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UHVHDUFK�SDSHUV

-DPHV�)��5XEOH� �6FRWW�7��/HIXUJ\� Á�9LUJLQLD�:��&RUQLVK �DQG�5DFKHO�$��3RZHUV

'HSDUWPHQW�RI�&KHPLVWU\��*UDQG�9DOOH\�6WDWH�8QLYHUVLW\����&DPSXV�'ULYH��$OOHQGDOH��0,��������86$��DQG�
'HSDUWPHQW�RI�&KHPLVWU\��&ROXPELD�8QLYHUVLW\�������%URDGZD\��1HZ�<RUN��1<��������86$

�&RUUHVSRQGHQFH�H�PDLO��SRZHUVUD#JYVX�HGX

�5HFHLYHG����)HEUXDU\�������DFFHSWHG����0D\�������RQOLQH����$XJXVW������

3���FHSKDORVSRULQDVH�LV�D�FODVV�&�ȕ�ODFWDPDVH�WKDW�LV�UHVSRQVLEOH�LQ�SDUW�IRU�WKH�ZLGHVSUHDG�EDFWHULDO�UHVLVWDQFH�WR�ȕ��ODFWDP�DQWLELRWLFV�
0XWDWLRQV�RI�WKH�FRQVHUYHG�DFWLYH�VLWH�UHVLGXH�$VQ����RI�WKH�HQ]\PH�KDYH�EHHQ�VKRZQ�WR�DOWHU�ȕ��ODFWDP�VXEVWUDWH�VSHFLILFLW\�LQ�YLYR�
0XWDWLRQ�RI�$VQ����WR�D�JO\FLQH�LV�QRWDEOH�LQ�WKDW�LW�H[KLELWV�LQ�YLYR�VXEVWUDWH�VHOHFWLYLW\�VZLWFKLQJ��,Q�RUGHU�WR�EHWWHU�XQGHUVWDQG�WKH
VWUXFWXUDO�EDVLV�IRU�WKLV�REVHUYHG�VZLWFK��WKH�;�UD\�FU\VWDO�VWUXFWXUH�RI�WKH�DSR�$VQ���*O\�PXWDQW�RI�3���ZDV�GHWHUPLQHG�WR������c
UHVROXWLRQ��8QH[SHFWHGO\��WKH�DUWLILFLDO�&�WHUPLQDO�+LV �WDJ�RI�D�V\PPHWULFDOO\�UHODWHG�PROHFXOH�ZDV�REVHUYHG�ERXQG�LQ�WKH�DFWLYH�VLWH�
7KH�+LV �WDJ�PDNHV�VHYHUDO�LQWHUDFWLRQV�ZLWK�NH\�DFWLYH�VLWH�UHVLGXHV��DV�ZHOO�DV�ZLWK�VHYHUDO�VXOIDWH�LRQV��$GGLWLRQDOO\��WKH�RYHUDOO�&�
WHUPLQXV�RFFXSLHV�WKH�VSDFH�OHIW�YDFDQW�XSRQ�WKH�PXWDWLRQ�RI�$VQ����WR�JO\FLQH�

.H\ZRUGV��3����FHSKDORVSRULQDVH��ȕ�ODFWDPDVHV��PXWDQW�HQ]\PHV��+LV �WDJ��DQWLELRWLF�UHVLVWDQFH��H[WHQGHG�VSHFWUXP�

�'�YLHZ���V�[

3'%�UHIHUHQFH��3���FHSKDORVSRULQDVH��$VQ���*O\�PXWDQW���V�[

5HXVH�SHUPLVVLRQV 3RZHU3RLQW�VOLGHV

���,QWURGXFWLRQ

$QWLELRWLF�UHVLVWDQFH�KDV�HPHUJHG�DV�RQH�RI�WKH�OHDGLQJ�SXEOLF�KHDOWK�FULVHV�RI�WKH���VW�FHQWXU\��1HX��������'DYLHV�	�'DYLHV��������
0DQ\�UHVLVWDQW�EDFWHULD�H[SUHVV�WKH�HQ]\PH�ȕ�ODFWDP�DVH��WKH�PRVW�ZLGHVSUHDG�UHVLVWDQFH�PHFKDQLVP�WR�ȕ�ODFWDP�DQWLELRWLFV��ȕ�
/DFWDPV�VXFK�DV�SHQLFLOOLQ�DQG�WKH�FHSKDOR�VSRULQV�DUH�WKH�PRVW�ZLGHO\�SUHVFULEHG�FODVV�RI�DQWLELRWLFV�LQ�FOLQLFDO�XVH��ȕ�/DFWDPDVHV
FOHDYH�WKH�GHILQLQJ�ODFWDP�ULQJ��UHQGHULQJ�WKH�DQWLELRWLF�LQDFWLYH�DJDLQVW�LWV�RULJLQDO�FHOOXODU�WDUJHW��WKH�FHOO�ZDOO�WUDQVSHSWLGDVH
HQ]\PHV�

ȕ�/DFWDPDVHV�DUH�FDWHJRUL]HG�LQWR�IRXU�FODVVHV��$±'���HDFK�H[KLELWLQJ�D�XQLTXH�PHFKDQLVP�IRU�GHVWUXFWLRQ�RI�ȕ�ODFWDP�VXEVWUDWHV
�%XVK�HW�DO���������)LVKHU�HW�DO����������7KH�FODVV�&�ȕ��ODFWDPDVH�IURP�(QWHUREDFWHU�FORDFDH�VWUDLQ�3����UHIHUUHG�WR�DV�3����LV
WUDGLWLRQDOO\�NQRZQ�DV�D�FHSKDORVSRULQDVH�IRU�LWV�SUHIHUUHG�VXEVWUDWHV��ILUVW�JHQHUDWLRQ�FHSKDORVSRULQV��$Q�H[WHQGHG�VSHFWUXP�ȕ�
ODFWDPDVH��(6%/���D�QDWXUDO�PXWDQW�RI�3����KDV�EHHQ�LVRODWHG�IURP�(��FORDFDH�VWUDLQ�*&���1XNDJD�HW�DO����������7KH�REVHUYHG
H[WHQGHG�VSHFWUXP�DFWLYLW\�RI�WKLV�HQ]\PH�DJDLQVW�WKLUG�JHQHUDWLRQ�FHSKDORVSRULQV�LV�WKH�FRQVHTXHQFH�RI�D�WKUHH�DPLQR�DFLG�LQVHUWLRQ
LQ�WKH�ȍ�ORRS��UHVLGXHV����±�����RI�WKH�HQ]\PH��7KLV�HQODUJHV�WKH�DFWLYH�VLWH�RI�WKH�HQ]\PH�DQG�EHWWHU�DFFRPPRGDWHV�WKH�EXONLHU�5
VLGH�FKDLQV�RI�WKLV�FODVV�RI�PROHFXOHV��&ULFKORZ�HW�DO���������1XNDJD�HW�DO����������+\GURO\VLV�RI�WKLUG�JHQHUDWLRQ�FHSKDORVSRULQV�FDQ
DOVR�EH�DFFRPSOLVKHG�ZKHQ�WKH�5��ORRS��UHVLGXHV����±�����LV�GLVUXSWHG��'HOHWLRQV�RU�LQVHUWLRQV�RI�EHWZHHQ�WZR�DQG�VL[�UHVLGXHV�LQ�WKLV
ORRS�KDYH�EHHQ�LGHQWLILHG�DV�FDXVHV�RI�H[WHQGHG�VSHFWUXP�DFWLYLW\�LQ�SODVPLG�HQFRGHG�FODVV�&�HQ]\PHV��LQ�QDWXUDO�YDULDQWV�DQG�LQ
FOLQLFDO�LVRODWHV��%DUQDXG�HW�DO���������'RL�HW�DO���������0DPPHUL�HW�DO���������������/HH�HW�DO����������7KH�5��ORRS�DFFRPPRGDWHV�WKH
5 �VLGH�FKDLQV�RI�FHSKDORVSRULQV�DQG�WKH�FU\VWDO�VWUXFWXUHV�RI�VHYHUDO�FODVV�&�(6%/V�KDYH�FRQILUPHG�WKDW�WKH�5��VLWH�LV�HQODUJHG
FRPSDUHG�ZLWK�QRQ�(6%/�HQ]\PHV��.LP�HW�DO���������<DPDJXFKL�HW�DO���������

6LWH�VDWXUDWLRQ�PXWDJHQHVLV�DW�SRVLWLRQ�����RI�WKH�3���ȕ�ODFWDPDVH�LGHQWLILHG�WKUHH�PXWDQWV�WKDW�H[KLELW�D�VXEVWUDWH�VHOHFWLYLW\�VZLWFK
ZLWK�D�VLQJOH�DPLQR�DFLG�FKDQJH��/HIXUJ\�HW�DO����������$VQ����LV�D�FRPSOHWHO\�FRQVHUYHG�UHVLGXH�DPRQJ�FODVV�&�ȕ�ODFWDPDVHV�DQG�
DOWKRXJK�LW�GRHV�QRW�DFWLYHO\�SDUWLFLSDWH�LQ�GHVWUXFWLRQ�RI�WKH�ȕ�ODFWDP��LW�LV�LQVWUXPHQWDO�LQ�DSSURSULDWHO\�SRVLWLRQLQJ�WKH�ȕ�ODFWDP�LQ�WKH
DFWLYH�VLWH�E\�K\GURJHQ�ERQGLQJ�WR�WKH�5 �DPLGH�JURXS�FRPPRQ�WR�PDQ\�ȕ��ODFWDP�DQWLELRWLFV��'XEXV�HW�DO����������$GGLWLRQDOO\��LW�LV�D
FHQWUDO�UHVLGXH�LQ�DQ�HODERUDWH�K\GURJHQ�ERQGLQJ�QHWZRUN�IRXQG�LQ�WKH�DFWLYH�VLWHV�RI�WKH�FODVV�&�HQ]\PHV��,Q�WKH�VWUXFWXUH�RI�WKH�ZLOG�
W\SH�3���HQ]\PH��WKH�$VQ����VLGH�FKDLQ�K\GURJHQ�ERQGV�WR�/\V���DQG�*OQ�����ERWK�RI�ZKLFK�DUH�DOVR�FRPSOHWHO\�FRQVHUYHG�UHVLGXHV
LQ�FODVV�&�HQ]\PHV��/RENRYVN\�HW�DO���������

7KUHH�LQGLYLGXDO�SRLQW�PXWDWLRQV�DW�WKLV�SRVLWLRQ�KDYH�EHHQ�VKRZQ�WR�UHWDLQ�DFWLYLW\�\HW�GLVSOD\�D�VLJQLILFDQWO\�DOWHUHG�VXEVWUDWH�SURILOH�
$VQ���6HU��$VQ���7KU�DQG�$VQ���*O\��/HIXUJ\�HW�DO����������2I�WKHVH�WKUHH��WKH�JO\FLQH�PXWDQW�ZDV�DFWLYH�WRZDUGV�SHQLFLOOLQ�*�
DPSLFLOOLQ��R[DFLOOLQ�DQG�FHSKDORWKLQ��SLFNLQJ�XS�HIILFLHQF\�WRZDUG�R[DFLOOLQ�DW�WKH�H[SHQVH�RI�HIILFLHQF\�WRZDUGV�FHIRWD[LPH�DQG�FHIR[LWLQ
LQ�YLYR��/HIXUJ\�HW�DO����������:KHUHDV�WKH�$VQ���6HU�DQG�$VQ���7KU�PXWDQWV�WKHRUHWLFDOO\�UHWDLQ�WKH�DELOLW\�WR�IRUP�K\GURJHQ�ERQGV
ZLWKLQ�WKH�DFWLYH�VLWH�QHWZRUN�DQG�ZLWK�VXEVWUDWHV��WKH�JO\FLQH�PXWDQW�H[KLELWV�WKLV�H[WHQGHG�VXEVWUDWH�VSHFLILFLW\�ZLWK�WKH�FRPSOHWH
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HOLPLQDWLRQ�RI�D�VLGH�FKDLQ�DW�WKLV�SRVLWLRQ��,Q�DQ�HIIRUW�WR�H[SODLQ�WKH�VWUXFWXUDO�EDVLV�RI�WKH�REVHUYHG�VXEVWUDWH�VHOHFWLYLW\�VZLWFK��ZH
GHWHUPLQHG�WKH�;�UD\�FU\VWDO�VWUXFWXUH�RI�WKH�$VQ���*O\�PXWDQW�RI�WKH�FODVV�&�ȕ�ODFWDPDVH�IURP�(��FORDFDH�3���WR������c�UHVROXWLRQ�

���0DWHULDOV�DQG�PHWKRGV

�����([SUHVVLRQ�DQG�SXULILFDWLRQ�RI�$VQ���*O\�3���ȕ�ODFWDPDVH

([SUHVVLRQ�DQG�SXULILFDWLRQ�RI�WKH�$VQ���*O\�PXWDQW�3���ȕ�ODFWDPDVH�ZDV�SHUIRUPHG�DV�GHVFULEHG�SUHYLRXVO\��/HIXUJ\�HW�DO���������
%ULHIO\��(VFKHULFKLD�FROL�FHOOV�FRQWDLQLQJ�WKH�S(7��E�SODVPLG�IRU�WKH�$VQ���*O\�PXWDQW�ZHUH�LQRFXODWHG�LQWR�DQ�RYHUQLJKW�VWDUWHU�FXOWXUH
RI��î<7�VXSSOHPHQWHG�ZLWK�������PJ�PO �NDQDP\FLQ�DQG�JURZQ�DW�����.�WR�DQ�RSWLFDO�GHQVLW\�RI�����PHDVXUHG�DW�����QP��([SUHVVLRQ
ZDV�LQGXFHG�ZLWK������0�LVRSURS\O�ȕ�'���WKLRJDODFWRS\UDQRVLGH��,37*��IRU���K�DW�����.��7KH�FXOWXUHV�ZHUH�KDUYHVWHG�E\�FHQWULIXJDWLRQ
DQG�WKH�FHOO�SHOOHWV�ZHUH�VWRUHG�DW�����.��)UR]HQ�FHOO�SHOOHWV�ZHUH�WKDZHG�RQ�LFH�DQG�UHVXVSHQGHG�LQ�D�EXIIHU�FRQVLVWLQJ�RI����P0�7ULV±
+&O������P0�1D&O����P0�LPLGD]ROH�S+������&HOOV�ZHUH�O\VHG�XVLQJ�VRQLFDWLRQ�DQG�WKHQ�FHQWULIXJHG�WR�UHPRYH�FHOOXODU�GHEULV��7KH
$VQ���*O\�HQ]\PH�ZDV�SXULILHG�YLD�DIILQLW\�FKURPDWRJUDSK\�XVLQJ�1L±17$�6XSHUIORZ�UHVLQ��4LDJHQ��9DOHQFLD��&DOLIRUQLD��86$��WR�ELQG
WKH�HQJLQHHUHG�&�WHUPLQDO�KLVWLGLQH��+LV ��WDJ��7KH�HQ]\PH�ZDV�HOXWHG�ZLWK�D�OLQHDU�JUDGLHQW�RI��±����P0�LPLGD]ROH�DQG�VXEVHTXHQWO\
GLDO\]HG�LQWR�SKRVSKDWH�EXIIHUHG�VDOLQH��3XULW\�ZDV�YHULILHG�XVLQJ�6'6±3$*(�DQG�:HVWHUQ�EORWWLQJ�ZLWK�DQ�DQWLERG\�DJDLQVW�WKH�+LV
WDJ��$EVRUEDQFH�PHDVXUHPHQWV�DW�����QP�ZHUH�SHUIRUPHG�WR�FDOFXODWH�WKH�SXULILHG�HQ]\PH�FRQFHQWUDWLRQ�XVLQJ�D�PRODU�H[WLQFWLRQ
FRHIILFLHQW�RI��������0 �FP �

�����&U\VWDOOL]DWLRQ�DQG�VWUXFWXUH�GHWHUPLQDWLRQ

$�3KRHQL[�KLJK�WKURXJKSXW�FU\VWDOOL]DWLRQ�URERW��9DQ�$QGHO�5HVHDUFK�,QVWLWXWH��*UDQG�5DSLGV��0LFKLJDQ��86$��ZDV�XVHG�WR�LGHQWLI\�LQLWLDO
FU\VWDOOL]DWLRQ�FRQGLWLRQV��ZKLFK�ZHUH�VXEVHTXHQWO\�RSWLPL]HG�XVLQJ�KDQJLQJ�GURS�YDSRU�GLIIXVLRQ��7KH�PRWKHU�OLTXRU�FRQVLVWHG�RI������
0�DPPRQLXP�VXOIDWH������SRO\HWK\OHQH�JO\FRO��3(*��������S+������'URSV�RI����O�ZHUH�VHW�XS�XVLQJ�HQ]\PH�DW�D�FRQFHQWUDWLRQ�RI�����
PJ�PO �GLOXWHG�LQ�D�����UDWLR�ZLWK�PRWKHU�OLTXRU��&U\VWDOV�JUHZ�DW�URRP�WHPSHUDWXUH�DQG�DSSHDUHG�LQ�DSSUR[LPDWHO\�RQH�ZHHN�
'LIIUDFWLRQ�GDWD�ZHUH�FROOHFWHG�RQ�WKH�/6�&$7�EHDPOLQH������,'�'��DW�WKH�$GYDQFHG�3KRWRQ�6RXUFH��$UJRQQH��,OOLQRLV��86$�DW�����.
XVLQJ�D�0$5�&&'�GHWHFWRU��3ULRU�WR�GDWD�FROOHFWLRQ��WKH�FU\VWDO�ZDV�VRDNHG�LQ�D�VROXWLRQ�FRQWDLQLQJ�����3(*������DV�D�FU\RSURWHFWDQW
EHIRUH�IODVK�FRROLQJ�LQ�OLTXLG�QLWURJHQ�

5HIOHFWLRQV�ZHUH�LQGH[HG��LQWHJUDWHG�DQG�VFDOHG�XVLQJ�+./�������2WZLQRZVNL�	�0LQRU���������7KH�VSDFH�JURXS�ZDV�3� � ���ZLWK�RQH
3���PRQRPHU�LQ�WKH�DV\PPHWULF�XQLW��7KH�VWUXFWXUH�ZDV�GHWHUPLQHG�ZLWK�3KDVHU��0F&R\�HW�DO���������XVLQJ�WKH�$�PRQRPHU�RI�ZLOG�
W\SH�3����3'%�HQWU\��[[����/RENRYVN\�HW�DO���������DV�WKH�LQLWLDO�SKDVLQJ�PRGHO��DOO�ZDWHU�PROHFXOHV�ZHUH�UHPRYHG���5HILQHPHQW�DQG
HOHFWURQ�GHQVLW\�PDS�FDOFXODWLRQV�ZHUH�SHUIRUPHG�ZLWK�5()0$&���0XUVKXGRY�HW�DO���������LQ�WKH�&&3��SURJUDP�VXLWH��:LQQ�HW�DO��
�������0DQXDO�UHEXLOGLQJ�RI�WKH�PRGHO�ZDV�SHUIRUPHG�ZLWK�&RRW��(PVOH\�	�&RZWDQ���������7KH�ILQDO�PRGHO�FRQWDLQHG�����UHVLGXHV�
ZKLFK�LQFOXGHG�WKH�&�WHUPLQDO�+LV �WDJ������ZDWHU�PROHFXOHV�DQG�VHYHQ�VXOIDWH�LRQV��7KH�FRRUGLQDWHV�IRU�WKLV�VWUXFWXUH�KDYH�EHHQ
GHSRVLWHG�LQ�WKH�3URWHLQ�'DWD�%DQN�DV�HQWU\��V�[��

���5HVXOWV�DQG�GLVFXVVLRQ

�����6WUXFWXUH�RI�$VQ���*O\�3���ȕ�ODFWDPDVH

2SWLPL]DWLRQ�RI�WKH�FRQGLWLRQV�LGHQWLILHG�IURP�WKH�VFUHHQV�XOWLPDWHO\�OHG�WR�WKH�GHWHUPLQDWLRQ�RI�WKH�VWUXFWXUH�RI�WKH�$VQ���*O\�PXWDQW
RI�3���ȕ�ODFWDPDVH�WR������c�UHVROXWLRQ��,QVSHFWLRQ�RI�WKH�LQLWLDO�) �í�) �GLIIHUHQFH�PDSV�UHYHDOHG�VLJQLILFDQW�HOHFWURQ�GHQVLW\�FRQWRXUHG
DW��ı�SUHVHQW�LQ�WKH�DFWLYH�VLWH�RI�WKH�HQ]\PH��$WWHPSWV�WR�LGHQWLI\�WKLV�GHQVLW\�DV�D�EXIIHU�PROHFXOH�RU�DQ�DGGLWLYH�LQ�WKH�FU\VWDOOL]DWLRQ
FRQGLWLRQV�SURYHG�WR�EH�XQVXFFHVVIXO��+RZHYHU��ZKHQ�V\PPHWU\�UHODWHG�PROHFXOHV�ZHUH�GLVSOD\HG�LW�ZDV�UHDGLO\�DSSDUHQW�WKDW�WKH
GHQVLW\�ZDV�FRQWLQXRXV�ZLWK�WKH�&�WHUPLQXV�RI�D�V\PPHWU\�PDWH��7KLV�GHQVLW\�ZDV�VXEVHTXHQWO\�PRGHOHG�DV�WKH�HQJLQHHUHG�&��WHUPLQDO
+LV �WDJ��UHVLGXHV����±�����XVHG�LQ�WKH�SXULILFDWLRQ�SURFHVV��)LJ������7KH�VLGH�FKDLQV�RI�DOO�RI�WKH�KLVWLGLQHV�ZHUH�YLVLEOH��ZLWK�WKH
H[FHSWLRQ�RI�+LV�����IRU�ZKLFK�QR�GHQVLW\�ZDV�REVHUYHG�EH\RQG�WKH�& �DWRP��7KH�SUHVHQFH�RI�WKH�+LV �WDJ�LQ�WKH�DFWLYH�VLWH�ZDV
XQH[SHFWHG�DQG�HIIRUWV�WR�GLVSODFH�LW�WKURXJK�VRDNLQJ�RI�VXEVWUDWHV�ZHUH�XQVXFFHVVIXO��ZLWK�WKH�FU\VWDOV�GLVVROYLQJ�UDSLGO\�GXULQJ�WKH
VRDNLQJ�SURFHVV��7KH�$VQ���*O\�FRQVWUXFW�XVHG�KHUH�ODFNHG�D�SURWHDVH�FOHDYDJH�VLWH�SULRU�WR�WKH�&�WHUPLQDO�+LV �WDJ��WKHUHE\
SUHYHQWLQJ�LWV�UHPRYDO��&U\VWDOOL]DWLRQ�DWWHPSWV�XVLQJ�DQ�$VQ���*O\�FRQVWUXFW�WKDW�GLG�QRW�FRQWDLQ�DQ�DIILQLW\�WDJ�KDYH�VR�IDU�EHHQ
XQVXFFHVVIXO�
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)LJXUH���
�%LQGLQJ�RI�WKH�+LV �WDJ�LQ�WKH�DFWLYH�VLWH�RI�WKH�$VQ���*O\�3���ȕ��ODFWDPDVH�PXWDQW���) �í�) �HOHFWURQ�GHQVLW\

