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0DQ\� RI� WKH� H[SUHVVLRQV� GHYHORSHG� LQ� WKLV� FKDSWHU� DUH� EDVHG� RQ� WKH� VWDWH�
SRVWXODWH��ZKLFK�H[SUHVVHV�WKDW�WKH�VWDWH�RI�D�VLPSOH��FRPSUHVVLEOH�VXEVWDQFH�LV�
FRPSOHWHO\�VSHFLILHG�E\�DQ\�WZR�LQGHSHQGHQW��LQWHQVLYH�SURSHUWLHV�
0DWKHPDWLFDOO\�VSHDNLQJ�� � � �] ] [ \ 
0RVW� EDVLF� WKHUPRG\QDPLF� UHODWLRQV� LQYROYH�
GLIIHUHQWLDOV��
7KHUHIRUH��ZH�VWDUW�E\�UHYLHZLQJ�WKH�GHULYDWLYHV�RI�
D�IXQFWLRQ�I�WKDW�GHSHQGV�RQ�D�VLQJOH�YDULDEOH�[�

7KH� VWHHSQHVV RI� WKH� FXUYH� LV� D� PHDVXUH� RI� WKH�
GHJUHH�RI�GHSHQGHQFH RI�I�RQ�[�

7KHUHIRUH�� WKH� GHULYDWLYH RI� D� IXQFWLRQ� I�[�� ZLWK�
UHVSHFW�WR�[�UHSUHVHQWV�WKH�UDWH�RI�FKDQJH�RI�I�ZLWK�
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3DUWLDO�'LIIHUHQWLDOV
1RZ�FRQVLGHU�D�IXQFWLRQ�WKDW�GHSHQGV�RQ�WZR�YDULDEOHV��VXFK�DV ] ]�[��\���

,W� LV�VRPHWLPHV�GHVLUDEOH�WR�H[DPLQH�WKH�GHSHQGHQFH�RI�]�RQ�RQO\�RQH�RI�WKH�
YDULDEOHV��7KLV�LV�FDOOHG�WKH�SDUWLDO�GHULYDWLYH RI�]�ZLWK�UHVSHFW�WR [��DQG�LW�LV�
H[SUHVVHG�DV�
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7KH�V\PERO�G�UHSUHVHQWV�WKH�WRWDO GLIIHUHQWLDO�
FKDQJH� RI� D� IXQFWLRQ�� ZKHUHDV� � � UHSUHVHQWV�
WKH� SDUWLDO GLIIHUHQWLDO� FKDQJH� GXH� WR� WKH�
YDULDWLRQ�RI�D�VLQJOH�YDULDEOH�

1RWH� WKDW� WKH� FKDQJHV� LQGLFDWHG� E\� ERWK�
V\PERO DUH� LGHQWLFDO� IRU� LQGHSHQGHQW�
YDULDEOHV��EXW�QRW�IRU�GHSHQGHQW�YDULDEOHV��
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3DUWLDO�'LIIHUHQWLDOV
7R�REWDLQ�D�UHODWLRQ�IRU�WKH�WRWDO�GLIIHUHQWLDO FKDQJH�LQ�]�[��\��IRU�VLPXOWDQHRXV�
FKDQJHV�LQ�[�DQG�\� FRQVLGHU�D�VPDOO�SRUWLRQ�RI�WKH�VXUIDFH�]�[��\��VKRZQ�
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&RQVLGHU�DLU�DW�����.�DQG������P��NJ��7KH�VWDWH�RI�DLU�FKDQJHV�WR�����.�
DQG������P��NJ�DV�D�UHVXOW�RI�VRPH�GLVWXUEDQFH��8VLQJ�(T����±���HVWLPDWH�
WKH�FKDQJH�LQ�WKH�SUHVVXUH�RI�DLU�

([DPSOH�����
7RWDO�'LIIHUHQWLDO�YHUVXV�3DUWLDO�'LIIHUHQWLDO

�

3DUWLDO�'LIIHUHQWLDO�5HODWLRQV
:LWK�
5HZULWLQJ� �
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§ ·w w§ · � ¨ ¸¨ ¸w w© ¹ © ¹ G] 0 G[ 1 G\ �

:KHUH

7DNLQJ�WKH�SDUWLDO�GHULYDWLYH�RI�0 ZLWK�UHVSHFW�WR�\ DQG�RI�1 ZLWK�UHVSHFW�
WR�[ \LHOGV

6LQFH�SURSHUWLHV�DUH�FRQWLQXRXV�SRLQW�IXQFWLRQV DQG�KDYH�H[DFW�GLIIHUHQWLDOV��
WKH�IROORZLQJ�LV�WUXH�

7KLV UHODWLRQ�IRUPV�WKH�EDVLV�IRU�WKH�GHYHORSPHQW�RI�WKH�0D[ZHOO�UHODWLRQV
GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ�
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3DUWLDO�'LIIHUHQWLDO�5HODWLRQV
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)LQDOO\��ZH�GHYHORS�WZR�LPSRUWDQW�
UHODWLRQV�IRU�SDUWLDO�GHULYDWLYHV�
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WKH�UHFLSURFLW\�UHODWLRQ��

WKH�F\FOLF�UHODWLRQ��

�

8VLQJ�WKH�LGHDO�JDV�HTXDWLRQ�RI�VWDWH��YHULI\�

�D��WKH�F\FOLF�UHODWLRQ�DQG�
�E��WKH�UHFLSURFLW\�UHODWLRQ�DW�FRQVWDQW�3�

([DPSOH�����
9HULILFDWLRQ�RI�&\FOLF�DQG�5HFLSURFLW\�5HODWLRQV
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7+(�0$;:(//�5(/$7,216
7KH�HTXDWLRQV�WKDW�UHODWH WKH�SDUWLDO�GHULYDWLYHV�RI�SURSHUWLHV�3��Y��7��DQG�V
RI�D�VLPSOH�FRPSUHVVLEOH�VXEVWDQFH�WR�HDFK�RWKHU�DUH�FDOOHG�WKH�0D[ZHOO�
UHODWLRQV��

GX 7 GV 3GY
GK 7 GV YG3

 �
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7KH�VHFRQG�WZR�*LEEV�HTXDWLRQV�UHVXOW�IURP�WKH�GHILQLWLRQV�RI�WKH�+HOPKROW]
IXQFWLRQ�D DQG�WKH�*LEEV IXQFWLRQ�J GHILQHG�DV

D X 7V
GD GX 7GV VG7
GD VG7 3GY

 �
 � �
 � �

J K 7V
GJ GK 7GV VG7
GJ VG7 YG3
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G] 0 G[ 1 G\ �
$�FDUHIXO�H[DPLQDWLRQ RI� WKH� IRXU�*LEEV�UHODWLRQV�UHYHDOV� WKDW� WKH\�DUH�
RI�WKH�IRUP��

7KH\�DUH�REWDLQHG�IURP�WKH�IRXU�*LEEV�HTXDWLRQV�
7KH�ILUVW�WZR�RI�WKH�*LEEV�HTXDWLRQV�DUH�WKRVH�UHVXOWLQJ�
IURP�WKH�LQWHUQDO�HQHUJ\�X DQG�WKH�HQWKDOS\�K�
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GX 7GV 3GY
GK 7GV YG3

GJ VG7 YG3
GD VG7 3GY

 �
 �
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G] 0 G[ 1 G\ �

$�FDUHIXO� H[DPLQDWLRQ RI� WKH� IRXU�
*LEEV� UHODWLRQV� UHYHDOV� WKDW� WKH\�
DUH�RI�WKH�IRUP��

7KH�IRXU *LEEV�HTXDWLRQV�
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6HWWLQJ�WKH�VHFRQG�PL[HG�SDUWLDO�GHULYDWLYHV HTXDO�IRU�WKHVH�IRXU�IXQFWLRQV�
\LHOGV�WKH�0D[ZHOO�UHODWLRQV�

7+(�0$;:(//�5(/$7,216

7KH\� DUH� H[WUHPHO\�
YDOXDEOH LQ�
WKHUPRG\QDPLFV�
EHFDXVH� WKH\� SURYLGH�
D� PHDQV� RI�
GHWHUPLQLQJ� WKH�
FKDQJH� LQ� HQWURS\��
ZKLFK� FDQQRW� EH�
PHDVXUHG GLUHFWO\�� E\�
VLPSO\�PHDVXULQJ WKH�
FKDQJHV� LQ� SURSHUWLHV�
3��Y��DQG�7��

���

9HULI\�WKH�YDOLGLW\�RI�WKH�ODVW�0D[ZHOO�UHODWLRQ�IRU�VWHDP�DW����r&�DQG�����
N3D�

([DPSOH�����
9HULILFDWLRQ�RI�WKH�0D[ZHOO�5HODWLRQV
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7+(�&/$3(<521�(48$7,21
7KH� &ODSH\URQ� HTXDWLRQ� HQDEOHV� XV� WR� GHWHUPLQH� WKH� HQWKDOS\� FKDQJH�
DVVRFLDWHG�ZLWK�D�SKDVH�FKDQJH��VXFK�DV�WKH�HQWKDOS\�RI�YDSRUL]DWLRQ K "! ��
IURP�D�NQRZOHGJH�RI�3��Y��DQG�7�GDWD�DORQH��

#"$
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K G3
7Y G7
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7KH�&ODSH\URQ� HTXDWLRQ� LV� DSSOLFDEOH� WR� DQ\� SKDVH�FKDQJH� SURFHVV WKDW�
RFFXUV� DW� FRQVWDQW� WHPSHUDWXUH� DQG� SUHVVXUH�� ,W� FDQ� EH� H[SUHVVHG LQ� D�
JHQHUDO�IRUP�DV ( )

( ) * + ,
K G3
7Y G7

§ · ¨ ¸© ¹

,W� HQDEOHV� XV� WR� GHWHUPLQH� WKH� HQWKDOS\� RI�
YDSRUL]DWLRQ� K "! DW� D� JLYHQ� WHPSHUDWXUH� E\�
VLPSO\�PHDVXULQJ�WKH�VORSH�RI�WKH�VDWXUDWLRQ�
FXUYH RQ� D� 3�7� GLDJUDP� DQG� WKH� VSHFLILF�
YROXPH� RI� VDWXUDWHG� OLTXLG� DQG� VDWXUDWHG�
YDSRU�DW�WKH�JLYHQ�WHPSHUDWXUH��

-".
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465

8VLQJ� WKH� &ODSH\URQ� HTXDWLRQ�� HVWLPDWH� WKH� YDOXH� RI� WKH� HQWKDOS\ RI�
YDSRUL]DWLRQ�RI�UHIULJHUDQW����D�DW���r&��DQG�FRPSDUH�LW�ZLWK�WKH�WDEXODWHG�
YDOXH�

([DPSOH�����
(YDOXDWLQJ�WKH�K798 RI�D�6XEVWDQFH�IURP�WKH�3�Y�7�'DWD
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7+(�&/$3(<521�(48$7,21
&ODSH\URQ�&ODXVLXV�(TXDWLRQ
)RU�OLTXLG�YDSRU�DQG�VROLG�YDSRU�SKDVH�FKDQJH�SURFHVVHV�DW�ORZ�SUHVVXUHV��DQ�
DSSUR[LPDWLRQ� WR� WKH� &ODSH\URQ� HTXDWLRQ� FDQ� EH� REWDLQHG� E\� WUHDWLQJ� WKH�
YDSRU� SKDVH� DV� DQ� LGHDO� JDV DQG� QHJOHFWLQJ� WKH� VSHFLILF� YROXPH� RI� WKH�
VDWXUDWHG�OLTXLG�RU�VROLG�SKDVH�FRPSDUHG�WR�WKDW�RI�WKH�YDSRU�SKDVH���$W�ORZ�
SUHVVXUHV Y Y

