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$EVWUDFW
,Q� WKLV� SDSHU�� PRGHOLQJ DQG� VLPXODWLRQ� RI� D� JULG� FRQQHFWHG�YDULDEOH�VSHHG�ZLQG�HQHUJ\�FRQYHUVLRQ�V\VWHP �96:(&6� ZLWK�ORZ�FRVW�SRZHU�FRQYHUWHUV�LV�SUHVHQWHG��7KH�V\VWHP�FRQVLVWV�RI�D�SHUPDQHQW�PDJQHW�V\QFKURQRXV�JHQHUDWRU��306*���WZR�SXOVH�ZLGWK�PRGXODWHG�%���SRZHU�FRQYHUWHUV�DQG�D�PD[LPXP�SRZHU�SRLQW� WUDFNHU� �0337���0DWKHPDWLFDO�PRGHO�RI�HDFK�HOHPHQW�RI�WKH�V\VWHP�LV�GHYHORSHG�VHSDUDWHO\�DQG�WKHQ�WKH\�DUH�LQWHJUDWHG�WR� VLPXODWH� WKH�ZKROH� V\VWHP� IRU� YDULRXV�ZLQG�YHORFLWLHV�� 7KH�FRPSOHWH� V\VWHP� KDV� EHHQ� VLPXODWHG� XVLQJ�0$7/$%�6,08/,1.�DQG�VLPXODWLRQ�UHVXOWV�DUH�SUHVHQWHG�.H\�ZRUGV
*ULG� LQWHUIDFH��PRGHOLQJ�� SRZHU� FRQYHUWHUV�� VLPXODWLRQ��ZLQG�HQHUJ\
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5DGLXV�RI�WKH�ZLQG�WXUELQH�URWRU��P9HORFLW\�RI�WKH�ZLQG��P�V$LU�GHQVLW\��NJ�P�*HDU�UDWLR6WDWRU�SKDVH�ZLQGLQJ�UHVLVWDQFH��
4XDGUDWXUH�D[LV�VWDWRU�LQGXFWDQFH��+�'LUHFW�D[LV�VWDWRU�LQGXFWDQFH��+3HU�SKDVH�LQGXFWDQFH�EHWZHHQ�306*�DQG�UHFWLILHU��+3HU�SKDVH�LQGXFWDQFH�EHWZHHQ�LQYHUWHU�DQG�JULG��+3HU�SKDVH�UHVLVWDQFH�RI�FRXSOLQJ�LQGXFWDQFH��
'LUHFW�D[LV�VWDWRU�WHUPLQDO�YROWDJH��94XDGUDWXUH�D[LV�VWDWRU��WHUPLQDO�YROWDJH��9'LUHFW�D[LV�VWDWRU�FXUUHQW��$4XDGUDWXUH�D[LV�VWDWRU�FXUUHQW��$:LQG�URWRU�VSHHG��UDG�VHF$PSOLWXGH�RI�WKH�IOX[�OLQNDJHV�HVWDEOLVKHG�E\�D�30�DV�YLHZHG�IURP�WKH�VWDWRU�SKDVH�ZLQGLQJV��9�UDG�VHFG�GW(OHFWURPDJQHWLF�WRUTXH��1P1XPEHU�RI�SROHV�RQ�WKH�URWRU

-
6D�6E6¶D�6¶EYF��YF�LF��LF�LGFU�LGFU�LGFL�LGFL�YDU�YEU�YFULDU��LEU��LFUYD��YE��YF��U

�
������������

0RPHQW�RI�LQHUWLD�UHIHUUHG�WR�WKH�VKDIW�RI�WKH�JHQHUDWRU��NJP�6ZLWFKLQJ�IXQFWLRQV�IRU�WKH�UHFWLILHU6ZLWFKLQJ�IXQFWLRQ�IRU�WKH�LQYHUWHU9ROWDJH�DFURVV�FDSDFLWRUV�&���&���9&XUUHQW�WKURXJK�FDSDFLWRUV�&���&���$3RVLWLYH�GF�UDLO�UHFWLILHU�FXUUHQW��$1HJDWLYH�GF�UDLO�UHFWLILHU�FXUUHQW��$3RVLWLYH�GF�UDLO�LQYHUWHU�FXUUHQW��$1HJDWLYH�GF�UDLO�LQYHUWHU�FXUUHQW��$5HFWLILHU�DF�LQSXW�SKDVH�YROWDJHV��95HFWLILHU�DF�LQSXW�SKDVH�FXUUHQWV��$3ROH�YROWDJHV �95RWRU�DQJOH��UDG
�� ,QWURGXFWLRQ

