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3HUVRQV��V\VWHPV�DQG�VXEV\VWHPV
$QWKRQ\�$WNLQVRQ6W�(GPXQG�+DOO�DQG�WKH�'HSW��RI�([SHULPHQWDO�3V\FKRORJ\2[IRUG���,QWURGXFWLRQ7KHUH�LV�D�ZLGHO\�DFNQRZOHGJHG��WKRXJK�E\�QR�PHDQV�DOZD\V�DGKHUHG�WR��GLVWLQFWLRQ�EHWZHHQ�WKH�SHUVRQDODQG�VXESHUVRQDO OHYHOV�RI�GHVFULSWLRQ�DQG�H[SODQDWLRQ��VHH��IRU�H[DPSOH��'HQQHWW���������,Q�FRQWUDVW�WR�WKLV�WUDGLWLRQDO�WZR�SDUW�GLVWLQFWLRQ��,�IDYRXU��DQG�ZLOO�DUJXH�IRU��D�GLVWLQFWLRQ�EHWZHHQ�WKUHH�OHYHOV��RQH�RI�ZKLFK�LV� WKH�SHUVRQDO� OHYHO��DQG�WKH�RWKHU�WZR RI�ZKLFK��� QDPHO\�� WKH�V\VWHP DQG�VXEV\VWHP OHYHOV��� TXDOLI\�DV�VXESHUVRQDO�OHYHOV��RQ�D�FHUWDLQ�UHDGLQJ�RI�
VXESHUVRQDO
��,�ZLOO�HQGHDYRXU�WR�VKRZ�WKDW�WKHUH�LV�D�OHJLWLPDWH�V\VWHP�OHYHO�GLVWLQFW�IURP�ERWK�WKH�VXEV\VWHP�OHYHO�DQG�WKH�SHUVRQDO�OHYHO��,�IRFXV�P\�GLVFXVVLRQ�RI�WKHVH�GLVWLQFWLRQV�XSRQ�FRJQLWLYH�SV\FKRORJLFDO�H[SODQDWLRQ�,�FRQWHQG�WKDW�WKH�FRUUHFW�FRQFHSWLRQ�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�DSSURDFK�RI�FRJQLWLYH�VFLHQFH�LV� WKDW� LW� GHYHORSV� H[SODQDWRU\� UHODWLRQV� EHWZHHQ� VXEV\VWHP� DQG� V\VWHP� OHYHOV� RI� GHVFULSWLRQ� DQG�H[SODQDWLRQ��QRW �DW�OHDVW�GLUHFWO\� EHWZHHQ�GHVFULSWLRQV�RI�SHUVRQV�DQG�GHVFULSWLRQV�RI�SDUWV�RI�SHUVRQV��3DUW�RI�P\�WDVN�LQ�WKLV�SDSHU�LV�WR�DUJXH�IRU�WKLV�FRQWHQWLRQ�7KHUH�DUH�WZR�IXUWKHU�VHFWLRQV�WR�WKLV�SDSHU��,Q�6HFWLRQ���,�RXWOLQH�D�VFLHQWLILF�SLFWXUH�RI�WKH�ZRUOG�DV�D�FRQJORPHUDWLRQ�RI�KLHUDUFKLHV�RI�VXEV\VWHPV�FRQVWLWXWLQJ�V\VWHPV�DQG�,�H[SODLQ�KRZ�WKH�H[SODQDWRU\�VWUDWHJ\�RI�FRJQLWLYH�SV\FKRORJ\�ILWV�LQWR�WKLV�SLFWXUH��,W�LV�LQ�WKDW�VHFWLRQ�WKDW�,�GUDZ�WKH�GLVWLQFWLRQ�EHWZHHQ�WKH� V\VWHP� OHYHO� RI� GHVFULSWLRQ� DQG� H[SODQDWLRQ� DQG� WKH� VXEV\VWHP� OHYHO�� 7KH� GLVWLQFWLRQ� EHWZHHQ� WKH�SHUVRQDO�OHYHO�DQG�WKH�V\VWHP�OHYHO�LV�WKH�WRSLF�RI�GLVFXVVLRQ�LQ�6HFWLRQ����,Q�WKDW�VHFWLRQ�,�FRQVLGHU�ZKDW�LV�SHUKDSV� WKH� PRVW� VDOLHQW� DQG� DUJXDEO\� LQGXELWDEOH� SURSHUW\� RI� SHUVRQV� WKDW� PDUNV� D� FUXFLDO� GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�OHYHOV��� DQG�FRQVHTXHQWO\��EHWZHHQ�IRON�SV\FKRORJ\�DQG�FRJQLWLYH�SV\FKRORJ\��RU�DQ\�RWKHU� QDWXUDO� VFLHQFH�� IRU� WKDW�PDWWHU���7KLV� SHUVRQDO� OHYHO� SKHQRPHQRQ� LV�ZKDW� -RKQ�0F'RZHOO� �����D��S������KDV�FDOOHG�WKH�FDSDFLW\�IRU��UHIOHFWLYH�UHVSRQVLYHQHVV�WR�SXWDWLYH�QRUPV�RI�UHDVRQ��

���6\VWHPV�DQG�VXEV\VWHPV5DWKHU� REYLRXVO\�� WKH� QRWLRQ� RI� D� V\VWHP� DQG� WKH� QRWLRQ� RI� D� VXEV\VWHP� DUH� FRXSOHG��$� VXEV\VWHP� LV� D�FRPSRQHQW�RI�D�V\VWHP��$�FHUWDLQ�VRUW�RI�FLUFXLW�ERDUG�LV�D�VXEV\VWHP�RI�D�&'�SOD\HU��DQG�KHDUW�YDOYHV�DUH�VXEV\VWHPV�RI�KHDUWV��0RUHRYHU��PDQ\�VLQJOH�V\VWHP�VXEV\VWHP�SDLUV�ZLOO�WKHPVHOYHV�EH�D�SDUW�RI�D�FKDLQ�RI�VXFK�SDLUV��7KDW�LV�WR�VD\��WKHUH�ZLOO�EH�D�KLHUDUFK\�RI�VXEV\VWHP�V\VWHP�UHODWLRQV��VXFK�WKDW�D�V\VWHP�FDQ�LWVHOI�EH�D�VXEV\VWHP�RI�D� ODUJHU�V\VWHP��6R�D�FHUWDLQ�VRUW�RI�FLUFXLW�ERDUG�LV�D�VXEV\VWHP�RI�D�&'�SOD\HU��ZKLFK�LV�LQ�WXUQ�D�VXEV\VWHP�RI�D�KL�IL�V\VWHP��$QG�KHDUW�YDOYHV�DUH�VXEV\VWHPV�RI�KHDUWV��ZKLFK�DUH�LQ�WXUQ�VXEV\VWHPV�RI�FLUFXODWRU\�V\VWHPV��ZKLFK�DUH�LQ�WXUQ�VXEV\VWHPV�RI�RUJDQLVPV�*LYHQ�WKLV�YLHZ�RI�OHYHOV�RI�RUJDQL]DWLRQ�LQ�QDWXUH�DV�VHULHV�RI�VXEV\VWHPV�FRQVWLWXWLQJ�V\VWHPV��LW�ZRXOG�DSSHDU�WKDW�WKHUH�LV�QR�RQH�GHILQLWLYH�V\VWHP�OHYHO��QRU�RQH�GHILQLWLYH�VXEV\VWHP�OHYHO��,�GR�QRW�WKLQN�WKLV�LV�TXLWH�WKH�FDVH��KRZHYHU��'HVSLWH�WKH�WLJKW�LQWHUORFNLQJ�RI�V\VWHPV�DQG�VXEV\VWHPV��WKHUH�DUH�FHUWDLQ�HQWLWLHV� WKDW�ZLOO� VWDQG�RXW�PRUH� WKDQ�RWKHUV� DV� REYLRXV� FDQGLGDWHV� IRU� FKDUDFWHUL]DWLRQ� DV� V\VWHPV� UDWKHU�WKDQ�DV�VXEV\VWHPV��GHSHQGLQJ�RQ�WKH�SUHGLFWLYH��GHVFULSWLYH�DQG�H[SODQDWRU\�JRDOV�RI�WKH�SDUWLFXODU�GRPDLQ�RI� LQTXLU\�� 0DQXIDFWXUHG� JRRGV� DUH� SULPH� H[DPSOHV� RI� WKHVH� VWDQGDUG� RU� FRQYHQWLRQDO� V\VWHPV�� DV� DUH�RUJDQLVPV�DQG�LQGHHG��EUDLQV��2I�FRXUVH��LW�ZLOO�VWLOO�EH�SRVVLEOH�DQG�PD\�HYHQ�EH�GHVLUDEOH��GHSHQGLQJ�RQ�WKH� UHOHYDQW� SUHGLFWLYH�� GHVFULSWLYH� DQG� H[SODQDWRU\� JRDOV�� WR� GHFRPSRVH� WKHVH� IDPLOLDU� RU� SDUDGLJPDWLF�V\VWHPV� LQWR� VXEV\VWHPV�� %XW� WKH� VXEV\VWHP�OHYHO� FRQVWLWXWLRQ� RI� D� V\VWHP� VKRXOG� QRW� GHWUDFW� IURP� WKH�OHJLWLPDF\�RI�GHVFULSWLRQV�RI�WKDW�V\VWHP�TXD�ZKROH�V\VWHP��7KLV�SRLQW�FDQ�EH�EURXJKW�LQWR�IRFXV�E\�ZD\�RI�D� FRQVLGHUDWLRQ� RI� WKH� YDULHWLHV� RI� GHFRPSRVLWLRQDO� DQDO\VLV� DQG� KRZ� WKH\� SOD\� RXW� LQ� FRJQLWLYH�SV\FKRORJLFDO�H[SODQDWLRQ�&RJQLWLYH�SV\FKRORJ\�LV�LQIRUPDWLRQ�SURFHVVLQJ�SV\FKRORJ\��7KH�XOWLPDWH�RYHUDUFKLQJ�DLP�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�DSSURDFK�LV��DV�RQH�SUDFWLFLQJ�FRJQLWLYH�SV\FKRORJLVW�UHFHQWO\�SXW�LW�
WR�FRPH�XS�ZLWK�D�VHW�RI�UHODWHG�K\SRWKHVHV�DERXW�WKH�LQWHUQDO�VWUXFWXUH�DQG�IXQFWLRQLQJ RI�DQ�LQIRUPDWLRQ�SURFHVVRU��L�H���ZLWK�D�PRGHO��WKDW�PDNHV�LW�SRVVLEOH�WR�H[SODLQ�DQG�SUHGLFW�
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DVSHFWV� RI� WKH� LQIRUPDWLRQ� SURFHVVRU
V� EHKDYLRXU� LQ� WHUPV� RI� LWV� LQWHUQDO� VWUXFWXUH� DQG�IXQFWLRQLQJ��9DQ�GHU�+HLMGHQ��������S����
,Q� VKRUW�� LQIRUPDWLRQ� SURFHVVLQJ� WKHRULHV� DLP� WR� VSHFLI\� WKH� LQWHUQDO� VWUXFWXUH� DQG� IXQFWLRQLQJ� RI� WKH�LQIRUPDWLRQ� SURFHVVLQJ� EUDLQ�� 7KH� FDQRQLFDO� FRQFHSWLRQ� RI� WKH� LQWHUQDO� VWUXFWXUH� DQG� IXQFWLRQLQJ� RI� WKH�EUDLQ� DV� LQIRUPDWLRQ� SURFHVVRU� LV� RI� D� VWUXFWXUHG� V\VWHP� RI� FRPSRQHQW� LQIRUPDWLRQ� SURFHVVRUV�� PHPRU\�VWRUHV��VHQVRU\�WUDQVGXFHUV��DQG�WKH�OLNH���6HH�)LJXUH���IRU�DQ�H[DPSOH��

)LJXUH��� $�FRS\�RI�%UXFH�DQG�<RXQJ
V��������IDFH�SURFHVVLQJ�PRGHO�
7KH�EDVLF DVVXPSWLRQ�RI�WKH�IRUP�RI�WKHRUL]LQJ�WKDW�WUHDWV�WKH�EUDLQ�DV�D�FRPSOH[�RI�LQIRUPDWLRQ�SURFHVVLQJ�VXEV\VWHPV�LV�WKDW�FDSDFLWLHV�RI�D�ZKROH�V\VWHP�FDQ�EH�H[SODLQHG�LQ�WHUPV�RI�WKH�RSHUDWLRQ�DQG�VWUXFWXUH�RI�LWV� SDUWV�� 7KLV� H[SODQDWRU\� VWUDWHJ\� RI� FRJQLWLYH SV\FKRORJ\� FRQVLVWV� RI� WKUHH� OHYHOV� RU� W\SHV� RI�GHFRPSRVLWLRQDO�DQDO\VLV��DV�IROORZV�
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)LJXUH��� 7UHH�GLDJUDP�VKRZLQJ�WKH�YDULHWLHV�RI�GHFRPSRVLWLRQDO�DQDO\VLV
$� FDSDFLW\� DQDO\VLV LQYROYHV� WKH� VSHFLILFDWLRQ� RI� D� FDSDFLW\� RI� D� ZKROH� V\VWHP�� DQG� WKH� SDUVLQJ� RI� WKLV�FDSDFLW\�LQWR�VXEFDSDFLWLHV�RI�WKH�ZKROH�V\VWHP��6R��IRU�LQVWDQFH��D�WDVN�WKDW�D�ZKROH�V\VWHP�KDV�WKH�DELOLW\�WR� SHUIRUP� �H�J��� EDNLQJ� D� FDNH�� LV� GHFRPSRVHG� LQWR� VXEWDVNV� WKDW� WKDW� ZKROH� V\VWHP� KDV� WKH� DELOLW\� WR�SHUIRUP� �PHDVXULQJ� WKH� LQJUHGLHQWV�� PL[LQJ� WKH� LQJUHGLHQWV�� HWF���� $QRWKHU� H[DPSOH�� $� FDSDFLW\� RI� WKH�KXPDQ� RUJDQLVP� LV� YLVXDO� GHSWK� SHUFHSWLRQ�� $� FDSDFLW\� DQDO\VLV� RI� RXU� DELOLW\� WR� SHUFHLYH� GHSWK� LQ� WKH�YLVXDO�ZRUOG�ZLOO�UHYHDO�D�UDQJH�RI�VWLPXOXV�UHVSRQVH�SDLULQJV�RU� LQSXW�RXWSXW�PDSSLQJV��2QH�VXFK�LQSXW�RXWSXW� UHODWLRQ� ZRXOG� EH� WKLV�� :KHQ� QRUPDOO\�VLJKWHG� VXEMHFWV� DUH� SUHVHQWHG� ZLWK� WZR� SKRWRJUDSKV� RI�H[DFWO\�WKH�VDPH�VFHQH��WDNHQ�IURP�VOLJKWO\�GLIIHUHQW�DQJOHV��RQH�SURMHFWHG�WR�RQH�H\H��WKH�RWKHU�WR�WKH�RWKHU�H\H��YLD�H�J���D�VWHUHRVFRSH���WKH�VXEMHFW�ZLOO�SHUFHLYH�GHSWK�LQ�WKH�VFHQH�&UXFLDOO\��WKHQ��D�FDSDFLW\�DQDO\VLV�LV�D�WKHRUHWLFDO�HQGHDYRXU�DW�WKH�V\VWHP�OHYHO RI�GHVFULSWLRQ�DQG�H[SODQDWLRQ��7KDW�LV�WR�VD\��WKHUH�LV�D�ZD\�RI�WDONLQJ�DERXW�V\VWHPV�WKDW�PDNHV�UHIHUHQFH�RQO\�WR�DFWLYLWLHV�DQG�SURSHUWLHV�RI�WKH�ZKROH�V\VWHP RU�WR�WKLQJV�WKDW�KDSSHQ�WR�WKH�ZKROH�V\VWHP��$QG�FDSDFLW\�DQDO\VLV�LV�D�GHVFULSWLYH� DQG� H[SODQDWRU\� HQWHUSULVH� WKDW� WUDGHV� RQO\� LQ� WKLV� V\VWHP�OHYHO� ODQJXDJH��:LWKLQ� D� FDSDFLW\�DQDO\VLV�� WKHUH� LV� QR� FRPPLWPHQW� DV� WR� WKH� FRQVWLWXWLRQ� RI� WKH� V\VWHP� �� WKDW� LV�� WR� ZKDW� WKH� V\VWHP
V�IXQFWLRQDOO\�RU�VWUXFWXUDOO\�LQGLYLGXDWHG�VXEV\VWHPV�DUH��)RU�WR�PDNH�DQ\�VXFK�FRPPLWPHQW�LV�WR�FKDQJH�WKH�WRSLF�IURP�WDON�RI�ZKROH�V\VWHPV�WR�WDON�RI�FRPSRQHQWV�RI�V\VWHPV��,Q�FRQWUDVW� WR�FDSDFLW\�DQDO\VLV��FRPSRQHQWLDO�DQDO\VLV LV� FRQFHUQHG�ZLWK� WKH�FRQVWLWXWLRQ�RI� WKH�V\VWHP�XQGHU�LQYHVWLJDWLRQ��&RPSRQHQWLDO�DQDO\VLV�LV�WKH�GHFRPSRVLWLRQ�RI�V\VWHPV�LQWR�VXEV\VWHPV��+HQFH�ZH�FDQ�PDUN�RII�D�SURSULHWDU\�OHYHO�RI�GHVFULSWLRQ�DQG�H[SODQDWLRQ�IRU�FRPSRQHQWLDO�DQDO\VLV��QDPHO\��WKH�VXEV\VWHP�OHYHO��$V�LQGLFDWHG�LQ�)LJXUH����WKHUH�DUH�WZR�YDULHWLHV�RI�FRPSRQHQWLDO�DQDO\VLV��YL]���IXQFWLRQDO�DQDO\VLV DQG�VWUXFWXUDO�DQDO\VLV�� ,Q�EULHI�� IXQFWLRQDO�DQDO\VLV�FRQVLVWV� LQ� WKH�GHOLQHDWLRQ�RI�VXEV\VWHPV�E\�IXQFWLRQV��ZKHUHDV�VWUXFWXUDO�DQDO\VLV�FRQVLVWV�LQ�WKH�GHOLQHDWLRQ�RI�VXEV\VWHPV�E\�PDWHULDO�VWUXFWXUH���7KHUH�LV�D�FORVH�LQWHUSOD\�EHWZHHQ�IXQFWLRQDO�DQDO\VHV�DQG�VWUXFWXUDO DQDO\VHV��DV�LQGLFDWHG�E\�WKH�DUURZV�LQ�)LJXUH���� $� IXQFWLRQDO� DQDO\VLV� LV� D� VSHFLILFDWLRQ� RI� �D��ZKDW� JHWV� GRQH� E\� RQH� RU�PRUH� FRPSRQHQWV� RI� D�V\VWHP� �ZLWKRXW�DQ\�FRPPLWPHQWV�DV� WR�ZKDW�PDWHULDO� DSSDUDWXV� WKH�FRPSRQHQWV�FRQVLVW� LQ��� DQG� �E�� WKH�RUGHU�RI DQG�UHODWLRQV�EHWZHHQ�WKHVH�IXQFWLRQV�RU�HIIHFWV��L�H���D�SURFHVV��ZKHUH�WKH�VSHFLILHG� IXQFWLRQV�RU�HIIHFWV�DUH�VWDJHV�LQ�WKDW�SURFHVV���$�IXQFWLRQDO�DQDO\VLV�LV�DOVR�DQ�H[SODQDWLRQ�RI�KRZ�LW�LV�WKDW�WKH�V\VWHP�XQGHU� LQYHVWLJDWLRQ�KDV� WKH�FDSDFLW\�RU�SURSHUW\� WKDW� LW�KDV��0RUH�VSHFLILFDOO\��D� IXQFWLRQDO�DQDO\VLV� LV�DQ�H[SODQDWLRQ�RI�D�V\VWHP�OHYHO�FDSDFLW\�RU�SURSHUW\�LQVRIDU�DV�LW�LV�FRQFHUQHG�ZLWK�WKH�IXQFWLRQDO�DUFKLWHFWXUH�RI� WKH� V\VWHP� �� WKDW� LV�� ZLWK� WKH� V\VWHP
V� FRPSRQHQWV� RU� VXEV\VWHPV�� IXQFWLRQDOO\� LQGLYLGXDWHG� �� WKDW�HQDEOHV�LW�WR�KDYH�WKH�VDLG�FDSDFLW\�RU�SURSHUW\�&RQVLGHU��IRU�H[DPSOH��WKH�KXPDQ�DELOLW\�WR�VKDGRZ�VSHHFK��L�H���WKH�DELOLW\�WR�UHSHDW�LPPHGLDWHO\�ZKDW� LV� VSRNHQ� WR� RQH��� &RJQLWLYH� SV\FKRORJLVWV� KDYH� SURSRVHG� D� ILUVW�SDVV� IXQFWLRQDO� DQDO\VLV� RI� WKLV�



&RQQH[LRQV����������

�

V\VWHP�OHYHO�FDSDFLW\�DFFRUGLQJ�WR�ZKLFK�WKHUH�DUH�WKUHH�URXWHV� IURP�DXGLWRU\�LQSXW� WR�VSHHFK�RXWSXW��VHH�(OOLV�	�<RXQJ�� ������ DQG�)LJXUH� �� EHORZ���(DFK� URXWH� FRQVLVWV� RI� D� VPDOO� VHULHV� RI� GLVWLQFW� LQIRUPDWLRQ�SURFHVVLQJ� RSHUDWLRQV�� 2QH URXWH�� IRU� H[DPSOH� �
5RXWH� �
� LQ� )LJXUH� ���� FRQVLVWV� LQ� WKH� IROORZLQJ� IRXU�RSHUDWLRQV�� �D�� WKH�H[WUDFWLRQ�RI� LQGLYLGXDO� VSHHFK� VRXQGV� �H�J���SKRQHPHV�� IURP� WKH� VRXQG�ZDYH�� �E�� WKH�UHJLVWUDWLRQ� RI� IDPLOLDU� VSRNHQ� ZRUGV�� �F�� WKH� FRQYHUVLRQ� RI� WKH� UHSUHVHQWDWLRQV� RI� WKH� DXGLWRU\� IRUP� RI�ZRUGV�WR�UHSUHVHQWDWLRQV�RI� WKH�VSRNHQ�IRUP�RI�ZRUGV��DQG��G�� WKH�VHJPHQWDWLRQ�RI� WKH�UHSUHVHQWDWLRQV�RI�WKH� VSRNHQ� IRUP�RI�ZKROH�ZRUGV� LQWR� UHSUHVHQWDWLRQV� RI� LQGLYLGXDO� VSHHFK� VRXQGV� �H�J��� SKRQHPHV���7KH�JHQHUDO� SURSRVDO� LV WKDW� WKH� V\VWHP�OHYHO� FDSDFLW\� RI� VKDGRZLQJ� VSHHFK� LV� UHDOL]HG� LQ� YLUWXH� RI� WKH�SHUIRUPDQFH� RI� WKH� LQIRUPDWLRQ� SURFHVVLQJ� IXQFWLRQV� LQ� DQ\� RQH� RI� WKH� WKUHH� URXWHV� E\� VRPH� DV� \HW�XQVSHFLILHG�PDWHULDO�FRPSRQHQWV�RI�WKH�ZKROH�V\VWHP�

)LJXUH��� $Q�DGDSWDWLRQ�RI�(OOLV�	�<RXQJ
V��������PRGHO�IRU�WKH�SURFHVVLQJ�DQG�UHSHWLWLRQ�RI�VSRNHQ�ZRUGV
7KLV� H[DPSOH� RI� DQ� DFWXDO� IXQFWLRQDO� DQDO\VLV� GHPRQVWUDWHV� WZR� LPSRUWDQW� SRLQWV�� )LUVW�� WKH� QRWLRQ� RI�IXQFWLRQ�DW�ZRUN�LQ�IXQFWLRQDO�DQDO\VLV�LV�ZKDW�5REHUW�&XPPLQV��������������FDOOHG�WKH�FRQWDLQLQJ�V\VWHPVHQVH�RI�IXQFWLRQ��7KH�FRQWDLQLQJ�V\VWHP�LQ�WKLV�FDVH�LV�WKH�KXPDQ�EUDLQ��VR��D����E����F��DQG��G���� SKRQHPH�H[WUDFWLRQ�� IDPLOLDU� ZRUG� LGHQWLILFDWLRQ�� DXGLWRU\� ZRUG� WR� VSRNHQ� ZRUG� FRQYHUVLRQ�� DQG� ZKROH� ZRUG� WR�SKRQRORJ\� VHJPHQWDWLRQ� �� DUH� FRQWDLQLQJ�V\VWHP� IXQFWLRQV� RI� FRPSRQHQWV� RI� WKDW� V\VWHP�� 7KH� VHFRQG�SRLQW� LV� WKDW� LQ�PDQ\� FDVHV��ZKDW� KDV� EHHQ�RIIHUHG� DV� D� IXQFWLRQDO� DQDO\VLV� RIWHQ� ORRNV WR� EH� D SODXVLEOH�FDSDFLW\�DQDO\VLV��)RU�H[DPSOH��LW�VHHPV�SODXVLEOH�WR�VXSSRVH�WKDW�HDFK�RI�WKH�IRXU�IXQFWLRQV�LQ�WKH�DERYH�
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SDUWLDO�IXQFWLRQDO�DQDO\VLV�RI�WKH�DELOLW\�WR�VKDGRZ�VSHHFK�LV�VRPHWKLQJ�WKDW�WKH�ZKROH�V\VWHP GRHV��7KDW�LV�WR�VD\��D�FDSDFLW\�DQDO\VLV RI�VSHHFK�VKDGRZLQJ�PLJKW�SURSRVH�WKDW�RQH�ZD\�LQ�ZKLFK�WKH�V\VWHP�SHUIRUPV�WKLV�IHDW�LV�WKDW�WKH�ZKROH�V\VWHP GRHV�WKH�IROORZLQJ�WKLQJV���D��LW�H[WUDFWV�WKH�LQGLYLGXDO�VSHHFK�VRXQGV�IURP�WKH�VRXQG�ZDYH���E��LW�UHFRJQL]HV�IDPLOLDU�VSRNHQ�ZRUGV���F��LW�FRQYHUWV�WKH�DXGLWRU\�IRUP�RI�WKHVH�ZRUGV�WR�WKHLU�VSRNHQ�IRUP��DQG��G��LW�DUWLFXODWHV�WKH�UHOHYDQW�LQGLYLGXDO�VSHHFK�VRXQGV��,W�LV��RI�FRXUVH��DQ�HPSLULFDO�TXHVWLRQ� ZKHWKHU� RQH� RU� PRUH� RI� D� VHW� RI� LQIRUPDWLRQ� SURFHVVLQJ� RSHUDWLRQV� VXJJHVWHG� LQ� D� IXQFWLRQDO�DQDO\VLV�FRUUHVSRQGV�WR�D�VXEFDSDFLW\�RI�WKH�ZKROH�V\VWHP�DV�UHYHDOHG�LQ�D�FDSDFLW\�DQDO\VLV��%XW�LW�ZRXOG�EH�ZURQJ�WR�DVVXPH WKDW�WKLV�LV�WKH�FDVH�7XUQLQJ�QRZ�WR�FRQVLGHU�VWUXFWXUDO�DQDO\VLV��ZH�FDQ�QRWH�WKDW�LW�LQYROYHV�EUHDNLQJ�GRZQ�D�V\VWHP�LQWR� VXEV\VWHPV� GHILQHG� E\� WKHLU� SK\VLFDO� VWUXFWXUH�� DQG� VSHFLI\LQJ� WKH� RUJDQL]DWLRQ� RI� DQG� UHODWLRQV�EHWZHHQ�WKHVH�VXEV\VWHPV��0RUH�SDUWLFXODUO\��D�VWUXFWXUDO�DQDO\VLV�LV�D�GHVFULSWLRQ�RI�WKH�PDWHULDO�DSSDUDWXV�WKDW� LPSOHPHQWV� WKH� IXQFWLRQV� DQG� SURFHVVHV� GHWDLOHG� LQ� D� IXQFWLRQDO� DQDO\VLV�� 1HXURVFLHQWLVWV� DUH� LQ� WKH�EXVLQHVV� RI� FDUU\LQJ� RXW� VWUXFWXUDO� DQDO\VHV� RI� WKH� EUDLQ� �WKRXJK� DUJXDEO\� WKH\� DUH� LQ� WKH� EXVLQHVV� RI�FDUU\LQJ�RXW�IXQFWLRQDO�DQDO\VHV�WRR��1RZ�OHW�XV�UHWXUQ�WR�FRQVLGHU�WKH�ODUJHU�SLFWXUH�FRQVWLWXWHG�E\�WKHVH�WKUHH�W\SHV�RI�GHFRPSRVLWLRQDO�DQDO\VLV�� 7KH� FRJQLWLYH� SV\FKRORJLFDO� WKHRULHV� WKDW� UHVXOW� IURP� WKH� GHSOR\PHQW� RI� WKHVH� YDULHWLHV� RI�GHFRPSRVLWLRQDO� DQDO\VLV� DUH� DWWHPSWV� WR� H[SODLQ� WKH� FDSDFLWLHV� RI� EUDLQV� TXD LQIRUPDWLRQ�SURFHVVLQJ�V\VWHPV LQ WHUPV� RI� WKH� VWUXFWXUH�� RUJDQL]DWLRQ� DQG� RSHUDWLRQ� RI� WKRVH� V\VWHPV� �� L�H��� LQ� WHUPV� RI� WKHLU�VXEV\VWHPV��'HULYDWLYHO\��FRJQLWLYH�SV\FKRORJLFDO�WKHRULHV�DUH�DWWHPSWV�WR�H[SODLQ�WKH�FDSDFLWLHV��SURSHUWLHV�DQG�EHKDYLRXU�RI�RUJDQLVPV�ZLWK�EUDLQV��DQG�HVSHFLDOO\�RI�KXPDQ�RUJDQLVPV��:KDW�,�QRZ�ZDQW�WR�FRQVLGHU�LV� D� FODLP� WR� WKH� HIIHFW� WKDW� FRJQLWLYH� SV\FKRORJ\� FDQQRW� \LHOG� FRPSOHWH� H[SODQDWLRQV� RI� WKH� FDSDFLWLHV��SURSHUWLHV�DQG�EHKDYLRXUV�RI�KXPDQV�TXD SHUVRQV����3HUVRQV�DQG�FRJQLWLYH�SV\FKRORJ\+XPDQ�EHLQJV TXD�RUJDQLVPV�DUH�H[HPSODU\�V\VWHPV��&RQVHTXHQWO\��LW�PLJKW�VHHP�D�VPDOO�VWHS�WR�VD\�WKDW�SHUVRQV DUH�DOVR�SDUDGLJPDWLF�V\VWHPV��$IWHU�DOO��RXU�HYHU\GD\�WDON�RI�RXUVHOYHV�DQG�RXU�IHOORZ�KXPDQV�LV�RI�XV�DV�EHLQJV�FRQVLGHUHG�DV�D�ZKROH��DV�VHOI�FRQWDLQHG��EHKDYLQJ�LQGLYLGXDOV��7KDW�LV��LI�WKHUH�LV�D�SHUVRQDO�OHYHO�GLVWLQFW� IURP�WKH�V\VWHP�OHYHO�RI�GHVFULSWLRQ�DQG�H[SODQDWLRQ�� WKHQ� LW�ZRXOG�EH� ULJKW� WR� VD\� WKDW� WKH�SHUVRQDO�OHYHO�FXWV�WKH�ZRUOG�LQWR�FKXQNV�RI�DSSUR[LPDWHO\�WKH�VDPH�VL]H�DV�WDON�RI�RUJDQLVPV�DV�V\VWHPV�GRHV�� LQ� RWKHU� ZRUGV�� WKH� SHUVRQDO� DQG� RUJDQLVP�DV�V\VWHP� OHYHOV� DUH� SLWFKHG� DW� WKH� VDPH� OHYHO� RI�DJJUHJDWLRQ�+RZHYHU�� WKHUH�DUH�VRPH�SODXVLEOH� UHDVRQV� IRU� UHVLVWLQJ� WKH�FROODSVH�RI� WKH�SHUVRQDO� OHYHO� WR� WKH�V\VWHP�OHYHO��2QH�UHDVRQ� LV� WKLV��6\VWHP�OHYHO�FKDUDFWHUL]DWLRQV�RI�KXPDQV�DUH�GHVFULSWLRQV�RI� WKH�KXPDQ�RUJDQLVP�� D� V\VWHP� WKDW� LV� LGHDOO\� VXLWHG� WR� D� GHFRPSRVLWLRQDO� DQDO\VLV� LQWR� VXEV\VWHPV� �L�H��� RUJDQV��� ,Q�FRQWUDVW��FRPPRQVHQVH�SV\FKRORJ\��WKH�HYHU\GD\�SUDFWLFH�RI�DWWULEXWLQJ�PHQWDO�VWDWHV�WR�RQHVHOI�DQG�RWKHUV��LV� D� SUHGLFWLYH� DQG� H[SODQDWRU\� HQWHUSULVH� ZKRVH� WDUJHW� V\VWHPV� DUH�� LQ� WKH� ILUVW� LQVWDQFH��SHRSOH�� $QG�SHUVRQV��DV�FKDUDFWHUL]HG�LQ�IRON�SV\FKRORJLFDO�WHUPV��DUH�QRW�V\VWHPV�RI�WKH�VRUW�WKDW�FDQ�EH�VXEMHFW�WR�WKH�GHFRPSRVLWLRQDO DQDO\VHV�HPSOR\HG�E\�FRJQLWLYH�SV\FKRORJLVWV�1RZ�� DOWKRXJK� WKLV� UHDVRQ� IRU� UHVLVWLQJ� WKH� FROODSVH� RI� WKH� SHUVRQDO� OHYHO� WR� WKH� V\VWHP� OHYHO� LV�DSSHDOLQJ��LW�ZRXOG�EH�GLIILFXOW�WR�GHIHQG�LI�RQH�DFFHSWV�P\�DERYH�DUJXPHQW�WKDW�WKH�V\VWHP�OHYHO�LV��LQ�LWV�RZQ�ULJKW��D�OHJLWLPDWH�OHYHO�RI�GHVFULSWLRQ�DQG�H[SODQDWLRQ��6R�ZKDW�IXUWKHU�RU�DOWHUQDWLYH�UHDVRQ�PLJKW�RQH�KDYH� IRU� WKLQNLQJ� WKDW� WKH� SHUVRQDO� OHYHO� LV� GLVWLQFW� IURP� WKH� V\VWHP� OHYHO"� /HW� XV� FRQVLGHU�0F'RZHOO
V�DQVZHU�WR�WKLV�TXHVWLRQ�$� IDPLOLDU�FODLP� LV WKDW� LW� LV�SDUW�DQG�SDUFHO�RI�RXU� IRON�SV\FKRORJLFDO�YLHZ�RI�ZKDW� LW� LV� WR�EH�D�SHUVRQ� WKDW� ZH� DUH� QRW� VLPSO\� UDWLRQDO� FUHDWXUHV�� EXW� DUH� EHLQJV� ZKR� DFW� �EHKDYH�� WKLQN�� MXGJH�� LQ�DSSURSULDWH�ZD\V�LQ�UHVSRQVH�WR�WKH�QRUPV�RI�UHDVRQ��7KDW�LV�WR�VD\��ZH�DUH�FUHDWXUHV�ZKR�DFW�IRU�UHDVRQV��$QG� DFFRUGLQJ� WR�0F'RZHOO� �H�J��� ����D�� DQG� VRPH�RWKHU� SKLORVRSKHUV�� LW� LV� DOVR� SDUW� DQG�SDUFHO� RI� RXU�YLHZ�RI�ZKDW� LW� LV� WR�EH�D�SHUVRQ�WKDW�ZH�KDYH�WKH�DELOLW\�WR�HQJDJH�LQ�FULWLFDO��VHOI�UHIOHFWLYH�WKRXJKW�DQG�MXGJHPHQW�DERXW�RXU�RZQ�DQG�RWKHU�SHUVRQV
�DFWLRQV�3HUVRQV� DUH� UDWLRQDOO\� UHVSRQVLYH� FUHDWXUHV� ZKR�� LQ� WKH� ZRUGV� RI�0F'RZHOO� �����D�� S������ DUH�VXEMHFWV�ZKR�DUH�LQ�FKDUJH�RI� WKHLU� WKLQNLQJ��VWDQGLQJ�UHDG\�WR�UHDVVHVV�ZKDW� LV�D�UHDVRQ�IRU�ZKDW��DQG�WR�FKDQJH�WKHLU�UHVSRQVLYH�SURSHQVLWLHV�DFFRUGLQJO\�0F'RZHOO�LV�KHUH�GHVFULELQJ�ZKDW�KH�FDOOV�WKH�FDSDFLW\�IRU��UHIOHFWLYH�UHVSRQVLYHQHVV�WR�SXWDWLYH�QRUPV�RI�UHDVRQ�������D��S�������,W�LV�DQ�DELOLW\�WKDW
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LQYROYHV� QRW� MXVW� D� FROOHFWLRQ� RI� SURSHQVLWLHV� WR� VKLIW� RQH
V� SV\FKRORJLFDO� VWDQFH� LQ�UHVSRQVH� WR� WKLV� RU� WKDW�� EXW� WKH� VWDQGLQJ� SRWHQWLDO� IRU� D� UHIOHFWLYH� VWDQFH� DW� ZKLFK� WKH�TXHVWLRQ�DULVHV�ZKHWKHU�RQH�RXJKW�WR�ILQG�WKLV�RU�WKDW�SHUVXDVLYH������D��S������
%XUJH��������S�����SXWV�LW�WKLV�ZD\�

&ULWLFDO� UHDVRQLQJ� LV� UHDVRQLQJ� WKDW� LQYROYHV� DQ� DELOLW\� WR� UHFRJQL]H� DQG� HIIHFWLYHO\�HPSOR\�UHDVRQDEOH�FULWLFLVP�RU�VXSSRUW�IRU�UHDVRQV�DQG�UHDVRQLQJ��,W�LV�UHDVRQLQJ�JXLGHG�E\�DQ�DSSUHFLDWLRQ��XVH�� DQG�DVVHVVPHQW�RI� UHDVRQV�DQG� UHDVRQLQJ�DV� VXFK��$V�D�FULWLFDO�UHDVRQHU�� RQH� QRW� RQO\� UHDVRQV�� 2QH� UHFRJQL]HV� UHDVRQV� DV� UHDVRQV�� 2QH� HYDOXDWHV��FKHFNV��ZHLJKV��FULWLFL]HV��VXSSOHPHQWV�RQH
V�UHDVRQV�DQG�UHDVRQLQJ�
$FFRUGLQJ�WR�WKLV�
WKLFN
�FRQFHSWLRQ�RI�IRON�SV\FKRORJ\��DV�GHWDLOHG�E\�0F'RZHOO��%XUJH�DQG�RWKHUV��ZKHQ�ZH� SUHVV� WKH� IRON� SV\FKRORJLFDO� YLHZ��ZH� VHH� WKDW� QRWLRQV� RI�UDWLRQDOLW\ DQG�QRUPDWLYLW\ DUH� DW� LWV� FRUH��QRWLRQV�WKDW�WDNH�RQ�D�VSHFLDO�VLJQLILFDQFH�ZKHQ�DSSOLHG�WR�SHUVRQV��%XW�DFFRUGLQJ�WR�0F'RZHOO�DW�OHDVW��WKH�PRGH� RI� XQGHUVWDQGLQJ� WKDW� LV� JURXQGHG� XSRQ� WKHVH� QRWLRQV� LV� LSVR� IDFWR� LUUHGXFLEOH� WR� WKH� PRGH� RI�XQGHUVWDQGLQJ�FKDUDFWHULVWLF�RI�WKH�QDWXUDO�VFLHQFHV��1HYHUWKHOHVV��0F'RZHOO�VWLFNV�VWHDGIDVWO\�WR�WKH�FODLP�WKDW� SKHQRPHQD� GHVFULEHG� LQ� SHUVRQDO�OHYHO� WHUPV� DUH� SKHQRPHQD� RI� WKH� QDWXUDO� ZRUOG��+H� DUJXHV� IRU� D�SRVLWLRQ WKDW�KH�FDOOV��QDWXUDOL]HG�SODWRQLVP���D�YLHZ�DFFRUGLQJ�WR�ZKLFK�WKH�SHUVRQDO�OHYHO�LV�VXL�JHQHULV��LQ�WKH�VHQVH�WKDW�SHUVRQDO�OHYHO�SKHQRPHQD�UHVLVW�FDSWXUH�LQ�WKH�ZHE�RI�QDWXUDO�ODZV��EXW�QRW�LQ�WKH�VHQVH�WKDW�WKH\�DUH�VXSHUQDWXUDO�0F'RZHOO
V� FODLP� LV� WKDW� WKH� SXUYLHZ�RI� VFLHQFH� LV� OLPLWHG� WR�ZKDW� KH�FDOOV� �HQDEOLQJ�FRQGLWLRQ�DFFRXQWV���DQG�WKDW�QR�PDWWHU�KRZ�WKRURXJK�HQDEOLQJ�FRQGLWLRQ�DFFRXQWV�RI�SHUVRQDO�OHYHO�SKHQRPHQD�DUH��WKH\� ZLOO� QRW� DGG� XS� WR� RU� UHSODFH� WKH�PRGH� RI� XQGHUVWDQGLQJ� JLYHQ� E\� IRON� SV\FKRORJ\��2Q� WKLV� YLHZ��VXEV\VWHP�OHYHO�WKHRULHV��WKHRULHV�RI�WKH�IXQFWLRQDO�DQG�VWUXFWXUDO�FRPSRVLWLRQ�DQG�RSHUDWLRQ�RI�WKH�QHUYRXV�V\VWHP��DUH�QRW�DEOH�WR�SURYLGH��RU�HYHQ�WR�FRQWULEXWH�WR��VR�FDOOHG��FRQVWLWXWLYH�H[SODQDWLRQV��0F'RZHOO� VHHPV� WR� XVH� WKH� WHUP� 
FRQVWLWXWLYH
� WR�PHDQ� 
DQDO\WLF
�� LQ� WKH� VHQVH� RI� SKLORVRSKLFDO��FRQFHSWXDO� DQDO\VLV��7KDW� LV�� D� FRQVWLWXWLYH� DFFRXQW� RI�;� LQ�0F'RZHOO
V� VHQVH� LV� DQDORJRXV� WR�� LI� QRW� WKH�VDPH� WKLQJ� DV�� WKH� FRQFHSWXDO� HOXFLGDWLRQ� RI� ;�� 0RUHRYHU�� 0F'RZHOO� VHHPV� WR� EH� RI� WKH� YLHZ� WKDW�FRQFHSWXDO� DQDO\VLV� LV� VHW� DSDUW� IURP� VFLHQWLILF� H[SODQDWLRQ�� ZKLFK� LV� SULPDULO\� DQ� HQWHUSULVH� LQ�GHFRPSRVLWLRQDO�DQDO\VLV�2Q�0F'RZHOO
V�YLHZ��HQDEOLQJ�FRQGLWLRQ� WKHRULHV�� LQFOXGLQJ�FRJQLWLYH�VFLHQWLILF� WKHRULHV��GR�QRW�WHOO�XV�ZKDW�LW�LV�WR�EH D�PLQGHG�FUHDWXUH��WR�EH�D SHUVRQ��RQO\�FRQVWLWXWLYH�DFFRXQWV�FDQ�WHOO�XV�WKDW��5DWKHU��FRJQLWLYH�VFLHQWLILF�WKHRULHV�PDNH

LW� SRVVLEOH� WR� XQGHUVWDQG� KRZ� WKLV� PLQGOHVV� LQWHUQDO� FRQWURO� V\VWHP� >L�H��� WKH� EUDLQ@�HQDEOHV�XV�WR�GR�ZKDW�LW�WDNHV�WR�GLVSOD\�JHQXLQH�PLQGHGQHVV��QDPHO\��WR�OLYH�FRPSHWHQWO\�LQ�DQ�HQYLURQPHQW��0F'RZHOO������E��S������
1RZ�� LI� ,�DP�ULJKW�DERXW� LQIRUPDWLRQ�SURFHVVLQJ�SV\FKRORJ\
V�H[SODQDWRU\� UROH��� WKDW� LV�� WKDW� LW�GHYHORSV�GLUHFW� H[SODQDWRU\� UHODWLRQV� EHWZHHQ� VXEV\VWHP� DQG� V\VWHP� OHYHOV� RI� GHVFULSWLRQ� DQG� H[SODQDWLRQ�� QRWEHWZHHQ�WKH�OHYHO�RI�VXEV\VWHPV�DQG�WKH�OHYHO�RI�SHUVRQV��� WKHQ�LW�PLJKW�VHHP�WKDW�,�DP�GRLQJ�0F'RZHOO�D�VHUYLFH�E\�GHPRQVWUDWLQJ�WKDW�KH�LV�ULJKW�DERXW�WKH�H[SODQDWRU\�OLPLWV�RI�LQIRUPDWLRQ�SURFHVVLQJ�SV\FKRORJ\��$SSHDUDQFHV�FDQ�EH�GHFHLYLQJ��KRZHYHU��:KLOH�,�EHOLHYH�WKDW�LQIRUPDWLRQ�SURFHVVLQJ�SV\FKRORJ\
V�ILUVW�DQG�IRUHPRVW�H[SODQDWRU\�UHODWLRQ�LV�WR�D�GHVFULSWLYH�DQG�H[SODQDWRU\�OHYHO�DW�ZKLFK�KXPDQV�DUH�FKDUDFWHUL]HG�DV�V\VWHPV�RU�RUJDQLVPV�� QRW�SHUVRQV�� ,� QHYHUWKHOHVV�DOVR�EHOLHYH� WKDW� LQIRUPDWLRQ�SURFHVVLQJ�SV\FKRORJ\� LV�DEOH�WR�UHYHDO�PRUH�DERXW�RXUVHOYHV�DV�SHUVRQV�WKDQ�0F'RZHOO�LV�ZLOOLQJ�WR�DOORZ��2Q�P\�YLHZ��DOWKRXJK�WKH�SHUVRQDO�OHYHO�GRHV�QRW�EHORQJ�LQ�WKH�VFLHQWLILF��V\VWHP�VXEV\VWHP�KLHUDUFK\ RI�OHYHOV�RI�GHVFULSWLRQ�DQG�H[SODQDWLRQ��WKLV�VKRXOG�QRW�EH�WDNHQ�WR�LPSO\�WKDW�WKH�SHUVRQDO�OHYHO�OLHV�RXWVLGH�WKH�UHDOP�RI�VFLHQFH��7KH�VFLHQWLILF�UHDOP�LV�QRW�FRQILQHG�WR�FRQVLGHUDWLRQV�RI�V\VWHP�VXEV\VWHP�UHODWLRQV��DV�WKH�FRQFHSWV�RI�FHQWUHV�RI�JUDYLW\��HTXDWRUV�DQG�RWKHU�VXFK�
DEVWUDFWD
�LOOXVWUDWH���6HH�H�J���'HQQHWW��������������IRU�D�GLVFXVVLRQ�RI�DEVWUDFWD��,Q� FRQFOXVLRQ�� ZKLOH� ,� DVVHQW� WR� WKH� WKLFN� FRQFHSWLRQ� RI� IRON� SV\FKRORJ\�� ,� DP� QHYHUWKHOHVV�VFHSWLFDO�RI�FODLPV�WR�WKH�HIIHFW�WKDW�D�VFLHQWLILF�XQGHUVWDQGLQJ�RI�WKLV�WKLFN�FRQFHSWLRQ��DQG�LQ�SDUWLFXODU��RI�LWV� FHQWUDO� QRWLRQV� RI� UDWLRQDOLW\� DQG� QRUPDWLYLW\�� LV� LPSRVVLEOH�� ,� DP� QRW� \HW� FRQYLQFHG� WKDW� WR� XSKROG�QDWXUDOLVP� RQH� PXVW� FKRRVH� EHWZHHQ� �EDOG� QDWXUDOLVP�� DV� 0F'RZHOO� FKDUDFWHUL]HV� LW� �L�H��� WKH� YLHZ�
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DFFRUGLQJ� WR� ZKLFK� DOO� QDWXUDO� ZRUOG� SKHQRPHQD� DUH� VXEVXPHG� XQGHU� QDWXUDO� ODZV�� DQG� 0F'RZHOO
V�
QDWXUDOL]HG�SODWRQLVP
��,�WKLQN�WKDW�ZH�ZLOO�EH�DEOH�WR�VHH�RXU�ZD\�WRZDUGV�D�SRVLWLRQ�GLIIHUHQW�IURP�WKRVH�WKDW�0F'RZHOO�SUHVHQWV�XV�LI�ZH�JLYH�GXH�FRQVLGHUDWLRQ�WR�WKH�GHWDLOV�RI�WKH�QDWXUH�DQG�SXUYLHZ�RI�WKH�EUDLQ�DQG�EHKDYLRXUDO�VFLHQFHV�WKDW�0F'RZHOO�VHHPV�REOLJHG�WR�OLFHQVH��7KH�SDUWLFXODU�OLQH�WKDW�,�ZRXOG�SXVK�LV�WKDW� D� YHUVLRQ� RI� ZKDW� )RGRU� ������� KDV� FDOOHG� �KDLU\�� QDWXUDOLVP� ZLOO� EH� VHHQ�DV� D� YLDEOH� RSWLRQ� RQFH�V\VWHP�VXEV\VWHP�OHYHO� SV\FKRORJLFDO� H[SODQDWLRQ� LV� SURSHUO\� HVWDEOLVKHG� LQ� WKH� FRQWH[W� RI� HYROXWLRQDU\�ELRORJ\�5HIHUHQFHV%XUJH��7����������2XU�HQWLWOHPHQW�WR�VHOI�NQRZOHGJH��3URFHHGLQJV�RI�WKH�$ULVWRWHOLDQ�6RFLHW\��;&9,���������&XPPLQV��5����������)XQFWLRQDO�DQDO\VLV��-RXUQDO�RI�3KLORVRSK\����� ���������&XPPLQV�� 5�� �������� 7KH� QDWXUH� RI� SV\FKRORJLFDO� H[SODQDWLRQ� &DPEULGJH�� 0$�� 0,7� 3UHVV�� %UDGIRUG�%RRNV��'HQQHWW��'��&����������&RQWHQW�DQG�FRQVFLRXVQHVV�/RQGRQ�DQG�1HZ�<RUN��5RXWOHGJH��'HQQHWW��'��&����������7KH�LQWHQWLRQDO�VWDQFH�&DPEULGJH��0$��0,7�3UHVV��'HQQHWW��'��&����������5HDO�SDWWHUQV��-RXUQDO�RI�3KLORVRSK\�������������(OOLV��$��DQG�<RXQJ��$��:����������+XPDQ�FRJQLWLYH�QHXURSV\FKRORJ\�+RYH��6XVVH[��/DZUHQFH�(UOEDXP��)RGRU��-��$����������(QFRXQWHUV�ZLWK�WUHHV��5HYLHZ�RI�-RKQ�0F'RZHOO
V�0LQG�DQG�ZRUOG��/RQGRQ�5HYLHZ�RI�%RRNV�������������$SULO���������0F'RZHOO��-�������D���0LQG�DQG�ZRUOG��&DPEULGJH��0$�DQG�/RQGRQ��+DUYDUG�8QLYHUVLW\�3UHVV��0F'RZHOO��-�������E���7KH�FRQWHQW�RI�SHUFHSWXDO�H[SHULHQFH��7KH�SKLORVRSKLFDO�4XDUWHUO\���� ���������9DQ�GHU�+HLMGHQ��$��+��&����������6HOHFWLYH�DWWHQWLRQ�LQ�YLVLRQ��/RQGRQ�DQG�1HZ�<RUN��5RXWOHGJH��
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7KH�6HDUOH�:RUNRXW��&RQQHFWLRQLVP�KLWV�WKH�&KLQHVH�*\P
'DYLG -��+DUULVRQ'HSW��RI�3KLORVRSK\8QLYHUVLW\�RI�6KHIILHOG

,QWR�WKH�J\P,Q�D������DUWLFOH��6HDUOH�RQFH�DJDLQ�SUHVHQWV�KLV�&KLQHVH�5RRP�DUJXPHQW�DJDLQVW�D�FRPSXWDWLRQDOLVW�SLFWXUH�RI�WKH�PLQG��EDVHG�RQ�WKH�FODLP�WKDW�V\QWD[�LV�QRW�VXIILFLHQW�IRU�VHPDQWLFV��+RZHYHU��WKLV�WLPH�KH�DOVR�WULHV�WR�GHDO�ZLWK�FRQQHFWLRQLVW�FRPSXWDWLRQDO�PRGHOV�DQG�VR�KH�HVWDEOLVKHV�WKH�&KLQHVH�*\P��,QVWHDG�RI�D�VPDOO�URRP�FRQWDLQLQJ�D�PRQROLQJXDO�LQGLYLGXDO�VKXIIOLQJ�WRNHQV�DURXQG�LQ�DQ�LQVWDQWLDWLRQ�RI�D�FODVVLFDO�SURJUDP�WKDW�XQGHUVWDQGV�&KLQHVH��6HDUOH�RSHQV�XS�WKH�&KLQHVH�*\P�WR�H[HUFLVH�RXU�LQWXLWLRQV��
,PDJLQH� WKDW� LQVWHDG�RI�D�&KLQHVH� URRP�� ,�KDYH�D�&KLQHVH�J\P��D�KDOO�FRQWDLQLQJ�PDQ\�PRQROLQJXDO��(QJOLVK�VSHDNLQJ�PHQ��7KHVH�PHQ�ZRXOG�FDUU\�RXW�WKH�VDPH�RSHUDWLRQV�DV�WKH�QRGHV�DQG�V\QDSVHV�LQ�D�FRQQHFWLRQLVW�DUFKLWHFWXUH�����DQG�WKH�RXWFRPH�ZRXOG�EH�WKH�VDPH�DV�KDYLQJ�RQH�PDQ�PDQLSXODWH�V\PEROV�DFFRUGLQJ�WR�D�UXOH�ERRN��1R�RQH�LQ�WKH�J\P�VSHDNV�&KLQHVH��DQG�WKHUH�LV�QR�ZD\�IRU�WKH�V\VWHP�DV�D�ZKROH�WR�OHDUQ�WKH�PHDQLQJV�RI�DQ\�&KLQHVH�ZRUGV��<HW�ZLWK�DSSURSULDWH�DGMXVWPHQWV��WKH�V\VWHP�FRXOG�JLYH�WKH�FRUUHFW�DQVZHUV�WR�&KLQHVH�TXHVWLRQV���6HDUOH�������S����

)RU�6HDUOH��LW�VHHPV�FOHDU�WKDW�QR�PDWWHU�KRZ�ZHOO�RUJDQLVHG�DQG�HQHUJHWLF�WKHVH�KHDOWK\�LQGLYLGXDOV�PD\�EH�LQ�SURGXFLQJ�D�VZHDW�WKH\�ZLOO�QRW�SURGXFH�DQ\�PHDQLQJ��6R�DOWKRXJK�WKH\�DUH�VLPXODWLQJ�WKH�V\QWD[�RI�D�FRQQHFWLRQLVW�QHWZRUN��WKH\�DUH�QRW�SURGXFLQJ�DQ\�VHPDQWLFV��&OHDUO\��LI�6HDUOH
V�DUJXPHQWV�GHIHDW�DOO�FRPSXWDWLRQDO�PRGHOV�RI�WKH�PLQG��WKHQ�FRJQLWLYH�VFLHQFH�LV�LQ�WURXEOH�$OWKRXJK�SHUKDSV�WKH�PRUH�H[WUHPH�VXSSRUWHUV�RI�WKH�
G\QDPLFDO�V\VWHPV
�DSSURDFK�DUH�JRLQJ�WR�EH�KDSS\�� DV� WKH\�FODLP� WKHLU� DSSURDFK� WR�EH�QRQ�FRPSXWDWLRQDO��6R� LW�PD\�EH� WKDW�6HDUOH
V� DUJXPHQW��UDWKHU�WKDQ�WRWDOO\�GLVPLVVLQJ�FRQQHFWLRQLVW�PRGHOOLQJ�RI�WKH�PLQG��ZLOO�LQVWHDG�PHUHO\�IRUFH�LW�WR�VHYHU�LWV�FODVVLFDO� FRPSXWDWLRQDO� WLHV� DQG� IXOO\� MRLQ� WKH� G\QDPLFDO� V\VWHPV� SURJUDPPH�� VXLWDEO\� EHHIHG� XS� E\� LWV�&KLQHVH�*\P�ZRUNRXW��6R�OHW�XV�VHH�WKH�EHQHILWV�RI�H[HUFLVH�3DUDOOHO�YV��VHULDO�DUFKLWHFWXUHV7R�DSSO\�KLV�DQWL�FRPSXWDWLRQDO�DUJXPHQW�WR�FRQQHFWLRQLVP��6HDUOH�KDV�WR�ILUVW�HVWDEOLVK�WKDW�FRQQHFWLRQLVW�QHWZRUNV�DUH�FRPSXWDWLRQDO�V\VWHPV�WKDW�VKDUH�WKH�DSSURSULDWH�SURSHUWLHV�RI�PRUH�FODVVLFDO�FRPSXWDWLRQDO�V\VWHPV�� VXFK� DV� GLJLWDO� FRPSXWHUV�� &RQQHFWLRQLVP� LV� RIWHQ� SUHVHQWHG� DV� D� YHU\� GLIIHUHQW� DSSURDFK� WR�FODVVLFDO�FRPSXWDWLRQDOLVP��0DMRU�GLIIHUHQFHV�WKDW�KDYH�EHHQ�FLWHG�DUH�WKDW�VXFK�QHWZRUNV�ZRUN�LQ�SDUDOOHO��LQYROYH�GLVWULEXWHG�UHSUHVHQWDWLRQV�DQG�DUH�DQDORJ�UDWKHU�WKDQ�GLVFUHWH�VWDWH�V\VWHPV��+RZHYHU��DV�WKHUH�DUH�DOVR� ORFDOLVW��QRQ�GLVWULEXWHG�QHWZRUNV�� LW�DSSHDUV� WKDW�DW� OHDVW� IRU� WKH�PRPHQW�ZH�FDQ�� OLNH�6HDUOH�� LJQRUH�WKLV�IHDWXUH��6HDUOH�KLPVHOI�IRFXVHV�RQ�WKH�SDUDOOHO�QDWXUH�RI�QHXUDO�QHWZRUNV�DQG�VHHPV�WR�FRQVLGHU�RQO\�WKH�PRUH�GLJLWDO�OLNH�QHWZRUNV��6HDUOH� GHVFULEHV� FRQQHFWLRQLVW� QHXUDO� QHWZRUNV� DV� V\VWHPV� WKDW� �KDYH� PDQ\� FRPSXWDWLRQDO�HOHPHQWV�WKDW�RSHUDWH�LQ�SDUDOOHO�DQG�LQWHUDFW�ZLWK�RQH�DQRWKHU�DFFRUGLQJ�WR�UXOHV�LQVSLUHG�E\�QHXURELRORJ\���S������+H�DGGV��KRZHYHU��WKDW�
7KH� SDUDOOHO�� 
EUDLQOLNH
� FKDUDFWHU RI� WKH� SURFHVVLQJ� ���� LV� LUUHOHYDQW� WR� WKH� SXUHO\�FRPSXWDWLRQDO�DVSHFWV�RI�WKH�SURFHVVLQJ��$Q\�IXQFWLRQ�WKDW�FDQ�EH�FRPSXWHG�RQ�D�SDUDOOHO�PDFKLQH�FDQ�DOVR�EH�FRPSXWHG�RQ�D�VHULDO�PDFKLQH�����3DUDOOHO�SURFHVVLQJ��WKHQ��GRHV�QRW�DIIRUG�D�ZD\�DURXQG�WKH�&KLQHVH�URRP�DUJXPHQW�

&OHDUO\� WKHQ�� IRU� 6HDUOH�� FRQQHFWLRQLVW� QHWZRUNV� DUH� FRPSXWDWLRQDO� LQ� QDWXUH� DQG� HTXLYDOHQW� WR� PRUH�WUDGLWLRQDO� ULDO� DUFKLWHFWXUHV� DQG� VR� IDOO� YLFWLP� WR� WKH� LGHD� WKDW� \RX� FDQQRW� JHW� VHPDQWLFV� IURP� IRUPDO�FRPSXWDWLRQV� DORQH�� ,W� VHHPV� WR PH� WKRXJK� WKDW� WKHUH� DUH� WZR� HOHPHQWV� RI� 6HDUOH
V� DUJXPHQW� WKDW� WKH�
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FRQQHFWLRQLVW� FDQ� DWWDFN�� )LUVW�� WKH� QRWLRQ� RI� FRPSXWDWLRQ� FDQ� EH� H[SORUHG� WR� HVWDEOLVK� LI� FRQQHFWLRQLVW�QHWZRUNV�DUH�WUXO\�FRPSXWDWLRQDO��$�VHFRQG�SRVVLELOLW\�LV�WR�DWWDFN�6HDUOH
V�HTXDWLQJ�RI�VHULDO�DQG�SDUDOOHO��WKLV�FDQ�EH�GRQH�XVLQJ�SDUW�RI�6HDUOH
V�RZQ�DUJXPHQW��([SORULQJ�WKH�QRWLRQ�RI�FRPSXWDWLRQ�LV�GLIILFXOW�DV�LW�LV�YDULRXVO\�GHILQHG��� DQG��RI�FRXUVH��PDNLQJ�FRQQHFWLRQLVP�FRPH�RXW�DV�QRQ�FRPSXWDWLRQDO�PD\�UHPRYH�LWV�DSSHDO�IRU�VRPH�DQG�SHUKDSV�HYHQ�GULYH�LWV�VXSSRUWHUV� GHHS� LQWR� WKH� G\QDPLFDO� V\VWHPV� FDPS� DQG� QRQ�UHSUHVHQWDWLRQDOLVP��2I� FRXUVH�� LQ� WKH� DUWLFOH�LWVHOI�6HDUOH� VD\V� WKDW� 
KXPDQV�DUH�� DW� OHDVW� LQ�D� WULYLDO� VHQVH�� FRPSXWHUV
� �S������� DV� LQGHHG� LV� MXVW� DERXW�DQ\WKLQJ�� HYHQ� SDUDOOHO� GLVWULEXWHG� SURFHVVLQJ� QHXUDO� QHWZRUNV�� +RZHYHU�� PRVW� SHRSOH� FRQVLGHU� WKH�FRPSXWDWLRQDO�QDWXUH�RI�QHWZRUNV�WR�EH�IDU�IURP�WULYLDO��7KH�PRVW�DSSURSULDWH�GHILQLWLRQ�RI�FRPSXWDWLRQ�WR�EHJLQ� ZLWK� LV� SUREDEO\� WKH� RQH� RXWOLQHG� E\� $ODQ� 7XULQJ� LQ� KLV� ����� SDSHU� RQ� FRPSXWDEOH� QXPEHUV��FRPSXWDWLRQ�� VD\V� 7XULQJ�� LV� WKH� IRUPDO� PDQLSXODWLRQ� RI� �XQLQWHUSUHWHG�� V\PEROV� E\� WKH� DSSOLFDWLRQ� RI�IRUPDO�UXOHV��7KHUH�DUH�SUREOHPV�IRU�FRQQHFWLRQLVP�ZLWK�VXFK�D�GHILQLWLRQ��WKRXJK��� SUREOHPV�WKDW�DOVR�FURS�XS�LQ�GHILQLWLRQV�RI�FRJQLWLYH�DUFKLWHFWXUH�IRU�FRQQHFWLRQLVP��(VVHQWLDOO\��LW�LV�RIWHQ�DUJXHG�WKDW��7KHUH� LV� FHUWDLQO\� FRPSXWDWLRQ� LQ� FRQQHFWLRQLVW� V\VWHPV�� EXW� VXFK� FRPSXWDWLRQ� OLHV� EHORZ� WKH�FRQFHSWXDO� OHYHO��&RPSXWDWLRQ� WDNHV�SODFH�DW� WKH� OHYHO�RI� QRGHV�DQG�FRQQHFWLRQV�EHWZHHQ�QRGHV�� DQG� WKH�LQGLYLGXDO� QRGHV� DQG� FRQQHFWLRQV� DUH� QRW� LQWHQGHG� WR� FDUU\� DQ\� VHPDQWLF� EXUGHQ� DORQH�� 7KH� VHPDQWLF�EXUGHQ�RI�WKH�V\VWHP�OLHV�DW�D�KLJKHU�OHYHO��WKDW�RI�WKH�GLVWULEXWHG�UHSUHVHQWDWLRQ���&KDOPHUV�������S����$�SUREOHP�ZLWK�D�FRQQHFWLRQLVW�YLHZ�ZKHUH�WKH�VHPDQWLF�DQG�V\QWDFWLF�OHYHOV�DUH�VHSDUDWH�LV�WKDW�LW�ZRXOG�VHHP�WR�EH�XQDEOH�WR�FRQIRUP�WR�WKH�VWDQGDUG�GHILQLWLRQ�VLQFH�WKH�V\QWDFWLF�SURFHVVLQJ�LV�QRW�RYHU�WKH�V\PERO� WRNHQV� RI� WKH� V\VWHP�� :KDWHYHU� WKH� QHWZRUN� LV� GRLQJ�� LW� LV QRW� WKH� IRUPDO� PDQLSXODWLRQ� RI�UHSUHVHQWDWLRQV�DFFRUGLQJ�WR�UXOHV��VLQFH�LQ�3'3�QHWZRUNV�LW�LV�QRW�WKH�LQGLYLGXDO�XQLWV�WKDW�DUH�WKH�V\PEROLF�HQWLWLHV�� 7KLV� DFWXDOO\� RSHQV� WKH� GRRU� IRU� WKH� G\QDPLFLVW�� '\QDPLFLVWV� VXFK� DV� YDQ� *HOGHU� KROG� WKDW�FRPSXWDWLRQDO RSHUDWLRQV�DUH�
GLVFUHWH��LGHQWLILDEOH�VWHSV�LQ�ZKLFK�RQH�UHSUHVHQWDWLRQ�JHWV�WUDQVIRUPHG�LQWR�DQRWKHU
� �YDQ�*HOGHU��������S�������:KHQ� WKH�V\VWHP� LV�D�SDUDOOHO��DQDORJ�G\QDPLFDO�V\VWHP��DV� WKH�PRVW�LQWHUHVWLQJ�W\SHV�RI�QHWZRUNV�DUH���WKHQ�LW�VHHPV�ZH�GRQ
W�KDYH�VHTXHQWLDO�RSHUDWLRQV�RYHU�V\QWDFWLF�WRNHQV�DQG�VR�WKH�G\QDPLFLVW�SUHVHQWV�D�QRQ�FRPSXWDWLRQDO�SLFWXUH��,W�VHHPV�D�FDVH�FDQ�EH�PDGH�IRU�SDUDOOHO�DQDORJ�V\VWHPV� EHLQJ� QRQ�FRPSXWDWLRQDO� �� SDUWLFXODUO\� DV� 7XULQJ
V� RZQ� GHILQLWLRQ� LV� DFWXDOO\� RQO\� DSSOLHG� WR�GLVFUHWH�VWDWH� PDFKLQHV� VXFK� DV� GLJLWDO� FRPSXWHUV�� $W� WKH� YHU\� OHDVW� LW� KDV� WR� EH� VDLG� WKDW� FRQQHFWLRQLVW�FRPSXWDWLRQ�LV�QRW�WKH�V\PEROLF�FRPSXWDWLRQ�WKDW�6HDUOH�DWWDFNV��7KLV� OHDGV� RQ� WR� WKH� VHFRQG� HOHPHQW�� 7XULQJ� VKRZHG� WKDW� DOO� GLJLWDO� FRPSXWHUV DUH� LQ� D� VHQVH�HTXLYDOHQW��LQ�WKDW�D�8QLYHUVDO�7XULQJ�0DFKLQH�FDQ�EH�SURJUDPPHG�WR�UHSOLFDWH�WKH�LQSXW�RXWSXW�SURILOH�RI�DQ\�RWKHU�7XULQJ�0DFKLQH��DQG�WKLV�VHHPV�WR�OHDG�6HDUOH�WR�FODLP�WKDW�
&RPSXWDWLRQDOO\��VHULDO�DQG�SDUDOOHO�V\VWHPV�DUH�HTXLYDOHQW���� >6R@�LI�WKH�PDQ�LQ�WKH�URRP�LV�FRPSXWDWLRQDOO\�HTXLYDOHQW�WR�ERWK��WKHQ�LI�KH�GRHV�QRW�XQGHUVWDQG�&KLQHVH�VROHO\�E\�GRLQJ�WKH�FRPSXWDWLRQV
�WKHQ�QHLWKHU�GR�RXU�H[HUFLVHUV�LQ�WKH�&KLQHVH�J\P��S������:KDW�6HDUOH�LJQRUHV��WKRXJK��LV�D�SRLQW�WKDW�KH�KLPVHOI�VSHQGV�D�JUHDW�GHDO�RI�WLPH�PDNLQJ��:KLFK�LV�WKDW�VLPXODWLRQ�VKRXOG�QRW�EH�FRQIXVHG�ZLWK�GXSOLFDWLRQ��6HDUOH�������S����7KH� JHQWOHPHQ� LQ� WKH�&KLQHVH� J\P� DQG� WKH� SURJUDPV� UXQ� RQ� VHULDO� FRPSXWHUV� DUH� ERWK�PHUHO\�FRPSXWDWLRQDO�VLPXODWLRQV�RI�SDUDOOHO�QHXUDO�QHWZRUNV�� 
7KH�FRPSXWDWLRQDO�PRGHO�LV�QR�PRUH�UHDO�WKDQ�WKH�FRPSXWDWLRQDO�PRGHO�RI�DQ\�RWKHU�QDWXUDO�SKHQRPHQRQ
��6HDUOH�S������:KDW�LV�PLVVLQJ�LQ�VXFK�D�VLPXODWLRQ��DV� WKH� &KXUFKODQGV� ������� WU\� WR� SRLQW� RXW� LQ� WKHLU� UHSO\� WR� 6HDUOH�� DUH� WKH� KLJKHU�OHYHO� IHDWXUHV� RI� WKH�V\VWHP�WKDW�DUH�VDLG�WR�HPHUJH�IURP�WKH�ORFDO�LQWHUDFWLRQV�DPRQJ�XQLWV�DQG�ZKLFK�FDUU\�WKH�VHPDQWLFV�RI�WKH�V\VWHP��6HDUOH� FRQFHGHV� WKDW� WKLV� LV� D� SRVVLELOLW\�� EXW� FODLPV� WKDW� LW� KDV� QRWKLQJ� WR� GR�ZLWK� FRPSXWDWLRQ��
&RPSXWDWLRQDOO\��VHULDO�DQG�SDUDOOHO�V\VWHPV�DUH�HTXLYDOHQW
��%XW�WKH�HTXLYDOHQF\�LV�QRW�\HW�GHWHUPLQHG��DW�OHDVW�XQWLO�DQRWKHU�GHILQLWLRQ�RI�FRPSXWDWLRQ�LV�IRXQG�DQG�LW�VHHPV�FOHDU�WKDW�6HDUOH�GRHV�QRW�ZLVK�WR�UHMHFW�WKH�H[LVWHQFH�RI�KLJKHU�OHYHO�IHDWXUHV�RI�V\VWHPV�,QWULQVLF�SURSHUWLHV0RVW�FRQQHFWLRQLVWV�GR�QRW�ZLVK�WR�LJQRUH�WKH�KLJKHU�OHYHO�IHDWXUHV�WKDW�HPHUJH�IURP�WKH�XQLW�LQWHUDFWLRQV��$V�'LQVPRUH�SRLQWV�RXW�
7KH� UHFRJQLWLRQ�RI� KLJKHU�OHYHO� VWUXFWXUHV� LV� LQ� QR�ZD\� LQFRQVLVWHQW�ZLWK� WKH� WKHVLV� WKDW�FRJQLWLRQ� HPHUJHV� IURP FRQQHFWLRQLVW� SULQFLSOHV�� %XW� OLNH� PDQ\� NLQGV� RI� SK\VLFDO�V\VWHPV��WKH�FRQQHFWLRQLVW�DUFKLWHFWXUH�FDQ�EH�DVVXPHG�WR�RUJDQL]H�LWVHOI�LQWR�KLJKHU�OHYHO�VWUXFWXUHV� DQG� SURFHVVHV� ZLWK� WKHLU� RZQ� SURSHUWLHV� WKDW� FDOO� IRU� D� KLJKHU� OHYHO� RI�
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GHVFULSWLRQ��:H�VKRXOG DOZD\V�ORRN�IRU�KLJKHU�OHYHO�RUJDQL]DWLRQDO�SULQFLSOHV���'LQVPRUH��������S����
,Q�WKH�VDPH�ZD\�WKDW�WKH�FRQQHFWLRQLVW�DQG�G\QDPLFLVW�WDON�RI�WKH�FRJQLWLYH�OHYHO�DULVLQJ�IURP�WKH�QHXURQDO�OHYHO�� 6HDUOH� KDV� ORQJ� DUJXHG� WKDW� 
ORZHU�OHYHO� QHXURQDO� SURFHVVHV�FDXVH�KLJKHU� OHYHO�PHQWDO� SKHQRPHQD
��S������)RU�KLP� 
WKH�EUDLQ�GRHV�QRW�PHUHO\�LQVWDQWLDWH�D�IRUPDO�SDWWHUQ�RU�SURJUDP��LW�GRHV�WKDW��WRR��EXW�LW�DOVR�FDXVHV�PHQWDO�HYHQWV�E\�YLUWXH�RI�VSHFLILF�QHXURELRORJLFDO�SURFHVVHV
��LELG���$�VWURQJ�HOHPHQW�RI�6HDUOH
V�DQWL�FRPSXWDWLRQDO�YLHZ�LV�RSSRVLWLRQ�WR�WKH�IDFW�WKDW�FRPSXWDWLRQ�LV�DOO�DERXW�WKH�IRUPDO�SURSHUWLHV�RI�WRNHQV��:KDW�6HDUOH�DWWDFNV�LV�VWURQJ�$,�DQG�
WKH�EDVLF�SUHPLVH�RI�VWURQJ�$,�LV�WKDW�WKH�SK\VLFDO�IHDWXUHV�RI�WKH�LPSOHPHQWLQJ�PHGLXP�DUH�WRWDOO\�LUUHOHYDQW
��S������$OO�WKDW�PDWWHUV�LV�WKH�DEVWUDFW�FDXVDO�VWUXFWXUH�WKDW�FDQ�FDQ�EH�FDSWXUHG�FRPSXWDWLRQDOO\��� WKDW�LV��WKH�EHKDYLRXU�RI�WKH�V\VWHP�LQ�WHUPV�RI�LQSXWV�DQG�RXWSXWV��:KDW� 6HDUOH� VD\V� LV� WKDW� ZKDW� LV� DOVR� UHTXLUHG� LV� WKH� 
ULJKW� FDXVDO� SURFHVVHV
� XQGHUO\LQJ� WKH�EHKDYLRXU��7KH�DFWXDO� UHDOL]DWLRQ�RI� WKH�EHKDYLRXU� LV� LPSRUWDQW��� XQOLNH�FRPSXWDWLRQDO� SURFHVVHV��ZKRVH�IRUPDO� VWUXFWXUH� FRXOG� EH� UHDOL]HG� E\� DQ\WKLQJ� WKDW� FRXOG� FKDQJH� IURP� WKH� LQSXW� VWDWH� WR� WKH� DSSURSULDWH�RXWSXW� VWDWH��6R�6HDUOH�DQG� WKH�FRQQHFWLRQLVWV�ERWK�FODLP� WKDW� WKH�SURFHVVHV�XQGHUO\LQJ� WKH�EHKDYLRXU�DUH�HVVHQWLDO�DQG�HVVHQWLDOO\� GHSHQG�XSRQ� WKHLU� UHDOL]DWLRQ� WR� KDYH� WKH� VSHFLILF� SURSHUWLHV� WKDW� WKH\�GR��7KXV�WKH\� FDQQRW� EH� PHUHO\� FRPSXWDWLRQDO� SURFHVVHV�� VLQFH� WKHVH� DUH� 
DUH� FRPSOHWHO\� LQGHSHQGHQW� RI� DQ\�UHIHUHQFH�WR�D�VSHFLILF�W\SH�RI�KDUGZDUH�LPSOHPHQWDWLRQ
��6HDUOH�S������,Q�ERWK�EUDLQV�DQG�QHWZRUNV�LW�LV�QRW�LQGLYLGXDO�QHXURQV�RU�XQLWV�DQG�WKHLU�DFWLYLW\�WKDW�H[SODLQ�RU�FDXVH�EHKDYLRXU�DQG�FRJQLWLRQ��EXW�WKH�DFWLYLW\�SURGXFHG�E\�PDVVHV�RI�QHXURQV�WKDW�VHOI�RUJDQLVH�WR�SURGXFH�QHZ�JOREDO� IRUPV�RI�EHKDYLRXU��6R� LW� LV� WKH�DFWLYLW\�� LQWHUDFWLRQ�DQG�RUJDQLVDWLRQ�� UDWKHU� WKDQ� WKH� IRUPDO��DEVWUDFW� SURSHUWLHV� DQG� IHDWXUHV� RI� EUDLQV� DQG� QHWZRUNV�� WKDW� DUH� UHOHYDQW� WR� WKH� VWXG\� RI� FRJQLWLRQ�� 7KH�DFWLYLW\�RI�QHXURQDO�JURXSV�LV�WKH�UHSUHVHQWDWLRQ��3DUDOOHO�QHWZRUNV�DQG�EUDLQV�DUH�G\QDPLFDO�V\VWHPV�ZKHUH�UHSUHVHQWDWLRQ� RFFXUV�� EXW� LW� LV� DQ� DFWLYLW\�� UDWKHU� WKDQ� D� VWDWLF� VWUXFWXUDO� LWHP� OLNH� D� IRUPDO� WRNHQ��� DQ�DFWLYLW\� UHVXOWLQJ� IURP� WKH� VSHFLILF� SDWWHUQV� RI� FDXVDO� LQWHUDFWLRQV� RI� WKH� FRPSRQHQWV�� UDWKHU� WKDQ� IURP�VSHFLILF�VWUXFWXUDO�SURSHUWLHV�RI�WKH�FRPSRQHQWV��6R�FOHDUO\�WKHVH�DUH�LQWULQVLF�SURSHUWLHV��7KH\�DUH�QRW�WKH�DEVWUDFW�IXQFWLRQV�DQG�GLVSRVLWLRQV�WKDW�FODVVLFDO�FRPSXWDWLRQDO�PRGHOV�IDYRXU��EXW�QHLWKHU�DUH�WKH\�SXUHO\�PDWHULDO� VWXII� SURSHUWLHV� DV� 6HDUOH� VHHPV� WR� EHOLHYH� WKH\� DUH�� ,Q� D� PRUH� G\QDPLFDO� FRQFHSWLRQ� RI�FRQQHFWLRQLVP�DQG�WKH�PLQG�ZH�KDYH�D�SLFWXUH�RI�PHQWDO�UHSUHVHQWDWLRQV�DV�EHLQJ�LQWULQVLFDOO\�DFWLYH�DQG�RI�FRJQLWLRQ DV�WKHLU�RZQ�VHOI�SURFHVVLQJ��,Q�FRQFOXVLRQ�� LW� VHHPV�WR�PH�WKDW�6HDUOH�KDV�QR�UHDO�REMHFWLRQV�WR�WKH�FRQQHFWLRQLVW�DSSURDFK�DV�PRUH� G\QDPLFDOO\� FRQFHLYHG�� )RU� VXFK� DQ� DSSURDFK� GRHV� QRW� KDYH� IRUPDO� V\QWD[� GLUHFWO\� SURGXFLQJ�VHPDQWLFV�� QRU� GRHV� LW� UHTXLUH DQ� LQWHUPHGLDWH� FRPSXWDWLRQDO� OHYHO� EHWZHHQ� WKH� QHXURSK\VLRORJLFDO� OHYHO�DQG�WKH�LQWHQWLRQDO�OHYHO��,QVWHDG��UHDO�QHXUDO�QHWZRUNV��DV�RSSRVHG�WR�PHUH�VLPXODWLRQV��H[SODLQ�KRZ�PHQWDO�SKHQRPHQD�DUH�FDXVHG�E\�DQG�UHDOL]HG�LQ�WKH�SK\VLFDO��G\QDPLFDO�VWUXFWXUH RI�EUDLQV�DQG�QHWZRUNV��$QG�DV�ORQJ�DV�FRQVFLRXVQHVV�LV�VHHQ�DV�RI�FHQWUDO�LPSRUWDQFH��6HDUOH�FDQ�EH�KDSS\�ZLWK�FRQQHFWLRQLVP��IRU��QRWKLQJ� ,� VD\� LV� LQFRQVLVWHQW� ZLWK� >WKH@� K\SRWKHVLV� WKDW� WKH� DSSURSULDWH� H[SODQDWRU\� OHYHO� IRU�FRJQLWLRQ�LV�WKDW�RI�
PDVVHV�RI�QHXURQV
��6HDUOH�������S������5HIHUHQFHV&KDOPHUV��'���������
6XEV\PEROLF�&RPSXWDWLRQ�DQG�WKH�&KLQHVH�5RRP
�LQ�-�'LQVPRUH��HG���7KH�6\PEROLF�DQG�&RQQHFWLRQLVW�3DUDGLJPV��&ORVLQJ�WKH�*DS��SS��������&KXUFKODQG��3�0��DQG�&KXUFKODQG��3�6���������
&RXOG D�PDFKLQH�WKLQN"
�6FLHQWLILF�$PHULFDQ�������QR�����������'LQVPRUH��-���������
7KXQGHU�LQ�WKH�*DS�LQ�-�'LQVPRUH��HG���7KH�6\PEROLF�DQG�&RQQHFWLRQLVW�3DUDGLJPV��&ORVLQJ�WKH�*DS��SS������
�6HDUOH��-���������
,V�WKH�%UDLQ
V�0LQG�D�&RPSXWHU�3URJUDP"
�6FLHQWLILF�$PHULFDQ�������QR�����������6HDUOH��-���������
5HVSRQVH�WR�6NDUGD�DQG�)UHHPDQ
�LQ�(��/HSRUH�DQG�5��YDQ�*XOLFN��HGV���-RKQ�6HDUOH�DQG�KLV�&ULWLFV��7XULQJ��$���������
2Q�FRPSXWDEOH�QXPEHUV��ZLWK�DQ�DSSOLFDWLRQ�WR�WKH�(QWVKHLGXQJVSUREOHP�
�3URF��/RQGRQ�0DWK��6RF��������������YDQ�*HOGHU��7��������� 
:KDW�FRJQLWLRQ�EH��LI�QRW�FRPSXWDWLRQ"
�-RXUQDO�RI�3KLORVRSK\��YRO������QR������������
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6HDUOH
V�$FFRXQW�RI�7KRXJKW�DQG�LWV�([SUHVVLRQ
6DOO\�3HUU\'HSDUWPHQW�RI�3KLORVRSK\�8QLYHUVLW\�RI�6KHIILHOG

