODWLQXP�ZLUH��$UDL�HW�DO����������%DVLFDOO\��WKH�SODWLQXP�ILODPHQW�

LV�PDLQWDLQHG�DW�VHYHUDO�KXQGUHG�GHJUHHV�FHQWLJUDGH�DQG�YLD�FDWDO\VLV�LW�ZLOO�GHWHFW�DQ\�
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FRPEXVWLEOH� JDV� LQ� DLU�� 6XFK� D� SKHQRPHQRQ� ZLOO� FDXVH� D� ULVH� LQ� WHPSHUDWXUH� LQ� WKH�

SODWLQXP� ZLUH� DQG� D� PHDVXUDEOH� LQFUHDVH� LQ� UHVLVWDQFH�� )RU� H[DPSOH�� ����� SSP� RI�

LVREXWHQH�ZLOO�VKRZ�DQ�RXWSXW�VLJQDO�RI�D�IHZ�PLOOLYROWV�YLD�D�UHVLVWDQFH�EULGJH�FLUFXLW��

7KH�VHQVRU�ZDV�LPSURYHG�E\�LQWURGXFLQJ�D�FDWDO\VW�VXFK�DV�SDOODGLXP�DV�GRQH�E\�%DNHU�

�������� 7KH� RXWSXW� VLJQDO� LQFUHDVHG� WR� D� PDJQLWXGH� RI� ��� ±��� P9�� +RZHYHU�� WKH�

VHWEDFN�ZDV�WKDW�WKH�FDWDO\VW�GHWHULRUDWHG�ZLWK�WLPH�EXW�PRGHUQ�YHUVLRQV�RI�WKH�VHQVRU�

NQRZQ� DV� SHOOLVWRUV� DQG� LV� VWLOO� EHLQJ� XVHG� LQ� FRDO� PLQHV� XQWLO� WRGD\� �,KRNXUD� DQG�

:DWVRQ���������

�
5HYLHZ�RI�VWDWXV�RI�5HVHDUFK�DQG�'HYHORSPHQW�LQ�WKH�VXEMHFW�
�

Ъ� NDODJDGGD��YHQNDWHVZDUD��UDR��HW��DO��>����@��IDEULFDWHG��=Q)H�2��%���VXEWLOLV�

K\EULG�QDQRVWUXFWXUHV�ZRUNLQJ�DW�ORZ�WHPSHUDWXUHV�ZKHUH�WKH�FU\VWDOOLQLW\�DQG�

SURWHLQ�FRQFHQWUDWLRQ�LQ�WKH�VDPSOH�ZDV�HYDOXDWHG�E\��WKH�;5'�DQG�%UDGIRUG�

PHWKRG� �� 7KH� DLP� RI� WKH� H[SHULPHQW� FRQFOXGHG� WKDW� SURWHLQV� HQKDQFH� WKH�

VHQVLWLYLW\�RI�VHQVRUV�DW�ORZ�WHPSHUDWXUH�FRPSDUHG�WR�VHQVRUV�ZLWKRXW�SURWHLQV��

7KH� IDEULFDWHG� K\EULG� VHQVRU� VKRZHG� H[FHOOHQW� VWDELOLW\� IRU� ��� GD\V� ZLWK� D�

FRQVWDQW� WHPSHUDWXUH� DW� ���� SSP�RI� /3*�� DQG� IXUWKHU�� VKRZHG� DQ� H[FHOOHQW�

VHQVLWLYLW\�DW�ORZ�WHPSHUDWXUHV��7KHVH�IDEULFDWHG��VHQVRUV�FDQ�EH�LPSOHPHQWHG�

DV�JDV�OHDNDJH�GHWHFWRUV�LQ�YDULRXV�LQGXVWULHV��JDV�FDUV��GRPHVWLF�DUHDV��KRWHOV��

DQG�IDFWRULHV��

�
Ъ� NDODJDGGD��YHQNDWHVZDUD��UDR��HW��DO��>����@��IRU��WKH��ILUVW��WLPH��UHSRUWHG��WKH�

FRPSDULVLRQ� RI� =Q2� QDQRPDWHULDOV� E\� FKHPLFDO� DQG� JUHHQ� PHWKRGV�� 7KH�

PRUSKRORJ\�� FU\VWDOOLQH� VL]H�� VHQVLWLYLW\� DQG�SDUWLFOH� VL]H� YDU\� WRZDUGV� /3*�

ZLWK�UHVSHFW�WR�WKH�SUHSDUDWLRQ�PHWKRG��7KH�UHODWLRQVKLS�EHWZHHQ�V\QWKHVLV�DQG�
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VHQVLWLYLW\� LQ� WKHVH� GHYLFHV� LV� SUHFLVHO\� LQYHVWLJDWHG�WKH� ILQDO� FRQFOXVLRQ�

LQIRUPHG� � � WKDW� WKH� ELRV\QWKHVL]HG� =Q2� H[KLELWV� DOLNH� SURSHUWLHV� RI� =Q2�

SUHSDUHG�E\�FKHPLFDO�PHWKRG�� WKH�VHQVLQJ�UHVSRQVHV� WRZDUGV�/3*�ZHUH�DOVR�

QHDUO\� DSSUR[LPDWH� �� IRU� GHWHFWLQJ� WUDFH�OHYHO� JDVHV�� WKHVH� HFR�IULHQGO\� DQG�

HFRQRPLFDO�JUHHQ�V\QWKHVL]HG�QDQRPDWHULDOV�DUH�VXJJHVWHG��

�
Ъ� NDODJDGGD�� YHQNDWHVZDUD�� UDR�� HW�� DO�� >����WKLV�� SDSHU�� GHVFULEHV�� WKLQ�� ILOPV�

SUHSDUDWLRQ� � E\� P6,/$5� � � �SURSHUWLHV� OLNH� � WHPSHUDWXUH� VHQVLWLYLW\�� SKRWR�

VHQVLWLYLW\��DQG�JDV�VHQVLWLYLW\�RI�=Q2�DQG�=Q2�3$1,�� LV� LQYHVWLJDWHG��7KHVH�

GHVLJQHG� HFR�IULHQGO\� DQG� QRQ�� WR[LF� VHQVRUV� � � VWUXFWXUDO� DQG� HOHFWULFDO�

SURSHUWLHV�YDULDWLRQV�DUH�FRPSDUHG�EHIRUH�DQG�DIWHU�FRDWLQJ�ZLWK�3$1,���3$1,�

LPSURYHG� WKH� SRURVLW\� DQG� VXUIDFH� DFWLYLWLHV� DQG� HQKDQFHG� WKH� SKRWRFXUUHQW�

DQG� SKRWRFRQGXFWLYLW\�� &RPSDULVRQ� RI� VDPSOH� SURSHUWLHV� ZLWK� DQG� ZLWKRXW�

HOHFWURQ�EHDP�LUUDGLDWLRQ�VKRZHG�WKDW� WKH�=Q2�3$1,�LV�PRUH�VHQVLWLYH�ZKHQ�

LUUDGLDWHG�� =Q2�3$1,� VHQVRU� VKRZV�� H[FHOOHQW� /3*�JDV� VHQVLWLYLW\�� VWDELOLW\�

DQG�KLJK�VHOHFWLYLW\�FRPSDUHG�ZLWK�RWKHU�DQDO\WH�JDVHV�7KH�=Q2�3$1,�FDQ�EH�

ZHOO�DGYLVHG� DV�D�JRRG�FRPSRVLWH�IRU�WHPSHUDWXUH��JDV��DQG�SKRWR�VHQVLQJ�ZLWK�

IDVW�UHFRYHU\�DQG�UHVSRQVH�WLPH��ZLWK�WKH�DELOLW\�WR�WXQH�WKH�VHQVLQJ�E\�HOHFWURQ�

EHDP�LUUDGLDWLRQ��

�
�
�

Ъ� 6XEUDPDQLDQ� HW� DO� >����@>��@� 3UHSDUHG� 3�W\SH� SRURXV� VLOLFRQ� VWUXFWXUH�ZLWK�

3RUH� GLDPHWHU� ��� ȝP�E\� DQRGLF� HOHFWURFKHPLFDO� HWFKLQJ� SURFHVV�� GHYHORSHG�

3G�� 6Q2��36�S�6L� KHWHURMXQFWLRQ� ZLWK� WRS� JROG� RKPLF� FRQWDFW� DQG� VWXGLHG�

6HQVLQJ�SURSHUWLHV�RI� WKH�GHYLFH�WRZDUGV� OLTXHILHG�SHWUROHXP�JDV� �/3*��DQG�

12���JDV���7KH\��HVWLPDWHG��PD[LPXP��VHQVLWLYLW\��DQG��RSWLPXP��RSHUDWLQJ�
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WHPSHUDWXUH�RI�WKH�GHYLFH�WRZDUGV�/3*�DQG�12��JDV�DV�����DW������&�DQG�
�

����DW������&��UHVSHFWLYHO\��7KH\�DOVR�FDOFXODWHG�UHVSRQVH�WLPH�RI����DQG����

V�IRU�VHQVLQJ�/3*�DQG�12��JDVHV��UHVSHFWLYHO\��

Ъ� 6DOXQNKH� HW� DO� >����@>��@� IDEULFDWHG�/LTXHILHG�SHWUROHXP�JDV� �/3*�� VHQVRUV�

XVLQJ�FDGPLXP�R[LGH�QDQRURGV�REWDLQHG�E\�D�FKHPLFDO�EDWK�GHSRVLWLRQ��&%'��

PHWKRG� �7KH� UHVSRQVH� RI� WKH�&G2� QDQRURG� QHWZRUN� WR� /3*� ZDV� LPSURYHG�

VLJQLILFDQWO\�DIWHU�SDOODGLXP��3G��VHQVLWL]DWLRQ�E\�D�GLS�DQG�GU\�PHWKRG��7KH�

/3*� VHQVLQJ� SURSHUWLHV� RI� WKH� XQVHQVLWL]HG� DQG� 3G�VHQVLWL]HG� &G2� ZHUH�

LQYHVWLJDWHG�DW�GLIIHUHQW�RSHUDWLQJ�WHPSHUDWXUHV�DQG�/3*�FRQFHQWUDWLRQV��7KH�

XQVHQVLWL]HG� &G2� H[KLELWHG� WKH� PD[LPXP� UHVSRQVH� RI� ���� DW� ���.� XSRQ�

H[SRVXUH� WR�����YRO��RI�/3*� WKDW�ZDV� LPSURYHG�XS� WR�����DW� DQ�RSWLPXP�

RSHUDWLQJ� WHPSHUDWXUH� RI� ���.� DIWHU� WKH�3G� VHQVLWL]DWLRQ�� 7KH�3G�VHQVLWL]HG�

&G2��ILOP��VKRZHG��PRUH��VHOHFWLYLW\��WRZDUGV��/3*��DV��FRPSDUHG��WR��&2���

�
�
�

Ъ� $QLO�HW�DO�>����@�>��@�IDEULFDWHG�1DQR�6Q2��EDVHG�WKLFN�ILOP�UHVLVWRUV�XVLQJ�

VFUHHQ�SULQWLQJ�WHFKQRORJ\��7KH\�VWXGLHG�WKH�HIIHFW�RI�ILULQJ�WHPSHUDWXUH�LQ�WKH�

UDQJH����±���Ф&��7KH�6HQVRUV� ILUHG�DW����Ф&�VKRZHG� WKH�KLJKHVW� VHQVLWLYLW\�

DQG� VHOHFWLYLW\� IRU� +��� &2�� DQG� /3*� DW� ���Ф&�� ���Ф&�� DQG� ���Ф&��

UHVSHFWLYHO\����ZLWK���D���UHVSRQVH���DQG���UHFRYHU\���WLPH���RI��������DQG��������V��

5��<��%RUVH�DQG�$��6��*DUGH�>����@�>��@�HWDO��GHSRVLWHG�WKLFN�ILOPV�RI�WLQ�R[LGH�

�6Q2��� RQ� DOXPLQD� VXEVWUDWHV� HPSOR\LQJ� VFUHHQ�SULQWLQJ� WHFKQLTXH� E\� 7KH�

ILOPV� ZHUH� GULHG� DQG� ILUHG� DW� ���Ф&��IRU� ��� PLQXWHV�� 7KH� YDULDWLRQ� RI� '�&��

UHVLVWDQFH�RI�WKLFN�ILOPV�ZDV�PHDVXUHG�LQ�DLU�DV�ZHOO�DV�LQ�+�6�JDV�DWPRVSKHUH�



�EE�yhZ��ϳͲϭ�Ͳ�WĂŐĞ�ϳͬϮϬ

DV�D�IXQFWLRQ�RI�WHPSHUDWXUH��7KH�6Q2��WKLFN�ILOPV�VWXGLHG�ZHUH�DOVR�VKRZLQJ�

GHFUHDVH�LQ�UHVLVWDQFH�ZLWK�LQFUHDVH�RI�FRQFHQWUDWLRQ�RI�+�6�JDV��

�
Ъ� 4LQJUXL��=KDR��HW��DO��>����@��>��@��HWDO���SUHSDUHG��7LQ��R[LGH���6Q2����KROORZ�

QDQRVSKHUHV�IURP�PL[HG�HWKDQRO�DQG�ZDWHU�V\VWHPV�FRQWDLQLQJ�WKH�VXUIDFWDQWV�

VRGLXP� GRGHF\O� EHQ]HQHVXOIRQDWH� �6'%6�� DQG� WHUHSKWKDOLF� DFLG�� E\� ,Q� WKH�

SUHVHQW� ZRUN�� WKH� DVV\QWKHVL]HG� 6Q2�� KROORZ� QDQRVSKHUHV� H[KLELW� H[FHOOHQW�

URRP�WHPSHUDWXUH�HWKDQRO�VHQVLWLYLW\�DQG�SRWHQWLDO�FDWDO\WLF�DELOLW\�WRZDUGV�WKH�

HOHFWURR[LGDWLRQ�RI�HWKDQRO��DQG�WKXV�DUH�H[SHFWHG�WR�EH�HFRQRPLFDO�DOWHUQDWLYH�

FDWDO\VWV� DQG� XVHIXO� LQ� LQGXVWULDO� DSSOLFDWLRQV� VXFK� DV� URRP�WHPSHUDWXUH� JDV�

VHQVRUV��

�
Ъ� <DGDY�HW�DO�>����@�>��@�GHYHORSHG�)OXRULQH�GRSHG�WLQ�R[LGH��)��6Q2���ILOPV�

SUHSDUHG� RQWR� WKH� DPRUSKRXV� JODVV� VXEVWUDWHV� E\� VSUD\� S\URO\VLV� DQG� *DV�

VHQVLQJ�SURSHUWLHV� KDYH�EHHQ� FKHFNHG� DJDLQVW� FRPEXVWLEOH� JDVHV�� 7KH� GLUHFW�

RSWLFDO�EDQG�JDS�HQHUJ\�IRU�WKH�)��6Q2��ILOPV�ZHUH�IRXQG�WR�EH������H9��7KH�

+��VHQVLWLYLW\�RI�WKH�)�GRSHG�6Q2��VHQVRU�ZDV�IRXQG�WR�EH�LQFUHDVHG�ZKLFK�LV�

GLVFXVVHG�LQ�WHUPV�RI�LQFUHDVHG�UHVLVWLYLW\�DQG�UHGXFHG�SHUPHDWLRQ�RI�JDVHRXV�

R[\JHQ�LQWR�WKH�XQGHUO\LQJ�VHQVLQJ�OD\HU�GXH�WR�WKH�VXUIDFH�PRGLILFDWLRQ�RI�WKH�

VHQVRU��

�
Ъ� /DUV� ULLV� GDPJDDUG� HWDO>����@� >��@� PHDVXUHG� D� KLJK� VSDWLDO� DQG� WHPSRUDO�

UHVROXWLRQ�XVLQJ�PLFURVFDOH�ELRVHQVRU�IRU�PHWKDQH��7KH�KRPRJHQLVHG�ELRILOP�

ZDV� DEOH� WR� PDLQWDLQ� ���� RI� WKH� PHWKDQRJHQLF� DFWLYLW\� LQ� WKH� DEVHQFH� RI�

H[WHUQDO� HOHFWURQ� GRQRU�� 2[\JHQ� KDG� RQO\� D� PLQRU� HIIHFW� RQ� WKH� PHWKDQH�

SURGXFWLRQ��EXW�DHURELF�UHVSLUDWLRQ�FRQVXPHG�D�VXEVWDQWLDO�SDUW�RI�WKH�SURGXFHG�
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HWKDQH�DQG�ZDV�WKXV�DQ�LPSRUWDQW�FRQWURO�RQ�PHWKDQH�H[SRUW�IURP�WKH�ELRILOP��

$�FRQFHQWUDWLRQ�RI��PPRO���QLWUDWH�ZDV�VKRZQ�WR�LQKLELW�PHWKDQRJHQHVLV�RQO\�

LQ� WKH� XSSHU� OD\HU� RI� WKH� ELRILOP�� ZKHUHDV� D� IXUWKHU� DGGLWLRQ� RI� �PPRO���

VXOSKDWH� LQKLELWHG� PHWKDQRJHQHVLV� LQ� WKH� HQWLUH� ELRILOP�� 7KH� VWXG\�

GHPRQVWUDWHG� WKH� SRZHU� RI� WKH� PHWKDQH� PLFURVHQVRU� LQ� WKH� VWXG\� RI�

PLFURKDELWDWV�ZLWK�FRQFXUUHQWSURGXFWLRQ�DQG�FRQVXPSWLRQ�RI�PHWKDQH��

�
Ъ� $QGUpD�� GRV�� 6DQWRV�� 5RGULJXHV�� HWDO�� >����@�� >��@�� REVHUYHG�� WKH��PLFURELDO�

R[LGDWLRQ� RI� PHWKDQH� LQ� WKH� DWPRVSKHUH� LV� SHUIRUPHG� E\� PHWKDQRWURSKLF�

EDFWHULD� WKDW� XVH� PHWKDQH� DV� D� XQLTXH� VRXUFH� RI� FDUERQ� DQG� HQHUJ\�� 7KH�

REMHFWLYH�RI�WKLV�ZRUN�FRQVLVWHG�RI�WKH�LQYHVWLJDWLRQ�RI� WKH�EHVW�FRQGLWLRQV�RI�

PHWKDQH� ELRGHJUDGDWLRQ� E\� PHWKDQRWURSKLF� EDFWHULD� 0HWK\ORVLQXV�

WULFKRVSRULXP�2%�E� WKDW� R[LGL]H� LW� WR� FDUERQ� GLR[LGH�� DQG� WKH� XVH� RI� WKHVH�

PLFURRUJDQLVPV�LQ�PRQLWRULQJ�PHWKRGV�IRU�PHWKDQH��

�
Ъ� 6RQDOL� /�� 'DUVKDQH� HWDO� >����@� >��@� KDYH� SUHSDUHG� =LQF� IHUULWH� �=Q)H�2���

QDQRSDUWLFOHV� XVLQJ� VRGLXP� FKORULGH� DV� D� JURZWK� LQKLELWRU�� 6LQJOH�SKDVH�

IRUPDWLRQ�RI�VSLQHO�]LQF�IHUULWH�KDYLQJ�FU\VWDOOLWH�VL]H�LQ�WKH�UDQJH�RI���±���QP�

ZDV�REVHUYHG�E\�;5'�DQG�FRQILUPHG�E\�7(0��,Q�WKLV�ZRUN�� WKH�JDV�VHQVLQJ�

SURSHUWLHV�RI�WKHVH�]LQF�IHUULWH�QDQRSDUWLFOHV�WRZDUGV�HWKDQRO��/3*��+���12[��

62[��DQG�+�6�KDYH�EHHQ�VWXGLHG��,W�KDV�EHHQ�IRXQG�WKDW�WKH\�H[KLELW�H[FHOOHQW�

VHOHFWLYH�VHQVLWLYLW\�WRZDUG�����SSP�RI�+�6�DW�WKH�RSHUDWLQJ�WHPSHUDWXUH�RI�

����&��DQG�WKXV�WKLV�QDQRVL]HG�IHUULWHV�H[SHFWHG�WR�EH�XVHIXO�LQ�DQ�LQGXVWULDO�

DSSOLFDWLRQ�DV�D�SRWHQWLDO�+�6�JDV�VHQVRU��

���� 6WDWHPHQW�RI�WKH�SUREOHP���
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2QH�RI�WKH�NQRZQ�FXUUHQW�SUREOHP�IDFHG�E\�WKH�ZRUOG�WRGD\�LV�VHULRXV�EXUQV��

PXOWLSOH� LQMXULHV�� DFFLGHQWV�� GHDWK�� FDXVHG�E\�/3*��12���&2�DQG�&2�� JDV� OHDNDJH��

7KH�EODVW�VKRFN�ZDYHV�RI�/3*�F\OLQGHUV�FDQ�OHDN�DQG�FDXVH�VHYHUH�GDPDJH�WR�OXQJV�

DQG�EOHHG�RU�VZHOO�XS�GXH�WR�WKH�LPSDFW���(DUV��KROORZ�RUJDQV�RI�WKH�JDVWURLQWHVWLQDO�

WUDFW�DUH�DOVR�VHYHUHO\�LQMXUHG�� 7KHUH�PD\�DOVR�EH�KLGGHQ�EUDLQ�LQMXU\�DQG�SRWHQWLDO�

QHXURORJLFDO��FRQVHTXHQFHV���� 6RPH��SHRSOH��PD\�� H[SHULHQFH�SRVW�WUDXPDWLF�� VWUHVV�

GLVRUGHU�GXH�WR�WKH�SV\FKRORJLFDO�WUDXPD��2Q�WKH�ZKROH�LW�DIIHFWV�D�SHUVRQV�KHDOWK�DQG�

SURSHUW\�� *OREDOO\� �� ±� ��� SHRSOH� DUH�'HDG� SHU� VHFRQG� DV� D� UHVXOW� RI� JDV� OHDNDJH�

GDPDJHV��VFLHQFH�KDV�SXW�D�EDUULHU� WR�PLQLPL]H�WKHVH�KXPDQ�GHDWK�UHODWHG�LVVXHV�E\�

GHVLJQLQJ�PDQ\�HOHFWURQLF�GHYLFHV�ZKLFK�DUH�WKHUH�IURP�VLQFH�GHFDGHV�LQ�XVH��EXW�RQH�

RI�WKH�UHFHQW�DGYDQFHV�ZDV�LQ�WKH�VWUHDP�RI�JDV�VHQVRUV�WR�GHWHFW�WKHVH�KD]DUGRXV�DQG�

IODPPDEOH� JDVHV��7KH�SUHVHQW� PDUNHW� DYDLODELOLW\� RI� WKH� JDV� VHQVRUV� ZDNHQV� DW� LWV�

KLJK� SULFH�� HQYLURQPHQWDO� IUHH� FKHPLFDOV�� ODFN� RI� UHSURGXFLELOLW\�� GXUDELOLW\��

SURGXFWLRQ�DW�ODUJH�VFDOH��

7R�RYHUFRPH�WKH�DERYH�SUREOHPV�� WKH�SURSRVDO�KLJKOLJKWV�DW�IDEULFDWLQJ�JDV�VHQVRU�

E\�WKH�XVH�RI�HQYLURQPHQWDO�IUHH�EDFWHULD�DW�D�ORZ�FRVW���

�
�
�
���� 3URMHFW�REMHFWLYHV���

�
�

6LJQLILFDQFH�RI�WKH�H[SHFWHG�RXWFRPH�ZLWK�UHVSHFW�WR�WKH�EHQHILW�RI�WKH�VRFLHW\��

:H�FDQ�H[SHFW�WKH�IROORZLQJ�EHQHILWV�WR�VRFLHW\��

Ъ� %\�XVLQJ�WKLV�QDWXUDO��HFR�IULHQGO\��HFRQRPLF�SKRWRV\QWKHWLF�%DFWULD�DV�D�JDV�

VHQVLQJ�PDWHULDO��ZH�FDQ�UHGXFH�WKH�KD]DUGRXV�FKHPLFDO�XVDJHV�	�FRVW�RI�WKH�

VHQVRU��
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Ъ� 8VLQJ�WKLV�EDFWHULD�ZH�FDQ�GHWHFW�H[SORVLYHV��SRLVRQRXV�JDVHV�GHWHFWV� UDSLGO\�

DW� IUDFWLRQ� RI� VHFRQGV� ZKLFK� LV� SRVVLEOH� WKURXJK� SKRWRV\QWKHWLF� SURWHLQV��

UHGXFHV�WKH�GDPDJHV�DQG�VDYHV�WKH�KXPDQ�OLYHV�DV�D�FRQVHTXHQFH��

Ъ� 7KHVH�SKRWRV\QWKHWLF�EDFWHULD�DUH�DYDLODEOH�DEXQGDQWO\�LQ�WKH�VRLO�VXUIDFH�DQG�

VR�LW�LV�D�ORZ�FRVW�SURFHVVHV��KHQFH�IDEULFDWHG�JDV�VHQVRU�FDQ�EH�REWDLQHG�DW�ORZ�

FRVW��ZKHQ�FRPSDUHG�WR�WKH�FRQYHQWLRQDO�RU�FRPPHUFLDO�JDV�VHQVRUV��

Ъ� 7KHVH� ELR�QDQR��PDWHULDO��EDVHG��K\EULG��JDV��VHQVRU��LV��D��IOH[LEOH���IROGDEOH��

ZHDUDEOH�DQG�LW� FDQ�EH�XVHG�LQ�GLUHFW� DSSOLFDWLRQV� IRU�GHWHFWLRQ�RI�SRLVRQRXV�

JDVHV�LQ�FRDO�PLQHV�DQG�PLOLWDU\�XQLIRUPV��HWF��

�
�
�
����0HWKRGRORJ\��

�
м� ,VRODWLRQ�RI�PLFURELDO�VSHFLHV��)RU�LVRODWLRQ�RI�PLFURELDO�VSHFLHV�OLNH�%DFLOOXV�

6XEWLOOXV�� VRLO� LV� RQH�RI� WKH�UDZ�PDWHULDOV� WKDW�ZLOO�EH�XVHG�EHFDXVH�VRLO� LV� WKH�

FKLHI�VRXUFH�IRU�DOO�PLFURRUJDQLVPV�LQFOXGLQJ�WKHLU�JURZWK���$IWHU�REWDLQLQJ�WKH�

VDPSOH�IXUWKHU�VXEMHFWHG�WR�WKH�FRQILUPDWLRQ�RI�%DFLOOXV�6XEWLOOXV��7KH�LVRODWHG�

FRORQ\� ZDV� VKRZLQJ� SRVLWLYH� UHVXOWV� IRU� QXPEHU� RI� ELRFKHPLFDO� WHVWV�� 7KH�

FRQILUPHG�FRORQ\�ZDV� VWUHDNHG�RQ�DQRWKHU� QXWULHQW� DJDU�SODWHV� IRU� HQULFKPHQW�

SXUSRVH�E\�LQFXEDWLRQ��

м� 3RZGHU�SUHSDUDWLRQ�RI�PLFUREHV��7KH�SHOOHW�RI�PLFURELDO�VSHFLHV�OLNH�%DFLOOXV�
�

6XEWLOOXV�ZDV�DOORZHG�WR�GU\�WR�JHW�SRZGHU�E\�VHYHUDO�WHFKQLTXHV�OLNH�IUHH�GU\LQJ�

DQG�WKH�REWDLQHG�SRZGHUV�DUH�GLUHFWO\�XVHG�ZKLFK�DFW�DV�QDQRSDUWLFOHV��7KH�VL]H�

RI�%DFLOOXV�6XEWLOOXV�LV�LQ�ȝP��WKXV�%DFLOOXV�6XEWLOOXV�DFW�DV�EHVW�QDQRSDUWLFOHV��

м���3RZGHU�SUHSDUDWLRQ�IRU�)HUULWH�$)H�2�� �$ �0J��=Q��&R�	�&X��QDQRSDUWLFOHV��,Q�
�

WKLV�VWXG\�QDQRFU\VWDOOLQH�)HUULWH��$%�2���SRZGHUV�ZHUH�SUHSDUHG�E\�VHYHUDO�WHFKQLTXHV�
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OLNH���VROXWLRQ���FRPEXVWLRQ���WHFKQLTXHV����VRO�JHO���PHWKRG�*UHHQ���6\QWKHVLV����WKHUPDO�

GHFRPSRVLWLRQ�HWF��

м� &KDUDFWHUL]DWLRQ� 7HFKQLTXHV� IRU� )HUULWH� $)H�2�� � �$ � 0J�� =Q�� &R� 	� &X��

QDQRSDUWLFOHV�� 7KH� SUHSDUHG� VDPSOHV� DUH� WR� EH� FKDUDFWHUL]HG� E\� 7*�'7$� WKHUPDO�

DQDO\]HU�� ;5'� GLIIUDFWLRQ� DQDO\VLV� XVLQJ� &X�.Į� UDGLDWLRQ�� WUDQVPLVVLRQ� HOHFWURQ�

PLFURVFRSH�� VFDQQLQJ� HOHFWURQ� PLFURVFRSH�� 3DUWLFOHV� 6L]H� $QDO\]HU�� )7,5�

VSHFWURVFRS\��89�9LV�6SHFWURFRS\��

6\QWKHVLV�RI�*UDSKHQH�2[LGH��*2��
�
�
м���*UDSKLWH�R[LGH�LV�V\QWKHVL]HG�E\�PRGLILHG�+XPPHU¶V�PHWKRG��
�
м���,QLWLDOO\�LQ�DQ�LFH�EDWK�JUDSKLWH�SRZGHU�LV�DGGHG�WR�+�62��DQG�VWLUUHG��.0Q2��

LV�VORZO\�DGGHG�WR�WKH�DERYH�VROXWLRQ�DQG�VWLUUHG��LFH�EDWK�LV�UHSODFHG�E\�D�ZDWHU�

EDWK�DQG�WKH�VROXWLRQ�LV�VWLUUHG�RYHUQLJKW��

м���7R�WKH�DERYH�VROXWLRQ�D�PL[WXUH�RI�+�2��DQG�ZDWHU�LV�VORZO\�DGGHG�DQG�VWLUUHG��
�

7KH�VROXWLRQ�WXUQV�WR�\HOORZ�FRORXU�IURP�GDUN�EURZQ��
�
м���3UHFLSLWDWH��LV��REWDLQHG��E\��ILOWUDWLRQ��RI��VROXWLRQ���7KH��ILOWHUHG��\HOORZ��FDNH�

�JUDSKLWH� R[LGH� LV�ZDVKHG� E\�+&O�DQG� WKHQ�ZDVKHG� VHYHUDO�WLPHV�E\�+�2� WR�

REWDLQ�QHXWUDO�S+��
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м���7KH�V\QWKHVL]HG�JUDSKLWH�R[LGH�LV�GLVSHUVHG�LQ�ZDWHU�DQG�VRQLFDWHG�WR�JHW�*2�DV�

VKRZQ� LQ� ILJXUH� �� �PHFKDQLVP� RI� *2���

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJXUH����0HFKDQLVP�RI�6\QWKHVLV�WR�*UDSKHQH�2[LGH��
�

E��+\GURWKHUPDO�6\QWKHVLV�RI� �2[LGH�1DQRPDWHULDOV�*UDSKHQH�5HGXFHG�
�

*UDSKHQH���
�
м���0RGLILHG�KXPPHU¶V�PHWKRG�LV�XVHG�WR�V\QWKHVL]H�*2��
�
м���,Q� +\GURWKHUPDO� SURFHVV� WKH� FRUH� VKHOO� QDQRSDUWLFOHV� DUH� GLVSHUVHG� LQ� *2�
�

VROXWLRQ��WKHQ�1D2+�VROXWLRQ�LV�DGGHG�WR�WKH�UHVXOWLQJ�GLVSHUVLRQ�VROXWLRQ��
�
м���0L[WXUH� LV� WKHQ� VWLUUHG� DW� ���&� IRU� ���PLQ� DQG� WUDQVIHUUHG� WR� 7HIORQ� OLQHG�

DXWRFODYH�YHVVHO�DQG�WKHQ�FRPSOHWHO\�VHDOHG��

м���7KH�VROXWLRQ�LV�ILQDOO\�ILOWHUHG�DQG�ZDVKHG�WKULFH�ZLWK�GLVWLOOHG�ZDWHU�DQG�GULHG�

LQ�KRW�DLU�RYHU�DW����&�IRU���KRXUV��$OO�WKH�VROYHQWV�DUH�HYDSRUDWHG��

м���7KH�VXEVHTXHQW�SRZGHU�LV�FDOFLQHG�DW�����&�IRU���KRXUV�LQ�D�PXIIOH�IXUQDFH��$V�

SHU�WKH�DGGLWLRQ�RI�DPRXQW�RI�*2��*UDSKHQH�LV�FROOHFWHG�ZLWK�GLIIHUHQW�ZHLJKW�
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SHUFHQWDJHV��JUDSKHQH����������DQG�����ZW������ �SXEOLVKHG�LQ�RXU�HDUOLHU�ZRUN�
�

VDWLVK�HW��DO��������
�
�

67(3����3UHSDUDWLRQ�RI�WKH�ZRUNLQJ�HOHFWURGH��
�
�
�
�
м� � 3UHSULQWHG� LQWHUGLJLWDO� JROG� HOHFWURGHV� �,'(V�� ZHUH� XVHG� LQ� WKH� JDV� VHQVLQJ�

SURFHVV��

м�� �$VV\QWKHVL]HG�*UDSKHQH�2[LGHQDQRPDWHULDO�%DFWHULDO�3URWHLQ� QDQRFRPSRVLWH�

LV� GLVSHUVHG� LQ� 1�'LPHWK\O� IRUPDPLGH� XQGHU� VRQLFDWLRQ� DQG� 6SLQ� FRDWLQJ�

WHFKQLTXH� LV� XVHG� IRU� GHSRVLWLQJ� K\EULG� QDQRFRPSRVLWH� RQ� WR� WKH� VXUIDFH� RI�

IOH[LEOH�,'(V���7KH�VDPSOH�FRDWHG�IOH[LEOH�,'(V�DUH�RYHQ�GULHG�IRU���KUV��DW����

�&�XQGHU�YDFXXP�FRQGLWLRQ��
�
�

�
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)XOO�6XPPDU\��LQ�5V���
�
�
�
�
�
6��1R� ,WHP�+HDG� �VW�<HDU� �QG�

�
<HDU�

�UG�
�
<HDU�

7RWDO�
�
�5V���

$�� 5HFXUULQJ�,WHPV��*HQHUDO��

��� 3ODQW�� FRVW� �)DEULFDWHG�� V\VWHPV��
�
GHPRQVWUDWLRQ��PRGHOV��LI�DQ\�

� � � �

��� 0DQ�3RZHU� �� �� �� ��

��� &RQVXPDEOHV� �������� ������� � ��������

��� 7UDYHO� 2WKHU�&RVW� ��2XWVRXUFH�

ZRUN�HWF���LI�DQ\�

������� ������� � ��������

� 7RWDO�FRVW�RI�WKH�SURMHFW��$�� �� �� �� ���������

м� �,Q�DGGLWLRQ��IRU�FRPSDULVRQ�WKH�PL[HG�FRUH�VKHOO�1DQR�VWUXFWXUHV�DQG�SXUH�

FRUH�DQG�VKHOO�DUH�SUHSDUHG��SRO\�YLQ\O�S\UUROLGRQH� LV�DGGHG�DQG� IROORZHG�

E\�YLJRURXV�VWLUULQJ�WR�REWDLQ�WKH�WUDQVSDUHQW�RXWHU�VROXWLRQV��

�
���%XGJHW�HVWLPDWHV��FOHDUO\�LQFOXGH�WKH�UHTXLUHG�FRQVXPDEOHV��ILHOG�ZRUN�

DQG�WUDYHO�GDWD�DQG�RWKHU�UHODWHG�LWHPV���

�
'HWDLOV�RI���,WHPL]HG�%XGJHW���
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$��5HFXUULQJ�FDSLWDO�LWHPV�
�
�
��%XGJHW�IRU�)DEULFDWLRQ�V\VWHP�7DLORU�PDGH�LWHPV�

�
�
'HVFULSWLRQ�RI��IDEULFDWHG�V\VWHP� 8QLW��/DQGHG�

3ULFH� �&,)��

&XVWRP�

'XW\��RWKHUV�

FKDUJHV��

�5V�LQ�ODNK��

1RV��

RI�

(TXL�

SPH�

QW�

7RWDO�5XSHHV�
�
�
��5V��LQ�ODNK��

�� �� �� ��

�
�
�
-XVWLILFDWLRQ� IRU� )DEULFDWLRQ� V\VWHP�� )RU� PRVW� RI� WKH� HOHFWURFKHPLFDO�

FKDUDFWHUL]DWLRQ� VWXGLHV�� &\FOLF� YROWDPPHWHU� HTXLSPHQW� DYDLODEOH� LQ� WKH�

GHSDUWPHQW� LV� EHLQJ� XVHG�� IRU� WKLV� WKH� TXDOLW\� VHQVLQJ� HOHFWURGH� LV� UHTXLUHG��

KHQFH�&\FOLF�YROWDPPHWULF�HOHFWURGHV�� �ZRUNLQJ�� UHIHUHQFH�� FRXQWHU�� UHTXLUHG��

7KH�PLQLPXP�FRQILJXUDWLRQ� LV�SURSRVHG�WR�EH�SURFXUHG�DV�WKHUH� LV�QR� EXGJHW�

SURYLVLRQ�LQ�WKH�GHSDUWPHQW�IRU�WKHVH�LWHPV��

�
�
�
�
��0DQ�3RZHU��

�
�
� 7RWDO�(PROXPHQWV��LQ�5XSHHV�� � �
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�

'HVLJQDWLRQ� �VW <HDU� �QG<HDU� �UG<HDU� 7RWDO����VW�
�
��QG��UG�

�
�
<HDUV��

1R�� RI�

SHUVRQV�

�,QFOXVLYH� RI�

DOO�

$OORZDQFHV���

�

7RWDO�

$PRXQW�

�5V���

�� �� �� � �� �� �

� � � � � � �

� � � � � � �

� *URVV�DPRXQW�UHTXLUHG�IRU�PDQSRZHU�EXGJHW�KHDG� � �

�
�
�
��&RQVXPDEOHV�

�
�
%XGJHW�IRU�&RQVXPDEOH�0DWHULDOV�

�
�

,WHPV� 8QLW�3ULFH� 4W\�1HHGHG� $PRXQW�
�
�
��5V���

&KHPLFDOV�����0HWDO�
�
R[LGH� SUHFXUVRUV��

*OXFRVH�� FDUERQ�

������������������
�
�������

�� ��������
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�

EODFN�� *UDSKHQH��
�
DQG�VROYHQWV��

� � �

�
�
�
�
-XVWLILFDWLRQ�IRU�&RQVXPDEOHV��

�
�
�
&KHPLFDOV�XVHG�LQ�WKH�SUHSDUDWLRQ�RI�QDQRPDWHULDOV�DQG�VHQVLQJ�PDWHULDO��0HWDO�

SUHFXUVRUV�� 0HWDO� R[LGH� SUHFXUVRUV�� � � FDUERQ� EODFN�� 6LOYHU�� 6LOYHU� FKORULGH��

*UDSKHQH� DQG� RWKHU� PDWHULDOV� LQFOXGLQJ� VROYHQWV� � � �/�6�� HWF���� $� PLQLPXP�

UHTXLUHPHQW�KDV�EHHQ�SURMHFWHG�IRU�D�ODUJH�QXPEHU�RI�WULDOV��

�
��&RQWLQJHQFLHV�

�
�
%XGJHW�IRU�&RQWLQJHQFLHV�

�
�
,WHPV�

�
�
�XQIRUHVHHQ� H[SHQVHV��

SDWHQWV�� UHSRUW�

SUHSDUDWLRQV�HWF��

7RWDO�$PRXQW�
�
�

��5V��

7KHVH� LQFOXGH�
�
IDEULFDWLRQV�� WHVWLQJ��

��
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SDWHQWV���DQG���8QLYHUVLW\�
�
RYHUKHDGV�

�
�
�
�
�
�
-XVWLILFDWLRQ��7KH�RWKHU�WKLQJV�LQFOXGH�VWDWLRQDU\��UHSRUW�SUHSDUDWLRQ�DQG�FRSLHV�

HWF��+HUH�DOVR�PLQLPXP�UHTXLUHPHQW�KDV�EHHQ�SURMHFWHG��

�

���2WKHU�&RVWV��LI�DSSOLFDEOH�
�
�
%XGJHW�IRU�2WKHU�&RVWV�

�
�
,WHP� 7RWDO�$PRXQW�

�
�

��5V��

2XWVRXUFH� ZRUN
�
2WKHU�LWHPV�� LI� DQ\

��������

�
�
�
-XVWLILFDWLRQ�IRU�2WKHU�&RVW� ��� 7KH�RWKHU�WKLQJV� LQFOXGH�WUDLQLQJ��PDUNHWLQJ��

DGYHUWLVLQJ�� SURPRWLQJ��ZHE�GHYHORSPHQW�� FRQVXOWDQF\�� DXGLW� OHJDO�� LQVXUDQFH�

SUHPLXP��UHSDLUV��PDLQWHQDQFH�RI�UHVHDUFK�HTXLSPHQW�HWF��+HUH�DOVR�PLQLPXP�

UHTXLUHPHQW�KDV�EHHQ�SURMHFWHG��

�
��%XGJHW�IRU�'DWD�

�
�
&KDUDFWHUL]DWLRQ�,QVWUXPHQWV� 7RWDO�
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�

� ��5V����

;5'�)7�,5�89�9,6�7(0�)(��
�
6(0�$)0�/&5�5$0$1�$$6�/&5�$)0�

��

�
�
�
-XVWLILFDWLRQ� IRU�'DWD� ��7KH� GHWDLOHG� FKDUDFWHUL]DWLRQ� LV� GRQH� IURP�YDULRXV�

LQVWLWXWHV��

�
���3URMHFW�RXW�FRPHV��

�
�
([SHFWHG�2XWSXW�DQG�2XWFRPH�RI�WKH�SURSRVDO��

�
�
м���7R�SUHSDUH�QDQRVWUXFWXUHG� IHUULWH�PDWHULDOV�ZLWK�$%�2��VSLQHO�VWUXFWXUHV�

E\� VHYHUDO� FKHPLFDO� PHWKRGV� OLNH� D�� 0RGLILHG� FKHPLFDO� FRPEXVWLRQ�

V\QWKHVLV�E��0LFUR�ZDYH�DVVLVWHG�URRP�WHPSHUDWXUH�LRQLF�OLTXLGV�F��0ROWHQ�

6DOW�6\QWKHVLV�G��7KHUPDO�'HFRPSRVLWLRQ�HWF���

м���&KDUDFWHUL]DWLRQ�RI�WKHVH�QDQRPDWHULDOV�E\�7*�'7$��$)0��89�9,6��)7,5��
�

SDUWLFOH�DQDO\]HU��6(0��7(0��;�UD\�GLIIUDFWLRQ�WHFKQLTXHV��
�
м���7R�SUHSDUH�PLFUREHV�ELR�ILOP�ZLWK�REWDLQHG�IHUULWH�QDQRSDUWLFOHV�E\�VFUHHQ�

SULQWLQJ���,QNMHW�SULQWLQJ��

м���7R��GHWHUPLQH� WKH� SK\VLFDO� DQG��PLFUR�VWUXFWXUDO� SURSHUWLHV� RI� WKH��QDQR�

IHUULWHV���EDFWHULD�SRZGHU��

м���7R�VWXG\�WKH�JDV�VHQVLQJ�SURSHUWLHV�RI�WKH�IDEULFDWHG�ELR�ILOP��



�EE�yhZ��ϳͲϭ�Ͳ�WĂŐĞ�ϮϬͬϮϬ�

м���7R��FRQVWUXFW��DQG��LPSURYH��D��QHZ��VHQVLQJ��SUREH��LQ��WKH��DFTXLVLWLRQ��RI�

HOHFWULFDO�PHDVXUHPHQWV��

м���7R�GHWHUPLQH�WKH�RSWLPXP�FRPSRVLWLRQ�DQG�RSWLPXP�RSHUDWLQJ�WHPSHUDWXUH�

RI�WKH�/3*�+\GURJHQ�VHQVLQJ����

м���7R��GHWHUPLQH��WKH��VHQVRU��UHVLVWDQFH���FRQGXFWDQFH��DQG��VHQVLWLYLW\��ZLWK�

YDU\LQJ�RSHUDWLQJ�WHPSHUDWXUHV�RI�WKH�JDV�VHQVRU�DQG�IORZ�UDWHV�RI�WKH�JDV��

м���7R�FRQILJXUH�D�FRPPHUFLDO�YHUVLRQ�RI�WKH�0LFUREHV�%LR�ILOPV�JDV�VHQVRU��
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