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���,QWURGXFWLRQ
(DUOLHU�LW�ZDV�VKRZQ�WKDW�WKH�FU\VWDOV�RI

D� KLJK�WHPSHUDWXUH� SKDVH� VWURQWLXP
WHWUDERUDWH� 6U%�2�� �6%2�� DQG� WKH� FU\VWDOVRI� OHDG� WHWUDERUDWH�3E%�2�� �3%2�� DUH� LVRV�WUXFWXUDO�� QRQ� FHQWURV\PPHWULFDO� FU\VWDOV
DQG� KDYH� DWWUDFWLYH� RSWLFDO� DQG� QRQOLQHDU�
RSWLFDO�SURSHUWLHV�>�Ü�@��6U%�2��FU\VWDOV�EH�ORQJ� WR� WKH� RUWKRUKRPELF� VSDFH� JURXS
3QP��� DQG� WKHLU� XQLW� FHOO� SDUDPHWHUV� DUHD� ��������c�� E� ��������c�� &� �������c�
DQG� =� ��� >�@�� 7KH� 6%2� FU\VWDOV� FDQ� EH
JURZQ� E\� &KRNKUDO�VNL� �&]�� PHWKRG� >����Ü
��@�RU�E\�.\URSROXV�PHWKRG�>�@��2QH�RI�WKH
PRVW�VHULRXV�DQG�FRPPRQ�SUREOHP�LQ�ERUDWH
FU\VWDO� JURZWK� LV� D� KLJK� YLVFRVLW\� RI� PHOW
UHVXOWHG� LQ�PDFURVFRSLF� RSDTXH� GHIHFWV� DQG
FORXG\�FU\VWDOV�>��@��$SSOLFDWLRQ�RI�6%2�KDV

EHHQ� LQYHVWLJDWHG� VLQFH������ >��@��5HFHQWO\
6%2�KDV�DWWUDFWHG�PXFK�DWWHQWLRQ�DV�D�QRQ�
OLQHDU� RSWLFDO� FU\VWDO� ZLWK� WKH� IROORZLQJ
EHQHILWV�� D� WUDQVSDUHQF\� GRZQ� WR� ���� QP�
KLJK�QRQOLQHDU� FRHIILFLHQWV�� WKH� KLJKHVW� RS�
WLFDO� GDPDJH� WKUHVKROG� DQG� DQ� DEVHQFH� RI
K\JURVFRSLFLW\� >��������@�� 3HWURY� HW� DO�� >��@
UHSRUWHG�DERXW�WKH�ZDYHOHQJWK�FRQYHUVLRQ�RI
IHPWRVHFRQG�SXOVHV�E\�6+*�GRZQ�WR�����QP
XVLQJ� 6%2�� .RPDWVX� HW� DO�� >��@� DQG
$�,�=DLWVHY� HW� DO�� >��@� GHPRQVWUDWHG� WKDW
WKLV�FU\VWDO�DOVR�KDG�WKH�KLJKHVW�6$:�YHORF�
LW\�DPRQJ�SLH]RHOHFWULF�FU\VWDOV��

&RPSRXQG�6U%�2��OLHV�LQ�D�JODVV�IRUPLQJUDQJH�ZLWKLQ� WKH�6U2±%�2�� V\VWHP�DQG�FDQEH� VLPSO\� REWDLQHG� DV� D� JODVV�� 7KH� SURFHVV
RI�JODVV�FU\VWDOOL]DWLRQ�RFFXUV�WKURXJK�FRP�
SOH[�PHFKDQLVPV�ZLWK� D� SRVVLEOH� IRUPDWLRQ
RI� RWKHU� FU\VWDOOLQH� SKDVHV�� LQ� SDUWLFXODU

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�

��� )XQFWLRQDO�PDWHULDOV�������������



PHWDVWDEOH� SKDVHV�� ,�*�3RO\DNRYD� DQG
(�2�/LWRYFKLN�>��@�UHSRUWHG�WKDW�DW�WKH�WHP�
SHUDWXUHV�����Ü�����&�IRU�FU\VWDOOL]DWLRQ�RI
WKH�JODVV�FRPSRVLWLRQ�6U2��%�2�� �6U%�2���DQHZ� SKDVH� Û� EÜ6U%�2�� DSSHDUV�� $� QHZSKDVH�LV�PHWDVWDEOH�DQG�ZLWK�WKH�LQFUHDVH�RI
WHPSHUDWXUH� XS� WR� ���� �&� LW� WUDQVIHUV� LQ
NQRZQ� RUWKRUKRPELF� SKDVH� Û� DÜ6U%�2��$FFRUGLQJ� WR� >��@� ORZ�WHPSHUDWXUH� SKDVH
VWURQWLXP�WHWUDERUDW�KDV�QRQ�FHQWURV\PPHW�
ULF� VWUXFWXUH� �6*� 3��� D� �����������c�
F� �����������c��]� ����

7KH�FU\VWDO�RI�OHDG�WHWUDERUDWH�3E%�2��LVLVRVWUXFWXUDO�WR�WKH�KLJK�WHPSHUDWXUH�SKDVH
RI� VWURQWLXP� WHWUDERUDWH� �WKH� 3QP��� VSDFHJURXS� DQG� 3%2� KDV� XQLW� FHOO� SDUDPHWHUV
D� ��������c�� E� ��������c�� &� �������c�
DQG�=� ���� >�@�� 7KH� FU\VWDO�3E%�2�� KDV� DW�WUDFWLYH� SK\VLFDO� SURSHUWLHV� >�@�� KRZHYHU� LQ
WKH� SUHVHQFH� RI� KLJK� QRQOLQHDULW\� �GHII�3E%�2��� ���Ü��� GHII� �.'3���� EXW� VPDOOELUHIULQJHQFH�� WKH� SKDVH� PDWFKLQJ� LV� QRW
VDWLVILHG� DV� ZHOO� DV� IRU� 6%2� FU\VWDO� >�@�� ,Q
SDSHU�>��@�VWLPXODWHG�5DPDQ±V�VFDWWHULQJ�LQ
3E%�2�� FU\VWDO� ZDV� LQYHVWLJDWHG�� FDVFDGHJHQHUDWLRQ� F����o�F���� DQG� DSSOLFDELOLW\� RI
3E%�2�� FU\VWDO� IRU� QRQOLQHDU� RSWLFV� LVVKRZQ�

7KHUHIRUH�� LQYHVWLJDWLRQV� RI� 6U%�2�±3E%�2�� V\VWHP� LQ� D� YLHZ� RI� FU\VWDOOL]DWLRQRI� QRQOLQHDU� RSWLFDO� SKDVHV� DQG� WKHLU� SURS�
HUWLHV� DUH� XUJHQW�� 7KH� SKDVH� GLDJUDP� RI
VWURQWLXP� WHWUDERUDWH� 6U%�2�� Û� OHDG
WHWUDERUDWH� 3E%�2�� V\VWHP� ZDV� VWXGLHG� LQ>��@�� ,Q� WKLV� SDSHU� WKH� SRVVLELOLW\� RI� VROLG
VROXWLRQV� IRUPDWLRQ� LQ� DOO� UDQJH� RI� FRQFHQ�
WUDWLRQV�RI�FRPSRXQGV�LV�VKRZQ��WKH�GHSHQG�
HQFH� RI� SDUDPHWHUV� RI� D� FU\VWDOOLQH� ODWWLFH
XSRQ� FRQFHQWUDWLRQ� RI� D� VROLG� VROXWLRQ� LV
VWXGLHG���+RZHYHU��H[SHULPHQWDO�UHVXOWV�IRU
FRQFHQWUDWLRQV� RI� 6U%�2�� PRUH� WKDQ
���PRO���GR�QRW�PDWFK�WKHRUHWLFDOO\�FDOFX�
ODWHG�FXUYH�RI�VROLGXV�

,Q� WKH� SUHVHQW� SDSHU� IRUPDWLRQ� RI� QRQ�
OLQHDU� RSWLFDO� SKDVHV� DW� WKH� SURFHVV� RI� UH�
FU\VWDOOL]DWLRQ�JODVVHV�LQ�VWURQWLXP�WHWUDER�
UDWH�Û�OHDG�WHWUDERUDWH�V\VWHP�ZDV�LQYHVWL�
JDWHG�� ,W� ZDV� VKRZQ� WKDW� WKH� QRQOLQHDU
RSWLFDO�SKDVHV�RI�VWURQWLXP�Û�OHDG�WHWUDER�
UDWHV� FU\VWDOV�FDQ�EH�XVHG� WR�IRUP�JODVV�FH�
UDPLF�PDWHULDOV�RQ�WKH�EDVLV�RI�WKLV�ERUDWHV
V\VWHP�� &RPSDULVRQ� RI� QRQOLQHDULWLHV� RI
JODVV�FHUDPLF�PDWHULDOV�LV�UHSUHVHQWHG�

���([SHULPHQWDO
&RPSRVLWLRQV�IRU�JODVVHV�ZHUH�PDGH�IURP

6U&2�� �KLJK� SXUH� JUDGH� ����� ���� 3E&2��DQDO\WLFDO� JUDGH���������DQG�+�%2�� �KLJK

SXUH� JUDGH� ����� ���� 7KH\� ZHUH� WDNHQ� LQ
FRUUHVSRQGLQJ�TXDQWLWLHV�ZLWK�WKH�H[FHVV�RI
WKH�ERULF�DFLG�RI���PRO����7KH�FRPSRVLWLRQ
ZDV� SUHSDUHG� E\� VROLG�VWDWH� UHDFWLRQ� LQ� WKH
DLU��PHOWLQJ�DQG�WKHQ�KHDWLQJ�XS�WR�WKH�WHP�
SHUDWXUH� RI� ����Ü����� �&�� 7KH� PHOW� ZDV
PL[HG� E\� SODWLQXP� VWLUULQJ� URG�� 7KH� PHOW
ZDV�SRXUHG�RXW�RQ�D�PHWDO�SODWH�DQG�UDSLGO\
FRROHG��)RU�UHGXFWLRQ�RI�PHFKDQLFDO� WHQVLRQ
DIWHU� KDUGHQLQJ� WKH� JODVV� ZDV� DQQHDOHG� DW
WHPSHUDWXUH����Ü�����&�GXULQJ��Ü��K��

'LIIHUHQWLDO� WKHUPDO� DQDO\VLV� �'7$�� ZDV
PDGH� RQ� DQ� HTXLSPHQW�PDGH� LQ� ODERUDWRU\�
7KH� SHFXOLDU� RI� '7$� HTXLSPHQW� LV� WKH
TXDUW]� FKDQQHO� IRU� LQWURGXFWLRQ� RI� WKH
PLFUR� VHHG� LQ�D� VWXGLHG�VDPSOH�� ,W� LV�SRVVL�
EOH� WR� DFKLHYH� WUXH� UHODWLRQ� RI� FRQFHQWUD�
WLRQV� LQ� D� VROLG� VWDWH� RQO\� E\�TXDVL�VWDWLRQ�
DU\� FU\VWDOOL]DWLRQ�KRPRJHQL]HG� IOX[�RI� WKH
JLYHQ� FRQFHQWUDWLRQ�� &RQVLGHULQJ� WHQGHQF\
RI� V\VWHP� IRU� VXSHUFRROLQJ�� WKHUH� LV� WKH
PHWKRG� WR� VDWLVI\� WKLV� FRQGLWLRQ� E\� LQWUR�
GXFLQJ�6U%�2��PLFURFU\VWDO� LQWR�WKH�VDPSOHDW� WHPSHUDWXUHV� EHORZ�� EXW� QHDU� WR� WKH� H[�
SHFWHG� WHPSHUDWXUH� RI� OLTXLGXV� DQG� FU\VWDO�
OL]DWLRQ� RI� VDPSOH� DW� ORZ�VSHHG� FRROLQJ�� ,W
FDQ� EH� FRQVLGHUHG� WKDW� WKH� VDPSOH� FRQFHQ�
WUDWLRQ� FKDQJH� SUDFWLFDOO\� GRHV� QRW� RFFXU�
EHFDXVH�WKH�ZHLJKW�RI�WKH�PHOW�GXULQJ�'7$
ZDV����Ü����PJ��DQG�D�ZHLJKW�RI�D�PLFUR�
FU\VWDO� VWURQWLXP� WHWUDERUDWH� PRYHG� E\� XV
WKURXJK� WKH� TXDUW]� FKDQQHO� � �ZDV� �Ü��PJ�
7KH� UDWH� RI� WHPSHUDWXUH� FKDQJH�GXULQJ� WKH
UHFRUG�RI�'7$�FXUYHV�ZDV����&�PLQ�

7KH� SROLVKHG� JODVVHV� SODWHV� RI� ���� PP
WKLFNQHVV�RI�YDULRXV�FRPSRVLWLRQ�LQ�6U%�2�±3E%�2�� V\VWHP�ZHUH�PDGH� IRU� H[DPLQDWLRQRI� WKH� SKDVH� IRUPDWLRQ� SURFHVV� DW� WKHUPDO
WUHDWPHQW��

&U\VWDOOLQH� SKDVHV� ZHUH� GHWHUPLQHG� E\
;�UD\� SKDVH� DQDO\VLV� PHWKRG� RQ� '521��
80�V\VWHP�

1RQOLQHDU� RSWLFDO� SURSHUWLHV� RI� FU\VWDO�
OL]HG�JODVVHV�ZHUH�VWXGLHG�E\�.XUW]�WHVW�SUR�
FHGXUH� IRU� SRZGHU� VDPSOHV�� ODVHU� /7,����
ZDV�XVHG��<$*�1G�ODVHU�SDUDPHWHUV�RI�UDGLD�
WLRQ�� ZDYHOHQJWK�Û� ������ PP�� SXOVH� GXUD�
WLRQ�Û����Q6��SXOVH�IUHTXHQF\�Û���+]��DQ
DYHUDJH�HQHUJ\�UDGLDWLRQ�Û����P-���5DGLD�
WLRQ� RI� WKH� VHFRQG� KDUPRQLF� ZDV� VHSDUDWHG
E\�WKH�OLJKW�ILOWHU�6=6����DQG�UHJLVWHUHG�E\
SKRWRPXOWLSOLHU�)(8�����

���5HVXOWV�DQG�GLVFXVVLRQ
���� 3KDVH� GLDJUDP� RI� 6U%�2�Ü3E%�2�V\VWHP�� 7KH� VWXGLHG� SKDVH� GLDJUDP� RI

6U%�2�±3E%�2�� V\VWHP� LV� VKRZ� RQ� )LJ����7KH�UHVXOWV�RI�0LNKDHO�HW�DO��>��@�SUHVHQW�E\
FRQWLQXRXV�FLUFOHV�Û�x��

<X�6�2VHOHGFKLN�HW�DO����1RQOLQHDU�RSWLFDO�SKDVHV�LQ����

)XQFWLRQDO�PDWHULDOV������������� ���



7KH� WHPSHUDWXUHV� RI� OLTXLGXV�� VROLGXV
DQG� FU\VWDOOL]DWLRQ� WHPSHUDWXUH� RI� WKH
JODVVHV� RI� FRPSRVLWLRQV� ��Ü[��6U%�2�Ü[�3E%�2�� ��d[d�� Û� WKH� PRODU� SDUW� OHDG
WHWUDERUDWH�LQ�WKH�JODVV��ZHUH�GHWHUPLQHG�E\
PHDQV� RI� '7$� PHWKRG�� ,W� FDQ� EHHQ� VHHQ
IURP� )LJ���� WKDW� WKH� GHWHUPLQHG� WHPSHUD�
WXUHV�RI�VROLGXV�DQG�OLTXLGXV�IRU�WKH�FRPSR�
VLWLRQV� ZLWK� FRQFHQWUDWLRQ� RI� [����� DUH
DERYH� YDOXHV� RI� WKH� GDWD� IURP� SDSHU� >��@
�WKHVH� SRLQWV� DUH� SUHVHQWHG� DV� FRQWLQXRXV
WULDQJOHV�Û�Q��DQG�ZHOO�DJUHH�ZLWK�WKH�VROL�
GXV�FXUYH��

,W�LV�SRVVLEOH�WR�H[SODLQ�WKH�GLIIHUHQFH�RI
RXU�H[SHULPHQWDO�UHVXOWV�LQ�FRPSDULVRQ�ZLWK
WKH� UHVXOWV� RI� >��@� E\� KLJKHU� PHOWLQJ� WHP�
SHUDWXUH� VWURQWLXP� WHWUDERUDWH� �����r���&�
>��@��� DQG� DOVR� E\� GLIIHUHQFH� RI� WKH� SURFH�
GXUH�RI�WKH�SKDVH�GLDJUDP�LQYHVWLJDWLRQ��,Q
WKH�ZRUN� >��@� LQLWLDO� FRPSRVLWLRQV� IRU�'7$
ZHUH� REWDLQHG� E\� VROLG�VWDWH� UHDFWLRQ� DQG
KDG�WKH�IL[HG�FRQFHQWUDWLRQ��,Q�RXU�RSLQLRQ�
LW� EHFDPH� WKH� UHDVRQ�RI� IDOVLILFDWLRQ�RI� WKH
GLIIHUHQWLDO� WHPSHUDWXUH� FXUYH� DQG� JRW� WKH
HUURU� RI� PHDVXUHG� WHPSHUDWXUHV� RI� VROLGXV
IRU� FRPSRVLWLRQV� ��Ü[��6U%�2�Ü[�3E%�2��[������� :H� PDGH� WHVWLQJ� PHDVXUHV� LQ
ZKLFK�KRPRJHQL]HG�JODVVHV�RI�FRQFHQWUDWLRQ
��Ü[��6U%�2�Ü[�3E%�2�� �[� ������ ����� ZHUHXVHG� DV� VDPSOHV� �WHPSHUDWXUHV� RI� VROLGXV
DQG� OLTXLGXV� LQ� ILJXUH� DUH� SUHVHQWHG� E\� D
FRQWLQXRXV� TXDGUDWH�Û����� '7$� KDV� VRZQ
HUURU� RI�PHDVXUHG� WHPSHUDWXUHV� RI� VROLGXV�
WKDW� DJUHH� ZLWK� WKH� UHVXOWV� RI� >��@�� � ,W� LV

GLIILFXOW�WR�UHJLVWHU�WHPSHUDWXUHV�RI�VROLGXV
IRU� FRPSRVLWLRQV� ��Ü[��6U%�2�Ü[�3E%�2���d[d��� IRU� WKH� FLJDU�VKDSHG� GLDJUDP�� 7KLV
LV�FRQQHFWHG�ZLWK�D�VPDOO�YDOXH�RI�GLIIHUHQ�
WLDO�WHPSHUDWXUH�RI�WKH�VDPSOH�DQG�WHPSHUD�
WXUH� RI� MXQFWLRQ� FRQWURO� WKHUPRFRXSOH�� ,W
ZDV�QRW�SRVVLEOH�WR�GHILQH�UHOLDEO\�WKH�WHP�
SHUDWXUHV� RI� VROLGXV� RI� FRPSRVLWLRQV
��Ü[��6U%�2�Ü[�3E%�2�� �[� ������ ����� GH�VSLWH�RI�DFFXUDF\�RI�PHDVXULQJ�

7KXV��LQYHVWLJDWLRQ�RI�WKH�SKDVH�GLDJUDP
RI�6U%�2�±3E%�2��V\VWHP�KDV�FRQILUPHG�DQRSSRUWXQLW\� RI� IRUPDWLRQ� RI� WKH� VROLG� VROX�
WLRQV�6U�±[3E[%�2�� LQ� IXOO� UDQJH� RI� FRQFHQ�WUDWLRQV� ��d[d����DQG�DQ�RSSRUWXQLW\�RI�WKH
FU\VWDOOL]DWLRQ� RI� WKH� JODVV� FHUDPLF� VWUXF�
WXUH�RI�D�YDULRXV�FRQFHQWUDWLRQ�FRPSRVLWLRQ�

�����1RQOLQHDU�RSWLFDO�SKDVHV�LQ�6U%�2�Ü3E%�2�� V\VWHP��2QH�VWDJH� LVRWKHUPDO� FU\V�
WDOOL]DWLRQ� DQQHDOLQJ� RI� WKH� JODVVHV� SODWV
DW� FHUWDLQ� VSHFLILHG� WHPSHUDWXUHV� 7F� ZDVFDUULHG� RXW�� 7KH� UHVXOWV� DUH� SUHVHQWHG� RQ
)LJ����

$V� LW� ZDV� VXJJHVWHG�� SURFHVV� RI� FU\VWDO�
OL]DWLRQ� EHJDQ� IURP� WKH� XQHODERUDWHG� VXU�
IDFH� RI� EXWW�HQG� JODVVHV� SODWV�� �)LJ����� DQG
ZDV�JUDGXDOO\�H[WHQGHG�LQ�WKH�FHQWUDO�DUHDV�
7KH� FU\VWDOOL]DWLRQ� ZDV� QRW� FRQWLQXRXV� EXW
H[WHQGHG� ZDY\�� IRUPLQJ� FU\VWDOOL]DWLRQ
EORFNV��'HSHQGLQJ�RQ� WKH�JODVV� FRPSRVLWLRQ
WKH� LQIOXHQFH� RI� H[WUDFWLQJ� KHDW� RI� FU\VWDO�
OL]DWLRQ� DW� DQQHDOLQJ� KDG� YDULRXV� FKDUDF�
WHUV�� ,QFUHDVH� RI� GHQVLW\� ZDV� WDNHQ� SODFH
GXULQJ� FU\VWDOOL]DWLRQ� RI� SXUH� VWURQWLXP
WHWUDERUDWH�� LQWHUEORFN� VXUIDFH� LQGHQWDWLRQ
DQG� YROXPHWULF� KROORZV� ZHUH� IRUPHG�
6SUHDGLQJ�RI��FU\VWDOOLQH�SKDVH�IURP�SHULSK�
HU\� WR� WKH� FHQWUDO� DUHDV�� VRIWHQLQJ� RI� WKH
JODVV�DQG�LWV�H[WUXVLRQ�ZLWK�WKH�VXEVHTXHQW
IRUPDWLRQ�RI�FU\VWDOOL]DWLRQ�KXPSV�DQG�LQWH�
ULRU� JDV� KROORZV� ZHUH� REVHUYHG� IRU� WKH

)LJ�����3KDVH�GLDJUDP�RI�WKH�VWURQWLXP�WHWUDER�
UDWH���6U%�2��Û� OHDG� WHWUDERUDWH� 3E%�2�� V\V�WHP��D�Û�H[SHULPHQWDO�GDWD�DQG�D�WKHRUHWLFDO
FXUYH� DJUHH� WR�ZRUN� >��@�� E�Û� H[SHULPHQWDO
GDWD� RI� SUHVHQW�ZRUN�� �Û� H[SHULPHQWDO� GDWD
RI� SUHVHQW� ZRUNIRU� KRPRJHQL]HG� JODVV� ZLWK�
RXW�VHHG�FU\VWDO�LQWURGXFWLRQ

)LJ����� &U\VWDOOL]DWLRQ� WHPSHUDWXUH� RI
JODVVHV�RI�WKH�6U%�2�±3E%�2��V\VWHP��
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JODVVHV� ZLWK� FRPSRVLWLRQ� ����6U%�2�Ü����3E%�2��&U\VWDO�SKDVHV�ZHUH�GHWHFWHG�E\�DQ�;�UD\
SKDVH� DQDO\VLV�PHWKRG�� 2Q� WKH� VXUIDFH� DQG
RQ�SHULPHWHU�RI�WKH�SODWHV�WKH�WUDFNV�RI�WKH
RUWKRUKRPELF� SKDVHV� DÜ6U�±[3E[%�2�� ZHUHUHYHDOHG�� ,W� LV� SRVVLEOH� WR� UHPRYH� D�SKDVH
FRPSOHWHO\� E\� SROLVKLQJ� WKH� VXUIDFH� RI� WKH
SODWHV��7KHUHDIWHU�YROXPH�RI�WKH�VDPSOH�FRQ�
WDLQV� RQO\� D� FU\VWDO� SKDVH� EÜ6U�±[3E[%�2��7KH� FU\VWDOOL]DWLRQ� EORFNV� KDYH� VL]H� �Ü
�� PP�� WKH\� DUH� KRPRJHQHRXV� DQG� VHPL�
WUDQVSDUHQW�� 7KH� WKHUPDO� WUHDWPHQW� RI� WKH
FU\VWDOOL]HG� JODVVHV� RI� WKH� FRPSRVLWLRQ� ��Ü
[��6U%�2�±[�3E%�2�� �[d�����DW�WHPSHUDWXUHV���Ü����&�HQVXUH�FRPSOHWH�WUDQVLWLRQ�RI�EÜ
6U�±[3E[%�2� LQ� DÜ6U�±[3E[%�2�� SKDVH�� 7KHKDUG�� RSDTXH�� KRPRJHQHRXV� FHUDPLFV� DUH
IRUPHG�

,Q�YROXPH�RI�WKH�FU\VWDOOL]HG�JODVV�VDPSOH
RI� WKH� FRPSRVLWLRQ� ����6U%�2�Ü����3E%�2�� LVIRXQG� RXW� DV� D�SKDVH� 6U�±[3E[%�2�� DVE�SKDVH�6U�±[3E[%�2��RI�FU\VWDOOLQH��,Q�FU\V�WDOOL]HG� JODVV� RI� WKH� FRPSRVLWLRQ
����6U%�2�Ü����3E%�2�� RQO\� WUDFHV� RI
E�SKDVH�6U�±[3E[%�2��DUH�IRXQG��DQG�DW�IXU�WKHU� UDLVLQJ� RI� FRQFHQWUDWLRQ� RI� OHDG
WHWUDERUDW� LQ� WKH� JODVVHV� XS� WR� ��� �� DQG
PRUH�EÜ6U�±[3E[%�2�� LV�QRW� IRXQG�� WKHUH� LVRQO\� WKH� RUWKRUKRPELF� FU\VWDO� SKDVH
DÜ6U�±[3E[%�2���0LFURVWUXFWXUH� RI� WKH� VDPSOHV�ZDV� VWXG�
LHG�ZLWK�DQ�RSWLFDO�PLFURVFRSH��6L]HV�RI�WKH
IRUPHG� PLFURFU\VWDOV� DUH� LQ� D� UDQJH� RI� �Ü
��PP�� FU\VWDOV� DUH� LVRPHURXV�� WKH\�KDYH�QR
SUHYDLOLQJ� RULHQWDWLRQ� WKDW� LV� FRQILUPHG� E\
WKH�UHVXOWV�RI�;�UD\�VWXG\�

&RPSDULVRQ� RI� WKH� QRQOLQHDU� RSWLFDO
SURSHUWLHV� KDV� EHHQ� PDGH� E\� .XUW]�3HUU\
PHWKRG� EHFDXVH� FU\VWDOOL]HG� VDPSOHV� KDYH
PLFURFU\VWDOOLQH� VWUXFWXUH� ZLWKRXW� DQ\� SUL�

PDU\� RULHQWDWLRQ� RI� WKH� FU\VWDOV� >��@�� 7KH
VDPSOHV� ZHUH� LUUDGLDWHG� E\� <$*�1G� ODVHU
�O� �������PP��� SXPSLQJ� UDGLDWLRQ� ZDV� ILO�
WHUHG� E\� ILOWHU� 6=6���� DQG� WKH� UDGLDWLRQ� RI
WKH� VHFRQG� KDUPRQLF� ZDV� GHWHFWHG� E\� D
SKRWRPXOWLSOLHU� )(8������ 5RWDWLRQ� RI� WKH
VDPSOH�DERXW�DQ�D[LV�RI� WKH� LQFLGHQW�UDGLD�
WLRQ�GRHV�QRW�FKDQJH�LQWHQVLW\�RI�WKH�VHFRQG
KDUPRQLF� WKDW� DOVR� FRQILUPV� HTXDOO\� SURE�
DEOH� RULHQWDWLRQ� RI� PLFURFU\VWDO� LQ� FU\VWDO�
OL]HG� JODVVHV�� 7KH� UHVXOWV� RI� WKH� WHVW� DUH
UHSUHVHQWHG�RQ�)LJ�����

EÜ3KDVH�6U%�2�� SRVVHVVHV� KLJK�QRQOLQHDU�
LW\�DQG�DV�ZHOO�DV�DÜ6U%�2�� LW� LV� LQWHUHVWLQJIRU� PDNLQJ� QRQOLQHDU� RSWLFDO� JODVV�FHUDPLF
PDWHULDOV� �QRQOLQHDULW\� RI� SKDVHV� FRPSDUDEOH
ZLWK� WKRVH� IRU� .73�� %%2��� 1RQOLQHDULW\� RI
DÜ6U�±[3E[%�2�� DQG� EÜ6U�±[3E[%�2�� GHFUHDVHVZLWK�DQ�LQFUHDVH�RI�OHDG�WHWUDERUDWH�FRQFHQ�
WUDWLRQ�LQ�WKH�V\VWHP��

���&RQFOXVLRQV
7KH�LQYHVWLJDWLRQ�RI�WKH�SKDVH�GLDJUDP�RI

VWURQWLXP� WHWUDERUDWH� � �6U%�2��OHDG� WHWUDER�UDWH�3E%�2��V\VWHP�FRQILUPHG�WKH�PDLQ�UROHRI�'7$�PHWKRG�WR�REWDLQ�UHOLDEOH�UHVXOWV��$
JRRG�DJUHHPHQW�ZLWK�OLTXLGXV�SKDVH�FXUYH�LV
DFKLHYHG�� ,W� ZDV� FRQILUPHG� WKDW� VWURQWLXP
WHWUDERUDWH�6U%�2�ÜWHWUDERUDWH�OHDG�3E%�2�IRUP�VROLG�VROXWLRQV�IRU�DQ\�FRQFHQWUDWLRQ�

&U\VWDOOL]DWLRQ� RI� WZR� FU\VWDOOLQH� QRQ�
OLQHDU�RSWLFDO� SKDVHV� LQ� WKH� V\VWHP� RI� VWURQ�
WLXP� WHWUDERUDWH� 6U%�2�ÜOHDG� WHWUDERUDWH3E%�2�� WDNHV� SODFH� DW� FU\VWDOOL]DWLRQ� RI� WKHJODVVHV��7KH� ORZ�WHPSHUDWXUH�EÜ6U�±[3E[%�2�WULJRQDO�SKDVH�LV�GHWHFWHG�DW�ORZ�FRQFHQWUD�
WLRQV� RI� 3E%�2�� �²������� ,W� WUDQVIRUPV� WRRUWKRUKRPELF� DÜ6U�±[3E[%�2�� SKDVH� LQ� WKHFDVH� RI� LQFUHDVH� RI� DQQHDOLQJ� WHPSHUDWXUH�
2QO\� FU\VWDOOL]DWLRQ� RI� RUWKRUKRPELF
DÜ6U�±[3E[%�2�� SKDVHV� LV� WDNHQ� SODFH� IRUFRQFHQWUDWLRQV�3E%�2���[!������

)LJ����� &U\VWDOOL]DWLRQ� RI� WKH� JODVV
�����6U%�2�Ü����3E%�2��� DQ� LQLWLDO� VWDJH� LQLVRWKHUPDO�FRQGLWLRQV�

)LJ����� 5HODWLYH� LQWHQVLW\� RI� WKH� VHFRQG� KDU�
PRQLF� JHQHUDWLRQ� RI� <$*�1G� ODVHU� UDGLDWLRQ
E\�WKH�JODVV�FHUDPLF�VDPSOHV�
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+LJK� QRQOLQHDULW\� RI� ERWK� SKDVHV� RI
VWURQWLXPÜOHDG� WHWUDERUDWHV�PDNHV� LW� SRVVL�
EOH�WR�XVH�WKHP�DV�QRQOLQHDU�RSWLFDO�FU\VWDOV
FRPSRQHQWV� RI� JODVV�FHUDPLF� PDWHULDOV� RQ
WKH� EDVLV� RI� WKH� JODVV�IRUPLQJ� VWURQWLXP
WHWUDERUDWH�Û�OHDG�WHWUDERUDWH�V\VWHP�
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