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���6\QWKHVLV�RI�0XOWL�2XWSXW��)DFWRUL]HG��623
����6\QWKHVLV�RI�0XOWL�2XWSXW�623
)RU� 623� UHDOL]DWLRQ� XVLQJ� FDVFDGHV� RI� QHZ� N
N JDWHV��ZH� DVVXPH� WKDW� � ���� `������^� NL LN $I � �� WKDW� LV�� ��NI LV� DSURGXFW�RI�VRPH�RI�WKH�LQSXW�YDULDEOHV� ��� ��� �N$$$ � ��)RU�UHDOL]LQJ�D�623��ZH�ZLOO�XVH�WKH�RSHUDWLQJ�PRGHV�RI)LJXUH���D��DQG���H��
,Q�PXOWL�RXWSXW�623��VRPH�VXE�H[SUHVVLRQV�PD\�EH�FRPPRQ�DPRQJ�PRUH�WKDQ�RQH�623��*HWWLQJ�DGYDQWDJH�RIVXFK�D�FRPPRQ�VXE�H[SUHVVLRQ�FDQ�QRW�EH�KDQGOHG�E\�D�PHWKRG�VLPLODU�WR�WKRVH�XVHG�LQ�FLUFXLWV�ZLWK�FODVVLFDOJDWHV��7KH�PDLQ�FRQVWUDLQW� LV� WKDW� WKH� IDQ�RXW�RI�DOO�VLJQDOV� LQ�D�UHYHUVLEOH�JDWH� LV�RQH��7KHUHIRUH�� WKLV�SUREOHPKDV�WR�EH�KDQGOHG�LQ�D�GLIIHUHQW�ZD\�WR�DFKLHYH�PD[LPXP�EHQHILW�
,Q� WKH� V\QWKHVLV� PHWKRG� IRU� PXOWL�RXWSXW� 623� XVLQJ� WKH� FDVFDGHV� RI� QHZ� JDWH� IDPLO\�� LW� LV� DVVXPHG� WKDW� WKHPXOWL�RXWSXW�IXQFWLRQ�KDV�EHHQ�DOUHDG\�PLQLPL]HG�DQG�LV�DYDLODEOH� LQ�D�623�IRUPDW��7KH�PHWKRG� LV� LOOXVWUDWHGEHORZ� XVLQJ� WKH� DUELWUDU\� PXOWL�RXWSXW� 623�� &%$%$&%) cc�c�c � �� %&$%$&%) c�c�c � �� DQG&$%&$%$) c�c�c � �
6WHS��� 7KH�SURGXFW�VKDULQJ�LQIRUPDWLRQ�DPRQJ�WKH�GLIIHUHQW�623V�LV�VXPPDUL]HG�LQ�7DEOH����7KH�WDEOH�VKRZVWKH�RFFXUUHQFH�RI�DOO�SURGXFW�WHUPV�LQ�GLIIHUHQW�623V�DQG�WKH�WRWDO�QXPEHU�RI�RFFXUUHQFHV�RI�HDFK�SURGXFW�WHUP�

7DEOH��� 3URGXFW�VKDULQJ�LQIRUPDWLRQ�LQ�PXOWL�RXWSXW�623�
)XQFWLRQ �) �) �) 1R�RI3URGXFW 2FFXUUHQFH&% c ; ; �%$ c ; ; ; �&%$ cc ; �%&$c ; ; �&$ c ; �
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6WHS��� 7KH�LPSOHPHQWDWLRQ�JUDSK�LV�UHDOL]HG�E\�FDVFDGHV�RI�QHZ�N
N JDWHV�DV�VKRZQ�LQ�)LJXUH���F���7KH���DW�WKH
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)LJXUH��� 6\QWKHVLV�RI�PXOWL�RXWSXW�623�
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N JDWHV�� ZH� DVVXPH� WKDW� ��NI PD\� EH� HLWKHU� ���� `������^� NL LN $I � RU� ¦ � ���� `������^� NL LN $I � �� WKDW� LV�� ��NI PD\� EH� D� SURGXFW� RU� VXP� RI� VRPH� RI� WKH� LQSXWYDULDEOHV� ��� ��� �N$$$ � ��)RU�UHDOL]LQJ�D�IDFWRUL]HG�623��ZH�ZLOO�XVH�WKH�RSHUDWLQJ�PRGHV�RI�)LJXUHV���D�����H��DQG���J��
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VXPPHG�XVLQJ�D�N
N )H\QPDQ�JDWH��5HDOL]DWLRQ�RI�DQ�DUELWUDU\�(;25�RI�WKUHH�623V��WKH�623V�IURP�H[DPSOH�RI)LJXUH����LV�VKRZQ�LQ�)LJXUH����,Q�D�VLPLODU�PHWKRG��(;25�RI�IDFWRUL]HG�623V�FDQ�EH�UHDOL]HG�

)LJXUH��� 6\QWKHVLV�RI�VLQJOH�RXWSXW�IDFWRUL]HG�623�

)LJXUH��� 6\QWKHVLV�RI�(;25�RI�623V�
���6\QWKHVLV�RI�6LQJOH�2XWSXW��IDFWRUL]HG��(623
����6\QWKHVLV�RI�6LQJOH�2XWSXW�(623
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)LJXUH��� 6\QWKHVLV�RI�VLQJOH�RXWSXW�(623�
����6\QWKHVLV�RI�6LQJOH�2XWSXW�)DFWRUL]HG�(623
)RU� IDFWRUL]HG� (623� UHDOL]DWLRQ� XVLQJ� FDVFDGHV� RI� QHZ� N
N JDWHV�� ZH� DVVXPH� WKDW� ��NI PD\� EH� HLWKHU� ���� `������^� NL LN $I � RU� ¦ � ���� `������^� NL LN $I � ��WKDW�LV�� ��NI PD\�EH�D�SURGXFW�RU�(;25�VXP�RI�VRPH�RI�WKH�LQSXWYDULDEOHV� ��� ��� �N$$$ � ��)RU�UHDOL]LQJ�D�IDFWRUL]HG�(623��ZH�ZLOO�XVH�WKH�RSHUDWLQJ�PRGHV�RI�)LJXUHV���D��DQG��J��
6\QWKHVLV� RI� VLQJOH�RXWSXW� IDFWRUL]HG� (623� LV� LOOXVWUDWHG� XVLQJ� WKH� V\PPHWULF� IXQFWLRQ

���������������� [[[[[[[[[[[[[[( ML ML ����� ¦ � ddd �� 7KLV� IXQFWLRQ� FDQ� EH� IDFWRUL]HG� DV
���������� ���� [[[[[[[[( ���� �� 7KH� LPSOHPHQWDWLRQ� JUDSK� DQG� WKH� FDVFDGHG� UHDOL]DWLRQ� DUH� VKRZQ� LQ)LJXUH���D��DQG���E���UHVSHFWLYHO\��,Q�WKLV�LPSOHPHQWDWLRQ���JDWHV�DUH�QHHGHG��,W�JHQHUDWHV���JDUEDJH�RXWSXWV�DQGQHHGV���LQSXW�FRQVWDQWV��,Q�WKLV�PHWKRG��LW�LV�DVVXPHG�WKDW�WKH�(623�LV�DOUHDG\�IDFWRUL]HG�

)LJXUH��� 6\QWKHVLV�RI�VLQJOH�RXWSXW�IDFWRUL]HG�(623�
���'HVLJQ�RI�)XOO�$GGHU�&LUFXLW
7KH� IXOO�DGGHU� FLUFXLW� LV� GHVFULEHG� E\� WKH� IXQFWLRQV� L&%$6 �� DQG� $%&%$& LR �� �� �� 7KHLPSOHPHQWDWLRQ�JUDSK�DQG�WKH�FDVFDGHG�UHDOL]DWLRQ�RI� WKH�IXOO�DGGHU�FLUFXLW�DUH�VKRZQ�LQ�)LJXUH���D��DQG���E��UHVSHFWLYHO\�� ,Q� WKLV� IXOO�DGGHU� LPSOHPHQWDWLRQ� WKUHH�JDWHV� DUH� QHHGHG�� ,W� JHQHUDWHV� �� JDUEDJH� RXWSXW� �SDVVLQJWKURXJK�SULPDU\�LQSXW�VLJQDOV�DUH�QRW�FRXQWHG�DV�JDUEDJH�RXWSXW��DQG�QHHGV���LQSXW�FRQVWDQWV�
7KH�IXOO�DGGHU�LPSOHPHQWDWLRQ�RI�.KORSRWLQH��3HUNRZVNL��DQG�.HUQWRSI�>��@�DQG�3HUNRZVNL�HW�DO�>��@�UHTXLUHVWZR�7RIIROL�JDWHV�DQG�WZR�)H\QPDQ�JDWHV�ZLWK�QR�JDUEDJH�RXWSXW��SDVV�WKURXJK�SULPDU\�LQSXWV�DUH�QRW�FRXQWHG
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DV�JDUEDJH�RXWSXW��DQG�RQO\�RQH�LQSXW�FRQVWDQW��7KHUHIRUH��RXU�IXOO�DGGHU�UHDOL]DWLRQ� LV�PRUH�HIILFLHQW�WKDQ� WKHUHDOL]DWLRQ� RI� >��@� DQG� >��@� DV� LW� UHTXLUHV� RQH� OHVV� JDWH� ZLWK� LQFUHDVH� RI� RQH� JDUEDJH� RXWSXW� DQG� RQH� LQSXWFRQVWDQW��7KH�IXOO�DGGHU�GHVLJQ�RI�0LOOHU�DQG�'XHFN�>��@�UHTXLUHV���JHQHUDOL]HG�7RIIROL�JDWHV��6R��DJDLQ�RXU�IXOO�DGGHU�GHVLJQ�LV�PRUH�HIILFLHQW�WKDQ�WKH�GHVLJQ�RI�>��@�LQ�WHUPV�RI�JDWH�FRXQW�

)LJXUH���'HVLJQ�RI�IXOO�DGGHU�FLUFXLW�
$�3VHXGRSURGXFW LV�D�SURGXFW�RI�(;25�IDFWRUV��)RU�H[DPSOH�� ���� ������ [[[[[[ c����c� LV�D�3VHXGRSURGXFW�)URP� WKH� VLQJOH�RXWSXW�(623�DQG� IXOO�DGGHU�H[DPSOHV�� LW� FDQ� EH� JXHVVHG� WKDW�(;25�RI�3VHXGRSURGXFWV�PD\\LHOG�JRRG� UHVXOWV�ZLWK� WKH�SURSRVHG�FDVFDGH��7KRXJK�PLQLPL]DWLRQ� RI�25�RI�3VHXGRSURGXFWV� H[SUHVVLRQ�KDVEHHQ�UHFHQWO\�VWXGLHG�>��@��QR�ZRUN�KDV�\HW�EHHQ�GRQH�RQ�PLQLPL]DWLRQ�RI�(;25�RI�3VHXGRSURGXFWV�H[SUHVVLRQ�7KLV�FRXOG�EH�D�JRRG�QHZ�UHVHDUFK�DUHD�
���([SHULPHQWDO�5HVXOWV
$�SURJUDP�IRU�V\QWKHVL]LQJ�PXOWL�RXWSXW�623�FDVFDGHV�XVLQJ�WKH�PHWKRG�RI�6HFWLRQ�����KDV�EHHQ�GHYHORSHG�LQ�&ODQJXDJH� DQG� QDPHG� 5(9�623�� ,Q� 5(9�623� SURJUDP�� LW� LV� DVVXPHG� WKDW� WKH� PXOWL�RXWSXW� 623� LV� DOUHDG\PLQLPL]HG��([SHULPHQWDWLRQ�ZLWK� ���0&1&�EHQFKPDUN� IXQFWLRQV�KDV�EHHQ�GRQH�DQG� WKH� UHVXOWV� DUH� JLYHQ� LQ7DEOH����,Q�FROXPQ���� WKH�QXPEHU�RI�JDWHV� LQ�WKH�PXOWL�RXWSXW�623�FDVFDGH� LV�VKRZQ��7KH�QXPEHU�RI�JDUEDJHRXWSXWV�JHQHUDWHG� LQ� WKH�FDVFDGH� LV�VKRZQ�LQ�FROXPQ���DQG�WKH� LQSXW�FRQVWDQWV� ��V��QHHGHG� IRU� WKH�FDVFDGH� LVVKRZQ�LQ�FROXPQ����,Q�WKH�FODVVLFDO�PXOWL�RXWSXW�623�UHDOL]DWLRQ�PRUH�WKDQ�RQH�IDQ�RXW�RI�D�JDWH�LV�SHUPLVVLEOH�EXW�LQ�WKH�UHYHUVLEOH�FLUFXLW�IDQ�RXW�RI�DOO�VLJQDOV�DUH�UHVWULFWHG�WR�RQO\�RQH��)RU�WKLV�UHDVRQ��LQ�WKH�FRQQHFWLYLW\WUHH��WKH�LQZDUG�HGJH�RI�D�QRGH�LV�UHVWULFWHG�WR�RQH�DQG�LI�QHHGHG�DGGLWLRQDO�QRGHV�DUH�FUHDWHG�IRU�D�SURGXFW�WHUP�VHH�)LJXUH���D����(DFK�RI� WKHVH�QRGHV�UHSUHVHQWV�D�JDWH� LQ� WKH�UHVXOWDQW�FDVFDGH��7KHUHIRUH�� LW� LV�FOHDU� WKDW� WKHQXPEHU�RI�JDWHV�LQ�WKH�FDVFDGH�ZLOO�EH�DW�OHDVW�HTXDO�WR�WKH�QXPEHU�RI�SURGXFW�WHUPV�LQ�WKH�PXOWL�RXWSXW�623�DQGLQ�PDQ\�FDVHV�WKLV�QXPEHU�ZLOO�EH�JUHDWHU�WKDQ�WKH�QXPEHU�RI�SURGXFW�WHUPV��7KH�UDWLR�RI�WKH�QXPEHU�RI�JDWHV�LQWKH� FDVFDGH� WR� WKH� QXPEHU� RI� SURGXFWV� LQ� WKH� PXOWL�RXWSXW� 623� LV� VKRZQ� LQ� FROXPQ� ��� 7KLV� YDOXH� FDQ� EHLQWHUSUHWHG�DV�WKH�DYHUDJH�QXPEHU�RI�QRGHV�FUHDWHG�IRU�D�SURGXFW�WHUP��)RU�H[DPSOH��LQ��[S��IXQFWLRQ�RQ�DYHUDJH������QRGHV�DUH�FUHDWHG�IRU�D�SURGXFW�WHUP��,Q�WKH�PXOWL�RXWSXW�623�FDVFDGH�� ��N3 RXWSXWV�RI�VRPH�JDWHV�DUH�OHIWXQXVHG�DV�JDUEDJH�RXWSXWV��7KH�UDWLR�RI�WKH�JDUEDJH�RXWSXWV� WR�WKH�QXPEHU�RI�JDWHV� LQ�WKH�FDVFDGH�LV�VKRZQ�LQWKH�ODVW�FROXPQ��7KLV�YDOXH�FDQ�EH�LQWHUSUHWHG�DV� WKH�DYHUDJH�QXPEHU�RI�JDUEDJH�RXWSXWV�FUHDWHG�SHU�JDWH��)RUH[DPSOH�� LQ��[S��IXQFWLRQ�RQ�DYHUDJH�D�JDWH�SURGXFHV�������JDUEDJH�RXWSXW��$OWHUQDWLYHO\�� LW�FDQ�EH�VDLG� WKDW������JDWHV�SURGXFH�JDUEDJH�RXWSXW�
)RU� IRXU� VLQJOH�RXWSXW�623� IXQFWLRQV� ��V\P���V\PPO�� W����� DQG�[RU���� WKH�QXPEHU�RI� JDWHV� LQ� WKH� FDVFDGH� LVH[DFWO\�HTXDO�WR�WKH�QXPEHU�RI�SURGXFWV�LQ�WKH�623��)RU����PXOWL�RXWSXW�623�IXQFWLRQV��WKH�QXPEHU�RI�JDWHV�LQWKH�FDVFDGH�LV�DOVR�H[DFWO\�HTXDO�WR�WKH�QXPEHU�RI�SURGXFWV�LQ�WKH�623��)RU����PXOWL�RXWSXW�623�IXQFWLRQV��WKHQXPEHU� RI� JDWHV� LQ� WKH� FDVFDGH� LV� DOPRVW� HTXDO� WR� WKH� QXPEHU� RI� SURGXFWV� LQ� WKH� 623�� 7KHVH� H[SHULPHQWDOUHVXOWV� VKRZ� WKDW� WKH� VXE�H[SUHVVLRQ� VKDULQJ� WHFKQLTXH� RI� WKH� GHYHORSHG� DOJRULWKP� LV� VR� HIILFLHQW� WKDW� WKHQXPEHU� RI� UHYHUVLEOH� JDWHV� �ZLWK� VLQJOH� IDQ�RXW� FDSDELOLW\�� LQ� WKH� UHVXOWDQW� PXOWL�RXWSXW� 623� FDVFDGH� LVDOPRVW�HTXDO�WR�WKH�QXPEHU�RI�SURGXFWV��FODVVLFDO�$1'�JDWHV�ZLWK�PXOWLSOH�IDQ�RXW�FDSDELOLW\��LQ�WKH�PXOWL�RXWSXW�623��)RU�WKH�UHPDLQLQJ�QLQH�IXQFWLRQV��WKH�QXPEHU�RI�JDWHV�LQ�WKH�FDVFDGH�LV�GRXEOH�RU�KLJKHU�WLPHV�WKDQ
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WKH�QXPEHU�RI�SURGXFWV�LQ�WKH�623��7KH�QDWXUH�RI�SURGXFW�VKDULQJ�DPRQJ�WKH�RXWSXWV�RI�WKHVH�IXQFWLRQV�LV�VXFKWKDW�LQ�WKH�FRQQHFWLYLW\�WUHH�PDQ\�QRGHV�DUH�QHHGHG�WR�EH�FUHDWHG�IRU�D�SURGXFW�WHUP�
7DEOH��� ([SHULPHQWDO�UHVXOWV�RI�PXOWL�RXWSXW�623�FDVFDGHV�RI�QHZ�UHYHUVLEOH�JDWHV�IRU�VRPH�0&1&EHQFKPDUN�IXQFWLRQV�
0&1&�%HQFKPDUN�)XQFWLRQV�H[SUHVVHG�DV�623� 0XOWL�RXWSXW�623�&DVFDGHV

)XQFWLRQ1DPH 1R�RI,QSXWV
1R��RI2XWSXWV 1R��RI3URGXFWV 1R�RI*DWHV

1R��RI*DUEDJH2XWSXWV 

1R��RI,QSXW&RQVWDQWV

1R��RI�*DWHV�LQ&DVFDGH���1R�RI�3URGXFWV�LQ623
1R��RI*DUEDJH2XWSXW���1R�RI�*DWHV�[S� � �� �� �� �� �� ����� ������V\P � � �� �� �� �� ����� ������V\PPO � � �� �� �� �� ����� �����DGU� � � �� �� � �� ����� �����DOX� �� � ��� ��� ��� ��� ����� �����DOX� �� � ��� ��� ��� ��� ����� �����E�� �� � �� �� �� �� ����� �����EZ � �� �� ��� ��� ��� ������ �����F� �� �� �� �� �� �� ����� �����FF �� �� �� �� �� �� ����� �����FOLI � � ��� ��� ��� ��� ����� �����FRQ� � � � � � � ����� �����FX �� �� �� �� �� �� ����� �����GXNH� �� �� �� ��� ��� ��� ����� �����H[� � �� �� ���� ���� ���� ������ �����I��P � � �� �� �� �� ����� �����IUJ� �� � ��� ��� ��� ��� ����� �����L� �� �� �� �� �� �� ����� �����LQF � � �� �� �� �� ����� �����PLVH[� � � �� �� �� �� ����� �����PLVH[� �� �� �� �� �� �� ����� �����PLVH[�F �� �� ��� ��� ��� ��� ����� �����SGF �� �� ��� ��� ��� ��� ����� �����UG�� � � �� �� �� �� ����� �����UG�� � � ��� ��� ��� ��� ����� �����UG�� � � ��� ��� ��� ��� ����� �����VDR� �� � �� �� �� �� ����� �����VHT �� �� ��� ���� ���� ���� ����� �����VSOD �� �� ��� ��� ��� ��� ����� �����VTXDU� � � �� �� �� �� ����� �����W��� �� � ��� ��� ��� ��� ����� �����WDEOH� �� �� ��� ��� ��� ��� ����� �����WDEOH� �� �� ��� ��� ��� ��� ����� �����YJ� �� � ��� ��� ��� ��� ����� �����[RU� � � �� �� �� �� ����� �����=�[SO � �� �� ��� ��� ��� ����� �����
 3DVVLQJ�WKURXJK�SULPDU\�LQSXW�VLJQDOV�DORQJ�WKH�FDVFDGH�DUH�QRW�FRXQWHG�DV�JDUEDJH�RXWSXW�

)RU�VLQJOH�RXWSXW�623��WKH�QXPEHU�RI�JDUEDJH�RXWSXWV��SDVVLQJ�WKURXJK�SULPDU\�LQSXW�VLJQDOV�DORQJ�WKH�FDVFDGHDUH�QRW�FRXQWHG�DV�JDUEDJH�RXWSXWV��JHQHUDWHG�LQ�WKH�FDVFDGH�LV�RQH�OHVV� WKDQ�WKH�QXPEHU�RI�UHYHUVLEOH�JDWHV�LQWKH� FDVFDGH� DQG� WKLV� LV� UHIOHFWHG� LQ� WKH� UHVXOW� RI� WKH� VLQJOH�RXWSXW� 623� IXQFWLRQV�� )RU� PXOWL�RXWSXW� 623�� WKH



QXPEHU�RI�JDUEDJH�RXWSXWV�JHQHUDWHG�LQ�WKH�FDVFDGHV�GHSHQGV�RQ�WKH�QDWXUH�RI�VXE�H[SUHVVLRQ�VKDULQJ�DPRQJ�WKHRXWSXWV�� 7KH� H[SHULPHQWDO� UHVXOWV� VKRZ� WKDW� WKLV� YDOXH� LV� UHODWLYHO\� KLJK�� +RZHYHU�� WKH� QXPEHU� RI� JDUEDJHVLJQDOV�FDQ�EH�PLQLPL]HG�E\�WKH�XVH�RI�ORFDO�PLUURU�DQG�VS\�FLUFXLWV�>������@��7KLV�ZRXOG�EH�D�WRSLF�IRU�IXUWKHUUHVHDUFK�
,Q�WKH�QHZ�N
N JDWHV��FRQVWDQW��V�DUH�DSSOLHG�WR�WKH�FRQWURO�LQSXWV�IRU�VHOHFWLQJ�WKH�PRGH�RI�RSHUDWLRQ�RI�WKH�JDWHLQ�WKH�FDVFDGH��VHH�)LJXUH�����)RU�ERWK�VLQJOH�RXWSXW�DQG�PXOWL�RXWSXW�623V�� WKH�QXPEHU�RI� LQSXW�FRQVWDQWV� LVH[DFWO\�HTXDO�WR�WKH�QXPEHU�RI�UHYHUVLEOH�JDWHV�LQ�WKH�FDVFDGH��7KLV�QXPEHU�LV�KLJK�DQG�QHHGV�WR�EH�UHGXFHG�LQWKH�IXWXUH�UHVHDUFK�
���&RQFOXVLRQ
&RQWULEXWLRQ�RI�7KLV�3DSHU
6RPH�JHQHUDOL]DWLRQV�RI�WKH�ZHOO�NQRZQ�)H\QPDQ�JDWH�DUH�NQRZQ�IURP�OLWHUDWXUH�>������@��:H�SURSRVHG�D�QHZN
N�JHQHUDOL]DWLRQ�RI� WKH�)H\QPDQ�JDWH��:H�DOVR�SURSRVHG�D�QHZ�N
N� UHYHUVLEOH�JDWH� IDPLO\��ZKLFK� VKRZVYHU\�JRRG�SHUIRUPDQFH�LQ�UHDOL]LQJ�PXOWL�RXWSXW�623�FDVFDGHV�
7R�RXU�NQRZOHGJH��QR�PHWKRG�KDV�EHHQ�\HW�UHSRUWHG�WR�V\QWKHVL]H�PXOWL�RXWSXW��IDFWRUL]HG��623�DQG�(;25�RI�IDFWRUL]HG��623V�XVLQJ�UHYHUVLEOH�JDWHV��,Q�WKLV�SDSHU��IRU� WKH�ILUVW�WLPH��ZH�SUHVHQWHG�D�V\QWKHVLV�PHWKRG�IRUPXOWL�RXWSXW� �IDFWRUL]HG�� 623� XVLQJ� FDVFDGHV� RI� WKH� QHZ� N
N� JDWH� IDPLO\�� )RU� XWLOL]LQJ� WKH� EHQHILW� RI� VXE�H[SUHVVLRQ�VKDULQJ�DPRQJ�WKH�RXWSXWV�RI�WKH�PXOWL�RXWSXW�623V��WZR�JUDSK�EDVHG�GDWD�VWUXFWXUHV ±�FRQQHFWLYLW\WUHH� DQG� LPSOHPHQWDWLRQ� JUDSK� DUH� LQWURGXFHG�� )RU� WKH� ILUVW� WLPH��ZH� DOVR� SUHVHQWHG� D� V\QWKHVLV�PHWKRG� IRU(;25�RI��IDFWRUL]HG��623V�XVLQJ�FDVFDGHV�RI�WKH�QHZ�N
N�JDWHV�DQG�D�QHZ�JHQHUDOL]HG�N
N�)H\QPDQ�JDWH�ZKHUH� WKH� IDQ�LQ� RI� WKH� (;25� JDWH� LV� QRW� OLPLWHG�� $QRWKHU� V\QWKHVLV� PHWKRG� IRU� VLQJOH�RXWSXW� �IDFWRUL]HG�(623�IXQFWLRQ�XVLQJ�WKH�QHZ�N
N JDWHV�LV�DOVR�SUHVHQWHG��ZKHUH�MXGLFLRXV�UHDUUDQJHPHQW�RI�WKH�SURGXFWV�LQ�WKHLPSOHPHQWDWLRQ�JUDSK�UHGXFHV�WKH�QXPEHU�RI�JDUEDJH�RXWSXWV�DQG�LQSXW�FRQVWDQWV�
:H�DOVR�SUHVHQWHG�GHVLJQ�RI�IXOO�DGGHU�FLUFXLW�ZLWK�RQO\�WZR�QHZ�JDWHV�DQG�RQH�)H\QPDQ�JDWH��ZKLFK�LV�PRUHHIILFLHQW�WKDQ�WKH�GHVLJQV�RI�>��@��>��@��DQG�>��@�LQ�WHUPV�RI�JDWH�FRXQW�
:H�ZURWH�D�&�SURJUDP�QDPHG�5(9�623�WR�V\QWKHVL]H�PXOWL�RXWSXW�623�FDVFDGHV�DQG�H[SHULPHQWV�ZHUH�GRQHZLWK� ��� 0&1&� EHQFKPDUN� IXQFWLRQV�� 7KH� H[SHULPHQWDO� UHVXOWV� VKRZ� WKDW� WKH� VXE�H[SUHVVLRQ� VKDULQJWHFKQLTXH�RI�WKH�GHYHORSHG�DOJRULWKP�LV�VR�HIILFLHQW� WKDW� WKH�QXPEHU�RI�UHYHUVLEOH�JDWHV��ZLWK�VLQJOH�IDQ�RXWFDSDELOLW\�� LQ� WKH� UHVXOWDQW�PXOWL�RXWSXW�623� FDVFDGH� LV� DOPRVW� HTXDO� WR� WKH�QXPEHU� RI� SURGXFWV� �FODVVLFDO$1'�JDWHV�ZLWK�PXOWLSOH�IDQ�RXW�FDSDELOLW\��LQ�WKH�PXOWL�RXWSXW�623�
$OO� WKH� V\QWKHVLV�PHWKRGV� SUHVHQWHG� LQ� WKLV� SDSHU� DUH� WHFKQRORJ\� LQGHSHQGHQW� DQG�FDQ�EH� XVHG� LQ� DVVRFLDWLRQZLWK� DQ\� NQRZQ�RU� IXWXUH� UHYHUVLEOH� WHFKQRORJ\��2EVHUYH� WKDW�ZH� XVH� FRPSOH[� JDWHV� WKDW� DUH� SURJUDPPDEOH�VLQFH�IXQFWLRQ� ��NI LV�DQ�DUELWUDU\�%RROHDQ�IXQFWLRQ��7KH�SURSRVHG�PHWKRG�ZLOO�EULQJ�WKH�EHVW�UHVXOWV� IRU� WKRVHWHFKQRORJLHV�ZKHUH� FRPSOH[� �SURJUDPPDEOH�� JDWHV� FDQ� EH� EXLOW� EXW� WKH� FRQQHFWLYLW\� SDWWHUQV� DUH� FRQVWUDLQHGEHFDXVH� RI� WKH� DWWHPSW� WR� UHGXFH� FRQQHFWLRQ� FRVW�� ZKLFK� GRPLQDWHV� ODUJH� FLUFXLWV�� ,W� LV� EHOLHYHG� E\� PDQ\VSHFLDOLVWV� WKDW� VXFK� VWUXFWXUHV�ZLOO� EH� RI� SULPDU\� LPSRUWDQFH� LQ� VHYHUDO� QDQR�WHFKQRORJLHV��7KXV� WKH� FLUFXLW¶VUHJXODULW\� DQG�VKRUW� FRQQHFWLRQV�� DV� LQ� FDVFDGHV��ZLOO� EH� DGYDQWDJHRXV��)LQDOO\��DV� SURSRVHG� LQ� >��@�� FRPSOH[JDWHV�FDQ�EH�PDFUR�JHQHUDWHG�WR�VWUXFWXUHV�RI�VLPSOHU�JDWHV� WKDW�DUH�JRRG�IRU� DQ\�JLYHQ� WHFKQRORJ\��1H[W�� WKHORFDO�EDFNWUDFNLQJ� WUDQVIRUPDWLRQV��SDUWLFXODU� IRU� WKLV� WHFKQRORJ\��FDQ�EH�XVHG� WR�RSWLPL]H� WKH�FLUFXLW��7KXV��LISURSRVLQJ�VXFK�FRPSOH[�JDWHV�DV�WKRVH�LQWURGXFHG�KHUH�LV�SUDFWLFDO��FDQ�EH�YHULILHG�RQO\�H[SHULPHQWDOO\�IRU�DQ\SDUWLFXODU�UHYHUVLEOH�UHDOL]DWLRQ�WHFKQRORJ\�
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