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2Q�WKH�RULJLQ�RI�V\PEROV�
7KRPDV�(�'LFNLQV'LYLVLRQ�RI�3V\FKRORJ\�1RWWLQJKDP�7UHQW�8QLYHUVLW\

$EVWUDFW� 7KURXJK� D� V\QWKHVLV� RI� 'XQEDU¶V� ������� ������ DQG� *RPH]¶V� �����D�� E��K\SRWKHVHV� RQ� WKH� HYROXWLRQ� RI� ODQJXDJH� D� IXUWKHU� K\SRWKHVLV� DERXW� WKH� RULJLQV� RI�V\PEROLF� FRPPXQLFDWLRQ� LV� PDGH� WKDW� UHOLHV� XSRQ� VLPSOH� OHDUQLQJ�� 7KH� DLP� RI� WKLV�VSHFXODWLRQ� LV� WR� SURSRVH� D� VSHFLILF� RULJLQ� VWRU\� IRU� V\PEROLF� FRPPXQLFDWLRQ� DQG� WR�PDUU\�EHKDYLRXULVW�DQG�FRJQLWLYLVW�FRQFHUQV�DERXW�ODQJXDJH��,W�LV�DUJXHG�WKDW�WKLV�RUGHU�RI� DSSURDFK� ZLOO� HQIRUFH� D� PRUH� UHDOLVWLF� SDUVLPRQ\� RQ� IXWXUH� PRGHOV� RI� ODQJXDJH�HYROXWLRQ�,QWURGXFWLRQ7KLV�SDSHU�LV�DERXW�WKH�SRVVLEOH�UROH�RI�OHDUQLQJ�LQ�WKH�RULJLQV�RI�V\PEROLF�FRPPXQLFDWLRQ��$V�VXFK�LW�LV�D�SDSHU�FRQWULEXWLQJ�WR�WKH�OLWHUDWXUH�RQ�WKH�HYROXWLRQ�RI�ODQJXDJH��/DQJXDJH�HYROXWLRQ�KDV�UHFHQWO\�EHFRPH�D�GLVWLQFW� DUHD� ZLWKLQ� WKH� EURDGHU� SXVK� WR� LQWHJUDWH� WKH� EHKDYLRXUDO� VFLHQFHV� ZLWK� HYROXWLRQDU\� WKHRU\��+XUIRUG�HW�DO��������.QLJKW�HW�DO���������%XW�ZKDW�LV�WKH�SXUSRVH�RI�VWXG\LQJ�WKH�HYROXWLRQ�RI�ODQJXDJH"�2OLSKDQW�KDV�UHFHQWO\�FRPPHQWHG�RQ�WKH�UROH�RI�VXFK�WKHRULVLQJ��
7R� WKHRULVH� DERXW� WKH� HYROXWLRQ� RI� KXPDQ� ODQJXDJH� LV� WR� WKHRULVH� DERXW� KRZ� KXPDQ�FRPPXQLFDWLRQ�GLIIHUV�IURP�WKH�FRPPXQLFDWLRQ�V\VWHPV�XVHG�E\�RWKHU�VSHFLHV��DQG�ZKDW�ELRORJLFDO�EDVLV�XQGHUOLHV�WKHVH�GLIIHUHQFHV��7KH�IHDWXUHV�RI�KXPDQ�ODQJXDJH�WKDW�,�ZRXOG�VXJJHVW�ZH�QHHG�WR�DFFRXQW�IRU�DUH�DV�IROORZV��6\QWD[� +XPDQ� ODQJXDJH� LV� FRPSRVLWLRQDO�� FRQYH\LQJ� VWUXFWXUHG�PHDQLQJV� WKURXJK� WKH�XVH�RI�VWUXFWXUHG�IRUPV��/HDUQLQJ� +XPDQ� ODQJXDJH� LV� SDVVHG� RQ� IURP� RQH� JHQHUDWLRQ� WR� WKH� QH[W� YLD� FXOWXUDO�WUDQVPLVVLRQ��6\PEROLF�UHIHUHQFH� 7KH�PDSSLQJ�EHWZHHQ�EDVLF�OH[LFDO�HOHPHQWV�DQG�WKHLU�PHDQLQJV�LV�DUELWUDU\�DQG�FRQYHQWLRQDO����������

,W�LV�WKH�ODWWHU�WZR�IHDWXUHV�WKDW�WKLV�SDSHU�IRFXVHV�XSRQ��2OLSKDQW�UHIHUV�WR�VSHFLILF�ODQJXDJHV EHLQJ�SDVVHG�RQ�JHQHUDWLRQ�WR�JHQHUDWLRQ��WKURXJK�FXOWXUDO�WUDQVPLVVLRQ��VHH�7RPDVHOOR�������RQ�WKH�FXOWXUDO�RULJLQV�RI�FRJQLWLRQ��� 0\� LQWHUHVW� LV� LQ� WKH� LQLWLDO� UROH� RI� OHDUQLQJ� LQ� WKH� HVWDEOLVKPHQW� RI� SURWR�V\PEROLF�FRPPXQLFDWLRQ��ZKLFK�,�DUJXH�LV�WKH�ILUVW�VLJQLILFDQW�VWDJH�LQ�WKH�RULJLQ�RI�ODQJXDJH SHU�VH��,W�LV�OLNHO\�WKDW�RQFH� VXFK� FRPPXQLFDWLRQ�ZDV� HVWDEOLVKHG� LW� ZRXOG� EH� RSHQ� WR� WKH� UHILQHPHQWV� RI� FXOWXUDO� WUDQVPLVVLRQ��KRZVRHYHU�WKDW�LV�FKDUDFWHULVHG��ZKLFK�LQ�WXUQ�ZRXOG�OHDG�WR�GLIIHUHQW�ODQJXDJHV��2OLSKDQW
V� VWDWHPHQW� RI� SXUSRVH� DOVR� HPSKDVLVHV� WKH� UROH� RI� HYROXWLRQDU\� WKHRULVLQJ� LQ�XQGHUVWDQGLQJ�WKH�ELRORJLFDO�EDVLV�RI�FRQWHPSRUDU\�OLQJXLVWLF�EHKDYLRXU��7KLV�FDQ�EH�UHDG�DV�D�IDLUO\�EURDG�FODLP��(YROXWLRQDU\�WKHRULHV�FDQ�KHOS�XV�WR�XQGHUVWDQG�ZKDW�RWKHU�V\VWHPV�DUH�LQYROYHG�LQ�D�FDSDFLW\�DQG�KRZ�HVVHQWLDO�� RU� QRW�� WKH\�PLJKW� EH� LQ� WKH� IRUPXODWLRQ�RI� D� QHZ�RQH��7KLV� LV� LQ� SDUW� GXH� WR� WKH� YLHZ�RI�HYROXWLRQ�E\�QDWXUDO�VHOHFWLRQ�DV�D�WLQNHUHU�DGGLQJ�RQ�QHZ ELWV�ZKHQ�QHFHVVDU\�DQG�FR�RSWLQJ�ROG�V\VWHPV�IRU� QHZ� SUREOHPV� ZKHUH� SRVVLEOH�� DV� LQ� 'DUZLQ
V� GLVFXVVLRQ� RI� SUHDGDSWDWLRQ� �H[DSWDWLRQ� � *RXOG� DQG�/HZRQWLQ�� �������:LWKLQ� WKH� ILHOG� RI� ODQJXDJH�RULJLQV�PXFK� HPSKDVLV� LV�PDGH�XSRQ� WKH� SUREDEOH� VRFLDO�EHKDYLRXUV�� FRPPXQLFDWLRQ� V\VWHPV� DQG� JHQHUDO� FRJQLWLYH� DQG� OHDUQLQJ� DELOLWLHV� RI� RXU� SUH�OLQJXLVWLF�DQFHVWRUV��:KDW�HVVHQWLDO�LQJUHGLHQW��RU�VHW�RI�LQJUHGLHQWV��KDG�WR�EH�DGGHG�WR�WKLV�PL[�LQ�RUGHU�WR�SURGXFH�OLQJXLVWLF�EHKDYLRXU"�+RZ�FRXOG�VXFK�DQ� LQJUHGLHQW�KDYH�HPHUJHG"�2U�FRXOG�VRPH�QRYHO�RUJDQLVDWLRQ�RI�H[WDQW�DELOLWLHV�KDYH�OHG�WR�QHZO\�IRUPHG�EHKDYLRXUDO�SKHQRW\SHV"�$OO�RI�WKHVH�SXWDWLYH�H[SODQDWLRQV�KDYH�ELRORJLFDO�EDVHV�LQ�WHUPV�RI�QHXUR�SK\VLRORJ\�DQG�DOVR�LQ�UHODWLRQ�WR�WKH�XQGHUO\LQJ�JHQHWLF�FRPSRQHQW�WKDW�SURGXFHV�VXFK�SKHQRW\SHV��0XFK� RI� PRGHUQ� (YROXWLRQDU\� 3V\FKRORJ\� KDV� EHHQ� FRQFHUQHG� ZLWK� WKH� RULJLQV� RI� VSHFLILF�FRJQLWLYH� DQG� EHKDYLRXUDO� DELOLWLHV� �FI�� %DUNRZ� HW� DO�� ������ 3LQNHU�� ������� (YROXWLRQDU\� 3V\FKRORJ\� LV�
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FRQFHUQHG� WR� GLVFXVV� WKH� XQGHUO\LQJ� SUR[LPDWH� SV\FKRORJLFDO� PHFKDQLVPV� WKDW� SURGXFH� SDUWLFXODU�EHKDYLRXUV�� 7KLV� LV� WKH� NH\� GLIIHUHQFH� EHWZHHQ� PRGHUQ� DSSURDFKHV� DQG� 6RFLRELRORJ\�� 6RFLRELRORJ\��:LOVRQ��������ZDV��DQG�LV�LQWHUHVWHG�LQ�HYROXWLRQDULO\�JURXQGHG�WKHRULHV�RI�SUR[LPDWH�EHKDYLRXU��EXW�QRW�LQ�WKH�QDWXUH�RI�DWWHQGDQW�SV\FKRORJLFDO�PHFKDQLVPV��6RPH�WKHRULHV�RI� ODQJXDJH�HYROXWLRQ�WDNH�D�WUDGLWLRQDO�6RFLRELRORJLFDO�SHUVSHFWLYH��H�J��'XQEDU��������������FRQFHQWUDWLQJ�RQ�WKH�NLQGV�RI�VRFLDO�EHKDYLRXUV�WKDW�OHG�WR�WKH�FRPSOH[�EHKDYLRXU�RI� ODQJXDJH��2WKHUV�IDOO�ZLWKLQ�WKH�(YROXWLRQDU\�3V\FKRORJ\�SDUDGLJP��H�J��%LFNHUWRQ��������DQG�GLVFXVV� WKH�HPHUJHQFH�RI�VSHFLILF�SV\FKRORJLFDO�PHFKDQLVPV�RU�DELOLWLHV� WKDW� OHG� WR�WKH�SURGXFWLRQ�RI�SURWR� DQG�IXOO�OLQJXLVWLF�EHKDYLRXU��:KDWHYHU�IRUP�D�WKHRU\�RI ODQJXDJH�RULJLQV�WDNHV�LW�ZLOO�GLVFXVV�WKH�VHOHFWLRQ�RI�DSSURSULDWH�SKHQRW\SHV�IURP�DYDLODEOH�YDULDQFH�RU�VRPH�RUGHU�RI�PXWDWLRQ�WKDW�DFFRXQWV�IRU�WKH�RQVHW�RI�D�EUDQG�QHZ�DQG�DGDSWLYH�SKHQRW\SLF�IHDWXUH��,W� VWLOO�PLJKW�EH�REMHFWHG�DW� WKLV�SRLQW� WKDW� WKH EHVW�ZD\� WR�XQGHUVWDQG�D�FRPSOH[�DELOLW\�VXFK�DV�ODQJXDJH� LV� WR� VWXG\� LWV� RQWRJHQ\�� LWV� HYHU\�GD\� RSHUDWLRQV� DQG� LWV� YDULRXV� GLVRUGHUV� GXH� WR� GDPDJH� DQG�JHQHWLF� IDLOLQJV��$Q� HYROXWLRQDU\�PRGHO� ZRXOG� QRW� WHOO� \RX�PRUH� DERXW� ODQJXDJH� WKDQ� WKH� WRWDO� RI� WKHVHDSSURDFKHV�DQG� LV�PRUH� OLNHO\� WR�EH�FULWLFDOO\�GHSHQGHQW�XSRQ� WKHVH� VRXUFHV� IRU�D�GHVFULSWLRQ�RI� WKH�HQG�VWDWH�RI�HYROXWLRQ�� D� IXOO\� IXQFWLRQLQJ�DGXOW�KXPDQ��7KLV� ODVW�SRLQW� LV�QR�GRXEW� WUXH� WR�DQ�H[WHQW��EXW� WKH�RUGHU� RI� ILQGLQJV� OLVWHG� VWLOO� GRHV� QRW� DFKLHYH� D� FRPSOHWH� SLFWXUH� RI� ODQJXDJH��2QH� UHDVRQ� LV� DV� IROORZV��&RJQLWLYH�VFLHQFH�LV�IRXQGHG�RQ�WKH�7XULQJ�PDFKLQH�FRQFHSWLRQ�RI�FRJQLWLRQ�DQG�WKH�HPSLULFDO�PHWKRG�RI�REVHUYLQJ�WKH�UHJXODULW\�RI�LQSXW�RXWSXW�UHODWLRQV��$V�+HQGULNV�-DQVHQ��������DQG�VHH�'LFNLQV�DQG�/HY\��LQ�SUHVV��KDV� UHFHQWO\�DUJXHG��DQ\�QXPEHU�RI�FRPSXWDWLRQDO�GHYLFHV�FRXOG�EH�K\SRWKHVLVHG� WKDW�ZRXOG� IXOILO�WKH� LQSXW�RXWSXW� UHJXODULWLHV� REVHUYHG� LQ� FRJQLWLYH� VFLHQFH�� 7KLV� LV� D� FRQVHTXHQFH� RI� WKH� FRPSXWDWLRQDO�K\SRWKHVLV��SDFH 7XULQJ��WKDW GRPLQDWHV�FRJQLWLYH�VFLHQFH�± WKHRUHWLFDOO\�WKH�EUDLQ�FDQ�UXQ�DQ\�DOJRULWKP��7KH�MRE�RI�D�QDWXUDO�VFLHQFH�LV�VXUHO\�WR�XQFRYHU�WKH�DFWXDO RU�QDWXUDO NLQGV RI�FRPSXWDWLRQ�WKDW�SURGXFH�WKH�EHKDYLRXUV� DIWHU� VSHFLILF� LQSXWV�� (YROXWLRQDU\� SHUVSHFWLYHV� FDQ� K\SRWKHVLVH� DERXW� FRPSRQHQW� SDUWV� WKDW�PLJKW� FRQWULEXWH� WR� VXFK� LQSXW�RXWSXW� JRYHUQDQFH�� ,Q� D� VHQVH�� DQG� WKLV� LV� +HQGULNV�-DQVHQ
V� SRLQW�� DQ�HYROXWLRQDU\� VFHQDULR� FDQ� SRVLW� OLPLWDWLRQV� RQ� WKHRULHV� RI� WKH� NLQGV� RI� SURFHVVLQJ� D� FRJQLWLYH� DJHQW� FDQ�SHUIRUP��1RQH� WKH� OHVV�� WKH� RSHUDWLRQV� RI� VXFK� FRPSRQHQW� SDUWV� DUH� RSHQ� WR� VLPLODU� FULWLFLVP��$W� EHVW�� LW�ZRXOG�DSSHDU�WKDW�DQ�HYROXWLRQDU\�DSSURDFK�QDUURZV�WKH�IRFXV�RI�VXFK�WKHRU\�EXLOGLQJ��,W�PLJKW�DOVR�EH�DUJXHG�WKDW�D�IXOO�DFFRXQW�RI�ODQJXDJH�PXVW�EH�RQH�WKDW�LQFOXGHV�DQ�HYROXWLRQDU\�HOHPHQW� DV� ODQJXDJH� XQGRXEWHGO\� HYROYHG� �3LQNHU�	�%ORRP���������$V� VXFK� HYHU\� DVSHFW� RI� WKH� �ZKROH�YLHZ��RI� ODQJXDJH�DQG� OLQJXLVWLF�EHKDYLRXU�PXVW�EH�DPHQDEOH� WR�DQ�HYROXWLRQDU\�DFFRXQW��DQG� LI� LW� LV�QRW�WKHQ�VRPH�GRXEW�PXVW�EH�FDVW�XSRQ�WKH�PHULWV�RI�WKH�YLHZ��$�FRPPRQ�FULWLFLVP�RI�HYROXWLRQDU\�WKHRULHV�LV�WKDW�WKH\�DUH�PHUHO\�WDOO�VWRULHV�DERXW�WKH�RULJLQ�RI�D�JLYHQ�WUDLW��6XFK��MXVW�VR��VWRULHV�DUH�QRW�RSHQ�WR�HPSLULFDO�LQYHVWLJDWLRQ�RU�IDOVLILFDWLRQ�EXW�WKH\�DSSHDU�WR�EH�SODXVLEOH�QRQH�WKH�OHVV��,W�LV�HQWLUHO\�SRVVLEOH�WR�JHQHUDWH�VXFK�SRRU�PRGHOV�EXW�LW�LV�QRW�JXDUDQWHHG�WKDW�DOO� HYROXWLRQDU\�PRGHOV�DUH� �MXVW� VR�� VWRULHV�� ,W� LV�SHUIHFWO\�SRVVLEOH� WR�SURGXFH�D�PRGHO� WKDW�ZLOO� OHDG� WR�SUHGLFWLRQV�DERXW�H[WDQW�EHKDYLRXU�DQG�LQ�VR�GRLQJ�RSHQ�LWVHOI�WR�WHVWLQJ��,W�LV�ZRUWK�QRWLQJ�WKDW�WKHUH�LV�QR�UHDVRQ� WR�EHOLHYH� WKDW�RWKHU�DSSURDFKHV� LQ� WKH�EHKDYLRXUDO� VFLHQFHV�DUH� LPPXQH� WR��MXVW�VR��VWRU\� WHOOLQJ��*LYHQ�WKH�QDWXUH�RI�7XULQJ�LQVSLUHG�FRJQLWLYH�DUFKLWHFWXUHV�D�VWURQJ�DGKHUHQFH�WR�D�SDUWLFXODU�FRPSXWDWLRQDO�VWRU\� LV� KDUG� WR� GHIHQG�� $Q\� SURSRVHG� FRPSXWDWLRQ� DQG� D� ODUJH� YDULHW\� RI� RWKHUV� FRXOG� RIIHU� WKH� VDPH�EHKDYLRXUDO� HYLGHQFH� LQ� VXSSRUW��%HKDYLRXUDO�GDWD� LV�QRW� DOZD\V� VXIILFLHQW� LQIRUPDWLRQ� IRU�GLVWLQJXLVKLQJ�EHWZHHQ�GLIIHUHQW�PRGHOV�RI WKH�SURGXFWLRQ�RI�WKDW�VDPH�EHKDYLRXU��1RQH�WKH�OHVV��D�FDUHIXO�UHILQHPHQW�RI�FRJQLWLYH� WKHRULHV� OHDGLQJ� WR� D� VHW� RI� YHU\� VSHFLILF� SUHGLFWLRQV� ZLOO� REYLDWH� WKLV� SUREOHP�� (YROXWLRQDU\�WKHRU\�FDQ�GR�WKH�VDPH��7KLV�SDSHU�LV�FRQFHUQHG�ZLWK�WKH�HYROXWLRQDU\�HPHUJHQFH�RI�D�SDUWLFXODU�IRUP�RI�FRPPXQLFDWLRQ��7KH�SXUSRVH�RI� K\SRWKHVLVLQJ� DERXW� LWV� HYROXWLRQ� LV� WR� FRQVWUDLQ� IXWXUH� DQG�PRUH�GHWDLOHG� WKHRULVLQJ��$V�VXFK�WKLV�SDSHU�UHSUHVHQWV�D�SKLORVRSKLFDO�H[HUFLVH�GHVLJQHG�WR�SULPH�LQWXLWLRQV�DQG�VXEVHTXHQW�WKHRU\�ZLWK�D�SDUWLFXODU�QRWLRQ�RI�FRPPXQLFDWLYH�EHKDYLRXU��
&RPPXQLFDWLRQ�LV�DERXW�WKH�WUDQVIHU�RI�LQIRUPDWLRQ��VHH�EHORZ���$Q�DFWRU�WUDQVIHUV�LQIRUPDWLRQ�DQG�LQ�VR�GRLQJ�DOWHUV�WKH�EHKDYLRXU�RI�D�UHDFWRU��.UHEV�DQG�'DYLHV���������7KLV�PDQLSXODWLRQ�PD\�EH�GHOLEHUDWH��WKH�DFWRU�ZDQWLQJ�WR�DWWDLQ�VRPH�JRDO�WKURXJK�WKH�UHDFWRU¶V�EHKDYLRXU��)RU�H[DPSOH��D�VH[XDO�GLVSOD\�DGYHUWLVHV�GHVLUDELOLW\� �DQG� LQWHQW�� WR� D� UHDFWRU� LQ� WKH� KRSH� WKDW� WKH� UHDFWRU� ZLOO� EHKDYH� VH[XDOO\� ZLWK� WKH� DFWRU��,QIRUPDWLRQ� FDQ� DOVR� EH� XVHG� WR GHFHLYH� DV� ZH� VHH� LQ� WKH� OLWHUDWXUH� RQ� WDFWLFDO� GHFHSWLRQ�� %\UQH� �������UHODWHV�DQ�LQIDPRXV�H[DPSOH�RI�WKLV��+H�GHVFULEHV�KRZ�D�\RXQJ�EDERRQ�ZDLWHG�XQWLO�D�QHDUE\�DQG�XQUHODWHG�DGXOW�KDG�DFKLHYHG�WKH�GLIILFXOW�WDVN�RI�H[KXPLQJ�D�URRW�WR�HDW��$W�WKLV�SRLQW WKH�LQIDQW�OHW�RXW�D�GLVWUHVV�FDOO�
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DOHUWLQJ�KLV�PRWKHU��ZKR�RXWUDQNHG� WKH� URRW�VHHNLQJ�DGXOW��6KH�DSSHDUHG� WR� WDNH� LQ� WKH� VFHQH�DQG�VHH� WKH�DGXOW�RII�DV�LI�KH�KDG�DWWDFNHG�DQG�GHSULYHG�WKH�LQIDQW�RI�KLV�URRW��0HDQZKLOH�WKH�LQIDQW�DWH�WKH�URRW��7KLV�LV�D�FODVVLF�H[DPSOH�RI�DSSDUHQW�LQWHQWLRQDO�DQG�GHFHSWLYH�FRPPXQLFDWLRQ��%\UQH�LV�QRW�RSSRVHG�WR�WKH�QRWLRQ�WKDW�VXFK�LQIRUPDWLRQ�PDQLSXODWLRQ�FDQ�EH�DFTXLUHG�WKURXJK�FODVVLFDO�RU�LQVWUXPHQWDO�OHDUQLQJ��&RPPXQLFDWLRQ�GRHV�QRW�KDYH� WR�EH�GHOLEHUDWH�� ,W� LV�SRVVLEOH� WR�FRPPXQLFDWH� LQIRUPDWLRQ�DERXW�RQH¶V�VWDWH�RI�PLQG�WKURXJK�JHVWXUHV�DQG�IDFLDO�H[SUHVVLRQV�WKDW�PLJKW�QRW�FRPH�XQGHU�FRQVFLRXV�FRQWURO��(TXDOO\� LW� LV� SRVVLEOH� WKDW� RUJDQLVPV� OHDYH� WUDFNV� WKDW� FRQVWLWXWH� LQIRUPDWLRQ� IRU� DQ\� SUHGDWRU� SXUVXLQJ�WKHP�� $JDLQ�� OHDUQLQJ� PD\� ZHOO� HVWDEOLVK� VXFK� UHODWLRQVKLSV�� *LYHQ� WKDW� FRPPXQLFDWLRQ� LV� RQO\� WKH�WUDQVPLVVLRQ� RI� LQIRUPDWLRQ� WKDW� KDV� VRPH� HIIHFW� XSRQ� WKH� UHDFWRU� ± L�H�� XSRQ� WKH� UHFLSLHQW� RI� WKDW�LQIRUPDWLRQ� ± FRPPXQLFDWLRQ� FDQ� EH� FRQVWUXHG� TXLWH� EURDGO\�� $OO� EHKDYLRXU� LV� SURPSWHG� E\� VRPH�LQIRUPDWLRQDO�LQSXW��EH�LW�H[WHUQDOO\�RU�LQWHUQDOO\�SURGXFHG��DQG�DOO�EHKDYLRXU�FDQ�LQ�WXUQ�EH�FRQVWUXHG�DV�LQIRUPDWLRQ�DERXW�WKH�RUJDQLVP