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�7KH� �6RXWKHUQ� �&DOLIRUQLD� �(DUWKTXDNH� �&HQWHU� ��6&(&�� �KDV� �EHHQ� �FRQGXFWLQJ� �DQG� �FRRUGLQDWLQJ�
�IXQGDPHQWDO��DQG��DSSOLHG��UHVHDUFK��RQ��HDUWKTXDNHV��WKDW��DLPV��WR��EH��JOREDO��LQ��LPSDFW��ZKLOH��XVLQJ�
�6RXWKHUQ� �&DOLIRUQLD� �DV� �LWV� �QDWXUDO� �ODERUDWRU\�� �6&(&� �DGYDQFHV� �HDUWKTXDNH� �V\VWHP� �VFLHQFH� �E\�
�JDWKHULQJ� �LQIRUPDWLRQ� �IURP� �ILHOG� �REVHUYDWLRQV� �DQG� �ODE� �H[SHULPHQWV�� �FRQGXFWLQJ� �WKHRUHWLFDO�
�VWXGLHV��DQG��QXPHULFDO��VLPXODWLRQV���V\QWKHVL]LQJ��NQRZOHGJH��LQ��FRPPXQLW\��PRGHOV��DQG��SURGXFWV�
�RI��V\VWHP�OHYHO��SK\VLFV�EDVHG��PRGHOLQJ���DQG��FRPPXQLFDWLQJ��XQGHUVWDQGLQJ��RI��VHLVPLF��KD]DUGV�
�WR� �UHGXFH� �ULVN� �DQG� �SURPRWH� �UHVLOLHQFH�� �7KH� �&HQWHU� �KDV� �EHHQ� �RSHUDWLQJ� �XQGHU� �LWV� �ILIWK� ���\HDU�
�FRRSHUDWLYH� �DJUHHPHQWV� ��6&(&��� �ZLWK� �WKH� �86*6� ��IURP� ��� �)HE� ������ �WR� ���� �-DQ� ��������DQG��WKH�
�16)� ��IURP� ��� �0D\� ������ �WR� ���� �$SU����������7KLV��UHSRUW��VXPPDUL]HV��UHVHDUFK��DFKLHYHPHQWV���DQG�
�&RPPXQLFDWLRQV�� �(GXFDWLRQ� �DQG� �2XWUHDFK� ��&(2�� �DFWLYLWLHV� �GXULQJ� �WKH� �6&(&�� �IXQGLQJ��SHULRG��
�7KH��UHVHDUFK��OHG��WR��KXQGUHGV��RI��SHHU�UHYLHZHG��SXEOLFDWLRQV��DQG��ODXQFKHG��WKH��FDUHHUV��RI��PDQ\�
�\RXQJ� �VFLHQWLVWV�� �7KH� �&(2� �SURJUDP� �KDV� �HQJDJHG� �PLOOLRQV� �RI� �SHRSOH� �DQQXDOO\� �LQ� �HDUWKTXDNH�
�SUHSDUHGQHVV�DFWLYLWLHV�GXULQJ�6&(&���

�7KH� �6FLHQFH��3ODQ��RI��6&(&���FRPSULVHV������WRSLFDO��HOHPHQWV���RUJDQL]HG��LQWR��IRXU��EURDG��WKHPHV��
�7KH��YDOLGDWLRQ��RI��PRGHO�EDVHG��SUHGLFWLRQV��DJDLQVW��GDWD��KDV��EHHQ��D��NH\��6&(&��DFWLYLW\���EHFDXVH�
�HPSLULFDO� �WHVWLQJ� �LV� �WKH� �PRVW� �SRZHUIXO� �JXLGH� �IRU� �DVVHVVLQJ� �PRGHO� �XQFHUWDLQWLHV� �DQG� �PRYLQJ�
�PRGHOV� �WRZDUGV� �EHWWHU� �UHSUHVHQWDWLRQV� �RI� �UHDOLW\�� �6&(&� �YDOLGDWLRQ� �HIIRUWV� �FRXSOH� �EDVLF�
�HDUWKTXDNH��UHVHDUFK��WR��WKH��SUDFWLFDO��QHHGV��RI��SUREDELOLVWLF��VHLVPLF��KD]DUG��DQDO\VLV���RSHUDWLRQDO�
�HDUWKTXDNH� �IRUHFDVWLQJ�� �DQG� �UDSLG� �HDUWKTXDNH� �UHVSRQVH�� �5LVN� �UHGXFWLRQ� �UHTXLUHV� �DFWLRQV�
�PRWLYDWHG��E\��XVHIXO��LQIRUPDWLRQ��DQG��VWURQJO\��FRXSOHV��6&(&��VFLHQFH��WR��HDUWKTXDNH��HQJLQHHULQJ��
�&ROODERUDWLRQV� �ZLWK� �HQJLQHHUV� �DUH� �GLUHFWHG� �WRZDUGV� �SK\VLFV�EDVHG� �PRGHOLQJ� �FDSDELOLWLHV� �WKDW�
�VSDQ��V\VWHP��SURFHVVHV��IURP��³UXSWXUHV�WR�UDIWHUV�´��6&(&���HIIRUWV��RQ��YHULILFDWLRQ���YDOLGDWLRQ���DQG�
�LQWHJUDWLRQ� �RI� �UHVHDUFK� �UHVXOWV� �LQWR� �LPSDFWIXO� �FRPSXWDWLRQDO� �SURGXFWV� �XWLOL]HG� �ODUJH�VFDOH�
�HDUWKTXDNH� �V\VWHP� �VFLHQFH� �UHVHDUFK� �WKURXJK� �KLJK�SHUIRUPDQFH� �FRPSXWLQJ� ��+3&��
�LPSOHPHQWDWLRQV� �RI� �YDULRXV� �IUDPHZRUNV�� �VXFK� �DV� �WKH� �%URDGEDQG� �SODWIRUP�� �&\EHU6KDNH��
�2SHQ6+$��5646LP��DQG�VHYHUDO�G\QDPLF�UXSWXUH�DQG�ZDYH�SURSDJDWLRQ�FRGHV��

�7KH� ������ �5LGJHFUHVW� �HDUWKTXDNH� �VHTXHQFH� �JHQHUDWHG� �ULFK� �GDWDVHWV� �JDWKHUHG� �LQ� �D� �UDSLG�
�VFLHQWLILF��UHVSRQVH��WKURXJK��D��FRRUGLQDWHG��HIIRUW��E\��6&(&���86*6���&*6��DQG��RWKHU��RUJDQL]DWLRQV�
�LQYROYLQJ� �ILHOG� �VWXGLHV�� �VHLVPLF� �DQG��JHRGHWLF��LQVWUXPHQW��GHSOR\PHQWV���DQG��UHPRWH��VHQVLQJ��DQG�
�LPDJLQJ� �VXUYH\V�� �7KH� �GDWD� �VHWV� �KDYH� �OHG� �WR� �QRYHO� �WHFKQLTXH� �GHYHORSPHQWV� �DQG� �UHVXOWV��
�([DPSOHV��LQFOXGH��GHWDLOHG��SRVW�VHLVPLF��WUDQVLHQWV��DQG��VOLS��LQYHUVLRQV��IURP��VSDFH��JHRGHWLF��GDWD��
�PXOWL�VFDOH� �VHLVPLF� �YHORFLW\� �PRGHOV�� �GRFXPHQWDWLRQ� �RI��UHJLRQDO��FKDQJHV��RI��VXEVXUIDFH��VHLVPLF�
�YHORFLWLHV��IROORZLQJ��WKH��5LGJHFUHVW��PDLQVKRFN���DQG��LQIRUPDWLRQ��RQ��HDUWKTXDNH��VRXUFH��SURSHUWLHV�
�EHIRUH�� �GXULQJ� �DQG� �DIWHU� �WKH� �5LGJHFUHVW� �VHTXHQFH�� �$GGLWLRQDO� �KLJKOLJKWV� �LQFOXGH� �DGYDQFHV� �WR�
�PXOWLSOH� �6&(&� �FRPPXQLW\� �PRGHOV�� �ZLWK� �DQ��RSHQ��FRPPXQLW\��HYDOXDWLRQ��RI��WKH��FRPPXQLW\��IDXOW�
�PRGHO��PRGHO��&)0������EURDGHU��XVH��RI��DUWLILFLDO��LQWHOOLJHQFH��WHFKQLTXHV���KLJK��UHVROXWLRQ��UHVXOWV��RQ�
�SURSHUWLHV� �RI� �VXEVXUIDFH� �PDWHULDOV�� �LPSURYHG� �XQGHUVWDQGLQJ� �RI� �VWUHVV�� �YDOLGDWLRQ� �RI� �IDXOW�
�GLVSODFHPHQW� �IURP� �G\QDPLF� �UXSWXUH� �VLPXODWLRQV�� �DGGLQJ� �HIIHFWV� �RI� �WRSRJUDSK\� �DQG� �QRQOLQHDU�
�UHVSRQVH� �RI� �VKDOORZ� �PDWHULDOV� �WR� �JURXQG� �PRWLRQ� �VLPXODWLRQV�� �DQG� �SURJUHVV� �WRZDUG� �JRDOV� �RI�
�WHFKQLFDO� �DFWLYLW\� �JURXSV�� �LQFOXGLQJ� �QRWDEO\� �D� �QHZ� �WHFKQLFDO� �DFWLYLW\� �JURXS� �RQ� �FRPPXQLW\�
�YDOLGDWLRQ�RI�HDUWKTXDNH�VWUHVV�GURSV��

�7KH��&(2��SURJUDP��RI��6&(&���FRQGXFWHG��D��UDQJH��RI��DFWLYLWLHV��DLPLQJ��WR��LPSURYH��WKH��DSSOLFDWLRQ�
�RI��HDUWKTXDNH��VFLHQFH��LQ��SROLF\��DQG��SUDFWLFH���UHGXFH��WKH��ORVV��RI��OLIH���SURSHUW\���DQG��UHFRYHU\��WLPH��
�LQFUHDVH� �VFLHQFH� �OLWHUDF\���DQG��LQFUHDVH��GLYHUVLW\���UHWHQWLRQ���DQG��FDUHHU��VXFFHVV��LQ��WKH��VFLHQWLILF�
�ZRUNIRUFH�� �([DPSOHV� �LQFOXGH� �WKH� �*UHDW� �6KDNH2XW� �(DUWKTXDNH� �'ULOOV� �WKDW� �WUDQVLWLRQHG� �WR� �DQ�
�RQOLQH��PRGH��GXULQJ��WKH��SDQGHPLF���QHZ��FRPPXQLW\��HQJDJHPHQW��ZHELQDUV��GXULQJ��WKH��SDQGHPLF��
���� �QHZ� �RU� �XSGDWHG� �GRFXPHQWV� �RI� �WKH� �(DUWKTXDNH� �&RXQWU\� �$OOLDQFH���� �DQG� �IRVWHULQJ� �ZRUNIRUFH�
�GHYHORSPHQW�WKURXJK�XQGHUJUDGXDWH�,QWHUQVKLS�3URJUDPV�DQG�7UDQVLWLRQV�3URJUDP��
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����5HVHDUFK�$FFRPSOLVKPHQWV�
�(DUWKTXDNH� �V\VWHP� �VFLHQFH� �LV� �LQKHUHQWO\� �PXOWL�GLVFLSOLQDU\� �DQG� �6&(&� �VHUYHV� �DV� �D� �FRPPXQLW\�
�SODWIRUP��ZKHUH��VFLHQWLVWV��DQG��HQJLQHHUV��IURP��D��EURDG��VSHFWUXP��RI��GLVFLSOLQHV��FRQYHUJH��WR��WDFNOH�
�NH\� �SUREOHPV� �WKDW� �UHTXLUH� �WKHLU��FRPELQHG��H[SHUWLVH���7KH��FRQYHQLQJ��FDSDELOLW\��RI��6&(&��DFURVV�
�DOO� �UHOHYDQW� �GLVFLSOLQHV� �RI� �HDUWKTXDNH� �VFLHQFH� �PDNHV� �WKH� �ZKROH��JUHDWHU��WKDQ��ZKDW��PLJKW��UHVXOW�
�IURP� �IXQGLQJ� �LQGLYLGXDO� �3,� �UHVHDUFK� �LQ� �WKH� �DEVHQFH� �RI� �D� �FHQWHU�� �,Q� �DGGLWLRQ� �WR� �LQGLYLGXDO�
�FROODERUDWLRQV�� �FOHDU� �H[DPSOHV� �RI� �FRRUGLQDWHG� �UHVHDUFK� �DULVLQJ� �IURP� �FHQWUDOL]HG� �FRRUGLQDWLRQ�
�LQFOXGH� �WKH� �&RPPXQLW\� �0RGHOV�� �7HFKQLFDO� �$FWLYLW\� �*URXSV� �DQG� �6SHFLDO� �)DXOW� �6WXG\� �$UHDV� �DV�
�GHVFULEHG�EHORZ��

�7KH� �6&(&�� �FROODERUDWLRQ� �LV� �RUJDQL]HG� �DURXQG� �IRXU� �PDLQ� �WKHPHV� �FRPSULVLQJ� ���� �WKHPDWLF�
�HOHPHQWV� �WKDW� �ZH� �XVH� �WR� �IUDPH� �DQG� �WR� �VXPPDUL]H� �UHVHDUFK� �DFFRPSOLVKPHQWV�� �:H� �GRFXPHQW�
�SURJUHVV� �WRZDUGV� �IXOILOOLQJ� �\HDU��� �PLOHVWRQHV�� �ZKLFK� �DFFRXQW� �IRU� �WKH� �OLPLWDWLRQV� �RQ� �UHVHDUFK�
�DFWLYLWLHV� �FDXVHG� �E\� �WKH� �&29,'���� �SDQGHPLF�� �7KH� �SDQGHPLF� �KDG� �D� �SDUWLFXODU� �LPSDFW� �RQ� �ERWK�
�JHRORJLFDO�DQG�JHRSK\VLFDO�ZRUN�RQ�WKH�&DMRQ�3DVV�(DUWKTXDNH�*DWH��

�7KHPH�$��0RGHOLQJ�WKH�)DXOW�6\VWHP�
���� �6'27�� �6WUHVV� �DQG� �'HIRUPDWLRQ� �2YHU� �7LPH�� �7KH� �FRPPXQLW\� �VWUHVV� �PRGHO� �ZDV� �LPSURYHG�
�WKURXJK� �6&(&�� �E\� �DGGLQJ� �ERUHKROH� �VWUHVV� �PHDVXUHPHQWV�� �7KH� �PRVW� �UHFHQW� �FRQWULEXWLRQV�
�LQFOXGH� �WKH� �:LOPLQJWRQ� �%OLQG� �7KUXVW� �ZKHUH� �LW� �FRPHV� �DVKRUH� �QHDU� �/RQJ� �%HDFK� ��.DLQ� �DQG�
�3HUVDXG����������DQG��WKH��6DQWD��%DUEDUD��&KDQQHO���3HUVDXG��HW��DO����������� �%RWK��DUH��SRWHQWLDO��VLWHV�
�RI� �ODUJH� �UHYHUVH�IDXOWLQJ� �HDUWKTXDNHV���)RU��WKH��6DQWD��%DUEDUD��&KDQQHO���WKHUH��DUH��GLIIHUHQFHV��LQ�
�WKH��RULHQWDWLRQ��UHODWLYH��WR��SUHYLRXV��VWUHVV��PHDVXUHPHQWV���%RUHKROH��VWUHVV��PHDVXUHPHQWV��VKRZ�
�JUHDWHU� �KHWHURJHQHLW\� �WKDQ� �WKRVH� �IRU� �UHJLRQDO� �IRFDO� �PHFKDQLVP� �VWUHVV� �LQYHUVLRQV�� �ZKLFK�
�UHSUHVHQW� �VWUHVV� �DW� �VHLVPRJHQLF� �GHSWK�� �3HUVDXG� �HW� �DO�� �������� �DUJXH� �WKDW� �WKH� �GLIIHUHQFH� �DOVR�
�UHIOHFWV� �WKH� �IDFW� �WKDW� �ERUHKROH� �PHDVXUHPHQWV� �UHVROYH� �VWUHVV��DW��D��PXFK��ILQHU��VSDWLDO��VFDOH���DQG�
�WKH� �OLNHO\� �VLWXDWLRQ� �WKDW� �VWUHVV� �LV� �PRUH� �KHWHURJHQHRXV� �LQ� �WKH� �VKDOORZ� �FUXVW�� �7KH�
�GHSWK�GHSHQGHQFH��RI��WKH��KHWHURJHQHLW\��VSHFWUXP��VKRXOG��LQIRUP��HIIRUWV��WR��EXLOG��WKH��&60��DQG��WR�

�XVH� �WKH� �&60� �IRU� �SXUSRVHV� �VXFK�
�DV��G\QDPLF��UXSWXUH��PRGHOLQJ���/LX�
�HW� �DO�� �������� �XVHG� �PXOWL�F\FOH�
�PRGHOLQJ�� �DQG� �WKH� �FKDQJLQJ�
�GLVWULEXWLRQ� �RI� �VOLS� �WKDW� �LW� �HQWDLOV��
�WR� �LQWHUSUHW� �WKH� �SDOHRVHLVPLF�
�UHFRUG��RI��HYHQWV��RQ��WKH��%LJ��%HQG�
�RI� �WKH� �6DQ� �$QGUHDV� �)DXOW�� �7KHLU�
�PRGHOLQJ� �LQGLFDWHG� �ILYH� �UXSWXUH�
�SDWWHUQV� �DFURVV� �WKLV� �FRPSOH[LW\��
�IRXU� �RI� �ZKLFK� �DUH� �FRQVLVWHQW��ZLWK�
�REVHUYDWLRQV��RI��HYHQW��VL]HV��LQ��WKH�
�SDOHRVHLVPLF��UHFRUG���6KHDU��ZDYH�
�VSOLWWLQJ� �PHDVXUHPHQWV� �VKRZ�
�JUHDWHU� �YDULDELOLW\� �WKDQ� �ERUHKROH�
�VWUDLQPHWHU� �PHDVXUHPHQWV� ��)LJ��

�����SDUWLFXODUO\�LQ�WKH�YLFLQLW\�RI�DFWLYH�IDXOWV��/XWWUHOO�DQG�+DUGHEHFN��������

�)LJXUH������(VWLPDWHV��RI��FUXVWDO��VWUDLQ��GLUHFWLRQV��YDU\��ZLWK��WKH��PHWKRG��XVHG����D�F���6KHDU��ZDYH�
�VSOLWWLQJ�� �IURP� �/L� �DQG� �3HQJ� ��������� ��� ��G�H�� �)RFDO� �PHFKDQLVP� �LQYHUVLRQV�� �DQG� ��I�� �ERUHKROH�
�EUHDNRXW�GLUHFWLRQV�IURP�/XWWUHOO�DQG�+DUGHEHFN���������
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�7KH� �&RPPXQLW\� �*HRGHWLF� �0RGHO� �UHSUHVHQWV� �WKH� �³'´� �LQ� �6'27� �DQG� �H[SORLWV� �WKH� �FRPELQHG�
�VWUHQJWKV��RI��*166��DQG��,Q6$5��WR��VWXG\��FUXVWDO��GHIRUPDWLRQ��RYHU��D��ZLGH��UDQJH��RI��GLVWDQFHV��DQG�
�WLPHV�� �&RPELQLQJ� �WKHP� �UHTXLUHV� �ILUVW� �UHGXFLQJ� �PHDVXUHPHQW� �HUURUV� �WR� �WKH��H[WHQW��SRVVLEOH��DQG�
�WKHQ� �TXDQWLI\LQJ� �HUURUV� �WKDW� �UHPDLQ�� �$V� �SDUW� �RI� �WKDW� �HIIRUW�� �)XQQLQJ� �HW� �DO�� �������� �SURGXFHG�
�6HQWLQHO��� �,Q6$5� �YHORFLW\� �PDSV� �FRYHULQJ� �WKH� �HQWLUH� �VWDWH� �RI� �&DOLIRUQLD� �XVLQJ� �RYHU� ������
�LQWHUIHURJUDPV� �IURP� �WKH� �$5,$� �SURMHFW� �WKDW� �VSDQ�����WUDFNV���7KHVH��UHVXOWV��ZHUH��YDOLGDWHG��DJDLQVW�
�*166� �YHORFLW\� �GDWD� �WR� �WHVW� �WKH� �HIIHFWLYHQHVV� �RI� �WURSRVSKHULF� �FRUUHFWLRQV� �DQG� �WR� �GRFXPHQW�
�GHIRUPDWLRQ��IHDWXUHV��DSSDUHQW��LQ��WKH��GDWD���LQFOXGLQJ��VXEVLGHQFH��RI��WKH��6DQ��-RDTXLQ��9DOOH\��DQG�
�VKDOORZ� �FUHHS� �RQ� �WKH� �FHQWUDO� �6DQ� �$QGUHDV� ��)LJ�� ����� �)XUWKHU� �DQDO\VLV� �YDOLGDWHG� �WKH� �UDWH� �RI�
�GHIRUPDWLRQ�RQ�WKH�FUHHSLQJ�VHFWLRQ�DJDLQVW�*166�GDWD��

�)LJXUH� ���� �7URSRVSKHUH�FRUUHFWHG� �,Q6$5� �OLQH�RI�VLJKW� �GLVSODFHPHQW� �IRU� �DVFHQGLQJ� ��OHIW�� �DQG�
�GHVFHQGLQJ� ��ULJKW�� �WUDFNV� �RI� �6HQWLQHO� ���� �9HORFLWLHV� �UHIHUHQFHG� �WR� �D� �VLQJOH� �*166� �VWDWLRQ� ��EODFN�
�VTXDUH�� �IRU� �HDFK�� �*166� �VWDWLRQV� �XVHG� �IRU� �YHORFLW\� �YDOLGDWLRQ� �DUH� �PDUNHG� �ZLWK� �EODFN� �GRWV��
�6HQWLQHO����WUDFNV��RYHUODS��E\��DERXW�������ZLWK��GLIIHUHQW��WUDFNV��VKRZQ��VHSDUDWHO\���3RVLWLYH��LQGLFDWHV�
�PRWLRQ��WRZDUGV��WKH��VDWHOOLWH���7KH��H[WHQVLYH��QHJDWLYH��YHORFLW\��IHDWXUH��LQ��WKH��FHQWUDO��WUDFNV��UHIOHFWV�
�6DQ�-RDTXLQ�9DOOH\�VXEVLGHQFH�GXH�WR�JURXQGZDWHU�H[WUDFWLRQ���DIWHU�)XQQLQJ�HW�DO����������

�6FRWW��HW��DO�����������XVHG��GLIIHUHQWLDO��OLGDU��WRSRJUDSK\�����±����\HDU�
�WLPH� �VSDQ�� �WR� �PHDVXUH� �D� �VSDWLDOO\� �GHQVH� �VXUIDFH� �GHIRUPDWLRQ�
�ILHOG� �DORQJ� �D� ����� �NP� �VHFWLRQ� �RI� �WKH� �&HQWUDO� �6DQ� �$QGUHDV� �DQG�
�&DODYHUDV�)DXOWV��)LJ������

�)LJXUH������)DXOW��RIIVHW��GHULYHG��IURP��WKH��WRSRJUDSKLF��GLIIHUHQFLQJ�
�RI� �WKH� ������ �(DUWK6FRSH� �1RUWKHUQ� �&DOLIRUQLD� �DLUERUQH� �OLGDU� �DQG�
������ �8$6� �VWUXFWXUH�IURP�PRWLRQ� �WRSRJUDSK\� �DW� �WKH� �'U\� �/DNH�
�9DOOH\� �SDOHRVHLVPLF� �VLWH� ���������� ������������DORQJ��WKH��FUHHSLQJ�
�SRUWLRQ� �RI� �WKH� �FHQWUDO� �6DQ� �$QGUHDV� �)DXOW�� �&RPSDULQJ� �VXUIDFH�
�GLVSODFHPHQWV� �RQ� �HLWKHU� �VLGH��RI��WKH��IDXOW��LQGLFDWHV��D��FUHHS��UDWH�
�RI���������FP�\U��6FRWW�HW�DO����������

���� �6SHFLDO� �)DXOW� �6WXG\� �$UHDV���)RFXV��RQ��(DUWKTXDNH��*DWHV��
�3URJUHVV��RQ��WKH��&DMRQ��3DVV��(DUWKTXDNH��*DWH��ZDV��LPSDFWHG��E\�
�WKH��SDQGHPLF���6&(&��KHOG��D��YLUWXDO��ZRUNVKRS��RQ��&DMRQ��3DVV���LQ�
�ZKLFK� �SDOHRVHLVPLF� �ZRUN� ��)LJXHLUHGR� �DQG��.HUU����������UHYHDOHG�
�WKDW� �/\WOH� �5LGJH� �&UHHN� �)DXOW� �OLNHO\� �UHIOHFWV� �UXSWXUHV� �WKDW� �MXPS�
�IURP� �WKH� �6DQ� �$QGUHDV� �)DXOW� �WR� �WKH� �6DQ� �-DFLQWR� �)DXOW��
�5RGULJXH]�3DGLOOD� �HW� �DO�� �������� �VKRZHG� �WKDW� �WKH� �/\WOH� �&UHHN�
�5,GJH��)DXOW��IDLOV��LQ��H[WHQVLRQ��RQO\��LQ��VFHQDULRV��ZKHUH��MRLQW��6DQ�

���



�$QGUHDV�6DQ� �-DFLQWR� �UXSWXUHV� �SURGXFH� �VWURQJ� �ORFDO� �H[WHQVLRQ� �LQ� �DQ� �RYHUDOO� �FRPSUHVVLRQDO�
�HQYLURQPHQW�� �EXW� �QRW� �ZKHQ� �RQO\� �RQH� �RI� �WKRVH� �IDXOWV� �UXSWXUHV�� �-RLQW� �UXSWXUH� �RFFXUV� �IRU� �DERXW�
���������RI��FDVHV���ZKLFK��DPRXQWV��WR��WKUHH��WLPHV��LQ��WKH��SDVW��a������\HDUV�����PRVW��UHFHQWO\��LQ��������
�6FKDUHU� �DQG� �<XOH� ���������GHYHORSHG��D��QHZ��DQG��PRUH��FRPSUHKHQVLYH��PRGHO��RI��UXSWXUHV��RQ��WKH�
�VRXWKHUQ� �6DQ� �$QGUHDV� �)DXOW� ��)LJ�� ����� �ZKLFK� �ZDV� �GHVLJQHG� �WR� �SURGXFH� �WKH� �IHZHVW� ��DQG� �KHQFH�
�ODUJHVW�� �UXSWXUHV� �SHUPLVVLEOH� �JLYHQ� �WKH� �DYDLODEOH� �SDOHRVHLVPLF� �GDWD�� �7KH� �DVVHPEOHG� �HYLGHQFH�
�VXSSRUWV��WKH��QRWLRQ��WKDW��&DMRQ��3DVV��DFWV��DV��DQ��HDUWKTXDNH��JDWH���L�H����D��UHJLRQ��RI��IDXOW��FRPSOH[LW\�
�WKDW� �PD\� �LQKLELW� �SURSDJDWLQJ� �UXSWXUH� �GHSHQGLQJ� �RQ� �IDXOW� �JHRPHWU\�� �PDWHULDO� �SURSHUWLHV��
�GLVWULEXWHG�GHIRUPDWLRQ��DQG�HDUWKTXDNH�KLVWRU\��

�)LJXUH������0D[LPXP��UXSWXUH��PRGHO��IRU��WKH��6DQ��$QGUHDV��)DXOW���GDUN��DQG��OLJKW��EOXHV����6DQ��-DFLQWR�
�)DXOW� ��JUHHQ��� �6DQ� �*RUJRQLR� �3DVV� �)DXOW� �=RQH� ��SXUSOH��� �DQG� �0LOO�0LVVLRQ� �&UHHN� �)DXOW� ��JUD\��
��6FKDUHU��DQG��<XOH�����������8QGHU��WKLV��DVVXPSWLRQ���VRPH��HYHQWV��WHUPLQDWH��DW��&DMRQ��3DVV���ZKLOH�
�RWKHUV�GR�QRW��

���



���� �&RPPXQLW\� �0RGHOV��� �&RPPXQLW\� �0RGHOV� ��&;0V�� �DUH� �D� �XQLTXH� �VKDUHG� �F\EHULQIUDVWUXFWXUH�
�WKDW� �HQFRGH� �DFFXPXODWHG� �NQRZOHGJH� �DERXW� �WKH� �6RXWKHUQ� �&DOLIRUQLD� �QDWXUDO� �ODERUDWRU\��
�&RPPXQLW\� �0RGHOV� �GHVFULEH� �FXPXODWLYH� �FRQVHQVXV��NQRZOHGJH��DERXW��NH\��IHDWXUHV��RI��WKH��FUXVW�
�DQG� �XSSHU� �PDQWOH�� �LQFOXGLQJ�� �IDXOW� �JHRPHWU\� ��&RPPXQLW\� �)DXOW� �0RGHO�� �&)0��� �HODVWLF� �DQG�
�DWWHQXDWLRQ� �SURSHUWLHV� ��&RPPXQLW\� �9HORFLW\� �0RGHO�� �&90��� �GHIRUPDWLRQ� �UDWH� ��&RPPXQLW\�
�*HRGHWLF� �0RGHO�� �&*0��� �UKHRORJ\� ��&RPPXQLW\� �5KHRORJ\� �0RGHO�� �&50��� �WHPSHUDWXUH�
��&RPPXQLW\��7KHUPDO��0RGHO���&70����VWUHVV��DQG��VWUHVVLQJ��UDWH���&RPPXQLW\��6WUHVV��0RGHO���&60���
�DQG��WKH��8QLILHG��&RPPXQLW\��9HORFLW\��0RGHO���8&90���VRIWZDUH��IUDPHZRUN��WKDW��SURYLGHV��DFFHVV��WR�
�GHWDLOHG� �LQIRUPDWLRQ� �DERXW� �(DUWK� �SURSHUWLHV� �RQ� �UHJLRQDO� �VFDOHV� �IRU� �XVH� �E\� �(DUWK� �VFLHQWLVWV��
�HDUWKTXDNH� �HQJLQHHUV�� �FRPSXWDWLRQDO� �VFLHQWLVWV�� �DQG� �RWKHUV� ��)LJ�� ���� �WR� �VLPXODWH� �HDUWKTXDNH�
�SKHQRPHQD���$��VHW��RI��FRQVHQVXV��&;0V���)LJ�������ZHUH��GHYHORSHG��RYHU��WKH��ODVW��WKUHH��GHFDGHV��E\�
�6&(&� �IRFXVLQJ� �RQ� �VRXWKHUQ� �&DOLIRUQLD�� �7KH� �RULJLQDO� �&;0V� �ZHUH� �VWUXFWXUDO� �UHSUHVHQWDWLRQV� �RI�
�VHLVPLF� �YHORFLWLHV� ��&90�� �DQG� �DFWLYH� �IDXOWV� ��&)0�� �FRPELQHG� �LQWR� �D� �8QLILHG� �6WUXFWXUDO�
�5HSUHVHQWDWLRQ� ��865��� �/DWHU� �HIIRUWV� �GHYHORSHG� �FRPPXQLW\� �JHRGHWLF� �DQG� �VWUHVV� �PRGHOV� �WR�
�UHSUHVHQW��NLQHPDWLF���&*0���DQG��G\QDPLF���&60���VWDWHV��RI��WKH��V\VWHP���DXJPHQWHG��LQ��WKH��ODVW��IHZ�
�\HDUV�E\�WKHUPDO��&70��DQG�UKHRORJLFDO�PRGHOV��&50���

�)LJXUH������6FKHPDWLF��LOOXVWUDWLRQ��RI�
�WKH� �6&(&� �FRPPXQLW\� �PRGHOV��
�7KH� �DUURZV� �GHSLFW� �WKH� �IORZ� �RI�
�LQIRUPDWLRQ� �EHWZHHQ� �PRGHOV� �DQG�
�KRZ� �WKDW� �LQIRUPV� �WKHLU�
�GHSHQGHQFLHV�� �7KH� �&50�� �IRU�
�H[DPSOH�� �LV� �LQIRUPHG� �E\� �WKH�
�&RPPXQLW\��7KHUPDO��0RGHO��GXH��WR�
�WKH� �GHSHQGHQFH� �RI� �UKHRORJ\� �RQ�
�WHPSHUDWXUH�� �7KH��&90��DQG��&)0�
�DOVR� �LQIRUP� �WKH� �&50� �WKURXJK�
�PDWHULDO� �SURSHUWLHV� �DQG� �VKHDU�
�]RQHV� �UHVSHFWLYHO\�� �7KH� �&*0�

�DQG�&60�LQIRUP��DQG�DUH�LQIRUPHG�E\��WKH�UKHRORJLFDO�UHVSRQVH�RI�WKH�FUXVW�DQG�XSSHU�PDQWOH��

�7KHUH� �KDV� �EHHQ� �VWHDG\� �SURJUHVV� �RQ� �DOO� �FRPPXQLW\� �PRGHOV�� �'XULQJ� ������ �ZH� �FRPSOHWHG� �WKH�
�UHYLHZ� �DQG� �UHOHDVH� �RI� �YHUVLRQ� ����� �RI� �WKH� �6&(&� �&RPPXQLW\� �)DXOW� �0RGHO� ��&)0������� �ZDV�
�UHOHDVHG� �LQ� �-DQXDU\�� ������ ��)LJ�� ����� �&)0� �IDXOWV��DUH��GHILQHG��EDVHG��RQ��PDSSHG��VXUIDFH��WUDFHV��
�VHLVPLFLW\�� �UHIOHFWLRQ� �SURILOHV�� �ZHOO�ERUHKROH� �GDWD�� �DQG� �JHRORJLF� �FURVV� �VHFWLRQV�� �,W� �LQFOXGHV� �QHZ�
�DQG��XSGDWHG��IDXOW��PRGHOV��LQFOXGLQJ��UHSUHVHQWDWLRQV��RI��WKH��IDXOWV��UHVSRQVLEOH��IRU��WKH��������0������
�DQG� �0� ����� �5LGJHFUHVW� �HDUWKTXDNHV�� �PDMRU� �XSGDWHV� �LQ� �OLPLWHG� �ORFDWLRQV�� �DQG� �DOWHUQDWLYH� �IDXOW�
�UHSUHVHQWDWLRQV���6HYHUDO��QHZ��DGGHG��IHDWXUHV��PDNH��WKH��6&(&��&)0��HYHQ��PRUH��DFFHVVLEOH��WR��WKH�
�HDUWKTXDNH� �FRPPXQLW\�� �7KHVH� �LQFOXGH�� �D� �PDS�EDVHG� �ZHE� �LQWHUIDFH�� �D� ��'� �ZHE� �LQWHUIDFH�� �DQG�
�LPSURYHPHQWV��WR��PHWDGDWD���&)0�����XQGHUZHQW��DQ��RSHQ��FRPPXQLW\��HYDOXDWLRQ��LQ��WKH��)DOO���������
�5HVXOWV��IURP��WKLV��HYDOXDWLRQ��ZLOO��SURYLGH��NH\��LQIRUPDWLRQ��WRZDUGV��WKH��QH[W��UHOHDVH��RI��WKH��6&(&�
�&RPPXQLW\� �)DXOW� �0RGHO�� �7KH� �TXHVWLRQ� �RI� �KRZ� �WR� �XSGDWH� �WKH� �&90�V�� �JLYHQ� �PXOWLSOH� �DQG�
�PXOWL�VFDOH��FRQVWUDLQWV��RQ��YHORFLW\��PRGHOV��LV��D��NH\��WR��6&(&¶V��FRQWLQXLQJ��HIIRUWV��LQ��JURXQG��PRWLRQ�
�SUHGLFWLRQ��DQG�ZH�UHSRUW�RQ�SURJUHVV�EHORZ��

���



�)LJXUH� ����
�3HUVSHFWLYH� �YLHZ�
�RI� �D� �QHZ� �IDXOW�
�PRGHO� �RI� �WKH�
�3DORV� �9HUGHV�
�IDXOW� �]RQH� �LQ� �WKH�
�/RV� �$QJHOHV�
�EDVLQ� �VKRZQ� �DV�
�UHG� �VXUIDFHV�
��:ROIH� �HW� �DO���
��������

�7KH� �&50� �GHVFULEHV� ��'� �GXFWLOH� �UKHRORJ\� �RI� �WKH� �VRXWKHUQ� �&DOLIRUQLD� �OLWKRVSKHUH� �EDVHG� �RQ�
�VHLVPLF�� �JHRORJLF�� �DQG� �H[SHULPHQWDO� �URFN� �GHIRUPDWLRQ��VWXGLHV���,W��KDV��EHHQ��LPSURYHG��LWHUDWLYHO\�
�WKURXJK� �FRPPXQLW\� �LQSXW�� �LQFOXGLQJ� �ILYH� �ZRUNVKRSV� �IURP� ������������ �DQG� �FRPSULVHV� �WZR�
�FRPSRQHQWV�� �D� ��'��*HRORJLFDO��)UDPHZRUN��0RGHO��*)0��RI��VRXWKHUQ��&DOLIRUQLD¶V��FUXVW���DQG��D��VHW�
�RI� �GXFWLOH� �IORZ� �ODZV� �IRU� �HDFK��OLWKRORJ\���7KH��*)0��LQFOXGHV������SURYLQFHV��ZLWK��D��OD\HUHG��OLWKRORJ\�
�WKDW� �LQFOXGHV� �WKH� �VSDWLDO� �DQG� �GHSWK� �H[WHQW� �RI� �URFN� �W\SHV�� �7KHVH� �DUH� �FRXSOHG� �ZLWK��PLQHUDO��IORZ�
�ODZV���D��GHVFULSWLRQ��RI��PL[LQJ��ODZV��DQG��DVVXPSWLRQV���DQG��V\QWKHWLF��ZKROH�URFN��IORZ��ODZV��IRU��HDFK�
�OLWKRORJ\���DV��ZHOO��DV��FRGHV��IRU��FDOFXODWLQJ��HIIHFWLYH��YLVFRVLW\��SURILOHV���7KH��IORZ��ODZV��DUH��DQDO\WLFDO�
�H[SUHVVLRQV� �WKDW� �HQDEOH� �TXLFN� �DQG� �DFFXUDWH� �FDOFXODWLRQV� �RI� �HIIHFWLYH� �YLVFRVLW\� �DQG� �GLIIHUHQWLDO�
�VWUHVV�WR�SURYLGH�D�PRGHO�IRU�VRXWKHUQ�&DOLIRUQLD¶V�GXFWLOH�UKHRORJ\��

���� �'DWD�,QWHQVLYH� �&RPSXWLQJ����7R��IDFLOLWDWH��GDWD�LQWHQVLYH��FRPSXWLQJ��RQ��VHLVPLF��QHWZRUN��GDWD��
�WKH��6RXWKHUQ��&DOLIRUQLD��(DUWKTXDNH��'DWD��&HQWHU���6&('&���DGGHG��WR��LWV��$PD]RQ��2SHQ��'DWD��6HW�

�LWV� �FORXG� �DUFKLYH�� �WKH� �HDUWKTXDNH� �FDWDORJ��
�SKDVH� �SLFNV�� �DQG� �HYHQW�EDVHG� �ZDYHIRUP�
�GDWD�� �7XWRULDOV� �RQ� �KRZ� �WR� �XVH� �LW� �DUH�
�DYDLODEOH� �DW��
�KWWSV���VFHGF�FDOWHFK�HGX�GDWD�FORXG�KWPO����
�DV� �DUH� �VFULSWV� �WR� �KHOS� �XVHUV� �DFFHVV� �WKH�
�DUFKLYH� �RQ� �*LW+XE� �DW��
�KWWSV���JLWKXE�FRP�6&('&�FORXG�� �2YHU� ����
�7HUDE\WHV� �RI� �6&('&� �ZDYHIRUP� �GDWD� �ZDV�
�GLVWULEXWHG� �WR� �XVHUV� �IURP� �WKLV� �GDWDVHW� �LQ�
������� �)LJ�� ��� �LQGLFDWHV� �WKDW� �FORXG� �VHUYLFHV�
�DUH�HIIHFWLYHO\�IXOILOOLQJ�WKH�ODUJHVW�UHTXHVWV��

�)LJXUH� �����$FFHVV��WR��WKH��6&('&��ZDYHIRUP��UHTXHVWV��E\��PHWKRG���%\��QXPEHU��WKH��PRVW��UHTXHVWV�
�WR� �WKH� �6&('&� �DUH� �WKURXJK��)'61��ZHE��VHUYLFHV���PLGGOH��SDLU��RI��EDUV����KRZHYHU���E\��VL]H��RI��GDWD�
�VHUYHG��PRVW�ZDV�GLVWULEXWHG�WKURXJK�$:6��ULJKW�SDLU�RI�EDUV���

���



�0LQLQJ� �6HLVPLF� �:DYHILHOGV� �EHJDQ� �ZLWK� �VHHG� �IXQGLQJ� �IURP� �6&(&� �WR� �GHYHORS� �GDWD�PLQLQJ�
�WHFKQLTXHV� �IRU� �ZDYHIRUP�VLPLODULW\� �VHDUFK� �WR� �XQFRYHU� �VPDOO� �HDUWKTXDNHV� �LQ��FRQWLQXRXV��GDWD���,W�
�HYROYHG� �LQWR� �DQ� �16)� �*HRLQIRUPDWLFV� �SURMHFW�� �DQG� �IURP� �WKDW� �HPHUJHG� �WKH� �470� �HDUWKTXDNH�
�FDWDORJ� �IRU� �6RXWKHUQ� �&DOLIRUQLD� �WKDW� �LQFUHDVHG� �FDWDORJHG� �VHLVPLFLW\� �E\� �RYHU� �DQ� �RUGHU� �RI�
�PDJQLWXGH� ��5RVV� �HW� �DO��� �������� �7KH� �XQSUHFHGHQWHG� �GHWDLO� �UHYHDOHG� �KRZ� �VHLVPLFLW\� �RI� �WKH�
�HQLJPDWLF� �&DKXLOOD� �VZDUP���)LJ�������FDQ��EH��XQGHUVWRRG��WKURXJK��SRUH�IOXLG��PLJUDWLRQ���5RVV��HW��DO���
���������0LQLQJ��VHLVPLF��ZDYHILHOGV��OHG��WR��GHYHORSPHQW��RI��PDFKLQH�OHDUQLQJ�EDVHG��WHFKQLTXHV��IRU�
�HDUWKTXDNH�PRQLWRULQJ�WKDW�DUH�EHLQJ�DSSOLHG�LQ�GLYHUVH�WHFWRQLF�VHWWLQJV�DURXQG�WKH�ZRUOG��

�'XULQJ�6&(&��ZH�EURDGHQHG�WKH�XVH�RI�GHHS�OHDUQLQJ�IURP�VHLVPRORJ\�WR�RWKHU�DVSHFWV�RI�
�HDUWKTXDNH�VFLHQFH��&KHQ�HW�DO���������XVHG�VWUXFWXUH�IURP�PRWLRQ�DQG�GHHS�OHDUQLQJ�RQ�DHULDO�
�LPDJHU\�WR�HVWLPDWH�URFN�WUDLWV�DORQJ�D�WHFWRQLF�IDXOW�VFDUS��7KRVH�SURSHUWLHV�GHULYH�IURP�LQLWLDO�
�YROFDQLF�IUDFWXULQJ�DQG�VXEVHTXHQW�WHFWRQLF�DQG�JHRPRUSKLF�IUDFWXULQJ��DQG�OHDG�WR�D�EHWWHU�

�XQGHUVWDQGLQJ�RI�
�WKHVH�SURFHVVHV�
��)LJ������:H�DOVR�
�XVHG�
�GDWD�LQWHQVLYH�
�FRPSXWLQJ�
�PHWKRGV�IRU�
�WRPRJUDSK\�ZLWK�
�FRPSUHVVHG�
�VHQVLQJ��=KRX�HW�
�DO��VXEPLWWHG��DQG�
�WR�PLQH�
�&\EHU6KDNH�
�VLPXODWLRQV�
��2OVHQ�HW�DO���
��������

�)LJXUH� ���� �6HPDQWLF� �VHJPHQWDWLRQ� �DSSOLHG� �WR� �URFN� �WUDLWV� �DFURVV� �D� �IDXOW� �VFDUS� �LQ� �WKH� �YROFDQLF�
�WDEOHODQGV� �QHDU� �%LVKRS�� �&DOLIRUQLD� �XVLQJ� �GHHS� �OHDUQLQJ� �IURP� �DHULDO� �LPDJHU\� ��DIWHU� �&KHQ� �HW��DO���
��������

�7KHPH�%��8QGHUVWDQGLQJ�(DUWKTXDNH�3URFHVVHV�
�$QDO\VLV� �RI� �WKH� �ULFK� �GDWD� �VHWV� �IURP� �WKH� ������ �5LGJHFUHVW� �VHTXHQFH� �SURYLGHG� �DQ� �H[FHSWLRQDO�
�RSSRUWXQLW\�WR�UHDFK�D�GHHSHU�XQGHUVWDQGLQJ�RI�HDUWKTXDNH�SURFHVVHV��

�����%H\RQG��(ODVWLFLW\����/LX��HW��DO�����������IRXQG��WKDW��SRVWVHLVPLF��GHIRUPDWLRQ��IDU��IURP��WKH��IDXOW��FDQ�
�EH� �PRGHOHG� �ZLWK� �YLVFRHODVWLF� �UHOD[DWLRQ� �RI� �WKH� �XSSHU� �PDQWOH� �XQGHU� �D��%XUJHU¶V��UKHRORJ\��ZLWK��D�
�WUDQVLHQW��YLVFRVLW\��RI��a������� �3D�V��DQG��D��VWHDG\�VWDWH��YLVFRVLW\��RI�����[������� �3D�V���&ORVHU��WR��WKH��IDXOW�

�WKH� �GHIRUPDWLRQ� �ZDV�
�FRQFHQWUDWHG� �DURXQG� �JHRPHWULF�
�FRPSOH[LWLHV�� �6RPH� �RI� �WKLV�
�GHIRUPDWLRQ� �PD\� �EH� �GXH� �WR�
�SRURHODVWLF� �UHVSRQVH� �RI� �WKH�
�VKDOORZ�FUXVW��)LJ������

�)LJXUH� �����0RGHOLQJ��,Q6$5��GDWD�
�IRU� �WKH� �5LGJHFUHVW� �PDLQVKRFN�
�ZLWK� �K\GUDXOLF� �GLIIXVLYLW\� �EDVHG�
�RQ� �WKH� �WLPH� �VHULHV� �RI� �SL[HOV�
�DURXQG��WKH��PDLQVKRFN��HSLFHQWHU�

���



�XSOLIW� �IHDWXUH�� �0DJHQWD� �OLQHV� �UHSUHVHQW� �WKH� �EHVW�ILW� �H[SRQHQWLDO� �IXQFWLRQV� �WR� �WKH� �UHVSHFWLYH�
�GLVSODFHPHQW�WLPH�VHULHV��DIWHU�/LX�HW�DO����������

�0XFK� �RI� �WKH� �ZRUN� �XQGHU� �WKLV� �WKHPDWLF� �HOHPHQW� �LV� �FDSWXUHG� �E\� �WKH� �6&(&� �FRPPXQLW\� �UKHRORJ\�
�PRGHO� ��&50��� �ZKLFK� �SURYLGHV� �D� ��'� �GHVFULSWLRQ� �RI��WKH��GXFWLOH��UKHRORJ\��RI��VRXWKHUQ��&DOLIRUQLD¶V�
�OLWKRVSKHUH�� �EDVHG� �RQ� �FRQVWUDLQWV� �IURP� �VHLVPLF�� �JHRORJLF�� �DQG� �H[SHULPHQWDO� �VWXGLHV�� �DQG� �ZDV�
�UHOHDVHG� �ODVW� �\HDU�� �,W� �LQFOXGHV� �WZR� �FRPSRQHQWV�� �D� ��'� �JHRORJLF� �IUDPHZRUN� �PRGHO� ��*)0�� �RI�
�VRXWKHUQ��&DOLIRUQLD¶V��FUXVW���DQG��D��VHW��RI��V\QWKHWLF��DJJUHJDWH��GXFWLOH��IORZ��ODZV��IRU��HDFK��URFN��W\SH�
�DV� �GHWHUPLQHG� �ZLWK� �WKH� �DLG� �RI� �VHLVPLF� �YHORFLW\� �DQDO\VLV� ��6KHQ� �HW� �DO��� ������� �ZLWKLQ� �WKH� �*)0�
��0RQWHVL��HW��DO������������7RJHWKHU��ZLWK��6&(&��&RPPXQLW\��7KHUPDO��0RGHO���&70���WHPSHUDWXUHV��DQG�
�SUHVVXUH�� �WKLV� �LQIRUPDWLRQ� �SURYLGHV� �D� �PRGHO� �IRU� �VRXWKHUQ� �&DOLIRUQLD¶V� �GXFWLOH� �UKHRORJ\�� �*LYHQ�
�VWUDLQ� �UDWH�� �HIIHFWLYH� �YLVFRVLW\� �DQG� �GLIIHUHQWLDO� �VWUHVV� �PD\� �EH� �FDOFXODWHG� �WKURXJKRXW� �WKH��UHJLRQ��
�6KHQ� �HW� �DO�� �������� �XQFRYHUHG� �HYLGHQFH� �WKDW� �PRUH� �PDILF� �FUXVWDO� �FRPSRVLWLRQ��LV��FRUUHODWHG��ZLWK�
�ORZHU�VWUDLQ�UDWHV��

�2QH� �RI� �WKH� �FXUUHQW� �6&(&� �7HFKQLFDO� �$FWLYLW\� �*URXSV� ��7$*V�� �LV� �IRFXVHG� �RQ� �WKH� �QRQOLQHDU�
�UHVSRQVH� �RI� �WKH� �VKDOORZ� �FUXVW�� �6HYHUDO� �SURMHFWV� �XQGHU� �WKLV� �7$*� �TXDQWLILHG� �WKH� �GLIIHUHQFHV�
�EHWZHHQ� �IXOO� ��'� �QRQOLQHDU� �DQG� �VLPSOHU� �DSSUR[LPDWLRQV� �DV� �ZHOO� �DV� �OLQHDU� �DQHODVWLF��VLPXODWLRQV��
�0RVW��QRWDEOH��LQ��WKLV��UHJDUG��LV��WKH��UHSRUW��DW��WKH��6&(&��DQQXDO��PHHWLQJ���5RWHQ��HW��DO�����������RI��WKH�
�VXFFHVVIXO� �LPSOHPHQWDWLRQ� �RI� �,ZDQ� �SODVWLFLW\� �ZLWKLQ� �WKH� ��'� �DQHODVWLF� �ZDYH� �SURSDJDWLRQ� ��$:3��
�FRGH���7KH��FRGH��ZDV��YHULILHG��DJDLQVW���'��DQG���'��VROXWLRQV��DQG��VKRZV��JRRG��SDUDOOHO��HIILFLHQF\��LQ�
�LWV� �*38� �LPSOHPHQWDWLRQ�� �ZKLFK� �LV� �LPSRUWDQW� �GXH� �WR� �WKH� �KLJK� �FRPSXWDWLRQDO� �GHPDQGV� �RI� �WKH�
�SUREOHP�ZKHQ�QRQOLQHDULW\�LV�GLVWULEXWHG��

���� �0RGHOLQJ� �(DUWKTXDNH� �6RXUFH� �3URFHVVHV��� �7KLV� �WKHPDWLF� �HOHPHQW� �VSDQV� �D��EURDG��UDQJH��RI�
�DFWLYLW\� �UDQJLQJ� �IURP� �FRPSXWDWLRQDO� �VLPXODWLRQV� �RI� �PXOWL�F\FOH��HDUWKTXDNH��PRGHOV��WR��ODERUDWRU\�
�H[SHULPHQWV� �WR� �WKH� �DQDO\VLV� �RI� �HDUWKTXDNH� �GDWD�� �3URJUHVV� �LQ� �WKH� �G\QDPLF� �PRGHOLQJ� �RI�
�VHTXHQFHV� �RI� �HDUWKTXDNHV� �DQG��DVHLVPLF��VOLS���6($6���KDV��EHHQ��D��YHU\��DFWLYH��7HFKQLFDO��$FWLYLW\�
�*URXS���7$*��� �7KH��6($6��HIIRUW��SURYLGHV��D��VHOI�FRQVLVWHQW���SK\VLFV�EDVHG��IUDPHZRUN��WR��FRQQHFW��
�LQWHUSUHW���DQG��SUHGLFW��GLYHUVH��JHRSK\VLFDO��REVHUYDWLRQV��DFURVV��VSDWLDO��DQG��WHPSRUDO��VFDOHV���DQG�
�FRPSDUHV� �VROXWLRQV� �WR� �D� �FRPPRQ� �SUREOHP� �DFURVV� �GLIIHUHQW� �QXPHULFDO� �PHWKRGV� �ZLWK� �GLIIHUHQW�
�DSSUR[LPDWLRQV�� �7KH� �HIIRUW� �LV� �FKDOOHQJLQJ� �GXH� �WR� �WKH� �UDQJH� �RI� �WLPH� �VFDOHV� �DQG� �SURFHVVHV�
�LQYROYHG� ��)LJ�� �������7KH��ODFN��RI��DQDO\WLFDO��VROXWLRQV��IRU���'��SUREOHPV��PHDQV��WKDW��QXPHULFDO��FRGH�
�YHULILFDWLRQ� �LV� �HVVHQWLDO� �WR� �HQVXUH� �UHOLDEOH� �VLPXODWLRQ� �UHVXOWV�� �-LDQJ� �HW� �DO�� �������� �VXPPDUL]HG�
�ILQGLQJV� �WR� �GDWH� �LQ� �WKDW� �ZKLOH� �GHWDLOV� �RI� �PRGHO� �RXWSXW� �GLIIHU� �DPRQJ� �GLIIHUHQW� �DSSURDFKHV�� �NH\�
�SURSHUWLHV� �RI� �LQGLYLGXDO� �HDUWKTXDNHV���LQFOXGLQJ���UXSWXUH��VW\OH���GXUDWLRQ���WRWDO��VOLS���SHDN��VOLS��UDWH��
�DQG�VWUHVV�GURS��DUH�FRPSDUDEOH�DPRQJ�HYHQ�PDUJLQDOO\�UHVROYHG�VLPXODWLRQV��
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)LJXUH ��� ,QSXWV DQG RXWSXWV LQ �' PRGHOV IRU 6($6� �D� PRGHOV LQFRUSRUDWH
VXUIDFH�VXEVXUIDFH VWUXFWXUH� URFN SURSHUWLHV� IULFWLRQ� DQG IDXOW�]RQH UKHRORJ\ WR VLPXODWH
HDUWKTXDNHV DQG DVHLVPLF GHIRUPDWLRQ� +\SRFHQWHUV DUH PDUNHG E\ UHG VWDUV DQG UXSWXUH IURQWV
DUH VKRZQ DV UHG FRQWRXUV� 7KH VHLVPRJHQLF ]RQH LV LQ JUD\ DQG DVHLVPLF IDXOW ]RQH LV LQ
\HOORZ� �E� PRGHOV SURGXFH RXWSXWV WKDW LQFOXGH� IDXOW VOLS� RII�IDXOW GLVSODFHPHQW� DQG VWUHVV
FKDQJH� ZKLFK FDQ EH FRQQHFWHG WR REVHUYDWLRQV VSDQQLQJ D UDQJH RI VSDWLDO DQG WHPSRUDO
VFDOHV� VXFK DV PLFURVHLVPLFLW\� ODUJH HDUWKTXDNHV� IDXOW FUHHS� VORZ VOLS� DQG LQWHUVHLVPLF VWUDLQ
�DIWHU�-LDQJ�HW�DO���������

/L HW DO� ������ FDOFXODWHG D *UHHQ¶V IXQFWLRQ GDWDEDVH IRU ��� EURDGEDQG VWDWLRQV XVLQJ WKH
6&(& &90�6���� PRGHO WKURXJK �'
ILQLWH�GLIIHUHQFH PRGHOLQJ WR GHYHORS
QHDU�UHDO�WLPH PRPHQW WHQVRU VROXWLRQV�
7KH\ DSSOLHG WKLV SURFHGXUH WR PRUH WKDQ
���� VPDOO�WR�PHGLXP�VL]HG HDUWKTXDNHV
LQ 6RXWKHUQ &DOLIRUQLD VLQFH ���� DQG
VKRZHG WKDW LQFRUSRUDWLQJ WKH �' YHORFLW\
PRGHO UHVXOWV LQ PRUH DFFXUDWH
PHFKDQLVPV� IRFDO GHSWKV� DQG PRPHQW
PDJQLWXGHV �)LJ� ���� &KHQJ HW DO� ������
GHULYHG IXOO VRXUFH WHQVRU WHUPV RI 0!�
5LGJHFUHVW DIWHUVKRFNV� DQG VKRZHG WKDW
PDQ\ KDYH VLJQLILFDQW LVRWURSLF
FRPSRQHQWV ZKHQ QHDU�IDXOW GDWD DUH XVHG
LQ WKH DQDO\VLV� %DOWD\� $EHUFURPELH� HW DO�
�LQ SUHSDUDWLRQ� DUH OHDGLQJ D 7HFKQLFDO
$FWLYLW\ JURXS WR FRPSDUH GLIIHUHQW
PHWKRGV IRU VWUHVV GURS HYDOXDWLRQ XVLQJ
ZDYHIRUP GDWD IURP WKH 5LGJHFUHVW
VHTXHQFH�

)LJXUH ��� 0RPHQW WHQVRU LQYHUVLRQ IRU
-XO\ �WK� ���� 5LGJHFUHVW DIWHUVKRFN� 5HG

EHDFK EDOO VKRZV HVWLPDWHG PHFKDQLVP FRPSDUHG WR '�TXDOLW\ +$6+ UHVXOW LQ JUD\� %RRWVWUDS

�



KLVWRJUDPV IRU � PRPHQW WHQVRU FRPSRQHQWV DQG WKH FRUUHVSRQGLQJ QRGDO OLQHV �JUD\ OLQHV� DUH
VKRZQ�RQ�WKH�PHFKDQLVP��0LVILW�ZLWK�GHSWK�LV�VKRZQ�LQ�WKH�ORZHU�ULJKW�SDQHO�

2WKHU UHFHQW HIIRUWV LQFOXGHG ZRUN E\ 0LOQHU HW DO� ������ RQ WKH XVH RI HDUWKTXDNH VRXUFH
VFHQDULRV IURP HDUWKTXDNH VLPXODWRUV IRU SK\VLFV�EDVHG VHLVPLF KD]DUG DQDO\VLV� ZRUN E\
&KHVWHU DQG &KHVWHU ������ RQ FKDUDFWHUL]LQJ IODVK KHDWLQJ LQ ODERUDWRU\ H[SHULPHQWV� DQG WZR
7$*V� HDFK RI ZKLFK LQYROYHG PDQ\ LQYHVWLJDWRUV� IRU VWUHVV GURS YDOLGDWLRQ DQG IRU PXOWL�F\FOH
VLPXODWLRQV�

�� *URXQG 0RWLRQ 6LPXODWLRQ�� 6&(&� HIIRUWV LQ JURXQG PRWLRQ VLPXODWLRQ KDYH VHHQ D
VXVWDLQHG EHQHILW IURP DFFHVV WR +3& UHVRXUFHV DV GHVFULEHG LQ WKH DEVWUDFW� 5HFHQWO\� D
PXOWL�LQVWLWXWLRQDO HIIRUW �:LWKHUV HW DO�� ����� ZDV FRQGXFWHG WR XVH G\QDPLF UXSWXUH VLPXODWLRQV
WR FKDUDFWHUL]H VHLVPLF KD]DUG E\ JHQHUDWLQJ HDUWKTXDNH VRXUFHV WKDW SURGXFH V\QWKHWLF JURXQG
PRWLRQ DFURVV D ZLGH IUHTXHQF\ EDQGZLGWK IRU PDJQLWXGHV DQG GLVWDQFHV IRU ZKLFK HPSLULFDO
GDWDVHWV DUH SRRUO\ SRSXODWHG� 7KLV SURMHFW IRFXVHG RQ PRGHOLQJ WKH HIIHFW RI IDXOW URXJKQHVV
�)LJ� ���� KHWHURJHQHRXV VWUHVV DQG IULFWLRQ RQ VWURQJ JURXQG PRWLRQ� $V QRWHG DERYH� 5RWHQ HW
DO� ������ KDYH LQWURGXFHG WKH DELOLW\ WR DOORZ ,ZDQ SODVWLFLW\ LQ WKH $:3 JURXQG PRWLRQ
VLPXODWLRQ FRGH WR DFFRXQW IRU QRQOLQHDU UHVSRQVH RI WKH VKDOORZ FUXVW� :H KDYH FRQWLQXHG WR
LPSOHPHQW QRQOLQHDU VLWH�UHVSRQVH PRGXOHV RQ WKH %URDGEDQG 3ODWIRUP �%%3� DQG LQ �'
VLPXODWLRQV ZKHUH 1ZHNH HW DO� ������ KDYH DWWHPSWHG WR YDOLGDWH QRQOLQHDU UHVSRQVH
FDOFXODWLRQV�IRU�ERWK�&90�6��DQG�&90�+�

)LJXUH ��� �D�
([DPSOH RI ILQDO VOLS
DORQJ RQH URXJK
IDXOW DQG �E� IDXOW
GLVSODFHPHQW DORQJ
� UHDOL]DWLRQV RI
UXSWXUHV RI 0Z ����
5HDOL]DWLRQV YDU\
WKH IDXOW URXJKQHVV
SURILOHV DQG VWUHVV
GURS� �F� *RRGQHVV
RI ILW IRU DYHUDJH RI
� *00V FRPSDUHG
ZLWK GDWD IRU RQH VHW
RI VLPXODWLRQV� �G�
(QVHPEOH
FRPSDULVRQV
EHWZHHQ GDWD DQG

*00V�IRU�D�UDQJH�RI�PDJQLWXGHV���DIWHU�:LWKHUV�HW�DO��������

�� ,QGXFHG 6HLVPLFLW\� :KHQ WKH 6&(&� SURSRVDO ZDV IXQGHG ZH ZHUH DVNHG WR FRRUGLQDWH
RXU UHVHDUFK HIIRUW LQ WKLV DUHD ZLWK D 86*6 OLDLVRQ �1LFN %HHOHU�� 2XU HIIRUW XQGHU WKLV WKHPDWLF
HOHPHQW KDV EHHQ PRGHVW� 0RVW UHFHQWO\� <DQJ DQG 'XQKDP ������ PRGHOHG DVHLVPLF VOLS WKDW
RFFXUV LQ UHVSRQVH WR IOXLG LQMHFWLRQ LQWR D SHUPHDEOH IDXOW JRYHUQHG E\ UDWH�DQG�VWDWH IULFWLRQ�
7KH\ DFFRXQW IRU SRURVLW\ DQG SHUPHDELOLW\ FKDQJHV WKDW DFFRPSDQ\ VOLS� LQFOXGLQJ GLODWDQF\�
DQG TXDQWLI\ KRZ WKHVH SURFHVVHV DIIHFW SRUH SUHVVXUH GLIIXVLRQ� ZKLFK FRXSOHV WR DVHLVPLF VOLS�
,QLWLDOO\� VOLS LV QHJOLJLEOH DQG SRUH SUHVVXUH IROORZV D OLQHDU GLIIXVLRQ PRGHO� ,Q WKH VHFRQG
SKDVH� DQ DVHLVPLF VOLS IURQW H[SDQGV RXWZDUG DQG GLODWDQF\ FDXVHV SRUH SUHVVXUH WR GHSDUW
IURP WKH OLQHDU GLIIXVLRQ PRGHO� 7KH PLJUDWLRQ UDWH LV VWURQJO\ LQIOXHQFHG E\ SUR[LPLW\ WR IDLOXUH
DQG LQMHFWLRQ UDWH� :H DOVR QRWH WKDW ZH KDYH RQJRLQJ VWXGLHV RI VHLVPLFLW\� YHORFLW\ PRGHOV DQG

��



GHIRUPDWLRQ LQ WKH 6DOWRQ 6HD $UHD� ZKLFK KRVWV D ODUJH JHRWKHUPDO ILHOG� DQG D SURMHFW LQLWLDWHG
LQ ���� WR VWXG\ WKH WULJJHULQJ RI HDUWKTXDNHV LQ GHHS K\GURFDUERQ EDVLQV LQ VRXWKHUQ
&DOLIRUQLD�

7KHPH�&��&KDUDFWHUL]LQJ�6HLVPLF�+D]DUGV
�� 3UREDELOLVWLF 6HLVPLF +D]DUG $QDO\VLV�� 0XFK RI WKH HIIRUW XQGHU 6&(&� KDV WKH SRWHQWLDO
WR UHGXFH XQFHUWDLQW\ LQ 36+$ WKURXJK LPSURYHG UXSWXUH IRUHFDVWV DQG PRUH DFFXUDWH
SK\VLFV�EDVHG JURXQG PRWLRQ VLPXODWLRQV� 7KH ODWWHU GHSHQGV FULWLFDOO\ RQ LPSURYLQJ WKH
FRPPXQLW\ YHORFLW\ PRGHOV� ZKLFK LV RQH RI WKH RULJLQDO PRGHOV LQ WKH 8QLILHG 6WUXFWXUDO
5HSUHVHQWDWLRQ� 6&(& LQYHVWLJDWRUV XVH DUULYDO WLPHV� FRPSOHWH ZDYHIRUPV �7DSH DQG 7KXUEHU�
������ DPELHQW ILHOG FRUUHODWLRQV �1D\DN DQG 7KXUEHU� ������ ZDYH SRODUL]DWLRQ �4LQ DQG
%HQ�=LRQ� ������ DQG WKH MRLQW YDULDWLRQ RI KRUL]RQWDO VHLVPRPHWHU DQG DWPRVSKHULF SUHVVXUH
GDWD �:DQJ DQG 7DQLPRWR� ����� IRU WKLV SXUSRVH� 6HYHUDO VWXGLHV XVHG HDUWKTXDNH DQG
DPELHQW QRLVH GDWD UHFRUGHG E\ UHJLRQDO VWDWLRQV DQG GHQVH VHLVPLF DUUD\V DURXQG WKH ����
5LGJHFUHVW HDUWKTXDNHV WR GHULYH D VHLVPLF YHORFLW\ PRGHOV RQ D UHJLRQDO VFDOH �:KLWH HW DO��
������ IDXOW ]RQH VFDOH �4LX HW DO�� ����� DQG LQWHUPHGLDWH VFDOH �=KRX HW DO�� ������ $ FOHDU
FKDOOHQJH WR WKLV HIIRUW LV WR PHUJH UHVXOWV WR DFFRXQW IRU WKH VWDWH RI LQIRUPDWLRQ �$MDOD HW DO��
����� RQ WKH HODVWLF� DQHODVWLF� DQG LQHODVWLF VWUXFWXUH RI WKH (DUWK¶V FUXVW DFURVV DOO UHOHYDQW
VFDOHV� /X DQG %HQ�=LRQ ������ IRXQG LQ YDOLGDWLRQ DQDO\VLV RI UHJLRQDO &90V WKDW VLJQLILFDQW
GHYLDWLRQV IURP REVHUYDWLRQV DUH SURGXFHG E\ WKH ODFN RI NQRZOHGJH DERXW EDVLQ SURSHUWLHV�
'XH WR WKHLU LPSRUWDQW LQIOXHQFH RQ VWURQJ JURXQG PRWLRQ� ZH KDYH SDLG SDUWLFXODU DWWHQWLRQ WR
WKH�VWUXFWXUH�RI�EDVLQV��DV�VKRZQ�LQ�D�VXEVHTXHQW�VHFWLRQ�

:H FRQWLQXH WR GHYHORS 5646LP VLPXODWLRQV �0LOQHU HW DO�� ����� XVLQJ HDUWKTXDNH VRXUFH
VFHQDULRV IRU SK\VLFV�EDVHG VHLVPLF KD]DUG DQDO\VLV� DQG KDYH GHYHORSHG LPSURYHG SODXVLELOLW\
ILOWHUV IRU PXOWL�VHJPHQW UXSWXUH EDVHG SK\VLFV�EDVHG HDUWKTXDNH VLPXODWRU RXWSXW �0LOQHU HW DO��
VXEPLWWHG��

&\EHU6KDNH LV D SK\VLFV�EDVHG DSSURDFK WR KD]DUG DQDO\VLV ZKLFK HVWLPDWHV JURXQG PRWLRQV
IURP VLPXODWLRQV RI ���V RI WKRXVDQGV RI VFHQDULR HDUWKTXDNHV EDVHG RQ UXSWXUH IRUHFDVWV� WR
JHQHUDWH ���V RI PLOOLRQV RI JURXQG PRWLRQ VLPXODWLRQV� IURP ZKLFK ��V RI ELOOLRQV RI LQWHQVLW\
PHDVXUHV DUH GHULYHG DQG XVHG WR FRQVWUXFW KD]DUG PDSV� 7KH VFDOH RI WKH HIIRUW UHTXLUHV
VWDWH�RI�WKH�DUW +3&� DV GHVFULEHG LQ WKH DEVWUDFW� EXW XQOLNH WUDGLWLRQDO DSSURDFKHV WKLV
OHYHUDJHV NQRZOHGJH RI WKH HDUWKTXDNH VRXUFH DQG WKH FUXVW� +D]DUG DQDO\VLV LV IRXQGDWLRQDO WR
ULVN UHGXFWLRQ� DQG WKURXJK 6&(&¶V HIIRUWV� &\EHU6KDNH UHVXOWV DUH VWDUWLQJ WR EH XVHG IRU
HQJLQHHULQJ SUDFWLFH� ,PSURYLQJ DFFXUDF\ RI WKH VLPXODWLRQV� TXDQWLI\LQJ XQFHUWDLQW\� H[SDQGLQJ
WKH JHRJUDSKLFDO UHDFK� DQG H[WHQGLQJ WR KLJKHU IUHTXHQFLHV DUH DOO DFWLYH UHVHDUFK DUHDV�
&\EHU6KDNH GHPRQVWUDWHV 6&(&¶V DELOLW\ WR LQWHJUDWH YHUWLFDOO\ DFURVV GLVFLSOLQHV� E\ XVLQJ
UXSWXUH IRUHFDVWV EDVHG RQ SDOHRVHLVPRORJ\ DQG JHRGHV\� VOLS PRGHOV EDVHG RQ
SVHXGR�G\QDPLF UXSWXUH VLPXODWLRQV� DQG JURXQG PRWLRQV EDVHG RQ +3& VLPXODWLRQV RI ZDYH
SURSDJDWLRQ WKURXJK �' FUXVWDO PRGHOV� ,Q DGGLWLRQ WR JURXQG PRWLRQ� ZH KDYH ZRUNHG WR
GHYHORS�SUREDELOLVWLF�IRUHFDVWLQJ�IRU�QHDU�IDXOW�GLVSODFHPHQW�

'HFDGHV RI PHWLFXORXV ZRUN RQ VLWHV WKDW SUHVHUYH D UHFRUG RI VXUIDFH�UXSWXULQJ HDUWKTXDNHV
KDV OHG WR HYHQW FKURQRORJLHV RQ PDMRU &DOLIRUQLD IDXOWV� 7KH UHFRUG RI KLVWRULFDO HYHQWV �EDVHG
RQ PDFURVHLVPLF DQG LQVWUXPHQWDO GDWD� DQG SDOHR�HYHQWV �EDVHG RQ SDOHRVHLVPRORJ\ DQG
VXUIDFH UXSWXUHV� OHDGV WR D FRQXQGUXP� 7KH WZR SRSXODWLRQV VKRZ VLPLODU UDWHV RI HDUWKTXDNHV
LQ WKH SUH�LQVWUXPHQWDO HUD EHIRUH ����� 7KDW UDWH FRQWLQXHV LQ WKH LQVWUXPHQWDO UHFRUG� \HW�
FRQWUDU\ WR H[SHFWDWLRQV� WKHUH LV D KLDWXV LQ VXUIDFH�UXSWXULQJ HYHQWV RQ PDMRU IDXOWV RYHU WKH
ODVW ��� \HDUV� %DVHG RQ DVVXPHG UHFXUUHQFH PRGHOV WKH KLDWXV LV H[WUHPHO\ XQOLNHO\ �a����
SUREDELOLW\�� 5HVROYLQJ WKLV FRQXQGUXP LV FULWLFDO WR ORQJ�WHUP IRUHFDVWLQJ �%LDVL DQG 6FKDUHU�

��



������ 7KHUH LV WKH SRWHQWLDO IRU ELDV LQ WKH GDWD �:LOOLDPV� ������ RU SHUKDSV WKH DVVXPHG
UHFXUUHQFH�PRGHOV�DUH�LQFRUUHFW�

��� 2SHUDWLRQDO (DUWKTXDNH )RUHFDVWLQJ�� 6&(& KDV ZRUNHG RQ HDUWKTXDNH SUHGLFWDELOLW\�
LQFOXGLQJ SK\VLFV�EDVHG IRUHFDVWLQJ PRGHOV DQG FRRUGLQDWLQJ ZLWK WKH :RUNLQJ *URXS RQ
&DOLIRUQLD (DUWKTXDNH 3UREDELOLWLHV �:*&(3� DQG WKH &ROODERUDWRU\ IRU WKH 6WXG\ RI (DUWKTXDNH
3UHGLFWDELOLW\ �&6(3�� 0XOWL�IDXOW UXSWXUHV KDYH WKH SRWHQWLDO WR DIIHFW IRUHFDVWV EDVHG RQ
SDOHRVHLVPLF GDWD LI WKH\ DUH QRW SURSHUO\ DFFRXQWHG IRU� 6&(& GHYHORSHG D QHZ IUDPHZRUN WR
UHSUHVHQW DQG EXLOG UHDOL]DWLRQV RI FRPSOH[ PXOWL�IDXOW UXSWXUHV �)LJ� ���� 7KHVH ZHUH FRPELQHG
ZLWK VWUHVV�FKDQJH FDOFXODWLRQV WR GHYHORS EHWWHU FRPSOH[ UXSWXUH SODXVLELOLW\ FULWHULD EDVHG RQ

&RXORPE IDLOXUH VWUHVV FULWHULD�
0LOQHU HW DO ������ FRPSOHWHG
5646LP�&\EHU6KDNH KD]DUG DQG
YDULDELOLW\ FDOFXODWLRQV IRU D
QRQ�HUJRGLF PRGHO IRU VRXWKHUQ
&DOLIRUQLD� %HQ�=LRQ DQG =DOLDSLQ
������ SUHVHQWHG UHWURVSHFWLYH
HYLGHQFH IRU ORFDOL]DWLRQ RI
VHLVPLFLW\ UHODWHG WR IXWXUH 0 ! �
PDLQVKRFNV LQ VRXWKHUQ DQG %DMD
&DOLIRUQLD�

�)LJXUH ��� 3HUVSHFWLYH YLHZ
�ORRNLQJ QRUWK� RI D FRPSOH[
V\QWKHWLF 0 ��� 5646LP UXSWXUH
LQ WKH /RV $QJHOHV %DVLQ
UHPLQLVFHQW RI WKH .DLNRXUD� 1HZ

=HDODQG HDUWKTXDNH� 5XSWXUH QXFOHDWHV RQ WKH &RPSWRQ IDXOW DQG VSUHDGV WR WKH
1HZSRUW±,QJOHZRRG� 3DORV 9HUGHV� DQG RWKHU QHDUE\ IDXOWV� 7HQ 8&(5)� IDXOW VHFWLRQV
SDUWLFLSDWH� EXW WKH � DIRUHPHQWLRQHG IDXOWV DFFRXQW IRU RYHU ��� RI WKH WRWDO VHLVPLF PRPHQW�
'DUNHU�FRORUV�UHSUHVHQW�DUHDV�RI�ODUJHU�VOLS���DIWHU�0LOQHU�HW�DO���������
7KH &6(3 YLUWXDO SODWIRUP VXSSRUWV JOREDO UHVHDUFK RQ HDUWKTXDNH SUHGLFWDELOLW\� LQLWLDWHG E\
6&(& WR HYDOXDWH HDUWKTXDNH IRUHFDVWV DQG WR DGYDQFH WKH XQGHUVWDQGLQJ RI HDUWKTXDNH
SUHGLFWDELOLW\� &6(3 WHVWLQJ FHQWHUV DUH RSHUDWLRQDO LQ &DOLIRUQLD� 1HZ =HDODQG� -DSDQ� &KLQD�
DQG (XURSH �6FKRUOHPPHU HW DO�� ����� ZLWK ��� PRGHOV XQGHU HYDOXDWLRQ� 7KH &DOLIRUQLD FHQWHU�
RSHUDWHG E\ 6&(&� WHVWV ���PLQXWH� ��GD\� ��PRQWK� ��\HDU� DQG ��\HDU IRUHFDVWV IRU &DOLIRUQLD�
WKH�:HVWHUQ�3DFLILF��DQG�JOREDO�UHJLRQV�

��� �(DUWKTXDNH� �(DUO\� �:DUQLQJ :H ZHUH DGYLVHG WKDW WKH 86*6 FRQVLGHUV HDUWKTXDNH HDUO\
ZDUQLQJ WR EH DGHTXDWHO\ FRYHUHG XQGHU RWKHU H[LVWLQJ��UHVHDUFK��SURJUDPV VR ZH GLG QRW SXUVXH
UHVHDUFK XQGHU WKLV WKHPDWLF HOHPHQW� H[FHSW ZKHQ WKHUH ZDV UHVHDUFK WKDW KDG WKLV DV SDUW RI
LWV�SXUYLHZ�

��� 3RVW�(DUWKTXDNH 5DSLG 5HVSRQVH� 7KHUH LV D FRQWLQXLQJ QHHG WR GHYHORS DQG LPSURYH
SRVW�HDUWKTXDNH UDSLG UHVSRQVH DV GHPRQVWUDWHG E\ WKH ���� 5LGJHFUHVW HDUWKTXDNH
VHTXHQFH� &RRUGLQDWLRQ DQG SODQQLQJ LV DQ HVVHQWLDO HOHPHQW WR WKH VXFFHVV RI SDVW DQG IXWXUH
HIIRUWV� 6&(& KHOG LWV ODWHVW YLUWXDO ZRUNVKRS IURP -DQXDU\ ������ ���� RQ HDUWKTXDNH UHVSRQVH
SODQQLQJ WKDW ZDV DWWHQGHG E\ RYHU ��� VFLHQWLVWV ZLWK HDUWKTXDNH UHVSRQVH H[SHULHQFH�
3DUWLFLSDQWV LQFOXGHG �� ZKR ZHUH LQYROYHG LQ WKH 5LGJHFUHVW UHVSRQVH DQG �� HDUO\ FDUHHU

��



VFLHQWLVWV� DV ZHOO DV SDUWLFLSDQWV IURP �� FRXQWULHV� 7KH HYROYLQJ QDWXUH RI GDWD DQG PHDQV RI
GDWD FROOHFWLRQ UHTXLUH WKDW SODQV EH XSGDWHG IUHTXHQWO\� 7KH ZRUNVKRS VKRXOG OHDG WR EHWWHU
UHVXOWV IURP IXWXUH HDUWKTXDNHV E\� DGRSWLQJ EHVW SUDFWLFHV IRU GDWD FROOHFWLRQ� FRQWLQXLQJ
HQJDJHPHQW EHWZHHQ ILHOG DQG HQG XVHUV� XSGDWHV RI UROHV DQG UHVSRQVLELOLWLHV� WUDLQLQJ DQG
ZRUNIRUFH�GHYHORSPHQW��DQG�HQJDJHPHQW�ZLWK�VWUDWHJLF�SDUWQHUV�

7KHPH�'��5HGXFLQJ�6HLVPLF�5LVN
��� 5LVN WR 'LVWULEXWHG ,QIUDVWUXFWXUH�� 6&(& ZRUNV ZLWK HQJLQHHUV DQG VWDNHKROGHUV WR XVH
RXU VLPXODWLRQ FDSDELOLWLHV� SDUWLFXODUO\ IRU SK\VLFV�EDVHG JURXQG PRWLRQ VLPXODWLRQV� WR HQDEOH
QHZ PRGHV RI DVVHVVLQJ� DQG UHGXFLQJ ULVN WR GLVWULEXWHG LQIUDVWUXFWXUH� $ SDUWLFXODUO\ QRWDEOH
H[DPSOH LV /HH HW DO� ������� ZKR FRPSDUHG WKH ULVN WR WKH /$':3 ZDWHU SLSHOLQH GLVWULEXWLRQ
V\VWHP IURP &\EHU6KDNH VLPXODWLRQV ZLWK WKDW IURP HPSLULFDO *00� 7KH\ IRXQG WKDW VHLVPLF
ULVN GHYHORSHG IURP SK\VLFV�EDVHG HDUWKTXDNH VLPXODWLRQV IRU VSDWLDOO\ GLVWULEXWHG V\VWHPV FDQ
GLIIHU VXEVWDQWLDOO\ IURP WKRVH REWDLQHG IURP FRQYHQWLRQDO DSSURDFKHV �)LJ� ���� 7KHVH
GLIIHUHQFHV KDYH VLJQLILFDQW SROLF\ LPSOLFDWLRQV� DQG DUH LPSRUWDQW IRU HVWLPDWHV RI UHVRXUFHV
QHHGHG IRU DJHQFLHV WR DGHTXDWHO\ SODQ IRU DQG PLWLJDWH WKH ULVNV WR PHHW WKH V\VWHP UHVLOLHQFH
FULWHULD�

)LJXUH ��� /HIW VKRZV GLVWULEXWLRQ RI &\EHUVKDNH ���� KD]DUG VLPXODWLRQV� 3DQHOV DW ULJKW VKRZ
�D� SLSH UHSDLU FRVW DQG �E� UHSDLU WLPH DV D IXQFWLRQ RI UHWXUQ SHULRGV IRU &\EHU6KDNH YV�
1*$�:HVW��HPSLULFDO�*00V�

2WKHU DUHDV RI LQFUHDVHG XQGHUVWDQGLQJ WKDW HPHUJHG GXULQJ WKH 6&(&� SURMHFW SHULRG LQFOXGH
FRUUHODWLRQ VWUXFWXUH RI JURXQG PRWLRQ� ZKLFK FDQ EH H[SORUHG WKURXJK VLPXODWLRQV �%D\OHVV DQG
&RQGRQ� ����� DQG LQ PRGHOLQJ WKH GLVWULEXWLRQ RI QHDU�IDXOW VXUIDFH GHIRUPDWLRQ �*RXOHW HW DO��
������ %RWK RI WKHVH PD\ EH FULWLFDOO\ LPSRUWDQW WR DVVHVVLQJ V\VWHP�OHYHO HDUWKTXDNH WKUHDWV WR
GLVWULEXWHG�LQIUDVWUXFWXUH�

��



��� 9HORFLW\ DQG 5KHRORJ\ RI %DVLQ 6HGLPHQWV� 'XULQJ WKH 6&(&� SURMHFW SHULRG ZH KDYH
ZRUNHG WR XQGHUVWDQG DQG FKDUDFWHUL]H QHDU�VXUIDFH VLWH DQG EDVLQ VWUXFWXUH GXH WR LWV
LPSRUWDQFH IRU SK\VLFV�EDVHG JURXQG PRWLRQ VLPXODWLRQV� )RU EDVLQ VWUXFWXUH� 6&(&
LQYHVWLJDWRUV GHSOR\HG WHPSRUDU\ GHQVH DUUD\V� LQFUHPHQWDOO\ DFURVV NH\ SDUWV RI WKH /RV
$QJHOHV %DVLQ� 7KH FRPELQDWLRQ RI VKDUS EDVLQ�EHGURFN YHORFLW\ FRQWUDVWV DW WKHLU ERXQGDULHV
DQG WKHLU QRQ�YHUWLFDO FKDUDFWHU� PDNHV WKHP GLIILFXOW WR UHFRYHU DFFXUDWHO\ WKURXJK FRQYHQWLRQDO
WRPRJUDSK\� ZKLFK XVHV VPRRWKLQJ WR UHJXODUL]H WKH LQYHUVH SUREOHP� 0XLU HW DO� ������ XVHG
WKH OHYHO VHW DSSURDFK RI 0XLU DQG 7VDL ������ WR XSGDWH EDVLQ VWUXFWXUH LQ &90�6 ���� �)LJ�
���� 7KH\ IRXQG D GHHSHQLQJ RI WKH /RV $QJHOHV %DVLQ WRZDUGV WKH QRUWKHDVW� ZKLFK LV
FRLQFLGHQW ZLWK WKH LQIHUUHG WUDFH RI WKH 8SSHU (O\VLDQ 3DUN )DXOW� :LWKLQ WKH EDVLQ� WKLV
GHHSHQLQJ LQFUHDVHV WKH DPSOLILFDWLRQ RI /RYH ZDYHV LQ WKH ��� V SHULRG EDQG� ZLWK
FRQVHTXHQWO\ LQFUHDVHG EDVLQ UHVRQDQFH RI WKHVH ZDYHV IRU WDOO EXLOGLQJV ZLWK VLPLODU UHVRQDQW
SHULRGV�

)LJXUH ��� 5HVXOWV RI ORFDO
WRPRJUDSKLF XSGDWH XWLOL]LQJ WKH
OHYHO VHW PHWKRG �DIWHU 0XLU HW DO��
������ 3DQHOV RQ WKH ULJKW DUH� IURP
WRS WR ERWWRP� WKH UHIHUHQFH &90�6
���� SURILOH� LQYHUVLRQ UHVXOW ZLWK
LQIHUUHG ERXQGDU\ RI ORFDO XSGDWH
VKRZQ E\ D EODFN GRWWHG OLQH�
GLIIHUHQFH LQ WKH WZR PRGHOV� DQG
HVWLPDWHG XQFHUWDLQW\ LQ WKH
LQYHUVLRQ�

6KDZ HW DO� ������ GHYHORSHG
EDVLQ YHORFLW\ UHSUHVHQWDWLRQV
DV VWDQGDORQH &90
FRPSRQHQWV WKDW FDQ EH
LQFRUSRUDWHG LQWR FXUUHQW DQG
IXWXUH YHORFLW\ PRGHOV� 7KHVH

PRGHOV GHVFULEH 9S� 9V� GHQVLW\� DQG RWKHU SURSHUWLHV IRU WKH PDMRU VHGLPHQWDU\ EDVLQV LQ
VRXWKHUQ &DOLIRUQLD� 7KLV IUDPHZRUN ZLOO VXSSRUW DOWHUQDWLYH EDVLQ PRGHOV� HQDEOLQJ FRPSDULVRQ
DQG�HYDOXDWLRQ�RI�VHGLPHQWDU\�EDVLQ�VWUXFWXUH�DQG�VHGLPHQW�YHORFLW\�FKDUDFWHULVWLFV��)LJ������

)LJXUH ��� 3HUVSHFWLYH YLHZV
RI &90 EDVLQ PRGHOV� $� 7KH
,QQHU &DOLIRUQLD %RUGHUODQGV
PRGHO� VKRZLQJ 9S IRU EDVLQ
VHGLPHQWV DQG UHJLRQDO IDXOWV
IURP WKH 6&(& &)0 XVHG WR
GHILQH WKH EDVLQ H[WHQW� %�
9LHZV RI LQGLYLGXDO VHGLPHQW
EDVLQ PRGHOV� 7KHVH PRGHOV
KDYH EHHQ JHQHUDWHG DV D
VHULHV RI JULGGHG YR[HWV
DFFHVVLEOH WKURXJK WKH 8&90
IUDPHZRUN� $VVRFLDWHG
VXUIDFHV �WRSRJUDSK\�

��



VHGLPHQW EDVHPHQW LQWHUIDFH� ERXQGLQJ IDXOW VXUIDFHV� ZLOO EH PDGH DYDLODEOH WKURXJK WKH &90
ZHEVLWH�

�� &RPPXQLFDWLRQ��(GXFDWLRQ��DQG�2XWUHDFK�$FFRPSOLVKPHQWV
7KH &RPPXQLFDWLRQ� (GXFDWLRQ� DQG 2XWUHDFK �&(2� SURJUDP RI 6&(&� H[SDQGHG NQRZOHGJH
RI HDUWKTXDNH VFLHQFH� ULVN� DQG SUHSDUHGQHVV WKURXJK WZR IRFXV DUHDV� 3XEOLF (GXFDWLRQ 	
3UHSDUHGQHVV �3(3� DQG
([SHULHQWLDO /HDUQLQJ 	 &DUHHU
$GYDQFHPHQW �(/&$�� VSDQQLQJ
VL[�SURJUDPV��)LJ������

7KHVH FRPSOHPHQWDU\ IRFXV
DUHDV FRPPXQLFDWH DQG WUDLQ DERXW
VFLHQFH� ULVN� DQG SUHSDUHGQHVV
WKURXJK FRPPXQLW\ HQJDJHPHQW
DFWLYLWLHV VXFK DV *UHDW 6KDNH2XW
(DUWKTXDNH 'ULOOV� PXOWL�IDFHWHG
FRPPXQLFDWLRQ FKDQQHOV� DQG
H[WHQVLYH SDUWQHUVKLS QHWZRUNV�
ZKLOH EURDGHQLQJ SDUWLFLSDWLRQ RI
XQGHUUHSUHVHQWHG JURXSV LQ WKH
67(0 ZRUNIRUFH WKURXJK
SURIHVVLRQDO GHYHORSPHQW RSSRUWXQLWLHV
LQFOXGLQJ LQWHUQVKLSV� PHQWRULQJ �DQG
PHQWRUVKLS WUDLQLQJ�� QHWZRUNLQJ
RSSRUWXQLWLHV��DQG�RWKHU�VXSSRUW�

3XEOLF (GXFDWLRQ DQG 3UHSDUHGQHVV�
6&(& LV D QDWLRQDO DQG JOREDO OHDGHU LQ
SURPRWLQJ WKH XVH RI HDUWK VFLHQFH DQG
FRQVHQVXV VDIHW\ JXLGDQFH YLD *OREDO
(DUWKTXDNH DQG 7VXQDPL &DPSDLJQV�
6&(& DQG PDQ\ SDUWQHUV FUHDWHG WKH
*UHDW 6KDNH2XW (DUWKTXDNH 'ULOO
�6KDNH2XW�RUJ� LQ ����� EDVHG RQ WKH
86*6�OHG 6KDNH2XW 6FHQDULR� 6&(& WKHQ
H[SDQGHG 6KDNH2XW DFURVV WKH QDWLRQ�
WKHQ ZRUOGZLGH� DQG QRZ FRRUGLQDWHV ��
RIILFLDO UHJLRQV DFURVV WKH 8�6� DQG DURXQG
WKH ZRUOG� :LWK SDUWLFLSDWLRQ RI VFKRROV DQG
RUJDQL]DWLRQV IURP PRUH WKDQ �� FRXQWULHV
WKLV LQYROYHG D UHFRUG �� PLOOLRQ SHRSOH
JOREDOO\ LQ ���� �)LJ� ���� PRVWO\ RQ
,QWHUQDWLRQDO 6KDNHRXW 'D\ �WKLUG 7KXUVGD\
RI 2FWREHU�� 'XH WR &29,'���� ZH
SURYLGHG QHZ ZD\V WR SDUWLFLSDWH LQ ���� DQG ����� LQFOXGLQJ ³*UHDW 2QOLQH 6KDNH2XW´
EURDGFDVWV WKDW UHDFKHG PRUH WKDQ ������� SHRSOH DQG QHZ UHVRXUFHV IRU OHDGLQJ
RUJDQL]DWLRQDO GULOOV YLD WHOHFRQIHUHQFH� 6KDNH2XW LV QRZ D JOREDO PHVVDJLQJ SODWIRUP �!���.
ZHEVLWH DQQXDO YLVLWV RQ DYHUDJH� IRU FRPPXQLFDWLQJ VFLHQFH DQG SUHSDUHGQHVV LQIRUPDWLRQ�
ZKLFK OHDGV WR LQFUHDVHG OHYHOV RI PLWLJDWLRQ DQG SODQQLQJ �:RRG� ������ 7KH SULPH H[DPSOH LV
KRZ ³'URS� &RYHU� DQG +ROG 2Q´ JUDSKLFV DQG VDIHW\ PHVVDJLQJ �(DUWKTXDNH&RXQWU\�RUJ�VWHS��
DUH�QRZ�URXWLQHO\�EHLQJ�LQFRUSRUDWHG�LQWR�ORFDO��QDWLRQDO��DQG�LQWHUQDWLRQDO�PDWHULDOV�DQG

��
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�PHVVDJLQJ� �HIIRUWV�� �:H� �DOVR� �JXLGHG� �WKH� �FUHDWLRQ� �RI� �³5RFNHW� �5XOHV´� �HDUWKTXDNH� �HGXFDWLRQ�
�PDWHULDOV� �IRU� �JUDGHV� �.��� ����5RFNHW5XOHV�RUJ�HDUWKTXDNH����ZKLFK� �LQFOXGHV� �HDUWKTXDNH� �HDUO\�
�ZDUQLQJ� �HGXFDWLRQ�� �VLPLODUO\�� �6KDNH2XW� �LV� �QRZ� �D� �FRPPRQ� �SODWIRUP� �IRU� �HGXFDWLQJ� �:HVW� �&RDVW�
�UHVLGHQWV� �DERXW� �WKH� �86*6¶� �6KDNH$OHUW���� �(DUWKTXDNH� �(DUO\� �:DUQLQJ� �6\VWHP�� �,Q� �DGGLWLRQ� �WR��RXU�
�SURPRWLRQ� �RI� �HDUWKTXDNH� �GULOOV�� �6&(&� �LV� �VXSSRUWHG� �E\� �12$$� ��YLD� �&DO2(6�� �WR� �FUHDWH� �DQG�
�PDQDJH� �7VXQDPL=RQH�RUJ���� �ZKLFK� �DGDSWV� �WKH� �6KDNH2XW� �UHJLVWUDWLRQ� �V\VWHP� �WR� �DVVHVV�
�SDUWLFLSDWLRQ��LQ��7VXQDPL��DFWLYLWLHV��LQ��ZHVW��FRDVW��VWDWHV��DQG��DFURVV��PDQ\��WHUULWRULHV��DQG��FRXQWULHV�
�ZLWKLQ�DQG�ERUGHULQJ�WKH�&DULEEHDQ��

�6&(&� �&(2� �DOVR� �FRRUGLQDWHV� �6FLHQFH�� �5LVN�� �DQG� �&ULVLV� �&RPPXQLFDWLRQ� �DFWLYLWLHV�� �YLD�
�LQIRUPDWLRQ� �GLVWULEXWHG� �WR��WKH��SXEOLF��DQG��LQ��WKH��JHRVFLHQFH��FRPPXQLW\��YLD��WKH��QHZV��PHGLD���WKH�
�&HQWHU¶V� �ZHESDJH� ����6&(&�RUJ���� ��!���.� �YLVLWRUV�\HDU��� �TXDUWHUO\� �QHZVOHWWHUV�� �VRFLDO� �PHGLD�
�FKDQQHOV���WKH��6&(&��$QQXDO��0HHWLQJ���DQG��VFLHQFH��ZRUNVKRSV���$OO��WKHVH��FKDQQHOV��DUH��HQJDJHG�
�DIWHU��PDMRU��HDUWKTXDNHV���WKH��������5LGJHFUHVW��VHTXHQFH��UHVXOWHG��LQ��PRUH��WKDQ�������PHQWLRQV��RI�
�6&(&� �LQ� �WKH� �QHZV��� �:H� �SDUWQHU� �ZLWK� �RWKHU� �RUJDQL]DWLRQV� �IRU� �MRLQW��DFWLYLWLHV���VXFK��ZLWK��((5,��LQ�
������ �RI� �WKH� ���WK� �1DWLRQDO� �&RQIHUHQFH� �RQ� �(DUWKTXDNH� �(QJLQHHULQJ� �LQ� �/RV� �$QJHOHV� �ZKLFK�
�LQFUHDVHG� �YLVLELOLW\� �RI��6&(&��UHVHDUFK���,Q��������6&(&��FUHDWHG��WKH��(DUWKTXDNH��&RXQWU\��$OOLDQFH�
��(&$�� �DV� �D� �SDUWQHUVKLS� �RUJDQL]DWLRQ� �WKDW� �QRZ� �LQYROYHV� �PRUH� �WKDQ� ������� �SXEOLF�� �SULYDWH�� �DQG�
�JUDVVURRWV� �OHDGHUV�� �:LWK� �DGGLWLRQDO� �VXSSRUW� �IURP� �WKH� �VWDWH� �RI� �&DOLIRUQLD� �DQG� �)(0$�� �6&(&�
�FRRUGLQDWHV� �UHJLRQDO� �DQG� �VHFWRU�EDVHG� �JURXSV�� �GHOLYHUV� ������� �ORFDO� �ZRUNVKRSV� �DQG� �VWDWHZLGH�
�ZHELQDUV� �HDFK� �\HDU�� �DQG� �FUHDWHV� �GRFXPHQWV� �DQG� �JUDSKLFV� �GLVWULEXWHG� �YLD� �(&$¶V� �ZHEVLWHV�
����(DUWKTXDNH&RXQWU\�RUJ� �DQG� �7HUUHPRWRV�RUJ� ��6SDQLVK�� �DQG� �VRFLDO� �PHGLD� �FKDQQHOV�� �'XULQJ� �WKH�
�SDQGHPLF� �ZH� �PRYHG� �DFWLYLWLHV� �RQOLQH� �DQG� �FUHDWHG� ���� �QHZ� �GRFXPHQWV� �LQ� ���� �ODQJXDJHV�
����(DUWKTXDNH&RXQWU\�RUJ�ODQJXDJHV����� �LQFOXGLQJ� �JXLGDQFH� �IRU� �SHRSOH� �ZLWK� �GLVDELOLWLHV�
����(DUWKTXDNH&RXQWU\�RUJ�DFFHVVLELOLW\������$OO��UHVRXUFHV��EXLOG��RQ��(&$¶V��6HYHQ��6WHSV��WR��(DUWKTXDNH�
�6DIHW\� ����(DUWKTXDNH&RXQWU\�RUJ�VHYHQVWHSV���� ��� �7KLV� �LV� �DOVR� �IHDWXUHG� �LQ� �6&(&¶V� �4XDNH� �+HURHV�
�'RFXPHQWDU\� ����4XDNH+HURHV�RUJ������� �D�
����PLQXWH� �SURIHVVLRQDOO\� �SURGXFHG�
�ILOP� �WKDW� �YLYLGO\� �SRUWUD\V� �WKH� �VWRULHV�
�RI� �SHRSOH� �ZKR� �H[SHULHQFHG� �WKH�
�1RUWKULGJH� �HDUWKTXDNH�� �DORQJ� �ZLWK�
�FRPPHQWV� �IURP� �6&(&� �VFLHQWLVWV��
�HQJLQHHUV���DQG��ILUVW��UHVSRQGHUV���7KH�
�UHOHDVH� �RI� �WKH� �ILOP�� �ZLWK� �ODUJH�
�LQ�SHUVRQ� �VFUHHQLQJV� �DFURVV�
�&DOLIRUQLD�� �KDV� �EHHQ� �GHOD\HG� �GXH��WR�
�&29,'��EXW��ZLOO��EH��ODXQFKHG��LQ��������
�DORQJ� �ZLWK� �D� �KLJK�VFKRRO� �WRRONLW� �ZLWK�
�VFLHQFH�DQG�HQJLQHHULQJ�OHVVRQV��

�([SHULHQWLDO� �/HDUQLQJ� �DQG�
�&DUHHU� �$GYDQFHPHQW�� �6&(&� �KDV�
�IRVWHUHG� �ZRUNIRUFH� �GHYHORSPHQW�
�GXULQJ� �6&(&�� �YLD� �LWV� �ORQJVWDQGLQJ�
�XQGHUJUDGXDWH� �,QWHUQVKLS� �3URJUDPV�
����6&(&�RUJ�LQWHUQVKLSV���� �DQG� �WKH��QHZ�
�7UDQVLWLRQV� �3URJUDP�
��6&(&�RUJ�WUDQVLWLRQV�����

����



�7KH� �6XPPHU� �8QGHUJUDGXDWH� �5HVHDUFK� �([SHULHQFH� ����6&(&�RUJ�LQWHUQVKLSV�VXUH���� �SURJUDP�
�KDV� �IXQGHG� �LQGLYLGXDO� �LQWHUQVKLSV� �ZLWK� �6&(&� �VFLHQWLVWV� �IRU� �QHDUO\�������XQGHUJUDGXDWH��VWXGHQWV�
�IURP� �DFURVV� �WKH� �FRXQWU\� �VLQFH� ������� �7KH� �8QGHUJUDGXDWH� �6WXGLHV� �LQ� �(DUWKTXDNH� �,QIRUPDWLRQ�
�7HFKQRORJ\�����6&(&�RUJ�LQWHUQVKLSV�XVHLW�����SURJUDP���������������EURXJKW��WRJHWKHU���������VWXGHQWV�
�HDFK� �VXPPHU� �DW� �86&� �ZKHUH� �WKH\� �OHDUQHG� �DQG� �DSSOLHG� �FRPSXWHU� �VFLHQFH� �VNLOOV� �WR� �³*UDQG�
�&KDOOHQJHV´��RI��HDUWKTXDNH��VFLHQFH���7R��LQFUHDVH��RXU��UHDFK���EURDGHQ��SDUWLFLSDWLRQ���DQG��PDLQWDLQ�
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