/DQJXDJH�LV��HVVHQWLDOO\��WKH�H[SUHVVLRQ�RI�WKRXJKWV��7KLV�LV�WR�VD\�WKDW�RQO\�LI�D�YHUEDO�SHUIRUPDQFH�LV�DQ�H[SUHVVLRQ�RI�D�WKRXJKW�GRHV�LW�FRQVWLWXWH�D�OLQJXLVWLF�DFW��6R�ZKDW�LV�LW�WR�H[SUHVV�D�WKRXJKW"�7KH�XQGHQLDEOH�FRQFHSWXDO� GHSHQGHQFH�RI� ODQJXDJH�RQ� WKRXJKW MXVW� VWDWHG�KDV�PRWLYDWHG�PDQ\�� LQFOXGLQJ� -RKQ�6HDUOH� WR�DWWHPSW�WR�DFFRXQW�IRU�ZKDW�LW�LV�WR�H[SUHVV�D�WKRXJKW�LQ�ODQJXDJH�RU�E\�PHDQV�RI�DQ\�RWKHU� 
XWWHUDQFH
��LQ�WKH�*ULFHDQ�VHQVH��LQ�WHUPV�RI�WKH�LQWHQWLRQDO�VWDWHV�RI�VSHDNHUV�� LQ�WHUPV�RI�VSHDNHUV
�EHOLHIV��GHVLUHV�DQG�LQWHQWLRQV�� $� UHGXFWLRQ� RI� ODQJXDJH� WR� WKRXJKW� KDV� VHHPHG� SRVVLEOH� IRU� WKH� UHDVRQ� WKDW� WKHUH� QR� VXFK�XQGHQLDEOH� FRQFHSWXDO� GHSHQGHQFH� UXQQLQJ� LQ� WKH� RWKHU� GLUHFWLRQ� � RI� WKRXJKW� RQ� ODQJXDJH�� 0HDQLQJ��XOWLPDWHO\� OLQJXLVWLF� PHDQLQJ�� KDV� EHHQ� PDLQWDLQHG� WR� EH� H[SOLFDEOH� LQ� WHUPV� RI� WKH� FDSDFLW\� WR� KDYH�WKRXJKWV�EHFDXVH�DOWKRXJK� WKHUH�FDQ�EH� WKRXJKW� LQ� WKH�DEVHQFH�RI� ODQJXDJH�\RX�FDQ
W�EH�D� ODQJXDJH�XVHU�ZLWKRXW� KDYLQJ� WKRXJKWV�� 7KLV� DV\PPHWU\� LV� H[SUHVVHG� LQ� 6HDUOH
V� GLVWLQFWLRQ� EHWZHHQ� WKH� LQWULQVLF,QWHQWLRQDOLW\��UHSUHVHQWDWLRQDO�IHDWXUH��RI�WKRXJKWV�DQG�WKH�GHULYHG�,QWHQWLRQDOLW\�RI�OLQJXLVWLF�HQWLWLHV��,� WDNH� LW� WKDW� 6HDUOH
V� DFFRXQW� RI� H[SUHVVLRQ� ������ &K�� ��� LV� PHDQW� WR� JLYH� DW� OHDVW� QHFHVVDU\�FRQGLWLRQV�IRU�DQ�XWWHUDQFH�WR�EH�DQ�H[SUHVVLRQ�RI�D�WKRXJKW�DQG�VR�IRU�LW�WR�KDYH�PHDQLQJ��0\�REMHFWLRQ�WR�WKH� DFFRXQW� LV� WKDW� LW� UHTXLUHV� SRVVHVVLRQ� RI� WKH� FRQFHSW� RI� EHOLHI� RQ� WKH� SDUW� RI� DQ� DJHQW� FDSDEOH� RI�PHDQLQJIXO�XWWHUDQFHV�DQG�WKLV�LV�QRW�D�QHFHVVDU\�FRQGLWLRQ�IRU�WKH�H[SUHVVLRQ�RI�WKRXJKWV�LQ�ODQJXDJH��,�GR�QRW�LQWHQG�WR�DUJXH�IRU�WKH�FODLP�WKDW�WKH�FRQFHSW�RI�EHOLHI�LV�QRW�QHFHVVDU\�LQ�RUGHU�WR�EH�D�ODQJXDJH�XVHU�DOWKRXJK�,�ZLOO�LQGLFDWH�WKH�GLUHFWLRQ�LQ�ZKLFK�VXFK�DQ�DUJXPHQW�ZRXOG�JR�DW�WKH�HQG�RI�WKH�SDSHU��6HDUOH��VWUDQJHO\�HQRXJK��DJUHHV�WKDW�WKH�FDSDFLW\�WR�H[SUHVV�WKRXJKWV�LV�LQGHSHQGHQW�RI�FRPPDQG�RI�WKLV�FRQFHSW��+H� WKLQNV� WKDW� KLV� DFFRXQW� RI� H[SUHVVLRQ� UHVSHFWV� WKLV� LQGHSHQGHQFH�� 6R� P\� LPPHGLDWH� FRQFHUQ� LV� WR�HVWDEOLVK��SDFH�6HDUOH��WKDW�KLV�RZQ�DFFRXQW�GRHV�LQGHHG�GHPDQG�WKDW�WKH�FRQFHSW�RI�EHOLHI�EH�XQGHUVWRRG�E\�DQ\�FUHDWXUH�FDSDEOH�RI�H[SUHVVLQJ�WKRXJKWV�)LUVW� WKHQ�� ,� ZLOO� RXWOLQH� WKH� DFFRXQW� RI� WKRXJKW� DQG� RI� ZKDW� LV� PDLQWDLQHG� WR� FRQVWLWXWH� LWV�H[SUHVVLRQ��,�ZLOO�JR�RQ�WR�LOOXVWUDWH�KRZ�WKH�DFFRXQW�SUHVXSSRVHV�WKH�FRQFHSW�RI�EHOLHI�RQ�WKH�SDUW�RI� WKH�XWWHUHU��,�ZLOO�HQG�ZLWK�VRPH�UHPDUNV�FRQFHUQLQJ�ZK\�WKLV�SUHVXSSRVLWLRQ�PDNHV�WKH�DFFRXQW�XQDFFHSWDEOH�DV�DQ�DFFRXQW�RI�ZKDW�FRQVWLWXWHV�PHDQLQJIXO�XVHV�RI�ODQJXDJH�7KH�SRLQWV�ZKLFK�GHILQH�WKH�LQWULQVLF�,QWHQWLRQDOLW\�RI�WKRXJKWV�DUH�JLYHQ�E\�6HDUOH�DV�IROORZV�
���$Q�,QWHQWLRQDO�VWDWH�LV�D�UHSUHVHQWDWLRQ�RI�WKH�FRQGLWLRQV�RI�LWV�VDWLVIDFWLRQ��S��������7KHUH�LV�QR�ZD\�DQ�DJHQW�FDQ�KDYH�D�EHOLHI�ZLWKRXW�WKDW�EHOLHI�KDYLQJ�LWV�FRQGLWLRQV�RI�VDWLVIDFWLRQ��S�������3DUW�RI�ZKDW�LW�LV�WR�KDYH�WKH�FRQVFLRXV�EHOLHI�>H�J�@�WKDW�LW�LV�UDLQLQJ�LV�WR�EH�FRQVFLRXV�WKDW�WKH�EHOLHI�LV�VDWLVILHG�LI�LW�LV�UDLQLQJ�DQG�QRW�VDWLVILHG�LI�LW�LVQ
W��S������� ,QWHQWLRQDO� VWDWHV� DUH� LQGLYLGXDWHG� E\� WKHLU� FRQGLWLRQV� RI� VDWLVIDFWLRQ� DQG� E\� WKHLU�GLUHFWLRQV� RI� ILW�� 7R� KDYH� D� EHOLHI� LV� WR� EH� LQ� D� VWDWH� ZLWK� D� PLQG�WR�ZRUOG�GLUHFWLRQ� RI� ILW�� 7R� KDYH� D� GHVLUH� LV� WR� EH� LQ� D� VWDWH� ZLWK� D� ZRUOG�WR�PLQG�GLUHFWLRQ�RI�ILW����:KHQ�ZH�KDYH�DVFULEHG�WR�D�FUHDWXUH�WKH�FDSDFLW\�WR�KDYH�,QWHQWLRQDO�VWDWHV�ZH�KDYH�DOUHDG\�DVFULEHG�WR�LW�WKH�FDSDFLW\�IRU�UHODWLQJ�LWV�,QWHQWLRQDO�VWDWHV�WR�REMHFWV�DQG�VWDWHV�RI�DIIDLUV�LQ�WKH�ZRUOG��S������

8WWHUDQFHV� GHULYH� WKHLU� ,QWHQWLRQDOLW\� E\� YLUWXH� RI� WKH� IDFW� WKDW� WKH\� DUH� SURGXFHG� ZLWK� WKH� LQWHQWLRQ� WR�H[SUHVV�EHOLHIV��GHVLUHV�DQG�RWKHU�,QWHQWLRQDO�VWDWHV��7KXV��RQ�6HDUOH
V�DFFRXQW��ZKHQ�DQ�LQGLYLGXDO�H[SUHVVHV�D�WKRXJKW�VKH�FRQIHUV�PHDQLQJ�RQ�KHU�XWWHUDQFH�DFW�LQ�YLUWXH�RI�SHUIRUPLQJ�LW�ZLWK�WKH�LQWHQWLRQ�WKDW�LW�KDYH�
� ,�IROORZ�6HDUOH�LQ�XVLQJ�WKH�XSSHU�FDVH�ZKHQ�UHIHUULQJ�WR�FRQWHQW�EHDULQJ�PHQWDO�VWDWHV�DV�
,QWHQWLRQDO�VWDWHV
�WKRXJK�QRWKLQJ�KDQJV�RQ�WKLV�
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WKH� VDPH� FRQWHQW� �FDUU\� WKH� VDPH� FRQGLWLRQV� RI� VDWLVIDFWLRQ�� DV� WKH� WKRXJKW� VKH� LQWHQGV� WR� H[SUHVV�� )RU�H[DPSOH�� LI� DQ� LQGLYLGXDO� LQWHQGV� WR�H[SUHVV� KHU�EHOLHI� WKDW� LW� LV� UDLQLQJ�E\�PHDQV�RI� WKH�XWWHUDQFH�DFW�RI�UDLVLQJ�KHU�DUP��ZH�DUH�WR�WKLQN�RI�D�SULPLWLYH�LQGLYLGXDO�ZLWKRXW�WKH�UHVRXUFHV�RI�FRQVWUXFW�VHQWHQFHV��WKH�FRQWHQW�RI�KHU�,QWHQWLRQDO�VWDWH�ZLOO�EH�
�0\� DUP� JRHV� XS� DV� D� UHVXOW� RI� WKLV� LQWHQWLRQ� LQ� DFWLRQ� DQG� P\� DUP� JRLQJ� XS� KDV�FRQGLWLRQV�RI�VDWLVIDFWLRQ�ZLWK� WKH�PLQG��RU�XWWHUDQFH��WR�ZRUOG�GLUHFWLRQ�RI� ILW� WKDW� LW� LV�UDLQLQJ���S�����

7KLV�FRQWDLQV�WKH�FUXFLDO�FRPSRQHQW�IRU�PHDQLQJ��WKH�PHDQLQJ�LQWHQWLRQ��0,��ZLWK�WKH�FRQWHQW�
0,��0\�DUP�JRLQJ�XS�KDV�FRQGLWLRQV�RI�VDWLVIDFWLRQ�ZLWK�WKH�PLQG��RU�XWWHUDQFH��WR�ZRUOG�GLUHFWLRQ�RI�ILW�WKDW�LW�LV�UDLQLQJ�

,I� 6HDUOH� LV� FRUUHFW� FRQFHUQLQJ� WKH� LPSOLFDWLRQV RI� KLV� RZQ� DFFRXQW� WKH� FRQFHSW� RI� EHOLHI� VKRXOG� QRW� EH�UHTXLUHG�HLWKHU� LQ�RUGHU� IRU�D� FUHDWXUH� WR�VDWLVI\�FRQGLWLRQV�����RU� LQ�RUGHU� IRU�D�FUHDWXUH� WR�HQWHUWDLQ�0,��)LUVW��WKHQ��OHW�XV�ORRN�DW�6HDUOH
V�DFFRXQW�RI�LQWULQVLF�,QWHQWLRQDOLW\�WR�HQVXUH�WKDW�WKH�FRQFHSW�RI�EHOLHI�LV�QRW�EHLQJ�SUHVXSSRVHG�DW�WKLV�VWDJH����MXVW�FRPPLWV�XV�WR�D�ZD\�RI�WKLQNLQJ�DERXW�,QWHQWLRQDO�VWDWHV�DQG�WKHLU�FRQWHQWV��WKH�EHOLHI�WKDW�LW�LV�UDLQLQJ�LV�D�
UHSUHVHQWDWLRQ
�RI�WKH�ZRUOGO\�VWDWH�RI�DIIDLUV�RI�LWV�UDLQLQJ�DQG�WKH�EHOLHI�LV�VDWLVILHG��WUXH��LI�DQG�RQO\�LI�WKDW�VWDWH�RI�DIIDLUV�REWDLQV�����MXVW�VWUHVVHV�WKH�LQWHUQDO�UHODWLRQ�EHWZHHQ�DQ�,QWHQWLRQDO�VWDWH�DQG�LWV�SDUWLFXODU�FRQGLWLRQ�RI�VDWLVIDFWLRQ��RQH�FDQQRW�KDYH�WKH�EHOLHI�WKDW�LW�LV�UDLQLQJ�ZLWKRXW�RQH
V�VWDWH�EHLQJ�VDWLVILHG�LI�DQG�RQO\�LW�LV�UDLQLQJ�����DGGV�WR�WKLV�IUDPHZRUN�WKH�WKHRUHWLFDO�FRQFHSW�RI�GLUHFWLRQ�RI�ILW��7R�VD\�WKDW� D�EHOLHI� LV� D� VWDWH�ZLWK�D�PLQG�WR�ZRUOG�GLUHFWLRQ�RI� ILW� LV� WR� VD\� WKDW� LW� LV� D�PHQWDO� VWDWH�ZKLFK�PXVW�FRQIRUP� WR� WKH�ZRUOG� LI� WKH� VWDWH� LV� WR� EH� VDWLVILHG�� 7R� VD\� WKDW� D� GHVLUH� LV� D� VWDWH� ZLWK� D�ZRUOG�WR�PLQG�GLUHFWLRQ�RI�ILW�LV�WR�VD\�WKDW�LW�LV�D�VWDWH�WR�ZKLFK�WKH�ZRUOG�PXVW�FRQIRUP�LI�WKH�VWDWH�LV�WR�EH�VDWLVILHG��6R�IDU�VR�JRRG��,�SURSRVH�WR�OHDYH��������DQG����DORQH��,�KDYH�QR�UHOHYDQW�REMHFWLRQV�WR�WKHP��0\�PDLQ�ZRUU\�OLHV�ZLWK���� DQG�����7KH�PRVW�QDWXUDO� LQWHUSUHWDWLRQV�RI� WKHVH�FRQGLWLRQV�DV� VWDWHG�DUH�RQHV�RQ�ZKLFK�DQ\�DJHQW� FDSDEOH� RI� VDWLVI\LQJ� WKHP�� DQG� VR� DQ\� DJHQW� FDSDEOH� RI� KDYLQJ� EHOLHI�� ZRXOG� VHHP� WR� QHHG� WKH�FRQFHSW�RI�EHOLHI��%XW�WKLV��6HDUOH�DQG�,�DJUHH��QHHG�QRW�EH�WKH�FDVH����DQG����DV�VWDWHG�DUH�VWULFWO\�IDOVH�RI�DQ�DJHQW�WKDW�ODFNV�WKH�FRQFHSW�RI�EHOLHI��1R�VXFK�FUHDWXUH�FRXOG�EH�FRQVFLRXV�WKDW�LWV�EHOLHI�LV�VDWLVILHG�LI�LW LV�UDLQLQJ�DQG�QRW�VDWLVILHG�LI�LW�LVQ
W��,�VHH�QR�RWKHU�ZD\�RI�FRQVWUXLQJ� ZKDW� LW� ZRXOG� EH� WR� HQMR\� VXFK� D� PRGH� RI� FRQVFLRXVQHVV� DSDUW� IURP� VD\LQJ� WKDW� LW� LV� WR� EH�FRQVFLRXV�RI� WKH�HPSKDVLVHG�FRQWHQW��%XW� WR�EH�FRQVFLRXV�RI�VXFK�D�FRQWHQW�ZRXOG� UHTXLUH� WKDW� WKH�DJHQW�KDYH� WKH� FRQFHSWV� RI� EHOLHI DQG� VDWLVIDFWLRQ� � FRQFHSWV� ZKLFK� ILJXUH� DV� FRQVWLWXHQWV� RI� WKH� WKDW�FODXVH��0RUHRYHU�� ��� LPSOLHV� WKDW� D� FUHDWXUH� ZLWK� D� FRQVFLRXV� EHOLHI� EH� VLPXOWDQHRXVO\� DZDUH� RI� WZR� RSSRVLQJ�FRQWHQWV�WKDW�LW�LV�UDLQLQJ�DQG�WKDW�LW�LV�QRW�UDLQLQJ�DQG�WKDW�LW�EH�DZDUH�RI�WKH�LPSOLFDWLRQV�IRU�LWV�PHQWDO�VWDWH�RI�HDFK�RI�WKHVH�FRQWHQWV�KROGLQJ��,W�WKHUHIRUH�LPSOLHV�WKDW�D�FUHDWXUH�ZLWK�D�FRQVFLRXV�EHOLHI�EH�DZDUH�RI�WKH�SRVVLELOLW\�WKDW�LWV�EHOLHI�EH�PLVWDNHQ��WKDW�WKH�FUHDWXUH�EH�DZDUH�WKDW�LWV�EHOLHI�PD\�EH�LQFRQVLVWHQW�ZLWK�WKH�ZRUOG��1RZ�WKLV�LV�VXUHO\�WR�SUHVXSSRVH�WKH�FRQFHSW�RI�EHOLHI�RQ�WKH�SDUW�RI�WKH�DJHQW�� LW�LV�WR�SUHVXSSRVH�WKDW�WKH�FUHDWXUH�NQRZ�WKDW�WKH�ZD\�WKH�PHQWDO�VWDWH�UHSUHVHQWV�WKH�ZRUOG�WR�EH�PD\�QRW�EH�KRZ�WKH�ZRUOG�LV�LQ�UHDOLW\��6LPLODUO\�����RQ�RQH�LQWHUSUHWDWLRQ��SUHVXSSRVHV�D�JUDVS�RI� WKH�FRQFHSW�RI�EHOLHI��2QO\�D�FUHDWXUH�WKDW� LV� DZDUH� RI� LWV� ,QWHQWLRQDO� VWDWHV� RQ� WKH� RQH� KDQG� DQG� WKH� VWDWHV� RI� DIIDLUV� ZKLFK� WKH\� SXUSRUW� WR�UHSUHVHQW� RQ� WKH� RWKHU�� DQG� NQRZV� RI� WKH� UHODWLRQ� EHWZHHQ� WKHVH� WZR� WKLQJV� FDQ� EH� VDLG� WR� UHODWH� LWV�,QWHQWLRQDO�VWDWHV�WR�REMHFWV�DQG�VWDWHV�RI�DIIDLUV�LQ�WKH�ZRUOG����DQG����KDYH�WR�EH�FRQVWUXHG�DORQJ�PXFK�ZHDNHU�OLQHV�LI�WKH\�DUH�WR�DOORZ�WKRXJKWV�WR�FUHDWXUHV�ODFNLQJ�WKH�FRQFHSW�RI�EHOLHI��,Q�IDFW�6HDUOH�GRHV�HPSOR\�D�ZHDNHU�LQWHUSUHWDWLRQ�RI����ZKHQ�KH�ZULWHV�WKDW�WR�KDYH�D�FRQVFLRXV�EHOLHI�LV�WR�KDYH�
WKH�FDSDFLW\�IRU�UHFRJQL]LQJ�ZKDW�LW�ZRXOG�EH�WR�JHW�LW�ULJKW
��S�������7KLV� UHFRJQLWLRQDO� FDSDFLW\� LV� SHUKDSV� VXSSRVHG� MXVW� WR� IDOO� RXW� RI� ���� WKH� EHOLHI� WKDW� LW� LV� UDLQLQJ� LV� D�
UHSUHVHQWDWLRQ
�RI�WKH�VWDWH�RI�DIIDLUV�RI�LWV�UDLQLQJ��VR�D�FUHDWXUH�ZLWK�WKH�FRQVFLRXV�EHOLHI�WKDW�LW�LV�UDLQLQJ�ZLOO� EH� DEOH� WR� UHFRJQLVH� WKH� WUXWK� FRQGLWLRQ� RI� WKDW� EHOLHI�� WKH� VWDWH� RI� DIIDLUV� RI� LWV� UDLQLQJ�� 7KDW� WUXWK�FRQGLWLRQ� ZLOO�� LQ� YLUWXH� RI� WKH� VXEMHFW
V� KDYLQJ� WKH� EHOLHI� LQ� FRQVFLRXVQHVV�� EH� PDGH� DYDLODEOH� WR� LW� LQ�FRQVFLRXV�WKRXJKW��,I�WKH�EHOLHI�LV�IDOVH�DQG�LW�LV�QRW�LQ�IDFW�UDLQLQJ�WKH�FUHDWXUH�ZLOO��RQ�EHFRPLQJ�DZDUH�RI�WKLV�IDFW��VLPSO\�GURS�WKH�EHOLHI��7KH�FUHDWXUH�ZRXOG�QRW�KDYH�WR�MXGJH�RI�LWV�EHOLHI�WKDW�LW�LV�IDOVH�LQ�RUGHU�WR�DEDQGRQ�LW��7KH�FRQWHQW�LW�LV�UDLQLQJ�LV��EHFDXVH�RI�WKH�FUHDWXUH
V�VXEVHTXHQW�H[SHULHQFH�WR�WKH�FRQWUDU\��QR�
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ORQJHU� DFFHSWHG�� 7KH� FRQWHQW� UHFHGHV� IURP� FRQVFLRXVQHVV� DQG� WKH� FUHDWXUH� LV� QR� ORQJHU� GLVSRVHG� WR�FRQVFLRXVO\�MXGJH�WKDW�LW�LV�UDLQLQJ�3HUKDSV�WKLV�OHQGV�VRPH�VHQVH�WR�WKH�LGHD�RI�DQ�XQVHOIFRQVFLRXV�FUHDWXUH�EHLQJ�DEOH�WR�GLVWLQJXLVK�ZKHQ�D�FRQWHQW�LV�FRUUHFW�IURP�ZKHQ�LW�LV�LQFRUUHFW��,W�LV�DW�OHDVW�SDUW�RI�WKH�VWRU\�RI�KRZ�D�FUHDWXUH�ZLWKRXWWKH�FRQFHSW�RI�EHOLHI�� ZLWKRXW�WKH�FDSDFLW\�WR�MXGJH�RI�LWV�EHOLHIV�WKDW�WKH\�DUH�WUXH�RU�IDOVH��PLVWDNHQ��� FDQ�VWLOO�EH�D�FUHDWXUH�ZKRVH�UHSUHVHQWDWLRQDO�VWDWHV�DUH�SURSHUO\�FDOOHG�
EHOLHIV
�7KH�DERYH�DOVR�VHUYHV�WR�LQGLFDWH�WKDW�P\�REMHFWLRQ�WR�6HDUOH
V�VWUDWHJ\�IRU�H[SODLQLQJ�ODQJXDJH�LQ�WHUPV�RI�D�SULRU��RU�ODQJXDJH�LQGHSHQGHQW��DFFRXQW�RI�WKRXJKW�GRHV�QRW�GHSHQG�RQ�UHMHFWLQJ�WKH�DV\PPHWU\�SRLQWHG� RXW� DW� WKH� EHJLQQLQJ� RI� WKLV� SDSHU��5DWKHU�� DV� ,� VDLG��P\� REMHFWLRQ� LV�PHUHO\� WKDW� WKH� DFFRXQW� RI�H[SUHVVLRQ�SUHVXSSRVHV�WKH�FRQFHSW�RI�EHOLHI�RQ�WKH�SDUW�RI�WKRVH�FDSDEOH�RI�PHDQLQJIXO�XWWHUDQFHV��,�QRZ�JLYH�P\�UHDVRQV�IRU�WDNLQJ�WKLV�WR�EH�WKH�FDVH�([SUHVVLQJ� D� WKRXJKW� LV� PDLQWDLQHG� WR� EH� D� PDWWHU� RI� LQWHQWLRQDOO\� LPSRVLQJ� WKH� FRQGLWLRQV� RI�VDWLVIDFWLRQ� RI� WKH� WKRXJKW� WR� EH� H[SUHVVHG� IURP� WKH� WKRXJKW� WR� WKH� XWWHUDQFH�DFW�� 7KH� FRQWHQW� RI� WKH�PHDQLQJ�FRQIHUULQJ�VWDWH�LV�JLYHQ�LQ�0,��1RZ��ZHUH�ZH�WR�LQWHUSUHW�0,�DV�D�OLWHUDO�UHQGHULQJ�RI�WKH�FRQWHQW�RI� WKH� XWWHUHU
V� ,QWHQWLRQDO� VWDWH� ZH� ZRXOG� FOHDUO\� EH� FRPPLWWHG� WR� FUHGLWLQJ� KHU� ZLWK� WKH� FRQFHSW� RI� D�WKRXJKW��7KLV�LV�VR�VLPSO\�EHFDXVH�WKH�FRQWHQW�VR�JLYHQ�FRQWDLQV�WKH�FRQFHSWV�RI�VDWLVIDFWLRQ�RU�ILW��FRQFHSWV�RI� WKH� UHODWLRQ� WKDW� ,QWHQWLRQDO� VWDWHV� DUH� VXSSRVHG� WR� EHDU� WR� WKH� ZRUOG��$V� ,� VDLG�� LQ� RUGHU� WR� KDYH� WKH�FRQFHSW�RI�VXFK�D� UHODWLRQ�RQH�QHHGV�QRW�RQO\� WR�NQRZ�WKDW�RQH
V�PHQWDO�VWDWHV�DUH�GLVWLQFW� IURP�VWDWHV�RI�ZRUOG�EXW�DOVR��LQ�WKH�FDVH�RI�EHOLHI�H[SUHVVLRQ��RQH�KDV�WR�NQRZ�WKDW�RQH
V�EHOLHI�VWDWHV�DUH�UHQGHUHG�FRUUHFW�RU�LQFRUUHFW�E\�VWDWHV�RI�WKH�ZRUOG��7KXV�EHOLHI�H[SUHVVLRQ�ZRXOG�VHHP�WR�UHTXLUH�WKH�FRQFHSW�RI�EHOLHI�+RZHYHU�� LQ� GLVFXVVLRQ�� 6HDUOH� KDV� FODLPHG� WKDW� KLV� DFFRXQW� LV� QRW� WR� EH� WDNHQ� VR� OLWHUDOO\�� +H�PDLQWDLQV� WKDW�0,� LV� PHUHO\� WKH� WKHRULVW
V� ZD\� RI� GHVFULELQJ� WKH� VWDWH� RI� DQ� DJHQW� ZKR� LV� H[SUHVVLQJ� D�WKRXJKW��2I�FRXUVH�WKH�WKHRULVW�QHHGV�WKH�FRQFHSW�RI�VDWLVIDFWLRQ�RU�ILW�DQG�VR�DQ�XQGHUVWDQGLQJ�RI�WKH�QDWXUH�RI� EHOLHI�� EXW� WKH� DJHQW� KHUVHOI� GRHV� QRW�� ,� WKLQN� WKLV� LV� DQ�REYLRXV� HYDVLRQ�� EXW� ,� LQWHQG� WR� DSSURDFK� WKH�PDWWHU�DOPRVW�SDLQIXOO\�VORZO\�WR�HQVXUH�WKDW�WKH�SRLQW�LV�PDGH�DV�GHFLVLYHO\�DV�SRVVLEOH��2I�DQ�DJHQW�LQ�D�VWDWH�ZLWK�WKH�FRQWHQW�RI�0,�LW�LV�WUXH�WKDW�VKH
L��KDV�WKH�FRQVFLRXV�EHOLHI�WKDW�LW�LV�UDLQLQJLL��LQWHQWLRQDOO\�UDLVHV�KHU�DUP�ZKHQ�VKH�EHOLHYHV�LW�LV�UDLQLQJLLL� UDLVHV�KHU�DUP�ZLWK�WKH�LQWHQWLRQ�RI�H[SUHVVLQJ�WKH�EHOLHI�WKDW�LW�LV�UDLQLQJ

