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� ��3ROH�) LJXUH��' HILQLWLRQ��������������������������������������������������������������������� �

� ��3ROH�) LJXUH��0 HDVXUHPHQWV�������������������������������������������������������������� �

� ��3ROH�) LJXUH��0 HDVXUHPHQWV�DQG�6DPSOH�6\ PPHWU\ �������������������� � � �

� ��3ROH�) LJXUH���&RUUHFWLRQ�DQG�1 RUPDOL] DWLRQ�������������������������������� � � �
� �� ��%DFNJURXQG�&RUUHFWLRQ�������������������������������������������������������������������������� � � �
� �� ��' HIRFXVLQJ�&RUUHFWLRQ��������������������������������������������������������������������������� � � �
� �� ��1 RUPDOL] DWLRQ����������������������������������������������������������������������������������������� � � �
� �� ��0 HUJH�RI�SROH�ILJXUHV����������������������������������������������������������������������������� � � �

� ��&RQYHQWLRQ�RI�FHOO�SDUDPHWHUV������������������������������������������������������ � � �

� ���3ROH�) LJXUH���5HJLVWUDWLRQ�&RQYHQWLRQ���������������������������������������� � � �

� ���3ROH�) LJXUH���3ORW�&RQYHQWLRQ����������������������������������������������������� � � �

� ���3ROH�) LJXUH���5HJLVWUDWLRQ��&RQYHQWLRQ���3HUPDQHQW��6HWWLQJV��� � � �

� ���5RWDWLRQ�RI�SROH�ILJXUHV��������������������������������������������������������������� � � �
� �� ��6DPSOH�) UDPH�5RWDWLRQV������������������������������������������������������������������������ � � �
� �� ��&U\ VWDOLWHV��3ODQHV�URWDWLRQV� ������������������������������������������������������������������ � � �

� � ��3ROH�ILJXUHV�±�WH[ WXUH�FRPSRQHQW�PRGHO������������������������������������ � � �

� � ��3ROH�ILJXUH�FRQYHQWLRQV�DQG�HUURUV�LQ�GHWHUPLQLQJ��
������WKH�RULHQWDWLRQ����������������������������������������������������������������������������� � � �
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� ��3ROH�) LJXUH��' HILQLWLRQ�
�

7KH� PRVW� SRSXODU� WHFKQLTXHV� IRU� WH[ WXUH� PHDVXUHPHQW� DUH� ; �5D\ � DQG� QHXWURQ��
GLIIUDFWLRQ��7KH�SRO\ FU\ VWDOOLQH�VSHFLPHQ�FRQWDLQV�PDQ\ �JUDLQV��FU\ VWDOOLWHV��LQ�ZKLFK�DWRPV�
IRUP�D�WKUHH�GLPHQVLRQDO�SHULRGLF�DUUDQJHPHQW�� ( DFK� JUDLQ�KDV�D�XQLTXH�RULHQWDWLRQ�DQG�LQ�
HDFK�JUDLQ�ZH�FDQ�LQGLFDWH�GLIIHUHQW�FU\ VWDOORJUDSKLF�SODQHV��,Q�GLIIUDFWLRQ�WHFKQLTXHV��ZH�FDQ�
FKRRVH�SODQHV�VXFK�DV�^� � � ` ��^� � � ` �RU�RWKHU�SODQHV��ZKLFK�JLYH�WKH�GLIIUDFWLRQ�SHDN��E\ �IL[ LQJ�

WKH� � T� DQJOH� LQ� WKH� VRXUFH�FRXQWHU� V\ VWHP� DQG� QH[ W�� ZH� FDQ� PDNH� D� PHDVXUHPHQW� RI� WKH�
LQWHQVLWLHV� GLIIUDFWHG� E\ � WKHVH� VHOHFWHG� SODQHV� IRU� GLIIHUHQW� SRVLWLRQV� RI� WKH� VRXUFH�FRXQWHU�
V\ VWHP��ZLWK�UHVSHFW�WR�WKH�VDPSOH�� ,Q� / DER7H[ ��WKH�UHVXOWV�RI�WKH�WH[ WXUH�PHDVXUHPHQW�DUH�
SORWWHG�E\ �PHDQV�RI�WKH�VWHUHRJUDSKLF�SURMHFWLRQ�DQG�WKH�FUHDWHG�SORWV�DUH�UHIHUUHG�WR�DV�SROH�

ILJXUHV��) RU�H[ DPSOH��ZH�JHW�WKH�SROH�ILJXUH�^� � � ` �ZKHQ�ZH�FKRRVH�WKH�� T�DQJOH�IRU�^� � � ` �
SODQHV��&RQVHTXHQWO\ ��SROH�ILJXUHV�VKRZ�WKH�VWDWLVWLFDO�GLVWULEXWLRQ�RI�WKH�QRUPDO�WR�WKH�JLYHQ�
^KNÒ�SODQH����
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���������
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1 RUP DO�WR� K̂NÒ�SODQHV�
IRU�VRP H�JUDLQV�RI�VDP SOH

�
) LJ��� ���7KH�SULQFLSOH�RI�XVLQJ�WKH�VWHUHRJUDSKLF�SURMHFWLRQ�WR�FUHDWH�D��SROH�ILJXUH�LQ�

/ DER7H[ ��

�

,Q� / DER7H[ �� SROH� ILJXUHV� DUH� FKDUDFWHUL] HG� E\ � WKH� DQJOHV� D� DQG� E�� ZKHUH� WKH� D� UDQJHV�

�DQJXODU�RU�UDGLDO��DUH�IURP�� ž�DW�WKH�FHQWHU�WR�� � ž�DW�WKH�HGJH��DQG�WKH�E�UDQJHV��D] LPXWKDO��DUH�

IURP�� ž�WR�� � � ž���7KH�GHILQLWLRQV�RI�WKH�D�DQG�E�DQJOHV�DUH�VKRZQ�LQ�) LJXUH�� ��7KH�SRLQW�ZKHUH�

WKH� ^KNÒ� SODQH� QRUPDO� LQWHUVHFWV� WKH� VSKHUH� �WKH� SRLQW� GHILQHG� E\ � WKH� D� DQG� E� DQJOHV�� LV�

SURMHFWHG�LQ�WKH�SROH�ILJXUH�LQ�SRLQW�3��KHQFH� �
�

�
D

WJ523 ˜ ���VHH�) LJXUHV�� �DQG�� ���
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�
) LJ��� ���3ROH�ILJXUH�ZLWK�SRLQW�3�DQG�DQJOHV�D��E��GHILQHG�LQ�) LJXUH�� ��

�

� ��3ROH�) LJXUH��0 HDVXUHP HQWV�
�

,Q�SUDFWLFH��WKH�VRXUFH�FRXQWHU�V\ VWHP�LV�QRQ�PRYLQJ�DQG�GLIIHUHQW�PHDVXUHPHQW�SRVLWLRQV�
�D��E���DUH�PDGH�E\ �VDPSOH�URWDWLRQV��VHH�IRU�) LJXUH�� ���

�

D
E

1 '

6$ 0 3/ (

E
�

) LJ�� ���3ROH�ILJXUH�PHDVXUHPHQWV�E\ �VDPSOH�URWDWLRQV��
�
�

�
7KH�WUDGLWLRQDOO\ �DSSOLHG�UHJLVWUDWLRQ�PHWKRG�RI�WKH�SROH� ILJXUH�LV�EDVHG�RQ�WKH�HTXLDQJXODU�
�UHJXODU��PHDVXUHPHQW�JULG��' D ' E��� / DER7H[ �DOVR�LQSXWV�WKH�GDWD�IRU�HTXDO�D] LPXWKDO�DQG�
UDGLDO�VWHSV��VHH�) LJXUH�� ���7KH�PHDVXUHPHQW�JULG�VKRXOG�EH�RQH�IURP��� ���� ���� �� ��� �� � ��� �� ��� ��
�� �� � �� �� �� �� � �� � �� �� �� �� �� � �� � � � GHJUHHV� DQG� LW� FDQ� DOVR� EH�� � �� � �� �� � � �� �� � �� �� �� EXW� ZLWK� WKH�
H[ FHSWLRQ�RI�WKH�WULJRQDO�DQG�KH[ DJRQDO�FU\ VWDO�ODWWLFH�V\ PPHWU\ ��7KH�VWHS�VL] H�VKRXOG�GHSHQG�
RQ�WKH�GHJUHH�RI�WKH�SUHIHUUHG�RULHQWDWLRQ��6WURQJ�WH[ WXUH�QHHGV�D�VPDOOHU�JULG��IRU�GHWDLOV�VHH�
WKH�UHSRUW�� 9 ROXPH�) UDFWLRQ�&DOFXODWLRQ� �����
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) LJ��� ����0 HDVXUHPHQW�RI�D�FRPSOHWH�SROH�ILJXUH��

�������������� / HIW����( [ DPSOH�RI�DQ�HTXLDQJXODU�PHDVXUHPHQW�JULG�IRU�D�SROH�ILJXUH��OHIW���' D ' E � � � ��
��������������5LJKW�����( [ DPSOH�RI�D�FRPSOHWH�SROH�ILJXUH��

�
/ DER7H[ �FDQ�DOVR�LQSXW�WKH�GDWD�IRU�GLIIHUHQW�D] LPXWKDO�DQG�UDGLDO�VWHSV��EXW�LQ�WKLV�FDVH��

WKH�D] LPXWKDO�VWHS�LV�DGMXVWHG�WR�WKH�UDGLDO�VWHS�E\ �WKH�OLQHDU�LQWHUSRODWLRQ�RI�WKH�SROH�ILJXUH�
GDWD��VHH�) LJXUH�� �DQG�) LJXUH�� �±�WKH�UDGLDO�VWHS�IRU�WKH�GDWD�RI�WKH�GHIRFXVLQJ�FRUUHFWLRQ��KDV�
WR� EH� WKH� VDPH� DV� IRU� WKH� SROH� ILJXUHV��� / DER7H[ � LQIRUPV� WKH� XVHU� ZKHQ� LW� KDV� PDGH� DQ�
DGMXVWPHQW�IURP�WKH�D] LPXWKDO�VWHS�WR�WKH�UDGLDO�VWHS���
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) LJ��� �( [ DPSOH�RI�DQ�DGMXVWPHQW�RI�WKH�PHDVXUH�D] LPXWKDO�VWHS�� ' E�  � � � �WR�WKH�UDGLDO�VWHS�� ' D � � � �E\ ��PHDQV�RI�

WKH�OLQHDU�LQWHUSRODWLRQ�IRU�D�QRQ�HTXLDQJXODU�PHDVXUHPHQW�JULG�� ' E �� �VWHS�IRU�LQWHUSRODWHG�SRLQWV���,QSXW�JULG���

' D � � ��' E�  � � ��2 XWSXW�JULG���' D � � ��' E  � � ����

5 '

7'

1

(:

6

' D � � !

' E � �
"

� �PHDVXUHPHQW
SRLQW

' E#  � $

' D
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' E&  �
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) LJ��� �( [ DPSOH�RI�GDWD�DGMXVWHG�E\ �WKH�OLQHDU�LQWHUSRODWLRQ�IRU�D�QRQ�HTXLDQJXODU�PHDVXUHPHQW�JULG���5DGLDO�

DQJOH��D��FRQVWDQW���D] LPXWKDO�DQJOH��E��LQ�WKH�UDQJH�IURP�� � �WR�� � � � ��
�

$ �FRUUHFW�PHDVXUHPHQW�RI�FRPSOHWH�SROH�ILJXUHV�LV�LPSRVVLEOH�E\ �PHDQV�RI�RQH�WHFKQLTXH��
) RU�WKH�WUDQVPLVVLRQ�WHFKQLTXH� �QHXWURQ�GLIIUDFWLRQ�� ; �UD\ �GLIIUDFWLRQ�IRU�SRO\ PHUV���FRUUHFW�
PHDVXUHPHQWV� IRU� WKH� UDGLDO� DQJOH� RI� DERXW� 
� 
� DUH� QRW� DFFHVVLEOH�� KHQFH� WKH� GDWD� IURP� WKH�

WUDQVPLVVLRQ�WHFKQLTXH�VWDUW�IURP�D! � ��) LJXUH�� �VKRZV�DQ�H[ DPSOH�RI�WKH�PHDVXUHPHQW�JULG�
DQG�PHDVXUHPHQW�UDQJHV�IRU�WKH�WUDQVPLVVLRQ�WHFKQLTXH��
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�
) LJ��� ��7UDQVPLVVLRQ�WHFKQLTXH��� / HIW����( [ DPSOH�RI�DQ�HTXLDQJXODU�PHDVXUHPHQW�JULG��IRU�DQ�LQFRPSOHWH�SROH�

ILJXUH��D � � �WR�� � � ��E �� �WR�� � � � ��HTXLDQJXODU�PHDVXUHPHQW�JULG�' D ' E � � � � ���5LJKW����( [ DPSOH�RI�DQ�
LQFRPSOHWH�SROH�ILJXUH��

�
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' E � � B

' D � � C
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) RU�WKH�UHIOHFWLRQ�WHFKQLTXH� �; �UD\ �GLIIUDFWLRQ���WKH�PHDVXUHPHQW�IDLOV�ZKHQ�WKH�UDGLDO�
DQJOH�DSSURDFKHV�WKH�
� � 
�GHJUHH��DV�WKH�VDPSOH�SODQH�DQG�WKH�GLIIUDFWHG�EHDP�DUH�SDUDOOHO�IRU�
WKH� � � � GHJUHH� �VHH� ) LJXUH� � ��� +HQFH� WKH� SURSHU� GDWD� IURP� WKH� UHIOHFWLRQ� WHFKQLTXH� DUH� IRU�

D� � � ��
�
�

1 '

6$ 0 3/ (

D�E3F�GIH7J

E�KMLNJ�O�P

Q

J>R=J�H>R
E3G

D
S

S

1 '

6$ 0 3/ (

DNE�F�GIH7J

E�KMLNJ�O�P

Q

J>R
J�H>R=E�G

D � �
T

S

S

U

J�O�V5FNGWJ7PXJ7Y3R

O>GZJ?O

U

J�O�V5F�G5J7PXJ7Y3R

O>GWJ?O �
�
�

) LJ��� ��5HIOHFWLRQ�WHFKQLTXH��,OOXVWUDWLRQ�RI�WKH�SUREOHPDWLF�PHDVXUHPHQWV�IRU�WKH�UDGLDO�DQJOH�FORVH�WR�
� � 
�
GHJUHHV��

�
) LJXUH� � � VKRZV� DQ� H[ DPSOH� RI� WKH� PHDVXUHPHQW� JULG� DQG� PHDVXUHPHQW� UDQJHV� IRU� WKH�
UHIOHFWLRQ�WHFKQLTXH���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�

�
�

) LJ��� ���5HIOHFWLRQ�WHFKQLTXH��� / HIW����( [ DPSOH�RI��DQ�HTXLDQJXODU�PHDVXUHPHQW�JULG�IRU�DQ�LQFRPSOHWH�SROH�

ILJXUH��D � �WR�� � � ��E �� �WR�� � � � ��HTXLDQJXODU�PHDVXUHPHQW�JULG��' D ' E � � � � ���5LJKW����( [ DPSOH�RI�DQ�
LQFRPSOHWH�SROH�ILJXUH��
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) LJ��� � ���5HIOHFWLRQ�WHFKQLTXH��$ ��' HIRUPDWLRQ�DW�D�FORVH�WR�WKH�� � �GHJUHH��( [ DPSOH�RI��D�FRPSOHWH�SROH�ILJXUH�

�D � �WR�� � � ��E �� �WR�� � � � � ��%��7KH�VDPH�PHDVXUHPHQW�DV�LQ�$ ��EXW�LQ�WKH�UDQJH��D � �WR�� � � ��LQFRPSOHWH�SROH�
ILJXUH��DQG�ZLWK�D�GLIIHUHQW�IDFWRU�RI�QRUPDOL] DWLRQ��

�

) LJXUH� � � � VKRZV� DQ� H[ DPSOH� RI� GHIRUPDWLRQ� RI� WKH� FRPSOHWH� SROH� ILJXUH� IRU� WKH� UHIOHFWLRQ�

WHFKQLTXH�DW�D�FORVH�WR�WKH�� � �GHJUHH��

$ �VLPLODU�GHIRUPDWLRQ�RI�WKH�SROH� ILJXUH�FDQ�EH�D�UHVXOW�RI�D�EDG�DVVXPSWLRQ�RI�WKH��

FRQYHQWLRQ�IRU�WKH�UDGLDO�DQJOH�ZKHQ�WKH�SROH�ILJXUH�LV�SORW��6RPH�GDWD�IRUPDWV�GR�QRW�XVH�WKH�

D� DQJOH� PHDVXUHG� IURP� WKH� FHQWUH� RI� WKH� SROH� ILJXUH� �L�H�� D � � LV� LQ� WKH� FHQWUH� RI� WKH� SROH�

ILJXUH��EXW�WKH\ �XVH�WKH�FRQYHQWLRQ�ZKHUH�D � � �LV�LQ�WKH�FHQWUH�RI�WKH�SROH�ILJXUH��<RX�FDQ�

ILQG�D�VLPLODU�SUREOHP�ZLWK�WKH�8 ; ' �ILOH�IRUPDW��,Q�WKLV�FDVH��SOHDVH�UHYHUVH�WKH�GDWD�LQSXW�IRU�

D� �FKRRVH� �� ( GLW� Ÿ � / DER7H[ �2 SWLRQ� Ÿ � � ' DWD� ) RUP DW� Ÿ � � � 8 ; ' � � �%UXNHU� �UHYHUVHG�

UDGLDO�GLUHFW����

�

� ,I� \ RX�XVH�WKH�DUHD�GHWHFWRU�RU�WKH�SRVLWLRQ�VHQVLWLYH�GHWHFWRU��WKHQ�WKH�VRIWZDUH�IRU� \ RXU�

GHWHFWRU� VKRXOG� PDNH� D� WUDQVIRUPDWLRQ� RI� WKH� LQWHJUDWHG� LQWHQVLWLHV� IURP� WKH� GLIIUDFWRPHWHU�

FRRUGLQDWH�V\ VWHP�^� T��Z�J�F�M��LQWR�WKH�SROH�ILJXUH�DQJOHV��D�E���%DVLF�LQIRUPDWLRQ�DERXW�WKLV�

WUDQVIRUPDWLRQ�� DV� ZHOO� DV� DERXW� PHDVXUHPHQWV� ZLWK� DUHD� GHWHFWRUV� DQG� SRVLWLRQ� VHQVLWLYH�

GHWHFWRUV�FDQ�EH�IRXQG�LQ��

�

x� + �-�%XQJH��. �. OHLQ��=�0 HWDOONXQGH��� ��� � � �� � � � � � ��

x� / �: FLVODN�� + �-�%XQJH�� � 7H[ WXUH� $ QDO\ VLV� ZLWK� 3RVLWLRQ� 6HQVLWLYH� ' HWHFWRU� ��

&XYLOOLHU�9 HUODJ��* RWWLQJHQ��� � � � � ���

�

�
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: KHQ�WKH�LQWHUSODQDU�VSDFLQJV�LQ�WKH�OD\ HU�RI�WKH�GHSRVLW�DQG�LQ�WKH�VXEVWUDWH�DUH�FORVH� IRU�
VRPH�SODQHV��WKH�GLIIUDFWLRQ�SHDNV�RYHUODS���) LJ��� � � ��WKHQ�ZH�FDQ�REVHUYH�WKH�SUHVHQFH�RI�WKH�
VXEVWUDWH�WH[ WXUH�LQ�WKH�SROH�ILJXUH�IRU�WKH�GHSRVLW��7KLV�HIIHFW�FDQ�DOVR�EH�REVHUYHG�LQ�WKH�FDVH�
RI�EXON�PXOWLSKDVH�VDPSOHV��

�
�
�
�
�
�
�
�
�
�
�
�
�

�
) LJ��� � ���7KH�REVHUYHG��UHVXOWDQW��SURILOH�RI�WKH�GLIIUDFWLRQ�SHDN��EOXH��LQ�WKH�PXOWLSKDVH�V\ VWHP�ZKHUH�

WKH�SHDNV�RYHUODS��WKH�SURILOH�RI�WKH�GLIIUDFWLRQ�SHDN�IRU�SKDVH�� �� \ HOORZ����WKH�SURILOH�RI�WKH�GLIIUDFWLRQ�SHDN�IRU�
SKDVH�� ��UHG����

�
7KLV� HIIHFW� FDQ� EH� REVHUYHG� HVSHFLDOO\ � ZKHQ� WKH� VXEVWUDWH� KDV� D� VWURQJ� WH[ WXUH�� ) RU�

H[ DPSOH��WKH�SHDN�IRU��� � � � �6L��� 7KHWD�� � �� � � �LQWHUIHUHV�ZLWK��� � � � �&X� � � 7KHWD�� � �� � � ��7KH�
SROH� ILJXUH�VKRZQ�LQ� ) LJXUH� � � D� DGGLWLRQDOO\ �FRQWDLQV� IRXU�VPDOO�SHDNV��7KHVH�SHDNV�FRPH�
IURP�WKH�PRQRFU\ VWDO�VXEVWUDWH��

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
) LJ��� � D���5HIOHFWLRQ�WHFKQLTXH��7KH�SUHVHQFH�RI�WKH�SHDNV�IURP�WKH�VXEVWUDWH�� IRXU�SHDNV�LQ�WKH�FHQWUH��WKH�&X�

OD\ HU�RQ�WKH�PRQRFU\ VWDO�RI�6L���

�
,Q�WKH�FDVH�ZKHQ�WKH�GLIIUDFWLRQ�SHDNV�RYHUODS��ZH�VKRXOG�DSSO\ �WKH�SURILOH�DQDO\ VLV��VXFK�DV�
WKH�3,0 �RU�,0 �WHFKQLTXH���VHH�WKH�WDEOH�DW�WKH�IROORZLQJ�SDJH��IRU�H[ WUDFWLQJ�WKH�SRLQW��D�E��RI�
WKH�SROH�ILJXUH��
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� ��3ROH�) LJXUH��0 HDVXUHP HQWV�DQG�6DP SOH�6\ P P HWU\ �������������������������������������
�

: KHQ�ZH�DUH�VXUH�WKDW�WKH�SROH�ILJXUH¶V�VDPSOH�V\ PPHWU\ �LV�KLJKHU�WKDQ�WULFOLQLF��WKHQ�
ZH�FDQ�PDNH�D�PHDVXUHPHQW�LQ�D�VPDOOHU�UDQJH�RI�WKH�E�DQJOH��%HORZ��ZH�FDQ�VHH�H[ DPSOHV�RI�
FRPSOHWH�SROH�ILJXUHV�ZLWK�GLIIHUHQW�VDPSOH�V\ PPHWULHV��OHIW��DQG�H[ DPSOHV�RI�WKH�
PHDVXUHPHQW�JULGV�IRU�HDFK�VDPSOH�V\ PPHWU\ ��ULJKW���
�

�

�
������

) LJ��� � ��7ULFOLQLF�6DPSOH�6\ PPHWU\ ��E� �� q �WR�� � � q �RU��� q �WR�� � � q �6\ PPHWU\ �HOHPHQW�& r � �

�
�

�

�
�
�

������) LJ��� � �����0 RQRFOLQLF�6DPSOH�6\ PPHWU\ ��E� �� q �WR�� � � q �6\ PPHWU\ �HOHPHQW�& s � �
�
�
�
�
�
�
�

tvu

wxu

y

z

{

|

}•~•€?‚3ƒ5„N…5€�~•€�†�‡

ˆŠ‰�‹

†�‡

Œx•ŠŽ�•N•�‘

Œ�’”“x•7–3—

˜�™

š›™

œ

•

ž

Ÿ

 N¡v¢>£7¤Z¥?¦Z¢n¡v¢;§�¨

©?ª3«

§�¨

¬›­?®°¯?±�²

¬°³•´”µI¶�·

¸W¹ º

¹ »

¹ ¼

¹ ½

¹ ¾

¹ ¿

¹ À

¹ Á

¹

¹



/ DER7H[ ����32 / ( �) ,* 8 5 ( 6 ��5 ( * ,675 $ 7,2 1 �$ 1 ' �3 / 2 7�&2 1 9( 1 7,2 1 6�

� � �

�
�

) LJ��� � ����2 UWKRUKRPELF�6DPSOH�6\ PPHWU\ ��E� �� q �WR�� � q ��6\ PPHWU\ �HOHPHQWV��& s P��

�

�
�

) LJ��� � ����$ [ LDO�6DPSOH�6\ PPHWU\ ��E� �� q ��RU�E� �� q �WR�; q �6\ PPHWU\ �HOHPHQW�& Â � �
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,I�WKH�UDQJH�RI�E�LV�EHWZHHQ��
é

�DQG�;
é

��WKH�FXVWRP�UDQJH���WKHQ�WKH�XVHU�FDQ�PDNH�WKH�
DYHUDJH� RI� WKHLU� UHVXOW� �V\ PPHWUL] DWLRQ� WR� WKH� D[ LDO� VDPSOH� V\ PPHWU\ �� EHIRUH� WKH� 2 ' ) �
FDOFXODWLRQ��+LJK�VDPSOH�V\ PPHWU\ �PDNHV�WKH�WH[ WXUH�DQDO\ VLV�HDVLHU�EHFDXVH�WKH�UDQJH�RI�WKH�
E� DQJOH� LV� HTXLYDOHQW� WR� WKH� UDQJH� RI� WKH� ( XOHU� Mê � DQJOH� RQ� WKH� 2 ' ) �� %HORZ�� \ RX� FDQ� VHH�
H[ DPSOHV�RI�WKH�2 ' ) ��FXELF�F�V���Mê  FRQVW� SURMHFWLRQ��IRU�GLIIHUHQW�VDPSOH�V\ PPHWULHV���
�
�
������������7ULFOLQLF�VDP SOH�V\ P P HWU\ ��������������������������������0 RQFOLQLF�VDP SOH�V\ P P HWU\ �

�

�
�
�����2 UWKRUKRP ELF�VDP SOH�V\ P P HWU\ ���������������������������������$ [ LDO��VDP SOH�V\ P P HWU\ ��

�

�
) LJ��� � ���( [ DPSOHV�RI�2 ' ) �IRU�GLIIHUHQW�VDPSOH�V\ PPHWULHV���FXELF�FU\ VWDO�V\ PPHWU\ ��SURMHFWLRQV���Mr  FRQVW���
�
,I��DIWHU�\ RX�KDYH�PDGH�WKH�PHDVXUHPHQW��WKH�SROH�ILJXUHV�IRU�\ RXU�VDPSOH�VKRZ�D�KLJKHU�
VDPSOH�V\ PPHWU\ �WKDQ�\ RX�KDYH�DVVXPHG��WKHQ�\ RX�FDQ�PDNH�DQ�
DYHUDJH
�RI�\ RXU�SROH�ILJXUHV�
WR�D�KLJKHU�V\ PPHWU\ ��7KLV�SURFHVV�LV�FDOOHG�V\ PPHWUL] DWLRQ��,Q�/ DER7H[ ��\ RX�FDQ�PDNH�D�
V\ PPHWUL] DWLRQ�RI�SROH�ILJXUHV��DV�ZHOO�DV�RI�WKH�2 ' ) ��<RX�PD\ �PDNH�D�V\ PPHWUL] DWLRQ�RI�
SROH�ILJXUHV�EHIRUH�WKH�2 ' ) �FDOFXODWLRQ��) RU�H[ DPSOH��LI�\ RX�KDYH�PDGH�D�PHDVXUHPHQW�RI�WKH�
SROH�ILJXUH�LQ�WKH�IXOO�UDQJH�RI�WKH�D] LPXWKDO�DQJOH�E �� �WR�� � � �GHJ��DQG�\ RXU�SROH�ILJXUH�
VKRZV�WKH�D[ LDO�VDPSOH�V\ PPHWU\ ���
��
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�
�
�
�
�
�
�

�
) LJ��� � ��� / HIW����SROH�ILJXUH�PHDVXUHG�LQ�WKH�IXOO�UDQJH�RI�WKH�D] LPXWKDO�DQJOH�DQG��ULJKW����WKH�VDPH�SROH�ILJXUH�

DIWHU�WKH�V\ PPHWUL] DWLRQ�WR�WKH�D[ LDO�VDPSOH�V\ PPHWU\ ��
�

WKHQ�\ RX��VKRXOG�PDNH�D�V\ PPHWUL] DWLRQ�WR�WKH�D[ LDO�VDPSOH�V\ PPHWU\ ���
�
$ V� \ RX� FDQ� VHH� LQ� ) LJXUHV� � � � DQG� � � �� LQ� / DER7H[ �� \ RX� FDQ� PDNH� D� V\ PPHWUL] DWLRQ� YHU\ �
VLPSO\ ��<RX�FDQ�VHH�WKH�SROH�ILJXUHV�DIWHU�WKH�V\ PPHWUL] DWLRQ�RQ�WKH�VFUHHQ��KHQFH� \ RX�FDQ�
FRPSDUH� WKH� GLIIHUHQW� W\ SHV� RI� V\ PPHWUL] DWLRQ� DQG� VHH� WKH� GLIIHUHQFHV� EHWZHHQ� WKHP�� -XVW�
ORRNLQJ� DW� WKH� SLFWXUHV� PLJKW� JLYH� \ RX� DQ� LGHD� RI� KRZ� WR� PDNH� RU� QRW� WR� PDNH� D�
V\ PPHWUL] DWLRQ��
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�

) LJ��� � ��7\ SHV�RI�V\ PPHWUL] DWLRQ�IRU�SROH�ILJXUHV�PHDVXUHG�LQ�WKH�IXOO�D] LPXWKDO�UDQJH�L�H��VXFK�DV�IRU�WKH�
WULFOLQLF�VDPSOH�V\ PPHWU\ ��OHIW��DQG�IRU�WKH�SROH�ILJXUH�PHDVXUHG�LQ�WKH�KDOI�D] LPXWKDO�UDQJH�VXFK�DV�IRU�WKH�

PRQRFOLQLF�VDPSOH�V\ PPHWU\ ��ULJKW���
�

�
�
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7KH�2 ' ) �FDOFXODWLRQV�DUH�GRQH�IURP�VHYHUDO�SROH�ILJXUHV��%HIRUH�WKH�EHJLQQLQJ�RI�WKH�2 ' ) �
FDOFXODWLRQ��WKH�XVHU�FDQ�H[ FOXGH�IURP�LW�RQH�RU�PRUH�EDG�TXDOLW\ �SROH�ILJXUHV��DV�ZHOO�DV�RQO\ �
EDG�IUDJPHQWV�RI�WKH�SROH�ILJXUH��VXFK�DV�GHIRUPHG�RQHV��DV�VKRZQ�LQ�) LJXUH�� � � ��7KH�XVHU�FDQ�
DOVR�PDNH�D�URWDWLRQ�RI�WKH�SROH�ILJXUH� � �H�J��E\ �HOLPLQDWLQJ�WKH�HUURU�FRQQHFWHG�ZLWK�D�EDG�
PRXQWLQJ�RI�WKH�VDPSOH�LQ�WKH�JRQLRPHWHU���,Q�VRPH�; 5 ' V��WKH�JRQLRPHWHU¶V�FRQWLQXRXV�VFDQ�
RI�WKH�D] LPXWKDO�DQJOH�VKLIWV�WKH�LQLWLDO�YDOXH�RI�WKH�E�DQJOH�IURP�� �WR�� E�� �RU��E�� ��LQWHJUDWLRQ�
HIIHFW���$ �FRUUHFWLRQ�RI�WKH�DERYH�HIIHFWV�LV�YHU\ �VLPSOH�LQ�/ DER7H[ ��) RU�GHWDLOV��SOHDVH�VHH�WKH�
UHSRUW�� ' HWHUPLQDWLRQ�RI�9 ROXPH�) UDFWLRQ�RI�7H[ WXUH�&RPSRQHQWV� ��
��
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
����
�
�
�
�
�

�
�
) LJ��� � ��7\ SHV�RI�V\ PPHWUL] DWLRQ�IRU�SROH�ILJXUHV�PHDVXUHG�IRU�D�TXDUWHU�RI�WKH�D] LPXWKDO�UDQJH�L�H��VXFK�DV�IRU�

WKH�RUWKRUKRPELF�VDPSOH�V\ PPHWU\ ��OHIW��DQG�IRU�WKH�SROH�ILJXUH�PHDVXUHG�IRU�WKH�FXVWRP�D] LPXWKDO�UDQJH�
�ULJKW���

�

� ���3ROH�) LJXUH���&RUUHFWLRQ�DQG�1 RUP DOL] DWLRQ�
3ROH�ILJXUHV�VKRXOG�VKRZ�WKH�VWDWLVWLFDO�GLVWULEXWLRQ�RI�WKH�QRUPDO�WR�WKH�JLYHQ�^KNÒ�

SODQH�� KHQFH� WKH� LQWHQVLW\ � GDWD� VKRXOG� EH� FRUUHFWHG� IRU� EDFNJURXQG�� GHIRFXVHG� DQG� QH[ W�
QRUPDOL] HG��
�
� �� ��%DFNJURXQG�&RUUHFWLRQ�
�
���� 7KH�LQWHQVLW\ �YDOXHV�RI�WKH�EDFNJURXQG�VKRXOG�EH�LQGHSHQGHQW�RI�WKH�D] LPXWKDO�DQJOH��
KHQFH�RQH�RU�VHYHUDO�PHDVXUHPHQWV�RI�WKH�EDFNJURXQG�IRU�WKH�FRQVWDQW�UDGLDO�DQJOH�VKRXOG�EH�
VXIILFLHQW�IRU�D�JRRG�EDFNJURXQG�FRUUHFWLRQ��,Q�/ DER7H[ ��\ RX�FDQ�LQSXW�WKH�EDFNJURXQG�YDOXHV�
IURP�WKH�� OHIW�EDFNJURXQG� ��L�H��IRU�YDOXHV�RI�� T�ORZHU�WKDQ�� T�IRU�WKH�^KNÒ�SHDN��DQG�IURP�
WKH� � ULJKW�EDFNJURXQG� � �L�H�� IRU�YDOXHV�RI� � T�KLJKHU�WKDQ� � T� IRU�^KNÒ�SHDN��� <RX�FDQ�DOVR�
PDNH�D�FRUUHFWLRQ�XVLQJ�RQO\ �WKH�� OHIW�EDFNJURXQG� �RU�WKH�� ULJKW�EDFNJURXQG� ��DV�ZHOO�DV�LQSXW�
GDWD�DIWHU�WKH�EDFNJURXQG�FRUUHFWLRQ������
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,I� / DER7H[ � ILQGV� PRUH� WKDQ� RQH� YDOXH� RI� WKH� EDFNJURXQG� IRU� WKH� JLYHQ� UDGLDO� DQJOH�� WKHQ� LW� ZLOO�
FDOFXODWH�WKH�DYHUDJH�RI�WKH�EDFNJURXQG�YDOXHV��6LPLODUO\ ��LI�/ DER7H[ �ILQGV�WKH�YDOXHV�IRU�WKH�� ULJKW�
EDFNJURXQG� �DQG�VLPXOWDQHRXVO\ �IRU�WKH�� OHIW�EDFNJURXQG� ��LW�ZLOO�FDOFXODWH�WKH�DYHUDJH�RI�WKH�� OHIW� �
DQG�� ULJKW� �EDFNJURXQG��,Q�WKH�ILOH�ZLWK�WKH�SROH�ILJXUH�\ RX�KDYH�WR�VHW�WKH�SDUDPHWHU�� 7\ SH�RI�' DWD� �WR�
� � � �IRU�WKH�EDFNJURXQG�GDWD�DQG�� � � ��IRU�WKH�SROH�ILJXUH�GDWD���$ �GHWDLOHG�GHVFULSWLRQ�RI�WKH�IRUPDW�RI�
WKH� SROH� ILJXUH�V�� GDWD� DV� ZHOO� RI� WKH� EDFNJURXQG� SROH� ILJXUH�V�� GDWD� FDQ� EH� IRXQG� LQ� WKH� UHSRUW�
� / DER7H[ �) RUPDWV� ��KWWS���ODERWH[ �FRP�IRUPDW�SGI�� ��7KHUH�DUH�DOVR�QRQ�/ DER7H[ �IRUPDWV��ZKLFK�FDQ�
FRQWDLQ�LQIRUPDWLRQ�DERXW�WKH�EDFNJURXQG�GDWD��1 -$ � �OHIW�DQG�ULJKW�EDFNJURXQG��� ' $ 7��5$ : �' ) %�
�SRS/ $ ���5 : � � �&2 5��! %* 5���%. * � �3) * � ��$ 6&��ORZ�DQG�KLJK���8 ; ' � �OHIW�DQG�ULJKW��� ) RU�GHWDLOV�
VHH�KWWS���ODERWH[ �FRP�IRUPDW�KWP�RU�FRQWDFW�ZLWK�/ DER6RIW��
�
�
�
�
�

�
�
�
�
�
�
�
) LJ��� � ���OHIW�����^KNÒ�GLIIUDFWLRQ�SHDN�ZLWK�EDFNJURXQG��FRQVWDQW�D] LPXWKDO�DQG�UDGLDO�DQJOH����ULJKW�����( [ DPSOH�

RI�PHDVXUHPHQW�JULG�IRU�EDFNJURXQG��
�
��/ DER7H[ �LQIRUPV�WKH�XVHU�ZKHQ�LW�ILQGV�GDWD�IRU�ZKLFK�WKH�EDFNJURXQG�GDWD�DUH�JUHDWHU�WKDQ�WKH�SROH�
ILJXUH�GDWD�DQG�LW�GLVSOD\ V�WKH�SHUFHQW�RI�WKHVH�GDWD��
�

�
�
�
: KHQ�WKH�EDFNJURXQG�GDWD�RI�WKH�SROH�ILJXUH�LV�JUHDWHU�WKDQ�WKH�SROH�ILJXUH�GDWD��/ DER7H[ �FDQ��

D�� UHSODFH�WKH�QHJDWLYH�YDOXHV�RI�WKH�SROH�ILJXUH�E\ �] HUR���
E�� DGG�WR�DOO�WKH�SROH�ILJXUH�GDWD�WKH�ORZHVW�YDOXH�RI�WKH�SROH�ILJXUH��ZKLFK��DIWHU�WKH�FRUUHFWLRQ�RI�

WKH�EDFNJURXQG��PDNHV�LW� SRVVVLEOH�WR�REWDLQ�DOO�WKH�QRQ�QHJDWLYH� YDOXHV�RI�WKH�SROH� ILJXUH��
�/ DER7H[ �PDNHV�DOO�WKH�GDWD�SRVLWLYH����

�

ë ì ë í ì î ì ï ì ð

� T

ñò ó

ô õ

ö

÷ ø

ù

ú

û>ú;ú

ü;ú;ú

ý;ú;ú

þ;ú;ú

ÿIú;ú;ú

ÿ5û>ú;ú

ÿIü;ú;ú

ÿIý;ú;ú

ÿIþ;ú;ú

û>ú;ú;ú ���

���

���
	���
���������� �

��
����

����	���
����������

�

�

���

�

�����

������ �!#"

�

���

5 '

7'

1

(:

6
� �PHDVXUHPHQW

SRLQW

' E � � å

' D � � æ



/ DER7H[ ����32 / ( �) ,* 8 5 ( 6 ��5 ( * ,675 $ 7,2 1 �$ 1 ' �3 / 2 7�&2 1 9( 1 7,2 1 6�

� � �

7KH�XVHU�PD\ �FKRRVH�RSWLRQ�D��RU�E��LQ�WKH�PHQX�� ( GLW� �o �� / DER7H[ �2 SWLRQV� �o �� ' DWD�) RUP DWV� �
�VHH�) LJXUH�� � � ���7KH�GHIDXOW�RSWLRQ�LV�D���
�

�
�

) LJ��� � ���&KRLFH�RI�WKH�RSWLRQ�IRU�WKH�EDFNJURXQG�RI�D�SROH�ILJXUH��
�
�

� �� ��' HIRFXVLQJ�&RUUHFWLRQ�
�

: KHQ�WKH�UDGLDO�DQJOH��D��LQFUHDVHV��WKH�ZD\ �RI�WKH�EHDP�LQ�WKH�VDPSOH�IRU�WKH�VDPH�WKLFNQHVV�
LV�ORQJHU��VHH�) LJXUH�� � $ ���KHQFH�GLIIHUHQW�HIIHFWV�DUH�REVHUYHG��WKH�DEVRUSWLRQ�LV�JUHDWHU��WKH�SHDNV�LQ�
WKH�GLIIUDFWLRQ�SDWWHUQ�DUH�EURDGHQHG��WKH�PD[ LPXP�RI�WKH�SHDNV�FDQ�EH�VKLIWHG�IURP�� T��VHH�) LJXUH�
� � %���7KHVH�HIIHFWV��GHIRFXVLQJ��DEVRUSWLRQ��DUH�JHQHUDOO\ �UHIHUUHG�WR�DV�WKH�� GHIRFXVLQJ�HIIHFW� ���

�
$ ��������������������������������������������������������������������%��
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7KH�GHIRFXVLQJ�HIIHFW�FDQ�EH�FRUUHFWHG�LQ�VHYHUDO�ZD\ V��
x� E\ �PHDVXULQJ�WKH�SROH�ILJXUH�RQ�DQ�LVRWURSLF�VDPSOH��WH[ WXUH�IUHH��H�J��D�SURSHUO\ �SUHSDUHG�

SRZGHU�VDPSOH��PDGH�IURP�WKH�PDWHULDO�ZLWK�WKH�VDPH�FRPSRVLWLRQ�DV�WKH�PDLQ�VDPSOH��,Q�
/ DER7H[ �� WKH� SROH� ILJXUHV� IRU� DQ� LVRWURSLF� VDPSOH� �SRZGHU� VDPSOH�� DUH� LQSXW�
VLPXOWDQHRXVO\ �ZLWK�WKH�PDLQ�SROH�ILJXUHV��EXW�IURP�DQRWKHU�OLVW��WKH�OLVW�LV�PDUNHG�ZLWK�D�
EODFN�OLQH�LQ�) LJXUH�� � � ��7KH�H[ WHQVLRQ�RI�WKH�/ DER7H[ �ILOH�ZLWK�SROH�ILJXUHV�LV�32 : ��7KH�
IRUPDW�RI�WKLV�ILOH�LV�GHVFULEHG�LQ�WKH�UHSRUW�� / DER7H[ �) RUPDWV� ��������������

��������������������
��
���������������������������������������������������������������
�
�
�
�
�
�
�
�
�
�
�
�
�

) LJ��� � ���,QSXW�RI�WKH�ILOH�IRU�WKH�GHIRFXVLQJ�FRUUHFWLRQ��
�

�KWWS���ZZZ�ODERWH[ �FRP�IRUPDW�SGI����7KHUH�DUH�DOVR�QRQ�/ DER7H[ ��IRUPDWV�DYDLODEOH�
LQ� / DER7H[ � � ' ) * �$ 6&�3) * �1 -$ �' $ 7��� 7KH� FXUUHQW� OLVW� RI� WKHVH� IRUPDWV� FDQ� EH�
IRXQG� DW�� KWWS���ZZZ�ODERWH[ �FRP�IRUPDW�KWP�� 7KH� LGHDO� SROH� ILJXUHV�� ZLWKRXW� D�
GHIRFXVLQJ� HUURU�� IRU� DQ� LVRWURSLF� VDPSOH�� KDYH� DOO� WKH� YDOXHV� RI� FRXQWV� WKH� VDPH��
/ DER7H[ �FDOFXODWHV�WKH�FRUUHFWLRQ�GHIRFXVLQJ�FRHIILFLHQWV�IURP�WKH�SROH�ILJXUHV�IRU�DQ�
LVRWURSLF�VDPSOH�LQ�WZR�VWDJHV��

� �� �,Q�WKH�ILUVW�VWDJH��/ DER7H[ �FDOFXODWHV�WKH�DYHUDJH�YDOXHV�RI�WKH�FRXQWV�IRU�HDFK�
FLUFOH��D FRQVWDQW��ZLWK�WKH�EDFNJURXQG�FRUUHFWLRQ��

� �� ,Q�WKH�VHFRQG�VWDJH��/ DER7H[ �FDOFXODWHV�WKH�FRUUHFWLRQ�FRHIILFLHQWV�IRU�HDFK�D���
������������������������E\ �GLYLGLQJ�WKH�DYHUDJH�YDOXH�RI�WKH�FRXQWV�IRU��D � ��E\ �WKH�DYHUDJH�YDOXH�RI����
������������������������WKH�FRXQWV�IRU�D�JLYHQ�D���
������������,Q�/ DERWH[ ��\ RX�FDQ�LQSXW�D�VHW�RI�GHIRFXVLQJ�FRUUHFWLRQ�FRHIILFLHQWV�ZKLFK�KDV�
������������EHHQ�FDOFXODWHG�HDUOLHU��WKH�ILOH�ZLWK�WKH�H[ WHQVLRQ�&2 5����
������������) RU�GHWDLOV�VHH�KWWS���ZZZ�ODERWH[ �FRP�IRUPDW�SGI����
x� E\ �PHDVXULQJ�WKH�SROH�ILJXUH�QRW�IRU�RQH�YDOXH�RI��� TB�CED2F�G�H ��EXW�LQ�WKH�IXOO�UDQJH�RI�WKH�^KNÒ�

SHDN�L�H��IURP�� TB�CED2F�G � ' �WR�� TB�CED2F�G � ' ��VHH�) LJXUH�� � %�±�WKH�JUH\ �DUHD���7KLV�PHWKRG��FDOOHG�
WKH�LQWHJUDWLRQ�PHWKRG��FRUUHFWV�WKH�HUURUV�FRQQHFWHG�ZLWK�WKH�EURDGHQLQJ�DQG�WKH�VKLIW�RI�
WKH�PD[ LPXP�RI�WKH�SHDNV�IURP�� T�LQ�WKH�GLIIUDFWLRQ�SDWWHUQ��7KH�SRVLWLRQ�VHQVLWLYH�DQG�
WKH�DUHD�GHWHFWRUV�DUH�YHU\ �XVHIXO�LQ�WKLV�PHWKRG���

x� E\ �DQ�HVWLPDWLRQ�IURP�WKH�WKHRUHWLFDO�HTXDWLRQV��6RPH�VRIWZDUH�IURP�\ RXU�; 5 ' �FDQ�DOVR�
PDNH�D�GHIRFXVLQJ�DQG�EDFNJURXQG�FRUUHFWLRQ�IURP�GLIIHUHQW�HTXDWLRQV��< RX�FDQ�LQSXW�WKH�
FRUUHFWHG�GDWD�GLUHFWO\ �WR�/ DER7H[ ��<RX�FDQ�DOVR�XVH�WKH�FRUUHFWLRQ�IURP�WKH�IRUPXOD��
/ DER7H[ �HQDEOHV�PDNLQJ�FRUUHFWLRQV�E\ �XVLQJ�WKH�6FKXO] �IRUPXOD��-�$ SSO��3K\ V���� � ��
� � � � ��� � � � � �IRU�WKH�UHIOHFWLRQ�WHFKQLTXH��
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������) LJXUH�� � �VKRZV�WKH�FKDQJHV�RI�WKH�FRUUHFWLRQ�FRHIILFLHQWV�IRU�GHIRFXVLQJ��FDOFXODWHG�IURP�
WKH�6FKXO] �IRUPXOD�IRU�GLIIHUHQW�SDUDPHWHUV�� T�DQG��P̃ W���
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) LJ��� � ��&RUUHFWLRQ�FRHIILFLHQWV�IRU�GHIRFXVLQJ�FDOFXODWHG�IURP�WKH�6FKXO] �IRUPXOD�IRU�GLIIHUHQW�SDUDPHWHUV�� T�
DQG��P̃ W���

�
��������: KHQ�\ RX�ZRXOG�OLNH�WR�PDNH�D�FRUUHFWLRQ�IURP�WKH�6FKXO] �IRUPXOD���SOHDVH�VHOHFW�WKH�
RSWLRQ�� &RUUHFWLRQ�' DWD�IURP�) RUPXOD� �LQ�WKH�� 1 HZ�6DPSOH� �GLDORJ��VHH�) LJXUH�� � � ���
�
�
�
�
�
�
�
�
�
�
�
�
����
�
�
�
�
����������������������) LJ��� � ��2 SWLRQ�IRU�GHIRFXVLQJ�FRUUHFWLRQ�GDWD�IURP�WKH�6FKXO] �IRUPXOD�LQ�/ DER7H[ �
�
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�
1 H[ W�� \ RX�LQSXW�WKH�YDOXHV�RI�WKH� DEVRUSWLRQ�FRHIILFLHQW�DQG�WKH�SHQHWUDWLRQ�GHSWK� IRU� \ RXU�
VDPSOH��,I�\ RX�ZRXOG�OLNH�WR�ILQG�WKH�ILOH�ZLWK�WKH�FDOFXODWHG�FRUUHFWLRQ�FRHIILFLHQW��\ RX�VKRXOG�
ORRN� IRU� LW� LQ� WKH� / DER7H[ � XVHU¶V� WHPSRUDU\ � GLUHFWRU\ � �ILOH� µ&2 5¶��� <RX� PD\ � XVH� WKH�
GHIRFXVLQJ� FRUUHFWLRQ� FRHIILFLHQW� FDOFXODWHG� IURP� DQRWKHU� IRUPXOD�� ,Q� WKLV� FDVH�� \ RX� VKRXOG�
XVH�WKH�ILOH�ZLWK�WKH�H[ WHQVLRQ�³&2 5´ ��) RU�GHWDLOV�VHH�KWWS���ZZZ�ODERWH[ �FRP�IRUPDW�SGI���
�

<RX�FDQ�GLUHFWO\ �REVHUYH�WKH�GHIRFXVLQJ�HUURU�RQ�µUDQGRP¶�VDPSOHV��IRU�ZKLFK�DOO�WKH�
SROH�ILJXUH�YDOXHV�VKRXOG�EH�WKH�VDPH��7KH�SLFWXUHV�EHORZ��) LJ�� � � D��VKRZ�H[ DPSOHV�RI�WKH�
H[ SHULPHQWDO�SROH�ILJXUHV�^� � � ` �OHIW��DQG�^� � � ` � �ULJKW��RI�D�µUDQGRP¶�VDPSOH�PDGH�ZLWK�WKH�
SRZGHU�RI�) HUULWLF�6WDLQOHVV�6WHHO��UHIOHFWLRQ�WHFKQLTXH��D[ LDO�V\ PPHWUL] DWLRQ���

�
�����
�

�
�
�
�
�
�

�
) LJ��� � D��

�
$ V�\ RX�FDQ�VHH��WKH�GHIRFXVLQJ�HIIHFW�LV�JUHDWHU�IRU�WKH�^� � � ` �SROH�ILJXUH�WKDQ�IRU�WKH�^� � � ` �
SROH� ILJXUH�� 7KH� 6FKXO] � IRUPXOD� IRU� WKH� UHIOHFWLRQ� WHFKQLTXH� PD\ �� WR� VRPH� H[ WHQW�� H[ SODLQ�
WKHVH�HIIHFWV��WKH�GHIRFXVLQJ�HIIHFW�LV�JUHDWHU�IRU�WKH�SROH�ILJXUHV�ZLWK�D�ORZHU�� T��KHQFH�WKH�
SROH�ILJXUH�^� � � ` �� � T � � ��

c

� �LV�PRUH�GHIRUPHG�WKDQ�WKH�SROH�ILJXUH�^� � � ` �� � T � � �� d ��
�
7KH�UHVXOWV�RI�WKH�GHIRFXVLQJ�HIIHFW��WKH�VKLIW�DQG�ORZHULQJ�RI�WKH�PD[ LPXP��WKH�EURDGQHVV�RI�

WKH�GLIIUDFWLRQ�SHDNV�LQ�� T��ZKHQ�WKH�UDGLDO�DQJOH�LQFUHDVHV��FDQ�DOVR�OHDG�WR�D�EDG�FRUUHFWLRQ�

RI�WKH�EDFNJURXQG��VHH�) LJXUH�� � E����

�

� T

e f

g

h

i j

k lm

n

�

� T̂ EDFNJURXQG̀� T̂ KNÒ

( UURU�RI�, oqp�r

( UURU�RI�
%DFNJURXQG

sut�v0w�x_yYz{v�w}|#x~w�w•t�€2•E‚•x_v}ƒ

„

z2€�…

s+t�v0w�x_yYz{v�w#|}x~w�w•t�€2•E‚•x_v}ƒ

„

zE€�…

†

x‡‚�ˆ‰|�z2w�v�•�ŠE‹E‹}xŒƒ0•{z2wŽw�z0•5‚

��
) LJ��� � E���' HIRFXVLQJ�HIIHFW��( UURUV�LQ�WKH�GHWHUPLQDWLRQ�RI�SDUDPHWHUV�RI�WKH�GLIIUDFWLRQ�SHDN��
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/ DER7H[ � �YHUVLRQ� � �� �� � � ( � � LQIRUPV� WKH� XVHU� ZKHQ� LW� ILQGV� GDWD� IRU� ZKLFK� WKH� EDFNJURXQG�

GDWD�DUH�JUHDWHU�WKDQ�WKH�SROH�ILJXUH�GDWD��/ DER7H[ �DOVR�GLVSOD\ V�WKH�SHUFHQW�RI�WKHVH�GDWD��

( [ DP SOH���

7KH�SROH�ILJXUH�GHIRUPHG�E\ �WKH�GHIRFXVLQJ�HIIHFW��OHIW��DQG�D�ZHOO�FRUUHFWHG�FRPSOHWH�SROH�

ILJXUH��ULJKW��REWDLQHG�IRU�WKH�VDPH�VDPSOH��WKH�LQWHQVLW\ �RI�WKH�SROH�ILJXUH�IRU�WKH�UDGLDO�DQJOH�

JUHDWHU�WKDQ�� � �GHJUHHV�LV�VWURQJO\ �ORZHUHG�RQ�WKH�SROH�ILJXUH�RQ�WKH�OHIW��7KH�LQWHQVLW\ �LQ�WKH�

FHQWHU�RI�WKLV�SROH�ILJXUH�LV�LQFUHDVHG����

�

�

�

�

�

�

�

���������

�

�

�

) LJ��� � F��3ROH�ILJXUHV�GHIRUPHG��OHIW��DQG�XQGHIRUPHG��ULJKW��E\ �GHIRFXVLQJ��

: DUQLQJ����

� � � 7KH� FDOFXODWLRQ� RI� WKH� 2 ' ) � IURP� GHIRUPHG� �QRW� FRUUHFWHG�� SROH� ILJXUHV� OHDGV� WR� D�

GLYHUJHQFH�LQ��

�

�

�

�

�

�

�

�

�

�

�

�

) LJ��� � G��$ Q�XQGHIRUPHG�IUDJPHQW�RI�D�SROH�ILJXUH��WKH�IUDJPHQW�EHWZHHQ�WKH�GRWWHG�OLQH�LQ�WKH�FHQWHU�DQG�WKH�

QH[ W�GRWWHG�OLQH���³FXW�RXW³�LQWR�WKH�2 ' ) �FDOFXODWLRQ�
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WKH�2 ' ) �FDOFXODWLRQ��<RX�FDQ�FXW�RXW�WKH�XQGHIRUPHG�IUDJPHQWV�RI�D�SROH�ILJXUH�LQWR�WKH�2 ' ) �

FDOFXODWLRQ�XVLQJ�VOLGHUV��$ �WRR�VPDOO�IUDJPHQW�RI�D�SROH�ILJXUH�FDQ�PDNH�WKH�2 ' ) �FDOFXODWLRQ�

SRRU� RU� LPSRVVLEOH�� <RX� FDQ� DOVR� FRUUHFW� WKH� IDXOWV� LQ� WKH� PRXQWLQJ� RI� WKH� VDPSOH� LQ� WKH�

JRQLRPHWHU�E\ �URWDWLQJ�WKH�SROH�ILJXUH�E\ �PHDQV�RI�DQ�DSSURSULDWH�VOLGHU���

�

�

�

) LJ�� � H���6OLGHUV�IRU�WKH�URWDWLRQ�RI�D�SROH�ILJXUHV�DQG�IRU�³FXWWLQJ�RXẂ�WKH�XQGHIRUPHG��IUDJPHQWV�RI�SROH�ILJXUHV�

LQWR�WKH�2 ' ) �FDOFXODWLRQ��

�

� � � / DER7H[ � XVHV� WKH� GHIRFXVLQJ� FRUUHFWLRQ� FRHIILFLHQW�� ,I� \ RX� KDYH� D� VHW� RI� GHIRFXVLQJ�

FRHIILFLHQWV��WKHQ�\ RX�KDYH�WR�UHFDOFXODWH�WKHP�WR�WKH�GHIRFXVLQJ�FRUUHFWLRQ�FRHIILFLHQW��

������������������������GHIRFXVLQJ�FRUUHFWLRQ�FRHIILFLHQW� �� �GHIRFXVLQJ�FRHIILFLHQW�

� �� / DER6RIW� V�F�� RIIHUV� VHYHUDO� 7H[ WXUH� 6WDQGDUGV� DQG� � 5DQGRP� � �SRZGHU�� VDPSOHV� IRU�

GLIIHUHQW� PDWHULDOV� �&X�$ O�� $ O�� 7L�� VWHHO�DXVWHQLWLF�� VWHHO�IHUULWLF�� DQG� IRU� GLIIHUHQW� VDPSOH�

V\ PPHWULHV� �WULFOLQLF��RUWKRUKRPELF���7KH�WH[ WXUH�LQGH[ � IRU� � � 5DQGRP� �UHIHUHQFH�VDPSOHV�LV�������

ORZHU�WKDQ�� �� ��<RX�FDQ�PDNH�PHDVXUHPHQWV�RQ�\ RXU�; 5 ' �DQG�QH[ W��\ RX�PD\ �FRPSDUH�\ RXU�

UHVXOWV�ZLWK�WKH�UHVXOWV�IURP�WKH�$ FFUHGLWHG�7HVWLQJ� / DERUDWRU\ � �WZR�FRUUHFWLRQ�PHWKRGV�IRU�

GHIRFXVLQJ��� <RX� FDQ� DOVR� FKHFN� WKH� SORW� DQG� UHJLVWUDWLRQ� FRQYHQWLRQV�� ) RU� GHWDLOV� VHH�

KWWS���ODERWH[ �FRP�WH[ WXUH�VWDQGDUG�KWP���7KH�3,0 �DQG�,0 �PHWKRGV�DUH�DOVR�GHVFULEHG���

7KHVH� PHWKRGV� DVVXUH� REWDLQLQJ� UHOLDEOH� � GHYLFH�LQGHSHQGHQW� � SROH� ILJXUHV� IRU� WKH�

TXDQWLWDWLYH�WH[ WXUH�DQDO\ VLV��6HH�DOVR��� 7H[ WXUH�6WDQGDUG��
' HYLFH�LQGHSHQGHQW
�SROH�ILJXUHV�

IRU�WKH�TXDQWLWDWLYH�WH[ WXUH�DQDO\ VLV��7KH�3HDN� ,QWHQVLW\ �0 HWKRG� �3,0 ��DQG�WKH� ,QWHJUDWLQJ�

0 HWKRG��,0 ��� �EDVLF�LQIRUPDWLRQ� ��
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�
) LJ��� � I���( [ DPSOH��6HFWLRQV�RI�SROH�ILJXUHV�IRU�D] LPXWKDO�DQJOH � �� ���

$ OXPLQLXP�UHIHUHQFH�VDPSOHV���

x� UHG���WH[ WXUL] HG�ZLWK�RUWKRUKRPELF�VDPSOH�V\ PPHWU\ ��

x� EOXH���SRZGHU�VDPSOH��� UDQGRP� ���WH[ WXUH�IUHH��VDPSOH��

( [ DP SOHV��

3ROH�) LJXUHV��VHFWLRQV��IRU�D�SRZGHU�LURQ�VDPSOH�ZLWK�WKH�EDFNJURXQG�FRUUHFWLRQ��

�

�

�

�

�

�

�

�

�

�

�

�

) LJ��� � J���3ROH�) LJXUHV��VHFWLRQV��IRU�D�SRZGHU�LURQ�VDPSOH�ZLWK�D�EDG�EDFNJURXQG�FRUUHFWLRQ��

0 HDVHXUHPHQW�ZLWK�D�SRLQW�GHWHFWRU�LQ�WKH�XVXDO�PRGH��
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7KH� VKLIW� RI� WKH� GLIIUDFWLRQ� SHDNV� ZLWK� WKH� LQFUHDVH� RI� WKH� UDGLDO� DQJOH� �) LJ�� � � K�� FDXVHV� D�

VKDUS�GHFUHDVH�RI�WKH�LQWHQVLW\ ��WKH�LQLWLDO�� 4 �LV�QRW�LQ�WKH�PD[ LPXP�RI�WKH�SHDN�IRU�D�JUHDWHU�

UDGLDO�DQJOH��� ) RU�WKLV�VDPSOH�� / DER7H[ �DOVR�VKRZV�WKDW�PRUH�WKDQ� � � � �RI�WKH�EDFNJURXQG�

YDOXHV�DUH�JUHDWHU�WKDQ�WKH�SROH�ILJXUH�YDOXHV��7KLV�LQGLFDWHV�WKDW�WKH�VKLIW�RI�WKH�GLIIUDFWLRQ�

SHDN�FDXVHV�DOVR�D�EDG�EDFNJURXQG�FRUUHFWLRQ��7KH�EHORZ�LPDJH��) LJ��� � L��VKRZV�WKH�VHFWLRQV�

RI�SROH�ILJXUHV�IRU�WKH�VDPH�VDPSOH��EXW�ZLWK�QR�EDFNJURXQG�FRUUHFWLRQ��7KH�PD[ LPDO�YDOXH�RI�

WKH�SROH�ILJXUH�GHFUHDVHV�IURP�DERXW�� � ��LQ�WKH�FDVH�ZLWK�WKH�EDFNJURXQG�FRUUHFWLRQ��WR�� � ��LQ�

WKH�FDVH�ZLWK�QR�EDFNJURXQG�FRUUHFWLRQ���

�

�

�

�

�

�

�

�

) LJ��� � K���' HIRFXVLQJ�HIIHFW��0 HDVXUHPHQW�RI�WKH�SROH�ILJXUH�LQWHQVLW\ �LQ�SRLQW��D�E��ZLWK�D�SRLQW�GHWHFWRU�LQ�WKH�

XVXDO�PRGH��7KH�EDFNJURXQG�LQWHQVLW\ �FDQ�EH�JUHDWHU�WKDQ�WKH�3) �YDOXH�LQ�VRPH�FDVHV�

��

�����������������������

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

) LJ��� � L���3ROH�) LJXUHV��VHFWLRQV��IRU�D�SRZGHU�LURQ�VDPSOH�ZLWK�QR�EDFNJURXQG�FRUUHFWLRQ��

0 HDVXUHPHQW�ZLWK�D�SRLQW�GHWHFWRU�LQ�WKH�XVXDO�PRGH��
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$ V�\ RX�FDQ�VHH�LQ�) LJXUHV�� � J�DQG�� � L��ZKHQ�\ RX�DUH�XVLQJ�D�SRLQW�GHWHFWRU�LQ�WKH�XVXDO�PRGH��WKHQ�WKH�

GHIRFXVLQJ�FRUUHFWLRQ�QHHGV�JUHDW�FRUUHFWLRQ�FRHIILFLHQWV��HYHQ�DERXW�� � � � ��7KLV�FDQ�EH�D�VRXUFH�RI�

FRQVLGHUDEOH�HUURUV��7KH�FKDQJHV�RI�WKH�LQWHQVLW\ �RI�WKH�UDGLDO�DQJOH�DUH�VPDOOHU�IRU�WKH�LQWHJUDWLQJ�

PHWKRG�ZKHQ�WKH�36' �RU�SVHXGR�36' �WHFKQLTXHV�RI�PHDVXUHPHQW�DUH�XVHG��VHH�) LJXUH�� � M���,Q�WKLV�

FDVH��WKH�FRUUHFWLRQ�FRHIILFLHQWV�DUH�ORZHU�WKDQ�� �� ��ZLWKLQ�WKH�UDQJH�RI�WKH�UDGLDO�DQJOH�IURP�� �� �WR�

� � �� �GHJUHHV��7KH�GHIRUPDWLRQ�RI�WKH�SROH�ILJXUH�DIWHU�VXFK�FRUUHFWLRQ�LV�VPDOO�DQG�WKH�SROH�ILJXUHV�DUH�

RI�JRRG�TXDOLW\ �

�
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�

) LJ��� � M��3ROH�) LJXUH��VHFWLRQ��IRU�D�SRZGHU�LURQ�VDPSOH��0 HDVXUHPHQW�ZLWK�D�SRLQW�GHWHFWRU�LQ�D�SVHXGR�36' �
PRGH��7KH�,QWHJUDWLQJ�0 HWKRG��,0 ��IRU�HDFK�SRLQW��D�E��RI�WKH�SROH�ILJXUH��
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� �� ��1 RUP DOL] DWLRQ�

�

/ DER7H[ � LQSXWV� WKH� GDWD� IRU� SROH� ILJXUHV�� EDFNJURXQGV�� GHIRFXVLQJ� FRUUHFWLRQ�

FRHIILFLHQWV�DQG�QH[ W��LW�PDNHV�D�FRUUHFWLRQ��

�

�����FRUUHFWHG�3) �YDOXH��D�E� ��PHDVXUHG�3) �YDOXH��D�E��EDFNJURXQG�D��˜GHIRFXVLQJ�FRUUHFWLRQ�FRHIILFLHQWV��D��

�

) LQDOO\ ��WKH�FRUUHFWHG�3) �YDOXHV�DUH�QRUPDOL] HG�ZLWK�UHVSHFW�WR�WKH�FRQGLWLRQ�WKDW�WKH�XQLIRUP�

YDOXHV� RI� WKH� SROH� ILJXUH� HTXDOOLQJ� � �� � GHVFULEH� D� UDQGRP� GLVWULEXWLRQ� RI� WKH� ODWWLFH�

RULHQWDWLRQV��KHQFH�WKH�HTXDWLRQ�IRU�D�QRUPDOL] HG�SROH�ILJXUH�LQWHQVLW\ � ��� ED¯I ��ZKHUH�D�LV�

WKH�UDGLDO�DQJOH�DQG�E�LV�WKH�D] LPXWKDO�DQJOH��JLYHV�WKH�DUHD�RI�KHPLVSKHUH��� S���
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$ V� LQ� ERWK� SROH� ILJXUH� PHDVXUHPHQW� WHFKQLTXHV� �UHIOHFWLRQ� DQG� WUDQVPLVVLRQ�� ZH� JHW�

LQFRPSOHWH� SROH� ILJXUHV�� LW� LV� QRW� SRVVLEOH� WR� PDNH� D� SURSHU� QRUPDOL] DWLRQ� LQ� WKLV� VWDJH��

,QVWHDG��/ DER7H[ �P DNHV�RQO\ �D�SUHOLP LQDU\ �QRUP DOL] DWLRQ�RI�WKH�SROH�ILJXUHV�ZLWK�UHVSHFW�
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WR�LQFRPSOHWH�D�DQG�E�UDQJHV��1 H[ W��/ DER7H[ �FUHDWHV�SROH�ILJXUHV�FDOOHG�&3) ��&RUUHFWHG�DQG�

SUHOLPLQDU\ � QRUPDOL] HG� 3ROH� ) LJXUHV��� ) URP� WKHVH� SROH� ILJXUHV�� WKH� XVHU� FDQ� FDOFXODWH� WKH�

2 ' ) ��6LPXOWDQHRXVO\ �ZLWK�WKH�2 ' ) �� / DER7H[ �FUHDWHV�SURSHUO\ �QRUP DOL] HG�H[ SHULP HQWDO�

SROH� ILJXUHV� ZLWK� D�QRUP DOL] HG� IDFWRU� FDOFXODWHG� IURP � WKH� 2 ' ) �� 7KHVH� SROH� ILJXUHV� DUH�

GHQRWHG�DV�1 3) V��1 RUPDOL] HG�3ROH�) LJXUHV���' LIIHUHQW�W\ SHV�RI�SROH�ILJXUH�REMHFWV�RFFXUULQJ�

LQ� / DER7H[ � DUH� GHVFULEHG� LQ� WKH� UHSRUW�� � ,QWURGXFWLRQ� WR� / DER7H[ � �� 2 QO\ � SURSHUO\ �

QRUP DOL] HG� SROH� ILJXUHV� VKRXOG� EH� XVHG� LQ� WKH� WH[ WXUH� DQDO\ VLV�

�1 3) �5 3) �$ 3) ���

�

� �� ��0 HUJH�RI�SROH�ILJXUHV�
�

� ,Q� / DER7H[ ¶V�SROH�ILJXUH�GDWD�IRUPDWV��� ( 3) �DQG�33) � �� \ RX�FDQ�SUHSDUH�DOO�WKH�SROH�

ILJXUHV�LQ�D�VLQJOH�( 3) �RU�33) �ILOH��$ Q�( 3) �ILOH�FDQ�DOVR�FRQWDLQ�WKH�SROH�ILJXUHV¶�EDFNJURXQG�

GDWD��<RX�FDQ�SUHSDUH�WKH�GDWD�LQ�D�GLIIHUHQW�33) �RU�( 3) �ILOH�DQG�PHUJH�LW�LQ�/ DER7H[ ���,I�\ RX�

ZRXOG� OLNH� WR� LQSXW� VHYHUDO� ILOHV� UHIHUULQJ� WR� RQH� VDPSOH�� FOLFN� RQ� DOO� WKH� ILOH� QDPHV� DQG�

VLPXOWDQHRXVO\ �KROG�SUHVVHG�WKH�&75/ ��FRQWURO��NH\ ���

�

�
�

) LJ��� � ��,QSXW�VHYHUDO�ILOHV�ZLWK�SROH�ILJXUHV�WR�/ DER7H[ ��
�

6LPLODUO\ ��\ RX�FDQ�PHUJH�SROH�ILJXUHV�IRU�WKH�GHIRFXVLQJ�FRUUHFWLRQ��ILOHV�LQ�WKH�32 : �IRUPDW��

RU�SROH�ILJXUHV�ZLWK�WKH�GHIRFXVLQJ�FRUUHFWLRQ�FRHIILFLHQWV��ILOHV�LQ�WKH�&2 5�IRUPDW���

$ V�\ RX�FDQ�VHH�LQ�) LJXUH�� � ��WKHUH�DUH�RQO\ �� �GLIIHUHQW�ILOH�IRUPDWV�DYDLODEOH�VLPXOWDQRXVO\ �LQ�

/ DER7H[ ��ZKHQ�\ RX�RSHQ�WKH�GLDORJ�� 1 HZ�6DP SOH� ��7KH�/ DER7H[ �IRUPDWV�DUH�LQ�SRVLWLRQV�� �

� �� 7KHVH� IRUPDWV� DUH� SHUPDQHQW�� <RX� DUH� IUHH� WR� FKRRVH� WKH� GDWD� IRUPDWV� � � � � � � LQ� WKH�
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� / DER7H[ �2 SWLRQV� �IURP�DPRQJ�DERXW�� � �GLIIHUHQW�IRUPDWV�� \ RX�FDQ�ILQG�WKH�FXUUHQW�QXPEHU�

RI�WKH�GDWD�IRUPDWV�DYDLODEOH�LQ�/ DER7H[ �DW�KWWS���ZZZ�ODERWH[ �FRP�IRUPDW�KWP���

�

�
�

) LJ��� � ��&KRLFH�RI�DGGLWLRQDO�IRUPDWV�LQ�/ DER7H[ ��
�

7KH�ILOHV�ZLWK�SROH�ILJXUHV�GDWD�LQ�QRQ�/ DER7H[ �IRUPDWV�GRQ
W�FRQWDLQ�WKH�LQIRUPDWLRQ�DERXW�

WKH�FU\ VWDO�V\ PPHWU\ ��KHQFH�LI� \ RX�FOLFN�RQ�WKH� ILOH�LQ�D�QRQ�/ DER7H[ � IRUPDW�� \ RX�KDYH�WR�

VHOHFW��WKH�FU\ VWDO�V\ PPHWU\ �RI�\ RXU�VDPSOH��VHH�) LJXUH�� � � ��7KH�GHIDXOW�LV�VHW�DW�WKH�2 �±�WKH�

FXELF�FU\ VWDO�V\ PPHWU\ ���

�

�
�

) LJ��� � ��&KRLFH�RI�WKH�FU\ VWDO�V\ PPHWU\ �RI�D�VDPSOH�
�
�

1 H[ W��\ RX�FDQ�PDNH�D�PXOWLVHOHFWLRQ�IRU�DOO�WKH�ILOHV�ZLWK�WKH�SROH�ILJXUH�GDWD�UHIHUULQJ�WR�\ RXU�

VDPSOH� �VHH� ) LJXUH� � � � �� ,I� WKH� GDWD� IRUPDW� �VLPLODUO\ � WR� WKH� � &2 $ � � IRUPDW�� FRQWDLQV� WKH�
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FRUUHFWHG�SROH�ILJXUH�GDWD��WKHQ�WKH�ORZHU�OLVW��WKH�OLVW�RI�ILOHV�IRU�WKH�GHIRFXVLQJ�FRUUHFWLRQ��LV�

JUH\ HG��

�

�
�
�

) LJ��� � ��0 XOWLVHOHFWLRQ�IRU�LQSXW�RI�VHYHUDO�ILOHV�ZLWK�SROH�ILJXUHV�LQ�D�QRQ�/ DER7H[ �IRUPDW��
�

) LOHV�ZLWK�SROH�ILJXUHV�GDWD�LQ�QRQ�/ DER7H[ �IRUPDWV�GRQ
W�FRQWDLQ�LQIRUPDWLRQ�DERXW�WKH�FHOO�

SDUDPHWHUV��) RU�ORZHU�V\ PPHWU\ �WKDQ�WKH�FXELF�FU\ VWDO�V\ PPHWU\ ��WKLV�GDWD�DUH�QHFHVVDU\ �IRU�

WKH� 2 ' ) � FDOFXODWLRQ�� / DER7H[ � DFFHSWV� UHODWLYH� FHOO� SDUDPHWHUV�� 7KH� RUGHU� RI� WKH� FHOO�

SDUDPHWHUV�LV�LPSRUWDQW�IRU�D�SURSHU�2 ' ) �FDOFXODWLRQ���

�
�

) LJ��� � ��&RPSOHWHG�RI�FHOO�SDUDPHWHU�V��IRU�D�VDPSOH�LQ�WKH�FDVH�RI�D�ORZHU�V\ PPHWU\ �WKDQ�WKH�FU\ VWDO�V\ PPHWU\ ��
�
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�

� ��&RQYHQWLRQ�RI�FHOO�SDUDP HWHUV�
�
� ) RU�D�ORZHU�V\ PPHWU\ �WKDQ�WKH�FXELF�FU\ VWDO�V\ PPHWU\ ��\ RX�KDYH�WR�LQSXW�WKH�FHOO�

SDUDPHWHUV�RI�\ RXU�VDPSOHV�LQWR�/ DER7H[ ��,Q�/ DER7H[ ��ZH�XVH�WKH�PRVW�SRSXODU�0 DWWKLHV�

FRQYHQWLRQ��VHH�WKH�WDEOH�DW�WKH�IROORZLQJ�SDJH���/ DER7H[ �GRHV�QRW�SHUPLW�WKH�LQSXW�RI�WKH�

SDUDPHWHUV�RI�WKH�FHOO�LQ�DQ\ �RWKHU�RUGHU���

�
: DUQLQJ��$ �EDG�RUGHU�RI�WKH�FHOO�SDUDP HWHUV�FDQ�FKDQJH�WKH�UHVXOWV�RI�WKH�

WH[ WXUH�DQDO\ VLV��
�
�
�
( [ DP SOH���
�
,Q�WKH�FDVH�RI�WKH�SROH�ILJXUHV���
� � � � � � � ^� � � ` �^� � � ` �^� � � ` �^� � � ` �^� � � ` ��
�
IRU�D�VDPSOH�ZLWK�WKH�RUWKRUKRPELF�FU\ VWDO�V\ PPHWU\ ��WKH�FHOO�SDUDPHWHUV�

�

� � � � � � �D � �� � � QP ��E � �� � � QP ��DQG�F � �� � � QP ��

�

DUH�LQ�DQ�LQFRUUHFW�RUGHU��$ FFRUGLQJ�WR�WKH�0 DWWKLHV�FRQYHQWLRQ��WKH�RUGHU�VKRXOG�EH���

� � � � � � � � D � �� � � QP �E � �� � � QP �F � �� � � QP ��

� � � � � � � � � RU��LQ�UHODWLYH�XQLWV��

� � � � � � � � � �D � ��E � �� � �F � �� � ��

�WKH�DQJOHV�DUH�WKH�VDPH��� � �� � �� � � ��KHQFH�WKH�SROH�ILJXUHV�KNO�VKRXOG�EH�LQSXW�LQ�WKH�ZD\ �

VKRZQ�LQ�WKH�VHFRQG�FROXPQ�EHORZ��

�

� � � � � � � � � � � � � �� � � ! �� � � �
�������
� � � � � � � � � � � � � �� � � ! �� � � �
������� � � � � � � � � � �
� � � � � � � � � � � � � �� � � ! �� � � �
������� � � �
� � � � � � � � � � � � � �� � � ! �� � � �
������� �
� � � � � � � � � � � � � �� � � ! �� � � �
�
�
�
�
�
�
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( [ DP SOH���
�
6DPSOH���
FRPSRQHQW��FXELF�^� � � ` � � � � ! �
FU\ VWDO�V\ PPHWU\ ���FXELF�
VDPSOH�V\ PPHWU\ ��RUWKRUKRPELF�
FHOO�SDUDPHWHUV��� �� �� ��� � �� � �� � �
�
�
�
�
�
�
�
�
�
�
�
�
�

) LJ��� � D���3ROH�ILJXUHV�^� � � ` �^� � � ` �DQG�^� � � ` �IRU�FXELF�FU\ VWDO�V\ PPHWU\ ��
�
6DP SOH��
FRPSRQHQW��FXELF�^� � � ` � � � � ! �
FU\ VWDO�V\ PPHWU\ ���WHWUDJRQDO�
VDPSOH�V\ PPHWU\ ��RUWKRUKRPELF�
FHOO�SDUDPHWHUV��� �� �� ��� � �� � �� � �
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

) LJ��� � E�����3ROH�ILJXUHV�^� � � ` �^� � � ` �DQG�^� � � ` �IRU�WKH�WHWUDJRQDO�FU\ VWDO�V\ PPHWU\ �
�ODFN�RI�WKH�SROH�LQ�WKH�FHQWHU�RI�^� � � ` �DQG�^� � � ` �SROH�ILJXUHV��DV�WKH�³F́ �FHOO��SDUDPHWHU�LV�GLIIHUHQW�WKDQ�WKH�³D́ �

FHOO�SDUDPHWHU���
�
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6DP SOH� �
FRPSRQHQW��FXELF�^� � � ` � � � � ! �
FU\ VWDO�V\ PPHWU\ ���WHWUDJRQDO�
VDPSOH�V\ PPHWU\ ��RUWKRUKRPELF�
FHOO�DQJOHV��� � �� � �� � �
UHODWLYH�FHOO�SDUDPHWHUV���
�
������������D � �E � �F � � ������������������D � �E � �F � ������������������D � �E � �F � �� ������������������D � �E � �F � �� �
�
������������
�
�
�
�
�
�
�
�
�
�

) LJ��� � F�����3ROH�ILJXUH�^� � � ` �IRU�GLIIHUHQW�F�D��LQ�WHWUDJRQDO�FU\ VWDO�V\ PPHWU\ ��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�

) LJ��� � G���/ DER7H[ �RULHQWDWLRQ�DQDO\ VLV��/ DER7H[ �VKRZV�SROHV��FURVV�PDUNV��RI�^� � � ` � � � � ! �RULHQWDWLRQ�LQ�
GLIIHUHQW��EXW�SURSHU��SODFHV�LQ�WKH�SROH�ILJXUH�

��WKH�SRVLWLRQ�RI�WKH�SROHV�GHSHQGV�RQ�WKH�F�D�UDWLR�IRU�VDPSOHV�ZLWK�WHWUDJRQDO�FU\ VWDO�V\ PPHWU\ ���
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�

� ���3ROH�) LJXUH���5 HJLVWUDWLRQ�&RQYHQWLRQ�

�

$ �VDPSOH�KDYH�WR�EH�SK\ VLFDOO\ �PDUNHG�LQ�WKH�WH[ WXUH�PHDVXUHPHQW��$ Q�D[ LV�V\ VWHP�FDQ�
EH�FRQQHFWHG�WR�WKH�VDPSOH��DV�LW�LV�VKRZQ�LQ�) LJXUH�� � ��) RU�D�UROOHG�VDPSOH��IRU�H[ DPSOH��WKH�
VDPSOH�IDFH�5 ' �7' �LV�XVXDOO\ �WKH�UROOLQJ�SODQH�DQG�WKH�SUHIHUHQWLDO�GLUHFWLRQ�RI�WKH�VDPSOH�LV�
WKH�UROOLQJ�GLUHFWLRQ��5 ' ���7KHUH�DUH�GLIIHUHQW�ZD\ V�RI�SROH�ILJXUH�UHJLVWUDWLRQ�GHSHQGLQJ�RQ�
WKH� W\ SH� RI� WKH� PRWLRQ� RI� WKH� WH[ WXUH� JRQLRPHWHU� DQG� WKH� VWDUW� SRLQW� RI� WKH� SROH� ILJXUH�
UHJLVWUDWLRQ���

� � � �D�FORFNZLVH�URWDWLRQ�IURP �WKH�UROOLQJ�GLUHFWLRQ��5 ' ��RI�WKH�VDP SOH��RU�IURP �
DQRWKHU�SUHIHUUHG�GLUHFWLRQ�RI�WKH�VDP SOH����

� � � �D�FRXQWHU�FORFNZLVH�URWDWLRQ�IURP�WKH�UROOLQJ�GLUHFWLRQ��5 ' �����

� � � �D�FORFNZLVH�URWDWLRQ�IURP�WKH�WUDQVYHUVH�GLUHFWLRQ��7' ���

� � � �D�FRXQWHU�FORFNZLVH�URWDWLRQ�IURP�WKH�WUDQVYHUVH�GLUHFWLRQ��7' ����

�

�

�

�

�

�

�

�

�

��������������������������������������

) LJ��� � ���6DPSOH�D[ LV�GHILQLWLRQ�

�

/ DER7H[ �XVHV�FRQYHQWLRQ��� � ���

,W�LV�SRVVLEOH�WR�DGMXVW�WKH�SROH�ILJXUH�GDWD�WR�WKH�/ DER7H[ �UHJLVWUDWLRQ�FRQYHQWLRQ�XVLQJ�WKH�
WRROV�DYDLODEOH�LQ�/ DER7H[ ���

x� WKH�UHSODFHPHQW�RI�� FORFNZLVH� �E\ �� FRXQWHU�FORFNZLVH� �LV�SRVVLEOH�GXULQJ�WKH�FUHDWLRQ�RI��
&3) ��7KH�XVHU�VKRXOG�RQO\ �PDUN�WKH�VXLWDEOH�RSWLRQ��VHH�) LJXUH�� � � ������������

x� �WKH�UHSODFHPHQW�RI�WKH�VWDUW�SRLQW�RI�WKH�SROH�ILJXUH�UHJLVWUDWLRQ��L�H��WKH�GLUHFWLRQ�IURP�5 ' �
WR�7' �DQG�YLFH�YHUVD�LV�DOVR�SRVVLEOH�GXULQJ�WKH�FUHDWLRQ�RI�&3) ��7KH�XVHU�VKRXOG��VHOHFW�
DQG�PDUN�WKH�VXLWDEOH�RSWLRQ��VHH�) LJXUH�� � � ��7KH�XSWXUQHG�ILJXUHV�ZLOO�EH�VKRZQ�DV�&3) �
REMHFWV��
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�����) LJ��� � ����7KH�UHSODFHPHQW�RI�� FORFNZLVH� �����������������������������������) LJ��� � ���7KH�FKDQJH�RI�WKH�VWDUW�SRLQW�

�������������GHIDXOW��E\ �� FRXQWHU�FORFNZLVH� ��������������������������������������������������RI�WKH�SROH�ILJXUH�UHJLVWUDWLRQ�

�

x� WKH�UHSODFHPHQW�RI�WKH�VWDUW�SRLQW�RI�WKH�SROH�ILJXUH�UHJLVWUDWLRQ�LV�DOVR�SRVVLEOH�EHIRUH�WKH�
FDOFXODWLRQ�RI�WKH�2 ' ) ��DIWHU�VHOHFWLQJ�WKH�� 3) o 2 ' ) � �PHQX�FRPPDQG����

�

�

�

) LJ��� � �����7KH�FKDQJH�RI�WKH�VWDUW�SRLQW�RI�WKH�SROH�ILJXUH�UHJLVWUDWLRQ�EHIRUH�WKH�FDOFXODWLRQ�RI�WKH�2 ' ) �
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7KH�XVHU�VKRXOG�URWDWH�WKH�SROH�ILJXUH� �&3) ��ZLWK� �� � �RU� � � � �GHJUHHV� �VHOHFW�WKH�RSWLRQ�
� 5 RWDWLRQ� RI� 3) � � DQG� PDUN� WKH� VXLWDEOH� DQJOH� �� � � RU� � � � � GHJUHHV� ZLWK� WKH� VOLGHU� �VHH�
) LJXUH�� � � � ��7KH�XSWXUQHG�ILJXUHV�ZLOO�EH�VKRZQ�DV�1 3) �REMHFWV�DIWHU�WKH�2 ' ) �FDOFXODWLRQ�
�LQ�WKLV�FDVH��WKH�&3) �ILJXUHV�ZLOO�QRW�EH�XSWXUQHG���

<RX�FDQ�DOVR�DGMXVW�WKH�SROH�ILJXUH�GDWD�ZLWK�D�URWDWLRQ�RI�DERXW�� � � �GHJ��) LJXUH�� � � ��

�

� ���3ROH�) LJXUH���3ORW�&RQYHQWLRQ�

,I�\ RXU�UHJLVWUDWLRQ�FRQYHQWLRQ�LV�WKH�VDPH�DV�WKH�/ DER7H[ �UHJLVWUDWLRQ�FRQYHQWLRQ��EXW�
WKH�SROH�ILJXUHV�IURP� \ RXU�; 5 ' �VRIWZDUH�DUH�GLIIHUHQW�WKDQ�WKRVH�IURP� / DER7H[ ��WKHQ�\ RXU�
; 5 ' �VRIWZDUH�FDQ�XVH�D�FRQYHQWLRQ�IRU�WKH�SORWWLQJ�RI�SROH�ILJXUHV�RWKHU�WKDQ�/ DER7H[ ��7KHUH�
DUH� GLIIHUHQW� ZD\ V� RI� SROH� ILJXUH� SORW� FRQYHQWLRQ�� GHSHQGLQJ� RQ� WKH� VWDUW� SRLQW� RI� WKH� SROH�
ILJXUH�SORW��7KH�PRVW�FRPPRQ�XVH�LV��

�� � �D�FORFNZLVH�URWDWLRQ�IURP �WKH�1 �GLUHFWLRQ���

� � � �D�FRXQWHU�FORFNZLVH�URWDWLRQ�IURP�WKH�1 �GLUHFWLRQ���

� � � �D�FORFNZLVH�URWDWLRQ�IURP�WKH�( �GLUHFWLRQ���

� � � �D�FRXQWHU�FORFNZLVH�URWDWLRQ�IURP�WKH�( �GLUHFWLRQ���

/ DER7H[ �SORWV�WKH�SROH�ILJXUHV�DV�LQ�SRLQW��� ���VHH�) LJXUHV�� � � ��

�
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�
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) LJ��� � ��' HIDXOW�SORW�FRQYHQWLRQ�LQ�/ DER7H[ ��FORFNZLVH�URWDWLRQ��1 RUWK�±�WKH�VWDUW�SRLQW�RI�WKH�SROH�ILJXUH�SORW�
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<RX�FDQ�FKDQJH�WKH�GHIDXOW�IRU�WKH�SORW�FRQYHQWLRQ��) LJ��� � � �LQ�WKH�PHQX�� ( GLW� o � / DER7H[ �
2 SWLRQV� o � � / DER7H[ �&RQYHQWLRQV� �� ) RU�H[ DPSOH��LI� \ RX�ZRXOG�OLNH�WR�VHW�WKH�5 ' �LQ�WKH�
( DVW� SRVLWLRQ�� DV� RQ� WKH� SORW� LQ� ) LJXUH� � � �� WKHQ� \ RX� VKRXOG� ILUVW� FKDQJH� WKH� RSWLRQ� LQ�
� / DER7H[ �2 SWLRQV� �WR�� 6WDUW�IURP �( DVW� ��) LJXUH�� � �� �OHIW�VLGH���

�

�

�

�

�

�

�

�

�

�

) LJ��� � ��3ROH�ILJXUH�SORW�FRQYHQWLRQ��FORFNZLVH�URWDWLRQ��( DVW�±WKH��VWDUW�SRLQW�RI�WKH�SROH�ILJXUH�SORW��

�

,I� WKH� SROH� ILJXUH� ZDV� UHJLVWHUHG� IURP� WKH� 5 ' � GLUHFWLRQ� �GHIDXOW� / DER7H[ � UHJLVWUDWLRQ�
FRQYHQWLRQ��WKHQ�\ RX�VKRXOG�FKDQJH�WKH�GHIDXOW�D[ LV�GHVFULSWLRQ��DV�LW�LV�VKRZQ�LQ�) LJXUH�� � ��
,Q�WKH�PHQX�� ( GLW� o � / DER7H[ �2 SWLRQV� o �� &DSWLRQV�DQG�' UDZ� � \ RX�FDQ�DGMXVW�WKH�D[ LV�
GHVFULSWLRQ�WR�D�QHZ�SORW�FRQYHQWLRQ���

�

�

�

�

�

�

�

�

�

�

�

) LJ��� � ���3ROH�ILJXUH�SORW� FRQYHQWLRQ��DGMXVWPHQW�RI�
WKH�D[ LV�GHVFULSWLRQ�WR�D�QHZ�SORW� FRQYHQWLRQ�
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) LJ��� � �9 LVXDOL] DWLRQ�RI�D�SROH�ILJXUH�LQ�GLIIHUHQW�SORW�FRQYHQWLRQV���OHIW����GHIDXOW�/ DER7H[ �SORW�FRQYHQWLRQ��
�ULJKW�����SROH�ILJXUH�SORW�FRQYHQWLRQ��FORFNZLVH�URWDWLRQ��( DVW�±�WKH�VWDUW�SRLQW�RI�WKH�SROH�ILJXUH�SORW��

,Q�) LJXUH�� � ��\ RX�FDQ�VHH�WKDW�/ DER7H[ �KDV�DOVR�DGMXVWHG�WKH�YLVXDOL] DWLRQ�RI�RULHQWDWLRQ��WKH�
FURVV�PDUNV�GHQRWH�SROHV���WKH�( XOHU�DQJOHV�DQG�WKH�0 LOOHU�LQGLFHV�WR�D�QHZ�SORW�FRQYHQWLRQ��
) RU�WKH�YLVXDOL] DWLRQ�RI�D�SROH�ILJXUH�ZH�RIWHQ�XVH�WKH�IROORZLQJ�FRQYHQWLRQ���

x� D�FRXQWHU�FORFNZLVH�URWDWLRQ��

x� ( DVW�±�WKH�VWDUW�SRLQW�RI�WKH�SROH�ILJXUH�SORW�IRU�D�SROH�ILJXUH�UHJLVWHUHG�IURP�WKH�5 ' �
GLUHFWLRQ���

7KLV�SORW�FRQYHQWLRQ�LV�VKRZQ�LQ�) LJXUH�� � ��,I�\ RXU�SROH�ILJXUHV�DUH�UHJLVWHUHG�LQ�DFFRUGDQFH�
ZLWK� / DER7H[ ¶V� GHIDXOW� FRQYHQWLRQ�� WKHQ� IRU� DQ� DGMXVWPHQW� RI� WKLV� FRQYHQWLRQ� WR� / DER7H[ ��
\ RX�VKRXOG�VHW�WKH�VWDUW�SRLQW�RI�WKH�SROH�ILJXUH�SORW�WR�( DVW��DV�LQ�) LJXUH�� � � �DQG�QH[ W�� \ RX�
VKRXOG�DOVR�FKDQJH�WKH�RSWLRQ�WR�� FRXQWHU�FORFNZLVH� �ZKLOH�LQSXWWLQJ�WKH�SROH�ILJXUH�V���DV�LQ��
) LJXUH�� � � ��

�

���

�

�

�

�

�

�

�

�

) LJ��� � ���3ROH�ILJXUH�SORW�FRQYHQWLRQ��FRXQWHU�FORFNZLVH�URWDWLRQ��( DVW�±�WKH�VWDUW�SRLQW�RI�WKH�SROH�ILJXUH�SORW��

: DUQLQJ��7KH�FKDQJH�RI�WKH�SORW�FRQYHQWLRQ�LV�JOREDO��$ OO�\ RXU�SROH�ILJXUHV�ZLOO�SORW�LQ�WKH�QHZ�
FRQYHQWLRQ��
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� ���3ROH�) LJXUH���5 HJLVWUDWLRQ��&RQYHQWLRQ���3HUP DQHQW��6HWWLQJV�
�
� ,Q�/ DER7H[ ��WKHUH�LV�DOVR�D�SRVVLELOLW\ �RI�DQ�DGMXVWPHQW�RI�WKH�UHJLVWUDWLRQ�FRQYHQWLRQ�

WR�WKH�FXUUHQW�GDWD�IRUPDW��7KLV�DGMXVWPHQW�FDQ�EH�PDGH�LQ�WKH�PHQX�� ( GLW� o � / DER7H[ �

2 SWLRQV� o �� / DER7H[ �' DWD�) RUP DWV� ��VHH�) LJXUH�� � � ��7KHVH�VHWWLQJV�DUH�SHUPDQHQW��EXW�

\ RX�FDQ�DOZD\ V�FKDQJH�WKHP��ZKLOH�LQSXWWLQJ�WKH�SROH�ILJXUH�GDWD��DV�LV�VKRZQ�LQ�) LJXUHV�� � �

DQG�� � ���

�

�
�

�
) LJ��� � �$ GMXVWPHQW�RI�WKH�UHJLVWUDWLRQ�FRQYHQWLRQ�WR�WKH�GDWD�IRUPDW�

�
�

� ��5 RWDWLRQ�RI�SROH�ILJXUHV�
�

5RWDWLRQ�RI�SROH�ILJXUHV�LV�XVHIXO�LQ�PDQ\ �FDVHV��7KH�VLPSOHVW�FDVH�LV�ZKHQ�ZH�ZDQW�WR�

URWDWH�WKH�SROH�ILJXUHV�DURXQG�WKH�1 ' �GLUHFWLRQ��: H�FDQ�ILQG�WKLV�FDVH�ZKHQ�ZH�LQDFFXUDWHO\ �

LQVWDOO�D�VDPSOH�LQ�WKH�JRQLRPHWHU��DV�LQ�) LJXUH�� � D���

�

�

�
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6DPSOH�$ [ LV�' HILQLWLRQ
,QLWLDO

5 '
���
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6DPSOH�$ [ LV�' HILQLWLRQ
DIWHU�5RWDWLRQ
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�
) LJ��� � D��3ROH�ILJXUH�IRU�LQDFFXUDWHO\ �LQVWDOO�D�VDPSOH�LQ�WKH�JRQLRPHWHU��

�
�

,W�LV�GXH�WR�WKH�GLIILFXOW\ �LQ�WKH�SRVLWLRQLQJ�RI�WKH�VDPSOH�LQ�WKH�JRQLRPHWHU��: H�FDQ�

PDNH�D�SROH�ILJXUH�URWDWLRQ�DURXQG�WKH�1 ' �GLUHFWLRQ�XVLQJ�WKH�VOLGHU��DV�LQ�WKH�LPDJH�EHORZ��

ZKLFK�LV�DYDLODEOH�IRU�WKH�XVHU�EHIRUH�WKH�2 ' ) �FDOFXODWLRQ��

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

) LJ��� � E��3ROH�ILJXUH�IRU�LQDFFXUDWHO\ �LQVWDOO�D�VDPSOH�LQ�WKH�JRQLRPHWHU�±�DIWHU�VRIWZDUH�FRUUHFWLRQ��
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<RX�FDQ�PDNH�PRUH�FRPSOH[ �SROH�ILJXUHV�URWDWLRQV�XVLQJ��2 ' ) �WUDQVIRUPDWLRQV��/ DER7H[ �FDQ�

FDOFXODWH�D�QHZ�2 ' ) ��ZKLFK�LV�WKH�UHVXOW�WUDQVIRUPDWLRQ�RI�WKH�LQLWLDO�2 ' ) ��7KH�QHZ�2 ' ) �LV�

FUHDWHG�LQ�D�QHZ�³MRÉ �IRU�WKH�VDPH�³VDPSOH́ �DV�WKH�LQLWLDO�2 ' ) ��1 H[ W��\ RX�FDQ�PDNH�D�

FDOFXODWLRQ�RI�WKH�QHZ�SROH�ILJXUHV��WKH�SROH�ILJXUHV�DIWHU�URWDWLRQV��XVLQJ�WKH�$ 3) �FDOFXODWLRQ��

7KHUH�DUH�WZR�NLQGV�RI�WUDQVIRUPDWLRQV���

x� 6DPSOH�) UDPH�5RWDWLRQ��

x� &U\ VWDOOLWHV�3ODQHV�5RWDWLRQV��

�

�

) LJ��� � ��

�

�



/ DER7H[ ����32 / ( �) ,* 8 5 ( 6 ��5 ( * ,675 $ 7,2 1 �$ 1 ' �3 / 2 7�&2 1 9( 1 7,2 1 6�

� � �

� �� ��6DP SOH�) UDP H�5 RWDWLRQV���

�

%\ �XVLQJ�WKH�GLDORJ�³6DPSOH�) UDPH�5RWDWLRQV́ ��WKH�XVHU�FDQ�URWDWH�WKH�VDPSOH�IUDPH��
7KLV� RSWLRQ� LV� YHU\ � LPSRUWDQW� LI� WKH� XVHU� ZRXOG� OLNH� WR� VHH� WKH� SROH� ILJXUHV� IRU� DQRWKHU�
�GLIIHUHQW�� VDPSOH� SRVLWLRQ�� � 7KH� XVHU� FDQ� DOVR� FKDQJH� WKH� VDPSOH� V\ PPHWU\ � IRU� WKH�
WUDQVIRUPHG�2 ' ) ��

( [ DP SOH�� ���

<RX�ZDQW�WR�VHH�WKH�SROH�ILJXUHV�IRU�WKH�SHUSHQGLFXODU�VXUIDFH�LQ�UHODWLRQ�WR�WKH�VXUIDFH�ZKLFK�
ZDV�PHDVXUHG��
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) LJXUH�� � ���
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6DPSOH�$ [ LV�' HILQLWLRQ�DIWHU�
) UDPH�5RWDWLRQ��� �� � �� �
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3ROH�ILJXUHV��

WKH�ILUVW�URZ���SROH�ILJXUHV�IRU�WKH�) HUULWH�VDPSOH��WULFOLQLF�VDPSOH�V\ PPHWU\ ���
WKH�VHFRQG�URZ���SROH�ILJXUHV�FDOFXODWHG�IURP�WKH�2 ' ) �DIWHU�WKH�IUDPH�URWDWLRQ��� � �� � �� � ��
IRU�D�) HUULWH�VDPSOH��WULFOLQLF��VDPSOH�V\ PPHWU\ ��
WKH�WKLUG�URZ��SROH�ILJXUHV�IRU��WKH�� � � � ! ILEHU��PRGHO��
WKH�IRXUWK�URZ��SROH�ILJXUHV�FDOFXODWHG�IURP�WKH�2 ' ) �PRGHO�DIWHU�WKH�IUDPH�URWDWLRQ��� � �� � �� � �
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) LJ��� � ���2 ' ) �DQG�SROH�ILJXUHV�DIWHU�WKH�WUDQVIRUPDWLRQ�RI�WKH�IUDPH��� � �GHJUHHV��3KL�D[ LV����

SROH�ILJXUHV�DQG�2 ' ) �ZLWK�* RVV�&RPSRQHQW��

�
�
� �� ��&U\ VWDOLWHV��3ODQHV�URWDWLRQV���
�
,I�\ RX�ZRXOG�OLNH�WR�PDNH�D�URWDWLRQ�RI�VRPH�FU\ VWDOOLWHV�LQ�WKH�VDPSOH�DQG�REVHUYH�WKH�FKDQJH�
RI�WKH�SROH�ILJXUHV�DQG�WKH�2 ' ) ��WKHQ�\ RX�VKRXOG�PDNH�WKLV�WUDQVIRUPDWLRQ�LQ�WKUHH�VWHSV��
�

� � � $ �SUHSDUDWLRQ�DQG�FUHDWLRQ�RI�D�PRGHO�IRU�WKH�FU\ VWDOOLWHV�URWDWLRQV��
� � � $ �WUDQVIRUPDWLRQ�RI�WKH�FXUUHQW�2 ' ) �XVLQJ�WKH�PRGHO�IRU�WKH�FU\ VWDOOLWHV�URWDWLRQV��
� � � $ �FDOFXODWLRQ�RI�WKH�SROH�ILJXUHV�IURP�WKH�QHZ��WUDQVIRUPDWHG��2 ' ) �XVLQJ�WKH�

RSWLRQ�³ $ 3) �&DOFXODWLRQ́ ��
�
) RU�WKH�SUHSDUDWLRQ�RI�WKH�PRGHO�IRU�WKH�FU\ VWDOOLWHV�URWDWLRQV�\ RX�VKRXOG��

x� FOLFN�RQ�WKH�PHQX�LWHP�³2 ' ) �7UDQVIRUP DWLRQ́ �LQ�WKH�PHQX�³0 RGHOOLQJ´�
DQG�QH[ W���

x� VHOHFW�WKH�UDGLR�EXWWRQ�³&U\ VWDOOLWHV�3ODQHV�5 RWDWLRQV́ �DQG�ILQDOO\ ���
x� FOLFN�RQ�WKH�EXWWRQ�µ%XLOG�5 RWDWLRQV�0 RGHÓ��

�
�
�
�
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�

) LJ��� � ��&U\ VWDOLWHV��3ODQHV�URWDWLRQV�±�GLDORJ�ZLQGRZ��
�
,Q�WKH�URWDWLRQ�PRGHO��\ RX�FDQ�VHOHFW�IURP�XS�WR�� � �WH[ WXUH�FRPSRQHQWV��IRU�ZKLFK�\ RX�VHW���

ƒ� WKH�UDQJHV�RI�WKH�( XOHU�DQJOH�DURXQG�WKH�FHQWHU�RI�WKH�RULHQWDWLRQ�±�RQO\ �WKH�
FU\ VWDOOLWHV�ZKRVH�RULHQWDWLRQ�OLHV�LQVLGH�WKH�PDUNHG�DUHD�RI�WKH�( XOHU�VSDFH�ZLOO�EH�
URWDWHG��/ DER7H[ �ZLOO�DXWRPDWLFDOO\ �PDNH�FDOFXODWLRQV�IRU�DOO�WKH�V\ PPHWULFDOO\ �
HTXLYDOHQW�SRVLWLRQV�RI�WKH�RULHQWDWLRQ��

ƒ� WKH�� KNO� �YHFWRU�±�WKH�FU\ VWDOOLWHV�ZLOO�EH�URWDWHG�DURXQG�WKLV�YHFWRU���

ƒ� WKH�URWDWLRQ�DQJOH�±�WKH�DQJOH�DERXW�ZKLFK�WKH�FU\ VWDOOLWHV�ZLOO�EH�URWDWHG�DURXQG�
WKH�µKNO¶�YHFWRU����

ƒ� WKH�SHUFHQW�RI�WKH�URWDWHG�FU\ VWDOOLWHV���IURP�� �WR�� � � � � ���
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�
) LJ��� � ��5RWDWLRQV�PRGHO�±�GLDORJ�ZLQGRZ��

�
�

: KHQ�\ RX�VHOHFW�DOO�WKH�SDUDPHWHUV�RI�\ RXU�URWDWLRQ�PRGHOV��WKHQ�FOLFN�RQ�WKH�EXWWRQ�³ 6DYH�

7UDQVIRUP DWLRQ�0 RGHÓ��<RX�FDQ�GHILQH�DQ\ �QDPH�IRU�\ RXU�PRGHO��

,Q�WKH�VHFRQG�VWHS��\ RX�VKRXOG�VHOHFW�WKH�URWDWLRQ�PRGHO�IURP�WKH�³ &KRRVH�5 RWDWLRQ�0 RGHÓ�

FRPER�ER[ ��

1 H[ W��\ RX�FDQ�VHOHFW�WKH�TXDOLW\ �RI�WKH�FDOFXODWHG�2 ' ) ��

x� GUDIW��D�SRRU�TXDOLW\ �2 ' ) �±�D�KLJK�VSHHG�RI�WKH�FDOFXODWLRQ��

x� PHGLXP�TXDOLW\ ��D�PHGLXP�TXDOLW\ �2 ' ) �DQG�D�PHGLXP�VSHHG�RI�WKH�FDOFXODWLRQ��

x� KLJK�TXDOLW\ ��D�KLJK�TXDOLW\ �2 ' ) �DQG�D�ORZ�VSHHG�FDOFXODWLRQ���

<RX�FDQ�DOVR�FKDQJH�WKH�VSLQ�RI�WKH�URWDWLRQV��

�
�
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� � �

�
�

) LJ��� � ��7KH�FKRLFH�RI�URWDWLRQV�PRGHO�
�
�

,Q�WKH�ODVW�VWHS��\ RX�VWDUW�WKH�WUDQVIRUPDWLRQ�FDOFXODWLRQ�E\ �FOLFNLQJ�RQ�WKH�³ 67$ 5 7´ �EXWWRQ��
�

�
�
�

) LJ��� � ��7KH�2 ' ) �WUDQVIRUPDWLRQ�FDOFXODWLRQ�±�VWDUW�FDOFXODWLRQ�
�
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� � �

�
�
�
( [ DP SOH��
�
7KH�EXLOGLQJ�RI�D�PRGHO�2 ' ) �XVLQJ�WKH�PRGHO�2 ' ) �GLDORJ��0 HQX�³0 RGHOOLQJ´ ��LWHP�³2 ' ) �0 RGHÓ��
ZLWK�^� � � ` � � � � ! ��DV�WKH�PDLQ�FRPSRQHQW��
�
�

�
�
�
�

�

�

�

�

�
�

) LJ��� � ���
�
: H�FDQ�VKRZ�D�FU\ VWDOOLWH�ZLWK�WKH�RULHQWDWLRQ�^� � � ` � � � � ! ��IRU�WKLV�PRGHO�VDPSOH���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
) LJ��� � ��

�
�
^� � � ` �±�SODQH�SHUSHQGLFXODU�WR�1 ' ���� � � � ! �GLUHFWLRQ�SDUDOOHO�WR�5 ' �/ ' ��
�
�

1 '

5 ' �RU�/ '
���

7'

6$ 0 3/ (

æ�æ�ç

æ5ç�æ

ç�æËæ
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�
1 H[ W��ZH�ZDQW�WR�URWDWH�DOO�WKH�FU\ VWDOOLWHV�O\ LQJ�QHDU�WKH�^� � � ` � � � � ! �RULHQWDWLRQ�DERXW�� � �

GHJUHHV�DURXQG�WKH�YHFWRU�� � � � ! �� � KNO! ���

x� ) LUVW��ZH�VHOHFW�^� � � ` � � � � ! �IURP�WKH�µ7H[ WXUH�&RP SRQHQW¶�FRPER�ER[ ��DV��1 R��� �

�WKH�1 R�� ��WH[ WXUH�FRPSRQHQW��VKRXOG�EH�µ2 Q¶����

x� $ V�ZH�ZDQW�WR�URWDWH�RQO\ �WKH�FU\ VWDOOLWHV�O\ LQJ�QHDU�WKH�^� � � ` � � � � ! �FRPSRQHQW��ZH�

FDQ�WXUQ�RII�WKH�UHVW�RI�WKH�WH[ WXUH�FRPSRQHQWV��1 R��� �WR�1 R��� � �VKRXOG�EH�µ2 II´ ��

x� 6HOHFW�WKH�( XOHU�DQJOHV�UDQJHV��� � �GHJUHHV�

x� 7KH�� KNO! �YHFWRU�DURXQG�DOO�WKH�FU\ VWDOOLWHV�EHORQJLQJ�WR�WKH�FKRVHQ�DUHD�RI�WKH�( XOHU�

VSDFH�VKRXOG�EH�URWDWHG��� � � � ! �

x� 7KH�URWDWLRQ�DQJOH� �� � �GHJUHHV�

x� 7KH�SHUFHQW�RI�WKH�FU\ VWDOOLWHV�SODQHV� �� � � � ��DOO�WKH�FU\ VWDOOLWHV�LQ�WKH�UDQJH�� ��

� � GHJUHHV�IRU�WKH�^� � � ` � � � � ! �RULHQWDWLRQ�DQG�IRU�DOO�WKH�V\ PPHWULFDO�SRLQWV���

�

�
�

�
�

�
) LJ��� � ��5RWDWLRQV�PRGHO�±�GLDORJ�ZLQGRZ��

�
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1 '

5 ' �RU�/ '
���

7'

6$ 0 3/ (
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è
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ë
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5 ' �RU�/ '
���

� �
ò

�
: H�FDQ�WKXV�VKRZ�WKH�VDPH�FU\ VWDOOLWH�DIWHU�WKH�PRGHO�URWDWLRQ�� � � � ! � � ó ���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

����
���
�
�

�) LJ��� � ��
�
�
ZKHUH�WKH�^� � � ` �SODQH�LV�SHUSHQGLFXODU�WR�1 ' ��DQG�WKH�� � � � ! �GLUHFWLRQ�LV�SDUDOOHO�WR�5 ' �/ ' �

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�

) LJ��� � ��2 ' ) �DQG�SROH�ILJXUH�^� � � ` �DIWHU�D�PRGHO�WUDQVIRUPDWLRQ���� � � � ! � � ô ��7KH�PDLQ�FRPSRQHQW�LQ�WKH�
WUDQVIRUPHG�2 ' ) �LV��^� � � ` � � � � ! �
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1 '

5 ' �RU�/ '
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7'

6$ 0 3/ (
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û

,Q�WKLV�H[ DPSOH��ZH�FDQ�VKRZ�WKH�VDPH�FU\ VWDOOLWH�DV�LQ�) LJXUH�� � �DIWHU�WKH�PRGHO�URWDWLRQ�
� � � � ! � � ó ���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

����
���) LJ��� � ��

�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�

) LJ��� � ��2 ' ) ��QRW�V\ PPHWULFDO��DQG�SROH�ILJXUH�^� � � ` �DIWHU�WKH�PRGHO�WUDQVIRUPDWLRQ���� � � � ! � � ô
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� � �

( [ DPSOH�WUDQVIRUPDWLRQ��� � � � ! � � ó �IRU�D�ORZHU�V\ PPHWU\ �WKDQ�WKH�FXELF�V\ PPHWU\ �
�
6DPSOH��
FRPSRQHQW��FXELF�^� � � ` � � � � ! �
FU\ VWDO�V\ PPHWU\ ���WHWUDJRQDO�
VDPSOH�V\ PPHWU\ ��RUWKRUKRPELF�
FHOO�DQJOHV��� � �� � �� � �
UHODWLYH�FHOO�SDUDPHWHUV���
�
�
�
������������D � �E � �F � � ������������������D � �E � �F � ������������������D � �E � �F � �� ������������������D � �E � �F � �� �

�
�
�
�
�
�
�
�
�

�
�
�
�

) LJ��� � E���7HWUDJRQDO�FU\ VWDO�V\ PPHWU\ ��^� � � ` � � � � ! �FRPSRQHQW�IRU�GLIIHUHQW�F�D�UDWLRV�� ILUVW�URZ��DQG�DIWHU�D�
PRGHO�WUDQVIRUPDWLRQ��� � � � ! � � ü ��VHFRQG�URZ��
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� � �

�

� � ��3ROH�ILJXUHV�±�WH[ WXUH�FRP SRQHQW�P RGHO��
�
: H�FDQ�ILQG�WKH�WH[ WXUH�FRPSRQHQW�PRGHO�ZKLFK�GHVFULEHV�WKH�H[ SHULPHQWDO�SROH�ILJXUHV��7KLV�LV�DQ�H[ DPSOH�RI�
KRZ�WR�XVH�/ DER7H[ �WR�GHWHUPLQH�WKH�YROXPH�IUDFWLRQ�RI�WKH�WH[ WXUH�FRPSRQHQWV�E\ �DQDO\ VLQJ�WKH�SROH�ILJXUHV�
DQG�WKH�2 ' ) ��
�
�
�
�
�
�
�
�
�
�
�
�
�
,Q�WKH�ILUVW�VWHS��ZH�KDYH�WR�ILQG�WKH�PDLQ�WH[ WXUH�FRPSRQHQWV��) RU�WKLV�SXUSRVH��ZH�XVH�WKH�
RULHQWDWLRQ�DQDO\ VLV��
�

�
�

: H�FDQ�XVH�ERWK�PHWKRGV���DXWRPDWLF�DQG�PDQXDO��
�
$ XWRP DWLF�P HWKRG��62 5 7��
�
,Q� WKH� DXWRPDWLF� PHWKRG�� / DER7H[ � XVHV� WKH� WH[ WXUH� FRPSRQHQWV� IURP� WKH� GDWDEDVH�� ) LUVW��
/ DER7H[ �FDOFXODWHV�WKH�DYHUDJH�SROH�ILJXUH�YDOXHV��WKH�DULWKPHWLF�PHDQ�RI�WKH�SROHV��IRU�HDFK�
FRPSRQHQW�IURP�WKH�GDWDEDVH��RQ�WKH�EDVLV�RI�WKH�SROH�ILJXUH�YDOXHV�IRU�DOO�WKH�V\ PPHWULFDOO\ �
HTXLYDOHQW�RULHQWDWLRQV�RI�WKH�FRPSRQHQW�� ,Q�WKH� QH[ W�VWHS�� / DER7H[ �VRUWV�WKH�DYHUDJH�SROH�
ILJXUH�YDOXHV�IRU�DOO�WKH�FRPSRQHQWV�IURP�WKH�GDWDEDVH��: KHQ�\ RX�SUHVV�WKH�
62 57
�EXWWRQ�
��

�
�

WKHQ�\ RX�FDQ�VHH�DOO�WKH�FRPSRQHQWV�IURP�WKH�GDWDEDVH�DQG�WKHLU�DYHUDJH�SROH�ILJXH�YDOXHV��
�

�
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� � �

,Q�WKH�OLVWV�RQ�WKH�OHIW��\ RX�FDQ�VHH�WKH�DYHUDJH�SROH�ILJXUH�YDOXHV�IRU�WKH�FRPSRQHQW��WRS�OLVW��
DQG�WKH�SROH�ILJXUH�YDOXHV�IRU�HDFK�V\ PPHWULFDOO\ �HTXLYDOHQW�RULHQWDWLRQV�RI�WKH�FRPSRQHQW��D�
VXP�RI�DOO�WKH�SROHV��ERWWRP�OLVW���,Q�WKH�OLVW�RQ�WKH�ULJKW��\ RX�FDQ�VHH�WKH�YDOXHV�IRU�HDFK�SROH�
RI�WKH�FRPSRQHQW��ZKHQ�\ RX�FOLFN�RQ�WKH�V\ PPHWULFDO�HTXLYDOHQW�RI�WKH�FRPSRQHQW��� : KHQ�
\ RX�KDYH�PRUH�WKDQ�RQH�SROH�ILJXUH�FKRVHQ�LQ�WKH�FRQWDLQHU��WKHQ�/ DER7H[ �VKRZV�WKH�DYHUDJH�
YDOXHV�IRU�WKH�SROHV�IURP�DOO�WKH�SROH�ILJXUHV��1 H[ W��\ RX�FDQ�FKHFN�ZKHWKHU�DOO�WKH�PD[ LPDV�LQ�
WKH�DQDO\ ] HG�SROH�ILJXUHV�DUH�GHVFULEHG�E\ �WKH�WH[ WXUH�FRPSRQHQWV���
�
�

�
�
�
/ DER7H[ �GLVSOD\ V�D�FURVV�PDUN��� � �LQ�WKH�SODFH�ZKHUH�WKH�SROHV�IRU�D�VHOHFWHG�RULHQWDWLRQ�RI�WKH�DFWLYH�
FRPSRQHQW�OLH���^� � � ` � � �� � ! �LQ�WKH�FDVH�EHORZ���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
/ DER7H[ � GLVSOD\ V� FURVV� PDUNV� RQO\ � IRU� RQH� V\ PPHWULFDOO\ � HTXLYDOHQW� RULHQWDWLRQ�� ,I� \ RX�
ZRXOG�OLNH�WR�VHH�WKH�SODFH�LQ�WKH�2 ' ) �ZKHUH�DQRWKHU�V\ PPHWULFDOO\ �HTXLYDOHQW�RULHQWDWLRQ�
OLHV�� WKHQ� \ RX� VHOHFW� LW� IURP� WKH� &RPERER[ �� $ QDORJLFDOO\ �� \ RX� FDQ� FKDQJH� WKH� WH[ WXUH�
FRPSRQHQW�ZKLFK�LV�GLVSOD\ HG�E\ �/ DER7H[ ��: KHQ�\ RX�KDYH�IRXQG�WKH�PD[ LPXP�ZKLFK�LV�QRW�
GHVFULEHG� E\ � WKH� FRPSRQHQWV� IURP� \ RXU� GDWDEDVH� LQ� / DER7H[ �� WKHQ� \ RX� VKRXOG� ILQG� WKLV�
FRPSRQHQW�XVLQJ�WKH�PDQXDO�PHWKRG��1 H[ W��\ RX�VKRXOG�DGG�WKLV�FRPSRQHQW�WR�\ RXU�GDWDEDVH�
LQ�/ DER7H[ ����
�
0 DQXDO�P HWKRG��
�
<RX�FDQ�XVH�WKH�� 1HDU�^+ . / `� 8 9: ! �2 ULHQWDWLRQV� �GLDORJ�WR�ILQG�QHZ�FRPSRQHQWV�E\ �PHDQV�RI�WKH�
PDQXDO�PHWKRG��<RX�VKRXOG�FOLFN�WKH�OHIW�PRXVH�EXWWRQ�LQ�WKH�ORFDO�RU�JOREDO�PD[ LPXP�RI�WKH�SROH�
ILJXUH�LQ� ZKLFK� \ RX� ZRXOG� OLNH�WR� ILQG� WKH� WH[ WXUH�FRPSRQHQW�� <RX�FDQ�DOVR�VHOHFW� WKH� LWHP� � 1HDU�
^+ . / `� 8 9: ! �2 ULHQWDWLRQV� �IURP�WKH�PHQX�
$QDO\ VLV
���
�
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�
/ DER7H[ �GLVSOD\ V�WKH�QHDU�RULHQWDWLRQV�VRUWHG�E\ �WKH�DYHUDJH�YDOXH�RI�LQWHQVLW\ �RI�WKH�SROH�ILJXUHV��WKH�
PLOOHU�LQGLFHV�RU�WKH�PLVRULHQWDWLRQ��<RX�FDQ�FKDQJH�WKH�W\ SH�RI�VRUW�E\ �FOLFNLQJ�RQ�WKH�DSSURSULDWH�
EXWWRQ��
�
) LUVW�DSSUR[ LP DWLRQ�
�
$ IWHU�VWHS�� ��ZH�KDYH�IRXQG�WKDW�ZH�FDQ�GHVFULEH�WKH�PD[ LPDV�RI�WKH�DQDO\ ] HG�SROH�ILJXUHV�
XVLQJ��WKH�FRPSRQHQWV��

x� ^��� ���� ��� �` � ��� ��� � ��� �! �
x� ^��� ���� ��� �` � ��� ���� �� � �! �
x� ^��� ���� ��� �` � ��� ���� �� � �! ���
x� ^��� ���� ��� �` � ��� ��� � ��� �! ���
x� ^��� ���� ��� �` � ��� ���� �� � �! ���

�
1 H[ W��\ RX�VKRXOG�RSHQ�WKH�GLDORJ�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�YROXPH�IUDFWLRQ�RI�WKH�WH[ WXUH�
FRPSRQHQW�E\ �WKH�PRGHO�IXQFWLRQ�PHWKRG��XVLQJ�WKH�LFRQ�DV�VKRZQ�EHORZ���
�

�
�
�
7KH�GLDORJ�ZLQGRZ�KHOSV�\ RX�ZLWK�WKH�OHDVW�VTXDUHV¶�ILWWLQJ�RI�WKH�PRGHO�IXQFWLRQV�LQWR�\ RXU�

2 ' ) � DQG� ZLWK� WKH� FUHDWLRQV� RI� � WKH� PRGHO� 2 ' ) � QHDUHVW� WR� WKH� H[ SHULPHQWDO� 2 ' ) �� ,Q� WKH�

FDOFXODWLRQ�� / DER7H[ � DXWRPDWLFDOO\ � XVHV� WKH� IROORZLQJ� SDUDPHWHUV� IURP� WKH� DQDO\ ] HG�

H[ SHULPHQWDO�2 ' ) ��

�

x� FU\ VWDO�V\ PPHWU\ ��

x� VDPSOH�V\ PPHWU\ ��

x� FHOO�SDUDPHWHUV��
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x� JULG�FHOO��

7KHVH� SDUDPHWHUV� DUH� JUH\ HG� DQG� WKH� XVHU� FDQ
W� FKDQJH� WKHP�: KHQ� \ RX� VWDUW� WKH� GLDORJ� ZLQGRZ��

/ DER7H[ �FDOFXODWHV�WKH�DYHUDJH�2 ' ) �YDOXHV�IRU�WKH�FRPSRQHQWV�DQG�VRUWV�WKH�FRPSRQHQWV�XVLQJ�WKH�

DYHUDJH�2 ' ) �YDOXHV��+HQFH�WKH�FRPSRQHQW�1 R�� � �LV�WKH�FRPSRQHQW�ZKLFK�KDV�WKH�JUHDWHVW�DYHUDJH�

2 ' ) �YDOXH��/ DER7H[ �DOVR�VHWV�WKH�LQLWLDO�SDUDPHWHUV�IRU�WKH�PRGHO�IXQFWLRQV��

x� GLVWULEXWLRQ��VHW�WR�
* DXVV
���

x� ) : +0 �IRU�4 ý ��) �DQG�4 þ ��DOO�VHW�WR�� � �� �GHJUHHV���

x� 9 ROXPH�IUDFWLRQ�DQG�EDFNJURXQG��WKH�LQLWLDO�YDOXHV�VHW�RQ�WKH�EDVLV�RI�WKH�DYHUDJH�

2 ' ) �YDOXHV�RI�WKH�FRPSRQHQWV���

<RX�FDQ�VWDUW�WKH�FDOFXODWLRQV�RU�\ RX�FDQ�FKDQJH�WKH�LQLWLDO�SDUDPHWHUV��

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
: KHQ�\ RX�FOLF�RQ�
&KDQJH�,QLWLDO�3DUDPHWHUV
���WKHQ�QHZ�RSWLRQV�DUH�DYDLODEOH��
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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<RX�FDQ��

x� FKDQJH�WKH�WH[ WXUH�FRPSRQHQW��XVLQJ�WKH�VXLWDEOH�&RPERER[ ���

x� WXUQ�RQ�RII�WKH�FRPSRQHQW�IURP�WKH�FDOFXODWLRQV��XVLQJ�WKH�VXLWDEOH�

&KHFNER[ ���

x� VHW�WKH�NLQG�RI�GLVWULEXWLRQ��* DXVV�RU�/ RUHQW] ���

x� VHW�WKH�LQLWLDO�) : +0 �IRU�HDFK�( XOHU�DQJOH��

x� VHW�WKH�LQLWLDO�YROXPH�IUDFWLRQ�RI�WKH�FRPSRQHQW��

�

7KH�WKUHH�GLDJUDPV�LQ�WKH�GLDORJ�ZLQGRZ�VKRZ�WKH�PRGHO�IXQFWLRQ�IRU�HDFK�( XOHU�DQJOH��IRU�

WKH�FKRVHQ�FRPSRQHQW��< RX�FDQ�FKDQJH�WKH�VHOHFWLRQ�RI�WKH�FRPSRQHQW�E\ �FOLFNLQJ�RQ�WKH�
1R
�

EXWWRQ��,Q�WKH�FDVH�RI�WKH�D[ LDO�VDPSOH�V\ PPHWU\ ��RQO\ �WKH�) �DQG�4 ÿ �( XOHU�DQJOHV�DUH�HVVHQWLDO�

DQG�DYDLODEOH��<RX�FDQ�PDJQLI\ �WKH�SORW�RI�WKH�PRGHO�IXQFWLRQ�E\ �FKDQJLQJ�WKH�VOLGHU�SRVLWLRQ���

1 RZ�� \ RX�VKRXOG�VHW�WKH�WH[ WXUH�FRPSRQHQWV�IURP� � �WR� � ��ZKLFK� \ RX� IRXQG�LQ�WKH�SUHYLRXV�

VWHS��<RX�VKRXOG�WXUQ�RII�WKH�IROORZLQJ�FRPSRQHQWV��� � � � ���IURP�IXUWKHU�FDOFXODWLRQV��
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<RX�FDQ�VDYH�WKH�FXUUHQW�VHW�RI�FRPSRQHQWV�E\ �FOLFNLQJ�RQ�WKH�� 6DYH�&XUUHQW�6HW� �EXWWRQ��
�

�
�

<RX�FDQ�DFFHSW�WKH�ILOH�QDPH�SURSRVHG�E\ �/ DER7H[ �RU�\ RX�FDQ�VHW�DQRWKHU�ILOH�QDPH����IRU�H[ DPSOH�µD[ LDO�6( 7¶��
�

�
�

/ DER7H[ �UHPHPEHUV�WKLV�VHW�DQG�\ RX�FDQ�LQSXW�LW�E\ �WKH�VHOHFWLRQ�IURP�WKH�OLVW�RI�&RPERER[ ��
7KH�GHIDXOW�VHW��WKH�VHW�SURSRVHG�E\ �/ DER7H[ �ZKHQ�WKH�GLDORJ�VWDUWV��LV�D�VHW�EXLOW�RQ�WKH�EDVLV�
RI�WKH�GDWDEDVH�VRUWHG�E\ �WKH�2 ' ) �YDOXH��
��

�
�

: KHQ�\ RX�KDYH�ILQLVKHG�WKH�VHWWLQJ�XS�RI�WKH�LQLWLDO�SDUDPHWHUV��\ RX�VKRXOG�FOLFN�RQ�WKH�� ) L[ �
,QLWLDO�3DUDPHWHUV� �EXWWRQ���

�

�
�

1 RZ�\ RX�FDQ�VHW�XS�WKH�ODVW�WZR�SDUDPHWHUV�RI�WKH�ILWWLQJ�FDOFXODWLRQ��
x� WKH�0 D[ LPDO�1 XPEHU�RI�,WHUDWLRQ��GHIDXOW�LV�� � � � � ��
x� WKH�0 D[ LPDO�) LW�( UURU�LQ�SHUFHQW��ZKHUH�WKH�ILW�HUURU�LV�WKH�UHODWLYH�HUURU�

EHWZHHQ�WKH�PRGHO�DQG�WKH�H[ SHULPHQWDO�2 ' ) ���< RX�VKRXOG�LQSXW�WKH�YDOXH�
RI�WKH�HUURU�PXOWLSOLHG�E\ �� � � � �LQWR�/ DER7H[ ��WKH�GHIDXOW�LV�� � � � ! �� �� � � ��

7KHVH�SDUDPHWHUV�DUH�HVVHQWLDO�ZKHQ�/ DER7H[ �LV�LQ�WKH�
$ XWRPDWLF
�PRGH��7KLV�PRGH�LV�
GHIDXOW���
�
�
�
�
�
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,Q�WKLV�PRGH�� / DER7H[ � ILQLVKHV�WKH�FDOFXODWLRQ�ZKHQ�WKH�QXPEHU�RI�LWHUDWLRQ�LV�JUHDWHU�WKDQ�
WKH�PD[ LPDO�QXPEHU�RI�LWHUDWLRQ��RU�ZKHQ�WKH�ILW�HUURU�LV�ORZHU�WKDQ�WKH�PD[ LPDO�ILW�HUURU��7KH�
VHFRQG�PRGH�RI�WKH�ILWWLQJ�FDOFXODWLRQ�LV�
2 QFH
��,Q�WKLV�PRGH��/ DER7H[ �FUHDWHV�D�PRGHO�2 ' ) �
RQ�WKH�EDVLV�RI�WKH�LQLWLDO�SDUDPHWHUV�RI�WKH�VHOHFWHG�WH[ WXUH�FRPSRQHQWV�DQG�QH[ W��LW�FDOFXODWHV�
DQG�GLVSOD\ V�WKH�ILW�HUURU��7KH�XVHU�FDQ�FKDQJH�WKH�LQLWLDO�SDUDPHWHUV�DQG�VWDUW�WKH�FDOFXODWLRQ�
RQFH� PRUH�� 7KLV� LV� WKH� 
PDQXDO
� PHWKRG� RI� ILWWLQJ�� <RX� FDQ� VWDUW� WKH� ILWWLQJ� FDOFXODWLRQ� E\ �
FOLFNLQJ�RQ�WKH�� 6WDUW�9ROXPH�) UDFWLRQ�&DOFXODWLRQ� �EXWWRQ��
�

�
�
/ DER7H[ �GLVSOD\ V�WKH�QXPEHU�RI�LWHUDWLRQ�DQG�WKH�ILW�HUURU�GXULQJ�WKH�FDOFXODWLRQ��<RX�FDQ�DOVR�
REVHUYH�WKH�ILW�FDOFXODWLRQ�SURJUHVV��
�
�

�
�
&OLFN�RQ�WKH�� &DOFXODWLRQ�%UHDN� �EXWWRQ�WR�EUHDN�WKH�FDOFXODWLRQ�DW�DQ\ �WLPH��
�

�
�
1 H[ W��\ RX�FDQ�FKDQJH�WKH�LQLWLDO�SDUDPHWHUV�DQG�VWDUW�WKH�FDOFXODWLRQ�RQFH�PRUH��
: KHQ� / DER7H[ � KDV� ILQLVKHG� WKH� FDOFXODWLRQ�� LW� GLVSOD\ V� WKH� GLDJUDPV� IRU� HDFK� ( XOHU� DQJOH��
ZKHUH�LW�VKRZV�D�FRPSDULVRQ�EHWZHHQ�WKH�PRGHO�DQG�WKH�H[ SHULPHQWDO�2 ' ) ��7KHUH�DUH�WZR�
PRGHV�RI�FRPSDULVRQ�GLDJUDPV��

x� 1 RUPDO��
1RUP�
���
x� ' LIIHUHQFH��
' LII�
� ��

<RX�FDQ�FKDQJH�WKH�PRGH�E\ �FOLFNLQJ�RQ�WKH�EXWWRQ�
1RUP�
�RU�
' LII�
��
,Q�WKH�
1RUP�
��PRGH��/ DER7H[ �GLVSOD\ V�WKH�GLDJUDPV�XVLQJ�WKH�IROORZLQJ�FRORXUV��

x� EOXH��EOXH�DUHD����IRU�WKH�H[ SHULPHQWDO�2 ' ) �DURXQG�WKH�FHQWHU�RI��WKH�
V\ PPHWULFDOO\ �HTXLYDOHQW�RULHQWDWLRQ�RI�WKH�FRPSRQHQW��WKH�GLDJUDPV�
DUH�VKRZQ�IRU�HDFK�( XOHU�DQJOH���

x� UHG��UHG�OLQH����IRU�WKH�PRGHO�2 ' ) ��
x� EODFN��EODFN�OLQH����IRU�WKH�EDFNJURXQG�RI�WKH�PRGHO�2 ' ) �� 
UDQGRP
�����

������������������������������������WH[ WXUH�FRPSRQHQW������
��

�
�
�
�
�
�
�
�
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,Q�WKH�
' LII�
�PRGH��/ DER7H[ �GLVSOD\ V�WKH�GLDJUDPV�XVLQJ�WKH�IROORZLQJ�FRORXUV��
�

x� EOXH��EOXH�DUHD����IRU�WKH�FRPPRQ�DUHD�RI�WKH�H[ SHULPHQWDO�DQG�WKH�
PRGHO�2 ' ) ��

x� UHG��UHG�OLQH����IRU�WKH�QRQ�FRPPRQ�DUHD�RI�WKH�H[ SHULPHQWDO�DQG�WKH�
PRGHO�2 ' ) �����������������������������������������������������������������������������������������������������������������������������������������������

x� EODFN��EODFN�OLQH����IRU�WKH�EDFNJURXQG�RI�WKH�PRGHO�2 ' ) �����
x� �

�
�

�
�
�
�
�
�
�
�
�
7KH�) LJXUH�EHORZ�VKRZV�WKH�FRPSOHWH�GLDORJ�ZLQGRZ�ZLWK�WKH�GLDJUDPV�IRU�WKH�^� �� �� ` � � ��� ��
� ! ��FRPSRQHQW��LQ�WKH�
1 RUP�
�PRGH��
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



/ DER7H[ ����32 / ( �) ,* 8 5 ( 6 ��5 ( * ,675 $ 7,2 1 �$ 1 ' �3 / 2 7�&2 1 9( 1 7,2 1 6�

� � �

7KH�) LJXUH�EHORZ�VKRZV�WKH�FRPSOHWH�GLDORJ�ZLQGRZ�ZLWK�WKH�GLDJUDPV�IRU�WKH�^� �� �� ` � � ��� ��
� ! ���FRPSRQHQW��LQ�WKH�
' LII�
�PRGH��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
<RX�FDQ�VHOHFW�DQ\ �V\ PPHWULFDOO\ �HTXLYDOHQW�RULHQWDWLRQ�IURP�WKH�³6KRZ�6\ P��( T�´ �
&RPERER[ ��WR�GLVSOD\ �WKH�FRPSDULVRQ�GLDJUDPV��
�

�
�
7KH�FRPSRQHQW�^� �� �� ` � � ��� �� � ! ��LV�ZHDN��KHQFH�WKH�TXDOLW\ �RI�WKH�GLDJUDPV�LV�SRRU��

�

�
�

<RX�FDQ�FKDQJH�WKH�PDJQLILFDWLRQ�RI�WKH�FRPSRQHQW�SORW�XVLQJ�WKH�VOLGHU��7KH�YDOXH�LQ�WKH�OHIW�
FRUQHU�RI�WKH�GLDJUDP�VKRZV�WKH�SHUFHQW�RI�WKH�PD[ LPDO�2 ' ) �YDOXH��
�

� �
�
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7KH�FRPSDULVRQ�EHWZHHQ�WKH�
H[ SHULPHQWDO
�DQG�WKH�FDOFXODWHG�2 ' ) �IRU�WKH�^� �� �� ` � � ��� �� � ! ����
FRPSRQHQW� H[ KLELWV� D� JUHDWHU� FRPSOLFDWLRQ� RI� WKH� H[ SHULPHQWDO� 2 ' ) �� ,Q� WKH� IROORZLQJ�
DSSUR[ LPDWLRQ�RI�WKH�2 ' ) ��ZH�FDQ�FRUUHFW�WKLV�GLIIHUHQFH���
) LQDOO\ ��ZH�UHFHLYH�WKH�UHVXOWV�RI�WKH�FDOFXODWLRQ���
��
/ DER7H[ �� �7H[ WXUH���4 XDQWLWDWLYH�$QDO\ VLV�5HSRUW�
�8 VHU��2 ]JD�
�3URMHFW��$OXPLQLXP�
�6DPSOH��$OXPLQLXP�R�,�
�-RE��� �
�' DWH�� � � � �� � �� � �
�7LPH�� � �� � �� � �������������������������������������������������������������������������������������������������
�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
�9ROXPH�����) : +0 ����) : +0 ���) : +0 �
�) UDFWLRQ�����3KL� �� ����3KL��� ���3KL� ��� ��������2 ULHQWDWLRQ�
�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
�&RPSRQHQW�1R�� ����' LVWULEXWLRQ��* DXVV���������������
������ � �� � ������ � �� � ������ � �� � ����� � �� � � �̂�� ���� ��� �`� ��� ��� � ��� �! �6�� �����������
�&RPSRQHQW�1R�� ����' LVWULEXWLRQ��* DXVV���������������
������ � �� � ������ � �� � ������ � �� � ����� � �� � � �̂�� ���� ��� �`� ��� ���� �� � �! ��$O�� ���������
�&RPSRQHQW�1R�� ����' LVWULEXWLRQ��* DXVV���������������
������ � �� � ������ � �� � ������ � �� � ����� � �� � � �̂�� ���� ��� �`� ��� ���� �� � �! ��$O� ����������
�&RPSRQHQW�1R�� ����' LVWULEXWLRQ��* DXVV���������������
������� �� � ������� �� � ������ � �� � ����� � �� � � �̂�� ���� ��� �`� ��� ��� � ��� �! ��$O� ����������
�&RPSRQHQW�1R�� ����' LVWULEXWLRQ��* DXVV���������������
������� �� � ������� �� � ������� �� � ������ �� � � �̂�� ���� ��� �`� ��� ���� �� � �! ��$O�� ���������
�&RPSRQHQW�1R�� ����' LVWULEXWLRQ��* DXVV���������������
������� �� � ������� �� � ������ � �� � ������ �� � � �̂�� ���� ��� �`� ��� ���� �� � �! ��$O�� ���������
�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
������ �� � � ��%DFNJURXQG�9ROXPH�) UDFWLRQ�

�
1 H[ W��ZH�FDQ�PDNH�WKH�SROH�ILJXUH�FDOFXODWLRQ�IURP�WKH�PRGHO�2 ' ) �DQG�PDNH�D�FRPSDULVRQ�
EHWZHHQ�WKH�H[ SHULPHQWDO��ILUVW�URZ��DQG�WKH�PRGHO��VHFRQG�URZ��SROH�ILJXUHV��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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: H�FDQ�DOVR�PDNH�D�FRPSDULVRQ�EHWZHHQ�WKH�VHFWLRQV�RI�WKH�SROH�ILJXUHV�DV�LQ�WKH�H[ DPSOH�
EHORZ��IRU�WKH��� � � � �SROH��
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
���
³ ( [ SHULPHQWDÓ��OHIW��DQG�PRGHO�2 ' ) ��ULJKW����
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
<RX�FDQ�DGG�QHZ�FRPSRQHQWV��RU�UHSODFH�RQH�FRPSRQHQW�E\ �WZR�FRPSRQHQWV��DQG�EXLOG�D�
PRUH�FRPSOLFDWHG�PRGHO��RQ�WKH�EDVLV�RI�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�FDOFXODWHG�DQG�WKH�

H[ SHULPHQWDO
�SROH�ILJXUHV�RU�WKH�2 ' ) V�IURP�WKH�SUHYLRXV�VWHS��
�
�
�
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�

� � ���3ROH�ILJXUH�FRQYHQWLRQV�DQG�HUURUV�LQ�GHWHUP LQLQJ�WKH�RULHQWDWLRQ�
�
�
� 6HOHFWLQJ�WKH�SORW�FRQYHQWLRQ�RI�WKH�SROH�ILJXUHV�GRHV�QRW�FKDQJH�WKH�FDOFXODWHG�2 ' ) ��
ZKLOH�WKH�VHOHFWLRQ�RI�WKH�UHJLVWUDWLRQ�FRQYHQWLRQ�FDQ�OHDG�WR�FKDQJHV�LQ�WKH�2 ' ) �DQG�HUURUV�LQ�
GHWHUPLQLQJ�WKH�RULHQWDWLRQ��7KH�LPDJHV�EHORZ�VKRZ�WZR�VHWV�RI�SROH�ILJXUHV�ZKLFK�DUH�
URWDWHG�DERXW�� � �GHJUHHV�EHWZHHQ�WKHPVHOYHV��DQDORJLFDOO\ �WR�WKH�FDVH�ZLWK�WKH�ZURQJ�FKRLFH�
RI�WKH�UHJLVWUDWLRQ�FRQYHQWLRQ��WKH�VWDUW�IURP�
5 ' 
��LQVWHDG�RI�WKH�VWDUW�IURP�
7 ' 
� �
�
�
$ � �
�
�
�
�
�
�
�
�
�
�
�
�
�
�
%��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

) LJ��� � ��7ZR�VHWV�RI�SROH�ILJXUHV�GLIIHULQJ�LQ�URWDWLRQ��DQDORJLFDOO\ �WR�WKH�FDVH�ZLWK�WKH�ZURQJ�FKRLFH�RI�WKH�
UHJLVWUDWLRQ�FRQYHQWLRQ��URWDWLRQ�DERXW�� � �GHJUHHV��

�
�
�
�
�
�
�
�
�
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7KH�SORWV�RI� �WKH� I � � �SURMHFWLRQ�RI�WKH�2 ' ) �FDOFXODWHG�RQ�WKH�EDVLV�RI�HDFK�VHW�RI�SROH� ILJXUHV�DUH�VKRZQ�LQ�
) LJXUHV� � � $ � DQG� � � %�� $ V� \ RX� FDQ� VHH�� LQ� ) LJXUH� � � $ �� WKH� PD[ LPDO� YDOXHV� RI� WKH� 2 ' ) � DUH� IRU� D� GLIIHUHQW�
FRPSRQHQW� WKDQ� LQ� ) LJXUH� � � %�� ,Q� WKH� ILUVW� FDVH�� \ RX� FDQ� ILQG� WKH� FRPSRQHQW� �� � � � � � � � � ! � �%UDVV�� LQ� WKH�
PD[ LPXP�RI�WKH�2 ' ) ��ZKLOH�LQ�WKH�VHFRQG�FDVH��\ RX�FDQ�ILQG�WKH�FRPSRQHQW��� � � � � � � � � � � ! ��7KH�FURVV�PDUNV�RQ�
ERWK� LPDJHV� LQGLFDWH� DOO� WKH� V\ PPHWULFDOO\ � HTXLYDOHQW� RULHQWDWLRQV� RI� WKH� �� � � � � � � � � � ! � FRPSRQHQW�� 7KH�
PHDVXUHPHQWV� RI� WKH� 7H[ WXUH� 6WDQGDUGV� IURP� / DER6RIW� V�F�� ZLWK� WKH� WULFOLQLF� VDPSOH� V\ PPHWU\ � FDQ� EH� YHU\ �
KHOSIXO�LQ�DGMXVWLQJ�WKH�SROH�ILJXUHV�FRQYHQWLRQ��,W�LV�YHU\ �LPSRUWDQW�IRU�WKH�H[ FOXVLRQ�RI�VHULRXV�HUURUV����
�
$ � �
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
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�
�
�
�
�
�
�
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�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

) LJ��� � ��2 ' ) V�FDOFXODWHG�IURP�WZR�VHWV�RI�SROH�ILJXUHV�GLIIHULQJ�LQ�URWDWLRQ��DQDORJLFDOO\ �WR�WKH�FDVH�ZLWK�WKH�
ZURQJ�FKRLFH�RI�WKH�UHJLVWUDWLRQ�FRQYHQWLRQ��URWDWLRQ�DERXW�� � �GHJUHHV��

�

�


