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7KLV�7HVW�2SHUDWLQJ�3URFHGXUH��723��SUHVHQWV�FRQVLGHUDWLRQV�DQG�WHFKQLTXHV�IRU�GHYHORSLQJ�
/DERUDWRU\�9LEUDWLRQ�7HVW�6FKHGXOHV��/976��WKDW�FDQ�EH�XWLOL]HG�WR�VLPXODWH�ILHOG�YLEUDWLRQ�
HQYLURQPHQWV�RQ�D�YLEUDWLRQ�WDEOH���/DERUDWRU\�YLEUDWLRQ�WHVWV�DUH�XVHG�H[WHQVLYHO\�LQ�OLHX�RI�
PRUH�WLPH�FRQVXPLQJ�DQG�OHVV�FRVW�HIIHFWLYH�ILHOG�H[SRVXUH�WHVWV���7KLV�723�VSHFLILFDOO\�
DGGUHVVHV�UDQGRP�YLEUDWLRQ�WHVWLQJ�FRQWUROOHG�WR�IUHTXHQF\�GRPDLQ�YLEUDWLRQ�VSHFWUD�DQG�LV�
LQWHQGHG�WR�DGGUHVV�PXOWLSOH�³H[FLWHU´��DOVR�UHIHUUHG�WR�DV�³VKDNHU´�RU�³DFWXDWRU´��VFHQDULRV�ZLWK�
WKH�HPSKDVLV�RQ�PHFKDQLFDO�PXOWLSOH�GHJUHH�RI�IUHHGRP��0'2)��VFHQDULRV���7KHUH�LV�D�
VLJQLILFDQW�LQFUHDVH�LQ�FRPSOH[LW\�EHWZHHQ�VLQJOH�H[FLWHU�VLQJOH�D[LV��6(6$��DQG�PXOWLSOH�
H[FLWHU�PXOWLSOH�D[LV��0(0$��WHVWLQJ�LQ�WHUPV�RI�ERWK�PHFKDQLFV�DQG�FRQWURO���0(0$�VSHFLILF�
LVVXHV�UDQJLQJ�IURP�GHILQLWLRQV�DQG�QRPHQFODWXUH�FRQVLVWHQF\��WR�GDWD�DQDO\VLV�WHFKQLTXHV��ZLOO�
EH�DGGUHVVHG��
�
��� )$&,/,7,(6�$1'�,167580(17$7,21��
�
���� )DFLOLWLHV��
�
7KH�GHYHORSPHQW�RI�D�/976�ZLOO�UHTXLUH�DFFHVV�WR�WKH�WHVW�LWHP�RI�LQWHUHVW��RU�D�G\QDPLFDOO\�
HTXLYDOHQW�VXUURJDWH���DFFHVV�WR�WKH�FDUULHU�YHKLFOH��DSSURSULDWHO\�SODFHG�WUDQVGXFHUV��VLJQDO�
FRQGLWLRQLQJ�DQG�GDWD�DFTXLVLWLRQ�KDUGZDUH��DQG�D�FRQWUROOHG�HQYLURQPHQW�IRU�FROOHFWLQJ�LQSXW�
GDWD��H�J���D�URDG�FRXUVH�IRU�ZKHHOHG�DQG�RU�WUDFNHG�YHKLFOHV��ZDWHUZD\�IRU�ZDWHUFUDIW��DLUVSDFH�
IRU�DLUFUDIW��URWRUFUDIW��DQG�RU�VSDFHFUDIW���
�
���� ,QVWUXPHQWDWLRQ��
�
� D�� /976V�DUH�JHQHUDOO\�GHILQHG�LQ�WHUPV�RI�DFFHOHUDWLRQ�XQLWV����7KH�WUDQVGXFHU�RI�FKRLFH�
IRU�PDNLQJ�DFFHOHUDWLRQ�PHDVXUHPHQWV�LV�DQ�DFFHOHURPHWHU���7KLV�723�ZLOO�DGGUHVV�/976�
GHYHORSPHQW�LQ�WHUPV�RI�DFFHOHUDWLRQ��
�
� E�� ,W�LV�VWURQJO\�UHFRPPHQGHG�WKDW�WKH�VDPH�PRGHO�RI�DFFHOHURPHWHU�DQG�VLJQDO�
FRQGLWLRQLQJ�LV�HPSOR\HG�DW�DOO�LQVWUXPHQWHG�ORFDWLRQV�WR�SUHVHUYH�SKDVH�FKDUDFWHULVWLFV�GXULQJ�
ERWK�WKH�ILHOG�DFTXLVLWLRQ�DQG�ODERUDWRU\�WHVW�SKDVH�RI�DQ\�0'2)�WHVW���5HIHU�WR�WKH�JXLGHOLQHV�LQ�
0LOLWDU\�6WDQGDUG��0,/�67'�����*��DQG�,QVWLWXWH�RI�(QYLURQPHQWDO�6FLHQFHV�DQG�7HFKQRORJ\�
�,(67��5HFRPPHQGHG�3UDFWLFH�,(67�53�'7(�������IRU�UHFRPPHQGHG�DFFXUDF\�RI�WKH�
WUDQVGXFHUV�DQG�DVVRFLDWHG�VLJQDO�FRQGLWLRQLQJ��
�
��� 5(48,5('�7(67�&21',7,216��
�
7KH�SULPDU\�IXQFWLRQ�RI�9LEUDWLRQ�6FKHGXOH�'HYHORSPHQW��96'��LV�WR�FRPELQH�YLEUDWLRQ�
PHDVXUHPHQWV�RI�QXPHURXV�HYHQWV�WKDW�FROOHFWLYHO\�UHSUHVHQW�DQ�LWHP¶V�OLIHWLPH�YLEUDWLRQ�
H[SRVXUH��RU�VRPH�SUHGHILQHG�VXEVHW�WKHUHRI��LQWR�D�PDQDJHDEOH�VHW�RI�/976�UHSUHVHQWLQJ�WKH�
HTXLYDOHQW�H[SRVXUH���7KH�PRVW�G\QDPLFDOO\�DFFXUDWH�PHWKRG�WR�UHSURGXFH�WKH�IXOO�H[SRVXUH�
ZRXOG�EH�WR�VHTXHQWLDOO\�YLEUDWH�WKH�V\VWHP�WR�DOO�WKH�LQGLYLGXDO��XQFRPSUHVVHG�HYHQWV��
�
6XSHUVFULSW�QXPEHUV�FRUUHVSRQG�WR�WKRVH�LQ�$SSHQGL[�(��5HIHUHQFHV��
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UHSUHVHQWLQJ�LWV�IXOO�OLIHF\FOH���+RZHYHU��VXFK�DQ�DSSURDFK�LV�JHQHUDOO\�QRW�IHDVLEOH�IURP�ERWK�
VFKHGXOH�DQG�HFRQRPLF�SHUVSHFWLYHV�DQG�VRPH�FRPSURPLVHV�PXVW�EH�PDGH�WR�UHDOL]H�WKH�EHQHILWV�
RI�WHVWLQJ�LQ�WKH�ODERUDWRU\���7LPH�FRPSUHVVLRQ�WHFKQLTXHV�EDVHG�RQ�IDWLJXH�HTXLYDOHQF\�DUH�
W\SLFDOO\�HPSOR\HG�VXFK�WKDW�YLEUDWLRQ�WHVWLQJ�FDQ�EH�SHUIRUPHG�LQ�D�WLPHO\�DQG�HFRQRPLF�
PDQQHU���1RUWK�$WODQWLF�7UHDW\�2UJDQL]DWLRQ��1$72��$OOLHG�(QYLURQPHQWDO�&RQGLWLRQV�7HVW�
3XEOLFDWLRQ��$(&73�������/HDIOHW��������SURYLGHV�JHQHUDO�JXLGDQFH�IRU�GHYHORSLQJ�DFFXUDWH�
UHSUHVHQWDWLRQV��DQG�LVVXHV�WKDW�VKRXOG�EH�FRQVLGHUHG�GXULQJ�WKH�96'�SURFHVV�IRU�WKH�6(6$�
VFHQDULR���7KLV�723�H[SDQGV�XSRQ�WKH�GLVFXVVLRQ�LQ�/HDIOHW������WR�DGGUHVV�WKH�JHQHUDO�PXOWLSOH�
H[FLWHU�WHVW�VFHQDULR���'LVFXVVLRQV�ZLOO�EH�OLPLWHG�WR�UDQGRP�/976�GHYHORSPHQW���$W�WKH�WLPH�RI�
WKLV�SXEOLFDWLRQ��QR�FRPPHUFLDOO\�DYDLODEOH�PXOWLSOH�LQSXW�PXOWLSOH�RXWSXW��0,02��VROXWLRQV�
H[LVW�IRU�VZHSW�QDUURZEDQG�UDQGRP�RQ�UDQGRP��1%525��RU�VLQH�RQ�UDQGRP��625����5HIHU�WR�
0,/�67'����*��0HWKRG������3URFHGXUH�,��IRU�D�7LPH�:DYHIRUP�5HSOLFDWLRQ��7:5��EDVHG�
0'2)�VROXWLRQ�IRU�VZHSW�1%525�DQG�625�UHTXLUHPHQWV��
�
���� 7HVW�&RQILJXUDWLRQV��
�
7KH�0,02�UDQGRP�YLEUDWLRQ�WHVW�SUREOHP�FDQ�UHIHU�WR�VHYHUDO�FRQILJXUDWLRQV���2QH�FRQILJXUDWLRQ�
LV�PXOWLSOH�H[FLWHUV�GULYLQJ�D�VLQJOH�WHVW�LWHP�LQ�RQH�D[LV���7KLV�FRQILJXUDWLRQ�LV�RIWHQ�XVHG�IRU�
ODUJH�WHVW�LWHPV�WRR�ODUJH�IRU�D�VLQJOH�H[FLWHU���$�VHFRQG�FRQILJXUDWLRQ�LV�WKH�H[FLWDWLRQ�RI�D�VLQJOH�
WHVW�LWHP�ZLWK�PXOWLSOH�H[FLWHUV�LQ�PRUH�WKDQ�RQH�D[LV���/LQHDU�GLVSODFHPHQWV�DORQJ�GHILQHG�
GLUHFWLRQV�DUH�UHIHUUHG�WR�DV�WUDQVODWLRQ�GHJUHH�RI�IUHHGRP��'2)��DQG�DQJXODU�GLVSODFHPHQWV�
DORQJ�WKRVH�VDPH�GLUHFWLRQV�DUH�UHIHUUHG�WR�DV�URWDWLRQ�'2)V���8S�WR�VL[�'2)V�H[LVW�IRU�D�ULJLG�
ERG\��L�H���;���<���=�WUDQVODWLRQV�DQG�UROO��SLWFK��\DZ�URWDWLRQV����,Q�VRPH�FDVHV��DGGLWLRQDO�'2)V�
FDQ�EH�H[FLWHG�GXH�WR�HODVWLF�GHIRUPDWLRQV�RI�WKH�WHVW�DUWLFOH��
�
�������%DVLF�5HSUHVHQWDWLRQ�RI�D�0,02�6\VWHP��
�
$OO�0,02�WHVW�V\VWHPV�DUH�GLVFXVVHG�XVLQJ�D�FRPPRQ�GHVFULSWLRQ�LQ�WHUPV�RI�PDWUL[�
HTXDWLRQV��������$�VLPSOLILHG�YHUVLRQ�RI�WKH�JHQHUDO�0,02�UDQGRP�YLEUDWLRQ�WHVW�SUREOHP�FDQ�EH�
JHQHUDOL]HG�LQ�)LJXUH�����7KH�FRPSOHWH�PHFKDQLFDO�V\VWHP�LV�FKDUDFWHUL]HG�E\�WKH�SRZHU�
DPSOLILHUV�DQG�D�V\VWHP�RI�VHYHUDO�H[FLWHUV��RQ�ZKLFK�LV�PRXQWHG�D�VLQJOH�WHVW�DUWLFOH���7KH�
UHVSRQVH�RI�WKH�WHVW�DUWLFOH�LV�PRQLWRUHG�E\�D�YHFWRU�RI�UHVSRQVH�FKDQQHOV��UHSUHVHQWHG�DV�^F`����
(DFK�HOHPHQW�LQ�WKH�YHFWRU�LV�W\SLFDOO\�WKH�DFFHOHUDWLRQ�WLPH�KLVWRU\�IURP�D�VLQJOH�DFFHOHURPHWHU���
,Q�WKHRU\��RWKHU�W\SHV�RI�VHQVRUV�FRXOG�EH�XVHG���7KH�SRZHU�DPSOLILHUV�DUH�GULYHQ�E\�D�YHFWRU�RI�
HOHFWULFDO�GULYHV��UHSUHVHQWHG�DV�^G`���JHQHUDWHG�E\�D�FRQWURO�V\VWHP���(DFK�HOHPHQW�LQ�WKH�YHFWRU�
LV�D�WLPH�KLVWRU\�GULYLQJ�D�VLQJOH�VKDNHU���7KH�FRQWURO�V\VWHP�PRQLWRUV�WKH�UHVSRQVH�RI�WKH�WHVW�
LWHP�^F`��DQG�DWWHPSWV�WR�SURGXFH�GULYH�VLJQDOV�^G`��VXFK�WKDW�WKH�VWDWLVWLFV�RI�WKH�FRQWURO�VLJQDOV�
PHHW�VRPH�FULWHULD�DV�VSHFLILHG�LQ�WKH�WHVW�VSHFLILFDWLRQV��
�
�
�
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)LJXUH�����%DVLF�UHSUHVHQWDWLRQ�RI�D�0'2)�V\VWHP��
�
�������*HQHUDOL]HG�5HSUHVHQWDWLRQ�RI�D�0,02�6\VWHP��
�
$�PRUH�JHQHUDOL]HG�0,02�V\VWHP�LV�VKRZQ�LQ�)LJXUH�����$�V\VWHP�XQGHU�WHVW�LV�GULYHQ�E\�1V�
VKDNHUV�UHVXOWLQJ�LQ�WKH�UHVSRQVH�RI�1D�FRQWURO�DFFHOHURPHWHUV���7KH�DFFHOHURPHWHU�GDWD�DUH�
W\SLFDOO\�VWUXFWXUHG�LQ�EORFNV���(DFK�RI�WKH�DFFHOHUDWLRQ�UHFRUGV�ZLOO�WKHQ�EH�D�YHFWRU�RI�WLPH�
VDPSOHV���6RPH�FRQWURO�V\VWHPV�WKHQ�SURYLGH�IRU�D�WUDQVIRUPDWLRQ�PDWUL[��Ta��WR�FRQYHUW�WKH�
EORFN�RI�1D�DFFHOHURPHWHU�WLPH�KLVWRULHV�WR�1F�FRQWURO�YDULDEOHV���7KH�6SHFWUDO�'HQVLW\�0DWUL[�
�6'0��RI�WKH�FRQWURO�YDULDEOHV�LV�WKHQ�HVWLPDWHG�IURP�WKH�FXUUHQW�EORFN�RI�GDWD�DQG�SUHYLRXV�
GDWD���7KH�WUDQVIRUPDWLRQ�PDWUL[��Ta��LV�W\SLFDOO\�D�FRQVWDQW�LQGHSHQGHQW�RI�IUHTXHQF\���,Q�WKHRU\�
WKH�WUDQVIRUPDWLRQ�PDWUL[�FRXOG�EH�DSSOLHG�EHIRUH�RU�DIWHU�WKH�HVWLPDWLRQ�RI�WKH�FRQWURO�6'0���
7KH�HVWLPDWHG�FRQWURO�6'0��C�LV�WKHQ�FRPSDUHG�ZLWK�WKH�UHIHUHQFH�6'0��R��DQG�D�FRUUHFWLRQ�LV�
FRPSXWHG�IRU�WKH�GULYH�6'0��D���7KH�GULYH�WLPH�KLVWRULHV�^d`�DUH�WKHQ�FRPSXWHG�IURP�WKH�GULYH�
6'0��D��XVLQJ�WLPH�GRPDLQ�UDQGRPL]DWLRQ���$�VHFRQG�WUDQVIRUPDWLRQ�PDWUL[��Ts��LV�HPSOR\HG�WR�
WUDQVIRUP�WKH�1G�GULYH�YDULDEOHV�LQWR�1V�VKDNHU�GULYH�VLJQDOV���,Q�WKHRU\��Ts�FRXOG�EH�LPSOHPHQWHG�
EHIRUH�RU�DIWHU�WKH�WUDQVIRUPDWLRQ�LQWR�WKH�WLPH�GRPDLQ���2QH�DGYDQWDJH�RI�SODFLQJ�WKH�
WUDQVIRUPDWLRQ�LQ�WKH�IUHTXHQF\�GRPDLQ�VHFWLRQ�RI�WKH�FRQWURO�DOJRULWKP�LV�WKDW�WKH�PDWUL[�FRXOG�
WKHQ�EH�PDGH�D�IXQFWLRQ�RI�IUHTXHQF\���+DYLQJ�WKH�WUDQVIRUPDWLRQ�PDWUL[��Ts��D�FRQVWDQW�DVVXPHV�
WKH�VKDNHUV�DUH�PDWFKHG�DQG�WKH�GHVLUHG�WUDQVIRUPDWLRQ�FDQ�EH�GHGXFHG��
�

��

3RZHU�$PSOLILHUV���
9LEUDWLRQ�6KDNHUV���

7HVW�$UWLFOH���
6LJQDO�$FTXLVLWLRQ���

[H]� �
^� `� d �

`�^�c�

��
&RQWURO�6\VWHP���

 �

7HVW�6SHFLILFDWLRQV���
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)LJXUH�����*HQHUDOL]HG�UHSUHVHQWDWLRQ�RI�D�0'2)�V\VWHP��
�

���� *HQHUDOL]HG�0'2)�9LEUDWLRQ�&RQWURO�'LVFXVVLRQ��
�
� D�� $�JHQHUDO�GLVFXVVLRQ�RI�WKH�0'2)�FRQWURO�SURFHVV�LV�SURYLGHG�IRU�LQVLJKW�DV�WR�KRZ�
WKH�0'2)�/976�ZLOO�VHUYH�DV�WKH�UHIHUHQFH�LQ�WKH�FRQWURO�SURFHVV���7KH�FRUUHFWLRQ�FDQ�EH�
FRPSXWHG�LQ�VHYHUDO�ZD\V���2QH�PHWKRG�LV�WR�FRPSXWH�WKH�GULYH�IURP��
�

Z'RZD Ö �
�
ZKHUH�WKH�V\VWHP�LPSHGDQFH�PDWUL[��Z��LV�XSGDWHG�DV�QHZ�LQIRUPDWLRQ�LV�JDWKHUHG��RU�D�PRGLILHG�
UHIHUHQFH�VSHFWUXP��RÖ ��LV�FRPSXWHG�EDVHG�RQ�WKH�HUURU�LQ�WKH�UHWXUQ�VSHFWUXP���7KH�LQLWLDO�GULYH�
YHFWRU�LV�W\SLFDOO\�FRPSXWHG�XVLQJ�WKH�DERYH�HTXDWLRQ�DQG�WKH�UHIHUHQFH�6'0���$�GULYH�VLJQDO�
HUURU�FDQ�DOVR�EH�FRPSXWHG�IURP��
�

C)Z'Z(RDe � �
�
6RPHWLPHV�DQ�DGDSWLYH�FRUUHFWLRQ�LV�XVHG���6RPHWLPHV�D�FRPELQDWLRQ�RI�DOO�PHWKRGV�LV�XVHG��
�

�

System under test 
1V�VKDNHUV�GULYLQJ�D�WHVW�LWHP�UHVXOWLQJ�LQ�
1D�DFFHOHURPHWHU�UHVSRQVH�PHDVXUHPHQWV�

^V`�
9ROWDJH�
GULYHV�WR�
VKDNHUV�
1V�[��

^D`�
$FFHOHUDWLRQ�
UHWXUQ�
VLJQDOV�
1D�[��

7D�
$FFHOHUDWLRQ�
WUDQVIRUPDWLRQ�

PDWUL[�
1F�[�1D�

^F`�
&RQWURO�
YDULDEOHV�
1F�[��

Internal system 
feedback control 

1G�[�1F�

Reference SDM 
R 

1G�[�1F�

>'@�
'ULYH�
YDULDEOHV�
1G�[�1G�

Estimate 
SDM 

C 
1F�[�1F�

>F@�
&RQWURO�
6'0�
1F�[�1F�

7V�
'ULYH�WR�

VKDNHU�YROWDJH�
WUDQVIRUPDWLRQ�

PDWUL[�
1V�[�1G�

Time domain 
randomization 

1G�[�1G�

^G`�
'ULYH�
YDULDEOHV�
1G�[��
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� E�� 7KH�WUDQVIRUPDWLRQ�PDWULFHV�DUH�RIWHQ�FDOOHG�WKH�LQSXW�DQG�RXWSXW�WUDQVIRUPDWLRQ�
PDWULFHV���2QH�VKRXOG�EH�FDUHIXO�ZLWK�WKLV�QRPHQFODWXUH�EHFDXVH�RI�WKH�FRQIXVLRQ�EHWZHHQ�LQSXW�
DQG�RXWSXW���7KH�LQSXW�WR�WKH�V\VWHP�XQGHU�WHVW��YROWDJHV�WR�WKH�SRZHU�DPSOLILHUV��LV�WKH�RXWSXW�RI�
WKH�FRQWURO�V\VWHP���7KH�RXWSXW�RI�WKH�V\VWHP�XQGHU�WHVW��WKH�DFFHOHURPHWHU�PHDVXUHPHQWV��LV�WKH�
LQSXW�WR�WKH�FRQWURO�V\VWHP���3DUDJUDSKV�������DQG�������SURYLGH�WKH�QRPHQFODWXUH�HPSOR\HG�IRU�
LQSXW�DQG�RXWSXW�WUDQVIRUPDWLRQV��DV�WKH\�DUH�DSSOLHG�ZLWKLQ�WKLV�GRFXPHQW��
�
� F�� 0LQRU�HUURUV�LQ�WKH�PDWFKLQJ�RI�VKDNHUV�FDQ�EH�FRUUHFWHG�E\�WKH�FRQWURO�DOJRULWKP��EXW�
PDMRU�PLVPDWFKHV�FRXOG�EH�SUREOHPDWLF���7KH�WLPH�GRPDLQ�GULYH�VLJQDOV��UHSUHVHQWHG�E\�^V`���
DUH�VHQW�WR�WKH�VKDNHUV�FRPSOHWLQJ�WKH�FRQWURO�ORRS��
�
� G�� ,I� aT LV�QRW�DYDLODEOH��WKHQ�1D� �1F�DQG�^D`� �^F`���,I� sT �LV�QRW�DYDLODEOH��WKHQ�1G� �1V�
DQG�^G`� �^V`���,I�1G� �1F��WKH�QXPEHU�RI�FRQWURO�YDULDEOHV�DQG�WKH�QXPEHU�RI�GULYH�YDULDEOHV�DUH�
WKH�VDPH���7KLV�LV�UHIHUUHG�WR�DV�VTXDUH�FRQWURO���6TXDUH�FRQWURO�LV�WKH�PRVW�FRPPRQ�FRQWURO�
PHWKRG���,I�1V�!�1D�WKH�V\VWHP�LV�RYHU�DFWXDWHG�DQG�OHDVW�VTXDUHV�DSSURDFK�XVLQJ�D�SVHXGR�
LQYHUVH��SLQY��LV�W\SLFDOO\�XVHG�WR�GHWHUPLQH�WKH�GULYH�VLJQDOV���,I�1V���1D�WKH�V\VWHP�LV�XQGHU�
DFWXDWHG�DQG�H[DFW�FRQWURO�RI�WKH�FRQWURO�6'0�LV�RIWHQ�QRW�SRVVLEOH���,Q�VXFK�FDVHV��VRPH�NLQG�RI�
DYHUDJH�FRQWURO�LV�XVXDOO\�LPSOHPHQWHG���2IWHQ�ZKHQ�1V���1D�VRPH�FRPELQDWLRQ�RI�WKH�
WUDQVIRUPDWLRQ�PDWULFHV�DUH�RIWHQ�XVHG�WR�IRUFH�VTXDUH�FRQWURO��1G� �1F��
�
� H�� 7KH�HQWLUH�PHFKDQLFDO�V\VWHP�FDQ�EH�FKDUDFWHUL]HG�E\�D�PDWUL[�RI�IUHTXHQF\�UHVSRQVH�
IXQFWLRQV�>H@���)RU�WKH�W\SLFDO�FDVH��WKHVH�IUHTXHQF\�UHVSRQVH�IXQFWLRQV�ZLOO�KDYH�XQLWV�RI�J�9�
�DFFHOHUDWLRQ�LQ�JUDYLWDWLRQDO�XQLWV�YROWV�RI�GULYH����)RU�WKH�W\SLFDO�FDVH��WKH�FRQWURO�VLJQDOV�DUH�
FKDUDFWHUL]HG�E\�D�6'0���7KH�GLDJRQDO�HOHPHQWV�DUH�WKH�DXWRVSHFWUDO�GHQVLW\��$6'�RU�36'��RI�
WKH�FRQWURO�VLJQDOV���7KH�RII�GLDJRQDO�HOHPHQWV�DUH�WKH�FURVV�VSHFWUDO�GHQVLWLHV��&6'��EHWZHHQ�
SDLUV�RI�FRQWURO�VLJQDOV���7KH�LQSXW�WR�WKH�V\VWHP�LV�FKDUDFWHUL]HG�E\�WKH�6'0�RI�WKH�YROWDJH�GULYH�
VLJQDOV���7KH�IXQGDPHQWDO�UHODWLRQVKLS�EHWZHHQ�WKH�GULYHV�DQG�WKH�FRQWURO�VLJQDOV�LV�JLYHQ�E\��
�


 C HDH �
�
� I�� 7KH�FRPSOH[�FRQMXJDWH�WUDQVSRVH�LV�GHQRWHG�E\�>�@¶���$OO�RI�WKH�PDWULFHV�LQ�WKH�
HTXDWLRQ�DUH�FRPSOH[�IXQFWLRQV�RI�IUHTXHQF\���7KH�VSHFWUDO�GHQVLW\�PDWUL[�LV�+HUPLWLDQ���L�H�

jiij DD  �ZKHUH� jiD �LV�WKH�FRPSOH[�FRQMXJDWH�RI� jiD ��DQG� jiD �LV�DQ�HOHPHQW�IURP�D�VSHFWUDO�
GHQVLW\�PDWUL[���1RWH�WKDW�WKLV�UHTXLUHPHQW�GHPDQGV�WKDW�WKH�GLDJRQDO�HOHPHQWV�DUH�UHDO���1RWH�
WKDW�&�DQG�'�DUH�VTXDUH�PDWULFHV��WKH\�KDYH�WKH�VDPH�QXPEHU�RI�URZV�DQG�FROXPQV���&�DQG�'�DUH�
WKH�VDPH�VL]H�RQO\�LI�+�LV�VTXDUH��L�H��WKH�VDPH�QXPEHU�RI�LQSXWV�DQG�RXWSXWV���7R�EH�SK\VLFDOO\�
UHDOL]DEOH��WKH�6'0�PXVW�DOVR�EH�SRVLWLYH�VHPL�GHILQLWH���7KLV�UHTXLUHPHQW�ZLOO�EH�GLVFXVVHG�LQ�
SDUDJUDSK��������
�
� J�� 7KH�GULYH�VSHFWUDO�GHQVLW\�PDWUL[�LV�FRQYHUWHG�LQWR�WKH�GULYH�WLPH�KLVWRULHV�XVLQJ�WKH�
PHWKRG�RI�WLPH�GRPDLQ�UDQGRPL]DWLRQ����7KH�VSHFWUDO�GHQVLW\�PDWUL[�LV�W\SLFDOO\�HVWLPDWHG�XVLQJ�
:HOFK¶V�PHWKRG���
�
�
�

Downloaded from http://www.everyspec.com



 � 723��������� 
� � ���$XJXVW������
�

��

��� 7(67�352&('85(6��
�
96'�UHTXLUHV�D�WKRURXJK�NQRZOHGJH�RI�WKH�G\QDPLF�HQYLURQPHQW�WR�ZKLFK�WKH�WHVW�KDUGZDUH�ZLOO�
EH�H[SRVHG�ZKHQ�ILHOGHG���7KLV�NQRZOHGJH�PXVW�LQFOXGH�FKDUDFWHUL]DWLRQ�RI�WKH�H[SRVXUH�OHYHOV�
DQG�GXUDWLRQV�IRU�DOO�UHOHYDQW�FRQGLWLRQV��
�
���� 'HYHORSPHQW�RI�0LVVLRQ�RU�/LIHWLPH�6FHQDULR��
�
7KH�GXUDWLRQ�RI�WKH�YLEUDWLRQ�HQYLURQPHQWV�FDQ�EH�GHULYHG�IURP�WKH�LWHP¶V�/LIH�&\FOH�
(QYLURQPHQW�3URILOH��/&(3����7KH�OLIH�F\FOH�ZLOO�LQFOXGH�PDQ\�GLIIHUHQW�W\SHV�RI�LQGXFHG�
PHFKDQLFDO�HQYLURQPHQWV�ZKLFK�PD\�RFFXU�ZKLOH�WKH�PDWHULHO�LV�EHLQJ�KDQGOHG��WUDQVSRUWHG��
GHSOR\HG�DQG�RSHUDWHG���$OWKRXJK�DOO�WKH�LQGXFHG�PHFKDQLFDO�HQYLURQPHQWV�DUH�QRW�FULWLFDO�LQ�
WHUPV�RI�JHQHUDWLQJ�SRWHQWLDO�GDPDJLQJ�UHVSRQVH�DPSOLWXGHV��WKH\�FRQWULEXWH�LQ�YDU\LQJ�GHJUHHV�
WR�WKH�PDWHULHO¶V�IDWLJXH�GDPDJH���$OO�H[SHFWHG�H[SRVXUH�FRQGLWLRQV�VKRXOG�EH�WDEXODWHG��DORQJ�
ZLWK�FRUUHVSRQGLQJ�GXUDWLRQV��WR�IRUP�WKH�LWHPV�OLIHWLPH�³VFHQDULR´����7KH�VFHQDULR�LV�D�NH\�
SDUDPHWHU�LQ�WKH�GHYHORSPHQW�RI�DQ\�YLEUDWLRQ�VFKHGXOH��
�
���� /LPLWDWLRQV��
�
7KH�PHFKDQLFDO�GHJUHHV�RI�IUHHGRP��'2)V��IRU�ZKLFK�D�96'�HIIRUW�LV�FDSDEOH�RI�DGGUHVVLQJ��LV�D�
IXQFWLRQ�RI�WKH�QXPEHU�DQG�SODFHPHQW�RI�WKH�WUDQVGXFHUV�HPSOR\HG�LQ�WKH�ILHOG�GDWD�DFTXLVLWLRQ�
SKDVH���6LPLODUO\��WKH�PD[LPXP�QXPEHU�RI�PHFKDQLFDO�'2)V�SRVVLEOH�WR�UHSURGXFH�LQ�WKH�
ODERUDWRU\�HQYLURQPHQW�LV�D�IXQFWLRQ�RI�WKH�QXPEHU�DQG�SODFHPHQW�RI�DFWXDWRUV�DQG�FRXSOLQJ�
KDUGZDUH���7KLV�723�ZLOO�FRQVLGHU�WKH�JHQHUDO�FDVH�IRU�96'�GHYHORSPHQW�LQ�ZKLFK�WKH�UHIHUHQFH�
6'0�ZLOO�EH�GHILQHG�LQ�WHUPV�RI�WKH�VL[�FODVVLFDO����WUDQVODWLRQDO�DQG���URWDWLRQDO��ULJLG�ERG\�
PHFKDQLFDO�'2)V���,Q�WKH�HYHQW�OHVV�WKDQ�VL[�PHFKDQLFDO�'2)V�DUH�EHLQJ�FRQVLGHUHG��WKH�
JHQHUDOL]HG�WKHRU\�LV�HDVLO\�FRQILJXUHG�WR�DGGUHVV�WKH�PRWLRQ�RI�LQWHUHVW��
�
���� )LHOG�'DWD�$FTXLVLWLRQ��
�
:KHQ�LQ�VHUYLFH�PHDVXUHPHQW�GDWD�KDYH�EHHQ�REWDLQHG��LW�LV�DVVXPHG�WKDW�WKH�GDWD�LV�SURFHVVHG�LQ�
DFFRUGDQFH�ZLWK�JRRG�GDWD�DQDO\VLV�SURFHGXUHV��DV�LQ�0XOWL�6KDNHU�7HVW�DQG�&RQWURO�,(67�53�
'7(�������DQG�:HOFK¶V�PHWKRG���,Q�SDUWLFXODU��DQ�DGHTXDWH�QXPEHU�RI�VWDWLVWLFDO�GHJUHHV�RI�
IUHHGRP��'2)V��KDYH�EHHQ�REWDLQHG�WR�SURYLGH�LQIRUPDWLRQ�ZLWK�DFFHSWDEOH�VWDWLVWLFDO�HUURU���
&RQVLGHUDWLRQ�PXVW�EH�JLYHQ�WR�QRW�RQO\�VWDWLVWLFDO�HUURU�LQ�DXWR�VSHFWUDO�GHQVLW\�HVWLPDWHV��EXW�
DOVR�LQ�FURVV�VSHFWUDO�GHQVLW\�HVWLPDWHV��LQFOXGLQJ�WUDQVIHU�DQG�FRKHUHQFH�IXQFWLRQ�HVWLPDWHV���
�
�������,QVWUXPHQWDWLRQ��
�
)RU�WKH�SXUSRVH�RI�WKLV�723��DOO�LQVWUXPHQWDWLRQ�UHODWHG�GLVFXVVLRQV�ZLOO�EH�OLPLWHG�WR�OLQHDU�
DFFHOHURPHWHUV�DQG�HQJLQHHULQJ�XQLWV�RI�J¶V��DV�ZDV�WKH�FDVH�LQ�WKH�JHQHUDO�FRQWURO�GLVFXVVLRQ�
SURYLGHG�LQ�SDUDJUDSK���������/LQHDU�DFFHOHURPHWHUV�KDYH�VHYHUDO�DGYDQWDJHV�LQFOXGLQJ�
IDPLOLDULW\�WR�PRVW�XVHUV��ORZ�FRVW��ZLGH�EDQGZLGWK��VPDOO�VL]H�DQG�ZHLJKW��DQG�UHDGLO\�DYDLODEOH�
ORZ�FRVW�KLJKO\�UHOLDEOH�VLJQDO�FRQGLWLRQLQJ�RSWLRQV��
�
�
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���� 8VH�RI�5LJLG�%RG\�0RGHV��
�
� D�� ,Q�VLQJOH�D[LV�WHVWLQJ��WKH�FRQWURO�LQSXW�LV�RIWHQ�GHILQHG�ZLWK�D�VLQJOH�DFFHOHURPHWHU���
7KLV�LV�VDWLVIDFWRU\�LI�WKH�VKDNHU�DQG�WHVW�IL[WXUHV�DUH�ULJLG�ZLWKLQ�WKH�IUHTXHQF\�EDQG�RI�LQWHUHVW���
,I�WKH�VKDNHU�DQG�WHVW�IL[WXUHV�DUH�QRW�ULJLG��WKH�WHFKQLTXH�RI�XVLQJ�D�VLQJOH�DFFHOHURPHWHU�IRU�
FRQWURO�FDQ�VRPHWLPHV�OHDG�WR�VHULRXV�GLIILFXOW\���7R�RYHUFRPH�WKHVH�SUREOHPV��PHWKRGV�XVLQJ�
WKH�DYHUDJH�RI�VHYHUDO�DFFHOHURPHWHUV�DQG�RU�IRUFH�OLPLWLQJ�KDYH�FRPH�LQWR�FRPPRQ�SUDFWLFH���,Q�
0(0$�WHVWLQJ��WKH�SUREOHP�FDQ�EH�PRUH�VHULRXV�DV�QRQ�ULJLG�ERG\�UHVSRQVH�LV�PRUH�FRPPRQ���
:KHQ�FRQVLGHULQJ�WKH�VSHFLDO�FDVH�RI�PXOWLSOH�VKDNHUV�H[FLWLQJ�D�WHVW�LWHP�ZLWK�PXOWLSOH�ULJLG�
ERG\�GHJUHHV�RI�IUHHGRP��WKH�XVH�RI�WKH�LQSXW�WUDQVIRUPDWLRQ�WR�GHILQH�WKH�UHVSRQVH�LQ�WHUPV�RI�
ULJLG�ERG\�PRGHV�KDV�VHYHUDO�DGYDQWDJHV���,W�LV�VRPHZKDW�DQDORJRXV�WR�D�JHQHUDOL]DWLRQ�RI�WKH�
FRPPRQ�SUDFWLFH�IRU�VLQJOH�D[LV�WHVWLQJ���,I�WKHUH�DUH�PRUH�FRQWURO�FKDQQHOV�WKDQ�ULJLG�ERG\�
GHJUHHV�RI�IUHHGRP��DQG�DQ�LQSXW�WUDQVIRUPDWLRQ�PDWUL[�LV�GHILQHG�WR�WUDQVIRUP�WKH�FRQWURO�
DFFHOHURPHWHUV�LQWR�ULJLG�ERG\�PRGHV��RQH�HVVHQWLDOO\�GHILQHV�WKH�PRWLRQ�RI�HDFK�ULJLG�ERG\�
PRGH�DV�D�ZHLJKWHG�DYHUDJH�RI�WKH�DFFHOHURPHWHUV�DFWLYH�IRU�WKH�PRGH���,Q�PDQ\�FDVHV��JLYHQ�WKH�
FRQWURO�DXWKRULW\�RI�WKH�VKDNHUV��WKLV�LV�DERXW�WKH�EHVW�YLDEOH�VROXWLRQ���,W�LV�DQDORJRXV�WR�
DYHUDJLQJ�DFFHOHURPHWHUV�IRU�D�VLQJOH�D[LV�WHVW��ZKLFK�LV�FRPPRQ�SUDFWLFH���7KH�HODVWLF�PRGHV�DUH�
QRW�FRQWUROOHG��VLQFH�RIWHQ�WKH�FRQWURO�DXWKRULW\�RYHU�WKHVH�PRGHV�GRHV�QRW�H[LVW���7KH�V\VWHP�LV�
GULYHQ�ZLWK�DQ�HTXLYDOHQW�ULJLG�ERG\�PRWLRQ�LQ�HDFK�RI�WKH�ULJLG�ERG\�PRGHV���,W�LV�QHFHVVDU\�WR�
PDNH�VXUH�WKDW�IRU�DQ\�PRGH�WKH�WUDQVIRUPDWLRQ�RI�WKH�FRQWURO�DFFHOHURPHWHUV�^D`�GRHV�QRW�UHVXOW�
LQ�]HUR�IRU�DQ\�RI�WKH�ULJLG�ERG\�PRGHV���,I�KLJKHU�IOH[XUDO�PRGHV�DUH�SUHVHQW�WKH\�ZLOO�QRW�EH�
FRQWUROOHG���,Q�WKHRU\�WKH�IOH[XUDO�PRGHV�FDQ�EH�FRQWUROOHG�E\�DGGLQJ�FRQWURO�YDULDEOHV��EXW�WKLV�
UHTXLUHV�NQRZOHGJH�RI�WKH�PRGHV�LQ�WKH�WHVW�VHWXS���7KLV�LQIRUPDWLRQ�FDQ�RQO\�EH�GHWHUPLQHG�ZLWK�
PDWHULHO�LQ�WKH�WHVW�FRQILJXUDWLRQ���)RU�WKLV�UHDVRQ��LW�LV�VRPHWLPHV�GHVLUDEOH�WR�DOORZ�PRGLILFDWLRQ�
RI�WKH�WHVW�UHTXLUHPHQWV�DIWHU�WKLV�LQIRUPDWLRQ�LV�PDGH�DYDLODEOH���([DFWO\�KRZ�WKLV�ZLOO�EH�
DFFRPSOLVKHG�LQ�VSHFLILFDWLRQ�ZULWLQJ�ZLOO�KDYH�WR�EH�GHWHUPLQHG�DW�D�ODWHU�GDWH��
�
� E�� $Q�DGYDQWDJH�RI�XVLQJ�ULJLG�ERG\�PRGHV�LQ�WKH�VSHFLILFDWLRQ�LV�WKDW�WKH�ILHOG�
PHDVXUHPHQWV�XVHG�WR�GHILQH�WKH�HQYLURQPHQW�FDQ�EH�PDGH�ZLWK�WKH�WUDQVGXFHUV�LQ�ORFDWLRQV�
GLIIHUHQW�IURP�WKH�ORFDWLRQV�RI�WKH�WUDQVGXFHUV�XVHG�LQ�WKH�ODERUDWRU\�WHVW���7KH�ILHOG�
PHDVXUHPHQWV�DUH�UHGXFHG�WR�HTXLYDOHQW�ULJLG�ERG\�PRGHV�XVLQJ�DQ�DFFHOHUDWLRQ�WUDQVIRUPDWLRQ�
PDWUL[��UHIHU�WR�SDUDJUDSK���������DQG�WKH�PRGHV�DUH�FRQWUROOHG�RQ�WKH�WHVW�XVLQJ�DQRWKHU�
WUDQVIRUPDWLRQ�PDWUL[�IRU�WKH�ODERUDWRU\�WHVW�FRQILJXUDWLRQ���7KH�WZR�WUDQVIRUPDWLRQ�PDWULFHV�GR�
QRW�KDYH�WR�EH�WKH�VDPH���8VH�RI�DOWHUQDWH�FRQWURO�SRLQWV��ZKLOH�PDLQWDLQLQJ�D�IXOO�UDQN�
WUDQVIRUPDWLRQ�PDWUL[��SURYLGHV�D�ZD\�RI�PDNLQJ�WKH�ODERUDWRU\�WHVW�³HTXLYDOHQW´�LQ�WKH�VHQVH�RI�
WKH�ULJLG�ERG\�PRGHV��
�
� F�� $�SUDFWLFDO�GLIILFXOW\�DULVHV�ZKHQ�PRUH�PRGHV�DUH�DWWHPSWHG�WR�EH�FRQWUROOHG���7KH�
JHQHUDO�FDVH�RI�VL[�����ULJLG�ERG\�PRGHV�UHTXLUHV�WKH�VSHFLILFDWLRQ�RI�D���[���6'0����$6'¶V�DQG�
���&6'¶V����3K\VLFDO�XQGHUVWDQGLQJ�RI�WKH�6'0�PDWUL[�DVVRFLDWHG�ZLWK�ULJLG�ERG\�PRWLRQ�E\�
LWVHOI�LV�GLIILFXOW�ZLWKRXW�WKH�DGGLWLRQDO�FRPSOLFDWLRQV�RI�HODVWLF�'2)V���)XUWKHUPRUH��LW�LV�GLIILFXOW�
WR�DVVXUH�WKDW�WKH�VSHFLILFDWLRQ�UHVXOWV�LQ�D�SRVLWLYH�GHILQLWH�6'0��ZKLFK�LV�D�SK\VLFDO�
UHTXLUHPHQW����$GGLWLRQDO�GLVFXVVLRQ�RQ�SRVLWLYH�GHILQLWH�PDWULFHV�LV�WKH�VXEMHFW�RI�SDUDJUDSK�
��������
�
�
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�������$FFHOHUDWLRQ��,QSXW��7UDQVIRUPDWLRQ��
�
7KH�DFFHOHUDWLRQ�WR�FRQWURO�VSDFH�WUDQVIRUPDWLRQ�PDWUL[�� aT ��FRPPRQO\�UHIHUUHG�WR�DV�WKH�³LQSXW�
WUDQVIRUPDWLRQ�PDWUL[´�IURP�WKH�FRQWURO�V\VWHP�SHUVSHFWLYH��LV�GHILQHG�LQ�WKH�DUWLFOH�³$SSO\LQJ�
&RRUGLQDWH�7UDQVIRUPDWLRQV�WR�0XOWL�'2)�6KDNHU�&RQWURO´��DQG�JHQHUDOL]HG�LQ�WKH�DUWLFOH�
³%HQHILWV�DQG�&KDOOHQJHV�RI�2YHU�$FWXDWHG�([FLWDWLRQ�6\VWHPV´�����7KH�DFFHOHUDWLRQ�
WUDQVIRUPDWLRQ�PDWUL[�WUDQVIRUPV�D�VHW�RI�DFFHOHURPHWHU�PHDVXUHPHQWV�LQWR�D�VHW�RI�FRQWURO�
YDULDEOHV���2IWHQ�WKHVH�FRQWURO�YDULDEOHV�DUH�GHVFULSWLRQV�RI�ULJLG�ERG\�PRGHV���7KH�DFFHOHUDWLRQ�
WUDQVIRUPDWLRQ�LV�XVXDOO\�SHUIRUPHG�LQ�WKH�WLPH�GRPDLQ�DV��
�

^ ` ^ `ac = T a �
�
���������$FFHOHUDWLRQ��,QSXW��7UDQVIRUPDWLRQ�'HULYDWLRQ��
�
2QH�JRDO�RI�WKLV�723�LV�WR�GHILQH�D�VWDQGDUG�QRPHQFODWXUH���7KH�IROORZLQJ�VXPPDU\�KDV�EHHQ�
UHVWUXFWXUHG�WR�WKH�QRPHQFODWXUH�GHILQHG�E\�WKLV�723���5HIHUULQJ�WR�WKH�LQSXW�WUDQVIRUPDWLRQ�
GHULYDWLRQ����D�JHQHULF�DFFHOHUDWLRQ�PHDVXUHPHQW�DW�WKH� thk SRVLWLRQ�LQ�RULHQWDWLRQ� j �LV�VWUXFWXUHG�
DV�(TXDWLRQ������
�

D

u ª º
ª º « »ª º �« »¬ ¼ « »¬ ¼

¬ ¼
j

P P
oT T P P

ik j j
P P

a
a e e r �� � � � ������

�
ZKHUH� �a LV�WKH�OLQHDU�DFFHOHUDWLRQ�DW�VRPH�UHIHUHQFH�SRLQW�GHVLJQDWHG�WKH�³RULJLQ´��D LV�WKH�
DQJXODU�DFFHOHUDWLRQ�RI�WKH�ERG\��DVVXPLQJ�LW�LV�ULJLG�� � �� 1, 2, ..., ak N �� � �� 1, 2, ...,i n �� � �� , ,j x y z ��

DQG� > @ 1 0 0T
xe �� > @ 0 1 0T

ye ��DQG� > @ 0 0 1T
ze �DUH�URZ�VHOHFWLRQ�YHFWRUV��DV�VKRZQ�DVVXPLQJ�

DFFHOHURPHWHU�RULHQWDWLRQ�LV�DOLJQHG�SHU�D�WUDGLWLRQDO�ULJKW�KDQG�&DUWHVLDQ�V\VWHP�� �3DUDPHWHU� aN �

UHSUHVHQWV�WKH�QXPEHU�RI�DFFHOHURPHWHU�PHDVXUHPHQWV��DV�SUHYLRXVO\�GHILQHG��DQG�  d an N �WKH�
QXPEHU�RI�PHDVXUHPHQW�ORFDWLRQV��H�J���XWLOL]DWLRQ�RI�PXOWL�D[LV�DFFHOHURPHWHUV�UHVXOWV�LQ�
 � an N ���9HFWRU� ir LV�WKH�SRVLWLRQ�YHFWRU�UHODWLQJ�WKH�SRVLWLRQ�RI�PHDVXUHPHQW�ORFDWLRQ� i �WR�D�XVHU�

GHILQHG�RULJLQ��� P P
ir

u
ª º¬ ¼ LV�WKH�VNHZ�V\PPHWULF�RSHUDWRU�HTXLYDOHQW�RI�WKH�FURVV�SURGXFW��PDNLQJ�

WKH�PDWUL[�EDVHG�FRPSXWDWLRQV�LQ�(TXDWLRQ�����SRVVLEOH���7KH�PDWUL[�HTXLYDOHQW�RI�D�YHFWRU��L�H���
D�FRRUGLQDWL]HG�YHFWRU�TXDQWLW\��LV�GHQRWHG�DV� � � � �� �

� � �ZKHUH�WKH�ULJKW�VXSHUVFULSW�DQG�VXEVFULSW�

LGHQWLI\�WKH�ERG\�DQG�SRLQW�RI�LQWHUHVW�UHVSHFWLYHO\��DQG�WKH�OHIW�VXSHUVFULSW�GHQRWHV�WKH�
FRRUGLQDWH�IUDPH�LQ�ZKLFK�WKH�YHFWRU�TXDQWLW\�ZDV�FRRUGLQDWL]HG��H�J��� P P

ir �LQ�(TXDWLRQ�����
GHQRWHV�WKH�LWK�SRLQW�RQ�ERG\�3��WKH�SODWIRUP��FRRUGLQDWL]HG�LQ�IUDPH P� ��WKH�SODWIRUP¶V�
FRRUGLQDWH�IUDPH��
�
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���������(TXDWLRQ�����UHSUHVHQWV�RQH�HTXDWLRQ�LQ�VL[�XQNQRZQV��WKH�WKUHH�FRPSRQHQWV�RI�WKH�OLQHDU�
DFFHOHUDWLRQ�RI�WKH�UHIHUHQFH�SRLQW�DQG�WKH�WKUHH�FRPSRQHQWV�RI�WKH�ULJLG�ERG\�DQJXODU�
DFFHOHUDWLRQ���,Q�RUGHU�WR�GHWHUPLQH�WKHVH�TXDQWLWLHV��DW�OHDVW�VL[�PHDVXUHPHQWV�DUH�QHHGHG���7KHVH�
UHTXLUHPHQWV�DUH�QRW�DV�VWULQJHQW�DV�WKDW�UHSRUWHG�LQ�WKH�DUWLFOH�³2Q�WKH�8VH�RI�/LQHDU�
$FFHOHURPHWHUV�LQ�6L[�'2)�/DERUDWRU\�0RWLRQ�5HSOLFDWLRQ´���EHFDXVH�RI�WKH�DVVXPSWLRQV�DERYH�
�L�H���VPDOO�DQJXODU�YHORFLWLHV�DQG�ULJLG�ERG\���
�
/HW¶V�FRQVLGHU�WKH�PRVW�JHQHUDO�FDVH�RI� aN �PHDVXUHPHQWV�IURP�n�ORFDWLRQV��,Q�WKLV�FDVH��
(TXDWLRQ�����EHFRPHV��
�
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�� � � � ��� �1, 2, ..., , , ,i n j x y z �

�
ZKLFK�XVLQJ�WKH�QRPHQFODWXUH�GHILQHG�LQ�WKLV�723�LV�RI�WKH�IRUP��
�
� ^ `

� � � �
^ `
� �

ª º¬ ¼aMeas Motion
n×1 6×1n×6
a = T c � ������

� �
ZKHUH�^ `Motionc �LV�D���[���PDWUL[�RI�XQNQRZQ�OLQHDU�DQG�DQJXODU�DFFHOHUDWLRQV�DQG�^ `Measa �LV�DQ�

n[��PDWUL[�RI�DFFHOHUDWLRQ�PHDVXUHPHQWV���2EVHUYH�WKDW� ª º¬ ¼aT �LV�HQWLUHO\�GHILQHG�E\�NQRZOHGJH�RI�
�L��SODFHPHQW���LL��RULHQWDWLRQ��DQG��LLL��XWLOL]HG�VLJQDOV�RI�WKH�DFFHOHURPHWHUV��
�

2EVHUYH�WKDW�LI� aT LV�RI�IXOO�FROXPQ�UDQN��WKHQ� ª º¬ ¼
-1T

a aT T �H[LVWV�HQDEOLQJ�^ `Motionc WR�EH�VROYHG�DV�

IROORZV�� �

�

�
'HILQLQJ� ª º{ ¬ ¼

-1T T
a a a aT T T T ��(TXDWLRQ�����FDQ�EH�UHZULWWHQ�DV��

�
� ^ ` > @^ `aMotion Measc = T a � ������
�

^ ` ^ `
^ ` ^ `

^ ` ^ `

^ ` ^ `

ª º ª º¬ ¼ ¬ ¼

ª º¬ ¼

aMeas Motion
T T
a a aMeas Motion

-1 -1T T T T
a a a a a a aMeas Motion

-1T T
a a a Meas Motion

a = T c

T a = T T c

T T T a = T T T T c

T T T a = c
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:KHUH�> @aT �LV�D���[�n�PDWUL[�UHIHUUHG�WR�LQ�WKH�OLWHUDWXUH�DV�WKH�³$FFHOHUDWLRQ�7UDQVIRUP�0DWUL[´�

RU�³,QSXW�7UDQVIRUP�0DWUL[´���2EVHUYH�WKDW�WKH�FULWLFDO�UHTXLUHPHQW�WKDW� ª º¬ ¼
-1T

a aT T H[LVWV�LQ�RUGHU�

WR�GHULYH�WKH�LQSXW�WUDQVIRUPDWLRQ�PDWUL[> @aT ��LV�VROHO\�D�IXQFWLRQ�RI�SODFHPHQW�DQG�RULHQWDWLRQ�
RI�PHDVXUHPHQW�WUDQVGXFHUV��
�
�������'ULYH��2XWSXW��7UDQVIRUPDWLRQ��
�
� D�� $OWKRXJK�GHWDLOV�RI�WKH�'ULYH�7UDQVIRUPDWLRQ�DUH�QRW�UHTXLUHG�WR�GHYHORS�D�0'2)�
96'�UHIHUHQFH��D�VKRUW�VXPPDU\�RI�WKH�FRQFHSW�LV�SURYLGHG�IRU�JHQHUDO�NQRZOHGJH���5HIHUULQJ�WR�
WKH�VFKHPDWLF�LQ�)LJXUH����WUDQVIRUPDWLRQ�PDWUL[�Ts�WUDQVIRUPV�WKH� G1 GULYH�YDULDEOHV�LQWR�1V�

VKDNHU�GULYH�VLJQDOV���5HIHUHQFH����SURYLGHV�D�IRUPDO�GHULYDWLRQ�RI�WKH�WUDQVIRUPDWLRQ�PDWUL[��Ts���
1RWH�WKDW�ZKLOH�WKH�³DFFHOHUDWLRQ�WUDQVIRUPDWLRQ´�ZDV�FRPSXWHG�EDVHG�RQ�NQRZOHGJH�RI�SRVLWLRQ�
DQG�SRODULW\�RI�WKH�FRQWURO�DFFHOHURPHWHUV��WKH�WUDQVIRUPDWLRQ�PDWUL[��Ts�LV�GHSHQGHQW�XSRQ�WKH�
SRVLWLRQ�DQG�OLQH�RI�DFWLRQ��/2$��RI�WKH�LQGLYLGXDO�DFWXDWRUV���,Q�WKLV�723�DQG�ZLWKLQ�
UHIHUHQFH����Ts�LV�UHIHUUHG�WR�DV�WKH�³GULYH�WUDQVIRUPDWLRQ´�RU�³RXWSXW�WUDQVIRUPDWLRQ´���7KH�
IROORZLQJ�FDVHV�VXPPDUL]H�WKH�FRPSXWDWLRQ�RI�Ts�DQG�WKH�HIIHFW�RQ�WKH�FRQWURO�SURFHVV��
�
� � ���� &DVH�����&RQILJXUDWLRQV�LQ�ZKLFK�WKH�QXPEHU�RI�PRWLRQ�GHJUHHV�RI�IUHHGRP�RU�
FRQWURO�VLJQDOV�� F1 DQG�WKH�QXPEHU�RI�RXWSXW�FRQWURO�YDULDEOHV� G1 �DUH�WKH�VDPH�LV�UHIHUUHG�WR�DV�
³VTXDUH´�FRQWURO���,I�WKH�QXPEHU�RI�RXWSXW�FRQWURO�YDULDEOHV�� G1 DQG�WKH�QXPEHU�RI�VKDNHUV� V1 �LV�
WKH�VDPH��WKH�WUDQVIRUPDWLRQ�PDWUL[��Ts�ZLOO�VLPSO\�EH�WKH�,GHQWLW\�PDWUL[��
�
� � ���� &DVH�����&RQILJXUDWLRQV�LQ�ZKLFK�WKH�QXPEHU�RI�VKDNHUV V1 H[FHHGV�WKH�QXPEHU�RI�
RXWSXW�FRQWURO�YDULDEOHV G1 ��WKH�H[FLWDWLRQ�V\VWHP�LV�VDLG�WR�EH�RYHU�GHWHUPLQHG�RU�RYHU�DFWXDWHG���
,Q�VXFK�FDVHV��VRPH�RI�WKH�GULYHV�ZLOO�EH�OLQHDU�FRPELQDWLRQV�RI�RWKHU�GULYHV���)XUWKHUPRUH��LI�Ts 
LV�D�FRQVWDQW�ZKLFK�LV�HPSOR\HG�LQ�WKH�WLPH�GRPDLQ��WKH�LQGLYLGXDO�DFWXDWRUV�PXVW�EH�PDWFKHG�
�H�J��PDWFKHG�IUHTXHQF\�UHVSRQVH�IXQFWLRQV��)5)V����
�
� � ���� &DVH�����&RQILJXUDWLRQV�LQ�ZKLFK�WKH�QXPEHU�RI�VKDNHUV� V1 LV�OHVV�WKDQ�WKH�
QXPEHU�RI�FRQWURO�VLJQDOV�� F1 ��WKH�H[FLWDWLRQ�V\VWHP�LV�VDLG�WR�EH�XQGHU�GHWHUPLQHG�RU�XQGHU�
DFWXDWHG���,Q�VXFK�FDVHV��H[DFW�FRQWURO�RI�WKH�6'0�LV�QRW�SRVVLEOH��
�
� E�� ,Q�WKHRU\��Ts�FRXOG�EH�LPSOHPHQWHG�EHIRUH�RU�DIWHU�WKH�WUDQVIRUPDWLRQ�LQWR�WKH�WLPH�
GRPDLQ���2QH�DGYDQWDJH�RI�SODFLQJ�WKH�WUDQVIRUPDWLRQ�LQ�WKH�IUHTXHQF\�GRPDLQ�VHFWLRQ�RI�WKH�
FRQWURO�DOJRULWKP�LV�WKDW�WKH�PDWUL[�FRXOG�WKHQ�EH�PDGH�D�IXQFWLRQ�RI�IUHTXHQF\���+DYLQJ�WKH�
WUDQVIRUPDWLRQ�PDWUL[��Ts��D�FRQVWDQW�DVVXPHV�WKH�VKDNHUV�DUH�PDWFKHG�DQG�WKH�GHVLUHG�
WUDQVIRUPDWLRQ�FDQ�EH�GHGXFHG��
� �

Downloaded from http://www.everyspec.com



723��������� 
���$XJXVW������
 

���

���������'ULYH��2XWSXW��7UDQVIRUPDWLRQ�'HULYDWLRQ��
�
� D�� $V�SUHYLRXVO\�VWDWHG��RQH�JRDO�RI�WKLV�723�LV�WR�UHFRPPHQG�D�VWDQGDUG�QRPHQFODWXUH���
7KH�IROORZLQJ�VXPPDU\�IURP�UHIHUHQFH�QXPEHU����KDV�EHHQ�UHVWUXFWXUHG�WR�WKH�QRPHQFODWXUH�
UHFRPPHQGHG�E\�WKLV�723���)LJXUH���LOOXVWUDWHV�WKH�JHQHUDOL]HG�PXOWL�D[LV�YLEUDWLRQ�V\VWHP��

�
�

�
�

)LJXUH�����*HQHUDOL]HG�PXOWL�D[LV�YLEUDWLRQ�V\VWHP��
�
�
� E�� 5HIHU�WR�UHIHUHQFH�QXPEHU����IRU�D�GHWDLOHG�GHULYDWLRQ�RI�(TXDWLRQ��������7KH�IROORZLQJ�
VXPPDU\�LOOXVWUDWHV�KRZ�WKH�RXWSXW�WUDQVIRUP��Ts�LV�DVVRFLDWHG�ZLWK�WKH�3�0DWUL[���3OXFNHU�
0DWUL[��GLVFXVVHG�LQ�WKH�UHIHUHQFH��
�
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�
� F�� ,Q�(TXDWLRQ������> @P �UHSUHVHQWV�WKH�3OXFNHU�0DWUL[�ZKLFK�LV�GHULYHG�IURP�NQRZQ�

JHRPHWULF�SDUDPHWHUV�DVVRFLDWHG�ZLWK�WKH�LQGLYLGXDO�DFWXDWRUV�� > @F �UHSUHVHQWV�WKH�GULYH�DQG� > @C

UHSUHVHQWV�WKH�GHVLUHG�PRWLRQ����7KH�YDULDEOHV� ÖB
iu �UHSUHVHQW�WKH�/2$�YHFWRUV�IRU�HDFK�RI�WKH�

DFWXDWRUV�DQG P P
im LV�WKH�PRPHQW�DUP�DVVRFLDWHG�ZLWK�IRUFH if ���2EVHUYH�WKDW�WKH�PD[LPXP�

GLPHQVLRQ�IRU�WKH�> @C PDWUL[�ZLOO�EH�VL[��LI�DOO�VL[�WUDGLWLRQDO�PRWLRQ�'2)V�DUH�EHLQJ�FRQVLGHUHG�
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�L�H�� �dN  ����$V�VWDWHG�LQ�SDUDJUDSK��������&DVH���VFHQDULRV�ZLOO�VLPSO\�KDYH�DQ�LGHQWLW\�PDWUL[�
DV�WKH�RXWSXW�WUDQVIRUPDWLRQ�PDWUL[�DQG�&DVH���VFHQDULRV��XQGHU�DFWXDWHG��ZLOO�QRW�KDYH�D�XQLTXH�
VROXWLRQ���&DVH���VFHQDULRV��RYHU�DFWXDWHG��PD\�EH�DGGUHVVHG�LQ�WHUPV�RI�RXWSXW�WUDQVIRUPDWLRQV���
7KH�REMHFWLYH�LV�WR�GHWHUPLQH�> @F LQ�(TXDWLRQ������\LHOGLQJ�WKH� sN GULYH�VLJQDOV�DV�IROORZV��

� � ����'HILQH�
� � � �s s

T

N x N x x
{F P D �DQG�VXEVWLWXWH�LQWR�

� � � �s sxN N x x
 P F C �\LHOGLQJ�
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T

xN N x x x
 P P D C �
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� �s s

T

xN N x
P P ZLOO�EH�RI�IXOO�UDQN��L�H��LQYHUWLEOH��LI� > @P �LV�RI�IXOO�UDQN��

� �D���,I�� > @P �LV�RI�IXOO�UDQN���
�
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x xN N x x
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D P P C �

� �E���,I� > @P � LV� QRW� IXOO� UDQN�� DFWXDWRU� SODFHPHQW� LV� QRW� VXIILFLHQW� WR� REWDLQ� WKH������������
PHFKDQLFDO�'2)¶V�GHVLUHG��

� � �����6XEVWLWXWLQJ�UHVXOWV�IURP�����\LHOGV�
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�
� G�� 7KH�GLVFXVVLRQV�ZLWKLQ�WKLV�SDUDJUDSK�DQG�SUHYLRXV�GHULYDWLRQ�DVVXPHG �dN  ���,Q�WKH�
HYHQW �dN � �� dN � ZRXOG� UHSUHVHQW� WKH� DFWXDO� QXPEHU� RI� PHFKDQLFDO� '2)V�� � ,Q� WHUPV� RI� WKH�
QRPHQFODWXUH�RI�)LJXUH����DQG�DVVXPLQJ�PDWFKHG�DFWXDWRUV�DUH�HPSOR\HG��YROWDJH�GULYHV�WR�WKH�
VKDNHUV�IRU�WKH�RYHU�DFWXDWHG�VFHQDULR�ZRXOG�EH�GHILQHG�DV�(TXDWLRQ������

�
^ ` ^ `ss = T d � � � � � � ������

�
���� 'DWD�$QDO\VLV��
�
� D�� (QVXUH�WUDQVGXFHU�SODFHPHQWV�KDYH�EHHQ�DGGUHVVHG��WR�JXDUDQWHH�WKH�GHVLUHG�PRWLRQ�
'2)V�PD\�EH�UHVROYHG��UHIHU�WR�SDUDJUDSK�����������DQG�WKDW�FRPPRQ�GDWD�YDOLGLW\�FKHFNV�DUH�
SHUIRUPHG���7KHQ��LW�LV�UHFRPPHQGHG�WKDW�DSSURSULDWH�FRPELQDWLRQV�RI�WKH�OLQHDU�DFFHOHUDWLRQ�
PHDVXUHPHQWV�EH�WUDQVIRUPHG�LQWR�WKH���WUDGLWLRQDO�PRWLRQ�'2)V�WKURXJK�LPSOHPHQWDWLRQ�RI�WKH�
DFFHOHUDWLRQ�WUDQVIRUPDWLRQ�PDWUL[���7KH�WUDQVIRUPHG�WLPH�KLVWRULHV�ZLOO�EH�UHIHUHQFHG�WR�D�VLQJOH�
SRLQW�RQ�WKH�VWUXFWXUH�UHIHUUHG�WR�DV�WKH�³RULJLQ´�DV�GLVFXVVHG�LQ�SDUDJUDSK��������
�
� E�� $�6'0�IRU�HDFK�WHVW�FRQILJXUDWLRQ�LGHQWLILHG�LQ�WKH�PLVVLRQ�VFHQDULR�VKRXOG�EH�
FRPSXWHG���,Q�DGGUHVVLQJ�WKH�96'�WHFKQLTXHV�IRU�UHGXFLQJ�DQ�HQVHPEOH�RI�GDWD��LQ�WKLV�FDVH�DQ�
HQVHPEOH�RI�6'0¶V��WKH�DQDO\VW�ZLOO�EH�UHTXLUHG�WR�GHDO�ZLWK�WKH�$6'�WHUPV��WKH�GLDJRQDO�WHUPV�
RI�WKH�6'0��DQG�&6'�WHUPV��WKH�RII�GLDJRQDO�WHUPV�RI�WKH�6'0���
�
�
�
�
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�������3KDVH�DQG�&RKHUHQFH�EDVHG�5HSUHVHQWDWLRQV�RI�&6'�7HUPV��
�
� $OWKRXJK�WKH�RII�GLDJRQDO�WHUPV�RI�WKH�6'0�DUH�FRPSXWHG�LQ�WHUPV�RI�D�&6'��LW�LV�FRPPRQ�
DPRQJ�FRQWURO�V\VWHP�YHQGRUV�WR�DOORZ�FURVV�WHUPV�WR�EH�GHILQHG�LQ�WHUPV�RI�3KDVH�DQG�
&RKHUHQFH���7KLV�LV�D�FRQYHQLHQW�RSWLRQ�LQ�WKDW�LW�LV�RIWHQ�HDVLHU�WR�SK\VLFDOO\�LQWHUSUHW�6'0�&6'�
WHUPV�LQ�WHUPV�RI�3KDVH�DQG�&RKHUHQFH���7KHUH�LV�D�GLUHFW�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�
WHFKQLTXHV�RI�GHILQLQJ�WKH�FURVV�WHUPV�RI�WKH�6'0�WKDW�LV�GHSHQGHQW�XSRQ�WKH�GHILQLWLRQ�RI�

RUGLQDU\�FRKHUHQFH�EHWZHHQ�WZR�VLJQDOV�
� jjii

ij
ij GG

G
�

�  J ����1RUPDOL]LQJ�WKH�&6'�WHUPV�RI�WKH�6'0�

E\� ii jjG G �\LHOGV�D�QRUPDOL]HG�VSHFWUDO�GHQVLW\�PDWUL[��6'0Q��LQ�ZKLFK�WKH�$6'�WHUPV�DUH�QRW�

DIIHFWHG�DQG�WKH�PDJQLWXGH�RI�WKH�QRUPDOL]HG�&6'�WHUPV�DUH�GHILQHG�DV� ij

ii jj

G
G G

���ZKLFK�LV�

HTXLYDOHQW�WR�WKH�VTXDUH�URRW�RI�WKH�RUGLQDU\�FRKHUHQFH�IXQFWLRQ��ZKLOH�QRW�DIIHFWLQJ�WKH�RULJLQDO�
SKDVH�UHODWLRQVKLS�RI�WKH�&6'�WHUPV���6LPLODUO\��WKH�QRUPDOL]HG�VSHFWUDO�GHQVLW\�PDWUL[��6'0Q��
PD\�EH�WUDQVIRUPHG�EDFN�WR�WKH�RULJLQDO�&6'�IRUP�RI�WKH�6'0��
�
�������3RVLWLYH�'HILQLWH�6'0�&RQVLGHUDWLRQV��
�
� D�� $Q\�VSHFLILHG�VSHFWUDO�GHQVLW\�PDWUL[�PXVW�EH�SRVLWLYH�VHPL�GHILQLWH�WR�EH�SK\VLFDOO\�
UHDOL]DEOH���,Q�SUDFWLFH�LW�PXVW�EH�SRVLWLYH�GHILQLWH���7KH�GHWHUPLQDWH�RI�WKH�PDWUL[�PXVW�EH������
$OO�WKH�HLJHQYDOXHV�RI�WKH�6'0�PXVW�EH������7KLV�PXVW�EH�WUXH�DW�DOO�IUHTXHQFLHV���,W�PXVW�EH�
SRVVLEOH�WR�SHUIRUP�D�&KROHVN\�GHFRPSRVLWLRQ�RI�WKH�VSHFLILHG�6'0���$QRWKHU�SURSHUW\�RI�
SRVLWLYH�VHPL�GHILQLWH�PDWULFHV�LV�IURP�0DWUL[�&RPSXWDWLRQV����
�

��
�

��
d

))

)
 d))d)

jjii

ij
jjiiij or J �

�
,Q�WKH�WHUPV�RI�UDQGRP�YLEUDWLRQV�WKH�RUGLQDU\�FRKHUHQFH� �J �EHWZHHQ�VLJQDOV�PXVW�EH�OHVV�WKDQ�
RU�HTXDO�WR�RQH���,Q�SUDFWLFDO�WHUPV��LI�WKH�FRKHUHQFH�EHWZHHQ�DQ\�SDLU�RI�VLJQDOV�LV�RQH��WKH�6'0�
ZLOO�EH�SRVLWLYH�VHPL�GHILQLWH�DQG�WKH�FRQWURO�V\VWHP�ZLOO�KDYH�SUREOHPV��1RWH�WKDW�LQ�JHQHUDO��LI�
D�LV�+HUPLWLDQ�DQG�SRVLWLYH�VHPL�GHILQLWH�C�ZLOO�DOVR�EH�+HUPLWLDQ�DQG�SRVLWLYH�VHPL�GHILQLWH���
�
� E�� ,I�DOO�WKH�HLJHQYDOXHV�DUH�QRQ�QHJDWLYH��WKH�PDWUL[�LV�SRVLWLYH�VHPL�GHILQLWH���,I�DQ\�RI�
WKH�HLJHQYDOXHV�DUH�]HUR��LW�LPSOLHV�WKDW�RQH�RU�PRUH�RI�WKH�URZV�RI�WKH�VSHFWUDO�GHQVLW\�PDWUL[�DUH�
D�OLQHDU�FRPELQDWLRQ�RI�RWKHU�URZV���,Q�SUDFWLFH��RQH�ZRXOG�W\SLFDOO\�H[SHFW�WR�GHDO�RQO\�ZLWK�
SRVLWLYH�GHILQLWH�PDWULFHV���2EVHUYH�WKDW�HYHQ�D�VPDOO�DPRXQW�RI�QRLVH�RU�QRQOLQHDULW\�ZLOO�UHVXOW�
LQ�D�SRVLWLYH�GHILQLWH�PDWUL[���,I�D�PDWUL[�LV�SRVLWLYH�GHILQLWH��WKH�PDWUL[�FDQ�DOZD\V�EH�IDFWRUHG�
XVLQJ�&KROHVN\�GHFRPSRVLWLRQ��
�

LL'ĭ  �
�
ZKHUH�L�LV�D�ORZHU�WULDQJXODU�PDWUL[���:KLFK�ZLWKRXW�ORVV�RI�JHQHUDOLW\�FDQ�EH�UHZULWWHQ�DV��
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LIL'ĭ  �

�
ZKHUH�I�LV�WKH�LGHQWLW\�PDWUL[���,Q�WKLV�DSSOLFDWLRQ��I�LV�QRW�UHDOO\�WKH�LGHQWLW\�PDWUL[���I�LV�D�
VSHFWUDO�GHQVLW\�PDWUL[���$W�HYHU\�IUHTXHQF\��I�LV�D�GLDJRQDO�PDWUL[�RI�RQHV���7KH�FRPSRQHQWV�LQ�I�
DUH�LQGHSHQGHQW�VLQFH�DOO�WKH�RII�GLDJRQDO�HOHPHQWV�DUH�]HUR��,W�LV�QRZ�FOHDU�ZK\�WKH�FURVV�
VSHFWUDO�GHQVLW\�PDWUL[�PXVW�EH�SRVLWLYH�GHILQLWH���,I�DQ\�RI�WKH�HOHPHQWV�LQ�I�DUH�]HUR��LW�LPSOLHV�
WKDW�WKHUH�DUH�OHVV�WKDQ�1��WKH�QXPEHU�RI�URZV�RU�FROXPQV�LQ�ĭ ��LQGHSHQGHQW�VRXUFHV�LQ�ĭ ���
6RPH�RI�WKH�URZV�DQG�FROXPQV�DUH�OLQHDU�FRPELQDWLRQV�RI�RWKHU�URZV�DQG�FROXPQV���7KH�LGHQWLW\�
PDWUL[�LV�SRVLWLYH�GHILQLWH��WKHUHIRUH�ĭ �PXVW�EH�SRVLWLYH�GHILQLWH���8VLQJ�WKH�LQWHUSUHWDWLRQ�RI�
5DQGRP�'DWD�$QDO\VLV�DQG�0HDVXUHPHQW�3URFHGXUHV����WKH�GLDJRQDO�HOHPHQWV�RI�I�FDQ�EH�
LQWHUSUHWHG�DV�WKH�DXWR�VSHFWUDO�GHQVLWLHV�RI�LQGHSHQGHQW�UDQGRP�QRLVH�VRXUFHV���7KH�PD[LPXP�
QXPEHU�RI�LQGHSHQGHQW�QRLVH�VRXUFHV�LV�1���,I�VRPH�RI�WKH�HOHPHQWV�LQ�I DUH�]HUR��WKH�SUREOHP�FDQ�
VWLOO�EH�VROYHG�E\�PDNLQJ�WKH�FRUUHVSRQGLQJ�URZV�DQG�FROXPQV�RI�L�]HUR���7KLV�LV�WKH�SRVLWLYH�
VHPL�GHILQLWH�FDVH���7KLV�FDVH�FRUUHVSRQGV�WR�WKH�FDVH�ZKHUH�WKHUH�H[LVWV�OHVV�WKDQ�1�LQGHSHQGHQW�
VRXUFHV���6RPH�RI�WKH�1�VRXUFHV�DUH�OLQHDU�FRPELQDWLRQV�RI�RWKHU�VRXUFHV���7KLV�FDVH�ZLOO�EH�YHU\�
GLIILFXOW�IRU�WKH�FRQWURO�V\VWHP���,Q�JHQHUDO�RQH�PD\�PDNH�VRPH�RI�WKH�VRXUFHV�VPDOO�EXW�QRW�]HUR���
3DUW�RI�WKLV�GRFXPHQW�ZLOO�GLVFXVV�WKH�JHQHUDWLRQ�RI�D�GHVLUHG�FRQWURO�6'0�WR�PDNH�WKH�FRQWURO�
SUREOHP�DFKLHYDEOH�DQG�KRSHIXOO\�UHODWLYHO\�HDV\�IRU�WKH�FRQWURO�V\VWHP�WR�LPSOHPHQW��
�
� F�� ,Q�JHQHUDO�WKH�FRQWURO�SUREOHP�LV�DQ�LQYHUVH�SUREOHP���7KH�GHVLUHG�FRQWURO�6'0��WKH�
RXWSXW�RI�WKH�V\VWHP�XQGHU�WHVW��LV�NQRZQ��DQG�WKH�GULYH��LQSXW�WR�WKH�V\VWHP�XQGHU�WHVW��6'0�
PXVW�EH�FRPSXWHG���7KHUH�LV�D�SRWHQWLDO�SRLQW�RI�FRQIXVLRQ�KHUH���7KH�FRQWURO�V\VWHP�
PDQXIDFWXUHUV�WKLQN�WKH�GULYH�6'0�LV�WKH�RXWSXW�RI�WKH�FRQWURO�V\VWHP��ZKLFK�LV�WKH�LQSXW�WR�WKH�
VKDNHU�V\VWHP���6LPLODUO\��WKH�FRQWURO�V\VWHP�LQSXW�LV�WKH�RXWSXW�RI�WKH�VKDNHU�V\VWHP���
3DUDJUDSKV�������DQG�������SURYLGH�QRPHQFODWXUH�HPSOR\HG�IRU�LQSXW�DQG�RXWSXW�WUDQVIRUPDWLRQV�
DV�WKH\�DUH�DSSOLHG�ZLWKLQ�WKLV�GRFXPHQW��
�
� G�� ,QYHUVH�SUREOHPV�FDQ�EH�YHU\�GLIILFXOW�DV�PXOWLSOLFDWLRQ�E\�D�PDWUL[�LQYHUVH�LV�
UHTXLUHG���,I�WKH�PDWUL[�LV�LOO�FRQGLWLRQHG��WKH�UHVXOW�ZLOO�EH�VLPLODU�WR�GLYLGLQJ�E\�]HUR�IRU�WKH�
VFDODU�FDVH��
�
)RU�WKH�FDVH�LQ�ZKLFK�WKH�QXPEHU�RI�LQSXWV�DQG�RXWSXWV�DUH�WKH�VDPH��H�LV�D�VTXDUH�PDWUL[�RI�
)5)¶V���7KH�VROXWLRQ�LV�WR�LQYHUW�H���7KH�VROXWLRQ�IRU�WKH�GULYH�PDWUL[�LV�WKHQ�JLYHQ�E\��
�

ZRZ'D
HZ 1

 
 �

�

�
7KLV�RI�FRXUVH�DVVXPHV�H�LV�ZHOO�FRQGLWLRQHG�DQG�WKH�LQYHUVH�H[LVWV���3DUW�RI�WKLV�GRFXPHQW�ZLOO�
GLVFXVV�LVVXHV�WR�KHOS�WKH�SURFHVV�RI�DFKLHYLQJ�D�ZHOO�FRQGLWLRQHG�H�PDWUL[��
�
7KH�H�PDWUL[�LV�W\SLFDOO\�HVWLPDWHG�IURP��
�

1
CDDSH � ÖÖÖ �

�
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7KH�LQYHUVH�RI�DÖ �PXVW�H[LVW���7KLV�LPSOLHV�WKDW�DÖ �PXVW�EH�SRVLWLYH�GHILQLWH���7KH�LQLWLDO�HVWLPDWH�
RI�H�LV�GHWHUPLQHG�E\�H[FLWLQJ�WKH�V\VWHP�ZLWK�D�VHW�RI�LQGHSHQGHQW�ZKLWH�LQSXWV�LQ�D�SUHWHVW�
HQYLURQPHQW���,I�H�LV�WR�EH�FRUUHFWHG�GXULQJ�WKH�WHVW��DÖ �PXVW�EH�SRVLWLYH�GHILQLWH�GXULQJ�WKH�WHVW�
RU�VSHFLDO�SURYLVLRQV�PXVW�EH�XVHG�WR�DYRLG�WKH�LQYHUVLRQ�RI�DÖ �DW�IUHTXHQFLHV�ZKHUH�DÖ LV�QRW�
SRVLWLYH�GHILQLWH���7KLV�LV�RQH�RI�WKH�UHDVRQV�WKH�UHIHUHQFH�R UDUHO\�KDV�DQ\�RI�WKH�FRKHUHQFHV�
HTXDO�WR�XQLW\��
�
�������'DWD�&RPSUHVVLRQ��
�
� D�� 8VH�RI�WLPH�FRPSUHVVLRQ�WHFKQLTXHV�VXFK�DV�0LQHU�3DOPJUHQ�PD\�EH�HPSOR\HG�WR�
PRGLI\�WKH�$6'�WHUPV���5HIHUHQFHV�QXPEHUV���DQG���SURYLGH�GLVFXVVLRQV�RQ�WLPH�FRPSUHVVLRQ���
,Q�WKH�VLPSOHVW�WHUPV��WKH�0LQHU�3DOPJUHQ�+\SRWKHVLV��0LQHU¶V�UXOH��LV�D�VHW�RI�PDWKHPDWLFDO�
HTXDWLRQV�XVHG�WR�VFDOH�YLEUDWLRQ�VSHFWUD�OHYHOV�DQG�WKHLU�DVVRFLDWHG�WHVW�WLPHV���,W�SURYLGHV�D�
FRQYHQLHQW�PHDQV�WR�DQDO\]H�IDWLJXH�GDPDJH�UHVXOWLQJ�IURP�F\FOLFDO�VWUHVVLQJ���7KH�PDWKHPDWLFDO�
H[SUHVVLRQ�DQG�YDULDEOH�GHVFULSWLRQV�IRU�WKLV�WHFKQLTXH�DUH�LOOXVWUDWHG�EHORZ�LQ�(TXDWLRQ������
�

� �

� �

M
t S
t S

ª º
« »
« »¬ ¼

 � � � � � � ������

ZKHUH��

�t �� �HTXLYDOHQW�WHVW�WLPH�

�t � �LQ�VHUYLFH�WLPH�IRU�VSHFLILHG�FRQGLWLRQ�

�S  �VHYHULW\��URRW�PHDQ�VTXDUH���UPV���DW�WHVW�FRQGLWLRQ�

�S  �VHYHULW\��UPV��DW�LQ�VHUYLFH�FRQGLWLRQ�
�7KH�UDWLR � �S S ��LV�FRPPRQO\�NQRZQ�DV�WKH�H[DJJHUDWLRQ�IDFWRU���

M � �D�YDOXH�EDVHG�RQ��EXW�QRW�HTXDO�WR��WKH�VORSH�RI�WKH�6�1�FXUYH�IRU�WKH�DSSURSULDWH�
PDWHULDO�ZKHUH�6�UHSUHVHQWV�WKH�VWUHVV�DPSOLWXGH�DQG�1�UHSUHVHQWV�WKH�PHDQ�QXPEHU�RI�
FRQVWDQW�DPSOLWXGH�ORDG�DSSOLFDWLRQV�H[SHFWHG�WR�FDXVH�IDLOXUH���)RU�WKH�0'2)�96'�ZRUN�
DW�KDQG��WKH�GHIDXOW�RI�  7M ZDV�VHOHFWHG�SHU�UHIHUHQFH�QXPEHU��� 

� E�� ,W�LV�UHFRPPHQGHG�WKDW�WKH�ILQDO�YLEUDWLRQ�VSHFLILFDWLRQ�$6'�WHUPV�DUH�QR�JUHDWHU�WKDQ�
��GHFLEHO��G%��KLJKHU�WKDQ�PD[LPXP�YDOXHV�PHDVXUHG�LQ�WKH�ILHOG���0LQHU�3DOPJUHQ�ZLOO�EH�
HPSOR\HG�WR�WKH�$6'�SRUWLRQ�RI�WKH�6'0�LQ�WKH�VDPH�PDQQHU�DV�RQH�ZRXOG�HPSOR\�IRU�D�
WUDGLWLRQDO���'2)�VFHQDULR���'HWDLOV�VXFK�DV�PDLQWDLQ�FRPPRQ�WHVW�GXUDWLRQV�EHWZHHQ�
PHFKDQLFDO�'2)V�DUH�DGGUHVV�LQ�3DUDJUDSK����
�
�������/LPLWLQJ�6WUDWHJLHV��
�
7UDGLWLRQDO�QRWFKLQJ�WHFKQLTXHV�PD\�DOVR�EH�HPSOR\HG�LI�LPSHGDQFH�PLVPDWFKHV�OHDG�WR�
XQUHDOLVWLFDOO\�KLJK�WHVW�LWHP�UHVSRQVH���1RWFKLQJ�WHFKQLTXHV�PD\�EH�HPSOR\HG�DFURVV�DOO�
DFWXDWRUV�ZLWK�HTXDO�ZHLJKWLQJ�RU�E\�ZHLJKWLQJ�QRWFKLQJ�DW�HDFK�DFWXDWRU�DV�D�IXQFWLRQ�RI�
FRKHUHQFH�EHWZHHQ�WKH�DFWXDWRUV�DQG�WKH�ORFDWLRQ�RI�LQWHUHVW���,Q�DGGLWLRQ�WR�WUDGLWLRQDO�QRWFKLQJ�
EDVHG�RQ�DFFHOHUDWLRQ�VSHFWUD��LW�LV�DOVR�SRVVLEOH�WR�FRQVLGHU�OLPLWLQJ�EDVHG�RQ�RWKHU�SDUDPHWHUV�
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�H�J��YRQ�0LVHV�6WUHVV�RU�)RUFH�OLPLWLQJ����$V�ZLWK�DQ\�QRWFKLQJ�VFKHPH��LW�LV�FULWLFDO�WKDW�DQ\�
UHVXOWLQJ�GHYLDWLRQV�WR�WKH�WHVW�RU�WHVW�WROHUDQFHV�PXVW�EH�DSSURYHG�E\�WKH�DSSURSULDWH�WHVW�
DXWKRULW\�DQG�PXVW�EH�FOHDUO\�GRFXPHQWHG�LQ�WKH�WHVW�SODQ�DQG�ILQDO�UHSRUW��
�
�������0LQLPXP�'ULYH�&RQVLGHUDWLRQV��
�
$�QXPEHU�RI�FKDOOHQJHV�KDYH�EHHQ�LGHQWLILHG�LQ�DGGUHVVLQJ�WKH�REMHFWLYH�RI�HVWDEOLVKLQJ�D�
UHIHUHQFH�6'0�IRU�PXOWLSOH�H[FLWHU�WHVW��0(7��VFHQDULRV���2QH�PDMRU�DUHD�RI�FRQFHUQ�LV�UHODWHG�
WR�WKH�IDFW�WKDW�LW�LV�KLJKO\�OLNHO\�WKDW�WKHUH�ZLOO�EH�PHFKDQLFDO�LPSHGDQFH�GLIIHUHQFHV�EHWZHHQ�WKH�
ILHOG�DQG�ODERUDWRU\�FRQGLWLRQV���*LYHQ�WKHVH�LPSHQGHQFH�PLVPDWFK�LVVXHV��LW�LV�XQGHVLUDEOH�WR�
IRUFH�WKH�WHVW�LWHP�LQWR�ZKDW�FRXOG�SRWHQWLDOO\�EH�DQ�XQQDWXUDO�VWDWH�DV�IL[WXUHG�LQ�WKH�ODERUDWRU\���
2SWLPDOO\��DFKLHYLQJ�WKH�VSHFLILHG�DXWRVSHFWUD�ZLWKRXW�H[FHVVLYHO\�WD[LQJ�WKH�H[FLWDWLRQ�V\VWHP�
LV�GHVLUHG���6PDOOZRRG�PDGH�D�JHQHUDO�DSSURDFK�WR�HVWDEOLVKLQJ�PLQLPXP�GULYH�FULWHULD�LQ�WKH�
DUWLFOH�³0,02�/LQHDU�6\VWHPV�([WUHPH�,QSXWV�2XWSXWV´�����8QIRUWXQDWHO\��WKH�WHFKQLTXH�GRHV�
QRW�DOZD\V�JXDUDQWHH�WKH�UHVXOWLQJ�6'0�WR�EH�SRVLWLYH�VHPL�GHILQLWH��
�
���������,QGHSHQGHQW�'ULYHV��
�
� D�� $OWKRXJK�DQ�DFWLYH�DUHD�RI�UHVHDUFK��JHQHUDO�WHFKQLTXHV�WR�DGGUHVV�PLQLPXP�GULYH�
FULWHULD�KDYH�QRW�EHHQ�IRUPDOO\�HVWDEOLVKHG�DW�WKH�WLPH�RI�WKLV�SXEOLFDWLRQ���$�SURSRVHG�DSSURDFK�
IRU�WUHQGLQJ�GULYH�YROWDJHV�WRZDUGV�PLQLPXPV�ZKLOH�PDLQWDLQLQJ�D�SRVLWLYH��GHILQLWH�6'0��LV�
GLVFXVVHG�LQ�WKH�DUWLFOH�³$�3URSRVHG�0HWKRG�WR�*HQHUDWH�D�6SHFWUDO�'HQVLW\�0DWUL[�IRU�D�0,02�
9LEUDWLRQ�7HVW´����DQG�LV�VXPPDUL]HG�EHORZ��
�
� � ���� 7DNLQJ�D�FOXH�IURP�WKH�PRGDO�WHVW�FRPPXQLW\��DVVXPH�WKH�GULYH�VLJQDOV�WR�WKH�
H[FLWDWLRQ�V\VWHP�ZLOO�EH�XQFRUUHODWHG���7\SLFDOO\�IRU�D�YLEUDWLRQ�WHVW��WKH�GULYHV�DUH�WKH�YROWDJH�
LQSXWV�WR�WKH�VKDNHUV���)RU�D�VLPXODWLRQ��WKH�LQSXWV�LQWR�D�PRGHO�DUH�RIWHQ�IRUFHV���,W�LV�DOZD\V�
SRVVLEOH�WR�H[FLWH�WKH�V\VWHP�ZLWK�XQFRUUHODWHG�LQSXWV���7KLV�LV�VWDQGDUG�SUDFWLFH�LQ�WKH�PRGDO�
FRPPXQLW\��DQG�LV�VWDQGDUG�SUDFWLFH�ZKHQ�SHUIRUPLQJ�WKH�V\VWHP�LGHQWLILFDWLRQ�IRU�0,02�WHVW�
V\VWHPV���7KLV�OHDGV�WR�WKH�ORJLFDO�TXHVWLRQ��,V�LW�SRVVLEOH�WR�JHQHUDWH�D�VHW�RI�XQFRUUHODWHG�LQSXWV�
WKDW�ZLOO�SURGXFH�D�GHVLUHG�VHW�RI�UHVSRQVH�DXWRVSHFWUD��WKH�GLDJRQDO�RI�WKH�RXWSXW�6'0�"�
�
� � ���� 7KH�JHQHUDO�HTXDWLRQ�UHODWLQJ�WKH�FRQWURO�SRLQW�DFFHOHUDWLRQV�WR�WKH�GULYH�YROWDJHV�
LV�JLYHQ�LQ�5DQGRP�9LEUDWLRQV��7KHRU\�DQG�3UDFWLFH����
�

H'HSS XY  �
�
ZKHUH�H' LV�WKH�FRQMXJDWH�WUDQVSRVH�RI�H ��DQG�SX�DQG�SY�DUH�6'0¶V���H �LV�D�PDWUL[�RI�
IUHTXHQF\�UHVSRQVH�IXQFWLRQV�UHODWLQJ�WKH�RXWSXW�WR�WKH�LQSXW�RI�WKH�H[FLWDWLRQ�V\VWHP���,Q�RXU�
FDVH��LGHDOO\��SX ZLOO�EH�D�GLDJRQDO�PDWUL[���/HW�X �EH�D�FROXPQ�YHFWRU�RI�WKH�GLDJRQDO�RI�SX RU,

�GLDJ� XSX  ,�DQG� �GLDJ� YSY  ���7KH�UHODWLRQVKLS�EHWZHHQ�WKH�DXWRVSHFWUD��DV�VKRZQ�LQ�
$QQH[�'�SURRI����LV�JLYHQ�E\��
�

XHY  �
�
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ZKHUH��
�

�FRQM�� HǾH  �
�
ZKHUH����LQGLFDWHV�DQ�HOHPHQW�E\�HOHPHQW�PXOWLSOLFDWLRQ�� �__ ijij HH  ��
7KH�VROXWLRQ�LV�JLYHQ�E\��

YHX �� �
� E�� ,Q�VRPH�FDVHV�WKH�UHVXOW�ZLOO�LQFOXGH�QHJDWLYH�HOHPHQWV�LQX ���7KLV�LV�QRW�SK\VLFDOO\�
SRVVLEOH���,W�LQGLFDWHV�WKDW�WKH�GHVLUHG�$6'¶V�FDQQRW�EH�DFKLHYHG�ZLWK�LQGHSHQGHQW�GULYHV���,Q�WKLV�
FDVH�WKH�QHJDWLYH�YDOXHV�DUH�VHW�WR�]HUR��DQG�WKH�RXWSXW�6'0�LV�UHFRPSXWHG�IURP�� H'HSS XY  �
XVLQJ�WKH�PRGLILHG�LQSXW�VSHFWUDO�GHQVLW\�PDWUL[��WKH�QHJDWLYH�YDOXHV�VHW�WR�]HUR����7KH�UHVXOWLQJ�
FRQWURO�SRLQW�DFFHOHUDWLRQ�DXWRVSHFWUD��ZLOO�QRW�EH�DW�WKH�GHVLUHG�OHYHOV���7R�FRUUHFW�WKLV�SUREOHP��
WKH�FRQWURO�SRLQW�DFFHOHUDWLRQ�DXWRVSHFWUD�DUH�UHVFDOHG�WR�WKH�GHVLUHG�OHYHOV��NHHSLQJ�WKH�SKDVH�
DQG�RUGLQDU\�FRKHUHQFH�WKH�VDPH���7KLV�LV�DFFRPSOLVKHG�E\�SUH�DQG�SRVW�PXOWLSO\LQJ�WKH�6'0�E\�
D�GLDJRQDO�PDWUL[�ZKRVH�HOHPHQWV�DUH�WKH�VTXDUH�URRW�RI�WKH�UDWLR�RI�WKH�GHVLUHG�$6'�WR�WKH�
FRPSXWHG�$6'��
�

ss SSSS YoldYnew  �
�
ZKHUH Ss�LV�D�GLDJRQDO�PDWUL[�DQG�
�

oldii

newii
iis Y

Y
S

�

�
�  �

�
1RWH���6HWWLQJ�SYii,new ���SURYLGHV�DQ�HIILFLHQW�ZD\�WR�FRPSXWH�WKH�QRUPDOL]HG�6'0�ZKHUH�WKH�
GLDJRQDOV�DUH�RQH�DQG�WKH�PDJQLWXGH�RI�WKH�RII�GLDJRQDOV�VTXDUHG�DUH�WKH�RUGLQDU\�FRKHUHQFH�DQG�
WKH�SKDVH�RI�WKH�RII�GLDJRQDO�HOHPHQWV�LV�WKH�SKDVH�RI�WKH�FURVV�VSHFWUD��
��
7KH�GULYH�6'0�FDQ�WKHQ�EH�FRPSXWHG�DV��
�

Z'ZSS YnewXnew  �
�
ZKHUH� �SLQY�HZ  ��WKH�0RRUH�3HQURVH�SVHXGR�LQYHUVH���,I�H�LV�VTXDUH�DQG�IXOO�UDQN��WKH�
VROXWLRQ�W\SLFDOO\�HQGV�KHUH���,I�H�LV�QRW�VTXDUH�RU�QRW�IXOO�UDQNHG��
�

H'HSS XY newnew  �
�
7KH �GLDJ� newYS �PD\�QRW�\LHOG�WKH�GHVLUHG�$6'¶V���,Q�WKLV�FDVH��DQ�LWHUDWLYH�DSSURDFK�ZLOO�RIWHQ�
LPSURYH�WKH�UHVXOW��
�
�
�
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���� ,QGHSHQGHQW�5HIHUHQFHV��
�
� D�� ,W�LV�VRPHWLPHV�GHVLUDEOH�WR�GHILQH�WKH�UHIHUHQFH�VSHFWUXP�LQ�WHUPV�RI�D�GLDJRQDO�
PDWUL[�RI�DXWRVSHFWUD���6HYHUDO�UHDVRQV�GULYH�XV�LQ�WKLV�GLUHFWLRQ���2QH�FRPPRQ�FDVH�LV�WKDW�RQO\�
NQRZOHGJH�RI�WKH�DXWRVSHFWUD�IURP�WKH�ILHOG�HQYLURQPHQWV�LV�DYDLODEOH���6HYHUDO�IDFWRUV�FDQ�UHVXOW�
LQ�WKLV�VLWXDWLRQ���)LUVW�WKH�ILHOG�GDWD�PD\�KDYH�EHHQ�DFTXLUHG�ZLWKRXW�SKDVH�LQIRUPDWLRQ���6HFRQG��
WKH�UHVXOWLQJ�FURVV�VSHFWUD�FDQ�KDYH�D�YHU\�FRPSOLFDWHG�VWUXFWXUH�ZKLFK�LV�LPSUDFWLFDO�WR�
LPSOHPHQW�LQ�D�VSHFLILFDWLRQ���(QYHORSLQJ�DPSOLWXGHV�LV�SRVVLEOH��EXW�HQYHORSLQJ�WKH�SKDVH�LV�
PXFK�PRUH�GLIILFXOW���7KLUG��WKH�VSHFLILFDWLRQ�PD\�EH�D�FRPSRVLWH�RI�VHYHUDO�HQYLURQPHQWV��
PDNLQJ�WKH�GHILQLWLRQ�RI�FURVV�VSHFWUD�YHU\�GLIILFXOW���)RXUWK��WKH�YHKLFOH�RQ�ZKLFK�WKH�ILHOG�GDWD�
ZHUH�WDNHQ�PD\�QRW�EH�LGHQWLFDO�WR�WKH�WHVW�YHKLFOH���)LIWK��WKH�ERXQGDU\�FRQGLWLRQV�LQ�WKH�ILHOG�
PD\�EH�GLIIHUHQW�IURP�WKH�ERXQGDU\�FRQGLWLRQV�LQ�WKH�ODERUDWRU\��
�
� E�� 6PDOO�FKDQJHV�LQ�WKH�PRGDO�IUHTXHQFLHV�FDXVHG�E\�DQ\�RI�WKH�DERYH�IDFWRUV�FDQ�FKDQJH�
WKH�SKDVH�DW�DQ\�IUHTXHQF\�QHDU�D�PRGH�E\�D�ODUJH�DPRXQW���$OO�WKHVH�IDFWRUV�PDNH�WKH�
VSHFLILFDWLRQ�RI�WKH�FURVV�VSHFWUD�GLIILFXOW���$Q�RSWLRQ�LV�WR�LJQRUH�WKH�FURVV�VSHFWUD�DQG�VHW�WKHP�
DOO�WR�]HUR���7KLV�KDV�WKH�WKHRUHWLFDO�DGYDQWDJH�RI�SURYLGLQJ�DQ�H[FLWDWLRQ�WKDW�LQ�VRPH�VHQVH�
FRYHUV�WKH�FRQWURO�YDULDEOH�UHVSRQVH�VSDFH��
�
� F�� 7KH�GULYH�VLJQDOV�FDQ�UHDGLO\�EH�FRPSXWHG�\LHOGLQJ�XQFRUUHODWHG�PRWLRQ��LQ�WKLV�FDVH�
WKH�6'0�RI�WKH�XQFRUUHODWHG�UHIHUHQFH�VSHFWUD�Y�LV�GLDJRQDO��IURP��
�

Z'ZSS Y0X0  �
�
7KLV�DSSURDFK�LV�FXUUHQWO\�DYDLODEOH�LQ�FRPPHUFLDO�FRQWURO�V\VWHPV���<RX�VLPSO\�VSHFLI\�WKH�
UHIHUHQFH�6'0�DV�D�GLDJRQDO�PDWUL[�ZLWK�WKH�FURVV�VSHFWUD��RU�HTXLYDOHQWO\�WKH�FRKHUHQFHV��]HUR�
RU�QHDU�]HUR���7KLV�LV�W\SLFDOO\�D�FRQVHUYDWLYH�DSSURDFK��
�
� G�� ,Q�FRQWUDVW�WR�WKH�LQGHSHQGHQW�GULYH�GLVFXVVLRQ�LQ�SDUDJUDSK����������WKH�GDQJHU�ZLWK�
WKH�LQGHSHQGHQW�UHIHUHQFH�FRQFHSW�LV�WKDW�WKLV�VSHFLILFDWLRQ�RI�FRQWURO�YDULDEOHV�PD\�EH�RYHUO\�
FRQVHUYDWLYH�QHDU�IUHTXHQFLHV�GRPLQDWHG�E\�D�VLQJOH�PRGH���$Q�LPSRUWDQW�FOXH�WKDW�WKH�UHVXOW�
PD\�EH�RYHUO\�FRQVHUYDWLYH�LV�WKH�WUDFH�RI�WKH�GULYH�YROWDJHV���7KLV�WUDFH�VKRXOG�EH�PRQLWRUHG�DQG�
LI�RYHUO\�ODUJH�LQ�VRPH�EDQG�RI�IUHTXHQFLHV��OLPLWV�FDQ�EH�QHJRWLDWHG�DQG�LPSOHPHQWHG��
�
���� 5HFRPPHQGHG�3UDFWLFHV�6XPPDU\��
�
7KH�IROORZLQJ�OLVW�SURYLGHV�UHFRPPHQGDWLRQV�DQG�JHQHUDO�JXLGDQFH�WR�EH�FRQVLGHUHG�ZKHQ�
DGGUHVVLQJ�WKH�PXOWL�D[LV�96'��
�
� D�� ,I�SRVVLEOH��VSHFLI\�WKH�WHVW�LQ�WHUPV�RI�WKH�ULJLG�ERG\�PRWLRQ��
�
� E�� 2YHU�VSHFLILFDWLRQ�RI�WKH�FRQWURO�DFFHOHURPHWHUV�LV�GHVLUDEOH���8VH�PRUH�FRQWURO�
DFFHOHURPHWHUV�WKDQ�GHJUHHV�RI�IUHHGRP�LQ�WKH�WHVW��
�
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� F�� ,I�SRVVLEOH��WKH�HQWLUH�6'0�VKRXOG�EH�VSHFLILHG���$�PHWKRG�WR�DXWRPDWH�WKH�JHQHUDWLRQ�
RI�HQYHORSHV�PD\�EH�GHVLUHG���7KLV�ZLOO�SHUPLW�WKH�JHQHUDWLRQ�RI�WKH�HQYHORSHV�WR�EH�OHVV�
GHYHORSHU�VSHFLILF��
�
� G�� ,I�WKH�HQWLUH�6'0�LV�VSHFLILHG��LW�LV�VXJJHVWHG�WKDW�WKH�FRKHUHQFH�EH�VHW�WR�QHDU�]HUR�LI�
WKH�GHVLUHG�FRKHUHQFH�LV�EHORZ�������,W�VKRXOG�EH�UHFRJQL]HG�WKDW�WKH�HVWLPDWLRQ�RI�FRKHUHQFH�LV�D�
ELDVHG�UHVXOW��WKH�UHVXOW�ZLOO�DOZD\V�EH�SRVLWLYH����,W�LV�UHFRJQL]HG�WKDW�WKH�HVWLPDWHG�FRKHUHQFH�
ZLOO�QHYHU�EH�]HUR��KRZHYHU��WKH�FRQWURO�VRIWZDUH�FDQ�DWWHPSW�WR�PDNH�WKH�FRKHUHQFH�DV�ORZ�DV�
SRVVLEOH���7KH�WROHUDQFH�RQ�WKH�FRKHUHQFH�PXVW�UHFRJQL]H�WKH�ELDV���,I�WKH�FRKHUHQFH�LV�VPDOO�WKH�
SKDVH�LV�QRW�LPSRUWDQW���)RU�FRQYHQLHQFH��HVWDEOLVKLQJ�D�]HUR�SKDVH�LV�D�UHDVRQDEOH�VSHFLILFDWLRQ�
ZKHQ�WKH�FRKHUHQFH�LV�ORZ��
�
� H�� ,I�VWHS�F�EHFRPHV�WRR�FRPSOLFDWHG��LW�LV�UHFRPPHQGHG�WKDW�WKH�WHVW�EH�UXQ�ZLWK�QHDU�
]HUR�FRKHUHQFH��
�
� I�� ,I�VWHS�H�UHVXOWV�LQ�XQUHDOLVWLF�UHVSRQVHV��WU\�XVLQJ�WKH�LQGHSHQGHQW�GULYH�RSWLRQ��
�
� J�� &RQVLGHU�D�FRPSURPLVH�SRVLWLRQ�EHWZHHQ�LQGHSHQGHQW�UHIHUHQFH�FULWHULD�RI�VWHS�H�DQG�
LQGHSHQGHQW�GULYH�FULWHULD�DV�UHFRPPHQGHG�LQ�VWHS�I��
�
� K�� ,I�WKH�GULYH�UHTXLUHPHQWV�DUH�H[FHVVLYH�DW�VRPH�IUHTXHQFLHV��DOORZ�WKH�WHVW�WR�EH�
PRGLILHG�WR�UHGXFH�WKH�GULYH�UHTXLUHPHQWV�DV�GLVFXVVHG�LQ�SDUDJUDSKV�������DQG��������
�
� L�� ,W�LV�XQGHUVWRRG�WKDW�0,02�WHVWLQJ�LV�PRUH�FRPSOLFDWHG�WKDQ�VLQJOH�LQSXW�VLQJOH�RXWSXW�
�6,62��WHVWLQJ���7KH�VSHFLILFDWLRQV�PXVW�UHIOHFW�WKH�GHVLUHV�RI�D�NQRZOHGJHDEOH�HQYLURQPHQWDO�
WHVW�HQJLQHHU���*RRG�FRPPXQLFDWLRQ�EHWZHHQ�WKH�SURMHFW�WHDP��WKH�HQYLURQPHQWDO�WHVW�HQJLQHHU�
DQG�WKH�WHVW�ODE�PXVW�EH�PDLQWDLQHG�WR�DFKLHYH�WKH�GHVLUHG�WHVW�UHVXOWV��
�
��� '$7$�5(48,5('��
�
-XVW�DV�GLVFXVVHG�LQ�1$72�$(&73�/HDIOHW��������ILHOG�GDWD�PXVW�EH�DFTXLUHG�EDVHG�XSRQ�WKH�
DQWLFLSDWHG�PLVVLRQ�VFHQDULR�RI�WKH�XQLW�XQGHU�WHVW��887����$V�GHWDLOHG�LQ�SDUDJUDSK���������DQG�
UHIHUHQFH�QXPEHU����WUDQVGXFHU�SODFHPHQW�DQG�RULHQWDWLRQ�DUH�FULWLFDO�DQG�PXVW�EH�WKRURXJKO\�
GRFXPHQWHG��
�
���� 5HIHUHQFH�6'0�'HYHORSPHQW��
�
$V�VWDWHG�LQ�SDUDJUDSK������D�6'0�LQ�WHUPV�RI�WKH�VL[�WUDGLWLRQDO�ULJLG�ERG\�PRGHV�VKRXOG�EH�
FRPSXWHG�IRU�HDFK�WHVW�FRQILJXUDWLRQ�LGHQWLILHG�LQ�WKH�PLVVLRQ�VFHQDULR��
�
�������6'0�(QVHPEOH�&6'�&KDUDFWHULVWLFV��
�
%DVHG�RQ�WKH�FKDUDFWHULVWLFV�RI�WKH�&6'�WHUPV�RI�WKH�HQVHPEOH�RI�6'0V��WKH�96'�SURFHVV�ZLOO�
\LHOG�D�YLEUDWLRQ�VSHFLILFDWLRQ�FRQVLVWHQW�ZLWK�RQH�RI�WKH�WKUHH�FDVHV�WKDW�IROORZ��
�
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� D�� &DVH�����&RKHUHQFH�7HUPV�$SSURDFKLQJ�=HUR��,QGHSHQGHQW�0RWLRQ�'2)V��±�7KLV�LV�
WKH�HDVLHVW�VLWXDWLRQ�WR�GHDO�ZLWK�LQ�WKDW�HDFK�PRWLRQ�'2)�$6'�PD\�EH�DGGUHVVHG�LQGLYLGXDOO\�
YLD�WKH�VDPH�WHFKQLTXHV�HPSOR\HG�LQ���'2)�96'�DV�GLVFXVVHG�LQ�UHIHUHQFH�QXPEHU�����:KHQ�
SURJUDPPLQJ�WKH�YLEUDWLRQ�FRQWURO�V\VWHP��LW�LV�UHFRPPHQGHG�WKDW�FRKHUHQFH�EH�VHW�WR�D�ORZ�QRQ�
]HUR�OHYHO��L�H�� � ���J  ��RYHU�WKH�WHVW�EDQGZLGWK�RI�LQWHUHVW���)RU�VXFK�D�VPDOO�FRKHUHQFH��WKH�
SKDVH�SDUDPHWHU�LV�HVVHQWLDOO\�D�UDQGRP�YDULDEOH�DQG�HVWDEOLVKLQJ�D�SKDVH�VSHFLILFDWLRQ�LV�QRW�
UHTXLUHG��
�
$�VSHFLDO�VLWXDWLRQ�WKDW�PD\�OHDG�DQ�DQDO\VW�WR�GHYHORS�D�0'2)�YLEUDWLRQ�VSHFLILFDWLRQ�ZLWK�
LQGHSHQGHQW�PRWLRQ�'2)V��ZRXOG�EH�D�FRPSRVLWH�VSHFLILFDWLRQ�WKDW�HQFRPSDVVHV�PXOWLSOH�
YHKLFOHV��L�H��D�FRPSRVLWH�ZKHHOHG�YHKLFOH�VSHFLILFDWLRQV�FRPSDUDEOH�WR�WKRVH�LQ�0,/�67'�
���*��0HWKRG��������$V�HDFK�YHKLFOH�ZLOO�WHQG�WR�KDYH�LWV�RZQ�&6'�FKDUDFWHULVWLFV��LW�LV�QRW�
SRVVLEOH�WR�GHILQH�&6'�WHUPV�VXFK�WKDW�D�VLQJOH�FRKHUHQFH�DQG�SKDVH�UHODWLRQVKLS�DGGUHVVHV�HDFK�
YHKLFOH���(QYHORSLQJ�WHFKQLTXHV�WKDW�ZRUN�ZHOO�LQ�DGGUHVVLQJ�PDJQLWXGH�EDVHG�$6'�WHUPV�DUH�
VLPSO\�QRW�DSSOLFDEOH�LQ�DGGUHVVLQJ�SKDVH�UHODWLRQVKLSV�EHWZHHQ�PHFKDQLFDO�'2)V��
�
� E�� &DVH�����1RQ�=HUR�&RKHUHQFH�DFURVV�D�3RUWLRQ�RI�WKH�7HVW�%DQGZLGWK�±�:KHQ�
GHYHORSLQJ�D�0'2)�YLEUDWLRQ�VSHFLILFDWLRQ�EDVHG�RQ�D�VLQJOH�SODWIRUP��RQH�ZRXOG�H[SHFW�WKH�
&6'�WHUPV�PHDVXUHG�DFURVV�WKH�UDQJH�RI�VFHQDULRV�DGGUHVVHG�LQ�WKH�PLVVLRQ�VFHQDULR�WR�EH�
VLPLODU�LQ�QDWXUH���7KH�G\QDPLF�FKDUDFWHULVWLFV�RI�WKH�VWUXFWXUH�DQG�RIWHQ�WKH�SUR[LPLW\�RI�WKH�
PHDVXUHPHQW�WUDQVGXFHUV�ZLOO�JUHDWO\�LQIOXHQFH�WKH�&6'�FKDUDFWHULVWLFV���7KHUH�DUH�RIWHQ�
VLWXDWLRQV�LQ�ZKLFK�FRKHUHQFH�EHWZHHQ�PRWLRQ�'2)V�DUH�KLJK�DQG�SKDVH�LV�ZHOO�GHILQHG��EXW�RQO\�
RYHU�D�SRUWLRQ�RI�WKH�WHVW�VSHFWUXP���7KLV�LV�D�FRPPRQ�REVHUYDWLRQ�RQ�PDQ\�ZKHHOHG�YHKLFOHV�
ZKHUH�FRKHUHQFH�LV�KLJK�DW�ORZHU�IUHTXHQFLHV��L�H��IUHTXHQFLHV�EHORZ����+HUW]��+]��DQG�QHDU�]HUR�
DW�KLJKHU�IUHTXHQFLHV���,Q�VXFK�VFHQDULRV��RQH�ZRXOG�RQO\�HVWDEOLVK�FRKHUHQFH�DQG�SKDVH�
VSHFLILFDWLRQV�IRU�WKH�SRUWLRQ�RI�WKH�VSHFWUXP�ZLWK�KLJK�FRKHUHQFH���7KH�UHPDLQGHU�RI�WKH�
VSHFWUXP�ZRXOG�EH�WUHDWHG�DV�LQ�&DVH�����$OVR��LQ�HVWDEOLVKLQJ�&6'�UHIHUHQFH�FULWHULD��WKH�DQDO\VW�
PXVW�HQVXUH�WKH�UHVXOWLQJ�FULWHULD�LV�SK\VLFDOO\�UHDOL]DEOH��UHIHU�WR�SDUDJUDSK�������IRU�DGGLWLRQDO�
GHWDLO���
�
� F�� &DVH�����1RQ�=HUR�&RKHUHQFH�DFURVV�WKH�)XOO�7HVW�%DQGZLGWK�±�7KLV�VFHQDULR�LV�
FRPSDUDEOH�WR�&DVH���ZLWK�FRKHUHQFH�EHLQJ�GHILQHG�DFURVV�WKH�HQWLUH�WHVW�EDQGZLGWK���,W�LV�
DQWLFLSDWHG�WKDW�WKLV�ZRXOG�EH�WKH�OHDVW�OLNHO\�VFHQDULR�LQ�D�0'2)�96'�HIIRUW���+RZHYHU��LW�LV�
DOVR�WKH�FRQILJXUDWLRQ�WKDW�ZLOO�EH�WKH�PRVW�GLIILFXOW�WR�GHDO�ZLWK�IURP�ERWK�D�96'�GHYHORSPHQW�
DVSHFW�DQG�IURP�DQ�LPSOHPHQWDWLRQ�SHUVSHFWLYH���,Q�DGGLWLRQ�WR�WKH�LVVXH�RI�HQVXULQJ�WKH�UHVXOWLQJ�
6'0�UHIHUHQFH�LV�SK\VLFDOO\�UHDOL]DEOH��WKH�FODVVLF�SUREOHP�RI�PHFKDQLFDO�LPSHGDQFH�PLVPDWFK�
EHWZHHQ�ILHOG�DQG�ODERUDWRU\�DUH�RIWHQ�PDMRU�FRQFHUQV�LQ�LPSOHPHQWLQJ�D�IXOO\�GHILQHG�6'0�
UHIHUHQFH�FULWHULRQ�IRU�D�ODERUDWRU\�WHVW���6SHFLILFDOO\��LI�WKH�PHFKDQLFDO�LPSHGDQFH�EHWZHHQ�ILHOG�
DQG�ODERUDWRU\�DUH�QRW�YHU\�ZHOO�PDWFKHG��DQG�WKH\�XVXDOO\�DUH�QRW���WKHUH�PD\�EH�SRUWLRQV�RI�WKH�
VSHFWUXP�LQ�ZKLFK�FRKHUHQFH�PD\�EH�VLJQLILFDQWO\�GLIIHUHQW�WKDQ�VSHFLILHG�DQG�VLPSO\�QRW�
FRQWUROODEOH���:KLOH�WKLV�VLWXDWLRQ�LV�DOVR�SRVVLEOH�LQ�&DVH����LW�LV�DOPRVW�FHUWDLQ�WR�EH�DQ�LVVXH�LQ�D�
VFHQDULR�VXFK�DV�&DVH����LQ�ZKLFK�WKH�HQWLUH�WHVW�EDQGZLGWK�KDV�D�&6'�UHIHUHQFH�FULWHULD���7KLV�
WRSLF�RI�XQFRQWUROODEOH�FRKHUHQFH�DVVRFLDWHG�ZLWK�PHFKDQLFDO�LPSHGDQFH�PLVPDWFKHV�LV�D�FRQWURO�
LVVXH�IRU�DOO�WKUHH�&DVHV�DQG�LV�GLVFXVVHG�IXUWKHU�LQ�WKH�PLQLPXP�GULYH�FRQVLGHUDWLRQ�RI�
SDUDJUDSK��������
�
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� G�� 5HJDUGOHVV�RI�ZKLFK�RI�WKH�WKUHH�FDVHV�WKH�6'0�LV�FKDUDFWHUL]HG�E\��LW�LV�KLJKO\�OLNHO\�
WKDW�WKHUH�ZLOO�EH�PHFKDQLFDO�LPSHGDQFH�GLIIHUHQFHV�EHWZHHQ�WKH�ILHOG�DQG�ODERUDWRU\�FRQGLWLRQV���
,Q�VRPH�FDVHV�WKHVH�LPSHGDQFH�GLIIHUHQFHV�PD\�UHVXOW�LQ�H[FHVVLYH�GULYH�VLJQDOV���$OWKRXJK�WKH�
YDULRXV�FRQWURO�V\VWHP�YHQGRUV�DGGUHVV�WKLV�VLWXDWLRQ�LQ�YDU\LQJ�GHJUHHV��LW�PD\�VWLOO�EH�QHFHVVDU\�
WR�DGGUHVV�WKLV�LVVXH�WKURXJK�WHVW�RSHUDWRU�LQWHUYHQWLRQ�YLD�WHFKQLTXHV�VXFK�DV�WKRVH�LGHQWLILHG�LQ�
SDUDJUDSKV�������DQG��������
�
���� 7HVW�7ROHUDQFH�5HFRPPHQGDWLRQV��
�
6HWWLQJ�WROHUDQFHV�IRU�D�0,02�WHVW�LV�FKDOOHQJLQJ�JLYHQ�WKH�ODUJH�DPRXQW�RI�LQIRUPDWLRQ�
HQFRPSDVVHG�E\�WKH�UHIHUHQFH�DXWRVSHFWUD�DQG�FURVV�VSHFWUD�LQYROYHG���$GGLWLRQDOO\��WKH�RYHUDOO�
HQHUJ\�LV�QRW�QHFHVVDULO\�GLVWULEXWHG�HYHQO\�DERXW�HDFK�PHFKDQLFDO�'2)�DQG�GRPLQDQW�'2)V�
RIWHQ�WHQG�WR�GRPLQDWH�WKH�FRQWURO���7KH�REMHFWLYH�KHUH�LV�WR�HVWDEOLVK�D�UHDVRQDEOH�VWDUWLQJ�SRLQW�
LQ�HVWDEOLVKLQJ�WHVW�WROHUDQFHV���([SHULHQFH�ZLWK�VSHFLILF�WHVW�FRQILJXUDWLRQV�PD\�EH�HPSOR\HG�WR�
UHILQH�WKH�EDVLF�UHTXLUHPHQWV�GHILQHG�EHORZ���$V�XVXDO��DQ\�WHVW�VSHFLILF�WHVW�WROHUDQFHV�VKRXOG�EH�
FOHDUO\�GRFXPHQWHG�ZLWKLQ�WKH�WHVW�SODQ��
�
� D�� $XWRVSHFWUD���������G%�IRU� ���f Hzd �DQG�±�G%�IRU� ���f Hz! ��

���7KH�SRUWLRQ�RI�WKH�VSHFWUXP�WKDW�DFWXDOO\�UHDFKHV�WKH�PD[LPXP�WROHUDQFH�OLPLWV�LV�
DQWLFLSDWHG�LQ�QDUURZ�EDQGZLGWKV���7KH�WROHUDQFH�RQ�WKH�RYHUDOO�*UPV�OHYHO�RI�HDFK�
FRQWUROOHG�'2)�VKDOO�EH�ZLWKLQ�±����RI�WKH�FRUUHVSRQGLQJ�UHIHUHQFH��

�
� E�� &URVV�VSHFWUD���'HILQH�WROHUDQFHV�LQ�WHUPV�RI�3KDVH�DQG�&RKHUHQFH�
�
� � ���� &RKHUHQFH���)RU�RUGLQDU\�FRKHUHQFH�LQ�WKH�UDQJH� ���� ���Jd � ��VHW�WKH�WROHUDQFH�
WR�EH�������DYRLG�HVWDEOLVKLQJ�D�FRKHUHQFH�UHIHUHQFH�RU�WROHUDQFH�RI�������
�
� � ���� 3KDVH���,I�� � ���J � ��DQ\�SKDVH�LV�DFFHSWDEOH���,I�� ���� ���Jd � �DQG�

� �h hf f f f f� ' � � � ' ��ZKHUH� hf LV�D�IUHTXHQF\�ZKHUH�WKH�UHIHUHQFH�UDWH�RI�SKDVH�FKDQJH�LV�
PRUH�WKDQ��� � Hzq DQG� f' LV�WKH�OLQH�VSDFLQJ�RI�WKH�UHIHUHQFH�VSHFWUD��WKHQ�WKH�GHIDXOW�WROHUDQFH�
RQ�SKDVH�ZLOO�EH�±��°���2WKHUZLVH�WKH�GHIDXOW�WROHUDQFH�RQ�SKDVH�ZLOO�EH�±��°��
�
� F�� /LPLWLQJ���6HH�SDUDJUDSK��������
��
���� /DERUDWRU\�'DWD��
�
,Q�WKH�FDVH�WKH�UHIHUHQFH�6'0�LV�GLUHFWO\�HPSOR\HG�DV�WKH�UHIHUHQFH�LQ�D�0(7�WHVW��L�H��
LQSXW�RXWSXW��,�2���7UDQVIRUPDWLRQ�&RQWURO�DV�GLVFXVVHG�LQ�UHIHUHQFH�QXPEHU�����LW�LV�QRW�D�
PDWKHPDWLFDO�EDVHG�KDUG�UHTXLUHPHQW�WKDW�WKH�FRQWURO�DFFHOHURPHWHUV�EH�SODFHG�LQ�WKH�H[DFW�VDPH�
ORFDWLRQ�LQ�WKH�ODERUDWRU\�DV�WKH\�ZHUH�XVHG�LQ�WKH�RULJLQDO�GDWD�DFTXLVLWLRQ�SKDVH���7KH�FULWLFDO�
SDUDPHWHU�LV�WKDW�DOO�FRQWURO�ORFDWLRQV�HPSOR\HG�LQ�WKH�ODERUDWRU\�WHVW�DUH�UHIHUHQFHG�WR�WKH�VDPH�
³RULJLQ´�DV�VHOHFWHG�LQ�WKH�RULJLQDO�96'�GHYHORSPHQW���+RZHYHU��LW�LV�RIWHQ�GHVLUDEOH��EDVHG�RQ�
PDNLQJ�SRVLWLRQ�VSHFLILF�FRPSDULVRQV�EHWZHHQ�ILHOG�DQG�ODERUDWRU\�GDWD��WR�PDWFK�WKH�ODERUDWRU\�
FRQWURO�ORFDWLRQV�WR�WKH�RULJLQDO�PHDVXUHPHQW�SRLQWV��
�
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��� 0'2)�96'�0(7+2'6��
�
���� 2SWLRQV�&RQVLGHUHG��
�
+DYLQJ�UHYLHZHG�WKH�GDWD�DFTXLVLWLRQ�DQG�DQDO\VLV�UHTXLUHPHQWV��WKLV�VHFWLRQ�LV�GHGLFDWHG�WR�
GHILQLQJ�WKH�VWHSV�IRU�WZR�0'2)�96'�PHWKRGRORJLHV������0HWKRG�,�LV�SURFHVVHG�LQ�WKH�6'0�
GRPDLQ�DQG�0HWKRG�,,�FRQGXFWV�DYHUDJLQJ�VWHSV�LQ�WKH�&KROHVN\�'RPDLQ���$Q�H[DPSOH�IROORZV�
LQ�SDUDJUDSK������
�
�������0HWKRG�,��
�
7KH�IROORZLQJ�LV�D����VWHS�RXWOLQH�RI�0HWKRG�,��6'0�'RPDLQ��0'2)�96'��
�
6WHS�����3UHSDUH�WR�FRQYHUW�ILHOG�PHDVXUHPHQWV�LQWR�PRWLRQ�'2)V��

-� ,GHQWLI\�SRVLWLRQ�YHFWRUV� �1 nr r DQG�URZ�VHOHFWLRQ�YHFWRUV� je DV�GHILQHG�LQ�SDUDJUDSK�
���������FRUUHVSRQGLQJ�WR�WKH�ILHOG�PHDVXUHPHQWV��

-� ,GHQWLI\�WKH�PLVVLRQ�VFHQDULR���
-� ,GHQWLI\�WKH�IUHTXHQF\�EDQGZLGWK�RI�LQWHUHVW��
-� ,GHQWLI\�WKH�VDPSOLQJ�IUHTXHQF\�RI�WKH�ILHOG�PHDVXUHPHQWV��
�

6WHS����7UDQVIRUP�WKH�ILHOG�PHDVXUHPHQWV�LQWR�PRWLRQ�'2)¶V�SHU�HTXDWLRQ�������IRU�HDFK�³5XQ´�
LGHQWLILHG�LQ�WKH�PLVVLRQ�VFHQDULR��

�
6WHS����&RPSXWH�WKH�6'0�IRU�HDFK�UXQ�LGHQWLILHG�LQ�6WHS�����7KH�GLPHQVLRQ�RI�WKH�UHVXOWLQJ�

6'0¶V�ZLOO�EH�>�[�[G@��ZKHUH�G�LV�WKH�QXPEHU�RI�VSHFWUDO�OLQHV�EHLQJ�FRQVLGHUHG��
DGGUHVVHV�WKH�IUHTXHQF\�EDQGZLGWK�RI�LQWHUHVW��
-� 6LQFH�WKH�6'0�LV�FRPSXWHG�IURP�PHDVXUHG�ILHOG�GDWD��LW�VKRXOG�EH�SRVLWLYH�GHILQLWH��

KRZHYHU��D�FKHFN�VKRXOG�EH�SHUIRUPHG�WR�YHULI\�WKDW�HDFK�LQGLYLGXDO�6'0�LV�SRVLWLYH�
GHILQLWH���7KLV�VHUYHV�DV�DQ�H[FHOOHQW�GDWD�TXDOLW\�FKHFN��

-� 5HIHU�WR�WKH�JXLGDQFH�LQ�6WHS���LI�PLQRU�FRUUHFWLRQV�DUH�UHTXLUHG�WR�IRUFH�DQ�LQGLYLGXDO�
6'0�WR�EH�SRVLWLYH�GHILQLWH���

�
6WHS����&RQYHUW�WKH�&6'�WHUPV��WKH�RII�GLDJRQDO�WHUPV�RI�WKH�6'0��LQWR�D�QRUPDOL]HG�IRUP�LQ�

ZKLFK�WKH�PDJQLWXGH�VTXDUHG�RI�WKH�FURVV�WHUPV�FRUUHODWHV�WR�WKH�RUGLQDU\�FRKHUHQFH�
ZKLOH�OHDYLQJ�WKH�SKDVH�XQFKDQJHG��
-� 7KLV�LV�DFFRPSOLVKHG�E\�QRUPDOL]LQJ��GLYLGLQJ��WKH�&6'�WHUPV�E\� xx yyG G ����
-� :KLOH�LW�LV�QRW�DEVROXWHO\�QHFHVVDU\�WR�FRQGXFW�WKLV�VWHS��LW�LV�RIWHQ�HDVLHU�WR�

XQGHUVWDQG�WKH�SK\VLFDO�PHDQLQJ�RI�WKH�&6'�WHUPV�ZKHQ�YLHZHG�LQ�WHUPV�RI�SKDVH�
DQG�FRKHUHQFH��

�
6WHS����(LWKHU�RUJDQL]H�DOO�RI�WKH�6'0¶V�IRU�WKH�5XQV�RI�LQWHUHVW�LQWR�D�ORJLFDO�VWUXFWXUH�RU�PHUJH�

WKHP�LQWR�RQH�ILOH�RI�NQRZQ�PDWUL[�VWUXFWXUH�VXFK�DV�
>6'0B5XQ��6'0B5XQ�«�6'0B5XQ1@��WR�RSWLPL]H�WKH�FRQGXFW�EDVLF�VWDWLVWLFV��

�
6WHS����&RPSXWH�D�ZHLJKWHG�DYHUDJH�6'0�RI�WKH�1�6'0¶V�RI�6WHS����
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-� ,W�LV�FULWLFDO�WKDW�WKH�ZHLJKWHG�DYHUDJH�EH�SHUIRUPHG�RQ�WKH�WUXH�FRPSOH[�&6'�WHUPV�
�not�WKH�QRUPDOL]HG�6'0����

-� 7KH�ZHLJKWLQJ�IDFWRU�RQ�WKH�DYHUDJH�ZLOO�EH�GLUHFWO\�FRUUHODWHG�WR�WKH�PLVVLRQ�VFHQDULR�
WLPHV�LGHQWLILHG�LQ�6WHS�����,I�WKH�LQGLYLGXDO�5XQV�DUH�SRVLWLYH�GHILQLWH��WKH�UHVXOWLQJ�
DYHUDJH�VKRXOG�DOVR�EH�SRVLWLYH�GHILQLWH���+RZHYHU��QXPHULFDO�LVVXHV�PD\�\LHOG�QRQ�
SRVLWLYH�GHILQLWH�UHVXOWV���7R�PLQLPL]H�QXPHULFDO�LVVXHV��DYHUDJH�RQO\�WKH�ORZHU�
WULDQJXODU�SRUWLRQ�RI�WKH�6'0�DQG�ILOO�LQ�WKH�XSSHU�WULDQJXODU�SRUWLRQ�RI�WKH�6'0�E\�
WDNLQJ�DGYDQWDJH�RI�WKH�+HUPLWLDQ�VWUXFWXUH�RI�WKH�PDWUL[�>��@��

-� $Q\�W\SH�RI�HQYHORSLQJ�RSHUDWLRQ�VKRXOG�EH�DYRLGHG�DV�LW�LV�KLJKO\�OLNHO\�WR�\LHOG�D�
QRQ�SRVLWLYH�GHILQLWH�UHVXOW��

���
6WHS����$V�6'0�GDWD�DUH�PDQLSXODWHG�WKURXJK�DFWLYLWLHV�VXFK�DV�DYHUDJLQJ��LW�LV�DGYLVDEOH�WR�

YHULI\�WKH�UHVXOWV�UHPDLQ�SRVLWLYH�GHILQLWH���$V�GLVFXVVHG�DERYH��RFFDVLRQDO�QXPHULFDO�
LVVXHV�PD\�EH�RI�FRQFHUQ�LQ�VRPH�LQVWDQFHV���,I�UHTXLUHG��IRUFH�WKH�6'0�FRPSXWHG�LQ�
6WHS���WR�EH�SRVLWLYH�GHILQLWH��
-� 7KLV�LV�GRQH�E\�V\VWHPDWLFDOO\�UHGXFLQJ�WKH�PDJQLWXGH�RI�WKH�FURVV�VSHFWUDO�GHQVLW\�

WHUPV�XQWLO�WKH�&KROHVN\�GHFRPSRVLWLRQ�LV�SRVVLEOH�DW�HDFK�GHSWK��VSHFWUDO�OLQH��RI�WKH�
6'0����,I�UHTXLUHG��WKLV�SURFHVV�PD\�EH�VRPHZKDW�FRQVHUYDWLYH�LQ�LWV�UHGXFWLRQ�RI�WKH�
FRKHUHQFH�EHWZHHQ�'2)V�LQ�WKDW�WKH�V\VWHPDWLF�UHGXFWLRQ�RI�FURVV�WHUP�PDJQLWXGHV�LV�
DSSOLHG�WR�HDFK�FURVV�WHUP�HTXDOO\����

��
6WHS����6FDOH�WKH�GLDJRQDO�WHUPV�RI�WKH�DXWRVSHFWUD��WKH�GLDJRQDO�WHUPV�RI�WKH�6'0��UHVXOWLQJ�

IURP�6WHS���WR�WKH�PD[LPXP�UPV�OHYHO�RI�HDFK�RI�WKH�1�6'0¶V�LQ�6WHS���RQ�DQ�LQGLYLGXDO�
'2)�EDVLV�XVLQJ�0LQHU�3DOPJUHQ��
-� 2EVHUYH�WKDW�D�QHZ�WRWDO�WHVW�WLPH�ZLOO�EH�FRPSXWHG�IRU�HDFK�'2)�DQG�WKDW�LW�KLJKO\�

SUREDEO\�WKDW�WKH�UHVXOWLQJ�WHVW�WLPHV�IRU�HDFK�'2)�ZLOO�QRW�EH�WKH�VDPH����
-� 6LQFH�WKH�PDJQLWXGH�RI�WKH�DXWRVSHFWUD�DUH�EHLQJ�LQFUHDVHG�ZKLOH�QRW�PRGLI\LQJ�WKH�

FURVV�VSHFWUDO�GHQVLW\�WHUPV��WKH�UHVXOWLQJ�VFDOHG�6'0�VKRXOG�VWLOO�EH�SRVLWLYH�
GHILQLWH��+RZHYHU��DV�GLVFXVVHG�LQ�6WHS����LW�LV�KLJKO\�UHFRPPHQGHG�WKDW�DQ\WLPH�D�
6'0�LV�PDQLSXODWHG��LW�VKRXOG�EH�YHULILHG�WKDW�WKH�UHVXOWLQJ�6'0�UHPDLQV�SRVLWLYH�
GHILQLWH��

�
6WHS����5HYLHZ�WKH�WHVW�WLPH�DVVRFLDWHG�ZLWK�HDFK�'2)�UHVXOWLQJ�IURP�6WHS���DQG�VHOHFW�D�

UHDVRQDEOH�WHVW�WLPH�WR�ZKLFK�WKH�HQWLUH�6'0�PD\�EH�UHIHUHQFHG�WR��
-� -XVW�DV�LQ�WKH�FDVH�RI�D���'2)�96'�GHYHORSPHQW��RQH�VKRXOG�FRQVLGHU�WKH�JHQHUDO�

JXLGDQFH�WR�NHHS�WKH�ILQDO�WHVW�DPSOLWXGHV�UHVXOWLQJ�IURP�WLPH�FRPSUHVVLRQ�WR�EH�QR�
PRUH�WKDQ���G%�DERYH�WKH�PD[LPXP�PHDVXUHG�ILHOG�GDWD���2QFH�D�WHVW�WLPH�LV�
VHOHFWHG��UHDSSO\�0LQHU�3DOPJUHQ�DV�UHTXLUHG�SHU�'2)���$JDLQ�PDNH�VXUH�WKH�
UHVXOWLQJ�6'0�LV�SRVLWLYH�GHILQLWH�DQG�PRGLI\�DV�UHTXLUHG�SHU�6WHS����

�
6WHS�����6FDOH�WKH�UHVXOWV�IURP�6WHS���XS�E\���G%�WR�DFFRXQW�IRU�XQFRQWUROOHG�YDULDEOHV�VXFK�DV�

IOHHW�YDULDWLRQV�DQG�VFHQDULR�FRQGLWLRQV�QRW�FRQVLGHUHG�LQ�WKH�PLVVLRQ�VFHQDULR���7KH�
UHVXOWLQJ�6'0�DQG�WKH�WHVW�WLPH�DVVRFLDWLRQ�SHU�6WHS���GHILQH�WKH�ILQDO�VSHFLILFDWLRQ���
-� 7KLV�LV�DFFRPSOLVKHG�E\�SUH�DQG�SRVW�PXOWLSO\LQJ�WKH�6'0�E\�WKH�VTXDUH�URRW�RI�WKH�

UDWLR�RI�WKH�GHVLUHG�VFDOLQJ�IDFWRU�DV��
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� ss SSSS YoldYnew  ��H�J��WR�VFDOH�WKH�6'0�$6'�WHUPV�E\���G%�ZKLOH�NHHSLQJ�WKH�
SKDVH�DQG�RUGLQDU\�FRKHUHQFH�WKH�VDPH��WKH�GLDJRQDO�WHUPV�RI� sS ZRXOG�EH�GHILQHG�DV

