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-RKQ�&DUOVWURP��KH�KLP�
7KH�8QLYHUVLW\�RI�&KLFDJR�

&0%�6��16)�3,�	�3URMHFW�6FLHQWLVW

�



Ɣ :K\�&0%�6�"
Ɣ 6FLHQFH�2YHUYLHZ
Ɣ 'HVLJQ�	�3URMHFW�2YHUYLHZ
Ɣ $QDO\VLV�RI�$OWHUQDWLYHV
Ɣ &XUUHQW�6WDWXV�DQG�6XPPDU\

�

2XWOLQH

7R�OHDUQ�PRUH�DERXW�GHYHORSPHQW�RI�&0%�6��VHH�WKH�H[FHOOHQW�WDON
³$Q�,QWURGXFWLRQ�WR�&0%�6�´�WKDW�-XOLDQ�%RUULOO�JDYH�DW�\RXU�-XQH�ZRUNVKRS
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7KH�VWDUW�RI�&0%�6�

Ɣ ������GXULQJ�WKH�6QRZPDVV�3K\VLFV�3ODQQLQJ�H[HUFLVH��
EXLOGLQJ�RQ�WKH�VXFFHVV�RI�WKH�ILHOG��WKH�&0%�FRPPXQLW\�
FRQFHLYHG�&0%�6��DV�WKH�GHILQLWLYH�JURXQG�EDVHG�
H[SHULPHQW�ZLWK�VXIILFLHQW�VHQVLWLYLW\�WR�DFKLHYH�
WUDQVIRUPDWLYH�VFLHQFH�JRDOV�XVLQJ�ILHOG�SURYHQ�
WHFKQRORJ\��

Ɣ ������UHFRPPHQGHG�E\�3DUWLFOH�3K\VLFV�3URMHFW�
3ULRULWL]DWLRQ�3DQHO��3���XQGHU�DOO�EXGJHW�VFHQDULRV�

Ɣ ������UHFRPPHQGHG�DV�D�VWUDWHJLF�SULRULWLHV�IRU�$QWDUFWLF�
6FLHQFH�LQ�WKH�1$6(0�UHSRUW�³$�6WUDWHJLF�9LVLRQ�IRU�16)�
,QYHVWPHQWV�LQ�$QWDUFWLF�DQG�6RXWKHUQ�2FHDQ�5HVHDUFK´

Ɣ ������VWDUW�RI�WZLFH�\HDUO\�PDMRU�&0%�6��ZRUNVKRSV�

�



:K\�&0%�6�"�
7R�PDNH�WUDQVIRUPDWLRQDO�DGYDQFHV

Ɣ &0%�6��ZLOO�FURVV�FULWLFDO�WKUHVKROGV�LQ�NH\�FRVPRORJLFDO�SDUDPHWHUV�LQ�WKH�
VHDUFK�IRU�SULPRUGLDO�JUDYLWDWLRQDO�ZDYHV�DQG�UHOLF�SDUWLFOHV��

Ɣ &0%�6��ZLOO�SURYLGH�XQLTXH�DVWURSK\VLFDO�LQIRUPDWLRQ��IURP�WKH�UHLRQL]DWLRQ�RI�
WKH�8QLYHUVH�WR�WKH�UROH�RI�EDU\RQLF�IHHGEDFN�LQ�VWUXFWXUH�DQG�JDOD[\�
IRUPDWLRQ��,W�ZLOO�SURYLGH�D�SRZHUIXO�DQG�XQSUHFHGHQWHG�FDWDORJ�RI�
KLJK�UHGVKLIW�FOXVWHUV�DQG�JDOD[LHV��DQG�RSHQ�XS�WKH�PP�ZDYH�WUDQVLHQW�
XQLYHUVH�IRU�0XOWL�0HVVHQJHU�$VWURSK\VLFV��

Ɣ &0%�6��LQVWUXPHQW�DQG�VXUYH\�VWUDWHJ\�DUH�GHVLJQHG�WR�EH�DQ�H[WUHPHO\�
SRZHUIXO�FRPSOHPHQW�WR�RWKHU�DVWURQRPLFDO�VXUYH\V²�EUHDNLQJ�GHJHQHUDFLHV�
DQG�LQFUHDVLQJ�VHQVLWLYLW\�²WR�LQYHVWLJDWH�QHXWULQR�SURSHUWLHV��GDUN�HQHUJ\��
DQG�GDUN�PDWWHU���

�



:KDW�ZLOO�LW�WDNH"�

Ɣ 7HQIROG�LQFUHDVH�LQ�VHQVLWLYLW\�RYHU�6WDJH���H[SHULPHQWV�

Ɣ 2����������GHWHFWRUV�VSDQQLQJ����������*+]�XVLQJ�PXOWLSOH�WHOHVFRSHV��ODUJH�
DQG�VPDOO��DW�6RXWK�3ROH�DQG�&KLOH��WR�PDS�GHHS�WDUJHWHG�ILHOGV��DV�ZHOO�DV�D�
ODUJH�IUDFWLRQ�RI�WKH�VN\�

Ɣ %URDG�SDUWLFLSDWLRQ�RI�WKH�&0%��$VWURQRPLFDO�DQG�3DUWLFOH�3K\VLFV�
FRPPXQLW\��LQFOXGLQJ�WKH�H[LVWLQJ�&0%�H[SHULPHQWV��WKH�1DWLRQDO�/DEV�DQG�
,QWHUQDWLRQDO�3DUWQHUV

�

/E<YI�]N�!��/Ã�IrEIIGh�E<d<DQYQjQIh�]N�jPI�1[QpIghQjs�YIG�!��Og]kdh�

ĺ�+<gj[IghPQd�]N�!��E]ZZk[Qjs�<[G�"<jQ][<Y�Y<Dh�qQYY�G]�Qj��



Ɣ 7KH�&0%�6��6FLHQFH�&ROODERUDWLRQ�LV�
KLJKO\�DFWLYH�DQG�HQJDJHG�
ż ����PHPEHUV
ż ����LQVWLWXWLRQV
ż ���FRXQWULHV
ż ���8�6��6WDWHV
ż ��PDMRU�FROODERUDWLRQ�PHHWLQJV�\HDU

Ɣ 3URGXFHG�&0%�6��6FLHQFH�%RRN�
�������DU;LY�������������DQG�
&0%�6��7HFKQRORJ\�%RRN�
�������DU;LY������������

Ɣ 3URGXFHG�&0%�6��6FLHQFH�&DVH��5HIHUHQFH�
'HVLJQ��DQG�3URMHFW�3ODQ��IRU�LQSXW�WR�$VWUR�����
�DU;LY������������

Ɣ &RPSOHWHG�&0%�6��3UHOLPLQDU\�%DVHOLQH�'HVLJQ�
5HSRUW��ZLOO�UHYLVH�DQG�SRVW�DIWHU�WKH�$R$�

&0%�6��6FLHQFH�%RRN�
����SDJHV��!�����FLWDWLRQV
DYDLODEOH�DW�KWWS���FPE�V��RUJ

&RPPXQLW\�2UJDQL]DWLRQ�
�EXLOGLQJ�WKH�SDUWQHUVKLS

�

��WK�&ROODERUDWLRQ�PHHWLQJ��$XJXVW�����
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3ODQFN�LV�DPD]LQJ



7UDQVIRUPDWLRQDO�'LVFRYHULHV�:LOO�&RPH�)URP�
*URXQG�%DVHG�7HOHVFRSHV

6SDFH��3ODQFN� *URXQG�

�



Ɣ ,QFUHDVHG�GHSWK�DQG�DQJXODU�UHVROXWLRQ�
DUH�QHHGHG�WR�H[WUDFW�FRVPRORJLFDO�
SK\VLFV�DQG�WR�JUHDWO\�H[SDQG�WKH�
DVWURSK\VLFV�LPSDFW�RI�&0%�
PHDVXUHPHQWV

