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3URSHUWLHV� RI� PRGHUQ� IXQFWLRQDO� PDWHUL�
DOV� DUH� GHILQHG� E\� WKHLU� SXULW\� WR� D� JUHDW
H[WHQW�� 'LVWLOODWLRQ� DQG� FU\VWDOOL]DWLRQ� DUH
WKH�PDLQ�PHWKRGV�LQ�SURGXFWLRQ�RI�KLJK�SX�
ULW\�VXEVWDQFHV��DQG�WR�FRPELQH�WKRVH�PHWK�
RGV� LV� UHDVRQDEOH� IRU� DFKLHYHPHQW� RI� EHVW
UHVXOWV� >�@�� 7KHUH� LV� D� VHOHFWLRQ� SUREOHP� RI
RQH� RU� DQRWKHU�PHWKRG� IRU� HIIHFWLYH�SXULIL�
FDWLRQ�RI�D�VSHFLILF�V\VWHP��7KH�DLP�RI�WKLV
LQYHVWLJDWLRQ�LV�WR�FRPSDUH�WKH�HIILFLHQF\�RI
GLVWLOODWLRQ� DQG� &]RFKUDOVNL� FU\VWDOOL]DWLRQ
SXULILFDWLRQ�PHWKRGV�
7R� VROYH� WKDW� SUREOHP�� OHW� XV� XVH� WKH

VLPSOLILHG� HTXDWLRQV� IRU� FDOFXODWLRQ� RI� GLV�
WLOODWLRQ� DW� ORZ� LPSXULW\� FRQFHQWUDWLRQ� >�@
DQG� FRQFOXVLRQ� IURP� WKH�ZRUN� >�@� WKDW� GLV�
WLOODWLRQ� DQG�&]RFKUDOVNL� FU\VWDOOL]DWLRQ� DUH
GHVFULEHG� E\� LGHQWLFDO� HTXDWLRQV� �DW� FRUUH�
VSRQGLQJ�VXEVWLWXWLRQ�LQ�HTXDWLRQV�WKH�VHSD�
UDWLRQ� IDFWRU� D� DW� GLVWLOODWLRQ� E\� GLVWULEX�
WLRQ�FRHIILFLHQW�N�DW�FU\VWDOOLVDWLRQ�DQG�YLFH
YHUVD�� DW� ORZ� LPSXULW\� FRQFHQWUDWLRQ� LI� LQ�
WHUSKDVH� GLVWULEXWLRQ� FRHIILFLHQWV� DUH� QRW
GLIIHULQJ�IURP�XQLW\�VWURQJO\��
)RU�GLVWLOODWLRQ�
Û�WKH�LPSXULW\�FRQFHQWUDWLRQ�LQ�FRQGHQ�

VDWH��&G�

&G
&�� �

����§̈
©
����*G

*�
·̧
¹
D

*G
*�

�

���

ZKHUH�&�� LV� WKH� LQLWLDO� LPSXULW\� FRQFHQWUD�WLRQ�� *G� DQG� *��� WKH� FRQGHQVDWH� PDVV� DQGWKH�LQLWLDO�PDWHULDO�PDVV��UHVSHFWLYHO\��
Û�WKH�LPSXULW\�FRQFHQWUDWLRQ�LQ�WKH�FUX�
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Û� WKH� LPSXULW\� FRQFHQWUDWLRQ� LQ� WKH
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ZKHUH�*°�LV�WKH�FU\VWDO�PDVV�Û�WKH�LPSXULW\�FRQFHQWUDWLRQ�LQ�WKH�FUX�
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ZKHUH�*��LV�WKH�FUXFLEOH�UHVLGXH�PDVV�'HSHQGLQJ� RQ� WKH� YDOXHV� RI� FRHIILFLHQWV
D� DQG� N�� WKH� FRQGHQVDWH� �DW�D������� FU\VWDO
�DW�N������ RU� FUXFLEOH� UHVLGXH� �DW�D�!��� DQG
N�!���� PD\� IRUP� WKH� SXULILHG� SURGXFW�� 7R
FRPSDUH� WKH� HIILFLHQF\� RI� GLVWLOODWLRQ� DQG
&]RFKUDOVNL� FU\VWDOOL]DWLRQ� SXULILFDWLRQ�� OHW
WKH�UDWLRV�EHORZ�EH�FRQVLGHUHG�
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�VHOHFWLQJ�RQH�WKHUHRI�GHSHQGLQJ�RQ�ZKDW�LV
WKH�SXULILFDWLRQ�SURGXFW��RU��LQ�WKH�JHQHUDO�
L]HG�IRUP��WKH�UDWLR�
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ZKHUH� &D� DQG� &N� DUH� WKH� LPSXULW\� FRQFHQ�WUDWLRQ� LQ� WKH� GLVWLOODWLRQ� RU� FU\VWDOOL]DWLRQ
SURGXFW��UHVSHFWLYHO\��7KLV�UDWLR�VKRZV�KRZ
PDQ\� WLPHV� WKH� LPSXULW\� FRQFHQWUDWLRQ� LQ
WKH�GLVWLOODWLRQ�SURGXFW�LV�ORZHU�WKDQ�WKDW�LQ
WKH�FU\VWDOOL]DWLRQ�SURGXFW�

/HW� WKH� SURFHVVHV� EH� FRPSDUHG� DW� WKH
VDPH� SURGXFW� \LHOG� *�*��� *� �*G�� LI� WKHSURGXFW� LV� D� FRQGHQVDWH�� *� �*��� LI� WKHSURGXFW� LV� WKH� FUXFLEOH� UHVLGXH� DW� GLVWLOOD�
WLRQ��*� �*°��LI�WKH�SURGXFW�LV�D�FU\VWDO��*� *���LI�WKH�SURGXFW�LV�WKH�FUXFLEOH�UHVLGXH�DWFU\VWDOOL]DWLRQ��&RPELQLQJ�IRUPXODV����Ü����
ZH� JHW� IRUPXODV� IRU� FDOFXODWLRQ� RI� UHODWLYH
HIILFLHQF\�
��� DW� D����� DQG� N����� �WKH� GLVWLOODWLRQ

SURGXFW� LV� D� FRQGHQVDWH�� WKH� FU\VWDOOL]DWLRQ
SURGXFW�LV�D�FU\VWDO�
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��� DW� D�!��� DQG� N����� �WKH� GLVWLOODWLRQ
SURGXFW� LV�WKH�FUXFLEOH�UHVLGXH��WKH�FU\VWDO�
OL]DWLRQ�SURGXFW�LV�D�FU\VWDO�
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7KH� FRQVLGHUDWLRQ� UHVXOWV� RI� HTXDWLRQV
���Ü���� DUH� VXPPDUL]HG� LQ� 7DEOH��� �DW
&N�&D�!����WKH�GLVWLOODWLRQ�LV�PRUH�HIIHFWLYHWKDQ�FU\VWDOOL]DWLRQ���
,W� LV� WR� QRWH� WKH� FRQGLWLRQV�D������N�!��

DQG� D�!���� N����� ZKHQ� GLVWLOODWLRQ� LV� PRUH
HIILFLHQW� RU� OHVV� HIILFLHQW� WKDQ� FU\VWDO�
OL]DWLRQ��GHSHQGLQJ�RQ�*�*���7DEOHV���DQG��WKDW� UHODWH� WR� VRPH� YDOXHV� RI�D� DQG� N� �DW
D������N�!���DQG�D�!����N������ UHVSHFWLYHO\�
LOOXVWUDWH� WKH� QDWXUH� RI� WKLV� GHSHQGHQFH
�YDOXHV� &N�&D�!��� DUH� LQ� EROG��� ,W� LV� VHHQWKDW�DQ�LQWHUYDO�RI�*�*��YDOXHV�PD\�H[LVW�LQWKH�V\VWHPV�WR�EH�UHILQHG�ZKHUH�GLVWLOODWLRQ
LV�PRUH�HIILFLHQW�WKDQ�FU\VWDOOL]DWLRQ�
7KH� FDOFXODWLRQ� UHVXOWV� RI� UHODWLYH� HIIL�

FLHQF\� &N�&D� IRU� VRPH� UHDO� V\VWHPV� XVLQJWKH�UHIHUHQFH�GDWD�>�@�DUH�VKRZQ�LQ�7DEOH���

7DEOH����5HODWLYH� HIILFLHQF\�&N�&D� GHSHQG�LQJ�RQ�D�DQG�N
D�DQG�N�YDOXHV &N�&D
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,W� LV� VHHQ� WKDW� IRU� FDGPLXP� UHILQLQJ� IURP
]LQF��FDGPLXP�IURP�DUVHQLF��VXOIXU�IURP�DU�
VHQLF��WKH�XVLQJ�RI�GLVWLOODWLRQ�LV�UHDVRQDEOH
ZLWK� \LHOG� QRW� PRUH� WKDQ� |����� |���� DQG
|�����UHVSHFWLYHO\��,I�KLJKHU�\LHOG�YDOXHV�DUH
GHVLUDEOH�� WKH� FU\VWDOOL]DWLRQ�SXULILFDWLRQ� LV
UHDVRQDEOH�
6R�� XVLQJ� WKH� GHYHORSHG� HTXDWLRQV�� LW� LV

VKRZQ�WKDW�IRU�VRPH�V\VWHPV�WR�EH�UHILQHG�
GLVWLOODWLRQ�PD\�EH�HLWKHU�PRUH�HIIHFWLYH�RU
OHVV� HIIHFWLYH� WKDQ� &]RFKUDOVNL� FU\VWDO�
OL]DWLRQ�� GHSHQGLQJ� RQ� SURGXFW� \LHOG�� ,W� LV
UHDVRQDEOH� WR� WDNH� LQWR� DFFRXQW� WKH� UHVXOWV
REWDLQHG� ZKHQ� GHVLJQLQJ� WKH� UHILQLQJ� WHFK�

QRORJLHV� EDVHG�RQ�GLVWLOODWLRQ� DQG�&]RFKUDO�
VNL�FU\VWDOOL]DWLRQ�
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