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�����&KDQJH�RI�/3*�OHYHO�DQG�GHQVLW\�XQGHU�ERLOLQJ3UREOHP� RI� /3*� ERLOLQJ� LV� QRW� SURSHUO\� VWXGLHG� XS� WRQRZ�� ,W� ZDV� DVVXPHG� WKDW� ERLOLQJ� LV� QRW� VLJQLILFDQW� DQGWKHUHIRUH� LW� VKRXOG�QRW� EH� WDNHQ� LQWR�DFFRXQW��+RZHYHU� RXUVWXG\� VKRZHG� WKDW� H[LVWHQW� LQWHQVLYH� ERLOLQJ� ��� ±� ��� �LQFUHDVH� RI� OHYHO�� WDNHV� SODFH� DW� WKH� HQG� /3*� SXPSLQJSURFHVV�� XQGHU� VPRRWKLQJ� RI� JDVHRXV� SKDVH� SUHVVXUH� DQGSUHVVXUH� GURS� EHFDXVH� RI� DQ\� UHDVRQ�� GXUDWLRQ� RI� VXFKERLOLQJ�LV�VHYHUDO�PLQXWHV��:HDNHU�ERLOLQJ��OHYHO�LQFUHDVH�XSWR���±������WDNHV�SODFH�DIWHU�LQWHQVLYH�ERLOLQJ�DV�HYDQHVFHQWSURFHVV�� XQGHU� JDV� VDPSOLQJ� E\� FRPSUHVVRU�� PL[LQJ� RIOLTXHILHG� JDVHV� ZLWK� GLIIHUHQW� WHPSHUDWXUHV� DQG� XQGHUFKDQJHV�RI� WHPSHUDWXUH�� WKLV�SURFHVV�PD\� EH�GXULQJ�VHYHUDORXUV��%RLOLQJ�SURFHVV�PD\� KDYH� UDQGRP� FKDUDFWHU� �VSHFWUDOGHQVLW\� DQG� LQWHQVLW\� FKDQJH� DW� ZLGH� OLPLWV��� 7KHUHIRUHVXJJHVWLRQ� RI� DGHTXDWH�PDWKHPDWLFDO� PRGHO� RI� WKH� SURFHVVDQG� GHVLJQ� RI� HIIHFWLYH� KLJK�VSHHG� GLJLWDO� ILOWHU� DUH� YHU\GLIILFXOW�SUREOHPV�,W�LV�VKRZQ�LQ�WKH�SDSHU�WKDW�GHWHUPLQDWLRQ�RI�/3*�OLTXLGSKDVH�GHQVLW\�FDQ�SURYLGH�HIIHFWLYH�VROXWLRQ�RI�WKLV�SUREOHP�7KLV�GHQVLW\�LI�GHFUHDVHG�SURSRUWLRQDOO\�WR�OHYHO�DQG�YROXPHLQFUHDVH�XQGHU�ERLOLQJ���$FFRUGLQJO\�PHDVXULQJ�GHQVLW\�/3*PDVV�PD\�EH�FDOFXODWHG�FRUUHFWO\��,Q�)LJ���D DQG�)LJ���E DUHVKRZQ� DV� H[DPSOHV� GDWD� IRU� /3*� OHYHO� DQG� PDVV� FKDQJHDFFRUGLQJO\� GXULQJ� D� VKRZQ� SHULRG� RI� GDLO\� WLPH� �a� �������������� WKHVH� GDWD� ZHUH� UHFHLYHG� XVLQJ� WKH� VXJJHVWHGGHYLFHV�� 7KHVH� ILJXUHV� FRUUHVSRQG� WR� WKH� VWDJH� RI� /3*UHSXPSLQJ��$V�LW�LV�VHHQ�DW�WKH�HQG�RI�SXPSLQJ�SURFHVV�WKHUH