� �s iiS  ����
�

�������0HWKRG�,,��
�
7KH�IROORZLQJ�LV�D����VWHS�RXWOLQH�RI�0HWKRG�,,��&KROHVN\�'RPDLQ��0'2)�96'��
�
6WHSV������&RUUHODWH�GLUHFWO\�WR�0HWKRG�,�2XWOLQH��
6WHS����3HUIRUP�D�&KROHVN\�GHFRPSRVLWLRQ�RQ�WKH�LQGLYLGXDO�6'0�DVVRFLDWHG�ZLWK�HDFK�5XQ�LQ�

WKH�PLVVLRQ�VFHQDULR��
-� 6LQFH�HDFK�LQGLYLGXDO�5XQ�ZDV�EDVHG�RQ�D�SK\VLFDO�HYHQW��WKH�LQGLYLGXDO�6'0¶V�

VKRXOG�EH�SRVLWLYH�GHILQLWH��WKHUHE\�PDNLQJ�WKH�&KROHVN\�GHFRPSRVLWLRQ�SRVVLEOH���
�5HFDOO�DOO�5XQV�ZRXOG�KDYH�EHHQ�WHVWHG�WR�YHULI\�HDFK�ZDV�SRVLWLYH�GHILQLWH�RU�
FRUUHFWHG�DV�UHTXLUHG�SHU�6WHS�����

-� (LWKHU�RUJDQL]H�DOO�RI�WKH�ORZHU�WULDQJXODU�PDWULFHV�UHVXOWLQJ�IURP�WKH�&KROHVN\�
GHFRPSRVLWLRQ�IRU�WKH�5XQV�RI�LQWHUHVW�LQWR�D�ORJLFDO�VWUXFWXUH�RU�PHUJH�WKHP�LQWR�RQH�
ILOH�RI�NQRZQ�PDWUL[�VWUXFWXUH�VXFK�DV�>&+2/B5XQ��&+2/B5XQ�«�&+2/B5XQ1@��
WR�RSWLPL]H�WKH�FRQGXFW�EDVLF�VWDWLVWLFV��

�
6WHS����&RPSXWH�D�ZHLJKWHG�DYHUDJH�/RZHU�7ULDQJXODU�0DWUL[�RI�WKH�1�&KROHVN\�

GHFRPSRVLWLRQV�RI�6WHS����
-� 7KH�ZHLJKWLQJ�IDFWRU�RQ�WKH�DYHUDJH�ZLOO�EH�GLUHFWO\�FRUUHODWHG�WR�WKH�PLVVLRQ�VFHQDULR�

LGHQWLILHG�LQ�6WHS�����1RWH�WKDW�WKH�UHVXOWLQJ�DYHUDJH�ZLOO�VWLOO�FRQVLVW�RI�SRVLWLYH�
HLJHQYDOXHV�LPSO\LQJ�WKDW�ZKHQ�FRQYHUWHG�EDFN�LQWR�WKH�6'0�IRUPDW�WKDW�WKH�UHVXOW�
ZLOO�EH�SRVLWLYH�GHILQLWH��

-� 2QFH�FRQYHUWHG�EDFN�LQWR�WKH�6'0�GRPDLQ��WKH�UHVXOWLQJ�&6'�WHUPV�ZLOO�JHQHUDOO\�EH�
KLJKO\�FRPSDUDEOH�WR�WKH�DYHUDJH�&6'�YDOXHV�FRPSXWHG�LQ�6WHS���RI�0HWKRG�,���
+RZHYHU��WKH�UPV�OHYHOV�RI�WKH�$6'�WHUPV�ZLOO�QRW�EH�WKH�VDPH���,Q�DGGLWLRQ��WKH�
VSHFWUDO�VKDSH�RI�WKH�$6'�WHUPV�ZLOO�JHQHUDOO\�KDYH�EHHQ�VOLJKWO\�PRGLILHG����

�
6WHS����5HVFDOH�WKH�$6'�WHUPV�RI�WKH�6'0�UHVXOWLQJ�IURP�6WHS���WR�PDWFK�WKH�UPV�OHYHOV�RI�WKRVH�

LQ�0HWKRG���6WHS�����
-� &RQYHUW�WKH�&6'�WHUPV��WKH�RII�GLDJRQDO�WHUPV�RI�WKH�6'0��LQWR�D�QRUPDOL]HG�IRUP�

LQ�ZKLFK�WKH�PDJQLWXGH�VTXDUHG�RI�WKH�FURVV�WHUPV�FRUUHODWHV�WR�WKH�RUGLQDU\�
FRKHUHQFH�ZKLOH�OHDYLQJ�WKH�SKDVH�XQFKDQJHG����$JDLQ��ZKLOH�LW�LV�QRW�DEVROXWHO\�
QHFHVVDU\�WR�FRQGXFW�WKLV�VWHS��LW�LV�RIWHQ�HDVLHU�WR�XQGHUVWDQG�WKH�SK\VLFDO�PHDQLQJ�RI�
WKH�&6'�WHUPV�ZKHQ�YLHZHG�LQ�WHUPV�RI�SKDVH�DQG�FRKHUHQFH���

-� 7KH�UHVXOWLQJ�6'0�SKDVH�DQG�FRKHUHQFH�DUH�H[SHFWHG�WR�EH�YHU\�VLPLODU�WR�WKRVH�RI�
WKH�DYHUDJHG�ILHOG�GDWD�SURGXFHG�LQ�0HWKRG�,���7KH�$6'�WHUPV�VSHFWUDO�VKDSHV�DUH�
H[SHFWHG�WR�EH�VOLJKWO\�GLIIHUHQW��L�H������G%�SHU�VSHFWUDO�OLQH���

�
6WHSV�������&RUUHODWH�GLUHFWO\�WR�0HWKRG�,�2XWOLQH��
�
�
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���� ([DPSOH��
�
� D�� 7R�LOOXVWUDWH�WKH�SURFHVV�GLVFXVVHG�DERYH��D�VLPSOH�H[DPSOH�ZDV�GHULYHG��0HWKRG�,�LV�
DGGUHVVHG�ILUVW����8VLQJ�DQ�DYDLODEOH�ZKHHOHG�YHKLFOH��WKH�LQSXW�WR�DQ�RQERDUG�PLVVLOH�VWRUDJH�
UDFN�ZDV�LQVWUXPHQWHG�DV�VKRZQ�LQ�)LJXUH�����7KH�WUDQVGXFHU�DW�WKH�FHQWHU�RI�)LJXUH���ZDV�SODFHG�
DW�WKH�XVHU�GHILQHG�RULJLQ��SRVLWLRQ�>�����@��LQ�WHUPV�RI�D�&DUWHVLDQ�FRRUGLQDWH�V\VWHP���,Q�D�
WUDGLWLRQDO�ULJKW�KDQG�RULHQWDWLRQ��WKH�IRUZDUG�GLUHFWLRQ�RI�WKH�YHKLFOH�ZDV�GHILQHG�DV�WKH�SRVLWLYH�
[�D[LV��WRZDUGV�WKH�YHKLFOH�GULYHU¶V�VLGH�ZDV�FRQVLGHUHG�SRVLWLYH�\�D[LV��DQG�WKURXJK�WKH�YHKLFOH�
URRI�ZDV�FRQVLGHUHG�WKH�SRVLWLYH�]�D[LV���$OO�WUDQVGXFHUV�DUH�UHIHUHQFHG�LQ�WHUPV�RI�WKHLU�UHODWLYH�
SODFHPHQW�WR�WKH�RULJLQ�DV�GLVFXVVHG�SUHYLRXVO\�LQ�WKH�DFFHOHUDWLRQ�WUDQVIRUPDWLRQ�VHFWLRQ�RI�WKLV�
723��
�

�

�
�

)LJXUH�����7UDQVGXFHU�SODFHPHQW��LQSXW�WR�PLVVLOH�UDFN���
�
�

� E�� 0HWKRG�,�([DPSOH. 
 
  ��� +DYLQJ�HVWDEOLVKHG�D�FOHDU�FRRUGLQDWH�V\VWHP�GHILQLWLRQ��WKH�NH\�SDUDPHWHUV�
GLVFXVVHG�LQ�6WHS���DUH�LGHQWLILHG���,Q�GLVWDQFH�XQLWV�RI�LQFKHV��WKH�SRVLWLRQV�RI�WKH�IRXU�FRUQHU�
DFFHOHURPHWHU�ORFDWLRQV�XVHG�LQ�WKLV�H[DPSOH�DUH�GHILQHG�DV��
�
 � �  �  �  1 [ 17, 6,0] ', 2 [ 17,6,0] ', 3 [17, 6,0] ', 4 [17,6,0] 'r r r r ���ZKLFK�LQ�VNHZ�V\PPHWULF�IRUP�DUH��

�
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x x x xP P P P P P P Pr r r r
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)RU�FRQYHQLHQFH��WKH�LQVWUXPHQWDWLRQ�WHDP�SODFHG�WKH�WUL�D[LDO�WUDQVGXFHUV�VXFK�WKDW�WKH�FKDQQHO�
XVHG�WR�PHDVXUH�WKH�\�D[LV�PRWLRQ�ZDV�DFWXDOO\�����GHJUHHV�RXW�RI�SKDVH�ZLWK�UHVSHFW�WR�WKH�
UHIHUHQFHG�FRRUGLQDWH�V\VWHP���7KLV�LVVXH�LV�DGGUHVVHG�E\�VLPSO\�GHILQLQJ�URZ�VHOHFWLRQ�YHFWRUV�
DV   �  [1,0,0], [0, 1,0], [0,0,1]
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7KH�ILHOG�GDWD�ZHUH�VDPSOHG�DW������+]�DQG�WKH�EDQGZLGWK�RI�LQWHUHVW�LV�����+]���)RU�WKH�
H[DPSOH�DW�KDQG��D�PLVVLRQ�VFHQDULR�ZDV�HVWDEOLVKHG�XVLQJ�D�%HWD�GLVWULEXWLRQ�DV�GLVFXVVHG�LQ�
UHIHUHQFH�QXPEHU����DQG�LV�LOOXVWUDWHG�LQ�7DEOH�����$OORZLQJ�IRU�WKH�WLPH�DVVRFLDWHG�ZLWK�VSHHGV�
EHORZ���PLOHV�SHU�KRXU��PSK���WKH�WRWDO�PLOHDJH�UHSUHVHQWHG�LV�DSSUR[LPDWHO\������
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7$%/(�����0,66,21�6&(1$5,2�
�

ROAD 
CLASSIFICATION 

SPEED 
(mph) 

TIME 
(hrs) 

DISTANCE 
(miles) 

(PEHGGHG�5RFN�
�� ����� �����
��� ������ ������
��� ����� ������

&URVV�&RXQWU\�
��� ����� ������
��� ������ �������
��� ������ ������

5DGLDO�:DVKERDUG�
�� ����� ������
�� ������ ������
��� ������ ������

�
�
� � ���� 7KH�ILHOG�GDWD�ZHUH�WKHQ�FRQYHUWHG�LQWR�PRWLRQ�'2)V��^ `Motionc ��XVLQJ�
(TXDWLRQ�����SHU�6WHS����
�
� � ���� 7KH�WLPH�KLVWRULHV��^ `Motionc ZHUH�WKHQ�WUDQVIRUPHG�LQWR�WKH�IUHTXHQF\�GRPDLQ�LQ�
WKH�IRUP�RI�D�6'0�SHU�UXQ�DV�GHVFULEHG�LQ�6WHS�����(DFK�6'0�ZDV�WHVWHG�SHU�WKH�&KROHVN\�
GHFRPSRVLWLRQ�SURSHUW\�DQG�YHULILHG�WR�EH�SRVLWLYH�GHILQLWH��
�
� � ���� (DFK�6'0�ZDV�WKHQ�QRUPDOL]HG�DV�VXJJHVWHG�LQ�6WHS���WR�DOORZ�WKH�DQDO\VW�WR�
UHYLHZ�WKH�GHJUHH�RI�FRKHUHQFH�EHWZHHQ�'2)V���
�
� � ���� 3HU�6WHS����WKH�6'0V�ZHUH�FRQILJXUHG�LQWR�D�FRQYHQLHQW�VWUXFWXUH�WR�DOORZ�
VWDWLVWLFDO�DQDO\VLV���0$7/$%�ZDV�HPSOR\HG�LQ�WKLV�H[DPSOH�DQG�WKH�GDWD�ZHUH�FRQILJXUHG�DV�
6'0BDOO >6'0B5XQ��6'0B5XQ�«�6'0B5XQ�@����2EVHUYH�RQO\���RI�WKH���UXQV�LGHQWLILHG�LQ�
WKH�VFHQDULR�DUH�EHLQJ�FRQVLGHUHG���,Q�UHYLHZLQJ�WKH�ILHOG�GDWD��WKH���PSK�UDGLDO�ZDVKERDUG�GDWD�
ZHUH�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�UHVW�RI�WKH�5XQV��GHWHUPLQHG�WR�KDYH�QR�HIIHFW�RQ�IDWLJXH��DQG�
ZHUH�QRW�FRQVLGHUHG�LQ�FRPSXWLQJ�WKH�EDVLF�VWDWLVWLFV�RI�WKH�HQVHPEOH��
�
� � ���� 1H[W��SHU�6WHS����D�ZHLJKWHG�DYHUDJH�LQ�WHUPV�RI�WKH�WLPH�SHU�URDG�FRQGLWLRQ�DV�
GHILQHG�LQ�7DEOH���ZDV�FRPSXWHG���7KLV�DYHUDJH�VKRXOG�EH�FRPSXWHG�LQ�WHUPV�RI�FRPSOH[�&6'�
WHUPV��QRW�WKH�QRUPDOL]HG�6'0���7KH�UHVXOWLQJ�ZHLJKWHG�DYHUDJH�6'0�ZDV�WKHQ�WHVWHG�DW�HDFK�
VSHFWUDO�OLQH�WR�HVWDEOLVK�ZKHWKHU�RU�QRW�WKH�SRVLWLYH�GHILQLWH�FULWHULRQ�ZDV�PHW���)LJXUH���
LOOXVWUDWHV�WKH�ZHLJKWHG�DYHUDJH�6'0���7DNLQJ�DGYDQWDJH�RI�WKH�+HUPLWLDQ�SURSHUW\�RI�D�6'0��
)LJXUH���LV�ODLG�RXW�VXFK�WKDW�WKH�ORZHU�WULDQJXODU�VHFWLRQ�UHSUHVHQWV�WKH�SKDVH�EHWZHHQ�'2)V��WKH�
XSSHU�WULDQJXODU�SRUWLRQ�UHSUHVHQWV�WKH�VTXDUH�URRW�RI�WKH�RUGLQDU\�FRKHUHQFH��DQG�WKH�GLDJRQDO�
WHUPV�DUH�WKH�$6'V�RI�WKH���ULJLG�ERG\�'2)V���$OWKRXJK�WRR�VPDOO�WR�UHYLHZ�LQ�GHWDLO�RQ�D�VLQJOH�
SDJH�DV�VKRZQ��WKH�FRKHUHQFH�SORWV�DUH�DOO�VFDOHG�EHWZHHQ�����DQG�������7KLV�LV�WR�LOOXVWUDWH�WKHUH�
LV�VRPH�OHYHO�RI�FRKHUHQFH��SDUWLFXODUO\�EHORZ�����+]�LQ�WKH�H[DPSOH�DW�KDQG��EHWZHHQ�'2)V���
8VLQJ�WKH�96'�SURFHVV�SURSRVHG��WKH�DQDO\VW�ZLOO�WU\�WR�NHHS�DV�PXFK�FRKHUHQFH�LQ�WKH�ILQDO�
VSHFLILFDWLRQ�DV�SRVVLEOH�ZKLOH�VWLOO�HQVXULQJ�WKH�ILQDO�UHVXOW�LV�SRVLWLYH�GHILQLWH��
�
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)LJXUH�����1RUPDOL]HG�ZHLJKWHG�DYHUDJH�6'0��
�
�
� � ���� ,Q�RUGHU�WR�DGGUHVV�WKH�SRVVLELOLW\�RI�KDYLQJ�WR�GHDO�ZLWK�QRQ�SRVLWLYH�GHILQLWH�
UHVXOWV��D�XWLOLW\�ZDV�ZULWWHQ�ZKLFK�JUDGXDOO\�DQG�HTXDOO\�UHGXFHV�WKH�PDJQLWXGHV�RI�WKH�FURVV�
VSHFWUDO�GHQVLW\�WHUPV�XQWLO�WKH�SRVLWLYH�GHILQLWH�FULWHULRQ�LV�PHW�SHU�6WHS�����7KLV�WHFKQLTXH�
DFWXDOO\�UHGXFHV�WKH�FURVV�WHUP�PDJQLWXGHV�RI�VRPH�&6'V�PRUH�WKDW�ZKDW�LV�UHTXLUHG���
$GGUHVVLQJ�WKLV�SRWHQWLDO�VKRUWFRPLQJ�LV�RQH�RI�WKH�PRWLYDWLRQV�IRU�WKH�GHYHORSPHQW�RI�
0HWKRG�,,��
�
� � ���� $W�WKLV�SRLQW��SHU�6WHS����WKH�UPV�OHYHO�ZDV�FRPSXWHG�IRU�HDFK�$6'��GLDJRQDO�
6'0�(QWU\��RYHU�WKH�EDQGZLGWK�RI�LQWHUHVW��������+]�LQ�WKLV�H[DPSOH����(DFK�$6'�ZDV�WKHQ�
VFDOHG�WR�WKH�OHYHO�RI�WKH�PD[LPXP�UPV�OHYHO�YLD�(TXDWLRQ������
�
� � �����3HU�6WHS����WKH�QHZ�WHVW�WLPHV�DVVRFLDWHG�ZLWK�HDFK�$6'�ZHUH�DOVR�GRFXPHQWHG���
$V�H[SHFWHG��WKH�QHZ�WLPHV�DVVRFLDWHG�ZLWK�HDFK�'2)�ZHUH�QR�ORQJHU�WKH�VDPH���6LQFH�WKH�96'�
HIIRUW�LV�GHVLJQHG�WR�\LHOG�D�VLPXOWDQHRXV���'2)�UHIHUHQFH��LW�ZLOO�EH�QHFHVVDU\�WR�FKRRVH�D�
FRPPRQ�WHVW�WLPH�DQG�UHVFDOH�DOO�$6'�HQWULHV�WR�WKH�VHOHFWHG�WHVW�GXUDWLRQ���)RU�WKH�H[DPSOH�DW�
KDQG��D�WHVW�GXUDWLRQ�RI����PLQXWHV�ZDV�VHOHFWHG���$V�LV�DOZD\V�WKH�FDVH�ZLWK�VHOHFWLRQ�RI�
FRPSUHVVHG�WHVW�GXUDWLRQV��RQH�VKRXOG�DGKHUH�WR�WKH�JXLGDQFH�RI�QRW�H[DJJHUDWLQJ�WKH�$6'�SRZHU�
OHYHOV�E\�PRUH�WKDQ�������2I�FRXUVH�ZKHQ�GHDOLQJ�ZLWK���$6'�WHUPV��WKLV�LV�QRW�DOZD\V�SRVVLEOH���
,Q�VXFK�FDVHV��WKH�DQDO\VW�VKRXOG�DYRLG�LQFUHDVLQJ�WKH�GRPLQDQW�'2)V�RU�'2)V�ZLWK�NQRZQ�
VWUXFWXUDO�VKRUWFRPLQJV�E\�PRUH�WKDQ���G%�DERYH�PD[LPXP�PHDVXUHG�$6'�OHYHOV��
�
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� � �����7KH�WHUPV�FRPSULVLQJ�WKH�6'0�ZHUH�EDVHG�RQ�DYHUDJH�$6'�DQG�&6'�HVWLPDWHV��
ZKLFK�LV�LQ�FRQWUDVW�WR�WKH�JXLGDQFH�SURYLGHG�LQ�UHIHUHQFH�QXPEHU����LQ�ZKLFK�WKH�$6'�OHYHOV�
FDUULHG�WKURXJK�WKH�FDOFXODWLRQV�RI�D���'2)�96'�ZHUH�DFWXDOO\�EDVHG�RQ�DQ�$6'�FRPSXWHG�DV�
WKH�VXP�RI�D�0HDQ�$6'�DQG�VWDQGDUG�GHYLDWLRQ�FRPSXWHG�RQ�D�SHU�VSHFWUDO�OLQH�EDVLV���:RUNLQJ�
GLUHFWO\�ZLWK�WKH�PHDQ�$6'�OHYHOV�LV�LQWHQGHG�WR�DYRLG�H[FHVVLYH�FRQVHUYDWLVP�LQ�WKH�96'�
SURFHVV���&RQVHUYDWLVP�LQWHQGHG�WR�DGGUHVV�XQFRQWUROOHG�YDULDEOHV�VXFK�DV�IOHHW�YDULDWLRQV�DQG�
FRQGLWLRQV�QRW�FRQVLGHUHG�LQ�WKH�PLVVLRQ�VFHQDULR�DUH�DGGUHVVHG�E\�D�VLQJOH�VFDODU�����G%�LQ�WKLV�
H[DPSOH��LQ�6WHS������&OHDUO\�WKH�DQDO\VW�KDV�WKH�DELOLW\�WR�PRGLI\�WKH�ILQDO�FRQVHUYDWLVP�OHYHO�
EDVHG�RQ�NQRZOHGJH�RI�WKH�VSHFLILF�96'�HIIRUW��
�
7KH�ILQDO�UHIHUHQFH�6'0�SURGXFHG�E\�0HWKRG�,�LV�VKRZQ�LQ�)LJXUH�����2EVHUYH�WKDW�WKH�SKDVH�
DQG�FRKHUHQFH�WHUPV�DUH�HVVHQWLDOO\�XQFKDQJHG�IURP�WKDW�RI�WKH�DYHUDJH�6'0�RI�)LJXUH����
�
�

�
�

)LJXUH�����0HWKRG�,�QRUPDOL]HG�UHIHUHQFH�6'0��
�
�

� F�� 0HWKRG�,,�([DPSOH���7KH�ILUVW�IRXU�VWHSV�RI�0HWKRG�,,�FRUUHODWH�GLUHFWO\�WR�WKDW�RI�
0HWKRG�,���7KH�PDMRU�GHYLDWLRQ�LQ�0HWKRG�,,�LV�WKDW�DOO�DYHUDJLQJ�ZLOO�EH�FRPSXWHG�LQ�WKH�
&KROHVN\�GRPDLQ���,Q�6WHS����&KROHVN\�GHFRPSRVLWLRQV�DUH�FDUULHG�RXW�RQ�WKH�LQGLYLGXDO�6'0¶V�
DVVRFLDWHG�ZLWK�HDFK�5XQ�LQ�WKH�PLVVLRQ�VFHQDULR���6LQFH�HDFK�LQGLYLGXDO�5XQ�ZDV�EDVHG�RQ�D�
PHDVXUHG�SK\VLFDO�HYHQW��WKH�LQGLYLGXDO�6'0V�ZHUH�SRVLWLYH�GHILQLWH�DV�H[SHFWHG��WKHUHE\�
PDNLQJ�WKH�&KROHVN\�GHFRPSRVLWLRQ�SRVVLEOH���,Q�WKH�HYHQW�WKDW�D�JLYHQ�5XQ�KDG�IDLOHG�WKH�
&KROHVN\�GHFRPSRVLWLRQ�DQG�DOO�PHDVXUHPHQW�ORFDWLRQV�DQG�UHODWLYH�SRODULWLHV�ZHUH�YHULILHG��
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LQYHVWLJDWH�WKH�VSHFWUDO�OLQHV�DW�ZKLFK�WKH�GHFRPSRVLWLRQ�IDLOV���,I�WKH�GHFRPSRVLWLRQ�LV�IDLOLQJ�DW�
RQO\�D�IHZ�VSHFWUDO�OLQHV��LW�PD\�EH�SRVVLEOH�WR�VDOYDJH�WKH�PHDVXUHPHQW�HPSOR\LQJ�WKH�&6'�
PDJQLWXGH�UHGXFWLRQ�WHFKQLTXHV�SURSRVHG�LQ�0HWKRG�,���7KH�&KROHVN\�GRPDLQ�GDWD�ZHUH�WKHQ�
RUJDQL]HG�LQWR�D�FRQYHQLHQW�VWUXFWXUH�IRU�VWDWLVWLFDO�DQDO\VLV���$V�LQ�0HWKRG�,��0DWODE�ZDV�XVHG�WR�
FRPSXWH�WKH�ZHLJKWHG�DYHUDJHV�DQG�WKH�&KROHVN\�GRPDLQ�GDWD�ZHUH�RUJDQL]HG�DV���
&+2/BDOO >&+2/B5XQ���&+2/B5XQ�«���&+2/B5XQ1@����,Q�6WHS����D�ZHLJKWHG�DYHUDJH�LQ�
WHUPV�RI�WKH�WLPH�SHU�URDG�FRQGLWLRQ�DV�GHILQHG�LQ�7DEOH���ZDV�FRPSXWHG�RYHU�WKH�ORZHU�
WULDQJXODU�PDWUL[�RI�WKH�HLJKW�&KROHVN\�GHFRPSRVLWLRQV�RI�6WHS�����7KH�ZHLJKWHG�DYHUDJH�ZDV�
WKHQ�FRQYHUWHG�EDFN�LQWR�WKH�6'0�GRPDLQ���$V�H[SHFWHG��WKH�FRKHUHQFH�FKDUDFWHULVWLFV�RI�WKH�
UHVXOWLQJ�6'0�ZHUH�FRPSDUDEOH�ZLWK�WKDW�RI�)LJXUH���DQG�WKH�UPV�OHYHOV�RI�WKH�$6'�WHUPV�
UHTXLUHG�UHVFDOLQJ�SHU�6WHS�����6WHSV������ZHUH�FDUULHG�RXW�GLUHFWO\�DV�VWDWHG�LQ�WKH�0HWKRG�,�
RXWOLQH��
�
� G�� 7KH�UHIHUHQFH�6'0�UHVXOWLQJ�IURP�0HWKRG�,,��)LJXUH����\LHOGHG�VLPLODU�SKDVH�DQG�
FRKHUHQFH�FKDUDFWHULVWLFV�WR�WKDW�RI�WKH�UHIHUHQFH�6'0�UHVXOWLQJ�IURP�0HWKRG�,��)LJXUH������1RWH�
WKDW�WKH�0HWKRG�,�H[DPSOH�WRRN�DGYDQWDJH�RI�DYHUDJLQJ�RQO\�WKH�ORZHU�WULDQJXODU�&6'�WHUPV��
DYRLGLQJ�SRWHQWLDO�QXPHULFDO�LVVXHV��WKHUHE\�QRW�UHTXLULQJ�WKH�6'0�WR�EH�IRUFHG�SRVLWLYH�GHILQLWH�
LQ�D�PDQQHU�WKDW�ZRXOG�UHVXOW�LQ�ORZHULQJ�WKH�FRKHUHQFH�LQ�D�PRUH�FRQVHUYDWLYH�PDQQHU�WKDQ�
UHTXLUHG��
�
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� H�� $6'�&RPSDULVRQV���1H[W��WKH�PLQRU�VSHFWUDO�VKDSH�GHYLDWLRQV�EHWZHHQ�WKH�$6'�
UHVXOWLQJ�IURP�WKH�WZR�96'�PHWKRGV�GLVFXVVHG�ZLOO�EH�LOOXVWUDWHG���)LJXUHV���DQG���VKRZ�WKH�
$6'�UHIHUHQFHV�IRU�WKH�=�D[LV��YHUWLFDO��DQG�URWDWLRQ�DERXW�=�D[LV��5]��UHVSHFWLYHO\��DV�SURGXFHG�
IURP�ERWK�96'�PHWKRGV���7KH�$6'�UHIHUHQFHV�DUH�VXSHULPSRVHG�ZLWK�WKH�UDZ��XQH[DJJHUDWHG��
UHIHUHQFH�GDWD�IURP�ZKLFK�WKH�VSHFLILFDWLRQV�ZHUH�FUHDWHG���2EVHUYH�WKDW�WKH�$6'�VKDSHV�
HQYHORSH�WKH�ILHOG�GDWD�ZLWKRXW�H[FHVVLYH�FRQVHUYDWLVP��
�

�
�

)LJXUH�����$6'�UHIHUHQFHV�IRU�WKH�=�D[LV��
�
�

��� ��� ���
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����

)UHT��+]�

*
� �+

]

$6'�5DZ�'DWD�DQG�5HIHUHQFH�2YHUOD\V��=�$[LV�
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)LJXUH�����$6'�UHIHUHQFHV�IRU�URWDWLRQ�DERXW�=�D[LV��5]���
�
�

� I�� $V�VWDWHG�SUHYLRXVO\��WKH�WHVW�GXUDWLRQ�IRU�WKH�UHIHUHQFH�6'0�\LHOGHG�E\�ERWK�0HWKRGV�
LQ�WKLV�H[DPSOH�ZDV�HVWDEOLVKHG�WR�EH����PLQXWHV���&OHDUO\��DV�LOOXVWUDWHG�LQ�)LJXUHV���DQG���WKH�
DVVRFLDWHG�$6'�UHIHUHQFHV�DUH�KLJKO\�FRUUHODWHG��
�
���� &RQFOXGLQJ�5HPDUNV��
�
� D�� 7ZR�WHFKQLTXHV�ZHUH�GHILQHG�IRU�HVWDEOLVKLQJ�DQ�LQSXW�VSHFLILFDWLRQ�IRU�D�0'2)�
V\VWHP���,W�ZDV�VKRZQ�WKDW�VLPSOH�HQYHORSLQJ�WHFKQLTXHV�DUH�QRW�DSSURSULDWH�ZKHQ�FRQVLGHULQJ�
&6'�WHUPV�GXH�WR�WKH�VHQVLWLYLW\�RI�VXFK�RSHUDWLRQV�DVVRFLDWHG�ZLWK�PDLQWDLQLQJ�D�SK\VLFDOO\�
UHDOL]DEOH�UHIHUHQFH���7KH�UHVXOWLQJ�6'0�UHIHUHQFHV�\LHOGHG�WKURXJK�WKH�SURFHVV�RXWOLQHG�DUH�
IXOO\�SRSXODWHG�6'0¶V���,PSRUWLQJ�WKH�IXOO\�SRSXODWHG�6'0�LQWR�WKH�0'2)�FRQWURO�V\VWHP�LQ�DQ�
HIILFLHQW�PDQQHU�LV�HVVHQWLDO�GXH�WR�WKH�YROXPH�RI�LQIRUPDWLRQ�LQYROYHG��
�
� E�� :KLOH�V\QWKHVL]LQJ�D�GULYH�VLJQDO�ZLWK�&6'�FKDUDFWHULVWLFV�RI�WKH�ILHOG�GDWD�LV�GHVLUHG��
LW�LV�UHFRJQL]HG�WKDW�WKH�PHFKDQLFDO�LPSHGDQFH�RI�WKH�ODERUDWRU\�FRQILJXUDWLRQ�LV�KLJKO\�XQOLNHO\�
WR�PDWFK�WKDW�RI�WKH�ILHOG�GDWD����7KHUHIRUH��LW�ZLOO�EH�GLIILFXOW�WR�PDLQWDLQ�&6'�FKDUDFWHULVWLFV�
DFURVV�WKH�VSHFWUDO�EDQGZLGWK�RI�LQWHUHVW�DQG�WKXV��WKH�FRQWURO�KLHUDUFK\�ZLOO�JHQHUDOO\�SODFH�
HPSKDVLV�RQ�WKH�$6'�WHUPV���$OVR��LW�LV�QRW�XQFRPPRQ�LQ�0'2)�WHVWV�IRU�D�VSHFLILF�PHFKDQLFDO�
GHJUHH�RI�IUHHGRP�WR�FRQVLVW�RI�D�YHU\�VPDOO�SHUFHQWDJH�RI�WKH�FRPSRVLWH�HQHUJ\�DFURVV�DOO�
PHFKDQLFDO�GHJUHHV�RI�IUHHGRP���,Q�VXFK�FDVHV��WKH�DVVRFLDWHG�HUURU�IRU�WKH�ORZ�'2)�ZLOO�RIWHQ�
EH�KLJKHU�WKDQ�WKH�GHVLUHG�WHVW�WROHUDQFHV�DQG�FRQVLGHULQJ�JOREDO�WHVW�WROHUDQFHV�PD\�QHHG�WR�EH�
FRQVLGHUHG��
�
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� F�� &DUH�ZDV�WDNHQ�LQ�WKH�H[DPSOHV�SURYLGHG�WR�OLPLW�WKH�DPRXQW�RI�FRQVHUYDWLVP�LQ�WKH�
96'�SURFHVV���2QH�TXLFNO\�UHDOL]HV�WKDW�WKH�DPRXQW�RI�FRQVHUYDWLVP�LV�FXPXODWLYH�DFURVV�GHJUHHV�
RI�IUHHGRP�DQG�LI�QRW�PDQDJHG�FDUHIXOO\�ZLOO�\LHOG�WHVW�OHYHOV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�
PHDVXUHG�HQYLURQPHQW���8QOLNH��WKH�FRPPRQ�WHFKQLTXH�RI�HVVHQWLDOO\�DGGLQJ���G%�WR�DOO�
PHDVXUHPHQWV�SULRU�WR�FRQGXFWLQJ�DYHUDJLQJ�RU�HQYHORSLQJ�WHFKQLTXHV�LQ�WKH���'2)�DUHQD�SHU�
UHIHUHQFH�QXPEHU����DOO�ZHLJKWHG�DYHUDJHV�LQ�WKH���'2)�H[DPSOHV�VKRZQ�ZHUH�EDVHG�RQ�UDZ�
DYHUDJHG�GDWD���&RQVHUYDWLVP�WR�DFFRXQW�IRU�YDULDEOHV�VXFK�DV�IOHHW�YDULDELOLW\�DQG�PLVVLRQ�
VFHQDULR�RPLVVLRQV�ZHUH�DGGHG�LQ�WKH�ILQDO�VWHS���0DJQLWXGH�DPSOLILFDWLRQ�DVVRFLDWHG�ZLWK�WLPH�
FRPSUHVVLRQ�WHFKQLTXHV�ZDV�OLPLWHG�WR�QR�PRUH�WKDQ�PD[LPXP�PHDVXUHG�OHYHOV���$OVR��RQ�WKH�
VXEMHFW�RI�WROHUDQFHV��RQH�PD\�ILQG�LW�UHDVRQDEOH�WR�GHILQH�SKDVH�DQG�FRKHUHQFH�WROHUDQFHV�RYHU�
RQO\�D�SRUWLRQ�RI�WKH�WHVW�EDQGZLGWK���,Q�WKH�H[DPSOH�SURYLGHG��WKH�FRKHUHQFH�GURSSHG�RII�
FRQVLGHUDEO\�DW�IUHTXHQFLHV�DERYH����+]���6LQFH�WKH�SKDVH�WHUP�LV�HVVHQWLDOO\�D�UDQGRP�YDULDEOH�
IRU�ORZ�FRKHUHQFH��VHWWLQJ�WROHUDQFHV�IRU�IUHTXHQFLHV�JUHDWHU�WKDQ����+]�ZRXOG�QRW�EH�
UHFRPPHQGHG�IRU�WKH�H[DPSOH�VKRZQ��
�
�
�
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$33(1',;�$���*/266$5<��
�
7HUP� 'HILQLWLRQ�
� �
/DERUDWRU\�
9LEUDWLRQ�7HVW�
6FKHGXOH��/976��

$OO�LQIRUPDWLRQ�UHTXLUHG�WR�SHUIRUP�D�YLEUDWLRQ�WHVW�RQ�D�YLEUDWLRQ�
H[FLWHU���,QIRUPDWLRQ�W\SLFDOO\�LQFOXGHV��D�EURDGEDQG�VSHFWUD��RU�
SURILOH���VLQH�RU�QDUURZEDQG�LQIRUPDWLRQ��LI�XVHG���WHVW�UXQ�WLPH��
FRQWURO�DFFHOHURPHWHU�ORFDWLRQV��FRQWURO�PHWKRGV�DQG�WROHUDQFHV��
DQG�DQ\�WHVW�VSHFLILF�LQIRUPDWLRQ�UHTXLUHG��

� �
0XOWL�$[LV��0$�� ([FLWDWLRQ�RU�UHVSRQVH�PHDVXUHPHQW�WKDW�UHTXLUHV�PRUH�WKDQ�RQH�

XQLTXH�YHFWRU�IRU�GHVFULSWLRQ��
� �
0XOWL�'HJUHH�RI�
)UHHGRP��0'2)��

0RWLRQ�GHILQHG�E\�WHVW�LWHP�PRYHPHQW�DORQJ�RU�DERXW�PRUH�WKDQ�
RQH�D[LV�ZKRVH�GHVFULSWLRQ�UHTXLUHV�WZR�RU�PRUH�FRRUGLQDWHV�WR�
FRPSOHWHO\�GHILQH�WKH�SRVLWLRQ�RI�WKH�LWHP�DW�DQ\�LQVWDQW��

� �
0XOWLSOH�
([FLWHU�0XOWLSOH�
$[LV��0(0$��

$SSOLFDWLRQ�RI�PXOWLSOH�H[FLWHUV�SURYLGLQJ�G\QDPLF�LQSXW�WR�WKH�WHVW�
LWHP�LQ�D�ZD\�WKDW�UHTXLUHV�PRUH�WKDQ�D�VLQJOH�YHFWRU�IRU�FRPSOHWH�
GHVFULSWLRQ�RI�H[FLWDWLRQ�DQG�PHDVXUHPHQW���1RWH�WKDW�PDQ\�PXOWL�
D[LV�WHVW�SODWIRUP�FRQILJXUDWLRQV�KDYH�EHHQ�EXLOW�LQ�UHFHQW�\HDUV���
0DQ\�DUH�RSWLPDOO\�FRQILJXUHG�VXFK�WKDW�WKH�QXPEHU�RI�PHFKDQLFDO�
'2)V�LV�HTXLYDOHQW�WR�WKH�QXPEHU�RI�H[FLWHUV���7KHUH�DUH�DOVR�RYHU��
DFWXDWHG�V\VWHPV�FRQVLVWLQJ�RI�PRUH�H[FLWHUV�WKDQ�PHFKDQLFDO�
'2)V���,Q�HDFK�FDVH��WKH�G\QDPLF�SURSHUWLHV�YDU\�EHWZHHQ�GHVLJQV�
DQG�PXVW�EH�FRQVLGHUHG�LQ�WKH�GHVLJQ�RI�D�0(7��

� �
0XOWLSOH�([FLWHU��
6LQJOH�$[LV�
�0(6$��

$SSOLFDWLRQ�RI�PXOWLSOH�H[FLWHUV�SURYLGLQJ�G\QDPLF�LQSXW�WR�WKH�WHVW�
LWHP�LQ�D�VLQJOH�YHFWRU�GLUHFWLRQ���)RU�H[DPSOH��H[WHQGHG�PDWHULHO�
PLJKW�UHTXLUH�H[FLWDWLRQ�DW�WKH�IRUZDUG�DQG�DIW�HQG�LQ�D�VLQJOH�YHFWRU�
D[LV���)RU�WKH�FDVH�LQ�ZKLFK�WKH�WZR�H[FLWHUV�DUH�GULYHQ�WR�D�FRPPRQ�
VSHFLILFDWLRQ�ZLWK�UHVSHFW�WR�ERWK�SKDVH�DQG�DPSOLWXGH��WKH�RXWSXW�
PD\�EH�GHVFULEHG�EDVLFDOO\�LQ�WKH�RQH�D[LV�RI�H[FLWDWLRQ���)RU�WKH�
FDVH�LQ�ZKLFK�WKH�WZR�H[FLWHUV�DUH�GULYHQ�WR�LQGHSHQGHQW�PDJQLWXGH�
DQG�RU�SKDVH�VSHFLILFDWLRQV��WKH�RXWSXW�PD\�QHHG�WR�EH�GHVFULEHG�LQ�
WHUPV�RI�D�IRUZDUG�D[LV�DQG�DIW�D[LV�DQG��SHUKDSV��D�URWDWLRQDO�D[LV�
DERXW�WKH�WHVW�LWHP¶V�FHQWHU�RI�JUDYLW\��&*���

� �
0XOWLSOH�
,QSXW�0XOWLSOH�
2XWSXW��0,02��

5HIHUV�WR�LQSXW�RI�D�PXOWLSOH�GULYH�VLJQDOV�WR�DQ�H[FLWHU�V\VWHP�
FRQILJXUDWLRQ�LQ�D�0'2)�FRQILJXUDWLRQ��DQG�PXOWLSOH�PHDVXUHG�
RXWSXWV�IURP�WKH�IL[WXUH�RU�WHVW�LWHP�LQ�D�0'2)�FRQILJXUDWLRQ���,W�LV�
LPSRUWDQW�WR�QRWH�WKDW�JHQHUDOO\�WKHUH�LV�QR�RQH�WR�RQH�
FRUUHVSRQGHQFH�EHWZHHQ�LQSXWV�DQG�RXWSXWV��DQG�WKH�QXPEHU�RI�
LQSXWV�DQG�QXPEHU�RI�RXWSXWV�PD\�EH�GLIIHUHQW��

� �
�
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$33(1',;�$���*/266$5<��
�
7HUP� 'HILQLWLRQ�
� �
0XOWLSOH�
,QSXW�6LQJOH�
2XWSXW��0,62��

5HIHUV�WR�LQSXW�RI�D�PXOWLSOH�GULYH�VLJQDOV�WR�DQ�H[FLWHU�V\VWHP�
FRQILJXUDWLRQ�LQ�D�0'2)�FRQILJXUDWLRQ�DQG�D�VLQJOH�PHDVXUHG�
RXWSXW�IURP�WKH�IL[WXUH�RU�WHVW�LWHP�LQ�D�6'2)�FRQILJXUDWLRQ���7KLV�
WHUPLQRORJ\�LV�PRVW�XVHG�LQ�PHDVXUHPHQW�GDWD�SURFHVVLQJ�ZKHUH�WKH�
VLQJOH�RXWSXW�LV�D�FRPSRVLWH�RI�PHDVXUHPHQWV�IURP�PXOWLSOH�LQSXWV��

� �
6FHQDULR� $�WDEXODWLRQ�RI�H[SHFWHG�H[SRVXUH�HYHQWV�DQG�WKH�FRUUHVSRQGLQJ�

GXUDWLRQV��
� �
6LQJOH�$[LV��6$�� ([FLWDWLRQ�RU�UHVSRQVH�PHDVXUHPHQW�LQ�D�XQLTXH�VLQJOH�YHFWRU�

GLUHFWLRQ��OLQHDU�RU�URWDWLRQDO����)RU�URWDWLRQDO�D[LV��WKH�YHFWRU�
GLUHFWLRQ�LV�SHUSHQGLFXODU�WR�WKH�SODQH�RI�URWDWLRQ�RI�WKH�H[FLWHU�RU�
WHVW�LWHP��

� �
6LQJOH�'HJUHH�RI�
)UHHGRP��6'2)��

0RWLRQ�GHILQHG�E\�PDWHULHO�PRYHPHQW�DORQJ�RU�DERXW�D�VLQJOH�D[LV�
ZKRVH�GHVFULSWLRQ�UHTXLUHV�RQO\�RQH�FRRUGLQDWH�WR�FRPSOHWHO\�
GHILQH�WKH�SRVLWLRQ�RI�WKH�LWHP�DW�DQ\�LQVWDQW��

� �
6LQJOH�
([FLWHU�6LQJOH�
$[LV��6(6$��

$SSOLFDWLRQ�RI�D�VLQJOH�H[FLWHU�SURYLGLQJ�G\QDPLF�LQSXW�WR�WKH�WHVW�
LWHP�LQ�D�VLQJOH�YHFWRU�GLUHFWLRQ��

� �
6LQJOH�
,QSXW�0XOWLSOH�
2XWSXW��6,02��

5HIHUV�WR�LQSXW�RI�D�VLQJOH�GULYH�VLJQDO�WR�DQ�H[FLWHU�V\VWHP�LQ�D�
6'2)�FRQILJXUDWLRQ��DQG�PXOWLSOH�PHDVXUHG�RXWSXWV�IURP�WKH�
IL[WXUH�RU�WHVW�LWHP�LQ�D�0'2)�FRQILJXUDWLRQ���,Q�JHQHUDO��IRU�
VSHFLILFDWLRQ�SXUSRVHV�WKH�G\QDPLF�EHKDYLRU�RI�WKH�WHVW�LWHP�ZLOO�
QRW�EH�DVVXPHG�WR�FRQWULEXWH�WR�WKH�RXWSXW�'2)��L�H���PHDVXUHG�
URWDWLRQ�RI�DQ�H[WHQGHG�WHVW�LWHP�WKDW�LV�EHLQJ�H[FLWHG�LQ�D�FDQWLOHYHU�
PRGH�ZLOO�VWLOO�EDVLFDOO\�EH�FRQVLGHUHG�DV�D�6(7�ZLWK�OLQHDU�
DFFHOHUDWLRQ�FKDUDFWHUL]LQJ�WKH�RXWSXW��

� �
6LQJOH�
,QSXW�6LQJOH�
2XWSXW��6,62��

5HIHUV�WR�LQSXW�RI�D�VLQJOH�GULYH�VLJQDO�WR�DQ�H[FLWHU�V\VWHP�LQ�D�
6'2)�FRQILJXUDWLRQ�DQG�D�VLQJOH�PHDVXUHG�RXWSXW�IURP�WKH�IL[WXUH�
RU�WHVW�LWHP�LQ�D�6'2)�FRQILJXUDWLRQ��

�
�
�
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$33(1',;�%���$%%5(9,$7,216��
�

$(&73� $OOLHG�(QYLURQPHQWDO�&RQGLWLRQV�7HVW�3XEOLFDWLRQ�
$6'� DXWR�VSHFWUDO�GHQVLW\��DOVR�UHIHUUHG�WR�DV�WKH�SRZHU�VSHFWUDO�GHQVLW\�

�36'��
� �
&*� FHQWHU�RI�JUDYLW\�
&6'� FURVV�VSHFWUDO�GHQVLW\�
� �
G%� GHFLEHO�
')7� GLVFUHWH�)RXULHU�WUDQVIRUP�
'2)� GHJUHH�RI�IUHHGRP�
'7&� 86�$UP\�'HYHORSPHQWDO�7HVW�&RPPDQG�
� �
)5)� IUHTXHQF\�UHVSRQVH�IXQFWLRQ�
� �
J�9� JUDYLWDWLRQDO�XQLWV�YROWV�RI�GULYH�
� �
+]� KHUW]�
� �
,�2� LQSXW�RXWSXW�
,(((� ,QVWLWXWH�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHUV�
,(6� ,QVWLWXWH�RI�(QYLURQPHQWDO�6FLHQFHV�
,(67� ,QVWLWXWH�RI�(QYLURQPHQWDO�6FLHQFHV�DQG�7HFKQRORJ\�
� �
/&(3� /LIH�&\FOH�(QYLURQPHQW�3URILOH�
/2$� OLQH�RI�DFWLRQ�
/976� /DERUDWRU\�9LEUDWLRQ�7HVW�6FKHGXOH�
� �
0$� PXOWL�D[LV�
0'2)� PXOWLSOH�GHJUHH�RI�IUHHGRP�
0(0$� PXOWLSOH�H[FLWHU�PXOWLSOH�D[LV�
0(6$� PXOWLSOH�H[FLWHU�VLQJOH�D[LV�
0(7� PXOWLSOH�H[FLWHU�WHVW�
0,/�67'� 0LOLWDU\�6WDQGDUG�
0,02� PXOWLSOH�LQSXW�PXOWLSOH�RXWSXW�
0,62� PXOWLSOH�LQSXW�VLQJOH�RXWSXW�
� �
1$72� 1RUWK�$WODQWLF�7UHDW\�2UJDQL]DWLRQ�
1%525� QDUURZEDQG�UDQGRP�RQ�UDQGRP�
� �
SLQY� 0RRUH�3HQURVH�SVHXGR�LQYHUVH�
36'� SRZHU�VSHFWUDO�GHQVLW\�
� �
UPV� URRW�PHDQ�VTXDUH�
57&� 86�$UP\�5HGVWRQH�7HVW�&HQWHU�
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6$� VLQJOH�D[LV�
6'0� VSHFWUDO�GHQVLW\�PDWUL[�
6'2)� VLQJOH�GHJUHH�RI�IUHHGRP�
6(6$� VLQJOH�H[FLWHU�VLQJOH�D[LV�
6,02� VLQJOH�LQSXW�PXOWLSOH�RXWSXW�
6,62� VLQJOH�LQSXW�VLQJOH�RXWSXW�
625� VLQH�RQ�UDQGRP�
� �
723� 7HVW�2SHUDWLRQV�3URFHGXUH�
7:5� 7LPH�:DYHIRUP�5HSOLFDWLRQ�
� �
887� XQLW�XQGHU�WHVW�
� �
96'� 9LEUDWLRQ�6FKHGXOH�'HYHORSPHQW�
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7HUP� 'HILQLWLRQ�
� �
^�`� $�YHFWRU�ZKHUH�HDFK�HOHPHQW�LV�D�GLVFUHWH�WLPH�KLVWRU\�RU�IXQFWLRQ�

RI�IUHTXHQF\��WKH�GLVFUHWH�)RXULHU�WUDQVIRUP��')7��RI�D�WLPH�
KLVWRU\���,Q�JHQHUDO�ORZHU�FDVH�OHWWHUV�ZLOO�EH�XVHG�IRU�IXQFWLRQV�RI�
WLPH�DQG�XSSHU�FDVH�OHWWHUV�ZLOO�EH�XVHG�IRU�IXQFWLRQV�RI�IUHTXHQF\���
6RPHWLPHV�ORZHU�FDVH�OHWWHUV�DUH�XVHG�WR�GHVLJQDWH�DQ�HOHPHQW�LQ�D�
PDWUL[��

� �
>�@� :LOO�GHQRWH�D�PDWUL[���8VXDOO\�D�WKLUG�GLPHQVLRQ�ZLOO�GHQRWH�WLPH�

VDPSOHV�RU�VDPSOHV�DV�D�IXQFWLRQ�RI�IUHTXHQF\��
� �
>�@¶� 7KH�FRPSOH[�FRQMXJDWH�WUDQVSRVH�RI�D�PDWUL[��
� �
>�@�� 7KH�0RRUH�3HQURVH�SVHXGR�LQYHUVH�RI�D�PDWUL[��
� �
>�@7� 7KH�WUDQVSRVH�RI�D�PDWUL[��
� �
A� 2YHU�D�YDULDEOH�ZLOO�GHQRWH�DQ�HVWLPDWHG�YDOXH��
� �
^D`� 7KH�YHFWRU�RI�UHWXUQ�DFFHOHUDWLRQ�VLJQDOV��
� �
A� 7KH�VSHFWUDO�GHQVLW\�PDWUL[�RI�WKH�UHWXUQ�VLJQDOV��W\SLFDOO\�LQ�XQLWV�

RI� �g Hz ��
� �
^c`� $�YHFWRU�RI�WKH�FRQWURO�VLJQDOV�IURP�D�0,02�V\VWHP���(DFK�HOHPHQW�

LQ�WKH�YHFWRU�LV�D�IXQFWLRQ�RI�WLPH���,W�FDQ�EH�WKRXJKW�RI�DV�D���
GLPHQVLRQDO�PDWUL[���)LUVW�GLPHQVLRQ�LV�WKH�LQSXW�QXPEHU���7KH�
VHFRQG�GLPHQVLRQ�LV�WKH�WLPH�LQGH[��

� �
^C`� 7KH�')7�RI�^c`��
� �
C� 7KH�VSHFWUDO�GHQVLW\�PDWUL[�RI�WKH�FRQWURO�VLJQDOV���7KH�GLDJRQDO�

HOHPHQWV�DUH�WKH�UHDO�DXWR�VSHFWUDO�GHQVLWLHV�RI�WKH�FRQWURO�VLJQDOV���
7KH�RII�GLDJRQDO�HOHPHQWV�DUH�FRPSOH[�IXQFWLRQV�RI�IUHTXHQF\�
JLYLQJ�WKH�FURVV�VSHFWUDO�GHQVLW\�EHWZHHQ�SDLUV�RI�FRQWURO�VLJQDOV��

� �
^G`� $�YHFWRU�RI�GULYH�VLJQDOV�LQWR�D�0,02�V\VWHP���(DFK�HOHPHQW�LQ�WKH�

YHFWRU�LV�D�IXQFWLRQ�RI�WLPH���,W�FDQ�EH�WKRXJKW�RI�DV�D���GLPHQVLRQDO�
PDWUL[���)LUVW�GLPHQVLRQ�LV�WKH�LQSXW�QXPEHU���7KH�VHFRQG�
GLPHQVLRQ�LV�WKH�WLPH�LQGH[��

�
�
�
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7HUP� 'HILQLWLRQ�
� �
>D@� 7KH�GULYH�VLJQDOV�LQ�WKH�IUHTXHQF\�GRPDLQ���^d`�LV�IRUPHG�IURP�>'@�

XVLQJ�D�PHWKRG�FDOOHG�WLPH�GRPDLQ�UDQGRPL]DWLRQ���,QLWLDOO\�
ZRZ'D  ��

� �
E>�@� 7KH�H[SHFWHG�YDOXH��
� �
J� 7KH�DFFHOHUDWLRQ�RI�JUDYLW\��
� �
>H@� $�PDWUL[�RI�IUHTXHQF\�UHVSRQVH�IXQFWLRQV��)5)¶V��UHODWLQJ�WKH�

FRQWURO�V\VWHP�UHVSRQVH�WR�WKH�GULYH�VLJQDOV���7\SLFDOO\�WKH�HOHPHQWV�
ZLOO�KDYH�XQLWV�RI�J�9���(DFK�HOHPHQW�LV�D�IUHTXHQF\�UHVSRQVH�
IXQFWLRQ���$�WKLUG�GLPHQVLRQ�W\SLFDOO\�LV�WKH�DPSOLWXGH�DV�D�IXQFWLRQ�
RI�D�VHW�RI�IUHTXHQFLHV�UHODWLQJ�WR�WKH�')7�RI�WKH�LQSXW�DQG�UHVSRQVH�
VLJQDOV��

� �
1V� 7KH�QXPEHU�RI�GULYH�VLJQDOV��WKH�QXPEHU�RI�VKDNHUV��
� �
1F� 7KH�QXPEHU�RI�FRQWURO�VLJQDOV��
� �
1D� 7KH�QXPEHU�RI�DFFHOHUDWLRQ�UHWXUQ�VLJQDOV��
� �
1G� 7KH�QXPEHU�RI�RXWSXW�FRQWURO�YDULDEOHV��
� �
R� 7KH�UHIHUHQFH�FRQWURO�VSHFWUDO�GHQVLW\�PDWUL[��WKH�GHVLUHG�VSHFWUDO�

GHQVLW\�PDWUL[��
� �
{s}� 7KH�YHFWRU�RI�VKDNHU�GULYH�YROWDJHV��
� �
S� 7KH�VSHFWUDO�GHQVLW\�PDWUL[�RI�WKH�GULYHV�LQ�VKDNHU�VSDFH��
� �
S&'� 7KH�VSHFWUDO�GHQVLW\�PDWUL[�EHWZHHQ�WKH�FRQWURO�VLJQDO�DQG�WKH�

GULYHV�WR�WKH�VKDNHUV��
� �
Ta� 7KH�DFFHOHUDWLRQ�WR�FRQWURO�VSDFH�WUDQVIRUPDWLRQ�PDWUL[��
� �
Ts� 7KH�GULYH�LQ�WKH�FRQWURO�VSDFH�WR�YROWDJHV�^V`�WR�WKH�VKDNHUV�

WUDQVIRUPDWLRQ�PDWUL[��
� �
Z= H�� 7KH�V\VWHP�LPSHGDQFH�PDWUL[��W\SLFDOO\�XQLWV�RI�YROWV�J��
�

�
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$�PDWUL[�LV�DQ�DUUD\�RI�QXPEHUV�DUUDLJQHG�LQ�URZV�DQG�FROXPQV���7KH�VL]H�RI�WKH�PDWUL[�LV�
W\SLFDOO\�VWDWHG�DQ�>Q�P@�RU�Q�[�P��ZKHUH�Q�LV�WKH�QXPEHU�RI�URZV�DQG�P�LV�WKH�QXPEHU�RI�
FROXPQV���,Q�WKLV�GRFXPHQW���GLPHQVLRQDO�PDWULFHV�DUH�DOVR�XVHG�ZKHUH�WKH�WKLUG�
GLPHQVLRQ�LV�W\SLFDOO\�VDPSOHV�LQ�HLWKHU�WKH�WLPH�RU�IUHTXHQF\�GRPDLQ���7KLV�$SSHQGL[�
ZLOO�GLVFXVV�RQO\�WZR�GLPHQVLRQDO�PDWULFHV���,W�LV�DVVXPHG�WKDW�LI�WKH�PDWUL[�KDV���
GLPHQVLRQV��WKDW�WKH�RSHUDWLRQV�FDQ�EH�SHUIRUPHG�RQ�HDFK���GLPHQVLRQDO�PDWUL[�DORQJ�WKH�
WKLUG�GLPHQVLRQ���)RU�H[DPSOH�LI�WKH�PDWUL[�LV�D�PDWUL[�RI�IUHTXHQF\�UHVSRQVH�IXQFWLRQV��
PDWUL[�RSHUDWLRQV�ZLOO�EH�SHUIRUPHG�DW�HDFK�IUHTXHQF\�OLQH���7KH�GHILQLWLRQV�SURYLGHG�LQ�
WKLV�DSSHQGL[�DUH�EDVHG�RQ�LQIRUPDWLRQ�SURYLGHG�SULPDULO\�LQ�UHIHUHQFH�QXPEHUV����DQG�
����
�
� D�� 6'0���$�VSHFWUDO�GHQVLW\�PDWUL[�LV�D���GLPHQVLRQDO�PDWUL[���$W�HDFK�IUHTXHQF\�
OLQH��WKH��UG�LQGH[��WKH�PDWUL[�LV�D�VTXDUH�FRPSOH[�PDWUL[���(DFK�GLDJRQDO�HOHPHQW�LV�WKH�
DXWRVSHFWUXP�RI�WKH�FRUUHVSRQGLQJ�HOHPHQW���/RRVHO\�DQ�HOHPHQW�LQ�WKH�6'0�LV�GHILQHG�
DV��
�

�@�����(>�OLP���  TkXTkX
T

kG ijTji fo
 �

�
ZKHUH��� ��kG ji �LV�WKH�FURVV�VSHFWUDO�GHQVLW\�EHWZHHQ�WKH�M¶WK�DQG�L¶WK�UDQGRP�SURFHVVHV���

����DQG���� TkXTkX ij DUH�WKH�GLVFUHWH�)RXULHU�WUDQVIRUPV�RI�WKH�WLPH�KLVWRULHV��DQG�N�LV�
WKH�IUHTXHQF\�LQGH[���,I�L� �M��WKH�VSHFWUXP�LV�FDOOHG�WKH�DXWRVSHFWUXP�RU�WKH�SRZHU�
VSHFWUXP���,Q�UHDOLW\��WKH�WUXH�VSHFWUDO�GHQVLW\�LV�JHQHUDOO\�QRW�NQRZQ�DQG�DQ�HVWLPDWH�LV�
HPSOR\HG���6RPH�DXWKRUV�GHILQH�WKH�HOHPHQWV�DV��
�

�@�����(>�OLP���  TkXTkX
T

kG jxTij fo
 

�
�
7KH�6'0�PDWUL[�LV�+HUPLWLDQ�SRVLWLYH�GHILQLWH��
�
� E�� +HUPLWLDQ�0DWUL[���$�PDWUL[��$��LV�+HUPLWLDQ�LI�WKH�GLDJRQDO�HOHPHQWV�DUH�UHDO�
SRVLWLYH�QXPEHUV�DQG�WKH�FRUUHVSRQGLQJ�RII�GLDJRQDO�HOHPHQWV�DUH�FRPSOH[�FRQMXJDWH�
SDLUV��
�

��

QXPEHU�UHDO�SRVLWLYH�


ijijji

ii

aconjaa
a

  

 
�

�
ZKHUH��� jia �LV�WKH�HOHPHQW�IRUP��M¶WK�URZ��L¶WK�FROXPQ�RI�$��
�
1RWH���$OO�YDOLG�VSHFWUDO�GHQVLW\�PDWULFHV��6'0��DUH�+HUPLWLDQ��
�
�
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� F�� 3RVLWLYH�'HILQLWH�0DWUL[�DQG�3RVLWLYH�6HPL�'HILQLWH�0DWUL[���,I�D�VTXDUH�
+HUPLWLDQ�PDWUL[��$��KDV�DOO�SRVLWLYH�HLJHQYDOXHV��WKH�PDWUL[�LV�SRVLWLYH�GHILQLWH���,I�WKH�
PDWUL[�KDV�]HUR�HLJHQYDOXHV�WKH�PDWUL[�LV�SRVLWLYH�VHPL�GHILQLWH���$�&KROHVN\�
GHFRPSRVLWLRQ�LV�SRVVLEOH�IRU�DOO�SRVLWLYH�GHILQLWH�PDWULFHV��
�

LL'A  �
�
ZKHUH���L�LV�D�ORZHU�WULDQJXODU�PDWUL[�ZLWK�UHDO�SRVLWLYH�YDOXHV�RQ�WKH�GLDJRQDO���L’�LV�WKH�
FRPSOH[�FRQMXJDWH�WUDQVSRVH�RI�L���,I�WKH�PDWUL[��A��LV�SRVLWLYH�VHPL�GHILQLWH��VSHFLDO�FDUH�
PXVW�EH�WDNHQ�LQ�FRPSXWLQJ�L���,I�D�]HUR�HOHPHQW�LV�IRXQG�RQ�WKH�GLDJRQDO�RI�L��WKH�HQWLUH�
FROXPQ�PXVW�EH�VHW�WR�]HUR���&RPSXWLQJ�WKH�&KROHVN\�GHFRPSRVLWLRQ�LV�DFWXDOO\�WKH�
HDVLHVW�ZD\�WR�FKHFN�IRU�SRVLWLYH�GHILQLWH���,I�WKH�DOJRULWKP�IDLOV�WKH�PDWUL[��A�LV�QRW�
SRVLWLYH�GHILQLWH��
�
� G�� 7UDQVIRUPDWLRQ�RI�D�3RVLWLYH�'HILQLWH�0DWUL[��
�

Let HAH'B   
�
,I�WKH�PDWUL[�$�LV�SRVLWLYH�GHILQLWH��%�LV�SRVLWLYH�GHILQLWH��
�
1RWH���$OO�YDOLG�6'0V�DUH�SRVLWLYH�VHPL�GHILQLWH�RU�SRVLWLYH�GHILQLWH���%HFDXVH�VRPH�
QRLVH�LV�DOZD\V�SUHVHQW�LQ�PHDVXUHG�GDWD��D�PHDVXUHG�6'0�ZLOO�DOZD\V�EH�SRVLWLYH�
GHILQLWH��
�
� H�� 2UGLQDU\�&RKHUHQFH��Ȗ����7KH�RUGLQDU\�FRKHUHQFH�EHWZHHQ�WZR�VLJQDOV�LV�
GHILQHG�DV���
�

����

�
���

�� GG
G

 J �

�
��G �LV�WKH�FURVV�VSHFWUDO�GHQVLW\�EHWZHHQ�WKH�VLJQDOV�DQG� ���� �DQG� GG �DUH�WKH�WZR�

DXWRVSHFWUD��
�
7KH�RUGLQDU\�FRKHUHQFH�LV�ERXQGHG�E\� �� �

�� dd J ��
�
&RKHUHQFH�LV�D�PHDVXUH�RI�WKH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�VLJQDOV���,I�WKH�FRKHUHQFH�LV�
XQLW\��D�SHUIHFW�OLQHDU�UHODWLRQVKLS�H[LVWV�EHWZHHQ�WKH�VLJQDOV���,I�WKH�FRKHUHQFH�LV�]HUR��WKH�
VLJQDOV�DUH�VDLG�WR�EH�LQGHSHQGHQW��DQG�WKHUH�LV�QR�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�VLJQDOV��
�
,I�RQH�RU�PRUH�RI�WKH�RUGLQDU\�FRKHUHQFHV�LQ�D�6'0�DUH�LQ�XQLW\�DW�DQ\�IUHTXHQF\��WKH�
PDWUL[�LV�SRVLWLYH�VHPL�GHILQLWH�DW�WKDW�IUHTXHQF\���
�
�
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� I�� 6LQJXODU�9DOXH�'HFRPSRVLWLRQ���6LQJXODU�YDOXH�GHFRPSRVLWLRQ�KDV�VHYHUDO�
DSSOLFDWLRQV�LQ�0,02�WHVWLQJ���6LQJXODU�YDOXH�GHFRPSRVLWLRQ�LV�GHILQHG�DV��
�

M=USV’ 
�
M�LV�DQ\�PDWUL[���U�DQG�V’ DUH�RUWKRQRUPDO���7KLV�LPSOLHV�WKDW��
�

UU’=I�DQG�VV’=I�
�
S�LV�D�GLDJRQDO�PDWUL[�RI�QRQ�QHJDWLYH�UHDO�QXPEHUV���$�FRPPRQ�FRQYHQWLRQ�LV�WR�RUGHU�
WKH�GLDJRQDO�HOHPHQWV�RI�S�LQ�D�QRQ�LQFUHDVLQJ�IDVKLRQ��
�
� J�� 3VHXGR�LQYHUVH���7KH�0RRUH�3HQURVH�SVHXGR�LQYHUVH�LV�XVHG�RIWHQ�LQ�0,02�
FRQWURO���6RPH�RI�WKH�SURSHUWLHV�DUH�GLVFXVVHG�EHORZ���7KH�0RRUH�3HQURVH�SVHXGR�LQYHUVH�
FDQ�EH�GHULYHG�DV�IROORZV��
�

IVV'MU'VS
V'SV'SMU'S

SV'USV'U'MU'
USV'M

1

11

  

  

  
 

�

�� �

����������������������������� U'VSM 1† � �LV�NQRZQ�DV�WKH�SVHXGR�LQYHUVH�RI�M��
�
7KH�LQYHUVH�RI�WKH�UHGXFHG�S�LV�HDV\�VLQFH�WKH�PDWUL[�LV�GLDJRQDO���7R�FRPSXWH�S-1�WKH�
HOHPHQWV�JUHDWHU�WKDQ�D�WROHUDQFH�DUH�LQYHUWHG�DQG�NHSW��WKH�HOHPHQWV�OHVV�WKDQ�D�WROHUDQFH�
DUH�UHSODFHG�E\�]HUR���

MM† M �M�DQG�M†M M†  �M† 
MM† DQG M†M DUH�+HUPLWLDQ�

�
,I�WKH�QXPEHU�RI�FROXPQV�LQ�M�H[FHHG�WKH�QXPEHU�RI�URZV�DQG�WKH�URZV�DUH�LQGHSHQGHQW�
MM†=I. ,I�WKH�QXPEHU�RI�URZV�LQ�M�H[FHHGV�WKH�QXPEHU�RI�FROXPQV�DQG�WKH�FROXPQV�DUH�
LQGHSHQGHQW�M†M=I��)RU�D�PRUH�FRPSOHWH�GLVFXVVLRQ�VHH�WKH�KHOS�ILOH�IRU�SLQY�LQ�
0$7/$%��
�
� K�� 0DWUL[�5DQN���7KH�UDQN�RI�D�PDWUL[��0��HTXDOV�WKH�QXPEHU�RI�QRQ�]HUR�VLQJXODU�
YDOXHV�LQ�0���,Q�QXPHULFDO�OLQHDU�DOJHEUD��WKH�VLQJXODU�YDOXHV�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�
HIIHFWLYH�UDQN�RI�D�PDWUL[���'HILQH�D�PHDVXUH�RI�VLQJXODU�YDOXHV�DV�WKH�UDWLR�RI�WKH�VLQJXODU�
YDOXHV�DQG�WKH�ODUJHVW�VLQJXODU�YDOXH���/HW�U�EH�WKH�QXPEHU�YDOXHV�JUHDWHU�WKDQ�D�WKUHVKROG���
:KHUH�WKH�PHDVXUH�LV�OHVV�WKDQ�WKH�WKUHVKROG��VHW�WKH�VLQJXODU�YDOXHV�WR�]HUR���7KH�QXPEHU�
RI�QRQ�]HUR�VLQJXODU�YDOXHV�LQ�WKH�UHVXOWLQJ�PDWUL[�LV�WKH�HIIHFWLYH�UDQN�RI�WKH�PDWUL[���7KH�
HIIHFWLYH�UDQN�RI�WKH�PDWUL[�LV�U���)RU�D�VTXDUH�PDWUL[��LI�U�LV�OHVV�WKDQ�WKH�QXPEHU�RI�URZV�
DQG�FROXPQV�LQ�WKH�PDWUL[��WKH�PDWUL[�LV�VDLG�WR�EH�LOO�FRQGLWLRQHG��
�
�
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� L�� 0DWUL[�$SSUR[LPDWLRQ���/HW� 
a usvM  �
�
ZKHUH���s� �D�GLDJRQDO�PDWUL[�RI�WKH�VLQJXODU�YDOXHV�JUHDWHU�WKDQ�D�WKUHVKROG�GHILQHG�DV�WKH�
UDWLR�RI�WKH�VLQJXODU�YDOXHV�GLYLGHG�E\�WKH�ODUJHVW�VLQJXODU�YDOXH���/HW�Q� �WKH�QXPEHU�RI�
NHSW�VLQJXODU�YDOXHV���s�KDV�Q�URZV�DQG�FROXPQV���u�LV�WKH�ILUVW�Q�FROXPQV�RI�U���v’�LV�WKH�
ILUVW�Q�URZV�RI�V’��
�

Ma �PLQLPL]HV�
F

usvS 
� �
�
+HQFH��Ma LV�D�YHU\�XVHIXO�DSSUR[LPDWLRQ�RI�M��
�
� M�� )UREHQLXV�1RUP���7KH�)UREHQLXV�1RUP�RI�PDWUL[�0�LV�GHILQHG�DV��
�

¦¦¦
   

   
��PLQ�

�

�
�

��
�
�

nm

i
i

n

j
ij

m

i
f

AAtracemM V �

�
ZKHUH��� iV �DUH�WKH�VLQJXODU�YDOXHV�RI�0� 
 
� N�� 7UDFH���7KH�WUDFH�RI�D�SRVLWLYH�GHILQLWH�PDWUL[�LV�GHILQHG�DV�WKH�VXP�RI�WKH�
GLDJRQDO�HOHPHQWV���$Q�LPSRUWDQW�SURSHUW\�RI�WKH�WUDFH�RIWHQ�RI�XVH�LV��
�

�WUDFH��WUDFH� BAAB  �
�

� O�� 5HVFDOLQJ�WKH�$XWRVSHFWUD���:KHQ�JHQHUDWLQJ�D�6'0�LW�PLJKW�VRPHWLPHV�EH�
XVHIXO�WR�UHVFDOH�WKH�DXWRVSHFWUD�DQG�EH�DVVXUHG�WKDW�WKH�UHVXOW�UHPDLQV�SRVLWLYH�GHILQLWH���
7KLV�FDQ�EH�DFFRPSOLVKHG�E\�SUH�DQG�SRVW�PXOWLSO\LQJ�E\�D�GLDJRQDO�PDWUL[�RI�VFDOLQJ�
IDFWRUV���7KH�WULSOH�SURGXFW�ZLOO�UHVFDOH�WKH�DXWRVSHFWUD�ZKLOH�NHHSLQJ�WKH�FRKHUHQFH�DQG�
SKDVH�EHWZHHQ�SDLUV�RI�FKDQQHOV�XQFKDQJHG��
�

S'SGG oldnew  �
�
ZKHUH��� newG �LV�WKH�QHZ�SRVLWLYH�GHILQLWH�6'0�� oldG �LV�WKH�RULJLQDO�SRVLWLYH�GHILQLWH�
6'0��DQG�S �LV�D�GLDJRQDO�PDWUL[�RI�VFDOLQJ�IDFWRUV���(DFK�DXWRVSHFWUD�ZLOO�EH�VFDOHG�E\�
WKH�FRUUHVSRQGLQJ�HOHPHQW�LQ� �S ��
�
7KLV�LV�D�FRQYHQLHQW�ZD\�WR�JHQHUDWH�WKH�QRUPDOL]HG�6'0��WKH�GLDJRQDO�HOHPHQWV�DUH�WKH�
DXWRVSHFWUD�DQG�WKH�PDJQLWXGH�VTXDUHG�RI�WKH�RII�GLDJRQDO�WHUPV�DUH�WKH�RUGLQDU\�
FRKHUHQFH�DQG�WKH�SKDVH�LV�WKH�SKDVH�RI�WKH�FURVV�VSHFWUD����7KH�QRUPDOL]HG�IRUP�LV�
FRPSXWHG�E\�UHVFDOLQJ�WKH�6'0�WR�XQLW\�DXWRVSHFWUD�E\�SUH�DQG�SRVW�PXOWLSO\LQJ�WKH�
6'0�E\�D�GLDJRQDO�PDWUL[�ZKRVH�WHUPV�DUH�WKH�LQYHUVH�VTXDUH�URRW�RI�WKH�DXWRVSHFWUD���
7KH�UHVXOWLQJ�XQLW\�DXWRVSHFWUD�DUH�WKHQ�UHSODFHG�E\�WKH�RULJLQDO�DXWRVSHFWUD��
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7KH�LQYHUVH�LV�FRPSXWHG�E\�UHSODFLQJ�WKH�GLDJRQDO�DXWRVSHFWUD�E\�RQHV�DQG�WKHQ�UHVFDOLQJ�
E\�SUH�DQG�SRVW�PXOWLSO\LQJ�E\�D�GLDJRQDO�PDWUL[�ZKRVH�WHUPV�DUH�WKH�VTXDUH�URRW�RI�WKH�
RULJLQDO�DXWRVSHFWUD��
�
� P�� 3URRI����
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��� 0,/�67'����*��'HSDUWPHQW�RI�'HIHQVH�7HVW�0HWKRG�6WDQGDUG��(QYLURQPHQWDO�
(QJLQHHULQJ�&RQVLGHUDWLRQV�DQG�/DERUDWRU\�7HVWV����2FWREHU�������
�

��� +DQGERRN�IRU�'\QDPLF�'DWD�$FTXLVLWLRQ�DQG�$QDO\VLV��,(67�53�'7(�������
,QVWLWXWH�RI�(QYLURQPHQWDO�6FLHQFHV�DQG�7HFKQRORJ\��$UOLQJWRQ�3ODFH�2QH�������
6��$UOLQJWRQ�+HLJKWV�5RDG��6XLWH������$UOLQJWRQ�+HLJKWV��,/��������������
�

��� $(&73������(GLWLRQ����/HDIOHW�������'HYHORSPHQW�RI�/DERUDWRU\�9LEUDWLRQ�7HVW�
6FKHGXOHV����-XQH�������

�
��� 6PDOOZRRG��'�2���0XOWLSOH�6KDNHU�5DQGRP�&RQWURO�ZLWK�&URVV�&RXSOLQJ��

3URFHHGLQJV�RI�WKH�,QVWLWXWH�RI�(QYLURQPHQWDO�6FLHQFHV��,(6���$SULO�������������
SDJHV����������
�

��� 8QGHUZRRG��0���0XOWL�([FLWHU�7HVWLQJ�$SSOLFDWLRQV��7KHRU\�DQG�3UDFWLFH��
3URFHHGLQJV�RI�WKH�(QYLURQPHQWDO�6FLHQFHV�DQG�7HFKQRORJ\��(67(&+������
0D\����������$QDKHLP��&$��
�

��� 86�$UP\�'HYHORSPHQWDO�7HVW�&RPPDQG��'7&����86�$UP\�5HGVWRQH�7HVW�
&HQWHU��57&��0HWKRGRORJ\�6WXG\�RI�0,02�9LEUDWLRQ�6SHFLILFDWLRQ�*XLGDQFH��
0DUFK�������
�

��� :HOFK��3�'���³7KH�8VH�RI�)DVW�)RXULHU�7UDQVIRUP�IRU�WKH�(VWLPDWLRQ�RI�3RZHU�
6SHFWUD��$�0HWKRG�%DVH�RQ�7LPH�$YHUDJLQJ�2YHU�6KRUW��0RGLILHG�
3HULRGRJUDPV´��,QVWLWXWH�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHUV��,(((��
7UDQVDFWLRQV�RQ�$XGLR�DQG�(OHFWURDFRXVWLFV��9ROXPH�$8�����1XPEHU������������
-XQH�������
�

��� 'UDIW�0XOWL�6KDNHU�7HVW�DQG�&RQWURO��'HVLJQ��7HVW��DQG�(YDOXDWLRQ�'LYLVLRQ�
5HFRPPHQGHG�3UDFWLFH��������,(67�53�'7(�������$SULO�������
�

��� 8QGHUZRRG��0��DQG�.HOOHU��7��³$SSO\LQJ�&RRUGLQDWH�7UDQVIRUPDWLRQV�WR�0XOWL�
'2)�6KDNHU�&RQWURO�´�6RXQG�DQG�9LEUDWLRQ�0DJD]LQH��-DQXDU\�������
�

����)LW]�&R\��1��+DOH��0��DQG�1DJDEKXVKDQ��9���³%HQHILWV�DQG�&KDOOHQJHV�RI�2YHU�
$FWXDWHG�([FLWDWLRQ�6\VWHPV´��6KRFN�DQG�9LEUDWLRQ�-RXUQDO��9ROXPH�����
1XPEHU�����������
�

����+DOH��0�DQG�)LW]�&R\��1���2Q�WKH�8VH�RI�/LQHDU�$FFHOHURPHWHUV�LQ�6L[�'2)�
/DERUDWRU\�0RWLRQ�5HSOLFDWLRQ��$�8QLILHG�7LPH�'RPDLQ�$QDO\VLV����WK�6KRFN�
DQG�9LEUDWLRQ�6\PSRVLXP��������
�

����*ROXE�DQG�YDQ�/RDQ��0DWUL[�&RPSXWDWLRQV��-RKQ�+RSNLQV�3UHVV���UG�(GLWLRQ��
������
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����%HQGDW��-��DQG�3LHUVRO��$��*���5DQGRP�'DWD�$QDO\VLV�DQG�0HDVXUHPHQW�
3URFHGXUHV��-RKQ�:LOH\�DQG�6RQV��,QF��1HZ�<RUN���UG�(GLWLRQ��������
�

����6PDOOZRRG��'�2���³0XOWLSOH�,QSXW�0XOWLSOH�2XWSXW��0,02��/LQHDU�6\VWHPV�
([WUHPH�,QSXWV�2XWSXWV´��6KRFN�DQG�9LEUDWLRQ�-RXUQDO��9RO������1XPEHU�����
������SDJHV����������
�

����6PDOOZRRG��'�2���$�3URSRVHG�0HWKRG�7R�*HQHUDWH�D�6SHFWUDO�'HQVLW\�0DWUL[�IRU�
D�0XOWLSOH�,QSXW��0XOWLSOH�2XWSXW��0,02��9LEUDWLRQ�7HVW����WK�6KRFN�DQG�
9LEUDWLRQ�6\PSRVLXP��������
�

����:LUVFKLQJ��3DH]��DQG�2UWL]��5DQGRP�9LEUDWLRQV��7KHRU\�DQG�3UDFWLFH��:LOH\�
������
�

����+DOH��0���$���'2)�9LEUDWLRQ�6SHFLILFDWLRQ�'HYHORSPHQW�0HWKRGRORJ\��,(67�
3URFHHGLQJV��0D\�������
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)RUZDUG�FRPPHQWV��UHFRPPHQGHG�FKDQJHV��RU�DQ\�SHUWLQHQW�GDWD�ZKLFK�PD\�EH�RI�XVH�LQ�
LPSURYLQJ�WKLV�SXEOLFDWLRQ�WR�WKH�IROORZLQJ�DGGUHVV���5DQJH�,QIUDVWUXFWXUH�'LYLVLRQ�
�&67(�70���86�$UP\�7HVW�DQG�(YDOXDWLRQ�&RPPDQG�������$EHUGHHQ�%RXOHYDUG��
$EHUGHHQ�3URYLQJ�*URXQG��0'����������7HFKQLFDO�LQIRUPDWLRQ�PD\�EH�REWDLQHG�IURP�WKH�
SUHSDULQJ�DFWLYLW\���'\QDPLF�7HVW�'LYLVLRQ��86�$UP\�5HGVWRQH�7HVW�&HQWHU��57&���
5HGVWRQH�$UVHQDO��$/���������������$GGLWLRQDO�FRSLHV�FDQ�EH�UHTXHVWHG�WKURXJK�WKH�
IROORZLQJ�ZHEVLWH��KWWS���LWRSV�GWF�DUP\�PLO�5HTXHVW)RU'RFXPHQWV�DVS[��RU�WKURXJK�WKH�
'HIHQVH�7HFKQLFDO�,QIRUPDWLRQ�&HQWHU�������-RKQ�-��.LQJPDQ�5G���67(�������)RUW�
%HOYRLU��9$���������������7KLV�GRFXPHQW�LV�LGHQWLILHG�E\�WKH�DFFHVVLRQ�QXPEHU��$'�
1R���SULQWHG�RQ�WKH�ILUVW�SDJH��
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