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DQG ��WDL DUH� WLPH�YDU\LQJ� PRGHO� SDUDPHWHUV�� ��� WHLV� WKH� FRPSRVLWH� HUURU� RI�PRGHOOLQJ� DQG� GLVWXUEDQFH�LQSXW��WKH�LQWHJHU� OL DQG� XL GHILQH�UDQJH�RI�GHOD\V�LQ�WKH�FRQWURO�LQSXW��DQG� = GHQRWHV�VHW�RI�LQWHJHUV�/HW������� @����>�� � WWW QTTT � @��������> � WDWDWEWE XO LLT �� ZKHUH ���� OX LLTQ
7XO LWXLWXTW\W\W �@��������>��� ���� � ��M7KHQ�HTXDWLRQ�����FDQ�EH�FRPSDFWO\�ZULWWHQ�DV���������� � WWWW\ HMT �� ���7KH� ���T DQG� ��� �H FRQVWLWXWH�WKH�PRGHO�XQFHUWDLQW\��/HW� ��@�> � �S WW\ GHQRWH� WKH� SODQW� UHVSRQVH� WR� LQSXW���@�> � �WWX RYHU� WLPH� SHULRG� @�> � WW �� &OHDUO\� WKHUH� H[LVW�WKH� WUDMHFWRULHV� RI� ���T DQG� ��� �H VR� WKDW�ZLWK� WKHVH�VFHQDULRV� RI� WKH� PRGHO� XQFHUWDLQW\� WKH� PRGHO�UHVSRQVH� HTXDOV� WR� WKH� SODQW� UHVSRQVH�� WKDW� LV����� @�>@�> �� � � S WWWW \\ ��,W�LV�DVVXPHG�WKDW�WKH�FRQWURO�LQSXW�LV�YDOXHG�RQ�D�FRPSDFW�VHW�VR� WKDW� WKH�WUDMHFWRULHV�RI����T DQG� ��� �H FDQ�EH�ERXQGHG�DERYH�DQG�EHORZ�RYHU�D�WLPH�LQWHUYDO� @�> �� P7WW � E\�WKH�ERXQGHG�HQYHORSHV����� �XT �� ���� �OT DQG� ����� �XH �� ����� �OH UHVSHFWLYHO\��ZKHUH� �W LV� WKH� LQLWLDO� WLPH�DQG� P7 LV� WKH�PRGHOOLQJ�KRUL]RQ�� 7KH� WLJKWHVW� HQYHORSHV� DUH� QRW� NQRZQ�� ,W� LV�DVVXPHG� WKDW� DW� �W D� SULRUL� HQYHORSHV� ���XT �� ���OTDQG� ��� �XH �� ��� �OH VXIILFLHQWO\� ZHOO� DSSUR[LPDWH� WKH�XQNQRZQ� HQYHORSHV� VR� WKDW� QR� ERXQGLQJ�PRGLILFDWLRQV� ZLOO� EH� FRQVLGHUHG� GXULQJ� FRQWURO�GHVLJQ��+HQFH�WKH�IROORZLQJ�KROGV����� WW 4�T �� ^ `������� WW5W XOQ TTTT dd� 4 ' ������� �� WW (�H � ^ `������� ����� WW5W XO HHHH dd� ( ' ���7KH� HQYHORSHV� NQRZQ� DW� �W FRYHUV� WKH� SHULRG� RYHU�FRQWURO� KRUL]RQ� DQG� WKH� XQFHUWDLQW\� UDGLXV� PXVW� EH�VXIILFLHQWO\� VPDOO� VR� WKDW� WKH� FRQWURO� REMHFWLYHV� FDQ�EH� UREXVWO\� DFKLHYHG��$OWKRXJK� WKHUH� LV� D�PRGHOOLQJ�HUURU�� WKHUH� LV� QR� RQH� VHW� RI� WUXH� SDUDPHWHU� YDOXHV�PDWFKLQJ� WKH� PRGHO� DQG� SODQW� IRU� DOO� LQSXWV�� 7KH�PRGHO� VWUXFWXUH� UHIOHFWV�ZHOO� UHDO� SODQW� G\QDPLFV� VR�WKDW� WKH� SDUDPHWHU� DQG� PRGHOOLQJ� HUURU� ERXQGV� DUH�UHDVRQDEOH�7KH� FRQWURO� DLPV� DW� NHHSLQJ� WKH� SODQW� RXWSXW� ���S\ZLWKLQ�WKH�RXWSXW�FRQVWUDLQWV�GHVFULEHG�E\�WKH�ORZHU�XSSHU�ERXQGV� ������ PD[PLQ W\W\W\ S dd ���RYHU�WKH�FRQWURO�KRUL]RQ� > @F7WWW �� �� � ��DQG�WKHUH�DUH�FRQVWUDLQWV�RQ�WKH�FRQWURO�LQSXW�WR�EH�VDWLVILHG�
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$V� WKH� FRQWURO� SUREOHP� LV� XQGHU� FRQVWUDLQWV� DQG� WKH�LQSXWV� DUH� GHOD\HG� WKH� 0RGHO� 3UHGLFWLYH� &RQWURO��03&�� ZLOO� EH� DSSOLHG� WR� GHVLJQ� WKH� FRQWUROOHU��+HQFH��LW�LV�DVVXPHG�WKDW� PF 77 � �
����3DUDPHWHU�3LHFH�:LVH�&RQVWDQW�%RXQGHG�0RGHO

