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%LRWUDQVIRUPDWLRQ�RI�%HQ]DOGHK\GH�WR�/�3KHQ\ODFHW\OFDUELQRO��/�3$&��E\�)UHH�&HOOV�RI�7RUXODVSRUD GHOEUXHFNLL LQ�SUHVHQFH�RI�%HWD�&\FORGH[WULQ
9LODV� %��6KXNOD�DQG�3XVKSD�5��.XONDUQL)RRG� 	� )HUPHQWDWLRQ� 7HFKQRORJ\� 'LYLVLRQ�� 'HSW�� RI� &KHPLFDO� 7HFKQRORJ\�� 8QLYHUVLW\� RI� 0XPEDL�� �8'&7���1DWKDODO�3DUHNK�0DUJ��0DWXQJD��0XPEDL�� ���������,QGLD

$%675$&7
6WXGLHV� ZHUH� FDUULHG� RXW� WR� H[SORUH� WKH� SRVVLELOLW\� RI� GHFUHDVLQJ� WKH� WR[LF� DQG� LQKLELWRU\� HIIHFWV� RI� WKH� VXEVWUDWH�EHQ]DOGHK\GH�GXULQJ�LWV�ELRWUDQVIRUPDWLRQ�WR�/�3$&�E\�IUHH�FHOOV�RI�7RUXODVSRUD�GHOEUXHFNLL�XVLQJ�E�F\FORGH[WULQ�E�&'��� 8VH� RI� YDULRXV� OHYHOV� RI� EHQ]DOGHK\GH� DQG� DFHWDOGHK\GH� LQ� SUHVHQFH� RI� ��� RI� E�&'� VKRZHG� WKDW�� LQ�SUHVHQFH� RI�E�&'�� WKH�RUJDQLVP�FRXOG� WROHUDWH�KLJKHU� OHYHOV�RI�EHQ]DOGHK\GH�DQG�DFHWDOGHK\GH��6HPL�FRQWLQXRXV�IHHGLQJ�RI�EHQ]DOGHK\GH�DQG�DFHWDOGHK\GH�ZDV�IRXQG�WR� LQFUHDVH�WKH�\LHOG�RI�/�3$&�LQ�FRPSDULVRQ�ZLWK�RQH�WLPH�IHHGLQJ����
.H\�ZRUGV� %HQ]DOGHK\GH��%LRWUDQVIRUPDWLRQ��&\FORGH[WULQ��/�SKHQ\ODFHW\FDUELQRO��7RUXODVSRUD�GHOEUXHFNLL

 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
0RVW�RI� WKH� OLWHUDWXUH�FRQFHUQLQJ� WKH�V\QWKHVLV�RI�/�3KHQ\ODFHW\OFDUELQRO� �/�3$&�� DQG� EHQ]\O�DOFRKRO� E\� IHUPHQWLQJ� \HDVW�� GHDOV� ZLWK� \LHOG�RSWLPL]DWLRQ� E\� IUHH� FHOOV� �$JUDZDO� HW� DO��� ������&DUGLOOR�HW�DO���������=HHPDQ�HW�DO����������6WXGLHV�RQ� /�3$&� IRUPDWLRQ� IURP� EHQ]DOGHK\GH� KDYH�VKRZQ� WKDW� XQGHU� QRUPDO� IHUPHQWDWLYH� FRQGLWLRQV�XVLQJ� \HDVW�� TXDQWLWDWLYH� FRQYHUVLRQ� RI�EHQ]DOGHK\GH�LQWR�/�3$&�KDV�QHYHU�EHHQ�DFKLHYHG�EHFDXVH� RI� IRUPDWLRQ� RI� E\�SURGXFWV� OLNH� EHQ]\O�DOFRKRO�� 3$&�GLRO� �6PLWK� DQG� +HQGOLQ�� ������*XSWD� HW� DO��� ������ 1HWUDYDO� DQG� 9RMWLVHN�� ������$JUDZDO� DQG� %DVX�� ������ 7ULSDWKL� HW� DO��������/RQJ� HW� DO��� ������� 7KH� \HDVW� FDQ� QRW� EH� XVHG������IRU� PXOWLSOH� EDWFKHV� EHFDXVH� RI� WKH� WR[LF� DQG�LQKLELWRU\� HIIHFWV� RI� VXEVWUDWH� DQG� SURGXFWV����

�/RQJ�HW�DO���������&RXJKOLQ�HW�DO����������8VH�RI�F\FORGH[WULQ� WR� GHFUHDVH� WKH� WR[LFLW\� RI�EHQ]DOGHK\GH� IRU� ELRFRQYHUVLRQ� XVLQJ�LPPRELOL]HG� FHOOV� KDV� EHHQ� UHSRUWHG� �&RXJKOLQ�����HW� DO��� ������0DKPRXG� HW� DO��� �������&RQVLGHULQJ�WKHVH�IDFWV��LW�ZDV�DWWHPSWHG�WR�VWXG\�WKH�HIIHFW�RI�DGGLWLRQ�RI�E�F\FORGH[WULQ�RQ�ELRWUDQVIRUPDWLRQ�RI�EHQ]DOGHK\GH� WR� /�3$&� E\� WKH� FHOOV� RI�7RUXODVSRUD� GHOEUXHFNLL DQG� UHVXOWV� DUH� UHSRUWHG�KHUH�
0$7(5,$/6�$1'�0(7+2'6�
0DWHULDOV� � 0LFURELDO� PHGLD� FRPSRQHQWV����������+L�0HGLD�/WG��0XPEDL���$5�JUDGH� VROYHQWV� DQG�FKHPLFDOV��6�'��)LQH�&KHPLFDOV�/WG��0XPEDL�DQG�0HUFN� ,QGLD� /WG�� 0XPEDL�� DQG� E�F\FORGH[WULQ�����
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�D�JLIW�VDPSOH�IURP�6�$��&KHPLFDOV�/WG��0XPEDL��ZHUH� XVHG�� $Q� \HDVW� LVRODWH� IURP� PRODVVHV�LGHQWLILHG� DV� 7RUXODVSRUD� GHOEUXHFNLL� ZDV� XVHG��7KH� FRPSRVLWLRQ� RI� WKH� PDLQWHQDQFH� PHGLXP�>/RQJ�HW�DO�������@�XVHG�ZDV��JOXFRVH�����SHSWRQH����� \HDVW� H[WUDFW�� ���� DJDU� ��� DQG� KDG� S+� �����7KH�JURZWK�PHGLXP�>/RQJ�HW�DO�������@�FRQWDLQHG��JOXFRVH�����SHSWRQH�����\HDVW�H[WUDFW����DQG�KDG�S+������7KH�ELRWUDQVIRUPDWLRQ�PHGLXP�>1LNRORYD�DQG�:DUG������@�KDYLQJ�FRPSRVLWLRQ�JOXFRVH�����SHSWRQH �����DQG�S+�����ZDV�XVHG�
&XOWXUH�JURZWK�� ��PO�VXVSHQVLRQ�RI�FHOOV�RI�WKH�LVRODWH� 7RUXODVSRUD� GHOEUXHFNLL FRQWDLQLQJ� ���FHOOV� ZDV� LQRFXODWHG� LQWR� �PO� RI� JURZWK� PHGLXP�DQG�LQFXEDWHG�RQ�D�URWDU\�VKDNHU�DW���r�R&�DW�����USP� IRU� ��� K�� 7KH� FXOWXUH� VR� REWDLQ HG� ZDV�LQRFXODWHG� LQWR� ���PO� RI� WKH� VDPH� PHGLXP� DQG�DOORZHG� WR� JURZ� IRU����K��XQGHU� VDPH�FRQGLWLRQV�DQG�FHOOV�ZHUH�KDUYHVWHG�E\�FHQWULIXJLQJ�DW���������USP�IRU����PLQ�DW���R&��7KH�ELRPDVV�REWDLQHG�ZDV�ZDVKHG� ZLWK� ZDWHU�� FHQWULIXJHG� DQG� XVHG� IRU�ELRWUDQVIRUPDWLRQ�VWXGLHV�
%LRWUDQVIRUPDWLRQ�RI�EHQ]DOGHK\GH�WR�/�3$&��7KH� ELRWUDQVIRUPDWLRQ� PHGLXP� ����� PO�� ZDV�LQRFXODWHG� ZLWK� ���� J� �ZHW� ZW��� RI� FHOO� PDVV�REWDLQHG� DV� DERYH�� 7KH� IODVN�ZDV� LQFXEDWHG� RQ� D�VKDNHU�DW���r�R&�DQG�����USP�IRU�K�IRU�DGDSWDWLRQ�RI� FHOOV� WR� WKH� PHGLXP�� %HQ]DOGHK\GH� DQG�DFHWDOGHK\GH�ZHUH�DGGHG�DW�FRQFHQWUDWLRQV�UDQJLQJ�IURP� ���� WR� ����PJ����PO� DQG� ���� WR�����PO����PO� UHVSHFWLYHO\� DQG� IODVNV� ZHUH� DJDLQ�LQFXEDWHG� IRU� WKH� ELRWUDQVIRUPDWLRQ� RQ� D� VKDNHU����DW���r�R&�DQG�����USP�
(IIHFW� RI� EE�F\FORGH[WULQ� DGGLWLRQ� RQ�ELRWUDQVIRUPDWLRQ� RI� EHQ]DOGHK\GH� � (DUOLHU�VWXGLHV� KDG� HVWDEOLVKHG� WKDW� 7RUXODVSRUD�GHOEUXHFNLL FHOOV�FRXOG�WROHUDWH�EHQ]DOGHK\GH�XS�WR����PJ����PO� RI� ELRWUDQVIRUPDWLRQ� PHGLXP� DQG����PO� RI� ������� DTXHRXV� VROXWLRQ� RI�DFHWDOGHK\GH�� 7KHUHIRUH�� HIIHFW� RI� ���������������������E�F\FORGH[WULQ� �E�&'�� ZDV� VWXGLHG� DW�EHQ]DOGHK\GH� DQG� DFHWDOGHK\GH� OHYHOV� UDQJLQJ�IURP� ���PJ� WR� ����PJ����PO� DQG� ���PO� WR�����PO����PO� UHVSHFWLYHO\�� 7KH� UHDFWLRQ� ZDV�DOORZHG� WR� WDNH� SODFH� IRU� �K� DW� ��r�R&� DQG� ����USP� )URP� WKHVH� VWXGLHV� ���PJ� RI� EHQ]DOGHK\GH�DQG�����PO�DFHWDOGHK\GH�ZHUH�WKH�OHYHOV�IRXQG�WR�EH� RSWLPDO�� 7R� VWXG\� WKH� HIIHFW� RI� E�&'� OHYHO��FRQFHQWUDWLRQ�RI� E�&'�ZDV�YDULHG�LQ�WKH�UDQJH�RI�

����WR�������6HPL�FRQWLQXRXV�IHHGLQJ�RI�GLIIHUHQW�OHYHOV�RI�EHQ]DOGHK\GH�DQG�DFHWDOGHK\GH�ZDV�DOVR�FDUULHG� RXW� �� WLPHV� DW� LQWHUYDOV� RI� ��� PLQ� LQ�SUHVHQFH�RI����E�&'�
$QDO\VLV� RI�ELRWUDQVIRUPDWLRQ�SURGXFWV�� $IWHU�ELRWUDQVIRUPDWLRQ��WKH�PHGLXP�ZDV�FHQWULIXJHG�DW����� ���USP� IRU� ��PLQ�� 7KH� VXSHUQDWDQW� ZDV�H[WUDFWHG� WKUHH� WLPHV� ZLWK� HTXDO� YROXPHV� RI�GLHWK\O�HWKHU��7KH�FRPELQHG�H[WUDFW�ZDV�GULHG�RYHU�DQK\GURXV�VRGLXP�VXOSKDWH�DQG�FRQFHQWUDWHG�RYHU�D� FRQWUROOHG� WHPSHUDWXUH� ZDWHU� EDWK�� 7KH� UHVLGXH�REWDLQHG�ZDV�GLVVROYHG�LQ�PHWKDQRO�DQG�VXEPLWWHG�WR�*&�DQDO\VLV��7KH�FRQGLWLRQV�XVHG IRU�*&�ZHUH�DV� IROORZV� *&� PRGHO� XVHG� ZDV� &KHPLWR������ZLWK� 