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Ɣ %ULHI�UHYLHZ�RI�UDWLRQDOH�IRU��DQG�RYHUYLHZ�RI��DOWHUQDWLYH�6RXWK�3ROH�
FRQILJXUDWLRQV��-RKQ�&DUOVWURP�

Ɣ 3RWHQWLDO�RI�ORZ�HOO�PHDVXUHPHQWV�ZLWK�WKH�70$�GHVLJQ�RI�WKH�63/$7
ż 5HYLHZ�70$�MXVWLILFDWLRQ���-HII�0F0DKRQ�
ż 1HZ�GHYHORSPHQWV�LQ�PLUURU�IDEULFDWLRQ��1LFN�(PHUVRQ�
ż (VWLPDWHV�IRU�ORZ�HOO�VHQVLWLYLW\�ZLWK�63/$7���7RP�&UDZIRUG�

Ɣ 6WDWXV�RI�U�SURMHFWLRQV�IRU�63�FRQILJXUDWLRQV��7RP�&UDZIRUG�HW�DO�
Ɣ 5LVNV��5	'���-RKQ�.RYDF�
Ɣ 6LWH�LPSDFW��$P\�%HQGHU��(ULN�1LFKROV�

�

2XWOLQH
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Ɣ 16)�KDV�UHTXHVWHG�WKDW�ZH�DQDO\]H�DOWHUQDWLYH�6RXWK�3ROH�RSWLRQV��VWDUWLQJ�
ZLWK�VLPSO\�FRQWLQXLQJ�WKH�RQJRLQJ�63�&0%�SURJUDP��DQG�GHYHORSLQJ�RSWLRQV�
WKDW�ILW�ZLWKLQ�WKH�FXUUHQW�63�ORJLVWLFDO�LQIUDVWUXFWXUH��IRU�ZKLFK�D�SULPDU\��EXW�QRW�
VROH�FRQVWUDLQW��LV�VWDWLRQ�SRZHU�JHQHUDWLRQ��

Ɣ 16)�KDV�SUHPLVHG�WKDW�WKH�FRQWLQXHG�IXQGLQJ�RI�&0%�6��'HVLJQ�DQG�
'HYHORSPHQW�HIIRUW�PXVW�EH�GLUHFWHG�WRZDUG�WKH�GHYHORSPHQW�DQG�DQDO\VLV�RI�
WKHVH�RSWLRQV�

Ɣ )XWXUH�16)�IXQGLQJ�DQG�HQJDJHPHQW�DQG�'2(�IXQGLQJ�UHVWV�RQ�VKRZLQJ�WKHUH�
LV�D�VXSSRUWDEOH�SDWK�IRUZDUG�IRU�16)�DW�6RXWK�3ROH��RU�DQ�DOO�&KLOH�
FRQILJXUDWLRQ�LV�YLDEOH��

:H�PXVW�WKHUHIRUH�GHYHORS�DQG�DQDO\]H�DOWHUQDWLYH�63�FRQILJXUDWLRQV��DQG�QRW�
RQO\�WKH�LQLWLDO�'2(�$R$�RSWLRQV���

�

5DWLRQDOH�IRU�6RXWK�$OWHUQDWLYHV
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Ɣ 3URJUDPPDWLF�IRXQGDWLRQ�
ż &RQILJXUDWLRQV�WR�ILW�ZLWKLQ�VFRSH�RI�H[LVWLQJ�SODQQHG�ORJLVWLFDO�FDSDFLW\��SRZHU��WUDQVSRUW��

ORGJLQJ�
ż 3URMHFW�LPSOHPHQWDWLRQ�ULVNV�PXVW�EH�ORZHUHG�UHODWLYH�WR�&0%�6��EDVHOLQH�GHVLJQ
ż 6FLHQFH�ULVNV�QHHG�WR�EH�XQGHUVWRRG�DQG�LQFOXGH�IHDVLEOH�PLWLJDWLRQ�SODQV
ż 2SHUDWLRQDO�GHPDQGV�VKRXOG�EH�RI�D�VFDOH�VLPLODU�WR�H[LVWLQJ�IDFLOLWLHV

Ɣ 6FLHQWLILF�IRXQGDWLRQ�
ż 5HFHQW�DGYDQFHV�LQ�JDSOHVV�PLUURU�IDEULFDWLRQ�IRU�63/$7��16)�IXQGHG��	�GHPRQVWUDWHG�

LPSURYHPHQW�RI�637��*�ORZ�HOO�QRLVH�V\VWHPDWLFV��LQFOXGLQJ�XQGHUVWDQGLQJ�DQG�WKH�SRVVLEOH�
PLWLJDWLRQ�RI�YDULDEOH�SRODUL]HG�DWPRVSKHULF�VLJQDO��LQGLFDWHV�GDWD�IURP�63/$7�PD\�EH�DEOH�WR�
SURYLGH�VLJQLILFDQW�ORZ�HOO�VHQVLWLYLW\�IRU�³U´

ż &0%�6��,QIODWLRQ�VFLHQFH�JRDO��³U´�PXVW�EH�DFKLHYDEOH�ZLWK�KLJK�SUREDELOLW\�DQG�ORZ�ULVN
ż 2EVHUYLQJ�GXUDWLRQ�VKRXOG�EH�UHDVRQDEOH�DQG�VKRUW�HQRXJK�WR�HQVXUH�RWKHU�LQLWLDWLYHV�GR�QRW�

³EHDW�XV�WR�WKH�SXQFK�´
ż %XLOG�RQ�6WDJH���H[SHULPHQW�VXFFHVVHV

2YHUYLHZ�RI�6RXWK�3ROH�&RQILJXUDWLRQV
%DVLV�IRU�FRQVLGHUDWLRQV�RI�63�RSWLRQV

�
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6RXWK�3ROH�$OWHUQDWLYHV�WR�EH�(YDOXDWHG
&RQILJXUDWLRQ 3RZHU�UHT¶WV &RPPHQWV

� 1RWKLQJ 1RQH�SDVW�632 1RQH

�D 0DLQWDLQ�637��*�	�%,&(3�$UUD\��%$����LQFOXGLQJ�
%,&(3��

1R�FKDQJH &XUUHQW�OHYHO�ORJLVWLFDO�VXSSRUW

�E ,QVWDOO�%,&(3�$UUD\��%$��7RZHU��%$57��DQG�%$�
PRXQW��L�H���&0%�6��6$7�PRXQW���,QVWDOO�&0%�6��
GHWHFWRUV�LQ���%$�WXEH��L�H���SDWKILQGHU�6$7��S6$7�

1R�LQFUHDVH��URXJKO\�QHXWUDO $OORZV�0$32�/DE�EOGJ�UDLVH�Z�R�LQWHUUXSWLQJ�%$�
REVHUYDWLRQV�
$OORZV�ILHOG�WHVWLQJ�RI�&0%�6��GHWHFWRUV�DQG��WHVWV�
WR�RSWLPL]H�6$7V

�D ,QVWDOO�63/$7�/$75���7XUQ�RII�637�DQG�%,&(3��
ZKHQ�63/$7�WXUQV�RQ�

$SSUR[LPDWHO\�QHXWUDO�VLQFH
63/$7�SRZHU�a�637���%,&(3��SRZHU��+LJK�
%D\�SRZHU�RQO\�IRU�/$75�PDLQWHQDQFH

&RQVWUXFWLRQ��63/$7��+LJK�%D\��DQG�,FH�SDGV
/RJLVWLFV��0LQLPL]H�DLUOLIW�FDUJR�ZLWK��WUDYHUVH��ZKLFK�
LV�UHT¶G�IRU�63/$7�PLUURUV

�E $GG�&0%�6��6$7�RQ�VLWH�RI�FXUUHQW�%$�WRZHU�
�0$32�FRQILJXUHG�ZLWK���WRZHUV�DV�LQ�WKH�SDVW�

,QFUHDVH�RI�a��N:�IURP�FXUUHQW��ILWV�ZLWKLQ�
FXUUHQW�63�SRZHU�JHQHUDWLRQ�

5HXVH�H[LVWLQJ�%$�6$7�PRXQW��
1HZ�%$57�RU�SRVVLEO\�UHXVH�ROG�

�F 63/$7�/$75�ZLWK���&0%�6��6$7V
�%$�UHSODFHG�ZLWK���&0%�6��6$7V�

,QFUHDVH�RI�a��N:�IURP�FXUUHQW��PD\�ILW�
ZLWKLQ�FXUUHQW�63�SRZHU�JHQHUDWLRQ�

1HZ�&0%�6��6$7V�DQG�QHZ�6$7�PRXQW�DQG�WRZHU

� ,QVWHDG��WZR�RU�PRUH�VPDOOHU�DSHUWXUH�63/$7V�
�VPDOOHU�WKDQ�EDVHOLQH���PHWHU�GHVLJQ��ZLWK�RU�
ZLWKRXW�6$7V

7ZR�RU�PRUH�63/$7V�ZLOO�H[FHHG�FXUUHQW�
SRZHU�JHQHUDWLRQ�FDSDFLW\�

6PDOOHU�63/$7�KDV�UHGXFHG�GH�OHQVLQJ�DQG�ORZ�HOO�
VHQVLWLYLW\��ZLOO�UHTXLUH���RU�PRUH�63/$7V��/DFN�RI�
FKHFNV�IRU�V\VWHPDWLFV�LI�QRW�SDLUHG�ZLWK�6$7V��
LQFOXGLQJ�63/$7[6$7�FRUUHODWLRQV