�GLVSOD\LQJ�LW��6XFK�EHKDYLRXUDO�LQIRUPDWLRQ�FDQ�EH�XVHG�E\�RWKHU�RUJDQLVPV�RU�E\�WKH�EHKDYLQJ�RUJDQLVP�LWVHOI��7KHUH�LV�WKHUHIRUH�D�VHQVH�LQ�ZKLFK�DQ�RUJDQLVP�FDQ�FRPPXQLFDWH�ZLWK�LWVHOI��7KH�H[WHQGHG�KDQG�VXSSOLHV�SURSULRFHSWLYH�IHHGEDFN�WKDW� WHOOV� WKH�RUJDQLVP�DERXW� WKH�QDWXUH�RI� WKH�H[WHUQDO�ZRUOG��VHH�9LKPDQ�DQG�'HSDROLV�������IRU�D�GLVFXVVLRQ�RI�WKH�UROH�RI�VXFK�SHUFHSWLRQ�LQ�ODQJXDJH�DFTXLVLWLRQ���'HVSLWH� WKH� DERYH� DUJXPHQW� FRPPXQLFDWLRQ� LV� JHQHUDOO\� WKRXJKW� RI� LQ� WHUPV� RI� GHOLEHUDWH�LQIRUPDWLRQ� WUDQVIHU� IURP�RQH� RUJDQLVP� WR� DQRWKHU�� ,Q� RWKHU�ZRUGV�� LW� LV� UHJDUGHG� DV� D� VRFLDO� EHKDYLRXU��6WUHWFKLQJ�WKLV�FRQFHSW�WR�LQFRUSRUDWH�WKH�DERYH�H[DPSOH�RI��DFFLGHQWDO��IDFLDO�H[SUHVVLRQV�PLJKW�QRW�DODUP�WRR� PDQ\� WKHRULVWV� DV� IDFLDO� H[SUHVVLRQV� DUH� UHJDUGHG� DV� LQGLFDWLYH� VLJQDOV� RI� PRRG� DQG� KDYH� DQ�HYROXWLRQDU\�VLJQLILFDQFH�WKDW�'DUZLQ��������KLPVHOI�QRWHG��7KHUH�LV�JRRG�UHDVRQ�IRU�WKLV�LQIRUPDWLRQ�WR�EH�UHDG�E\�FRQVSHFLILFV�DQG�DV�VXFK�DQ�HYROYHG��VXESHUVRQDO�FRPPXQLFDWLRQ�V\VWHP�GRHV�QRW� WKUHDWHQ�PDQ\�YLHZV�RI�FRPPXQLFDWLRQ��+RZHYHU�� WKHUH�DUH�TXDOLWDWLYH�GLIIHUHQFHV�EHWZHHQ�YDULRXV�XVHV�RI� LQIRUPDWLRQ��7KRVH�LQWHUHVWHG�LQ�WKH�HYROXWLRQDU\�RULJLQV�RI�RXU�RZQ�OLQJXLVWLF�FRPPXQLFDWLRQ�V\VWHP�DUH�NHHQ�WR�VWUHVV�LWV�GHOLEHUDWH�DQG�VRSKLVWLFDWHG�QDWXUH��/DQJXDJH��DV�XVHG�E\�D�IXOO\�IXQFWLRQLQJ�DGXOW�+RPR�VDSLHQ��LV�W\SLFDOO\�UHJDUGHG�LQ�&KRPVN\DQ�WHUPV� DV D� FRPSOH[� V\QWDFWLF� V\VWHP� WKDW� FRQVWUXFWV� DQG� FRPSXWHV� VWULQJV� RI� V\PEROV�� (DFK� V\PERO�� RU�ZRUG�� KDV� VRPH� LQGHSHQGHQW� PHDQLQJ� EXW� WKH� FRPELQDWLRQ� RI� VXFK� V\PEROV� LQ� V\QWDFWLFDOO\� RUJDQLVHG�VWULQJV��VHQWHQFHV��HQDEOHV�WKH�SURGXFWLRQ�DQG�FRPSUHKHQVLRQ�RI�QRYHO�PHDQLQJV��0XFK�RI�SV\FKROLQJXLVWLF�WKHRU\�KDV�EHHQ�FRQFHUQHG�ZLWK�FRQVWUXFWLQJ�D�FRJQLWLYH�WKHRU\�WKDW�H[SODLQV�WKH�NLQG�DQG�RQWRJHQ\�RI�WKH�FRPSXWDWLRQDO�DUFKLWHFWXUH�UHTXLUHG�IRU�SURGXFWLRQ�DQG�FRPSUHKHQVLRQ��$FFRXQWV�RI�WKH�RULJLQV�RI�ODQJXDJH�KDYH EHHQ�KHDYLO\�LQIOXHQFHG�E\�VXFK�WKHRULHV��VHH�+XUIRUG�HW�DO��������.QLJKW�HW�DO��������DQG�WKH\�DSSHDU�WR� UHJDUG� ODQJXDJH� DV� D� �TXDQWXP� MXPS�� DZD\� IURP� RWKHU� IRUPV� RI� FRPPXQLFDWLRQ�� $� FKDQJH� RI� VXFK�PDJQLWXGH� UHTXLUHV� D� YHU\� VSHFLILF� HYROXWLRQDU\� H[SODQDWLRQ� WKDW� ZLOO� SURSRVH� HLWKHU� PXWDWLRQV� �H�J��%LFNHUWRQ�� ������&URZH�� ������3ODFH�� ����D�� E�� RU� WKH� RQVHW� RI� RWKHU� �FRJQLWLYH�� VXEV\VWHPV� WR�PHGLDWH�LQWHQWLRQDO�FRPPXQLFDWLRQ��H�J��%LFNHUWRQ������D��E���+RZHYHU��LI�EHKDYLRXU�PRUH�JHQHUDOO\�LV�UHJDUGHG�DV�D� V\VWHPDWLF� UHVSRQVH� WR� LQIRUPDWLRQ�� ZH� PLJKW� EH� WHPSWHG� WR� WU\� DQG� GUDZ� D� VPRRWK� WUHQG� IURP� WKH�VLPSOHVW�IRUPV�RI�EHKDYLRXU�WKURXJK�WR�WKH�PRVW�FRPSOH[��QDPHO\�KXPDQ�ODQJXDJH��$QRWKHU�ZD\�RI�SKUDVLQJ�WKLV�ODVW�SRLQW�LV�DV�IROORZV��&KRPVN\DQ�WKHRU\�KDV�XQGRXEWHGO\�PHW�ZLWK�FRQVLGHUDEOH�VXFFHVV�LQ�GHVFULELQJ�WKH�IRUPDO�VWUXFWXUH�RI�ODQJXDJH��)URP�WKLV�SHUVSHFWLYH�WKH�LQWULFDF\�RI�WKH� V\VWHP� KDV� EHHQ� UHYHDOHG� DQG� FRPSXWDWLRQDO� H[SODQDWLRQV� EDVHG� DURXQG� WKLV� GHVFULSWLRQ�� +RZHYHU��HYROXWLRQDU\� H[SODQDWLRQV� UXQ� WKH� GDQJHU� RI� EHLQJ� GD]]OHG� E\� WKH� FRPSOH[LW\� RI� WKH� ILQLVKHG� DUWLFOH� DQG�DUJXLQJ�IRU�H[WUDRUGLQDU\�FLUFXPVWDQFHV�DQG�PHFKDQLVPV��3LQNHU�DQG�%ORRP��������PDGH�D�VLPLODU�SRLQW�ZKHQ�WKH\�H[KRUWHG�WKHRULVWV� WR�ORRN�IRU�JUDGXDOLVW�H[SODQDWLRQV�RI� WKH�HYROXWLRQ RI�ODQJXDJH��IRU�RQO\�LQ�WKLV�ZD\�FRXOG� VXFK�DQ�DSSDUHQWO\�GHVLJQHG� V\VWHP�HPHUJH��7KLV� LV�TXLWH�SRVVLEO\� WUXH�EXW�3LQNHU¶V�RZQ�RXWSXW� LQ� (YROXWLRQDU\� 3V\FKRORJ\� ������� ������ KDV� H[WROOHG� D� VSHFLILFDOO\� FRPSXWDWLRQDO� FRJQLWLYH�DFFRXQW�DQG�LW�LV�WKLV�RUGHU