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$GVRUSWLYH�5HPRYDO�RI�3KRVSKDWH�IURP�:DWHU�XVLQJ�=U�,9��
/RDGHG�6SHQW�&DWLRQ�([FKDQJH�5HVLQ�

+DUL�3DXG\DO� ���.DWVXWRVKL�,QRXH���.HLVXNH�2KWR��DQG�+LGHWDND�.DZDNLWD��

�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX��1HSDO�
�'HSDUWPHQW�RI�$SSOLHG�&KHPLVWU\��6DJD�8QLYHUVLW\��+RQMR����6DJD�����������-DSDQ�

(PDLO��KSDXG\DO#FGFWX�HGX�QS�� �

$EVWUDFW�

,Q�WKLV�VWXG\��WKH�VXOSKRQLF�DFLG�W\SH�VSHQW�FDWLRQ�H[FKDQJH�UHVLQ��6&(5��ZDV�SXOYHUL]HG�DQG�ORDGHG�
ZLWK� =U�,9�� LQ� RUGHU� WR� PDNH� DV� DQ� DGVRUEHQW� IRU� DQLRQLF� SROOXWDQWV� OLNH� SKRVSKDWH� IURP� ZDWHU�� 7KH�
DGVRUEHQWV� ZHUH� FKDUDFWHUL]HG� E\� )7,5� DQG� FKHPLFDO� DQDO\VLV� WKDW� SURYLGHG� HYLGHQFHV� IRU� HIIHFWLYH�
ORDGLQJ� RI� =U�,9��� 7KH� HIIHFWV� RI� WHPSHUDWXUH�� S+� DQG� SKRVSKDWH� FRQFHQWUDWLRQ� RQ� SKRVSKDWH� UHPRYDO�
ZHUH� LQYHVWLJDWHG��6&(5�JHQHUDWHG� IURP�WKH� LQGXVWULHV�RI� VLOLFRQ�VHPLFRQGXFWRUV�DQG�VRODU�SDQHOV�ZDV�
ORDGHG�ZLWK�=U�,9�� WR�GHYHORS�DGVRUSWLRQ� VLWHV� IRU�SKRVSKDWH�DQLRQ��7KH�DGVRUSWLRQ�EHKDYLRU�RI�6&(5�
EHIRUH� DQG� DIWHU� =U�,9�� ORDGLQJ� WRZDUGV� SKRVSKDWH�ZDV� FRPSDUHG�� =U�,9�� ORDGHG� 6&(5� FRXOG� DGVRUE�
DOPRVW� FRPSOHWH� SKRVSKDWH� IURP� DTXHRXV� VROXWLRQ� HYHQ� IURP� WUDFH� FRQFHQWUDWLRQ�� 7KH� LQIOXHQFH� RI�
VROXWLRQ� S+�� FRQWDFW� WLPH� DQG� FRQFHQWUDWLRQ� WRZDUGV� SKRVSKDWH� IURP�PRGHOHG� VROXWLRQ�ZDV� VWXGLHG� LQ�
GHWDLO�E\�EDWFK�DGVRUSWLRQ�PHWKRG��7KH�PD[LPXP�UHPRYDO�FDSDFLW\�6&(5�EHIRUH�DQG�DIWHU�=U�,9��ORDGLQJ�
ZHUH� FDOFXODWHG� DV� ����� DQG� ����� PPRO�J�� UHVSHFWLYHO\� XVLQJ� EHVW� ILW� �/DQJPXLU�� LVRWKHUP� PRGHO�� ,Q�
DGGLWLRQ��WKH�SKRVSKDWH�IURP�DTXHRXV�PHGLXP�ZDV�TXDQWLWDWLYH�DGVRUSWLRQ�DQG�DGVRUEHG�SKRVSKDWH�DOVR�
GHVRUHG�TXDQWLWDWLYHO\�XVLQJ����0�1D2+�VROXWLRQ��7KHUHIRUH��SUHVHQW�UHVXOWV�SURYLGH�D�QHZ�DSSURDFK�RI�
HIIHFWLYH�XVDJH�RI�6&(5�IRU�WKH�UHPRYDO�DQG�UHFRYHU\�RI�SKRVSKDWH�IURP�WKH�DTXHRXV�VROXWLRQ���

.H\�ZRUGV��6SHQW�&DWLRQ�H[FKDQJH�UHVLQ��6&(5���3XOYHUL]DWLRQ��=U�,9��ORDGLQJ��3KRVSKDWH��$GVRUSWLRQ�LVRWKHUP��

,QWURGXFWLRQ�

3KRVSKDWH� LV� RQH� RI� D� PDMRU� SROOXWDQW� LQ� ZDWHU� DQG� ODUJH� YROXPH� RI� ZDVWHZDWHU� FRQWDLQLQJ� KLJK�
FRQFHQWUDWLRQ�RI�SKRVSKDWH�ZLOO�GHWHULRUDWH�QDWXUDO�HFRV\VWHPV��3KRVSKDWH�H[LVWV� LQ� WKH�IRUP�RI� LWV�R[R�
DQLRQLF� VSHFLHV� VXFK� DV�� +�32�

��� +32�
��DQG� 32�

��� LQ� ZDWHU�� 7KHUH� KDV� EHHQ� D� JUHDW� LQFUHDVH� DQG�
DFFXPXODWLRQ� RI� SKRVSKDWH� LQ� HQYLURQPHQW� GXH� WR� WKH� UDSLG� LQGXVWULDOL]DWLRQ� RYHU� WKH� \HDUV� HVSHFLDOO\�
IURP�FKHPLFDO� IHUWLOL]HU��SKRVSKDWH�PLQLQJ�DQG� UHILQLQJ� LQGXVWULHV���'LVFKDUJH�RI�KLJK�FRQFHQWUDWLRQ�RI�
SKRVSKDWH�LQWR�WKH�ZDWHU�ERGLHV�VXFK�DV�ODNH��SRQG��ZDWHU�UHVHUYRLU�RU�ULYHU�UHVXOWV�LQ�H[FHVV�DOJDH�JURZWK��
ZKLFK� LQ� WXUQ� FDXVHV� GHILFLHQF\� LQ� GLVVROYHG� R[\JHQ� FRQFHQWUDWLRQ� DQG� HXWURSKLFDWLRQ�� 7KHUHIRUH�� LW� LV�
QHFHVVDU\�WR�HOLPLQDWH�SKRVSKDWH�IURP�WKH�HQYLURQPHQW��DQG�LW�LV�DOVR�HVVHQWLDO�WKDW�WKH�HIIOXHQWV�VKRXOG�EH�
WUHDWHG�EHIRUH�GLVFKDUJLQJ�LQWR�DTXDWLF�HQYLURQPHQWV��$�QXPEHU�RI�SK\VLFRFKHPLFDO�PHWKRGV�KDYH�EHHQ�
GHYHORSHG�IRU�WKH�UHPRYDO�RI�SKRVSKDWH�LQFOXGLQJ�FKHPLFDO�SUHFLSLWDWLRQ������ELRORJLFDO�WUHDWPHQW������DQG�
DGVRUSWLRQ� E\� XVLQJ� DSSURSULDWH� DGVRUEHQWV� ���� DPRQJ� WKHP� DGVRUSWLRQ� WHFKQRORJ\� LV� HPHUJLQJ� DV�
SURPLQHQW� FDQGLGDWH�EHFDXVH�RI� LWV� HDV\�RSHUDWLRQ�� ORZ�RSHUDWLQJ�FRVW� DQG� LQYXOQHUDELOLW\� WR� FRH[LVWLQJ�

&RUUHVSRQGLQJ�DXWKRU



-��1HSDO�&KHP��6RF���9RO����������

���

SROOXWDQWV�������7KH�XVHV�RI�LQH[SHQVLYH�PDWHULDO�OLNH�ZDVWHG�UHVLQ�SRZGHU�FDQ�EH�D�SURPLVLQJ�DOWHUQDWLYH�WR�
SUHSDUH�DGVRUEHQW�IRU�SKRVSKDWH�DQLRQ�IURP�ZDWHU����

,Q�UHFHQW�\HDUV��V\QWKHWLF�FDWLRQ�H[FKDQJH�UHVLQV�KDYH�EHHQ�H[WHQVLYHO\�HPSOR\HG�LQ�D�YDULHW\�RI�ILHOGV�
VXFK� DV�ZDWHU� VRIWHQLQJ��ZDVWHZDWHU� WUHDWPHQW�� SUHFLRXV�PHWDOV� UHFRYHU\�� IRRG� LQGXVWULHV� DQG� FDWDO\WLF�
SURFHVVHV�� $OWKRXJK� FDWLRQ� H[FKDQJH� UHVLQV� FDQ� EH� UHJHQHUDWHG� D� FRQVLGHUDEOH� QXPEHU� RI� WLPHV�� WKH\�
JUDGXDOO\�GHWHULRUDWH�WKURXJK�WKH�IRUPDWLRQ�RI�PDQ\�FUDFNV�ZKLFK�LPSHGH�VPRRWK�FROXPQ�RSHUDWLRQ�DQG�
EHFRPH� XQXVDEOH� DIWHU�PDQ\� F\FOHV� RI� DGVRUSWLRQ� IROORZHG� E\� UHJHQHUDWLRQ� VWHSV��&RQVHTXHQWO\�� ODUJH�
TXDQWLWLHV�RI�VSHQW�FDWLRQ�H[FKDQJH�UHVLQV�DUH�GLVFDUGHG�HYHU\�\HDU�DOO�RYHU� WKH�ZRUOG�E\� ODQG�ILOOLQJ�DW�
VSHFLDO�GXPSLQJ�VLWHV�RU�E\� LQFLQHUDWLRQ��7KHUHIRUH�� UHXWLOL]DWLRQ�RI�VXFK�D�FDWLRQ�H[FKDQJH� ORRNV�PRUH�
SURPLVLQJ�IURP�WKH�YLHZ�SRLQW�RI�HFRQRPLF�UHDVRQ��

,Q�WKLV�ZRUN��D�VLPSOH�PHWKRG�ZDV�GHYHORSHG�WR�V\QWKHVL]H�DGVRUEHQW�IRU�SKRVSKDWH�XVLQJ�VSHQW�FDWLRQ�
H[FKDQJH�UHVLQ�SURGXFHG�IURP�WKH�LQGXVWULHV�RI�VLOLFRQ�VHPLFRQGXFWRUV�DQG�VRODU�SDQHOV��7KH�VSHQW�FDWLRQ�
H[FKDQJH� UHVLQ� �6&(5�� LV� HIIHFWLYH� IRU� PHWDO� LRQV� DGVRUSWLRQ� ZKHUHDV� WKH\� QHJOLJLEO\� DGVRUE� DQLRQLF�
VSHFLHV� VXFK� DV� SKRVSKDWH� DQLRQ�� ,Q� D� SUHYLRXV� VWXG\�� PHWDO� ORDGHG� VSHQW� FDWLRQ� H[FKDQJH� UHVLQ� ZDV�
HPSOR\HG� WR� UHPRYH� IOXRULGH� IURP�DTXHRXV� VROXWLRQ� WRJHWKHU�ZLWK� LQRUJDQLF�FRDJXODQW� ����+HUH��=U�,9��
ZDV�ORDGHG�RQWR�WKH�SRO\PHU�PDWUL[�RI�6&(5�LQ�RUGHU�WR�GHYHORS�DQLRQ�H[FKDQJH�VLWHV�DQG�LW��ZDV�XVHG�DV�
DQ�DGVRUEHQW�IRU�WKH�UHPRYDO�RI�SKRVSKDWH�IURP�DTXHRXV�VROXWLRQ���

([SHULPHQWDO�0HWKRG

3UHSDUDWLRQ�RI�DGVRUEHQW�IURP�VSHQW�FDWLRQ�H[FKDQJH�UHVLQ�
7KH�VDPSOH�RI�VSHQW�VWURQJO\�DFLGLF�FDWLRQ�H[FKDQJH�UHVLQ��08520$&�0%;��:+��ZKLFK�KDG�EHHQ�

HPSOR\HG� IRU� WKH�SURGXFWLRQ�RI� LRQ�H[FKDQJH�ZDWHU��ZDV�NLQGO\� VXSSOLHG�E\�0XURPDFKL�&KHPLFDO�&R��
/WG���2PXWD�� -DSDQ��7KH�SRO\PHU�PDWULFHV�RI� WKLV� UHVLQ�DUH�SRO\VW\UHQH�FURVV�OLQNHG�E\�GLYLQ\OEHQ]HQH�
DQG� FRQWDLQ� IXQFWLRQDO� JURXSV� RI� VXOSKRQLF� DFLG�� 7KLV� VDPSOH� ZDV� SXOYHUL]HG� LQWR� ILQH� SRZGHUV�� WKH�
DYHUDJH�SDUWLFOH�VL]H�RI�ZKLFK�ZDV�DURXQG����PLFURPHWHUV��7KH�UHVXOWDQW�UHVLQ�SRZGHU�LV�DEEUHYLDWHG�DV�
6&(5� �6SHQW�&DWLRQ�([FKDQJH�5HVLQ��� KHUHDIWHU�� 7R� FUHDWH� DGVRUSWLRQ� VLWHV� IRU� DQLRQLF� SROOXWDQWV� OLNH�
SKRVSKDWH� DQLRQ�� =U�,9�� LRQ� ZDV� ORDGHG� RQWR� WKH� 6&(5� DFFRUGLQJ� WR� WKH� SURFHGXUH� GHVFULEHG� LQ� RXU�
SUHYLRXV� SDSHU� ���� )RU� WKLV�� �� J� RI� 6&(5� ZDV� PL[HG� WRJHWKHU� ZLWK� ���� P/� RI� ���� 0� ]LUFRQLXP�
R[\FKORULGH�RFWDK\GUDWH��=U2&O����+�2��VROXWLRQ�DW�S+������$IWHU�WKDW�LW�ZDV�VWLUUHG�IRU�RQH�GD\�DW����&�
IRU�WKH�LPPRELOL]DWLRQ�RI�=U�,9��RQWR�WKH�SRO\PHU�PDWUL[�RI�6&(5�7KH�SURGXFW�ZDV�ILOWHUHG�DQG�UHVLGXH�
ZDV�ZDVKHG�VHYHUDO�WLPHV�E\�GLVWLOOHG�ZDWHU�WR�UHPRYH�XQDGVRUEHG�=U�,9��IURP�6&(5��,W�ZDV�GULHG�LQ�D�
FRQYHFWLRQ�RYHQ�DW�����&�DQG�VWRUHG�LQ�SODVWLF�ERWWOH�ZKLFK�ZDV�XVHG�LQ�WKH�DGVRUSWLRQ�RI�SKRVSKDWH�DW�WKH�
WLPH�RI�H[SHULPHQW��'XULQJ� WKH� ORDGLQJ�UHDFWLRQ�RI�=U�,9��� WKH�SURWRQ�IURP�WKH�VXOIRQLF�DFLG�IXQFWLRQDO�
JURXSV�RI�6&(5�DUH�VXEVWLWXWHG�ZLWK�=U�,9��WKURXJK�FDWLRQ�H[FKDQJH�PHFKDQLVP�DV�VKRZQ�LQ�6FKHPH��
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%DWFK�ZLVH�VWXGLHV�IRU�WKH�DGVRUSWLRQ�RI�SKRVSKDWH�DQLRQV�

7KH�DGVRUSWLRQ�EHKDYLRU�RI�SKRVSKDWH�RQWR�6&(5�EHIRUH�DQG�DIWHU�=U�,9��ORDGLQJ�ZDV�LQYHVWLJDWHG�DW�
GLIIHUHQW�S+�UDQJLQJ�IURP���������XVLQJ�������PJ�/�������PPRO�/��SKRVSKDWH�VROXWLRQ��)RU�WKLV����PJ�RI�
DGVRUEHQW� ZDV� PL[HG� ZLWK� ��� P/� RI� SKRVSKDWH� VROXWLRQ�� .LQHWLF� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� E\�
FKDQJLQJ�FRQWDFW�WLPH�EHWZHHQ�WKH�DGVRUEHQWV�DQG�SKRVSKDWH�VROXWLRQV�DW�D�VROLG�OLTXLG�UDWLR�RI�����J�/��
7KH�DGVRUSWLRQ�LVRWKHUP�WHVW�RI�SKRVSKDWH�IRU�6&(5�EHIRUH�DQG�DIWHU�=U�,9��ORDGLQJ��ZHUH�FDUULHG�RXW�E\�
YDU\LQJ�WKH�SKRVSKDWH�FRQFHQWUDWLRQ�������������PPRO�/��DW�D�S+�RI�����DQG�VROLG�OLTXLG�UDWLR�RI�����J�/��
([FHSW�IRU�WKH�NLQHWLFV�WHVWV��WKH�PL[WXUHV�XVHG�IRU�WKH�DGVRUSWLRQ�WHVWV�ZHUH�VWLUUHG�DJLWDWHG�DW�����USP�IRU�
��� K� DW� ���� &�� $IWHU� ��� K� RI� DJLWDWLQJ� WKH� VXVSHQVLRQV�� WKH� PL[WXUHV� ZHUH� ILOWHUHG� DQG� ILOWUDWHV� ZHUH�
DQDO\]HG� IRU� UHVLGXDO� SKRVSKDWH� FRQFHQWUDWLRQ� XVLQJ� ,&3�$(6��$OO� WKHVH� DGVRUSWLRQ� H[SHULPHQWV� ZHUH�
UHSOLFDWHG�DW�OHDVW�WZR�WLPHV��7KH�SHUFHQWDJH�DGVRUSWLRQ�RI�PHWDO�LRQV��$���DQG�WKH�DPRXQW�RI�PHWDO�LRQV�
DGVRUEHG��T��ZHUH�FDOFXODWHG�DV�IROORZV�

9
:

&&
T HL

������������ � � � ����������

����
L

HL

&

&&
$

� � � � ����

ZKHUH��&L�DQG�&H�DUH�LQLWLDO�DQG�HTXLOLEULXP�SKRVSKDWH�FRQFHQWUDWLRQ�PPRO�/���UHVSHFWLYHO\��:�LV�WKH�GU\�
ZHLJKW�RI�DGVRUEHQW��J��DQG�9�LV�WKH�YROXPH�RI�IHHG�VROXWLRQ�LQ�OLWHU��

'HVRUSWLRQ�DQG�UHJHQHUDWLRQ�VWXGLHV�

)RU�WKH�DFWXDO�LQGXVWULDO�DSSOLFDWLRQ�RI�=U�,9��6&(5�HIIHFWLYHO\��LW�VKRXOG�EH�HFRQRPLFDOO\�YLDEOH��6R�
WKDW� UHXWLOL]DWLRQ� RI� =U�,9��6&(5� IRU� SKRVSKDWH� UHFRYHU\� IRU� PDQ\� WLPHV� LV� QHFHVVDU\�� 7KLV� UHTXLUHV�
FRPSOHWH� GHVRUSWLRQ� RI� SUHYLRXVO\� DGVRUEHG� SKRVSKDWH� DQG� UHJHQHUDWLRQ� RI� WKH� =U�,9��6&(5� WR� LWV�
RULJLQDO�VWDWH��$Q�H[SHULPHQW�ZDV�FRQGXFWHG�ZKHUH�SKRVSKDWH������P/�����PJ�/��ZDV�DGVRUEHG�ILUVW�E\�
=U�,9��6&(5�WKHQ�LW�ZDV�GHVRUEHG�XVLQJ����0�+&O�����0�1D2+�DQG����0�1D&O�DW�VROLG�OLTXLG�UDWLR�RI���
J�/��$IWHU�ILOWUDWLRQ��WKH�UHVLGXH�ZDV�ZDVKHG�ZLWK�GHLRQL]HG�ZDWHU�VHYHUDO�WLPHV�DQG�GULHG�LQ�D�FRQYHFWLRQ�
RYHQ�DW�����&�RYHUQLJKW�WKHQ�DGVRUSWLRQ�ZDV�FDUULHG�RXW�DV�HDUOLHU�XVLQJ����PJ�/�SKRVSKDWH�VROXWLRQ���

'LVVROXWLRQ�WHVW�XVLQJ�DTXD�UHJLD�VROXWLRQ�

,Q�RUGHU� WR�ILQG�RXW� WKH�WRWDO�DPRXQW�RI�=U��,9��ORDGHG�RQWR�WKH�6&(5�� �GLVVROXWLRQ�WHVW�XVLQJ�DTXD�
UHJLD�VROXWLRQ�ZDV�FDUULHG�RXW�DW���J�/�VROLG�OLTXLG�UDWLR��)RU�WKLV�����PJ�RI�=U�,9��6&(5�ZDV�PL[HG�ZLWK�
���P/�RI�DTXD�UHD�VROXWLRQ�DQG�VWLUUHG�DW�WKH�VWLUULQJ�VSHHG�RI�����USP�IRU����K�DW�����&��7KHQ�DIWHU��LW�
ZDV�ILOWHUHG�DQG�ILOWUDWH�ZDV�DQDO\]HG�IRU�=U�,9��XVLQJ�,&3�$(6��

5HVXOWV�DQG�'LVFXVVLRQ�

$QDO\VLV�RI�IXQFWLRQDO�JURXS�E\�)7,5�VSHFWURVFRS\�

7KH�DQDO\VLV�RI�YDULRXV�IXQFWLRQDO�JURXSV�LV�QHFHVVDU\�IRU�WKH�UHTXLUHG�FKHPLFDO�PRGLILFDWLRQ�LQ�RUGHU�
WR�JHQHUDWH�QHZ�DFWLYH� VLWHV� IRU�SKRVSKDWH� DGVRUSWLRQ��)LJXUH���� VKRZV� WKH�)7,5� VSHFWUD�RI� WKH�6&(5�
ZKHUH�EURDG�EDQG�REVHUYHG�DW������������FP���LV�GXH�WR�2+�VWUHWFKLQJ�YLEUDWLRQ�ZKLOH�WKH�SHDN�DW������
FP��� LV� GXH� WR�&�+� VWUHWFKLQJ�YLEUDWLRQ�RI� DOLSKDWLF� JURXS�� DQG� WKRVH� DW� DURXQG������ DQG������ FP��� LV�
LQGLFDWHG� & &� VWUHWFKLQJ� PRGH� RI� DURPDWLF� ULQJ�� 7KH� 6 2� VWUHWFKLQJ� PRGH� LV� LQGLFDWHG� GXH� WR� WKH�
SUHVHQFH�RI�LQWHQVH�SHDN�DW������FP����6LPLODUO\��WKH�SHDN�REVHUYHG�DW������FP���LV�GXH�WR�WKH�62��JURXS��
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,Q�DGGLWLRQ��WKH�SHDNV�REVHUYHG�DW�DURXQG�����������������DQG������FP���VKRZV�WKH�VWURQJ�LQGLFDWLRQ�RI�
WKH� SUHVHQFH�RI� WKH� VXOSKRQLF� DFLG� IXQFWLRQDO� JURXS� LQ� WKH� WHVWHG� VDPSOH� RI�6&(5�� VXJJHVWLQJ� WKDW� WKH�

6&(5�HPSOR\HG�LQ�WKLV�ZRUN�FRQWDLQV�VXOSKRQLF�DFLG�JURXSV�DV�PDMRU�IXQFWLRQDO�JURXSV��

)LJXUH����)7,5�VSHFWUD�RI�VSHQW�FDWLRQ�H[FKDQJH�UHVLQ�VKRZLQJ�GLIIHUHQW�IXQFWLRQDO�JURXSV��

0HDVXUHPHQW�RI�WRWDO�DPRXQW�RI�=U�,9��FRQWHQW�LQ�=U�,9��6&(5�

7KH�DTXD�UHJLD�VROXWLRQ�LV�RQH�RI�WKH�VWURQJ�OHDFKLQJ�VROXWLRQV�IRU�YDULRXV�PHWDO�LRQV��,W�LV�EHOLHYHG�WKDW�
FRPSOHWH�GLVVROXWLRQ�FDQ�EH�DFKLHYHG�E\�XVLQJ�DTXD�UHJLD�VROXWLRQ���� �7RWDO�DPRXQW�RI�=U�,9��ORDGHG�RQWR�
=U�,9��6&(5�ZDV� GHWHUPLQHG� E\� GLVVROYLQJ� =U�,9��6&(5� XVLQJ� DTXD�UHJLD� DW� �� J�/� DQG� � DQDO\VLQJ� WKH�
=U�,9��FRQFHQWUDWLRQ�E\�,&3�$(6���ZKLFK�JLYHV������PPRO�J�����

�(IIHFW�RI�S+�RQ�WKH�UHPRYDO�RI�SKRVSKDWH�LRQV�

7KH�DGVRUSWLRQ�RI�SKRVSKDWH� LV� DIIHFWHG�
E\� YDULRXV� SK\VLFDO� DQG� FKHPLFDO� IDFWRUV�
DQG� WKHVH� IDFWRUV� GHWHUPLQH� WKH� RYHUDOO�
DGVRUSWLRQ� SHUIRUPDQFH�� $PRQJ� YDULRXV�
IDFWRUV�� VROXWLRQ� S+�KDV� EHHQ� NQRZQ� WR� EH�
WKH� PRVW� LPSRUWDQW� UHJXODWRU� RI� WKH� HQWLUH�
DGVRUSWLRQ� SKHQRPHQD�� 7KH� S+� DIIHFWV� WKH�
VROXWLRQ� FKHPLVWU\� RI� SKRVSKDWH� LWVHOI�� WKH�
DFWLYLW\� RI� IXQFWLRQDO� JURXSV� RQ� WKH�
DGVRUEHQW� VXUIDFH� DQG� WKH� FRPSHWLWLRQ� RI�
FRH[LVWLQJ�LRQV�LQ�WKH�DTXHRXV�VROXWLRQ��7KH�
LQIOXHQFH� RI� S+� IRU� SKRVSKDWH� DGVRUSWLRQ�
XVLQJ�6&(5�EHIRUH�DQG�DIWHU�=U�,9��ORDGLQJ�
LV� LOOXVWUDWHG� LQ� )LJXUH�� ��� 7KH� UHVXOW�
VKRZHG� WKDW� WKH� UHPRYDO� HIILFLHQF\� RI�
SKRVSKDWH� ZDV� LQFUHDVHG� ZLWK� LQFUHDVLQJ�
HTXLOLEULXP�S+�IURP�����WR������LQ�ERWK�WKH�
FDVH�� ,Q� WKH� FDVH� RI� QRQ�ORDGHG� 6&(5�� WKH�
SKRVSKDWH� DGVRUSWLRQ� ZDV� REVHUYHG� WR� EH�
DURXQG�����XQWLO�S+�����WKHQ�GHFUHDVHG�ZLWK�IXUWKHU�LQFUHDVH�RI�S+��2Q�WKH�RWKHU�KDQG��WKH���DGVRUSWLRQ�
RI�SKRVSKDWH�ZDV�IRXQG�WR�EH�KLJKHU�WKDQ�����IURP�S+�����WR�����LQ�FDVH�RI�=U�,9��ORDGHG�6&(5�WKHQ�
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)LJXUH����(IIHFW�RI�S+�IRU�WKH�DGVRUSWLRQ�RI�SKRVSKDWH�
XVLQJ�6&(5�EHIRUH�DQG�DIWHU�=U�,9��ORDGLQJ�
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VWDUW� GHFUHDVLQJ� DW� KLJKHU� S+��$IWHU� =U�,9�� ORDGLQJ�� WKH� DGVRUSWLRQ� HIILFLHQF\� RI� 6&(5� IRU� SKRVSKDWH�
UHDFKHG� ������ � DW� S+�  � ����� 7KH� YDOXH�ZDV� DURXQG� �� WLPHV� KLJKHU� WKDQ� WKDW� RI� QRQ�ORDGHG� 6&(5� DW�
VLPLODU� H[SHULPHQWDO� FRQGLWLRQV�� 6XFK� D� GUDVWLF� LPSURYHPHQW� RI� DGVRUSWLRQ� SHUIRUPDQFH� FRXOG� EH�
DWWULEXWHG� WR� WKH� GHYHORSPHQW� RI� QHZ� DFWLYH� DQLRQ� H[FKDQJH� VLWHV� IRU� SKRVSKDWH� DQLRQ� GXULQJ� =U�,9��
ORDGLQJ�� $W� H[WUHPHO\� DFLGLF� S+� ������ VRPH� IUDFWLRQ� RI� SKRVSKDWH� DQLRQ� ZDV� FRQYHUWHG� LQWR� QHXWUDO�
SKRVSKRULF� DFLG� PROHFXOH� �+�32��� ZKLFK� ZDV� GLIILFXOWO\� DGVRUEHG� RQWR� WKH� DGVRUEHQW� ZKHUHDV� DW� S+�
DURXQG� ���� WR� ��� LW� H[LVW� LQ� LWV� DQLRQLF� VSHFLHV� VXFK� DV� +�32�

��� +32�
��DQG� 32�

��� ZKLFK� ZHUH� HDVLO\�
DGVRUEHG�RQWR�WKH�DQLRQ�H[FKDQJH�VLWH�RI�=U�,9��ORDGHG�6&(5����

$GVRUSWLRQ�LVRWKHUP�RI�=U�,9��6&(5�IRU�SKRVSKDWH

$GVRUSWLRQ� LVRWKHUPV� DUH� VLJQLILFDQW� SUHUHTXLVLWHV� WR� HVWDEOLVK� WKH� PRVW� DSSURSULDWH� UHODWLRQVKLS�
EHWZHHQ� DGVRUEDWH� DQG� DGVRUEHQW� DQG� DUH� FULWLFDO� LQ�RSWLPL]LQJ� WKH� GHVLJQ�RI� DQ� DGVRUSWLRQ� V\VWHP� IRU�
SKRVSKDWH�UHPRYDO��7KH�TXDQWLILFDWLRQ�RI�SKRVSKDWH�DGVRUSWLRQ�E\�6&(5�EHIRUH�DQG�DIWHU�=U�,9��ORDGLQJ�
LV� IXQGDPHQWDO� IRU� WKH� HYDOXDWLRQ�RI� LWV� SRWHQWLDO��3KRVSKDWH� DGVRUSWLRQ� DELOLW\�RI� WKH� DGVRUEHQW� FDQ�EH�
HDVLO\� GHWHUPLQHG� E\� PHFKDQLVWLF� RU� HPSLULFDO� PRGHOV�� WKH� IRUPHU� FDQ� H[SODLQ� DQG� UHSUHVHQW� WKH�
H[SHULPHQWDO�EHKDYLRU��ZKLOH� WKH� ODWWHU�GR�QRW� H[SODLQ� WKH�PHFKDQLVP��EXW� FDQ� UHIOHFW� WKH�H[SHULPHQWDO�
SORWV��)LJXUH���$� VKRZV� WKH�HTXLOLEULXP�DGVRUSWLRQ� LVRWKHUP�RI�SKRVSKDWH�RQWR�6&(5�EHIRUH�DQG�DIWHU�
=U�,9��ORDGLQJ�DW�S+������7KH�UHVXOW�VKRZV�WKDW�WKH�DGVRUSWLRQ�RI�SKRVSKDWH�ZDV�REVHUYHG�WR�EH�LQFUHDVHG�
ZLWK�LQFUHDVLQJ�HTXLOLEULXP�SKRVSKDWH�FRQFHQWUDWLRQ�DW�ORZ�FRQFHQWUDWLRQ�UHJLRQ�ZKHUH�DV�LW�ZDV�REVHUYHG�
WR�EH� OHYHO� RII� RU� EHFDPH�FRQVWDQW� RU�SODWHDX�YDOXH� DW� KLJKHU� FRQFHQWUDWLRQ� IRU�ERWK� WKH� DGVRUEHQWV�� ,Q�
RUGHU� WR� LQYHVWLJDWH� WKH� EHVW� ILW� PRGHO� IRU� SKRVSKDWH� DGVRUSWLRQ�� WKH� H[SHULPHQWDO� GDWD� ZHUH� DQDO\VHG�
XVLQJ�)UHXQGOLFK��/DQJPXLU�DQG�)ORU\�+XJJLQV�LVRWKHUP��7KH�OLQHDU�IRUPV�RI�)UHXQGOLFK�LVRWKHUP�PRGHO�
LV�H[SUHVVHG�E\�WKH�HTXDWLRQ�DV���

ORJ�4H� �ORJ�.)�������Q���ORJ�&H� �����

ZKHUH�.)�DQG�Q�DUH�WKH�DGVRUSWLRQ�FRQVWDQWV�RI�)UHXQGOLFK�LVRWKHUP�PRGHO�JHQHUDOO\�UHODWHG�WR�WKH�VWUHQJWK�
RI�LQWHUDFWLRQ�EHWZHHQ�DGVRUEDWH�DQG�VRUEHQW��7KH�YDOXHV�RI�.)�DQG���Q�ZHUH�GHWHUPLQHG�IURP�WKH�LQWHUFHSW�DQG�
VORSH��UHVSHFWLYHO\��RI�WKH�OLQHDU�SORW�RI�H[SHULPHQWDO�GDWD�RI�ORJ��TH��YHUVXV�ORJ��&H��DV�VKRZQ�LQ�)LJXUH���%��
6LPLODUO\��D�OLQHDU�IRUP�RI�WKH�/DQJPXLU�PRGHO�LV�UHSUHVHQWHG�E\�WKH�IROORZLQJ�HTXDWLRQ�����

PD[PD[

�

T

&

ETT

& H

H

H
������������

ZKHUH�&H��PPRO�/��LV�WKH�XOWLPDWH�FRQFHQWUDWLRQ�RI�SKRVSKDWH�DW�HTXLOLEULXP�DQG�TH��PPR/�J��LV�WKH�
FRUUHVSRQGLQJ� DGVRUSWLRQ� FDSDFLW\�� TPD[� �PPR/�J� �� LV� WKH� WKHRUHWLFDO� PD[LPXP� PRQROD\HU� SKRVSKDWH�
DGVRUSWLRQ�FDSDFLW\��DQG�E��/�PPR/��LV�WKH�/DQJPXLU�LVRWKHUP�FRHIILFLHQWV�UHODWHG�WR�WKH�ELQGLQJ�HQHUJ\�
DQG� DGVRUSWLRQ� HTXLOLEULXP� FRQVWDQW�� 7KH� YDOXH� RI� HTXLOLEULXP� FRQVWDQW� �E�� DQG� PD[LPXP� ORDGLQJ�
FDSDFLW\��TPD[��ZHUH�REWDLQHG�UHVSHFWLYHO\�IURP�WKH�VORSH�DQG�LQWHUFHSW�RI�VWUDLJKW�OLQH�SORW�RI�&H�TH YHUVXV
���&H���)LJXUH���&����7KH�HYDOXDWHG�YDOXHV�RI�LVRWKHUPV�FRQVWDQWV�ZHUH�OLVWHG�LQ�WKH�7DEOH����7KH�UHVXOWV�
VKRZHG�WKDW�WKH�PD[LPXP�DGVRUSWLRQ�FDSDFLWLHV�RI�6&(5�DQG�=U�,9��6&(5�IRU�SKRVSKDWH�ZHUH�IRXQG�WR�
EH� ����� DQG� �����PPRO�J�� UHVSHFWLYHO\�� 7KH� YDOXHV� RI� FRUUHODWLRQ� UHJUHVVLRQ� FRHIILFLHQW� IRU� /DQJPXLU�
PRGHO��U�� �������ZDV�FRPSDUDWLYHO\�KLJKHU�WKDQ�)UHXQGOLFK�PRGHO�ZKLFK�LV�RQO\������IRU�=U�,9��6&(5�
DQG������IRU�6&(5��ZKLFK�LQGLFDWHV�WKDW�WKH�/DQJPXLU�PRGHO�LV�WKH�EHVW�ILWWHG�PRGHO�IRU�WKH�DGVRUSWLRQ�RI�
SKRVSKDWH�RQWR�ERWK�6&(5�DQG�=U�,9��6&(5��
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7DEOH���/DQJPXLU�DQG�)UHXQGOLFK�SDUDPHWHUV�IRU�WKH�DGVRUSWLRQ�RI�SKRVSKDWH�XVLQJ�6&(5�DQG�=U�,9��6&(5��

)LJ�� �� $GVRUSWLRQ� LVRWKHUP� RI� 6&(5� EHIRUH� DQG� DIWHU� =U�,9�� ORDGLQJ� �$�� ([SHULPHQWDO� SORW�� �%��
)UHXQGOLFK�LVRWKHUP�PRGHOLQJ�DQG��F��/DQJPXLU�LVRWKHUP�PRGHOLQJ��
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'HVRUSWLRQ�DQG�UHJHQHUDWLRQ�VWXGLHV�

$SSOLFDWLRQ� RI� LQYHVWLJDWHG� DGVRUEHQW� IRU� UHDO� LQGXVWULDO� DSSOLFDWLRQ�� PD[LPXP� XWLOL]DWLRQ� RI�
DGVRUSWLRQ� FDSDFLW\� RI� WKH� DGVRUEHQW�� UHJHQHUDWLRQ� DQG� UHXVH� IRU� VHYHUDO� F\FOHV� LV� SUHIHUUHG��7KHUHIRUH��
GHVRUSWLRQ� EHKDYLRU� RI� SKRVSKDWH� IURP� SKRVSKDWH� DGVRUEHG� =U�,9��6&(5� ZDV� HYDOXDWHG�� )RU� WKLV��
GHVRUSWLRQ� RI� SKRVSKDWH� IURP� SKRVSKDWH� DGVRUEHG�=U�,9��6&(5�ZDV� FDUULHG� RXW� XVLQJ� GHLRQL]HG�+�2��
���0�+&O�����0�1D&O�DQG����0�1D2+�VROXWLRQ��,W�ZDV�IRXQG�WKDW�RQO\�������RI�DGVRUEHG�SKRVSKDWH�ZDV�
REVHUYHG�WR�EH�GHVRUEHG�E\�XVLQJ�GHPRQL]HG�ZDWHU�DV�GHVRUELQJ�VROXWLRQ�ZKHUH�DV�LW�ZDV�������������DQG�
�������E\�XVLQJ����0�1D&O�����0�+&O�DQG����0�1D2+�� UHVSHFWLYHO\�� �7KXV��GHVRUSWLRQ�RI�SKRVSKDWH�
XVLQJ�YDU\LQJ�FRQFHQWUDWLRQ�RI�+&O�DQG�1D2+�ZDV�FDUULHG�RXW�DQG�WKH�UHVXOW�LV�SUHVHQWHG�LQ�)LJXUH���$��
,W�VKRZV�WKDW�GHVRUSWLRQ�RI�SKRVSKDWH�IURP�SKRVSKDWH�DGVRUEHG�=U�,9��6&(5�LQFUHDVH�IURP�����WR�����
ZLWK�LQFUHDVLQJ�+&O�FRQFHQWUDWLRQ�IURP�������WR�����0�DQG�EHFRPHV�QHDUO\�FRQVWDQW�ZLWK�IXUWKHU�LQFUHDVH�
RI� +&O� FRQFHQWUDWLRQ�� 6LPLODUO\�� WKH� �� GHVRUSWLRQ� RI� SKRVSKDWH� DOVR� LQFUHDVHG� IURP� ��� WR� ������ E\�
LQFUHDVLQJ� 1D2+� FRQFHQWUDWLRQ� IURP� ������ WR� ���� 0� WKHQ� EHFRPH� FRQVWDQW� DW� KLJKHU� FRQFHQWUDWLRQ��
$OWKRXJK� +&O� GHVRUEV� DGVRUEHG� SKRVSKDWH� HIIHFWLYHO\� IURP� SKRVSKDWH� DGVRUEHG� =U�,9��6&(5�� LW�
SRWHQWLDOO\�GHVWUR\HG�WKH�DFWLYH�VLWH�E\�GHVRUELQJ�ORDGHG�=U�,9��IURP�WKH��=U�,9��6&(5���

)LJXUH� ��� 'HVRUSWLRQ� RI� SKRVSKDWH� XVLQJ� YDU\LQJ� FRQFHQWUDWLRQ� RI� +&O� DQG� 1D2+� �$�� 'HVRUSWLRQ�
SKRVSKDWH��%��/HDNDJH�RI�ORDGHG�=U�,9��GXULQJ�GHVRUSWLRQ�
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)LJXUH� �%� VKRZV� WKH� GHVWUXFWLRQ� RI� DFWLYH� VLWHV� RI� SKRVSKDWH� E\� GHVRUELQJ� ORDGHG� =U�,9�� XVLQJ�
YDU\LQJ�FRQFHQWUDWLRQ�RI�+&O�DQG�1D2+��7KH�UHVXOWV�VKRZV�WKDW���OHDNDJH�RI�=U�,9��LQFUHDVHG�IURP������
WR��������E\�LQFUHDVLQJ�+&O�FRQFHQWUDWLRQ�IURP�������WR�����0�ZKHUHDV�LW�ZDV�OHVV�WKDQ����LQ�VLPLODU�
FRQFHQWUDWLRQ� UDQJH� E\� XVLQJ� 1D2+� VROXWLRQ�� 7KHVH� UHVXOW� VKRZV� WKDW� ���0� 1D2+� LV� PRUH� HIIHFWLYH�
GHVRUELQJ�VROXWLRQ�IRU�WKH�GHVRUSWLRQ�RI�SKRVSKDWH�IURP�SKRVSKDWH�DGVRUEHG�=U�,9��6&(5���

0HFKDQLVP�RI�SKRVSKDWH�DGVRUSWLRQ�GHVRUSWLRQ�

,W�LV�LQIHUUHG�WKDW�GXULQJ�WKH�ORDGLQJ�RI�KLJK�YDOHQW�PHWDO�LRQV�OLNH�=U�,9���WKH�QHXWUDOL]DWLRQ�RI�DOO�IRXU�
SRVLWLYH�FKDUJHV�RI�=U�,9��LV�GLIILFXOW�E\�ODUJH�SRO\PHULF�VL]H�RI�VXOSKRQLF�DFLG�ULFK�6&(5�GXH�WR�VWURQJ�
VWHULF� KLQGUDQFH�� 7KHUHIRUH�� VRPH� SRVLWLYH� FKDUJHV� RI� =U�,9�� LRQV� DUH� QHXWUDOL]HG� E\� VXOIRQLF� DFLG�
IXQFWLRQDO�JURXSV�RI�6&(5�ZKHUHDV�UHVW�ZHUH�QHXWUDOL]HG�E\�K\GUR[\O�LRQV�IURP�DTXHRXV�VROXWLRQ�ZKLFK�
DUH� WKH� PDLQ� DFWLYH� VLWHV� IRU� WKH� UHPRYDO� RI� SKRVSKDWH� DQLRQ�� 7KHVH� K\GUR[\O� LRQV� ZHUH� OLNHO\� WR� EH�
VXEVWLWXWHG�E\�DQLRQLF�VSHFLHV�RI�SKRVSKDWH�YLD�OLJDQG�H[FKDQJH�PHFKDQLVP�DV�GHPRQVWUDWHG�LQ�6FKHPH��
GXULQJ� DGVRUSWLRQ� SURFHVV�� 6LPLODUO\�� WKH� DGVRUEHG� SKRVSKDWH� LRQV� ZHUH� LQIHUUHG� WR� EH� UHSODFHG� E\�
K\GUR[\O� LRQV� VXSSOLHG� IURP� DONDOL� VROXWLRQ� GXULQJ� WKH� GHVRUSWLRQ� RI� DGVRUEHG� SKRVSKDWH� XVLQJ�1D2+�
VROXWLRQ�DV�VKRZQ�DOVR� LQ�6FKHPH����6LPLODU� W\SH�RI� OLJDQG�H[FKDQJH�PHFKDQLVP�ZDV�GHVFULEHG� LQ�RXU�
SUHYLRXV�ZRUN�IRU�UHPRYDO�RI�IOXRULGH�XVLQJ�=U�,9��ORDGHG�ELR�VRUEHQWV�>�����@��7KHUHIRUH��WKH�SODXVLEOH�
PHFKDQLVP� RI� SKRVSKDWH� DGVRUSWLRQ�GHVRUSWLRQ� LV� DQLRQ� H[FKDQJH� UHDFWLRQ� YLD� OLJDQG� VXEVWLWXWLRQ�
PHFKDQLVP��
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'HVRUSWLRQ

$GVRUSWLRQ

6FKHPH���3ODXVLEOH�PHFKDQLVP�RI�SKRVSKDWH�DGVRUSWLRQ�GHVRUSWLRQ�XVLQJ�=U�,9��6&(5��

&RQFOXVLRQV�

7KH� DQLRQ� H[FKDQJH� W\SH� DGVRUEHQW� SUHSDUHG� E\� ORDGLQJ�=U�,9�� RQWR�6&(5�SRZGHU� H[KLELWHG� KLJK�
DGVRUSWLRQ�FDSDFLW\� WRZDUGV�SKRVSKDWH�DQLRQ�IURP�ZDWHU�DW� VOLJKWO\�DFLGLF� WR�QHXWUDO�S+�FRQGLWLRQ��7KH�
DGVRUSWLRQ� LVRWKHUP� VWXGLHV� VKRZHG� WKDW� DGVRUSWLRQ� RI� SKRVSKDWH� E\� =U�,9��6&(5� IROORZV� W\SLFDO�
/DQJPXLU�LVRWKHUP�PRGHO�LQGLFDWLQJ��PRQROD\HU�DGVRUSWLRQ�SURFHVV��7KH�WUDFH�DPRXQW�RI�SKRVSKDWH�FDQ�
EH�SUH�FRQFHQWUDWHG�LQ�FRQWLQXRXV�PRGH�RSHUDWLRQ�E\�XVLQJ�D�FROXPQ�SDFNHG�ZLWK�=U�,9��6&(5��1HDUO\�
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TXDQWLWDWLYH� GHVRUSWLRQ� RI� DGVRUEHG� SKRVSKDWH� KDV� EHHQ� DFKLHYHG� LQ� VKRUW� WLPH� E\� XVLQJ� GLOXWH� DONDOL�
VROXWLRQ��$V�WKH�DGVRUSWLRQ�DQG�GHVRUSWLRQ�RI�SKRVSKDWH�RQWR�WKH�SUHVHQW�DGVRUEHQWV�LV�S+�GHSHQGHQW��WKH�
DQLRQ�H[FKDQJH�PHFKDQLVP�LV�FRQVLGHUHG�WR�EH�UHVSRQVLEOH�IRU�WKH�SUHIHUHQWLDO�XSWDNH�RI�SKRVSKDWH�DQLRQ�
IURP� DTXHRXV� PHGLXP�� 7KHUHIRUH�� WKH� =U�,9��6&(5� DGVRUEHQW� LQYHVWLJDWHG� LQ� WKLV� VWXG\� � KDV� JUHDW�
SRWHQWLDO�IRU�WKH�UHPRYDO�DQG�UHFRYHU\�RI�SKRVSKDWH�IURP�ZDWHU��

$FNQRZOHGJHPHQW��

$XWKRUV� DUH� WKDQNIXO� WR�0XURPDFKL� &KHPLFDO� &R�� /WG���2PXWD�� -DSDQ� IRU� SURYLGLQJ� WKH� VDPSOH� RI�
VWURQJO\� DFLGLF� VSHQW� FDWLRQ� H[FKDQJH� UHVLQ� �08520$&� 0%;��:+�� GLVFDUGHG� E\� VLOLFRQ�
VHPLFRQGXFWRUV�DQG�VRODU�SDQHOV�LQGXVWULHV���

5HIHUHQFHV�

�� .��0RUL\DPD��7��.RMLPD��<��0LQDZD��6��0DWVXPRWR��.��1DNDPDFKL��(QYLURQ��7HFKQRO�����������
�����������

�� ;��4XDQ��&��<H��<��;LRQJ��-��;LDQJ��)��:DQJ��-��+D]DUG��0DWHU����������������������

�� -�3��%DVVLQ��5��.OHHUHEH]HP��0��'H]RWWL��0�&�/RRVGUHFKW��:DWHU�5HV�����������������������

�� 8��.ULVKQDVZDP\��0��0XWKXFKDP\��/��3HUXPDOVDP\��,UDQ�-��%LRWHFKQRO������������������

�� :�6�� &DUYDOKR�� '�)��0DUWLQV�� )�5�� *RPHV�� ,�5�� /HLWH�� /�*�� 6LOYD�� 5�� 5XJJLHUR�� (�0�� 5LFKWHU��
%LRPDVV�%LRHQHUJ\����������������������

�� *��=KDQJ��+��/LX��5��/LX��-��4X��-� &ROORLG�,QWHUIDFH�6FL����������������±�����

�� ;�3��=KX��$��-\R��:DWHU�5HV�����������������������
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