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)��*KDYLSDQMHK���-��6KD\HJDQ�6KDULI�8QLYHUVLW\�RI�7HFKQRORJ\��7HKUDQ��,UDQ

$EVWUDFW7KLV�SDSHU�SUHVHQWV�WKH�UHVXOWV�RI�DQ�LQYHVWLJDWLRQ�LQWR�WKH�WUHDWPHQW�RI�7HKUDQ�5HILQHU\�HIIOXHQWV� LQ� 8$6%� UHDFWRUV�� )RXU� SLORW�VFDOH� 8$6%� UHDFWRUV� ZHUH� EXLOW� ZLWK� VLPLODU�GLPHQVLRQV�� HDFK� ZLWK� D� YROXPH� RI� ������ O�� DQG� RSHUDWHG� LQ� SDUDOOHO� DW� ��� �&�� 7KH�VOXGJH�VHHG�ZDV�SUHSDUHG�IURP�WKH�ZDVWH�DFWLYDWHG�VOXGJH�RI�WKH�ZDVWHZDWHU�WUHDWPHQW�XQLW�RI�WKH�UHILQHU\��7KH�RUJDQLF�ORDGLQJ�UDWHV�ZHUH�JUDGXDOO\�LQFUHDVHG�IURP����������NJ�&2'�P��G�WR�DERXW�������������DQG�����NJ�&2'�P��G�IRU�UHDFWRUV���WR����UHVSHFWLYHO\��DW�DQ� LQIOXHQW�&2'�RI�DERXW�����PJ�O��7KLV� LV� LQ�DFFRUGDQFH�ZLWK�K\GUDXOLF�UHWHQWLRQ�WLPHV�RI����������DQG�����KRXUV�IRU�UHDFWRUV���WR���DQG�����KRXUV�IRU�UHDFWRU����0HWKDQRO�ZDV� LQLWLDOO\� DGGHG� WR� WKH� UHDFWRUV� LQ� RUGHU� WR� LQFUHDVH� WKH� PLFURELDO� DFWLYLW\� RI� WKH�VOXGJH��H[FHSW�IRU WKH�ODVW�RQH��LQ�RUGHU�WR�FRPSDUH�WKH�HIIHFW�RI�PHWKDQRO�RQ�VWDUW�XS��7KH�DGGLWLRQ�RI�PHWKDQRO�ZDV�VWRSSHG�DIWHU����GD\V�DQG�WKH�UHDFWRUV�ZHUH�RSHUDWHG�IRU�DQRWKHU����GD\V��$W�WKLV�VWDJH��WKH�LQIOXHQW�&2'�ZDV�YDULHG�EHWZHHQ��������PJ�O��7KH�UHVXOWV� VKRZ� WKDW� WKH� &2'� UHPRYDO� HIILFLHQFLHV� RI� WKH� UHDFWRUV� DUH� DURXQG� ��������+RZHYHU�� ZKHQ� WKH� LQIOXHQW� &2'� LQFUHDVHV� DERYH� ���� PJ�O�� WKH� &2'� UHPRYDO�HIILFLHQFLHV� LQFUHDVH� XS� WR� ����� ,W� LV� IRXQG� WKDW�PHWKDQRO� KDV� QR� VLJQLILFDQW� HIIHFW� LQ�VKRUWHQLQJ� WKH� VWDUW�XS� SHULRG� LQ� WKLV� FDVH�� 6FDQQLQJ� (OHFWURQ� 0LFURVFRS\� �6(0��H[DPLQDWLRQ�DQG�LPDJH�DQDO\VLV�RI�WKH�JUDQXOHV�RI�VOXGJH�ZHUH�DOVR�SHUIRUPHG�LQ�RUGHU�WR�LQYHVWLJDWH�WKH�VWUXFWXUH�RI�JUDQXOHV�DQG�WKH�VL]H�GLVWULEXWLRQ��$QDO\VLV�RI�WKH�ELRJDV�VKRZV� PRUH� WKDQ� ���� PHWKDQH� FRQWHQW�� 7KH� UHVXOWV� REWDLQHG� LQ� WKLV� UHVHDUFK� DUH�SURPLVLQJ�IRU�WKH�DQDHURELF�WUHDWPHQW�RI�UHILQHU\�ZDVWHZDWHUV�LQ�8$6%�UHDFWRUV�.H\ZRUGV� 8$6%�UHDFWRUV��SHWUROHXP�UHILQHU\��DQDHURELF�WUHDWPHQW��JUDQXODWLRQ

�� 3UHVHQW�DGGUHVV��0DWHULDO�DQG�(QHUJ\�5HVHDUFK�&HQWUH��7HKUDQ��,UDQ��(PDLO��I�JKDYLSDQMHK#PHUF�DF�LU�� (PDLO��VKD\HJDQ#VKDULI�HGX

,QWURGXFWLRQ,W� LV� QRZ�SURYHQ� WKDW� DOLSKDWLF� DQG� DURPDWLF�K\GURFDUERQV�� ZKLFK� DUH� WKH� PDLQ� FRQ�VWLWXHQWV� RI� FUXGH� RLO�� DUH� DQDHURELFDOO\�ELRGHJUDGDEOH� >�@��7KHVH�SURGXFWV�DUH� IRXQG�LQ�WKH�UHILQHU\�ZDVWHZDWHUV�DV�D�FRQVHTXHQFH�RI� UHILQLQJ�SURFHVVHV��7KH�PRVW�DWWHQWLRQ�RQ�WKH� DQDHURELF� GHJUDGDWLRQ RI� WKH� SHWUROHXP�FRQVWLWXHQWV� VR� IDU� LV� UHODWHG� WR� ELRUHPHGLD�WLRQ� SXUSRVHV� ZKHUH� WKH� VRLO� DQG� ZDWHU� DUH�SROOXWHG� E\� WKH� OHDNDJH� RI� WDQNV�� XQGHU�

JURXQG� SLSHV�� VSLOOV� DW� SURGXFWLRQ� ZHOOV��DFFLGHQWV� GXULQJ� WUDQVSRUW�� DQG� VR� RQ��'HVSLWH� WKH� SURPLVLQJ� UHVXOWV RQ� WKH�DQDHURELF� GHJUDGDWLRQ� RI� WKH� SHWUROHXP�SURGXFWV�� KRZHYHU�� GRFXPHQWDWLRQ� RI� WKH�DQDHURELF� WUHDWPHQW� RI� SHWUROHXP� UHILQHU\�ZDVWHZDWHUV�LV�YHU\�OLPLWHG��,Q�RQH�RI�WKH�IHZ�VWXGLHV�� +RYLRXV�� HW� DO�� IRXQG� WKDW� DQ� DQ�DHURELF� ODJRRQ�ZDV� DEOH� WR� UHPRYH� ���� RI�WKH� &2'� IURP� D� SHWUROHXP� UHILQHU\�ZDVWHZDWHU� >�@�� +RZHYHU�� WKH� WUHDWPHQW� RI�



7UHDWPHQW�RI�7HKUDQ�5HILQHU\«

� ,UDQLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHULQJ��9RO���� 1R���

XQGLOXWHG�ZDVWHZDWHU�RI�D�XVHG�RLO�UHILQHU\�LQ�DQ� DQDHURELF� SDFNHG� EHG� UHDFWRU� ZDV� QRW�VDWLVIDFWRU\� >�@�� ,W� ZDV� UHSRUWHG� WKDW�DFLGRJHQHVLV� EDFWHULD� ZHUH� DFWLYH� ZKLOH�PHWKDQRJHQHVLV� RQHV� ZHUH� QRW�� %XW�� ZLWK�GLOXWLRQ�RI�WKH�ZDVWHZDWHU�WR�RQH�WKLUG��72&�RI� ����� PJ�O�� ������� 72&� UHPRYDO� ZDV�DFKLHYHG� DW� DQ� RUJDQLF� ORDGLQJ� UDWH� RI� ����NJ&2'�P��G�DQG�DQ�+57�RI�����GD\V�,Q� JHQHUDO�� DQDHURELF� WUHDWPHQWV� KDYH� EHHQ�GHPRQVWUDWHG�WR�EH�IHDVLEOH�IRU�SUH�WUHDWPHQW�RI� KLJK�VWUHQJWK� DQG� GLOXWH� FRPSOH[�ZDVWHZDWHUV� >���@��7KH�8$6%�UHDFWRU� LV�RQH�RI� WKH� PRVW� SRSXODU� DQDHURELF� ZDVWHZDWHU�WUHDWPHQW� V\VWHPV�� 6LQFH� LWV� LQQRYDWLRQ� LQ������ E\� /HWWLQJD�� HW� DO�� >�@�� LW� KDV� EHFRPH�LQFUHDVLQJO\� XVHIXO� IRU� WKH WUHDWPHQW� RI�YDULRXV� ZDVWHZDWHUV� IURP� KRW� WR� FROG� DQG�KLJK��� WR�ORZ�VWUHQJWK�ZDVWHZDWHUV��7KH�FRUH�VHFUHW� RI� WKH� UHDFWRU� LV� WKH� SUHVHQFH� RI� D�GHQVH� JUDQXODU� VOXGJH� ZLWK� D� KLJK� VSHFLILF�DFWLYLW\� LQVLGH� WKH� UHDFWRU�� 7KLV� DOORZV� IRU�LQVWDOODWLRQ�RI�PRUH�FRPSDFW�DQG�HFRQRPLFDO�ZDVWHZDWHU� WUHDWPHQW� SODQWV�� $OWKRXJK� WKH�UHDFWRU�ZDV�LQLWLDOO\�GHVLJQHG�DQG�DSSOLHG�IRU�WKH� WUHDWPHQW� RI�PHGLXP� DQG� KLJK�VWUHQJWK�LQGXVWULDO� ZDVWHZDWHUV�� LWV� DSSOLFDWLRQ�JUDGXDOO\�H[SDQGHG�IRU�WKH�WUHDWPHQW�RI�ORZ�VWUHQJWK� �OHVV� WKDQ� ����� PJ� &2'�O��ZDVWHZDWHUV�� HVSHFLDOO\� IRU� WUHDWPHQW� RI�GRPHVWLF� ZDVWHZDWHUV� >����@�� (YHQ� WKRXJK�WKH�WUHDWPHQW�HIILFLHQF\�UHSRUWHG�VR�IDU�LV�QRW�DV� KLJK� DV� IRU� KLJK�VWUHQJWK� ZDVWHZDWHUV��FRQVLGHULQJ� WKH� ORZ� LQLWLDO� &2'�� LW� VHHPV�WKDW� VXFK�&2'� UHPRYDO� HIILFLHQFLHV�PD\�EH�HQRXJK� IRU� GUDLQLQJ� ZDVWHZDWHU� LQ� WKH�HQYLURQPHQW�RU�IRU�LUULJDWLRQ�SXUSRVHV�6R� IDU��QR� UHVXOWV�KDYH�EHHQ� UHSRUWHG�RQ� WKH�DSSOLFDWLRQ� RU� LQYHVWLJDWLRQ� RI� 8$6%�V\VWHPV� IRU� WUHDWPHQW� RI� UHILQHU\� HIIOXHQWV��5HILQHU\� ZDVWHZDWHUV� DUH� XVXDOO\� LQ� WKH�JURXS�RI�ORZ�VWUHQJWK��FRPSOH[�ZDVWHZDWHUV��7KH� LQFUHDVHG� DSSOLFDWLRQ�RI�8$6%� UHDFWRUV�VKRZV�WKDW�WKLV�V\VWHPV�RIIHU�D�YHU\�SUDFWLFDO�WUHDWPHQW� WHFKQRORJ\� IRU� D�ZLGH� UDQJH� IURP�YHU\�KLJK�WR�YHU\�ORZ�VWUHQJWKV��&RQVLGHULQJ�WKH� DGYDQWDJHV� RI� WKH� 8$6%� UHDFWRU��5HVHDUFK� ,QVWLWXWH� RI� 3HWUROHXP� ,QGXVWU\�

�5,3,�� RI� ,UDQ� LQLWLDWHG� D� SURMHFW� RQ� WKH�WUHDWPHQW�RI�D�SHWUROHXP�UHILQHU\�ZDVWHZDWHU�XVLQJ� WKLV� V\VWHP�� 7KLV� SDSHU� SUHVHQWV� WKH�UHVXOWV�RI� LQYHVWLJDWLRQ�LQWR�WKH�IHDVLELOLW\�RI�DQDHURELF� WUHDWPHQW� RI� 7HKUDQ� UHILQHU\�ZDVWHZDWHU�XVLQJ�8$6%�UHDFWRUV�
0DWHULDOV�DQG�0HWKRGV7KH�7UHDWPHQW�8QLW�RI�7HKUDQ�5HILQHU\7HKUDQ� 5HILQHU\� ZDV� EXLOW� LQ� ����� LQ� WZR�SDUDOOHO� SODWIRUPV� FDOOHG� 1RUWK� DQG� 6RXWK�5HILQHULHV�� 7KH� RLO\� ZDVWHZDWHU� VWUHDPV� RI�ERWK� UHILQHULHV� HQWHU� D� FRPPRQ� ZDVWHZDWHU�WUHDWPHQW� SODQW� DIWHU� RLO� VHSDUDWLRQ� LQ� $3,�VHSDUDWRUV��7KH�WUHDWPHQW�SODQW�FRQVLVWV�RI�DQ�HTXDOL]HU� XQLW�� D� 'LVVROYHG� $LU� )ORWDWLRQ��'$)��V\VWHP�DQG�DQ�DHUDWLRQ�SRQG��WR�ZKLFK�D�SDUW�RI� WKH�VHWWOHG�VOXGJH�IURP�WKH�FODULILHU�DOVR�LV�UHWXUQHG�>��@�
&KDUDFWHULVWLFV�RI�WKH�:DVWHZDWHU%HIRUH� VWDUWLQJ� WKH�8$6%�SLORW�H[SHULPHQWV��VRPH� VDPSOHV�ZHUH� WDNHQ� IURP� WKH� GLIIHUHQW�VWUHDPV� RI� WKH� WUHDWPHQW� XQLW� RI� 7HKUDQ�5HILQHU\� LQ� RUGHU� WR� GHWHUPLQH� WKH� SROOXWLRQ�OHYHOV�� 7DEOH� �� SUHVHQWV� WKH� ZDVWHZDWHU�FKDUDFWHULVWLFV� RI� VRPH� RI� WKH� VWUHDPV� LQ�WHUPV� RI� %2'��� &2'�� DPPRQLXP� QLWURJHQ��SKRVSKRUXV� DV� SKRVSKDWH�� +�6� DQG� RLO�FRQWHQW��$OO�WKH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�DFFRUGLQJ� WR� WKH� 6WDQGDUG� 0HWKRGV� IRU� WKH�([DPLQDWLRQ�RI�:DWHU�DQG�:DVWHZDWHU� >��@��$OVR�� GXH� WR WKH� LPSRUWDQFH� RI� PHWDOV� LQ�ELRORJLFDO� WUHDWPHQW� >��@�� WKH� PHWDOOLF�HOHPHQWV� RI� WKH� '$)� HIIOXHQW� ZDVWHZDWHU�ZHUH�PHDVXUHG��)RU�WKLV�SXUSRVH��D�FRPSRVLWH�VDPSOH� ZDV� WDNHQ� LQ� D� ���KRXU� SHULRG� E\�FROOHFWLQJ� ���� FF� VDPSOHV� KRXUO\�� WKDW� ZDV�DQDO\VHG� XVLQJ� DQ� DWRPLF DEVRUSWLRQ� LQVWUX�PHQW�� 7DEOH� �� SUHVHQWV� WKH� UHVXOWV� RI� VXFK�PHDVXUHPHQWV�� &RQVLGHULQJ� WKH� ORZ� &2'�FRQFHQWUDWLRQ� RI� WKH� UHILQHU\� ZDVWHZDWHU� DV�7DEOH���LQGLFDWHV��WKH�ORZ DPRXQWV�RI�PHWDOV�ZRXOG�EH�VXLWDEOH�IRU�LWV�DQDHURELF�WUHDWPHQW��7KHUHIRUH�� QR� PHWDOOLF� FRPSRXQGV� ZHUH�DGGHG� WR� WKH� LQIOXHQW� ZDVWHZDWHU� GXULQJ� WKH�H[SHULPHQWV�
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7DEOH���:DVWHZDWHU�FKDUDFWHULVWLFV�RI�7HKUDQ�UHILQHU\�WUHDWPHQW�XQLW�VWUHDPV��XQLWV��PJ�O�6DPSOH %2'� &2' 1�1+�� 3�32� ±� +�6 2LO(IIOXHQW�RI�WKH�$3,�VHSDUDWRU ��� ��� �� ��� � ����,QIOXHQW�RI�WKH�HTXDOL]HU ��� ��� �� 7UDFH Q�D� Q�D�(IIOXHQW�RI�WKH�HTXDOL]HU �� ��� �� ��� � ��

7DEOH� �� 0HWDO� FRPSRVLWLRQ� RI� '$)� HIIOXHQW� RI�7HKUDQ�UHILQHU\�0HWDOV &RQFHQWUDWLRQ�PJ�O�&D ���0J ��3E 7UDFH�������)H ���1L 7UDFH�������=Q ����0Q 7UDFH�������&R 7UDFH�������&U 7UDFH�������&X 7UDFH�������
([SHULPHQWDO�6\VWHP,Q� RUGHU� WR� VKRUWHQ� WKH� GXUDWLRQ� RI� WKH�H[SHULPHQWV��IRXU�8$6%�UHDFWRUV�ZHUH�XVHG��(DFK� UHDFWRU� ZDV� PDGH� RI� 3OH[LJODV� ZLWK� D�GLDPHWHU�RI����FP��D�KHLJKW�RI�����FP�DQG�D�WRWDO� YROXPH� RI� ������ O�� 2Q� WRS� RI� HDFK�UHDFWRU�ZDV�D�JDV�OLTXLG�VROLG�VHSDUDWRU�ZLWK�DQ�LQWHUQDO�GLDPHWHU�RI����FP�DQG�D�KHLJKW�RI����� FP�� )LJXUH� �� VKRZV� WKH� VFKHPDWLF�GLDJUDP� RI� WKH� UHDFWRU�� 7KH� ZDVWHZDWHU� LV�ILUVW�KHDWHG�WR�����&�DQG� WKHQ�HQWHUHG�WR� WKH�UHDFWRUV� YLD� IRXU� GRVLQJ� SXPSV�� )XUWKHU�LQIRUPDWLRQ� RQ� WKH� H[SHULPHQWDO� VHWXS�FRQVLVWLQJ�RI� IRXU�8$6%�UHDFWRUV� LQ�SDUDOOHO�FRXOG�EH�IRXQG�LQ�>��@�
6OXGJH�3UHSDUDWLRQ'XH� WR� XQDYDLODELOLW\� RI� DQDHURELF� JUDQXODU�VOXGJH�� WKH� ZDVWH� DFWLYDWHG� VOXGJH� RI� WKH�WUHDWPHQW�SODQW�RI�7HKUDQ�5HILQHU\�ZDV�XVHG�WR� SUHSDUH� WKH� UHTXLUHG� VOXGJH� IRU� WKH�H[SHULPHQWV�� 7KH� OLNHO\� SUHVHQFH� RI� LQHUW�

PDWHULDO� LQ� WKLV� VOXGJH� FRXOG�EH�JRRG�QXFOHL�IRU� WKH� JUDQXODWLRQ�� 7KH� ZDVWH� DFWLYDWHG�VOXGJH� ZDV� FROOHFWHG� LQ� ���OLWUH� FRQWDLQHUV�DQG� OHIW� LQ� D� ZDUP� FRQGLWLRQ� IRU� DERXW� WZR�ZHHNV��$IWHU� WKLV� WLPH��WKH�VOXGJH�YROXPH�LQ�DOO� FRQWDLQHUV�ZDV�DOPRVW� UHGXFHG� WR�D� WKLUG��$�OD\HU�RI�VFXP�ZDV�IRUPHG�RQ�WKH�VXUIDFH�RI�DOO�FRQWDLQHUV��7KH�IRUPDWLRQ�RI�WKH�VFXP�ZDV�GXH� WR� OLJKWHQLQJ� RI� WKH� VOXGJH� E\� JDV�EXEEOHV�� 7KH� VOXGJH� JUDGXDOO\� EHFDPH�PRUH�DQG� PRUH� FRQGHQVHG� DQG� WKH� JDV� EXEEOHV�ZHUH� REVHUYHG� HYROYLQJ� IURP� WKH� VXUIDFH��7KLV� ZDV� WKH� VLJQ� RI� DQ� DFWLYH� DQDHURELF�VOXGJH�� %\� WKLV� WLPH�� VOXGJH� JUDQXOHV� KDG�VXUSULVLQJO\�EHHQ�REVHUYHG�
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)LJXUH� �� 6FKHPDWLF� GLDJUDP� RI� WKH� 8$6%� UHDFWRUV�XVHG�IRU�WKH�H[SHULPHQWV��XQLWV��FP�
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7KHUH�ZDV�D�GRXEW�ZKHWKHU� UHDO�JUDQXOHV�DUH�IRUPHG�RU� WKH\�DUH� VLPSO\� ODUJH�IUDJLOH� IORFV�EXLOW� E\� WKH� ELRPDVV� DGKHUHQFH� XQGHU� WKH�VWDWLF�FRQGLWLRQV��6RPH�WHVWV�ZHUH SHUIRUPHG�LQ� RUGHU� WR� LQYHVWLJDWH� WKH� TXDOLW\� RI� WKH�VOXGJH��PRVWO\�WKH�VWUHQJWK�RI�WKH�JUDQXOHV��DW�WKLV� VWDJH�� )RU� WKLV� SXUSRVH�� WKH� WDS� ZDWHU�SUHVVXUH�ZDV�H[HUWHG�RQ�WKH�VOXGJH�LQ�D�ORQJ�JODVV� FROXPQ� WR� VHH� ZKHWKHU� WKH� VOXGJH�ZRXOG� EUHDN� HDVLO\� RU� QRW� %XW�� HYHQ� XQGHU�KLJK� IORZ� UDWH� RI� ZDWHU� IRU� DERXW� �� KRXUV�GXUDWLRQ�� QR� EUHDNDJH� RI� JUDQXOHV� ZDV�REYLRXV� DQG� RQO\� WKH� ZDVK� RXW� RI� OLJKW�JUDQXOH� KDG� RFFXUUHG�� 7KH� 0/66� DQG�0/966�RI� WKH�VOXGJH�ZDV������J�O�DQG������J�O�� UHVSHFWLYHO\�� DQG� WKH� DVK� FRQWHQW� DERXW�������� 7KH� UHDFWRUV� ZHUH� ILOOHG� ZLWK� WKLV�VOXGJH�WR�D�KHLJKW�RI�����FP��HTXDO�WR�DOPRVW�WZR�WKLUGV�RI�WKH�WRWDO�UHDFWRU�YROXPH��DQG�WKH�UHDFWRUV�ZHUH�WKHQ�VWDUWHG�XS�
6WDUW�XS�RI�8$6%�5HDFWRUV6WDJH��,Q� WKH� ILUVW� DWWHPSW�� WKH� HIIOXHQW� RI� WKH� $3,�VHSDUDWRU�ZDV� LQWURGXFHG� WR� WKH�UHDFWRUV��� WR���� 7KH� XSIORZ� YHORFLWLHV� LQ� UHDFWRUV� �� WR� ��ZHUH� FRQVLGHUHG� WR� EH� ��� ������ ���� DQG� �����P�K�� UHVSHFWLYHO\�� 7KLV� LV� HTXLYDOHQW� WR�K\GUDXOLF�UHWHQWLRQ� WLPHV�RI���������������DQG�����KRXUV�DQG�RUJDQLF� ORDGLQJ� UDWHV�RI� DERXW�������������DQG�����NJ�&2'�P��G�IRU�UHDFWRUV��� WR� ��� UHVSHFWLYHO\�� IRU� DQ� LQIOXHQW�&2'�RI�DERXW� ���� PJ�O�� 7KH� ZDVWHZDWHU� XSIORZ�YHORFLWLHV�ZHUH�VHW�DW�D�ORZ�YDOXH�RI�����P�K�WR� EH� JUDGXDOO\� LQFUHDVHG� XS� WR� WKH� GHWHU�

PLQHG� YHORFLWLHV� IRU� HDFK� UHDFWRU� %XW��EHFDXVH� WKLV� VWUHDP� FRQWDLQHG� DERXW� �������PJ�O�RI�RLO�DQG�WKH�VOXGJH�ZDV�QRW�DGDSWHG�WR�WKH�KLJK�RLO\�ZDVWHZDWHU��WKH�HIILFLHQF\�RI�WKH�UHDFWRUV� VWDUWHG� WR� GHFUHDVH� LQ� VSLWH� RI� ORZ�IORZ�UDWH�RI� LQIOXHQWV�DQG�ILQDOO\�DSSURDFKHG�]HUR��7KLV�VWDJH�ODVWHG����GD\V�
6WDJH��,Q� WKH� QH[W� DWWHPSW�� WKH� LQIOXHQW� RI� WKH�UHDFWRUV�ZHUH� FKDQJHG� WR� WKH� HIIOXHQW� RI� WKH�'$)� V\VWHP� ZLWK� PXFK� OHVV� RLO� FRQWHQW�� ,Q�RUGHU� WR� LQFUHDVH� WKH� DFWLYLW\� RI� WKH� VOXGJH��PHWKDQRO� ZDV� DGGHG� WR� WKH� LQIOXHQW� RI� WKH�UHDFWRUV� EHFDXVH� LW� ZDV� UHSRUWHG� WKDW�PHWKDQRO� UHGXFHV� WKH� VWDUW�XS� SHULRG� E\�LQFUHDVLQJ� WKH� DFWLYLW\� RI� WKH� VOXGJH� >��@��0HWKDQRO�ZDV�DGGHG�WR�WKH�LQIOXHQW�VXFK�WKDW�WKH� RYHUDOO� &2'� GLG� QRW� H[FHHG� ���� PJ�O��ZKLFK� ZDV� DOPRVW� WKH� PD[LPXP� YDOXH� LQ�HTXDOL]HU�HIIOXHQW��%XW��WKH�IRXUWK�UHDFWRU�ZDV�VWDUWHG� XS�ZLWKRXW� DGGLQJ�PHWKDQRO� LQ� RUGHU�WR�VWXG\�WKH�HIIHFW�RI�PHWKDQRO�LQ�WKH�VWDUW�XS�RI� 8$6%� UHDFWRUV�� 7KH� K\GUDXOLF� UHWHQWLRQ�WLPHV�RI�ZDVWHZDWHUV�ZHUH�FKRVHQ� WR�EH����������DQG�����KRXUV�IRU�UHDFWRUV���WR����DQG�����KRXUV�IRU�UHDFWRU����7KH�RUJDQLF�ORDGLQJ�UDWHV�ZHUH� JUDGXDOO\� LQFUHDVHG� IURP� ��������� NJ�&2'�P��G� WR� DERXW� ������ ����� DQG� ����� NJ�&2'�P��G� IRU� UHDFWRUV� �� WR� ��� UHVSHFWLYHO\��DQG������NJ�&2'�P��G� IRU� WKH� ODVW�RQH��DW� D�&2'�OHYHO�RI�DERXW�����PJ�O��7KH�K\GUDXOLF�FRQGLWLRQV� RI� WKH� UHDFWRUV� DW� WKLV� VWDJH� DUH�LQGLFDWHG�LQ�7DEOH���

7DEOH��� +\GUDXOLF�FRQGLWLRQV�RI�UHDFWRUV�LQ�WKH�ILQDO�VWDJH�RI�VWDUW�XS�5HDFWRU�1R�5HDFWRU�SURSHUWLHV � � � �'HVLJQHG�XSIORZ�YHORFLW\��P�K ���� ��� ���� ���$SSOLHG�PHDQ�XSIORZ�YHORFLWLHV��P�K ��� ���� ���� ���$SSOLHG�PHDQ�GHWHQWLRQ�WLPH��K ��� ��� ��� ���2UJDQLF�ORDGLQJ�UDWHV��NJ�&2'�P��G ���� ���� ���� ����6OXGJH�ORDGLQJ�UDWH��NJ�&2'��NJ�966�G ���� ���� ���� ����
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7DEOH��� 6OXGJH�&KDUDFWHULVWLFV�LQ�WKH�8$6%�UHDFWRUV�5HDFWRU�1R�5HDFWRU�SURSHUWLHV � � � �,QLWLDO�VOXGJH�KHLJKW��FP ��� ��� ��� ���)LQDO�VOXGJH�KHLJKW��FP �� �� �� ��0/66��J�O ���� ���� ���� ����0/966��J�O ���� ���� ���� ����$VK��� ���� ���� ���� ����
6WDJH��)LQDOO\�� WKH� IORZ�RI�PHWKDQRO� WR� WKH� LQIOXHQW�RI�WKH�UHDFWRUV�������DQG����ZDV�VWRSSHG�DIWHU����GD\V�DQG�WKH�HIIOXHQW�RI�WKH�HTXDOL]HU�ZDV�IHG� WR� WKH� V\VWHP�� LQVWHDG� RI� WKH� '$)�HIIOXHQW��7KHQ��WKH�UHDFWRUV�ZHUH�RSHUDWHG�IRU�DQRWKHU����GD\V�EHIRUH�WKH�H[SHULPHQWV�ZHUH�HQGHG�� 7KH� 0/66�� 0/966� DQG� KHLJKW� RI�VOXGJH� LQVLGH� HDFK� UHDFWRU� DW� WKH� HQG� RI�H[SHULPHQWV�DUH�UHSRUWHG�LQ�7DEOH���
0HDVXUHPHQWV7R�HYDOXDWH� WKH�SHUIRUPDQFH�RI� WKH� UHDFWRUV��WKH� &2'�� 1� DQG� 3� RI� WKH� LQIOXHQWV� DQG�HIIOXHQWV� ZHUH� PHDVXUHG� GDLO\�� $OO� WKHVH�H[SHULPHQWV�ZHUH�GRQH�DFFRUGLQJ�WR 6WDQGDUG�0HWKRGV� IRU� WKH� ([DPLQDWLRQ� RI�:DWHU� DQG�:DVWHZDWHU�>��@�7R�HYDOXDWH� WKH�DQDHURELF�VOXGJH�LQ�WHUPV�RI�WKH�VHWWOLQJ�YHORFLW\�DQG�WKH�VWUXFWXUH�DQG�VL]H�RI� JUDQXOHV�� VRPH� H[SHULPHQWV� ZHUH�SHUIRUPHG�� 7KH� VHWWOLQJ� YHORFLW\� RI� VOXGJH�ZDV�H[DPLQHG�E\�PHDVXULQJ� WKH� IDOOLQJ� WLPH�RI� SDUWLFOHV� LQ� D� ORQJ� JODVV� WXEH� YLVXDOO\��6FDQQLQJ�(OHFWURQ�0LFURVFRSH��6(0���&DP�EULGJH�6WHUHRVFDQ��0RGHO������HTXLSSHG�ZLWK�DQ� (QHUJ\� 'LVSHUVLYH� ;�UD\� �(';�� GHYLFH�ZDV� XVHG� IRU� REVHUYDWLRQ� RI� VWUXFWXUH� RI�JUDQXOHV��)RU�WKLV�SXUSRVH��WKH�JUDQXOHV�ZHUH�ZDVKHG� ZLWK� ���� 0� SKRVSKDWH� EXIIHU��S+ ����� DQG� WKHQ� IL[HG� LQ� ���JOXWDUDOGHK\GH� LQ� EXIIHU� RYHU� QLJKW�� 7KH�JUDQXOHV� WKHQ� ZHUH� GHK\GUDWHG� ZLWK� JUDGHG�HWKDQRO�VHULHV���������������������DQG��������

DQG� WKHQ� IUHH]H�GULHG� >��@�� 'ULHG� JUDQXOHV�ZHUH�PRXQWHG�RQ�VWXGV�ZLWK�FROORLGDO�FDUERQ�DQG� ILQDOO\� VSXWWHU�FRDWHG� ZLWK� JROG� DQG�H[DPLQHG� XQGHU� 6(0�� )URP� (';� DQDO\VLV�WKH� VWUXFWXUDO� HOHPHQWV� RI� JUDQXOHV� ZHUH�GHWHUPLQHG�� +RZHYHU�� IRU� PRUH� DFFXUDWH�GHWHUPLQDWLRQ� RI� HOHPHQWV� LQYROYHG� LQ� WKH�JUDQXOHV�VWUXFWXUH��:DYHOHQJWK�'LVSHUVLYH�;�UD\� �:';�� 6SHFWURVFRS\� ZDV� DOVR� SHU�IRUPHG�7KH� GLVWULEXWLRQ� VL]H� RI� JUDQXOHV� ZDV�HYDOXDWHG� XVLQJ� DQ� ,PDJH�$QDO\VHU� �/(,&$��4XDQWLPHQW��0RGHO�������7KH�VOXGJH�VDPSOHV�DIWHU�GLOXWLRQ�ZLWK�ZDWHU�ZHUH�WUDQVIHUUHG�LQWR�SHUWL� GLVKHV� RI� ��FP� GLDPHWHUV�� 7KH� LPDJH�DQDO\VLV� FRXOG� GHWHUPLQH� WKH� WRWDO� QXPEHU��HTXLYDOHQW�GLDPHWHU�DQG�QXPEHU�DQG�DOVR�WKH�VXUIDFH�DUHD�RI�JUDQXOHV��7KH�ELRJDV�VDPSOHV��WDNHQ�LQ�DQ�DLU�ORFN�V\ULQJH��ZHUH�DQDO\VHG�RQ�D� 6KLPDG]X� *&� PRGHO� �&37� ZLWK� D� 7'&HTXLSSHG� ZLWK� ���� LQFK� �G�� VWDLQOHVV� VWHHO�FROXPQ� SDFNHG� ZLWK� PROHFXODU� VLHYH�� 7KH�RYHQ� WHPSHUDWXUH� ZDV� ��� �&� ZKLOH� WKH�GHWHFWRU�ZDV�DW������&�
5HVXOWV�DQG�'LVFXVVLRQ)LJXUH��� VKRZV� WKH�&2'�UHPRYDO�HIILFLHQF\�RI�HDFK�UHDFWRU�YHUVXV�WLPH�LQ�GD\V�GXULQJ�WKH�VHFRQG� DQG� WKLUG� VWDJHV� RI� WKH� VWDUW�XS�� $V�DOUHDG\� PHQWLRQHG�� WKH� ILUVW� VWDJH� ZDV�LQHIIHFWLYH�� %XW� FOHDUO\�� ZKHQ� PHWKDQRO� LV�DGGHG� LQ� WKH� VHFRQG� VWDJH� RI� VWDUW�XS�� WKH�&2'� UHPRYDO� HIILFLHQFLHV� DUH� LQFUHDVHG�FRQVLGHUDEO\�� 7KLV� LV� EHFDXVH� RI� ULVLQJ� WKH�
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LQIOXHQW� &2'� DQG� WKH� IDFW� WKDW� PHWKDQRO� LV�HDVLO\� ELRGHJUDGDEOH�� +RZHYHU�� GXH� WR� WKH�SUHVHQFH� RI� YDULDWLRQV� LQ� WKH� DGGLWLRQ� RI�PHWKDQRO�DGGHG� WR� WKH� UHDFWRUV�� WKH� UHVXOWDQW�HIILFLHQFLHV�DOVR�IOXFWXDWH�DQG�DUH�VRPHWLPHV�PRUH� WKDQ� ��� SHUFHQW� DW� D� KLJK� GRVH� RI�PHWKDQRO�$IWHU� VWRSSLQJ� WKH� DGGLWLRQ� RI� PHWKDQRO� WR�WKH� UHDFWRUV� �WKH� WKLUG� VWDJH�� VKRZQ� E\� D�YHUWLFDO� GDVKHG� OLQH� LQ� )LJXUH� ���� WKH� HI�ILFLHQFLHV�VOLJKWO\�GHFUHDVH��+RZHYHU��GXH�WR�LQFUHDVLQJ� LQIOXHQW� &2'� DV� D� UHVXOW� RI�FKDQJLQJ� WKH� LQIOXHQW� ZDVWHZDWHU� IURP� WKH�'$)� HIIOXHQW� WR� WKH� HTXDOL]HU� HIIOXHQW�� WKH�HIILFLHQFLHV�LQFUHDVH�DJDLQ�DQG�UHDFK���������VLPLODU� WR� WKDW� RI� SUHYLRXV� VWDJH�� )XUWKHU�PRUH�� ZKHQHYHU� WKH� LQIOXHQW� &2'� LV�LQFUHDVHG�� WKH� HIILFLHQFLHV�DOVR� LQFUHDVH��7KH�UHVXOWV� VKRZ� WKDW�ZKHQ� WKH� LQIOXHQW� &2'� LV�GHFUHDVHG� EHORZ� ��� PJ�O�� WKH� HIILFLHQFLHV�VHYHUHO\�GHFUHDVH�DQG�HYHQ�WHQG�WR�]HUR�7KH� DYHUDJH� &2'� UHPRYDO� HIILFLHQFLHV� RI�ERWK�UHDFWRUV���DQG���DUH�DERXW�����DQG�WKDW�RI�UHDFWRU���LV�DERXW������7KH�UHDVRQ�IRU�WKH�ORZHU� HIILFLHQF\� RI� UHDFWRU� �� LQ FRPSDULVRQ�ZLWK�UHDFWRUV���DQG���FDQ�EH�WKH�ORZ�RUJDQLF�ORDGLQJ� UDWH� LQ� WKLV� UHDFWRU�� DV� LQGLFDWHG� LQ�

7DEOH� ��� 7KH� UHVXOWV� DOVR� VKRZ� WKDW� WKH�HIIOXHQW�&2'�RI� WKH� UHDFWRUV�DUH�DOZD\V�OHVV�WKDQ� ���� PJ�O� DQG� WKH� VDPH� DV� WKH� HIIOXHQW�&2'� RI� WKH� '$)� V\VWHP� LQ� WKH� ZDVWHZDWHU�WUHDWPHQW� XQLW� RI� WKH� 7HKUDQ� 5HILQHU\�� 7KH�UHVXOWV� RI� UHDFWRU� �� LQ� FRPSDULVRQ� ZLWK� WKH�RWKHUV�VKRZ�WKDW�WKH�DGGLWLRQ�RI�PHWKDQRO�KDV�QR� PDMRU� HIIHFW� RQ� WKH� &2'� UHPRYDO�HIILFLHQF\�7KH� FRPSRVLWLRQ� RI� WKH� SURGXFHG� ELRJDV�� DV�DQDO\VHG� E\� JDV� FKURPDWRJUDSK\�� VKRZV� DQ�DYHUDJH� &+��&2� UDWLR� RI� ����� DQG� WKH�DPRXQW� RI� K\GURJHQ� JDV� LV� WUDFH�� ,Q� RWKHU�ZRUGV��PRUH�WKDQ����SHUFHQW�RI�WKH�SURGXFHG�JDV�LV�PHWKDQH�DQG�WKH�UHVW�LV�FDUERQ�GLR[LGH�ZLWK� WUDFHV�RI�+�6�DQG�+�2��7KLV�UHLQIRUFHV�WKH�UHVXOWV�RI�RWKHU�UHVHDUFKHUV� WKDW�DOWKRXJK�DW� ORZHU�&2'� YDOXHV� WKH� ELRJDV� SURGXFWLRQ�GHFUHDVHV�� WKH� PHWKDQH� FRQWHQW� LV� DOZD\V�DERYH�����>��@��$OVR��EHFDXVH�RI�WKH�KLJKHU�DPRXQW� RI�&+� FRPSDUHG� WR�&2��� LW� FDQ� EH�FRQFOXGHG�WKDW� WKH�FRQGLWLRQV�IRU�WKH�JURZWK�RI�+��XWLOLVLQJ DQG�&2��XWLOLVLQJ�EDFWHULD�DUH�SURYLGHG�� ,Q� RWKHU� ZRUGV�� WKH� ELRFKHPLFDO�UHDFWLRQ�SDWKZD\V�DUH�VXFK�WKDW�WKH�SURGXFHG�&2� LV� FRQVXPHG� E\� EDFWHULD�� DV� D� UHVXOW� RI�ORZ�LQFRPLQJ�&2'�
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)LJXUH��� &2'�5HPRYDO�HIILFLHQF\�RI�HDFK�UHDFWRU�����96� WLPH�LQ�GD\V��7KH�GDVKHG�YHUWLFDO�OLQH�LQGLFDWHV�WKH���WKGD\��RQ�ZKLFK�WKH�DGGLWLRQ�RI�PHWKDQRO�ZDV�VWRSSHG�
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)LJXUH��� �D��*UDQXOH�RI�WKH�VOXGJH�XQGHU�6(0��EDU� �����P���E��VHFWLRQ�RI�WKH�JUDQXOH�XQGHU�6(0��EDU� ����P
)LJXUH� �� VKRZV� WKH� JUDQXOH� DQG� WKH� VOLFHG�VHFWLRQ� RI� WKH� JUDQXOH� XQGHU� 6(0�� &OHDUO\��FRORQLHV�RI�EDFWHULD�FDQ�EH�REVHUYHG�IURP�WKH�ILJXUH��1R�EDFWHULD�LGHQWLILFDWLRQ�ZDV�PDGH�DW�WKLV� VWDJH�� DV� IXUWKHU� UHVHDUFK� ZDV� QHHGHG��7KH� (';� DQDO\VLV� RI� WKH� VXUIDFH� RI� WKH�JUDQXOH� DQG� WKH� EDFWHULD� UHYHDOHG� WKH�SUHVHQFH�RI�&D��0J��6L��DQG�3�RQ�WKH�VXUIDFH�RI�WKH�JUDQXOH�DQG�&D��0J��.��6L�DQG�6�RQ�WKH�VXUIDFH�RI� WKH�EDFWHULD��+RZHYHU�� LQ�RUGHU� WR�GHWHUPLQH� WKH�HOHPHQWV�RI� WKH�JUDQXOHV�PRUH�DFFXUDWHO\��D�:';�DQDO\VHU�ZDV�XVHG�DQG�)H��&D��.�� 6�� 3�� 6L�� 2��1� DQG�&�ZHUH� GHWHFWHG��)URP� WKH� LPDJH� DQDO\VLV� RI� WKH� VOXGJH�JUDQXOHV�� WKH� PHDQ� DQG� PHGLDQ� GLDPHWHU� RI�WKH� JUDQXOHV� EDVHG� RQ� WKH� HTXLYDOHQW� FLUFOH�GLDPHWHU�ZHUH�IRXQG�WR EH�����DQG������PP��UHVSHFWLYHO\�� 7KH� UHVXOWV� VKRZ� WKDW� DERXW����� RI� WKH� JUDQXOHV� KDYH� GLDPHWHUV� RI� OHVV�WKDW�����PP�DQG�RQO\�����DUH�ODUJHU�WKDQ�����PP� LQ� GLDPHWHU�� )LJXUH� �� VKRZV� WKH� VL]H�GLVWULEXWLRQ�RI�WKH�JUDQXOHV�
&RQFOXVLRQV,Q� WKLV� VWXG\�� WKH� WUHDWPHQW� RI� 7HKUDQ�5HILQHU\� HIIOXHQW� XVLQJ� IRXU� 8$6%� UHDFWRUV�ZDV� LQYHVWLJDWHG�� 7KLV� LV� QRYHO� LQ� WHUPV� RI�DSSOLFDWLRQ� RI� 8$6%� V\VWHPV� IRU� UHILQHU\�ZDVWHZDWHUV�� 7KH� UHVXOWV� DUH� SURPLVLQJ� IRU�WKH� DQDHURELF� GHJUDGDELOLW\� RI� VXFK� ZDVWH�ZDWHUV� LQ� 8$6%� UHDFWRUV�� $OWKRXJK� WKHWUHDWPHQW HIILFLHQFLHV� DW� WKH� DSSOLHG H[SHUL�PHQWDO FRQGLWLRQV� DUH� QRW� VR� KLJK�� WKH�

UHVXOWDQW� HIIOXHQW� &2'� LV� WKH� VDPH� DV� WKH�HIIOXHQW� RI� WKH� '$)� V\VWHP� �WKHLU� LQIOXHQWV�DUH� WKH� VDPH� VWUHDP��� 7KLV� VXJJHVWV� WKH�DSSOLFDWLRQ� RI� 8$6%� UHDFWRU� DV� D SUH�WUHDWPHQW� V\VWHP�KHUH��6LQFH� WKH�HIILFLHQFLHV�RI� WKH� UHDFWRUV� GR� QRW� GLIIHU� FRQVLGHUDEO\�� LW�FDQ� EH� FRQFOXGHG� WKDW� D� ORQJ� UHWHQWLRQ� WLPH�KDV�QR�LPSURYLQJ�HIIHFW�RQ�WKH�HIILFLHQFLHV�RI�WKH� UHDFWRUV�� 7KHUHIRUH�� LQ� RUGHU� WR� GHFUHDVH�WKH� UHTXLUHG� YROXPH� RI� WKH� UHDFWRU�� LW� LV�DGYDQWDJHRXV� WR� GHVLJQ� WKH� UHDFWRU� IRU� WKH�PD[LPXP�XSIORZ�YHORFLW\�WKDW�WKH�VOXGJH�FDQ�WROHUDWH�� ,W�ZDV�DOVR� IRXQG� WKDW�PHWKDQRO�KDV�QR� PDMRU� HIIHFW� RQ� WKH� UDSLG� VWDUW�XS� RI� WKH�8$6%� UHDFWRUV�� EXW� WKH� UHDFWRUV� WKDW� ZHUH�VWDUWHG� XS� ZLWK PHWKDQRO� KDG� EHWWHU�HIILFLHQFLHV� LQ� ORZHU� LQIOXHQW� &2'� �����PJ�O�� LQ� FRPSDULVRQ�ZLWK� UHDFWRU� �� �WKH� RQH�ZLWKRXW�PHWKDQRO��7KH�DQDO\VLV�RI�WKH�ELRJDV�VKRZHG� WKDW� WKH� DPRXQW� RI� PHWKDQH� LQ� WKH�SURGXFHG�ELRJDV�ZDV�FRQVLGHUDEO\�KLJK�PRUH�WKDQ����SHUFHQW��,W�PD\�EH�FRQFOXGHG�WKDW�GXH�WR� ODFN� RI� VXEVWUDWH� DYDLODELOLW\��&2� LV� DOVR�FRQVXPHG� E\� PLFURRUJDQLVPV� IRU� JURZWK��7KH� SUHVHQFH� RI� RYDO�VKDSHG� DQG� VRPH� URG�VKDSHG�PLFURRUJDQLVPV� ZLWK� OHVV� DFFXPXOD�WLRQ�ZHUH�GHULYHG�IURP�6(0�REVHUYDWLRQV�$FNQRZOHGJHPHQWV ± $XWKRUV� ZLVK� WR� WKDQN�5HVHDUFK� ,QVWLWXWH� RI� 3HWUROHXP� ,QGXVWU\��5,3,��� IRU�SURYLGLQJ�ILQDQFLDO�� WHFKQLFDO�DQG�H[SHULPHQWDO� VXSSRUWV� IRU� WKLV� ZRUN�� $OVR��WKDQNV� JR� WR�0U�� )�� 7DUNLDQ� RI�5,3,� IRU� KLV�KHOS�DQG�DGYLFH�GXULQJ�WKH�ZRUN�

D E
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� � �� � �� � �� � �� � �� � �� � �� � �� � ��
(TXLY��&LUFOH�'LDP ���PP�

��&RXQW

)LJXUH� �� 6L]H� GLVWULEXWLRQ� RI� JUDQXOHV� RI� WKH� VOXGJH�VDPSOH�WDNHQ�IURP�UHDFWRU���
1RWDWLRQ$3,� �$PHULFDQ�3HWUROHXP�,QVWLWXWH'$)� �'LVVROYHG�$LU�)ORWDWLRQ(';� �(QHUJ\�'LVSHUVLYH�;�5D\+57� �+\GUDXOLF�5HWHQWLRQ�7LPH5,3,�  � 5HVHDUFK� ,QVWLWXWH� RI� 3HWUROHXP,QGXVWU\6(0� �6FDQQLQJ�(OHFWURQ�0LFURVFRS\766� �7RWDO�6XVSHQGHG�6ROLGV8$6%� �8SIORZ�$QDHURELF�6OXGJH�%ODQNHW966� �9RODWLOH�6XVSHQGHG�6ROLGV:';� �:DYHOHQJWK�'LVSHUVLYH�;�5D\
5HIHUHQFHV�� +ROOLJHU� &�� DQG� =HKQGHU� $�� -%� �������$QDHURELF� ELRGHJUDGDWLRQ� RI� K\GURFDUERQV��&XUUHQW� 2SLQLRQ� LQ� %LRWHFKQRORJ\�� ��� ��� �������� +RYLRXV� -��&��� )LVKHU� -��$�� DQG�&RQZD\�5��$�� ������� $QDHURELF� WUHDWPHQW� RI� V\QWKHWLF�RUJDQLF� ZDVWHV�� 8�6�� (3$� 5HSRUW�� SURMHFW�1R��������',6��� 3DUNHUV� :�� DQG� )DUTXKDU� *�� -�� �������7UHDWPHQW�RI�D�SHWURFKHPLFDO�ZDVWHZDWHU� LQ�DQ�DQDHURELF�SDFNHG�EHG� UHDFWRU��:DW��3ROO��5HV��-��&DQDGD������������������� (O�*RKDU\�)��$��DQG�1DVU�)��$���������&RVW �HIIHFWLYH� SUH�WUHDWPHQW� RI� ZDVWHZDWHU��:DW��6FL��7HFK������������������ /HWWLQJD� *�� DQG� 9LQNHQ� -�� 1�� �������)HDVLELOLW\�RI� WKH�8SIORZ�$QDHURELF�6OXGJH�%ODQNHW��8$6%��SURFHVV�IRU�WKH�WUHDWPHQW�RI�ORZ� VWUHQJWK� ZDVWHV�� 3URF�� ��WK� ,QGXVWULDO�:DVWH� &RQIHUHQFH�� 3XUGXH�8QLYHUVLW\�� ��� ������� /HWWLQJD� *��� 9DQ� 9HOVHQ� $�� )��� +REPD� 6��:��� =HHXZ� GH�:�� DQG� .ODSZLMN� $�� �������8VH� RI� WKH� XSIORZ� VOXGJH� EODQNHW� �86%��UHDFWRU� FRQFHSW� IRU� ELRORJLFDO� ZDVWHZDWHU�
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