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WDNHV� SODFH� QRQ�VLJQLILFDQW� OHYHO� LQFUHDVH� GXH� WR� ERLOLQJFDXVHG�E\�FRPSUHVVRU�IXQFWLRQLQJ��,W�WDNHV�SODFH�DOVR�VWURQJOHYHO� LQFUHDVH� �XS� WR� �� FP�� GXH� WR� /3*� ERLOLQJ� XQGHUGHFUHDVH� RI� YDSRU� SUHVVXUH� �DW� HTXDOLQJ� SUHVVXUH� ZLWK� LW� RIHPSW\� WDQN�� �)LJ���D��� /3*� GHQVLW\� LV� GHFUHDVHG� XQGHUERLOLQJ� WKDW� UHVXOWV� LQ� OHYHO� DQG� YROXPH� LQFUHDVH�� +RZHYHU/3*� PDVV� PHDVXUHG� E\� WKH� VXJJHVWHG� GHYLFHV� LV� QRWFKDQJHG� XQGHU� VXFK� SXPSLQJ� �)LJ���E��� ,W� IROORZV� IURPWDNLQJ� LQWR� DFFRXQW� /3*� GHQVLW\� DQG� YDSRU� PDVV� LQ� WKHVXJJHVWHG� WHFKQLTXHV�� 6LPLODU� EHKDYLRU� RI� /3*� OHYHO�YROXPH� DQG� PDVV� LV� REVHUYHG� XQGHU� RWKHU� WHFKQRORJLFDORSHUDWLRQV��ILOOLQJ�LQ�RI�D�UHVHUYRLU��ILOOLQJ�LQ�D�UHVHUYRLU�DQGVLPXOWDQHRXV�/3*�SLFN�XS�IURP�D�UHVHUYRLU�IRU�EDOORRQV�DQGFDU�WDQN�ILOOLQJ�LQ��HWF���
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����� &KDQJH� RI� /3*� OLTXLG� SKDVH� GHQVLW\� YHUVXVFRPSRVLWLRQ�DQG�WHPSHUDWXUH'HQVLW\� RI� /3*� OLTXLG� SKDVH� LV� GHSHQGHQW� RQWHPSHUDWXUH�� VXFK� D� GHSHQGHQFH� LV� VKRZQ� LQ� )LJ��� IRUSURSDQH� �OLQH� ��� DQG� EXWDQH� �OLQH� ���� (UURUV� FDXVHG� E\DEVHQFH�RI� WDNLQJ� LQWR�DFFRXQW�RI�VXFK�GHQVLW\� FKDQJHV�FDQKDYH� FRQVLGHUDEOH� YDOXHV� �XS� WR�r ������ 7KH\� GHSHQG� RQERWK�WHPSHUDWXUH�DQG�/3*�FRPSRVLWLRQ� �UHODWLYH�FRQWHQW�RISURSDQH�DQG�EXWDQH��
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�����&KDQJH�RI�/3*�YDSRU�PDVV�YHUVXV�WHPSHUDWXUH9DSRU�GHQVLW\�RI�/3*�GHSHQGV�RQ�WHPSHUDWXUH��SUHVVXUHDQG�FRPSRVLWLRQ��UHODWLRQVKLS�EHWZHHQ�SURSDQH�DQG�EXWDQH��,Q�)LJ���LV�SUHVHQWHG�GHSHQGHQFH�RI�YDSRU�PDVV�OLTXLG�SKDVHRI�/3*�RQ�WHPSHUDWXUH�IRU�SURSDQH��OLQH����DQG�EXWDQH��OLQH���� ,W� IROORZV� WKDW� LJQRULQJ� RI� YDSRU� PDVV� UHVXOWV� LQ

