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3\UDQRPHWHUV DUH XVHG WR PHDVXUH WKH JOREDO DQG GLIIXVH FRPSRQHQWV RI VRODU LUUDGLDQFH� 2QH RI WKH PHWKRGV

WR FDOFXODWH WKH XQVKDGH �JOREDO� UHVSRQVLYLW\ RI D S\UDQRPHWHU� LV WKH VWDQGDUG VKDGLQJ PHWKRG� GHVFULEHG LQ

WKH $QQXDO %RRN RI $670 6WDQGDUGV� VHFWLRQ ��� YROXPH ������ ,Q WKLV SDSHU� WKH VWDQGDUG PHWKRG LV XVHG WR

FDOFXODWH WKH VKDGH �GLIIXVH� UHVSRQVLYLW\ RI D S\UDQRPHWHU E\ DFFRXQWLQJ IRU WKH ]HQLWK DQG D]LPXWK UHVSRQVH

RI WKH S\UDQRPHWHU� $ GLVFXVVLRQ RI WKH HIIHFW RI S\UDQRPHWHU RIIVHW RQ WKH FDOFXODWHG UHVSRQVLYLW\ LV DOVR

SUHVHQWHG�
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&KDSWHUV

�� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 6FRSH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 'LVFXVVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� &DOFXODWLQJ WKH 'LIIXVH 5HVSRQVLYLW\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� 3UHOLPLQDU\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 3URFHGXUH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� &DOFXODWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� 3\UDQRPHWHU 2IIVHW 'LVFXVVLRQ RQ WKH 6KDGH�8QVKDGH 0HWKRG � � � � � � � � � � � � � � � � � � � � � � � �

�� 8QFHUWDLQW\ $QDO\VLV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 5HIHUHQFHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

)LJXUHV

)LJXUH �� 6KDGH�8QVKDGH WLPLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

7DEOHV

7DEOH �� 6XPPDU\ 5HVXOWV RI 363� 6HULDO 1XPEHU �����)� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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3\UDQRPHWHUV DUH XVHG WR PHDVXUH WKH JOREDO DQG GLIIXVH FRPSRQHQWV RI VRODU LUUDGLDQFH� $FFXUDWH DQG SUHFLVH

