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)URP�V\PPHWU\�EUHDNLQJ�LQ�WKH�EXON�WR�SKDVH�WUDQVLWLRQV�
DW�WKH�VXUIDFH��D�TXDQWXP�PHFKDQLFDO�H[SORUDWLRQ�RI�

/L�36�&O�DUJ\URGLWH�VXSHULRQLF�FRQGXFWRU

7DEOH�RI�&RQWHQWV�(QWU\

/LWKLXP�VXSHULRQLF�FRQGXFWRU�HOHFWURO\WHV�PD\�HQDEOH�WKH�VDIH�XVH�RI�PHWDOOLF�OLWKLXP�DQRGHV�LQ�DOO�VROLG�VWDWH�EDWWHULHV�/LWKLXP�

VXSHULRQLF�FRQGXFWRU�HOHFWURO\WHV�PD\�HQDEOH�WKH�VDIH�XVH�RI�PHWDOOLF�OLWKLXP�DQRGHV�LQ�DOO�VROLG�VWDWH�EDWWHULHV��7KH�LQFRPLQJ�

IRUPDWLRQ�RI�LQWHUSKDVHV�PD\�SOD\�DQ�HVVHQWLDO�UROH�LQ�WKH�VWDELOLW\�RI�WKH�VROLG�HOHFWURO\WH�

$EVWUDFW

/LWKLXP�VXSHULRQLF�FRQGXFWRU�HOHFWURO\WHV�PD\�HQDEOH�WKH�VDIH�XVH�RI�PHWDOOLF�OLWKLXP�DQRGHV�LQ�DOO�VROLG�VWDWH�EDWWHULHV��

7KH�NH\� WR� D� VXFFHVVIXO� DSSOLFDWLRQ� LV� D� KLJK�/L� FRQGXFWLYLW\� LQ� WKH� HOHFWURO\WH�PDWHULDO�� WR� EH� DFKLHYHG� WKURXJK� WKH�

PDLQWHQDQFH�RI�LQWLPDWH�FRQWDFW�ZLWK�WKH�HOHFWURGHV�DQG�WKH�NQRZOHGJH�RI�WKH�FKHPLFDO�QDWXUH�RI�WKDW�FRQWDFW��,Q�WKLV�

PDQXVFULSW��ZH�WDFNOH�WKLV�LVVXH�E\�D�WKHRUHWLFDO�DE�LQLWLR�DSSURDFK��)RFXVLQJ�RQ�WKH�/L�36�&O��D�WKLRSKRVSKDWH�ZLWK�

0DGGDOHQD�'
$PRUH�� ��������������������D���/RUHGDQD�(GLWK�'DJDD��5LFFDUGR�5RFFDD�E��0DXUR�)UDQFHVFR�

6JURLE��1DLDUD�/HWLFLD�0DUDQDD��6LOYLD�0DULD�&DVDVVD�� ���������������������+�����������D��/RUHQ]R�

0DVFKLR�� ���������������������&�����������D��DQG�$QQD�0DULD�)HUUDUL�� ��������������������D�

D'LSDUWLPHQWR�GL�&KLPLFD��8QLYHUVLW �GL�7RULQR��9LD�3��*LXULD����������7RULQR��,WDO\��PDGGDOHQD�GDPRUH#XQLWR�LW��

ORUHQ]R�PDVFKLR#XQLWR�LW��DQQD�IHUUDUL#XQLWR�LW

E&HQWUR�5LFHUFKH�),$7�6�&�S�$���6WUDGD�7RULQR������������2UEDVVDQR��7R���,WDO\

L $XWKRU�DQG�DíOLDWLRQ�GHWDLOV�FDQ�EH�HGLWHG�LQ�WKH�SDQHO�WKDW�DSSHDUV�WR�WKH�ULJKW�ZKHQ�\RX�FOLFN�RQ�WKH�DXWKRU�OLVW�

)XQGLQJ�,QIRUPDWLRQ

L :H�KDYH�FRPELQHG�WKH�IXQGLQJ�LQIRUPDWLRQ�\RX�JDYH�XV�RQ�VXEPLVVLRQ�ZLWK�WKH�LQIRUPDWLRQ�LQ�\RXU�DFNQRZOHGJHPHQWV��7KLV�

ZLOO�KHOS�HQVXUH�WKH�IXQGLQJ�LQIRUPDWLRQ�LV�DV�FRPSOHWH�DV�SRVVLEOH�DQG�PDWFKHV�IXQGHUV�OLVWHG�LQ�WKH�&URVVUHI�)XQGHU�5HJLVWU\�

3OHDVH�FKHFN�WKDW�WKH�IXQGHU�QDPHV�DQG�DZDUG�QXPEHUV�DUH�FRUUHFW��)RU�PRUH�LQIRUPDWLRQ�RQ�DFNQRZOHGJLQJ�IXQGHUV��YLVLW�RXU�

ZHEVLWH��KWWS���ZZZ�UVF�RUJ�MRXUQDOV�ERRNV�GDWDEDVHV�MRXUQDO�DXWKRUV�UHYLHZHUV�DXWKRU�UHVSRQVLELOLWLHV��IXQGLQJ�

)XQGHU�1DPH�� +RUL]RQ������)UDPHZRUN�3URJUDPPH

)XQGHU
V�PDLQ�FRXQWU\�RI�RULJLQ��

)XQGHU�,'�� ������������������

$ZDUG�JUDQW�1XPEHU�� ������



KLJK�LRQLF�FRQGXFWLYLW\��ZH�FDUU\�RQ�WKRURXJK�PRGHOLQJ�RI�WKH�VXUIDFHV�WRJHWKHU�ZLWK�WKH�SUHGLFWLRQ�RI�WKH�WKHUPDO�DQG�

HODVWLF�EHKDYLRXU��2XU�LQYHVWLJDWLRQ�OHDGV�WR�VRPH�QHZ�ILQGLQJV��WKH�EXON�VWUXFWXUH��DV�UHSRUWHG�LQ�WKH�OLWHUDWXUH��DSSHDUV�

WR� EH�PHWDVWDEOH��ZLWK� VSRQWDQHRXV� V\PPHWU\�EUHDNLQJ��0RUHRYHU�� WKH� UHOHYDQW� VWRLFKLRPHWULF� VXUIDFHV� LGHQWLILHG� IRU�

VWDEOH� DQG�PHWDVWDEOH� FU\VWDO� VWUXFWXUHV� DUH�QRW�XS�GRZQ�V\PPHWU\� UHODWHG�DQG� WKH\�H[SRVH� IURP�RQH� VLGH�/L�6� DQG�

/L&O�� 6XUIDFH� UHFRQVWUXFWLRQV� FDQ� EH� LQWHUSUHWHG� DV� ORFDO� SKDVH� WUDQVLWLRQV�� :H� DOVR� SUHGLFW� HQWLUHO\� DE� LQLWLR� WKH�

PRUSKRORJ\� RI� FU\VWDOOLWHV�� FKDUJH�� DQG� HOHFWURVWDWLF� SRWHQWLDO� DW� VXUIDFHV�� WRJHWKHU�ZLWK� WKH� HIIHFW� RI� WHPSHUDWXUH� RQ�

VWUXFWXUDO�SURSHUWLHV�DQG�WKH�HODVWLF�EHKDYLRXU�RI�WKLV�PDWHULDO��6XFK�ILQGLQJV�PD\�FRQVWLWXWH�WKH�UHOHYDQW�JURXQGZRUN�IRU�

D�EHWWHU�XQGHUVWDQGLQJ�RI�LRQLF�WUDQVSRUW�LQ�/L�LRQ�FRQGXFWRUV�DW�WKH�HOHFWURO\WH�DQRGH�DQG�HOHFWURO\WH�FDWKRGH�LQWHUIDFHV�

� ,QWURGXFWLRQ

(QHUJ\�VWRUDJH� LV�D�PDMRU�JOREDO�FKDOOHQJH� WRGD\��DQG� LWV� LPSRUWDQFH�JURZV�ZLWK� WKH� LQFUHDVLQJ�GHPDQG� IRU�HQHUJ\�

FRQVXPLQJ� GHYLFHV� DQG� HOHFWULF� YHKLFOHV����� ,Q� WKLV� YLHZ�� DOO� VROLG�VWDWH� EDWWHULHV� �$66%V�� � ZKLFK� DGRSW� D� VROLG�

HOHFWURO\WH�DQG� OLWKLXP�PHWDO� DQRGH� � DUH�EHLQJ�ZDWFKHG�ZLWK�JUHDW� H[SHFWDWLRQV�DV� WKH\�HQDEOH�HQHUJ\� VWRUDJH�ZLWK�

KLJKHU�HQHUJ\�GHQVLWLHV�DQG�LPSURYHG�VDIHW\�DV�FRPSDUHG�WR�VWDQGDUG�/L�LRQ�FHOOV�EDVHG�RQ�OLTXLG�HOHFWURO\WHV�

7KH� RUJDQLF� HOHFWURO\WHV� XVHG� LQ�PRGHUQ� OLWKLXP�LRQ� EDWWHULHV� KDYH� VKRZQ� FHUWDLQ� WHFKQRORJLFDO� LVVXHV� VXFK� DV� WKHLU�

IODPPDELOLW\�� OLPLWHG� HOHFWURFKHPLFDO� VWDELOLW\�� DQG� WKH� LQDELOLW\� WR� EORFN� WKH� /L�GHQGULWH� JURZWK��0RVW� IUHTXHQW� DQG�

UHFHQW� LQFLGHQWV� RI�/L�LRQ� EDWWHU\� ILUHV�ZHUH� FDXVHG� E\� WKH� LJQLWLRQ� RI� WKH� HOHFWURO\WH����� ,QRUJDQLF� VROLG�VWDWH� /L�LRQ�

FRQGXFWRUV�� RQ� WKH� RWKHU� KDQG�� EHQHILW� IURP� PDQ\� DGYDQWDJHV� VXFK� DV� VXSHULRU� HOHFWURFKHPLFDO�� PHFKDQLFDO�� DQG�

WKHUPDO�VWDELOLW\��DEVHQFH�RI� OHDNDJH��DQG� WKH�SRVVLELOLW\�RI�EDWWHU\�PLQLDWXUL]DWLRQ��� ,QGHHG�� VROLG�VWDWH�EDWWHULHV�KDYH�

EHHQ� EXLOW� WKDW� UHWDLQ� DOPRVW� IXOO� VWRUDJH� FDSDFLW\� RYHU� WKRXVDQGV� RI� F\FOHV����� 7KH� PDLQ� FODVVHV� RI� VROLG�VWDWH�

HOHFWURO\WHV�ZHUH� UHFHQWO\� UHYLHZHG� E\�$KQL\D]� HW� DO���2QH� RSHQ� FKDOOHQJH�� KRZHYHU�� LV� WKH� DFKLHYHPHQW� RI� D�/L��

FRQGXFWLYLW\�FRPSDUDEOH�WR�WKH�RQHV�RI�OLTXLG�HOHFWURO\WHV��ODUJHU�WKDQ���P6�FP ���

6WXGLHV� LQ� WKH� SDVW� GHFDGHV� KDYH� IRFXVHG�PDLQO\� RQ� LRQLFDOO\� FRQGXFWLQJ� R[LGHV� VXFK� DV�/,6,&21��� 1$6,&21���

�H�J��/L���$O���7L����32������SHURYVNLWH
����H�J��/D���/L���7L2���� JDUQHW

��� �H�J��/L�/D�=U�2���� DQG�/L321
��� �H�J��

/L����32����1������� 6LJQLILFDQW� SURJUHVV� KDV� EHHQ� PDGH� UHFHQWO\� ZLWK� WKH� GLVFRYHU\� RI� QXPHURXV� VXOILGH�EDVHG�

FRPSRXQGV�ZLWK�KLJKHU�LRQLF�FRQGXFWLYLWLHV��� ���$UJ\URGLWHV�/L�36�;�ZLWK�;� ��&O��%U��,��EHORQJ�WR�WKLV�IDPLO\�RI�

FRPSRXQGV��� ���WKH\�UHSUHVHQW�D�FODVV�RI�FU\VWDOOLQH�/L�ULFK�VROLGV�ZLWK�DQ�XQXVXDO�KLJK�/L��PRELOLW\�

,Q�WKLV�ZRUN��ZH�IRFXV�RQ�WKH�')7�LQYHVWLJDWLRQ�RI�WKH�/L�36�&O�$UJ\URGLWH�FRPSRXQG��,Q�WKH�FXELF�VWUXFWXUHV�� WKH�

SRO\PRUSKV�) �P �RI�/L�36�;��/L
��LRQV�DUH�SDUWLDOO\�GLVWULEXWHG�RYHU�WKH�WHWUDKHGUDO�LQWHUVWLFHV����K�DQG���J�:\FNRII�

VLWHV���� ���+RZHYHU��D�ORFDO�PRQRFOLQLF�VWUXFWXUH�ZDV�IRXQG�LQ�WKH�OLWHUDWXUH����ZKLFK�LQGLFDWHV�D�SRVVLEOH�GLVWRUWLRQ�RI�

WKH�36�
� �WHWUDKHGUD���/L�0$6�105�PHDVXUHPHQWV�KDYH�EHHQ�DOVR�XVHG�WR�SUREH�WKH�ORFDO�HQYLURQPHQW�DURXQG�WKH�/L�

LRQV�� VKRZLQJ� ODUJH� YDULDWLRQV�� L�H��� D� KLJK� GHJUHH� RI� VWUXFWXUDO� GLVRUGHU�� 7KLV�PLJKW� LQFOXGH� GLIIHUHQW� FU\VWDOOLQLWLHV��

DPRUSKRXV�SKDVH�IUDFWLRQV��6�&O�DQLRQ�GLVRUGHU��DQG�URWDWLRQDO�36�
� �GLVRUGHU���ZKLFK�DOO�ZLOO�EH�LQIOXHQFHG�E\�WKH�

GHWDLOV� RI� WKH� V\QWKHVLV� SURFHGXUH� �V\QWKHVLV� WHPSHUDWXUH�� TXHQFKLQJ� UDWH�� HWF���� 6\QWKHVLV�PHWKRGV� IRU� /L�DUJ\URGLWH�

FRPPRQO\� LQYROYH�� LQ� WKH� ODUJHVW� FDVHV�� WKH� PHFKDQLFDO� EDOO�PLOOLQJ� DQG� FODVVLFDO� PHFKDQLFDO� PLOOLQJ� �IROORZHG� E\�

DQQHDOLQJ��� WKH� GLUHFW� VROLG�VWDWH� VLQWHULQJ� DQG� WKH� OLTXLG� SKDVH� URXWH��� FDQ� EH� DOVR� DGRSWHG�� 7KH� PRUSKRORJ\� RI�

VXEPLFURQ�VL]HG��QDQR�VL]HG��/L�36�&O�SDUWLFOHV�EHFRPHV��WKHQ��DQ�LPSRUWDQW�IHDWXUH�WR�EH�NHSW�XQGHU�FRQWURO��+HQFH�D�

JRRG� NQRZOHGJH� RI� WKH� VXUIDFH� IRUPDWLRQ� DQG� SURSHUWLHV� LV� LQVWUXPHQWDO� QRW� RQO\� WR� WKH� XQGHUVWDQGLQJ� RI� /L�LRQ�

PLJUDWLRQ� SURFHVV� EHWZHHQ� WKH� QDQRFU\VWDOOLWHV� RU� DW� WKH� LQWHUIDFH� ZLWK� WKH� HOHFWURGH�� EXW� DOVR� WR� UDWLRQDOL]LQJ� DQG�

HYHQWXDOO\�FRQWUROOLQJ�WKH�SDUWLFOH�VL]H�DQG�VKDSH�

,Q� WKH�SUHVHQW�SDSHU��ZH�ILUVW�XQYHLO� WKH�V\PPHWU\�EUHDNLQJ� WKDW� UHVXOWV� LQ� WKH� ORFDO�GLVWRUWLRQV� LQ� WKH�EXON�PHQWLRQHG�

DERYH��:H� WKHQ� VLPXODWH� WKH� WKHUPDO�� VWUXFWXUDO�� DQG� HODVWLF� SURSHUWLHV� E\� DGRSWLQJ� D� TXDVL�KDUPRQLF� DSSUR[LPDWLRQ�

�4+$���WKDW�JRHV�EH\RQG�WKH�ZHOO�NQRZQ�OLPLWDWLRQV�RI�WKH�KDUPRQLF�PRGHO������E\�LQWURGXFLQJ�WKH�PLVVLQJ�YROXPH�

GHSHQGHQFH� RI� SKRQRQ� IUHTXHQFLHV� ZKLOH� UHWDLQLQJ� WKH� KDUPRQLF� H[SUHVVLRQ� IRU� WKH� +HOPKROW]� IUHH� HQHUJ\� RI� WKH�

V\VWHP�������'XH� WR�PRLVWXUH�� SRURVLW\�� DQG� VXOILGH� FKHPLVWU\� WKH�PHDVXUHPHQW� RI� WKH�PHFKDQLFDO� EHKDYLRXU� RI� /L�

DUJ\URGLWH�DW�YDULDWLRQ�ZLWK�SUHVVXUH�LV�SDUWLFXODUO\�FKDOOHQJLQJ��,Q�WKLV�YLHZ��RXU�UHVXOWV�UHSUHVHQW�D�QRYHOW\�DQG�D�XVHIXO�

UHIHUHQFH�IRU�IXWXUH�H[SHULPHQWV�



$IWHU�WKH�EXON�FKDUDFWHUL]DWLRQ��ZH�PRYH�WR�VWXG\�WKH�VXUIDFH�HQHUJ\�IRU�GLIIHUHQW�FU\VWDOOLQH�FXWV�RI�WKH�EXON�VWUXFWXUH��

FKDUDFWHUL]LQJ� WKH� VXUIDFH� SURSHUWLHV� DQG� VWUXFWXUDO� UHFRQVWUXFWLRQ� � D� SLHFH� RI� LQIRUPDWLRQ� WKDW� LV� XVHIXO� LQ� YLHZ� RI�

XQGHUVWDQGLQJ�WKHLU�EHKDYLRXU�DW�LQWHU�SKDVHV�ZLWK�HOHFWURGHV��)LQDOO\��ZH�UHSRUW�WKH�UHODWLYH�JURZWK�UDWH�IRU�WKH�YDULRXV�

VXUIDFHV�ZKLFK�GHWHUPLQHV�WKH�HTXLOLEULXP�PRUSKRORJ\�RI�DUJ\URGLWH�FU\VWDOV�HYDOXDWHG�DFFRUGLQJ�WR�WKH�*LEEV :XOII�

WKHRU\��SUHGLFWLQJ� WKDW� WKH�HTXLOLEULXP�FU\VWDO�VKDSH�VKRXOG�SRVVHVV�PLQLPDO� WRWDO�VXUIDFH�HQHUJ\�IRU�D�JLYHQ�YROXPH�

�����

�&RPSXWDWLRQDO�GHWDLOV

$OO�FDOFXODWLRQV�DUH�EDVHG�RQ�WKH�3%(��JOREDO�K\EULG�IXQFWLRQDO��DV�LPSOHPHQWHG�LQ�WKH�&5<67$/�SHULRGLF�SURJUDP�

������$KOULFKV�VSOLW�YDOHQFH�WULSOH�]HWD�EDVLV�VHWV�SOXV�SRODUL]DWLRQ��7=93��KDYH�EHHQ�DGRSWHG�IRU�DOO�WKH�HOHPHQWV��/L��

&O��3�DQG�6�DWRPV�����7KH�WUXQFDWLRQ�FULWHULD�RI�WKH�&RXORPE�DQG�H[FKDQJH�LQILQLWH�ODWWLFH�VHULHV�DUH�FRQWUROOHG�E\�ILYH�

WKUHVKROGV��7 L ��ZKLFK�KDYH�EHHQ�VHW�WR����7 � 7 ��������7 ���DQG�����7 ����7KH�FRQYHUJHQFH�WKUHVKROG�RQ�HQHUJ\�IRU�WKH�

VHOI�FRQVLVWHQW�ILHOG��6&)��SURFHGXUH�KDV�EHHQ�VHW�WR��� ��KDUWUHH�IRU�VWUXFWXUDO�RSWLPL]DWLRQV�DQG�WR��� �� �KDUWUHH�IRU�

YLEUDWLRQDO�IUHTXHQF\�FDOFXODWLRQV��$�SUXQHG�%HFNH�JULG�ZLWK����UDGLDO�DQG�����DQJXODU�SRLQWV�ZDV�XVHG��5HFLSURFDO�

VSDFH�VDPSOLQJ� LV�EDVHG�RQ�D� UHJXODU�3DFN 0RQNKRUVW���JULG�FHQWHUHG�DW� WKH� �SRLQW��ZLWK� VKULQNLQJ� IDFWRU���DORQJ�

HDFK�YHFWRU��ZKLFK�FRUUHVSRQGV�WR����LUUHGXFLEOH�N�SRLQWV�WKH�%ULOORXLQ�]RQH�IRU�KLJKO\�V\PPHWULF�VWUXFWXUHV�DQG�WR�����

N�SRLQWV�LQ�WKH�ORZ�V\PPHWU\�3��PRGHOV�

+DUPRQLF� SKRQRQ� IUHTXHQFLHV� DW� WKH� � SRLQW� DUH� REWDLQHG� IURP� WKH� GLDJRQDOL]DWLRQ� RI� WKH� PDVV�ZHLJKWHG� +HVVLDQ�

PDWUL[�RI�WKH�VHFRQG�HQHUJ\�GHULYDWLYHV�ZLWK�UHVSHFW�WR�DWRPLF�GLVSODFHPHQWV��� ���$V�PHQWLRQHG�LQ�WKH�LQWURGXFWLRQ��

WKH�TXDVL�KDUPRQLF�4+$�PRGHO������KDV�EHHQ�DGRSWHG�IRU�WKHUPDO�SURSHUWLHV��4+$�DFFRXQWV�IRU�DQKDUPRQLFLW\�HIIHFWV�

E\� JLYLQJ� D� YROXPH� GHSHQGHQFH� WR� WKH� SKRQRQ� IUHTXHQFLHV�� :LWK� WKLV� DVVXPSWLRQ� � WRJHWKHU� ZLWK� WKH� DGLDEDWLF�

DSSUR[LPDWLRQ� �ZH�FDQ�H[SUHVV�WKH�+HOPKROW]�IUHH�HQHUJ\�DV�D�IXQFWLRQ�RI�7�DQG�9�

ZKHUH�8�9��LV�WKH�HQHUJ\�RI�WKH�VWDWLF�ODWWLFH��HOHFWURQLF�JURXQG�VWDWH�HQHUJ\��ZLWK�YROXPH�9 ��ZKHUH�N�LV�%ROW]PDQQ
V�

FRQVWDQW��DQG�WKH� L �9��DUH�WKH�FODVVLFDO�QRUPDO�PRGH�IUHTXHQFLHV�RI�VPDOO�DPSOLWXGH�RVFLOODWLRQV�IRU�WKH�FU\VWDO�ZLWK�

YROXPH� 9 �� $FFRUGLQJ� WR� WKH� 4+$�� WKH� HTXLOLEULXP� YROXPH�� 9�7��� DW� DQ\� WHPSHUDWXUH� 7� FDQ� WKHQ� EH� GHGXFHG� E\�

PLQLPL]LQJ�WKH�+HOPKROW]�IUHH�HQHUJ\�)�9��7��

)RU�D�FHUWDLQ�WHPSHUDWXUH�DQG�SUHVVXUH�UDQJH�WR�EH�H[SORUHG��WKH�ODWWLFH�G\QDPLFV�KDV�WR�EH�VROYHG�DW�IHZ�YROXPHV�LQ�WKH�

H[SDQVLRQ�DQG�FRPSUHVVLRQ�UHJLPH��UHVSHFWLYHO\��&RQFHUQLQJ�]HUR�WHPSHUDWXUH��]HUR�SUHVVXUH�HTXLOLEULXP�YROXPH�9 ���

VL[� HTXLGLVWDQW� YROXPHV� �FRUUHVSRQGLQJ� WR� FRPSUHVVLRQV� DQG� H[SDQVLRQV� LQ� D� YROXPH� UDQJH� ���� WR� ����� RI� 9 ���

LQFOXGLQJ�9 ��KDYH�EHHQ�FRQVLGHUHG��7KHUPDO�SURSHUWLHV�KDYH�EHHQ�H[SORUHG� LQ� WKH���� ����.� UDQJH�RI� WHPSHUDWXUH�

DQG�DW������DQG�����*3D��WKDW�LV�IRU�YDOXHV�RI�SUHVVXUH�DQG�WHPSHUDWXUH�DFFHVVLEOH�IRU�RSHUDWLQJ�EDWWHULHV��)RU�WKH�FKRVHQ�

VHW�RI�YDOXHV�� IXOO�YROXPH�FRQVWUDLQHG�JHRPHWU\�RSWLPL]DWLRQ� LV�SHUIRUPHG�DQG�SKRQRQ� IUHTXHQFLHV�FRPSXWHG�� ,Q� WKH�

&5<67$/�FRGH�D�GLUHFW�VSDFH�DSSURDFK� WR�SKRQRQ�FDOFXODWLRQ� LV�DGRSWHG��DQG�GLIIHUHQW�VXSHU�FHOO�GLPHQVLRQV�KDYH�

EHHQ� FRQVLGHUHG� LQ� RUGHU� WR� PDNH� WKH� ODWWLFH� G\QDPLFDO� GHVFULSWLRQ� FRQYHUJH�� 7KH� UHVXOWV� PDLQO\� GHSHQG� RQ� WZR�

FRPSXWDWLRQDO� SDUDPHWHUV�� WKH� QXPEHU� RI� . � SRLQWV� DQG� WKH� VL]H� RI� WKH� VXSHUFHOO� �6&��� &RQYHUJHQFH� RI� WKH� WKHUPDO�

SURSHUWLHV�ZLWK�UHVSHFW�WR�WKHVH�SDUDPHWHUV�OHG�WR�D��� ��� ���VXSHU�FHOO�FRQWDLQLQJ�����DWRPV�

(ODVWLF�FRQVWDQWV�KDYH�EHHQ�HYDOXDWHG�DFFRUGLQJ�WR�VWUHVV�VWUDLQ�UHODWLRQVKLSV�EDVHG�RQ�WRWDO�HQHUJ\�FDOFXODWLRQ���

)RU�PRUH�GHWDLOV�RQ�WKH�PHWKRGRORJ\�DGRSWHG�IRU�WKH�FDOFXODWLRQ�RI�WKH�HODVWLF�WHQVRU�RI�D�FU\VWDO�XQGHU�SUHVVXUH��DV�ZHOO�

DV�WKH�LPSOHPHQWDWLRQ�RI�WKH�FDOFXODWLRQ�RI�WKH�VWLIIQHVV�WHQVRU�% �DQG�LWV�LQYHUVH�� L�H��WKH�FRPSOLDQFH�WHQVRU��VHH�UHI������

:H�DGRSWHG�WKH�9RLJW 5HXVV +LOO��95+��DSSUR[LPDWLRQ�IRU�FDOFXODWLQJ�WKH�HODVWLF�PRGXOL��DVVXPLQJ�WKDW�WKH�VWUHVV�DQG�

VWUDLQ�DUH�XQLIRUP�WKURXJKRXW�DQ�DJJUHJDWH��,W�KDV�EHHQ�SURYHG�WKDW�WKH�9RLJW�PRGXOL�H[FHHG�WKH�5HXVV�PRGXOL��ZKLOH�

�



WKH� WUXH�YDOXH� VKRXOG� OLH� LQ�EHWZHHQ���� ,Q�+LOO
V� DSSUR[LPDWLRQ�� WKH�DULWKPHWLF� DYHUDJH�RI� WKH�9RLJW� DQG�5HXVV� �%+��

*+��ERXQGDU\�OLPLWV�LV�SURYLGHG�

)RU�VXUIDFH�FDOFXODWLRQV��&5<67$/�DGRSWV�SHULRGLF�VODE�PRGHOV�FKDUDFWHUL]HG�E\�WZR�LQILQLWH�GLPHQVLRQV��[� DQG� \��

DQG�D�ILQLWH�WKLFNQHVV��)RU�HDFK�WHUPLQDWLRQ��VODEV�RI�LQFUHDVLQJ�WKLFNQHVV�KDYH�EHHQ�FRQVLGHUHG�XS�WR�FRQYHUJHQFH�RI�

WKH�FRUUHVSRQGLQJ�VXUIDFH�HQHUJ\��6XUIDFH�HQHUJ\�KDV�EHHQ�FRPSXWHG�DFFRUGLQJ�WR�WKH�IRUPXOD

ZKHUH�( E �LV�WKH�HQHUJ\�RI�WKH�EXON�XQLW�FHOO�VFDOHG�WR�PDWFK�WKH�IRUPXOD�XQLW�LQ�D�VLQJOH�OD\HU��(6
Q�WKH�HQHUJ\�DQG�$ �WKH�

VXUIDFH�DUHD�RI�WKH��'�XQLW�FHOO�LQ�WKH�Q�OD\HU�VODE�

�5HVXOWV�DQG�GLVFXVVLRQ

��� %XON�PRGHOV

7R�FUHDWH�D�PRGHO�IRU�WKH�EXON�VWUXFWXUH�RI�/L�36�&O��ZH�VWDUWHG�IURP�WKH�VWUXFWXUHV�DYDLODEOH�LQ�WKH�OLWHUDWXUH��VXFK�DV�

WKH�) �P �VSDFH�JURXS�ZLWK�D�ODWWLFH�SDUDPHWHU�RI�D� �������� ��IURP�UHI������,Q�VXFK�SURSRVHG�PRGHOV��D�IXOO\�RUGHUHG�

DUUDQJHPHQW�ZDV�DVVXPHG�IRU�WKH�KDOLGH�RQ�WKH�:\FNRII��D�VLWH����������WHWUDKHGUDO�36�
� �LRQV�RQ�WKH��E�VLWH������������

������DQG�6� �LRQV�RQ��G��,W�ZDV�DOVR�REVHUYHG���WKDW�WKH�/L�LRQ�PLJKW�SDUWLDOO\�RFFXS\�HLWKHU���K��[��[��]��RU���J�������

�����]��VLWHV��RSHQLQJ�XS�WKH�SRVVLELOLW\�IRU�D�YHU\�ODUJH�QXPEHU�RI�VWUXFWXUHV�ZLWK�GLIIHUHQW�RFFXSDWLRQ�SDWWHUQV�

/HW�XV�FRQVLGHU�WKH�PRGHOV�ZLWK�WKH�KLJKHVW�ORFDO�RUGHU��WKDW�LV�KDYLQJ�/L�LRQV�RFFXS\LQJ�HLWKHU�RQO\���J�VLWHV�RU�RQO\�

��K�DV�LQ�UHI������7DEOH��7DEOHV���DQG���DQG�)LJ���D�VKRZ�WKH�GHWDLOV�RI�WKH�ILUVW�FDVH��WKDW�ZH�ZLOO�FDOO� 0RGHO�� �IURP�

QRZ�RQ��7KH�RSWLPL]HG�FHOO�SDUDPHWHU�LV�������� ��ZKLFK�LV�FRQVLVWHQW�ZLWK�UHI������$IWHU�YLEUDWLRQDO�DQDO\VLV�RI�PRGHO�

���KRZHYHU��ZH�REVHUYHG�WZR�WKUHH�IROG�GHJHQHUDWH�PRGHV�RQH�RI�)��V\PPHWU\�DQG�RQH�RI�)��V\PPHWU\�FKDUDFWHUL]HG�

E\�LPDJLQDU\�IUHTXHQFLHV�

�

)LJ����

�D��0RGHO���ZLWK�/L�LQWURGXFHG�LQ���J�VLWH�LQ�FXELF�VSDFH�JURXS�) �P�DW�3%(��7=93��/L�DWRPV�DUH�LQ�OLJKW�JUD\�FRORU��&O�LQ�PDJHQWD��

3�LQ�JUHHQ��DQG�6�LQ�\HOORZ�FRORU���E��0RGHO���ZLWK�/L�LQWURGXFHG�LQ���J�VLWH�LQ�VSDFH�JURXS�3��DW�3%(��7=93��/L�DWRPV�DUH�LQ�OLJKW�

JUD\�FRORU��&O�LQ�PDJHQWD��3�LQ�JUHHQ��DQG�6�LQ�\HOORZ�FRORU�



:H�FRQFOXGH�WKDW�WKH�FXELF�VWUXFWXUH�RI�PRGHO���LV�WKHUHIRUH�PHWDVWDEOH��7R�VHDUFK�IRU�WKH�VWDEOH�VWUXFWXUH�ZH�SHUIRUPHG�

D�VFDQ�DORQJ�D�QRUPDO�FRRUGLQDWH�RI�WKH�)��DQG�)��PRGHV��UHSRUWHG�LQ�)LJ�����7ZR�VWDWLRQDU\�SRLQWV�RI�ORZHU�V\PPHWU\�

DUH�IRXQG��IRU�ZKLFK�ZH�KDYH�RQFH�DJDLQ�RSWLPL]HG�WKH�IXOO�VWUXFWXUH�DQG�SHUIRUPHG�D�YLEUDWLRQDO�DQDO\VLV�FKHFN��WKDW�

UHVXOWHG�LQ�QR�LPDJLQDU\�IUHTXHQF\��$�VLPLODU�SURFHVV�KDV�EHHQ�SHUIRUPHG�DORQJ�DOO�WKH�QRUPDO�FRRUGLQDWHV�DVVRFLDWHG�

ZLWK�WKH�WKUHH�WLPHV�GHJHQHUDWH�)��DQG�)��PRGHV�

:H� REWDLQHG� ��� SVHXGR�FXELF� VWUXFWXUHV� RI� 3�� V\PPHWU\� WKDW� RQ� DYHUDJH� UHVWRUH� WKH� FXELF� VWUXFWXUH�� 7KH� FHOO�

SDUDPHWHUV�RI�WZR�VWUXFWXUHV�DPRQJ�WKRVH�REWDLQHG�WKURXJK�WKLV�SURFHVV�DUH�UHSRUWHG�LQ�7DEOH���DQG�RQH�VNHWFKHG�LQ�

)LJ���E��6XFK�VWUXFWXUHV�FDQ�EH�DVVXPHG� WR�EH� LVRHQHUJHWLF� �WKH\�GLIIHU�E\��� ��H9�SHU� IRUPXOD�XQLW�� DQG�DUH�PRUH�

VWDEOH� WKDQ� WKH� LGHDO� FXELF�RQH�E\�������H9�SHU� IRUPXOD�XQLW�� ,W� FDQ�EH�DOVR�QRWLFHG� WKDW� LQ� WKHVH� VWUXFWXUHV�/L�� LRQ�

FRRUGLQDWHV�DUH�FORVH�WR�WKH���K�VLWH��:H�ZLOO�DGRSW�WKHVH�VWUXFWXUHV�IRU�IXUWKHU�DQDO\VLV�DQG�IRU�FRQVWUXFWLQJ�VXUIDFHV�LQ�

WKH�IROORZLQJ�RI�WKLV�SDSHU��UHIHUULQJ�WR�LW�DV� 0RGHO�� ��7DEOH��7DEOH����

,Q�D�UHFHQW�SDSHU��:DQJ�DQG�6KDR���DOVR�XVHG�WKH�SUHVHQFH�RI�LPDJLQDU\�IUHTXHQFLHV�LQ�WKH�SKRQRQ�EDQG�VWUXFWXUH�DV�D�

FULWHULRQ�WR�SURYH�WKH�PHWDVWDELOLW\�RI�WKH�) �P �FXELF�/L�36�&O��%UHDNGRZQ�RI�WKH�V\PPHWU\�OHG�WR�WKH�LGHQWLILFDWLRQ�

RI�D�VWDEOH�VWUXFWXUH�RI�3��V\PPHWU\��6WDEOH�DQG�PHWDVWDEOH�VWUXFWXUHV�ZHUH�ORFDOL]HG�E\�XVLQJ�WKH�8QLYHUVDO�6WUXFWXUH�

3UHGLFWRU��863(;��EDVHG�RQ�D�PDWHULDOV�JHQRPLF�DOJRULWKP��$FFRUGLQJ�WR�WKHLU�UHVXOWV��WKH�IXOO\�UHOD[HG�3�� VWUXFWXUH�

GHYLDWHV�RQO\�PDUJLQDOO\�IURP�WKH�KLJK�V\PPHWU\�RQH��PXFK�OHVV�WKDQ������DQG�LV�PRUH�VWDEOH�E\������H9�SHU�IRUPXOD�

XQLW� ������ H9� SHU� DWRP��� WKDW� LV� LQ� YHU\� JRRG� DJUHHPHQW� ZLWK� RXU� SUHGLFWLRQV�� ,Q� DGGLWLRQ�� PHWDVWDELOLW\� RI� FXELF�

/L�36�&O�ZDV�EULHIO\�PHQWLRQHG�LQ�WKH�SDSHU�E\�&DUUDVFR�HW�DO�
��

,QVWHDG�RI�PRGHO����OHW�XV�QRZ�FRQVLGHU�FHOOV�ZLWK�/L��LRQ�RFFXS\LQJ�WKH�:\FNRII���K�VLWH��ZH�REVHUYH�WKH�IROORZLQJ��

XSRQ� RSWLPL]DWLRQ�� WKH� V\PPHWU\� GHJUDGDWLRQ� OHDGV� WR� WZR� VWDEOH� PLQLPD�� RQH� PRQRFOLQLF� LQ� D� 3P � VSDFH� JURXS�

)LJ����

6FDQ�PRGHV��EODFN��UHG�OLQHV��SHUIRUPHG�DW�3%(��7=93�IRU�ERWK�)��DQG�)��PRGHV�KDYLQJ�LPDJLQDU\�IUHTXHQFLHV�LQ�PRGHO���

7DEOH���

&U\VWDOORJUDSKLF�GHWDLOV�IRU�EXON�PRGHO��

6LWH $WRP�VSHFLHV :\FNRII &RRUGLQDWHV

$QLRQ�VLWH�� &O �D � � �

$QLRQ�VLWH�� 6� �G ��� ��� ���

3 �E ��� ��� ���

6�OLQNHG�WR�3 6� ��H [ [ ]

&DWLRQ�VLWH�� /L� ��J ��� ��� �



�P0RGHO����DQG�D�VWUXFWXUH�ZLWK�D�3��V\PPHWU\��P0RGHO�����,Q�WKH�ODWWHU�FDVH��WKH�FU\VWDOOLQH�SRVLWLRQV�RI�WKH�DWRPV�

DQG�WKH�WRWDO�HQHUJ\�DUH�YHU\�FORVH�WR�RXU�P0RGHO���MXVW�GHVFULEHG��,Q�WKH�IRUPHU�FDVH�WKH�PRQRFOLQLF�VROXWLRQ��DOUHDG\�

UHSRUWHG�LQ�WKH�OLWHUDWXUH����LV�FKDUDFWHUL]HG�E\�D�WLQ\�GLVWRUWLRQ�RI�WKH�36�
� �WHWUDKHGUD�DQG�LV�OHVV�VWDEOH�WKDQ�PRGHO���

E\�������H9�IRU�IRUPXOD�XQLW��7KH�FHOO�SDUDPHWHUV�IRU�DOO�PRGHOV�DUH�UHSRUWHG�LQ�7DEOH���

��� 7KHUPDO�DQG�HODVWLF�SURSHUWLHV

7KH�PHFKDQLFDO�UHVSRQVH�RI�WKH�VROLG�WR�WHPSHUDWXUH�DQG�SUHVVXUH�DUH�LPSRUWDQW�TXDQWLWLHV�IURP�WKH�WHFKQRORJLFDO�SRLQW�

RI� YLHZ� VLQFH� WKH� UHOLDELOLW\� DQG� OLIHWLPH� RI� WKH� GHYLFH� PLJKW� VWURQJO\� GHSHQG� RQ� WKHP�� $V� PHQWLRQHG� LQ� WKH�

&RPSXWDWLRQDO�'HWDLOV�VHFWLRQ��ZH�KDYH�DGRSWHG�D�4XDVL�+DUPRQLF�$SSUR[LPDWLRQ�WKURXJKRXW�

����� 7KHUPDO�H[SDQVLRQ

,Q�)LJ����ZH�UHSRUW�WKHUPDO�SURSHUWLHV�DV�GHULYHG�IURP�WKH�+HOPKROW]�IUHH�HQHUJ\��LQ�WHUPV�RI� �7���:H�FRQVLGHUHG�KHUH�

WKH�VWDEOH�IRUP�RI�P0RGHO���WKDW�FRUUHVSRQGV�WR�WKH�ORZHVW�HQHUJ\�PLQLPXP�DQG�WKH�PRQRFOLQLF�VWUXFWXUH��P0RGHO�����

)RU�P0RGHO� ���ZH� LQYHVWLJDWHG� WZR�GLIIHUHQW� YDOXHV� RI� SUHVVXUH� FORVH� WR� VWDQGDUG�YDOXHV�� QDPHO\���*3D� DQG�������

*3D��,I�ZH�FRPSDUH�WKH�FRPSXWHG�YDOXHV�RI� �7��ZLWK�H[SDQVLRQ�FRHIILFLHQWV�RI�RWKHU�PDWHULDOV�LQ�WKH�VDPH�UDQJH�RI�

WHPSHUDWXUH�RI�XVH�ZH�FDQ�QRWLFH�WKDW�D�W\SLFDO�SHURYVNLWH�KDV�D�YDOXH�RI� ���� ��� � �. ��ZKHUHDV�D�W\SLFDO�IOXRULWH�

KDV�D�YDOXH�RI� ���� ��� � �. ��DQG�DQ�R[LGH�LRQ�FRQGXFWRU�/D���6U���*D���0J���2� [ ��/6*0������� ���� ��� � �

. �����LQ�DOO�WKHVH�FDVHV�ZH�FDQ�QRWLFH�VPDOOHU�H[SDQVLRQ�RI�WKH�ODWWLFH�

7DEOH���

6HOHFWHG�RSWLPL]HG�FU\VWDOORJUDSKLF�SDUDPHWHUV�IRU�GLIIHUHQW�PRGHOV�RI�/L�36�&O�FRQVLGHUHG�LQ�WKLV�ZRUN��6HH�WH[W�IRU�GHWDLOV�RQ�WKH�

PRGHOV

0RGHO D E F 6SDFH�JURXS /L�FRRUGLQDWHV

� ������ ������ ������ ) �P �� �� �� ��� ��� ���

� ����� ������ ������ 3� ���� ���� ���� ��� ��� ���

� ������ ������ ����� 3���K ���� ���� ���� ��� ��� ���

� ����� ����� ������ 3P ���� ���� ���� ����� ����� ������

)LJ����



7KH�JUDSKV�UHSRUWHG�LQ�)LJ����VKRZ�WKDW��WKH�YDOXH�DW�7� �������.�LV�HTXDO�DW�������� ��� � �. ��ZKHUHDV�DW�7� �����

.�WKH�YDOXH�JRHV�WR�������� ��� � �. ��DW�3 � ���*3D��VLPLODUO\�DW�3 � �������*3D� �7��JRHV�IURP�������� � �� � �

. ��WR�������� ��� � �. ���$W�ERWK�VHOHFWHG�YDOXHV�RI�SUHVVXUH��WKH�UDWLR�EHWZHHQ�WKH�HTXLOLEULXP�YROXPHV�DW�7� �����

.�DQG�7� �������.�LV��������WKDW�ZLOO�JXDUDQWHH�WKDW�DW�SUHVVXUHV�FORVH�WR�WKH�VWDQGDUG�DQG�LQ�D�UDQJH�RI�WHPSHUDWXUH�IRU�

RSHUDWLQJ� EDWWHULHV� �DOVR� LQ� FDVH� RI� PLVIXQFWLRQLQJ��� WKH� H[SDQVLRQ� RI� VROLG� HOHFWURO\WH� ZLOO� EH� XQGHU� FRQWURO�� 7KH�

YDULDWLRQ�RI�ODWWLFH�SDUDPHWHUV�LV�VLJQLILFDQWO\�VPDOOHU�LQ�WKH�PRQRFOLQLF�FDVH�DV�HYLGHQW�LQ�)LJ����

����� (ODVWLF�PRGXOL

7KH�WUHQG�RI�EXON�PRGXOXV�% �IRU�WKH�SVHXGR�FXELF�LQ�FRPSDULVRQ�ZLWK�WKH�PRQRFOLQLF�FDVH��P0RGHO����DV�UHSRUWHG�LQ�

)LJ����VXJJHVWV�WKDW�WKH�PRQRFOLQLF�RQH�KDV�ODUJHU�VWLIIQHVV�ZLWK�UHVSHFW�WR�SVHXGR�FXELF��+HQFH�WKH�PRQRFOLQLF�SKDVH�LV�

H[SHFWHG�WR�EH�OHVV�GXFWLOH�DQG�ZRUVW�PDWFKLQJ�HOHFWURGH�VXUIDFHV��ZH�H[SHFW�WKDW�DQ�HYHQWXDO�WUDQVLWLRQ�WR�WKDW�SKDVH�

GXULQJ�F\FOLQJ�FRXOG�FDXVH� VRPH� IUDFWXUHV��%HFDXVH�RI� WKH�DEVHQFH�RI� H[SHULPHQWDO�GDWD��ZH�ZLOO� UHIHU� �VHH�7DEOH� ��

KHUHDIWHU��WR�YDOXHV�RI�% �DW���.�IRU�VWUXFWXUHV�RI�GLIIHUHQW�VROLG�HOHFWURO\WHV�DYDLODEOH�LQ�WKH�OLWHUDWXUH�

/DWWLFH�H[SDQVLRQ�FRHIILFLHQW�RI�SVHXGR�FXELF�PRGHO����EODFN�OLQH��DW�GLIIHUHQW�SUHVVXUHV����*3D��VROLG�OLQH���������*3D��GDVKHG�OLQH���

FRPSDULVRQ�ZLWK�PRQRFOLQLF�VWUXFWXUH�DW���*3D�LV�UHSRUWHG�LQ�PDJHQWD�

)LJ����

%XON�PRGXOXV�YV��7�DV�REWDLQHG�IURP�WKH�4+$�DSSUR[LPDWLRQ�IRU�WKH�SVHXGRFXELF�P0RGHO���DW�GLIIHUHQW�SUHVVXUHV����*3D�EODFN�VROLG�

OLQH��������*3D�EODFN�GDVKHG�OLQH��DQG�IRU�WKH�PRQRFOLQLF�VROXWLRQ�DW�3 � ���*3D��LQ�PDJHQWD��

7DEOH���

&RPSXWHG�EXON�PRGXOXV��% ��LQ�*3D���VKHDU�PRGXOXV��*��LQ�*3D���<RXQJ
V�PRGXOXV��( ��LQ�*3D��DQG�3RLVVRQ�UDWLR�� ��IRU�P0RGHO���

DQG�FRPSXWHG�GDWD�UHSRUWHG�LQ�OLWHUDWXUH�IRU�/L�36��DQG�/L�36�&O��UHVXOWV�RI�FDOFXODWLRQV�UHSRUWHG�LQ�UHI�����DUH�DOVR�UHSRUWHG�IRU�

FRPSDULVRQ

0RGHO�� /L�36� /LWHUDWXUH��UHI�����

%5 �����

%9 �����

%+ �����

% ����� ���� ����



7KH�HODVWLF�PRGXOL�DUH�RIWHQ�GLIILFXOW�WR�PHDVXUH�IRU�VXSHULRQLF�FRQGXFWRUV��WKH�YDOXHV�ZH�JHW�IRU�WKHVH�PDWHULDOV��ZKLFK�

DUH� PDLQO\� SRO\FU\VWDOOLQH� VDPSOHV�� DUH� KLJKO\� GHSHQGHQW� RQ� YDULRXV� IDFWRUV� VXFK� DV� PRLVWXUH�� SRURVLW\� DQG�

PLFURVWUXFWXUH�� DQG� WKH� SUHVHQFH� RI� VHFRQGDU\� SKDVHV�� %HWZHHQ� WKHP�� VRPH� FKHPLVWULHV� DUH� DOVR� LQKHUHQWO\� PRUH�

FKDOOHQJLQJ�WR�KDQGOH�H[SHULPHQWDOO\��VXFK�DV�VXOILGHV�ZKLFK�DUH�YHU\�VHQVLWLYH�WR�PRLVWXUH�DQG�DLU��7KH�WKLRSKRVSKDWHV�

LQFOXGH�D�YDULHW\�RI�PDWHULDOV��W\SLFDOO\�FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�36�
� �WHWUDKHGUD��)RU�WKHVH�UHDVRQV�PRGHOLQJ�

FDQ�UHSUHVHQW�WKH�RQO\�HDV\�URXWH�WR�JHW�HODVWLF�EHKDYLRXU�

,Q�SUHVHQFH�RI�DQ�DJJUHJDWH�RI�FU\VWDOV�WKH�UHODWLRQV�H[SUHVVLQJ�WKH�VWUHVV�LQ�D�VLQJOH�FU\VWDO�LQ�WHUPV�RI�WKH�JLYHQ�VWUDLQ�

KDV� WR�EH�DYHUDJHG�RYHU�DOO�SRVVLEOH� ODWWLFH�RULHQWDWLRQV�RU�VLPLODUO\� WKH�UHODWLRQV�H[SUHVVLQJ� WKH�VWUDLQ� LQ� WHUPV�RI� WKH�

JLYHQ�VWUHVV�QHHG�WR�EH�DYHUDJHG��7R�GR�WKDW�WKH�HODVWLF�PRGXOL��VXFK�DV�EXON�PRGXOXV�% ��VKHDU�PRGXOXV�* ��DQG�<RXQJ
V�

PRGXOXV� ( � ZHUH� GHULYHG� DFFRUGLQJ� WR� WKH� 9RLJW 5HXVV +LOO� �95+�� DSSUR[LPDWLRQ� DV� DOUHDG\� LQWURGXFHG� LQ� WKH�

FRPSXWDWLRQDO�VHFWLRQ��7KH�UHVXOWV�DUH�UHSRUWHG�LQ�7DEOH���IRU�SVHXGRFXELF�P0RGHO���RI�DUJ\URGLWH�REWDLQHG�IURP�WKH�

FXELF� ) �P � VWUXFWXUH�� 6LQFH� H[SHULPHQWDO� GDWD� DUH� QRW� DYDLODEOH� IRU� RXU� LQYHVWLJDWHG� SRO\FU\VWDOOLQH� PDWHULDO� ZH�

FRPSDUHG�RXU�SUHGLFWLRQV�RI�VRPH�SDUDPHWHUV�ZLWK�SUHYLRXVO\�FRPSXWHG�HODVWLF�SURSHUWLHV�RI�ERWK�WKH�FXELF�) �P �RI�

&O�DUJ\URGLWH�DQG�WKH�RUWKRUKRPELF�3QPD�SRO\PRUSK�RI�/L�36��XVLQJ�3%(�VRO�IXQFWLRQDO�
���&RPSDUHG�WR�JDUQHWV�RU�

SHURYVNLWHV� �W�/L�/D�=U�2���� //=2�JDUQHW� DQG�/L���/D���7L2��//72�� WKLV� VXOILGH� �VLPLODUO\� WR� RWKHU� VXOILGHV�� LV�

SUHGLFWHG� WR� KDYH� YHU\� VPDOO� HODVWLF�PRGXOL� �( � �� ���*3D�� % � �� ���*3D��* � �� ���*3D��� ,Q� WHUPV� RI� % � DQG� * �� WKH�

EHKDYLRXU�RI�RXU�PRGHO�VHHPV�WR�EH�FORVHU�WR�WKH�RQH�RI�WKH�SDUHQW�/L�36���7KH�3XJK
V�UDWLR�
���* �% �LV�FRPPRQO\�XVHG�

WR�HYDOXDWH�WKH�EULWWOHQHVV�RI�PDWHULDOV�IURP�HODVWLF�PRGXOL��$�ODUJHU�* �% �LQGLFDWHV�WKDW�WKH�PDWHULDO�LV�PRUH�EULWWOH��)RU�

PRVW�R[LGHV��WKH�* �% �UDWLR�OLHV�EHWZHHQ�����DQG������ZKLOH�WKH�KLJK�* �% �UDWLR�LQ�DQWLSHURYVNLWHV�� �����LV�DQ�LQGLFDWLRQ�

RI�WKHLU�LQWULQVLF�EULWWOH�QDWXUH��2XU�SUHGLFWLRQ�UHYHDOV�WKDW�WKH�VWDEOH�IRUP�P0RGHO���LV�PRUH�EULWWOH�WKDQ�RWKHU�VXOILGHV�

�* �% ��������QRW�VR�IDU�IURP�WKH�DQWLSHURYVNLWHV�UDWLR��$W�WKH�VDPH�WLPH��LI�ZH�FRQVLGHU�WKH�GDWD�UHSRUWHG�LQ�WKH�OLWHUDWXUH�

DQG�7DEOH���IRU�WKH�SHUIHFW�IDFH�FHQWHUHG�FXELF�VWUXFWXUH��RXU�SVHXGRFXELF�VWUXFWXUH�DSSHDUV�PRUH�GXFWLOH�

$IWHU�WKLV�FRPSDUHG�DQDO\VLV�RI�HODVWLF�DQG�WKHUPDO�SURSHUWLHV�RI�WKH�WZR�PDLQ�SRO\PRUSKV�RI�&O�DUJ\URGLWH��ZH�ZRQGHU�

ZKHWKHU�RU�QRW�LW�ZRXOG�EH�SRVVLEOH�WR�KDYH�D�SKDVH�WUDQVLWLRQ�DW�RUGLQDU\�3 �DQG�LQ�D�UDQJH�RI�WHPSHUDWXUH�FORVH�WR�WKH�

FRQGLWLRQV�RI�XVDJH�RI�VROLG�HOHFWURO\WHV��7KH�+HOPKROW]�IUHH�HQHUJ\�YDULDWLRQ�ZLWK�WHPSHUDWXUH�LV�UHSRUWHG�LQ�)LJ����IRU�

ERWK� WKH�SVHXGRFXELF�DQG�WKH�PRQRFOLQLF�3P � IRUPV�RI�DUJ\URGLWH�DW�3 � ����$�VLPLODU� WUHQG�ZDV�REWDLQHG�DW� VOLJKWO\�

KLJKHU� YDOXHV� RI� SUHVVXUHV� ����*3D�� 7KHUHIRUH��ZH� IRXQG� WKDW� LQ� UHDVRQDEOH� UDQJHV� RI� SUHVVXUHV� DQG� WHPSHUDWXUHV�

ZKHUH� WKH�EDWWHULHV�ZRUN�ZH�FDQQRW� IRUHVHH� DQ\�SKDVH� WUDQVLWLRQ��$� OLWWOH�YDULDWLRQ�RI� VORSH�PD\�EH� IRXQG�DW�KLJKHU�

SUHVVXUHV�IRU�WKH�)�YV��7�FXUYH�VR�ZH�FDQ�JXHVV�D�SKDVH�WUDQVLWLRQ�DW�YHU\�KLJK�SUHVVXUHV�

*5 �����

*9 �����

*+ �����

* ����� ���� ���

*�% ����� ���� ����

( ����� ���� ����

����� ���� ����

)LJ����



��� 6XUIDFH�SURSHUWLHV

2XU�DLP�KHUH� LV� WR� ILQG�DQG�FKDUDFWHUL]H� WKH�FU\VWDOOLQH�VXUIDFHV� WKDW�DUH�PRUH�HDVLO\�H[SRVHG�� LQ�RUGHU� WR� ����SUHGLFW�

WKURXJK� D�:XOII� FRQVWUXFWLRQ� WKH� SRVVLEOH� IRUP�RI� FU\VWDOOLWHV� DQG� ���� SUHSDUH� WKH� JURXQG� IRU� WKH� VWXG\�RI� LQWHUIDFHV�

EHWZHHQ�WKH�VROLG�HOHFWURO\WH�DQG�RWKHU�FRPSRQHQWV�RI�WKH�EDWWHU\�

����� 6XUIDFH�VODE�PRGHOV

$W���.�WKH�VXUIDFH�IUHH�HQHUJ\�LV�D�FORVH�DSSUR[LPDWLRQ�RI�WKH�VXUIDFH�HQHUJ\�DV�FDOFXODWHG�E\�VWDWLF�ODWWLFH�VLPXODWLRQV��

EHLQJ�WKDW�WKH�HQWURS\�WHUP�LV�VPDOO��+HQFH�ZH�FRQVLGHU�WKH�VXUIDFH�HOHFWURQ�HQHUJ\��FRPSXWHG�DV�UHSRUWHG�LQ�HTQ������

2XU�FRPSXWDWLRQDO�PRUSKRORJLFDO�DQDO\VLV��SHUIRUPHG�RQ�SVHXGRFXELF�VWUXFWXUHV��P0RGHO����� UHYHDOHG� WKDW� WKH�PRVW�

LPSRUWDQW�FU\VWDOORJUDSKLF�SODQHV�DUH�WKH��������������DQG�������VLQFH�WKH\�DUH�FKDUDFWHUL]HG�E\�WKH�ODUJHVW�LQWHUSODQDU�

VSDFLQJV��UHVSHFWLYHO\��������������������� �

,Q�)LJ����ZH�UHSRUW�WKH�JHRPHWU\�RI�WKH�VODEV�DV�FXW�IURP�WKH�EXON�$UJ\URGLWH�DIWHU�UHOD[DWLRQ��,W�LV�FOHDU�WKDW��RXW�RI�D�

SRVVLEOH�VXUIDFH�UHFRQVWUXFWLRQ�� WKH�������DQG�������VODEV�DUH�QRW�V\PPHWULF�� L�H�� WKH� WRS�DQG�ERWWRP�WHUPLQDWLRQV�DUH�

GLIIHUHQW��,W�WXUQV�RXW�WKDW��GXH�WR�WKH�VWUXFWXUDO�IHDWXUHV�RI�WKH�VROLG��QR�V\PPHWULF�VODE�FDQ�EH�FXW�RXW�IURP�WKH�EXON��$W�

WKH�VDPH�WLPH��RQH�FDQ�VHH�WKDW�IURP�FKHPLFDO�DUJXPHQWV�QRW�PDQ\�WHUPLQDWLRQV�DUH�SRVVLEOH��WKH�VROLG�VKRXOG�EH�ORRNHG�

DW�DV�DQ�LRQLF�FU\VWDO�FRQWDLQLQJ�36��LQGLYLVLEOH�VXEXQLWV�

+HOPKROW]� IUHH�HQHUJ\�YDULDWLRQ�ZLWK� WHPSHUDWXUH� IRU�SVHXGR�FXELF�P0RGHO� �� �EODFN� OLQH�� DQG�PRQRFOLQLF� VWUXFWXUH� �PDJHQWD�� RI�

DUJ\URGLWH�DW���*3D�

)LJ����



)URP�WKH�DERYH�UHDVRQLQJ�ZH�VHH�WKDW��HYHQ�LI�ZH�DUH�ERXQG�WR�ZRUN�ZLWK�DYHUDJHG�VXUIDFH�IRUPDWLRQ�HQHUJLHV��L�H��RXU�

YDOXHV� LQFOXGH�ERWK� WKH� IRUPDWLRQ�RI� WKH� XSSHU� DQG� ORZHU� VXUIDFH�RI� WKH� VODE��� WKLV� LV� VWLOO� SK\VLFDOO\� VHQVLEOH� DV� WKH�

VXUIDFHV�ZH�FRQVLGHU�DUH�WKH�RQO\�SRVVLEOH�RQHV��7KH�RQO\�SUDFWLFDO�FRQVHTXHQFH��ZH�EHOLHYH��RI�ZRUNLQJ�ZLWK�DYHUDJHG�

HQHUJLHV��LV�WKDW�ZH�SUHGLFW��VHH�EHORZ��D�V\PPHWULF�FU\VWDOOLWH��ZKLOH�LQ�UHDOLW\�LW�PLJKW�EH�DV\PPHWULF��$V�D�VLGH�QRWH��

ZH�UHPLQG�WKDW�WKDQNV�WR�WKH�ORFDO�EDVLV�VHW�DGRSWHG�LQ�FU\VWDO��WKHVH�PRGHOV�DUH�WUXO\�WZR�GLPHQVLRQDO��WKDW�LV�WKH\�DUH�

QRQSHULRGLF�DORQJ�WKH�]�GLUHFWLRQ�

����� 6XUIDFH�VWDELOLW\�DQG�FKDUDFWHUL]DWLRQ

7KH�DYHUDJHG�VXUIDFH�HQHUJ\�ZH�FRPSXWHG��( V��DUH�UHSRUWHG�LQ�7DEOH����WKH�%DVLV�6HW�6XSHUSRVLWLRQ�(UURU��%66(��LV�

VPDOO� �XQGHU����� �VR�ZH�EHOLHYH�LW�GRHV�QRW�DOWHU�RXU�FRQFOXVLRQV��DOVR�FRQVLGHULQJ�WKDW�DQG�VLQFH�ZH�DUH�FRQVLGHULQJ�

DYHUDJH�YDOXHV�RI�HQHUJ\��$V�VKRZQ�LQ�WKH�)LJ�����WKH�ERWWRP�WHUPLQDWLRQV�RI�WKH���������DQG���������VXUIDFHV�H[SRVH�D�

PL[HG� OD\HU� RI�/L�6� DQG�/L&O� DQG� D� VLQJOH� OD\HU� RI�/L�6�� UHVSHFWLYHO\��2Q� WKH� FRQWUDU\� WHUPLQDWLRQV� RI� WKH� ��� �� ���

VXUIDFH�PDLQO\�H[KLELW�36��WHWUDKHGUD��/L�6�DQG�/L&O�SUHFXUVRUV�IRUPHG�RQ�D�VLGH�RI�H[SRVHG�VXUIDFHV�DUH�HOHFWURQLFDOO\�

LQVXODWLQJ�� LRQLFDOO\�FRQGXFWLQJ�SKDVHV�DQG�PD\�ZRUN�DV�SRWHQWLDOO\�JRRG�SDVVLYDWLQJ� LQWHUIDFLDO�SKDVHV� WKDW�DFW�DV�D�

EDUULHU� DJDLQVW� IXUWKHU� GHFRPSRVLWLRQ� RI� DONDOL� VXSHULRQLF� FRQGXFWRU� HOHFWURO\WH��*HQHUDOO\�� WKRVH� VSHFLHV� DUH� IRUPHG�

ERWK�EHORZ�����9�DQG�DERYH�����9�YROWDJHV����7KH�LQWHUSKDVHV�EHWZHHQ�DUJ\URGLWH�DQG�VRPH�DFWLYH�PDWHULDOV��/&2��

/02��DQG�10&��KDYH�EHHQ�FKHPLFDOO\�FKDUDFWHUL]HG�LQ�WKH�SULVWLQH�FDVHV�DQG�DIWHU�F\FOLQJ��E\�;�UD\�SKRWRHOHFWURQ�

VSHFWURVFRS\��;36��� WKH�SDSHU�UHSRUWV� WKDW�DQ�DGGLWLRQDO�ZHDN�GRXEOHW�DW�������H9�LV�SUHVHQW� LQ� WKH�SULVWLQH�PDWHULDO�

DOUHDG\�EHIRUH�F\FOLQJ����7KDW� FDQ�EH� DWWULEXWHG� WR�/L�6� DQG� WKDW� SUHVHQFH�ZDV� DOVR� FRQILUPHG�E\�;�UD\�GLIIUDFWLRQ�

GDWD��2XU�SLFWXUHV�RI� VXUIDFHV� UHSRUWHG� LQ�)LJ����PD\�SURYLGH� D� IXUWKHU� LQWHUSUHWDWLRQ�RI� WKDW� ILQGLQJ� LQ� DGGLWLRQ� WR� D�

FODLPHG�UHVLGXH�RI�UHDFWDQW�LQ�VDPSOHV�RI�/L�36�&O�

3%(��7=93�PLQLPD�RI�VODE�PRGHOV�IRU�PRVW�VWDEOH�VXUIDFHV�RI�PRGHO��������VXUIDFH��SDQHO�D��������SDQHO�E��������SDQHO�F��

7DEOH���

$UJ\URGLWH�DYHUDJHG�VXUIDFH�VWDELOLWLHV

6XUIDFH $YHUDJHG�VXUIDFH�HQHUJ\��-�P ��



7DEOH��� VKRZV� WKDW� WKH� VXUIDFH� HQHUJLHV� DUH�YHU\� FORVH� WR� HDFK�RWKHU�ZKHUHDV� LQ� DEVROXWH� WHUPV� WKH�YHU\� ORZ�YDOXHV�

LQGLFDWH�KLJK�VWDELOLW\�RI�DOO�VXUIDFHV�

2QH�SRLQW�WR�FRQVLGHU�LV�WKDW�GLIIHUHQW�HOHFWULF�EHKDYLRXU�DW�WKH�LQWHUIDFH�ZLWK�WKH�HOHFWURGH�FDQ�EH�REWDLQHG�E\�H[SRVLQJ�

RQH�VLGH�RU�WKH�RWKHU�RI�HDFK�VXUIDFH�WR�WKH�HOHFWURGH��,QGHHG��PL[HG�/L�6��/L&O�DQG�/L�6�OD\HUV�FKDUDFWHUL]LQJ�RQH�VLGH�

WHUPLQDWLRQ� RI� ��� �� ��� DQG� ��� �� ��� VXUIDFHV� FDQ� EH� FRQFHLYHG� DV� D� VRUW� RI� LQFLSLHQW� SKDVH� GXH� WR� WKH� VXUIDFH�

GHFRPSRVLWLRQ�RI�WKH�PDWHULDO�WKDW�FDQ�VWDELOL]H�WKH�VROLG�HOHFWURO\WH�DQG�HVVHQWLDOO\�VHUYH�DV�VROLG�HOHFWURO\WH�LQWHUSKDVHV�

LQ�/L�LRQ�$66%V��7KH� IRUPDWLRQ�RI� WKH�GHFRPSRVLWLRQ� LQWHUSKDVHV�SOD\V�DQ�HVVHQWLDO� UROH� LQ� WKH�VWDELOLW\�RI� WKH�VROLG�

HOHFWURO\WH� DQG� VKRXOG� EH� FRQVLGHUHG� LQ� WKH� GHVLJQ� RI� VROLG� HOHFWURO\WH� PDWHULDOV�� ,Q� DGGLWLRQ�� SURSHUWLHV� RI� WKH�

LQWHUSKDVHV�FRQWURO� WKH�/L�LRQ�GLIIXVLRQ�EHWZHHQ�HOHFWURGHV�DQG�DUJ\URGLWH�HOHFWURO\WHV�DV�VXFFHVVIXOO\�LQYHVWLJDWHG�E\�

H[FKDQJH�105�VSHFWURVFRS\�������,W�UHYHDOV�WKDW�/L�LRQ�GLIIXVLRQ�DFURVV�LQWHUIDFHV�FDQ�EH�WKH�PDLQ�IDFWRU�OLPLWLQJ�WKH�

SHUIRUPDQFH�RI�$UJ\URGLWH�HOHFWURO\WHV�LQ�WKH�EDWWHU\�

7KH�����W\SH�VXUIDFHV�RI�DUJ\URGLWH��H[FHSW�IRU�WKH�SUHVHQFH�RI�/L&O�PRLHWLHV��ORFDOO\�UHSURGXFH�WKH���������DQG���������

VXUIDFHV�RI��UHVSHFWLYHO\�� �DQG� �SRO\PRUSKV�RI�/L�36���LQ�IDFW��LQ�WKH�RUWKRUKRPELF�ODWWLFHV�WKH�VWDEOH�VXUIDFHV�H[SRVH�

36�
� �WHWUDKHGUD�ZLWK�/L��FRXQWHULRQV�LQ�QHDUE\����7KH�VDPH�ORFDO�DUUDQJHPHQW�LV�IRXQG�LQ�WKH�FDVH�RI�DUJ\URGLWH�RQ�

WKH�WRS�VXUIDFH�RI���������DQG���������VXUIDFHV�UHSRUWHG�LQ�)LJ�����)URP�WKH�HQHUJHWLF�SRLQW�RI�YLHZ��OLWHUDWXUH���UHSRUWV�

IRU� WKH�PRVW� VWDEOH� �SKDVH��3QPD�E�SKDVH��RI� WKH�SDUHQW� VWUXFWXUH�/L�36��D� ������ VXUIDFH� HQHUJ\�HTXDO� WR������� -�

P ���(YHQ� LI� LQ� WKH� FLWHG� OLWHUDWXUH�� D� FHUWDLQ�YDULDELOLW\� LV� IRXQG� IRU� VXUIDFH� HQHUJ\� LQ�GHSHQGHQFH�RQ� WKH�RFFXSLHG�

:\FNRII�VLWH��WKH�VXUIDFH�HQHUJLHV�UHSRUWHG�LQ�WKH�SUHVHQW�SDSHU��HYHQ�DYHUDJHG��VHHP�WR�EH�SHUIHFWO\�LQ�OLQH�ZLWK�WKH�

DYDLODEOH�GDWD�IRU�VXOILGH�HOHFWURO\WHV�

$�SLHFH�RI�XVHIXO�LQIRUPDWLRQ�LV�WKHQ�SURYLGHG�E\�WKH�HOHFWURVWDWLF�SRWHQWLDO�PDSSHG�RQ�WRS�RI�DQ�HOHFWURQ�FKDUJH�GHQVLW\�

LVRVXUIDFH�LQ�WKDW�LW�DOORZV�XV�WR�KLJKOLJKW�SRVLWLYH�DQG�QHJDWLYH�UHJLRQV�VKRZLQJ��LQ�SDUWLFXODU��WKH�XS�GRZQ�DV\PPHWU\�

RI�VODEV��)LJ����VKRZV�VXFK�D�FRORXU�FRGHG� LVR�GHQVLW\�VXUIDFH� IRU�DUJ\URGLWH�VXUIDFHV��7KH�GLVFUHSDQF\�EHWZHHQ� WRS�

DQG�ERWWRP�H[SRVHG�VXUIDFHV�LV�YHU\�FOHDU�LQ�ERWK�WKH�������DQG�������FDVHV��,Q�WKH�IRUPHU�FDVH��WKH�WRS�VHFWLRQ�VKRZV�

HYLGHQW� IDFHV� RI� 36�
� � WHWUDKHGUD� DQG� WKH� QHJDWLYH� UHJLRQV� RI� SRWHQWLDO� GXH� WR� VXOIXU� FRQWULEXWLRQ��ZKHUHDV� RQ� WKH�

ERWWRP�VLGH�/L��LRQV�SURYLGH�UHJLRQV�RI�EOXH�SRVLWLYH�HOHFWURVWDWLF�SRWHQWLDO�EXW�DOVR�RUDQJH�DUHDV�FRUUHVSRQGLQJ�WR�&O �

FRXQWHULRQ�DUH�GLVWLQJXLVKDEOH��,Q�WKH�����FDVH��WKH�QHJDWLYH�UHJLRQV�RI�WKH�HOHFWURVWDWLF�SRWHQWLDO��LQ�UHG��DUH�GRPLQDWHG�

E\� WKH�VXOIXU�FRXQWHULRQV�RQ� WKH� WRS�VLGH�HYHQ�ZLWK�D�GLIIHUHQW�RULHQWDWLRQ�RI�36�
� � WHWUDKHGUD��)LJ���� VKRZV�RQ� WKH�

ERWWRP�WKH�SUHVHQFH�RI�VXOIXU�EXW�LQ�WKDW�FDVH��WKH�/L�6�PRLHWLHV�DUH�HYLGHQW��7KH�HOHFWURVWDWLF�SRWHQWLDO�PDSV�KHOS�XV�

LGHQWLI\LQJ�QXFOHRSKLOLF� UHJLRQV�RQ� WKH� WRS�VLGHV�RI� VXUIDFHV� UHSRUWHG� LQ�)LJ���� �UHG�DUHDV���ZKHUHDV� WKH�PRUH�RU� OHVV�

HOHFWURSKLOLF�SDUWV�UHVLGH�RQ�WKH�ERWWRP�VXUIDFHV��LQ�EOXH�DQG�JUHHQ��UHVSHFWLYHO\���7KLV�YDULDELOLW\�MXVWLILHV�WKH�UHDFWLYLW\�

W\SLFDO�RI�VXOILGH�HOHFWURO\WHV�

����� �����

����� �����

����� �����

)LJ����



7KH�PRUSKRORJLFDO�DQDO\VLV�DOORZHG�XV�WR�SUHGLFW�D�UHDVRQDEOH�VKDSH�IRU�DUJ\URGLWH�FU\VWDOV��:XOII
V�SORW�LV�UHSRUWHG�LQ�

)LJ����LQ�WKH�DVVXPSWLRQ�RI�LWV�FXELF�FU\VWDOOLQH�KDELW��7KH�DQDO\VLV�UHVXOWV�LQ�DQ�DUHD�RI���������������DQG�������VXUIDFHV�

UHVSHFWLYHO\�RI��������������DQG�������RI�WKH�WRWDO�VXUIDFH�DUHD�RI�WKH�FU\VWDO�SRO\KHGURQ��DV�YLVXDO�LQVSHFWLRQ�RI�)LJ��

�� LQGLFDWHV��6LQFH�����W\SH�RI� VXUIDFHV� DOVR� DSSHDUV� WR�EH� WKH� OHVV� LQWHUHVWLQJ�RQH� IURP� WKH�SRLQW�RI�YLHZ�RI� VXUIDFH�

FKDUJH�DQG�HOHFWURVWDWLF�SRWHQWLDO�� WKH�SUHVHQW�PRGHOLQJ�VHHPV�WR�VXJJHVW�WKH�QHFHVVLW\�WR�PD[LPL]H�WKH�RFFXUUHQFH�RI�

WKH� OHVV� UHSUHVHQWHG� ������� ������ VXUIDFHV� LQ� WKH� GLVWULEXWLRQ� RI� H[SRVHG� VXUIDFHV� E\�PHDQV� RI� IDYRUDEOH� SUHSDUDWLRQ�

URXWHV�DQG�UHDFWLRQ�PHGLXP�

�&RQFOXVLRQV

:H�SUHVHQWHG�D� FRPSXWDWLRQDO� DQDO\VLV�RI� WKH� VWUXFWXUDO�� WKHUPDO�� DQG�HODVWLF�EHKDYLRXU�RI� D� VXSHULRQLF� FRQGXFWRU�RI�

VXOILGH� QDWXUH� � WKH�/L�36�&O� DUJ\URGLWH�� %\�PHDQV� RI� YLEUDWLRQDO� DQDO\VLV��ZH� IRXQG� WKH� FXELF� ) �P � VWUXFWXUH� �

ZKLFK�ZDV�FODLPHG�WR�EH�WKH�PRVW�VWDEOH�SRO\PRUSK�DW�RSHUDWLQJ�YDOXHV�RI�3�DQG�7�VWDWH�YDULDEOHV� �WR�EH�PHWDVWDEOH��$�

VFDQ�SURFHVV�DORQJ�QRUPDO�PRGHV�DOORZHG�XV� WR� LGHQWLI\����VWDEOH�VWUXFWXUHV� WKDW� UHWXUQHG�RQ�DYHUDJH�D�SVHXGRFXELF�

VWUXFWXUH��,Q�YLHZ�RI�WKH�FKDOOHQJHV�LQ�WKH�H[SHULPHQWDO�GHWHUPLQDWLRQ�RI�PHFKDQLFDO�DQG�HODVWLF�SURSHUWLHV�RI�WKLV�VXOILGH�

PDWHULDO�� ZH� SURYLGH� RXU� HVWLPDWHV� DFFRUGLQJ� WR� D� 4+$� DSSURDFK�� WR� EH� FRPSDUHG� ZLWK� IXWXUH�PHDVXUHPHQWV��:H�

SUHGLFW�IRU�WKLV�PDWHULDO�D�UHODWLYHO\�KLJK�YDOXH�IRU�WKH�YROXPHWULF�H[SDQVLRQ�FRHIILFLHQW�ZLWK�UHVSHFW�WR�RWKHU�PDWHULDOV�

VXFK�DV�SHURYVNLWHV��DQG�FRQGXFWRU�R[LGHV�HW�DO��7KH�DQDO\VLV�RI�HODVWLF�SURSHUWLHV� �ZKLFK�DUH�RI�UHOHYDQFH�LQ�VWXG\LQJ�

(OHFWURVWDWLF�SRWHQWLDO��LQ�D�X���DV�PDSSHG�RQ�DQ�HOHFWURQ�FKDUJH�GHQVLW\�LVRVXUIDFH�FRPSXWHG�DW�D�UHJXODU���GLPHQVLRQDO�JULG�RI�SRLQWV�

IRU�PRVW�VWDEOH�VXUIDFHV�RI�PRGHO��������VXUIDFH��SDQHO�D���PDSSHG�RQ�������H�ERKU ��FKDUJH�GHQVLW\�VXUIDFH��������SDQHO�E��PDSSHG�

RQ��������H�ERKU ��FKDUJH�GHQVLW\�VXUIDFH��������SDQHO�F��PDSSHG�RQ��������H�ERKU ��FKDUJH�GHQVLW\�VXUIDFH���ERWK�WRS�DQG�ERWWRP�

YLHZV� DUH� UHSRUWHG�� 7KH� EOXH� FRORXU� FRGLILHV� WKH� UHJLRQV� LQ� ZKLFK� WKH� SRWHQWLDO� LV� SRVLWLYH� ZKLOH� WKH� UHG� FRORXU� FRUUHVSRQGV� WR�

QHJDWLYH�YDOXHV�RI�SRWHQWLDO��WKH�JUHHQ�FRORXU�UHSUHVHQWV�QHXWUDOLW\�

)LJ����

:XOII
V�SRODU�SORW�IRU�FXELF�V\PPHWU\�RI�DUJ\URGLWH�EDVHG�RQ�FRPSXWHG�( 6�DW�3%(��7=93��WKH�FRUUHVSRQGLQJ�IDPLOLHV�RI�SODQHV�DUH�

LQGLFDWHG�RQ�IDFHV�



WKH� FRQWDFW�EHWZHHQ� WKH� HOHFWURGHV� DQG� WKH� VXSHULRQLF� FRQGXFWRU� � UHYHDOV� D�KLJKHU�YDOXH�RI�EXON�PRGXOXV�% � LQ� WKH�

PRQRFOLQLF�FDVH�

,Q� SUHVHQFH� RI� DQ� DJJUHJDWH� RI� FU\VWDOV� W\SLFDO� RI� VXSHULRQLF� FRQGXFWRUV�� E\� DGRSWLQJ� WKH� 9RLJW 5HXVV +LOO�

DSSUR[LPDWLRQ� IRU� SRO\FU\VWDOOLQH� PDWHULDOV�� ZH� REVHUYH� UHODWLYHO\� VPDOO� HODVWLF� PRGXOL� ZLWK� UHVSHFW� WR� JDUQHWV� RU�
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