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\ RX�ZRXOG�OLNH�WR�GLVSOD\ �SROH�ILJXUHV�IURP�MRE�QXPEHU�� �\ RX�KDYH�WR�FOLFN�ILUVW�RQ�EXWWRQ�
-� 
�
DQG�QH[ W�\ RX�VKRXOG�FKRRVH�
$ 3) 
�LFRQ�DQG�ILQDOO\ �\ RX�VKRXOG�FOLFN�RQ�WKH�SROH�ILJXUHV�LFRQV��
�

�
�
1 RWH��3ROH�ILJXUHV�IRU�HDFK�MRE�DUH�FDOFXODWHG�RQ�WKH�EDVH�RI�2 ' ) �IURP�WKLV�MRE��
�
$ QDORJLFDOO\ � \ RX�FDQ�FUHDWH�PRGHOV�RI�LQYHUVH�SROH�ILJXUHV��PHQX�LWHP��� 
2 ' ) �WR�,1 9 
��� ,Q�
WKLV�FDVH�\ RX�KDYH�WR�FKRRVH�WKH�YHFWRU�FRPSRQHQWV��; ��< ��=�IRU�ZKLFK�/ DER7H[ �FDOFXODWHV�
RULHQWDWLRQ�GLVWULEXWLRQ�RQ�WKH�VWHUHRJUDP��7KH�PRVW�SRSXODU�DUH�GLUHFWLRQV�RI�D[ LV���� � � ��1 ' �
GLUHFWLRQ��� � � � � �7' � GLUHFWLRQ�� DQG� � � � � �5 ' �/ ' � GLUHFWLRQ��� ' HWDLOV� \ RX� FDQ� ILQG� LQ� 5HSRUW�
�� 7KH�1 RPHQFODWXUH�RI�,QYHUVH�3ROH�) LJXUHV�8 VH�LQ�/ DER7H[ � ��VHH��KWWS���ODERWH[ �FRP���
�
�

�
�

�
$ OO�\ RXU�LQYHUVH�SROH�ILJXUHV�DUH�DOZD\ V�DYDLODEOH�ZKHQ�\ RX�FKRRVH�,1 9 �� ,1 9 HUVH�SROH�
ILJXUHV��LFRQ�RQ�WKH�WRROEDU��
�
�
�
�
�
: KHQ�\ RX�FOLFN�RQ�WKH�
� � � 
��
� � � 
���
� � � 
�LFRQ�WKHQ�/ DER7H[ �GLVSOD\ V�RQH�RU�PRUH�FRPSOHWH�
LQYHUVH�SROH�ILJXUHV��
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,I�\ RX�ZRXOG�OLNH�GLVSOD\ �SDUWLDO�LQYHUVH�SROH�ILJXUH��RULHQWDWLRQV�GLVWULEXWLRQ�RI�D�VDPSOH�D[ LV�
RQ�D�VWDQGDUG�VWHUHRJUDSKLF�WULDQJOH��\ RX�VKRXOG�FOLFN�RQ�WKH�LFRQ�ZLWK�WULDQJOH�RU�\ RX�VKRXOG�
FKRRVH�LWHP�
%DVLF�5HJLRQ
�LQ�PHQX�
9 LHZ
��
�

�
�
�
: KHQ�WKLV�LFRQ�LV�SUHVVHG�/ DER7H[ �GLVSOD\ V�SDUWLDO�LQYHUVH�SROH�ILJXUHV�LQ�SODFH�RI�FRPSOHWH�
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1 RWH��,I�LFRQ�IRU�EDVLF�UHJLRQ�LV�SUHVVHG�WKHQ�DQDO\ VLV�LFRQV�DUH�JUD\ HG��
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� ��2 ' ) �7UDQVIRUP DWLRQ�

�

/ DER7H[ �FDOFXODWHV�QHZ�2 ' ) �ZKLFK�LV�UHVXOW�WUDQVIRUPDWLRQ�RI�LQLWLDO�2 ' ) ��1 HZ�2 ' ) �
LV�FUHDWHG�LQ�QHZ�MRE�IRU�VDPSOH�RI�LQLWLDO�2 ' ) ��7KHUH�DUH�WZR�NLQGV�RI�WUDQVIRUPDWLRQV���

x� 6DPSOH�) UDPH�5RWDWLRQ��

x� &U\ VWDOOLWHV�3ODQHV�5RWDWLRQV��
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� �� ��6DP SOH�) UDP H�5 RWDWLRQV���

�� 8 VLQJ�GLDORJ��³6DPSOH�) UDPH�5RWDWLRQV́ �XVHU�FDQ�URWDWH�WKH�VDPSOH�IUDPH��7KLV�RSWLRQ�LV�YHU\ �
LPSRUWDQW�LI�XVHU�ZRXOG�OLNH�WR�VHH�2 ' ) �IRU�RWKHU��GLIIHUHQW��VDPSOH�SRVLWLRQ��8 VHU�FDQ��FKDQJH�VDPSOH�
V\ PPHWU\ �IRU�WUDQVIRUPHG�2 ' ) ��

�( [ DPSOH�� ���

<RX�ZDQW�VHH�2 ' ) �IRU�WKH�SHUSHQGLFXODU�VXUIDFH�ZLWK�UHODWLRQ�WR�VXUIDFH�ZKLFK�ZDV�PHDVXUHG��
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5 ' �RU�/ '
���

7'

6$
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6DPSOH�$ [ LV�' HILQLWLRQ�DIWHU�
) UDPH�5RWDWLRQ��� �� � �� �
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3ROH�ILJXUHV��

ILUVW�URZ���SROH�ILJXUHV�IRU�VDPSOH�) HUULWH��WULFOLQLF�VDPSOH�V\ PPHWU\ ���
VHFRQG�URZ���SROH�ILJXUHV�FDOFXODWHG�IURP�2 ' ) �DIWHU�IUDPH�URWDWLRQ���� �� � �� � �IRU�VDPSOH�
) HUULWH��WULFOLQLF��VDPSOH�V\ PPHWU\ ��
WKLUG�URZ��SROH�ILJXUHV�IRU��� � � � ! ILEHU��PRGHO��
IRXUWK�URZ��SROH�ILJXUHV�FDOFXODWHG�IURP�PRGHO�2 ' ) �DIWHU�IUDPH�URWDWLRQ���� �� � �� � �
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,QLWLDO�2 ' ) ��2 ' ) �ZLWK�&XELF�FRPSRQHQW���DIWHU�WUDQVIRUPDWLRQ�RI�IUDPH��� � �GHJUHHV��3KL�
D[ LV��JLYHV�2 ' ) �ZLWK�* RVV�2 ULHQWDWLRQ��
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� �� ��&U\ VWDOLWHV�3ODQHV�URWDWLRQV���
�
,I�\ RX�ZRXOG�OLNH�WR�PDNH�URWDWLRQ�VRPH�FU\ VWDOOLWHV�LQ�VDPSOH�DQG�REVHUYH�FKDQJH�RI�2 ' ) �
WKHQ�\ RX�VKRXOG�PDNH�WKLV�WUDQVIRUPDWLRQ�LQ�WZR�VWHSV��
�

� � � 3UHSDUDWLRQ�DQG�FUHDWLRQV�RI�PRGHO�RI��FU\ VWDOOLWHV�URWDWLRQV��
� � � 7UDQVIRUPDWLRQ�RI��FXUUHQW�2 ' ) �XVLQJ�PRGHO�RI��FU\ VWDOOLWHV�URWDWLRQV��

�
) RU�SUHSDUDWLRQ�RI�PRGHO�RI�FU\ VWDOOLWHV�URWDWLRQV�\ RX�VKRXOG��

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

x� FKRRVH�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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,Q�URWDWLRQ�PRGHO�\ RX�FDQ�FKRRVH�XS�WR�� � �WH[ WXUH�FRPSRQHQWV�IRU�ZKLFK�\ RX�VHW���

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

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

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

ƒ� SHUFHQW�RI�URWDWHG�FU\ VWDOOLWHV���IURP�� �WR�� � � � � ���
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: KHQ�\ RX�FKRRVH�DOO�SDUDPHWHUV�RI�\ RXU�URWDWLRQ�PRGHOV�WKHQ�FOLFN�RQ�WKH�EXWWRQ�³ 6DYH�
7UDQVIRUP DWLRQ�0 RGHÓ���<RX�FDQ�GHILQHG�DQ\ �QDPH�IRU�\ RXU�PRGHO��
�
,Q�WKH��VHFRQG�VWHS�\ RX�VKRXOG�FKRRVH�URWDWLRQ�PRGHO�IURP�³ &KRRVH�5 RWDWLRQ�0 RGHÓ�FRPER�
ER[ ��
1 H[ W�\ RX�FDQ�FKRRVH�TXDOLW\ �RI�FDOFXODWHG�2 ' ) ��

x� GUDIW��SRRU�TXDOLW\ �2 ' ) �±�KLJK�VSHHG�RI�FDOFXODWLRQ��
x� PHGLXP�TXDOLW\ ��PHGLXP�TXDOLW\ �2 ' ) ��DQG�PHGLXP�VSHHG�RI�FDOFXODWLRQ��
x� KLJK�TXDOLW\ ��KLJK�TXDOLW\ �2 ' ) �DQG�ORZ�VSHHG�FDOFXODWLRQ���

<RX�FDQ�DOVR�FKDQJH�VSLQ�RI�URWDWLRQV��
�
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( [ DP SOH��
�
%XLOG�RI�PRGHO�2 ' ) �XVLQJ�PRGHO�2 ' ) �GLDORJ��0 HQX�³0 RGHOOLQJ´��LWHP�³2 ' ) �0 RGHÓ��ZLWK�
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1 H[ W�ZH�ZDQW�URWDWH�DOO�FU\ VWDOOLWHV�O\ LQJ�QHDU�^� � � ` � � � � ! �RULHQWDWLRQ�DERXW�� � �GHJUHHV�
DURXQG�YHFWRU�� � � � ! �� � KNO! ���

x� ILUVW�ZH�FKRRVH�^� � � ` � � � � ! �IURP�µ7H[ WXUH�&RP SRQHQW¶�FRPER�ER[ ��DV�WKH�1 R��� �
�1 R�� ��WH[ WXUH�FRPSRQHQW��VKRXOG�EH�µ2 Q¶����

x� EHFDXVH�ZH�ZDQW�URWDWH�RQO\ �FU\ VWDOOLWHV�O\ LQJ�QHDU�^� � � ` � � � � ! �FRPSRQHQW�KHQFH�ZH�
FDQ�WXUQ�RII�UHVW�RI�WH[ WXUH�FRPSRQHQWV��1 R��� �WR�1 R��� � �VKRXOG�EH�µ2 II´ ��

x� FKRRVH�( XOHU�DQJOHV�UDQJHV��� � �GHJUHHV�
x� YHFWRU�� KNO! �DURXQG�DOO�FU\ VWDOOLWHV�EHORQJ�WR�FKRVHQ�DUHD�RI�( XOHU�VSDFH�VKRXOG�EH�

URWDWH��� � � � ! �
x� URWDWH�DQJOH� �� � �GHJUHHV�
x� SHUFHQW�RI�FU\ VWDOOLWHV�SODQHV� �� � � � ��DOO�FU\ VWDOOLWHV�LQ�UDQJH�� �� � � GHJUHHV�IRU�

^� � � ` � � � � ! �RULHQWDWLRQ�DQG�IRU�DOO�V\ PPHWULFDOO\ �SRLQWV���
�
�
�
�

�
�
�
�
�
�
�



� � � �

�
6R�ZH�FDQ�VKRZ�WKH�VDPH�FU\ VWDOOLWH�DIWHU��PRGHO�URWDWLRQ�� � � � ! � �

�

���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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2 ' ) �DIWHU�PRGHO�WUDQVIRUPDWLRQ���� � � � ! � �
�

��
7KH�PDLQ�FRPSRQHQW�LQ�WUDQVIRUPHG�2 ' ) �LV��^� � � ` � � � � ! ��
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� ���2 ' ) V�ORJLFDO�RSHUDWLRQV��0 RGHOOLQJ�P HQX��
�
2 ' ) V�� �ORJLFDO�RSHUDWLRQV��) RU�DFWLYDWH�WKLV�RSWLRQ�XVHU�VKRXOG�VZLWFK�/ DER7H[ �WR�µ&RPSDUH�0 RGH¶�
DQG�QH[ W�FKRRVH�WZR�2 ' ) V�IRU�FRPSDULVRQ��RQH�LQ�OHIW�ZLQGRZ�DQG�VHFRQG�LQ�ULJKW�ZLQGRZ��/ DER7H[ �
&RPSDUH� 0 RGH��� 2 Q� WKH� EDVH� WKHVH� WZR� 2 ' ) V� �$ � �� IURP� OHIW� ZLQGRZ� DQG� %� IURP� ULJKW� ZLQGRZ��
/ DER7H[ �FUHDWHV�QHZ�2 ' ) �ZKLFK�LV���

R� LQWHUVHFWLRQ�RI�2 ' ) �$ �DQG�2 ' ) �%���

R� GLIHUHQFH�RI�2 ' ) �$ �DQG�2 ' ) �%��RU�%�$ ����

R� XQLRQ�RI�2 ' ) �$ �DQG�2 ' ) �%���

R� VXP �RI�2 ' ) �$ �DQG�2 ' ) �%���

R� 2 ' ) �GLIIHUHQFH���$ �RU�%���LQWHUVHFWLRQ�$ �DQG�%���

R� LQYHUWHG�2 ' ) ��RQO\ �IRU�$ ����

1 HZ�2 ' ) �LV�FUHDWHG�LQ�QHZ�-RE�IRU�VDPSOH�RI�2 ' ) �$ ��<RX�FDQ�FRS\ �DQG�SDVWH�WKHVH�GLDJUDPV�
WR�RWKHU�DSSOLFDWLRQV�RU�\ RX�FDQ�PDGH�LPDJHV�LQ�
%0 3
�RW�
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�IRUPDW��PHQX�
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� ��2 ' ) �P RGHOOLQJ�XVLQJ�RZQ�FDOFXODWLRQ�SURFHGXUHV�
�
8 VHU�FDQ�XVH�2 ' ) �FUHDWHG�E\ �/ DER7H[ �WR�RZQ�PRGHOOLQJ�LQ�IROORZLQJ�ZD\ V��

� � � H[ SRUWV�RI�2 ' ) �GDWD�LQ�$ 6&,,�IRUPDW��
� �� FUHDWHV��RI�ILOH�ZLWK�VHW�RI�VLQJOH�RULHQWDWLRQ�JHQHUDWHG�RQ�WKH�EDVH�RI�FXUUHQW�2 ' ) ��
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2 ' )

' LVFUHWH�2 ' )
LQ�$ 6&,,�IRUP DW

6HW�RI�6LQJOH�
2 ULHQWDWLRQV��62 5 �

�
0 RGHOOLQJ�3URFHGXUH

�XVHU�

6HW�RI�VLQJOH�RULHQWDWLRQV
DIWHU�P RGHOOLQJ
�XVHU�IRUP DW�

2 ' ) �&DOFXODWLRQ�IURP �62 5 �
�/ DER7H[ �

2 ' ) �7H[ WXUH�$ QDO\ VLV�LQ�/ DER7H[
DIWHU�P RGHOOLQJ

6HW�RI�VLQJOH�RULHQWDWLRQV
DIWHU�P RGHOOLQJ

�/ DER7H[ �62 5 �GDWD�IRUP DW�
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� �� ��2 ' ) �( [ SRUW���
�
7KH�RSWLRQ��OHWV�RQ�WKH�VDYLQJ�2 ' ) �GDWD�WR�WKH�$ 6&�ILOH��RSWLRQ�DYDLODEOH�IURP�PHQX�³) LOH́ ���7KH�XVHU�
FDQ�FKRRVH�RQH�IURP�DPRQJ�WKUHH�GDWD�IRUPDWV���
�

������������������������������������� �
�
D���I � �VHFWLRQ���

2 ' ) �( [ SRUW��3KL�� �6HFWLRQ����

���
SULQW�WR�ILOH�I � �VHFWLRQ�RI�2 ' ) ��) LUVW�YDOXH�LQ�ILUVW�OLQH�LV�D�I � �YDOXH��1 H[ W�GDWD�LQ�ILUVW�OLQH�DUH�YDOXHV�RI�
I  �DQJOH�ZKLOH�ILUVW�FROXPQ�FRQWDLQV�YDOXHV�RI��) �DQJOH���
�
�
�
� � � � � � � � � 2' ) � SURMHFWLRQ� 3+, � � � � � � � � � � � � � � � � � � � � � � �
� � 3+, � � � 3+, � � � � � ! � �
� � � � � 3+, � �
� � � � � � _� � � � � � 2' ) � YDOXHV� �
� � � � � � _� �
� � � � � � 9� �
�
) RU�H[ DPSOH��2 ' ) �VHFWLRQ�IRU�I �  � � ��
����
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