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7RZDUGV�5HXVDEOH�6\QFKURQLVDWLRQ�IRU�2EMHFW�2ULHQWHG�/DQJXDJHV

'DYLG�+ROPHV��-DPHV�1REOH��-RKQ�3RWWHU
0LFURVRIW�5HVHDUFK�,QVWLWXWH�DQG�'HSDUWPHQW�RI�&RPSXWLQJ
6FKRRO�RI�0DWKHPDWLFV��3K\VLFV��&RPSXWLQJ�DQG�(OHFWURQLFV

0DFTXDULH�8QLYHUVLW\��6\GQH\��$XVWUDOLD
HPDLO��GKROPHV��NM[��SRWWHU#PUL�PT�HGX�DX

0D\���������

$EVWUDFW
7KH� LQWHJUDWLRQ� RI� FRQFXUUHQF\� DQG� REMHFW�RULHQWDWLRQ� KDV� EHHQ� WKH� VXEMHFW� RI� PXFK

UHVHDUFK�IRU�ZHOO�RYHU�D�GHFDGH��7KLV�LQWHJUDWLRQ�KDV�EHHQ�SUREOHPDWLF�GXH�WR�WKH�FRQIOLFWV
WKDW� FDQ� DULVH� EHWZHHQ� V\QFKURQLVDWLRQ� DQG� LQKHULWDQFH� ZKLFK� OLPLW� WKH� UHXVH� SRWHQWLDO� RI
FRQFXUUHQW�REMHFWV��7KH�DLP�RI�RXU�UHVHDUFK�LV�WR�SURYLGH�D�PHDQV�IRU�DFKLHYLQJ�IOH[LEOH�DQG
UHXVDEOH� V\QFKURQLVDWLRQ�ZLWKLQ� H[LVWLQJ� REMHFW�RULHQWHG� ODQJXDJHV��:H�KDYH� LGHQWLILHG� WKH
GLIIHUHQW� DVSHFWV� RI� V\QFKURQLVDWLRQ� ZKLFK� QHHG� WR� EH� DGGUHVVHG� DQG� KDYH� GHYHORSHG� WKH
XQGHUO\LQJ�³V\QFKURQLVDWLRQ�ULQJV´�PRGHO� IRU�FUHDWLQJ�V\QFKURQLVHG�REMHFWV��&XUUHQW�ZRUN
IRFXVHV� RQ� GHYHORSLQJ� D� V\QFKURQLVDWLRQ� µDVSHFW¶� ODQJXDJH� WR� DOORZ� HDVLHU� XVH� RI� WKH
V\QFKURQLVDWLRQ�ULQJV�PRGHO�DQG�WR�DWWDLQ�WKH�UHXVH�JRDO��ZH�GHVLUH�

��� ,QWURGXFWLRQ

2EMHFWV�DQG�FRQFXUUHQF\�VWDUWHG�RII�WRJHWKHU�EDFN�LQ�WKH�ODWH�VL[WLHV�ZLWK�6LPXOD� >'DK��@�
EXW�WHQGHG�WR�JR�WKHLU�RZQ�ZD\�IRU�D�ZKLOH��&RQFXUUHQW�REMHFWV�UHVXUJHG�LQ�WKH�HLJKWLHV�ZLWK
WKH� YLHZ� WKDW� REMHFWV� HTXDWH� WR� SURFHVVHV� �� WKH� VR� FDOOHG� ³DFWLYH� REMHFW´�PRGHO� ><RQ��@� LQ
ZKLFK� D� WKUHDG�ZLWKLQ� WKH� REMHFW� DFFHSWV�PHVVDJHV� DQG� WKHQ� LQYRNHV�PHWKRGV��&RQYHUVHO\�
SDVVLYH� REMHFWV� GR� QRW� KDYH� WKHLU� RZQ� WKUHDG� RI� FRQWURO�� LQVWHDG� PHWKRGV� DUH� H[HFXWHG� LQ
WKUHDGV� WKDW�RULJLQDWH� IURP�RWKHU�REMHFWV��&RQFXUUHQW�REMHFW�RULHQWHG� ODQJXDJHV� H[LVW�ZKLFK
VXSSRUW�SXUHO\�DFWLYH�PRGHOV� >$JK����/LH��@��SXUHO\�SDVVLYH� >%DT����*RV����0F+����0LW���
6WU��@�RU�D�K\EULG� FRPELQDWLRQ� >$FW����$PH����&DU���� -DO����.DU����/RK����0H\����1LH���
<RN��@��7KH�SXUH�DFWLYH�PRGHOV�ZHUH�EDVHG�RQ�WKH�QRWLRQ�RI�$&7256�>$JK��@���EXW�KDYLQJ�D
SURFHVV� �RU� WKUHDG�� SHU� REMHFW� LV� VLPSO\� QRW� SUDFWLFDO� RQ� H[LVWLQJ� KDUGZDUH� V\VWHPV�� WKXV
WKLQJV�WHQGHG�WR�PRYH�WRZDUGV�K\EULG�DSSURDFKHV�ZKHUH�SDVVLYH�REMHFWV�DUH�FRQWDLQHG�ZLWKLQ
DFWLYH�RQHV��2Q�WKH�RWKHU�KDQG�REMHFW�ODQJXDJHV��VXFK�DV�6PDOOWDON�>*RO��@��&���>6WU��@��ZLWK
OLEUDU\�VXSSRUW��DQG�-DYD��>*RV��@��DGRSWHG�WKH�YLHZ�WKDW�REMHFWV�DUH�LQKHUHQWO\�SDVVLYH�DQG
LQVWHDG�SURYLGHG�PHDQV�IRU�FUHDWLQJ�QHZ�WKUHDGV�RI�FRQWURO�

7KH�HDUO\�ODQJXDJHV�GLG�QRW�FRQFHUQ�WKHPVHOYHV�ZLWK�WKH��UHXVH�LVVXHV�RI�V\QFKURQLVDWLRQ
DW�DOO�>$PH����/LH��@��DQG�HYHQ�WRGD\�ODQJXDJHV�OLNH�6PDOOWDON�DQG�-DYD�WDNH�QR�VSHFLDO�VWHSV
WR� HQDEOH� UHXVH�RI� V\QFKURQLVDWLRQ� FRGH��%XW� DV�PRUH� FRQFXUUHQW� REMHFW�RULHQWHG� ODQJXDJHV
ZHUH�SURSRVHG�ZLWK�YDULRXV�IHDWXUHV�IRU�FUHDWLQJ�DQG�FRQWUROOLQJ�FRQFXUUHQW� LQWHUDFWLRQV��VR
SUREOHPV�ZLWK� UHXVH� EHJDQ� WR� VXUIDFH�� (YHQWXDOO\� WKHVH� UHXVH� LVVXHV�ZHUH� VWXGLHG� LQ�PRUH
GHWDLO�DQG� WKH� WHUP�³LQKHULWDQFH�DQRPDO\´�ZDV�FRLQHG� WR�GHVFULEH� WKHP� >0DW��@��6LQFH� WKHQ
PRVW�ODQJXDJH�SURSRVDOV�KDYH�EHHQ�SURPRWHG�DV�³VROYLQJ´� WKH� LQKHULWDQFH�DQRPDO\� >%DT���
%HU����)HU����)UR����/RS����0DW����0F+����0LW��@��8QIRUWXQDWHO\�VXFK�SURSRVDOV�JHQHUDOO\
VXIIHU� IURP�RQH��RU�ERWK��RI� WZR� IODZV�� ILUVW� WKH\�SUHVHQW� D�YHU\� VLPSOH� FRQFXUUHQF\�PRGHO
ZKLFK�RIIHUV�OLWWOH�LQ�WKH�ZD\�RI�IOH[LELOLW\�RU�FRQWURO���WKLQJV�ZKLFK�DUH�QHHGHG�IRU�SUDFWLFDO
FRQFXUUHQW� SURJUDPPLQJ�� DQG� VHFRQG� ZKLOH� WKH\� PD\� KDYH� DGGUHVVHG� VRPH� RI� WKH� LVVXHV
UDLVHG�E\�WKH�³LQKHULWDQFH�DQRPDO\´�WKH\�IDLO�WR�DGGUHVV�WKH�UHDO�LVVXH�RI�DFKLHYLQJ�UHXVH�
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2XU�JRDO�KDV�QRW�EHHQ�WR�GHYHORS�D�QHZ�UHVHDUFK�ODQJXDJH�IRU�FRQFXUUHQW�REMHFW�RULHQWHG
SURJUDPPLQJ�EXW�WR�GHYHORS�WHFKQLTXHV�IRU�HIIHFWLYHO\�DSSO\LQJ�DQG�UHXVLQJ�V\QFKURQLVDWLRQ
ZLWKLQ� H[LVWLQJ� ODQJXDJHV� VXFK� DV� -DYD� RU� &���� $V� VXFK� ZH� DUH� DGGUHVVLQJ� WKDW� IRUP� RI
FRQFXUUHQW� SURJUDPPLQJ� JHQHUDOO\� WHUPHG� ³PXOWL�WKUHDGLQJ´� UDWKHU� WKDQ� SDUDOOHO
SURJUDPPLQJ��%\�H[DPLQLQJ�UHFHQW�ZRUN�LQ�WKLV�DUHD�>0F+����0LW����/RS��@�ZH�REVHUYHG�WKH
WUHQG�WRZDUGV�³VHSDUDWLRQ�RI�FRQFHUQV´�DQG�KRZ�WKDW�OHG�LQWR�WKH�QRWLRQ�RI�³$VSHFW�2ULHQWHG�
3URJUDPPLQJ´� >.LF��@�� ,Q� >+RO��@� ZH� FODLPHG� WKDW� DOWKRXJK� V\QFKURQLVDWLRQ� LV� RIWHQ
FRQVLGHUHG�D�VLQJOH�PRQROLWKLF�DVSHFW��LW�LV�LQ�IDFW�FRPSRVHG�RI�D�QXPEHU�RI�DVSHFWV�DQG�ZH
LGHQWLILHG� WKUHH� SULPDU\� DVSHFWV� RI� V\QFKURQLVDWLRQ�� 6LQFH� WKHQ� ZH� KDYH� LGHQWLILHG� WZR
DGGLWLRQDO�VHFRQGDU\�DVSHFWV� >+RO��@��2XU�XQGHUO\LQJ�PRGHO�IRU�V\QFKURQLVDWLRQ�LV�EDVHG�RQ
PHVVDJH� LQWHUFHSWLRQ� DQG� UHGLUHFWLRQ� DQG� XVHV� WKH� PHWDSKRU� RI� ³V\QFKURQLVDWLRQ� ULQJV´
>+RO��@� ZKLFK� HQFDSVXODWH� D� FRUH�� IXQFWLRQDO� REMHFW�� WKXV� SURYLGLQJ� D� V\QFKURQLVHG� REMHFW�
:LWKLQ�WKDW�PRGHO�HDFK�ULQJ�HQIRUFHV�D�FRQVWUDLQW��ZKLFK�LWVHOI�EHORQJV�WR�RQH�RI�WKH�SULPDU\
DVSHFWV�RI�V\QFKURQLVDWLRQ��$OWKRXJK�RXU�PRGHO�SURYLGHV�WKH�OHYHO�RI�FRQWURO�DQG�IOH[LELOLW\
WKDW� ZH� GHVLUHG�� LW� LV� GLIILFXOW� WR� XVH� GLUHFWO\�� 7KH� QH[W� SKDVH� LQ� WKH� GHYHORSPHQW� RI� RXU
V\VWHP� LV� WR� GHILQH� D� V\QFKURQLVDWLRQ� µDVSHFW¶� ODQJXDJH�� ZKLFK� ZLOO� DOORZ� WKH� HDV\
VSHFLILFDWLRQ� RI� V\QFKURQLVHG� REMHFWV� ZKLOVW� PDLQWDLQLQJ� WKH� IOH[LELOLW\� ZH� UHTXLUH� DQG
VXSSRUWLQJ�WKH�RULJLQDO�JRDO�RI�HIIHFWLYH�UHXVH�

6HFWLRQ�WZR�RXWOLQHV�WKH�GLIIHUHQW�DVSHFWV�RI�V\QFKURQLVDWLRQ�WKDW�ZH�KDYH�LGHQWLILHG�ZKLOVW
VHFWLRQ���GHVFULEHV�WKH�V\QFKURQLVDWLRQ�ULQJV�PRGHO��6HFWLRQ���GLVFXVVHV�WKH�UHTXLUHPHQWV�IRU
D�V\QFKURQLVDWLRQ�DVSHFW�ODQJXDJH�DQG�LQ�VHFWLRQ���ZH�ORRN�DW�WKH�FXUUHQW�VWDWXV�RI�WKH�SURMHFW�

��� $VSHFWV�RI�6\QFKURQLVDWLRQ

,Q� REMHFW�RULHQWHG� V\VWHPV� DOO� LQWHUDFWLRQV� EHWZHHQ� REMHFWV� RFFXU� YLD� WKH� VHQGLQJ� DQG
UHFHLYLQJ� RI�PHVVDJHV�� 7KH� UHFHLYLQJ� RI�PHVVDJHV� OHDGV� WR�PHWKRG� LQYRFDWLRQV� ZKLFK� FDQ
OHDG�WR�IXUWKHU�PHVVDJHV��WKXV�WKH�H[HFXWLRQ�RI�D�SURJUDP�IRUPV�D�WUDFH�RI�PHVVDJHV�EHWZHHQ
REMHFWV��,Q�D�FRQFXUUHQW�REMHFW�RULHQWHG�V\VWHP�LW�LV�SRVVLEOH�IRU�PRUH�WKDQ�RQH�PHVVDJH�VHQG
WR�EH�LQ�SURJUHVV�DW�WKH�VDPH�WLPH��ZLWK�WKH�VDPH�WDUJHW�UHFHLYHU��7R�SUHYHQW�WKHVH�FRQFXUUHQW
PHVVDJH� VHQGV� IURP� LQWHUIHULQJ� UHTXLUHV� V\QFKURQLVDWLRQ�� HLWKHU� RI� WKH� VHQGHUV� RU� RI� WKH
UHFHLYHU��,Q�REMHFW�RULHQWHG�V\VWHPV�ZH�FDQ�YLHZ�V\QFKURQLVDWLRQ�RI�FRQFXUUHQW�REMHFWV�DV�WKH
FRQWURO�RI�PHVVDJH�DFFHSWDQFH��ZKDW�PHVVDJHV�ZLOO�EH�DFFHSWHG��ZKHQ�DQG�IURP�ZKRP��,I�ZH
H[DPLQH�WKH�SRWHQWLDO�UHDVRQV�IRU�QRW�EHLQJ�DEOH�WR�DFFHSW�D�PHVVDJH�ZH�ILQG�WKUHH�SULPDU\
DVSHFWV�RI�V\QFKURQLVDWLRQ�>+RO��@�

([FOXVLRQ $�PHVVDJH� FDQ� QRW� EH� DFFHSWHG� DV� LW�ZRXOG� FDXVH� LQWHUIHUHQFH�ZLWK� DQRWKHU�PHVVDJH
DOUHDG\�EHLQJ�SURFHVVHG

6WDWH $�PHVVDJH�FDQ�QRW�EH�DFFHSWHG�EHFDXVH�WKH�LQWHUQDO�VWDWH�RI�WKH�REMHFW�GRHV�QRW�DOORZ
WKH�PHVVDJH�WR�EH�SURFHVVHG�FRUUHFWO\

&RRUGLQDWLRQ $�PHVVDJH�FDQ�QRW�EH�DFFHSWHG�EHFDXVH� WKH� VHQGHU�RI� WKH�PHVVDJH�GRHV�QRW� KROG� WKH
ULJKW�WR�VHQG�WKH�PHVVDJH�WR�WKLV�REMHFW�DW�WKLV�WLPH

7KHUH� DUH� LQ� DGGLWLRQ� WZR� VHFRQGDU\� DVSHFWV� RI� V\QFKURQLVDWLRQ� ZKLFK� PXVW� DOVR� EH
FRQVLGHUHG�ZKHQ�GHDOLQJ�ZLWK�WKH�SULPDU\�DVSHFWV�

• ,I�D�SULPDU\�FRQVWUDLQWV�LV�QRW�PHW�ZKDW�UHVSRQVH�VKRXOG�EH�JLYHQ�E\�WKH�REMHFW"
• ,I�PHVVDJHV�DUH�ZDLWLQJ�LQ�ZKDW�RUGHU�VKRXOG�WKH\�EH�VFKHGXOHG�IRU�SURFHVVLQJ"

(DFK� DVSHFW� RI� V\QFKURQLVDWLRQ� PDQLIHVWV� LWVHOI� DV� D� FRQVWUDLQW� RQ� WKH� DFFHSWDQFH� RI� D
PHVVDJH��ZKLFK�PXVW�EH�HQIRUFHG� IRU� WKH�FRUUHFW�SURFHVVLQJ�RI� WKH�PHVVDJH��)ROORZLQJ� WKH
GHVLJQ�SULQFLSOH�RI� µVHSDUDWLRQ�RI�FRQFHUQV¶�� E\� IRFXVVLQJ�RQ� WKHVH� DVSHFWV� LQGLYLGXDOO\�ZH
JHW� D� FOHDUHU� SHUVSHFWLYH� RQ�ZK\� GLIIHUHQW� IRUPV� RI� V\QFKURQLVDWLRQ� DUH� QHHGHG�ZLWKLQ� RXU
SURJUDPV��:KHQ�HQIRUFLQJ�DQ\�JLYHQ�W\SH�RI�FRQVWUDLQW�PD\�UHTXLUH�D�VRSKLVWLFDWHG�SROLF\��E\
WUHDWLQJ�HDFK�DVSHFW�LQGLYLGXDOO\�ZH�SRWHQWLDOO\�DFKLHYH�D�ILQHU�JUDQXODULW\�RI�UHXVH�RI�WKRVH
SROLFLHV� �DQG� WKHLU� LPSOHPHQWDWLRQV�� DQG� DOVR� DFKLHYH�JUHDWHU� FRQWURO�RYHU� WKH�YDULDWLRQV� LQ
SROLF\�SRVVLEOH�IRU�D�JLYHQ�REMHFW�
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���� ([FOXVLRQ

([FOXVLRQ� FRQVWUDLQWV� GHILQH� ZKLFK� PHVVDJHV� DUH� DOORZHG� WR� EH� DFFHSWHG� FRQFXUUHQWO\
ZLWKRXW�FDXVLQJ� LQWHUIHUHQFH��([FOXVLRQ� FRQVWUDLQWV�QHYHU�GHSHQG�RQ� WKH� ORJLFDO� VWDWH�RI� DQ
REMHFW��WKDW�LV�WKH�YDOXHV�LI�LWV�ILHOGV��EXW�VROHO\�RQ�WKH�µH[HFXWLRQ¶�VWDWH�RI�WKH�REMHFW��WKDW�LV
ZKLFK�PHVVDJHV�DUH�FXUUHQWO\�DFWLYH�

���� 6WDWH

6WDWH�FRQVWUDLQWV�UHVWULFW�ZKHQ�D�PHVVDJH�FDQ�EH�DFFHSWHG�DQG�SURFHVVHG�GXH�WR�WKH�LQWHUQDO
VWDWH� RI� WKH� REMHFW�� 6WDWH� FRQVWUDLQWV� LQYROYH� WKH� DYDLODELOLW\� RI� LQWHUQDO� UHVRXUFHV�� )RU
H[DPSOH�� LI� D� ERXQGHG�EXIIHU� LV� IXOO� WKHQ� D�SXW���PHVVDJH� FDQ� QRW� EH� DFFHSWHG� DQG� LI� WKH
EXIIHU�LV�HPSW\�D�JHW���PHVVDJH�FDQ�QRW�EH�DFFHSWHG��LQ�WKH�IRUPHU�FDVH�ZH�UHTXLUH�D�µVSDFH¶
UHVRXUFH�DQG�LQ�WKH�ODWWHU�DQ�µLWHP¶�UHVRXUFH�

6WDWH� FRQVWUDLQWV� DUH� DEVWUDFW� SURSHUWLHV� RI� DQ� REMHFW� WKDW� H[LVW� LQ� ERWK� VHTXHQWLDO� DQG
FRQFXUUHQW� HQYLURQPHQWV�� &RQFXUUHQF\� GRHV� QRW� FDXVH� VWDWH� FRQVWUDLQWV� WR� FRPH� LQWR
H[LVWHQFH��EXW�JLYHV�XV�DOWHUQDWLYH�ZD\V�WR�UHVSRQG�WR�WKHP�EHFDXVH�D�PHVVDJH�FDQ�EH�GHOD\HG
XQWLO�WKH�UHFHLYHU�LV�LQ�WKH�FRUUHFW�VWDWH�WR�DFFHSW�LW�

$�VWDWH�FRQVWUDLQW�PD\�GHSHQG�QRW�RQO\�RQ� WKH�FXUUHQW�VWDWH�RI�DQ�REMHFW��EXW�DOVR�RQ� WKH
SDVW�VWDWH�RI� WKH�REMHFW�� WKH�SDVW�H[HFXWLRQ�VWDWH�RI� WKH�REMHFW� �H�J��ZKLFK�PHVVDJH�ZDV� ODVW
DFFHSWHG���RU�XOWLPDWHO\�WKH�VWDWH�RI�WKH�HQYLURQPHQW��H�J��WKH�GD\�RU�WLPH��

���� &RRUGLQDWLRQ

&RRUGLQDWLRQ�FRQVWUDLQWV�UHVWULFW�ZKHQ�D�PHVVDJH�PD\�EH�DFFHSWHG�EDVHG�RQ�WKH�VHQGHU�RI
WKH�PHVVDJH��7KH\�DUH�WHUPHG�FRRUGLQDWLRQ�FRQVWUDLQWV�EHFDXVH�WKH\�LQYROYH�WKH�FRRUGLQDWLRQ
RI�PXOWLSOH� PHVVDJHV� WR� PXOWLSOH� REMHFWV�� $� W\SLFDO� XVH� RI� D� FRRUGLQDWLRQ� FRQVWUDLQW� LV� WR
HQIRUFH�DWRPLFLW\�RYHU�WKH�SURFHVVLQJ�RI�D�VHTXHQFH�RI�LQGHSHQGHQW�PHVVDJHV��)RU�H[DPSOH�
FRQVLGHU�D�V\VWHP�ZKLFK�LQFOXGHV�WZR�ERXQGHG�EXIIHUV�DQG�D�FOLHQW�WKDW�ZLVKHV�WR�WUDQVIHU�WKH
FRQWHQWV�RI�RQH�EXIIHU� LQWR� WKH�RWKHU� LQ� WKH�VDPH�RUGHU��7KH�H[FOXVLRQ�DQG�VWDWH�FRQVWUDLQWV
HQIRUFHG�E\�HDFK�EXIIHU�GR�QRW�KHOS�WKH�FOLHQW�LQ�DFKLHYLQJ�LWV�JRDO�LI�RWKHU�FOLHQWV�FDQ�DOVR
VHQG� PHVVDJHV� WR� WKH� EXIIHUV�� WKXV� D� FRRUGLQDWLRQ� FRQVWUDLQW� LV� UHTXLUHG� WR� HQVXUH� WKDW
PHVVDJHV�IURP�RWKHU�FOLHQWV�JHW�UHMHFWHG�ZKLOVW�WKH�DWRPLF�WUDQVIHU�LV�LQ�SURJUHVV�

���� 5HVSRQVH

)RU� HDFK�RI� WKH�SULPDU\� DVSHFWV�RI� V\QFKURQLVDWLRQ�GLVFXVVHG�ZH�QHHG� WR�GHILQH�KRZ� DQ
REMHFW�UHVSRQGV�LI�WKH�FRQVWUDLQWV�DUH�QRW�PHW�ZKHQ�D�PHVVDJH�LV�UHFHLYHG��7KHUH�DUH�D�ZLGH
YDULHW\� RI� SRVVLEOH� UHVSRQVHV� WR� ILQGLQJ� D� FRQVWUDLQW� QRW� VDWLVILHG� >/HD��@� EXW� WKH� PRVW
FRPPRQ�UHVSRQVHV�DUH�

EDONLQJ UHWXUQLQJ�LPPHGLDWHO\�ZLWK�DQ�LQGLFDWRU�WKDW� WKH�RSHUDWLRQ�GLG�QRW�SURFHHG�EHFDXVH�D
FRQVWUDLQW�ZDV�QRW�PHW

EORFNLQJ ZDLWLQJ�LQGHILQLWHO\�XQWLO�WKH�FRQVWUDLQW�LV�PHW

WLPHG�ZDLW ZDLW�XS�WR�D�VSHFLILHG�PD[LPXP�WLPH�IRU�WKH�FRQVWUDLQW�WR�EH�PHW��,I�WKH�FRQVWUDLQW� LV
QRW�PHW�WKHQ�VRPH�LQGLFDWLRQ�WKDW�WKH�RSHUDWLRQ�WLPHG�RXW�VKRXOG�EH�JLYHQ

7KHVH�FDQ�DOO�EH�YLHZHG�DV�IRUPV�RI�WLPHG�ZDLWV�ZLWK�EDONLQJ�LQGLFDWLQJ�D�WLPH�RXW�RI�]HUR
DQG�EORFNLQJ�LQGLFDWLQJ�D�WLPH�RXW�RI�LQILQLW\�

2XU� VHTXHQWLDO� KHULWDJH� KDV� SUHGLVSRVHG� XV� WR� H[SHFW�� DQG� SURYLGH�� EDONLQJ� UHVSRQVHV� LQ
PDQ\� SUDFWLFDO�� VWDWH� FRQVWUDLQHG� VLWXDWLRQV�� )RU� H[DPSOH�� HYHQ� WKRXJK� ZULWWHQ� WR� EH
FRQFXUUHQF\� µVDIH¶�� WKH� FROOHFWLRQ� OLEUDULHV� RI� -DYD� >6XQ��@� DQG� WKH� %RRFK� &RPSRQHQWV
>%RR��@�ERWK�VLPSO\�UHWXUQ�QXOO�IRU�PHVVDJHV�WKDW�FRXOG�QRW�EH�DFFHSWHG�GXH�WR�WKH�VWDWH�RI
WKH� FROOHFWLRQ��<HW� GHYHORSHUV� RI� FRQFXUUHQW� REMHFW�RULHQWHG� ODQJXDJHV� KDYH� JHQHUDOO\� RQO\
SURYLGHG� EORFNLQJ� UHVSRQVHV� WR� VWDWH� FRQVWUDLQWV�� 7R� SURYLGH� WKH� JUHDWHVW� IOH[LELOLW\� D
SURJUDPPHU�VKRXOG�EH�DEOH�WR�GLFWDWH�ZKDW�UHVSRQVH�LV�WR�EH�JLYHQ��HYHQ�RQ�D�SHU�FDOO�EDVLV�
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���� 6FKHGXOLQJ

6FKHGXOLQJ� FRQVWUDLQWV� GHWHUPLQH� WKH� RUGHU� LQ� ZKLFK� PXOWLSOH� PHVVDJHV� EORFNHG� DW� DQ
REMHFW�� VKRXOG�EH�SURFHVVHG��7KHVH�VFKHGXOLQJ� FRQVWUDLQWV� LQIOXHQFH� V\QFKURQLVDWLRQ� LQ� WZR
ZD\V��)LUVWO\��ZH�VRPHWLPHV�H[WHQG�DQ�H[LVWLQJ�FRQVWUDLQW�WR�WDNH�LQWR�DFFRXQW�ZKHWKHU�RU�QRW
VRPH� RWKHU� W\SH� RI�PHVVDJH� LV� ZDLWLQJ�� )RU� H[DPSOH�� D� UHDGHUV�ZULWHU� SROLF\� PD\� XVH� WKH
FRQVWUDLQWV�RQ�D�UHDGHU�WKDW�WKHUH�DUH�QR�DFWLYH�ZULWHUV�DQG�QR�ZDLWLQJ�ZULWHUV�� WKXV�JLYLQJ�D
SULRULW\� ZULWHU� SURWRFRO�� ZLWKRXW� WKH� VHFRQG� FRQVWUDLQW� ZH� ZRXOG� KDYH� D� SULRULW\� UHDGHU
SURWRFRO�� 6HFRQGO\�� VFKHGXOLQJ� FRQVWUDLQWV� LQIOXHQFH� WKH� RUGHU� LQ� ZKLFK� QHZO\� HQDEOHG
PHVVDJHV�DUH�SURFHVVHG��&RPPRQO\�ZH�FKRRVH�D�ILUVW�LQ�ILUVW�RXW�RUGHULQJ�DV�LW�LV�FRQVLGHUHG
IDLU��6RPHWLPHV�WKRXJK�ZH�KDYH�VSHFLILF�SULRULWLHV�DVVLJQHG�WR�GLIIHUHQW�PHVVDJH�VHQGHUV��LQ
ZKLFK�FDVH�D�SULRULW\�RUGHULQJ�LV�PRUH�DSSURSULDWH�

,Q�WKHRU\�VFKHGXOLQJ�FRQVWUDLQWV�FDQ�EH�DUELWUDU\�DQG�EDVHG�RQ�D�UDQJH�RI�GLIIHUHQW�FULWHULD�
%ORRP¶V� FULWHULD� >%OR��@� LQFOXGH� VXFK� WKLQJV� DV� WKH� VHQGHU� RI� WKH� PHVVDJH�� WKH� WLPH� WKH
PHVVDJH�ZDV�VHQW�UHFHLYHG��WKH�QDWXUH�RI�WKH�PHVVDJH�DQG�WKH�SDUDPHWHUV�WR�WKH�PHVVDJH��7KH
DELOLW\�WR�SURYLGH�D�YDULHW\�RI�VFKHGXOLQJ�FRQVWUDLQWV�KDV�EHHQ�GHILQHG�E\�VRPH�DV�D�PHDVXUH
RI� WKH� H[SUHVVLYHQHVV�RI� D� FRQFXUUHQW� REMHFW�RULHQWHG� ODQJXDJH� >0F+����0LW��@�� WKRXJK� LQ
SUDFWLFH�WKH\�VHHP�WR�EH�LQIUHTXHQWO\�XVHG�

��� ³6\QFKURQLVDWLRQ�5LQJV´�0RGHO

:H� KDYH� GHYHORSHG� D�PRGHO� ZKHUH� D� V\QFKURQLVHG� REMHFW� LV� D� FRPELQDWLRQ� RI� VHSDUDWH
IXQFWLRQDO� DQG� V\QFKURQLVDWLRQ� EHKDYLRXUV�� (DFK� DVSHFW� RI� V\QFKURQLVDWLRQ� UHTXLUHG� E\� WKH
REMHFW� LV�SURYLGHG�E\�RQH�RU�PRUH� V\QFKURQLVDWLRQ� ULQJV�ZKLFK� VXUURXQG�D� FRUH�� IXQFWLRQDO
REMHFW���)LJXUH�����$�ULQJ�HQFDSVXODWHV�VWDWH�DQG�SURYLGHV�D�QXPEHU�RI�SRUWV� WKURXJK�ZKLFK
PHVVDJHV� FDQ� LQWHUDFW�ZLWK� WKDW� VWDWH��(DFK� ULQJ� SURYLGHV� D� SDUWLFXODU� V\QFKURQLVDWLRQ� EHK�
DYLRXU�E\�SURFHVVLQJ� HDFK�PHWKRG� LQYRFDWLRQ� �PHVVDJH�� DQG�GHWHUPLQLQJ� LI� WKDW� LQYRFDWLRQ
FDQ� SURFHHG�� EDVHG� RQ� WKH� SRUW� XVHG� DQG� WKH� FXUUHQW� VWDWH� RI� WKH� ULQJ�� 7KHVH� EHKDYLRXUV
HQIRUFH�WKH�V\QFKURQLVDWLRQ�FRQVWUDLQWV�RI�WKH�REMHFW�

���� 0HVVDJH�SURFHVVLQJ

,Q� WKH� V\QFKURQLVDWLRQ� ULQJV� PRGHO�� PHWKRG� LQYRFDWLRQ� LV� YLHZHG� DV� WKH� SDVVLQJ� RI� D
PHVVDJH�WR�WKH�V\QFKURQLVHG�REMHFW��7KLV�PHVVDJH�LV�GLUHFWHG�WR�HDFK�V\QFKURQLVDWLRQ�ULQJ�WR
JHW� WKH�DSSURSULDWH� V\QFKURQLVDWLRQ�EHKDYLRXU�DQG� WR� WKH�FRUH�REMHFW� WR�H[HFXWH� WKH�GHVLUHG
IXQFWLRQDO�RSHUDWLRQ��,Q�WKH�JHQHUDO�FDVH�V\QFKURQLVDWLRQ�UHTXLUHV�WKDW�D�PHVVDJH�EH�SURFHVVHG

�����������������������������������������������������
��7KH�FRUH�REMHFW�PD\�LWVHOI�EH�DQ�DJJUHJDWLRQ�RI�IXQFWLRQDO�REMHFWV�RU�V\QFKURQLVHG�REMHFWV�

&RUH�2EMHFW6\QFKURQLVHG
2EMHFW

6\QFKURQLVDWLRQ
5LQJV

6XFFHVVIXO
0HVVDJH

5HMHFWHG
0HVVDJH

(QWU\�3RLQW

([LW�3RLQW

5ROOEDFN�3RLQW

)LJXUH���7KH�6\QFKURQLVDWLRQ�5LQJV�0RGHO
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ERWK�EHIRUH�DQG�DIWHU�LW�LV�KDQGOHG�E\�IXQFWLRQDO�FRGH���7KLV�SUH��DQG�SRVW�SURFHVVLQJ�OHDGV�WR
D�PRGHO�RI�PHVVDJHV�HQWHULQJ�DQG�H[LWLQJ�ULQJV�WKDW�VXUURXQG�D�IXQFWLRQDO�FRUH�

$�PHVVDJH�PXVW�SDVV�WKURXJK�HDFK�ULQJ��LQGLFDWLQJ�WKDW�WKH�FRQVWUDLQWV�IRU�SURFHVVLQJ�WKDW
PHVVDJH�DUH�PHW��$V�HDFK�V\QFKURQLVDWLRQ�EHKDYLRXU�FDQ�LPSOHPHQW�D�QXPEHU�RI�FRQVWUDLQWV�
HDFK� ULQJ� FDQ� KDYH� D� QXPEHU� RI� DFFHVV� SRUWV�� 7KHVH� FRQVLVW� RI� DQ� HQWU\�� H[LW� DQG� UROOEDFN
SRLQW��7KH�HQWU\�SRLQW�RI�D�SRUW�HQVXUHV�WKDW�D�SDUWLFXODU�FRQVWUDLQW�LV�PHW�EHIRUH�WKH�PHVVDJH
FDQ�SDVV�WKURXJK�DQG�ZLOO�XVXDOO\�FKDQJH�VRPH�ORFDO�VWDWH�WR�LQIOXHQFH�WKH�SDVVDJH�RI�IXWXUH
PHVVDJHV��2QFH�D�PHVVDJH�KDV�SDVVHG�WKURXJK�DOO�ULQJV�LW�FDQ�EH�SURFHVVHG�E\�WKH�FRUH�REMHFW�
2QFH�SURFHVVHG�E\� WKH� FRUH�REMHFW� WKH�PHVVDJH� FRQWLQXHV�RQ� DQG�SDVVHV� WKURXJK�HDFK� ULQJ
DJDLQ��WKLV�WLPH�WKURXJK�H[LW�SRLQWV��7KH�H[LW�SRLQW�EHORQJV�WR�WKH�VDPH�SRUW�DV�WKH�HQWU\�SRLQW
WKURXJK�ZKLFK� WKH�PHVVDJH�ZDV� RULJLQDOO\� SURFHVVHG� DQG� FRPSOHPHQWV� WKDW� HQWU\� SRLQW� E\
FRPSOHWLQJ�WKH�FKDQJH�RI�VWDWH�WKDW�UHSUHVHQWV�WKH�HQG�RI�D�VXFFHVVIXO�RSHUDWLRQ�

,I� D�PHVVDJH� FDQ� QRW� SDVV� WKURXJK� D� ULQJ� LW� LV� UHMHFWHG� E\� WKH� SRUW�� $� UHMHFWHG�PHVVDJH
ERXQFHV�RII�WKH�µFORVHG¶�ULQJ�DQG�UHWXUQV�EDFN�WKURXJK�HDFK�RI�WKH�ULQJV�LW�KDV�HQWHUHG�VR�IDU�
(DFK�ULQJ�SURFHVVHV�D�UHMHFWHG�PHVVDJH�DW�WKH�UROOEDFN�SRLQW�RI�WKH�SRUW�DW�ZKLFK�WKH�PHVVDJH
HQWHUHG��7KH� UROOEDFN�SRLQW�PXVW�XQGR�DQ\� VWDWH� FKDQJHV�SHUIRUPHG�E\� WKH� HQWU\�SRLQW� DQG
WKXV� DOORZ� IXUWKHU� PHVVDJHV� WR� EH� SURFHVVHG�� 7KLV� UROOEDFN� SURWRFRO� DOORZV� GLIIHUHQW� V\Q�
FKURQLVDWLRQ�EHKDYLRXUV�WR�EH�FRPSRVHG�ZLWKRXW�FDXVLQJ�ORFDO�GHDGORFN�

7R�VXSSRUW�WKH�EORFNLQJ�RI�UHMHFWHG�PHVVDJHV��WKHUH�LV�D�TXHXH�DVVRFLDWHG�ZLWK�HDFK�SRUW�
0HVVDJHV�PD\�EH�UHPRYHG�IURP�TXHXHV�ZKHQ�RWKHU�PHVVDJHV�FRPSOHWH�RU�UROOEDFN��RU�ZKHQ
WKHLU� RZQ� WLPH�RXW�KDV� HODSVHG��7KH� FRQGLWLRQV� IRU� DFFHSWDQFH� RI� D�PHVVDJH� DW� D� SRUW�PD\
LQFOXGH�WKH�VWDWH�RI�WKH�ULQJ�DQG�WKH�VWDWH�RI�DQ\�RI�WKH�TXHXHV�XVHG�E\�WKH�SRUWV�RI�WKDW�ULQJ�

$OWKRXJK� PHVVDJHV� FRQFHSWXDOO\� SDVV� WKURXJK� HDFK� ULQJ� WKH\� QHHG� QRW� EH� DFWLYHO\
SURFHVVHG�E\�HDFK�ULQJ��VR�DQ� LPSOHPHQWDWLRQ�FDQ�RSWLPLVH�IRU� ULQJV� WKDW�KDYH�QR�HIIHFW�RQ
SDUWLFXODU�PHVVDJHV�� 1RU� LV� LW� QHFHVVDU\� IRU�PHVVDJHV� WR�PDS� WR� DQ� RSHUDWLRQ� RQ� WKH� FRUH
REMHFW��VRPH�PHVVDJHV�ZLOO�PDQLSXODWH�V\QFKURQLVDWLRQ�VWDWH�RQO\��)RU�H[DPSOH��HQDEOLQJ�RU
GLVDEOLQJ� D� ERXQGHG� EXIIHU� GRHVQ¶W� KDYH� DQ\� HIIHFW� RQ� WKH� EXIIHU� LWVHOI�� $� µSXUH
V\QFKURQLVDWLRQ¶�REMHFW�KDV�QR�FRUH�REMHFW�EXW�RQO\�V\Q FKURQLVDWLRQ�ULQJV�

��� $�6\QFKURQLVDWLRQ�$VSHFW�/DQJXDJH

3URJUDPPLQJ�WKH�V\QFKURQLVDWLRQ�ULQJV�PRGHO�GLUHFWO\��LV�D�ODERULRXV�DQG�WHGLRXV�WDVN��DQG
QRW�RQH�LQ�ZKLFK�WKH�EHQHILWV�RI�UHXVH�DUH�DSSDUHQW��7R�VLPSOLI\�KRZ�D�SURJUDPPHU�XVHV�WKH
V\QFKURQLVDWLRQ� ULQJV�PRGHO�ZH� DUH� GHYHORSLQJ� D� V\QFKURQLVDWLRQ� µDVSHFW¶� ODQJXDJH�ZKLFK
FDQ�EH�XVHG�WR�VSHFLI\�KRZ�WR�EXLOG�D�V\QFKURQLVHG�REMHFW

'HILQLQJ�VXFK�DQ�DVSHFW�ODQJXDJH�LV�D�QRQ�WULYLDO�WDVN�DV�WKH�V\QFKURQLVDWLRQ�SUREOHP�LWVHOI
LV�QRQ�WULYLDO��$V�ZHOO�DV�REWDLQLQJ� µIXQFWLRQDO¶�FRUUHFWQHVV� LQ�RXU� V\QFKURQLVDWLRQ�VFKHPHV
ZH� PXVW� DOVR� DGGUHVV� WKH� SUDFWLFDO� LVVXHV� WKDW� DIIHFW� WKH� SHUIRUPDQFH� RI� UHDO� V\VWHPV�
$GGLWLRQDOO\� ZH� PXVW� DGGUHVV� WKH� QHHGV� RI� SURJUDPPHUV� ZKR� UHTXLUH� V\QFKURQLVDWLRQ
PHFKDQLVPV�ZKLFK�DUH�ERWK�IOH[LEOH�DQG�ZKLFK�FDQ�EH�FRQWUROOHG�LQ�VSHFLILF�ZD\V��)LQDOO\�ZH
PXVW� SURGXFH� D� ODQJXDJH� ZKLFK� IDFLOLWDWHV� UH�XVH�� &RPELQLQJ� DOO� RI� WKHVH� LQWR� D� VLQJOH
ODQJXDJH�LV�QRW�VLPSOH�DQG�WKXV�ZKDW�IROORZV�LV�QRW�D�FRPSOHWH�GHVFULSWLRQ�RI�RXU�ODQJXDJH�
EXW�D�GLVFXVVLRQ�RI�WKH�LVVXHV�ZH�PXVW�DGGUHVV�LQ�GHYHORSLQJ�RXU�ODQJXDJH�ZLWK�VRPH�SRVVLEOH
V\QWD[�IRU�WKRVH�DUHDV�ZH�KDYH�DOUHDG\�IOHVKHG�RXW�LQ�PRUH�GHWDLO��

���� ([FOXVLRQ

2XU�JRDOV�IRU�H[SUHVVLQJ�H[FOXVLRQ�FRQVWUDLQWV�DUH�WKUHH�IROG�

���:H� UHTXLUH� WKH� DELOLW\� WR� GHILQH� FRPSOH[� H[FOXVLRQ� SURWRFROV� LQYROYLQJ� ILQH� JUDLQHG
JUDQXODULW\�RI�ORFNLQJ��XVLQJ�PXWXDO�H[FOXVLRQ�VHWV��RU�UHDGHU�ZULWHU�VHWV��DV�ZHOO�DV�WKH
PRUH�VLPSOH�SURWRFROV�RI�UHDGHU�ZULWHU�DQG�PXWXDO�H[FOXVLRQ�

���:H�ZDQW�WR�JLYH�WKH�SURJUDPPHU�WKH�DELOLW\�WR�VSHFLI\�D�VLPSOH�H[FOXVLRQ�SURWRFRO�DW�WKH
WLPH�DQ�REMHFW�LV�FUHDWHG��UHDGHU�ZULWHU��PXWXDO�H[FOXVLRQ�RU�QR�H[FOXVLRQ�
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���:H�PXVW�EH�DEOH�WR�HDVLO\�GHILQH�WKH�H[FOXVLRQ�FRQVWUDLQWV�IRU�QHZ�PHWKRGV�LQ�D�GHULYHG
FODVV�DQG�WR�FKDQJH�WKH�H[FOXVLRQ�FRQVWUDLQW�IRU�DQ�H[LVWLQJ�PHWKRG�

$Q� DGGLWLRQDO� UHTXLUHPHQW� WKDW� PXVW� EH� FRQVLGHUHG� ZKHQ� SURYLGLQJ� V\QFKURQLVDWLRQ� IRU
ODQJXDJHV�VXFK�DV�&���DQG�-DYD� LV�KRZ�WR�V\QFKURQLVH�DFFHVV� WR�FODVV��RU�VWDWLF��GDWD��7KLV
LVVXH�LV�XVXDOO\�LJQRUHG�LQ�RWKHU�V\VWHPV�

7KHUH� DUH� WZR� EDVLF� DSSURDFKHV� IRU� GHILQLQJ� H[FOXVLRQ� FRQVWUDLQWV�� ZH� FDQ� VSHFLI\� WKH
UHTXLUHPHQWV� RI� HDFK� PHWKRG�� RU� ZH� FDQ� JURXS� VLPLODU� PHWKRGV� WRJHWKHU� E\� VSHFLI\LQJ� D
SDUWLFXODU�SROLF\��,Q�WKH�ILUVW�DSSURDFK�ZH�VLPSO\�VSHFLI\�ZKDW�WKH�H[FOXVLRQ�FRQVWUDLQWV�RQ�D
PHWKRG�DUH��IRU�H[DPSOH��WKDW�SXW���H[FOXGHV�SXW���DQG�JHW���� ,Q�WKH�VHFRQG�DSSURDFK�ZH
GHILQH� WKH� SROLF\� XVHG� E\� WKH� YDULRXV� PHWKRGV�� IRU� H[DPSOH�� SROLF\� PXWH[�SXW�� JHW��
7KHVH�WZR�DSSURDFKHV�GLIIHU�LQ�KRZ�ZHOO�WKH\�VXSSRUW�RXU�JRDOV�

8VLQJ�WKH�ILUVW�DSSURDFK�ZH�FDSWXUH�WKH�WUXH�UHTXLUHPHQWV�RI�HDFK�PHWKRG�LQ�D�VLPSOH�IRUP
DQG�LW� LV�HDV\� IRU�D�QHZ�PHWKRG� WR� VSHFLI\�ZKLFK�RI� WKH�H[LVWLQJ�PHWKRGV� LW� H[FOXGHV��7KLV
JLYHV� XV� WKH� H[FOXVLRQ�PDWUL[� IRU� WKH� REMHFW� IURP�ZKLFK� ZH� FDQ� LGHQWLI\� YDULRXV� SRVVLEOH
SROLFLHV� IRU� HQIRUFLQJ� WKH�PDWUL[�� 8QIRUWXQDWHO\� WKLV� GRHV� QRW� SURYLGH� XV� ZLWK� D�PHDQV� WR
VSHFLI\�ZKLFK�SROLF\�ZH�UHTXLUH��)XUWKHU��DOWKRXJK�PXWXDO�H[FOXVLRQ�LV�WULYLDO�WR�HQIRUFH�WKH
PDSSLQJ� IURP� WKH� H[FOXVLRQ�PDWUL[� WR� D� UHDGHU�ZULWHU� SROLF\� LV� QRW� QHFHVVDULO\� RQH�WR�RQH�
)LQDOO\� FDUH� PXVW� EH� WDNHQ� LQ� KRZ� WKH� H[FOXVLRQ� PDWUL[� LV� IRUPHG� ZKHQ� ZH� FKDQJH� WKH
H[FOXVLRQ�FRQVWUDLQW�RI�DQ�H[LVWLQJ�PHWKRG�LQ�D�GHULYHG�FODVV���KRZ�GR�ZH�WHOO�LI�DQ�H[FOXVLRQ
FRQVWUDLQW�UHSODFHV�RU�HQKDQFHV�DQ�H[LVWLQJ�RQH"

2Q� WKH� RWKHU� KDQG�� LI� ZH� DUH� JRLQJ� WR� VSHFLI\� SROLFLHV� GLUHFWO\� WKHQ� ZH� PXVW� KDYH� D
WHUPLQRORJ\� IRU� H[SUHVVLQJ� WKRVH� SROLFLHV��:H� FRXOG� VLPSO\� LQGLFDWH� D� ELQGLQJ� EHWZHHQ� D
PHWKRG�DQG�D�ORFN�DQG�WKHQ�DOORZ�WKH�UXQWLPH�LPSOHPHQWDWLRQ�WR�GHWHUPLQH�WKH�QDWXUH�RI�WKH
ORFN� DQG� WKXV� WKH� SROLF\� HQIRUFHG��+RZHYHU�� WKLV� UHTXLUHV� D� VHPDQWLF� XQGHUVWDQGLQJ� RI� WKH
GLIIHUHQW� W\SHV� RI� SROLFLHV� LI� ZH� DUH� WR� FRQYHUW� FRPSOH[� SROLFLHV� LQWR� VLPSOHU� IRUPV�
$OWHUQDWLYHO\�ZH� FRXOG� XVH� WKH� SROLF\� WR� FUHDWH� WKH� H[FOXVLRQ�PDWUL[� EXW� WKDW� VWLOO� OHDYHV� D
SUREOHP� LI� WKHUH� LV� PRUH� WKDQ� RQH� PDSSLQJ� WR� WKH� VLPSOHU� SROLF\�� $GGLQJ� D� QHZ� PHWKRG
VKRXOG�EH�UHODWLYHO\�VWUDLJKW�IRUZDUG�DV�VKRXOG�FKDQJLQJ�DQ�H[LVWLQJ�FRQVWUDLQW���EXW�DJDLQ�ZH
QHHG�D�ZD\�WR�GLVWLQJXLVK�EHWZHHQ�PRGLI\LQJ�D�SROLF\�DQG�UHSODFLQJ�LW�

���� 6WDWH

7KH� HQIRUFHPHQW� RI� VWDWH� FRQVWUDLQWV� LV� D� FRPSOH[� PDWWHU�� 7KH� UDQJH� RI� SRVVLEOH� VWDWH
FRQVWUDLQWV� VHHPV� XQOLPLWHG� DQG� WKXV� ZH� ZRXOG� VHHP� WR� QHHG� WR� EH� DEOH� WR� H[SUHVV� DQ\
SURJUDPPDEOH�VWDWHPHQW�ZLWKLQ�RXU�DVSHFW�ODQJXDJH��7KDW�ZRXOG�VHHP�LPSUDFWLFDO�JLYHQ�WKDW
SURJUDPPLQJ� ODQJXDJHV� DOUHDG\� H[LVW� WKDW� GR� D� YHU\� JRRG� MRE� LQ� IRUPLQJ� VXFK� DUELWUDU\
H[SUHVVLRQV�� ,QVWHDG� WKH� V\QFKURQLVDWLRQ� ULQJV� PRGHO� FDSWXUHV� VSHFLILF� FRQVWUDLQWV� ZLWKLQ
ULQJV� DQG� WKH� SRUWV� RQ� WKRVH� ULQJV� GHILQH� KRZ� D�PHWKRG� LQWHUDFWV� ZLWK� D� JLYHQ� FRQVWUDLQW�
$OWKRXJK� WKH� H[DFW� GHWDLOV� RI� D� FRQVWUDLQW� ZLOO� GHSHQG� RQ� WKH� REMHFW� DQG� PHWKRGV� EHLQJ
GHILQHG��WKH�IRUP�RI�WKRVH�FRQVWUDLQWV�DUH�RIWHQ�VLPLODU��6\QFKURQLVDWLRQ�ULQJV�DUH�GHVLJQHG�WR
FDSWXUH�WKH�JHQHULF�IRUP�RI�D�FRQVWUDLQW�DQG�ZH�KDYH�WZR�PDLQ�W\SHV�RI�ULQJ�IRU�GHDOLQJ�ZLWK
VWDWH�FRQVWUDLQWV��FRXQWHUV�DQG�HYHQW�ULQJV�

&RXQWHUV�FDQ�EH�XVHG� WR�PRGHO�ERWK�VLQJOH�ERXQGHG�DQG�GRXEOH�ERXQGHG�FRXQWV� DQG� WKH
SRUWV� RQ� D� FRXQWHU� DOORZ� IRU� D� UDQJH� RI� LQWHUDFWLRQV� ZLWK� WKH� FRXQWHU�� 7KH� LQFUHPHQW� SRUW
UHTXLUHV� WKDW� WKH� FRXQW� EH� EHORZ� LWV� XSSHU� ERXQG� DQG� DW� FRPSOHWLRQ� WKH� FRXQW� KDV� EHHQ
LQFUHPHQWHG��ZKLOVW� WKH�GHFUHPHQW�SRUW� FKHFNV� WKH� ORZHU� ERXQG� DQG� GHFUHPHQWV� WKH� FRXQW�
2WKHU�SRUWV�DOORZ�µUHVHUYDWLRQV¶�LQ�ZKLFK�ZH�UHTXLUH�WKDW�D�FRXQW�FDQ�EH�LQFUHDVHG�GHFUHDVHG
DQG� ZH� SUHYHQW� RWKHU� PHWKRGV� IURP� FKDQJLQJ� WKH� FRXQW� VXFK� WKDW� LW� FDQ� QR� ORQJHU� EH
LQFUHDVHG�GHFUHDVHG��EXW�DW� WKH�HQG�RI� WKH�RSHUDWLRQ�ZH� OHDYH� WKH� FRXQW�XQFKDQJHG��6XFK�D
UHVHUYDWLRQ�LV�QHHGHG�IRU�DQ�RSHUDWLRQ�OLNH�SHHN���ZKLFK�UHWXUQV�WKH�LWHP�DW�WKH�KHDG�RI�WKH
EXIIHU��+HUH¶V�DQ�H[DPSOH�RI�D�SRVVLEOH� V\QFKURQLVDWLRQ� VSHFLILFDWLRQ� IRU� D�ERXQGHG�EXIIHU
�LJQRULQJ�H[FOXVLRQ�UHTXLUHPHQWV��
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V\QFKURQLVDWLRQ�%RXQGHG%XIIHU�^
%RXQGHG%XIIHU�LQW�FDSDFLW\������FRQVWUXFWRU�LQIRUPDWLRQ
ORFDO�FRXQW�&RXQWHU���FDSDFLW\��

� YRLG�SXW�2EMHFW�LWHP�^
QRW)XOO��XVHV�FRXQW�LQFUHPHQW�������D�ODEHOOHG�FODXVH

`
2EMHFW�JHW��^

QRW(PSW\��XVHV�FRXQW�GHFUHPHQW�
`
2EMHFW�SHHN��^

QRW(PSW\��XVHV�FRXQW�UHVHUYH'HFUHPHQW�
`

`

7KH�XVHV� FODXVH�ELQGV� D�PHWKRG� WR� D�SRUW� RQ� D� ULQJ��ZKLOVW� WKH�QDPLQJ�RI� WKRVH� FODXVHV
DOORZV�IRU�WKH�LQGLYLGXDO�RYHUULGLQJ�RI�FODXVHV�LQ�D�GHULYHG�FODVV�

(YHQWV� DUH� VLPSOH� ULQJV�ZKLFK� UHIOHFW�ZKHWKHU� RU� QRW� DQ� HYHQW� KDV� RFFXUUHG��:H� GHILQH
VXIILFLHQW�SRUWV�WR�UHIOHFW�ZKDW�VWDWH�WKH�HYHQW�PXVW�EH�LQ�EHIRUH�WKH�SRUW�FDQ�DFFHSW�D�PHVVDJH
DQG�ZKDW�DIIHFW�WKDW�PHVVDJH�KDV�RQ�WKH�SRUW��7KXV�D�SRUW�FDQ�HLWKHU�UHTXLUH�WKDW�WKH�HYHQW�EH
VHW��FOHDU�RU�GRHVQ¶W�FDUH�DQG�LW�FDQ�HLWKHU�VHW�WKH�HYHQW��FOHDU�LW�RU�OHDYH�LW�XQFKDQJHG��6XFK
HYHQWV� DUH� XVHIXO� IRU�PDQ\� WKLQJV� LQFOXGLQJ� WKH� FODVVLF� KLVWRU\�VWDWH� VHQVLWLYLW\� H[DPSOH� RI
JJHW��� LQ� WKH�ERXQGHG�EXIIHU� ��D�JJHW��� LV� MXVW� OLNH�D�JHW���EXW�FDQ�RQO\�RFFXU� LI� WKH� ODVW
RSHUDWLRQ�ZDV�D�JHW��

V\QFKURQLVDWLRQ�*JHW%RXQGHG%XIIHU�OLNH�%RXQGHG%XIIHU^
ORFDO�ODVW2S:DV*HW�(YHQW�������DGG�D�QHZ�HYHQW�ULQJ

2EMHFW�JJHW���OLNH�VXSHU�JHW�^
ODVW2S��XVHV�ODVW2S:DV*HW�UHTXLUH$QG&OHDU�

`
2EMHFW�JHW���^

ODVW2S��XVHV�ODVW2S:DV*HW�VHW�
`
YRLG�SXW�2EMHFW�LWHP�^

ODVW2S��XVHV�ODVW2S:DV*HW�FOHDU�
`

+HUH�ZH�VHH�KRZ�RQH�V\QFKURQLVDWLRQ�VSHFLILFDWLRQ�FDQ�XWLOLVH�DQRWKHU�E\�GHFODULQJ�LWVHOI
OLNH�DQRWKHU��:H�DGG�WKH�QHZ�JJHW���PHWKRG�LQGLFDWLQJ�WKDW�LW¶V�FRQVWUDLQWV�DUH�OLNH�WKRVH�RI
WKH�RULJLQDO�JHW���PHWKRG�DQG�WKHQ�DGG�WKH�QHZ�ELQGLQJ��)RU�WKH�H[LVWLQJ�PHWKRGV�ZH�VLPSO\
DGG�WKH�QHZ�ELQGLQJ�VKRZLQJ�KRZ�WKH\�DIIHFW�WKH�HYHQW�

+RZHYHU� WKH� DSSURDFK� DGRSWHG� E\� WKH� V\QFKURQLVDWLRQ� ULQJV�PRGHO� RQO\�ZRUNV�ZHOO� IRU
VWDWH� FRQVWUDLQWV� ZKHUH� WKH� DIIHFW� RI� HDFK� PHWKRG� RQ� D� FRQVWUDLQW� LV� NQRZQ� D� SULRUL�� )RU
H[DPSOH�LI�RXU�EXIIHU�LQFOXGHV�D�SXUJH���RSHUDWLRQ�ZKLFK�GLVFDUGV�HQWULHV�WKDW�DUH�RXW�GDWHG
WKHQ�ZH�GR�QRW�NQRZ�ZKDW� WKH� ILQDO� VL]H�RI� WKH�EXIIHU�ZLOO� EH�XQWLO� DIWHU� WKH�RSHUDWLRQ�KDV
FRPSOHWH��7KLV�UHTXLUHV�WKH�DELOLW\�WR�GLUHFWO\�LQWHUDFW�ZLWK�D�ULQJ��SDVVLQJ�LW� LQIRUPDWLRQ��DW
WKH�FRPSOHWLRQ�RI�WKH�RSHUDWLRQ�

���� &RRUGLQDWLRQ

$V�FRRUGLQDWLRQ�XVXDOO\� LQYROYHV�PXOWLSOH�REMHFWV�� FRRUGLQDWLRQ� UHTXLUHPHQWV� QHHG� WR� EH
GHVFULEHG� DW� WKH� REMHFW� WU\LQJ� WR� SHUIRUP� WKH� FRRUGLQDWHG� DFWLYLW\�� 7KLV� UHTXLUHV� WKDW� WKH
REMHFWV�ZKLFK�DUH�WKH�WDUJHWV�RI�WKH�FRRUGLQDWHG�DFWLYLW\�HLWKHU�VXSSRUW�FRRUGLQDWLRQ�GLUHFWO\
RU� WKDW� WKH� UXQWLPH� V\VWHP� DOORZV� FRRUGLQDWLRQ� WR� EH� HQIRUFHG� RQ� DQ\� REMHFW�� 7KH� IRUPHU
DSSURDFK�KDV� WKH�SUREOHP� WKDW�SRWHQWLDO� IRU�FRRUGLQDWLRQ�PXVW�EH� LGHQWLILHG�D�SULRUL��ZKLOVW
WKH� ODWWHU� JHQHUDOO\� UHTXLUHV� D� KRPRJHQRXV� REMHFW� V\VWHP�� $V� FRPSRQHQW� DUFKLWHFWXUHV
EHFRPH�PRUH�SHUYDVLYH�ZH�FDQ�VHH�D�QHHG�WR�FRRUGLQDWH�EHWZHHQ�REMHFWV�LQ�GLIIHUHQW�REMHFW
V\VWHPV��HJ���&���REMHFWV��-DYD�REMHFWV��&25%$�FRPSRQHQWV��&20�FRPSRQHQWV���+RZHYHU�
WKH�FRRUGLQDWLRQ�SUREOHP�LV�VR�FRPSOH[�WKDW�LW�LV�LWVHOI�WKH�VXEMHFW�RI�PXFK�UHVHDUFK� >)UR���
+HU��@��6ROYLQJ�VXFK�D�JHQHUDO�SUREOHP�LV�EH\RQG�WKH�VFRSH�RI�ZKDW�ZH�FDQ�DFKLHYH�EXW�ZKDW
ZH�FDQ�GR�LV�DOORZ�VLPSOH�VXSSRUW�IRU�FRRUGLQDWLRQ�ZLWKLQ�WKH�V\QFKURQLVDWLRQ�ULQJV�PRGHO�



�

7R�VXSSRUW�FRRUGLQDWLRQ�ZH�ZLOO�DOORZ�WKH�DELOLW\�WR�DFTXLUH�H[FOXVLYLW\�ULJKWV�ERWK�DW�WKH
REMHFW�OHYHO�DQG�WKH�PHWKRG�OHYHO��7KXV�DQ�RSHUDWLRQ�WR�DWRPLFDOO\�VZDS�WKH�FRQWHQWV�RI�RQH
V\VWHP�EXIIHU�ZLWK�DQRWKHU�FRXOG�KDYH�D�V\QFKURQLVDWLRQ�VSHFLILFDWLRQ�DV�IROORZV�

YRLG�VZDS��H[FOXVLYH�%XIIHU�D��H[FOXVLYH�%XIIHU�E��^`

:KLOH�DQ�RSHUDWLRQ�WR�DWRPLFDOO\�WUDQVIHU�WKH�FRQWHQWV�RI�RQH�EXIIHU�WR�DQRWKHU�PD\�RQO\
QHHG�H[FOXVLYH�XVH�RI�VSHFLILF�PHWKRGV�RQ�WKH�GHVWLQDWLRQ�EXIIHU�

YRLG�WUDQVIHU�H[FOXVLYH�%XIIHU�IURP��%XIIHU�WR�^
H[FOXVLYH�WR�SXW���

`

,I�WKH�WUDQVIHU�RSHUDWLRQ�LV�EXLOW�LQWR�WKH�EXIIHU�LWVHOI�WKHQ�ZH�FRXOG�KDYH�
YRLG�WUDQVIHU�%XIIHU�WR�^

H[FOXVLYH�WKLV��WR�SXW���
`

7KH�DFWXDO�PHDQV�IRU�SURYLGLQJ�H[FOXVLYH�XVH�KDV�QRW�\HW�EHHQ�HVWDEOLVKHG��

���� 5HVSRQVH

7KH�DELOLW\�WR�UHTXHVW�D�SDUWLFXODU�UHVSRQVH�WR�DQ�XQ�PHW�FRQVWUDLQW�OLHV�ZLWK�WKH�FOLHQW��$V
VXFK� UHTXHVWV� DUH� GRQH� RQ� D� SHU�FDOO� EDVLV�� PDSSLQJ� VXFK� UHTXHVWV� WR� PHWKRG� OHYHO
V\QFKURQLVDWLRQ�VSHFLILFDWLRQV�LV�QRW�SUDFWLFDO��7KHUH�DUH�WZR�EDVLF�DSSURDFKHV�IRU�SURYLGLQJ
GLIIHUHQW� UHVSRQVHV�� HLWKHU� DQQRWDWH� WKH� FDOO� VLWH� ZLWK� LQIRUPDWLRQ� FRQFHUQLQJ� WKH� UHTXLUHG
UHVSRQVH��RU�SURYLGH�GLIIHUHQW�PHWKRGV�ZKLFK�UHVSRQG�LQ�GLIIHUHQW�ZD\V��%RWK�DSSURDFKHV�DUH
FRPSOLFDWHG�E\�WKH�SRVVLELOLW\�RI�UHTXLULQJ�GLIIHUHQW�UHVSRQVHV�WR�GLIIHUHQW�FRQVWUDLQWV�

$GGLQJ� DQQRWDWLRQV� WR� WKH� FDOO�VLWH� LV� SHUKDSV� WKH� HDVLHVW� ZD\� RI� H[SUHVVLQJ� VXFK
UHTXLUHPHQWV��EXW�RI�FRXUVH� LV�QRW�DPHQDEOH� WR�XVH� LQ�DQ�H[LVWLQJ� ODQJXDJH�VXFK�DV�&���RU
-DYD�� 'HILQLQJ� GLIIHUHQW� PHWKRGV� ZLWK� GLIIHUHQW� UHVSRQVHV� VHHPV� LPSUDFWLFDO� JLYHQ� WKH
SRVVLEOH�SHUPXWDWLRQV�RI�UHVSRQVHV�WR�GLIIHUHQW�FRQVWUDLQWV�

$W�SUHVHQW�ZH�SURSRVH�RQO\� OLPLWHG� VXSSRUW� LQ� WKLV� DUHD��*LYHQ� WKDW� D� SUDFWLFDO� QHHG� IRU
EDONLQJ�RU�WLPHG�RXW�H[FOXVLRQ�FRQVWUDLQWV�UDUHO\�DULVHV��ZH�ZLOO�RQO\�VXSSRUW�EORFNLQJ�LQ�WKLV
FRQWH[W��/LNHZLVH� FRRUGLQDWLRQ� FRQVWUDLQWV�ZLOO� RQO\� H[KLELW� D� EORFNLQJ� UHVSRQVH�� )RU� VWDWH
FRQVWUDLQWV�ZH�SURSRVH�WR�JHQHUDWH�WKUHH�PHWKRGV�IRU�HDFK�PHWKRG�WKDW�KDV�D�VWDWH�FRQVWUDLQW��
RQH�IRU�HDFK�UHVSRQVH��7KH�JHQHUDO�UXOHV�IRU�GRLQJ�WKLV�DUH�DV�IROORZV�

• 7KH�QRUPDO�PHWKRG�VLJQDWXUH�UHSUHVHQWV�WKH�LQGHILQLWH�EORFNLQJ�UHVSRQVH
• 7KH�QRUPDO�VLJQDWXUH�ZLWK�DQ�H[WUD�QXPHULFDO�DUJXPHQW�LQGLFDWHV�D�WLPH�OLPLWHG�ZDLW
• )RU�PHWKRGV�ZLWK�YRLG�UHWXUQ�W\SHV�D�QHZ�PHWKRG�ZLWK�D�ERROHDQ�UHWXUQ�W\SH��DQG�ZLWK

WKH�QDPH�DXJPHQWHG�ZLWK� µWU\¶��ZLOO�EH�FUHDWHG� WR�JLYH� D�EDONLQJ� UHVSRQVH� �� UHWXUQLQJ
WUXH�LI�WKH�RSHUDWLRQ�FRPSOHWHG�DQG�IDOVH�LI�WKH�RSHUDWLRQ�EDONHG

&RPSOLFDWLRQV� DULVH� ZLWK� RYHUORDGHG� PHWKRGV�� ZKHUH� LW� LV� QRW� SRVVLEOH� WR� GLVWLQJXLVK
EHWZHHQ�DFWXDO�PHWKRG�DUJXPHQWV�DQG�WKH�WLPHRXW�DUJXPHQW��DQG�PHWKRGV�WKDW�UHWXUQ�YDOXHV�
)RU� PHWKRGV� WKDW� GR� UHWXUQ� YDOXHV� ZH� SURSRVH� WKH� XVH� RI� VSHFLDO� IODJ� YDOXHV� WR� LQGLFDWH
VXFFHVV�RU� IDLOXUH�ZKHUH�SRVVLEOH�� ,Q� VRPH�FDVHV� WKLV�DSSURDFK�ZLOO� VLPSO\�QRW�EH�SRVVLEOH�
'HWDLOV�RQ�WKLV�VWLOO�QHHG�WR�EH�ZRUNHG�RXW�

���� 6FKHGXOLQJ

$V� IRU� VWDWH� FRQVWUDLQWV� WKH� VFKHGXOLQJ� UHTXLUHPHQWV� WKDW� DUH� SRVVLEOH� XVLQJ� %ORRP¶V
FULWHULD� DUH� IDU� WRR� YDULHG� WR� VXSSRUW� GLUHFWO\� ZLWKLQ� WKH� V\QFKURQLVDWLRQ� DVSHFW� ODQJXDJH�
,QVWHDG� ZH� SURSRVH� D� SURJUDPPDWLF� DSSURDFK� ZKHUHE\� VFKHGXOLQJ� FULWHULD� LV� HQFDSVXODWHG
ZLWKLQ� DQ� DSSURSULDWH� FRPSDUDWRU� REMHFW� ZKLFK� LV� WKHQ� XVHG� E\� WKH� XQGHUO\LQJ
V\QFKURQLVDWLRQ� ULQJV� LPSOHPHQWDWLRQ��:H� FDQ� SURYLGH� VLPSOH� FRPSDUDWRUV� IRU� WKLQJV� OLNH
),)2�RUGHULQJ�DQG�WKUHDG�SULRULW\�RUGHULQJ��ZKLOVW�PRUH�FRPSOH[�FRPSDUDWRUV�FDQ�EH�FUHDWHG
E\� WKH� SURJUDPPHU�� +RZHYHU�� WKH� H[DFWV� PHDQV� IRU� HVWDEOLVKLQJ� WKLV� KDYH� QRW� \HW� EHHQ
GHWHUPLQHG�



�

��� &XUUHQW�6WDWXV�DQG�)XWXUH�:RUN

:KLOVW�WKH�V\QFKURQLVDWLRQ�ULQJV�PRGHO�DQG�LWV�FXUUHQW�LPSOHPHQWDWLRQ�KDYH�HYROYHG�RYHU
WKH�SDVW�\HDU��WKH�LQWHUIDFH�WR�WKLV�PRGHO��XVLQJ�D�V\QFKURQLVDWLRQ�DVSHFW�ODQJXDJH��LV�VWLOO�LQ
LWV� LQIDQF\�� 7KH� LGHDV� RXWOLQHG� LQ� WKH� SUHYLRXV� VHFWLRQ� KDYH� \HW� WR� EH� LPSOHPHQWHG� DQG
REYLRXVO\�PDQ\�RI�WKH�LVVXHV�QHHG�IXUWKHU�H[DPLQDWLRQ��:H�SODQ�WR�GHYHORS�RXU�ODQJXDJH�DV
IDU� DV� SRVVLEOH� LQ� WKH� DYDLODEOH� WLPH� DQG� WR� LQWHJUDWH� LW� ZLWK� WKH� V\QFKURQLVDWLRQ� ULQJV
LPSOHPHQWDWLRQ��0HDQZKLOH�ZH�DUH�LQWHUHVWHG�LQ�ILQGLQJ�PHDQV�IRU�µZHDYLQJ¶�DVSHFWV�DW�ILQHU
JUDQXODULW\� WKDQ� WKH�PHWKRG� OHYHO�DV� LW� VHHPV� WKDW�D� V\QFKURQLVDWLRQ�DVSHFW� ODQJXDJH�ZRXOG
EHQHILW�IURP�WKLV�

5HIHUHQFHV

>$FW��@ $FWRQ�'��DQG�1HXIHOG�*���³&RQWUROOLQJ�&RQFXUUHQW�$FFHVV�WR�2EMHFWV�LQ�WKH�5DYHQ�6\VWHP´��,QWHUQDWLRQDO
:RUNVKRS�RQ�2EMHFW�RULHQWDWLRQ�LQ�2SHUDWLQJ�6\VWHPV�3ULQFLSOHV������

>$JK��@ $JKD�*���³$&7256��$�0RGHO�RI�&RQFXUUHQW�&RPSXWDWLRQ�LQ�'LVWULEXWHG�6\VWHPV´��0,7�3UHVV������
>$JK��@ $JKD� *�� DQG� +HZLWW� &��� ³&RQFXUUHQW� 3URJUDPPLQJ� 8VLQJ� $FWRUV´�� LQ� ³2EMHFW� 2ULHQWHG� &RQFXUUHQW

3URJUDPPLQJ´��$��<RQH]DZD�DQG�0��7RNRUR��(GV����0,7�3UHVV��SS�����������
>$PH��@ $PHULFD� 3��� ³322/�7�� $� 3DUDOOHO� 2EMHFW�2ULHQWHG� /DQJXDJH´�� LQ� ³2EMHFW� 2ULHQWHG� &RQFXUUHQW