)URP�WKH�DJHQW
V�SRLQW�RI�YLHZ�L��DQG�LL��FDQ�EH�VWDWHG�WKXV
L
��,W�LV�UDLQLQJLL
��,��LQWHQWLRQDOO\��UDLVH�P\�DUP�ZKHQ�LW�LV�UDLQLQJ

7KH� SUREOHP� LV� KRZ� WR� FUHGLW� WKH� DJHQW� ZLWK� D� FRQFHSWLRQ� RI� LLL��� WKH� PHDQLQJ� FRQIHUULQJ� SDUW� RI� WKH�LQWHQWLRQ� ZLWK� ZKLFK� KHU� DFWLRQ� LV� SHUIRUPHG�� ZLWKRXW� FUHGLWLQJ� KHU� ZLWK� WKH� FRQFHSW� RI� EHOLHI�� WKDW� LV��ZLWKRXW�FUHGLWLQJ�KHU�ZLWK�JUDVS�RI�WKH�IDFW�WKDW�VRPH�RI�KHU�PHQWDO�VWDWHV�DUH�FRUUHFW�RU LQFRUUHFW�GHSHQGLQJ�RQ�ZKHWKHU�WKH�ZRUOG�LV�WKH�ZD\�KHU�VWDWHV�UHSUHVHQW�LW�WR�EH�7R�EH�WKRURXJK��ZH�VKRXOG�DVN�ZKHWKHU�WKH�DJHQW�HYHQ�QHHGV�WR�KDYH�D�FRQFHSWLRQ�RU�DQ�DZDUHQHVV�RI�VRPHWKLQJ�WKDW�DPRXQWV�WR�LLL���2EYLRXVO\�VKH�GRHV��)LUVWO\��,�FDQ
W�PDNH PXFK�VHQVH�RI� WKH�LGHD�RI�DQ�DJHQW� LQWHQWLRQDOO\� LPSRVLQJ FRQGLWLRQV� RI� VDWLVIDFWLRQ� RQ� KHU� XWWHUDQFH� DFWV� ZLWKRXW� KDYLQJ� DQ\�XQGHUVWDQGLQJ� �LQ� WKH� VHQVH� RI� FRQVFLRXV� DZDUHQHVV�� RI� ZKDW� LW� LV� WKDW� VKH� LV� GRLQJ�� 6HFRQGO\�� ZLWKRXW�DZDUHQHVV� RI� VRPHWKLQJ� WKDW� DPRXQWV� WR� LLL��� WKH� DJHQW� ZRXOG�� IURP� KHU� RZQ� SRLQW� RI� YLHZ�� PHUHO\� EH�LQWHQWLRQDOO\�UDLVLQJ�KHU�DUP�ZKHQ��IURP�KHU�SRLQW�RI�YLHZ��LW�LV�UDLQLQJ�ZKLFK�E\�LWVHOI�GRHVQ
W�DPRXQW�WR�DQ� LQWHQWLRQDO� DFW� RI�PHDQLQJ� WKDW� LW� LV� UDLQLQJ��7KLUGO\�� LW� LV� D� FRQVWUDLQW� RQ� DWWULEXWLQJ� DQ� LQWHQWLRQ� WR� D�VXEMHFW�WKDW�WKH�VXEMHFW�KDYH�VRPH�FRQFHSWLRQ�RI�WKH�GHVLUHG�HQG��6R�WKH�VXEMHFW�QHHGV�WR�NQRZ�ZK\�VKH�LV�UDLVLQJ� KHU� DUP� LQ� WKH� UDLQ� LI� WKLV� LV� WR� VHHP� OLNH� DQ� LQWHQWLRQDO�UDWLRQDO�SXUSRVLYH� DFWLRQ� HLWKHU� IURP� WKH�VXEMHFW
V�SRLQW�RI�YLHZ�RU�IURP�RXU�RZQ��6R�HYHU\WKLQJ�KDQJV�RQ�ILQGLQJ�D�ZD\�WR�FUHGLW�WKH�VXEMHFW�ZLWK�D�JUDVS�RI�WKH�SDUW�RI�WKH�LQWHQWLRQ�ZLWK�ZKLFK�VKH�SHUIRUPV�KHU�XWWHUDQFH�DFW�ZKLFK�LV�PDLQWDLQHG�WR�FRQIHU�PHDQLQJ�RQ�WKH�DFW�$JDLQ�MXVW�WR�EH�WKRURXJK� ZH�VKRXOG�UXQ�WKURXJK�ZKDW�ZH�FDQ�XQFRQWHQWLRXVO\�VD\�LV�SDUW�RI�WKH�DJHQW
V�DZDUHQHVV�LQ�KDYLQJ�DQ�LQWHQWLRQ�ZLWK�WKH�VWUXFWXUH�RI�0,��)LUVW�LQ�KDYLQJ�WKH�FRQVFLRXV�EHOLHI�WKDW�LW�LV�UDLQLQJ��L
�DERYH��ZH�FDQ�VD\�WKDW�WKH�DJHQW�LV�DZDUH�RI�D�FHUWDLQ�FRQWHQW
V�KROGLQJ��2I�FRXUVH��VKH�PD\�EH�ZURQJ��WKHUH�LV�DOZD\V�WKH�SRVVLELOLW\�WKDW�LW�QRW�EH�UDLQLQJ��%XW�DQ�DZDUHQHVV�RI�WKLV�SRVVLELOLW\�LV�QRW�JLYHQ�
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WR�KHU�MXVW�LQ�YLUWXH�RI�KHU�FDSDFLW\�WR�KDYH�PHQWDO�VWDWHV�ZLWK�LQWULQVLF�,QWHQWLRQDOLW\��$OWKRXJK�VKH�PD\�EH�UHVSRQVLYH� WR� HYLGHQFH� WR� WKH� FRQWUDU\� LI� DQG� ZKHQ� VKH� LV� FRQIURQWHG� ZLWK� LW�� �D� UHVSRQVLYHQHVV� ZKLFK�FRQVLVWV� LQ� KHU� FDSDFLW\� WR� DEDQGRQ� WKH� EHOLHI��� WR� VD\� WKDW� VKH� LV� DZDUH� RI� WKH� SRVVLELOLW\� WKDW� LW� QRW� EH�UDLQLQJ�ZKHQ�VKH�LV�LQ�WKH�VWDWH�RI�EHOLHI�ZLWK�UHJDUGV�WR�WKH�FRQWHQW�LW�LV�UDLQLQJ�ZRXOG�EH�WR�FUHGLW�KHU�ZLWK�WKH�FRQFHSW�RI�EHOLHI��DQ�XQGHUVWDQGLQJ�WKDW�WKH�ZD\�KHU�VWDWH�UHSUHVHQWV�WKH�ZRUOG�WR�EH�PD\�QRW�EH�KRZ�WKH�ZRUOG�LV�LQ�UHDOLW\��DQG�WKLV��ZH�DUH�VXSSRVLQJ��LV�D�FRQFHSW�VKH�GRHV�QRW�KDYH���6HFRQGO\�� LQ�KDYLQJ�WKH�FRQVFLRXV� LQWHQWLRQ�WR�UDLVH�KHU�DUP�ZKHQ��IURP�KHU�SRLQW�RI�YLHZ�� LW� LV�UDLQLQJ��LL
�DERYH��ZH�FDQ�VD\�WKDW�WKH�DJHQW�LV�DZDUH�RI�KHU�LQWHQWLRQ�WR�UDLVH�KHU�DUP�ZKHQ�LW�UDLQV��7R�EH�DZDUH�RI�RQH
V�RZQ�DLP��JRDO�RU�LQWHQWLRQ LQ�SHUIRUPLQJ�DQ�DFWLRQ�GRHV�QRW�VHHP�WR�UHTXLUH�WKH�FRQFHSW�RI�EHOLHI��%XW�QHLWKHU�GRHV�WKH�DZDUHQHVV�RI�WKH�DLP�WR�SHUIRUP�D�VSHFLILF�ERGLO\�DFWLRQ�DPRXQW�WR�DZDUHQHVV�WKDW� RQH
V� DFWLRQ� LV� WKH� H[SUHVVLRQ�RI� D� EHOLHI��7KH�SUREOHP� LV� VWLOO� WKDW�ZH�QHHG� WR FUHGLW� WKH� DJHQW�ZLWK�VRPHWKLQJ�WKDW�DPRXQWV�WR�WKH�DZDUHQHVV�RI�WKH�DLP�WKDW�WKH�DFWLRQ�KDYH�FRQGLWLRQV�RI�VDWLVIDFWLRQ�6HDUOH�� �DJDLQ� LQ� GLVFXVVLRQ��� KDV� RIIHUHG� DQ� DOWHUQDWLYH� ZD\� RI� FDSWXULQJ� WKH� QRUPDWLYH� QRWLRQ�H[SUHVVHG� E\� WKH� WHUP� 
FRQGLWLRQV� RI� VDWLVIDFWLRQ
� ZKLFK� LV� VXSSRVHG� QRW� WR� WHPSW� RQH� WR� WKH� LGHD� WKDW�H[SUHVVLQJ�D�EHOLHI�UHTXLUHV�WKH�FRQFHSW�RI�EHOLHI��+H�FODLPV�WKDW�MXVW�DV�DOO�D�FUHDWXUH�QHHGV�LQ�RUGHU�WR�KDYH�D�EHOLHI� LV� WR�NQRZ�ZKHQ�WKH�EHOLHI� LV� 
2N
�DQG�ZKHQ�LW� LV� 
QRW�2N
�� VR�WKLV�VRUW�RI�NQRZOHGJH�LV�DOO� WKDW� LV�UHTXLUHG�IRU�D�FUHDWXUH�WR�H[SUHVV�D�EHOLHI��%XW�WKLV�LV�WRR�ORRVH�WR�EH�RI�KHOS�LQ�WKH�SUHVHQW�SUREOHP��:HUH�ZH�WR�VD\�WKDW�WKH�DJHQW�DLPV�WKDW�KHU�DFWLRQ�EH�2N�RU�QRW�2N�SHULRG ZH�ZRXOG�EH�OHDYLQJ�WKLQJV�UDGLFDOO\�XQGHUGHWHUPLQHG��:H�ZRXOG�QRW�KDYH�FDSWXUHG�WKH�VHQVH�LQ�ZKLFK�WKH�DJHQW
V�DFWLRQ�LV�2N�RU�QRW�2N��IRU��HYHQ�LI�ZH�DFFHSW�WKDW�WKH�DFWLRQ�LV�DQ�H[SUHVVLRQ�RI�EHOLHI���ZKLFK�DV�\HW�ZH�KDYH�IRXQG�QR�UHDVRQ�WR���LW�LV�DOZD\V�
2N
�IRU�VRPHRQH�WR�H[SUHVV�KHU�EHOLHIV��HYHQ�LQ�FDVHV�ZKHQ�WKH\�DUH�IDOVH�:H�ZRXOG��WKHQ��VWLOO�QHHG�WR�ILOO�WKLQJV�RXW�E\�VD\LQJ�VRPHWKLQJ�WKDW�DPRXQWV�WR�WKH�DJHQW
V�EHLQJ�DZDUH�WKDW�WKH�DFWLRQ�LV�2N�RU�QRW�2N�LQ�WKH�VDPH�VHQVH�WKDW�WKH�EHOLHI�LV�RU�WKDW�WKH�DFWLRQ�LV�2N�RU�QRW�2N�GHSHQGLQJ�RQ�ZKHWKHU�WKH�EHOLHI�LV�2N�RU�QRW�2N��:H�FDQ
W�VD\�WKLV�H[DFWO\�EHFDXVH�WKLV�ZRXOG�DJDLQ�EH�WR�SUHVXSSRVH�WKDW�WKH�DJHQW�KDV�WKH�FRQFHSW�RI�EHOLHI��%XW�ZKDW�DUH�ZH�WR�VD\"�$Q\�ZD\�RI�VWDWLQJ�ZKDW�WKH�DJHQW�PXVW�EH�DZDUH�RI�LQ�KDYLQJ�PHDQLQJ�DV�KHU�DLP�ZLOO SUHVXSSRVH�WKLV��,I��DYRLGLQJ�WKH�GLUHFW�UHIHUHQFH�WR�EHOLHI��ZH� VD\� WKDW� WKH�DJHQW� DLPV� WKDW�KHU�DFWLRQ� LV�2N� LI�SHUIRUPHG�ZKHQ� LW� LV� UDLQLQJ�DQG�QRW�2N� LI�SHUIRUPHG�ZKHQ� LW� LV� QRW� UDLQLQJ�� DQG� WKDW� WKLV� DLP� LV�ZKDW� FRQIHUV�PHDQLQJ� RQ� WKH� DUP�UDLVLQJ�� ZH DUH�VXSSRVLQJ�WKDW�WKH�DJHQW�KDV�WKH�FDSDFLW\�WR�DFNQRZOHGJH�WKDW�LW�PLJKW�QRW�EH�UDLQLQJ�HYHQ�ZKHQ�VKH�LV�LQ�WKH�VWDWH�RI�EHOLHYLQJ�WKDW�LW�LV��IRU��LQ�RUGHU�WR�H[SUHVV�WKH�EHOLHI�WKDW�LW�LV�UDLQLQJ��WKH�DJHQW�DW�OHDVW�QHHGV�WR�EH� LQ� WKH� VWDWH� RI� EHOLHI� ZLWK� UHJDUGV� WR� WKDW� FRQWHQW��� %XW� WKLV� LV� MXVW� WR� DVVXPH� WKDW� WKH� DJHQW� FDQ�DFNQRZOHGJH��RI�WKH�EHOLHI�VKH�QRZ�KDV��WKDW�LW�PLJKW�EH�IDOVH�� WKDW�LW�PLJKW�EH�LQFRQVLVWHQW�ZLWK�WKH�ZRUOG��DQG�WKLV�LV�WR�DVVXPH�WKH�FRQFHSW�RI�EHOLHI�RQ�WKH�SDUW�RI�WKH�DJHQW�,Q�RQH� ILQDO� DWWHPSW� WR�GULYH�KRPH� WKH�SRLQW� WKDW� WKHUH� LV� QR�ZD\�6HDUOH
V� DFFRXQW�JRHV� WKURXJK�XQOHVV�ZH�VXSSRVH�WKDW�WKH�XWWHUHU�KDV�WKH�FRQFHSW�RI�EHOLHI�ZH�FRXOG�VHH�ZKDW�KDSSHQV�LI�ZH�GR�QRW�VXSSRVH�WKLV�RI� WKH�XWWHUHU��7KH�DLP�WKDW�DQ�DFWLRQ�EH�2N LI�SHUIRUPHG�ZKHQ�LW� LV�UDLQLQJ�DQG�QRW�2N�LI�SHUIRUPHG�ZKHQ�LW�LV�QRW�UDLQLQJ�LV�QRW�DQ�DLP�WKDW�DQ�DJHQW�ODFNLQJ�WKLV�FRQFHSW�FRXOG�KDYH��7KH�FRQFHSW�RI�EHOLHI�LV��IRU�RXU�SXUSRVHV��MXVW�WKH�DZDUHQHVV�WKDW�WKH�ZD\�WKLQJV�VHHP�WR�RQH�QHHG�QRW�QHFHVVDULO\ EH�WKH�ZD\�WKLQJV�DUH�LQ�UHDOLW\��1RZ��DQ�DJHQW�ODFNLQJ�WKLV�DZDUHQHVV�FRXOG�UDLVH�KHU�DUP�ZKHQHYHU�LW�VHHPV�WR�KHU�WKDW�LW�LV�
� ,Q�IDFW�,�WKLQN�WKLV�LV�ZKHUH�6HDUOH�DQG�,�GLVDJUHH��,�WKL QN�6HDUOH�LV�DVVXPLQJ�WKDW�DQ�XQGHUVWDQGLQJ�RI�WKH�GLVWLQFWLRQ�EHWZHHQ�WKH�ZD\�RQH
V� ,QWHQWLRQDO� VWDWHV� UHSUHVHQW� WKH�ZRUOG� DQG� WKH�ZD\� WKH�ZRUOG� LV� LQ� UHDOLW\� �WKH� LV�VHHPV� RU� UHDOLW\�� DSSHDUDQFH� GLVWLQFWLRQ�� LV�DYDLODEOH�WR�RQH�DW�WKH�OHYHO�RI�SHUFHSWLRQ DQG�DFWLRQ��+H�MXVW�GRHVQ
W�WKLQN�JUDVS�RI�WKLV�GLVWLQFWLRQ�LQYROYHV��RU�DPRXQWV�WR��JUDVS�RI�WKH�FRQFHSW�RI�EHOLHI��2I�FRXUVH�D�FUHDWXUH�FDQ�EH�DZDUH�RI�WKH�SRVVLELOLW\�RI�VRPH�DFWLRQ�LW�LV�SHUIRUPLQJ�RU�DERXW�WR�SHUIRUP�IDLOLQJ�WR�KDYH�WKH�GHVLUHG�RXWFRPH�ZLWKRXW�KDYLQJ�WKH�FRQFHSW�RI�EHOLHI��7KXV�D�FDW�PLJKW�NQRZ�WKDW�LWV�DWWHPSWV�WR�FDWFK�D�UDW�GRQ
W�DOZD\V�UHVXOW�LQ�FDWFKLQJ�WKH�UDW��%XW�WKHUH�LV�D�GLIIHUHQFH�EHWZHHQ�WKLV�VRUW�RI�DZDUHQHVV��
HLWKHU�,�ZLOO�VXFFHHG�LQ�P\�DLP�RU�,�ZLOO�IDLO
��DQG�WKH�DZDUHQHVV�WKDW�D�SURSRVLWLRQ�RQH�KROGV�WUXH�PD\�EH�DW�RGGV�ZLWK�UHDOLW\��7KH�IRUPHU�DZDUHQHVV�GRHV�QRW�GRHV�QRW�UHTXLUH�WKH�ODWWHU��$V�IRU�SHUFHSWLRQ��6HDUOH�VHHPV�WR�WKLQN�WKDW�HYHQ�D�GRJ�RU�D�FDW�FDQ�OHDUQ�RQ�WKH�EDVLV�RI�SHUFHSWXDO�HUURUV�WKDW�LW�FDQ�WDNH� DQ�REMHFW�WR�EH�VRPHWKLQJ�RWKHU� WKDQ�ZKDW�WKH�REMHFW�DFWXDOO\� LV��7KLV�UHTXLUHV�D�UHIOHFWLYH�XQGHUVWDQGLQJ�RI�RQH
V�RZQ�WKRXJKWV��WKH�FDSDFLW\� WR�MXGJH� RI� RQH
V� SHUFHSWXDO� MXGJHPHQWV� WKDW� WKH\� HLWKHU� GR� RU� GR� QRW� FRUUHVSRQG� ZLWK� WKH� ZD\� WKLQJV� DUH� LQ� UHDOL W\�� 7KLV� VRUW� RI�XQGHUVWDQGLQJ� GRHV� UHTXLUH� WKH� FRQFHSW� RI� EHOLHI�� %XW� IRU� UHDVRQV� ZKLFK� ,� VKDOO� JLYH� ODWHU�� 6HDUOH� ZRXOG� GR� ZHOO� WR� UHIUDLQ� IURP�PDLQWDLQLQJ�WKDW�VXFK�DQ�XQGHUVWDQGLQJ�LV�DYDLODEOH�WR�DQ\�FUHDWXUH�FDSDEOH�RI�DFWLRQ��SHUFHSWLRQ�DQG�WKRXJKW�� ,�KDYH�DVVXPHG�WKURXJKRXW�WKDW�DQ�DV�\HW�ODQJXDJHOHVV�FUHDWXUH��DQG�RQH�ODFNLQJ�WKH�FRQFHSW�RI�EHOLHI��FDQ�RQO\�IRUP�DQ�LQWHQWLRQ�WR�H[SUHVV�WKH�EHOLHI�WKDW�S�ZKHQ�VKH�KDV�WKH�FRQVFLRXV�EHOLHI�WKDW�S��,Q� ,QWHQWLRQDOLW\��S����� WKLV�LV�QRW�DVVXPHG��6HDUOH�KDV�WKH�DJHQW�IRUPLQJ�WKH�LQWHQWLRQ�WR�H[SUHVV�WKH�EHOLHI�WKDW�S�LQ�DGYDQFH�RI�EHOLHYLQJ�WKDW�S��%XW�VXUHO\�IRUPLQJ�DQ�LQWHQWLRQ�WR�H[SUHVV�D�EHOLHI�LQ�DGYDQFH�RI�KDYLQJ�WKDW�EHOLHI�UHTXLUHV�WKH�FRQFHSW�RI�EHOLHI��,Q�VXFK�D�FDVH�WKH�UHIHUHQFH�WR�EHOLHI�L Q�WKH�FRQWHQW�RI�WKH�LQWHQWLRQ�ZRXOG�VXUHO\�EH�LQHOLPLQDEOH��0RUHRYHU��IRUPLQJ�DQ�LQWHQWLRQ�WR�H[SUHVV�WKH�EHOLHI�WKDW�S�LQ�DGYDQFH�RI�EHOLHYLQJ�WKDW�S�ZRXOG�DOVR�UHTXLUH�WKDW�RQH�KDYH�VRPH�ZD\�RI��FRQVFLRXVO\��UHSUHVHQWLQJ�S� WR�RQHVHOI� LQGHSHQGHQWO\�RI�EH LQJ�LQ� WKH�VWDWH�RI�EHOLHYLQJ�WKDW�S� � LW�FRXOG�SODXVLEO\�EH�DUJXHG�WKDW�WKLV�UHTXLUHV�ODQJXDJH��,�KDYH�VWXFN�WR�WKH�FDVH�ZKHUH�VRPHRQH�LQWHQGV�WR�H[SUHVV�WKH�EHOLHI�WKDW�S�RQO\�ZKHQ�VKH�FRQVFLRXVO\�EHOLHYHV�WKDW�S�EHFDXVH�RWKHUZLVH�,�GR�QRW�WKLQN�WKDW�6HD UOH�KDV�DQ\�KRSH�RI�D�FRKHUHQW�DFFRXQW �
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UDLQLQJ�� %XW� LI� WKHUH� DUH� FDVHV� ZKHQ� WKLV� DFWLRQ� LV� SHUIRUPHG� ZKHQ� LQ� IDFW� LW� LV� QRW� UDLQLQJ� WKLV� LV� QRW�VRPHWKLQJ� VXFK� DQ� DJHQW FRXOG� HYHU� GLVFHUQ�� 6LQFH� VKH� LV� �VXSSRVHGO\�� H[SUHVVLQJ� KHU� EHOLHI� WKDW� LW� LV�UDLQLQJ� VKH�ZLOO� QHFHVVDULO\�EHOLHYH� WKDW� LW� LV� UDLQLQJ�DQG� VR� VKH�ZLOO� QHFHVVDULO\�EH� XQDEOH� WR�GLVWLQJXLVK�FDVHV�ZKHQ�KHU�DFWLRQ�LV�2N�LQ�WKH�UHTXLUHG�VHQVH�IURP�FDVHV�ZKHQ�LW�LV�QRW�2N�LQ�WKH�UHTXLUHG�VHQVH��,I�WKH�GLVWLQFWLRQ�EHWZHHQ�FDVHV�ZKHQ�KHU�DFWLRQ�LV�2N�DQG�FDVHV�ZKHQ�LW�LV�QRW�2N�LV�D�GLVWLQFWLRQ�VXFK�DQ�DJHQW�FRXOG�QRW�PDNH�WKHQ�VXUHO\�LW�LV�D�GLVWLQFWLRQ�VXFK�DQ�DJHQW�FRXOG�QRW�DLP�RU�LQWHQG�WR�PDNH��%XW�0,�LV�DQ�LQWHQWLRQ�WR�PDNH�MXVW�WKDW�GLVWLQFWLRQ��6R�DQ�DJHQW�ODFNLQJ�WKH�FDSDFLW\�WR�PDNH�WKH�GLVWLQFWLRQ�LV�LQFDSDEOH�RI�KDYLQJ�D�PHDQLQJ�LQWHQWLRQ��:KDW�PDNHV�0,�SODXVLEOH�DV�WKH�FRQWHQW�RI�D�VWDWH�FDSDEOH�RI�XQGHUSLQQLQJ�PHDQLQJ�LV�WKH�IDFW�WKDW�LW� LV� D� FRQWHQW�ZKLFK� UHTXLUHV� WKDW� DQ\�FUHDWXUH�FDSDEOH�RI� LW�ZRXOG�NQRZ� WKH�FRQGLWLRQV�XQGHU�ZKLFK� LWV�XWWHUDQFH�DFW� ZRXOG� KDYH� WR� EH� QRW� PHUHO\� ZLWKKHOG� RU� DEDQGRQHG�� EXW� MXGJHG� DV� PLVWDNHQ�� IDOVH� RU�LQFRUUHFW�� 6LQFH� PHDQLQJ� LQWHQWLRQV� DUH� VXSSRVHG� WR� EH� DYDLODEOH� WR DQ� DV� \HW� ODQJXDJHOHVV� FUHDWXUH� WKH�QRWLRQV� RI�PLVWDNHQHVV�� LQFRUUHFWQHVV� DQG� IDOVLW\� KDYH� WR� EH� XQGHUVWRRG� E\� WKH� FUHDWXUH� DV� DSSOLFDEOH� WR�WKRXJKWV�SULRU�WR�D�FUHDWXUH�EHLQJ�DEOH�WR�DSSO\�WKH�QRWLRQ�WR�QRQ�YHUEDO�RU�YHUEDO�XWWHUDQFHV��0HDQLQJ�GRHV�UHTXLUH�DQ�XQGHUVWDQGLQJ�RI�WKH�FRQGLWLRQV�XQGHU�ZKLFK�DQ�XWWHUDQFH�LV�LQFRUUHFW��IDOVH�RU�PLVWDNHQ�EXW�ZKDW�,�ZLOO�VD\�EHORZ�ZLOO�QXGJH�XV�PRUH�WRZDUGV�WKH�LGHD�WKDW�WKHVH�QRWLRQV�EH�XQGHUVWRRG�SULPDULO\�DV�DSSOLHG�WR�OLQJXLVWLF�HQWLWLHV�
6R�ZKDW��DIWHU�DOO�� LV�ZURQJ�ZLWK�PDLQWDLQLQJ� WKDW� ODQJXDJH�XVH�� WKH� LQWHQWLRQDO�H[SUHVVLRQ�RI� WKRXJKWV��UHTXLUHV� WKH� FRQFHSW� RI� EHOLHI"� 5HFHQW� GHYHORSPHQWDO� OLWHUDWXUH� LV� UHSOHWH� ZLWK� VWXGLHV� ZKLFK� SXUSRUW� WR�HVWDEOLVK�WKDW�OLQJXLVWLF�FRPSHWHQFH�� LQFOXGLQJ�WKH�DELOLW\�WR�JLYH�LQIRUPDWLRQ��H[SUHVV�EHOLHIV��E\�PHDQV�RI�ODQJXDJH� � LV� WHPSRUDOO\�SULRU� WR�� DQG� VR�FRQFHSWXDOO\� LQGHSHQGHQW�RI�� DQ�XQGHUVWDQGLQJ�RI� WKH� QRWLRQ�RI�EHOLHI���<RXQJ�FKLOGUHQ�� LW� VHHPV�� DUH�FRPSHWHQW� ODQJXDJH�XVHUV�EHIRUH� WKH\�DUH�DEOH� WR�SDVV�D�EDWWHU\�RI�WHVWV�GHVLJQHG�WR�HVWDEOLVK�ZKHWKHU�WKH\�XQGHUVWDQG�WKDW�HLWKHU�WKH\�WKHPVHOYHV�RU�RWKHUV�KDYH�VWDWHV�ZKLFK�PD\�IDLO� WR�UHSUHVHQW� WKH�ZD\�WKH�ZRUOG�LV� LQ�UHDOLW\��7KH�GDWD�FDVWV�GRXEW�RQ�WKH�DVVXPSWLRQV�FRQFHUQLQJ�ZKDW� VRUWV� RI� FRJQLWLYH� FDSDFLWLHV� XQGHUOLH� PHDQLQJ� DQG� H[SUHVVLRQ� VKDUHG� E\� *ULFH� DQG� KLV� IROORZHUV��'DYLGVRQ�DQG� �DV� ,�KDYH�DUJXHG��6HDUOH��7KH�GDWD� WHQGV� UDWKHU� WR� JLYH�HPSLULFDO�EDFNLQJ� WR� WKH�FODLP�RI�:LOIUHG�6HOODUV��������WKDW�DQ\�DQDO\VLV�RI�PHDQLQJ�LQ�WHUPV�RI�WKH�H[SUHVVLRQ�RI�WKRXJKW�IDLOV�LI�LW�HQWDLOV�WKDW�D�EHLQJ�FDSDEOH�RI�PHDQLQJIXO�XWWHUDQFHV�PXVW�KDYH�WKH�FRQFHSW�RI�D�WKRXJKW��6HOODUV�MXVWLILHG�WKH�FODLP�SXUHO\�RQ� WKH� JURXQGV� WKDW�ZH�FDQ�FRQFHLYH�RI�D� OLQJXLVWLF� FRPPXQLW\� LQ�ZKLFK�QR� LQGLYLGXDO�SRVVHVVHG�SV\FKRORJLFDO�FRQFHSWV��7KH�HPSLULFDO�GDWD�VXJJHVWV� WKDW�ZKDW�6HOODUV� LGHQWLILHG�DV�SRVVLEOH�LV�YHU\�OLNHO\�DFWXDO� 7KH�HPSLULFDO�GDWD�FDQ��RI�FRXUVH��EH�TXHVWLRQHG��%XW�HYHQ�LI� LW�ZHUH� IRXQG�WKDW� WKH�GDWD�IDLOV� WR�HVWDEOLVK�FRQFOXVLYHO\�D�ODFN�RI�EHOLHI�XQGHUVWDQGLQJ�LQ�VRPH�ODQJXDJH�XVHUV�ZH�FRXOG�VWLOO�SXUVXH�6HOODUV
�SRLQW�ZLWK�HIIHFWV�GHWULPHQWDO�WR�WKH�VWUDWHJ\�RI�H[SODLQLQJ�PHDQLQJ�DQG�ODQJXDJH�XVH�LQ�WHUPV�RI�WKH�VRUWV�RI� SV\FKRORJLFDO� VWDWHV� ZKLFK� UHTXLUH� SV\FKRORJLFDO� FRQFHSWV�� 6HOODUV
� SRLQW� LV� RQH� ZKLFK� KDV� DOVR� EHHQ�DUJXHG�E\�0LFKDHO�'XPPHWW��H�J�������&KV����DQG�����LI� OLQJXLVWLF�FRPSHWHQFH�LV�H[SODLQHG�LQ�WHUPV�RI�D�SULRU� JUDVS� RI� WKRXJKW� FRQWHQWV� WKHQ� ZH� DUH� FRPPLWWHG� WR� FRQFHLYLQJ� RI� WKRXJKW� DV� VRPHWKLQJ� ZKLFK� LV�HVVHQWLDOO\� QRQ�OLQJXLVWLF�� ,I�� DV� LQ� WKH�FDVH�RI�6HDUOH
V� DFFRXQW��PHDQLQJ� LV� FRQVWLWXWHG�E\� WKH� LQWHQWLRQDO�LPSRVLWLRQ�RI�FRQGLWLRQV�RI�VDWLVIDFWLRQ�IURP�WKH�WKRXJKW�WR�WKH�XWWHUDQFH��WKHQ�JUDVS�RI�WKH�WKRXJKWV�WR�EH�H[SUHVVHG�PXVW�QHFHVVDULO\�EH�LQGHSHQGHQW�RI�WKH�FDSDFLW\�WR�H[SUHVV�WKHP��%XW�LVQ
W�LW�SRVVLEOH�WKDW�WKHUH�EH�VRPH�WKRXJKWV�WKDW�FDQ�RQO\�EH�JUDVSHG�YLD�DQ�XQGHUVWDQGLQJ�RI�WKH�OLQJXLVWLF�PHDQV�RI�H[SUHVVLQJ�WKHP"�6HDUOH��DQG�LQGHHG�PDQ\�*ULFHDQV��KDYH�DGPLWWHG�WKDW�WKLV�LV�SRVVLEOH��6HDUOH�KDV�FODLPHG�WKDW�KLV�DFFRXQW�LV�RQO\�PHDQW�WR�DSSO\�WR�
VLPSOH
�WKRXJKWV��+H�KDV�FRQFHGHG�WKDW�PRUH�FRPSOH[�WKRXJKWV�FDQ�RQO\�EH�KDG�E\�FRPLQJ�WR�XQGHUVWDQG�WKH�OLQJXLVWLF�PHDQV�RI�H[SUHVVLQJ�WKHP��%XW� LI� LV� WKH�FDVH�WKHQ�6HDUOH
V�DFFRXQW�ZRXOG�VHHP�QRW� WR�JLYH�QHFHVVDU\�FRQGLWLRQV� IRU�PHDQLQJ�� ,W�ZRXOG�VHHP�SRVVLEOH� WR�VLGH�ZLWK�'XPPHWW�ZKHQ� KH� FODLPV� WKDW� LQ� DFTXLULQJ� ODQJXDJH� RQH� FDQ� FRPH� WR� KDYH� WKH� WKRXJKWV� H[SUHVVHG� E\� PHDQV� RI�ODQJXDJH�� LW�GRHVQ
W�PDWWHU�LI�WKH�FDSDFLW\�WR�KDYH�DQ\�RI�WKRVH�WKRXJKWV�WHPSRUDOO\�SUHFHGHV�WKH�FDSDFLW\�WR�H[SUHVV�WKHP��)RU�'XPPHWW�WKH�SRVVLELOLW\�WKDW�ODQJXDJH�VHUYHV�DV�D�YHKLFOH�IRU�WKRXJKW��D�PHDQV��DQG�LQ�VRPH�FDVHV�WKH�RQO\�PHDQV��E\�ZKLFK�WKRXJKWV�DUH�JUDVSHG��LV�HQRXJK�WR�UXOH�RXW�WKH�VWUDWHJ\�RI�H[SODLQLQJ�OLQJXLVWLF�H[SUHVVLRQ�LQ�WHUPV�RI�D�ODQJXDJH�LQGHSHQGHQW�QRWLRQ�RI�WKRXJKW�2I�FRXUVH��WKLV�LV�WR�DVVXPH�WKDW�WKH�QRWLRQ�RI�D�FUHDWXUH
V�JUDVS�RI�D�WKRXJKW�EHLQJ�FRQVWLWXWHG�E\�WKH� KHDULQJ�XWWHULQJ� DQG�XQGHUVWDQGLQJ�RI� D� OLQJXLVWLF� H[SUHVVLRQ�RI� LW�� VRPHWKLQJ� OLNH�6HOODUV
� QRWLRQ�RI�
� 6HH�IRU�H[DPSOH�%DURQ�&RKHQ���������7KH�SKHQRPHQRQ�RI�
PLQG�EOLQG
�ODQJXDJH�XVHUV�LV�QRW�IRXQG�RQO\�LQ�\RXQJ�FKLOGUHQ��%DURQ �&RKHQ
V�ERRN�LV�ODUJHO\�FRQFHUQHG�ZLWK�WKH�ODFN�RI�EHOLHI�XQGHUVWDQGLQJ�LQ�LQGLYLGXDOV�ZL WK�DXWLVP�
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WKLQNLQJ�RXW�ORXG�� LV�D�GHIHQVLEOH�RQH��*LYHQ�WKH�VXJJHVWLRQ�WKDW�OLQJXLVWLF�XQGHUVWDQGLQJ�EH�DXWRQRPRXV�RI�SV\FKRORJLFDO�FRQFHSWV�� WKH�WKUHDW�WKDW�WKH�HPSLULFDO�GDWD�SRVHV�WR�WKH�HQRUPRXVO\�LQIOXHQWLDO�DFFRXQWV�RI� PHDQLQJ� DQG� H[SUHVVLRQ� DORQJ� EURDGO\� *ULFHDQ� OLQHV� � WKH� LVVXH� LV� DW� OHDVW� ZRUWK� SXUVXLQJ��
5HIHUHQFHV%DURQ�&RKHQ��6LPRQ�������0LQGEOLQGQHVV�0,7�3UHVV��'DYLGVRQ��'RQDOG�������
7DON�DQG�7KRXJKW
�SS������� ����RI�,QTXLULHV�LQWR�7UXWK�DQG�,QWHUSUHWDWLRQ ������2[IRUG�8QLYHUVLW\�3UHVV��'XPPHWW��0LFKDHO�������7KH�6HDV�RI�/DQJXDJH �&ODUHQGRQ��2[IRUG��6HDUOH��-RKQ������,QWHQWLRQDOLW\ �&DPEULGJH�8QLYHUVLW\�3UHVV��6HOODUV��:LOIUHG������� 
,QWHQWLRQDOLW\�DQG� WKH�0HQWDO
� LQ�+��)HLJO��0��6FULYHQ�DQG�*URYHU�0D[ZHOO� �HGV���0LQQHVRWD� 6WXGLHV� LQ� WKH� 3KLORVRSK\� RI� 6FLHQFH 9RO�,,� SS�� �������� �8QLYHUVLW\� RI� 0LQQHVRWD�3UHVV��0LQQHDSROLV��
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