PHDVXUHPHQW RI WKH JOREDO RU GLIIXVH LUUDGLDQFH LV GHSHQGDQW RQ WKH PHWKRG RI FDOFXODWLQJ WKH S\UDQRPHWHU
V

XQVKDGH �JOREDO� RU VKDGH �GLIIXVH� UHVSRQVLYLW\� 2QH RI WKH UHFRJQL]HG PHWKRGV WR FDOFXODWH WKH XQVKDGH

UHVSRQVLYLW\ LV WKH VWDQGDUG VKDGLQJ PHWKRG� GHVFULEHG LQ WKH $QQXDO %RRN RI $670 6WDQGDUGV >�@� ,Q WKLV

SDSHU� WKH GLIIXVH UHVSRQVLYLW\ RI D S\UDQRPHWHU LV FDOFXODWHG E\ XVLQJ WKH VKDGH�XQVKDGH WLPLQJ DQG VN\

FRQGLWLRQV� GHVFULEHG LQ WKH $670 SURFHGXUH� ZLWK DQ H[FHSWLRQ WKDW WKH QXPEHU RI F\FOHV RI WKH

VKDGH�XQVKDGH DUH UHGXFHG DQG WKH S\UDQRPHWHU LV KRUL]RQWDOO\ URWDWHG� LQ ���( LQFUHPHQWV� WR DFFRXQW IRU WKH

JHRPHWU\ DQG D]LPXWK UHVSRQVH RI WKH S\UDQRPHWHU
V VHQVRU� $ GLVFXVVLRQ RI WKH S\UDQRPHWHU RIIVHW HIIHFW RQ

WKH FDOFXODWHG UHVSRQVLYLW\ DQG XQFHUWDLQW\ LV SUHVHQWHG� 7KH UHVXOWV RI D VHOHFWHG S\UDQRPHWHU DUH DOVR

SUHVHQWHG LQ D ODWHU FKDSWHU�

�� �����

,W LV VXJJHVWHG WKDW .LPEDOO UHFRPPHQGHG WKH VKDGH�XQVKDGH PHWKRG LQ WKH HDUO\ ����V >�@� 8QWLO QRZ� WKLV

PHWKRG KDV EHHQ XVHG ZRUOGZLGH WR FDOFXODWH WKH UHVSRQVLYLW\ RI XQVKDGHG S\UDQRPHWHUV XVLQJ WKH IROORZLQJ

SURFHGXUH�

�� 6KDGH WKH S\UDQRPHWHU XQGHU WHVW �387�� WKHQ UHFRUG LWV RXWSXW YROWDJH �9 �� LQ �9�
V

�� 8QVKDGH WKH 387� WKHQ UHFRUG WKH EHDP LUUDGLDQFH �% �� WKH VRODU ]HQLWK DQJOH �� �� DQG WKH 387©V
X X

RXWSXW YROWDJH �9 �� LQ :�P � GHJUHHV� DQG �9� UHVSHFWLYHO\�
X

�

�� &DOFXODWH WKH 5HVSRQVLYLW\ �56��

7KH VKDGH�XQVKDGH WLPLQJ VHTXHQFH� WKH LQVWUXPHQWV UHTXLUHG� DQG WKH VN\ FRQGLWLRQV DUH GHVFULEHG LQ WKH

$QQXDO %RRN RI $670 6WDQGDUGV>�@� 7KH VDPH SURFHGXUH LV DGRSWHG LQ WKLV SDSHU WR FDOFXODWH WKH VKDGH

�GLIIXVH� UHVSRQVLYLW\ RI D S\UDQRPHWHU�

�� ���������


7KH GLIIXVH UHVSRQVLYLW\� 56 � IRU D GLIIXVH LUUDGLDQFH GLVWULEXWLRQ� '��� 1�� DQG S\UDQRPHWHU©V UHVSRQVLYLW\�
G

56���� LV FDOFXODWHG XVLQJ (TXDWLRQ ��� >�@�



�

ZKHUH� � DQG 1 DUH WKH ]HQLWK DQG D]LPXWK DQJOHV� UHVSHFWLYHO\�

)URP PDQ\ S\UDQRPHWHU FDOLEUDWLRQV� LW KDV EHHQ SURYHQ WKDW WKH UHVSRQVLYLW\ RI D S\UDQRPHWHU LV D IXQFWLRQ RI

� DQG 1 >�@� 7KXV (TXDWLRQ ��� LV UHZULWWHQ DV�

ZKHUH� 56��� 1� LV GHWHUPLQHG E\ XVLQJ WKH VWDQGDUG VKDGLQJ PHWKRG� RU DQ\ UHFRJQL]HG FDOLEUDWLRQ PHWKRG�

)URP HTXDWLRQ ���� RQH FDQ QRWLFH WKDW 56 ZLOO FKDQJH LQ YDOXH ZLWK WKH FKDQJH RI WKH GLIIXVH LUUDGLDQFH
G

GLVWULEXWLRQ� '��� 1�� %HFDXVH WKH GLIIXVH LUUDGLDQFH GLVWULEXWLRQ LV HYHU FKDQJLQJ� GHSHQGLQJ RQ WKH VN\

FRQGLWLRQV DQG FORXG GLVWULEXWLRQ� LW LV GLIILFXOW WR FDOFXODWH 56 � DOWKRXJK LWV YDOXH ZLOO DOZD\V OLH EHWZHHQ WKH
G

H[WUHPH YDOXHV RI 56��� 1��

7KXV� IRU DOO VN\ FRQGLWLRQV� 56 FDQ EH FRQVLGHUHG DV�
G

DQG� LWV SHUFHQWDJH XQFHUWDLQW\� 8 � FDQ EH FRQVLGHUHG DV�
G

ZKHUH� 56 ��� 1� DQG 56 ��� 1� DUH WKH PD[LPXP DQG PLQLPXP UHVSRQVLYLWLHV RI WKH S\UDQRPHWHU�
PD[ PLQ

<HW� IRU WKH FOHDU VN\ FRQGLWLRQ� ZKHUH WKH GLIIXVH GLVWULEXWLRQ LV DSSUR[LPDWHO\ XQLIRUP� 56 ZLOO HTXDO WR WKH
G

UHVSRQVLYLW\ DW � HTXDOV DSSUR[LPDWHO\ ��(� 7KXV IRU WKH FOHDU VN\ FRQGLWLRQ� 56 LV�
G

$ UHDVRQDEOH DVVXPSWLRQ LV WKDW 56 ZLOO HTXDO WR WKH UHVSRQVLYLW\ LQ WKH UDQJH IURP 56���(� 1� WR 56���(�
G

1�� 7KH ]HQLWK DQJOH UDQJH IURP ��( WR ��( LV EHOLHYHG WR DFFRXQW IRU WKH QRQ�XQLIRUPLW\ LQ WKH GLIIXVH

GLVWULEXWLRQ GXULQJ DQ\ FOHDU VN\ FRQGLWLRQ� )URP WKLV DVVXPSWLRQ� 56 ��� 1� DQG 56 ��� 1� FDQ EH
PD[ PLQ

FDOFXODWHG LQ WKH VRODU ]HQLWK DQJOH UDQJH IURP ��( WR ��( ZKLFK ZLOO UHVXOW LQ VPDOOHU XQFHUWDLQW\� XVLQJ

(TXDWLRQ ���� WKDQ WKH DOO VN\ FRQGLWLRQ XQFHUWDLQW\� 7KH XQFHUWDLQW\ YDOXHV RI DOO VN\ FRQGLWLRQV DQG WKH FOHDU

VN\ FRQGLWLRQ DUH VKRZQ LQ 7DEOH � LQ WKH 5HVXOWV &KDSWHU�
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7KH ILUVW VWHS LQ FDOFXODWLQJ WKH GLIIXVH UHVSRQVLYLW\ LV WR GHWHUPLQH 56��� 1� IRU WKH 387� XVLQJ WKH VWDQGDUG

