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$EVWUDFW&RSSHU�PDQJDQHVH� R[LGH� FDWDO\VWV� DUH� SUHSDUHG� ZLWK� DQ� DWRPLF� UDWLR� RI� &X�0Q ����XVLQJ� D� FRSUHFLSLWDWLRQ� SURFHGXUH� XQGHU� DLU� DWPRVSKHUH�� 7KH� WLPH� RI� DJLQJ�� L�H��� WKH�WLPH�WKDW�SUHFLSLWDWH�UHPDLQV�LQ�FRQWDFW�ZLWK�WKH�SUHFLSLWDWLQJ�PHGLXP��KDV�EHHQ�YDULHG�IURP����IRU�XQDJHG�SUHFXUVRU��WR�����PLQXWHV�DQG�WKH�HIIHFW�RI�SUHFLSLWDWH�DJLQJ�WLPH�LQ�HDFK� DWPRVSKHUH� XSRQ� WKH� VWUXFWXUH� DQG� PRUSKRORJ\� RI� GLIIHUHQW� FDWDO\VWV� DQG� WKHLU�SUHFXUVRUV�LV�LQYHVWLJDWHG��7KH�SUHFXUVRUV�DQG�FDWDO\VWV�ZHUH�FKDUDFWHUL]HG�E\�SRZGHU�;�UD\� GLIIUDFWLRQ� �;5'��� WHPSHUDWXUH� SURJUDPPHG� UHGXFWLRQ� �735�� DQG� WUDQVPLVVLRQ�HOHFWURQ� PLFURVFRS\� �7(0��� ;�UD\� GLIIUDFWLRQ� DQG� HOHFWURQ� PLFURVFRS\� VKRZHG� WKDW�DJLQJ�RI�WKH�LQLWLDO�SUHFXUVRU�DOWHUHG�WKH�VWUXFWXUH�RI�WKH�SUHFXUVRU��7KH�735�UHGXFWLRQ�SURILOHV�RI�WKH�FRSSHU�± PDQJDQHVH�PL[HG�R[LGH�FDWDO\VWV�VKRZHG�D�GUDPDWLF�FKDQJH�RI�VKDSH�RQ�DJLQJ��,Q�DOO�FDWDO\VWV��&X2�ZDV�FRPSOHWHO\�UHGXFHG�WR�PHWDO�ZKLOH�WKH�0Q2�GLG�QRW�UHGXFH�XQGHU�WKH�H[SHULPHQWDO�FRQGLWLRQV�.H\ZRUGV� &DWDO\VW��&RSSHU�0DQJDQHVH�2[LGH��;5'��3UHFLSLWDWLRQ�0HWKRG
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,QWURGXFWLRQ&DWDO\VWV�EDVHG�RQ�FRSSHU�PDQJDQHVH�PL[HG�R[LGHV� DUH� RI� D� FRQVLGHUDEOH� LQGXVWULDO�LPSRUWDQFH� RZLQJ� WR� WKHLU� DFWLYLW\ DV�SRZHUIXO� R[LGDWLRQ� FDWDO\VWV� >���@�� ,W� LV�NQRZQ�WKDW� WKHVH�PDWHULDOV�FDQ�FDWDO\]H�QHDU�URRP� WHPSHUDWXUH�� WKH� R[LGDWLRQ� RI� &2� WR�&2� DQG� DW�KLJKHU� WHPSHUDWXUHV����������.��WKH� FRPEXVWLRQ� RI� VHYHUDO� RUJDQLF� FRP�SRXQGV� LQFOXGLQJ� K\GURFDUERQ�� KDOLGH�DQG�QLWURJHQ�FRQWDLQLQJ� FRPSRXQGV� >���@�� ,W� KDV�DOVR� EHHQ� UHSRUWHG� WKDW� LQ� WKH� UHGXFHG� VWDWH��FRSSHU� PDQJDQHVH� PL[HG� R[LGHV� DUH� DFWLYH�FDWDO\VWV� IRU� PHWKDQRO� V\QWKHVLV� IURP�&2�&2��+� RU� IRU� OLJKW� K\GURFDUERQV�

V\QWKHVLV�IURP�&2�+���GHSHQGLQJ�RQ�UHDFWLRQ�SUHVVXUH DQG� WHPSHUDWXUH� >�@�� 7KH� FDWDO\VWV�DUH� RI� KLJK� DFWLYLW\� LQ� WKH� DPRUSKRXV� VWDWH�EXW� LW� KDV� JHQHUDOO\� EHHQ� REVHUYHG� WKDW� WKH\�ORVH� DFWLYLW\� DW� WHPSHUDWXUHV� DERYH� ���� .�ZKHUH� FU\VWDOOL]DWLRQ� RI� WKH� VSLQDO�&X�0Q2�RFFXUV� >���@�� +RZHYHU�� FU\VWDOOLQH� &X0Q2�KDV DOVR�EHHQ�UHSRUWHG�WR�EH�DFWLYH�>��@��7KH�VXFFHVV� RI� WKH� FRSSHU�PDQJDQHVH� PL[HG�R[LGH� FDWDO\VW� KDV� SURPSWHG� D� JUHDW� GHDO� RI�IXQGDPHQWDO� ZRUN� GHYRWHG� WR� FODULI\LQJ�HLWKHU�WKH�UROH�SOD\HG�E\�HDFK�FRPSRQHQW�DQG�WKH� QDWXUH� RI� WKH� DFWLYH� VLWHV�� 7KLV� LV� ZHOO�GRFXPHQWHG� LQ� VHYHUDO� UHYLHZV� >�����@��ZKLFK� LQGLFDWHV� WKDW� FRQWURYHUVLDO� LVVXHV� DUH�
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UHPDLQLQJ� WKDW� DUH� \HW� WR� EH� UHVROYHG�� 7KH�DFWLYLW\� RI� FRSSHU� PDQJDQHVH� R[LGH� LV�NQRZQ� WR� GHSHQG� XSRQ� WKH� VWUXFWXUH�SUHSDUDWLRQ� RI� WKH� FDWDO\VW� SUHFXUVRU��7KLV� LV�WKH� DVSHFW� RQ� ZKLFK� WKH� SUHVHQW� ZRUN� LV�IRFXVHG�� 7KH� VLJQLILFDQFH� RI� FKDUDFWHUL]LQJ�WKH� K\GUR[\� FDUERQDWH� SUHFXUVRU� SKDVHV� RI�FRSSHU�PDQJDQHVH� R[LGH� FDWDO\VWV� ZDV� ILUVW�KLJK� OLJKWHG� E\� 3RUWD�� HW DO�� >��@�� DQG�SDUWLFXODU� DWWHQWLRQ� KDV� VLQFH� EHHQ� DFFRUGHG�WR� PDODFKLWH�� &X�&2��2+���� DQG UKRGRF�KURVLWH��0Q&2��� FRPSRXQG�� 7KH� RFFXUUHQFH�RI�WKH�LQGLYLGXDO�SKDVHV�DQG�WKHLU�TXDQWLWDWLYH�SURSRUWLRQV�GHSHQG�QRW�RQO\�RQ�WKH�SUHFLSLWD�WLRQ� FRQGLWLRQV� VXFK� DV� WHPSHUDWXUH�� S+�DQG�FRQFHQWUDWLRQV� RI� WKH� UHDFWDQW� VROXWLRQV�� EXW�DOVR RQ�WKH�ZD\�WKH�SUHFLSLWDWH�LV�DJHG��$JLQJ�RI� WKH� SUHFLSLWDWH� LQ� WKH� PRWKHU� OLTXRU� LV� D�FRPPRQ� SURFHGXUH� LQ� WKH� SUHSDUDWLRQ�PHWKRG��$JLQJ�RI�WKH�SUHFLSLWDWHV�REWDLQHG�E\�FRSUHFLSLWDWLRQ� OHDGV� WR� SKDVH� FKDQJHV� DQG�IRUPV�WKDW�DUH�PRUH�VWDEOH��+RZHYHU��WKH�ILUVW�V\VWHPDWLF� VWXG\� RI� WKH� HIIHFWV� RI� SUHFLSLWDWH�DJLQJ�ZDV�QRW�UHSRUWHG�XQWLO������E\�:DOOHU��HW