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%HUQKDUG�(VFKHUPDQQ��+DQV�-RDFKLP�:XQGHUOLFK�
,QVWLWXW�ILLU�5HFKQHUHQWZZI�XQG�)HKOHUWROHUDQ]��8QLYHUVLWDW�.DUOVUXKH��*HUPDQ\�

$EVWUDFW���&RQYHQWLRQDOO\�VHOI�WHVW�KDUGZDUH�LV�DGGHG�DIWHU�
V\QWKHVLV�LV�FRPSOHWHG��)RU�KLJKO\�VHTXHQWLDO�FLUFXLWV�OLNH�
FRQWUROOHUV�WKLV�GHVLJQ�PHWKRG�HLWKHU�OHDGV�WR�KLJK�KDUGZDUH�
RYHUKHDGV�RU�FRPSURPLVHV�IDXOW�FRYHUDJH��,Q�WKLV�SDSHU�ZH�
RXWOLQH�D�XQLILHG�DSSURDFK�IRU�FRQVLGHULQJ�VHOI�WHVW�KDUGZDUH�
OLNH�SDWWHUQ�JHQHUDWRUV�DQG�VLJQDWXUH�UHJLVWHUV�GXULQJ�V\QWKH��
VLV��7KUHH�QRYHO�WDUJHW�VWUXFWXUHV�DUH�SUHVHQWHG��DQG�D�PHWKRG�
IRU�GHVLJQLQJ�SDUDOOHO�VHOI�WHVWDEOH�FLUFXLWV�LV�GLVFXVVHG�LQ�
PRUH�GHWDLO��)RU�D�FROOHFWLRQ�RI�EHQFKPDUN�FLUFXLWV�ZH�VKRZ�
WKDW� KDUGZDUH�RYHUKHDGV�IRU�VHOI�WHVWDEOH�FLUFXLWV�FDQ�EH�
VLJQLILFDQWO\�UHGXFHG�WKLV�ZD\�ZLWKRXW�VDFULILFLQJ�WHVWDELOLW\��

�� ,QWURGXFWLRQ�

7ZR�FDWHJRULHV�RI�VHTXHQWLDO�FLUFXLWV�FDQ�EH�GLVWLQJXLVKHG��
QDPHO\�GDWD�SDWKV�DQG�FRQWURO�SDWKV��&LUFXLWV�RI�WKH�ILUVW�W\SH�
FRQVLVW�RI� UHJXODU�PRGXOHV�ZLWK�D� VLPSOH�LQWHUFRQQHFWLRQ�
VWUXFWXUH�DQG�UHODWLYHO\�IHZ� IHHGEDFNV��ZKHUHDV�WKH�LQWHU��
FRQQHFWLRQ�VWUXFWXUH�RI�FLUFXLWV�RI�WKH�VHFRQG�W\SH�LV�FRPSOH[�
DQG�LUUHJXODU�ZLWK�PDQ\�IHHGEDFN�OLQHV��OHDGLQJ�WR�D�KLJK�VH��
TXHQWLDO�GHSWK�LQ�VSLWH�RI�WKH�UHODWLYHO\�VPDOO�QXPEHU�RI� VWR��
UDJH�HOHPHQWV��7HVWLQJ�DQG�SDUWLFXODUO\�LPSOHPHQWLQJ�D�EXLOW��
LQ�VHOI�WHVW��%,67��LV�PRUH�GLIILFXOW�DQG�UHTXLUHV�PRUH�HIIRUW�
IRU�VXFK�KLJKO\�VHTXHQWLDO�FLUFXLWV��,Q�VSLWH�RI�WKLV��LQFRUSRUD��
WLQJ�%,67�FLUFXLWU\�LQWR�KLJKO\�VHTXHQWLDO�SRUWLRQV�RI�WKH�FKLS�
LV�QHFHVVDU\��LI�D�FKLS�LV�WR�EH�PDGH�FRPSOHWHO\�VHOI�WHVWDEOH��
H��J��WR�DOORZ�WHVWLQJ�LW�ZLWK�D��581%,67��LQVWUXFWLRQ�YLD�LWV�
ERXQGDU\�VFDQ�LQWHUIDFH�>,(((�����DIWHU�SODFLQJ�LW�RQ�D�ERDUG��
7KH�EHKDYLRU�RI�D�KLJKO\�VHTXHQWLDO�FLUFXLW�LV�FRPPRQO\�

GHVFULEHG�E\� D� ILQLWH�VWDWH�PDFKLQH��)60��PRGHO�DQG�LWV�
VWUXFWXUH�E\�DQ�LQWHUFRQQHFWLRQ�RI� FRPELQDWLRQDO�ORJLF�DQG�
VWRUDJH�HOHPHQWV� �)LJ������)60�V\QWKHVLV�� WKH� DXWRPDWLF�
JHQHUDWLRQ�RI� VWUXFWXUDO�IURP�EHKDYLRUDO�GHVFULSWLRQV��KDV�
EHHQ� WKRURXJKO\�LQYHVWLJDWHG��)RU� LPSOHPHQWDWLRQV�ZLWK�
3/$6�RU�UDQGRP�FRPELQDWLRQDO�ORJLF��VWDWH�DVVLJQPHQW�DQG�
ORJLF�PLQLPL]DWLRQ�DUH�NQRZQ�WR�KDYH�D�VWURQJ�LPSDFW�RQ�WKH�
TXDOLW\�RI� WKH�UHVXOWLQJ�GHVLJQV��5HFHQW�UHVHDUFK�PHV�WR�FRQ��
VLGHU�WHVWDELOLW\�GXULQJ�V\QWKHVLV��6WDWH�DVVLJQPHQW�DQG�ORJLF�
PLQLPL]DWLRQ�FDQ�DYRLG�UHGXQGDQFLHV�>'016������FRQWUROOD��
ELOLW\�DQG�REVHUYDELOLW\�FDQ�EH�LQFUHDVHG�E\� DGGLQJ�VSHFLDO�
VWDWH�WUDQVLWLRQV�WX� WKH�)60�GHVFULSWLRQ�>$J&K������7KHVH�
WHFKQLTXHV�VXSSRUW�H[WHUQDO�WHVWLQJ��LQ�WKLV�SDSHU�ZH�GHDO�ZLWK�
WKH�SUREOHP�RI� V\QWKHVL]LQJ�VHOI�WHVWDEOH�FLUFXLWV��
6HOI�WHVW�KDUGZDUH��L��H��SDWWHUQ�JHQHUDWRUV�DQG�VLJQDWXUH�

UHJLVWHUV�IRU�UHVSRQVH�DQDO\VLV�DUH�FRQYHQWLRQDOO\�DGGHG�DIWHU�
WKH� V\QWKHVLV�LV� ILQLVKHG��:H� VKRZ� WKDW� IRU� VHOI�WHVWDEOH�
FLUFXLWV�D�SURSHU�FKRLFH�RI� WKH�VHOI�WHVW�VWUDWHJ\�KDV�D�PDMRU�
LPSDFW�RQ�WKH�TXDOLW\�RI� WKH�UHVXOWLQJ�GHVLJQ�LI� WKH�VHOI�WHVW�

3HUPLVVLRQ� WR�FRS\� ZLWKRXW� IHH� DOO� RU�SDUW� RI� WKLV�PDWHULDO� LV� JUDQWHG�
SURYLGHG� WKDW�WKH�FRSLHV�DUH�QRW�PDGH�RU�GLVWULEXWHG�IRU�GLUHFW� FRPPHUFLDO�
DGYDQWDJH��WKH�$&0�FRS\ULJKW�QRWLFH� DQG� WKH� WLWOH� RI� WKH� SXEOLFDWLRQ� DQG�
LWV� GDWH� DSSHDU��DQG� QRWLFH� LV� JLYHQ� WKDW� FRS\LQJ� LV�E\� SHUPLVVLRQ� RI� WKH�
$VVRFLDWLRQ� IRU�&RPSXWLQJ�0DFKLQHU\��7R�FRS\�RWKHUZLVH��RU�WR�UHSXEOLVK��
UHTXLUHV�D�IHH�DQG�RU� VSHFLILF�SHUPLVVLRQ��

KDUGZDUH�LV�DFFRXQWHG�IRU�ZKLOH�V\QWKHVL]LQJ�WKH�FLUFXLW��:H�
GHYHORS�FLUFXLW�VWUXFWXUHV�DQG�RSWLPL]DWLRQ�SURFHGXUHV�WDU��
JHWHG�WRZDUGV�VHOI�WHVWDEOH�FLUFXLWV�ZKLFK�GHFUHDVH�WKH�DUHD�RU�
VSHHG�SHQDOWLHV�RI� VXFK�FLUFXLWV��7KH\�FDQ�DOVR�LQFUHDVH�WKH�
WHVWDELOLW\�RI� G\QDPLF�IDXOWV�DQG�UHGXFH�WKH�QXPEHU�RI�WHVW�
FRQWURO�VLJQDOV��&ULWHULD�DUH�JLYHQ�WR�GHFLGH�DERXW�WKH�EHVW�
VHOI�WHVW�VWUXFWXUH�EDVHG�RQ�WKH�PDMRU�GHVLJQ�JRDOV���DUHD��
VSHHG��GHVLJQ�HIIRUW��WHVW�OHQJWK�DQG�IDXOW�FRYHUDJH��

VWDWH�UHJLVWHU�
�
)LJ��, � �%DVLF�VWaFWXUH�RI�VHTXHQWLDO�FLUFXLWV��

7KH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ���SUHVHQWV�WZR�
FRQYHQWLRQDO�DQG� WKUHH�QRYHO�%,67� VWUXFWXUHV�IRU�KLJKO\�
VHTXHQWLDO�FLUFXLWV�DQG�GLVFXVVHV�WKHLU�UHODWLYH�PHULWV�� ,Q�
6HFWLRQ���D�JHQHUDO�IUDPHZRUN�IRU�WKH�UHTXLUHG�V\QWKHVLV�IRU�
WHVWDELOLW\�SURFHGXUHV�LV�HVWDEOLVKHG��2SWLPL]DWLRQ�SURFHGXUHV�
DUH�GLVFXVVHG�LQ�PRUH�GHWDLO�IRU�D�QHZ�SDUDOOHO�VHOI�WHVWDEOH�
FLUFXLW�VWUXFWXUH��ZKLFK�RIIHUV�VLJQLILFDQW�DGYDQWDJHV�LQ�WHUPV�
RI� DUHD�DQG� WHVWDELOLW\��7KH� UHVXOWV� DUH� YDOLGDWHG�ZLWK� D�
FROOHFWLRQ�RI�)60�V\QWKHVLV�EHQFKPDUNV�LQ�6HFWLRQ����

�� %,67� 6WUXFWXUHV�IRU� )LQLWH�6WDWH�0DFKLQHV�

���� &RQYHQWLRQDO�%,67�6WUXFWXUHV�

,I� WKH�VWDWH�UHJLVWHU�LQ�)LJ����LV�UHSODFHG�E\�D�VLQJOH�PXOWL��
IXQFWLRQDO�VHOI�WHVW�UHJLVWHU��H��J��D�%,/%2�>.�0=������WKH�
GLUHFW�IHHGEDFN�OLQHV�LPSO\�WKDW� WKH�VLJQDWXUHV�RI� WKH� WHVW�
UHVSRQVHV�ZRXOG�KDYH�WR�EH�XVHG�DV�WHVW�SDWWHUQV�IRU�WKH�VWDWH�
YDULDEOHV�� ,Q� >:D0F����� WKH�GLUHFW� IHHGEDFN�SDWK� IURP�
VWRUDJH�HOHPHQWV�WR�VWRUDJH�HOHPHQWV�YLD�WKH�FRPELQDWLRQDO�
ORJLF�LV�EURNHQ�E\� GRXEOLQJ�WKH�QXPEHU�RI� IOLSIORSV�DQG�
DGGLQJ�DQ�DGGLWLRQDO�VHOI�WHVW�UHJLVWHU�VROHO\�UHVSRQVLEOH�IRU�
FRPSDFWLQJ�WKH�WHVW�UHVSRQVHV��7KH�VWDWH�UHJLVWHU�LWVHOI� LV�
UHFRQILJXUHG�DV�D�SXUH�SDWWHUQ�JHQHUDWRU�LQ�VHOI�WHVW�PRGH��VHH�
)LJ���D�O��$QRWKHU�SRVVLELOLW\�ZRXOG�EH�WR�LQFRUSRUDWH�WKH�
0,65��PXOWLSOH�LQSXW�VLJQDWXUH�UHJLVWHU��IXQFWLRQDOLW\�LQWR�WKH�
VWDWH�UHJLVWHU�DQG�WR�SURYLGH�D�VHSDUDWH�SDWWHUQ�JHQHUDWRU��VHH�
)LJ���E���7KHVH�VROXWLRQV�DUH�IHDVLEOH��EXW�WKH\�PD\�UHVXOW�LQ�
VLJQLILFDQW�KDUGZDUH�RYHUKHDGV��,Q�WKH�VHTXHO�ZH�GHVLJQDWH�
WKHVH� VWUXFWXUHV�DV�'))��VLQFH�LQ� V\VWHP�PRGH�WKH�VWDWH�
UHJLVWHUV�DUH�RQO\�XVHG�DV�'�IOLSIORSV��

3DWWHUQ�JHQHUDWLRQ�DQG�UHVSRQVH�DQDO\VLV�IRU�SULPDU\�LQSXWV�DQG�RXW��
SXWV�DUH�QRW�VKRZQ��VLQFH�WKH\�DUH�LGHQWLFDO�IRU�DOO�VHOI�WHVW�VWUXFWXUHV��
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��N� VWDWH�UHJLVWHU��� 70RGH�
DWWHUQ� HQHUDWRU�

RGH�

)LJ�����&RQYHQWLRQDO�%,67�VWUXFWXUHV�IRU�)60
V� �'))���

���� 0RWLYDWLRQ�IRU�$OWHUQDWLYH�7DUJHW�6WUXFWXUHV�
7KH�VWDWH�UHJLVWHUV�RI�)LJ����DUH�QRW�RQO\�'�IOLSIORSV�EXW�

WKH\�KDYH�WKH�DGGLWLRQDO�IXQFWLRQDOLW\�RI�D�SDWWHUQ�JHQHUDWRU�RU�
D� VLJQDWXUH�UHJLVWHU��7KH�IROORZLQJ�VLPSOH�H[DPSOH�IURP�
(V:X�����VKRZV�KRZ�WKH�DELOLW\�RI�D�OLQHDU�IHHGEDFN�VKLIW�
UHJLVWHU��/)65��WR�JHQHUDWH�SDWWHUQV�FDQ�EH�XWLOL]HG�IRU�WKH�
LPSOHPHQWDWLRQ�RI�WKH�V\VWHP�ORJLF��
([DPSOH��7KH�VWDWH�GLDJUDP�RI�WKH�)60�WR�EH�LPSOHPHQWHG�

LV�VKRZQ�LQ�)LJ���D��7KH�WKUHH�VWDWHV�RI�WKH�)60�DUH�DOUHDG\�
HQFRGHG��)RU� WHVW�SDWWHUQ� JHQHUDWLRQ� WKH�/)65� ZLWK� WKH�
IHHGEDFN�SRO\QRPLDO���[�[��LV�XVHG��,WV�DXWRQRPRXV�VWDWH�
WUDQVLWLRQV�DUH�VKRZQ� LQ�)LJ�� �E�� ,W� LV�HDVLO\�VHHQ�WKDW�WKH�
/)65�IXQFWLRQ�FRYHUV�D�SDUW�RI�WKH�V\VWHP�IXQFWLRQ��7KHUH�LV�
QR�QHHG�WR�LPSOHPHQW�WKHVH�VWDWH�WUDQVLWLRQV�LQ� WKH�V\VWHP�
ORJLF�LI� LQ�WKH�V\QWKHVL]HG�FLUFXLW�VWUXFWXUH�LW�LV�SRVVLEOH�WR�
VZLWFK�WKH�VWDWH�UHJLVWHU�EHWZHHQ�'�IOLSIORS�DQG�/)65�PRGH��
7R�EH�XVHIXO��WKH�VDYLQJV�IURP�QRW�KDYLQJ�WR�LPSOHPHQW�WKHVH�
VWDWH�WUDQVLWLRQV�RI�FRXUVH�KDYH�WR�EH�ODUJHU�WKDQ�WKH�FRVW�IRU�
WKH�DGGLWLRQDO�PRGH�FRQWURO�VLJQDO��

D��)60�VWDWH�WUDQVLWLRQV� E��/)65�VWDWH�WUDQVLWLRQV�
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)LJ�����8WLOL]LQJ�SDWWHUQ�JHQHUDWLRQ�FDSDELOLWLHV�RI�WKH�VWDWH�UHJLVWHU��

,Q� WKH� IROORZLQJ�VHFWLRQV�ZH�SUHVHQW�WKH�JHQHUDO�WDUJHW�
VWUXFWXUHV�IRU�XVLQJ�WKH�VLJQDWXUH�DQDO\VLV�RU�SDWWHUQ�JHQHUD��
WLRQ�FDSDELOLWLHV�RI�VWDWH�UHJLVWHUV�GXULQJ�V\VWHP�PRGH��

���� %,67�6WUXFWXUH�8WLOL]LQJ�3DWWHUQ�*HQHUDWRU�)XQFWLRQV�
3DWWHUQ�JHQHUDWRUV�IRU�VHOI�WHVWDEOH�GHVLJQV�LQ�DXWRQRPRXV�

PRGH�F\FOH�WKURXJK�D�IL[HG�VHTXHQFH�RI�VWDWHV�WR�VWLPXODWH�WKH�
FLUFXLW��7KLV�SURSHUW\�FDQ�DOVR�EH�XVHG�LQ�V\VWHP�PRGH��LI�WKH�
HQFRGLQJV�RI� WKH�SUHVHQW�DQG�WKH�QH[W�VWDWH�DUH�FRQVHFXWLYH�

HOHPHQWV�LQ�WKLV�F\FOH��:KHQHYHU�WKH�QH[W�VWDWH�FRGH�LQ�)LJ���D�
LV�SURGXFHG�E\�WKH�SDWWHUQ�JHQHUDWLRQ�UHJLVWHU��ZKLFK�KDV�WR�
EH�LPSOHPHQWHG�IRU�WHVWLQJ�SXUSRVHV�DQ\ZD\��LW�LV�QRW�QHFHVV��
DU\� WR�JHQHUDWH�LW�LQ�WKH�QH[W�VWDWH�ORJLF��5HSODFLQJ�WKH�QH[W�
VWDWH�HQWULHV�ZLWK�GRQ
W� FDUHV�IRU�DOO�VXFK�WUDQVLWLRQV��LQFUHDVHV�
WKH�SRWHQWLDO�IRU�ORJLF�RSWLPL]DWLRQ�RI�WKH�FRPELQDWLRQDO�ORJLF��
)LJ����LOOXVWUDWHV�D�SRVVLEOH�UHDOL]DWLRQ�RI�WKLV�LGHD�(V:X������
$Q�DGGLWLRQDO�RXWSXW�VLJQDO��0RGH��GHWHUPLQHV��ZKHWKHU�WKH�
VWDWH�PDFKLQH�IOLSIORSV�EHKDYH�OLNH�RUGLQDU\�'�IOLSIORSV�RU�
IXQFWLRQ�LQ�SDWWHUQ�JHQHUDWLRQ�PRGH��,Q�WKLV�PRGH�WKH�VWDWH�
UHJLVWHU�JHQHUDWHV�WKH�QH[W� VWDWH�RQ� LWV�RZQ� ��VPDUW�VWDWH�
UHJLVWHU����WKH�QH[W�VWDWH�VLJQDOV�DVVHUWHG�E\�WKH�FRPELQDWLRQDO�
ORJLF�FDQ�EH�VHW�WR�DUELWUDU\�YDOXHV��6LQFH�LQ�WKLV�VWUXFWXUH�
SDWWHUQ�JHQHUDWLRQ�LV�LQWHJUDWHG�LQWR�V\VWHP�PRGH��ZH�UHIHU�WR�
LW�DV�3$7��7KH�DGGLWLRQDO�0,65�PD\�EH�VDYHG��LI�REVHUYLQJ�
WKH�VWDWH�LV�SRVVLEOH�LQ�DQRWKHU�ZD\��FI��H��J��>*KHH�������

)LJ�����%,67�VWUXFWXUH�ZLWK�LQWHJUDWHG�SDWWHUQ�JHQHUDWRU��3$7���

���� %,67�6WUXFWXUHV�ZLWK�,QWHJUDWHG�6LJQDWXUH�5HJLVWHU�
,Q�D��SDUDOOHO�VHOI�WHVW��VLJQDWXUH�UHJLVWHU�RXWSXWV�DUH�XVHG�

DV�WHVW�SDWWHUQV�>.L+7������(PSLULFDO�UHVXOWV�IRU�VWUXFWXUHV�
ZLWKRXW�GLUHFW�IHHGEDFNV�LQGLFDWH�WKDW�IRU�FHUWDLQ�H[DPSOHV�
WKLV�GRHV�QRW�FDXVH�D�VLJQLILFDQW�ORVV�RI�IDXOW�FRYHUDJH��VLPLODU�
UHVXOWV�ZHUH�SXEOLVKHG�IRU�WKH�FLUFXODU�VHOI�WHVW�SDWK�DSSURDFK�
>.U3L������+RZHYHU��LW�FDQQRW�JXDUDQWHH�D�KLJK�HQRXJK�IDXOW�
FRYHUDJH�DQG�UHTXLUHV�H[WHQVLYH�IDXOW�VLPXODWLRQ��LQ�VWUXFWXUHV�
ZLWK�GLUHFW�IHHGEDFNV�LW�PLJKW�EH�FRPSOHWHO\�LPSRVVLEOH�WR�VHW�
WKH�QH[W�VWDWH�OLQHV�WR�DOO�WKH�YDOXHV�QHHGHG�WR�GHWHFW�FHUWDLQ�
IDXOWV�>&K*X������7KH�SUREOHP�LV�FDXVHG�E\� GLYLGLQJ�WKH�
UHJLVWHU�IXQFWLRQDOLW\�LQWR�D� V\VWHP�PRGH�DQG�D� VHOI�WHVW�
PRGH��,Q�VHOI�WHVW�PRGH�DGGLWLRQDO�;25�JDWHV�DUH�LQ�WKH�GDWD�
SDWK��ZKHUHDV� LQ� V\VWHP�PRGH�WKHVH�JDWHV�DUH�GLVDEOHG�E\�
VRPH�IRUP�RI� PRGH�FRQWURO�ORJLF�� IRU�ZKLFK� WKH�FRQWURO�
VLJQDOV�DUH�SURYLGHG�H[WHUQDOO\��6LQFH�WKH�H[FLWDWLRQ�IXQFWLRQ�
RI�WKH�IOLSIORSV�LV�FKDQJHG��WKH�VWDWH�GLDJUDP�LQ�VHOI�WHVW�PRGH�
LV�GLIIHUHQW�IURP�WKH�VWDWH�GLDJUDP�LQ�V\VWHP�PRGH��2QO\�LQ�
VSHFLDO�FDVHV�ZH�KDYH�D�PRGLILHG�VWDWH�WUDQVLWLRQ�JUDSK� LQ�
VHOI�WHVW�PRGH�ZKLFK� LV� VWURQJO\�FRQQHFWHG��VXFK�WKDW�DOO�
V\VWHP�VWDWHV�VWD\�UHDFKDEOH�IURP�DOO�RWKHU�V\VWHP�VWDWHV��
&RQWUDU\�WR�WKHVH�VROXWLRQV��WKH�VWUXFWXUH�RI�)LJ����GRHV�

QRW�FRQWDLQ�D�FRQWURO�VLJQDO�IRU�VZLWFKLQJ�EHWZHHQ�0,65�DQG�
'�IOLSIORS�PRGH��6XFK�D�VWUXFWXUH�EHFRPHV�SRVVLEOH��LI� WKH�
V\VWHP�IXQFWLRQDOLW\�LV�LPSOHPHQWHG�E\�XVLQJ�WKH�0,65�LQ�LWV�
VLJQDWXUH�DQDO\VLV�PRGH�DV�VWDWH�UHJLVWHU��
/HW�0�V�� EH� WKH�QH[W� VWDWH�RI� D�0,65� LQ� DXWRQRPRXV�

PRGH��P�V��WKH�IHHGEDFN�IXQFWLRQ�RI� WKH�0,65��IV�L��V��WKH�
QH[W� VWDWH� IXQFWLRQ�RI� WKH� V\VWHP� ORJLF� DQG� I\�L��V�� WKH�
H[FLWDWLRQ�IXQFWLRQ�RI� WKH� VWDWH� UHJLVWHU�� %HFDXVH�RI� WKH�
OLQHDULW\�RI�WKH�RSHUDWLRQV�LQYROYHG��WKH�QHFHVVDU\�H[FLWDWLRQ�
YDULDEOH�\�WR�SURGXFH�D�VWDWH�WUDQVLWLRQ�IURP�VWDWH�V�WR�VWDWH�V��
FDQ�EH�FRPSXWHG�HDVLO\�DQG�LV��

7KH�YDULDEOHV�GHQRWH�ELW�YHFWRUV����GHQRWHV�D�ELWZLVH�;25�RSHUDWLRQ�
RQ�WKHVH�YHFWRUV��
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\� �V����0�V�� �I	� V����0�V�� �I\�L��V��
FRPSDUHG�ZLWK�\� �IV�L��V��IRU�'�IOLSIORSV��7KLV�LV�VLPLODU�WR�
7�IOLSIORSV�ZKHUH�ZH�KDYH�\� �IV�L��V����V� �I\�L��V���%\�LPSOH��
PHQWLQJ�D�SHUWLQHQW� QH[W� VWDWH�IXQFWLRQ�I\�L��V��� DUELWUDU\�
)60¶V�FDQ�EH�UHDOL]HG�ZLWK�0,65¶V� DV�VWDWH�UHJLVWHUV��ZKLFK�
PDNHV�LW�XQQHFHVVDU\�WR�SURYLGH�D�VSHFLDO�V\VWHP�PRGH��

��FRPELQDWLRQDO�ORJLF� ��

WHVW�SDWWHUQ�
 �VLJQDWXUHV�

VLJQDWXUH�UHJLVWHU��0,65��

6�

)LJ � ����3DUDOOHO�%,67�VWUXFWXUH�ZLWK�0,65�VWDWH�UHJLVWHU��367���

7KH�FLUFXLW�VWUXFWXUH�IRU�D�SDUDOOHO�VHOI�WHVW�ZLWKRXW�GLVMRLQW�
V\VWHP�DQG�WHVW�PRGHV��FDOOHG�367�LQ�WKH�VHTXHO��LQ�PDQ\�
FDVHV�KDV�DGYDQWDJHV�ZLWK�UHVSHFW�WR�DUHD�DQG�WHVWDELOLW\��1R�
IOLSIORS�GXSOLFDWLRQ�LV�UHTXLUHG��WKH�DUHD�RI�WKH�VHOI�WHVW�UHJLV��
WHU� LV�UHGXFHG�E\�HOLPLQDWLQJ�WKH�'�IOLSIORS�PRGH��%HVLGHV�
VLJQDWXUH�DQDO\VLV�WKH�RQO\�RWKHU�PRGH�QHHGHG�LV�D�VFDQ�PRGH�
WR�LQLWLDOL]H�WKH�IOLSIORSV�DQG�WR�VKLIW�RXW�WKH�UHVXOWLQJ�VLJQD��
WXUH��KHQFH�WKH�QXPEHU�RI�FRQWURO�VLJQDOV�LV�GHFUHDVHG��7KH�
FDXVH�RI�WKH�FRQWUROODELOLW\�SUREOHP�PHQWLRQHG�HDUOLHU�LV�DOVR�
UHPRYHG��DV�D�VHOI�WHVW�PRGH�ZLWK�PRGLILHG�VWDWH�WUDQVLWLRQV�LV�
DYRLGHG��6LQFH�WKH�IXQFWLRQDOLW\�LQ�VHOI�WHVW�PRGH�LV�LGHQWLFDO�
WR� WKH�V\VWHP�IXQFWLRQDOLW\��DOO� VWDWHV�UHDFKDEOH�LQ� V\VWHP�
PRGH�VWD\�UHDFKDEOH�GXULQJ�VHOI�WHVW��$V� WKHUH�LV�QR�UHFRQ��
ILJXUDWLRQ�RI� WKH�IOLSIORSV�LQ�VHOI�WHVW�PRGH��D�WHVW�DW�WKH�IXOO�
FORFN�IUHTXHQF\�FDQ�EH�SHUIRUPHG�LQ�RUGHU�WR�GHWHFW�G\QDPLF�
IDXOWV�UHOHYDQW�WR�V\VWHP�RSHUDWLRQ��H��J��GHOD\�IDXOWV��LI�RQO\�
WKH� WHVW�SDWWHUQV� IRU� WKH�SULPDU\�LQSXWV�DUH�VXSSOLHG� IDVW�
HQRXJK��IRU�H[DPSOH�ZLWK�D�UDQGRP�SDWWHUQ�JHQHUDWRU��FI��WKH�
DQDO\VLV�LQ� (V:X�������%\� WDUJHWLQJ� WKH�VWDWH�DVVLJQPHQW�
DOJRULWKP�WRZDUGV�0,65�VWDWH�UHJLVWHUV��ZKLFK�VHFXUH�WKH�RE��
VHUYDELOLW\�RI� WKH�PHPRU\�HOHPHQWV��WKH�FRPELQDWLRQDO�ORJLF�
QHHGHG�WR�LPSOHPHQW�WKH�V\VWHP�IXQFWLRQ�FDQ�EH�RSWLPL]HG�LQ�
WKH�VDPH�ZD\�D�FRQWUROOHU�ZLWK�'�IOLSIORSV�FDQ�EH�RSWLPL]HG��

,�FRPELQDWLRQDO�ORJLF�>�

6� ,� VLJQDWXUH�UHJLVWHU��0,65�� ,�

)LJ�����%,67�VWUXFWXUH�ZLWK�LQWHJUDWHG�VLJQDWXUH�DQDO\VLV��6,&���

6RPH�RI�WKHVH�DGYDQWDJHV�FDQ�DOVR�EH�REWDLQHG�ZLWKRXW�
XVLQJ�D�SDUDOOHO�VHOI�WHVW�E\� LQWHJUDWLQJ�WKH�VLJQDWXUH�UHJLVWHU�
LQWR�WKH�VWUXFWXUH�RI�)LJ���E�DV�VKRZQ�LQ�)LJ�����7KH�UHVXOWLQJ�
FLUFXLW�VWUXFWXUH�LV�LOOXVWUDWHG�LQ�)LJ����DQG�ZLOO�EH�FDOOHG�6,*��

���� &RPSDULVRQ�
,Q�7DEOH���WKH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�%,67�VWUXFWXUHV�

DUH�FRPSDUHG��
,Q�FRQYHQWLRQDO�VHOI�WHVW�VWUXFWXUHV��'))��WKH�DUHD�QHHGHG�

IRU�VWRUDJH�HOHPHQWV�LV�KLJK��VLQFH�D�VLJQDWXUH�UHJLVWHU�KDV�WR�
EH�DGGHG�RQO\�IRU�WHVWLQJ�SXUSRVHV��7KH�VSHHG�RI�WKH�FLUFXLW�LV�
GHFUHDVHG�E\�WKH�DGGLWLRQDO�FRQWURO�ORJLF�DQG�;25�JDWHV�LQ�
WKH�GDWD�SDWK��7ZR�FRQWURO�VLJQDOV�DUH�QHHGHG�WR�RSHUDWH�WKH�
VWDWH�UHJLVWHU��VFDQ�SDWK�LQLWLDOL]DWLRQ�PRGH��SDWWHUQ�JHQHUDWLRQ�
PRGH��V\VWHP�PRGH���,W�PD\�QRW�EH�SRVVLEOH�WR�GHWHFW�DOO�WKH�
G\QDPLF�IDXOWV�UHOHYDQW�WR�WKH�V\VWHP�PRGH�LQ�WKH�QH[W�VWDWH�
ORJLF�� VLQFH� WKH�QH[W� VWDWH� YDULDEOHV�DUH� PRQLWRUHG�LQ� D�
VHSDUDWH�UHJLVWHU�QRW�XVHG�LQ�V\VWHP�PRGH��7KH�VWUXFWXUH�ZLWK�
LQWHJUDWHG�SDWWHUQ�JHQHUDWRU��3$7��GHFUHDVHV�WKH�QHFHVVDU\�
DPRXQW�RI�FRPELQDWLRQDO�ORJLF��EXW�DSDUW�IURP�WKDW�LV�LGHQWLFDO�
ZLWK�WKH�FRQYHQWLRQDO�VWUXFWXUH��
%\�XVLQJ�WKH�VWUXFWXUH�6,*�DQG�DYRLGLQJ�GLVMRLQW�VLJQDWXUH�

DQDO\VLV�DQG�V\VWHP�PRGHV��WKH�FRQWURO�ORJLF�IRU�WKH�VWDWH�
UHJLVWHU�FDQ�EH�VLPSOLILHG��RQH�FRQWURO�VLJQDO�LV�HQRXJK�QRZ��
7KH� FRPELQDWLRQDO� ORJLF� FDQ� EHFRPH� VLPSOHU� RU� PRUH�
FRPSOLFDWHG�GHSHQGLQJ�RQ� WKH�)60�XQGHU�FRQVLGHUDWLRQ��
6LQFH�WKH�QH[W�VWDWH�VLJQDOV�DUH�FDSWXUHG�LQ�WKH�VDPH�UHJLVWHU��
ZKHUH�WKH\�DUH�QHHGHG�LQ�V\VWHP�PRGH��G\QDPLF�IDXOWV�FDQ�EH�
PRUH�HDVLO\�GHWHFWHG��

6WUXFWXUH� '))� 3$7� 6,*� 367�
LQHD�

FRPELQ��ORJLF�
VWRUDJH�HOHPHQWV�

VSHHG�
WHVW�OHQJWK�
WHVW�FRQWURO�HIIRUW�
G\Q��IDXOW�GHWHFWLRQ�

�� ��� �,�� �,��
�� �� �� ��
�� �� �� ���
�� �� ��� ����

�� � � � ��
�� �� �� ��

7DEOH�����&RPSDULVRQ�RI�GLIIHUHQW�%,67�VWUXFWXUHV��
%\�LQWHJUDWLQJ�WKH�VLJQDWXUH�UHJLVWHU�LQ�VXFK�D�ZD\��LW�LV�

DOVR�SRVVLEOH�WR�XVH�WKH�VLJQDWXUHV�DV�WHVW�SDWWHUQV�ZLWKRXW�
UXQQLQJ� LQWR�SUREOHPV�ZLWK� XQUHDFKDEOH�VWDWHV��7KXV� WKH�
VHSDUDWH�SDWWHUQ�JHQHUDWRU�PD\�EH�VDYHG��D�SDUDOOHO�VHOI�WHVW�
EHFRPHV�SRVVLEOH��VWUXFWXUH�367���1RZ� WKHUH�LV�QR�PRUH�
GLIIHUHQFH�EHWZHHQ�V\VWHP�DQG�WHVW�PRGH�ZLWK�UHVSHFW�WR�WKH�
SURGXFWLRQ�DQG�FDSWXUH�RI�WKH�QH[W�VWDWH�VLJQDOV��7KHUHIRUH�DOO�
G\QDPLF� IDXOWV�RFFXULQJ�LQ� V\VWHP�PRGH�FDQ�EH�GHWHFWHG�
GXULQJ�VHOI�WHVW��7KH�WHVW�OHQJWK�DQG�WKH�HIIRUW�WR�SURGXFH�SHU��
WLQHQW�WHVW�SDWWHUQV�IRU�WKH�SULPDU\�LQSXWV�PD\��KRZHYHU��LQ��
FUHDVH��

$�GHWDLOHG�H[DPLQDWLRQ�RI�WKH�WHVWDELOLW\�DVSHFWV��LQSXW�VWL��
PXODWLRQ��IDXOW�PRGHO��IDXOW�PDVNLQJ�SUREDELOLW\��IDXOW�FRYH��
UDJH��RI� WKH�VWUXFWXUH�367�PD\�EH�IRXQG�LQ�(V:X������)RU�
W\SLFDO� H[DPSOHV�DQ� LQFUHDVH�RI� ����� LQ� WKH�QXPEHU� RI�
ZHLJKWHG�UDQGRP� WHVW�SDWWHUQV�ZDV�FRPSXWHG�WR�REWDLQ�WKH�
VDPH�WHVW�FRQILGHQFH��SUREDELOLW\�RI� GHWHFWLQJ�DOO�IDXOWV�RI�D�
JLYHQ�IDXOW�VHW��LQ�WKLV�FDVH�ZH�ZDQWHG�WR�DFKLHYH�D�VLQJOH�
VWXFN�DW�WHVW�FRQILGHQFH�RI� ��������DV�IRU�D�FRQYHQWLRQDO�VHOI��
WHVW��)RU�VRPH�VHTXHQWLDO�FLUFXLWV�VHYHUDO�GLIIHUHQW�ZHLJKW�GLV��
WULEXWLRQV�PLJKW�EH�QHHGHG�WR�REWDLQ�UHDVRQDEOH�WHVW�OHQJWKV��
,Q�VXPPDU\�WKHUH�LV�QR�VLQJOH�VHOI�WHVW�VWUXFWXUH�WKDW�LV�

SUHIHUDEOH�LQ�DOO�FDVHV��DV�WKH�LPSRUWDQFH�RI� WKH�FULWHULD�OLVWHG�
LQ�7DEOH���GHSHQGV�RQ�WKH�DSSOLFDWLRQ��,I�DXWRPDWLF�V\QWKHVLV�
SURFHGXUHV�DUH�DYDLODEOH�IRU�D��� WKH�VHOI�WHVW�VWUXFWXUHV��LW�LV�
SRVVLEOH�WR�WU\�DOWHUQDWLYH�GHVLJQV�DQG�WKHQ�GHFLGH�DERXW�WKH�
DFWXDO�LPSOHPHQWDWLRQ�RI�WKH�FLUFXLW��
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�� 6\QWKHVLV� DQG� 2SWLPL]DWLRQ� 3URFHGXUHV�

7KH�%,67�VWUXFWXUHV�SUHVHQWHG�LQGLFDWH�WKDW�VHOI�WHVWDEOH�
FLUFXLWV�FDQ�EH�RSWLPL]HG�E\�FRQVLGHULQJ�WKH�VHOI�WHVW�KDUG��
ZDUH��SDWWHUQ�JHQHUDWRUV�DQG�VLJQDWXUH�UHJLVWHUV��GXULQJ�V\Q��
WKHVLV��7R�PDNH�WKH�EHVW�XVH�RI� WKLV�PLQLPL]DWLRQ�SRWHQWLDO�LQ�
SUDFWLFH��LW�LV�KRZHYHU�QHFHVVDU\�WR�ILQG�RSWLPL]DWLRQ�SURFH��
GXUHV�WDUJHWHG�WRZDUGV�WKH�%,67�VWUXFWXUHV�SUHVHQWHG��&RQ��
YHQWLRQDO�V\QWKHVLV�SURFHGXUHV�FDQQRW�WDNH�WKH�IXQFWLRQDOLW\�
RI�VHOI�WHVW�UHJLVWHUV�LQWR�DFFRXQW��7KHUHIRUH�WKH\�FDQ�RQO\�EH�
XVHG�IRU�WKH�VHOI�WHVW�VWUXFWXUHV�LQ�)LJ�����ZKHUH�WKH�V\VWHP�
PRGH�LV�FRPSOHWHO\�LQGHSHQGHQW�RI�WKH�VHOI�WHVW�KDUGZDUH��

���� 6\QWKHVLV�)UDPHZRUN�
7KH�PDLQ�VWHSV�QHFHVVDU\�IRU�V\QWKHVL]LQJ�D�VHOI�WHVWDEOH�FLU��

FXLW�IURP�DQ�)60�GHVFULSWLRQ�DUH�LOOXVWUDWHG�LQ�)LJ�����$IWHU�
FKRRVLQJ�D�%,67�VWUXFWXUH��WKH�V\PEROLF�VWDWHV�RI�WKH�)60�GHV��
FULSWLRQ�KDYH�WR�EH�DVVLJQHG�ELQDU\�FRGH�ZRUGV��$IWHUZDUGV�
WKH�H[FLWDWLRQ�IXQFWLRQV�IRU�IRUFLQJ�WKH�PHPRU\�HOHPHQWV�LQWR�
WKH�FRUUHFW�QH[W�VWDWHV�KDYH�WR�EH�GHULYHG��$W�WKDW�SRLQW�D�WUXWK�
WDEOH�IRU�D�PXOWL�RXWSXW�ERROHDQ�IXQFWLRQ�LV�REWDLQHG��ZKLFK�FDQ�
WKHQ�EH�PLQLPL]HG�XVLQJ�VWDQGDUG�SURJUDPV��

F�
,� FKRLFH�RI�%,67�VWUXFWXUH� ,�

EHKDYLRUDO�FLUFXLW�GHVFULSWLRQ��GHVLJQ�JRDOV� ����

,� ORJLF�PLQLPL]DWLRQ� ����
�� VWUXFWXUDO�FLUFXLW�GHVFULSWLRQ� ��
)LJ�����6\QWKHVLV�SURFHVV�IRU�%,67�)606��

,Q�VHFWLRQ�����ZH�IXVW�VKRZ�KRZ� WKH�H[FLWDWLRQ�IXQFWLRQV�
IRU� WKH�VWDWH� IOLSIORSV�DUH�GHULYHG�IRU� WKH�GLIIHUHQW�%,67�
VWUXFWXUHV��6LQFH�WKH�H[FLWDWLRQ�IXQFWLRQV�VWURQJO\�GHSHQG�RQ�
WKH�%,67�VWUXFWXUH�FKRVHQ��WKH�FRVW�IXQFWLRQ�UHSUHVHQWLQJ�WKH�
FRPSOH[LW\�RI�WKH�UHVXOWLQJ�FRPELQDWLRQDO�ORJLF�VKRXOG�UHIOHFW�
WKLV�LQIOXHQFH��3URFHGXUHV�WR�HQFRGH�WKH�VWDWHV�LQ�VXFK�D�ZD\�
WKDW�WKLV�FRVW�IXQFWLRQ�LV�PLQLPL]HG�DUH�WUHDWHG�LQ�VHFWLRQ������

���� ([FLWDWLRQ�)XQFWLRQV�
7KH�V\PEROLF�RXWSXW�DQG�QH[W�VWDWH�IXQFWLRQV�RI�DQ�)60�DUH�

ZKHUH�L�(� �� � O �3 �LV�WKH�YHFWRU�RI� LQSXW�YDULDEOHV��R�(� �� � O �6�
LV�WKH�YHFWRU�RI�RXWSXW�YDULDEOHV�DQG�6��6��(���DUH�V\PEROLF�
VWDWHV��7KH�VWDWH�DVVLJQPHQW�Z����� ��2�O�U�� ?\�6�� �V� ��6,��
����6U�� LV�DQ�LQMHFWLYH�PDSSLQJ�IURP�WK� VWDWH�V� W�K�LQWR�WKH�VHW�
RI�VWDWH�FRGHV� �2�O�U��ZKHUH�U���UR� IORJaO6O"��7KH�UHVXOWLQJ�
ELQDU\�RXWSXW�DQG�QH[W�VWDWH�IXQFWLRQV�DUH�

R� �IR�L��V��DQG�V�� �IV�L��V���
ZLWK�V� �Z�6��DQG�V�� �Z�6����/HW�a � V � �V���EH�D�IXQFWLRQ�ZLWK�
ZKLFK�WKH�H[FLWDWLRQ�YDULDEOHV�

R� �)R�L��6��DQG�6�� �)V�L��6���

\� �a � V � �V��� �I��L�� V��
IRU� D� FHUWDLQ� W\SH�RI� VWDWH� UHJLVWHU� FDQ�EH�REWDLQHG��7KH�
FRPSOH[LW\�&�]�� Z��RI�WKH�QHFHVVDU\�FRPELQDWLRQDO�ORJLF�	R�
LPSOHPHQW�WKH�)60�GHSHQGV�RQ�WKH�RXWSXW�IXQFWLRQV�IR�DQG�
WKH�H[FLWDWLRQ�IXQFWLRQV�I\��ZKLFK�LQ�WXUQ�GHSHQG�RQ�WKH�W\SH�
RI�VWDWH�UHJLVWHU���FKRVHQ�DQG�WKH�VWDWH�DVVLJQPHQW�\F�
�'))��)RU�D�VWDWH�UHJLVWHU�ZLWK�'�IOLSIORSV��ZH�VLPSO\�KDYH�

�367���6,*��7KH�VLWXDWLRQ�LV�D�ELW�PRUH�FRPSOLFDWHG�IRU�D�
7�6�� V��� V��� \� ��\O�����\U�� ��6,�� ����6U����

0,65�VWDWH�UHJLVWHU��FI��)LJ������ZKHUH�
a � V � �V��� �V����0�V���
\� ��\������\U�� ��6,��#�P�V���a � � ���6,� ����VU���6U�����

�3$7��)RU�WKH�FDVH�RI� �VPDUW��VWDWH�UHJLVWHUV��FI��)LJ����� WKH�
H[FLWDWLRQ�YHFWRU�FRQWDLQV�DQ�DGGLWLRQDO�HOHPHQW��0RGH���
ZKLFK�FRQWUROV��ZKHWKHU�WKH�UHJLVWHU�ORDGV�WKH�H[FLWDWLRQ�
YDULDEOHV��\������\U��RU�MXVW�JRHV�WR�WKH�QH[W�VWDWH�0�V��LQ�
DXWRQRPRXV�PRGH�

GRQ
W� FDUH�IRU�0RGH� ���

�

�  ^ �V��IRU�0RGH� ��� ��

2QFH� WKH� %,67� VWUXFWXUH� LV� FKRVHQ��]� LV� IL[HG� DQG� WKH�
FRPSOH[LW\�RI�WKH�FRPELQDWLRQDO�ORJLF�IRU�D�JLYHQ�)60�*�Z��
PDLQO\�GHSHQGV�RQ�WKH�VWDWH�DVVLJQPHQW�Z��
����6WDWH�$VVLJQPHQW�
7KH�WDVN�RI� WKH�VWDWH�DVVLJQPHQW�SURFHGXUH�LV�WR�ILQG�DQ�

LQMHFWLYH�PDSSLQJ�Z�ZLWK�PLQLPDO�FRVW�&	��� 6LQFH�WKH�FRVW�
WR�LQFUHDVH�WKH�ZLGWK�RI�D�VHOI�WHVW�UHJLVWHU�LV�TXLWH�KLJK��LW�LV�
JHQHUDOO\�SUHIHUDEOH�WR� XVH� WKH�PLQLPDO� QXPEHU� RI� VWDWH�
YDULDEOHV�UR��2QH�SRVVLELOLW\�WR�REWDLQ�DQ�RSWLPDO�DVVLJQPHQW�
ZRXOG�EH�WR�HQXPHUDWH�DOO�SRVVLEOH�IXQFWLRQV�\U��WR�PLQLPL]H�
WKH�UHVXOWLQJ�RXWSXW�DQG�H[FLWDWLRQ�IXQFWLRQV�DQG�WR�NHHS�WUDFN�
RI�WKH�DVVLJQPHQW�ZLWK�PLQLPDO�&	��� 8QIRUWXQDWHO\�WKLV�LV�
RQO\�IHDVLEOH�IRU�VPDOO�)60
V� >0F8Q�����:H6P������6WDWH�
DVVLJQPHQW�LV� DFWXDOO\�DQ�13�KDUG�SUREOHP� >:R.$������
WKHUHIRUH�KHXULVWLFV�KDYH�WR�EH�XVHG�� ,Q�WKH�VHTXHO�ZH�ZLOO�
RQO\�FRQVLGHU�WKH�VWDWH�DVVLJQPHQW�SUREOHP�367���6,*��7KH�
'))�VWUXFWXUHV�FDQ�EH�V\QWKHVL]HG�XVLQJ�VWDWH�DVVLJQPHQW�
DOJRULWKPV� IRU�'�IOLSIORSV��H�J�� >'016�����9LVD������� D�
VWDWH�DVVLJQPHQW�DOJRULWKP�IRU�WKH�SUREOHP�3$7�KDV�EHHQ�
GHVFULEHG�LQ�>(V:X������
������1HFHVVLW\�RI�D�VSHFLDO�VWDWH�DVVLJQPHQW�SURFHGXUH��,I�

D�FRQYHQWLRQDO�VWDWH�DVVLJQPHQW�SURFHGXUH�LV�XVHG�� WKH�FRPEL��
QDWLRQDO�ORJLF�LV�RSWLPL]HG�VXFK�WKDW�\� �V��LV�HDVLO\�PLQLPL]��
DEOH��,W�LV�HDV\�WR�YDOLGDWH�WKDW�WKH�VDPH�DVVLJQPHQW�SURFH��
GXUHV�DUH�QRW�HIIHFWLYH�IRU�PLQLPL]LQJ�WKH�IXQFWLRQ�\� �V����
0�V���:LWK�D�VWDWH�DVVLJQPHQW�WDUJHWHG�WR�PDNH�\� �V����0�V��
HDVLO\�PLQLPL]DEOH��WKH�FRPELQDWLRQDO�ORJLF�RI� WKH�367�6,*�
VROXWLRQV�FDQ�EH�LPSOHPHQWHG�PXFK�PRUH�HIILFLHQWO\��
7KH�VHTXHQFH�RI� FRGH�ELWV�LQIOXHQFHV�WKH�FRPELQDWLRQDO�

ORJLF� IRU� 0,65� VWDWH� UHJLVWHUV� EHFDXVH� RI� WKH� GLUHFW�
GHSHQGHQFH�RI� H[FLWDWLRQ�YDULDEOHV�RQ�WKH�FRQWHQWV�RI� RWKHU�
IOLSIORSV�LQ�WKH�0,65��)RU�U�VWDWH�YDULDEOHV�DQG�Q�VWDWHV�WKH�
QXPEHU�RI�QRQ�HTXLYDOHQW�VWDWH�DVVLJQPHQWV�LV�WKHUHIRUH�


UL�

6$�U��Q�� �$�
��U���Q���

DQG�H[FHHGV�WKH�QXPEHU�UHOHYDQW�WR�'�)OLSIORSV�E\�D�IDFWRU�RI�
U��� &RQYHQWLRQDO�VWDWH�DVVLJQPHQW�DOJRULWKPV�FDQQRW�FRSH�
ZLWK� WKH�FRPSOH[� GHSHQGHQFHV�LQ� 0,65� VWDWH� UHJLVWHUV��
$OJRULWKPV�IRU�7��DQG�-.�IOLSIORSV� >:H'R�����7X%U�����
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KDYH�EHHQ�SXEOLVKHG��EXW�GR�QRW�KHOS�VLQFH�LQ�WKHVH�FDVHV�WKH�
YDOXH�RI� WKH�L�WK�H[FLWDWLRQ�YDULDEOH�\L�RQO\�GHSHQGV�RQ�WKH�
FRQWHQWV�6L�RI�WKH�L�WK�IOLSIORS��&RQVHTXHQWO\�LW�LV�QHFHVVDU\�WR�
GHYHORS�D�QHZ�VWDWH�DVVLJQPHQW�DOJRULWKP�IRU�WKLV�DSSOLFDWLRQ��
������$�367� ,�6,*� VWDWH�DVVLJQPHQW�SURFHGXUH��7KH�JRDO�

LV�WR�GHYLVH�D�VWDWH�DVVLJQPHQW�VWUDWHJ\��ZKLFK�IROORZV�WKH�
VWUXFWXUDO�GHSHQGHQFHV�LQ�D�0,65��FI��)LJ�� �� � �7KLV�FDQ�EH�
DFKLHYHG�E\� HQFRGLQJ� WKH� VWDWHV� VWDWH� YDULDEOH�E\� VWDWH�
YDULDEOH��,Q�WKH�UHVXOWLQJ�GLYLGH�DQG�FRQTXHU�DOJRULWKP�WKH�VHW�
RI�VWDWHV�LV�UHFXUVLYHO\�SDUWLWLRQHG�LQWR�WZR�VHWV��RQH�HQFRGHG�
ZLWK�D�FRGH�ELW����WKH�RWKHU�ZLWK�D����:KHQ�RQO\�RQH�VWDWH�LV�
OHIW�LQ�D�SDUWLWLRQ��LWV�HQFRGLQJ�LV�GLIIHUHQW�IURP�WKH�HQFRGLQJ�
RI� DOO�RWKHU�VWDWHV��7KH�SDUWLWLRQLQJ�DQG�DVVLJQPHQW�LV�GRQH�
VXFK�WKDW�D�FRVW�IXQFWLRQ�UHIOHFWLQJ�WKH�FRPSOH[LW\�RI�UHDOL]LQJ�
WKH�QH[W�VWDWH�DQG�RXWSXW�ORJLF�LV�PLQLPL]HG��7R�REWDLQ�VXFK�D�
FRVW� IXQFWLRQ��KRZHYHU��LV� PRUH�GLIILFXOW� WKDQ� LQ� WKH�'��
IOLSIORS�FDVH��EHFDXVH�WKH�YDOXHV�RI� WKH�H[FLWDWLRQ�YDULDEOHV�
GHSHQG�RQ�RWKHU�VWDWH�YDULDEOHV��7KH�LGHD�XVHG�LV�WKDW�RQFH�DQ�
HQFRGLQJ�IRU�RQH�VWDWH�YDULDEOH�6L��� LV�IL[HG��WKH�H[FLWDWLRQ�
YDULDEOH�\L�FDQ�EH�GHULYHG�IURP�6L�@� DQG�WKH�FRGH�RI�WKH�QH[W�
VWDWH�YDULDEOH�6L���

�FI��VHFWLRQ�������$OWHUQDWLYHO\��6L��FDQ�EH�FKRVHQ�VXFK�WKDW�\L�
EHFRPHV�DV�VLPSOH�WR�LPSOHPHQW�DV�SRVVLEOH��VR�WKDW�DW�DQ\�
SRLQW�LQ� WKH�VWDWH�DVVLJQPHQW�SURFHVV� WKH�FRVW�RI� WKH�QH[W�
DVVLJQPHQW�FDQ�EH�HVWLPDWHG��7KH�SURFHVV�RI�DVVLJQLQJ�FRGH�
ELWV� VWDWH� YDULDEOH�E\� VWDWH� YDULDEOH� DQG� FRPSXWLQJ�WKH�
H[FLWDWLRQ�YDULDEOHV�IURP�WKH�DOUHDG\�NQRZQ�VWDWH�YDULDEOH�
YDOXHV�LV�LOOXVWUDWHG�LQ�)LJ�����
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)LJ�����)60�WUDQVLWLRQ�H[FLWDWLRQ�WDEOH�ZLWK�GHSHQGHQFHV��

7KH�FRVW�IXQFWLRQ�LV�FRPSXWHG�DV�IROORZV��)LUVW�WKH�RXWSXW�
IXQFWLRQ�R� �IR�L��6��LV�V\PEROLFDOO\�PLQLPL]HG�>'H0L������
7KH�UHVXOWLQJ� QXPEHU� RI� V\PEROLF�LPSOLFDQWV�LV� D� ORZHU�
ERXQG� IRU� WKH�QXPEHU�RI�SURGXFW�WHUPV� QHHGHG�LQ�D�3/$�
LPSOHPHQWDWLRQ��%\�IL[LQJ�D�FRGLQJ�FROXPQ��WKH�QXPEHU�RI�
LPSOLFDQWV�UHTXLUHG�WR�UHSUHVHQW�IR�DQG�WKH�SDUWLDO�H[FLWDWLRQ�
IXQFWLRQ�IT�XS�WR�WKH�FXUUHQW�FROXPQ�L�PD\�LQFUHDVH�EHFDXVH�
RI�WZR�HIIHFWV��

*URXSV�RI� V\PEROLF�SUHVHQW�VWDWHV�FDQ� QR� ORQJHU�EH�
HQFRGHG�LQ�D�VXEVSDFH�RI� �2 � O � U � QRW�FRQWDLQLQJ�RWKHU�
V\PEROLF�VWDWHV�>'H0L����� DQG�KDYH�WR�EH�VSOLW��LQSXW�
LQFRPSDWLELOLW\���
7KH�UHVXOWLQJ�H[FLWDWLRQ�YDULDEOH�LQ�WKH�FXUUHQW�FROXPQ��
ZKLFK�FRXOG�QRW�EH�FRQVLGHUHG�GXULQJ�V\PEROLF�PLQL��
PL]DWLRQ��LV�GLIIHUHQW�IRU�VWDWH�WUDQVLWLRQV�VXPPDUL]HG�LQ�
WKH�VDPH�V\PEROLF�LPSOLFDQW��RXWSXW�LQFRPSDWLELOLW\���

7KH�FRVW�IXQFWLRQ�UHIOHFWV�WKH�LQFUHDVH�LQ�WKH�QXPEHU�RI�QH��
FHVVDU\�LPSOLFDQWV��6HYHUDO�SDUWLWLRQV�RI�WKH�VWDWH�VHW�LQWR����
DQG���HQFRGHG�VWDWHV�ZLWK�VPDOO�FRVW�YDOXHV�DUH�JHQHUDWHG�IRU�
HDFK�FRGLQJ�FROXPQ�DQG�DUH�H[SORUHG�XVLQJ�D�EUDQFK�DQG��
ERXQG�DOJRULWKP��7KH�WUDGHRII�EHWZHHQ�UXQWLPH�DQG�WKH�TXD��
OLW\�RI� WKH�UHVXOWLQJ�VROXWLRQ�FDQ�EH�FRQWUROOHG�E\�UHVWULFWLQJ�
WKH�QXPEHU�RI�SDUWLWLRQV�FRQVLGHUHG�IRU�HDFK�FROXPQ��
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VXPPDUL]HG�LQ�)LJ�����:KHQ�N�LV�WKH�QXPEHU�RI� DVVLJQPHQW�
SDUWLWLRQV�H[SORUHG�IRU�HDFK�VWDWH�YDULDEOH��WKH�ZRUVW�FDVH�VL]H�
RI� WKH� VHDUFK�VSDFH�LV�2�N���EXW� W\SLFDOO\� RQO\�D� VPDOO�
SHUFHQWDJH�RI�DOO�EUDQFKHV�KDYH�WR�EH�HQXPHUDWHG�H[SOLFLWO\��
SURFHGXUH�0�,65�VWDWH�DVVLJQPHQW�
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7KH�DOJRULWKP�ZDV�SURJUDPPHG�LQ�&�DQG�HYDOXDWHG�ZLWK�WKH�
H[DPSOHV�IURP�WKH�0&1&�EHQFKPDUN�VHW�:&1&������7KH�
UHVXOWLQJ�QXPEHUV�RI� SURGXFW�WHUPV� IRU� WKH�ODUJHVW�EHQFK��
PDUNV�DUH�VXPPDUL]HG�LQ�7DEOH����7KH�EUDQFK�DQG�ERXQG�
DOJRULWKP�ZDV�SDUDPHWHUL]HG�VXFK�WKDW�WKH�UXQ�WLPH�IRU�VWDWH�
DVVLJQPHQW�ZDV�LQ�WKH�UDQJH�RI�PLQXWHV�RQ�D�681�������$V�
QR� VWDWH�DVVLJQPHQW�DOJRULWKP�IRU� VLJQDWXUH�UHJLVWHUV�ZDV�
SXEOLVKHG� XQWLO� QRZ� DQG�LW� LV�QRW� IHDVLEOH�WR�FRPSXWH�DQ�
RSWLPDO�VROXWLRQ�IRU�WKHVH�FLUFXLWV��WKH�UHVXOWV�DUH�FRPSDUHG�
ZLWK�WKH�EHVW�RI� ���UDQGRPO\�VHOHFWHG�HQFRGLQJV��,W�FDQ�EH�
VHHQ�WKDW�WKH�KHXULVWLF�DOJRULWKP�LV�SUHIHUDEOH�WR�WKH�FRVWO\�
WULDO�DQG�HUURU�PHWKRG�LQ�DOO�FDVHV��

H[DPSOH� DYHUDJH�RI����� EHVW�RI����� KHXULVWLF��������UDQGRP�HQFRGLQJV� VROXWLRQ�
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7DEOH���FRPSDUHV�V\QWKHVLV�UHVXOWV��DIWHU�WZR�OHYHO�DQG�
PXOWL�OHYHO�ORJLF�PLQLPL]DWLRQ�IRU�WKH�WKUHH�DSSURDFKHV�SUH��
VHQWHG�LQ�WKLV�SDSHU��7KH�367���6,*�VWUXFWXUHV�KDYH�DGYDQWD��
JHV�ZLWK�UHVSHFW�WR�WHVWLQJ�VSHHG��IDXOW�FRYHUDJH�DQG�WHVW�FRQ��
WURO�FRPSDUHG�ZLWK�FRQYHQWLRQDO�'))�VROXWLRQV�>(V:X������
WKH�WDEOH�VKRZV�WKDW�WKHVH�DGYDQWDJHV�DUH�REWDLQHG�ZLWKRXW�
KDYLQJ�WR�SD\� IRU�WKHP�ZLWK�D�VLJQLILFDQW�LQFUHDVH�RI�KDUG��
ZDUH�RYHU�WKH�'))�VROXWLRQ��6RPH�H[DPSOHV�HYHQ�OHDG�WR�D�
ORZHU�FRPELQDWLRQDO�ORJLF�FRPSOH[LW\�ZKHQ� LPSOHPHQWHG�
ZLWK�D�0,65�VWDWH�UHJLVWHU��ZKLOH�RWKHUV�UHTXLUH�PRUH�DUHD�IRU�
WKH�QH[W�VWDWH�ORJLF�WKDQ�WKH�'))�VROXWLRQ��,W�VKRXOG�EH�QRWHG�
WKDW�7DEOH���LV�ELDVHG�LQ�IDYRU�RI�WKH�FRQYHQWLRQDO�'))�VROX��
WLRQ��EHFDXVH�WKH�VHOI�WHVW�UHJLVWHUV�UHTXLUHG�IRU�SDWWHUQ�JHQH��
UDWLRQ�DQG�WR�VHFXUH�WKH�REVHUYDELOLW\�RI� VWDWH�YDULDEOHV�DUH�QRW�
WDNHQ�LQWR�DFFRXQW��7KH�3$7�VXXFWXUH�FDQ�GHFUHDVH�WKH�DPRXQW�
RI�FRPELQDWLRQDO�ORJLF�E\� ��������FRPSDUHG�ZLWK�WKH�'))�
VROXWLRQ��WKHVH�UHVXOWV�UHVHPEOH�WKRVH�JLYHQ�LQ�>$P(%�����IRU�
)60¶V�ZLWK�ORDGDEOH�FRXQWHUV�XVHG�DV�VWDWH�UHJLVWHUV��

H[DPSOH� QXPEHU�RI�SURGXFW�WHUPV� QXPEHU�RI�OLWHUDOV�
367�6,*� '))� 3$7� 367�6,*�'))� 3$7�
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7DEOH���� &RPSDULVRQ�RI�367�6,*��'))�DQG�3$7�UHVXOWV��

�� &RQFOXVLRQV�

&RQYHQWLRQDO�VHOI�WHVW�DSSURDFKHV�IRU�KLJKO\�VHTXHQWLDO�FLU��
FXLWV�HLWKHU�UHTXLUH�ODUJH�KDUGZDUH�RYHUKHDGV�RU�KDYH�WR�FRP��
SURPLVH�WHVWDELOLW\��:H�SUHVHQWHG�D�XQLILHG�IUDPHZRUN�WR�V\Q��
WKHVL]H�%,67�VWUXFWXUHV�RYHUFRPLQJ�WKDW�SUREOHP��6HYHUDO�V\Q��
WKHVLV�SURFHGXUHV�WDUJHWHG�WRZDUGV�VHOI�WHVWDEOH�)60¶V� ZHUH�
LPSOHPHQWHG��'HSHQGLQJ�RQ� WKH�PDMRU�GHVLJQ�JRDO��DUHD��
VSHHG��WHVW�OHQJWK��WHVW�FRQWURO�HIIRUW�RU�WKH�GHWHFWDELOLW\�RI�G\��
QDPLF�IDXOWV�FDQ�EH�RSWLPL]HG�FRPSDUHG�WR�FRQYHQWLRQDO�VROX��
WLRQV��7KH�DSSURDFK�LV�ZHOO�VXLWHG�WR�VHTXHQWLDO�FLUFXLWV�W\SL��
FDOO\�GHVFULEHG�E\�DQ�)60�PRGHO��H��J��FRQWUROOHUV���LQ�LWV�FXU��
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$XWRPDWLRQ�&RQIHUHQFH��SS����������������

7KH�'))�VROXWLRQV�ZHQ"�REWDLQHG�XVLQJ�WKH�SURJUDPV�QRYD���LK\EULG��
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