Y Y
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)RU� VPDOO� WHPSHUDWXUH� LQWHUYDOV�� K "! FDQ� EH� WUHDWHG� DV� D� FRQVWDQW� DW� VRPH�
DYHUDJH�YDOXH�� �7KHQ� LQWHJUDWLQJ� WKLV�HTXDWLRQ�EHWZHHQ� WZR�VDWXUDWLRQ� VWDWHV�
\LHOGV�
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7KLV� HTXDWLRQ� LV� FDOOHG� WKH�&ODSH\URQ±&ODXVLXV HTXDWLRQ�� DQG� LW� FDQ� EH�
XVHG�WR�GHWHUPLQH�WKH�YDULDWLRQ�RI�VDWXUDWLRQ�SUHVVXUH ZLWK�WHPSHUDWXUH��

4�L

(VWLPDWH�WKH�VDWXUDWLRQ�SUHVVXUH�RI�UHIULJHUDQW����D�DW����r)��XVLQJ�WKH�GDWD�
DYDLODEOH�LQ�WKH�UHIULJHUDQW�WDEOHV�

([DPSOH�����
([WUDSRODWLQJ�7DEXODU�'DWD�ZLWK�WKH�&ODSH\URQ�(TXDWLRQ

([WUDSRODWLRQ�GRHV�QRW�ZRUN������



�

4�M

*(1(5$/�5(/$7,216�)25�GX��GK��GV��FY��$1'�FS
7KH�FDOFXODWLRQ�RI�WKH�SURSHUWLHV�WKDW�FDQQRW�EH�PHDVXUHG�GLUHFWO\ �VXFK�DV�
LQWHUQDO� HQHUJ\�� HQWKDOS\�� DQG� HQWURS\�� IURP� PHDVXUDEOH� RQHV �VXFK� DV
SUHVVXUH��WHPSHUDWXUH��DQG VSHFLILF�YROXPH��GHSHQGV�RQ�WKH�DYDLODELOLW\ RI�
VLPSOH�DQG�DFFXUDWH�UHODWLRQV�EHWZHHQ�WKH�WZR�JURXSV��

,Q�WKLV�VHFWLRQ�ZH�GHYHORS�JHQHUDO�UHODWLRQV IRU�FKDQJHV�LQ�LQWHUQDO�HQHUJ\��
HQWKDOS\��DQG�HQWURS\�LQ�WHUPV�RI�SUHVVXUH��VSHFLILF�YROXPH��WHPSHUDWXUH��
DQG�VSHFLILF�KHDWV�DORQH��

:H�DOVR�GHYHORS�VRPH�JHQHUDO�UHODWLRQV�LQYROYLQJ�VSHFLILF�KHDWV�

:H�XVXDOO\� VWDUW�ZLWK ILQGLQJ� WKH� WRWDO�GHULYDWLYH�RI�] ]�[�\� ZKHUH�]� LV�
UHSUHVHQWHG�E\�RQH�RI�WKH�KDUG�WR�PHDVXUH�SURSHUWLHV��X��K��RU�V��DQG�[��\�
DUH�UHSUHVHQWHG�E\�DQ\�WZR�RI�WKH�PHDVXUDEOH�SURSHUWLHV��7��Y��RU�3��

7KHQ�� HDFK� SDUWLDO� GLIIHUHQWLDO� WHUP� LV� UHSODFHG� E\� RWKHU� WHUPV� RI� WKH�
PHDVXUDEOH�SURSHUWLHV ZLWK� WKH�KHOS�RI� WKH� IRXU�*LEEV� HTXDWLRQV�DQG WKH�
IRXU 0D[ZHOO�UHODWLRQV�

4�N

,QWHUQDO�(QHUJ\�&KDQJHV

0D[ZHOO�UHODWLRQV�

� O P *LEEV�
HTXDWLRQV
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,QWHUQDO�(QHUJ\�&KDQJHV
7KH�FKDQJH� LQ� LQWHUQDO� HQHUJ\� RI� D� VLPSOH� FRPSUHVVLEOH� V\VWHP� DVVRFLDWHG�
ZLWK�D�FKDQJH�RI�VWDWH�IURP��7 R ��Y R ��WR��7 S ��Y S ��LV�GHWHUPLQHG�E\�LQWHJUDWLRQ�

(QWKDOS\�&KDQJHV�DQG�(QWURS\�&KDQJHV

:H�FRXOG�DOVR�ILQG�WKH�
IROORZLQJ�UHODWLRQV�IRU�GK DQG�GV
ZKHUH�K� �K�7�3���DQG�V� �V�7�Y��
RU�V� �V�7�3��

,Q� UHDOLW\�� RQH� QHHGV� RQO\� WR� GHWHUPLQH� HLWKHU� X S �X R RU K S �K R �� GHSHQGLQJ� RQ�
ZKLFK�LV�PRUH�VXLWDEOH�WR�WKH�GDWD�DW�KDQG��
7KH�RWKHU�FDQ�HDVLO\�EH�GHWHUPLQHG�E\�XVLQJ�WKH�GHILQLWLRQ�RI�HQWKDOS\ K X�3Y

TVU

'HULYH� D� UHODWLRQ� IRU� WKH�
LQWHUQDO� HQHUJ\� FKDQJH� DV� D�
JDV� WKDW� REH\V� WKH� YDQ� GHU
:DDOV HTXDWLRQ� RI� VWDWH��
$VVXPH� WKDW� LQ� WKH� UDQJH� RI�
LQWHUHVW�F W YDULHV�DFFRUGLQJ�WR�
WKH� UHODWLRQ� F W  F R �� F S 7��
ZKHUH�F R DQG�F S DUH�FRQVWDQWV�

([DPSOH�����
,QWHUQDO�(QHUJ\�&KDQJH�RI�D�YDQ�GHU :DDOV *DV
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6SHFLILF�+HDWV�FY DQG�FS
5HFDOO�WKDW�WKH�VSHFLILF�KHDWV�RI�DQ�LGHDO�JDV GHSHQG�RQ WHPSHUDWXUH�RQO\��

)RU�D�JHQHUDO�SXUH�VXEVWDQFH��KRZHYHU��WKH�VSHFLILF�KHDWV�GHSHQG�RQ�VSHFLILF�
YROXPH�RU�SUHVVXUH�DV�ZHOO�DV�WKH�WHPSHUDWXUH��

/HW�&YXZ EH�WKH�LGHDO�JDV��]HUR�SUHVVXUH��VSHFLILF�KHDW�DW�FRQVWDQW�SUHVVXUH��
7KH� GHYLDWLRQ� RI� &Y IURP� &YXZ LV� GHWHUPLQHG� E\� LQWHJUDWLQJ IURP� ]HUR�
SUHVVXUH�WR�DQ\�SUHVVXUH�3�DORQJ�DQ�LVRWKHUPDO�SDWK�

*LYHQ� WKH� HTXDWLRQ� RI� VWDWH�� ZH� FDQ� HYDOXDWH� WKH� ULJKW�KDQG� VLGH� DQG�
GHWHUPLQH�WKH�DFWXDO�VSHFLILF�KHDW�DV�&Y  �&Y �7�3��

%HORZ�ZH�SUHVHQW VRPH� JHQHUDO� UHODWLRQV� WR� UHODWH� WKH� VSHFLILF� KHDWV�RI� D�
VXEVWDQFH�WR�SUHVVXUH��VSHFLILF�YROXPH��DQG�WHPSHUDWXUH�

T�T

6SHFLILF�+HDWV�FY DQG�FS
$QRWKHU� GHVLUDEOH� JHQHUDO� UHODWLRQ� LQYROYLQJ� VSHFLILF� KHDWV� LV� RQH� WKDW�
UHODWHV�WKH�WZR VSHFLILF�KHDWV�FY DQG�F W ��

7KH�DGYDQWDJH RI�VXFK�D�UHODWLRQ�LV�REYLRXV��
:H�ZLOO�QHHG�WR�GHWHUPLQH�RQO\�RQH VSHFLILF�KHDW��XVXDOO\�FY ��DQG�FDOFXODWH�
WKH�RWKHU�RQH�XVLQJ�WKDW�UHODWLRQ�DQG�WKH�3�Y�7�GDWD�RI�WKH�VXEVWDQFH��

+HUH�ZH�SUHVHQW�VRPH�JHQHUDO�UHODWLRQV�WR�UHODWH�WKHVH�WZR�VSHFLILF�KHDWV�WR�
HDFK�RWKHU�DV�

$Q� DOWHUQDWLYH IRUP� RI� WKLV� UHODWLRQ� LV�
REWDLQHG�E\�XVLQJ�WKH�F\FOLF�UHODWLRQ�

ZKHUH�E LV�WKH�YROXPH�H[SDQVLYLW\ DQG�
D LV�WKH�LVRWKHUPDO�FRPSUHVVLELOLW\��
GHILQHG�DV�
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TV^

,W� LV� FDOOHG� WKH�0D\HU� UHODWLRQ LQ� KRQRU� RI� WKH� *HUPDQ� SK\VLFLDQ� DQG�
SK\VLFLVW�-��5��0D\HU������±�������

:H�FDQ�GUDZ�VHYHUDO�FRQFOXVLRQV IURP�WKLV�HTXDWLRQ�
���7KH�LVRWKHUPDO�FRPSUHVVLELOLW\�D�LV�D�SRVLWLYH TXDQWLW\�IRU�DOO�VXEVWDQFHV�
LQ� DOO� SKDVHV�� 7KH� YROXPH� H[SDQVLYLW\� FRXOG� EH� QHJDWLYH IRU� VRPH�
VXEVWDQFHV� �VXFK� DV� OLTXLG� ZDWHU� EHORZ� �r&��� EXW� LWV� VTXDUH� LV� DOZD\V�
SRVLWLYH� RU� ]HUR�� 7KH� WHPSHUDWXUH� 7� LQ� WKLV� UHODWLRQ� LV� WKHUPRG\QDPLF�
WHPSHUDWXUH�� ZKLFK� LV� DOVR� SRVLWLYH�� 7KHUHIRUH� ZH� FRQFOXGH� WKDW� WKH�
FRQVWDQW�SUHVVXUH� VSHFLILF� KHDW� LV� DOZD\V� JUHDWHU� WKDQ� RU� HTXDO� WR� WKH�
FRQVWDQW�YROXPH�VSHFLILF�KHDW�

��� 7KH� GLIIHUHQFH� EHWZHHQ� FY DQG� F W DSSURDFKHV� ]HUR� DV� WKH� DEVROXWH�
WHPSHUDWXUH DSSURDFKHV�]HUR�

���7KH� WZR�VSHFLILF�KHDWV�DUH� LGHQWLFDO� IRU� WUXO\� LQFRPSUHVVLEOH� VXEVWDQFHV�
VLQFH� Y� � FRQVWDQW��7KH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� VSHFLILF� KHDWV� LV� YHU\�
VPDOO� DQG� LV� XVXDOO\� GLVUHJDUGHG� IRU� VXEVWDQFHV� WKDW� DUH� QHDUO\�
LQFRPSUHVVLEOH��VXFK�DV�OLTXLGV�DQG�VROLGV�

6SHFLILF�+HDWV�FY DQG�FS
_

` a Y7& & E
D�  

b c& &t

Td5

6KRZ�WKDW�&Y � & W  5�IRU�DQ�LGHDO�JDV�

([DPSOH�����
7KH�6SHFLILF�+HDW�'LIIHUHQFH�RI�DQ�,GHDO�*DV



��

TV?

