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7KLV�7HVW�2SHUDWLRQV�3URFHGXUH��723��GHVFULEHV�WKH�WHVW�PHWKRGV�XWLOL]HG�WR�PHDVXUH�DQG�
HYDOXDWH�ZKHHOHG�DQG�WUDFNHG�YHKLFOH�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV�GXULQJ�ERWK�SHUIRUPDQFH�
DQG�HQGXUDQFH�W\SH�RSHUDWLQJ�FRQGLWLRQV���7HVW�PHWKRGV�DUH�DSSOLFDEOH�WR�ODQG�DQG�DPSKLELRXV�
YHKLFOHV�ZLWK�LQWHUQDO�FRPEXVWLRQ�RU�WXUELQH�HQJLQHV��DQG�K\EULG�HOHFWULF�GULYHOLQHV��
�
��� )$&,/,7,(6�$1'�,167580(17$7,21��
�
���� )DFLOLWLHV��
�

,WHP� 5HTXLUHPHQW�
/HYHO��3DYHG�5RDG��'\QDPRPHWHU�
7HVW�&RXUVH��3HUU\PDQ���PLOH�
6WUDLJKWDZD\��3KLOOLSV�$UP\�
$LUILHOG��

$�VWUDLJKW��OHYHO��SDYHG�URDG�ZLWK�D�ODQH�ZLGWK�
RI�QRW�OHVV�WKDQ�����PHWHUV��P��������IHHW��IW����
D�ORQJLWXGLQDO�JUDGLHQW�d���SHUFHQW��DQG�D�VXSHU�
HOHYDWLRQ�RI�d���SHUFHQW��

� �
0XQVRQ�7HVW�$UHD��07$��
6WDQGDUG�)XHO�&RXUVH�

7KLV�FRXUVH�FRQVLVWV�RI�D�FRPELQDWLRQ�RI�JUDYHO�
DQG�SDYHG�VXUIDFHV��DQG�ORQJLWXGLQDO�JUDGHV��
DQG�KDV�KLVWRULFDOO\�EHHQ�XVHG�WR�PHDVXUH�DQG�
FRPSDUH�YHKLFOH�IXHO�FRQVXPSWLRQ���,W�LV�
ORFDWHG�ZLWKLQ�WKH�07$�RI�WKH�86�$UP\�
$EHUGHHQ�7HVW�&HQWHU��$7&����$�SLFWRULDO�YLHZ�
RI�WKH�FRXUVH�LV�SUHVHQWHG�LQ�)LJXUH����

� �
+DUIRUG�/RRS�7HVW�&RXUVH� 7KH�+DUIRUG�/RRS�LV�D�SDYHG��FORVHG�ORRS�

FRXUVH�FRPSULVHG�RI�ORFDO�KLJKZD\V�ORFDWHG�
QRUWK�RI�WKH�$7&���,W�LV����NLORPHWHUV��NP��
������PLOHV��LQ�OHQJWK�DQG�LV�JHQHUDOO\�
GHVFULEHG�DV�JHQWOH�UROOLQJ�KLOOV�ZLWK�JUDGHV�
UDQJLQJ�IURP���WR����SHUFHQW���7KH�FRXUVH�
LQFOXGHV�WKUHH�VWRS�VLJQV�DQG�RQH�WUDIILF�OLJKW���
,W�LV�GULYHQ�DW�SRVWHG�VSHHG�OLPLWV�UDQJLQJ�
EHWZHHQ����DQG����NLORPHWHUV�SHU�KRXU��NP�KU��
����DQG����PLOHV�SHU�KRXU��PSK�����$�PDS�RI�
WKH�FRXUVH��RXWOLQHG�LQ�EOXH��LV�SUHVHQWHG�LQ�
)LJXUH����

� �
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&RQRZLQJR�/RRS�7HVW�&RXUVH� 7KH�&RQRZLQJR�/RRS�LV�D�SDYHG��FORVHG�ORRS�

FRXUVH�����NP�������PLOHV��LQ�OHQJWK��
FRPSULVHG�RI�VHJPHQWV�RI�ORFDO�DQG�IHGHUDO�
SXEOLF�KLJKZD\V�ORFDWHG�QRUWK�RI�WKH�
&KXUFKYLOOH�7HVW�$UHD��&7$��RI�$7&���7KH�
FRXUVH�LV�VHOHFWHG�WR�VDWLVI\�UHTXLUHPHQWV�RI�
6RFLHW\�RI�$XWRPRWLYH�(QJLQHHUV��6$(��
SURFHGXUHV�-�������-�������DQG�-�������ZKLFK�
DUH�XVHG�WR�DVVHVV�PHGLXP�WR�KHDY\�GXW\�LQ�
VHUYLFH�YHKLFOHV���$�PDS�RI�WKH�FRXUVH��RXWOLQHG�
LQ�UHG��LV�SUHVHQWHG�LQ�)LJXUH����

� �
/HYHO�&RXUVH��2II�5RDG� 5RXJK�DQG�ZHOO�XVHG�FURVV�FRXQWU\�URDGZD\�

ZLWK�PLQLPDO�JUDGH��H�J���3HUU\PDQ�7HVW�$UHD�
�37$��FRXUVHV�1R����DQG���DQG�07$�JUDYHO�
FRXUVH���)LJXUH���VKRZV�WKH�3HUU\PDQ�RII�URDG�
FRXUVHV��

� �
+LOO\�&RXUVH��2II�5RDG� &URVV�FRXQWU\��PRGHUDWH�WR�URXJK�QDWLYH�VRLO�

DQG�VWRQH�ZLWK�YDULRXV�JUDGHV�OHVV�WKDQ�
���SHUFHQW��H�J���&7$�FRXUVH�%���$Q�DHULDO�
YLHZ�LV�SUHVHQWHG�LQ�)LJXUH����

� �
� 6HFRQGDU\�URDG��LPSURYHG�JUDYHO�URDG�ZLWK�

JUDGHV�OHVV�WKDQ����SHUFHQW��H�J���&7$�FRXUVH�
&��

� �
$XWRPRWLYH�7HVW�DQG�(YDOXDWLRQ�
)DFLOLW\��$7()��

$7()�LV�VSHFLILFDOO\�HQJLQHHUHG�DV�D�
FRQFHQWULF�PXOWL�VXUIDFH��SDYHG�DQG�JUDYHO�
KLJK�VSHHG�WHVW�WUDFN���7KH�����NP������PLOH��
ORQJ�DQG����P������IW��ZLGH�WUL�RYDO�WUDFN�
LQFOXGHV�JHQHURXV�VDIHW\�UXQ�RII�DUHDV�DQG�
ZLUHOHVV�PRQLWRULQJ�RI�HYHU\�YHKLFOH�IRU�UHDO�
WLPH�GDWD�FDSWXUH���7KH�WUDFN�LV�IODW�E\�GHVLJQ���
/RQJLWXGLQDO�JUDGHV�GR�QRW�H[FHHG�����SHUFHQW�
DQG�WKH���PLOH�VWUDLJKWDZD\�KDV�D�ORQJLWXGLQDO�
JUDGLHQW�RI�����SHUFHQW���&XUYHV�DUH�DOVR�
UHODWLYHO\�IODW�ZLWK�D�VXSHU�HOHYDWLRQ�RI�RQO\�
��SHUFHQW�WR�DOORZ�ZDWHU�GUDLQDJH�IURP�WKH�
WUDFN�VXUIDFH���7KH�PLOLWDU\�VSHFLILF�URDG�EHG�
ZLOO�VXSSRUW�YHKLFOH�ZHLJKWV�LQ�H[FHVV�RI�
����WRQV���)LJXUH���VKRZV�WKH�WUDFN��

�
�
6XSHUVFULSW�QXPEHUV�FRUUHVSRQG�WR�$SSHQGL[�)��5HIHUHQFHV��
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,WHP� 5HTXLUHPHQW�
0LOH�/RRS� 7KH�PLOH�ORRS�LV�D�PXOWL�IXQFWLRQ�WHVW�DUHD�

FRPSULVHG�RI�D�OHYHO�FRQFUHWH�FRXUVH��RYDO�LQ�
VKDSH��DQG�LV�XVHG�IRU�FRQWLQXRXV�VSHHG�
RSHUDWLRQ�RI�WHVW�YHKLFOHV���7KH���PLOH�FRXUVH�LV�
FRYHUHG�ZLWK�KRW�PL[HG�ELWXPLQRXV�FRQFUHWH��
DQG�KDV�D�SDUDOOHO�RXWVLGH�RYDO�RI�JUDYHO���7XUQV�
DUH�OLJKWO\�EDQNHG�DW���SHUFHQW��

� �
5RDGZD\�6LPXODWRU��5:6�� 7KH�$7&�5RDGZD\�6LPXODWRU�LV�D�FKDVVLV�

G\QDPRPHWHU�IDFLOLW\�FDSDEOH�RI�IXOO�SRZHU�
WUDLQ��VWHHULQJ��DQG�KDQGOLQJ�WHVWV���7KH�YHKLFOH�
LV�UHVWUDLQHG�LQ�WKH�ORQJLWXGLQDO��ODWHUDO��DQG�
\DZ�GLUHFWLRQV��EXW�DOORZV�IUHHGRP�RI�
PRYHPHQW�LQ�WKH�SLWFK�DQG�UROO�D[HV��DQG�
YHUWLFDOO\���)LJXUH���VKRZV�D�WZR�D[OH�YHKLFOH�
PRXQWHG�RQ�WKH�5:6��

�
�

 
 

)LJXUH�����07$�6WDQGDUG�)XHO�&RXUVH��
�
�
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)LJXUH�����5:6�FRQILJXUHG�IRU���D[OH�WHVWLQJ��
�
�
���� ,QVWUXPHQWDWLRQ��
�

'HYLFHV�IRU�0HDVXULQJ� 3HUPLVVLEOH�0HDVXUHPHQW�8QFHUWDLQW\��1RWH����
5RDG�VSHHG� ����
� �
(QJLQH�VSHHG� ����
� �
(ODSVHG�WLPH� ����VHFRQG�
� �
)XHO�FRQVXPSWLRQ�UDWH� ����
� �
)XHO�WHPSHUDWXUH� ���&HOVLXV��&��
� �
)XHO�YROXPH� ����
� �
'LVWDQFH�WUDYHOHG� ����
� �
6SHFLILF�JUDYLW\�RI�IXHO� ����
� �
9ROWDJH� ����
� �
&XUUHQW��EL�GLUHFWLRQDO�WUDQVGXFHU�� ����

�
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'HYLFHV�IRU�0HDVXULQJ� 3HUPLVVLEOH�0HDVXUHPHQW�8QFHUWDLQW\��1RWH����
7UDFWLRQ�EDWWHU\�WHPSHUDWXUHV� ���&�
� �
0HWHRURORJLFDO�GDWD�� �
����$WPRVSKHULF�SUHVVXUH� ����
����$PELHQW�WHPSHUDWXUH� ���&�
����+XPLGLW\� ����
����:LQG�VSHHG� ����
����:LQG�GLUHFWLRQ� ���PLOOLUDGLDQV��PUDG��

�
127(�����7KH�SHUPLVVLEOH�PHDVXUHPHQW�XQFHUWDLQW\�LV�WKH�WZR�VWDQGDUG�GHYLDWLRQ�YDOXH�IRU�
QRUPDOO\�GLVWULEXWHG�LQVWUXPHQWDWLRQ�FDOLEUDWLRQ�GDWD���7KXV�����SHUFHQW�RI�DOO�LQVWUXPHQWDWLRQ�
FDOLEUDWLRQ�GDWD�UHDGLQJV�ZLOO�IDOO�ZLWKLQ�WZR�VWDQGDUG�GHYLDWLRQV�IURP�WKH�NQRZQ�FDOLEUDWLRQ�
YDOXH���
�
�
���� ,QVWUXPHQWDWLRQ�$SSOLFDWLRQ��
�
� D�� &RQWUROOHG��3HUIRUPDQFH��7HVWV��
�
,QVWUXPHQW�WKH�YHKLFOH�WR�PHDVXUH�IXHO�FRQVXPHG��HODSVHG�WLPH��HQJLQH�VSHHG��URDG�VSHHG��DQG�
IXHO�WHPSHUDWXUH���7KH�LQVWUXPHQWDWLRQ�FRPPRQO\�XVHG�FRQVLVWV�RI�D�FDOLEUDWHG�EXUHWWH��DX[LOLDU\�
IXHO�WDQN��IORZ�PHWHU��WLPLQJ�GHYLFH��HQJLQH�WDFKRPHWHU��URDG�VSHHG��DQG�D�7\SH�7�WKHUPRFRXSOH�
WR�PHDVXUH�IXHO�WHPSHUDWXUH��
�
� E�� 2SHUDWLRQDO��(QGXUDQFH��7HVWV��
�
� � ���� 0LQLPDOO\��QR�VSHFLDO�LQVWUXPHQWDWLRQ�LV�UHTXLUHG�WR�PHDVXUH�IXHO�FRQVXPSWLRQ�
GXULQJ�HQGXUDQFH�WHVWV��RU�RWKHU�WHVWV�UHSUHVHQWDWLYH�RI�VHUYLFH�RSHUDWLQJ�FRQGLWLRQV���7R�PHDVXUH�
IXHO�FRQVXPHG�GXULQJ�WKHVH�WHVWV��FDUHIXOO\�PDNH�DOO�UHILOOV�RI�YHKLFOH�IXHO�WDQNV�WR�WKH�VDPH�OHYHO���
%HIRUH�WKH�WHVWV�DUH�VWDUWHG��VHOHFW�D�OHYHO�WKDW�ZLOO�DVVXUH�QR�ORVV�RI�IXHO�WKURXJK�VSLOODJH�IURP�
YHKLFOH�PRYHPHQW�RU�IURP�WKHUPDO�H[SDQVLRQ���)DFWRUV�LQIOXHQFLQJ�WKH�OHYHO�VHQVLWLYLW\�RI�WKH�ILOO�
YROXPH�RI�WKH�WDQN��VXFK�DV�WDQN�JHRPHWU\�DQG�IUHH�VXUIDFH�DUHD�DW�WKH�GHVLJQDWHG�ILOO�PDUN�
VKRXOG�EH�FRQVLGHUHG�ZKHQ�GHWHUPLQLQJ�WKH�ILOO�PDUN�ORFDWLRQ���'HWHUPLQH�WRWDO�GLVWDQFH�WUDYHOHG�
DQG�WRWDO�RSHUDWLQJ�WLPH�IURP�LQVWUXPHQWDWLRQ�WKDW�LV�W\SLFDOO\�LQVWDOOHG�IRU�HQGXUDQFH�WHVWV��
�
� � ���� $OWHUQDWH�PHWKRGV�WR�REWDLQ�YHKLFOH�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV�GXULQJ�
HQGXUDQFH�RSHUDWLRQV�DUH�WR�LQVWDOO�D�VSHFLDOL]HG�IXHO�PHDVXUHPHQW�V\VWHP�GHVFULEHG�LQ�
SDUDJUDSK�����D�RU�IURP�WKH�-�����RU�-�����HQJLQH�FRQWURO�GDWD�EXVHV�ZKHQ�WKH�IXHO�UDWH�LV�
DYDLODEOH���7\SLFDOO\��D�*OREDO�3RVLWLRQLQJ�6\VWHP��*36��LV�XVHG�WR�PHDVXUH�GLVWDQFH�WUDYHOHG���
&DUH�PXVW�EH�XWLOL]HG�ZKHQ�LQWHJUDWLQJ�WKH�IXHO�UDWH�WR�GHWHUPLQH�WRWDO�IXHO�FRQVXPHG�WR�
PLQLPL]H�LQWHJUDWLRQ�HUURUV��
�
�
�
�
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� F�� +\EULG�(OHFWULF�9HKLFOHV��
�
� � ���� )RU�YHKLFOHV�XWLOL]LQJ�K\EULG�HOHFWULF�WHFKQRORJ\��DFFHVV�WR�KLJK�YROWDJH�HOHFWULFDO�
FRPSRQHQWV�LV�UHTXLUHG�IRU�PHDVXUHPHQW�RI�EL�GLUHFWLRQDO�FXUUHQW�DQG�YROWDJH�IROORZLQJ�WKH�
GHILQHG�VLJQ�FRQYHQWLRQ��
�
� � ���� )RU�D�SURSXOVLRQ�V\VWHP�XWLOL]LQJ�WUDFWLRQ�EDWWHULHV��EDWWHU\�SDFN�SHUIRUPDQFH�ZLOO�
EH�GHWHUPLQHG�XVLQJ�FXUUHQW�DQG�YROWDJH�PHDVXUHPHQWV���7KH�1HW�(QHUJ\�&KDQJH��1(&��RI�WKH�
WUDFWLRQ�EDWWHULHV�ZLOO�EH�GHWHUPLQHG�E\�FDOFXODWLQJ�DPS�KRXU�LQWHJUDWLRQ�EDVHG�XSRQ�
PHDVXUHPHQWV�IURP�DQ�H[WHUQDOO\�LQVWDOOHG�FXUUHQW�WUDQVGXFHU�LQGHSHQGHQW�IURP�WKH�YHKLFOH�
V\VWHPV���7KH�WUDFWLRQ�EDWWHULHV�ZLOO�SURYLGH�YDULDEOH�SURSRUWLRQV�RI�SRZHU�QHFHVVDU\�IRU�
SURSXOVLRQ�GHSHQGLQJ�RQ�WKH�YHKLFOHV�HQYLURQPHQWDO�DQG�RU�GULYHU�GHPDQGV��DQG�WKH�LQLWLDO�VWDWH�
RI�FKDUJH��62&��RI�WKH�EDWWHULHV���6LJQ�FRQYHQWLRQ�IRU�FXUUHQW�IORZ�ZLOO�EH�UHIHUHQFHG�WR�WKH�PDLQ�
HOHFWULFDO�EXV��ZLWK�SRVLWLYH�FXUUHQW�GHILQHG�DV�FXUUHQW�IORZ�WR�WKH�EXV��DQG�QHJDWLYH�FXUUHQW�
GHILQHG�DV�FXUUHQW�IURP�WKH�EXV���7KXV��QHJDWLYH�EDWWHU\�FXUUHQW�LQGLFDWHV�SRZHU�IURP�WKH�EXV�LQWR�
WKH�EDWWHU\�SDFN�ZKLOH�SRVLWLYH�EDWWHU\�FXUUHQW�LQGLFDWHV�EDWWHU\�GLVFKDUJLQJ�WR�WKH�EXV��HLWKHU�
IURP�WKH�3ULPH�3RZHU�8QLW��338��RU�DV�D�UHVXOW�RI�WUDFWLRQ�PRWRU�UHJHQHUDWLRQ��
�
���� 6SHFLDOL]HG�(TXLSPHQW��
�
6SHFLDOL]HG�HTXLSPHQW�LQVWUXPHQWDWLRQ�WKDW�PD\�EH�UHTXLUHG�IRU�WHVWLQJ�DUH�DV�IROORZV��
�
� D�� )XHO�%XUHWWHV��
�
7KH�LQVWDOODWLRQ�SURFHGXUH�WR�IROORZ�ZKHQ�XVLQJ�WKH�EXUHWWH�PHWKRG�LV�VKRZQ�LQ�$SSHQGL[�%���
7KH�IXHO�EXUHWWH�VKRXOG�EH�VL]HG�DFFRUGLQJ�WR�WKH�W\SH�RI�WHVW�EHLQJ�FRQGXFWHG�DQG�WKH�H[SHFWHG�
IXHO�FRQVXPSWLRQ�UDWH��OHQJWK�RI�WKH�WHVW�UXQ��DQG�UHTXLUHG�PHDVXUHPHQW�DFFXUDF\���7KHUH�DUH�
WKUHH�EXUHWWH�YROXPHV�����OLWHU��/�������JDOORQ������/������JDOORQ���DQG�����/�������JDOORQ��
DYDLODEOH�IRU�XVH���7KH�DFFXUDF\�RI�WKH�EXUHWWHV�LV�����FXELF�FHQWLPHWHUV��FF�������FF��DQG������FF��
UHVSHFWLYHO\���*UHDWHU�PHDVXUHPHQW�DFFXUDF\�FDQ�EH�DFKLHYHG�XVLQJ�LQWHUSRODWLRQ�WHFKQLTXHV��
�
� E�� )XHO�)ORZ�0HDVXUHPHQW�6\VWHP��
�
� � ���� 7KLV�V\VWHP�LQ�SULQFLSOH�LV�WKH�HOHFWURQLF�YHUVLRQ�RI�WKH�IXHO�EXUHWWH���$7&�
FXUUHQWO\�XVHV�WZR�GLIIHUHQW�VL]HG�V\VWHPV��GHSHQGLQJ�RQ�WKH�HQJLQH�SRZHU�UHTXLUHPHQWV�RI�WKH�
WHVW�LWHP�DQG�WKH�IXHO�VXSSO\�DQG�UHWXUQ�IORZ�UDWHV���(DFK�V\VWHP�LV�HQJLQHHUHG�WR�SURYLGH�WHVW�
VWDQG�DFFXUDF\�LQ�D�SRUWDEOH��YHKLFOH�SRZHUHG��LQ�YHKLFOH�XQLW���7KH�V\VWHPV�SURYLGH�D�
PHDVXUHPHQW�VROXWLRQ�WR�WKH�PDQ\�LQKHUHQW�SUREOHPV�LQYROYHG�LQ�WKH�DFFXUDWH�PHDVXUHPHQW�RI�
YHKLFOH�IXHO�FRQVXPSWLRQ���7KHVH�LQFOXGH��YDSRU�HOLPLQDWLRQ��KLJK�UHWXUQ�IXHO�WHPSHUDWXUHV��
SUHVVXUH�UHJXODWLRQ��DQG�RYHUDOO�SOXPELQJ�FRQVLGHUDWLRQV���7KH�IXHO�PHDVXUHPHQW�V\VWHP�
LQFOXGHV�D�ILOWHU��YDSRU�HOLPLQDWRU��IORZ�PHWHU��OHYHO�FRQWUROOHU��KHDW�H[FKDQJHU��WZR�IXHO�SXPSV��
WZR�SUHVVXUH�UHJXODWRUV��SUHVVXUH�UHOLHI�YDOYHV��SUHVVXUH�JDXJHV��DQG�D�UHVLVWDQFH�WHPSHUDWXUH�
GHWHFWRU��57'��SUREH���7KH�GLVSOD\�SURYLGHV�IORZ�UDWH�LQGLFDWLRQ��D�WRWDOL]HU��WRWDO�IORZ�SDVVHG�LQ�
DQ�DPRXQW�RI�WLPH���WHPSHUDWXUH�VSHFLILF�JUDYLW\�GDWD��DQG�DQ�DQDORJ�RXWSXW�SURSRUWLRQDO�WR�WKH�
UDWH�GLVSOD\��
�
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� � ���� 7KH�YDSRU�HOLPLQDWRU�UHPRYHV�HQWUDLQHG�YDSRUV��ZKLFK�IRUP�LQ�IXHOV�WKDW�DUH�
SXPSHG�RU�ZDUPHG���%\�UHPRYLQJ�WKHVH�YDSRU�EXEEOHV��WKH�YROXPHWULF�GHOLYHU\�RI�WKH�IXHO�SXPS�
UHPDLQV�VWDEOH�DQG�WKH�PD[LPXP�DFFXUDF\�RI�WKH�IORZ�PHWHU�LV�DFKLHYHG���7KH�KLJK�UHVROXWLRQ�
IORZ�PHWHU�KDV�DQ�LGOH�WR�IXOO�WKURWWOH�UDQJH�DQG�LV�LQVHQVLWLYH�WR�FKDQJHV�LQ�WKH�IXHO�YLVFRVLW\�RU�
GHQVLW\���$�IXHO�WR�IXHO�KHDW�H[FKDQJHU�RQ�WKH�UHWXUQ�IXHO�OLQH�VWDELOL]HV�WKH�VXSSO\�IXHO�
WHPSHUDWXUH�WKURXJKRXW�WKH�WHVWLQJ���3XPSLQJ�DQG�SUHVVXUH�UHJXODWLRQ�DUH�GHVLJQHG�LQWR�WKH�
PHDVXUHPHQW�V\VWHP�WR�ZRUN�ZLWK�DQ\�IXHO�SXPS�ORFDWLRQ�DQG�SUHVVXUH���$�OHYHO�FRQWUROOHG�
UHFLUFXODWLRQ�WDQN�FROOHFWV�UHWXUQ�IXHO�IURP�WKH�HQJLQH�DQG�UH�FLUFXODWHV�WKLV�IXHO�EDFN�WR�WKH�
HQJLQH�LQVWHDG�RI�UHWXUQLQJ�LW�WR�WKH�YHKLFOH¶V�IXHO�WDQN���7KLV�UHFLUFXODWLRQ�ORRS�DOORZV�WKH�XVH�RI�
D�VLQJOH�PHWHU�WR�PHDVXUH�PDNH�XS�IXHO�DV�LW�UHSODFHV�WKH�IXHO�FRQVXPHG�E\�WKH�HQJLQH���7KH�OHYHO�
FRQWUROOHU�FDQ�EH�DIIHFWHG�E\�IXHO�PRYHPHQW�DV�D�IXQFWLRQ�RI�WKH�JHRPHWU\�RI�WKH�GD\�WDQN�DQG�
G\QDPLF�HIIHFWV�RI�WKH�YHKLFOH���'\QDPLF�HIIHFWV�RQ�WKH�IXHO�WKDW�FDXVH�OHYHO�FRQWUROOHU�YDULDWLRQV�
DUH�GXH�WR�QHJRWLDWLQJ�JUDGHV��DQG�WR�D�OHVVHU�H[WHQW��IRUFHV�GXH�WR�ODWHUDO�DFFHOHUDWLRQ���:LWK�
UHVSHFW�WR�WKH�ORQJLWXGLQDO�D[LV�RI�WKH�YHKLFOH��WKH�RULHQWDWLRQ�RI�WKH�IXHO�PHWHU�V\VWHP�GD\�WDQN�
VKDOO�EH�VXFK�WKDW�HIIHFWV�IURP�RSHUDWLQJ�RQ�JUDGHV�DQG�LQ�VXVWDLQHG�WXUQV�ZLOO�EH�PLQLPL]HG�
EDVHG�RQ�WKH�WHVW�VFHQDULR�EHLQJ�FRQGXFWHG��

�
� � ���� 7KH�0D[�0DFKLQHU\�PRGHO�����LV�JHQHUDOO\�XVHG�IRU�WHVW�LWHPV�HPSOR\LQJ�
HQJLQH�SRZHU�UDWLQJV�RI�����NLORZDWW��N:�������KRUVH�SRZHU��+S���RU�OHVV��DOWKRXJK�VXSSO\�DQG�
UHWXUQ�IXHO�IORZ�UDWHV�PD\�GLFWDWH�XVH�RI�WKH�ODUJHU�XQLW���)LJXUH���VKRZV�WKH�PRGHO�����IXHO�XQLW���
7KH�0D[�0DFKLQHU\�PRGHO�����LV�XVHG�RQ�WHVW�LWHPV�ZLWK�ODUJHU�HQJLQH�GLVSODFHPHQW�SRZHU�
UDWLQJV��XS�WR������+S����)LJXUH���VKRZV�WKH�PRGHO�����IXHO�XQLW���)LJXUH���VKRZV�D�VFKHPDWLF�RI�
WKH�SULQFLSDO�FRPSRQHQWV�DQG�WKHLU�LQWHJUDWLRQ�LQWR�D�W\SLFDO�WHVW�VHWXS��

�

 
 

�
)LJXUH�����0RGHO�����IXHO�IORZ�PHDVXUHPHQW�V\VWHP��

�
7KH�XVH�RI�EUDQG�QDPHV�GRHV�QRW�FRQVWLWXWH�HQGRUVHPHQW�E\�WKH�$UP\�RU�DQ\�RWKHU�DJHQF\�RI�
WKH�)HGHUDO�*RYHUQPHQW��QRU�GRHV�LW�LPSO\�WKDW�LW�LV�EHVW�VXLWHG�IRU�LWV�LQWHQGHG�DSSOLFDWLRQ��
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)LJXUH�����0RGHO�����)XHO�)ORZ�0HDVXUHPHQW�6\VWHP�LQVWDOOHG�RQ�+\EULG�5HIXVH�7UXFN�
�
�

�
�

)LJXUH�����6FKHPDWLF�IRU�IXHO�IORZ�PHDVXUHPHQW�V\VWHP��
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� F�� $X[LOLDU\�)XHO�7DQN��
�
:KHQ�XVLQJ�D�SRUWDEOH�IXHO�WDQN�IRU�IXHO�PHDVXUHPHQW��WKH�WDQN�VKRXOG�KDYH�D�PLQLPXP�FDSDFLW\�
RI����/�����JDOORQV��DQG�VKRXOG�EH�PRXQWHG�RQ�WKH�YHKLFOH�FORVH�WR�WKH�HQJLQH�DQG�IXHO�VXSSO\�
V\VWHP���7KH�WDQN�VKRXOG�EH�HTXLSSHG�ZLWK�TXLFN�GLVFRQQHFW�ILWWLQJV�DWWDFKHG�LQ�D�PDQQHU�WKDW�
FDQ�DFFRPPRGDWH�WKH�IXHO�IORZ�UHTXLUHG�E\�WKH�HQJLQH�DQG�IXHO�UHWXUQ���+RVHV�PXVW�EH�
GLVFRQQHFWHG�IURP�WKH�SRUWDEOH�WDQNV�ZLWKLQ���VHFRQGV�RI�HQJLQH�VKXWGRZQ�DW�WKH�HQG�RI�HDFK�WHVW�
UXQ���'LVFRQQHFW�WKH�UHWXUQ�OLQH�ILUVW���)DLOXUH�WR�GR�WKLV�PD\�UHVXOW�LQ�XQHTXDO�GUDLQ�EDFN��
SDUWLFXODUO\�IURP�WKH�IXHO�UHWXUQ�OLQH���7KH�RXWVLGH�RI�WKH�IXHO�WDQNV�VKRXOG�EH�ZLSHG�FOHDQ�RI�IXHO�
DQG�GLUW�HDFK�WLPH�WKH\�DUH�ZHLJKHG���7KH�IXHO�WHPSHUDWXUH�LQ�WKH�SRUWDEOH�ZHLJKLQJ�WDQNV�VKRXOG�
EH�NHSW�EHORZ�����&�������)DKUHQKHLW��)�����)XHO�FRROHUV�FDQ�EH�XVHG�WR�PDLQWDLQ�WKH�WHPSHUDWXUH�
EHORZ�WKLV�YDOXH��EXW�SRVLWLRQLQJ�WKH�SRUWDEOH�ZHLJK�WDQN�LQ�DQ�DUHD�RI�JRRG�DLU�IORZ�LV�SUHIHUDEOH���
)XHO�KHDWHUV�VKRXOG�QRW�EH�XVHG�XQOHVV�UHTXLUHG�E\�ORZ�DPELHQW�WHPSHUDWXUHV���$W�OHDVW����/�
���JDOORQV��RI�IXHO�VKRXOG�UHPDLQ�LQ�WKH�SRUWDEOH�WDQN�DW�WKH�HQG�RI�HDFK�WHVW�UXQ�WR�UHGXFH�IXHO�
KHDWLQJ��
�
� G�� )ORZPHWHU��
�
,I�YHKLFOHV�DUH�ILWWHG�ZLWK�RQ�ERDUG�IORZPHWHUV��WKH�PHWHUV�PXVW�EH�FDSDEOH�RI�WHPSHUDWXUH�
GHQVLW\�FRPSHQVDWLRQ�DQG�PXVW�EH�FDOLEUDWHG�WR�D�PLQLPXP�DFFXUDF\�RI�����SHUFHQW�DW�D�IORZ�UDWH�
FRQVLVWHQW�ZLWK�WKH�YHKLFOH�EHLQJ�WHVWHG���7KH�XVH�RI�IORZ�PHWHUV�LV�WKH�OHDVW�GHVLUDEOH�PHWKRG�IRU�
PHDVXUHPHQW�RI�IXHO�XVDJH��
�
� H�� (OHFWULFDO�6\VWHP�7HVWHU��
�
$7&�FXUUHQWO\�XVHV�WKH�$HUR9LURQPHQW�$%&�����DQG�$9�����3RZHU�3URFHVVLQJ�6\VWHPV���
7KHVH�DUH�EL�GLUHFWLRQDO��FRPSXWHU�FRQWUROOHG�GLUHFW�FXUUHQW��GF��SRZHU�VXSSOLHV�XVHG�WR�DSSO\�D�
VSHFLILF�FKDUJLQJ�SURILOH�WR�PHDVXUH�WKH�FDSDFLW\�RI�WUDFWLRQ�EDWWHULHV�DQG�WR�WHVW�LQWHJUDWHG�GULYH�
WUDLQV�DQG�VXEV\VWHPV�RI�K\EULG�DQG�HOHFWULFDO�YHKLFOHV���7KH\�DUH�DOVR�FDSDEOH�RI�VLPXODWLQJ�
YHKLFOH�HQHUJ\�VWRUDJH�V\VWHPV�VXFK�DV�WKH�EDWWHU\��IO\ZKHHO��GULYH�PRWRU�LQYHUWHU��DX[LOLDU\�
SRZHU�XQLW��RU�IXHO�FHOO���7KH�$%&�����RIIHU�FDSDELOLWLHV�XS�WR�����DPSV�FDSDFLW\��ZKLOH�WKH�$9�
����KDV�DQ�LQFUHDVHG�FDSDELOLW\�WR�����DPSV��
�
� I�� 3RUWDEOH�(OHFWULFDO�/RDG�%DQNV��
�
5HVLVWLYH�DQG�UHDFWLYH�ORDG�EDQNV�RI�YDULRXV�FDSDFLWLHV�DUH�XVHG�WR�VLPXODWH�SDUDVLWLF�HOHFWULFDO�
ORDGV�DVVRFLDWHG�ZLWK�FRPPXQLFDWLRQV��DFWLYH�SURWHFWLRQ��DQG�RWKHU�DF�DQG�GF�HOHFWULFDO�ORDGV�
H[SHULHQFHG�ZKLOH�RSHUDWLQJ�FRPEDW�DQG�WDFWLFDO�YHKLFOHV���$SSHQGL[�&�SURYLGHV�GHWDLOHG�
FDSDELOLWLHV�RI�WKH�ORDG�EDQNV��
�
� J�� $PHULFDQ�3HWUROHXP�,QGXVWU\��$3,��+\GURPHWHU��
�
7KH�$3,�+\GURPHWHU�LV�XVHG�IRU�DFFXUDWH�GHWHUPLQDWLRQ�RI�WKH�GHQVLW\��UHODWLYH�GHQVLW\��VSHFLILF�
JUDYLW\���RU�$3,�JUDYLW\�RI�SHWUROHXP���,WV�SURGXFWV�DUH�QHFHVVDU\�IRU�WKH�FRQYHUVLRQ�RI�PHDVXUHG�
YROXPHV�WR�YROXPHV�RU�PDVVHV��RU�ERWK��DW�WKH�VWDQGDUG�UHIHUHQFH�WHPSHUDWXUHV���$PHULFDQ�
6RFLHW\�IRU�7HVWLQJ�0DWHULHO��$670��'������LV�WKH�PHWKRG�XVHG�IRU�WKH�PHDVXUHPHQW�SURFHVV��
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� K�� 6FDOHV��
�
7KH�VFDOH�IRU�WKH�ZHLJKW�PHDVXUHPHQW�PHWKRG�PXVW�EH�FDOLEUDWHG�LQ�PD[LPXP�LQFUHPHQWV�RI�
���JUDP��J�������SRXQG��OE���RU������J����RXQFH��R]���ZKHQ�WKH�SRUWDEOH�WDQN�ZHLJKW�PHWKRG�LV�
XVHG���$OO�DX[LOLDU\�IXHO�WDQNV�XVHG�LQ�WKH�WHVW�VKRXOG�EH�ZHLJKHG�RQ�WKH�VDPH�VFDOH���7KH�VFDOHV�
ZLOO�EH�FKHFNHG�ZLWK�D�NQRZQ�GHDGZHLJKW�RI�DSSUR[LPDWHO\������NLORJUDP��NJ���������OE��EHIRUH�
HDFK�VHULHV�RI�UHDGLQJV��
�
��� 5(48,5('�7(67�&21',7,216��
�
���� 3UHSDUDWLRQ�IRU�7HVW��
�
� D�� 5HYLHZ�DOO�LQVWUXFWLRQDO�PDWHULDO�LVVXHG�ZLWK�WKH�WHVW�YHKLFOH�E\�WKH�PDQXIDFWXUHU��
FRQWUDFWRU��RU�JRYHUQPHQW��DV�ZHOO�DV�UHSRUWV�RI�SUHYLRXV�VLPLODU�WHVWV�RQ�WKH�VDPH�W\SHV�RI�
YHKLFOHV��
�
� E�� 6HOHFW�WKH�DSSURSULDWH�WHVW�IDFLOLWLHV�WR�EH�XVHG�EDVHG�RQ�WKH�UHTXLUHPHQWV�GRFXPHQWV�
DQG�SXUSRVH�RI�WKH�WHVW��
�
� F�� 6HOHFW�WKH�WHVWV�QHHGHG�WR�VDWLVI\�WKH�UHTXLUHPHQWV�GRFXPHQW�IRU�WKH�VSHFLILF�LWHP�WR�EH�
WHVWHG���8VH�WKH�YHKLFOH�RSHUDWLRQDO�PRGH�VXPPDU\�PLVVLRQ�SURILOH��206�03���LI�UHIHUHQFHG��
DQG�RU�$SSHQGL[�$�RI�WKLV�723�DV�D�JXLGH�LQ�GHWHUPLQLQJ�DSSURSULDWH�PLVVLRQ�SURILOHV�LQ�WHUPV�
RI�YHKLFOH�IXQFWLRQ��WHUUDLQ�VHYHULW\��WHVW�VSHHG�V���DQG�SHUFHQW�RI�WHVW�WLPH��
�
� G�� 3UHSDUH�GDWD�FROOHFWLRQ�VKHHWV�WR�UHFRUG�DOO�SUH�WHVW�LQIRUPDWLRQ��FRQGLWLRQV�RI�WHVW��WHVW�
UHVXOWV��REVHUYDWLRQV��DQG�PHDVXUHPHQWV�WKDW�ZRXOG�EH�YDOXDEOH�LQ�WKH�DQDO\VLV�DQG�DVVHVVPHQW���
7KHVH�LQFOXGH��
�
� � ���� 9HKLFOH�LGHQWLILFDWLRQ��
�
� � ���� 7\SH��PRGHO��DQG�VHULDO�QXPEHU�RI�HDFK�VLJQLILFDQW�FRPSRQHQW��HQJLQH��
WUDQVPLVVLRQ��WUDFWLRQ�EDWWHU\��ILQDO�GULYH��HWF����
�
� � ���� 9HKLFOH�SD\ORDG�DQG�FRUUHVSRQGLQJ�ZHLJKW�GLVWULEXWLRQ��
�
� � ���� 7LUH�FKDUDFWHULVWLFV��VL]H��ORDG�UDQJH��RSHUDWLQJ�SUHVVXUH��HWF����
�
� � ���� 7UDFN�FKDUDFWHULVWLFV��LQFOXGLQJ�WUDFN�WHQVLRQ���
�
� � ���� )XHO�VSHFLILFDWLRQ�W\SH��DQG�LWV�VSHFLILF�JUDYLW\��

�
� � ���� $FFHVVRU\�ORDGV�HPSOR\HG��
�
� H�� (QVXUH�WKDW�DOO�WHVW�SHUVRQQHO�DUH�IDPLOLDU�ZLWK�WKH�UHTXLUHG�WHFKQLFDO�DQG�RSHUDWLRQDO�
FKDUDFWHULVWLFV�RI�WKH�LWHP�DQG�ZLWK�WKH�UHTXLUHG�WHVW�SURFHGXUHV���,I�6ROGLHUV�DUH�GHVLUHG��HQVXUH�D�
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7HVW�6FKHGXOH�DQG�5HYLHZ�&RPPLWWHH��76$5&��UHTXHVW�LV�VXEPLWWHG�ZLWKLQ�RQH�\HDU�IURP�WKH�
VWDUW�RI�WHVWLQJ�RU�DV�HDUO\�DV�SRVVLEOH��
�
���� 7HVW�&RQWUROV��
�
� D�� 3ULRU�WR�WHVWLQJ��HQVXUH�WKDW�WKH�YHKLFOH�KDV�EHHQ�LQVSHFWHG�DQG�VHUYLFHG�LQ�DFFRUGDQFH�
ZLWK�723�����������WR�LQVXUH�LWV�FRQGLWLRQ�IRU�RSWLPXP�SHUIRUPDQFH���,I�HTXLSSHG�ZLWK�D�K\EULG�
HOHFWULF�GULYHOLQH��XVH�723�����������IRU�VHUYLFH�DQG�LQVSHFWLRQ�SURFHGXUHV���3D\�SDUWLFXODU�
DWWHQWLRQ�WR�WKH�HQJLQH��WUDQVPLVVLRQ��WLUH�LQIODWLRQ�VHWWLQJ��DQG�WUDFN�WHQVLRQ���6SHFLILF�FKHFNV�
DQG�RU�DGMXVWPHQWV�DUH�DV�IROORZV��
�
� � ���� (QJLQH�JRYHUQRU�VHW�WR�PDQXIDFWXUHU¶V�UHFRPPHQGDWLRQ��
�
� � ���� 1HZ�DLU�FOHDQHU�HOHPHQWV�DQG�RU�IXHO�ILOWHUV�LQVWDOOHG��LI�GHHPHG�QHFHVVDU\��
�
� � ���� 9HKLFOH�LV�UHDVRQDEO\�FOHDQ��
�
� � ���� &DE�VLGH�ZLQGRZ�SRVLWLRQ��RSHQ�RU�FORVHG��UHPDLQV�WKH�VDPH�IRU�WKH�HQWLUH�WHVW��
�
� � ���� $FFHVVRU\�HOHFWULFDO�ORDGV�IRU�WKH�WHVW�YHKLFOH�PXVW�EH�DV�FRQVLVWHQW�DV�SRVVLEOH�
WKURXJKRXW�WKH�WHVW��H�J���DLU�FRQGLWLRQHU�RQ�RII��OLJKWV�RQ�RII��HWF���7KH�EDWWHU\�VKRXOG�EH�IXOO\�
FKDUJHG�WR�PLQLPL]H�DOWHUQDWRU�ORDGLQJ��
�
� � ���� 7UDLOHU�WRZHG�ORDGV�IUHH�RI�GDPDJH�WR�H[WHULRU�VXUIDFHV�WKDW�ZRXOG�DIIHFW�
DHURG\QDPLF�GUDJ��
�
� � ���� :KHHO�DOLJQPHQW�FKHFNHG�DQG�SURSHUO\�DGMXVWHG���7UDLOHU�D[OH�DOLJQPHQW�VKRXOG�
EH�FKHFNHG��
�
� � ���� 9HKLFOH�SURSHUO\�OXEULFDWHG�SULRU�WR�WHVW���$OO�IOXLG�OHYHOV�VKRXOG�EH�FKHFNHG�DQG�
VHW�WR�SUHVFULEHG�OHYHOV��
�
� � ���� 7HPSHUDWXUH�FRQWUROOHG�IDQ�GULYHV�ORFNHG�LQ�VDPH�RSHUDWLQJ�PRGH��RQ�RII��
WKURXJKRXW�WKH�WHVW��
�
� � �����%HOWV�DQG�KRVHV�DUH�WLJKW��
�
� � �����$�VWDOO�FKHFN�PDGH�DQG�FRUUHFW�VKLIW�SRLQWV�YHULILHG�RQ�YHKLFOHV�ZLWK�DXWRPDWLF�
WUDQVPLVVLRQV�DQG�WRUTXH�FRQYHUWHUV��
�
� � �����)RU�YHKLFOHV�ZLWK�HOHFWURQLF�FRQWUROV��DEVHQFH�RI�GLDJQRVWLF�FRGHV�VKRXOG�EH�
YHULILHG��
�
� � �����%UDNHV�SURSHUO\�DGMXVWHG��ZKLFK�UHTXLUHV�WKDW�WKHUH�EH�QR�OLQLQJ�WR�GUXP�URWRU�
FRQWDFW�ZLWK�WKH�EUDNHV�UHOHDVHG��
�

Downloaded from http://www.everyspec.com



 � 723���������$ 
� � ���0D\������
�

���

� � �����7KH�YHKLFOH�LV�SD\ORDGHG�LQ�DFFRUGDQFH�ZLWK�WKH�WHVW�SODQ���7KH�UROORYHU�WKUHVKROG��
DQG�RU�WKHRUHWLFDO�WLSSLQJ�DQJOH�RI�WKH�YHKLFOH��LV�PHDVXUHG�RU�NQRZQ�IRU�WKH�VSHFLILF�YHKLFOH�
FRQILJXUDWLRQ�XQGHU�WHVW���7KH�WLOW�WDEOH�WHVW�LV�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�6$(�5HFRPPHQGHG�
3UDFWLFH�-��������7KLV�SURFHGXUH�DOORZV�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�WHVW�YHKLFOH¶V�PD[LPXP�VLGH�
VORSH�DQJOH�DQG�VLPXODWHG�ODWHUDO�DFFHOHUDWLRQ�SULRU�WR�UROORYHU���7KH�WKHRUHWLFDO�WLSSLQJ�DQJOH�LV�
GHWHUPLQHG�XVLQJ�WKH�JXLGHOLQHV�LQ�723������������
�
� E�� 5HFRUG�PHWHRURORJLFDO�FRQGLWLRQV�IRU�DOO�SHULRGV�RI�RSHUDWLRQ���&RQGLWLRQV�VKRXOG�EH�
PRQLWRUHG�LQ�QR�IHZHU�WKDQ����PLQXWH�LQWHUYDOV��
�
� F�� 3HUIRUP�SHULRGLF�OXEULFDWLRQ�DQG�PDLQWHQDQFH�VHUYLFHV�WKURXJKRXW�WHVWLQJ�LQ�
DFFRUGDQFH�ZLWK�WKH�DSSOLFDEOH�OXEULFDWLRQ�RUGHUV�DQG�WHFKQLFDO�PDQXDOV���7KH�YHKLFOH�ZDUP�XS�
SHULRG�VKRXOG�LQFOXGH�DW�OHDVW�RQH�KRXU�RI�W\SLFDO�RSHUDWLRQ�SULRU�WR�WHVWLQJ�WR�LQVXUH�VWDELOL]HG�
WHPSHUDWXUHV�RI�WLUHV��EHDULQJV��KXEV��JHDU�FDVHV��HWF���8QOHVV�WKH�WHVWLQJ�LV�VSHFLILFDOO\�HYDOXDWLQJ�
WKH�OXEULFDQW�HIIHFWV�RI�IXHO�HFRQRP\��FDUH�VKRXOG�EH�WDNHQ�WR�HQVXUH�WKDW�OXEULFDQW�FKDQJHV�RU�
DGGLWLRQV�GR�QRW�WDNH�SODFH�RYHU�WKH�GXUDWLRQ�RI�WKH�WHVW��
�
� G�� $OO�RI�WKH�WLUHV�PXVW�KDYH�RSHUDWHG�RQ�D�URDG�RU�WUDFN�DW�OHDVW�����NP������PLOHV��SULRU�
WR�WKH�WHVW���7LUHV�PXVW�KDYH�DW�OHDVW����SHUFHQW�RI�WKH�WUHDG�UHPDLQLQJ��DQG�WKH�WUHDG�PXVW�EH�LQ�
JRRG�FRQGLWLRQ���7LUH�SUHVVXUHV�VKRXOG�EH�YHULILHG�IRU�WKH�LQWHQGHG�RSHUDWLRQ��DQG�WKH�&HQWUDO�
7LUH�,QIODWLRQ�6\VWHP��&7,6��VKRXOG�EH�VHW�IRU�WKH�WHUUDLQ��LI�VR�HTXLSSHG���7UDFNHG�YHKLFOHV�
VKRXOG�IROORZ�WKH�UHFRPPHQGHG�WUDFN�EUHDN�LQ�SURFHGXUH�IRU�WKH�YHKLFOH�W\SH��DQG�WKH�WUDFN�
WHQVLRQ�VKRXOG�EH�DGMXVWHG�SULRU�WR�WKH�VWDUW�RI�WKH�WHVW��
�
� H�� 8QOHVV�RWKHUZLVH�VSHFLILHG��XVH�UHIHUHH�JUDGH�IXHOV�WR�VLPXODWH�WKH�ORZHVW�DFFHSWDEOH�
TXDOLW\�RI�IXHO�WKDW�PHHWV�WKH�VSHFLILF�IXHO�TXDOLW\�VWDQGDUGV���7KH�IXHO�WHPSHUDWXUH�LQ�WKH�IXHO�
PHDVXUHPHQW�V\VWHP�VKRXOG�EH�NHSW�EHORZ�����&�������)����)XHO�FRROHUV�FDQ�EH�XVHG�WR�PDLQWDLQ�
WKH�WHPSHUDWXUH�EHORZ�WKDW�YDOXH��EXW�SRVLWLRQLQJ�WKH�LQVWUXPHQWDWLRQ�LQ�DQ�DUHD�RI�JRRG�DLU�IORZ�
LV�WKH�EHVW�VROXWLRQ���)XHO�KHDWHUV�VKRXOG�QRW�EH�XVHG�XQOHVV�UHTXLUHG�E\�ORZ�DPELHQW�
WHPSHUDWXUHV��
�
� I�� )RU�K\EULG�YHKLFOHV��PHDVXUH�WKH�EDWWHU\�62&�DQG�PDLQWDLQ�WKH�WUDFWLRQ�EDWWHU\�
FDSDFLW\�DV�UHTXLUHG�LQ�WKH�WHVW�SODQ��
�
���� 5HVWULFWLRQV��
�
7HVWV�DUH�QRW�FRQGXFWHG�DW�QLJKW�RU�GXULQJ�LQFOHPHQW�ZHDWKHU���7HVW�FRXUVH�VDIHW\�DQG�RSHUDWLRQDO�
SURFHGXUHV�ZLOO�EH�FDUHIXOO\�IROORZHG���'HVLUDEOH�RSHUDWLRQDO�FRQGLWLRQV�IRU�WHVW�FRQGXFW�DUH�DV�
IROORZV��
�
� D�� :LQG�VSHHG�� � d����NP�KU�����PSK��DYHUDJH�DQG����NP�KU�����PSK��JXVWV�
�
� E�� $PELHQW�WHPSHUDWXUH�� ���&������)���d��7HPSHUDWXUH��d������&������)��
�
� F�� )XHO�WHPSHUDWXUH�� � d�����&�������)��
�
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� G�� +XPLGLW\�� � � d������
�
��� 7(67�352&('85(6��
�
���� 3HUIRUPDQFH�7HVWV��
�
7KH�IROORZLQJ�VHULHV�RI�FRQWUROOHG�WHVWV�DUH�FRQGXFWHG�WR�GHWHUPLQH�IXHO�FRQVXPSWLRQ�
FKDUDFWHULVWLFV�IRU�YHKLFOHV�XVHG�WR�WUDQVSRUW�SHUVRQQHO��FDUJR��RU�ZHDSRQ�V\VWHPV���'DWD�DUH�
PHDVXUHG�EDVHG�RQ�JHDU�UDQJH��URDG�VSHHG��HQJLQH�VSHHG��DQG�YHKLFOH�ZHLJKW���7KLV�FDWHJRU\�DOVR�
LQFOXGHV�VRPH�PXOWLIXQFWLRQDO�YHKLFOHV��H�J���DPSKLELRXV�YHKLFOHV��UHTXLULQJ�VHSDUDWH�IXHO�
FRQVXPSWLRQ�PHDVXUHPHQWV�IRU�HDFK�IXQFWLRQ��
�
��������5RDG�/RDG�7HVW��
�
� D�� 2SHUDWH�WKH�YHKLFOH�DW�FRQVWDQW�VSHHGV�RQ�D�OHYHO��SDYHG�WHVW�FRXUVH��XQOHVV�RWKHUZLVH�
VSHFLILHG��DW�QRW�OHVV�WKDQ�IRXU�HTXDO�VSHHG�LQFUHPHQWV�RYHU�WKH�RSHUDWLQJ�UDQJH�RI�WKH�YHKLFOH�LQ�
HDFK�JHDU��
�
� E�� 0RQLWRU�HQJLQH�VSHHG�WR�LQVXUH�DGHTXDWH�FRYHUDJH�RI�HQJLQH�RSHUDWLRQ�WR�LQFOXGH�SHDN�
WRUTXH�DQG�UDWHG�SRZHU��
�
� F�� 0HDVXUH�WKH�IXHO�FRQVXPHG�IRU�HDFK�VSHHG�LQFUHPHQW���)ROORZ�WKH�JXLGHOLQHV�LQ�
$SSHQGL[�'�WR�GHWHUPLQH�WKH�DGHTXDWH�QXPEHU�RI�WHVW�UXQV�QHHGHG��
�
��������)XOO�/RDG�7HVW���
�
� D�� &RQGXFW�IXOO�ORDG��IXOO�WKURWWOH�IXHO�FRQVXPSWLRQ�WHVWV�VLPXOWDQHRXVO\�ZLWK�GUDZEDU�
SXOO�WHVWV�RQ�OHYHO��SDYHG�VXUIDFHV�DV�GHVFULEHG�LQ�723������������
�
� E�� 0RQLWRU�HQJLQH�VSHHG�WR�HQVXUH�DGHTXDWH�FRYHUDJH�RI�HQJLQH�RSHUDWLRQ�WR�LQFOXGH�SHDN�
WRUTXH�DQG�UDWHG�SRZHU��
�
� F�� 0HDVXUH�IXHO�FRQVXPSWLRQ�DW�VHYHUDO�SRLQWV�ZLWKLQ�WKH�HQJLQH�VSHHG�UDQJH��)ROORZ�WKH�
JXLGHOLQHV�LQ�$SSHQGL[�'�WR�GHWHUPLQH�WKH�DGHTXDWH�QXPEHU�RI�WHVW�UXQV�QHHGHG��
��
��������1R�/RDG�7HVW��7UDQVPLVVLRQ�LQ�1HXWUDO�*HDU���
�
� D�� :LWK�WKH�YHKLFOH�VWDWLRQDU\�DQG�WKH�WUDQVPLVVLRQ�LQ�QHXWUDO��RSHUDWH�WKH�HQJLQH�DW�
VSHHGV�UDQJLQJ�IURP�LGOH�VSHHG�WR�JRYHUQHG�HQJLQH�VSHHG��
�
� E�� 0HDVXUH�IXHO�FRQVXPSWLRQ�IRU�HDFK�HQJLQH�VSHHG�HQRXJK�WLPHV�WR�HQVXUH�
UHSURGXFLELOLW\���)ROORZ�WKH�JXLGHOLQHV�LQ�$SSHQGL[�'�WR�GHWHUPLQH�WKH�DGHTXDWH�QXPEHU�RI�WHVW�
UXQV�QHHGHG��
�
�
�
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��������6WDQGDUG�&RXUVH�7HVWV��
�
� D�� *HQHUDO�2SHUDWLQJ�,QVWUXFWLRQV��
�
� � ���� 9HKLFOHV�HTXLSSHG�ZLWK�PDQXDO�WUDQVPLVVLRQV�ZLOO�EH�RSHUDWHG�LQ�WKH�IROORZLQJ�
PDQQHU��LGOHV�ZLOO�EH�PDGH�LQ�JHDU��FOXWFK�GLVHQJDJHG���'HFHOHUDWLRQV�ZLOO�EH�PDGH�LQ�JHDU��DQG�
WKH�FOXWFK�ZLOO�EH�GLVHQJDJHG�DW����NP�KU�����PSK��RQ�DQ\�UHTXLUHG�VWRSV���$OO�FUXLVH�RSHUDWLRQV�
VKRXOG�EH�LQ�WKH�KLJKHVW�JHDU�WKDW�ZLOO�SUHYHQW�HQJLQH�OXJJLQJ���'RZQVKLIWV�DUH�SHUPLWWHG��DV�
QHHGHG��WR�PDLQWDLQ�WKH�VSHFLILF�VSHHG�RYHU�WKH�RSHUDWLQJ�WHUUDLQ��
�
� � ���� 9HKLFOHV�ZLWK�RYHUGULYH�WUDQVPLVVLRQV��ZKHUH�WKH�RYHUGULYH�XQLW�HQJDJHV�
DXWRPDWLFDOO\��DUH�WR�EH�GULYHQ�ZLWK�WKH�DFWXDWRU�VZLWFK�LQ�D�SRVLWLRQ�WKDW�HQVXUHV�HQJDJHPHQW�
ZKHQ�FRQGLWLRQV�IRU�RSHUDWLRQ�DUH�PHW���2Q�YHKLFOHV�ZKHUH�RYHUGULYH�LV�HQJDJHG�PDQXDOO\��VXFK�
DV�D�GHVLJQDWHG�RYHUGULYH�JHDU���XSVKLIW�WR�RYHUGULYH�DW�WKH�PDQXIDFWXUHU¶V�UHFRPPHQGHG�VSHHG�
IRU�VPRRWK�RSHUDWLRQ���:KHUH�VSHFLILHG�DFFHOHUDWLRQV�FDQQRW�EH�PDLQWDLQHG�LQ�RYHUGULYH��PDNH�
WKH�FRPSOHWH�DFFHOHUDWLRQ�LQ�WKH�FRQYHQWLRQDO�JHDU�DQG�HQJDJH�RYHUGULYH�XSRQ�UHDFKLQJ�WKH�
VSHFLILHG�VSHHG��
�
� � ���� 2Q�YHKLFOHV�ZLWK�DXWRPDWLF�WUDQVPLVVLRQ��WKH�VHUYLFH�EUDNHV�VKRXOG�EH�DSSOLHG�WR�
PDLQWDLQ�WKH�UHTXHVWHG�VSHHG�LI�WKH�HQJLQH�LGOH�UHVXOWV�LQ�YHKLFOH�VSHHG�JUHDWHU�WKDQ�WKDW�VSHFLILHG�
�VHH�6$(�-���������
�
� E�� 6WDQGDUG�)XHO�&RQVXPSWLRQ�&RXUVH��)LJXUH�����
�
2SHUDWH�WKH�WHVW�YHKLFOH�RQ�$7&¶V�VWDQGDUG�IXHO�FRQVXPSWLRQ�FRXUVH�LQ�HDFK�GLUHFWLRQ�RI�WUDYHO�DW�
YDULRXV�LQFUHPHQWV�RI�VSHHG��WKDW�VSDQ�LWV�QRUPDO�RSHUDWLQJ�VSHHG�UDQJH�XS�WR�WKH�PD[LPXP�VDIH�
VSHHG���8VLQJ�GLVFUHWLRQ�ZKHQ�DVFHQGLQJ�DQG�GHVFHQGLQJ�JUDGHV�DQG�GXULQJ�VWHHULQJ�PDQHXYHUV��
WKH�GULYHU�DWWHPSWV�WR�PDLQWDLQ�WKH�UHTXHVWHG�VSHHG�IRU�DOO�FRQWLQXRXV�ODSV�RI�HDFK�WHVW�UXQ���
3HUIRUP�HDFK�WHVW�UXQ�DW�D�VXVWDLQHG�URDG�VSHHG�IRU�D�VXIILFLHQW�QXPEHU�RI�ODSV��HDFK�ODS�LV�
����PLOHV�LQ�OHQJWK��WR�PLQLPL]H�WKH�HUURU�LQFXUUHG�DW�WKH�VWDUW�DQG�HQG�RI�WKH�UXQ���)LYH�ODSV�DUH�
JHQHUDOO\�FRQGXFWHG�DW�HDFK�VSHHG���0D[LPXP�VSHHG�LV�GHWHUPLQHG�ZKHQ�RQH�RU�PRUH�RI�WKH�
IROORZLQJ�FULWHULD�DUH�PHW��
�
� � ���� 0D[LPXP�WHVW�FRXUVH�VSHHG�LV�UHDFKHG���0XQVRQ�SDYHG�LV����NP�KU�����PSK��ZLWK�
���NP�KU�����PSK��LQ�WKH�WXUQV��DQG�0XQVRQ�JUDYHO�LV����NP�KU�����PSK����5HIHU�WR�$7&�
$XWRPRWLYH�7HVW�&RXUVHV�6WDQGLQJ�2SHUDWLQJ�3URFHGXUH��623�������������IRU�DGGLWLRQDO�
JXLGDQFH��
�
� � ���� :KHQ�WKH�PHDVXUHG�ODWHUDO�DFFHOHUDWLRQ�UHDFKHV����SHUFHQW�RI�WKH�SUHGHWHUPLQHG�
UROORYHU�WKUHVKROG�YDOXH���7KH�UROO�RYHU�YDOXH�LV�GHWHUPLQHG�IURP�D�WLOW�WDEOH�WHVW�RU�FDOFXODWHG�
IURP�WKH�FHQWHU�RI�JUDYLW\��&*��KHLJKW�DQG�WUHDG�PHDVXUHPHQW�RI�WKH�WHVW�LWHP��
�
� � ���� 7KH�DYHUDJH�JURXQG�VSHHG�IURP�WKH�SUHYLRXV�UXQ�LV�QRW�VLJQLILFDQWO\�GLIIHUHQW�
IURP�WKH�FXUUHQW�DWWHPSW��
�
�

Downloaded from http://www.everyspec.com



723���������$�� �  
���0D\������
�

���

� F�� +DUIRUG�/RRS�&RXUVH��)LJXUH�����
�
7KLV�FRXUVH�LV�XVHG�ZKHQ�D�SDYHG�UROOLQJ�URDG�VFHQDULR�LV�UHTXLUHG���)XHO�FRQVXPSWLRQ�SDUDPHWHUV�
DUH�PHDVXUHG�DV�WKH�YHKLFOH�LV�RSHUDWHG�RYHU�WKH�FRXUVH�LQ�ERWK�GLUHFWLRQV�DW�WKH�SRVWHG�VSHHG�
OLPLWV���$OO�WUDIILF�VLJQV�DQG�VLJQDOV�DUH�IROORZHG��
�
� G�� &RQRZLQJR�/RRS�&RXUVH��)LJXUH�����
�
7KLV�FRXUVH�SURYLGHV�D�VWDQGDUG�URDG�ORDG�GXW\�F\FOH�IRU�FRPSDULQJ�WKH�IXHO�HFRQRP\�SURYLGHG�
E\�YHKLFOH�FRPSRQHQWV�RU�V\VWHPV�RI�WKH�W\SH�WKDW�FDQ�EH�VZLWFKHG�IURP�RQH�YHKLFOH�WR�DQRWKHU�LQ�
D�VKRUW�SHULRG�RI�WLPH���7KLV�FRXUVH�LV�DOVR�LGHDOO\�VXLWHG�IRU�FRPSDULQJ�WKH�IXHO�FRQVXPSWLRQ�
FKDUDFWHULVWLFV�RI�RQH�YHKLFOH�WR�DQRWKHU��DQG�D�YHKLFOH�FRPELQDWLRQ�HTXLSSHG�ZLWK�D�SDUWLFXODU�
FRPSRQHQW�WR�DQRWKHU�YHKLFOH�FRPELQDWLRQ�ZLWK�WKH�VDPH�FRPSRQHQW���6$(�-�����VKRXOG�EH�
XVHG�DV�D�JXLGH�IRU�WHVW�FRQWUROV�DQG�FRQGXFW��
�
� H�� /HYHO�2II�5RDG�&RXUVH��)LJXUH�����
�
2SHUDWH�WKH�YHKLFOH�RQ�$7&¶V�/HYHO�&URVV�&RXQWU\���DQG���&RXUVHV��ORFDWHG�DW�37$��DW�YDULRXV�
LQFUHPHQWV�RI�VSHHG�WKDW�VSDQ�LWV�QRUPDO�RSHUDWLQJ�VSHHG�UDQJH��XS�WR�WKH�PD[LPXP�DFKLHYDEOH�
VDIH�VSHHG���8VLQJ�GLVFUHWLRQ�ZKHQ�WUDYHUVLQJ�VHFWLRQV�RI�URXJK�WHUUDLQ��WKH�GULYHU�DWWHPSWV�WR�
PDLQWDLQ�WKH�UHTXHVWHG�VSHHG�IRU�DOO�FRQWLQXRXV�ODSV�RI�HDFK�WHVW�UXQ���3HUIRUP�HDFK�WHVW�UXQ�DW�D�
VXVWDLQHG�URDG�VSHHG�IRU�D�VXIILFLHQW�QXPEHU�RI�ODSV��HDFK�FRPELQHG�ODS�LV�����PLOHV�LQ�OHQJWK��WR�
PLQLPL]H�WKH�HUURU�LQFXUUHG�DW�WKH�VWDUW�DQG�HQG�RI�WKH�UXQ���7KH�PD[LPXP�VSHHGV�IRU�HDFK�WHVW�
FRXUVH�DUH����NP�KU�����PSK��IRU�37$����DQG����NP�KU�����PSK��IRU�37$����
�
� I�� +LOO\�2II�5RDG�&RXUVH��)LJXUH�����
�
2SHUDWH�WKH�YHKLFOH�RQ�$7&¶V�+LOO\�&URVV�FRXQWU\�%�&RXUVH��ORFDWHG�DW�&7$��LQ�HDFK�GLUHFWLRQ�
DW�YDULRXV�LQFUHPHQWV�RI�VSHHG�WKDW�VSDQ�LWV�QRUPDO�RSHUDWLQJ�VSHHG�UDQJH��XS�WR�WKH�PD[LPXP�
DFKLHYDEOH�VDIH�VSHHG���8VLQJ�GLVFUHWLRQ�ZKHQ�DVFHQGLQJ�DQG�GHVFHQGLQJ�JUDGHV�DQG�GXULQJ�
VWHHULQJ�PDQHXYHUV��WKH�GULYHU�DWWHPSWV�WR�PDLQWDLQ�WKH�UHTXHVWHG�VSHHG�IRU�DOO�FRQWLQXRXV�ODSV�RI�
HDFK�WHVW�UXQ���3HUIRUP�HDFK�WHVW�UXQ�DW�D�VXVWDLQHG�URDG�VSHHG�IRU�D�VXIILFLHQW�QXPEHU�RI�ODSV�
�HDFK�ODS�LV�����PLOHV�LQ�OHQJWK��WR�PLQLPL]H�WKH�HUURU�LQFXUUHG�DW�WKH�VWDUW�DQG�HQG�RI�WKH�UXQ���
7KH�PD[LPXP�VSHHG�IRU�&7$�%�&RXUVH�LV����NP�KU�����PSK����&7$�&�&RXUVH�LV�XVHG�WR�
VLPXODWH�KLOO\�VHFRQGDU\�URDG�RSHUDWLRQV��DQG�WKH�PD[LPXP�VSHHG�IRU�&7$�&�&RXUVH�LV�
���NP�KU�����PSK���DQG����NP�KU�����PSK��LQ�WKH�XSSHU�DQG�ORZHU�WXUQDURXQGV��
�

J�� $XWRPRWLYH�7HVW�	�(YDOXDWLRQ�)DFLOLW\��$7()���)LJXUH�����
�
$7()�LV�XVHG�ZKHQ�VXVWDLQHG�KLJK�VSHHGV�DUH�QHHGHG�WR�VLPXODWHG�RSHUDWLRQV�RQ�LPSURYHG�
JUDYHO�URDGV���7KH�WHVW�FRXUVH�GHVLJQ�DOORZV�KLJK�VSHHG�RSHUDWLRQV�XS�WR����NP�KU�����PSK��RQ�D�
FRPSDFWHG�JUDYHO�VXUIDFH�IRU�LQGHILQLWH�WLPH�SHULRGV��
�
�
�
�

Downloaded from http://www.everyspec.com



 � 723���������$ 
� � ���0D\������
�

���

� K�� 0LOH�/RRS��
�
7KH�PLOH�ORRS�LV�XVHG�IRU�FRQWLQXRXV�RSHUDWLRQV�DW�ORZ�PRGHUDWH�VSHHGV��6SHHGV�QRW�WR�H[FHHG�
���NP�KU�����PSK��RQ�SDYHG�DUH�SHUPLWWHG���&RQWLQXRXV�RSHUDWLRQ�DW����NP�KU�����PSK��LV�
SHUPLWWHG�RQ�WKH�RXWHU�JUDYHO�ORRS��
�
� L�� 5RDGZD\�6LPXODWRU��5:6���
�
7KH�5:6�DOORZV�SUHFLVLRQ�FRQWURO�RI�D�YHKLFOH¶V�RSHUDWLQJ�HQYLURQPHQW�E\�URERWLF�YHKLFOH�
RSHUDWLRQ�DQG�ORDG��DQG�RU�VSHHG�FRQWURO�DW�HDFK�ZKHHO�ORFDWLRQ���6LQFH�WKH�WHVW�YHKLFOH�UHPDLQV�
VWDWLRQDU\�DQG�WKH�VLPXODWHG�URDG�HQYLURQPHQW�PRYHV�EHQHDWK�WKH�YHKLFOH��RSSRUWXQLW\�H[LVWV�WR�
FRQGXFW�G\QDPLF�YHKLFOH�WHVWV�LQ�D�VWDWLRQDU\��FRQWUROOHG�VHWWLQJ���6LPXODWLRQ�RI�JUDGHDELOLW\��
WUDFWLYH�HIIRUW��DQG�URDG�ORDG�RSHUDWLRQV�DUH�FRQGXFWHG�ZLWK�URERWLF�FRQWURO�RI�WKH�QRUPDO�GULYHU�
GHPDQGV���7KH�5:6�IDFLOLW\�SURYLGHV�DQ�H[FHOOHQW�VHWWLQJ�WR�GHYHORS�YHKLFOH�OHYHO�IXHO�
FRQVXPSWLRQ�PDSV��GHWHUPLQDWLRQ�RI�SRZHUWUDLQ�EXGJHW�DQG�SDUDVLWLF�ORVVHV��DQG�WR�GHWHUPLQH�WKH�
LQWHUDFWLRQ�RI�WKH�YHKLFOH�SRZHUWUDLQ�DQG�VWDWLRQDU\�DQG�WUDQVLHQW�HOHFWULFDO�SRZHU�GHPDQGV��
��
� M�� 0HDVXUH� IXHO� FRQVXPSWLRQ� SDUDPHWHUV� IRU� HDFK� VSHHG� DQG� FRXUVH� GLUHFWLRQ� WUDYHOHG��
5HSHDW�HDFK�PHDVXUHPHQW�D�VXIILFLHQW�QXPEHU�RI�WLPHV�WR�HQVXUH�UHSUHVHQWDWLYH�UHVXOWV���)ROORZ�
WKH�JXLGHOLQHV�LQ�$SSHQGL[�'�WR�GHWHUPLQH�WKH�DGHTXDWH�QXPEHU�RI�WHVW�UXQV�QHHGHG��
�
���������3HUIRUPDQFH�7HVW�'DWD�&DOFXODWLRQV��
�
� D�� )XHO�HFRQRP\�DQG�IXHO�FRQVXPSWLRQ�ZLOO�EH�FDOFXODWHG�IRU�HDFK�SHUIRUPDQFH�RU�
VWDQGDUG�FRXUVH�WHVW�SRLQW�XVLQJ�WKH�PHDVXUHG�IXHO�YROXPH��WKH�HODSVHG�WLPH��WUXH�URDG�VSHHG��DQG�
WKH�PHDVXUHG�IXHO�WHPSHUDWXUH���7KH�IROORZLQJ�WKUHH�UHODWLRQVKLSV�DUH�XVHG�IRU�WKH�IXHO�HFRQRP\�
DQG�IXHO�FRQVXPSWLRQ�FDOFXODWLRQV��
�
�

ࢍ࢟ࢉࡱ ࢋ࢛ࡲ = ൫ࢎ ࢊࢋࢋࡿ ࢋࢉࢎࢋࢂ ࢋࢍࢇ࢘ࢋ࢜൯(࢙ࢊࢉࢋ࢙  ࢋࢀ ࢊࢋ࢙ࢇࡱ)(.)
࢙࢘ࢋ࢚ࢋ࢚ࢋࢉ ࢉ࢈࢛ࢉ ࢋ࢛ࢂ ࢋ࢛ࡲ ࢊࢋ࢛࢙࢘ࢇࢋࡹ

�

�
ZKHUH��
� PSJ�  � �PLOHV�SHU�JDOORQ�

� PSK�  � �WUXH�URDG�VSHHG�
�
�
�

 ݁ݐܴܽ ݁݃ܽݏܷ ݈݁ݑܨ ݁݃ܽݎ݁ݒܣ = (0.952)( ௨ ௧௧௦݁݉ݑ݈ܸ ݈݁ݑܨ ݀݁ݎݑݏܽ݁ܯ)  
 ௦ௗ௦݁݉݅ܶ ݀݁ݏ݈ܽܧ

�

�
ZKHUH��
� JSK� �JDOORQV�SHU�KRXU�
�
�
�
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�  ݁ݐܴܽ ݁݃ܽݏܷ ݈݁ݑܨ ݁݃ܽݎ݁ݒܣ =   (ெ௦௨ௗ ி௨ ௨ ೠ್ ೝೞ)(ௌீ)(.ଽଶ)
ா௦ௗ ் ೞೞ

�
�
ZKHUH��
� SSK� �SRXQGV�SHU�KRXU�

� VJ�  �VSHFLILF�JUDYLW\�RI�IXHO��IXQFWLRQ�RI�WHPSHUDWXUH��
�
�
� E�� &RPSDULVRQ�RI�IXHO�YROXPHV�DPRQJ�YHKLFOHV�DQG�PXOWLSOH�WHVW�SRLQWV�FDQ�EH�
DFFRPSOLVKHG�E\�FRUUHFWLQJ�WR�D�VWDQGDUG�WHPSHUDWXUH���)XHO�FRQVXPSWLRQ�PHDVXUHPHQWV�IURP�
WKH�LQVWDOODWLRQ�IXHO�SXPS��XQFRUUHFWHG�IRU�IXHO�WHPSHUDWXUH��FDQ�EH�FRUUHFWHG�IRU�WHPSHUDWXUH�WR�
DQ�HTXLYDOHQW�YROXPH�DW�D�VWDQGDUG�WHPSHUDWXUH�RI�����)�XVLQJ�WKH�IROORZLQJ�IRUPXOD��
�
�

ிܸ = ்்ܩܵ
ܩܵ

 ி்்ܸ�

�
ZKHUH��

ிܸ� �7KH�HTXLYDOHQW�YROXPH�RI�IXHO�LI�LW�ZDV�PHDVXUHG�DW�����)�
��7KH�VSHFLILF�JUDYLW\�RI�WKH�IXHO�DW�D�JLYHQ�WHPSHUDWXUH �்்ܩܵ
�(������ �7KH�VSHFLILF�JUDYLW\�RI�WKH�IXHO�DWܩܵ
ி்்ܸ� �7KH�YROXPH�RI�IXHO�SXPSHG�LQWR�WKH�WDQN�DW�D�JLYHQ�IXHO�WHPSHUDWXUH�
�

�
� F�� &RPSDULVRQ�RI�IXHO�PDVV�DPRQJ�YHKLFOHV�DQG�PXOWLSOH�WHVW�SRLQWV�FDQ�EH�DFFRPSOLVKHG�
WKURXJK�D�GLUHFW�ZHLJKW�PHDVXUHPHQW�DV�DQ�DOWHUQDWLYH�WR�XVLQJ�D�IORZ�PHDVXUHPHQW�V\VWHP���7KH�
PDVV�PHWKRG�RI�PHDVXUHPHQW�LV�PRVW�XVHIXO�DQG�SUDFWLFDO�ZKHQ�FRQGXFWLQJ�VWDQGDUG�FRXUVH�RU�
ORQJ�GXUDWLRQ�WHVWV�IRU�ZKLFK�WKH�PRVW�SHUWLQHQW�YDOXH�IRU�FRPSDULVRQ�SXUSRVHV�ZLOO�EH�WKH�
QXPEHU�RI�SRXQGV�RI�IXHO�SHU�KRXU�XVHG��VLQFH�WKLV�PHDVXUHPHQW�IDFWRUV�RXW�WKH�LQIOXHQFH�RI�IXHO�
WHPSHUDWXUH�GLIIHUHQFHV�LQ�WKH�GDWD��
�
� G�� )RU�URDG�ORDG�DQG�IXOO�ORDG�WHVWLQJ�LW�LV�LPSRUWDQW�WR�NQRZ�WKH�RSHUDWLQJ�VWDWH�RI�WKH�
WRUTXH�FRQYHUWHU��LI�WKH�WHVW�LWHP�LV�HTXLSSHG�ZLWK�DQ�DXWRPDWLF�WUDQVPLVVLRQ���8VLQJ�WKH�
PHDVXUHG�HQJLQH�VSHHG��RYHUDOO�JHDU�UDWLRV��WUDQVPLVVLRQ��WUDQVIHU�FDVH��GULYH�D[OH��KXE���WKH�
ORDGHG�WLUH�UROOLQJ�GLVWDQFH�DQG�JURXQG�VSHHG��WKH�FRQYHUWHU�VSHHG�UDWLR�LV�FRPSXWHG���,I�
ZKHHO�WLUH�WUDFN�VOLS�DUH�SUHVHQW��WKHQ�WKH�ZKHHO�RU�VSURFNHW�VSHHG�PXVW�EH�XVHG�LQ�OLHX�RI�WKH�WUXH�
URDG�VSHHG���7KLV�UDWLR�SURYLGHV�WKH�UHODWLYH�VSHHG�RI�WKH�HQJLQH�DQG�WUDQVPLVVLRQ�LQSXW�DQG�
SUHVHQWV�WKDW�RSHUDWLQJ�FRQGLWLRQ�DV�SHUFHQW�VOLS�RU�FRQYHUWHU�ORFNHG�RU�XQORFNHG��
�
�

= ݅ݐܴܽ ݀݁݁ܵ ݎ݁ݐݎ݁ݒ݊ܥ  
ܴ݀݁݁ݏ ݀ܽ × 88
݁ܿ݊ܽݐݏ݅݀ ݈݈ܴ݃݊݅ × ൨ܴܩܱ

݀݁݁ݏ ݁݊݅݃݊ܧ  × 100 
 
�
�
ZKHUH��
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� 5RDG�VSHHG�  � PSK�
� 5ROOLQJ�GLVWDQFH�  � IHHW�SHU�UHYROXWLRQ��IW�UHY��
� 2*5�  � 2YHUDOO�*HDU�5DWLR�
� (QJLQH�VSHHG�  � UHY�PLQ�
�
�
� H�� +\SRWKHVLV�7HVWLQJ��
�
� � ���� 9HU\�RIWHQ�LQ�IXHO�FRQVXPSWLRQ�WHVWLQJ��FXVWRPHUV�DUH�VHHNLQJ�DQ�LPSURYHPHQW�LQ�
WKH�DPRXQW�RI�IXHO�FRQVXPHG�E\�D�YHKLFOH�V\VWHP���+\SRWKHVLV�WHVWLQJ�LV�D�XVHIXO�PHWKRG�WR�
FRPSDUH�WZR�VHWV�RI�WHVW�GDWD�WR�GHWHUPLQH�LI�WKHUH�LV�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�
WKH�WZR�VHWV���2IWHQ�WKH�WZR�VHWV�RI�GDWD�DUH�PDGH�XS�RI�VPDOO�VDPSOH�VL]HV����WHVW�WULDOV�DUH�YHU\�
W\SLFDO�IRU�VHWV�RI�IXHO�FRQVXPSWLRQ�GDWD����7KHUHIRUH��FDOFXODWLRQV�ZLOO�FRQVLGHU�RQO\�K\SRWKHVLV�
WHVWV�IRU�WKH�GLIIHUHQFHV�EHWZHHQ�WZR�VDPSOH�PHDQV�IRU�VPDOO��WKH�QXPEHU�RI�VDPSOHV�LV�OHVV�WKDQ�
����VDPSOH�VL]HV��
�
� � ���� +\SRWKHVLV�WHVWLQJ�UHOLHV�RQ�HVWDEOLVKPHQW�RI�D�VDPSOH�PHDQ�DQG�VWDQGDUG�
GHYLDWLRQ�IURP�WKH�DFTXLUHG�IXHO�FRQVXPSWLRQ�GDWD��DQG�UHOLHV�RQ�WKH�HYDOXDWRU�WR�SURYLGH�DQ�
H[SHFWHG�OHYHO�RI�FRQILGHQFH�LQ�WKH�UHVXOWV���7\SLFDOO\��WKH�OHYHO�RI�FRQILGHQFH�LV�HVWDEOLVKHG�DW����
RU����SHUFHQW��ZKLFK�PHDQV�WKDW�RQFH�WKH�K\SRWKHVLV�WHVW�LV�FRQGXFWHG�DQG�WKH�VWDWLVWLFV�DUH�
FDOFXODWHG��D����RU����SHUFHQW�FRQILGHQFH�OHYHO�H[LVWV�WKDW�WKH�VWDWLVWLFDO�WHVW�SURYLGHV�D�FRUUHFW�
GHFLVLRQ���$SSHQGL[�'�SURYLGHV�GLVFXVVLRQ�DQG�H[DPSOHV�RI�K\SRWKHVLV�WHVWLQJ�XVLQJ�VPDOO�
VDPSOH�VL]HV��
�
��������:RUN�)XQFWLRQ�7HVW��(QJLQHHU�7\SH�9HKLFOHV���
�
� D�� 7KLV�WHVW�LV�FRQGXFWHG�WR�HYDOXDWH�WKH�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV�RI�HQJLQHHULQJ�
HTXLSPHQW�DQG�RWKHU�YHKLFOHV�ZKRVH�SHUIRUPDQFH�FDQQRW�EH�UDWLRQDOO\�PHDVXUHG�DV�D�IXQFWLRQ�RI�
GLVWDQFH�WUDYHOHG��EXW�XVXDOO\�DV�D�IXQFWLRQ�RI�RSHUDWLQJ�WLPH���,QFOXGHG�LQ�WKLV�JURXS�DUH�VXFK�
LWHPV�DV�FRQVWUXFWLRQ�PDFKLQHU\��HDUWKPRYLQJ�HTXLSPHQW��PDWHULDOV�KDQGOLQJ�HTXLSPHQW��DQG�
VRPH�PXOWLIXQFWLRQDO�HTXLSPHQW�UHTXLULQJ�VHSDUDWH�IXHO�FRQVXPSWLRQ�PHDVXUHPHQWV�IRU�HDFK�
IXQFWLRQ��
�
� E�� 0HDVXUH�IXHO�FRQVXPSWLRQ�DQG�RSHUDWLQJ�WLPH�ZKLOH�WKH�YHKLFOH�LV�SHUIRUPLQJ�HDFK�
ZRUN�IXQFWLRQ�IRU�ZKLFK�LW�LV�GHVLJQHG��
�
��������2Q�%RDUG�(OHFWULFDO�([SRUW�3RZHU�7HVW��
�
� D�� 9HKLFOH�RQ�ERDUG�HOHFWULFDO�UHTXLUHPHQWV�IRU�SRZHULQJ�FRPSRQHQWV�VXFK�DV�KHDGOLJKWV��
DLU�FRQGLWLRQLQJ�XQLWV��HWF��FDQ�EH�VLPXODWHG�WKURXJK�WKH�XVH�RI�SRZHU�DEVRUSWLRQ�V\VWHPV�
�SDUDJUDSK�����H���ZKLFK�ERWK�FRQWUROV�DQG�PHDVXUHV�WKH�GLVFKDUJHG�FXUUHQW���&XUUHQW�LV�GUDZQ�
WKURXJK�WKH�1RUWK�$WODQWLF�7UHDW\�2UJDQL]DWLRQ��1$72��VODYH�UHFHSWDFOH�RU�RWKHU�DSSURYHG�
YHKLFOH�FRQQHFWLRQ���:LWK�WKH�YHKLFOH�VWDWLRQDU\�DQG�WKH�WUDQVPLVVLRQ�LQ�QHXWUDO��RSHUDWH�WKH�
HQJLQH�DW�LQFUHPHQWDO�VSHHGV�UDQJLQJ�IURP�UDWHG�LGOH�VSHHG�WR�JRYHUQHG�HQJLQH�VSHHG���$W�HDFK�
HQJLQH�VSHHG�FRQGLWLRQ��YDU\�WKH�HOHFWULFDO�ORDG��FXUUHQW�GUDZ��LQFUHPHQWDOO\�IURP�D�ORZ�OHYHO�XS�
WR�OHYHOV�WKDW�GR�QRW�GUDZ�EDWWHU\�SRZHU��
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� E�� $W�HDFK�HQJLQH�VSHHG�HOHFWULFDO�ORDG�FRQGLWLRQ��WKH�IXHO�UDWH�LV�DOORZHG�WR�VWDELOL]H�
EHIRUH�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV��FXUUHQW�RXWSXW�DW�WKH�DOWHUQDWRU�DQG�EDWWHU\�YROWDJH��DUH�
PHDVXUHG��IURP�ZKLFK�DOWHUQDWRU�SRZHU�FDQ�EH�FDOFXODWHG���5HSHDW�HDFK�PHDVXUHPHQW�DV�
QHFHVVDU\�WR�DVVXUH�UHSURGXFLELOLW\��
�
� F�� :KHQ�UHTXLUHG��HOHFWULFDO�H[SRUW�SRZHU�DQG�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV�FDQ�EH�
PHDVXUHG�GXULQJ�YHKLFOH�RQ�WKH�PRYH�RSHUDWLRQV�RQ�DQ\�GHVLJQDWHG�WHVW�FRXUVH���&RPSRQHQW�
FXUUHQW�GUDZ�LV�VLPXODWHG�E\�WKH�XVH�RI�RQ�ERDUG�ORDG�EDQNV��SDUDJUDSK�����I����$SSHQGL[�&�
GHVFULEHV�WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�WKH�ORDG�EDQNV���3HUWLQHQW�PHDVXUHPHQWV�DUH�PDGH�
GXULQJ�YHKLFOH�VWHDG\�VWDWH�RSHUDWLRQV�DW�YDULRXV�SUHGHWHUPLQHG�URDG�VSHHGV��
�
���� (QGXUDQFH�2SHUDWLRQV��
�
� D�� 7R�GHWHUPLQH�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV�GXULQJ�YHKLFOH�HQGXUDQFH�WHVWLQJ��ILOO�
WKH�IXHO�WDQNV�DW�WKH�EHJLQQLQJ�DQG�HQG�RI�WHVW�RSHUDWLRQV�RQ�HDFK�FRXUVH�DQG�UHFRUG�WKH�DPRXQW�
RI�IXHO�FRQVXPHG��PLOHDJH�WUDYHOHG��DQG�KRXUV�RI�RSHUDWLRQ�RQ�WKH�GULYHU¶V�ORJ�RU�RWKHU�VXLWDEOH�
UHFRUGLQJ�GHYLFH���$OVR�ILOO�WKH�WDQNV�DW�WKH�VWDUW�DQG�ILQLVK�RI�RSHUDWLRQV�IRU�HDFK�GLIIHUHQW�WHVW�
FRQGLWLRQ��VXFK�DV�ZLWK�DQG�ZLWKRXW�WRZHG�ORDG��FKDQJH�LQ�SD\ORDG��FKDQJH�LQ�YHKLFOH�
FRPSRQHQWV��HWF���&OHDUO\�PDUN�WKH�³ILOO´�SRLQW�IRU�ILOOLQJ�WKH�IXHO�WDQNV�EHIRUH�HDFK�WHVW�DV�
GHVFULEHG�LQ�SDUDJUDSK�����E��
�
� E�� $�GDWD�DFTXLVLWLRQ�V\VWHP�FDSDEOH�RI�UHFRUGLQJ�GDWD�VLJQDOV�IURP�D�*36�IRU�GLVWDQFH��
WLPH��DQG�URDG�VSHHG��DQG�HLWKHU�WKH�-�����RU�-�����GDWD�EXV�IRU�ERWK�DYHUDJH�DQG�LQVWDQWDQHRXV�
IXHO�FRQVXPSWLRQ�UDWH�DUH�XVHG���&DOLEUDWLRQ�RI�WKH�IXHO�FRQVXPSWLRQ�UHODWHG�GDWD�EXV�SDUDPHWHUV�
DUH�UHTXLUHG�WR�GHWHUPLQH�LI�WKH�GDWD�DUH�UHSUHVHQWDWLYH�RI�DFWXDO�IXHO�FRQVXPSWLRQ�RI�WKH�YHKLFOH���
&DUH�PXVW�EH�H[HUFLVHG�WR�LQVXUH�FRPSOHWH�*36�FRYHUDJH�IRU�WKH�JHRJUDSKLF�DUHD�DQG�D�WKRURXJK�
XQGHUVWDQGLQJ�RI�WKH�IXHO�V\VWHP�SDUDPHWHUV�DYDLODEOH�RI�WKH�GDWD�EXV���8WLOL]LQJ�D�GULYHU¶V�ORJ��
WKH�WHVW�GULYHU�LV�UHTXLUHG�WR�HQWHU�D�VHULHV�RI�PHWD�GDWD�IRU�HDFK�FRXUVH�RSHUDWLRQ�WR�LQFOXGH�WHVW�
FRXUVH�ORFDWLRQ��GHVFULSWLRQ�DQG�FRQGLWLRQ��YHKLFOH�SD\ORDG��WUDLOHU�SD\ORDG��WLPH��PLOHDJH��DQG�
IXHO�FRQVXPHG��
�
� F�� :KHQ�DQ�RSHUDWLRQDO�UDQJH�LV�VSHFLILHG�IRU�YHKLFOH�RSHUDWLRQV�RQ�206�03�WHUUDLQ��WKH�
YHKLFOH�LV�LQVWUXPHQWHG�ZLWK�D�IXHO�IORZ�PHDVXUHPHQW�V\VWHP�WR�PHDVXUH�IXHO�FRQVXPHG�ZKHQ�
RSHUDWHG�WKURXJK�WKH�UHSUHVHQWDWLYH�PLVVLRQ�SURILOH�PDWUL[��DW�LWV¶�SUHVFULEHG�SD\ORDG�DQG�WRZHG�
ORDG�FRQILJXUDWLRQV���8WLOL]LQJ�WKH�IXHO�FRQVXPHG�DQG�WKH�GLVWDQFH�WUDYHOHG�LQ�FRQMXQFWLRQ�ZLWK�
WKH�YHKLFOH¶V�XVHDEOH�IXHO�FDSDFLW\��WKH�RSHUDWLRQDO�UDQJH�LV�GHWHUPLQHG�IRU�YHKLFOH�RSHUDWLRQV�RQ�
HDFK�SUHVFULEHG�WHVW�FRXUVH��
�
���� 8VDEOH�)XHO�&DSDFLW\��
�
� D�� ,W�LV�SUHIHUDEOH�WR�LQLWLDWH�WKLV�WHVW�ZKHQ�WKH�YHKLFOH�IXHO�OHYHO�LV�ORZ�IURP�SUHYLRXV�
WHVWLQJ���2SHUDWH�WKH�YHKLFOH�XQWLO�WKH�HQJLQH�VWDOOV�IURP�ODFN�RI�IXHO���,QVXUH�WKDW�IXHO�WDQN�
VHOHFWLRQV�DUH�XQGHUVWRRG�DQG�DOO�WDQNV�DUH�HPSW\��GR�QRW�SXPS�RXW�RU�GUDLQ�WDQNV���
�
� E�� 5HILOO�IXHO�WDQN�V��WR�WKH�HVWDEOLVKHG�IXOO�SRLQW��
�
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� F�� :KHQ�UHTXLUHG��GHWHUPLQH�WKH�PD[LPXP�UHIXHOLQJ�UDWH�IRU�HDFK�ILOO�SRUW�XVLQJ�D�
FDOLEUDWHG�IORZPHWHU�DQG�D�IXHO�OLQH�ZLWK�D�YDULDEOH�UDWH�QR]]OH��
�
���� +\EULG�(OHFWULF�9HKLFOH�7HVW��
�
'HWHUPLQDWLRQ�RI�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV�RI�K\EULG�HOHFWULF�YHKLFOHV�LV�DFFRPSOLVKHG�E\�
VXEMHFWLQJ�WKH�WHVW�YHKLFOH�WR�D�VHULHV�RI�LQGLYLGXDO�WHVWV�DQG�RSHUDWLRQDO�GXW\�F\FOHV�GHVLJQHG�WR�
DGGUHVV�WKH�IXOO�UDQJH�RI�YHKLFOH�SHUIRUPDQFH���'XULQJ�HDFK�WHVW�WKH�YHKLFOH�SHUIRUPDQFH�GDWD�DUH�
PHDVXUHG�E\�WKH�XVH�RI�LQVWDOOHG�WUDQVGXFHUV�DQG�RU�WKH�YHKLFOH�GDWD�EXV��
�
� D�� )RU�D�SURSXOVLRQ�V\VWHP�XWLOL]LQJ�WUDFWLRQ�EDWWHULHV��EDWWHU\�SDFN�SHUIRUPDQFH�ZLOO�EH�
GHWHUPLQHG�XVLQJ�FXUUHQW�DQG�YROWDJH�PHDVXUHPHQWV��DQG�62&�XWLOL]LQJ�LQIRUPDWLRQ�IURP�WKH�
PDQXIDFWXUHU�VXSSOLHG�EDWWHU\�PDQDJHPHQW�V\VWHP���7KH�1(&�RI�WKH�WUDFWLRQ�EDWWHULHV�ZLOO�EH�
GHWHUPLQHG�E\�FDOFXODWLQJ�DPS�KRXU�LQWHJUDWLRQ�EDVHG�XSRQ�PHDVXUHPHQWV�IURP�DQ�H[WHUQDOO\�
LQVWDOOHG�FXUUHQW�WUDQVGXFHU�LQGHSHQGHQW�IURP�WKH�YHKLFOH�PDQXIDFWXUHU�V\VWHPV���7KH�WUDFWLRQ�
EDWWHULHV�SURYLGH�YDULDEOH�SURSRUWLRQV�RI�SRZHU�QHFHVVDU\�IRU�SURSXOVLRQ�GHSHQGLQJ�RQ�WKH�WHVW�
FRXUVH�EHLQJ�WUDYHUVHG��DQG�RU�GULYHU�GHPDQGV��DQG�WKH�LQLWLDO�62&�RI�WKH�EDWWHULHV��
�
� E�� 9HKLFOH�SHUIRUPDQFH�WR�LQFOXGH�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV��HOHFWULF�HQHUJ\�XVH�
DQG�RU�VWRUDJH��DQG�WUDFWLRQ�PRWRU�RXWSXW��EDWWHU\�YROWDJH��FXUUHQW��DQG�62&��ZLOO�EH�GHWHUPLQHG�
GXULQJ�YHKLFOH�RSHUDWLRQV�DW�SUHGHWHUPLQHG�URDG�VSHHGV�RYHU�YDULRXV�GHVLJQDWHG�WHVW�FRXUVHV���
7HVWLQJ�LV�W\SLFDOO\�LQLWLDWHG�DW���NP�KU����PSK��DQG�LQFUHDVHG�LQFUHPHQWDOO\�WR�PD[LPXP�VDIH�
VSHHG���)RU�HDFK�WULDO�WKH�URDG�VSHHG�ZLOO�EH�KHOG�DV�FRQVWDQW�DV�SRVVLEOH�ZKLOH�GDWD�DUH�REWDLQHG���
0XOWLSOH�WULDOV�ZLOO�EH�FRQGXFWHG�DW�HDFK�VSHHG�WR�FKDUDFWHUL]H�FRQWURO�VWUDWHJ\�EHKDYLRU�DQG�
(OHFWULFDO�(QHUJ\�6WRUDJH�6\VWHP��((66��FKDUDFWHULVWLFV���7HVWLQJ�DW�HDFK�VSHHG�ZLOO�EH�
FRQGXFWHG�DW�SUHGHWHUPLQHG�LQLWLDO�KLJK�DQG�ORZ�62&���$GGLWLRQDO�WULDOV�ZLOO�EH�SHUIRUPHG�ZLWKLQ�
WKH�PDQXIDFWXUHU�62&�OLPLWV�WR�DFKLHYH�VWDWLVWLFDO�FRQILGHQFH�LQWHUYDO�JRDOV���$�VXIILFLHQW�QXPEHU�
RI�WHVW�FRXUVH�ODSV�DW�HDFK�VSHHG�ZLOO�EH�FRQGXFWHG�WR�DGHTXDWHO\�FKDUDFWHUL]H�WKH�VWDWXV�
�LQFUHDVLQJ��GHFUHDVLQJ��RU�VWHDG\�VWDWH��RI�WUDFWLRQ�EDWWHU\�62&��
�
� F�� $�YDULHW\�RI�WHVWLQJ�VFHQDULRV�DUH�DYDLODEOH�DQG�VKRXOG�EH�XVHG�WR�IXOO\�FKDUDFWHUL]H�WKH�
IXHO�FRQVXPSWLRQ�SHUIRUPDQFH�RI�K\EULG�HOHFWULF�YHKLFOHV���7KHVH�LQFOXGH�URDG�ORDG�WHVWLQJ�
�SDUDJUDSK���������IXOO�ORDG�WHVWLQJ��SDUDJUDSK���������VWDQGDUG�FRXUVH�WHVWLQJ��SDUDJUDSK���������
OHYHO�FURVV�FRXQWU\�RSHUDWLRQV��L�H���37$�FRXUVHV�1R����DQG�����DQG�KLOO\�FURVV�FRXQWU\�RSHUDWLRQV�
�L�H���&7$�FRXUVH�%���
�
� G�� 7R�GHWHUPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�FKDQJH�LQ�EDWWHU\�62&�DQG�IXHO�HFRQRP\��
WKH�SURFHGXUH�LV�VXPPDUL]HG�DV�IROORZV��
�
� � ���� )RU�HDFK�GHVLJQDWHG�WHVW�FRXUVH��WHVW�WULDOV�DUH�SHUIRUPHG�DW�GLVFUHWH�URDG�VSHHGV�
LQFUHPHQWDOO\�IURP���NP�KU����PSK��WR�PD[LPXP�VDIH�VSHHG��
�
� � ���� )RU�HDFK�URDG�VSHHG��SHUIRUP�PXOWLSOH�WHVW�UXQV�DW�YDULRXV�LQLWLDO�62&¶V�LQFOXGLQJ��
LI�WKH\�H[LVW��WKRVH�DW�RU�QHDU�62&�HTXLOLEULXP�SRLQWV��
�
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� � ���� )RU�DOO�WHVW�UXQV�DW�HDFK�WDUJHW�URDG�VSHHG��FDOFXODWH�D�GHOWD�62&�E\�VXEWUDFWLQJ�WKH�
LQLWLDO�62&�IURP�WKH�ILQDO�62&��
�
� � ���� &DOFXODWH�QHW�EDWWHU\�HQHUJ\�H[SHQGHG��N:�KU��DQG�QHW�EDWWHU\�FDSDFLW\��DPS�KU��
IRU�HDFK�LQGLYLGXDO�WHVW�UXQ�E\�LQWHJUDWLQJ�WKH�WRWDO��
�
� � ���� 'HWHUPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�IXHO�HFRQRP\��PSJ��DQG�WKH�YDULRXV�EDWWHU\�
SDUDPHWHUV��GHOWD�62&��QHW�N:�KU��DQG�QHW�DPS�KU��XVLQJ�$QDO\VLV�RI�9DULDQFH�WHFKQLTXHV��
�
� � ���� )RU�HDFK�GLVFUHWH�VSHHG��GHWHUPLQH�WKH�HVWLPDWHG�YDOXH�RI�IXHO�HFRQRP\�WKDW�LV�
VWDWLVWLFDOO\�HTXLYDOHQW�WR�WKH�SRLQW�DW�ZKLFK�WKHUH�LV�QR�FKDQJH�LQ�QHW�EDWWHU\�HQHUJ\�IURP�WKH�
VWDUW�WR�WKH�HQG�RI�WKH�UXQ��GHOWD�]HUR�62&���
�
� � ���� &RQGXFW�LQGLYLGXDO�WHVW�UXQV�VXFK�WKDW�DW�OHDVW�RQH�WHVW�UXQ�KDV�D�QHW�SRVLWLYH�
HQHUJ\�FKDQJH���ǻ62&��DQG�DW�OHDVW�RQH�WHVW�UXQ�KDV�D�QHW�QHJDWLYH�HQHUJ\�FKDQJH���ǻ62&��WR�
HQVXUH�62&�FRUUHFWLRQV�DUH�LQWHUSRODWHG�YDOXHV�UDWKHU�WKDQ�H[WUDSRODWHG��
�
� � ���� 3HU�5HFRPPHQGHG�3UDFWLFH�6$(�-��������³%HFDXVH�XVLQJ�WKH�62&�FRUUHFWLRQ�
SURFHGXUH�HIIHFWLYHO\�WXUQV�PXOWLSOH�WHVW�YDOXHV�LQWR�D�VLQJOH�YDOXH��WKH�FRHIILFLHQW�RI�
GHWHUPLQDWLRQ��5���RI�WKH�OLQHDU�EHVW�ILW�LV�XVHG�WR�GHWHUPLQH�ZKHWKHU�WKH�FROOHFWHG�GDWD�DUH�YDOLG���
)RU�WKH�SXUSRVHV�RI�WKLV�UHFRPPHQGHG�SUDFWLFH�WKH�GDWD�DUH�FRQVLGHUHG�DFFHSWDEOH�LI�WKH�5���
ZKLFK�FRPSDUHV�WKH�SUHGLFWHG�DQG�DFWXDO�YDOXHV�RI�WKH�OLQHDU�UHJUHVVLRQ��LV�HTXDO�WR�RU�JUHDWHU�
WKDQ�����´��
�
���� 5RDGZD\�6LPXODWRU��5:6��7HVW��
�
)XHO�FRQVXPSWLRQ�PDSV�DW�DOO�RSHUDWLQJ�VWDWHV�RI�D�ZKHHOHG�YHKLFOH�FDQ�EH�SURGXFHG�E\�VZHHSLQJ�
WKURXJK�D�PDWUL[�RI�IRUFH�DQG�VSHHG�VWDWHV�DQG�DOORZLQJ�WKH�YHKLFOH�WR�DFKLHYH�D�VWHDG\�VWDWH�
FRQGLWLRQ�DW�HDFK�SRLQW���6KLIW�SRLQWV�RI�WKH�WUDQVPLVVLRQ�ERXQG�WKH�RSHUDWLQJ�VWDWHV�LQ�HDFK�JHDU��
�
� D�� 7R�SURGXFH�IXHO�FRQVXPSWLRQ�PDSV��WKH�SURFHGXUH�LV�VXPPDUL]HG�DV�IROORZV��
�
� � ���� 6HOHFW�D�JHDU�LQ�WKH�SDUN��UHYHUVH��QHXWUDO��DQG�GULYH��351'��JHDU�VHOHFWRU��
�
� � ���� 6HW�WKURWWOH�SRVLWLRQ��
�
� � ���� 5XQ�YHKLFOH�DW�PD[LPXP�VSHHG�IRU�WKH�JHDU��ZKLFK�HQVXUHV�WKDW�WKH�YHKLFOH�VKLIWV�
WR�WKH�VHOHFWHG�JHDU���
�
� � ���� +ROG�WKH�VSHHG�IRU�DW�OHDVW����VHFRQGV��
�
� � ���� 5HGXFH�WKH�VSHHG�WR�QH[W�VSHHG�LQFUHPHQW���+ROG�VSHHG��
�
� � ���� 5HSHDW�VWHS���XQWLO�YHKLFOH�GRZQVKLIWV�RU�UHDFKHV�]HUR�VSHHG��IRU��VW�JHDU���
�
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� � ���� 5HSHDW�VWHSV���WKURXJK���IRU�WKH�UDQJH�RI�WKURWWOH�SRVLWLRQV��
�
� � ���� 5HSHDW�VWHSV���WKURXJK���IRU�DOO�WKH�GHVLUHG�JHDUV��
�
� E�� $YHUDJHV�RI�GUDZEDU�IRUFH��WUDFWLYH�HIIRUW���UROOLQJ�UHVLVWDQFH���VSHHG��DQG�IXHO�
FRQVXPSWLRQ�PHDVXUHPHQWV�DUH�FDOFXODWHG�IRU�HDFK�VWDWH�IURP�WKH�GDWD��
�
��� '$7$�5(48,5('��
�
���� 3HUIRUPDQFH�7HVWV��
�
��������5RDG�/RDG�7HVW��
�

D�� 7HVW�FRXUVH��
�

E�� 9HKLFOH�WHVW�ZHLJKW��
�

F�� )XHO�W\SH��
�

G�� 9HKLFOH�URDG�DQG�HQJLQH�VSHHGV�IRU�HDFK�PHDVXUHPHQW��
�

H�� )XHO�FRQVXPHG�SHU�WHVW�FRQGLWLRQ��
�

I�� 7LPH�WR�FRQVXPH�IXHO��
�

J�� &KDQJH�LQ�EDWWHU\�HQHUJ\�DQG�SRZHU�IRU�K\EULG�YHKLFOHV��
�

K�� )XHO�WHPSHUDWXUH��
�

L�� $LU�WHPSHUDWXUH��KXPLGLW\��ZLQG�VSHHG��ZLQG�GLUHFWLRQ��DQG�SUHVVXUH��
�
��������)XOO�/RDG�7HVW��
�
5HIHUHQFH�SDUDJUDSK��������
�
��������1R�/RDG�7HVW��
�

D�� )XHO�FRQVXPHG�IRU�HDFK�HQJLQH�VSHHG��
�

E�� 7LPH�WR�FRQVXPH�IXHO��
�

F�� )XHO�W\SH��
�

G�� )XHO�WHPSHUDWXUH��
�

H�� $LU�WHPSHUDWXUH��KXPLGLW\��ZLQG�VSHHG��ZLQG�GLUHFWLRQ��DQG�DWPRVSKHULF�SUHVVXUH��
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��������6WDQGDUG�&RXUVH�7HVW��
�
� D�� 9HKLFOH�ZHLJKW��
�
� E�� &HQWHU�RI�JUDYLW\�ORFDWLRQ��
�
� F�� 5ROORYHU�WKUHVKROG��
�
� G�� 7HVW�FRXUVH�DQG�YHKLFOH�GLUHFWLRQ�RQ�FRXUVH��
�
� H�� )XHO�W\SH��
�
� I�� )XHO�FRQVXPHG�SHU�WHVW�FRQGLWLRQ��
�
� J�� 7LPH�WR�FRQVXPH�IXHO��
�
� K�� 'LVWDQFH�WUDYHOHG��
�
� L�� )XHO�WHPSHUDWXUH��
�
� M�� $LU�WHPSHUDWXUH��KXPLGLW\��ZLQG�VSHHG��ZLQG�GLUHFWLRQ��DQG�DWPRVSKHULF�SUHVVXUH��
�
��������:RUN�)XQFWLRQ�7HVW��
�
� D�� :RUN�IXQFWLRQ�SHUIRUPHG��
�
� E�� 7LPH�IRU�HDFK�IXQFWLRQ��
�
� F�� )XHO�FRQVXPHG�SHU�ZRUN�IXQFWLRQ��
�
� G�� )XHO�W\SH��
�
� H�� )XHO�WHPSHUDWXUH��
�
� I�� 5RDG�DQG�HQJLQH�VSHHG��ZKHUH�DSSOLFDEOH��
�
� J�� $LU�WHPSHUDWXUH��KXPLGLW\��ZLQG�VSHHG��ZLQG�GLUHFWLRQ��DQG�DWPRVSKHULF�SUHVVXUH��
�
��������2Q�%RDUG�(OHFWULFDO�([SRUW�3RZHU�7HVW��
�
� D�� )XHO�FRQVXPHG�IRU�HDFK�WHVW�FRQGLWLRQ��HQJLQH�VSHHG�DQG�HOHFWULFDO�ORDG���
�
� E�� 7LPH�WR�FRQVXPH�IXHO��
�
� F�� (QJLQH�VSHHG��
�
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� G�� $OWHUQDWRU�GULYH�UDWLR��
�
� H�� )XHO�W\SH��
�
� I�� )XHO�WHPSHUDWXUH��
�
� J�� $QFLOODU\�HOHFWULFDO�FXUUHQW�GUDZ�DQG�FRUUHVSRQGLQJ�YROWDJH��
�
� K�� %DWWHU\�YROWDJH��
�
� L�� $OWHUQDWRU�FXUUHQW��
�
� M�� &DOFXODWHG�SRZHU��
�
� N�� $LU�WHPSHUDWXUH��KXPLGLW\��ZLQG�VSHHG��ZLQG�GLUHFWLRQ��DQG�DWPRVSKHULF�SUHVVXUH��
�
���� (QGXUDQFH�2SHUDWLRQV��
�

D�� 9HKLFOH�GHVFULSWLRQ��SD\ORDG��DQG�ZHLJKW��
�
� E�� 7UDLOHG�YHKLFOH�GHVFULSWLRQ��SD\ORDG��DQG�ZHLJKW��LI�DSSOLFDEOH��
�
� F�� 7HVW�DUHD�FRXUVH��
�
� G�� &RXUVH�FRQGLWLRQ��
�
� H�� )XHO�W\SH��
�
� I�� )XHO�FRQVXPHG�SHU�WHVW�DUHD�FRXUVH�RU�FRQGLWLRQ��
�
� J�� 'LVWDQFH�WUDYHOHG�SHU�WHVW�DUHD��
�
� K�� $YHUDJH�URDG�VSHHG�DQG�RU�RSHUDWLQJ�WLPH�IRU�HDFK�WHVW�FRQGLWLRQ��
�
���� 8VDEOH�)XHO�&DSDFLW\��
�

D�� 0HDVXUHG�IXHO�FDSDFLW\��
�

E�� 5HIXHOLQJ�UDWH��LI�UHTXLUHG��
�
���� +\EULG�(OHFWULF�9HKLFOH�7HVW��

�
D�� 9HKLFOH�FRQILJXUDWLRQ�WR�LQFOXGH�WHVW�ZHLJKW��

�
E�� 7HVW�FRXUVH�DQG�YHKLFOH�GLUHFWLRQ�RI�WUDYHO��
�
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F�� 'LVWDQFH�WUDYHOHG��
�
G�� (ODSVHG�WLPH��
�
H�� 7DUJHW�URDG�VSHHG��
�
I�� 7UXH�URDG�VSHHG��
�
J�� (QJLQH�VSHHG��
�
K�� 7KURWWOH�SRVLWLRQ��
�
L�� 338�FXUUHQW�DQG�YROWDJH��
�
M�� 7UDFWLRQ�PRWRU�V��FXUUHQW�DQG�YROWDJH��
�
N�� $X[LOLDU\�SRZHU�FRQYHUWHU�FXUUHQW�DQG�YROWDJH��
�
O�� 3RZHU�FRQVXPHG�E\�HOHFWULFDOO\�GULYHQ�DFFHVVRU\�ORDGV��
�
P�� )XHO�FRQVXPSWLRQ�UDWH��
�
Q�� �)XHO�WHPSHUDWXUH��
�
R�� ,QLWLDO�ILQDO�EDWWHU\�62&��
�
S�� &XPXODWLYH�338�HQHUJ\��
�
T�� &XPXODWLYH�EDWWHU\�HQHUJ\��
�
U�� 3RZHU�HOHFWURQLF�FRPSRQHQW�WHPSHUDWXUHV��
�
V�� 9HKLFOH�DEVROXWH�SRVLWLRQ��
�
W�� 7RWDO�IXHO�FRQVXPSWLRQ��
�
X�� 7UDFWLRQ�EDWWHU\�SRZHU���
�
Y�� 7UDFWLRQ�EDWWHU\�FDSDFLW\��
�
Z�� 7UDFWLRQ�PRWRU�VSHHG��
�
[�� *HQHUDWRU�SRZHU��
�
\�� (QJLQH�WRUTXH��
�
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]�� %XV�YROWDJH��
�
���� 5RDGZD\�6LPXODWRU�7HVW��

�
� D�� )XHO�IORZ�UDWH��
�
� E�� )XHO�WHPSHUDWXUH�IRU�FDOFXODWLRQ�RI�IXHO�GHQVLW\��
�
� F�� 5HVLVWDQFH�IRUFH� �URDGZD\�UHVWUDLQW�ORDGFHOOV��
�
� G�� 5RDG�VSHHG� �URDGZD\�EHOW�VSHHG��
�
� H�� 7KURWWOH�SRVLWLRQ�IURP�YHKLFOH�EXV����WKURWWOH���
�
� I�� (QJLQH�VSHHG��
�
��� 35(6(17$7,21�2)�'$7$���
�
���� 3HUIRUPDQFH�7HVWV��
�
� D�� *UDSKLF�)RUPDW��
�
� � ���� :KHQ�IXHO�FRQVXPSWLRQ�LV�PHDVXUHG�E\�ZHLJKW��QR�ORDG��URDG�ORDG��DQG�IXOO�ORDG�
FKDUDFWHULVWLFV�DUH�SUHVHQWHG�LQ�NLORJUDPV�SHU�KRXU��OE�KU��YHUVXV�HQJLQH�VSHHG��)LJXUH������
�
� � ���� :KHQ�IXHO�FRQVXPSWLRQ�LV�PHDVXUHG�E\�YROXPH��URDG�ORDG�DQG�IXOO�ORDG�
FKDUDFWHULVWLFV�DUH�SUHVHQWHG�LQ�OLWHUV�SHU�����NLORPHWHUV��PSJ��YHUVXV�URDG�VSHHG�LQ�NLORPHWHUV�
SHU�KRXU��PSK���)LJXUHV����DQG������
�
� � ���� )XHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV�PHDVXUHG�GXULQJ�RSHUDWLRQV�RQ�DQ\�RI�WKH�
VWDQGDUG�IXHO�FRXUVHV�DUH�SUHVHQWHG�LQ�OLWHUV�SHU�����NLORPHWHUV��PSJ�DQG�RU�WRQ�PLOHV�SHU�JDOORQ��
YHUVXV�URDG�VSHHG�LQ�NLORPHWHUV�SHU�KRXU��PSK���)LJXUH������
�
� � ���� 2Q�ERDUG�HOHFWULFDO�SRZHU�WHVW�FKDUDFWHULVWLFV�PHDVXUHG�GXULQJ�YHKLFOH�QR�ORDG�
RSHUDWLRQ�FDQ�EH�SUHVHQWHG�DV�IROORZV��
�
� � �D�� $OWHUQDWRU�SRZHU�YHUVXV�EDWWHU\�YROWDJH�DW�VHOHFWHG�HQJLQH�VSHHGV��)LJXUH������
�
� � �E�� $OWHUQDWRU�SRZHU�YHUVXV�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV�DW�VHOHFWHG�HQJLQH�
VSHHGV��
�
� � ���� +\EULG�(OHFWULF�9HKLFOH�7HVW��
�
� � �D�� 7UDFWLRQ�%DWWHU\�=(52�'HOWD�62&�YHUVXV�IXHO�HFRQRP\��PSJ��DW�VHOHFWHG�YHKLFOH�
URDG�VSHHGV��)LJXUH������
�
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No Load Fuel Consumption - Fan 
Locked On 
No Load Fuel Consumption - Fan 
Locked Off 

+LJK�,GOH�
+LJK�,GOH�

� � �E�� )XHO�(FRQRP\��PSJ��YHUVXV�5RDG�6SHHG��PSK��IRU�7UDFWLRQ�%DWWHU\�=(52�'HOWD�
62&��)LJXUH������
�
� � ���� 5RDGZD\�6LPXODWRU�WHVW�IXHO�UDWH�PHDVXUHPHQW�PDS�IRU�URDG�VSHHG�YHUVXV�
DFFHOHUDWRU�SHGDO�SRVLWLRQ��)LJXUH������
�
�
�

7(67�9(+,&/(��9HKLFOH�1R��;;;;;�
�

� � � � � (QJLQH����0RGHO�&����
� � � � � 7UDQVPLVVLRQ����0RGHO�����63�
� � � � � )XHO����0,/�'7/������(��7XUELQH��$YLDWLRQ��-3���
� � � � � 9HKLFOH�:HLJKW�����������/E�
� � � � � 'DWH�RI�7HVW����0DUFK������
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJXUH������6DPSOH�SORW�RI�QR�ORDG�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV��

(QJLQH�6SHHG���530�
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First Gear - Converter 

Second Gear - 
Converter 
Second Gear - Lockup 

Third Gear - 
Converter 
Third Gear - Lockup 

�
7(67�9(+,&/(��9HKLFOH�1R��;;;;;�

�
� � � � � (QJLQH����0RGHO�&����
� � � � � 7UDQVPLVVLRQ����0RGHO�����63�
� � � � � )XHO����0,/�'7/������(��7XUELQH��$YLDWLRQ��-3���
� � � � � 9HKLFOH�:HLJKW�����������/E�
� � � � � 'DWH�RI�7HVW����0DUFK������
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJXUH������6DPSOH�SORW�RI�URDG�ORDG�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV��
�
�
�
�
�
�

�
�

�
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5RDG�6SHHG�±�NP�KU�
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First Gear - 
Converter 
Second Gear - 
Converter 
Second Gear - Lockup 

Third Gear - 
Converter 
Third Gear - Lockup 

Fourth Gear - Lockup 

�
7(67�9(+,&/(��9HKLFOH�1R��;;;;;�

�
� � � � � (QJLQH����0RGHO�&����
� � � � � 7UDQVPLVVLRQ����0RGHO�����63�
� � � � � )XHO����0,/�'7/������(��7XUELQH��$YLDWLRQ��-3���
� � � � � 9HKLFOH�:HLJKW�����������/E�
� � � � � 'DWH�RI�7HVW����0DUFK������
�
�

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

)LJXUH������6DPSOH�SORW�RI�URDG�ORDG�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV��
�
�
�
�
�
�
�
�
�
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5RDG�6SHHG�±�PSK�
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GVW - Clockwise Test 
Direction 
GVW - Counter-clockwise Test 
Direction 
GCW - Clockwise Test 
Direction 

�
7(67�9(+,&/(��9HKLFOH�1R��;;;;;�

�
� � � � � (QJLQH����0RGHO�&����
� � � � � 7UDQVPLVVLRQ����0RGHO�����63�
� � � � � )XHO����0,/�'7/������(��7XUELQH��$YLDWLRQ��-3���
� � � � � 9HKLFOH�:HLJKW�����������/E�
� � � � � 'DWH�RI�7HVW����0DUFK������
�
�
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�
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�
�
�
�
�

)LJXUH������6DPSOH�SORW�RI�VWDQGDUG�IXHO�FRXUVH�IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV��
�
�
�
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7(67�9(+,&/(��9HKLFOH�;;;�

�
� � � � � ������(QJLQH��0RGHO�$�
�����������������������������������������������������$OWHUQDWRU��0RGHO�%��;�DPS�
�����������������������������������������������������)XHO��0,/�'7/������(��7XUELQH��$YLDWLRQ��-3���
�����������������������������������������������������9HKLFOH�:HLJKW���������/E�
�����������������������������������������������������'DWH�RI�7HVW��0DUFK������
�
�

�
�

)LJXUH������6DPSOH�SORW�RI�DOWHUQDWRU�SRZHU�YHUVXV�EDWWHU\�YROWDJH�DW�VHOHFWHG�
YHKLFOH�HQJLQH�VSHHGV��

�
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7(67�9(+,&/(��9HKLFOH�;;;�
� � � � � �������
� � � � � ������(QJLQH��0RGHO�$�
� � � � � ������+\EULG�&RQILJXUDWLRQ��6HULHV��(OHFWULF�
� � � � � ������)XHO��0,/�'7/������(��7XUELQH��$YLDWLRQ��-3���
� � � � � ������9HKLFOH�:HLJKW���������/E�
� � � � � ������'DWH�RI�7HVW��$SULO������
�
�

�
�
�

)LJXUH������6DPSOH�SORW�RI�WUDFWLRQ�EDWWHU\�=(52�GHOWD�62&�YHUVXV�IXHO�HFRQRP\��PSJ��
DW�VHOHFWHG�YHKLFOH�URDG�VSHHGV��

�
� �

MPG = -0.1768(DSOC05) + 7.5 
MPG = -0.4076(DSOC10) + 10.9 
MPG = -0.5207(DSOC15) + 12.5 
MPG = -0.5955(DSOC20) + 13.4 
MPG = -0.8507(DSOC25) + 14.2 
MPG = -0.2677(DSOC30) + 11.9 
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7UDFWLRQ�%DWWHU\�ǻ62&��SHUFHQW��

��

���

���

���
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���

/LQHDU�����

/LQHDU�
�����
/LQHDU�
�����
/LQHDU�
�����
/LQHDU�
�����
/LQHDU�
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7(67�9(+,&/(��9HKLFOH�;;;�
�

�� � � � � �����(QJLQH��0RGHO�$�
� � � � � �����+\EULG�&RQILJXUDWLRQ��6HULHV��(OHFWULF�
� � � � � �����)XHO��0,/�'7/������(��7XUELQH��$YLDWLRQ��-3���
� � � � � �����9HKLFOH�:HLJKW���������/E�
� � � � � �����'DWH�RI�7HVW��$SULO������
�
�

�
�
�

)LJXUH������6DPSOH�SORW�RI�IXHO�HFRQRP\��PSJ��YHUVXV�URDG�VSHHG��PSK��IRU�
WUDFWLRQ�EDWWHU\�=(52�GHOWD�62&��
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7(67�9(+,&/(��9HKLFOH�1R��;;;;;�

�
� � � � � (QJLQH����0RGHO����/�7XUER�'LHVHO�
� � � � � 7UDQVPLVVLRQ�����/��(�
� � � � � )XHO����0,/�'7/������(��7XUELQH��$YLDWLRQ��-3���
� � � � � 9HKLFOH�:HLJKW�����������/E�
� � � � � 'DWH�RI�7HVW����0DUFK������
�
�

�
�
)LJXUH������5HSUHVHQWDWLYH�IXHO�UDWH��J�V��PHDVXUHPHQW�IRU�D�/LJKW�7DFWLFDO�9HKLFOH�LQ��VW�JHDU��

�
127(�����2SHUDWLQJ�SRLQWV�DERYH�XSVKLIW�FXUYH�ZHUH�PHDVXUHG�E\�VHWWLQJ�351'���WR��VW�JHDU��
�
�
� E�� 7DEXODU�)RUPDW��
�
� � ���� 1R�ORDG�IXHO�FRQVXPSWLRQ�UDWHV��NJ�KU��OE�KU��DQG�RU�JDO�KU��YHUVXV�HQJLQH�VSHHG��
�
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� � ���� 5RDG�ORDG�DQG�IXOO�ORDG�IXHO�FRQVXPSWLRQ�UDWHV�IRU�HDFK�URDG�DQG�HQJLQH�VSHHG�
FRPELQDWLRQ�WHVWHG�IRU�VSHFLILF�JHDU�UDQJHV���:KHQ�UHTXLUHG��WKH�FDOFXODWHG�FUXLVLQJ�UDQJH�EDVHG�
RQ�WKH�PHDVXUHG�XVHDEOH�IXHO�FDSDFLW\�ZLOO�EH�SUHVHQWHG��
�
� � ���� )XHO�FRQVXPSWLRQ�UDWHV�YHUVXV�URDG�VSHHG�PHDVXUHG�GXULQJ�RSHUDWLRQV�RQ�YDULRXV�
VWDQGDUG�FRXUVHV���$JDLQ��ZKHQ�UHTXLUHG��SUHVHQW�WKH�YHKLFOH�FUXLVLQJ�UDQJH�IRU�HDFK�VSHHG�WHVWHG��
�
� � ���� )RU�HQJLQHHU�W\SH�YHKLFOHV��WKH�WRWDO�IXHO�FRQVXPHG�DQG�WLPH�UHTXLUHG�DUH�
SUHVHQWHG�IRU�HDFK�ZRUN�IXQFWLRQ�SHUIRUPHG��
�
� � ���� )RU�RQ�ERDUG�HOHFWULFDO�SRZHU�WHVWLQJ��WKH�IXHO�FRQVXPSWLRQ�UDWHV��NJ�KU��OE�KU��
DQG�RU�JDO�KU���EDWWHU\�YROWDJH��DOWHUQDWRU�FXUUHQW��DQG�UHVXOWDQW�DOWHUQDWRU�RXWSXW�SRZHU�DUH�
SUHVHQWHG�IRU�HDFK�HQJLQH�VSHHG�DQG�HOHFWULFDO�ORDG��FXUUHQW�GUDZ��FRQGLWLRQ�WHVWHG��
�
���� (QGXUDQFH�2SHUDWLRQV��
�
� D�� )RU�HDFK�YHKLFOH�WHVW�FRQGLWLRQ��SD\ORDG��WRZHG�ORDG��HWF���WKH�IXHO�FRQVXPHG�DQG�WKH�
GLVWDQFH�WUDYHOHG��DQG�WLPH�HODSVHG�GXULQJ�WKH�PHDVXUHG�IXHO�FRQVXPSWLRQ�DUH�SUHVHQWHG�LQ�
WDEXODU�IRUPDW�IRU�HDFK�WHVW�FRXUVH�DUHD�QHJRWLDWHG��
�
� E�� 7KH�GDWD�UHFRUGHG�VKRXOG�EH�UHGXFHG�WR�/�����NP��PSJ��RU�OLWHUV�KRXU��JDO�KU��DQG�
XVHG�DV�UHTXLUHG�WR�FRPSXWH�RSHUDWLQJ�UDQJH�RU�VHUYLFH�IXHO�FRQVXPSWLRQ�� 
�
� F�� :KHQ�D�FUXLVLQJ�UDQJH�IRU�206�03�RSHUDWLRQV�LV�VSHFLILHG��WKH�PLOHDJH�GULYHQ�DQG�
IXHO�FRQVXPHG�E\�WKH�YHKLFOH�YHKLFOH�FRPELQDWLRQ�XQGHU�WHVW�DUH�SUHVHQWHG�YHUVXV�HDFK�FRXUVH�
WUDYHUVHG���7KHVH�GDWD�DUH�WKHQ�XVHG�WR�FRPSXWH�WKH�WRWDO�IXHO�FRQVXPHG�WR�RSHUDWH�WKH�UHTXLUHG�
GLVWDQFH��ZKLFK�FDQ�WKHQ�EH�FRPSDUHG�WR�WKH�XVHDEOH�IXHO�FDSDFLW\��
�
���� 8VDEOH�)XHO�&DSDFLW\��
�
9HKLFOH�XVHDEOH�IXHO�FDSDFLW\�DQG�UHIXHOLQJ�UDWH�DUH�SUHVHQWHG�DV�OLWHUV��JDO��DQG�OLWHUV��JDO��SHU�
PLQXWH��UHVSHFWLYHO\��
�
���� +\EULG�(OHFWULF�9HKLFOH��
�
� D�� ,Q�JUDSKLFDO�IRUPDW��IXHO�FRQVXPSWLRQ�FKDUDFWHULVWLFV�PHDVXUHG�GXULQJ�RSHUDWLRQV�RQ�
HDFK�RI�WKH�GHVLJQDWHG�WHVW�FRXUVHV�DUH�SUHVHQWHG�LQ�/�����NP��PSJ��YHUVXV�URDG�VSHHG�LQ�NP�KU�
�PSK���
�
� E�� ,Q�WDEXODU�IRUPDW��
�
� � ���� )RU�HDFK�WHVW�UXQ�DW�HDFK�URDG�VSHHG�WKH�WRWDO�IXHO�FRQVXPHG��EDWWHU\�YROWDJH��
FXUUHQW��SRZHU��HQHUJ\�H[SHQGHG�DQG�FDSDFLW\��DQG�62&�DW�WKH�VWDUW�DQG�HQG�RI�WKH�UXQ�DUH�
SUHVHQWHG��
�
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� � ���� )RU�HDFK�WHVW�FRXUVH��WKH�IXHO�FRQVXPSWLRQ�UDWHV��PSJ��JDO�KU��DQG�OE�KU��DUH�VKRZQ�
IRU�HDFK�URDG�VSHHG�HQJLQH�VSHHG�FRPELQDWLRQ�WHVWHG��
�
���� )XHO�&RQVXPSWLRQ�&RPSXWDWLRQV��
�
��������2SHUDWLQJ�5DQJH��
�
$�YHKLFOH¶V�IXHO�FRQVXPSWLRQ�RSHUDWLQJ�UDQJH�UHTXLUHPHQW�LV�JHQHUDOO\�VSHFLILHG�DV�HLWKHU�D�
³FUXLVLQJ�UDQJH´�GLVWDQFH�RU�³EDWWOHILHOG�GD\´�WLPH���7R�GHWHUPLQH�RSHUDWLQJ�UDQJH��DSSO\�IXHO�
FRQVXPSWLRQ�UDWHV�PHDVXUHG�IRU�WKH�YDULRXV�FRXUVHV�DQG�VSHHGV�GXULQJ�HLWKHU�WKH�SHUIRUPDQFH�
WHVWV�RU�HQGXUDQFH�RSHUDWLRQV�WR�D�VSHFLILHG�FRPELQDWLRQ�RI�RSHUDWLQJ�FRQGLWLRQV��VSHHG��WHUUDLQ��
RSHUDWLQJ�WLPH��GLVWDQFH��HWF���DQG�FRPSXWH�UDQJH�EDVHG�RQ�WKH�YHKLFOH¶V�XVHDEOH�IXHO�FDSDFLW\���
:KHQ�RSHUDWLQJ�FRQGLWLRQV�DUH�QRW�VSHFLILHG��WKH�VFKHGXOHV�LQ�$SSHQGL[�$�DUH�UHFRPPHQGHG�IRU�
FRPSDULVRQ�SXUSRVHV���&RPSXWDWLRQV�DUH�PDGH�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��
�

2SHUDWLQJ�UDQJH��NP��PLOHV��RU�KRXUV� �
்

భிభାమிమାڮڮڮڮڮி
�

�
ZKHUH���
�
7� �XVHDEOH�IXHO�FDSDFLW\�LQ�OLWHUV��JDO��
&� �IUDFWLRQ�RI�VSHFLILHG�RSHUDWLQJ�FRQGLWLRQ�
)� �IXHO�FRQVXPSWLRQ�UDWH�IRU�WKH�DVVRFLDWHG�RSHUDWLRQ�FRQGLWLRQ�LQ�OLWHUV�����NP�RU�
������OLWHUV�KU��JDO�PLOH�RU�JDO�KU��
�
�
��������6HUYLFH�)XHO�&RQVXPSWLRQ��
�
7R�GHWHUPLQH�WKH�DYHUDJH�YHKLFOH�IXHO�FRQVXPSWLRQ�UDWH�GXULQJ�W\SLFDO�HQGXUDQFH�RSHUDWLRQV��
DSSO\�WKH�PHDVXUHG�IXHO�FRQVXPSWLRQ�UDWHV�WR�D�VSHFLILHG�FRPELQDWLRQ�RI�RSHUDWLQJ�FRQGLWLRQV�
�206�03��$SSHQGL[�$��HWF�����&RPSXWDWLRQV�RI�IXHO�FRQVXPSWLRQ�UDWH��)&5��DUH�PDGH�XVLQJ�WKH�
IROORZLQJ�HTXDWLRQ��
�

)&5��NP��PLOHV��RU�KRXUV�SHU�OLWHU��JDO�� �
ଵ

భிభାమிమାڮڮڮڮி
�

�
ZKHUH��
�
&�DQG�)�DUH�DV�GHILQHG�LQ�SDUDJUDSK��������
�
�

Downloaded from http://www.everyspec.com



723���������$ 
���0D\������
�

���

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

�7KLV�SDJH�LV�LQWHQWLRQDOO\�EODQN���
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$33(1',;�$����5(&200(1'('�23(5$7,1*�6&+('8/(6��
�

5HFRPPHQGHG�RSHUDWLQJ�VFKHGXOHV�IRU�W\SLFDO�YHKLFOH�PLVVLRQV�DUH�SURYLGHG�LQ�7DEOHV�$���
WKURXJK�$���VR�WKDW�FRPSDULVRQV�FDQ�EH�PDGH�EHWZHHQ�VLPLODU�YHKLFOHV�ZKHQ�VSHFLILF�
UHTXLUHPHQWV�DUH�QRW�VWDWHG���&RQGLWLRQV�LQGLFDWHG�DUH�IRU�JXLGDQFH�DQG�VKRXOG�EH�DOWHUHG�WR�VXLW�
WHVW�UHTXLUHPHQWV�DW�WKH�GLVFUHWLRQ�RI�WKH�WHVW�VSRQVRU�DQG�RU�WHVW�GLUHFWRU��
�
� D�� 7DFWLFDO�6XSSRUW���UROH�QRUPDOO\�ILOOHG�E\�ZKHHOHG�YHKLFOHV�ZLWK�D�KLJK�GHJUHH�RI�RII�
URDG�FDSDELOLW\��
�

�
7$%/(�$�����7$&7,&$/�6833257�6&+('8/(�

�

�
�
�
� E�� /RJLVWLFDO�6XSSRUW���D�PLVVLRQ�FKDUDFWHUL]HG�E\�ORQJ�KDXO�RSHUDWLRQV�RQ�LGHQWLILDEOH�
URDGV��HLWKHU�SDYHG�RU�VHFRQGDU\��

�
�

7$%/(�$�����/2*,67,&$/�6833257�6&+('8/(�
�

�
�
�

&UXLVLQJ�5DQJH
DQG�6HUYLFH %DWWOHILHOG�'D\

)XHO�&RQVXPSWLRQ ���RI�7HVW�7LPH�
���RI�7HVW�'LVWDQFH�

NP�KU PSK
(QJLQH�LGOLQJ �������������� �������������� � ��
3DYHG�URDG ���WR��� ���WR��� �� ��
6HFRQGDU\�URDG ���WR��� ���WR��� �� ��
&URVV�FRXQWU\ ��WR��� ��WR��� �� ��

2SHUDWLQJ�&RQGLWLRQ

&UXLVLQJ�5DQJH
DQG�6HUYLFH %DWWOHILHOG�'D\

)XHO�&RQVXPSWLRQ ���RI�7HVW�7LPH�
���RI�7HVW�'LVWDQFH�

NP�KU PSK
(QJLQH�LGOLQJ �������������� �������������� � ��
3DYHG�URDG ���WR��� ���WR��� �� ��
6HFRQGDU\�URDG ���WR��� ���WR��� �� ��
&URVV�FRXQWU\ ��WR��� ��WR��� � ��

2SHUDWLQJ�&RQGLWLRQ
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�
� F�� &RPEDW���FKDUDFWHULVWLFDOO\��DUPRUHG�DQG�DUPHG�WUDFNHG�YHKLFOHV�HQJDJHG�LQ�DFWXDO�
FRPEDW�GXW\��

�
7$%/(�$�����&20%$7�6&+('8/(�

�

�
� �
�
� G�� &RPEDW�6XSSRUW���FKDUDFWHULVWLFDOO\��WUDFNHG�YHKLFOHV�VXSSRUWLQJ�FRPEDW�E\�KDXOLQJ�
VXSSOLHV�ZLWKLQ�WKH�FRPEDW�]RQH��VHOI�SURSHOOHG�DUWLOOHU\�LQ�WKH�FRPEDW�VXSSRUW�UROH�LV�LQFOXGHG��

�
�

7$%/(�$�����&20%$7�6833257�6&+('8/(�
�

�
�
�

&UXLVLQJ�5DQJH
DQG�6HUYLFH %DWWOHILHOG�'D\

)XHO�&RQVXPSWLRQ ���RI�7HVW�7LPH�
���RI�7HVW�'LVWDQFH�

NP�KU PSK
(QJLQH�LGOLQJ �������������� �������������� � ��
3DYHG�URDG ���WR��� ���WR��� �� �
6HFRQGDU\�URDG ���WR��� ���WR��� �� ��
&URVV�FRXQWU\ ��WR��� ��WR�� �� ��

2SHUDWLQJ�&RQGLWLRQ

&UXLVLQJ�5DQJH
DQG�6HUYLFH %DWWOHILHOG�'D\

)XHO�&RQVXPSWLRQ ���RI�7HVW�7LPH�
���RI�7HVW�'LVWDQFH�

NP�KU PSK
(QJLQH�LGOLQJ �������������� �������������� � �
3DYHG�URDG ���WR��� ���WR��� �� �
6HFRQGDU\�URDG ���WR��� ���WR��� �� ��
&URVV�FRXQWU\ ��WR��� ��WR�� �� ��

2SHUDWLQJ�&RQGLWLRQ
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%��� ,QVWUXPHQWDWLRQ��
�
� D�� 'LVFRQQHFW�IXHO�OLQH�WR�YHKLFOH�IXHO�SXPS�DQG�UHWXUQ�OLQH��
�
� E�� &RQQHFW�EXUHWWH�IXHO�PHDVXUHPHQW�V\VWHP�DV�LQGLFDWHG�LQ�)LJXUH�%����
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�

�
�
�
�
�
�

)LJXUH�%�����'LDJUDP�RI�VHW�XS�IRU�EXUHWWH�IXHO�FRQVXPSWLRQ�WHVW�PHWKRG��
�
�

%��� 2SHUDWLRQ�3URFHGXUH��
�
� D�� 6HW�WKH���ZD\�YDOYH��9���VR�IXHO�LV�VXSSOLHG�WR�HQJLQH�IURP�YHKLFOH�IXHO�WDQN��
�
� E�� 6HW�WKH���ZD\�YDOYH��9���VR�UHWXUQ�OLQH�IXHO�LV�VHQW�WR�YHKLFOH�IXHO�WDQN��
�
� F�� 2SHUDWH�DX[LOLDU\�IXHO�SXPS�XQWLO�EXUHWWH�LV�IXOO��
�
� G�� 2SHUDWH�YHKLFOH�DW�UHTXLUHG�URDG�DQG�HQJLQH�VSHHGV��
�
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�
� H�� 7XUQ�9��DQG�9��VLPXOWDQHRXVO\�VR�WKDW�WKH�EXUHWWH�ERWK�VXSSOLHV�IXHO�WR�WKH�HQJLQH�DQG�
UHFHLYHV�UHWXUQ�IXHO�IURP�WKH�HQJLQH��
�
� I�� 3HUIRUP�WHVW�UXQ��PHDVXULQJ�WLPH�UHTXLUHG�IRU�YHKLFOH�WR�FRQVXPH�GHVLJQDWHG�YROXPH�
RI�IXHO��
�
� J�� $W�WKH�HQG�RI�WKH�UXQ��WXUQ�9��DQG�9��VLPXOWDQHRXVO\�VR�HQJLQH�LV�RQFH�DJDLQ�VXSSOLHG�
E\�DQG�IXHO�LV�UHWXUQHG�WR�WKH�WDQN���5HFRUG�GDWD��
�
� K�� 5HSHDW�VWHSV�D�WKURXJK�J�IRU�HDFK�WHVW�UXQ��
�
�
�
�
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�
�
&��� 0RVHEDFK�0RGHO��1R��63%�����63+��
�
/RDG�%DQN�5HVLVWLYH�����N:�&DSDFLW\��������������9$&����3KDVH�DQG�������������9$&���
3KDVH�YROWDJH�UDQJHV���������DPSV�PD[�ORDG����ORDG�VWHSV�SHU�UDQJH������9$&�EORZHU�DQG�
FRQWURO�SRZHU�VXSSOLHG�H[WHUQDOO\��FRQWUROV�DQG�PHWHUV�IURQW�SDQHO�PRXQWHG��
'LPHQVLRQV�� /HQJWK����LQFKHV� � :HLJKW�� ��7R�EH�GHWHUPLQHG��7%'��

:LGWK� ������LQFKHV�Z�R�FRQQHFWRUV�����LQFKHV�ZLWK�FRQQHFWRUV��
+HLJKW����LQFKHV�

�
�
&��� 0RVHEDFK��0RGHO�1R��3%����'&��
�
/RDG�%DQN�5HVLVWLYH�����N:�&DSDFLW\����WR����9'&�YROWDJH�UDQJH�������DPSV�PD[LPXP�ORDG�
LQ���DPS�LQFUHPHQWV�����ORDG�VWHSV������9$&�EORZHU�DQG�FRQWURO�SRZHU�VXSSOLHG�H[WHUQDOO\��
FRQWUROV�DQG�PHWHUV�IURQW�SDQHO�PRXQWHG��
'LPHQVLRQV�� /HQJWK������LQFKHV� � � �:HLJKW�������OEV�

:LGWK� ���LQFKHV�
+HLJKW�������LQFKHV�

�
�
&��� 0RVHEDFK��0RGHO�1R��55�������������
�
/RDG�%DQN��5HVLVWLYH�5HDFWLYH�������N:��������.9$5�FDSDFLW\������9$&���SKDVH�YROWDJH�
UDQJH��������DPSV�PD[�ORDG����UHVLVWLYH�DQG���UHDFWLYH�ORDG�VWHSV������9$&�EORZHU�DQG�FRQWURO�
SRZHU�VXSSOLHG�H[WHUQDOO\��FRQWUROV�DQG�PHWHUV�IURQW�SDQHO�PRXQWHG��
'LPHQVLRQV�� /HQJWK������LQFKHV� � � �:HLJKW���7%'�

:LGWK� �����LQFKHV�Z�R�FRQQHFWRUV�����LQFKHV�ZLWK�FRQQHFWRU�
+HLJKW�������LQFKHV�Z�R�OLIWLQJ�H\HV��������LQFKHV�ZLWK�OLIWLQJ�H\HV�

�
�
&��� &DQQRQ��0RGHO�1R��/���������
�
/RDG�%DQN�5HVLVWLYH�����9'&������DPSV�FRQWLQXRXV�ORDG�������DPSV�GHFUHDVLQJ�ORDG�����DPS�
	����DPS�IL[HG�ORDG�VWHSV�������DPS�DGMXVWDEOH�ORDG�VWHS��SOXJ�WHVW�SLQV�IRU�FRQQHFWLQJ�WHVW�
OHDGV������9'&�PHWHU�DQG������DPPHWHU�RQ�IURQW�SDQHO��FRPHV�ZLWK�FDUU\LQJ�FDVH��
'LPHQVLRQV�� /HQJWK����LQFKHV� � � �:HLJKW������OEV�

:LGWK� ��LQFKHV�
+HLJKW����LQFKHV�

�
�
�
�
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�
�
&��� :DWW�0XQFKHU��0RGHO�1R��6XSHU�:DWW�0XQFKHU��
�
/RDG�%DQN��5HVLVWLYH�����$PS����9'&�
'LPHQVLRQV�� /HQJWK����LQFKHV� � � �:HLJKW������OEV�

:LGWK� ���LQFKHV�
+HLJKW����LQFKHV�

�
�
&��� $GGLWLRQDO�LQIRUPDWLRQ�RQ�FRPSDFW�HOHFWULFDO�ORDG�EDQNV�LV�SURYLGHG�LQ�7DEOH�&����
�
�

7$%/(�&������&203$&7�(/(&75,&�/2$'�%$1.�&+$5$&7(5,67,&6��
�

/2$'�%$1.� 3+<6,&$/�&+$5$&7(5,67,&6� /2$'�7<3(� &$3$&,7<� 327(17,$/�

0DQXIDFWXUHU� 0RGHO� /HQJWK�
�LQ���

:LGWK�
�LQ���

+HLJKW�
�LQ���

:HLJKW�
�OE�� $&�'&�5HDFWLYH� N:�.9$5��

$PS� YROWV�

0RVHEDFK� 63%�����63+� ��� �����D���� ��� 7%'� $&����SKDVH�
5HVLVWLYH� ���N:� ����������������SKDVH�

����������������SKDVH�
0RVHEDFK� 3%����'&� ����� ��� ������ ���� '&��5HVLVWLYH� ���N:� ���9'&�

0RVHEDFK� 55������������ ����� ����D���� �����E�����
�� 7%'� $&�

5HVLVWLYH�5HDFWLYH�
�����N:�

�������.9$5� ����9���SKDVH�

&DQQRQ� /�������� ��� �� ��� ��� '&��5HVLVWLYH� ����$PS�&RQW�� ���9'&�

:DWW�0XQFKHU� 6XSHU�:DWW�
0XQFKHU� ��� ��� ��� ��� '&��5HVLVWLYH� ����$PS� ���9'&�

�
D�'LPHQVLRQ�PHDVXUHG�:,7+287�SDQHO�PRXQW��FDP�ORFN�FRQQHFWRU��
E�'LPHQVLRQ�PHDVXUHG�:,7+287�OLIWLQJ�H\H�KDUGZDUH�DW�FRUQHUV��
�
�
�
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�

'��� 9HU\�RIWHQ�LQ�IXHO�FRQVXPSWLRQ�WHVWLQJ��FXVWRPHUV�DUH�VHHNLQJ�DQ�LPSURYHPHQW�LQ�WKH�
DPRXQW�RI�IXHO�FRQVXPHG�E\�D�YHKLFOH�V\VWHP���)XHO�XVH�DQG�UHVXSSO\�SURYLVLRQV�DUH�YLWDO�WR�DOO�
PLOLWDU\�FRPEDW�RSHUDWLRQV��DQG�DQ\�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�DPRXQW�RI�IXHO�UHTXLUHG�WR�
VXVWDLQ�WKH�IRUFH�EHFRPHV�D�ODUJH�WDFWLFDO�DGYDQWDJH�IRU�FRPPDQGHUV���'HYHORSHUV�KDYH�EHHQ�
VHHNLQJ�PHWKRGV�WKDW�RIIHU�HYHQ�VPDOO�JDLQV�LQ�IXHO�HFRQRP\���7KH�FKDOOHQJH�WR�WKH�WHVWHU�DQG�
HYDOXDWRU�LV�WR�GHWHUPLQH�LI�WKHVH�VPDOO�DGYDQFHV�DUH�UHOHYDQW�RU�PHUHO\�QRUPDOO\�H[SHFWHG�WHVW�
YDULDWLRQ�LQ�WKH�DFTXLUHG�IXHO�FRQVXPSWLRQ�SDUDPHWHUV��
�
'��� +\SRWKHVLV�WHVWLQJ�LV�D�XVHIXO�PHWKRG�WR�FRPSDUH�WZR�VHWV�RI�WHVW�GDWD�WR�GHWHUPLQH�LI�WKHUH�
LV�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�VHWV���2IWHQ�WKH�WZR�VHWV�RI�GDWD�DUH�PDGH�
XS�RI�VPDOO�VDPSOH�VL]HV����WHVW�WULDOV�DUH�YHU\�W\SLFDO�IRU�VHWV�RI�IXHO�FRQVXPSWLRQ�GDWD��EDVHG�RQ�
KLVWRULFDO�WHVWV����7KHUHIRUH��IRU�SXUSRVHV�RI�WKLV�GLVFXVVLRQ��ZH�ZLOO�FRQVLGHU�RQO\�K\SRWKHVLV�
WHVWV�IRU�WKH�GLIIHUHQFHV�EHWZHHQ�WZR�VDPSOH�PHDQV�IRU�VPDOO��WKH�QXPEHU�RI�VDPSOHV�LV�OHVV�WKDQ�
����VDPSOH�VL]HV��
�
'��� %HFDXVH�ZH�GHDO�ZLWK�VPDOO�VDPSOH�VL]HV��ZH�FDQQRW�DVVXPH�WKDW�WKH�WHVW�VWDWLVWLF�IRU�IXHO�
FRQVXPSWLRQ�ZLOO�EH�D�QRUPDOO\�GLVWULEXWHG�UDQGRP�YDULDEOH��DQG�ZH�PXVW�XVH�WKH�6WXGHQW¶V�W�
GLVWULEXWLRQ�LQVWHDG�RI�WKH�QRUPDO�GLVWULEXWLRQ���,Q�PDQ\�UHVSHFWV��WKH�6WXGHQW¶V�W�GLVWULEXWLRQ�LV�
VLPLODU�WR�WKH�QRUPDO�GLVWULEXWLRQ��LQ�WKDW�WKH�GLVWULEXWLRQ�LV�EHOO�VKDSHG��EXW�LV�PXFK�PRUH�
DSSURSULDWH�IRU�VPDOO�VDPSOH�VL]HV���:H�PXVW�DVVXPH�WKDW�WKH�SRSXODWLRQ�RI�IXHO�FRQVXPSWLRQ�
GDWD�ZH�DUH�VDPSOLQJ�IURP�KDV�DQ�DSSUR[LPDWHO\�QRUPDO�SUREDELOLW\�GLVWULEXWLRQ��DQG�WKDW�WKH�
VDPSOHV�DUH�VHOHFWHG�LQGHSHQGHQWO\��LQ�RWKHU�ZRUGV��ZH�DFTXLUH�WKH�GDWD�ZLWKRXW�FKDQJLQJ�WKH�
ZD\�ZH�FRQGXFW�WKH�WHVWV���
�
'��� +\SRWKHVLV�WHVWLQJ�UHOLHV�RQ�HVWDEOLVKPHQW�RI�D�VDPSOH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�IURP�
WKH�DFTXLUHG�IXHO�FRQVXPSWLRQ�GDWD��DQG�UHOLHV�RQ�WKH�HYDOXDWRU�WR�SURYLGH�DQ�H[SHFWHG�OHYHO�RI�
FRQILGHQFH�LQ�WKH�UHVXOWV���7\SLFDOO\��WKH�OHYHO�RI�FRQILGHQFH�LV�HVWDEOLVKHG�DW����RU����SHUFHQW��
ZKLFK�PHDQV�WKDW�RQFH�WKH�K\SRWKHVLV�WHVW�LV�FRQGXFWHG�DQG�WKH�VWDWLVWLFV�DUH�FDOFXODWHG��ZH�DUH�
���RU����SHUFHQW�FRQILGHQW�WKDW�RXU�VWDWLVWLFDO�WHVW�SURYLGHV�D�FRUUHFW�GHFLVLRQ��
�
'��� )RU�SXUSRVHV�RI�H[SODQDWLRQ��FRQVLGHU�WKH�IROORZLQJ�IXHO�FRQVXPSWLRQ�WHVW�GDWD���$�PDWHULHO�
GHYHORSHU�ZDQWV�WR�DSSO\�D�IXHO�DGGLWLYH�WR�WKH�IXHO�V\VWHP�RI�D���WRQ�WUXFN�DQG�ZRXOG�OLNH�WR�
NQRZ�LI�WKH�DGGLWLYH�SURYLGHV�D�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVH�LQ�IXHO�HFRQRP\���7KH�ILUVW�VHW�RI�
ILYH�IXHO�FRQVXPSWLRQ�WHVWV�ZHUH�UXQ�ZLWK�WKH�VWDQGDUG�IXHO�PL[WXUH��DQG�WKH�VHFRQG�VHW�ZHUH�UXQ�
LQ�WKH�VDPH�ZD\�ZLWK�WKH�IXHO�DGGLWLYH���7HVW�UHVXOWV�DUH�DV�IROORZV��
�

:LWKRXW�DGGLWLYH��LQ�SRXQGV�SHU�KRXU����������������������������������
�

:LWK�DGGLWLYH��LQ�SRXQGV�SHU�KRXU����������������������������������
�
�
�
�
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�
'��� /HW¶V�FRPSDUH�WKH�PHDQV�DQG�VWDQGDUG�GHYLDWLRQV�IRU�WKHVH�WZR�VHWV�RI�GDWD���:LWKRXW�WKH�
DGGLWLYH��WKH�PHDQ�LV������OE�KU��ZKLOH�WKH�VWDQGDUG�GHYLDWLRQ�LV������OE�KU���:LWK�WKH�DGGLWLYH��WKH�
PHDQ�LV������OE�KU��ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI������OE�KU���%\�FRPSDULQJ�RQO\�WKH�PHDQV�RI�WKH�
WZR�GDWD�VHWV��RQH�PLJKW�DUJXH�WKDW�WKH�DGGLWLYH�GHFUHDVHG�WKH�DPRXQW�RI�IXHO�EXUQHG�E\�����OE�KU���
%XW�LV�WKLV�GLIIHUHQFH�PHUHO\�VWDWLVWLFDO�FKDQFH"�
�
'��� :H¶OO�FRQGXFW�D�K\SRWKHVLV�WHVW�WR�GHWHUPLQH�LI�WKH�GLIIHUHQFH�LV�VWDWLVWLFDOO\�VLJQLILFDQW���,Q�
WKLV�FDVH��ZH�PXVW�SLFN�DQ�DVVXPSWLRQ��D�QXOO�K\SRWKHVLV�LQ�VWDWLVWLFDO�WHUPV���DQG�ZH¶OO�DVVXPH�
WKDW�IRU�SXUSRVHV�RI�RXU�WHVW�WKDW�WKH�WZR�PHDQV�RI�WKH�IXHO�FRQVXPSWLRQ�SRSXODWLRQV�DUH�HTXDO���
WKDW�WKHUH�LV�QR�GLIIHUHQFH�EHWZHHQ�WKH�PHDQV���$OWHUQDWLYHO\��ZH¶OO�SLFN�DQ�DOWHUQDWLYH�K\SRWKHVLV�
WKDW�WKH�PHDQ�RI�RXU�IXHO�FRQVXPSWLRQ�SRSXODWLRQ�REWDLQHG�ZLWK�WKH�IXHO�DGGLWLYH�LV�GLIIHUHQW�WKDQ�
WKDW�REWDLQHG�ZLWKRXW�WKH�IXHO�DGGLWLYH���,Q�VWDWLVWLFDO�WHUPV�WKLV�LV�D�WZR�WDLOHG�K\SRWKHVLV�WHVW��LQ�
ZKLFK�ZH¶G�SURSRVH�DV�DQ�DOWHUQDWLYH�K\SRWKHVLV�WKDW�WKH�IXHO�FRQVXPSWLRQ�ZRXOG�HLWKHU�EH�EHWWHU�
RU�ZRUVH�WKDQ�WKH�IXHO�FRQVXPSWLRQ�REWDLQHG�ZLWK�WKH�VWDQGDUG�IXHO�PL[WXUH���)RU�WKLV�H[DPSOH��
ZH¶OO�FRQGXFW�D�WZR�WDLOHG�K\SRWKHVLV�WHVW�IRU�IXHO�FRQVXPSWLRQ�SDUDPHWHUV�DW�D�ILYH�SHUFHQW�OHYHO�
RI�VLJQLILFDQFH��RU�D�����OHYHO�RI�FRQILGHQFH��XVLQJ�WKH�IROORZLQJ�IRUPXODV��
�

ܪ  ߤ = ��ଵߤ
�

ଵܪ  ߤ ് ��ଵߤ
�

ݐ =  ௫ҧబି௫ҧభ
௦ට భ

బ
ା భ
భ

��

��

DQGݏ�� =  ට(బିଵ)௦బమା(భିଵ)௦భమ
బାభିଶ

��

�
ZKHUH��
� ���WKH�WZR�SRSXODWLRQ�PHDQV�IRU�IXHO�XVDJH�DUH�HTXDO���LV�WKH�QXOO�K\SRWKHVLVܪ
� ���WKH�SRSXODWLRQ�PHDQV�DUH�GLIIHUHQW��ଵ�LV�WKH�DOWHUQDWH�K\SRWKHVLVܪ
� µ�LV�WKH�SRSXODWLRQ�PHDQ�IRU�IXHO�XVDJH�ZLWKRXW�WKH�DGGLWLYH��
� µଵ�LV�WKH�SRSXODWLRQ�PHDQ�IRU�IXHO�XVDJH�ZLWK�WKH�DGGLWLYH��
� t�LV�WKH�WHVW�VWDWLVWLF�WR�EH�FRPSDUHG�ZLWK�WKH�VWXGHQW�W�GLVWULEXWLRQ��
� ��ҧ�LV�WKH�PHDQ�RI�WKH�IXHO�XVH�VDPSOHV�ZLWKRXW�WKH�DGGLWLYHݔ
� ��ଵ�LV�WKH�PHDQ�RI�WKH�IXHO�XVH�VDPSOHV�ZLWK�WKH�DGGLWLYHݔ
� ݊�LV�WKH�QXPEHU�RI�VDPSOHV�WDNHQ�ZLWKRXW�WKH�DGGLWLYH��
� ݊ଵ�LV�WKH�QXPEHU�RI�VDPSOHV�WDNHQ�ZLWK�WKH�DGGLWLYH��
� ���LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�IXHO�XVH�VDPSOHV�WDNHQ�ZLWKRXW�WKH�DGGLWLYHݏ
� ��ଵ�LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�IXHO�XVH�VDPSOHV�WDNHQ�ZLWK�WKH�DGGLWLYHݏ
�
�
�
�
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�
'��� 8VLQJ�WKH�IXHO�FRQVXPSWLRQ�YDOXHV��PHDQV�DQG�VWDQGDUG�GHYLDWLRQV�OLVWHG�DERYH��ZH�
VXEVWLWXWH�LQWR�WKH�HTXDWLRQV�WR�FDOFXODWH�WKH�W�VWDWLVWLF��
�

ݏ� =  ට(ହିଵ)(ଵ.ଶ)మା(ହିଵ)(.ଽଷ)మ
ହାହିଶ � �������

�
�

ݐ =  ଷଽ.ଽିଷଽ.ସ
.ଽටభఱା

భ
ఱ

� ������

�
�
'��� 7KH�WHVW�VWDWLVWLF��t��IRU�WKLV�WHVW�VFHQDULR�LV�WKHQ�FRPSDUHG�WR�WKH�6WXGHQW¶V�W�GLVWULEXWLRQ�
VWDWLVWLF�DW�D�RQH�SHUFHQW�OHYHO�RI�VLJQLILFDQFH��Į� ��������XVLQJ�݊ + ݊ଵ െ 2�GHJUHHV�RI�IUHHGRP���
6WXGHQW¶V�W�GLVWULEXWLRQ�WDEOHV�DUH�DYDLODEOH�LQ�VWDWLVWLFDO�WH[WERRNV�DV�FKDUWV�OLVWHG�E\�GHJUHHV�RI�
IUHHGRP�DQG�OHYHOV�RI�VLJQLILFDQFH���$���SHUFHQW�OHYHO�RI�VLJQLILFDQFH�PHDQV�ZH�KDYH�D���SHUFHQW�
FKDQFH�RI�UHMHFWLQJ�D�QXOO�K\SRWKHVLV�ZKHQ�ZH�VKRXOG�DFFHSW�LW���)RU�WKH�WHVW�VFHQDULR��ILYH�WULDOV�
ZLWKRXW�WKH�DGGLWLYH��݊ = 5��DQG�ILYH�WULDOV�ZLWK�WKH�DGGLWLYH��݊ଵ = 5����WKHUH�ZRXOG�EH���
GHJUHHV�RI�IUHHGRP���6LQFH�ZH¶UH�FRQGXFWLQJ�D�WZR�WDLOHG�K\SRWKHVLV�WHVW��ZH�GLYLGH�RXU�OHYHO�RI�
VLJQLILFDQFH�LQ�KDOI�IRU�HDFK�WDLO�RI�WKH�GLVWULEXWLRQ��VR�RXU�UHMHFWLRQ�UHJLRQ�IRU�WKH�QXOO�K\SRWKHVLV�
ZRXOG�EH�IRU�YDOXHV�RI�W�OHVV�WKDQ�– �ఈ/ଶ���%\�FRQVXOWLQJ�D�WDEOH�RI�WKHݐ�ఈ/ଶ��DQG�JUHDWHU�WKDQݐ
6WXGHQW¶V�W�GLVWULEXWLRQ��WKH�6WXGHQW¶V�W�VWDWLVWLF�IRU�UHMHFWLRQ�RI�WKH�QXOO�K\SRWKHVLV��WKDW�WKH�WZR�
VDPSOH�PHDQV�DUH�HTXDO��LV�HVWDEOLVKHG�DWݐ�ఈ/ଶ ���������7KH�QXOO�K\SRWKHVLV�ZRXOG�EH�UHMHFWHG�
�WKH�IXHO�XVDJH�ZLWK�WKH�DGGLWLYH�ZDV�VLJQLILFDQWO\�GLIIHUHQW�WKDQ�WKH�EDVHOLQH�FRQGLWLRQ��RQO\�LI�t 
LV�JUHDWHU�WKDQ�������RU�OHVV�WKDQ����������,Q�RXU�FDVH��W�ZDV�������VR�ZH�FDQQRW�UHMHFW�WKH�QXOO�
K\SRWKHVLV�WKDW�WKH�IXHO�FRQVXPSWLRQ�ZLWK�DQG�ZLWKRXW�WKH�DGGLWLYH�LV�DQ\�GLIIHUHQW���:H�ZRXOG�
WKHQ�VWDWH�WKDW�ZH�FDQQRW�VD\�WKDW�WKH�DGGLWLYH�KDG�D�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFW�RQ�WKH�IXHO�
FRQVXPSWLRQ��
�
'������,Q�JHQHUDO��WKH�DELOLW\�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�DQG�GHWHUPLQH�WKDW�WZR�SRSXODWLRQV�DUH�
VWDWLVWLFDOO\�GLIIHUHQW�LV�DLGHG�E\�LQFUHDVLQJ�WKH�VDPSOH�VL]H�DQG�GHFUHDVLQJ�WKH�YDULDELOLW\�RI�WKH�
WHVW�VWDWLVWLF���7HVWV�VKRXOG�EH�GHVLJQHG��LI�IXQGLQJ�LV�DYDLODEOH��ZLWK�ODUJH�QXPEHUV�RI�VDPSOHV��
DQG�YDULDELOLW\�LQ�WHVW�PHWKRGV�VKRXOG�EH�PLQLPL]HG��
�
'������)RU�H[DPSOH��ZKDW�LI�ZH�ZHUH�DEOH�WR�VHFXUH�IXQGLQJ�WR�GR�WZR�PRUH�WHVW�UXQV�ZLWK�DQG�
ZLWKRXW�WKH�DGGLWLYH��DQG�ZH�RQO\�WHVWHG�WKH�YHKLFOH�ZLWK�WKH�VDPH�GULYHU�IRU�HDFK�WHVW�WR�UHGXFH�
SRVVLEOH�GLIIHUHQFHV�LQ�GULYLQJ�WKURXJK�WKH�WHVW�FRXUVH���0D\EH�RXU�GDWD�PLJKW�ORRN�OLNH�WKLV��
�

:LWKRXW�DGGLWLYH��LQ�SRXQGV�SHU�KRXU����������������������������������������������
�

:LWK�DGGLWLYH��LQ�SRXQGV�SHU�KRXU����������������������������������������������
�
�
�
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�
'������/HW¶V�FRPSDUH�WKH�PHDQV�DQG�VWDQGDUG�GHYLDWLRQV�IRU�WKHVH�WZR�VHWV�RI�GDWD���:LWKRXW�WKH�
DGGLWLYH��WKH�PHDQ�LV������OE�KU�ZKLOH�WKH�VWDQGDUG�GHYLDWLRQ�LV������OE�KU���:LWK�WKH�DGGLWLYH��WKH�
PHDQ�LV������OE�KU��ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI������OE�KU���%\�FRPSDULQJ�RQO\�WKH�PHDQV��ZH�
ZRXOG�DJDLQ�WKLQN�WKDW�WKH�DGGLWLYH�GHFUHDVHG�WKH�DPRXQW�RI�IXHO�EXUQHG�E\�����SSK���:H�VKRXOG�
DOVR�QRWH�WKDW�RXU�VWDQGDUG�GHYLDWLRQV�DUH�QRZ�VPDOOHU���/HW¶V�FRQVLGHU�RXU�K\SRWKHVLV�WHVW�DQG�
DFFRPSDQ\LQJ�VWDWLVWLFV��
�
'������8VLQJ�WKH�IXHO�FRQVXPSWLRQ�YDOXHV��PHDQV�DQG�VWDQGDUG�GHYLDWLRQV�OLVWHG�DERYH��ZH�
VXEVWLWXWH�LQWR�WKH�HTXDWLRQV�WR�FDOFXODWH�WKH�W�VWDWLVWLF��
�

ݏ� =  ට(ିଵ)(.ଶ)మା(ିଵ)(.ଷଵ)మ
ାିଶ � �������

�
�

ݐ =  ଷଽ.ଽିଷଽ.ସ
.ଶଷටభళା

భ
ళ

� ������

�
'������7KH�WHVW�VWDWLVWLF��t��IRU�WKLV�WHVW�VFHQDULR�LV�WKHQ�FRPSDUHG�WR�WKH�6WXGHQW¶V�W�GLVWULEXWLRQ�
VWDWLVWLF�DW�D�RQH�SHUFHQW�OHYHO�RI�VLJQLILFDQFH�XVLQJ�݊ + ݊ଵ െ 2�GHJUHHV�RI�IUHHGRP���)RU�WKH�WHVW�
VFHQDULR��VHYHQ�WULDOV�ZLWKRXW�WKH�DGGLWLYH��݊ = 7��DQG�VHYHQ�WULDOV�ZLWK�WKH�DGGLWLYH��݊ଵ = 7����
WKHUH�ZRXOG�EH����GHJUHHV�RI�IUHHGRP���7KXV��E\�FRQVXOWLQJ�D�WDEOH�RI�WKH�6WXGHQW¶V�W�GLVWULEXWLRQ��
WKH�6WXGHQW¶V�W�VWDWLVWLF�IRU�UHMHFWLRQ�RI�WKH�QXOO�K\SRWKHVLV��WKDW�WKH�WZR�VDPSOH�PHDQV�DUH�HTXDO��
LV�HVWDEOLVKHG�DW���������7KH�QXOO�K\SRWKHVLV�ZRXOG�EH�UHMHFWHG��WKH�IXHO�XVDJH�ZLWK�WKH�DGGLWLYH�
ZDV�VLJQLILFDQWO\�OHVV�WKDQ�WKH�EDVHOLQH�FRQGLWLRQ��RQO\�LI�t LV�OHVV�WKDQ��������RU�JUHDWHU�WKDQ�
��������,Q�RXU�FDVH��W�LV�������VR�ZH�FDQ�UHMHFW�WKH�QXOO�K\SRWKHVLV��DQG�DFFHSW�WKH�DOWHUQDWH�
K\SRWKHVLV�WKDW�WKH�IXHO�DGGLWLYH�GHFUHDVHV�IXHO�FRQVXPSWLRQ���<RX�FDQ�VHH�IURP�WKLV�H[DPSOH��
WKDW�LQFUHDVLQJ�WKH�VDPSOH�VL]H�DQG�GHFUHDVLQJ�YDULDELOLW\�LQ�WKH�UHVXOWV�FDQ�PDNH�D�VPDOO�
GLIIHUHQFH�LQ�PHDQV�VWDWLVWLFDOO\�VLJQLILFDQW��
�
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�
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DF� DOWHUQDWLQJ�FXUUHQW�
$3,� $PHULFDQ�3HWUROHXP�,QGXVWU\�
$670� $PHULFDQ�6RFLHW\�IRU�7HVWLQJ�0DWHULHO�
$7&� 86�$UP\�$EHUGHHQ�7HVW�&HQWHU�
$7()� $XWRPRWLYH�7HVW�DQG�(YDOXDWLRQ�)DFLOLW\�
� �
&� &HOVLXV�
FF� FXELF�FHQWLPHWHUV�
&*� FHQWHU�RI�JUDYLW\�
&7$� &KXUFKYLOOH�7HVW�$UHD�
&7,6� &HQWUDO�7LUH�,QIODWLRQ�6\VWHP�
� �
GF� GLUHFW�FXUUHQW�
� �
((66� (OHFWULFDO�(QHUJ\�6WRUDJH�6\VWHP�
� �
)� )DKUHQKHLW�
)&5� IXHO�FRQVXPSWLRQ�UDWH�
IW� IHHW�
IW�UHY� IHHW�SHU�UHYROXWLRQ�
� �
J� JUDP�
JSK� JDOORQV�SHU�KRXU�
*36� *OREDO�3RVLWLRQLQJ�6\VWHP�
� �
+S� KRUVH�SRZHU�
� �
NJ� NLORJUDP�
NP� NLORPHWHU�
NP�KU� NLORPHWHUV�SHU�KRXU�
� �
/� OLWHU�
OE� SRXQG�
� �
PSJ� PLOHV�SHU�JDOORQ�
PSK� PLOHV�SHU�KRXU�
PUDG� PLOOLUDGLDQ�
07$� 0XQVRQ�7HVW�$UHD�
� �
1$72� 1RUWK�$WODQWLF�7UHDW\�2UJDQL]DWLRQ�
1(&� 1HW�(QHUJ\�&KDQJH�
�
�
�
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�
2*5� RYHUDOO�JHDU�UDWLR�
206�03� RSHUDWLRQDO�PRGH�VXPPDU\�PLVVLRQ�SURILOH�
R]� RXQFH�
� �
351'� SDUN��UHYHUVH��QHXWUDO��GULYH�
338� 3ULPH�3RZHU�8QLW�
37$� 3HUU\PDQ�7HVW�$UHD�
� �
5&&&� 5HJXODU�&RPPRQ�&DUULHU�&RQIHUHQFH�
57'� UHVLVWHQFH�WHPSHUDWXUH�GHWHFWRU�
5:6� 5RDGZD\�6LPXODWRU�
� �
6$(� 6RFLHW\�RI�$XWRPRWLYH�(QJLQHHUV�
VJ� VSHFLILF�JUDYLW\�
62&� VWDWH�RI�FKDUJH�
623� 6WDQGLQJ�2SHUDWLQJ�3URFHGXUH�
� �
7%'� WR�EH�GHWHUPLQHG�
70&� 7UXFN�0DLQWHQDQFH�&RXQFLO�
723� 7HVW�2SHUDWLRQV�3URFHGXUH�
76$5&� 7HVW�6FKHGXOH�DQG�5HYLHZ�&RPPLWWHH�
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��� 6$(�-�������-RLQW�5HJXODU�&RPPRQ�&DUULHU�&RQIHUHQFH��5&&&��6$(�)XHO�&RQVXPSWLRQ�
7HVW�3URFHGXUH��6KRUW�7HUP�LQ�6HUYLFH�9HKLFOH��7\SH�,����2FWREHU�������

�
��� 6$(�-�������-RLQW�7UXFN�PDLQWHQDQFH�FRXQFLO��70&��6$(�)XHO�&RQVXPSWLRQ�7HVW�

3URFHGXUH���7\SH�,,����2FWREHU�������
�

��� 6$(�-�������-RLQW�70&�6$(�)XHO�&RQVXPSWLRQ�,Q�6HUYLFH�7HVW�3URFHGXUH�7\SH�,,,��������
��-XQH�������
�

��� $670�'����������������6WDQGDUG�7HVW�0HWKRG�IRU�'HQVLW\��5HODWLYH�'HQVLW\��6SHFLILF�
*UDYLW\���RU�$3,�*UDYLW\�RI�&UXGH�3HWUROHXP�DQG�/LTXLG�3HWUROHXP�3URGXFWV�E\�
+\GURPHWHU�0HWKRG��
�

��� 723�����������,QVSHFWLRQ�DQG�3UHOLPLQDU\�2SHUDWLRQ�RI�9HKLFOHV����)HEUXDU\�������
�

��� 723�����������+\EULG�(OHFWULF�9HKLFOHV����'HFHPEHU�������
�

��� 6$(�-������7LOW�7DEOH�3URFHGXUH�IRU�0HDVXULQJ�WKH�6WDWLF�5ROORYHU�7KUHVKROG�IRU�+HDY\�
7UXFNV����'HFHPEHU�������
�

��� 723�����������&HQWHU�RI�*UDYLW\�����6HSWHPEHU�������
�

��� 723�����������'UDZEDU�3XOO�����6HSWHPEHU�������
�

����6$(�-�������)XHO�(FRQRP\�0HDVXUHPHQW�5RDG�7HVW�3URFHGXUH����)HEUXDU\�������
�

����623�����������6WDQGLQJ�2SHUDWLQJ�3URFHGXUH�IRU�$7&�$XWRPRWLYH�7HVW�&RXUVHV�����������
���)HEUXDU\�������
�

����6$(�-�������5HFRPPHQGHG�3UDFWLFH�IRU�0HDVXULQJ�)XHO�(FRQRP\�DQG�(PLVVLRQV�RI�
+\EULG�(OHFWULF�DQG�&RQYHQWLRQDO�+HDY\�'XW\�9HKLFOHV����6HSWHPEHU�������
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)RUZDUG�FRPPHQWV��UHFRPPHQGHG�FKDQJHV��RU�DQ\�SHUWLQHQW�GDWD�ZKLFK�PD\�EH�RI�XVH�LQ�
LPSURYLQJ�WKLV�SXEOLFDWLRQ�WR�WKH�IROORZLQJ�DGGUHVV���5DQJH�,QIUDVWUXFWXUH�'LYLVLRQ��&67(�70���
86�$UP\�7HVW�DQG�(YDOXDWLRQ�&RPPDQG�������$EHUGHHQ�%RXOHYDUG��$EHUGHHQ�3URYLQJ�*URXQG��
0'���������������7HFKQLFDO�LQIRUPDWLRQ�PD\�EH�REWDLQHG�IURP�WKH�SUHSDULQJ�DFWLYLW\���
$XWRPRWLYH�,QVWUXPHQWDWLRQ�'LYLVLRQ��86�$UP\�$EHUGHHQ�7HVW�&HQWHU��$EHUGHHQ�3URYLQJ�
*URXQG��0'�����������.��$GGLWLRQDO�FRSLHV�FDQ�EH�UHTXHVWHG�WKURXJK�WKH�IROORZLQJ�ZHEVLWH��
KWWS���LWRSV�GWF�DUP\�PLO�5HTXHVW)RU'RFXPHQWV�DVS[��RU�WKURXJK�WKH�'HIHQVH�7HFKQLFDO�
,QIRUPDWLRQ�&HQWHU�������-RKQ�-��.LQJPDQ�5G���67(�������)RUW�%HOYRLU��9$���������������7KLV�
GRFXPHQW�LV�LGHQWLILHG�E\�WKH�DFFHVVLRQ�QXPEHU��$'�1R���SULQWHG�RQ�WKH�ILUVW�SDJH��
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