3DUDPHWHU� ��WT FDQ� DEUXSWO\� FKDQJH� WKHLU� YDOXHV� DW�WLPH� LQVWDQW� > @PM 7WWW �� �� � �� S1M ����� DQG�
P1 7WW S � � �� :LWKLQ� WKH� WLPH� LQWHUYDO� @�> � MM WW � WKH�FKDQJHV�FDQ�EH�DVVXPHG�VORZ�DQG�DOVR��RQO\�FHUWDLQ�SDUDPHWHUV� DUH� DFWLYH�� WKDW� LV� WKHLU� YDOXHV� DUH�QRQ]HUR��7KH�LQVWDQWV�� MW DUH�DVVXPHG�NQRZQ��8QGHU�WKHVH� DVVXPSWLRQV� WKH�ZKROH�PRGHO� KRUL]RQ� P7 FDQ�EH�SDUWLWLRQHG�LQWR� S1 WLPH�VORWV��GHILQHG�DV�^ ` SMMM 1MWWW=W6 ������� � � �d� �
' ���/HW� M, GHILQH� VHW� RI� DFWLYH� SDUDPHWHU� LQGLFHV� RYHU�

M6 �� +HQFH�� MMM ,LLM � `T̂T LV� WKH� DFWLYH� SDUDPHWHU�VXE�YHFWRU� RYHU� M6 �� +HQFH�� MW TT  �� IRU� M6W� ��DQG� MT LV� WUHDWHG� DV� FRQVWDQW�� 7KH� FRUUHVSRQGLQJ�ERXQGV�RQ� MT DUH�FDOFXODWHG�DV�IROORZV��� � MMMM ,LOL6WM W �� `��PLQ^PLQ TT ��� � � MMMM ,LXL6WM W �� `��PD[^PD[ TT ���+HQFH�� WKH� SDUDPHWHU� ERXQGLQJ� RUWKRWRSH� M4 RYHU�
M6 FDQ�EH�FDOFXODWHG�DV�^ `MMMM,MM 6W5 M �dd� 4 ' �� PD[PLQ�GLP� TTTT ���7KH� XQFHUWDLQW\� LQ� ��� �H LV� WDFNOHG� VLPLODUO\���)LQDOO\�� WKH� SLHFHZLVH� FRQVWDQW� SDUDPHWHU� PRGHO� LV�JLYHQ�DV�0RGHO�������� ��������� � WWWW\ HMT �� ����

MW TT  �� ��IRU� M6W� ����
MM 4�T M(W ����H ����,W� LV� XQGHUVWRRG� WKDW� WKH� YHFWRU� ���M FKDQJHV� LWV�VWUXFWXUH� IROORZLQJ�FKDQJHV�RI� WKH�SDUDPHWHU�YHFWRU��0RGHO� ����� RI� ���������� LV FDOOHG� WKH� SDUDPHWHU�SLHFH�ZLVH� FRQVWDQW� ERXQGLQJ� PRGHO� WKDW� ZLOO� EH�DSSOLHG� IRU�03&� GHVLJQ�� 3LHFHZLVH� FRQVWDQW�PRGHO�LV�SUHIHUUHG�IRU�SUDFWLFDO�UHDVRQ�RI�WKH�FRPSXWDWLRQDO�DQG�PRGHO�LGHQWLILFDWLRQ�HIILFLHQF\��

���&21752//(5�6758&785(����03&�%DVHG�RQ�1RPLQDO�0RGHO�DQG�0RGLILHG����&RQVWUDLQWV7KH� QRPLQDO� PRGHO�1��� LV� GHILQHG� E\� WKH� QRPLQDO�VFHQDULR� RI� XQFHUWDLQW\�� /HW� XV� WDNH� VRPH� NLQG� RI�FHQWUH� RI� M4 DV� WKH� QRPLQDO� SDUDPHWHU� YDOXH� IRU�
M6W� ��GHQRWHG�DV� MTÖ ��)RU�H[DPSOH�����Ö PD[PLQ MMM TTT � ����+HQFH�� WKH� QRPLQDO� SDUDPHWHU� WUDMHFWRULHV� VDWLVI\�MW TT Ö��Ö  IRU� M6W� �� ,W� LV�DVVXPHG�ZLWKRXW�DQ\�ORVV�RI�JHQHUDOLW\�WKDW� �Ö�  MH ��7KH�RSWLPLVDWLRQ�SUREOHP�RI�03&�DW�WLPH�LQVWDQW�W FDQ�EH�IRUPXODWHG�DV��@�_�>ÖÖ�Ö� US7 \W+W\8488- ��� P ����> @7S W+W\WW\< �_��_��Ö �� �> @7P W+WXWWX8 �_���_�Ö �� �
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ZKHUH� P+ � S+ DUH� WKH� FRQWURO� GLPHQVLRQ� DQG� WKH�SUHGLFWLRQ�KRUL]RQ�UHVSHFWLYHO\�� SP ++ d ��DQG� 4 LV�D�SRVLWLYH�GHILQLWH�PDWUL[��7KH�WHUPLQDO�RXWSXW�RI�WKH�ILQLWH�SUHGLFWLYH�KRUL]RQ�LV�SHQDOLVHG�WR�WKH�UHIHUHQFH�YDOXH� U\ E\� DSSO\LQJ� D� WXQLQJ� NQRE� P �� 7KH� GHOD\V�LPSO\� WKDW� DW� OHDVW� PO +L � �� +RZHYHU�� SUHIHUDEO\�
PX +L � �� +HQFH�� DYDLODELOLW\� RI� VXIILFLHQWO\� WLJKW�XQFHUWDLQW\� ERXQGV� QHHGHG� IRU� DFKLHYLQJ� WKH� FRQWURO�REMHFWLYHV�DQG�WKH�GHOD\�UDQJH�PD\�EH�IDFHG�1RWLFH�WKDW�WKH�GHWHUPLQLVWLF�QRPLQDO�PRGHO�DOORZV�WR�TXLFNO\�JHQHUDWH�FRQWURO�VHTXHQFH�WKDW� LV�RSWLPDO�IRU�WKH� VHOHFWHG� VFHQDULR� RI� WKH� XQFHUWDLQW\��+RZHYHU�� LW�LV� VXERSWLPDO�� LI� IHDVLEOH�� IRU� WKH� UHDO� SODQW�� 7KH�RSWLPDOLW\� UREXVWQHVV� FDQ� EH� LPSURYHG� E\�IRUPXODWLQJ�WKH�RSWLPLVDWLRQ�SUREOHP�DV�WKH�PLQ�PD[�RQH��7KLV�KRZHYHU�LV�QRW�IXUWKHU�SXUVXHG�LQ�WKH�SDSHU�DV� VROYLQJ� FRQVWUDLQHG� PLQ�PD[� SUREOHP� ZRXOG�JUHDWO\� LQFUHDVH� WKH� FRPSXWDWLRQDO� EXUGHQ� HYHQ� IRU�OLQHDU�TXDGUDWLF� SUREOHP� DW� KDQG�� � 7KH� IHDVLELOLW\�SUREOHP� KRZHYHU�� QHHGV� WR� EH� DGGUHVVHG���0LQLPLVDWLRQ� RI� WKH� SHUIRUPDQFH� LQGH[� JLYLQJ� E\������ RYHU� WKH� FRQVWUDLQWV� GHVFULEHG� E\� ���� DQG� ����ZKHUH�WKH�QRPLQDO�PRGHO�LV�XVHG�WR�UHSODFH�XQNQRZQ�SODQW�PDSSLQJ� ���S\ \LHOGV�WKH�VROXWLRQ�WKDW�PD\�QRW�EH� IHDVLEOH� ZKHQ� DSSOLHG� WR� WKH� SODQW�� ,Q� RUGHU� WR�JXDUDQWHH� WKH� IHDVLELOLW\� WKH� QRPLQDO� PRGHO� EDVHG�FRQVWUDLQWV� DUH� PRGLILHG� E\� LQWURGXFLQJ� VR� FDOOHG�VDIHW\� ]RQHV�� 7KH� PRGLILHG� FRQVWUDLQWV� GHILQH�QDUURZHU� VHW� IRU� WKH� FRQWURO� DFWLRQV� DQG� WKLV� LV� WKH�SULFH�WR�EH�SDLG�IRU�PRGHO�UHDOLW\�GLIIHUHQFHV��7KH� RXWSXW� FRQVWUDLQWV� RYHU� WKH� SUHGLFWLRQ� KRUL]RQ�GHVFULEHG�E\�WKH�XSSHU�DQG�ORZHU�OLPLWV�DUH��> @7S+W\W\< ����� PLQPLQPLQ �� � ����> @7S+W\W\< ����� PD[PD[PD[ �� � ����7KH\�DUH�PRGLILHG�E\�WKH�VDIHW\�]RQHV� OV �� XV DV�OV << V� PLQPLQ XV << V� PD[PD[

7O+OO S @> � VVV � 7X+XX S @> � VVV � ¦�@> XO VV¦  tt ' DQG+LIRU SXLOLXO �������@^> VVVV `���� PD[PLQ XLOL LW\LW\ VV ����� ����7KH�PRGLILHG�PRGHO�EDVHG�FRQVWUDLQWV�UHDG�PD[PLQ Ö VV <<< dd ����7KH� FRQGLWLRQ� ����� LV� QHHGHG� LQ� RUGHU� WR�PDNH� VXUH�WKDW� WKH� PRGLILHG� FRQVWUDLQWV� GHILQH� QRQHPSW\� VHW��7KH� LQSXW� FRQVWUDLQWV� DUH� WUHDWHG� DV� KDUG� FRQVWUDLQWV�LQ� WKH� RSWLPLVDWLRQ� IRUPXODWLRQ�� 7KH� DFWXDWRU� HUURU�
HH ZLOO�DOVR�EH�FRQVLGHUHG�LQ�LPSOHPHQWLQJ�D�FRQWURO�FRPPDQG��+HQFH�� WKH� LQSXW� FRQVWUDLQWV� DUH�PRGLILHG�LQ�RUGHU�WR�FDWHU�IRU�WKH�DFWXDWRU�HUURU�DV�PD[PLQ Ö 888 dd DQG� PD[PD[ Ö 888 'd'd'� ����> @7HPH +WXWX8 HH ���� ����� PLQPLQPLQ �> @7HPH +WXWX8 HH ���� ����� PD[PD[PD[ �> @7HPH +WXWX8 HH ������� PLQPLQPD[ ���'�' ' �)LQDOO\��WKH�03&�RSWLPLVDWLRQ�WDVN�DW�W UHDGV�
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ZKHUH� ���VF LV� WKH�PDSSLQJ�GHVFULELQJ� WKH�PRGLILHG�LQSXW�DQG�RXWSXW�FRQVWUDLQWV�������DQG�������7KH�IHDVLELOLW\�LV�DVVHVVHG�E\�SHUIRUPLQJ�DW�W D�UREXVW�SUHGLFWLRQ� RI� WKH� SODQW� UHVSRQVH� WR� ���Ö XO8 VV �� ,I����Ö XO8 VV LV� IHDVLEOH� IRU� WKH� SODQW� WKHQ� �_� WWX LV�DSSOLHG��HOVH� XO VV � DUH�UHGHVLJQHG�DQG�QHZ�FRQWURO�DFWLRQV� DUH� JHQHUDWHG� DV� EHIRUH�� 7KLV� UHSHDWV� WLOO�VXLWDEOH�VDIHW\�]RQHV�DUH�GHWHUPLQHG��
����$VVHVVPHQW�RI�)HDVLELOLW\�E\�5REXVW�3UHGLFWLRQ6HW�ERXQGHG�PRGHO�RI�XQFHUWDLQW\�WKDW�LV�XVHG�LQ�WKLV�SDSHU� HQDEOH� XV� WR� FDOFXODWH� XSSHU� DQG� ORZHU�HQYHORSHV�ERXQGLQJ�UHDO�SODQW�UHVSRQVH�WR�D�VSHFLILF�LQSXW��&RPSDULQJ�WKHVH�HQYHORSHV�DJDLQVW�WKH�ERXQGV�GHILQLQJ�WKH�SODQW�RXWSXW�FRQVWUDLQWV�DOORZV�WR�DVVHVV�WKH� LQSXW� IHDVLELOLW\�� $Q� DOJRULWKP� IRU� WKH� HQYHORSH�FDOFXODWLQJ�VKDOO�QRZ�EH�SUHVHQWHG��7KH�HUURUV�LQ�WKH�SODQW� RXWSXW�PHDVXUHPHQWV� DQG� LQ� H[HFXWLRQV� RI� WKH�FRQWURO�LQSXWV��DFWXDWRU�HUURU��DUH�ERXQGHG�DV�

PSP W\W\ Hd� _����_ DQG HF WXWX Hd� _����_ ����ZKHUH� ��W\P LV�WKH�SODQW�RXWSXW�PHDVXUHPHQW�� ��WX FLV� WKH� FRQWUROOHU� RXWSXW� RU� WKH� DFWXDWRU� LQSXW� DQG�
PH DQG HH DUH�WKH�HUURU�ERXQGV��7KH� SODQW� RXWSXW� SUHGLFWLRQ� DW� W RYHU� @�> S+WW � LV�SHUIRUPHG�EDVHG�RQ�D�SULRUL�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH� SDVW� LQSXWV� DQG� RXWSXW� PHDVXUHPHQWV�� IXWXUH�LQSXWV��LQSXW�RXWSXW�PRGHO�HTXDWLRQV�DQG�XQFHUWDLQW\�ERXQGV��7KLV�D�SULRUL�LQIRUPDWLRQ�KDV�EHHQ�GHVFULEHG�LQ� D� IRUP�RI� HTXDOLWLHV� DQG� LQHTXDOLWLHV� FRQVWUDLQLQJ�RXWSXWV� RYHU� @�> S+WW � �� $Q\� RXWSXW� WUDMHFWRU\�VDWLVI\LQJ� WKHVH� FRQVWUDLQWV� FDQ� EH� WKH� SODQW�UHVSRQVH�� 7KH� UREXVW� RXWSXW� SUHGLFWLRQ�SURYLGHV� WKH�LQWHUYDOV� 7SOSOSOS W+W\WW\< @�_��_��> �� �

7SXSXSXS W+W\WW\< @�_��_��> �� �RYHU� @�> S+WW � ERXQGLQJ� WKH� SODQW� RXWSXW� YDOXHV�RYHU� @�> S+WW � ��+HQFH� �_����_� WNW\NW\WNW\ XSSOS �d�d� S+N �� ����%DVHG� RQ�PRGHO������ RI� ����������� WKH� SODQW� RXWSXW�ERXQGLQJ�FRQVWUDLQWV�DW�W�N FDQ�EH�VXPPDULVHG�DV����������_� PWPWPWWPW\ �(������ MT ���� PWPW �4��T ���_����_ d�d����� PNIRUPNW\PNW\ PSP H
HF PNWXPNWX Hd����� _����_ �� NP ���� ZKHUH� MMM 6WIRUW(W( �4 4 ����� �� /HW� N3GHQRWH� WKH�VHW�RI�DOO� �_� WNW\ � VDWLVI\LQJ� WKH�DERYH�FRQVWUDLQWV�� +HQFH�� WKH� WKN � VWHS� UREXVW� RXWSXW�SUHGLFWLRQ�DW�WLPH�LQVWDQW�W FDQ�EH�GHILQHG�DV��> @ NOS 3WNW\WRVXEMHFW WNW\WNW\ ��� � �_� �_�PLQ�_� ����



> @ NXS 3WNW\WRVXEMHFW WNW\WNW\ ��� � �_� �_�PD[�_� ����,I�WKH�SUHGLFWHG�SODQW�RXWSXW�VDWLVI\�PLQ<< OS t DQG��������� PD[<< XS d ����WKHQ� FOHDUO\�� WKH� DVVHVVHG� FRQWURO� VHTXHQFHV� 8Ö LV�JXDUDQWHHG� WR� EH� IHDVLEOH�� ,Q� RWKHU� ZRUGV� LW� LV�UREXVWO\�IHDVLEOH��
����2SHUDWLRQ�RI�5REXVW�03&�&RQWUROOHU,Q�JHQHUDO��GHWHUPLQLQJ�VXLWDEOH�VDIHW\�]RQHV�UHTXLUHV�D� QXPEHU� RI� LWHUDWLRQV� WR� EH� SHUIRUPHG�� 7KH�DOJRULWKP� IRU� LWHUDWLYH� FDOFXODWLRQ RI� WKH� VDIHW\� ]RQH�ZLOO� EH� GHVFULEHG� LQ� WKH� QH[W� VHFWLRQ�� 7KH� RYHUDOO�UREXVW� 03&� FRQWUROOHU� LV� RI� LWHUDWLYH� W\SH� DQG� LW�RSHUDWHV�DV�IROORZV��L� /HW� �@>  XO VV ��VROYH�8Ö XVLQJ�������LL���&DOFXODWH� XSOS << � XVLQJ�����������UHVSHFWLYHO\�,I������LV�VDWLVILHG�JR�WR��LY�(OVH�JR�WR��LLL��LLL�� 5HGHVLJQ� @> XO VV �� DQG� FDOFXODWH� 8Ö EDVHG� RQ�WKLV�VDIHW\�]RQH�GHVLJQ��WKHQ�JR�WR��LL��LY��/HW� �_��� WWXWX F  

���52%867�35(',&7,9(�&21752//(5�'(6,*1,Q� WKH� SUHYLRXV� VHFWLRQ� D� VWUXFWXUH� RI� UREXVW� 03&�FRQWUROOHU� KDV� EHHQ� SURSRVHG��$Q� LPSOHPHQWDWLRQ�RI�WKLV� VWUXFWXUH� QHHGV� GHGLFDWHG� DOJRULWKPV� IRU� VROYLQJ�YDULHW\� RI� SUREOHPV�� )LUVWO\�� FDOFXODWLQJ� ���Ö XO8 VVUHTXLUHV� VROYLQJ� FRQVWUDLQHG� OLQHDU� TXDGUDWLF�RSWLPLVDWLRQ� SUREOHP��$� QXPEHU� RI� HIILFLHQW� VROYHUV�H[LVW� WR� SHUIRUP� WKLV� WDVN�� 6HFRQGO\�� SHUIRUPLQJ� WKH�UREXVW� SODQW� RXWSXW� SUHGLFWLRQ� UHTXLUHV� VROYLQJ� WKH�QRQOLQHDU� DQG� QRQ�FRQYH[� RSWLPLVDWLRQ� SUREOHPV������ DQG� ������$Q�DSSUR[LPDWHG� VROYLQJ�DSSURDFK� LV�SURSRVHG� E\� SLHFH�ZLVH� OLQHDULVDWLRQ�� ZLWK� WKH�OLQHDULVDWLRQ� HUURU� LQFOXGHG� LQ� WKH� PRGHOOLQJ� HUURU��7KH� ILQDO� SUREOHP� WR� EH� VROYHG� LV� D� OLQHDU� PL[HG�LQWHJHU� SURJUDPPLQJ� �0,3�� SUREOHP�� DQG� LW� FDQ� EH�VROYHG�E\�XVLQJ�D�VWDQGDUG�VROYHU��7KLUGO\��LQ�RUGHU�WR�FDOFXODWH� VXLWDEOH� VDIHW\� ]RQHV� D� SHQDOW\� IXQFWLRQ� DV�LQ��7HR��HW�DO��������UHODWHG�WR�WKH�FRQVWUDLQWV������LV�HPSOR\HG��/HW�XV�GHILQH� 7+XO S9I9I& @����>��� �� � VV ����> @77XS7OS7+ <<<<999 S ����@> PD[PLQ�� ��  �
°̄°®
­
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ZKHUH� �H LV� VPDOO� SRVLWLYH� QXPEHU�� 1RWLFH�� WKDW� LI�����  XO& VV KROGV� WKHQ� ����� KROGV� DV� ZHOO��0RUHRYHU�� WKH� FRQVWUDLQW� ����  XO& VV FDQ� JHW�DUELWUDULO\� FORVH� WR� ����� E\� VHWWLQJ� �H VXIILFLHQWO\�VPDOO�� 7KH� PXOWLSOLHU� W\SH� RI� SHQDOW\� IXQFWLRQ�DVVRFLDWHG�ZLWK������LV�GHILQHG�DV��)OHWFKHU��������

�@��>�@��>������� XO7XOXO && VVVVVVI < /< ��� XO& VV/�ZKHUH� L+ SGLDJ \� < �� @> �� S+OO � / �� LO DUH�WKH� PXOWLSOLHUV� 8QGHU� UDWKHU� PLOG� FRQGLWLRQV� WKHUH�H[LVWV� VXFK� YDOXH� 
/ RI� WKH� PXOWLSOLHU� / WKDW� WKH�VDIHW\� ]RQHV� FDQ� EH� FDOFXODWHG� E\� VROYLQJ� WKH�IROORZLQJ�SUREOHP��)OHWFKHU��������
@> �����PLQDUJ@> 