7+(�-28/(�7+20621�&2()),&,(17
:KHQ� D� IOXLG� SDVVHV WKURXJK� D� UHVWULFWLRQ� VXFK� DV� D� SRURXV� SOXJ�� D�
FDSLOODU\�WXEH��RU�DQ�RUGLQDU\�YDOYH��LWV�SUHVVXUH�GHFUHDVHV��
+RZHYHU�� WKH� HQWKDOS\ RI� WKH� IOXLG� UHPDLQV� DSSUR[LPDWHO\� FRQVWDQW�
GXULQJ�VXFK�D�WKURWWOLQJ�SURFHVV��
<RX� ZLOO� UHPHPEHU� WKDW� D� IOXLG� PD\� H[SHULHQFH D� ODUJH� GURS� LQ� LWV�
WHPSHUDWXUH�DV�D� UHVXOW�RI� WKURWWOLQJ��ZKLFK� IRUPV� WKH�EDVLV�RI�RSHUDWLRQ�
IRU�UHIULJHUDWRUV�DQG�DLU�FRQGLWLRQHUV��
7KLV� LV� QRW� DOZD\V WKH� FDVH�� KRZHYHU��
7KH�WHPSHUDWXUH�RI�WKH�IOXLG�PD\�UHPDLQ�
XQFKDQJHG�� RU� LW� PD\� HYHQ� LQFUHDVH
GXULQJ�D�WKURWWOLQJ�SURFHVV�
7KH� WHPSHUDWXUH� EHKDYLRU� RI� D� IOXLG�
GXULQJ� D� WKURWWOLQJ� �K�  FRQVWDQW��
SURFHVV� LV� GHVFULEHG� E\� WKH� -RXOH�
7KRPVRQ�FRHIILFLHQW��GHILQHG�DV�

T�L

7+(�-28/(�7+20621�&2()),&,(17
1RWLFH�WKDW�GXULQJ�D�WKURWWOLQJ�SURFHVV�

$� FDUHIXO� ORRN� DW� LWV� GHILQLQJ� HTXDWLRQ� UHYHDOV�
WKDW�WKH�-RXOH�7KRPVRQ�FRHIILFLHQW�UHSUHVHQWV�WKH�
VORSH RI� K�  � FRQVWDQW� OLQHV� RQ� D� 7�3� GLDJUDP��
6XFK� GLDJUDPV� FDQ� EH� HDVLO\� FRQVWUXFWHG� IURP�
WHPSHUDWXUH� DQG� SUHVVXUH� PHDVXUHPHQWV� DORQH�
GXULQJ� WKURWWOLQJ� SURFHVVHV�� $� IOXLG� DW� D� IL[HG�
WHPSHUDWXUH� DQG� SUHVVXUH� 7 R DQG� 3 R �WKXV� IL[HG�
HQWKDOS\��LV�IRUFHG�WR�IORZ�WKURXJK�D�SRURXV�SOXJ��
DQG�LWV�WHPSHUDWXUH�DQG�SUHVVXUH�GRZQVWUHDP��7 S
DQG�3 S ��DUH�PHDVXUHG��7KH�H[SHULPHQW�LV�UHSHDWHG�
IRU�GLIIHUHQW�VL]HV RI�SRURXV�SOXJV��HDFK�JLYLQJ�D�
GLIIHUHQW� VHW� RI� 7 S DQG� 3 S �� 3ORWWLQJ� WKH�
WHPSHUDWXUHV�DJDLQVW�WKH�SUHVVXUHV�JLYHV�XV�DQ�K� �
FRQVWDQW�OLQH�RQ�D�7�3�GLDJUDP��DV�VKRZQ��

� WHPSHUDWXUH�LQFUHDVHV�
� WHPSHUDWXUH�UHPDLQHV�FRQVWDQW
� WHPSHUDWXUH�GHFUHDVHV

e fP
�° ®°!¯
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T�M
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6RPH� FRQVWDQW�HQWKDOS\� OLQHV� RQ� WKH� 7�3�
GLDJUDP�SDVV�WKURXJK�D�SRLQW�RI�]HUR�VORSH RU�
]HUR�-RXOH�7KRPVRQ�FRHIILFLHQW��7KH� OLQH� WKDW�
SDVVHV� WKURXJK� WKHVH� SRLQWV� LV� FDOOHG� WKH�
LQYHUVLRQ�OLQH��DQG� WKH� WHPSHUDWXUH�DW�D�SRLQW�
ZKHUH� D� FRQVWDQW�HQWKDOS\� OLQH� LQWHUVHFWV� WKH�
LQYHUVLRQ� OLQH� LV� FDOOHG� WKH LQYHUVLRQ�
WHPSHUDWXUH�� 7KH� WHPSHUDWXUH� DW� WKH�
LQWHUVHFWLRQ� RI� WKH�3�  �� OLQH� �RUGLQDWH�� DQG�
WKH� XSSHU� SDUW� RI� WKH� LQYHUVLRQ� OLQH� LV� FDOOHG�
WKH�PD[LPXP�LQYHUVLRQ�WHPSHUDWXUH��1RWLFH�
WKDW� WKH� VORSHV� RI� WKH� K�  FRQVWDQW� OLQHV� DUH�
QHJDWLYH� �P g h �����DW� VWDWHV� WR� WKH� ULJKW�RI� WKH�
LQYHUVLRQ�OLQH�DQG�SRVLWLYH��P g h !����WR�WKH�OHIW�
RI�WKH�LQYHUVLRQ�OLQH��

5HSHDWLQJ�WKH�H[SHULPHQW�IRU�GLIIHUHQW�VHWV�RI�LQOHW SUHVVXUH�DQG�WHPSHUDWXUH�
DQG� SORWWLQJ� WKH� UHVXOWV�� ZH� FDQ� FRQVWUXFW� D� 7�3� GLDJUDP� IRU� D� VXEVWDQFH�
ZLWK�VHYHUDO�K� �FRQVWDQW�OLQHV��DV�VKRZQ

TVN
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1H[W�ZH�ZRXOG� OLNH� WR�GHYHORS� D�JHQHUDO� UHODWLRQ IRU� WKH� -RXOH�7KRPVRQ�
FRHIILFLHQW� LQ� WHUPV� RI� WKH� VSHFLILF� KHDWV�� SUHVVXUH�� VSHFLILF� YROXPH�� DQG�
WHPSHUDWXUH��

7KLV� LV� HDVLO\� DFFRPSOLVKHG E\� PRGLI\LQJ� WKH� JHQHUDOL]HG� UHODWLRQ� IRU�
HQWKDOS\�FKDQJH

)RU�DQ�K� �FRQVWDQW�SURFHVV�ZH�KDYH�GK� ����
7KHQ�WKLV�HTXDWLRQ�FDQ�EH�UHDUUDQJHG�WR�JLYH
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TVQ

6KRZ�WKDW�WKH�-RXOH�7KRPVRQ�
FRHIILFLHQW�RI�DQ�LGHDO�JDV�LV�]HUR�

([DPSOH������
-RXOH�7KRPVRQ�&RHIILFLHQW�RI�DQ�,GHDO�*DV

^�U

*HQHUDOL]HG�&RPSUHVVLELOLW\�FKDUW

i3�SUHVVXUHGXFHG5H

5HDO�*DV
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(QWURS\�&KDQJHV�RI�5HDO�*DVHV

,QWHUQDO�(QHUJ\�&KDQJHV�RI�5HDO�*DVHV

(QWKDOS\�&KDQJHV�RI�5HDO�*DVHV
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k l

mon mpn
mon mpn

qsr tvu uw xzy {}|
r t~u uw xzy {}|

K K K K 5 7 = =
K K K K 57 = =
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= � LV�WKH�HQWKDOS\�
GHSDUWXUH�IDFWRU�
)LJXUH�$���

=� LV�WKH�HQWURS\�
GHSDUWXUH�IDFWRU�
)LJXUH�$���

7KH� LQWHUQDO� HQHUJ\�
FKDQJH�RI�D�UHDO�JDV� LV�
JLYHQ�DV��X  �K ± 3Y�

�d�

'HWHUPLQH�WKH�HQWKDOS\�FKDQJH�DQG�WKH�HQWURS\�FKDQJH�RI�R[\JHQ�SHU�XQLW�PROH
DV�LW�XQGHUJRHV�D�FKDQJH�RI�VWDWH�IURP�����.�DQG���03D WR�����.�DQG����03D
�D��E\�DVVXPLQJ�LGHDO�JDV�EHKDYLRU�DQG�
�E��E\�DFFRXQWLQJ�IRU�WKH�GHYLDWLRQ�IURP�LGHDO�JDV�EHKDYLRU�

([DPSOH������
7KH�'K�DQG�'V�RI�2[\JHQ�DW�+LJK�3UHVVXUHV
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