7KH� GHYHORSPHQW� RI� UHQHZDEOH� HQHUJ\� VRXUFHV� KDV�DWWUDFWHG� FRQVLGHUDEOH� LQWHUHVW� LQ� UHFHQW� \HDUV� SULPDULO\�GXH� WR� FRQFHUQV� DERXW� WKH� HQYLURQPHQW� SROOXWLRQ� FDXVHG�E\� WKH� EXUQLQJ� RI� IRVVLO� IXHOV�� DQG� LWV� FRQWLQXDOO\�GLPLQLVKLQJ� UHVHUYHV�� 7KLV� LV� IXUWKHU� IXHOHG� E\� SXEOLF�XQHDVLQHVV� ZLWK� WKH� VDIHW\� DVSHFWV� RI� SRZHU� JHQHUDWLRQ�XVLQJ� QXFOHDU� HQHUJ\�� &XUUHQWO\�� REWDLQLQJ� HOHFWULFLW\�IURP�WKH�ZLQG�RIIHUV�WKH�FKHDSHVW�HFRQRPLF�SHUVSHFWLYHV�RI� UHQHZDEOH� HQHUJ\� VRXUFHV�� ZKHUHLQ� JULG� FRQQHFWHG�LQGXFWLRQ�JHQHUDWRUV�DUH�YHU\�SRSXODU��+RZHYHU��YDULDEOH�VSHHG�V\VWHPV�LQWHJUDWHG�ZLWK�SRZHU�HOHFWURQLF�LQWHUIDFHV�DUH�EHFRPLQJ�SRSXODU�GXH�WR�WKHLU�FDSDELOLW\�RI�H[WUDFWLQJ�RSWLPDO�HQHUJ\�FDSWXUH��UHGXFHG�PHFKDQLFDO�VWUHVVHV�DQG�DHURG\QDPLF�QRLVH>�@��>�@�*HQHUDOO\��D�FRQVWDQW�VSHHG�ZLQG�WXUELQH�LV�GHVLJQHG�WR�RSHUDWH�DW�PD[LPXP�HIILFLHQF\�IRU�RQH�ZLQG�VSHHG�WKDW�ZLOO� JLYH� WKH� RSWLPXP� WLS�VSHHG� UDWLR� IRU� WKH� URWRU� DLU�IRLO�� )RU� RSWLPXP� HQHUJ\� H[WUDFWLRQ�� WKH� VSHHG� RI� WKH�WXUELQH� VKRXOG� EH� YDULHG� ZLWK� ZLQG� VSHHG� VR� WKDW� WKH�RSWLPXP� WLS�VSHHG� UDWLR� LV� PDLQWDLQHG>�@�� 3RZHU�HOHFWURQLFV� RIIHUV� PRVW� HIIHFWLYH� PHWKRG� IRU� SURYLGLQJ�YDULDEOH�VSHHG�RSHUDWLRQ��
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)LJXUH����6FKHPDWLF�GLDJUDP�RI�WKH�VLPXODWHG�V\VWHP
0RGHOLQJ�� VLPXODWLRQ� DQG� H[SHULPHQWDO� YHULILFDWLRQ�RI� D� XWLOLW\� LQWHUDFWLYH� ZLQG� HQHUJ\� FRQYHUVLRQ� VFKHPH�ZLWK� DQ� DV\QFKURQRXV� OLQN� LV� SUHVHQWHG� LQ� >�@�� 7KH�VFKHPH� FRQVLVWV� RI� D� GLRGH� EULGJH� UHFWLILHU� DQG� D� OLQH�FRPPXWDWHG� LQYHUWHU� XVLQJ� 6&5V�� 7876,0� KDV� EHHQ�XVHG� IRU� WKH� VLPXODWLRQ�RI� WKH�ZKROH� V\VWHP��0D[LPXP�SRZHU� SRLQW� WUDFNHU� LV� LPSOHPHQWHG� E\� UHODWLQJ� WKH�PD[LPXP�SRZHU� DYDLODEOH� IURP� WKH�ZLQG� WXUELQH� WR� WKH�ZLQG� YHORFLW\��ZKLFK� UHTXLUHV� WKH�PHDVXUHPHQW� RI�ZLQG�YHORFLW\�� %XW� WKLV� PHDVXUHPHQW� LV� GLIILFXOW� LQ� SUDFWLFH��7KH� PD[LPXP� SRZHU� LV� H[WUDFWHG� E\� FRQWUROOLQJ� WKH�WULJJHULQJ DQJOH�RI�WKH�LQYHUWHU�$�IX]]\�ORJLF�FRQWUROOHG�SRZHU�HOHFWURQLF�V\VWHP�IRU�YDULDEOH� VSHHG� ZLQG� HQHUJ\� FRQYHUVLRQ� V\WHP� LVSUHVHQWHG� LQ� >�@�� 7KLV� VFKHPH� FRQVLVWV� RI� WZR� 3:0�FRQYHUWHUV�IRU�DF�GF�DF�SRZHU�FRQYHUVLRQ��GF�OLQN�YROWDJH�PDLQWDLQHG�FRQVWDQW��6LPXODWLRQ�RI� WKH� V\VWHP�LV�FDUULHG�RXW� EDVHG� RQ� WKH� DVVVXPSWLRQ� WKDW� WKH� JHQHUDWRU� DQG�SRZHU� HOHFWURQLF� V\VWHP� FDQ� EH� UHSUHVHQWHG� E\� D� ILUVW�RUGHU� ODJ� ZLWK� D� W\SLFDO� WLPH� FRQVWDQW� RI� ��� PVHF��7KH�PD[LPXP� SRZHU� LV� H[WUDFWHG� E\� FRQWUROOLQJ� UHDFWLRQ�WRUTXH�RI�WKH�JHQHUDWRU�XVLQJ�D��IX]]\�ORJLF�FRQWUROOHU��$SSOLFDWLRQ RI�96,� EDVHG� SRZHU� HOHFWURQLF� � V\WHPV�IRU� LQWHUIDFLQJ� YDULDEOH� YROWDJH� GF� VRXUFHV� WR� WKH� JULG��VXFK�DV��D�YDULDEOH�VSHHG�ZLQG�SRZHU�FRQYHUVLRQ�V\VWHP�LV� SUHVHQWHG� LQ� >�@�� 9DULRXV� V\VWHP� FRQILJXUDWLRQV� DQG�VZLWFKLQJ�VWUDWHJLHV�DUH�H[DPLQHG�E\�DQDO\VLV��VLPXODWLRQ�DQG� H[SHULPHQWDO� PHWKRGV�� 363,&(� LV� XVHG� IRU�VLPXODWLRQ� RI� WKH� SRZHU� HOHFWURQLF� V\VWHPV�� 0D[LPXP�SRZHU�LV�H[WUDFWHG�IURP�WKH�ZLQG�WXUELQH�E\�YDU\LQJ WKH�GF�OLQN�YROWDJH�,Q�WKLV�SDSHU��D�96:(&6�FRQVLVWLQJ�RI�306*��WZR�%���3:0�FRQYHUWHUV�DQG�D�0337�LV�FRQVLGHUHG��)LJXUH��� VKRZV� WKH� VFKHPDWLF� GLDJUDP� RI� WKH� V\VWHP� ZKLFK� LV�EHLQJ�LQYHVWLJDWHG��,Q�RUGHU�WR�LPSURYH�WKH�HIILFLHQF\�DQG�GHFUHDVH� WKH� FRVW� RI� SRZHU� FRQYHUWHUV�� %��� 3:0�FRQYHUWHUV>�@� DUH� XVHG� LQVWHDG� RI� %��� 3:0� FRQYHUWHUV��7KHUH�DUH�RQO\�HLJKW�VZLWFKHV�DQG�WZR�GF�OLQN�FDSDFLWRUV��LQVWHDG� RI� WZHOYH� VZLWFKHV� DQG� RQH� GF� OLQN� FDSDFLWRU��

6WDWH�VSDFH� PRGHO� RI� HDFK� HOHPHQW� RI� WKH� V\VHP� LV�GHYHORSHG� VHSDUDWHO\�� DQG� WKHQ� WKH\� DUH� LQWHJUDWHG� WR�VLPXODWH� WKH� ZKROH� V\VWHP�� 3RZHU� FRQYHUWHUV� DUH�PRGHOHG� EDVHG� RQ� VZLWFKLQJ� IXQFWLRQ� FRQFHSW>�@�� 7KH�GHYHORSHG� PDWKHPDWLFDO� PRGHO� RI� WKH� IXOO� V\VWHP� � FDQ�HDVLO\�EH�DGDSWHG�IRU�VWXG\LQJ�GLIIHUHQW�FRQWURO�VWUDWHJLHV��%RWK�PDJQLWXGH�DQG�IUHTXHQF\�RI�WKH�YROWDJH�DQG�FXUUHQW�RI� ZLQG� WXUELQH� GULYHQ� 306*� DUH� YDULDEOH� LQ� QDWXUH��2XWSXW� SRZHU� IURP� WKH� 30� JHQHUDWRU� LV� ILUVW� FRQYHUWHG�LQWR�GF�DQG�WKHQ�LW�LV�IHG�WR�WKH�JULG��%RWK�WKH�FRQYHUVLRQV�DUH� SHUIRUPHG� DW� XQLW\� SRZHU� IDFWRU� DQG� WKH� GF� OLQN�YROWDJH� LV�NHSW�FRQVWDQW� 0337�H[WUDFWV�RSWLPXP�SRZHU�IURP WKH� ZLQG� WXUELQH� IURP� FXW�LQ� WR� UDWHG� ZLQG�YHORFLWLHV�� E\� VHQVLQJ� RQO\� URWDWLRQDO� VSHHG� RI� WKH�WXUELQH�7KH� FRPSOHWH� V\VWHP� LV� VLPXODWHG� � IRU� YDULRXV�ZLQG�YHORFLWLHV�XVLQJ�0$7/$%�6,08/,1.�7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� ,Q� VHFWLRQ� ��PDWKHPDWLFDO�PRGHOOLQJ�RI�HDFK�HOHPHQW�RI�96:(&6�LV�SUHVHQWHG�� &RQWURO� VWUDWHJ\� LV� GLVFXVVHG� LQ� VHFWLRQ ���6HFWLRQ� �� JLYHV� VLPXODWLRQ� UHVXOWV� DQG� FRQFOXVLRQV� DUH�SUHVHQWHG�LQ�6HFWLRQ������ 0DWKHPDWLFDO�PRGHOLQJ�RI 96:(&6
:LQG�WXUELQH�FKDUDFWHULVWLFV

:LQG� WXUELQH� LV� FKDUDFWHUL]HG� E\� WKH� QRQ�GLPHQVLRQDO�FXUYH�RI�FRHIILFLHQW�RI�SHUIRUPDQFH�&S DV�D�IXQFWLRQ�RI WLS�VSHHG�UDWLR����,W�FDQ�EH�GHILQHG�DV�IROORZV�
YUZ O ���

7KH�SRZHU�FRHIILFLHQW�&S� YDULHV�ZLWK� WLS�VSHHG�UDWLR����7KH�&S YHUVXV�� FKDUDFWHULVWLFV�RI�WKH�WXUELQH�XVHG�IRU�WKH�VWXG\�LV�SUHVHQWHG�LQ�ILJXUH����7KLV�FKDUDFWHULVWLF�FDQ�EH�DSSUR[LPDWHG�E\�D�SRO\QRPLDO�DV�JLYHQ�EHORZ�>�@��
��

��S ������������ ���������������������& O�O� O�O�O� ���
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)LJXUH����&S YHUVXV�� FKDUDFWHULVWLFV
7KH�WRUTXH�FRHIILFLHQW�LV�GHILQHG�DV OO ��&& SW �
7KH�RXWSXW�SRZHU�RI�WKH�ZLQG�WXUELQH��SW LV�FDOFXODWHG�DV�

�SW $Y��&���S UO ���6XEVWLWXWLQJ�� IURP������HTXDWLRQ�����EHFRPHV
�
��

SW U&���S OZSU ���,Q� RUGHU� WR� H[WUDFW� RSWLPXP� SRZHU� IURP� WKH� ZLQG�WXUELQH��&S  �&S�RSW���7KH�FRUUHVSRQGLQJ�SRZHU�LV�JLYHQ�E\
RSW�

��
�RSW�SRSW U&���3 O ZSU ���

�NZ ���+HQFH� E\� PHDVXULQJ� WKH� URWRU� VSHHG� RI� WKH� ZLQG�WXUELQH�� LW� LV� SRVVLEOH� WR� RSHUDWH� LW� DW� WKH� RSWLPXP� WLS�VSHHG�UDWLR�,W�FDQ�EH�REVHUYHG�IURP�ILJXUH���WKDW�&S LV�PD[LPXP�ZKHQ�� LV�DSSUR[LPDWHO\ HTXDO�WR����� ZKLFK LV�PRUH�WKDQ�WKH�%HW]� OLPLW�� GXH� WR� SRO\QRPLDO� DSSUR[LPDWLRQ� RI� WKH�DFWXDO�FKDUDFWHULVWLFV��7KH� WRUTXH� GHYHORSHG� E\� WKH� ZLQG� WXUELQH� FDQ� EH�H[SUHVVHG�DV�
Z WW SW ���&RPELQLQJ�HTXDWLRQV������DQG���WKH�H[SUHVVLRQ�IRU�WRUTXH�PD\�EH�ZULWWHQ�DV�

�SW Y��&$U���W OOU ���
(TXDWLRQV����� ��� DQG���� DUH�XVHG� WR� VLPXODWH� WKH�ZLQG�WXUELQH�)LJXUH���GHSLFWV� WKH�UHODWLRQVKLS�EHWZHHQ�WKH�RXWSXW�SRZHU�DQG�URWRU�VSHHG�IRU�YDULRXV�ZLQG�YHORFLWLHV�IRU�WKH�VLPXODWHG�ZLQG�WXUELQH�
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)LJXUH����7XUELQH�RXWSXW�SRZHU�YHUVXV�URWRU�VSHHG306*
7KH�ZLQG� WXUELQH� GULYHQ� 306*� FDQ� EH� UHSUHVHQWHG�LQ�WKH�URWRU�UHIHUHQFH�IUDPH�DV�

@L�//�LL>�3�W
L/L�S/5�Y L/L�S/5�Y
TPGTTGH
TTUGGVGJ

PUGGUTTVTJ

O�� 
Z��� OZ�Z��� 

UU
HPUS �WW�-�3S Z T � Z ���

7KH� UHODWLRQ� EHWZHHQ� WKH� URWRU� DQJXODU� YHORFLW\� RI�WKH�JHQHUDWRU�DQG�WKH�PHFKDQLFDO�DQJXODU�YHORFLW\�RI� WKH�ZLQG�WXUELQH�URWRU�LV�H[SUHVVHG�DV
3*� UZ Z ����

6LPLODUO\�� WRUTXH� GHYHORSHG� E\� WKH� WXUELQH� DQG� WKH�LQSXW�WRUTXH�WR�WKH�JHQHUDWRU�WP LV�H[SUHVVHG�DV�
*WW WP  ����

7KH� G�T� FRPSRQHQWV� RI� JHQHUDWRU� FXUUHQWV� IHHGLQJ�3:0�UHFWLILHU�FDQ�EH�FDOFXODWHG�DV�IROORZV�

@Y�//�LL5>// �SL
@Y�//�LL5>// �SL

GUTVUTUGVGVUG
TUPUGVUGUTVTVUT

��Z��� 
�OZ��Z��� 

����
6ROYLQJ� DERYH� HTXDWLRQV�� LT� DQG� LG DUH� REWDLQHG� DQG�WKHQ�WKH\�DUH�WUDQVIRUPHG�WR�VWDWLRQDU\�UHIHUHQFH�IUDPH��

3:0�5HFWLILHU
(DFK� VZLWFK� RI� %��� FRQYHUWHUV� LV� UHSUHVHQWHG� DV�ELQDU\�UHVLVWDQFH��7KH�YDOXH�RI�WKLV�UHVLVWDQFH�LV�LQILQLWH�LI�
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WKH�VZLWFK�LV�µRII¶�DQG�]HUR�LI�LW�LV�µRQ¶��)RU�WKH�ILJXUH����WKH�IROORZLQJ�HTXDWLRQV�DUH�REWDLQHG�� ��D�F�EDU Y�YY��Y �� ����� ��E�D�FEU Y�YY��Y �� ����� ��F�E�DFU Y�YY��Y �� ����
D�F�F�D 6�YY�Y � ����
E�F�F�E 6�YY�Y � ����

�F�F YY  ����7KH�FXUUHQWV�DUH�JLYHQ�E\�
EEUDDU�GFU 6L6LL � ����

EUEDUD�GFU L�6��L�6��L ��� ����$SSO\LQJ�.&/�DW�QRGHV� µ[¶�DQG� µ\¶� LQ� ILJXUH���� WKH�YROWDJHV�DFURVV�FDSDFLWRUV�DQG�KHQFH� WKH�GF� OLQN�YROWDJH�FDQ�EH�GHWHUPLQHG�7KH�VZLWFKLQJ� IXQFWLRQV� IRU� WKH� UHFWLILHU�DUH�GHULYHG�XVLQJ D�K\VWHUHVLV�W\SH�RI�FXUUHQW�FRQWUROOHU��.QRZLQJ�WKH�VZLWFKLQJ� IXQFWLRQV� �6D�	�6E�� DQG� XVLQJ� HTXDWLRQV������������3:0�UHFWLILHU�LV�VLPXODWHG�
3:0�,QYHUWHU

7KH� SURFHGXUH� IRU� PRGHOLQJ� 3:0� LQYHUWHU� LV� WKH�VDPH DV� WKDW� RI� WKH� 3:0� UHFWLILHU�� 7KH� LQYHUWHU� RXWSXW�SKDVH�FXUUHQWV�DUH�JLYHQ�E\�
»¼º«¬ª ���� �H5LYYY����/�GWGL DQDL�F�E�DVL

DL ����
»¼º«¬ª ���� �H5LYYY����/�GWGL EQEL�D�F�EVL

EL ����
»¼º«¬ª ���� �H5LYYY����/�GWGL FQFL�D�E�FVL

FL ����

EEL
DDL�GFL 6L6LL � �����6��L�6��LL 
EEL
DDL�GFL ��� ����

7KH�VZLWFKLQJ�IXQFWLRQV�IRU�WKH�LQYHUWHU�DUH�GHULYHG�XVLQJ D�K\VWHUHVLV�W\SH�RI�FXUUHQW�FRQWUROOHU��.QRZLQJ�WKH�VZLWFKLQJ�IXQFWLRQV���6D¶ 	�6E¶���DQG�XVLQJ�HTXDWLRQV������������3:0�LQYHUWHU�LV�VLPXODWHG��� &RQWURO�6WUDWHJ\
3:0�5HFWLILHU

)RU� D� JLYHQ� VSHHG� RI� WKH� URWRU�� WKH� WKUHH� SKDVH�UHIHUHQFH� FXUUHQWV� UHTXLUHG� IRU� WKH� 3:0� UHFWLILHU� DUH�JHQHUDWHG� E\� WKH� 0337�� 5HIHUHQFH� SRZHU� DQG� DFWXDO�SRZHU� DUH� FRPSDUHG� DQG� HUURU� LV� SURFHVVHG� E\� D� 3,�FRQWUROOHU�� 7KH� RXWSXW� RI� 3,� FRQWUROOHU� UHSUHVHQWV� WKH�PDJQLWXGH� RI� WKH� UHIHUHQFH� FXUUHQWV�� 7KHVH� UHIHUHQFH�FXUUHQWV� DUH� LQ� SKDVH� ZLWK� WKH� UHVSHFWLYH� WHUPLQDOYROWDJHV�

3:0�,QYHUWHU
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,Q� WKLV� SDSHU�� PRGHOLQJ� DQG� VLPXODWLRQ� RI� D� JULG�FRQQHFWHG�YDULDEOH�VSHHG�ZLQG�HQHUJ\�FRQYHUVLRQ�V\VWHP�LV� SUHVHQWHG�� ,Q� RUGHU� WR� LPSURYH� WKH� HIILFLHQF\� DQG�GHFUHDVH� WKH� FRVW� RI� SRZHU� FRQYHUWHUV�� %��� 3:0�FRQYHUWHUV DUH� XVHG� LQVWHDG� RI� %��� 3:0� FRQYHUWHUV��
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��/G /T �����+����P ������YROWV�UDG�VHF��FRPELQHG�-�RI�WKH�ZLQG�WXUELQH�DQG�JHQHUDWRU ��NJ�P��3:0�5HFWLILHU��/VU ��P+��/L �����$��&� �&�  ������)�3:0�,QYHUWHU��5 ����
��/VL �����+��/L �����$��JULG�YROWDJH ����9�SKDVH��GF�OLQN�YROWDJH ����9�
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