DGGLWLRQDO� HUURU� ZLWKLQ� �y���� $OVR� VKRXOG� EH� DGGHG� HUURUUHVXOWHG�IURP�SUHVVXUH�FKDQJH�XQGHU�/3*�UHSXPSLQJ�
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)LJ�����&KDQJH�RI�YDSRU�PDVV�OLTXLG�SKDVH�PDVV�YHUVXVWHPSHUDWXUH�IRU�SURSDQH��OLQH����DQG�EXWDQH��OLQH���
,Q�RUGHU�WR�PHDVXUH�/3*�PDVV�DFFXUDWHO\�WKHUH�VKRXOG�EHIRUHVHHQ� PHDVXULQJ� FKDQQHO� IRU� GHWHUPLQDWLRQ� RI� YDSRUGHQVLW\� LQ�/3*�PDVV�PHWHU��8VLQJ� LW�DSSURSULDWH�FRUUHFWLRQRI�HUURU�EHFDXVH�RI�FKDQJH�RI�YDSRU�GHQVLW\�FDQ�EH�UHDOL]HG�
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�����0HDVXUHPHQW�SULQFLSOHV7KH� VXJJHVWHG� UDGLRIUHTXHQF\� PHDVXUHPHQW� PHWKRG� LVRSHUDEOH� XQGHU� UHDO� FRQGLWLRQV� RI� /3*� VWRUDJH� LQ� D� WDQN�%DVHG� RQ� 5)�PLFURZDYH� PHDVXUHPHQW� WHFKQLTXHV� PDQ\WHFKQRORJLFDO�SDUDPHWHUV�DUH�NQRZQ�DV�HIIHFWLYHO\�PHDVXUHG>�±�@�$FFRUGLQJ� WR� WKH� FRQVLGHUHG� KHUH� 5)� PHWKRG� WKHUH� DUHFRQGXFWHG�VLPXOWDQHRXVO\�WKUHH�PHDVXUHPHQWV��WZR�5)�OHYHO�JDV�OLTXLG� LQWHUIDFH� SRVLWLRQ�� PHDVXUHPHQWV� DQG� 5)PHDVXUHPHQW�RI�JDVHRXV�SKDVH�GLHOHFWULF�SHUPLWWLYLW\�� �7KLVPHWKRG�PD\�EH�UHDOL]HG�XVLQJ�ERWK�FDSDFLWDQFH�VHQVRUV�DQGVHQVRUV� RQ� WKH� EDVH� RI� 7(0�WUDQVPLVVLRQ� OLQH� VHFWLRQV�&DSDFLWDQFH�VHQVRU�PD\�VHUYH�DV�HOHPHQW�RI�UHVRQDWRU��ZKLOHLWV� UHVRQDQW� IUHTXHQF\� IU LV� XVHG� DV� LQIRUPDWLYH� SDUDPHWHU�6HFWLRQ�RI�7(0�OLQH�ZLWK�YDULRXV�HQG�ORDGV�PD\�EH�H[FLWHGDV�5)�UHVRQDWRU�LWVHOI��LWV�UHVRQDQW�IUHTXHQF\�PD\�DOVR�VHUYHDV� LQIRUPDWLYH�SDUDPHWHU� RI� VXFK� D� VHQVRU�� %HVLGHV�� LQ� WKLVFDVH� DV� LQIRUPDWLYH� SDUDPHWHUV� PD\� EH� XVHG� DOVR� RWKHUSDUDPHWHUV�� LQ� SDUWLFXODU� SKDVH� VKLIW� RI� VRXQGLQJ� DQGUHIOHFWHG�5)�HOHFWURPDJQHWLF�ZDYHV�SURSDJDWHG�DORQJ�7(0�WUDQVPLVVLRQ�OLQH��FRD[LDO��WZR�ZLUH��HW�DO����HWF�1RW� UHVWULFWLQJ�JHQHUDOLW\�RI� WKH� VXJJHVWHG�PHDVXUHPHQWPHWKRG� LW� LV� FRQVLGHUHG� LQ� WKH� SDSHU� XVLQJ� FDSDFLWDQFHVHQVRUV�� ,Q� WKLV� FDVH� LW� LV�SRVVLEOH� WR�XVH�HTXLYDOHQW� HOHFWULFFDSDFLWDQFHV� FKDUDFWHUL]LQJ� DSSURSULDWH� FDSDFLWLYH� 