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H[SUHVVLRQ�SURILOHV�DVVRFLDWHG�ZLWK�('0'�KDYH�EHHQ�VWXGLHG�LQ�VHYHUDO�H[SHULPHQWDO�PRGHOV�XVLQJ�YDULRXV�WHFKQRORJLHV��0RXVH�PRGHOV�KDYH�EHHQ

KHOSIXO�LQ�GHFLSKHULQJ�PHFKDQLVPV�LQYROYHG�LQ�WKH�SDWKRJHQHVLV�RI�('0'��DV�ZHOO�DV�IRU�RSHQLQJ�SKDUPDFRORJLFDO�WKHUDSLHV�SHUVSHFWLYHV��7KH

GHYHORSPHQW�RI�/PQD �PLFH�E\�6XOOLYDQ�DQG�FROOHDJXHV�ZDV�WKH�ILUVW�DQLPDO�PRGHO�RI�WKH�GLVHDVH�>��@��7KH�PLFH�H[SUHVVLQJ�D�WUXQFDWHG�SHSWLGH�

ODPLQ�$�GHOWD�����>��@��GHYHORS�FDUGLRP\RSDWK\�DQG�VNHOHWDO�PXVFOH�ZDVWLQJ�UHPLQLVFHQW�RI�KXPDQ�('0'��7KHQ��RWKHU�PRXVH�PRGHOV�RI�('0'

ZHUH�JHQHUDWHG��7KHVH�DUH�NQRFN�LQ�PLFH�WKDW�H[SUHVV�$�W\SH�ODPLQV�ZLWK�WKH�S�+���3�>��@��S�GHOWD.���>��@�DQG�S�1���.�>��@�UHVLGXH�VXEVWLWXWLRQV�

$ULPXUD�HW�DO��GHYHORSHG�/PQD�NQRFN�LQ�PLFH�FDUU\LQJ�WKH�S�+���3�PXWDWLRQ�WKDW�ZDV�LGHQWLILHG�LQ�WKH�KXPDQ�/01$�JHQH�LQ�DQ�('0'�IDPLO\�>��@�

7KLV�PXWDWLRQ�ZDV�DOVR�FKRVHQ�EHFDXVH�LW�SXWDWLYHO\�GUDPDWLFDOO\�DOWHUHG�WKH�FRLO�FRLOHG�RUJDQL]DWLRQ�RI�$�W\SH�ODPLQV��EDVHG�RQ�LQ�VLOLFR�DQDO\VLV��7KLV

ZDV�WKH�ILUVW�/PQD�PRXVH�PRGHO�PLPLFNLQJ�KXPDQ�('0'�IURP�WKH�JHQH�PXWDWLRQ�WR�WKH�FOLQLFDO�V\PSWRPV��7ZR�VHSDUDWH�JURXSV�KDYH�JHQHUDWHG

(PG�QXOO�PLFH�>�����@��7KHVH�PLFH�KDYH�VXEWOH�PRWRU�FRRUGLQDWLRQ�DEQRUPDOLWLHV��ZLWK�D�SURORQJDWLRQ�RI�DWULRYHQWULFXODU�FRQGXFWLRQ�WLPH�LQ�(PG�QXOO

PLFH�>��@��1RWZLWKVWDQGLQJ��WKHVH�DQLPDO�PRGHOV�PD\�QRW�UHIOHFW�WKH�³QDWXUDO´�KXPDQ�FRQGLWLRQ�LQ�WHUPV�RI�SK\VLRORJLFDO�PHFKDQLVP�DQG�JHQHWLF

RXWORRN��,QGXFHG�SOXULSRWHQW�VWHP�FHOO��L36&��WHFKQRORJ\�UHSUHVHQWV�D�PHDQV�WR�VXUPRXQW�WKHVH�VKRUWFRPLQJV��DOORZLQJ�WKH�JHQHUDWLRQ�RI�DQ\�FHOO�W\SH

WKURXJK�SHFXOLDU�GLIIHUHQWLDWLRQ�SURWRFROV�>��@��7LVVXH�VSHFLILF�LQ�YLWUR�PRGHOV�RI�('0'�KDYH�EHHQ�FUHDWHG�IURP�L36&V�WKDW�UHFDSLWXODWH�WUDLWV�RI�WKH

