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7KH�.QXGVHQ�HIIXVLRQ�PDVV�VSHFWURPHWULF�PHWKRG�ZDV�XVHG� WR� VWXG\� WKH�YDSRUL]DWLRQ�SURFHVVHV� DQG�
WKHUPRG\QDPLF�SURSHUWLHV�RI�WKH�JODVVHV�DQG�PHOWV�LQ�WKH�&D2��6L2��7L2��V\VWHP�DW�WKH�WHPSHUDWXUH������
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XVLQJ�WKH�0F.D\�PHWKRG��,VRDFWLYLWLHV�OLQHV�RI�FRPSRQHQWV�LQ�WKH�PHOWV�ZHUH�SUHVHQWHG��7KH�*LEEV�HQHUJ\�

RI�IRUPDWLRQ�RI�JODVVHV�DQG�PHOWV�RI� WKH�&D2��6L2��7L2��V\VWHP�LV�FDOFXODWHG��7KHUPDO�H[SDQVLRQ�RI� WKH�

JODVVHV� LQ� WKH� V\VWHP�ZDV�VWXGLHG� LQ� WKH�JODVVHV�RI� WKH�&D2��6L2��7L2�� V\VWHP� LQ� WKH� WHPSHUDWXUH� UDQJH�

����� �����.� XVLQJ� WKH� VLOLFD� GHODWRPHWHU�YLVFRVLPHWHU�� &RUUHODWLRQ� EHWZHHQ� WKHUPDO� H[SDQVLRQ� GDWD� DQG�
WKHUPRG\QDPLF�SURSHUWLHV�RI�JODVVHV�DQG�PHOWV�LQ�WKH�&D2��6L2��7L2��V\VWHP�ZDV�GLVFXVVHG��
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7KH�&D2��6L2��7L2��V\VWHP�LV�RQH�RI�WKH�PDLQ�V\VWHPV�RI�JODVV�IRUPLQJ�LQGXVWU\�IRU�WKH�
SURGXFWLRQ�WLWDQLXP�JODVVHV��7KHUPRG\QDPLF�DQG�WKHUPDO�H[SHQVLRQ�GDWD�RI�WKLV�V\VWHP�DUH�
WKH�PRVW�LPSRUWDQW�IRU�WKH�FRQVLGHUDWLRQ�RI�YDULRXV�WHFKQRORJLFDO�SURFHVVHV��3KDVH�GLDJUDP�
RI�WKH�&D2�7L2��6L2��V\VWHP�KDYH�EHHQ�FRQVLGHUHG�LQ�GHWDLO�LQ�

��XVLQJ�PLFURSUREH�DQDO\VLV�

�EHDP� VL]H� ����µP��� 6SKHQH� �&D7L6L2��� ZLWK� WKH�PHOWLQJ� SRLQW� RI� ����� .� ZDV� WKH� RQO\�
WHUQDU\�FRPSRXQG�LGHQWLILHG�LQ�WKH�FRQGHQVHG�SKDVH�RI�WKLV�V\VWHP��*ODVV�IRUPLQJ�UHJLRQ�RI�
WKH� &D2�7L2��6L2�� V\VWHP� LV� VLWXDWHG� LQ� WKH� FRQFHQWUDWLRQ� UDQJH� �PROH� ���� ÞíÛ��������
6L2���������7L2�������

���3K\VLFRFKHPLFDO�SURSHUWLHV�RI�JODVVHV�LQ�WKH�&D2�7L2��6L2��V\VWHP�
DUH�VXPPDUL]HG�DOVR�LQ����7KH�PDLQ�YDSRUL]DWLRQ�SURFHVVHV�IRU�WKH�LQGLYLGXDO�R[LGHV�IRUPHG�
WKH�&D2�7L2��6L2��V\VWHP�DW�WKH�WHPSHUDWXUHV�KLJKHU�WKDQ������.�DUH�WKH�IROORZLQJ�
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�6TXDUH� EUDFNHWV� >� @� FRUUHVSRQG� WR� FRQGHQVHG� SKDVH� DQG� SDUHQWKHVHV� �� �� WR� WKH� JDVHRXV�
SKDVH���)RUPDWLRQ�RI�WKH�JDVHRXV�PROHFXOH�&D7L2��ZDV�IRXQG�RYHU�FDOFLXP�WLWDQDWH�DW�KLJK�
WHPSHUDWXUHV�DOVR�E\�WKH�.QXGVHQ�HIIXVLRQ�PDVV�VSHFWURPHWULF�PHWKRG����+LJK�WHPSHUDWXUH�
PDVV�VSHFWURPHWULF�VWXG\�RI�VRPH�VDPSOHV�WKH�&D2�7L2��6L2��V\VWHP�ZDV�FDUULHG�RXW�LQ�
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V\VWHP�LQ�WKH�FRQFHQWUDWLRQ�UDQJH�ZLWK�WKH�FRQWHQW�RI�&D2�6L2� �����DQG����PROH���7L2���



,Q� WKH� SUHVHQW� VWXG\� WKH� .QXGVHQ� HIIXVLRQ� PDVV� VSHFWURPHWULF� PHWKRG� ZDV� XVHG� WR�
FRQWLQXH�RI�WKH�LQYHVWLJDWLRQ�RI�WKH�YDSRUL]DWLRQ�SURFHVVHV�DQG�DFWLYLWLHV�RI�FRPSRQHQWV�LQ�
WKH�&D2�7L2��6L2��V\VWHP��

([SHULPHQWDO�

7KLV�VWXG\�ZDV�FDUULHG�RXW�RQ�D�PDJQHWLF�PDVV�VSHFWURPHWHU�06�������GHYHORSHG�DQG�
SURGXFHG� E\� WKH� ,QVWLWXWH� RI� $QDO\WLFDO� ,QVWUXPHQW� 0DQXIDFWXUHV� �8665�� IRU� KLJK�
WHPSHUDWXUH�VWXGLHV���DFFRUGLQJ�WR�WKH�WUDGLWLRQDO�DSSURDFK���

7KH�SXUSRVH�RI�WKH�H[SHULPHQWDO�DSSDUDWXV�RI�WKLV�W\SH�LV�WR�SURGXFH�D�PROHFXODU�EHDP�
FKDUDFWHULVWLF� RI� WKH� YDSRXU� XQGHU� LQYHVWLJDWLRQ�� WR� SURGXFH� LRQV� ZKLFK� UHIOHFW� WKH� WUXH�
FRPSRVLWLRQ�RI�WKH�PROHFXODU�EHDP��DQG�ILQDOO\�WR�UHVROYH�WKHVH�LRQV�LQWR�WKHLU�YDULRXV�PDVV�
FRPSRQHQWV� WR�HQDEOH� D�TXDQWLWDWLYH�VWXG\�RI� HDFK�VSHFLHV� LQ� WKH�YDSRXU� IURP�WKH�VDPSOH��
7KH�WKUHH�GLVWLQFW�SDUWV�RI�WKH�H[SHULPHQWDO�VHW�XS�DUH������WKH�PROHFXODU�EHDP�VRXUFH������WKH�
LRQ� VRXUFH�� DQG� ����PDVV� VSHFWURPHWHU��7KH� JHQHUDO� LGHD� RI� WKH� WHFKQLTXH� LV� EDVHG� RQ� WKH�
FRPELQDWLRQ�RI�������D�VRXUFH�RI�QHXWUDO�YDSRXU�VSHFLHV��WR�EH�LGHQWLILHG��ZKLFK�FDQ�EH�KHDWHG�
WR� WKH� DSSURSULDWH� WHPSHUDWXUH� DQG� IURP� ZKLFK� D� UHSUHVHQWDWLYH� YDSRXU� VDPSOH� FDQ� EH�
ZLWKGUDZQ� FRQWLQXRXVO\�� ���� D� PHWKRG� RI� LGHQWLILFDWLRQ� RI� WKH� QHXWUDO� PROHFXOHV� WKURXJK�
LRQL]DWLRQ�E\�HOHFWURQ�LPSDFW�DQG�PDVV�DQDO\VLV�RI�WKH�SRVLWLYH�LRQV�IRUPHG��7KLV�SURFHGXUH�
DOORZV�WKH�IROORZLQJ�PDLQ�DGYDQWDJHV�RI� WKH�.QXGVHQ�HIIXVLRQ�PDVV�VSHFWURPHWULF�PHWKRG�
VXFK�DV�WKH�LGHQWLILFDWLRQ�RI�WKH�FRPSRVLWLRQ�DQG�WKH�GHWHUPLQDWLRQ�RI�WKH�SDUWLDO�SUHVVXUHV�
RI� VSHFLHV� RI� YDSRXU� SKDVH� RYHU� WKH� VDPSOH� VWXGLHG� DV� D� IXQFWLRQ� RI� WKH� YDSRUL]DWLRQ�
WHPSHUDWXUH�DQG�WLPH��7KH�PDLQ�IHDWXUHV�RI� WKH�PDVV�VSHFWURPHWHU�XVHG�DUH�WKH� IROORZLQJ��
WKH�PDVV� UDQJH�ZDV������X� �P�]��DQG�UHVROXWLRQ�ZDV������0DJQHWLF� VWDWLVWLF�PDVV�DQDO\]HU�
ZLWK� WKH� UDGLXV� RI� WKH� FHQWUDO� WUDMHFWRU\� ���� PP� DQG� WKH� GHIOHFWLRQ� DQJOH� LQ� WKH�
KRPRJHQHRXV�PDJQHWLF� ILHOG� HTXDO� ��� R� � ZDV� XVHG� LQ� PDVV� VSHFWURPHWHU� 06� ������ 0DVV�
DQDO\]HU�SURYLGHG�ZLWK�WKH�UHVROXWLRQ�DELOLW\�����RQ�WKH�OHYHO������LQWHQVLW\�RI�WKH�OLQHV�LQ�
PDVV�VSHFWUD�LQ�WKH�PDVV�UDQJH�������PDVV�XQLWV�DW�WKH�DFFHOHUDWHG�YROWDJH���N9�DW�WKH�ZLGWK�
RI�WKH�H[LW�VOLW�HTXDO���PP�DQG�DW�WKH�WHUP�WKDW�WKH�VFDWWHUHG�HQHUJ\�RI�LRQV�ZKLFK�OHDYH�WKH�

LRQ�VRXUFH��GLG�QRW�H[FHHG��±�����������HOHFWURQ�YROW��7KH�KLJK�WHPSHUDWXUH�.QXGVHQ�HIIXVLRQ�
DVVHPEO\�ZDV�VLWXDWHG�LQ�VXFK�D�ZD\�WKDW�LW�DOORZHG�D�SHUSHQGLFXODU�PROHFXODU�EHDP�IURP�WKH�
.QXGVHQ�HIIXVLRQ�FHOO�WR�FURVV�WKH�HOHFWURQ�EHDP�LQ�WKH�LRQ�VRXUFH��7KH�PDVV�VSHFWURPHWHU�
ZDV�VHSDUDWHG�E\�D�PRYLQJ�VKXWWHU� IURP�WKH�.QXGVHQ�HIIXVLRQ�FHOO��%\�FORVLQJ�WKH�VKXWWHU��
WKH�EDFNJURXQG�SHDNV� LQ� WKH�PDVV� VSHFWURPHWHU�FRXOG�EH� IROORZHG��ZKLFK� LQ� WXUQ�� HQDEOHG�
WKH� FRUUHFWLRQ� RI� WKH� H[SHULPHQWDO� GDWD�� 7ZR� PRO\EGHQXP� HIIXVLRQ� FHOOV� ZHUH� SXW� LQWR�
PRO\EGHQXP�EORFN� DQG�KHDWHG� E\� HOHFWURQ� ERPEDUGPHQW��7KH� WHPSHUDWXUH�ZDV�PHDVXUHG�
E\�RQH�RSWLFDO�S\URPHWHU��9DSRUL]DWLRQ�RI�WKH�VDPSOHV��DERXW�������PJ��ZDV�FDUULHG�RXW�LQ�
YDFXXP� IURP� WKH� HIIXVLRQ� FHOOV� ZLWK� WKH� UDWLR� RI� WKH� HIIXVLRQ� RULILFH� WR� WKH� YDSRUL]DWLRQ�
VXUIDFH� RI� �������7KH� YDSRUL]HU� KDG� D� VSHFLDO� WUDQVPLVVLRQ�PHFKDQLVP��ZKLFK� DOORZHG� WKH�
VDPH� EORFN� WR� EH� XVHG� LQ� WZR� HIIXVLRQ� FHOOV� VLPXOWDQHRXVO\� DQG� WR� VWXG\� WZR� GLIIHUHQW�
VDPSOHV� LQ� WZR� GLIIHUHQW� FHOOV� GXULQJ� WKH� VDPH� H[SHULPHQW�� 0ROHFXODU� EHDP� RI� YDSRXU�
HIIXVHG� IURP� WKH� .QXGVHQ� FHOO� DV� D� UHVXOW� RI� YDSRUL]DWLRQ� ZDV� LRQL]HG� LQ� WKH� LRQ�VRXUFH�
UHJLRQ�RI�PDVV�VSHFWURPHWHU�E\�HOHFWURQ�ERPEDUGPHQW��7KH�LRQV�ZHUH�WKHQ�DFFHOHUDWHG�DQG�
WKHLU� PDVVHV� DQDO\]HG�� )RU� WKH� LGHQWLILFDWLRQ� RI� WKH� LRQV� DQG� WKHLU� FRUUHODWLRQ� ZLWK� WKH��
FRUUHVSRQGLQJ� � PROHFXODU� SUHFXUVRUV�� WKHLU� PDVV�WR�FKDUJH� UDWLR�� LVRWRSLF� DEXQGDQFH�
GLVWULEXWLRQ�DQG� LQWHQVLW\�SURILOH� LQ� WKH�PROHFXODU�EHDP�ZHUH�PHDVXUHG��([SHULPHQWV�ZHUH�
FDUULHG�RXW�DW�WKH�LRQL]DWLRQ�HQHUJ\����H9�DQG�FXUUHQW�RI�LRQL]LQJ�HOHFWURQV���P$��9DFXXP�LQ�
WKH�LRQL]DWLRQ�UHJLRQ�ZDV�DERXW����²��PP�+J���



5HVXOWV�DQG�GLVFXVVLRQ�

7KH� VDPSOHV� RI� WKH� V\VWHP� VWXGLHG� ZHUH� SUHSDUHG� DV� KDYH� EHHQ� GHVFULEHG� LQ� ���
7KHUPRG\QDPLF�GDWD�RI� WKH�JODVVHV�DQG�PHOWV�RI�WKH�&D2�7L2��6L2��V\VWHP�LQ�WKH�SUHVHQW�
VWXG\�ZHUH�REWDLQHG�E\� WKH� VDPH� H[SHULPHQWDO� DSSURDFK�DV� LQ� ���7KHVH� YDOXHV� DUH�JLYHQ� LQ�
7DEOH����7KHUPDO�H[SDQVLRQ�FRHIILFLHQWV�LQ�WKH�JODVVHV�RI�WKH�&D2��6L2��7L2��V\VWHP�LQ�WKH�
WHPSHUDWXUH� UDQJH� ��������� .� ZHUH� VWXGLHG� XVLQJ� WKH� VLOLFD� GHODWRPHWHU�YLVFRVLPHWHU�
DFFRUGLQJ� WR� WKH� SURFHGXUH� GHVFULEHG� LQ� ��� 7KH� GDWD� REWDLQHG� DUH� SUHVHQWHG� LQ� 7DEOH� ���
&RPSDULVRQ� RI� WKH� YDOXHV� RI� *LEEV� HQHUJ\�� 7DEOH� ��� ZLWK� WKH� GDWD� RI� WKHUPDO� H[SDQVLRQ�
FRHIILFLHQW��7DEOH����LQ�JODVV�IRUPLQJ�UHJLRQ�RI�WKH�&D2�7L2��6L2��V\VWHP�VWXGLHG�DOORZV�WR�
FRQFOXGH�WKDW�LQ�WKH�IUDPH�RI�H[SHULPHQWDO�DFFXUDF\�WKH�FRUUHODWLRQ�EHWZHHQ�FRQVWDQW�YDOXHV�
LV�REVHUYHG��7KLV�SKHQRPHQD�UHIOHFWV� WKH�IHDWXUHV�RI�JODVV�VWUXFWXUH�RI� WKH�&D2�7L2��6L2��
V\VWHP�LQ�WKH�FRQFHQWUDWLRQ�UDQJH�VWXGLHG��

7DEOH����7KH�FRPSRQHQW�DFWLYLWLHV�DQG�*LEEV�HQHUJ\�LQ�WKH�PHOWV�RI�WKH�&D2�7L2��6L2��
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7KH�H[LVWHQFH�RI�WKH�LPPLVFLELOLW\�UHJLRQ�LQ�WKH�&D2�7L2��6L2��V\VWHP�
��PD\�EH�RQH�RI�

WKH�UHDVRQV�RI�WKH�SRVLWLYH�GHYLDWLRQV�IURP�WKH�LGHDOLW\�RI�WKH�6L2��DFWLYLWLHV��5HVXOWV�RI�WKH�



SUHVHQW�VWXG\�LOOXVWUDWHG�WKH�IDFW��WKDW�WKH�DGGLWLRQ�RI�&D2�WR�WKH�VDPSOHV�RI�WKH�&D2�7L2��
6L2��V\VWHP�GHFUHDVHG�WKH�6L2��DFWLYLWLHV�DQG�WKH�DGGLWLRQ�RI�7L2��LQFUHDVHG�WKHVH�YDOXHV�� �
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7DEOH����7KHUPDO�H[SDQVLRQ�FRHIILFLHQWV�DQG�JODVV�WUDQVLWLRQ�WHPSHUDWXUH��7J��RI�JODVVHV�
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3UHVHQW� VWXG\� ZDV� FDUULHG� RXW� XVLQJ� ILQDQFLDO� VXSSRUW� RI� WKH� 5XVVLDQ� $FDGHP\� RI�
6FLHQFHV� DFFRUGLQJ� WR� WKH� ,QWHJUDWHG� 3URJUDPPH� ´� 1HZ� SULQFLSDOV� DQG� PHWKRGV� RI� WKH�
FRQVWUXFWLRQ�RI�WKH�SXUSRVHIXO�V\QWKHVLV�RI�WKH�VXEVWDQFHV�ZLWK�WKH�UHTXLUHG�SURSHUWLHVµ�RQ�
WKH� GLUHFWLRQ� ´� 1HZ� SULQFLSDOV� DQG� PHWKRGV� RI� V\QWKHVLV� RI� LQRUJDQLF� VXEVWDQFHV� DQG�
PDWHULDOVµ� LQ� WKH� IUDPH�RI� WKH�SURMHFW�´�)HDWXUHV�RI� WKH�VWUXFWXUH�DQG�HQHUJLHV�RI�FKHPLFDO�
ERQGV� RI� WKH� DPRUSKRXV� SKDVHV� LQ� R[LGH� V\VWHPVµ� DQG� WKH� SURMHFW�1� ������������ RI� WKH�
5XVVLDQ�)XQG�RI�)XQGDPHQWDO�6WXGLHV��
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