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�ǯ����������±������������ǯ������������Ǥ

������ ±����� ���� ��� �����°��� �� �����±� ��� �±������������ �ǯ���� ����� ������±�� �� ����
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,/����VLJQDOLQJ�SDWKZD\�DV�D�QHZ�WDUJHW�IRU�WKH�WUHDWPHQW�RI�ϭ�

SRVW�LQIHFWLRXV�LUULWDEOH�ERZHO�V\QGURPH�V\PSWRPV�Ϯ�

ϯ�

%$8'8� (ORGLH����� 0(<1,(5� 0DHYD����� '()$<(� 0DQRQ����� :$:5=<1,$.� ,YDQ���ϰ�

'(/%$&� )UpGpULF��� *2')5$,1'� &DWKHULQH��� &+$7(/� -HDQ�0DUF��� %$51,&+�ϱ�

1LFRODV���/,95(//,�9DOpULH���$5','�'HQLV���32,5,(5�3KLOLSSH�����%211(7�0DWKLOGH����ϲ�

&$59$/+2�)UpGpULF�$QWRQLR��ϳ�

ϴ�

��8QLYHUVLWp�&OHUPRQW�$XYHUJQH��,QVHUP�������0�L6+��&OHUPRQW�)HUUDQG��)UDQFH�ϵ�

��8QLYHUVLWp�&OHUPRQW�$XYHUJQH��,QVHUP�������1HXUR�'RO��&OHUPRQW�)HUUDQG��)UDQFH�ϭϬ�

��8QLYHUVLWp�&OHUPRQW�$XYHUJQH��&156�������/0*(��&OHUPRQW�)HUUDQG��)UDQFH�ϭϭ�

�� &+8�&OHUPRQW�)HUUDQG�� $QDWRPLH� HW� &\WRORJLH� 3DWKRORJLTXHV�� &OHUPRQW�)HUUDQG��ϭϮ�

)UDQFH�ϭϯ�

�� &+8�&OHUPRQW�)HUUDQG�� /DERUDWRLUH� GH� 3DUDVLWRORJLH� HW� GH�0\FRORJLH�� &OHUPRQW�ϭϰ�

)HUUDQG��)UDQFH�ϭϱ�

�� ,QVWLWXW� 0LFDOLV�� ,15$�� $JUR3DULV7HFK�� 8QLYHUVLWp� 3DULV�6DFOD\�� -RX\�HQ�-RVDV��ϭϲ�

)UDQFH�ϭϳ�

ϭϴ�

&RUUHVSRQGLQJ�$XWKRUV��PDWKLOGH�ERQQHW#XFD�IUϭϵ�

IUHGHULF�FDUYDOKR#XFD�IUϮϬ�

Ϯϭ�

��7KHVH�DXWKRUV�FRQWULEXWHG�HTXDOO\�WR�WKLV�ZRUN�ϮϮ�

Ϯϯ�

Ϯϰ�





6<1236,6�Ϯϱ�

0RXVH�PRGHO�RI�&LWUREDFWHU�URGHQWLXP�LQIHFWLRQ�LV�D�JRRG�PRGHO�WR�FKDUDFWHUL]H�FRORQLF�Ϯϲ�

GLVWXUEDQFHV� LQYROYH� LQ� WKH� GHYHORSPHQW� RI� FRORQLF� K\SHUVHQVLWLYLW\� DQG� DVVRFLDWHG�Ϯϳ�

FRPRUELGLWLHV�REVHUYHG�LQ�LUULWDEOH�ERZHO�V\QGURPH��7DUJHWLQJ�LQWHUOHXNLQ����VLJQDOLQJ�Ϯϴ�

SDWKZD\�LPSURYH�V\PSWRPV�DQG�UHSUHVHQWV�D�QHZ�WKHUDSHXWLF�VWUDWHJ\��Ϯϵ�

ϯϬ�

$%675$&7�ϯϭ�

%DFNJURXQG�	�$LPV��&RORQLF�K\SHUVHQVLWLYLW\��&+6��LV�D�KDOOPDUN�RI�SRVW�LQIHFWLRXV�ϯϮ�

LUULWDEOH�ERZHO�V\QGURPH��3,�,%6��DQG�LV�DVVRFLDWHG�ZLWK�DQ[LHW\��,WV�SDWKRJHQHVLV�LV�ϯϯ�

QRW�FRPSOHWHO\�XQGHUVWRRG�EXW�LQYROYHV�LPSDLUHG�FRORQLF�PXFRVD�DQG�JXW�PLFURELRWD��ϯϰ�

&LWUREDFWHU�URGHQWLXP�LQIHFWLRQ�FDQ�KHOS�WR�XQGHUVWDQG�LW��,QWHUOHXNLQ�����,/�����LV�D�NH\�ϯϱ�

FRQWULEXWRU�WR�HSLWKHOLDO�LQWHJULW\�DQG�SOD\V�D�FULWLFDO�UROH�LQ�LQIHFWLRQ��7KXV�WDUJHWLQJ�,/�ϯϲ�

���VLJQDOLQJ�SDWKZD\�PD\�LPSURYH�3,�,%6�V\PSWRPV��+HQFH��DLPV�RI�WKLV�VWXG\�ZHUH�ϯϳ�

WR� FKDUDFWHUL]H� LQWHVWLQDO� GLVWXUEDQFHV� DVVRFLDWHG� ZLWK� 3,�,%6� V\PSWRPV� DQG� WR�ϯϴ�

HYDOXDWH�LI�,/����VLJQDOLQJ�SDWKZD\�UHSUHVHQWV�D�WDUJHW�WR�LPSURYH�WKRVH�V\PSWRPV��ϯϵ�

ϰϬ�

0HWKRGV��)LUVW��PLFH�ZHUH�LQIHFWHG�ZLWK�&��URGHQWLXP��&RORQLF�YLVFHUDO�VHQVLWLYLW\�ZDV�ϰϭ�

DVVHVVHG�E\�SHUIRUPLQJ�FRORUHFWDO�GLVWHQVLRQ�DQG�DQ[LHW\�OLNH�EHKDYLRU�E\�XVLQJ�WKH�ϰϮ�

HOHYDWHG�SOXV�PD]H�WHVW��,QWHVWLQDO�SHUPHDELOLW\�ZDV�DVVHVVHG�E\�PHDVXULQJ�DPRXQWV�ϰϯ�

RI���N'D�IOXRUHVFHLQ�LVRWKLRF\DQDWH�GH[WUDQ�LQ�VHUXP��&RPSRVLWLRQ�RI�FRORQLF�PXFRVD�ϰϰ�

DVVRFLDWHG�PLFURELRWD�ZDV�GHWHUPLQHG�E\���6�'1$�VHTXHQFLQJ��)HFDO�FRQFHQWUDWLRQV�ϰϱ�

RI� OLSRFDOLQ��� DQG� VKRUW�FKDLQ� IDWW\� DFLGV� ZHUH� TXDQWLILHG� E\� (/,6$� DQG� JDV�ϰϲ�

VSHFWURPHWU\�� UHVSHFWLYHO\�� 7KHQ�� PLFH� ZHUH� SUHYHQWLYHO\� WUHDWHG� ZLWK� ,/���� DQG�ϰϳ�

YLVFHUDO�VHQVLWLYLW\��DQ[LHW\�DQG�HSLWKHOLDO�LQWHJULW\�ZHUH�DQDO\]HG��ϰϴ�

ϰϵ�





5HVXOWV�� ,QIHFWHG�PLFH�H[KLELW�&+6�DQG�DQ[LHW\�OLNH�EHKDYLRU�DIWHU� FOHDUDQFH�RI�&��ϱϬ�

URGHQWLXP�� ,W� LV� DVVRFLDWHG� ZLWK� FRORQLF� ORZ�JUDGH� LQIODPPDWLRQ�� GHFUHDVH� RI�ϱϭ�

/DFWREDFLOODFHDH� DEXQGDQFH� DQG� LQFUHDVH� RI� IHFDO� DFHWLF� DFLG�� ,/���� WUHDWPHQW�ϱϮ�

LPSURYHV� ERWK� V\PSWRPV� DFWLQJ� RQ� LQWHVWLQDO� SHUPHDELOLW\� EXW� QRW� RQ� FRORQLF�ϱϯ�

LQIODPPDWLRQ��ϱϰ�

ϱϱ�

&RQFOXVLRQV� &LWUREDFWHU� URGHQWLXP� FDQ� KHOS� WR� XQGHUVWDQG� WKH� UROH� RI� LQWHVWLQDO�ϱϲ�

GLVWXUEDQFHV�DQG�JXW�PLFURELRWD�LQ�SRVW�LQIHFWLRXV�&+6�DQG�DQ[LHW\�GHYHORSPHQW��,/�ϱϳ�

��� VLJQDOLQJ� SDWKZD\� UHSUHVHQWV� D� QHZ� WKHUDSHXWLF� WDUJHW� E\� DFWLQJ� RQ� HSLWKHOLDO�ϱϴ�

LQWHJULW\�DQG�SDWKRJHQ�FOHDUDQFH��ϱϵ�

ϲϬ�

.H\ZRUGV��,UULWDEOH�ERZHO�V\QGURPH��&RORQLF�K\SHUVHQVLWLYLW\��&LWUREDFWHU�URGHQWLXP��ϲϭ�

DQ[LHW\�OLNH�EHKDYLRU��,/�����ϲϮ�

ϲϯ�





,QWURGXFWLRQ�ϲϰ�

,UULWDEOH�ERZHO�V\QGURPH��,%6��LV�D�FRPPRQ�IXQFWLRQDO�JDVWURLQWHVWLQDO�GLVRUGHU�ZKLFK�ϲϱ�

DIIHFWV� ������ RI� WKH� ZRUOGZLGH� SRSXODWLRQ�� ,W� LV� FKDUDFWHUL]HG� E\� DEGRPLQDO� SDLQ��ϲϲ�

DOWHUHG� ERZHO� KDELWV� DQG� LV� RIWHQ� DVVRFLDWHG� ZLWK� SV\FKRORJLFDO� GLVRUGHUV�±��� ,WV�ϲϳ�

HWLRORJ\�LV�PXOWLIDFWRULDO�DQG�LWV�SDWKRORJ\�LV�FRPSOH[�LQYROYLQJ�FRORQLF�K\SHUVHQVLWLYLW\�ϲϴ�

�&+6������ DOWHUHG� LQWHVWLQDO� SHUPHDELOLW\�±��� ORZ�JUDGH� LQIODPPDWLRQ��±��� DQG� JXW�ϲϵ�

G\VELRVLV��±����,Q�VRPH�FDVHV��LW�FDQ�RFFXUUHG�IROORZLQJ�LQIHFWLRXV�HQWHULWLV�DQG�VR�LW�LV�ϳϬ�

UHIHUUHG�DV� WR�SRVW�LQIHFWLRXV� ,%6� �3,�,%6���$� ODUJH�SURSRUWLRQ�RI� WKHP�VHHPV� WR�EH�ϳϭ�

FDXVHG� E\� HQWHURKDHPRUUKDJLF� �(+(&�� DQG� HQWHURSDWKRJHQ� �(3(&� (VFKHULFKLD�ϳϮ�

FROL�������1RZDGD\V��LW�LV�XQFOHDU�ZK\�RQO\�D�VXEJURXS�RI�SDWLHQWV�GHYHORS�3,�,%6�ZKLOH�ϳϯ�

RWKHUV�UHFRYHU�IURP�LQIHFWLRQ��7KXV�PDQDJHPHQW�RI�SDWLHQWV�LV�FKDOOHQJLQJ�EHFDXVH�LW�ϳϰ�

FRXOG� UHTXLUH� VHYHUDO� DSSURDFKHV� DQG� WKH� QHHG� RI� GHYHORSLQJ� DQLPDO� PRGHOV�ϳϱ�

PLPLFNLQJ�WKLV�GLVRUGHU�LV�JURZLQJ��ϳϲ�

ϳϳ�

)HZ�DQLPDO�PRGHOV�RI�3,�,%6�EDVHG�RQ�EDFWHULDO�LQIHFWLRQ�DUH�DFWXDOO\�DYDLODEOH�DQG�ϳϴ�

VWXGLHV�GLG�QRW� LQYHVWLJDWHG�&+6�RU�SV\FKRORJLFDO�FRPRUELGLWLHV�RU�FRQVHTXHQFH�RI�ϳϵ�

SDWKRJHQLF�(��FROL�LQIHFWLRQ�������&LWUREDFWHU�URGHQWLXP�LQIHFWLRQ�PRGHO�LV�ZLGHO\�XVHG�ϴϬ�

WR�PLPLF� KXPDQ� LQIHFWLRQV�ZLWK� SDWKRJHQLF�(�� FROL���� DQG�GLIIHUHQW�ZRUNV� VXJJHVW� LW�ϴϭ�

FRXOG�EH�D�JRRG�PRGHO� WR�XQGHUVWDQG�SDWKRJHQHVLV�RI�3,�,%6�� ,QGHHG�� LW� KDV�EHHQ�ϴϮ�

VKRZQ�ORQJ�ODVWLQJ�K\SHUH[FLWDELOLW\�RI�FRORQLF�GRUVDO�URRW�JDQJOLD�QHXURQV�LQ�LQIHFWHG�ϴϯ�

PLFH�DQG�&+6�GXULQJ� LQIODPPDWLRQ�SHULRG������� ,PPXQRFRPSHWHQW�PLFH�DOVR�H[KLELW�ϴϰ�

LQWHVWLQDO� ORZ�JUDGH� LQIODPPDWLRQ� DQG�JXW� G\VELRVLV� EXW� DOO� WKHVH� IHDWXUHV�KDYH�QRW�ϴϱ�

EHHQ� VWXGLHG� LQ� SRVW�LQIHFWLRXV� SHULRG� \HW���������� &LWUREDFWHU� URGHQWLXP� LQIHFWLRQ�ϴϲ�

LQGXFHV� GLVWXUEDQFHV� RI� FRORQLF� PXFRVD� LQWHJULW\�� ,QWHUOHXNLQ���� �,/����� VLJQDOLQJ�ϴϳ�

SDWKZD\��ZKLFK�LV�D�NH\�FRQWULEXWRU�WR�HSLWKHOLDO�LQWHJULW\�DQG�LPPXQLW\��LV�NQRZQ�WR�SOD\�ϴϴ�
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D�FULWLFDO�UROH�LQ�&��URGHQWLXP�LQIHFWLRQ�DV�,/����NQRFN�RXW�PLFH�VXFFXPE�WR�LQIHFWLRQ����ϴϵ�

5HPDUNDEO\�� WKHVH� PLFH� DOVR� GHYHORS� LQWHVWLQDO� G\VELRVLV���� )RU� WKHVH� UHDVRQV��ϵϬ�

WDUJHWLQJ�,/����VLJQDOLQJ�SDWKZD\�PD\�LPSURYH�3,�,%6�V\PSWRPV��+HQFH��DLPV�RI�WKLV�ϵϭ�

VWXG\� ZHUH� �L�� WR� YDOLGDWH� WKLV� PRXVH� PRGHO� DV� D� PRGHO� RI� 3,�,%6� FKDUDFWHUL]LQJ�ϵϮ�

LQWHVWLQDO� DQG� EHKDYLRUDO� GLVWXUEDQFHV� DIWHU� FOHDUDQFH� RI� WKH� SDWKRJHQ�� DQG� �LL�� WR�ϵϯ�

GHWHUPLQH�LI�,/����VLJQDOLQJ�SDWKZD\�PD\�UHSUHVHQW�D�WDUJHW�IRU�WKH�WUHDWPHQW�RI�3,�,%6�ϵϰ�

V\PSWRPV�WHVWLQJ�DQ�LQQRYDWLYH�VWUDWHJ\�EDVHG�RQ�WKH�LQGXFWLRQ�RI�,/����H[SUHVVLRQ�LQ�ϵϱ�

HQWHURF\WHV�XVLQJ�/DFWRFRFFXV�ODFWLV�DV�D�GHOLYHU\�V\VWHP����ϵϲ�

ϵϳ�

5HVXOWV�ϵϴ�

&LWUREDFWHU� URGHQWLXP� LQIHFWLRQ� LQGXFHG� ORQJ�ODVWLQJ� GLVWXUEDQFHV� RI� FRORQLFϵϵ�

PXFRVD�KRPHRVWDVLV�ϭϬϬ�

&RORQL]DWLRQ�RI�PLFH�JDVWURLQWHVWLQDO�WUDFW�E\�&��URGHQWLXP�ZDV�IROORZHG�E\�FRXQWLQJ�ϭϬϭ�

FRORQ\�IRUPLQJ�XQLWV��&)8��LQ�IHFDO�VDPSOHV�DW�GLIIHUHQW�WLPH�SRLQWV��)LJXUH��$���$W���ϭϬϮ�

GD\V�SRVW�LQRFXODWLRQ��'3,���DOO�PLFH�ZHUH�FRORQL]HG��%DFWHULDO�ORDG�UDSLGO\�LQFUHDVHG�ϭϬϯ�

UHDFKLQJ�D�SODWHDX�EHWZHHQ���DQG����'3,��$W����'3,��&��URGHQWLXP�EHJDQ�WR�EH�FOHDUHG�ϭϬϰ�

LQ�KDOI�RI�WKH�DQLPDOV�DQG�ZDV�QR�ORQJHU�GHWHFWHG�LQ�IHFDO�VDPSOHV�DW����'3,�GHILQLQJ�ϭϬϱ�

WKH�EHJLQQLQJ�RI�WKH�SRVW�LQIHFWLRXV�SHULRG��$OO�DQLPDOV�ZHUH�DOVR�GDLO\�PRQLWRUHG�GXULQJ�ϭϬϲ�

WKH�H[SHULPHQW��%RG\�ZHLJKW�ZDV�XQFKDQJHG�EHWZHHQ�WKH�WZR�JURXSV�DQG�QRQH�RI�WKH�ϭϬϳ�

DQLPDOV�GLHG��1R�DSSDUHQW�WR[LFLW\��L�H��GLDUUKHD�RU�EORRG�LQ�IHFHV��ZDV�REVHUYHG�LQ�WKH�ϭϬϴ�

FRXUVH�RI�DQG�DIWHU�WKH�LQIHFWLRQ��ϭϬϵ�

ϭϭϬ�

&RORQLF� ORZ�JUDGH� LQIODPPDWLRQ� ZDV� DVVHVVHG� E\� PHDVXULQJ� IHFDO� OLSRFDOLQ��� E\�ϭϭϭ�

(/,6$����)LJXUH��%���$W���'3,��TXDQWLW\�RI�OLSRFDOLQ���LQ�IHFDO�VDPSOHV�RI�LQIHFWHG�PLFH�ϭϭϮ�

ZDV�VLJQLILFDQWO\� �S�������� LQFUHDVHG�FRPSDUHG� WR� WKH�FRQWURO�JURXS��$W�������'3,��ϭϭϯ�





TXDQWLW\�RI�IHFDO�OLSRFDOLQ���UHPDLQHG�VLJQLILFDQWO\��S��������LQFUHDVHG�LQ�FRPSDULVRQ�ϭϭϰ�

ZLWK�WKH�FRQWURO�JURXS��,Q�LQIHFWHG�JURXS��QR�GLIIHUHQFH�ZDV�REVHUYHG�EHWZHHQ�WKH�WZR�ϭϭϱ�

WLPH�SRLQWV�VXJJHVWLQJ�WKDW�FRORQLF�ORZ�JUDGH�LQIODPPDWLRQ�SHUVLVWV�DIWHU�FOHDUDQFH�RI�ϭϭϲ�

&��URGHQWLXP�DW�WKH�VDPH�OHYHO�DV�GXULQJ�LQIHFWLRXV�SHULRG��:H�WKHQ�VWXGLHG�WKH�LQWHJULW\�ϭϭϳ�

RI�WKH�FRORQLF�PXFRVD�E\�PHDVXULQJ�LQWHVWLQDO�SHUPHDELOLW\�DQG�E\�DVVHVVLQJ�KLVWRORJ\��ϭϭϴ�

��N'D�IOXRUHVFHLQ�LVRWKLRF\DQDWH��),7&��GH[WUDQ�ZDV�XVHG�DV�D�PDUNHU�RI�SDUDFHOOXODU�ϭϭϵ�

LQWHVWLQDO� SHUPHDELOLW\� �)LJXUHV� �&� DQG� �'��� $W� �� '3,�� IOXRUHVFHQFH� RI� ),7&� ZDV�ϭϮϬ�

LQFUHDVHG�E\�����IROG�LQ�VHUXP�RI�LQIHFWHG�PLFH�FRPSDUHG�WR�WKH�FRQWURO�JURXS��)LJXUH�ϭϮϭ�

�&��DQG�WKLV�GLIIHUHQFH�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��S��������$W����'3,��QR�GLIIHUHQFH�ϭϮϮ�

ZDV�REVHUYHG�EHWZHHQ�WKH�WZR�JURXSV�RI�PLFH��)LJXUH��'���+LVWRORJLFDO�H[DPLQDWLRQV�ϭϮϯ�

ZHUH�DVVHVVHG�E\�SHUIRUPLQJ�KHPDWR[\OLQ�SKOR[LQ�VDIUDQ��+36��VWDLQLQJ�RQ�SUR[LPDO�ϭϮϰ�

FRORQLF�VHFWLRQV� �)LJXUHV��(���)�DQG��*���$W� WKH�SHDN�RI� LQIHFWLRQ� ���'3,���D�VPDOO�ϭϮϱ�

FRORQLF�K\SHUSODVLD��D�KDOOPDUN�RI�&��URGHQWLXP� LQIHFWLRQ����VHHPHG�WR�DSSHDU�LQ�WKH�ϭϮϲ�

LQIHFWHG� JURXS� �)LJXUH� �)�� FRPSDUHG� WR� WKH� QRQ�LQIHFWHG� JURXS� �)LJXUH� �(��� $IWHU�ϭϮϳ�

FOHDUDQFH� RI� WKH� SDWKRJHQ� ������� '3,��� SUR[LPDO� FRORQLF� PXFRVD� VWLOO� H[KLELWHG�ϭϮϴ�

K\SHUSODVLD�FKDUDFWHUL]HG�E\�LQFUHDVH�RI�WKH�FU\SWV�OHQJWK�DQG�IHZ�GLVUXSWLRQV�RI�WKH�ϭϮϵ�

PXFRVDO�VXUIDFH��)LJXUH��*���1R�LQILOWUDWLRQ�RI�LPPXQH�FHOOV�ZDV�REVHUYHG�DW�DQ\�WLPH�ϭϯϬ�

RI�WKH�LQIHFWLRQ��$OO�RI�WKHVH�GDWD�VXJJHVW�WKDW�LQIHFWLRQ�ZLWK�&��URGHQWLXP�LQGXFHV�ORQJ�ϭϯϭ�

ODVWLQJ� GLVWXUEDQFHV� RI� WKH� LQWHJULW\� RI� FRORQLF� PXFRVDO� EDUULHU� FKDUDFWHUL]HG� E\�ϭϯϮ�

LQFUHDVH�RI�LQWHVWLQDO�SHUPHDELOLW\�DQG�FRORQLF�K\SHUSODVLD��ϭϯϯ�

ϭϯϰ�

&LWUREDFWHU�URGHQWLXP�LQIHFWHG�PLFH�H[KLELWHG�SRVW�LQIHFWLRXV�&+6�DQG�DQ[LHW\�ϭϯϱ�

OLNH�EHKDYLRU�ϭϯϲ�

$IWHU� FOHDUDQFH� RI� WKH� SDWKRJHQ�� FRORQLF� VHQVLWLYLW\� DQG� DQ[LHW\�OLNH� EHKDYLRU� ZHUH�ϭϯϳ�

DQDO\]HG�SHUIRUPLQJ�FRORUHFWDO�GLVWHQVLRQV��&5'����DQG�WKH�HOHYDWHG�SOXV�PD]H��(30��ϭϯϴ�
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WHVW�UHVSHFWLYHO\��,QWUDFRORQLF�SUHVVXUH�YDULDWLRQV�ZHUH�UHFRUGHG�LQ�UHVSRQVH�WR�&5'�ϭϯϵ�

�)LJXUH��$���,QIHFWHG�PLFH�H[KLELWHG�����IROG�DQG�����IROG�LQFUHDVHG�UHVSRQVHV�WR����ϭϰϬ�

DQG����PP+J�GLVWHQVLRQ�SUHVVXUHV��UHVSHFWLYHO\��&RUUHVSRQGLQJ�DUHDV�XQGHU�FXUYH�ϭϰϭ�

�$8&��ZHUH�WKHQ�FDOFXODWHG�IRU�HDFK�PRXVH��)LJXUH��%���7KH�$8&�DYHUDJH�RI�LQIHFWHG�ϭϰϮ�

JURXS�ZDV�VLJQLILFDQWO\�LQFUHDVHG��S�������FRPSDUHG�WR�WKH�$8&�DYHUDJH�RI�FRQWURO�ϭϰϯ�

JURXS� VKRZLQJ� WKDW�&�� URGHQWLXP� LQIHFWHG�PLFH� H[KLELWHG� SRVW�LQIHFWLRXV�&+6��7KH�ϭϰϰ�

(30�WHVW�ZHUH�SHUIRUPHG�IRU�HDFK�PRXVH�DQG�WKH�QXPEHU�RI�HQWULHV�DQG�WLPH�VSHQW�LQ�ϭϰϱ�

WKH�RSHQ�DUPV�RI�WKH�PD]H�ZHUH�TXDQWLILHG��)LJXUHV��&�DQG��'���,QIHFWHG�PLFH�PDGH�ϭϰϲ�

VLJQLILFDQW�IHZHU�HQWULHV�LQ�RSHQ�DUPV�RI�WKH�PD]H�WKDQ�FRQWURO�JURXS������YHUVXV�����ϭϰϳ�

HQWULHV��S��������)LJXUH��&��DQG�DOVR�VSHQG�VLJQLILFDQWO\�OHVV�WLPH�LQ�RSHQ�DUPV�������ϭϰϴ�

����YHUVXV����������VHFRQGV��S������� �)LJXUH��'���7KHVH� UHVXOWV� LQGLFDWH� WKDW�DIWHU�ϭϰϵ�

FOHDUDQFH�RI�WKH�SDWKRJHQ��PLFH�DOVR�H[KLELWHG�DQ[LHW\�OLNH�EHKDYLRU��ϭϱϬ�

ϭϱϭ�

&LWUREDFWHU� URGHQWLXP� LQIHFWLRQ�LQGXFHG�ORQJ�WHUP�PRGXODWLRQV�RI� WKH�FRORQLF�ϭϱϮ�

PXFRVD�DVVRFLDWHG�PLFURELRWD�FRPSRVLWLRQ�ϭϱϯ�

7KH� FRPSRVLWLRQ� RI� WKH� FRORQLF�PXFRVD�DVVRFLDWHG�PLFURELRWD�ZDV�DVVHVVHG�XVLQJ�ϭϱϰ�

EDFWHULDO���6�ULERVRPDO�51$�JHQH�VHTXHQFLQJ�RQ�'1$�H[WUDFWHG�IURP�GLVWDO�DUHD�RI�ϭϱϱ�

WKH�FRORQ��ZKLFK�LV�WKH�IDYRUHG�FRORQLF�DUHD�IRU�&��URGHQWLXP�LPSODQWDWLRQ����5LFKQHVV�ϭϱϲ�

DQG�UHODWLYH�DEXQGDQFHV�RI�EDFWHULD�DW�HDFK�WD[RQRPLF�OHYHO�ZHUH�DQDO\]HG�DW�WKH�SHDN�ϭϱϳ�

RI�LQIHFWLRQ����'3,��DQG�DIWHU�FOHDUDQFH�RI�WKH�SDWKRJHQ��������'3,���'XULQJ�LQIHFWLRQ��ϭϱϴ�

WKH�QXPEHU�RI�REVHUYHG�RSHUDWLRQDO�WD[RQRPLF�XQLWV�ZDV�VLJQLILFDQWO\�ORZHU�LQ�LQIHFWHG�ϭϱϵ�

JURXS�WKDQ�LQ�FRQWURO�JURXS��)LJXUH�6�$���1R�GLIIHUHQFH�ZHUH�REVHUYHG�EHWZHHQ�WKH�ϭϲϬ�

WZR�JURXSV�RI�PLFH�GXULQJ�SRVW�LQIHFWLRXV�SHULRG��)LJXUH�6�%��EXW�FRUUHVSRQGLQJ�$8&�ϭϲϭ�

LQGLFDWH�D�WHQGHQF\�WR�ORZHU�ULFKQHVV�LQ�LQIHFWHG�JURXS�FRPSDUHG�WR�QRQ�LQIHFWHG�JURXS�ϭϲϮ�

DW�WKLV�WLPH�SRLQW��S �������)LJXUH�6�&���$W�WKH�SHDN�RI�LQIHFWLRQ��SULQFLSDO�FRRUGLQDWHV�ϭϲϯ�
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DQDO\VLV� RI� EHWD�GLYHUVLW\� UHYHDOHG� WKDW� FRORQLF� PXFRVD�DVVRFLDWHG� PLFURELRWD� RI�ϭϲϰ�

LQIHFWHG�PLFH�ZDV�VLJQLILFDQWO\�GLIIHUHQW��$GRQLV��S �������FRPSDUH�WR�WKH�FRPSRVLWLRQ�ϭϲϱ�

RI�WKH�FRORQLF�PXFRVD�DVVRFLDWHG�RI�FRQWURO�PLFH��)LJXUH�6�'���$IWHU�FOHDUDQFH�RI�WKH�ϭϲϲ�

SDWKRJHQ� �)LJXUH� 6�(��� ZH� REVHUYHG� D� WHQGHQF\� �$GRQLV�� S ������� RI� GLIIHUHQFHV�ϭϲϳ�

EHWZHHQ�FRORQLF�PXFRVD�DVVRFLDWHG�RI�LQIHFWHG�PLFH�DQG�FRQWURO�PLFH��ϭϲϴ�

$V�H[SHFWHG��ZH�REVHUYHG�D�VLJQLILFDQW�LQFUHDVH�RI�(QWHUREDFWHULDFHDH�IDPLO\�UHODWLYH�ϭϲϵ�

DEXQGDQFH� DW� WKH� SHDN� RI� LQIHFWLRQ� �S���������� UHIOHFWLQJ� FRORQL]DWLRQ� E\� &��ϭϳϬ�

URGHQWLXP������ �)LJXUH�6�'���$OWKRXJK� UHODWLYH�DEXQGDQFH�RI�3URWHREDFWHULD� SK\OXP�ϭϳϭ�

UHWXUQHG�WR�QRUPDO�YDOXH�LQ�SRVW�LQIHFWLRXV�SHULRG��ZH�REVHUYHG�D�ORW�RI�FKDQJHV�GHHSHU�ϭϳϮ�

LQ�WKH�VHTXHQFLQJ�RI�WKH�EDFWHULD�IDPLO\�RU�JHQGHU�IURP�WKLV�SK\OXP��,QGHHG��UHODWLYH�ϭϳϯ�

DEXQGDQFHV� RI� %HWDSURWHREDFWHULD�� DQG� PRUH� SUHFLVHO\� %XUNKROGHULDOHV� DQG�ϭϳϰ�

2[DOREDFWHUDFHDH�� ZHUH� VLJQLILFDQWO\� LQFUHDVHG� �S������� S������ DQG� S��������ϭϳϱ�

UHVSHFWLYHO\�� �)LJXUHV�6�%���$�DQG��%��� ,Q� WKH�'HOWDSURWHREDFWHULD�SK\OXP�� UHODWLYH�ϭϳϲ�

DEXQGDQFH�RI�'HVXOIRYLEULRQDFHDH�ZDV� LQFUHDVHG� LQ�SRVW�LQIHFWLRXV�SHULRG� �S�������ϭϳϳ�

�)LJXUHV��$�DQG��%���,Q�WKH�*DPPDSURWHREDFWHULD�SK\OXP��EDFWHULD�EHORQJLQJ�WR�WKH�ϭϳϴ�

3VHXGRPRQDGDOHV�RUGHU��)LJXUH��$��DQG�WR�WKH�0RUD[HOODFHDH�IDPLO\��)LJXUH��%��ZHUH�ϭϳϵ�

KLJKHU� LQ� WKH� LQIHFWHG�JURXS�� LQ� WHUP�RI� UHODWLYH�DEXQGDQFHV� �S������DQG�S��������ϭϴϬ�

UHVSHFWLYHO\���ϭϴϭ�

5HODWLYH�DEXQGDQFH�RI�)LUPLFXWHV�ZDV�VLJQLILFDQWO\�GHFUHDVHG�DW�WKH�SHDN�RI�LQIHFWLRQ�ϭϴϮ�

�S��������� �)LJXUH� 6�$�� ZLWK� D� GHFUHDVH� RI� WKH� &ORVWULGLDOHV� RUGHU� �L�H��ϭϴϯ�

5XPLQRFRFFDFHDH�DQG�/DFKQRVSLUDFHDH��DQG�WKH�/DFWREDFLOODFHDH�IDPLO\��S���������ϭϴϰ�

�)LJXUH�6�'��� ,Q� SRVW�LQIHFWLRXV� SHULRG�� VROH� UHODWLYH� DEXQGDQFHV�RI� /DFWREDFLOODOHVϭϴϱ�

RUGHU� �)LJXUH� �$�� DQG� /DFWREDFLOODFHDH� IDPLO\� �)LJXUH� �%�� UHPDLQHG� VLJQLILFDQWO\�ϭϴϲ�

GLPLQLVKHG��S������DQG�S������UHVSHFWLYHO\���'HVSLWH�WKLV�UHVXOW��ZH�DOVR�REVHUYHG�WKDW�ϭϴϳ�

UHODWLYH� DEXQGDQFH� RI� )LUPLFXWHV� ZDV� LQFUHDVHG� �S������� DIWHU� FOHDUDQFH� RI� WKH�ϭϴϴ�





SDWKRJHQ� �)LJXUH��$��ZLWK�DQ� LQFUHDVH�RI� WKH�&ORVWULGLD� FODVV� �)LJXUH�6�%��DQG� WKH�ϭϴϵ�

&ORVWULGLDOHV� RUGHU� �)LJXUH��$�� �S����������'HHSHU� LQ� WKH�VHTXHQFLQJ�� WKH� IDPLO\�RI�ϭϵϬ�

/DFKQRVSLUDFHDH� ZDV� LQFUHDVHG� LQ� WKH� LQIHFWHG� JURXS� �S������� LQ� WHUP� RI� UHODWLYH�ϭϵϭ�

DEXQGDQFH�ZKLOH�QR�GLIIHUHQFH�ZDV�REVHUYHG�IRU�WKH�5XPLQRFRFFDFHDH�IDPLO\��)LJXUH�ϭϵϮ�

�%���ϭϵϯ�

$QRWKHU�JURXS�RI�EDFWHULD�ZKRVH�UHODWLYH�DEXQGDQFH�ZDV�GLPLQLVKHG��DW�WKH�SHDN�RI�ϭϵϰ�

LQIHFWLRQ�� LV� WKH�%DFWHURLGHWHV� SK\OXP� �S��������� �)LJXUH� 6�$��ZLWK� D� GHFUHDVH� RI�ϭϵϱ�

%DFWHURLGLD� �)LJXUH� 6�%��� %DFWHURLGDOHV� �)LJXUH� 6�&��� 6����� DQG� 5LNHQHOODFHDHϭϵϲ�

IDPLOLHV��)LJXUH�6�'���,QWHUHVWLQJO\��WKLV�JURXS�RI�EDFWHULD�UHPDLQHG�GLPLQLVKHG�LQ�WKH�ϭϵϳ�

SRVW�LQIHFWLRXV� SHULRG� �S�������� �)LJXUH� 6�$�� ZLWK� D� GHFUHDVH� ZLWK� %DFWHURLGDOHVϭϵϴ�

�)LJXUH��$��DQG�5LNHQHOODFHDH��)LJXUH��%����S�����������ϭϵϵ�

,QWHUHVWLQJO\��DIWHU�FOHDUDQFH�RI�WKH�SDWKRJHQ��ZH�IRXQG�FRUUHODWLRQV�EHWZHHQ�UHODWLYH�ϮϬϬ�

DEXQGDQFHV� RI� EDFWHULD� EHORQJLQJ� WR� WKH�%HWDSURWHREDFWHULD� FODVV� DQG� DQ[LHW\�OLNH�ϮϬϭ�

EHKDYLRU�� ,QGHHG�� QXPEHU� RI� HQWULHV� LQ� RSHQ� DUPV� RI� WKH� PD]H� ZDV� QHJDWLYHO\�ϮϬϮ�

FRUUHODWHG� WR� WKH� UHODWLYH� DEXQGDQFHV� RI� %XUNKROGHULDOHV� �S ������ DQG�ϮϬϯ�

2[DOREDFWHUDFHDH��S �������)LJXUHV��&�DQG��'���7KHVH�FRUUHODWLRQV�ZHUH�VSHFLILF�DV�ϮϬϰ�

QR�FRUUHODWLRQ�ZDV�IRXQG�IRU�FRQWURO�JURXS��)LJXUH�6����$OO�RI�WKHVH�GDWD�LQGLFDWH�WKDW�ϮϬϱ�

&�� URGHQWLXP� LQIHFWLRQ� LQGXFHV� ORQJ�WHUP� LQWHVWLQDO� G\VELRVLV� ZKLFK� FRXOG� EH� D�ϮϬϲ�

VLJQDWXUH�RI�3,�,%6�DVVRFLDWHG�GLVRUGHUV��ϮϬϳ�

ϮϬϴ�

&LWUREDFWHU�URGHQWLXP�LQIHFWLRQ�LQGXFHG�ORQJ�WHUP�GLVWXUEDQFHV�RI�IHFDO�VKRUW�ϮϬϵ�

FKDLQ�IDWW\�DFLGV�SDWWHUQ�ϮϭϬ�

*XW�PLFURELRWD�FDQ�PRGXODWH�KRVW�SK\VLRORJ\�WKURXJK�SURGXFWLRQ�RI�PHWDEROLWHV�VXFK�Ϯϭϭ�

DV�VKRUW�FKDLQ�IDWW\�DFLGV��6&)$���)HFDO�FRQFHQWUDWLRQV�RI�6&)$�ZHUH�PHDVXUHG�E\�ϮϭϮ�

JDV�FKURPDWRJUDSK\��� GXULQJ� LQIHFWLRXV� ��� '3,�� DQG� SRVW�LQIHFWLRXV� SHULRGV� ������Ϯϭϯ�
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'3,���)LJXUH�����$W�WKH�SHDN�RI�LQIHFWLRQ��FRQFHQWUDWLRQ�RI�WRWDO�6&)$�ZDV�GRXEOHG�LQ�Ϯϭϰ�

IHFDO�VDPSOHV�IURP�LQIHFWHG�PLFH��)LJXUH��$���6DPH�UHVXOW�ZDV�REVHUYHG�IRU�DFHWLF�DQG�Ϯϭϱ�

SURSLRQLF� DFLG� �)LJXUHV� �%� DQG� �&��� 7KHVH� UHVXOWV� ZHUH� VWDWLVWLFDOO\� VLJQLILFDQW�Ϯϭϲ�

�S��������� ,QWHUHVWLQJO\�� RQO\� DFHWLF� DFLG� FRQFHQWUDWLRQ� UHPDLQHG� VWDWLVWLFDOO\� KLJKHU�Ϯϭϳ�

�S�������LQ�LQIHFWHG�JURXS�WKDQ�LQ�FRQWURO�JURXS�DIWHU�FOHDUDQFH�RI�WKH�SDWKRJHQ��)LJXUH�Ϯϭϴ�

�'���7KHVH�UHVXOWV�LQGLFDWH�WKDW�&��URGHQWLXP�LQIHFWLRQ�LQGXFHG�ORQJ�ODVWLQJ�DOWHUDWLRQV�Ϯϭϵ�

RI�6&)$�SDWWHUQV�DQG�PRUH�SUHFLVHO\��SDWWHUQ�RI�DFHWLF�DFLG�� ,W�VXJJHVWV� WKH� UROH�RI�ϮϮϬ�

KRVW�PLFURELRWD�LQWHUDFWLRQV�LQ�WKH�SDWKRJHQHVLV�RI�&+6�DQG�RU�DQ[LHW\�OLNH�EHKDYLRU��ϮϮϭ�

ϮϮϮ�

,/����WUHDWPHQW�LPSURYHG�&��URGHQWLXP�LQGXFHG�&+6�DQG�DQ[LHW\�OLNH�EHKDYLRU�ϮϮϯ�

&LWUREDFWHU� URGHQWLXP� LQIHFWLRQ� LQGXFHG�&+6�DQG�DQ[LHW\�OLNH� EHKDYLRU� SHUKDSV YLDϮϮϰ�

GLVUXSWLRQ�RI� FRORQLF�PXFRVDO� LQWHJULW\��%HFDXVH� ,/���� LV� LQYROYHG�RQ�KRVW� UHVSRQVH�ϮϮϱ�

DIWHU�&��URGHQWLXP�LQIHFWLRQ�DQG�LV�ZHOO�NQRZQ�IRU�LWV�HIIHFWV�RQ�PXFRVDO�LQWHJULW\��ZH�ϮϮϲ�

K\SRWKHVL]HG� WKDW� HQKDQFLQJ� PXFRVDO� LQWHJULW\� PLJKW� LPSURYH� ,%6� DVVRFLDWHG�ϮϮϳ�

V\PSWRPV��7R�GR�VR��ZH�LQGXFHG�,/����H[SUHVVLRQ�LQWR�LQWHVWLQDO�HSLWKHOLDO�FHOOV�WKDQNV�ϮϮϴ�

WR�D�JDYDJH�ZLWK�/��ODFWLV�DV�D�GHOLYHU\�V\VWHP�IRU�'1$�WUDQVIHU�WR�PXFRVD�KRVW�FHOOV����ϮϮϵ�

$IWHU�FRQWUROOLQJ�FRORQLF�H[SUHVVLRQ�RI�,/����LQ�PXFRVDO�FHOOV��PLFH�ZHUH�GDLO\�WUHDWHG�ϮϯϬ�

E\�JDYDJH�ZLWK�/��ODFWLV�FDUU\LQJ�HPSW\�YHFWRU��/��ODFWLVHPSW\��RU�,/����H[SUHVVLRQ�YHFWRU�Ϯϯϭ�

�/��ODFWLV,/������IURP���GD\V�EHIRUH�&��URGHQWLXP�LQIHFWLRQ�WR���'3,��ϮϯϮ�

Ϯϯϯ�

7UHDWPHQW�ZLWK�HLWKHU�/��ODFWLVHPSW\�RU�/��ODFWLV,/����GLG�QRW�DIIHFW�ERG\�ZHLJKW�QRU�LQGXFHG�Ϯϯϰ�

PRUWDOLW\�RU�WR[LFLW\�LQ�PLFH��/��ODFWLVHPSW\�H[HUWV�QR�HIIHFW�RQ�PLFH��0LFH�LQIHFWHG�ZLWK�&��Ϯϯϱ�

URGHQWLXP�DQG�WUHDWHG�ZLWK�/��ODFWLV,/����H[KLELWHG�D�VLJQLILFDQW�GHFUHDVH�RI�����IROG�RI�Ϯϯϲ�

&+6��DYHUDJH�RI�WKH�&5'�$8&��FRPSDUHG�WR�PLFH�WUHDWHG�ZLWK�/��ODFWLVHPSW\��S�������Ϯϯϳ�

�)LJXUHV��$�DQG��%���(IIHFWV�RI�WKLV�SUHYHQWLYH�WUHDWPHQW�RQ�SRVW�LQIHFWLRXV�DQ[LHW\�OLNH�Ϯϯϴ�
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�������������������������������������������ȋ�Ȍ������������������Ǥ����������������������������
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EHKDYLRU�ZHUH�WKHQ�DQDO\]HG�XVLQJ�WKH�(30�WHVW��0LFH�WUHDWHG�ZLWK�/��ODFWLV,/����PDGH�Ϯϯϵ�

VLJQLILFDQWO\�PRUH�HQWULHV�LQ�RSHQ�DUPV�RI�WKH�PD]H�FRPSDUHG�WR�PLFH�LQRFXODWHG�ZLWK�ϮϰϬ�

/�� ODFWLVHPSW\� �S������� �)LJXUH� �&��� 0RUHRYHU�� PLFH� WUHDWHG� ZLWK� /�� ODFWLV,/���� VSHQW�Ϯϰϭ�

VLJQLILFDQWO\�PRUH�WLPH�LQ�WKH�RSHQ�DUPV�RI�WKH�PD]H��S���������,QGHHG��WKH\�VSHQW����ϮϰϮ�

������VHFRQGV�LQ�RSHQ�DUPV�ZKLOH�/��ODFWLVHPSW\�WUHDWHG�PLFH�VSHQW����������VHFRQGV�LQ�Ϯϰϯ�

WKRVH�DUPV��)LJXUH��'���Ϯϰϰ�

Ϯϰϱ�

'LVWXUEDQFHV�RI�WKH�PXFRVDO�EDUULHU�ZHUH�VWXGLHG�E\�DVVHVVLQJ�LQWHVWLQDO�SHUPHDELOLW\�Ϯϰϲ�

DQG�ORZ�JUDGH�LQIODPPDWLRQ�DV�SUHYLRXVO\�SHUIRUPHG��$W�WKH�SHDN�RI�LQIHFWLRQ����'3,���Ϯϰϳ�

LQWHVWLQDO�SHUPHDELOLW\�ZDV�VLJQLILFDQWO\�LQFUHDVHG��S�������LQ�LQIHFWHG�PLFH�WUHDWHG�ZLWK�Ϯϰϴ�

/�� ODFWLV,/���� FRPSDUHG� WR� LQIHFWHG�PLFH� WUHDWHG� ZLWK� /�� ODFWLVHPSW\� �)LJXUH� �(��� $IWHU�Ϯϰϵ�

FOHDUDQFH�RI�WKH�SDWKRJHQ��������'3,���FRORQLF�ORZ�JUDGH�LQIODPPDWLRQ�ZDV�HYDOXDWHG�ϮϱϬ�

E\�PHDVXULQJ�OLSRFDOLQ���LQ�IHFDO�VDPSOHV��1R�GLIIHUHQFH�ZDV�REVHUYHG�EHWZHHQ�WKH�Ϯϱϭ�

WZR�JURXSV�RI�LQIHFWHG�PLFH�WUHDWHG�ZLWK�/��ODFWLVHPSW\�RU�/��ODFWLV,/�����)LJXUH��)���7KHVH�ϮϱϮ�

GDWD� VXJJHVW� WKDW� WUHDWLQJ� PLFH� ZLWK� ,/���� EHIRUH� LQIHFWLRQ� PD\� DEROLVK� &+6� DQG�Ϯϱϯ�

DQ[LHW\�OLNH�EHKDYLRU��Ϯϱϰ�

Ϯϱϱ�

'LVFXVVLRQ�&RQFOXVLRQ�Ϯϱϲ�

$� VXEJURXS� RI� SDWLHQWV� GHYHORS� &+6� DVVRFLDWHG� ZLWK� SV\FKRORJLFDO� FRPRUELGLWLHV�Ϯϱϳ�

IROORZLQJ�LQIHFWLRXV�HQWHULWLV�DQG�LV�UHIHUUHG�DV�WR�3,�,%6��,QIHFWLRQ�FDQ�EH�FDXVHG�E\�Ϯϱϴ�

(+(&�RU�(3(&�������8QGHUO\LQJ�PHFKDQLVPV�DUH�QRW�FRPSOHWHO\�XQGHUVWRRG�EHFDXVH�Ϯϱϵ�

SRVW�LQIHFWLRXV�DQLPDO�PRGHO� LV� ODFNLQJ�������&RQVHTXHQWO\�� WKHUDSHXWLF�PDQDJHPHQW�ϮϲϬ�

UHPDLQV� ODUJHO\� LQVXIILFLHQW�� 'LVWXUEDQFHV� RI� LQWHVWLQDO� PXFRVD� LQWHJULW\� DQG� JXW�Ϯϲϭ�

G\VELRVLV� DUH� SRVVLEOH� LQYROYHG� PHFKDQLVPV���� $LPV� RI� WKLV� VWXG\� ZDV� WR� SUHFLVH�ϮϲϮ�

PHFKDQLVPV�LPSOLFDWHG�LQ�FRQVHTXHQFH�RI�(3(&�LQIHFWLRQ�XVLQJ�WKH�PRXVH�PRGHO�RI�Ϯϲϯ�





&��URGHQWLXP�LQIHFWLRQ��7KLV�DQLPDO�PRGHO�PD\�UHSUHVHQW�D�JRRG�SRVW�LQIHFWLRXV�PRGHO�Ϯϲϰ�

RI� ,%6� DV� LQIHFWHG� PLFH� H[KLELW� &+6� DQG� JXW� G\VELRVLV��±���� ,Q� WKLV� VWXG\�� ZH�Ϯϲϱ�

GHPRQVWUDWHG� WKDW� LQIHFWLRQ�LQGXFHG� GLVWXUEDQFHV� DV� &+6� RU� DQ[LHW\� EHKDYLRU� FDQ�Ϯϲϲ�

SHUVLVW�GXULQJ�SRVW�LQIHFWLRXV�SHULRG��VLPLODUO\�WR�ZKDW�LV�REVHUYHG�LQ�SDWLHQWV�VXIIHULQJ�Ϯϲϳ�

IURP�3,�,%6��Ϯϲϴ�

Ϯϲϵ�

,Q�WKH�SUHVHQW�VWXG\��RQH�ZHHN�DIWHU�FOHDUDQFH�RI�&��URGHQWLXP��ZH�REVHUYHG��IRU�WKH�ϮϳϬ�

ILUVW�WLPH��GHYHORSPHQW�RI�&+6�LQ�LQIHFWHG�PLFH�XVLQJ�&5'����%HFDXVH�RI�PHWKRGRORJ\�Ϯϳϭ�

GLIIHUHQFH��VWXGLHV�RQ�WKLV�WRSLF�DUH�FRQIOLFWLQJ��,QGHHG��VRPH�UHSRUWV�VKRZ�ORQJ�ODVWLQJ�ϮϳϮ�

FRORQLF�K\SHUH[FLWDELOLW\�H[�YLYR���ZKLOH�RWKHU�UHSRUWV�WUDQVLHQW�&+6�LQ�&��URGHQWLXP�Ϯϳϯ�

LQIHFWHG� PLFH���� ,Q� DQRWKHU� VWXG\�� DXWKRUV� REVHUYHG� ORQJ�ODVWLQJ� FRORQLFϮϳϰ�

K\SHUH[FLWDELOLW\�LQ�&��URGHQWLXP�LQIHFWHG�PLFH�RQO\�LI�DQ�DFXWH�VWUHVV�ZDV�DSSOLHG����,Q�Ϯϳϱ�

RXU� H[SHULPHQW�� ZH� GHVFULEHG� D� SRVW�LQIHFWLRXV�&+6�ZLWKRXW� DFXWH� VWUHVV�ZKLFK� LV�Ϯϳϲ�

UHSUHVHQWDWLYH� RI� WKH� KXPDQ� ,%6� SDWKRORJ\� IRU� ZKLFK� DEGRPLQDO� SDLQ� SHUVLVWV� IRU�Ϯϳϳ�

VHYHUDO�PRQWKV�RU�HYHQ�\HDUV��Ϯϳϴ�

Ϯϳϵ�

&+6�LV�RIWHQ�DVVRFLDWHG�ZLWK�VWUHVV�UHODWHG�GLVRUGHUV����:H�WKHQ�DVVHVVHG�DQ[LHW\�OLNH�ϮϴϬ�

GLVRUGHU�LQ�PLFH�XVLQJ�(30�WHVW�ZKLFK�LV�UHFRPPHQGHG�WR�DVVHVV�DQ[LHW\�OLNH�EHKDYLRU�Ϯϴϭ�

LQ� &��%/��� PLFH���� )HZ� GD\V� DIWHU� FOHDUDQFH� RI� WKH� SDWKRJHQ�� ZH� REVHUYHG�ϮϴϮ�

GHYHORSPHQW�RI�DQ�DQ[LHW\�OLNH�EHKDYLRU�LQ�PLFH�DIWHU�FOHDUDQFH�RI�&��URGHQWLXP��,Q�WKH�Ϯϴϯ�

VDPH�ZD\��/\WH�HW�DO���������REVHUYHG�DQ[LHW\�OLNH�EHKDYLRU�LQ�HDUO\�SKDVH�RI�LQIHFWLRQ�Ϯϴϰ�

�L�H����KRXUV�SRVW�LQRFXODWLRQ���+RZHYHU�LQ�WKH�VWXG\�RI�*DUHDX�HW�DO����������PLFH�GLG�Ϯϴϱ�

QRW� H[KLELW� VXFK� EHKDYLRU� GXULQJ� LQIHFWLRXV� DQG� SRVW�LQIHFWLRXV� SHULRGV������� 6LQFH�Ϯϴϲ�

EHKDYLRUDO�WHVWV�XVHG�LQ�HDFK�VWXG\�DUH�GLIIHUHQW�DQG�LW�LV�NQRZQ�WKDW�EHKDYLRUDO�WHVW�Ϯϴϳ�





FKRLFH� LV� LPSRUWDQW�GHSHQGLQJ�RQ�WKH�PLFH�JHQHWLF�EDFNJURXQG���� WKLV�FRXOG�H[SODLQ�Ϯϴϴ�

WKHVH�FRQIOLFWLQJ�UHVXOWV��Ϯϴϵ�

ϮϵϬ�

$QDO\VLV�RI�DVVRFLDWHG�PXFRVD�PLFURELRWD�VKRZHG�WKDW�&��URGHQWLXP�LQIHFWLRQ�LQGXFHV�Ϯϵϭ�

FRORQLF�G\VELRVLV� VLPLODU� WR� WKRVH�REVHUYHG� LQ� ,%6�SDWLHQWV�� ,QGHHG��ZH�REVHUYHG�D�ϮϵϮ�

GHFUHDVH� RI� EDFWHULDO� ULFKQHVV� LQ� LQIHFWHG� PLFH� DQG� WKHLU� PLFURELRWD� ZDV� GLIIHUHQW�Ϯϵϯ�

FRPSDUHG� WR�PLFURELRWD� RI� FRQWURO�PLFH��:H� DOVR� IRXQG� D� GHFUHDVH� LQ� WKH� UHODWLYH�Ϯϵϰ�

DEXQGDQFH� RI� %DFWHURLGHWHV� DV� REVHUYHG� LQ� ,%6� SDWLHQWV������� ,QWHUHVWLQJO\��Ϯϵϱ�

%DFWHURLGHWHV� ZHUH� DOVR� GHFUHDVHG� DIWHU� FOHDUDQFH� RI� WKH� SDWKRJHQ�� DQG� PRUH�Ϯϵϲ�

SUHFLVHO\�WKH�5LNHQHOODFHDH�IDPLO\��$�GHFUHDVH�RI�$OLVWLSHV�JHQXV�ZDV�REVHUYHG�LQ�,%6�Ϯϵϳ�

SDWLHQWV���� $EXQGDQFHV� RI�)LUPLFXWHV�� DQG�PRUH� SUHFLVHO\� RI�/DFKQRVSLUDFHDH�� DUH�Ϯϵϴ�

LQFUHDVHG� LQ� SDWLHQWV���� ,Q� RXU� VWXG\�� ZH� REVHUYHG� DQ� LQFUHDVH� RI� WKH� UHODWLYH�Ϯϵϵ�

DEXQGDQFH�RI�/DFKQRVSLUDFHDH��D�6&)$�SURGXFLQJ�EDFWHULD��LQ�SRVW�LQIHFWLRXV�SHULRG��ϯϬϬ�

5HPDUNDEO\�� LQ� RXU� VWXG\�� FRQFHQWUDWLRQ� RI� DFHWLF� DFLG� UHPDLQHG� LQFUHDVHG� DIWHU�ϯϬϭ�

FOHDUDQFH� RI� WKH� SDWKRJHQ�� ,Q� DGGLWLRQ�� DQDO\VLV� RI� DVVRFLDWHG�PXFRVD� PLFURELRWD�ϯϬϮ�

H[KLELWHG�D�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�UHODWLYH�DEXQGDQFH�RI�%XUNKROGHULDOHV�DQG�ϯϬϯ�

DQ[LHW\�OLNH�EHKDYLRU�ZKLFK�PHDQV�WKDW�WKH�PRUH�WKHVH�EDFWHULD�DUH�DEXQGDQW��WKH�PRUH�ϯϬϰ�

PLFH�DUH�DQ[LRXV��7DNHQ�WRJHWKHU��LQ�RXU�H[SHULPHQWDO�FRQGLWLRQV��ZH�FRQILUP�WKH�XVH�ϯϬϱ�

RI�WKH�PRXVH�PRGHO�RI�LQIHFWLRQ�&��URGHQWLXP�DV�D�JRRG�DQG�SUHGLFWLYH�SRVW�LQIHFWLRXV�ϯϬϲ�

PRGHO� RI� ,%6�� 7KHVH� UHVXOWV� UHLQIRUFH� WKH� XVH� RI� WKLV�PRGHO� WR� XQGHUVWDQG� 3,�,%6�ϯϬϳ�

SK\VLRSDWKRORJ\��LQFOXGLQJ�WKH�UROH�RI�JXW�PLFURELRWD��ϯϬϴ�

ϯϬϵ�

3DWKRJHQHVLV�RI�3,�,%6�LV�FRPSOH[�DQG�LQFRPSOHWHO\�NQRZQ�EXW�LW� LQYROYHV�LQFUHDVHG�ϯϭϬ�

LQWHVWLQDO�SHUPHDELOLW\�DQG�ORZ�JUDGH�LQIODPPDWLRQ����+HUH��ZH�REVHUYHG�DQ�LQFUHDVH�ϯϭϭ�

RI�LQWHVWLQDO�SHUPHDELOLW\�DW�WKH�SHDN�RI�LQIHFWLRQ�ZKLFK�LV�UHYHUVHG�DIWHU�FOHDUDQFH�RI�ϯϭϮ�





WKH� SDWKRJHQ�� 7KH� LPPXQH� UHVSRQVH� WR� &�� URGHQWLXP� LQIHFWLRQ� KDV� EHHQ� ODUJHO\�ϯϭϯ�

VWXGLHG�� ,W� LQYROYHV� D� 7K��� UHVSRQVH� DQG� QHXWURSKLO� UHFUXLWPHQW���� $FWLYLW\� RI�ϯϭϰ�

QHXWURSKLOV�ZDV�LQFUHDVHG�LQ�WKH�VWXG\�RI�,EHDNDQPD�HW�DO���������DQG�DVVRFLDWHG�ZLWK�ϯϭϱ�

QHXURQDO�H[FLWDELOLW\����1HXWURSKLOV�DUH�D�VRXUFH�RI�OLSRFDOLQ���DQG�LW�KDV�EHHQ�UHFHQWO\�ϯϭϲ�

SURSRVHG� WR� XVH� IHFDO� OLSRFDOLQ��� DV� D� ELRORJLFDO� PDUNHU� RI� ORZ�JUDGH� FRORQLF�ϯϭϳ�

LQIODPPDWLRQ���� ,Q� RXU� PRGHO�� ZH� REVHUYHG� D� VLJQLILFDQW� LQFUHDVH� GXULQJ� LQIHFWLRXV�ϯϭϴ�

SHULRG)� DQG� UHPDUNDEO\�� LW� ZDV� DOVR� VLJQLILFDQWO\� LQFUHDVHG� DIWHU� FOHDUDQFH� RI� &��ϯϭϵ�

URGHQWLXP��7KHVH�UHVXOWV�VXJJHVW�WKDW�&��URGHQWLXP�LQIHFWLRQ�FDXVHV�GHYHORSPHQW�RI�ϯϮϬ�

ORZ�JUDGH� LQIODPPDWLRQ�ZKLFK� FDQ� DFWLYDWH� HQWHULF� QHUYHV� DQG� FRQWULEXWH� WR� WULJJHU�ϯϮϭ�

H[DJJHUDWHG�QRFLFHSWLYH�LQIRUPDWLRQ�WR�WKH�FHQWUDO�QHUYRXV�V\VWHP����ϯϮϮ�

ϯϮϯ�

7R� YDOLGDWH� WKLV� K\SRWKHVLV�� ZH� HYDOXDWHG� HIIHFWV� RI� D� WUHDWPHQW� WDUJHWLQJ� ,/����ϯϮϰ�

VLJQDOLQJ� SDWKZD\� WR� LPSURYH� WKH� GHYHORSPHQW� RI� &�� URGHQWLXP�LQGXFHG� &+6� DQG�ϯϮϱ�

DVVRFLDWHG� DQ[LHW\�� ,QGHHG�� LQ� LQIODPPDWRU\� FRQWH[W�� ,/���� H[SUHVVLRQ� E\� LQWHVWLQDO�ϯϮϲ�

LPPXQH� FHOOV� LV� LQFUHDVHG� DQG� LQGXFHV� WUDQVFULSWLRQ� RI� JHQHV� LQYROYHG� LQ� HSLWKHOLDO�ϯϮϳ�

LQWHJULW\� DQG� LPPXQLW\���� ,Q� WKH� VDPH� ZD\�� ,/���� H[SUHVVLRQ� LV� LQFUHDVHG� DIWHU� &��ϯϮϴ�

URGHQWLXP�LQIHFWLRQ�DQG�=KHQJ�HW�DO���������VKRZHG�KLJK�UDWHV�RI�PRUWDOLW\�LQ�,/������ϯϮϵ�

LQIHFWHG� PLFH���� 6R�� ZH� WUHDWHG� PLFH� E\� JDYDJH� ZLWK� /�� ODFWLV� GHOLYHULQJ� DQ� ,/����ϯϯϬ�

H[SUHVVLRQ�YHFWRU��/��ODFWLV,/�����WR�LQWHVWLQDO�HSLWKHOLDO�FHOOV�RU�LWV�FRQWURO��/��ODFWLVHPSW\��ϯϯϭ�

WKUHH� GD\V� EHIRUH� LQIHFWLQJ�PLFH� ZLWK�&�� URGHQWLXP� DQG� WKHQ� GDLO\� IRU� �� GD\V��:H�ϯϯϮ�

REVHUYHG�WKDW�/��ODFWLV,/����WUHDWPHQW�LQFUHDVHG�LQWHVWLQDO�SHUPHDELOLW\�DW�WKH�SHDN�RI�&��ϯϯϯ�

URGHQWLXP� LQIHFWLRQ��7KHVH�GDWD�DUH� LQ�DFFRUGDQFH�ZLWK�GDWD�REWDLQHG�E\�7VDL�HW�DO��ϯϯϰ�

�������� ,QGHHG�� WKHVH� DXWKRUV� REVHUYHG� WKDW� ,/���� LQGXFHV� LQFUHDVH� H[SUHVVLRQ� RI�ϯϯϱ�

FODXGLQ���ZKLFK�UHVXOWV�LQ�LQFUHDVH�RI�LQWHVWLQDO�SHUPHDELOLW\�LQ�&��URGHQWLXP�LQIHFWLRXV�ϯϯϲ�

PRGHO��7KLV�UHVXOW�ZDV�REVHUYHG�LQ�WKH�ILUVW�GD\V�IROORZLQJ�LQIHFWLRQ��EHIRUH�LQGXFWLRQ�ϯϯϳ�





RI� LPPXQH� DQG� LQIODPPDWRU\� UHVSRQVHV���� 1HYHUWKHOHVV�� GHVSLWH� WKH� LQFUHDVHG�ϯϯϴ�

LQWHVWLQDO�SHUPHDELOLW\�DW�WKH�SHDN�RI�&��URGHQWLXP�LQIHFWLRQ�DIWHU�/��ODFWLV,/����WUHDWPHQW��ϯϯϵ�

ZH� UHPDUNDEO\� REVHUYHG� DQ� LPSURYHPHQW� RI� &+6� DQG� DQ[LHW\�OLNH� EHKDYLRU� DIWHU�ϯϰϬ�

FOHDUDQFH�RI�WKH�SDWKRJHQ��,QGHHG��/��ODFWLV,/����WUHDWHG�PLFH�H[KLELWHG�OHVV�UHVSRQVH�ϯϰϭ�

WR�&5'�WKDQ�LQIHFWHG�PLFH�WUHDWHG�ZLWK�/��ODFWLVHPSW\��EXW�DOVR�PDGH�PRUH�HQWULHV�DQG�ϯϰϮ�

VSHQW�PRUH�WLPH�LQ�WKH�RSHQ�DUPV�RI�WKH�PD]H��7KXV��RXU�UHVXOWV�VXJJHVW�WKDW�,/����RU�ϯϰϯ�

LWV� VLJQDOLQJ� SDWKZD\� LPSURYH� ,%6� V\PSWRPV� E\� DFWLQJ� WKURXJK� DQ� LQIODPPDWLRQ�ϯϰϰ�

LQGHSHQGHQW�PHFKDQLVP�EHFDXVH�/��ODFWLV,/����WUHDWPHQW�GLG�QRW�FKDQJH�H[SUHVVLRQ�RI�ϯϰϱ�

IHFDO�OLSRFDOLQ����D�PDUNHU�IRU�FRORQLF�ORZ�JUDGH�LQIODPPDWLRQ�LQ�PLFH��:H�K\SRWKHVL]HG�ϯϰϲ�

WKDW� LW� FRXOG�DFW� WKURXJK� LWV�ZHOO�NQRZQ� UROH�RQ� WKH� LQWHVWLQDO�HSLWKHOLDO� LQWHJULW\���� ,Q�ϯϰϳ�

DGGLWLRQ��LQWHUDFWLRQV�EHWZHHQ�LQWHVWLQDO�PXFRVD�ZLWK�JXW�PLFURELRWD�FRXOG�SOD\�D�UROH��ϯϰϴ�

YLD�WKH�SURGXFWLRQ�RI�6&)$����*LYHQ�WKDW�,/����LQWHUDFWV�ZLWK�JXW�PLFURELRWD��ZH�FDQϯϰϵ�

VXJJHVW�WKDW�/��ODFWLV,/����WUHDWPHQW�PD\�LPSURYH�,%6�V\PSWRPV�WKURXJK�WKH�PRGXODWLRQ�ϯϱϬ�

RI�WKH�PLFURELRWD�FRPSRVLWLRQ��ϯϱϭ�

ϯϱϮ�

7R� VXPPDUL]H�� WKH� PRXVH� PRGHO� RI� &�� URGHQWLXP� LQIHFWLRQ� LV� D� JRRG� PRGHO� WR�ϯϱϯ�

FKDUDFWHUL]HG�XQGHUO\LQJ�PHFKDQLVPV�RI�3,�,%6�DV�LQIHFWHG�PLFH�GHYHORS�DOWHUDWLRQV�ϯϱϰ�

RI� PXFRVDO� LQWHJULW\�� SDUWO\� UHVROYHG� DIWHU� FOHDUDQFH� RI� WKH� SDWKRJHQ�� 7KLV� VWXG\�ϯϱϱ�

GHPRQVWUDWHG� IRU� WKH� ILUVW� WLPH� WKDW�D�&+6�DQG�DQ[LHW\�OLNH�GLVRUGHUV�VWLOO� UHPDLQHG�ϯϱϲ�

GXULQJ� WKH� SRVW�LQIHFWLRXV� SHULRG�� 2XU� UHVXOWV� DOVR� KLJKOLJKW� LQYROYHPHQW� RI� JXW�ϯϱϳ�

G\VELRVLV��VLQFH�GLVWXUEDQFHV�RI�JXW�PLFURELRWD�FRPSRVLWLRQ�SHUVLVW�DIWHU�FOHDUDQFH�RI�ϯϱϴ�

WKH�SDWKRJHQ�DQG�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK�DQ[LHW\�OLNH�EHKDYLRU��7UHDWPHQW�RI�PLFH�ϯϱϵ�

E\�JDYDJH�ZLWK�/��ODFWLV�GHOLYHULQJ�DQ�,/����H[SUHVVLRQ�YHFWRU�SUHYLRXVO\�WR�LQIHFWLRQ�ϯϲϬ�

DQG� GXULQJ� WKH� ILUVW� LQIHFWLRQ� VWDJHV� LPSURYH� WKH� GHYHORSPHQW� RI� ,%6� DVVRFLDWHG�ϯϲϭ�





V\PSWRPV�� 7KXV�� WKLV� PRGHO� RIIHUV� WKH� RSSRUWXQLW\� WR� GHYHORS� QHZ� WKHUDSHXWLF�ϯϲϮ�

VWUDWHJLHV�DV�WDUJHWLQJ�,/����VLJQDOLQJ�SDWKZD\�DQG�RU�JXW�PLFURELRWD��ϯϲϯ�

ϯϲϰ�

0(7+2'6�ϯϲϱ�

$QLPDOV�DQG�HWKLF�VWDWHPHQW�ϯϲϲ�

([SHULPHQWDO�SURWRFROV�ZHUH�DSSURYHG�E\�D�ORFDO�HWKLF�FRPPLWWHH��SURWRFRO�QXPEHU��ϯϲϳ�

(8�����������DQG�IROORZ�WKH�JXLGHOLQHV�RI� WKH�&RPPLWWHH�IRU�5HVHDUFK�DQG�(WKLFDO�ϯϲϴ�

,VVXHV�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�3DLQ����)LYH�ZHHN�ROG�VSHFLILF�ϯϲϵ�

SDWKRJHQ�IUHH�&��%/��-�PDOH�PLFH�ZHUH�SXUFKDVHG�IURP�-DQYLHU�/DEV��/H�*HQHVW�ϯϳϬ�

6DLQW�,VOH��)UDQFH���0LFH�ZHUH�KRXVHG�LQ�DQLPDO�ELRVDIHW\� OHYHO����������&��������K�ϯϳϭ�

OLJKW�GDUN�F\FOH���LQ�WKH�DQLPDO�IDFLOLW\�RI�WKH�8QLYHUVLW\�RI�$XYHUJQH��&OHUPRQW�)HUUDQG��ϯϳϮ�

)UDQFH���ZLWK�DFFHVV�WR�IRRG�DQG�ZDWHU�DG�OLELWXP��0LFH�ZHUH�DFFOLPDWHG�WR�WKH�DQLPDO�ϯϳϯ�

IDFLOLW\�IRU�DW�OHDVW�RQH�ZHHN�EHIRUH�WKH�VWDUW�RI�WKH�H[SHULPHQWV��$OO�H[SHULPHQWV��H[FHSW�ϯϳϰ�

EHKDYLRU�WHVWV��ZHUH�SHUIRUPHG�XQGHU�VWHULOH�FRQGLWLRQ��ϯϳϱ�

ϯϳϲ�

&LWUREDFWHU�URGHQWLXP�LQIHFWLRQ�ϯϳϳ�

&LWUREDFWHU�URGHQWLXP�VWUDLQ��$7&&�������70�'%6�����ZDV�JURZQ�RYHUQLJKW�DW����&�ϯϳϴ�

LQ� /XULD�%URWK� �'XWVKHU�� ,VV\�OHV�0RXOLQHDX[�� )UDQFH��ZLWKRXW� VKDNLQJ��&XOWXUH�ZDV�ϯϳϵ�

FHQWULIXJHG�������[�J�����PLQXWHV����&��DQG�SHOOHW�VXVSHQGHG�LQ�VWHULOH��;�SKRVSKDWH�ϯϴϬ�

EXIIHUHG�VDOLQH��3%6���0LFH�ZHUH�WKHQ�RUDOO\�LQIHFWHG�ZLWK�����[�����&)8��&RQWURO�PLFH�ϯϴϭ�

ZHUH�LQRFXODWHG�ZLWK�����O�RI�VWHULOH��;�3%6��0LFH�ZHUH�GDLO\�PRQLWRUHG�GDLO\�DQG�IUHVK�ϯϴϮ�

IHFHV�ZHUH�VDPSOHG�DW� GLIIHUHQW� WLPH�SRLQWV��ZHLJKWHG�� KRPRJHQL]HG�DQG�GLOXWHG� LQ�ϯϴϯ�

VWHULOH� �;�3%6��'LOXWLRQV�ZHUH� WKHQ�SODWHG�RQ�0DF&RQNH\� DJDU� �'XWVKHU�� ,VV\�OHV�ϯϴϰ�

0RXOLQHDX[��)UDQFH��DQG�LQFXEDWHG�DW����&��$IWHU����WR���K�RI�LQFXEDWLRQ��&)8�ZHUH�ϯϴϱ�

HQXPHUDWHG�DQG�QRUPDOL]HG�WR�ZHLJKW�RI�IHFHV��ϯϴϲ�





ϯϴϳ�

,/����WUHDWPHQW�ϯϴϴ�

/��ODFWLVHPSW\�DQG�/��ODFWLV,/����VWUDLQV�ZHUH�SURYLGHG�E\�-HDQ�0DUF�&KDWHO��0LFDOLV��-RX\�ϯϴϵ�

HQ�-RVDV��)UDQFH�����7KLV�ODFWLF�EDFWHULD�ZDV�XVHG�DV�D�YHFWRU�IRU�'1$�WUDQVIHU��0LFH�ϯϵϬ�

ZHUH�GDLO\�LQRFXODWHG�ZLWK�����[�����8)&�RI�HLWKHU�VWUDLQ�GXULQJ���GD\V��&RQWURO�JURXS�ϯϵϭ�

ZDV�LQRFXODWHG�ZLWK�/��ODFWLVHPSW\�ZKLOH�WUHDWHG�JURXS�ZDV�LQRFXODWHG�ZLWK�/��ODFWLV,/�����ϯϵϮ�

7UHDWPHQW�EHJDQ���GD\V�EHIRUH�&��URGHQWLXP�LQIHFWLRQ��ϯϵϯ�

ϯϵϰ�

&RORQLF�ORZ�JUDGH�LQIODPPDWLRQ�ϯϵϱ�

&RORQLF� ORZ�JUDGH� LQIODPPDWLRQ� ZDV� DVVHVVHG� E\� PHDVXULQJ� IHFDO� OLSRFDOLQ��� E\�ϯϵϲ�

(/,6$���� )HFDO� VDPSOHV� ZHUH� FROOHFWHG� DW� WKH� SHDN� RI� LQIHFWLRQ� ��� '3,�� DQG� DIWHU�ϯϵϳ�

FOHDUDQFH�RI�WKH�SDWKRJHQ��������'3,���ZHLJKWHG�DQG�KRPRJHQL]HG�LQ�VWHULOH��;�3%6��ϯϵϴ�

9LDOV�ZHUH�FHQWULIXJHG��������[�J�����PLQXWHV��DQG�VXSHUQDWDQWV�ZHUH�VWRUHG�DW�����&�ϯϵϵ�

XQWLO�DQDO\VLV��6XSHUQDWDQWV�ZHUH�WKHQ�GLOXWHG�LQ�NLW�UHFRPPHQGHG�UHDJHQW�����ERYLQH�ϰϬϬ�

VHUXP�DOEXPLQ�LQ�3%6��;��DQG�FRQFHQWUDWLRQ�RI� OLSRFDOLQ���ZDV�HVWLPDWHG�XVLQJ�WKH�ϰϬϭ�

0RXVH� /LSRFDOLQ���1*$/� 'XRVHW� (/,6$� NLW� �5	'� 6\VWHPV�� 0LQQHDSROLV�� 01��ϰϬϮ�

DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV��3ODWHV�ZHUH�UHDG�DW����QP��%LR7HN70�ϰϬϯ�

(SRFK70��7KHUPR�)LVKHU�6FLHQWLILF��9LOOHERQ�VXU�<YHWWH��)UDQFH���&RQFHQWUDWLRQV�ZHUH�ϰϬϰ�

QRUPDOL]HG�WR�ZHLJKW�RI�IHFHV��ϰϬϱ�

ϰϬϲ�

,QWHVWLQDO�SHUPHDELOLW\�ϰϬϳ�

��N'D�),7&�GH[WUDQ��7G%�&RQVXOWDQF\�$%��8SSVDOD��6XqGH��ZDV�XVHG�DV�D�PDUNHU�RI�ϰϬϴ�

SDUDFHOOXODU�LQWHVWLQDO�SHUPHDELOLW\��0LFH�ZHUH�LQRFXODWHG�ZLWK�����O�RI�),7&�'H[WUDQ�ϰϬϵ�

���� PJ�PO� LQ� VWHULOH� �;� 3%6�� DQG� UHSODFH� LQ� WKHLU� RZQ� FDJH� IRU� �K�� 0LFH� ZHUH�ϰϭϬ�

DQHVWKHWL]HG� ZLWK� LVRIOXUDQH� ���� LQ� 2��� DQG� ����O� RI� EORRG� ZHUH� FROOHFWHG�� 7KLUW\�ϰϭϭ�





PLQXWHV� DIWHU�� VDPSOHV� ZHUH� FHQWULIXJHG� ������ [� J�� ��� PLQXWHV�� ��&�� DQG� ),7&�ϰϭϮ�

IOXRUHVFHQFH��H[FLWDWLRQ�����QP��HPLVVLRQ�����QP�� LQ����O�RI�VHUXP�ZDV�PHDVXUHG�ϰϭϯ�

XVLQJ�D�PLFURSODWH�UHDGHU��)OXRURVNDQ��7KHUPR�)LVKHU�6FLHQWLILF��9LOOHERQ�VXU�<YHWWH��ϰϭϰ�

)UDQFH���,QWHVWLQDO�SHUPHDELOLW\�ZDV�HYDOXDWHG�LQ�WHUPV�RI�DPRXQW�RI�),7&�GH[WUDQ�WKDW�ϰϭϱ�

KDG�FURVVHG�WKH�LQWHVWLQDO�HSLWKHOLDO�EDUULHU�WR�WKH�EORRG�DIWHU�RUDO�LQJHVWLRQ��ϰϭϲ�

ϰϭϳ�

0XFRVD�DVVRFLDWHG�PLFURELRWD�DQDO\VHV�ϰϭϴ�

'1$�ZDV�H[WUDFWHG�IURP�GLVWDO�FRORQLF�WLVVXHV�FROOHFWHG�DW�WKH�SHDN�RI�LQIHFWLRQ����'3,��ϰϭϵ�

DQG�DIWHU�FOHDUDQFH�RI�&��URGHQWLXP��������'3,��XVLQJ�WKH�1XFOHR6SLQ��7LVVXH�;6�NLW�ϰϮϬ�

�0DFKHUH\�1DJHO�� +RHUGW�� )UDQFH�� DFFRUGLQJ� WR� WKH� PDQXIDFWXUHU¶V� LQVWUXFWLRQV��ϰϮϭ�

,OOXPLQD�KLJK�WKURXJKSXW�VHTXHQFLQJ�ZHUH�SHUIRUPHG�E\�05'1$�ODE��6KDOORZDWHU��7;��ϰϮϮ�

86$��RQ�D�0L6HT� IROORZLQJ�WKH�PDQXIDFWXUHU¶V�JXLGHOLQHV��%ULHIO\��WKH�9��9��UHJLRQV�ϰϮϯ�

RI� WKH� EDFWHULDO� ��6� U51$� JHQH� ZDV� DPSOLILHG� XVLQJ� ���)����5� SULPHU� SDLU� DQG�ϰϮϰ�

+RW6WDU7DT�3OXV�0DVWHU�0L[��.LW��4LDJHQ��*HUPDQWRZQ��0'��86$��XQGHU�WKH�IROORZLQJϰϮϱ�

FRQGLWLRQV��GHQDWXUDWLRQ����&��PLQ��IROORZHG�E\����F\FOHV�RI����&���VHF�����&���VHF��ϰϮϲ�

DQG����&��PLQ��ZLWK�D�ILQDO�HORQJDWLRQ�VWHS����&��PLQ��$IWHU�TXDOLW\�FKHFNV��SRROHG�ϰϮϳ�

3&5�SURGXFWV�ZHUH�SXULILHG�XVLQJ�FDOLEUDWHG�$PSXUH�;3��EHDGV��,OOXPLQD�VHTXHQFLQJ�ϰϮϴ�

ZDV� SHUIRUPHG� DQG� '1$� OLEUDULHV� EXLOG� E\� IROORZLQJ� ,OOXPLQD� 7UX6HT� '1$� OLEUDU\�ϰϮϵ�

SUHSDUDWLRQ�SURWRFRO��ϰϯϬ�

:H� SHUIRUPHG�PLFURELRWD� DQDO\VHV� RQ�4XDQWLWDWLYH� ,QVLJKWV� ,QWR�0LFURELDO� (FRORJ\�ϰϯϭ�

�4,,0(��YHUVLRQ��������VRIWZDUH�SDFNDJH��,Q�VXPPDU\��VHTXHQFHV�ZHUH�GHPXOWLSOH[HG�ϰϯϮ�

WR� UHPRYH� EDUFRGHV� DQG� SULPHUV�� &KLPHULF� VHTXHQFHV� ZHUH� UHPRYHG� XVLQJ�ϰϯϯ�

86($5&+����6HTXHQFHV�ZHUH�FOXVWHUHG�XVLQJ�86($5&+���ZLWK�D�����KRPRORJ\�ϰϯϰ�

WKUHVKROG�� 7D[RQRPLF� DQDO\VHV� ZHUH� SHUIRUPHG� XVLQJ� WKH� *UHHQJHQHV� UHIHUHQFH�ϰϯϱ�

GDWDEDVH��YHUVLRQ��������ϰϯϲ�





ϰϯϳ�

6&)$�TXDQWLILFDWLRQ�ϰϯϴ�

)HFDO�6&)$�FRQFHQWUDWLRQV�ZHUH�GHWHUPLQHG�DV�SUHYLRXVO\�GHVFULEHG����%ULHIO\��IUR]HQ�ϰϯϵ�

IHFDO� VDPSOHV�ZHUH� KRPRJHQL]HG� LQ� ����O�RI�ZDWHU� DQG� LQFXEDWHG���KRXUV�DW� ��&��ϰϰϬ�

6DPSOHV� ZHUH� WKHQ� FHQWULIXJHG� ������� [� J�� ���PLQXWHV�� ��&��� 6XSHUQDWDQWV� ZHUH�ϰϰϭ�

ZHLJKWHG� DQG� SURWHLQV� SUHFLSLWDWHG� ZLWK� SKRVSKRWXQJVWLF� DFLG� �5HI�� 3������ 6LJPD�ϰϰϮ�

$OGULFK��6DLQW�4XHQWLQ�)DOODYLHU��)UDQFH���6DPSOHV�ZHUH� LQFXEDWHG�RYHUQLJKW�DW���&�ϰϰϯ�

DQG�EULHIO\�FHQWULIXJHG�EHIRUH�PHDVXUHPHQW��$�YROXPH�RI�����O�RI�HDFK�VXSHUQDWDQW�ϰϰϰ�

ZDV� DQDO\]HG� DV� WR� 6&)$� RQ� D� JDV�FKURPDWRJUDSK\� �$JLOHQW� 7HFKQRORJLHV� �����ϰϰϱ�

1HWZRUN�*&�6\VWHP��$JLOHQW�7HFKQRORJLHV��6DQWD�&ODUD��6$��86$��HTXLSSHG�ZLWK�D�ϰϰϲ�

VSOLW�VSOLWOHVV� LQMHFWRU��D� IODPH�LRQL]DWLRQ�GHWHFWRU�DQG�D�FDSLOODU\�FROXPQ����P�������ϰϰϳ�

PP�� ����� �P�� LPSUHJQDWHG� ZLWK� QLWURWHUHSKWDOLF� DFLG� PRGLILHG� SRO\HWK\OHQH� JO\FRO�ϰϰϴ�

�$JLOHQW�-	:�'%�))$3�FROXPQ����������(��$JLOHQW�7HFKQRORJLHV��6DQWD�&ODUD��6$��ϰϰϵ�

86$���&DUULHU�JDV��KHOLXP��IORZ�UDWH�ZDV�����PO�PLQ�DQG� LQOHW��FROXPQ�DQG�GHWHFWRU�ϰϱϬ�

WHPSHUDWXUHV�ZHUH����������DQG�����&�UHVSHFWLYHO\��$�9RODWLOH�)UHH�$FLG�0L[��5HI��ϰϱϭ�

&50�������6LJPD�$OGULFK��6DLQW�4XHQWLQ�)DOODYLHU��)UDQFH��ZDV�XVHG�DV�DQ�LQWHUQDO�ϰϱϮ�

VWDQGDUG��'DWD�ZHUH�FROOHFWHG�DQG�SHDNV�LQWHJUDWHG�XVLQJ�2SHQ/$%�VRIWZDUH��$JLOHQW�ϰϱϯ�

7HFKQRORJLHV��6DQWD�&ODUD��6$��86$���&RQFHQWUDWLRQV�ZHUH�QRUPDOL]HG�WR�ZHLJKW�RI�ϰϱϰ�

IHFHV��ϰϱϱ�

ϰϱϲ�

$Q[LHW\�OLNH�EHKDYLRU�ϰϱϳ�

$Q[LHW\�OLNH� EHKDYLRU� ZDV� DVVHVVHG� XVLQJ� WKH� (30� WHVW� �9LHZ3RLQW� %HKDYLRU�ϰϱϴ�

7HFKQRORJ\��/LVVLHX��)UDQFH���7KH�DSSDUDWXV�FRQVLVWV�RI�WZR�RSSRVLWH�RSHQ�DUPV�����ϰϱϵ�

[��� [����� FP��DQG� WZR�FORVHG�DUPV� ����[��� [����FP��� MRLQHG�E\�D� FRPPRQ�FHQWUDO�ϰϲϬ�

SODWIRUP�����[����FP���DQG�VXEMHFWHG� WR�DQ�HTXDO� LOOXPLQDWLRQ����� OX[���7KH�PD]H� LV�ϰϲϭ�





HOHYDWHG����FP�DERYH�WKH�IORRU��0LFH�ZHUH�DFFOLPDWHG�WR�WKH�URRP�DW�OHDVW����PLQXWHV�ϰϲϮ�

EHIRUH�WHVW��,QGLYLGXDO�DQLPDO�ZDV�SODFHG�LQ�WKH�FHQWUDO�]RQH�DQG�DOORZHG�WR�H[SORUH�ϰϲϯ�

WKH�PD]H�IRU���PLQXWHV��0LFH�ZHUH�UHFRUGHG�ZLWK�D�FDPHUD�DQG�GDWD�ZHUH�PDQXDOO\�ϰϲϰ�

VFRUHG�� $Q[LHW\� ZDV� FKDUDFWHUL]HG� WKURXJK� WKH� QXPEHU� RI� HQWULHV� LQ� HDFK� DUP�ϰϲϱ�

�FRQVLGHUHG�ZKHQ�WKH�IRXU� WDZV�DUH� ORFDWHG�ZLWKLQ� WKH�DUP��DQG�WLPH�VSHQW� LQ�RSHQ�ϰϲϲ�

DUPV��ϰϲϳ�

ϰϲϴ�

&5'�WHVW�ϰϲϵ�

&RORQLF� VHQVLWLYLW\� ZDV� DVVHVVHG�XVLQJ� D� QRQLQYDVLYH�PDQRPHWULF�PHWKRG� UHFHQWO\�ϰϳϬ�

GHYHORSHG�DQG�YDOLGDWHG�LQ�PLFH����%ULHIO\��D�3(����FDWKHWHU�ZDV�WDSHG���FP�EHORZ�WKH�ϰϳϭ�

SUHVVXUH�VHQVRU�RI�D�PLQLDWXUL]HG�SUHVVXUH�WUDQVGXFHU�FDWKHWHU��635�����0LNUR�7LS�ϰϳϮ�

FDWKHWHU�� 0LOODU� ,QVWUXPHQWV�� +RXVWRQ�� 7;�� 86$��� $� FXVWRP�PDGH� EDOORRQ� ����� FP�ϰϳϯ�

OHQJWK��PDGH�RI�D�SRO\HWK\OHQH�SODVWLF�EDJ�ZDV�WLHG�RYHU�WKH�FDWKHWHU�DW���FP�EHORZ�ϰϳϰ�

WKH�SUHVVXUH�VHQVRU�ZLWK�D�VLON�VXWXUH������(WKLERQG�([FHO70��(WKLFRQ�,QF���6RPHUYLOOH��ϰϳϱ�

1-��86$���/LJDWXUH�SRLQWV�ZHUH�FRYHUHG�ZLWK�SDUDILOP�WR�SUHYHQW�DQ\�DLU�OHDN��%HIRUH�ϰϳϲ�

H[SHULPHQW��HDFK�³EDOORRQ�SUHVVXUH´�VHQVRU�ZDV�FDOLEUDWHG�DW�NQRZQ�SUHVVXUHV�XVLQJ�ϰϳϳ�

D�EDURVWDW��'LVWHQGHU�6HULHV�,,570�%DURVWDW��*	-�(OHFWURQLFV�,QF���7RURQWR��2QWDULR��ϰϳϴ�

&DQDGD��� 0LFH� ZHUH� DQHVWKHWL]HG� ZLWK� LVRIOXUDQH� ���� LQ� 2��� DQG� WKH� OXEULFDWHG�ϰϳϵ�

³EDOORRQ�SUHVVXUH´�VHQVRU�FDWKHWHU�ZDV� LQWURGXFHG� LQWR�WKH�UHFWXP�VR� WKDW� WKH�GLVWDO�ϰϴϬ�

HQG�RI�WKH�EDOORRQ�ZDV�SRVLWLRQHG���FP�IURP�WKH�DQXV��7KH�FDWKHWHU�ZDV�VHFXUHG�WR�ϰϴϭ�

WKH�WDLO�XVLQJ�VXUJLFDO�WDSH��(DFK�PRXVH�ZDV�SODFHG�LQ�DQ�DGMXVWDEOH�PRXVH�UHVWUDLQHU�ϰϴϮ�

DQG�OHIW�WR�UHVW�IRU����PLQXWHV�EHIRUH�WKH�&5'�SURFHGXUH��(DFK�EDOORRQ�ZDV�FRQQHFWHG�ϰϴϯ�

WR�WKH�EDURVWDW��7KH�&5'�SURWRFRO�FRQVLVWHG�RI�JUDGHG�SKDVLF�GLVWHQVLRQV�WR�FRQVWDQW�ϰϴϰ�

SUHVVXUHV�RI������������DQG����PP+J��(DFK�&5'�ODVWHG����VHFRQGV�DQG�ZDV�DSSOLHG�ϰϴϱ�

DW���PLQXWHV���� LQWHU�VWLPXOXV� LQWHUYDOV��7KH�SUHVVXUH�VHQVRU�ZDV�FRQQHFWHG� WR� WKH�ϰϴϲ�





SUHDPSOLILHU��3&8�������0LOODU�,QVWUXPHQWV��+RXVWRQ��7;��86$���9ROWDJH�RXWSXW�ZDV�ϰϴϳ�

FRQYHUWHG� WR� SUHVVXUH� XVLQJ� D� GLJLWDO� DQDORJ� FRQYHUWHU� �3RZHU/DE� ������ϰϴϴ�

$',QVWUXPHQWV�� DQG� LQWUDFRORQLF� SUHVVXUH� VLJQDO� ZDV� REWDLQHG� XVLQJ� /DE&KDUW� ��ϰϴϵ�

VRIWZDUH��$',QVWUXPHQWV���(DFK�&5'�SUHVVXUH�ZDV�UHSHDWHG�WZLFH�DQG�WKH�LQFUHDVH�ϰϵϬ�

LQ�WKH�$8&�RI�LQWUDFRORQLF�SUHVVXUH�GXULQJ�&5'�ZDV�DYHUDJH�IRU�HDFK�SUHVVXUH��ϰϵϭ�

ϰϵϮ�

+LVWRSDWKRORJ\�DVVHVVPHQW�ϰϵϯ�

7R�DVVHVV�WKH�GHJUHH�RI�FROLWLV�DQG�K\SHUSODVLD��+36�VWDLQLQJ�ZDV�SHUIRUPHG��%ULHIO\��ϰϵϰ�

PLFH�ZHUH�DQHVWKHWL]HG�ZLWK�LVRIOXUDQH�����LQ�2���DQG�NLOOHG�E\�FHUYLFDO�GLVORFDWLRQ��ϰϵϱ�

&RORQV�ZHUH�UHPRYHG��HPSWLHG�DQG�ZDVKHG�LQ�3%6��;��3UR[LPDO�VHFWLRQV�ZHUH�IL[HG�ϰϵϲ�

LQ����SDUDIRUPDOGHK\GH�IRU���K�DW���&�IROORZHG�E\�GHK\GUDWLRQ� LQ�VXFURVH�����IRU�ϰϵϳ�

��K��6DPSOHV�ZHUH�WKHQ�IUR]HQ�LQ�2�&�7��FRPSRXQG��7LVVXH�)UHH]LQJ�0HGLXP��0LFURP�ϰϵϴ�

0LFURWHFK�� %ULJQDLV�� )UDQFH��� 6HFWLRQV� RI� ��� �P� ZHUH� FXW� XVLQJ� D� FU\RVWDW� �/HLFD�ϰϵϵ�

&0������/HLFD�%LRV\VWHPV��1DQWHUUH��)UDQFH��DQG�VWDLQHG��+LVWRORJLFDO�DQDO\VHV�ZHUH�ϱϬϬ�

SHUIRUPHG� E\� D� SDWKRORJLVW� XVLQJ� D� VHPL�TXDQWLWDWLYH� FROLWLV� KLVWRORJLFDO� VFDOH� DV�ϱϬϭ�

SUHYLRXVO\�GHVFULEHG��ϱϬϮ�

ϱϬϯ�

6WDWLVWLFDO�DQDO\VLV�ϱϬϰ�

6WDWLVWLFDO�DQDO\VLV�ZHUH�SHUIRUPHG�ZLWK�*UDSK3DG�3ULVP���VRIWZDUH��*UDSK3DG��/D�ϱϬϱ�

-ROOD�� &$�� 86$��� 0DQQ�:KLWQH\� DQG� 6WXGHQW¶V� W�WHVWV� ZHUH� XVHG� WR� FRPSDUH� WZR�ϱϬϲ�

JURXSV��.UXVNDO�:DOOLV�WHVW�ZLWK�D�'XQQ¶V�PXOWLSOH�SRVW�KRF�FRPSDULVRQ�WHVW�ZDV�XVHG�ϱϬϳ�

IRU�FRPSDULVRQ�EHWZHHQ�PRUH�WKDQ�WZR�JURXSV��7ZR�:D\�$129$�WHVW�ZLWK�D�6LGDN�ϱϬϴ�

PXOWLSOH�SRVW�KRF�FRPSDULVRQ�WHVW�ZHUH�IRU�PXOWLSOH�IDFWRUV�LQIOXHQFLQJ��3HDUVRQ�WHVW�ϱϬϵ�

ZDV�SHUIRUPHG�WR�GHWHUPLQHG�FRUUHODWLRQV�EHWZHHQ�WZR� LQGHSHQGHQW�YDULDEOHV��$�S�ϱϭϬ�

YDOXH������ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW��ϱϭϭ�





5HIHUHQFHV�ϱϭϮ�

��� (ULNVVRQ��(��0���$QGUpQ��.��,���(ULNVVRQ��+��7��	�.XUOEHUJ��*��.��,UULWDEOH�ERZHO�ϱϭϯ�

V\QGURPH�VXEW\SHV�GLIIHU�LQ�ERG\�DZDUHQHVV��SV\FKRORJLFDO�V\PSWRPV�DQG�ϱϭϰ�

ELRFKHPLFDO�VWUHVV�PDUNHUV��:RUOG�-��*DVWURHQWHURO� ��������±�������������ϱϭϱ�

��� +D]OHWW�6WHYHQV��+���&UDVNH��0��*���0D\HU��(��$���&KDQJ��/��	�1DOLERII��%��'��ϱϭϲ�

3UHYDOHQFH�RI�LUULWDEOH�ERZHO�V\QGURPH�DPRQJ�XQLYHUVLW\�VWXGHQWV��7KH�UROHV�RI�ϱϭϳ�

ZRUU\��QHXURWLFLVP��DQ[LHW\�VHQVLWLYLW\�DQG�YLVFHUDO�DQ[LHW\��-��3V\FKRVRP��5HV�ϱϭϴ�

�������±������������ϱϭϵ�

��� 0\NOHWXQ��$��HW�DO��3UHYDOHQFH�RI�PRRG�DQG�DQ[LHW\�GLVRUGHU�LQ�VHOI�UHSRUWHG�ϱϮϬ�

LUULWDEOH�ERZHO�V\QGURPH��,%6���$Q�HSLGHPLRORJLFDO�SRSXODWLRQ�EDVHG�VWXG\�RI�ϱϮϭ�

ZRPHQ��%0&�*DVWURHQWHURO� ������������ϱϮϮ�

��� 6KDK��(���5H]DLH��$���5LGGOH��0��	�3LPHQWHO��0��3V\FKRORJLFDO�GLVRUGHUV�LQ�ϱϮϯ�

JDVWURLQWHVWLQDO�GLVHDVH��(SLSKHQRPHQRQ��FDXVH�RU�FRQVHTXHQFH"�$QQ��ϱϮϰ�

*DVWURHQWHURO� �������±������������ϱϮϱ�

��� 5LWFKLH��-��3DLQ�IURP�GLVWHQVLRQ�RI�WKH�SHOYLF�FRORQ�E\�LQIODWLQJ�D�EDOORRQ�LQ�WKH�ϱϮϲ�

LUULWDEOH�FRORQ�V\QGURPH��*XW �������±������������ϱϮϳ�

��� 0HUW]��+���1DOLERII��%���0XQDNDWD��-���1LD]L��1��	�0D\HU��(��D��$OWHUHG�UHFWDO�ϱϮϴ�

SHUFHSWLRQ�LV�D�ELRORJLFDO�PDUNHU�RI�SDWLHQWV�ZLWK�LUULWDEOH�ERZHO�V\QGURPH��ϱϮϵ�

*DVWURHQWHURORJ\ �������±�����������ϱϯϬ�

��� 0DUVKDOO��-��.��HW�DO��,QWHVWLQDO�SHUPHDELOLW\�LQ�SDWLHQWV�ZLWK�LUULWDEOH�ERZHO�ϱϯϭ�

V\QGURPH�DIWHU�D�ZDWHUERUQH�RXWEUHDN�RI�DFXWH�JDVWURHQWHULWLV�LQ�:DONHUWRQ��ϱϯϮ�

2QWDULR��$OLPHQW��3KDUPDFRO��7KHU� ��������±�������������ϱϯϯ�

��� 6SLOOHU�HW�DO��,QFUHDVHG�JXW�SHUPHDELOLW\�IROORZLQJ�DFXWH�FDPS\OREDFWHU�HQWHULWLV�ϱϯϰ�

DQG�LQ�SRVW�G\VHQWHULF�LUULWDEOH�ERZHO�V\QGURPH��*XW �������±������������ϱϯϱ�

��� =KRX�HW�DO��,QWHVWLQDO�PHPEUDQH�SHUPHDELOLW\�DQG�K\SHUVHQVLWLYLW\�LQ�WKH�LUULWDEOH�ϱϯϲ�





ERZHO�V\QGURPH��3DLQ �������±�����������ϱϯϳ�

���� 'XQORS�HW�DO��'LVWLQFWLYH�FOLQLFDO��SV\FKRORJLFDO��DQG�KLVWRORJLFDO�IHDWXUHV�RI�ϱϯϴ�

SRVWLQIHFWLYH�LUULWDEOH�ERZHO�V\QGURPH��$P��-��*DVWURHQWHURO� ��������±�����ϱϯϵ�

��������ϱϰϬ�

���� &KDGZLFN��9��6��HW�DO��$FWLYDWLRQ�RI�WKH�PXFRVDO�LPPXQH�V\VWHP�LQ�LUULWDEOH�ϱϰϭ�

ERZHO�V\QGURPH��*DVWURHQWHURORJ\ ���������±�������������ϱϰϮ�

���� %DUEDUD��*��HW�DO��$FWLYDWHG�0DVW�&HOOV�LQ�3UR[LPLW\�WR�&RORQLF�1HUYHV�&RUUHODWH�ϱϰϯ�

ZLWK�$EGRPLQDO�3DLQ�LQ�,UULWDEOH�%RZHO�6\QGURPH��*DVWURHQWHURORJ\ ��������±ϱϰϰ�

������������ϱϰϱ�

���� %DUEDUD��*��HW�DO��0DVW�&HOO�'HSHQGHQW�([FLWDWLRQ�RI�9LVFHUDO�1RFLFHSWLYH�ϱϰϲ�

6HQVRU\�1HXURQV�LQ�,UULWDEOH�%RZHO�6\QGURPH��*DVWURHQWHURORJ\ �������±���ϱϰϳ�

��������ϱϰϴ�

���� 5DMLOLü�6WRMDQRYLü��0��HW�DO��*OREDO�DQG�GHHS�PROHFXODU�DQDO\VLV�RI�PLFURELRWD�ϱϰϵ�

VLJQDWXUHV�LQ�IHFDO�VDPSOHV�IURP�SDWLHQWV�ZLWK�LUULWDEOH�ERZHO�V\QGURPH��ϱϱϬ�

*DVWURHQWHURORJ\ ���������±�������������ϱϱϭ�

���� -DODQND�7XRYLQHQ��-��HW�DO��)DHFDO�PLFURELRWD�FRPSRVLWLRQ�DQG�KRVW�PLFUREH�ϱϱϮ�

FURVV�WDON�IROORZLQJ�JDVWURHQWHULWLV�DQG�LQ�SRVWLQIHFWLRXV�LUULWDEOH�ERZHO�ϱϱϯ�

V\QGURPH��*XW ��������±�������������ϱϱϰ�

���� 0DOLQHQ��(��HW�DO��$QDO\VLV�RI�WKH�IHFDO�PLFURELRWD�RI�LUULWDEOH�ERZHO�V\QGURPH�ϱϱϱ�

SDWLHQWV�DQG�KHDOWK\�FRQWUROV�ZLWK�UHDO�WLPH�3&5��$P��-��*DVWURHQWHURO� ����ϱϱϲ�

���±������������ϱϱϳ�

���� 0DUVKDOO��-��.��HW�DO��,QFLGHQFH�DQG�(SLGHPLRORJ\�RI�,UULWDEOH�%RZHO�6\QGURPHϱϱϴ�

$IWHU�D�/DUJH�:DWHUERUQH�2XWEUHDN�RI�%DFWHULDO�'\VHQWHU\��*DVWURHQWHURORJ\ϱϱϵ�

��������±������������ϱϲϬ�

���� 7KDEDQH�HW�DO��6\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��7KH�LQFLGHQFH�DQG�ϱϲϭ�





SURJQRVLV�RI�SRVW�LQIHFWLRXV�LUULWDEOH�ERZHO�V\QGURPH��$OLPHQW��3KDUPDFRO��ϱϲϮ�

7KHU� �������±������������ϱϲϯ�

���� *URYHU��0���&DPLOOHUL��0���6PLWK��.���/LQGHQ��'��5��	�)DUUXJLD��*��3RVWLQIHFWLRXV�ϱϲϰ�

LUULWDEOH�ERZHO�V\QGURPH��0HFKDQLVPV�UHODWHG�WR�SDWKRJHQV��ϱϲϱ�

1HXURJDVWURHQWHURO��0RWLO� �������±������������ϱϲϲ�

���� 4LQ��+��<��HW�DO��6\VWHPDWLF�UHYLHZ�RI�DQLPDO�PRGHOV�RI�SRVW�LQIHFWLRXV�SRVW�ϱϲϳ�

LQIODPPDWRU\�LUULWDEOH�ERZHO�V\QGURPH��-��*DVWURHQWHURO� �������±������������ϱϲϴ�

���� &ROOLQV�HW�DO��&LWUREDFWHU�URGHQWLXP��,QIHFWLRQ��LQIODPPDWLRQ�DQG�WKH�PLFURELRWD��ϱϲϵ�

1DW��5HY��0LFURELRO� �������±������������ϱϳϬ�

���� ,EHDNDQPD��&��HW�DO��&LWUREDFWHU�URGHQWLXP�FROLWLV�HYRNHV�SRVW�LQIHFWLRXV�ϱϳϭ�

K\SHUH[FLWDELOLW\�RI�PRXVH�QRFLFHSWLYH�FRORQLF�GRUVDO�URRW�JDQJOLRQ�QHXURQV��-��ϱϳϮ�

3K\VLRO� ���������±�������������ϱϳϯ�

���� 0RQGHODHUV��6��8��HW�DO��(IIHFW�RI�JHQHWLF�EDFNJURXQG�DQG�SRVWLQIHFWLRXV�VWUHVV�ϱϳϰ�

RQ�YLVFHUDO�VHQVLWLYLW\�LQ�&LWUREDFWHU�URGHQWLXP�LQIHFWHG�PLFH��ϱϳϱ�

1HXURJDVWURHQWHURO��0RWLO� �������±������������ϱϳϲ�

���� /XSS��&��HW�DO��+RVW�0HGLDWHG�,QIODPPDWLRQ�'LVUXSWV�WKH�,QWHVWLQDO�0LFURELRWD�ϱϳϳ�

DQG�3URPRWHV�WKH�2YHUJURZWK�RI�(QWHUREDFWHULDFHDH��&HOO�+RVW�0LFUREH ��ϱϳϴ�

���±������������ϱϳϵ�

���� +RIIPDQQ��&��HW�DO��&RPPXQLW\�ZLGH�UHVSRQVH�RI�WKH�JXW�PLFURELRWD�WR�ϱϴϬ�

HQWHURSDWKRJHQLF�&LWUREDFWHU�URGHQWLXP�LQIHFWLRQ�UHYHDOHG�E\�GHHS�ϱϴϭ�

VHTXHQFLQJ��,QIHFW��,PPXQ� ��������±�������������ϱϴϮ�
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(IILFLHQW�DQG�UHSURGXFLEOH�H[SHULPHQWDO�LQIHFWLRQV�ϭ�

RI�UDWV�ZLWK�%ODVWRF\VWLV�VSS�Ϯ�

0DQRQ�'HID\H�������&pOLQH�1RXUULVVRQ�������(ORGLH�%DXGX�����,YDQ�:DUZ]\QLDN���9LUJLQLH�

%RQQLQ���0DWKLOGH�%RQQHW���1LFRODV�%DUQLFK���'HQLV�$UGLG���)UpGpULF�'HOEDF���ϰ�

)UpGpULF�$QWRQLR�&DUYDOKR��	�Ύ�DQG�3KLOLSSH�3RLULHU����	�Ύϱ�

ϲ�

��8QLYHUVLWp�&OHUPRQW�$XYHUJQH���L+3��&156��/DERUDWRLUH�0LFURRUJDQLVPHV���*pQRPH�ϳ�

HW�(QYLURQQHPHQW��)�������&OHUPRQW�)HUUDQG��)UDQFH�ϴ�

��8QLYHUVLWp�&OHUPRQW�$XYHUJQH���L+3�� ,QVHUP�8������1HXUR'RO��&OHUPRQW�)HUUDQG��ϵ�

)UDQFH�ϭϬ�

��8QLYHUVLWp�&OHUPRQW�$XYHUJQH��&+8���L+3��&156��/DERUDWRLUH�0LFURRUJDQLVPHV� ��ϭϭ�

*pQRPH�HW�(QYLURQQHPHQW��)�������&OHUPRQW�)HUUDQG��)UDQFH�ϭϮ�

��8QLYHUVLWp�&OHUPRQW� $XYHUJQH�� �L+3�� ,QVHUP�8������86&� ,15$�������0LFUREHV��ϭϯ�

,QWHVWLQ��,QIODPPDWLRQ�HW�6XVFHSWLELOLWp�GH�O
+{WH��&OHUPRQW�)HUUDQG��)UDQFH�ϭϰ�

ϭϱ�


�&RUUHVSRQGLQJ�$XWKRUV���SSRLULHU#FKX�FOHUPRQWIHUUDQG�IU��33��ϭϲ�

IUHGHULF�FDUYDOKR#XFD�IU��)$&��ϭϳ�

ϭϴ�

��7KHVH�DXWKRUV�FRQWULEXWHG�HTXDOO\�WR�WKLV�ZRUN��ϭϵ�

	�7KHVH�DXWKRUV�DOVR�FRQWULEXWHG�HTXDOO\�WR�WKLV�ZRUN� �ϮϬ�
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$EVWUDFW�Ϯϭ�

$OWKRXJK�%ODVWRF\VWLV�VSS��LQIHFW�SUREDEO\�PRUH�WKDQ���ELOOLRQ�SHRSOH�ZRUOGZLGH��ϮϮ�

WKHLU�FOLQLFDO�VLJQLILFDQFH�LV�VWLOO�FRQWURYHUVLDO�DQG�WKHLU�SDWKRSK\VLRORJ\�UHPDLQV�SRRUO\�Ϯϯ�

XQGHUVWRRG�� ,Q� WKLV� VWXG\�� ZH� GHVFULEH� D� SURWRFRO� IRU� DQ� HIILFLHQW� DQG� UHSURGXFLEOH�Ϯϰ�

PRGHO�RI�FKURQLF�LQIHFWLRQ�LQ�UDWV��OD\LQJ�WKH�JURXQGZRUN�IRU�IXWXUH�ZRUN�WR�HYDOXDWH�WKH�Ϯϱ�

SDWKRJHQLF�SRWHQWLDO�RI�WKLV�SDUDVLWH��,Q�RXU�H[SHULPHQWDO�FRQGLWLRQV��ZH�ZHUH�XQDEOH�Ϯϲ�

WR� LQIHFW� UDWV� XVLQJ� YDFXRODU� IRUPV� RI� DQ� D[HQLFDOO\� FXOWLYDWHG� 67�� LVRODWH�� EXW� ZH�Ϯϳ�

VXFFHVVIXOO\�HVWDEOLVKHG�FKURQLF�LQIHFWLRQV�RI���ZHHN�ROG�UDWV�DIWHU�RUDO�DGPLQLVWUDWLRQ�Ϯϴ�

RI�ERWK�67��DQG�67��SXULILHG�F\VWV�LVRODWHG�IURP�KXPDQ�VWRRO�VDPSOHV��7KH�LQIHFWLRQ�Ϯϵ�

SURWRFRO�ZDV�DOVR�DSSOLHG� WR� ��ZHHN�ROG�&��%/����%$/%�&�DQG�&�+�PLFH��EXW�DQ\�ϯϬ�

PRXVH�ZDV�IRXQG�WR�EH�LQIHFWHG�E\�%ODVWRF\VWLV��0LQLPDO�F\VW�LQRFXOXP�UHTXLUHG�IRU�UDW�ϯϭ�

LQIHFWLRQ�ZDV�KLJKHU�ZLWK�67��������WKDQ�ZLWK�67���������7KHVH�UHVXOWV�ZHUH�FRQILUPHG�ϯϮ�

E\�FR�KRXVLQJ�H[SHULPHQWV�KLJKOLJKWLQJ�D�KLJKHU�FRQWDJLRXV�SRWHQWLDO�RI�67�� LQ� UDWV�

FRPSDUHG� WR� 67��� )LQDOO\�� H[SHULPHQWV� PLPLFNLQJ� IHFDO� PLFURELRWD� WUDQVIHU� IURP�ϯϰ�

LQIHFWHG�WR�KHDOWK\�DQLPDOV�VKRZHG�WKDW�%ODVWRF\VWLV�VSS��FRXOG�HDVLO\�LQIHFW�D�QHZ�KRVW��ϯϱ�

HYHQ�WKRXJK�LWV�LQWHVWLQDO�PLFURELRWD�LV�QRW�GLVWXUEHG��,Q�FRQFOXVLRQ��RXU�UHVXOWV�SURYLGH�ϯϲ�

D�ZHOO�GRFXPHQWHG�DQG�UREXVW�UDW�PRGHO�RI�%ODVWRF\VWLV�FKURQLF�LQIHFWLRQ��UHSURGXFLQJ�ϯϳ�

³QDWXUDO´�LQIHFWLRQ��7KLV�PRGHO�ZLOO�EH�RI�JUHDW�LQWHUHVW�WR�VWXG\�KRVW�SDUDVLWH�LQWHUDFWLRQV�ϯϴ�

DQG�WR�EHWWHU�HYDOXDWH�FOLQLFDO�VLJQLILFDQFH�RI�%ODVWRF\VWLV�� �ϯϵ�





ͳ͵ʹ

������ ͳ Ȃ ��������ʹ

,QWURGXFWLRQ�ϰϬ�

%ODVWRF\VWLV�VSS��DUH�DQDHURELF�HQWHULF�SURWLVW�IRXQG�LQ�WKH�LQWHVWLQDO�WUDFW�RI�D�ϰϭ�

ZLGH�UDQJH�RI�DQLPDOV��DQG�DUH�SUREDEO\�WKH�PRVW�SUHYDOHQW�KXPDQ�SDUDVLWHV������)RXU�ϰϮ�

PRUSKRORJLFDO�VWDJHV�RI�%ODVWRF\VWLV�VSS��KDYH�EHHQ�GHVFULEHG� LQFOXGLQJ�DPRHERLG��ϰϯ�

JUDQXODU��YDFXRODU�DQG�F\VWLF�VWDJHV��%RWK�YDFXRODU�DQG�F\VWLF� IRUPV�DUH�FRPPRQO\�ϰϰ�

IRXQG�LQ�KXPDQ�IHFDO�VDPSOHV�DQG�F\VW�LV�FRQVLGHUHG�WR�EH�WKH�LQIHFWLRXV�VWDJH���±����ϰϱ�

%ODVWRF\VWLV�VSS��KDYH�EHHQ�FODVVLILHG�LQWR����VXEW\SHV��67��EDVHG�RQ�QXFOHDU�VPDOO�ϰϲ�

VXEXQLW� �668�� ULERVRPDO� 51$�HQFRGLQJ� JHQH�� WKH� 67�� WR� 67�� DQG� 67��� EHLQJ�ϰϳ�

UHFRYHUHG�IURP�KXPDQ���±����67��LV�WKH�PRVW�IUHTXHQW�VXEW\SH�LQ�KXPDQ��IROORZHG�E\�ϰϴ�

67���67��DQG�67�������+RZHYHU��WKLV�GLVWULEXWLRQ�GHSHQGV�RQ�JHRJUDSKLF�DUHDV��DQG�D�ϰϵ�

KLJKHU�SUHYDOHQFH�RI�67��ZDV�UHSRUWHG�IURP�WKH�QRUWK�RI�(XURSH���±�����ϱϬ�

%ODVWRF\VWLV� VSS�� LQIHFWLRQ RFFXUV� LQ� ERWK� LPPXQRFRPSHWHQW� DQG�ϱϭ�

LPPXQRFRPSURPLVHG�KRVWV�DQG UHFHQW�VWXGLHV�KLJKOLJKWHG�KLJKHU�SUHYDOHQFH�RI�WKHVH�ϱϮ�

SDUDVLWHV�LQ�SDWLHQWV�ZLWK�,UULWDEOH�%RZHO�6\QGURPH��,%6��DQG�FRORUHFWDO�FDQFHU����±ϱϯ�

����� +RZHYHU�� WKH� LQYROYHPHQW� RI� %ODVWRF\VWLV� VSS�� LQ� KXPDQ� GLVHDVHV� LV� KLJKO\�ϱϰ�

GHEDWHG�DQG�ZHOO�GHVLJQHG�HSLGHPLRORJLFDO�VWXGLHV�VWLOO�QHHG�WR�EH�SHUIRUPHG��$QLPDO�ϱϱ�

H[SHULPHQWDO�PRGHOV�IRU�%ODVWRF\VWLV�LQIHFWLRQ�KDYH�EHHQ�SXUSRVHG�IRU�SURYLQJ�.RFK¶V�ϱϲ�

SRVWXODWHV�� EXW� IHZ� DQLPDO�EDVHG� VWXGLHV� KDYH� EHHQ� SXEOLVKHG� VR� IDU�� VXJJHVWLQJ�ϱϳ�

GLIILFXOWLHV� LQ� WKH� HVWDEOLVKPHQW� DQG� UHSURGXFLELOLW\� RI� WKHVH� PRGHOV� ������ 7R� GDWH�ϱϴ�

YDULRXV�DQLPDO�PRGHOV�ZHUH�XVHG�IRU�%ODVWRF\VWLV�LQIHFWLRQ�DV�URGHQWV��UDWV�RU�PLFH���ϱϵ�

JXLQHD�SLJV�RU�FKLFNHQV��0RUHRYHU��VWXGLHV�KDYH�VKRZQ�WKDW�ERWK�YDFXRODU�DQG�F\VWLF�ϲϬ�

VWDJHV� RI� GLIIHUHQW�67V� FDQ� HIILFLHQWO\� LQIHFW� DQLPDOV� ���±����� 7KH� KHWHURJHQHLW\� RI�ϲϭ�

LQIHFWLRQ�PHWKRGV�ZLWK�YDULRXV�DQLPDO�PRGHOV�DQG�RU�GLIIHUHQW�67V�LQRFXODWLRQ�FRQILUP�ϲϮ�

WKDW�WKH�HVWDEOLVKPHQW�RI�D�VWDQGDUGL]HG�PRGHO�LV�QHFHVVDU\��ϲϯ�
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,Q�WKLV�VWXG\��ZH�HYDOXDWHG�VHYHUDO�PHWKRGV�WR�LQRFXODWH�%ODVWRF\VWLV�VSS��LQWR�ϲϰ�

ODERUDWRU\�DQLPDOV��PLFH�DQG�UDWV��XVLQJ�GLIIHUHQW�SDUDVLWLF�VWDJHV��YDFXRODU�DQG�F\VWLF�ϲϱ�

IRUPV��LVRODWHG�IURP�LQ�YLWUR�FXOWXUHV�RU�IURP�KXPDQ�RU�DQLPDO�IHFHV��,QWHUHVWLQJO\��ZHϲϲ�

VXFFHHGHG�LQ�WKH�GHYHORSPHQW�RI�D�UHSURGXFLEOH�PRGHO�RI�FKURQLF�LQIHFWLRQ�LQ�MXYHQLOH�ϲϳ�

DQG�DGXOW�:LVWDU�UDWV�XVLQJ�SXULILHG�F\VWV�LVRODWHG�IURP�KXPDQ�VWRROV��ϲϴ�

ϲϵ�

0DWHULDOV�DQG�PHWKRGV�ϳϬ�

$QLPDOVϳϭ�

$OO�DQLPDOV�ZHUH�KRXVHG�LQ�DQLPDO�ELRVDIHW\�OHYHO������±���&��������K�OLJKW�GDUN�ϳϮ�

F\FOH�� ZLWK� DFFHVV� WR� IRRG� DQG�ZDWHU� DG� OLELWXP�� 7KUHH�� DQG� WHQ�ZHHN�ROG� VSHFLILF�ϳϯ�

SDWKRJHQ�IUHH��63)��:LVWDU�PDOH�UDWV�DQG�WKUHH�ZHHN�ROG�63)�&��%/����%$/%�&�DQG�ϳϰ�

&�+�PLFH�ZHUH�SXUFKDVHG�IURP�&KDUOHV�5LYHU�/DE��6DLQW�*HUPDLQ�1XHOOHV��)UDQFH���ϳϱ�

$OO�H[SHULPHQWV�ZHUH�SHUIRUPHG�DFFRUGLQJ�WR�WKH�HWKLFDO�JXLGHOLQHV�VHW�RXW�LQ�WKH�*XLGH�ϳϲ�

IRU�WKH�&DUH�DQG�8VH�RI�/DERUDWRU\�$QLPDOV�DQG�ZLWK�DSSURYDO�RI�WKH�³&RPLWp�G
(WKLTXH�ϳϳ�

SRXU� O
([SpULPHQWDWLRQ� $QLPDOH� $XYHUJQH�� �&�(�$��� WKH� ORFDO� HWKLFV� FRPPLWWHH�ϳϴ�

�5HIHUHQFH�QXPEHU��(8����������� $IWHU� H[SHULPHQWDO� LQIHFWLRQV�ZLWK� %ODVWRF\VWLV��ϳϵ�

IHFDO�VDPSOHV�ZHUH�FROOHFWHG�HYHU\�ZHHN�XQWLO�VDFULILFH��ϴϬ�

ϴϭ�

%ODVWRF\VWLV�67��D[HQLF�FXOWXUHV�ϴϮ�

%ODVWRF\VWLV�67��:5��VWUDLQ�LVRODWHG�IURP�:LVWDU�UDWV�DQG�D[HQL]HG�E\�&KHQ�HW�ϴϯ�

DO�� �����ZDV�FXOWXUHG�DQDHURELFDOO\� LQ� ,VFRYH
V�0RGLILHG�'XOEHFFR
V�0HGLXP��,0'0��ϴϰ�

�*LEFR��/LIH�7HFKQRORJLHV��&DUOVEDG��&$��86$��ZLWK�����KRUVH�VHUXP��3$$��3DVFKLQJ��ϴϱ�





ͳ͵Ͷ

������ ͳ Ȃ ��������ʹ

$XVWULD��DQG����SHQLFLOOLQ�VWUHSWRP\FLQ��*LEFR��/LIH�7HFKQRORJLHV��&DUOVEDG��&$��86$��ϴϲ�

DW����&��ϴϳ�

9DFXRODU�IRUPV�ZHUH�FROOHFWHG�IURP���K�ROG�FXOWXUHV�E\�FHQWULIXJDWLRQ�DW������J�IRU����ϴϴ�

PLQ�DQG�VXVSHQGHG�LQ�VWHULOH�3%6�WR�UHDFK�D�FRQFHQWUDWLRQ�RI�����SDUDVLWHV�SHU�PLOOLOLWHU�ϴϵ�

DQG�ZHUH�XVHG�IRU�H[SHULPHQWDO�LQIHFWLRQV��ϵϬ�

ϵϭ�

2UDO�DGPLQLVWUDWLRQ�RI�YDFXRODU�IRUPV�LVRODWHG�IURP�D[HQLF�ϵϮ�

%ODVWRF\VWLV�67��VWUDLQϵϯ�

,Q�D�ILUVW�H[SHULPHQW��IRXU�ZHHN�ROG�:LVWDU�PDOH�UDWV�ZHUH�RUDOO\�LQRFXODWHG�ZLWK�ϵϰ�

����67��YDFXRODU�IRUPV�SHU�UDW�IURP�LQ�YLWUR�D[HQLF�FXOWXUH��Q �����(LJKW�UDWV�ZHUH�XVHG�ϵϱ�

WR�HYDOXDWH�NLQHWLF�RI�67��URXWH�WKURXJK�WKH�JDVWURLQWHVWLQDO�WUDFW�DQG�VL[�UDWV�ZHUH�NHSW�ϵϲ�

WR� PRQLWRU� WKH� SURJUHVVLRQ� RI� LQIHFWLRQ� RYHU� WLPH�� 7R� UHGXFH� JDVWULF� DFLGLW\�� UDWV�ϵϳ�

UHFHLYHG� �� RUDO� DGPLQLVWUDWLRQV� HYHU\� �� KRXUV� RI� FLPHWLGLQH� ���� PJ�NJ�� 0\ODQ��ϵϴ�

&DQRQVEXUJ��3$��86$���Q ���RU�����0�VRGLXP�ELFDUERQDWH��&RRSHU��0HOXQ��)UDQFH��ϵϵ�

�Q ���EHIRUH�RUDO�LQRFXODWLRQ�ZLWK�����YDFXRODU�IRUPV�RI�67��LQ�D�VHFRQG�H[SHULPHQW��ϭϬϬ�

6LPLODUO\�DV�EHIRUH��IRXU�UDWV�ZHUH�XVHG�WR�HYDOXDWH�NLQHWLF�RI�67��URXWH�WKURXJK�WKH�ϭϬϭ�

JDVWURLQWHVWLQDO� WUDFW�DQG� IRXU� UDWV�ZHUH�NHSW� WR�PRQLWRU� WKH�SURJUHVVLRQ�RI� LQIHFWLRQ�ϭϬϮ�

RYHU�WLPH��ϭϬϯ�

ϭϬϰ�

.LQHWLF� RI� 67�� URXWH� WKURXJK� WKH� JDVWURLQWHVWLQDO� WUDFW� RIϭϬϱ�

H[SHULPHQWDOO\�LQIHFWHG�UDWVϭϬϲ�

$IWHU�RUDO�DGPLQLVWUDWLRQ�RI�67���UDWV�ZHUH�HXWKDQL]HG�DW����Q �������Q �������ϭϬϳ�

�Q ���RU����K� �Q ���SRVW�LQRFXODWLRQ� �3,���6WRPDFK�FRQWHQW�ZDV�FROOHFWHG�DW���K�3,��ϭϬϴ�
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VWRPDFK�DQG�GXRGHQXP�FRQWHQWV�DW���K�3,��LOHXP�DQG�FDHFXP�FRQWHQWV�DW����K�3,��DQG�ϭϬϵ�

FDHFXP��SUR[LPDO�DQG�GLVWDO�FRORQ�FRQWHQWV�DW����K�3,��ϭϭϬ�

)RU� WKH� H[SHULPHQWV� ZLWK� DQLPDOV� SUHWUHDWHG� ZLWK� FLPHWLGLQH� RU� VRGLXP�ϭϭϭ�

ELFDUERQDWH��HXWKDQDVLD�RI�UDWV�ZDV�GRQH�DW���RU���K��Q ��IRU�HDFK�WLPH�DQG�FRQGLWLRQ���ϭϭϮ�

6WRPDFK�FRQWHQWV�ZHUH�FROOHFWHG�DW���K�3,�DQG�FDHFXP�FRQWHQWV�DW���K�3,��ϭϭϯ�

ϭϭϰ�

,QWUD�FDHFDO� LQRFXODWLRQ� RI� YDFXRODU� IRUPV� LVRODWHG� IURP�ϭϭϱ�

D[HQLF�%ODVWRF\VWLV�67�ϭϭϲ�

)RXU�ZHHN�ROG�:LVWDU�PDOH� UDWV� ZHUH� LQWUD�FDHFDOO\� LQRFXODWHG� ZLWK� ���� 67��ϭϭϳ�

YDFXRODU�IRUPV�SHU�UDW�IURP�D[HQLF�FXOWXUH��Q ����%ULHIO\��DIWHU����K�RI�IDVWLQJ��UDWV�ZHUH�ϭϭϴ�

DQHVWKHWL]HG� �.HWDPLQH� ���PJ�NJ� �� ;\OD]LQH� ���PJ�NJ��� IROORZHG� E\� DQ� DEGRPHQ�ϭϭϵ�

LQFLVLRQ�� FDHFXP� H[WHUQDOL]DWLRQ� DQG� LQMHFWLRQ� RI� ���� 67�� YDFXRODU� IRUPV�� 7KHQ��ϭϮϬ�

FDHFXP�ZDV�UHSRVLWLRQHG�DQG�DEGRPHQ�VXWXUHG��ϭϮϭ�

ϭϮϮ�

%ODVWRF\VWLV�LVRODWHV�FROOHFWHG�IURP�KXPDQ�VWRROVϭϮϯ�

)RXU�DV\PSWRPDWLF�KXPDQ�FDUULHUV�RI�%ODVWRF\VWLV�67���67���67��DQG�67��ZHUH�ϭϮϰ�

LGHQWLILHG�DW�WKH�PHGLFDO�ODERUDWRU\�RI�3DUDVLWRORJ\�RI�WKH�&OHUPRQW�)HUUDQG�WHDFKLQJ�ϭϮϱ�

KRVSLWDO��)UDQFH���%RWK�%ODVWRF\VWLV�F\VWV�DQG�YDFXRODU�IRUPV�ZHUH�REVHUYHG�LQ�VWRROV�ϭϮϲ�

IRU�SDWLHQWV�ZLWK�67���67��DQG�67���ZKHUHDV�RQO\�YDFXRODU�IRUPV�ZHUH�REVHUYHG�IRU�ϭϮϳ�

WKH�67��FDUULHU�� )UHVK�VWRROV�ZHUH� FROOHFWHG� IRU�DQLPDO� LQIHFWLRQV� �DSSURYHG�E\� WKH�ϭϮϴ�

UHVHDUFK�HWKLFV�FRPPLWWHHV�RI�WKH�&OHUPRQW�)HUUDQG�+RVSLWDO��³&RPLWp�GH�3URWHFWLRQ�ϭϮϵ�

GHV� 3HUVRQQHV� 6XG�(VW� �´�� )UDQFH�� DJUHHPHQW� UHI�� �����&(����� 6XEW\SLQJ� ZDV�ϭϯϬ�

SHUIRUPHG� E\� 668� U'1$� VHTXHQFLQJ� DV� SUHYLRXVO\� GHVFULEHG� ��������� 6HTXHQFHV�ϭϯϭ�
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ZHUH� DQDO\]HG� XVLQJ� WKH� %DVLF� /RFDO� $OLJQPHQW� 6HDUFK� 7RRO� �%/$67��ϭϯϮ�

KWWS���EODVW�QFEL�QOP�QLK�JRY����ϭϯϯ�

ϭϯϰ�

3XULILFDWLRQ�RI�F\VWV�LVRODWHG�IURP�KXPDQ�VWRROV�ϭϯϱ�

&\VWV�ZHUH�SXULILHG�IURP�KXPDQ�VWRROV�RI�67����67���RU�67��LQIHFWHG�SDWLHQWV�ϭϯϲ�

�RQH� SDWLHQW� IRU� HDFK� VXEW\SH�� E\� DQ� RSWLPL]HG� PHWKRG� �)LJ� ��� DGDSWHG� IURP�ϭϯϳ�

<RVKLNDZD¶V� SURWRFRO� ������$OPRVW� ��� J� RI� IUHVK� VWRROV�ZHUH� VXVSHQGHG� LQ� GLVWLOOHG�ϭϯϴ�

ZDWHU� DQG� ODUJHU� GHEULV� ZHUH� UHPRYHG� E\� ILOWUDWLRQ� �IXQQHO� ZLWK� ILOWHU� GLVF� �PP��ϭϯϵ�

7KHUDGLDJ�� 0DUQH� /D� 9DOOHH�� )UDQFH��� 7KH� IHFDO� VXVSHQVLRQ� ZDV� ZDVKHG� WZLFH� LQ�ϭϰϬ�

GLVWLOOHG�ZDWHU�E\�FHQWULIXJDWLRQ�DW������J�IRU����PLQ��7KH�VXSHUQDWDQW�ZDV�GLVFDUGHG�ϭϰϭ�

DQG�SHOOHW�ZDV�VXVSHQGHG�LQ����PO�RI�VXFURVH�VROXWLRQ��G� ��������6LJPD�$OGULFK��6DLQW�ϭϰϮ�

/RXLV��02��86$��DQG�ZDV�GLYLGHG�LQWR����PO�WXEHV��7KHQ������PO�RI�GLVWLOOHG�ZDWHU�ZDV�ϭϰϯ�

DGGHG�LQ�HDFK�WXEH�IROORZHG�E\�D�FHQWULIXJDWLRQ�DW������J�IRU����PLQ��7KH�LQWHUIDFH�ϭϰϰ�

EHWZHHQ�VXFURVH�DQG�GLVWLOOHG�ZDWHU�ZDV�FROOHFWHG�DQG�VXVSHQGHG�LQ�GLVWLOOHG�ZDWHU��ϭϰϱ�

7ZR�ZDVKHV�LQ�GLVWLOOHG�ZDWHU�ZHUH�SHUIRUPHG�E\�FHQWULIXJDWLRQ�DW������J�IRU����PLQ��ϭϰϲ�

7KH� SHOOHW� ZDV� VXVSHQGHG� LQ� ����PO� RI� GLVWLOOHG�ZDWHU� DQG�PL[HG�ZLWK� ��PO�3HUFROO�ϭϰϳ�

VROXWLRQ��G� ��������03�%LRPHGLFDOV��,OONLUFK��)UDQFH���7KHQ����PO�RI�GLVWLOOHG�ZDWHU�ZHUH�ϭϰϴ�

DGGHG��IROORZHG�E\�D�FHQWULIXJDWLRQ�DW������J�IRU����PLQ��7KH�LQWHUIDFH�EHWZHHQ�GLVWLOOHG�ϭϰϵ�

ZDWHU�DQG�3HUFROO� VROXWLRQ�ZDV�FROOHFWHG�� DGMXVWHG� WR����PO�ZLWK�GLVWLOOHG�ZDWHU�DQG�ϭϱϬ�

FHQWULIXJHG�DW������J�IRU����PLQXWHV��7KLV�VWHS�XVLQJ�3HUFROO�JUDGLHQWV�ZDV�SHUIRUPHG�ϭϱϭ�

WZLFH�� 3HOOHWV� FRQWDLQLQJ� SXULILHG� F\VWV� ZHUH� VXVSHQGHG� LQ� ���� PO� RI� DQ� DQWLELRWLF�ϭϱϮ�

FRFNWDLO�FRQWDLQLQJ������J�/�9DQFRP\FLQ��6DQGR]��/HYDOORLV�3HUUHW��)UDQFH�������J�/�ϭϱϯ�

$PR[LFLOOLQ�FODYXODQLF�DFLG��6DQGR]��/HYDOORLV�3HUUHW��)UDQFH��DQG�����J�/�&HIRWD[LP�ϭϱϰ�

�6WHUL0D[��2DNYLOOH��21�� &DQDGD�� GLOXWHG� LQ� VWHULOH� 3%6� �*LEFR�� /LIH� 7HFKQRORJLHV��ϭϱϱ�

&DUOVEDG��&$��86$��DQG�LQFXEDWHG�IRU���K�DW���&��&\VWV�ZHUH�ZDVKHG�WZLFH�LQ�VWHULOH�ϭϱϲ�
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3%6�E\�FHQWULIXJDWLRQ�DW�����J� IRU���PLQ�DQG� ILQDOO\�VXVSHQGHG� LQ�VWHULOH�3%6��7HQ�ϭϱϳ�

PLFUROLWHUV�RI�WKH�VXVSHQVLRQ�ZHUH�SODWHG�RQ�/%�PHGLD�DQG�LQFXEDWHG�DW����&�IRU����K�ϭϱϴ�

LQ�RUGHU�WR�TXDQWLI\�WKH�QXPEHU�RI�&RORQ\�)RUPLQJ�8QLWV��&)8���&\VWV�ZHUH�FRXQWHG�LQ�ϭϱϵ�

0DODVVH]�FKDPEHU�DQG�VXVSHQVLRQ�ZDV�GLOXWHG�LQ�VWHULOH�3%6�WR�REWDLQ�FRQFHQWUDWLRQV�ϭϲϬ�

RI��������������RU�����F\VWV�SHU�PLOOLOLWHU��ϭϲϭ�

ϭϲϮ�

2UDO� DGPLQLVWUDWLRQ�RI� SXULILHG� F\VWV� LVRODWHG� IURP�KXPDQϭϲϯ�

VWRROVϭϲϰ�

:LVWDU�PDOH�UDWV��IRXU�RU�WZHOYH�ZHHN�ROG��ZHUH�RUDOO\�LQRFXODWHG�ZLWK�����UDW�WR�ϭϲϱ�

����UDW� 67��� 67�� RU� 67�� SXULILHG� F\VWV� LVRODWHG� IURP� KXPDQ� VWRROV� �Q �� IRU� HDFK�ϭϲϲ�

FRQGLWLRQ��� %ODVWRF\VWLV� LVRODWHG� IURP� UDW� IHFHV� DIWHU� LQIHFWLRQ� ZHUH� VXEW\SHG� E\�ϭϲϳ�

VHTXHQFLQJ�WKH�668�U51$�HQFRGLQJ�JHQH�DV�GHVFULEHG�DERYH��)RU�PLFH� LQIHFWLRQV��ϭϲϴ�

����67��SXULILHG� F\VWV� SHU� DQLPDO�ZHUH� RUDOO\� LQRFXODWHG� WR� IRXU�ZHHN�ROG�&��%/���ϭϲϵ�

�Q ����%$/%�&��Q ���RU�&�+�PLFH��Q ����ϭϳϬ�

ϭϳϭ�

&R�KRXVLQJ�H[SHULPHQWVϭϳϮ�

)RXU�ZHHN�ROG :LVWDU�PDOH� UDWV�ZHUH�RUDOO\� LQRFXODWHG�ZLWK�����67�� �Q ���RU�ϭϳϯ�

67���Q ���SXULILHG�F\VWV�SHU�DQLPDO��DV�GHVFULEHG�DERYH��)RXU�ZHHNV�3,��WKHVH�DQLPDOV�ϭϳϰ�

ZHUH�FR�KRXVHG�IRU���ZHHNV�ZLWK�HLJKW�ZHHN�ROG�QRQ�LQIHFWHG�UDWV��Q ��SHU�67���ϭϳϱ�

ϭϳϲ�

2UDO� DGPLQLVWUDWLRQ� RI� UDW� IHFHV� FRQWDLQLQJ� %ODVWRF\VWLV�ϭϳϳ�

F\VWVϭϳϴ�

)UHVK� IHFHV� IURP� H[SHULPHQWDOO\�LQIHFWHG� UDWV�� FRQWDLQLQJ� 67�� RU� 67�� F\VWV��ϭϳϵ�

ZHUH�FROOHFWHG��$OPRVW�����PJ�RI�IHFHV�VDPSOHV�ZHUH�SRROHG�DQG�VXVSHQGHG�LQ���PO�ϭϴϬ�
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RI�VWHULOH�3%6��7KHQ��HLJKW�ZHHN�ROG�UDWV��Q ���IRU�HDFK�67��ZHUH�RUDOO\�LQRFXODWHG�ZLWK�ϭϴϭ�

����F\VWV��ϭϴϮ�

ϭϴϯ�

)HFDO�PLFURELRWD�WUDQVSODQWDWLRQ��)07��XVLQJ�%ODVWRF\VWLV�ϭϴϰ�

SRVLWLYH�KXPDQ�VWRROVϭϴϱ�

)UHVK�VWRROV�IURP�LQIHFWHG�KXPDQV��FRQWDLQLQJ�67��RU�67��RU�67��F\VWV��RU�67��ϭϴϲ�

YDFXRODU�IRUPV��ZHUH�FROOHFWHG��$OPRVW����J�RI�HDFK�IHFDO�VDPSOHV�ZHUH�VXVSHQGHG�LQ�ϭϴϳ�

���PO�RI�VWHULOH�3%6��0RUHRYHU��DOPRVW����J�RI�67��IHFDO�VDPSOH�ZHUH�FU\RSUHVHUYHG�ϭϴϴ�

LQ����PO�RI�3%6�JO\FHURO�����DQG�VWRUHG�DW�����&�IRU�WZR�PRQWKV��)RXU�ZHHN�ROG�:LVWDU�ϭϴϵ�

PDOH�UDWV�ZHUH�RUDOO\�LQRFXODWHG�ZLWK���PO��FRUUHVSRQGLQJ�WR�����PJ�RI�+XPDQ�VWRROV��ϭϵϬ�

RI� WKH� VXVSHQVLRQ� FRQWDLQLQJ� HLWKHU� 67�� �Q ���� 67�� �Q ���� 67�� ZLWK� RU� ZLWKRXW�ϭϵϭ�

FU\RSUHVHUYDWLRQ��Q ��IRU�HDFK�FRQGLWLRQ��F\VWV�RU�67���Q ���YDFXRODU�IRUPV��ϭϵϮ�

ϭϵϯ�

;HQLF� FXOWXUHV� RI� %ODVWRF\VWLV�SRVLWLYH� DQLPDO� RU� KXPDQϭϵϰ�

IHFHVϭϵϱ�

+XPDQ� RU� UDW� IHFHV� ZHUH� FXOWXUHG� LQ� -RQH¶V� PHGLXP� DW� ���&� LQ� DQDHURELF�ϭϵϲ�

FKDPEHUV� DV� SUHYLRXVO\� GHVFULEHG� ������ $IWHU� ��� K� RI� LQFXEDWLRQ�� WKH� FXOWXUH� ZDV�ϭϵϳ�

REVHUYHG� E\� VWDQGDUG� OLJKW� PLFURVFRS\� �[� ������ ,GHQWLILFDWLRQ� RI� YDFXRODU� IRUPV�ϭϵϴ�

UHYHDOHG�WKH�SUHVHQFH�RI�YLDEOH�SDUDVLWHV��ϭϵϵ�

ϮϬϬ�

'HWHFWLRQ�RI�%ODVWRF\VWLV�E\�TXDQWLWDWLYH�3&5��T3&5��ϮϬϭ�

'1$�ZDV�H[WUDFWHG�IURP�JDVWURLQWHVWLQDO�WUDFW�FRQWHQWV�RU�IHFDO�VDPSOHV�RI�UDWV�ϮϬϮ�

XVLQJ�WKH�1XFOHR6SLQ��6RLO�NLW�SURWRFRO��0DFKHUH\�1DJHO�6$5/��+RHUGW��)UDQFH���'1$�ϮϬϯ�

ZDV� DPSOLILHG� ZLWK� /&�)DVW6WDUW� '1$�0DVWHU� 6<%5� JUHHQ� NLW� �5RFKH� 'LDJQRVWLFV��ϮϬϰ�
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)UDQFH��DQG�VSHFLILF�SULPHUV�%/��633)����¶�$*7$*7&$7$&*&7&*7&7&$$$��¶��ϮϬϱ�

DQG� %/��65�33� ��¶�7&77&*77$&&&*77$&7*&��¶�� XVLQJ� D� 5RWRU�*HQH� �����ϮϬϲ�

V\VWHP��&RUEHWW�/LIH�6FLHQFH��)UDQFH��DV�GHVFULEHG�E\�3RLULHU�HW�DO�������ϮϬϳ�

ϮϬϴ�

,PPXQRIOXRUHVFHQFH�ODEHOLQJ�RI�%ODVWRF\VWLV�F\VWVϮϬϵ�

3XULILHG�F\VW�VPHDUV�ZHUH�LQFXEDWHG�ZLWK����PLON�LQ�3%6�IRU���K�DQG�ZDVKHG�LQ�ϮϭϬ�

3%6�7ULWRQ�;���� ������ 7KHQ�� F\VWV� ZHUH� LQFXEDWHG� ZLWK� DQWL�%ODVWRF\VWLV� PRXVH�Ϯϭϭ�

SRO\FORQDO�DQWLERGLHV��GLOXWHG�������LQ�3%6��IRU���K�DW�URRP�WHPSHUDWXUH��57���IROORZHG�ϮϭϮ�

E\�WKUHH�ZDVKHV��DQG�LQFXEDWHG�ZLWK�$OH[D)OXRU�����FRQMXJDWHG�VHFRQGDU\�DQWLERG\�Ϯϭϯ�

�DQWL�PRXVH� ,J*�� �� �J�PO� LQ� 3%6�� �,QYLWURJHQ� &DUOVEDG�� &$�� 86$�� IRU� �� K� DW� 57��Ϯϭϰ�

3UHSDUDWLRQV� ZHUH� ZDVKHG� WZLFH� ZLWK� 3%6� DQG� VWDLQHG� ZLWK� �
���GLDPLGLQR���Ϯϭϱ�

SKHQ\OLQGROH��'$3,��Ϯϭϲ�

Ϯϭϳ�

,PPXQRIOXRUHVFHQFH�VWDLQLQJ�RI�LQWHVWLQDO�VHFWLRQVϮϭϴ�

)RXU�ZHHNV�3,��67���RU�67��LQIHFWHG�UDWV�ZHUH�HXWKDQL]HG�DQG�WKH�LQWHVWLQH�ZDV�Ϯϭϵ�

SUHSDUHG�DV�³6ZLVV�UROOV´�RI���FP�DQG�IL[HG�E\�LQFXEDWLQJ�LQ�3)$����GXULQJ����K��7KHQ��ϮϮϬ�

WKH�UROOV�ZHUH�WUDQVIHUUHG�LQ�VXFURVH�����GXULQJ�������K�DW���&��)LQDOO\��WKH�UROOV�ZHUH�ϮϮϭ�

LQFOXGHG�LQ�2&7�FRPSRXQG��&HOO3DWK���1HZWRQ��8QLWHG�.LQJGRP���6HFWLRQV�RI�2&7�ϮϮϮ�

HPEHGGHG�LQWHVWLQH�ZHUH�LQFXEDWHG�ZLWK����PLON�LQ�3%6�IRU���K��DQG�WKHQ�ZDVKHG�LQ�ϮϮϯ�

����� 7ULWRQ�;���� LQ� 3%6�� $QWL�%ODVWRF\VWLV� PRXVH� SRO\FORQDO� DQWLERGLHV� �GLOXWHG�ϮϮϰ�

������� ZHUH� DGGHG� IRU� �� K� DW� 57�� ZDVKHG�� DQG� LQFXEDWHG� IXUWKHU� �� K� DW� 57� ZLWK�ϮϮϱ�

$OH[D)OXRU� ����FRQMXJDWHG� VHFRQGDU\� DQWLERG\� �GLOXWHG� �������� �DQWL�PRXVH� ,J*��ϮϮϲ�

7KHUPR� )LVKHU� 6FLHQWLILF�� :DOWKDP�� 06�� 86$��� 6HFWLRQV� ZHUH� ZDVKHG� DQG� WKHQ�ϮϮϳ�

LQFXEDWHG�ZLWK� IOXRUHVFHLQ�SKDOORLGLQ��7KHUPR�)LVKHU�6FLHQWLILF��:DOWKDP��06��86$��ϮϮϴ�

GLOXWHG�������LQ�3%6�GXULQJ����PLQ��)LQDOO\��VHFWLRQV�ZHUH�ZDVKHG�DQG�VWDLQHG�ZLWK�ϮϮϵ�
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'$3,��)RU�HDFK�67��VL[�VHFWLRQV�RI�GXRGHQXP��MHMXQXP��LOHXP��FDHFXP�DQG�FRORQ�IURP�ϮϯϬ�

WKUHH�UDWV�ZHUH�REVHUYHG��Ϯϯϭ�

ϮϯϮ�

7UDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0��Ϯϯϯ�

6DPSOHV�ZHUH�ZDVKHG�LQ�����0�6RGLXP�&DFRG\ODWH�EXIIHU�DQG�IL[HG�RYHUQLJKW�Ϯϯϰ�

DW���&�ZLWK�D�PL[WXUH�RI����JOXWDUDOGHK\GH�DQG������3$)�LQ�����0�6RGLXP�&DFRG\ODWH�Ϯϯϱ�

EXIIHU��6SHFLPHQV�ZHUH�WKHQ�ZDVKHG�WKUHH�WLPHV�LQ�����0�6RGLXP�&DFRG\ODWH�EXIIHU��Ϯϯϲ�

SRVW�IL[HG���K�ZLWK����2V2��LQ�����0�6RGLXP�&DFRG\ODWH�EXIIHU��DQG�ZDVKHG�WKUHH�Ϯϯϳ�

WLPHV�����PLQ��LQ�����0�6RGLXP�&DFRG\ODWH�EXIIHU��6SHFLPHQV�ZHUH�WKHQ�GHK\GUDWHG�Ϯϯϴ�

LQ� D� JUDGHG� HWKDQRO� DQG� DFHWRQH� VROXWLRQ�� 6XEVHTXHQWO\�� WKH\� ZHUH� LQILOWUDWHG� ZLWK�Ϯϯϵ�

DFHWRQH�DQG�(321�UHVLQ�PL[WXUH�������IRU���K��ZLWK�DFHWRQH�DQG�(321�UHVLQ�PL[WXUH�ϮϰϬ�

������IRU���K��DQG�ZLWK�DFHWRQH�DQG�(321�UHVLQ�PL[WXUH�������IRU���K��6SHFLPHQV�ZHUH�Ϯϰϭ�

HPEHGGHG�LQ�UHVLQ�RYHUQLJKW�DW�57��DQG�FXUHG�IRU���GD\V�LQ�D����&�RYHQ��7KLQ�VHFWLRQV�ϮϰϮ�

����QP��ZHUH�FXW�XVLQJ�D�8&��XOWUDPLFURWRPH��/HLFD��:HW]ODU��*HUPDQ\��DQG�VWDLQHG�Ϯϰϯ�

ZLWK� XUDQ\O� DFHWDWH� DQG� OHDG� FLWUDWH�� &DUERQH� ZDV� HYDSRUDWHG� XVLQJ� &(����� XQLW��Ϯϰϰ�

6SHFLPHQV�VHFWLRQV�ZHUH�REVHUYHG�DW����N9�ZLWK�D�+LWDFKL�+������7(0�DQG�D�FDPHUD�Ϯϰϱ�

+DPDPDWVX�$07����Ϯϰϲ�

(OHFWURQ�PLFURVFRS\�SUHSDUDWLRQV�ZHUH�DOO�SHUIRUPHG�E\�WKH�³&HQWUH�G¶,PDJHULH�Ϯϰϳ�

&HOOXODLUH� 6DQWp´� �&OHUPRQW�)HUUDQG�� )UDQFH��� $OO� FKHPLFDO� SURGXFWV� ZHUH� IURP�Ϯϰϴ�

(OHFWURQ�0LFURVFRS\�6FLHQFH��DQG�GLVWULEXWHG�LQ�)UDQFH�E\�'HOWD�0LFURVFRSLHV��Ϯϰϵ�

ϮϱϬ�

Ϯϱϭ�

ϮϱϮ�
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5HVXOWV�Ϯϱϯ�

,QRFXODWLRQ�RI�UDWV�ZLWK�YDFXRODU�IRUPV�RI�LQ�YLWUR�FXOWLYDWHG�Ϯϱϰ�

%ODVWRF\VWLV�67�Ϯϱϱ�

,Q�DOO�RXU�WHVWHG�FRQGLWLRQV��RUDO� LQIHFWLRQV�ZLWK�YDFXRODU�IRUPV�RI�%ODVWRF\VWLVϮϱϲ�

67��D[HQLF�FXOWXUHV�IDLOHG��7DEOH����HYHQ�LQ�DQLPDOV�SUHWUHDWHG�ZLWK�PROHFXOHV�ZKLFK�Ϯϱϳ�

LQFUHDVH�LQWUDJDVWULF�S+��FLPHWLGLQH����PJ�NJ�RU�VRGLXP�ELFDUERQDWH�����0���7R�FRQILUP�Ϯϱϴ�

WKH�DEVHQFH�RI�SDUDVLWHV��ZH�SHUIRUPHG�D�IROORZ�XS�RI�WKH�SDUDVLWH�FRXUVH�WKURXJK�WKH�Ϯϱϵ�

LQWHVWLQDO�WUDFW�RI�UDWV�IURP���K�WR����K�SRVW�LQIHFWLRQ��3,��E\�[HQLF�FXOWXUH�DQG�T3&5��ϮϲϬ�

(YHQ�WKRXJK�KLJK�SDUDVLWH� ORDGV�ZHUH� LQRFXODWHG������SHU�DQLPDO���[HQLF�FXOXUH�DQG�Ϯϲϭ�

T3&5�ZHUH�DOO�QHJDWLYH�VXJJHVWLQJ�WKDW�YDFXRODU�IRUPV�DUH�QRW�DEOH�WR�SDVV�WKURXJK�ϮϲϮ�

WKH�VWRPDFK�DOLYH� �7DEOH�����$IWHU� WUHDWPHQW�ZLWK� FLPHWLGLQH�RU�VRGLXP�ELFDUERQDWH��Ϯϲϯ�

T3&5�DQDO\VLV�UHYHDOHG�WKH�SUHVHQFH�RI�%ODVWRF\VWLV�'1$�LQ�WKH�FDHFXP�RI�UDWV���K�Ϯϲϰ�

3,�EXW�QR�YLDEOH�SDUDVLWLF�IRUP�ZDV�REVHUYHG�DIWHU�[HQLF�FXOWXUHV�IURP�FROOHFWHG�FDHFXP�Ϯϲϱ�

FRQWHQWV� �7DEOH� ���� 7R� DYRLG� VWRPDFK� SDVVDJH�� 67�� YDFXRODU� IRUPV� ZHUH� GLUHFWO\�Ϯϲϲ�

LQRFXODWHG� LQWR� WKH� FDHFXP�RI� UDWV��EXW� KHUH�DJDLQ�DOO� DQLPDOV� UHPDLQHG�XQLQIHFWHG�Ϯϲϳ�

�7DEOH����7KHVH�GDWD�VXJJHVW�WKDW�YDFXRODU�IRUPV�DUH�QRW�DEOH�WR�LQIHFW��Ϯϲϴ�

Ϯϲϵ�

,QIHFWLRQ�RI�PLFH�DQG�UDWV�ZLWK�SXULILHG�F\VWV�LVRODWHG�IURP�ϮϳϬ�

KXPDQ�VWRRO�VDPSOHVϮϳϭ�

:H�RSWLPL]HG� D� SXULILFDWLRQ� SURWRFRO� GHVFULEHG� SUHYLRXVO\� E\� DGGLQJ� DQRWKHU�ϮϳϮ�

3HUFROO�JUDGLHQW�VWHS�DQG�D�WUHDWPHQW�ZLWK�DQ�DQWLELRWLF�FRFNWDLO��)LJ�����7KLV�SURWRFRO�Ϯϳϯ�

GHFUHDVHG�GUDVWLFDOO\�WKH�QXPEHU�RI�EDFWHULD�EHORZ�����&)8V�LQRFXODWHG�SHU�DQLPDO��Ϯϳϰ�

)URP����J�RI�KXPDQ�VWRRO�DERXW���PLOOLRQ�F\VWV�ZHUH�SXULILHG�IRU�HDFK�VXEW\SH��)LJ��$���Ϯϳϱ�

7KH�VL]H�RI�SXULILHG�F\VWV�UDQJHG�IURP���WR����P�DQG�F\VWV�ZHUH�FKDUDFWHUL]HG�E\�WKH�Ϯϳϲ�
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SUHVHQFH�RI�WZR�RU�IRXU�QXFOHL��)LJ��%���%RWK�MXYHQLOH��IRXU�ZHHN�ROG��DQG�DGXOW��WZHOYH�Ϯϳϳ�

ZHHN�ROG��UDWV�ZHUH�VXFFHVVIXOO\�LQIHFWHG�E\�RUDO�LQRFXODWLRQ�RI�����F\VWV�RI�%ODVWRF\VWLVϮϳϴ�

67���67��DQG�67��SHU�DQLPDO��7DEOH�����&XOWXUHV�RI�IHFHV�FROOHFWHG���ZHHNV�DIWHU�RUDO�Ϯϳϵ�

LQRFXODWLRQ�RI�F\VWV�ZHUH�SRVLWLYH�IRU�%ODVWRF\VWLV��FRQILUPLQJ�D�FKURQLF�LQIHFWLRQ�E\�WKH�ϮϴϬ�

SDUDVLWH��Ϯϴϭ�

ϮϴϮ�

:H� WKHQ� HYDOXDWHG� WKH� PLQLPDO� LQRFXOXP� IRU� ERWK� 67�� DQG� 67�� E\� XVLQJ�Ϯϴϯ�

LQIHFWLRXV�GRVH� UDQJLQJ� IURP����� WR�����SXULILHG�F\VWV�SHU�DQLPDO�� ,QWHUHVWLQJO\�� UDWV�Ϯϴϰ�

ZHUH�FKURQLFDOO\�LQIHFWHG�ZLWK�WKH�ORZHVW�F\VW�LQRFXOXP�RI�67���������ZKHUHDV�KLJKHU�Ϯϴϱ�

LQRFXOXP�RI�67��������ZDV�UHTXLUHG�IRU�WKH�HVWDEOLVKPHQW�RI�LQIHFWLRQ��7DEOH�����Ϯϴϲ�

'XULQJ�DOO�H[SHULPHQWV��RQO\�F\VWLF�IRUPV�ZHUH�REVHUYHG�LQ�IHFHV�IURP�LQIHFWHG�Ϯϴϳ�

UDWV� IRU� ERWK� %ODVWRF\VWLV� VXEW\SHV�� ,QGHHG� H[FUHWHG� F\VWV� LQ� UDW� IHFHV� ZHUH�Ϯϴϴ�

FKDUDFWHUL]HG�E\�OLJKW�PLFURVFRS\�DQG�LPPXQRIOXRUHVFHQFH�ODEHOLQJ�XVLQJ�SRO\FORQDO�Ϯϴϵ�

DQWLERGLHV��&\VWV�IURP�67��DQG�67��LQIHFWHG�UDWV�ZHUH�VLPLODU�LQ�VL]H�WR�WKRVH�LVRODWHG�ϮϵϬ�

IURP�KXPDQ�VWRROV�DQG�ZHUH�DOVR�FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�WZR�WR�IRXU�QXFOHL�Ϯϵϭ�

�6��)LJ����ϮϵϮ�

7KH� VDPH� LQIHFWLRQ� SURWRFRO� ZDV� IXUWKHU� DSSOLHG� WR� �� GLIIHUHQW� JHQHWLF� PLFH�Ϯϵϯ�

EDFNJURXQGV��&��%/����%$/%�F�DQG�&�+�PLFH��7DEOH�����+RZHYHU��ZH�ZHUH�QRW�DEOH�Ϯϵϰ�

WR�REWDLQ�DQ\�LQIHFWLRQ��VXJJHVWLQJ�WKDW�LPPXQRFRPSHWHQW�PLFH�FRXOG�EH�UHVLVWDQW�WR�Ϯϵϱ�

LQIHFWLRQ�E\�WKHVH�67��%ODVWRF\VWLV�VWUDLQV��Ϯϵϲ�

Ϯϵϳ�

7UDQVPLVVLRQ�EHWZHHQ�DQLPDOV�E\�FR�KRXVLQJ�H[SHULPHQWV�Ϯϵϴ�

RU�RUDO�LQRFXODWLRQϮϵϵ�

(LJKW�ZHHN�ROG�67���Q ���RU�67���Q ���LQIHFWHG�UDWV�ZHUH�FR�KRXVHG�ZLWK�HLJKW�ϯϬϬ�

ZHHN�ROG�QDLYH�UDWV��Q ��SHU�VXEW\SH��GXULQJ�VL[�ZHHNV��,QIHFWLRQV�ZHUH�PRQLWRUHG�E\�ϯϬϭ�



)LJ����0HWKRG�RI�F\VW�SXULILFDWLRQ�IURP�KXPDQ�VWRROV�

$ERXW����J�RI�VWRROV�ZHUH�VXVSHQGHG�LQ�����PO�RI�GLVWLOOHG�ZDWHU�DQG�ILOWHUHG���PP��WR�UHPRYH�

ODUJHU�SDUWLFOHV��$IWHU�ZDVKLQJ�E\�FHQWULIXJDWLRQ� LQ�GLVWLOOHG�ZDWHU� ������J� IRU����PLQ���F\VWV�

ZHUH�FRQFHQWUDWHG�E\�VXFURVH�JUDGLHQW��G �������IROORZHG�E\�WZR�3HUFROO�JUDGLHQWV��G ��������

7KHQ��F\VWV�ZHUH�LQFXEDWHG�ZLWK�DQ�DQWLELRWLF�FRFNWDLO�FRPSRVHG�RI�9DQFRP\FLQ��$PR[LFLOLQ�

FODYXQDOLF� DFLG� DQG� &HIRWD[LP� WR� HOLPLQDWH� EDFWHULD�� $IWHU� ZDVKLQJ� WR� UHPRYH� DQWLELRWLFV��

SXULILHG�F\VWV�ZHUH�VXVSHQGHG�LQ�VWHULOH�3%6�DQG�TXDQWLILHG��7KLV�PHWKRG�ZDV�DGDSWHG�IURP�

<RVKLNDZD¶V�SURWRFRO�������
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PLFURVFRS\� REVHUYDWLRQ� DQG� [HQLF� FXOWXUHV� RI� IHFDO� VDPSOHV�� )RU� 67�� FR�KRXVLQJ�ϯϬϮ�

H[SHULPHQWV��DOO�QDLYH�UDWV�EHFDPH�LQIHFWHG�RQO\�WZR�ZHHNV�DIWHU�WKH�EHJLQQLQJ�RI�WKH�ϯϬϯ�

H[SHULPHQW��ZKHUHDV�RQO\�����QDLYH�UDW�EHFDPH�LQIHFWHG�ZLWK�67�����ZHHNV�DIWHU�WKH�ϯϬϰ�

EHJLQQLQJ�RI�WKH�H[SHULPHQW��7DEOH�����ϯϬϱ�

1DLYH�HLJKW�ZHHN�ROG� UDWV� �Q �� IRU�HDFK�VXEW\SH��ZHUH�DOVR�RUDOO\� LQRFXODWHG�ϯϬϲ�

ZLWK� IHFHV� IURP� 67�� RU� 67�� LQIHFWHG� UDWV�� 2QO\� 67��LQRFXODWHG� UDWV� ZHUH� LQIHFWHG�ϯϬϳ�

�7DEOH�����ϯϬϴ�

ϯϬϵ�

)HFDO�PLFURELRWD�WUDQVSODQWDWLRQ�IURP�KXPDQ�WR�UDWVϯϭϬ�

)RXU�ZHHN�ROG�UDWV�ZHUH�RUDOO\� LQRFXODWHG�ZLWK� IUHVK�KXPDQ�VWRROV�FRQWDLQLQJ�ϯϭϭ�

%ODVWRF\VWLV�67���67���67��RU�67���PLPLFNLQJ�IHFDO�PLFURELRWD�WUDQVSODQWDWLRQ��%RWK�ϯϭϮ�

F\VWLF�DQG�YDFXRODU�IRUPV�ZHUH�SUHVHQW�LQ�67���67��DQG�67��KXPDQ�SRVLWLYH�VWRROV��ϯϭϯ�

,Q� FRQWUDVW�� RQO\� YDFXRODU� IRUPV� ZHUH� REVHUYHG� LQ� 67��SRVLWLYH� VWRROV�� ,QIHFWLRQ�ϯϭϰ�

PRQLWRULQJ�ZDV�GRQH�IROORZLQJ�)07�E\�[HQLF�FXOWXUHV�RI�UDW�IHFHV��9DFXRODU�IRUPV�ZHUH�ϯϭϱ�

GHWHFWHG�LQ�FXOWXUH�IHFHV�IURP�67���67��DQG�67��LQIHFWHG�UDWV�EXW�QR�YLDEOH�SDUDVLWH�ϯϭϲ�

ZDV�LGHQWLILHG�LQ�67��LQRFXODWHG�UDW�IHFHV��7DEOH�����,QWHUHVWLQJO\��ZH�DOVR�SHUIRUPHG�ϯϭϳ�

)07�IURP�+XPDQ�WR�UDW�DIWHU�FU\RSUHVHUYDWLRQ�RI�%ODVWRF\VWLV�67��VWRROV��E\�IROORZLQJ�ϯϭϴ�

WKH�UHFRPPHQGHG�SURWRFRO�IRU�+XPDQ�WR�+XPDQ�)07�������$IWHU���PRQWKV�DW�����&��ϯϭϵ�

VWRROV� ZHUH� WKDZ� RXW� DQG� WUDQVIHUUHG� WR� QDLYH� UDWV�� $OO� DQLPDOV� ZHUH� LQIHFWHG��ϯϮϬ�

VXJJHVWLQJ�WKDW�WKH�SURFHGXUH�RI�FU\RSUHVHUYDWLRQ�XVH�IRU�+XPDQ�WR�+XPDQ�)07�DOVR�ϯϮϭ�

PDLQWDLQ�%ODVWRF\VWLV�DOLYH��ϯϮϮ�

ϯϮϯ�

ϯϮϰ�

ϯϮϱ�

ϯϮϲ�



)LJ����%ODVWRF\VWLV�67��F\VWV�SXULILHG�IURP�KXPDQ�VWRROV��

�$��3XULILHG�F\VWV�IURP�KXPDQ�VWRROV�REVHUYHG�E\�OLJKW�PLFURVFRS\��1XPHURXV�F\VWV�FDQ�EH�

REVHUYHG��DVWHULVN���0RUH�WKDQ���PLOOLRQ�RI�F\VWV�ZHUH�FRXQWHG�DIWHU�SXULILFDWLRQ�IURP����J�RI�

KXPDQ�VWRRO��&\VWV�VL]H�UDQJHG�IURP���WR����P���%��3XULILHG�F\VWV�IURP�KXPDQ�VWRROV�REVHUYHG�

E\�LPPXQRIOXRUHVFHQFH�DIWHU�ODEHOLQJ�ZLWK�SRO\FORQDO�DQWL�%ODVWRF\VWLV�67��DQWLERGLHV��*UHHQ��

DQG�'$3,�VWDLQLQJ��%OXH���&\VWV�FRQWDLQHG�WZR�WR�IRXU�QXFOHL��ZKLWH�DUURZV��WZR�RQ�WKLV�SLFWXUH���
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&RORQL]DWLRQ�RI�WKH�LQWHVWLQDO�WUDFW�E\�%ODVWRF\VWLVϯϮϳ�

%RWK 67��� DQG� 67��LQIHFWHG� UDWV� E\� SXULILHG� F\VWV� IURP� KXPDQ� VWRROV� ZHUH�ϯϮϴ�

VDFULILFHG�IRXU�ZHHNV�3,��)XOO�JDVWURLQWHVWLQDO�WUDFW�ZDV�FROOHFWHG�DQG�³6ZLVV�UROOV´�ZHUH�ϯϮϵ�

SHUIRUPHG� RQ� GXRGHQXP�� MHMXQXP�� LOHXP�� FDHFXP�� SUR[LPDO� DQG� GLVWDO� FRORQ��ϯϯϬ�

%ODVWRF\VWLV�YDFXRODU�IRUPV�ZHUH�REVHUYHG�IURP�GXRGHQXP�WR�GLVWDO�FRORQ�IRU�ERWK�67��ϯϯϭ�

DQG�67���6��)LJ����,PPXQRIOXRUHVFHQFH�ODEHOLQJ�UHYHDOHG�WKDW�SDUDVLWHV ZHUH�PDLQO\�ϯϯϮ�

ORFDOL]HG�LQ�WKH�LQWHVWLQH�OXPHQ��)LJ��$���DQG�VRPHWLPH�LQ�FORVH�FRQWDFW�ZLWK�HSLWKHOLDO�

FHOOV� �)LJ� �%��� 1R� LQYDVLYH� IRUP� ZDV� REVHUYHG�� 7UDQVPLVVLRQ� HOHFWURQ�PLFURVFRS\�ϯϯϰ�

SHUIRUPHG�RQ�FRORQLF�VHFWLRQV�FRQILUPHG�WKH�SUHVHQFH�RI�SDUDVLWHV�LQ�WKH�OXPHQ��)LJ�ϯϯϱ�

�&��DQG�LQ�FORVH�FRQWDFW�ZLWK�HSLWKHOLDO�FHOOV��)LJ��'���ϯϯϲ�

ϯϯϳ�

'LVFXVVLRQ�ϯϯϴ�

$QLPDO� PRGHOV� DUH� HVVHQWLDO� IRU� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� SDWKRJHQLF�ϯϯϵ�

SRWHQWLDO�RI�%ODVWRF\VWLV�VSS�ZKLFK�VWLOO�UHPDLQV�FRQWURYHUVLDO��5DWV��:LVWDU�VWUDLQ�EHLQJ�ϯϰϬ�

WKH�PRVW�FRPPRQ��������±�����PLFH����������±�����JXLQHD�SLJV������DQG�FKLFNHQV������ϯϰϭ�

ZHUH�SUHYLRXVO\�GHPRQVWUDWHG�DV�SRWHQWLDO�PRGHOV�RI�%ODVWRF\VWLV�LQIHFWLRQ��+RZHYHU��ϯϰϮ�

WR� GDWH� ����� WKHUH� LV� QR� VWDQGDUGL]HG� DQLPDO� LQIHFWLRQ� PRGHO� IRU� %ODVWRF\VWLV��ϯϰϯ�

VXJJHVWLQJ�GLIILFXOWLHV�LQ�WKH�HVWDEOLVKPHQW�RU�UHSURGXFLELOLW\�RI�WKHVH�PRGHOV��ϯϰϰ�

,Q�WKH�SUHVHQW�VWXG\��ZH�DLPHG�WR�SURYLGH�D�UREXVW�DQG�ZHOO�GHVFULEHG�SURWRFRO�ϯϰϱ�

WR�REWDLQ�HIILFLHQW�DQG�UHSURGXFLEOH�H[SHULPHQWDO�LQIHFWLRQ�ZLWK�%ODVWRF\VWLV�VSS��)RXU�ϯϰϲ�

GLIIHUHQW�KXPDQ�%ODVWRF\VWLV�67V�ZHUH�XVHG� LQ�RXU�H[SHULPHQWV�� LQFOXGLQJ�67��� WKH�ϯϰϳ�

PRVW�FRPPRQ�67�IRXQG�LQ�KXPDQ��IROORZHG�E\�67��DQG�67���WKH�ODWWHU�UHSRUWHG�WR�EH�ϯϰϴ�

KLJKO\� SUHYDOHQW� LQ� (XURSH� ��±����� DQG� 67�� ZKRVH� ZKROH� JHQRPH� ZDV� WKH� ILUVW�ϯϰϵ�

VHTXHQFHG����������67��ZDV�DOVR�XVHG�EHFDXVH�LW�LV�WKH�PRVW�SUHYDOHQW�67�IRXQG�LQ�ϯϱϬ�



)LJ����&RORQLF�VHFWLRQV�IURP�%ODVWRF\VWLV�67��LQIHFWHG�UDWV�

&RORQLF�VHFWLRQV�ZHUH�VWDLQHG�ZLWK�IOXRUHVFHLQ�SKDOORLGLQ��*UHHQ���'$3,��%OXH��DQG�SRO\FORQDO�

DQWL�%ODVWRF\VWLV�67��DQWLERGLHV��5HG���9DFXRODU�IRUPV�ZHUH�GHWHFWHG�LQ�WKH�LQWHVWLQDO�OXPHQ�

�$��DQG�LQ�FORVH�FRQWDFW�ZLWK�WKH�LQWHVWLQDO�HSLWKHOLXP��%���7UDQVPLVVLRQ�HOHFWURQ�PLFURJUDSKV�

RI�FRORQLF�VHFWLRQV�IURP�H[SHULPHQWDOO\�LQIHFWHG�UDWV�%ODVWRF\VWLV�YDFXRODU�IRUP�VXUURXQGLQJ�

E\�QXPHURXV�EDFWHULD�ORFDOL]HG�LQ�WKH�LQWHVWLQDO�OXPHQ��&��DQG�D�JUDQXODU�IRUP�LQ�FORVH�FRQWDFW�

ZLWK�DQ�HSLWKHOLDO�FHOO� �'���0��PLWRFKRQGULRQ�OLNH�RUJDQHOOH��1��QXFOHXV��&9��FHQWUDO�YDFXROH��

(9��HPSW\�YDFXROH��9��YDFXROH��%DF��EDFWHULD��(&��HSLWKHOLDO�FHOO��09��PLFURYLOOL��
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URGHQWV�DQG� LWV�ZKROH�JHQRPH�ZDV� UHFHQWO\�VHTXHQFHG� ������3DUDVLWHV�XVHG� LQ�RXU�ϯϱϭ�

VWXG\�RULJLQDWHG�IURP�D[HQLF�FXOWXUHV��67��:5���ILUVW� LVRODWHG�IURP�D� ODERUDWRU\�UDW��ϯϱϮ�

�����RU�ZHUH�LVRODWHG�IURP�KXPDQ�VWRROV�E\�D�KLJKO\�HIILFLHQW�SXULILFDWLRQ�SURFHVV��67���ϯϱϯ�

67��DQG�67���DGDSWHG�IURP�<RVKLNDZD�HW�DO�������ϯϱϰ�

%DVHG�RQ�WKH�OLWHUDWXUH�DQG�WKH�HDVLHVW�PRGHOV�WR�KDQGOH�LQ�DQ�DQLPDO�IDFLOLW\��ϯϱϱ�

ZH�IRFXVHG�RQ�FRPPRQ�URGHQW�PRGHOV�ZLWK�UDWV�DQG�PLFH��:H�ZHUH�QRW�DEOH�WR�LQIHFW�ϯϱϲ�

UDWV�ZLWK�WKH�D[HQLF�67��:5��VWUDLQ��,Q�RXU�LQ�YLWUR�FXOWXUH�FRQGLWLRQV�WKDW�VWUDLQ�RQO\�ϯϱϳ�

SURGXFHG�YDFXRODU� IRUPV��7KHQ�� IDLOXUHV� LQ�DQLPDO� LQIHFWLRQV� FRXOG�EH�H[SODLQHG�E\�ϯϱϴ�

VHQVLWLYLW\�RI�YDFXRODU�IRUPV�WR�JDVWULF�S+��EXW�DOVR�WR�R[\JHQ�H[SRVXUH�GXULQJ�LQRFXOXP�ϯϱϵ�

SUHSDUDWLRQ���������,QGHHG��VWXGLHV�KDYH�VKRZQ�WKDW�UDW�VWRPDFK�S+�UDQJHG�IURP�������ϯϲϬ�

����������+RZHYHU��ZH�DOVR�IDLOHG�WR� LQIHFW�DQLPDOV�ZLWK�67��:5��E\� LQFUHDVLQJ�WKH�ϯϲϭ�

LQWUDJDVWULF�S+�RU�DIWHU�LQWUDFDHFDO�LQMHFWLRQ�RI�SDUDVLWHV��7KHQ��ZH�K\SRWKHVL]HG�WKDW�ϯϲϮ�

ORQJ�WHUP� FXOWXUH� DQG�RU� D[HQL]DWLRQ� RI� YDFXRODU� IRUPV� PD\� KDYH� DWWHQXDWHG� WKH�ϯϲϯ�

LQIHFWLRXV�SRWHQWLDO�RI�WKH�67��:5��VWUDLQ��,QGHHG��WKH�PDLQWHQDQFH�RI�WKH�SDUDVLWHV�ϯϲϰ�

DV�7U\SDQRVRPD�FUX]L� (QWDPRHED�KLVWRO\WLFD�RU�/HLVKDPDQLD�LQIDQWXP�LQ�ODERUDWRU\�ϯϲϱ�

FXOWXUHV OHG�WR JHQH�H[SUHVVLRQ�FKDQJHV�DQG�GHFUHDVHG�LQIHFWLYLW\����±�����+RZHYHU��ϯϲϲ�

SUHYLRXV�VWXGLHV�KDYH�UHSRUWHG�VXFFHVVIXO�LQIHFWLRQV�RI�UDWV�XVLQJ�D[HQLF�%ODVWRF\VWLVϯϲϳ�

VWUDLQV� ������������:H�FDQQRW�H[FOXGH� WKDW�VRPH�D[HQLF�VWUDLQV�PD\�FRQVHUYH� WKHLU�ϯϲϴ�

LQIHFWLRXV�SRWHQWLDO��RU�PD\�SURGXFH�F\VWV�LQ�D[HQLF�FXOWXUH�FRQGLWLRQV��,QGHHG��F\VW�LV�ϯϲϵ�

FRQVLGHUHG� WR�EH� WKH�PDLQ� LQIHFWLRXV�VWDJH�� UHVSRQVLEOH� IRU� IHFR�RUDO� FRQWDPLQDWLRQ�ϯϳϬ�

EHWZHHQ�KRVWV����������������������'LIIHUHQW�SURWRFROV�KDYH�EHHQ�GHVFULEHG�IRU�F\VW�ϯϳϭ�

LVRODWLRQ� IURP�KXPDQ�VWRRO� VDPSOHV� ���������:H�RSWLPL]HG�<RVKLNDZD¶V�SURWRFRO� LQ�ϯϳϮ�

RUGHU�WR�GHFUHDVH�F\VW�DVVRFLDWHG�EDFWHULD�������7KHQ��DQ�DGGLWLRQDO�3HUFROO�VWHS�ZDV�ϯϳϯ�

SHUIRUPHG�DQG�SXULILHG�F\VWV�ZHUH�LQFXEDWHG�ZLWK�D�ZLGH�VSHFWUXP�DQWLELRWLF�FRFNWDLO�ϯϳϰ�

WDUJHWLQJ� ERWK� DHURELF� DQG� DQDHURELF� EDFWHULD�� 0RUHRYHU�� VXFFHVVIXO� LQIHFWLRQV�ϯϳϱ�





ͳͶ͸

������ ͳ Ȃ ��������ʹ

IROORZLQJ� WKLV� WUHDWPHQW� GHPRQVWUDWHG� ORZ� LPSDFW� RI� WKLV� DQWLELRWLF� WUHDWPHQW� RQ�ϯϳϲ�

%ODVWRF\VWLV�F\VW�YLDELOLW\��ϯϳϳ�

:H�ZHUH�DEOH�WR�LQIHFW�UDWV�ZLWK�67���67��DQG�67��F\VWV�E\�XVLQJ�KLJK�SDUDVLWH�ϯϳϴ�

ORDG� ����� F\VWV�DQLPDO��� ,QIHFWHG� DQLPDOV� ZHUH� IROORZHG� DV� ORQJ� DV� �� ZHHNV� SRVW�ϯϳϵ�

LQIHFWLRQ��$QLPDOV�H[FUHWHG�%ODVWRF\VWLV�F\VWV�XQWLO�WKH�HQG�RI�H[SHULPHQWV��FRQILUPLQJ�ϯϴϬ�

WKH�HVWDEOLVKPHQW�RI�D�FKURQLF�LQIHFWLRQ�LQ�RXU�PRGHO��ϯϴϭ�

2XU�UHVXOWV�UHLQIRUFHG�WKDW�67��LQIHFWLRQ�IDLOXUHV�ZHUH�QRW�UHODWHG�WR�D�UHVLVWDQFH�ϯϴϮ�

PHFKDQLVP�� EXW�PRUH� OLNHO\� WR� WKH� VWDJH�XVHG�RU� ORQJ�WHUP LQ� YLWUR� FXOWLYDWLRQ��7KH�ϯϴϯ�

VXVFHSWLELOLW\�RI�DQLPDOV�WR�%ODVWRF\VWLV�ZDV�UHSRUWHG�WR�EH�DJH�GHSHQGHQW�E\�0RH�HW�ϯϴϰ�

DO���EXW�WKHVH�DXWKRUV�GLGQ¶W�PHQWLRQHG�WKH�%ODVWRF\VWLV�67�XVHG�LQ�WKHLU�H[SHULPHQWV�ϯϴϱ�

������,Q�RXU�VWXG\��ZH�ZHUH�DOVR�DEOH�WR�LQIHFW�WZHOYH�ROG�ZHHN�UDWV�ZLWK�%ODVWRF\VWLVϯϴϲ�

67��F\VWV��VXJJHVWLQJ�WKDW�DW�OHDVW�IRU�WKLV�67��DJH�LV�QRW�D�OLPLWLQJ�IDFWRU��+RZHYHU��ϯϴϳ�

WKH� HIIHFWV� RI� DJLQJ� RQ� VXVFHSWLELOLW\� WR� 67�� LQIHFWLRQ� UHPDLQ� WR� EH� LQYHVWLJDWHG��ϯϴϴ�

,QWHUHVWLQJO\��UDWV�ZHUH�LQIHFWHG�ZLWK�DV�ORZ�DV�����67��F\VWV�SHU�DQLPDO��ZKHUHDV�WKH�ϯϴϵ�

PLQLPDO�LQRFXOXP�GRVH�UHTXLUHG�IRU�LQIHFWLRQ�ZLWK�67��UHDFKHG�����F\VWV�VXJJHVWLQJ�ϯϵϬ�

KRVW�DGDSWDWLRQ��7UDQVPLVVLRQ�EHWZHHQ�DQLPDO�E\�FR�KRXVLQJ�H[SHULPHQWV�DQG�RUDO�ϯϵϭ�

LQRFXODWLRQV� FRQILUP� RXU� K\SRWKHVLV�� 7UDQVPLVVLRQ� EHWZHHQ� DQLPDO� E\� FR�KRXVLQJ�ϯϵϮ�

H[SHULPHQWV�DQG�RUDO�LQRFXODWLRQV�FRQILUP�RXU�K\SRWKHVLV��7KHVH�UHVXOWV�PD\�H[SODLQ�ϯϵϯ�

ZK\�67��LV�WKH�PRUH�SUHYDOHQW�WKDQ�67��LQ�URGHQWV�������+RZHYHU��RUDO�LQRFXODWLRQ�ZLWK�ϯϵϰ�

OHVV�WKDQ�����67��F\VWV�SHU�UDW�UHPDLQV�WR�EH�LQYHVWLJDWHG��EXW�D�SUHYLRXV�ZRUN�KDV�ϯϵϱ�

VKRZQ�WKDW�LQIHFWLRQ�HIILFLHQF\�ZLWK����F\VWV�RI�67��51�����RU�67��1,+��������VWUDLQV�ϯϵϲ�

YDULHV�EHWZHHQ���������������ϯϵϳ�

2XU�UHVXOWV�VXJJHVW�WKDW�HYHQ�WKRXJK�KRVW�EDUULHU�LV�QRW�FULWLFDO�IRU�%ODVWRF\VWLVϯϵϴ�

LQIHFWLRQ�� VRPH� 67V� DUH� PRUH� DGDSWHG� WR� SDUWLFXODU� KRVWV�� 7KHQ�� ZH� DSSOLHG� RXU�ϯϵϵ�

SXULILFDWLRQ�SURWRFRO�WR�LQIHFW���VWUDLQV�RI�PLFH��7KH�ILUVW�RQH�ZDV�MXYHQLOH�%$/%�F�PLFH�ϰϬϬ�
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WKDW�KDYH�EHHQ�VKRZQ�WR�EH�PRUH�VXVFHSWLEOH�WR�SDUDVLWH�LQIHFWLRQV� ��������VXFK�DV�ϰϬϭ�

%ODVWRF\VWLV� ��������� :H� DOVR� XVHG� &�+� PLFH� WKDW� KDYH� EHHQ� GHVFULEHG� WR� EH�ϰϬϮ�

VXVFHSWLEOH� WR� (QWDPRHED� KLVWRO\WLFD� ����� DQG� *LDUGLD� LQWHVWLQDOLV� ������ )LQDOO\��ϰϬϯ�

&��%/���PLFH��EHLQJ�WKH�PRVW�XVHG�JHQHWLF�EDFNJURXQG�IRU�WUDQVJHQLF�PLFH��ZHUH�DOVR�ϰϬϰ�

XVHG��+RZHYHU��ZH�ZHUH�QRW�DEOH� WR� LQIHFW�PLFH� HYHQ�ZLWK�KLJK�67��F\VW� LQRFXOXP�ϰϬϱ�

�����DQLPDO��� VXJJHVWLQJ� WKDW�PLFH�ZRXOG�EH� UHVLVWDQW� WR� WKH�67��VWUDLQ�XVHG� LQ�RXU�ϰϬϲ�

VWXG\��$� UHFHQW�VWXG\�KDV�VKRZQ� WKDW� WKH�'H[WUDQ�6RGLXP�6XOIDWH� �'66�� WUHDWPHQW�ϰϬϳ�

UHVXOW�LQ�ELRSK\VLFDO�FKDQJHV�LQ�PXFXV�OD\HU��LQFUHDVHG�SHQHWUDELOLW\�WR�PLFURRUJDQLVP���ϰϬϴ�

LQFUHDVLQJ�VXVFHSWLELOLW\�RI�PLFH� WR�%ODVWRF\VWLV�67��FRORQL]DWLRQ� IRU�DW� OHDVW���GD\V�ϰϬϵ�

DIWHU� LQWUD�FHDFDO� LQMHFWLRQ� ������ 7KHVH� UHVXOWV� VXJJHVW� WKDW� PXFXV� OD\HU� SOD\� LQ�ϰϭϬ�

LPSRUWDQW�UROH�LQ�WKH�UHVLVWDQFH�RI�PLFH�IRU�%ODVWRF\VWLV�SHUVLVWHQFH��ϰϭϭ�

,PPXQRIOXRUHVFHQFH�ODEHOOLQJ�UHYHDOHG�WKH�SUHVHQFH�RI�WKH�SDUDVLWHV��67��RU�ϰϭϮ�

67���DOO�DORQJ�WKH�LQWHVWLQDO�WUDFW�RI�LQIHFWHG�DQLPDOV��%ODVWRF\VWLV�ZHUH�GHWHFWHG�LQ�WKH�ϰϭϯ�

LQWHVWLQDO� OXPHQ�DQG� LQ�FORVH�FRQWDFW�ZLWK�HSLWKHOLDO�FHOOV��*UDQXODU�IRUPV�SUHVHQWLQJ�ϰϭϰ�

HPSW\� YDFXROHV� RU� YDFXROHV� FRQWDLQLQJ� HOHFWURQ�GHQVH� JUDQXOHV� DV� GHVFULEHG�ϰϭϱ�

SUHYLRXVO\�E\�7DQ������ZHUH�REVHUYHG�LQ�GLUHFW�FRQWDFW�ZLWK�HSLWKHOLDO�FHOOV��ϰϭϲ�

0RUHRYHU�� )07� H[SHULPHQWV� KLJKOLJKWHG� WKH� FDSDFLW\� RI� %ODVWRF\VWLV� WR�ϰϭϳ�

RYHUFRPH�EDUULHU�PLFURIORUD�DQG�LQIHFW�D�QHZ�KRVW��HYHQ�WKRXJK�LWV�PLFURELRWD�LV�QRW�ϰϭϴ�

DOWHUHG��:H� DOVR� GHPRQVWUDWHG� WKDW� FU\RSUHVHUYDWLRQ� SURFHGXUH� XVHG� IRU� WKH� VWRRO�ϰϭϵ�

VWRUDJH�EHIRUH�+XPDQ�WR�+XPDQ�)07�NHHS�%ODVWRF\VWLV�DOLYH�DQG�DEOH�WR�LQIHFW�D�QHZ�ϰϮϬ�

KRVW�������7KHVH�GDWD�VXSSRUW�WKH�UHFHQW�UHFRPPHQGDWLRQV�IRU�WKH�VFUHHQLQJ�RI�IHFDO�ϰϮϭ�

GRQRUV�E\�FRQILUPLQJ�WKH�DELOLW\�RI�%ODVWRF\VWLV�WR�EH�GLUHFWO\�WUDQVPLWWHG�WKURXJK�VWRROV�ϰϮϮ�

������ϰϮϯ�

,Q�FRQFOXVLRQ��RXU�ZRUN�SURYLGHV�D�ZHOO�GRFXPHQWHG�DQG� UHSURGXFLEOH�DQLPDO�ϰϮϰ�

PRGHO�RI�%ODVWRF\VWLV�FKURQLF�LQIHFWLRQ��UHSURGXFLQJ�³QDWXUDO´�LQIHFWLRQ��7KLV�PRGHO�ZLOO�ϰϮϱ�
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EH�RI�JUHDW�LQWHUHVW�WR�GHFLSKHU�WKH�KRVW�SDUDVLWH�PLFURELRWD�LQWHUDFWLRQV��DQG�WR�EHWWHU�ϰϮϲ�

HYDOXDWH�FOLQLFDO�VLJQLILFDQFH�RI�%ODVWRF\VWLV��ϰϮϳ�

ϰϮϴ�

$FNQRZOHGJHPHQWV�ϰϮϵ�

7KLV�ZRUN�ZDV�DFKLHYHG�E\�REWDLQLQJ�D�FR�ILQDQFLQJ�5HJLRQ�$XYHUJQH�5K{QH�$OSHV�ϰϯϬ�

DQG� )('(5� LQ� ����� �³7KpPDWLTXHV� pPHUJHQWHV´���0'� DQG�(%�ZHUH� VXSSRUWHG� E\�ϰϯϭ�

JUDQWV�IURP�WKH�5HJLRQ�$XYHUJQH�5K{QH�$OSHV��ϰϯϮ�

7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH�0LQLVWqUH� GH� OD� 5HFKHUFKH� HW� GH� OD� 7HFKQRORJLH��ϰϯϯ�

,QVHUP�DQG�8QLYHUVLWp�&OHUPRQW�$XYHUJQH�>805������805����@��,15$�>86&�����@��ϰϯϰ�

&156�>805����@�ϰϯϱ�

(OHFWURQ� PLFURVFRS\� SUHSDUDWLRQV� ZHUH� DOO� SHUIRUPHG� E\� WKH� ³&HQWUH� G¶,PDJHULH�ϰϯϲ�

&HOOXODLUH�6DQWp´��&,&6��&OHUPRQW�)HUUDQG��)UDQFH���ϰϯϳ�

ϰϯϴ�

5HIHUHQFHV�ϰϯϵ�

���� 7DQ�.6:��1HZ�,QVLJKWV�RQ�&ODVVLILFDWLRQ��,GHQWLILFDWLRQ��DQG�&OLQLFDO�5HOHYDQFH�RI�%ODVWRF\VWLVϰϰϬ�

VSS��&OLQ�0LFURELRO�5HY�������2FW����������±�����ϰϰϭ�

���� 6WHQ]HO�'-��%RUHKDP�3)��%ODVWRF\VWLV�KRPLQLV�UHYLVLWHG��&OLQ�0LFURELRO�5HY�������2FW���������±ϰϰϮ�

����KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������ϰϰϯ�

���� :DZU]\QLDN�,��3RLULHU�3��9LVFRJOLRVL�(��'LRQLJLD�0��7H[LHU�&��'HOEDF�)��HW�DO��%ODVWRF\VWLV��DQ�ϰϰϰ�

XQUHFRJQL]HG� SDUDVLWH�� DQ� RYHUYLHZ� RI� SDWKRJHQHVLV� DQG� GLDJQRVLV�� 7KHU� $GY� ,QIHFW� 'LV��ϰϰϱ�

�������������±����KWWS���WDL�VDJHSXE�FRP�ORRNXS�GRL��������������������������ϰϰϲ�

���� $OIHOODQL�0$��6WHQVYROG�&5��9LGDO�/DSLHGUD�$��2QXRKD�(68��)DJEHQUR�%H\LRNX�$)��&ODUN�&*��ϰϰϳ�

9DULDEOH�JHRJUDSKLF�GLVWULEXWLRQ�RI�%ODVWRF\VWLV�VXEW\SHV�DQG�LWV�SRWHQWLDO�LPSOLFDWLRQV��$FWD�7URS��ϰϰϴ�

�����$SU����������±����ϰϰϵ�
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���� 6WHQVYROG�&5��$OIHOODQL�0$��1¡UVNRY�/DXULWVHQ�6��3ULS�.��9LFWRU\�(/��0DGGR[�&��HW�DO��6XEW\SH�ϰϱϬ�

GLVWULEXWLRQ�RI�%ODVWRF\VWLV�LVRODWHV�IURP�V\QDQWKURSLF�DQG�]RR�DQLPDOV�DQG�LGHQWLILFDWLRQ�RI�D�QHZ�ϰϱϭ�

VXEW\SH�� ,QW� -� 3DUDVLWRO�� ����� 0DU����������±���ϰϱϮ�

KWWS���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�6�����������������ϰϱϯ�

���� 6WHQVYROG� &5�� &ODUN� &*�� &XUUHQW� VWDWXV� RI� %ODVWRF\VWLV�� $� SHUVRQDO� YLHZ�� 3DUDVLWRO� ,QW��ϰϱϰ�

��������������±����KWWS���G[�GRL�RUJ���������M�SDULQW�������������ϰϱϱ�

���� 5DPtUH]� -'��6iQFKH]�$��+HUQiQGH]�&�� )OyUH]�&��%HUQDO�0&��*LUDOGR� -&�� HW� DO��*HRJUDSKLF�ϰϱϲ�

GLVWULEXWLRQ�RI�KXPDQ�%ODVWRF\VWLV�VXEW\SHV�LQ�6RXWK�$PHULFD��,QIHFW�*HQHW�(YRO�������-XO������±ϰϱϳ�

���KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϰϱϴ�

���� 'RPtQJXH]�0iUTXH]�09��*XQD�5��0XxR]�&��*yPH]�0XxR]�07��%RUUiV�5��+LJK�SUHYDOHQFH�RI�ϰϱϵ�

VXEW\SH���DPRQJ�LVRODWHV�RI�%ODVWRF\VWLV�KRPLQLV�IURP�V\PSWRPDWLF�SDWLHQWV�RI�D�KHDOWK�GLVWULFW�ϰϲϬ�

RI� 9DOHQFLD� �6SDLQ��� 3DUDVLWRO� 5HV�� ����� 2FW� �������������±����ϰϲϭ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϰϲϮ�

���� 2OVHQ�.(3��&KULVWLDQVHQ�'%��1LHOVHQ�+9��6WHQVYROG�&5��%ODVWRF\VWLV�VS��6XEW\SH���LV�&RPPRQ�ϰϲϯ�

LQ�'DQLVK�%ODVWRF\VWLV�3RVLWLYH�3DWLHQWV�3UHVHQWLQJ�ZLWK�$FXWH�'LDUUKHD��$P�-�7URS�0HG�+\J��ϰϲϰ�

�����-XQ������������±���KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϰϲϱ�

����� 3RLULHU�3��:DZU]\QLDN�,��$OEHUW�$��(O�$ODRXL�+��'HOEDF�)��/LYUHOOL�9��'HYHORSPHQW�DQG�(YDOXDWLRQ�ϰϲϲ�

RI�D�5HDO�7LPH�3&5�$VVD\�IRU�'HWHFWLRQ�DQG�4XDQWLILFDWLRQ�RI�%ODVWRF\VWLV�3DUDVLWHV�LQ�+XPDQ�ϰϲϳ�

6WRRO�6DPSOHV��3URVSHFWLYH�6WXG\�RI�3DWLHQWV�ZLWK�+HPDWRORJLFDO�0DOLJQDQFLHV��-�&OLQ�0LFURELRO��ϰϲϴ�

�����0DU������������±����KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϰϲϵ�

����� 1RXUULVVRQ�&��6FDQ]L�-��3HUHLUD�%��1NRXG0RQJR�&��:DZU]\QLDN�,��&LDQ�$��HW�DO��%ODVWRF\VWLV�LV�ϰϳϬ�

DVVRFLDWHG�ZLWK�GHFUHDVH�RI�IHFDO�PLFURELRWD�SURWHFWLYH�EDFWHULD��&RPSDUDWLYH�DQDO\VLV�EHWZHHQ�ϰϳϭ�

SDWLHQWV�ZLWK�LUULWDEOH�ERZHO�V\QGURPH�DQG�FRQWURO�VXEMHFWV��3/R6�2QH���������������ϰϳϮ�

����� 3DGXNRQH�6��0DQGDO� -�� 3DULMD� 6&�� 6HYHUH�%ODVWRF\VWLV� VXEW\SH� �� LQIHFWLRQ� LQ� D� SDWLHQW� ZLWK�ϰϳϯ�

FRORUHFWDO� FDQFHU�� 7URS� 3DUDVLWRO�� �������������±���ϰϳϰ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϰϳϱ�

����� 5RVWDPL�$��5LDKL�60��+DJKLJKL�$��6DEHU�9��$UPRQ�%��6H\\HGWDEDHL�6-��(UUDWXP�WR��WKH�UROH�RI�ϰϳϲ�

%ODVWRF\VWLV�VS��DQG�'LHQWDPRHED�IUDJLOLV�LQ�LUULWDEOH�ERZHO�V\QGURPH��D�V\VWHPDWLF�UHYLHZ�DQG�ϰϳϳ�
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PHWD�DQDO\VLV�� 3DUDVLWRO� 5HV�� ����� 6HS� ��������������±���ϰϳϴ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϰϳϵ�

����� 0RKDPHG�$0��$KPHG�0$��$KPHG�6$��$O�6HPDQ\�6$��$OJKDPGL�66��=DJORRO�'$��3UHGRPLQDQFH�ϰϴϬ�

DQG�DVVRFLDWLRQ�ULVN�RI�%ODVWRF\VWLV�KRPLQLV�VXEW\SH�,�LQ�FRORUHFWDO�FDQFHU��D�FDVH�FRQWURO�VWXG\��ϰϴϭ�

,QIHFW�$JHQW�&DQFHU�������'HF��������������KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϰϴϮ�

����� $MMDPSXU�665��7DQ�.6:��3DWKRJHQLF�PHFKDQLVPV�LQ�%ODVWRF\VWLV�VSS��²� ,QWHUSUHWLQJ�UHVXOWV�ϰϴϯ�

IURP� LQ� YLWUR� DQG� LQ� YLYR� VWXGLHV�� 3DUDVLWRO� ,QW�� ����� 'HF����������±���ϰϴϰ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϰϴϱ�

����� 3DYDQHOOL� 0)�� .DQHVKLPD� (1�� 8GD� &)�� &ROOL� &0�� )DODYLJQD�*XLOKHUP� $/�� *RPHV� 0/��ϰϴϲ�

3DWKRJHQLFLW\� RI� %ODVWRF\VWLV� VS�� WR� WKH� JDVWURLQWHVWLQDO� WUDFW� RI� PLFH�� UHODWLRQVKLS� EHWZHHQ�ϰϴϳ�

LQRFXOXP�VL]H�DQG�SHULRG�RI�LQIHFWLRQ��5HY�,QVW�0HG�7URS�6DR�3DXOR�������'HF����������±����ϰϴϴ�

KWWS���ZZZ�VFLHOR�EU�VFLHOR�SKS"VFULSW VFLBDUWWH[W	SLG 6�����ϰϴϵ�

�����������������	OQJ HQ	WOQJ HQ�ϰϵϬ�

����� 0RH�.7��6LQJK�0��+RZH�-��+R�/&��7DQ�6:��&KHQ�;4��HW�DO��([SHULPHQWDO�%ODVWRF\VWLV�KRPLQLV�ϰϵϭ�

LQIHFWLRQ� LQ� ODERUDWRU\� PLFH�� 3DUDVLWRO� 5HV�� ��������������±����ϰϵϮ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������ϰϵϯ�

����� <RVKLNDZD�+��<RVKLGD�.��1DNDMLPD�$��<DPDQDUL�.��,ZDWDQL�6��.LPDWD�,��)HFDO�RUDO�WUDQVPLVVLRQ�ϰϵϰ�

RI�WKH�F\VW�IRUP�RI�%ODVWRF\VWLV�KRPLQLV�LQ�UDWV��3DUDVLWRO�5HV����������������±����ϰϵϱ�

����� 6DQWRV�+-��5LYHUD�:/��.LQHWLF�DQDO\VLV�RI�DQWLERG\�UHVSRQVHV�WR�%ODVWRF\VWLV�KRPLQLV�LQ�VHUD�ϰϵϲ�

DQG� LQWHVWLQDO�VHFUHWLRQV�RI�RUDOO\� LQIHFWHG�PLFH�� 3DUDVLWRO�5HV�������2FW���������������±����ϰϵϳ�

KWWS���OLQN�VSULQJHU�FRP���������V�����������������ϰϵϴ�

����� &KHQ�;4��6LQJK�0��+R�/&��7DQ�6:��1J�*&��0RH�.7��HW�DO��'HVFULSWLRQ�RI�D�%ODVWRF\VWLV�VSHFLHV�ϰϵϵ�

IURP� 5DWWXV� QRUYHJLFXV�� 3DUDVLWRO� 5HV�� ��������������±���ϱϬϬ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������ϱϬϭ�

����� 6FLFOXQD�60��7DZDUL�%��&ODUN�&*��'1$�EDUFRGLQJ�RI�%ODVWRF\VWLV��3URWLVW�������)HE����������±ϱϬϮ�

����KWWS���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�6�����������������ϱϬϯ�

����� &ODUN�&*��6WHQVYROG�&5��%ODVWRF\VWLV �� ,VRODWLRQ��;HQLF�&XOWLYDWLRQ��DQG�&U\RSUHVHUYDWLRQ�� ,Q��ϱϬϰ�
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&XUUHQW�3URWRFROV�LQ�0LFURELRORJ\��+RERNHQ��1-��86$��-RKQ�:LOH\�	�6RQV��,QF���������S����$�����ϱϬϱ�

��$������KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϱϬϲ�

����� &DPPDURWD� *�� ,DQLUR� *�� 7LOJ� +�� 5DMLOLü�6WRMDQRYLü� 0�� .XPS� 3�� 6DWRNDUL� 5�� HW� DO�� (XURSHDQ�ϱϬϳ�

FRQVHQVXV� FRQIHUHQFH� RQ� IDHFDO� PLFURELRWD� WUDQVSODQWDWLRQ� LQ� FOLQLFDO� SUDFWLFH�� *XW�� �����ϱϬϴ�

$SU����������±����KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϱϬϵ�

����� 6XUHVK�.��1J�*&��5DPDFKDQGUDQ�13��+R�/&��<DS�(+��6LQJK�0��3DUDVLWRORJ\����������±�����ϱϭϬ�

����� ,JXFKL� $��(ELVX�$��1DJDWD�6��6DLWRX�<�� <RVKLNDZD�+�� ,ZDWDQL� 6�� HW� DO�� ,QIHFWLYLW\� RI� GLIIHUHQW�ϱϭϭ�

JHQRW\SHV� RI� KXPDQ� %ODVWRF\VWLV� KRPLQLV� LVRODWHV� LQ� FKLFNHQV� DQG� UDWV�� 3DUDVLWRO� ,QW��ϱϭϮ�

��������������±�����ϱϭϯ�

����� ,JXFKL�$��<RVKLNDZD�+��<DPDGD�0��.LPDWD�,��$UL]RQR�1��([SUHVVLRQ�RI�LQWHUIHURQ�JDPPD�DQG�ϱϭϰ�

SURLQIODPPDWRU\�F\WRNLQHV�LQ�WKH�FHFDO�PXFRVD�RI�UDWV�H[SHULPHQWDOO\�LQIHFWHG�ZLWK�%ODVWRF\VWLVϱϭϱ�

VS��VWUDLQ�51������3DUDVLWRO�5HV�����������������±�����ϱϭϲ�

����� +XVVHLQ� (0�� +XVVHLQ� $0�� (LGD� 00�� $WZD� 00�� 3DWKRSK\VLRORJLFDO� YDULDELOLW\� RI� GLIIHUHQW�ϱϭϳ�

JHQRW\SHV� RI� KXPDQ� %ODVWRF\VWLV� KRPLQLV� (J\SWLDQ� LVRODWHV� LQ� H[SHULPHQWDOO\� LQIHFWHG� UDWV��ϱϭϴ�

3DUDVLWRO�5HV�����������������±�����ϱϭϵ�

����� &KDQGUDPDWKL�6��6XUHVK�.*��0DKPRRG�$$��.XSSXVDP\�85��8ULQDU\�K\DOXURQLGDVH�DFWLYLW\�LQ�ϱϮϬ�

UDWV�LQIHFWHG�ZLWK�%ODVWRF\VWLV�KRPLQLV�HYLGHQFH�IRU�LQYDVLRQ"�3DUDVLWRO�5HV������������������±ϱϮϭ�

�����ϱϮϮ�

����� 0RH�.7��6LQJK�0��*RSDODNULVKQDNRQH�3��+R�/&��7DQ�6:��&KHQ�;4��HW�DO��&\WRSDWKLF�HIIHFW�RI�ϱϮϯ�

%ODVWRF\VWLV�KRPLQLV�DIWHU� LQWUDPXVFXODU� LQRFXODWLRQ� LQWR� ODERUDWRU\�PLFH�� 3DUDVLWRO�5HV�������ϱϮϰ�

-XQ����������±���KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������ϱϮϱ�

����� $ERX�(O�1DJD�,)��1HJP�$<��0RUSKRORJ\��KLVWRFKHPLVWU\�DQG�LQIHFWLYLW\�RI�%ODVWRF\VWLV�KRPLQLV�ϱϮϲ�

F\VW�� -� (J\SW� 6RF� 3DUDVLWRO�� ����� $XJ����������±����ϱϮϳ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϱϮϴ�

����� <DR�)��4LDR�-��=KDR�<��=KDQJ�;��<DQJ�-��/L�;��>([SHULPHQWDO�LQIHFWLRQ�RI�PLFH�ZLWK�%ODVWRF\VWLVϱϮϵ�

KRPLQLV@�� =KRQJJXR� -L� 6KHQJ� &KRQJ� ;XH� <X� -L� 6KHQJ� &KRQJ� %LQJ� =D� =KL�� ����� 'HF�ϱϯϬ�

������������±���KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϱϯϭ�
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����� 3KLOOLSV� %3�� =LHUGW� &+�� %ODVWRF\VWLV� KRPLQLV�� SDWKRJHQLF� SRWHQWLDO� LQ� KXPDQ� SDWLHQWV� DQG� LQ�ϱϯϮ�

JQRWRELRWHV�� ([S� 3DUDVLWRO�� ����� -XQ����������±����ϱϯϯ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������ϱϯϰ�

����� 'HQRHXG�)��5RXVVHO�0��1RHO�%��:DZU]\QLDN�,��'D�6LOYD�&��'LRJRQ�0��HW�DO��*HQRPH�VHTXHQFH�ϱϯϱ�

RI� WKH�VWUDPHQRSLOH�%ODVWRF\VWLV��D�KXPDQ�DQDHURELF�SDUDVLWH��*HQRPH�%LRO�������������5����ϱϯϲ�

KWWS���JHQRPHELRORJ\�ELRPHGFHQWUDO�FRP�DUWLFOHV���������JE�����������U���ϱϯϳ�

����� :DZU]\QLDN�,��5RXVVHO�0��'LRJRQ�0��&RXORX[�$��7H[LHU�&��7DQ�.6:��HW�DO��&RPSOHWH�FLUFXODU�ϱϯϴ�

'1$� LQ� WKH� PLWRFKRQGULD�OLNH� RUJDQHOOHV� RI� %ODVWRF\VWLV� KRPLQLV�� ,QW� -� 3DUDVLWRO�� �����ϱϯϵ�

2FW������������±����KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϱϰϬ�

����� :DZU]\QLDN� ,�� &RXUWLQH� '�� 2VPDQ� 0�� +XEDQV�3LHUORW� &�� &LDQ� $�� 1RXUULVVRQ� &�� HW� DO�� 'UDIW�ϱϰϭ�

JHQRPH�VHTXHQFH�RI�WKH�LQWHVWLQDO�SDUDVLWH�%ODVWRF\VWLV�VXEW\SH���LVRODWH�:5���*HQRPLFV�'DWD��ϱϰϮ�

�����-XQ�����±���KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϱϰϯ�

����� =LHUGW� &+�� %ODVWRF\VWLV� KRPLQLV��SDVW� DQG� IXWXUH�� &OLQ� 0LFURELRO� 5HY�� ����� -DQ��������±����ϱϰϰ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������ϱϰϱ�

����� 0F&RQQHOO�(/��%DVLW�$:��0XUGDQ�6��0HDVXUHPHQWV�RI�UDW�DQG�PRXVH�JDVWURLQWHVWLQDO�S+��IOXLG�ϱϰϲ�

DQG� O\PSKRLG� WLVVXH�� DQG� LPSOLFDWLRQV� IRU� LQ�YLYR� H[SHULPHQWV�� -� 3KDUP� 3KDUPDFRO�� �����ϱϰϳ�

-DQ���������±����KWWS���GRL�ZLOH\�FRP���������MSS�����������ϱϰϴ�

����� &RQWUHUDV�97��'H�/LPD�$5��=RUULOOD�*��7U\SDQRVRPD�FUX]L��PDLQWHQDQFH�LQ�FXOWXUH�PRGLI\�JHQH�ϱϰϵ�

DQG�DQWLJHQLF�H[SUHVVLRQ�RI�PHWDF\FOLF�WU\SRPDVWLJRWHV��0HP�,QVW�2VZDOGR�&UX]�����������±����ϱϱϬ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������ϱϱϭ�

����� 9LOODOWD� )�� .LHUV]HQEDXP� )�� ,QVHFW�ERUQH� DQG� FXOWXUH�GHULYHG�PHWDF\FOLF� 7U\SDQRVRPD� FUX]L��ϱϱϮ�

GLIIHUHQFHV� LQ� LQIHFWLYLW\� DQG� YLUXOHQFH�� $P� -� 7URS� 0HG� +\J�� ����� 0D\����������±����ϱϱϯ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������ϱϱϰ�

����� 3KLOOLSV�%3��(QWDPRHED�KLVWRO\WLFD��FRQFXUUHQW� LUUHYHUVLEOH� ORVV�RI� LQIHFWLYLW\�SDWKRJHQLFLW\�DQG�ϱϱϱ�

HQF\VWPHQW�SRWHQWLDO�DIWHU�SURORQJHG�PDLQWHQDQFH�LQ�D[HQLF�FXOWXUH�LQ�YLWUR��([S�3DUDVLWRO�������ϱϱϲ�

2FW����������±���KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������ϱϱϳ�

����� 6DQWDUpP�1��&XQKD�-��6LOYHVWUH�5��6LOYD�&��0RUHLUD�'��2XHOOHWWH�0��HW�DO��7KH�LPSDFW�RI�GLVWLQFW�ϱϱϴ�
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FXOWXUH� PHGLD� LQ� /HLVKPDQLD� LQIDQWXP� ELRORJ\� DQG� LQIHFWLYLW\�� 3DUDVLWRORJ\�� ����� )HE�ϱϱϵ�

������������±�����KWWS���ZZZ�MRXUQDOV�FDPEULGJH�RUJ�DEVWUDFWB6�����������������ϱϲϬ�

����� /L�-��'HQJ�7��/L�;��&DR�*��/L�;��<DQ�<��$�UDW�PRGHO�WR�VWXG\�%ODVWRF\WLV�VXEW\SH���LQIHFWLRQV��ϱϲϭ�

3DUDVLWRO�5HV�������������������±�����ϱϲϮ�

����� <RVKLNDZD�+��7RNRUR�0��1DJDPRWR�7��$UD\DPD�6��$VLK�3%6��5R]L�,(��HW�DO��0ROHFXODU�VXUYH\�RI�ϱϲϯ�

%ODVWRF\VWLV�VS�� IURP�KXPDQV�DQG�DVVRFLDWHG�DQLPDOV� LQ�DQ� ,QGRQHVLDQ�FRPPXQLW\�ZLWK�SRRU�ϱϲϰ�

K\JLHQH�� 3DUDVLWRO� ,QW�� ����� 'HF� �����������±��� KWWSV���ZZZ�VFLHQFHGLUHFW�ϱϲϱ�

FRP�JDWH��LQLVW�IU�VFLHQFH�DUWLFOH�SLL�6����������������"YLD��'LKXE�EE�����ϱϲϲ�

����� 6KHUZRRG�'��$QJXV�.:��6QRGJUDVV�'5��7]LSRUL�6��([SHULPHQWDO�FU\SWRVSRULGLRVLV�LQ�ODERUDWRU\�ϱϲϳ�

PLFH��,QIHFW�,PPXQ�������1RY����������±���KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������ϱϲϴ�

����� /DXUHQW� )�� 0F&ROH� '�� (FNPDQQ� /�� .DJQRII� 0)�� 3DWKRJHQHVLV� RI� &U\SWRVSRULGLXP� SDUYXP�ϱϲϵ�

LQIHFWLRQ��0LFUREHV�,QIHFW�������)HE���������±���KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϱϳϬ�

����� ,YRU\�&��.DPPDQDGLPLQWL�6��&KDGHH�.�� ,QQDWH� UHVLVWDQFH� WR�(QWDPRHED�KLVWRO\WLFD� LQ�PXULQH�ϱϳϭ�

PRGHOV��7UHQGV�3DUDVLWRO�������)HE���������±���KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϱϳϮ�

����� 6KDUPD�$:��0D\UKRIHU�*�� $� FRPSDUDWLYH� VWXG\� RI� LQIHFWLRQV�ZLWK� URGHQW� LVRODWHV� RI�*LDUGLD�ϱϳϯ�

GXRGHQDOLV� LQ�LQEUHG�VWUDLQV�RI�UDWV�DQG�PLFH�DQG�LQ�K\SRWK\PLF�QXGH�UDWV��3DUDVLWH�,PPXQRO��ϱϳϰ�

�����0DU����������±����KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������ϱϳϱ�

����� $MMDPSXU�665��3QJ�&:��&KLD�:1��=KDQJ�<��7DQ�.6:��([�9LYR�DQG�,Q�9LYR�0LFH�0RGHOV�WR�ϱϳϲ�

6WXG\� %ODVWRF\VWLV� VSS�� $GKHVLRQ�� &RORQL]DWLRQ� DQG� 3DWKRORJ\�� &ORVHU� WR� 3URYLQJ� .RFK¶V�ϱϳϳ�

3RVWXODWHV�� 5HQLD� /�� HGLWRU�� 3/R6� 2QH�� ����� $XJ� ���������H���������ϱϳϴ�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG����������ϱϳϵ�

ϱϴϬ�

ϱϴϭ�
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6XSSRUWLQJ�LQIRUPDWLRQ�ϱϴϮ�

ϱϴϯ�

ϱϴϰ�

ϱϴϱ�

ϱϴϲ�

6��)LJ��%ODVWRF\VWLV�67��F\VWV�IURP�H[SHULPHQWDOO\�LQIHFWHG�UDWV��ϱϴϳ�

�$��&\VWV��UHG�DUURZ��IURP�UDWV�REVHUYHG�E\�OLJKW�PLFURVFRS\��$V�SXULILHG�F\VWV�IURP�KXPDQ�ϱϴϴ�

VWRROV��VL]H�UDQJHG�IURP���WR����P���%��&\VWV�IURP�UDWV�REVHUYHG�E\�LPPXQRIOXRUHVFHQFH�DIWHU�ϱϴϵ�

ODEHOLQJ�ZLWK�PRXVH�SRO\FORQDO� DQWL�%ODVWRF\VWLV�67��DQWLERGLHV� �*UHHQ��DQG�'$3,� VWDLQLQJ�ϱϵϬ�

�%OXH���&\VWV�FRQWDLQHG�WZR�WR�IRXU�QXFOHL��ZKLWH�DUURZV��WZR�RQ�WKLV�SLFWXUH����ϱϵϭ�

ϱϵϮ�
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ϱϵϯ�

ϱϵϰ�

ϱϵϱ�

ϱϵϲ�

ϱϵϳ�

ϱϵϴ�

ϱϵϵ�

ϲϬϬ�

ϲϬϭ�

6��)LJ��,QWHVWLQDO�VHFWLRQV�IURP�%ODVWRF\VWLV�67��LQIHFWHG�UDWV�ϲϬϮ�

6HFWLRQV�RI�WKH� LQWHVWLQDO� WUDFW�ZHUH�VWDLQHG�ZLWK�IOXRUHVFHLQ�SKDOORLGLQ��*UHHQ���'$3,��%OXH��ϲϬϯ�

DQG�PRXVH�SRO\FORQDO�DQWL�%ODVWRF\VWLV�67��DQWLERGLHV��5HG���3DUDVLWHV�ZHUH�GHWHFWHG�LQ�VPDOO�ϲϬϰ�

LQWHVWLQH��$���LQ�FDHFXP��%��DQG�FRORQ��&��LQ�WKH�OXPHQ�RU�LQ�FORVH�FRQWDFW�ZLWK�WKH�LQWHVWLQDO�ϲϬϱ�

HSLWKHOLXP�ϲϬϲ�
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���� ��� ±�������� ���� �±�������� ���� ����������� ���������� ��� ���������������� ��� ���

	���������������������������ǡ�����±�������������������ǯ�
��Ǥ������±������±�������������±�

�����������������������������������±����������
���������������������������������������

������������ �� ���� ���������� �����Ø���Ǥ� ����� ���� �±�������� ����°����� ����� ����

��������������������������������������±������������������Ǥ�

����� �����������±�����������������������°�����������ǯ�������� �����������ǡ������������

���±�������������� ������±������ ����������������������� ��� �������±������±���� �ǯ����������

������������������±�������������ǯ���������������±����������������������������Ǥ������

�������������������±������������±�������������ǯ����������ǯ����������������������������
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����±���������������������������������	���������Ȁ�������������Ǥ��������°������±��������ǡ�

������������������±�����ǯ��������ǯ�����������������ǯ�������������������������������������
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������±������������������Ǥ�������������ǡ�������������������������±�������������������������

����ǯ�������±��±���������±��������������°����������������������±��������������������ǯ����Ǥ
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%ODVWRF\VWLV�LQIHFWLRQ�LQGXFHV�LQWHVWLQDO�G\VELRVLV�DVVRFLDWHG�ZLWK�ϭ�

FRORQLF�K\SHUVHQVLWLYLW\�DQG�EHKDYLRUDO�DOWHUDWLRQV�LQ�DQLPDO�PRGHO�Ϯ�

0DQRQ�'HID\H�����&pOLQH�1RXUULVVRQ�����(ORGLH�%DXGX�����$PDQGLQH�/DVKHUPHV���ϯ�

0DWKLHX�0HOHLQH���,YDQ�:DUZ]\QLDN���9LUJLQLH�%RQQLQ���-XOLH�%DUELHU���$JDWKH�*HORW���ϰ�

1LFRODV�%DUQLFK���'HQLV�$UGLG���0DWKLOGH�%RQQHW���)UpGpULF�'HOEDF���)UpGpULF�$QWRQLR�ϱ�

&DUYDOKR��Θ͕Ύ�DQG�3KLOLSSH�3RLULHU����Θ͕Ύϲ�

ϳ�

��8QLYHUVLWp�&OHUPRQW�$XYHUJQH��&156��/DERUDWRLUH�0LFURRUJDQLVPHV� ��*pQRPH�HW�ϴ�

(QYLURQQHPHQW��)�������&OHUPRQW�)HUUDQG��)UDQFH�ϵ�

��8QLYHUVLWp�&OHUPRQW�$XYHUJQH��,QVHUP�8������1HXUR'RO��&OHUPRQW�)HUUDQG��)UDQFH�ϭϬ�

��8QLYHUVLWp�&OHUPRQW�$XYHUJQH��&+8��&156��/DERUDWRLUH�0LFURRUJDQLVPHV���*pQRPH�ϭϭ�

HW�(QYLURQQHPHQW��)�������&OHUPRQW�)HUUDQG��)UDQFH�ϭϮ�

��8QLYHUVLWp�&OHUPRQW�$XYHUJQH�� ,QVHUP�8������0LFUREHV�� ,QWHVWLQ�� ,QIODPPDWLRQ�HW�ϭϯ�

6XVFHSWLELOLWp�GH�O
+{WH��&OHUPRQW�)HUUDQG��)UDQFH�ϭϰ�

ϭϱ�

&RUUHVSRQGLQJ�$XWKRU���ϭϲ�


�&RUUHVSRQGLQJ�DXWKRUV���SSRLULHU#FKX�FOHUPRQWIHUUDQG�IU����7HO��������������������ϭϳ�

IUHGHULF�FDUYDOKR#XFD�IU���7HO��������������������ϭϴ�

ϭϵ�

Θ 7KHVH�DXWKRUV�FRQWULEXWHG�HTXDOO\�WR�WKLV�ZRUN�ϮϬ�

Ϯϭ�
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$EVWUDFW������ZRUGV��ϮϮ�

%$&.*5281'�	�$,06��,QIHFWLRXV�JDVWURHQWHULWLV�LV�D�ULVN�IDFWRU�IRU�GHYHORSPHQW�RI�Ϯϯ�

,UULWDEOH� %RZHO� 6\QGURPH� �SRVW�LQIHFWLRXV�,%6��� 5HFHQW� FOLQLFDO� VWXGLHV� GHVFULEHG� D�Ϯϰ�

KLJK�SUHYDOHQFH�RI�%ODVWRF\VWLV�LQ�,%6�SDWLHQWV��+HUH�ZH�LQYHVWLJDWHG�XVLQJ�DQ�DQLPDOϮϱ�

PRGHO�WKH� OLQN�EHWZHHQ�%ODVWRF\VWLV��FRORQLF�K\SHUVHQVLWLYLW\��&+6��DQG�PLFURELRPH�Ϯϲ�

FKDQJHV��Ϯϳ�

0(7+2'6�� 5DWV� ZHUH� RUDOO\� LQIHFWHG� ZLWK� %ODVWRF\VWLV� VXEW\SH� �� F\VWV�� &RORQLF�Ϯϴ�

VHQVLWLYLW\�ZDV�HYDOXDWHG� E\� FRORUHFWDO� GLVWHQVLRQ� RQH�PRQWK� SRVW�LQIHFWLRQ��$QLPDO�Ϯϵ�

EHKDYLRU� ZDV� DVVHVVHG� XVLQJ� D� EHKDYLRUDO� UHFRJQLWLRQ� V\VWHP� �3KHQR7\SHU���ϯϬ�

(OHYDWHG� 3OXV� 0D]H� DQG� )RUFHG� 6ZLPPLQJ� WHVW�� )HFHV� ZHUH� FROOHFWHG� WR� VWXG\�ϯϭ�

PLFURELRWD�FRPSRVLWLRQ�E\���6�,OOXPLQD��VHTXHQFLQJ��DQG�IRU�PHWDEROLWH�DQDO\VHV��$W�ϯϮ�

WKH� HQG� RI� WKH� H[SHULPHQW�� DQLPDO� ZHUH� HXWKDQL]HG� DQG� FRORQ� ZHUH� VDPSOHG� IRU�ϯϯ�

PHGLDWRU�TXDQWLILFDWLRQV�DQG�WLJKW�MXQFWLRQ�DQDO\VLV�ϯϰ�

5(68/76�� %ODVWRF\VWLV� LQIHFWHG� DQLPDOV� GLVSOD\HG� QRQ� LQIODPPDWRU\� &+6� ZLWK� Dϯϱ�

GHFUHDVH� LQ�RFFOXGLQ�H[SUHVVLRQ��%ODVWRF\VWLV� LQIHFWLRQ�ZDV�DVVRFLDWHG�ZLWK�DQ[LHW\�ϯϲ�

DQG�GHSUHVVLYH�OLNH� EHKDYLRU��$QDO\VLV� RI� IHFDO�PLFURELRWD� FRPSRVLWLRQ� UHYHDOHG�DQ�ϯϳ�

LQFUHDVH� LQ� EDFWHULDO� ULFKQHVV� DVVRFLDWHG� ZLWK� DOWHUHG� PLFURELRWD� FRPSRVLWLRQ��ϯϴ�

FKDUDFWHUL]HG�E\�DQ�LQFUHDVH�LQ�%DFWHURLGHV��2VFLOORVSLUD�DQG�6������DQG�D�GHFUHDVH�ϯϵ�

LQ�&ORVWULGLDFHDH��7KHVH�EDFWHULDO�JHQHUD�ZHUH�FRUUHODWHG�WR�D�GHFUHDVH�LQ�VKRUW�FKDLQ�ϰϬ�

IDWW\�DFLGV�OHYHOV�DQG�VHULQH�SURWHDVH�DFWLYLW\�LQ�IHFHV�IURP�LQIHFWHG�UDWV�ϰϭ�

&21&/86,216��2XU�GDWD�VXJJHVW� WKDW�%ODVWRF\VWLV� LQIHFWLRQ� LQ� UDWV�PLPLFV�3,�,%6�ϰϮ�

ZLWK�WKH�HVWDEOLVKPHQW�RI�D�&+6�OLQNHG�WR�PLFURELRWD�DQG�PHWDEROLF�VKLIWV�ϰϯ�
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�����ZRUGV��LQFOXVLYH�UHIHUHQFHV��ILJXUH�OHJHQGV��ϰϰ�

,QWURGXFWLRQ�ϰϱ�

&KURQLF�YLVFHUDO�SDLQ�ZKLFK�LV�IUHTXHQWO\�UHODWHG�WR�FRORQLF�K\SHUVHQVLWLYLW\��&+6���ϰϲ�

LV�JHQHUDOO\�GHVFULEHG�DV�SRRUO\�ORFDOL]HG��GLIIXVH�DQG�VWDEELQJ�VHQVDWLRQ�ZKLFK�PD\�ϰϳ�

HQFRXQWHUHG�LQ�PDQ\�JDVWURLQWHVWLQDO�GLVRUGHUV�VXFK�DV�,QIODPPDWRU\�%RZHO�'LVHDVH�ϰϴ�

�,%'��DQG�,UULWDEOH�%RZHO�6\QGURPH��,%6�����ϰϵ�

,%6� LV� QRZDGD\V� D� KHDOWK� FDUH� EXUGHQ�� UHSUHVHQWLQJ� RQH� RI� WKH�PRVW� FRPPRQ�ϱϬ�

GLVRUGHUV�HQFRXQWHUHG�LQ�JDVWURLQWHVWLQDO�SUDFWLFH�DQG�KLJKO\�DIIHFWV�TXDOLW\�RI�OLIH��,W¶V�ϱϭ�

D�IXQFWLRQDO�FKURQLF�GLVRUGHU�GHILQHG�E\�5RPH�,9�FULWHULD��ZKLFK� LV�FKDUDFWHUL]HG�E\�ϱϮ�

DEGRPLQDO� SDLQ� DQG� FKDQJHV� LQ� ERZHO� KDELWV� LQ� DEVHQFH� RI� PDFURVFRSLF� RUJDQLF�ϱϯ�

OHVLRQV����3DWLHQWV�DUH�FODVVLILHG�LQWR�VXEJURXSV��,%6�&�IRU�SDWLHQWV�ZLWK�FRQVWLSDWLRQ�ϱϰ�

SUHGRPLQDQW�� ,%6�'� ZKHQ� GLDUUKHD�SUHGRPLQDQW�� ,%6�0� IRU� SDWLHQWV¶� DOWHUQDWLQJ�ϱϱ�

FRQVWLSDWLRQ�DQG�GLDUUKHD�DQG� ,%6�8� LI� QR�FOHDU� FODVVLILFDWLRQ�FDQ�EH�HVWDEOLVKHG� ���ϱϲ�

3DWKRSK\VLRORJ\�RI�,%6�LV�FRPSOH[�DQG�SRRUO\�XQGHUVWRRG��SDWLHQWV�GLVSOD\LQJ�VHYHUDO�ϱϳ�

DOWHUDWLRQV� VXFK� DV� GLVWXUEDQFH� RI� JXW� HSLWKHOLDO� EDUULHU� LQFUHDVLQJ� LQWHVWLQDO�ϱϴ�

SHUPHDELOLW\��LPPXQH�DFWLYDWLRQ�DQG�PRGLILFDWLRQV�RI�LQWHVWLQDO�PLFURELRWD�FRPSRVLWLRQ�ϱϵ�

DQG�IXQFWLRQ������7KHQ��V\PSWRP�RULJLQ�LV�WKRXJKW�WR�EH�PXOWLIDFWRULDO�DQG�LV�VWLOO�QRW�ZHOO�ϲϬ�

GHILQHG�IRU�WKH�GLIIHUHQW�VXEW\SHV���ϲϭ�

,QIHFWLRXV�JDVWURHQWHULWLV�FRQVWLWXWH�D�NH\�ULVN�IDFWRU�IRU�GHYHORSPHQW�RI�,%6��WKLV�ϲϮ�

VXEVHW�LV�UHIHUUHG�DV�SRVW�LQIHFWLRXV�,%6��3,�,%6�����3,�,%6�RIWHQ�H[KLELWV�FKDUDFWHULVWLFV�ϲϯ�

RI� WKH� ,%6�'�� DQG� FDQ� RFFXU� LQ� ������� RI� SDWLHQWV� IROORZLQJ� LQIHFWLRXV� DFXWH�ϲϰ�

JDVWURHQWHULWLV��±���6HYHUDO�VWXGLHV�VXSSRUW�D�UROH�IRU�SDWKRJHQ�PHGLDWHG�PRGLILFDWLRQV�ϲϱ�

LQ�WKH�UHVLGHQW�LQWHVWLQDO�PLFURELRWD��HSLWKHOLDO�EDUULHU�LQWHJULW\�DQG�LPPXQH�DFWLYDWLRQ�ϲϲ�

LQ�3,�,%6��±����7KH�UROH�RI�VRPH�SDWKRJHQV�LV�QRZ�ZHOO�HVWDEOLVKHG��VXFK�DV�EDFWHULD�ϲϳ�
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ZLWK�6KLJHOOD�VSS���SDWKRJHQLF�(VFKHULFKLD�FROL��6DOPRQHOOD��&DPS\OREDFWHU� MHMXQL�RU�ϲϴ�

SURWR]RD�DV�*LDUGLD�GXRGHQDOLV�����'HVSLWH�EDFWHULDO�LQIHFWLRQ�LV�IUHTXHQWO\�UHODWHG�WR�ϲϵ�

GHYHORSPHQW� RI� 3,�,%6�� WKH� ULVN� RI� ,%6� ZDV� UHSRUWHG� WR� EH� KLJKHVW� ZLWK� SURWR]RDO�ϳϬ�

HQWHULWLV�LQ�D�PHWD�DQDO\VLV�����ϳϭ�

%ODVWRF\VWLV�VSS��LV�WKH�PRVW�IUHTXHQW�HQWHULF�SURWLVW�IRXQG�LQ�WKH�LQWHVWLQDO�WUDFW�RI�ϳϮ�

KXPDQV�DQG�YDULRXV�DQLPDO ����,W�KDV�EHHQ�FODVVLILHG�LQWR����VXEW\SHV��67��EDVHG�RQ�ϳϯ�

VPDOO�VXEXQLW�ULERVRPDO�51$�HQFRGLQJ�JHQH��6XEW\SHV�67�� WR�67��DQG�67���KDYH�ϳϰ�

EHHQ�UHFRYHUHG� LQ�KXPDQ�VWRRO�VDPSOHV��67��EHLQJ� WKH�PRVW� IUHTXHQW�� IROORZHG�E\�ϳϱ�

67���67��DQG�67����±����,QWHUHVWLQJO\��67��KDV�EHHQ�UHSRUWHG�WR�EH�WKH�PRVW�IUHTXHQW�ϳϲ�

67�LQ�VRPH�VWXGLHV�SHUIRUPHG�LQ�(XURSH��ZLWK�KLJKHU�SDUDVLWH�ORDGV�FRPSDUHG�WR�RWKHU�ϳϳ�

67� ��±���� ,W� LV� DOVR� WKH� SUHGRPLQDQW� 67� IRXQG� LQ� URGHQWV� ������� %ODVWRF\VWLV� VSS��ϳϴ�

SUHYDOHQFH� LQ� KXPDQ� UDQJHV� IURP� ����� WR� ����� EHWZHHQ� FRXQWULHV�� DFFRUGLQJ� WR�ϳϵ�

K\JLHQLF� FRQGLWLRQV� DQG� VDQLWDU\� SUDFWLFHV� ���������� +RZHYHU�� WKH� LQYROYHPHQW� RI�ϴϬ�

%ODVWRF\VWLV�VSS�� LQ�KXPDQ�GLVHDVHV� LV�KLJKO\�GHEDWHG�� ,QWHUHVW�RI� WKH�VFLHQWLILF�DQG�ϴϭ�

PHGLFDO�FRPPXQLWLHV�LQ�%ODVWRF\VWLV�VSS��LQIHFWLRQ�LQFUHDVHG�WKHVH�ODVW�IHZ�\HDUV�VLQFH�ϴϮ�

HSLGHPLRORJLFDO�VWXGLHV�KLJKOLJKWHG�KLJK�SUHYDOHQFH�RI�WKLV�SDUDVLWH�LQ�SDWLHQWV�ZLWK�,%6�ϴϯ�

��±����:KLOH�%ODVWRF\VWLV� LQIHFWHG� VXEMHFWV� GLVSOD\� PLFURELRWD� FKDQJHV�� KHWHURJHQLF�ϴϰ�

UHVXOWV�DUH�UHSRUWHG������±����6RPH�VWXGLHV�UHSRUWHG�DQ�LQFUHDVH�LQ�PLFURELRWD�GLYHUVLW\�ϴϱ�

VXJJHVWLQJ�D�SRWHQWLDO�EHQHILW�IRU�%ODVWRF\VWLV�DVVRFLDWHG�PLFURELRWD�����������+RZHYHU�ϴϲ�

LQ� WKH�VDPH� WLPH��GHFUHDVH� LQ�SURWHFWLYH�EDFWHULD�ZDV� UHSRUWHG�DQG�D� UHFHQW� VWXG\�ϴϳ�

GHVFULEH�D�GHFUHDVH�LQ�6KRUW�&KDLQ�)DWW\�$FLGV��6&)$��OHYHOV�LQ�IHFDO�VDPSOHV�IURP�ϴϴ�

%ODVWRF\VWLV� LQIHFWHG�SDWLHQWV�����6&)$V��LQFOXGLQJ�DFHWDWH��SURSLRQDWH�DQG�EXW\UDWH��ϴϵ�

HQKDQFH�HSLWKHOLDO�EDUULHU�IXQFWLRQ�DQG�LPPXQH�WROHUDQFH��SURPRWLQJ�JXW�KRPHRVWDVLV�ϵϬ�

WKURXJK�VSHFLILF�PHFKDQLVPV�����ϵϭ�
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,Q�WKH�SUHVHQW�VWXG\��ZH�DLPHG�WR�FKDUDFWHUL]H�ZKHWKHU�%ODVWRF\VWLV�LQIHFWLRQ�PD\�OHDG�ϵϮ�

WR� ,%6�OLNH� V\PSWRPV��:H� ILUVW� FKDUDFWHUL]HG� QRQ�LQIODPPDWRU\� &+6� DVVRFLDWHG� WR�ϵϯ�

DQ[LHW\�DQG� GHSUHVVLYH�OLNH� EHKDYLRUV� LQ� LQIHFWHG� UDWV�� :H� GHPRQVWUDWHG� WKDW�ϵϰ�

%ODVWRF\VWLV�LQIHFWLRQ�ZDV�DVVRFLDWHG�WR�ERWK�PLFURELRWD�DQG�PHWDEROLF�VKLIWV�WKDW�PD\�ϵϱ�

OHDG�WR�HSLWKHOLDO�EDUULHU�LPSDLUPHQW���ϵϲ�

ϵϳ�

ϵϴ�

0DWHULDOV�DQG�0HWKRGV�ϵϵ�

$QLPDOV�DQG�H[SHULPHQWDO�LQIHFWLRQ�ϭϬϬ�

7KUHH�ZHHN�ROG� VSHFLILF� SDWKRJHQ� IUHH� �63)��:LVWDU�PDOH� UDWV�ZHUH� SXUFKDVHG�ϭϬϭ�

IURP� &KDUOHV� 5LYHU� /DE� �6DLQW� *HUPDLQ� 1XHOOHV�� )UDQFH�� DQG� KRXVHG� LQ� DQLPDO�ϭϬϮ�

ELRVDIHW\�OHYHO������±���&��������K�OLJKW�GDUN�F\FOH��ZLWK�DFFHVV�WR�IRRG�DQG�ZDWHU�DG�ϭϬϯ�

OLELWXP��$QLPDO�SURWRFROV�ZHUH�DSSURYHG�E\�D�ORFDO�HWKLFV�FRPPLWWHH��SURWRFRO�QXPEHU��ϭϬϰ�

�����(8�������DQG�IROORZHG�WKH�JXLGHOLQHV�RI�WKH�&RPPLWWHH�IRU�5HVHDUFK�DQG�(WKLFDO�ϭϬϱ�

LVVXHV�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�3DLQ� ����7KUHH�GD\V�SULRU�WKH�ϭϬϲ�

EHJLQQLQJ�RI�WKH�H[SHULPHQW��UDWV�ZHUH�SUH�VFUHHQHG�LQ�RUGHU�WR�HQVXUH�WKDW�WKH\�ZHUH�ϭϬϳ�

KHDOWK\�DQG� IUHH�RI�%ODVWRF\VWLV� RU�DQ\�RWKHU� LQWHVWLQDO�SDUDVLWH��$IWHU�D�KDELWXDWLRQ�ϭϬϴ�

ZHHN��UDWV�ZHUH� LQIHFWHG�ZLWK�%ODVWRF\VWLV�67��F\VWV��SXULILHG�IURP�KXPDQ�VWRROV�DV�ϭϬϵ�

SUHYLRXVO\�UHSRUWHG��'HID\H�HW�DO����������%ULHIO\��DQ�DV\PSWRPDWLF�KXPDQ�FDUULHUV�RI�ϭϭϬ�

%ODVWRF\VWLV�67��ZDV�HQUROOHG�IRU�DOO�WKH�VWXG\�E\�WKH�PHGLFDO�ODERUDWRU\�RI�3DUDVLWRORJ\�ϭϭϭ�

RI� WKH� &OHUPRQW�)HUUDQG� WHDFKLQJ� KRVSLWDO� �DSSURYHG� E\� WKH� UHVHDUFK� HWKLFV�ϭϭϮ�

FRPPLWWHHV�RI�WKH�&OHUPRQW�)HUUDQG�+RVSLWDO��³&RPLWp�GH�3URWHFWLRQ�GHV�3HUVRQQHV�ϭϭϯ�

6XG�(VW� �´�� )UDQFH�� DJUHHPHQW� UHI�� �����&(����� )UHVK� VWRROV� ZHUH� VXVSHQGHG� LQ�ϭϭϰ�

GLVWLOOHG� ZDWHU� DQG� ILOWHUHG�� $IWHU� EHLQJ� ZDVKHG� WZLFH� LQ� GLVWLOOHG� ZDWHU�� F\VWV� ZHUH�ϭϭϱ�

SXULILHG�XVLQJ�D���VWHSV�GHQVLW\�JUDGLHQW�SXULILFDWLRQ�SURWRFRO��'HID\H�HW�DO����������$IWHU�ϭϭϲ�
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ILQDO�ZDVK��SXULILHG�F\VWV�ZHUH�VXVSHQGHG�LQ�����PO�RI�DQ�DQWLELRWLF�FRFNWDLO�FRQWDLQLQJ�ϭϭϳ�

�����J�/�9DQFRP\FLQ��6DQGR]��/HYDOORLV�3HUUHW��)UDQFH�������J�/�$PR[LFLOOLQ�FODYXODQLF�ϭϭϴ�

DFLG��6DQGR]��/HYDOORLV�3HUUHW��)UDQFH��DQG�����J�/�&HIRWD[LP��6WHUL0D[��2DNYLOOH��21��ϭϭϵ�

&DQDGD��GLOXWHG� LQ� VWHULOH�3%6� �*LEFR��/LIH�7HFKQRORJLHV��&DUOVEDG��&$��86$��DQG�ϭϮϬ�

LQFXEDWHG�IRU���K�DW���&��&\VWV�ZHUH�ZDVKHG�WZLFH�LQ�VWHULOH�3%6�E\�FHQWULIXJDWLRQ�DW�ϭϮϭ�

����J�IRU���PLQ�DQG�ILQDOO\�VXVSHQGHG�LQ�VWHULOH�3%6��&\VWV�ZHUH�FRXQWHG�LQ�0DODVVH]�ϭϮϮ�

FKDPEHU�DQG�VXVSHQVLRQ�ZDV�GLOXWHG� LQ�VWHULOH�3%6�WR� UHDFK�D�FRQFHQWUDWLRQ�RI����ϭϮϯ�

F\VWV�SHU�PLOOLOLWHU��7HQ�PLFUROLWHUV�RI� WKH�VXVSHQVLRQ�ZHUH�SODWHG�RQ�/%�PHGLD�DQG�ϭϮϰ�

LQFXEDWHG� DW� ���&� IRU� ��� K�� 2QO\� F\VWV� SXULILFDWLRQ� FRQWDLQLQJ� EHORZ� ���� &RORQ\�ϭϮϱ�

)RUPLQJ� 8QLWV� �&)8�� SHU�PLOOLOLWHU� ZHUH� XVHG� IRU� H[SHULPHQWV�� 7KHQ�� IRXU�ZHHN�ROG�ϭϮϲ�

:LVWDU�PDOH�UDWV�ZHUH�RUDOO\�LQRFXODWHG��)LJXUH����ZLWK�����F\VWV��Q ����RU�VWHULOH�3%6�ϭϮϳ�

DV� FRQWURO� �Q ����� 7KH� VXFFHVV� RI� LQIHFWLRQV� ZDV� FRQILUPHG� E\� %ODVWRF\VWLV� IHFDO�ϭϮϴ�

FXOWXUHV�LQ�-RQH¶V�PHGLXP�DW����&��DV�SUHYLRXVO\�GHVFULEHG�����$IWHU���K�RI�LQFXEDWLRQ��ϭϮϵ�

FXOWXUHV�ZHUH�REVHUYHG�E\� OLJKW�PLFURVFRS\� �;������ ,GHQWLILFDWLRQ�RI� YDFXRODU� IRUPV�ϭϯϬ�

LQGLFDWHG�WKDW�UDWV�ZHUH�LQIHFWHG��0LFURVFRS\�ZDV�FRQILUPHG�ZLWK�D�%ODVWRF\VWLV�VSS��ϭϯϭ�

VSHFLILF� UHDO�WLPH� 3&5� DV� SUHYLRXVO\� GHVFULEHG� ���� %RG\� ZHLJKW� RI� DQLPDOV� ZDV�ϭϯϮ�

PRQLWRUHG�DQG�IHFHV�ZHUH�VDPSOHG�HYHU\�ZHHN�XQWLO�HXWKDQL]H�DQG�VWRUHG�DW�����&��ϭϯϯ�

5DWV�ZHUH�HXWKDQL]HG�DW�WKH�HQG�RI�WKH�H[SHULPHQW��'��������DQG�FRORQ�ZHUH�FROOHFWHG�ϭϯϰ�

DQG�VSOLW�WR�EH�VWRUHG�DW�ERWK�����&�IRU�PROHFXODU�DVVD\V�DQG�LQ�SDUDIRUPDOGHK\GH�IRU�ϭϯϱ�

KLVWRORJLFDO�DQDO\VHV���ϭϯϲ�

ϭϯϳ�

&RORUHFWDO�GLVWHQVLRQ�WHVW��&5'��ϭϯϴ�

7KLV� WHVW� DLPV� WR� HYDOXDWH� WKH� YLVFHUDO� VHQVLWLYLW\� E\� PHDVXULQJ� WKH� FRORQLF�ϭϯϵ�

UHVSRQVH�ZKHQ�VXEPLWWHG�WR�GLVWHQVLRQ��7KH�&5'�SURWRFRO�ZDV�DGDSWHG�IRU�UDWV�IURP�ϭϰϬ�

/DUDXFKH�HW�DO�� ����$W�'������SRVW�LQIHFWLRQ� �3,��� UDWV�ZHUH�SODFHG����PLQXWHV� LQ�D�ϭϰϭ�
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UHVWUDLQHU�EHIRUH� WR�EH�DQHVWKHWL]HG� ���� ,VRIOXUDQH���&5'�GHYLFHV�ZHUH� LQWURGXFHG�ϭϰϮ�

LQWR�FROR�UHFWXP�DQG�FRQQHFWHG�WR�DQ�DPSOLILHU��0LOODU�,QVWUXPHQWV��+RXVWRQ��7;��86$���ϭϰϯ�

7KH�&5'�SURWRFRO�FRQVLVWHG�RI�D�VHW�RI�GLVWHQVLRQV�DW�FRQVWDQW�SUHVVXUHV�IURP����WR�ϭϰϰ�

���PP+J��SHUIRUPHG�LQ�GXSOLFDWHV�DV�IROORZ�����PP+J�VWHSV����V�GXUDWLRQ�ZLWK�����ϭϰϱ�

PLQ�LQWHU�VWLPXOL�LQWHUYDOV��'DWD�DQDO\VLV�ZDV�SHUIRUPHG�ZLWK�/DEFKDUW��DV�IROORZV��3�ϭϰϲ�

VSHFWUXP�ZDV�H[WUDFWHG�IURP�UDZ�GDWD�E\�DSSO\LQJ�³VPRRWKVHF´�ZLWK�D�WLPH�FRQVWDQW�ϭϰϳ�

RI� ���V�� IROORZHG� E\� ³DEVROXWH� YDORU´� DQG� ILQDOO\� DQRWKHU� ³VPRRWKVHF´� ZLWK� D� WLPH�ϭϰϴ�

FRQVWDQW�RI����V�WR�H[FOXGH�WKH�VORZHU�DQG�WRQLF�FKDQJHV��&RORQLF�UHVSRQVH�WR�&5'�ϭϰϵ�

�PP+J�V�� ZDV� TXDQWLILHG� E\� PHDVXULQJ� WKH� XQGHU� WKH� FXUYH� DUHD� GXULQJ� ��VHF� RI�ϭϱϬ�

GLVWHQVLRQ�XVLQJ�WKH�³LQWHJUDO�UHODWLYH�WR�PLQLPXP´�LQ�/DEFKDUW����ϭϱϭ�

ϭϱϮ�

%HKDYLRU�UHFRJQLWLRQ�V\VWHP�3KHQR7\SHU��ϭϱϯ�

7KH� 3KHQR7\SHU�� �1ROGXV� ,QIRUPDWLRQ� 7HFKQRORJ\�� :DJHQLQJHQ�� 7KH�ϭϱϰ�

1HWKHUODQGV��LV�DQ�DXWRPDWHG�LQIUDUHG��,5��YLGHR�WUDFNLQJ�V\VWHP�PHDVXULQJ�EHKDYLRU�ϭϱϱ�

RI�DQLPDO�PRGHOV��7KLV�GHYLFH� LV�FRPSRVHG�RI���SOH[LJODVV�FDJHV�����FP�î����FP���ϭϱϲ�

HDFK�FRQWDLQLQJ�DQ�RSDTXH�SODVWLF�VTXDUH�VKHOWHU�DFFHVVLEOH�E\� WZR�HQWUDQFHV�DQG�ϭϱϳ�

GHOLPLWHG�DUHDV�IRU�IHHGLQJ�DQG�GULQNLQJ��&DJHV�DUH�VXUURXQGHG�E\�WRS�XQLW�SURYLGHG�ϭϱϴ�

ZLWK�,5�OLJKWLQJ�DQG�WKH�,5�FDPHUD�IRU�YLGHR�UHFRUGLQJ�GXULQJ�WKH�OLJKW�DQG�GDUN�F\FOHV��ϭϱϵ�

%ULHIO\��DW�'������3,��UDWV�ZHUH�WUDQVIHUUHG�LQWR�3KHQR7\SHU��FDJHV����SHU�FDJH��DQG�ϭϲϬ�

DQLPDO�DFWLYLWLHV�ZHUH�UHFRUGHG�ZLWK�0HGLDUHFRUGHU���1ROGXV�,QIRUPDWLRQ�7HFKQRORJ\��ϭϲϭ�

:DJHQLQJHQ��1HWKHUODQGV�� IRU���K�� LQFOXGLQJ���K�GDUN�SHULRG�DQG���K� OLJKW� SHULRG��ϭϲϮ�

'XULQJ� WKLV�SHULRG�� UDWV�KDG�DG� OLELWXP�DFFHVV� WR� IRRG��ZDWHU�DQG�VKHOWHU��5DZ�GDWD�ϭϲϯ�

ZHUH� DQDO\]HG� ZLWK� (WKRYLVLRQ� ;7�� VRIWZDUH� �9HUVLRQ� ���� 1ROGXV� ,QIRUPDWLRQ�ϭϲϰ�

7HFKQRORJ\�� :DJHQLQJHQ�� 1HWKHUODQGV�� DQG� YDULRXV� VSHFLILF� EHKDYLRUV� ZHUH�ϭϲϱ�

FRPSDUHG�EHWZHHQ�LQIHFWHG�DQG�FRQWURO�UDWV��ϭϲϲ�
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(OHYDWHG�3OXV�0D]H�WHVW��(30��ϭϲϳ�

7KLV�GHYLFH�FRQVLVWHG�RI�D�FHQWUDO�SODWIRUP����[��FP��DQG�IRXU�DUPV����[��FP���ϭϲϴ�

7ZR�RSSRVLWH�DUPV�ZHUH�VXUURXQGHG�E\�ZDOOV��FORVHG�DUPV���ZKLOH�WKH�RWKHUV�WZR�ZHUH�ϭϲϵ�

GHYRLG�RI�HQFORVLQJ�ZDOOV��RSHQ�DUPV���$W�'������3,��DIWHU�DQ�DFFOLPDWL]DWLRQ�RI����PLQ��ϭϳϬ�

HDFK�UDW�ZDV�SODFHG�LQ�WKH�FHQWHU�SODWIRUP�IDFLQJ�D�FORVHG�DUP��$QLPDOV�ZHUH�UHFRUGHG�ϭϳϭ�

IRU� �PLQ� E\�0HGLDUHFRUGHU�� VRIWZDUH�� $QDO\VLV� ZDV� SHUIRUPHG� E\� (WKRYLVLRQ� ;7��ϭϳϮ�

VRIWZDUH��YHUVLRQ�������ϭϳϯ�

ϭϳϰ�

)RUFHG�6ZLPPLQJ�7HVW��)67���ϭϳϱ�

$W�'������3,��DIWHU�DQ�DFFOLPDWL]DWLRQ�RI����PLQ� HDFK�UDW�ZDV�SODFHG�LQ�D�JODVV�ϭϳϲ�

F\OLQGHU����FP�GLDPHWHU�DQG���FP�KLJK��FRQWDLQLQJ�ZDWHU�DW��������&��7KH�LPPRELOLW\�ϭϳϳ�

WLPH�RI�UDWV�ZDV�UHFRUGHG�GXULQJ���PLQXWHV��(DFK�UDW�ZDV�MXGJHG�WR�EH�LPPRELOH�ZKHQ�ϭϳϴ�

LW�VWRSSHG�VZLPPLQJ�DQG�IORDWHG��PDNLQJ�RQO\�WKRVH�PRYHPHQWV�QHFHVVDU\�WR�NHHS�LWV�ϭϳϵ�

KHDG�DERYH�ZDWHU��ϭϴϬ�

ϭϴϭ�

7LVVXH�SUHSDUDWLRQ�IRU�KLVWRORJLFDO�DQDO\VLV�ϭϴϮ�

)OXVKHG�FRORQV�ZHUH�RSHQHG�ORQJLWXGLQDOO\��FXW�LQWR��FP�DQG�UROOHG��7KH�VDPSOHV�ϭϴϯ�

ZHUH�IL[HG�LQ����SDUDIRUPDOGHK\GH����ௗK���ௗ�&���LQFXEDWHG�LQ�����VXFURVH����K����&��ϭϴϰ�

DQG�HPEHGGHG�LQ�2&7��PHGLXP��7KHUPR)LVKHU�6FLHQWLILF��:DOWKDP��0$��86$���7HQ�ϭϴϱ�

PLFURPHWHU�FURVV�VHFWLRQ�ZHUH�PRXQWHG�RQ�6XSHU)URVW�3OXV��VOLGHV��7KHUPR)LVKHU�ϭϴϲ�

6FLHQWLILF��:DOWKDP��0$��86$��DQG�VWDLQHG�ZLWK�KHPDWR[\OLQ�SKOR[LQ�VDIUDQ��ϭϴϳ�

ϭϴϴ�

(Q]\PH�OLQNHG�LPPXQRVRUEHQW�DVVD\��(/,6$��ϭϴϵ�

7RWDO�SURWHLQV�RI�FRORQ�ZHUH�H[WUDFWHG�XVLQJ�O\VLV�EXIIHU�����P0�306)�����8,�P/�ϭϵϬ�

LQLSURO�DSURWLQLQH�� ���0� OHXSHSWLQH�� ��� WULWRQ��� DQG� SURWHLQV� FRQFHQWUDWLRQV� ZHUH�ϭϵϭ�
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GHWHUPLQHG�ZLWK�D�%&�$VVD\�3URWHLQ��TXDQWLILFDWLRQ�NLW��,QWHUFKLP��0RQWOXoRQ��)UDQFH���ϭϵϮ�

&RORQLF� ,QWHUOHXNLQH��� �,/���� DQG� /LSRFDOLQ��� ZHUH� TXDQWLILHG� XVLQJ� HQ]\PH� OLQNHG�ϭϵϯ�

LPPXQRVRUEHQW� DVVD\� NLW� �'XRVHW���5	'�6\VWHPV��0LQQHDSROLV��01�� DFFRUGLQJ� WR�ϭϵϰ�

PDQXIDFWXUHU¶V�LQVWUXFWLRQV��&RQFHQWUDWLRQV�ZHUH�FDOFXODWHG�IURP�VWDQGDUG�FXUYH�DQG�ϭϵϱ�

QRUPDOL]HG�WR�WKH�SURWHLQ�FRQFHQWUDWLRQ���ϭϵϲ�

ϭϵϳ�

5HYHUVH�WUDQVFULSWLRQ�DQG�TXDQWLWDWLYH�3&5��57�T3&5��ϭϵϴ�

7RWDO�51$�RI�FRORQ�ZDV�H[WUDFWHG�ZLWK�7UL]RO��7KHUPR)LVKHU�6FLHQWLILF��:DOWKDP��ϭϵϵ�

06��86$���'1$VH�WUHDWHG�51$�ZHUH�UHYHUVH�WUDQVFULEHG�XVLQJ�+LJK�FDSDFLW\�F'1$�ϮϬϬ�

57�� NLW� �7KHUPR)LVKHU� 6FLHQWLILF�� :DOWKDP�� 0$�� 86$�� IRU� UHYHUVH� WUDQVFULSWLRQ�ϮϬϭ�

TXDQWLWDWLYH�3&5��57�T3&5���6SHFLILF�F'1$�ZHUH�DPSOLILHG�IRU�RFFOXGLQ��)RUZDUG��¶�ϮϬϮ�

$*7$&$7**&7*&7*&7*$7*��¶��5HYHUVH��¶�&&&$&&$7&&7&77*$7*7*7��¶���ϮϬϯ�

]RQXOD� RFFOXGHQV��� �=2���� �)RUZDUG� �¶�$*&*$$*&&$&&7*$$*$7$��¶�� 5HYHUVH�ϮϬϰ�

�¶�*$7**&&$*&$**$$7$7*7��¶��� *$7$��� �)RUZDUG� �¶ͲϮϬϱ�

$$*$*7*&&7&$$*7$7&$*��¶� 5HYHUVH� �¶� *&**$7$**7**7$$7**��¶�� DQG�ϮϬϲ�

*$3'+� �)RUZDUG� �¶�$*$&$*&&*&$7&77&77*7��¶�� 5HYHUVH� �¶�ϮϬϳ�

7*$7**&$$&$$7*7&&$&7��¶��� T3&5� ZHUH� SHUIRUPHG� XVLQJ� 6VR$GYDQFHG�ϮϬϴ�

8QLYHUVDO�6<%5�*UHHQ�VXSHUPL[�� �%LRUDG��+HUFXOHV��&$��86$��DQG�FDUULHG�RXW�RQ�ϮϬϵ�

&);��� 7RXFK�� 5HDO�7LPH� 3&5� 'HWHFWLRQ� 6\VWHP� �%LRUDG�� +HUFXOHV�� &$�� 86$���ϮϭϬ�

5HODWLYH�TXDQWLILFDWLRQV�RI�ERWK�RFFOXGLQ��=2���DQG�*$7$���JHQHV�ZHUH�H[SUHVVHG�DV�Ϯϭϭ�

IROG�LQGXFWLRQ��XVLQJ�WKH���¨¨&W�PHWKRG�ZLWK�*$3'+�DV�UHIHUHQFH�JHQH���ϮϭϮ�

Ϯϭϯ�

)HFDO�PLFURELRWD�DQDO\VHV�Ϯϭϰ�

'1$� ZDV� H[WUDFWHG� IURP� UDW� IHFHV� FROOHFWHG� DW� '�� DQG� '������ 3,� XVLQJ� WKH�Ϯϭϱ�

1XFOHR6SLQ��6RLO� NLW�SURWRFRO� �0DFKHUH\�1DJHO�6$5/��+RHUGW��)UDQFH��� LQFOXGLQJ�D�Ϯϭϲ�





ͳ͸͹

��������ʹ Ȃ ��������͵

EHDG�EHDWLQJ�VWHS��,OOXPLQD��KLJK�WKURXJKSXW�VHTXHQFLQJ�ZHUH�SHUIRUPHG�E\�05'1$�Ϯϭϳ�

ODE� �6KDOORZDWHU�� 7;�� 86$�� RQ� D� 0L6HT�� IROORZLQJ� WKH� PDQXIDFWXUHU¶V� JXLGHOLQHV��Ϯϭϴ�

%ULHIO\��WKH�9��UHJLRQ�RI�WKH�EDFWHULDO���6�U51$�JHQH�ZDV�DPSOLILHG�XVLQJ����)����5�Ϯϭϵ�

SULPHU�SDLU�DQG�+RW6WDU7DT�3OXV�0DVWHU�0L[��.LW��4LDJHQ��*HUPDQWRZQ��0'��86$��ϮϮϬ�

XQGHU� WKH� IROORZLQJ� FRQGLWLRQV�� GHQDWXUDWLRQ� ���&��PLQ�� IROORZHG� E\� ��� F\FOHV� RI�ϮϮϭ�

���&���VHF�����&���VHF��DQG����&��PLQ��ZLWK�D�ILQDO�HORQJDWLRQ�VWHS����&��PLQ��$IWHU�ϮϮϮ�

TXDOLW\� FKHFNV�� SRROHG� 3&5� SURGXFWV� ZHUH� SXULILHG� XVLQJ� FDOLEUDWHG� $PSXUH� ;3��ϮϮϯ�

EHDGV�� ,OOXPLQD�� VHTXHQFLQJ� ZDV� SHUIRUPHG� DQG� '1$� OLEUDULHV� EXLOG� E\� IROORZLQJ�ϮϮϰ�

,OOXPLQD�7UX6HT�'1$�OLEUDU\��SUHSDUDWLRQ�SURWRFRO��ϮϮϱ�

:H�SHUIRUPHG�PLFURELRWD�DQDO\VHV�RQ�4XDQWLWDWLYH�,QVLJKWV�,QWR�0LFURELDO�(FRORJ\�ϮϮϲ�

�4,,0(�� YHUVLRQ� ������� VRIWZDUH� SDFNDJH� ���� ,Q� VXPPDU\�� VHTXHQFHV� ZHUH�ϮϮϳ�

GHPXOWLSOH[HG�WR�UHPRYH�EDUFRGHV�DQG�SULPHUV��&KLPHULF�VHTXHQFHV�ZHUH�UHPRYHG�ϮϮϴ�

XVLQJ� 86($5&+��� ���� 6HTXHQFHV� ZHUH� FOXVWHUHG� XVLQJ� 86($5&+���ZLWK� D� ����ϮϮϵ�

KRPRORJ\� WKUHVKROG� ���� 7D[RQRPLF� DQDO\VHV� ZHUH� SHUIRUPHG� XVLQJ� WKH�*UHHJHQHV�ϮϯϬ�

UHIHUHQFH�GDWDEDVH��YHUVLRQ���������Ϯϯϭ�

$OSKD�GLYHUVLW\�PHDVXUHV�WKH�ULFKQHVV�RI�XQLTXH�PLFURELDO�WD[D�ZLWKLQ�D�VDPSOH��ϮϯϮ�

2EVHUYHG�2SHUDWLRQDO�WD[RQRPLF�XQLWV��278V��PHDVXUHPHQWV�ZHUH�GHWHUPLQHG�ZLWK�Ϯϯϯ�

4,,0(�XVLQJ�DQ�278�WDEOH�UDUHILHG�DW�YDULRXV�GHSWKV��$UHDV�XQGHU�WKH�FXUYHV�ZHUH�Ϯϯϰ�

FDOFXODWHG� IRU� HDFK� UDUHIDFWLRQ� FXUYH�� %HWD� GLYHUVLW\� PHDVXUHV� WKH� YDULDWLRQ� LQ�Ϯϯϱ�

PLFURELRWD� FRPSRVLWLRQ� EHWZHHQ� LQGLYLGXDO� VDPSOHV��8QZHLJKWHG�8QL)UDF� GLVWDQFHV�Ϯϯϲ�

EHWZHHQ�VDPSOHV�ZHUH�FRPSXWHG�WR�PHDVXUH�EHWD�GLYHUVLW\�XVLQJ�UDUHILHG�278V�WDEOH�Ϯϯϳ�

FRXQW�� 3ULQFLSDO� FRRUGLQDWHV� DQDO\VHV� �3&R$�� ZHUH� XVHG� WR� IXUWKHU� DVVHVV� DQG�Ϯϯϴ�

YLVXDOL]H�EHWD�GLYHUVLW\��*URXSV�ZHUH�FRPSDUHG�IRU�GLVWLQFW�FOXVWHULQJ�XVLQJ�$GRQLV����Ϯϯϵ�

ϮϰϬ�

Ϯϰϭ�
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6KRUW�FKDLQ�IDWW\�DFLGV��6&)$��DQDO\VHV�ϮϰϮ�

:H�TXDQWLILHG�DFHWDWH��SURSLRQDWH�DQG�EXW\UDWH�IURP�UDW�IHFHV�FROOHFWHG�DW�'��Ϯϰϯ�

DQG�'������3,��%ULHIO\��DOPRVW����PJ�RI�IHFDO�VDPSOHV�ZHUH�GLOXWHG�LQ�����O�RI�GLVWLOOHG�Ϯϰϰ�

ZDWHU��YRUWH[HG�DQG�VWRUHG�GXULQJ���KRXUV�DW���&��$IWHU�FHQWULIXJDWLRQ��VXSHUQDWDQWV�Ϯϰϱ�

ZHUH�SUHFLSLWDWHG�RYHUQLJKW�ZLWK�SKRVSKRWXQJVWLF�DFLG��6LJPD�$OGULFK��6DLQW�/RXLV��02��Ϯϰϲ�

86$��DQG�FHQWULIXJHG�WR�REWDLQ�D�FOHDU�VXSHUQDWDQW���Ϯϰϳ�

2QH�PLFUROLWHU�RI�WKH�FOHDU�VXSHUQDWDQW�ZDV�XVHG�WR�DQDO\]H�6&)$�FRPSRVLWLRQ�Ϯϰϴ�

XVLQJ�D�JDV� OLTXLG�FKURPDWRJUDSK\� �$JLOHQW� WHFKQRORJLHV������1HWZRUN�*&�V\VWHP��Ϯϰϵ�

$JLOHQW�WHFKQRORJLHV��6DQWD�&ODUD��6$��86$��HTXLSSHG�ZLWK�D�VSOLW�VSOLWOHVV�LQMHFWRU��D�ϮϱϬ�

IODPH�LRQL]DWLRQ�GHWHFWRU�DQG�D�FDSLOODU\�FROXPQ����P�������PP��������P��LPSUHJQDWHG�Ϯϱϭ�

ZLWK�QLWURWHUHSKWKDOLF�DFLG�PRGLILHG�SRO\HWK\OHQH�JO\FRO��$JLOHQW�-	:�'%�))$3�FROXPQ��ϮϱϮ�

��������(��$JLOHQW� WHFKQRORJLHV��6DQWD�&ODUD��6$��86$���&DUULHU�JDV� �+HOLXP�� IORZ�Ϯϱϯ�

UDWH�ZDV����PO�PLQ�DQG�LQOHW��FROXPQ�DQG�GHWHFWRU�WHPSHUDWXUHV�ZHUH����������DQG�Ϯϱϰ�

����&�� UHVSHFWLYHO\�� 9RODWLOH� IUHH� $FLG� PL[� &50������ ZDV� XVHG� DV� WKH� LQWHUQDO�Ϯϱϱ�

VWDQGDUG��6XSHOFR��6DLQW�4XHQWLQ�)DOODYLHU��)UDQFH����Ϯϱϲ�

'DWD�ZHUH�FROOHFWHG�DQG�SHDNV�LQWHJUDWHG�XVLQJ�WKH�2SHQ/$%��VRIWZDUH��$JLOHQW�Ϯϱϳ�

WHFKQRORJLHV��6DQWD�&ODUD��6$��86$���9DOXHV�DUH�H[SUHVVHG�LQ�0�J�RI�IHFHV�DQG�UDWLR�Ϯϱϴ�

ZDV�FDOFXODWHG�EHWZHHQ�'������DQG�'���Ϯϱϵ�

ϮϲϬ�

6HULQH�SURWHDVH�DFWLYLW\�DVVD\�Ϯϲϭ�

$OPRVW����PJ�RI� IHFHV�ZHUH�GLOXWHG� LQ��PO�RI�GLVWLOOHG�ZDWHU��KRPRJHQL]HG�DQG�ϮϲϮ�

FHQWULIXJHG�DW�������USP�IRU���PLQXWHV��2QH�KXQGUHG�PLFUROLWHUV�RI�IHFDO�VXSHUQDWDQWV�Ϯϲϯ�

ZHUH�DGGHG�WR�����O�RI�EXIIHU����P0�7ULV�+&/�S+�����P0�&D&O���FRQWDLQLQJ�����0�Ϯϲϰ�

VSHFLILF�VHULQH�SURWHDVH�VXEVWUDWH��VXF�SKH�DOD�DOD�SKH�S1$���%DFKHP��6ZLW]HUODQG��Ϯϲϱ�

DQG�LQFXEDWHG�DW����&�IRU���KRXUV��6XEVWUDWH�FOHDYDJH�ZDV�PHDVXULQJ�DW�����QP�XVLQJ�Ϯϲϲ�



)LJXUH����)ORZ�FKDUW�RI�H[SHULPHQWDO�SURWRFRO��$IWHU�%ODVWRF\VWLV�VSS��VFUHHQLQJ�DW�'����EHIRUH�

LQIHFWLRQ���IRXU�ZHHN�ROG�PDOH�:LVWDU�UDWV�UHFHLYHG���� %ODVWRF\VWLV�67��F\VWV�LQ�VWHULOH�3%6�RU�

VWHULOH�3%6�E\�RURJDVWULF�JDYDJH�DW�'���)UHVK�IHFDO�SHOOHWV�ZHUH�FROOHFWHG�DW�'���'����'���DQG�

'�������EODFN�DUURZ��WR�PRQLWRU�LQIHFWLRQ��%ODVWRF\VWLV�VFUHHQLQJ���JUHHQ�OLQH���DQG�IRU�ERWK�IHFDO�

PLFURELRWD�FRPSRVLWLRQ�DQG�VKRUW�FKDLQ�IDWW\�DFLGV�DQDO\VLV��3KHQRW\SHU�ZDV�DVVHVVHG�DW�'���RU�

'���3,��DQG�ERWK�(OHYDWHG�3OXV�0D]H�WHVW��(30��DQG�)RUFHG�6ZLPPLQJ�7HVW��)67��DW�'���DQG�

'��� 3,� UHVSHFWLYHO\�� &RORUHFWDO� GLVWHQVLRQ� �&5'�� WHVW� ZDV� SHUIRUPHG� DW� '��� RU� '��� 3,� DQG�

DQLPDOV�ZHUH�HXWKDQL]HG�IRU�VDPSOLQJ�RI�FRORQ�VSHFLPHQV��
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���ZHOO�SODWH�181&���7KHUPR)LVKHU�6FLHQWLILF��:DOWKDP��06��86$��DQG�QRUPDOL]HG�Ϯϲϳ�

WR�WKH�IHFHV�ZHLJKW��Ϯϲϴ�

Ϯϲϵ�

6WDWLVWLFDO�DQDO\VLV�ϮϳϬ�

6WDWLVWLFDO�DQDO\]HV�ZHUH�SHUIRUPHG�ZLWK�3ULVP����VRIWZDUH��*UDSK3DG��/D�-ROOD��Ϯϳϭ�

&$�� 86$��� 'DWD� DUH� H[SUHVVHG� DV�PHDQV� �� 6WDQGDUG� (UURU� 0HDQ� �6(0��� &RORQLF�ϮϳϮ�

VHQVLWLYLW\�WR�JUDGXDO�&5'��ERG\�ZHLJKW��GLVWDQFH�PRYHG��GXUDWLRQ�LQ�KLGGHQ�]RQH�DQG�Ϯϳϯ�

PLFURELRWD�DQDO\VLV��WD[RQRP\��ZHUH�DQDO\]HG�XVLQJ�D�WZR�ZD\�$129$�IROORZHG�E\�Ϯϳϰ�

6LGDN�SRVW�KRF�WHVW�IRU�PXOWLSOH�FRPSDULVRQV��5DWH�FRPSDULVRQV�ZHUH�SHUIRUPHG�XVLQJ�Ϯϳϱ�

)LVKHU¶V�H[DFW�WHVW��0RVW�FRPSDULVRQV�ZHUH�SHUIRUPHG�E\�6WXGHQW�WHVW��)RU�GDWD�VHWV�Ϯϳϲ�

WKDW� ZHUH� QRQ�*DXVVLDQ� GDWD� ZHUH� FRPSDUHG� XVLQJ� WKH� QRQ�SDUDPHWULF� WHVW� 0DQQ�Ϯϳϳ�

:KLWQH\� 8� WHVW� IRU� XQSDLUHG� GDWD�� $� S�YDOXH� �� ����� ZDV� FRQVLGHUHG� VWDWLVWLFDOO\�Ϯϳϴ�

VLJQLILFDQW��Ϯϳϵ�

ϮϴϬ�

Ϯϴϭ�

5HVXOWV�ϮϴϮ�

%ODVWRF\VWLV�LQIHFWLRQ�LQGXFHV�QRQ�LQIODPPDWRU\�FRORQLF�K\SHUVHQVLWLYLW\�ZLWK�D�Ϯϴϯ�

GHFUHDVH�LQ�RFFOXGLQ�H[SUHVVLRQ�Ϯϴϰ�

0XOWLSOH�IDFWRUV�SDUWLFLSDWH�WR�WKH�&+6�REVHUYHG�LQ�,%6�SDWLHQWV� ��±����7R�DVVHVV�Ϯϴϱ�

WKH� LQIOXHQFH�RI�%ODVWRF\VWLV�RQ�FRORQLF�VHQVLWLYLW\��ZH� LQIHFWHG�IRXU�ZHHN�ROG�:LVWDU�Ϯϴϲ�

UDWV�ZLWK� ����67�� F\VWV� SXULILHG� IURP� D� KHDOWK\� KXPDQ� FDUULHU�� ,QIHFWLRQ�PRQLWRULQJ�Ϯϴϳ�

UHYHDOHG� WKH�SUHVHQFH�RI�SDUDVLWHV�XQWLO�VDFULILFH���ZHHNV�3,� �GDWD�QRW�VKRZQ���$W�Ϯϴϴ�

'������3,��FRORUHFWDO�GLVWHQVLRQ��&5'��WHVW�VKRZHG� WKDW� LQWUDFRORQLF�VHQVLWLYLW\�ZDV�Ϯϴϵ�

VLJQLILFDQWO\�LQFUHDVHG�LQ�%ODVWRF\VWLV�LQIHFWHG�UDWV��)LJXUH��$���$UHDV�XQGHU�WKH�FXUYH�ϮϵϬ�

�$8&��ZHUH��������������LQ�FRQWURO�UDWV�DQG��������������LQ�LQIHFWHG�UDWV��S���������7�Ϯϵϭ�



)LJXUH����4XDQWLILFDWLRQ�RI�LQIODPPDWRU\�PHGLDWRUV�DQG�FRORQLF�K\SHUVHQVLWLYLW\�IROORZLQJ�

LQIHFWLRQ�ZLWK�%ODVWRF\VWLV�� �$��&RORQLF� UHVSRQVH� WR�&5'� LQ� FRQWURO� �Q ���DQG� LQIHFWHG� UDWV�

�Q ����DW�'������3,���%��$UHD�XQGHU�WKH�FXUYH��$8&��RI�YLVFHURPRWRU�UHVSRQVH�FDOFXODWHG�XVLQJ�

WKH�WUDSH]H�PHWKRG�EHWZHHQ���PP+J�DQG���PP+J���&�'��4XDQWLILFDWLRQ�RI�,/���DQG�/LSRFDOLQ�

��LQ�FRORQLF�WLVVXH�RI�FRQWURO��Q� ����DQG�LQIHFWHG�UDWV��Q� �����DW�'������3,��9DOXHV�DUH�H[SUHVVHG�

DV�PJ�RI�SURWHLQ���(�*��P51$�FRORQLF�H[SUHVVLRQ�RI�*$7$����=2���DQG�2FFOXGLQ�RI�FRQWURO��Q ���

DQG�LQIHFWHG�UDWV��Q ����DW�'������3,��9DOXHV�DUH�H[SUHVVHG�DV�UHODWLYH�H[SUHVVLRQ�FRPSDUHG�

ZLWK�*$3'+�H[SUHVVLRQ��6WDWLVWLFDO�DQDO\VLV��$��7ZR�ZD\�$129$�WHVW�IROORZHG�E\�D�6LGDN�SRVW�

KRF�WHVW��%��(��)�DQG�*��7�WHVW��&�DQG�'��0DQQ�:KLWQH\�WHVW��
�S������

�S�������


�S��������

Q ��WR���LQGHSHQGHQW�H[SHULPHQWV�ZHUH�SHUIRUPHG���
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WHVW�� �)LJXUH� �%��� ,W� KDV� EHHQ� SURSRVHG� WKDW� LQFRPSOHWH� UHVROXWLRQ� RI� WKH� LPPXQH�ϮϵϮ�

UHVSRQVH� IROORZLQJ� LQIHFWLRXV� JDVWURHQWHULWLV� OHDGV� WR� D� SHUVLVWHQW� ORZ� JUDGH�Ϯϵϯ�

LQIODPPDWLRQ��FRQWULEXWLQJ�WR�FRORQLF�K\SHUVHQVLWLYLW\�LQ�3,�,%6�����6XUSULVLQJO\��LQIHFWLRQ�Ϯϵϰ�

KDG� QR� HIIHFW� RQ� WKH� ERG\� ZHLJKW� �6XSSOHPHQWDU\� )LJXUH� �$��� FRORQ� ZHLJKW�Ϯϵϱ�

�6XSSOHPHQWDU\� )LJXUH� �%�� RU� OHQJWK� �6XSSOHPHQWDU\� )LJXUH� �&��� DQG� ZDV� QRW�Ϯϵϲ�

DVVRFLDWHG�WR�KLVWRORJLFDO�FKDQJHV��6XSSOHPHQWDU\�)LJXUH��'���6HUXP�OHYHOV�RI�,/���Ϯϵϳ�

DQG�OLSRFDOLQ���SURWHLQV�ZHUH�QRW�PRGLILHG�LQ�LQIHFWHG�UDWV��GDWD�QRW�VKRZQ���DQG�ZKLOH�Ϯϵϴ�

FRORQLF�OHYHOV�RI�ERWK�SURWHLQV�WHQGHG�WR�EH�KLJKHU�LQ�LQIHFWHG�DQLPDOV��WKH�GLIIHUHQFH�Ϯϵϵ�

ZDV�QRW�VLJQLILFDQW��)LJXUH��&�DQG�'���0RUHRYHU�*$7$���P51$�H[SUHVVLRQ�ZDV�QRW�ϯϬϬ�

VLJQLILFDQWO\� KLJKHU� LQ� LQIHFWHG� UDWV�� FRQILUPLQJ� WKH� DEVHQFH� RI� PDUNHG� LQWHVWLQDO�ϯϬϭ�

LQIODPPDWLRQ�LQ�LQIHFWHG�UDWV��)LJXUH��(����ϯϬϮ�

3,�,%6�V\PSWRPV�DUH�FORVHO\�UHODWHG�WR�WKRVH�REVHUYHG�ZLWK�,%6�'��VXJJHVWLQJ�DQ�ϯϬϯ�

DOWHUDWLRQ�RI� LQWHVWLQDO�EDUULHU� ��� ,Q�RXU�VWXG\��ZH�SHUIRUPHG�P51$�TXDQWLILFDWLRQV�RI�ϯϬϰ�

WLJKW�MXQFWLRQ�FRPSRQHQWV��:KLOH�P51$�OHYHOV�RI�=2���ZHUH�QRW�PRGLILHG�VLJQLILFDQWO\�ϯϬϱ�

LQ�LQIHFWHG�DQLPDOV��ZH�REVHUYHG�D�VWURQJ�GHFUHDVH�LQ�RFFOXGLQ�H[SUHVVLRQ��S��������ϯϬϲ�

�)LJXUH��)�DQG�*���7KHVH�UHVXOWV�VXJJHVW�WKDW�%ODVWRF\VWLV�LQIHFWLRQ�PD\�OHDG�WR�DQ�ϯϬϳ�

LPSDLUPHQW�RI�WKH�LQWHVWLQDO�EDUULHU�LQ�UDW��ϯϬϴ�

ϯϬϵ�

%ODVWRF\VWLV�LQIHFWLRQ�LQGXFHV�EHKDYLRUDO�FKDQJHV�ϯϭϬ�

,W� LV�ZHOO�HVWDEOLVKHG� WKDW� LQGLYLGXDOV�ZLWK� ,%6�KDYH�KLJKHU� OHYHOV�RI�DQ[LHW\�DQG�ϯϭϭ�

GHSUHVVLRQ�FRPSDUHG�WR�KHDOWK\�FRQWUROV��������7R�DQDO\]H�WKH�LPSDFW�RI�%ODVWRF\VWLVϯϭϮ�

LQIHFWLRQ�RQ�EHKDYLRU��H[SHULPHQWV�XVLQJ�3KHQR7\SHU��ZHUH�SHUIRUPHG�DW�'������3,��ϯϭϯ�

,QIHFWHG�UDWV�GLG�QRW�SUHVHQW�DQ\�VLJQLILFDQW�GLIIHUHQFHV�LQ�WUDYHOOHG�GLVWDQFHV��)LJXUH�ϯϭϰ�

�$���VSHQW�WLPH�LQ�KLGGHQ�]RQH��)LJXUH��%���YHORFLW\��)LJXUH��&���GULQNLQJ�DQG�HDWLQJ�ϯϭϱ�

EHKDYLRUV� �6XSSOHPHQWDU\� )LJXUH� �$� DQG� �%��� +RZHYHU�� JURRPLQJ�� UHDULQJ� DQG�ϯϭϲ�



)LJXUH��� %HKDYLRU�VWXG\�RI�UDWV�IROORZLQJ�LQIHFWLRQ�ZLWK�%ODVWRF\VWLV��&RQWURO�DQG�LQIHFWHG�

UDWV�ZHUH�SODFHG�LQ�3KHQR7\SHU��DW�'������3,�DQG�UHFRUGHG�IRU����KRXUV��0RYLQJ�GLVWDQFHV��$�

DQG� WLPH� VSHQW� LQVLGH� WKH� VKHOWHU� �%�� ZHUH� GHWHUPLQHG� GXULQJ� ��� KRXUV�� 9HORFLW\� PHDQ� �&���

JURRPLQJ��'���UHDULQJ��(��DQG�VQLIILQJ�WLPH��)��ZHUH�PHDVXUHG�GXULQJ�WKH����KRXUV�GDUN�SHULRG��

�*�+��7LPH�VSHQW��*��DQG�HQWULHV�IUHTXHQF\��+��RI�FRQWURO�DQG�LQIHFWHG�UDWV�LQ�WKH�RSHQ�DUPV�RI�

WKH�HOHYDWHG�SOXV�PD]H�WHVW�DW�'������3,���,��,PPRELOLW\�WLPH�GXULQJ�WKH�IRUFHG�VZLPPLQJ�WHVW�RI�

FRQWURO�DQG� LQIHFWHG� UDWV�DW�'������� �-��&RUUHODWLRQ�EHWZHHQ� WKH�DUHDV�XQGHU� WKH�FXUYH�RI� WKH�

FRORQLF� VHQVLWLYLW\� DQG� WKH� HQWULHV� IUHTXHQF\� LQ� WKH� RSHQ� DUPV��(DFK� SORW� UHSUHVHQWV� RQH� UDW��

6WDWLVWLFDO�DQDO\VHV��$ DQG %��7ZR�ZD\�$129$�WHVW�IROORZHG�E\�D�6LGDN�SRVW�KRF�WHVW��&��(��)��

*�DQG�,��7�WHVW��'�DQG�+��0DQQ�:KLWQH\��-��6SHDUPDQ�WHVW��
�S�������

�S�������
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VQLIILQJ� GXUDWLRQ� �)LJXUH� �'�� �(�� �)�� DQG� IUHTXHQF\� �GDWD� QRW� VKRZQ�� ZHUH�ϯϭϳ�

VLJQLILFDQWO\�GHFUHDVHG�GXULQJ�GDUN�SHULRG��7KH�GHFUHDVH�LQ�WKHVH�WKUHH�EHKDYLRUV�ZDV�ϯϭϴ�

VXJJHVWLYH�RI�DQ[LHW\��DQG�GHSUHVVLRQ�OLNH�WURXEOHV��7KHVH�K\SRWKHVHV�ZHUH�FRQILUPHG�ϯϭϵ�

ZLWK�ERWK�(30�DQG�)67�DVVD\V�DW�'������3,��,Q�(30�WHVW��LQIHFWHG�UDWV�HQWHUHG�WKH�ϯϮϬ�

RSHQ�DUPV�OHVV�IUHTXHQWO\�DQG�VSHQW�VLJQLILFDQWO\�OHVV�WLPH�LQ�WKHP��)LJXUH��*�DQG�+���ϯϮϭ�

LQGLFDWLYH�RI�DQ�DQ[LHW\�OLNH�EHKDYLRU�� ,QWHUHVWLQJO\�� WKH�$8&� IURP�&5'�VLJQLILFDQWO\�ϯϮϮ�

FRUUHODWHG� ZLWK� WKH� HQWU\� IUHTXHQF\� LQ� (30� RSHQ� DUPV� �)LJXUH� �,��� 0RUHRYHU��ϯϮϯ�

LPPRELOLW\�WLPH�GXULQJ�)67�ZDV�LQFUHDVHG�LQ�LQIHFWHG�UDWV��)LJXUH��-���LQGLFDWLYH�RI�D�ϯϮϰ�

GHSUHVVLYH�OLNH�EHKDYLRU���ϯϮϱ�

ϯϮϲ�

%ODVWRF\VWLV�LQIHFWLRQ�LV�DVVRFLDWHG�WR�IHFDO�PLFURELRWD�PRGLILFDWLRQV�LQ�UDWV��ϯϮϳ�

3DWKRSK\VLRORJ\�RI�,%6�LV�FRPSOH[��LQ�DEVHQFH�RI�ORZ�JUDGH�LQIODPPDWLRQ��YLVFHUDO�ϯϮϴ�

SDLQ� PD\� EH� H[SODLQHG� E\� VZLWFKHV� IHFDO� PLFURELRWD� FRPSRVLWLRQ� UHVXOWLQJ� LQ�ϯϮϵ�

PHWDERORPH�FKDQJHV�����'LIIHUHQFHV� LQ�KXPDQ�PLFURELRWD�IURP�%ODVWRF\VWLV�FDUULHUV�ϯϯϬ�

KDYH�EHHQ�UHSRUWHG�LQ�UHFHQW�VWXGLHV��EXW�QR�FDXVDOLW\�OLQN�EHWZHHQ�LWV�SUHVHQFH�DQG�ϯϯϭ�

PLFURELRWD�FRPSRVLWLRQ�KDV�EHHQ�HVWDEOLVKHG�VR�IDU� ����7R�HYDOXDWH� WKH� LQIOXHQFH�RI�ϯϯϮ�

%ODVWRF\VWLV� LQIHFWLRQ� RQ� LQWHVWLQDO�PLFURELRWD�� IHFDO�PLFURELRWD� FRPSRVLWLRQ� RI� ERWK�ϯϯϯ�

LQIHFWHG�DQG�FRQWURO� UDWV�ZDV�FKDUDFWHUL]HG�E\� ,OOXPLQD��VHTXHQFLQJ��$W�'���EHIRUH�ϯϯϰ�

LQIHFWLRQ���QRQH�GLIIHUHQFH�LQ�IHFDO�PLFURELRWD�FRPSRVLWLRQ�ZDV�REVHUYHG�EHWZHHQ�ERWK�ϯϯϱ�

JURXSV��6XSSOHPHQWDU\�)LJXUH�����$W�'������3,��EDFWHULDO�ULFKQHVV�ZDV�VLJQLILFDQWO\�ϯϯϲ�

LQFUHDVHG�LQ�LQIHFWHG�UDWV��S���������0DQQ�:KLWQH\�WHVW���)LJXUH��$�DQG�%���0RUHRYHU��ϯϯϳ�

3ULQFLSDO�FRPSRQHQW�DQDO\VLV��3&R$��RI�EHWD�GLYHUVLW\�FOHDUO\�GHPRQVWUDWHG�VLJQLILFDQW�ϯϯϴ�

GLIIHUHQFH� �$GRQLV�� S ������� LQ� WKH� HYROXWLRQ� RI� PLFURELRWD� FRPSRVLWLRQ� EHWZHHQ�ϯϯϵ�

LQIHFWHG�DQG�FRQWURO�UDWV��)LJXUH��&���7KLV�ZDV�VXSSRUWHG�E\�D�VLJQLILFDQW�LQFUHDVH�LQ�ϯϰϬ�

%DFWHURLGHWHV�DQG�D�GHFUHDVH� LQ�)LUPLFXWHV� LQ� LQIHFWHG�DQLPDOV� �)LJXUH��'���$W� WKH�ϯϰϭ�



)LJXUH����)HFDO�PLFURELRWD�YDULDWLRQV�DVVRFLDWHG�WR�%ODVWRF\VWLV�LQ�UDWV���$��$OSKD�GLYHUVLW\�

ZDV�GHWHUPLQHG�E\�REVHUYHG�2SHUDWLRQDO�7D[RQRPLF�8QLWV��278V��PHDVXUHPHQW�DFFRUGLQJ�WR�

VHTXHQFHV�SHU�VDPSOH�LQ�IHFHV�RI�FRQWURO��Q �� DQG�LQIHFWHG�UDWV��Q ������%��$UHD�XQGHU�WKH�FXUYH�

�$8&�� RI� WKH� REVHUYHG�278V� IRU� FRQWURO� DQG� LQIHFWHG� UDWV�� �&�� 3ULQFLSDO� FRRUGLQDWHV� DQDO\VLV�

�3&R$��RI�WKH�XQZHLJKWHG�8QL)UDF�GLVWDQFH�RI�FRQWURO��UHG�SORWV��DQG�LQIHFWHG�UDWV��EOXH�SORWV���

6LJQLILFDQFH��S ��������DQG�WKH�VWUHQJWK�RI�H[SODLQHG�YDULDWLRQ��5ð ���������ZHUH�DVVHVVHG�ZLWK�

$GRQLV�� 5HODWLYH� DEXQGDQFH� �DV� D� SHUFHQWDJH�� RI� SK\OD� �'�� DQG� EDFWHULDO� JHQHUD� PRGLILHG�

VLJQLILFDQWO\��(��LQ�FRQWURO��Q ���DQG�LQIHFWHG�UDWV��Q ����DW�'������3,��&RUUHODWLRQ�EHWZHHQ�DUHD�

XQGHU�WKH�FXUYH�RI�FRORQLF�VHQVLWLYLW\�DQG�UHODWLYH�DEXQGDQFH�RI�EDFWHULDO�JHQXV�%DFWHURLGHV��)�

DQG UHODWLYH�DEXQGDQFH�RI�EDFWHULDO�JHQXV�8QFODVVLILHG�&ORVWULGLDFHDH��*���6WDWLVWLFDO�DQDO\VHV��

$�� '� DQG� (�� 7ZR�ZD\� $129$� WHVW� IROORZHG� E\� D� 6LGDN� SRVW�KRF� WHVW��%�� 7�WHVW�� )� DQG� *��

6SHDUPDQ�WHVW��
�S�������



�S���������
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JHQXV� OHYHO�� ZH� REVHUYHG� D� VLJQLILFDQW� GHFUHDVH� LQ� WKH� UHODWLYH� DEXQGDQFH� RI�ϯϰϮ�

8QFODVVLILHG�&ORVWULGLDFHDH��3HSWRVWUHSWRFRFFDFHDH�DQG�7XULFLEDFWHU�LQ�LQIHFWHG�UDWV��ϯϰϯ�

ZKHUHDV�8QFODVVLILHG�6������2VFLOORVSLUD�DQG�%DFWHURLGHV�ZHUH�VLJQLILFDQWO\�LQFUHDVHG�ϯϰϰ�

�)LJXUH� �(��� ,QWHUHVWLQJO\�� WKH� $8&� IURP� &5'� VLJQLILFDQWO\� FRUUHODWHG� ZLWK� WKH�ϯϰϱ�

LQFUHDVHG� LQ� UHODWLYH� DEXQGDQFH� RI� %DFWHURLGHV� �)LJXUH� �)�� DQG� WKH� GHFUHDVH� LQ�ϯϰϲ�

8QFODVVLILHG�&ORVWULGLDFHDH��)LJXUH��*����ϯϰϳ�

0RUHRYHU��VZLWFKHV�LQ�PLFURELRWD�FRPSRVLWLRQ�RI�LQIHFWHG�UDWV�ZHUH�DVVRFLDWHG�WR�ϯϰϴ�

PHWDERORPH�FKDQJHV��)LUVWO\��ZH�TXDQWLILHG�WKH�UDWLR�RI�6KRUW�&KDLQ�)DWW\�$FLGV��6&)$��ϯϰϵ�

LQYROYHG� LQ�JXW� KRPHRVWDVLV�EHWZHHQ� WKH�HQG�DQG� WKH�EHJLQQLQJ�RI� WKH�H[SHULPHQW�ϯϱϬ�

�'���'�������:H�REVHUYHG�D�VLJQLILFDQW�GHFUHDVH� LQ�DFHWDWH�DQG�SURSLRQDWH�'���'��ϯϱϭ�

UDWLR�LQ�IHFHV�IURP�LQIHFWHG�UDWV��)LJXUH��$�DQG�)LJXUH��%���ZLWK�D�WUHQG�WR�D�EXW\UDWH�ϯϱϮ�

GHFUHDVH� �)LJXUH� �&��� ,QWHUHVWLQJO\�� WKH� GHFUHDVH� LQ� SURSLRQDWH� UDWLR�� VLJQLILFDQWO\�ϯϱϯ�

FRUUHODWHG�ZLWK�WKH�LQFUHDVH�LQ�UHODWLYH�DEXQGDQFH�RI�2VFLOORVSLUD��)LJXUH��'��DQG�WKH�ϯϱϰ�

GHFUHDVH�LQ�7XULFLEDFWHU��)LJXUH��(���0RUHRYHU��WKH�LQFUHDVH�LQ�UHODWLYH�DEXQGDQFH�RI�ϯϱϱ�

2VFLOORVSLUD�FRUUHODWHG�ZLWK�WKH�GHFUHDVH�DFHWDWH�UDWLR��)LJXUH��)���)LQDOO\��WKH�WUHQG�ϯϱϲ�

WR� EXW\UDWH� UDWLR� GHFUHDVH� FRUUHODWHG� ZLWK� WKH� GHFUHDVH� LQ� UHODWLYH� DEXQGDQFH� RI�ϯϱϳ�

8QFODVVLILHG�&ORVWULGLDFHDH��)LJXUH��*���ϯϱϴ�

6HULQH�SURWHDVH�DFWLYLW\�LQ�FRORQ�FRQWHQWV�RI�,%6�SDWLHQW�LV�VWURQJO\�VXVSHFWHG�WR�ϯϱϵ�

SDUWLFLSDWH�WR�&+6�E\�DFWLYDWLQJ�3URWHDVH�$FWLYDWHG�5HFHSWRU����3$5������±����7KXV��ϯϲϬ�

VHULQH�SURWHDVH�DFWLYLW\�ZDV�HYDOXDWHG�LQ�IHFDO�VDPSOHV�DW�'������3,��,QWHUHVWLQJO\��D�ϯϲϭ�

VLJQLILFDQW�LQFUHDVH�LQ�VHULQH�SURWHDVH�DFWLYLW\�ZDV�REVHUYHG�LQ�VXSHUQDWDQW�IURP�IHFHV�ϯϲϮ�

RI�LQIHFWHG�UDWV��)LJXUH��$���7KLV�LQFUHDVH�LQ�VHULQH�SURWHDVH�DFWLYLW\�ZDV�VLJQLILFDQWO\�ϯϲϯ�

FRUUHODWHG� ZLWK� WKH� LQFUHDVH� LQ� WKH� UHODWLYH� DEXQGDQFH� RI� ERWK� %DFWHURLGHV� DQG�ϯϲϰ�

8QFODVVLILHG�6������)LJXUH��%�DQG��&���ϯϲϱ�

ϯϲϲ�



)LJXUH����,PSDFW�RI�PLFURELRWD�PRGLILFDWLRQV�RQ�IHFDO�6KRUW�&KDLQ�)DWW\�$FLG��6&)$��OHYHOV��

�$�&��'������'��UDWLR�RI�DFHWDWH��SURSLRQDWH�DQG�EXW\UDWH�FRQFHQWUDWLRQV�LQ�IHFHV�IURP�LQIHFWHG�

DQG�FRQWURO� UDWV��7KH�6&)$V�ZHUH�TXDQWLILHG�E\�JDV� OLTXLG�FKURPDWRJUDSK\� LQ� IHFHV�RI�FRQWURO�

�Q ���DQG�LQIHFWHG�UDWV��Q ����DW�'������3,���'�(��&RUUHODWLRQ�EHWZHHQ�'���'��UDWLR�RI�SURSLRQDWH�

DQG�UHODWLYH�DEXQGDQFH�RI�EDFWHULDO�JHQXV�2VFLOORVSLUD�DQG UHODWLYH�DEXQGDQFH�RI�EDFWHULDO�JHQXV�

7XULFLEDFWHU���)� &RUUHODWLRQ�EHWZHHQ�'���'��UDWLR�RI�DFHWDWH�DQG�UHODWLYH�DEXQGDQFH�RI�EDFWHULDO�

JHQXV�2VFLOORVSLUD���*� &RUUHODWLRQ�EHWZHHQ�'���'��UDWLR�RI�EXW\UDWH�DQG�UHODWLYH�DEXQGDQFH�RI�

EDFWHULDO�JHQXV�8QFODVVLILHG�&ORVWULGLDFHDH��6WDWLVWLFDO�DQDO\VLV��$�&��7�WHVW��'�*��6SHDUPDQ�WHVW��


�S�������

S������

&RQWURO ,QIHFWHG�
���

���

���

���

$
FH
WD
WH
��
5
DW
LR
�'
��
�'
��




$

&RQWURO ,QIHFWHG�
���

���

���

���

3
UR
SL
RQ
DW
H�
�5
DW
LR
�'
��
�'
��




%

&RQWURO ,QIHFWHG�
���

���

���

���

%
XW
\U
DW
H�
�5
DW
LR
�'
��
�'
��

&

� � � � �
����

����

����

����

����

����

2VFLOORVSLUD
�UHODWLYH�DEXQGDQFH���

3
UR
SL
RQ
DW
H�
�U
DW
LR
�'
��
�'
��

S ������

U �������

'

� � �� �� ��
����

����

����

����

����

����

7XULFLEDFWHU
�UHODWLYH�DEXQGDQFH���

3
UR
SL
RQ
DW
H�
�U
DW
LR
�'
��
�'
��

S ������

U ������

(

� � � � �
���

���

���

���

2VFLOORVSLUD
�UHODWLYH�DEXQGDQFH���

$
FH
WD
WH
��
5
DW
LR
�'
��
�'
��

S ������

U �������

)

� � � � � ��
���

���

���

���

���

���

8QFODVVLILHG�&ORVWULGLDFDH
�UHODWLYH�DEXQGDQFH���

%
XW
\U
DW
H�
�U
DW
LR
�'
��
�'
��

S ������

U ������

*



ͳ͹͵

��������ʹ Ȃ ��������͵

'LVFXVVLRQ�ϯϲϳ�

7KH�UROH�RI�%ODVWRF\VWLV�VSS��DV�KXPDQ�SDWKRJHQV�UHPDLQV�XQFOHDU�DV� LW�FDQ�EH�ϯϲϴ�

IRXQG� LQ� ERWK� V\PSWRPDWLF� DQG� DV\PSWRPDWLF� SDWLHQWV� HYHQ� WKRXJK� VRPH� VWXGLHV�ϯϲϵ�

DVVRFLDWHG� %ODVWRF\VWLV� VSS�� ZLWK� DFXWH� RU� FKURQLF� GLJHVWLYH� GLVRUGHUV� ��±���� ,Q�ϯϳϬ�

V\PSWRPDWLF�SDWLHQWV��EODVWRF\VWRVLV�LV�DVVRFLDWHG�ZLWK�QRQ�VSHFLILF�V\PSWRPV�VXFK�ϯϳϭ�

DV�FKURQLF�GLDUUKHD��DEGRPLQDO�SDLQ�DQG�EORDWLQJ��VRPHWLPH�PLPLFNLQJ�,UULWDEOH�%RZHO�ϯϳϮ�

6\QGURPH� �,%6�� V\PSWRPV� ������� ,QGHHG�� LQGLYLGXDOV� VXIIHULQJ� IURP� EODVWRF\VWRVLV�ϯϳϯ�

GLVSOD\� YLVFHUDO� SDLQ� OLNH� ,%6� SDWLHQWV� ������� ,QWHUHVWLQJO\�� DQ� LQFUHDVLQJ� QXPEHU� RI�ϯϳϰ�

VWXGLHV�KDYH�VXJJHVWHG�DQ�DVVRFLDWLRQ�EHWZHHQ�%ODVWRF\VWLV�DQG� ,%6� �����±���� ,Q�DOO�ϯϳϱ�

WKHVH� VWXGLHV�� %ODVWRF\VWLV� ZDV� VLJQLILFDQWO\� PRUH� SUHVHQW� LQ� ,%6� SDWLHQWV� WKDQ� LQ�ϯϳϲ�

FRQWURO� JURXSV�� ,Q� D� UHFHQW� UHYLHZ� ZH� IRFXVHG� RQ� H[SHULPHQWDO� DQG� JHQRPLF� GDWD�ϯϳϳ�

VXSSRUWLQJ� WKLV� DVVRFLDWLRQ� DQG� VXJJHVWHG� LQWHUDFWLRQV� EHWZHHQ� WKH� LQWHVWLQDO�ϯϳϴ�

PLFURELRWD�DQG�%ODVWRF\VWLV�VSS���ZKLFK�FRXOG�EH�LQYROYHG�LQ�WKH�G\VELRVLV�DVVRFLDWHG�ϯϳϵ�

WR� WKH� ,%6� ������� 2XU� UHVXOWV� VXJJHVW� %ODVWRF\VWLV� LQIHFWLRQ� PD\� OHDG� WR� ,%6�OLNH�ϯϴϬ�

V\PSWRPV�� :H� FKDUDFWHUL]HG� QRQ�LQIODPPDWRU\� &RORQLF� +\SHU� 6HQVLWLYLW\� �&+6��ϯϴϭ�

DVVRFLDWHG� WR� DQ[LHW\�DQG� GHSUHVVLYH�OLNH� EHKDYLRUV� LQ� LQIHFWHG� UDWV�� 7KHQ�� ZH�ϯϴϮ�

GHPRQVWUDWHG� WKDW� %ODVWRF\VWLV� LQIHFWLRQ� ZDV� DVVRFLDWHG� WR� ERWK� PLFURELRWD� DQG�ϯϴϯ�

PHWDEROLF�VKLIWV�WKDW�PD\�OHDG�WR�&+6���ϯϴϰ�

ϯϴϱ�

7KH� RULJLQV� RI� WKH� &RORQLF� +\SHU� 6HQVLWLYLW\� �&+6�� DVVRFLDWHG� WR� ,%6� UHPDLQ�ϯϴϲ�

HOXVLYH��+RZHYHU��&+6�RFFXUV�LQ�XS�WR��������RI�,%6�SDWLHQWV��������7KH�SUHYDOHQFH�RI�ϯϴϳ�

,%6�PD\�ULVH�������LQ�SDWLHQWV�IROORZLQJ�DFXWH�JDVWURHQWHULWLV��3RVW�,QIHFWLRXV�,%6��3,�ϯϴϴ�

,%6��ZLWK�EDFWHULD�VXFK�DV�(VFKHULFKLD�FROL��6DOPRQHOOD�VSS���YLUXV�RU�SDUDVLWHV����7KHQ��ϯϴϵ�

WKH�HSLGHPLRORJLFDO�OLQN�EHWZHHQ�%ODVWRF\VWLV�VSS��DQG�,%6�QHHGV�WR�EH�FODULILHG��8VLQJ�ϯϵϬ�



)LJXUH����6HULQH�SURWHDVH�DFWLYLW\�LQ�IHFHV�RI�UDWV���$��6HULQH�SURWHDVH�DFWLYLW\�LQ�VXSHUQDWDQWV�

IURP�IHFHV�RI�FRQWUROV��Q ���DQG� LQIHFWHG�UDWV��Q ����DW�'������3,�� �%�&��&RUUHODWLRQ�EHWZHHQ�

VHULQH�SURWHDVH�DFWLYLW\�DQG�UHODWLYH�DEXQGDQFH�RI�ERWK�EDFWHULDO�JHQXV�8QFODVVLILHG�6�����DQG�

%DFWHURLGHV��6WDWLVWLFDO�DQDO\VLV��$��7�WHVW��%�&��6SHDUPDQ�WHVW��
�S�������

S�������

&RQWURO ,QIHFWHG
������

������

������

������

6
HU
LQ
H�
SU
RW
HD
VH
�D
FW
LY
LW\

�8
�P
J�
RI
�I
HF
HV
�




$

� �� �� �� ��
������

������

������

������

������

������

8QFODVVLILHG 6����
�UHODWLYH�DEXQGDQFH���

6
HU
LQ
H�
SU
RW
HD
VH
�D
FW
LY
LW\

S ������

U �����

%

� � �� ��
������

������

������

������

������

������

%DFWHURLGHV
�UHODWLYH�DEXQGDQFH���

6
HU
LQ
H�
SU
RW
HD
VH
�D
FW
LY
LW\

S ������

U ����

&



ͳ͹Ͷ

��������ʹ Ȃ ��������͵

D�UHFHQW�PRGHO�RI�FKURQLF�LQIHFWLRQ�ZLWK�%ODVWRF\VWLV�67��LQ�UDWV��RXU�VWXG\�HVWDEOLVKHV�ϯϵϭ�

IRU�WKH�ILUVW�WLPH�WKH�UHODWLRQVKLS�EHWZHHQ�%ODVWRF\VWLV�VSS��LQIHFWLRQ�DQG�&+6���ϯϵϮ�

,Q�RXU�PRGHOV��%ODVWRF\VWLV�FKURQLF�LQIHFWLRQ�ZDV�DVVRFLDWHG�WR�&+6��'XULQJ�DFXWH�ϯϵϯ�

JDVWURHQWHULWLV��LPPXQH�V\VWHP�LV�KLJKO\�DFWLYDWHG�OHDGLQJ�WR�LQIODPPDWRU\�VWDWHPHQW��ϯϵϰ�

$IWHU�JDVWURHQWHULWLV�UHVROYHV��LQIODPPDWLRQ�VKRXOG�VXEVLGH�EXW�VRPH�VWXG\�GHVFULEHG�ϯϵϱ�

LQILOWUDWLRQ�RI�LPPXQH�FHOOV�DQG�KLJK�F\WRNLQHV�OHYHOV�LQ�3,�,%6�SDWLHQWV�VXJJHVWLQJ�WKDW�ϯϵϲ�

HVWDEOLVKPHQW�RI�ORZ�JUDGH�LQIODPPDWLRQ�IROORZLQJ�JDVWURHQWHULWLV�PD\�D�FDXVDO�IDFWRU�ϯϵϳ�

RI�&+6�����6RPH�LQ�YLWUR�VWXGLHV�KDYH�VKRZQ�LPPXQRPRGXODWRU\�HIIHFW�RI�%ODVWRF\VWLVϯϵϴ�

VSS��RQ�PDPPDOLDQ�FHOO� FXOWXUHV��3URGXFWLRQ�RI�SUR�LQIODPPDWRU\� F\WRNLQHV�DV� ,/����ϯϵϵ�

JUDQXORF\WH�PDFURSKDJH� FRORQ\� VWLPXODWLQJ� IDFWRU� �*0�&6)��� ,/��E�� ,/���� 7XPRU�ϰϬϬ�

1HFURVLV�)DFWRU�Į��71)�Į��LQ�UHVSRQVH�WR�%ODVWRF\VWLV�H[SRVXUH�KDYH�EHHQ�GHVFULEHG�ϰϬϭ�

LQ� HSLWKHOLDO� FHOO� OLQH� DQG�PXULQH�PDFURSKDJHV� ���������� ,JXFKL�HW� DO��� GHVFULEHG� DOVR�ϰϬϮ�

SURGXFWLRQ�RI�SUR�LQIODPPDWRU\�F\WRNLQHV�LQ�UDW�PRGHO�ZLWKRXW�LPPXQH�FHOOV�LQILOWUDWLRQ�ϰϬϯ�

�����ϰϬϰ�

(YHQ�WKRXJK�ERWK�FRORQLF� ,/��DQG� OLSRFDOLQ���SURWHLQV��EXW�DOVR�*$7$���P51$��ϰϬϱ�

WHQGHG� WR� EH� KLJKHU� LQ� RXU� LQIHFWHG� DQLPDOV�� ZH� GLG� QRW� REVHUYHG� VLJQLILFDQW�ϰϬϲ�

LQIODPPDWLRQ� RU� WLVVXH� SHUWXUEDWLRQV� LQ� RXU� VWXG\�� 7KLV� FRXOG� EH� GXH� WR� WKH� XVH� RI�ϰϬϳ�

%ODVWRF\VWLV� 67�� WKDW� LV� FRQVLGHUHG� WR� EH� RI�PXULQH� RULJLQ�� DQG� SUREDEO\� WKH�PRUH�ϰϬϴ�

DGDSWHG�WR�UDWV��0RUHRYHU��WKH�LVRODWH�XVHG�LQ�RXU�VWXG\�ZDV�SXULILHG�IURP�VWRROV�RI�DQ�ϰϬϵ�

DV\PSWRPDWLF�FDUULHU�� ,QWHUHVWLQJO\��+XVVHLQ�HW�DO��� UHSRUWHG� WKDW�VHYHULW\�GHJUHHV�RI�ϰϭϬ�

SDWKRORJLFDO�FKDQJHV�LQ�UDWV�PRGHOV�ZHUH�FRUUHODWHG�WR�WKH�LQWHQVLW\�RI�V\PSWRPV�RI�ϰϭϭ�

SDWLHQWV� IURP� ZKLFK� WKRVH� LVRODWHV� ZHUH� FROOHFWHG� DQG� WR� 67V� RI� %ODVWRF\VWLV��ϰϭϮ�

VXJJHVWLQJ�WKH�H[LVWHQFH�RI�VRPH�PRUH�YLUXOHQW�VWUDLQV������ϰϭϯ�

$OWHUHG� LQWHVWLQDO� SHUPHDELOLW\� LV� D� NH\� IHDWXUH� RI� ,%6�SDWKRSK\VLRORJ\� DQG�KDV�ϰϭϰ�

EHHQ�REVHUYHG� LQ�DOO� ,%6�VXEW\SHV� ���� ,QFUHDVHG� LQWHVWLQDO�SHUPHDELOLW\� LV� UHODWHG� WR�ϰϭϱ�
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DEQRUPDO�H[SUHVVLRQ�RI�WLJKW�MXQFWLRQ��7-��SURWHLQV��LQFOXGLQJ�D�GHFUHDVH�LQ�H[SUHVVLRQ�ϰϭϲ�

RI� RFFOXGLQ� DQG� =2��� ������ %LRSV\� DQDO\VHV� IURP� EODVWRF\VWRVLV� VXIIHULQJ� SDWLHQWV�ϰϭϳ�

UHYHDOHG�GLVWXUEDQFHV�RI�EDUULHU� IXQFWLRQ�DQG�SHUPHDELOLW\� �������7KHVH�PRGLILFDWLRQV�ϰϭϴ�

UHVXOW�SUREDEO\�IURP�PXOWLSOH�IDFWRUV��EXW�FRQJUXHQW�UHVXOWV�ZHUH�UHSRUWHG�IURP�VRPH�ϰϭϵ�

LQ�YLWUR�H[SHULPHQWV�VKRZLQJ�FDSDFLWLHV�RI�%ODVWRF\VWLV�IDFWRUV�WR�LQWHUIHUH�ZLWK�=2���ϰϮϬ�

DQG�RFFOXGLQ��OHDGLQJ�WR�7-�G\VIXQFWLRQV���±����,Q�RXU�PRGHO��LQIHFWHG�DQLPDOV�GLVSOD\�D�ϰϮϭ�

VLJQLILFDQW� GHFUHDVH� LQ� RFFOXGLQ� P51$� H[SUHVVLRQ� LQ� FRORQ�� VXJJHVWLQJ� WKDW�ϰϮϮ�

%ODVWRF\VWLV�LQIHFWLRQ�PD\�EH�DVVRFLDWHG�WR�DOWHUHG�LQWHVWLQDO�EDUULHU��ϰϮϯ�

3V\FKRORJLFDO� GLVWXUEDQFHV�� HVSHFLDOO\� DQ[LHW\� DQG� GHSUHVVLRQ�� DUH� WKH� PRVW�ϰϮϰ�

IUHTXHQW�FRPRUELGLWLHV�DVVRFLDWHG�WR�YLVFHUDO�SDLQ��������,Q�RXU�VWXG\��JOREDO�EHKDYLRU�ϰϮϱ�

ZDV�DQDO\]HG�ZLWK�D�QRYHO�GHYLFH��WKH�3KHQR7\SHU���ZKLFK�DOORZV�D�FRQWLQXRXV�DQG�ϰϮϲ�

ORQJ�WHUP� PRQLWRULQJ� RI� DQLPDO� EHKDYLRUV�� 6RPH� EHKDYLRUV� ZHUH� UHSRUWHG� WR� EH�ϰϮϳ�

DVVRFLDWHG�WR�VSHFLILF�SV\FKRORJLFDO�RU�SK\VLRORJLFDO�FKDQJHV�LQ�UDWV��7KHQ��D�GHFUHDVH�ϰϮϴ�

LQ�JURRPLQJ�LV�SRVLWLYHO\�DVVRFLDWHG�WR�GHSUHVVLYH�OLNH�EHKDYLRU��ZKHUHDV�D�GHFUHDVH�ϰϮϵ�

LQ� VQLIILQJ�� UHODWHG� WR� FXULRVLW\�RU�H[SORUDWLRQ�� LV�SRVLWLYHO\�DVVRFLDWHG� WR�DQ[LHW\�OLNH�ϰϯϬ�

EHKDYLRU� ��±���� 0RUHRYHU�� UHDULQJ�� ZKLFK� LV� DOVR� FRQVLGHUHG� DV� EHKDYLRU� UHODWHG� WR�ϰϯϭ�

H[SORUDWLRQ�� PD\� EH� DQ� HIIHFWLYH� LQGLFDWRU� RI� SDLQ� ���� 7KHVH� WKUHH� EHKDYLRUV� ZHUH�ϰϯϮ�

VLJQLILFDQWO\�PRGLILHG�LQ�RXU�VWXG\��DQG�FRQILUPHG�E\�ERWK�(30�DQG�)67�UHIHUHQFH�WHVWV��ϰϯϯ�

2XU� UHVXOWV� VXJJHVW� WKDW� %ODVWRF\VWLV� LQIHFWHG� UDWV� SUHVHQWHG� ERWK� DQ[LHW\� DQG�ϰϯϰ�

GHSUHVVLYH�OLNH�EHKDYLRUV��SUREDEO\� OLQNHG�WR�YLVFHUDO�SDLQ�� ,QGHHG��ZH�KLJKOLJKWHG�D�ϰϯϱ�

VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�LQFUHDVH�RI�VSHQW�WLPH�LQ�RSHQ�DUPV��(30��DQG�&+6�ϰϯϲ�

VHYHULW\��UHLQIRUFLQJ�WKH�UROH�RI�YLVFHUDO�SDLQ�LQ�EHKDYLRU�FKDQJHV�RI�RXU�PRGHOV��7KLV�ϰϯϳ�

FRPSOH[�OLQN�EHWZHHQ�YLVFHUDO�VHQVLWLYLW\�DQG�SV\FKRORJLFDO�SHUFHSWLRQV�DUH�PHGLDWHG�ϰϯϴ�

YLD�WKH�EUDLQ±JXW�D[LV��&HQWUDO�QHUYRXV�V\VWHP�PD\�EH�PRGXODWHG�E\�LPPXQH�V\VWHP�ϰϯϵ�

RU�PLFURELRWD�PHWDEROLWHV���ϰϰϬ�





ͳ͹͸

��������ʹ Ȃ ��������͵

7KHQ��ZH� FKDUDFWHUL]HG� WKH�PLFURELRWD�PRGLILFDWLRQV� DVVRFLDWHG� WR�%ODVWRF\VWLVϰϰϭ�

67�� LQIHFWLRQ� LQ� RXU�PRGHO�� 7KH� JXW�PLFURELRWD� LV� UHJDUGHG� DV� D� NH\� SOD\HU� LQ� WKH�ϰϰϮ�

SDWKRSK\VLRORJ\�RI�,%6����6RPH�UHFHQW�VWXGLHV�GHVFULEHG�HLWKHU�D�KHDOWK\�PLFURELRWDϰϰϯ�

DVVRFLDWHG� WR�%ODVWRF\VWLV� RU� G\VELRVLV� �����±���������� 7KHQ�� WKLV� DVVRFLDWLRQ� EHWZHHQ�ϰϰϰ�

%ODVWRF\VWLV�DQG�PLFURELRWD�FRPSRVLWLRQ�VWLOO�WR�EH�FODULILHG��DV�ZHOO�DV�WKH�FDXVDOLW\�OLQN�ϰϰϱ�

EHWZHHQ� PLFURELDO� FRPPXQLWLHV¶� FKDQJHV� DQG� %ODVWRF\VWLV�� 2XU� UHVXOWV� VKRZ� WKDW�ϰϰϲ�

%ODVWRF\VWLV�LQIHFWLRQ�LQ�UDWV�LV�DVVRFLDWHG�WR�EDFWHULDO�FRPPXQLW\�VZLWFKHV��FRQILUPLQJ�ϰϰϳ�

IRU�WKH�ILUVW�WLPH�D�GLUHFW� LPSDFW�RI� WKLV�SDUDVLWH�RQ�PLFURELRWD��7KHVH�FKDQJHV�ZHUH�ϰϰϴ�

FKDUDFWHUL]HG� E\� ERWK� VLJQLILFDQW� LQFUHDVH� LQ� EDFWHULDO� ULFKQHVV� DQG� GHFUHDVH� LQ�ϰϰϵ�

)LUPLFXWHV�%DFWHURLGHWHV� UDWLR�� ,QFUHDVHG� EDFWHULDO� ULFKQHVV� LQ� KXPDQ� LQWHVWLQDO�ϰϱϬ�

PLFURELRWD�DVVRFLDWHG�WR�%ODVWRF\VWLV� LQIHFWLRQ�KDV�EHHQ�UHSRUWHG�LQ�GLIIHUHQW�FOLQLFDO�ϰϱϭ�

VWXGLHV�� DQG� LV� XVXDOO\� DVVRFLDWHG� WR� D� KHDOWK\� PLFURELRWD� ���� 7KH�ϰϱϮ�

)LUPLFXWHV�%DFWHURLGHWHV� UDWLR� LV�D�URXJK� LQGLFDWRU�RI�EDFWHULDO�SRSXODWLRQ�VKLIWV��DQG�ϰϱϯ�

ERWK�D�KLJKHU�DQG�ORZHU�UDWLR�RI�)LUPLFXWHV�%DFWHURLGHWHV�KDYH�EHHQ�GHVFULEHG�LQ�,%6�ϰϱϰ�

���� 'HHSHU� DQDO\VHV� UHYHDOHG� VL[� EDFWHULDO� JHQHUD� VLJQLILFDQWO\�PRGLILHG� LQ� LQIHFWHG�ϰϱϱ�

DQLPDOV��$PRQJ�WKHP��ZH�REVHUYHG�DQ�LQFUHDVH�LQ�UHODWLYH�DEXQGDQFH�RI�%DFWHURLGHVϰϱϲ�

DQG�D� GHFUHDVH� LQ�&ORVWULGLDFHDH�� ERWK� EHLQJ� FRUUHODWHG�ZLWK�&+6��2XU� UHVXOWV�DUH�ϰϱϳ�

WKHUHIRUH� LQ�DJUHHPHQW�ZLWK�SUHYLRXV� UHSRUWV�GHVFULELQJ�DQ� LQFUHDVH� LQ�%DFWHURLGHVϰϱϴ�

JHQXV� LQ� ,%6� SDWLHQWV�� DQG� WKH� DVVRFLDWLRQ� RI� WKDW� JHQHUD� ZLWK� YLVFHUDO� SDLQ� ��±����ϰϱϵ�

0RUHRYHU��ZH�REVHUYHG�D�GHFUHDVH�LQ�UHODWLYH�DEXQGDQFH�RI�3HSWRVWUHSWRFRFFDFHDHϰϲϬ�

ZKLFK�PD\�DVVRFLDWHG�ZLWK�GHSUHVVLYH�OLNH�EHKDYLRU�DV�GHVFULEHG�E\�<X�HW�DO�� �����ϰϲϭ�

&ORVWULGLDFHDH� DQG� 7XULFLEDFWHU� DOVR� EHORQJ� WR� 6&)$�SURGXFLQJ� EDFWHULD� ��±����ϰϲϮ�

6&)$V�� LQFOXGLQJ� DFHWDWH�� SURSLRQDWH� DQG� EXW\UDWH�� SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH�ϰϲϯ�

PDLQWHQDQFH�RI�D�KHDOWK\�HSLWKHOLDO�EDUULHU��DQG�WKHLU�GHFUHDVH�KDV�EHHQ�UHSRUWHG�LQ�ϰϲϰ�

YDULRXV�GLVHDVHV�VXFK�DV� ,%6� ������� ,Q�RXU�VWXG\�� IHFHV�FRPSRVLWLRQ�RI� LQIHFWHG� UDWV�ϰϲϱ�
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SUHVHQWHG�ZLWK�D�GHFUHDVH�LQ�WKH�RYHUDOO�FRQWHQW�RI�6)&$V��7KUHH�EDFWHULD�JHQHUD�ZHUH�ϰϲϲ�

OLQNHG� WR� WKDW� GHFUHDVH�ZLWK�&ORVWULGLDFHDH�DQG�7XULFLEDFWHU� DV�GLVFXVV�DERYH�� DQG�ϰϲϳ�

2VFLOORVSLUD��,QWHUHVWLQJO\��D�UHFHQW�VWXG\�VKRZQ�D�UHGXFWLRQ�RI�DFHWDWH��SURSLRQDWH�DQG�ϰϲϴ�

EXW\UDWH�LQ�%ODVWRF\VWLV�FRORQL]HG�LQGLYLGXDOV��DVVRFLDWHG�WR�DQ�RYHU�UHSUHVHQWDWLRQ�RI�ϰϲϵ�

2VFLOORVSLUD ����2ULJLQV�RI�&+6�LQ�,%6�SDWLHQWV�KDYH�YDULRXV�RULJLQV��$OWHUHG�HSLWKHOLDO�ϰϳϬ�

EDUULHU� LV� SUREDEO\� RQH� RI� WKH� PRVW� LPSRUWDQW� PHFKDQLVPV� DV� LQFUHDVH� LQWHVWLQDO�ϰϳϭ�

SHUPHDELOLW\�LV�VXVSHFWHG�WR�HQDEOH�GLIIXVLRQ�RI�OXPLQDO�DQWLJHQV�DQG�RU�SURWHDVHV�WR�ϰϳϮ�

VXEPXFRVD�FRPSDUWPHQW��7KHQ��GLIIXVLRQ�RI�VHULQH�SURWHDVHV�WR�VXEPXFRVD�PD\�EH�ϰϳϯ�

UHVSRQVLEOH� IRU� DQ� DFWLYDWLRQ� RI� QHXURQDO� SURWHDVH� DFWLYDWHG� UHFHSWRU� �3$5�� DQG�ϰϳϰ�

QRFLFHSWLYH�VLJQDO�����,Q�RXU�PRGHO��ZH�VXVSHFWHG�DQ�DOWHUDWLRQ�LQ�LQWHVWLQDO�LQWHJULW\�DV�ϰϳϱ�

P51$�RFFOXGLQ�H[SUHVVLRQ�ZDV�VWURQJO\�GHFUHDVHG��7KLV�FRXOG�EH�WKH�UHVXOW�RI�6&)$V�ϰϳϲ�

GHFUHDVH��0RUHRYHU��VHULQH�SURWHDVH�DFWLYLW\�ZDV�LQFUHDVHG�LQ�IHFHV�IURP�LQIHFWHG�UDWV��ϰϳϳ�

(YHQ�WKRXJK�%ODVWRF\VWLV�PD\�SURGXFH�VHULQH�SURWHDVHV��ZH�WKRXJKW�WKDW�IHFDO�VHULQHϰϳϴ�

SURWHDVH�DFWLYLW\�PDLQO\�RULJLQDWHG�IURP�PLFURELRWD�����7KHQ��IXUWKHU�H[SHULPHQWV�DUH�ϰϳϵ�

UHTXLUHG� WR� HYDOXDWH� KRZ� WKDW� LQWUD�OXPLQDO� LQFUHDVH� LQ� VHULQH� SURWHDVH� DFWLYLW\�ϰϴϬ�

FRQWULEXWHV�WR�&+6�LQ�RXU�PRGHO��ϰϴϭ�

ϰϴϮ�

7R� FRQFOXGH�� ZH� ZHUH� DEOH� IRU� WKH� ILUVW� WLPH� WR� GHPRQVWUDWH� WKDW� %ODVWRF\VWLVϰϴϯ�

HVWDEOLVKPHQW� ZLWKLQ� JXW� PLFURELRWD� LV� UHVSRQVLEOH� IRU� EDFWHULDO� FRPPXQLW\�ϰϴϰ�

SHUWXUEDWLRQV� DVVRFLDWHG� WR� PHWDEROLF� VKLIWV�� OHDGLQJ� WR� &+6�� ,QWHUHVWLQJO\�� VRPH�ϰϴϱ�

PRGLILFDWLRQV� LQ� LQIHFWHG� UDWV� ZHUH� DOVR� SUHYLRXVO\� UHSRUWHG� LQ� KXPDQ� ���������� (YHQ�ϰϴϲ�

WKRXJK� PHFKDQLVPV� RI� %ODVWRF\VWLV�LQGXFHG� &+6� VWLOO� WR� EH� XQGHUVWRRG�� WKHVH�ϰϴϳ�

SHUWXUEDWLRQV� ZHUH� VXIILFLHQW� WR� LPSDFW� RQ� DQLPDO� EHKDYLRU�� 5HJDUGLQJ� RXU� UHVXOWV��ϰϴϴ�

EODVWRF\VWRVLV�V\PSWRPV�LQ�UDWV�PLPLF�KXPDQ�,%6��UDLVLQJ�WKH�TXHVWLRQ�RI�%ODVWRF\VWLVϰϴϵ�
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HUDGLFDWLRQ�LQ�,%6�FDUULHUV�RI�WKLV�SURWR]RDQ��0RUHRYHU��%ODVWRF\VWLV�UDW�PRGHO�VHHPV�ϰϵϬ�

WR�FRQVWLWXWH�D�JRRG�PRGHO�WR�GHFLSKHU�QRQ�LQIODPPDWRU\�&+6��ϰϵϭ�

ϰϵϮ�

$FNQRZOHGJHPHQWV�ϰϵϯ�

7KLV� ZRUN� ZDV� DFKLHYHG� E\� REWDLQLQJ� D� FR�ILQDQFLQJ� 5HJLRQ� $XYHUJQH�5K{QH�ϰϵϰ�

$OSHV�DQG�)('(5� LQ������ �³7KpPDWLTXHV�pPHUJHQWHV´���0DQRQ�'HID\H�DQG�(ORGLH�ϰϵϱ�

%DXGX�ZHUH�VXSSRUWHG�E\�JUDQWV�IURP�WKH�5HJLRQ�$XYHUJQH�5K{QH�$OSHV��ϰϵϲ�

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�0LQLVWqUH�GH�OD�5HFKHUFKH�HW�GH�OD�7HFKQRORJLH��ϰϵϳ�

,QVHUP�DQG�8QLYHUVLWp�&OHUPRQW�$XYHUJQH�>805������805����@��,15$�>86&�����@��ϰϵϴ�

&156�>805����@�ϰϵϵ�

ϱϬϬ�

�ϱϬϭ�





ͳ͹ͻ

��������ʹ Ȃ ��������͵

5HIHUHQFHV�ϱϬϮ�

���� -RKQVRQ�$&��*UHHQZRRG�9DQ�0HHUYHOG�%��7KH�3KDUPDFRORJ\�RI�9LVFHUDO�3DLQ��,Q��$GYDQFHV�ϱϬϯ�

LQ�SKDUPDFRORJ\��6DQ�'LHJR��&DOLI���9RO��������������±�����ϱϬϰ�

���� (QFN�3��$]L]�4��%DUEDUD�*��HW�DO��,UULWDEOH�ERZHO�V\QGURPH��1DW�5HY�'LV�3ULP���������������ϱϬϱ�

���� 'URVVPDQ�'$��)XQFWLRQDO�JDVWURLQWHVWLQDO�GLVRUGHUV��ZKDW¶V�QHZ�IRU�5RPH�,9"�/DQFHW�ϱϬϲ�

*DVWURHQWHURO�+HSDWRO���������±���ϱϬϳ�

���� (QFN�3��0D]XUDN�1��'\VELRVLV�LQ�)XQFWLRQDO�%RZHO�'LVRUGHUV��$QQ�1XWU�0HWDE������������±ϱϬϴ�

�����ϱϬϵ�

���� /HH�<<��$QQDPDODL�&��5DR�66&��3RVW�,QIHFWLRXV�,UULWDEOH�%RZHO�6\QGURPH��&XUU�*DVWURHQWHURO�ϱϭϬ�

5HS�������������ϱϭϭ�

���� 6SLOOHU�5��*DUVHG�.��3RVWLQIHFWLRXV�,UULWDEOH�%RZHO�6\QGURPH��*DVWURHQWHURORJ\�ϱϭϮ�

�������������±������ϱϭϯ�

���� =DQLQL�%��5LFFL�&��%DQGHUD�)��HW�DO��,QFLGHQFH�RI�SRVW�LQIHFWLRXV�LUULWDEOH�ERZHO�V\QGURPH�DQG�ϱϭϰ�

IXQFWLRQDO�LQWHVWLQDO�GLVRUGHUV�IROORZLQJ�D�ZDWHU�ERUQH�YLUDO�JDVWURHQWHULWLV�RXWEUHDN��$P�-�ϱϭϱ�

*DVWURHQWHURO�������������±���ϱϭϲ�

���� 'XQORS�63��-HQNLQV�'��1HDO�.5��HW�DO��5HODWLYH�LPSRUWDQFH�RI�HQWHURFKURPDIILQ�FHOO�ϱϭϳ�

K\SHUSODVLD��DQ[LHW\��DQG�GHSUHVVLRQ�LQ�SRVWLQIHFWLRXV�,%6��*DVWURHQWHURORJ\��������������±���ϱϭϴ�

���� 2KPDQ�/��6LPUpQ�0��3DWKRJHQHVLV�RI�,%6��UROH�RI�LQIODPPDWLRQ��LPPXQLW\�DQG�QHXURLPPXQH�ϱϭϵ�

LQWHUDFWLRQV��1DW�5HY�*DVWURHQWHURO�+HSDWRO�����������±����ϱϮϬ�

����� %HUFtN�3��:DQJ�/��9HUG~�()��HW�DO��9LVFHUDO�K\SHUDOJHVLD�DQG�LQWHVWLQDO�G\VPRWLOLW\�LQ�D�PRXVH�ϱϮϭ�

PRGHO�RI�SRVWLQIHFWLYH�JXW�G\VIXQFWLRQ��*DVWURHQWHURORJ\�������������±����ϱϮϮ�

����� 3DUU\�6'��6WDQVILHOG�5��-HOOH\�'��HW�DO��'RHV�EDFWHULDO�JDVWURHQWHULWLV�SUHGLVSRVH�SHRSOH�WR�ϱϮϯ�

IXQFWLRQDO�JDVWURLQWHVWLQDO�GLVRUGHUV"�$�SURVSHFWLYH��FRPPXQLW\�EDVHG��FDVH�FRQWURO�VWXG\��$P�ϱϮϰ�

-�*DVWURHQWHURO�������������±���ϱϮϱ�

����� 'RZQV�,$��$URQLDGLV�2&��.HOO\�/��HW�DO��3RVWLQIHFWLRQ�,UULWDEOH�%RZHO�6\QGURPH��-�&OLQ�ϱϮϲ�

*DVWURHQWHURO������������±�����ϱϮϳ�
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����� %HDWW\�-.��%KDUJDYD�$��%XUHW�$*��3RVW�LQIHFWLRXV�LUULWDEOH�ERZHO�V\QGURPH��PHFKDQLVWLF�ϱϮϴ�

LQVLJKWV�LQWR�FKURQLF�GLVWXUEDQFHV�IROORZLQJ�HQWHULF�LQIHFWLRQ��:RUOG�-�*DVWURHQWHURO�ϱϮϵ�

������������±����ϱϯϬ�

����� .OHP�)��:DGKZD�$��3URNRS�/-��HW�DO��3UHYDOHQFH��5LVN�)DFWRUV��DQG�2XWFRPHV�RI�,UULWDEOH�ϱϯϭ�

%RZHO�6\QGURPH�$IWHU�,QIHFWLRXV�(QWHULWLV��$�6\VWHPDWLF�5HYLHZ�DQG�0HWD�DQDO\VLV��ϱϯϮ�

*DVWURHQWHURORJ\��������������±�����H���ϱϯϯ�

����� 7DQ�.6:��1HZ�,QVLJKWV�RQ�&ODVVLILFDWLRQ��,GHQWLILFDWLRQ��DQG�&OLQLFDO�5HOHYDQFH�RI�%ODVWRF\VWLVϱϯϰ�

VSS��&OLQ�0LFURELRO�5HY������������±�����ϱϯϱ�

����� $OIHOODQL�0$��6WHQVYROG�&5��9LGDO�/DSLHGUD�$��HW�DO��9DULDEOH�JHRJUDSKLF�GLVWULEXWLRQ�RI�ϱϯϲ�

%ODVWRF\VWLV�VXEW\SHV�DQG�LWV�SRWHQWLDO�LPSOLFDWLRQV��$FWD�7URS������������±����ϱϯϳ�

����� 5HQH�%$��6WHQVYROG�&5��%DGVEHUJ�-+��HW�DO��6XEW\SH�DQDO\VLV�RI�%ODVWRF\VWLV�LVRODWHV�IURP�ϱϯϴ�

%ODVWRF\VWLV�F\VW�H[FUHWLQJ�SDWLHQWV��$P�-�7URS�0HG�+\J������������±����ϱϯϵ�

����� 6WHQVYROG�&5��&ODUN�&*��&XUUHQW�VWDWXV�RI�%ODVWRF\VWLV��$�SHUVRQDO�YLHZ��3DUDVLWRO�,QW�ϱϰϬ�

�����������±�����ϱϰϭ�

����� 3RLULHU�3��:DZU]\QLDN�,��$OEHUW�$��HW�DO��'HYHORSPHQW�DQG�(YDOXDWLRQ�RI�D�5HDO�7LPH�3&5�ϱϰϮ�

$VVD\�IRU�'HWHFWLRQ�DQG�4XDQWLILFDWLRQ�RI�%ODVWRF\VWLV�3DUDVLWHV�LQ�+XPDQ�6WRRO�6DPSOHV��ϱϰϯ�

3URVSHFWLYH�6WXG\�RI�3DWLHQWV�ZLWK�+HPDWRORJLFDO�0DOLJQDQFLHV��-�&OLQ�0LFURELRO������������±ϱϰϰ�

�����ϱϰϱ�

����� 'RPtQJXH]�0iUTXH]�09��*XQD�5��0XxR]�&��HW�DO��+LJK�SUHYDOHQFH�RI�VXEW\SH���DPRQJ�ϱϰϲ�

LVRODWHV�RI�%ODVWRF\VWLV�KRPLQLV�IURP�V\PSWRPDWLF�SDWLHQWV�RI�D�KHDOWK�GLVWULFW�RI�9DOHQFLD�ϱϰϳ�

�6SDLQ���3DUDVLWRO�5HV�������������±�����ϱϰϴ�

����� 2OVHQ�.(3��&KULVWLDQVHQ�'%��1LHOVHQ�+9��HW�DO� %ODVWRF\VWLV�VS��6XEW\SH���LV�&RPPRQ�LQ�ϱϰϵ�

'DQLVK�%ODVWRF\VWLV�3RVLWLYH�3DWLHQWV�3UHVHQWLQJ�ZLWK�$FXWH�'LDUUKHD��$P�-�7URS�0HG�+\J�ϱϱϬ�

�����������±�����ϱϱϭ�

����� 7LWR�5<��&KDIIURQ�6��&DHQHSHHO�&��HW�DO��3RSXODWLRQ�OHYHO�DQDO\VLV�RI�%ODVWRF\VWLV�VXEW\SH�ϱϱϮ�

SUHYDOHQFH�DQG�YDULDWLRQ�LQ�WKH�KXPDQ�JXW�PLFURELRWD��*XW������JXWMQO��������������ϱϱϯ�

����� .DWVXPDWD�0��<RVKLNDZD�+��7RNRUR�0��HW�DO��0ROHFXODU�SK\ORJHQ\�RI�%ODVWRF\VWLV�LVRODWHV�IURP�ϱϱϰ�
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ZLOG�URGHQWV�FDSWXUHG�LQ�,QGRQHVLD�DQG�-DSDQ��3DUDVLWRO�5HV�������ϱϱϱ�

����� <RVKLNDZD�+��7RNRUR�0��1DJDPRWR�7��HW�DO��0ROHFXODU�VXUYH\�RI�%ODVWRF\VWLV�VS��IURP�KXPDQV�ϱϱϲ�

DQG�DVVRFLDWHG�DQLPDOV�LQ�DQ�,QGRQHVLDQ�FRPPXQLW\�ZLWK�SRRU�K\JLHQH��3DUDVLWRO�,QW�ϱϱϳ�

�����������±�����ϱϱϴ�

����� 6DIDGL�'�(O��*DD\HE�/��0HORQL�'��HW�DO��&KLOGUHQ�RI�6HQHJDO�5LYHU�%DVLQ�VKRZ�WKH�KLJKHVW�ϱϱϵ�

SUHYDOHQFH�RI�%ODVWRF\VWLVVS��HYHU�REVHUYHG�ZRUOGZLGH��%0&�,QIHFW�'LV��������������ϱϲϬ�

����� <DNRRE�-��-DIUL�:��-DIUL�1��HW�DO��,UULWDEOH�ERZHO�V\QGURPH��LQ�VHDUFK�RI�DQ�HWLRORJ\��UROH�RI�ϱϲϭ�

%ODVWRF\VWLV�KRPLQLV��$P�-�7URS�0HG�+\J������������±���ϱϲϮ�

����� <DNRRE�-��-DIUL�:��%HJ�0$��HW�DO��%ODVWRF\VWLV�KRPLQLV�DQG�'LHQWDPRHED�IUDJLOLV�LQ�SDWLHQWV�ϱϲϯ�

IXOILOOLQJ�LUULWDEOH�ERZHO�V\QGURPH�FULWHULD��3DUDVLWRO�5HV�������������±�����ϱϲϰ�

����� 5DJDYDQ�1'��.XPDU�6��&K\H�77��HW�DO��%ODVWRF\VWLV�VS��LQ�,UULWDEOH�%RZHO�6\QGURPH��,%6����ϱϲϱ�

'HWHFWLRQ�LQ�6WRRO�$VSLUDWHV�GXULQJ�&RORQRVFRS\�/R�$:,��HG��3/R6�2QH���������H���������ϱϲϲ�

����� 1RXUULVVRQ�&��6FDQ]L�-��3HUHLUD�%��HW�DO��%ODVWRF\VWLV�LV�DVVRFLDWHG�ZLWK�GHFUHDVH�RI�IHFDO�ϱϲϳ�

PLFURELRWD�SURWHFWLYH�EDFWHULD��&RPSDUDWLYH�DQDO\VLV�EHWZHHQ�SDWLHQWV�ZLWK�LUULWDEOH�ERZHO�ϱϲϴ�

V\QGURPH�DQG�FRQWURO�VXEMHFWV��3/R6�2QH���������ϱϲϵ�

����� 5RVWDPL�$��5LDKL�60��+DJKLJKL�$��HW�DO��(UUDWXP�WR��WKH�UROH�RI�%ODVWRF\VWLV�VS��DQG�ϱϳϬ�

'LHQWDPRHED�IUDJLOLV�LQ�LUULWDEOH�ERZHO�V\QGURPH��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��ϱϳϭ�

3DUDVLWRO�5HV��������������±������ϱϳϮ�

����� %HJKLQL�)��3DVROOL�(��7UXRQJ�7'��HW�DO��/DUJH�VFDOH�FRPSDUDWLYH�PHWDJHQRPLFV�RI�%ODVWRF\VWLV��ϱϳϯ�

D�FRPPRQ�PHPEHU�RI�WKH�KXPDQ�JXW�PLFURELRPH��,60(�-�������������±������ϱϳϰ�

����� $QGHUVHQ�/2��%RQGH�,��1LHOVHQ�+%��HW�DO��$�UHWURVSHFWLYH�PHWDJHQRPLFV�DSSURDFK�WR�VWXG\LQJ�ϱϳϱ�

%ODVWRF\VWLV��0DUFKHVL�-��HG��)(06�0LFURELRO�(FRO����������±���ϱϳϲ�

����� 2¶%ULHQ�$QGHUVHQ�/��.DULP�$%��5RDJHU�+0��HW�DO��$VVRFLDWLRQV�EHWZHHQ�FRPPRQ�LQWHVWLQDO�ϱϳϳ�

SDUDVLWHV�DQG�EDFWHULD�LQ�KXPDQV�DV�UHYHDOHG�E\�T3&5��(XU�-�&OLQ�0LFURELRO�,QIHFW�'LV�ϱϳϴ�

������������±������ϱϳϵ�

����� $XGHEHUW�&��(YHQ�*��&LDQ�$��HW�DO��&RORQL]DWLRQ�ZLWK�WKH�HQWHULF�SURWR]RD�%ODVWRF\VWLV�LV�ϱϴϬ�

DVVRFLDWHG�ZLWK�LQFUHDVHG�GLYHUVLW\�RI�KXPDQ�JXW�EDFWHULDO�PLFURELRWD��6FL�5HS���������������ϱϴϭ�
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����� 1LHYHV�5DPtUH]�0(��3DUWLGD�5RGUtJXH]�2��/DIRUHVW�/DSRLQWH�,��HW�DO��$V\PSWRPDWLF�,QWHVWLQDO�ϱϴϮ�

&RORQL]DWLRQ�ZLWK�3URWLVW�%ODVWRF\VWLV�,V�6WURQJO\�$VVRFLDWHG�ZLWK�'LVWLQFW�0LFURELRPH�ϱϴϯ�

(FRORJLFDO�3DWWHUQV��P6\VWHPV���������ϱϴϰ�

����� 1DVK�$.��$XFKWXQJ�7$��:RQJ�0&��HW�DO��7KH�JXW�P\FRELRPH�RI�WKH�+XPDQ�0LFURELRPH�ϱϴϱ�

3URMHFW�KHDOWK\�FRKRUW��0LFURELRPH�������������ϱϴϲ�

����� )RUVHOO�-��%HQJWVVRQ�3DOPH�-��$QJHOLQ�0��HW�DO��7KH�UHODWLRQ�EHWZHHQ�%ODVWRF\VWLV�DQG�WKH�ϱϴϳ�

LQWHVWLQDO�PLFURELRWD�LQ�6ZHGLVK�WUDYHOOHUV��%0&�0LFURELRO��������������ϱϴϴ�

����� 5RRNV�0*��*DUUHWW�:6��*XW�PLFURELRWD��PHWDEROLWHV�DQG�KRVW�LPPXQLW\��1DW�5HY�,PPXQRO�ϱϴϵ�

�����������±�����ϱϵϬ�

����� =LPPHUPDQQ�0��(WKLFDO�JXLGHOLQHV�IRU�LQYHVWLJDWLRQV�RI�H[SHULPHQWDO�SDLQ�LQ�FRQVFLRXV�ϱϵϭ�

DQLPDOV��3DLQ������������±����ϱϵϮ�

����� &ODUN�&*��6WHQVYROG�&5��%ODVWRF\VWLV ��,VRODWLRQ��;HQLF�&XOWLYDWLRQ��DQG�&U\RSUHVHUYDWLRQ��,Q��ϱϵϯ�

&XUUHQW�3URWRFROV�LQ�0LFURELRORJ\�9RO�����+RERNHQ��1-��86$��-RKQ�:LOH\�	�6RQV��,QF��ϱϵϰ�

�������$�������$������ϱϵϱ�

����� /DUDXFKH�0��*RXUFHURO�*��0LOOLRQ�0��HW�DO��5HSHDWHG�SV\FKRORJLFDO�VWUHVV�LQGXFHG�DOWHUDWLRQV�ϱϵϲ�

RI�YLVFHUDO�VHQVLWLYLW\�DQG�FRORQLF�PRWRU�IXQFWLRQV�LQ�PLFH��LQIOXHQFH�RI�VXUJHU\�DQG�ϱϵϳ�

SRVWRSHUDWLYH�VLQJOH�KRXVLQJ�RQ�YLVFHURPRWRU�UHVSRQVHV��6WUHVV������������±����ϱϵϴ�

����� &DSRUDVR�-*��.XF]\QVNL�-��6WRPEDXJK�-��HW�DO��4,,0(�DOORZV�DQDO\VLV�RI�KLJK�WKURXJKSXW�ϱϵϵ�

FRPPXQLW\�VHTXHQFLQJ�GDWD��1DW�0HWKRGV�����������±�����ϲϬϬ�

����� (GJDU�5&��)O\YEMHUJ�+��(UURU�ILOWHULQJ��SDLU�DVVHPEO\�DQG�HUURU�FRUUHFWLRQ�IRU�QH[W�JHQHUDWLRQ�ϲϬϭ�

VHTXHQFLQJ�UHDGV��%LRLQIRUPDWLFV�������������±������ϲϬϮ�

����� (GJDU�5&��6HDUFK�DQG�FOXVWHULQJ�RUGHUV�RI�PDJQLWXGH�IDVWHU�WKDQ�%/$67��%LRLQIRUPDWLFV�ϲϬϯ�

������������±������ϲϬϰ�

����� )DU]DHL�0+��%DKUDPVROWDQL�5��$EGROODKL�0��HW�DO��7KH�5ROH�RI�9LVFHUDO�+\SHUVHQVLWLYLW\�LQ�ϲϬϱ�

,UULWDEOH�%RZHO�6\QGURPH��3KDUPDFRORJLFDO�7DUJHWV�DQG�1RYHO�7UHDWPHQWV��-�ϲϬϲ�

1HXURJDVWURHQWHURO�0RWLO������������±�����ϲϬϳ�

����� %DOHPDQV�'��0RQGHODHUV�68��&LEHUW�*RWRQ�9��HW�DO��(YLGHQFH�IRU�ORQJ�WHUP�VHQVLWL]DWLRQ�RI�WKH�ϲϬϴ�
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ERZHO�LQ�SDWLHQWV�ZLWK�SRVW�LQIHFWLRXV�,%6��6FL�5HS���������������ϲϬϵ�

����� .XLNHQ�6G��/LQGHERRP�5��7\WJDW�*Q��HW�DO��5HODWLRQVKLS�EHWZHHQ�V\PSWRPV�DQG�ϲϭϬ�

K\SHUVHQVLWLYLW\�WR�UHFWDO�GLVWHQVLRQ�LQ�SDWLHQWV�ZLWK�LUULWDEOH�ERZHO�V\QGURPH��$OLPHQW�ϲϭϭ�

3KDUPDFRO�7KHU������������±�����ϲϭϮ�

����� )RQG�*��/RXQGRX�$��+DPGDQL�1��HW�DO��$Q[LHW\�DQG�GHSUHVVLRQ�FRPRUELGLWLHV�LQ�LUULWDEOH�ERZHO�ϲϭϯ�

V\QGURPH��,%6���D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��(XU�$UFK�3V\FKLDWU\�&OLQ�1HXURVFL�ϲϭϰ�

������������±����ϲϭϱ�

����� 6KDK�(��5H]DLH�$��5LGGOH�0��HW�DO��3V\FKRORJLFDO�GLVRUGHUV�LQ�JDVWURLQWHVWLQDO�GLVHDVH��ϲϭϲ�

HSLSKHQRPHQRQ��FDXVH�RU�FRQVHTXHQFH"�$QQ�*DVWURHQWHURO������������±�����ϲϭϳ�

����� 5RGLxR�-DQHLUR�%.��9LFDULR�0��$ORQVR�&RWRQHU�&��HW�DO��$�5HYLHZ�RI�0LFURELRWD�DQG�,UULWDEOH�ϲϭϴ�

%RZHO�6\QGURPH��)XWXUH�LQ�7KHUDSLHV��$GY�7KHU������������±�����ϲϭϵ�

����� &HQDF�1��$QGUHZV�&1��+RO]KDXVHQ�0��HW�DO��5ROH�IRU�SURWHDVH�DFWLYLW\�LQ�YLVFHUDO�SDLQ�LQ�ϲϮϬ�

LUULWDEOH�ERZHO�V\QGURPH��-�&OLQ�,QYHVW�������������±�����ϲϮϭ�

����� 6WHFN�1��0XHOOHU�.��6FKHPDQQ�0��HW�DO��%DFWHULDO�SURWHDVHV�LQ�,%'�DQG�,%6��*XW�ϲϮϮ�

������������±������ϲϮϯ�

����� 5yND�5��5RV]WyF]\�$��/HYHTXH�0��HW�DO��$�SLORW�VWXG\�RI�IHFDO�VHULQH�SURWHDVH�DFWLYLW\��D�ϲϮϰ�

SDWKRSK\VLRORJLF�IDFWRU�LQ�GLDUUKHD�SUHGRPLQDQW�LUULWDEOH�ERZHO�V\QGURPH��&OLQ�*DVWURHQWHURO�ϲϮϱ�

+HSDWRO�����������±���ϲϮϲ�

����� 'RJUXPDQ�$O�)��6LPVHN�=��%RRURP�.��HW�DO��&RPSDULVRQ�RI�0HWKRGV�IRU�'HWHFWLRQ�RI�ϲϮϳ�

%ODVWRF\VWLV�,QIHFWLRQ�LQ�5RXWLQHO\�6XEPLWWHG�6WRRO�6DPSOHV��DQG�DOVR�LQ�,%6�,%'�3DWLHQWV�LQ�ϲϮϴ�

$QNDUD��7XUNH\�%HUHVZLOO�6��HG��3/R6�2QH��������H�������ϲϮϵ�

����� (URJOX�)��*HQF�$��(OJXQ�*��HW�DO��,GHQWLILFDWLRQ�RI�%ODVWRF\VWLV�KRPLQLV�LVRODWHV�IURP�ϲϯϬ�

DV\PSWRPDWLF�DQG�V\PSWRPDWLF�SDWLHQWV�E\�3&5��3DUDVLWRO�5HV��������������±������ϲϯϭ�

����� 1DVVLU�(��$ZDG�-��$EHO�$%��HW�DO��%ODVWRF\VWLV�KRPLQLV�DV�D�FDXVH�RI�K\SRDOEXPLQHPLD�DQG�ϲϯϮ�

DQDVDUFD��(XU�-�&OLQ�0LFURELRO�,QIHFW�'LV������������±�����ϲϯϯ�

����� 5RVVLJQRO�-�)��.DELO�60��6DLG�0��HW�DO��(IIHFW�RI�QLWD]R[DQLGH�LQ�SHUVLVWHQW�GLDUUKHD�DQG�ϲϯϰ�

HQWHULWLV�DVVRFLDWHG�ZLWK�%ODVWRF\VWLV�KRPLQLV��&OLQ�*DVWURHQWHURO�+HSDWRO�����������±����ϲϯϱ�
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����� 6RXSSDUW�/��6DQFLX�*��&LDQ�$��HW�DO��0ROHFXODU�HSLGHPLRORJ\�RI�KXPDQ�%ODVWRF\VWLV�LVRODWHV�LQ�ϲϯϲ�

)UDQFH��3DUDVLWRO�5HV�������������±�����ϲϯϳ�

����� &HNLQ�$+��&HNLQ�<��$GDNDQ�<��HW�DO��%ODVWRF\VWRVLV�LQ�SDWLHQWV�ZLWK�JDVWURLQWHVWLQDO�V\PSWRPV��ϲϯϴ�

D�FDVH±FRQWURO�VWXG\��%0&�*DVWURHQWHURO��������������ϲϯϵ�

����� 6WDUN�'��+DO�6�YDQ��0DUULRWW�'��HW�DO��,UULWDEOH�ERZHO�V\QGURPH��D�UHYLHZ�RQ�WKH�UROH�RI�LQWHVWLQDO�ϲϰϬ�

SURWR]RD�DQG�WKH�LPSRUWDQFH�RI�WKHLU�GHWHFWLRQ�DQG�GLDJQRVLV��,QW�-�3DUDVLWRO�����������±����ϲϰϭ�

����� 7DQ�.6:��0LU]D�+��7HR�-':��HW�DO��&XUUHQW�9LHZV�RQ�WKH�&OLQLFDO�5HOHYDQFH�RI�%ODVWRF\VWLVϲϰϮ�

VSS��&XUU�,QIHFW�'LV�5HS�����������±����ϲϰϯ�

����� 7RUR�0RQMDUD]�(0��9LFKLGR�/XQD�0$��0RQWLMR�%DUULRV�(��HW�DO��%ODVWRF\VWLV�+RPLQLV�DQG�ϲϰϰ�

&KURQLF�$EGRPLQDO�3DLQ�LQ�&KLOGUHQ��,V�WKHUH�DQ�$VVRFLDWLRQ�EHWZHHQ�7KHP"�-�7URS�3HGLDWU�ϲϰϱ�

�����������±�����ϲϰϲ�

����� 6DOYDGRU�)��6XOOHLUR�(��6iQFKH]�0RQWDOYi�$��HW�DO��(SLGHPLRORJLFDO�DQG�FOLQLFDO�SURILOH�RI�DGXOW�ϲϰϳ�

SDWLHQWV�ZLWK�%ODVWRF\VWLV�VS��LQIHFWLRQ�LQ�%DUFHORQD��6SDLQ��3DUDVLW�9HFWRUV�������������ϲϰϴ�

����� 3RLULHU�3��:DZU]\QLDN�,��9LYDUqV�&3��HW�DO��1HZ�LQVLJKWV�LQWR�%ODVWRF\VWLV�VSS���$�SRWHQWLDO�OLQN�ϲϰϵ�

ZLWK�LUULWDEOH�ERZHO�V\QGURPH��3/R6�3DWKRJ���������±���ϲϱϬ�

����� /HH�.-��7DFN�-��$OWHUHG�LQWHVWLQDO�PLFURELRWD�LQ�LUULWDEOH�ERZHO�V\QGURPH��1HXURJDVWURHQWHURO�ϲϱϭ�

0RWLO������������±���ϲϱϮ�

����� 5LWFKLH�-��3DLQ�IURP�GLVWHQVLRQ�RI�WKH�SHOYLF�FRORQ�E\�LQIODWLQJ�D�EDOORRQ�LQ�WKH�LUULWDEOH�FRORQϲϱϯ�

V\QGURPH��*XW������������±����ϲϱϰ�

����� 0HUW]�+��1DOLERII�%��0XQDNDWD�-��HW�DO��$OWHUHG�UHFWDO�SHUFHSWLRQ�LV�D�ELRORJLFDO�PDUNHU�RI�ϲϱϱ�

SDWLHQWV�ZLWK�LUULWDEOH�ERZHO�V\QGURPH��*DVWURHQWHURORJ\������������±����ϲϱϲ�

����� 3XWKLD�0.��/X�-��7DQ�.6:��%ODVWRF\VWLV�UDWWL�FRQWDLQV�F\VWHLQH�SURWHDVHV�WKDW�PHGLDWH�ϲϱϳ�

LQWHUOHXNLQ���UHVSRQVH�IURP�KXPDQ�LQWHVWLQDO�HSLWKHOLDO�FHOOV�LQ�DQ�1)�NDSSD%�GHSHQGHQW�ϲϱϴ�

PDQQHU��(XNDU\RW�&HOO�����������±����ϲϱϵ�

����� /LP�0;��3QJ�&:��7D\�&<%��HW�DO��'LIIHUHQWLDO�UHJXODWLRQ�RI�SURLQIODPPDWRU\�F\WRNLQH�ϲϲϬ�

H[SUHVVLRQ�E\�PLWRJHQ�DFWLYDWHG�SURWHLQ�NLQDVHV�LQ�PDFURSKDJHV�LQ�UHVSRQVH�WR�LQWHVWLQDO�ϲϲϭ�

SDUDVLWH�LQIHFWLRQ��$SSOHWRQ�-$��HG��,QIHFW�,PPXQ�������������±�����ϲϲϮ�
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����� ,JXFKL�$��<RVKLNDZD�+��<DPDGD�0��HW�DO��([SUHVVLRQ�RI�LQWHUIHURQ�JDPPD�DQG�SURLQIODPPDWRU\�ϲϲϯ�

F\WRNLQHV�LQ�WKH�FHFDO�PXFRVD�RI�UDWV�H[SHULPHQWDOO\�LQIHFWHG�ZLWK�%ODVWRF\VWLV�VS��VWUDLQ�51���ϲϲϰ�

���3DUDVLWRO�5HV�������������±�����ϲϲϱ�

����� +XVVHLQ�(0��+XVVHLQ�$0��(LGD�00��HW�DO��3DWKRSK\VLRORJLFDO�YDULDELOLW\�RI�GLIIHUHQW�JHQRW\SHV�ϲϲϲ�

RI�KXPDQ�%ODVWRF\VWLV�KRPLQLV�(J\SWLDQ�LVRODWHV�LQ�H[SHULPHQWDOO\�LQIHFWHG�UDWV��3DUDVLWRO�5HV�ϲϲϳ�

������������±�����ϲϲϴ�

����� &DPLOOHUL�0��0DGVHQ�.��6SLOOHU�5��HW�DO��,QWHVWLQDO�EDUULHU�IXQFWLRQ�LQ�KHDOWK�DQG�JDVWURLQWHVWLQDO�ϲϲϵ�

GLVHDVH��1HXURJDVWURHQWHURO�0RWLO������������±�����ϲϳϬ�

����� 0DUWtQH]�&��/RER�%��3LJUDX�0��HW�DO��'LDUUKRHD�SUHGRPLQDQW�LUULWDEOH�ERZHO�V\QGURPH��DQ�ϲϳϭ�

RUJDQLF�GLVRUGHU�ZLWK�VWUXFWXUDO�DEQRUPDOLWLHV�LQ�WKH�MHMXQDO�HSLWKHOLDO�EDUULHU��*XW�ϲϳϮ�

������������±���ϲϳϯ�

����� 'DJFL�+��.XUW�g��'HPLUHO�0��HW�DO��(SLGHPLRORJLFDO�DQG�GLDJQRVWLF�IHDWXUHV�RI�%ODVWRF\VWLVϲϳϰ�

LQIHFWLRQ�LQ�V\PSWRPDWLF�SDWLHQWV�LQ�L]PLU�SURYLQFH��7XUNH\��,UDQ�-�3DUDVLWRO������±����ϲϳϱ�

����� 0LU]D�+��:X�=��7HR�-':��HW�DO��6WDWLQ�SOHLRWURS\�SUHYHQWV�UKR�NLQDVH�PHGLDWHG�LQWHVWLQDO�ϲϳϲ�

HSLWKHOLDO�EDUULHU�FRPSURPLVH�LQGXFHG�E\�%ODVWRF\VWLV�F\VWHLQH�SURWHDVHV��&HOO�0LFURELRO�ϲϳϳ�

������������±������ϲϳϴ�

����� :X�=��0LU]D�+��7HR�-':��HW�DO��6WUDLQ�'HSHQGHQW�,QGXFWLRQ�RI�+XPDQ�(QWHURF\WH�$SRSWRVLV�E\�ϲϳϵ�

%ODVWRF\VWLV�'LVUXSWV�(SLWKHOLDO�%DUULHU�DQG�=2���2UJDQL]DWLRQ�LQ�D�&DVSDVH����DQG���ϲϴϬ�

'HSHQGHQW�0DQQHU��%LRPHG�5HV�,QW������������±����ϲϴϭ�

����� :X�=��0LU]D�+��7DQ�.6:��,QWUD�6XEW\SH�9DULDWLRQ�LQ�(QWHURDGKHVLRQ�$FFRXQWV�IRU�'LIIHUHQFHV�ϲϴϮ�

LQ�(SLWKHOLDO�%DUULHU�'LVUXSWLRQ�DQG�,V�$VVRFLDWHG�ZLWK�0HWURQLGD]ROH�5HVLVWDQFH�LQ�%ODVWRF\VWLVϲϴϯ�

6XEW\SH���*DVVHU�5%��HG��3/R6�1HJO�7URS�'LV��������H������ϲϴϰ�

����� 1RXUULVVRQ�&��:DZU]\QLDN�,��&LDQ�$��HW�DO��2Q�%ODVWRF\VWLV�VHFUHWHG�F\VWHLQH�SURWHDVHV��D�ϲϴϱ�

OHJXPDLQ�DFWLYDWHG�FDWKHSVLQ�%�LQFUHDVHV�SDUDFHOOXODU�SHUPHDELOLW\�RI�LQWHVWLQDO�&DFR���FHOO�ϲϴϲ�

PRQROD\HUV��3DUDVLWRORJ\��������������±������ϲϴϳ�

����� 5RVD�3%��5LEHLUR�&0��%HWWLR�/(%��HW�DO��)ROLF�DFLG�SUHYHQWV�GHSUHVVLYH�OLNH�EHKDYLRU�LQGXFHG�ϲϴϴ�

E\�FKURQLF�FRUWLFRVWHURQH�WUHDWPHQW�LQ�PLFH��3KDUPDFRO�%LRFKHP�%HKDY�����������±���ϲϴϵ�
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����� 0RUHWWL�0��&ROOD�$��2OLYHLUD�%DOHQ�*�GH��HW�DO��$VFRUELF�DFLG�WUHDWPHQW��VLPLODUO\�WR�IOXR[HWLQH��ϲϵϬ�

UHYHUVHV�GHSUHVVLYH�OLNH�EHKDYLRU�DQG�EUDLQ�R[LGDWLYH�GDPDJH�LQGXFHG�E\�FKURQLF�ϲϵϭ�

XQSUHGLFWDEOH�VWUHVV��-�3V\FKLDWU�5HV������������±����ϲϵϮ�

����� *DUDEDGX�'��.ULVKQDPXUWK\�6��$VSDUDJXV�UDFHPRVXV�$WWHQXDWHV�$Q[LHW\�/LNH�%HKDYLRU�LQ�ϲϵϯ�

([SHULPHQWDO�$QLPDO�0RGHOV��&HOO�0RO�1HXURELRO������������±�����ϲϵϰ�

����� &UXPH\UROOH�$ULDV�0��-DJOLQ�0��%UXQHDX�$��HW�DO��$EVHQFH�RI�WKH�JXW�PLFURELRWD�HQKDQFHV�ϲϵϱ�

DQ[LHW\�OLNH�EHKDYLRU�DQG�QHXURHQGRFULQH�UHVSRQVH�WR�DFXWH�VWUHVV�LQ�UDWV��ϲϵϲ�

3V\FKRQHXURHQGRFULQRORJ\������������±����ϲϵϳ�

����� &KR�+��-DQJ�<��/HH�%��HW�DO��9ROXQWDU\�PRYHPHQWV�DV�D�SRVVLEOH�QRQ�UHIOH[LYH�SDLQ�DVVD\��0RO�ϲϵϴ�

3DLQ������������ϲϵϵ�

����� 1DJHO�5��7UDXE�5-��$OOFRFN�5-1��HW�DO��&RPSDULVRQ�RI�IDHFDO�PLFURELRWD�LQ�%ODVWRF\VWLV�SRVLWLYH�ϳϬϬ�

DQG�%ODVWRF\VWLV�QHJDWLYH�LUULWDEOH�ERZHO�V\QGURPH�SDWLHQWV��0LFURELRPH������������ϳϬϭ�

����� (XWDPqQH�+��*DUFLD�5RGHQDV�&/��<YRQ�6��HW�DO��/XPLQDO�FRQWHQWV�IURP�WKH�JXW�RI�FROLFN\�ϳϬϮ�

LQIDQWV�LQGXFH�YLVFHUDO�K\SHUVHQVLWLYLW\�LQ�PLFH��1HXURJDVWURHQWHURO�0RWLO���������H�������ϳϬϯ�

����� $JXLOHUD�0��&HUGj�&XpOODU�0��0DUWtQH]�9��$QWLELRWLF�LQGXFHG�G\VELRVLV�DOWHUV�KRVW�EDFWHULDO�ϳϬϰ�

LQWHUDFWLRQV�DQG�OHDGV�WR�FRORQLF�VHQVRU\�DQG�PRWRU�FKDQJHV�LQ�PLFH��*XW�0LFUREHV����������±ϳϬϱ�

����ϳϬϲ�

����� 3R]XHOR�0��3DQGD�6��6DQWLDJR�$��HW�DO��5HGXFWLRQ�RI�EXW\UDWH��DQG�PHWKDQH�SURGXFLQJ�ϳϬϳ�

PLFURRUJDQLVPV�LQ�SDWLHQWV�ZLWK�,UULWDEOH�%RZHO�6\QGURPH��6FL�5HS���������������ϳϬϴ�

����� <X�0��-LD�+��=KRX�&��HW�DO��9DULDWLRQV�LQ�JXW�PLFURELRWD�DQG�IHFDO�PHWDEROLF�SKHQRW\SH�ϳϬϵ�

DVVRFLDWHG�ZLWK�GHSUHVVLRQ�E\���6�U51$�JHQH�VHTXHQFLQJ�DQG�/&�06�EDVHG�PHWDERORPLFV��-�ϳϭϬ�

3KDUP�%LRPHG�$QDO�������������±�����ϳϭϭ�

����� =KRQJ�<��1\PDQ�0��)nN�)��0RGXODWLRQ�RI�JXW�PLFURELRWD�LQ�UDWV�IHG�KLJK�IDW�GLHWV�E\�SURFHVVLQJ�ϳϭϮ�

ZKROH�JUDLQ�EDUOH\�WR�EDUOH\�PDOW��0RO�1XWU�)RRG�5HV�������������±����ϳϭϯ�

����� 1LVKLWVXML�.��;LDR�-��1DJDWRPR�5��HW�DO��$QDO\VLV�RI�WKH�JXW�PLFURELRPH�DQG�SODVPD�VKRUW�FKDLQ�ϳϭϰ�

IDWW\�DFLG�SURILOHV�LQ�D�VSRQWDQHRXV�PRXVH�PRGHO�RI�PHWDEROLF�V\QGURPH��6FL�5HS�ϳϭϱ�

��������������ϳϭϲ�
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����� +XJHQKROW]�)��'DYLGV�0��6FKZDU]�-��HW�DO��0HWDWUDQVFULSWRPH�DQDO\VLV�RI�WKH�PLFURELDO�ϳϭϳ�

IHUPHQWDWLRQ�RI�GLHWDU\�PLON�SURWHLQV�LQ�WKH�PXULQH�JXW��3/R6�2QH���������H���������ϳϭϴ�

����� 'HQRHXG�)��5RXVVHO�0��1RHO�%��HW�DO��*HQRPH�VHTXHQFH�RI�WKH�VWUDPHQRSLOH�%ODVWRF\VWLV��D�ϳϭϵ�

KXPDQ�DQDHURELF�SDUDVLWH��*HQRPH�%LRO���������5����ϳϮϬ�

ϳϮϭ�
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ϳϮϮ�

ϳϮϯ�

ϳϮϰ�

ϳϮϱ�

6XSSOHPHQWDU\�)LJXUH����(YDOXDWLRQ�RI�DQDWRPLFDO�SDUDPHWHUV���$��%RG\�ZHLJKW�RI�FRQWURO�ϳϮϲ�

�Q ����DQG�LQIHFWHG�UDWV��Q ����PRQLWRULQJ�IURP�'��WR�'������3,���%��&RORQ�ZHLJKW�ERG\�ZHLJKW�ϳϮϳ�

UDWLR�RI�FRQWURO� �Q ���DQG� LQIHFWHG� UDWV� �Q ���DW�'������3,�� �&��&RORQ�ZHLJKW�OHQJWK� UDWLR�RI�ϳϮϴ�

FRQWURO��Q ���DQG�LQIHFWHG�UDWV��Q ���DW�'������3,���'��5HSUHVHQWDWLYH�FRORQLF�WLVVXH�VHFWLRQV��ϳϮϵ�

RI�FRQWURO�DQG�LQIHFWHG�UDWV�DW�'������3,��6WDWLVWLFDO�DQDO\VLV��$��7ZR�ZD\�$129$�WHVW IROORZHG�ϳϯϬ�

E\�D�6LGDN�SRVW�KRF�WHVW��%��7�WHVW��&��0DQQ�:KLWQH\�WHVW��
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�S�������
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ϳϯϳ�

ϳϯϴ�

ϳϯϵ�

ϳϰϬ�

ϳϰϭ�

ϳϰϮ�

ϳϰϯ�

6XSSOHPHQWDU\�)LJXUH����%HKDYLRUDO�DQDO\VLV�E\�3KHQR7\SHU���'ULQNLQJ��$��DQG�HDWLQJ�ϳϰϰ�

�%�� WLPH�GXULQJ� WKH����KRXUV�GDUN�SHULRG� LQ�3KHQRW\SHU�RI� FRQWURO� �Q ����DQG� LQIHFWHG� UDWV�ϳϰϱ�

�Q ���� DW� '������ 3,�� 6WDWLVWLFDO� DQDO\VLV� ZDV� SHUIRUPHG� ZLWK� WKH� 7�WHVW�� Q �� LQGHSHQGHQW�ϳϰϲ�

H[SHULPHQWV�ZHUH�SHUIRUPHG��ϳϰϳ�

ϳϰϴ�
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ϳϱϯ�

ϳϱϰ�

6XSSOHPHQWDU\�)LJXUH����)HFDO�PLFURELRWD�FRPSRVLWLRQ�DQDO\VLV�DW�'����$��$OSKD�GLYHUVLW\�ϳϱϱ�

ZDV�GHWHUPLQHG�E\�REVHUYHG�278V�PHDVXUHPHQW�DFFRUGLQJ�WR�VHTXHQFHV�SHU�VDPSOH�LQ�IHFHV�ϳϱϲ�

RI� FRQWURO� �Q �� DQG� LQIHFWHG� UDWV� �Q ���� DW� '�� �EHIRUH� LQIHFWLRQ��� 6WDWLVWLFDO� DQDO\VLV� ZDV�ϳϱϳ�

SHUIRUPHG�ZLWK�WKH�7ZR�ZD\�$129$�WHVW IROORZHG�E\�D�6LGDN�SRVW�KRF�WHVW���%��7KH�DUHD�XQGHU�ϳϱϴ�

WKH�FXUYH��$8&��RI�WKH�REVHUYHG�278V�IRU�FRQWURO�DQG�LQIHFWHG�UDWV��6WDWLVWLFDO�DQDO\VLV�ZDV�ϳϱϵ�

SHUIRUPHG� ZLWK� WKH� 0DQQ�:KLWQH\� WHVW�� �&�� 3ULQFLSDO� FRRUGLQDWHV� DQDO\VLV� �3&R$�� RI� WKH�ϳϲϬ�

XQZHLJKWHG�8QL)UDF�GLVWDQFH�RI�FRQWURO��Q ���UHG�SORWV��DQG�LQIHFWHG�UDWV��Q ����EOXH�SORWV��DW�ϳϲϭ�

'���EHIRUH�LQIHFWLRQ���6LJQLILFDQFH��S�YDOXH ��������DQG�WKH�VWUHQJWK�RI�H[SODLQHG�YDULDWLRQ��5ð �ϳϲϮ�

���������ZHUH�DVVHVVHG�ZLWK�$GRQLV���'��5HODWLYH�DEXQGDQFH��DV�D�SHUFHQWDJH��RI�SK\OD�LQ�ϳϲϯ�

FRQWURO� �Q ��� DQG� LQIHFWHG� UDWV� �Q ���� DW� '�� �EHIRUH� LQIHFWLRQ��� 6WDWLVWLFDO� DQDO\VLV� ZDV�ϳϲϰ�

SHUIRUPHG�ZLWK�WKH�7ZR�ZD\�$129$�WHVW IROORZHG�E\�D�6LGDN�SRVW�KRF�WHVW�ϳϲϱ�
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