2UDFOH� ��� FRPSXWLQJ� LQWHJUDWRU�� $� �� PHWHU�ORQJ�FROXPQ�RI���29����ZDV�XVHG��7KH�LQMHFWRU�WHPSHUDWXUH� ZDV� ���2&� DQG� GHWHFWRU� WHPSHUDWXUH��),'�� ZDV� ���2&�� &ROXPQ� SURJUDPPLQJ� ZDV� DV�IROORZV�� ��2&� IRU �� PLQ� WKHQ� ��2&�PLQ� XS� WR����2&� DQG� KROGLQJ� IRU� �PLQ�� 5HWHQWLRQ� WLPHV� RI�EHQ]DOGHK\GH�� EHQ]\O� DOFRKRO�� / �3$&�� 3$&�GLRO�ZHUH� ��PLQ�� ��PLQ�� ��PLQ� DQG� ����� PLQ�UHVSHFWLYHO\�� 7KH� FRQFHQWUDWLRQV� RI� WKHVH�FRPSRXQGV� ZHUH� GHWHUPLQHG� XVLQJ� SHDN� DUHD�PHWKRG� �6KXNOD DQG� .XONDUQL�� ������� (DFK�H[SHULPHQW�ZDV�UHSHDWHG���WLPHV�DQG�ZDV�IRXQG�WR�EH�UHSURGXFLEOH�ZLWKLQ�r ��SHUFHQW�OLPLWV�
5(68/76�$1'�',6&866,21
%LRWUDQVIRUPDWLRQ� RI� EHQ]DOGHK\GH� E\�LPPRELOL]HG� FHOO� PDVV� RI� 6DFFKDURP\FHV�FHUHYLVLDH $7&&� ���� DW� KLJKHU� OHYHOV� RI�EHQ]DOGHK\GH� KDV� EHHQ� UHSRUWHG� XVLQJ������������������E�F\FORGH[WULQ� �0DKPRXG� HW� DO��� ������ &RXJKOLQ��HW�DO����������&\FORGH[WULQV�DUH�NQRZQ�WR�RIIHU�SURWHFWLYH�HIIHFW�E\� IRUPLQJ� LQFOXVLRQ� FRPSOH[HV� �6]HWML�� ������8HNDPD�HW�DO����������,Q� WKH� SUHVHQW� ZRUN�� VWXG\� RI� HIIHFW� RI� OHYHO� RI�EHQ]DOGHK\GH� LQ� SUHVHQFH� RI� �� �� E�&'� VKRZHG�WKDW� IUHH� FHOOV� RI� 7RUXODVSRUD� GHOEUXHFNLL� FRXOG�HDVLO\� WROHUDWH� XS� WR� ���PJ� RI� EHQ]DOGHK\GH��)LJ����FRQILUPLQJ�WKH�SURWHFWLYH�HIIHFW�RI� E�&'�
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)LJXUH � � (IIHFW�RI� FRQFHQWUDWLRQ�RI�EHQ]DOGHK\GH�RQ�SURGXFW�SURILOH�LQ�SUHVHQFH�RI����%HWD�� &\FORGH[WULQ�

)LJXUH� � � (IIHFW� RI� FRQFHQWUDWLRQ� RI� DFHWDOGHK\GH� RQ�ELRWUDQVIRUPDWLRQ�SURGXFW� SURILOH� LQ�SUHVHQFH�RI����%HWD��&'�
7KH� VDPH� RUJDQLVP� KDV� EHHQ� UHSRUWHG� WR� WROHUDWH�RQO\����PJ�RI�EHQ]DOGHK\GH� LQ�DEVHQFH�RI� E�&'��6KXNOD�� ������� $GGLWLRQ� RI� DFHWDOGHK\GH� LV� DOVR�NQRZQ�WR� LQFUHDVH�/�3$&�SURGXFWLRQ��*URHJHU�HW�DO��� ������ 6XEUDPDQLDQ� HW� DO��� ������� (DUOLHU�UHSRUWV� IURP� RXU� ODERUDWRU\� KDYH� SURYHG� WKDW�DFHWDOGHK\GH� DGGLWLRQ� XS� WR� ���� PO� SURYHG�EHQHILFLDO� �6KXNOD�� ������� ,Q� WKH� SUHVHQW� ZRUN�HIIHFW�RI�DGGLWLRQ�RI�DFHWDOGHK\GH�LQ�WKH�SUHVHQFH�RI� ��� E�&'� ZDV� VWXGLHG� DW� EHQ]DOGHK\GH�FRQFHQWUDWLRQ�RI����PJ��$V�VKRZQ�LQ�)LJ����ZLWK�DGGLWLRQ� RI� DFHWDOGHK\GH� XS� WR� ����PO�� /�3$&�SURGXFWLRQ� LQFUHDVHG� DQG� WKHUHDIWHU� UHPDLQHG�FRQVWDQW�WLOO������PO��$�VLPXOWDQHRXV��GHFUHDVH�LQ�EHQ]\O� DOFRKRO� ZDV� REVHUYHG� DV� WKH� DFHWDOGHK\GH��OHYHO�LQFUHDVHG�IURP�����WR������PO�OHYHO��

)LJXUH � � (IIHFW�RI�FRQFHQWUDWLRQ�RI�E�&'�RQ�SURGXFW�SURILOH�

)LJXUH� � � (IIHFW� RI� VHPL�FRQWLQXRXV� IHHGLQJ� RI�EHQ]DOGHK\GH�	�DFHWDOGHK\GH�LQ�WKH�SUHVHQFH�RI����E�&'�RQ�WKH�ELRWUDQVIRUPDWLRQ�SURGXFW�SURILOH�
7R� VWXG\� WKH� HIIHFW� RI� OHYHO� RI� E�&'� RQ�ELRWUDQVIRUPDWLRQ� SURGXFW� SURILOH� GLIIHUHQW� OHYHOV�RI�E�&'�ZHUH�XVHG��$V� VKRZQ� LQ�)LJ����DW� ORZHU�OHYHOV� L�H�� ���� WR� ����� E�&'�� OHVV� /�3$&� ZDV�IRUPHG� JLYLQJ� PRUH� UHVLGXDO� EHQ]DOGHK\GH�� 2Q�LQFUHDVLQJ� E�&'� OHYHO� WR� ���� J�� SURGXFWLRQ� RI� / �3$&�LQFUHDVHG��ZKHUHDV�EHQ]\O�DOFRKRO�SURGXFWLRQ�ZDV�DOPRVW�FRQVWDQW�DW�DOO�OHYHOV�IURP�����WR��������7KLV� VXJJHVWHG� WKDW�SUREDEO\� D�KLJKHU� OHYHO�RI� E�&'�PD\�EH�SUHYHQWLQJ�R[LGDWLRQ�RI�EHQ]DOGHK\GH�PROHFXOH�DQG�GLYHUWLQJ�LW�WR�SURGXFWLRQ�RI�/ �3$&�DQG�EHQ]\O�DOFRKRO��7R� FRQILUP� WKH� EHQHILFLDO� HIIHFW� RI� VHPL �FRQWLQXRXV� DGGLWLRQ� RI� EHQ]DOGHK\GH� DQG�DFHWDOGHK\GH�RQ�SURGXFWLRQ�RI�/ �3$&�DV�ZHOO�DV�WR�WDNH� DGYDQWDJH� RI� WROHUDQFH� RI� RUJDQLVP� WR� KLJK�OHYHO� RI� EHQ]DOGHK\GH� DQG� DFHWDOGHK\GH� LQ� WKH�SUHVHQFH� RI� E�&'�� VHPL�FRQWLQXRXV� IHHGLQJ� RI�
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ERWK� RI� WKHVH� DW� YDULRXV� OHYHOV� ZDV� VWXGLHG� LQ�SUHVHQFH� RI� E�&'�� 6HPL�FRQWLQXRXV� IHHGLQJ� IRU�IRXU� WLPHV� DW� WKH� LQWHUYDO� RI� ���PLQ� UHVXOWHG� LQ� D�SURGXFW�SURILOH�DV�LQ�)LJ��VKRZQ��:LWK�LQFUHDVH�LQ�WRWDO� FXPXODWLYH� GRVH� RI� EHQ]DOGHK\GH� D QG�DFHWDOGHK\GH�� WKH� \LHOG� RI� / �3$&� LQFUHDVHG�VWHDGLO\��7KH�RUJDQLVP�FRXOG�SURGXFH�D�PD[LPXP�RI� ���PJ����PO� RI� /�3$&� DW� D� WRWDO� OHYHO� RI�����PJ� RI� EHQ]DOGHK\GH� DQG� ����PO� RI�DFHWDOGHK\GH�� 1HWUDYDO� DQG� 9RMWLVHN� ������� KDYH�UHSRUWHG� D� \LHOG� RI� ���J�/� /�3$&� ZLWK� 6��FDUOVEHUJHQVLV µ%XGYDU¶� ZLWK� VHPL�FRQWLQXRXV�IHHGLQJ� RI� EHQ]DOGHK\GH�� DFHWDOGHK\GH� DQG�VXFURVH�� ZKHUH� DV� &DUGLOOR� HW� DO�� ������� KDYH�UHSRUWHG� � ��� �� FRQYHUVLRQ� RI� EHQ]DOGHK\GH� WR�����/�3$&�ZKHQ�6��GHOEUXHFNLL ZDV�XVHG��7KXV LQ� SUHVHQFH� RI� ��� E�&'�� 7RUXODVSRUD�GHOEUXHFNLL FHOOV� FRXOG� WROHUDWH� ���PJ� RI�EHQ]DOGHK\GH� DQG� ����PO� RI� DFHWDOGHK\GH� DV�DJDLQVW� ���PJ� EHQ]DOGHK\GH� DQG� ���PO� RI�DFHWDOGHK\GH�LQ�LWV�DEVHQFH�DQG�LQ�SUHVHQFH�RI����E�&'�� 7RUXODVSRUD� GHOEUXHFNLL FHOOV� FRXOG�SURGXFH� ���PJ����PO� RI� /�3$&� ZKHQ�EHQ]DOGHK\GH� DQG� DFHWDOGHK\GH� ZHUH� IHG� VHPL �FRQWLQXRXVO\�DW����PJ�DQG����PO�UHVSHFWLYHO\�IRU�IRXU�WLPHV�
5()(5(1&(6
$JUDZDO�� 6�� &�� DQG� %DVX�� 6�� .�� ��������%LRWUDQVIRUPDWLRQ� RI� EHQ]DOGHK\GH� WR� /�DFHW\OSKHQ\OFDUELQRO� E\� IHG EDWFK� FXOWXUH� V\VWHP�� -��0LFURELRO�%LRWHFKQRO�� ���������������$JUDZDO��6��&���%DVX��6��.���9RUD��9��&���0DVRQ��-��5��DQG�3LUW��6��-����������6WXGLHV�RQ�WKH�SURGXFWLRQ�RI�/�DFHW\O� SKHQ\O� FDUELQRO� E\� \HDVW� HPSOR\LQJ�EHQ]DOGHK\GH� DV� SUHFXUVRU�� %LRWHFKRO�� %LRHQJ�� ��� ���������������&DUGLOOR� 5��� 6HUYL� 6�� DQG� 7LQWL�� &�� ��������%LRWUDQVIRUPDWLRQ�RI�XQVDWXUDWHG�DOGHK\GHV�E\�PLFUR�RUJDQLVPV� ZLWK� S\UXYDWH� GHFDUER[\ODVH� DFWLYLW\��$SSOLHG�0LFURELRO��%LRWHFKQRO�� ������������������&RXJKOLQ��5�:���0DKPRXG��:��0��DQG (O�VD\HG��$��+���������� (QKDQFHG� ELRFRQYHUVLRQ� RI� WR[LF� VXEVWDQFHV�86�3DWHQW�����������������������*XSWD�� .�� *��� 6LQJK�� -��� 6DKDQL�� *�� DQG� 'KDYDQ�� 6���������� 3URGXFWLRQ� RI� SKHQ\O� DFHW\O� FDUELQRO� E\�\HDVWV��%LRWHFKQRO��%LRHQJ�� �� �����������������/RQJ��$��� -DPHV��3��DQG�:DUG��2��3����������$URPDWLF�DOGHK\GHV� DV� VXEVWUDWH� IRU� \HDVW� DQG� \HDVW� DOFRKRO�GHK\GURJHQDVH��%LRWHFKQRO��%LRHQJ�� �� ��������������
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