� &0%�6��&XUUHQW�%DVHOLQH�'HVLJQ���[��6$7V��/DE�
%OGJ��63/$7��+LJK�%D\

a���N:�66��a����N:�EH\RQG�FXUUHQW�&0%�
XVDJH��DVVXPLQJ�637�DQG�%$�WXUQHG�RII�

$V�GHVFULEHG�LQ�&0%�6��3UHOLPLQDU\�%DVHOLQH�
'HVLJQ�5HSRUW��3%'5�

��1RW�HYDOXDWLQJ�VPDOOHU�63/$7V�DW�WKLV�WLPH
�1RW�HYDOXDWLQJ�GLVWULEXWLRQ�RI�6$7V�DQG�/$7V�EHWZHHQ�VLWHV�XQWLO�&KLOH�U�RSWLRQ�EHWWHU�XQGHUVWRRG�
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Ɣ )ROORZV�SDVW�WUHQG�RI�UHXVLQJ�HTXLSPHQW��ZKLOH�FRQWLQXLQJ�WR�PDNH�SURJUHVV�
WRZDUG�³U´

Ɣ 3URYLGH�FRQWLQXRXV�VWUHDP�RI�VFLHQFH�UHVXOWV��HQJDJH�VFLHQWLVWV��DGGUHVVHV�
233¶V�³FDSDFLW\�EXLOGLQJ´�IRU�$QWDUFWLF�VFLHQWLVWV

Ɣ 8VH�RI�WUDYHUVH�IRU�DOO�EXW�'R�1RW�)UHH]H��'1)��PDWHULDOV�ZRXOG�VLJQLILFDQWO\�
UHGXFHV�GHPDQG�RQ�/&�����IOHHW�DQG�SURYLGH�RSSRUWXQLWLHV�IRU�LQFUHDVHG�
HIILFLHQF\�LQ�VLWH�FRQVWUXFWLRQ�ZLWK�SUH�DVVHPEO\�DW�0&0

Ɣ 'RHV�QRW�UHTXLUH�D�QHZ�ODERUDWRU\�EXLOGLQJ
Ɣ &DUHIXOO\�FRQVLGHU�PHWKRGV�WR�LQFUHDVH�GHWHFWRU�SRZHU�RI�6$7V�DQG�63/$7
Ɣ 1HHG�WR�LQYHVWLJDWH�IXUWKHU�SRZHU�VDYLQJV�RSSRUWXQLWLHV��DV�ZHOO�DV�DOWHUQDWH�

SRZHU�JHQHUDWLRQ��H�J���VRODU��ZLQG�

�

9DOXH�(QJLQHHULQJ�$SSURDFK�IRU�63�&RQILJXUDWLRQV���	��
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3RWHQWLDO�RI�ORZ�HOO�PHDVXUHPHQWV�ZLWK�WKH�70$�GHVLJQ�RI�
WKH�63/$7��6RXWK�3ROH�/DUJH�$SHUWXUH�7HOHVFRSH�
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63/$7�PHDVXUHPHQW�GULYHUV��
(YHU\WKLQJ�ZH�FDQ�WR�VXSSRUW�
WKH�%�PRGH�PHDVXUHPHQW

Ɣ GHOHQVLQJ�IRU�WKH�XOWUD�GHHS�
VXUYH\�

Ɣ ���*+]�FKDQQHO�IRU�WKH�XOWUD�
GHHS�VXUYH\�%�PRGH�
IRUHJURXQGV

Ɣ 0DUJLQ�IRU�%�PRGHV�

$QG�WR�VXSSRUW�WKH�&+/$7�
VFLHQFH�FDVHV

Ɣ ����FRQWULEXWLRQ�WR�WKH�1HII�
PHDVXUHPHQW

Ɣ 7UDQVLHQWV
�

5HYLHZ�70$�0RWLYDWLRQ��-HII�

,PSRUWDQW�IRRWQRWHV���E��EHDP�HIILFLHQF\�LV�H[SUHVVHG�LQ�HOO�VSDFH�DW�DQJXODU�VFDOHV�
UHOHYDQW�IRU�HDFK�PHDVXUHPHQW���J�K��DUH�H[SUHVVHG�DIWHU�EDQG�SDVV�ILOWHULQJ�WKH�VLGHOREH�
VWUXFWXUH�IRU�VFDOHV�UHOHYDQW�WR�HDFK�PHDVXUHPHQW��IRU�H[DPSOH��������GHJUHHV�IRU�WKH�6$7V�
DQG�63/$7���7KHVH�SDUDPHWHUV�DUH�VXERUGLQDWH�WR�WKH�LQVWUXPHQW�UHTXLUHPHQWV�DQG�
VKRXOG�EH�UHJDUGHG�DV�D�KHOSIXO�H[SODQDWLRQ�RI�WKH�UHDVRQLQJ�EHKLQG�WKH�LQVWUXPHQW�
FRQILJXUDWLRQ



&0%�6��&ROODERUDWLRQ�0HHWLQJ��0D\����������� �

5HYLHZ�70$�0RWLYDWLRQ��-HII�

,PSRUWDQW�IRRWQRWHV���E��EHDP�HIILFLHQF\�LV�H[SUHVVHG�LQ�HOO�VSDFH�DW�DQJXODU�VFDOHV�
UHOHYDQW�IRU�HDFK�PHDVXUHPHQW���J�K��DUH�H[SUHVVHG�DIWHU�EDQG�SDVV�ILOWHULQJ�WKH�VLGHOREH�
VWUXFWXUH�IRU�VFDOHV�UHOHYDQW�WR�HDFK�PHDVXUHPHQW��IRU�H[DPSOH��������GHJUHHV�IRU�WKH�6$7V�
DQG�63/$7���7KHVH�SDUDPHWHUV�DUH�VXERUGLQDWH�WR�WKH�LQVWUXPHQW�UHTXLUHPHQWV�DQG�
VKRXOG�EH�UHJDUGHG�DV�D�KHOSIXO�H[SODQDWLRQ�RI�WKH�UHDVRQLQJ�EHKLQG�WKH�LQVWUXPHQW�
FRQILJXUDWLRQ

63/$7�PHDVXUHPHQW�GULYHUV��
(YHU\WKLQJ�ZH�FDQ�WR�VXSSRUW�
WKH�%�PRGH�PHDVXUHPHQW

Ɣ GHOHQVLQJ�IRU�WKH�XOWUD�GHHS�
VXUYH\�

Ɣ ���*+]�FKDQQHO�IRU�WKH�XOWUD�
GHHS�VXUYH\�%�PRGH�
IRUHJURXQGV

Ɣ 0DUJLQ�IRU�%�PRGHV�

$QG�WR�VXSSRUW�WKH�&+/$7�
VFLHQFH�FDVHV

Ɣ ����FRQWULEXWLRQ�WR�WKH�1HII�
PHDVXUHPHQW

Ɣ 7UDQVLHQWV
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5HYLHZ�70$�0RWLYDWLRQ��-HII�

,PSRUWDQW�IRRWQRWHV���E��EHDP�HIILFLHQF\�LV�H[SUHVVHG�LQ�HOO�VSDFH�DW�DQJXODU�VFDOHV�
UHOHYDQW�IRU�HDFK�PHDVXUHPHQW���J�K��DUH�H[SUHVVHG�DIWHU�EDQG�SDVV�ILOWHULQJ�WKH�VLGHOREH�
VWUXFWXUH�IRU�VFDOHV�UHOHYDQW�WR�HDFK�PHDVXUHPHQW��IRU�H[DPSOH��������GHJUHHV�IRU�WKH�6$7V�
DQG�63/$7���7KHVH�SDUDPHWHUV�DUH�VXERUGLQDWH�WR�WKH�LQVWUXPHQW�UHTXLUHPHQWV�DQG�
VKRXOG�EH�UHJDUGHG�DV�D�KHOSIXO�H[SODQDWLRQ�RI�WKH�UHDVRQLQJ�EHKLQG�WKH�LQVWUXPHQW�
FRQILJXUDWLRQ

63/$7�PHDVXUHPHQW�GULYHUV��
(YHU\WKLQJ�ZH�FDQ�WR�VXSSRUW�
WKH�%�PRGH�PHDVXUHPHQW

Ɣ GHOHQVLQJ�IRU�WKH�XOWUD�GHHS�
VXUYH\�

Ɣ ���*+]�FKDQQHO�IRU�WKH�XOWUD�
GHHS�VXUYH\�%�PRGH�
IRUHJURXQGV

Ɣ 0DUJLQ�IRU�%�PRGHV�

$QG�WR�VXSSRUW�WKH�&+/$7�
VFLHQFH�FDVHV

Ɣ ����FRQWULEXWLRQ�WR�WKH�1HII�
PHDVXUHPHQW

Ɣ 7UDQVLHQWV
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5HYLHZ�70$�0RWLYDWLRQ��-HII�

,PSRUWDQW�IRRWQRWHV���E��EHDP�HIILFLHQF\�LV�H[SUHVVHG�LQ�HOO�VSDFH�DW�DQJXODU�VFDOHV�
UHOHYDQW�IRU�HDFK�PHDVXUHPHQW���J�K��DUH�H[SUHVVHG�DIWHU�EDQG�SDVV�ILOWHULQJ�WKH�VLGHOREH�
VWUXFWXUH�IRU�VFDOHV�UHOHYDQW�WR�HDFK�PHDVXUHPHQW��IRU�H[DPSOH��������GHJUHHV�IRU�WKH�6$7V�
DQG�63/$7���7KHVH�SDUDPHWHUV�DUH�VXERUGLQDWH�WR�WKH�LQVWUXPHQW�UHTXLUHPHQWV�DQG�
VKRXOG�EH�UHJDUGHG�DV�D�KHOSIXO�H[SODQDWLRQ�RI�WKH�UHDVRQLQJ�EHKLQG�WKH�LQVWUXPHQW�
FRQILJXUDWLRQ

63/$7�PHDVXUHPHQW�GULYHUV��
(YHU\WKLQJ�ZH�FDQ�WR�VXSSRUW�
WKH�%�PRGH�PHDVXUHPHQW

Ɣ GHOHQVLQJ�IRU�WKH�XOWUD�GHHS�
VXUYH\�

Ɣ ���*+]�FKDQQHO�IRU�WKH�XOWUD�
GHHS�VXUYH\�%�PRGH�
IRUHJURXQGV

Ɣ 0DUJLQ�IRU�%�PRGHV�

$QG�WR�VXSSRUW�WKH�&+/$7�
VFLHQFH�FDVHV

Ɣ ����FRQWULEXWLRQ�WR�WKH�1HII�
PHDVXUHPHQW

Ɣ 7UDQVLHQWV
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5HYLHZ�70$�0RWLYDWLRQ��-HII�

,PSRUWDQW�IRRWQRWHV���E��EHDP�HIILFLHQF\�LV�H[SUHVVHG�LQ�HOO�VSDFH�DW�DQJXODU�VFDOHV�
UHOHYDQW�IRU�HDFK�PHDVXUHPHQW���J�K��DUH�H[SUHVVHG�DIWHU�EDQG�SDVV�ILOWHULQJ�WKH�VLGHOREH�
VWUXFWXUH�IRU�VFDOHV�UHOHYDQW�WR�HDFK�PHDVXUHPHQW��IRU�H[DPSOH��������GHJUHHV�IRU�WKH�6$7V�
DQG�63/$7���7KHVH�SDUDPHWHUV�DUH�VXERUGLQDWH�WR�WKH�LQVWUXPHQW�UHTXLUHPHQWV�DQG�
VKRXOG�EH�UHJDUGHG�DV�D�KHOSIXO�H[SODQDWLRQ�RI�WKH�UHDVRQLQJ�EHKLQG�WKH�LQVWUXPHQW�
FRQILJXUDWLRQ

63/$7�PHDVXUHPHQW�GULYHUV��
(YHU\WKLQJ�ZH�FDQ�WR�VXSSRUW�
WKH�%�PRGH�PHDVXUHPHQW

Ɣ GHOHQVLQJ�IRU�WKH�XOWUD�GHHS�
VXUYH\�

Ɣ ���*+]�FKDQQHO�IRU�WKH�XOWUD�
GHHS�VXUYH\�%�PRGH�
IRUHJURXQGV

Ɣ 0DUJLQ�IRU�%�PRGHV�

$QG�WR�VXSSRUW�WKH�&+/$7�
VFLHQFH�FDVHV

Ɣ ����FRQWULEXWLRQ�WR�WKH�1HII�
PHDVXUHPHQW

Ɣ 7UDQVLHQWV



&0%�6��'2(�6WDWXV�5HYLHZ��)HEUXDU\������������ 6OLGH���

6XUYH\�8QLIRUPLW\�DQG�&'�YHUVXV�70$�
RSWLFV�GHVLJQ
Ɣ 6XUYH\�FRPSDULVRQV

ż 6RXWK�3ROH�6XUYH\�FRYHUV�a���RI�VN\
ż &KLOHDQ�6XUYH\�FRYHUV�!�����RI�VN\

Ɣ )29V�RI�ERWK�/$7V�DUH�a��GHJ�GLDPHWHU

Ɣ )RU�D�VPDOO�VXUYH\�XQLIRUP�IUHTXHQF\�
GLVWULEXWLRQ�DFURVV�WKH�)29�LV�FULWLFDO�WR�DFKLHYH�
IXOO�RYHUODS�EHWZHHQ�IUHTXHQFLHV

Ɣ &+/$7�WZR�PLUURU�RSWLFV�KDYH�EHVW�LPDJH�
TXDOLW\�LQ�PLGGOH��VR�DOO�KLJK�IUHTXHQF\�RSWLFV�
WXEHV�PXVW�EH�LQ�PLGGOH

Ɣ 63/$7�WKUHH�PLUURU�RSWLFV�FRUUHFW�
DVWLJPDWLVP��VXFK�WKDW�KLJK�IUHTXHQF\�
WXEHV�FDQ�EH�GLVWULEXWHG�XQLIRUPO\�DFURVV�
)29�WR�DFKLHYH�UHTXLUHG�VXUYH\�XQLIRUPLW\��
ĺ�FUXFLDO�IRU�PD[LPL]LQJ�IUHTXHQF\�
FRYHUDJH�XQLIRUPLW\

��GHJ

��GHJ

&+/$75

63/$75

&+/$75�)UHTXHQF\�
%DQG�/D\RXW�E\�7XEH
� ��/)
� ���0)
� ���+)

63/$75�)UHTXHQF\�
%DQG�/D\RXW�E\�7XEH
� ��8/)
� ��/)
� ���0)
� ���+)
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3UHOLPLQDU\�%DVHOLQH�63/$7�'HVLJQ

��

6RXWK�3ROH�'HVLJQ��
�P�7KUHH�0LUURU�$QDVWLJPDW��70$�

3DGLQ�$SSOLHG�2SWLFV���������������6370$�:LNL
*DOODUGR�HW�DO�������LQ�SUHS�

�

Ɣ ��PHWHU�DSHUWXUH�PHHWV�UHTXLUHPHQWV�IRU�
OHQVLQJ��UHVROXWLRQ�DQG�GHWHFWRU�FRXQW���
WUDQVLHQWV��DQG�VXSSRUW�RI�WKH�1BHII�
PHDVXUHPHQW�EXW�LV�VPDOO�HQRXJK�WR�HQDEOH�
JDSOHVV�PLUURUV�

Ɣ 7KH�GHVLJQ�PHHWV�WKH�UHTXLUHPHQWV�IRU�
RSHUDWLRQ�LQ�WKH�6RXWK�3ROH�HQYLURQPHQW

Ɣ .H\�IHDWXUHV�DFKLHYH�VXUYH\�XQLIRUPLW\�DQG�
PLWLJDWH�V\VWHPDWLFV�IRU�/HYHO���%�PRGH�
PHDVXUHPHQW�VFLHQFH�JRDOV
ż 70$�GHVLJQ�SURYLGHV�EHWWHU�LPDJH�TXDOLW\��

ZKLFK�LV�FULWLFDO�IRU�XQLIRUP�IUHTXHQF\�
FRYHUDJH�RI�VPDOOHU�ILHOG�IURP�6RXWK�3ROH

ż 0RQROLWKLF�PLUURUV�HOLPLQDWH�SDQHO�JDS�
VLGHOREHV�WR�SUHYHQW�%�PRGH�FRQWDPLQDWLRQ

ż %RUHVLJKW�URWDWLRQ�WR�PLWLJDWH�%�PRGH�
V\VWHPDWLFV�E\�URWDWLQJ�SRODUL]DWLRQ��4�������8�

0�

0�

0�)RFDO�
3ODQH

https://pole.uchicago.edu/sptma/index.php/Main_Page
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0HDVXUHPHQWV�RI�WKH�
637�6=�IDU�VLGHOREHV

��

6LGHOREHV�RQ�([LVWLQJ�,QVWUXPHQWV��637

3DQHO�JDS�GLIIUDFWLRQ��
KLWV�WKH�JURXQG

6FDWWHULQJ�IURP�WKH�UHFHLYHU��
KLWV�WKH�JURXQG

&RQYROYHG�ZLWK�JURXQG�
WR�HVWLPDWH�VFDQ�
V\QFKURQRXV�VLJQDOV�



&0%�6��&ROODERUDWLRQ�0HHWLQJ��0D\�����������

6WULQJHQW�6LGHOREHV�FRQWURO�ZLWK�WKH�6370$

8VH�UD\�WUDFLQJ�VLPV�WR�PDS�VLGHOREHV�ZLWK�GLIIHUHQW�FDELQ�ZDOO�WUHDWPHQWV
5HIOHFWLYH�ZDOOV�ĺ�6KDUS�IHDWXUHV��6FDWWHULQJ�ZDOOV�ĺ�%OXUU\�VLGHOREHV