GLVHDVH�>�����������������@�

7R�H[SORUH�WKH�SDWKRJHQHVLV�RI�FDUGLRP\RSDWK\�DVVRFLDWHG�ZLWK�('0'��ZH�FDUULHG�RXW�D�JHQRPH�ZLGH�51$�H[SUHVVLRQ�DQDO\VLV�RI�KHDUWV�IURP

/PQD �PLFH�DQG�(PG�NQRFNRXW�PLFH��WZR�PRXVH�PRGHOV�RI�('0'��7KLV�DQDO\VLV�UHYHDOHG�FKDQJHV�LQ�WKH�H[SUHVVLRQ�RI�JHQHV�HQFRGLQJ

SURWHLQV�LQ�PLWRJHQ�DFWLYDWHG�SURWHLQ��0$3��NLQDVHV��:QW�ȕ�FDWHQLQ��$.7�P725�DQG�WUDQVIRUPLQJ�JURZWK�IDFWRU��7JI��ȕ�VLJQDOLQJ�SDWKZD\V�LQ�WKH

PXWDWHG�PRGHOV�>�����������������@��8VLQJ�51$�VHTXHQFLQJ�WHFKQRORJ\�RQ�/PQD �PLFH��$XJXVWH�DQG�FROOHDJXHV�VKRZHG�WKDW�WKH�)2;2�VLJQDOLQJ

SDWKZD\�LPSDFWHG�GLIIHUHQW�VLJQDOLQJ�SDWKZD\V��L�H���1)ț%��71)Į��3���DQG�2[3+26�VLJQDOLQJ�SDWKZD\V�DQG�ELRORJLFDO�SURFHVVHV��L�H���DSRSWRVLV�

VXVWDLQLQJ�WKH�FDUGLDF�SKHQRW\SH�DVVRFLDWHG�ZLWK�('0'�>��@��)XUWKHUPRUH��ZKROH�JHQRPH�H[SUHVVLRQ�DQDO\VLV�RI�WKH�SULPDU\�FHOOV�RI�('0'�SDWLHQWV

VKRZHG�DEHUUDQW�DFWLYLW\�RI�XQIROGHG�SURWHLQ�UHVSRQVH�VLJQDOLQJ�>��@��,Q�D�FDUGLDF�VSHFLILF�H[SUHVVLRQ�RI�/PQD�S�'���1��WKH�0DULDQ�JURXS�VKRZHG

XVLQJ�EXON�51$�VHTXHQFLQJ�VWUDWHJ\�WKDW�DQ�LQFUHDVH�RI�'1$�GDPDJH�UHVSRQVH�73���SDWKZD\�ZDV�FRQWULEXWLQJ�WR�WKH�SDWKRJHQHVLV�RI

FDUGLRP\RSDWK\�DVVRFLDWHG�ZLWK�('0'�>��@��$OO�WKHVH�GDWDVHWV�OHG�WR�WKH�K\SRWKHVLV�RI�D�PRGHO�RI�KRZ�DEQRUPDOLWLHV�RI�$�W\SH�ODPLQV�DQG�HPHULQ

PD\�OHDG�WR�('0'�>��@��8VLQJ�D�WUDQVFULSWRPLF�DSSURDFK�IURP�UHJHQHUDWLQJ�VNHOHWDO�PXVFOH�IURP�HPHULQ�GHILFLHQW�PLFH��0HOFRQ�HW�DO��>��@�KDYH

VKRZQ�GHOD\HG�P\RJHQLF�GLIIHUHQWLDWLRQ��ZKLFK�LV�UHJXODWHG�E\�5E�DQG�0\R'�JHQHV��6LQFH�WKHQ��VPDOO�PROHFXOHV�KDYH�EHHQ�XVHG�E\�RWKHUV�WR�UHVFXH

WKH�LPSDLUHG�P\RJHQLF�GLIIHUHQWLDWLRQ�LQ�HPHULQ�GHILFLHQF\��ZKLFK�FRXOG�UHSUHVHQW�D�SRWHQWLDO�VWUDWHJ\�IRU�LPSURYLQJ�WKH�PXVFOH�ZDVWLQJ�SKHQRW\SH