Ɣ &0%�6��ZLOO�FRQGXFW�XOWUD�GHHS�
PHDVXUHPHQWV�IRFXVHG�RQ�VPDOO�VN\�
DUHD��DQG�ZLOO�XVH�ODUJH�DSHUWXUHV�IRU�
KLJK�DQJXODU�UHVROXWLRQ�RYHU�
XOWUD�GHHS�DQG�GHHS�ZLGH�ILHOGV

Ɣ 7KHVH�PHDVXUHPHQWV�DUH�PRVW�
SUDFWLFDOO\�DQG�FRVW�HIIHFWLYHO\�GRQH�
IURP�WKH�JURXQG�

�

*URXQG�%DVHG�)RU�7DUJHWHG�6HQVLWLYLW\�$QG�$QJXODU�
5HVROXWLRQ

*URXQG�



��

0DSSLQJ�WKH�PLOOLPHWHU�VN\���LW¶V�QRW�MXVW�&0%

*DOD[\�&OXVWHUV

*URXQG�

$*1�	�KLJK�]�GXVW\�
VWDU�IRUPLQJ�JDOD[LHV

Ɣ 2XU�&0%�VFLHQFH�JRDOV�UHTXLUH�PDSV�RI�WKH�
PP�ZDYH�VN\�DW�KLJK�VHQVLWLYLW\�DQG�
UHVROXWLRQ�

Ɣ 7KHVH�QHFHVVDULO\�LQFOXGH�D�ZLGH�UDQJH�RI�
DGGLWLRQDO�VFLHQFH��IURP�&0%�OHQVLQJ�PDVV�
PDSV�DQG�VRXUFHV�DSSHDULQJ�HLWKHU�EDFNOLW�
E\�WKH�&0%�RU�DV�PP�ZDYH�IRUHJURXQGV���
ż ([WUDJDODFWLF��ODUJH�VFDOH�VWUXFWXUH��JDOD[LHV��

JDOD[\�FOXVWHUV��*5%V�����
ż *DODFWLF��VWDU�IRUPLQJ�FORXGV��GXVW�	�

V\QFKURWURQ�HPLVVLRQ��«
ż 6RODU�V\VWHP��SODQHW����«
ż PP�VN\�VXUYH\V�SURYLGHV�REMHFWV�IRU�$/0$��

9/$��*HPLQL��9/7��DQG�RWKHUV�WR�IROORZ�XS�DW�
DOO�Ȝ¶V



2UJDQL]HG�LQWR�IRXU�%URDG�6FLHQFH�7KHPHV

�� 3ULPRUGLDO�*UDYLWDWLRQDO�:DYHV�DQG�,QIODWLRQ
�� 7KH�'DUN�8QLYHUVH
�� 0DSSLQJ�0DWWHU�LQ�WKH�&RVPRV
�� 7KH�7LPH�9DULDEOH�0LOOLPHWHU�:DYH�6N\

(DFK�WKHPH�KDV�DVVRFLDWHG�6FLHQFH�*RDOV�DQG�/HYHO���6FLHQFH�5HTXLUHPHQWV��
ZKLFK�GULYH�WKH�&0%�6��6XUYH\�0HDVXUHPHQW�5HTXLUHPHQWV�DQG�HQDEOH�WKH�IXOO�
UDQJH�RI�&0%�6��6FLHQFH��

��

&0%�6��6FLHQFH�7KHPHV��*RDOV�DQG�5HTXLUHPHQWV



��

&0%�6��6FLHQFH�*RDOV
7KH�VFLHQFH�JRDOV�DUH�DOLJQHG�ZLWK�'2(�&'���0LVVLRQ�1HHG�DQG�$VWUR������WKH�VFLHQFH�
UHTXLUHPHQWV�DUH�GHVLJQHG�WR�HQDEOH�WKH�IXOO�UDQJH�RI�&0%�6��6FLHQFH��



��

6FLHQFH�5HTXLUHPHQWV



Ɣ $�NH\�WHVW�RI�LQIODWLRQ�DQG�RXU�RULJLQV

Ɣ $�UHOLF�IURP������WLPHV�HDUOLHU�WKDQ�WKH�OLJKW�
HOHPHQWV�FUHDWHG�DW�W� ���VHFRQG�

Ɣ 3URELQJ�SK\VLFV�DW�WKH�VFDOH�RI�VXSHUVWULQJ�WKHRU\�

Ɣ ,QVLJKWV�LQWR�TXDQWXP�JUDYLW\

�� 3ULPRUGLDO�*UDYLWDWLRQDO�:DYHV�DQG�,QIODWLRQ
)URP������$	$�'HFDGDO�6XUYH\��
³7KH�PRVW�H[FLWLQJ�TXHVW�RI�DOO�LV�WR�
KXQW�IRU�HYLGHQFH�RI�JUDYLWDWLRQDO�
ZDYHV�WKDW�DUH�WKH�SURGXFW�RI�
LQIODWLRQ�LWVHOI��«�WKH�QH[W�JUHDW�TXHVW�
RI�&0%�UHVHDUFK�LV�WR�GHWHFW�WKLV�
SRODUL]DWLRQ��WKHUHE\�SURELQJ�WKH�
EHKDYLRU�RI�WKH�SDUWLFOHV�RU�ILHOGV�GULYLQJ�
LQIODWLRQ�´
)URP������$	$�'HFDGDO�6XUYH\�
³2QH�RI�WKH�PRVW�H[FLWLQJ�
RSSRUWXQLWLHV�LQ�WKH�FRPLQJ�GHFDGH�
LV�WKDW�&0%�PHDVXUHPHQWV�PD\�
UHYHDO�UHPQDQW�JUDYLWDWLRQDO�ZDYHV�
IURP�WKLV�HDUO\�HSRFK´

��

,QIODWLRQDU\�%�PRGHV�DUH�D�%LJ�'HDO�



���Q.�䚏

,QIODWLRQDU\�%�PRGHV
1R�0RUH�(DV\�'LJJLQJ��:H¶YH�+LW�5RFN�

,QĲDWLRQDU\
JUDYLW\�ZDYH
%�PRGHV

)RUHJURXQGV�IRU�����RI�VN\

OHQVLQJ
%�PRGHV

(�PRGHV
&0%�6��ZLOO�VHDUFK�IRU�
��Q.�VLJQDO�LQ�D���.�

EDFNJURXQG��

)RUHJURXQGV�PLWLJDWLRQ�DQG�
GH�OHQVLQJ�UHTXLUHV�PXOWLSOH�
IUHTXHQF\�EDQGV�DQG�EURDG�

DQJXODU�UDQJH�ZLWK�H[FHSWLRQDO�
VHQVLWLYLW\�DQG�FRQWURO�RI�

V\VWHPDWLFV��
�

��

&0%�6��PXVW�GLJ�WZR�RUGHUV�RI�PDJQLWXGH�GHHSHU�WKDQ�FXUUHQW�H[SHULPHQWV��
DQG�WKURXJK�WKH�IRUHJURXQG�GRPLQDWHG�UHJLPH�



��

,QIODWLRQ�PRGHOV�WKDW�QDWXUDOO\�H[SODLQ�
WKH�REVHUYHG�QHDUO\�VFDOH�LQYDULDQW�
VSHFWUXP�RI�GHQVLW\�IOXFWXDWLRQV�SUHGLFW�
U�!�������

&0%�6��LV�GHVLJQHG�WR�GHWHFWHG�D�
ZHOO�PRWLYDWHG�FODVV�RI�PRGHOV�DW��ı��
H�J���6WDURELQVN\�5��PRGHOV�

&0%�6��VHQVLWLYLW\�HQVXUHV�WKDW�D�
QRQ�GHWHFWLRQ�RI�U�ZRXOG�UXOH�RXW�WKH�
OHDGLQJ�LQIODWLRQDU\�PRGHOV��DQG�
PRWLYDWH�DOWHUQDWH�PRGHOV�IRU�WKH�RULJLQ�
RI�WKH�XQLYHUVH�

&0%�6��5HTW��
,I�U�!��������PHDVXUH�DW��ᷟ
,I�U� ����VHW��U����������DW�����&�/��

,QIODWLRQDU\�%�PRGHV
+LVWRULF�RSSRUWXQLW\�WR�RSHQ�XS�D�ZLQGRZ�WR�WKH�SULPRUGLDO�8QLYHUVH



��

���7KH�'DUN�8QLYHUVH
&0%�,QVLJKWV�,QWR�7KH�'DUN�8QLYHUVH�$FURVV�7KH�0DVV�6SHFWUXP

&0%�6��ZLOO�SUREH�GDUN�VHFWRU�SK\VLFV�DFURVV�DQ�HQRUPRXV�UDQJH�LQ�PDVV



&0%�6��ZLOO�SURYLGH�D�SUHFLVH�
PHDVXUHPHQW�RI�WKH�WKHUPDO�KLVWRU\�RI�
WKH�XQLYHUVH��D�NH\�WHVW�RI�FRVPRORJ\��

(�J���DGGLWLRQDO�OLJKW�SDUWLFOHV�WKDW�
DSSHDU�IUHTXHQWO\�LQ�H[WHQVLRQV�WR�WKH�
VWDQGDUG�PRGHO�RI�SDUWLFOH�SK\VLFV�ZLOO�
EH�FRQVWUDLQHG�E\�&0%�6���

&0%�6��UHTXLUHPHQW�WR�GHWHFW�DOO�OLJKW�
UHOLFV�WKDW�GHFRXSOHG�DIWHU�WKH�VWDUW�RI�
WKH�4&'�4XDUN�WR�+DGURQ�WUDQVLWLRQ��
SURYLGLQJ�RUGHUV�RI�PDJQLWXGH�
LPSURYHPHQW�RQ�WKH�IUHH]H�RXW�
WHPSHUDWXUH�RI�DQ\�WKHUPDO�UHOLF�

IUHH]H�RXW�WHPSHUDWXUH
HDUO\�WLPHVODWH�WLPHV

7KHUPDO�KLVWRU\�RI�WKH�8QLYHUVH�DQG�/LJKW�5HOLF�3DUWLFOHV�

��



��

���0DSSLQJ�0DWWHU�LQ�WKH�&RVPRV

&0%�6��ZLOO�H[SORLW�WKHVH�WZR�HIIHFWV²ERWK�FDXVHG�E\�LQWHUDFWLRQV�EHWZHHQ�&0%�SKRWRQV�DQG�
LQWHUYHQLQJ�VWUXFWXUH²WR�
�� 0DNH�KLJK�ILGHOLW\�PDSV�RI�DOO�WKH�PDVV�LQ�WKH�8QLYHUVH��LQFOXGLQJ�GDUN�PDWWHU���ZLWK�

XQSUHFHGHQWHG�UHVROXWLRQ�DQG�SUHFLVLRQ�
�� )LQG�DOO�PDVVLYH�*DOD[\�&OXVWHUV�LQ�WKH�XQLYHUVH��UHJDUGOHVV�RI�GLVWDQFH�IURP�XV
�� &KDUDFWHUL]H�WKH�KRW�JDV�LQ�JDOD[LHV�DQG�JDOD[\�FOXVWHUV��LQFOXGLQJ�LQ�WKH�RXWVNLUWV�DQG�DW�

YHU\�KLJK�UHGVKLIW��ZKHUH�;�UD\�PHDVXUHPHQWV�EHFRPH�LQFUHDVLQJO\�H[SHQVLYH��

&0%�OHQVLQJ 6XQ\DHY�=HO¶GRYLFK�(IIHFW�

/DUJH�6FDOH
6WUXFWXUH
/HQVHV�WKH�&0%

,PDJH�IURP�(6$



��

6WURQJ�V\QHUJ\�ZLWK�H[LVWLQJ�
DQG�XSFRPLQJ�VXUYH\V�DQG�
PLVVLRQV�VXFK�DV�'(6��'(6,��
952�/667��5RPDQ��(XFOLG�

Ɣ &URVV�FRUUHODWLRQ�RI�&0%�
OHQVLQJ�DQG�6=�PHDVXUHPHQWV�
ZLWK�RWKHU�WUDFHUV�RI�VWUXFWXUH�
ZLOO�LQFUHDVH�UHDFK��EUHDN�
GHJHQHUDFLHV��DQG�DOORZ�
LQYDOXDEOH�FURVV�FKHFNV

Ɣ &0%�6��ZLOO�SURYLGH�WKH�
GHHSHVW�PP�VXUYH\�RI�RXU�
*DOD[\��IURP����WR���PP��ZLWK�
IXOO�SRODUL]DWLRQ�VHQVLWLYLW\

���0DSSLQJ�0DWWHU�LQ�WKH�&RVPRV



&0%�6��ZLOO�SURGXFH�FDWDORJV�RI�
Ɣ a�����FOXVWHUV�DW�]�䎇����DW�WKH�SHDN�RI�FRVPLF�VWDU�

IRUPDWLRQ�ZKHQ�JDOD[\�FOXVWHUV�ILUVW�HPHUJHG�RYHU�
��%�\U�DJR��ZKLFK�ZLOO�QRW�EH�IRXQG�WKURXJK�RWKHU�
VXUYH\V��VXFK�952�/667��

Ɣ 'XVW\�VWDU�IRUPLQJ�JDOD[LHV�WR�WKH�KLJKHVW�
UHGVKLIWV�DW�ZKLFK�WKH\�H[LVW��LQFOXGLQJ�D�ODUJH�
VDPSOH�RI�SURWRFOXVWHUV�DW�]�!���

7KHVH�FDWDORJV�ZLOO�EH�WKH�JROG�VWDQGDUG�IRU�IROORZ�XS�
VWXGLHV�RI�FOXVWHUV��SURWRFOXVWHUV��DQG�GXVW\�JDOD[LHV�IRU�
\HDUV�WR�FRPH²DQ�LPPHQVH�FRPPXQLW\�UHVRXUFH��

��

*DOD[\�&OXVWHUV�DQG�'XVW\�*DOD[LHV�LQ�WKH�HDUO\�8QLYHUVH

5HDFK�RI�952�
/667

a�����&OXVWHUV�DW�]�!���

��
RI
�&
OX
VW
HU
V�
DE
RY
H�
]

6��:LGH
6��'HHS



&0%�6��LV�GHVLJQHG�WR�SDUWLFLSDWH�DQG�ILOO�D�PDMRU�JDS�LQ�
0XOWL�0HVVHQJHU�$VWURQRP\��
Ɣ *URXQGEUHDNLQJ�GHSWK�DQG�VN\�FRYHUDJH��P-\�

VHQVLWLYLW\�ZLWK�SRODUL]DWLRQ�LQIR�RQ�����RI�WKH�VN\�
LQ�RQH�REVHUYLQJ�GD\��DQG�GHHSHU�IRU����RI�WKH�VN\

,QVLJKWV�DQG�SRWHQWLDO�GLVFRYHULHV�LQ�

Ɣ 6RXUFHV�RI�/,*2�*UDYLWDWLRQDO�:DYH�DQG�,FH&XEH�
1HXWULQR�HYHQWV�

Ɣ 2USKDQ�*5%�DIWHUJORZV
Ɣ 7LGDO�GLVUXSWLRQ�HYHQWV
Ɣ $*1�IODUHV�DQG�PRQLWRULQJ
Ɣ 6RODU�V\VWHP��HJ���SODQHW����FRPHWV��DVWHURLGV«
Ɣ «

��

���7KH�7LPH�9DULDEOH�0LOOLPHWHU�:DYH�6N\
&0%�6��ZLOO�EH�PP�ZDYH�9HUD�5XELQ�2EV�/667

$VWUR������³$Q�LPSRUWDQW�UHTXLUHPHQW�IRU�RXU�VWURQJ�
HQGRUVHPHQW�LV�WKDW�WKH�SURMHFW�EURDGO\�HQJDJH�
DVWURQRPHUV�EH\RQG�WKH�WUDGLWLRQDO�&0%�
FRPPXQLW\«�,W�LV�HVVHQWLDO�WKDW�&0%�6��SURGXFH�
WUDQVLHQW�DOHUWV«´�



(�J���7UDQVLHQWV�LQ�UHFHQW�&0%�GDWD
*XQV�HW�DO���������
637��*������
!���VLJPD�HYHQWV�
IURP����
LQGHSHQGHQWV�
VRXUFHV��DOO�
DVVRFLDWHG�HLWKHU�
ZLWK�D�VWDU�RU�DQ�
$*1

1DHVV�HW�DO��
�������$&7�����
!���VLJPD�HYHQWV�
IURP���
LQGHSHQGHQW�
VRXUFHV��DOO�
DVVRFLDWHG�ZLWK�D�
VWDU�

2WKHU�WUDQVLHQW���YDULDEOH���PRYLQJ�REMHFW�VFLHQFH�ZLWK�&0%�GDWD�

0XOWL��
ZDYHOHQJWK�
PRQLWRULQJ�RI�
EULJKW�$*1�
�+RRG����

´3ODQHW��´�
VHDUFKHV�
�1DHVV����

$VWHURLGV��&KLFKXUD�����

��



��P�6RXWK�3ROH�
7HOHVFRSH

6RXWK�3ROH�&0%���6WDJH���

�%,&(3�
�����P�

+P]j]��1/�+

+P]j]���IDg<��IYY[Ig

&/$66�
����P�[����

6LPRQV�$UUD\
�32/$5%($5����P�[���

�P�$WDFDPD�&RVPRORJ\�7HOHVFRSH

$WDFDPD��&KLOH��&0%���6WDJH���

%,&(3�$UUD\
�����P�[���

6LPRQV�2EVHUYDWRU\�LV�FRPLQJ�

&0%�6��7R�8VH�3URYHQ�'HYHORSHG�6LWHV

16)�$PXQGVHQ�6FRWW
5HVHDUFK�6WDWLRQ

��



��

&0%�6��([SORLWV�7KH�8QLTXH�$WWULEXWHV�2I�%RWK�6LWHV

Ɣ $WPRVSKHUH�DERYH�ERWK�VLWHV�KDV�H[FHSWLRQDO�
ORZ�ZDWHU�YDSRU��ZKLFK�LV�FULWLFDO�IRU�&0%�
PHDVXUHPHQWV

Ɣ 7KH�ELJJHVW�GLIIHUHQFH�EHWZHHQ�WKH�VLWHV�LV�LQ�
WKH�W\SHV�RI�VN\�VXUYH\V�WKHLU�ODWLWXGHV�FDQ�
VXSSRUW�
ż :LGH�DUHD�VXUYH\V�FDQ�RQO\�EH�SHUIRUPHG�IURP�

WKH�$WDFDPD�
ż &RPSDFW�XOWUD�GHHS�VXUYH\V�FDQ�RQO\�EH�

SHUIRUPHG�IURP�WKH�6RXWK�3ROH�

Ɣ 7KH�H[FHSWLRQDO�DWPRVSKHULF�VWDELOLW\�RI�6RXWK�
3ROH�VLWHV�OHDGV�PXFK�ORZHU�³VN\�QRLVH´�DW�WKH�
GHJUHH�DQJXODU�VFDOHV��IRU�WKH�U�PHDVXUHPHQW�

&KLOH�GHHS�ZLGH�VXUYH\�KLWPDS

([DPSOH�RI�&KLOH�GHHS�VXUYH\�KLWPDS

6RXWK�3ROH�XOWUD�GHHS�VXUYH\�KLWPDS



��

6XUYH\V

7KH�'HHS�:LGH�6XUYH\�IURP�&KLOH� 7KH�8OWUD�'HHS�6XUYH\�IURP�6RXWK�3ROH�

7KH�XVH�RI�WKH�&KLOH�DQG�6RXWK�3ROH�6LWHV�IRU�ZLGH�DQG�GHHS�
VXUYH\V��UHVSHFWLYHO\��IROORZV�WKH�WUHQG�RI�WKH�6WDJH���

H[SHULPHQWV�



��

Ɣ $GY$&7�GDWD�DFTXLUHG�WR�GDWH�a�[�3ODQFN�6HQVLWLYLW\�RYHU�����RI�6N\��
Ɣ 62�VKRXOG�EH�!�[�GHHSHU�WKDQ�3ODQFN���
Ɣ 7KH�&0%�6��ZLGH�VXUYH\�ZLOO�EH�a�[�GHHSHU�WKDQ�62�VXUYH\��FRYHULQJ�����RI�WKH�VN\��

&KLOH�XSGDWH��*RLQJ�ZLGH�ZLWK�$GY$&7��&/$66��62

$GY$&7�'5�����������*+]�GDWD�ZLWK�3ODQFN�
6HH�KWWSV���SK\�DFW��SULQFHWRQ�HGX�SXEOLF�VQDHVV�DFWSRO�GU��DWODV���

���

���

��������

https://phy-act1.princeton.edu/public/snaess/actpol/dr5/atlas/


��

&KLOH�XSGDWH��$&7�'5���$&7���3ODQFN�

a����VTXDUH�GHJUHHV



��

6RXWK�3ROH�XSGDWH��*RLQJ�GHHS�ZLWK�637�DQG�%.�

637��*������GHJ��VXUYH\�
DOLJQHG�ZLWK�%,&(3�$UUD\�ILHOG

Ɣ 637��*�FXUUHQWO\�LV�!��[�GHHSHU�WKDQ�3ODQFN��
Ɣ :KHQ�FRPSOHWH�LQ�������637��*�VXUYH\�ZLOO�EH�DQRWKHU�

¥��GHHSHU�DQG�FRPSDUDEOH�WR�WKH�&0%�6��ZLGH�ILHOG�
GHSWK��ZKLFK�ZLOO�FRYHU�����RI�WKH�VN\��

Ɣ 7KH�&0%�6��XOWUD�GHHS�ILHOG�ZLOO�EH�a�[�GHHSHU�WKDQ�
FRPSOHWHG�637��*�GHHS�VXUYH\��



637��*�FRPSDULVRQ�WR�3ODQFN�RYHU�����GHJ�
HDFK�KLJK�SDVV�ILOWHUHG�DW�HOO� ���

3ODQFN�����*+] 637��*����*+]

��



)LOWHU�DQG�]RRP�LQ

637��*����*+]��ILOWHUHG 637��*����*+]��ILOWHUHG�����GHJ�

��



��

&0%�6��,Q�$�1XWVKHOO

�P�&�'�GHVLJQ�LQ�&KLOH��H�J���OLNH�6LPRQV�
2EVHUYDWRU\�DQG�&&$7�SULPH�WHOHVFRSHV

���[����P�VPDOO�WHOHVFRSHV����SHU�
FU\RVWDW���H�J���OLNH�%,&(3�$UUD\

Ɣ ���[����P�VPDOO�UHIUDFWRU�WHOHVFRSHV�WDUJHWLQJ�
a���RI�VN\�ZLWK���������GHWHFWRUV�DQG�D�
GHGLFDWHG�³GH�OHQVLQJ´��P�WHOHVFRSH�ZLWK�
��������GHWHFWRUV�IURP�6RXWK�3ROH�RYHU���\UV�

�P�7KUHH�0LUURU�$QDVWLJPDW��70$��
GHVLJQ�DW�6RXWK�3ROH

Ɣ ��[��P�WHOHVFRSHV�WDUJHWLQJ�����RI�VN\�ZLWK�
��������GHWHFWRUV�IURP�&KLOH�RYHU���\UV�



��

6RXWK�3ROH�

��/DUJH�7HOHVFRSH��DQG
���6PDOO�7HOHVFRSHV����SHU�PRXQW

6RXWK�3ROH

$WDFDPD�'HVHUW���&KLOH

��/DUJH�7HOHVFRSHV

&KLOH

��

&0%�6��,Q�$�1XWVKHOO



6PDOO�$SHUWXUH�7HOHVFRSHV��6$7V�
%XLOGLQJ�RQ�WKH�%,&(3�GHVLJQ

���

��

��D[LV�PRXQW��ZLWK�
IXOO�����GHJUHH�
ERUHVLJKW�URWDWLRQ

*URXQG�VKLHOG�DQG�
ZDUP�EDIIOH�V\VWHP

��UHFHLYHU�FU\RVWDW�
VKDULQJ�RQH�

FU\RJHQLF�V\VWHP

FRPSDFW��UHIUDFWLQJ�
WHOHVFRSHV�LQ�D�

FU\RJHQLF�UHFHLYHU



+LJK�7KURXJKSXW�/DUJH�$SHUWXUH�7HOHVFRSHV��/$7V�

��

&KLOH�'HVLJQ��7ZR���P�&URVVHG�
'UDJRQH��&'��WHOHVFRSHV�

3DUVKOH\�HW�DO��DU;LY�����������

0�

0�

0�)RFDO�
3ODQH

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

3DGLQ�$SSOLHG�2SWLFV������������

�



/DUJH�$SHUWXUH�7HOHVFRSH�5HFHLYHUV
Ɣ (DFK�/$7�UHFHLYHU�ZLOO�KDYH�D�����P�

GLDPHWHU�IRFDO�SODQH�ZLWK�a��������7(6�
GHWHFWRUV�RSHUDWLQJ�DW�����P.

Ɣ ��[�GHWHFWRU�ZDIHUV�SHU�UHFHLYHU��HDFK�LQ�DQ�
RSWLFV�WXEH�ZLWK��[�FU\RJHQLF�OHQVHV�SHU�WXEH�

��
��
P

a�������OEV
������NJ�

����P

���2SWLFV�
7XEHV

��

/\RW�
6WRS�
��.�

/HQV��
��.�

$OXPLQD�
:HGJH�
���.�

/HQV��
��.�

/HQV��
��.�

)RFDO�
3ODQH�
����.�

9DFXXP
:LQGRZ
����.�



��

:K\���/$7�'HVLJQV"
Ɣ &KLOH���/HJDF\�6XUYH\������VN\�

ż 7ZR��P�&URVVHG�'UDJRQH�WHOHVFRSHV�LQ�&KLOH�SURYLGH����¶�
UHVROXWLRQ�DW�����*+]��IRFXVHG�RQ�³KLJK�HOO´�DQLVRWURS\�

ż %HQHILWV�IURP�PDWXUH�&&$7�DQG�6LPRQV�2EVHUYDWRU\�/$7�
GHVLJQ��FXUUHQWO\�EHLQJ�EXLOW�LQ�&KLOH

Ɣ 6RXWK�3ROH���'HOHQVLQJ�%�PRGH�6XUYH\��a���VN\�
ż ��PHWHU�DSHUWXUH�ZLWK�70$�GHVLJQ�SURYLGHV�VXIILFLHQW����¶�

UHVROXWLRQ�DQG�DOORZV�PRQROLWKLF��JDSOHVV��PLUURUV
ż 70$�GHVLJQ�DOVR�SURYLGHV�VXUYH\�XQLIRUPLW\�DQG�ORZ�HOO�

%�PRGH�VHQVLWLYLW\
Ŷ 70$�GHVLJQ�SURYLGHV�EHWWHU�LPDJH�TXDOLW\�DFURVV�WKH�

IRFDO�SODQH��DOORZLQJ�XQLIRUP�IUHTXHQF\�FRYHUDJH�RI�
VPDOO�DUHD�%�PRGH�VXUYH\

Ŷ 0RQROLWKLF�PLUURUV�HOLPLQDWH�ODUJH�DQJOH�VLGHOREHV�IURP�
GLIIUDFWLRQ�IURP�SDQHO�JDSV�WR�SUHYHQW�%�PRGH�
FRQWDPLQDWLRQ

Ŷ %RUHVLJKW�URWDWLRQ�WR�PLWLJDWH�%�PRGH�V\VWHPDWLFV�E\�
FRQYHUWLQJ�SRODUL]DWLRQ�VHQVLWLYLW\��4�ļ�8� /$7�GHVLJQ�RYHUYLHZ�LQ��

*DOODUGR�HW�DO�������DU[LY�����������

https://arxiv.org/abs/2207.10012


63/$7�VKRXOG�FRQWULEXWH�WR�ORZ�HOO�%%�LQ�FRPSOHPHQWDU\�ZD\V�WR�63�6$7V��H�J���
DOORZLQJ�FURVV�FKHFNV�ZLWK�GLIIHUHQW�EHDP�V\VWHPDWLFV�

&RPSDULQJ�QRLVH�HOO��IRU�63/$7�ZLWK���6$7V����RSWLFV�WXEHV��
WKH�FXUYHV�FURVV�DW�HOO�a�����a����IRU����������*+]��UHVSHFWLYHO\�

O�
O�
��
��
SL

��

:K\���/$7�'HVLJQV"
63/$7�70$�VHQVLWLYLW\�IRU�ORZ�HOO�%�PRGH�LV�VLJQLILFDQW



70$�SULPDU\�PLUURU�FRPSOHWHG�DQG�GHOLYHUHG�WR�&KLFDJR

��



��

Ɣ ([SHULHQFHG�3URMHFW�2IILFH�	�3URMHFW�2SHUDWLRQV�VWDII�DUH�LQ�SODFH
Ɣ ([SHUWLVH�LQ�VFLHQFH�DQG�WHFKQRORJ\�IURP�DFURVV�WKH�&0%�FRPPXQLW\
Ɣ 3URSRVHG�'2(�DQG�16)�VFRSH�LV�LGHQWLILHG
Ɣ 0DQDJHPHQW�WRROV�DUH�LQ�SODFH

:HOO�(VWDEOLVKHG�,QWHJUDWHG�'2(�16)�6XSSRUWHG�&0%�6��3URMHFW
$FFRPSOLVKHG�0DQDJHPHQW�DQG�&0%�DQG�7HOHVFRSH�6FLHQWLVWV�)LOO�.H\�3RVLWLRQV

Ɣ /%1/�OHDG�'2(�+(3�/DE
Ɣ 8&KLFDJR�OHDG�16)�LQVWLWXWLRQ
Ɣ ���,QVWLWXWLRQV�DQG�JURZLQJ



��

2UJDQL]DWLRQ�LV�'HYHORSHG�7R�7KH�/RZHVW�7HFKQLFDO�/HYHOV��
3URMHFW�2UJDQL]DWLRQ�,V�'LVWULEXWHG�$FURVV�1DWLRQDO�/DERUDWRULHV�DQG�8QLYHUVLWLHV



Ɣ ������3��UHFRPPHQGHG�&0%�6��XQGHU�DOO�EXGJHW�
VFHQDULRV

Ɣ ������1$6�UHSRUW�UHFRPPHQGHG�&0%�6��VFLHQFH�FDVH�
DV���RI���VWUDWHJLF�,QYHVWPHQWV�IRU�$QWDUFWLF�5HVHDUFK

Ɣ ������$$$&�XQDQLPRXVO\�DSSURYHG�&0%�6��&RQFHSW�
'HILQLWLRQ�7DVN�)RUFH�UHSRUW

Ɣ ������$VWUR������³5HFRPPHQGDWLRQ��7KH�1DWLRQDO�
6FLHQFH�)RXQGDWLRQ�DQG�WKH�'HSDUWPHQW�RI�(QHUJ\�
VKRXOG�MRLQWO\�SXUVXH�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�
RI�WKH�QH[W�JHQHUDWLRQ�JURXQG�EDVHG�FRVPLF�
PLFURZDYH�EDFNJURXQG�H[SHULPHQW��&0%�6���´

Ɣ ������6QRZPDVV�&RVPLF�)URQWLHU��³2XU�WRS�SURMHFW�
SULRULW\�LV�WR�FRPSOHWH�FRQVWUXFWLRQ�RI�&0%�6�´

��

5HFHLYHG�FULWLFDO�$VWUR�����HQGRUVHPHQW



��

6R��DOO�DSSHDUHG�WR�EH�JR��JR��JR�



³6RXWK�3ROH�6WDWLRQ�LV�VDWXUDWHG�ZLWK�
DOUHDG\�IXQGHG�SURMHFWV��DQG�UHTXLUHG�FULWLFDO�
LQIUDVWUXFWXUH�DQG�PDLQWHQDQFH�DFWLYLWLHV�WKDW�FDQ�
QR�ORQJHU�EH�GHIHUUHG��XQWLO�ODWH�LQ�WKH�GHFDGH���´

&0%�6��ZDV�UHTXHVWHG�WR�GHYHORS�DOWHUQDWLYH�
FRQILJXUDWLRQV�WKDW�ZRXOG�ILW�ZLWKLQ�WKH�FXUUHQW�
ORJLVWLFDO�FRQVWUDLQWV�RI�WKH�6RXWK�3ROH��,W�ZDV�
PDGH�FOHDU�WKDW�WKH�IXWXUH�RI�WKH�SURMHFW�
GHSHQGHG�RQ�WKLV�³$QDO\VLV�RI�$OWHUQDWLYHV´

��

7KHQ«�



Ɣ 16)�UHTXHVWHG�WKDW�ZH�GHYHORS�DQG�DQDO\]H�DOWHUQDWLYH�RSWLRQV�WKDW�ILW�ZLWKLQ�
WKH�FXUUHQW�6RXWK�3ROH�ORJLVWLFDO�LQIUDVWUXFWXUH��IRU�ZKLFK�D�SULPDU\��EXW�QRW�VROH�
FRQVWUDLQW��LV�VWDWLRQ�SRZHU�JHQHUDWLRQ��

Ɣ 2XU�IXWXUH�GHSHQGV�RQ�GHYHORSLQJ�D�VXSSRUWDEOH�SDWK�IRUZDUG�XVLQJ�WKH�6RXWK�
3ROH�

Ɣ 7KH�6RXWK�3ROH�VFRSH�LV�SULPDULO\�GLUHFWHG�WR�DFKLHYH�WKH�,QIODWLRQDU\�JRDOV��VR�
WKHUHIRUH�RXU�$R$�HIIRUWV�DUH�IRFXVHG�SULPDULO\�RQ�DFKLHYLQJ�WKH�U�UHTXLUHPHQW�

Ɣ :H�EHOLHYH�WKDW�LW�LV�FUXFLDO�WKDW�ZH�QRW�UHOD[�RXU�OHYHO���VFLHQFH�JRDOV��
HVSHFLDOO\�IRU�U��

Ɣ $V�D�UHVXOW��WKH�&0%�6��3URMHFW�DQG�6FLHQFH�&ROODERUDWLRQ�KDYH�EHHQ�IRFXVHG�
RQ�WKH�$R$�VLQFH�0DUFK��������LQFOXGLQJ�VFLHQFH�IRUHFDVWLQJ��SURMHFW�VFRSH�DQG�
VFKHGXOH��ULVNV��VXUYH\�GXUDWLRQ�V���DQG�FRVWLQJ��DV�ZHOO�DV�RSSRUWXQLWLHV�WR�XVH�
632�DQG�62�GDWD��

��

$QDO\VLV�RI�$OWHUQDWLYHV��$R$�



)URP�3UHOLPLQDU\�%DVHOLQH�'HVLJQ�WR�63�$OWHUQDWLYHV

3UHOLPLQDU\�%DVHOLQH�'HVLJQ�����636$7V���63/$7�DW�63����&+/$7V�LQ�&KLOH�
Ɣ 6$7�GHVLJQ�EDVHG�RQ�HYROXWLRQ�RI�WKH�%.�6$7�GHVLJQV�WR�SURYLGH�ORZ�HOO�VHQVLWLYLW\

Ɣ &+/$7�EDVHG�RQ�&&$7�62�GHVLJQ�WR�FRQGXFW�GHHS�ZLGH�VXUYH\

Ɣ 63/$7�70$�GHVLJQ�WR�SURYLGH��
ż 6XIILFLHQW�GH�OHQVLQJ�SRZHU�WR�PHHW�U�JRDOV
ż $GGLWLRQDO�ORZ�HOO�VHQVLWLYLW\��WR�PHHW�U�JRDO�IRU�DOO�IRUHJURXQGV�PRGHOV�FRQVLGHUHG�DQG�WR�

SURYLGH�U�VFLHQFH�PDUJLQ
ż &URVV�FKHFNV�IRU�ORZ�HOO�V\VWHPDWLFV

�XVLQJ�FRQVHUYDWLYH�ORZ�HOO�QRLVH�PRGHO�EDVHG�RQ�637��*�DFKLHYHG�SHUIRUPDQFH ��



)URP�3UHOLPLQDU\�%DVHOLQH�'HVLJQ�WR�63�$OWHUQDWLYHV

䋻�$OWHUQDWLYH�������636$7V���63/$7�DW�63����&+/$7V�LQ�&KLOH�
Ɣ 5HGXFH�QXPEHU�RI�63�6$7V�WR�UHGXFH�VWDWLRQ�SRZHU�UHTXLUHPHQWV�WR�ILW�ZLWKLQ�FXUUHQW�

63�FDSDELOLWLHV�ZKLOH�PDLQWDLQLQJ�ORZ�HOO�VHQVLWLYLW\�DQG�FURVV�FKHFNV�ZLWK�63/$7�	�
636$7V

䋻�$OWHUQDWLYH�������636$7V�DW�63����RU���&+/$7V�LQ�&KLOH�
Ɣ 5HGXFH�63�6$7V�DQG�RPLW�63�/$7��GH�OHQV�ZLWK�DGGLWLRQDO�&+/$7V��WR�UHGXFH�VWDWLRQ�

SRZHU�WR�ILW�ZLWKLQ�FXUUHQW�63�FDSDELOLWLHV��JLYLQJ�XS�FURVV�FKHFNV�ZLWK�63/$7�	�
636$7V

䋻�$OWHUQDWLYH�����1R�WHOHVFRSHV�DW�63�����&+6$7V�DQG����&+/$76�
Ɣ &KLOHDQ�6$7V��&+6$7V��HTXLSSHG�ZLWK�+:3�WR�PLWLJDWH�³VN\�QRLVH´

Ɣ *LYLQJ�XS�ORZ�HOO�/$7�GDWD�	�FURVV�FKHFNV�ZLWK�63/$7�	�636$7V�

��



��

)URP�RXU�$S-�SDSHU��WKH�DELOLW\�WR�
IRFXV�RQ�D�GHHS�ILHOG������DW�6RXWK�
3ROH�RIIHUV����[�DGYDQWDJH�LQ�6$7�
'HWHFWRU�<HDUV�UHTXLUHG�WR�UHDFK�
&0%�6��U�VHQVLWLYLW\��DVVXPLQJ�DOO�
HOVH�EHLQJ�HTXDO�

7KLV�IDFWRU�LV�GXH�WR�RQO\�
JHRPHWU\��DQG�GRHV�QRW�LQFOXGH�
RWKHU�VLWH�VSHFLILF�LVVXHV�

� $WPRVSKHULF�SURSHUWLHV��ZHDWKHU��
RSDFLW\�DQG�³VN\�QRLVH´

� 'LIIHUHQW�IRUHJURXQGV�RI�WKH�ILHOGV
� ,PSDFW�RI�KRUL]RQ�IHDWXUHV�DQG����

KRXU�VRODU�GLXUQDO�KHDWLQJ�FRROLQJ

&RPSDULVRQ�RI�63�DQG�&KLOH�(IILFLHQF\�IRU�8OWUD�'HHS�U�6XUYH\

$OVR�VHH�'HFDGDO�6XUYH\�5HSRUW��$SSHQGL[�����³)ORZGRZQ�WR�GLVWULEXWLRQ�RI�6$7V�DQG�GHOHQVLQJ�/$7�DFURVV�VLWHV´

.HHSLQJ�RQO\�WKH�����&OHDQHVW�3DUW�RI�WKH�6N\��$VVXPLQJ�DQ�2EVHUYLQJ�
(IILFLHQF\�LQ�&KLOH�WKH�6DPH�DV�DW�WKH�6RXWK�3ROH���L�H��VWULFWO\�JHRJUDSKLFDO�
FRQVLGHUDWLRQV���1RWH�a���[�PRUH�6$7V�DUH�UHTXLUHG�LQ�&KLOH�XQGHU�WKHVH�
DVVXPSWLRQV���

9DOXHV�DUH��
ı�U��[������

1
XP

EH
U�R
I�6

$7
�WX

EH
V

https://iopscience.iop.org/article/10.3847/1538-4357/ac1596/pdf
https://arxiv.org/pdf/1907.04473.pdf


Ɣ :H�DUH�LQYHVWLJDWLQJ�
ż 5HDOLVWLF�VXUYH\�VFDQ�VWUDWHJLHV�IRU�&KLOH�DQG�6RXWK�3ROH
ż ,PSURYHG�IRUHJURXQG�PRGHOV�IURP�WKH�3DQ�([SHULPHQW�*DODFWLF�6FLHQFH�*URXS��

DOORZLQJ�XV�DFFRXQW�IRU�GLIIHUHQW�UHJLRQV�RI�WKH�VN\��HVSHFLDOO\�IRU�&KLOH
ż ,PSDFW�RI�REVHUYLQJ�HIILFLHQF\�GLIIHUHQFHV�EHWZHHQ�VLWHV��LQFOXGLQJ�ZHDWKHU�VWDWLVWLFV
ż 6FDOLQJ�IURP�DFKLHYHG�SHUIRUPDQFHV�RI�%.�6$7V��637�DQG�$&7�/$7V
ż 5HTXLUHG�GH�OHQVLQJ�HIIRUW��DQG�/$7V�QHHGHG�WR�DFKLHYH�LW�IRU�HDFK�$OWHUQDWLYH
ż 6HQVLWLYLW\�LPSDFW�RI�XVLQJ�6$7�KDOI�ZDYH�SODWHV�LQ�&KLOH��WR�PLWLJDWH�³VN\�QRLVH´�

Ɣ $OVR�QHHG�WR�ZHLJK�WKH
ż 6\VWHPDWLF�DQG�VLGHOREH�ULVNV�RI�GLIIHUHQW�6$7�FRQILJXUDWLRQV
ż 6LWH�UHTXLUHPHQWV�IRU�VRODU�DQG�JURXQG�VFUHHQLQJ
ż ,PSDFW�RI����KRXU�VRODU�GLXUQDO�KHDWLQJ�FRROLQJ�LQ�&KLOH
ż 7HFKQLFDO�ULVNV�DQG�UHTXLUHG�5	'

��

,PSURYHG�U�)RUHFDVWLQJ�IRU�63�Y�&KLOH�FRPSDULVRQV



7R�FDUU\�RXW�WKH�$R$�ZH�DVVHPEOHG�D�³WLJHU�WHDP´�RI�H[SHUWV�UHSUHVHQWLQJ�WKH�NH\�
FRPSRQHQWV�DQG�FRQVWLWXHQFLHV�

Ɣ ,QVWUXPHQW�PRGHOLQJ���-HII�0F0DKRQ�	�-RKQ�5XKO
Ɣ 2EVHUYDWLRQ�PRGHOLQJ���5HLMR�.HVNLWDOR�	�6DUD�6LPRQ
Ɣ *DODFWLF�IRUHJURXQG�PRGHOLQJ���6XVDQ�&ODUN�	�%UDQGRQ�+HQVOH\
Ɣ 'HOHQVLQJ���5DSKDHO�)ODXJHU�	�0DULXV�0LOOHD
Ɣ )RUHFDVWLQJ���'DYLG�$ORQVR��&ROLQ�%LVFKRII��-RVTXLQ�(UUDUG�	�5DSKDHO�)ODXJHU
Ɣ &RRUGLQDWLRQ���-XOLDQ�%RUULOO�	�-RKQ�&DUOVWURP
Ɣ 'DWD�SUHVHQWDWLRQ���&RRSHU�-DFREXV

7KHVH�ZHUH�VXSSRUWHG�E\�WKH�HQWLUH�3URMHFW�	�&ROODERUDWLRQ��DQG�SDUWLFXODUO\�WKH�
&0%�6��/RZ�HOO�%%�$QDO\VLV�:RUNLQJ�*URXS�DQG�WKH�3DQ�([SHULPHQW�*DODFWLF�
6FLHQFH�*URXS�

��

$R$�(IIRUW



��

$�³6KRXW�2XW´�WR�WKH�3DQ�([SHULPHQW�*DODFWLF�6FLHQFH�*URXS

Ɣ $R$�IRUHJURXQGV�PRGHOLQJ�ZDV�FRRUGLQDWHG�WKURXJK�WKH�
3DQ�([SHULPHQW�*DODFWLF�6FLHQFH�*URXS��H[SHUWV�LQ�*DODFWLF�
DVWURSK\VLFV�DQG�&0%�IRUHJURXQGV�DFURVV�PRVW�RI�WKH�FXUUHQW�
DQG�XSFRPLQJ�&0%�H[SHULPHQWV�DV�ZHOO�DV�PHPEHUV�RI�WKH�
LQWHUVWHOODU�PHGLXP�FRPPXQLW\

Ɣ 7KUHH�VN\�PRGHOV��DOO�FRQVLVWHQW�ZLWK�FXUUHQW�GDWD�
ż /RZ�&RPSOH[LW\��6PDOO�VFDOH�IOXFWXDWLRQV�LQ�DPSOLWXGHV�

RQO\��QR�GHFRUUHODWLRQ
ż %HVW�(VWLPDWH��3DUDPHWHU�PDSV�EDVHG�RQ�FRPSRQHQW�

VHSDUDWLRQ�ZLWK�H[WUDSRODWLRQ�WR�VPDOO�VFDOHV�LQ�ERWK�
DPSOLWXGHV�DQG�VSHFWUDO�SDUDPHWHUV

ż +LJK�&RPSOH[LW\��1HDU�PD[LPXP�DOORZHG�GHFRUUHODWLRQ�IRU�
GXVW�HPLVVLRQ��OLQH�RI�VLJKW�GXVW�6('�YDULDWLRQV��$0(�
SRODUL]DWLRQ��V\QFKURWURQ�FXUYDWXUH

����*+]�3

���*+]�3

$YDLODEOH�RQ�*LWKXE��KWWSV���JLWKXE�FRP�JDOVFL�S\VP�

https://github.com/galsci/pysm
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6XPPDU\
Ɣ :H�KDYH�D�VSHFWDFXODU��WUDQVIRUPDWLRQDO�VFLHQFH�FDVH��LQFOXGLQJ�D�KLVWRULF�

RSSRUWXQLW\�WR�LQYHVWLJDWH�WKH�RULJLQ�RI�WKH�XQLYHUVH�E\�PDNLQJ�D�GHILQLWLYH�
PHDVXUHPHQW�RI�SULPRUGLDO�JUDYLWDWLRQDO�ZDYHV��DV�SUHGLFWHG�E\�,QIODWLRQ

Ɣ :H�KDYH�VXFFHVVIXOO\�GHYHORSHG�DOWHUQDWLYH�FRQILJXUDWLRQV�WKDW�FDQ�DFKLHYH�WKH�
VFLHQFH��ZLWK�UHGXFHG�LQIUDVWUXFWXUH�DW�WKH�6RXWK�3ROH��

Ɣ 7KH�DOWHUQDWLYHV�YDU\�LQ�UHTXLUHG�VFRSH��REVHUYLQJ�WLPH��ULVN��DQG�FRVW���
Ɣ 7KH�$R$�KDV�EHHQ�³YHWWHG´�E\�WKH�&ROODERUDWLRQ�DQG�UHYLHZHG�E\�DQ�H[WHUQDO�

H[SHUW�SDQHO��
Ɣ 7KH�QH[W�VWHS�LV�D�EULHILQJ�ZLWK�'2(�DQG�16)��VFKHGXOHG�IRU�HDUO\�'HFHPEHU��
Ɣ :H�WKHQ�H[SHFW�WR�ZRUN�ZLWK�WKH�DJHQFLHV�WR�SXUVXH�WKH�DOWHUQDWLYH�SDWKZD\�

ZLWK�WKH�KLJKHVW�FKDQFH�RI�VXFFHVV��OHDVW�VFLHQFH�ULVN��DQG�ZLWK�ZHOO�
XQGHUVWRRG�ULVN�PLWLJDWLRQ�VWUDWHJLHV��DQG�FRQVWUXFW�&0%�6��IRU�RSHUDWLRQ�LQ�
WKH�����¶V��


