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'HVLJQ�RI�D�EXQFK�SKDVH�GLVWULEXWLRQ�PRQLWRU�ZLWK�UHVROXWLRQ
LQ� IV�WLPH� UDQJH� RSHUDWLQJ� RQ� WKH� SULQFLSOH� RI� UI�VZHHSLQJ� RI
VHFRQGDU\�HOHFWURQV�SURGXFHG�LQ�D�UHVXOW�RI�D�0�OOHU�VFDWWHULQJ�LQ�D
ZLUH� WDUJHW� LV� FRQVLGHUHG�� 7R� PLQLPL]H� FKURPDWLF� DEHUUDWLRQ� WKH
VFDWWHUHG�HOHFWURQV�DUH�VHSDUDWHG�LQ�QDUURZ�HQHUJ\�EDQG�LQ�N9�UDQJH
E\� VSHFWURPHWHU� LQVWDOOHG� DIWHU� WKH�PRQLWRU� UI�GHIOHFWRU� VR� WKDW� WKH
SODQHV� RI� WKH� HOHFWURQ� DQDO\VLV� LQ� UI�SKDVH� DQG� HQHUJ\� RQH� DUH
RUWKRJRQDO�WR�HDFK�RWKHU��$SSDUDWXV�IXQFWLRQ�RI�WKH�PRQLWRU�SULPDU\
FRQYHUWHU� LQ�D�IRUP�RI�D� WLPH���HQHUJ\�GLVWULEXWLRQ�RI� WKH�HOHFWURQV
SDVVLQJ� WKURXJK� WKH� KROH� RI� FROOLPDWRU� LQVWDOOHG� LQ� IURQW� RI� WKH� UI�
GHIOHFWRU�LV�GHILQHG�ZLWK�D�0RQWH�&DUOR�FDOFXODWLRQ�RQ�D�VFKHPH�RI
LQGLYLGXDO�FROOLVLRQV�

,QWURGXFWLRQ

0HWKRG�IRU�EXQFK�SKDVH�GLVWULEXWLRQ�PHDVXUHPHQW�EDVHG�RQ
UI�VZHHSLQJ�RI� VHFRQGDU\� HOHFWURQV� SURGXFHG� LQ� D� UHVXOW� RI�0�OOHU
VFDWWHULQJ�ZDV�SURSRVHG�E\�RQH�RI�WKH�DXWKRUV�RI�WKH�SDSHU����\HDUV
DJR� >�@�� 2SWLRQ� RI� WKLV� PHWKRG� ZDV� GHILQHG� E\� IXQGDPHQWDO
SURSHUWLHV� RI� FKRVHQ� SK\VLFDO� SURFHVV� DOORZLQJ� WR� IXOILOOHG� WKH
PHDVXUHPHQWV�ZLWK� UHVROXWLRQ� LQ� IV�WLPH� UDQJH��'XULQJ� WKHVH� \HDUV
WKH� DXWKRU� KDV� FDUULHG� RXW� UHVHDUFKHV� IRU� FUHDWLRQ� WKH� PRQLWRU
UHDOL]LQJ�WKLV�PHWKRG�ZKLFK��WR�VRPH�H[WHQW��KDG�EHHQ�UHVWULFWHG�E\
SRVVLELOLWLHV�RI�FRPSXWHUV�DQG�WKH�OHYHO�RI�GHYHORSPHQW�RI�SK\VLFDO
PRGHOV� IRU� WUDQVSRUW� FDOFXODWLRQ� RI� HOHFWURQV� LQ� NH9�HQHUJ\� UDQJH
WKRVH� WLPH�� ,Q� FRQQHFWLRQ� ZLWK� LQWHUHVW� WR� WKLV� PHDVXUHPHQWV�
LQFUHDVHG�H[WUHPHO\�DW�SUHVHQW��LQ�WKH�SDSHU�WKLV�PRQLWRU�LV�GHVFULEHG�
1HZ�SUHFLVH�FDOFXODWLRQV�RI�HOHFWURQ�WUDQVSRUW�LQ�D�FDUERQ�WDUJHW�IRU
UHDO� JHRPHWU\� RI� WKH�PRQLWRU� KDYH� EHHQ� DFFRPSOLVKHG�� DQG� VRPH
UHVXOWV�DUH�SUHVHQWHG�KHUH�EHORZ�

%XQFK�SKDVH�GLVWULEXWLRQ�PRQLWRU

7KH�PRQLWRU�LV�VFKHPDWLFDOO\�VKRZQ�LQ�)LJ����'HOWD�HOHFWURQV
SURGXFHG�LQ�D�UHVXOW�RI�D�SULPDU\�EHDP����� LQWHUDFWLRQ�ZLWK�FDUERQ
ILEUH�����RI���PP�GLDPHWHU�DUH�VHOHFWHG�DW�VFDWWHULQJ�DQJOH�RI���q�LQ�D
YLHZ�RI�D�QDUURZ�EHDP�E\�PHDQV�RI�D�FROOLPDWRU��ZLWK�KROH�RI���PP
GLDPHWHU�� LQVWDOOHG� LQ� IURQW�RI� UI�UHVRQDWRU� ����RQ�D�GLVWDQFH���PP
IURP�WKH�WDUJHW������7KH�SKDVH�GLVWULEXWLRQ�RI�VHOHFWHG�GHOWD�HOHFWURQV
LV�FRKHUHQWO\�WUDQVIRUPHG�LQWR�WUDQVYHUVH�RQH�WKURXJK�UI�PRGXODWLRQ
LQ� WKH� UI�GHIOHFWRU� �����7KH� UI�GHIOHFWRU� LV� D� UHVRQDWRU� RI� D� VOLW�KROH
W\SH�WKH�FURVV�VHFWLRQ�RI�ZKLFK�LV�VKRZQ�LQ�)LJ���D�ZKHUH�WKH�OHQJWK
IURP�SRLQW�$�WR�%�DORQJ�WKH�UHVRQDWRU�VXUIDFH�LV�D�TXDUWHU�RI�ZDYH
OHQJWK��5HVRQDQFH�IUHTXHQF\�GRHV�QRW�GHSHQG�RQ�K�GLVWDQFH��DQG�WKH
ODVW� LV� GHWHUPLQHG� E\� WKH� HOHFWURQ� WUDQVLW� SKDVH�� 7R� PLQLPL]H
FKURPDWLF�DEHUUDWLRQ�WKH�GHOWD�HOHFWURQV�DUH�DOVR�VHSDUDWHG�LQ�QDUURZ
HQHUJ\�EDQG�E\�VSHFWURPHWHU����� LQVWDOOHG�VR� WKDW� WKH�SODQHV�RI� WKH
HOHFWURQ�DQDO\VLV�LQ�UI�SKDVH�DQG�HQHUJ\�DUH�RUWKRJRQDO�WR�HDFK�RWKHU�
5DGLXV�RI�PDLQ�HOHFWURQ� WUDMHFWRU\� LQ� WKH� VSHFWURPHWHU� LV�����PP�
7KH�WDUJHW�����WRJHWKHU�ZLWK�WKH�UI�GHIOHFWRU�����LV�PRYHG�LQ�WKH�EHDP
����IRU�D�WLPH�RI�PHDVXUHPHQWV�
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)LJ����6FKHPH�RI�EXQFK�SKDVH�GLVWULEXWLRQ�PRQLWRU�

0RQLWRUV�DUH�VLPLODU�WR�WKH�DERYH�PHQWLRQHG�RQH��EXW�RSHUDWLQJ�RQ
WKH�ORZ�HQHUJ\�VHFRQGDU\�HOHFWURQV��KDYH�EHHQ�VXFFHVVIXOO\�UHDOL]HG
DOUHDG\��$V�WR�WKLV�PRQLWRU�WKHUH�DUH�WZR�PDLQ�TXHVWLRQV�ZKLFK�KDYH
WR� EH� VROYHG�� QDPHO\�� WHPSRUDO� DSSDUDWXV� IXQFWLRQ� RI� WKH� SULPDU\
FRQYHUWHU�RI�WKH�PRQLWRU�DQG�LWV�HIILFLHQF\�

7LPH�GLVWULEXWLRQ�RI�WKH�GHOWD���HOHFWURQV�HVFDSLQJ�IURP�FDUERQ
ZLUH

$SSDUDWXV�IXQFWLRQ�RI�WKH�SULPDU\�FRQYHUWHU�LV�GHWHUPLQHG�DV
D�IOLJKW�WLPH�RI�HOHFWURQV�IURP�WKH�VWDUW�SODQH�ZKLFK�LV�SHUSHQGLFXODU
WR� WKH� SULPDU\� EHDP� D[LV� DQG� WDQJHQW� WKH� WDUJHW� WR� WKH� ILQLVK� RQH
EHLQJ�SHUSHQGLFXODU�WR�WKH�GHOWD�HOHFWURQ�EHDP�D[LV�DQG�WDQJHQW�WKH
WDUJHW�WRR��L�H��WKH�WLPH�LQYROYHV�WKH�IOLJKW�WLPH�RI�ERWK�EHDPV��7KH
IXQFWLRQ� ZDV� FDOFXODWHG� ZLWK�0RQWH� &DUOR� VLPXODWLRQ� XVLQJ� VRPH
UHVXOWV� IURP� >���@�� 7KH� DSSDUDWXV� IXQFWLRQ� LQ� D� YLHZ� RI� WKH� WLPH
GLVWULEXWLRQ�RI� WKH� GHOWD�HOHFWURQV�ZLWK� HQHUJLHV� RI� ��� DQG� ��� NH9
ZLWKLQ� �B��� H9� DQG� DW� WKH� FRQGLWLRQ� RI� WKHLU� SDVVLQJ� WKURXJK� WKH
FROOLPDWRU�KROH�DUH�VKRZQ�LQ�)LJ���
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)LJ����7LPH�GLVWULEXWLRQ�RI�WKH�GHOWD���HOHFWURQV�ZLWK�HQHUJ\�RI����DQG
��NH9�VFDWWHUHG�E\�WKH����0H9�HOHFWURQV�LQ�WKH�FDUERQ�ILEUH
RI���PP�GLDPHWHU�

):+0�RI�WKHVH�GLVWULEXWLRQ�IRU�WKH�HOHFWURQV�ZLWK�HQHUJLHV�RI
���NH9�DQG����NH9�DUH�����IV�DQG������IV��UHVSHFWLYHO\��,W�VKRXOG�EH
QRWHG�WKDW�WKHVH�UHVXOWV�KDYH�EHHQ�GHWHUPLQHG�IRU�WKH�EHDP�UDGLXV�RI
��PP��XQLIRUP�EHDP�FXUUHQW�GLVWULEXWLRQ�DQG�DW� LQVWDOODWLRQ�RI� WKH
WDUJHW� LQ� WKH� EHDP� FXUUHQW� PD[LPXP�� 7KH� HOHFWURQ� HQHUJ\� RI� WKH
SULPDU\�EHDP�LV����0H9�

3UREDELOLW\�RI�HVFDSLQJ�RI� WKH�GHOWD�HOHFWURQ�FDSWXUHG�E\�WKH
FROOLPDWRU� KROH� SHU� DQ� HOHFWURQ� RI� WKH� SULPDU\� EHDP� KDYH� EHHQ
GHWHUPLQHG� DW� WKH� VDPH� FRQGLWLRQV� DV� IRU� WKH� WLPH� GLVSHUVLRQ
FDOFXODWLRQV��)RU�WKH�GHOWD�HOHFWURQ�HQHUJLHV�HTXDOHG�WR����������DQG
���NH9�WKH�SUREDELOLWLHV�DUH������������������������������DQG����������
UHVSHFWLYHO\��+HQFH��KDYLQJ�DQ�HOHFWURQ�EHDP�ZLWK� ������RU�PRUH
SRSXODWLRQ�IRU�D�WLPH�RI�PHDVXUHPHQWV�RQH�FDQ�PHDVXUH�WKH�EXQFK
SKDVH�GLVWULEXWLRQ�ZLWK�WKH�DERYH�PHQWLRQHG�UHVROXWLRQ��)LJ����

$FNQRZOHGJPHQWV

7KLV�ZRUN�ZDV� VXSSRUWHG�E\� JUDQW� �1R������������� RI� WKH
5XVVLDQ�)XQG�IRU�)XQGDPHQWDO�5HVHDUFKHV�

5HIHUHQFHV

>�@� $�0�7URQ�� �0HWKRG� RI� %XQFK� 3KDVH� 'LVWULEXWLRQ��� $XWKRU
V
FHUWLILFDWH�RI�LQYDQWXUH��1R���������ZLWK�SULRULW\�RI�0DUFK������
>�@� 0�(�5LOH\�� &�-�0DF&DOOXP�� )�%LJJV�� �7KHRUHWLFDO� (OHFWURQ� �
$WRP�(ODVWLF�&URVV�6HFWLRQ���$WRPLF�'DWD�DQG�1XFOHDU�'DWD�7DEOHV�
����S������������
>�@� )�6DOYDW�� -�3DUHOODGD�� �$� 6LPSOH� 0RQWH� &DUOR� &DOFXODWLRQ� RI
.LORYROW� (OHFWURQ� 7UDQVSRUW��� -�3K\V�'�� $SSO�3K\V��� ���� S����
�������
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