VHHQ�LQ�('0'�>��@��+HQFH��DEQRUPDOLWLHV�LQ�VDWHOOLWH�FHOO�EHKDYLRU�PD\�EH�UHVSRQVLEOH�LQ�SDUW�IRU�WKH�VNHOHWDO�PXVFOH�GLVHDVH�LQ�('0'�

7KH�PHFKDQLVPV�WKDW�EULGJH�WKH�/01$�JHQHWLF�GHIHFWV�WR�PDOLJQDQW�DUUK\WKPLDV�>��@�DUH�XQNQRZQ��7R�EHWWHU�XQGHUVWDQG�WKLV�SKHQRW\SH�LQ�('0'��'U�

:X¶V�JURXS�PRGHOHG�WKH�GLVHDVH�LQ�YLWUR�XVLQJ�SDWLHQW�VSHFLILF�L36&�GHULYHG�FDUGLRP\RF\WHV��L36&�&0V��FDUU\LQJ�/01$�IUDPHVKLIW�S�.���IV

PXWDWLRQ�>��@��7KH\�VKRZHG�DQ�DEQRUPDO�DFWLYDWLRQ�RI�WKH�SODWHOHW�GHULYHG�JURZWK�IDFWRU��3'*)��VLJQDOLQJ�LQ�/01$�S�.���IV�L36&�&0V��7KH

LQKLELWLRQ�RI�WKH�3'*)�VLJQDOLQJ�LPSURYHV�WKH�DUUK\WKPLF�SKHQRW\SH�RI�PXWDWHG�L36&�&0V��RSHQLQJ�QRYHO�WKHUDSHXWLF�SHUVSHFWLYHV�IRU�WKH�WUHDWPHQW

RI�('0'�

$OO�WKHVH�VWXGLHV�FRQWULEXWHG�WR�D�EHWWHU�NQRZOHGJH�RI�WKH�IXQFWLRQDO�DQG�PROHFXODU�PHFKDQLVPV�RI�WKH�GLVHDVH��:H�FDQ�H[SHFW�WKDW�QHZ�ILQGLQJV�ZLOO

GHVLJQ�DSSOLFDWLRQV�RI�L36&�PRGHOV�WR�SKDUPDFRORJLFDO�WHVWLQJ�LQ�VWULDWHG�PXVFOH�VSHFLILF�FRQWH[WV�>��@��PDNLQJ�WKH�WHFKQRORJ\�DYDLODEOH�WR�SDWLHQWV�
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$PRQJ�WKH�PRGHOV�SURSRVHG�WR�H[SODLQ�KRZ�('0'�SKHQRW\SHV�DULVH��WKH�µJHQH�H[SUHVVLRQ�PRGHO¶��SRVLWV�DQ�HIIHFW�RI�PXWDWHG�ODPLQ�$�&�RQ�WKH

WUDQVFULSWLRQ�DFWLYLW\�RI�JHQHV�DQG�RU�SDWKZD\V�WKDW�FRXOG�LPSDFW�VWULDWHG�PXVFOH�KRPHRVWDVLV�SURFHVV��$FFRUGLQJ�WR�WKLV�PRGHO��LW�KDV�EHHQ�GHVFULEHG

WKDW�$�W\SH�ODPLQV�LQWHUDFW�ZLWK�KHWHURFKURPDWLQ�UHJLRQV�FDOOHG�/DPLQ�$VVRFLDWHG�'RPDLQV��/$'V���7KHVH�/$'V�SOD\�D�UROH�IRU�FKURPDWLQ

RUJDQL]DWLRQ�DQG�JHQH�H[SUHVVLRQ�UHJXODWLRQ�>�����������@��,W�KDV�EHHQ�VKRZQ�WKDW�WKH�/$'V�DUH�UH�RUJDQL]HG�LQ�('0'�VWHHULQJ�PRGLILFDWLRQV�RI�WKH

HSLJHQHWLF�SURJUDP��XOWLPDWHO\�GULYLQJ�WKH�ORVV�RI�P\RJHQLF�GLIIHUHQWLDWLRQ�>��@��7KLV�KDV�EHHQ�UHFHQWO\�VKRZQ�LQ�DQ�HOHJDQW�PDQQHU�E\�%LDQFKL�DQG
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FROOHDJXHV�RQ�D�PXULQH�PRGHO�RI�('0'�>��@��7KH�DXWKRUV�GHVFULEHG�DQ�DEQRUPDO�SRVLWLRQLQJ�RI�SRO\FRPE�SURWHLQV��ZKLFK�DUH�HSLJHQHWLF�UHSUHVVRUV

LQYROYHG�LQ�FHOO�LGHQWLW\��7KLV�FDXVHV�LPSDLUPHQW�LQ�VHOI�UHQHZDO��GHILFLHQF\�RI�FHOO�LGHQWLW\�DQG�WKH�HDUO\�H[KDXVWLRQ�RI�WKH�TXLHVFHQW�VDWHOOLWH�FHOO�SRRO�

GHPRQVWUDWLQJ�WKDW�PXVFXODU�G\VWURSK\�LQ�('0'�FDQ�EH�SDUWLDOO\�FDXVHG�E\�HSLJHQHWLF�G\VIXQFWLRQV�RI�PXVFOH�VWHP�FHOOV�>��@��0HZERUQ�DQG

FROOHDJXHV�VKRZHG�WKDW�WKH�/01$�S�(���.�PXWDWLRQ�SHUWXUEHG�WKH�SRVLWLRQLQJ�DQG�FRPSDFWLRQ�RI�FKURPRVRPDO�GRPDLQV�LQ�SULPDU\�ILEUREODVWV�

UHVXOWLQJ�LQ�DQ�DOWHUHG�JHQH�H[SUHVVLRQ�SURILOH�>��@��$QRWKHU�VWXG\�IRFXVHG�RQ�WKH�RUJDQL]DWLRQ�RI�/$'V�LQ�('0'�XVLQJ�D�PXOWL�2PLFV�DSSURDFK

�&KLS�6HT�51$�VHTXHQFLQJ��LQ�H[SODQWHG�KHDUWV�IURP�ILYH�SDWLHQWV�FDUU\LQJ�/01$�PXWDWLRQV�>��@��/$'V�ZHUH�UHGLVWULEXWHG��HQVXLQJ�LQ�D�IXQFWLRQDO

FKURPDWLQ�VWDWH�LQ�PXWDWHG�KHDUWV��VXJJHVWLQJ�WKH�ORVV�RI�VSHFLILF�IXQFWLRQDO�FKURPDWLQ�ELQGLQJ��7KLV�DEHUUDQW�GLVWULEXWLRQ�LPSDFWHG�ERWK�WKH�JHQH

H[SUHVVLRQ�SURILOH�DQG�&S*�PHWK\ODWLRQ��$Q�LQWHJUDWHG�DQDO\VLV�VKRZHG�WKH�FRPELQHG�UROH�RI�/$'V�DQG�&S*�PHWK\ODWLRQ�LQ�WKH�UHJXODWLRQ�RI�JHQH

H[SUHVVLRQ��DQG�LGHQWLILHG�QXPHURXV�WUDQVFULSWLRQ�IDFWRUV�LQYROYHG�LQ�ELRORJLFDO�SURFHVVHV�VXFK�DV�FHOO�GHDWK�VXUYLYDO��FHOO�F\FOH�DQG�PHWDEROLVP�>��@�

%HUWHUR�DQG�FROOHDJXHV�VKRZHG�DW�WKH�VDPH�WLPH��XVLQJ�JHQRPH�ZLGH�FKURPRVRPH�FRQIRUPDWLRQ�FDSWXUH��+L&��DQDO\VHV�RQ�L36&�&0V�FDUU\LQJ�/01$

S�5���;�PXWDWLRQ�>��@��D�VOLJKW�FKURPDWLQ�FRPSDUWPHQW�G\VUHJXODWLRQ��DURXQG����RI�WKH�JHQRPH���51$�VHTXHQFLQJ�RI�WKHVH�DOWHUHG�FKURPDWLQ

GRPDLQV�UHYHDOHG�WKH�DEQRUPDO�XS�UHJXODWLRQ�RI�RQO\�D�KDQGIXO�RI�JHQHV��DPRQJ�ZKLFK�ZDV�&$&1$�$��7KLV�ODWWHU�HQFRGHV�D�VXEXQLW�RI�D�FDOFLXP

FKDQQHO��ZKRVH�DEQRUPDO�H[SUHVVLRQ�PLJKW�SDUWLDOO\�H[SODLQ�WKH�HOHFWURSK\VLRORJLFDO�DQG�FRQWUDFWLOH�DEHUUDWLRQV�REVHUYHG�LQ�WKH�PXWDQW�KL36&�&0V�

7KH�DXWKRUV�VKRZHG�WKDW�SKDUPDFRORJLFDO�WUHDWPHQWV�WR�SUHYHQW�ERWK�WKH�HOHFWURSK\VLRORJLFDO�DQG�FRQWUDFWLOH�DOWHUDWLRQV�KHOSHG�LPSURYH�WKH�DEQRUPDO

SKHQRW\SHV�GHVFULEHG�LQ�WKH�PXWDWHG�L36&�&0V��7KLV�VXJJHVWV�WKDW�&$&1$�$�PD\�EH�D�JRRG�WKHUDSHXWLF�WDUJHW�WR�UHYHUVH�WKH�FDUGLDF�DEQRUPDOLWLHV�LQ

('0'�SDWLHQWV��+RZHYHU��WKH�ZRUN�E\�%HUWHUR�HW�DO��VKRZHG�RQO\�PLQRU�DOWHUDWLRQV�LQ�FKURPDWLQ�FRPSDUWPHQWDOL]DWLRQ�LQ�PXWDWHG�KL36&�&0V��D

ILQGLQJ�WKDW�FKDOOHQJHV�WKH�DEHUUDQW�JHQH�H[SUHVVLRQ�PRGHO�>��@�

�¯�¯�$`UIo�@aK�!Mq@Hc_Uo`

&RQWUDFWLQJ�LQFHVVDQWO\��WKH�KHDUW�GHPDQGV�D�ORW�RI�HQHUJ\�WR�HQVXUH�RSWLPDO�FRQWUDFWLOH�IXQFWLRQ��5HVHDUFK�KDV�GHPRQVWUDWHG�WKDW�WKH�KLJK�UHTXLUHPHQWV

RI�WKH�KHDUW�DUH�VDWLVILHG�E\�D�SUHIHUHQFH�IRU�WKH�R[LGDWLRQ�RI�IDWW\�DFLGV��6WXGLHV�KDYH�GHPRQVWUDWHG�WKDW�WKH�IDLOLQJ�KHDUW�GHYLDWHV�IURP�LWV�LQKHUHQW

SURILOH�DQG�UHOLHV�KHDYLO\�RQ�JOXFRVH�PHWDEROLVP��SULPDULO\�DFKLHYHG�E\�DFFHOHUDWLRQ�LQ�JO\FRO\VLV��7R�JDLQ�IXUWKHU�LQVLJKW�LQWR�WKH�PROHFXODU

PHFKDQLVP�UXOLQJ�WKLV�GLVHDVH��VFLHQWLVWV�KDYH�VWXGLHG�WKH�FDUGLDF�PHWDEROLF�UDWHV�LQ�/PQD �PLFH��:HVW�DQG�FROOHDJXHV�GHVFULEHG�D�WDUJHWHG

PHWDERORPLFV�DVVD\�WKDW�TXDQWLILHV�PHWDEROLWHV�UHOHYDQW�WR�FDUGLDF�PHWDEROLVP�>��@��7KH�DVVD\�GHPRQVWUDWHV�WKDW�WKH�/PQD �PRXVH�KHDUW�KDV

GHFUHDVHG�PHWDEROLWHV�DVVRFLDWHG�ZLWK�WKH�FLWULF�DFLG�F\FOH�DQG�IDWW\�DFLG�R[LGDWLRQ�>��@��7KLV�FRUURERUDWHG�DQRWKHU�VWXG\��ZKLFK�VKRZHG�WKDW�DFWLYDWHG

$.7�P725�VLJQDOLQJ�UHGXFHV�WROHUDQFH�WR�HQHUJ\�GHILFLWV�LQ�KHDUWV�IURP�/PQD �PLFH�>��@��$�UDSDP\FLQ�DQDORJ�WKDW�EORFNV�$.7�P725

DFWLYLW\�KDV�EHHQ�XVHG�WR�SUHYHQW�WKH�SURJUHVVLRQ�RI�FDUGLRP\RSDWK\�LQ�/PQD �PLFH�>��@��7KHVH�ZRUNV�KLJKOLJKWHG�WKDW�WKH�KHDUW�LV�XQDEOH

WR�FRPSHQVDWH�IRU�LQFUHDVHG�RU�IOXFWXDWLQJ�HQHUJ\�GHPDQG�DQG��RYHU�WLPH��GHYHORSV�GLODWHG�FDUGLRP\RSDWK\�LQ�('0'��7KLV�PHWDEROLF�UHPRGHOLQJ

SUREDEO\�UHSUHVHQWV�DQ�DGDSWLYH�FDUGLR�SURWHFWLYH�PHFKDQLVP�WKDW�FDQ�KHOS�LPSURYH�FRQWUDFWLOH�IXQFWLRQ��WKXV�VORZLQJ�WKH�SURJUHVVLRQ�RI�('0'�DQG

LPSURYLQJ�SURJQRVLV��$V�VXFK��PHWDEROLF�PRGXODWRUV��ZKLFK�KDYH�WKH�SRWHQWLDO�WR�VKLIW�P\RFDUGLDO�VXEVWUDWH�XWLOL]DWLRQ�IURP�IDWW\�DFLGV�WRZDUG�JOXFRVH

PHWDEROLVP��PD\�KDYH�D�SODFH�LQ�WKH�PDQDJHPHQW�RI�SDWLHQWV��6RPH�RI�WKHVH�PRGXODWRUV�KDYH�DOUHDG\�EHHQ�LQYHVWLJDWHG�DV�WUHDWPHQW�IRU

FDUGLRP\RSDWK\��ZLWK�VRPH�EHQHILFLDO�HIIHFWV�>�����@��,W�ZRXOG�EH�UHOHYDQW�WR�WHVW�WKHLU�HIILFDF\�LQ�('0'�

0RUHRYHU��:HVW�DQG�FROOHDJXHV�VKRZHG�LQFUHDVHG�UHVSRQVHV�WR�R[LGDWLYH�VWUHVV�DQG�UHDFWLYH�R[\JHQ�VSHFLHV��526��H[SRVXUH�LQ�/PQD �PRXVH�KHDUWV

>��@��526�DUH�VPDOO��VKRUW�OLYHG�VLJQDOLQJ�PROHFXOHV�WKDW�PHGLDWH�YDULRXV�FHOOXODU�UHVSRQVHV��%DVHG�RQ�WKLV��ZH�UHFHQWO\�VKRZHG�WKDW�1�DFHW\O�F\VWHLQH

WUHDWPHQW�UHGXFHV�FDUGLDF�R[LGDWLYH�VWUHVV�LQMXU\�DQG�DPHOLRUDWHV�FRQWUDFWLOH�G\VIXQFWLRQ�LQ�/PQD �PLFH�>��@�

�¯�¯�$`UIo�@aK��Uc`@n^Mno

2PLFV�DUH�SRZHUIXO�WRROV�WR�LGHQWLI\�GLVHDVHV¶�PROHFXODU�ELRPDUNHUV��0ROHFXODU�ELRPDUNHUV�DUH�PROHFXOHV�ZLWK�SDUWLFXODU�ELRSK\VLFDO�SURSHUWLHV��WKH

TXDQWLWLHV�RI�ZKLFK�DUH�PHDVXUHG�LQ�ELRORJLFDO�VDPSOHV��DQG�DUH�RI�FULWLFDO�LPSRUWDQFH�LQ�WKH�VXSSRUW�RI�WKH�FOLQLFDO�GLDJQRVLV�RI�SDWKRORJ\��WKH

PRQLWRULQJ�RI�LWV�WLPH�FRXUVH�DQG�WKH�HYDOXDWLRQ�RI�WKH�LPSDFW�RI�WKHUDSHXWLF�DSSURDFKHV��0ROHFXODU�ELRPDUNHUV�KDYH�WR�EH�TXDQWLILHG�IURP�SDWLHQWV�LQ

WKH�OHDVW�LQYDVLYH�PDQQHU�SRVVLEOH��&LUFXODWLQJ�PROHFXODU�ELRPDUNHUV�LQ�ERG\�IOXLGV��L�H���EORRG��SODVPD��VHUXP�RU�XULQH��DUH�WKXV�WKH�PDLQ�LQWHUHVW�

3URWHRPLF��WUDQVFULSWRPLF�DQG�PHWDERORPLF�DQDO\VLV�KDYH�EHHQ�GULYHQ�LQ�PDQ\�GLVHDVHV�WR�LGHQWLI\�VXFK�ELRPDUNHUV�>�����@�

7R�LGHQWLI\�FLUFXODWLQJ�PLFUR51$�DV�PROHFXODU�ELRPDUNHUV�IRU�('0'��WKH�PLFUR51$�WUDQVFULSWRPH��PL5QRPH��IURP�SODVPD�RI�/PQD

PLFH�ZDV�VFUHHQHG�>��@��$�VSHFLILF�DQG�GLVWLQFWLYH�PLFUR51$�H[SUHVVLRQ�SURILOH�ZDV�LGHQWLILHG��DQG�WKUHH�RI�WKH�G\VWURPLUV��PLU����E��PLU����D�DQG

PLU����ZHUH�GRZQUHJXODWHG�LQ�WKHVH�PLFH��)XUWKHUPRUH��WZR�PLFUR51$V�ZHUH�XSUHJXODWHG��PLU����E�DQG�PLU����D��DQG�VL[�PLFUR51$V�ZHUH

GRZQUHJXODWHG��PLU����D��PLU����D��PLU����E��PLU����PLU������S��PLU������S��LQ�/PQD �PLFH�FRPSDUHG�ZLWK�ZLOG�W\SH�DQLPDOV�>��@�

�¯��caI_roUcao
2PLFV�WHFKQRORJLHV�KDYH�KDVWHQHG�WKH�LGHQWLILFDWLRQ�RI�JHQHWLF�PXWDWLRQV�DVVRFLDWHG�ZLWK�('0'��DQG�KDYH�XQYHLOHG�WKH�H[LVWHQFH�RI�UDUH�YDULDQWV�DQG

PRGLILHU�JHQHV�WKDW�PLJKW�HVWDEOLVK�WKH�SKHQRW\SLFDO�KHWHURJHQHLW\�RI�WKH�GLVHDVH��7UDQVFULSWRPLF�VWXGLHV�KDYH�XQFRYHUHG�DOWHUDWLRQV�LQ�VLJQDOLQJ

PHFKDQLVPV�FDXVLQJ�VRPH�RI�WKH�V\PSWRPV�LQ�('0'��EXW�DUH�UHVWULFWHG�WR�H[SHULPHQWDO�PRGHOV��LQ�YLWUR�DQG�LQ�YLYR��ZLWK�WHFKQLFDO�DQG�WKHRUHWLFDO
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VKRUWFRPLQJV��)XUWKHUPRUH��DOWKRXJK�WKH�QXPEHU�RI�SDUDPHWHUV�EHLQJ�PHDVXUHG�KDV�LQFUHDVHG�ZLWK�2PLFV�WHFKQRORJLHV��WKH�QXPEHU�RI�ELRORJLFDO�DQG

PHWKRGRORJLFDO�UHSOLFDWHV�KDV�QRW��,Q�DGGLWLRQ��EHFDXVH�RI�WKH�ODUJH�QXPEHU�RI�PHDVXUHPHQWV�DQG�WKH�OLPLWHG�QXPEHU�RI�VXEMHFWV��XQLTXH�SUREOHPV

DULVH�LQ�2PLFV�VWXGLHV�LQYROYLQJ�VWDWLVWLFV�DQG�ELDV��$�VLQJOH�2PLFV�WHFKQLTXH�ZLOO�RQO\�FDSWXUH�FKDQJHV�LQ�D�VXEVHW�RI�ELRORJLFDO�FDVFDGHV��LW�FDQQRW

SURYLGH�D�V\VWHPLF�XQGHUVWDQGLQJ�RI�WKH�FRPSOH[LW\�RI�V\VWHPV�ELRORJ\��7KH�LQWHJUDWLRQ�RI�PXOWLSOH�2PLFV�GDWD�VHWV�SURPLVHV�D�VXEVWDQWLDO

LPSURYHPHQW��WKURXJK�DQ�LQFUHDVH�RI�LQIRUPDWLRQ�DQG��HVSHFLDOO\��V\VWHPLF�XQGHUVWDQGLQJ��7KHUHIRUH��PXFK�ZRUN�LV�QHHGHG�EHIRUH�XVLQJ�WKLV�UHVHDUFK

LQ�WKH�FOLQLF��$OO�RI�WKLV�ZLOO�GHSHQG�RQ�LQWHJUDWLYH�FROODERUDWLRQV�DPRQJ�SK\VLFLDQV�DQG�VFLHQWLVWV�WKDW�ZLOO�EH�HVVHQWLDO�IRU�PDMRU�EUHDNWKURXJKV�IRU

ERWK�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�('0'�

�rqTcn��caqnUHrqUcao
:ULWLQJ²2ULJLQDO�9HUVLRQ��$�0���:ULWLQJ²5HYLHZ�	�(GLWLQJ��$�0��DQG�1�9���)XQGLQJ�$FTXLVLWLRQ��$�0��$OO�DXWKRUV�KDYH�UHDG�DQG�DJUHHG�WR�WKH

SXEOLVKHG�YHUVLRQ�RI�WKH�PDQXVFULSW�
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�����������GRL����������SURWHRPHV���������>30&�IUHH�DUWLFOH@�>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@
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>*RRJOH�6FKRODU@

���%HQDUURFK�/���%RQQH�*���5LYLHU�)���+DPURXQ�'��7KH������YHUVLRQ�RI�WKH�JHQH�WDEOH�RI�QHXURPXVFXODU�GLVRUGHUV��QXFOHDU�JHQRPH��1HXURPXVFXO��'LVRUG�

�����������±������GRL����������M�QPG��������������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@
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���(PHU\�$�(���'UHLIXVV�)�(��8QXVXDO�W\SH�RI�EHQLJQ�[�OLQNHG�PXVFXODU�G\VWURSK\��-��1HXURO��1HXURVXUJ��3V\FKLDWU\�������������±�����GRL�

��������MQQS�����������>30&�IUHH�DUWLFOH@�>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

���(PHU\�$�(��;�OLQNHG�PXVFXODU�G\VWURSK\�ZLWK�HDUO\�FRQWUDFWXUHV�DQG�FDUGLRP\RSDWK\��(PHU\�'UHLIXVV�W\SH��&OLQ��*HQHW�������������±�����GRL�

��������M����������������WE������[��>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

���:DWHUV�'�'���1XWWHU�'�2���+RSNLQV�/�&���'RUQH\�(�5��&DUGLDF�IHDWXUHV�RI�DQ�XQXVXDO�;�OLQNHG�KXPHURSHURQHDO�QHXURPXVFXODU�GLVHDVH��1��(QJO��-��0HG�

�������������±������GRL����������1(-0�����������������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

���%LDOHU�0�*���0FGDQLHO�1�/���.HOO\�7�(��3URJUHVVLRQ�RI�FDUGLDF�GLVHDVH�LQ�HPHU\�GUHLIXVV�PXVFXODU�G\VWURSK\��&OLQ��&DUGLRO��,QW��-��&DUGLRYDVF��'LV�

�������������GRL����������FOF�������������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����%pFDQH�+�0���%RQQH�*���9DUQRXV�6���0XFKLU�$���2UWHJD�9���+DPPRXGD�(�+���8UWL]EHUHD�-�$���/DYHUJQH�7���)DUGHDX�0���(\PDUG�%���HW�DO��+LJK�LQFLGHQFH�RI

VXGGHQ�GHDWK�ZLWK�FRQGXFWLRQ�V\VWHP�DQG�P\RFDUGLDO�GLVHDVH�GXH�WR�ODPLQV�$�DQG�&�JHQH�PXWDWLRQ��3DFLQJ�&OLQ��(OHFWURSK\VLRO��������������±������GRL�

��������M����������������������[��>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����YDQ�%HUOR�-�+���GH�9RRJW�:�*���YDQ�GHU�.RRL�$�-���YDQ�7LQWHOHQ�-�3���%RQQH�*���<DRX�5�%���'XERF�'���5RVVHQEDFNHU�7���+HLGE�FKHO�+���GH�9LVVHU�0���HW�DO�

0HWD�DQDO\VLV�RI�FOLQLFDO�FKDUDFWHULVWLFV�RI�����FDUULHUV�RI�/01$�JHQH�PXWDWLRQV��'R�ODPLQ�$�&�PXWDWLRQV�SRUWHQG�D�KLJK�ULVN�RI�VXGGHQ�GHDWK"�-��0RO��0HG�

����������±����GRL����������V������������������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@
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