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7KH� H[LVWLQJ� PHWKRGV� SURYLGH� WKH� VWXG\
RI� HLWKHU� WKH� LQLWLDO� VROLGLILFDWLRQ� VWDJH
ZKHQ� WKH� OLTXLG� SKDVH� SUHGRPLQDWHV� �VHH�
H�J��� >�Ü�@��� RU� LWV� ILQDO� VWDJH� ZKHQ� WKH
ULJLG� SKDVH� LV� SUHGRPLQDQW� �H�J��� >����@��
7KLV� ZRUN� SURSRVHV� D�PHWKRG�ZKLFK� DOORZV
WR� PRQLWRU� FRQWLQXRXVO\� WKH� VROLGLILFDWLRQ
SURFHVV�DW�DQ\�OLTXLG�ULJLG�SKDVH�UDWLR�

7KH�ULJLG�SKDVH�ULJLGLW\�PRGXOXV�LV�NQRZQ
WR�H[FHHG�E\�VHYHUDO�RUGHUV�WKDW�RI�WKH�OLTXLG
SKDVH�� 7KLV� IDFW� IRUPV� D� EDVLV� IRU� WKH� SUR�
SRVHG�PHWKRG��7KH�DXWKRUV�SURSRVH� WR�PHDV�
XUH� WKH� VROLGLI\LQJ� V\VWHP� ULJLGLW\� PRGXOXV
LQ�WLPH��WDNLQJ�LQWR�DFFRXQW�WKH�IDFW�WKDW�WKH
LPPHQVH� ULJLGLW\�PRGXOXV�YDOXH� RI� WKH�ULJLG
SKDVH� �DV� FRPSDUHG� WR� WKH� OLTXLG� RQH�� ZLOO
SURYLGH� DQ� DFFXUDWH� GHWHUPLQDWLRQ� RI� WKH
ULJLG�SKDVH�DPRXQW�LQ�WKH�V\VWHP�

:KHQ� PHDVXULQJ� WKH� ULJLGLW\� PRGXOXV�
WKH�VKDSH�RI�WKH�VROLGLI\LQJ�PDWHULDO�VDPSOH
LV� WR�EH�NHSW��7KH�DXWKRUV�SURSRVH� WR� VROYH
WKH� SUREOHP�E\� SXWWLQJ� WKH� VROLGLI\LQJ�PD�
WHULDO� LQWR� D� WXEH� PDGH� RI� DQRWKHU� ULJLG
PDWHULDO��7KDW�FRPSRVLWH�VDPSOH�LV�EHLQJ�VXE�
MHFWHG� WR� D� WZLVWLQJ�PRPHQW�0� �VHH� )LJ�����
/HW�WKH�IROORZLQJ�TXDQWLW\�EH�FRQVLGHUHG�

K� �&���&����&�� ���
ZKHUH�&�� LV�WKH�WKH�WZLVWLQJ�ULJLGLW\�RI�WKHSHQGXOXP� ZLWKRXW� WKH� VDPSOH�� &��� WKHHPSW\� WXEH� WZLVWLQJ� ULJLGLW\��&�� WKH� WZLVW�

LQJ� ULJLGLW\� RI� LQQHU� F\OLQGHU� FRQVLVWLQJ� RI
WKH� VROLGLI\LQJ� PDWHULDO�� 7KH� PHWKRG� FRQ�
FHSW� LV� WR�GHWHUPLQH� VHSDUDWHO\� WKH� ULJLGLW\
RI� ILOOHG� �K�� DQG� HPSW\� �&����&��� WXEH� DVZHOO�DV�&��6XFK�DQ�H[SHULPHQW�SURYLGHV�WKH&�DQG�&��YDOXHV��8VLQJ�WKH�NQRZQ�VROXWLRQ
RI�HODVWLFLW\� WKHRU\�SUREOHP�RQ�D�FRPSRVLWH
F\OLQGHU� WZLVWLQJ� �VHH� >�@�� IRU�H[DPSOH���ZH
JHW�WKH�IRUPXODV
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PDNLQJ�LW�SRVVLEOH�WR�GHWHUPLQH�WKH�ULJLGLW\
PRGXOL�RI�WKH�VXEVWDQFH�ILOOLQJ�WKH�WXEH�DQG
RI� WKH� HPSW\� WXEH� �&� DQG� &��� UHVSHFWLYHO\�SURFHHGLQJ�IURP�WKH�PHDVXUHG�&�DQG�&��YDO�XHV��7KH�IROORZLQJ�QRWDWLRQV�DUH�XVHG�LQ����
DQG� ����� O� �� WKH� WXEH� OHQJWK�� U� DQG� 5�� WKH
WXEH�LQQHU�DQG�RXWHU�UDGLL��UHVSHFWLYHO\�

$�WZLVWLQJ�SHQGXOXP�GHVFULEHG�LQ�>�@�ZDV
XVHG� WR� GHWHUPLQH� WKH� WZLVWLQJ� ULJLGLW\� LQ
H[SHULPHQWV��

/HW� Q�� Q�� DQG� Q�� � EH� WKH� RVFLOODWLRQ� IUH�TXHQFLHV� RI� WKH� SHQGXOXP� ZLWK� FRPSRVLWH
VDPSOH��RI�WKDW�ZLWK�WKH�HPSW\�WXEH�DQG�RI
WKH� VDPSOH�IUHH� SHQGXOXP�� )RU� WKRVH� TXDQ�
WLWLHV��WKH�IROORZLQJ�IRUPXODV�DUH�YDOLG�

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

��� )XQFWLRQDO�PDWHULDOV�������������
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ZKHUH�ZKHUH�,� LV� WKH�SHQGXOXP� LQHUWLD�PR�
PHQW��

$V� LV� VHHQ� IURP� ����� WKH� PHDVXUHPHQW
HUURU� RI� WKH� VROLGLI\LQJ� PDWHULDO� ULJLGLW\
PRGXOXV�*�ZLOO� EH� GHILQHG�E\�PHDVXUHPHQW
HUURUV� RI� WKH� V\VWHP� LQHUWLD�PRPHQW� ,�� UD�
GLXV�U��WKH�VDPSOH�OHQJWK�O���DQG�ULJLGLW\�&�
7KH�ODWWHU�PD\�DWWDLQ�VHYHUDO��XS�WR�WHQ��SHU
FHQW�RI�WKH�TXDQWLW\�YDOXH�LWVHOI��$V�LV�VHHQ
IURP� WKH� H[SHULPHQWDO� GDWD� SUHVHQWHG
EHORZ��WKH�ULJLGLW\�RI�D�VROLGLI\LQJ�PDWHULDO
ILOOLQJ�WKH�WXEH�GRHV�QRW�H[FHHG�����RI�WKH
WXEH� ULJLGLW\�� ,Q�RWKHU�ZRUGV�� �&�PD\�KDYH
YDOXHV� HTXDO� WR� URRW�PHDQ�VTXDUH� GHYLDWLRQ
RI�WKH�&����7KDW�LV�ZK\�GHWHUPLQDWLRQ�RI�WKHVROLGLI\LQJ�PDWHULDO� ULJLGLW\�PRGXOXV� XVLQJ
IRUPXOD� ���� LV� SUREOHPDWLFDO��%DVLQJ�RQ� WKH
DERYH��WKH�DXWKRUV�SURSRVH�WKH�H[SHULPHQWDO
GDWD� SURFHVVLQJ� SURFHGXUH� ZKLFK� DOORZV� WR
DYRLG�WKRVH�GLIILFXOWLHV�

7KH� H[SHULPHQW� VKRZV� WKDW� WKH� RVFLOOD�
WLRQ�IUHTXHQF\�RI�WKH�SHQGXOXP�ZLWKRXW�WKH
VDPSOH� LV� WLPH�LQGHSHQGHQW�� 7KLV� LV� H[�
SODLQHG�E\� WKH�IDFW�WKDW�WKH�HODVWLF�HOHPHQW
LV� D� PHWDO� ZLUH� VXEVWDQWLDOO\� IUHH� RI� WLPH�
GHSHQGHQW�SURFHVVHV��FUHHS��HWF����:KHQ�WKH
SHQGXOXP� LV� VWXGLHG� LQ� FRPELQDWLRQ� ZLWK
WKH� WXEH� �WKDW� LV�PDGH�RI�D�SRO\PHU��� WLPH�
GHSHQGHQW�SURFHVVHV�RFFXU� LQ�WKH� ODWWHU�GXH
WR�VWUHVVHV��LQ�SDUWLFXODU��WKH�VDPSOH�FUHHSV
XQGHU�D[LDO�ORDG��7KLV�FUHHS�LV�GXH�WR�RULHQ�
WDWLRQ� RI� WKH� SRO\PHU� PROHFXOHV� DORQJ� WKH
WHQVLRQ�GLUHFWLRQ��WKDW�UHVXOWV�LQ�FKDQJHV�RI
WKH� WXEH� HODVWLF� PRGXOXV� DQG� WKXV� LQ� WKH
IUHTXHQF\�FKDQJH�LQ�WLPH��7KH�WLPH�GHSHQG�
HQFH� RI� WKH� IUHTXHQF\� LV� REVHUYHG� DJDLQ
ZKHQ� WKH� ILOOHG� WXEH� LV� H[DPLQHG�� 7KDW� GH�
SHQGHQFH� LV� GXH� WR� WKH� DERYH�PHQWLRQHG
SRO\PHU�RULHQWDWLRQ�DV�ZHOO�DV�WR�YDULDWLRQV
LQ� SURSHUWLHV� RI� WKH� PDWHULDO� ILOOLQJ� WKH
WXEH�� 7KH� DLP� RI� WKLV� ZRUN� LV� WR� JHW� WKH
WLPH�GHSHQGHQFH�RI�WKH�ULJLGLW\�PRGXOXV�IRU
WKH�PDWHULDO� ILOOLQJ� WKH� WXEH�� ,W� FDQ� EH� RE�
WDLQHG� E\� FRPSDULQJ� WKH� H[SHULPHQWDO� WLPH
GHSHQGHQFHV�IRU�WKH�ILOOHG�DQG�HPSW\�WXEH�

:H�ZLOO�EH�LQWHUHVWHG�LQ�WLPH�GHSHQGHQFH
RI� WKH�ULJLGLW\�PRGXOXV�*��/HW�*��EH� WKH�*YDOXH� DW� WKH� LQLWLDO� WLPH� LQVWDQW� W��� FRQVLG�HULQJ� *� DV� WKH� ULJLGLW\� PRGXOXV� YDOXHV� LQ

VXEVHTXHQW�WLPH�LQVWDQWV��7KH�SDLUV�RI�YDUL�
DEOHV�*���DQG�*���Q���DQG�Q���Q��DQG�Q�ZLOOJHW�DQ�DQDORJRXV�LQWHUSUHWDWLRQ��

/HW�XV�LQWURGXFH�WKH�IROORZLQJ�TXDQWLWLHV��
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IRU�ILOOHG�DQG�HPSW\�WXEH��UHVSHFWLYHO\�
6XEVWLWXWLQJ� WR� IRUPXOD� ����� WKH� FRUUH�

VSRQGLQJ�ULJLGLW\�YDOXHV��ZH�JHW
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&RPSDULQJ�WKH�H[SHULPHQWDO�YDOXHV�RI�RV�
FLOODWLRQ� IUHTXHQFLHV� Q�� DQG� Q��� IRU� HPSW\DQG�ILOOHG� WXEHV�DW� LQLWLDO� WLPH�PRPHQW��ZH
FDQ�FRQFOXGH� WKDW�*�� ���� ,Q� WKLV� FDVH�� IRU�PXOD�����WDNHV�WKH�IRUP
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&RPSDULQJ������DQG������ZH�JHW�
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)URP�WKH�ODWWHU�H[SUHVVLRQ�IROORZV

)LJ�����'LDJUDP�RI�VDPSOH�ORDGLQJ�

2�<X�$NWDQ�HW�DO����7KH�PHWKRG�RI�GHWHUPLQDWLRQ����

)XQFWLRQDO�PDWHULDOV������������� ���
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7KH�IRUPXOD������ZDV�XVHG�WR�FDOFXODWH�WKH
ULJLGLW\�PRGXOXV�RI�D�VROLGLI\LQJ�PDWHULDO�

7KH� VROLGLILFDWLRQ� SURFHVV� RI� JHODWLQ
DTXHRXV� VROXWLRQ� LQ� WKH� FRXUVH� RI� WLPH� ZDV
XVHG� DV� DQ� H[DPSOH� WR� DSSURYH� WKH�SURSRVHG
PHWKRG��1XPHURXV�ZRUNV�ZHUH�DLPHG�DW�LQYHV�
WLJDWLRQ� RI� WKDW� V\VWHP� �VHH�� H�J��� >�����@��
7KHUH� DUH� RQO\� IHZ� ZRUNV� ZKHUH� WKH� VKHDU
ULJLGLW\� RI� WKH� V\VWHP� KDV� EHHQ� FRQVLGHUHG�
DOWKRXJK�RQO\�DW�WKH�LQLWLDO�VROLGLILFDWLRQ�VWDJH
>������@��

)LJ���� VKRZV� WKH� H[SHULPHQWDO� WLPH� GH�
SHQGHQFH� ULJLGLW\� PRGXOXV� REWDLQHG� IRU
������� DTXHRXV� JHODWLQ� VROXWLRQ�� 7KH� WXEH
ULJLGLW\� PRGXOXV� ZDV� *�� �������1�P��� $V
LV� VHHQ� IURP�WKH�GLDJUDP�� WKH�JHODWLQ�VROX�
WLRQ� ULJLGLW\� PRGXOXV� *� YDULHV� ZLWKLQ� WKH
UDQJH�RI�����*��WR�����*���$V�LW�FDQ�EH�VHHQIURP� WKH� HUURU� YDOXHV� LQGLFDWHG� LQ� WKH� GLD�
JUDP�HYLGHQFH�WKDW��LQ�VSLWH�RI�D�ORZ�YDOXH�RI
ULJLGLW\�PRGXOXV�*� �DV� FRPSDUHG� WR�*���� WKHSURSRVHG� PHWKRG� SHUPLWV� WR� VLQJOH� RXW� UHOL�
DEO\�WKH�VROLGLI\LQJ�PDWHULDO�ULJLGLW\�PRGXOXV
RXW�RI�WKH�WRWDO�PRGXOXV�ZKLFK�FKDUDFWHUL]HV
WKH�FRPSRVLWH�F\OLQGHU�DV�D�ZKROH�

7KH� SURSRVHG� PHWKRG� KDV� EHHQ� SDWHQWHG
LQ�8NUDLQH�>��@�

5HIHUHQFHV
� ���6�0�3DQNRY�� -HOO\�OLNH� 6WDWH� RI� 3RO\PHUV�

.KLPLD��0RVFRZ��������>LQ�5XVVLDQ@�
� ���8�6��3DWHQW�1R�������������������
� ���3�$�-DQPH\�� -��%LRFKHP��%LRSK\V��0HWKRGV�
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� ���-�0�*HUH��6�3�7LPRVKHQNR��0HFKDQLFV�RI�0D�
WHULDOV��3:6�.HQW��%RVWRQ��������

� ���5KHRPHWU\� RI�)RRG�5DZ�0DWHULDOV� DQG�3URG�
XFWV��$�5HIHUHQFH�%RRN��HG��E\�<X�$�0DFKLN�
KLQ�� $UJRSURPL]GDW�� 0RVFRZ� ������� >LQ
5XVVLDQ@�

� ���-�6�7VH�� 9�3�6KRDNRY�� 9�5�%HORVOXGRY�� -�
&KHP��3K\V���������������������

� ���6�3�7LPRVKHQNR��+DQGERRN�RI�(ODVWLFLW\�7KHRU\�
1DXNRYD�'XPND��.LHY��������>LQ�5XVVLDQ@�

� ���$�=�*ROLN�� $�)�/RSDQ�� 8NU��)L]��=K��� ���� ���
�������

� ���'�3DXO��-��$SSO��3RO\P��6FL������������������
����3�*�� GH�*HQQHV�� 6FDOLQJ�V� ,GHDV� LQ� WKH� 3RO\�

PHU� 3K\VLFV�� 0LU�� 0RVFRZ� ������� >LQ� 5XV�
VLDQ@�

����8NUDLQH�3DWHQW�1R����������������

lË�º��mÒÏÓÈ�ËÓÓ«�Ï°�mÓº��¹¯�ÎÓº°�L�äÈ�Ë¯LÈã�m�¹¯º�Ë°L�®º�º��mË¯�LÓÓ«�
|���k}�ÈÓ��|�v�vmË�ÓL}ºmÈ������sL}ºãÈ¼Ó}º

~È¹¯º¹ºÓºmÈÓº� äË�º�� �º°ãL�ÎËÓÓ«� ¹¯º�Ë°Lm� �mË¯�LÓÓ«�� m� º°Óºm�� «}º�º� ¹º}ãÈ�ËÓº
mÒÏÓÈ�ËÓÓ«�äº��ã«�Ï°�m��äÈ�Ë¯LÈã����º��mË¯�L¼��cºÏ¯ºãËÓº�äË�º�Ò}��¯ºÏ¯È²�Ó}���L¼�
mËãÒ�ÒÓÒ���¯ºmË�ËÓº�Ë}°¹Ë¯ÒäËÓ�Èã	Ó��È¹¯ºÈ�L
�ÏÈ¹¯º¹ºÓºmÈÓº�º�äË�º���

)LJ����� *HODWLQ� DTXHRXV� VROXWLRQ�� 7LPH� GH�
SHQGHQFH� RI� ULJLGLW\� PRGXOXV� IRU� JHODWLQ
DTXHRXV�VROXWLRQ�

2�<X�$NWDQ�HW�DO����7KH�PHWKRG�RI�GHWHUPLQDWLRQ����

��� )XQFWLRQDO�PDWHULDOV�������������


