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$��.KRPHQNR��2��<XVKFKHQNR��XVLQJ�WKH�V\QHUJHWLF�DSSURDFK�LV�WKDW�LW�DOORZV�XV�WR�REWDLQ�WKH�V\QHUJHWLF�SRWHQWLDO��ZKLFK�LV�DQDORJ�RI�IUHH�HQHUJ\��IURP�VRPH�VLPSOH�HTXDWLRQV�
7KH� PDLQ� VXSSRVLWLRQ� RI� RXU� DSSURDFK� LV� WKDW� UHOD[DWLRQ� HTXDWLRQ� RI� WKH� VKHDU�FRPSRQHQW� V RI� HODVWLF� VWUHVV� WHQVRU� KDV� WKH� IRUP� VLPLODU� WR� WKH� /DQGDX�.KDODWQLNRY�HTXDWLRQ������ �H�V� VWV *� ���+HUH� H LV� WKH� FRUUHVSRQGLQJ� FRPSRQHQW� RI� VWUDLQ�� WKH� ILUVW� WHUP� RQ� WKH� ULJKW�KDQG� VLGH�GHVFULEHV� WKH� 'HE\H� UHOD[DWLRQ� GXULQJ� WLPH� *�VV K{W GHWHUPLQHG� E\� YDOXHV� RI�HIIHFWLYH� YLVFRVLW\� VK DQG� VKHDU� PRGXOXV�*�� ,Q� WKH� VWDWLRQDU\� FDVH� � V� WKH� NLQHWLF�HTXDWLRQ�����LV�WUDQVIRUPHG�LQWR�WKH�+RRNH�ODZ�H V * ���5HOD[DWLRQ� EHKDYLRU� RI� YLVFRHODVWLF� PDWWHU� LV� GHVFULEHG� DOVR� E\� WKH� 9RLJW�.HOYLQ�HTXDWLRQ�>��@ ��� KV�WH� H H� ���ZKHUH� HW LV� WKH�UHOD[DWLRQ�WLPH�RI�PDWWHU�VWUDLQ�DQG�K LV�WKH�VKHDU�YLVFRVLW\�FRHIILFLHQW��7KH�VHFRQG�WHUP�RQ�WKH�ULJKW�KDQG�VLGH�GHVFULEHV�WKH�IORZ�RI�D�YLVFRXV�OLTXLG�FDXVHG�E\�WKH�VKHDU�FRPSRQHQWV�RI�WKH�HODVWLF�VWUHVV��,Q�WKH�VWDWLRQDU\�FDVH� � H� ZH�REWDLQ�+RRNH�W\SH�H[SUHVVLRQ� H V H* ��,W�LV�ZRUWK�WR�QRWH�WKDW�HIIHFWLYH�YDOXHV�RI�YLVFRVLW\� *VV W{KDQG� PRGXOXV� HH WK{ �* GR� QRW� FRLQFLGH ZLWK� WKH� UHDO� YDOXHV� K DQG�*�� 7KH� IRUPDO�UHDVRQ� IRU� WKLV� GLIIHUHQFH� LV� WKDW� WKH�0D[ZHOO�W\SH� HTXDWLRQ� ���� GRHV�QRW� UHGXFH� WR� WKH�9RLJW�.HOYLQ�HTXDWLRQ�����>��@��,W�LV�YHU\�LPSRUWDQW�IRU�RXU�FRQVLGHUDWLRQ�WKDW�WKH�YDOXHV�
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FV7FYV 77F ������ ����  HWKU V ����IRU�YDULDEOHV�V��H��7��UHVSHFWLYHO\�� NU{W �Y7 OF LV�WKH�WLPH�RI�KHDW�FRQGXFWLYLW\���7KHQ��VXEVWLWXWLQJ� LQ� ����� WKH�H[SUHVVLRQ� IRU� WKH� H� IURP�(T�� ����� WKH�EDVLF�HTXDWLRQV������ ����������WDNH�WKH�IRUP�� � �� �� �°̄°®