XO
XOXO VV VVIVV /< ����

¦�@> XOWRVXEMHFW VV,I�WKH�RSWLPXP�YDOXH�RI�WKH�SHQDOW\�IXQFWLRQ�LV�HTXDO�WR�]HUR� WKHQ� WKH�ZDQWHG�VDIHW\�]RQHV�DUH�IRXQG��,I� LW�LV� QRQ]HUR� WKHQ� LW�PHDQV� WKDW� WKH�03&�FRQWUROOHU� LV�QRW� DEOH� WR� SURGXFH� FRQWURO� WKDW� IHDVLELOLW\� FDQ� EH�UREXVWO\� DVVHVVHG�� ,Q� WKLV� VLWXDWLRQ�� DVVXPLQJ� JRRG�FRQWUROODELOLW\� RI� WKH� SODQW�� WKH� XQFHUWDLQW\� UDGLXV�PXVW�EH� UHGXFHG� LQ�RUGHU� WR� UHJDLQ� UREXVWO\� IHDVLEOH�RSHUDWLRQ� RI� WKH� 03&� FRQWUROOHU�� 1RWLFLQJ� WKDW�VROXWLRQ� IRU� ����� LV� QRW� XQLTXH�� ILQGLQJ� WKH� VPDOOHVW�VDIHW\� ]RQHV� UHPDLQV� DQ� RSHQ� SUREOHP�� )ROORZLQJ��3RZHOO�� ������ DQ� DOJRULWKP� IRU� VLPXOWDQHRXV�VROYLQJ������DQG�ILQGLQJ� 
/ VKDOO�EH�GHULYHG��$�NH\�DVVXPSWLRQ� QHHGHG� LV� VHFRQG� RUGHU� )UpFKHW�GLIIHUHQWLDELOLW\�RI�WKH�PDSSLQJ� ��� ��& ��7KLV�PDSSLQJ�LV� D� FRPSRVLWLRQ� RI� WKH� PDSSLQJV� GHVFULELQJ� WKH�QRPLQDO� PRGHO� EDVHG� 03&� JHQHUDWLRQ� ������ UREXVW�SODQW� RXWSXW� SUHGLFWLRQ� �������� DQG� ���I ������&OHDUO\��WKH�ODWHU�RQH�LV�VPRRWK��7KH�IRUPHU�RQHV�DUH�GHILQHG� E\� D� VROXWLRQ� RI� D� FRQVWUDLQHG� RSWLPLVDWLRQ�SUREOHP� SDUDPHWHULVHG� E\� XO VV � DQG� E\����Ö XO8 VV UHVSHFWLYHO\��$V�WKH�SDUDPHWHUV�HQWHU�WKH�FRQVWUDLQWV� WKH� HOHJDQW� VXIILFLHQW� FRQGLWLRQV� IRU�GLIIHUHQWLDELOLW\� RI� WKH� VROXWLRQ� GR� QRW� H[LVW� �+DJHU�������� &ODUNH�� ������� +RZHYHU�� IRU� EURDG� FODVV� RI�SUREOHPV�WKH�GLIIHUHQWLDELOLW\�KROGV��)LQGHLVHQ��HW�DO���������+HQFH��DQ�H[LVWHQFH�RI�DOO�GHULYDWLYHV�QHHGHG�LV�DVVXPHG�LQ�WKH�VHTXHO��7KH�DOJRULWKP�,�FDQ�QRZ�EH�VWDWHG�DV�$OJRULWKP�,��L� 6HW� �� N ���/ / � ���< < � f f____ ���& ��LL� )LQG�WKH�PLQLPL]HU�RI������ ��� /<[ �
�LLL��,I� ff ! ____��____ ��N&& �� f!� ____��_�_ ��NL &&L VHW�

LL \\ �� ���DQG�JR�WR��LL���LY��6HW� &&NN NNN  < </ /� ������ ���� ��Y� 6HW� ������ NNN &<�/ / DQG�JR�WR��LL��XQWLO�WKH�FRQVWUDLQW�LV�IXOILOOHG�ZLWK�GHVLUHG�DFFXUDF\��ZKHUH� @�> XO[ VV � ��[&&  ��7KH� DOJRULWKP� FDQ� HQVXUH� JOREDO� FRQYHUJHQFH� ZLWK�WKH�FRQYHUJHQW� UDWH�RI������E\�RQOLQH� WXQLQJ� LQ�VWHS��LLL��� ,I� 
/ LV� NQRZQ�� ����� FDQ� EH� DWWHPSWHG� E\�1HZWRQ� PHWKRGV�� $SSO\LQJ� WKH� 1HZWRQ� DOJRULWKP�ZH�REWDLQ�WKDW� 
���� /�< � $[&$[I ZKHUH��� ��[&$ � 
[7 :$$[&[&[  <�/�<� � @���>��� 
��I)RU�ODUJH�YDOXHV�RI� L\ ��WKH�IROORZLQJ�DSSUR[LPDWLRQ�KROGV��)OHWFKHU��������



<|�� �� @> $:$ [7 ����+HQFH��DVVXPLQJ�WKH�LQYHUVH�RI� $ H[LVW����� �� ���� <| $$: 7[DQG�1HZWRQ�PHWKRG�RI�VROYLQJ������\LHOGV� @��>�� 
��������� /<�� ��� N7NN [&$[[ ����,W� LV� D� VSHFLDO� SURSHUW\� RI� RXU� SUREOHP� WKDW� $ LV�VTXDUH�PDWUL[�VR�WKDW�H[LVWHQFH�RI� ��$ LV�QRW�XQXVXDO��$V� 
/ GRHV� QRW� GHSHQG� RQ� < WKHQ� �
� |/<� IRU�ODUJH� YDOXHV� RI� L\ �� )LQDOO\�� D� JUHDWO\� VLPSOLILHG�DOJRULWKP�LV�REWDLQHG�DV� ���� �������� N7NN [&$[[ �� � ����1RWLFH�WKDW�WKH�LWHUDWLRQ������GRHV�QRW�UHTXLUH� 
/ DQ\�ORQJHU�� ,W� LV� VXUSULVLQJ� DW� WKH� ILUVW� JODQFH��+RZHYHU��WKH�IRUPXOD������KDV�D�YHU\�DSSHDOLQJ�IRUP��1DPHO\��QHZ�VDIHW\�]RQHV�DUH�FDOFXODWHG�E\�D�FRUUHFWLRQ�RI�WKH�SUHVHQW�RQHV�XVLQJ�WKH�H[WHQG�RI�FRQVWUDLQW�YLRODWLRQ��$V� FDOFXODWLQJ� ��� �7$ PD\� EH� VWLOO� FRPSXWDWLRQDOO\�GHPDQGLQJ� IXUWKHU� VLPSOLILFDWLRQ� LV� SURSRVHG� WKDW�FRQVLVW� LQ� UHSODFLQJ� ��� �7$ E\� FRQVWDQW� VFDODU� JDLQ��7KH� UHVXOWLQJ� DOJRULWKP� EHFRPHV� RI� VWDQGDUG�UHOD[DWLRQ�W\SH�$OJRULWKP�,,��L�����6HW� �@>   XO[ VV ��LL���6ROYH�8Ö XVLQJ���������LI� ���  [& WKHQ�JR�WR��LY���LLL��8VLQJ� �� ������� NNN [&[[ Q� � ILQG�QHZ�VDIHW\�]RQH� @> XO VV ��JR�WR��LL���LY���6HW� �_��� WWXWX F  �ZKHUH� Y LV�WKH�UHOD[DWLRQ�JDLQ�DQG�LWV�SRVVLEOH�FKRLFH�LV� �@���>PD[� &GLDJY � �
���6,08/$7,21�5(68/7

)LJ����$�'ULQNLQJ�:DWHU�'LVWULEXWLRQ�1HWZRUN7KH�QHWZRUN�VWUXFWXUH�LQ�)LJ���ZDV�LQYHVWLJDWHG��7KH�FKORULQH�FRQFHQWUDWLRQV�DW�QRGH����DQG���DUH�WKH�WZR�RXWSXWV� �\ DQG� �\ �� 7ZR� ERRVWHU� VWDWLRQV� DUH�LQVWDOOHG� DW� WKH� QRGHV� �� DQG� ���� 7KH� FKORULQH�FRQFHQWUDWLRQV� DW� WKH� LQMHFWLRQ� QRGHV� DUH� WKH� LQSXWV�
�X DQG� �X �� ,W� LV� D� ��LQSXW� ��RXWSXW� V\VWHP�� 7KH�

FKORULQH� FRQFHQWUDWLRQV� DW� WKH� PRQLWRUHG� QRGHV�VKRXOG� EH� PDLQWDLQHG� ZLWKLQ� ����>PJ�O@�����>PJ�O@�OLPLWV�� +HQFH�� @�>����PD[ OPJ\  DQG�@�>����PLQ OPJ\  ��$V�TXDOLW\�FRQWUROOHU�LV�WKH�ORZHU�OD\HU�LQ�D�KLHUDUFKLFDO�LQWHJUDWHG�TXDQWLW\�DQG�TXDOLW\�FRQWURO� VWUXFWXUH� �%UG\V�� HW� DO�� ������� TXDQWLW\�LQIRUPDWLRQ� LV� DYDLODEOH� EHIRUH� UXQ� TXDOLW\� FRQWURO��7KH� VDPH� DV� IRU� WKH� TXDQWLW\� FRQWURO� D� ���KRXU�FRQWURO� KRUL]RQ� LV� FRQVLGHUHG�� 7KH� VDPSOLQJ� SHULRG�LV���PLQXWHV�\LHOGLQJ�WRWDOO\�����VWHSV�IRU�WKH�ZKROH�FRQWURO�KRUL]RQ�7KH�ZDWHU�QHWZRUN�ZDV�LPSOHPHQWHG�XVLQJ� (3$1(7����5RVVPDQ�� ������ LQ� RUGHU� WR�VLPXODWH� WKH� SODQW� UHVSRQVHV�� 7KH� FKORULQH�FRQFHQWUDWLRQ� FDQ� EH� GHVFULEHG� E\� DQ� LQSXW�RXWSXW�PRGHO�DV�LQ��3RO\FDUSRX��������¦ ¦ �¦��  
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L PLQPPQQLQ LWXWDLW\WEW\ZKHUH� ��� Q �� LQPD �� GHVFULEHV� DQ� LPSDFW� RI� WKH�LQMHFWLRQ� LQSXW�P� WKDW� LV� GHOD\HG� E\� L� VWHSV� RQ� WKH�RXWSXW Q�� 7KH� GHOD\� UDQJH� LV� ������ \LHOGLQJ� ���SDUDPHWHUV��)LJ���VKRZV�WKH�HQYHORSHV�ERXQGLQJ�WKH�SDUDPHWHUV� �����D RYHU�D�ZKROH�KRUL]RQ�RI�����VWHSV��1RWLFH� WKDW� WKH� SDUDPHWHUV� DUH� DFWLYH� RQO\� RYHU�FHUWDLQ� WLPH� SHULRGV�� :LWK� WKHVH� SDUDPHWHU�HVWLPDWLRQ� UHVXOWV�� WKH�PRGHOOLQJ�HUURU�ZDV� ��r RI�WKH�SODQW�RXWSXW�YDOXH�,Q� WKH� IROORZLQJ� SUHVHQWDWLRQ� RI� WKH� VLPXODWLRQ�UHVXOWV�� WKH�FKORULQH�FRQFHQWUDWLRQ�ZDV�VFDOHG�E\�WKH�IDFWRU� RI� ����PJ�O�� VR� WKH� XSSHU� DQG� ORZHU� RXWSXW�OLPLWV� DUH� FRQYHUWHG� LQWR� ���� DQG� ���� UHVSHFWLYHO\��DQG� WKH� RXWSXW� UHIHUHQFH� LV� ��� U\ �� � 7KH�PHDVXUHPHQW�DQG�DFWXDWRU� HUURU�ZHUH� ����r RI� WKH�PHDVXUHPHQW� YDOXH� DQG� FRQWUROOHU� RXWSXW� YDOXH�UHVSHFWLYHO\�� DQG� WKH� FRUUHVSRQGLQJ� HUURU� ERXQGV� RI�

HP HH � ZHUH�REWDLQHG��7KH�03&�GHVFULEHG�LQ�VHFWLRQ��� ZDV� GHVLJQHG� XVLQJ� DOJRULWKP� ,,�� ZKHUH���  SP ++ �� 7KH� FRQWUROOHU� VWDUWV� ZLWK� ]HUR�VDIHW\�]RQHV��,WV�RSHUDWLRQ�RYHU�D�ZKROH�KRUL]RQ�DQG�WKH� RXWSXW� FRQVWUDLQW�YLRODWLRQ�DUH� LOOXVWUDWHG� LQ�)LJ�����7KH�YLRODWLRQ� LV�DERXW����DERYH� WKH�RXWSXW� OLPLW�DURXQG�VWHSV�W ����DQG�W �����7KH�RSHUDWLRQ�RI�WKH�FRQWUROOHU� RYHU� WKH� VDPH� WLPH� SHULRG� EXW� ZLWK� WKH�PRGLILHG�RXWSXW�FRQVWUDLQV�E\�VDIHW\�]RQHV�LV�VKRZQ�LQ� )LJ���� KHQFH� DFKLHYLQJ� WKH� IHDVLELOLW\�� 7KH� VDIHW\�]RQHV JHQHUDWHG�DW�VWHS� W ��� DUH� LOOXVWUDWHG� LQ�)LJ�����7KH�UHOD[DWLRQ�JDLQ�XVHG�ZDV� ��� X ��
���&21&/86,21$� UREXVW� 03&� FRQWUROOHU� KDV� EHHQ� GHYHORSHG� IRU�NHHSLQJ� DQ� RXWSXW� RI� D� OLQHDU� WLPH� YDU\LQJ� V\VWHPV�XQGHU� XQFHUWDLQW\� ZLWKLQ� SUHVFULEHG� OLPLWV� ZLWK�GHOD\HG� LQSXWV�� 7KH� XQFHUWDLQW\� LQ�� WLPH� YDU\LQJ�SDUDPHWHUV�� PHDVXUHPHQW� DQG� DFWXDWRU� HUURUV� DQG�PRGHOOLQJ� HUURU� KDV� EHHQ� PRGHOOHG� DSSO\LQJ� VHW�ERXQGHG� PRGHOV�� 7KH� VDIHW\� ]RQHV� KDYH� EHHQ�LQWURGXFHG� WR� PRGLI\� WKH� PRGHO�EDVHG� RXWSXW�FRQVWUDLQWV� VR� WKDW� FRQWURO� LQSXW� IHDVLELOLW\� FDQ� EH�UREXVWO\� DFKLHYHG�� 7KH� VDIHW\� ]RQHV� KDYH� EHHQ�LWHUDWLYHO\� GHVLJQHG� DW� HDFK� JHQHUDWLRQ� WLPH� LQVWDQW�RI� WKH� 03&� EDVHG� RQ� WKH� HQYHORSHV� ERXQGLQJ� WKH�SUHGLFWHG� SODQW� RXWSXW� UHVSRQVHV�� $OJRULWKPV� IRU�
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JHQHUDWLQJ� WKH� VDIHW\� ]RQHV� EDVHG� RQ� WKH� FRQVWUDLQW�YLRODWLRQV� H[WHQG� RYHU� WKH� 03&� SUHGLFWLRQ� KRUL]RQ�KDYH� EHHQ� GHULYHG� DQG� WKHLU� FRQYHUJHQFH� KDV� EHHQ�DQDO\VHG�� $Q� HIILFLHQW� VLPSOH� UHOD[DWLRQ� VFKHPH� KDV�EHHQ� GHVLJQHG� WR� UHGXFH� WKH� FRPSXWDWLRQDO� EXUGHQ��7KH� FRQWUROOHU� KDV� EHHQ� DSSOLHG� WR� D� ':'6� WR�PDLQWDLQ� FKORULQH� FRQFHQWUDWLRQ� DW� D� PRQLWRUHG�GHPDQG�QRGH�ZLWKLQ�SUHVFULEHG� OLPLWV�E\�FRQWUROOLQJ�LQMHFWLRQ�RI� WKH�FKORULQH�DW�WKH�ERRVWHU�VWDWLRQ�QRGHV��7KH� VLPXODWLRQ� UHVXOWV� KDYH� LOOXVWUDWHG� JRRG�SHUIRUPDQFH�RI�WKH�FRQWUROOHU��
$&.12:/('*(0(177KLV� ZRUN� ZDV� SDUWO\� VXSSRUWHG� E\� WKH� 3ROLVK� 6WDWH�&RPPLWWHH� IRU�6FLHQWLILF�5HVHDUFK�XQGHU� JUDQW�1R���7��$��������
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