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Introduction 
Human genetics stands at a pivotal moment.  
 
The past several decades have seen enormous progress. Various efforts—the Human Genome 
Project, deep catalogs of genetic variation, to the GWAS revolution, and massive sequencing—
have resulted in a wealth of knowledge about the genetics of common disease. This includes 
the discovery of more than 70,000 robust genetic associations to common diseases and traits, 
and important insights into the underlying basis of some diseases.  
 
Yet, there is much more that needs to be done. There is again a growing sense across the 
human genetics community that now is the time to articulate a vision for the next phase of 
common complex disease genetics —to accelerate progress in moving from Maps to 
Mechanisms to Medicine. 
 
Over the past two years, discussions among scientists across the human genetics community 
have led to the decision to form an International Common Disease Alliance (ICDA) as a way to 
engage the community.  
 
As a first step, ICDA has developed these Recommendations & White Paper, based on the 
input of a diverse and engaged community of researchers, clinicians, funders, and policy 
experts. We have designated these documents as v1.0, because they are expected to evolve 
over time. We also welcome further community input on how we might continue to refine and 
improve these recommendations at https://www.icda.bio/. 
 
The next step for ICDA will be to work with the scientific community to help implement these 
recommendations.  
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,� ,QWURGXFWLRQ�
�

+XPDQ�JHQHWLFV�VWDQGV�DW�D�SLYRWDO�PRPHQW��7KH�SDVW�VHYHUDO�GHFDGHV�KDYH�VHHQ�HQRUPRXV�
SURJUHVV��9DULRXV�HIIRUWV²WKH�+XPDQ�*HQRPH�3URMHFW��GHHS�FDWDORJV�RI�JHQHWLF�YDULDWLRQ��
SRZHUIXO�VWXG\�GHVLJQV�DQG�QHZ�DQDO\VLV�PHWKRGV²KDYH�UHVXOWHG�LQ�D�ZHDOWK�RI�NQRZOHGJH�
DERXW�WKH�JHQHWLFV�RI�FRPPRQ�GLVHDVH��7KLV�LQFOXGHV�WKH�GLVFRYHU\�RI�PRUH�WKDQ��������UREXVW�
JHQHWLF�DVVRFLDWLRQV�WR�FRPPRQ�GLVHDVHV�DQG�WUDLWV��DQG�LPSRUWDQW�LQVLJKWV�LQWR�WKH�XQGHUO\LQJ�
EDVLV�RI�VRPH�GLVHDVHV���

<HW��WKHUH�LV�PXFK�PRUH�WR�EH�GRQH��,W�LV�WLPH�WR�HQYLVLRQ�WKH�QH[W�SKDVH�RI�KXPDQ�
JHQHWLFV²WR�DFFHOHUDWH�SURJUHVV�LQ�PRYLQJ�IURP��0DSV�WR�0HFKDQLVPV�WR�0HGLFLQH��WKH�
0�0�0�&KDOOHQJH �����
�
7KH�5ROH�RI�*HQHWLFV�LQ�&RPPRQ�'LVHDVH�
)RU�DOPRVW�DOO�FRPPRQ�GLVHDVHV��LQFOXGLQJ�QRQ�FRPPXQLFDEOH�GLVHDVHV�DQG�LQIHFWLRXV�
GLVHDVHV��JHQHWLFV�SOD\V�D�VXEVWDQWLDO�UROH�LQ�GLVHDVH�VXVFHSWLELOLW\��GLVHDVH�SURJUHVVLRQ��DQG�RU�
UHVSRQVH�WR�WKHUDSLHV��$QG��LW�LV�EHFRPLQJ�LQFUHDVLQJO\�FOHDU�WKDW�JHQHWLFV�RIIHUV�D�SRZHUIXO�
DSSURDFK�WR�V\VWHPDWLFDOO\�SURSHO�WKH�XQGHUVWDQGLQJ�DQG�WUHDWPHQW�RI�FRPPRQ�GLVHDVHV���

�*HQHWLFV�SOD\V�D�XQLTXH�UROH�ZLWKLQ�PHGLFLQH��EHFDXVH�LW�SURYLGHV�D�ZD\�WR�GLVFRYHU�WKH�
FDXVDO�ELRORJLFDO�PHFKDQLVPV�RI�DQ\�GLVHDVH�ZLWK�QR�SULRU�ELRORJLFDO�K\SRWKHVLV�DERXW�WKH�FHOO�
W\SHV�RU�SURFHVVHV�LQYROYHG��(YHU\�RWKHU�ELRORJLFDO�REVHUYDWLRQ�DVVRFLDWHG�ZLWK�D�GLVHDVH�PLJKW�
HLWKHU�EH�D�FDXVH�RU�DQ�HIIHFW��)RU�JHQHWLF�YDULDWLRQ��WKH�DUURZ�RI�FDXVDOLW\�UXQV�LQ�RQO\�RQH�
GLUHFWLRQ��IURP�JHQRW\SH�WR�SKHQRW\SH���
� $GYDQFHV�LQ�JHQHWLFV�DUH�QRZ�PDNLQJ�LW�SRVVLEOH�WR�FRPSUHKHQVLYHO\�VFUHHQ�JHQHWLF�
YDULDWLRQ�LQ�SDWLHQWV�ZLWK�FRPPRQ�GLVHDVHV�WR�HQDEOH�V\VWHPDWLF�GLVFRYHU\�DQG�FKDUDFWHUL]DWLRQ�
RI�GLVHDVH�YDULDQWV��GLVHDVH�JHQHV��GLVHDVH�PHFKDQLVPV��DQG�GUXJ�WDUJHWV�²�DQG�WR�GHYHORS�
SRZHUIXO�QHZ�DSSURDFKHV�WR�PHGLFDO�FDUH�LQIRUPHG�E\�JHQHWLFV���

7ZR�FDYHDWV�VKRXOG�EH�VWDWHG�H[SOLFLWO\��
�L��7KH�0DSV�WR�0HFKDQLVPV�WR�0HGLFLQH�&KDOOHQJH�SURYLGHV�D�XVHIXO�IUDPHZRUN�IRU�

DGYDQFLQJ�NQRZOHGJH�DERXW�D�GLVHDVH��:KLOH�DGYDQFHV�ZLOO�RIWHQ�IORZ�DORQJ�WKLV�OLQHDU�SDWK��ZH�
QRWH�WKDW�LPSRUWDQW�LQIRUPDWLRQ�PD\�VRPHWLPHV�IORZ�EDFNZDUG��IRU�H[DPSOH��LQVLJKWV�DERXW�
FHOOXODU�PHFKDQLVPV�FRXOG�DLG�LQ�LGHQWLI\LQJ�WDUJHW�JHQHV�IRU�QRQ�FRGLQJ�DVVRFLDWLRQV���$OVR��
ZKLOH�LW�ZLOO�EH�LPSRUWDQW�WR�GHYHORS�JHQHUDO�SDUDGLJPV��ZH�GR�QRW�H[SHFW�WKHUH�ZLOO�EH�D�
�RQH�VL]H�ILWV�DOO��VROXWLRQ�IRU�DOO�FRPPRQ�GLVHDVHV��

�LL��:KLOH�JHQHWLFV�SOD\V�D�NH\�UROH�LQ�XQGHUVWDQGLQJ�FRPPRQ�GLVHDVHV��JHQHWLFV�LV�RQO\�
SDUW�RI�WKH�SLFWXUH��2WKHU�IDFWRUV�VXFK�DV�HQYLURQPHQWDO�H[SRVXUHV��RU�VRFLDO�GHWHUPLQDQWV�RI�
KHDOWK�LQFOXGLQJ�SRYHUW\�DQG�ODFN�RI�DFFHVV�WR�HGXFDWLRQ�DQG�KHDOWKFDUH��DUH�DOVR�LPSRUWDQW�
FRQWULEXWRUV�WR�GLVHDVH��7KH�0�0�0�IRFXV�RQ�JHQHWLFV�LV�GULYHQ�E\�WKH�UHFHQW�DYDLODELOLW\�RI�
SRZHUIXO�V\VWHPDWLF�DSSURDFKHV�WKDW�KDYH�OHG�WR�LQFUHDVLQJ�NQRZOHGJH�DERXW�JHQHWLF�
FRQWULEXWLRQV�WR�GLVHDVH��.QRZOHGJH�IURP�JHQHWLF�VWXGLHV�ZLOO�LGHDOO\�KHOS�LQ�VXEVHTXHQW�
HOXFLGDWLRQ�RI�QRQ�JHQHWLF�IDFWRUV��DQG�FRQYHUVHO\���
�
�

��



,QWHUQDWLRQDO�&RPPRQ�'LVHDVH�$OOLDQFH��
$FKLHYLQJ�WKH�SURPLVH�RI�XVLQJ�JHQHWLFV�IRU�FRPPRQ�GLVHDVH�ZLOO�UHTXLUH�GHHS�FROODERUDWLRQ�
DPRQJ�PDQ\�FRPPXQLWLHV�DQG�VWDNHKROGHUV�DFURVV�DFDGHPLD��PHGLFLQH��ELRSKDUPD��WHFK�
FRPSDQLHV��DQG�IXQGHUV���

7KH�,QWHUQDWLRQDO�&RPPRQ�'LVHDVH�$OOLDQFH��,&'$��ZDV�IRUPHG�WR�VHUYH�DV�D�VFLHQWLILF�
IRUXP�WR�EULQJ�WRJHWKHU�WKHVH�NH\�VWDNHKROGHUV�IURP�DURXQG�WKH�JOREH�LQ�RUGHU�WR���

,� L �GHQWLI\�FRPPRQ�EDUULHUV�WR�SURJUHVV�DFURVV�GLVHDVHV�DQG�SRSXODWLRQV���
,,� GHYHORS�DQG�SURPRWH�FROODERUDWLYH�VROXWLRQV�WR�RYHUFRPH�WKHVH�EDUULHUV��DQG��
,,,� FRQYHQH�WKH�VFLHQWLILF�FRPPXQLW\�UHJXODUO\�WR�WDFNOH�FKDOOHQJHV�WRJHWKHU�DQG�VKDUH�

UHVXOWV�DQG�SURJUHVV��
,&'$�PHPEHUVKLS�LV�RSHQ�WR�HYHU\RQH��7KH�$OOLDQFH�LV�OHG�E\�WKH�,&'$�2UJDQL]LQJ�

&RPPLWWHH��ZKLFK�FRPSULVHV����VFLHQWLVWV�IURP����FRXQWULHV�RQ���FRQWLQHQWV��
,Q�6HSWHPEHU�������,&'$�KHOG�LWV�LQDXJXUDO�VFLHQWLILF�PHHWLQJ�RXWVLGH�:DVKLQJWRQ��'�&��

WR�EULQJ�WRJHWKHU�SDUWLFLSDQWV�IRU�VFLHQWLILF�WDONV�DQG�GLVFXVVLRQV��$W�WKDW�PHHWLQJ��,&'$�UHOHDVHG�
D�SUHOLPLQDU\�GUDIW�,&'$�:KLWH�3DSHU��Y�����UHYLHZLQJ�WKH�KLVWRU\�RI�WKH�ILHOG�DQG�WKH�FKDOOHQJHV�
DQG�RSSRUWXQLWLHV�DKHDG���

7KH�VHFRQG�,&'$�VFLHQWLILF�PHHWLQJ�ZDV�SODQQHG�IRU�HDUO\�0DUFK������LQ�&RSHQKDJHQ��
EXW�ZDV�SRVWSRQHG�LQ�OLJKW�RI�WKH�&29,'����VLWXDWLRQ�WKHQ�EHJLQQLQJ�WR�HPHUJH�LQ�(XURSH��
,QVWHDG��,&'$�KHOG�WZR�YLUWXDO�WRZQ�KDOO�PHHWLQJV��
�
:KDW�,&'$�LV�²�DQG�LVQ¶W�
,W�LV�LPSRUWDQW�WR�PDNH�FOHDU�ZKDW�,&'$�LV�DQG�LVQ¶W��

,&'$�LV�D�VFLHQWLILF�IRUXP�FRPSULVLQJ�LQWHUQDWLRQDO�VWDNHKROGHUV�DFURVV�DFDGHPLD��
PHGLFLQH��ELRSKDUPD�FRPSDQLHV��WHFK�FRPSDQLHV��DQG�ELRPHGLFDO�IXQGHUV���

Ɣ ,&'$�ZRUNV�WR�EULQJ�WRJHWKHU�WKH�FRPPXQLW\�WR�GHILQH�FXUUHQW�EDUULHUV�WR�SURJUHVV��
LGHQWLI\�QHHGV�DQG�RSSRUWXQLWLHV�WR�RYHUFRPH�WKHVH�EDUULHUV��DQG�EULQJ�WRJHWKHU�WKH�
FRPPXQLW\��WR�SURSRVH�VROXWLRQV�²�LQFOXGLQJ�WKURXJK�VFLHQWLILF�LQLWLDWLYHV�DQG�SROLF\�
JURXSV�²�WR�GULYH�SURJUHVV�RQ�WKH�0�0�0�&KDOOHQJH��

Ɣ :H�H[SHFW�WKDW�,&'$�PHPEHUV�ZLOO�EH�DFWLYHO\�HQJDJHG�LQ�WKHVH�DFWLYLWLHV�²�VXFK�DV�
SLORWLQJ�QHZ�H[SHULPHQWDO�WHFKQRORJLHV��VFDOLQJ�XS�SURPLVLQJ�WHFKQRORJLHV�WR�JHQHUDWH�
IRXQGDWLRQDO�JHQRPLF�GDWD�UHVRXUFHV��GHYHORSLQJ�QRYHO�DQDO\WLFDO�PHWKRGV�WR�LQWHJUDWH�
ODUJH�JHQHWLF�DQG�JHQRPLF�GDWDVHWV��GHYHORSLQJ�QHZ�GDWD�SODWIRUPV��DQG�GHYHORSLQJ�
HWKLFDO�IUDPHZRUNV�IRU�WUXO\�JOREDO�DQG�HTXLWDEOH�FROODERUDWLRQ���

Ɣ ,&'$�GRHV��QRW��H[SHFW�WR�GHFLGH�RQ�RU�IXQG�SURMHFWV��7KHVH�FKRLFHV�VKRXOG�EH�PDGH�E\�
IXQGHUV�LQ�FRXQWULHV�DURXQG�WKH�ZRUOG�²�LQFOXGLQJ�JRYHUQPHQWV��SKLODQWKURSLHV�DQG�
LQGXVWU\���

Ɣ ,&'$�ZLOO�KHOS�WR�EULQJ�WRJHWKHU�WKH�FRPPXQLW\�WR�HQYLVLRQ��VWLPXODWH��DQG�VRPHWLPHV�
FRRUGLQDWH�DFWLYLWLHV�DFURVV�ODEV�DQG�FRXQWULHV��

Ɣ ,&'$�ZLOO�ZRUN�LQ�SDUWQHUVKLS�ZLWK�H[LVWLQJ�HIIRUWV�LQ�KXPDQ�JHQHWLFV�²�QRW�VHHNLQJ�WR�
GXSOLFDWH�WKH�PDQ\�KLJKO\�IXQFWLRQDO�DFWLYLWLHV�DOUHDG\�XQGHUZD\��

,&'$¶V�JRDOV�DUH�GHVFULEHG�LQ�WKLV�³FKDUWHU´��
�

�

��



,&'$�&KDUWHU�
7KH�,QWHUQDWLRQDO�&RPPRQ�'LVHDVH�$OOLDQFH�ZLOO�VHUYH�DV�D���VFLHQWLILF�IRUXP�
EULQJLQJ�WRJHWKHU�LQWHUQDWLRQDO�VWDNHKROGHUV�DFURVV�DFDGHPLD��PHGLFLQH��ELRSKDUPD�
FRPSDQLHV��WHFK�FRPSDQLHV��DQG�ELRPHGLFDO�IXQGHUV�WR��

Ɣ GHILQH�FXUUHQW�EDUULHUV�WR�SURJUHVV�LQ�WDFNOLQJ�WKH�0�0�0�FKDOOHQJH��
�LQFOXGLQJ�VFLHQWLILF��WHFKQRORJLFDO��SROLF\��FRPSXWDWLRQDO�DQG�RUJDQL]DWLRQDO�
REVWDFOHV��

Ɣ LGHQWLI\�QHHGV�DQG�RSSRUWXQLWLHV�IRU�QHZ�SURMHFWV ��WR�RYHUFRPH�WKHVH�
EDUULHUV�LQ�WKH�VSLULW�RI�SDVW�DQG�SUHVHQW�H[DPSOHV�RI�SXEOLF�HIIRUWV�DQG�
SXEOLF�SULYDWH�SURMHFWV��VXFK�DV�WKH�613�FRQVRUWLXP��WKH�+DS0DS�SURMHFWV��
WKH������JHQRPHV�SURMHFWV��WKH�)LQQ*HQ�3URMHFW��WKH�8.�%LREDQN��WKH�$OO�RI�
8V�3URMHFW��WKH�2SHQ�7DUJHWV�,QLWLDWLYH��DQG�PDQ\�PRUH���

Ɣ RUJDQL]H�ZRUNLQJ�JURXSV�WR�SURSRVH�VROXWLRQV�DQG�WR�GULYH�SURJUHVV ����
LQFOXGLQJ�NH\�NQRZOHGJH��GDWDVHWV��H[SHULPHQWDO�WHFKQRORJLHV��FRPSXWDWLRQDO�
SODWIRUPV��DQG�IUDPHZRUNV�IRU�GDWD�VKDULQJ�DQG�GDWD�KDUPRQL]DWLRQ��

Ɣ RUJDQL]H�VFLHQWLILF�PHHWLQJV�WR�EULQJ�WRJHWKHU�WKH�FRPPXQLW\ ���RQ�DQ�
RQJRLQJ�EDVLV�WR�VKDUH�UHVXOWV��DVVHVV�SURJUHVV��DQG�XSGDWH�SODQV�DERXW�WKH�
JHQHWLFV�RI�FRPPRQ�GLVHDVH��

Ɣ FRRUGLQDWH�ZLWK�IXQGHUV ���WR�HQVXUH�WKH�ZRUN�GHILQLQJ�WKH�EDUULHUV�DQG�
SURSRVLQJ�VROXWLRQV�LQ�WKH�ZKLWH�SDSHUV�LV�RI�PD[LPDO�XWLOLW\��

Ɣ KHOS�WR�IDFLOLWDWH�LQWHUQDWLRQDO�FROODERUDWLRQV ��ZKHUH�DSSURSULDWH��DQG�
Ɣ XQGHUWDNH�SXEOLF�FRPPXQLFDWLRQ�DQG�HQJDJHPHQW���RQ�LVVXHV�UHODWHG�WR�

FRPPRQ�GLVHDVH�JHQHWLFV��

�
'LYHUVLW\��,QFOXVLRQ�DQG�(WKLFV�
,&'$�LV�FRPPLWWHG�WR�GLYHUVLW\��LQFOXVLRQ�DQG�HWKLFV��7KH�VXFFHVV�DQG�VXVWDLQDELOLW\�RI�WKH�
0�0�0�YLVLRQ�GHSHQGV�XSRQ�EXLOGLQJ�DQG�PDLQWDLQLQJ�WUXVW�LQ�FRPPXQLWLHV�DURXQG�WKH�ZRUOG�
²�HVSHFLDOO\�ZLWK�UHJDUG�WR�HQVXULQJ�WKDW�DFWLYLWLHV�HQJDJH�DQG�EHQHILW�ORZ�DQG�PLGGOH�LQFRPH�
FRXQWULHV�DQG�GLYHUVH�SRSXODWLRQV���

0RUH�EURDGO\��HWKLFDO�FRQVLGHUDWLRQV�²�HVSHFLDOO\�ZLWK�UHJDUG�WR�WKH�SURWHFWLRQ�DQG�
EHQHILW�RI�SDWLHQWV�DQG�SDUWLFLSDQWV�²�FDQQRW�EH�D�VLGH�DFWLYLW\��EXW�PXVW�EH�HPEHGGHG�LQ�HYHU\�
DVSHFW�RI�,&'$�DFWLYLWLHV��

�
'HYHORSLQJ�,&'$�5HFRPPHQGDWLRQV�
)ROORZLQJ�WKH�ILUVW�,&'$�PHHWLQJ�LQ�6HSWHPEHU�������WKH�,&'$�FRPPXQLW\�EHJDQ�ZRUN�WR�
GHYHORS�FRQFUHWH�UHFRPPHQGDWLRQV²LQWHQGHG�IRU�UHVHDUFKHUV�DQG�IXQGHUV²DERXW�KRZ�WR�
SURSHO�SURJUHVV�WRZDUG�WDFNOLQJ�WKH�0�0�0�&KDOOHQJH��7KH�SURFHVV�LQYROYHG�WKUHH�ZRUNLQJ�
JURXSV�DQG�WKH�2UJDQL]LQJ�&RPPLWWHH��LQFOXGLQJ�a����SDUWLFLSDQWV��a���PHHWLQJV��DQG�
WUHPHQGRXV�FROODERUDWLRQ��

'UDIW�,&'$�5HFRPPHQGDWLRQV��Y�����ZHUH�DSSURYHG�LQ�HDUO\�)HEUXDU\������IRU�UHOHDVH�
DV�D�SXEOLF�GUDIW�YHUVLRQ��DORQJ�ZLWK�DQ�XSGDWHG�YHUVLRQ�RI�WKH�,&'$�:KLWH�3DSHU��Y������,&'$�
WKHQ�VROLFLWHG�LQSXW�IURP�WKH�ZLGHU�VFLHQWLILF�FRPPXQLW\��ZLWK�WKH�LQWHQWLRQ�WKDW�WKH�GRFXPHQWV�

��



ZRXOG�EH�ILQDOL]HG�DW�,&'$¶V�SODQQHG�PHHWLQJ�LQ�&RSHQKDJHQ�LQ�HDUO\�0DUFK�������:LWK�WKH�
SRVWSRQHPHQW�RI�WKH�&RSHQKDJHQ�PHHWLQJ�GXH�WR�WKH�&29,'����SDQGHPLF��WZR�YLUWXDO�WRZQ�
KDOOV�ZHUH�RUJDQL]HG�WR�JDWKHU�IXUWKHU�LQSXW�LQWR�WKH�UHFRPPHQGDWLRQV��2YHU�WKH�VXEVHTXHQW�
ZHHNV��WKH�UHFRPPHQGDWLRQV�ZHUH�UHYLVHG�LQ�UHVSRQVH�WR�WKH�LQSXW�UHFHLYHG���

7KH�,&'$�5HFRPPHQGDWLRQV��Y�����SUHVHQWHG�KHUH�WKXV�UHIOHFW�WKH�LQSXW�RI�D�ZLGH�
FRPPXQLW\����

7KH�,&'$�5HFRPPHQGDWLRQV�UDQJH�EURDGO\��7KH\�LQFOXGH�EROG�VFLHQWLILF�SURMHFWV�
WKDW�PD\�WDNH������\HDUV�WR�FRPSOHWH��IRXQGDWLRQDO�JHQHWLF�DQG�JHQRPLF�UHVRXUFHV��
FULWLFDO�FRPSXWDWLRQDO�WRROV��DFWLYLWLHV�WR�SURSHO�WKHUDSHXWLFV��LPSRUWDQW�DUHDV�IRU�QHZ�
UHVHDUFK�DQG�WUDLQLQJ��DQG�VWUDWHJLHV�WR�SURPRWH�JOREDO�HTXLW\��

:H�H[SHFW�WKH�,&'$�UHFRPPHQGDWLRQV�WR�FRQWLQXH�WR�HYROYH�DQG�PDWXUH�DV�WKH�
ILHOG�SURJUHVVHV���:H�ZHOFRPH�\RXU�LQSXW���RQ�KRZ�ZH�PLJKW�FRQWLQXH�WR�UHILQH�DQG�
LPSURYH�WKHVH�UHFRPPHQGDWLRQV�DW���KWWSV���ZZZ�LFGD�ELR����
�

� �

��



,,� )UDPHZRUN�IRU�,&'$�'LUHFWLRQV�DQG�5HFRPPHQGDWLRQV��
�
7KH�,&'$�5HFRPPHQGDWLRQV�DUH�LQWHQGHG�WR�SURYLGH�DQ��RYHUDOO�IUDPHZRUN ��IRU�ZKDW�LW�ZLOO�WDNH�
WR�PHHW�WKH�0�0�0�&KDOOHQJH��7KH�IUDPHZRUN�FRQVLVWV�RI���NH\�GLUHFWLRQV��ZLWK����VSHFLILF�
UHFRPPHQGDWLRQV��7KLV�VHFWLRQ�SURYLGHV�DQ�RYHUYLHZ�RI�WKH�GLUHFWLRQV�DQG�UHFRPPHQGDWLRQV��
7KH�UHFRPPHQGDWLRQV�DUH�WKHQ�GHVFULEHG�LQ�GHWDLO�LQ�VHFWLRQ�,,,�� �

Ɣ ,W�LV�QRW�H[SHFWHG�WKDW�DQ\�JLYHQ�IXQGHU�RU�VFLHQWLILF�VWDNHKROGHU�ZLOO�DLP�WR�DGGUHVV�DOO�
WKH�GLUHFWLRQV�EHORZ��5DWKHU��WKH\�ZLOO�IRFXV�RQ�GLUHFWLRQV�RI�JUHDWHVW�LQWHUHVW�DQG�
UHOHYDQFH�WR�WKHP���

Ɣ ,W�LV�DOVR�QRW�H[SHFWHG�WKDW�IXQGHUV�RU�VFLHQWLILF�VWDNHKROGHUV�ZLOO�FKRRVH�WR�IROORZ�WKH�
UHFRPPHQGDWLRQV�SUHFLVHO\��7KH�,&'$�5HFRPPHQGDWLRQV�DUH�LQWHQGHG�WR�OD\�RXW�
FRKHUHQW�SODQV�WR�KHOS�VKDSH�DFWLYLWLHV��ZKLFK�PD\�KHOS�IXQGHUV�LQ�GHILQLQJ�WKHLU�RZQ�
SURJUDPV�DQG��WKH�VFLHQWLILF�FRPPXQLW\�LQ�ODXQFKLQJ�SURMHFWV���

Ɣ :H�KDYH�QRW�VRXJKW�WR�H[SOLFLWO\�SULRULWL]H�WKH�GLUHFWLRQV�DQG�UHFRPPHQGDWLRQV��7KH\�DUH�
DOO�LPSRUWDQW��DQG�ZH�H[SHFW�WKDW�GLIIHUHQW�VWDNHKROGHUV�ZLOO�KDYH�GLIIHUHQW�SULRULWLHV��

Ɣ $V�VWDWHG�DERYH��,&'$�ZLOO�DLP�WR�VHUYH�DV�D�XQLI\LQJ�IRUXP�IRU�HQYLVLRQLQJ��VWLPXODWLQJ��
DQG��DV�DSSURSULDWH��FRRUGLQDWLQJ�DFWLYLWLHV�UHODWHG�WR�WKHVH�GLUHFWLRQV�DQG�
UHFRPPHQGDWLRQV��
�

'LUHFWLRQV���7KLV�IUDPHZRUN�LQFOXGHV���NH\�GLUHFWLRQV��IODJVKLS�GLVHDVHV��PDSV��PHFKDQLVPV��
PHGLFLQH��GDWD��SROLF\��JOREDO�HTXLW\��DQG�LQYHVWLJDWRU�LQLWLDWHG�LQQRYDWLRQ�� �
�
'LUHFWLRQ����)ODJVKLS�'LVHDVHV�3URMHFWV�
)ODJVKLS�'LVHDVH�3URMHFWV�ZLOO�EH�D�FUXFLDO�FURVV�FXWWLQJ�HOHPHQW�RI�,&'$��VHUYLQJ�DV�ERWK�
GULYLQJ�SUREOHPV�DQG�WHVWEHGV�IRU�QHZ�PHWKRGV�DQG�SDUDGLJPV�WR�JR�IURP�0DSV�WR�0HFKDQLVPV�
WR�0HGLFLQH�IRU��DQ\��FRPPRQ�GLVHDVH��

)ODJVKLS�'LVHDVH�3URMHFWV�ZLOO�KHOS�LGHQWLI\�WKH�PRVW�HIIHFWLYH�ZD\V�WR�LGHQWLI\��L��WKH�
YDULDQWV�DQG�JHQHV�WKDW�SOD\�D�FDXVDO�UROH�LQ�GLVHDVH�HWLRORJ\�DQG�SURJUHVVLRQ���LL��WKH�FHOO�W\SHV��
WLVVXHV�DQG�RUJDQV�LQ�ZKLFK�WKHVH�JHQHV�DFW�WR�DIIHFW�WKH�GLVHDVH���LLL��WKH�FHOOXODU�SDWKZD\V�DQG�
PHFKDQLVPV�WKDW�GULYH�GLVHDVH���LY��SRWHQWLDO�WDUJHWV�IRU�SUHYHQWLRQ��GHWHFWLRQ�DQG�WKHUDS\��DQG�
�Y��WKH�WRROV�QHHGHG�IRU�GLDJQRVWLF�DQG�WKHUDSHXWLF�GHYHORSPHQW��

)ODJVKLS�'LVHDVH�3URMHFWV�VKRXOG�EH�ODXQFKHG�IRU��DW�OHDVW��WHQ�LPSRUWDQW�GLVHDVHV��
VHOHFWHG�EDVHG�RQ�D�YDULHW\�RI�VFLHQWLILF��PHGLFDO�DQG�VRFLRHFRQRPLF�FULWHULD��7KHVH�GLVHDVHV�
VKRXOG�DOVR�VHUYH�DV�WHVWEHGV�IRU�PDQ\�RI�WKH�FURVV�FXWWLQJ�HIIRUWV�GHVFULEHG�EHORZ���

7KH�FKRLFH�RI�GLVHDVHV�ZLOO�XOWLPDWHO\�EH�XS�WR�VFLHQWLILF�FKDPSLRQV�SDLUHG�ZLWK�IXQGHUV�
FRPPLWWHG�WR�DFFHOHUDWLQJ�SURJUHVV�RQ�WKH�GLVHDVH��ZRUNLQJ�LQ�FORVH�FRQVXOWDWLRQ�ZLWK�WKH�
VFLHQWLILF�FRPPXQLW\�� �

Ɣ 5HFRPPHQGDWLRQ�� ��GHVFULEHV�)ODJVKLS�'LVHDVH�3URMHFWV��
�
�
�
��

��



'LUHFWLRQ����0DSV�
0DSV�3URMHFWV�DLP�WR�SURSHO�WKH�JHQHWLF�PDSSLQJ�RI�JHQHWLF�YDULDQWV�WKDW�VKDSH�KXPDQ�
GLVHDVHV�DQG�WUDLWV�²�E\�LPSURYLQJ�ODUJH�LQWHUQDWLRQDO�ELREDQNV�DQG�FUHDWLQJ�NH\�JHQHWLF�
UHVRXUFHV��7KHUH�DUH�ILYH�VSHFLILF�UHFRPPHQGDWLRQV��

Ɣ 5HFRPPHQGDWLRQ�� ���,QFUHDVH�WKH�GLYHUVLW\�RI�ELREDQNV�IRFXVHG�RQ�JHQHWLF�DQDO\VLV��E\�
HVWDEOLVKLQJ�DQG�H[SDQGLQJ�ELREDQNV�LQ�$IULFD��WKH�$PHULFDV��DQG�$VLD��

Ɣ 5HFRPPHQGDWLRQ�� ���,QFUHDVH�WKH�RYHUDOO�VL]H�DQG�XWLOLW\�RI�ELREDQNV��E\�GHYHORSLQJ�
PRUH�ELREDQNV�LQ�WKH�FRQWH[W�RI�PHGLFDO�V\VWHPV��HVSHFLDOO\�ZLWK�GHHS�JHQHWLF�DQG�
FOLQLFDO�LQIRUPDWLRQ�ZLWK�HOHFWURQLF�PHGLFDO�UHFRUGV��DQG�HQDEOLQJ�UHFRQWDFW�RI�
SDUWLFLSDQWV�IRU�IROORZLQJ�XS�FOLQLFDO�UHVHDUFK�DQG�FOLQLFDO�WULDOV��

Ɣ 5HFRPPHQGDWLRQ�� ���3URSHO�IHGHUDWHG�JHQHWLF�DQDO\VLV�DFURVV�JOREDO�ELREDQNV��E\�
VXSSRUWLQJ�RQJRLQJ�HIIRUWV��LQFOXGLQJ�D�UHFHQWO\�ODXQFKHG�QHWZRUN��

Ɣ 5HFRPPHQGDWLRQ�� ���$VVHPEOH�D�FRPSUHKHQVLYH�JHQHWLF�YDULDQW�UHVRXUFH�LQFOXVLYH�RI�
JHRJUDSKLF�DQG�JHQHWLF�GLYHUVLW\��LQFOXGLQJ�UHSUHVHQWDWLRQ�IURP�(XURSH��(DVW�$VLD��6RXWK�
$VLD��&HQWUDO�$VLD��:HVW�$IULFD��(DVW�$IULFD��6RXWKHUQ�$IULFD��WKH�$PHULFDV��DQG�
2FHDQLD��

Ɣ 5HFRPPHQGDWLRQ�� ���&UHDWH�D�FRPSUHKHQVLYH��FXUDWHG�UHVRXUFH�RI�*:$6�VXPPDU\�
VWDWLVWLFV��SURYLGLQJ�WKH�IXOO�LQIRUPDWLRQ�DERXW�UHVXOWV�UHTXLUHG�IRU�PRGHUQ�DQDO\VHV��

�
'LUHFWLRQ����0HFKDQLVPV�
0HFKDQLVPV�3URMHFWV�DUH�WDUJHWHG�DW�LGHQWLI\LQJ�WKH�GLUHFW�PROHFXODU�DQG�FHOOXODU�IXQFWLRQDO�
FRQVHTXHQFHV�RI�JHQHWLF�YDULDQWV��HQDEOLQJ�WKH�LGHQWLILFDWLRQ�RI�FDXVDO�JHQHV�DQG�SDWKZD\V�IRU�
GLVHDVH�ELRORJ\��7KHUH�DUH�WKUHH�VSHFLILF�UHFRPPHQGDWLRQV��

Ɣ 5HFRPPHQGDWLRQ�� ���&UHDWH�D�+XPDQ�*HQH�5HJXODWLRQ�0DS��WR�FRPSUHKHQVLYHO\�
FRQQHFW�QRQFRGLQJ�FLV�UHJXODWRU\�HOHPHQWV�WR�WKHLU�WDUJHW�JHQHV�DFURVV�DOO�FHOO�W\SHV��

Ɣ 5HFRPPHQGDWLRQ�� ���&UHDWH�D�&RPSUHKHQVLYH�&DWDORJ�RI�&HOOXODU�3URJUDPV��FRQVLVWLQJ�
RI�FRRUGLQDWHG�FKDQJHV�LQ�JHQH�H[SUHVVLRQ�DFURVV�FHOO�W\SHV�DQG�VWDWHV�DQG�DQ�
XQGHUVWDQGLQJ�RI�WKH�UHJXODWRU\�HOHPHQWV�WKDW�FRQWURO�WKHP��

Ɣ 5HFRPPHQGDWLRQ�� ���'HYHORS�V\VWHPDWLF�FKDUDFWHUL]DWLRQ�RI�DOO�FRPPRQ�SURWHLQ�FRGLQJ�
YDULDQWV��LQFOXGLQJ�GLVHDVH�ULVNV�DQG�FHOOXODU�HIIHFWV��

�
'LUHFWLRQ����0HGLFLQH��
0HGLFLQH�3URMHFWV�IRFXV�RQ�GHYHORSLQJ�IXQFWLRQDO�DVVD\V�WR�XQUDYHO�GLVHDVH�UHODWHG�SURFHVVHV��
LGHQWLI\LQJ�ELRPDUNHUV�WR�VXSSRUW�ERWK�FOLQLFDO�WUDQVODWLRQ�DQG�JHQRPLFDOO\�LQIRUPHG�FOLQLFDO�WULDOV��
:KLOH�V\VWHPDWLF��GLVHDVH�DJQRVWLF�DSSURDFKHV�SURYLGH�D�YHU\�SRZHUIXO�IRXQGDWLRQ��
GLVHDVH�VSHFLILF�HIIRUWV�ZLOO�EH�HVVHQWLDO�WR�SURSHO�WKHUDSHXWLF�GHYHORSPHQW�DQG�FOLQLFDO�FDUH��
7KHUH�DUH�ILYH�VSHFLILF�UHFRPPHQGDWLRQV��

Ɣ 5HFRPPHQGDWLRQ��� ���'HYHORS�IXQFWLRQDO�DVVD\V�IRU�V\VWHPDWLF�GLVVHFWLRQ�RI�
GLVHDVH�UHODWHG�SURFHVVHV��WR�LPSOLFDWH�JHQHV�DQG�YDULDQWV�LQ�FHOOXODU�SURFHVVHV��

Ɣ 5HFRPPHQGDWLRQ��� ���&UHDWH�WRROV�WR�SURSHO�WKHUDSHXWLF�GHYHORSPHQW�IRU�KLJK�SULRULW\�
WDUJHWV��WR�SULRULWL]H�DQG�YDOLGDWH�PHFKDQLVPV�DV�WKHUDSHXWLF�WDUJHWV��

Ɣ 5HFRPPHQGDWLRQ��� ���'HYHORS�QHZ�PHWKRGV�IRU�GLVFRYHULQJ�ELRPDUNHUV�RI�GLVHDVH��WR�
SURYLGH�PHFKDQLVWLF�LQVLJKWV�DQG�VXSSRUW�FOLQLFDO�WUDQVODWLRQ��

��



Ɣ 5HFRPPHQGDWLRQ��� ���$FFHOHUDWH�JHQRPLFDOO\�LQIRUPHG�FOLQLFDO�WULDOV��WR�LQFUHDVH�WKH�
VXFFHVV�RI�WULDOV�ZKLOH�GHFUHDVLQJ�SDWLHQW�QXPEHUV��HQUROOPHQW�WLPH�DQG�DGYHUVH�HYHQWV��

Ɣ 5HFRPPHQGDWLRQ��� ���(VWDEOLVK�EHVW�SUDFWLFHV�IRU�WKH�UHVSRQVLEOH�XVH�RI�SRO\JHQLF�
VFRUHV�LQ�PHGLFLQH��LQFOXGLQJ�WKH�FUHDWLRQ��DVVHVVPHQW��FHUWLILFDWLRQ�DQG�FOLQLFDO�XVH�RI�
3RO\JHQLF�5LVN�6FRUHV��

�
'LUHFWLRQ����'DWD�
7KH�GLYHUVH�W\SHV�RI�GDWD�DQG�UHVXOWV�JHQHUDWHG�DFURVV�WKH�GLIIHUHQW�GLUHFWLRQV�KLJKOLJKW�WKH�
QHHG�IRU�D�IHGHUDWHG�HFRV\VWHP�RI�VRIWZDUH�UHVRXUFHV��'DWD�SURMHFWV�ZLOO�IDFLOLWDWH�WKH�VWRUDJH��
FXUDWLRQ��DFFHVV��DQDO\VLV��DQG�GLVVHPLQDWLRQ�RI�GDWD�DQG�UHVXOWV�IRU�XVH�E\�WKH�JOREDO�
FRPPXQLW\��

Ɣ 5HFRPPHQGDWLRQ��� ���&UHDWH�D�FRPPRQ�RSHQ�VRXUFH�'DWD�3ODWIRUP�²�D�VKDUHG�
VRIWZDUH�LQIUDVWUXFWXUH�WKDW�DOORZV�GLYHUVH�XVHUV�WR�FUHDWH�GLVWLQFW�'DWD�5HSRVLWRULHV�
SURYLGLQJ�GDWD�VWRUDJH�DQG�GDWD�DQDO\VLV��ZKLOH�HQDEOLQJ�IHGHUDWHG�DQDO\VHV�LQ�
FRPSOLDQFH�ZLWK�QDWLRQDO�UHJXODWLRQV��,5%�DSSURYDOV��DQG�GDWD�XVH�SHUPLVVLRQV��

Ɣ 5HFRPPHQGDWLRQ��� ���&UHDWH�*HQRW\SH�[�3KHQRW\SH�SRUWDOV�WR�UHDGLO\�DFFHVV�
LQIRUPDWLRQ�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�JHQHV�DQG�SKHQRW\SHV��LQFOXGLQJ�JHQHWLF�
GDWD��IXQFWLRQDO�DVVD\�GDWD��DQG�FOLQLFDO�LQIRUPDWLRQ���

Ɣ 5HFRPPHQGDWLRQ��� ���&UHDWH�FXUDWHG��IUHHO\�DYDLODEOH�JROG�VWDQGDUG�YDOLGDWLRQ�GDWDVHWV�
IRU�WKH�UREXVW�DQG�XQELDVHG�WHVWLQJ��EHQFKPDUNLQJ��DQG�YDOLGDWLQJ�RI�QRYHO�FRPSXWDWLRQDO�
PHWKRGV�WR�LQIHU�FDXVDOLW\�DW�DOO�VWHSV�LQ�WKH�SURFHVV�IURP�PDSV�WR�PHFKDQLVPV�WR�
PHGLFLQH���
�

'LUHFWLRQ����3ROLF\� �
,Q�RUGHU�WR�UHVSRQVLEO\�GULYH�SURJUHVV�WRZDUG�WKH�0�0�0�JRDOV��LW�LV�LPSRUWDQW�WR�KDYH�
ZHOO�FUDIWHG�SROLFLHV�WR�SURPRWH�GDWD�VKDULQJ��SURWHFW�SDUWLFLSDQWV��FRPSO\�ZLWK�QDWLRQDO�
UHJXODWLRQV��DQG�UHVSHFW�FXOWXUDO�SHUVSHFWLYHV��

Ɣ 5HFRPPHQGDWLRQ��� ���(VWDEOLVK�D�'DWD�&RPSOLDQFH�7DVN�)RUFH�WR�UHYLHZ�SROLF\�QHHGV�
DQG�GHYHORS�FRQFUHWH�SURSRVDOV��DQG�ZRUN�ZLWK�QDWLRQDO�DXWKRULWLHV�DQG�IXQGHUV�WR�UHILQH�
DQG�LPSOHPHQW�WKHVH�SURSRVDOV��

�
'LUHFWLRQ����*OREDO�(TXLW\��
7KH�PLVVLRQ�RI�XQGHUVWDQGLQJ�DQG�WUHDWPHQW�RI�FRPPRQ�GLVHDVHV�PXVW�EH�D�JOREDO�DFWLYLW\�
²�LQYROYLQJ�ERWK�UHVHDUFK�SDUWLFLSDQWV�DQG�VFLHQWLILF�UHVHDUFKHUV�DURXQG�WKH�JOREH��

Ɣ 5HFRPPHQGDWLRQ��� ���:RUN�ZLWK�IXQGHUV�DQG�RWKHU�,&'$�VWDNHKROGHUV�WR�VHFXUH�
HTXLWDEOH�DFFHVV�WR�IXQGLQJ��WUDLQLQJ�SURJUDPV��DQG�DGYDQFHG�WHFKQRORJLHV�QHHGHG�WR�
WDFNOH�WKH�0�0�0�&KDOOHQJH�IRU�UHVHDUFKHUV�LQ�ORZHU��DQG�PLGGOH�LQFRPH�FRXQWULHV��
�

'LUHFWLRQ����,QQRYDWLRQ�DQG�7UDLQLQJ�
:KLOH�ODUJHU�VFDOH�HIIRUWV�ZLOO�EH�LPSRUWDQW�IRU�DGGUHVVLQJ�WKH�0�0�0�&KDOOHQJH��WKHUH�LV�D�
WUHPHQGRXV�QHHG�IRU�PDQ\�LQGLYLGXDOO\�LQLWLDWHG�HIIRUWV�DLPHG�DW��

Ɣ 5HFRPPHQGDWLRQ��� ���'HYHORSPHQW�RI�QHZ�DQDO\VLV�PHWKRGV��
Ɣ 5HFRPPHQGDWLRQ������'HYHORSPHQW�RI�QHZ�WHFKQRORJLHV��

��



Ɣ 5HFRPPHQGDWLRQ������'HYHORSPHQW�RI�QHZ�ELRORJLFDO�GLUHFWLRQV��
Ɣ 5HFRPPHQGDWLRQ������7UDLQLQJ�QHZ�LQYHVWLJDWRUV��
�

:H�QRWH�WKDW�WKH�,&'$�GLUHFWLRQV�DQG�UHFRPPHQGDWLRQV�DUH�IRFXVHG�RQ�KXPDQ�ELRORJ\�DQG�
PHGLFLQH��+RZHYHU��ZH�HPSKDVL]H�WKDW�DQLPDO�PRGHOV�VKRXOG�SOD\�D�NH\�UROH�LQ�VRPH�RI�WKH�
UHFRPPHQGDWLRQV��

�
5ROH�RI�(WKLFV ���)LQDOO\��ZH�KDYH�FKRVHQ�QRW�WR�PDNH�D�VHSDUDWH�UHFRPPHQGDWLRQ�DERXW�³(WKLFV´�
EHFDXVH�ZH�GRQ¶W�YLHZ�HWKLFV�DV�VHSDUDEOH��5DWKHU��HWKLFDO�FRQVLGHUDWLRQV�PXVW�EH�HPEHGGHG�
WKURXJKRXW�HDFK�,&'$�GLUHFWLRQ�DQG�UHFRPPHQGDWLRQ��
�
7KH�GLDJUDP�EHORZ�SURYLGHV�D�VFKHPDWLF�RYHUYLHZ�RI�WKH��RYHUDOO�IUDPHZRUN ���
�

�
�
�
�
�
�
�
�
�
�
�
�

���



,,,� 'HWDLOHG�'HVFULSWLRQ�RI�5HFRPPHQGDWLRQV�
�
'LUHFWLRQ����)ODJVKLS�'LVHDVH�3URMHFWV�
�

)ODJVKLS�'LVHDVH�3URMHFWV ��ZLOO�EH�D�FUXFLDO��FURVV�FXWWLQJ�HOHPHQW�RI�,&'$��VHUYLQJ�DV�ERWK�
GULYLQJ�SUREOHPV�DQG�WHVWEHGV�IRU�QHZ�PHWKRGV�DQG�SDUDGLJPV�WR�JR�IURP�0DSV�WR�
0HFKDQLVPV�WR�0HGLFLQH�IRU��DQ\��FRPPRQ�GLVHDVH���

:KLOH�)ODJVKLS�'LVHDVH�3URMHFWV�PLJKW�ORJLFDOO\�EH�GHVFULEHG��DIWHU��WKH�UHFRPPHQGDWLRQV�
FRQFHUQLQJ�0DSV��0HFKDQLVPV��DQG�0HGLFLQH��ZH�KDYH�IRFXVHG�RQ�WKHP��ILUVW��WR�HPSKDVL]H�
RXU�YLHZ�WKDW�WKH�XWLOLW\�RI�QHZ�DSSURDFKHV�ZLOO�EH�EHVW�PHDVXUHG�E\�WKHLU�DELOLW\�WR�DGYDQFH�
SURJUHVV�RQ�WKH�XQGHUVWDQGLQJ�DQG�WUHDWPHQW�RI�GLVHDVHV��

)ODJVKLS�'LVHDVH�3URMHFWV�ZLOO�KHOS�LGHQWLI\�WKH�PRVW�HIIHFWLYH�ZD\V�WR�LGHQWLI\��L��WKH�
YDULDQWV�DQG�JHQHV�WKDW�SOD\�D��FDXVDO ��UROH�LQ�GLVHDVH�HWLRORJ\�DQG�SURJUHVVLRQ���LL��WKH�FHOO�
W\SHV��WLVVXHV�DQG�RUJDQV�LQ�ZKLFK�WKHVH�JHQHV�DFW�WR�DIIHFW�WKH�GLVHDVH���LLL��WKH�FHOOXODU�
SDWKZD\V�DQG�PHFKDQLVPV�WKDW�GULYH�GLVHDVH���LY��SRWHQWLDO�WDUJHWV�IRU�SUHYHQWLRQ��GHWHFWLRQ�
DQG�WKHUDS\��DQG��Y��WKH�WRROV�QHHGHG�IRU�GLDJQRVWLF�DQG�WKHUDSHXWLF�GHYHORSPHQW��

)ODJVKLS�'LVHDVH�3URMHFWV�VKRXOG�EH�ODXQFKHG�IRU��DW�OHDVW��WHQ�LPSRUWDQW�GLVHDVHV��
VHOHFWHG�EDVHG�RQ�D�YDULHW\�RI�VFLHQWLILF�DQG�PHGLFDO�FULWHULD��7KHVH�GLVHDVHV�VKRXOG�DOVR�
VHUYH�DV�SUHIHUUHG�WHVWEHGV�IRU�PDQ\�RI�WKH�KRUL]RQWDO�HIIRUWV�GHVFULEHG�EHORZ���

7KH�FKRLFH�RI�GLVHDVHV�ZLOO�XOWLPDWHO\�EH�XS�WR�VFLHQWLILF�FKDPSLRQV�SDLUHG�ZLWK�IXQGHUV�
FRPPLWWHG�WR�DFFHOHUDWLQJ�SURJUHVV�RQ�WKH�GLVHDVH��ZRUNLQJ�LQ�FORVH�FRQVXOWDWLRQ�ZLWK�WKH�
VFLHQWLILF�FRPPXQLW\���

�
8QGHUVWDQGLQJ�WKH�JHQHWLF�EDVLV�RI�D�FRPPRQ�GLVHDVH�PHDQV�KDYLQJ�D�FRPSUHKHQVLYH�SLFWXUH�
RI�WKH�JHQHV�WKDW�SOD\�D�FDXVDO�UROH�LQ�HWLRORJ\�DQG�SURJUHVVLRQ�RI�WKH�GLVHDVH��WKH�FHOOV��WLVVXHV�
DQG�RUJDQV�LQ�ZKLFK�WKH�JHQHV�DFW�WR�DIIHFW�WKH�GLVHDVH��WKH�FHOOXODU�SDWKZD\V�DQG�PHFKDQLVPV�
WKDW�GULYH�GLVHDVH��DQG�SRWHQWLDO�WDUJHWV�IRU�SUHYHQWLRQ��GHWHFWLRQ��DQG�WKHUDS\���

:KLOH�WKHUH�KDV�EHHQ�SURJUHVV�RQ�PDQ\�VSHFLILF�GLVHDVHV��ZH�KDYH�KDG�QR�V\VWHPDWLF�
ZD\�WR�REWDLQ�D�FRPSUHKHQVLYH�SLFWXUH�RI�D�FRPPRQ�GLVHDVH���

:LWK�UHFHQW�DGYDQFHV�DFURVV�PDQ\�ILHOGV��LQFOXGLQJ�JHQRPLFV��FHOO�ELRORJ\��JHQRPH�
HGLWLQJ��GDWD�VFLHQFH��DQG�ELREDQNLQJ���WKH�ORQJVWDQGLQJ�JRDO�RI�KDYLQJ�D�V\VWHPDWLF�SDUDGLJP�
IRU�XQGHUVWDQGLQJ�WKH�JHQHWLF�EDVLV�RI�FRPPRQ�GLVHDVHV�LV�QRZ�SRWHQWLDOO\�ZLWKLQ�UHDFK��

%XW��WUHPHQGRXV�ZRUN�ZLOO�EH�QHHGHG�WR�DFKLHYH�WKLV�JRDO���
:H�KDYH�SRZHUIXO�PHWKRGV�WR�PDS�JHQHWLF�YDULDQWV�XQGHUO\LQJ�FRPPRQ�GLVHDVHV��EXW�

ZH�KDYH�QRW�\HW�DSSOLHG�WKHP�WR�UHDFK�D�FRPSUHKHQVLYH�SLFWXUH�IRU��DQ\��GLVHDVH��:LWK�UHVSHFW�WR�
UDUH�YDULDQWV�ZLWK�ODUJH�HIIHFWV��ZKLFK�DUH�VR�YDOXDEOH�IRU�XQGHUVWDQGLQJ�GLVHDVHV��ZH�KDYH�QRW�
\HW�UHDFKHG�WKH�QHFHVVDU\�VDPSOH�VL]HV���*LYHQ�WKH�IUHTXHQF\�RI�UDUH�YDULDQWV�LQ�KXPDQ�JHQHV��
WKLV�ZLOO�UHTXLUH�VHTXHQFLQJ�LQ�WKH�UDQJH�RI���������FDVHV��VHH�EHORZ���:LWK�UHVSHFW�WR�PRUH�
FRPPRQ�YDULDQWV�ZLWK�PRUH�PRGHVW�HIIHFWV��ZKLFK�FDQ�WRJHWKHU�UHYHDO�ELRORJLFDO�SDWKZD\V��ZH�
GR�QRW�\HW�KDYH�JHQHWLF�VDWXUDWLRQ���2SHUDWLRQDOO\��ZH�GHILQH�JHQHWLF�VDWXUDWLRQ�LQ�WHUPV�RI�

���



IXQFWLRQDO�FRQYHUJHQFH�²�WKDW�LV��WKH�YDVW�PDMRULW\�RI�GLVHDVH�DVVRFLDWHG�JHQHWLF�YDULDQWV�IDOOLQJ�
LQWR�DQ�LGHQWLILHG�VHW�RI�ELRORJLFDO�SDWKZD\V���

:H�VWLOO�ODFN�JHQHUDO�PHWKRGV�IRU�LQIHUULQJ�PHFKDQLVPV²WKDW�LV��KRZ�GLVHDVH�DVVRFLDWHG�
YDULDQWV�LQIOXHQFH�GLVHDVH�WKURXJK�VSHFLILF�JHQHV��FHOO�W\SHV��FHOOXODU�SDWKZD\V��DQG�RUJDQLVPDO�
SK\VLRORJ\��+RZHYHU��WKHUH�KDV�EHHQ�VWHDG\�SURJUHVV�LQ�WKH�SDVW�IHZ�\HDUV��ZLWK�QHZ�JHQHUDO�
DSSURDFKHV�EDVHG�RQ�QHZO\�DYDLODEOH�GDWD�EHLQJ�SLRQHHUHG�DQG�WHVWHG��

:H�VLPLODUO\�ODFN�JHQHUDO�PHWKRGV�IRU�GHULYLQJ�WKHUDSHXWLF�K\SRWKHVHV��+RZHYHU��ZH�
KDYH�DQ�LQFUHDVLQJ�QXPEHU�RI�H[DPSOHV�LQ�ZKLFK�JHQHWLF�XQGHUVWDQGLQJ�LV�GULYLQJ�PHGLFDO�
SURJUHVV���

7KH�WLPH�LV�ULJKW�WR�GHYHORS�JHQHUDO�SDUDGLJPV�DSSOLFDEOH�WR��DQ\��FRPPRQ�GLVHDVH��7KH�
EHVW�ZD\�WR�GR�VR�LV�WR�XQGHUWDNH�)ODJVKLS�'LVHDVH�3URMHFWV�WR�GULYH�D�FROOHFWLRQ�RI�FRPPRQ�
GLVHDVHV�WRZDUG�D�FRPSUHKHQVLYH�SLFWXUH�RI�WKH�QDWXUH�DQG�LGHQWLW\�RI�WKH�FDXVDO�YDULDQWV��
JHQHV��SDWKZD\V��DQG�PHFKDQLVPV��$V�GHVFULEHG�LQ�5HFRPPHQGDWLRQ���EHORZ��LW�LV�LPSRUWDQW�WR�
VWXG\�D�UDQJH�RI�GLVHDVHV��:H�SURSRVH�D�IRFXV�RQ�DW�OHDVW����GLVHDVHV��WR�EH�FKRVHQ�E\�
IXQGHUV�DQG�VFLHQWLVWV�EDVHG�RQ�LQWHUHVWV���

7KHVH�)ODJVKLS�'LVHDVH�3URMHFWV�ZLOO�VHUYH�DV�KLJK�SULRULW\�IRFXV�DUHDV�IRU�WKH�
DSSURDFKHV�GLVFXVVHG�VXEVHTXHQWO\�²�LQFOXGLQJ�ZLWK�UHVSHFW�WR�GDWD�JDWKHULQJ��DQG�LQ�
FRPSDULQJ�QHZ�PHWKRGV�ZLWK�UHVSHFW�WR�WKHLU�HIIHFWLYHQHVV�DQG�DFFXUDF\�LQ�VROYLQJ�WKH��0�0�0�
&KDOOHQJH ���

�
5HFRPPHQGDWLRQ�DQG�,PSOHPHQWDWLRQ���7KH�,&'$�2UJDQL]LQJ�&RPPLWWHH�VKRXOG�WDNH�GLUHFW�
UHVSRQVLELOLW\�IRU�,&'$¶V�DFWLYLWLHV�LQ�FRQQHFWLRQ�ZLWK�5HFRPPHQGDWLRQ����

�

5HFRPPHQGDWLRQ�����/DXQFK���)ODJVKLS�'LVHDVH�3URMHFWV��IRU�DW�OHDVW����FRPPRQ�
GLVHDVHV�

&URVV�FXWWLQJ�IODJVKLSV�SURMHFWV�VKRXOG�EH�ODXQFKHG�IRU�DW�OHDVW����FRPPRQ�GLVHDVHV�²��
ZLWK�WKH�DLPV�RI���

Ɣ YDOLGDWLQJ�D�FOHDU�URDGPDS�WKDW�FDQ�XOWLPDWHO\�EH�XVHG�IRU�DQ\�GLVHDVH�WR�PRYH�IURP�
0DSV�WR�0HFKDQLVPV�WR�0HGLFLQH��LQFOXGLQJ�E\�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�DQG�
UHOLDELOLW\�RI�GLIIHUHQW�PHWKRGRORJLHV���

Ɣ VDWXUDWLQJ�JHQH�GLVFRYHU\�ZLWK�UHVSHFW�WR�UDUH�SURWHLQ�FRGLQJ�YDULDQWV��DV�ZHOO�DV�
FRPPRQ�YDULDWLRQ��WR�DVVHVV�WKH�UROH�RI�HDFK�JHQH��

Ɣ VDWXUDWLQJ�WKH�GLVFRYHU\�RI�LPSRUWDQW�GLVHDVH�DVVRFLDWHG�SDWKZD\V��DQG�
Ɣ GHYHORSLQJ�DVVD\V��PRGHO�V\VWHPV��DQG�ELRPDUNHUV�WR�VXSSRUW�WKHUDSHXWLF�

GHYHORSPHQW�IRU�WKH�GLVHDVH��
)ODJVKLS�GLVHDVHV�VKRXOG�EH�FKRVHQ�WR�FRYHU�D�ZLGH�UDQJH�RI�GLIIHUHQW�PHGLFDO�DUHDV�DQG�

JHQHWLF�DUFKLWHFWXUHV��&DVHV�VKRXOG���
�� KDYH�ULFK�PHGLFDO�LQIRUPDWLRQ�DERXW�WKH�GLVHDVH��LQFOXGLQJ��ZKHUH�SRVVLEOH��

LQIRUPDWLRQ�DERXW�GLVHDVH�SURJUHVVLRQ��WUHDWPHQW�UHVSRQVHV��DGYHUVH�UHDFWLRQV��
HQYLURQPHQWDO�H[SRVXUHV��SKHQRW\SLF�YDULDWLRQ��DQG�FRPRUELGLWLHV���

���



�� UHSUHVHQW�D�ZLGH�UDQJH�RI�DQFHVWULHV��LQFOXGLQJ�FXUUHQWO\�XQGHUUHSUHVHQWHG�DQFHVWULHV��
WR�OHDUQ�IURP�SRSXODWLRQ�GLIIHUHQFHV�DQG�WR�HQVXUH�WKDW�UHVXOWV�VHUYH�SDWLHQWV�IURP�
PDQ\�SRSXODWLRQV���

�� UHSUHVHQW�ERWK�VH[HV��ZLWK�WKH�H[FHSWLRQ�RI�VH[�OLPLWHG�FRQGLWLRQV���DQG�
�� EH�VXEMHFWHG�WR�ZKROH�JHQRPH�VHTXHQFLQJ���
&DVHV�VKRXOG�EH�DQDO\VHG�WRJHWKHU�ZLWK�DQFHVWU\�PDWFKHG�VKDUHG�FRQWUROV��WR�EH�XVHG�

DFURVV�PDQ\�GLVHDVHV��
)RU�W\SLFDO�FRPPRQ�GLVHDVHV��SURMHFWV�VKRXOG�DQDO\]H�DW�OHDVW�a��������FDVHV�ZLWK�DQ�

XOWLPDWH�JRDO�RI�DQDO\]LQJ�a��������FDVHV���
7KHVH�)ODJVKLS�'LVHDVH�3URMHFWV�ZLOO�DOVR�VHUYH�DV�KLJK�SULRULW\�IRFXV�DUHDV�IRU�WKH�

DSSURDFKHV�GLVFXVVHG�EHORZ�²�LQFOXGLQJ�ZLWK�UHVSHFW�WR�GDWD�FROOHFWLRQ�DQG�FRPSDULQJ�QHZ�
PHWKRGV�ZLWK�UHVSHFW�WR�WKHLU�HIIHFWLYHQHVV�DQG�DFFXUDF\�LQ�VROYLQJ�WKH��0�0�0�&KDOOHQJH ���

�
7R�DGYDQFH�WKLV�JRDO���

�� ,&'$��LQ�FROODERUDWLRQ�ZLWK�SRWHQWLDO�IXQGHUV�DQG�RWKHU�VWDNHKROGHUV��VKRXOG�
HQJDJH�WKH�VFLHQWLILF�FRPPXQLW\�DQG�SRWHQWLDO�IXQGHUV�FRQFHUQLQJ���

D� ZKLFK�GLVHDVHV�ZRXOG�EH�PRVW�DSSURSULDWH�IRU�)ODJVKLS�'LVHDVH�
3URMHFWV��DQG�

E� KRZ�VXFK�SURMHFWV�VKRXOG�EHVW�EH�GHVLJQHG�DQG�H[HFXWHG��
�� )XQGHUV�VKRXOG�VXSSRUW�ZHOO�FKRVHQ�)ODJVKLS�'LVHDVH�3URMHFWV�WR�GULYH�

SURJUHVV�RQ�VSHFLILF�GLVHDVHV�RI�LQWHUHVW�WR�WKHP�DQG�WR�SURSHO�GHYHORSPHQW�RI�
D�JHQHUDO�SDUDGLJP�DSSOLFDEOH�WR�DQ\�GLVHDVH���(DFK�)ODJVKLS�'LVHDVH�3URMHFW�
PLJKW�EH�VXSSRUWHG�E\�D�VLQJOH�IXQGHU�RU�E\�D�JURXS�RI�IXQGHUV���

�
7KH�LQLWLDO�)ODJVKLS�'LVHDVH�3URMHFWV�DUH�LQWHQGHG�WR�VHUYH�DV�H[HPSODUV�DQG�WHVWEHGV�IRU�KRZ�
WR�JR�IURP�0DSV�WR�0HFKDQLVPV�WR�0HGLFLQH��,W�LV�LPSRUWDQW�WR�KDYH��DW�OHDVW�����GLVHDVHV�
²�VSDQQLQJ�D�UDQJH�RI�PHGLFDO�DUHDV��RUJDQ�V\VWHPV��JHQHWLF�DUFKLWHFWXUHV�DQG�WHFKQLFDO�
FKDOOHQJHV�²�WR�HQVXUH�ZH�PHHW�DQG�RYHUFRPH�WKH�NH\�FKDOOHQJHV�DQG�GHYHORS�D�SDUDGLJP�WR�
WDFNOH��DQ\��GLVHDVH���

,PSRUWDQWO\��WKLV�LV�QRW�LQWHQGHG�WR��H[FOXGH ��GLVHDVHV�²�PRUH�WKDQ����GLVHDVHV�FDQ�EH�
LQFOXGHG�LI�WKHUH�LV�VXIILFLHQW�LQWHUHVW�DQG�IXQGLQJ��

&KRLFH�RI�GLVHDVHV ���7KH�GLVHDVHV�VKRXOG�EH�FKRVHQ�EDVHG�RQ�D�UDQJH�RI�
FRQVLGHUDWLRQV�UHOHYDQW�WR�PDSV��PHFKDQLVPV��DQG�PHGLFLQHV��LQFOXGLQJ���

Ɣ PHGLFDO�LPSRUWDQFH��XQPHW�QHHG��EXUGHQ�RQ�JOREDO�KHDOWK��DQG�UHOHYDQW�
FRPRUELGLWLHV ����

Ɣ H[LVWLQJ�SURJUHVV�LQ�JHQHWLF�GLVFRYHU\ ���WKURXJK�DFWLYH�GLVHDVH�VSHFLILF�FRQVRUWLD���
Ɣ DYDLODELOLW\�RI�PDQ\�VDPSOHV�IURP�GLVHDVH�FDVHV��LQFOXGLQJ�IURP�GLYHUVH�

SRSXODWLRQV�DQG�ERWK�VH[HV��H[FHSW�IRU�VH[�OLPLWHG�GLVHDVHV���
Ɣ DFFHVVLELOLW\�RI�UHOHYDQW�FHOO�W\SHV ���
Ɣ FXUUHQW�NQRZOHGJH�RI�ELRORJLFDO�SURFHVVHV�DQG�LQWHUPHGLDWH�SKHQRW\SHV��
Ɣ DYDLODELOLW\�RI�FHOOXODU�PRGHOV ����
Ɣ SKDUPDFHXWLFDO�LQWHUHVW��FOLQLFDO�WULDO�LQIUDVWUXFWXUH��DQG�UHJXODWRU\�ODQGVFDSH ���DQG�

���



Ɣ FRPPLWPHQW�WR�SXEOLF�GHSRVLW�RI�JHQRW\SH�DQG�SKHQRW\SH�GDWD���
,PSRUWDQWO\��WKH�FKRLFH�RI�GLVHDVHV�ZLOO�EH�VWURQJO\�LQIOXHQFHG�E\�VWDNHKROGHUV�

DQG�IXQGHUV�ZKR�ZDQW�WR�GULYH�SURJUHVV�RQ�SDUWLFXODU�GLVHDVHV��
,W�LV�QRW�LQWHQGHG�WKDW�GLVHDVHV�PHHW�DOO�RI�WKHVH�FULWHULD��5DWKHU��WKH�GLVHDVHV�ZLOO�LGHDOO\�

PHHW�RQO\��VRPH ��RI�WKH�FULWHULD�²�VR�WKDW�ZH�OHDUQ�KRZ�WR�RYHUFRPH�FKDOOHQJHV��
7KH�VHW�RI�GLVHDVHV�VKRXOG�LGHDOO\�FRYHU�D�UDQJH�RI�DUHDV��([DPSOHV�FRXOG�LQFOXGH�

DXWRLPPXQH�DQG�LQIODPPDWRU\�GLVHDVH��FDUGLRPHWDEROLF�GLVHDVH��FDQFHU�VXVFHSWLELOLW\��
QHXURGHJHQHUDWLYH�DQG�QHXURSV\FKLDWULF�GLVHDVH��UHVSLUDWRU\�GLVHDVH��KRVW�JHQHWLFV�RI�
LQIHFWLRXV�GLVHDVH��DQG�UHSURGXFWLYH�DQG�ZRPHQ¶V�KHDOWK�FRQGLWLRQV��

,W�ZLOO�EH�LPSRUWDQW�WR�ZRUN�RQ�ZD\V�WR�KDUPRQL]H�SKHQRW\SH�GDWD�IURP�URXWLQH�KHDOWKFDUH�
GDWD��

1XPEHU�RI�FDVHV�IRU�JHQHWLF�DQDO\VLV ���)ODJVKLS�'LVHDVH�3URMHFWV�VKRXOG�DLP�IRU�
DSSURDFKLQJ�JHQHWLF�VDWXUDWLRQ�RI�JHQHV�WKDW�FDQ�EH�LGHQWLILHG�E\�ERWK�FRPPRQ�DQG�UDUH�
YDULDQWV��)RU�W\SLFDO�GLVHDVHV��WKH�0DSV�FRPSRQHQW�ZLOO�UHTXLUH�JHQHWLF�DQDO\VLV�RI�a��������
FDVHV��ZKLFK�VKRXOG�UHSUHVHQW�GLYHUVH�DQFHVWU\�DURXQG�WKH�JOREH��$V�DQ�LQWHUPHGLDWH�JRDO��
SURMHFWV�PLJKW�DLP�IRU���������FDVHV���

/DUJH�QXPEHUV�RI�FDVHV�DUH�LPSRUWDQW�IRU�VHYHUDO�UHDVRQV��7KH\�ZLOO�EH�HVVHQWLDO�IRU�
LGHQWLI\LQJ�JHQHWLF�LQIOXHQFHV�QRW�RQO\�IRU�VXVFHSWLELOLW\��EXW�DOVR�IRU�GLVHDVH�RQVHW��SURJUHVVLRQ��
FRXUVH��DQG�WUHDWPHQW�UHVSRQVH��/DUJH�VDPSOHV�DUH�DOVR�UHTXLUHG�IRU�DQDO\]LQJ�GLVHDVH�
VXEW\SHV�EDVHG�RQ�GLVHDVH�UHODWHG�SKHQRW\SHV��IRU�VWXG\LQJ�LPSRUWDQW�GLIIHUHQFHV�DFURVV�
DQFHVWULHV��DQG�IRU�GHYHORSLQJ�SRO\JHQLF�ULVN�VFRUHV�DSSURSULDWH�IRU�GLIIHUHQW�SRSXODWLRQV���

7KH\�DUH�DOVR�HVVHQWLDO�IRU�HQVXULQJ�WKDW�WKHUH�LV�VXIILFLHQW�SRZHU�WR�GLVFRYHU�UDUH�
SURWHLQ�FRGLQJ�YDULDQWV�ZLWK�ODUJH�HIIHFWV�LQ�WKH�VXEVWDQWLDO�PDMRULW\�RI�JHQHV��5DUH�DOOHOHV�DUH�
WUHPHQGRXVO\�YDOXDEOH�IRU�ELRORJLFDO�DQG�PHGLFDO�SXUSRVHV�²�HVSHFLDOO\�ORVV�RI�IXQFWLRQ��/R)�RU�
NQRFNRXW��DOOHOHV��ZKLFK�UHYHDO�FUXFLDO�LQIRUPDWLRQ�DERXW�JHQH�IXQFWLRQ��GLUHFWLRQ�RI�HIIHFW��DQG�
DOOHOLF�VHULHV��7KH�UHFRPPHQGHG�VDPSOH�VL]H��a��������FDVHV��LV�EDVHG�RQ�WKH�IUHTXHQF\�RI�
/R)�PXWDWLRQV�LQ�KXPDQ�JHQHV��5RXJKO\�WZR�WKLUGV�RI�KXPDQ�JHQHV�KDYH�/R)�IUHTXHQF\�������
SHU���������FKURPRVRPHV�²�FRUUHVSRQGLQJ�WR����RFFXUUHQFHV�SHU���������SHRSOH��ZKLFK�
VKRXOG�DOORZ�GHWHFWLRQ�RI�VHYHUDO�IROG�LQFUHDVHG�ULVN�LQ�FDVHV���6RPH�FRPSOH[�GLVHDVHV��VXFK�DV�
DXWLVP��DUH�DVVRFLDWHG�E\�/R)�YDULDQWV�ZLWK�YHU\�ODUJH�HIIHFWV�LQ�PXWDWLRQ�LQWROHUDQW�JHQHV��,Q�
VXFK�FDVHV��PDQ\�IHZHU�FDVHV�PD\�VXIILFH���

$VVHPEOLQJ�DQG�DQDO\]LQJ�ODUJH�FDVH�FRQWURO�FROOHFWLRQV ���$VVHPEOLQJ�WKH�QXPEHU�RI�
FDVHV�UHTXLUHG�IRU�)ODJVKLS�'LVHDVH�3URMHFWV�WR�LGHQWLI\�FULWLFDO�JHQHV�KDUERULQJ�UDUH�YDULDQWV�RI�
ODUJHU�HIIHFW�ZLOO��FRQWLQXH�WR�UHTXLUH�IRFXVHG�FDVH�FRQWURO�FROOHFWLRQV���$W�VRPH�SRLQW�LQ�WKH�IXWXUH��
SRSXODWLRQ�ELREDQNV�PD\�EHFRPH�VR�PDVVLYH�DV�WR�REYLDWH�WKH�QHHG�IRU�GLVHDVH�IRFXVHG�
FROOHFWLRQV�LQ�PRVW�GLVHDVHV��EXW�WKLV�UHPDLQV�PDQ\�\HDUV�RXW�H[FHSW�IRU�H[WUHPHO\�FRPPRQ�
GLVHDVHV��

7KH�EHVW�SURVSHFW�IRU�HIILFLHQW�LGHQWLILFDWLRQ�RI�FDVHV�LV�OLNHO\�WR�EH�WKURXJK�PHGLFDO�
V\VWHPV�ZLWK�H[FHOOHQW�KHDOWK�UHFRUGV���

7KH�FRVW�IRU�DVVHPEOLQJ�DQG�SHUIRUPLQJ�JHQHWLF�DQDO\VLV�RI�FDVH�FROOHFWLRQV�ZLOO�GHSHQG�
RQ�WKH�HIILFLHQF\�RI�WKH�LQIUDVWUXFWXUH�IRU�LGHQWLI\LQJ�FDVHV��FROOHFWLQJ�VDPSOHV��SURFHVVLQJ�
VDPSOHV��H[WUDFW�SODVPD��ZKLWH�EORRG�FHOOV�DQG�'1$���REWDLQLQJ�FOLQLFDO�LQIRUPDWLRQ��DQG�
SHUIRUPLQJ�ZKROH�JHQRPH�VHTXHQFLQJ��:*6���7KH�FRVW�RI�VDPSOH�FROOHFWLRQ�DQG�SURFHVVLQJ�LV�

���



PRGHVW��WKH�(VWRQLDQ�%LREDQN�DQG�)LQQ*HQ�3URMHFWV�FLWH�FRVWV�RI��������SHU�VDPSOH��
UHVSHFWLYHO\��DQG�WKH�FRVW�RI�:*6�LV�H[SHFWHG�WR�FRQWLQXH�WR�IDOO�WR�WKH�UDQJH�RI�a�����LQ�WKH�
QH[W�IHZ�\HDUV��7KH�FRVWV�RI�LGHQWLI\LQJ�FDVHV��DUUDQJLQJ�YLVLWV�WR�FROOHFW�VDPSOHV��JDWKHULQJ�
PHGLFDO�UHFRUGV�DQG�DQDO\]LQJ�GDWD�DUH�KDUGHU�WR�HVWLPDWH��

)LQDOO\��)ODJVKLS�'LVHDVH�3URMHFWV�VKRXOG�EH�GHVLJQHG�WR�XVH�VKDUHG�FRQWUROV��WKHUHE\�
DPRUWL]LQJ�WKH�FRVW�IRU�FRQWUROV�RYHU�PDQ\�SURMHFWV���
�

&29,'����+RVW�*HQHWLFV�3URMHFW�
:KLOH�WKHVH�UHFRPPHQGDWLRQV�ZHUH�EHLQJ�ILQDOL]HG�LQ�WKH�PLGVW�RI�WKH�HPHUJLQJ�&29,'����
SDQGHPLF��LW�EHFDPH�FOHDU�WKDW�XQGHUVWDQGLQJ�WKH�JHQHWLF�FRQWULEXWLRQV�WR�WKH�VXEVWDQWLDO�
YDULDELOLW\�REVHUYHG�LQ�UHVSRQVH�WR�6$56�&R9���LQIHFWLRQ�PLJKW�UHSUHVHQW�DQ�XUJHQW�)ODJVKLS�
'LVHDVH�3URMHFW��7KH�UHFHQWO\�ODXQFKHG�&29,'����+RVW�*HQHWLFV�,QLWLDWLYH�
��KWWSV���ZZZ�FRYLG��KJ�RUJ����KDV�DOUHDG\�EURXJKW�WRJHWKHU�RYHU�������VFLHQWLVWV�DQG�
FROODERUDWRUV�IURP�WKH�KXPDQ�JHQHWLFV�FRPPXQLW\�WR�XQGHUVWDQG�WKH�JHQHWLF�LQIOXHQFHV�RQ�
VXVFHSWLELOLW\��FRXUVH��DQG�RXWFRPHV��EDVHG�RQ�UREXVW�VWXG\�GHVLJQV�WKDW�DFFRXQW�IRU�SRWHQWLDO�
VDPSOLQJ�ELDVHV�LQ�WKH�GDWD��&RQVHTXHQWO\��,&'$�LV�IDFLOLWDWLQJ�WKLV�HIIRUW�E\�EULQJLQJ�WRJHWKHU�
WKH�FRPPXQLW\��RUJDQL]LQJ�PHHWLQJV��DQG�GLVVHPLQDWLQJ�SURWRFROV�IRU�GDWD�FROOHFWLRQ�DQG�
DQDO\VLV�WR�KHOS�HQDEOH�D�WUXO\�LQWHUQDWLRQDO�FROODERUDWLYH�HQGHDYRU��

�
�
��'LUHFWLRQ����0DSV�²�%LREDQNV��
�
7KH�SDVW�GHFDGH�KDV�VHHQ�WKH�HPHUJHQFH�RI�SRSXODWLRQ�ELREDQNV�DV�D�NH\�UHVRXUFH�IRU�
DGYDQFLQJ�KXPDQ�JHQHWLF�GLVFRYHU\����%\�ELREDQN��ZH�PHDQ�D�ODUJH�FROOHFWLRQ�RI�VDPSOHV�DQG�
DFFRPSDQ\LQJ�LQIRUPDWLRQ�DVVHPEOHG�IURP�LQGLYLGXDOV�FKRVHQ�ZLWKRXW�D�IRFXV�RQ�LGHQWLI\LQJ�
FDVHV�IRU�D�SDUWLFXODU�GLVHDVH��%LREDQNV�PD\�FRQVLVW�RI�LQGLYLGXDOV�FKRVHQ�IURP�D�SDUWLFXODU�
SRSXODWLRQ�RU�PHGLFDO�V\VWHP��

3LRQHHULQJ�ZRUN�E\�GH&2'(��8.�%LREDQN��%LR%DQN�-DSDQ��)LQQ*HQ��VHYHUDO�PDMRU�
PHGLFDO�FHQWHUV��LQFOXGLQJ�9DQGHUELOW��*HLVLQJHU��DQG�0W�6LQDL�+RVSLWDO���DQG�RWKHUV�KDYH�
LOOXVWUDWHG�WKH�SRZHU�RI�ELREDQNV�²�FRPELQLQJ�ODUJH�VFDOH�UHFUXLWPHQW��GHHS�SKHQRW\SLF�
LQIRUPDWLRQ�IURP�SRSXODWLRQ�UHJLVWULHV�DQG�HOHFWURQLF�KHDOWK�UHFRUGV��DQG�JHQHWLF�LQIRUPDWLRQ��,Q�
DGGLWLRQ��WKH�86�KDV�UHFHQWO\�ODXQFKHG�WKH��$OO�RI�8V�3URMHFW���

%LREDQNV�FDQ�HQDEOH�PDQ\�W\SHV�RI�KXPDQ�JHQHWLF�VWXGLHV²LQFOXGLQJ�JHQHWLF�PDSSLQJ�
RI�TXDQWLWDWLYH�WUDLWV��YHU\�FRPPRQ�SKHQRW\SHV��DQG�KLJKO\�SUHYDOHQW�GLVHDVHV��IRU�H[DPSOH��
GLDEHWHV��SUHVHQW�LQ�a������RI�DGXOWV�LQ�:HVWHUQ�SRSXODWLRQV���DV�ZHOO�DV�FOLQLFDO�VWXGLHV�RI�
LQGLYLGXDOV�ZLWK�VSHFLILF�JHQRW\SHV���

%LREDQNV��KRZHYHU��DUH�XQGHUSRZHUHG�IRU�JHQHWLF�DQDO\VLV�RI�PRVW�GLVHDVHV��$�UDQGRP�
VDPSOH�RI�WKH�SRSXODWLRQ�ZRXOG�EH�H[SHFWHG�WR�FRQWDLQ�RQO\�D�OLPLWHG�QXPEHU�RI�FDVHV�RI�DQ\�
SDUWLFXODU�GLVHDVH��DQG�FXUUHQW�ELREDQNV�WHQG�WR�EH�VRPHZKDW�VNHZHG�WRZDUG�KHDOWKLHU�
LQGLYLGXDOV��)RU�H[DPSOH��WKH�8.�%LREDQN¶V���������SDUWLFLSDQWV�ZRXOG�EH�H[SHFWHG�WR�LQFOXGH�
RQO\�������FDVHV�IRU�D�GLVHDVH�ZLWK����SUHYDOHQFH�²�IDU�EHORZ�WKH�WHQV�RI�WKRXVDQGV�RI�FDVHV�
QHHGHG�IRU�LQLWLDO�DQDO\VLV��OHW�DORQH�WKH���������FDVHV�XOWLPDWHO\�GHVLUHG�IRU�GHHS�DQDO\VLV��VHH�

���



5HFRPPHQGDWLRQ�����0RUHRYHU��VRPH�GLVHDVHV�DUH�JUHDWO\�XQGHUUHSUHVHQWHG�FRPSDUHG�WR�
H[SHFWDWLRQ��)RU�H[DPSOH��VFKL]RSKUHQLD�KDV�a���SUHYDOHQFH��EXW�IHZHU�WKDQ�����FDVHV�LQ�WKH�
8.�%LREDQN��1HXURGHJHQHUDWLYH�DQG�RSKWKDOPRORJLF�GLVHDVHV�RI�DJLQJ�DUH�VLPLODUO\�
XQGHUUHSUHVHQWHG��

$V�WKH�DJJUHJDWH�VL]H�RI�JOREDO�ELREDQNV�JURZV��WKRXJK��LW�PD\�HYHQWXDOO\�EHFRPH�
SRVVLEOH�WR�JHQHWLFDOO\�GLVVHFW��PRVW��FRPPRQ�GLVHDVHV�RU�WUDLWV�EDVHG�RQ�ELREDQN�VDPSOHV�
²�ZLWKRXW�WKH�QHHG�IRU�GLVHDVH�VSHFLILF�FDVH�FRQWURO�FROOHFWLRQV��6WLOO��LW�ZLOO�OLNHO\�VWLOO�EH�
LPSRUWDQW�WR�PDLQWDLQ�IRFXVHG�FDVH�FROOHFWLRQV�IRU�VRPH�GLVHDVHV�²�EHFDXVH�WKH\�PD\�RIIHU�
PRUH�GHWDLOHG�GLVHDVH�VSHFLILF�SKHQRW\SHV�DQG�ZLOO�EH�QHFHVVDU\�IRU�GLVHDVHV�WKDW�DUH�VHULRXVO\�
XQGHUUHSUHVHQWHG�LQ�ELREDQNV��0RUHRYHU��ZLWK�DFFHVV�WR�GHWDLOHG��ORQJLWXGLQDO��DQG�KDUPRQL]HG�
PHGLFDO�UHFRUGV��LW�ZLOO�EH�LPSRUWDQW�WR�VWXG\�QRW�RQO\�GLVHDVH�LQFLGHQFH��EXW�DOVR�GLVHDVH�
SURJUHVVLRQ��DQG�UHVSRQVH�WR�WUHDWPHQWV��7KLV�ZLOO�LQYROYH�DGGUHVVLQJ�WKH�DGGLWLRQDO�FKDOOHQJHV�
WKDW�DUH�IDFHG�LQ�H[WUDFWLQJ�VXFK�LQIRUPDWLRQ�IURP�(+5V�DQG�ELREDQNV�LQ�D�ZD\�WKDW�HQVXUHV�
KDUPRQL]DWLRQ�DQG�HQDEOHV�LQWHJUDWLRQ�DFURVV�GDWD�VHWV��

'HVLUHG�6FDOH ���:KDW�ZRXOG�LW�WDNH�WR�DFKLHYH�WKLV�JRDO"��
*OREDO�ELREDQNV�ZLWK�D�WRWDO�RI����PLOOLRQ�SDUWLFLSDQWV�ZRXOG�SURYLGH���������FDVHV�IRU�

JHQHWLF�GLVHDVHV�ZLWK�IUHTXHQF\�DW�IUHTXHQF\������LI�GLVHDVHV�ZHUH�UHSUHVHQWHG�DW�WKHLU�
H[SHFWHG�IUHTXHQFLHV��,Q�SUDFWLFH��D�EHWWHU�WDUJHW�PLJKW�EH����PLOOLRQ�RU�PRUH�SDUWLFLSDQWV��
EHFDXVH�GLVHDVHV�DUH�RIWHQ�XQGHUUHSUHVHQWHG��

6XFK�D�JRDO�LV�UHDOLVWLF��$QQRXQFHG�WDUJHWV�IRU�H[LVWLQJ�ELREDQNV�DOUHDG\�WRWDO�WR�URXJKO\�
��PLOOLRQ�SDUWLFLSDQWV��LQFOXGLQJ�D�ODUJH�8.�HIIRUW���0RUHRYHU��WKH�FRXSOLQJ�RI�ELREDQNV�WR�
KRVSLWDOV�DQG�PHGLFDO�V\VWHPV�FRXOG�RIIHU�WKH�RSSRUWXQLW\�WR�JUHDWO\�H[SDQG�WKH�QXPEHU�RI�
SDUWLFLSDQWV���

([SDQGLQJ�GLYHUVLW\�LQ�XQGHUUHSUHVHQWHG�UHJLRQV�DQG�SRSXODWLRQV ���$�PDMRU�LVVXH�
WKDW�PXVW�EH�VROYHG��KRZHYHU��LV�WKH�KHDY\�ELDV�RI�H[LVWLQJ�ODUJH�VFDOH�ELREDQNV�WRZDUGV�
LQGLYLGXDOV�RI�(XURSHDQ�DQG�(DVW�$VLDQ�DQFHVWULHV��7KH�1,+��$OO�RI�8V��3URMHFW�LV�WKRXJKWIXOO\�
GHVLJQHG�WR�KDYH�JUHDWHU�GLYHUVLW\�RI�DQFHVWU\��EXW�LWV�VFRSH�LV�FXUUHQWO\�OLPLWHG�WR�RQO\���PLOOLRQ�
WRWDO�SDUWLFLSDQWV�FKRVHQ�IURP�WKH�8QLWHG�6WDWHV��,Q�VKRUW��PXFK�RI�WKH�ZRUOG¶V�SRSXODWLRQ�ZLOO�QRW�
EH�VHUYHG�E\�FXUUHQW�HIIRUWV���

'LYHUVLW\�RI�DQFHVWU\�LV�LPSRUWDQW�IRU�ERWK�VFLHQWLILF�VWXGLHV�DQG�FOLQLFDO�DSSOLFDWLRQ���L��WKH�
GLIIHUHQW�GHPRJUDSKLF�KLVWRU\�RI�SRSXODWLRQV�FDQ�OHDG�WR�WKH�LGHQWLILFDWLRQ�RI�QRYHO�KLWV��VXFK�DV�
WKH�FRPPRQ�YDULDQW�LQ��6/&��$����DVVRFLDWHG�ZLWK�W\SH���GLDEHWHV��GLVFRYHUHG�LQ�VWXGLHV�RI�WKH�
0H[LFDQ�SRSXODWLRQ����LL��WKH�GLIIHUHQW�SDWWHUQV�RI�OLQNDJH�GLVHTXLOLEULXP�LQ�GLIIHUHQW�SRSXODWLRQV�
ZLOO�VXEVWDQWLDOO\�LPSURYH�JHQHWLF�ILQH�PDSSLQJ��DQG��LLL��SRO\JHQLF�ULVN�VFRUHV�SHUIRUP�EHVW�ZKHQ�
WKH\�DUH�JHQHUDWHG�IURP�VWXGLHV�RI�LQGLYLGXDOV�RI�WKH�VDPH�SRSXODWLRQ��$GGLWLRQDO�HIIRUWV�VKRXOG�
DOVR�EH�GLUHFWHG�WR�µVSHFLDO�SRSXODWLRQV¶�²�IRU�H[DPSOH��SRSXODWLRQV�ZLWK�KLJK�UDWHV�RI�
KRPR]\JRVLW\�GXH�WR�FRQVDQJXLQHRXV�PDUULDJH�SUDFWLFHV��RU�SRSXODWLRQV�ZLWK�H[WUHPH�IRXQGHU�
HIIHFWV��7KHVH�SRSXODWLRQV�DUH�H[SHFWHG�WR�EH�HQULFKHG�IRU�KLJKO\�LQIRUPDWLYH�JHQRW\SHV��VXFK�
DV�KHWHUR]\JRVLW\�RU�KRPR]\JRVLW\�RI�DOOHOHV�ZLWK�VWURQJ�HIIHFWV�RQ�JHQH�IXQFWLRQ���VXFK�WKDW�
HYHQ�VPDOOHU�ELREDQNV�IURP�WKHVH�SRSXODWLRQV�PD\�KDYH�VXEVWDQWLDO�XWLOLW\��

'HGLFDWHG�HIIRUWV�DUH�QHHGHG�WR�FUHDWH�DQG�H[SDQG�ELREDQNV�GHVLJQHG�IRU�JHQHWLF�
DQDO\VLV�LQ�YDULRXV�UHJLRQV�DQG�JURXSV��

���



�L��$IULFD ���$IULFD�KDV�GLVWLQFWLYH�DGYDQWDJHV�IRU�JHQHWLF�VWXGLHV��EHFDXVH�SRSXODWLRQ�
KLVWRULHV�LQ�$IULFD�KDYH�UHVXOWHG�LQ�JUHDWHU�JHQHWLF�GLYHUVLW\��ZKLFK�ZLOO�UHYHDO�PDQ\�QHZ�
GLVHDVH�DVVRFLDWHG�DOOHOHV�DQG�JHQHV��DQG�VKRUWHU�UDQJH�OLQNDJH�GLVHTXLOLEULXP��ZKLFK�ZLOO�EH�
LQYDOXDEOH�IRU�LPSURYLQJ�ILQH�PDSSLQJ�RI�WKH�WHQV�RI�WKRXVDQGV�RI�GLVHDVH�DVVRFLDWHG�YDULDQWV�
WKDW�KDYH�DOUHDG\�EHHQ�GLVFRYHUHG��

7KHUH�DUH�FXUUHQWO\�DFWLYH�GLVFXVVLRQV�FRQFHUQLQJ�FUHDWLQJ�DQG�H[SDQGLQJ�ELREDQNV�LQ�
$IULFD��LQYROYLQJ�ERWK�UHJLRQDO�VFLHQWLVWV�DQG�RUJDQL]DWLRQV��H�J���WKH�$IULFDQ�$FDGHP\�RI�
6FLHQFHV�DQG�WKH�$IULFDQ�6RFLHW\�RI�+XPDQ�*HQHWLFV��DQG�JOREDO�IXQGHUV��H�J���:HOOFRPH�DQG�
WKH�86�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��1,+���LQWHUHVWHG�LQ�VFRSLQJ�SRVVLEOH�DFWLYLWLHV���

$�JRRG�LQLWLDO�JRDO�PLJKW�EH�WR�DVVHPEOH�D�QHWZRUN�RI�ELREDQNV�ZLWK�D�WRWDO�RI�a��PLOOLRQ�
SDUWLFLSDQWV�IURP�D�QXPEHU�RI�JHRJUDSKLFDOO\�GLVWLQFW�UHJLRQV��$V�D�ILUVW�VWHS��HIIRUWV�VKRXOG�EH�
XQGHUWDNHQ�WR�GHYHORS�D�SRWHQWLDO�SODQ�E\�WKH�HQG�RI��������

�LL��$PHULFDV ���,Q�WKHVH�UHFRPPHQGDWLRQV��³$PHULFDV´�ZLOO�EH�XVHG�WR�UHIHU�WR�WKH�
XQGHUUHSUHVHQWHG�FRXQWULHV�DQG�SRSXODWLRQV�OLYLQJ�LQ�6RXWK��&HQWUDO�DQG�1RUWK�$PHULFD�
²�HIIHFWLYHO\��DOO�FRXQWULHV�RWKHU�WKDQ�WKH�86�DQG�&DQDGD��DV�ZHOO�DV�V\VWHPDWLFDOO\�
XQGHUVDPSOHG�JURXSV�LQ�WKH�86�DQG�&DQDGD���

7KH�$PHULFDV�DUH�YDOXDEOH�IRU�JHQHWLF�VWXGLHV��EHFDXVH�WKH�SRSXODWLRQ�KLVWRULHV�RI�WKHVH�
UHJLRQV�DQG�LQGLYLGXDOV�LQFOXGH�PDQ\�SRSXODWLRQ�ERWWOHQHFNV�DQG�FRPSOH[�DGPL[WXUH��7KH�
ERWWOHQHFNV�DQG�IRXQGHU�HIIHFWV�ZLOO�VLPSOLI\�WKH�DOOHOLF�VSHFWUXP��ZKLOH�WKH�DGPL[WXUH�SURYLGHV�
RSSRUWXQLWLHV�IRU�H[SORULQJ�HSLVWDVLV���

6HYHUDO�LQWHUQDWLRQDO�HIIRUWV�KDYH�VRXJKW�WR�VWXG\�JHQRPLF�GLYHUVLW\�LQ�WKH�$PHULFDV��ZLWK�
WKH�DLP�RI�XQGHUVWDQGLQJ�WKH�GHPRJUDSKLF�KLVWRU\�DQG�GLYHUVLW\�LQ�WKH�FRQWLQHQW��7KHUH�KDYH�
DOVR�EHHQ�ORFDO�HIIRUWV��VXFK�DV�QDWLRQDO�JHQRPH�SURMHFWV�LQ�0H[LFR��3HUX��%UD]LO��$UJHQWLQD��DQG�
&KLOH��FUHDWLQJ�YDOXDEOH�'1$�FROOHFWLRQV�DQG�JHQRPH�GDWDVHWV��5HFHQWO\��QDWLRQDO�ELREDQNV�
KDYH�EHHQ�FUHDWHG�LQ�VRPH�FRXQWULHV�RI�WKH�UHJLRQV��VXFK�DV�LQ�0H[LFR��%UD]LO�DQG�$UJHQWLQD�
DQG�WKHUH�KDYH�EHHQ�HIIRUWV�WR�FRQQHFW�WKHVH�DQG�VPDOOHU�ELREDQNV�LQ�D�1HWZRUN�RI�%LREDQNV�
IURP�/DWLQ�$PHULFDQ�DQG�WKH�&DULEEHDQ��UHIHUUHG�WR�DV�5(%/$&��LWV�DFURQ\P�LQ�6SDQLVK���:LWK�
IHZ�UHVRXUFHV��WKHVH�HIIRUWV�KDYH�FUHDWHG�FROOHFWLRQV�RI�VPDOO�WR�PHGLXP�VL]H�EXW�ZLWK�JRRG�
GDWD�TXDOLW\���

*LYHQ�VWURQJ�LQWHUHVW�DQG�OHDGHUVKLS�E\�UHJLRQDO�VFLHQWLVWV��LW�LV�QRZ�WKH�WLPH�WR�GHYHORS�
D�FRRUGLQDWHG�SODQ�DQG�WR�LGHQWLI\�SRWHQWLDO�IXQGLQJ��$�JRRG�LQLWLDO�JRDO�PLJKW�EH�WR�DVVHPEOH�D�
QHWZRUN�RI�ELREDQNV�ZLWK�D�WRWDO�RI�a��PLOOLRQ�SDUWLFLSDQWV�IURP�D�QXPEHU�RI�JHRJUDSKLFDOO\�
GLVWLQFW�UHJLRQV��$V�D�ILUVW�VWHS��HIIRUWV�VKRXOG�EH�XQGHUWDNHQ�WR�GHYHORS�D�SRWHQWLDO�SODQ�E\�WKH�
HQG�RI��������

�LLL��$VLD���:KLOH�WKHUH�DUH�VHYHUDO�PDMRU�ELREDQNLQJ�HIIRUWV�LQYROYLQJ�-DSDQ�DQG�&KLQD��
WKHUH�UHPDLQ�PDMRU�JDSV��%LREDQNV�LQ�6RXWK�$VLD�DUH�FXUUHQWO\�TXLWH�OLPLWHG��WKH�,QGLDQ�
JRYHUQPHQW�DQG�VFLHQWLILF�FRPPXQLW\�PLJKW�WDNH�D�OHDG�LQ�VXFK�HIIRUWV��%LREDQNV�LQ�&KLQD�FRXOG�
DOVR�EH�GUDPDWLFDOO\�H[SDQGHG��,Q�SDUWLFXODU��WKHUH�LV�FRQVLGHUDEOH�LQWHUHVW�LQ�+RQJ�.RQJ�LQ�
FUHDWLQJ�ELREDQNV��)XUWKHU�HOXFLGDWLRQ�RI�KXPDQ�JHQHWLFV�LQ�WKH�$UDE�DQG�FHQWUDO�$VLD�
SRSXODWLRQV�LV�DOVR�ZDUUDQWHG��

,Q�DGGLWLRQ��HIIRUW�VKRXOG�EH�FRQVLGHUHG�LQ�2FHDQLD��SDUWLFXODUO\�JLYHQ�WKH�PXOWLSOH�
SRSXODWLRQ�ERWWOHQHFNV�DQG�PLJUDWLRQ�HYHQWV��

���



3ODQQLQJ�HIIRUWV�VKRXOG�EH�XQGHUWDNHQ��GUDZLQJ�RQ�WKH�H[WHQVLYH�VFLHQWLILF�FRPPXQLWLHV�
DQG�UHVRXUFHV�LQ�WKHVH�FRXQWULHV���

([SDQGLQJ�GLYHUVLW\�LQ�H[LVWLQJ�PDMRU�ELREDQNV���(YHQ�LQ�UHJLRQV�ZKHUH�ODUJH�
ELREDQNV�KDYH�EHHQ�GHYHORSHG��WKHVH�ELREDQNV�RIWHQ�GR�QRW�UHSUHVHQW�WKH�DQFHVWU\�GLYHUVLW\�RI�
WKH�SRSXODWLRQ��,W�LV�LPSRUWDQW�WR�DGGUHVV�WKLV�VFLHQWLILF�JDS��ZKLFK�KDV�EHHQ�LGHQWLILHG�DV�D�
SULRULW\�DUHD�IRU�1,+��:HOOFRPH��DQG�RWKHUV����$V�QRWHG�DERYH��DQFHVWU\�GLYHUVLW\�DPRQJ�
SDUWLFLSDQWV�LQ�PDQ\�ELREDQNV�FDQ�UHYHDO�FOXHV�WR�GLVHDVH�PHFKDQLVPV��LV�QHFHVVDU\�WR�HQVXUH�
DSSURSULDWHO\�FDOLEUDWHG�HVWLPDWHV�RI�JHQHWLF�ULVNV�IRU�DOO�LQGLYLGXDOV��DQG�FDQ�IDFLOLWDWH�WKH�
DQDO\VLV�RI�JHQH�[�HQYLURQPHQW�LQWHUDFWLRQ��

$W�WKH�VDPH�WLPH��GXH�WR�KLVWRULFDO�ODFN�RI�HTXDOLW\�LQ�UHVHDUFK�DQG�KHDOWKFDUH��GLYHUVH�
SRSXODWLRQV�RIWHQ�LQFOXGH�YXOQHUDEOH�LQGLYLGXDOV��&RQVLGHUDEOH�WKRXJKWIXOQHVV�LV�QHHGHG�ZLWK�
UHVSHFW�WR�HWKLFDO�DQG�FXOWXUDO�FRQVLGHUDWLRQV�LQ�UHFUXLWPHQW�DQG�WR�HQVXULQJ�EHQHILW�IRU�DOO��

([SDQGLQJ�VL]H�DQG�XWLOLW\��E\�FUHDWLQJ�ELREDQNV�FRXSOHG�WR�PHGLFDO�V\VWHPV��
:KLOH�D�QXPEHU�RI�LPSRUWDQW�ELREDQNV��QRWDEO\��WKH�8.�%LREDQN��KDYH�EHHQ�VWDQGDORQH�
DFWLYLWLHV��WKH�PRVW�FRVW�HIIHFWLYH�DSSURDFK�WR�FUHDWH�ELREDQNV�ZLWK�GLYHUVH�SDUWLFLSDQWV�DQG�
KLJK�TXDOLW\�FOLQLFDO�LQIRUPDWLRQ�PD\�XOWLPDWHO\�EH�WR�FRXSOH�WKHP�LQ�WKH�FRQWH[W�RI�KRVSLWDOV�DQG�
PHGLFDO�V\VWHPV�ZLWK�HOHFWURQLF�PHGLFDO�UHFRUGV��6XFK�ELREDQNV�VKRXOG�HQGHDYRU�WR�FDSWXUH�
VRFLRHFRQRPLF�DQG�HQYLURQPHQWDO�GDWD��ZKLFK�PD\�SOD\�NH\�UROHV�LQ�FOLQLFDO�RXWFRPHV��,W�ZLOO�EH�
LPSRUWDQW�WR�H[SORUH�DQG�H[SDQG�ELREDQN�PRGHOV�EDVHG�RQ�PHGLFDO�V\VWHPV��

(QDEOLQJ�UHFDOO�RI�SDUWLFLSDQWV�E\�JHQRW\SH��ZKHUH�SRVVLEOH ���7KH�DELOLW\�WR�UHFDOO�
VRPH�SDUWLFLSDQWV�EDVHG�RQ�WKHLU�JHQRW\SHV�RU�SKHQRW\SHV�ZRXOG�EH�YDOXDEOH��EHFDXVH�LW�ZRXOG�
HQDEOH�LQ�GHSWK�IROORZ�XS�VWXGLHV�IRU�UHVHDUFK�DQG�FOLQLFDO�WULDOV��:KHUH�SRVVLEOH��HVSHFLDOO\�LQ�
WKH�FRQWH[W�RI�PHGLFDO�V\VWHPV���LW�ZRXOG�EH�GHVLUDEOH�WR�DVN�SDWLHQWV�IRU�WKHLU�FRQVHQW�WR�EH�
UHFRQWDFWHG�IRU�SRWHQWLDO�VWXGLHV��,Q�DGGLWLRQ��LW�ZRXOG�EH�GHVLUDEOH�WR�VHHN�FRQVHQW�IRU�UHWXUQ�RI�
UHVXOWV�XQGHU�FOHDU�SROLFLHV��7KLV�ZLOO�EH�SDUWLFXODUO\�LPSRUWDQW�LQ�VWXGLHV�LQYROYLQJ�LQGLYLGXDOV�ZLWK�
UDUH�JHQRW\SHV��VXFK�DV�WKRVH�ZKR�FDUU\�KRPR]\JRXV�UDUH�ORVV�RI�IXQFWLRQ�DOOHOHV����

*HQHWLF�DQDO\VLV�QHWZRUN�DFURVV�JOREDO�ELREDQNV���5HDOL]LQJ�WKH�SRZHU�RI�ELREDQNV�
ZLOO�UHTXLUH�WKDW�DSSURSULDWH�ZD\V�DUH�GHYHORSHG�WR�DOORZ�MRLQW�DQDO\VHV�DFURVV��PDQ\��GLVSDUDWH�
ELREDQNV�LQ�D�PDQQHU�WKDW�GHOLYHUV�UREXVW�DQG�GHILQLWLYH�DQDO\VHV�WR�WKH�HQWLUH�UHVHDUFK�
FRPPXQLW\�� �

7KLV�ZLOO�UHTXLUH�LQYHVWPHQW�LQ�SKHQRW\SLF�KDUPRQL]DWLRQ�DFURVV�ERWK�QHZ�DQG�H[LVWLQJ�
ELREDQNV�²�SHUIRUPHG�LQ�ERWK�WUDGLWLRQDO�ZD\V�EXW�DOVR�E\�XVLQJ�RSSRUWXQLWLHV�SURYLGHG�E\�
SURJUHVV�LQ�KXPDQ�JHQHWLFV�LWVHOI���6SHFLILFDOO\��E\�XVLQJ�HVWDEOLVKHG�ULVN�ORFL�DQG�SRO\JHQLF�
VFRUHV�DV�LQVWUXPHQWV��WKH�FRQVLVWHQF\�RI�SKHQRW\SH�GHILQLWLRQ�FDQ�EH�DVVHVVHG�DFURVV�
ELREDQNV�LQ�DQ�RUWKRJRQDO�ZD\�WKDW�VSHDNV�GLUHFWO\�WR�WKH�XWLOLW\�RI�MRLQW�JHQHWLF�DQDO\VHV��

7KH�SRWHQWLDO�RI�D�ELREDQN�QHWZRUN�ZLOO�EH�SDUWLFXODUO\�LPSDFWIXO�LQ�\HW�WR�EH�H[SORUHG�
DUHDV��VXFK�DV�UHVSRQVH�WR�WKHUDS\�DQG�GLVHDVH�SURJUHVVLRQ��ZKHUH�ODFN�RI�UHDO�ZRUOG�GDWD�LQ�
WUDGLWLRQDO�VWXG\�GHVLJQV�DQG�WKH�FKDOOHQJH�RI�VWDUWLQJ�ZLWK�VPDOOHU�SRSXODWLRQV�ZLWK�VSHFLILF�
GLDJQRVHV��DJH�FDWHJRULHV�DQG�WUHDWPHQWV�KDYH�EHHQ�OLPLWLQJ�� ��

7R�UHDOL]H�WKH�IXOO�SRWHQWLDO�RI�FURVV�ELREDQN�DQDO\VHV��D�UREXVW�JOREDO�ELREDQN�DQDO\VLV�
QHWZRUN�ZLOO�EH�HVVHQWLDO���

$��*OREDO�%LREDQN�1HWZRUN ��ZDV�LQLWLDWHG�LQ�������ZLWK�WKH�DLP�RI�FUHDWLQJ�D�IUDPHZRUN�
LQ�ZKLFK�SKHQRW\SH�KDUPRQL]DWLRQ�DQG�PHWD�DQDO\VLV�FDQ�EH�SHUIRUPHG�LQ�D�IDFLOH�DQG�

���



FROODERUDWLYH�IUDPHZRUN��ZLWK�UDSLG�DQG�RSHQ�VKDULQJ�RI�UHVXOWV��(DUO\�SLORW�VWXGLHV��VKRZQ�DW�
$PHULFDQ�6RFLHW\�RI�+XPDQ�*HQHWLFV��$6+*��LQ�2FWREHU�������GHPRQVWUDWH�WKH�SRWHQWLDO�RI�
VXFK�D�QHWZRUN��)RU�H[DPSOH��MRLQW�DQDO\VLV�RI��������DVWKPD�FDVHV�DFURVV���ELREDQNV�UHYHDOHG�
���JHQRPH�ZLGH�VLJQLILFDQW�ILQGLQJV��,W�ZLOO�EH�LPSRUWDQW�WR�QXUWXUH�DQG�VXSSRUW�WKHVH�QDVFHQW�
HIIRUWV��

&RRUGLQDWLRQ�ZLWK�,+&&���7KH�,QWHUQDWLRQDO�+XQGUHG�.��&RKRUWV�&RQVRUWLXP��,+&&��
ZDV�ODXQFKHG�LQ������WR�FUHDWH�D�JOREDO�QHWZRUN�IRU�WUDQVODWLRQDO�UHVHDUFK�XVLQJ�ODUJH�FRKRUWV��
,+&&�DLPV�WR�EULQJ�WRJHWKHU�ODUJH�FRKRUWV�WR�HQFRXUDJH�GDWD�VKDULQJ��LPSURYH�HIILFLHQFLHV��DQG�
PD[LPL]H�EHQHILWV�LQ�DGGUHVVLQJ�VFLHQWLILF�TXHVWLRQV���

,+&&�KDV�D�EURDGHU�VFRSH�WKDQ�,&'$��LQFOXGLQJ�PDQ\�FRKRUWV�IRFXVHG�RQ�HSLGHPLRORJ\�
UDWKHU�WKDQ�JHQHWLF�DQDO\VLV�RI�FRPPRQ�GLVHDVH��,W�ZLOO�EH�LPSRUWDQW�IRU�,&'$�WR�FRRUGLQDWH�
FORVHO\�ZLWK�,+&&��,Q�SDUWLFXODU��,&'$�VKRXOG�IRFXV�RQ�LVVXHV�UHODWHG�WR�JHQHWLF�VWXGLHV�ZLWK�
ODUJH�ELREDQNV���

�
5HFRPPHQGDWLRQV�DQG�,PSOHPHQWDWLRQ���&RQFHUQLQJ�ELREDQNV��ZH�PDNH�WKUHH�
UHFRPPHQGDWLRQV��5HFRPPHQGDWLRQV�������DQG������

,&'$¶V�DFWLYLWLHV�LQ�FRQQHFWLRQ�ZLWK�WKHVH�UHFRPPHQGDWLRQV�VKRXOG�EH�FRRUGLQDWHG�E\�D�
%LREDQNV�7DVN�)RUFH ��ZLWKLQ�WKH�,&'$�0DSV�:RUNLQJ�*URXS��

�

5HFRPPHQGDWLRQ�����,QFUHDVH�WKH�3RSXODWLRQ�'LYHUVLW\�RI�%LREDQNV�IRFXVHG�RQ�*HQHWLF�
$QDO\VLV�

7KH�SRSXODWLRQ�GLYHUVLW\�RI�ELREDQNV�GHVLJQHG�IRU�JHQHWLF�DQDO\VLV�VKRXOG�EH�VXEVWDQWLDOO\�
LQFUHDVHG���

$Q�HDUO\�JRDO�VKRXOG�EH�WR�VXSSRUW�QDVFHQW�DQG�H[LVWLQJ�HIIRUWV�WR�GHYHORS�ELREDQNV�LQ�
UHJLRQV�WKDW�KDYH�EHHQ�VHULRXVO\�XQGHUUHSUHVHQWHG��,QLWLDO�SODQQLQJ�VKRXOG�EHJLQ�ZLWK�DFWLYH�
HIIRUWV�LQ�$IULFD�DQG�WKH�$PHULFDV��VHH�GHILQLWLRQ�DERYH���DQG�VKRXOG�HPEUDFH�DGGLWLRQDO�
HIIRUWV�LQ�6RXWK�$VLD�DQG�(DVW�$VLD��DV�WKH\�DUH�GHYHORSHG���

$GGLWLRQDOO\��HIIRUWV�VKRXOG�EH�PDGH�WR�LQFUHDVH�WKH�GLYHUVLW\�RI�SDUWLFLSDQWV�LQ�ELREDQNV�
ZLWKLQ ��GHYHORSHG�FRXQWULHV��WR�HQVXUH�WKDW�DOO�LQGLYLGXDOV�PD[LPDOO\�EHQHILW�IURP�UHVHDUFK�DQG�
WR�UHGXFH�KHDOWKFDUH�GLVSDULWLHV��

�
7R�DGYDQFH�WKLV�JRDO���

�� )XQGHUV�VKRXOG�IDFLOLWDWH��VXSSRUW�DQG�VHW�FOHDU�WDUJHWV�IRU���
D� H[SDQVLRQ�DQG�FUHDWLRQ�RI�ELREDQNV�LQ�XQGHUUHSUHVHQWHG�UHJLRQV��DQG��
E� JUHDWHU�UHFUXLWPHQW�RI�XQGHUUHSUHVHQWHG�SRSXODWLRQV�LQWR�H[LVWLQJ�PDMRU�

ELREDQNV��
�� �,&'$�VKRXOG�KHOS�WR�VXSSRUW�DQG�H[SDQG�H[LVWLQJ�ELREDQNV�DQG�EXLOG�QHZ�

ELREDQNV��E\�ZRUNLQJ�ZLWK�WKH�UHJLRQDO�VFLHQWLILF�FRPPXQLWLHV��JOREDO�H[SHUWV��
SRWHQWLDO�IXQGHUV��,+&&��DQG�RWKHUV�WR���

D� FRQYHQH�PHHWLQJV�WR�PDS�WKH�VFRSH�RI�SURMHFWV��LQFOXGLQJ�KRZ�WR�FDUU\�
WKHP�RXW�PRVW�HIIHFWLYHO\�DQG�HIILFLHQWO\�LQ�WKH�UHJLRQDO�FRQWH[W���

���



E� GHILQH�WKH�QHFHVVDU\�UHVRXUFHV��ORJLVWLFDO��EXGJHWDU\��DQDO\WLFDO��
FRPSXWDWLRQDO����

F� HQVXUH�WKDW�WKHVH�HIIRUWV�FDQ�PD[LPDOO\�EHQHILW�IURP�H[LVWLQJ�NQRZOHGJH��
SURWRFROV�DQG�LQIUDVWUXFWXUH��DQG��

G� GHYHORS�FRQFUHWH�SODQV�DQG�PLOHVWRQHV�E\�WKH�HQG�RI�������
3ODQQLQJ�VKRXOG�EHJLQ�ZLWK�QDVFHQW�HIIRUWV�LQ�$IULFD�DQG�WKH�$PHULFDV��DQG�VKRXOG�
HPEUDFH�DGGLWLRQDO�HIIRUWV�LQ�6RXWK�$VLD�DQG�(DVW�$VLD��ZKHUH�WKH\�KDYH�VWURQJ�ORFDO�
VXSSRUW���

�
(IIRUWV�WR�FUHDWH�RU�H[SDQG�ELREDQNV�LQ�XQGHUUHSUHVHQWHG�UHJLRQV�VKRXOG�EH�OHG�E\�UHJLRQDO�
VFLHQWLVWV�DVVLVWHG�E\�H[WHUQDO�SDUWQHUV��UDWKHU�WKDQ�YLFH�YHUVD��H�J���µVDIDUL�VFLHQFH¶���7KH\�
VKRXOG�LQFOXGH�FOHDU�FRPPLWPHQWV�WR�ORFDO�OHDGHUVKLS��WR�DGYDQFLQJ�HTXLW\��DQG�WR�FDSDFLW\�
EXLOGLQJ��LQFOXGLQJ�HGXFDWLRQ��WUDLQLQJ��DQG�LQIUDVWUXFWXUDO�LQYHVWPHQWV��

(IIRUWV�VKRXOG�EULQJ�WRJHWKHU�H[LVWLQJ�UHVHDUFK�JURXSV�ZLWK�FRPPRQ�JRDOV�DQG�
UHFUXLWPHQW�FDSDFLWLHV��DQG�WKH\�VKRXOG�GUDZ�RQ�H[LVWLQJ�VWUHQJWKV��)RU�H[DPSOH��SURMHFWV�PLJKW�
EH�EXLOW�LQ�WKH�FRQWH[W�RI�KRVSLWDOV�DQG�KHDOWKFDUH�V\VWHPV�UDWKHU�WKDQ�DV�VWDQGDORQH�ELREDQNLQJ�
HIIRUWV�²�ZKLFK�PLJKW�LQFUHDVH�WKH�UHSUHVHQWDWLRQ�RI�GLYHUVH�SRSXODWLRQV��DGYDQFH�WKH�
GHYHORSPHQW�RI�HOHFWURQLF�PHGLFDO�UHFRUGV��DQG�IDFLOLWDWH�WKH�DELOLW\�WR�UHFRQWDFW�SDWLHQWV�IRU�
LQ�GHSWK�IROORZ�RQ�VWXGLHV�� �
�

5HFRPPHQGDWLRQ�����,QFUHDVH�WKH�6L]H�DQG�8WLOLW\�RI�%LREDQNV�IRFXVHG�RQ�*HQHWLF�
$QDO\VLV�

$Q�XOWLPDWH�JRDO�VKRXOG�EH�D�IHGHUDWLRQ�RI�ELREDQNV�DFURVV�WKH�JOREH�DW�VXIILFLHQW�VFDOH�WR�
HQDEOH�GHHS�DQDO\VLV�RI�WKH�YDVW�PDMRULW\�RI�FRPPRQ�GLVHDVHV�DQG�GLVHDVH�UHODWHG�
SKHQRW\SHV��7KLV�ZLOO�OLNHO\�UHTXLUH�D�WRWDO�RI�DW�OHDVW����PLOOLRQ�SDUWLFLSDQWV��

7R�EH�PD[LPDOO\�XVHIXO��WKHVH�ELREDQNV�ZLOO�QHHG�WR�KDYH�ULFK�FOLQLFDO�DQG�JHQHWLF�
LQIRUPDWLRQ�²�LQFOXGLQJ�FOLQLFDO�WUDMHFWRULHV��UHVSRQVHV��DQG�RXWFRPHV�IRU�SDWLHQWV�ZLWK�WKH�
VDPH�GLVHDVH��7KH�PRVW�HIIHFWLYH�ZD\�WR�DVVHPEOH�VXFK�ELREDQNV�ZLOO�EH�LQ�WKH�FRQWH[W�RI�
KRVSLWDOV�DQG�KHDOWKFDUH�V\VWHPV�ZLWK�H[FHOOHQW�HOHFWURQLF�KHDOWK�UHFRUGV�FRQWDLQLQJ�ULFK�
ORQJLWXGLQDO��PXOWLGLPHQVLRQDO�LQIRUPDWLRQ��FRPELQHG�ZLWK�DSSURSULDWH�PHWKRGV�WR�H[WUDFW�
UHOHYDQW�SKHQRW\SH�DQG�ULVN�IDFWRU�LQIRUPDWLRQ�IURP�WKH�KHDOWK�UHFRUGV���

,QIRUPDWLRQ�LQ�HOHFWURQLF�KHDOWK�UHFRUGV�ZLOO�PDNH�LW�SRVVLEOH�WR�OHDUQ�DERXW�GLVWLQFW�DVSHFWV�
RI�GLVHDVH�SURFHVVHV��LQFOXGLQJ�WKRVH�ZLWK�WKH�JUHDWHVW�UHOHYDQFH�WR�WKHUDS\���6WDNHKROGHUV��
LQFOXGLQJ�SKDUPDFHXWLFDO�FRPSDQLHV��VKRXOG�ZRUN�WRJHWKHU�WR�PD[LPL]H�WKH�DELOLW\�WR�FRPELQH�
RXWFRPH�GDWD�IURP�GLIIHUHQW�VRXUFHV�²�LQFOXGLQJ�WKURXJK�KDUPRQL]DWLRQ�RI�RXWFRPHV�
PHDVXUHV�DQG�JHQHWLF�FURVV�YDOLGDWLRQ�RI�SKHQRW\SLF�VWDQGDUGV���

:KHUHYHU�IHDVLEOH��ELREDQNV�VKRXOG�FROOHFW�GDWD�RQ�HQYLURQPHQWDO�DQG�VRFLDO�GHWHUPLQDQWV�
RI�KHDOWK��DQG�HQDEOH�SDUWLFLSDQWV�WR�FRQVHQW�WR�UHFRQWDFW�IRU�IXWXUH�VWXG\��

7KHUH�VKRXOG�EH�SDUWLFXODU�DWWHQWLRQ�WR�H[SDQG�DQG�FRRUGLQDWH�WKH�LGHQWLILFDWLRQ�RI�
LQGLYLGXDOV�ZLWK�UDUH�ORVV�RI�IXQFWLRQ�DOOHOHV��HVSHFLDOO\�WKRVH�SUHVHQW�LQ�WKH�KRPR]\JRXV�

���



VWDWH��IURP�GLYHUVH�DQFHVWUDO�EDFNJURXQGV��DQG�WR�GHYHORS�D�FRRUGLQDWHG�LQIUDVWUXFWXUH�WR�
VXSSRUW�GHWDLOHG�FOLQLFDO�LQYHVWLJDWLRQ�LQ�VXFK�LQGLYLGXDOV�DQG�WKHLU�IDPLOLHV��

�
7R�DGYDQFH�WKLV�JRDO���

�� ,&'$�VKRXOG��LQ�FROODERUDWLRQ�ZLWK�SRWHQWLDO�IXQGHUV�DQG�VWDNHKROGHUV��ZRUN�WR�
LGHQWLI\�RSSRUWXQLWLHV��EDUULHUV��DQG�SLORW�SURMHFWV�IRU�GHYHORSLQJ�HIIHFWLYH�
ELREDQNV�LQ�WKH�FRQWH[W�RI�KRVSLWDOV�DQG�KHDOWKFDUH�V\VWHPV�DURXQG�WKH�ZRUOG�²�
HVSHFLDOO\��ZKHUH�SRVVLEOH��WKRVH�ZLWK�ULFK�PHGLFDO�UHFRUGV�DQG�WKH�DELOLW\�WR�
HQDEOH�SDWLHQWV�WR�FRQVHQW�WR�UHFRQWDFW�IRU�IXWXUH�VWXGLHV��,Q�GHYHORSLQJ�VXFK�
ELREDQNV��LW�ZLOO�EH�LPSRUWDQW�WR�GHYHORS�HIIHFWLYH�ZD\V�WR�HQJDJH�SDWLHQWV��DOLJQ�
LQVWLWXWLRQDO�LQWHUHVWV��GHVLJQ�SROLFLHV��XVH�H[LVWLQJ�LQIUDVWUXFWXUH��DQG�FUHDWH�
UHTXLUHG�QHZ�LQIUDVWUXFWXUH��

�� )XQGHUV�VKRXOG�VXSSRUW�SLORW�SURMHFWV�WR�GHVLJQ�DQG�H[SDQG�HIIHFWLYH�ELREDQNV�
LQ�WKH�FRQWH[W�RI�KRVSLWDOV�DQG�KHDOWKFDUH�V\VWHPV��

�

5HFRPPHQGDWLRQ�����6XSSRUW�*HQHWLF�$QDO\VLV�$FURVV�*OREDO�%LREDQNV��
7R�IXOILOO�WKH�SRWHQWLDO�RI�ELREDQNV�IRU�XQGHUVWDQGLQJ�GLVHDVHV��LW�ZLOO�EH�QHFHVVDU\�WR�EH�

DEOH�WR�SHUIRUP�IHGHUDWHG�JHQHWLF�DQDO\VLV�RI�GLVHDVHV�DQG�WUDLWV�DFURVV�JOREDO�ELREDQNV���
7KLV�IHGHUDWLRQ�RI�ELREDQNV�VKRXOG�ZRUN�WR��
Ɣ DOLJQ�GDWD�SURFHVVLQJ��TXDOLW\�FRQWURO��DQG�LPSXWDWLRQ�UHIHUHQFHV��DQG�
Ɣ LQWHJUDWH�FOLQLFDO�DQG�RWKHU�SKHQRW\SHV��VXFK�DV�HQYLURQPHQWDO�H[SRVXUHV��LQFOXGLQJ�

GHYHORSLQJ�QRYHO�DQG�ULJRURXV�ZD\V�WR�HQVXUH�WKDW�FURVV�ELREDQN�DQDO\VHV�DUH�DV�
DFFXUDWH�DV�SRVVLEOH�²�IRU�H[DPSOH��E\�XVLQJ�JHQHWLFV�WR�FURVV�YDOLGDWH�SKHQRW\SLF�
GHILQLWLRQV���

Ɣ H[SORUH�SKHQRW\SHV�WKDW�KDYH�EHHQ�GLIILFXOW�WR�H[SORUH�LQ�WUDGLWLRQDO�VWXG\�GHVLJQV�DQG�
OLPLWHG�VDPSOH�VL]HV��VXFK�DV�GLVHDVH�VXEFDWHJRULHV��GLVHDVH�SURJUHVVLRQ�DQG�
WUDMHFWRULHV��WUHDWPHQW�UHVSRQVH��VH[�GLIIHUHQFHV��DQG�DJH�FDWHJRULHV��

�
7R�DGYDQFH�WKLV�JRDO���

�� )XQGHUV�VKRXOG�VXSSRUW�HIIRUWV�WR�FUHDWH�D�JHQHWLF�DQDO\VLV�QHWZRUN�WR�IDFLOLWDWH�
DQG�DFFHOHUDWH�IHGHUDWHG�DQDO\VLV�DFURVV�JOREDO�ELREDQNV��

�� ,&'$�VKRXOG�VXSSRUW�D�JHQHWLF�DQDO\VLV�QHWZRUN�DFURVV�JOREDO�ELREDQNV�E\�
KHOSLQJ�WR�IDFLOLWDWH�DQG�VXSSRUW�PHHWLQJV�RI�WKH�QDVFHQW�*OREDO�%LREDQN�
1HWZRUN��

� �
�'LUHFWLRQ����0DSV�²�*HQHWLF�5HVRXUFHV��
�
&HUWDLQ�UHVRXUFHV�SOD\�D�FUXFLDO�UROH�LQ�KXPDQ�JHQHWLFV�UHVHDUFK��LQFOXGLQJ�UHIHUHQFH�FDWDORJV�
RI��L��WKH�JHQHWLF�YDULDWLRQ�LQ�SRSXODWLRQV��DQG��LL��WKH�UHVXOWV�IURP�JHQHWLF�PDSSLQJ�VWXGLHV��

&RPSUHKHQVLYH�JHQRPLF�YDULDWLRQV�UHVRXUFHV ���)UHHO\�DYDLODEOH�KXPDQ�JHQHWLF�
UHIHUHQFH�GDWDVHWV�DUH�DQ�HVVHQWLDO�IRXQGDWLRQ�IRU�JHQHWLF�PDSSLQJ�RI�KXPDQ�FRPSOH[�WUDLWV��

���



7KH�,QWHUQDWLRQDO�+DS0DS�&RQVRUWLXP��WKH������*HQRPHV�3URMHFW��JQRP$'��DQG�+DSORW\SH�
5HIHUHQFH�&RQVRUWLXP�DUH�DPRQJ�WKH�PRVW�ZLGHO\�XVHG�UHVRXUFHV�LQ�WKH�KXPDQ�JHQHWLFV�
FRPPXQLW\���

7KHVH�FRPSUHKHQVLYH�JHQRPLF�YDULDWLRQ�UHVRXUFHV�DUH�UHTXLUHG�IRU�VHYHUDO�FULWLFDO�
SXUSRVHV��

Ɣ 7KH\�DUH�XVHG�WR�FUHDWH�DOOHOH�IUHTXHQF\�VHUYHUV��VXFK�DV�JQRP$'��WR�KHOS�PHGLFDO�
JHQHWLFLVWV�DURXQG�WKH�ZRUOG�WR�HYDOXDWH�SDWLHQWV�VXVSHFWHG�RI�KDYLQJ�D�0HQGHOLDQ�
GLVHDVH�²�HQDEOLQJ�WKHP�WR�IRFXV�RQ�OLNHO\�FDXVDO�PXWDWLRQV�E\�ILOWHULQJ�RXW�WKH�YDVW�
PDMRULW\�RI�YDULDQWV�WKDW�DUH�VXIILFLHQWO\�FRPPRQ�LQ�RQH�RU�PRUH�PDMRU�SRSXODWLRQV��

Ɣ 7KH\�DUH�XVHG�WR�FUHDWH�LPSXWDWLRQ�VHUYHUV�DQG�OLQNDJH�GLVHTXLOLEULXP�UHIHUHQFH�SDQHOV�
WR�IDFLOLWDWH�GLVHDVH�PDSSLQJ�VWXGLHV�²�E\�XVLQJ�LQIRUPDWLRQ�DERXW�KDSORW\SH�VWUXFWXUH�WR�
LQIHU�JHQRW\SHV�DW�PDQ\�PLOOLRQV�RI�FRPPRQ�YDULDQWV�EDVHG�RQ�JHQRW\SHV�DW�D�PXFK�
VPDOOHU�VHW�RI�YDULDQWV�REWDLQHG�IURP�JHQRW\SLQJ�DUUD\V�� �

Ɣ 7KH\�UHYHDO�WKH�SDWWHUQV�RI�QDWXUDO�VHOHFWLRQ�LQ�HDFK�JHQH��LQFOXGLQJ�WKH�IUHTXHQF\�RI�
/R)�DOOHOHV��1RWDEO\��WKHVH�SDWWHUQV�PD\�EH�SRSXODWLRQ�VSHFLILF��
7KH�YDOXH�RI�WKHVH�UHVRXUFHV�LQFUHDVH�ZLWK�ODUJHU�DQG�PRUH�GLYHUVH�VDPSOHV��6DPSOH�

VL]HV�RI���������IRU�HYHU\�PDMRU�DQFHVWU\�JURXS�ZLOO�HQDEOH�JHQRW\SH�LPSXWDWLRQ�GRZQ�WR�D�
PLQRU�DOOHOH�IUHTXHQF\�RI�a�������DV�ZHOO�DV�SURYLGH�D�QHFHVVDU\�UHIHUHQFH�IRU�FOLQLFDO�YDULDQW�
LQWHUSUHWDWLRQ��

&XUUHQW�JHQHWLF�UHVRXUFHV�IRFXV�SULPDULO\�RQ�613V�DQG�VPDOO�LQGHOV��ZKLFK�FRQVWLWXWH�WKH�
YDVW�PDMRULW\�RI�KXPDQ�JHQHWLF�YDULDQWV��0RUH�FRPSOH[�YDULDWLRQ�FDQ�DOVR�SOD\�LPSRUWDQW�UROHV�LQ�
GLVHDVH��EXW�LV�FXUUHQWO\�PRUH�GLIILFXOW�WR�DVVD\��:KLOH�JHQRW\SLQJ�RI�VXFK�YDULDQWV�LV�FXUUHQWO\�
WRR�H[SHQVLYH�IRU�ODUJH�VFDOH�LPSOHPHQWDWLRQ��HIIRUWV�VKRXOG�EH�PDGH�WR�GHYHORS�ZD\V�WR�HQDEOH�
JHQRW\SLQJ�RI�PRUH�FRPSOH[�YDULDWLRQ�ZLWKRXW�VLJQLILFDQWO\�LQFUHDVLQJ�FRVWV��

*HQRPH�ZLGH�DVVRFLDWLRQ�VXPPDU\�VWDWLVWLFV�UHVRXUFHV���5HVRXUFHV�WKDW�DVVHPEOH�
WKH�UHVXOWV�IURP�WKH�WKRXVDQGV�RI�JHQHWLF�PDSSLQJ�VWXGLHV�SHUIRUPHG�WR�GDWH�SOD\�D�FULWLFDO�UROH�
LQ�KXPDQ�JHQHWLFV��

,Q�SDUWLFXODU��ZHOO�FXUDWHG�*:$6�VXPPDU\�VWDWLVWLFV�DUH�HVVHQWLDO�EHFDXVH�WKH\�KHOS�
LQYHVWLJDWRUV�WR���

Ɣ UHDGLO\�LGHQWLI\�DQG�DVVHVV�JHQHV�DQG�YDULDQWV�WR�WDUJHW�IRU�H[SHULPHQWDO�LQYHVWLJDWLRQ�RI�
D�FRPSOH[�GLVHDVH��

Ɣ FRPSDUH�DVVRFLDWLRQ�UHVXOWV�DFURVV�SKHQRW\SHV��
Ɣ HQDEOH�0HQGHOLDQ�5DQGRPL]DWLRQ�DQG�RWKHU�W\SHV�RI�FDXVDO�LQIHUHQFH�DQDO\VHV��
Ɣ GHILQH�DOOHOLF�VHULHV�QHHGHG�WR�GHVFULEH��IRU�DQ\�JHQH��WKH�UHODWLRQVKLS�DPRQJ�JHQHWLF�

YDULDQWV��FRGLQJ�DQG�QRQ�FRGLQJ���WKHLU�LPSDFW�RQ�PROHFXODU�DQG�FHOOXODU�IXQFWLRQ��DQG�
WKHLU�SKHQRW\SLF�FRQVHTXHQFHV��ERWK�IRU�GHVLUHG�RXWFRPHV�DQG�DGYHUVH�HIIHFWV��²�
LQFOXGLQJ�GHILQLQJ�WKH�JHQHWLF�³GRVH�UHVSRQVH´�FXUYH��DQG� �

Ɣ FUHDWH�SRO\JHQLF�ULVN�VFRUHV���
(DUO\�HIIRUWV�WR�FDWDORJ�WKH�UHVXOWV�RI�*:$6�E\�1&%,�DQG�(%,�KDYH�EHHQ�LQYDOXDEOH���
+RZHYHU��WKH�FXUUHQW�FDWDORJV�KDYH�VHULRXV�OLPLWDWLRQV��6RPH�H[DPSOHV��7KH�FDWDORJ�

RQO\�FRQWDLQV�WKH�WRS�KLWV�IRU�PDQ\�*:$6��UDWKHU�WKDQ�IXOO�JHQRPH�ZLGH�DVVRFLDWLRQ�UHVXOWV����)RU�
RQJRLQJ�FRQVRUWLXP�HIIRUWV��VXFK�DV�*L$17�DQG�WKH�3V\FKLDWULF�*HQRPLFV�&RQVRUWLXP��WKH�
FDWDORJ�RIWHQ�OLVWV�UHVXOWV�IURP�PXOWLSOH�RYHUODSSLQJ�PHWD�DQDO\VHV�²�OHDGLQJ�WR�FRQIXVLRQ�DERXW�

���



ZKLFK�YHUVLRQ�LV�WKH�PRVW�DFFXUDWH�DQG�XS�WR�GDWH��&OHDU�VWDQGDUGV�IRU�GLIIHUHQW�*:$6�RXWSXWV��
VXFK�DV�ILQH�PDSSLQJ��JHQH�SULRULWL]DWLRQ��DQG�613�ZHLJKWV�IRU�356��KDYH�QRW�\HW�EHHQ�
GHYHORSHG�RU�GLVVHPLQDWHG��(IIRUWV�DUH�XQGHUZD\��LQFOXGLQJ�DW�(%,�DQG�LQ�WKH��1HWKHUODQGV���WR�
DGGUHVV�VRPH�RI�WKHVH�LVVXHV��EXW�PXFK�UHPDLQV�WR�EH�GRQH��

�
5HFRPPHQGDWLRQV�DQG�,PSOHPHQWDWLRQ���&RQFHUQLQJ�*HQHWLF�5HVRXUFHV��ZH�PDNH�WZR�
UHFRPPHQGDWLRQV��5HFRPPHQGDWLRQV���DQG������

,&'$¶V�DFWLYLWLHV�LQ�FRQQHFWLRQ�ZLWK�WKHVH�UHFRPPHQGDWLRQV�VKRXOG�EH�FRRUGLQDWHG�E\�D�
*HQHWLF�5HVRXUFHV�7DVN�)RUFH ��ZLWKLQ�WKH�,&'$�0DSV�:RUNLQJ�*URXS��

�

5HFRPPHQGDWLRQ�����&UHDWH�D�&RPSUHKHQVLYH�*HQRPLF�9DULDWLRQ�5HVRXUFH�
&RPSUHKHQVLYH�JHQRPLF�YDULDWLRQ�UHVRXUFHV�²�FRQVLVWLQJ�RI�RUJDQL]HG�DQG�UHDGLO\�

DFFHVVLEOH�JHQHWLF�GDWD�EDVHG�RQ�GHHS�ZKROH�JHQRPH�VHTXHQFH�GDWD�IURP�PDQ\�LQGLYLGXDOV�
DFURVV�PDQ\�SRSXODWLRQ�JURXSV�²�KDYH�EHHQ�DQ�HVVHQWLDO�IRXQGDWLRQ�IRU�KXPDQ�GLVHDVH�
JHQHWLFV���VHH�DERYH �����

7R�VXSSRUW�WKHVH�FUXFLDO�SXUSRVHV��ZH�QHHG�WR�H[SDQG�H[LVWLQJ�UHVRXUFHV�WR�FUHDWH�D�
FRPSUHKHQVLYH�JHQRPLF�YDULDWLRQ�UHVRXUFH�EDVHG�RQ�ZKROH�JHQRPH�VHTXHQFH�IRU�DW�OHDVW�
RQH�PLOOLRQ�LQGLYLGXDOV�UHSUHVHQWLQJ�DQ�H[SDQVLYH�UDQJH�RI�JHRJUDSKLHV�LQ�RUGHU�WR�FDSWXUH�DV�
PXFK�DQFHVWUDO�GLYHUVLW\�DV�SRVVLEOH��IRU�H[DPSOH��a��������IURP�(XURSH��(DVW�$VLD��6RXWK�
$VLD��&HQWUDO�$VLD��:HVW�$IULFD��(DVW�$IULFD��6RXWKHUQ�$IULFD��1RUWK�$PHULFD��&HQWUDO�$PHULFD��
6RXWK�$PHULFD��DQG�2FHDQLD����

([LVWLQJ�UHVRXUFHV�IDOO�IDU�VKRUW�RI�WKH�QHFHVVDU\�FRYHUDJH�IRU�PDQ\�PDMRU�DQFHVWU\�
JURXSV��&XUUHQWO\��WKH�WDUJHW�VL]H�RI���������KDV�EHHQ�DFKLHYHG�RQO\�IRU�(XURSHDQ�DQFHVWU\��
)RU�WKH�RWKHU�PDMRU�DQFHVWU\�JURXSV�DERYH��WKH�DYDLODEOH�GDWD�LV�PXFK�VPDOOHU²RIWHQ�RQO\�LQ�
WKH�WKRXVDQGV²GXH�ERWK�WR�OLPLWDWLRQV�LQ�GDWD�FROOHFWLRQ�DQG�LQ�GDWD�VKDULQJ��$GGUHVVLQJ�
WKHVH�JDSV�LV�HVVHQWLDO�IRU�DGGUHVVLQJ�DQFHVWU\�EDVHG�GLVSDULWLHV�LQ�JHQHWLF�GLDJQRVWLFV��

7R�WKH�JUHDWHVW�H[WHQW�SRVVLEOH��VDPSOHV�VKRXOG�EH�FKRVHQ�IURP�DFURVV�HDFK�UHJLRQ��
'HHSHU�VDPSOLQJ�PD\�EH�XOWLPDWHO\�DSSURSULDWH�IRU�SRSXODWLRQV�ZLWK�KLJKHU�JHQHWLF�

GLYHUVLW\��VXFK�DV�$IULFD��DQG�ZLWK�PDQ\�SRSXODWLRQ�ERWWOHQHFNV��VXFK�DV�,QGLD��7KHVH�FKRLFHV�
VKRXOG�EH�JXLGHG�E\�WKH�LQLWLDO�UHVXOWV��

:KHUH�SRVVLEOH��VDPSOHV�VKRXOG�FRPH�IURP�H[LVWLQJ�SURMHFWV��+RZHYHU��QHZ�VDPSOHV�ZLOO�
OLNHO\�QHHG�WR�EH�JHQHUDWHG�WR�SURYLGH�DSSURSULDWH�SRSXODWLRQ�FRYHUDJH�LQ�VRPH�FDVHV��

�
7R�DGYDQFH�WKHVH�JRDOV���

�� ,&'$��LQ�FROODERUDWLRQ�ZLWK�UHJLRQDO�VWDNHKROGHUV�DQG�IXQGHUV��VKRXOG�ZRUN�WR��
D� GHVLJQ�DQG�VXSSRUW�HIIRUWV�WR�JHQHUDWH�FRPSUHKHQVLYH�JHQRPLF�YDULDWLRQ�

UHVRXUFHV�IURP�XQGHUUHSUHVHQWHG�DQFHVWU\�JURXSV���
E� HQVXUH�WKDW��WR�WKH�JUHDWHVW�H[WHQW�SRVVLEOH��LQGLYLGXDO�OHYHO�JHQRPLF�

LQIRUPDWLRQ��ZLWKRXW�SKHQRW\SLF�LQIRUPDWLRQ��LV�FRQVHQWHG�IRU�EURDG�
VKDULQJ�DQG�LQWHJUDWLRQ��WR�PD[LPL]H�WKH�XWLOLW\�RI�WKH�GDWD�IRU�WKH�
VFLHQWLILF�FRPPXQLW\���

���



F� SURPRWH�WKH�FRQWLQXHG�DGYDQFHPHQW�RI�DOOHOH�IUHTXHQF\�VHUYHUV�IRU�
PHGLFDO�JHQHWLFV��LQFOXGLQJ�HQJDJLQJ�LQWHUQDWLRQDO�VWDNHKROGHUV�WR�
HQVXUH�WKDW�WKH�VHUYHUV�PHHW�WKH�QHHGV�RI�PDQ\�FRXQWULHV�DQG�KDYH�D�
VXVWDLQDEOH�VXSSRUW�PHFKDQLVP��

G� SURPRWH�WKH�FRQWLQXHG�DGYDQFHPHQW�RI�LPSXWDWLRQ�VHUYHUV��DQG�
H� IDFLOLWDWH�WKH�DELOLW\�WR�XVH�LQGLYLGXDO�OHYHO�GDWD�DV�JHQHWLFDOO\�PDWFKHG�

FRQWUROV�IRU�GLVHDVH�VWXGLHV��
�� )XQGHUV�VKRXOG�SURYLGH�VXSSRUW�WR�HQVXUH�WKH�FUHDWLRQ�DQG�DFFHVVLELOLW\�RI�WKH�

IRXQGDWLRQDO�JHQHWLF�UHVRXUFHV�QHHGHG�IRU�FRPSUHKHQVLYH�VWXGLHV�RI�KXPDQ�
GLVHDVH��

�

5HFRPPHQGDWLRQ�����&UHDWH�D�FXUDWHG�*:$6�6XPPDU\�6WDWLVWLFV�5HVRXUFH�
�����$�FRPSUHKHQVLYH��UHDGLO\�DFFHVVLEOH�UHVRXUFH�RI�DOO�SUHYLRXV�*:$6�UHVXOWV�LV�FUXFLDO�IRU�
GLVHDVH�VWXGLHV���([LVWLQJ�*:$6�UHVRXUFHV�KDYH�EHHQ�YDOXDEOH�LQ�DOORZLQJ�LQYHVWLJDWRUV�WR�
VHDUFK�WKH�UHVXOWV�RI�LQGLYLGXDO�SDSHUV��EXW�WKH\�GR�QRW�LQWHJUDWH�DQG�UHFRQFLOH�WKH�UHVXOWV�WR�
SURYLGH�WKH�LQIRUPDWLRQ�QHHGHG�IRU�IROORZ�XS�JHQHWLF��IXQFWLRQDO�DQG�FOLQLFDO�VWXGLHV���
�����$�FRPSUHKHQVLYH��SXEOLF�*:$6�UHSRVLWRU\�DQG�VHUYHU�VKRXOG�LQFOXGH��

Ɣ FRPSOHWH�JHQRPH�ZLGH�VXPPDU\�VWDWLVWLFV�IRU�HYHU\�DVVRFLDWLRQ�VWXG\��
Ɣ WKH�FXUUHQW�EHVW�SRZHUHG�PHWD�DQDO\VHV�IRU�HDFK�GLVHDVH�RU�WUDLW��JHQHUDWHG�

FROODERUDWLYHO\�ZLWK�GLVHDVH�FRQVRUWLD��VXSHUVHGLQJ�HDUOLHU�PHWD�DQDO\VHV���
Ɣ FUHGLEOH�VHWV�IRU�HDFK�UHOLDEOH�DVVRFLDWLRQ�LQ�WKH�PHWD�DQDO\VLV��
Ɣ SRO\JHQLF�ULVN�HVWLPDWRUV�IRU�GLVHDVHV�DQG�WUDLWV��ZLWK�ZHLJKWV�DQG�UHOHYDQW�PHWDGDWD��

WKDW�KDYH�EHHQ�XVHG�RU�SURSRVHG�IRU�UHVHDUFK�RU�FOLQLFDO�SXUSRVHV��DQG�
Ɣ $SSOLFDWLRQ�SURJUDP�LQWHUIDFHV��$3,V��IRU�HDV\�DFFHVV��ILOWHULQJ��DQDO\VLV�GLVSOD\�RI�

UHVXOWV��DQG�EXON�GRZQORDG�RI�VXPPDU\�VWDWLVWLFV��
'LVFXVVLRQV�DUH�DOUHDG\�XQGHUZD\�FRQFHUQLQJ�WKH�FUHDWLRQ�RI�VXFK�D�UHVRXUFH��LQFOXGLQJ�DW�

WKH�(XURSHDQ�%LRLQIRUPDWLFV�,QVWLWXWH��(%,���
�

7R�DGYDQFH�WKLV�JRDO���
�� �,&'$�VKRXOG��

D� ZRUN�ZLWK�NH\�VWDNHKROGHUV�DQG�RQJRLQJ�HIIRUWV��VXFK�DV�DW�(%,���WR�
GHWHUPLQH�KRZ�D�FRPSUHKHQVLYH�*:$6�6XPPDU\�6WDWLVWLFV�5HVRXUFH�
VKRXOG�EHVW�EH�GHVLJQHG�DQG�H[HFXWHG��DQG��

E� ZRUN�ZLWK�GLVHDVH�FRQVRUWLD��ELREDQNV��IXQGHUV��DQG�MRXUQDOV�WR�GHVLJQ�
DQG�LPSOHPHQW�SROLFLHV�WR�GHYHORS�FOHDU�VWDQGDUGV�IRU�VXPPDU\�
VWDWLVWLFV�WR�EH�GHSRVLWHG�DQG�HQVXUH�WKDW�DOO�UHOHYDQW�SURMHFWV�GHSRVLW�
WKHLU�VXPPDU\�VWDWLVWLFV��VHH�DOVR�5HFRPPHQGDWLRQ������

�� )XQGHUV�VKRXOG�VXSSRUW�WKH�FUHDWLRQ�DQG�PDLQWHQDQFH�RI�D�FRPSUHKHQVLYH�
*:$6�6XPPDU\�6WDWLVWLFV�5HVRXUFH��DV�GHVFULEHG�DERYH��

�

���



7KH�FRPSOHWH�JHQRPH�ZLGH�VXPPDU\�VWDWLVWLFV�VKRXOG�LQFOXGH�YDULDWLRQ�W\SHV��ULVN�DOOHOH��
HIIHFW�VL]H��GLUHFWLRQ�RI�HIIHFW��VDPSOH�VL]H��DQG�PHWDGDWD�DERXW�WKH�JHQHUDWLRQ�RI�WKH�VXPPDU\�
VWDWLVWLFV��LQFOXGLQJ�JHQRPH�UHIHUHQFH�EXLOG��LPSXWDWLRQ�UHIHUHQFH�XVHG��OLQNDJH�GLVHTXLOLEULXP�
LQIRUPDWLRQ��DVVRFLDWLRQ�WHVWLQJ�PRGHO��DQG�SKHQRW\SH�GHILQLWLRQ�IRU�DQ\�DVVRFLDWHG�SKHQRW\SHV�
OLQNHG�ZLWK�HOHFWURQLF�PHGLFDO�UHFRUG�FRGHV���

�
��'LUHFWLRQ����0HFKDQLVPV�
�
)RU�PRVW�RI�WKH�PRUH�WKDQ��������ORFL�WKDW�KDYH�EHHQ�DVVRFLDWHG�ZLWK�GLVHDVHV�DQG�WUDLWV��WKH�
PHFKDQLVPV�WKURXJK�ZKLFK�WKH\�DIIHFW�GLVHDVH�ULVN�UHPDLQ�XQNQRZQ��7KLV�LV�D�FUXFLDO�SDUW�RI�WKH�
0�0�0�&KDOOHQJH �� �

��7KH�WHUP�³PHFKDQLVPV´�LV�UHJXODUO\�XVHG�WR�UHIHU�WR�VHYHUDO�GLIIHUHQW�DVSHFWV�RI�GLVHDVH�
ELRORJ\��LQFOXGLQJ������WKH��GLUHFW��HIIHFW�RI�D�YDULDQW�RQ�LWV�LPPHGLDWH�WDUJHW�JHQH��RIWHQ�FDOOHG��FLV�
HIIHFWV�������WKH��GRZQVWUHDP��HIIHFW�RI�D�YDULDQW�RQ�JHQH�UHJXODWRU\�SURJUDPV��RIWHQ�FDOOHG��WUDQV�
HIIHFWV���DV�ZHOO�DV�RWKHU�ELRFKHPLFDO�SURJUDPV��ZLWKLQ�D�FHOO��DQG�����WKH�SK\VLRORJLFDO�
FRQVHTXHQFHV�RI�D�YDULDQW�IRU�WKH�IXQFWLRQ�RI�FHOOV�DQG�WLVVXHV��DQG�IRU�WKH�KHDOWK�DQG�GLVHDVH�RI�
WKH�RUJDQLVP��7KH�ILUVW�WZR�PHDQLQJV�DUH�WKH�IRFXV�RQ�WKLV�VHFWLRQ��³&HOOXODU�0HFKDQLVPV´���
ZKLOH�WKH�WKLUG�PHDQLQJ�LV�FRQVLGHUHG�LQ�D�VXEVHTXHQW�VHFWLRQ��³0HGLFLQH´���

)RU�WKH�a����RI�WKHVH�ORFL�WKDW�DUH�QRW�GULYHQ�E\�FRGLQJ�YDULDQWV��D�PDMRU�URDGEORFN�LV�RXU�
UHODWLYHO\�SRRU�NQRZOHGJH�RI�WKH�UHJXODWRU\�FRGH�RI�WKH�KXPDQ�JHQRPH��3URMHFWV�VXFK�DV�
(1&2'(�DQG�*7([�KDYH�PDGH�PDMRU�FRQWULEXWLRQV��EXW�WKH\�KDYH�EHHQ�OLPLWHG�E\�VDPSOH�VL]H��
UHSUHVHQWDWLRQ��DQG�WHFKQRORJLHV�²�ZKLFK�ODFNHG�FHOOXODU�UHVROXWLRQ�DQG�H[SHULPHQWDO�
SHUWXUEDWLRQ���

7KH�a����RI�ORFL�WKDW�LQYROYH�FRGLQJ�YDULDQWV�LQ�NQRZQ�JHQHV�DUH�SDUWLFXODUO\�YDOXDEOH�IRU�
VWXG\LQJ�SK\VLRORJ\�DQG�PHGLFLQH��<HW��ZH�KDYH�ODFNHG�V\VWHPDWLF�ZD\V�WR�FKDUDFWHUL]H�WKH�
GRZQVWUHDP�FHOOXODU�SURJUDPV�WKDW�DUH�DIIHFWHG��0RUHRYHU��IXQFWLRQDO�JHQHWLFV�VWXGLHV�WR�GDWH�
KDYH�SURYLGHG�SRRU�UHSUHVHQWDWLRQ�RI�QRQ�(XURSHDQ�DQFHVWULHV���

:H�QHHG�WR�GUDPDWLFDOO\�LPSURYH�RXU�DELOLW\�WR�FRQQHFW�JHQHWLF�YDULDQWV�WR�FHOOXODU�
PHFKDQLVPV��)RUWXQDWHO\��SRZHUIXO�QHZ�DSSURDFKHV�RIIHU�WKH�RSSRUWXQLW\�WR�FUHDWH�
FRPSUHKHQVLYH�UHVRXUFHV�WKDW�ZRXOG�GUDPDWLFDOO\�DFFHOHUDWH�SURJUHVV��7KHVH�DSSURDFKHV�
LQFOXGH�REVHUYDWLRQDO�DQDO\VLV�RI�KXPDQ�ELRVSHFLPHQV�DW�VLQJOH�FHOO�UHVROXWLRQ�WKDW�PLJKW�
HYHQWXDOO\�EH�DPHQDEOH�WR�PHDVXULQJ��DOO ��FHOO�W\SHV�DQG�VWDWHV�DQG�H[SHULPHQWDO�SHUWXUEDWLRQV��
W\SLFDOO\�LQYROYLQJ�&5,635�EDVHG�DSSURDFKHV��WKDW�FDQ�EH�DSSOLHG�LQ�PRUH�OLPLWHG�VHWWLQJ�EXW�
WKDW�DOORZ�ULJRURXV�WHVWLQJ�DQG�FDQ�VXSSRUW�WKH�GHYHORSPHQW�RI�EURDGO\�DSSOLFDEOH�SUHGLFWLYH�
PRGHOV��
� 7R�DFFHOHUDWH�WKH�SURJUHVV�IURP�0DSV�WR�0HFKDQLVPV��ZH�EHOLHYH�LW�LV�WLPH�WR�EHJLQ�
WKUHH�LPSRUWDQW�DFWLYLWLHV���

Ɣ &UHDWH�D��+XPDQ�*HQH�5HJXODWLRQ�0DS����WR�FRPSUHKHQVLYHO\�FRQQHFW��FLV��UHJXODWRU\�
HOHPHQWV�WR�WKHLU�WDUJHW�JHQHV�LQ�DOO�FHOO�W\SHV��E\�FRPELQLQJ�VLQJOH�H47/�DQDO\VLV��
&5,635�SHUWXUEDWLRQV��DQG�FRPSXWDWLRQDO�PRGHOLQJ��

Ɣ &UHDWH�D��&RPSUHKHQVLYH�&DWDORJ�RI�&HOOXODU�3URJUDPV ���WR�LGHQWLI\�FRRUGLQDWHG�
FKDQJHV�LQ�JHQH�H[SUHVVLRQ�FDXVHG�E\�WKH��WUDQV��DFWLYLW\�RI�VHWV�RI�WUDQVFULSWLRQ�IDFWRUV�

���



DFURVV�FHOO�W\SHV�DQG�VWDWHV�²�LQFOXGLQJ�GHWHUPLQLQJ�WKH�WUDQVFULSWLRQ�IDFWRUV��UHJXODWRU\�
HOHPHQWV��DQG�WDUJHW�JHQHV�²�E\�FRPELQLQJ�VLQJOH�FHOO�PROHFXODU�DQDO\VLV�ZLWK�QDWXUDO�
JHQHWLF�YDULDWLRQ�DQG�H[SHULPHQWDO�SHUWXUEDWLRQV��DQG�

Ɣ 8QGHUWDNH��6\VWHPDWLF�&KDUDFWHUL]DWLRQ�RI�3URWHLQ�&RGLQJ�9DULDQWV���WR�LGHQWLI\�
GLVHDVH�ULVNV�DVVRFLDWHG�ZLWK�FRPPRQ�YDULDQWV��DOO�YDULDQWV�ZLWK�IUHTXHQF\���������DQG�
FHOOXODU�HIIHFWV�DVVRFLDWHG�ZLWK�YDULDQWV��GLVHDVH�DVVRFLDWHG�FRPPRQ�DQG�UDUH�YDULDQWV��
DV�ZHOO�DV�NQRFNRXW�DOOHOHV���
7KHVH�DFWLYLWLHV�DUH�LQWHQGHG�WR�XVH�KLJK�WKURXJKSXW�PHWKRGV�WR�FUHDWH��FRPSUHKHQVLYH�

UHVRXUFHV�WKDW�ZRXOG�XOWLPDWHO\�EH�DSSOLFDEOH�DFURVV�WKH�HQWLUH�JHQRPH�DQG�DFURVV�DOO�FHOO�
W\SHV��LQ�ERWK�VH[HV��:H�QRWH�WKDW�WKH�DFWLYLWLHV�ZRXOG�EH�FRPSOHPHQWHG�E\�ORZHU�WKURXJKSXW�
GLVHDVH�VSHFLILF�DSSURDFKHV�GLVFXVVHG�XQGHU�WKH��0HGLFLQH ��VHFWLRQ�EHORZ��

7KH�DFWLYLWLHV�DUH�FOHDUO\�DPELWLRXV��EXW�ZH�EHOLHYH�WKDW�WKH\�FDQ�DOO�EH�DFFRPSOLVKHG�
ZLWKLQ�D������\HDU�WLPH�IUDPH��,W�ZRXOG�EH�VHQVLEOH�WR�VWDUW�E\�IRFXVLQJ�RQ�D�VXEVHW�RI�YDULDQWV�
DQG�FHOO�W\SHV��ZKLFK�FRXOG�EH�SULRULWL]HG�LQ�SDUW�EDVHG�RQ�WKHLU�UHOHYDQFH�WR�WKH�)ODJVKLS�
'LVHDVH�3URMHFWV��

5HODWLRQVKLS�WR�RWKHU�HIIRUWV ���,&'$¶V�JRDOV�LQ�WKLV�DUHD�ZLOO��UHTXLUH�DQ�DOOLDQFH�RI�WKH�
KXPDQ�JHQHWLFV��VLQJOH�FHOO��JHQH�UHJXODWLRQ��DQG�HSLJHQRPLFV�FRPPXQLWLHV��

7KHUH�DUH�D�QXPEHU�RI�LPSRUWDQW�H[LVWLQJ�HIIRUWV�²�LQFOXGLQJ�WKH�+XPDQ�&HOO�$WODV��
*7([�DQG�(1&2'(�²�ZLWK�UHODWHG�JRDOV��DOWKRXJK�ZLWK�D�VRPHZKDW�GLIIHUHQW�IRFXV�WKDQ�,&'$��
7KHVH�FRPPXQLWLHV�DUH�DFWLYHO\�HQJDJHG�LQ��WHFKQRORJ\�GHYHORSPHQW��ODUJH�VFDOH�GDWD�
JHQHUDWLRQ��LQQRYDWLRQ�LQ�FRPSXWDWLRQDO�PHWKRGV�DQG�PRGHOLQJ��DQG�SLORW�SURMHFWV��

,&'$�¶V�HIIRUWV��IURP�SODQQLQJ�WR�H[HFXWLRQ���VKRXOG�EH�FORVHO\�FRRUGLQDWHG�ZLWK�WKHVH�
HIIRUWV��

�
5HFRPPHQGDWLRQV�DQG�,PSOHPHQWDWLRQ���:H�GHVFULEH�WKHVH�WKUHH�SURMHFWV�LQ�WKUHH�
UHFRPPHQGDWLRQV�EHORZ��5HFRPPHQGDWLRQV�������DQG�����,&'$¶V�DFWLYLWLHV�UHODWHG�WR�WKHVH�
UHFRPPHQGDWLRQV�VKRXOG�EH�FRRUGLQDWHG�E\�WKH��,&'$�0HFKDQLVPV�:RUNLQJ�*URXS���
�

5HFRPPHQGDWLRQ�����&UHDWH�D�+XPDQ�*HQH�5HJXODWLRQ�0DS�
$�FROODERUDWLYH�SURMHFW�VKRXOG�EH�ODXQFKHG�WR�EXLOG�D�FRPSUHKHQVLYH�PDS�RI�

FLV��UHJXODWRU\�HOHPHQWV�DFURVV�DOO�FHOO�W\SHV�DV�D�FUXFLDO�UHVRXUFH�IRU�FRQQHFWLQJ�
GLVHDVH�DVVRFLDWHG�QRQ�FRGLQJ�YDULDQWV�WR�WKH�QHDUE\�WDUJHW�JHQHV�WKDW�WKH\�UHJXODWH�LQ��FLV��LQ�
HDFK�FHOO�W\SH�

$FURVV��DOO ��KXPDQ�FHOO�W\SHV��WKH�SURMHFW�ZRXOG�DLP�WR���
Ɣ ,GHQWLI\�DOO�FLV�UHJXODWRU\�HOHPHQWV��F5(V����
Ɣ ,QIHU�WKH�WDUJHW�JHQHV�DIIHFWHG�E\�WKH�F5(V�LQ��DQ\��FHOO�W\SH���
Ɣ ,GHQWLI\�DOO�FLV�47/V�KDYLQJ�HIIHFWV�DERYH�D�WKUHVKROG��
Ɣ ,QIHU�WKH�IXQFWLRQDO�DUFKLWHFWXUH�RI�F5(V��H�J���ELQGLQJ�VLWHV�IRU�VSHFLILF�SURWHLQV��WR�

DOORZ�SUHGLFWLYH�PRGHOV�RI�HIIHFWV�RI�YDULDQWV�RQ�F5(�IXQFWLRQ�DQG�JHQH�UHJXODWLRQ��
7KLV�LQIRUPDWLRQ�FRXOG�EH�JOHDQHG�IURP�YDULRXV�GDWD��LQFOXGLQJ�JHQH�H[SUHVVLRQ��WUDQVFULSW�
VSOLFLQJ��FKURPDWLQ�DVVD\V��&5,635�EDVHG�SHUWXUEDWLRQ�RI�JHQH�H[SUHVVLRQ�LQ�VHOHFWHG�FHOO�
W\SHV��DQG�FRPSXWDWLRQDO�PRGHOV�FUHDWHG�IURP�WKHVH�GDWD���

���



6WXGLHV�VKRXOG�LQYROYH�VDPSOHV�WKDW�DUH�GLYHUVH�ZLWK�UHVSHFW�WR�DQFHVWU\�DQG�LQYROYH�ERWK�
VH[HV��

7R�DGYDQFH�WKLV�JRDO���
�� ,&'$�VKRXOG�ZRUN�ZLWK�VFLHQWLVWV��SRWHQWLDO�IXQGHUV��DQG�H[LVWLQJ�SURMHFWV�²�

HVSHFLDOO\�WKH�+XPDQ�&HOO�$WODV�DQG�(1&2'(�²�WR��
D� GHWHUPLQH�KRZ�WKH�SURMHFW�PLJKW�EHVW�EH�GHVLJQHG�DQG�H[HFXWHG�RYHU�

WLPH��LQFOXGLQJ�KRZ�WR�ULJRURXVO\�FRPSDUH�DQG�YDOLGDWH�GLIIHUHQW�
PHWKRGV���

E� FRQYHQH�RQJRLQJ�VFLHQWLILF�PHHWLQJV�WR�DVVHVV�SURJUHVV��DQG�
F� GHYHORS��YDOLGDWH�DQG�VKDUH�623V�IRU�FROOHFWLRQ�DQG�FUHDWLRQ�RI�

ELRVSHFLPHQV�DQG�FHOO�OLQH�DQG�RUJDQRLG�UHVRXUFHV�IURP�GLYHUVH�
SRSXODWLRQV��

�� )XQGHUV�VKRXOG�VXSSRUW�HIIRUWV�WR�FUHDWH�D�+XPDQ�*HQH�5HJXODWLRQ�0DS��
EHJLQQLQJ�ZLWK�SLORW�SURMHFWV�DQG�H[SDQGLQJ�DV�DSSURSULDWH��

�
0DQ\�RI�WKH�UHOHYDQW�DSSURDFKHV�KDYH�EHHQ�GHPRQVWUDWHG�DW�VPDOO�VFDOH��EXW�LPSRUWDQW�LVVXHV�
UHPDLQ�DERXW�KRZ�EHVW�WR�GHSOR\�WKHP�WR�FUHDWH�D�FRPSUHKHQVLYH�UHVRXUFH��

6DPSOHV���)RU���VWXGLHV�RI�QDWXUDO�JHQHWLF�YDULDWLRQ��VDPSOHV�FDQ��LQ�SULQFLSOH��EH�FROOHFWHG�
IURP�DQ\�WLVVXH�YLD�ELRSV\�DQG�RU�DXWRSV\��DV�LQ�WKH�*7([�3URMHFW���DOWKRXJK�LQLWLDO�VWXGLHV�ZLOO�
EH�LQIOXHQFHG�E\�HDVH�RI�SURFXUHPHQW��0DQ\�KXQGUHGV�RU�WKRXVDQGV�RI�VDPSOHV�ZLOO�EH�QHHGHG�
WR�UHOLDEO\�GHWHFW�DQG�HVWLPDWH�GLVHDVH�UHOHYDQW�HIIHFW�VL]HV��)RU�VWXGLHV�RI�H[SHULPHQWDO�
SHUWXUEDWLRQ��LW�ZLOO�EH�QHFHVVDU\�WR�XVH�IHDVLEOH�KXPDQ�FHOOXODU�PRGHOV��VXFK�DV�UHDGLO\�
DFFHVVLEOH�SULPDU\�WLVVXHV��KLJK�ILGHOLW\�FHOOXODU�DQG�RUJDQRLG�PRGHOV��DQG�GLIIHUHQWLDWHG�L36&V���
6HOHFWLRQ�VKRXOG�FRQVLGHU�IHDVLEOH�VFDOH�RI�GDWD�JHQHUDWLRQ��UHOHYDQFH�WR�GLVHDVH��DQG�IHDVLELOLW\�
RI�JHQRPH�HGLWLQJ��

$VVD\V ���$VVD\V�LQYROYH�VLQJOH�FHOO�51$�H[SUHVVLRQ�LQ�FHOO�W\SHV�IURP�WLVVXH�VDPSOHV�RU�
&5,635L�SHUWXUEDWLRQ�RI�FHOOXODU�PRGHOV���

�

5HFRPPHQGDWLRQ�����&UHDWH�D�&RPSUHKHQVLYH�&DWDORJ�RI�&HOOXODU�3URJUDPV�
$�FROODERUDWLYH�SURMHFW�VKRXOG�EH�ODXQFKHG�WR�DVVHPEOH�D�&RPSUHKHQVLYH�&DWDORJ�RI�

&HOOXODU�3URJUDPV�²�WKDW�LV��FRRUGLQDWHG��WUDQV��DFWLYDWLRQ�LQ�JHQH�H[SUHVVLRQ�GULYHQ�E\�VHWV�RI�
WUDQVFULSWLRQ�IDFWRUV�WXUQHG�RQ�RU�RII�LQ�GLIIHUHQW�FHOO�W\SHV��VWDWHV��DQG�GLIIHUHQWLDWLRQ�
SDWKZD\V��6XFK�D�FDWDORJ�ZRXOG�EH�DQ�LQYDOXDEOH�UHVRXUFH�LQ�FRQQHFWLQJ�WKH�SHUWXUEDWLRQ�RI�
GLVHDVH�DVVRFLDWHG�JHQHV�WR�WKHLU�GRZQVWUHDP�FHOOXODU�FRQVHTXHQFHV��

$�SURMHFW�PLJKW�V\VWHPDWLFDOO\�GLVFRYHU�FHOOXODU�SURJUDPV�EDVHG�RQ�VWXG\LQJ�KRZ�JHQH�
H[SUHVVLRQ�DQG�RWKHU�IXQFWLRQDO�UHDGRXWV�DW�WKH�VLQJOH�FHOO�OHYHO�DUH�DIIHFWHG�E\��

Ɣ JHQHWLF�YDULDWLRQ�DFURVV�PDQ\�LQGLYLGXDOV²LQFOXGLQJ�FRPPRQ�YDULDQWV��UDUH�
ORVV�RI�IXQFWLRQ�DQG�RWKHU�FRGLQJ�DOOHOHV��DQG�YDULDWLRQ�LQ�SRO\JHQLF�ULVN�VFRUHV²ZKLFK�
FDQ��LQ�SULQFLSOH��EH�REVHUYHG�DFURVV�DOO�FHOO�W\SHV�DQG�YDULDQWV�LQ�WKH�KXPDQ�
SRSXODWLRQ��DQG�

���



Ɣ H[SHULPHQWDO�SHUWXUEDWLRQ²VXFK�DV�&5,635L�EDVHG�LQKLELWLRQ�RI�JHQHV��LVRJHQLF�
VXEVWLWXWLRQ�E\�JHQRPH�HGLWLQJ��H[SUHVVLRQ�RI�RSHQ�UHDGLQJ�IUDPH��25)��OLEUDULHV�ZLWK�
DOWHUQDWLYH�FRPPRQ�FRGLQJ�YDULDQWV��DQG�WUHDWPHQW�ZLWK�GUXJV�DQG�JURZWK�
IDFWRUV²ZKLFK�FDQ�EH�SHUIRUPHG�LQ�PDQ\�FHOO�W\SHV�DQG�IRU�PDQ\�YDULDQWV��EXW�OLNHO\�
QRW�FRPSUHKHQVLYHO\��

*LYHQ�OLPLWDWLRQV�LQ�KXPDQ�VWXGLHV��H�J���FRQFHUQLQJ�QDWXUDO�YDULDWLRQ�DQG�H[SHULPHQWDO�
YDOLGDWLRQ���LW�ZLOO�EH�YDOXDEOH�WR�FRQGXFW�SDUDOOHO�VWXGLHV�LQ�NH\�PRGHO�RUJDQLVPV��LQFOXGLQJ�
SRSXODWLRQ�EDVHG�PRGHO�RUJDQLVP�PRGHOV�ZKHQ�DSSURSULDWH��

+XPDQ�VWXGLHV�VKRXOG�LQYROYH�VDPSOHV�WKDW�DUH�GLYHUVH�ZLWK�UHVSHFW�WR�DQFHVWU\��DQG�
KXPDQ�DQG�DQLPDO�VWXGLHV�VKRXOG�LQYROYH�ERWK�VH[HV��

7R�DGYDQFH�WKLV�JRDO���
�� ,&'$�VKRXOG�ZRUN�ZLWK�VFLHQWLVWV��SRWHQWLDO�IXQGHUV��DQG�H[LVWLQJ�SURMHFWV�²�

HVSHFLDOO\�WKH�+XPDQ�&HOO�$WODV²�WR��
D� GHWHUPLQH�KRZ�WKH�SURMHFW�PLJKW�EHVW�EH�GHVLJQHG�DQG�H[HFXWHG�RYHU�

WLPH��LQFOXGLQJ�KRZ�WR�ULJRURXVO\�FRPSDUH�DQG�YDOLGDWH�GLIIHUHQW�
PHWKRGV���

E� FRQYHQH�RQJRLQJ�VFLHQWLILF�PHHWLQJV�WR�HYDOXDWH�SURJUHVV��DQG�
F� GHYHORS��YDOLGDWH�DQG�VKDUH�623V�IRU�FROOHFWLRQ�DQG�FUHDWLRQ�RI�

ELRVSHFLPHQV�DQG�FHOO�OLQH�DQG�RUJDQRLG�UHVRXUFHV�IURP�GLYHUVH�
SRSXODWLRQV�DQG�SDUWLFXODUO\�LQIRUPDWLYH�JHQRW\SHV��VXFK�DV�KXPDQ�
NQRFN�RXWV���

�� )XQGHUV�VKRXOG�VXSSRUW�HIIRUWV�WR�FUHDWH�D�&RPSUHKHQVLYH�&DWDORJ�RI�&HOOXODU�
3URJUDPV��EHJLQQLQJ�ZLWK�SLORW�SURMHFWV�DQG�H[SDQGLQJ�DV�DSSURSULDWH��

�
0DQ\�RI�WKH�UHOHYDQW�DSSURDFKHV�KDYH�EHHQ�GHPRQVWUDWHG�DW�VPDOO�VFDOH��EXW�LPSRUWDQW�LVVXHV�
UHPDLQ�DERXW�KRZ�EHVW�WR�GHSOR\�WKHP�WR�FUHDWH�D�FRPSUHKHQVLYH�UHVRXUFH��

6DPSOHV���6LPLODU�FRQVLGHUDWLRQV�DSSO\�DV�IRU�5HFRPPHQGDWLRQ����,Q�DGGLWLRQ��SRROHG�
FHOOV�IURP�PDQ\�LQGLYLGXDOV��VXFK�DV�L36&V��GLIIHUHQWLDWHG�DFFRUGLQJ�WR�YDULRXV�SURWRFROV��PD\�
SURYH�YDOXDEOH�IRU�VHQVLWLYH�GHWHFWLRQ�RI�QDWXUDO�JHQHWLF�YDULDWLRQ�FRQWUROOLQJ�FHOOXODU�SURJUDPV��
([LVWLQJ�EDQNV�RI�L36&V�DQG�SULPDU\�FHOOV�ZLOO�EH�YDOXDEOH�UHVRXUFHV��DQG�HIIRUWV�VKRXOG�HQJDJH�
ZLWK�YDULRXV�H[LVWLQJ�FROODERUDWLRQV�IRFXVLQJ�RQ�L36&V��7KHVH�UHVRXUFHV��KRZHYHU��QHHG�WR�EH�
LQFUHDVHG�LQ�VL]H�DQG�GLYHUVLW\���

$VVD\V ���,W�ZLOO�EH�YDOXDEOH�WR�HYDOXDWH�WKH�XWLOLW\�RI�KLJK�FRQWHQW��KLJK�WKURXJKSXW�DVVD\V�
IRU�FHOOXODU�SKHQRW\SLQJ��LQFOXGLQJ�VLQJOH�FHOO�51$�VHT�DQG�FHOOXODU�PRUSKRORJLFDO�LPDJLQJ��3LORW�
SURMHFWV�ZLOO�QHHG�WR�H[SORUH�KRZ�EHVW�WR�FRPELQH�VXFK�SHUWXUEDWLRQV�DQG�UHDGRXWV�WR�HVWDEOLVK�
FHOOXODU�SURJUDPV��KRZ�EHVW�WR�FRPSXWDWLRQDOO\�GHILQH�FHOOXODU�SURJUDPV�IURP�KLJK�FRQWHQW�
PHDVXUHPHQWV��DQG�KRZ�EHVW�WR�DSSO\�WKHVH�DSSURDFKHV�WR�XQGHUVWDQG�WKH�IXQFWLRQV�RI�GLVHDVH�
YDULDQWV�DQG�JHQHV���

�

���



5HFRPPHQGDWLRQ�����(QDEOH�6\VWHPDWLF�&KDUDFWHUL]DWLRQ�RI���3URWHLQ�&RGLQJ�9DULDQWV��
$PRQJ�GLVHDVH�DVVRFLDWHG�YDULDQWV��FRGLQJ�YDULDQWV�KDYH�SDUWLFXODU�YDOXH�IRU�ELRORJLFDO�

XQGHUVWDQGLQJ�DQG�FOLQLFDO�WUDQVODWLRQ ����7KH�QXPEHU�RI�FRPPRQ�FRGLQJ�YDULDQWV�LQ�SRSXODWLRQV�
LV�WUDFWDEOH��IRU�H[DPSOH��URXJKO\��������FRGLQJ�YDULDQWV�ZLWK�IUHTXHQF\�������DFURVV�
(XURSH���PDNLQJ�WKHVH�YDULDQWV�DPHQDEOH�IRU�FRPSUHKHQVLYH�DQDO\VLV��

$�FROODERUDWLYH�SURMHFW�VKRXOG�EH�ODXQFKHG�WR�V\VWHPDWLFDOO\�DGYDQFH�RXU�XQGHUVWDQGLQJ�RI�
KRZ�FRGLQJ�YDULDQWV�DIIHFW�JHQH�IXQFWLRQ���

3RWHQWLDO�DSSURDFKHV�ZRXOG�LQFOXGH���
Ɣ $VVHVVLQJ�WKH�HIIHFWV�RI�FRPPRQ�FRGLQJ�YDULDQWV�E\�FRPSOHWH�3KH:$6�DQDO\VLV��

DFURVV�DOO�ELREDQNV�WR�LGHQWLI\�YDULDQWV�OLNHO\�WR�KDYH�LPSRUWDQW�IXQFWLRQDO�HIIHFWV��
Ɣ $VVHVVLQJ�WKH�HIIHFWV�RI�ERWK�FRPPRQ�DQG�UDUH�FRGLQJ�YDULDQWV��E\�XVLQJ�LVRJHQLF��

JHQRPH�HGLWLQJ�DW�ODUJH�VFDOH�WR�FUHDWH�OLEUDULHV�RI�FHOOV�FDUU\LQJ�WKHVH�YDULDQWV�DQG�
VXEMHFWLQJ�WKHP�WR�D�ZLGH�UDQJH�RI�ELRORJLFDO�FKDUDFWHUL]DWLRQV�DQG�IXQFWLRQDO�DVVD\V��

Ɣ 3HUIRUPLQJ�KLJK�WKURXJKSXW�VDWXUDWLRQ�PXWDJHQHVLV�RI�VHOHFWHG�JHQHV�RI�KLJK�LQWHUHVW���
FRXSOHG�WR�JHQHULF�RU�JHQH�VSHFLILF�DVVD\V��

Ɣ 7HVWLQJ�VHOHFWHG�FRGLQJ�YDULDQWV�LQ�PRGHO�RUJDQLVPV��LQFOXGLQJ�PRXVH��DQG��
Ɣ 'HYHORSLQJ�DQG�FDOLEUDWLQJ�LPSURYHG�FRPSXWDWLRQDO�PHWKRGV�IRU�SUHGLFWLQJ�FRGLQJ��

YDULDQW�HIIHFWV�RQ�SURWHLQ�VWUXFWXUH��SURWHLQ�LQWHUDFWLRQV��DQG�IXQFWLRQ���
6WXGLHV�VKRXOG�LQYROYH�VDPSOHV�WKDW�DUH�GLYHUVH�ZLWK�UHVSHFW�WR�DQFHVWU\�DQG�LQYROYH�ERWK�

VH[HV��

7R�DGYDQFH�WKLV�JRDO���
�� ,&'$�VKRXOG�ZRUN�ZLWK�VFLHQWLVWV��SRWHQWLDO�IXQGHUV��DQG�H[LVWLQJ�SURMHFWV�WR��

D� GHWHUPLQH�KRZ�WKH�SURMHFW�PLJKW�EHVW�EH�GHVLJQHG�DQG�H[HFXWHG�RYHU�
WLPH��LQFOXGLQJ�KRZ�WR�ULJRURXVO\�FRPSDUH�DQG�YDOLGDWH�GLIIHUHQW�
PHWKRGV���

E� FRQYHQH�RQJRLQJ�VFLHQWLILF�PHHWLQJV�WR�HYDOXDWH�SURJUHVV��DQG�
F� GHYHORS��YDOLGDWH�DQG�VKDUH�623V�IRU�FROOHFWLRQ�DQG�FUHDWLRQ�RI�

ELRVSHFLPHQV�DQG�FHOO�OLQH�DQG�RUJDQRLG�UHVRXUFHV�IURP�GLYHUVH�
SRSXODWLRQV��

�� )XQGHUV�VKRXOG�VXSSRUW�HIIRUWV�WR�V\VWHPDWLFDOO\�FKDUDFWHUL]H�SURWHLQ�FRGLQJ�
YDULDQWV��LQFOXGLQJ�SLORW�SURMHFWV�DQG�ODUJHU�HIIRUWV�DV�DSSURSULDWH��

�
0DQ\�RI�WKH�UHOHYDQW�DSSURDFKHV�KDYH�EHHQ�GHPRQVWUDWHG�DW�VPDOO�VFDOH��EXW�LPSRUWDQW�LVVXHV�
UHPDLQ�DERXW�KRZ�EHVW�WR�GHSOR\�WKHP�WR�FUHDWH�D�FRPSUHKHQVLYH�UHVRXUFH��

6DPSOHV ���6LPLODU�FRQVLGHUDWLRQV�DSSO\�DV�IRU�5HFRPPHQGDWLRQ�����
$VVD\V ���$VVD\V�IRU�WKH�HIIHFWV�RI�FRGLQJ�YDULDQWV�FRXOG�LQFOXGH�JHQHULF�UHDGRXWV��H�J���

DVVHVVLQJ�RYHUDOO�FHOOXODU�JHQH�H[SUHVVLRQ�ZLWK�VLQJOH�FHOO�51$�VHT��LQFOXGLQJ�UHFRJQL]LQJ�
IXQFWLRQDOO\�QXOO��K\SRPRUSKLF��K\SHUPRUSKLF��DQG�QHRPRUSKLF�DOOHOHV��DVVHVVLQJ�HIIHFWV�RQ�WKH�
OHYHO�DQG�VSOLFLQJ�RI�D�JHQH¶V�RZQ�WUDQVFULSW��DQG�DVVHVVLQJ�SURWHLQ�VWDELOLW\�E\�*)3�IXVLRQV��
DQG�D�VHOHFWLRQ�RI�GLVHDVH�VSHFLILF�RU�JHQH�VSHFLILF�DVVD\V��H�J���DXWRSKDJ\�UHSRUWHU�IRU�,%'����

���



9DULDQWV ���7KH�YDULDQWV�FKDUDFWHUL]HG�VKRXOG�LQFOXGH�DOO�FRPPRQ�FRGLQJ�YDULDQWV�
�IUHTXHQF\����������GLVHDVH�DVVRFLDWHG�UDUH�YDULDQWV�DQG�NQRFN�RXW�DOOHOHV�IRU�DOO�JHQHV���
�
��'LUHFWLRQ����0HGLFLQH�
�
8QGHUVWDQGLQJ�WKH�JHQHWLF�EDVLV�RI�FRPPRQ�GLVHDVH�LV�WUHPHQGRXVO\�LPSRUWDQW�IRU�WKH�
GHYHORSPHQW�RI�WKHUDSLHV�DQG�WKH�SURYLVLRQ�RI�FOLQLFDO�FDUH��

Ɣ ,W�LV�EHFRPLQJ�LQFUHDVLQJO\�FOHDU�WKDW�WKH�SUREDELOLW\�RI�VXFFHVV�LV�KLJKHVW�ZKHQ�
WKHUDSLHV�DUH�EDVHG�RQ�D�JHQHWLFDOO\�GHILQHG�PHFKDQLVP�RI�DFWLRQ�DQG�DUH�
TXDQWLWDWLYHO\�PDWFKHG�WR�VSHFLILF�SK\VLRORJLFDO�SURFHVVHV���

Ɣ ,W�LV�DOVR�EHFRPLQJ�FOHDU�WKDW�FOLQLFDO�PDQDJHPHQW�RI�SDWLHQW�JURXSV�LQIRUPHG�E\�
WKHLU�JHQRW\SH��VWUDWLILHG�PHGLFLQH��KDV�JUHDW�SRWHQWLDO�WR�GLUHFW�PHGLFDO�
UHVRXUFHV�WR�SDWLHQWV�ZKR�DUH�DW�KLJKHU�ULVN�DQG�ZRXOG�QRW�RWKHUZLVH�UHFHLYH�
RSWLPDO�FDUH���

7KH�&HOOXODU�0HFKDQLVPV�VHFWLRQ�GHVFULEHV�V\VWHPDWLF��GLVHDVH�DJQRVWLF�DSSURDFKHV�
WKDW�ZLOO�KDYH�DQ�LPSRUWDQW�LPSDFW�RQ�RXU�XQGHUVWDQGLQJ�DFURVV�DOO�GLVHDVHV�DQG�WUDLWV��+RZHYHU��
WDUJHWHG��GLVHDVH�VSHFLILF�DSSURDFKHV�ZLOO�DOVR�EH�HVVHQWLDO�IRU�WKH�GHYHORSPHQW�RI�WKHUDSLHV�IRU�
VSHFLILF�GLVHDVHV�DQG�WKH�UHILQHPHQW�RI�FOLQLFDO�FDUH��:KLOH�GLVHDVH�VSHFLILF�DSSURDFKHV�
QHFHVVDULO\�KDYH�ORZHU�WKURXJKSXW��WKHUH�LV�QR�VXEVWLWXWH�IRU�WKH�LQIRUPDWLRQ�WKDW�WKH\�FDQ�
SURYLGH���

:H�GLVFXVV�EHORZ�IRXU�LPSRUWDQW�DUHDV�RI�IRFXV�IRU�WKHUDSHXWLF�GHYHORSPHQW��
Ɣ 'HYHORS ���)XQFWLRQDO�DVVD\V�IRU�V\VWHPDWLF�GLVVHFWLRQ�RI�GLVHDVH�UHODWHG�

SURFHVVHV ����WR�LPSOLFDWH�JHQHV�DQG�YDULDQWV�LQ�FHOOXODU�SURFHVVHV�UHOHYDQW�WR�
SDUWLFXODU�GLVHDVHV��VXFK�DV�DXWRSKDJ\�LQ�$/6�DQG�LQIODPPDWRU\�ERZHO�GLVHDVH��
LQVXOLQ�VHFUHWLRQ�LQ�W\SH���GLDEHWHV��RU�PLFURJOLD�DFWLYDWLRQ�LQ�$O]KHLPHU¶V���

Ɣ &UHDWH��7RROV�WR�SURSHO�WKHUDSHXWLF�GHYHORSPHQW�IRU�KLJK�SULRULW\�WDUJHWV ����WR�
SULRULWL]H�DQG�YDOLGDWH�PHFKDQLVPV�DV�WKHUDSHXWLF�WDUJHWV��

Ɣ 'HYHORS ���1HZ�PHWKRGV�IRU�GLVFRYHULQJ�ELRPDUNHUV�RI�GLVHDVH����WR�SURYLGH�
PHFKDQLVWLF�LQVLJKWV�DQG�VXSSRUW�FOLQLFDO�WUDQVODWLRQ��LQFOXGLQJ�SURYLGLQJ�
PHDVXUHV�RI�WDUJHW�HQJDJHPHQW�DQG�WKHUDSHXWLF�UHVSRQVH�LQ�FOLQLFDO�WULDOV��DQG�

Ɣ $FFHOHUDWH ���*HQRPLFDOO\�LQIRUPHG�FOLQLFDO�WULDOV����WR�LQFUHDVH�WKH�VXFFHVV�RI�
WULDOV�ZKLOH�GHFUHDVLQJ�WKH�QXPEHU�RI�SDWLHQWV�QHHGHG��WKH�QXPEHU�RI�DGYHUVH�
HYHQWV��DQG�WKH�WLPH�WR�HQUROOPHQW��E\�PDNLQJ�JUHDWHU�XVH�RI�JHQRPLF�
LQIRUPDWLRQ��

$FWLYLWLHV�LQ�WKHVH�DUHDV�VKRXOG�IRFXV�RQ�KLJK�SULRULW\�GLVHDVHV��ZLWK�D�VSHFLDO�IRFXV�RQ�
WKH�)ODJVKLS�'LVHDVH�3URMHFWV��5HFRPPHQGDWLRQ�����

:H�DOVR�GLVFXVV�DFWLRQV�QHHGHG�WR�VXSSRUW�WKH�FOLQLFDO�XVH�RI�JHQRPLF�LQIRUPDWLRQ��
Ɣ (VWDEOLVK�EHVW�SUDFWLFHV�IRU�WKH ���5HVSRQVLEOH�XVH�RI�SRO\JHQLF�VFRUHV�LQ�

PHGLFLQH ���LQFOXGLQJ ���WKH�FUHDWLRQ��DVVHVVPHQW��FHUWLILFDWLRQ�DQG�FOLQLFDO�XVH�RI�
356¶V��

,Q�DGGLWLRQ�WR�WKH�UHFRPPHQGDWLRQV�DERYH��,&'$�VKRXOG�DOVR�H[SORUH�KRZ�EHVW�WR�HQVXUH�
WKDW�WKH�GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�RI��JHQRW\SH�VWUDWLILHG�FOLQLFDO�FDUH�ZLOO�EHQHILW�SDWLHQWV���

�

���



5HFRPPHQGDWLRQV�DQG�,PSOHPHQWDWLRQ���:H�PDNH�ILYH�UHFRPPHQGDWLRQV��5HFRPPHQGDWLRQV�
����������������DQG������,&'$¶V�DFWLYLWLHV�UHODWHG�WR�WKHVH�UHFRPPHQGDWLRQV�VKRXOG�EH�
FRRUGLQDWHG�E\�WKH��,&'$�0HGLFLQH�:RUNLQJ�*URXS��DQG�WKH��,&'$�3KDUPD�&RXQFLO���
�

5HFRPPHQGDWLRQ������'HYHORS�IXQFWLRQDO�DVVD\V�IRU�V\VWHPDWLF�GLVVHFWLRQ�RI�
GLVHDVH�UHODWHG�SURFHVVHV�

:KLOH�JHQHUDO�DSSURDFKHV��VXFK�DV�WKRVH�GHVFULEHG�LQ�WKH�UHFRPPHQGDWLRQV�DERYH��ZLOO�
SURYLGH�DQ�HVVHQWLDO�IRXQGDWLRQ�IRU�DOO�GLVHDVHV��WKH�ELRORJLFDO�XQGHUVWDQGLQJ�DQG�WKHUDSHXWLF�
GHYHORSPHQW�IRU�VSHFLILF�GLVHDVHV�ZLOO�DOVR�UHTXLUH���

�� UDSLG�DQG�HIILFLHQW�GHYHORSPHQW�RI�WUDGLWLRQDO�DQG�KLJK�FRQWHQW�KLJK�WKURXJKSXW�DVVD\V�
WR�KHOS�LPSOLFDWH�JHQHV�DQG�YDULDQWV�LQ�FHOOXODU�SURFHVVHV�UHOHYDQW�WR�SDUWLFXODU�
GLVHDVHV��VXFK�DV�DXWRSKDJ\�LQ�$/6�DQG�LQIODPPDWRU\�ERZHO�GLVHDVH��LQVXOLQ�
VHFUHWLRQ�LQ�W\SH���GLDEHWHV��RU�PLFURJOLD�DFWLYDWLRQ�LQ�$O]KHLPHU¶V���

�� GHYHORSPHQW�RI�EHWWHU�FHOOXODU��RUJDQRLG��WLVVXH��DQG�DQLPDO�PRGHOV�LQ�ZKLFK�WR�DVVD\�
GLVHDVH�UHOHYDQW�SURFHVVHV�DQG�HQYLURQPHQWDO�H[SRVXUHV��DQG��

�� GHYHORSPHQW�RI�HIIHFWLYH�DQDO\WLFDO�PHWKRGV�WR�LQWHJUDWH�LQIRUPDWLRQ�IURP�GLYHUVH�
DVVD\V��

7KH�VFLHQWLILF�FRPPXQLW\�VKRXOG�ZRUN�WRJHWKHU�WR�GHYHORS�DQG�VKDUH�VXFK�KLJK�WKURXJKSXW�
DVVD\V�IRU�GLVHDVH�UHOHYDQW�FHOOXODU�SURFHVVHV��ZLWK�D�SDUWLFXODU�HPSKDVLV�RQ�WKH�GLVHDVHV�LQ�
)ODJVKLS�'LVHDVH�3URMHFWV��

�
7R�DGYDQFH�WKLV�JRDO���

�� ,&'$�VKRXOG�ZRUN�ZLWK�NH\�VWDNHKROGHUV��LQFOXGLQJ�SKDUPDFHXWLFDO�FRPSDQLHV��
DFDGHPLF�VFLHQWLVWV��DQG�IXQGHUV��WR���

D� HQFRXUDJH�V\VWHPDWLF�GHYHORSPHQW�RI�KLJK�WKURXJKSXW�IXQFWLRQDO�DVVD\V�
IRU�GLVHDVHV�RI�KLJK�LQWHUHVW�IRU�WKHUDSHXWLFV��

E� HQFRXUDJH�V\VWHPDWLF�GHYHORSPHQW�RI�UHOHYDQW�FHOOXODU��WLVVXH��DQG�
DQLPDO�PRGHOV�IRU�GLVHDVHV�RI�KLJK�LQWHUHVW�IRU�WKHUDSHXWLFV��

F� SURPRWH�VKDULQJ�RI�SURWRFROV��UHDJHQWV��DQG�UHVXOWV�IURP�WKHVH�HIIRUWV��
�� 3KDUPDFHXWLFDO�FRPSDQLHV�DQG�RWKHU�IXQGHUV�VKRXOG�VXSSRUW�HIIRUWV�GLUHFWHG�

WRZDUG�WKHVH�JRDOV��
3DUWLFXODU�SULRULW\�VKRXOG�EH�JLYHQ�WR�GLVHDVHV�LQ�WKH�)ODJVKLS�'LVHDVH�3URMHFWV���

�

5HFRPPHQGDWLRQ������$FFHOHUDWH�WKHUDSHXWLF�GHYHORSPHQW�RI�KLJK�SULRULW\�WDUJHWV�
2QFH�D�VSHFLILF�WDUJHW�KDV�EHHQ�LGHQWLILHG��EDVHG�RQ�JHQRPH�VFDOH�GDWD�DQG�

GLVHDVH�VSHFLILF�DVVD\V��DV�OLNHO\�WR�EH�IDYRUDEOH�IRU�WKHUDSHXWLF�GHYHORSPHQW��WKHUH�UHPDLQV�
D�IXUWKHU�FKDOOHQJH��WKH�IXQFWLRQ�RI�WKH�WDUJHW�LV�RIWHQ�SRRUO\�XQGHUVWRRG�� �

&KDUDFWHUL]LQJ�WKH�PHFKDQLVPV�WKURXJK�ZKLFK�D�WDUJHW�JHQH�RU�SURWHLQ�DFWV�DQG�YDOLGDWLQJ�
LWV�YDOXH�DV�D�WKHUDSHXWLF�WDUJHW�UHTXLUHV�KDYLQJ�D�UDQJH�RI�WRROV��LQFOXGLQJ�JHQH�VSHFLILF�
IXQFWLRQDO�DVVD\V��DQWLERGLHV��VPDOO�PROHFXOH�LQKLELWRUV�DQG�RWKHU�WRRO�FRPSRXQGV��VWUXFWXUHV��

���



LQWHUDFWLRQ�PDSV��DQG�ELRPDUNHUV�RI�WDUJHW�HQJDJHPHQW��&UHDWLQJ�WKHVH�WRROV�UHPDLQV�VORZ�
DQG�ODERULRXV����

(IIRUWV��VXFK�DV�WKH�6WUXFWXUDO�*HQRPLFV�&RQVRUWLXP��KDYH�EHHQ�ZRUNLQJ�WR�GHYHORS�
PHWKRGV�WR�VXEVWDQWLDOO\�DFFHOHUDWH�VRPH�RI�WKHVH�VWHSV�DQG�WR�DSSO\�WKHVH�LPSURYHG�
PHWKRGV�WR�KLJK�SULRULW\�WDUJHWV���

*HQRPLF�DSSURDFKHV�RIIHU�VLPLODU�RSSRUWXQLWLHV�WR�VXEVWDQWLDOO\�DFFHOHUDWH�WKH�DELOLW\�WR�
FUHDWH�WKH�QHFHVVDU\�WRROV�WR�DGYDQFH�WKH�WDUJHWV�LQWR�GUXJ�GHYHORSPHQW��

�
7R�DGYDQFH�WKLV�JRDO��,&'$�VKRXOG�SDUWQHU�ZLWK�WKH ���6WUXFWXUDO�*HQRPLFV�&RQVRUWLXP�

DQG�RWKHU�HIIRUWV�WR��
�� GHYHORS�JHQRPLF�PHWKRGV�WR�LPSURYH�WKH�FUHDWLRQ�RI�IXQFWLRQDO�LQIRUPDWLRQ�DQG�

UHDJHQWV�WR�DGYDQFH�WDUJHWV�LQWR�GUXJ�GHYHORSPHQW��ZLWK�D�SDUWLFXODU�HPSKDVLV�
RQ�WKH�GLVHDVHV�LQ�)ODJVKLS�'LVHDVH�3URMHFWV��

�� GULYH�WKH�DSSOLFDWLRQ�RI�WKHVH�PHWKRGV�WR�KLJK�SULRULW\�WDUJHWV�HPHUJLQJ�IURP�
JHQHWLF�VWXGLHV��

�� HQFRXUDJH�WKH�V\VWHPDWLF�GHYHORSPHQW�RI�HIILFLHQW�PHWKRGV�DQG�FDSDELOLWLHV�WR�
FKDUDFWHUL]H�WKH�IXQFWLRQ�RI�WKH�³GDUN�SURWHRPH´�²�WKDW�LV��WKH�PDMRULW\�RI�
SURWHLQV�DERXW�ZKRVH�IXQFWLRQV�UHODWLYHO\�OLWWOH�LV�NQRZQ���

�

5HFRPPHQGDWLRQ������&DWDO\]H�QHZ�PHWKRGV�IRU�GLVFRYHULQJ�ELRPDUNHUV�RI�GLVHDVH��
%LRPDUNHUV�DUH�LQFUHDVLQJO\�HVVHQWLDO�IRU�FOLQLFDO�GHYHORSPHQW��8VHIXO�ELRPDUNHUV�FDQ�WDNH�

D�YDULHW\�RI�IRUPV��LQFOXGLQJ�SURWHLQV��PHWDEROLWHV�DQG�RWKHU�DQDO\WHV�LQ�SODVPD�RU�RWKHU�
UHOHYDQW�ELRIOXLGV��FLUFXODWLQJ�'1$�IURP�OLTXLG�ELRSVLHV��JHQH�H[SUHVVLRQ�LQ�VSHFLILF�WLVVXHV�RU�
FHOO�W\SHV��DQG�YDULRXV�NLQGV�RI�LPDJLQJ����6XFK�ELRPDUNHUV��FRPELQHG�ZLWK�JHQRPH�ZLGH�
JHQHWLFV��KDYH�WKH�SRWHQWLDO�WR�ERWK�SURYLGH�PHFKDQLVWLF�LQVLJKWV�DQG�WR�VXSSRUW�FOLQLFDO�
WUDQVODWLRQ²LQFOXGLQJ�DFWLQJ�DV�PHDVXUHV�RI�WDUJHW�HQJDJHPHQW�DQG�WKHUDSHXWLF�UHVSRQVH�LQ�
FOLQLFDO�WULDOV��

'HVSLWH�WKHLU�YDOXH��GLVFRYHULQJ�XVHIXO�ELRPDUNHUV�UHPDLQV�GLIILFXOW�DQG�VORZ���
7KH�DELOLW\�WR�FROOHFW�HYHU�LQFUHDVLQJ�TXDQWLWLHV�DQG�W\SHV�RI�KLJK�GLPHQVLRQDO�GDWD�

�LQFOXGLQJ�PXOWL�RPLF�PHDVXUHPHQWV��LPDJLQJ�GDWD��ULFK�PHGLFDO�UHFRUGV��DQG�JHQHWLF�
DVVRFLDWLRQV�ZLWK�SRWHQWLDO�ELRPDUNHUV��ZLWKLQ�DQG�DFURVV�SRSXODWLRQV��FRPELQHG�ZLWK�
DGYDQFHV�LQ�PDFKLQH�OHDUQLQJ�QRZ�RIIHU�WKH�SURVSHFW�RI�LPSURYLQJ�WKH�V\VWHPDWLF�GLVFRYHU\�RI�
ELRPDUNHUV��+RZHYHU��WKH�VFRSH�RI�FXUUHQWO\�DYDLODEOH�GDWDVHWV�LV�PRGHVW��$Q�LPSRUWDQW�
UHVHDUFK�JRDO�ZLOO�EH�WR�H[WHQG�SURWHRPLF�DQG�PHWDERORPLF�DQDO\VLV��LQ�SODVPD�DQG�RU�VHUXP�
LQLWLDOO\�DW�OHDVW��WR�ERWK�ODUJH�SRSXODWLRQ�EDVHG�VDPSOHV��VXFK�DV�QDWLRQDO�ELREDQNV���DQG�WR�
RWKHU�FOLQLFDO�LQYHVWLJDWLRQ�SURWRFROV�LQFOXGLQJ�UDQGRPL]HG�FRQWUROOHG�WULDOV��7KHUH�LV�D�
SDUWLFXODU�QHHG�WR�EXLOG�GDWDVHWV�WKDW�WUDFN�D�UDQJH�RI�RPLF�SKHQRW\SHV�RYHU�WLPH��DFURVV�
GLYHUVH�DQFHVWUDO�EDFNJURXQGV��DQG�LQ�UHODWLRQ�WR�KHDOWK��GLVHDVH��DQG�WKHUDSHXWLF�UHVSRQVH���

�
7R�DGYDQFH�WKLV�JRDO��

���



�� )XQGHUV�LQ�DFDGHPLD�DQG�LQGXVWU\�VKRXOG�HQFRXUDJH�DQG�VXSSRUW�WKH�
DSSOLFDWLRQ�RI�H[LVWLQJ�DQG�HPHUJLQJ�DSSURDFKHV�IRU�WKH�ODUJH�VFDOH�FROOHFWLRQ�RI�
ELRPDUNHU�GDWD��LQ�ELREDQNV�DQG�FOLQLFDO�VWXGLHV��DFURVV�D�UDQJH�RI�PRGDOLWLHV�
LQFOXGLQJ�WKRVH�UHODWHG�WR��RPLF�PHDVXUHV��LQFOXGLQJ�SURWHRPLF�DQG�
PHWDERORPLFV���LPDJLQJ�DQG�FOLQLFDO�PRQLWRULQJ��VXFK�DV�WKURXJK�DSSV�DQG�
ZHDUDEOHV��WR�GHILQH�UHODWLRQVKLSV�EHWZHHQ�JHQHWLF�YDULDWLRQ��ELRPDUNHU�PHWULFV��
DQG�GLVHDVH�VWDWH��

�� )XQGHUV�LQ�ERWK�DFDGHPLD�DQG�LQGXVWU\�VKRXOG�HQFRXUDJH�DQG�VXSSRUW�WKH�
GHYHORSPHQW�RI�QHZ�PHWKRGV�IRU�ELRPDUNHU�GLVFRYHU\��VXFK�DV�WKRVH�EDVHG�RQ�
DSSO\LQJ�PDFKLQH�OHDUQLQJ�PHWKRGV��WR�FRPSOH[�PXOWLGLPHQVLRQDO�FOLQLFDO�DQG�
H[SHULPHQWDO�GDWD��LQFOXGLQJ�WKRVH�GHULYHG�IURP�JHQRPLFV��SURWHRPLFV��
LPDJLQJ��FOLQLFDO�PRQLWRULQJ��DQG�PHGLFDO�UHFRUGV���

�� ,&'$�VKRXOG�HQJDJH�WKH�VFLHQWLILF�FRPPXQLW\�WR�GHYHORS�QRYHO�PHWKRGV�WR�
GLVFRYHU�DQG�YDOLGDWH�ELRPDUNHUV��DQG�WR�HQVXUH�JOREDO�DSSOLFDELOLW\�RI�
ELRPDUNHUV��

�
,GHQWLILFDWLRQ�RI�ELRPDUNHUV�ZLOO�EH�FULWLFDOO\�GHSHQGHQW�RQ�PDQ\�RI�WKH�HDUOLHU�UHFRPPHQGDWLRQV��
HVSHFLDOO\�WKH�FROOHFWLRQ�DQG�VWRUDJH�RI�ELRVDPSOHV�JDWKHUHG�LQ�ODUJH��GLYHUVH�ELREDQNV��

(IIRUWV�WR�XVH�WKH�H[SORVLRQ�RI�KLJK�GLPHQVLRQDO�GDWD�VKRXOG�HQJDJH�WKH�JURZLQJ�
QXPEHUV�RI�FRPPXQLWLHV�LQWHUHVWHG�LQ�WKH�IXVLRQ�RI�PDFKLQH�OHDUQLQJ�DQG�ELRORJ\²IRU�H[DPSOH��
WKH�%LR�7XULQJ�,QLWLDWLYH�DW�7KH�$ODQ�7XULQJ�,QVWLWXWH�LQ�WKH�8.��
�

5HFRPPHQGDWLRQ������$GYDQFH�*HQRPLFDOO\�,QIRUPHG�&OLQLFDO�7ULDOV�
7KHUH�PD\�EH�LPSRUWDQW�RSSRUWXQLWLHV�WR�LPSURYH�FOLQLFDO�WULDOV��ZKLFK�DUH�WKH�PRVW�

H[SHQVLYH�HOHPHQW�RI�GUXJ�GHYHORSPHQW��E\�PDNLQJ�JUHDWHU�XVH�RI�JHQRPLF�LQIRUPDWLRQ��:KLOH�
JHQRPLF�LQIRUPDWLRQ�LV�URXWLQHO\�XVHG�LQ�WHVWLQJ�FDQFHU�GUXJV��LW�LV�PRUH�UDUHO\�XVHG�LQ�RWKHU�
DUHDV�RI�PHGLFLQH��

*HQRPLF�LQIRUPDWLRQ�PD\�SRWHQWLDOO\�EH�XVHIXO�LQ���
Ɣ GHFUHDVLQJ�WKH�QXPEHU�RI�SDWLHQWV��E\�XVLQJ�JHQHWLF�ULVN�LQIRUPDWLRQ��ERWK�PRQRJHQLF�

PXWDWLRQV�DQG�SRO\JHQLF�VFRUHV��WR�VHOHFW�SDWLHQWV�LQ�ZKLFK�WKH�EDFNJURXQG�HYHQW�UDWH�
LV�KLJKHU���

Ɣ LQFUHDVLQJ�WKH�VXFFHVV�RI�FOLQLFDO�WULDOV��E\�LGHQWLI\LQJ�DQG�IRFXVLQJ�RQ�VXEVHWV�RI�
SDWLHQWV�LQ�ZKLFK�VSHFLILF�FHOOXODU�DQG�SK\VLRORJLFDO�PHFKDQLVPV�DUH�DIIHFWHG��IRU�
H[DPSOH��GLVWLQFW�VXEJURXSV�RI�GLVHDVH�LGHQWLILHG�EDVHG�RQ�JHQH�H[SUHVVLRQ�SDWWHUQV�
LQ�UHOHYDQW�FHOO�W\SHV����

Ɣ GHFUHDVLQJ�DGYHUVH�HYHQWV��E\�XVLQJ�JHQRPLF�LQIRUPDWLRQ��VXFK�DV�WKURXJK�3KH:$6�
DQG�H[SORUDWRU\�KXPDQ�WULDOV��WR�DQWLFLSDWH�DQG�XQGHUVWDQG�OLNHO\�VLGH�HIIHFWV�DQG�
LGHQWLI\�SDWLHQWV�DW�JUHDWHVW�ULVN��DQG�

Ɣ GHFUHDVLQJ�WLPH�WR�HQUROOPHQW��E\�LGHQWLI\LQJ�SRWHQWLDO�SDWLHQWV�WKURXJK�ODUJH�ELREDQNV�
ZLWK�FOLQLFDO�DQG�JHQRPLF�LQIRUPDWLRQ���

���



&RQVLGHUDEOH�ZRUN��KRZHYHU��ZLOO�EH�QHHGHG�WR�YDOLGDWH�ZKHWKHU�DQG�ZKHUH�JHQRPLF�
LQIRUPDWLRQ�PLJKW�DFKLHYH�WKHVH�JRDOV��:KHUH�JHQRPLF�LQIRUPDWLRQ�LV�XVHIXO��LW�ZLOO�DOVR�EH�
LPSRUWDQW�WR�GHWHUPLQH�KRZ�EHVW�WR�LPSOHPHQW�DQG�VXSSRUW�WKH�XVH�RI�VXFK�DSSURDFKHV�LQ�
FOLQLFDO�WULDOV²LQFOXGLQJ�ZRUNLQJ�ZLWK�UHJXODWRU\�DJHQFLHV�DQG�HWKLFV�UHYLHZ�ERDUGV���

*HQRPLFDOO\�LQIRUPHG�FOLQLFDO�WULDOV�ZRXOG�EH�PRVW�HIILFLHQW�LI�FRQQHFWHG�ZLWK�ELREDQNV�
DVVHPEOHG�LQ�WKH�FRQWH[W�RI�PHGLFDO�V\VWHPV��ZKHUH�SDUWLFLSDQWV�KDYH�FRQVHQWHG�WR�
UHFDOO�E\�JHQRW\SH��

�
7R�DGYDQFH�WKLV�JRDO��,&'$�VKRXOG�ZRUN�ZLWK�VFLHQWLVWV�LQ�LQGXVWU\��DFDGHPLD��

IXQGHUV��DQG�UHJXODWRU\�DJHQFLHV�WR�� �
�� H[SORUH�KRZ�JHQRPLF�DSSURDFKHV�FRXOG�EHVW�LPSURYH�FOLQLFDO�WULDOV��DQG�
�� KHOS�GHYHORS�DQG�YDOLGDWH�PHWKRGV�DQG�EHVW�SUDFWLFHV��

�
,Q�SDUWLFXODU��,&'$�VKRXOG�FRRUGLQDWH�FORVHO\�ZLWK�WKH��-RLQW�,QLWLDWLYH�RQ�*RRG�3UDFWLFH�LQ�&OLQLFDO�
5HVHDUFK ���HVWDEOLVKHG�LQ������E\�:HOOFRPH�7UXVW��WKH�*DWHV�)RXQGDWLRQ��DQG�WKH�$IULFDQ�
$FDGHP\�RI�6FLHQFHV��ZKLFK�LV�ZRUNLQJ�WR�GHYHORS�QHZ�FOLQLFDO�UHVHDUFK�JXLGHOLQHV�WR�LQFUHDVH�
WKH�HIILFLHQF\�RI�FOLQLFDO�WULDOV��

�

5HFRPPHQGDWLRQ������(QVXUH�5HVSRQVLEOH�8VH�RI�3RO\JHQLF�6FRUHV�LQ�0HGLFLQH�
3RO\JHQLF�ULVN�VFRUHV��356���ZKLFK�DJJUHJDWH�JHQRPH�ZLGH�LQIRUPDWLRQ�WR�VWUDWLI\�

LQGLYLGXDO�ULVN�RI�GLVHDVHV�LQ�SRSXODWLRQV��KDYH�WKH�SRWHQWLDO�WR�VHUYH�DV�ELRPDUNHUV�DFURVV�D�
ZLGH�UDQJH�RI�GLVHDVHV�DQG�DSSOLFDWLRQV�LQ�UHVHDUFK��FOLQLFDO�FDUH��FOLQLFDO�WULDO�GHVLJQ��DQG�
SXEOLF�KHDOWK��

356�ZLOO�KDYH�WKH�JUHDWHVW�SRVLWLYH�LPSDFW�LQ�WKHVH�DSSOLFDWLRQV�ZKHQ�WKH\�DUH�DFFXUDWH��
ZHOO�FDOLEUDWHG��DQG�SURSHUO\�LQWHUSUHWHG�IRU�WKH�SRSXODWLRQV�LQ�ZKLFK�WKH\�DUH�DSSOLHG���

+RZHYHU��LPSRUWDQW�FKDOOHQJHV�PXVW�EH�DGGUHVVHG�UHJDUGLQJ�WKHLU�JHQHUDOL]DELOLW\�DFURVV�
DQFHVWULHV��GHPRJUDSKLF�FDWHJRULHV��DQG�HQYLURQPHQWDO�H[SRVXUHV��ZKLFK�FDQ�DIIHFW�
KHULWDELOLW\�DQG�WKHLU�LPSOHPHQWDWLRQ�LQ�FOLQLFDO�SUDFWLFH��H�J���GHYHORSLQJ�VFUHHQLQJ�JXLGHOLQHV�
WKDW�FRPELQH�356�ZLWK�WUDGLWLRQDO�FOLQLFDO�ULVN�IDFWRUV���

�
7R�DGYDQFH�WKLV�JRDO��,&'$�VKRXOG�HVWDEOLVK�D�356�7DVN�)RUFH�WKDW��LQ�FROODERUDWLRQ�

ZLWK�RWKHU�VWDNHKROGHUV��ZRXOG��
�� DVVHVV�PDMRU�JDSV�DQG�ULVNV���
�� HVWDEOLVK�EHVW�SUDFWLFHV�IRU�WKH�FUHDWLRQ��DVVHVVPHQW��FHUWLILFDWLRQ��DQG�FOLQLFDO�

XVH�RI�356��
�� DGGUHVV�LVVXHV�UHODWHG�WR�WKH�DSSOLFDELOLW\�RI�356�DFURVV�DQG�ZLWKLQ�DQFHVWU\��

GHPRJUDSKLF�JURXSV��H�J���VH[��DJH��DQG�VRFLRHFRQRPLF�VWDWXV���HQYLURQPHQWDO�
H[SRVXUHV��DQG�FOLQLFDO�ULVN�IDFWRUV��DQG�

�� UHFRPPHQG�DFWLRQV�WR�HQVXUH�WKDW�356�DUH�GHSOR\HG�UHVSRQVLEO\�DQG�HTXLWDEO\��
LQFOXGLQJ�WKDW�DQ\�356�XVHG�LQ�FOLQLFDO�SUDFWLFH�LV�WUDQVSDUHQWO\�GLVFORVHG��

���



7KH�356�7DVN�)RUFH�VKRXOG�LQFOXGH�JHQHWLFLVWV��FOLQLFLDQV��SXEOLF�KHDOWK�
VSHFLDOLVWV��VWDWLVWLFLDQV��HWKLFLVWV��OHJDO�VFKRODUV��VRFLDO�VFLHQWLVWV��DQG�RWKHU�UHOHYDQW�
VWDNHKROGHUV�WR�HQVXUH�WKDW�ERWK�VFLHQWLILF�DQG�VRFLHWDO�LVVXHV�DUH�FRQVLGHUHG��

�
��'LUHFWLRQ����'DWD��
ǧ
,W�LV�HVVHQWLDO�WKDW�WKH�VFLHQWLILF�FRPPXQLW\�EH�DEOH�WR�DFFHVV�DQG�DQDO\]H�WKH�VWDJJHULQJ�
DPRXQWV�RI�GDWD�WKDW�DOUHDG\�H[LVW�DQG�ZLOO�EH�JHQHUDWHG�LQ�WKH�\HDUV�DKHDG��7KH�VFDOH�LV�
FKDOOHQJLQJ��:KROH�JHQRPH�VHTXHQFHV�KDYH�EHHQ�JHQHUDWHG�IRU�URXJKO\�RQH�PLOOLRQ�
LQGLYLGXDOV�WR�GDWH��ZLWK�WKH�WRWDO�GDWD�VWRUDJH�FRUUHVSRQGLQJ�WR�URXJKO\����3HWDE\WHV��IRU�
FRPSDULVRQ��WKH�VL]H�RI�WKH�1HWIOL[�PRYLH�FRUSXV�LV�RQO\������3HWDE\WHV��([SHULHQFH�
VXJJHVWV�WKDW�GHULYHG�GDWD�W\SHV�IURP�YDULRXV�DQDO\VHV�PD\�H[SDQG�WKLV�QXPEHU�E\�D�IDFWRU�
RI�����[��0RUHRYHU��WKH�YROXPH�RI�JHQRPLF�GDWD�KDV�EHHQ�GRXEOLQJ�QHDUO\�HYHU\���PRQWKV��
DQG�WKLV�GRHV�QRW�HYHQ�DFFRXQW�IRU�WKH�SKHQRW\SLF�GDWD�DQG�RWKHU�PHWDGDWD��

$V�D�UHVXOW��RXU�SDUDGLJPV�IRU�JHQRPLF�GDWD�VKDULQJ�PXVW�EH�UHWKRXJKW��,W�LV�QR�
ORQJHU�IHDVLEOH�WR�GRZQORDG�GDWD�WR�ORFDO�VHUYHUV�IRU�DQDO\VLV��,QVWHDG�RI�EULQJLQJ�GDWD�WR�WKH�
DQDO\VLV��ZH�QHHG�WR�EULQJ�DQDO\VLV�WR�WKH�GDWD��XVLQJ�PRGHUQ�FORXG�WHFKQRORJ\�WR�HQDEOH�
VWUHDPOLQHG�GDWD�IORZ�DQG�KDUPRQL]DWLRQ�LQ�D�IHGHUDWHG�HQYLURQPHQW��:H�DOVR�QHHG�WR�
FUHDWH�IDFLOH�XVHU�LQWHUIDFHV�WKDW�DOORZ�QRQ�FRPSXWDWLRQDO�ELRORJLVWV�WR�XWLOL]H�JHQRPLF�GDWD��

7R�DFFHOHUDWH�SURJUHVV�LQ�WKH�0�0�0�&KDOOHQJH��ZH�SURSRVH�D�IRFXV�RQ�WKUHH�LPSRUWDQW�
DUHDV�DGGUHVVLQJ�GDWD�VWRUDJH��DFFHVV��KDUPRQL]DWLRQ��DQG�XVH���

Ɣ &UHDWH�D��'DWD�3ODWIRUP��WR�PHHW�WKH�GDWD�VWRUDJH��DFFHVV��KDUPRQL]DWLRQ��DQG�DQDO\VLV�
QHHGV�RI�WKH�LQWHUQDWLRQDO�FRPPXQLW\��ZKLOH�FRPSO\LQJ�ZLWK�LQWHUQDWLRQDO�VWDQGDUGV�DQG�
SROLFLHV�� �

Ɣ 'HYHORS��*HQRW\SH�[�3KHQRW\SH�SRUWDOV��WR�UHDGLO\�DFFHVV�LQIRUPDWLRQ�DERXW�WKH�
UHODWLRQVKLS�EHWZHHQ�JHQHV�DQG�SKHQRW\SHV��LQFOXGLQJ�JHQHWLF�GDWD��IXQFWLRQDO�DVVD\�
GDWD��HQYLURQPHQWDO�DQG�H[SRVXUH�GDWD��DQG�FOLQLFDO�LQIRUPDWLRQ��DQG��

Ɣ &XUDWH��*ROG�VWDQGDUG�YDOLGDWLRQ�GDWDVHWV��IRU�WKH�UREXVW�DQG�XQELDVHG�WHVWLQJ��
EHQFKPDUNLQJ��DQG�YDOLGDWLQJ�RI�QRYHO�FRPSXWDWLRQDO�PHWKRGV�WR�LQIHU�FDXVDOLW\�DW�DOO�
VWHSV�LQ�WKH�SURFHVV�IURP�PDSV�WR�PHFKDQLVPV�WR�PHGLFLQH ����
(DUO\�XVH�FDVHV�UHODWHG�WR�WKHVH�DFWLYLWLHV�VKRXOG�ZRUN�DFURVV�GLVHDVH�DUHDV�DQG�WKH�

GLIIHUHQW�FRPSRQHQWV�RI�WKH��0�0�0�&KDOOHQJH��WR�SUHYHQW�WKH�GHYHORSPHQW�RI�VLORV��
�

5HFRPPHQGDWLRQV�DQG�,PSOHPHQWDWLRQ���:H�PDNH�WKUHH�UHFRPPHQGDWLRQV�
�5HFRPPHQGDWLRQV���������DQG������,&'$¶V�DFWLYLWLHV�UHODWHG�WR�WKHVH�UHFRPPHQGDWLRQV�VKRXOG�
EH�FRRUGLQDWHG�E\�DQ��,&'$�'DWD�:RUNLQJ�*URXS���
�

5HFRPPHQGDWLRQ������&UHDWH�D�6KDUHG�'DWD�3ODWIRUP�
7KH�VFLHQWLILF�FRPPXQLW\��LQFOXGLQJ�GDWD�JHQHUDWRUV��UHVHDUFKHUV��DQG�PHWKRGV�GHYHORSHUV��

QHHGV�D�FRPPRQ�LQIUDVWUXFWXUDO�VXEVWUDWH�WR�VWRUH��DFFHVV��DQG�XVH�WKH�PDVVLYH�GDWDVHWV�

���



IURP�ODUJH�VFDOH�VWXGLHV�RI�0DSV�DQG�0HFKDQLVPV�WKDW�DOUHDG\�H[LVW�DQG�WKH�HYHQ�ODUJHU�
GDWDVHWV�WKDW�ZLOO�EH�JHQHUDWHG�LQ�WKH�\HDUV�DKHDG���

$�VKDUHG��'DWD�3ODWIRUP��VKRXOG�EH�GHYHORSHG�WR�EULQJ�WRJHWKHU�WKHVH�GLYHUVH�XVHU�
FRPPXQLWLHV�E\�RIIHULQJ�D�VHW�RI�FRPPRQ�IHDWXUHV�DQG�IXQFWLRQDOLWLHV�IRU�XVH�DFURVV�WKHVH�
JURXSV���$�IXOO�OLVW�RI�LPSRUWDQW�IHDWXUHV�DQG�IXQFWLRQDOLWLHV�RI�VXFK�D�3ODWIRUP�LV�RXWOLQHG�
EHORZ���

�$�VKDUHG�'DWD�3ODWIRUP�GRHV�QRW�PHDQ�D�VLQJOH�FRPPRQ�GDWDEDVH��LQ�ZKLFK�DOO�GDWD�
UHVLGH�LQ�D�VLQJOH�SK\VLFDO�ORFDWLRQ���EXW�D��IHGHUDWHG�FRPSXWDWLRQDO�HFRV\VWHP���FRPSULVHG�RI�
GLVWLQFW�GDWD�UHSRVLWRULHV�GHVLJQHG�WR�HDVLO\�LQWHUDFW�²�PRUH�SUHFLVHO\��HDFK�EHLQJ�µLQVWDQFHV¶�
EXLOW�IURP�WZR�GLVWLQFW�FRPSRQHQWV���

�� D�UHSRVLWRU\�HQYLURQPHQW�IRU�GDWD�VWRUDJH�DQG�DFFHVV��DQG��
�� DQ�DQDO\VLV�HQYLURQPHQW�IRU�FRPSXWLQJ�DFURVV�GDWDVHWV�WR�DQVZHU�VFLHQWLILF�TXHVWLRQV���
7KH�DYDLODELOLW\�RI�D�FRPPRQ�'DWD�3ODWIRUP��EDVHG�RQ�RSHQ�VRXUFH�FRGH�DQG�DEOH�WR�UXQ�RQ�

PDQ\�FORXGV��ZRXOG�DOORZ�HQWLWLHV�WR�FUHDWH�WKHLU�RZQ��GLVWLQFW��VHFXUH�DQG�VFDODEOH�'DWD�
5HSRVLWRULHV�IRU�GLIIHUHQW�SXUSRVHV��IURP�D�ODUJH�SXEOLF�UHSRVLWRU\�IUHHO\�DYDLODEOH�WR�XVHUV�
DQ\ZKHUH�LQ�WKH�ZRUOG��WR�D�FRQWUROOHG�XVH�GDWD�UHSRVLWRU\�ZLWKLQ�D�FRXQWU\��WR�D�IXOO\�SULYDWH�
GDWD�UHSRVLWRU\�DW�D�SKDUPDFHXWLFDO�FRPSDQ\���ZKLOH�OHWWLQJ�VFLHQWLVWV��L��DQDO\]H�WKHLU�RZQ�
GDWD�ZLWK�VKDUHG��EHVW�SUDFWLFH�DQDO\WLFDO�WRROV�DQG�SLSHOLQHV��DV�ZHOO�DV�DGGLQJ�WKHLU�RZQ�
WRROV��DQG��LL��SHUIRUP�IHGHUDWHG�DQDO\VHV��DFURVV��GDWD�UHSRVLWRULHV��WR�WKH�H[WHQW�SHUPLWWHG�E\�
DSSOLFDEOH�QDWLRQDO�UHJXODWLRQV��,5%�DSSURYDOV��DQG�GDWD�XVH�SHUPLVVLRQV����

7KH�RSHQ�VRXUFH�QDWXUH�RI�WKH�VRIWZDUH�ZRXOG�DOVR�DOORZ�XVHUV�WR�FXVWRPL]H�DQ�LQGLYLGXDO�
LQVWDQFH�WR�PHHW�WKHLU�XQLTXH�QHHGV��ZLWKRXW�ORVLQJ�WKH�FRPPRQ�VRIWZDUH�IXQFWLRQDOLWLHV�RI�WKH�
IHGHUDWHG�HQYLURQPHQW��

�
7R�DGYDQFH�WKHVH�JRDOV���

�� ,&'$�VKRXOG��
D� GHILQH��LQ�FROODERUDWLRQ�ZLWK�IXQGHUV��VWDNHKROGHUV�DQG�*$�*+��KRZ�D�

'DWD�3ODWIRUP�FRXOG�EHVW�VHUYH�WKH�QHHGV�RI�WKH�FRPPXQLW\²LQFOXGLQJ�
UHVHDUFKHUV�ZRUNLQJ�RQ�ELREDQNV��KXPDQ�JHQHWLFV��IXQFWLRQDO�JHQRPLFV��
GLVHDVH�ELRORJ\��FOLQLFDO�UHVHDUFK��DQG�WKHUDSHXWLF�GHYHORSPHQW��DV�ZHOO�
DV�HWKLFLVWV�DQG�ODZ\HUV��

E� HQFRXUDJH�WKH�GHYHORSPHQW�RI�D�FRPPRQ�'DWD�3ODWIRUP�PHHWLQJ�WKH�
FULWHULD�DERYH��DQG�

F� HQFRXUDJH�WKH�FUHDWLRQ�DQG�RSHUDWLRQ�RI�'DWD�5HSRVLWRULHV�XVLQJ�WKH�'DWD�
3ODWIRUP��

�� )XQGHUV�LQ�ERWK�DFDGHPLD�DQG�LQGXVWU\�VKRXOG�VXSSRUW��
D� WKH�GHYHORSPHQW�RI�D�FRPPRQ�'DWD�3ODWIRUP�PHHWLQJ�WKH�FULWHULD�DERYH��

DQG�
E� WKH�FUHDWLRQ�DQG�RSHUDWLRQ�RI�'DWD�5HSRVLWRULHV�XVLQJ�WKH�'DWD�3ODWIRUP��

�
$�'DWD�3ODWIRUP�VKRXOG�PHHW�VHYHUDO�FULWHULD�WR�VXSSRUW�KXPDQ�JHQHWLFV�UHVHDUFK��

���



Ɣ HDVLO\�KDQGOH�ODUJH�VFDOH�KXPDQ�JHQHWLFV�DQG�IXQFWLRQDO�JHQRPLFV�GDWDVHWV���LQFOXGLQJ�
PXOWLSOH�GLIIHUHQW�OD\HUV�RI�UDZ��SURFHVVHG��DQG�QRUPDOL]HG�GDWD��PHWDGDWD�DERXW�
SURWRFROV�XVHG�IRU�H[SHULPHQWDO�GDWD�FROOHFWLRQ��DQG�VWDQGDUGV�DQG�IRUPDWV�IRU�VKDULQJ�
NH\�W\SHV�RI�IXQFWLRQDO�GDWD�DQG�ELRORJLFDO�UHVXOWV����

Ɣ HQDEOH�FORXG�EDVHG�VWRUDJH�DQG�DFFHVV�WR�PDVVLYH�JHQRPLF�GDWDVHWV��ZLWK�WKH�DELOLW\�WR�
UXQ�RQ�PXOWLSOH�FORXG�SODWIRUPV��LQFOXGLQJ�WKH�DELOLW\�WR�HDVLO\�XVH�VKDUHG�FRQWUROV�LQ�
DVVRFLDWLRQ�DQDO\VHV���

Ɣ SURYLGH�GDWD�SURFHVVLQJ�DQG�DQDO\WLFDO�VRIWZDUH��VXFK�DV�LPSXWDWLRQ�IRU�JHQRW\SH�DUUD\�
GDWD��YDULDQW�FDOOLQJ�IRU�VHTXHQFH�GDWD��DQG�TXDOLW\�FRQWURO�SLSHOLQHV��WKDW�FDQ�UXQ�
VHDPOHVVO\�RQ�WKH�GDWD�LQ�WKH�SODWIRUP��

Ɣ VXSSRUW�LQWHJUDWLRQ��DQDO\VLV��DQG�YLVXDOL]DWLRQ�RI�PXOWLSOH�GDWD�W\SHV��H�J��JHQRPLFV��
WUDQVFULSWRPLFV��SURWHRPLFV��PHWDERORPLFV��VRFLDO�IDFWRUV��H[SRVXUH�DQG�HQYLURQPHQWDO�
IDFWRUV��LQFOXGLQJ�SK\VLFDO��FKHPLFDO��ELRORJLFDO��DQG�EXLOW�HQYLURQPHQW���GLHW�DQG�OLIHVW\OH��
LPDJLQJ��FOLQLFDO�SKHQRW\SHV��DQG�PRUH���

Ɣ VXSSRUW�LQWHURSHUDEOH�XVDJH��LQFOXGLQJ�VWRUDJH��DQDO\VLV��DQG�YLVXDOL]DWLRQ��DFURVV�
LQGLYLGXDO�DQG�VXPPDUL]HG�GDWD�IURP�PXOWLSOH�GDWD�VRXUFHV��H�J��UHSRVLWRULHV�EXLOW�LQ�
GLIIHUHQW�FRXQWULHV�DQG�IRFXVLQJ�RQ�GLIIHUHQW�SRSXODWLRQV���

Ɣ HQDEOH�IOH[LEOH�DFFHVV�WR�GDWD��LQFOXGLQJ�HDV\�FUHDWLRQ�RI�GDWD�SRUWDOV��WR�JLYH�XVHUV�HDV\�
YLHZV�RI�UHVXOWV�DQG�LQVLJKWV�WR�PHHW�D�ZLGH�UDQJH�RI�QHHGV�IURP�FOLQLFDO�LQWHUSUHWDWLRQ�WR�
ELRORJLFDO�H[SORUDWLRQV���

Ɣ HQDEOH�XVHUV�WR�XVH�WKHLU�RZQ�SLSHOLQHV�DQG�VRIWZDUH��
Ɣ HQDEOH�FROODERUDWLYH�DQG�UHSURGXFLEOH�UHVHDUFK��VR�UHVHDUFKHUV�LQ�GLIIHUHQW�RUJDQL]DWLRQV�

FDQ�EXLOG�RQ�HDFK�RWKHUV¶�HIIRUWV���
Ɣ EH�FRPSDWLEOH�ZLWK�RQJRLQJ�HIIRUWV�WR�H[WUDFW�KDUPRQL]HG�SKHQRW\SHV�IURP�PHGLFDO�

UHFRUGV���
Ɣ KDYH�WKH�DELOLW\�WR�PDQDJH�XVHU�DSSURYDO�DQG�DXWKHQWLFDWLRQ��WR�HQVXUH�WKDW�RQO\�

DXWKRUL]HG�UHVHDUFKHUV�PD\�JDLQ�DFFHVV���
Ɣ LQFRUSRUDWH�DQ�HOHFWURQLF�FRQVHQW�PDQDJHPHQW�V\VWHP�WKDW�DOORZV�GDWDVHWV�WR�VSHFLI\�

FRQVHQW�FDWHJRULHV��WKDW�LV��ZHOO�VWUXFWXUHG�VHFRQGDU\�GDWD�XVH�UHVWULFWLRQV�WKDW�DGGUHVV�
SULYDF\�DQG�FRQILGHQWLDOLW\��GDWD�VKDULQJ��UHWXUQ�RI�LQGLYLGXDO�UHVHDUFK�UHVXOWV��SURWHFWLQJ�
WKH�LQWHUHVWV�RI�FRPPXQLWLHV�DQG�SRSXODWLRQV��DQG�FRPPHUFLDOL]DWLRQ�RI�UHVHDUFK��HWF���
DQG�DXWRPDWLFDOO\�JUDQWV�DFFHVV�WR�UHVHDUFK�SURMHFWV�WKDW�DUH�FRQVLVWHQW�ZLWK�WKHVH�
FRQVHQW�FDWHJRULHV��

Ɣ IDFLOLWDWH�JHQRPLFV�UHVHDUFK�ZKLOH�SURWHFWLQJ�WKH�ULJKWV�DQG�ZHOIDUH�RI�KXPDQ�VXEMHFWV��
Ɣ HQVXUH�VHFXULW\�DQG�FRPSO\�ZLWK�UHJXODWRU\�UHTXLUHPHQWV��LQFOXGLQJ�GDWD�ORFDOLW\�

UHTXLUHPHQWV���
Ɣ EH�FRPSOLDQW�ZLWK�*$�*+�VWDQGDUGV��
Ɣ FRQIRUP�WR�WKH��'DWD�%LRVSKHUH ��SULQFLSOHV����PRGXODU��FRPPXQLW\�GULYHQ��RSHQ��DQG�

VWDQGDUGV�EDVHG��DQG��
Ɣ DOLJQ�ZLWK��)$,5��SULQFLSOHV�IRU�VFLHQWLILF�GDWD�PDQDJHPHQW�DQG�VWHZDUGVKLS��

�

���



5HFRPPHQGDWLRQ������&UHDWH�*HQRW\SH�[�3KHQRW\SH�3RUWDOV�
$V�WKH�W\SHV�DQG�DPRXQWV�RI�LQIRUPDWLRQ�JURZ��LW�LV�LQFUHDVLQJO\�LPSRUWDQW�WR�KDYH�FRKHUHQW�

ZD\V�WR�YLHZ��DOO ��LQIRUPDWLRQ�DERXW�WKH�UHODWLRQVKLSV�EHWZHHQ�JHQHV�DQG�SKHQRW\SHV�GHULYHG�
IURP�KXPDQ�JHQHWLFV��IXQFWLRQDO�JHQRPLFV�DQG�PRUH���

7KH�VFLHQWLILF�FRPPXQLW\�ZLOO�QHHG�SRUWDOV�WKDW�PDNH�LW�HDV\�IRU�DQ\RQH�WR�IHWFK�DQG�
LQWHJUDWH�PDQ\�GLIIHUHQW�NLQGV�RI�LQIRUPDWLRQ�IURP�GDWD�UHSRVLWRULHV��LQFOXGLQJ���

Ɣ $OOHOH�IUHTXHQF\�UHIHUHQFHV��H�J���JQRP$'�RU�%5$92���
Ɣ 3KH:$6�EURZVHUV��H�J���SKHZHE��WR�GLVSOD\�DOO�DVVRFLDWLRQV�IRU�D�JLYHQ�YDULDQW�RU�

JHQH��
Ɣ 3RO\JHQLF�5LVN�6FRUH�UHSRVLWRULHV��ZLWK�SUH�FDOFXODWHG�ZHLJKWV���
Ɣ 'RVH�UHVSRQVH�VHUYHU�ZLWK�FXUDWHG�DOOHOLF�VHULHV�IRU�JHQH�GRVDJHV��
Ɣ +XPDQ�NQRFN�RXWV�OLQNHG�ZLWK�SKHQRW\SHV�WR�DVVHVV�WKH�LPSDFW�RI�FRPSOHWH�JHQH�

ORVV��
Ɣ &RGLQJ�YDULDQW�SRUWDOV��
Ɣ 0ROHFXODU�DVVD\�SRUWDOV��H�J���*7([�SRUWDO���DQG�
Ɣ 'LVHDVH�VSHFLILF�LQIRUPDWLRQ�LQWHJUDWLQJ�DOO�SKHQRW\SHV�IRU�DQ�RXWFRPH�LQFOXGLQJ�

VXVFHSWLELOLW\��VHYHULW\��DQG�DJH�RI�RQVHW��
0RUHRYHU��GLIIHUHQW�SRUWDOV�ZLOO�QHHG�WR�VHUYH�GLIIHUHQW�SXUSRVHV�²�VXFK�DV�GLVFRYHULQJ�

GLVHDVH�JHQHV��LQIHUULQJ�WKH�FHOO�W\SHV�DQG�SDWKZD\V�LQ�ZKLFK�D�JHQH�DFWV��FOLQLFDO�
LQWHUSUHWDWLRQ�RI�YDULDQWV��DQG�HYDOXDWLQJ�D�SRWHQWLDO�WKHUDSHXWLF�WDUJHW��

�
7R�DGYDQFH�WKLV�JRDO���

�� ,&'$�VKRXOG�ZRUN�ZLWK�NH\�VWDNHKROGHUV�DQG�IXQGHUV�WR��
D� VFRSH�WKH�VFLHQWLILF�QHHGV�IRU�VXFK�SRUWDOV��DQG�
E� GHYHORS�D�SODQ�WR�HQVXUH�WKH�FUHDWLRQ�RI�VXFK�SRUWDOV��

�� )XQGHUV�VKRXOG�VXSSRUW�WKH�FUHDWLRQ�RI�VXFK�SRUWDOV��

�

5HFRPPHQGDWLRQ������&UHDWH�*ROG�6WDQGDUG�9DOLGDWLRQ�'DWDVHWV�
6ROYLQJ�WKH��0�0�0�&KDOOHQJH��ZLOO�EHQHILW�IURP�VKDUHG��ZHOO�FXUDWHG�YDOLGDWLRQ�GDWDVHWV��
�� 7R�DGYDQFH�WKH�GHYHORSPHQW�RI�FRPSXWDWLRQDO�WRROV�IRU�GDWD�SURFHVVLQJ��ZH�QHHG�

GHHSO\�FKDUDFWHUL]HG��UHDGLO\�VKDUHDEOH�JHQRPLF�EHQFKPDUN�GDWDVHWV�²�IRU�H[DPSOH��
WR�GHPRQVWUDWH�FRQVLVWHQF\�RU�IXQFWLRQDO�HTXLYDOHQFH�RI�SURFHVVLQJ�SLSHOLQHV��
HYDOXDWH�EDVH�HUURU�UDWHV�DQG�SKDVLQJ�TXDOLW\��DQG�FRPSDUH�WKH�SHUIRUPDQFH�RI�
DOJRULWKPV��

�� 7R�GHYHORS�DQG�YDOLGDWH�UHOLDEOH�DQG�UREXVW�FRPSXWDWLRQDO�PHWKRGV�WR�LGHQWLI\�NH\�
VWHSV�DORQJ�WKH�FDXVDO�FKDLQ��IURP�DVVRFLDWHG�YDULDQWV�WR�FDXVDO�YDULDQWV��JHQHV��
WUDQVFULSWV��SURWHLQV��ELRPDUNHUV��HQGRSKHQRW\SHV��SK\VLRORJ\��DQG�SDWKRSK\VLRORJ\���
ZH�QHHG�VKDUHG�UHIHUHQFH�VHWV�RI�³JROG�VWDQGDUG´�UHVXOWV��ZLWK�ERWK�³WUXH�SRVLWLYHV´�
DQG�³WUXH�QHJDWLYHV´��WKDW�DUH�DV�XQELDVHG�DQG�DV�FRPSUHKHQVLYH�DV�SRVVLEOH��DQG�
WKDW�LQFOXGH�WKH�QDWXUH�DQG�GHJUHH�RI�VXSSRUWLQJ�HYLGHQFH��([DPSOHV�LQFOXGH��
FRQILUPHG�GLVHDVH�DOOHOHV��FUHGLEOH�VHWV�DW�D�*:$6�ORFXV��YDOLGDWHG�FRQQHFWLRQV�

���



EHWZHHQ�HQKDQFHUV�DQG�WKHLU�WDUJHW�JHQHV��EDVHG�RQ�&5,635�EDVHG�JHQH�
GLVUXSWLRQ���DQG�HIIHFWV�RI�FRGLQJ�YDULDQWV�RQ�FHOOXODU�SURJUDPV��EDVHG�RQ�LVRJHQLF�
HGLWLQJ���

7KHVH�JROG�VWDQGDUG�UHIHUHQFH�VHWV�VKRXOG�EH�FXUDWHG�EDVHG�RQ�FRPPXQLW\�GULYHQ�
GHILQLWLRQV��

�
7R�DGYDQFH�WKLV�JRDO���

�� �,&'$�VKRXOG�
D� ZRUN�ZLWK�H[SHUWV�WR�GHILQH�VXLWDEOH�FULWHULD�IRU�JHQRPLF�EHQFKPDUN�

GDWDVHWV�IRU�YDOLGDWLQJ�FRPSXWDWLRQDO�SLSHOLQHV��
E� ZRUN�ZLWK�H[SHUWV�WR�GHILQH�VXLWDEOH�FULWHULD�IRU�HYLGHQFH�RI�µFDXVDOLW\¶�

�H�J���RI�YDULDQWV��JHQHV��WUDQVFULSW��HWF����
F� GHYHORS�D�SODQ�WR�HQVXUH�WKH�FUHDWLRQ��FXUDWLRQ��DQG�PDLQWHQDQFH�RI�D�

VXLWDEOH�UHSRVLWRU\�IRU�JROG�VWDQGDUG�JHQH�VHWV�DQG�WKH�QHFHVVDU\�
PHWD�GDWD��DQG��

G� FKDPSLRQ�DQG�HQFRXUDJH�VXEPLVVLRQ��FXUDWLRQ��DQG�GHSRVLWLRQ�RI�
VXLWDEOH�JROG�VWDQGDUG�JHQH�VHWV��

�� )XQGHUV�VKRXOG�VXSSRUW�ZHOO�FRQFHLYHG�DQG�ZHOO�SODQQHG�HIIRUWV�WR�GHYHORS�DQG�
PDLQWDLQ�VXFK�JROG�VWDQGDUG�UHIHUHQFH�VHWV��

,&'$ VKRXOG HQJDJH ZLWK WKH JURZLQJ QXPEHUV RI VWDNHKROGHUV LQWHUHVWHG LQ WKH HVWDEOLVKPHQW� � � � � � � � � � � � �
RI WKHVH EHQFKPDUN FULWHULD DQG DFFRPSDQ\LQJ FRPSXWDWLRQDO SLSHOLQHV� VXFK DV 2SHQ 7DUJHWV� � � � � � � � � � � �
LQ�WKH�8.��
�
�'LUHFWLRQ����3ROLF\�
�
'DWD�VKDULQJ�KDV�SOD\HG�DQ�HVVHQWLDO�UROH�LQ�GULYLQJ�SURJUHVV�WR�VWXG\�WKH�JHQHWLF�EDVLV�RI�
GLVHDVHV��IURP�RXU�NQRZOHGJH�RI�WKH�KXPDQ�JHQRPH�WR�FOLQLFDO�SUDFWLFH��,W�LV�WKHUHIRUH�HVVHQWLDO�
WR�KDYH�FDUHIXOO\�FUDIWHG�SROLFLHV�WKDW�SURPRWH�GDWD�VKDULQJ��SURWHFW�SDUWLFLSDQWV��FRPSO\�ZLWK�
QDWLRQDO�UHJXODWLRQV��DQG�UHVSHFW�FXOWXUDO�SHUVSHFWLYHV���

:KLOH�WKHUH�KDV�EHHQ�SURJUHVV�LQ�GHYHORSLQJ�DSSURSULDWH�SROLFLHV��UHFHQW�H[SHULHQFH�KDV�
UHYHDOHG�LPSRUWDQW�JDSV�WKDW�XUJHQWO\�QHHG�WR�EH�DGGUHVVHG²E\�EULQJLQJ�WRJHWKHU�VWDNHKROGHUV�
WR�FODULI\�RU�LPSURYH�FXUUHQW�SROLFLHV�DQG�WR�GHYHORS�QHZ�SROLFLHV�ZKHUH�QHHGHG���

7KHVH�VWDNHKROGHUV�VKRXOG�LQFOXGH�D�ZLGH�UDQJH�RI�H[SHUWLVH�DQG�SHUVSHFWLYHV���
�

5HFRPPHQGDWLRQV�DQG�,PSOHPHQWDWLRQ���:H�PDNH�RQH�UHFRPPHQGDWLRQ��5HFRPPHQGDWLRQ�
�����,&'$¶V�DFWLYLWLHV�UHODWHG�WR�WKHVH�UHFRPPHQGDWLRQV�VKRXOG�EH�FRRUGLQDWHG�E\�DQ��,&'$�
'DWD�&RPSOLDQFH�7DVN�)RUFH��ZLWKLQ�WKH�,&'$�'DWD�:RUNLQJ�*URXS��$FWLYLWLHV�VKRXOG�EH�
FORVHO\�FRRUGLQDWHG�ZLWK��*$�*+���
�

���



5HFRPPHQGDWLRQ������'HYHORS�DQG�,QIRUP�3ROLFLHV�IRU�*HQHWLF�6WXGLHV��'DWD�6KDULQJ��
DQG�)HGHUDWHG�$QDO\VLV�
6FLHQWLILF�DQG�PHGLFDO�SURJUHVV�ZRXOG�EH�DFFHOHUDWHG�E\�LPSURYHG�SROLFLHV�DURXQG�FRQVHQW��
DFFHVV��DQG�VKDULQJ�RI�JHQRPLF�DQG�FOLQLFDO�GDWD��6RPH�H[DPSOHV�LQFOXGH���

Ɣ 3ROLFLHV�WKDW�ZRXOG�DOORZ�DXWRPDWLF�GHWHUPLQDWLRQ�RI�ZKLFK�LQYHVWLJDWRUV�PD\�XVH�
ZKLFK�GDWDVHWV��EDVHG�RQ��L��VWDQGDUGL]HG�³FRQVHQW�FDWHJRULHV´�WKDW�FODVVLI\�GDWDVHWV�
EDVHG�RQ�SHUPLWWHG�XVHV��H�J���JHQHUDO�UHVHDUFK�XVH��KHDOWK�UHODWHG�RXWFRPHV��HWF���
DQG�UHVWULFWLRQV�RQ�VHFRQGDU\�XVH��H�J���UHVWULFWLRQV�RQ�FRPPHUFLDO�XVH�RU�OLPLWDWLRQ�WR�
GLVHDVH�VSHFLILF�XVHV����LL��VWDQGDUGL]HG�³XVHU�FDWHJRULHV�´�PLUURULQJ�WKH�FRQVHQW�
FDWHJRULHV��WKDW�FODVVLI\�UHVHDUFK�SURMHFWV�DFFRUGLQJ�WR�WKHLU�DSSURYHG�XVHV��H�J���D�
SURMHFW�RQ�JHQHWLF�GLVFRYHU\�LQ�VFKL]RSKUHQLD�ZRXOG�EH�JUDQWHG�DFFHVV�WR�DQ\�GDWDVHW�
WKDW�LV�FODVVLILHG�XQGHU�JHQHUDO�UHVHDUFK�XVH��KHDOWK�UHODWHG�RXWFRPHV��RU�
VFKL]RSKUHQLD�VSHFLILF�UHVHDUFK���

Ɣ 3ROLFLHV�WR�HQVXUH�WKH�GHSRVLW�RI�*:$6�VXPPDU\�VWDWLVWLFV�DQG�DVVRFLDWHG�PHWDGDWD�
�IRU�H[DPSOH��DV�D�UHTXLUHPHQW�IRU�SXEOLFDWLRQ�DQG�JUDQW�UHQHZDO����

Ɣ 3ROLFLHV��DQG�VXSSRUWLQJ�WHFKQRORJLHV��WR�IDFLOLWDWH�IHGHUDWHG�DQDO\VLV�RI�LQGLYLGXDO�OHYHO�
GDWD�KHOG�LQ�GLIIHUHQW�MXULVGLFWLRQV��UHVSHFWLQJ�QDWLRQDO�UHJXODWLRQV�FRQFHUQLQJ�GDWD�
VKDULQJ���

Ɣ 3ROLFLHV�WKDW�PDNH�FOHDU�ZKHQ�DJJUHJDWHG�GDWD�PD\�EH�WUHDWHG�DV�RSHQ�DFFHVV�YV��
FRQWUROOHG�DFFHVV��

Ɣ 3ROLFLHV�FRQFHUQLQJ�WKH�XVH�RI�JHQRPLF�GDWD�ZLWKRXW�SKHQRW\SH�LQIRUPDWLRQ�WR�
VWUHQJWKHQ�JHQHWLF�UHVRXUFHV��H�J���IRU�LPSXWDWLRQ��DOOHOH�IUHTXHQF\�HVWLPDWLRQ��RU�XVH�
DV�SRSXODWLRQ�FRQWUROV���DQG�

Ɣ *XLGHOLQHV�IRU�HIIHFWLYH�UHJLRQDO�DQG�ORFDO�FRPPXQLW\�HQJDJHPHQW��WR�HQVXUH�LQFOXVLYH�
SROLFLHV�DQG�FXOWXUDOO\�DFFHSWDEOH�UHVHDUFK�SUDFWLFHV��HVSHFLDOO\�IRU�KRZ�VDPSOHV�DUH�
XVHG��H�J���IRU�FUHDWLQJ�FHOO�OLQHV�RU��LQ�YLYR ��PRGHOV���

�
7R�DGYDQFH�WKLV�JRDO��,&'$��LQ�FROODERUDWLRQ�ZLWK�JOREDO�VWDNHKROGHUV��VKRXOG��

�� HVWDEOLVK�D�'DWD�&RPSOLDQFH�7DVN�)RUFH�WR�UHYLHZ�WKH�SROLF\�QHHGV�DQG�GHYHORS�
FRQFUHWH�SURSRVDOV��DQG�

�� ZRUN�ZLWK�QDWLRQDO�DXWKRULWLHV�DQG�IXQGHUV�WR�UHILQH�DQG�LPSOHPHQW�WKHVH�
SURSRVDOV���

7KH�'DWD�&RPSOLDQFH�7DVN�)RUFH�VKRXOG�KDYH�GLYHUVH�H[SHUWLVH�DQG�UHSUHVHQWDWLRQ��WR�
HQVXUH�WKDW�SURSRVHG�SROLFLHV�UHIOHFW�JOREDO�QHHGV�DQG�SHUVSHFWLYHV��,W�VKRXOG�
FRRUGLQDWH�FORVHO\�ZLWK�*$�*+��

�
'LUHFWLRQ����*OREDO�(TXLW\�
�
$FKLHYLQJ�WKH�,&'$¶V�JRDOV�ZLOO�UHTXLUH�JOREDO�HQJDJHPHQW�RI��ERWK ��UHVHDUFK�SDUWLFLSDQWV�DQG�
VFLHQWLILF�UHVHDUFKHUV��,QGHHG��WKH�WZR�DUH�LQH[WULFDEO\�OLQNHG��WKH�ODFN�RI�GLYHUVLW\�DPRQJ�WKH�
IRUPHU�LV�GXH�LQ�ODUJH�PHDVXUH�WR�WKH�ODFN�RI�IXOO��IDLU��DQG�HTXLWDEOH�LQFOXVLRQ�DPRQJ�WKH�ODWWHU���

���



7KHUH�DUH�PDQ\�VHULRXV�EDUULHUV�WR�IXOO�LQFOXVLRQ�DPRQJ�VFLHQWLILF�UHVHDUFKHUV�UHODWHG�WR�
WUDLQLQJ��WUDYHO��IDFLOLWLHV��FRPSXWDWLRQDO�LQIUDVWUXFWXUH��SULFLQJ�RI�HTXLSPHQW�DQG�UHDJHQWV��DQG�
UHVHDUFK�IXQGLQJ���

,&'$�VKRXOG�ZRUN�WR�ORZHU�WKHVH�EDUULHUV��E\�ZRUNLQJ�ZLWK�UHJLRQDO�SDUWLFLSDQWV�WR�
XQGHUVWDQG�WKH�EDUULHUV��GHYHORS�HIIHFWLYH�VROXWLRQV��DQG�LPSOHPHQW�WKHP��

�
5HFRPPHQGDWLRQV�DQG�,PSOHPHQWDWLRQ���:H�PDNH�RQH�UHFRPPHQGDWLRQ��5HFRPPHQGDWLRQ�
�����,&'$¶V�DFWLYLWLHV�UHODWHG�WR�WKLV�UHFRPPHQGDWLRQ�VKRXOG�EH�FRRUGLQDWHG�E\�WKH��,&'$�
2UJDQL]LQJ�&RPPLWWHH ���
�

5HFRPPHQGDWLRQ������3URPRWH�*OREDO�(TXLW\��
�7R�UHDOL]H�LWV�JRDOV�DQG�WR�VHUYH�WKH�ZRUOG��WKH�PLVVLRQ�RI�XQGHUVWDQGLQJ�DQG�WUHDWPHQW�RI�

FRPPRQ�GLVHDVHV�PXVW�EH�D�JOREDO�DFWLYLW\�²�LQYROYLQJ�QRW�RQO\�UHVHDUFK�SDUWLFLSDQWV�DFURVV�
WKH�JOREH��DV�QRWHG�DERYH��EXW�DOVR�VFLHQWLILF�UHVHDUFKHUV�DFURVV�WKH�JOREH��,QGHHG��WKH�WZR�
DUH�LQH[WULFDEO\�OLQNHG��

<HW��WKHUH�DUH�PDQ\�EDUULHUV�WR�FRQGXFWLQJ�ZRUOG�FODVV�SURMHFWV�LQ�PDQ\�UHJLRQV�
²�LQFOXGLQJ�DFFHVV�WR�WUDLQLQJ��WHFKQRORJ\�DQG�IXQGLQJ��DQG�WR�WKH�EHQHILWV�RI�WKH�UHVHDUFK���

,W�LV�FULWLFDO�WR�WDNH�DFWLYH�VWHSV�WR�GHFUHDVH�WKHVH�EDUULHUV�� �
�

7R�DGYDQFH�WKLV�JRDO���
�� )XQGHUV�VKRXOG�VXSSRUW�ZHOO�FRQFHLYHG�WUDLQLQJ�SURJUDPV�DLPHG�DW�SURPRWLQJ�

JOREDO�HTXLW\�LQ�WKH�ILHOG�²�SRWHQWLDOO\�UDQJLQJ�IURP�XQGHUJUDGXDWH�LQWHUQVKLSV�
LQ�ZRUOG�FODVV�ODERUDWRULHV�WR�SRVWGRFWRUDO�IHOORZVKLSV�WR�FRQGXFW�ORQJ�WHUP�
SURMHFWV�DQG�WKHQ�LPSOHPHQW�QHZ�UHVHDUFK�OLQHV�LQ�WKHLU�KRPH�FRXQWULHV��DV�ZHOO�
DV�KDQGV�RQ�WUDLQLQJ�ZRUNVKRSV�DQG�µKDFNDWKRQV¶��DQG�

�� ,&'$�VKRXOG�ZRUN�WR�VHFXUH�HTXLWDEOH�DFFHVV�WR�DGYDQFHG�WHFKQRORJLHV�QHHGHG�
WR�WDFNOH�WKH�0�0�0�&KDOOHQJH��VXFK�DV�JHQRPH�VHTXHQFLQJ��VLQJOH�FHOO�
FKDUDFWHUL]DWLRQ��DQG�FRPSXWDWLRQDO�DQDO\VHV��²�LQFOXGLQJ�E\��

D� QHJRWLDWLQJ�IDYRUDEOH�SULFLQJ�IRU�HTXLSPHQW�DQG�UHDJHQWV�WR�IDFLOLWDWH�
JOREDO�SDUWLFLSDWLRQ��

E� SURPRWLQJ�WKH�GHYHORSPHQW�RI�RQOLQH�WXWRULDOV�DQG�FRXUVHV��WR�HQVXUH�
DFFHVV�WR�NQRZOHGJH�IRU�VFLHQWLVWV�DQG�WUDLQHHV�ZLWK�OLPLWHG�DELOLW\�WR�
WUDYHO��DQG��

F� HQVXULQJ�WKDW�GDWD�UHVRXUFHV�DUH�GHVLJQHG�WR�DFFRPPRGDWH�VHWWLQJV�ZLWK�
D�UDQJH�RI�FRPPXQLFDWLRQV�EDQGZLGWKV���

�
'LUHFWLRQ����,QQRYDWLRQ�DQG�7UDLQLQJ�
�
:KLOH�WKH�UHFRPPHQGDWLRQV�DERYH�UHODWH�WR�ODUJHU�HIIRUWV�WKDW�QHHG�WR�EH�XQGHUWDNHQ��ZH�
VWURQJO\�EHOLHYH�WKDW�LQGLYLGXDO�LQYHVWLJDWRU�LQLWLDWHG�SURMHFWV�WR�SXUVXH�QHZ�DQDO\VLV�PHWKRGV��
QHZ�WHFKQRORJLHV��DQG�QHZ�ELRORJLFDO�GLUHFWLRQV�ZLOO�DOVR�EH�FULWLFDO�IRU�WDFNOLQJ�WKH�0�0�0�
&KDOOHQJH��$GGLWLRQDOO\��WUDLQLQJ�SURJUDPV�WR�KHOS�GHYHORS�QHZ�LQYHVWLJDWRUV�ZLOO�EH�FUXFLDO��

���



�
5HFRPPHQGDWLRQV�DQG�,PSOHPHQWDWLRQ���:H�PDNH�IRXU�UHFRPPHQGDWLRQV�
�5HFRPPHQGDWLRQV�������������DQG������ZKLFK�DUH�SULPDULO\�GLUHFWHG�WR�IXQGHUV��
�

5HFRPPHQGDWLRQ������6XSSRUW�'HYHORSPHQW�RI�1HZ�$QDO\VLV�0HWKRGV�
7KHUH�ZLOO�EH�D�WUHPHQGRXV�QHHG�IRU�QHZ�DQDO\VLV�PHWKRGV��WR�PDWFK�WKH�H[SORVLRQ�RI�

QHZ�GDWD�JHQHUDWLRQ��,W�LV�FULWLFDO�WR�VXSSRUW�FUHDWLYH�HIIRUWV�WR�GHYHORS�QHZ�DQDO\WLFDO�
PHWKRGV��([DPSOHV�RI�PHWKRGV�WKDW�DUH�QHHGHG�E\�WKH�FRPPXQLW\�LQFOXGH��

Ɣ 0HWKRGV�IRU�FRPSUHKHQVLYH�SKHQRW\SH�GHILQLWLRQV�IURP�ORQJLWXGLQDO�DQG�FRPRUELGLW\�
GDWD��

Ɣ 0HWKRGV�WR�LPSURYH�JHQHWLF�PDSSLQJ�E\��IRU�H[DPSOH��LPSURYHG�LPSXWDWLRQ��LPSURYHG�
FRUUHFWLRQ�IRU�FRQIRXQGLQJ��DQG�LPSURYHG�ZD\V�WR�OHYHUDJH�PXOWLSOH�UHODWHG�
SKHQRW\SHV�DQG�SHGLJUHH�LQIRUPDWLRQ�WR�JDLQ�SRZHU��

Ɣ 0HWKRGV�WR�LQIHU�DQG�SUHGLFW�FDXVDO�UROHV�IRU�VSHFLILF�YDULDQWV��JHQHV��FHOO�W\SHV��DQG�
SDWKZD\V��EDVHG�RQ�JHQHWLF�DQG�IXQFWLRQDO�GDWD��DQG�WR�SDUWLWLRQ�WKHVH�UROHV�LQWR�
GLVWLQFW�PHFKDQLVPV��

Ɣ 0HWKRGV�WR�OLQN�JHQHULF�FHOOXODU�SKHQRW\SHV��H�J���VF51$�VHT��WR�SK\VLRORJLFDOO\�
UHOHYDQW�FHOOXODU�IXQFWLRQV��H�J���DXWRSKDJ\���

Ɣ 0HWKRGV�WR�LQFRUSRUDWH�HQYLURQPHQWDO�H[SRVXUHV��ERWK�JHQRWR[LF�DQG�QRQ�JHQRWR[LF��
LQWR�IXQFWLRQDO�DQG�PHFKDQLVWLF�VWXGLHV��LQFOXGLQJ�HQYLURQPHQWDO�SHUWXUEDWLRQ�VWXGLHV��

Ɣ 0HWKRGV�WR�DFFHOHUDWH��LQ�VLOLFR ��VFUHHQLQJ�RI�QRYHO�WKHUDSHXWLF�DQG�GUXJ�WDUJHWV�E\�
XWLOL]LQJ�ODUJH�VFDOH�KXPDQ�JHQRW\SH��HSLJHQRPH��DQG�SKHQRW\SH�DVVRFLDWLRQ�
UHVRXUFHV��

Ɣ 0HWKRGV�WR�EHWWHU�WUDQVODWH�FOLQLFDO�LQIRUPDWLRQ�DFURVV�SRSXODWLRQV��LQFOXGLQJ�DGPL[HG�
SRSXODWLRQV²LQFOXGLQJ�PHWKRGV�WR�FKDUDFWHUL]H�VKDUHG�DQG�QRQ�VKDUHG�JHQHWLF�
FRPSRQHQWV�RI�GLVHDVH�ULVN�DFURVV�SRSXODWLRQV�DQG�PHWKRGV�WR�SUHGLFW�GLVHDVH�ULVN�
WKDW�WUDQVODWH�HIIHFWLYHO\�DFURVV�SRSXODWLRQV���

�
7R�DGYDQFH�WKLV�JRDO��

�� )XQGHUV�VKRXOG�VXSSRUW�D�UREXVW�SRUWIROLR�RI�LQYHVWLJDWRU�LQLWLDWHG�JUDQWV��IRU�
LQGLYLGXDOV�DQG�FROODERUDWLYH�WHDPV��WR�GHYHORS�QHZ�PHWKRGV�UHOHYDQW�WR�WKH�
0�0�0�&KDOOHQJH��

�� ,&'$�VKRXOG�KLJKOLJKW�VXFK�ZRUN�DW�LWV�PHHWLQJV��

�

5HFRPPHQGDWLRQ������6XSSRUW�'HYHORSPHQW�RI�1HZ�7HFKQRORJ\���
7KHUH�ZLOO�EH�D�WUHPHQGRXV�QHHG�IRU�FUHDWLYH�QHZ�H[SHULPHQWDO�WHFKQRORJLHV��WR�FRQQHFW�

PDSV�WR�PHFKDQLVPV�WR�PHGLFLQH��
$PRQJ�PDQ\�SRVVLEOH�H[DPSOHV�DUH���
Ɣ +LJK�WKURXJKSXW�PHWKRGV�WR�LQWURGXFH�YDULDQWV�LQWR�WKH�JHQRPH�DW�KLJK�DFFXUDF\�DQG�

FKDUDFWHUL]H�WKHLU�HIIHFWV�RQ�FKURPDWLQ�VWDWH��JHQH�H[SUHVVLRQ��DQG�FHOOXODU�IXQFWLRQV��

���



Ɣ +LJK�WKURXJKSXW�PHWKRGV�WR�SHUWXUE�JHQHV�DQG�PHDVXUH�WKHLU�GRZQVWUHDP�HIIHFWV�RQ�
FHOOXODU�SURJUDPV��

Ɣ +LJK�WKURXJKSXW�PROHFXODU�DQG�FHOOXODU�SKHQRW\SLQJ�DVVD\V��LQ�EXON�DQG�LQ�VLQJOH�
FHOOV��EDVHG�RQ�VHTXHQFLQJ�DVVD\V��LPDJLQJ��DQG�SURWHRPLFV��

Ɣ ,QIRUPDWLYH�DQG�VFDODEOH�FHOOXODU��RUJDQRLG��DQG�DQLPDO�PRGHO�V\VWHPV�IRU�GLIIHUHQW�
GLVHDVHV��DQG�

Ɣ (IILFLHQW�DQG�KLJK�WKURXJKSXW�PHWKRGV�IRU�PHDVXULQJ�HQYLURQPHQWDO�H[SRVXUHV�DQG�IRU�
LQWHJUDWLQJ�WKH�HQYLURQPHQW�DQG�HQYLURQPHQWDO�H[SRVXUH�LQWR�JHQRPLF�VWXGLHV��

�
7R�DGYDQFH�WKLV�JRDO��

�� )XQGHUV�VKRXOG�VXSSRUW�D�UREXVW�SRUWIROLR�RI�LQYHVWLJDWRU�LQLWLDWHG�JUDQWV��IRU�
LQGLYLGXDOV�DV�ZHOO�DV�FROODERUDWLYH�WHDPV��WR�GHYHORS�QHZ�WHFKQRORJLHV�
UHOHYDQW�WR�WKH�0�0�0�&KDOOHQJH��

�� ,&'$�VKRXOG�KLJKOLJKW�VXFK�ZRUN�DW�LWV�PHHWLQJV��

�

5HFRPPHQGDWLRQ������6XSSRUW�5HVHDUFK�LQ�1HZ�%LRORJLFDO�'LUHFWLRQV��
:KLOH�WKHUH�KDV�EHHQ�PXFK�SURJUHVV�FRQFHUQLQJ�WKH�SULQFLSOHV�XQGHUO\LQJ�WKH�JHQHWLF�

EDVLV�RI�FRPPRQ�GLVHDVH��WKHUH�DUH�OLNHO\�WR�EH�PDQ\�IXQGDPHQWDO�VXUSULVHV�DKHDG���
6RPH�LQWHUHVWLQJ�SRVVLEOH�H[DPSOHV�LQFOXGH�D�JUHDWHU�UROH�IRU�VRPDWLF�PXWDWLRQV�LQ�D�

UDQJH�RI�FRPPRQ�GLVHDVHV�DQG�LQWHUDFWLRQV�EHWZHHQ�JHQHWLF�DQG�HQYLURQPHQWDO�ULVN�IDFWRUV��
,W�LV�FULWLFDO ��WR�VXSSRUW�FUHDWLYH�HIIRUWV�WR�H[SORUH�QHZ�ELRORJLFDO�GLUHFWLRQV��

�
7R�DGYDQFH�WKLV�JRDO��

�� )XQGHUV�VKRXOG�VXSSRUW�D�UREXVW�SRUWIROLR�RI�LQYHVWLJDWRU�LQLWLDWHG�JUDQWV��IRU�
LQGLYLGXDOV�DQG�FROODERUDWLYH�WHDPV��WR�H[SORUH�QHZ�ELRORJLFDO�GLUHFWLRQV�
UHOHYDQW�WR�WKH�0�0�0�&KDOOHQJH��

�� ,&'$�VKRXOG�KLJKOLJKW�VXFK�ZRUN�DW�LWV�PHHWLQJV��

�

5HFRPPHQGDWLRQ������6XSSRUW�(VWDEOLVKPHQW�RI�1HZ�7UDLQLQJ�3URJUDPV��
$�JHQHUDWLRQ�RI�QHZ�LQYHVWLJDWRUV�ZLWK�VFLHQWLILF�SHUVSHFWLYHV�DQG�VNLOOV�VSDQQLQJ�IURP�

PDSV�WR�PHFKDQLVPV�WR�PHGLFLQH�ZLOO�EH�D�FULWLFDO�IRXQGDWLRQ�IRU�DFKLHYLQJ�WKH�ORQJ�WHUP�
JRDOV���

,W�LV�WKHUHIRUH�FULWLFDO�WR�KDYH�UREXVW�WUDLQLQJ�SURJUDPV�IRU�HDUO\�FDUHHU�VFLHQWLVWV��
�

7R�DGYDQFH�WKLV�JRDO���
�� )XQGHUV�VKRXOG�VXSSRUW�D�UREXVW�SRUWIROLR�RI�UHOHYDQW�WUDLQLQJ�SURJUDPV�

²�LQFOXGLQJ�LQWHUGLVFLSOLQDU\��FURVV�GLVFLSOLQDU\��DQG�VNLOO�VSHFLILF�WUDLQLQJ��DQG�
�� ,&'$�VKRXOG�KHOS�SURPRWH�WUDLQLQJ�RSSRUWXQLWLHV��LQFOXGLQJ�ZRUNVKRSV�RQ�

UHOHYDQW�WRSLFV��

�

���



,9� &RQFOXVLRQ�
�

7KH�,&'$�5HFRPPHQGDWLRQV��Y�����UHIOHFW�WKH�LQSXW�RI�D�GLYHUVH�DQG�HQJDJHG�FRPPXQLW\�RI�
UHVHDUFKHUV��FOLQLFLDQV��IXQGHUV��DQG�SROLF\�H[SHUWV���:H�H[SHFW�WKDW�WKH�5HFRPPHQGDWLRQV�ZLOO�
FRQWLQXH�WR�HYROYH�DQG�PDWXUH�ZLWK�SURJUHVV�LQ�WKH�ILHOG��EDVHG�RQ�LQSXW�IURP�WKH�VFLHQWLILF�
FRPPXQLW\���:H�ZHOFRPH�\RXU�LQSXW��RQ�KRZ�ZH�PLJKW�FRQWLQXH�WR�UHILQH�DQG�LPSURYH�WKHVH�
UHFRPPHQGDWLRQV�DW���KWWSV���ZZZ�LFGD�ELR����

7KH�QH[W�VWHS�IRU�,&'$�ZLOO�EH�WR�ZRUN�ZLWK�WKH�VFLHQWLILF�FRPPXQLW\�WR�KHOS�LPSOHPHQW�
WKHVH�UHFRPPHQGDWLRQV��
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9� &RQWULEXWRUV�
�
,&'$�2UJDQL]LQJ�&RPPLWWHH�
&R�&KDLUV�
(ULF�/DQGHU� %URDG�,QVWLWXWH�RI�0,7�DQG�+DUYDUG�

&HFLOLD�/LQGJUHQ� 8QLYHUVLW\�RI�2[IRUG�

�
([HFXWLYH�'LUHFWRU�
5DFKHO�/LDR� %URDG�,QVWLWXWH�RI�0,7�DQG�+DUYDUG�

�
0HPEHUV�
6¡UHQ�%UXQDN� 8QLYHUVLW\�RI�&RSHQKDJHQ�

-XG\�&KR� ,FDKQ�6FKRRO�RI�0HGLFLQH�DW�0RXQW�6LQDL�

5RU\�&ROOLQV� 8QLYHUVLW\�RI�2[IRUG�

1DQF\�&R[� 9DQGHUELOW�8QLYHUVLW\�

0DUN�'DO\� ,QVWLWXWH�RI�0ROHFXODU�0HGLFLQH�)LQODQG��),00���8QLYHUVLW\�RI�+HOVLQNL�

*HRUJH�'DYH\�6PLWK� 8QLYHUVLW\�RI�%ULVWRO�

(PPDQRXLO�'HUPLW]DNLV� 8QLYHUVLW\�RI�*HQHYD�

0LFKDHO�'XQQ� :HOOFRPH�7UXVW�

/XGH�)UDQNH� 8QLYHUVLW\�0HGLFDO�&HQWUH�*URQLQJHQ�

'DYLG�*OD]HU� 9HULO\�/LIH�6FLHQFHV�

0DWWKHZ�+XUOHV� :HOOFRPH�6DQJHU�,QVWLWXWH�

&DURO\Q�+XWWHU� 1DWLRQDO�+XPDQ�*HQRPH�5HVHDUFK�,QVWLWXWH�

1DQF\�,S� +RQJ�.RQJ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\�

6DOO\�-RKQ� %LRJHQ�

7XXOL�/DSSDODLQHQ� 1HZ�<RUN�*HQRPH�&HQWHU��&ROXPELD�8QLYHUVLW\�

3DUWKD�0DMXPGHU� 1DWLRQDO�,QVWLWXWH�RI�%LRPHGLFDO�*HQRPLFV�,QGLD�

0DUN�0F&DUWK\� *HQHQWHFK�

$QGUpV�0RUHQR�(VWUDGD� 1DWLRQDO�/DERUDWRU\�RI�*HQRPLFV�IRU�%LRGLYHUVLW\�0H[LFR�

%HQMDPLQ�1HDOH� %URDG�,QVWLWXWH�RI�0,7�DQG�+DUYDUG��0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO�

<XNLQRUL�2NDGD� 2VDND�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�0HGLFLQH�

+HOHQ�3DUNLQVRQ� (0%/�(XURSHDQ�%LRLQIRUPDWLFV�,QVWLWXWH�

&KDUOHV�5RWLPL� 1DWLRQDO�+XPDQ�*HQRPH�5HVHDUFK�,QVWLWXWH�

-D\�6KHQGXUH� 8QLYHUVLW\�RI�:DVKLQJWRQ���+RZDUG�+XJKHV�0HGLFDO�,QVWLWXWH�

1LFROH�6RUDQ]R� :HOOFRPH�6DQJHU�,QVWLWXWH�

���



.iUL�6WHIiQVVRQ� GH&2'(�JHQHWLFV�

3DWULFN�6XOOLYDQ� 8QLYHUVLW\�RI�1RUWKHUQ�&DUROLQD��.DUROLQVND�,QVWLWXWHW�

(�6K\RQJ�7DL� 1DWLRQDO�8QLYHUVLW\�RI�6LQJDSRUH�

1LFNL�7LIILQ� 8QLYHUVLW\�RI�&DSH�7RZQ�

5LFDUGR�9HUGXJR� 8QLYHUVLW\�RI�&KLOH�

&ULVWHQ�:LOOHU� 8QLYHUVLW\�RI�0LFKLJDQ�

$PEURLVH�:RQNDP� 8QLYHUVLW\�RI�&DSH�7RZQ�

8QQXU�ëRUVWHLQVGyWWLU� GH&2'(�JHQHWLFV�

�
0DSV�:RUNLQJ�*URXS�
&R�&KDLUV� �

%HQMDPLQ�1HDOH� %URDG�,QVWLWXWH�RI�0,7�DQG�+DUYDUG��0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO�

&ULVWHQ�:LOOHU� 8QLYHUVLW\�RI�0LFKLJDQ�

� �

0HPEHUV� �

0DUN�'DO\� ,QVWLWXWH�RI�0ROHFXODU�0HGLFLQH�)LQODQG��),00���8QLYHUVLW\�RI�+HOVLQNL�

0HJ�(KP� *OD[R6PLWK.OLQH�

,UD�+DOO� :DVKLQJWRQ�8QLYHUVLW\�LQ�6W��/RXLV�

(LPHDU�.HQQ\� ,FDKQ�6FKRRO�RI�0HGLFLQH�DW�0RXQW�6LQDL�

,VFLD�/RSHV�&HQGHV� %UD]LOLDQ�,QLWLDWLYH�RQ�3UHFLVLRQ�0HGLFLQH���%,30HG�

3DUWKD�0DMXPGHU� 1DWLRQDO�,QVWLWXWH�RI�%LRPHGLFDO�*HQRPLFV�,QGLD�

6DUDK�0HGODQG� 4,05�%HUJKRIHU�0HGLFDO�5HVHDUFK�,QVWLWXWH�

$QGUpV�0RUHQR�(VWUDGD� 1DWLRQDO�/DERUDWRU\�RI�*HQRPLFV�IRU�%LRGLYHUVLW\�0H[LFR�

<XNLQRUL�2NDGD� 2VDND�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�0HGLFLQH�

0DQQ\�5LYDV� 6WDQIRUG�8QLYHUVLW\�

&KDUOHV�5RWLPL� 1DWLRQDO�+XPDQ�*HQRPH�5HVHDUFK�,QVWLWXWH�

'DQLVK�6DOHKHHQ� &ROXPELD�8QLYHUVLW\�

3DN�6KDP� &HQWUH�IRU�*HQRPLF�6FLHQFHV��7KH�8QLYHUVLW\�RI�+RQJ�.RQJ�

;XHOLQJ�6LP� 1DWLRQDO�8QLYHUVLW\�RI�6LQJDSRUH�

1LFNL�7LIILQ� 8QLYHUVLW\�RI�&DSH�7RZQ�

5LFDUGR�9HUGXJR� 8QLYHUVLW\�RI�&KLOH�

+HOHQ�:DUUHQ� 4XHHQ�0DU\�8QLYHUVLW\�RI�/RQGRQ�

�
0HFKDQLVPV ���:RUNLQJ�*URXS�

���



&R�&KDLUV� �

7XXOL�/DSSDODLQHQ� 1HZ�<RUN�*HQRPH�&HQWHU��&ROXPELD�8QLYHUVLW\�

-D\�6KHQGXUH� 8QLYHUVLW\�RI�:DVKLQJWRQ��+RZDUG�+XJKHV�0HGLFDO�,QVWLWXWH�

� �

0HPEHUV� �

1DGDY�$KLWXY� 8QLYHUVLW\�RI�&DOLIRUQLD�6DQ�)UDQFLVFR�

0HOLQD�&ODXVVQLW]HU� %URDG�,QVWLWXWH�RI�0,7�DQG�+DUYDUG��%HWK�,VUDHO�'HDFRQHVV�0HGLFDO�&HQWHU�

-HVVH�(QJUHLW]� %URDG�,QVWLWXWH�RI�0,7�DQG�+DUYDUG�

(ULF�)DXPDQ� 3IL]HU�

/XGH�)UDQNH� 8QLYHUVLW\�0HGLFDO�&HQWUH�*URQLQJHQ�

$QVKXO�.XQGDMH� 6WDQIRUG�8QLYHUVLW\�

.DVSHU�/DJH� 0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO�

%RJGDQ�3DVDQLXF� 8QLYHUVLW\�RI�&DOLIRUQLD�/RV�$QJHOHV�

7XQH�3HUV� %RVWRQ�&KLOGUHQ
V�+RVSLWDO�

1LFROH�6RUDQ]R� :HOOFRPH�6DQJHU�,QVWLWXWH�

)DELDQ�7KHLV� +HOPKROW]�=HQWUXP�0�QFKHQ�

*RVLD�7U\QND� :HOOFRPH�6DQJHU�,QVWLWXWH�

�
0HGLFLQH�:RUNLQJ�*URXS��
&R�&KDLUV�
-XG\�&KR� ,FDKQ�6FKRRO�RI�0HGLFLQH�DW�0RXQW�6LQDL�

0DUN�0F&DUWK\� *HQHQWHFK�

8QQXU�ëRUVWHLQVGyWWLU� GH&2'(�JHQHWLFV�

� �

0HPEHUV� �

0HOLQD�&ODXVVQLW]HU� %URDG�,QVWLWXWH�RI�0,7�DQG�+DUYDUG��%HWK�,VUDHO�'HDFRQHVV�0HGLFDO�&HQWHU�

$QQD�*OR\Q� 6WDQIRUG�8QLYHUVLW\�

1DQF\�,S� +RQJ�.RQJ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\�

<XNLQRUL�2NDGD� 2VDND�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�0HGLFLQH�

'DQLHOOH�3RVWKXPD� 9ULMH�8QLYHUVLWHLW��98��$PVWHUGDP�

1DGHHP�6DUZDU� (LVDL�

(�6K\RQJ�7DL� 1DWLRQDO�8QLYHUVLW\�RI�6LQJDSRUH�

2OJD�7UR\DQVND\D� 3ULQFHWRQ�8QLYHUVLW\��)ODWLURQ�,QVWLWXWH�RI�WKH�6LPRQV�)RXQGDWLRQ�

$PEURLVH�:RQNDP� 8QLYHUVLW\�RI�&DSH�7RZQ�
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)URP�0DSV�WR�0HFKDQLVPV�WR�0HGLFLQH��
8VLQJ�KXPDQ�JHQHWLFV�WR�SURSHO�

WKH�XQGHUVWDQGLQJ�DQG�WUHDWPHQW�RI�FRPPRQ�GLVHDVHV�
��
� �

,QWHUQDWLRQDO�&RPPRQ�'LVHDVH�$OOLDQFH�
:KLWH�3DSHU��Y����

�
�

��
�

'HYHORSHG�E\�WKH�,&'$�2UJDQL]LQJ�&RPPLWWHH�
�6HH�FRQWULEXWRU�OLVW�DW�HQG��
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3UHDPEOH�
�
+XPDQ�JHQHWLFV�VWDQGV�DW�D�SLYRWDO�PRPHQW��7KH�SDVW�VHYHUDO�GHFDGHV�KDYH�VHHQ�HQRUPRXV�
SURJUHVV��9DULRXV�HIIRUWV²WKH�+XPDQ�*HQRPH�3URMHFW��GHHS�FDWDORJV�RI�JHQHWLF�YDULDWLRQ��
SRZHUIXO�VWXG\�GHVLJQV�DQG�QHZ�DQDO\VLV�PHWKRGV²KDYH�UHVXOWHG�LQ�D�ZHDOWK�RI�NQRZOHGJH�
DERXW�WKH�JHQHWLFV�RI�FRPPRQ�GLVHDVH��7KLV�LQFOXGHV�WKH�GLVFRYHU\�RI�PRUH�WKDQ��������UREXVW�
JHQHWLF�DVVRFLDWLRQV�WR�FRPPRQ�GLVHDVHV�DQG�WUDLWV��DQG�LPSRUWDQW�LQVLJKWV�LQWR�WKH�XQGHUO\LQJ�
EDVLV�RI�VRPH�GLVHDVHV��<HW��WKHUH�LV�PXFK�PRUH�WR�EH�GRQH��

,W�LV�WLPH�WR�HQYLVLRQ�WKH�QH[W�SKDVH�RI�KXPDQ�JHQHWLFV²WR�DFFHOHUDWH�SURJUHVV�LQ�
PRYLQJ�IURP�0DSV�WR�0HFKDQLVPV�WR�0HGLFLQH��ZH�KDYH�WHUPHG�WKLV�WKH��0�0�0�&KDOOHQJH�����

$FKLHYLQJ�WKH�SURPLVH�ZLOO�UHTXLUH�GHHS�FROODERUDWLRQ�DPRQJ�PDQ\�FRPPXQLWLHV�DQG�
VWDNHKROGHUV�IURP�DFURVV�DFDGHPLD��PHGLFLQH��ELRSKDUPD��WHFK�FRPSDQLHV��DQG�IXQGHUV��7KH�
,QWHUQDWLRQDO�&RPPRQ�'LVHDVH�$OOLDQFH��,&'$��ZDV�IRUPHG�WR�VHUYH�DV�D�VFLHQWLILF�IRUXP�WR�
EULQJ�WRJHWKHU�NH\�VWDNHKROGHUV�IURP�WKH�JOREDO�FRPPXQLW\�WR��L��L �GHQWLI\�FRPPRQ�EDUULHUV�WR�
SURJUHVV�DFURVV�GLVHDVHV�DQG�SRSXODWLRQV����LL��GHYHORS�DQG�SURPRWH�FROODERUDWLYH�VROXWLRQV�WR�
RYHUFRPH�WKHVH�EDUULHUV��DQG��LLL��EULQJ�WRJHWKHU�WKH�VFLHQWLILF�FRPPXQLW\�RQ�DQ�RQJRLQJ�EDVLV�WR�
VKDUH�UHVXOWV��DVVHVV�SURJUHVV��DQG�XSGDWH�SODQV��

7KH�SXUSRVH�RI�WKLV�,&'$�:KLWH�3DSHU�LV�WR�PDS�RXW�WKH�PDQ\�SLHFHV²WKH�NH\�
NQRZOHGJH��FRPSUHKHQVLYH�GDWDVHWV��QHZ�WHFKQRORJLHV��QHZ�DQDO\WLFDO�PHWKRGV��FRPSXWDWLRQDO�
SODWIRUPV��GDWD�VKDULQJ�IUDPHZRUNV��PHFKDQLVWLF�DVVD\V��DQG�GUXJ�GHYHORSPHQW�
DSSURDFKHV²WKDW�QHHG�WR�EH�ILOOHG�LQ�WR�SURSHO�WKH�QH[W�SKDVH�RI�KXPDQ�JHQHWLFV��7KH�JRDO�LV�
QRW�D�PRQROLWKLF�SURMHFW��EXW�D�YLEUDQW�HFRV\VWHP��

7KH�,&'$�:KLWH�3DSHU�LV�LQWHQGHG�DV�D�OLYLQJ�GRFXPHQW��$Q�LQLWLDO�YHUVLRQ��Y�����ZDV�
UHOHDVHG�LQ�6HSWHPEHU�������WR�SURYLGH�D�IUDPHZRUN�IRU�D�FRQYHUVDWLRQ�DPRQJ�WKH�HQWLUH�,&'$�
FRPPXQLW\���

&KDSWHU�� ��VXPPDUL]HV�SURJUHVV�WR�GDWH�LQ�WKH�JHQHWLFV�RI�FRPPRQ�GLVHDVHV�DQG�
GHILQHV�WKH�FKDOOHQJH�DKHDG�LQ�PRYLQJ�UDSLGO\�IURP�0DSV�WR�0HFKDQLVPV�WR�0HGLFLQH���:H�
XQGHUVFRUH�WKDW�WKH�WH[W�LV�RQO\�D�VXPPDU\��LW�GRHV�QRW�SURYLGH�D�FRPSUHKHQVLYH�UHYLHZ�DQG�
GRHV�QRW�FXUUHQWO\�FRQWDLQ�FLWDWLRQV�WR�WKH�OLWHUDWXUH���

&KDSWHU�� ��ORRNV�WR�WKH�QH[W�SKDVH�RI�KXPDQ�JHQHWLFV��IUDPLQJ�VRPH�RYHUDUFKLQJ�JRDOV�
DQG�GHVFULELQJ�H[DPSOHV�RI�IRXQGDWLRQDO�UHVRXUFHV�WKDW�PD\�EH�QHHGHG��
�
,&'$�5HFRPPHQGDWLRQV ���7KH�SXUSRVH�RI�WKLV�,&'$�:KLWH�3DSHU�LV�WR�ORRN�EDFN�DW�WKH�
SURJUHVV�RYHU�WKH�SDVW�WZR�GHFDGHV��LGHQWLI\�WKH�FKDOOHQJHV�DKHDG�DQG�VKDUH�DQ�LQLWLDO�YLVLRQ�IRU�
WKH�QH[W�SKDVH�RI�KXPDQ�JHQHWLFV���

,&'$¶V�VXEVHTXHQW�VWHS�ZDV�WR�GHYHORS�D�IUDPHZRUN�DQG�VSHFLILF�UHFRPPHQGDWLRQV�WR�
DGGUHVV�WKH�0�0�0�&KDOOHQJH��WKURXJK�NH\�SURMHFWV��SODWIRUPV��UHVRXUFHV�DQG�SROLFLHV��

,&'$�UHOHDVHG�'UDIW�5HFRPPHQGDWLRQV��Y�����LQ�)HEUXDU\������DQG�D�ILUVW�IXOO�YHUVLRQ�RI�
5HFRPPHQGDWLRQV��Y�����LQ�-XO\�������
� �

���



�
&KDSWHU�,��3URJUHVV�WR�'DWH�DQG�&KDOOHQJH�$KHDG�
�
&RPPRQ�GLVHDVHV�²�WKRVH�DIIHFWLQJ�PRUH�WKDQ�RQH�LQ�D�WKRXVDQG�LQGLYLGXDOV�²�DFFRXQW�
IRU�WKH�PDMRULW\�RI�KXPDQ�PRUELGLW\�DQG�PRUWDOLW\��DQG�WKH\�UHSUHVHQW�PDMRU�KHDOWKFDUH�
FKDOOHQJHV�DURXQG�WKH�ZRUOG���0RVW�RI�WKHVH�GLVHDVHV�ODFN�HIIHFWLYH�WKHUDSLHV�WKDW�EHQHILW�DOO�
SDWLHQWV��'HVSLWH�KXJH�LQYHVWPHQWV��GUXJ�GHYHORSPHQW�IRU�FRPPRQ�GLVHDVHV�LV�H[SHQVLYH��VORZ�
DQG�SURQH�WR�IDLOXUH��RIWHQ�GXH�WR�ODFN�RI�HIILFDF\��5DSLG�GHYHORSPHQW�RI�RSWLPDO�WKHUDSLHV�IRU�
FRPPRQ�GLVHDVHV�LV�WKXV�D�SULPDU\�FKDOOHQJH�IDFLQJ�ELRPHGLFDO�UHVHDUFK�LQ�WKH���VW�FHQWXU\��

)RU�DOPRVW�DOO�FRPPRQ�GLVHDVHV��LQFOXGLQJ�QRQ�FRPPXQLFDEOH�GLVHDVHV�DQG�LQIHFWLRXV�
GLVHDVHV��JHQHWLFV�SOD\V�D�VXEVWDQWLDO�UROH�LQ�GLVHDVH�VXVFHSWLELOLW\��GLVHDVH�SURJUHVVLRQ��DQG�RU�
UHVSRQVH�WR�WKHUDSLHV��,W�LV�EHFRPLQJ�LQFUHDVLQJO\�FOHDU�WKDW�JHQHWLFV�RIIHUV�D�SRZHUIXO�DSSURDFK�
WR�SURSHO�WKH�XQGHUVWDQGLQJ�DQG�WUHDWPHQW�RI�FRPPRQ�GLVHDVHV��

��
���8QLTXH�UROH�RI�JHQHWLFV�LQ�PHGLFLQH�
*HQHWLFV�SOD\V�D�XQLTXH�UROH�ZLWKLQ�PHGLFLQH��EHFDXVH�LW�SURYLGHV�D�ZD\�WR�GLVFRYHU�WKH�FDXVDO�
ELRORJLFDO�PHFKDQLVPV�RI�DQ\�GLVHDVH�ZLWK�QR�SULRU�ELRORJLFDO�K\SRWKHVLV�DERXW�WKH�FHOO�W\SHV�RU�
SURFHVVHV�LQYROYHG��(YHU\�RWKHU�ELRORJLFDO�REVHUYDWLRQ�DVVRFLDWHG�ZLWK�D�GLVHDVH�PLJKW�HLWKHU�
EH�D�FDXVH�RU�DQ�HIIHFW��)RU�JHQHWLF�YDULDWLRQ��WKH�DUURZ�RI�FDXVDOLW\�UXQV�LQ�RQO\�RQH�GLUHFWLRQ��
IURP�JHQRW\SH�WR�SKHQRW\SH��

$GYDQFHV�LQ�JHQHWLFV�QRZ�PDNH�LW�SRVVLEOH�WR�FRPSUHKHQVLYHO\�VFUHHQ�JHQHWLF�YDULDWLRQ�
LQ�SDWLHQWV�ZLWK�FRPPRQ�GLVHDVHV�WR�HQDEOH��

Ɣ V\VWHPDWLF�GLVFRYHU\�DQG�FKDUDFWHUL]DWLRQ�RI�GLVHDVH�PHFKDQLVPV ���ZKLFK�UHPDLQ�
SRRUO\�XQGHUVWRRG�IRU�PRVW�FRPPRQ�GLVHDVHV�DQG�DUH�FUXFLDO�IRU�ELRPHGLFDO�SURJUHVV��

Ɣ LGHQWLILFDWLRQ�RI�QRYHO�GUXJ�WDUJHWV���DV�ZHOO�DV�SULRULWL]DWLRQ�RI�H[LVWLQJ�GUXJV�DQG�GUXJ�
WDUJHWV�IRU�DFFHOHUDWHG�GHYHORSPHQW��5HWURVSHFWLYH�VWXGLHV�RI�GUXJ�GHYHORSPHQW�
SLSHOLQHV�KDYH�VKRZQ�WKDW�UREXVW�JHQHWLF�HYLGHQFH�LV�SUHGLFWLYH�RI�VXFFHVV�LQ�FOLQLFDO�
WULDOV²SURPSWLQJ�SKDUPDFHXWLFDO�FRPSDQLHV�WR�LQYHVW�VXEVWDQWLDO�UHVRXUFHV�LQ�HQVXULQJ�
WKDW�WKHLU�GHFLVLRQ�PDNLQJ�LV�JURXQGHG�LQ�JHQHWLFV�ZKHQHYHU�SRVVLEOH��

Ɣ SUHYHQWDWLYH�PHGLFLQH ��WR�DOORZ�LQGLYLGXDOV�ZLWK�D�JHQHWLF�SUHGLVSRVLWLRQ�WR�D�SDUWLFXODU�
FRPPRQ�GLVHDVH�WR�EH�LGHQWLILHG�HDUOLHU�LQ�OLIH��KHOSLQJ�WKHP�WR�GHFUHDVH�WKHLU�ULVN�E\�
PHDQV�RI�OLIH�VW\OH�FKDQJHV��H�J���DOWHULQJ�GLHW��LQFUHDVLQJ�H[HUFLVH��ORVLQJ�ZHLJKW��RU�
VWRSSLQJ�VPRNLQJ���PHGLFDWLRQ��H�J���WDNLQJ�VWDWLQV�WR�ORZHU�ULVN�RI�FDUGLRYDVFXODU�
GLVHDVH���VFUHHQLQJ��H�J���HDUOLHU�PDPPRJUDSK\�RU�RWKHU�FDQFHU�VFUHHQLQJ��FKROHVWHURO�
OHYHOV��LPDJLQJ���RU�SHUKDSV�SUHYHQWLYH�VXUJHU\��H�J��UHSDLU�RI�DRUWLF�DQHXU\VP�RU�KHDUW�
YDOYHV���%HFDXVH�RXU�JHQHWLF�PDNHXS�LV�VHW�DW�FRQFHSWLRQ��JHQHWLFV�KDV�D�XQLTXH�
SRWHQWLDO�IRU�SUHGLFWLQJ�GLVHDVH�ULVN��DYRLGLQJ�GLVHDVH��RU�WUHDWLQJ�LW�HDUO\��

Ɣ SUHFLVLRQ�PHGLFLQH ���RU�VWUDWLILHG�PHGLFLQH��WR�WDUJHW�WKHUDSLHV�WKDW�FDQ�EH�
WUDQVIRUPDWLYH�LQ�VRPH�SDWLHQWV��ZKLOH�LQHIIHFWLYH�LQ�RWKHUV��H�J��DQWL�71)�WKHUDSLHV�LQ�
UKHXPDWRLG�DUWKULWLV���E\�LGHQWLI\LQJ�ZKLFK�SDWLHQWV�DUH�OLNHO\�WR�UHFHLYH�EHQHILW�DQG�
UHGXFLQJ�KDUPV�IURP�VLGH�HIIHFWV�LQ�SDWLHQWV�XQOLNHO\�WR�EHQHILW��

�
�

���



���7KH�JHQHWLF�EDVLV�RI�KXPDQ�GLVHDVHV��:KDW�ZH�KDYH�OHDUQHG�VR�IDU�
����0DSSLQJ�UDUH�PRQRJHQLF�GLVHDVHV����

*HQHWLFLVWV�KDYH�ORQJ�NQRZQ�WKDW�PDQ\�UDUH�GLVHDVHV��IUHTXHQFLHV�LQ�WKH�UDQJH��� ������� ������
ZHUH�WUDQVPLWWHG�LQ�IDPLOLHV�LQ�D�PDQQHU�FRQVLVWHQW�ZLWK�D�0HQGHOLDQ��VLQJOH�JHQH�SDWWHUQ�RI�
LQKHULWDQFH��+RZHYHU��WKHUH�ZDV�QR�ZD\�WR�GLVFRYHU�WKH�JHQHWLF�EDVLV�RI�WKH�GLVHDVHV�ZLWKRXW�
SUHFLVH�SULRU�ELRORJLFDO�NQRZOHGJH��H�J��WKDW�KHPRJORELQ�ZDV�GLVUXSWHG�LQ�VLFNOH�FHOO�DQHPLD���

7KH�LGHD�WKDW�GLVHDVH�JHQHV�FRXOG�EH��V\VWHPDWLFDOO\��GLVFRYHUHG�ZDV�ILUVW�SURSRVHG�IRU�
UDUH�0HQGHOLDQ�GLVHDVHV�E\�%RWVWHLQ�DQG�FROOHDJXHV�LQ�WKH�����V��7KH\�UHDOL]HG�WKDW�WKH�
FODVVLFDO�SULQFLSOHV�RI�JHQHWLF�OLQNDJH�XVHG�WR�PDS�WKH�ORFDWLRQ�RI�PXWDWLRQV�LQ�H[SHULPHQWDO�
FURVVHV�LQ�IUXLW�IOLHV�DQG�\HDVW�FRXOG�EH�DSSOLHG�WR�KXPDQV²SURYLGHG�RQH�KDG�D�JHQHWLF�PDS�RI�
FRPPRQ�YDULDQWV�WR�WUDFH�WKH�LQKHULWDQFH�RI�FKURPRVRPDO�ORFL�LQ�IDPLOLHV���2QFH�OLQNDJH�
PDSSLQJ�UHYHDOHG�WKH�GLVHDVH�ORFXV��WKH�JHQH�FRXOG�SUHVXPDEO\�EH�IRXQG�E\�ORRNLQJ�IRU�UDUH�
PXWDWLRQV�LQ�WKH�'1$�VHTXHQFH�RI�QHDUE\�JHQHV��

0DNLQJ�WKLV�YLVLRQ�IHDVLEOH�ZRXOG�UHTXLUH�WUDQVIRUPLQJ�RXU�DELOLW\�WR�DQDO\]H�WKH�KXPDQ�
JHQRPH��,W�VSDUNHG�WKH�LQWHUQDWLRQDO�+XPDQ�*HQRPH�3URMHFW��7KH�VFLHQWLILF�FRPPXQLW\�UDOOLHG�
DURXQG�WKLV�DPELWLRXV�LQWHOOHFWXDO�SURMHFW²GHYHORSLQJ�LGHDV��WHFKQRORJ\�DQG�LQIUDVWUXFWXUH��DQG�
PDNLQJ�WKHP�IUHHO\�DYDLODEOH�WR�DOO��/DXQFKHG�LQ�������LW�UHDFKHG�FRPSOHWLRQ�DURXQG�������

:LWK�WKH�IRXQGDWLRQV�LQ�SODFH��KXPDQ�JHQHWLFLVWV�KDYH�DSSOLHG�PRGHUQ�WHFKQRORJLHV�IRU�
JHQRW\SLQJ�DQG�VHTXHQFLQJ�WR�DIIHFWHG�IDPLOLHV�DQG�FDVHV�WR�LGHQWLI\�WKH�JHQHV�XQGHUO\LQJ�PRUH�
WKDQ�������0HQGHOLDQ�GLVRUGHUV��7KH�UDUH�GLVHDVHV�WKDW�KDYH�EHHQ�PDSSHG�DUH�DOPRVW�DOZD\V�
FDXVHG�E\�UDUH�PXWDWLRQV�RI�VWURQJ�HIIHFW�LQ�WKH�FRGLQJ�UHJLRQV�RI�LQGLYLGXDO�JHQHV��:KLOH�
LQGLYLGXDOO\�UDUH��0HQGHOLDQ�GLVHDVHV�FROOHFWLYHO\�DIIHFW�URXJKO\���LQ�����OLYH�ELUWKV��.QRZOHGJH�
RI�WKH�JHQHV�KDV�WUDQVIRUPHG�JHQHWLF�GLDJQRVWLFV�DQG�LV�SURSHOOLQJ�WKHUDSHXWLF�HIIRUWV�IRU�UDUH�
GLVHDVHV²GULYHQ�E\�VPDOO�PROHFXOH�GUXJV��VXFK�DV�F\VWLF�ILEURVLV���DQWLVHQVH�ROLJRQXFOHRWLGHV��
JHQH�WKHUDS\��DQG�WKH�SURVSHFW�RI�JHQRPH�HGLWLQJ��

�
����&RPPRQ�GLVHDVHV�KDYH�D�GLIIHUHQW�JHQHWLF�DUFKLWHFWXUH ����

7KH�YDVW�PDMRULW\�RI�KXPDQ�PRUELGLW\�DQG�PRUWDOLW\��KRZHYHU��LV�GXH�WR��FRPPRQ�
GLVHDVHV²VXFK�DV�FDUGLRYDVFXODU�GLVHDVH��GLDEHWHV��FDQFHU��VFKL]RSKUHQLD��$O]KHLPHU¶V�
GLVHDVH��DXWLVP��LQIODPPDWRU\�ERZHO�GLVHDVH�DQG�PDQ\�PRUH�FRQGLWLRQV��

)URP�WKH�RXWVHW��KXPDQ�JHQHWLFLVWV�ZRQGHUHG�KRZ�WR�EULQJ�JHQHWLF�PDSSLQJ�WR�EHDU�RQ�
FRPPRQ�GLVHDVH��0DQ\�FOXHV�KLQWHG�WKDW�WKH�JHQHWLF�DUFKLWHFWXUH�RI�PRVW�FRPPRQ�GLVHDVHV�
DQG�WUDLWV�ZDV�SRO\JHQLF�²WKDW�LV��WKH\�ZHUH�VKDSHG�E\�PDQ\�YDULDQWV�DIIHFWLQJ�PDQ\�JHQHV��
4XDQWLWDWLYH�WUDLW�ORFXV�PDSSLQJ�LQ�SODQWV�DQG�DQLPDOV�FRQILUPHG�ORQJVWDQGLQJ�LGHDV�DERXW�WKH�
SRO\JHQLF�QDWXUH�RI�FRPPRQ�WUDLWV��*HQHWLF�HSLGHPLRORJ\�IRXQG�WKDW�FRPPRQ�GLVHDVH�ULVN�GLG�
QRW�VKRZ�WKH�VKDUS�IDOO�RII�ZLWK�GHFUHDVLQJ�UHODWHGQHVV�H[SHFWHG�IRU�D�PRQRJHQLF�HWLRORJ\��$QG��
PRVW�LPSRUWDQWO\��WUDGLWLRQDO�IDPLO\�EDVHG�OLQNDJH�PDSSLQJ�VWXGLHV�RI�FRPPRQ�GLVHDVHV�LQ�WKH�
����V�UHYHDOHG�RQO\�D�IHZ�UHSURGXFLEOH�ORFL�LQ�D�KDQGIXO�RI�FRPPRQ�GLVHDVHV�DQG�QRQH�LQ�
PRVW²GHVSLWH�D�PXFK�JUHDWHU�VFDOH�WKDQ�KDG�EHHQ�DSSOLHG�WR�WKH�SDUDOOHO�VWXGLHV�RI�UDUH�
GLVHDVH��)XUWKHUPRUH��WKH�GLVWLQFWLYH�KLVWRU\�RI�KXPDQ�SRSXODWLRQV²D�VPDOO�LQLWLDO�VL]H�IROORZHG�
E\�UDSLG�H[SRQHQWLDO�H[SDQVLRQ²VXJJHVWHG�WKDW�WKH�DOOHOLF�IUHTXHQF\�VSHFWUXP�RI�FRPPRQ�
GLVHDVHV�VKRXOG�EH�GLIIHUHQW�WKDQ�IRU�0HQGHOLDQ�GLVHDVHV��ZLWK�FRPPRQ�YDULDQWV�SOD\LQJ�D�PXFK�
ODUJHU�UROH�LQ�FRPPRQ�GLVHDVHV��%\�WKH�WXUQ�RI�WKH�FHQWXU\��WKH�FKDOOHQJH�ZDV�FOHDU��WR�GHYHORS�

���



D�SDUDGLJP��DQDORJRXV�WR�OLQNDJH�PDSSLQJ�IRU�0HQGHOLDQ�GLVHDVHV��WR�DVVRFLDWH�JHQHWLF�
YDULDQWV�ZLWK�FRPPRQ�GLVHDVH��
�
����'LVFRYHULQJ�FRPPRQ�YDULDQWV�XQGHUO\LQJ�FRPPRQ�GLVHDVHV��)URP�IDPLOLHV�WR�
SRSXODWLRQV ����

7KH�VROXWLRQ�ZDV�WR�JR�EH\RQG�WKH�FODVVLFDO�SULQFLSOHV�RI�WUDFLQJ�JHQHV�LQ��IDPLOLHV��E\�
OLQNDJH�PDSSLQJ�WR�FUHDWH�QHZ�SULQFLSOHV�WR�WUDFH�WKHP�DFURVV��SRSXODWLRQV��E\�JHQRPH�ZLGH�
OLQNDJH�GLVHTXLOLEULXP�PDSSLQJ�²�ILUVW�LQ�LVRODWHG�SRSXODWLRQV�VXFK�DV�)LQODQG��WKHQ�H[WHQGHG�WR�
DQ\�KXPDQ�SRSXODWLRQ��/LQNDJH�GLVHTXLOLEULXP�PDSSLQJ�H[SORLWHG�WKH�IDFW��DJDLQ�GXH�WR�WKH�
UHFHQF\�RI�KXPDQ�H[SDQVLRQ�DQG�YHU\�ORZ�PXWDWLRQ�UDWH�RI�KXPDQ�'1$��WKDW�PRVW�FRPPRQ�
YDULDQWV�LQ�D�SRSXODWLRQ�UHVLGH�RQ�FRPPRQ�DQFHVWUDO�VHJPHQWV�RI�'1$�WKDW�FDQ�EH�GHWHFWHG�E\�
XVLQJ�D�YHU\�GHQVH�JHQHWLF�PDS��%\�FRPSDULQJ�WKH�IUHTXHQF\�RI�WKHVH�VKRUW�DQFHVWUDO�VHJPHQWV�
LQ�FDVHV�DQG�FRQWUROV�IRU�D�FRPPRQ�GLVHDVH�RU�WUDLW��RQH�FDQ�LQIHU�LI�WKH�DQFHVWUDO�VHJPHQW�
FDUULHV�DQ�DOOHOH�WKDW�DOWHUV�GLVHDVH�ULVN��7KH�DSSURDFK�ZRUNV�UHJDUGOHVV�RI�ZKHWKHU�WKH�GLVHDVH�
LV�PRQRJHQLF�RU�SRO\JHQLF��

7KH�DSSURDFK²WKDW�LV��VFDQQLQJ�WKH�JHQRPH�ZLWK�D�GHQVH�FROOHFWLRQ�RI�FRPPRQ�JHQHWLF�
YDULDQWV�WR�GHWHFW�DVVRFLDWLRQ�EHWZHHQ�LQGLYLGXDO�YDULDQWV�DQG�D�SKHQRW\SH��DQG�WKHUHE\�UHJLRQV�
RI�OLQNDJH�GLVHTXLOLEULXP�FRQWDLQLQJ�FDXVDO�JHQHV²LV�W\SLFDOO\�UHIHUUHG�WR�DV�D�*HQRPH�:LGH�
$VVRFLDWLRQ�6WXG\��*:$6���)RU�D�JLYHQ�SKHQRW\SH��*:$6�DVVHVVHV�WKH�GHJUHH�WR�ZKLFK�HDFK�
JHQHWLF�YDULDQW�DFURVV�WKH�JHQRPH�LV�FRUUHODWHG�ZLWK�WKH�SKHQRW\SH�DQG�WKHUHE\�LGHQWLILHV�
GLVHDVH�DVVRFLDWHG�ORFL ����0DWKHPDWLFDOO\��*:$6�\LHOGV�D��JHQRPH�ZLGH�YHFWRU�RI�HIIHFW�VL]HV���
VKRZLQJ�WKH�PDUJLQDO�HIIHFW�RI�HDFK�YDULDQW��DQG�D�S�YDOXH��UHIOHFWLQJ�WKH�SUREDELOLW\�WKDW�WKH�
REVHUYHG�HIIHFW�ZRXOG�RFFXU�E\�FKDQFH��'LVHDVH�DVVRFLDWHG�ORFL�DUH�GHILQHG�DV�UHJLRQV�ZKHUH�
WKH�S�YDOXHV�PHHW�VWULQJHQW�FULWHULD�IRU�JHQRPH�ZLGH�VLJQLILFDQFH���

*:$6�IRFXVHV�RQ��FRPPRQ ��YDULDQWV��GHILQHG�LQ�WKH�RSHUDWLRQDO�VHQVH�WKDW�WKH\�RFFXU�
IUHTXHQWO\�HQRXJK�WKDW�VWXG\�VL]HV�W\SLFDOO\�SURYLGH�UHDVRQDEOH�VWDWLVWLFDO�SRZHU�WR�WHVW�
DVVRFLDWLRQ�IRU�HDFK�YDULDQW��LQGLYLGXDOO\���)RU�PRGHUQ�VWXGLHV�ZLWK�WHQV�RI�WKRXVDQGV�RI�
SDUWLFLSDQWV��YDULDQWV�FDQ�EH�UHJDUGHG�DV�FRPPRQ�IRU�WKH�SXUSRVH�RI�DQDO\VLV�LI�WKH\�KDYH�DOOHOH�
IUHTXHQF\�RI�a������DQG��LQ�VRPH�FDVHV��HYHQ�ORZHU����

*:$6�DUH�VRPHWLPHV�FDOOHG�&RPPRQ�9DULDQW�$VVRFLDWLRQ�6WXGLHV��&9$6��WR�
GLVWLQJXLVK�WKHP�IURP�FRPSOHPHQWDU\�PHWKRGV�FDOOHG�5DUH�9DULDQW�$VVRFLDWLRQ�6WXGLHV��59$6��
WKDW�DUH�LQFUHDVLQJO\�EHLQJ�DSSOLHG�WR�GHWHFW�DVVRFLDWLRQ�ZLWK�UDUH�YDULDQWV��

&9$6�DQG�59$6�GLIIHU�LQ�WZR�ZD\V��7KH�ILUVW�GLIIHUHQFH�LV�PHWKRGRORJLFDO�DQG�PRUH�
IXQGDPHQWDO��:KHUHDV�FRPPRQ�YDULDQWV�FDQ�EH�DVVHVVHG�LQGLYLGXDOO\��DQDO\]LQJ�UDUH�YDULDQWV�
UHTXLUHV�GHFLGLQJ�ZKLFK�RQHV�WR�DJJUHJDWH�WRJHWKHU��$V�GLVFXVVHG�EHORZ��WKLV�FDQ�EH�
FKDOOHQJLQJ��7KH�VHFRQG�GLIIHUHQFH�LV�WHFKQRORJLFDO�DQG�WHPSRUDU\��:KHUHDV�FRPPRQ�YDULDQWV�
FDQ�EH�FDWDORJXHG�LQ�DGYDQFH�DQG�DVVD\HG��GLUHFWO\��RU�LQGLUHFWO\�E\�LPSXWDWLRQ��ZLWK�
LQH[SHQVLYH�JHQRW\SLQJ�DUUD\V��WKH�VHW�RI�UDUH�YDULDQWV�LQ�D�VDPSOH�PXVW�EH�GHWHFWHG�E\�GLUHFW�
VHTXHQFLQJ��ZKLFK�LV�PRUH�FRVWO\��)RU�ERWK�UHDVRQV��59$6�KDV�VR�IDU�ODUJHO\�IRFXVHG�RQ�UDUH�
YDULDQWV�LQ�FRGLQJ�UHJLRQV���

$W�D�KLJK�OHYHO��WKRXJK��WKH�EDVLF�SULQFLSOH�LV�WKH�VDPH��WR�ORRN�IRU�JHQHWLF�GLIIHUHQFHV�
EHWZHHQ�SHRSOH�ZLWK�GLVHDVH�DQG�SHRSOH�ZLWKRXW�GLVHDVH��$V�WKH�FRVW�RI�ZKROH�JHQRPH�

���



VHTXHQFLQJ�GHFOLQHV��ZH�ZLOO�LQFUHDVLQJO\�DQDO\]H�ERWK�FRPPRQ�DQG�UDUH�YDULDQWV�WRJHWKHU�WR�
REWDLQ�D�PRUH�FRPSOHWH�SLFWXUH�RI�WKH�JHQHWLF�DUFKLWHFWXUH��
�
����&RPPRQ�9DULDQW�$VVRFLDWLRQ�6WXGLHV���

$�WUHPHQGRXV�DPRXQW�KDV�EHHQ�OHDUQHG�IURP�*:$6�ZLWK�FRPPRQ�YDULDQWV�VLQFH�WKHVH�
VWXGLHV�EHJDQ�PRUH�WKDQ�D�GHFDGH�DJR���

(QDEOLQJ�*:$6��IRXQGDWLRQV �����-XVW�DV�IRU�GLVFRYHULQJ�JHQHV�WKDW�FDXVH�0HQGHOLDQ�
GLVHDVHV��D�PDMRU�VFLHQWLILF�SDUDGLJP�ZDV�QHHGHG�WR�HQDEOH�JHQHWLF�VWXGLHV�RI�FRPPRQ�
GLVHDVHV��6WDUWLQJ�LQ�WKH�PLG�����V��WKH�ZRUN�LQFOXGHG�GHYHORSLQJ��L��DQ�LQLWLDO�XQGHUVWDQGLQJ�RI�
WKH�JHQHWLF�VWUXFWXUH�RI�WKH�KXPDQ�SRSXODWLRQ��LQFOXGLQJ�WKH�H[WHQW�RI�YDULDWLRQ�DQG�OLQNDJH�
GLVHTXLOLEULXP�LQ�YDULRXV�SRSXODWLRQV���LL��D�QHDU�FRPSOHWH�FDWDORJ�RI�WKH�WHQV�RI�PLOOLRQV�RI�
FRPPRQ�JHQHWLF�YDULDQWV�LQ�WKH�KXPDQ�SRSXODWLRQ�DQG�D�KLJK�UHVROXWLRQ�PDS�RI�WKH�KDSORW\SH�
VWUXFWXUH�RI�WKH�KXPDQ�JHQRPH��WKURXJK�LQWHUQDWLRQDO�FROODERUDWLRQV�VXFK�DV�WKH�613�
&RQVRUWLXP��WKH�+DSORW\SH�0DS�&RQVRUWLXP�������*HQRPHV�3URMHFW�DQG�+DSORW\SH�5HIHUHQFH�
&RQVRUWLXP����LLL��DIIRUGDEOH�PHWKRGV�IRU�DVVD\LQJ�YDULDQWV²XVLQJ�JHQRW\SLQJ�DUUD\V�DEOH�WR�
DVVD\�XS�WR�RQH�PLOOLRQ�YDULDQWV��FRXSOHG�ZLWK�KLJKO\�HIIHFWLYH�LPSXWDWLRQ�PHWKRGV�WR�LQIHU�PRVW�
RI�WKH�UHVW���LY��PHWKRGV�WR�GHWHFW�DQG�FRUUHFW�IRU�SRSXODWLRQ�VXEVWUXFWXUH��DQFHVWU\�GLIIHUHQFHV�
EHWZHHQ�FDVHV�DQG�FRQWUROV����Y��ULJRURXV�WKUHVKROGV�IRU�VWDWLVWLFDO�VLJQLILFDQFH��WR�HQVXUH�
UHSURGXFLEOH�UHVXOWV��DQG��YL��RSHQ�VRXUFH�DQDO\VLV�VRIWZDUH�DQG�GDWD�VKDULQJ�WR�HPSRZHU�WKH�
UHVHDUFK�FRPPXQLW\��

(QDEOLQJ�*:$6��SRZHU�RI�ODUJH�VDPSOH�FROOHFWLRQV ���7KH�ILQDO�FRPSRQHQW�ZDV�DQ�
XQGHUVWDQGLQJ�RI�WKH�VFDOH�QHFHVVDU\�IRU�VXFFHVV��(DUO\�*:$6�VWXGLHV�ZHUH�UHJDUGHG�E\�PDQ\�
DV�GLVDSSRLQWLQJ��EHFDXVH�WKH\�\LHOGHG�RQO\�D�KDQGIXO�RI�ORFL�WKDW�WRJHWKHU�H[SODLQHG�RQO\�D�WLQ\�
IUDFWLRQ��RIWHQ������RI�GLVHDVH�KHULWDELOLW\�²UDLVLQJ�FRQFHUQV�DERXW�µWKH�P\VWHU\�RI�PLVVLQJ�
KHULWDELOLW\¶��,Q�IDFW��WKH�SUREOHP�ZDV�WKDW�WKHVH�HDUO\�VWXGLHV��ZKLFK�W\SLFDOO\�LQYROYHG�RQO\�DERXW�
D�WKRXVDQG�FDVHV��ZHUH�VHULRXVO\�XQGHUSRZHUHG��:KHUHDV�DQ�LQLWLDO�*:$6�RI�VFKL]RSKUHQLD�
ZLWK�a������FDVHV�DQG�a������FRQWUROV�LGHQWLILHG�QR�VWDWLVWLFDOO\�VLJQLILFDQW�ORFL��WKH�PRVW�UHFHQW�
VWXG\��3*&�6FKL]RSKUHQLD�:RUNLQJ�*URXS���ZLWK�a�������FDVHV�DQG�a�������FRQWUROV��UHYHDOV�
����ORFL��7DEOH���LOOXVWUDWHV�FXUUHQW�SURJUHVV�IRU�D�IHZ�GLVHDVHV�DQG�WUDLWV²UHVXOWLQJ�IURP�
WLUHOHVV�ZRUN�E\�ODUJH�JURXSV�RI�VFLHQWLVWV�IRU�RYHU�D�GHFDGH²WR�EULQJ�WRJHWKHU�KXQGUHGV�RI�
WKRXVDQGV�RI�VWXG\�SDUWLFLSDQWV��DVVHPEOH�WKHLU�SKHQRW\SHV��JHQRW\SH�WKHLU�'1$��DQG�
VWDWLVWLFDOO\�DQDO\]H�WKH�UHVXOWLQJ�GDWD��

��
� 'LVHDVH� /RFL�0DSSHG�
� 7\SH���'LDEHWHV� ����
� ,QIODPPDWRU\�ERZHO�GLVHDVH� ����
� &RURQDU\�DUWHU\�GLVHDVH� ����
� 6FKL]RSKUHQLD� ����

� 5KHXPDWRLG�DUWKULWLV� ����
� 2EHVLW\��%0,��� �����
� +HLJKW�� �����
� )DW�GLVWULEXWLRQ� �����
��
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7DEOH�����1XPEHU�RI�ORFL�WR�GDWH�DVVRFLDWHG�DW�JHQRPH�ZLGH�
VLJQLILFDQFH��IRU�VHYHUDO�ZHOO�VWXGLHG�FRPPRQ�GLVHDVHV�DQG�WUDLWV��

� �
,W�LV�QRZ�FOHDU�WKDW�DW�OHDVW�KXQGUHGV�DQG�OLNHO\�WKRXVDQGV�RI�FRPPRQ�YDULDQWV�FRQWULEXWH�

WR�PRVW�FRPSOH[�WUDLWV��1HDUO\�DOO�KDYH�RQO\�PRGHVW�HIIHFWV�RQ�GLVHDVH�ULVN��EXW�WKH\�VKHG�OLJKW�
RQ�WKH�GLVHDVH�PHFKDQLVP�DQG�FDQ�LGHQWLI\�LPSRUWDQW�GUXJ�WDUJHWV��)RU�H[DPSOH��D�FRPPRQ�
QRQ�FRGLQJ�YDULDQW�DIIHFWLQJ�WKH�JHQH�HQFRGLQJ�+0*&R$�UHGXFWDVH�DIIHFWV�/'/�FKROHVWHURO�
OHYHOV�E\�������EXW�GUXJV�WKDW�WDUJHW�WKH�HQ]\PH��VWDWLQV��GUDPDWLFDOO\�UHGXFH�/'/�OHYHOV��E\�
a�����DQG�KHDUW�DWWDFN�ULVN���

7KH�PDMRULW\�RI�*:$6�ORFL�UHVLGH�LQ�QRQ�FRGLQJ�UHJLRQV��DQG�WKH\�DUH�KLJKO\�HQULFKHG�LQ�
UHJXODWRU\�UHJLRQV��VXFK�DV�FHOO�W\SH�VSHFLILF�HQKDQFHUV��DQG�VSOLFH�VLWHV��7KH�PLQRULW\�WKDW�
UHVLGH�LQ�SURWHLQ�FRGLQJ�UHJLRQV�KDYH��RQ�DYHUDJH��VRPHZKDW�ODUJHU�HIIHFW�VL]HV��%DVHG�RQ�
VWDWLVWLFDO�DQDO\VHV��WKH�DGGLWLYH�HIIHFWV�RI�WKH�YDULDQWV�FDSWXUHG�LQ�FXUUHQW�VWXGLHV�OLNHO\�DFFRXQW�
IRU�PRUH�WKDQ�KDOI�RI�WKH�KHULWDELOLW\��DV�HVWLPDWHG�IURP�HSLGHPLRORJ\��7KH�UHPDLQGHU�RI�WKH�
HVWLPDWHG�KHULWDELOLW\�PD\�EH�GXH�WR�QRQ�DGGLWLYH�LQWHUDFWLRQV�DPRQJ�WKHVH�ORFL��DOWKRXJK�WKHUH�
LV�FXUUHQWO\�QR�SRZHU�WR�GHWHFW�WKHP��DQG�UDUH�YDULDQWV��$GGLWLRQDOO\��HSLGHPLRORJLFDO�PHWKRGV�
PD\�RYHUHVWLPDWH�WKH�WUXH�KHULWDELOLW\�IRU�YDULRXV�UHDVRQV��LQFOXGLQJ�VKDUHG�IDPLO\�HQYLURQPHQW�
DQG�JHQHWLF�KHWHURJHQHLW\��ZKHUH�WZR�RU�PRUH�GLVWLQFW�GLVHDVH�HQWLWLHV�DUH�FRPELQHG���

7KH�QHFHVVLW\�RI�ODUJH�VDPSOH�VL]HV�KDV�VSDUNHG�WKH�IRUPDWLRQ�RI�GLVHDVH�IRFXVHG�
FRQVRUWLD��SRROLQJ�GDWD�IURP�SDWLHQWV�DQG�FRQWUROV�ERWK�ZLWKLQ�DQG�DFURVV�FRXQWULHV�IRU�
SV\FKLDWULF�GLVHDVHV��FDUGLRYDVFXODU�GLVHDVHV��PHWDEROLF�GLVHDVHV��DXWRLPPXQH�GLVHDVHV��
YDULRXV�FDQFHUV�DQG�PDQ\�PRUH�FRQGLWLRQV��$FURVV�DOO�GLVHDVHV��PDQ\�PLOOLRQV�RI�LQGLYLGXDOV�
KDYH�EHHQ�DQDO\VHG�E\�JHQRPH�ZLGH�JHQRW\SLQJ��(DFK�GLVHDVH�VWXG\�FDQ�LGHDOO\�FRQWULEXWH�
LQIRUPDWLRQ�WR�WKH�RWKHUV��LQFOXGLQJ�VHUYLQJ�DV�SRSXODWLRQ�FRQWUROV���

,Q�DGGLWLRQ�WR�FUHDWLQJ�GLVHDVH�IRFXVHG�FRQVRUWLD��WKH�KXPDQ�JHQHWLFV�FRPPXQLW\�KDV�
DOVR�ODXQFKHG�ODUJH�ELREDQNV�WKDW�DVVHPEOH�D�FURVV�VHFWLRQ�RI�WKH�SRSXODWLRQ�ZLWK�EURDG�
SKHQRW\SLF�FKDUDFWHUL]DWLRQ��W\SLFDOO\�LQFOXGLQJ�PHGLFDO�UHFRUGV�DQG�SDUWLFLSDQW�UHVSRQVHV�WR�D�
YDVW�UDQJH�RI�VXUYH\�TXHVWLRQV��3LRQHHULQJ�ZRUN�DW�GH&2'(�JHQHWLFV�LQ�,FHODQG�ZDV�DQ�HDUO\�
H[HPSODU��6XEVHTXHQWO\��ODUJH�ELREDQNV�KDYH�EHHQ�RU�DUH�EHLQJ�FUHDWHG�E\�YDULRXV�RWKHU�
QDWLRQV�²�HIIRUWV�VXFK�DV�WKH�8.�%LREDQN��a��������SDUWLFLSDQWV���WKH�)LQQ*HQ�3URMHFW�
�FXUUHQWO\�a���������ZLWK�SODQV�WR�UHDFK�����������WKH�(VWRQLDQ�%LREDQN��a����������%LR%DQN�
-DSDQ�3URMHFW��a����������DQG�WKH�86�$OO�RI�8V�3URMHFW��JHWWLQJ�XQGHUZD\��ZLWK�D�WDUJHW�RI�RQH�
PLOOLRQ��²�DQG�E\�VRPH�PDMRU�PHGLFDO�FHQWHUV��ZLWK�HDUO\�OHDGHUV�VXFK�DV�9DQGHUELOW¶V�%LR98��
*HLVLQJHU¶V�0\&RGH�DQG�0W�6LQDL¶V�%LR0H����

%HFDXVH�WKH�ELREDQNV�DUH�QRW�IRFXVHG�RQ�VSHFLILF�GLVHDVHV��WKH\�DUH�FXUUHQWO\�
XQGHUSRZHUHG�IRU�*:$6�DQDO\VLV�RI�PRVW�GLVHDVHV��$�UDQGRP�VDPSOH�RI�WKH�SRSXODWLRQ�ZRXOG�
EH�H[SHFWHG�WR�FRQWDLQ�RQO\�D�OLPLWHG�QXPEHU�RI�FDVHV�RI�DQ\�SDUWLFXODU�GLVHDVH��DQG�FXUUHQW�
ELREDQNV�WHQG�WR�EH�VRPHZKDW�VNHZHG�WRZDUG�KHDOWKLHU�LQGLYLGXDOV��)RU�H[DPSOH��D�GLVHDVH�
ZLWK����SUHYDOHQFH�ZRXOG�KDYH�RQO\������FDVHV�LQ�WKH�8.�%LREDQN��6RPH�GLVHDVHV��WKRXJK��
DUH�JUHDWO\�XQGHUUHSUHVHQWHG�²�IRU�H[DPSOH��VFKL]RSKUHQLD�KDV�a���SUHYDOHQFH�EXW�IHZHU�WKDQ�
����FDVHV�LQ�WKH�8.�%LREDQN��1HXURGHJHQHUDWLYH�DQG�RSKWKDOPRORJLF�GLVHDVHV�RI�DJLQJ�DUH�
VLPLODUO\�XQGHUUHSUHVHQWHG��%LREDQNV��KRZHYHU��DUH�LGHDO�IRU�VWXG\LQJ�TXDQWLWDWLYH�WUDLWV��YHU\�
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FRPPRQ�SKHQRW\SHV��DQG�KLJKO\�SUHYDOHQW�GLVHDVHV��VXFK�DV�GLDEHWHV��SUHVHQW�LQ�a������RI�
DGXOWV�LQ�:HVWHUQ�SRSXODWLRQV���

$V�WKH�DJJUHJDWH�VDPSOH�VL]HV�RI�ELREDQNV�FOLPE�LQWR�WKH�PDQ\�WHQV�RI�PLOOLRQV��LW�VKRXOG�
HYHQWXDOO\�EH�SRVVLEOH�WR�VWXG\��DQ\��FRPPRQ�GLVHDVH�RU�WUDLW�²�SURYLGHG�DSSURSULDWH�ZD\V�DUH�
GHYHORSHG�WR�DOORZ�MRLQW�DQDO\VHV�DFURVV�GLVSDUDWH�ELREDQNV��LQFOXGLQJ�FRPSDUDEOH�DQG�UREXVW�
VWDQGDUGV�IRU�SKHQRW\SLQJ��:LWK�DFFHVV�WR�GHWDLOHG��ORQJLWXGLQDO��KDUPRQL]HG�PHGLFDO�UHFRUGV��LW�
VKRXOG�DOVR�EH�SRVVLEOH�WR�VWXG\�QRW�RQO\�GLVHDVH�LQFLGHQFH��EXW�DOVR�GLVHDVH�SURJUHVVLRQ��DQG�
UHVSRQVH�WR�WUHDWPHQWV��

(QDEOLQJ�*�[�(���*HQHWLF�YDULDQWV�FDQ�LQWHUDFW�ZLWK�HQYLURQPHQWDO�H[SRVXUHV�WR�DIIHFW�
ELRORJLFDO�SDWKZD\V�LPSOLFDWHG�LQ�PDQ\�FRPPRQ�FRPSOH[�GLVHDVH�RXWFRPHV��*HQH�HQYLURQPHQW�
�*�[�(��LQWHUDFWLRQ�VWXGLHV�SOD\�DQ�LPSRUWDQW�UROH�LQ�LGHQWLI\LQJ�HQYLURQPHQWDO�ULVN�IDFWRUV�WKDW�
PD\�DOWHU�GLVHDVH�RQVHW��SURJUHVVLRQ��RU�VHYHULW\���(QYLURQPHQW�UHIHUV�WR�D�ZLGH�YDULHW\�RI�
H[SRVXUHV��LQFOXGLQJ�GLHWDU\��SKDUPDFRORJLF��VRFLRHFRQRPLF��EHKDYLRUDO��RFFXSDWLRQDO��
LQIHFWLRXV��FKHPLFDO��DQG�SK\VLFDO�H[SRVXUHV���(QYLURQPHQWDO�IDFWRUV�PD\�EH�PRGLILDEOH�DQG�
WKXV�SURYLGH�SRZHUIXO�VWUDWHJLHV�IRU�GLVHDVH�SUHYHQWLRQ���

�
����5DUH�9DULDQW�$VVRFLDWLRQ�6WXGLHV���

5DUH�YDULDQW�DVVRFLDWLRQ�VWXGLHV�FRXOG�QRW�EHJLQ�LQ�HDUQHVW�XQWLO�VHTXHQFLQJ�FRVWV�
GURSSHG�VXIILFLHQWO\��EXW�WKH\�KDYH�EHJXQ�WR�FRQWULEXWH�VLJQLILFDQWO\�WR�RXU�XQGHUVWDQGLQJ�RI�
FRPPRQ�GLVHDVHV��%\�59$6��ZH�UHIHU�SDUWLFXODUO\�WR�VWXGLHV�RI�YDULDQWV�ZKRVH�IUHTXHQF\�LV�VR�
ORZ�WKDW�WKH\�FDQQRW�EH�WHVWHG�IRU�DVVRFLDWLRQ�LQGLYLGXDOO\��,QVWHDG��WKH�UDUH�YDULDQWV�PXVW�EH�
DJJUHJDWHG�WR�WHVW�IRU�GLIIHULQJ�IUHTXHQFLHV�LQ�FDVHV�YV��FRQWUROV��

6HDUFKLQJ�IRU�GLVHDVH�DVVRFLDWLRQ ���LV�PRUH�FKDOOHQJLQJ�DQG�PRUH�H[SHQVLYH�IRU�UDUH�
YDULDQWV�WKDQ�IRU�FRPPRQ�YDULDQWV��)LUVW��WKH�UDUH�YDULDQWV�FDQQRW�EH�FDWDORJHG�LQ�DGYDQFH�EXW�
PXVW�EH�LGHQWLILHG�E\�VHTXHQFLQJ�HDFK�SDWLHQW��6HFRQG��ZH�PXVW�GHFLGH�KRZ�WR�DJJUHJDWH�WKHP��
:KLOH�VWUDLJKWIRUZDUG�IRU�FRGLQJ�UHJLRQV��WKLV�TXHVWLRQ�LV�PXFK�WULFNLHU�IRU�WKH�UHVW�RI�WKH�
JHQRPH��

(DUO\�µUDUH�YDULDQW�VWXGLHV¶�LQYROYHG�VRPH�YDULDQWV�WKDW��ZKLOH�WKH\�WKHQ�UHTXLUHG�
VHTXHQFLQJ�WR�LGHQWLI\��ZRXOG�WRGD\�EH�FDOOHG�FRPPRQ��$Q�LPSRUWDQW�H[DPSOH�ZDV�D�VWRS�FRGRQ�
LQ��3&6.����DW����IUHTXHQF\�LQ�$IULFDQ�$PHULFDQV��WKDW�VXEVWDQWLDOO\�ORZHUV�/'/�FKROHVWHURO�DQG�
ZDV�ODWHU�VKRZQ�WR�UHGXFH�ULVN�RI�KHDUW�GLVHDVH��*HQH�EDVHG�VHTXHQFLQJ�RI�VHYHUDO�OLSLG�UHODWHG�
JHQHV��VXFK�DV��$1*37/�����$32%���DQG��/'/5 ���DOVR�IRXQG�DQ�H[FHVV�RI�UDUH�DQG�ORZ�IUHTXHQF\�
YDULDQWV�LQ�SDWLHQWV�ZLWK�KHDUW�GLVHDVH��7KHVH�VWXGLHV�HQFRXUDJHG�HIIRUWV�WR�XQGHUWDNH�
V\VWHPDWLF�59$6�LQ�FRGLQJ�UHJLRQV���

59$6�LQ�FRGLQJ�UHJLRQV���:KLOH�FRPPRQ�YDULDQWV�ZLWK�PRGHVW�HIIHFWV�OLNHO\�H[SODLQ�
PRUH�WKDQ�KDOI�RI�WKH�HVWLPDWHG�KHULWDELOLW\�RI�FRPPRQ�GLVHDVHV��UDUH�YDULDQWV�DOVR�SOD\�DQ�
LPSRUWDQW�UROH��5DUH�YDULDQWV�DUH�HQULFKHG�IRU�DOOHOHV�WKDW�KDYH�ODUJHU�HIIHFWV�RQ�GLVHDVH�ULVN�
�EHFDXVH�VXFK�DOOHOHV�DUH�W\SLFDOO\�SUHYHQWHG�E\�QDWXUDO�VHOHFWLRQ�IURP�UHDFKLQJ�KLJKHU�
IUHTXHQF\���0RUHRYHU��UDUH�YDULDQWV�RI�ODUJH�HIIHFW�DSSHDU�WR�EH�HQULFKHG�LQ�FRGLQJ�UHJLRQV��

5DUH�FRGLQJ�YDULDQWV�DUH�SDUWLFXODUO\�YDOXDEOH�EHFDXVH��L��WKH\�SURYLGH�FUXFLDO�
LQIRUPDWLRQ�DERXW�WKH�GLUHFWLRQ�RI�HIIHFW��H�J���ZKHWKHU�ORVV�RI�IXQFWLRQ��/R)��LQFUHDVHV�RU�
GHFUHDVHV�GLVHDVH�ULVN����LL��WKH\�IDFLOLWDWH�WHVWLQJ�RI�SURWHLQ�IXQFWLRQ�LQ�PRGHO�V\VWHPV���LLL��WKH\�
DUH�ZHOO�VXLWHG�IRU�GLUHFW�SK\VLRORJLFDO�VWXGLHV�LQ�KXPDQ�SDWLHQWV��DQG��LY��WKH\�PD\�SRLQW�WR�

���



JHQHV�DQG�GUXJ�WDUJHWV�WKDW�DUH�OHVV�UHDGLO\�IRXQG�E\�*:$6���&RQYHUVHO\��VRPH�JHQHV�WKDW�FDQ�
EH�LGHQWLILHG�E\�*:$6�PD\�QRW�FRQWDLQ�DQ\�DVVRFLDWHG�UDUH�YDULDQWV�WKDW�FDQ�EH�GLVFRYHUHG�E\�
59$6²EHFDXVH�FRGLQJ�DOWHUDWLRQV�DIIHFW�WKH�SURWHLQ�LQ�DOO�FHOOV�LQ�ZKLFK�D�WUDQVFULSW�LV�
H[SUHVVHG�DQG�PD\�VHULRXVO\�GLVUXSW�SURWHLQ�IXQFWLRQ��ZKHUHDV�UHJXODWRU\�FKDQJHV�DUH�RIWHQ�
WLVVXH�VSHFLILF�DQG�PLOGHU���

59$6�LQ�FRGLQJ�UHJLRQV��SRZHU ����7R�GDWH��59$6�KDV�ODUJHO\�IRFXVHG�RQ�FRGLQJ�
UHJLRQV��ZKHUH�WKH�HIIHFWV�RI�JHQHWLF�YDULDQWV�RQ�D�WUDQVFULSW�FDQ�EH�VHQVLEO\�FDWHJRUL]HG�WR�
DOORZ�YDULDQW�DJJUHJDWLRQ��,Q�SDUWLFXODU��LW�LV�SRVVLEOH�WR�UHFRJQL]H�PDQ\�DOOHOHV�WKDW�DUH�SUHGLFWHG�
WR�FDXVH�WUXQFDWLRQ�DQG�WKHUHE\�ORVV�RI�D�JHQH�FRS\�E\�YLUWXH�RI�DOWHULQJ�D�VWRS�FRGRQ��FUHDWLQJ�
IUDPHVKLIW�RU�DIIHFWLQJ�D�VSOLFH�VLWH²FROOHFWLYHO\�WHUPHG�/R)�EHORZ���7KHVH�YDULDQWV�DUH�DOVR�
FDOOHG�SURWHLQ�WUXQFDWLQJ�YDULDQWV��379V��RU�OLNHO\�JHQH�GLVUXSWLQJ�YDULDQWV���

7KH�VDPSOH�VL]HV�UHTXLUHG�IRU�59$6�LQ�FRGLQJ�UHJLRQV�DUH�QRZ�ZHOO�XQGHUVWRRG��EDVHG�
RQ��L��SRZHU�FDOFXODWLRQV��FRQGLWLRQDO�RQ�WKH�IUHTXHQF\�DQG�HIIHFW�VL]H�IRU�/R)�DOOHOHV�LQ�D�JHQH��
DQG��LL��ODUJH�GDWDEDVHV��H�J���([$&�DQG�JQRP$'��WKDW�SURYLGH�HPSLULFDO�IUHTXHQFLHV�IRU�/R)�
IUHTXHQFLHV�IRU�HDFK�KXPDQ�JHQH��7KH�IUHTXHQF\�RI�/R)�DOOHOHV�YDULHV�E\�WZR�RUGHUV�RI�
PDJQLWXGH�DFURVV�JHQHV��ZLWK�WKH��� �WK����� �WK��DQG��� �WK��SHUFHQWLOHV�FRUUHVSRQGLQJ�WR����������DQG�
����/R)V�SHU��������FKURPRVRPHV��7KH�UDQJH�SULPDULO\�UHIOHFWV�WKH�VWUHQJWK�RI�VHOHFWLRQ�
DJDLQVW�/R)�DOOHOHV��DV�ZHOO�DV�JHQH�VL]H��

$ERXW��������RI�KXPDQ�JHQHV�KDYH�VXFK�ORZ�/R)�IUHTXHQFLHV�WKDW�ZH�FDQ�LQIHU�WKH\�
DUH�XQGHU�H[WUHPHO\�VWURQJ�SXULI\LQJ�VHOHFWLRQ��VXFK�JHQHV�DUH�VDLG�WR�EH��PXWDWLRQ�LQWROHUDQW���
+HWHUR]\JRVLW\�IRU�/R)�DOOHOHV�LQ�VXFK�JHQHV�PXVW�FDXVH�VXEVWDQWLDOO\�GHFUHDVHG�UHSURGXFWLYH�
ILWQHVV�DQG�EH�DVVRFLDWHG�ZLWK�VHULRXV�GLVRUGHUV��7KHVH�DOOHOHV�VKRXOG�GULYH�KXJH�LQFUHDVHV�LQ�
ULVN�IRU�WKHVH�GLVRUGHUV�DQG�VKRXOG�EH�KLJKO\�HQULFKHG�IRU��GH�QRYR��HYHQWV��ZKLFK�FDQ�EH�
UHFRJQL]HG�E\�IDPLO\�EDVHG�VHTXHQFLQJ�WR�FRPSDUH�YDULDQWV�LQ�SDUHQWV�DQG�FKLOGUHQ���

([FHSW�IRU�VXFK�JHQHV��59$6�LQ�FRGLQJ�UHJLRQV�UHTXLUHV�ODUJHU�VDPSOH�VL]HV�WKDQ�
&9$6²ZLWK�DW�OHDVW��������FDVHV�QHHGHG�WR�KDYH�DQ\�PHDQLQJIXO�SRZHU�DQG�LGHDOO\�LQ�WKH�
UDQJH�RI���������FDVHV�WR�KDYH�JRRG�SRZHU�IRU�PRVW�JHQHV���)RU�URXJKO\�WZR�WKLUGV�RI�KXPDQ�
JHQHV��WKH�IUHTXHQF\�RI�SHRSOH�FDUU\LQJ�D�ORVV�RI�IXQFWLRQ�YDULDQW�LV�DW�OHDVW����SHU���������
SHRSOH���6PDOOHU�VDPSOH�VL]HV�PD\�VXIILFH�IRU�JHQHV�LQ�ZKLFK�/R)�DOOHOHV�DUH�H[WUHPHO\�IUHTXHQW�
RU�KDYH�KXJH�HIIHFW�VL]HV��

59$6�LQ�FRGLQJ�UHJLRQV��SURJUHVV�WR�GDWH���7KH�'HFLSKHULQJ�'HYHORSPHQWDO�'LVRUGHUV�
3URMHFW�KDV�GLVFRYHUHG�WKDW�VHYHUH�GHYHORSPHQWDO�DQG�LQWHOOHFWXDO�GLVDELOLW\�DUH�RIWHQ�DVVRFLDWHG�
ZLWK�KHWHUR]\JRXV�/R)�DOOHOHV�LQ�PXWDWLRQ�LQWROHUDQW�JHQHV��$V�H[SHFWHG��WKHVH�GLVRUGHUV�FDXVH�
D�VHYHUH�GHFUHDVH�LQ�UHSURGXFWLYH�ILWQHVV�DQG�WKH�DOOHOHV�KDYH�KXJH�HIIHFW�VL]HV��!����IROG�
LQFUHDVHG�ULVN��DSSURDFKLQJ�EXW�QRW�VWULFWO\�PRQRJHQLF���$W�SUHVHQW��VHYHUDO�KXQGUHG�JHQHV�KDYH�
EHHQ�LPSOLFDWHG�DW�JHQRPH�ZLGH�VLJQLILFDQFH���

$XWLVP�DQG�VFKL]RSKUHQLD�VKRZ�VLJQLILFDQW�EXW�PXFK�ORZHU�FRQWULEXWLRQV�IURP�WKHVH�
W\SHV�RI�PXWDWLRQV��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�H[WUHPHO\�KLJK�KHULWDELOLW\�RI�WKHVH�SKHQRW\SHV��LQ�
FRQWUDVW�WR�WKH�ORZ�KHULWDELOLW\�VHHQ�IRU�VHYHUH�LQWHOOHFWXDO�GLVDELOLW\��$W�SUHVHQW��JHQHWLF�VWXGLHV�
RI�DXWLVP�DQG�VFKL]RSKUHQLD��UHVSHFWLYHO\��KDYH�GHILQLWLYHO\�LGHQWLILHG�URXJKO\����DQG����
PXWDWLRQ�LQWROHUDQW�JHQHV���

���



)RU�DOO�RI�WKHVH�GLVRUGHUV��GHYHORSPHQWDO�DQG�LQWHOOHFWXDO�GLVDELOLW\��DXWLVP�DQG�
VFKL]RSKUHQLD���WKH�YDVW�PDMRULW\�RI�WKH�YDULDQWV�DUH�GH�QRYR�PXWDWLRQV²FRQVLVWHQW�ZLWK�WKHLU�
KDYLQJ�VWURQJ�HIIHFWV�RQ�SKHQRW\SHV�ZLWK�VWURQJO\�UHGXFHG�UHSURGXFWLYH�ILWQHVV��

(SLOHSV\�DQG�FRQJHQLWDO�KHDUW�GLVHDVH�DOVR�GHPRQVWUDWH�VLJQLILFDQW�FRQWULEXWLRQV��ZLWK�
VRPH�VXEW\SHV�KDYLQJ�PRUH�VLJQLILFDQW�FRQWULEXWLRQV�WKDQ�RWKHUV��

%\�FRQWUDVW��FDUGLRPHWDEROLF��LPPXQH�PHGLDWHG��DQG�RWKHU�V\VWHPLF�GLVRUGHUV�VKRZ�QR�
H[FHVV�RI�/R)�DOOHOHV�LQ�PXWDWLRQ�LQWROHUDQW�JHQHV��,Q�WKHVH�FDVHV��H[RPH�VHTXHQFLQJ�VWXGLHV�
KDYH�LGHQWLILHG�VRPH�JHQHV�DW�WKH�RSSRVLWH�HQG�RI�WKH�VSHFWUXP�ZLWK�UHVSHFW�WR�PXWDWLRQ�
WROHUDQFH��7KHVH�VWXGLHV�KDYH�IRXQG�QXPHURXV�ORZ�IUHTXHQF\�FRPPRQ�YDULDQWV�ZLWK�VRPHZKDW�
VWURQJHU�LPSDFW��25�RI��������WKDW�ZHUH�QRW�FDSWXUHG�LQ�HDUO\�ZDYHV�RI�*:$6�DQG�LPSXWDWLRQ��
7KHVH�GLVFRYHULHV�KDYH�KDG�DQ�RXWVL]HG�LPSDFW�RQ�RXU�XQGHUVWDQGLQJ�RI�ELRORJ\��EHFDXVH�WKH\�
SLQSRLQWHG�VSHFLILF�YDULDQWV�LQ�VSHFLILF�JHQHV��:LWK�LPSURYHPHQWV�LQ�YDULDQW�FDWDORJV��LPSXWDWLRQ�
DOJRULWKPV�DQG�ELREDQN�VFDOH��WKHVH�GLVFRYHULHV�FDQ�DQG�ZLOO�EH�PDGH�GLUHFWO\�IURP�*:$6�
DQDO\VLV�� �

59$6�LQ�QRQ�FRGLQJ�UHJLRQV���59$6�LQ�QRQ�FRGLQJ�UHJLRQV���LV�PXFK�KDUGHU��EHFDXVH�
WKHUH�DUH�QR�FOHDU�UXOHV�IRU�UHFRJQL]LQJ�IXQFWLRQDOO\�LPSRUWDQW�YDULDQWV�RU�UHJLRQV�RYHU�ZKLFK�WR�
DJJUHJDWH�YDULDQWV��$V�D�UHVXOW��DQ\�WUXH�DVVRFLDWLRQ�VLJQDOV��DOUHDG\�UHTXLULQJ�YHU\�ODUJH�
VDPSOHV�LQ�WKH�FRGLQJ�FDVH��ZRXOG�EH�JUHDWO\�GLOXWHG��DQG�WKH�UHTXLUHG�VDPSOH�VL]H�GUDPDWLFDOO\�
LQFUHDVHG��E\�RQH�WR�WZR�RUGHUV�RI�PDJQLWXGH��0RUHRYHU��SDWWHUQV�RI�HYROXWLRQDU\�FRQVHUYDWLRQ�
LQGLFDWH�WKDW�YDULDQWV�LQ�QRQ�FRGLQJ�UHJLRQV�ZLOO�W\SLFDOO\�KDYH�PXFK�VPDOOHU�HIIHFWV�WKDQ�WKRVH�LQ�
FRGLQJ�UHJLRQV��ZLWK�WKH�H[FHSWLRQ�RI�EDVHV�DIIHFWLQJ�VSOLFH�VLWHV��8QVXUSULVLQJO\��WKHUH�KDV�EHHQ�
QR�SURJUHVV�WR�GDWH�LQ�LGHQWLI\LQJ�JHQRPH�ZLGH�VLJQLILFDQW�QRQ�FRGLQJ�ORFL�E\�59$6��*LYHQ�WKH�
FKDOOHQJHV�LQ�LQWHUSUHWLQJ�WKH�WHQV�RI�WKRXVDQGV�RI�GLVHDVH�DVVRFLDWHG��FRPPRQ��YDULDQWV�LQ�
QRQ�FRGLQJ�UHJLRQV��LW�VHHPV�XQOLNHO\�WKDW�FRQWULEXWLRQV�IURP�UDUH�YDULDQWV�LQ�QRQ�FRGLQJ�UHJLRQV�
ZLOO�EH�JDPH�FKDQJLQJ��

7KH�EHVW�HYLGHQFH�WKDW�QRQ�FRGLQJ�UHJLRQV�FRQWDLQ�VRPH�IXQFWLRQDOO\�LPSRUWDQW�UDUH�
YDULDQWV�FRPHV�IURP�WKH�'HFLSKHULQJ�'HYHORSPHQWDO�'LVRUGHUV��'''��3URMHFW���:KHUHDV�����RI�
SDWLHQWV�ZLWK�VHYHUH�GHYHORSPHQWDO�GLVRUGHUV�FDUULHG�SDWKRJHQLF��GH�QRYR ��PXWDWLRQV�LQ�FRGLQJ�
UHJLRQV��DQDO\VLV�VXJJHVWHG�WKDW�a���FDUULHG�SDWKRJHQLF��GH�QRYR ��PXWDWLRQV�LQ�KLJKO\�FRQVHUYHG�
QRQ�FRGLQJ�UHJXODWRU\�HOHPHQWV���$QDO\VLV�VXJJHVWHG�a���RI�EDVHV�LQ�a���RI�WKHVH�HOHPHQWV�
PLJKW�EH�SDWKRJHQLF���

)RU�59$6�LQ�QRQ�FRGLQJ�UHJLRQV�WR�HYHU�EHFRPH�SUDFWLFDO��KXJH�OHDSV�ZRXOG�EH�UHTXLUHG�
WR�SUHFLVHO\�LGHQWLI\�IXQFWLRQDOO\�LPSRUWDQW�YDULDQWV�DQG�UHJLRQV��

6XPPDU\ ���7KH�HPHUJLQJ�SLFWXUH�RI�FRPPRQ�GLVHDVH�JHQHWLFV�LV�WKDW�WKH�PDMRULW\�RI�
KHULWDELOLW\�LV�PDGH�XS�RI�FRPPRQ��ODUJHO\�QRQ�FRGLQJ�YDULDWLRQ��+RZHYHU��JLYHQ�RXU�FXUUHQW�
NQRZOHGJH�RI�JHQRPH�ELRORJ\�DQG�WKH�DYDLODEOH�WRROV�IRU�VWXG\LQJ�JHQH�IXQFWLRQ��UDUH�FRGLQJ�
YDULDQWV�FDQ�PDNH�D�ODUJHU�FRQWULEXWLRQ�WR�RXU�ELRORJLFDO�LQVLJKW�WKDQ�VXJJHVWHG�E\�WKH�
SURSRUWLRQ�RI�KHULWDELOLW\�H[SODLQHG��
�
�����:KDW�DUH�ZH�OHDUQLQJ��GLVHDVH�ELRORJ\���

*HQHWLF�VWXGLHV�DUH�WHDFKLQJ�XV�D�ORW�DERXW�WKH�XQGHUO\LQJ�ELRORJLFDO�PHFKDQLVPV�RI�
GLVHDVH��

���



'LVHDVH�JHQHV�DQG�GLVHDVH�SDWKZD\V���)RU�ZHOO�VWXGLHG�GLVHDVHV�DQG�WUDLWV��WKH�OLVWV�RI�
KXQGUHGV�RI�GLVHDVH�DVVRFLDWHG�ORFL��7DEOH����KDYH�JLYHQ�ULVH�WR�LPSRUWDQW�ELRPHGLFDO�
GLVFRYHULHV�LQWR�WKH�XQGHUO\LQJ�ELRORJ\�RI�LPSRUWDQW�GLVHDVHV�DQG�WUDLWV��LQFOXGLQJ�DJH�UHODWHG�
PDFXODU�GHJHQHUDWLRQ��$O]KHLPHU¶V�GLVHDVH��FDUGLRYDVFXODU�GLVHDVH��LQIODPPDWRU\�ERZHO�
GLVHDVH��VFKL]RSKUHQLD�DQG�RWKHU�QHXURSV\FKLDWULF�WUDLWV��DQG�ERG\�PDVV�LQGH[��VHH�%R[�����

'LVVHFWLQJ�GLIIHUHQW�DVSHFWV�RI�GLVHDVH�PHFKDQLVP���%\�DSSO\LQJ�*:$6�WR�PXOWLSOH�
SKHQRW\SHV�UHODWHG�WR�D�GLVHDVH��RQH�FDQ�OHDUQ�ZKLFK�ORFL�FRQWULEXWH�WR�ZKLFK�DVSHFWV�RI�D�
GLVHDVH�SURFHVV��)RU�7\SH���GLDEHWHV��DERXW�����RI�GLVHDVH�DVVRFLDWHG�ORFL�VKRZ�DVVRFLDWLRQ�
ZLWK�UHGXFHG�LQVXOLQ�VHFUHWLRQ�LQ�SDWLHQWV��)RU�HDUO\�KHDUW�DWWDFN��RQO\�����RI�
GLVHDVH�DVVRFLDWHG�ORFL�GHPRQVWUDWH�DVVRFLDWLRQ�ZLWK�OLSLG�OHYHOV�LQ�SDWLHQWV²LQGLFDWLQJ�WKDW�
WKHUH�DUH�PDQ\�LPSRUWDQW�GLVHDVH�UHODWHG�SURFHVVHV�VWLOO�WR�EH�XQGHUVWRRG��

1RWDEO\��JHQHWLF�DVVRFLDWLRQV�ZLWK�GLVHDVH�VXVFHSWLELOLW\�GR�QRW�QHFHVVDULO\�RYHUODS�ZLWK�
JHQHWLF�DVVRFLDWLRQV�IRU�GLVHDVH�SURJUHVVLRQ��)RU�H[DPSOH��*:$6�VWXGLHV�RI�OXQJ�FDQFHU�KDYH�
LGHQWLILHG�JHQHWLF�ORFL�WKDW�DOWHU�WKH�OLNHOLKRRG�WKDW�DQ�LQGLYLGXDO�EHFRPHV�DGGLFWHG�WR�
QLFRWLQH²WKHUHE\�EHFRPLQJ�D�ORQJ�WHUP�VPRNHU�DQG�LQFUHDVLQJ�OLIH�ORQJ�PXWDJHQ�H[SRVXUH��
3HUKDSV�XQVXUSULVLQJO\��WKLV�JHQHWLF�DVVRFLDWLRQ�LV�QRW�LQIRUPDWLYH�IRU�KRZ�D�SDWLHQW�PLJKW�
SURJUHVV�KDYLQJ�DOUHDG\�GHYHORSHG�OXQJ�FDQFHU��

,PSOLFDWLQJ�WLVVXHV�DQG�FHOOXODU�SURFHVVHV ����$�GHYHORSLQJ�VHW�RI�PHWKRGV�KDYH�EHJXQ�
WR�H[WHQG�WKHVH�LGHDV�WR�H[SORUH�GLVHDVH�ELRORJ\��E\�XVLQJ�WKH�IXOO�LQIRUPDWLRQ�SURYLGHG�E\�
*:$6²WKDW�LV��WKH�JHQRPH�ZLGH�HIIHFW�VL]H�YHFWRU��GHILQHG�DERYH���,Q�SDUWLFXODU��RQH�PLJKW�
WHVW�ZKHWKHU�D�JHQH�VHW�RI�LQWHUHVW²VXFK�DV�WKH�JHQHV�H[SUHVVHG�LQ�D�SDUWLFXODU�WLVVXH�RU�
FHOOXODU�SURFHVV²LV�UHOHYDQW�WR�D�GLVHDVH�E\�VWXG\LQJ�ZKHWKHU�LW�LV�FRUUHODWHG�ZLWK�WKH�
JHQRPH�ZLGH�HIIHFW�VL]H�YHFWRU��6XFK�DQDO\VHV��IRU�H[DPSOH��KDYH�FOHDUO\�LPSOLFDWHG�WKH�EUDLQ�
LQ�WKH�JHQHWLF�YDULDWLRQ�LQ�ERG\�PDVV�LQGH[��:LWK�WKH�RQJRLQJ�GHYHORSPHQW�RI�D�+XPDQ�&HOO�
$WODV��LW�VKRXOG�EH�SRVVLEOH�WR�H[WHQG�WKHVH�VWXGLHV�WR�LPSOLFDWH�QRW�MXVW�WLVVXHV�EXW�LQGLYLGXDO�FHOO�
W\SHV��7KLV�ZLOO�KHOS�FRQQHFW�GLVHDVH�DVVRFLDWHG�JHQHV�WR�VSHFLILF�FHOO�W\SHV�DQG�PHFKDQLVPV�
DFWLYH�LQ�WKHP��

([SORLWLQJ�SOHLRWURS\��3KH:$6���:LWK�*:$6�DFURVV�PDQ\�GLIIHUHQW�GLVHDVHV�DQG�
WUDLWV��RQH�FDQ�JDLQ�LQVLJKW�LQWR�WKH�FRPPRQ�YDULDQWV�IRXQG�LQ�RQH�VHWWLQJ�WR�OHDUQ�DERXW�WKH�
UDQJH�RI�SKHQRW\SHV�DVVRFLDWHG�ZLWK�WKH�YDULDQW��)RU�H[DPSOH��D�FRPPRQ�YDULDQW�LQ��6/&��$��
LQFUHDVHV�ULVN�IRU�VFKL]RSKUHQLD��&URKQ¶V�GLVHDVH�DQG�REHVLW\��EXW�GHFUHDVHV�ULVN�RI�
K\SHUWHQVLRQ�DQG�3DUNLQVRQ¶V�GLVHDVHV��WKH�JHQH�HQFRGHV�D�]LQF�PDQJDQHVH�WUDQVSRUWHU�DQG�D�
GHIHFW�LQ�0Q�WUDQVSRUW�PD\�DIIHFW�SURWHLQ�JO\FRV\ODWLRQ��ZLWK�GLIIHUHQW�FRQVHTXHQFHV�LQ�GLIIHUHQW�
WLVVXHV��6RPH�ORFL�DUH�DVVRFLDWHG�ZLWK�D�ZLGH�UDQJH�RI�DXWRLPPXQH�GLVHDVHV��ZKLOH�RWKHUV�RQO\�
ZLWK�VSHFLILF�DXWRLPPXQH�GLVHDVHV��WKH�IRUPHU�OLNHO\�SOD\�D�JHQHUDOL]HG�UROH�LQ�LPPXQH�EDODQFH��
ZKLOH�WKH�ODWWHU�PD\�DIIHFW�LPPXQLW\�WR�FHUWDLQ�DQWLJHQV�RU�LQ�FHUWDLQ�VHWWLQJV���

%\�FROOHFWLQJ�D�ODUJH�FRKRUW�ZLWK�D�ZLGH�UDQJH�RI�SKHQRW\SHV��UHVHDUFKHUV�FDQ�WHVW�D�VHW�
RI�YDULDQWV�VLPXOWDQHRXVO\�DJDLQVW�W\SLFDOO\�WKRXVDQGV�RI�SKHQRW\SHV��WKLV�LV�UHIHUUHG�WR�DV�D�
3KHQRPH�ZLGH�$VVRFLDWLRQ�6WXG\��3KH:$6���1RWDEO\��3KH:$6�PDNHV�LW�SRVVLEOH�WR�OHDUQ�
DERXW�WKH�UDQJH�RI�SRVVLEOH�HIIHFWV�RI�SHUWXUELQJ�D�JHQH��ZKLFK�PD\�KHOS�DQWLFLSDWH�DGYHUVH�
RXWFRPHV�RI�D�WKHUDS\��

�
�����:KDW�DUH�ZH�OHDUQLQJ��(SLGHPLRORJ\���
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*HQHWLF�VWXGLHV�DUH�DOVR�VKHGGLQJ�OLJKW�RQ�WKH�HSLGHPLRORJ\�RI�GLVHDVHV��
$VVHVVLQJ�VKDUHG�KHULWDELOLW\���%H\RQG�VWXG\LQJ�LQGLYLGXDO�ORFL��LW�LV�EHFRPLQJ�FOHDU�WKDW�

PXFK�FDQ�EH�OHDUQHG�VWXG\LQJ�WKH�JHQRPH�UHVXOWV�RI�*:$6²WKDW�LV��WKH�JHQRPH�ZLGH�
HIIHFW�VL]H�YHFWRU��GHILQHG�DERYH���)RU�H[DPSOH��VFLHQWLVWV�FDQ�H[SORUH�WKH�H[WHQW�WR�ZKLFK�
GLVHDVHV�LQYROYH�VKDUHG�ELRORJLFDO�SURFHVVHV�E\�H[DPLQLQJ�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�YHFWRUV�
IRU�WKH�GLVHDVHV��)RU�H[DPSOH��QHXURSV\FKLDWULF�LOOQHVVHV��VFKL]RSKUHQLD��ELSRODU�GLVRUGHU�DQG�
PDMRU�GHSUHVVLYH�GLVRUGHU�VKRZ�VRPH�VKDUHG�DQG�VRPH�VSHFLILF�JHQHWLF�HIIHFWV��7KHVH�
RYHUODSV�FDQ�EH�KDUQHVVHG�WR�ERRVW�SRZHU�DQG�LPSURYH�SRO\JHQLF�SUHGLFWLRQ��

$VVHVVLQJ�VKDUHG�HQYLURQPHQWDO�H[SRVXUHV�DQG�HSLJHQHWLFV�HIIHFWV����%H\RQG�
VWXG\LQJ�VKDUHG�KHULWDELOLW\��WKH�JHQRPH�ZLGH�HIIHFW�VL]H�YHFWRU�FDQ�EH�XVHG�WR�HVWLPDWH�WKH�
FRPSRQHQW�RI�WUDLW�YDULDWLRQ�GXH�WR�JHQH�HQYLURQPHQW�LQWHUDFWLRQV��RQ�WRS�RI�WKH�KHULWDEOH�
FRPSRQHQW�RI�YDULDWLRQ��$GGLWLRQDOO\��HYDOXDWLQJ�WKH�HSLJHQHWLF�FRPSRQHQW�RI�KHULWDELOLW\��LQ�
DGGLWLRQ�WR�613�OHYHO�KHULWDELOLW\��DOORZV�LQVLJKW�LQWR�WKH�RYHUDOO�UROH�RI�JHQH�HQYLURQPHQW�
LQWHUDFWLRQV��

0HQGHOLDQ�UDQGRPL]DWLRQ���%HFDXVH�JHQHWLF�YDULDQWV�DUH�IL[HG�DW�ELUWK��FOHDUO\�
DVVRFLDWHG�YDULDQWV�FDQ�EH�XVHG�DV�LQVWUXPHQWDO�YDULDEOHV�WR�XQFRYHU�FDXVDO�UHODWLRQVKLSV�
DFURVV�PROHFXODU�DQG�SK\VLRORJLFDO�ELRPDUNHUV�DQG�RXWFRPH�GLVHDVHV��)RU�H[DPSOH��0HQGHOLDQ�
UDQGRPL]DWLRQ�KDV�VKRZQ�WKDW�ZKLOH�/'/�OHYHO�LV�D�FDXVDO�ULVN�IDFWRU�IRU�P\RFDUGLDO�LQIDUFWLRQ��
+'/�OHYHO�LV�QRW��GHVSLWH�LWV�HSLGHPLRORJLFDO�FRUUHODWLRQ�ZLWK�GHFUHDVHG�ULVN�RI�KHDUW�GLVHDVH���
�
�����:KDW�DUH�ZH�OHDUQLQJ��&OLQLFDO�DSSOLFDWLRQ���

*HQHWLF�DQDO\VLV�LV�DOVR�VHW�WR�KDYH�DQ�LPSRUWDQW�LPSDFW�LQ�WKH�FOLQLF��
3RO\JHQLF�ULVN�VFRUHV ���:LWK�LQFUHDVLQJ�VDPSOH�VL]HV�IRU�*:$6��WKH�HVWLPDWHV�RI�WKH�

HIIHFW�VL]H�RI�YDULDQWV�DFURVV�WKH�JHQRPH�KDYH�LPSURYHG�WR�WKH�SRLQW�WKDW�LQ�DJJUHJDWH�WKH\�FDQ�
EHJLQ�WR�SURYLGH�FOLQLFDOO\�XVHIXO�SUHGLFWRUV�RI�FRPPRQ�GLVHDVH�VXVFHSWLELOLW\��7KHVH�
SUHGLFWRUV²FDOOHG�SRO\JHQLF�ULVN�VFRUHV²FDQ�DOUHDG\�LGHQWLI\�VXEVHWV�RI�LQGLYLGXDOV�DW�
VXEVWDQWLDOO\�KLJKHU�ULVN�IRU�D�QXPEHU�RI�GLVHDVHV��LQFOXGLQJ�KHDUW�GLVHDVH��REHVLW\��DWULDO�
ILEULOODWLRQ��LQIODPPDWRU\�ERZHO�GLVHDVH��DQG�EUHDVW�FDQFHU��,Q�VRPH�FDVHV��WKH�LQFUHDVHG�ULVN��LV�
FRPSDUDEOH�WR�WKDW�FRQIHUUHG�E\�0HQGHOLDQ�IRUPV�RI�WKH�GLVHDVH��3RO\JHQLF�ULVN�VFRUHV�ZLOO�
LQFUHDVLQJO\�EH�XVHG�LQ�FOLQLFDO�SUDFWLFH��HVSHFLDOO\�ZKHUH�UHOHYDQW�LQWHUYHQWLRQV�RU�VFUHHQLQJ�DUH�
DYDLODEOH��DQG�WR�VHOHFW�SDWLHQWV�IRU�FOLQLFDO�WULDOV��LQ�RUGHU�WR�HQULFK�IRU�HYHQWV�DQG�WKHUHE\�
GHFUHDVH�WKH�UHTXLUHG�VDPSOH�VL]H��

)RU�DQ�LQGLYLGXDO¶V�SRO\JHQLF�ULVN�VFRUHV�WR�KDYH�PD[LPDO�DFFXUDF\�DQG�SUHFLVLRQ��WKH\�
VKRXOG�EH�GHULYHG�IURP�*:$6�GDWD�ZLWK�WKH�DSSURSULDWH�DQFHVWU\��$V�GLVFXVVHG�EHORZ��D�
VHULRXV�LVVXH�LV�WKDW�WKH�YDVW�PDMRULW\�RI�*:$6�KDV�EHHQ�FRQGXFWHG�LQ�(XURSHDQ�GHULYHG�
SRSXODWLRQV��ZLWK�WKH�FRQVHTXHQFH�WKDW�SRO\JHQLF�ULVN�VFRUHV�FXUUHQWO\�SURYLGH�SRRUHU�SUHGLFWRUV�
IRU�RWKHU�JURXSV��,W�LV�LPSRUWDQW�WKDW�WKLV�SUREOHP�LV�DGGUHVVHG�UDSLGO\���

,Q�DGGLWLRQ�WR�LPSURYLQJ�PHWKRGV�WR�GHULYH�VFRUHV�IURP�&9$6�DQG�H[SDQGLQJ�WKH�
UHSUHVHQWDWLRQ�RI�DQFHVWULHV��LQWHJUDWLQJ�&9$6�ULVN�ZLWK�59$6�ULVN�ZLOO�EH�HVVHQWLDO�IRU�GHOLYHULQJ�
DFFXUDWH�DQG�FRPSOHWH�JHQHWLF�ULVN�VFRUHV��$OWKRXJK�UDUH�YDULDQWV�FRQWULEXWH�OHVV�DW�D�
SRSXODWLRQ�OHYHO��WKH\�RIWHQ�FRQWULEXWH�D�VXEVWDQWLDO�DPRXQW�IRU�WKH�IHZ�LQGLYLGXDOV�WKDW�FDUU\�D�
SDUWLFXODU�PXWDWLRQ��(DUO\�GDWD�VXJJHVW�WKDW�FRPPRQ�DQG�UDUH�YDULDQWV�FRQWULEXWH�DGGLWLYHO\�WR�
LQGLYLGXDO�ULVN�LQ�FRPPRQ�GLVHDVH��

���



*HQRPLFDOO\�LQIRUPHG�FOLQLFDO�WULDOV���7KHUH�DUH�LPSRUWDQW�RSSRUWXQLWLHV�WR�LPSURYH�
FOLQLFDO�WULDOV��ZKLFK�DUH�WKH�PRVW�H[SHQVLYH�HOHPHQW�RI�GUXJ�GHYHORSPHQW��E\�PDNLQJ�JUHDWHU�
XVH�RI�JHQRPLF�LQIRUPDWLRQ��*HQRPLF�LQIRUPDWLRQ�LV�URXWLQHO\�XVHG�LQ�WHVWLQJ�FDQFHU�GUXJV��EXW�
PRUH�UDUHO\�XVHG�LQ�RWKHU�DUHDV�RI�PHGLFLQH��2SSRUWXQLWLHV�LQFOXGH��GHFUHDVLQJ�WKH�QXPEHU�RI�
SDWLHQWV�E\�XVLQJ�JHQHWLF�ULVN�LQIRUPDWLRQ�WR�VHOHFW�SDWLHQWV�ZLWK�D�KLJKHU�EDFNJURXQG�HYHQW�UDWH�
�H�J���UDWH�RI�KHDUW�DWWDFNV���LQFUHDVLQJ�WKH�VXFFHVV�RI�FOLQLFDO�WULDOV��E\�LGHQWLI\LQJ�DQG�IRFXVLQJ�
RQ�VXEVHWV�RI�SDWLHQWV�LQ�ZKLFK�VSHFLILF�FHOOXODU�DQG�SK\VLRORJLFDO�PHFKDQLVPV�DUH�DIIHFWHG��IRU�
H[DPSOH��ZRPHQ�DQG�PHQ��RU�GLVWLQFW�VXEJURXSV�RI�W\SH���GLDEHWHV���GHFUHDVLQJ�DGYHUVH�
HYHQWV��E\�XVLQJ�JHQRPLF�LQIRUPDWLRQ��VXFK�DV�WKURXJK�3KH:$6�DQG�H[SORUDWRU\�KXPDQ�WULDOV��
WR�DQWLFLSDWH�DQG�XQGHUVWDQG�OLNHO\�VLGH�HIIHFWV�DQG�LGHQWLI\�SDWLHQWV�DW�JUHDWHVW�ULVN��
DQG�GHFUHDVLQJ�WLPH�WR�HQUROOPHQW��E\�LGHQWLI\LQJ�SRWHQWLDO�SDWLHQWV�WKURXJK�ODUJH�ELREDQNV�ZLWK�
FOLQLFDO�DQG�JHQRPLF�LQIRUPDWLRQ���
�
����6XPPDU\��/HVVRQV�/HDUQHG����

:KDW�KDYH�ZH�OHDUQHG�VR�IDU�DERXW�WKH�JHQHWLFV�RI�FRPPRQ�GLVHDVH"�6RPH�RI�WKH�
JHQHUDO�OHVVRQV�DUH�VXPPDUL]HG�LQ��%R[�� ���([DPSOHV�RI�LQVLJKWV�DERXW�VSHFLILF�GLVHDVHV�DUH�
JLYHQ�LQ��%R[����
�

%R[����6XPPDU\�RI�*HQHUDO�/HVVRQV��
��
���&RPPRQ�GLVHDVHV�DUH�KLJKO\�SRO\JHQLF���7KH\�W\SLFDOO\�LQYROYH�KXQGUHGV�WR�WKRXVDQGV�RI�
FRPPRQ�DQG�UDUH�YDULDQWV�DFURVV�WKH�JHQRPH�IRU�HYHU\�GLVHDVH��$FURVV�KXQGUHGV�RI�
SKHQRW\SHV�VWXGLHG��WKH�QXPEHU�RI�JHQRPH�ZLGH�VLJQLILFDQW�DVVRFLDWLRQV�ZLWK�FRPPRQ�
YDULDQWV�GLVFRYHUHG�VR�IDU�H[FHHGV���������
��
���7KHVH�FRPPRQ�YDULDQWV�W\SLFDOO\�KDYH�PRGHVW�HIIHFWV�RQ�GLVHDVH�ULVN��H�J���DOWHULQJ�
ULVN�E\��������DQG�PRVW�OLH�LQ�QRQ�FRGLQJ�UHJLRQV��!�������7KH�QRQ�FRGLQJ�YDULDQWV�
SULPDULO\�DFW�E\�DOWHULQJ�JHQH�H[SUHVVLRQ�LQ�RQH�RU�PRUH�FHOO�W\SHV��H�J���DOWHULQJ�HQKDQFHUV�RU�
VSOLFH�VLWHV��UDWKHU�WKDQ�SURWHLQ�FRGLQJ�VHTXHQFHV�DV�W\SLFDO�IRU�UDUH�0HQGHOLDQ�GLVHDVHV���
��
���0DQ\�FRPPRQ�YDULDQWV�LQIOXHQFH�VXVFHSWLELOLW\�IRU�PXOWLSOH�FRPPRQ�GLVHDVHV��
9DULDQWV�VRPHWLPHV�LQFUHDVH�ULVN�IRU�VRPH�GLVHDVHV�ZKLOH�GHFUHDVLQJ�ULVN�IRU�RWKHUV��3DWWHUQV�
RI�SOHLRWURS\�FDQ�VKHG�OLJKW�RQ�GLVHDVH�PHFKDQLVPV��
��
���*HQHWLF�VWXGLHV�RI�FRPPRQ�GLVHDVHV�UHTXLUH�H[WUHPHO\�ODUJH�VDPSOH�VL]HV��

�L��&RPPRQ�YDULDQW�DVVRFLDWLRQ�VWXGLHV��*:$6�&9$6��UHTXLUH�PDQ\�WHQV�RI�
WKRXVDQGV�RI�FDVHV�WR�KDYH�UHDVRQDEOH�SRZHU�WR�GHWHFW�PDQ\�ORFL��
�LL��5DUH�YDULDQW�DVVRFLDWLRQ�VWXGLHV��59$6��RI�FRGLQJ�UHJLRQV�UHTXLUH�HYHQ�ODUJHU�
VDPSOH�VL]HV²ZLWK�DW�OHDVW��������FDVHV�WR�KDYH�DQ\�PHDQLQJIXO�SRZHU�DQG�LGHDOO\�
KXQGUHGV�RI�WKRXVDQGV�RI�FDVHV��

)RU�QRZ��ZHOO�SRZHUHG�VWXGLHV�ZLOO�UHTXLUH�GLVHDVH�IRFXVHG�FROOHFWLRQV��8OWLPDWHO\��LW�VKRXOG�
EH�IHDVLEOH�WR�VWXG\�PDQ\�FRPPRQ�GLVHDVHV�DQG�WUDLWV�E\�FRPELQLQJ�LQIRUPDWLRQ�IURP�

���



ELREDQNV�DV�WRWDO�VDPSOH�VL]HV�FOLPE�LQWR�WKH�WHQV�RI�PLOOLRQV��
��
���&ROOHFWLYHO\��FRPPRQ�YDULDQWV�OLNHO\�H[SODLQ�PRVW�RI�WKH�KHULWDELOLW\�IRU�FRPPRQ�
GLVHDVHV���5RXJKO\�KDOI�RI�WKH�KHULWDELOLW\�PD\�EH�GLUHFWO\�GXH�WR�DGGLWLYH�HIIHFWV�RI�WKH�
YDULDQWV��*HQHWLF�LQWHUDFWLRQV�DPRQJ�ORFL�PD\�FRQWULEXWH�VXEVWDQWLDO�DGGLWLRQDO�KHULWDELOLW\��EXW�
ZH�FXUUHQWO\�ODFN�SRZHU�WR�GHWHFW�VXFK�LQWHUDFWLRQV��5DUH�YDULDQWV�DQG�SKHQRW\SLF�
KHWHURJHQHLW\��H�J���ZKHUH�WZR�GLVWLQFW�GLVHDVH�HQWLWLHV�DUH�FRPELQHG��PD\�DOVR�FRQWULEXWH�WR�
H[SODLQLQJ�WKH�KHULWDELOLW\��
��
���$�JHQRPH�ZLGH�DVVRFLDWLRQ�VWXG\�FRQWDLQV�D�WUHPHQGRXV�DPRXQW�RI�ELRORJLFDO�
LQIRUPDWLRQ���:H�DUH�EHJLQQLQJ�WR�OHDUQ�KRZ�WR�XVH�WKLV�LQIRUPDWLRQ�WR��

�L��FUHDWH�SRO\JHQLF�ULVN�VFRUHV�WR�LGHQWLI\�LQGLYLGXDOV�LQ�D�SRSXODWLRQ�DW�VLJQLILFDQWO\�
HOHYDWHG�ULVN�IRU�D�FRPPRQ�GLVHDVH��VHH�EHORZ�FRQFHUQLQJ�WKH�VHULRXV�
XQGHUUHSUHVHQWDWLRQ�RI�QRQ�(XURSHDQ�SRSXODWLRQV����
�LL��DVVHVV�VKDUHG�ELRORJLFDO�PHFKDQLVPV�DPRQJ�GLVHDVHV��DQG�
�LLL��LPSOLFDWH�WLVVXHV��FHOO�W\SHV�DQG�ELRORJLFDO�SURFHVVHV�DV�OLNHO\�WR�SOD\�D�UROH�LQ�D�
GLVHDVH��

�

%R[����([DPSOHV�RI�LQVLJKWV�DERXW�VSHFLILF�GLVHDVHV�DQG�FOLQLFDO�UHVSRQVHV�
��
$JH�UHODWHG�0DFXODU�'HJHQHUDWLRQ��$0'����*:$6�SURYLGHG�WKH�ILUVW�PHFKDQLVWLF�LQVLJKW�LQWR�
$0'��VKRZLQJ�WKDW�JHQHWLF�YDULDQWV�LQ�JHQHV�LQ�WKH�FRPSOHPHQW�V\VWHP��VXFK�DV�&RPSOHPHQW�
)DFWRU�+��SOD\�D�PDMRU�UROH��
��
$O]KHLPHU¶V�'LVHDVH���:KLOH�UHVHDUFK�DQG�FOLQLFDO�WULDOV�KDYH�IRFXVHG�RQ�QHXURQV��*:$6�KDV�
KLJKOLJKWHG�WKH�FULWLFDO�LPSRUWDQFH�RI�PLFURJOLD��WKH�EUDLQ¶V�PDFURSKDJH�FHOOV²OHDGLQJ�WR�D�
VXEVWDQWLDO�UHIRFXVLQJ�RI�GUXJ�GHYHORSPHQW�HIIRUWV�RQWR�D�FHOO�W\SH�SUHYLRXVO\�FRQVLGHUHG�RI�
OLWWOH�UHOHYDQFH�IRU�WKH�GLVHDVH��
��
6LFNOH�FHOO�GLVHDVH��6&'����*:$6�LGHQWLILHG�WKH�FULWLFDO�UROH�RI�%&/��$�LQ�SRVWQDWDO�
H[SUHVVLRQ�RI�IHWDO�KHPRJORELQ��ZKLFK�ZDV�DOUHDG\�NQRZQ�WR�VXEVWDQWLDOO\�PRGLI\�GLVHDVH�
VHYHULW\²WKHUHE\�SURYLGLQJ�D�QRYHO�WKHUDSHXWLF�K\SRWKHVLV�WKDW�LV�EHLQJ�DFWLYHO\�SXUVXHG��
��
,QIODPPDWRU\�ERZHO�GLVHDVH��,%'����*:$6�KDV�KLJKOLJKWHG�WKH�LPSRUWDQW�UROH�RI�PXOWLSOH�
SDWKZD\V��VXFK�DV�DXWRSKDJ\��ZKLFK�SUHYLRXVO\�KDG�QRW�EHHQ�LPSOLFDWHG�LQ�WKH�HWLRORJ\�RI�
,%'��6HYHUDO�RI�WKHVH�SDWKZD\V�DUH�QRZ�DFWLYH�WDUJHWV�IRU�GUXJ�GHYHORSPHQW��
��
&DUGLRYDVFXODU�GLVHDVH���7KH�HSLGHPLRORJLFDO�DVVRFLDWLRQ�EHWZHHQ�KLJK�+'/�FKROHVWHURO�
OHYHOV�DQG�SURWHFWLRQ�IURP�KHDUW�GLVHDVH�KDG�VSXUUHG�GUXJ�FRPSDQLHV�WR�LQYHVW�ELOOLRQV�LQ�
GHYHORSLQJ�+'/�UDLVLQJ�GUXJV��*:$6�LQGLFDWHG�WKDW�WKH�FDXVDWLYH�IDFWRU�ZDV�OLNHO\�QRW�WR�EH�
+'/��EXW�WULJO\FHULGH��ZKRVH�OHYHOV�DUH�LQYHUVHO\�FRUUHODWHG�ZLWK�+'/���&RQVLVWHQW�ZLWK�WKH�

���



KXPDQ�JHQHWLFV��WKH�FOLQLFDO�WULDOV�VKRZHG�WKDW�LQFUHDVLQJ�+'/�OHYHOV�SURYLGHG�QR�SURWHFWLRQ��
��
*:$6�VWXGLHV�KDYH�DOVR�LQGLFDWHG�WKDW�WKH�PDMRULW\�RI�WKH�ORFL�WKDW�DIIHFW�KHDUW�GLVHDVH�ULVN�GR�
QRW��DFW�E\�DIIHFWLQJ�OLSLG�OHYHOV²WHDFKLQJ�XV�WKDW�WKHUH�DUH�DGGLWLRQDO�PHFKDQLVPV�WR�EH�
IRXQG��*:$6�KDV�HQDEOHG�HIIHFWLYH�SRO\JHQLF�ULVN�VFRUHV�IRU�FRURQDU\�DUWHU\�GLVHDVH��IRU�
LGHQWLI\LQJ�LQGLYLGXDOV�ZLWK�VXEVWDQWLDOO\�HOHYDWHG�ULVN��
��
6FKL]RSKUHQLD���*:$6�VWXGLHV�KDYH�LGHQWLILHG�DQ�LPSRUWDQW�DVVRFLDWLRQ�ZLWK�WKH�FRPSOHPHQW�
FRPSRQHQW�&�²ZKLFK�SOD\V�D�NH\�UROH�LQ�WKH�LQQDWH�LPPXQH�V\VWHP��EXW�DOVR�LV�LQYROYHG�LQ�
WKH�SUXQLQJ�RI�V\QDSVHV�LQ�WKH�EUDLQ��7KH�UHVXOW�KDV�LPSOLFDWHG�H[FHVVLYH�V\QDSWLF�SUXQLQJ�
GXULQJ�DGROHVFHQFH�DQG�HDUO\�DGXOWKRRG�LQ�WKH�HWLRORJ\�RI�VFKL]RSKUHQLD²SURYLGLQJ�D�WDUJHW�
IRU�WKHUDSHXWLF�GHYHORSPHQW��
��
1HXURSV\FKLDWULF�WUDLWV�DQG�GLVHDVHV���*:$6�VWXGLHV�RI�GLYHUVH�QHXURSV\FKLDWULF�WUDLWV�DQG�
GLVHDVHV�KDYH�LGHQWLILHG�VKDUHG�KHULWDELOLW\�EHWZHHQ�QHXURGHYHORSPHQWDO�WUDLWV�DQG�GLVHDVHV�
WKDW�KDYH�KLJKOLJKWHG�FRQVLGHUDEOH�VKDUHG�JHQHWLFV�DPRQJ�FKLOGKRRG�DQG�DGXOW�
QHXURSV\FKLDWULF�GLVHDVHV���EXW�DOVR�XQLTXH�FRUUHODWLRQV��IRU�H[DPSOH�D�VWURQJ�FRUUHODWLRQ�
EHWZHHQ�WKH�JHQHWLFV�RI�DXWLVP�DQG�KLJKHU�LQWHOOLJHQFH�QRW�VHHQ�ZLWK�RWKHU�SV\FKLDWULF�WUDLWV���
7KHVH�VWXGLHV�KDYH�DOVR�GHPRQVWUDWHG�SRO\JHQLF�ULVN�VFRUHV�WKDW�LQIOXHQFH�WKH�YDULDEOH�
H[SUHVVLYLW\�LQ�PRQRJHQLF�UDUH�QHXURGHYHORSPHQWDO�GLVRUGHUV��
��
%RG\�0DVV�,QGH[���*:$6�VWXGLHV�KDYH�SURYLGHG�VWURQJ�VXSSRUW�IRU�D�UROH�RI�WKH�FHQWUDO�
QHUYRXV�V\VWHP�LQ�VXVFHSWLELOLW\�WR�REHVLW\��$�SDUWLFXODUO\�LQWHUHVWLQJ�H[DPSOH�LV�WKH�
PHODQRFRUWLQ���UHFHSWRU��0&�5�SDWKZD\���LQ�ZKLFK�ERWK�QRQ�FRGLQJ�DQG�FRGLQJ�YDULDQWV�DUH�
DVVRFLDWHG�ZLWK�YDULDWLRQ�LQ�%0,�DFURVV�WKH�SRSXODWLRQ���
��
$WULDO�ILEULOODWLRQ���:KHUHDV�DWULDO�ILEULOODWLRQ�KDV�ORQJ�EHHQ�WKRXJKW�WR�EH�GXH�WR�G\VIXQFWLRQ�RI�
LRQ�FKDQQHOV��JHQHWLF�VWXGLHV�KDYH�LGHQWLILHG�RWKHU�SRWHQWLDO�PHFKDQLVPV�IRU�WKH�DUUK\WKPLD��
6SHFLILFDOO\��&9$6�DQG�59$6�KDYH�ERWK�LGHQWLILHG�YDULDQWV�LQ�RU�FRQQHFWHG�WR�JHQHV�HQFRGLQJ�
SDUWV�RI�WKH�VDUFRPHUH�RU�FRQWUDFWLOH�DSSDUDWXV�RI�WKH�FDUGLRP\RF\WH��7KHVH�VWXGLHV�VXJJHVW�
WKDW�DW�OHDVW�VRPH�IRUPV�RI�DWULDO�ILEULOODWLRQ�PD\�UHIOHFW�D�VXEWOH�DWULDO�FDUGLRP\RSDWK\�UDWKHU�
WKDQ�D�FKDQQHORSDWK\��7KLV�QHZ�ILQGLQJ�PD\�KDYH�FOLQLFDO�VLJQLILFDQFH�DQG�LV�DQ�DUHD�RI�DFWLYH�
LQYHVWLJDWLRQ�WR�GHWHUPLQH�LI�WKHVH�SDWLHQWV�KDYH�D�GLIIHUHQWLDO�UHVSRQVH�WR�DQWLDUUK\WKPLF�
PHGLFDWLRQV��SURFHGXUHV�RU�WKH�QHHG�IRU�DQWLFRDJXODWLRQ��
�
*HQH�[�(QYLURQPHQW�LQWHUDFWLRQV���*[(�LQWHUDFWLRQV�DUH�NQRZQ�IRU�YDULRXV�FRPPRQ�FRPSOH[�
GLVHDVHV��6WXGLHV�KDYH�VKRZQ�DQ�LQFUHDVHG�ULVN�RI�3DUNLQVRQ¶V�GLVHDVH�DPRQJ�LQGLYLGXDOV�
ZKR�DUH�H[SRVHG�WR�YDULRXV�SHVWLFLGHV�DQG�ZKR�DUH�VORZ�PHWDEROL]HUV�IRU�&<3�'��RU�321���
*HQHWLF�YDULDWLRQ�DW�126��KDV�EHHQ�UHSRUWHG�WR�LQWHUDFW�ZLWK�UHVLGHQWLDO�WUDIILF�UHODWHG�
H[SRVXUH�WR�DIIHFW�H[KDOHG�QLWULF�R[LGH��)H12��OHYHOV��ZKLFK�DUH�D�NQRZQ�ELRPDUNHU�RI�DLUZD\�
LQIODPPDWLRQ��*HQHWLF�YDULDWLRQ�DW�1$7���ZKLFK�FDWDO\]HV�PHWDEROLVP�RI�DURPDWLF�
PRQRDPLQHV��LQFUHDVHV�ULVN�RI�EODGGHU�FDQFHU�DPRQJ�VPRNHUV�EXW�QRW�DPRQJ�

���



QHYHU�VPRNHUV��*HQHWLF�YDULDWLRQ�LQ�$/'+���ZKLFK�GHWR[LILHV�DFHWDOGHK\GH��LQWHUDFWV�ZLWK�
DOFRKRO�H[SRVXUH�WR�LQFUHDVH�WKH�ULVN�RI�HVRSKDJHDO�VTXDPRXV�FHOO�FDUFLQRPD�� �

��
�
���8QGHUVWDQGLQJ�WKH�+XPDQ�*HQRPH�
8QGHUVWDQGLQJ�FRPPRQ�GLVHDVHV�UHTXLUHV�PRUH�WKDQ�JHQHWLF�PDSSLQJ��$Q�LPSRUWDQW�ILUVW�VWHS�
LQYROYHV�FRQQHFWLQJ�GLVHDVH�DVVRFLDWHG�ORFL�WR�WKHLU�LPPHGLDWH�WDUJHWV�LQ�WKH�KXPDQ�
JHQRPH²L�H���LGHQWLI\LQJ�WKH�FDXVDO�YDULDQWV�DW�WKH�ORFL��WKH�IXQFWLRQDO�HOHPHQWV�WKH\�DOWHU��DQG�
WKH�JHQHV�WKDW�GLUHFWO\�DIIHFW�LQ�WKH�UHOHYDQW�FHOO�W\SHV���

3URJUHVV�LQ�XQGHUVWDQGLQJ�FRPPRQ�GLVHDVH�JHQHWLFV�KDV�WKXV�GHSHQGHG�RQ�ULFK�
NQRZOHGJH�DERXW�WKH�VWUXFWXUH�DQG�IXQFWLRQ�RI�WKH�KXPDQ�JHQRPH²UHVXOWLQJ�IURP�
FRPSUHKHQVLYH�SURMHFWV�XQGHUWDNHQ�E\�WKH�VFLHQWLILF�FRPPXQLW\��

%\�������WKH�+XPDQ�*HQRPH�3URMHFW�KDG�SURGXFHG�D�KLJK�TXDOLW\�JHQRPH�DVVHPEO\�
FRQWDLQLQJ�WKH�YDVW�PDMRULW\�RI�WKH�HXFKURPDWLF�VHTXHQFH�RI�WKH�KXPDQ�FKURPRVRPHV�DQG�D�
SDUDOOHO�HIIRUW��WKH�613�&RQVRUWLXP��KDG�SURGXFHG�D�FDWDORJ�RI�����PLOOLRQ�FRPPRQ�JHQHWLF�
YDULDQWV���

%XW��WKHUH�ZDV�VWLOO�PXFK�WR�GR�WR�DQQRWDWH�WKH�KXPDQ�JHQRPH²LQFOXGLQJ��L��LPSURYLQJ�
WKH�JHQRPH�VHTXHQFH�LWVHOI���LL��H[SDQGLQJ�WKH�FDWDORJ�RI�JHQHWLF�YDULDQWV���LLL��UHILQLQJ�WKH�JHQH�
FDWDORJXH��DQG��LY��FKDUDFWHUL]LQJ�KRZ�WKH�JHQRPH�LV�UHDG�LQ�GLIIHUHQW�FRQWH[WV��LQFOXGLQJ�WKH�
SDWWHUQV�RI�JHQH�H[SUHVVLRQ��DFWLYH�UHJXODWRU\�HOHPHQWV�DQG�FKURPDWLQ�VWUXFWXUH��7KH�ODWWHU�LV�
FUXFLDO�IRU�FRQQHFWLQJ�YDULDQWV�WR�WKHLU�LPPHGLDWH�IXQFWLRQ���

$�ZLGH�UDQJH�RI�SURMHFWV�KDYH�SOD\HG²DQG�ZLOO�FRQWLQXH�WR�SOD\²D�FUXFLDO�UROH�LQ�ILOOLQJ�
RXW�WKLV�NQRZOHGJH��:H�RXWOLQH�VRPH�RI�WKHVH�HIIRUWV�EHORZ��
�
����+XPDQ�5HIHUHQFH�6HTXHQFH���

(IIRUWV�KDYH�FRQWLQXHG�WR�UHILQH�WKH�KXPDQ�UHIHUHQFH�VHTXHQFH��LQFOXGLQJ�ILOOLQJ�LQ�KLJKO\�
UHSHWLWLYH�VHTXHQFHV�WKDW�KDYH�EHHQ�KDUG�WR�VHTXHQFH�DQG�DVVHPEOH��

7KH�FXUUHQW�KXPDQ�UHIHUHQFH�JHQRPH��*5&K����LV�WKH�PRVW�DFFXUDWH�DQG�FRPSOHWH�
YHUWHEUDWH�JHQRPH�HYHU�SURGXFHG��DIWHU�LWHUDWLRQV�RI�ILOOLQJ�LQ�WKH�PLVVLQJ�JDSV��ULERVRPDO�U'1$�
DUUD\V��ODUJH�VHJPHQWDO�GXSOLFDWLRQV��VDWHOOLWH�'1$�DUUD\V�HWF����7KHUH�UHPDLQV�JUHDW�LQWHUHVW�LQ�
FORVLQJ�WKH�UHPDLQLQJ�JDSV��ZKLFK�FDQ�OHDG�WR�H[SHULPHQWDO�DUWHIDFWV�DQG�KDUERXU�XQH[SORUHG�
YDULDWLRQ��&XUUHQW�ORQJ�UDQJH�VHTXHQFLQJ�PHWKRGV�KROG�JUHDW�SURPLVH�LQ�WKLV�UHJDUG��

�
����&DWDORJV�RI�*HQHWLF�9DULDWLRQ����

7KH�VXFFHVVIXO�PDSSLQJ�RI�FRPPRQ�GLVHDVHV�DQG�WUDLWV�UHTXLUHV�QHDU�FRPSOHWH�
NQRZOHGJH�RI�FRPPRQ�JHQHWLF�YDULDWLRQ��6HYHUDO�ODUJH�VFDOH�LQWHUQDWLRQDO�FROODERUDWLRQV²WKH�
,QWHUQDWLRQDO�+DS0DS�&RQVRUWLXP��WKH�������*HQRPHV�3URMHFW��WKH�+DSORW\SH�5HIHUHQFH�
&RQVRUWLXP��+5&���WKH�([RPH�$JJUHJDWLRQ�&RQVRUWLXP��([$&��DQG�WKH�*HQRPH�$JJUHJDWLRQ�
'DWDEDVH��JQRP$'�²KDYH�SOD\HG�FHQWUDO�UROHV�LQ�JHQHUDWLQJ��DQDO\]LQJ�DQG�GLVVHPLQDWLQJ�
UHIHUHQFH�FDWDORJV�RI�YDULDQWV��WKHLU�IUHTXHQF\��DQG�WKHLU�SDWWHUQV�RI�OLQNDJH�GLVHTXLOLEULXP�
SDWWHUQV��DQG�KDYH�PDGH�LW�SRVVLEOH�WR�XVH�JHQRW\SHV�DW�D�VXEVHW�RI�JHQHWLF�YDULDQWV��H�J���
��������µWDJ�613V¶��WR�LPSXWH�PRVW�RI�WKH�UHVW���

���



7KHVH�SXEOLFO\�DYDLODEOH�UHVRXUFHV�QRZ�LQFOXGH�D�FDWDORJ�RI�a���PLOOLRQ�613V�DQG�VPDOO�
LQGHOV��7KH\�LQFOXGH�!������RI�DOO�613V�ZLWK�IUHTXHQF\�����LQ�(XURSHDQ�DQFHVWU\�SRSXODWLRQV��
EXW�D�ORZHU�IUDFWLRQ�IRU�RWKHU�SRSXODWLRQV�DQG�HVSHFLDOO\�IRU�$IULFDQ�SRSXODWLRQV��VHH�EHORZ���
9DULRXV�PHWKRGV�DQG�VRIWZDUH�KDYH�EHHQ�GHYHORSHG�WR�SHUIRUP�LPSXWDWLRQ��VXFK�DV�,0387(��
0D&+��%HDJOH�DQG�RWKHUV��DQG�KDYH�EHFRPH�D�VWDQGDUG�SDUW�RI�FXUUHQW�&9$6���

7KH�UHVRXUFHV��HVSHFLDOO\��([$&�DQG�JQRP$'��DUH�ZLGHO\�XVHG�E\�FOLQLFDO�JHQHWLFLVWV�LQ�
WKHLU�TXHVW�WR�LGHQWLI\�FDXVDO�YDULDQWV�LQ�IDPLOLHV�ZLWK�UDUH�GLVHDVHV��E\�H[FOXGLQJ�YDULDQWV�WKDW�
DUH�WRR�IUHTXHQW��

7KH\�DUH�DOVR�EHLQJ�XVHG�WR�LQIHU�WKH�GHJUHH�RI�SXULI\LQJ�VHOHFWLRQ�RQ�HDFK�JHQH�EDVHG�
RQ�WKH�QXPEHU�DQG�IUHTXHQF\�VSHFWUXP�RI�YDULDQWV��:LWK�LQFUHDVLQJ�VDPSOH�VL]H�DQG�SRSXODWLRQ�
GLYHUVLW\��LW�LV�EHFRPLQJ�SRVVLEOH�HYHQ�WR�LQIHU�VHOHFWLYH�FRQVWUDLQWV�RQ�LQGLYLGXDO�H[RQV�DQG�
VPDOOHU�VHJPHQWV�HQFRGLQJ�SRUWLRQV�RI�SURWHLQ��

0XFK�VWLOO�UHPDLQV�WR�EH�GRQH���
,W�ZLOO�EH�LPSRUWDQW�WR�VDWXUDWH�613V�DW�ORZHU�IUHTXHQFLHV��WR�LPSURYH�JHQHWLF�LPSXWDWLRQ��

JHQHWLF�XQGHUVWDQGLQJ��VXFK�YDULDQWV�WHQG�WR�KDYH�VRPHZKDW�ODUJHU�HIIHFW�VL]HV��DQG�FOLQLFDO�
JHQHWLF�LQWHUSUHWDWLRQ��(IIRUWV�DUH�DOVR�QHHGHG�WR�DFKLHYH�PRUH�FRPSOHWH�FRYHUDJH�RI�RWKHU�
W\SHV�RI�YDULDQWV��LQFOXGLQJ�ODUJH�GHOHWLRQV��GXSOLFDWLRQV�DQG�LQYHUVLRQV��

0RVW�LPSRUWDQWO\��ZH�QHHG�WR�LQFUHDVH�WKH�QXPEHU�RI�LQGLYLGXDOV�VHTXHQFHG�IURP�
QRQ�(XURSHDQ�DQFHVWU\�SRSXODWLRQV�WR�HQDEOH�YDULDQW�GLVFRYHU\��LPSXWDWLRQ�DQG�GHVLJQ�RI�
JHQRW\SLQJ�DUUD\V�DW�FRPSDUDEOH�OHYHOV�DV�IRU�(XURSHDQ�DQFHVWU\�SRSXODWLRQV��,QFUHDVLQJ�WKH�
VWXG\�RI�$IULFDQ�SRSXODWLRQV�LV�HVSHFLDOO\�LPSRUWDQW��&OLQLFDOO\��$IULFDQ�SRSXODWLRQV�KDYH�EHHQ�
XQGHUVHUYHG��*HQHWLFDOO\��$IULFDQ�SRSXODWLRQV�KDYH�VR�PXFK�WR�WHDFK�XV�EHFDXVH�$IULFD�KDV�
JUHDWHU�JHQHWLF�GLYHUVLW\�DQG�VKRUWHU�KDSORW\SHV��SURYLGLQJ�EHWWHU�PDSSLQJ�UHVROXWLRQ��WKDQ�RWKHU�
FRQWLQHQWDO�SRSXODWLRQV��

��
�����&DWDORJXHV�RI�JHQH�H[SUHVVLRQ�IRU�WLVVXHV�DQG�FHOO�W\SHV ����

$�NH\�FKDOOHQJH��DV�QRWHG�DERYH��LV�WR�XQGHUVWDQG�KRZ�GLVHDVH�DVVRFLDWHG�YDULDQWV�
GLUHFWO\�DIIHFW�FHOOXODU�IXQFWLRQ���

2QH�LPSRUWDQW�IRXQGDWLRQ�ZRXOG�EH�WR�NQRZ�WKH�H[SUHVVLRQ�SDWWHUQV�RI�DOO�JHQHV�DFURVV�
DOO�FHOO�W\SHV��LQFOXGLQJ�WUDQVFULSW�OHYHOV�DQG�VSOLFLQJ��DQG�KRZ�WKHVH�H[SUHVVLRQ�SDWWHUQV�DUH�
DOWHUHG�E\��FLV��DFWLQJ�JHQHWLF�YDULDQWV��WKDW�LV��YDULDQWV�FDUULHG�RQ�WKH�VDPH�SK\VLFDO�
FKURPRVRPH���7KH�ODWWHU�LV�LPSRUWDQW�EHFDXVH�PRVW�GLVHDVH�DVVRFLDWHG�ORFL�OLH�LQ�QRQ�FRGLQJ�
UHJLRQV�DQG�DUH�OLNHO\�WR�DFW�E\�DOWHULQJ�WKH�H[SUHVVLRQ�RI�QHDUE\�JHQHV��

7R�KHOS�DVVHPEOH�WKLV�NQRZOHGJH��WKH�JHQRW\SH�WLVVXH�H[SUHVVLRQ��*7([��SURMHFW�ZDV�
ODXQFKHG��7KH�SURMHFW�KDV�FROOHFWHG�VDPSOHV�IURP����WLVVXH�VLWHV�DFURVV�QHDUO\�������
LQGLYLGXDOV�DQG�KDV�SHUIRUPHG�PROHFXODU�DVVD\V�LQFOXGLQJ�JHQRW\SLQJ�DQG�LPSXWDWLRQ��JHQRPH�
VHTXHQFLQJ��DQG�51$�VHTXHQFLQJ��

%H\RQG�FUHDWLQJ�D�FDWDORJ�RI�µW\SLFDO¶�JHQH�H[SUHVVLRQ�LQ�WKH�EXON�WLVVXH�VDPSOHV��WKH�
*7([�3URMHFW�KDV�DSSOLHG�*:$6�WR�DVVRFLDWH�LQWHU�LQGLYLGXDO�YDULDWLRQ�LQ�WKH�51$�H[SUHVVLRQ�RI�
JHQHV�ZLWK�QHDUE\�JHQHWLF�YDULDQWV�²�LGHQWLI\LQJ��FLV��H[SUHVVLRQ�TXDQWLWDWLYH�WUDLW�ORFL�
��FLV��H47/V���1RWDEO\��D�VXEVHW�RI�WKHVH�FLV�H47/V�KDYH�WLVVXH�VSHFLILF�HIIHFWV�RQ�JHQH�
H[SUHVVLRQ��FLV�H47/V�KDYH�EHHQ�LGHQWLILHG�IRU�QHDUO\�DOO�FRGLQJ�UHJLRQV��7KHVH��FLV��H47/V�PD\�
EH�JRRG�FDQGLGDWHV�WR�H[SODLQ�PDQ\�GLVHDVH�DVVRFLDWHG�ORFL��6LPLODUO\��51$�H[SUHVVLRQ�

���



FDWDORJV�DUH�EHLQJ�XVHG�WR�PDS�YDULDQWV�WKDW�DIIHFW�VSOLFLQJ�RI�SDUWLFXODU�WUDQVFULSWV��FDOOHG�VSOLFH�
47/V��V47/V���

0XFK�LPSRUWDQW�LQIRUPDWLRQ�LV�ORVW�LQ�WKH�KHWHURJHQHLW\�RI�EXON�WLVVXHV��,Q�WKH�\HDUV�
DKHDG��LW�ZLOO�EH�LPSRUWDQW�WR�H[WHQG�WKH�ZRUN�WR�WKH�OHYHO�RI�VLQJOH�FHOO�DQDO\VLV²XVLQJ�LQVLJKWV�
DQG�PHWKRGV�EHLQJ�GHYHORSHG�E\�WKH�+XPDQ�&HOO�$WODV��
��
����(SLJHQRPLF�FDWDORJXHV�IRU�WLVVXHV�DQG�FHOO�W\SHV��

$�VHFRQG�LPSRUWDQW�IRXQGDWLRQ�ZRXOG�EH�WR�NQRZ�DOO�DFWLYH�UHJXODWRU\�HOHPHQWV�LQ�DOO�FHOO�
W\SHV��EHFDXVH�PDQ\�QRQ�FRGLQJ�YDULDQWV�DUH�OLNHO\�WR�DFW�E\�DIIHFWLQJ�WKHVH�HOHPHQWV��6WXGLHV�
RI�GLVHDVH�DVVRFLDWHG�ORFL�RIWHQ�IRFXV�RQ�WLVVXHV�DQG�FHOO�W\SHV�LQ�ZKLFK�WKH�ORFXV�OLHV�LQ�DQ�
DFWLYH�UHJXODWRU\�UHJLRQ��DOWKRXJK�WKLV�DSSURDFK�LV�OLPLWHG�EHFDXVH�FXUUHQW�FRYHUDJH�RI�WLVVXHV�
DQG�FHOO�W\SHV�UHPDLQV�LQFRPSOHWH���1RWDEO\��WKH�IXQFWLRQDO�HOHPHQWV�LGHQWLILHG�VR�IDU�DUH�
HQULFKHG�LQ�*:$6�VLJQDOV��

7KH�(QF\FORSHGLD�RI�'1$�(OHPHQWV��(1&2'(��3URMHFW�ZDV�WKH�ILUVW�HIIRUW�WR�
V\VWHPDWLFDOO\�GLVFRYHU�WKH�IXQFWLRQDO�HOHPHQWV��ERWK�FRGLQJ�DQG�QRQ�FRGLQJ��LQ�WKH�KXPDQ�
JHQRPH��&RPSDUDWLYH�JHQRPLF�VWXGLHV�KDYH�VXJJHVWHG�WKDW�a���RI�WKH�KXPDQ�JHQRPH�LV�
XQGHU�SXULI\LQJ�VHOHFWLRQ�DQG�WKXV�OLNHO\�IXQFWLRQDO��(1&2'(�DQDO\]HG�����GLIIHUHQW�FHOO�
OLQHV�FHOO�W\SHV�ZLWK�V\VWHPDWLF�DVVD\V�IRU�WUDQVFULSWLRQ��WUDQVFULSWLRQ�IDFWRU�ELQGLQJ��KLVWRQH�
PRGLILFDWLRQ�DQG�FKURPDWLQ�DFFHVVLELOLW\��7KH�SURMHFW�UHOHDVHG������GDWD�VHWV�LQ�������DQG�WKH�
GDWD�KDYH�FRQWLQXHG�WR�JURZ��%\�SURYLGLQJ�DQ�LQLWLDO�PDS�RI�UHJLRQV�ZLWK�WUDQVFULSWLRQ��
SURPRWHUV��SXWDWLYH�HQKDQFHUV�DFURVV�PDQ\�FHOO�OLQHV�DQG�FHOO�W\SHV��(1&2'(�KDV�JLYHQ�
LPSRUWDQW�FOXHV�IRU�XQGHUVWDQGLQJ�GLVHDVH�DVVRFLDWHG�ORFL��

7KH�5RDGPDS�(SLJHQRPLFV�0DSSLQJ�&RQVRUWLXP�KDV�H[SDQGHG�RQ�WKLV�ZRUN��E\�
LQYHVWLJDWLQJ�VWHP�FHOOV�DQG�SULPDU\��H[�YLYR ��WLVVXHV�VHOHFWHG�WR�UHSUHVHQW�WKH�QRUPDO�
FRXQWHUSDUWV�RI�WLVVXHV�DQG�RUJDQ�V\VWHPV�IUHTXHQWO\�LQYROYHG�LQ�KXPDQ�GLVHDVH��8VLQJ�YDULRXV�
VHTXHQFLQJ�DSSURDFKHV��WKH�FRQVRUWLXP�KDV�FKDUDFWHUL]HG�'1$�PHWK\ODWLRQ��KLVWRQH�
PRGLILFDWLRQV��FKURPDWLQ�DFFHVVLELOLW\�DQG�VKRUW�DQG�ORQJ�QRQ�FRGLQJ�51$�WUDQVFULSWV��,QWHJUDWHG�
DQDO\VLV�KDV�SURYLGHG�KLJK�UHVROXWLRQ�PDSV�RI�SXWDWLYH�UHJXODWRU\�HOHPHQWV�VSDQQLQJ�WKH�FHOOV�
DQG�WLVVXHV²KLJKOLJKWLQJ�HSLJHQRPLF�GLIIHUHQFHV�DFURVV�OLQHDJH�DQG�GLIIHUHQWLDWLRQ�DQG�
UHODWLRQVKLSV�EHWZHHQ�HQKDQFHUV��SURPRWHUV�DQG�WUDQVFULSWV���
� $V�ZLWK�51$�H[SUHVVLRQ��PXFK�RI�WKH�LPSRUWDQW�HSLJHQRPLF�VLJQDO�LV�REVFXUHG�E\�WKH�
KHWHURJHQHLW\�RI�EXON�WLVVXHV��,W�ZLOO�EH�LPSRUWDQW�WR�H[WHQG�WKLV�ZRUN�WR�WKH�VLQJOH�FHOO�OHYHO��
6RPH�HSLJHQRPLF�PHWKRGV�KDYH�EHHQ�DGDSWHG�WR�VLQJOH�FHOO�DQDO\VLV��IRU�H[DPSOH��$7$&�VHT���
EXW�FRQVLGHUDEOH�ZRUN�LV�VWLOO�QHHGHG�IRU�RWKHUV��0RUHRYHU��LW�ZLOO�EH�LPSRUWDQW�WR�XQGHUWDNH�WKHVH�
VWXGLHV�DW�D�SRSXODWLRQ�OHYHO��WR�FDSWXUH�KXPDQ�YDULDWLRQ�DQG�GLYHUVLW\��

7KH�LPSDFWV�RI�HQYLURQPHQWDO�H[SRVXUHV�PD\�DOVR�EH�LPSRUWDQW�LQ�XQGHUVWDQGLQJ�
HSLJHQRPLF�DQG�WUDQVFULSWRPLF�SDWWHUQV��(IIRUWV�WR�XQGHUVWDQG�H[RJHQRXV�HQYLURQPHQWDO�
LPSDFWV�RQ�UHJXODWRU\�SDWKZD\V��LQFOXGLQJ�ORFL�WKDW�SURPRWH�VXVFHSWLELOLW\�RU�UHVLVWDQFH�WR�
H[SRVXUH�ULVNV��PD\�LQIRUP�WKH�FRQWH[W�LQ�ZKLFK�WKHVH�SURFHVVHV�DIIHFW�GLVHDVH�SUHYHQWLRQ�DQG�
WUHDWPHQW���

7R�OLQN�FRPPRQ�GLVHDVHV�WR�FHOO�VSHFLILF�PHFKDQLVPV��ZH�ZLOO�XOWLPDWHO\�QHHG�D�FOHDU�
DQG�FRPSUHKHQVLYH�SLFWXUH�RI�JHQRPH�UHJXODWLRQ�DW�WKH�VLQJOH�FHOO�OHYHO�DFURVV�DOO�FHOO�W\SHV�LQ�
ODUJH�QXPEHUV�RI�LQGLYLGXDOV��

���



�
�����'LVHDVH�0HFKDQLVPV�DQG�&OLQLFDO�7UDQVODWLRQ�
:KLOH�PXFK�FDQ�EH�OHDUQHG�IURP�³JHQHULF´�LQIRUPDWLRQ�DERXW�WKH�JHQRPH��WUDQVFULSWRPH�DQG�
HSLJHQRPLF��GHFLSKHULQJ�GLVHDVH�PHFKDQLVPV�DQG�GHYHORSLQJ�WKHUDSLHV�DOVR�UHTXLUHV�DQ�
LQWHQVH�IRFXV�RQ�GLVHDVH�VSHFLILF�LQIRUPDWLRQ��:KLOH�WKH�GHWDLOV�ZLOO�GLIIHU��WKHUH�DUH�VWLOO�JUHDW�
RSSRUWXQLWLHV�IRU�VKDUHG�OHDUQLQJ�DFURVV�GLVHDVHV�DERXW�WKH�PRVW�HIIHFWLYH�SDUDGLJPV��
��
����'LVHDVH�0HFKDQLVPV����

,W�LV�EHFRPLQJ�FOHDU�WKDW�XQGHUVWDQGLQJ�GLVHDVH�PHFKDQLVPV�ZLOO�EHQHILW�IURP��
Ɣ JDWKHULQJ�JHQHWLF�GDWD�IRU�PDQ\�SKHQRW\SHV�RI�WUDQVODWLRQDO�LQWHUHVW��LQFOXGLQJ�WKRVH�

UHODWHG�WR�GLVHDVH�SURJUHVVLRQ��FRPSOLFDWLRQ�ULVN��WKHUDSHXWLF�UHVSRQVH�DQG�FOLQLFDO�
RXWFRPH��

Ɣ JDWKHULQJ�ODUJH�VFDOH�GDWD�RQ�WKH�FHOO�W\SHV�DQG�FHOO�VWDWHV�PRVW�UHOHYDQW�WR�WKH�GLVHDVH��
*HQHULF�DSSURDFKHV�ZLOO�QRW�FKDUDFWHUL]H�DOO�FHOOXODU�FRQWH[WV�UHOHYDQW�WR�D�GLVHDVH��H�J���
H[SRVXUH�WR�VHFUHWDJRJXHV��LPPXQH�DFWLYDWLRQ��SDWKRJHQV��WR[LQV��GHHPHG�UHOHYDQW�WR�
VSHFLILF�GLVHDVHV��

Ɣ ��LQWHUSUHWLQJ�ODUJH�VFDOH�IXQFWLRQDO�GDWD�LQ�OLJKW�RI�NQRZQ�GLVHDVH�ELRORJ\��:KLOH�
JHQRPH�ZLGH�DQDO\VHV�FDQ�LPSOLFDWH�SDUWLFXODU�WLVVXHV��FHOO�W\SHV��DQG�FHOO�SURFHVVHV��
WKHVH�HQULFKPHQWV�GR�QRW�PHDQ�WKDW�DOO�RI�WKH�SK\VLRORJ\�RI�D�GLVHDVH��DQG�DOO�RI�WKH�
*:$6�ORFL��ZLOO�EH�PHGLDWHG�WKURXJK�WKHVH��'LVHDVH�VSHFLILF�NQRZOHGJH�ZLOO�SURYLGH�DQ�
LPSRUWDQW�ILOWHU�IRU�LQWHUSUHWLQJ�WKLV�LQIRUPDWLRQ�DQG�HQVXULQJ�WKDW�IXQFWLRQDO�GDWD�FDQ�EH�
JHQHUDWHG�DQG�LQWHUSUHWHG�LQ�ZD\V�WKDW�DUH�DSSURSULDWH�IRU�HDFK�GLVHDVH��DQG�DW�HDFK�
ORFXV�IRU�WKDW�GLVHDVH��

Ɣ GHYHORSLQJ�SUHFLVH�FHOOXODU�DVVD\V��WR�DVVLJQ�JHQHV�WR�GLVHDVH�VSHFLILF�SURFHVVHV��)RU�
H[DPSOH��RQH�PLJKW�FKDUDFWHUL]H�JHQHV�LQ�,%'�DVVRFLDWHG�ORFL�E\�DSSO\LQJ�
&5,635�EDVHG�VFUHHQV�WR�LGHQWLI\�DOO�JHQHV�ZKRVH�SHUWXUEDWLRQ�DIIHFWV�GLVHDVH�UHODWHG�
SURFHVVHV��VXFK�DV�DXWRSKDJ\��
�

����&OLQLFDO�WUDQVODWLRQ����
7KHUH�LV�JURZLQJ�LQWHUHVW�LQ�WKH�SKDUPDFHXWLFDO�LQGXVWU\�LQ�XVLQJ�KXPDQ�JHQHWLFV�WR�

YDOLGDWH�WDUJHWV���%R[�� ����9DULRXV�W\SHV�RI�NQRZOHGJH�DUH�YDOXDEOH�IRU�VXSSRUWLQJ�FOLQLFDO�
WUDQVODWLRQ�� �

0HFKDQLVPV ���8QGHUVWDQGLQJ�WKH�PHFKDQLVP�RI�DFWLRQ�IRU�DV�PDQ\�ORFL�DV�SRVVLEOH�IRU�
HDFK�GLVHDVH�LV�NH\�WR�XQGHUVWDQGLQJ�GLVHDVH�SDWKRORJ\��7KH�DLP�VKRXOG�EH�WR�SXUVXH�VXFK�
HIIRUWV�XQWLO�WKH�SRLQW�WKDW�WKH�ELRORJ\�LV�³VDWXUDWHG´²LQ�WKH�VHQVH�WKDW�PRVW�DGGLWLRQDO�ORFL�
FRUUHVSRQG�WR�DOUHDG\�HQFRXQWHUHG�SDWKZD\V��9DULRXV�KLJK�WKURXJKSXW�IXQFWLRQDO�DVVD\V�VKRXOG�
EH�GHYHORSHG�WR�H[SORUH��PDQLSXODWH��DQG�PRQLWRU�WKH�SDWKZD\V�IROORZLQJ�JHQHWLF�RU�WKHUDSHXWLF�
SHUWXUEDWLRQ��LQ�YLWUR ��DQG��LQ�YLYR���7KHVH�DVVD\V�DUH�FULWLFDO�LQ�GUXJ�GHYHORSPHQW�IRU�VXSSRUWLQJ�
PROHFXODU�VFUHHQV��OHDG�PROHFXOH�RSWLPL]DWLRQ��DQG�HQDEOLQJ�PRUH�GHWDLOHG�PHFKDQLVWLF�
LQYHVWLJDWLRQ��

'LUHFWLRQ�DQG�PDJQLWXGH ���,W�LV�LPSRUWDQW�WR�KDYH�LQIRUPDWLRQ�DERXW�D�ZLGH�DOOHOLF�
VSHFWUXP�WR�DVFHUWDLQ�WKH�GHVLUHG�GLUHFWLRQ�RI�WKHUDSHXWLF�HIIHFW��GRHV�ORZHU�DFWLYLW\�RI�D�WDUJHW�
FRQIHU�ORZHU�RU�KLJKHU�GLVHDVH�ULVN"���:KLOH�FRPPRQ�YDULDQWV�ZLWK�PRGHVW�HIIHFWV�FDQ�SRLQW�WR�

���



H[FHOOHQW�WKHUDSHXWLF�WDUJHWV��H�J���WKH�WDUJHWV�RI�VWDWLQV�DQG�VXOSKRQ\OXUHDV���LW�LV�YDOXDEOH�WR�
LGHQWLI\��RIWHQ�UDUHU��KXPDQ�DOOHOHV�ZLWK�ODUJHU�HIIHFWV²WR�JXLGH�WKH�H[WHQW�RI�WKHUDSHXWLF�
PRGXODWLRQ�WKDW�ZRXOG�EH�UHTXLUHG�IRU�FOLQLFDO�EHQHILW�DQG�WR�SURYLGH�FOXHV�DERXW�D�XVHIXO�
WKHUDSHXWLF�ZLQGRZ��

%LRPDUNHUV ���*HQHWLFV�FDQ�KHOS�WR�LGHQWLI\�WUDQVODWLRQDO�ELRPDUNHUV��OLQNHG�WR�WKH�
PROHFXODU�PHFKDQLVP�RI�LQWHUHVW��6XFK�ELRPDUNHUV�DUH�DQ�HVVHQWLDO�FRPSRQHQW�IRU�VXFFHVVIXO�
GUXJ�GHYHORSPHQW��DV�ZHOO�DV�IRU�VXSSRUWLQJ�FOLQLFDO�DQG�HSLGHPLRORJLFDO�DQDO\VHV��

3KDUPDFRG\QDPLF�ELRPDUNHUV�FDQ�EH�SDUWLFXODUO\�LPSRUWDQW�DV�UHDGRXWV�RI�WDUJHW�
HQJDJHPHQW��SURYLGLQJ�D�TXDQWLWDWLYH�DVVHVVPHQW�RI�WKH�PDJQLWXGH�RI�WKHUDSHXWLF�SHUWXUEDWLRQ�
DFKLHYHG��LQ�HDUO\��SURRI�RI�FRQFHSW�FOLQLFDO�WULDOV��%LRPDUNHUV�RI�FOLQLFDO�HIILFDF\�FDQ�SURYLGH�
UHOLDEOH�LQWHUPHGLDWH�VXUURJDWHV�IRU�FOLQLFDO�HQG�SRLQWV�WKDW�DUH�GLIILFXOW�RU�FRVWO\�WR�FDSWXUH�LQ�
SURVSHFWLYH�WULDOV��2WKHU�ELRPDUNHUV�FDQ�EH�XVHG�WR�VWUDWLI\�SDWLHQWV�RQ�WKH�EDVLV�RI�KLJK�IXWXUH�
ULVN�RI�GLVHDVH�RU�SDUWLFXODU�GLVHDVH�VXEW\SH��RU�WR�VLJQDO�WR[LFLW\�

7KHUDSHXWLF�PRGDOLW\ ���,QIRUPDWLRQ�RQ�GLVHDVH�PHFKDQLVP��WLVVXH�RI�DFWLRQ��DQG�WKH�
FKDUDFWHULVWLFV�RI�D�FDQGLGDWH�WKHUDSHXWLF�WDUJHWV�FDQ�SURYLGH�LQIRUPDWLRQ�DERXW�SRWHQWLDO�
³GUXJJDELOLW\´�DQG�KLJKOLJKW�WKH�PRVW�DSSURSULDWH�WKHUDSHXWLF�PRGDOLW\��VPDOO�PROHFXOHV��
ELRORJLFV��RU�RWKHU�LQQRYDWLYH�DSSURDFKHV����

3OHLRWURS\ ���$V�QRWHG�DERYH��PDQ\�GLVHDVH�DVVRFLDWHG�YDULDQWV�LQIOXHQFH�WUDLWV�RWKHU�
WKDQ�WKRVH�UHODWHG�WR�WKH�LQGH[�GLVHDVH��)RU�WKHUDSHXWLF�WDUJHWV��WKLV�LQIRUPDWLRQ�PD\�SRLQW�WR�
SRWHQWLDO�WR[LFLWLHV�RU�DGYHUVH�HYHQWV²RU��LQ�VRPH�FDVHV��RSSRUWXQLWLHV�IRU�GUXJ�UHSXUSRVLQJ���2I�
FRXUVH��WKH�SOHLRWURSLF�VSHFWUXP�RI�WKH�RIWHQ�WLVVXH�VSHFLILF�YDULDQWV�W\SLFDOO\�FDSWXUHG�E\�*:$6�
PD\�EH�PRUH�UHVWULFWHG�WKDQ�HIIHFWV�REVHUYHG�ZKHQ�WKH�VDPH�WDUJHW�LV�SHUWXUEHG�DFURVV�DOO�WKH�
WLVVXHV���

3DWLHQW�VWUDWLILFDWLRQ���0DWFKLQJ�GUXJV�WR�WKHLU�RSWLPDO�WDUJHW�SRSXODWLRQ�UHTXLUHV�GHHSHU�
XQGHUVWDQGLQJ�RI�LQGLYLGXDO�ULVN��RI�GLVHDVH�RQVHW�DQG�GLVHDVH�SURJUHVVLRQ���DV�ZHOO�DV�RI�
HWLRORJLFDO�DQG�FOLQLFDO�KHWHURJHQHLW\��6XFK�NQRZOHGJH�LV�HPHUJLQJ�IURP�WKH�DQDO\VLV�RI�
ODUJH�VFDOH�FRKRUW�VWXGLHV��$�FKDOOHQJH�LV�WR�FRPELQH�JHQHWLF��ELRPDUNHU��OLIHVW\OH��
HQYLURQPHQWDO�H[SRVXUH�DQG�FOLQLFDO�GDWD�WR�EHVW�VWUDWLI\�ULVN�DQG�GLVHDVH�VXEW\SH�LQ�ZD\V�WKDW�
PD\�KDYH�FOLQLFDO�XWLOLW\��³SUHFLVLRQ�PHGLFLQH´���)RU�H[DPSOH��WKH�FDSDFLW\�WR�VWUDWLI\�SDWLHQWV�FDQ�
EH�FULWLFDO�IRU�3KDVH���VWXGLHV��H�J��VHOHFWLQJ�WKRVH�ZLWK�WKH�KLJKHVW�EDFNJURXQG�ULVN�RI�GLVHDVH�
SURJUHVVLRQ���DQG�WKHQ�IRU�GHILQLQJ�SDWLHQWV�PRVW�OLNHO\�WR�EHQHILW�IURP�DQ�DSSURYHG�PHGLFDWLRQ�
�LQ�WHUPV�RI�PD[LPL]LQJ�HIILFDF\��PLQLPL]LQJ�DGYHUVH�HYHQWV��DQG�RU�DGGUHVVLQJ�XQPHW�FOLQLFDO�
QHHGV���
�

%R[����+XPDQ�JHQHWLFV�DQG�GUXJ�GHYHORSPHQW�
��
'UXJ�GHYHORSPHQW�IDFHV�WZR�PDMRU�FKDOOHQJHV��)LUVW��WKH�FRVW�RI�GHOLYHULQJ�D�VXFFHVVIXO�QHZ�
PHGLFLQH�WR�WKH�PDUNHW�LV�KLJK²HVWLPDWHG�DW�!��%�86�SHU�FRPPHUFLDO�ODXQFK��ZLWK�FRVWV�
KDYLQJ�LQFUHDVHG�E\�WZR�WKLUGV�IURP������WR�������5HI�����$�PDMRU�FRQWULEXWRU�LV�DWWULWLRQ²WKH�
IDFW�WKDW�VR�PDQ\�SURVSHFWLYH�PHGLFLQHV�IDLO�LQ�FOLQLFDO�GHYHORSPHQW��6HFRQG��PDQ\�QHZ�
PHGLFLQHV�IDLO�WR�PDNH�PDMRU�LPSURYHPHQWV�DERYH�WKH�VWDQGDUG�RI�FDUH��
��

���



+XPDQ�JHQHWLFV�KROGV�SRWHQWLDO�WR�DGGUHVV�WKHVH�SUREOHPV��DV�VXSSRUWHG�E\�VHYHUDO�OLQHV�RI�
HYLGHQFH��5HI������

Ɣ 7KHUH�LV�DQHFGRWDO�HYLGHQFH�WKDW�KXPDQ�JHQHWLFV�FDQ�GULYH�GUXJ�GLVFRYHU\�DQG�
GHYHORSPHQW��$�JRRG�H[DPSOH�LV�3&6.���D�WDUJHW�LGHQWLILHG�E\�KXPDQ�JHQHWLFV�IRU�
ZKLFK�WKHUH�DUH�WZR�DSSURYHG�WKHUDSLHV�WKDW�EORFN�FLUFXODWLQJ�3&6.��SURWHLQ�OHYHOV��
ORZHU�WKH�OHYHOV�RI�FLUFXODWLQJ�/'/�FKROHVWHURO��DQG�SURWHFW�IURP�FDUGLRYDVFXODU�
GLVHDVH��

Ɣ 7KHUH�LV�VXSSRUW�IURP�VXFFHVV�UDWHV�DW�LQGLYLGXDO�GUXJ�FRPSDQLHV��,Q�������&RRN�HW�DO��
SXEOLVKHG�WKH�UHVXOWV�RI�D�FRPSUHKHQVLYH�ORQJLWXGLQDO�UHYLHZ�RI�$VWUD=HQHFD
V�
VPDOO�PROHFXOH�GUXJ�SURMHFWV�IURP������WR�������5HI������7KH\�IRXQG�WKDW�WKHUDSLHV�
DJDLQVW�WDUJHWV�ZLWK�KXPDQ�JHQHWLFV�ZHUH�URXJKO\�WZLFH�DV�OLNHO\�WR�OHDG�WR�VXFFHVVIXO�
SURJUDPV�FRPSDUHG�WR�WKHUDSLHV�DJDLQVW�WDUJHWV�ZLWKRXW�KXPDQ�JHQHWLFV�VXSSRUW��

Ɣ 7KHUH�LV�VXSSRUW�DW�WKH�OHYHO�RI�DOO�DSSURYHG�PHGLFLQHV��,Q�������1HOVRQ�HW�DO��
HVWLPDWHG�WKDW�VHOHFWLQJ�JHQHWLFDOO\�VXSSRUWHG�WDUJHWV�FRXOG�GRXEOH�WKH�VXFFHVV�UDWH�LQ�
FOLQLFDO�GHYHORSPHQW��5HI������0RUH�UHFHQWO\��.LQJ�HW�DO�H[WHQGHG�WKHVH�ILQGLQJV��5HI��
����%RWK�VWXGLHV�GHPRQVWUDWHG�WKDW�SUREDELOLW\�RI�VXFFHVV�ZDV�JUHDWHVW�ZKHQ�D�
PROHFXODU�PHFKDQLVP�RI�DFWLRQ�FRXOG�EH�TXDQWLWDWLYHO\�PDWFKHG�WR�D�WKHUDSHXWLF�
PRGDOLW\�VSHFLILF�WR�WKH�FOLQLFDO�LQGLFDWLRQ�RI�LQWHUHVW��

Ɣ 7KHUH�LV�VXSSRUW�DW�WKH�OHYHO�RI�LQGLFDWLRQV��7KH�VXFFHVV�UDWH�IURP�3KDVH���WR�
DSSURYHG�PHGLFLQHV�DUH�PRUH�WKDQ�WZLFH�DV�KLJK�IRU�UDUH�JHQHWLF�GLVHDVHV�FRPSDUHG�
WR�FKURQLF��KLJK�SUHYDOHQW�GLVHDVHV������YV������

��
7KHVH�IDFWRUV�KDYH�OHG�WKH�OLIH�VFLHQFHV�LQGXVWU\�WR�LQFUHDVLQJO\�LQFRUSRUDWH�KXPDQ�JHQHWLF�
HYLGHQFH�DV�D�NH\�SLOODU�LQ�5	'�VWUDWHJLHV��$V�D�FRQVHTXHQFH��WKH�SURSRUWLRQ�RI�SLSHOLQHV�ZLWK�
KXPDQ�JHQHWLF�HYLGHQFH�LV�VWHDGLO\�LQFUHDVLQJ��)RU�H[DPSOH��$PJHQ�VWDWHV�����RI�WKHLU�
SRUWIROLR�LV�JURXQGHG�LQ�KXPDQ�JHQHWLFV��D�QXPEHU�WKDW�LV�FRQVLVWHQW�ZLWK�D�QXPEHU�RI�RWKHU�
LQGXVWU\�SDUWQHUV�LQYROYHG�LQ�WKH�,&'$��7KHUH�KDV�DOVR�EHHQ�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�
FRPSDQLHV�SXUVXLQJ�PXOWLSOH�LQGLFDWLRQV�LQ�SDUDOOHO�IRU�JHQHWLFDOO\�ZHOO�GHILQHG�WDUJHWV��$�
VWULNLQJ�H[DPSOH�LV�7<.���3IL]HU�LV�FXUUHQWO\�UXQQLQJ�ILYH�SDUDOOHO�3KDVH���FOLQLFDO�WULDOV�
�SVRULDVLV��XOFHUDWLYH�FROLWLV��&URKQ¶V�GLVHDVH��YLWLOLJR��DQG�DORSHFLD�DUHDWD��IRU�D�7<.��-$.��
LQKLELWRU��DQG�%ULVWRO�0\HUV�6TXLEE�LV�UXQQLQJ�ILYH�3KDVH�����FOLQLFDO�WULDOV��SVRULDVLV��SVRULDWLF�
DUWKULWLV��XOFHUDWLYH�FROLWLV��&URKQ¶V�GLVHDVH��V\VWHPLF�OXSXV�HU\WKHPDWRVXV��IRU�D�VHOHFWLYH�
7<.��LQKLELWRU��%\�FRQWUDVW��WUDGLWLRQDO�FOLQLFDO�GHYHORSPHQW�SURJUDPV�ZRXOG�EH�PRUH�ULVN�
DYHUVH��WHVWLQJ�QHZ�LQGLFDWLRQV�VHTXHQWLDOO\�UDWKHU�WKDQ�LQ�SDUDOOHO���
��
����'HORLWWH��³(PEUDFLQJ�WKH�IXWXUH�RI�ZRUN�WR�XQORFN�5	'�SURGXFWLYLW\´�
KWWSV���ZZZ��GHORLWWH�FRP�XN�HQ�SDJHV�OLIH�VFLHQFHV�DQG�KHDOWKFDUH�DUWLFOHV�PHDVXULQJ�UHWXUQ�IURP�SKDUPDFHXWLFDO�LQQRYDWLRQ�KWPO�
����3OHQJHJHQ�FRP�EORJ�±�QHHG�WR�ZULWH��
����&RRN�HW�DO��������1DWXUH�5HYLHZV�'UXJ�'LVFRYHU\��KWWSV���ZZZ�QDWXUH�FRP�DUWLFOHV�QUG������
����1HOVRQ�HW�DO��������1DWXUH�*HQHWLFV��KWWSV���ZZZ�QDWXUH�FRP�DUWLFOHV�QJ�������
����.LQJ�HW�DO��������ELRU[LY��KWWSV���ZZZ�ELRU[LY�RUJ�FRQWHQW���������������Y���

�
�
�

���



�
���7KH�*RDO�$KHDG��)URP�0DSV�WR�0HFKDQLVPV�WR�0HGLFLQH�
&RPPRQ�GLVHDVH�JHQHWLFV�QRZ�VWDQGV�DW�D�SLYRWDO�PRPHQW��7KH�ILHOG�KDV�D�UHOLDEOH�SDUDGLJP�WR�
PDS�ORFL�FRQWDLQLQJ�YDULDQWV�DIIHFWLQJ�DQ\�FRPPRQ�GLVHDVH�RU�WUDLW��ZKLFK�KDV�VR�IDU�UHYHDOHG�
PRUH�WKDQ��������ORFL�UHODWHG�WR�KXQGUHGV�RI�GLVHDVHV�DQG�WUDLWV��

+RZHYHU��D�KXJH�FKDOOHQJH�UHPDLQV��,W�UHPDLQV�IDU�WRR�GLIILFXOW�WR�PRYH�IURP�
GLVHDVH�DVVRFLDWHG�ORFL��WR�GLVHDVH�ELRORJ\��WR�GLVHDVH�WUHDWPHQW��(YHQ�WKH�ILUVW�VWHS�KDV�EHHQ�
DFFRPSOLVKHG�RQO\�LQ�D�VPDOO�IUDFWLRQ�RI�FDVHV�WR�GDWH��

7R�DFFHOHUDWH�SURJUHVV��ZH�QHHG�WR�VROYH�WKH�³�0DSV�WR�0HFKDQLVPV�WR�0HGLFLQH´�
&KDOOHQJH���

��:K\�LV�WKLV�WKH�ULJKW�WLPH"��3RZHUIXO�VFLHQWLILF�GULYLQJ�IRUFHV²LQ�KXPDQ�JHQHWLFV��FHOO�
ELRORJ\��DQG�GDWD�VFLHQFH²PDNH�WKLV�WKH�ULJKW�WLPH�WR�WDFNOH�WKLV�FKDOOHQJH���%R[�� ����
�

%R[����6FLHQWLILF�GULYLQJ�IRUFHV�HQDEOLQJ�WKH�QH[W�SKDVH�RI�KXPDQ�JHQHWLFV�
��
+XPDQ�JHQHWLFV ��LV�EHLQJ�SURSHOOHG�E\��

Ɣ JURZLQJ�HIIRUWV�DURXQG�WKH�ZRUOG�WR�FUHDWH�ODUJH�ELREDQNV��
Ɣ LQFUHDVLQJ�GHSOR\PHQW�RI�JHQHWLFV�LQ�PHGLFDO�SUDFWLFH��
Ɣ FRQWLQXLQJ�GHFUHDVHV�LQ�WKH�FRVW�RI�JHQRPH�VHTXHQFLQJ��OLNHO\�WR�IDOO�WR�DURXQG������

SHU�JHQRPH�LQ�WKH�QH[W�VHYHUDO�\HDUV��DQG�
Ɣ LPSURYHPHQWV�LQ�VWDWLVWLFDO�PHWKRGV�IRU�DQDO\VLQJ�JHQRPLF�GDWD��

��
&HOO�%LRORJ\��LV�EHLQJ�SURSHOOHG�E\��

Ɣ WKH�UHYROXWLRQ�LQ�VLQJOH�FHOO�DQDO\VLV��LQFOXGLQJ�JHQRPH�ZLGH�DVVD\V�RI�51$�
H[SUHVVLRQ�DQG�FKURPDWLQ�IHDWXUHV�LQ�LVRODWHG�FHOOV�DQG��LQFUHDVLQJO\��LQ�KLVWRORJLFDO�
VDPSOHV���SURSHOOLQJ�D�+XPDQ�&HOO�$WODV�SURMHFW�WKDW�ZLOO�\LHOG�D�FRPSUHKHQVLYH�
FKDUDFWHUL]DWLRQ�RI�DOO�KXPDQ�FHOO�W\SHV��

Ɣ WKH�UHYROXWLRQ�LQ�JHQRPH�HGLWLQJ��XVLQJ�&5,635�V\VWHPV��WKDW�KDV�PDGH�LW�SRVVLEOH�WR�
GLUHFWO\�WHVW�WKH�HIIHFWV�RI�VSHFLILF�JHQHWLF�YDULDQWV�DQG�VSHFLILF�JHQH�GLVUXSWLRQV�LQ�
KXPDQ�FHOOV��DQG�

Ɣ QHZ�ELRORJLFDO�PRGHOV�IRU�VWXG\LQJ�KXPDQ�FHOO�W\SHV��LQFOXGLQJ�LQGXFHG�SOXULSRWHQW�
FHOOV�DQG�RUJDQRLGV��

��
'DWD�6FLHQFH ��LV�EHLQJ�SURSHOOHG�E\��

Ɣ WKH�UHYROXWLRQ�LQ�PDFKLQH�OHDUQLQJ��ZKLFK�KDV�PDGH�LW�SRVVLEOH�WR�XVH�PDVVLYH�
GDWDVHWV�WR�PDNH�HIIHFWLYH�SUHGLFWLRQV�LQ�PDQ\�ILHOGV�DQG��RI�VSHFLDO�LPSRUWDQFH�IRU�
ELRORJ\��PLJKW�EH�DGDSWHG�WR�UHYHDO�XQGHUO\LQJ�FDXVDO�PHFKDQLVPV��

Ɣ WKH�DYDLODELOLW\�RI�FORXG�QDWLYH�GDWD�SODWIRUPV��HQDEOLQJ�VFLHQWLILF�FRPPXQLWLHV�WR�VWRUH�
DQG�DQDO\]H�PDVVLYH�GDWDVHWV�LQ�FHQWUDOL]HG�VHWWLQJV���

Ɣ DFWLYH�GHYHORSPHQW�RI�WHFKQRORJLHV�IRU�IHGHUDWHG�GDWD�DQDO\VLV�E\�PXOWLSOH�SDUWLHV��
GHVLJQHG�WR�SURYLGH�VHFXULW\�DQG�UHVSHFW�SULYDF\��

Ɣ WKH�GHYHORSPHQW�RI�UREXVW�VWDQGDUGV�IRU�JHQRPLF��SKHQRW\SLF�DQG�FOLQLFDO�GDWD��DQG�D�

���



SUHYDLOLQJ�HWKRV�RI�GDWD�VKDULQJ��

�
7R�PRYH�IURP�0DSV�WR�0HFKDQLVPV�WR�0HGLFLQH��0�0�0���ZH�QHHG�DSSURDFKHV�WR�

DGGUHVV�D�ZLGH�UDQJH�RI�LVVXHV��1RWDEO\��WKH�LVVXHV�FDQQRW�EH�DGGUHVVHG�LQ�D�VWULFWO\�OLQHDU�
RUGHU��,Q�PDQ\�FDVHV��WKH�VROXWLRQ�WR�RQH�ZLOO�OLNHO\�EH�LQIRUPHG�E\�SURJUHVV�RQ�WKH�RWKHUV��)RU�
H[DPSOH��NQRZLQJ�WKH�UHOHYDQW�FHOO�W\SHV�IRU�D�GLVHDVH�ZLOO�KHOS�LQIRUP�WKH�LGHQWLILFDWLRQ�RI�WKH�
UHOHYDQW�JHQHV��DQG��YLFH�YHUVD��� �

7KH�VFLHQWLILF�DJHQGD�LV�VXPPDUL]HG�LQ�%R[����
�

%R[����0DSV�WR�0HFKDQLVPV�WR�0HGLFLQHV��0�0�0��&KDOOHQJH��2YHUYLHZ�
��
7R�PRYH�UDSLGO\�IURP�WKH�GLVFRYHU\�RI�ORFL�KDUERULQJ�GLVHDVH�DVVRFLDWHG�YDULDQWV�WR�
XQGHUVWDQG�GLVHDVH�PHFKDQLVPV�DQG�SURSHO�WKHUDSHXWLF�GHYHORSPHQW��ZH�PXVW�GHYHORS�
V\VWHPDWLF�ZD\V�WR�GLVFRYHU��

Ɣ WKH�FDXVDO�YDULDQWV�DW�ORFL�WKDW�DIIHFW�GLVHDVH�VXVFHSWLELOLW\��GLVHDVH�SURJUHVVLRQ��DQG�
WKHUDSHXWLF�UHVSRQVHV��

Ɣ WKH�LPPHGLDWH�PROHFXODU�HIIHFW�RI�WKHVH�YDULDQWV��H�J���ZKHWKHU�WKH\�DFW�E\�DOWHULQJ�D�
ELQGLQJ�VLWH�IRU�D�WUDQVFULSWLRQ�IDFWRU�LQ�DQ�HQKDQFHU��D�VSOLFH�VLWH�RU�D�SURWHLQ�
VHTXHQFH���

Ɣ WKH�WDUJHW�JHQHV�RQ�ZKLFK�WKHVH�YDULDQWV�DFW��
Ɣ WKH�FHOO�W\SHV�DQG�VWDWHV�LQ�ZKLFK�WKH�FDXVDO�JHQHV�RSHUDWH��
Ɣ WKH�FHOOXODU�SURFHVVHV�DQG�SK\VLRORJ\�WKURXJK�ZKLFK�WKH�JHQHV�DFW�DORQJ�WKH�SDWKZD\�

WR�GLVHDVH��
Ɣ D�ZLGH�VSHFWUXP�RI�FDXVDO�DOOHOHV²IURP�ZHDN�WR�FRPSOHWH�ORVV�RI�IXQFWLRQ��DV�ZHOO�DV�

JDLQ�RI�IXQFWLRQ�ZKHQ�SUHVHQW��
Ɣ WKH�HIIHFWV�RI�WKH�YDULDQWV�RQ�RWKHU�SKHQRW\SHV��ERWK�UHODWHG�DQG�XQUHODWHG�WR�WKH�

GLVHDVH��
Ɣ HIIHFWLYH�FHOOXODU�DQG�DQLPDO�PRGHOV�WR�DLG�VWXG\�RI�GLVHDVH�SURFHVVHV��
Ɣ ELRPDUNHUV�RI�WKH�GLVHDVH�SURFHVV�DQG�SURJUHVVLRQ���
Ɣ IXQFWLRQDO�DVVD\V�WR�VXSSRUW�WKHUDSHXWLF�GHYHORSPHQW��DQG�
Ɣ SUHGLFWRUV�WR�LGHQWLI\�LQGLYLGXDOV�DW�KLJK�ULVN�RI�GLVHDVH�LQFLGHQFH�RU�SURJUHVVLRQ��

DSSOLFDEOH�WR�DOO�UHOHYDQW�SRSXODWLRQV²WR�LPSURYH�UHVHDUFK��LQFUHDVH�HIILFLHQF\�DQG�
LQQRYDWLRQ�LQ�FOLQLFDO�WULDOV��E\�LQFRUSRUDWLQJ�JHQRPLFV���DQG�PRVW�LPSRUWDQWO\��LPSURYH�
FDUH��

��
:H�PXVW�DOVR�GHYHORS��

Ɣ GDWD�SODWIRUPV�WKDW�DOORZ�WKH�FRPPXQLW\�WR�VWRUH�DQG�DQDO\]H�GDWD�LQ�FORXG�EDVHG�
V\VWHPV�DFFHVVLEOH�WR�DQ\�DXWKRUL]HG�LQYHVWLJDWRU��

Ɣ PHWKRGV�WR�HQDEOH�IHGHUDWHG�DQDO\VHV��PDNLQJ�LW�SRVVLEOH�WR�OHDUQ�IURP�GLYHUVH�
GDWDVHWV�ZLWKRXW�FRPSURPLVLQJ�SULYDF\�RU�VHFXULW\��DQG�

Ɣ KLJK�VWDQGDUGV�IRU�FOLQLFDO�VHUYLFHV��HQVXULQJ�WKDW�EHVW�SUDFWLFHV�IRU�LQWHUSUHWLQJ�JHQHWLF�

���



LQIRUPDWLRQ�DUH�DYDLODEOH�WR�DOO�SURYLGHUV�DQG�SDWLHQWV��

�
$V�ZLWK�WKH�+XPDQ�*HQRPH�3URMHFW��ZKLFK�HQDEOHG�WKH�GLVFRYHU\�RI�WKH�JHQHV�

UHVSRQVLEOH�IRU�UDUH�0HQGHOLDQ�GLVHDVHV��DQG�WKH�*:$6�UHYROXWLRQ��ZKLFK�HQDEOHG�WKH�
GLVFRYHU\�RI�ORFL�XQGHUO\LQJ�FRPPRQ�GLVHDVHV��VROYLQJ�WKH�0�0�0�&KDOOHQJH�ZLOO�LQYROYH�WKH�
LQWHUQDWLRQDO�KXPDQ�JHQHWLFV�FRPPXQLW\�FRPLQJ�WRJHWKHU�XQGHU�D�VKDUHG�YLVLRQ�WR�GHYHORS�QHZ�
LGHDV�DQG�SULQFLSOHV��XQGHUWDNH�IRXQGDWLRQDO�UHVHDUFK�SURMHFWV��FUHDWH�FRPSUHKHQVLYH�FDWDORJV��
GHYHORS�QHZ�WHFKQRORJLHV�DQG�GHPRFUDWL]H�WKHVH�UHVRXUFHV��

%HORZ��ZH�HODERUDWH�RQ�WKH�FRPSRQHQWV�RI�WKH�0�0�0�&KDOOHQJH��
5HOLDEOH�PHWKRGV�WR�GLVFRYHU�WKH�FDXVDO�YDULDQWV�DQG�WKHLU�LPPHGLDWH�PROHFXODU�

HIIHFW���'LVHDVH�DVVRFLDWLRQV�LGHQWLI\�KDSORW\SHV�WKDW�RIWHQ�FRQWDLQ�WHQV�RI�YDULDQWV�LQ�VWURQJ�
OLQNDJH�GLVHTXLOLEULXP�DFURVV�PDQ\�NLOREDVHV��3LQSRLQWLQJ�ZKLFK�YDULDQW�V��LQ�WKH�ORFXV�SOD\V�D�
FDXVDO�UROH�LV�GLIILFXOW��,Q�WKH�OHVV�WKDQ�����RI�FDVHV�ZKHUH�WKH�GLVHDVH�DVVRFLDWHG�YDULDQWV�
LQFOXGH�D�FRGLQJ�YDULDQW��RQH�KDV�D�UHDVRQDEOH�JXHVV�EXW�QR�JXDUDQWHH��,Q�WKH�YDVW�PDMRULW\�RI�
FDVHV�ZKHUH�WKH�YDULDQWV�OLH�HQWLUHO\�LQ�QRQ�FRGLQJ�UHJLRQV��WKH�FKDOOHQJH�LV�HVSHFLDOO\�KDUG�GXH�
WR�RXU�OLPLWHG�DELOLW\�WR�UHFRJQL]H�IXQFWLRQDO�HOHPHQWV�DQG�LGHQWLI\�FDXVDO�YDULDQWV�ZLWKLQ�WKHP��

2QH�DSSURDFK�LV�WR�SHUIRUP�³ILQH�PDSSLQJ´�WR�GLVWLQJXLVK�EHWZHHQ�YDULDQWV�LQ�FORVH�
OLQNDJH�GLVHTXLOLEULXP��E\�VXEVWDQWLDOO\�LQFUHDVLQJ�WKH�VDPSOH�VL]H�LQ�WKH�LQLWLDO�SRSXODWLRQ�
VWXGLHG�����&RPELQLQJ�LQIRUPDWLRQ�IURP�GLYHUVH�SRSXODWLRQV�ZLWK�GLIIHULQJ�DOOHOHV�DQG�KDSORW\SH�
VWUXFWXUHV�FDQ�EH�SDUWLFXODUO\�SRZHUIXO�LQ�ILQH�PDSSLQJ��$IULFDQ�SRSXODWLRQV�PD\�EH�SDUWLFXODUO\�
KHOSIXO�LQ�WKLV�UHJDUG��EHFDXVH�KDSORW\SHV�WHQG�WR�EH�VKRUWHU��

,Q�D�SDUWLFXODUO\�IDYRUDEOH�VFHQDULR��LQYROYLQJ�DQDO\VLV�RI�PRUH�WKDQ��������,%'�FDVHV���
KLJK�UHVROXWLRQ�ILQH�PDSSLQJ�LGHQWLILHG�D�VLQJOH�613�WKDW�ZDV�PRUH�WKDQ�����OLNHO\�WR�EH�WKH�
FDXVDO�YDULDQW�IRU�URXJKO\�RQH�WKLUG�RI�WKH�JHQRPH�ZLGH�VLJQLILFDQW�ORFL��6WLOO��LQ�WKH�FOHDU�PDMRULW\�
RI�FDVHV��ILQH�PDSSLQJ�ZLOO�QRW�QDUURZ�ORFL�WR�VLQJOH�YDULDQWV��

)XQFWLRQDO�LQIRUPDWLRQ�ZLOO�EH�LPSRUWDQW�LQ�LGHQWLI\LQJ�D�FDXVDO�YDULDQW�V���8OWLPDWHO\��ZH�
ZDQW�WR�KDYH�D�FRPSUHKHQVLYH�FDWDORJ�RI��DOO ��IXQFWLRQDO�HOHPHQWV�LQ��DOO ��FHOO�W\SHV�DQG�VWDWHV�
�VXFK�DV�HQKDQFHUV��SURPRWHUV��VSOLFH�VLWHV��&7&)�VLWHV��HWF����WRJHWKHU�ZLWK�UHOLDEOH�
H[SHULPHQWDO�DQG�RU�FRPSXWDWLRQDO�ZD\V�WR�DVVHVV�ZKHWKHU�DQG�KRZ�D�YDULDQW�VLJQLILFDQWO\�
DOWHUV�IXQFWLRQ��H�J���DOWHULQJ�D�WUDQVFULSWLRQ�IDFWRU¶V�ELQGLQJ�VLWH��FKURPDWLQ�VWUXFWXUH��SURWHLQ�
IXQFWLRQ��HWF���

5HOLDEOH�PHWKRGV�WR�LGHQWLI\�WKH�WDUJHW�JHQH�V��DIIHFWHG�E\�D�FDXVDO�YDULDQW���$�
FUXFLDO�LVVXH�LV�WR�LGHQWLI\�WKH�WDUJHW�JHQH�V��WKURXJK�ZKLFK�D�YDULDQW�PRGXODWHV�WKH�GLVHDVH�
PHFKDQLVP��LQFOXGLQJ�WKH�PDJQLWXGH�DQG�GLUHFWLRQ�RI�HIIHFW����7KLV�WDVN�LV�FRPSOLFDWHG�E\�WKH�IDFW�
WKDW�D�UHJXODWRU\�YDULDQW�PD\�DIIHFW�PDQ\�JHQHV��RI�ZKLFK�RQO\�D�VXEVHW�PD\�EH�FDXVDOO\�UHODWHG�
WR�GLVHDVH��,Q�VRPH�FDVHV��NH\�LQIRUPDWLRQ�PD\�FRPH�IURP�YDULDQWV�SUHVHQW�RQO\�LQ�FHUWDLQ�
DQFHVWU\�JURXSV��XQGHUVFRULQJ�WKH�QHHG�WR�VWXG\�QRQ�(XURSHDQ�SRSXODWLRQV��

5HOLDEOH�PHWKRGV�WR�GLVFRYHU�NH\�FHOO�W\SHV�DQG�VWDWHV�WKURXJK�ZKLFK�WKH�FDXVDO�
YDULDQWV�DQG�JHQHV�DFW���.QRZLQJ�WKH�UHOHYDQW�FHOO�W\SH�WR�VWXG\�LV�FULWLFDO�IRU�GLVFRYHULQJ�DQG�
FKDUDFWHUL]LQJ�WKH�UROH�RI�FDXVDO�YDULDQWV��XQGHUVWDQGLQJ�GLVHDVH�PHFKDQLVPV��DQG�GHYHORSLQJ�
WKHUDSHXWLFV��

���



7KH�+XPDQ�&HOO�$WODV�SURMHFW�LV�ZRUNLQJ�WR�GHYHORS�D�FRPSUHKHQVLYH�SLFWXUH�RI�DOO�
KXPDQ�FHOO�W\SHV��LQFOXGLQJ�WKURXJKRXW�GHYHORSPHQW���ZLWK�UHVSHFW�WR�JHQH�H[SUHVVLRQ��DVSHFWV�
RI�FKURPDWLQ�VWDWH��DQG�WKUHH�GLPHQVLRQDO�RUJDQL]DWLRQ�LQ�WLVVXHV��7KLV�LQIRUPDWLRQ�LV�LPSRUWDQW�
IRU�LGHQWLI\LQJ�DQG�VWXG\LQJ�LQGLYLGXDO�ORFL²IRU�H[DPSOH��WR�NQRZ��DOO ��FHOO�W\SHV�LQ�ZKLFK�D�JLYHQ�
HQKDQFHU�LV�DFWLYH��,W�ZLOO�DOVR�EH�HVVHQWLDO�IRU�LQIHUULQJ�UHOHYDQW�FHOO�W\SHV�IURP�µEXON¶�VLJQDOV��
SDUWLFXODUO\�WKH�JHQRPH�ZLGH�HIIHFW�VL]H�YHFWRU��7KH�OHYHO�RI�UHVROXWLRQ�WKDW�XOWLPDWHO\�FDQ�EH�
REWDLQHG��LQGLYLGXDO�FHOO�W\SHV�YV��VHWV�RI�UHODWHG�FHOO�W\SHV��UHPDLQV�WR�EH�VHHQ��

&RQVLGHUDEOH�FDUH�DQG�WKRURXJKQHVV�ZLOO�EH�UHTXLUHG��6RPH�YDULDQWV�PD\�DFW�QRW�RQO\�LQ�
VSHFLILF�FHOO��W\SHV���EXW�RQO\�LQ�VSHFLILF�FHOO��VWDWHV���VXFK�DV�KRPHRVWDWLF�VWDWHV��GHYHORSPHQWDO�
FRQWH[WV��DQG�H[SRVXUHV��RU�LQ�HVWDEOLVKLQJ�FHOO�W\SH�SURSRUWLRQV��,PSRUWDQWO\��FHOO�W\SHV�FDXVDOO\�
LQYROYHG�LQ�GLVHDVH�HWLRORJ\�PD\�GLIIHU�IURP�WKRVH�UHVSRQVLEOH�IRU�GLVHDVH�V\PSWRPV��
XQGHUVWDQGLQJ�WKH�GLIIHUHQFH�ZLOO�EH�FUXFLDO�IRU�WDUJHWLQJ�LQWHUYHQWLRQV�WR�URRW�FDXVHV�UDWKHU�WKDQ�
V\PSWRPV��

5HOLDEOH�PHWKRGV�WR�GLVFRYHU�WKH�WDUJHW�FHOOXODU�SURJUDPV�WKURXJK�ZKLFK�WKH�
FDXVDO�YDULDQWV�DQG�JHQHV�DFW���8QGHUVWDQGLQJ�WKH�³FHOOXODU�SURJUDPV´�DIIHFWHG�E\�WKH�
GLVHDVH�DVVRFLDWHG�YDULDQWV�DQG�WKHLU�WDUJHW�JHQHV�LV�IXQGDPHQWDO�IRU�XQGHUVWDQGLQJ�GLVHDVH�
HWLRORJ\�DQG�SDWKRSK\VLRORJ\���$Q�LPSRUWDQW�DVSHFW�RI�WKLV�ZRUN�ZLOO�EH�GHILQLQJ�SUHFLVHO\�ZKDW�
VKRXOG�EH�PHDQW�E\�FHOOXODU�SURJUDPV���,W�ZLOO�DOVR�EH�NH\�WR�GHYHORSLQJ�DQG�WDUJHWLQJ�
LQWHUYHQWLRQV�DQG�IRU�XQGHUVWDQGLQJ�SRVVLEOH�ELRORJLFDO�UHGXQGDQF\�DQG�FRPSHQVDWRU\�
PHFKDQLVPV�WKDW�PD\�DIIHFW�WKH�RXWFRPH�RI�SKDUPDFRORJLFDO�LQWHUYHQWLRQ���

,Q�VHYHUDO�ZHOO�VWXGLHG�FRPPRQ�GLVHDVHV��D�VXEVHW�RI�WKH�GLVHDVH�DVVRFLDWHG�YDULDQWV�
DQG�JHQHV�FOHDUO\�FRQYHUJH�RQ�FHUWDLQ�FHOOXODU�SURJUDPV��IRU�H[DPSOH��PXOWLSOH�*:$6�KLWV�LQ�
,%'�UHODWHG�WR�DXWRSKDJ\��DQG�VHYHUDO�LQ�VFKL]RSKUHQLD�UHODWHG�WR�V\QDSWLF�SUXQLQJ���+RZHYHU��
WKH�JHQHUDOLW\�RI�WKLV�REVHUYDWLRQ�UHPDLQV�WR�EH�HVWDEOLVKHG��

:H�ODFN�ZHOO�HVWDEOLVKHG�PHWKRGV�IRU�WUDFLQJ�FDXVDO�FHOOXODU�SURJUDPV��2QH�DSSURDFK�LV�
WR�PRGXODWH�WDUJHW�JHQHV��XVLQJ�&5,635�EDVHG�DSSURDFKHV��LQ�UHOHYDQW�FHOOXODU��RUJDQRLG�DQG�
DQLPDO�PRGHO�V\VWHPV�DQG�WKHQ�PRQLWRU�WKH�WUDQVFULSWRPH�ZLGH�HIIHFWV�RQ�JHQH�H[SUHVVLRQ��$�
FRPSOHPHQWDU\�DSSURDFK�LV�WR�OHDUQ�IURP�KXPDQ�SDWLHQWV��E\�VWXG\LQJ�JHQH�H[SUHVVLRQ�SDWWHUQV�
LQ�SUH�V\PSWRPDWLF�LQGLYLGXDOV�ZLWK�KLJK�SRO\JHQLF�ULVN�VFRUHV���2QH�FDQQRW�UHO\�RQ�
JHQH�H[SUHVVLRQ�SDWWHUQV�LQ�V\PSWRPDWLF�LQGLYLGXDOV��DV�PRVW�RI�WKHVH�FKDQJHV�DUH�OLNHO\�WR�EH�
FRQVHTXHQFHV�UDWKHU�WKDQ�FDXVHV�RI�WKH�GLVHDVH���

7KHVH�VWXGLHV�ZRXOG�XOWLPDWHO\�EH�DLGHG�E\�WKH�FUHDWLRQ�RI�D�³&RPSUHKHQVLYH�&DWDORJ�RI�
&HOOXODU�3URJUDPV´��ZKLFK�PLJKW�EH�FUHDWHG�EDVHG�RQ�LQIRUPDWLRQ�IURP�WKH�RQJRLQJ�+XPDQ�&HOO�
$WODV�SURMHFW��

5LFK�DOOHOLF�VSHFWUXP�RI�GLVHDVH�FDXVLQJ�YDULDQWV�IRU�WKH�GLVHDVH���*HQHWLF�VWXGLHV�LQ�
DOO�RUJDQLVPV�EHQHILW�IURP�KDYLQJ�WKH�DELOLW\�WR�VWXG\�D�ULFK�VSHFWUXP�RI�DOOHOHV²IURP�ZHDN�
HIIHFWV��VWURQJ�HIIHFWV�DQG�FRPSOHWH�ORVV�RI�IXQFWLRQ��/DUJH�*:$6�VWXGLHV��SULPDULO\�LQ�
(XURSHDQ�DQFHVWU\�SRSXODWLRQV��KDYH�KLJKOLJKWHG�PDQ\�FRPPRQ�YDULDQWV�ZLWK�PRGHVW�HIIHFWV��
+RZHYHU��PDQ\�VWHSV�QHHG�WR�EH�WDNHQ�WR�ILOO�LQ�WKH�DOOHOLF�VSHFWUXP��:H�QHHG��

Ɣ FRQWLQXHG�VWXGLHV�LQ�(XURSHDQ�DQFHVWU\�SRSXODWLRQV�����WR�LGHQWLI\�PRUH�RI�WKH�ORFL�WKDW�DUH�
FXUUHQWO\�EHORZ�VWDWLVWLFDO�VLJQLILFDQFH��

Ɣ FRPSDUDEO\�ODUJH�VWXGLHV�LQ�QRQ�(XURSHDQ�DQFHVWU\�SRSXODWLRQV���ZKLFK�ZLOO�\LHOG�
GLVHDVH��DQG�WUDLW�DVVRFLDWHG�ORFL�WKDW�KDV�EHHQ�PLVVHG�LQ�(XURSHDQ�DQFHVWU\�VWXGLHV�

���



GXH�WR�GLIIHUHQFHV�LQ�DOOHOH�IUHTXHQFLHV��RZLQJ�WR�ERWK�JHQHWLF�GULIW�DQG�
SRSXODWLRQ�VSHFLILF�VHOHFWLRQ�SUHVVXUHV���)RU�H[DPSOH��D�*:$6�IRU�W\SH���GLDEHWHV�LQ�
/DWLQR�DQFHVWU\�LQGLYLGXDOV�IRXQG�WKDW�WKH�VWURQJHVW�HIIHFW�LQ�WKH�JHQRPH�ZDV�DW�
6/&��$�� ���D�JHQH�WKDW�ZDV�QRW�GHWHFWHG�LQ�SUHYLRXV�(XURSHDQ�DQFHVWU\�VWXGLHV��ZKHUH�
WKH�DOOHOH�IUHTXHQF\�RI�WKH�YDULDQWV�LV����IROG�ORZHU��6LPLODUO\��D�*:$6�LQ�/DWLQDV�
GLVFRYHUHG�DQ�(65��DOOHOH�WKDW�DURVH�LQ�LQGLJHQRXV�$PHULFDQV�DQG�FRQIHUV�D�VWURQJ�
SURWHFWLYH�HIIHFW�DJDLQVW�EUHDVW�FDQFHU��)XUWKHUPRUH��VRPH�LPSRUWDQW�SKHQRW\SHV�FDQ�
RQO\�EH�VWXGLHG�LQ�SRSXODWLRQV�ZLWK�FHUWDLQ�HQGHPLF�H[SRV�XUHV²IRU�H[DPSOH��
VXVFHSWLELOLW\�DQG�UHVLVWDQFH�WR�FHUWDLQ�LQIHFWLRXV�GLVHDVHV���$V�QRWHG�DERYH��DGGLWLRQDO�
LQIRUPDWLRQ�IURP�(XURSHDQ�DQFHVWU\�DQG�QRQ�(XURSHDQ�DQFHVWU\�SRSXODWLRQV�ZLOO�DOVR�
DLG�LQ�ILQH�VWUXFWXUH�PDSSLQJ�DQG�SRWHQWLDOO\�LQ�LGHQWLI\LQJ�DOOHOLF�VHULHV���

Ɣ VWXGLHV�LQ�IRXQGHU�SRSXODWLRQV���ZKHUH�D�SRSXODWLRQ�ERWWOHQHFN�ZLOO�DOORZ�PDQ\�GHOHWHULRXV�
DOOHOHV�WR�UHDFK�KLJK�IUHTXHQFLHV��)RU�H[DPSOH��WKH�FXUUHQW�)LQQLVK�SRSXODWLRQ�FRQWDLQV�
WKRXVDQGV�RI�GHOHWHULRXV�FRGLQJ�YDULDQWV�DW�KLJK�IUHTXHQF\��!����²�ZKLFK�FDQ�EH�
UHDGLO\�GLVFRYHUHG�DQG�VWXGLHG��

Ɣ VWXGLHV�LQ�SRSXODWLRQV�ZLWK�KLJK�UDWHV�RI�FRQVDQJXLQHRXV�PDUULDJHV���ZKHUH�LW�LV�SRVVLEOH�
WR�VWXG\�UHFHVVLYH�HIIHFWV�RI�ORZ�IUHTXHQF\�GHOHWHULRXV�DOOHOHV��,GHDOO\��ZH�ZRXOG�OLNH�WR�
XQGHUVWDQG�WKH�HIIHFW�RI�KRPR]\JRXV�ORVV�RI�IXQFWLRQ��µNQRFN�RXW�SKHQRW\SH¶��IRU�DOO�
KXPDQ�JHQHV��

Ɣ ODUJH�VFDOH�GLVFRYHU\�RI�UDUH�YDULDQWV���WR�LGHQWLI\�VWURQJ�HIIHFW�DOOHOHV��$V�QRWHG�DERYH��
ZHOO�SRZHUHG�59$6�IRU�FRGLQJ�UHJLRQV�ZLOO�UHTXLUH�DQDO\VLV�RI�KXQGUHGV�RI�WKRXVDQGV�RI�
SDWLHQWV�IRU�PRVW�FRPPRQ�GLVHDVHV��6WXG\LQJ�GLYHUVH�JURXSV�LV�OLNHO\�WR�LQFUHDVH�WKH�
SUREDELOLW\�DQG�H[SDQG�WKH�UDQJH�RI�GLVFRYHU\��
2YHUFRPLQJ�SRSXODWLRQ�ELDVHV ���7KH�IDFW�WKDW�WKH�YDVW�PDMRULW\�RI�*:$6�KDV�RFFXUUHG�

LQ�SRSXODWLRQV�ZLWK�SUHGRPLQDQWO\�(XURSHDQ�DQFHVWU\�KDV�LPSOLFDWLRQV�QRW�RQO\�IRU�JHQH�
GLVFRYHU\��EXW�IRU�FOLQLFDO�XVH��6SHFLILFDOO\��WKH�SUHGLFWLYH�SRZHU�RI�SRO\JHQLF�ULVN�VFRUHV�LQ�
XQGHUUHSUHVHQWHG�SRSXODWLRQV�LV�VXEVWDQWLDOO\�ORZHU�²�ZKLFK�PD\�H[DFHUEDWH�KHDOWK�LQHTXDOLWLHV�
DV�WKHVH�VFRUHV�DUH�LQWHJUDWHG�LQWR�FOLQLFDO�SUDFWLFH��0RUHRYHU��DV�SRO\JHQLF�ULVN�VFRUHV�EHFRPH�
LQFUHDVLQJO\�XVHG�LQ�IXQFWLRQDO�VWXGLHV��WKHUH�LV�D�ULVN�WKDW�WKHVH�SRSXODWLRQ�ELDVHV�EHFRPH�
IXUWKHU�HQWUHQFKHG�LQ�ELRORJLFDO�VWXGLHV���

,GHQWLI\LQJ�WKH�IXOO�UDQJH�RI�HIIHFWV�RI�D�YDULDQW���8QGHUVWDQGLQJ�WKH�IXOO�UDQJH�RI�
HIIHFWV�RI�D�FDXVDO�YDULDQW�FDQ�VKHG�OLJKW�RQ�WKH�XQGHUO\LQJ�SDWKRSK\VLRORJ\��DV�ZHOO�DV�
LQIRUPLQJ�WKH�VDIHW\�LVVXHV�DVVRFLDWHG�ZLWK�GUXJJLQJ�WKH�WDUJHW��:H�ZLOO�QHHG�WR�XQGHUVWDQG�WKH�
HIIHFWV�RI�YDULDQWV�RQ�DOO�DVSHFWV�RI�D�GLVHDVH��VXVFHSWLELOLW\��SURJUHVVLRQ�DQG�UHVSRQVH�WR�
FOLQLFDO�LQWHUYHQWLRQV��DQG�DOVR�RQ�PDQ\�RWKHU�GLVHDVHV�DQG�WUDLWV��7KHUH�LV�JURZLQJ�HYLGHQFH�IRU�
H[WHQVLYH�JHQH�HQYLURQPHQW�LQWHUDFWLRQV��ZKLFK�FDQ�LOOXPLQDWH�GLVHDVH�ELRORJ\�DQG�VXJJHVW�KRZ�
PRGLILFDWLRQ�RI�H[SRVXUHV�DQG�OLIHVW\OH�IDFWRUV�PLJKW�UHGXFH�GLVHDVH�ULVN��

8OWLPDWHO\��ZH�ZLOO�ZDQW�WR�FDUU\�RXW�3KH:$6�IRU�DOO�PHGLFDOO\�UHOHYDQW�SKHQRW\SHV�DQG�
PLOOLRQV�RI�SHRSOH�DFURVV�PDQ\�PHGLFDO�V\VWHPV��$W�SUHVHQW��WKRXJK��3KH:$6�LV�ODERULRXV�DQG�
LQFRPSOHWH²�ODUJHO\�GXH�WR�GLIILFXOWLHV�LQ�DFFHVVLQJ�DQG�FURVV�DQDO\]LQJ�GDWD��DQG�ODFN�RI�GDWD�
IRU�PDQ\�SKHQRW\SHV��

���



(IIHFWLYH�GLVHDVH�PRGHOV���:H�ZLOO�QHHG�WR�FUHDWH�PHFKDQLVWLFDOO\�DFFXUDWH�PRGHOV�RI�
GLVHDVH��XVLQJ�KXPDQ�WLVVXH��KXPDQ�RUJDQRLGV�FUHDWHG�LQ�YLWUR�DQG�DQLPDO�PRGHOV�LQ�YLYR��DV�
ZHOO�DV��JYRGXMSREP�EWWE]W�XS�MRXIVVSKEXI�XLIWI�QSHIPW�JSV�TVSGIWWIW�VIPIZERX�XS�HMWIEWI��

%LRPDUNHUV���$V�GHVFULEHG�DERYH��ZH�QHHG�ZD\V�WR�XVH�JHQHWLFV�WR�LGHQWLI\�FOLQLFDO�
ELRPDUNHUV�FRQQHFWHG�WR�XQGHUO\LQJ�PHFKDQLVPV�WR�IDFLOLWDWH�PRQLWRULQJ�RI�GUXJ�HIILFDF\�DQG�
VHOHFWLRQ�RI�SDWLHQWV���

3RZHUIXO�DQG�ZLGHO\�DFFHVVLEOH�GDWD�SODWIRUPV���:H�QHHG�KLJK�TXDOLW\��ZLGHO\�
DFFHVVLEOH�GDWD�SODWIRUPV�WKDW�HQDEOH�FORXG�QDWLYH�GDWD�VWRUDJH�RI�KXPDQ�JHQHWLF�GDWD�DQG�
DQDO\VLV�ZLWK�EHVW�SUDFWLFHV�SLSHOLQHV�DQG�DQDO\WLFDO�WRROV��

0HWKRGV�WR�FRPELQH�LQIRUPDWLRQ�IURP�GLYHUVH�VRXUFHV��ZKLOH�PDLQWDLQLQJ�VHFXULW\�
DQG�SDWLHQW�SULYDF\���7KHUH�DUH�YDULRXV�SRWHQWLDO�DSSURDFKHV��LQFOXGLQJ�PHWKRGV�EDVHG�RQ�
SROLF\��VXFK�DV�UHVWULFWLQJ�DFFHVV�WRJHWKHU�ZLWK�ODZV�RU�FRQWUDFWV�IRUELGGLQJ�GHLGHQWLILFDWLRQ��
FRPSXWHU�VFLHQFH�EDVHG�PHWKRGV��VXFK�DV�VHFXUH�PXOWLSDUW\�FRPSXWDWLRQ�DQG�KRPRPRUSKLF�
HQFU\SWLRQ��WKDW�SURYLGH�PDWKHPDWLFDO�JXDUDQWHHV�LQ�VSHFLILF�FLUFXPVWDQFHV���

+LJK�VWDQGDUGV�IRU�FOLQLFDO�VHUYLFHV���)LQDOO\��WKH�KXPDQ�JHQHWLFV�FRPPXQLW\�KDV�D�
UHVSRQVLELOLW\�WR�HQVXUH�WKDW�KLJK�TXDOLW\��FOHDU�LQIRUPDWLRQ�LV�UHDGLO\�DYDLODEOH�IRU�XVH�LQ�FOLQLFDO�
VHUYLFHV��DQG�WKDW�JHQHWLF�LQIRUPDWLRQ�GHOLYHUHG�YLD�FOLQLFDO�VHUYLFHV�LV�KLJK�TXDOLW\��

��:KDW�ZRXOG�VXFFHVV�ORRN�OLNH"��7KH�DPELWLRXV�JRDO�RI�WKH�0�0�0�HUD�ZRXOG�EH��
Ɣ 7KH�GLVFRYHU\�RI�WKH�NH\�PHFKDQLVPV�XQGHUO\LQJ�WKH�HWLRORJ\�DQG�SURJUHVVLRQ�RI�PRVW�

FRPPRQ�GLVHDVHV��
Ɣ ��$�UHYROXWLRQ�LQ�GUXJ�GHYHORSPHQW�SURJUDPV�IRU�FRPPRQ�GLVHDVHV��EXLOW�XSRQ�WKH�

NQRZOHGJH�RI�FDXVDO�PHFKDQLVPV�DQG�LQIRUPHG�E\�JHQHWLF�HYLGHQFH�DERXW�WKH�VDIHW\�
DQG�HIILFDF\��LQ�YLYR���

Ɣ $�WUDQVIRUPDWLRQ�LQ�FOLQLFDO�FDUH�IRU�PDQ\�FRPPRQ�GLVHDVHV�E\�XVLQJ�JHQHWLF�LQIRUPDWLRQ�
WR�GHWHUPLQH�ZKLFK�WKHUDSHXWLF�RSWLRQV�DUH�PRVW�OLNHO\�WR�EH�HIILFDFLRXV�DQG�VDIH�IRU�
LQGLYLGXDO�SDWLHQWV��

Ɣ 7KH�DELOLW\�RI�LQGLYLGXDOV�WR�NQRZ�WKH�FRPPRQ�GLVHDVHV�WR�ZKLFK�WKH\�DUH�SUHGLVSRVHG��
DQG�WR�PDNH�OLIHVW\OH�DQG�RWKHU�FKRLFHV�WR�PD[LPL]H�WKHLU�KHDOWK�DQG�ZHOO�EHLQJ��
6XFK�SURJUHVV�ZLOO�QRW�EH�VLPSOH�RU�UDSLG��$V�ZLWK�RWKHU�SKDVHV�LQ�KXPDQ�JHQHWLFV��

UHDOL]LQJ�WKH�SURPLVH�PD\�UHTXLUH����\HDUV��%XW�WKH�ODVWLQJ�LPSDFW�ZLOO�EH�WUHPHQGRXV��
)URP�D��UHVHDUFKHU¶V�SHUVSHFWLYH ���WKH\�ZLOO�VHH�D�WUDQVIRUPDWLRQ�LQ�WKH�DELOLW\�WR�DQVZHU�

TXHVWLRQV��$QDO\VHV�WKDW�ZHUH�SUHYLRXVO\�LPSRVVLEOH�ZLOO�EHFRPH�SRVVLEOH��$QDO\VHV�WKDW�WRGD\�
DUH�VORZ��FRVWO\�DQG�ODERULRXV�ZLOO�EHFRPH�VFDODEOH��UREXVW�DQG�VWDQGDUGL]HG��$QDO\VHV�WKDW�
UHTXLUHG�JHQHUDWLQJ�H[SHULPHQWDO�GDWD�ZLOO�EHFRPH�UDSLG��LQ�VLOLFR ��µORRN�XSV¶��5HVHDUFKHUV�ZLOO�
EHJLQ�WR�EH�DEOH�WR��VžHDG�WKH�IXQFWLRQDO�FRGH�RI�WKH�KXPDQ�JHQRPH�DQG�XQGHUVWDQG�KRZ�LW�
XQGHUOLHV�KXPDQ�ELRORJ\�DQG�GLYHUVLW\���

)URP�WKH��SDWLHQW¶V�SHUVSHFWLYH ���VKH�FRXOG�JHW�HDUOLHU�LQIRUPDWLRQ�RQ�ZKLFK�GLVHDVHV�
VKH�LV�OLNHO\�WR�VXIIHU�IURP�LQ�ODWHU�OLIH��DQG�PDNH�FKRLFHV�WKDW�OHVVHQ�KHU�ULVN��,I�EHLQJ�WUHDWHG�IRU�
D�FRPPRQ�GLVHDVH��VKH�FRXOG�EH�PRUH�FRQILGHQW�WKDW�VKH�ZLOO�UHFHLYH�D�GUXJ�WKDW�LV�PRUH�OLNHO\�
WR�EHQHILW�KHU�DQG�OHVV�OLNHO\�WR�KDUP�KHU��6KH�ZRXOG�DOVR�KDYH�PRUH�RSSRUWXQLWLHV�WR�SDUWLFLSDWH�
LQ�UHVHDUFK�UHOHYDQW�WR�KHU�FRQGLWLRQ��

���



)URP�D��GRFWRU¶V�SHUVSHFWLYH ���VKH�ZLOO�KDYH�EHWWHU�GUXJV�ZLWK�ZKLFK�WR�WUHDW�KHU�SDWLHQWV��
FDQ�EH�PRUH�FRQILGHQW�WKDW�WKH�GUXJV�VKH�SUHVFULEHV�DUH�PRUH�OLNHO\�WR�SURYLGH�D�QHW�EHQHILW�WR�
KHU�SDWLHQWV��DQG�VKH�FDQ�DGYLVH�WKHP�PRUH�DFFXUDWHO\�RQ�WKHLU�OLNHO\�SURJQRVLV��

)URP�D��GUXJ�FRPSDQ\¶V�SHUVSHFWLYH ���LW�ZLOO�KDYH�KXQGUHGV�RI�JHQHWLFDOO\�YDOLGDWHG�
GUXJ�WDUJHWV��DVVRFLDWHG�ZLWK�LQIRUPDWLRQ�DERXW�GLVHDVH�UHOHYDQW�FHOO�W\SH�V��DQG�JHQHWLF�µVDIHW\�
SURILOHV¶�SRLQWLQJ�WR�OLNHO\�VLGH�HIIHFWV��)RU�FOLQLFDO�WULDOV��LW�ZLOO�EH�DEOH�WR�LQFUHDVH�HIILFLHQF\�E\�
XVLQJ�SUHGLFWLYH�JHQHWLF�VWUDWLILFDWLRQ�WR�VHOHFW�SDWLHQWV�DQG�PROHFXODU�ELRPDUNHUV�RI�GLVHDVH�
SURJUHVVLRQ�WR�PRQLWRU�UHVSRQVH�DQG�SURYLGH�FRQILGHQFH�LQ�SUHVXPHG�PHFKDQLVPV�RI�DFWLRQ��

)URP�D��KHDOWKFDUH�SD\HU¶V�SHUVSHFWLYH ���LW�ZLOO�EH�DEOH�WR�GHSOR\�PRUH�HIILFDFLRXV�GUXJV�
PRUH�FRVW�HIIHFWLYHO\��0RUHRYHU��LW�ZLOO�EH�DEOH�WR�LGHQWLI\�LQGLYLGXDOV�DW�KLJK�ULVN�RI�GLVHDVH�
HDUOLHU�DQG�LQWHUYHQH�HDUOLHU��SURORQJLQJ�KHDOWK\�OLIH��
�
���,QWHUQDWLRQDO�&RPPRQ�'LVHDVH�$OOLDQFH�
+XPDQ�JHQHWLFV�KDV�D�KLVWRU\�RI�TXDQWXP�OHDSV�RI�SURGXFWLYLW\��VSXUUHG�E\�GHOLEHUDWH�HIIRUWV�E\�
WKH�KXPDQ�JHQHWLFV�FRPPXQLW\�WR�DUWLFXODWH�D�VKDUHG��DPELWLRXV�YLVLRQ��6XFK�HIIRUWV�LQ�WKH�
PLG�����V�OHG�WR�WKH�+XPDQ�*HQRPH�3URMHFW�DQG�LQ�WKH�ODWH�����V�DQG�HDUO\�����V�WR�WKH�
*:$6�UHYROXWLRQ��

2QFH�DJDLQ��WKHUH�LV�D�JURZLQJ�VHQVH�DFURVV�WKH�KXPDQ�JHQHWLFV�FRPPXQLW\�WKDW�LW�LV�WKH�
ULJKW�WLPH�WR�DUWLFXODWH�D�YLVLRQ�IRU�WKH�QH[W�SKDVH�RI�FRPPRQ�GLVHDVH�JHQHWLFV��2YHU�WKH�SDVW�
WZR�\HDUV��GLVFXVVLRQV�DPRQJ�VFLHQWLVWV�DFURVV�WKH�KXPDQ�JHQHWLFV�FRPPXQLW\�KDYH�OHG�WR�WKH�
GHFLVLRQ�WR�IRUP�DQ�,QWHUQDWLRQDO�&RPPRQ�'LVHDVH�$OOLDQFH��,&'$��DV�D�ZD\�WR�HQJDJH�WKH�
FRPPXQLW\��,&'$�ZDV�RIILFLDOO\�ODXQFKHG�DW�D�6HSWHPEHU������PHHWLQJ�QHDU�:DVKLQJWRQ��'&��

��5ROH�RI�,&'$���7KH�,QWHUQDWLRQDO�&RPPRQ�'LVHDVH�$OOLDQFH�VHUYHV�DV�D���VFLHQWLILF�
IRUXP��EULQJLQJ�WRJHWKHU�LQWHUQDWLRQDO�VWDNHKROGHUV�DFURVV�DFDGHPLD��PHGLFLQH��ELRSKDUPD�
FRPSDQLHV��WHFK�FRPSDQLHV��DQG�ELRPHGLFDO�IXQGHUV�WR��

Ɣ GHILQH�FXUUHQW�EDUULHUV�WR�SURJUHVV�LQ�WDFNOLQJ�WKH�0�0�0�FKDOOHQJH����LQFOXGLQJ�
VFLHQWLILF��WHFKQRORJLFDO��SROLF\��FRPSXWDWLRQDO�DQG�RUJDQL]DWLRQDO�REVWDFOHV��

Ɣ LGHQWLI\�QHHGV�DQG�RSSRUWXQLWLHV�IRU�QHZ�SURMHFWV ��WR�RYHUFRPH�WKHVH�EDUULHUV�LQ�WKH�
VSLULW�RI�SDVW�DQG�SUHVHQW�H[DPSOHV�RI�SXEOLF�HIIRUWV�DQG�SXEOLF�SULYDWH�SURMHFWV��VXFK�DV�
WKH�613�FRQVRUWLXP��WKH�+DS0DS�SURMHFWV��WKH������JHQRPHV�SURMHFWV��WKH�)LQQ*HQ�
3URMHFW��WKH�8.�%LR%DQN��WKH�$OO�RI�8V�3URMHFW��WKH�2SHQ�7DUJHWV�,QLWLDWLYH��DQG�PDQ\�
PRUH���

Ɣ RUJDQL]H�ZRUNLQJ�JURXSV�WR�SURSRVH�VROXWLRQV�DQG�WR�GULYH�SURJUHVV ����LQFOXGLQJ�NH\�
NQRZOHGJH��GDWDVHWV��H[SHULPHQWDO�WHFKQRORJLHV��FRPSXWDWLRQDO�SODWIRUPV��DQG�
IUDPHZRUNV�IRU�GDWD�VKDULQJ�DQG�GDWD�KDUPRQL]DWLRQ��

Ɣ RUJDQL]H�VFLHQWLILF�PHHWLQJV�WR�EULQJ�WRJHWKHU�WKH�FRPPXQLW\ ���RQ�DQ�RQJRLQJ�EDVLV�
WR�VKDUH�UHVXOWV��DVVHVV�SURJUHVV��DQG�XSGDWH�SODQV�DERXW�WKH�JHQHWLFV�RI�FRPPRQ�
GLVHDVH��

Ɣ FRRUGLQDWH�ZLWK�IXQGHUV ���WR�HQVXUH�WKH�ZRUN�GHILQLQJ�WKH�EDUULHUV�DQG�SURSRVHG�
VROXWLRQV��LQ�WKH�ZKLWH�SDSHUV��DUH�RI�PD[LPDO�XWLOLW\��

Ɣ KHOS�WR�IDFLOLWDWH�LQWHUQDWLRQDO�FROODERUDWLRQV ���ZKHUH�DSSURSULDWH��DQG�
Ɣ XQGHUWDNH�SXEOLF�FRPPXQLFDWLRQ�DQG�HQJDJHPHQW���RQ�LVVXHV�UHODWHG�WR�FRPPRQ�

GLVHDVH�JHQHWLFV��

���



,&'$�LWVHOI�GRHV��QRW��H[SHFW�WR�GLUHFWO\�GHFLGH�XSRQ�RU�IXQG�VFLHQWLILF�SURMHFWV��5DWKHU��ZH�
DQWLFLSDWH�WKDW�WKH�VFLHQWLILF�PHPEHUV�RI�,&'$�ZLOO�XQGHUWDNH�FROODERUDWLYH�LQLWLDWLYHV��VXFK�DV�
SLORWLQJ�QHZ�H[SHULPHQWDO�WHFKQRORJLHV�WR�WDFNOH�FULWLFDO�FKDOOHQJHV��VFDOLQJ�XS�SURPLVLQJ�
WHFKQRORJLHV�WR�JHQHUDWH�IRXQGDWLRQDO�JHQRPLF�GDWD�UHVRXUFHV��GHYHORSLQJ�QRYHO�DQDO\WLFDO�
PHWKRGV�WR�LQWHJUDWH�ODUJH�JHQHWLF�DQG�JHQRPLF�GDWDVHWV��GHYHORSLQJ�QHZ�GDWD�SODWIRUPV��DQG�
GHYHORSLQJ�HWKLFDO�IUDPHZRUNV�IRU�WUXO\�JOREDO�FROODERUDWLRQ��

��5ROH�RI�SDUWQHUVKLSV ���3DUWQHUVKLSV�RI�PDQ\�NLQGV�ZLOO�EH�FULWLFDO�IRU�VXFFHVV��LQYROYLQJ�
FOLQLFLDQV�DQG�UHVHDUFKHUV��HSLGHPLRORJLVWV�DQG�JHQHWLFLVWV��VFLHQWLVWV�ZKR�VWXG\�HQYLURQPHQWDO�
H[SRVXUH��VWDWLVWLFLDQV�DQG�ZHW�ODE�ELRORJLVWV��WHFKQRORJ\�GHYHORSHUV�DQG�GDWD�JHQHUDWRUV��
DFDGHPLF�DQG�JRYHUQPHQW�UHVHDUFK�LQVWLWXWLRQV��KRVSLWDOV�DQG�RWKHU�PHGLFDO�LQVWLWXWLRQV��
ELRSKDUPD�DQG�WHFK�FRPSDQLHV��QDWLRQDO�DQG�SKLODQWKURSLF�IXQGHUV��DQG�VFLHQWLILF�MRXUQDOV��

,&'$�ZLOO�ZRUN�LQ�SDUWQHUVKLS�ZLWK�WKH�KXPDQ�JHQHWLFV�FRPPXQLW\��QRW�VHHNLQJ�WR�
GXSOLFDWH�WKH�PDQ\�KLJKO\�IXQFWLRQDO�DFWLYLWLHV�DOUHDG\�XQGHUZD\��EXW�UDWKHU�VHUYLQJ�DV�D�
VFLHQWLILF�YHQXH�IRU�GLVFXVVLQJ��VWLPXODWLQJ��DQG�VRPHWLPHV�FRRUGLQDWLQJ�DFWLYLWLHV�� �

���



&KDSWHU����6FLHQWLILF�*RDOV�DQG�)RXQGDWLRQDO�5HVRXUFHV��
�
���/RRNLQJ�$KHDG��
7KH��,&'$�:KLWH�3DSHU ��LV�LQWHQGHG�WR�EH�D�OLYLQJ�GRFXPHQW��ZKLFK�ZLOO�HYROYH�EDVHG�RQ�LQSXW�
IURP�,&'$�:RUNLQJ�*URXSV�DQG�WKH�EURDGHU�FRPPXQLW\��7KH�ILUVW�FKDSWHU�DLPHG�WR�VHW�WKH�VWDJH�
E\�UHYLHZLQJ�WKH�KLVWRU\�DQG�GHVFULELQJ�WKH�LPSRUWDQW�FKDOOHQJHV�DQG�RSSRUWXQLWLHV�DKHDG��7KH�
UHPDLQGHU�RI�WKH�ZKLWH�SDSHU�DLPV�WR�RXWOLQH�D�FOHDU�YLVLRQ�IRU�WKH�IXWXUH��LQFOXGLQJ�FRQFUHWH�
SURSRVDOV�IRU�KRZ�WR�DFKLHYH�LW��

7KH�,&'$�FRPPXQLW\�DLPV�WR�GHILQH�IRXU�WKLQJV���
�L���)RXQGDWLRQDO�VFLHQWLILF�NQRZOHGJH��WKDW�ZRXOG�GUDPDWLFDOO\�DFFHOHUDWH�WKH�
XQGHUVWDQGLQJ�DQG�WUHDWPHQW�RI�FRPPRQ�GLVHDVHV��,GHQWLI\LQJ�WKH�VFLHQWLILF�TXHVWLRQV�WR�
IRFXV�RQ�LQYROYHV�EDODQFLQJ�WZR�LVVXHV��:KDW�ZRXOG�EH�PRVW�WUDQVIRUPDWLYH��DQG�ZKDW�
PLJKW�EH�IHDVLEOH"�
�LL���)RXQGDWLRQDO�VFLHQWLILF�UHVRXUFHV ��WKDW�ZH�PLJKW�FUHDWH�WR�GULYH�SURJUHVV��LQFOXGLQJ�
WRZDUG�FUHDWLQJ�WKH�IRXQGDWLRQDO�VFLHQWLILF�NQRZOHGJH��%\�IRXQGDWLRQDO�UHVRXUFHV��ZH�
LQFOXGH�FOHDU�VFLHQWLILF�FRQFHSWV��FRPSUHKHQVLYH�DQG�VXVWDLQDEOH�GDWDVHWV��H[SHULPHQWDO�
WHFKQRORJLHV��DQDO\WLFDO�PHWKRGV��FRPSXWDWLRQDO�WRROV��DQG�GDWD�SODWIRUPV��$V�GHVFULEHG�
LQ�WKH�KLVWRU\�DERYH��ZLVH�FKRLFHV�RI�SURMHFWV�WR�FUHDWH�IRXQGDWLRQDO�UHVRXUFHV�KDYH�
SOD\HG�D�FULWLFDO�UROH�LQ�GULYLQJ�SURJUHVV�LQ�KXPDQ�JHQHWLF�DQG�JHQRPLF�UHVHDUFK�RYHU�WKH�
SDVW����\HDUV��
�LLL���.H\�GLVHDVH�DSSOLFDWLRQV ��WKDW�ZRXOG�EH�ZHOO�VXLWHG�WR�SLRQHHU�WKH�GHYHORSPHQW�RI�
VROXWLRQV���
�LY���&OHDU�UHFRPPHQGDWLRQV ��IRU�KRZ�WKHVH�JRDOV�PLJKW�EHVW�EH�DFFRPSOLVKHG���
7KLV�:KLWH�3DSHU�PDNHV�D�VWDUW�DW�WKH�ILUVW�WKUHH�LWHPV�DERYH��,W�ZDV�GHYHORSHG��LQ�

6HSWHPEHU�������XSGDWHG�LQ�)HEUXDU\�������DQG�Y����ILQDOL]HG�LQ�0D\�������ZLWK�WKH�DLP�RI�
EHJLQQLQJ�GLVFXVVLRQ�ZLWKLQ�WKH�,&'$�FRPPXQLW\�DERXW�VSHFLILF�SODQV�WKDW�ZRXOG�EHVW�DGGUHVV�
WKH�FRPPXQLW\¶V�QHHGV��

,Q�0D\�������,&'$�UHOHDVHG ��5HFRPPHQGDWLRQV��Y�����WR�WKH�VFLHQWLILF�FRPPXQLW\��
�
���2YHUDUFKLQJ�6FLHQWLILF�*RDOV��
7R�SURSHO�WKH�XQGHUVWDQGLQJ�DQG�WUHDWPHQW�RI�FRPPRQ�GLVHDVHV��ZH�PXVW�EH�DEOH�WR�PRYH�
UDSLGO\�IURP�0DSV�WR�0HFKDQLVPV�WR�0HGLFLQH��0�0�0�&KDOOHQJH���$W�D�KLJK�OHYHO��ZH�ZRXOG�
LGHDOO\�OLNH�WR�KDYH�FHUWDLQ�NQRZOHGJH�DW�RXU�ILQJHUWLSV���
�
*RDO����.QRZ�WKH�SKHQRW\SLF�FRQVHTXHQFHV�RI�DQ\�YDULDQW�LQ�WKH�KXPDQ�JHQRPH���

,W�ZRXOG�EH�WUHPHQGRXVO\�YDOXDEOH�WR�NQRZ�WKH�SKHQRW\SLF�FRQWULEXWLRQ�RI��DQ\��YDULDQW�LQ�
WKH�KXPDQ�JHQRPH�²�ZKHWKHU�LW�LV�D�FRPPRQ�YDULDQW�LQ�WKH�KXPDQ�SRSXODWLRQ��D�UDUH�YDULDQW�
IRXQG�RQO\�LQIUHTXHQWO\��RU�D�YDULDQW�WKDW�KDV�QRW�\HW�EHHQ�REVHUYHG���:H�QRWH�WKDW�DOO�QRQ�OHWKDO�
VLQJOH�QXFOHRWLGH�YDULDQWV�OLNHO\�H[LVW�LQ�WKH�KXPDQ�SRSXODWLRQ��JLYHQ�WKH�QXPEHU�RI�JHQRPHV�LQ�
WKH�KXPDQ�SRSXODWLRQ��a����[��� ������DQG�PXWDWLRQ�UDWH�SHU�QXFOHRWLGH�SHU�JHQHUDWLRQ��a����[�
�� �����²UHSUHVHQWLQJ�DQ�H[WUDRUGLQDU\�WURYH�RI�ELRORJLFDO�LQIRUPDWLRQ���
�

���



,I�LQWHUSUHWHG�OLWHUDOO\��WKH�JRDO�LV�VXUHO\�QRW�IHDVLEOH�LQ�WKH�IRUHVHHDEOH�IXWXUH��+RZHYHU��
WUHPHQGRXV�SURJUHVV�FDQ�EH�PDGH�WRZDUG�WKH�JRDO���

)RU�FRPPRQ�YDULDQWV��ZH�FRXOG�JHW�YHU\�IDU�WRZDUG�WKH�JRDO�EDVHG�RQ�GLUHFW�HPSLULFDO�
REVHUYDWLRQ�RI�WKH�KXPDQ�SRSXODWLRQ�²�FUHDWLQJ�WKH�µJHQRW\SH�[�SKHQRW\SH¶�PDWUL[�DFURVV�WHQV�
WR�KXQGUHGV�RI�PLOOLRQV�RI�SHRSOH��7KH�JUHDWHVW�FKDOOHQJH�LV�QR�ORQJHU�REWDLQLQJ�JHQHWLF�
LQIRUPDWLRQ��ZKROH�JHQRPH�VHTXHQFLQJ�ZLOO�VRRQ�IDOO�EHORZ�������D�WLQ\�IUDFWLRQ�RI�OLIHWLPH�
KHDOWKFDUH�FRVWV�IRU�LQGLYLGXDOV�LQ�PRVW�FRXQWULHV��DOWKRXJK�QRW�DOO���7KH�JUHDWHU�FKDOOHQJHV�ZLOO�
EH��L��HQVXULQJ�WKH�DELOLW\�DQG�XWLOLW\�RI�JDWKHULQJ�DQG�LQWHJUDWLQJ�JHQHWLF�DQG�PHGLFDO�LQIRUPDWLRQ�
IRU�LQGLYLGXDO�SDWLHQWV���LL��HQDEOLQJ�IHGHUDWHG�DQDO\VHV�WKDW�SURWHFW�WKH�VHFXULW\�DQG�SULYDF\�RI�
SDWLHQWV¶�GDWD��DQG��LLL��HDUQLQJ�WUXVW�DPRQJ�SDUWLFLSDQWV��

)RU�UDUH�YDULDQWV�DQG�QHYHU�EHIRUH�VHHQ�YDULDQWV��WKH�DQVZHUV�ZLOO�VXUHO\�EH�PRUH�
VSHFXODWLYH��7KH\�ZLOO�UHTXLUH�ZD\V�WR�FRPELQH��L��HPSLULFDO�GDWD�RQ�VLPLODU�YDULDQWV�ZLWK��LL��
H[WHQVLYH�IXQFWLRQDO�NQRZOHGJH�RI�WKH�KXPDQ�JHQRPH���
�
*RDO����.QRZ�WKH�IXQFWLRQDO�HOHPHQWV�HQFRGHG�LQ�WKH�KXPDQ�JHQRPH��DQG�XQGHUVWDQG�
WKHLU�IXQFWLRQDO�FRQVWUDLQWV��

,W�ZRXOG�EH�WUHPHQGRXVO\�YDOXDEOH�WR�NQRZ�DOO�IXQFWLRQDO�HOHPHQWV��LQFOXGLQJ�
SURWHLQ�FRGLQJ�WUDQVFULSWV��IXQFWLRQDOO\�LPSRUWDQW�QRQ�FRGLQJ�WUDQVFULSWV��VSOLFH�VLWHV��SURPRWHUV��
HQKDQFHUV��&7&)�VLWHV�DQG�DQ\�RWKHU�PDMRU�FODVVHV���DV�ZHOO�DV�DOO�FHOO�W\SHV�LQ�ZKLFK�WKH\�DUH�
DFWLYH�DQG�WKH�FKURPDWLQ�VWDWH�DW�WKRVH�HOHPHQWV��

2YHU�WKH�SDVW����\HDUV��WKHUH�KDV�EHHQ�LPSRUWDQW�SURJUHVV�WRZDUG�WKLV�JRDO�²�HVSHFLDOO\�
IRU�LQGLYLGXDO�FHOO�OLQHV�DQG�KXPDQ�WLVVXHV��WKURXJK�VXFK�SURMHFWV�DV�(1&2'(��(SLJHQHWLF�
5RDGPDS��DQG�*7([���:LWK�UHFHQW�DGYDQFHV��LQFOXGLQJ�VLQJOH�FHOO�ELRORJ\��DQG�GHFUHDVLQJ�
FRVWV��LW�LV�EHFRPLQJ�IHDVLEOH�WR�FUHDWH�D�KLJK�TXDOLW\�FDWDORJ�IRU�WKH�KXPDQ�ERG\��

7KH�JUHDWHU�FKDOOHQJH�ZLOO�EH�WR�XQGHUVWDQG�WKH�IXQFWLRQDO�FRQVWUDLQWV�RQ�WKHVH�HOHPHQWV�
²�WKDW�LV��ZKLFK�QXFOHRWLGHV�SOD\�ZKLFK�UROHV��%HFDXVH�LW�ZLOO�QRW�EH�SRVVLEOH�WR�PXWDWH�DQG�
DVVD\�HYHU\�QXFOHRWLGH��JDLQLQJ�WKLV�NQRZOHGJH�ZLOO�UHTXLUH�PXOWLSOH�DSSURDFKHV�WR�LQIHU�
FRQVWUDLQWV²LQFOXGLQJ�GUDZLQJ�RQ�QDWXUDO�YDULDWLRQ��H[SHULPHQWDO�SHUWXUEDWLRQV��HYROXWLRQDU\�
FRQVHUYDWLRQ��PDFKLQH�OHDUQLQJ��DQG�PRUH��7KH�JRDO�LV�QRW�MXVW�WR�NQRZ�WKH�FRQVWUDLQWV��EXW�WR�
XQGHUVWDQG�WKH�UHDVRQ�IRU�WKHP²IRU�H[DPSOH��WR�NQRZ�SUHFLVHO\�ZKLFK�WUDQVFULSWLRQ�IDFWRUV�DUH�
ELQGLQJ�DW�HDFK�HQKDQFHU�LQ�HDFK�FHOOXODU�FRQWH[W��
�
*RDO����.QRZ�DOO�KXPDQ�FHOO�W\SHV�DQG�DOO�FHOOXODU�SURJUDPV��LQ�KHDOWK�DQG�GLVHDVH����

,W�ZRXOG�EH�WUHPHQGRXVO\�YDOXDEOH�WR�NQRZ�DOO�FHOO�W\SHV�LQ�WKH�KXPDQ�ERG\��DV�ZHOO�DV�
WKH�FHOOXODU�WUDMHFWRULHV�WKDW�OHDG�WR�WKH�FHOO�W\SHV�DQG�WKH�YDULRXV�FHOO�VWDWHV�DQG�FRQWH[WV�LQ�
ZKLFK�WKH�FHOO�W\SHV�RFFXU��7KH�+XPDQ�&HOO�$WODV�SURMHFW�LV�FKDUDFWHUL]LQJ�DQG�FDWDORJLQJ�FHOOV�LQ�
KHDOWK\�KXPDQ�WLVVXHV�E\�XVLQJ�YDULRXV�VLQJOH�FHOO�PROHFXODU�VLJQDWXUHV��LQFOXGLQJ�VLQJOH�FHOO�
WUDQVFULSWRPLFV�DQG�FKURPDWLQ�DQDO\VLV��DQG�LV�LQFUHDVLQJO\�XVLQJ��LQ�VLWX ��WUDQVFULSWRPLFV�WR�
XQGHUVWDQG�VSDWLDO�UHODWLRQVKLSV�DPRQJ�FHOO�W\SHV��,Q�DGGLWLRQ�WR�KHDOWK\�WLVVXHV��LW�ZLOO�EH�
LPSRUWDQW�WR�KDYH�FRPSDUDEOH�DWODVHV�RI�UHOHYDQW�WLVVXHV�LQ�WKH�VHWWLQJ�RI�GLVHDVHV��

$Q�HYHQ�JUHDWHU�FKDOOHQJH�ZLOO�EH�WR�XVH�ULFK�VLQJOH�FHOO�GDWD�WR�V\VWHPDWLFDOO\�LQIHU�DOO�
µFHOOXODU�SURJUDPV�¶�%\�FHOOXODU�SURJUDPV��ZH�ORRVHO\�PHDQ�WKH�FLUFXLWU\�WKDW�SURSHOV�FHOOV�WR�
GHYHORS�LQWR�SDUWLFXODU�FHOO�W\SHV��VKLIW�WR�SDUWLFXODU�FHOO�VWDWHV�RU�UHPDLQ�VWDEOH��$W�OHDVW�DW�WKH�
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OHYHO�RI�JHQH�UHJXODWLRQ��ZH�VKRXOG�DLP�WR�EH�DEOH�WR�FRPSUHKHQVLYHO\�UHFRJQL]H�DOO�FHOOXODU�
SURJUDPV�DQG�XQGHUVWDQG�WKH�UROH�RI�FKURPDWLQ�DUFKLWHFWXUH�DQG�DFFHVVLELOLW\��VSHFLILF�
WUDQVFULSWLRQ�IDFWRUV��UHJXODWRU\�HOHPHQWV��DQG�WDUJHW�JHQHV�LQ�WKHVH�SURFHVVHV��6XFK�D�
FRPSUHKHQVLYH�YLHZ�ZRXOG�JUHDWO\�DVVLVW�LQ�FRQQHFWLQJ�GLVHDVH�JHQHWLFV�WR�GLVHDVH�ELRORJ\��
ǧ
*RDO����.QRZ�WKH�SURFHVVHV�WKDW�PHGLDWH�WKH�GHYHORSPHQW�DQG�SURJUHVVLRQ�RI�GLVHDVH��
DQG�EH�DEOH�WR�LGHQWLI\�SURPLVLQJ�WKHUDSHXWLF�WDUJHWV���

,W�ZRXOG�EH�WUHPHQGRXVO\�YDOXDEOH�WR�EH�DEOH�WR�FRPELQH�KXPDQ�JHQHWLF�DQG�JHQRPLF�
GDWD�JDWKHUHG�DW�VFDOH��ZLWK�GLVHDVH�VSHFLILF�PHFKDQLVWLF�DQG�FOLQLFDO�VWXGLHV�WR�GHILQH�WKH�PRVW�
FRPSHOOLQJ�WKHUDSHXWLF�WDUJHWV��DQG�WR�XQGHUVWDQG�WKH�FHOOXODU�DQG�SK\VLRORJLFDO�FRQVHTXHQFHV�
RI�WKHLU�SHUWXUEDWLRQ��:H�ZRXOG�OLNH�WR�XVH�KXPDQ�JHQHWLFV��HVSHFLDOO\�D�VHULHV�RI�DOOHOHV�RI�
GLYHUVH�IUHTXHQF\��HIIHFWV��DQG�GLUHFWLRQ��WR�FDOLEUDWH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�SHUWXUEDWLRQ�
RI��D�SXWDWLYH�WDUJHW�DQG�WKH�UHVXOWLQJ�HIIHFWV��ERWK�WKRVH�WKDW�DUH�GHVLUDEOH�GLVHDVH�PRGLI\LQJ�RU�
PLWLJDWLQJ�HIIHFWV�DQG�WKRVH�ZLWK�DGYHUVH�RXWFRPHV���7KLV�ZRXOG�KHOS�WR�LGHQWLI\�WDUJHWV�OLNHO\�WR�
KDYH�WKH�EHVW�SURILOH�LQ�WHUPV�RI�HIILFDF\�DQG�VDIHW\��:H�DOVR�QHHG�WR�GHYHORS�D�UDQJH�RI�
GLVHDVH�UHOHYDQW�PRGHOV�DQG�IXQFWLRQDO�DVVD\V�DQG�ELRPDUNHUV�WKDW�FDQ�SURYLGH�HVVHQWLDO�
VXSSRUW�IRU�ERWK�WKHUDSHXWLF�GHYHORSPHQW�DQG�FOLQLFDO�GHSOR\PHQW��

7KH�FKDOOHQJH�OLHV�LQ�WKDW�WKHVH�HIIRUWV�DUH�LQKHUHQWO\�QRQ�VFDODEOH��DW�OHDVW�DW�SUHVHQW��
7KH\�W\SLFDOO\�H[DPLQH�SURFHVVHV��PRGHOV�DQG�DVVD\V�WKDW�DUH�QRW�JHQHULF��DQG�WKDW�KDYH�WR�EH�
FDUHIXOO\�WDLORUHG�WR�WKH�SKHQRW\SH�DQG�TXHVWLRQ�RI�LQWHUHVW��VRPHWLPHV�UHIHUUHG�WR�DV�D�³ILQDO�
PLOH´�SUREOHP���+RZHYHU��ZH�EHOLHYH�WKHUH�DUH�RSSRUWXQLWLHV�WR�GHOLYHU�PRUH�DQG�PRUH�RI�WKH�
LQIRUPDWLRQ�WKDW�VXSSRUWV�WKLV�JRDO�WKURXJK�LQFUHDVLQJO\�KLJK�WKURXJKSXW��VRSKLVWLFDWHG��IUHHO\�
DYDLODEOH�GDWDVHWV�WKDW�FDQ�EH�VKDUHG�DFURVV�GLVHDVHV�WR�LQIRUP�WDUJHW�LGHQWLILFDWLRQ�DQG�
GHYHORSPHQW��:H�DOVR�EHOLHYH�WKDW�WKHUH�DUH�RSSRUWXQLWLHV�IRU�GHYHORSLQJ�D�PRUH�V\VWHPDWLF�
SHUVSHFWLYH�IRU�WDUJHW�YDOLGDWLRQ��LQ�SDUWLFXODU�ZLWK�UHVSHFW�WR�FDXVDO�LPSDFW�RQ�GLVHDVH�RQVHW�RU�
SURJUHVVLRQ��7KLV�JRDO�ZLOO�DGGUHVV�ERWK�NH\�FKDOOHQJHV�LQ�GUXJ�GHYHORSPHQW²DOORZLQJ�ERWK�D�
KLJKHU�SURSRUWLRQ�RI�VXFFHVVIXO�WDUJHWV�DQG�HDUOLHU�IDLOXUH�IRU�XQVXFFHVVIXO�WDUJHWV��
�
���)RXQGDWLRQDO�5HVRXUFHV�
����+XPDQ�&RKRUWV��

$�ILUVW�PDMRU�FKDOOHQJH�LV�WR�JDWKHU�DV�PXFK�GDWD�DV�SRVVLEOH�DERXW�WKH�HIIHFWV�RI�QDWXUDO�
YDULDWLRQ�LQ�WKH�KXPDQ�SRSXODWLRQ²WR�GULYH�ERWK�VFLHQWLILF�SURJUHVV�DQG�FOLQLFDO�FDUH��7KLV�
FKDOOHQJH�ZLOO�UHTXLUH�FUHDWLQJ�D�ZLGH�UDQJH�RI�IRXQGDWLRQDO�UHVRXUFHV��,Q�WKLV�LQLWLDO�YHUVLRQ��ZH�
DLP�WR�SRVH�NH\�TXHVWLRQV�DQG�OD\�RXW�DQ�LQLWLDO�ZRUN�SODQ��3UHFLVH�GHWDLOV�UHPDLQ�WR�EH�ILOOHG�LQ��
DV�ZHOO�DV�SODQV�WR�DFKLHYH�WKHP�ǧ

�L��&UHDWH�JHQRPLF�FKDUDFWHUL]DWLRQ�UHVRXUFHV�QHHGHG�IRU�DQ\�SRSXODWLRQ���'HHS�
FKDUDFWHUL]DWLRQ�RI�JHQHWLF�YDULDWLRQ�LQ�D�SRSXODWLRQ�LV�FULWLFDO�IRU�DQ\�PHDQLQJIXO�JHQHWLF�VWXGLHV���

:H�VKRXOG��FDUHIXOO\ ���GHILQH�WKH�H[WHQW�RI�JHQHWLF�FKDUDFWHUL]DWLRQ�WKDW�VKRXOG�EH�
REWDLQHG��IRU�DQ\�SRSXODWLRQ�WR�EH�VWXGLHG�RU�VHUYHG�E\�FOLQLFDO�JHQHWLFV��LQFOXGLQJ��L��D�FROOHFWLRQ�
RI�ZKROH�JHQRPH�VHTXHQFHV��ZLWK�VXIILFLHQW�VDPSOHV�DQG�KLJK�HQRXJK�TXDOLW\��WR�GHWHFW�613V�
DQG�LQGHOV�DW�D�VSHFLILHG�DFFXUDF\��GHWHFW�KHWHUR]\JRXV�EDVHV�DW�D�VSHFLILHG�FRYHUDJH��DQG�
DOORZ�LPSXWDWLRQ�WR�D�VSHFLILHG�GHJUHH����LL��D�SXEOLFDOO\�DYDLODEOH�YDULDQW�VHUYHU��VXFK�DV�([$&�
RU�JQRP$'��DOORZLQJ�SK\VLFLDQV�DQG�UHVHDUFKHUV�WR�LQWHUSUHW�YDULDQWV�IRXQG�LQ�D�SDWLHQW���LLL��
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ZHOO�GHVLJQHG�JHQRW\SLQJ�DUUD\V�DQG�SXEOLFO\�DYDLODEOH�LPSXWDWLRQ�VHUYHU��XQWLO�VXFK�WLPH�DV�
JHQRW\SLQJ�LV�RYHUWDNHQ�E\�ZKROH�JHQRPH�VHTXHQFLQJ���:H�VKRXOG�WKHQ��HQVXUH�WKDW�WKHVH�
UHVRXUFHV�DUH�FUHDWHG�IRU�DQ\�PDMRU�SRSXODWLRQ��WR�EH�VWXGLHG�DQG�VHUYHG�E\�JHQHWLFV��

�LL��*HQRW\SH�H[LVWLQJ�FROOHFWLRQV���:H�VKRXOG�LGHQWLI\�LPSRUWDQW�H[LVWLQJ�
GLVHDVH�IRFXVHG�DQG�SRSXODWLRQ�EDVHG�FRKRUWV�WKDW�KDYH�QRW�\HW�EHHQ�JHQHWLFDOO\�DQDO\]HG�DQG�
GHYHORS�SODQV�WR�HQVXUH�HIILFLHQW�VHTXHQFLQJ�DQG�UDSLG�GDWD�DFFHVV��

�LLL��([SDQG�H[LVWLQJ�FRKRUWV���0XFK�ODUJHU�KXPDQ�FRKRUWV�ZLOO�EH�QHHGHG�WR�XQGHUVWDQG�
KXPDQ�GLVHDVHV²LGHDOO\�LQFOXGLQJ�ERWK�GLVHDVH�IRFXVHG�FRKRUWV�DQG�ELREDQNV�OLQNHG�WR�IXOO�
PHGLFDO�UHFRUGV���

$IWHU�UHYLHZLQJ�H[LVWLQJ�GLVHDVH�IRFXVHG�FRKRUWV��ZH�VKRXOG��LGHQWLI\�WKRVH�GLVHDVHV�
WKDW�ZRXOG�EHQHILW�IURP�PDMRU�H[SDQVLRQ�DQG�WKH�PRVW�HIILFLHQW�ZD\V�WR�LQFUHDVH�D�
GHILQHG�WDUJHW�QXPEHU�RI�SDWLHQWV ���)RU�D�VXEVHW�RI�GLVHDVHV��WKH�QXPEHU�RI�FDVHV�VKRXOG�EH�
ODUJH�HQRXJK�WR�SURYLGH�JRRG�SRZHU�IRU�59$6�DFURVV�PRVW�JHQHV��7KH�IHDVLELOLW\�RI�XVLQJ�
H[LVWLQJ�LQIUDVWUXFWXUH�IRU�VDPSOH�FROOHFWLRQ��H�J���LQ�WKH�86��FROOHFWLRQ�V\VWHPV�IRU�WKH��$OO�RI�8V�
SURMHFW��VKRXOG�EH�H[SORUHG��

$IWHU�UHYLHZLQJ�H[LVWLQJ�SODQV�IRU�ELREDQNV��ZH�VKRXOG�DOVR��DVVHVV�WKH�SURVSHFWV�DQG�
EDUULHUV�IRU�FUHDWLQJ�ELREDQNV ���DQG ��LGHQWLI\�WKH�VXSSRUW�WKDW�ZRXOG�KHOS�DFFHOHUDWH�
SURJUHVV���LQFOXGLQJ�ODERUDWRU\�DQG�FRPSXWDWLRQDO�LQIUDVWUXFWXUH ���

7R�WKH�JUHDWHVW�H[WHQW�SRVVLEOH��FRKRUWV�VKRXOG�LQFRUSRUDWH�RQJRLQJ�FROOHFWLRQ�RI�FOLQLFDO�
LQIRUPDWLRQ�E\�OLQNLQJ�WR�PHGLFDO�UHFRUGV��WR�HQDEOH�ULFK�FOLQLFDO�FKDUDFWHUL]DWLRQ�DQG�URXWLQH�
ORQJLWXGLQDO�GDWD���7KH\�VKRXOG�DOVR�LQFRUSRUDWH�RWKHU�NLQGV�RI�LQIRUPDWLRQ²LQFOXGLQJ�RWKHU�
UHFRUGV��VXFK�DV�GHPRJUDSKLF�GDWD�WKDW�PLJKW�VKHG�OLJKW�RQ�HQYLURQPHQWDO�H[SRVXUHV��
VHOI�UHSRUWHG�GDWD�IURP�TXHVWLRQQDLUHV��DQG�GDWD�IURP�QHZ�GLJLWDO�WHFKQRORJLHV��VXFK�DV�
ZHDUDEOH�GHYLFHV���

:KHUH�SRVVLEOH��FRKRUWV�VKRXOG�IDFLOLWDWH�UHFDOO�E\�JHQRW\SH�DQG�UHFDOO�E\�SKHQRW\SH�WR�
HQDEOH�ELRORJLFDO�IROORZ�XS�VWXGLHV���

�LY��%URDGHQ�VWXGLHV�WR�LQFOXGH�DOO�PDMRU�SRSXODWLRQV���:LWK�WKH�YDVW�PDMRULW\�RI�
JHQHWLF�VWXGLHV�EHLQJ�LQ�(XURSHDQ�DQFHVWU\�SRSXODWLRQV��WKHUH�LV�DQ�XUJHQW�QHHG�WR�LQFOXGH�D�
PXFK�ODUJHU�UDQJH�RI�PDMRU�SRSXODWLRQV�DQG�WKHLU�VXESRSXODWLRQV���0DFKLQH�OHDUQLQJ�PHWKRGV�
FDQ�EH�XVHIXO�LQ�LGHQWLI\LQJ�FU\SWLF�VXE�SRSXODWLRQV���

$IWHU�UHYLHZLQJ�WKH�LVVXHV��ZH�VKRXOG��GHYHORS�DQ�HIIHFWLYH�SODQ�WKDW�ZRXOG�DOORZ�
QDWLRQDO�DQG�SKLODQWKURSLF�IXQGHUV�WR�JUHDWO\�H[SDQG�WKH�UDQJH�RI�SRSXODWLRQ�VWXGLHV ��WR�
H[SDQG�WKH�UDQJH�RI�JHQHWLF�GLVFRYHU\�DQG�WR�VHUYH�SDWLHQWV�LQ�YDULRXV�FRXQWULHV��

�Y��/HDUQ�IURP�VSHFLDO�SRSXODWLRQV ���6SHFLDO�SRSXODWLRQV��LQFOXGLQJ�IRXQGHU�SRSXODWLRQV�
DQG�SRSXODWLRQV�ZLWK�KLJK�UDWHV�RI�FRQVDQJXLQLW\��SURYLGH�WKH�RSSRUWXQLW\�WR�JDLQ�JHQHWLF�
LQIRUPDWLRQ�WKDW�FRXOG�QRW�UHDGLO\�EH�OHDUQHG�LQ�RWKHU�ZD\V²LQFOXGLQJ�GLVFRYHULQJ�
KLJKHU�IUHTXHQF\�GHOHWHULRXV�DOOHOHV�DQG�UHFHVVLYH�ORVV�RI�IXQFWLRQ�SKHQRW\SHV��

:H�VKRXOG��LGHQWLI\�WKH�PRVW�SURPLVLQJ�VSHFLDO�SRSXODWLRQV���FRQVLGHULQJ�ERWK�JHQHWLF�
DQG�IHDVLELOLW\�LVVXHV��DQG ��WKH�VXSSRUW�WKDW�ZRXOG�KHOS�DFFHOHUDWH�SURJUHVV��

�YL��&UHDWH�ZLGHO\�DFFHVVLEOH�GDWD�SODWIRUPV ���*HQHWLF�DQDO\VLV�ZRXOG�EH�DFFHOHUDWHG�
E\�WKH�DYDLODELOLW\�RI�KLJK�TXDOLW\��ZLGHO\�DFFHVVLEOH�GDWD�SODWIRUPV�WKDW�HQDEOH�FORXG�EDVHG�GDWD�
VWRUDJH�RI�KXPDQ�JHQHWLF�GDWD�DQG�FORXG�EDVHG�DQDO\VLV�ZLWK�EHVW�SUDFWLFHV�SLSHOLQHV�DQG�
DQDO\WLFDO�WRROV��6XFK�SODWIRUPV�VKRXOG�HOLPLQDWH�XQQHFHVVDU\�GXSOLFDWLRQ�RI�HIIRUW��LQFOXGLQJ�
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HQDEOLQJ�LPPHGLDWH�LQWHJUDWLRQ�DQG�KDUPRQL]DWLRQ�RI�YDULDQW�FDOOV�IURP�ODUJH�SRSXODWLRQ�FRKRUWV�
DQG�GLVHDVH�IRFXVHG�FRKRUWV��DQG�VKRXOG�IDFLOLWDWH�GDWD�VKDULQJ��,PSRUWDQWO\��WKH�GDWD�SODWIRUPV�
VKRXOG�DGKHUH�WR�*$�*+�VWDQGDUGV��

:H�VKRXOG�LGHQWLI\�WKH�QHHGV�DQG�DQ\�EDUULHUV�WR�WKH�FUHDWLRQ�DQG�GLVVHPLQDWLRQ�RI�VXFK�
GDWD�SODWIRUPV��LQFOXGLQJ�DFFHVV�E\�UHVHDUFKHUV�LQ�UHVRXUFH�SRRU�VHWWLQJV��

�YLL��(QVXUH�VKDULQJ�RI�VXPPDU\�VWDWLVWLFV ���,W�LV�FUXFLDO�WKDW�WKH�VXPPDU\�VWDWLVWLFV�IRU�
DOO�*:$6�EH�UHDGLO\�DYDLODEOH�WR�UHVHDUFKHUV��:H�VKRXOG�GHYHORS�SODQV�IRU�D�FHQWUDO�UHSRVLWRU\�
RI�DVVRFLDWLRQ�GDWD��ZLWK�$3,V�IRU�HDV\�DFFHVV��DQG�SROLFLHV�WR�HQFRXUDJH�DQG�HQVXUH�GHSRVLW��

�YLLL��(QDEOH�IHGHUDWHG�DQDO\VLV�RI�LQGLYLGXDO�OHYHO�GDWD ���:H�VKRXOG�GHYHORS�
DSSURDFKHV�WKDW�DOORZ�IHGHUDWHG�DQDO\VLV�RI�LQGLYLGXDO�OHYHO�GDWD��ZKLOH�SUHVHUYLQJ�VHFXULW\�DQG�
SULYDF\��3RVVLEOH�VROXWLRQV�LQFOXGH�FRPSXWHU�VFLHQFH�WHFKQLTXHV��VXFK�DV�VHFXUH�PXOWLSDUW\�
FRPSXWDWLRQ��KRPRPRUSKLF�HQFU\SWLRQ�DQG�RWKHU�PHWKRGV��DQG�HIIHFWLYH�SROLFLHV�EDVHG�RQ�
OLPLWHG�DFFHVV�DPRQJ�WUXVWHG�SDUWLHV��$WWHQWLRQ�ZLOO�EH�QHHGHG�WRZDUG�UHOHYDQW�QDWLRQDO�DQG�
LQWHUQDWLRQDO�ODZ��VXFK�DV�(XURSH¶V�*HQHUDO�'DWD�3URWHFWLRQ�5HJXODWLRQ���:H�DOVR�QHHG�ZD\V�WR�
IDFLOLWDWH�VFLHQWLILF�FROODERUDWLRQ�DPRQJ�FRKRUWV��LQFOXGLQJ�QDWLRQDO�ELREDQNV�ǧ

�L[��)DFLOLWDWH�KDUPRQL]DWLRQ�RI�SKHQRW\SHV ���*HQHWLFV�FDQ�EH�XVHG�WR�DVVHVV�
FRQVLVWHQF\�DPRQJ�GLIIHUHQW�SKHQRW\SLF�GHILQLWLRQV��)RU�H[DPSOH��FRQVLVWHQF\�FDQ�EH�DVVHVVHG�
E\��L��FRPSDULQJ�WKH�HIIHFW�VL]H�HVWLPDWHV�IRU�JHQRPH�ZLGH�VLJQLILFDQW�ORFL�REVHUYHG�LQ�D�QHZ�
FRKRUW�RU��LL��DVVHVVLQJ�WKH�JHQHWLF�FRUUHODWLRQ�EHWZHHQ�D�QHZ�FRKRUW�DQG�H[LVWLQJ�PHWD�DQDO\VLV�
IRU�WKH�WUDLW�LQ�TXHVWLRQ��$Q\�VLJQLILFDQW�GLIIHUHQFHV�FDQ�EH�SUREHG�E\�H[DPLQLQJ�WKH�SDWWHUQ�RI�
JHQHWLF�FRUUHODWLRQV�ZLWK�RWKHU�WUDLWV��

�[��(QDEOH�VHTXHQFLQJ�RI�GLIILFXOW�UHJLRQV�DQG�YDULDQWV ���6RPH�UHJLRQV�RI�WKH�KXPDQ�
JHQRPH�DQG�VRPH�JHQHWLF�YDULDQWV�UHPDLQ�GLIILFXOW�WR�VHTXHQFH�DFFXUDWHO\���([DPSOHV�LQFOXGH�
KXPDQ�OHXNRF\WH�DQWLJHQ��+/$��JHQHV�DW��S����NLOOHU�FHOO�LPPXQRJOREXOLQ�OLNH�UHFHSWRU��.,5��
JHQHV�DW���T����<�FKURPRVRPH�YDULDQWV�DQG�WKHLU�KDSORJURXSV��DQG�PLWRFKRQGULD�YDULDQWV�DQG�
WKHLU�KDSORJURXSV��7KHVH�ORFL�FDQ�KDYH�LPSRUWDQW�HIIHFWV�RQ�GLVHDVH�DQG�FDQ�YDU\�VXEVWDQWLDOO\�
DFURVV�DQFHVWU\�JURXSV���:KLOH�WKHVH�JDSV�DUH�XQOLNHO\�WR�UHSUHVHQW�UDWH�OLPLWLQJ�VWHSV�LQ�WKH�
XQGHUVWDQGLQJ�RI�FRPPRQ�GLVHDVH��ZH�ZRXOG�LGHDOO\�OLNH�WR�REWDLQ�FRPSOHWH�DQG�DFFXUDWH�
FRYHUDJH�RI�WKH�HQWLUH�JHQRPH��1HZ�WHFKQRORJLHV�DUH�EHLQJ�GHYHORSHG��EXW�WKH\�UHPDLQ�WRR�
H[SHQVLYH�WR�GHSOR\�DW�ODUJH�VFDOH��:H�VKRXOG�HQFRXUDJH�WHFKQRORJLHV�WKDW�DFKLHYH�ORQJ�UHDGV�
DW�KLJK�DFFXUDF\�DQG�ORZ�FRVW��
�
����$QDO\VLV�RI�$VVRFLDWLRQ�'DWD���

$QRWKHU�PDMRU�FKDOOHQJH�LV�WR�EH�DEOH�WR�DQDO\]H�KXPDQ�JHQHWLF�GDWD�WR�H[WUDFW�DV�PDQ\�
LQVLJKWV�DV�SRVVLEOH��*HQHWLF�PDSSLQJ�VWXGLHV�FDQ�GR�PXFK�PRUH�WKDQ�LGHQWLI\�LQGLYLGXDO�
GLVHDVH�DVVRFLDWHG�ORFL��0DQ\�FUHDWLYH�DSSURDFKHV�DUH�EHLQJ�GHYLVHG��DQG�WKHVH�GHYHORSPHQWV�
ZLOO�FRQWLQXH�WR�EH�IXHOHG�E\�WKH�JURZLQJ�DYDLODELOLW\�RI�QHZ�NLQGV�RI�GDWD��,Q�WKLV�LQLWLDO�YHUVLRQ��
ZH�RXWOLQH�VRPH�NH\�FKDOOHQJHV�IRU�WKH�DQDO\WLFDO�FRPPXQLW\��

�L��6KDUSHQ�*:$6�VLJQDOV���+RZ�FDQ�ZH�EHVW�LGHQWLI\�WKH�YDULDQWV�UHVSRQVLEOH�IRU�
*:$6�VLJQDOV²EDVHG�RQ�ILQH�PDSSLQJ�IURP�ODUJHU�GDWDVHWV�DQG�KDSORW\SH�VWUXFWXUH��GDWD�IURP�
GLYHUVH�SRSXODWLRQV��ELRORJLFDO�FRUUHODWHV��DQG�RWKHU�LQIRUPDWLRQ"�

�LL��,GHQWLI\�GLVHDVH�UHOHYDQW�FHOO�W\SHV���+RZ�FDQ�ZH�EHVW�XVH�WKH�JHQRPH�ZLGH�
HIIHFW�VL]H�YHFWRU�IURP�*:$6�WR�LGHQWLI\�WKH�GLVHDVH�UHOHYDQW�FHOO�W\SHV"�:KDW�VHQVLWLYLW\�DQG�
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UHVROXWLRQ�FDQ�ZH�DFKLHYH�ZLWK�UHVSHFW�WR�FHOO�W\SHV��VWDWHV�DQG�FRQWH[WV"��
�LLL��,GHQWLI\�GLVHDVH�UHOHYDQW�FHOOXODU�SURJUDPV���*LYHQ�D�FDWDORJ�RI�FHOOXODU�SURJUDPV�

�D�VHW�RI�FRUHJXODWHG�JHQHV���KRZ�FDQ�ZH�EHVW�XVH�WKH�JHQRPH�ZLGH�HIIHFW�VL]H�YHFWRU�IURP�
*:$6�WR�LGHQWLI\�WKH�GLVHDVH�UHOHYDQW�FHOO�W\SHV"�

�LY��8VH�GLVHDVH�UHODWHG�SKHQRW\SHV���+RZ�FDQ�ZH�EHVW�H[SORLW�QRYHO�GLVHDVH�UHODWHG�
SKHQRW\SHV�WR�PDS�DQG�VWXG\�GLVHDVHV"�([DPSOHV�LQFOXGH�IDPLO\�KLVWRU\��WR�LQFUHDVH�WKH�
HIIHFWLYH�QXPEHU�RI�FDVHV��RU�GLVHDVH�SURJUHVVLRQ���

�Y��8VH�SOHLRWURS\�DFURVV�GLYHUVH�SKHQRW\SHV���+RZ�FDQ�ZH�EHVW�XVH�LQIRUPDWLRQ�
*:$6�GDWD�DFURVV�PDQ\�SKHQRW\SHV�WR��DQQRWDWH�LQGLYLGXDO�ORFL��YDULDQWV��DQG�KDSORW\SHV"�
SDUWLWLRQ�D�*:$6�VLJQDO�LQWR�ODWHQW�IDFWRUV"�VKDUSHQ�D�*:$6�VLJQDO�E\�GHULYLQJ�ODWHQW�WUDLWV�ZLWK�
KLJKHU�KHULWDELOLW\"�LPSURYH�LGHQWLILFDWLRQ�RI�UHOHYDQW�FHOO�W\SHV�DQG�FHOOXODU�SURFHVVHV"�

�YL��*HQHUDWH�SRO\JHQLF�VFRUHV���+RZ�FDQ�ZH�EHVW�JHQHUDWH�SRO\JHQLF�VFRUHV"�+RZ�GR�
SRO\JHQLF�VFRUHV�LPSURYH�ZLWK�LQFUHDVLQJ�VDPSOH�VL]H"�&DQ�ZH�VXEVWDQWLDOO\�LPSURYH�FXUUHQW�
PHWKRGV"�+RZ�FDQ�ZH�FRPELQH�SRO\JHQLF�VFRUHV�ZLWK�FOLQLFDO�LQIRUPDWLRQ�WR�LQFUHDVH�DFFXUDF\�
DQG�PLQLPL]H�ELDVHV"�+RZ�FDQ�ZH�DYRLG�ELDVHV�GXH�WR�SRSXODWLRQ�DQG�JHRJUDSKLF�VWUDWLILFDWLRQ"��

�YLL��8VH�SRO\JHQLF�VFRUHV�WR�LGHQWLI\�GLVHDVH�ELRORJ\���7R�ZKDW�H[WHQW�DQG�KRZ�EHVW�
FDQ�ZH�XVH�SRO\JHQLF�VFRUHV�WR�LGHQWLI\�FDXVDO�SURFHVVHV�LQ�SUHV\PSWRPDWLF�LQGLYLGXDOV"�&DQ�
ZH�XVH��TSP]KIRMG�WGSVIW�JSV�FMSQEVOIVW�EW�MRWXVYQIRXW�XS�QEOI�GEYWEP�MRJIVIRGIW�EFSYXǧ
SYXGSQI�TLIRSX]TIW��WYGL�EW�PSRKIZMX]��WYVZMZEP��GPMRMGEP�TVSKRSWMW��ERH�WMHI�IJJIGXW��MR�IJJIGX�ǧ
I\TERHMRK�1IRHIPMER�VERHSQM^EXMSR�JVSQ�MRHMZMHYEP�724W�XS�TSP]KIRMG�WGSVIW#�

�YLLL��8VH�SRO\JHQLF�VFRUHV�LQ�FOLQLFDO�FDUH ���+RZ�VKRXOG�SRO\JHQLF�VFRUHV�EHVW�EH�XVHG�
LQ�FOLQLFDO�FDUH"�+RZ�VKRXOG�SRO\JHQLF�VFRUHV�EH�FRPELQHG�ZLWK�RWKHU�SHUVRQDO�LQIRUPDWLRQ�
�H�J���VFRUHV�IRU�FDUGLRYDVFXODU�GLVHDVH�ZLWK�OLSLG�OHYHOV��WR�\LHOG�DFFXUDWH�SUHGLFWLRQV"��

�L[��8VH�SRO\JHQLF�VFRUHV�LQ�GUXJ�GHYHORSPHQW���+RZ�FDQ�ZH�EHVW�XVH�SRO\JHQLF�
VFRUHV�WR�VHOHFW�SDWLHQWV�IRU�FOLQLFDO�WULDOV"�

�[��8QGHUVWDQG�VHOHFWLYH�IRUFHV���&DQ�ZH�EHVW�XVH�WKH�JHQRPH�ZLGH�GLVWULEXWLRQ�RI�
HIIHFW�VL]HV�DQG�DOOHOH�IUHTXHQFLHV��IRU�ERWK�&9$6�DQG�59$6��IRU�YDULRXV�GLVHDVHV�DQG�WUDLWV�WR�
PDNH�LQIHUHQFHV�DERXW�WKH�VHOHFWLYH�IRUFHV�DQG�JHQHWLF�DUFKLWHFWXUH"��

�[L��8QGHUVWDQG�FRQWULEXWLRQV�IURP�WKH�HQYLURQPHQW���+RZ�EHVW�WR�PHDVXUH�DQG�
FKDUDFWHUL]H�HQYLURQPHQWDO�H[SRVXUHV�IRU�PRELOH�SRSXODWLRQV"�+RZ�WR�FRQVLGHU�OLIH�VWDJH�
VSHFLILF�JHQHWLF�GULYHUV�RI�GLVHDVH�DULVLQJ�IURP�DQ�H[SRVXUH�DW�D�FULWLFDO�ZLQGRZ�RI�VXVFHSWLELOLW\"�
�
����)URP�*HQHWLF�9DULDQWV�WR�&HOOXODU�)XQFWLRQ���

$QRWKHU�PDMRU�FKDOOHQJH�LV�WR�EH�DEOH�WR�FRQQHFW�YDULDQWV�WR�IXQFWLRQ��9�)���7KH�
FKDOOHQJH�HQWDLOV��LGHQWLI\LQJ�WKH�FDXVDO�YDULDQWV�LQ�HDFK�GLVHDVH�DVVRFLDWHG�ORFXV�DQG�WKH�
GLVHDVH�UHOHYDQW�FHOO�W\SH�V��LQ�ZKLFK�WKH\�DFW��DQG�LGHQWLI\LQJ�WKH�LPPHGLDWH�PROHFXODU�
FRQVHTXHQFHV�RI�WKH�YDULDQWV�LQ�D�JLYHQ�FHOO�W\SH��VXFK�DV�WKH�HIIHFW�RQ�DQ�HQKDQFHU�DQG�RQ�LWV�
WDUJHW�JHQHV���

$W�SUHVHQW��WKHVH�TXHVWLRQV�WHQG�WR�EH�DSSURDFKHG�LQ�DQ��DG�KRF��PDQQHU��$�PRUH�
V\VWHPDWLF�DSSURDFK�ZLOO�UHTXLUH�FUHDWLQJ�FRPSUHKHQVLYH�GDWD�UHVRXUFHV��XVLQJ�ERWK�
REVHUYDWLRQDO��DQG��SHUWXUEDWLRQDO��DSSURDFKHV��2EVHUYDWLRQDO�GDWD�FDQ�OLNHO\�EH�DSSOLHG�WR�DOO�
KXPDQ�FHOO�W\SHV��ZKHUHDV�SHUWXUEDWLRQDO�DSSURDFKHV�FDQ�OLNHO\�EH�DSSOLHG�RQO\�WR�D�OLPLWHG�VHW�
RI�FHOO�W\SHV��%HFDXVH�LW�PD\�QRW�EH�SRVVLEOH�WR�JHQHUDWH�D�FRPSOHWH�ORRN�XS�WDEOH�LQ�WKH�
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IRUHVHHDEOH�IXWXUH��LW�ZLOO�DOVR�EH�QHFHVVDU\�WR�OHDUQ�HIIHFWLYH�SULQFLSOHV�DQG�UXOHV�WKDW�DOORZ�XV�
WR�PDNH�KLJK�TXDOLW\�LQIHUHQFHV��,Q�WKLV�LQLWLDO�YHUVLRQ��ZH�VNHWFK�VRPH�RI�WKH�SRVVLEOH�GLUHFWLRQV���

�L��$QQRWDWH�IXQFWLRQDO�HOHPHQWV�LQ�HYHU\�FHOO�W\SH ���$�ILUVW�VWHS�LQ�DQDO\]LQJ�D�
GLVHDVH�DVVRFLDWHG�ORFXV�LV�WR�LGHQWLI\�KRZ�DQG�ZKHUH�WKH�FDXVDO�YDULDQWV�PLJKW�ZRUN�E\�
UHIHUHQFH�WR�IXQFWLRQDO�HOHPHQWV�LQ�WKH�UHJLRQ�LQ�YDULRXV�FHOO�W\SHV��VXFK�DV�SURPRWHUV��
WUDQVFULEHG�VHTXHQFHV��VSOLFH�VLWHV��HQKDQFHUV��&7&)�VLWHV��HWF����9DULRXV�SURMHFWV��(1&2'(��
(SLJHQRPLF�5RDGPDS��*7([��KDYH�SURYLGHG�LQIRUPDWLRQ�DW�WKH�OHYHO�RI�FHOO�OLQHV�DQG�EXON�
WLVVXH���

:H�QRZ�QHHG�WR�FUHDWH��FRPSUHKHQVLYH�PDSV�RI�IXQFWLRQDO�HOHPHQWV ��IRU�HYHU\�KXPDQ�
FHOO�W\SH��7KH�VLQJOH�FHOO�PHWKRGV�DQG�VWXGLHV�RI�WKH�+XPDQ�&HOO�$WODV�DUH�PDNLQJ�LW�SRVVLEOH�WR�
FRPSUHKHQVLYHO\�REVHUYH�JHQH�H[SUHVVLRQ��E\�51$�VHT��DQG�WKH�RSHQ�FKURPDWLQ�UHJLRQV��E\�
$7$&�VHT���)RU�RWKHU�HSLJHQRPLF�IHDWXUHV��VLQJOH�FHOO�PHDVXUHPHQWV�DUH�QRW�\HW�IHDVLEOH�RU�QRW�
IHDVLEOH�DW�VFDOH²EXW�LW�PD\�EH�SRVVLEOH�WR�PDNH�KLJK�TXDOLW\�LQIHUHQFHV���

�LL��0DS��FLV ��UHJXODWRU\�47/V�LQ�HYHU\�FHOO�W\SH ���)RU�HYHU\�FRPPRQ�YDULDQW�LQ�WKH�
KXPDQ�JHQRPH��ZH�ZRXOG�OLNH�WR�NQRZ�ZKHWKHU�LW�LV�DVVRFLDWHG�ZLWK�D��FLV��UHJXODWRU\�HIIHFW�RQ�
JHQH�H[SUHVVLRQ��FLV�H47/V���FKURPDWLQ�VWUXFWXUH��FLV�F47/V���RU�VSOLFLQJ��FLV�V47/6��LQ�DQ\�
KXPDQ�FHOO�W\SH��,Q�SULQFLSOH��WKLV�FDQ�EH�GRQH�E\�DSSO\LQJ�VLQJOH�FHOO�DQDO\VLV�WR�FHOO�W\SHV�IURP�
D�FROOHFWLRQ�RI�LQGLYLGXDOV���(IIHFWV�FDQ�EH�GHWHFWHG�E\�FRPSDULQJ�H[SUHVVLRQ�DFURVV�LQGLYLGXDOV�
RI�GLIIHUHQW�JHQRW\SHV��$$��$%��%%��RU�LGHDOO\�DOOHOH�VSHFLILF�H[SUHVVLRQ�ZLWKLQ�LQGLYLGXDO�
KHWHUR]\JRWHV��$%�����

:H�QRZ�QHHG�WR�FUHDWH��JHQRPH�ZLGH�PDSV�RI��FLV��UHJXODWRU\�47/V ���,QLWLDO�HIIRUWV�
PLJKW�FRQFHQWUDWH�RQ�SDUWLFXODU�RUJDQV��WR�UHILQH�PHWKRGV�DQG�GHILQH�WKH�DSSURSULDWH�VFDOH��

�LLL��,QWHUSUHW�HQKDQFHU�IXQFWLRQ���:H�QHHG�WR�XQGHUVWDQG�KRZ�DQ�DFWLYH�HQKDQFHU�
IXQFWLRQV�LQ�DQ\�JLYHQ�FHOO�W\SH²LQFOXGLQJ�ZKLFK�WUDQVFULSWLRQ�IDFWRUV��7)V��ELQG�WKH�HQKDQFHU�
DQG�KRZ�JHQHWLF�YDULDQWV�DIIHFW�WKH�ELQGLQJ�LQ�WKH�FHOO�W\SH��7KLV�ZLOO�OLNHO\�UHTXLUH�ODUJH�VFDOH�
SHUWXUEDWLRQDO�H[SHULPHQWV ��DQG�FRPSXWDWLRQDO�DQDO\VLV�LQ�FHUWDLQ�FHOO�W\SHV��IURP�ZKLFK�
JHQHUDO�UXOHV�FDQ�EH�GHULYHG�WR�PDNH�DERXW�RWKHU�FHOO�W\SHV��9DULRXV�DSSURDFKHV�DUH�
DYDLODEOH��LQFOXGLQJ��L��JHQRPH�ZLGH�VHTXHQFH�DQDO\VLV�RI�HQKDQFHUV�WR�LQIHU�WKH�UROHV�RI�7)V��
EDVHG�RQ�GDWD�ZLWKLQ�DQG�DFURVV�UHODWHG�FHOO�W\SHV���LL��JHQRPH�HGLWLQJ�LQ�QDWLYH�HQKDQFHUV���LLL��
PDVVLYHO\�SDUDOOHO�UHSRUWHU�DVVD\V��035$��LQ�KHWHURORJRXV�VHWWLQJV��DQG��LY��PDFKLQH�OHDUQLQJ��
7KH�XWLOLW\�RI�WKHVH�DSSURDFKHV�QHHGV�WR�EH�DVVHVVHG�LQ�ULJRURXV�ODUJH�VFDOH�VWXGLHV�DFURVV�
PDQ\�FHOO�W\SHV��

�LY��&RQQHFW�HQKDQFHUV�WR�SURPRWHUV���:H�QHHG�WR�XQGHUVWDQG�WKH�UXOHV�WKDW�GHILQH�WKH�
UHJXODWRU\�FRQQHFWLRQV�EHWZHHQ�HQKDQFHUV�DQG�SURPRWHUV�LQ�D�JLYHQ�FHOO�W\SH²WKDW�LV��ZKLFK�
HQKDQFHUV�UHJXODWH�ZKLFK�SURPRWHUV�DQG�WR�ZKDW�H[WHQW��$V�DERYH��WKLV�ZLOO�OLNHO\�UHTXLUH�
ODUJH�VFDOH��SHUWXUEDWLRQDO�H[SHULPHQWV ��DQG�FRPSXWDWLRQDO�DQDO\VLV�LQ�FHUWDLQ�FHOO�W\SHV��IURP�
ZKLFK�JHQHUDO�UXOHV�FDQ�EH�GHULYHG��9DULRXV�DSSURDFKHV�DUH�DYDLODEOH²LQFOXGLQJ�&5,635�
LQKLELWLRQ��&5,635L��RI�QDWLYH�HQKDQFHUV�DQG�GLUHFWHG�LQVHUWLRQ�RI�KHWHURORJRXV�HQKDQFHUV²EXW�
ZLOO�QHHG�WR�EH�DVVHVVHG�DW�ODUJH�VFDOH��

�Y��$VVHVV�SURWHLQ�FRGLQJ�YDULDQWV ���:H�QHHG�JHQHULF�DVVD\V�WR�UHOLDEO\�GHWHUPLQH�
ZKHWKHU�DQG�KRZ�D�SURWHLQ�FRGLQJ�YDULDQW�LQ�D�JHQH�DOWHUV�FHOOXODU�IXQFWLRQ��WKH�DVVD\�VKRXOG�EH�
DSSOLFDEOH�WR�DOO�JHQHV�DQG�DW�VXIILFLHQW�VFDOH�WKDW�LW�FDQ�EH�DSSOLHG�WR�DOO�FRPPRQ�YDULDQWV�DQG�
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WR�DQ\�UDUH�YDULDQW�RI�LQWHUHVW��2QH�SRZHUIXO�DSSURDFK�LV�WR�FRPSDUH�WKH�HIIHFW�RI�DOOHOHV�RQ�
JHQRPH�ZLGH�H[SUHVVLRQ�DFURVV�D�VXIILFLHQW�QXPEHU�RI�FHOO�W\SHV��

�YL��&DWDORJ�FHOOXODU�SURJUDPV ���:H�QHHG�JHQHULF�ZD\V�WR�LQIHU�WKH�FRQVHTXHQFHV�RI�
DOWHULQJ�WKH�H[SUHVVLRQ�OHYHO�RI�DQ\�JHQH�LQ�DQ\�FHOO�W\SH��*HQHULF�DVVD\V�DUH�DOUHDG\�DYDLODEOH�
IRU�DOWHULQJ�D�JHQH¶V�H[SUHVVLRQ��H�J���&5,635L��DQG�UHDGLQJ�RXW�LWV�FRQVHTXHQFH�RQ�FHOOXODU�
JHQH�H[SUHVVLRQ��H�J���E\�51$�VHT���LQ�WKRVH�VHWWLQJV�ZKHUH�KXPDQ�FHOOV�PD\�EH�
H[SHULPHQWDOO\�PDQLSXODWHG��VXFK�DV�FHOO�OLQHV�DQG�RUJDQRLGV���

:H�QHHG�PXFK�EHWWHU�ZD\V�WR�LQWHUSUHW�WKH�JHQH�H[SUHVVLRQ�FRQVHTXHQFHV�LQ�WHUPV�RI�
PHDQLQJIXO�FHOOXODU�SURJUDPV��:H�ZRXOG�LGHDOO\�OLNH�WR�KDYH�D��FRPSUHKHQVLYH�FDWDORJ�RI�
FHOOXODU�SURJUDPV ���FRQVLVWLQJ�RI�WKH�PRGXOHV�RI�JHQH�H[SUHVVLRQ�WULJJHUHG�GXULQJ�GHYHORSPHQW��
SK\VLRORJ\�DQG�GLVHDVH��6XFK�D�FDWDORJ�FRXOG�DLG�XV�LQ�LQWHUSUHWLQJ�WKH�JHQHWLFV�RI�FRPPRQ�
GLVHDVH²IRU�H[DPSOH��E\�LGHQWLI\LQJ�FHOOXODU�SURJUDPV�WKDW�FRUUHODWH�WR�WKH�JHQRPH�ZLGH�
HIIHFW�VL]H�YHFWRU�IRU�D�GLVHDVH�DQG�E\�FOXVWHULQJ�GLVHDVH�DVVRFLDWHG�JHQHV�IRU�ZKLFK�
H[SUHVVLRQ�FKDQJHV�WULJJHU�WKH�VDPH�FHOOXODU�SURJUDPV���

8VLQJ�PDFKLQH�OHDUQLQJ��LW�PD\�EH�SRVVLEOH�WR�LQIHU�FDWDORJV�RI�FHOOXODU�SURJUDPV�IURP�
WKH�H[SUHVVLRQ�GDWD�WKDW�ZLOO�EH�FROOHFWHG�RQ�ELOOLRQV�RI�VLQJOH�FHOOV�LQ�WKH�FRPLQJ�\HDUV��

�YLL��,GHQWLI\�µPLVVLQJ¶�IXQFWLRQDO�HOHPHQWV ���:KLOH�GLVHDVH�DVVRFLDWHG�YDULDQWV�DUH�
FOHDUO\�HQULFKHG�LQ�NQRZQ�IXQFWLRQDO�HOHPHQWV��WKH�H[WHQW�WR�ZKLFK�ZH�DUH�PLVVLQJ�LPSRUWDQW�
FODVVHV�RI�IXQFWLRQDO�HOHPHQWV�UHPDLQV�XQFOHDU��&DUHIXO�DQDO\VLV�RI�WKH�JHQRPH�ZLGH�
GLVWULEXWLRQ�RI�GLVHDVH�DVVRFLDWHG�YDULDQWV�PD\�VKHG�OLJKW�RQ�WKLV�TXHVWLRQ��DOWKRXJK�LW�ZLOO�EH�
LPSRUWDQW�WR�DFFRXQW�IRU�LQFRPSOHWH�GDWD�DERXW�FHOO�W\SHV���
�
����0HFKDQLVPV�DQG�0HGLFLQH��

$�IRXUWK�FKDOOHQJH�LV�WR�HVWDEOLVK�D�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WKH�PHFKDQLVPV�
LQYROYHG�LQ�WKH�RQVHW�DQG�SURJUHVVLRQ�RI�GLVHDVH��DQG�WR�XVH�WKHVH�IXQGDPHQWDO�LQVLJKWV�WR�GULYH�
WKH�GHYHORSPHQW�RI�QRYHO�VWUDWHJLHV�IRU�SUHYHQWLRQ�DQG�WUHDWPHQW��([LVWLQJ�DSSURDFKHV�KDYH�
W\SLFDOO\�UHOLHG�RQ�GHWDLOHG�FKDUDFWHUL]DWLRQ²LQYROYLQJ�GLVHDVH�VSHFLILF�FHOOXODU�DQG�DQLPDO�
PRGHOV�EDVHG�RQ�EHVSRNH�DVVD\V²WKDW�KDYH�QRW�HDVLO\�OHQW�WKHPVHOYHV�WR�KLJK�WKURXJKSXW�
DSSURDFKHV���

+RZHYHU��DV�GHVFULEHG�DERYH��WUDQVODWLRQDO�HIIRUWV�DUH�QRZ�LQFUHDVLQJO\�DEOH�WR�EHQHILW�
IURP�WKH�IRXQGDWLRQDO�LQIRUPDWLRQ�SURYLGHG�E\�ODUJH�VFDOH�GDWD�JHQHUDWLRQ�LQ�KXPDQ�JHQHWLFV�
DQG�FHOOXODU�JHQRPLFV��7KHUH�DUH�D�QXPEHU�RI�DGGLWLRQDO�DFWLYLWLHV�ZKHUH�FROODERUDWLYH�UHVHDUFK�
FDQ�DFFHOHUDWH�WKH�WUDQVODWLRQ�RI�WKHVH�KLJK�WKURXJKSXW�GDWD�IRU�FOLQLFDO�EHQHILW�� ��

�L��'HYHORS�PHWULFV�RI�VXFFHVV�WR�RSWLPL]H�WDUJHW�VHOHFWLRQ���7KHUH�DUH�FXUUHQWO\�QR�
DJUHHG�XSRQ�VWDQGDUGV�IRU�GHILQLQJ�SURJUHVV�WRZDUG�FRQQHFWLQJ�JHQHWLF�VLJQDOV�ZLWK�GLVHDVH�
FDXVDWLRQ��:H�QHHG�IUDPHZRUNV�WKDW�UHIOHFW�WKH�VWUHQJWK�RI�VXFK�FRQQHFWLRQV²IRU�H[DPSOH��WKH�
H[WHQW�WR�ZKLFK�PHFKDQLVWLF�VWXGLHV�KDYH�³VDWXUDWHG´�D�SURFHVV�LPSOLFDWHG�LQ�FDXVDWLRQ�RI�D�
GLVHDVH��6XFK�PHWULFV�ZLOO�DOVR�DLG�LQ�HYDOXDWLQJ�DQG�RSWLPL]LQJ�DSSURDFKHV�IRU�WDUJHW�VHOHFWLRQ��

�LL��&UHDWH�D�JHQHWLF�GRVH�UHVSRQVH�SRUWDO���:H�QHHG�DFFHVVLEOH�WRROV�WKDW��WKURXJK�WKH�
DJJUHJDWLRQ�RI�JHQHWLF��FOLQLFDO��DQG�IXQFWLRQDO�GDWD��SURYLGH�D�KROLVWLF�GHVFULSWLRQ�RI�WKH�
FRQVHTXHQFHV�RI�QDWXUDO�YDULDWLRQ�DQG�H[SHULPHQWDO�SHUWXUEDWLRQ�IRU�HDFK�JHQH��7KLV�SRUWDO�ZLOO�
SDUWLFXODUO\�EHQHILW�IURP�FOLQLFDO�VWXGLHV�SHUIRUPHG�LQ�LQGLYLGXDOV�ZLWK�UDUH��ODUJH�HIIHFW�
JHQRW\SHV��7KLV�LQIRUPDWLRQ�ZLOO�VXSSRUW�WDUJHW�GLVFRYHU\��FDOLEUDWH�WKH�PDJQLWXGH�RI�DQWLFLSDWHG�
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WKHUDSHXWLF�PDQLSXODWLRQ��KHOS�WR�DQWLFLSDWH�DGYHUVH�HIIHFWV�DQG�WR[LFLW\��DQG�LGHQWLI\�SXWDWLYH�
ELRPDUNHUV���

�LLL��'HYHORS�FRPPRQ�IUDPHZRUNV�RI�GLVHDVH�DUFKLWHFWXUH���7KH�KLJKO\�SRO\JHQLF�
QDWXUH�RI�FRPPRQ�GLVHDVH�KDV�LPSOLFDWLRQV�IRU�WKH�ZD\V�LQ�ZKLFK�ZH�VKRXOG�LQWHUSUHW�WKH�
PHFKDQLVWLF�OLQNV�EHWZHHQ�JHQHWLF�VLJQDOV�DQG�GLVHDVH��:H�EHOLHYH�WKHUH�LV�D�QHHG�WR�GHYHORS�
FRPPRQ�IUDPHZRUNV�IRU�PDSSLQJ�GLVHDVH�ELRORJ\�RQWR�FHOOXODU�DQG�SK\VLRORJLFDO�SURFHVVHV����

�LY��'HYHORS�UREXVW�GLVHDVH�VSHFLILF�PRGHOV�DQG�IXQFWLRQDO�DVVD\V���:H�QHHG�PRUH�
VRSKLVWLFDWHG�DQG�UREXVW�FHOOXODU�DQG�WLVVXH�PRGHOV�RI�GLVHDVH��LQFOXGLQJ�FHOO�OLQHV��RUJDQRLGV��
FR�FXOWXUH�V\VWHPV��DQG�³RUJDQ�RQ�D�FKLS´��WRJHWKHU�ZLWK�DSSURDFKHV�WR�VFDOH�WKHVH�XS�IRU�
KLJK�WKURXJKSXW�LQWHUURJDWLRQ��:H�DOVR�QHHG�GLVHDVH�UHOHYDQW�IXQFWLRQDO�DVVD\V�WR�VXSSRUW�
PXOWLSOH�VWDJHV�LQ�WDUJHW�GLVFRYHU\�DQG�GUXJ�GHYHORSPHQW��LQFOXGLQJ�KLJK�WKURXJKSXW�WRROV�IRU�
FKDUDFWHUL]LQJ�YDULDQW�DQG�JHQH�IXQFWLRQ��IRU�WKH�HYDOXDWLRQ�RI�WKHUDSHXWLF�FDQGLGDWH�PROHFXOHV��
DQG�IRU�FRQGXFWLQJ�XQELDVHG�SKHQRW\SLF�VFUHHQV��7KH�FROOHFWLRQ�DQG�LQWHJUDWLRQ�RI�H[WHQVLYH�
H[SHULPHQWDO�GDWD�ZLOO��RYHU�WLPH��HQDEOH�WKH�GHYHORSPHQW�RI�LPSURYHG��LQ�VLOLFR ��PRGHOV�WR�
VXSSRUW�PHFKDQLVWLF�LQIHUHQFH�UHJDUGLQJ�DVSHFWV�RI�YDULDQW�DQG�JHQH�IXQFWLRQ���

�Y��)DFLOLWDWH�GLVFRYHU\�RI�ELRPDUNHUV���/DUJH�VFDOH��SRSXODWLRQ�OHYHO��DQDO\VHV�RI�WKH�
SURWHRPH��PHWDERORPH�DQG�VPDOO�QRQ�FRGLQJ�51$��LQ�EORRG�DQG�RWKHU�FOLQLFDOO\�UHOHYDQW�
ELRIOXLGV���DFURVV�GLYHUVH�SRSXODWLRQV�DQG�HQYLURQPHQWDO�H[SRVXUHV��DUH�QHHGHG�WR�VXSSRUW�WKH�
GLUHFW�DQG�LQGLUHFW��WKURXJK�0HQGHOLDQ�UDQGRPL]DWLRQ�DSSURDFKHV��GLVFRYHU\�DQG�
FKDUDFWHUL]DWLRQ�RI�FOLQLFDO�ELRPDUNHUV��$FWLRQDEOH�ELRPDUNHUV�WKDW�SURYLGH�UHDGRXWV�UHODWHG�WR�
WDUJHW�HQJDJHPHQW��DQG�SKDUPDFRG\QDPLF�SUHGLFWRUV�RI�HIILFDF\�DQG�WR[LFLW\��DV�ZHOO�DV�WKRVH�
WKDW�FDQ�FDSWXUH�ULVN�DQG�GLVHDVH�VXEW\SH��DUH�DQ�HVVHQWLDO�FRPSRQHQW�RI�VXFFHVVIXO�GUXJ�
GHYHORSPHQW�� �

�YL��'HYHORS�SRSXODWLRQ�EDVHG�DSSURDFKHV�IRU�SHUVRQDOL]HG�PHGLFLQH�UHVHDUFK��
7KHUH�LV�D�FULWLFDO�QHHG�WR�VXSSRUW�ODUJH�VFDOH�UHFUXLWPHQW�RI�SUHV\PSWRPDWLF��DW�ULVN��LQGLYLGXDOV�
ZLWK�H[WHQVLYH�EDVHOLQH�FKDUDFWHUL]DWLRQ��LQFOXGLQJ�SRO\JHQLF�VFRUHV���OLQNDJH�WR�PHGLFDO�
UHFRUGV��DQG�FRQVHQW�IRU�WDUJHWHG�IROORZ�XS��LQFOXGLQJ�JHQRW\SH�EDVHG�UHFDOO��DEOH�WR�VXSSRUW�
HDUO\�ELRPDUNHU�GHWHFWLRQ��DQDO\VLV�RI�SURJUHVVLRQ�SKHQRW\SHV��DQG�LQWHUYHQWLRQDO�WULDOV��7KHUH�
DUH�DOVR�RSSRUWXQLWLHV�WR�XVH�JHQHWLF�DQG�JHQRPLF�GDWD�WR�DVVHVV�WKH�FDXVDO�FRQWULEXWLRQV�RI�
PRGLILDEOH�ULVN�IDFWRUV�IRU�GLVHDVH��LQFOXGLQJ�DVSHFWV�RI�OLIHVW\OH��WKH�H[WHUQDO�HQYLURQPHQW�DQG�
WKH�PLFURELRPH��DQG�WKHUHE\�KLJKOLJKW�VWUDWHJLHV�IRU�GLVHDVH�SUHYHQWLRQ�WKDW�FDQ�EH�XVHG�LQ�ERWK�
SRSXODWLRQ�ZLGH�DQG�WDUJHWHG�DSSURDFKHV��

�YLL����&DWDO\]H�FROODERUDWLYH�HIIRUWV�DFURVV�GLVHDVHV���7KHUH�LV�JURZLQJ�UHFRJQLWLRQ��
ODUJHO\�DV�D�UHVXOW�RI�KXPDQ�JHQHWLFV��WKDW�DSSDUHQWO\�GLVSDUDWH�GLVHDVHV�RIWHQ�LQYROYH�
GHUDQJHPHQW�RI�WKH�VDPH�ELRORJLFDO�DQG�FHOOXODU�SURFHVVHV��H[DPSOHV�LQFOXGH�DXWRSKDJ\�DQG�
ILEURVLV���7KHUH�LV�D�JUHDW�GHDO�WR�EH�JDLQHG�E\�FROODERUDWLYH�UHVHDUFK�WR�DGGUHVV�DVSHFWV�RI�
ELRORJ\�WKDW�DUH�UHOHYDQW�WR�PXOWLSOH�GLVHDVHV��SDUWLFXODUO\�WKRVH�ZLWK�VXEVWDQWLDO�XQPHW�FOLQLFDO�
QHHG��5HSXUSRVLQJ�DSSURYHG�RU�VRRQ�WR�EH�DSSURYHG�GUXJV�DFURVV�WUDLWV�EDVHG�RQ�JHQHWLF�DQG�
ELRORJLF�LQVLJKWV�ZLOO�DFFHOHUDWH�SDWLHQW�EHQHILWV���
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&KDSWHU����&RQFOXVLRQV�
�
,Q�UHVSRQVH�WR�WKHVH�JRDOV��,&'$�GHYHORSHG�DQG�UHOHDVHG�5HFRPPHQGDWLRQV��Y�����EDVHG�RQ�
WKH�LQSXW�RI�D�GLYHUVH�DQG�HQJDJHG�FRPPXQLW\�RI�UHVHDUFKHUV��FOLQLFLDQV��IXQGHUV��DQG�SROLF\�
H[SHUWV���

7KH�QH[W�VWHS�IRU�,&'$�ZLOO�EH�WR�ZRUN�ZLWK�WKH�VFLHQWLILF�FRPPXQLW\�WR�KHOS�LPSOHPHQW�
WKHVH�UHFRPPHQGDWLRQV��:H�DOVR�ZHOFRPH�\RXU�LQSXW��RQ�KRZ�ZH�PLJKW�FRQWLQXH�WR�UHILQH�DQG�
LPSURYH�WKHVH�UHFRPPHQGDWLRQV�DW���KWWSV���ZZZ�LFGD�ELR����
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&RQWULEXWRUV�
�

,&'$�2UJDQL]LQJ�&RPPLWWHH�
&R�&KDLUV�
(ULF�/DQGHU� %URDG�,QVWLWXWH�RI�0,7�DQG�+DUYDUG�

&HFLOLD�/LQGJUHQ� 8QLYHUVLW\�RI�2[IRUG�

�
([HFXWLYH�'LUHFWRU�
5DFKHO�/LDR� %URDG�,QVWLWXWH�RI�0,7�DQG�+DUYDUG�

�
0HPEHUV�
6¡UHQ�%UXQDN� 8QLYHUVLW\�RI�&RSHQKDJHQ�

-XG\�&KR� ,FDKQ�6FKRRO�RI�0HGLFLQH�DW�0RXQW�6LQDL�

5RU\�&ROOLQV� 8QLYHUVLW\�RI�2[IRUG�

1DQF\�&R[� 9DQGHUELOW�8QLYHUVLW\�

0DUN�'DO\� ,QVWLWXWH�RI�0ROHFXODU�0HGLFLQH�)LQODQG��),00���8QLYHUVLW\�RI�+HOVLQNL�

*HRUJH�'DYH\�6PLWK� 8QLYHUVLW\�RI�%ULVWRO�

(PPDQRXLO�'HUPLW]DNLV� 8QLYHUVLW\�RI�*HQHYD�

0LFKDHO�'XQQ� :HOOFRPH�7UXVW�

/XGH�)UDQNH� 8QLYHUVLW\�0HGLFDO�&HQWUH�*URQLQJHQ�

'DYLG�*OD]HU� 9HULO\�/LIH�6FLHQFHV�

0DWWKHZ�+XUOHV� :HOOFRPH�6DQJHU�,QVWLWXWH�

&DURO\Q�+XWWHU� 1DWLRQDO�+XPDQ�*HQRPH�5HVHDUFK�,QVWLWXWH�

1DQF\�,S� +RQJ�.RQJ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\�

6DOO\�-RKQ� %LRJHQ�

7XXOL�/DSSDODLQHQ� 1HZ�<RUN�*HQRPH�&HQWHU��&ROXPELD�8QLYHUVLW\�

3DUWKD�0DMXPGHU� 1DWLRQDO�,QVWLWXWH�RI�%LRPHGLFDO�*HQRPLFV�,QGLD�

0DUN�0F&DUWK\� *HQHQWHFK�

$QGUpV�0RUHQR�(VWUDGD� 1DWLRQDO�/DERUDWRU\�RI�*HQRPLFV�IRU�%LRGLYHUVLW\�0H[LFR�

%HQMDPLQ�1HDOH� %URDG�,QVWLWXWH�RI�0,7�DQG�+DUYDUG��0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO�

<XNLQRUL�2NDGD� 2VDND�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�0HGLFLQH�

+HOHQ�3DUNLQVRQ� (0%/�(XURSHDQ�%LRLQIRUPDWLFV�,QVWLWXWH�

&KDUOHV�5RWLPL� 1DWLRQDO�+XPDQ�*HQRPH�5HVHDUFK�,QVWLWXWH�

-D\�6KHQGXUH� 8QLYHUVLW\�RI�:DVKLQJWRQ���+RZDUG�+XJKHV�0HGLFDO�,QVWLWXWH�

1LFROH�6RUDQ]R� :HOOFRPH�6DQJHU�,QVWLWXWH�
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.iUL�6WHIiQVVRQ� GH&2'(�JHQHWLFV�

3DWULFN�6XOOLYDQ� 8QLYHUVLW\�RI�1RUWKHUQ�&DUROLQD��.DUROLQVND�,QVWLWXWHW�

(�6K\RQJ�7DL� 1DWLRQDO�8QLYHUVLW\�RI�6LQJDSRUH�

1LFNL�7LIILQ� 8QLYHUVLW\�RI�&DSH�7RZQ�

5LFDUGR�9HUGXJR� 8QLYHUVLW\�RI�&KLOH�

&ULVWHQ�:LOOHU� 8QLYHUVLW\�RI�0LFKLJDQ�

$PEURLVH�:RQNDP� 8QLYHUVLW\�RI�&DSH�7RZQ�

8QQXU�ëRUVWHLQVGyWWLU� GH&2'(�JHQHWLFV�
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