5)VHQVRUV�%HVLGHV� RI� WKH� ILUVW� OHYHO� PHDVXUHPHQW� E\� HTXLYDOHQWHOHFWULF� FDSDFLWDQFH�&H��� WKH� VHFRQG� RQH� LV� GRQH� WKURXJKGHWHUPLQDWLRQ� RI� HTXLYDOHQW� FDSDFLWDQFH� &H� IRUGHWHUPLQDWLRQ� RI� /3*� PDVV� LQ� D� WDQN�� 'HQVLW\� RI� /3*JDVHRXV� SKDVH� LV� GHWHUPLQHG� E\� PHDVXUHPHQW� RI� GLHOHFWULFSHUPLWWLYLW\� HJ�� ,W� LV� IRXQG� WKURXJK� PHDVXUHPHQW� RIDSSURSULDWH� HTXLYDOHQW� HOHFWULF� FDSDFLWDQFH� &H� WKDW� LV
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ORFDWHG�DW�WKH�XSSHU�SDUW�RI�D�WDQN�ILOOHG�LQ�E\�/3*�JDVHRXVSKDVH�7KH� ILUVW� FDSDFLWLYH� RU� 7(0�OLQH� OHYHO� VHQVRU� �)LJ���SURYLGHV� GHWHUPLQDWLRQ� RI� OHYHO� ] RI� OLTXHILHG� JDV� ,� WKHZKROH�UDQJH�RI� LWV�PHDVXUHPHQW�� IURP�]HUR�YDOXH�XS� WR� WKHIXOO� ILOOLQJ� LQ� �LQ� WKLV� FDVH�]  � O�� ZKHUH� O LV� WKH� KHLJKW� RI� DWDQN��
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'LHOHFWULF�SHUPLWWLYLWLHV�0O DQG�0J LQ�����DUH�H[SUHVVHG�E\WKH�IRUPXODV�����DQG�����FRUUHVSRQGHQWO\�7KH�DSSURSULDWH�IRUPXOD�IRU�WKH�VFKHPH�LQ�)LJ���E FDQ�EHZULWWHQ�VLPLODUO\�'HSHQGHQFLHV�RI� HTXLYDOHQW� FDSDFLWDQFHV�&H��DQG�&H� RQ/3*� OHYHO� ]� IRU� WKH� PHDVXULQJ� VFKHPH� LQ� )LJ���D DUHLOOXVWUDWHG� LQ� )LJ���D �OLQHV� �� DQG� �� FRUUHVSRQGHQWO\��� 7KHOHQJWK�GHFUHDVH�RI�VHQVRU�� DW�WKH�VHFRQG�OHYHO�PHDVXUHPHQWLV� GHVLJQDWHG� DV� O�� ,Q� )LJ���E DUH� VKRZQ� GHSHQGHQFLHV� RI&H��]� DQG� &H��]�� IRU� WKH� PHDVXULQJ� VFKHPH� LQ� )LJ���E�DSSURSULDWH� OLQHV� � DQG� ��� +HUH� HIIHFWLYH� LQFUHDVH� O� RIOHYHO�] UDQJH�DW�LWV�VHFRQG�PHDVXUHPHQW�GXH�WR�WKH�KRUL]RQWDOVHFWLRQ�RI�VHQVRU�� LV�VKRZQ�E\�GRWWHG�OLQH��$�FXUUHQW�OHYHO�]DQG�DSSURSULDWH�YDOXHV�RI�KH��]� DQG�KH��]� DUH�DOVR�VKRZQ�LQ)LJ���D DQG�)LJ���E E\�WKH�GRWWHG�OLQHV�

D� E)LJ�����(TXLYDOHQW�FDSDFLWDQFHVYHUVXV�/3*�OHYHO
�����2SHUDWLRQ�UHJLPHV7KHUH� VKRXOG� EH� FRQVLGHUHG� UHJLPHV� IRU� RSHUDWLRQ� RIPHDVXULQJ�GHYLFHV��)RU�WKH�VFKHPH�LQ�)LJ���E LW�LV�FOHDU�WKDWWKH� DSSURSULDWH� PHDVXULQJ� GHYLFH� KDV� ERWK� OHYHO� VHQVRUVRSHUDEOH� LQ� WKH�ZKROH� OHYHO� UDQJH��+RZHYHU� LW� LV� QRW� VR� IRUWKH�VFKHPH�LQ�)LJ���D��6HQVRU�� KHUH�LV�RSHUDEOH�RQO\�LI�/3*OHYHO�LV�KLJKHU�WKDQ�WKH�ORZHU�VHQVRU�HQG��,I�/3*�OHYHO�LV�OHVVWKDQ� ORZHU� HQG� SRVLWLRQ� RI� VHQVRU�� WKHQ� OHYHO� YDOXH� ] LV

&H��&H� &H��&H�
&H��]� &H��]�&H��]� &H��]���� ��� �
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FKRVHQ�DV�LWV�PHDVXUH�LQ�D�WDQN� WKDW�FRUUHVSRQGV�WR�QRPLQDOYDOXH�&H�Q� RI� HTXLYDOHQW� FDSDFLWDQFH�&H� IRU� WKH� SUHYLRXVO\FDOFXODWHG� YDOXH� HOQ RI� SHUPLWWLYLW\� HO� ,I� VXFK� GDWDFRQFHUQLQJ�HOQ LV�DEVHQW�WKHQ�LW�LV�WDNHQ�NQRZQ�YDOXH�RI�HO DWQRPLQDO�WHPSHUDWXUH�,QFUHDVH�RI�FDSDFLWDQFH�&H� PD\�EH�GXH�WR�ERWK�FKDQJH�RIYDSRU� SUHVVXUH� �QRW� PRUH� WKDQ� �� S)� IRU� VHQVRUV� LQH[SHULPHQWV��DQG�WDQN�ILOOLQJ�LQ�E\�/3*��XS�WR�����S)��7KH�YDOXH���S)�RI�&H� LQFUHDVH�LV�FKRVHQ�DV�WKH�PHDVXUHRI�OLTXLG�RU�YDSRU�SUHVHQFH�DW�WKH�VHQVRU�ORZHU�HQG�����LI�WKLVFRQGLWLRQ�LV�VDWLVILHG�WKHQ�/3*�OHYHO�LV�FRQVLGHUHG�DV�KLJKHURI� WKLV� ORZHU� HQG�� UHODWLRQVKLSV� �������� DUH� XVHG� IRUGHWHUPLQDWLRQ� RI� /3*� TXDQWLWDWLYH� SDUDPHWHUV�� ��� LQ� WKHRSSRVLWH�FDVH�SUHYLRXVO\�FDOFXODWHG�YDOXH�RI�HO LV�XVHG��HUURUFDXVHG�E\�FKDQJH�RI�HO LV�QRW�VLJQLILFDQW�EHFDXVH�/3*� OHYHOLV�QRW�PRUH� WKDQ�����RI�LWV�UDQJH��YROXPH�LV�QRW�PRUH� WKDQ���y ��������FRQVWDQW�YDOXH�RIHO DW�QRPLQDO� WHPSHUDWXUH� LVXVHG�XQGHU�WKH�ILUVW�VZLWFKLQJ�RQ�WKH�PHDVXULQJ�GHYLFH��WKLVYDOXH� GLIIHUV� VLJQLILFDQWO\� IURP�HJ�� VR�� IRU� SURSDQH�EXWDQHPL[WXUH�HOQ  �����DW�WKH�WHPSHUDWXUH����&��WKLV�YDOXH�RI�HOQ LVVXEVWLWXWHG�LQWR�����IRU�GHWHUPLQDWLRQ�RI�OHYHO�]�
�����5)�PHDVXULQJ�FKDQQHOV,Q�)LJ��� LV�VKRZQ�VFKHPH�RI�5)�PHDVXULQJ�FKDQQHO� WKDWLV� VLPLODU� IRU� VHQVRUV����� DQG���� 6XFK� DQ�5)� VHQVRU� LV� WKHHOHPHQW� RI� DXWRJHQHUDWRU� �GHWHUPLQLQJ� LWV� IUHTXHQF\�%HVLGHV�RI�5)�VHQVRU�RVFLOODWLRQ�FLUFXLW� LQFOXGHV� LQGXFWDQFH��� +DUG� PXWXDO� SRVLWLRQ� RI� VHQVRU� LQQHU� FRQGXFWRU�� DQGRXWHU�FRQGXFWRU��WXEH��� LV�SURYLGHG�E\�VHYHUDO�GLHOHFWULF��LQSDUWLFXODU�PDGH�IURP�WHIORQ�GLVNV��VXSSRUWV��LQ�WKH�ILJXUH�DUHVKRZQ�RQO\� WZR�VXFK� VXSSRUWV�� DQG����7KH\�KDYH� WKURXJKKROHV�IRU�IUHH�OLTXLG�PRYHPHQW��)RU�LQVWDQFH�WKHVH�VWXEV�FDQEH�SRVLWLRQHG� DW� WKH� GLVWDQFH�RI� ����P� HDFK� IURP� WKH�RWKHUOLNH�LQ�UHDO�GHYLFHV�2XWSXW�VLJQDOV�RI�DOO�WKH�VHQVRUV�DUH� MRLQWO\�SURFHVVHG�LQHOHFWURQLF� XQLW� RI� WKH� PHDVXULQJ� GHYLFH� DFFRUGLQJ� WR� WKHDERYH�UHODWLRQVKLSV�IRU�GHWHUPLQDWLRQ�RI�/3*�TXDQWLW\�

)LJ�����5)�PHDVXULQJ�FKDQQHO� � DXWRJHQHUDWRU��� � LQGXFWDQFH����� LQQHU�FRQGXFWRU���� PHWDO�WXEH��� DQG���� GLHOHFWULF�VXSSRUWV
7KH� UHFHLYHG� UHVXOWV� DUH� DOVR� WUXH� IRU� UHDOL]DWLRQ� RI� WKHPHWKRG� RQ� WKH� EDVH� RI� 7(0�OLQH� VHFWLRQV�� (TXLYDOHQW

FDSDFLWDQFHV� &H� DQG� &H� RI� WZR� FRD[LDO� OHYHO� VHQVRUV�PHDVXULQJ� FKDQQHOV�� ZLWK� GLIIHUHQW� OHQJWK� DUH� PHDVXUHG�/HQJWK�O�RI�RQH�RI�WKHP�LV�HTXDO�WR�WKH�WDQN�KHLJKW��WKH�RWKHULV�VKRUWHQHG�DW� WKH� ORZHU�HQG�RQ� WKH�YDOXH�O� QRW�PRUH� WKDQ�����O�RU�KDV�WKH�OHQJWK�O ZLWK�DGGLWLRQDO�VHFWLRQ�DW�WKH�ORZHUHQG�WKDW�LV�SHUSHQGLFXODU�WR�WKH�EDVLF�VHFWLRQ��LW�LV�DOVR�ILOOHGLQ� E\� D� PRQLWRUHG� OLTXLG��� 7KH� WKLUG� FRD[LDO� FDSDFLWLYHVHQVRU�XVHG�IRU�JDV�SHUPLWWLYLW\�PHDVXUHPHQW�LV�SODFHG�IXOO\LQ�JDV�SKDVH�QHDU�WKH�UHVHUYRLU�FRYHU�DQG�KDV�WKH�OHQJWK�QRWPRUH� WKDQ� ���O�� ,WV� HTXLYDOHQW� FDSDFLWDQFH� &H� LV� DOVRPHDVXUHG�$V� LW� LV� QRWHG� DERYH� FDSDFLWLYH� 5)� VHQVRU� � IRU� WKHVHFRQG� OHYHO� PHDVXUHPHQW� KDV� WKH� OHQJWK� WKDW� LV� QRW� PRUHWKDQ� ����O VKRUWHU� DW� WKH� ORZHU� HQG� DV� FRPSDUHG� ZLWK� WKHOHQJWK�O RI�WKH�VHQVRU���� ,W� LV�QRW�GHVLUDEOH�WR�KDYH�VHQVRU��VKRUWHU� EHFDXVH� DSSURSULDWHO\� OHYHO� UDQJH� LV� GHFUHDVHG�RSSRVLWHO\�� WKH� YDOXH� RI� O� �GLIIHUHQFH� EHWZHHQ� OHQJWKV� RIVHQVRUV�� DQG��� LV�GHFUHDVHG�DW�KLJKHU�YDOXHV�RI�WKLV�VHQVRUOHQJWK�WKDW�UHVXOWV�LQ�LQFUHDVLQJ�RI�HUURU�DW�FDOFXODWLRQV�RI�HODFFRUGLQJ�WR�WKH�IRUPXOD�����7KH�IROORZLQJ�FDXVHV�FKRLFH�RI�WKH�OHQJWK�RI�VHQVRU�� QRWPRUH� WKDQ� ���O�� ,WV� ORZHU� HQG� VKRXOG� QRW� WR� UHDFK� UHDOPD[LPDO�OHYHO�]PD[ RI�WDQN�ILOOLQJ�LQ��3UDFWLFDOO\�]PD[  �����y����� RI� WKH� YDOXH� RI� OHYHO� UDQJH�� &KRLFH� RI� UHDO� PD[LPDOOHYHO�]PD[ LV�GHWHUPLQHG�E\�UHTXLUHPHQWV�RI�VDIH�H[SORLWDWLRQRI�/3*�WDQNV�([DPSOHV� RI� H[SHULPHQWDO� GDWD� FKDUDFWHUL]LQJ� RXWSXWFKDUDFWHULVWLFV� RI� PHDVXULQJ� FKDQQHOV� YHUVXV� WLPH� DUHSUHVHQWHG�LQ�)LJ����(DFK�RXWSXW�FKDUDFWHULVWLF�LV� IUHTXHQF\�IRI� DSSURSULDWH� DXWRJHQHUDWRU�� +HUH� OLQHV� ��� � DQG� �FRUUHVSRQG�WR�WKH�ILUVW�� WKH�VHFRQG��VKRUWHQHG�� OHYHO� VHQVRUVDQG�WKH�WKLUG�VHQVRU��SODFHG�LQ�YDSRU�SKDVH���7KHVH�GDWD�DUHUHFHLYHG�IRU�WKH�VWDJH�RI�/3*�UHSXPSLQJ�IRU�D�VKRZQ�SHULRGRI�GDLO\�WLPH��a�������� �������DQG�DUH�UHODWHG�ZLWK�WKH�GDWDLQ� )LJ���� ([SHULPHQWDO� GDWD� �)LJ���E�� UHFHLYHG� ZLWK� WKHPHDVXULQJ� GHYLFH� FKDUDFWHUL]H� PHDVXUHG� /3*� PDVV� DW� WKLVWHFKQRORJLFDO�VWDJH�

���
���
���
���
��

����
����
����
����

����� ����� ����� �����7LPH

)UHTX
HQF\

��0+]

)LJ����2XWSXW�FKDUDFWHULVWLFV�RI�PHDVXULQJ�FKDQQHOV
9ROXPHV�RI�OLTXLG�9O DQG�JDVHRXV�9J SKDVHV� LQ�LW�FDQ�EHIRXQG�NQRZLQJ�JHRPHWULF�IRUP�RI�D�WDQN��6R�LI�FURVV�VHFWLRQ6 RI�D�YHUWLFDO�F\OLQGULFDO�WDQN�LV�FRQVWDQW�WKHQ�9O  �]6��9J  9� ±�9O ZKHUH�9� LV�YROXPH�RI�D�WDQN��6XFK�D�FRQVLGHUDWLRQ�LVRQO\� WUXH� LI� SUHFLVH� LQWHUIDFH� H[LVWV� EHWZHHQ� OLTXLG� DQGJDVHRXV�SKDVHV�RI�PRQLWRUHG�VXEVWDQFH�

� �

�

��� ��

�
�
�

Proceedings, XVII IMEKO World Congress, June 22 – 27, 2003, Dubrovnik, Croatia TC1 Proceedings, XVII IMEKO World Congress, June 22 – 27, 2003, Dubrovnik, Croatia TC1 

Proceedings, XVII IMEKO World Congress, June 22 – 27, 2003, Dubrovnik, Croatia TC7 



�����'HWHUPLQDWLRQ�RI�/3*�PDVV0DVV� 0 RI� D� OLTXHILHG� JDV� LQ� D� WDQN� LV� WKH� EHVWFKDUDFWHULVWLF� RI� LWV� TXDQWLW\�� )RU� QRQ�SRODU� GLHOHFWULFVXEVWDQFHV� LQFOXGLQJ� /3*� LV� WUXH� &ODXVLXV�0RVVRWWLUHODWLRQVKLS�EHWZHHQ�D�VXEVWDQFH��OLTXLG��JDV��GHQVLW\�DQG�LWVGLHOHFWULF�SHUPLWWLYLW\�>���@�
DSUPHH 1����  �� ���

,Q�WKLV�IRUPXOD�0 LV�GLHOHFWULF�SHUPLWWLYLW\�RI�D�VXEVWDQFH�� LV� LWV�PRODU�PDVV��! LV�GHQVLW\� RI� D� VXEVWDQFH��. LV�PRODUSRODUL]DELOLW\��1 LV�$YRJDGUR¶V�QXPEHU�%DVHG�RQ�WKH�XVH�RI�5)�WUDQVPLVVLRQ�OLQH�WHFKQLTXHV�DQGWKLV�UHODWLRQVKLS�PDVV�RI�FU\RJHQLF�VXEVWDQFHV� LQ�VSDFHFUDIWWDQNV�FDQ�EH�DOVR�DFFXUDWHO\�GHWHUPLQHG�>�@�,W�IROORZV�IURP����
��� �� HHU $ ���

+HUH� :  � ��1.��� LV� WKH� YDOXH� FRQVWDQW� IRU� HDFKVXEVWDQFH�7KHUHIRUH� LW� FDQ� EH� ZULWWHQ� WKH� IROORZLQJ� IRUPXODV� IRUGHQVLWLHV�RI�OLTXLG !O DQG�JDVHRXV�!J SKDVHV�
��� �� O

OO $ HHU ���

��� �� J
JJ $ HHU ���

.QRZLQJ�WKHVH�GHQVLWLHV�LW�FDQ�EH�GHWHUPLQHG�DSSURSULDWHPDVV�YDOXHV�RI�OLTXLG�DQG�JDVHRXV�SKDVHV�
FO  !O9O ����
0J  �!J9J ����

,W�LV�NQRZQ�WKDW�IRU�PL[WXUHV�RI�JDVHV��OLTXHILHG�JDVHV�LQSDUWLFXODU� SURSDQH�EXWDQH� PL[WXUHV� LW� LV� WUXH� ZLWK� KLJKDFFXUDF\�WKH�IROORZLQJ�UHODWLRQVKLS�>�@�
��� � �� ¦¦ P

P
L LL
L LL

P QQ1 HHDPSU ����
+HUH�!P DQG�0P DUH�GHQVLW\�DQG�GLHOHFWULF�SHUPLWWLYLW\�RI�DPL[WXUH��QL LV�WKH�QXPEHU�RI�L�WK�NLQG�PROHFXOHV�SHU�YROXPHXQLW��.L LV�PRODU�SRODUL]DELOLW\�IRU�D�PROHFXOH�RI�L�WK�NLQG���LLV�PRODU�PDVV�IRU�D�PROHFXOH�RI�L�WK�NLQG�)RU�HDFK�NLQG�RI�PL[WXUH�WKH�YDOXH

LL L
L LL

P QQ1$ DPS ¦¦ � � ����

LV�FRQVWDQW�,W�IROORZV�IURP�UHODWLRQVKLSV������DQG������ WKH�IROORZLQJIRUPXOD�IRU�D�PL[WXUH�RI�VXEVWDQFHV�
���� P

PPP $ HHU ����
7KLV�UHODWLRQVKLS�LV�WUXH�ZLWK�KLJK�DFFXUDF\�IRU�DQ\�SKDVHVWDWH� RI�PL[WXUH� LQFOXGLQJ� OLTXHILHG� JDVHV�� 7KHUHIRUH� XVLQJ�����LW�FDQ�EH�IRXQG�WRWDO�PDVV�RI�D�PL[WXUH�VLPLODUO\�WR�����DQG������ .QRZLQJ�9O��9J��!O DQG�!J PD\�EH�GHWHUPLQHG�PDVV0O RI�OLTXLG�SKDVH��PDVV�0J RI�JDVHRXV�SKDVH�DQG�WRWDO�PDVV0  �0O ��0J RI�/3*�LQ�D�WDQN�6KRZQ� LQ� )LJ�� ��E H[DPSOHV� RI� H[SHULPHQWDO� GDWDUHFHLYHG� ZLWK� WKH� PHDVXULQJ� 5)� GHYLFH� FKDUDFWHUL]HPHDVXUHG� /3*� PDVV� DW� WKH� VWDJH� RI� /3*�UHSXPSLQJ�� 7KHGDWD� UHFHLYHG� DW� YDULRXV� WHFKQRORJLFDO� VWDJHV� FKDUDFWHUL]HKLJKO\� DFFXUDWH� GHWHUPLQDWLRQ� RI� /3*� TXDQWLWDWLYHSDUDPHWHUV�� (UURU� RI� OHYHO� �JDV�OLTXLG� LQWHUIDFH� SRVLWLRQ��YROXPH�DQG�PDVV�GHWHUPLQDWLRQ�LV�QRW�PRUH�WKDQ���������DVUHODWHG�WR�DSSURSULDWH�PHDVXULQJ�UDQJHV�

���&21&/86,21
7KH� SURSRVHG� PHWKRG� DQG� UHDOL]HG� H[SHULPHQWDOLQVWDOODWLRQV� SURYLGH� KLJKO\� DFFXUDWH� GHWHUPLQDWLRQ� RI� /3*TXDQWLWDWLYH�SDUDPHWHUV��7KH�IROORZLQJ�GDWD�DUH�GHWHUPLQHG�OHYHO� �JDV�OLTXLG� LQWHUIDFH� SRVLWLRQ��� YROXPH� DQG� PDVV� RI/3*�SKDVHV��/3*� WRWDO�PDVV��GHQVLW\�RI� OLTXLG�DQG�JDVHRXVSKDVHV�6XFK�WHFKQLTXHV�PD\�EH�HIIHFWLYHO\�XVHG�LQ�/3*�VWRUDJHEDVHV� RI� JDV�ILOOLQJ� VWDWLRQV�� YHKLFOH� /3*�ILOOLQJ� VWDWLRQV�8VLQJ� WKHP�SURFHVVHV� RI� JDV� SXPSLQJ� IURP� UHVHUYRLUV� LQWRYDULRXV� WDQNV� FDQ� EH� DOVR� DFFXUDWHO\� PRQLWRUHG�� 6LPLODUDSSURDFKHV� FDQ� DOVR� EH� XVHG� WR� PHDVXUH� TXDQWLWDWLYHSDUDPHWHUV�RI�RWKHU�OLTXHILHG�JDVHV�

5()(5(1&(6
>�@��� 9�$��9LNWRURY��%�9��/XQNLQ��$�6��6RYOXNRY��³+LJK�IUHTXHQF\PHWKRG� IRU� PHDVXULQJ� RI� QRQHOHFWULFDO� TXDQWLWLUHV´��1DXND3XEO���0RVFRZ��������LQ�5XVVLDQ��>�@� � � (�� 1\IRUV�� 3�� 9DLQLNDLQHQ�� ³,QGXVWULDO� PLFURZDYH� VHQVRUV´�$UWHFK�+RXVH��1RUZRRG��0$�������>�@� � � 9�$�� 9LNWRURY�� %�9�� /XQNLQ�� $�6�� 6RYOXNRY�� ³0LFURZDYHPHDVXUHPHQWV� RI� WHFKQRORJLFDO� SURFHVVHV� SDUDPHWHUV´�(QHUJRDWRPL]GDW�3XEO���0RVFRZ��������LQ�5XVVLDQ��>�@���&�&��/XR��5�&��0LOOHU��³'HQVLWLHV�DQG�GLHOHFWULF�FRQVWDQWV�IRUVRPH� /3*� FRPSRQHQWV� DQG� PL[WXUHV� DW� FU\RJHQLF� DQGVWDQGDUG� WHPSHUDWXUHV´�� &U\RJHQLFV� YRO�� ���� SS�� �����������>�@�� %�1��3HWURY��9�$��9LNWRURY��1�$��.ULNVXQRYD��%�9��/XQNLQ�$�6�� 6RYOXNRY�� ³0HDVXUHPHQW� RI� VWRUDJH� RI� PHGLD� LQ� WDQNVRQ�VSDFHFUDIW´��$FWD�$VWURQDXWLFD��9RO�����SS����������������BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB$XWKRUV� ��� 3URI�� 6RYOXNRY� $�� 6��� ,QVWLWXWH� RI� &RQWURO� 6FLHQFHV�����3URIVR\X]QD\D�VWU���0RVFRZ����������5XVVLD3KRQH�)D[�������������������(�PDLO��VRYODV#LSX�UVVL�UX���'U��7HUHVKLQ�9��,���7HFKQRVHQVRU�&R������%ODJRGDWQD\D�VWU��6W��3HWHUVEXUJ����������5XVVLD3KRQH��������������������(�PDLO��WHFKQRVHQVRU#\DQGH[�UX
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