��� ��� �� 
�� �� ��

�VTVHW VTHHW HTVVW
HV 777 7J

H7 ��
� ������������ZKHUH�ZH�LQWURGXFH�WKH�FRQVWDQWV�

��� ���
�

���
���� ¸̧¹·¨̈©§ K WU¸̧¹·¨̈©§ WW{V TWK{ HHH FY7V 7F****J ����

,W�LV�HDV\�WR�VHH�WKDW�WKH�HTXDWLRQV������� �����KDYH�WKH�IRUP�VLPLODU�WR�WKH�/RUHQ]�V\VWHP�>����@��
)RU� WKH� TXDOLWDWLYH� DQDO\VLV� RI� WKLV� V\VWHP� OHW� XV� XVH� WKH� DGLDEDWLF� DSSUR[LPDWLRQ��ZKHQ�WKH�FKDUDFWHULVWLF�WLPH�VFDOHV�DUH�VXEPLWWHG�WR�WKH�IROORZLQJ�LQHTXDOLWLHV��� VVH W��WW��W 7 ����7KH\�PHDQ�WKDW�LQ�WKH�FRXUVH�RI�PHGLXP�HYROXWLRQ�WKH�VWUDLQ�H�W��DQG�WKH�WHPSHUDWXUH�7�W��IROORZ� WKH� FKDQJH� RI� WKH� VWUHVV� V�W��� 7KH� ILUVW� RI� WKHVH� FRQGLWLRQV� FRPSDUHV� WKH�PDFURVFRSLF� WLPH� VW DQG� PLFURVFRSLF� 'HE\H� WLPH� ����a �HW V�� VR� WKDW� LV� VDWLVILHG�DOZD\V�� 8VLQJ� WKH� GHILQLWLRQV� RI� WKH� WKHUPRPHWULF� FRQGXFWLYLW\� F{N�FY�� WKH� HIIHFWLYH�NLQHPDWLF�YLVFRVLW\� UK{Q VV � ��DQG�WKH�VRXQG�YHORFLW\� � � ����U{ *F ��LW�LV�FRQYHQLHQWO\�WR�JLYH�WR�WKH�VHFRQG�FRQGLWLRQ������WKH IRUP�



$��.KRPHQNR��2��<XVKFKHQNR�� �/O �� ����DFFRUGLQJ�WR�WKDW�WKH�FKDUDFWHULVWLF�OHQJWK�RI�KHDW�FRQGXFWLYLW\�KDV�QRW�WR�H[FHHG�WKH�YDOXH��FY/ UF V ����7KHQ��ZH�FDQ�VHW�WKH�OHIW�KDQG�VLGHV�RI�(TV�������������WR�EH�HTXDO�WR�]HUR��$V�D�UHVXOW��WKH�GHSHQGHQFLHV�RI�WKH�VWUDLQ�H DQG�WKH�WHPSHUDWXUH�7 RQ�WKH�VWUHVV�V UHDG�� �� � ���
���

�� ��

V�V�� V�V��V HT�
HH

H
777
7 ����

����
$FFRUGLQJ�WR�(T�������DW�7H ����WKH�H YV�V GHSHQGHQFH�DFTXLUHV�D�PLQLPXP�DW� �V V ��GHILQHG�E\�HTXDOLW\� � � � �� �> @ ������� ������ V HHH 777 ## ����DQG� WKHQ� LQFUHDVHV� PRQRWRQLFDOO\��� :KHQ� 7H !� �� WKH� VWUDLQ� H LQFUHDVHV� ZLWK� VWUHVV� VOLQHDUO\� DW� +RRN� GRPDLQ�V ��� ��� )RU� YDOXHV� RI� 7H LQ� WKH� ���� ���� LQWHUYDO� WKH� H YV�VGHSHQGHQFH�KDV�D�PRQRWRQLFDOO\�LQFUHDVLQJ�VKDSH�ZLWK�LWV�PLQLPXP�DW�SRLQW�V  ����$W�7H ����D�SODWHDX�DSSHDUV��ZKLFK�IRU�7H !����LV�WUDQVIRUPHG�LQWR�D�PD[LPXP�DQG�D�PLQLPXP�FRUUHVSRQGLQJ� WR� WKH� VWUHVVHV� �V DQG� �V �� UHVSHFWLYHO\��7KH� WHPSHUDWXUH�7 DW�7H ����LQFUHDVHV�ZLWK�VWUHVV�V IURP�WKH�WHPSHUDWXUH�7H DW�V  ���WR�WKH�KRUL]RQWDO�DV\PSWRWH�7  ����DQG�DW�7H !���FRQWURO�SDUDPHWHU�GHFUHDVHV�IURP�WKH�PD[LPXP�YDOXH�7H DW�V  ���WR�WKH�VDPH�DV\PSWRWH�7  ����2EYLRXVO\��WKLV�GHFUHDVH�LV�FDXVHG�E\�WKH�QHJDWLYH�IHHGEDFN�RI�WKH�VWUHVV�V DQG� WKH� VWUDLQ� H RQ� WKH� WHPSHUDWXUH�7� LQ� (T�� ����� WKDW� LV� WKH� UHIOHFWLRQ� RI� /H�&KDWHOLHU� SULQFLSOH� IRU� H[DPLQHG�SUREOHP��2Q� WKH�RWKHU�KDQG�� WKH�SRVLWLYH� IHHGEDFN�RI�WKH�VWUHVV�V DQG�WKH�WHPSHUDWXUH�7 RQ�WKH�VWUDLQ�H LQ�(T�������LV�WKH�UHDVRQ�IRU�PHOWLQJ�WKDW�OHDGV� WR� WKH� JURZWK� RI� H GXH� WR� VROLG� SKDVH� LQVWDELOLW\�� +RZHYHU�� LQ� DFFRUGDQFH� ZLWK�(T�������WKH�ODWWHU�UHVXOWV�LQ�GHFUHDVH�RI��7 DV�D�FRQVHTXHQFH�RI�VHOI�RUJDQL]DWLRQ�SURFHVV�7KH�SRLQWHG�RXW� SRVLWLYH� IHHGEDFN�RI� �V DQG�7 RQ�H LPSOLHV� WKDW� WKH� WUDQVLWLRQ� RI�OXEULFDQW�IURP�VROLG�WR�IOXLG�VWDWH�LV�LQGXFHG�ERWK�E\�KHDWLQJ�DQG�XQGHU�LQIOXHQFH�RI�VWUHVV�JHQHUDWHG� E\� VROLG� VXUIDFHV� DW� IULFWLRQ�� 7KLV� DJUHHV� ZLWK� H[DPLQDWLRQ� RI� VROLG� VWDWH�LQVWDELOLW\� ZLWKLQ� WKH� IUDPHZRUN� RI� VKHDU� DQG� G\QDPLF� GLVRUGHU�GULYHQ� PHOWLQJ�UHSUHVHQWDWLRQ�LQ�DEVHQFH�RI�WKHUPDO�IOXFWXDWLRQV�>�@��$FFRUGLQJ�WR�(T�������WKH�QHJDWLYH�IHHGEDFN�LQ�(T�������LV�DOZD\V�UHDOL]HG�LQ�FRXUVH�RI� UHOD[DWLRQ� SURFHVV� WR� WKH� VWDWLRQDU\� VWDWH� GXULQJ� WKDW� ���H� $V� LV� VKRZQ� LQ� >�@� WKLV�FRQGLWLRQ� LV� VDWLVILHG� LQ� DGLDEDWLF FDVH� ������ 7KH� SRLQWHG� RXW� IHHGEDFN� PD\� EH�FRQGLWLRQHG�DOVR�E\�WKH�PHFKDQLF�DQG�FDORULF�HIIHFW�SURYLGHG�WKDW� ���� �wVw 77KH�LQVHUWLRQ�RI�(T�������LQWR�(T�������JLYHV�WKH�/DQGDX�.KDODWQLNRY�W\SH�HTXDWLRQ��� Vw�w VWV 9� ����ZKHUH�WKH�V\QHUJHWLF�SRWHQWLDO�UHDGV�� � � ���OQ����� �� V�¹̧·©̈§ ��V� H7JJ9 ����
� 7KH�GHFUHDVH�GRPDLQ�RI�H�V��IXQFWLRQ�KDV�QR�SK\VLFDO�PHDQLQJ�



6<1(5*(7,&�+(25<��2) 8/75$�7+,1�/8%5,&$17�),/0�0(/7,1*� ��$W�VWHDG\�VWDWH�WKH�FRQGLWLRQ� � V� LV�UHDOL]HG�DQG�SRWHQWLDO������DVVXPHV�D�PLQLPXP��,I�WKH�WHPSHUDWXUH�7H LV�VPDOOHU�WKDQ�WKH�FULWLFDO�YDOXH� ������� ���� H� WK{� � ***JJ7F ����WKLV�PLQLPXP�FRUUHVSRQGV�WR�WKH�VWUHVV�V  ����VR�WKDW�WKH�PHOWLQJ�FDQ�QRW�WDNH�SODFH�DQG�WKH�VROLG�VWDWH�LV�UHDOL]HG��$W�WKH�RSSRVLWH�FDVH�7H !�7F WKH�VWDWLRQDU\�VKHDU�VWUHVV�KDV�WKH�QRQ�]HUR�YDOXH � � ���
� � � ¸̧¹·¨̈©§ � �� V JJJ7H ����

LQFUHDVLQJ�ZLWK�7H JURZWK�DFFRUGLQJ�WR�WKH�URRW�ODZ��7KLV�FDXVHV�WKH�PHOWLQJ�RI�ILOP�DQG�LWV� WUDQVLWLRQ� LQWR� IOXLG� VWDWH�� ,Q� DFFRUGDQFH� ZLWK� (TV�� ������ ����� WKH� FRUUHVSRQGLQJ�VWDWLRQDU\�YDOXHV�RI�PHOWLQJ�VWUDLQ�DQG�WHPSHUDWXUH�DUH�DV�IROORZV�� � ���� ���� �� VV H J7*V ����,W� LV� LQWHUHVWLQJ�WKDW��RQ�WKH�RQH KDQG�� WKH�PHOWLQJ�WHPSHUDWXUH�7� FRLQFLGHV�ZLWK�FULWLFDO�YDOXH� ����� DQG�� RQ� WKH�RWKHU�KDQG�� LWV� YDOXH�GLIIHUV� IURP� WKH� WHPSHUDWXUH�7H��7KH�ODWWHU�FLUFXPVWDQFH� WDNHV� SODFH� GXH� WR� WKDW� DW� VWHDG\� VWDWH� WKH� ILUVW� HTXDWLRQ� ����� LV� UHDOL]HG�LQVWHDG�RI�FRQQHFWLRQ TH V ��� ��6LQFH�7F LV�WKH�PLQLPXP�YDOXH�RI�WHPSHUDWXUH�DW�ZKLFK�D�VROLG�OLTXLG�WUDQVLWLRQ�EHJLQV��WKH�DERYH�PHDQV�WKDW�WKH�QHJDWLYH�IHHGEDFN�RI�WKH�HODVWLF�VWUHVV�V DQG� WKH� VWUDLQ�H RQ� WKH� WHPSHUDWXUH�7 �VHH� WKLUG� WHUP�RQ� WKH�ULJKW�KDQG�VLGH�RI�(T�������UHGXFHV�WKH�ILOP
V�WHPSHUDWXUH�VR�PXFK�WKDW�RQO\�LQ�WKH�OLPLW�GRHV�LW�HQVXUH�WKH�VHOI�RUJDQL]DWLRQ�SURFHVV��$W�VWHDG\�VWDWH�WKH�PHOWLQJ�YDOXH�RI�VKHDU�YLVFRVLW\�FRHIILFLHQW�LV ��JP K K ����7KHUH�DUH�WZR�RSSRVLWH�VLWXDWLRQ�GHSHQGLQJ�RQ�SDUDPHWHU� ��**J  YDOXH��$W�WKH�FDVH�J !!����WKDW�LV�UHDOL]HG�IRU�VPDOO�YDOXH�RI�WKH�YLVFRVLW\�FRHIILFLHQW�K���(TV������������WDNH�WKH�IRUP��� � � ���� �����   � V FH 777 ����6XFK� VLWXDWLRQ� FRUUHVSRQGV� WR� WKH� OLPLW�RI� VWURQJO\�YLVFRXV� OLTXLG��$W� WKH�RSSRVLWH� FDVH�J�����ODUJH�YLVFRVLW\�FRHIILFLHQW�K���ZH�KDYH�LQVWHDG�RI��(T�������WKH�VROLG��IUDJLOH��OLPLW� � ���� ������� *J77J7 FH H� WK{  � V ����
7KH�0D[ZHOO� HTXDWLRQ� ���� DVVXPHV� WKH�XVH�RI� WKH� LGHDOL]HG�*HQNL�PRGHO��)RU� WKH�GHSHQGHQFH� V�H�� RI� WKH� VWUHVV� RQ� WKH� VWUDLQ� WKLV� PRGHO� LV� UHSUHVHQWHG� E\� WKH� +RRNH�H[SUHVVLRQ�V *H DW�H ��HP DQG�WKH�FRQVWDQW�VP  *HP DW�H t HP �VP��HP DUH�WKH�PD[LPDO�VWUHVV� DQG� VWUDLQ�� V !� VP OHDGV� WR� YLVFRXV� IORZ� ZLWK� WKH� GHIRUPDWLRQ� UDWH�� � KV�V H �P� ��� $FWXDOO\�� WKH� GHSHQGHQFH� V�H�� FXUYH� KDV� WZR� UHJLRQV�� ILUVW� RQH��+RRNHDQ�� KDV� WKH� ODUJH� VORSH� IL[HG� E\� WKH� VKHDU�PRGXOXV�*�� DQG� LW� LV� IROORZHG� E\� WKH�PRUH� JHQWO\� VORSLQJ� VHFWLRQ� RI� WKH� SODVWLF� GHIRUPDWLRQ� ZKRVH� WLOW� LV� GHILQHG� E\� WKH�KDUGHQLQJ� IDFWRU�4 ��*�� 2EYLRXVO\� WKH� DERYH� SLFWXUH� PHDQV� WKDW� WKH� VKHDU� PRGXOXV��LQWURGXFHG��LQ�WHUPV�RI�WKH�UHOD[DWLRQ�WLPH�WV��LQ�(T�������GHSHQGV�RQ�WKH�VWUHVV�YDOXH��:H�XVH�WKH�VLPSOHVW�DSSUR[LPDWLRQ� ����� S

** VV� 4��4 V ����



$��.KRPHQNR��2��<XVKFKHQNR��ZKLFK�GHVFULEHV�WKH�DERYH�UHSUHVHQWHG�WUDQVLWLRQ�RI� WKH�HODVWLF�GHIRUPDWLRQ�PRGH� WR�WKH�SODVWLF�RQH��,W� WDNHV�SODFH�DW�FKDUDFWHULVWLF�YDOXH�RI� WKH�VWUHVV�VS ZKLFK�GRHV�QRW�H[FHHG�WKH�YDOXH�VV �LQ�RWKHU�FDVH�WKH�SODVWLF�PRGH�LV�QRW�PDQLIHVWHG���$V�D�UHVXOW��WKH�UHOD[DWLRQ�WLPH�WV REWDLQV�WKH�GHSHQGHQFH�RQ�WKH�VWUHVV�YDOXH� ��� ������ � ¸̧¹·¨̈©§ VV� �T�W VW �
V SS ����

ZKHUH�WKH�UHOD[DWLRQ�WLPH�LV�LQWURGXFHG�IRU�WKH�SODVWLF�IORZ�PRGH��FI��(T���������4K W VS ����DQG�WKH�TXDQWLW\ �� �4 T * ����LV� WKH�SDUDPHWHU�GHVFULELQJ�WKH�UDWLR�RI�WKH�WLOWV�IRU� WKH�GHIRUPDWLRQ�FXUYH�RQ�WKH�SODVWLF�DQG�WKH�+RRNHDQ�GRPDLQV��1RWH��WKDW�WKH�H[SUHVVLRQ�W\SH�RI�(T�������ZDV�RIIHUHG��IRU�WKH�ILUVW� WLPH��E\�+DNHQ�>�@�IRU� WKH�GHVFULSWLRQ�RI� WKH�ULJLG�PRGH�RI�WKH�ODVHU�UDGLDWLRQ��:H�XVHG�LW�>�@�IRU�WKH�GHVFULSWLRQ�RI�WKH�ILUVW�RUGHU�SKDVH�WUDQVLWLRQ�NLQHWLFV��KRZHYHU�(T������KDG�FRQWDLQHG�WKH�VTXDUH�RI�WKH�UDWLR�V�VS �VR�WKH�9 YV�V GHSHQGHQFH�KDG�WKH�HYHQ�IRUP�LQ� >�@��� $W� GHVFULSWLRQ� RI� WKH� VWUXFWXUDO� SKDVH� WUDQVLWLRQV� RI� D� OLTXLG� WKH� WKLUG� RUGHU�LQYDULDQWV��EUHDNLQJ�WKH�VSHFLILHG�SDULW\��LV�SUHVHQW�>��@��7KHUHIRUH�LQ�DSSUR[LPDWLRQ������ZH� XVHG� WKH� OLQHDU� WHUP�V�VS�� LQVWHDG� RI� WKH� VTXDUH� RQH� �V�VS���� ,W� LV� YLVLEOH�� WKDW� WKH�IROORZLQJ�EHORZ�GHSHQGHQFH������LV�QRW�DOUHDG\�HYHQ��:LWKLQ� WKH�DGLDEDWLF� DSSUR[LPDWLRQ� ����� WKH� V\VWHP�RI� WKH�/RUHQ]�HTXDWLRQV������������ZKHUH�LQVWHDG�RI�WKH�WV LW�LV�QHFHVVDU\�WR�XVH�GHSHQGHQFH�WV�V���LV�UHGXFHG�DV�ZHOO�DV�DERYH�� WR� WKH�/DQGDX�.KDODWQLNRY� HTXDWLRQ� �����ZLWK� WS LQVWHDG�RI� �WV��+RZHYHU� LQ� WKH�V\QHUJHWLF�SRWHQWLDO������WKH�IDFWRU� ��**J  LV�UHSODFHG�E\� �� �� �4 4 **J ��WKDW�LV�IRUPDOO\� VXSSRVHG� WR� EH� QR�GHSHQGHQW�RQ�V�� DQG� WKH�RGG� WHUP�DSSHDUV�SURSRUWLRQDO� WR��� �T� � � � � � � � ��OQ��OQ����� ���� ¸̧¹·¨̈©§ DV��DV�TD�V�¹̧·©̈§ ��V� �44 H7JJ9 ����
+HUH� WKH� FRQVWDQW� VS VV{D � LV� LQWURGXFHG�� $W� VPDOO� YDOXH� RI� WHPSHUDWXUH� 7HGHSHQGHQFH������KDV�D�PRQRWRQLFDOO\�LQFUHDVLQJ�VKDSH�ZLWK� LWV�PLQLPXP�DW�SRLQW�V  ���FRUUHVSRQGLQJ�WR�VWHDG\�VWDWH�RI�D�VROLG��$V�LW�LV�VHHQ�IURP�)LJ����DW�YDOXH� � � �� �� � � � � �
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6<1(5*(7,&�+(25<��2) 8/75$�7+,1�/8%5,&$17�),/0�0(/7,1*� ��
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44 JJJW ��������� �� �� � ����� �� �����

D�SODWHDX�DSSHDUV��ZKLFK�IRU� �FH 77 ! LV�WUDQVIRUPHG�LQWR�D�PLQLPXP�PHHWLQJ�WKH�VWUHVV��� zV DQG�D�PD[LPXP� PV WKDW�VHSDUDWHV�PLQLPD�FRUUHVSRQGLQJ�WR�WKH�YDOXHV� � VDQG� �V V ��:LWK�IXUWKHU�JURZWK RI�WKH�WHPSHUDWXUH�7H WKH��RUGHUHG��SKDVH�PLQLPXP���

)LJ�����7KH�GHSHQGHQFH�RI�WKH�V\QHUJHWLF�SRWHQWLDO�RQ�WKH�HODVWLF�VWUHVV�DW�YDULRXV�WHPSHUDWXUHV������ �FH 77 � ������ �FH 77  ������ FHF 777 ��� ������ FH 77 t
FRUUHVSRQGLQJ� WR� D� IOXLG� VWDWH� �V V �� JURZV� GHHSHU�� DQG� WKH� KHLJKW� RI� WKH� LQWHUSKDVH�EDUULHU� GHFUHDVHV�� YDQLVKLQJ� DW� WKH� FULWLFDO� YDOXH� �� �� J7F ������ 7KH� VWHDG\�VWDWH�YDOXHV�RI�WKH�VWUHVV�LQ�D�IOXLG�VWDWH�KDYH WKH�IRUP��VHH�ILJ���DQG����
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$W� FH 77 t WKH�GHSHQGHQFH�9�V��KDV�WKH�VDPH�FKDUDFWHU�DV�LQ�WKH�DEVHQFH�RI�WKH�PRGXOXV�GHIHFW��VHH�WKH�FXUYH�� LQ�ILJ�����

)LJ�����7KH�GHSHQGHQFH�RI�WKH�VWHDG\�VWDWH�YDOXHV�RI�WKH�VWUHVV�RQ�WKH�WHPSHUDWXUH� H7 DW�J4  ������T  ������D  ������WKH�VROLG�FXUYH�FRUUHVSRQGV�WR�WKH�VWHDG\�VWDWH�YDOXH� �V ��WKH�GDVKHG�FXUYH�PHHWV�WKH�XQVWDEOH�RQH� PV �
7KH� VSHFLILHG� SHFXOLDULWLHV� FRUUHVSRQGV� WR� WKH� SRVLWLYH� VWUHVV� YDOXHV� V�� 2Q� WKH�QHJDWLYH�KDOI�D[LV�DW� FH 77 ! ZLWK�WKH�LQFUHDVH�RI�_V_�D�YHU\�ZHDN�PLQLPXP�RI�WKH�9 YV�VGHSHQGHQFH�LV�REVHUYHG��ZKLFK� LV�IROORZHG�E\�WKH�LQILQLWH� LQFUHDVH�RI� WKH�SRWHQWLDO�9 DW�SV� V ��7KXV��WKH�QHJDWLYH�YDOXHV�RI�WKH�HODVWLF�ILHOGV�V��H DUH�QRW�UHDOL]HG�SUDFWLFDOO\��7KH�FKDUDFWHULVWLF�FLUFXPVWDQFH�RI�RXU�VFKHPH�LV�WKDW�HQHUJ\�EDUULHU�LQKHUHQW�LQ�WKH�V\QHUJHWLF�ILUVW�RUGHU�WUDQVLWLRQ�LV�GLVSOD\HG�RQO\�DW�SUHVHQFH�RI�WKH�GHIRUPDWLRQDO�GHIHFW�RI� WKH� PRGXOXV�� 6LQFH� ODWWHU� WDNHV� SODFH� DOZD\V�� LW� IROORZV� WKDW� D� VWXGLHG� VROLG�OLTXLG�WUDQVLWLRQ� UHSUHVHQWV� V\QHUJHWLF� ILUVW�RUGHU� WUDQVLWLRQ�� 7KH� H[DPLQHG� VLWXDWLRQ� LV� PXFK�
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6<1(5*(7,&�+(25<��2) 8/75$�7+,1�/8%5,&$17�),/0�0(/7,1*� ��PRUH� FRPSOH[� WKDQ� XVXDO� SKDVH� WUDQVLWLRQV�� 5HDOO\�� LQ� WKH ODWWHU� FDVH� WKH� VWHDG\�VWDWH�YDOXH�RI�WKH�V\VWHP
V�WHPSHUDWXUH�7� LV�UHGXFHG�WR�WKH�YDOXH�7H IL[HG�E\�WKHUPRVWDW��,Q�RXU�FDVH�7�� LV�UHGXFHG�WR�WKH�FULWLFDO�YDOXH�7F IRU�WKH�V\QHUJHWLF�VHFRQG�RUGHU�WUDQVLWLRQ��WKDW�KDV� SODFH� LQ� WKH� DEVHQFH� RI� WKH� PRGXOXV� GHIHFW� �VHH� VHFWLRQ� ���� :KHQ� ZH� WDNH� LQWR�DFFRXQW�WKH�PRGXOXV�GHIHFW�WKH�WHPSHUDWXUH�� � ��
��� �� V�V�� HH 777 ����

LV� UHDOL]HG� ZKRVH� YDOXH� LV� GHILQHG� E\� D� PLQLPXP� SRVLWLRQ� RI� WKH� GHSHQGHQFH� ������$FFRUGLQJ�WR�(TV�������������WKH�TXDQWLW\�7��VPRRWKO\�GHFUHDVHV IURP�WKH�YDOXH�� � � �� �� � ����������
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DW� �FH 77  WR�WKH� �� � �4�{ J7F DW� foH7 ��5HIHUULQJ�WR�ILJ�����WKH�VWDWLRQDU\�WHPSHUDWXUH�7� VKRZV�D�OLQHDU�LQFUHDVH�IURP���WR�7F ZLWK�7H�� EHLQJ�LQ��WKH��VDPH��

)LJ� ��� 7KH� GHSHQGHQFH� RI� WKH� VWHDG\�VWDWH� YDOXH� RI� WKH� V\VWHP� WHPSHUDWXUH�7� RQ� WKH�WHPSHUDWXUH�7H �J4  ������T  ������D  �����
LQWHUYDO� � DQG�� � DIWHU� � WKH� MXPS�GRZQ� DW� FH 77  ��PDJQLWXGH�7�� VPRRWKO\�GHFD\V�� ,I� WKH�WHPSHUDWXUH�7H WKHQ�GHFUHDVHV� WKH� VWDWLRQDU\� WHPSHUDWXUH�7�� JURZV��:KHQ�WKH�SRLQW� �F7����� LV� UHDFKHG� 7�� XQGHUJRHV� WKH� MXPS� IURP� 7P ����� XS� WR� �F7 �� )RU� �FH 77 � DJDLQ�VWDWLRQDU\�WHPSHUDWXUH�7��GRHV�QRW�GLIIHU�IURP�7H��
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$��.KRPHQNR��2��<XVKFKHQNR�� 6LQFH�WKH VWDWLRQDU\�YDOXHV�RI�VWUHVV�V� !���DUH�UHDOL]HG�RQO\�DW� ��� � ��! 4�4 JJ7HWKH�UDQJH�RI�YDOXHV� �� !F7 LV�LPSRUWDQW�IRU�FRQVLGHUDWLRQ��,Q�WKLV�LQWHUYDO�WKH�PD[LPXP�V\VWHP
V� WHPSHUDWXUH� ����� LV� ORZHU� WKDQ� WKH� PLQLPXP� WHPSHUDWXUH� RI� IULFWLRQ� VXUIDFHV�������DQG�DV�LW�LV�YLVLEOH�IURP�)LJ�����DW� �FH 77 ! WKH�VWDWLRQDU\�WHPSHUDWXUH�7� RI�WKH�ILOP�LV�DOZD\V�ORZHU�WKDQ�YDOXH�7H��
7KH�DERYH�DQDO\VLV� LV�EDVHG�RQ� WKH�DVVXPSWLRQ� WKDW� D� OXEULFDQW�PHOWLQJ�SURFHVV� LV�FDXVHG� E\� WKH� VHOI�RUJDQL]DWLRQ� RI� WKH� VKHDU� FRPSRQHQWV� RI� WKH� VWUHVV� DQG� WKH� VWUDLQ�HODVWLF�ILHOGV��RQ�WKH�RQH�KDQG��DQG�WKH�OXEULFDQW�WHPSHUDWXUH��RQ�WKH�RWKHU�KDQG��7KXV��WKH�VWUHVV�V DFWV�DV�WKH�RUGHU�SDUDPHWHU��WKH�FRQMXJDWH�ILHOG�LV�UHGXFHG�WR�WKH�HODVWLF�VWUDLQ�H��DQG�WKH�WHPSHUDWXUH�7 LV�WKH�FRQWURO�SDUDPHWHU��7KH�LQLWLDO�UHDVRQ�IRU�VHOI�RUJDQL]DWLRQ�LV�WKH� SRVLWLYH� IHHGEDFN� RI� �7 DQG�V RQ�H �VHH�(T�� �������$FFRUGLQJ� WR�(TV�� ����� ���� LW� LV�FDXVHG�E\� WKH� WHPSHUDWXUH� GHSHQGHQFH�RI� WKH� VKHDU� YLVFRVLW\� OHDGLQJ� WR� LWV�GLYHUJHQFH��$FFRXQWLQJ�IRU�WKH�GHIRUPDWLRQDO�GHIHFW�RI�WKH�VKHDU�PRGXOXV�ZH�REWDLQ�WKH�H[SUHVVLRQV�IRU� WHPSHUDWXUHV�FRUUHVSRQGLQJ�WR�DEVROXWH�LQVWDELOLW\�RI�RYHUFRROHG�OLTXLG� �F7 �����DQG�VWDELOLW\�OLPLW�RI�WKH�VROLG�VWDWH�7F ������7KH�UHDO�WKHUPRG\QDPLF�PHOWLQJ�WHPSHUDWXUH�LV�LQ�WKH� ��� � FF 77 LQWHUYDO�DQG�FDQ�EH�IRXQG�IURP�WKH�HTXDOLW\�FRQGLWLRQ�RI�SRWHQWLDOV�RI�VROLG�DQG� OLTXLG� SKDVHV� 9����  �9�V���� ,W� LV� VHHQ� IURP� (T�� ����� WKDW� V\VWHPV� SUHGLVSRVHG� WR�PHOWLQJ�KDYH�ODUJH�VKHDU PRGXOXV�* DQG�VPDOO�FKDUDFWHULVWLF�YDOXH�RI�VKHDU�YLVFRVLW\�K��7KH� NLQHWLFV� RI� D� FRQVLGHUHG� WUDQVLWLRQ� LV� GHWHUPLQHG� E\� WKH� /DQGDX�.KDODWQLNRY�HTXDWLRQ�������ZKHUH�WV LV�UHSODFHG�E\� 4K W V �S DQG�WKH�V\QHUJHWLF�SRWHQWLDO�KDV� WKH�IRUP� ����� LQKHUHQW� LQ� WKH� ILUVW�RUGHU� WUDQVLWLRQ�� ,Q�VXSHUFRROHG� OLTXLG� �ZLWK� f KV WKH�IUHH]LQJ�RI�V\VWHP�FDQ�WDNHV�SODFH�� �oV� ��HYHQ�LQ�WKH�QRQ�VWDWLRQDU\�VWDWH� �� zVww9 ��BBBBBBBBBBBBBBBB
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