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���,QWURGXFWLRQ�
�����7KH�0DLQ�$GYDQWDJHV�RI�WKH�3URJUDP�
�
7KH�/DER7H[�VRIWZDUH�LV�WKH�:LQGRZV�������0H�17������;3�WRRO�IRU�FRPSOH[�DQG�GHWDLOHG�
DQDO\VLV�RI��FU\VWDOORJUDSKLF�WH[WXUHV��7KLV�XVHU�IULHQGO\�SURJUDP�SHUIRUPV�WKH�GLIIHUHQW�
FDOFXODWLRQV�DQG�JUDSKLF�DQDO\VLV�RI�2ULHQWDWLRQ�'LVWULEXWLRQ�)XQFWLRQ��2')���3ROH�)LJXUHV�
�3)V��DQG�,QYHUVH�3ROH�)LJXUHV��,3)V���
�
x� 2')�FDOFXODWLRQ�E\�$'&�PHWKRG�ZLWK�WKH�JKRVW�FRUUHFWLRQ�
x� 2')�IUHH�IURP�WUXQFDWLRQ�HUURUV�RI�WKH�VHULHV�
x� 2')�FDOFXODWLRQ�XVLQJ�ERWK�W\SHV�RI�H[SHULPHQWDO�GDWD���SROH�ILJXUHV�RU�VHWV�RI�LQGLYLGXDO�

RULHQWDWLRQV�
x� 2')��3)�DQG�,3)�GDWD��PHDVXUHG��FDOFXODWHG�DQG�SUHVHQWHG�LQ�D�ZLGH�UDQJH�RI�JULG�FHOOV��

�[������[���������[���������[������[������[������[�������[��������[����[������[�������[����
)URP�YHUVLRQ��������DOVR�����[���������[��������[��������[�����H[FHSWLRQV��WULJRQDO��
KH[DJRQDO�FU\VWDO�ODWWLFH�V\PPHWU\������

x� WH[WXUH�DQDO\VLV�RI�DOO�W\SHV�RI�VDPSOH�V\PPHWU\��
x� ILEHU�WH[WXUH�DQDO\VLV�
x� WH[WXUH�DQDO\VLV�IRU�PDWHULDOV�RI�DOO�W\SHV�RI�FU\VWDO�ODWWLFH�V\PPHWU\�
x� �'�DQG��'�JUDSKLF�SUHVHQWDWLRQ�RI�2')V���3)V�DQG�,3)V�
x� VLPSOH�RQ�OLQH�LGHQWLILFDWLRQ�RI�WKH�RULHQWDWLRQV��JLYLQJ�LWV�SDUDPHWHUV��LQ�(XOHU�DQJOHV�DQG�

0LOOHU�LQGLFHV�
x� FUHDWLRQ�RI�DGGLWLRQDO�SROH�ILJXUHV�DQG�LQYHUVH�SROH�ILJXUHV�����
x� RQ�OLQH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�WH[WXUH�DQDO\VLV������
x� URWDWLRQV�DQG�V\PPHWUL]DWLRQV�RI�H[SHULPHQWDO�SROH�ILJXUHV�
x� SORWWLQJ�JUDSKLFV�RQ�D�ZLGH�UDQJH�RI�PRQR�DQG�FRORXU�SULQWHUV�
x� SDVVLQJ�JUDSKLFDO�REMHFWV�WR�RWKHU�:LQGRZV�DSSOLFDWLRQV�E\�D�FOLSERDUG�
x� PDQDJHPHQW�RI�GDWD�DQG�UHVXOWV�FROOHFWLQJ�WKHP�IRU�XVHUV��V\PPHWULHV��SURMHFWV��VDPSOHV�

DQG�MREV�
�
�

�����$SSOLFDWLRQ�5DQJH�RI�WKH�3URJUDP�
�
7KH�SURJUDP�DSSOLFDWLRQ�UDQJH�LQFOXGHV�FU\VWDOORJUDSKLF�WH[WXUHV�RI��PDWHULDOV�VXFK�DV�PHWDOV�
DQG�DOOR\V��FHUDPLFV�DQG�FRPSRVLWHV��VHPLFRQGXFWRUV�DQG�VXSHUFRQGXFWRUV��SRO\PHUV�DQG�
URFNV��
�

x� RI�DOO�W\SHV�RI�VDPSOH�V\PPHWU\���
���RUWKRUKRPELF��
���PRQRFOLQLF���
���WULFOLQLF��
���D[LDO��

x� RI�DOO�W\SHV�RI�FU\VWDO�ODWWLFH�V\PPHWU\���
�

�����WULFOLQLF��V\PPHWULHV�DIWHU�6FKRHQIOLHV��& � ���
�����PRQRFOLQLF������& � ���
�����RUWKRUKRPELF���' � ���
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)LJXUH���
�
/DER7H[�XVHV�IROORZLQJ�FRQYHQWLRQ�RI�WKH�D[LV�IRU�IL[LQJ�WKH�FU\VWDO�DQG�VDPSOH�FRRUGLQDWH�
V\VWHP��)LJXUH������

�
��� ;�<�=�D[LV�DUH�SHUSHQGLFXODU�WR�HDFK�RWKHU���
��� >���@�D[LV�LV�LQ�;=�SODQH��
��� =�D[LV�LV�SDUDOHO�WR�WKH�>���@�FU\VWDOORJUDSKLF�D[LV���
��� &U\VWDO�FRRUGLQDWH�V\VWHP�DQG�VDPSOH�FRRUGLQDWH�V\VWHP�VKRXOG�EH�DW�WKH�VDPH�

RUGHU�L�H��ERWK�ULJKW�KDQGHG�RU�ERWK�OHIW�KDQGHG���
��� %XQJH�GHILQLWLRQ�RI�(XOHU�DQJOHV��

�
ZKHUH�;�<�=����D[LV�RI�WKH�FU\VWDO�FRRUGLQDWH�V\VWHP��
�����������>���@��>���@�>���@���FU\VWDOORJUDSKLF�D[LV��
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$Q��H[FHSWLRQ�LV�KH[DJRQDO�V\VWHP�IRU�ZKLFK�XVHU�PD\�WR�FKRRVH�D[LV�FRQYHQWLRQ�$�RU�%�
�)LJXUH������
�
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������������)LJXUH���
�
�
�

�����5HSUHVHQWDWLRQ�RI�2ULHQWDWLRQV�E\�(XOHU�$QJOHV��
�
&U\VWDO� RULHQWDWLRQ� LV� FRPPRQO\� GHVFULEHG� E\� WKUHH� (XOHU� DQJOHV�� 7KH� WKUHH� (XOHU� DQJOHV�
�M � �)�M � ��DUH� GHILQHG� LQ� WKH� VSDFH� RI� � �� �� �S� IRU� � M � �� �� �� S� IRU�)� DQG� �� �� �S� IRU� M � �� $Q�
RULHQWDWLRQ�LV�GHVFULEHG�E\�WKDW�URWDWLRQ�WKDW�WUDQVIRUPV�WKH�VDPSOH�IL[HG�FRRUGLQDWH�V\VWHP�LQWR�
WKH� FU\VWDO�IL[HG� FRRUGLQDWH� V\VWHP� RI� WKH� FU\VWDOOLWH�� 2ULHQWDWLRQ� FDQ� EH� GHVFULEHG� E\� WKUHH�
FRXQWHU�FORFNZLVH�SDUWLDO�URWDWLRQV���
�D�� WKH� FU\VWDO� FRRUGLQDWH� V\WHP� LV� URWDWHG� E\� M � � DQJOH� DURXQG� =� D[LV� RI� WKH� VDPSOH�����

FRRUGLQDWH�V\VWHP��
�E���DQG�QH[W�E\�)�DQJOH�DURXQG�;�D[LV��LQ�QHZ�SRVLWLRQ��RI�WKH�FU\VWDO�FRRUGLQDWH�V\VWHP��
�F�� �DQG�ILQDOO\�E\�M � �DQJOH�DURXQG�=�D[LV�RI�WKH�FU\VWDO�FRRUGLQDWH�V\VWHP��
�
�
�
�����2')�GHILQLWLRQ�
�
7KH�2ULHQWDWLRQ�'LVWULEXWLRQ�)XQFWLRQ��2')��LV�GHILQHG�DV���
�
���������������������������������������� GJJI9

G9 �� �
ZKHUH���

��JI ���YDOXHV�RI�2')��
J�I � �)��I � �����RULHQWDWLRQ��
G9����WKH�YROXPH�RI�FU\VWDOOLWHV�ZLWK�WKH�RULHQWDWLRQ�J�LQ�WKH�HOHPHQW�RI�RULHQWDWLRQ�VSDFH�GJ� �
VLQ)G)GI � GI � �ZKHUH�I � �)��I � DUH�(XOHU�DQJOHV��
�9����WKH�VDPSOH�YROXPH���
�
�
�
�����%DVLF�UDQJHV�RI�2')��/DER7H[�VWUXFWXUH�FRGH��
�
/DER7H[�VKRZV�2')�LQ�UHGXFHG�EDVLF�UDQJH��7KH�(XOHU�DQJOH�VSDFH�FDQ�EH�UHGXFHG�EHFDXVH�RI�
WKH�FU\VWDO�DQG�VDPSOH�V\PPHWULHV��%RXQGDULHV�RI� WKH�EDVLF� UDQJH�RI�2')� LQ� WKH�(XOHU�VSDFH�
DQG�V\PPHWU\�VWUXFWXUH�FRGH�XVHG�E\�/DER7H[�DUH�FROOHFWHG�LQ�WDEOH�EHORZ��
�
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���VDPSOH�V\PPHWU\�
�
 ���WKHUH�DUH�WKUHH�QRQ�OLQHDU�EDVLF�UHJLRQ�LQVLGH�GHVFULEHG�UHJLRQ��



���IRU�DQ\�I � DQJOH�
6WUXFWXUH�FRGH�LV�LQWURGXFHG�WR�H[SHULPHQWDO�GDWD�ILOHV��(3)�32:�33)������
�
�
�����3ROH�)LJXUHV���
�
7KH�H[SHULPHQWDO�SROH�ILJXUHV�DUH��REWDLQHG�LQ�;�UD\�DQG�QHXWURQ�PHDVXUHPHQW��/DER7H[�SROH�
ILJXUHV�SURFHVVLQJ�FRPSULVHV�WKH�FRUUHFWLRQ�RI�SROH�ILJXUHV�RQ�DFFRXQW�RI�WKHLU�GHIRFXVLQJ�DQG�
EDFNJURXQG�� DV� ZHOO� DV� SUHOLPLQDU\� QRUPDOL]DWLRQ� DQG� WKH� SRVVLELOLW\� RI� GLIIHUHQW� NLQGV� RI��
V\PPHWUL]DWLRQ��2')�FDOFXODWLRQ�IURP�SROH�ILJXUHV�LV�WKH�RQH�RI�WKH�PDLQ�DLP�RI�WKH�/DER7H[�
SURJUDP��([SHULPHQWDO�SROH�ILJXUHV�DUH�XQQRUPDOLVHG�L�H��PHDVXUHG�LQWHQVLWLHV�GHSHQG�RQ�W\SH�
RI� ;�UD\� RU� QHXWURQ� � VRXUFH�� W\SH� RI� D� FRXQWHU�� FROOLPDWLQJ� V\VWHP�� DEVRUSWLRQ� SURSHUWLHV� RI�
PHDVXUHG�PDWHULDO� DQG� VR� RQ�� 6R�� H[SHULPHQWDO� SROH� ILJXUHV� FDQ� QRW� EH� FRPSDUDEOH� WR� HDFK�
RWKHU��2QO\�LQ�2')�FDOFXODWLRQ�SURFHVV�SROH�ILJXUHV�FDQ�EH�FRUUHFWO\�QRUPDOL]HG��3ROH�ILJXUHV�
XVHG�LQ�/DER7H[�SURJUDP�DUH�RI�WKUHH�W\SHV�IURP�SRLQW�RI�YLHZ�RI�QRUPDOL]DWLRQ��
� � L���XQQRUPDOL]HG�
������������LL����DSSUR[LPDWHO\�QRUPDOLVHG�
������������LLL���SUHFLVHO\�QRUPDOLVHG��
3ROH� ILJXUHV� �DOVR�PD[�� LQWHQVLWLHV�� IURP� WKH�H[SHULPHQWDO�SROH�ILJXUHV��L�DQG� LL��KDYH�XVXDOO\�
GLIIHUHQW�LQWHQVLWLHV�WKDQ�SROH�ILJXUHV�RI�W\SH�LLL��$OO�FRPSDULVRQV�EHWZHHQ�SROH�ILJXUHV�VKRXOG�
EH� GRQH� LQVLGH� SROH� ILJXUHV� RI� W\SH� LLL�� 4XDQWLWDWLYH� DQDO\VLV� FDQ� EH� PDGH� XVLQJ� RQO\�
QRUPDOLVHG�SROH�ILJXUHV��
�
�
�����7KH�2')�&DOFXODWLRQ��
�
7KH� RULHQWDWLRQ� GLVWULEXWLRQ� IXQFWLRQV� GHWHUPLQHG� XVLQJ� WKH� /DER7H[� SURJUDP� DUH� JKRVW�
FRUUHFWHG��,Q�FRPSDULVRQ�ZLWK�WKH�PHWKRG�RI�WKH�2')�UHSURGXFWLRQ�EDVHG�RQ�)RXULHU�VHULHV�WKH�
UHVXOWV�REWDLQHG�E\�PHDQV�RI�WKH�/DER7H[�SURJUDP�DUH�DOVR�IUHH�IURP�WUXQFDWLRQ�HUURUV�RI�WKH�
VHULHV� ZKLFK� LV� RI� JUHDW� LPSRUWDQFH� ZKHQ� YHU\� VKDUS� WH[WXUHV� DUH� DQDO\]HG�� 7KH� /DER7H[�
SURJUDP�FDOFXODWHV�WKH�2')�XVLQJ�ERWK�W\SHV�RI�H[SHULPHQWDO�GDWD��

x� 2')�FDOFXODWLRQ� IURP�3ROH�)LJXUHV�E\� WKH�$'&�PHWKRG� >����@��7KH�DOJRULWKP�RI� WKH�
$'&�PHWKRG� XVHG� LQ� WKH� SURJUDP� KDV� EHHQ� YHULILHG� RQ� D� ELJ� QXPEHU� RI�PRGHO� DQG�
H[SHULPHQWDO� GDWD��7KH� UHVXOWV�ZHUH� SXEOLVKHG� LQ�PDQ\�SDSHUV� DQG�SURFHHGLQJV� �VHH� �
$'&� 0HWKRG� 5HIHUHQFHV��� 7KH� /DER7H[� SURJUDP� UHSURGXFHV� WKH� RULHQWDWLRQ�
GLVWULEXWLRQ� IXQFWLRQ�ZLWK� JUHDW� SUHFLVLRQ� LQ� D�ZLGH� UDQJH� RI� WH[WXUH� VKDUSQHVV� �IURP�
WH[WXUHV�FORVH�WR�WKH�UDQGRP�GLVWULEXWLRQ�WR�WKRVH�RI�GHIRUPHG�VLQJOH�FU\VWDOV���2')�FDQ�
EH� FDOFXODWHG� IURP� FRPSOHWH� DQG� LQFRPSOHWH� SROH� ILJXUHV� �PHDVXUHG� LQ� DQ� DUELWUDU\�
UDQJH�RI�UDGLDO�DQJOH����

x� 2')� FDOFXODWLRQ� IURP� D� VHW� RI� LQGLYLGXDO� RULHQWDWLRQV�� 7KH� QXPEHU� RI� LQGLYLGXDO�
RULHQWDWLRQV� PD\� EH� DUELWUDU\�� ,QGLYLGXDO� RULHQWDWLRQV� PD\� EH� ZHLJKWHG� RU� QRW��
,QGLYLGXDO�RULHQWDWLRQV�VKRXOG�EH�JLYHQ�LQ�(XOHU�DQJOHV��GHJUHHV�RU�UDGLDQV�DUH�YDOLG���

�
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�����'HILQLWLRQV�RI�ILW��HUURU�LQ�2')�FDOFXODWLRQ�
�
7H[WXUH�LQGH[�DQG�GHILQLWLRQV�RI�ILW�HUURU�53��FRQWUROOLQJ�WKH�LWHUDWLRQ�SURFHGXUH�RI�2')�
FDOFXODWLRQ��DUH��

³ � GJJII ���
� ���
S

�
ZKHUH���

��I �WH[WXUH�LQGH[��
���JI �YDOXH�RI�2')��

�J �RULHQWDWLRQ��
*���RULHQWDWLRQ�VSDFH��

^ `
^ ` ^ `^ ` �����

� ������
������� �� ¦��� �
������ ���! � 3)

3)3)
153 �

ZKHUH���
"#%$!&�'53 ���UHODWLYH�HUURU�IRU�^KNO`�SROH�ILJXUH��^ (̀3) )*,+.- ��LQWHQVLW\�RI�H[SHULPHQWDO��FRUUHFWHG�DQG�QRUPDOL]HG��SROH�ILJXUH�LQ�

�������������SRLQW�L��^ /̀0�1�2 03) 3 ���LQWHQVLW\�RI�FDOFXODWHG�SROH�ILJXUH�LQ�SRLQW�L��
1����QXPEHU�RI�PHDVXUHG�SRLQWV�RQ�SROH�ILJXUH��

¦4 
5
6 7!8.9;:53053 < =>� �

G53�±�DEVROXWH�FKDQJH�RI�53�EHWZHHQ�VXFFHVVLYH�LWHUDWLRQV��
�
������9ROXPH�IUDFWLRQ�RI�FRPSRQHQWV�
�
7KH�YROXPH�IUDFWLRQ�RI�HDFK�FRPSRQHQWV��J���\RX�FDQ�FDOFXODWH�E\�LQWHJUDWLQJ�RYHU�WKH�
DSSURSULDWH�VXEYROXPH�LQ�RULHQWDWLRQ�VSDFH�>��@�DFFRUGLQJ�WR��

³ ³ ³ GJJI9
GY ���

� ?
S

�
ZKHUH��
���G9���9�LV�WKH�YROXPH�IUDFWLRQ�RI�JUDLQV�ZLWK�RULHQWDWLRQ�J�I @ �)��I A ����
���I�J��LV�WKH�YDOXH�RI�RULHQWDWLRQ�GLVWULEXWLRQ�IXQFWLRQ��DQG�GJ� �VLQ)G)GI @ GI A
���I @ �)��I A �DUH�(XOHU�DQJOHV�WKDW�SDUDPHWUL]H�WKH�RULHQWDWLRQ�VSDFH���
)XQGDPHQWDOV�IRU�FDOFXODWLRQ�RI�YROXPH�IUDFWLRQ�RI�WH[WXUH�FRPSRQHQWV�DUH���
R� /DER7H[�PDNHV�LQWHJUDWLRQ�DURXQG�RULHQWDWLRQ�LQ�WKH�UDQJHV�GHOWD�FKRVHQ�E\�WKH�XVHU�IRU�

HDFK�(XOHU�DQJOH���
���I B �'I B ��WR��I B �'I B ����
���)�')��WR��)�')����
���I C �'I C ��WR��I C �'I C ����

R� ,Q�WKH�FDVH�RI�H[LW�RXWVLGH�WKH�EDVLF�UHJLRQ�RI�2')�VSDFH��(XOHU�DQJOHV�VSDFH��/DER7H[�
FRQWLQXHV�LQWHJUDWLRQ�LQ�HTXLYDOHQW�DUHD�RI�WKH�EDVLF�UHJLRQ��

�
�
�
�
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��������7KH�RYHUODSSLQJ�SUREOHP��
�
7KH�RYHUODSSLQJ�SUREOHP�DSSHDUV�ZKHQ�LQWHJUDWLRQ�UDQJHV��GHOWD��DUH�WRR�ZLGH�RU�ZKHQ�
RULHQWDWLRQV�DUH�FORVHO\�WRJHWKHU�LQ�(XOHU�DQJOHV�VSDFH��,QWHJUDWLRQ�DUHD�RI�WH[WXUH�FRPSRQHQWV�
FDQ�EH�RYHUODSSHG��LQ�WZR�ZD\V��
L���2YHUODSSLQJ�RI�LQWHJUDWLRQ�UDQJHV�EHWZHHQ�V\PPHWULFDOO\�HTXLYDOHQW�SRVLWLRQV�RI�FRPSRQHQW��
LL���2YHUODSSLQJ�RI�LQWHJUDWLRQ�UDQJHV�EHWZHHQ�GLIIHUHQW�FRPSRQHQWV��
/DER7H[�JLYHV�WKUHH�GLIIHUHQW�DELOLWLHV��VWUDWHJ\��WR�VROYH�SUREOHP�RI�RYHUODSSLQJ�RI�LQWHJUDWLRQ�
UDQJHV�EHWZHHQ�V\PPHWULFDOO\�HTXLYDOHQW�SRVLWLRQV�RI�FRPSRQHQW��FDVH�L�����

x� �6LPSOH�,QWHJUDWLRQ����RYHUODSSLQJ�UHJLRQ�LV�PXOWLSO\�LQWHJUDWHG��,QWHJUDWLRQ�DURXQG�
DQ\�VLQJOH�FRPSRQHQW�LQ�IXOO�UDQJH�RI�EDVLF�UHJLRQ�JLYHV�������PLQXV�
EDFNJURXQG�
QXPEHU�RI�V\PPHWULFDOO\�HTXLYDOHQW�SRVLWLRQ��

x� �6LQJOHO\�&RXQWV�LQ�2YHUODSSLQJ�$UHD����RYHUODSSLQJ�UHJLRQ�LV�RQO\�VLQJOHO\�
LQWHJUDWHG�IRU�FRPSRQHQW��,QWHJUDWLRQ�DURXQG�DQ\�VLQJOH�FRPSRQHQW�LQ�IXOO�UDQJH�RI�
EDVLF�UHJLRQ�JLYH������PLQXV�EDFNJURXQG��

x� �'LYLGH�E\�1XPEHU�RI�6\PPHWULFDOO\��(TXLYDOHQW�3RVLWLRQ����/DER7H[�LQWHJUDWHV�
IRU�DOO�V\PPHWULFDOO\�HTXLYDOHQW�SRVLWLRQV�RI�WKH�FRPSRQHQWV�ZLWK�SURSHU�ZHLJKW�
HTXDO���QXPEHU�RI�V\PPHWULFDOO\�HTXLYDOHQW�SRVLWLRQV��,QWHJUDWLRQ�DURXQG�DQ\�VLQJOH�
FRPSRQHQWV�LQ�IXOO��UDQJH�RI�EDVLF�UHJLRQ�JLYH������PLQXV�EDFNJURXQG���

7R�VROYH�SUREOHP�RI�RYHUODSSLQJ�RI�LQWHJUDWLRQ�UDQJHV�EHWZHHQ�GLIIHUHQW�FRPSRQHQWV�/DER7H[�
RIIHUV��FDVH�LL���

x� 7RWDO�SHUFHQW�RI�RYHUODSSLQJ��RYHUODSSLQJ�YROXPH�IUDFWLRQ��LV�GLVSOD\HG�LQ�VSHFLDO�
ZLQGRZ���2ULHQWDWLRQV�2YHUODS����2YHUODSSLQJ�YROXPH�IUDFWLRQ�FDQ�EH�OLPLWHG�E\�
GLPLQLVKLQJ�LQWHJUDWLRQ�UDQJHV�RI�WH[WXUH�FRPSRQHQWV��

��� ,Q�FDVH�RI��6LPSOH�,QWHJUDWLRQ��RYHUODSSLQJ�YROXPH�IUDFWLRQ�PHDQV�VXP�
RI�RYHUODSSLQJ�EHWZHHQ�GLIIHUHQW�FRPSRQHQWV�DQG��EHWZHHQ�
V\PPHWULFDOO\�HTXLYDOHQW�SRVLWLRQV�RI�DOO�RYHUODSSHG�FRPSRQHQWV���

��� ,Q�FDVH�RI���6LQJOHO\�&RXQWV�LQ�2YHUODSSLQJ�$UHD��RYHUODSSLQJ�YROXPH�
IUDFWLRQ�PHDQV�VXP�RYHUODSSLQJ�EHWZHHQ�GLIIHUHQW�FRPSRQHQWV���

��� ,Q�FDVH�RI��'LYLGH�E\�1XPEHU�RI�6\PPHWULFDOO\��(TXLYDOHQW�3RVLWLRQ��
RYHUODSSLQJ�YROXPH�IUDFWLRQ�PHDQV�H[FHVVLYH�RULHQWDWLRQ�RYHUODS��
([FHVVLYH�RULHQWDWLRQ�RYHUODS�DUHD�LV�GHILQHG�LQ�WKH�SRLQWV�ZKHUH�VXP�RI�
ZHLJKWV�LV�JUHDWHU�WKDQ����7KH�ZHLJKW�LV�HTXDO�WR���QXPEHU�RI�
V\PPHWULFDOO\�HTXLYDOHQW�SRVLWLRQV��([FHVVLYH�2')�YDOXH�LQ�JLYHQ�SRLQW�
LV�HTXDO�WR�WKH�SURGXFW�RI�WKH�2')�YDOXH�DQG�VXP�RI�ZHLJKWV�PLQXV����
7KH�YROXPH�IUDFWLRQ�RI�H[FHVVLYH�RULHQWDWLRQ�RYHUODS�LV�WKH�LQWHJUDO�RI�
H[FHVVLYH�2')�YDOXHV�LQ�PHQWLRQHG�DUHD���

x� 2YHUODSSLQJ�YROXPH�IUDFWLRQ�FDQ�EH�GLYLGHG�DPRQJ�RYHUODSSLQJ�RULHQWDWLRQV��7KLV�
RSWLRQ�FDXVHV�WKH�GLYLVLRQ�RI�2')�YDOXHV�IURP�RYHUODS�DUHDV�DPRQJ�RYHUODSSLQJ�
RULHQWDWLRQV��

��� LQ�FDVH�RI��6LPSOH�,QWHJUDWLRQ��DQG���6LQJOHO\�&RXQWV�LQ�2YHUODSSLQJ�$UHD��
2')�YDOXHV�LQ�RYHUODSSLQJ�DUHDV�DUH�GLYLGHG�SURSRUWLRQDOO\�WR�QXPEHU�RI�
V\PPHWULFDOO\�HTXLYDOHQW�RYHUODS�RULHQWDWLRQV���

��� LQ�FDVH�RI��'LYLGH�E\�1XPEHU�RI�6\PPHWULFDOO\��(TXLYDOHQW�3RVLWLRQ��
H[FHVVLYH�2')�YDOXHV�LQ�RYHUODSSLQJ�DUHDV�DUH�GLYLGHG�DPRQJ�FRPSRQHQWV�
SURSRUWLRQDOO\�WR�WKH�ZHLJKWV�DQG�WR�QXPEHU�RI�V\PPHWULFDOO\�HTXLYDOHQW�
RYHUODSSLQJ�RULHQWDWLRQV���

�
��������'�DQG��'�*UDSKLFV�
�
7KH�SURJUDP�LQFOXGHV�RQ�VFUHHQ�JUDSKLF�SUHVHQWDWLRQ�RI�FDOFXODWHG�2')V��3)V�DQG�,19V�LQ�WKH�
IRUP�RI�FRQWRXU�OHYHOV��LVROLQHV��VKRZQ�LQ��'�DQG��'�VSDFHV���'�REMHFWV�SORWWHG�RQ�WKH�VFUHHQ�
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DUH�RSWLRQDOO\�LQFUHDVHG��GHFUHDVHG��VKLIWHG��URWDWHG�DQG�DQLPDWHG���8S�WR�����3)V�RU�,19V�FDQ�
EH�SUHVHQWHG�LQ�RQH�ZLQGRZ��,Q�&RPSDUH�0RGH�WKH�VDPH�NLQG��3)V�YV�3)V��RU�,19V��
YV�,19V��RU�2')V�YV�2')V���RU�D�GLIIHUHQW�NLQG��3)V�YV�2')V��3)V�YV�,19V��,19V�YV�2')V��
RI�REMHFWV�FDQ�EH�VKRZQ�LQ�WZR�VHSDUDWHG�ZLQGRZV��
�
������4XDOLWDWLYH�DQG�4XDQWLWDWLYH�7H[WXUH�$QDO\VLV��
�
,GHQWLILFDWLRQ� RI� WKH� RULHQWDWLRQ� XVLQJ� FXUVRUV�� JLYLQJ� WKHLU� SDUDPHWHUV� LQ� (XOHU� DQJOHV� DQG�
0LOOHU� LQGLFHV� FDQ� EH� GRQH� RQ� WKH� 3)� DQG� 2')�� � 6LPXOWDQHRXVO\� � LGHQWLILFDWLRQ� RI� WKH�
RULHQWDWLRQ�RQ�WKH�GLIIHUHQW�W\SHV�RI�REMHFWV��3)�DQG�2')��LV�SRVVLEOH�LQ�
&RPSDUH�PRGH
��7KH�
&RPSDUH� PRGH� LV� YHU\� LPSRUWDQW� IRU� HGXFDWLRQ� �LQWHUGHSHQGHQFH� RI� RULHQWDWLRQV� RQ� 3)� DQG�
2')����7KH�YDOXHV�RI�3)V�DQG�2')V�DUH�VKRZQ�LQ�WKH�SRLQWV�FKRVHQ�E\�WKH�FXUVRU���2ULHQWDWLRQV�
DUH�RSWLRQDOO\�FROOHFWHG�E\�WKH�XVHU��LQ�WKH�RULHQWDWLRQ�GDWD�EDVH��8VHU�FDQ�DGG��HGLW�DQG�GHOHWH�
RULHQWDWLRQV� IURP� WKH� GDWDEDVH�� 2ULHQWDWLRQV� FDQ� EH� HQWHUHG� LQ� IRUP� RI�0LOOHU� LQGLFHV� �+./�
89:��RU�(XOHU�DQJOHV���I @ �)��I A ���<RX�PD\�ZULWH�DQJOHV�RU�LQGLFHV�RI�RULHQWDWLRQ�GLUHFWO\�LQWR�
WKH�WH[W�ZLQGRZV�RQ�WKH�WRROEDU��<RX�FDQ�VHH�WKH�YDOXH�RI�LQWHQVLW\�IRU�WKH�VHOHFWHG�RULHQWDWLRQ��
9DOXH�RI�2')�RU�DQG�3)�DUH�GLVSOD\HG�RQ�WKH�VWDWXV�EDU��VXPV�3)�YDOXH�V��RU�DQG�2')�YDOXH����
4XDOLWDWLYH�DQDO\VLV�LV�YHU\�HDV\��\RX�FKRRVH�DSSURSULDWH�REMHFWV�DQG�QH[W�SUHVV�
6257
�EXWWRQ��
<RX�ZLOO�VHH�WKH�ZLQGRZ�ZLWK�DVVRUWHG�RULHQWDWLRQV�IURP�GDWDEDVH�E\�3)�RU�2')���<RX�FDQ�DOVR�
DQDO\VH�QHDU��+./�>89:@�RULHQWDWLRQV�E\�PRXVH�FOLFN�LQ�VHOHFWHG�SRLQW�RQ�WKH�SROH�ILJXUH�RU�
2')� SURMHFWLRQ�� � �1HDU� RULHQWDWLRQV�� FDQ� EH� VRUWHG� E\� 3)� RU�2')� YDOXHV��0LOOHU� LQGLFHV� RU�
GLVWDQFH�� 3URJUDP� LQFOXGHV� RQ�OLQH� TXDQWLWDWLYH� DQDO\VLV� RI� YROXPH� IUDFWLRQ� RI� WH[WXUH�
FRPSRQHQWV��RULHQWDWLRQV����
�
�������$'&�PHWKRG��2SLQLRQV�DQG�$SSOLFDWLRQV�
�

x� �����7KH�VWURQJ�DQG�ZHDN�SRLQWV�RI�HDFK�PHWKRG�DUH�H[DPLQHG�VKRZLQJ�WKDW�WKH�
LWHUDWLYH�GLVFUHWH�PHWKRGV��$'&�DQG�:,09��DUH�EHWWHU�VXLWHG�IRU�WKH�
UHSURGXFWLRQ�RI�WKH�WH[WXUH�IXQFWLRQ�LQ�WKH�SUHVHQW�FDVH��,Q�FRPSDULQJ�WKHVH�WZR�
GLVFUHWH�PHWKRGV��LW�LV�HYLGHQFHG�WKDW�WKH�$'&�PHWKRG�UHSURGXFHV�PRUH�DFFXUDWHO\�
ERWK�WKH�H[SHULPHQWDO�DQG�V\QWKHWLF�WH[WXUH�IXQFWLRQV�RYHU�WKH�HQWLUH�UDQJH�RI�
WH[WXUH�VKDUSQHVV�FRQVLGHUHG������)�&DOH\R��7�%DXGLQ��0�+�0DWKRQ�DQG�5�3HQHOOH���
&RPSDULVRQ�RI�VHYHUDO�PHWKRGV�IRU�WKH�UHSURGXFWLRQ�RI�WKH�RULHQWDWLRQ�GLVWULEXWLRQ�
IXQFWLRQ�IURP�SROH�ILJXUHV�LQ�PHGLXP�WR�VWURQJ�WH[WXUHG�PDWHULDOV���(XU��3K\V��-��$3����
��������S�������

x� �����$�GLVFUHWH�PHWKRG��FDOOHG�DV�WKH�$UELWUDULO\�'HILQHG�&HOOV�PHWKRG��ZDV�DSSOLHG�
WR�FDOFXODWH�WKH�2')��7KH���'�GLVWULEXWLRQ�RI�RULHQWDWLRQV�RI�WKH�FHOOXORVH�
FU\VWDOOLQH�DUHDV�ZDV�UHFRQVWUXFWHG�LQ�WKH�VSDFH�RI�WKH�(XOHU�DQJOHV��$GGLWLRQDOO\��
WKH�FRPSOHWH�SROH�ILJXUHV�DV�ZHOO�DV�WKH�LQYHUVH�RQHV�ZHUH�UHFDOFXODWHG��7KH�
SUHVHQWHG�DQDO\VLV�RI�WKH�FHOOXORVH�WH[WXUH�SURYLGHV�PRUH�H[WHQVLYH�LQIRUPDWLRQ�RQ�
WKH�VSDFH�RUJDQLVDWLRQ�RI�PLFURILEULOV�WKDQ�WKH�VWDQGDUG�PHWKRGV������2OHN�:���
3DZOLN�.���%RQDUVNL�-����������6SDFH�RULHQWDWLRQ�RI�WKH�FU\VWDOOLQH�DUHDV�RI�FHOOXORVH��
3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�:RRG�DQG�:RRG�)LEHU�&RPSRVLWHV�����
���$SULO�������6WXWWJDUW��*HUPDQ\����������

x� �����'LUHFW�0HWKRGV��:,09��$'&��:LWK���'HJUHH�5HVROXWLRQ�$UH�3UHIHUUHG������
.�-�.R]DF]HN�'�6�.XUW]��4XDQWLWDWLYH�WH[WXUH�DQDO\VLV�RI�EODQNHW�ILOPV�DQG�
LQWHUFRQQHFWV��:RUNVKRS�RQ�7H[WXUH�LQ�(OHFWURQLF�$SSOLFDWLRQV�1,67��*DLWKHUVEXUJ��
0'��2FWREHU���������������

�
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���*HWWLQJ�VWDUWHG�
�����6\VWHP�5HTXLUHPHQWV�
�
7KH�/DER7H[�SURJUDP�PD\�EH�H[HFXWHG�LQ�HLWKHU�:LQGRZV�������17�0H������;3��
0LQLPDO�UHTXLUHPHQWV��
3URFHVVRU�3(17,80����0+]�����0%�5$0������0%�+'�VSDFH��JUDSKLF�FDUG�UHVROXWLRQ�
���[�����&'�520�GULYH��
5HFRPPHQGHG�V\VWHP�FRQILJXUDWLRQ��
3URFHVVRU�3(17,80�,9��*+]�RU�KLJKHU�����*%�+'�VSDFH������0%�5$0��JUDSKLF�FDUG�
UHVROXWLRQ�����[����231*/��&'�520�GULYH��,Q��FDVH��GDWD�DUH�PHDVXUHG�LQ�WKH�JULG�OHVV�WKDQ�
�[��GHJUHHV���GRXEOH�LQFUHDVH�RI�WKH�GLVN�VSDFH�LV�UHFRPPHQGHG��
�
�����,QVWDOODWLRQ�
�
7R�LQVWDOO�/DER7H[��IROORZ�WKHVH�GLUHFWLRQV��
�
��� 6ZLWFK�RII�WKH�FRPSXWHU��
��� ,QVWDOO�WKH�SURWHFW�NH\�LQ�D�SDUDOOHO��SULQWHU��SRUW��
��� 6ZLWFK�RQ�WKH�FRPSXWHU��
��� 1RWH��,I�\RX�XVH�:LQGRZV�17������;3�2SHUDWLQJ�6\VWHP��\RX�KDYH�WR�EH�ORJJHG�LQ�DV�DQ�

³$GPLQLVWUDWRU´�ZKHQ�LQVWDOOLQJ�/DER7H[�
��� ,QVHUW�WKH�/DER7H[�&'�520�7KHQ�VHOHFW�5XQ����IURP��WKH�6WDUW�PHQX���
��� HQWHU�'�6HWXS�H[H��DQG�FOLFN�2.���RU�[�6HWXS�ZKHUH�[�±�LV�D�OHWWHU�GHVFULELQJ��&'�520�

GULYH�LQ���\RXU�3&��
��� 5HDG�WKH�:HOFRPH�VFUHHQ��WKHQ�FOLFN�1H[W��7KH�6RIWZDUH�/LFHQVH�$JUHHPHQW�LV�GLVSOD\HG��
��� 5HDG�WKH�6RIWZDUH�/LFHQVH�$JUHHPHQW�DQG�FOLFN�1H[W��
��� 6SHFLI\�D�GLUHFWRU\�WR�LQVWDOO�/DER7H[��XVH�VKRUW�QDPH�H�J��/DER7H[��LQ�PDLQ�GLUHFWRU\���
����WKHQ�FOLFN�1H[W��
����9HULI\�WKDW�WKH�VHWWLQJV�DUH�FRUUHFW��WKHQ�FOLFN�1H[W��RU�XVH�WKH�%DFN�EXWWRQ�LI�\RX�QHHG�WR�
����JR�EDFN�DQG�PDNH�FKDQJHV���
����/DER7H[�LV�LQVWDOOHG�LQ�WKH�GHVWLQDWLRQ�GLUHFWRU\��DQG�\RX�DUH�SURPSWHG�ZKHWKHU�RU�QRW�
����WR�YLHZ�WKH�5($'0(�ILOH��&OLFN�<HV��
����,QVWDOO�SURWHFW�NH\�GULYHU���IURP�/DER6RIW�IROGHU�UXQ��+$63�3URWHFW�.H\�,QVWDOODWLRQ��
����DSSOLFDWLRQ���
����6WDUW�/DER7H[�IURP�/DER6RIW�IROGHU��
������
�����&RQILJXUDWLRQ�
�
7KH�ILUVW�WLPH�\RX�UXQ�/DER7H[��\RX�VKRXOG�HGLW�VRPH�RI�WKH�FRQILJXUDWLRQ��
�RSWLRQV�LQ�RUGHU��WR�RSWLPL]H�ZRUNVKRS���
6HOHFW��/DER7H[�2SWLRQV�����IURP�WKH�(GLW�0HQX��
7KH�ILHOGV�\RX�QHHG�WR�UHYLHZ�DUH��

x� 7HPSRUDU\�'LUHFWRU\�
x� ([SHULPHQWDO�'DWD�'LUHFWRU\��(3)�DQG�RWKHU��
x� &RUUHFWLRQ�'DWD�'LUHFWRU\��&25��

<RX�FDQ�VHW�RWKHU�LQLWLDO��GHIDXOW��RSWLRQV��



� ��

�

���/DER7H[�2EMHFWV�DQG�2EMHFW�&RQWDLQHUV�
����,QWURGXFWLRQ�
3ROH�ILJXUHV�DQG�RULHQWDWLRQV�GLVWULEXWLRQ�IXQFWLRQV��2')��DUH��/DER7H[�REMHFWV��)LJXUH���
VKRZV�GLDJUDP�RI�FUHDWLQJ�REMHFWV��FDOFXODWLRQ�DQG�DQDO\VLV�LQ�/DER7H[��SURJUDP��
/DERWH[�RSHUDWHV�RQ�VL[�W\SHV�RI��REMHFWV��

�
1R� 'HQRWDWLRQ� 2EMHFW�7\SHV�
�� &3)� &RUUHFWHG�3ROH�)LJXUHV�
�� 13)� 1RUPDOL]HG�3ROH�)LJXUHV�
�� 53)� 5HFDOFXODWHG�3ROH�)LJXUHV�
�� $3)� $GGLWLRQDO�3ROH�)LJXUHV�
�� ,19� ,19HUVH�3ROH�ILJXUHV�
�� 2')� 2ULHQWDWLRQ�'LVWULEXWLRQ�)XQFWLRQ�

�
�
7KHVH�VL[� W\SHV�RI�REMHFWV�FDQ�EH�VWRUHG� LQ� WKUHH� W\SHV�RI�FRQWDLQHUV��3ROH�)LJXUHV�&RQWDLQHU��
,QYHUVH�3ROH�)LJXUHV�&RQWDLQHU���2ULHQWDWLRQ�'LVWULEXWLRQ�)XQFWLRQ�FRQWDLQHU���
���
1R� &RQWDLQHU� 2EMHFWV� &RORU�
�� 3ROH�)LJXUHV�&RQWDLQHU� &3)��13)��53)��$3)� \HOORZ�FRORU�
�� ,QYHUVH�3ROH�)LJXUHV�&RQWDLQHU� ,19� EOXH�FRORU�
�� 2ULHQWDWLRQ�'LVWULEXWLRQ�)XQFWLRQ�

FRQWDLQHU�
2')� JUHHQ�FRORU�

�
([FOXVLYHO\� � WKH� REMHFWV� IURP� RQH� FRQWDLQHU� FDQ� EH� VKRZQ� DW� WKH� VDPH� WLPH� LQ� WKH� VLQJOH�
ZLQGRZ��2EMHFWV� IURP� WZR�FRQWDLQHUV�FDQ�EH�VKRZQ�VLPXOWDQHRXVO\�RQO\� LQ�FRPSDUH� �GRXEOH�
ZLQGRZV��PRGH��VHH��&RPSDUH�:LQGRZ�0RGH���7R�DGG�RU�GHOHWH�REMHFW�IURP�FRQWDLQHU�FOLFN�
SURSHU�EXWWRQ�RQ�WKH�REMHFW�WRROEDU����
�

%XWWRQ� 2EMHFWV�
+./� &3)�13)�53)�$3)�
;<=� ,19�
3URMHFWLRQ� 2')�

�
1XPEHUV�RI�REMHFWV�LQ�FRQWDLQHUV�DUH�LQGLFDWHG�LQ�WKH�OHIW�ERWWRP�FRUQHU�RI�WKH�ZLQGRZ��\HOORZ�
FRORU�QXPEHU�IRU�SROH�ILJXUHV�FRQWDLQHU��EOXH�FRORU�QXPEHU�IRU�LQYHUVH�SROH�ILJXUHV�DQG�JUHHQ�
FRORU� QXPEHU� IRU� RULHQWDWLRQ� GLVWULEXWLRQ� IXQFWLRQ� FRQWDLQHU��� 2QH� SURMHFWLRQ� RQO\� FDQ� EH� LQ�
FRQWDLQHU� RI� WKH� 2')� REMHFWV� VLPXOWDQHRXVO\�� )RU� 2')� FRQWDLQHU�� WKH� QXPEHU� LQGLFDWHV� WKH�
QXPEHU�RI���'�2')�VHFWLRQV��1XPEHU�RI�REMHFWV�LQ�VSHFLILF�FRQWDLQHU�LV�SUHVHQWHG�LQ�WKH�OHIW�
ERWWRP� FRUQHU� RI� WKH� ZLQGRZ� �\HOORZ� FRORU� QXPEHUV� IRU� SROH� ILJXUHV� FRQWDLQHU�� EOXH� FRORU�
QXPEHUV�IRU�LQYHUVH�SROH�ILJXUHV�DQG�JUHHQ�FRORU�QXPEHUV�IRU�RULHQWDWLRQ�GLVWULEXWLRQ�IXQFWLRQ���
�
,Q�WKH�IROORZLQJ�H[DPSOH�3ROH�)LJXUHV�&RQWDLQHU�FRQWDLQV���SROH�ILJXUH��,QYHUVH�3ROH�)LJXUHV�

&RQWDLQHU�LV�HPSW\����,19�REMHFW���2ULHQWDWLRQ�'LVWULEXWLRQ�)XQFWLRQ�FRQWDLQHU�FRQWDLQV�2')�
SURMHFWLRQ�ZKLFK�KDV������'�2')�VHFWLRQV�
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&3)�WR�2')�13)�53)�,19�&DOFXODWLRQ
DFEHGJILKJMFNEPORQTS UWVRXYIFZ\[;XR]W^_^a`�Q,bcS d!eRQTS UfVFghZi[kjiUhQlemQ%S UWVWgRZn[ajneoVhpq`LgFr Ql`qb emQ%S UiV

2')�6\PPH�
���WUL]DWLRQDqEHGsIFKJMFN DoEHGPIFKPMFN

�625�WR�2')
�1HZ�6DPSOH�

2ULHQWDWLRQ��
$QDO\VLV�� �����

t�uwvyxyz|{ },xi}.{ ~�������xyz �y�H{ �H�
����2')�WR�$3)�
����&DOFXODWLRQ

�����
����2')�WR�,19�
����&DOFXODWLRQ

�����

����2ULHQWDWLRQV�7\SH�'DWD%DVH�
�
�����

3ROH�)LJXUHV�'DWD

� bTUW^ � Ufb%^a�W� e

86(5

�;`!Q%�FUo��K �;`!Qc�FUo��� �J`�QT�qUF�k� �;`!Qc�qUh�k�

��/DER7H[�REMHFW�W\SH
��

�
)LJXUH���
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�
)RU� WKH� 2')� REMHFWV� RQO\� RQH� SURMHFWLRQ� I RU� I � � RU� )� FDQ� EH� VWRUHG� LQ� FRQWDLQHU�
VLPXOWDQHRXVO\��7R�DGG�RU�GHOHWH�REMHFWV� � IURP�FRQWDLQHUV�� � FOLFN�SURSHU�EXWWRQ�RQ� WKH�REMHFW�
WRROEDU��IRU�WKH�SROH�ILJXUHV�FRQWDLQHU�DQG�LQYHUVH�SROH�ILJXUHV�FRQWDLQHU���
�
&RQWDLQHU� 2EMHFWV� /LPLWDWLRQ�
+./�� &3)�13)�53)�$3)�� PD[LPXP�XS�WR�����REMHFWV�
;<=�� ,19�� PD[LPXP�XS�WR�����REMHFWV����
3URMHFWLRQ�� 2')�3URMHFWLRQ� PD[LPXP�XS�WR������'�2')�VHFWLRQV�

�
$OO�REMHFWV�LQ�WKH�FRQWDLQHU�KDYH�WR�EH�LQ�WKH�VDPH�FU\VWDO�V\PPHWU\��2EMHFWV�DUUDQJHPHQW�RQ�
WKH�VFUHHQ�FDQ�EH�FKDQJHG�DV�D�QHZ�GHIDXOW��LQ�/DER7H[�2SWLRQV����(GLW�0HQX���RU�WHPSRUDULO\�
IRU�FXUUHQW�VHVVLRQ�LQ�(GLW�0HQX�±�$UUDQJHPHQW��
7R�GHOHWH�DOO�REMHFWV�LQ�FRQWDLQHUV�XVH��&OHDU�$OO���&RPPDQG�LQ�(GLW�0HQX�RU�� ��IURP�
WRROEDU���
�
����/DER7H[�2EMHFWV�7\SHV�
�
3ROH�ILJXUHV�XVHG�LQ�/DER7H[�SURJUDP�DUH�RI�WKUHH�W\SHV�IURP�SRLQW�RI�YLHZ�RI�QRUPDOL]DWLRQ��
���� � L�����XQQRUPDOLVHG���(3)��
������������LL����DSSUR[LPDWHO\�QRUPDOLVHG�����&3)�
������������LLL���SUHFLVHO\�QRUPDOLVHG���13)���53)����DQG��$3)�
3ROH�ILJXUHV��IURP�H[SHULPHQW�(3)�DQG�&3)�KDYH�XVXDOO\�GLIIHUHQW�LQWHQVLWLHV�IURP�SROH�ILJXUHV�
RI�W\SH�LLL��13)���53)����DQG��$3)���
$OO�FRPSDULVRQV�EHWZHHQ�SROH�ILJXUHV�VKRXOG�EH�GRQH�LQVLGH�SROH�ILJXUHV�RI�W\SH�LLL��
4XDQWLWDWLYH�DQDO\VLV�FDQ�EH�PDGH�E\�WKH�PHDQV�RI�QRUPDOLVHG�SROH�ILJXUHV��
������&3)���&RUUHFWHG�3ROH�)LJXUHV�
([SHULPHQWDO� SROH� ILJXUHV� REWDLQHG� IURP� ;�UD\� RU� QHXWURQ� GLIIUDFWLRQ� DUH� XQQRUPDOLVHG� L�H��
PHDVXUHPHQW� LQWHQVLWLHV� GHSHQG� RQ� W\SH� RI� ;�UD\� RU� QHXWURQ� � VRXUFH�� W\SH� RI� D� FRXQWHU��
FROLPDWLQJ�V\VWHP��DEVRUSWLRQ�SURSHUWLHV�RI�PHDVXUHG�PDWHULDO�DQG�RWKHU��6R��H[SHULPHQWDO�SROH�
ILJXUHV�FDQ�QRW�EH�FRPSDUDEOH�WR�HDFK�RWKHU��2QO\�LQ�2')�FDOFXODWLRQ�SURFHVV�SROH�ILJXUHV�FDQ�
EH�FRUUHFWO\�QRUPDOL]HG��
� &RUUHFWHG� 3ROH� )LJXUHV� �&3)�� DUH� FRUUHFWHG� �DFFRUGLQJ� WR� EDFNJURXQG� DQG� GH�IRFXVVLQJ��
DQG�RQO\�SUHOLPLQDU\�QRUPDOL]HG�H[SHULPHQWDO�SROH� ILJXUHV�SUHSDUHG� IRU�2')�FDOFXODWLRQ��
&3)�REMHFW�VKRXOG�QRW�EH�XVHG�WR�DQDO\VLV��&3)�REMHFWV�FRQWDLQ�VLQJOH�SROH�ILJXUHV�RI�KNO�W\SH���
7R�FUHDDWH�&3)�REMHFWV�IURP�H[SHULPHQWDO�ILOHV��RSHQ��1HZ�6DPSOH��:LQGRZ�RU�FOLFN��WKH�LFRQ�
RI�WKH�WRROEDU��� ���<RX�FDQ�FDOFXODWH�2')�DIWHU�FUHDWLQJ�&3)�REMHFWV�DQG�FUHDWH�RWKHU�REMHFWV���
7R� GLVSOD\�&3)� REMHFWV� FOLFN� � WKH�&3)� EXWWRQ� RI� WKH� REMHFW� WRROEDU�� QH[W� FOLFN� RQH� RU�PRUH�
EXWWRQV�ZLWK�KNO�LQGLFHV��

�
�
1RWH��&3)�REMHFW�DUH�WKH�VDPH�IRU�DOO�MREV��

������13)���1RUPDOL]HG�3ROH�)LJXUHV�
�
1RUPDOL]HG�3ROH�)LJXUHV�DUH�FRPSOHWHO\�QRUPDOL]HG��LQ�2')�FDOFXODWLRQ�SURFHVV��H[SHULPHQWDO�
SROH�ILJXUHV��7KH\�DUH�FRUUHFWO\�QRUPDOL]HG�DQG�WKH\�FDQ�EH�FRPSDUDEOH�WR�HDFK�RWKHU��7KH\�DUH�
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FUHDWHG� DIWHU� 2')� FDOFXODWLRQ�� 7R� GLVSOD\� 13)� REMHFW� FOLFN� WKH� 13)� EXWWRQ� RQ� WKH� REMHFW�
WRROEDU��QH[W�FOLFN�RQH�RU�PRUH�EXWWRQV�ZLWK�KNO�LQGLFHV��
�

�
1RWH��,I�PRUH�WKDQ�RQH�MRE�DUH�FUHDWHG��FKRRVH�SURSHU�MRE�IURP�MRE�EXWWRQV��-��-������RQ�WKH�
REMHFW�WRROEDU��
�
�
������53)���5HFDOFXODWHG�3ROH�)LJXUHV�
�
5HFDOFXODWHG�3ROH�)LJXUHV�DUH�FDOFXODWHG�IURP�2')��HTXLYDOHQW�WR�WKRVH�3)V�XVHG�DV�GDWD�WR�
2')�UHSURGXFWLRQ��7KH\�DUH�FRPSOHWH�SROH�ILJXUHV��
7R�GLVSOD\�53)�REMHFW�FOLFN�WKH�53)�EXWWRQ�REMHFW�WRROEDU��WKHQ�FOLFN�RQH�RU�PRUH�EXWWRQV�ZLWK�
KNO�LQGLFHV��
�

�
1RWH��,I��PRUH�WKDQ�RQH�MRE��LV�FUHDWHG��FKRRVH�SURSHU�MRE�IURP�MRE�EXWWRQV��-��-������RQ�WKH�
REMHFW�WRROEDU��
�

������$3)���$GGLWLRQDO�3ROH�)LJXUHV�
�
$GGLWLRQDO�3ROH�)LJXUHV��L�H��FDOFXODWHG�IURP�WKH�2')�SROH�ILJXUHV�RI�+./�W\SHV�ZKLFK�ZHUH�
QRW�XVHG�IRU�2')�GHWHUPLQDWLRQ��$3)�REMHFWV�FRQWDLQ�FROOHFWLRQ�RI�D�VLQJOH�DGGLWLRQDO�SROH�
ILJXUH��7R�FDOFXODWH�DGGLWLRQDO�SROH�ILJXUHV��$3)��RSHQ��2')�WR�$3)��GLDORJ�IURP�
�&DOFXODWLRQ�PHQX��RU�FOLFN�WKH�EXWWRQ� �IURP�WKH�WRROEDU��
)RU�GLVSOD\LQJ�$3)�REMHFW�FOLFN�WKH�$3)�EXWWRQ�RQ�WKH�REMHFW�WRROEDU��QH[W�FOLFN�RQH�RU�PRUH�
EXWWRQV�ZLWK�KNO�LQGLFHV��
�

�
�
1RWH��,I�PRUH�WKDQ�RQH�MRE�LV�FUHDWHG���FKRRVH�SURSHU�MRE�IURP�EXWWRQV��-��-������RQ�WKH�REMHFW�
WRROEDU��
�
������,19���,19HUVH�SROH�ILJXUHV�
�
,19HUVH� SROH� ILJXUHV� DUH� FDOFXODWHG� IURP� WKH�2')�� ,QYHUVH� SROH� ILJXUHV� REMHFW�� ,19� REMHFW��
FRQWDLQV�FROOHFWLRQ�RI�D�VLQJOH�LQYHUVH�SROH�ILJXUH�RI�;<=�W\SHV��,19�REMHFWV��������������DQG�
������ DUH� HYHU� FUHDWHG� DIWHU� 2')� FDOFXODWLRQ�� 7R� FDOFXODWH� RWKHU� LQYHUVH� SROH� ILJXUHV� �,19��
RSHQ��2')�WR�,19��GLDORJ�IURP��&DOFXODWLRQ�PHQX��RU�FOLFN�WKH�EXWWRQ� �IURP��WKH�WRROEDU��
7R�GLVSOD\�DQ� ,19�REMHFW�FOLFN� WKH� ,19�EXWWRQ�RQ� WKH�REMHFW� WRROEDU��QH[W�FOLFN�RQH�RU�PRUH�
EXWWRQV�ZLWK�;<=�LQGLFHV��
�

�
�
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1RWH��,I�PRUH�WKDQ�RQH�MRE��LV�FUHDWHG��FKRRVH�SURSHU�MRE�IURP�MRE�EXWWRQV��-��-������RQ�WKH�
REMHFW�WRROEDU��

������2')���2ULHQWDWLRQ�'LVWULEXWLRQ�)XQFWLRQ�
�
2ULHQWDWLRQ�'LVWULEXWLRQ�)XQFWLRQ� LV� FDOFXODWHG� IURP�H[SHULPHQWDO�SROH� ILJXUHV� �&3)�REMHFWV��
E\� WKH�$'&�PHWKRG� RU� IURP� VHWV� RI� VLQJOH� RULHQWDWLRQV�� 7R� FDOFXODWH� 2')� DQG� FUHDWH� 2')�
REMHFWV� RSHQ� WKH� �&3)� WR� 2')�13)�53)�,19�� GLDORJ� IURP� �&DOFXODWLRQ� PHQX��� �625� WR�
2')��RU�FOLFN�WKH�EXWWRQ� �IURP�WKH�WRROEDU��7KH�2')�REMHFWV�DUH����'�2')�SURMHFWLRQV��I���
I��DQG�)��7R�GLVSOD\�2')�REMHFW�FOLFN�2')�EXWWRQ�RQ�WKH�REMHFW�WRROEDU��QH[W�FOLFN�WKH�EXWWRQ�
ZLWK�2')�SURMHFWLRQ��
�

�
1RWH��,I�PRUH�WKDQ�RQH�MRE�LV�FUHDWHG��FKRRVH�SURSHU�MRE�IURP�MRE�EXWWRQV��-��-������RQ�WKH�
REMHFW�WRROEDU��
�����([DPSOH�&3)��13)��53)�REMHFWV�
�
,Q�WKLV�H[DPSOH��
&3)�±�H[SHULPHQWDO�^���`�SROH�ILJXUH��LQFRPSOHWH�SROH�ILJXUH����
2')�FDOFXODWHG�IRU�V\PPHWUL]DWLRQ���WULFOLQLF�WR�RUWKRUKRPELF��
13)�±�QRUPDOL]HG�^���`�SROH�ILJXUH��
53)����UHFDOFXODWHG�IURP�2')�^���`�SROH�ILJXUH��FRPSOHWH�SROH�ILJXUH���
�

,Q�WKLV�H[DPSOH��
&3)�±�H[SHULPHQWDO�^���`�SROH�ILJXUH��LQFRPSOHWH�SROH�ILJXUH����
2')�FDOFXODWHG�IRU�V\PPHWUL]DWLRQ���WULFOLQLF�WR�RUWKRUKRPELF�DQG�URWDWLRQ�RI�3)�V� ������GHJ��
13)�±�QRUPDOL]HG�^���`�SROH�ILJXUH��
53)����UHFDOFXODWHG�IURP�2')�^���`�SROH�ILJXUH��FRPSOHWH�SROH�ILJXUH���

�
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�
�����/DER7H[�-REV�
�
6HFRQG�DQG�QH[W�FDOFXODWLRQ�RI�2')�IURP�WKH�VDPH�VDPSOH�FUHDWHV�QHZ�MRE��,I�PRUH�WKDQ�RQH�
MRE�LV�FUHDWHG���FKRRVH�SURSHU�MRE�IURP�MRE�EXWWRQV��-��-������RQ�WKH�REMHFW�WRROEDU��1HZ�MRE�
LV�DOVR�FUHDWHG�ZKHQ�\RX�PDNH�2')�V\PPHWUL]DWLRQ��
�
-RE�EXWWRQV����

�
1RWH��0D[LPDO�QXPEHU�RI�MREV� ���
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���/DER7H[�)RUPDWV�
�����(3)�ILOH�IRUPDW��
�
,W�QHHGV�FRUUHFWLRQ�ILOH��&25�RU�32:�
([SHULPHQWDO�3ROH�)LJXUHV��L�H��UDZ�H[SHULPHQWDO�GDWD�DQG�WKHLU�EDFNJURXQG��
'HVFULSWLRQ�RI�ILOHQDPH�(3)�GDWD�IRUPDW��
� �W� �o� �J���o�i�f�q�|�� ��� � �o� � �f o¡o¢c� £F�c� �\� ¤¦¥q£o�
§©¨wª « ¢l¬\� �T¢l�\¢ ¥��c� �c� � ­©®q�\¢l�W¡L�|�i¢
¯ ° �i±��i¢l²L ��l�i¢\�f�q�|�³� ��� � �F��´´ § µ �c¢T¶o¡L�c¶W¢|��­·�q�W�³¸| h¥o±w±��W�T¢c� �W Y�o� �|�i¢ µ ¡q®q�q�i�F�c� � �W F¹»º§½¼ ­©¾J¸ �c¢c� ¡o� � �f� ¡h¹ª¿¼ ­JÀ©¸T±��\�q�W¡q� � �W� ¡h¹¯Á¼ � À ¸l�i¢ �c®o�i¢T®o�\±�¬\� ¡L¹´ ¼ ­JÂÃ¸ �|�q�c¢l�qÄf�i�o�i� ¹Å ¼ � Â ¸ �|�q�c¢l�qÄf�i�o�i� ¹Æ¿¼ ¤Ç¸l¡q¶W¬f� ¡h¹È ¼�É ¸T¡o¶W¬f� ¡h¹ÊÁ¼ ­;ËÇ¸ �c¢T� Ä\�\�q�\� ¹ÌÁ¼ � Ë ¸ �c¢T� Ä\�\�q�\� ¹§LÍ�¼ ­PÎs¸c®F�qÏF�WÄf�\�q�\� ¹§W§_¼ � Î ¸c®F�qÏF�WÄf�\�q�\� ¹

Ð �h�|�WÄf�i¢

´ ª �o�q� �c� ¡h��¡F�\�o h�|�i�h�,Ño��¸l�\¬o o�\� ¶F� �w�\¢¦¢|�i� �o�c� ÒF�W¹ ° �\�\�´ ¯ �o�q� �c� ¡h��¡F�\�o h�|�i�h�,Ñq¬�¸l�\¬o o�\� ¶F� �w�\¢¦¢|�i� �o�c� ÒF�W¹ ° �\�\�´ ´ �o�q� �c� ¡h��¡F�\�o h�|�i�h�,Ño¡Ó¸T�f¬o o�i� ¶h�|���\¢�¢ �i� �q�c� Òh�f¹ ° �\�\�´ Å �o�q� �c� ¡h���i�FÄi� ��ÑhÔÕ� �Ó�W�fÄi¢ �f�W  ° �\�\�´ Æ �o�q� �c� ¡h���i�FÄi� ��ÑqÖ³� �Ó�f�WÄi¢|�W�f  ° �\�\�´ È �o�q� �c� ¡h���i�FÄi� ��ÑR×�� �Ó�W�fÄi¢|�W�W  ° �\�\�
Å § �;¶W±�¬q�i¢i�q�¦Øy�i� �³Ù¦� Äi¶f¢ �f Y¸%� �o¡q� ¶F�n� �FÄw¬W�W¡o²LÄi¢|�i¶W�o�³ØsÙ\ F¹Ú¸c�P¹ Ð �h�|�WÄf�i¢Æ ° �i±��i¢l²L ��l�i¢\�f�q�|�³� ��� � �F� È ­©®q�\¢l�W¡L�|�i¢
È �l� ÈfÛ � § ªWÜÞÝ ¢l�qÄfÄ��\�oÄi� �³� �Ó�f�WÄn¢ �W�f  ° �\�\�
È �l� ÈfÛ � ª Ô¦ß ¼ ¬o�fÄi� �W�f� �FÄ��q�n£W�\� �i¢i�\�oÄi� �³� �Ó�f�WÄn¢ �W�f  ° �\�\�
È �l� ÈfÛ � ¯ Ô�à ¼ �i�F�n� �FÄ��q�n£W�\� �i¢i�\�oÄi� �³� �Ó�f�WÄn¢ �W�f  ° �\�\�
È �l� ÈfÛ � ´ á Ô¿â� h�|�\£��q�n£W�\� �\¢n�\�FÄn� �³� �Ó�f�WÄi¢|�W�f fãWØÚ�i¢T±w�  F W� ¬f� ��Òo�\� ¶o�¦º § ã Í Ñ§ ã ª Ñ § ã ª Å Ñ § ã Å Ñ ª ã Í Ñ ª ã Å Ñ ¯ ã Í Ñ ¯ ã ÈWÅ Ñ Å ã Í Ñ Æ ã Í Ñ È ã Å Ñ §LÍ ã Í ã ä ° �\�\�
È �l� ÈfÛ � Å Öqß ¼¦¼ ¬o�fÄi� �f�W� �FÄw�o�n�oåW� ±w¶h�l�i�R�i�FÄn� �³� �Ó�W�fÄi¢|�W�W Á¸ Í �i¢ ª ã Å ¹ ° �\�\�Øy�q W� �c� Òh��ÒF�i� ¶F�W k�l�\¢£q�i� ���c� Äi¶W¢|�W Ó�i¢l�Læk�¡q� �W¡o²!æk�  F���\¢�F�fÄf�o�c� ÒF��Òo�\� ¶F�f ��l�i¢¡F�\¶W�F�|�i¢ ¼ ¡q� �W¡o²!æk�  F�È �l� ÈfÛ � Æ Ö à ¼ �i�o�i� �oÄ��o�n�oåW� ±w¶F�|�i�L�\�FÄn� �³� �Ó�f�WÄi¢|�W�f  ° �\�\�Øy�q W� �c� Òh��ÒF�i� ¶F�W k�l�\¢£q�i� ���c� Äi¶W¢|�W Ó�i¢l�Læk�¡q� �W¡o²!æk�  F���\¢�F�fÄf�o�c� ÒF��Òo�\� ¶F�f ��l�i¢¡F�\¶W�F�|�i¢ ¼ ¡q� �W¡o²!æk�  F�È �l� ÈfÛ � È á Ökâ� h�|�\£��q�i�qåq� ±³¶h�l�\�L�\�oÄi� �³� �Y�W�WÄn¢ �f�W wãqØÚ�n¢l±w�  F W� ¬f� ��ÒF�i� ¶F�W \º

§ ã Í Ñ § ã ª Ñ § ã ª Å Ñ § ã Å Ñ ª ã Í Ñ ª ã Å Ñ ¯ ã Í Ñ ¯ ã ÈWÅ Ñ Å ã Í Ñ Æ ã Í Ñ È ã Å Ñ §LÍ ã Í ãL�l�i¢�|�oÏL�c¶f¢ �W�³£q�\� ���T� Än¶W¢|�W \ÑF�i�F���c®o�� o�f±���ÒF�i� ¶F�W Y�\¢¦±w¶W� �c� £\� � ¡o� � ¥Y�o��f¬W�oÒF� ¼ ±��i�F�T� �i�F�f��ÒF�i� ¶F�f ��l�\¢¦¬q�W¡o²LÄi¢l�\¶f�F�³ØsÙ\ 
° �\�\�Øy�q W� �c� Òh��ÒF�i� ¶F�W k�l�\¢£q�i� ���c� Äi¶W¢|�W Ó�i¢l�Læk�¡q� �W¡o²!æk�  F���\¢�F�fÄf�o�c� ÒF��Òo�\� ¶F�f ��l�i¢¡F�\¶W�F�|�i¢ ¼ ¡q� �W¡o²!æk�  F�È �l� ÈfÛ � Ê Ð �F�W�qÏ ¼ ±³¶F h�n¬q� Í ° �\�\�È �l� ÈfÛ � Ì Ð �F�W�qÏkç��q�\çfèhéq£W�\� ���c� Äi¶f¢ � Ð �h�|�WÄf�i¢È �l� ÈfÛ � §LÍ Ð �F�W�qÏkèY�o�içWèFéq£q�\� ���T� Än¶W¢|� Ð �h�|�WÄf�i¢È �l� ÈfÛ � §W§ Ð �F�W�qÏkéo�o�içWèFéq£q�i� ���c� Äi¶W¢|� Ð �h�|�WÄf�i¢È �l� ÈfÛ � §Rª ¤¦¥q£o���q� � �o�l��¸ §R¼ Øy�i� �³Ù¦� Än¶W¢ ��Ñ ÍW¼,Ý �f¡F²LÄn¢|�\¶f�F�f¹ Ð �h�|�WÄf�i¢ÈWÛ � Û § Ý � �\�W²Ó� � �o�ÈWÛ � Û ª § �l� Ê � �q�l� § �l� Ê ¸ §

ß ê Øy�i� �³Ù¦� Äi¶f¢ �f¹ ° �\�\�ÈWÛ � Û ¯ § �l� Ê � �q�l� Ì �l� §RÆ ¸ §
ß ê Øy�\� �³Ù¦� Än¶W¢|�W¹ ° �\�\�ÈWÛ � Û ´��l���i�o��o�i�f�q�l�Y�l�\¢ § ß ê ØsÙ § �l� Ê � �q�l�Y�l�\¢ §

ß ê Øy�\� �³Ù�� Äi¶W¢|� ° �\�\�
ã ã ã Ý � �\�W²Ó� � �o�ë¸| F�\£W�\¢|�q�|�W �¬f� �W¡o²k�o�i�f�q�|�W¹ã ã ã § �l� Ê � �q�l�Y�l�\¢ ª\ìlí £q�\� ���T� Än¶W¢|� ° �\�\�ã ã ã Ý � �\�W²Ó� � �o�w¸| F�\£W�\¢l�o�|�W �¬f� �f¡F²k�o�i�f�q�l�q¹ã ã ã § �l� Ê � �q�l�Y�l�\¢f�c®F�î�F�oÏh�¦ØsÙî¸%¶q£Ó�l���n�F���l�i� � �Læa�f�w¬F¥�¬f� �i�q²Y� � �F�W¹ ° �\�\��J�o�|�¦º ° �f�\�L�i�F�³� �F� �fÄW�n¢¦� �q£\¶h�i�f�o�l��±³¶F h�¦¬o�� F�\£W�\¢l�o�|�W�³� ��� � �F�w¬o¥Ó�\�o���\¢¦±��\¢|�� q£q�f¡L�f \ãä.�q�f¬W�o¤��qÏÓ�\� � �hæa ��F�hæ½Äi¢T� �w¡L�n� �m�T¢l�f±ÞÒF�i¢| W� �\� ªÚ§ ã ÍWÍWÆ º § ã Ê Ï § ã Ê Ñ ª ã ª Å Ï ª ã Å Ñ ¯ ã Æ Ï ¯ ã Æ Ñ ´Úã Å ÏL´Úã Å ¸|�oÏo¡h�\£F�c� �i�F \ºL�c¢c� Äf�\�q�\� Ñ ®F�qÏF�WÄf�\�q�\�L¡q¢ ¥F h�|�i�� �q� �c� ¡h�� h¥q±�±��W�c¢ ¥
ïsðfð�ñiò ó\ô ºöõsØsÙ÷õ¦Ïo�f±w£f� �¦ÑY­ ÉY° �c� � ���l�\¢T±��q�ÚÑWØ É©ø �c� � ���l�\¢T±��q�ÚÑWØsØsÙ��c� � ���l�\¢l±��o�yÑ µsÉY° �c� � ���l�\¢T±��q�%ã
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�����(3)�([DPSOH�
�
([DPSOH�RI�H[SHULPHQWDO�GDWD�ILOH�W\SH��ILOHQDPH�(3)���WHVW�HSI��� � �o� § ºL¤Ú�W h�i�q�¦�q�f¬W�o¤��qÏY£f¢l�qÄi¢l�f± ¼\« � ­ù±��q�c®q�q���l�\¢ É � Ù³¡h�i� ¡q¶W� �o�c� �i�\ã� � �o� ª º µ �\±�£\� �¦ºWÙ\� µ � Ñ�£q�\� ���T� Än¶W¢|�W \º ªfÍfÍú§f§LÍû§f§Rª� � �o� ¯ º µ �c¢c¶o¡L�c¶W¢ �w­;�W�W� � ¬ ¡ �\� �l� ¬q�q�l� Ä\�f±�±��� � �o�ü´Úº È § § § ÌWÍ ÌfÍ ÌfÍ� � �o� Å º Æ �f¶q±w¬o�i¢n�o��Øy�\� �³Ù¦� Än¶W¢|�W � � �o� Æ º ª �T®o�q�l�ý�\� � ¼  Þ�\� � ¼ �ý� ¼ �\� �÷¬o�W� ¼  Þ¬q�q� ¼ �ý� ¼ ¬o�W�û� �F�qÏüþ ÿÕ�¿Ø �cÝ� � �o� È º�´ Å ã ª Å Í Í ã Í Ê Å ã Í Å ã Í Í ã Íý¯ ÅfÅ ã Í Å ã Í Í ª�Í�Í §� � �o� Ê º Å ª ã Í Å Í Í ã Í Ê Å ã Í Å ã Í Í ã Íý¯ ÅfÅ ã Í Å ã Í Í §�§�Í §� � �o� Ì º ÈfÈ ã ´ Å Í Í ã Í Ê Å ã Í Å ã Í Í ã Íý¯ ÅfÅ ã Í Å ã Í Í §�§_ª §� � �o� §LÍ ºk´ Ê ã Å ÍWÍ Í ã Í Ê Å ã Í Å ã Í Í ã Í ª È Í ã Í ÌfÍ ã Í Í ª�Í�ÍýÍ� � �o� §W§ º È Í ã ÍfÍWÍ Í ã Í Ê Å ã Í Å ã Í Í ã Í ª È Í ã Í ÌfÍ ã Í Í §�§�ÍýÍ� � �o� §Rª º ÊWÍ ã ÍfÍWÍ Í ã Í Ê Å ã Í Å ã Í Í ã Í ª È Í ã Í ÌfÍ ã Í Í §�§_ª Í� � �o� §L¯ º� � �o� § ´�º § È ª È Æ\¯ ã § È ª È Æf¯ ã § È ª È Æ\¯ ã § È ª È Æf¯ ã § È ª È Æf¯ ã § È ª È Æ\¯ ã § È ª È Æf¯ ã § È ª È Æ\¯ ã� � �o� § Å º § È ª È Æ\¯ ã § È ª È Æf¯ ã § È ª È Æ\¯ ã § È ª È Æf¯ ã § È ª È Æf¯ ã § È ª È Æ\¯ ã § È ª È Æf¯ ã § È ª È Æ\¯ ã� � �o� §RÆ º § È ª È Æ\¯ ã § È ª È Æf¯ ã § È ª È Æ\¯ ã § È ª È Æf¯ ã § È ª È Æf¯ ã § È ª È Æ\¯ ã § È ª È Æf¯ ã § È ª È Æ\¯ ãã ã ão¸%� � �F� § È ¼�§ È ª ¹� � �o� § È ¯ º §Rª\Ê È § ã § Å ªfÍfÊ ã § ÅfÅ ¯WÆ ã §L¯ ÅWÈ § ã §LÍ ´ Æ ´�ã È Ê È ´�ã Æ\Ì ÈWÈ ã È Ê È ´�ã� � �o� § È ´�º §LÍ ´ Æ ´�ã §L¯ ÅWÈ § ã § ÅfÅ ¯WÆ ã § Å ªfÍfÊ ã §Rª\Ê È § ã ÌWÌ ´ È ã ÈfÈWÅ ¯ ã ÆfÊWÊ Å ã� � �o� § ÈfÅ º ÈWÅ §Rª ã ÌfÌ ÈWÈ ã § Å ¯WÍqª ã ªf¯fÌ ´ Ì ã ¯qª\ÌWÍ È ã ¯qÆ\¯W¯¦§ ã ¯qª\¯qÆfÌ ã ª Å § Å ª ã� � �o� § È Æ º� � �o� § ÈfÈ º §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã� � �o� § È Ê º §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã� � �o� § È Ì º §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ã §Rª\¯¦§hÌ ãã ã ão¸%� � �F� §hÊWÍW¼c¯W¯ Å ¹� � �o� ¯W¯WÆ º §W§hÌ ÈfÈ ã §L¯WªWÆ\Í ã § Å Ìqª ´�ã §LÌWÆ ÅfÅ ã ªf¯fÍ ´ ¯ ã ªf¯WÆ Å Ì ã ªWª\¯WÌfÊ ã ªf¯WÆ Å Ì ã� � �o� ¯W¯ È º ªf¯fÍ ´ ¯ ã §LÌWÆ ÅfÅ ã § Å Ìqª ´�ã §L¯WªWÆ\Í ã §W§hÌ ÈfÈ ã §Rªfªf¯f¯ ã § ´ Å Ê�§ ã §LÌfÍWÊ ´�ã� � �o� ¯W¯fÊ º ª ´ Æf¯fÍ ã ¯WÍ ´W´ Å ã ¯qÆÚ§W§f§ ã ´ Í ´ Æfª ã ¯WÊ ÈWÅfÈ ã ¯WÍfÊ ÅfÈ ã ª�§LÆ ´ Å ã § Å ÍWÌfÍ ã� � �o� ¯W¯fÌ º� � �o� ¯ ´ Í º § ´ ª ´f´ ª ã § ´ ª ´W´ ª ã § ´ ª ´W´ ª ã § ´ ª ´f´ ª ã § ´ ª ´W´ ª ã § ´ ª ´f´ ª ã § ´ ª ´W´ ª ã § ´ ª ´W´ ª ã� � �o� ¯ ´ § º § ´ ª ´f´ ª ã § ´ ª ´W´ ª ã § ´ ª ´W´ ª ã § ´ ª ´f´ ª ã § ´ ª ´W´ ª ã § ´ ª ´f´ ª ã § ´ ª ´W´ ª ã § ´ ª ´W´ ª ã� � �o� ¯ ´ ª º § ´ ª ´f´ ª ã § ´ ª ´W´ ª ã § ´ ª ´W´ ª ã § ´ ª ´f´ ª ã § ´ ª ´W´ ª ã § ´ ª ´f´ ª ã § ´ ª ´W´ ª ã § ´ ª ´W´ ª ãã ã ão¸%� � �F� ¯ ´ ¯W¼ ´ ÌfÊ ¹� � �o��´ ÌfÌ º §LÌ ´ Æ È ã § È ª ´ Ì ã §RÆ\¯WÍWª ã § ÅfÈ ÊWª ã § Å ¯WÊ È ã § Å ªfÍfÍ ã § Å ÍqÆ\Ê ã § Å ªfÍfÍ ã� � �o� Å ÍfÍ º § Å ¯WÊ È ã § ÅfÈ ÊWª ã §RÆ\¯WÍWª ã § È ª ´ Ì ã §LÌ ´ Æ È ã ªWªfªfÍf¯ ã ªWªfªWª\Ì ã §LÊ ´ Ê ´�ã� � �o� Å Í�§ º §L¯WªfÌWÆ ã Ì¦§LÆfÊ ã ÈfÅWÅWÅ ã ÈWÈ ¯fÌ ã ÊWÌfÌ È ã §W§Rª ´ È ã §L¯W¯WÆWª ã § ´ ¯Wª�§ ã� � �o� Å ÍWª º� � �o� Å Íf¯ º ÊW¯WÍ ã È Ìqª ã Æ È Ì ã È § È ã ÊW¯fÍ ã È Ìqª ã Æ È Ì ã È § È ã� � �o� Å Í ´�º ÊqªWª ã È Ê ´Úã Æ È ª ã È §hÍ ã Ê¦§ ´�ã ÈWÈWÈ ã ÆfÆWÆ ã È ÍW¯ ã� � �o� Å Í Å º ÊWÍqÆ ã È ÆfÌ ã Æ Å Ì ã ÆfÌWÆ ã È ÌfÊ ã È ÆWª ã Æ Å ¯ ã Æ\ÊWÌ ãã ã ão¸%� � �F� Å ÍqÆf¼ Å ÍfÊ ¹� � �o� Å ÍfÌ º Å §LÌ ã ´ Ì Å ã ´ ª ´�ã ´W´ Ê ã ´W´ § ã ´ ª�§ ã ¯WÆ�§ ã ¯fÊ¦§ ã� � �o� Å §hÍ º ¯qÆWª ã ¯ ´ Æ ã ª\ÌqÆ ã ¯¦§h¯ ã ªfÊ È ã ª È ´Úã ª\¯ Å ã ª ´ Ê ã� � �o� Å §f§ º ªWªfÍ ã ªÚ§LÍ ã §hÊWÍ ã §LÌfÍ ã §RÆ ´�ã § ÅWÈ ã §h¯ ´Úã § ´ ª ã� � �o� Å §Lª º� � �o� Å §h¯ º ªWª Å Ê ã ªÚ§ Å Æ ã §LÊ ´ Ê ã §LÌ Å § ã ªfª Å Ê ã ª�§ Å Æ ã §hÊ ´ Ê ã §LÌ Å § ã� � �o� Å § ´�º ªWª Å Ê ã ªÚ§ Å Æ ã §LÊ ´ Ê ã §LÌ Å § ã ªfªf¯WÆ ã ª�§h¯ ´�ã §hÊW¯WÍ ã §LÌW¯�§ ã� � �o� Å § Å º ªWª\¯qÆ ã ªÚ§L¯ ´Úã §LÊW¯fÍ ã §LÌf¯¦§ ã ªfªf¯WÆ ã ª�§h¯ ´�ã §hÊW¯WÍ ã §LÌW¯�§ ãã ã ão¸%� � �F� Å §RÆf¼ Å §hÊ ¹� � �o� Å §hÌ º §LÌfÊ¦§ ã §hÊWÌ¦§ ã §RÆWªÚ§ ã § È §W§ ã §hÊ Å § ã § È Æ È ã § Å § Å ã § Å ÌfÌ ã� � �o� Å ª\Í º §RÆ\¯ È ã § Å ÆWª ã §L¯W¯fÌ ã § ´ §L¯ ã §h¯qª\Ì ã §RªfÆfÊ ã §hÍWÊ È ã §W§ ´ È ã� � �o� Å ªÚ§ º ÌqªWª ã ÊfÊWÍ ã ÈfÅ ´�ã È ÌWÆ ã ¯W¯fÍ ã ¯¦§ Å ã ª È Í ã ª\Ê Å ã� � �o� Å ªfª º� � �o� Å ª\¯ º Ìqª\ÍWÌ ã Ê È Ì¦§ ã ÈWÅ ¯ Å ã È Ì Å ´Úã ÌWªfÍfÌ ã Ê È Ì¦§ ã ÈfÅ ¯ Å ã È Ì Å ´�ã� � �o� Å ª ´�º Ì¦§f§LÊ ã Ê È Í ´Úã È ´ Æ\Í ã È Ê ÈWÅ ã Ì�§W§hÊ ã Ê È Í ´�ã È ´ ÆfÍ ã È Ê ÈfÅ ã� � �o� Å ª Å º ÌWÍWªfÌ ã ÊWÆ�§LÊ ã È ¯WÊ È ã ÈWÈ ÌWÊ ã ÊfÌ ´ § ã Ê Å ¯ Å ã È ¯¦§ Å ã ÈWÈ ªfª ãã ã ão¸%� � �F� Å ªWÆf¼ Å ª\Ê ¹� � �o� Å ª\Ì º È ÆÚ§W§ ã È ªWÆ Å ã ÆWªWª È ã Æ ÅfÈ ¯ ã Æ\Ì ÈfÈ ã ÆWÆfÆfÍ ã ÅfÈ ÍWÊ ã ÆfÍqª Å ã� � �o� Å ¯fÍ º Å ÌfÍW¯ ã Å Æf¯ Å ã ´ ÊW¯fÍ ã Å ÍfÌWÊ ã ´ È ª\¯ ã ´ Å ÍWÊ ã ¯fÊqÆ ´Úã ´ Í È Ì ã� � �o� Å ´ Í º ¯¦§ ´ ¯ ã ¯fÍWÍWÍ ã ª ÅWÈ ª ã ª È § Å ã §Lª ´ Æ ã §W§hÌWÍ ã §hÍqªfÍ ã §LÍ È Æ ã
�µ �f���\�  o�nºWõsØsÙ��c� � ���l�\¢T±��o�,Ño­ ÉY° �c� � ���l�\¢T±��q�ÚÑWØ É©ø �c� � ���l�\¢T±��q�%ÑWØsØsÙ��c� � ���l�\¢T±��o�yÑ µsÉÓ° �c� � ���l�i¢l±��q�,ã



� ��

�����33)�ILOH�IRUPDW��
�
ILOHQDPH�33)���3UHOLPLQDU\�&RUUHFWHG�3ROH�)LJXUHV � �L�H��H[SHULPHQWDO�GDWD�DIWHU�WKH�
EDFNJURXQG�DQG�GH�IRFXVVLQJ�HIIHFWV�FRUUHFWLRQV�XVLQJ�SURFHGXUHV�H[WHUQDO�WR�/DER7H[�
SURJUDP��
7KH�VWUXFWXUH�RI�ILOH�ILOHQDPH�33)�LV�LGHQWLFDO�WR�WKH�ILOHQDPH�(3)�DQG�ILOHQDPH�32:�
H[FOXGLQJ�WKH�GDWD�IRU�EDFNJURXQG�RI�SROH�ILJXUHV��
�
6HH�DOVR��(3)�ILOH�IRUPDW��&25�ILOH�IRUPDW��32:�ILOH�IRUPDW���625�ILOH�IRUPDW �
��
�
�����625�ILOH�IRUPDW��
�
ILOHQDPH�625�±�6LQJOH�25LHQWDWLRQ�)LOH�L�H��H[SHULPHQWDO��VLQJOH�RULHQWDWLRQ�VHW�LQ�/DER7H[�
IRUPDW��
'HVFULSWLRQ�RI�ILOHQDPH�625�GDWD�IRUPDW��
� �W� �o� �J���o�i�f�q�|�� ��� � �o� � �f o¡o¢c� £F�c� �\� ¤¦¥q£o�
§_¼¦ª « ¢l¬\� �T¢l�\¢ ¥��c� �c� � ­©®q�\¢l�W¡L�|�i¢
¯ ° �i±��i¢l²L ��l�i¢\�f�q�|�³� ��� � �F��´´ § µ �c¢T¶o¡L�c¶W¢|��­·�q�W�³¸| h¥o±w±��W�T¢c� �W Y�o� �|�i¢ µ ¡q®q�q�i�F�c� � �W F¹»º§½¼ ­ ¾ ¸ �c¢c� ¡o� � �f� ¡h¹ª¿¼ ­ À ¸T±��\�q�W¡q� � �W� ¡h¹¯Á¼ � À ¸l�i¢ �c®o�i¢T®o�\±�¬\� ¡L¹´ ¼ ­ Â ¸ �|�q�c¢l�qÄf�i�o�i� ¹Å ¼ � ÂÃ¸ �|�q�c¢l�qÄf�i�o�i� ¹Æ¿¼ ¤Ç¸l¡q¶W¬f� ¡h¹È ¼�É ¸T¡o¶W¬f� ¡h¹ÊÁ¼ ­ Ë ¸ �c¢T� Ä\�\�q�\� ¹ÌÁ¼ � Ë ¸ �c¢T� Ä\�\�q�\� ¹§LÍ�¼ ­ Î ¸c®F�qÏF�WÄf�\�q�\� ¹§W§_¼ � Îs¸c®F�qÏF�WÄf�\�q�\� ¹

Ð �h�|�WÄf�i¢

´ ª �o�q� �c� ¡h��¡F�\�o h�|�i�h�,Ño��¸l�\¬o o�\� ¶F� �w�\¢¦¢|�i� �o�c� ÒF�W¹ ° �\�\�´ ¯ �o�q� �c� ¡h��¡F�\�o h�|�i�h�,Ñq¬�¸l�\¬o o�\� ¶F� �w�\¢¦¢|�i� �o�c� ÒF�W¹ ° �\�\�´ ´ �o�q� �c� ¡h��¡F�\�o h�|�i�h�,Ño¡Ó¸T�f¬o o�i� ¶h�|���\¢�¢ �i� �q�c� Òh�f¹ ° �\�\�´ Å �o�q� �c� ¡h���i�FÄi� ��ÑhÔÕ� �Ó�W�fÄi¢ �f�W  ° �\�\�´ Æ �o�q� �c� ¡h���i�FÄi� ��ÑqÖ³� �Ó�f�WÄi¢|�W�f  ° �\�\�´ È �o�q� �c� ¡h���i�FÄi� ��ÑR×�� �Ó�W�fÄi¢|�W�W  ° �\�\�´ Ê µ �|�\£Ó�l�\¢n�\¶h�T£\¶h� É � Ùî¸|Äi¢c� ��¡h�i� �  F¹»ãWØÚ�i¢T±w�  F W� ¬f� ��Òo�\� ¶o�W �¸|�f�WÄW¹ º§ ã Í Ñ § ã ª Ñ § ã ª Å Ñ § ã Å Ñ ª ã Í Ñ ª ã Å Ñ ¯ ã Í Ñ ¯ ã ÈWÅ Ñ Å ã Í Ñ Æ ã Í Ñ È ã Å Ñ §LÍ ã Í ä ° �\�\�
´ Ì ����� 	 ç�
Y�l�\¢i�f�o�l��¸ §©¨ £\¢ �W F�n�h�,Ñ ÍY¨ �f¬q h�n�h�|¹ Ð �h�|�WÄf�i¢´ §LÍ « �FÄn� �
�;�f� �,º ÍÓ¨ �W�WÄ�Ñ §a¨ ¢|�W� Ð �h�|�WÄf�i¢´ §W§ « �FÄn� ��­;�i�hÒF�i�F�T� �i�\º ÍÓ¨÷Ý ¶f�FÄW� §©¨÷° �q� Ð �h�|�WÄf�i¢Å �l�Y�c®F���i�F� § � ¾ ° �\�\�
Å �l�Y�c®F���i�F� ª � ° �\�\�
Å �l�Y�c®F���i�F� ¯ � À ° �\�\�
Å �l�Y�c®F���i�F� � ´�� ø �i� Än®h�¦¸l�\£F�c� �\�q�\� � ¥F¹Ú¸c� �¦£q�i¢|�f±��q�|�i¢�� ��� 	 ç�
\� ��� � �o��´î�   § ¹ ° �\�\��J�o�|�¦º ° �f�\�L�i�F�³� �F� �fÄW�n¢¦� �q£\¶h�i�f�o�l��±³¶F h�¦¬o�� F�\£W�\¢l�o�|�W�³� ��� � �F�w¬o¥Ó�\�o���\¢¦±��\¢|�� q£q�f¡L�f \ãä.�q�f¬W�o¤��qÏÓ�\� � �hæa ��F�hæ½Äi¢T� �w¡L�n� �m�T¢l�f±ÞÒF�i¢| W� �\� ªÚ§ ã ÍWÍWÆ º § ã Ê Ï § ã Ê Ñ ª ã ª Å Ï ª ã Å Ñ ¯ ã Æ Ï ¯ ã Æ Ñ ´Úã Å ÏL´Úã Å ¸|�oÏo¡h�\£F�c� �i�F \ºL�c¢c� Äf�\�q�\� Ñ ®F�qÏF�WÄf�\�q�\�L¡q¢ ¥F h�|�i�� �q� �c� ¡h�� h¥q±�±��W�c¢ ¥
�
6HH�DOVR���(3)�ILOH�IRUPDW��&25�ILOH�IRUPDW��

Ø É©ø �c� � ���l�\¢T±��o�yÑWØsØsÙ��T� � ���|�i¢l±��o�,ã



� ��

�����32:�IRUPDW�
�
ILOHQDPH�32:����32:GHU�SROH�ILJXUHV��PHDVXUHG�LI�SRVVLEOH�IRU�D�VSHFLILF�VDPSOH���
<RX�VKRXOG�PHDVXUH�WKH�SROH�ILJXUHV�RI�WKH�SRZGHU�VDPSOH�IRU�GHIRFXVLQJ�FRUUHFWLRQ�IURP�WKH�
VDPH�PDWHULDO�DV�WKH��WH[WXUHG�VDPSOHV���7KH�SRZGHU�VDPSOH�LV�WUHDWHG�DV��QRQ�WH[WXUH��VDPSOH��
ZKLFK�KHOS�WR�ILQG�RXW�WKH�DEVRUSWLRQ�FXUYH�IRU�GHIRFXVLQJ�FRUUHFWLRQ��
7KH�VWUXFWXUH�RI�ILOH�ILOHQDPH�32:�LV�LGHQWLFDO�WR�WKH�ILOHQDPH�(3)��
�
6HH�DOVR��(3)�ILOH�IRUPDW��&25�ILOH�IRUPDW��625�ILOH�IRUPDW���33)�ILOH�IRUPDW���
�
�
�
�����&25�IRUPDW�
�
ILOHQDPH�&25���&25UHFWLRQ�FRHIILFLHQWV�IRU�WKH�GH�IRFXVVLQJ�HIIHFW��
)LOH�FRQWDLQV�VHW�RI�FRUUHFWLRQ�FRHIILFLHQWV�IRU�WKH�GH�IRFXVVLQJ�HIIHFW���
'HVFULSWLRQ�RI�ILOHQDPH�&25�GDWD�IRUPDW��
� �W� �o� �J���o�i�f�q�|�� ��� � �o� � �f o¡o¢c� £F�c� �\� ¤¦¥q£o�
§©¨wª « ¢l¬\� �T¢l�\¢ ¥��c� �c� � ­©®q�\¢l�W¡L�|�i¢
¯ � 
 ��� D�LQ�GHJUHHV��SRODU�DQJOH� ° �\�\�´ � ^KNO`�RI�ILUVW�SROH�ILJXUH��WKUHH�GLJLWV�QXPEHU� ° �\�\�´ ��
 ����� � FRUUHFWLRQ�FRHIILFLHQWV�IRU�GH�IRFXVVLQJ�HIIHFW ° �\�\�
Å § ^KNO`�RI�VHFRQG�SROH�ILJXUH��WKUHH�GLJLWV�QXPEHU� ° �\�\�
Å ��
 ����� � FRUUHFWLRQ�FRHIILFLHQWV�IRU�GH�IRFXVVLQJ�HIIHFW� ° �\�\�ã ã ã

����
��1
�

§ ^KNO`��WKUHH�GLJLWV�QXPEHU���1���QXPEHU�RI�SROH�
ILJXUH�

° �\�\�

��1
��
��
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�
6HH�DOVR��(3)�ILOH�IRUPDW��33)�ILOH�IRUPDW��625�ILOH�IRUPDW��32:�ILOH�IRUPDW��
�
�����2WKHU�IRUPDWV�
�
/LVW�RI�WKH�FRPSDWLEOH�/DER7H[�GDWD�IRUPDWV���

x� 
769
�6LQJOH�2ULHQWDWLRQV�)LOHV���
R� 6LQJOH�RULHQWDWLRQV�GDWD�ILOHV��
�WVY��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���

x� 
3/)
�4XHHQV�8QLY��3)�)RUPDW�ILOHV���
�GHJ�����FRUUHFWHG�SROH�ILJXUHV����
R� 3ROH�ILJXUHV�GDWD�ILOHV���
�SOI��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���

x� 
3/)
��
�GHJ����FRUUHFWHG�SROH�ILJXUHV����
R� 3ROH�ILJXUHV�GDWD�ILOHV���
�SOI��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���

x� 
&21
�0F*LOO�8QLYHUVLW\�3)�)RUPDW�ILOHV����FRUUHFWHG�SROH�ILJXUHV����
R� 3ROH�ILJXUHV�GDWD�ILOHV���
�FRQ��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���

x� 
+./
�+./���.DZDVDNL�.7(&�)RUPDW�ILOHV����FRUUHFWHG�SROH�ILJXUHV����
R� 3ROH�ILJXUHV�GDWD�ILOHV���
�KNO���LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���

x� 
KNO
�$*+�PDLQ�IRUPDW���
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R� 3ROH�ILJXUHV�GDWD�ILOHV���
�KNO��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
R� %DFNJURXQG�SROH�ILJXUHV�GDWD�ILOHV��
�E�KNO��LQSXW�IURP��&KRRVH�([SHULPHQWDO�

'DWD��OLVW���
R� 5DQGRP�SRZGHU��SROH�ILJXUHV�GDWD�ILOHV��
�S�KNO��LQSXW�IURP��&KRRVH�

([SHULPHQWDO�'DWD��OLVW���
R� %DFNJURXQG�UDQGRP�SRZGHU��SROH�ILJXUHV�GDWD�ILOHV��
�W�KNO��LQSXW�IURP�

�&KRRVH�([SHULPHQWDO�'DWD���
x� 
[IE
�$*+�VHFRQG�IRUPDW��FRUHFWHG�SROH�ILJXUHV����

R� 3ROH�ILJXUHV�GDWD�ILOHV���
�[IE��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
x� 
&7)
�+./�6LQJOH�2ULHQWDWLRQV�)LOHV���

R� 6LQJOH�RULHQWDWLRQV�GDWD�ILOHV��
�&7)��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��
OLVW���

x� 
61*
�76/�6LQJOH�2ULHQWDWLRQV�)LOHV���
R� 6LQJOH�RULHQWDWLRQV�GDWD�ILOHV��
�VQJ��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��

OLVW���
x� 
7;7
�+./�6LQJOH�2ULHQWDWLRQV�)LOHV���

R� 6LQJOH�RULHQWDWLRQV�GDWD�ILOHV��
�W[W��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
x� 
8;'
��ILOH�YHUVLRQ������%58.(5�'���'LVFRYHU��FRUUHFWHG�SROH�ILJXUHV���$6&,,�ILOHV���

8VH�RQO\�RQH�SROH�ILJXUH�LQ�RQH�ILOH��3DUDPHWHU��BVDPSOH��KDV�WR�FRQWDLQ�0LOOHU�LQGLFHV�
RI�3)��LQ�WULDQJOH�EUDFNHWV��IRU�H[DPSOH���,U����!����

R� 3ROH�ILJXUHV�GDWD�ILOHV��
�X[G��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
x� 
8;'
��ILOH�YHUVLRQ������%58.(5�*$''6��FRUUHFWHG�SROH�ILJXUHV���$6&,,�ILOHV���8VH�

RQO\�RQH�SROH�ILJXUH�LQ�RQH�ILOH��3DUDPHWHU��BVDPSOH��KDV�WR�FRQWDLQ�0LOOHU�LQGLFHV�RI�
3)��LQ�WULDQJOH�EUDFNHWV��IRU�H[DPSOH���,U����!����

R� 3ROH�ILJXUHV�GDWD�ILOHV��
�X[G��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
x� 
+./
�&KDON�5LYHU�1HXWURQ�'LIIU��'DWD��FRUUHFWHG�SROH�ILJXUHV���

R� 3ROH�ILJXUHV�GDWD�ILOHV��
�
��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
x� 
$1$
���(06(�)RUPDW�ILOHV��FRUUHFWHG�SROH�ILJXUHV���

R� 3ROH�ILJXUHV�GDWD�ILOHV��
�DQD��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
x� 
HSI
���SRS/$�3)�)RUPDW�ILOHV��FRUUHFWHG�SROH�ILJXUHV���:DUQLQJ��)LOHV�LQ�SRS/$�IRUPDW�

KDYH�WKH�VDPH�H[WHQVLRQ�DV�/DER7H[�ILOHV���(3)���6HOHFW��HSI���VPDOO�OHWWHU�����GDWD�
IRUPDW�LQ�/DER7H[�2SWLRQV�IRU�ILOHV�LQ�SRS/$�IRUPDW���

R� 3ROH�ILJXUHV�GDWD�ILOHV��
�HSI��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
x� 
5$:
���SRS/$�)RUPDW�ILOHV��

R� 3ROH�ILJXUHV�GDWD�ILOHV��
�UDZ��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
R� 'HIRFXVVLQJ�FRUUHFWLRQ�GDWD�ILOHV��
�GIE��LQSXW�IURP��&KRRVH�'HIRFXVVLQJ�

&RUUHFWLRQ��OLVW���
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x� 
$6&
���5LJDNX�$6&�IRUPDW���3)�ILOH���
R� 3ROH�ILJXUHV�GDWD�ILOHV��
�DVF��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
R� 5DQGRP�SRZGHU��SROH�ILJXUHV�GDWD�ILOHV����
�DVF��LQSXW�IURP��&KRRVH�

'HIRFXVVLQJ�&RUUHFWLRQ��OLVW���
x� 
;3)
���%($57(;�GDWD�IRUPDW��FRUUHFWHG�SROH�ILJXUHV���

R� 3ROH�ILJXUHV�GDWD�ILOHV��
�[SI��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
x� 
3)*
���5,67�GDWD�IRUPDW�IURP�5,*$.8��$6&,,���

R� 3ROH�ILJXUHV�GDWD�ILOHV��
�SIJ��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
R� 5DQGRP�SROH�ILJXUHV�GDWD�ILOHV��
�SIJ��LQSXW�IURP��&KRRVH�'HIRFXVVLQJ�

&RUUHFWLRQ��OLVW���
x� 
7;7
���5,67�GDWD�IRUPDW�IURP�3+,/,36��$6&,,��FRUUHFWHG�SROH�ILJXUHV���

R� 3ROH�ILJXUHV�GDWD�ILOHV��
�W[W��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
x� 
5:�
���3+,/,36�;
3HUW�ELQDU\�GDWD�IRUPDW��%LQDU\���

R� 3ROH�ILJXUHV�GDWD�ILOHV��
�UZ���LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
R� %DFNJURXQG�SROH�ILJXUHV�GDWD�ILOHV��
�EJU��LQSXW�IURP��&KRRVH�([SHULPHQWDO�

'DWD��OLVW���
R� 'HIRFXVVLQJ�FRUUHFWLRQ�GDWD�ILOHV��
�FRU��LQSXW�IURP��&KRRVH�'HIRFXVVLQJ�

&RUUHFWLRQ��OLVW���
x� 
1-$
���6HLIHUW�$6&,,�GDWD�IRUPDW��

R� 3ROH�ILJXUHV�GDWD�ILOHV��
�1-$��LQSXW�IURP��&KRRVH�([SHULPHQWDO�'DWD��OLVW���
R� 5DQGRP�SROH�ILJXUHV�GDWD�ILOHV��
�1-$��LQSXW�IURP��&KRRVH�'HIRFXVVLQJ�

&RUUHFWLRQ��OLVW�
�����+RZ�PDNH�JLYHQ�IRUPDW�DFFHVVLEOH�IRU�/DER7H[�
�
7R�PDNH�IRUPDW�DFFHVVLEOH�IRU�FUHDWLRQ�RI�&3)�ILOHV�\RX�VKRXOG���
D��VHOHFW�(',7�PHQX�LQ�/DER7H[��
E��VHOHFW�/DER7H[�2SWLRQV��
F��VHOHFW�'DWD�)RUPDWV��
G��VHOHFW�QDPH�RI�IRUPDW�IURP�VHOHFWLRQ�ZLQGRZV�������
�
<RX�PD\�XVH�VHYHUDO�ILOHV�VLPXOWDQHRXVO\���
LQ��1HZ�6DPSOH��GLDORJ�ER[�VHOHFW��FOLFN�PRXVH��VHYHUDO�ILOHV�VLPXOWDQHRXVO\�KROGLQJ�&75/�
�FRQWURO��NH\���
�
,I�H[WHQVLRQV�RI�ILOHV�ZLWK�GDWD�GLIIHU�IURP�KLJKHU�LQGLFDWHG�SOHDVH�WR�FKDQJH�LW���
)RU�H[DPSOH���FDVH�5:��IRUPDW���EDFNJURXQG�SROH�ILJXUHV�GDWD�ILOHV�KDYH�D�&25�H[WHQVLRQ�DV�
GHIDXOW�ZKLFK�LV�WKH�VDPH�DV��GHIRFXVVLQJ�FRUUHFWLRQ�GDWD�ILOHV��&KDQJH�H[WHQVLRQ�RI�
EDFNJURXQG�SROH�ILJXUHV�GDWD�ILOHV�WR�%*5�EHIRUH�LQSXW�WR�/DER7H[��
�
�
$OO�WUDGHPDUNV�DUH�WKH�SURSHUWLHV�RI�WKHLU�UHVSHFWLYH�RZQHUV�DQG�DUH�RQO\�XVHG�LQ�D�GHVFULSWLYH�
IDVKLRQ�ZLWKRXW�DQ\�LQWHQWLRQ�WR�LQIULQJH��
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�

���/DER7H[���)UHTXHQWO\�$VNHG�4XHVWLRQV��)$4���
�

4��,Q�GHPR�YHUVLRQ�WKH�UDZ�GDWD�IRU�WKH�SROH�ILJXUH�FRQWDLQV�WKH�GDWD�IURP���WR����GHJ�
DOSKD�DQJOH�WLOW��,Q�RXU�SROH�ILJXUH�GDWD�REWDLQHG�E\�UHIOHFWLRQ�PHWKRG�UDQJHV��IURP���WR�
��� GHJ� DV� DW� KLJKHU� DQJOHV� WKH� EHDP� LV� SDUDOOHO� WR� WKH� VDPSOH� VXUIDFH� OHDGLQJ� WR�
GHIRFXVVLQJ�� ,V� WKH� LQFRPSOHWH� SROH� ILJXUH� GDWD� REWDLQHG� E\� XV� XVLQJ� EDFN� UHIOHFWLRQ�
PHWKRG�HQRXJK�IRU�DQDO\VLV"�
$��<HV��\RX�FDQ�XVH�LQFRPSOHWH�SROH�ILJXUHV�ZLWKRXW�DQ\�SUREOHP��

�
4��$W�HDFK�DOSKD�WLOW�DQJOH�ZH�JHW�WKH�EDFNJURXQG�YDOXHV��7KHUH�LV�QRLQIRUPDWLRQ��LQ�WKH�
VRIWZDUH�KRZ�WR�GR�WKH�EDFNJURXQG�FRUUHFWLRQ�E\�XVLQJ�WKHVH�YDOXHV��$OVR�WKH�UDZ�GDWD�
GRHV�QRW�JLYH�WKH�EDFNJURXQG�YDOXHV�LQ�\RXU�FDVH��
$��,Q�GHPR�YHUVLRQ�ZH�KDYH�QRW�XVHG�WKH�EDFNJURXQG�YDOXHV�EXW��RQ�WKH�ZKROH��LI�\RX�FKHFN�WKH�
VWUXFWXUH�RI�(3)�ILOH���VHH�+(/3�PHQX��\RX�ZLOO�QRWLFH�WKDW�/DER7H[�SURJUDP�DFFHSWV�WKH�
EDFNJURXQG�GDWD��

�
4��:H�QHHG�WR�GR�WKH�2')�IRU�WKH�+&3�PHWDOV�OLNH�7LWDQLXP��=LUFRQLXP�DQG�VRPH�FXELF�
PHWDOV�OLNH�VWHHO��:H�PD\�QRW�QHHG�WKH�RWKHU�FU\VWDO�JHRPHWU\��
$��7KH�/DER7H[�SURJUDP�FDOFXODWHV�2')�IRU�DOO�FU\VWDO�V\PPHWULHV��<RX�FDQ�XVH�ZKLFKHYHU�
\RX�ZLVK��

�
4��0D[�LQWHQVLW\�YDOXH�RI�3)�GDWD�ZKLFK�LV�REWDLQHG�E\�;�UD\�PDFKLQH�LV�GLIIHUHQW�IURP�
WKH�RQH�DSSHDULQJ�RQ�WKH�FRPSXWHU�VFUHHQ�RI�/$%27(;�3)�DQDO\VLV��$Q\�UHDVRQ�"�
$��([SHULPHQWDO�SROH�ILJXUHV�REWDLQHG�IURP�;�UD\�GLIIUDFWLRQ�DUH�XQQRUPDOL]HG��PHDVXUHG�
LQWHQVLWLHV�GHSHQG�RQ�W\SH�RI�;�UD\�VRXUFH��W\SH�RI�D�FRXQWHU��FROLPDWLQJ�V\VWHP��DEVRUSWLRQ�
SURSHUWLHV�RI�PHDVXUHG�PDWHULDO�DQG�VR�RQ��6R��SROH�ILJXUHV�IURP�;�UD\�PDFKLQH�FDQ�QRW�EH�
FRPSDUDEOH�WR�HDFK�RWKHU��2QO\�LQ�2')�FDOFXODWLRQ�SURFHVV�SROH�ILJXUHV�FDQ�EH�QRUPDO\VHG��
3ROH�ILJXUHV�XVHG�LQ�/DER7H[�SURJUDP�DUH�RI�WZR�W\SHV��
,���DSSUR[LPDWHO\�QRUPDO\VHG����&3)�
,,���SUHFLVHO\�QRUPDO\VHG���13)���53)��DQG��$3)�
3ROH�ILJXUHV��DOVR�PD[�LQWHQVLWLHV��IURP�;�UD\�DQG��(3)�DQG��&3)�KDYH�XVXDOO\�GLIIHUHQW�
LQWHQVLWLHV�WKDQ�SROH�ILJXUHV�RI�W\SH�,,���13)���53)��DQG��$3)���$OO�FRPSDULVLRQV�EHWZHHQ�SROH�
ILJXUHV�VKRXOG�EH�GRQH�LQVLGH�SROH�ILJXUHV�RI�W\SH�,,����4XDQWLWDWLYH�DQDO\VLV�FDQ�EH�PDGH�XVLQJ�
RQO\�QRUPDO\]HG�SROH�ILJXUHV���

�
4��'RHV�WKH�DFFXUDF\��RU�,�FDQ�VD\�UHOLDELOLW\��RI�3)�WR�2')�FRQYHUVLRQ�GHSHQG�RQ�WKH�
W\SH�RI�WKH�IHDWXUH�RI�WKH�WH[WXUHV�FRQFHUQHG�"�)RU�H[DPSOH��LV�WKHUH�DQ\�GLIIHUHQFH�LQ�WKH�
DFFXUDF\�EHWZHHQ�*RVV�DQG�FXEH�RULHQWHG�WH[WXUHV�"�
$��1R��DFFXUDF\�RI�GLIIHUHQW�WH[WXUH�FRPSRQHQWV�GRHV�QRW�GHSHQG�RQ�WKH�W\SH�RI�WH[WXUH�
FRPSRQHQW�LQ�FDOFXODWLRQ�E\�$'&�PHWKRG��/DER7H[�SURJUDP���

�
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4��,V�WKH�DOJRULWKP�IRU�FDOFXODWLRQ�RI�2')
V�GLIIHUHQW�IURP�WKH�
:,09
�DOJRULWKP�LQ�WKH�
323/$�SDFNDJH"��
$��7KH�DOJRULWKP�XVHG�LQ�/DER7H[�SURJUDP�LV�GLIIHUHQW�IURP�WKH�:,09�PHWKRG��,Q�/DERWH[�
SURJUDP�LV�XVHG�
DQ�RULJLQDO�$'&�DOJRULWKP���6LPLODULWLHV�LQ�:,09�DQG�$'&�PHWKRGV��
���ERWK�EHORQJ�WR�WKH�VDPH�JURXS�RI�VR�FDOOHG�GLUHFW�PHWKRGV��RU�GLVFUHWH�PHWKRGV��LQ�
RSSRVLWLRQ�WR�)RXULHU��
VHULHV�PHWKRGV�
���ERWK�XVH�LWHUDWLRQ�SURFHGXUHV�
'LIIHUHQFHV�EHWZHHQ�$'&�DQG�:,09�PHWKRGV��
���GLIIHUHQW�SULQFLSOHV�RI�WKH�LWHUDWLRQ�SURFHGXUH�
���GLIIHUHQW�SULQFLSOHV�RI��JKRVWV��FRUUHFWLRQ�
6HH���
��+��5��:HQN��.��3DZOLN��-��3RVSLHFK�DQG�-�6��.DOOHQG��������'HFRQYROXWLRQ�RI�VXSHUSRVHG�
SROH�ILJXUHV�E\�GLVFUHWH�2')�PHWKRGV��&RPSDULVRQ�RI�$'&�DQG�:,09�IRU�TXDUW]�DQG�FDOFLWH�
ZLWK�WULJRQDO�FU\VWDO�DQG�WULFOLQLF�VSHFLPHQ�V\PPHWU\��7H[WXUHV�DQG�0LFURVWUXFWXUHV���������
�����
���8��)��.RFNV��&��1��7RPL��+��5��:HQN���7H[WXUH�DQG�$QLVRWURS\���&DPEULGJH�8QLYHUVLW\�
3UHVV��
������� 7KH� VWURQJ� DQG� ZHDN� SRLQWV� RI� HDFK� PHWKRG� DUH� H[DPLQHG� VKRZLQJ� WKDW� WKH� LWHUDWLYH�
GLVFUHWH� PHWKRGV� �$'&� DQG� :,09�� DUH� EHWWHU� VXLWHG� IRU� WKH� UHSURGXFWLRQ� RI� WKH� WH[WXUH�
IXQFWLRQ�LQ�WKH�SUHVHQW�FDVH��,Q�FRPSDULQJ�WKHVH�WZR�GLVFUHWH�PHWKRGV��LW�LV�HYLGHQFHG�WKDW�WKH�
$'&�PHWKRG�UHSURGXFHV�PRUH�DFFXUDWHO\�ERWK�WKH�H[SHULPHQWDO�DQG�V\QWKHWLF�WH[WXUH�IXQFWLRQV�
RYHU�WKH�HQWLUH�UDQJH�RI�WH[WXUH�VKDUSQHVV�FRQVLGHUHG������)�&DOH\R��7�%DXGLQ��0�+�0DWKRQ�DQG�
5�3HQHOOH���&RPSDULVRQ�RI�VHYHUDO�PHWKRGV�IRU�WKH�UHSURGXFWLRQ�RI�WKH�RULHQWDWLRQ�GLVWULEXWLRQ�
IXQFWLRQ�IURP�SROH�ILJXUHV�LQ�PHGLXP�WR�VWURQJ�WH[WXUHG�PDWHULDOV���(XU��3K\V��-��$3������������
S�������
��� 3ULQFLSOHV� RI� WKH� $'&�PHWKRG� DUH� GHVFULEHG� LQ� WKH� UHIHUHQFH� SDSHUV�� � VHH�Æ� 7KH� $'&�
0HWKRG�5HIHUHQFHV��

�
4�� ,� DP� ORRNLQJ� IRU� D� EHWWHU� UHIHUHQFH� RU� ZD\� WR� LQGH[� 2')� SDWWHUQV��0RVWO\�� ,� � XVH�
ILJXUHV�IURP�%XQJH
V�ERRN�ZKLFK�VKRZ�ORZ�LQGH[�RULHQWDWLRQV��:RUNLQJ�ZLWK�VWHHO��,�FRPH�
DFURVV�PDQ\�KLJKHU�RUGHU�UHIOHFWLRQV�OLNH�^���`����!�DQG�,�FDQ�FDOFXODWH�WKHVH�DQJOHV�LI�,�
NQRZ�ZKDW� WR� ORRN� IRU�� EXW� LWV� YHU\� WHGLRXV� WR� � LQGH[� VRPH�KLJKHU� RUGHU� UHIOHFWLRQV� E\�
JXHVVLQJ� ZKDW� WKH\� PLJKW� EH� DQG� WKHQ� � FDOFXODWLQJ� WKH� DQJOHV�� FKHFNLQJ�� UHJXHVVLQJ��
FDOXODWLQJ���� ,� ZRXOG� OLNH� D� � SURJUDP� ZKLFK� WDNHV� LQSXWV� RI� (XOHU� DQJOHV� DQG� OLVWV� WKH�
FORVHVW� ^KNO`�XYZ!� � LQGLFHV�� ,� JXHVV� ,
OO� SURJUDP� VRPHWKLQJ� OLNH� WKLV�XQOHVV� DQ\RQH�FDQ�
VXJJHVW�D��EHWWHU�PHWKRG�RU�SRLQW�PH�WRZDUGV�VRPHWKLQJ�WKDW�KDV�DOUHDG\�EHHQ�ZULWWHQ��
$��<RXU�SUREOHP�RI�LQGH[LQJ�2')�SDWWHUQV�FDQ�EH�VROYHG�XVLQJ�/DER7H[��/DER7H[�LV�
SHUIRUPLQJ�WH[WXUH�DQDO\VLV�XVLQJ�SROH�ILJXUHV�DQG�2')��/DER7H[�PD\�GRLQJ�LW�
VLPXODWRQRXVO\��
�
�
�
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�
4��:KDW�LQGLFHV�,�VKRXOG�XVH�IRU�KH[DJRQDO�V\PPHWU\"�
$��,Q�FDVH�RI�KH[DJRQDO�V\PPHWU\�\RX�VKRXOG�WUDQVIRUP�^KNLO`����!�^KNO`�E\�H[FOXGLQJ�LQGLFH�
^L`���H�J���^�����`�WR�^���`���
��IRU�SROH�ILJXUH��LI�ILUVW�RU�VHFRQG�LQGLFH�LV�QHJDWLYH��SOHDVH�UHDUUDQJH�LW�VR�WKDW�WKH�ILUVW��
WZR�LQGLFHV�DUH�SRVLWLYH�DQG�H[FOXGH�WKH�WKLUG�LQGH[��ZKLFK�LV�WKH�QHJDWLYH�VXP�RI�WKH�ILUVW�WZR���
7KH�ODVW�LQGH[�UHPDLQV�WKH�VDPH���
H�J��^�����`�WR�^�����`�DQG�ILQDO�^���`���
��IRU�FU\VWDO�GLUHFWLRQV���XYWZ�!�  !���89:�!�SOHDVH�FDOFXODWH���
8 X�W��
9 Y�W��
: Z��
H�J��������!�WR�����!�DQG�ILQDO�����!���
3OHDVH��FKHFN�WKLV�IRU�FDOFXODWH�RULHQWDWLRQ�^��������`�����������!����
^��������`�����������!�  !�^�����`������!��

�
4��7KH�IRUPDW�RI�WKH�UDZ�GDWD�DV�ZH�JHW�LV�GLIIHUHQW�WKDQ�WKH�RQH�XVHG�E\�\RX��+RZ�GR�
\RX�SURSRVH�WR�FKDQJH�WKH�GDWD�VWUXFWXUH�VR�WKDW�LW�FDQ�EH�VXLWDEOH�IRU�WKH�VRIWZDUH��
$��,I�IRUPDW�\RXU�GDWD�LV�DEVHQW�LQ�/DER7H[��VHH��(GLW���!�/DER7H[�2SWLRQV����!�'DWD�)RUPDWV����
,�KDYH�WZR�VXJJHVWLRQV��
,��3OHDVH��WDNH�D�ORRN�DW�WKH�GHVFULSWLRQ�RI�GDWD�ILOH�VWUXFWXUH�LQ�WKH�+(/3�PHQX�RI�/DER7H[�
'HPR��6HH�WKH��/DER7H[�)RUPDW��RI�([SHULPHQWDO�'DWD��RSWLRQ�DQG�WKH�H[DPSOHV�RI�
)LOHQDPH�(3)���)LOHQDPH�&25�DQG�)LOHQDPH�32:�
7KHQ�\RX�FDQ�WUDQVIRUP�\RXU�GDWD�WR�(3)�DQG�&25�W\SH�IRUPDW��
RU��
,,��<RX�FDQ�VHQG�XV�H[DPSOHV�RI�\RXU�GDWD�ILOHV�DQG�WKH�/DER6RIW�WHDP�ZLOO�SUHSDUH�WKH�
/DER7H[�LQSXW�WR�DFFHSW�\RXU�GDWD�IRUPDW���IUHH�RI�FKDUJH��

�
4��&DQ�,��FUHDWH�&3)�ILOH�P\VHOI"��:H�ZRXOG�OLNH�WR�FDOFXODWH�WKH�2')�ZLWK�SROH�ILJXUHV�
ZKLFK�KDYH�EHHQ�PXOWLSOLHG�E\�FRUUHFWHG�IDFWRUV�DQG�ZKLFK�ZHUH�QRW�UH�QRUPDOLVHG�DIWHU�
WKLV�PXOWLSOLFDWLRQ��
$���&3)�ILOHV�DUH�ELQDU\�ILOHV�ZLWK�FRPSOLFDWHG�VWUXFWXUH��6R�,�JLYH�\RX�DQRWKHU�VXJJHVWLRQV��
,���<RX�FDQ�PDNH�\RXU�VSHFLDO�GDWD�DV�D�
33)
�ILOH��SOHDVH��FKHFN�LQ�KHOS���7KLV�ILOH�GRHV�QRW�
LQFOXGH�EDFNJURXQG�GDWD�DQG�\RX�GR�QRW�QHHG�WR�XVH���&25�ILOH���
RU�
,,���<RX�FDQ�XVH�\RXU�VSHFLDO�SROH�ILJXUHV�DV�
(3)
�ILOH�LQFOXGLQJ�DW�WKH�HQG�RI�ILOH�WKH�SURSHU�
QXPEHU�RI�����YDOXHV�IRU�WKH�EHFNJURXQG�IRU�HDFK�SROH�ILJXUH��5HPHPEHU�WR�DGG�WKH�OLQHV�
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GHVFULELQJ�GDWD��DW�WKH�EHJLQLQJ�RI�WKH�ILOH��IRU�HDFK�SROH�ILJXUH�EDFNJURXQG��,Q�WKDW�FDVH�\RX�
QHHG�WR�PDNH�D�
&25
�ILOH�LQFOXGLQJ�FRUUHFWLRQ�FRHIILFLHQWV�DV������

�
4��:KDW�VKRXOG�,�GR�WR�UHDG�5LJDNX�GDWD"��
$��)RU�5LJDNX�GDWD�ILOHV��SOHDVH�UHPHPEHU��
���XVH�RQO\�RQH�SROH�ILJXUH�LQ�RQH�ILOH��
���H[WHQVLRQ�RI�ILOH�KDV�WR�EH�$6&��IRU�H[DPSOH��������$6&��������$6&��������$6&���
���WR�PDNH�$6&�ILOHV�DFFHVVLEOH�IRU�FUHDWLRQ�RI�&3)�ILOHV�\RX�VKRXOG���
,��VHOHFW�(',7�PHQX�LQ�/DER7H[��
,,��VHOHFW�/DER7H[�2SWLRQV��
,,,��VHOHFW�'DWD�)RUPDWV��
,9��VHOHFW��$6&���5LJDNX�$6&�IRUPDW���3)�ILOH���LQ�RQH�RI��VHOHFWLRQ�ZLQGRZV���������
WKHQ��
���VHOHFW��QHZ�VDPSOH���IURP�)LOH�PHQX�RU�WKLUG�LFRQ�IURP�WRROEDU����
VHOHFW��$6&��GDWD�IRUPDW��LI�\RX�GR�QRW�XVH�GHIRFXVLQJ�FRUUHFWLRQ���
SOHDVH�VHOHFW��RII��IRU��&RUUHFWLRQ���
���VHOHFW�$6&�SROH�ILJXUHV�ILOHV�E\�WKH�PRXVH�FOLFNLQJ��
���VHOHFW�WKH�SURSHU�FU\VWDO�V\PPHWU\�IRU�\RXU�VDPSOH��

�
4��&RXOG�\RX�SOHDVH�OHW�PH�NQRZ�ZKHWKHU�/DER�7H[�IRU�:LQGRZV�FRXOG�EH�XVHG�IRU�ILOHV�
JHQHUDWHG�ZLWK�%UXNHU�HTXLSPHQW"��
$��<HV��)LOH�YHUVLRQ���DQG����8VH�RQO\�RQH�SROH�ILJXUH�LQ�RQH�ILOH��ILOHV�H[WHQVLRQ��8;'���
�BVDPSOH��KDV�WR�FRQWDLQ�0LOOHU�LQGLFHV�RI�3)��LQ�WULDQJOH�EUDFNHWV��IRU�H[DPSOH���,U����!����

�
4�� :KHQ� XVLQJ� $6&� IRUPDW� RQO\� RQH� 3)� ILOH� FDQ� EH� LQSXWHG� DQG� RWKHU� $3)� FDQ� EH�
FDOFXODWHG� E\� WKH� VRIW�� ,V� WKDW� PHDQW� WKDW� LW� LV� QRW� QHFHVVDU\� WR� PHDVXUH� RWKHU� 3)V�
H[SHULPHQWDOO\"� &DQ� ,� LQSXW� RWKHU� 3)� VXFK� DV� ���� DQG� ����� EHVLGHV� WKH� ���� LQ� %&&�
VWUXFWXUH"�%XW�LQ�WKH�(3)�IRUPDW�VHYHUDO�3)V�FDQ�EH�LQSXW�VLPXOWDQHRXVO\�+RZ�DERXW�WKH�
GLIIHUHQFH�LQ�WKH�(3)�DQG�$6&�FDVHV"��
$�� ,W� LV� SRVVLEOH� XVH�PRUH� 3)V� �ILOHV��<RX�PD\� XVH� �������� DQG� ���� 3)V� VLPXOWDQHRXVO\�,Q�
�1HZ� 6DPSOH�� GLDORJ� ER[� VHOHFW� �FOLFN� PRXVH�� $6&� ILOHV� VLPXOWDQHRXVO\� KROGLQJ� &75/�
�FRQWURO��NH\�����&DOFXODWLRQ�2')�IURP�RQH�3)�QRW�HYHU�LV�HQRXJK���,I�LW�LV�SRVVLEOH�\RX�VKRXOG�
XVH�PRUH�3)���

�
4��'R�\RX�KDYH�DQ\�VLPSOH�ZD\�WR�WUDQVIHU�WKH�$6&�LQWR�(3)�IRUPDW��ZLWK���FROXPQV"��
$��:KHQ�\RX�FUHDWH�&3)�ILOH�IURP�$6&�ILOHV�/DER7H[�FRQYHUW�$6&�ILOHV�WR�WKH�(3)�32:�RU�
33)�ILOHV��7KLV�ILOHV�\RX�FDQ�ILQG�LQ�/DER7H[�WHPSRUDU\�GLUHFWRU\��H�J�
&�?/DERWH[�?XVHU?XVHUQDPH�/$%?WPS������

�
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4��$V�IRU�WKH�EDFNJURXQG�GDWD��,�ILQG�QR�ZD\�WR�LQSXW�WR�WKH�ILOH�ZKHQ�D�$6&�KDV�EHHQ�
LQSXW��&DQ�WKH�EDFNJURXQG�GDWD�RQO\�EH�XVHG�LQ�WKH�(3)�IRUPDW"��
$�� 8VXDOO\� PHDVXUHG� SROH� ILJXUHV� PXVW� EH� FRUUHFWHG� DFFRUGLQJ� WR� WKH� EDFNJURXQG� DQG�
GHIRFXVLQJ� DEVRUSWLRQ�� 6R�� \RX� VKRXOG� PHDVXUH� WKHVH� YDOXHV� IRU� \RXU� VDPSOHV�7KHVH� ERWK�
FRUUHFWLRQV� RI� UDZ� SROH� ILJXUHV� GDWD�� VRPHWLPHV� DUH� GRQH� E\� VRIWZDUH� RI� H[SHULPHQWDO� [�UD\�
GHYLFH� �HVSHFLDOO\� LQ� WKH� FDVH� RI� XVLQJ� 36'�3RVLWLRQ� 6HQVLWLYH�'HWHFWRU��� <RX� VKRXOG� FKHFN�
ZKDW�FDVH�LV�LQ�\RXU�[�UD\�GHYLFH�"�,QVLGH�WKH�$6&�ILOH�IRUPDW�\RX�FDQ�ILQG�WZR�SODFHV�LQ�ZKLFK�
WKH�EDFNJURXQG�YDOXHV�FDQ�EH�LQFOXGHG��3OHDVH�ILQG�WKH�OLQHV�ZLWK�ZRUGV��
/2:���
+,*+��,Q�
WKHVH�SODFHV�WKHUH�DUH�]HUR�YDOXHV�LQ�\RXU�ILOHV��<RX�VKRXOG�GHFLGH�LI�WKLV�LV�FRUUHFW�RU�\RX�PXVW�
UHDG�WKH�PDQXDO�RI�\RXU�[�UD\�GHYLFH�WR�ILQG�RXW�KRZ�WR�PHDVXUH�DQG�LQFOXGH�WKH�EDFNJURXQG�
YDOXHV�WR�\RXU�$6&�ILOHV�LQ�SRVLWLRQV�
/2:�DQG�
+,*+�LQVLGH�WKH�ILOHV���

�
4��,�DP�VWXG\LQJ�WKH�WH[WXUH�LQ�VWHHO��:KLFK�FRUUHFWLRQ�ILOH�DQG�WKH�V\PPHWU\�W\SH�VKRXOG�
,�FKRRVH�LQ�LQSXWLQJ�WKH�GDWD"��
$��7R�GHIRFXV�FRUUHFWLRQ�\RX�VKRXOG�PHDVXUH�WKH�SROH�ILJXUHV�RI�WKH�SRZGHU�VDPSOH��IURP�WKH�
VDPH�PDWHULDO�DV�WKH��WH[WXUHG�VDPSOHV����LQ�\RXU�FDVH�VWHHO���7KH�SRZGHU�VDPSOH�LV�WUHDWHG�DV�
�QRQ� WH[WXUH�� VDPSOH��ZKLFK�KHOS� WR� ILQG� RXW� WKH� DEVRUSWLRQ�FXUYH� IRU�GHIRFXVLQJ�FRUUHFWLRQ��
7KH�ILOHV�RI�WKH�SRZGHU�VDPSOH�VKRXOG�KDYH�H[WHQVLRQ�32:��/DER7H[�IRUPDW��RU�$6&��5LJDNX�
IRUPDW���DQG�VKRXOG�EH�LQFOXGHG�LQ�&25�GLUHFWRU\��IRU�SURSHU�XVHU��RI�/DER7H[��,Q�\RXU�FDVH�RI�
WKH� VWHHO� VDPSOHV� \RX� VKRXOG� FKRRVH� WKH� 2�FXELF� V\PPHWU\�� $OO� V\PPHWULHV� DUH� LQGLFDWHG�
DFFRUGLQJ�WR�WKH�6FKRHQIOLHVV�V\PEROV��,QWHUQDWLRQDO�7DEOHV�IRU�&U\VWDOORJUDSK\���HG�7�+DQKQ���
������'�5HLGHO�SXEOLVKLQJ�FRPSDQ\��'RUGUHFKW�%RVWRQ����

�
4��$V�IRU�WKH�SRZGHU�VDPSOH�VKRXOG�,�PHDVXUH�WKDW�LQ�WKH�VDPH�FRQGLWLRQ�ZLWK�WKH�
RUGLQDU\�RQHV"��
$��<HV���

�
4��&DQ�,�FKRRVH�WKH�&RUU�ILOH�DOVR�LQ�WKH�$6&�IRUPDW"��
$��<HV���

�
4��:KDW�GRHV��$]LPXWKDO�DQJOH�VWHSV�GLIIHUHQW�IRU�SROH�ILJXUHV��3ROH�ILJXUHV�^�����`������
&3)�ILOH�ZLOO�QRW�EH�FUHDWHG���PHDQ"��
$��,Q�DFWXDO�YHUVLRQ�RI�/DER7H[����������WKH�VWHS�RI�SRODU�DQJOH��DOSKD��KDV�WR�EH�HTXDO�WKH�VWHS�
RI�D]LPXWKDO�DQJOH� �EHWD�� �SHUPLVVLEOH�YDOXHV������������������������������������������������������
������������,Q�\RXU�FDVH�WKHVH�DQJOH�VWHSV�DUH�GLIIHUHQW������DQG������<RX�VKRXOG�PHDVXUH�ZLWK�
WKH�JULG�RI�WKH�VDPH�DOSKD�DQG�EHWD�VWHSV��2QO\�LQ�WKH�FDVH�RI�EDFNJURXQG�GDWD��DOSKD�VWHS�FDQ�
EH� GLIIHUHQW� WKDQ�EHWD� VWHS��%XW� WKH� DOSKD� VWHS� IRU� WKH� WH[WXUH�GDWD� DQG� WKH� DOSKD� VWHS� IRU� WKH�
EDFNJURXQG�PXVW�EH�HTXDO����

�
4��+RZ�FDQ�,�KDYH�WKH�QXPHULFDO�YDOXHV�RI�WKH�RGI�DV�ZH�KDG�LQ�WKH�ILOH��SRG�EHIRUH�"�:H�
QHHG�WKLV�YDOXHV�IRU�RXU�FDOFXODWLRQV�WR�GHWHUPLQH�WKH�VWRUHG�HQHUJ\���
$��7KLV�RSWLRQ�LV�LQ�YHUVLRQ������PHQX�)LOH��!2')�H[SRUW���8SJUDGH�YHUVLRQ�����WR�����LV�IUHH�
RI�FKDUJH�E\�H�PDLO���

�
4��:KHQ�/DER7H[�UHDGV�P\�GDWD�ILOH��VDPSOH�HSI��,�JHW�D�PHVVDJH��(UURU��,PSURSHU�
GDWD��&KHFN�GDWD�ILOH���3OHDVH�FKHFN�P\�LQSXW�GDWD�ILOH��
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$��<RXU�GDWD�ILOH�LV�LQ�SRS/$�IRUPDW��ZKLFK�KDV�WKH�VDPH�H[WHQVLRQ�DV�/DER7H[�ILOHV���(3)���
7R�PDNH�SRS/$�
�(3)�ILOHV�DFFHVVLEOH�IRU�FUHDWLRQ�RI�&3)�ILOHV�\RX�VKRXOG���
,��VHOHFW�(',7�PHQX�LQ�/DER7H[��
,,��VHOHFW�/DER7H[�2SWLRQV��
,,,��VHOHFW�'DWD�)RUPDWV��
,9��VHOHFW��(3)���SRS/$�(3)�ILOHV�IRUPDW��LQ�RQH�RI��VHOHFWLRQ�ZLQGRZV���
9��VHOHFW��QHZ�VDPSOH���IURP�)LOH�PHQX�RU�WKLUG�LFRQ�IURP�WRROEDU����
9,��VHOHFW��HSI���VPDOO�OHWWHU�����GDWD�IRUPDW��LQ�WKLV�IRUPDW�GDWD�DUH�DIWHU�FRUUHFWLRQ���
9,,��QRZ�VHOHFW�\RXU�GDWD�ILOH�E\�WKH�PRXVH�FOLFNLQJ��
9,,,��VHOHFW�WKH�SURSHU�FU\VWDO�V\PPHWU\�IRU�\RXU�VDPSOH��

�
4��+RZ�GRHV�/DER7H[�GHILQH�VDPSOH�DQG�FRRUGLQDWH�V\VWHP"��
$��/DER7H[�FRQYHQWLRQ��IURP�WKH�YHUVLRQ������������
���;�<�=�D[LV�SHUSHQGLFXODU�WR�HDFK�RWKHU���
���;�<�D[LV�DUH�LQ�WKH�������FU\VWDOORJUDSKLF�SODQH��DQG��
=�D[LV�LV�SHUSHQGLFXODU�WR�������FU\VWDOORJUDSKLF�SODQH���
���;�D[LV�LV�SDUDOHO�WR�WKH�>���@�FU\VWDOORJUDSKLF�SODQH���
���&U\VWDO�FRRUGLQDWH�V\VWHP�DQG�VDPSOH�FRRUGLQDWH�V\VWHP�VKRXOG�EH��
DW�WKH�VDPH�RUGHU�L�H��ERWK�ULJKW�KDQGHG�RU�ERWK�OHIW�KDQGHG���
���%XQJH�GHILQLWLRQ�RI�(XOHU�DQJOHV���

�
4��/DER7H[�VKRZV�EDG�(XOHU�DQJOHV�IRU�RULHQWDWLRQ��������������! ���������
��! ^���������������`��)URP�P\�GLDJUDP�VKRXOG�EH��^��������`��=U�$OOR\���KH[DJRQDO�
V\VWHP����
$��<RXU�GLDJUDP�LV�PDGH�LQ�GLIIHUHQW�FRQYHQWLRQ�WKDQ�/DER7H[��,Q�KH[DJRQDO�V\VWHP��IRU�
KH[DJRQDO�GLYLVLRQ��D E�F�QRQ�HTXDO�D��DOSKD EHWD ���JDPPD �����DUH�XVHG�WZR�FRQYHWLRQV�
IRU�VDPSOH�DQG�FRRUGLQDWH�V\VWHP���,W�LV�D�UHDVRQ�RI�D�GLIIHUHQFH�EHWZHHQ�YDOXHV�RI�3KL��DQJOH�
DERXW�����
�WKHUH�LV�WKH�SRVVLELOLW\�RI�WKH�FKRLFH�RI�WKH�D[LDO�FRQYHQWLRQ�LQ�KH[DJRQDO�V\VWHP�LQ�/DER7H[�
IURP�YHUVLRQ���������������

�
4��,�KDYH�FHOO�SDUDPHWHUV�IRU�WULJRQDO�V\VWHP��D E F��DOSKD EHWD JDPPD�������,Q�
H[DPSOH�IRU�WULJRQDO�V\VWHP�/DER7H[�KDV�WKH�VDPH�FHOO�SDUDPHWHUV�DV�IRU�KH[DJRQDO�
V\VWHP��,V�LW�HUURU"�
$��1R��5KRPERKHGUDO�FU\VWDO�FDQ�DOZD\V�EH�GHVFULEHG�LQ�WHUP�RI�KH[DJRQDO�D[HV��,Q�WULJRQDO�
GLYLVLRQ�RI�KH[DJRQDO�V\VWHP�DUH�XVHG�WZR�FRQYHQWLRQV�����UKRPERKHGUDO�D[HV��DV�IRU�\RXU�
GDWD��DQG�����KH[DJRQDO�D[HV��/DER7H[�XVH�KH[DJRQDO�D[HV�DQG�FHOO�SDUDPHWHUV�KDV�WR�EH�WKH�
VDPH�DV�IRU�KH[DJRQDO�GLYLVLRQ���

�



� ��

4��:KHQ�,�UXQ�WKH�+$63�3URWHFW�.H\�,QVWDODWLRQ�IURP�WKH�ZLQGRZV�V\VWHP���
D�PHVVDJH�DSHDUV���
�XVHU�KDV�QR�DFFHVV�WR�WKH�GDWDEDVH�UHJLVWU\��[����������[���[���
DQG�WKH�LQVWDOODWLRQ�LV�VWRSSHG���
$��%HIRUH�LQVWDOODWLRQ�RI�WKH�+$63�3URWHFW�.H\�RQ�17������;3�V\VWHP�\RX�VKRXOG���
���6ZLWFK�RII�\RXU�3&�ZLWK�:LQ�17������;3�V\VWHP���
���,QVWDOO�+$63�3URWHFW�.H\�WR�WKH�SDUDOOHO�SULQWHU�SRUW�LQ�3&���
���6ZLWFK�RQ�\RXU�3&�ZLWK�:LQ�17������;3�V\VWHP���
���9HU\�LPSRUWDQW�����/RJLQ�WR�WKH�17������;3�V\VWHP�DV�$GPLQLVWUDWRU���
���$V�$GPLQLVWUDWRU�LQVWDOO�+$63�GHYLFH�GULYHU��5HPHPEHU�WR�UHERRW��
WKH�FRPSXWHU�DIWHU�FRPSOHWH�+$63�LQVWDOODWLRQ���
���1RZ��\RX�FDQ�ORJLQ�HYHU\�WLPH�WR�WKH�17������;3�V\VWHP�DV�D�RUGLQDU\�XVHU�DQG��
UXQ�/DERWH[�SURJUDP���
�
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���5HIHUHQFHV�
�
��� .�3DZOLN���SK\V�VWDW�VRO��E��������������S�����'HWHUPLQDWLRQ�RI�WKH�2ULHQWDWLRQ�

'LVWULEXWLRQ�)XQFWLRQ�IURP�3ROH�)LJXUHV�LQ�$UELWUDULO\�'HILQHG�&HOOV����
��� .�3DZOLN��-�3RVSLHFK���3URF��RI�,QW��:RUNVKRS��&ODXVWKDO�=HOOHUIHOG��*HUPDQ\����������

S�����
��� .�3DZOLN��-�3RVSLHFK��.�/XFNH���3URF��RI�,&2720����6DQWD�)H��86$����������S�����

�7KH�'HYHORSPHQW�RI�D�1HZ�'LUHFW�0HWKRG�RI�2')�5HSURGXFWLRQ�)URP�3ROH�)LJXUHV�
DQG�LWV�7HVWLQJ�ZLWK�WKH�+HOS�RI�0RGHO�)XQFWLRQV�����

��� .�3DZOLN��:�7UXV]NRZVNL��-�3RVSLHFK��7�3DZOLN���3URF��RI�,&2720����6DQWD�)H���86$�
��������S�����

��� .�3DZOLN��-�3RVSLHFK��.�/XFNH���3URF��RI�,&2720����$YLJQRQ���)UDQFH����������S����
�7KH�2')�DSSUR[LPDWLRQ�IURP�SROH�ILJXUHV�ZLWK�WKH�DLG�RI�WKH�$'&�PHWKRG���

��� .�3DZOLN���3URF��RI�(3',&����(QVFKHGH��7KH�1HWKHUODQGV����������S�����
��� .�3DZOLN���3URF��RI�,&2720�����&ODXVWKDO�=HOOHUIHOG��*HUPDQ\����������S�����
�����.�3DZOLN��3�2]JD��/DER7H[��7KH�7H[WXUH�$QDO\VLV�6RIWZDUH�
*|WWLQJHU�$UEHLWHQ�]XU��
�����*HRORJLH�XQG�3DOlRQWRORJLH
��6%����������
����)�&DOH\R��7�%DXGLQ��0�+�0DWKRQ�DQG�5�3HQHOOH���&RPSDULVRQ�RI�VHYHUDO�PHWKRGV�IRU�
�����WKH�UHSURGXFWLRQ�RI�WKH�RULHQWDWLRQ�GLVWULEXWLRQ�IXQFWLRQ�IURP�SROH�ILJXUHV�LQ�PHGLXP�WR�
�����VWURQJ�WH[WXUHG�PDWHULDOV���(XU��3K\V��-��$3������������S�������
����+�5�:HQN��.�3DZOLN��-�3RVSLHFK�DQG�-�6�.DOOHQG���'HFRQYROXWLRQ�RI�VXSHUSRVHG�SROH��
�����ILJXUHV�E\�GLVFUHWH�2')�PHWKRGV��&RPSDULVRQ�RI�$'&�DQG�:,09�IRU�TXDUW]�DQG��
�����FDOFLWH�ZLWK�WULJRQDO�FU\VWDO�DQG�WULFOLQLF�VSHFLPHQ�V\PPHWU\���7H[WXUHV�DQG��
�����0LFURVWUXFWXUHV������������S����������
����8�)�.RFNV��&�1�7RPH��+�5�:HQN���7H[WXUH�DQG�$QLVRWURS\���&DPEULGJH�8QLYHUVLW\�
�����3UHVV��
�
7KH�&DOFXODWLRQ�RI�WKH�9ROXPH�)UDFWLRQ�RI�7H[WXUH�&RPSRQHQWV���UHIHUHQFH����
��� -�:�)ORZHUV���9ROXPH�)UDFWLRQV�RI�7H[WXUH�&RPSRQHQWV�RI�&XELF�0DWHULDOV����

7H[WXUHV�DQG�0LFURVWUXFWXUHV��������9RO����SS�����������$�PHWKRG�IRU�REWDLQLQJ�
YROXPH�IUDFWLRQV�LQ�UHJLRQV�DERXW�LGHDO�WH[WXUH�FRPSRQHQWV�RI�FXELF�PDWHULDOV�E\�
LQWHJUDWLRQ�RI�WKH�RULHQWDWLRQ�GLVWULEXWLRQ�IXQFWLRQ�LV�GHVFULEHG����
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���/DER7H[��7HFKQLFDO�VSHFLILFDWLRQV��
�
,WHP�� � &RPPHQWV��

)XOO�:LQGRZV�DSSOLFDWLRQ�IURP�
YHUVLRQ�������

<(6�� :LQGRZV������265�����0H�17�
�������;3���

0DQDJHPHQW�RI�GDWD�DQG�UHVXOWV��� <(6�� 6LPSOH�DFFHVV�WR�GDWD�DQG�UHVXOWV��
&ROOHFWLQJ�WKHP�IRU�XVHUV��V\PPHWULHV��
SURMHFWV��VDPSOHV�DQG�MREV���

2')�FDOFXODWLRQ��GLUHFW���$'&�
0HWKRG����

<(6�� 7KH�EHVW�2')�FDOFXODWLRQ�PHWKRG���

7H[WXUH�DQDO\VLV�RI�DOO�W\SHV�RI�
VDPSOH�V\PPHWU\���

<(6�� �

7H[WXUH�DQDO\VLV�IRU�PDWHULDOV�RI�DOO�
W\SHV�RI�FU\VWDO�ODWWLFH�V\PPHWU\���

<(6�� �

7KH�ILEHU�WH[WXUH�DQDO\VLV��� <(6�� �

+LJK�UHVROXWLRQ�2')�RSWLRQ��� <(6�� �

&DOFXODWLRQ�RI�ILW�HUURU��53���� <(6�� �

&DOFXODWLRQ�RI�WH[WXUH�LQGH[��� <(6�� �

2')�FDOFXODWLRQ�UHSRUW��� <(6�� (YHU\�DYDLODEOH���
*KRVW�FRUUHFWLRQ��� <(6�� �

7UXQFDWLRQ�HUURUV�RI�WKH�VHULHV��� 12�� �

2')�FDOFXODWLRQ�XVLQJ�SROH�ILJXUHV��� <(6�� 'DWD�IURP�;�5D\�RU�1HXWURQV�
PHDVXUHPHQWV���

,QSXW�GDWD�LQ�QRQ�/DER7H[�GDWD�
IRUPDW���

<(6�� /DER7H[�LQSXW�GDWD�LQ����GDWD�IRUPDWV���

7KH�SRVVLELOLW\�DFFRPRGDWLRQ�RI�WKH�
6RIWZDUH�WR�WKH�&XVWRPHU�GDWD�
IRUPDW���

<(6�� )UHH�RI�FKDUJH��

&RUUHFWLRQ�IRU�GHIRFFXVLQJ�XVLQJ�
SRZGHU�SROH�ILJXUHV���

<(6�� �

&RUUHFWLRQ�IRU�GHIRFFXVLQJ�IURP�
FRUUHFWLRQ�FRHIILFLHQWV���

<(6�� �

&RUUHFWLRQ�IRU�GHIRFFXVLQJ�IURP�
6FKXO]�HTXDWLRQ���

<(6�� �

,QSXW�GDWD�LQ�DQ\�JULG��� 1R�� 2QO\���[������[���������[���������[�����
�[������[������[�������[�������[����[���
���[�������[���GHJUHHV�DQG�H[WUD��
���[��������[�������[�������[����EXW�ZLWK�
H[FHSWLRQV��WULJRQDO�DQG�KH[DJRQDO�
FU\VWDO�ODWWLFH�V\PPHWU\���

0D[LPDO�PLQLPDO�YDOXH�RI�0LOOHU�
LQGLFHV�+�.�/�IRU�LQSXW�3)��

����� �
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2')�FDOFXODWLRQ�IURP�LQFRPSOHWH�
SROH�ILJXUH�V����

<(6�� �

,QIRUPDWLRQ�DERXW�WRR�VPDOO�QXPEHU�
RI�GDWD�WR�2')�FDOFXODWLRQ���

<(6�� 'XULQJ�2')�FDOFXODWLRQ���

3RVVLELOLW\�RI�WKH�2')�FDOFXODWLRQ�IRU�
GLIIHUHQW�SDUDPHWHUV�IRU�WKH�VDPH�
VDPSOH���

<(6�� 8S�WR���MRE�IRU�VDPSOH���

&KRLFH�RI�WKH�V\PPHWUL]DWLRQ�RI�SROH�
ILJXUHV�EHIRUH�2')�FDOFXODWLRQ���

<(6�� 9LHZLQJ�RI�V\PPHWUL]HG�3)���

&KRLFH�RI�WKH�VDPSOH�V\PPHWU\�IRU�
2')��2')�V\PPHWUL]DWLRQ����

<(6�� $YDLODEOH�DIWHU�2')�FDOFXODWLRQ���

1XPEHU�RI�WKH�V\PPHWUL]DWLRQ�
SRVVLELOLWLHV���

��� 1RQH�WULFOLQLF�WR�PRQRFOLQLF�WULFOLQLF�WR�
RUWKRUKRPELF�WULFOLQLF�WR�D[LDO��
PRQRFOLQLF�WR�RUWKRUKRPELF��PRQRFOLQLF�
WR�D[LDO��RUWKRUKRPELF�WR�D[LDO��FXVWRP�
WR�D[LDO��

3RVVLELOLW\�RI�WKH�URWDWLRQ�RI�SROH�
ILJXUH�V��EHIRUH�2')�FDOFXODWLRQ���

<(6�� )RU�DOO�SROH�ILJXUHV�RU�VHSDUDWHO\�LQ�
UDQJH�����WR����GHJUHHV���

3RVVLELOLW\�RI�WKH�FXW�RII�WKH�SROH�
ILJXUH�V��LQ�WKH�FHQWHU�EHIRUH�2')�
FDOFXODWLRQ���

<(6�� )RU�DOO�SROH�ILJXUHV�RU�VHSDUDWHO\��8VHU�
FKRRVH�DQJOH�UDQJHV���

3RVVLELOLW\�RI�WKH�FXW�RII�WKH�SROH�
ILJXUH�V��LQ�WKH�HGJH�EHIRUH�2')�
FDOFXODWLRQ���

<(6�� )RU�DOO�SROH�ILJXUHV�RU�VHSDUDWHO\��8VHU�
FKRRVH�DQJOH�UDQJHV���

3RVVLELOLW\�RI�FKDQJH�SDUDPHWHUV�
ILQLVKLQJ�FDOFXODWLRQ�LQ�2')�
FDOFXODWLRQ���

<(6�� 1XPEHU�RI�LWHUDWLRQV���������53�DQG�
G53�ILQLVKLQJ�FDOFXODWLRQ�������������

&UHDWLRQ�RI�FRPSOHWH�SROH�ILJXUHV��� <(6�� &RPSOHWH�SROH�ILJXUHV��53)��DUH�FUHDWHG�
GXULQJ�2')�FDOFXODWLRQV��

&UHDWLRQ�RI�FRPSOHWH�LQYHUVH�SROH�
ILJXUHV���

<(6�� �

2')�FDOFXODWLRQ�IURP�VHWV�RI�
LQGLYLGXDO�RULHQWDWLRQV���625���

<(6�� 'DWD�IURP�(%6'��PRGHO�FDOFXODWLRQ�DQG�
RWKHU���

5RH�%XQJH�QRWDWLRQ�RI�DQJOHV�LQ�
625���

<(6�<(6�1RWDWLRQ�FKRVHQ�E\�XVHU���

:HLJKWV�RI�RULHQWDWLRQV�LQ�625��� <(6�� �

&KRLFH�RI�2')�JULG��2')�IURP�
625����

<(6�� �[������[���������[���������[������[���
���[������[�������[�������[����[������[�����
��[�����

&KRLFH�RI�VDPSOH�V\PPHWU\��2')�
IURP�625����

12�� &KRLFH�RI�VDPSOH�V\PPHWU\�DIWHU�2')�
FDOFXODWLRQ��2')�V\PPHWUL]DWLRQ����

&DOFXODWLRQ�RI�YROXPH�IUDFWLRQ�RI�
WH[WXUH�FRPSRQHQWV���

<(6�� ���FRPSRQHQWV�VLPXOWDQHRXVO\��

&KRLFH�RI�LQWHJUDWLRQ�UDQJHV��� <(6�� )RU�HDFK�(XOHU�DQJOH�VHSDUDWHO\�ZLWK�WKH�
YLHZLQJ��



� ��

�
,WHP�� � &RPPHQWV��

7KH�SRVVLELOLW\�RI�WKH�HYDOXDWLRQ�RI�
SDUDPHWHUV�RI�FRPSRQHQW�SHDN���

<(6�� �

7KH�SRVVLELOLW\�RI�WKH�FKRLFH�RI�WKH�
FRPSRQHQWV��YROXPH�IUDFWLRQ���

<(6�� )URP�ILOHV�RU�IURP�GDWDEDVH���

3RVVLELOLW\�RI�WKH�FKRLFH�RI�WKH�
PHWKRG�RI�FDOFXODWLRQ�RI�YROXPH�
IUDFWLRQ���

<(6�� ��PHWKRGV���

'LVSOD\�RI�RULHQWDWLRQ�RYHUODSSLQJ��� <(6�� �

&RUUHFWLRQ�RI�RYHUODSSLQJ��� <(6�� 'LYLGH�2')�DPRQJ�RYHUODSSLQJ�
RULHQWDWLRQ���

5HSRUW�IURP�FDOFXODWLRQ�RI�YROXPH�
IUDFWLRQ�RI�WH[WXUH�FRPSRQHQWV���

<(6�� 5HDG\�WR�SULQW�RU�FRS\��

2ULHQWDWLRQV�GDWDEDVH��� <(6�� ����SRVLWLRQ�IRU�HDFK�FU\VWDO�V\VWHP���
,QWURGXFH�RULHQWDWLRQV�WR�GDWDEDVH�LQ�
0LOOHU�LQGLFHV��^+./`��89:!����

<(6�� �

0D[LPDO�PLQLPDO�YDOXH�RI�0LOOHU�
LQGLFHV�+�.�/�8�9�:�IRU�RULHQWDWLRQ�
^+./`��89:!��

������� �

,QWURGXFH�RULHQWDWLRQV�WR�GDWDEDVH�LQ�
(XOHU�DQJOHV���

<(6�� �

,QWURGXFH�ILEHU�RULHQWDWLRQV�WR�
GDWDEDVH���

<(6�� �

'LVSOD\�RI�RULHQWDWLRQ�IURP�GDWDEDVH�
RQ�WKH�2')�DQG�3)�V����

<(6�� 7KH�FKRLFH�IURP�FRPERER[��$XWRPDWLF�
PRGH��1H[W��3UHYLRXV��

'LVSOD\�RI�V\PPHWULFDOO\�HTXLYDOHQW�
SRVLWLRQ�RQ�WKH�2')�DQG�3)�V����

<(6�� 7KH�FKRLFH�IURP�FRPERER[�RU�IURP�
OLVWER[���

3UHVHQWDWLRQ�RI�V\PPHWULFDOO\�
HTXLYDOHQW�SRVLWLRQ���

<(6�� ,Q�EDVLF�UHJLRQ�IRU�2')�DQG�IXOO�(XOHU�
VSDFH�IRU�3)��LQ�0LOOHU�LQGLFHV�DQG�(XOHU�
DQJOHV���

2Q�OLQH�LGHQWLILFDWLRQ�RI�WKH�
RULHQWDWLRQV���

<(6�� LQ�(XOHU�DQJOHV�DQG�0LOOHU�LQGLFHV��2')�
DQG�SROH�ILJXUHV��H[FOXGH�,3)���,Q�FXUVRU�
SRVLWLRQ���

+HOS�LQ�ILQGLQJ�RI�QHDU�RULHQWDWLRQV��� <(6�� 1HDU�RULHQWDWLRQ�VRUW�E\��
3)�2')�0LOOHU�LQGLFHV��GLVWDQFH���

&RPSDUH�RULHQWDWLRQ�DQDO\VLV��
,PSRUWDQW�IRU�HGXFDWLRQDO�SXUSRVH���

<(6�� /DER7H[�VKRZV�VLPXOWDQHRXVO\�
RULHQWDWLRQ�RQ��2')�DQG�2')��WKH�VDPH�
DQG�GLIIHUHQW�SURMHFWLRQ���2')�VHFWLRQ�
DQG�2')�SROH�ILJXUH�V��DQG�2')��SROH�
ILJXUH�DQG�2')�VHFWLRQ���

6KRZV�2')�3)�YDOXHV�XVLQJ�PRXVH��� <(6�� )RU�3)�/DER7H[�VKRZV�VXP�3)�YDOXHV�
XQGHU�SROHV�RI�RULHQWDWLRQ�DQG�
VHSDUDWHO\�IRU�LQ�RSWLRQ�6257���

4XDOLWDWLYH�RULHQWDWLRQV�DQDO\VLV�IRU�
3)�2')���

<(6�<(6�6RUWHG�RULHQWDWLRQV�IURP�GDWDEDVH���

5HSRUW�IURP�TXDOLWDWLYH�DQDO\VLV��� <(6�� 2QO\�IRU�2')��5HDG\�WR�SULQW�DQG�FRS\���
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&UHDWLRQ�RI�DGGLWLRQDO��FRPSOHWH�SROH�
ILJXUHV��$3)��IURP�2')���

<(6�� 8VHU�LQSXW�RQO\�+./��$YDLODEOH�DIWHU�
2')�FDOFXODWLRQ���

&UHDWLRQ�RI�DGGLWLRQDO��FRPSOHWH�
LQYHUVH�SROH�ILJXUHV�IURP�2')���

<(6�� 8VHU�LQSXW�RQO\�;<=��$YDLODEOH�DIWHU�
2')�FDOFXODWLRQ���

([SRUW�RI�2')�DV�$6&,,�ILOHV��� <(6�� �

([SRUW�RG�3ROH�)LJXUHV�DV�$6&,,�
ILOHV���

<(6�� �

([SRUW�RI�,QYHUVH�3ROH�)LJXUHV�DV�
$6&,,�ILOHV���

<(6�� �

&KRLFH�RI�FRQYHQWLRQ�IRU�KH[DJRQDO�
V\VWHP���

<(6�� �

�'�DQG��'�SROH�ILJXUHV�SUHVHQWDWLRQ���<(6�� �

&KRLFH�RI�SROH�ILJXUHV�SUHVHQWDWLRQ�
FRQYHQWLRQ��

12�� 2QO\�FORFNZLVH�URWDWLRQ�IURP�WKH�16�
GLUHFWLRQ���

0D[LPDO�QXPEHU�RI�SROH�
ILJXUHV�LQYHUVH�SROH�ILJXUHV�RQ�WKH�
ZLQGRZ���

����� �

3ROH�ILJXUHV�GHVFULSWLRQV��� <(6�� +./�VDPSOH�QDPH�GLUHFWLRQV����
FKDUDFWHUV��HGLWHG�E\�XVHU���W\SH�RI�
ILJXUH���&3)�53)�13)�$3)���

3ROH�ILJXUHV�GHVFULSWLRQV�WXUQ�RII��� <(6�� 6HSDUDWHO\�IRU�HDFK�GHVFULSWLRQ�NLQG���
)LOO�RSWLRQ�LQ��'��'�SUHVHQWDWLRQ��� <(6�12�� ��LVROLQH�PRGH�LQ�ILOO�RSWLRQ��

QRUPDO�EODFN�ZKLWH���
8VHU�GHILQHG�VHWV�RI�FRORUV��� <(6�� ���VHWV���
,VROLQH�PRGH��� <(6�� ��PRGH��$XWRPDWLF��PDQXDO��IURP�XVHU�

GHILQHG�VHWV���
7KH�SRVVLELOLW\�RI�FKDQJH�SDUDPHWHU�
RI�SROH�ILJXUHV�SUHVHQWDWLRQ���

<(6�� 1XPEHU�RI�LVROLQH��PD[LPDO������FRORU��
FRORU�VHW��YDOXH��ILOO���

�'�2')�SUHVHQWDWLRQ�IRU�3KL���3KL�
DQG�3KL��SURMHFWLRQV���

<(6�� �

�'�2')�SUHVHQWDWLRQ�IRU�VHFWLRQ�RI�
SURMHFWLRQ���

<(6�� �

%XQJH�GHILQLWLRQ�RI�(XOHU�DQJOHV��� <HV�� 2')�SUHVHQWDWLRQ�DQG�H[SRUW���
�'�2')�SUHVHQWDWLRQ��� <(6�� �

7KH�SRVVLELOLW\�FKDQJHV�RI�
SDUDPHWHUV�RI��'�2')�SUHVHQWDWLRQ���

<(6�� URWDWH��GLVWDQFH��VKLIW��FRORU��
D[LV�RQ�RII�OHQJWK��SDUDOOHO�SHUVSHFWLYH�
SURMHFWLRQ��WRS�ERWWRP�FRQWRXU��
DQLPDWLRQ��F\FOH�URWDWLRQ����

7KH�SRVVLELOLW\�RI�WKH�FKRLFH�RI�
LVROLQHV���

<(6�� ����

$UUDQJHPHQWV�PRGH��� ��� $XWRPDWLF��RSWLPDO�DUUDQJHPHQWV���
DXWRPDWLF��YHUWLFDO�FORVH�KRUL]RQWDO��DQG�
FXVWRP���

'UDZLQJ�EDVLF�UHJLRQ�RI�3)�,19��� <(6�12�� )LOO�DQG�RULHQWDWLRQ�DQDO\VLV�LV�QRQ�
DFWLYH�IRU�WKLV�RSWLRQ��
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7KH�SRVVLELOLW\�RI�WKH�VDYH�RI�WKH�VHW�
RI�LVROLQHV���

<(6�� FRORU�YDOXH�DQG�DFWLYLW\���

([SRUW��'�DQG��'�LPDJHV�DV�ELWPDS���<(6�� %03�RU�7,)�IRUPDW��
([SRUW��'�DQG��'�LPDJHV�E\�WKH�
FOLSERDUG���

<(6�� %LWPDS�RU�(0)���

3RVVLELOLW\�RI�WKH�FKRLFH�RI�WKH�
UHVROXWLRQ�RI�WKH�H[SRUWHG�LPDJH���

<(6�� �

2QOLQH�KHOS��� <(6�� �

0DQXDOV�7HFKQLFDO�5HSRUWV��� <(6�� ��� 6KRUW�,QWURGXFWLRQ�WR�/DER7H[�
��� 0HQX�DQG�7RROEDUV�&RPPDQGV�
��� 'HWHUPLQDWLRQ�RI�9ROXPH�)UDFWLRQ�RI�

7H[WXUH�&RPSRQHQWV�8VLQJ�/DER7H[����
([DPSOHV� <(6� )ROORZLQJ�H[DPSOHV�DUH�DYDLODEOH������������������

��� ([DPSOHV�IRU�DOO�FU\VWDO�V\PPHWU\��
��� ([DPSOHV�IRU�DOO�VDPSOH�V\PPHWU\��
��� ([DPSOH��IRU�KLJK�UHVROXWLRQ�SROH�

ILJXUHV�DQG�2')���[��GHJ����
��� ([DPSOHV��IRU�ILEHU�WH[WXUH��GHPR�

YHUVLRQ���
��� $GGLWLRQDO�H[DPSOHV��GRZQORDG�IURP�

ODERWH[�ZHE�SDJHV���
'HPR�YHUVLRQ�� <(6� 6SHFLDO�GHPR�YHUVLRQ�FDQ�EH�SUHSDUHG�

IURP�FXVWRPHU�GDWD��
6XSSRUW��� <(6�� )UHH�H�PDLO�VXSSRUW���DW�OHDVW�RQH�\HDU����
3URWHFWLRQ��� <(6�� +$63�.H\��WR�3DUDOOHO�3RUW�RU�86%��
0LQLPDO�V\VWHP�FRQILJXUDWLRQ��� � 3URFHVVRU�3(17,80����0+]�RU�

KLJKHU������0%�+'�VSDFH��JUDSKLF�FDUG�
UHVROXWLRQ����[�����&'�520�GULYH��

5HFRPPHQGHG�V\VWHP�FRQILJXUDWLRQ���� 3URFHVVRU�$WKORQ�RU�3(17,80�,9�����
*+]�RU�KLJKHU����*%�+'�VSDFH��JUDSKLF�
FDUG�UHVROXWLRQ�����[������23(1*/���
&'�520�GULYH��,Q�WKH�FDVH�WKH�GDWD�DUH�
PHDVXUHG�LQ�WKH�JULG�OHVV�WKDQ��[��
GHJUHHV��WKH�GRXEOH�LQFUHDVH�RI�WKH�GLVN�
VSDFH�LV�UHFRPPHQGHG���
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