0RQROLWKLF�PLUURUV�
ĺ�QR�SDQHO�JDS�
GLIIUDFWLRQ�VSLNHV

%DIIOLQJ�FRQWUROV�
UHPDLQLQJ�
VFDWWHULQJ�OREHV�
WR�PHHW�WLJKW�
UHTXLUHPHQWV�RQ�
WKH�DPSOLWXGH�DQG�
VPRRWKQHVV�RI�
VLGHOREHV�

&OHDQ 6FDWWHULQJ�
#�:LQGRZ



&0%�6��&ROODERUDWLRQ�0HHWLQJ��0D\�����������

Ɣ )LQDO�PDFKLQLQJ�RI�PRQROLWKLF��P�SURWRW\SH�63/$7�PLUURU�LV�QRZ�FRPSOHWH
Ɣ 3UHOLPLQDU\�LQ�KRXVH�PHDVXUHPHQW�E\�YHQGRU�YHU\�SURPLVLQJ��ZLWK�LQLWLDO�

UHVXOW�RI���ȝP�UPV��JRDO�����ȝP�UPV�
Ɣ $GGLWLRQDO�PHDVXUHPHQWV��LQVSHFWLRQ�ZLWK�SURMHFW�WHDP�DW�YHQGRU�IDFLOLW\�

QH[W�ZHHN�WR�FKDUDFWHUL]H�SRWHQWLDO�PHDVXUHPHQW�V\VWHPDWLFV�DQG�YDOLGDWH�
VXSSRUW�V\VWHP�FRQFHSW

Ɣ )LQDO�LQGHSHQGHQW�PHDVXUHPHQW�DQG�FKDUDFWHUL]DWLRQ�WR�WDNH�SODFH�DIWHU�
GHOLYHU\�WR�&KLFDJR

Ɣ 63/$7�'HVLJQ�DFWLYLWLHV�KDYH�EHHQ�IRFXVHG�RQ�GHVLJQV�RI�WKH���PLUURUV��
PLUURU�VXSSRUW�V\VWHPV

��

1HZ�GHYHORSPHQWV�LQ�PLUURU�IDEULFDWLRQ�



&0%�6��&ROODERUDWLRQ�0HHWLQJ��0D\�����������

&XUUHQW�63/$7�ORZ�HOO�QRLVH�VSHFV��HOOBNQHH�DQG�
DOSKD��IURP�DQDO\VLV�RI�637��*�4�DQG�8�GDWD�E\�
-HVVLFD�$YYD��5DSKDHO�)ODXJHU��DQG�7&��

Ɣ 1RWH��7KLV�LV�DFKLHYHG�SHUIRUPDQFH�IURP�D�
VHJPHQWHG�PLUURU�ZLWK�QR�ERUHVLJKW�URWDWLRQ��

Ɣ 1RLVH�ZLVH��WKLV�LV�FRQVHUYDWLYH�WR�XVH�IRU�WKH�
6370$��

Ɣ %XW�ZKR�NQRZV�DERXW�GHJUHH�VFDOH�%�PRGH�
V\VWHPDWLFV��VR�PRVW�FRQVHUYDWLYH�DVVXPSWLRQ�LV�
WKDW�ZH�FDQ�XVH�QR�LQIRUPDWLRQ�IURP�WKH�63/$7�IRU�
GHJUHH�VFDOH�%�PRGHV��

Ɣ ³2SWLPLVWLF´�SURMHFWLRQV�ZLOO�DVVXPH�ZH�FDQ�XVH�
WKLV�ORZ�HOO�LQIRUPDWLRQ��ZLWK�WKH�SDUDPHWHUV�VKRZQ�
DW�ULJKW��

Ɣ ³*RDO´�FDVH�GLVFXVVHG�RQ�QH[W�VOLGH�

��

/RZ�HOO�SHUIRUPDQFH�IURP�/$7V��7RP�

����*+]�
(OOBNQHH�a����

����*+]�
(OOBNQHH�a�������*+]�

(OOBNQHH�a����

3DUDPHWHUV�XVHG�LQ�IRUHFDVWLQJ��H[WUDSRODWHG�IURP�DERYH�

)UHT��HOO�NQHH��DOSKD
�����������������������
�����������������������
�����������������������
����������������������
����������������������
����������������������
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3RVVLEOH�PLWLJDWLRQ�RI�ORZ�HOO�QRLVH�LQFUHDVH�DW��������*+]��SDUWLFXODUO\������E\�
H[SORLWLQJ�VWURQJ�FRUUHODWLRQ�RI�ORZ�HOO�QRLVH�EHWZHHQ�EDQGV�
Ɣ 6LPSO\�SXW��VXEWUDFW�����*+]�QRLVH�WLPHV�VRPH�FRHIILFLHQW�IURP��������*+]�

VLJQDO�QRLVH�GDWD�
Ɣ 6HHPV�WR�ZRUN�YHU\�ZHOO��VLJQLILFDQW�UHGXFWLRQ�LQ�QRLVH�ZLWK�QR�ELDV�WR�VLJQDO��DQG�GRHV�

QRW�WKURZ�RXW�����*+]�GDWD��
Ɣ 3DUWLFXODUO\�XVHIXO�RQ�GD\V�ZKHQ�4�QRLVH�LV�PXFK�KLJKHU�WKDQ�8�QRLVH��FRQVLVWHQW�ZLWK�

SRODUL]HG�5D\OHLJK�VFDWWHULQJ�RI�JURXQG�HPLVVLRQ�RII�RI�LFH�FU\VWDOV�LQ�WKH�DLU���FI��ZRUN�
E\�6DWRUX�7DNDNXUD²QRZ�SRVWGRF�DW�&RORUDGR²ZLWK�3RODUEHDU�GDWD��
DU;LY�������������

Ɣ :RUN�OHG�E\�-HVVLFD�$YYD��$QQD�&RHUYHU��1HLO�*RHFNQHU�:DOG�DW�8&%�XQGHU�
VXSHUYLVLRQ�RI�%LOO�+RO]DSIHO�

Ɣ 6KRXOG�KDYH�UHDVRQDEO\�ILQDO�DFKLHYHG�QRLVH�VSHFWUD�WR�XVH�LQ�QH[W�URXQGV�RI�$R$�
IRUHFDVWLQJ��12�³*2$/´�)25(&$676�',6&866('�72'$<�

��

/RZ�HOO�SHUIRUPDQFH�IURP�/$7V



&0%�6��&ROODERUDWLRQ�0HHWLQJ��0D\�����������

Ɣ /HG�E\�9LFWRU�%X]D��SULPDU\�DXWKRU�RI�&0%�6��U�IRUHFDVWLQJ�SDSHU�DQG�FUHDWRU�RI�
SULPDU\�ORZ�HOO�%%�DQDO\VLV�ZRUNLQJ�JURXS�IRUHFDVWLQJ�FRGH���.LPP\�:X�
SURYLGLQJ�GHOHQVLQJ�IRUHFDVWV��5DSKDHO�)ODXJHU�DQG�&ROLQ�%LVFKRII�YHWWLQJ�UHVXOWV�
DJDLQVW�SUHYLRXV�UHVXOWV�DQG�&KLOH�$R$�SLSHOLQH�

Ɣ 'HWDLOV�RI�SLSHOLQH�GLVFXVVHG�HDUOLHU�E\�&ROLQ��VHH�&KLOH�$R$�VOLGHV���)RU�IXOO�
GHWDLOV��VHH�IRUHFDVWLQJ�SDSHU��
KWWSV���LRSVFLHQFH�LRS�RUJ�DUWLFOH�������������������DF�����SGI��

Ɣ :25.�,1�352*5(66���ZH�ZLOO�QRW�UHSRUW�TXDQWLWDWLYH�UHVXOWV�XQWLO�ZH�KDYH�
YHWWHG�WKHP�DQG�PDGH�VXUH�WKH\�DUH�FRQVLVWHQW�ZLWK�RWKHU�SLSHOLQHV�DQG�SUHYLRXV�
UHVXOWV�

��

)RUHFDVWLQJ�DOWHUQDWLYH�6RXWK�3ROH�FRQILJXUDWLRQV

https://iopscience.iop.org/article/10.3847/1538-4357/ac1596/pdf
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Ɣ 0$,1�48$/,7$7,9(�7$.($:$<6��QRQH�RI�WKHVH�DUH�VXUSULVLQJ��
ż $OWHUQDWLYHV��D��%,&(3�$UUD\���637��*��DQG��E��VDPH�SOXV�³S6$7´��DUH�QRW�

YLDEOH��&0%�6��U�JRDOV�QRW�UHDFKHG�LQ����\HDUV�RI�UXQQLQJ��
ż 7KHVH�DOWHUQDWLYHV�DUH�GHOHQVLQJ�OLPLWHG��1HHG�63/$7�XSJUDGH�WR�UHDFK�&0%�6��

U�JRDOV�
ż :LWK�XSJUDGHG�63/$7��ZH�DUH�IRUHJURXQG�OLPLWHG��1HHG�PRUH�GHJUHH�VFDOH�

VHQVLWLYLW\��:LWK�RQO\�%,&(3�$UUD\�DQG�³S6$7´��SRZHU�QHXWUDO�DOWHUQDWLYH��D���ZH�
ZRXOG�QHHG�WR�XVH�ORZ�HOO�LQIR�IURP�63/$7��ZKLFK�LQFUHDVHV�ULVN��DQG�PXFK�ORQJHU�
LQWHJUDWLRQ�WLPH�WR�UHDFK�JRDOV�

ż 1HDUO\�SRZHU�QHXWUDO�DOWHUQDWLYH��F��UHSODFH�637�ZLWK�6370$��WXUQ�RII�%,&(3��
DQG�%,&(3�$UUD\��LQVWDOO�WKUHH���WXEH�6$7�DVVHPEOLHV��ZRXOG�DGG�a���N:�WR�SRZHU�
EXGJHW��DFKLHYHV�&0%�6��U�JRDOV�LQ�����\HDUV�ZLWK�QR�63/$7�ORZ�HOO�LQIRUPDWLRQ�
DQG�ZLWKRXW�IROGLQJ�LQ�%.�LQIRUPDWLRQ�
Ŷ 7KLV�LV�E\�FRQVWUXFWLRQ��DV�LW�LV�WKH�VDPH�/$7�HIIRUW�DQG�ò�WKH�6$7�HIIRUW�DV�WKH�3%'5��

VR�LW�FDQ¶W�WDNH�PRUH�WKDQ�WZLFH�WKH�WLPH�
Ŷ )DVWHU�LI�IROGLQJ�LQ�%.�DQG�UXQQLQJ�IXOO�63/$7�IRU�PRUH�WKDQ���\HDUV�
Ŷ )DVWHU�\HW�LI�DEOH�WR�GHPRQVWUDWH�FOHDQ�63/$7�ORZ�HOO�SHUIRUPDQFH�

��

)RUHFDVWLQJ�DOWHUQDWLYH�6RXWK�3ROH�FRQILJXUDWLRQV
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Ɣ 0$,1�48$/,7$7,9(�7$.($:$<6��QRQH�RI�WKHVH�DUH�VXUSULVLQJ��
ż $OWHUQDWLYHV��D��%,&(3�$UUD\���637��*��DQG��E��VDPH�SOXV�³S6$7´��DUH�QRW�

YLDEOH��&0%�6��U�JRDOV�QRW�UHDFKHG�LQ����\HDUV�RI�UXQQLQJ��
ż 7KHVH�DOWHUQDWLYHV�DUH�GHOHQVLQJ�OLPLWHG��1HHG�63/$7�XSJUDGH�WR�UHDFK�&0%�6��

U�JRDOV�
ż :LWK�XSJUDGHG�63/$7��ZH�DUH�IRUHJURXQG�OLPLWHG��1HHG�PRUH�GHJUHH�VFDOH�

VHQVLWLYLW\��:LWK�RQO\�%,&(3�$UUD\�DQG�³S6$7´��SRZHU�QHXWUDO�DOWHUQDWLYH��D���ZH�
ZRXOG�QHHG�WR�XVH�ORZ�HOO�LQIR�IURP�63/$7��ZKLFK�LQFUHDVHV�ULVN��DQG�PXFK�ORQJHU�
LQWHJUDWLRQ�WLPH�WR�UHDFK�JRDOV�

ż 1HDUO\�SRZHU�QHXWUDO�DOWHUQDWLYH��F��UHSODFH�637�ZLWK�6370$��WXUQ�RII�%,&(3��
DQG�%,&(3�$UUD\��LQVWDOO�WKUHH���WXEH�6$7�DVVHPEOLHV��ZRXOG�DGG�a���N:�WR�SRZHU�
EXGJHW��DFKLHYHV�&0%�6��U�JRDOV�LQ�����\HDUV�ZLWK�QR�63/$7�ORZ�HOO�LQIRUPDWLRQ�
DQG�ZLWKRXW�IROGLQJ�LQ�%.�LQIRUPDWLRQ�
Ŷ 7KLV�LV�E\�FRQVWUXFWLRQ��DV�LW�LV�WKH�VDPH�/$7�HIIRUW�DQG�ò�WKH�6$7�HIIRUW�DV�WKH�3%'5��

VR�LW�FDQ¶W�WDNH�PRUH�WKDQ�WZLFH�WKH�WLPH�
Ŷ )DVWHU�LI�IROGLQJ�LQ�%.�DQG�UXQQLQJ�IXOO�63/$7�IRU�PRUH�WKDQ���\HDUV�
Ŷ )DVWHU�\HW�LI�DEOH�WR�GHPRQVWUDWH�FOHDQ�63/$7�ORZ�HOO�SHUIRUPDQFH�

��

)RUHFDVWLQJ�DOWHUQDWLYH�6RXWK�3ROH�FRQILJXUDWLRQV
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5LVNV��5	'���-RKQ�.RYDF�

��

6$7�ORZ�HOO��'HVLJQ�'ULYHUV
�VOLGHV�IURP�����������	�'65��
� 6FLHQFH�5HTXLUHPHQW�GULYLQJ�6$7V��

� U���������DW������RU�GHWHFW�U� �������DW�KLJK�FRQILGHQFH�
�'65�FK����

� WKLV�PHDQV������Q.�������XQFHUWDLQWLHV�DW�GHJUHH�
VFDOHV�
� UDZ�VHQVLWLYLW\
� V\VWHPDWLF�FRQWURO
� IRUHJURXQG�VHSDUDWLRQ

���«DOO�PDGH�KDUGHU�DW�GHJUHH�VFDOHV�E\����
������HOO�QRLVH�	�UHG�VSHFWUXP�FRQIXVLRQ�VLJQDOV

'65��)LJ��

���Q.

([WUHPH�H[SHULPHQWDO�FKDOOHQJH�±�SDSHU�VWXGLHV�DORQH�FDQQRW�UHWLUH�ULVNV�
����ĺ�2XU�GHVLJQ�DSSURDFK�LV�WR�EXLOG�RQ�ZKDW¶V�EHHQ�SURYHQ�WR�ZRUN�LQ�GHHS�
U�PHDVXUHPHQWV�IRU�6WDJH��������«
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5LVNV��5	'���-RKQ�.RYDF�

��

6$7�ORZ�HOO��'HVLJQ�'ULYHUV
�VOLGHV�IURP�����������	�'65��
� 6FLHQFH�5HTXLUHPHQW�GULYLQJ�6$7V��

� U���������DW������RU�GHWHFW�U� �������DW�KLJK�FRQILGHQFH�
�'65�FK����

� WKLV�PHDQV������Q.�������XQFHUWDLQWLHV�DW�GHJUHH�
VFDOHV�
� UDZ�VHQVLWLYLW\
� V\VWHPDWLF�FRQWURO
� IRUHJURXQG�VHSDUDWLRQ

���«DOO�PDGH�KDUGHU�DW�GHJUHH�VFDOHV�E\����
������HOO�QRLVH�	�UHG�VSHFWUXP�FRQIXVLRQ�VLJQDOV

'65��)LJ��

���Q.

([WUHPH�H[SHULPHQWDO�FKDOOHQJH�±�SDSHU�VWXGLHV�DORQH�FDQQRW�UHWLUH�ULVNV�
����ĺ�2XU�GHVLJQ�DSSURDFK�LV�WR�EXLOG�RQ�ZKDW¶V�EHHQ�SURYHQ�WR�ZRUN�LQ�GHHS�
U�PHDVXUHPHQWV�IRU�6WDJH��������«

IURP�'65�S���������������������������������������
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Ɣ %DVHOLQH�'HVLJQ�SULRULWL]HV�FRQWURO�RI�VFLHQFH�SHUIRUPDQFH�ULVN���UHDGLQHVV
Ɣ $OWHUQDWLYHV�ZLOO�FDUU\�DGGLWLRQDO�VFLHQFH�ULVN��ILHOG�GHPR��RU�HQJLQHHULQJ�ULVN��ODE�5	'�
Ɣ &KLOH�6$7V����DOWHUQDWLYH�RSWLFDO�FRQILJXUDWLRQV�FRQVLGHUHG

ż HDFK�FDUU\�GLIIHUHQW�DGGLWLRQDO�VFLHQFH�ULVNV
ż &DQ�SODFH�ORZHU�ERXQG�RQ�QXPEHU�6$7V�QHHGHG�YV�3ROH��XSSHU�ERXQG�LV�KDUGHU��UHTXLUHV�ILHOG�GHPR�

Ɣ 3ROH�DOWHUQDWLYHV�WR�EDVHOLQH�FDQ�EH�FRQVLGHUHG��ZLWK�GLIIHUHQW�WLPHOLQHV�WR�UHWLULQJ�ULVNV
ż 5HGXFLQJ�6$7�SRZHU�FRQVXPSWLRQ�LV�PRVW�VWUDLJKWIRUZDUG�³HQJLQHHULQJ�ULVN´�DOWHUQDWLYH

Ŷ 2Q�SDSHU��D�SDWK�WR�a��N:�SHU�6$7�FU\RVWDW
ż %LJ�6$7�LGHD��XVH�PXFK�ODUJHU�DSHUWXUH�WR�LQFUHDVH�GHWHFWRU�FRXQW�SHU�N:

Ŷ 7U\LQJ�WR�NHHS�VKLHOGLQJ�DQG�V\VWHPDWLFV�ULVNV�WKH�VDPH
ż 3XVKLQJ�WR�KLJKHU�SL[HO�FRXQW�SHU�6$7�E\�XVLQJ�

Ŷ PRUH�DJJUHVVLYH�RSWLFV�LOOXPLQDWLRQ��H�J��5XKO¶V�VOLGH�Z��&KLOH����OHYHO��JDLQLQJ�a����SHU�WXEH�
Ŷ DOWHUQDWH�GHWHFWRU��SODQDU�DQWHQQD��RU�UHDGRXW��5)�PX[�IRU�+)��WHFKQRORJLHV
Ŷ UHOD[HG�VKLHOGLQJ�UHTXLUHPHQWV

��

5LVNV��5	'���-RKQ�.RYDF�



&0%�6��&ROODERUDWLRQ�0HHWLQJ��0D\�����������

S6$7� �VLQJOH�WXEH�����P.�0)���SURWRW\SH�WHVWEHG�LQ�VSDUH�%$�FU\RVWDW��DLPV�WR�
RIIHU�&0%�6���

Ɣ ³'LUHFW�FRUUHODWLRQ�RI�ODERUDWRU\�FRPSRQHQW�OHYHO�SHUIRUPDQFH�
PHDVXUHPHQWV�ZLWK�GHSOR\HG�V\VWHP�SHUIRUPDQFH´

Ɣ 5LVN�UHWLUHPHQW�RQ�LQ�ILHOG�VHQVLWLYLW\�DQG�V\VWHPDWLFV�UHVXOWLQJ�IURP�QHZ�
6��GHVLJQ�IHDWXUHV��FRPSDUDWLYH�WHVWLQJ�YV��SUHYLRXV�FKRLFHV�

ż 'LFKURLF�RSWLFV��VHQVLWLYLW\��RSWLFV�SHUIRUPDQFH�
ż &XUYHG�IRFDO�SODQH�DQG�RWKHU�6��EDVHOLQH�RSWLFV�UHILQHPHQWV
ż +RUQV��FURVVWDON��EHDP�V\VWHPDWLFV�
ż 6XEV\VWHP�SHUIRUPDQFH�RI�SURWRW\SH�PRGXOHV��UHDGRXW��SRWHQWLDOO\�'$4��FDO

Ɣ 8SGDWHG�HVWLPDWHV�IRU�HQG�WR�HQG�PDS�GHSWK�SHU�GHWHFWRU

Ɣ 3RWHQWLDO�IRU�GHVLJQ�RSWLPL]DWLRQ�VWXGLHV
ż 2SWLFV�7XEH�WKURXJKSXW��KRUQ�GHQVLW\��DSHUWXUH�
ż ([WHUQDO�6KLHOGLQJ�JHRPHWU\�±�LQIRUPV���WXEHV�SRVVLEOH�IRU�JLYHQ�IRRWSULQW

Ɣ ³([SHULHQFH�JDLQHG�LQ�LQWHJUDWLQJ��GHSOR\LQJ��DQG�FDOLEUDWLQJ�&0%�6��
KDUGZDUH�GXULQJ�WKH�S6$7�HIIRUW�ZLOO�KHOS�LQIRUP�&0%�6�¶V�FRPPLVVLRQLQJ��
FDOLEUDWLRQ��DQG�RSHUDWLRQV�SODQQLQJ��ZHOO�LQ�DGYDQFH�RI�FRQVWUXFWLRQ�RI�WKH�
&0%�6��SURGXFWLRQ�KDUGZDUH�´

��

S6$7��5LVN�UHWLUHPHQW�DQG�GHVLJQ�RSWLPL]DWLRQ�IRU�&0%�6�
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Ɣ 6KLHOGLQJ�IURP�WLPH�YDULDEOH�VFDQ�IL[HG�SLFNXS�IURP�JURXQG��VXQ
ż *URXQG�VXEWUDFWLRQ�OLPLWV�%.�ILOWHULQJ�DQG�ORZ�HOO�LQIRUPDWLRQ�UHFRYHU\
ż &KLOH�HQYLURQPHQW�LV�GUDPDWLFDOO\�GLIIHUHQW�LQ�WHUUDLQ�DQG�GLXUQDO�VWDELOLW\
ż 63/$7�VKLHOGLQJ�PD\�QRW�LQFOXGH�DEVRUELQJ�IRUHEDIIOH�RU�RXWHU�JURXQGVKLHOG

Ɣ %RUHVLJKW�URWDWLRQ
ż ����GHJ�ERUHVLJKW�URWDWLRQ�WHVWV�PLWLJDWHV�HIIHFWV�#�����DQG�����GHJ��WDEOH���DU;LY�������������
ż 62�DQG�63/$7�PD\�KDYH�PRUH�OLPLWHG�URWDWLRQ�����GHJ�4ĺ8�

Ɣ &RUUHODWHG�SRODUL]HG���HOO�IURP�DWPRVSKHUH
ż 0HDVXUDEOH�HIIHFW�RQ�FXUUHQW�%.���HOO�LQ�KLJKHU�EDQGV��aSDUWLDOO\�IDFWRUHG�LQWR�IRUHFDVWLQJ�
ż 1RW�ZHOO�XQGHUVWRRG�KRZ�VFDOHV�EHWZHHQ�VLWHV�RU�DQJXODU�VFDOHV
ż ,PSDFW�RI�FRQFHQWUDWLQJ�OLQHV�RI�VLJKW�ZLWK�PDQ\�PRUH�GHWHFWRUV�QHHGV�WR�EH�XQGHUVWRRG

Ɣ &RUUHODWHG�SRODUL]HG���HOO�IURP�LQVWUXPHQW
ż &RQWURO�RI�FRPPRQ�PRGH�SRODUL]HG�SLFNXS�IURP�PLUURUV��EDIIOHV��HYHU\WKLQJ�RXWVLGH�ZLQGRZ�

Ɣ 8QNQRZQ�XQNQRZQV
ż IRU�DQ\�QHZ�PHDVXUHPHQW�DSSURDFK��ZH�FDQ�H[SHFW�QHZ�SUREOHPV�WR�HPHUJH�

��

³6FLHQFH�5LVNV´�IRU�ORZ�HOO�%%�WR�ZRUU\�DERXW�

https://arxiv.org/pdf/1502.00608.pdf
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Ɣ (OHFWULFDO�SRZHU
Ɣ )XHO
Ɣ 6LWH�OD\RXW
Ɣ 2Q�VLWH�SHUVRQQHO
Ɣ 6DIHW\��IOH[LELOLW\��FRPSOH[LW\��ULVNV�RI�VLWH�RSHUDWLRQV

��

6LWH�,PSDFWV�WR�([SORUH
$P\�%HQGHU�	�(ULN�1LFKROV
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*XLGDQFH�LV�WR�ILW�LQ�µH[LVWLQJ�IRRWSULQW¶��

Ɣ 3RZHU�FXUUHQWO\�VXSSRUWLQJ�637��*��%,&(3���%,&(3�$UUD\�ZRXOG�EH�XVHG�WR�VXSSRUW�&0%�6�
Ɣ (VWLPDWH��DYHUDJH�FRQVXPSWLRQ��LV�EDVHG�RQ�D�FRPELQDWLRQ�RI�PHDVXUHPHQWV�DQG�PDQXIDFWXUHU�

VSHFLILFDWLRQV
ż 637��*�������N:��WHOHVFRSH�GULYHV��FRPSUHVVRUV��FRROLQJ�ORRS��FRPSXWH��HOHFWURQLFV�
ż %,&(3������N:��PRXQW��FRPSUHVVRU��HOHFWURQLFV�
ż %,&(3�$UUD\�����N:��WHOHVFRSH��HOHFWURQLFV��WRZHU�VXSSRUW�V\VWHPV�

&0%�6��SRZHU�FRQVXPSWLRQ�LV�IDFWRUL]HG�E\�HOHPHQW���)RFXV�RQ�VWHDG\�VWDWH�FRQVXPSWLRQ�

(OHFWULFDO�3RZHU�&RQVLGHUDWLRQV

63/$7 �����N: 7HOHVFRSH���JO\FRO�V\VWHP��KHDWHUV��FRPSUHVVRUV��'5��UHDGRXW��'$4�>FXUUHQW�GHVLJQ@

+LJK�%D\ ����N: +9$&�IDQV��OLJKWV��PRQLWRU�V\VWHP��PLVF�VFLHQFH�HTXLS��DVVXPHV�QRW�PRYLQJ�XVLQJ�FUDQHV���+HDW�
VXSSOLHG�E\�ERLOHU�	�IXHO�

6$7 ���N: 0RXQW��FRPSUHVVRUV��'5��UHDGRXW��'$4��>FXUUHQW�GHVLJQ@

6$7�WRZHU ��N: DLU�KDQGOHU��JO\FRO�V\VWHP��OLJKWV��PLVF�HTXLSPHQW���1R�RWKHU�VRXUFH�RI�KHDW�

�[�6$7�VXSSRUW�
EXLOGLQJ��0$32�RU�
ODE�EXLOGLQJ�

�����N:� 0$32��+9$&��OLJKWV��PLVF�VFLHQFH�HTXLS����+HDWHG�E\�IXUQDFH�DQG�IXHO��
0$32�LV�FXUUHQWO\�VXSSRUWHG�ZLWKLQ�VWDWLRQ�IRRWSULQW�
/DE�EXLOGLQJ�RSWLRQV�DOVR�H[LVW��QHHG�WR�H[SORUH�PDWUL[�RI�SRZHU�IXHO�HIILFLHQF\���

'0�6\VWHP ����N: 5HGXFHG�DOWHUQDWLYH���[�FRSLHV�RI���PRQWK�VSLQQLQJ�GDWD�VWRUDJH����FRPSXWH�QRGHV�IRU�'4�SURFHVVLQJ
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(OHFWULFDO�3RZHU�6XPPDU\
&RQILJXUDWLRQ 3RZHU�&RPSDUHG�WR�&XUUHQW�&0%�&RQVXPSWLRQ�DW�

6RXWK�3ROH

�E ,QVWDOO�%,&(3�$UUD\��%$��7RZHU��%$57��DQG�%$�PRXQW��L�H���&0%�6��6$7�
PRXQW���,QVWDOO�&0%�6��GHWHFWRUV�LQ���%$�WXEH��L�H���SDWKILQGHU�6$7��S6$7�

1R�LQFUHDVH���QHXWUDO

�D ,QVWDOO�63/$7�/$75���7XUQ�RII�637�DQG�%,&(3��ZKHQ�63/$7�WXUQV�RQ� �����N:�IRU�63/$7�/$75
������N:�IRU�63/$7�/$75���KLJK�ED\

�E $GG�&0%�6��6$7�RQ�VLWH�RI�FXUUHQW�%$�WRZHU��0$32�FRQILJXUHG�ZLWK���
WRZHUV�DV�LQ�WKH�SDVW�

������N:�IRU�63/$7���%$���6��6$7��QR�KLJK�ED\�

�F 63/$7�/$75�ZLWK���&0%�6��6$7V
�%$�UHSODFHG�ZLWK���&0%�6��6$7V�

������N:�IRU�63/$7����[�6��6$7

� ,QVWHDG��WZR�RU�PRUH�VPDOOHU�DSHUWXUH�63/$7V��VPDOOHU�WKDQ�EDVHOLQH���
PHWHU�GHVLJQ��ZLWK�RU�ZLWKRXW�6$7V

)XUWKHU�GHVLJQ�LQIRUPDWLRQ�UHTXLUHG�WR�HVWLPDWH���[�63/$7�
ZRXOG�EH�VLJQLILFDQW�SRZHU�FRQVXPSWLRQ

� &0%�6��&XUUHQW�%DVHOLQH�'HVLJQ���[��6$7V��/DE�%OGJ��63/$7��+LJK�%D\��
)XOO�'0�V\VWHP

�����N:�IRU�DOO

Ɣ 6WDWLRQ�FXUUHQW�HOHFWULFDO�SRZHU�XVDJH�KHDGURRP�a����N:�
ż :LWKLQ�FXUUHQW�&0%�XVDJH��HQRXJK�SRZHU�IRU�63/$7���'0���%$���6��6$7
ż ,QFUHDVH�WR��[�6��6$7�DQG�RU�LQFOXVLRQ�RI�KLJK�ED\�LV�RQ�VFDOH�RI�FXUUHQW�FDSDELOLW\
ż ,I�ZH�FDQ�IXUWKHU�RSWLPL]H�&0%�6��GHVLJQ��63/$7�RU�6$7�RU�LQIUDVWUXFWXUH��IRU�SRZHU�HIILFLHQF\��«��0RUH�&0%�6��

6$7V�FRXOG�EH�SRVVLEOH��
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)XHO�&RQVLGHUDWLRQV

&RQILJXUDWLRQ +HDWLQJ�)XHO 1RWHV

63/$7 1�$ :DVWH�KHDW�IURP�FRPSUHVVRUV

+LJK�ED\ a�������JDO %RLOHU�IRU�KHDW

6$7���7RZHU 1�$ :DVWH�KHDW�IURP�FRPSUHVVRUV

0$32 a�������JDO $OUHDG\�VXSSRUWHG�IXUQDFH�	�HOHFWULFDO

/DE�%XLOGLQJ 1�$ (LWKHU�HOHFWULF�KHDW�RU�'0�ZDVWH�KHDW

'0�6\VWHP 1�$ )XOO�RU�DOWHUQDWH�'0�V\VWHP�FDQ�JHQHUDWH�XVDEOH�KHDW

Ɣ )XHO�LV�XVHG�WR�JHQHUDWH�HOHFWULFDO�SRZHU��EXLOGLQJ�KHDW��DQG�IRU�YHKLFOHV��
ż 1RWH�WKDW�WKH\�FDQ�LQWHUFKDQJH�GHSHQGLQJ�RQ�GHVLJQ�GHFLVLRQV�
ż $VVXPH�SHUVRQQHO�YHKLFOH�IXHO�XVDJH�LV�FRPSDUDWLYHO\�VPDOO�DQG�VDPH�LQ�DOO�VFHQDULRV��)RFXV�RQ�WHOHVFRSHV�	�

EXLOGLQJV�
Ŷ 3ODQ�WR�LQFRUSRUDWH�KHDY\�HTXLSPHQW�LQ�QH[W�XSGDWH��FUDQH�HWF�

Ɣ (VWLPDWH�IXHO�FRQVXPSWLRQ�IRU���\HDU�ZKHQ�FRPSRQHQW�LV�LQ�D��µIXOO�XVDJH¶�PRGH
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Ɣ 6LJQLILFDQW�FRQWULEXWLRQ�IURP�KLJKED\�OHDGV�XV�WR�H[SORUH�DOWHUQDWH�
FRQILJXUDWLRQV�WR�VXSSRUW�WKH�63/$7��PRUH�ODWHU�

Ɣ $GGLWLRQDO�HOHFWULFDO�SRZHU�FRQVXPSWLRQ�DOVR�LQFUHDVHV�IXHO�FRQVXPSWLRQ
ż (IIRUWV�WR�RSWLPL]H�IRU�HOHFWULFDO�SRZHU�ZLOO�VLPLODUO\�UHGXFH�IXHO

Ɣ 1HHG�WR�FRQVLGHU�ERWK�WUDQVSRUWDWLRQ�DQG�VWRUDJH�FDSDELOLWLHV�DV�$R$�
FRQWLQXHV
ż 7UDQVSRUWDWLRQ��SULPDULO\�YLD�RYHUODQG�WUDYHUVH�WKDW�UXQV��[�LQ�DQ�DXVWUDO�VXPPHU

Ŷ )RU�H[DPSOH��&DVH��F��QR�KLJK�ED\��FRUUHVSRQGV�WR�����PRUH�IXHO�RQ�RQH�RI�WKH�
WUDYHUVHV

��

)XHO�6XPPDU\

7UDFWRU %ODGGHU�VOHGV
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Ɣ %$�ZLOO�VWLOO�EH�QH[W�WR�0$32�WR�DOORZ�
XVH�DV�VXSSRUW�EXLOGLQJ

Ɣ &XUUHQW�SODQ�LV�WR�NHHS�6$7V�����LQ�
VDPH�SRVLWLRQ�DV�EDVHOLQH
ż /LPLWV�LPSDFW�RI�JURXQG�SLFNXS�

UHTXLUHPHQW�	�HQDEOHV�VKDUHG�XVH�
RI�WRROV�HTXLSPHQW�EHWZHHQ�6$7V

Ɣ &RPELQDWLRQ�RI�JURXQG�SLFNXS��VLWH�
UHVWULFWHG�]RQHV�DQG�,FHFXEH�GULYH�
EDVHOLQH�SRVLWLRQ�RI�63/$7
ż 6XJJHVW�UHWDLQLQJ�EDVHOLQH�ORFDWLRQ�

WR�FRQWLQXH�WR�PHHW�UHTXLUHPHQWV
ż $OVR�SUHVHUYHV�SRVVLELOLW\�RI�IXWXUH�

H[SDQVLRQ�EDFN�WR�EDVHOLQH
Ɣ :LWKRXW�WKH�ODE�EXLOGLQJ��D�QHZ�KRPH�

IRU�WKH�'0�V\VWHP�ZLOO�QHHG�WR�EH�
LGHQWLILHG

6LWH�/D\RXW�&RQVLGHUDWLRQV

%$

����
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Ɣ 2Q�VLWH�VXPPHU�DQG�ZLQWHU�SRSXODWLRQ�GHSHQGV�QRW�RQO\�RQ�ZKDW�LV�EHLQJ�EXLOW�EXW�DOVR�
WKH�VFKHGXOH
ż &XUUHQW�VFKHGXOH�DVVXPHG�µWHFKQLFDOO\�OLPLWHG¶�SDFH
ż <HDUO\�VFKHGXOH�ZLOO�EH�H[DPLQHG�IRU�HDFK�DOWHUQDWLYH�DQG�RSWLPL]HG�IRU�

SRSXODWLRQ�OLPLWV
Ɣ 0DQDJHPHQW�VDIHW\�RQ�VLWH�ZLOO�EH�VLPLODU�LQ�DOO�VFHQDULRV

ż '0�V\VWHP�LQVWDOO�LV�DOVR�LQFOXGHG�LQ�WDOOLHV�RQ�IROORZLQJ�VOLGH������SHRSOH�
GHSHQGLQJ�RQ�V\VWHP�

Ɣ 3HUVRQQHO�LV�FRPELQDWLRQ�RI�ERWK�PDMRU�FRQVWUXFWLRQ�	�,	&
ż ,I�QR�ODE�EXLOGLQJ�RU�KLJK�ED\��LQIUDVWUXFWXUH�FRQVWUXFWLRQ�OLPLWHG�WR�SRVVLEOH�0$32�

LQWHULRU�UHQRYDWLRQV
ż $VVXPHV�XVH�RI���H[LVWLQJ�%$57�WRZHU
ż 63/$7�,	&�SHUVRQQHO�ZLOO�LQFUHDVH�LI�QR�KLJK�ED\�LV�DYDLODEOH��ZRUNLQJ�LQ�FROGHU�

WHPSRUDU\�WHQW�
ż 1HHG�WR�FRQWLQXH�WR�UHILQH�ZLQWHU�SRSXODWLRQV�IRU�GLIIHUHQW�DOWHUQDWLYHV

��

2Q�VLWH�SHUVRQQHO
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2Q�VLWH�SHUVRQQHO��3XWWLQJ�LW�DOO�WRJHWKHU
&RQILJXUDWLRQ $XVWUDO�6HDVRQ <� <� <� <�

�$��63/$7�RQO\
6 �� �� �� �

: � � � �

�$��63/$7�RQO\��Z��KLJK�
ED\

6 �� �� �� ��

: �� � � �

�%��63/$7���6��6$7
6 �� �� �� �

: � � � �

�%��63/$7���6��6$7��Z��
KLJK�ED\

6 �� �� �� ��

: �� � � �

�&��63/$7����[�6��6$7�
6 �� �� �� �

: �� � � �

�;&��63/$7����[�6��
6$7��Z��KLJK�ED\

6 �� �� �� ��

: �� �� � �

,W�LV�LPSRUWDQW�WR�UHPHPEHU��
WKLV�LV�RQH�SRVVLEOH�
VFKHGXOH�IRU�HDFK�

DOWHUQDWLYH��SDUWLFXODUO\�WKH�
RQH�WKDW�PLQLPL]HV�\HDUV�
ZLWKRXW�RSWLPL]LQJ�IRU�
RQ�VLWH�SHUVRQQHO��

,QFOXGHV�H[WUD�,	&�HIIRUW�LQ�
QR�KLJK�ED\�RSWLRQ��EXW�QRW�
H[WUD�VHWXS�WDNHGRZQ�FUHZ

7KLV�LV�D�IHDVLEOH�SRSXODWLRQ�
LQ��&��ZLWK�&0%�6��

QHHGLQJ�aѿ�RI�VWDWLRQ�EHGV�
IRU�����\HDUV���$JDLQ��PRUH�
RSWLPL]DWLRQ�LV�SRVVLEOH�
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Ɣ 7XUQ�RII�KHDW�ZKHQ�QRW�LQ�DFWLYH�XVH
ż 0RGLI\�GHVLJQ�VXFK�WKDW�FULWLFDO�VXEV\VWHPV�FRPSRQHQWV�FDQ�EH�

UHPRYHG�DQG�VWRUHG�LQ�KHDWHG�DUHD
ż 6HDO�DOO�FUDFNV�FRYHU�DQ\�RSHQLQJV�WR�SUHYHQW�VQRZ�LQILOWUDWLRQ��'UDLQ�

IXHO�OLQHV�JO\FRO�ORRS�
ż $OWHUQDWLYHO\�PRGLI\�GHVLJQ�WR�WKDW�PLQLPDO�KHDW�LV�VXSSOLHG�WR�FULWLFDO�

SDUWV�DUHDV�WR�SUHYHQW�IUHH]LQJ��DOORZ�UHVW�RI�KLJK�ED\�WR�JR�FROG
Ɣ 3UHSSLQJ�KLJK�ED\�IRU�XVH�	�FRQYHUVHO\�IRU�IUHH]LQJ�ZLOO�UHTXLUH�

H[WUD�SHUVRQQHO�FRPSDUHG�WR�EDVHOLQH��DQG�WLPH�DW�EHJLQQLQJ�DQG�
HQG�RI�DXVWUDO�VXPPHU

Ɣ 6LJQLILFDQW�DVSHFWV�WR�EH�GHYHORSHG�
ż +RZ�WR�VDIHO\�DFFHVV�/$75�LQ�ZLQWHU�LQ�FDVH�PDLQWHQDQFH�LV�UHTXLUHG�

�L�H���FRXOG�WKH�ZLQWHU�FUHZ�FRQFHLYDEO\�EULQJ�KLJK�ED\�RQOLQH��DQG�WKHQ�
UH�ZLQWHUL]H"�

ż :KHUH�WR�VWRUH�VXEV\VWHP�FRPSRQHQWV�WKDW�JHW�UHPRYHG"�
ż +RZ�ZRXOG�ZH�PRGLI\�VXEV\VWHP�GHVLJQ��RU�VFDOH�EDFN��WR�HQDEOH�

UHPRYDO"
ż &RXOG�ZH�JURXS�VXEV\VWHPV�WR�NHHS�RQO\�D�VPDOO�SRUWLRQ�RI�KLJK�ED\�

DERYH�IUHH]LQJ��UHGXFLQJ�IXHO�FRVWV��EXW�QRW�WR�]HUR�"
ż :KDW�V\VWHPV�KDYH�ULVN�RI�IDLOXUH�DIWHU�IUHH]H�ZDUP�F\FOHV"
ż +RZ�WR�SURWHFW�EXLOGLQJ�VHDOV�DQG�FKDLQ�UDLO�V\VWHP�IRU�ORQJ�IUHH]H�LFH�

DFFXPXODWLRQ"

)UR]HQ�KLJK�ED\�

/RQJ�GXUDWLRQ�EDOORRQ�
�/'%��KLJK�ED\V�DUH�
ZLQWHUL]HG�DQG�DOORZHG�WR�
IUHH]H�WKURXJK�0F0XUGR�
ZLQWHU��
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Ɣ &RPSOH[LW\
ż )HZHU�WHOHVFRSHV�	�EXLOGLQJV�OHDGV�WR�OHVV�FRPSOH[�FRQVWUXFWLRQ�VFKHGXOH
ż µ1R�KLJK�ED\¶�RSWLRQV�UHTXLUHG�LQFUHDVHG�FRPSOH[LW\�LQ�,	&
ż 6WD\LQJ�ZLWKLQ�H[LVWLQJ�&0%�SRZHU�FRQVXPSWLRQ�IRRWSULQW�UHPRYHV�QHHG�IRU�LQGHSHQGHQW�SRZHU�JHQHUDWLRQ�

HTXLSPHQW��UHGXFHV�FRPSOH[LW\
Ɣ 'HYHORSPHQW�ULVNV

ż µ1R�KLJK�ED\¶�RSWLRQV�UHPRYH�GHYHORSPHQW�ULVNV�IRU�ODUJH�PRYLQJ�EXLOGLQJ�LQ�6RXWK�3ROH�FRQGLWLRQV��L�H���
LFH�VQRZ�DFFXPXODWLRQ�RQ�PHFKDQLVPV������%XW�DOVR�DGGV�VRPH�ULVN�LQ�GHYHORSLQJ�FULWLFDO�OLIW�	�LQVWDOO�RI�/$75

Ɣ )OH[LELOLW\
ż µ1R�KLJK�ED\�IUR]HQ�KLJK�ED\¶�RSWLRQV�UHGXFH�IOH[LELOLW\�WR�DFFHVV�/$75�LQ�ZLQWHU

Ɣ 3HUIRUPDQFH��VLWH�LQIUDVWUXFWXUH�UHODWHG�RQO\�
ż /LPLWLQJ�SRZHU�XVDJH�WR�FXUUHQW�&0%�HQYHORSH�OLNHO\�EHQHILFLDO�WR�VWDELOLW\�RI�VRXWK�SROH�JHQHUDWRUV

Ɣ 5HOLDELOLW\
ż µ)UR]HQ�KLJK�ED\¶��VXEV\VWHPV�ZLOO�KDYH�VRPH�ULVN�RI�IDLOXUH�GXH�WR�IUHH]LQJ�RU�H[WUD�KDQGOLQJ�IURP�ZLQWHUL]DWLRQ
ż +LJK�ED\�LPSDFWV�DELOLW\�WR�VHUYLFH�63/$7��NQRFN�RQ�HIIHFW�RI�63/$7�SUREOHPV�

Ɣ 6DIHW\
ż µ1R�KLJK�ED\�IUR]HQ�KLJK�ED\¶�RSWLRQV�KDYH�VLJQLILFDQW�LPSOLFDWLRQV�IRU�ERWK�KXPDQ�	�HTXLSPHQW��VDIHW\�ERWK�

GXULQJ�VXPPHU�FRQVWUXFWLRQ�DQG�ZLQWHU�RSHUDWLRQV

2WKHU�&RQVLGHUDWLRQV�&RPSDUHG�WR�%$6(/,1(
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1RWH�WKDW�WKHUH�LV�DOVR�D����PLQXWH�$R$�4	$�VHVVLRQ�WRPRUURZ��

��

&RPPHQWV����4XHVWLRQV"