VKDGLQJ PHWKRG RU DQ\ UHFRJQL]HG PHWKRG� 7KHQ� IRU DOO VN\ FRQGLWLRQV� 56 DQG 8 FDQ HDVLO\ EH FDOFXODWHG
G G

XVLQJ (TXDWLRQV ��� DQG ����

)RU WKH FOHDU VN\ FRQGLWLRQ� WKH LGHDO PHWKRG WR FDOFXODWH 56 � XVLQJ (TXDWLRQ ���� LV WR FDOFXODWH DOO
G

UHVSRQVLYLWLHV� 56 � DW VPDOO LQFUHPHQWV RI 1� IURP �( WR ���(� 7KH LGHDO PHWKRG UHTXLUHV PDQ\ FDOLEUDWLRQV
��� 1

RXWGRRU XQGHU FOHDU VN\ FRQGLWLRQV� ZKLFK LV D GLIILFXOW WDVN IRU WKH PDMRULW\ RI S\UDQRPHWHU XVHUV� $ SUDFWLFDO

PHWKRG LV WR URWDWH WKH WHVW S\UDQRPHWHU KRUL]RQWDO IURP LWV RULJLQDO SRVLWLRQ DW �( WR ���( WKHQ ���(� 7KH

RULJLQDO SRVLWLRQ� W\SLFDOO\� LV ZKHUH WKH S\UDQRPHWHU©V VLJQDO FRQQHFWRU LV RULHQWHG WRZDUGV WKH RSSRVLWH VLGH

RI WKH HTXDWRU �IRU H[DPSOH� LW LV RULHQWHG WRZDUGV WKH QRUWK LQ WKH QRUWKHUQ KHPLVSKHUH�� 7KH UHVSRQVLYLWLHV IRU

WKH WKUHH SRVLWLRQV� 56 � 56 � DQG 56 DUH WKHQ FDOFXODWHG� 56 � 56 � � DQG 56 FDQ EH FDOFXODWHG E\
� ��� ��� � ��� ���

SHUIRUPLQJ WKH SURFHGXUH LQ WKUHH FOHDU VN\ GD\V DW � HTXDOV ��( �� ���(�� RQH GD\ IRU HDFK KRUL]RQWDO SRVLWLRQ�

�(� ���(� DQG ���(� RU LW FDQ EH DFFRPSOLVKHG� IRU WKH WKUHH KRUL]RQWDO SRVLWLRQV� LQ RQH FOHDU GD\ DW � HTXDOV

��( �� �(�� 7KH FKDQJH RI UHVSRQVLYLW\� ZLWKLQ WKH � ���( RU WKH � �( ]HQLWK DQJOH UDQJH� LV WKHQ FRQVLGHUHG DV

DQ XQFHUWDLQW\ �8 �� 7KLV XQFHUWDLQW\ LV WKHQ DGGHG WR WKH WRWDO XQFHUWDLQW\ DV GHVFULEHG LQ WKH 8QFHUWDLQW\��

$QDO\VLV &KDSWHU�

7KH DYHUDJH RI WKH WKUHH UHVSRQVLYLWLHV� 56 � 56 � DQG 56 LV FDOFXODWHG� 7KLV LV WKH GLIIXVH UHVSRQVLYLW\
� ��� ���

IRU WKLV VHW� 7KHQ WKH SURFHGXUH LV UHSHDWHG IRU VHYHUDO GD\V WR DFFRXQW IRU WKH VSHFWUDO UHVSRQVH DQG WKH VHQVRU

JHRPHWU\ RI WKH S\UDQRPHWHU� WKHQ WKH DYHUDJH RI DOO WKH GLIIXVH UHVSRQVLYLWLHV IURP DOO VHWV LV FRQVLGHUHG WKH

GLIIXVH UHVSRQVLYLW\� 56 � RI WKH 387�
G

7KH IROORZLQJ SURFHGXUH LV D VXPPDU\ RI FDOFXODWLQJ WKH GLIIXVH UHVSRQVLYLW\ IRU D VRODU S\UDQRPHWHU IRU FOHDU

VN\ FRQGLWLRQV XVLQJ WKH RQH GD\ WHFKQLTXH� )RU WKH WKUHH GD\V WHFKQLTXH� WKH VDPH SURFHGXUH LV XVHG ZLWK WKH

H[FHSWLRQ WKDW LW LV SHUIRUPHG RQ RQH GD\ IRU HDFK KRUL]RQWDO SRVLWLRQ� �(� ���(� DQG ���(�

���� 3UHOLPLQDU\

�� 'HWHUPLQH 56��� 1� IRU WKH 387� XVLQJ WKH VWDQGDUG VKDGLQJ PHWKRG RU DQ\ UHFRJQL]HG PHWKRG�

�� 7KH SURFHGXUH LV SHUIRUPHG XQGHU FOHDU VN\ FRQGLWLRQV� DV GHVFULEHG LQ WKH $QQXDO %RRN RI $670

6WDQGDUGV� VHFWLRQ ��� YROXPH ������ $ S\UKHOLRPHWHU LV XVHG WR PHDVXUH WKH GLUHFW QRUPDO �EHDP�

VRODU LUUDGLDQFH� $Q DEVROXWH FDYLW\ UDGLRPHWHU ZLWK WUDFHDELOLW\ WR WKH ZRUOG UDGLRPHWULF UHIHUHQFH

�:55� LV UHFRPPHQGHG�

�� 7KH 387 LV LQVWDOOHG RXWGRRU� KRUL]RQWDOO\ OHYHOHG XVLQJ WKH VSLULW EXEEOH OHYHO LQ WKH S\UDQRPHWHU

EDVH� DQG WKH VLJQDO FRQQHFWRU LV RULHQWHG WRZDUGV WKH RSSRVLWH VLGH RI WKH HTXDWRU� 7KLV LV SRVLWLRQ �(�

7R DOORZ WKH 387 WR UHDFK WKHUPDO HTXLOLEULXP ZLWK WKH HQYLURQPHQW� LW LV LQVWDOOHG� XQVKDGHG� ���

PLQXWHV EHIRUH VWDUWLQJ WKH SURFHGXUH� 7KLV LV WKH SUHOLPLQDU\ VRDNLQJ SHULRG� $ >�@�

�� 6WDUW WKH SURFHGXUH DIWHU WKH $ SHULRG DQG ZKHQ � HTXDOV DSSUR[LPDWHO\ ��(�

�� )LJXUH � VKRZV WKH VKDGH�XQVKDGH WLPLQJ VHTXHQFH� ZKHUH $ LV WKH XQVKDGHG SUHFRQGLWLRQLQJ VRDN

SHULRG� % LV HTXDO WR �� WR �� WLPHV WKH 387 WLPH FRQVWDQWV� & LV HTXDO WR �� WLPHV WKH 387 WLPH

FRQVWDQWV� DQG 0 LV D SHULRG RI �� VHFRQGV ZKHQ WKH GDWD LV FROOHFWHG >�@�
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)LJXUH �� 6KDGH�8QVKDGH WLPLQJ�

��� 3URFHGXUH

5HIHU WR ILJXUH � IRU WLPLQJ DQG QRPHQFODWXUH�

�� 6KDGH WKH 387 IRU WKH SHULRG %� WKHQ XQVKDGH WKH 387 IRU D SHULRG &�0� 7KLV LV WKH UHFRQGLWLRQLQJ

F\FOH�

�� 6KDGH WKH 387 IRU D SHULRG %� WKHQ� GXULQJ WKH SHULRG 0� FROOHFW DW OHDVW WKUHH LQVWDQWDQHRXV UHDGLQJV

RI WKH RXWSXW YROWDJH RI WKH 387� LQ �9�

5HFRUG WKH FDOFXODWHG DYHUDJH RI WKH RXWSXW YROWDJH� 9 �
V� �� �

ZKHUH�

� � UHIHUV WR WKH VKDGH�XQVKDGH F\FOH QXPEHU �

� � UHIHUV WR WKH S\UDQRPHWHU KRUL]RQWDO SRVLWLRQ DW �(

� L LV WKH L UHDGLQJWK

� Q LV WKH QXPEHU RI LQVWDQWDQHRXV UHDGLQJV�

�� 8QVKDGH WKH 387 IRU WKH SHULRG &� WKHQ� GXULQJ WKH SHULRG 0� FROOHFW DW OHDVW WKUHH LQVWDQWDQHRXV

UHDGLQJV RI WKH RXWSXW YROWDJHV RI WKH 387 DQG WKH S\UKHOLRPHWHU� 8VLQJ WKH S\UKHOLRPHWHU

LQVWUXFWLRQV� FDOFXODWH WKH EHDP LUUDGLDQFH IURP LWV RXWSXW YROWDJH� 9 � &DOFXODWH WKH VRODU ]HQLWK DQJOH
E

DW HDFK LQVWDQWDQHRXV UHDGLQJ� WKHQ� XVLQJ (TXDWLRQ ���� FDOFXODWH DQG UHFRUG WKH FDOFXODWHG DYHUDJHV

RI WKH RXWSXW YROWDJHV RI WKH 387 �9 �� WKH EHDP LUUDGLDQFHV �% �� DQG WKH VRODU ]HQLWK DQJOHV
X� �� � X� �� �

�� ��
X� �� �



�

�� 5HSHDW VWHSV � DQG � IRU WKH VKDGH�XQVKDGH F\FOH QXPEHU �� DQG UHFRUG 9 � 9 � % � DQG
V� �� � X� �� � X� �� �

� �
X� �� �

�� $IWHU F\FOH QXPEHU � LV HQGHG� URWDWH WKH S\UDQRPHWHU� KRUL]RQWDOO\� ���(� FORFNZLVH IURP WKH

SUHYLRXV SRVLWLRQ� DQG UH�OHYHO LW KRUL]RQWDOO\ XVLQJ WKH VSLULW EXEEOH OHYHO�

�� :DLW � PLQXWHV IRU WKHUPDO HTXLOLEULXP� WKHQ UHSHDW VWHSV � WKURXJK � IRU SRVLWLRQV ���(� DQG ���(�

���� &DOFXODWLRQ

�� &DOFXODWH WKH UHVSRQVLYLW\ RI WKH 387 DW F\FOH QXPEHU � DQG KRUL]RQWDO SRVLWLRQ �( � 56 �
�� �

�� 5HSHDW VWHS � WR FDOFXODWH WKH UHVSRQVLYLW\ RI WKH 387 DW F\FOH QXPEHU � DQG KRUL]RQWDO SRVLWLRQ

�(� 56 �
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