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(QDQWLRVHOHFWLYH�+\GURJHQDWLRQ�RI�(WK\O�3\UXYDWH�ZLWK�&LQFKRQLGLQH�0RGLILHG�3W�6L2� ��FDWDO\VWV�SUHVHQWV�D�IUDFWLRQ�RI�WLQ�LQ�LRQLF�VWDWH�JLYLQJ�ULVH�WR�/HZLV�DFLG�VLWHV�WKDW�IDYRU�WKH�DFWLYDWLRQ�RI�WKH�& 2�JURXS��DQG�VR�LWV�K\GURJHQDWLRQ�WR�&�2+�>�@�

� ��� ��� ��� ���7HPSHUDWXUH���&�

+ ��FR
QVXP

SWLRQ
���X�D�

� 3W6Q����$�3W�6L2���$�

)LJXUH��� 735�IRU�PRQRPHWDOOLF�DQG�ELPHWDOOLF�FDWDO\VWV��IRU�FRQGLWLRQV�VHH�WKH�WH[W��
7DEOH��� ,QLWLDO�UHDFWLRQ�UDWH�IRU�WKH�K\GURJHQDWLRQ�RI�HWK\O�S\UXYDWH�RQ�GLIIHUHQW�3W�DQG�3W6Q�XQPRGLILHG�FDWDO\VWV��([SHULPHQWDO�FRQGLWLRQV�DUH������03D�K\GURJHQ�SUHVVXUH������.�������J�FDWDO\VW���P/�HWK\O�S\UXYDWH�����P/�LVRSURS\O�DOFRKRO��VROYHQW��

&DWDO\VW ,QLWLDO�UHDFWLRQ�UDWHPPRO�J3W���V��3W�6L2� �$� ����3W�6L2� �%� ����3W6Q����6L2� �$� ����3W6Q����6L2� �%� ����
:LWK�UHVSHFW� WR� WKH�HQDQWLRVHOHFWLYLW\�RI� WKHVH�FDWDO\WLF� V\VWHPV��LQ�DOO�FDVHV��D�UDFHPLF� PL[WXUH� RI� HWK\O� ODFWDWHV� ZDV� REWDLQHG� DV� SURGXFW� RI� WKH� HWK\O� S\UXYDWH�K\GURJHQDWLRQ��VLQFH�WKHUH�ZDV�QR�FKLUDO�PRGLILHU�LQ�WKH�UHDFWLRQ�PL[WXUH�

(QDQWLRVHOHFWLYH�K\GURJHQDWLRQ�RI�HWK\O�S\UXYDWH7KH� FLQFKRQLGLQH� DGGLWLRQ� WR� WKH� UHDFWLRQ� V\VWHP�� LQ� DOO� K\GURJHQDWLRQ�H[SHULPHQWV�� SHUPLWV� WKH� REWHQWLRQ� RI� DQ� H[FHVV� RI� �5��HWK\O� ODFWDWH� RYHU� WKH� �6��HWK\O�ODFWDWH��7KH�SUHIHUHQWLDO�IRUPDWLRQ�RI�RQH�RI�WKH�RSWLFDO�LVRPHUV�FDQ�EH�H[SODLQHG�E\�WKH�VR� FDOOHG� �WHPSODWH�PHFKDQLVP���SURSRVHG�E\�6XWKHUODQG� HW� DO�� >��@��$FFRUGLQJ� WR� WKLV�PRGHO�� WKH� FLQFKRQLGLQH� PROHFXOH� FRQIRUPDWLRQ� WKDW� JHQHUDWHV� WKH� V\VWHP� RI� ORZHVW�HQHUJ\�FRQWHQW��LV�WKH�RQH�LQ�ZKLFK�WKH�PROHFXOH�LV�DGVRUEHG�RQ�WKH�VXSHUILFLDO�SODWLQXP�WKURXJK�WKH�TXLQROLQH�DURPDWLF�V\VWHP��XWLOL]LQJ�DQ�/�VKDSHG�UHJLRQ�RI�WKH�VXUIDFH��WKXV�



,EixH]��0�)� HW�DO��EORFNLQJ�WRWDOO\�D�VHULHV�RI�DFWLYH�VLWHV�DQG�SDUWLDOO\�RWKHU�VLWHV�GXH�WR�TXLQXFOLGLQH�V\VWHP�SUHVHQFH�� 7KLV� JHRPHWULFDO� GLVSRVLWLRQ� ZRXOG� EH� UHVSRQVLEOH� IRU� WKH� IDFW� WKDW� HWK\O�S\UXYDWH�PROHFXOHV� FRXOG� FRQWDFW� D� OLPLWHG� SRUWLRQ� DQG� IRU� D� SHFXOLDU� JHRPHWU\� RI� WKH�SODWLQXP� VXUIDFH�� LQ� VXFK� D� ZD\� WKDW� WKH� K\GURJHQDWLRQ� RI� WKHVH� PROHFXOHV� ZRXOG� EH�UHVWULFWHG�WR�WKRVH�WKDW�FDQ�EH�DGVRUEHG�XQGHU�WKHVH�FRQGLWLRQV��ZKLFK�JHQHUDWHV�LQ�WXUQ��WKH� FRUUHVSRQGLQJ� UHVWULFWLRQ� LQ� WKH� SURGXFW� IRUPHG�� 7KH� PDMRULW\� RI� HWK\O� S\UXYDWH�PROHFXOHV� SUHVHQW� LQ� WKH� UHDFWLRQ� VROXWLRQ� LV� DGVRUEHG� RQ� VLWHV�� ZKLFK�� RQ� UHDFWLRQ��SURGXFH��5��HWK\O�ODFWDWH�
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��
��
��
���

� �� ��� ��� ���7LPH��PLQ�

&RQY
HUVLRQ

��

)LJXUH��� +\GURJHQDWLRQ�RI�HWK\O�S\UXYDWH�RQ�QRQPRGLILHG�FDWDO\VWV��$FWLYLW\�DV�D�IXQFWLRQ�RI�WLPH�IRU�WKH�IROORZLQJ FDWDO\VWV���v��3W�6L2� �$����|��3W�6L2� �%������ 3W6Q��$��������c� 3W6Q��%��������([SHULPHQWDO�FRQGLWLRQV�DUH������03D�K\GURJHQ�SUHVVXUH������.�������J�FDWDO\VW���P/�HWK\O�S\UXYDWH�����P/�LVRSURS\O�DOFRKRO��VROYHQW��
7KH� LQIOXHQFH� RI� GLIIHUHQW� H[SHULPHQWDO� SDUDPHWHUV� RQ� WKH� HQDQWLRVHOHFWLYH�K\GURJHQDWLRQ�RI�HWK\O�S\UXYDWH�ZDV�DQDO\]HG��7R�VWXG\�WKH�HIIHFW�RI�WKH�PHWDOOLF�SDUWLFOH�VL]H�� ERWK� 3W�6L2��$�� DQG� 3W�6L2��%�� PRQRPHWDOOLF� FDWDO\VWV� ZHUH� PRGLILHG� ZLWK�FLQFKRQLGLQH��,Q�7DEOH���UHVXOWV�DUH�JDWKHUHG��IRU�WKH�FLQFKRQLGLQH�PRGLILHG�FDWDO\VWV��7KH�FLQFKRQLGLQH�FRQFHQWUDWLRQ�HPSOR\HG�WR�PRGLI\�WKH�FDWDO\VWV�ZDV�FKDQJHG�LQ�RUGHU�WR�DQDO\]H�LI�LW�ZRXOG�KDYH�DQ\�LQIOXHQFH�HLWKHU�XSRQ�WKH�HQDQWLRPHULF�H[FHVV�RU�RQ�WKH� �K\GURJHQDWLRQ�UDWH��RU�RQ�ERWK�� ,Q�HYHU\� VWXGLHG�FDVH�� WKH�DGGLWLRQ�RI�FLQFKRQLGLQH�SURYRNHV�DQ� LQFUHDVH� LQ� WKH�K\GURJHQDWLRQ�UDWH�RI�HWK\O�S\UXYDWH��DV�VKRZQ�LQ�7DEOH����7KHVH� UHVXOWV� DJUHH�� DPRQJ�RWKHUV��ZLWK� UHVXOWV� RI�%ODVHU� HW� DO���ZKR�KDYH� UHSRUWHG� WKH�LQFUHDVH�LQ�WKH�K\GURJHQDWLRQ�UDWH�RI�HWK\O�S\UXYDWH�RQ�3W�$O�2� FDWDO\VWV�PRGLILHG�ZLWK�TXLQXFOLGLQH� >��@�� %HVLGHV�� LW� LV� ZHOO�NQRZQ� WKDW� WKH� DGGLWLRQ� RI� EDVHV� VXFK� DV�FLQFKRQLGLQH��S.D� ������ LQFUHDVHV� WKH�K\GURJHQDWLRQ� UDWH�RI�D�NHWRQLF�FDUERQ\O�GXH� WR�WKH�GRQRU�HIIHFW�RI�WKH�ORQH�SDLU�RI�HOHFWURQV�RI�WKH�QLWURJHQ�DWRP��7KH�LQFUHPHQW�LV�PRUH�



(QDQWLRVHOHFWLYH�+\GURJHQDWLRQ�RI�(WK\O�3\UXYDWH�ZLWK�&LQFKRQLGLQH�0RGLILHG�3W�6L2� ��QRWLFHDEOH� LQ� WKH� V\VWHP�ZLWK� KLJKHU� GLVSHUVLRQ� �3W�6L2��$���� DV� LW� FDQ� EH� REVHUYHG� LQ�)LJXUH���IRU�WKH�VR�GHVLJQDWHG�3W�6L2��$&���DQG�3W�6L2��%&���FDWDO\VWV�PRGLILHG�ZLWK�D������� 0�FLQFKRQLGLQH�VROXWLRQ�
7DEOH��� (QDQWLRVHOHFWLYH�K\GURJHQDWLRQ�RI�HWK\O�S\UXYDWH��HIIHFW�RI�FLQFKRQLGLQH�FRQFHQWUDWLRQ��([SHULPHQWDO�FRQGLWLRQV�DUH������03D�K\GURJHQ�SUHVVXUH������.�������J�FDWDO\VW���P/�HWK\O�S\UXYDWH�����P/�LVRSURS\O�DOFRKRO��VROYHQW���HH�� PHDVXUHG�DW������FRQYHUVLRQ�

&DWDO\VW &LQFKRQLGLQHFRQFHQWUDWLRQ��0� HH� ,QLWLDO�UDWH�RI�K\GURJHQDWLRQ�PPRO�J3W��V���3W�6L2� �%� � � ����3W�6L2��%&�� ������ �� ����3W�6L2��%&�� ������ �� ����3W�6L2� �%&�� ������ �� ����3W�6L2� �$� � � ����3W�6L2��$&�� ������ �� ����3W�6L2��$&�� ������ �� �����3W�6L2� �$&�� ������ �� �����
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� �� ��� ��� ���7LPH��PLQ�

&RQY
HUVLRQ

��

)LJXUH� �� (QDQWLRVHOHFWLYH� K\GURJHQDWLRQ� HWK\O� S\UXYDWH� RQ� FDWDO\VWV� PRGLILHG� ZLWK� D������� 0�FLQFKRQLGLQH�VROXWLRQ��$FWLYLW\�DV�D�IXQFWLRQ�RI�WLPH�IRU�WKH�IROORZLQJ�FDWDO\VWV���v��3W�6L2� �$&�����x��3W�6L2� �%&����([SHULPHQWDO�FRQGLWLRQV�DUH������03D�K\GURJHQ�SUHVVXUH������.�������J�FDWDO\VW���P/�HWK\O�S\UXYDWH������P/�LVRSURS\O�DOFRKRO��VROYHQW���
:LWK� UHJDUG� WR� WKH� HQDQWLRPHULF� H[FHVV�� WKH� HH�� YDOXH� LQFUHDVHV� VWHHSO\� ZLWK�UHDFWLRQ� WLPH�XS� WR������FRQYHUVLRQ�DQG� WKHQ�NHHSV�FRQVWDQW�XQWLO� UHDFWLRQ� LV� ILQLVKHG��



,EixH]��0�)� HW�DO��7KH� HH�� YDOXHV� OHYHO� RII� ZLWK� LQFUHDVLQJ� FLQFKRQLGLQH� FRQFHQWUDWLRQ�� ORZHU� YDOXHV�REWDLQHG� IRU� WKH� ORZHU� FLQFKRQLGLQH� FRQFHQWUDWLRQ� PD\� EH� SUREDEO\� DVVLJQHG� WR� DQ�LQFRPSOHWH�FKLUDO�PRGLILFDWLRQ�RI�WKH�SODWLQXP�VXUIDFH��7KH�LVRSURS\O�DOFRKRO�SUHVHQFH�LQ�WKH�UHDFWLRQ�PL[WXUH�PD\�DOVR�KDYH�FHUWDLQ�LQIOXHQFH�RQ�WKHVH�UHVXOWV��VLQFH�FLQFKRQLGLQH�LV� FRQVLGHUDEO\� VROXEOH� LQ� DOFRKRO�� )RU� WKLV� UHDVRQ�� D� IUDFWLRQ RI� WKH�PRGLILHU� FRXOG� EH�SRVVLEO\� UHPRYHG� IURP� WKH� VXUIDFH� E\� WKH� VROYHQW�� DQG� LQ� WKDW� FDVH�� LWV� DGVRUEHG�FRQFHQWUDWLRQ�ZRXOG�QRW�EH� HQRXJK� WR� DFW� DV� DQ� HIILFLHQW� FKLUDO�PRGLILHU��7KHVH� UHVXOWV�DJUHH� ZLWK� WKRVH� SUHVHQWHG�� DPRQJ� RWKHUV�� E\� :HKUOL� HW� DO IRU WKH� HWK\O� S\UXYDWH�K\GURJHQDWLRQ� XVLQJ� DFHWLF� DFLG� DV� VROYHQW� DQG� ZLWK� UHVXOWV� RI� %RUV]HN\� HW� DO IRU� WKH�K\GURJHQDWLRQ� RI� ��PHWK\O���SHQWHQRLF� DFLG� RYHU� FLQFKRQLGLQH�PRGLILHG� 3G�$O�2���+RZHYHU�� WKH\� DUH� VLJQLILFDQWO\� GLIIHUHQW� IURP� UHVXOWV� SUHVHQWHG� E\� /H%ORQG�� ZLWK�PHWK\OEHQ]HQH� DV� VROYHQW� WKDW� VKRZHG� D� YROFDQR� W\SH� FXUYH� >�����@�� 7KH� YDULHW\� RI�UHVXOWV� GHPRQVWUDWHV� WKH� FRPSOH[LW\� RI� WKHVH� V\VWHPV� DQG� WKDW� WKH� EHKDYLRU� RI� WKHVH�FDWDO\WLF�V\VWHPV�GHSHQGV�RQ�D�ODUJH�QXPEHU�RI�IDFWRUV�$�YDOXH�RI�HH�� ����ZDV�REWDLQHG�ZLWK�3W�6L2� �$&���FDWDO\VW�ZKLOH�ZLWK�3W�6L2� �%&���FDWDO\VW��D�HH�� ����ZDV�UHDFKHG��LOOXVWUDWLQJ�WKH�LPSRUWDQFH�RI�WKH�SDUWLFOH�VL]H�XSRQ�WKH�FKLUDO� K\GURJHQDWLRQ� FDSDFLW\� RI� FDWDO\VWV�� 7KHVH� UHVXOWV�PD\� EH� H[SODLQHG� WDNLQJ� LQWR�DFFRXQW�WKDW�WKH�DGMDFHQW�DGVRUSWLRQ�RI�WKH�ELJ�FLQFKRQLGLQH�PROHFXOH�DQG�D�PROHFXOH�RI�HWK\O� S\UXYDWH� RFFXS\� D� FRQVLGHUDEOH� VSDFH� RQ� WKH� FDWDO\VW� VXUIDFH� �DSSUR[LPDWHO\�EHWZHHQ� ��� DQG� ��� DWRPV� RI� 3W��� $FFRUGLQJ� WR� WKLV� IDFW�� LW� VHHPV� UHDVRQDEOH� WKDW� WKH�HQDQWLRVHOHFWLYLW\� VKRXOG� GHSHQG� RQ� WKH� PHWDOOLF� SDUWLFOH� VL]H� RI� WKH� FDWDO\VW�� 5HVXOWV�REWDLQHG�LQ�WKH�SUHVHQW�ZRUN��LQ�ZKLFK�FDWDO\VWV�HPSOR\HG�KDG�PHDQ�SDUWLFOH�VL]HV�����QP��3W�6L2� �$&����DQG�����QP��3W�6L2� �%&�����FRQILUP�WKH�H[LVWHQFH�RI�WKLV�HIIHFW��6LPLODU�UHVXOWV�KDYH�EHHQ�SUHVHQWHG�E\�:HOOV�DQG�:LONLQVRQ�>��@�3ODWLQXP�WLQ� V\VWHPV� DUH� YHU\� ZHOO�NQRZQ� K\GURJHQDWLRQ� FDWDO\VWV�� ,Q� RUGHU� WR�LQYHVWLJDWH� WKHLU� SHUIRUPDQFH� DV� HQDQWLRVHOHFWLYH� FDWDO\VWV�� GLIIHUHQW� 3W6Q� ELPHWDOOLF�FDWDO\VWV� PRGLILHG� E\� WKH� FLQFKRQLGLQH� DGGLWLRQ� ZHUH� WHVWHG� LQ� WKH� HWK\O� S\UXYDWH�K\GURJHQDWLRQ��3W6Q�FDWDO\VWV�ZHUH�REWDLQHG�E\�DSSOLFDWLRQ�RI� WKH�620&�0�WHFKQLTXHV�WKDW�KDYH�SURYHQ�WR�EH�YHU\�HIIHFWLYH�IRU�WKH�LQWURGXFWLRQ�RI�YHU\�VPDOO�WLQ�DPRXQWV�RQ�WKH�UHGXFHG�SODWLQXP�LQ�D�VHOHFWLYH�ZD\�
7DEOH��� (QDQWLRVHOHFWLYH�K\GURJHQDWLRQ�RI�HWK\O�S\UXYDWH�RQ�GLIIHUHQW�3W6Q�FDWDO\VWV��([SHULPHQWDO�FRQGLWLRQV�DUH������03D�K\GURJHQ�SUHVVXUH������.�������J�FDWDO\VW���P/�HWK\O�S\UXYDWH�����P/�LVRSURS\O�DOFRKRO��VROYHQW���FLQFKRQLGLQH�FRQFHQWUDWLRQ������� 0��HH�� PHDVXUHG�DW������FRQYHUVLRQ�

&DWDO\VW 6Q�3W�DWRPLF�UDWLR ,QLWLDO�UDWH�PPRO�J3W�� V��� HH�3W�6L2� �%&�� � ���� ��3W6Q������%&�� ���� ���� ��3W6Q������%&�� ���� ���� ��3W6Q������%&�� ���� ���� ��3W6Q�����%&�� ��� ���� �3W6Q������$&�� ���� ���� ��



(QDQWLRVHOHFWLYH�+\GURJHQDWLRQ�RI�(WK\O�3\UXYDWH�ZLWK�&LQFKRQLGLQH�0RGLILHG�3W�6L2� ��,Q� 7DEOH� ��� UHVXOWV� REWDLQHG� IRU� WKH� GLIIHUHQW� DQDO\]HG� FDWDO\VWV� DUH� JDWKHUHG��:LWK�UHJDUG�WR�WKH�DFWLYLW\��LW�LV�REVHUYHG�WKDW�D�VPDOO�WLQ�DPRXQW��6Q�3W� �������SURGXFHV�D�VOLJKW�LQFUHPHQW�LQ�WKH�LQLWLDO�K\GURJHQDWLRQ�UDWH��DQG�DW�WKH�VDPH�WLPH��D�UHODWLYH�VPDOO�FKDQJH� RI� WKH� HQDQWLRPHULF� H[FHVV�� $Q� LQFUHPHQW� LQ� WKH� DGGHG� WLQ� DPRXQW� SURGXFHV� D�GHFUHDVH� LQ� WKH� LQLWLDO� K\GURJHQDWLRQ� UDWH�� WRJHWKHU� ZLWK� D� PDUNHG� GLPLQXWLRQ� RI� WKH�HQDQWLRPHULF�H[FHVV��7KHVH�UHVXOWV�ZRXOG�EH�LQGLFDWLQJ�WKDW� WKH WLQ�SUHVHQFH�GLPLQLVKHV�PDUNHGO\� WKH� QXPEHU� RI� DYDLODEOH� SODWLQXP� VLWHV� RI� WKH� VXUIDFH�� VR� WKDW� FLQFKRQLGLQH�PROHFXOHV� FDQQRW� EH� DGVRUEHG� LQ� D� YHU\� HIILFLHQW� ZD\�� %HVLGHV�� WLQ� DQG� FLQFKRQLGLQH�ZRXOG�EH�FRPSHWLQJ�DV�HOHFWURQ�GRQRUV�WRZDUGV�SODWLQXP�DWRPV��7KHVH�WZR�IDFWV�ZRXOG�EH� UHVSRQVLEOH� IRU� WKH� GHFUHDVH� RI� WKH� FLQFKRQLGLQH�PROHFXOH� HIIHFWLYHQHVV� DV� D� FKLUDO�LQGXFWRU��JLYLQJ�ORZHU�HH� YDOXHV��RQ�RQH�KDQG��DQG�RQ�WKH�RWKHU�KDQG��IRU�OLPLWLQJ�WKH�FKDUJH�RI�QHJDWLYHO\� SRODUL]HG�SODWLQXP�DWRPV� �SUHYLRXVO\�PHDVXUHG�E\�;36� >�@��� WKXV�GLPLQLVKLQJ�WKH�K\GURJHQDWLRQ�UDWH�RI�WKH�HWK\O�S\UXYDWH�&RQFOXVLRQV7KH�K\GURJHQDWLRQ�RI�HWK\O�S\UXYDWH�RQ�3W�6L2� ZLWKRXW�FKLUDO�PRGLILHU� LQ� WKH�UHDFWLRQ� PL[WXUH� VKRZV� WKDW� WKH� LQLWLDO� UHDFWLRQ� UDWH� LQFUHDVHV� DV� WKH� VL]H� RI� PHWDOOLF�SDUWLFOHV�LQFUHDVHV��7KH�FLQFKRQLGLQH�DGGLWLRQ�JHQHUDWHV�DQ�LQFUHPHQW�LQ�WKH�UHDFWLRQ�UDWH�LQ�D�IDFWRU�RI�DSSUR[LPDWHO\���7KH� FLQFKRQLGLQH� DGGLWLRQ� WR� WKH� UHDFWLRQ� V\VWHP�� LQ� DOO� K\GURJHQDWLRQ�H[SHULPHQWV�� SHUPLWV� WKH� REWHQWLRQ� RI� DQ� H[FHVV� RI� �5��HWK\O� ODFWDWH� RYHU� WKH� �6��HWK\O�ODFWDWH�LVRPHU��7KLV�H[FHVV�VKRZV�D�VWURQJO\�GHSHQGHQFH�ZLWK�WKH�PHDQ�SDUWLFOH�VL]H�RI�3W�LQ�PRQRPHWDOOLF�FDWDO\VWV��3W�6L2� �$��FDWDO\VW��GS� �����QP��UHDFKHV�D�HH�  �����ZKLOH�ZLWK� 3W�6L2� �%�� FDWDO\VW� �GS�  � ���� QP�� DQ� HH�  � ��� LV� REWDLQHG�� )RU� WKH� VWXGLHG�FRQFHQWUDWLRQ�LQWHUYDO��WKH�FLQFKRQLGLQH�FRQFHQWUDWLRQ�GRHV�QRW�VKRZ�DQ\�LQIOXHQFH�HLWKHU�IRU�HH RU�RQ�WKH�UHDFWLRQ�UDWH�$�VPDOO�DPRXQW�RI� WLQ�DGGHG��6Q�3W� �������SURGXFHV�D�VOLJKW� LQFUHPHQW� LQ� WKH�LQLWLDO�K\GURJHQDWLRQ�UDWH��DQG�DW�WKH�VDPH�WLPH��D�UHODWLYH�VPDOO�FKDQJH�LQ�WKH�HH��YDOXH��$Q�LQFUHDVH�LQ�WKH�DPRXQW�RI�WLQ�DGGHG�JHQHUDWHV�D�GHFUHDVH�LQ�WKH�LQLWLDO�K\GURJHQDWLRQ�UDWH��WRJHWKHU�ZLWK�D�PDUNHG�GLPLQXWLRQ�RI�WKH�HH YDOXH�7DNLQJ� LQWR� DFFRXQW� DOO� WKH� UHVXOWV� REWDLQHG� LW� FRXOG� EH� VWDWHG WKDW� WKH� EHVW�V\VWHP�DPRQJ�WKRVH�VWXGLHG�LV�3W�6L2� �%&���$FNQRZOHGJPHQWV7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�&RQVHMR�1DFLRQDO�GH�,QYHVWLJDFLRQHV�&LHQWtILFDV�\� 7pFQLFDV� �&21,&(7�� DQG� WKH�$JHQFLD�1DFLRQDO� GH� 3URPRFLyQ�&LHQWtILFD� \� 7pFQLFD�3,&7����1q ����������$UJHQWLQD�5HIHUHQFHV>�@� 5\ODQGHU� 3�1��+\GURJHQDWLRQ�0HWKRGV��$FDGHPLF�3UHVV��6DQ�'LHJR�������>�@� *DOOH]RW��3���5LFKDUG��'��&DWDO��5HY��6FL��(QJ� �����������	�������>�@� 6DQWRUL��*�)���&DVHOOD��0�/���6LUL��*�-���$G~UL]��+�5���)HUUHWWL��2�$��$SSO��&DWDO��$�*HQ� ���������������>�@� 5DPRV� 7RPER�� *�0��� %ODVHU�� +�8��3HVWLFLGH� &KHPLVWU\� DQG� %LRVFLHQFH�� 5R\DO�6RFLHW\�RI�&KHPLVWU\��&DPEULGJH�������
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