PDS�RI�WKH�ERXQG�+LV �WDJ�FRQWRXUHG�DW����ı��7KLV�DQG�DOO�VXEVHTXHQW�ILJXUHV�ZHUH�PDGH�ZLWK�3\02/��'H/DQR�
������

7KUHH�VXOIDWH�LRQV�ZHUH�REVHUYHG�WR�EH�ERXQG�LQ�WKH�DFWLYH�VLWH��VSDQQLQJ�QHDUO\�WKH�HQWLUH�OHQJWK�RI�WKH�+LV �WDJ�DQG�LQWHUDFWLQJ
H[WHQVLYHO\�ZLWK�VHYHUDO�RI�WKH�KLVWLGLQHV��)LJ������7KHVH�LRQV�DOVR�LQWHUDFW�ZLWK�DFWLYH�VLWH�UHVLGXHV�6HU����7\U�����6HU�����/\V����
7KU����DQG�*O\�����)LJ������+LV����LV�DOVR�LQYROYHG�LQ�ʌ±ʌ�VWDFNLQJ�LQWHUDFWLRQV�ZLWK�7\U�����7KH�LQWHUDFWLRQV�REVHUYHG�EHWZHHQ�WKH
HQ]\PH�DQG�ERWK�WKH�+LV �WDJ�DQG�WKH�VXOIDWH�LRQV�DOORZ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�W\SHV�RI�OLJDQGV�WKDW�PD\�EH�DFFRPPRGDWHG�LQ
WKLV�DFWLYH�VLWH��7KH�TXDOLW\�RI�WKH�ILQDO�PRGHO�ZDV�DQDO\]HG�ZLWK�WKH�SURJUDP�0RO3URELW\��&KHQ�HW�DO����������������RI�DOO�UHVLGXHV
ZHUH�IRXQG�LQ�WKH�IDYRUHG�UHJLRQ�RI�WKH�5DPDFKDQGUDQ�SORW�DQG������ZHUH�LQ�WKH�DOORZHG�UHJLRQ�
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6WHUHRYLHZ�RI�WKH�LQWHUDFWLRQV�LQ�WKH�DFWLYH�VLWH�RI�WKH�$VQ���*O\�PXWDQW��&�DWRPV�RI�WKH�+LV �WDJ�DUH�FRORUHG
F\DQ��&�DWRPV�RI�WKH�UHVW�RI�WKH�SURWHLQ�DUH�FRORUHG�JUHHQ��1�DWRPV�EOXH��2�DWRPV�UHG�DQG�6�DWRPV�RUDQJH�
:DWHU�PROHFXOHV�DUH�UHSUHVHQWHG�DV�UHG�VSKHUHV��+\GURJHQ�ERQGV�DUH�VKRZQ�DV�\HOORZ�GDVKHG�OLQHV�DQG
UHSUHVHQW�GLVWDQFHV�EHWZHHQ�����DQG�����c�

�����&RPSDULVRQ�ZLWK�ZLOG�W\SH�3���ȕ�ODFWDPDVH

7KH�FU\VWDOV�RI�WKH�$VQ���*O\�PXWDQW�ZHUH�JURZQ�XQGHU�FRQGLWLRQV�WKDW�GLIIHUHG�IURP�WKRVH�XVHG�IRU�WKH�ZLOG�W\SH�3���HQ]\PH�DQG
UHVXOWHG�LQ�D�VWUXFWXUH�ZLWK�D�GLIIHUHQW�VSDFH�JURXS��GDWD�IRU�WKH�PXWDQW�DUH�JLYHQ�LQ�7DEOH����WKH�ZLOG�W\SH�FU\VWDO�EHORQJHG�WR�VSDFH
JURXS�3� ��DQG�XQLW�FHOO�SDUDPHWHUV��7DEOH����WKH�ZLOG�W\SH�FU\VWDO�KDG�XQLW�FHOO�SDUDPHWHUV�D� ��������E� ��������F� �������c��ȕ� 
������$GGLWLRQDOO\��WKH�PXWDQW�FRQWDLQHG�D�PRQRPHU�LQ�WKH�DV\PPHWULF�XQLW��ZKHUHDV�WKH�ZLOG�W\SH�VWUXFWXUH�FU\VWDOOL]HG�ZLWK�D�GLPHU
LQ�WKH�DV\PPHWULF�XQLW��6XSHUSRVLWLRQ�RI�WKH�$VQ���*O\�PXWDQW�VWUXFWXUH�ZLWK�WKH�ZLOG�W\SH�HQ]\PH��3'%�HQWU\��[[����/RENRYVN\�HW
DO���������LQGLFDWHG�WKDW�WKHUH�ZHUH�QR�PDMRU�FKDQJHV�LQ�WKH�RYHUDOO�IROG�RI�WKH�PXWDQW�HQ]\PH��7KH�U�P�V�G��EHWZHHQ�DOO�& �DWRPV
FRPPRQ�WR�WKH�WZR�VWUXFWXUHV�ZDV�����c��ZLWK�PRVW�RI�WKH�GLIIHUHQFHV�RFFXUULQJ�LQ�WKH�ORRS�FRQWDLQLQJ�*OQ����DQG�WKH�KHOL[��KHOL[�+�D�
WKDW�LPPHGLDWHO\�IROORZV�

7DEOH��
�&U\VWDOORJUDSKLF�VXPPDU\�IRU�WKH�VWUXFWXUH�RI�WKH�$VQ���*O\�PXWDQW�RI�3��
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5HVROXWLRQ��c� ����������±�����
8QLTXH�UHIOHFWLRQV �����
7RWDO�REVHUYDWLRQV ������
5 ���� �����������
&RPSOHWHQHVV����� �����������
,�ı�,� ���������

5HVROXWLRQ�UDQJH�IRU�UHILQHPHQW��c� ��±����
1R��RI�SURWHLQ�UHVLGXHV ���
1R��RI�ZDWHU�PROHFXOHV ���
5�P�V�G��ERQG�OHQJWKV��c� �����
5�P�V�G�ERQG�DQJOHV���� ���
5�IDFWRU���� ����
5 Á���� ����
$YHUDJH�%�IDFWRU��c � �
� 3URWHLQ�DWRPV ����
� :DWHU�PROHFXOHV ����
� +LV �WDJ ����
�)UDFWLRQ�RI�WKHRUHWLFDOO\�SRVVLEOH�UHIOHFWLRQV�REVHUYHG��

�Á5 �ZDV�FDOFXODWHG�XVLQJ����RI�UHIOHFWLRQV�WKDW�ZHUH�VHW�DVLGH�UDQGRPO\��
�

�����$FWLYH�VLWH�RI�WKH�$VQ���*O\�PXWDQW

6HYHUDO�FKDQJHV�DUH�REVHUYHG�ZLWKLQ�WKH�DFWLYH�VLWH�DUFKLWHFWXUH�RI�WKH�PXWDQW�FRPSDUHG�ZLWK�ZLOG�W\SH�3����7KH�ILUVW�LV�WKH�GLVUXSWLRQ
RI�WKH�H[WHQVLYH�K\GURJHQ�ERQGLQJ�QHWZRUN�IRXQG�LQ�WKH�DFWLYH�VLWHV�RI�WKH�FODVV�&�ȕ�ODFWDPDVH�HQ]\PHV��ZKLFK�LV�D�FRQVHTXHQFH�RI
WKH�ORVV�RI�WKH�K\GURSKLOLF�$VQ����VLGH�FKDLQ��$VQ����LV�FHQWUDOO\�ORFDWHG�LQ�WKH�DFWLYH�VLWH��,Q�DGGLWLRQ�WR�K\GURJHQ�ERQGLQJ�WR�WKH
FRQVHUYHG�UHVLGXHV�*OQ����DQG�/\V����$VQ����LV�EHOLHYHG�WR�KHOS�SRVLWLRQ�WKH�ȕ�ODFWDP�VXEVWUDWH�LQ�WKH�DFWLYH�VLWH�E\�IRUPLQJ�D
K\GURJHQ�ERQG�WR�WKH�FRQVHUYHG�5 �DPLGH�JURXS�RI�WKH�ȕ�ODFWDP�DQWLELRWLF��3DWHUD�HW�DO���������3RZHUV�HW�DO���������2HIQHU�HW�DO��
������'XEXV�HW�DO����������:LWK�WKH�HQWLUH�VLGH�FKDLQ�RI�$VQ����UHPRYHG�LQ�WKH�$VQ���*O\�PXWDQW��*OQ����KDV�ORVW�LWV�K\GURJHQ�
ERQGLQJ�SDUWQHU�DQG�DV�D�UHVXOW�WKH�*OQ����VLGH�FKDLQ�KDV�IOLSSHG�RXW�IURP�LWV�CZLOG�W\SH
�FRQIRUPDWLRQ��*OQ����2 �QRZ�IRUPV
K\GURJHQ�ERQGV�WR�WKH�PDLQ�FKDLQ�1�DWRPV�RI�WKH�ODVW�WZR�UHVLGXHV�RI�WKH�+LV �WDJ��+LV����DQG�+LV������DQG�*OQ����1 �LQWHUDFWV�ZLWK
D�ZDWHU�PROHFXOH��:DW����

$QRWKHU�UHVLGXH�LQYROYHG�LQ�WKH�K\GURJHQ�ERQG�QHWZRUN�VXUURXQGLQJ�$VQ����LV�WKH�FRQVHUYHG�/\V����,Q�WKH�ZLOG�W\SH�HQ]\PH�D
K\GURJHQ�ERQG�LV�REVHUYHG�EHWZHHQ�$VQ����2 �DQG�/\V���1 �8SRQ�PXWDWLRQ�WR�JO\FLQH�WKLV�LQWHUDFWLRQ�FDQQRW�RFFXU��EXW�WKH
FRQIRUPDWLRQ�RI�/\V���UHPDLQV�UHODWLYHO\�XQFKDQJHG�RZLQJ�WR�LQWHUDFWLRQ�ZLWK�WKH�+LV �WDJ��,QWHUHVWLQJO\��WKH�FDUER[\ODWH�JURXS�RI�WKH
RYHUDOO�&�WHUPLQXV�RI�WKH�PRQRPHU��L�H��RI�+LV�����RFFXSLHV�WKH�CKROH
�OHIW�E\�WKH�PXWDWLRQ�RI�$VQ����WR�JO\FLQH��)LJ������7KH
FDUER[\ODWH�JURXS�LV�LQ�D�VLPLODU�SRVLWLRQ�WR�WKH�DPLGH�JURXS�LQ�WKH�VLGH�FKDLQ�RI�$VQ����LQ�WKH�ZLOG�W\SH�VWUXFWXUH��7KLV�FDUER[\ODWH�
ELQGLQJ�VLWH�LV�XQLTXH�WR�WKH�$VQ���*O\�PXWDQW�DQG�LV�GLVWLQFW�IURP�WKH�ELQGLQJ�VLWH�WKDW�UHFRJQL]HV�WKH�&��FDUER[\ODWH�RI�FHSKDOR�VSRULQ
DQWLELRWLFV��3RZHUV�	�6KRLFKHW���������,Q�WKH�$VQ���*O\�PXWDQW�VWUXFWXUH�RQH�RI�WKH�2�DWRPV�RI�WKLV�FDUER[\ODWH��2;7��DYHUDJH�%
IDFWRU������c ��VHUYHV�DV�D�UHSODFHPHQW�K\GURJHQ�ERQGLQJ�SDUWQHU�ZLWK�/\V���1 ��DYHUDJH�%�IDFWRU������c ���7KH�RWKHU�FDUER[\ODWH�2
DWRP��2��DYHUDJH�%�IDFWRU������c ��PDNHV�D�K\GURJHQ�ERQG�WR�:DW����DYHUDJH�%�IDFWRU������c ��
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6XSHUSRVLWLRQ�RI�WKH�$VQ���*O\�PXWDQW�ZLWK�ZLOG�W\SH�3���ȕ�ODFWDPDVH��3'%�HQWU\��[[�����+\GURJHQ�ERQGV
REVHUYHG�LQ�WKH�PXWDQW�DUH�VKRZQ�DV�\HOORZ�GDVKHG�OLQHV�DQG�WKRVH�LQ�ZLOG�W\SH�3���DUH�VKRZQ�LQ�PDJHQWD�
$WRPV�DUH�FRORUHG�DV�LQ�)LJ�����H[FHSW�WKDW�WKH�&�DWRPV�RI�WKH�ZLOG�W\SH�3���HQ]\PH�DUH�FRORUHG�\HOORZ�

$�PRUH�GUDPDWLF�FKDQJH�LQ�WKH�DFWLYH�VLWH�LV�WKH�DSSDUHQW�CFORVLQJ
�RI�WKH�DFWLYH�VLWH�DURXQG�WKH�LQVHUWHG�+LV �WDJ��6HFRQGDU\�VWUXFWXUH
PDWFKLQJ��660��RI�WKH�$VQ���*O\�PXWDQW�VWUXFWXUH�ZLWK�ERWK�DSR�ZLOG�W\SH�3����3'%�HQWU\��[[����DQG�ZLOG�W\SH�3���LQ�FRPSOH[�ZLWK
D�SKRVSKRQDWH�LQKLELWRU��3'%�HQWU\��EOV���/RENRYVN\�HW�DO���������ZDV�SHUIRUPHG�LQ�&RRW��(PVOH\�	�&RZWDQ���������ZLWK�D�UHVXOWLQJ
U�P�V�G��RI������c�IRU�����FRPPRQ�DPLQR�DFLG�UHVLGXHV��:KHQ�FRPSDUHG�ZLWK�WKH�ZLOG�W\SH�3���VWUXFWXUH��VKLIWV�LQ�& �DWRP�SRVLWLRQV
RI�DSSUR[LPDWHO\���c�DUH�REVHUYHG�LQ�WKH�ORRS�WKDW�LQFOXGHV�UHVLGXHV����±����DQG�UHVLGXHV����±����RI�WKH�VXEVHTXHQW�KHOL[�+�D�LQ�WKH
$VQ���*O\�PXWDQW��)LJ������7KH�RYHUDOO�HIIHFW�RI�WKH�VKLIW�LV�D�FORVLQJ�RI�WKHVH�UHJLRQV�DURXQG�WKH�+LV �WDJ��7KLV�VDPH�FORVXUH�LV�QRW
REVHUYHG�ZKHQ�FRPSDULQJ�WKH�$VQ���*O\�PXWDQW�VWUXFWXUH�ZLWK�WKH�SKRVSKRQDWH�ERXQG�FRPSOH[��3'%�HQWU\��EOV����LQ�ZKLFK�WKHVH
UHJLRQV�VXSHUSRVH�ZHOO�ZLWK�WKH�DSR�ZLOG�W\SH�3���VWUXFWXUH��7KHUHIRUH��WKLV�CFORVLQJ
�HIIHFW�VHHPV�PRVW�OLNHO\�WR�DULVH�IURP�WKH
SUHVHQFH�RI�WKH�+LV �WDJ��ZKLFK�LV�D�FU\VWDOOR�JUDSKLF�DUWLIDFW�RI�WKLV�VWUXFWXUH��7KH�REVHUYHG�VPDOOHU�DFWLYH�VLWH�LV�LQ�FRQWUDVW�WR�PRVW
(6%/�VWUXFWXUHV��ZKLFK�UHYHDO�DQ�LQFUHDVH�LQ�WKH�VL]H�RI�WKH�DFWLYH�VLWH�XSRQ�PXWDWLRQ��WKHUHE\�PDNLQJ�WKHVH�HQ]\PHV�EHWWHU�DEOH�WR
DFFRPPRGDWH�EXONLHU�DQWLELRWLFV��7KH�FRQIRUPDWLRQDO�IOH[LELOLW\�REVHUYHG�LQ�WKLV�UHJLRQ�RI�$VQ���*O\�VXJJHVWV�WKDW�WKLV�PLJKW�EH
DQRWKHU�DUHD�WKDW�PD\�DOORZ�DQ�LQFUHDVH�LQ�WKH�VL]H�RI�WKH�DFWLYH�VLWH�DQG�DOORZ�H[WHQGHG�VSHFWUXP�DFWLYLW\�ZLWK�D�VLQJOH�DPLQR�DFLG
FKDQJH��$�VWUXFWXUH�RI�$VQ���*O\�LQ�FRPSOH[�ZLWK�D�ȕ��ODFWDP�VXFK�DV�R[DFLOOLQ�ZRXOG�VKHG�OLJKW�RQ�WKLV�SRVVLELOLW\��)URP�D�GUXJ�GHVLJQ
SHUVSHFWLYH��WKH�SUHVHQFH�RI�WKH�+LV �WDJ�DQG�WKUHH�VXOIDWH�LRQV�ERXQG�LQ�WKH�DFWLYH�VLWH�RI�WKLV�PXWDQW�DOVR�SURYLGHV�LQVLJKW�LQWR�WKH
ELQGLQJ�FDSDELOLWLHV�LQ�WKH�DFWLYH�VLWH�DQG�PD\�DLG�LQ�IXWXUH�LQKLELWRU�GHVLJQ�
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�&ORVXUH�RI�WKH�$VQ���*O\�DFWLYH�VLWH�DURXQG�WKH�+LV �WDJ��6XSHUSRVLWLRQ�RI�WKH�$VQ���*O\�PXWDQW�ZLWK�ZLOG�W\SH

DSR�3���ȕ�ODFWDPDVH��3'%�HQWU\��[[����DQG�ZLOG�W\SH�3���ȕ�ODFWDPDVH�LQ�FRPSOH[�ZLWK�D�SKRVSKRQDWH�LQKLELWRU
�3'%�HQWU\��EOV����$WRPV�DUH�FRORUHG�DV�LQ�)LJ�����H[FHSW�WKDW�WKH�&�DWRPV�RI�WKH�ZLOG�W\SH�3���FRPSOH[�DUH
FRORUHG�PDJHQWD��+HOL[�+�D�LV�ODEHOHG��DV�LV�WKH�ORRS�FRQWDLQLQJ�*OQ����

*LYHQ�WKH�REVHUYHG�+LV �WDJ�LQ�WKH�DFWLYH�VLWH�RI�WKH�$VQ���*O\�PXWDQW��LW�LV�FRQFHLYDEOH�WKDW�D�IUHH�+LV �RU�VLPLODU�SRO\SHSWLGH�PLJKW
DFW�DV�DQ�LQKLELWRU�RI�WKLV�3���VWUXFWXUDO�YDULDQW��:KLOH�WKLV�SRVVLELOLW\�H[LVWV��LW�VKRXOG�EH�QRWHG�WKDW��SULRU�WR�NQRZOHGJH�RI�WKH�ERXQG
+LV �WDJ��VRDNLQJ�WKH�$VQ���*O\�FU\VWDOV�LQ�FU\RSURWHFWDQW�VROXWLRQ�FRQWDLQLQJ�D�VDWXUDWLQJ�FRQFHQWUDWLRQ�RI�R[DFLOOLQ�UHVXOWHG�LQ�UDSLG
FU\VWDO�GHJUDGDWLRQ��LPSO\LQJ�WKDW�D�VLJQLILFDQW�FRQWULEXWLRQ�WR�WKLV�LQWHUDFWLRQ�DULVHV�DV�DQ�DUWLIDFW�RI�WKH�FU\VWDOOL]DWLRQ�SURFHVV�LWVHOI�
1HYHUWKHOHVV��WKLV�ZRXOG�EH�DQ�LQWHUHVWLQJ�TXHVWLRQ�WR�DGGUHVV��VSHFLILFDOO\�ZLWK�UHJDUG�WR�WKH�VHTXHQFH�VSHFLILFLW\�RI�WKH�SRO\SHSWLGH�

6XSSRUWLQJ�LQIRUPDWLRQ

�'�YLHZ���V�[

3'%�UHIHUHQFH��3���FHSKDORVSRULQDVH��$VQ���*O\�PXWDQW���V�[

)RRWQRWHV

Á3UHVHQW�DGGUHVV��'HSDUWPHQW�RI�&KHPLVWU\�����$�%HUOLQHU�+DOO������+RIVWUD�8QLYHUVLW\��+HPSVWHDG��1<��������86$�

$FNQRZOHGJHPHQWV

7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�D�&RWWUHOO�&ROOHJH�6FLHQFH�$ZDUG�IURP�5HVHDUFK�&RUSRUDWLRQ�DQG�DQ�16)�$GYDQFH�SURIHVVLRQDO
GHYHORSPHQW�JUDQW��WR�5$3���7KH�DXWKRUV�ZRXOG�OLNH�WR�DFNQRZOHGJH�(ULF�;X�DW�WKH�9DQ�$QGHO�5HVHDUFK�,QVWLWXWH��*UDQG�5DSLGV�
0LFKLJDQ�IRU�XVH�RI�WKH�3KRHQL[�FU\VWDOOL]DWLRQ�URERW��8VH�RI�WKH�$GYDQFHG�3KRWRQ�6RXUFH�ZDV�VXSSRUWHG�E\�WKH�86�'HSDUWPHQW�RI
(QHUJ\��2IILFH�RI�6FLHQFH��2IILFH�RI�%DVLF�(QHUJ\�6FLHQFHV�XQGHU�&RQWUDFW�1R��'(�$&�����&+�������8VH�RI�/6�&$7�6HFWRU����ZDV
VXSSRUWHG�E\�WKH�0LFKLJDQ�(FRQRPLF�'HYHORSPHQW�&RUSRUDWLRQ�DQG�WKH�0LFKLJDQ�7HFKQRORJ\�7UL�&RUULGRU�IRU�WKH�VXSSRUW�RI�WKLV
UHVHDUFK�SURJUDP��*UDQW����3���������

5HIHUHQFHV

%DUQDXG��*���/DELD��5���5DVNLQH��/���6DQVRQ�/H�3RUV��0��-���3KLOLSSRQ��$��	�$UOHW��*����������)(06�0LFURELRO��/HWW����������±������ :HE�RI�6FLHQFH
&URVV5HI � 3XE0HG � &$6 � *RRJOH�6FKRODU

�
%XVK��.���-DFRE\��*��$��	�0HGHLURV��$��$����������$QWLPLFURE��$JHQWV�&KHPRWKHU����������±������� &URVV5HI � &$6 � 3XE0HG

:HE�RI�6FLHQFH � *RRJOH�6FKRODU
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$FWD�&U\VW��'������±����� :HE�RI�6FLHQFH � &URVV5HI � &$6 � ,8&U�-RXUQDOV � *RRJOH�6FKRODU

�
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&URVV5HI � 3XE0HG � &$6 � *RRJOH�6FKRODU
�

'DYLHV��-��	�'DYLHV��'����������0LFURELRO��0RO��%LRO��5HY���������±������ :HE�RI�6FLHQFH � &URVV5HI � &$6 � 3XE0HG � *RRJOH�6FKRODU
�

'H/DQR��:��/����������3\02/��KWWS���ZZZ�S\PRO�RUJ���� *RRJOH�6FKRODU
�

'RL��<���:DFKLQR��-���,VKLJXUR��0���.XURNDZD��+���<DPDQH��.���6KLEDWD��1���6KLED\DPD��.���<RNR\DPD��.���.DWR��+���<DJL��7��	�$UDNDZD��<���������
$QWLPLFURE��$JHQWV�&KHPRWKHU����������±������� :HE�RI�6FLHQFH � &URVV5HI � 3XE0HG � &$6 � *RRJOH�6FKRODU

�
'XEXV��$���1RUPDUN��6���.DQLD��0��	�3DJH��0��*����������%LRFKHPLVWU\����������±������� &URVV5HI � &$6 � 3XE0HG � :HE�RI�6FLHQFH

*RRJOH�6FKRODU
�

(PVOH\��3��	�&RZWDQ��.����������$FWD�&U\VW��'��������±������� :HE�RI�6FLHQFH � &URVV5HI � &$6 � ,8&U�-RXUQDOV � *RRJOH�6FKRODU
�

)LVKHU��-��)���0HURXHK��6��2��	�0REDVKHU\��6����������&KHP��5HY����������±������ :HE�RI�6FLHQFH � &URVV5HI � 3XE0HG � &$6
*RRJOH�6FKRODU

�
.LP��-��<���-XQJ��+��,���$Q��<��-���/HH��-��+���.LP��6��-���-HRQJ��6��+���/HH��.��-���6XK��3��*���/HH��+��6���/HH��6��+��	�&KD��6��6����������0RO��0LFURELRO�
�������±������ :HE�RI�6FLHQFH � &URVV5HI � 3XE0HG � &$6 � *RRJOH�6FKRODU

�
/HH��-��+���-XQJ��+��,���-XQJ��-��+���3DUN��-��6���$KQ��-��%���-HRQJ��6��+���-HRQJ��%��&���/HH��-��+��	�/HH��6��+����������0LFURE��'UXJ�5HVLVW���������±
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