DO�� >��@� IRU� WKH� FDVH� RI� &X2�=Q2�PL[HG�R[LGH�FDWDO\VWV��7KH�VWXG\�RI�&X�=Q�FDWDO\VW��IRU� ZKLFK� WKH� SUHFXUVRUV� ZHUH� DJHG� IRU� ����PLQXWHV�� XWLOL]HG� YDULRXV� SK\VLFDO� FKDU�DFWHUL]DWLRQ� WHFKQLTXHV� VXFK� DV�;5'�� 7(0��;36� DQG� '7$�� DV� ZHOO� DV� VXUIDFH� DUHD� DQG�FDWDO\WLF�DFWLYLW\�PHDVXUHPHQWV��7KH�SXUSRVH�RI� WKH� SUHVHQW�ZRUN�ZDV� WR� VWXG\� WKH� HIIHFWV�RI� SUHFLSLWDWH� DJLQJ� RQ� WKH� SKDVH� VWUXFWXUDO�FKDUDFWHUL]DWLRQ� DQG� PRUSKRORJ\� RI� WKH�SUHFXUVRUV� DQG� FDWDO\VWV�� ,Q� WKLV� SDSHU�� ZH�SUHVHQW� RXU� LQLWLDO� UHVXOWV� FRQFHUQLQJ� WKH�HIIHFW�RI�DJLQJ�LQ�WKH�FRSUHFLSLWDWLRQ�SUHSDUD�WLRQ�PHWKRG�DQG�GHPRQVWUDWH�WKDW�DJLQJ�LV�DQ�LPSRUWDQW�IDFWRU�LQIOXHQFLQJ�WKH�VWUXFWXUH�DQG�PRUSKRORJ\�RI�WKHVH�SUHFXUVRUV�DQG�FDWDO\VWV��$OVR��DOO�VDPSOHV�DUH�FKDU�DFWHUL]HG�E\�PHDQV�RI�GLIIHUHQW�PHWKRGV�
([SHULPHQWDO�6DPSOH�3UHSDUDWLRQ&DWDO\VW� SUHFXUVRUV� ZHUH� SUHSDUHG� XVLQJ� WKH�FRSUHFLSLWDWLRQ�SURFHGXUH��$TXHRXV�VROXWLRQV�RI� &X�12����� �+�2� ������ PRO�/�� DQG�

0Q�12�����+�2� ZHUH� SUHPL[HG� WR� JLYH� D�PRODU� &X�0Q� UDWLR� RI� ���� DQG� WKH� UHVXOWLQJ�VROXWLRQ� ZDV� KHDWHG� DW� ��� �&�� $TXHRXV�1D�&2� ������PRO�/��ZDV�DGGHG�GURSZLVH�WR�WKH� QLWUDWH� VROXWLRQ��ZKLFK�ZDV� FRQWLQXRXVO\�VWLUUHG�DW�����USP�ZKLOVW�WKH�WHPSHUDWXUH�ZDV�PDLQWDLQHG� DW� ��� �&� XQWLO� D� S+�EHWZHHQ� ����DQG� ���� ZDV� DFKLHYHG�� 7KLV� SURFHGXUH� WRRN�DSSUR[LPDWHO\����WR����PLQXWHV�WR�FRPSOHWH��7KH� UHVXOWLQJ� SUHFLSLWDWH� ZDV� DJHG� LQ� WKLV�PHGLXP� IURP� �� WR� ���� PLQXWHV�� 7KH�SUHFLSLWDWH�ZDV� WKHQ� ILOWHUHG��ZDVKHG� VHYHUDO�WLPHV�ZLWK� KRW� DQG� FROG� GLVWLOOHG�ZDWHU�XQWLO�WKH� REVHUYHG� VRGLXP� FRQWHQW� E\� DWRPLF�DEVRUSWLRQ� ZDV� OHVV� WKDQ� DSSUR[LPDWHO\� ����SSP��7KH�SUHFLSLWDWH�ZDV�GULHG�DW������&�IRU���� KU� WR� JLYH� D� PDWHULDO� GHQRWHG� DV� WKH�FDWDO\VW� SUHFXUVRU�� ZKLFK� ZDV� WKHQ� FDOFLQHG�������&� ��KU��WR�JLYH�WKH�ILQDO�FDWDO\VW�
$QDO\WLFDO� 7HFKQLTXHV� IRU� 6DPSOH� &KDUDF �WHUL]DWLRQ�D�� 3RZGHU� ;�UD\� GLIIUDFWLRQ� �;5'��� 7KH�GLIIUDFWRPHWHU� WKDW� ZDV� XVHG� WR� REWDLQ� WKH�GDWD� SUHVHQWHG� LQ� WKLV� LQYHVWLJDWLRQ� ZDV D�3KLOLSV� ����:� PRGLILHG� E\� +LOWRQ� %URRNV��6FDQV�ZHUH�WDNHQ�ZLWK�D��T VWHS�VL]H�RI������DQG� D� FRXQWLQJ� WLPH� RI� ���� VHFRQG� XVLQJ�&X.UDGLDWLRQ� JHQHUDWHG� DW� ��� N9� DQG� ��� P$��7KH� SHDN� LQWHQVLWLHV� ZHUH� PRQLWRUHG� DQG�UHFRUGHG�E\�D�FRPSXWHU��ZKLFK�ZDV�HTXLSSHG�ZLWK�-&3'6�LQGH[LQJ�V\VWHP��E�� 7HPSHUDWXUH� SURJUDPPHG� UHGXFWLRQ��735��� 7KH� FKURPDWRJUDSKLF� VRIWZDUH� DQG�FRQWURO� PRGXOH� LQWHUIDFH� ERDUG� LV� VXSSOLHG�ZLWK� WKH� 73'�735� ������$� NQRZQ�PDVV� RI�WKH�FDOFLQHG�VDPSOH��EHWZHHQ�������PJ��ZDV�KHDWHG� WR� ����&� XQGHU� IORZLQJ� K\GURJHQ��7KH�IORZ�UDWH�RI�JDV�RYHU�WKH�FDWDO\VW�ZDV����FP��PLQ�DQG�WKH�UDPS�UDWH�RI�WKH�IXUQDFH�ZDV�����&�PLQ��7KH�V\VWHP�ZDV�FDOLEUDWHG�XVLQJ�D�NQRZQ�PDVV� RI� FRSSHU� R[LGH�� &RSSHU� R[LGH�LV�DVVXPHG�WR�UHGXFH�GLUHFWO\�DQG�FRPSOHWHO\�WR�FRSSHU�PHWDO��F�� 7UDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\� DQG�SUREH� PLFURDQDO\VLV�� 7KH� HOHFWURQ� PLF�URJUDSKV�ZHUH� WDNHQ�IURP�FDWDO\VWV�DQG� WKHLU�
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SUHFXUVRUV� XVLQJ� D� -(2/� ����� (;� KLJK�UHVROXWLRQ� HOHFWURQ� PLFURVFRSH�� ,OOXPLQDWLRQ�ZDV� DFKLHYHG� XVLQJ� D� /D%� ILODPHQW�� 7KH�LQVWUXPHQW�XVHG�WR�FDUU\�RXW�WKH�HQHUJ\�GLVS��;�UD\� DQDO\VLV� �('$;�� ZDV� D� KLJK�SHUIRUPDQFH�9&�+%����8;�PLFURVFRSH�
5HVXOWV�DQG�'LVFXVVLRQ7KH�VWUXFWXUH�DQG�PRUSKRORJ\�RI�WKH�SUHFXUVRUV�DQG�FDOFLQHG�FDWDO\VWV��$�� ;�UD\� GLIIUDFWLRQ� PHDVXUHPHQW�� 7KH� ;�UD\� GLIIUDFWLRQ� UHVXOWV� IRU� WKH� GLIIHUHQW� DJHG�SUHFXUVRUV�DUH�VKRZQ�LQ�)LJXUH���

)LJXUH� �� 3RZGHU�;�UD\�GLIIUDFWLRQ� SDWWHUQV� IRU� DJHG�FDWDO\VW�SUHFXUVRUV�7KH�XQDJHG�SUHFXUVRU�ZDV�IRXQG� WR�EH�ZHOO�FU\VWDOOLQH� FRSSHU� K\GUR[\� QLWUDWH� WRJHWKHU�ZLWK� PDQJDQHVH� FDUERQDWH� DQG� KHQFH��LPPHGLDWHO\�DIWHU� WKH�LQLWLDO�SUHFLSLWDWLRQ�WKH�FRSSHU� DQG� PDQJDQHVH� FRPSRQHQWV� DUH�

SUHVHQW� LQ� VHSDUDWH� SKDVHV�� 2Q� DJLQJ�� WKH�FRSSHU� K\GUR[\� QLWUDWH� UHGLVVROYHG� DQG�SRRUO\� FU\VWDOOLQH� PDQJDQHVH� FDUERQDWH� ZDV�LGHQWLILHG�E\�;�UD\�GLIIUDFWLRQ�LQ�DOO�WKH�DJHG�SUHFXUVRUV��7KH�OLQH�VKDSHV�RI�WKH�PDQJDQHVH�FDUERQDWH� DUH� YHU\� EURDG� DQG� VR� LW� LV� QRW�SRVVLEOH�WR�GHWHUPLQH�LI�WKHUH�DUH�DQ\�FKDQJHV�LQ�OLQH�VSDFLQJ�WKDW�DUH�FRQVLVWHQW�ZLWK�FRSSHU�EHLQJ� LQ� VROLG� VROXWLRQ� LQ� WKH� PDQJDQHVH�FDUERQDWH�� 7KH� ;�UD\� GLIIUDFWLRQ� UHVXOWV� IRU�FDOFLQHG� FDWDO\VWV� VKRZ� PRUH� YDULDWLRQ��)LJXUH����ZLWK�DJLQJ�WLPH�DOWKRXJK�DOO�WKHVH�PDWHULDO� ZHUH� OHVV� FU\VWDOOLQH� WKDQ� WKH�SUHFXUVRUV��

)LJXUH��� 3RZGHU�;�UD\�GLIIUDFWLRQ� SDWWHUQV� IRU� DJHG�FDWDO\VW�SUHFXUVRUV�
7KH� XQDJHG� FDWDO\VW� FRPSULVHV� FRSSHU�PDQJDQHVH� R[LGH� �&X���0Q���2���� 0Q�2�WRJHWKHU� ZLWK� &X2�� 7KH� ;�UD\� GLIIUDFWLRQ�SDWWHUQ� IRU� WKH� ���PLQ� DJHG� VDPSOH� ZDV�VLPLODU� WR� WKH� XQDJHG�PDWHULDO�� DOWKRXJK� WKH�
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UHODWLYH� GLIIUDFWHG� LQWHQVLWLHV� IURP� 0Q�2�DQG�&X2�ZHUH�OHVV��7KH�FDWDO\VWV�DJHG�IRU����WR� ���� PLQ� FRPSULVH� FRSSHU� PDQJDQHVH�R[LGH� �&X���0Q���2���� 0Q�2� DQG� &X2�FKDUDFWHULVWLF�RI� WKH�FDWDO\VW�DJHG�IRU�VKRUWHU�WLPHV�� KRZHYHU�� WKH� LQWHQVLW\� RI� WKH� &X2�GLIIUDFWLRQ� OLQHV� DQG� 0Q�2� GHFUHDVHG� ZLWK�DJLQJ� WLPH��7KH�PDMRU� SKDVH� LGHQWLILHG� DIWHU�DJLQJ� IRU� ��� PLQV� ZDV� &X���0Q���2� ZLWK�0Q�2��DQG�&X�2�DV�PLQRU�SKDVHV��%�� 7HPSHUDWXUH� SURJUDPPHG� UHGXFWLRQ��735���7KH�735�SURILOHV�RI�FDOFLQHG�FDWDO\VWV�GHULYHG� IURP� WKH� GLIIHUHQWO\� DJHG� SUHFXUVRUV�ZHUH�XVHG�LQ�LGHQWLI\LQJ�WKH�UHGXFLEOH�VSHFLHV�SUHVHQW�� 7KH� 735� SURILOHV� RI� &X2� REWDLQHG�IURP� WKH� SUHFLSLWDWLRQ� RI� FRSSHU� QLWUDWH� E\�1D�&2� IROORZLQJ� ���� PLQ� VKRZHG� D�UHGXFWLRQ� SHDN� DW� ���� �&�� RULJLQDWLQJ� IURP�WKH� UHGXFWLRQ� RI� WKH� &X�� LRQ�� )LHUUR�� HWDO��>��@�� UHSRUWHG� WKDW� 735� SURILOHV� RI� &X2�H[KLELW� WKH� W\SLFDO� SHDN� ZLWK� D� VKRXOGHU� DW�KLJKHU�WHPSHUDWXUH�RULJLQDWLQJ�IURP�WZR�VWHS�UHGXFWLRQ�RI� WKH�&X�� LRQ�WR�PHWDOOLF�FRSSHU��&X��� � � &X���� �� &X� 7KH\� DOVR� UHSRUWHG� WKDW�&X2�UHGXFHV�RQO\�LQ�RQH�VWHS�DQG�WKH�VHFRQG�VLJQDO��UHVSHFWLYHO\�WKH�VKRXOGHU��LV�DQ�DUWLIDFW�RULJLQDWLQJ� IURP� VXEOLPDWLRQ� RI� PHWDOOLF�FRSSHU�RQ� WKH�XQUHGXFHG�&X2�SDUWLFOHV��7KH�735� SURILOHV� RI� PDQJDQHVH� R[LGH� FDWDO\VW��SUHSDUHG� E\� SUHFLSLWDWLRQ� RI� PDQJDQHVH�QLWUDWH� XQGHU� VLPLODU� FRQGLWLRQV�� VKRZHG�UHGXFWLRQ�SHDNV�HQWHUHG�DW�DERXW�����DQG�����R&�� 7KH� ILUVW� SHDN� HQWHUHG� DW� ���� R&� LV�DWWULEXWHG�WR�WKH�UHGXFWLRQ�RI�0Q�2��WR�0Q2�DQG� WKH� RWKHU� SHDN� DW� ���� R&� VKRZV� WKDW�UHGXFWLRQ� RI�0Q�2� WR�0Q2�GRHV� QRW� RFFXU�XQGHU� H[SHULPHQWDO� FRQGLWLRQV� DSSOLHG� >��@��7KLV� UHVXOW� LV� VXSSRUWHG� E\� WKH� H[LVWHQFH� RI�0Q�2� DQG�0Q�2� DV�PDLQ�SKDVHV��7KH�735�SURILOHV�RI�WKH�PL[HG�FRPSRXQGV�DUH�GLIILFXOW�WR� LQWHUSUHW� EHFDXVH� RI� WKH� ODUJH� QXPEHU� RI�SRVVLEOH� FRPELQDWLRQV� RI� GLIIHUHQW� R[LGDWLRQ�VWDWHV�RI�FRSSHU�DQG�PDQJDQHVH��+HQFH�� LW� LV�SRVVLEOH�WR�DWWULEXWH�LQGLYLGXDO�SHDNV�WR�ZHOO�GHILQHG�UHGR[�UHDFWLRQV��EXW�RQO\�VRPH�WUHQGV�FDQ� EH� UHFRJQL]HG�� )LJXUH� �� JLYHV� WKH� 735�SURILOHV� REWDLQHG� IRU� WKH� GLIIHUHQW� DJHG�VDPSOHV�

)LJXUH� �� 735� SURILOHV� RI� FDWDO\VWV� SUHSDUHG� ZLWK�YDU\LQJ�DJLQJ�WLPHV�
7KH� ORZ� WHPSHUDWXUH� SHDNV� VHHP� WR�FRUUHVSRQG� WR� WKH� UHGXFWLRQ�RI�&X����&RSSHU�DOVR�KDV�D�KLJKHU�UHGXFLELOLW\�WKDQ�PDQJDQHVH�LQ�PL[HG�FRPSRXQGV��7KLV�LV�GXH�WR�WKH�PRUH�QHJDWLYH� IUHH� HQHUJ\� RI� IRUPDWLRQ� RI� WKH�PDQJDQHVH� R[LGHV� DV� FRPSDUHG� WR� FRSSHU�R[LGH� >��@�� 0DQJDQHVH� R[LGHV� DUH� WKHUHIRUH�QRW�H[SHFWHG�WR�UHGXFH�DW�WHPSHUDWXUHV�ORZHU�WKDQ� WKDW�RI�&X2�>��@��+RZHYHU��PDQJDQHVH�UHWDUGV� WKH� UHGXFWLRQ� RI� FRSSHU� DV� LQGLFDWHG�E\� WKH� VKLIW� RI� WKH� FRUUHVSRQGLQJ� SHDN� WR�
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