3URJUDPPLQJ´��$��<RQH]DZD�DQG�0��7RNRUR��(GV����0,7�3UHVV��SS�������������
>%DT��@ %DTXHUR�&���2OLYHLUD�5��DQG�0RXUD�)��³,QWHJUDWLRQ�RI�&RQFXUUHQF\�&RQWURO�LQ�D�/DQJXDJH�ZLWK�6XEW\SLQJ

DQG� 6XEFODVVLQJ´�� ,Q� 3URFHHGLQJV� RI� WKH� 86(1,;� &RQIHUHQFH� RQ� 2EMHFW�2ULHQWHG� 7HFKQRORJ\� DQG
6\VWHPV��&2276�������

>%HU��@ %HUJPDQV�/�0�-��� ³&RPSRVLQJ�&RQFXUUHQW�2EMHFWV��$SSO\LQJ�&RPSRVLWLRQ�)LOWHUV� IRU� WKH�'HYHORSPHQW
DQG� 5HXVH� RI� &RQFXUUHQW� 2EMHFW�2ULHQWHG� 3URJUDPV´�� 3K�'�� GLVVHUWDWLRQ�� 8QLYHUVLW\� RI� 7ZHQWH�
1HWKHUODQGV������

>%OR��@ %ORRP� 7��� ³(YDOXDWLQJ� 6\QFKURQLVDWLRQ� 0HFKDQLVPV´�� 6HYHQWK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 2SHUDWLQJ
6\VWHPV�3ULQFLSOHV��SS�����������

>%RR��@ %RRFK�*��DQG�9LORW�0���³6LPSOLI\LQJ�WKH�%RRFK�&RPSRQHQWV´��LQ�³&���5HSRUW´��9RO����1R�����SS��������
-XQH�����

>&DU��@ &DURPHO�'���³&RQFXUUHQF\��$Q�2EMHFW�2ULHQWHG�$SSURDFK´��3URFHHGLQJV�RI�722/6����SS�������������
>'DK��@ 'DKO�2�-�� ��0\UKDXJ�%�� DQG�1\JDDUG�.��� ³6,08/$�&RPPRQ�%DVH� /DQJXDJH´��1RUZHJLDQ�&RPSXWLQJ

&HQWUH�6�����2VOR��1RUZD\������
>)HU��@ )HUHQF]L�6���³*XDUGHG�0HWKRGV�YV��,QKHULWDQFH�$QRPDO\´��6,*3/$1�1RWLFHV�����
>)UR��@ )UROXQG� 6�� ³,QKHULWDQFH� RI� 6\QFKURQLVDWLRQ� &RQVWUDLQWV� LQ� &RQFXUUHQW� 2EMHFW�2ULHQWHG� 3URJUDPPLQJ

/DQJXDJHV´��(&223¶��������
>)UR��@ )UROXQG�6��DQG�$JKD�*���³$�/DQJXDJH�)UDPHZRUN�IRU�0XOWL�2EMHFW�&RRUGLQDWLRQ´��(&223¶��������
>*RO��@ *ROGEHUJ� $�� DQG� 5REVRQ� '��� ³60$//7$/.���� �� 7KH� /DQJXDJH� DQG� LWV� ,PSOHPHQWDWLRQ´�� $GGLVRQ�

:HVOH\�������
>*RV��@ *RVOLQJ�-��� -R\�%��DQG�6WHHOH�*��� ³7KH�-DYD��/DQJXDJH�6SHFLILFDWLRQ´��$GGLVRQ�:HVOH\�� ,6%1�������

��������������
>+HU��@ +HUQDQGH]�-���3DSDWKRPDV�0���0XULOOR�-��DQG�6DQFKH]�)���³&RRUGLQDWLQJ�&RQFXUUHQW�2EMHFWV��+RZ�WR�GHDO

ZLWK� WKH� FRRUGLQDWLRQ� DVSHFW´�� SRVLWLRQ� SDSHU� LQ� WKH� $VSHFW� 2ULHQWHG� 3URJUDPPLQJ� :RUNVKRS� DW� WKH
(XURSHDQ�&RQIHUHQFH�RQ�2EMHFW��2ULHQWHG�3URJUDPPLQJ��-XQH�����

>+RO��@ +ROPHV� '��� 1REOH� -�� DQG� 3RWWHU� -��� ³$VSHFWV� RI� 6\QFKURQLVDWLRQ´�� 3URFHHGLQJV� RI� 722/6� 3DFLILF� ¶���
,(((�3UHVV������

>+RO��@ +ROPHV� '��� 1REOH� -�� DQG� 3RWWHU� -��� ³(IIHFWLYH� 6\QFKURQLVDWLRQ� RI� &RQFXUUHQW� 2EMHFWV�
/D\LQJ�WKH�,QKHULWDQFH�$QRPDO\�WR�5HVW´����VXEPLWWHG�IRU�SXEOLFDWLRQ��$SULO������

>-DO��@ -DOORXO�*��DQG�3RWWHU� -��� ³$�6HSDUDWH�3URSRVDO� IRU�(LIIHO´��3URFHHGLQJV�RI�722/6�3DFLILF� ¶����3UHQWLFH
+DOO������

>.DU��@ .DUDRUPDQ� 0�� DQG� %UXQR� -��� ³$� &RQFXUUHQF\� 0HFKDQLVP� IRU� 6HTXHQWLDO� (LIIHO´�� 3URFHHGLQJV� RI� WKH
(LJKWK� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�7HFKQRORJ\�RI�2EMHFW�2ULHQWHG�/DQJXDJHV� DQG�6\VWHPV� �722/6���
SS�����������



��

>.LF��@ .LF]DOHV�*���/DPSLQJ�-���0HQGKHNDU�$���0DHGD�&���/RSHV�&���/RLQJWLHU�-�DQG�,UZLQ�-����³$VSHFW�2ULHQWHG
3URJUDPPLQJ´��3RVLWLRQ�SDSHU��;HUR[�3$5&��$VSHFW�2ULHQWHG�3URJUDPPLQJ�3URMHFW´�������

>/HD��@ /HD�'���³&RQFXUUHQW�3URJUDPPLQJ�LQ�-DYD���'HVLJQ�3ULQFLSOHV�DQG�3DWWHUQV´��$GGLVRQ�:HVOH\�� ,6%1
�������������������

>/LH��@ /LHEHUPDQ� +��� ³&RQFXUUHQW� 2EMHFW�2ULHQWHG� 3URJUDPPLQJ� LQ� $FW� �´�� LQ� ³2EMHFW� 2ULHQWHG� &RQFXUUHQW
3URJUDPPLQJ´��$��<RQH]DZD�DQG�0��7RNRUR��(GV����0,7�3UHVV��SS����������

>/|K��@ /|KU� .��� ³&RQFXUUHQF\� $QQRWDWLRQV� ,PSURYH� 5HXVDELOLW\´�� 3URFHHGLQJV� RI� WKH� (LJKWK� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�7HFKQRORJ\�RI�2EMHFW�2ULHQWHG�/DQJXDJHV�DQG�6\VWHPV��722/6����SS�����������

>/RS��@ /RSHV� &�� 9�� DQG� /LHEHUKHUU� .�� -��� ³$EVWUDFWLQJ� 3URFHVV�WR�)XQFWLRQ� 5HODWLRQV� LQ� &RQFXUUHQW� 2EMHFW�
2ULHQWHG�$SSOLFDWLRQV´��3URFHHGLQJV�RI�WKH�(LJKWK�(XURSHDQ�&RQIHUHQFH�RQ�2EMHFW�2ULHQWHG�3URJUDPPLQJ
�(&223������6SULQJHU�9HUODJ��SS������������

>/RS��@ /RSHV� &�� 9�� ³'�� $� /DQJXDJH� )UDPHZRUN� IRU� 'LVWULEXWHG� &RPSXWLQJ´�� 3K�'�� 'LVVHUWDWLRQ�� &ROOHJH� RI
&RPSXWHU�6FLHQFH��1RUWKHDVWHUQ�8QLYHUVLW\��%RVWRQ������

>0DW��@ 0DWVXRND�6���:DNLWD�.��DQG�<RQH]DZD�$���³6\QFKURQLVDWLRQ�&RQVWUDLQWV�ZLWK� ,QKHULWDQFH��:KDW� LV�QRW

SRVVLEOH"���VR�ZKDW�LV"´��7HFKQLFDO�5HSRUW�����'HSW��RI�,QIRUPDWLRQ�6FLHQFH��8QLYHUVLW\�RI�7RN\R������
>0F+��@ 0F+DOH�&��� ³6\QFKURQLVDWLRQ� LQ�&RQFXUUHQW��2EMHFW�RULHQWHG�/DQJXDJHV��([SUHVVLYH�3RZHU��*HQHULFLW\

DQG� ,QKHULWDQFH´�� 3K�'�� 'LVVHUWDWLRQ�� 'HSDUWPHQW� RI� &RPSXWHU� 6FLHQFH�� 8QLYHUVLW\� RI� 'XEOLQ�� 7ULQLW\
&ROOHJH��2FWREHU�����

>0H\��@ 0H\HU�%���³2EMHFW�2ULHQWHG�6RIWZDUH�&RQVWUXFWLRQ´���QG�(GLWLRQ��3UHQWLFH�+DOO������
>0LW��@ 0LWFKHOO� 6�� (��� ³7$2� �� $� 0RGHO� IRU� WKH� ,QWHJUDWLRQ� RI� &RQFXUUHQF\� DQG� 6\QFKURQLVDWLRQ� LQ� 2EMHFW

2ULHQWHG�3URJUDPPLQJ´��3K�'��'LVVHUWDWLRQ��'HSW��RI�&RPSXWHU�6FLHQFH��<RUN�8QLYHUVLW\��8.������
>1LH��@ 1LHUVWUDV]�2���³$�7RXU�RI�+\EULG��$�/DQJXDJH� IRU�3URJUDPPLQJ�ZLWK�$FWLYH�2EMHFWV´�� LQ�³$GYDQFHV� LQ

2EMHFW�2ULHQWHG�6RIWZDUH�(QJLQHHULQJ´��3UHQWLFH�+DOO��SS�������������
>6WU��@ 6WURXVWUXS� %��� ³7KH� &��� 3URJUDPPLQJ� /DQJXDJH´�� 6HFRQG� (GLWLRQ�� $GGLVRQ�:HVOH\�� ,6%1� ������

�������������
>6XQ��@ 6XQ� 0LFURV\VWHPV�� ³7KH� -DYD� &ROOHFWLRQV� )UDPHZRUN´�� � RQ�OLQH� $3,� GRFXPHQWDWLRQ�
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