RI�H[SODQDWLRQ�WKDW�LV�VHHQ�LQ�PXFK�ODQJXDJH�RULJLQV�ZRUN��'LFNLQV�DQG�'LFNLQV��LQ�SUHVV�� DQG�PXFK�(YROXWLRQDU\�3V\FKRORJ\� �'LFNLQV�DQG�/HY\�� LQ�SUHVV���6XUHO\� LI� VXFK�FRPSXWDWLRQDO�DUFKLWHFWXUH� FRQVWLWXWHV� WKLV� DVSHFW� RI� FRJQLWLRQ� WKHUH� LV� DQ� HYROXWLRQDU\� DFFRXQW� UHTXLUHG�RI� WKH� RQVHW� RI�FRPSXWDWLRQDO� DUFKLWHFWXUHV� HLWKHU� PRUH� JHQHUDOO\� RU� YHU\� VSHFLILFDOO\� ZLWKLQ� WKH� VRFLDO� FRPPXQLFDWLYH�GRPDLQ"� $V� 'HQQHWW� ������� KDV� DUJXHG�� LW� LV� OLNHO\� WKDW� WKH� JHQHUDO� HYROXWLRQDU\� WUHQG� KDV� EHHQ� IURP�KDUGZLUHG� EHKDYLRXUDO� VROXWLRQV�� WR� WKH� DGGLWLRQ� RI� VLPSOH� OHDUQLQJ� DELOLWLHV� DQG� WKHQ� WKH� HPHUJHQFH� RI�FRPSOH[�UHSUHVHQWDWLRQDO�DUFKLWHFWXUH��WKLV�LV�WKH�DUJXPHQW�EHKLQG�'HQQHWW¶V�7RZHU�RI�*HQHUDWH�DQG�7HVW���,Q�RUGHU�WR�WKLQN�DERXW�WKH�RQVHW�RI�SXWDWLYH�FRPSXWDWLRQDO�FRJQLWLRQ�ZH�SHUKDSV�QHHG�WR�VHH�KRZ�IDU� WRZDUG� OLQJXLVWLF�FRPPXQLFDWLRQ�D�FUHDWXUH�� WKDW�KDG�RQO\� WKH� VLPSOHVW�EHKDYLRXUDO� DELOLWLHV��FRXOG�EH�IRUFHG��7KLV�ZRXOG�JLYH�D�PHDVXUH�RI�ZKHQ�ZH�KDG�QR�RWKHU�RSWLRQ�WKDQ�WR�K\SRWKHVLVH�WKH�LQWURGXFWLRQ�RI�
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QRYHO�PHQWDO�DELOLWLHV�VXFK�DV�SRVVLEOH�FRPSXWDWLRQDO�GHYLFHV��7KLV�UHTXLUHV�DQ�HPSKDVLV�XSRQ�WKH�IXQFWLRQ�RI�FRPPXQLFDWLRQ��WKH�HQYLURQPHQW�LQ�ZKLFK�FRPPXQLFDWLRQ�RFFXUUHG�DV�ZHOO�DV�XSRQ�WKH�PRUH�FRPSOH[�PRGHUQ� �HQG� VWDWH��� 7KH� OHVVRQ� IURP� 'HQQHWW� ������� LV� WKDW� HYROXWLRQDU\� WKHRULVLQJ� VKRXOG� EH� VHHQ� DV�LPSRVLQJ� SDUVLPRQ\� XSRQ� PRGHOV� RI� H[WDQW� EHKDYLRXU�� 7KLV� SDUVLPRQ\� LV� WKH� SDUVLPRQ\� RI� D� WLQNHULQJ��GHVLJQHU��ZKR�PDNHV�GR�ZLWK�PDWHULDO� WR�KDQG�DV�EHVW�VKH�FDQ�DQG��RI�FRXUVH��HYROXWLRQ�WKURXJK�QDWXUDO�VHOHFWLRQ� LV� MXVW� VXFK� D� �EOLQG� GHVLJQHU��� ,Q� RWKHU� ZRUGV�� ZH� VKRXOG� QRW� VLPSO\� IRFXV� RQ� VHOHFWLRQ� DQG�HPHUJHQFH�RI�QRYHO�SKHQRW\SHV�WKDW�DUH�GHSHQGHQW�XSRQ�PXWDWLRQ��:H�VKRXOG�LQVWHDG�UHDOLVH�WKDW�VHOHFWLRQ�RSHUDWHV� XSRQ� EHKDYLRXUDO� VROXWLRQV�ZLWKLQ� D� JLYHQ� SUREOHP�VSDFH�� 6XUHO\�� LW� LV�PRUH� OLNHO\� WKDW� JHQHWLF�LQQRYDWLRQ� ZLOO� RQO\� EH� QHFHVVDU\� ZKHQ� WKH� SUREOHP� VSDFH� H[KDXVWV� H[WDQW� EHKDYLRXUDO� SODVWLFLW\� RU�OHDUQLQJ"�7KLV� NLQG� RI� DSSURDFK� WR� HYROXWLRQDU\� WKHRULVLQJ�PLJKW� EHVW� EH� WHUPHG� WHOHRQRPLF� WKLQNLQJ�� ,Q�SULQFLSOH� WKH� VHOHFWLRQ� RI� D� QRYHO� JHQHWLFDOO\� EDVHG� LQQRYDWLRQ� FDQ� KDSSHQ� DW� DQ\� WLPH�� +RZHYHU�� PRVW�PXWDWLRQV� DUH� SKHQRW\SLFDOO\� QRQ� RU�PDO�DGDSWLYH�� 7R� UHO\� RQ�PXWDWLRQ� DUJXPHQWV� KHDYLO\�PDNHV� IRU� D�YHU\�XQOLNHO\�VHW�RI�WKHRULHV��,W�LV�WKHUHIRUH�UHDVRQDEOH�WR�WKLQN�LQ�PHWDSKRULFDO�WHUPV�RI�D�UDWLRQDO�GHVLJQHU�PDNLQJ�WKH�EHVW�RI�ZKDW�VKH�KDV�WR�KDQG��2QO\�ZKHQ�VKH�KDV�UXQ�RXW�RI�FKRLFHV�PXVW�VKH�UHVRUW�WR�DGMXVWLQJ�WKH�JHQHV��$V� V\PEROV� �ZRUGV�� DUH� RQH� RI� WKH� EDVLF� FRQVWLWXHQWV� RI� IXOO�� QDWXUDO� ODQJXDJH�� ZLWKRXW� ZKLFK�V\QWD[�ZRXOG�KDYH� QRWKLQJ� WR� RSHUDWH� RYHU�� D� JRRG�SODFH� WR� IRFXV� D� SDUVLPRQLRXV� ILUVW� SDVV� DW� ODQJXDJH�RULJLQV� LV� KHUH�� 7KH� ILUVW� TXHVWLRQ� WR� DVN� LV� �FRXOG� V\PEROLF� EHKDYLRXU� EH� FODVVLFDOO\� RU� RSHUDQWO\� OHDUQW�XQGHU�WKH�ULJKW�FRQGLWLRQV"��,I�LW�FRXOG�WKHQ�ZH�FDQ�DYRLG�UHOLDQFH�XSRQ�PXWDWLRQ��+RZHYHU��VXFK�D�OHDUQLQJ�WKHRU\�WKHRU\�ZRXOG�KDYH�WR�DFFRXQW�IRU�ZK\�VRPH�LQGLYLGXDOV�VXGGHQO\�DFTXLUHG�WKH�WULFN�DQG�RWKHUV�GLG�QRW�� ,W�PLJKW� EH� WKH� FDVH� WKDW� VRPH� RUJDQLVPV� DUH� EHWWHU� DEOH� WR� OHDUQ� WKH� WULFN DQG� WKLV�ZLOO� HVWDEOLVK� D�VHOHFWLRQ�SUHVVXUH�DQG�DQ�RSHQLQJ�IRU�D�SRVVLEOH�%DOGZLQ�(IIHFW��%DOGZLQ���������$� OHDUQLQJ� WKHRU\� H[SODQDWLRQ� RI� WKH� RULJLQV� RI� V\PEROV� ZRXOG� UHTXLUH� WKH� IROORZLQJ�� QRW�LQVXEVWDQWLDO�OLVW�WR�EH�GHDOW�ZLWK��
�� $�GHILQLWLRQ�RI�D�V\PERO�LQ�WHUPV�RI�LQIRUPDWLRQ�OHDUQW���� $Q�DFFRXQW�RI�WKH�QDWXUH�RI�OHDUQLQJ�LQYROYHG�LQ�UHODWLQJ�D�V\PERO�WR�DQ�REMHFW��HYHQW�RU�VWDWH�RI�DIIDLUV���� $Q� DFFRXQW� RI� WKH� RULJLQV� RI� WKH�PHGLD� XVHG� LQ� JHQHUDWLQJ� V\PEROV� VXFK� DV� WKH� QHXUR�PXVFXODU�FRQWURO�LQYROYHG�LQ�VSHHFK�RU�KDQG�JHVWXUHV���� $Q�DFFRXQW�RI�WKH�VHOHFWLRQ�SUHVVXUHV��L�H��WKH�DGDSWLYH�SUREOHPV��WKDW�VDZ�WR�WKH�FRUUHODWLRQ�RI��IRU�H[DPSOH��VSHHFK�VRXQGV�DQG�REMHFWV��HYHQWV�DQG�VWDWHV�RI�DIIDLUV���� $Q�DFFRXQW�RI�KRZ�WKLV�FRUUHODWLRQ�SHUVLVWHG�RYHU�HYROXWLRQDU\�WLPH��
$Q\�QRQ�OHDUQLQJ�WKHRU\��RU�FRJQLWLYH�DFFRXQW�RI�V\PERO�RULJLQ�ZRXOG�QRW�QHFHVVDULO\�GHYLDWH�WRR�IDU�IURP�WKH�DERYH�H[SODQDWRU\�UHTXLUHPHQWV��2QH�NH\�GLIIHUHQFH�ZRXOG�EH�WKH�QHHG�WR�LQFRUSRUDWH�D�FKDUDFWHULVDWLRQ�RI�ZRUG�OHDUQLQJ�LQ�PRGHUQ�LQIDQWV�WRJHWKHU�ZLWK�D�FRPSXWDWLRQDO�WKHRU\�RI�WKH�XQGHUO\LQJ�PHFKDQLVP�WKDW�DOORZV�WKLV�WR�KDSSHQ��DOWKRXJK�D�%DOGZLQ�(IIHFW�PLJKW�H[SODLQ�WKH�UDSLG�DQG�DSSDUHQWO\�FDQDOLVHG�OHDUQLQJ�LQ� PRGHUQ� LQIDQWV��� 6R�� ERWK� D� OHDUQLQJ� WKHRU\� DQG� D� FRJQLWLYH� WKHRU\� FRXOG� EH� FRQVLVWHQWO\� VLPLODU� LQ�HYROXWLRQDU\�WHUPV�EXW�RQO\�GLIIHU�DW�WKH�SRLQW�ZKHUH�WKH�VHOHFWLRQ�RI�PRGHUQ�PHFKDQLVPV�RI�ZRUG�OHDUQLQJ�LV� LQYROYHG�� )RU� WKH� FRJQLWLYLVW� WKH� VSHHG� RI� DFTXLVLWLRQ� DQG� WKH� ODFN� RI� GLUHFW� WUDLQLQJ� RU� H[DPSOH�XQGHUPLQH� DQ\� 6NLQQHULDQ� ������� VWRU\� RI� OLQJXLVWLF� RQWRJHQ\� �&KRPVN\�� ������� ,W� LV� OLNHO\� WKDW� DQ\�HYROXWLRQDU\� DFFRXQW� RI� WKH� RULJLQV� RI� D� FRPSXWDWLRQDO� FDSDFLW\� WR� DFTXLUH� ZRUGV� LQ� D� QRQ�LQVWUXPHQWDO�IDVKLRQ�ZLOO�UHTXLUH�VOLJKW�WZLVWV�WKDW�D�6NLQQHULDQ�DFFRXQW�ZRXOG�QRW IROORZ��$QRWKHU� NH\� GLIIHUHQFH� EHWZHHQ� D� OHDUQLQJ� DQG� D� QRQ�OHDUQLQJ� WKHRU\� DFFRXQW� ZRXOG� EH� WKDW� D�OHDUQLQJ�WKHRU\�DFFRXQW�ZRXOG�KDYH�QR�QHHG�WR�SRVLW�D�UHSUHVHQWDWLRQDO�DUFKLWHFWXUH�ZKHUHDV�D�FRJQLWLYH�RQH�ZRXOG�� $� FRJQLWLYH� DFFRXQW� RI� V\PERO� RULJLQV� ZRXOG� UHTXLUH� DQ� DFFRXQW� RI� WKH� RQVHW� RI� OH[LFDO�UHSUHVHQWDWLRQ� DQG� DQ� DWWHQGDQW� VHPDQWLF� UHSUHVHQWDWLRQ� V\VWHP� ZKLFK� ZRXOG� EH� UHODWHG� WR� WKH� OH[LFDO�V\VWHP�VXFK�WKDW�ZRUG�PHDQLQJV�FRXOG�EH�HDVLO\�SURGXFHG�DQG�FRPSUHKHQGHG��$�OHDUQLQJ�WKHRU\�DFFRXQW�ZRXOG�VLPSO\�GHVFULEH�DVVRFLDWHG�EHKDYLRXU��7KLV�FRXOG�EH�DFFRXQWHG�IRU�XQGHU�D�FRQQHFWLRQLVW�DUFKLWHFWXUH�WKDW� ZRXOG� WKHQ� LQYRNH� LGLRV\QFUDWLF� SDWWHUQV� RI� DFWLYDWLRQ� IRU� DQ\� JLYHQ� ZRUG�� %XW� VXFK� FRQQHFWLRQLVW�UHSUHVHQWDWLRQV�GR�QRW�KDYH�D�FDXVDO�UROH� LQ�WKH�SURGXFWLRQ�RI�EHKDYLRXU�� WKH\�DUH�PHUHO\�D�E\�SURGXFW�RI�LQSXW�RXWSXW� UHODWLRQV��$�FRQQHFWLRQLVW�PRGHO�RI� WKLV�RUGHU�FRXOG�� LQ�D� OLPLWHG� IDVKLRQ��PDUN� WKH�PHHWLQJ�SRLQW�RI�EHKDYLRXULVW�DQG�FRJQLWLYLVW�DSSURDFKHV�WR�WKH�EHKDYLRXUDO�VFLHQFHV��
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$�6WDWHPHQW�RI�$LPV7KLV�SDSHU�KDV�WZR�GLVWLQFW�DLPV��)LUVW��,�ZDQW�WR�SURSRVH�D�UHDVRQDEO\�VWUDLJKWIRUZDUG�K\SRWKHVLV�DERXW�WKH�RULJLQ�RI�V\PEROV��D�K\SRWKHVLV� WKDW� ,�KRSH�ZLOO�EH�DPHQDEOH� WR�VRPH�RUGHU�RI�VLPXODWLRQ�ZRUN�DW�D� ODWHU�GDWH��7KLV� K\SRWKHVLV�ZLOO� QRW� DGGUHVV DOO��� RI� WKH� SRLQWV� OLVWHG� LQ� WKH� ,QWURGXFWLRQ� DV� SDUW� RI� D� FRPSOHWH�OHDUQLQJ�WKHRU\�DFFRXQW�RI�V\PERO�RULJLQV��1RQH�WKH�OHVV��LW�UHSUHVHQWV�DQ�LQURDG�LQWR�WKLV�WDVN�DQG�DV�VXFK�VKRXOG� EH� WUHDWHG� PRUH� DV� D� FRQFHSWXDO� WKRXJKW� H[SHULPHQW� UDWKHU� WKDQ� D� GLUHFWO\� HPSLULFDOO\� WHVWDEOH�K\SRWKHVLV��DV�LQGLFDWHG�LQ�WKH�,QWURGXFWLRQ��7KH�VHFRQG�DLP�LV�SHUKDSV�PRUH�DPELWLRXV�DQG�UHVXOWV�IURP�WKH�SUHFHGLQJ�GLVFXVVLRQ��,�ZDQW�WR�VHH�KRZ�IDU�ZH�FDQ�JHW�LQ�RXU�VSHFXODWLRQV�DERXW�ODQJXDJH�RULJLQV�XVLQJ�IDLUO\�ORZ�OHYHO��PHFKDQLVPV���VXFK�DV�VLPSOH�DVVRFLDWLYH�OHDUQLQJ��EHIRUH�ZH�KDYH�WR�SRVLW�PDMRU�FRJQLWLYH�RU�DUFKLWHFWXUDO�FKDQJHV��FI��%DONHQLXV�HW�DO��������3ODFH������������D��E���6XFK�PDMRU�FKDQJHV�ZRXOG�GRXEWOHVV�UHTXLUH�DWWHQGDQW�FKDQJHV�LQ�EUDLQ�RUJDQLVDWLRQ� RI� VRPH� RUGHU�� &XUUHQW� QHXURORJLFDO� HYLGHQFH� LQGHHG� VXJJHVWV� VSHFLDOLVHG� EUDLQ� UHJLRQV�LQYROYHG� LQ� VSHHFK� SURGXFWLRQ� DQG� FRPSUHKHQVLRQ�� EXW� WKLV� LV� LQ� WKH� EUDLQV� RI� IXOO\� OLQJXLVWLF� FUHDWXUHV��:KDW�LV�PRUH��WKH�IXQFWLRQDO�GHPDQGV�RI�D�WDVN�VXFK�DV�ODQJXDJH�ZRXOG XQGRXEWHGO\�OHDG�WR�RUJDQLVDWLRQ�RI�EUDLQ�DFWLYLW\�DQG�WKLV�ZRXOG�QRW� LQGLFDWH�DQ�HYROYHG�VHW�RI�EUDLQ�UHJLRQV�QHFHVVDULO\��8QGHUVWDQGLQJ�KRZ�PXFK�RI�WKH�WULFN�FDQ�EH�OHDUQW�ZLOO�DIIHFW�WKH�QXPEHU�DQG�QDWXUH�RI�SURSRVHG�QHXUDO�DGDSWDWLRQV��7KLV� ODWWHU�DLP� LV�QRW� WR�EH� UHDG�DV� WKH�ZLVK�RI�D� UDGLFDO�EHKDYLRXULVW��5DWKHU�� LW� LV�DQ�DWWHPSW� WR�PDUU\�EHKDYLRXULVP�DQG�FRJQLWLYLVP��DOEHLW�DW�D� ORZ�FRQFHSWXDO� OHYHO�� ,W� LV�DOVR�DQ�DWWHPSW� WR� LQVWLO� VRPH�SDUVLPRQ\�LQWR�P\�RZQ�VSHFXODWLRQV�DERXW�WKH�RULJLQ�RI�V\PEROV DQG�V\PEROLF�EHKDYLRXU�� VRPHWKLQJ�WKDW�,�WDNH�WR�EH�DQ�LPSRUWDQW�VWHS�LQ�WKH�HYROXWLRQ�RI�PRGHUQ�KXPDQ�FRJQLWLRQ��7KHVH�VSHFXODWLRQV�WDNH�WKH�IRUP�RI�D�V\QWKHVLV�RI�D�QXPEHU�RI�LGHDV�LQ�WKH�ODQJXDJH�HYROXWLRQ�OLWHUDWXUH��ZLWK�VRPH�DQDO\VLV��
,�VKDOO�FRQWLQXH�ZLWK�D�FOHDU�VWDWHPHQW�RI�P\�K\SRWKHVLV�� WKHQ�D�EULHI�GLVFXVVLRQ�DERXW�ZKDW�V\PEROV�DUH��IROORZHG�LQ�WKH�PDLQ�SDUW�RI�WKH�SDSHU�E\�WKH�SULQFLSDO�SRLQWV�RI�DUJXPHQW�WKDW�OHG�PH�WR�GHYHORS�WKH�LGHD��7KLV�VKRXOG�EH�WKH�PRVW�HIILFLHQW�ZD\�RI�PDNLQJ�P\�DUJXPHQW��EXW�,�UHFRJQLVH�WKDW�VRPH�RI�WKH�GHWDLO�ZLOO�EH�ORVW�� 0\�K\SRWKHVLV�LV�WKDW��

7KH� XVH� RI� RVWHQVLYH� V\VWHPV� PLJKW� KDYH� DFWHG� WR� GLUHFW� WKH� DWWHQWLRQ� RI� KRPLQLG�DQFHVWRUV�WR�WKH�REMHFW�RI�YRFDOLVDWLRQV��)LUVW� WKLV�PLJKW�KDYH�RFFXUUHG�VROHO\�ZLWKLQ WKH�HQYLURQPHQW� RI� YRFDO� JURRPLQJ�� DV� SRVWXODWHG� E\� 'XQEDU� ������� ������� EXW� RQFH� D�IOH[LEOH� YRFDO� V\VWHP� ZDV� FDSDEOH� RI� EHLQJ� GLUHFWHG� WR� VSHFLILF� JURRPLQJ� LQWHUDFWLRQV�REMHFW�GLVFULPLQDWLRQV�ZRXOG�HDVLO\� IROORZ��7KH�PDLQ� LPSDFW�RI� VRFLDO�JURRPLQJ�ZRXOG�KDYH� EHHQ� YRFDO� FRQWURO�� WKH�PDLQ� LPSDFW� RI� RVWHQVLRQ� ZRXOG� EH� WKDW� RI� JXLGLQJ� RWKHU�EHKDYLRXUV� DQG� UHQGHULQJ� WKHP� FRPPXQLFDWLYH�� 2QFH� ILUP� DVVRFLDWLRQV� EHWZHHQ�YRFDOLVDWLRQ�DQG�REMHFW��HYHQW�RU�VWDWH�RI�DIIDLUV�KDG�EHHQ�HVWDEOLVKHG� WKURXJK�RVWHQVLRQ�WKH� VSHFLILF� RVWHQVLYH� DFW� ZRXOG� EH� XQQHFHVVDU\�� 7KLV� ZRXOG� OLEHUDWH� WKH� YRFDOLVDWLRQ��ZKLFK� ZRXOG�� WR� DOO� LQWHQWV� DQG� SXUSRVHV�� EH� DUELWUDULO\� OLQNHG� WR� LWV� UHIHUHQW�� 2WKHU�V\PERO�SURSHUWLHV�RI�GLVSODFHG�UHIHUHQFH�DQG�V\PPHWU\�ZRXOG�IROORZ��
7KH�ODVW�OLQHV�RI WKLV�K\SRWKHVLV�PDNH�UHDVRQDEO\�FOHDU�ZKDW�,�PHDQ�E\��V\PERO���KRZHYHU��WKLV�ZLOO�EHDU�IXUWKHU� FODULILFDWLRQ�� 6\PEROV� DUH� DUELWUDULO\� DQG� V\PPHWULFDOO\� UHODWHG� WR� WKHLU� UHIHUHQW�� DQG� LQ� WKLV� ZD\�V\PEROV�DUH�DIIRUGHG�WKH�SURSHUW\�RI�GLVSODFHG�UHIHUHQFH��7KH�UHODWLRQ�LV�DUELWUDU\�EHFDXVH�WKH�V\PERO�KDV�QR�GLUHFW�FDXVDO�UHODWLRQVKLS�ZLWK�WKH�UHIHUHQW��)RU�H[DPSOH�� WKHUH�LV�QRWKLQJ��UDEELW�OLNH��DERXW� WKH�ZRUG��UDEELW!���5DEELW!�LV�DWWDFKHG�WR�UDEELWV�E\�VRFLDO�FRQYHQWLRQ��'HDFRQ��������.QLJKW���������)XUWKHUPRUH��LI� VRPHRQH� SRLQWV� WR� DQ� DUUD\� RI� REMHFWV� DQG� VD\V� �UDEELW!� ZH� FDQ� SLFN� RXW� WKH� UDEELW� IURP� WKLV� DUUD\��(TXDOO\��ZH�FDQ�VD\��UDEELW!�ZKHQ�VRPHRQH�SUHVHQWV�XV�ZLWK�D�UDEELW��,Q�WKLV�ZD\�WKH�V\PERO��UDEELW!�LV�V\PPHWULFDOO\�UHODWHG�WR�LWV�UHIHUHQW��*LYHQ�WKDW�WKLV�K\SRWKHVLV�LV�EHLQJ�SURSRVHG�ZLWKLQ�WKH�EURDGHU�GLVFLSOLQH�RI�ODQJXDJH�RULJLQV�WKLV�YLHZ�RI�V\PEROV�LV�GHVLJQHG�WR�ILW�ZLWK�VWRULHV�DERXW�WKH�RULJLQV�RI�ZRUGV��1RQH�WKH�OHVV��ZRUGV�DUH�WR�EH�UHJDUGHG�DV�D�VSHFLHV�RI�V\PERO�WKDW�KDYH�SURSHUWLHV�UHODWHG�WR�WKHLU�JUDPPDWLFDO�UROH�LQ�VHQWHQFHV��DPRQJ�RWKHU�WKLQJV��7KHVH�GHYHORSPHQWV�,�WDNH�WR�EH�VHFRQGDU\�WR�WKH�SULPDU\�GHYHORSPHQW�RI�FRPPXQLFDWLYH�DQG�YRFDO�V\PEROLF�EHKDYLRXU�� LI�\RX�OLNH�,�DP�IRFXVLQJ�XSRQ�SURWR�ZRUGV��7KHUH�DUH�WZR�EURDG�SUREOHPV�WR�EH�UHVROYHG�LQ�DQ\�WKHRU\�RI�V\PERO�RULJLQ��7KH�ILUVW�LV�WKH�LVVXH�RI�KRZ�V\PEROV�UHODWH�WR�RWKHU�IRUPV�RI�DQLPDO�FRPPXQLFDWLRQ�ZLWK�D�PLQG�WR�XQGHUVWDQGLQJ�WKH�NH\�VWDJHV�
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RI�WKLV�WUDQVLWLRQ�IURP�QRQ�V\PEROLF�FRPPXQLFDWLRQ�WR�V\PEROLF��7KH�VHFRQG�SUREOHP�LV�WKDW�RI�H[SODLQLQJ�WKH�DUELWUDU\�DQG� V\PPHWULFDO� DWWDFKPHQW�RI� D� V\PERO� WR� LWV� UHIHUHQW��7KLV� VHFRQG�SUREOHP� LV�PDGH�PRUH�FOHDU� ZKHQ� ZH� FRQVLGHU� $UPVWURQJ
V�� 6WRNRH
V� DQG�:LOFR[
V� ������� GHILQLWLRQ� RI� D� V\PEROLF� JHVWXUH� DV�VRPHWKLQJ� FRPSULVHG� RI� FRQFHSWXDO� VWUXFWXUH� �XOWLPDWHO\� UHGXFLEOH� WR� QHXURORJLFDO� DFWLYLW\�� WKDW� JLYHV�PHDQLQJ�DQG�VXEVWDQWLYH�FRQWHQW�WKDW�DOORZV�WKHP�WR�EH�VKDUHG��8SRQ�SHUFHLYLQJ�D�V\PERO�RQH�FDQ��VZLWFK�RQ�� WKH� DSSURSULDWH� FRQFHSW�� DQG� YLFH� YHUVD� VXFK� WKDW� D� FRQFHSW� FDQ� EH� FRPPXQLFDWHG� E\� \RX� ZLWK� DQ�DSSURSULDWH�V\PERO��7KH�SURGXFWLRQ�RI�D�V\PERO�LV�DOVR�XOWLPDWHO\�UHGXFLEOH�WR�QHXURORJLFDO�DFWLYLW\��7KH�ILHOG�RI� ODQJXDJH�RULJLQV�REYLRXVO\�DVVXPHV�WKDW� WKHVH� WZR�SUREOHPV�DUH�UHODWHG�WKURXJK�WKH�VHOHFWLYH� KLVWRU\� RI� ODQJXDJH� HYROXWLRQ��0\� VXJJHVWLRQ� LV� WKDW� WKHUH� LV� OLWWOH� PDWHULDO� GLIIHUHQFH� EHWZHHQ�VRPH�QRQ�V\PEROLF�DQG�V\PEROLF�FRPPXQLFDWLRQ�V\VWHPV��LQ�RWKHU�ZRUGV�VLJQDOOLQJ�V\VWHPV�KDYH�VRPH�RI�WKH�SURSHUWLHV�RI�V\PEROV�EXW�QRW�DOO�RI� WKHP��7KH�NH\�SURSHUWLHV� WKDW�QRQ�V\PEROLF�V\VWHPV�GR�QRW�KDYH�UHODWH�WR�WKH�SURGXFWLRQ�RI�DUELWUDU\�DQG�V\PPHWULFDO�UHIHUHQFH��7KHVH�SURSHUWLHV�PDUN�WKH�ILUVW�VWDJH�LQ�WKH�WUDQVLWLRQ� WR� OLQJXLVWLF� FRPPXQLFDWLRQ� DV� WKH\� DIIRUG� D� GLVSODFHG� UHIHUHQFH� WKDW� LQ� WXUQ� DIIRUGV� JUHDWHU�UHSUHVHQWDWLRQDO�IOH[LELOLW\�LQ�FRPPXQLFDWLRQ��DQG�FRJQLWLRQ���*LYHQ�WKLV�DVVXPSWLRQ�WKH�VHOHFWLYH�VWRU\�WR�EH�WROG�LV�QRW�WRR�FRPSOH[�IRU�DW�OHDVW�WKLV�SDUW�RI�WKH�HPHUJHQFH�RI�ODQJXDJH��:H�KDYH�DOUHDG\�VHHQ�WKDW�FRPPXQLFDWLRQ�LV�WUDGLWLRQDOO\�UHJDUGHG�DV�WKH�WUDQVIHU�RI LQIRUPDWLRQ�IURP�RQH�RUJDQLVP�WR�DQRWKHU��ZLWK�WKH�UHVXOW�WKDW�WKH�UHFHLYHU
V�EHKDYLRXU��RU�LQWHUQDO�UHDGLQHVV�WR�EHKDYH��LV� LQ� VRPH�ZD\�DOWHUHG��6RPH� WKHRULVWV� �H�J��&DWDQLD��������PDLQWDLQ�D�PRUH�PDQLSXODWLYH�GHILQLWLRQ� WKDW�PLJKW�EULQJ�XV�XS�VKDUS�DJDLQVW�D�GLVFXVVLRQ�RI�LQWHQWLRQDOLW\��)RU�QRZ�,�ZDQW�WR�DYRLG�VXFK�D�GLVFXVVLRQ��7KLV� LV� LQ�SDUW�EHFDXVH� LW� LV�QRW�FHQWUDO� WR� WKH�DLPV�RI� WKLV�SDSHU�EXW�DOVR�EHFDXVH� ,�VXVSHFW� LQWHQWLRQDOLW\�HPHUJHV�KDQG�LQ�KDQG�ZLWK�ODQJXDJH��SDUWO\�DV�D�UHVXOW�RI�VKDUHG�DWWHQWLRQ��FI��%DURQ�&RKHQ��������������7RPDVHOOR��������ZKLFK�ZLOO�EH�GLVFXVVHG�ODWHU�LQ�WHUPV�RI�RVWHQVLRQ��0DUF�+DXVHU� �������KDV�JLYHQ�D� WD[RQRP\�RI�FRPPXQLFDEOH� LQIRUPDWLRQ� �VHH�7DEOH�����6LJQDOV�DQG� V\PEROV� DUH� WR� VRPH� H[WHQW� VLPLODU�� 6LJQDOV�� VXFK� DV WKH� YHUYHW�PRQNH\V¶� UHSHUWRLUH� RI� DODUP� FDOOV��LQGLFDWH�VSHFLILF�REMHFWV��HYHQWV�RU�VWDWHV�RI�DIIDLUV��,Q�WKH�YHUYHW�FDVH�VLJQDOV�LQGLFDWH�VSHFLILF�SUHGDWRUV�DQG�VXEVHTXHQWO\� VWLPXODWH� DSSURSULDWH� EHKDYLRXUDO� UHVSRQVHV� LQ� RWKHU� YHUYHWV� �&KHQH\� DQG� 6H\IDUWK�� �������������6\PEROV�DOVR�LQGLFDWH�VSHFLILF�REMHFWV��HYHQWV�DQG�VWDWHV�RI�DIIDLUV�DQG�WULJJHU�EHKDYLRXUDO�UHVSRQVHV��,W�ZRXOG�DSSHDU�WKDW�VLJQDOOLQJ�V\VWHPV�DQG�V\PEROLF�RQHV�FDQ�GLVFULPLQDWH�FDWHJRULHV�LQ�WKH�ZRUOG�LQ�PXFK�WKH�VDPH�ZD\�DQG�DW�PXFK�WKH�VDPH�OHYHO��1RQH�WKH�OHVV��WKH�UHODWLRQVKLS�EHWZHHQ�VLJQDO�DQG�UHIHUHQW�LV�QRW�V\PPHWULFDO�DQG�LV�EDVHG�RQ�DIIHFWLYH�UHVSRQVH�VR�QRU�LV�LW�HQWLUHO\�DUELWUDU\��,W�LV�WKH�SURSHUWLHV�RI�DUELWUDU\�DQG�V\PPHWULFDO�UHODWLRQVKLS�EHWZHHQ�V\PERO�DQG�UHIHUHQW�WKDW�KDYH�WR�EH�H[SODLQHG�E\�DQ\�V\PERO�RULJLQV�WKHRU\��*LYHQ�WKLV�RYHUODS�RI�IXQFWLRQ�ZH�PLJKW�K\SRWKHVLVH�WKDW�WKH�WUDQVLWLRQ�RI�LQWHUHVW�LQ�RXU�DQFHVWU\�LV�IURP�VLJQDO�WR�V\PERO��
,QIRUPDWLRQ�7\SH� )HDWXUH� ([DPSOH�
&XHV $OZD\V�RQ <HOORZ� 	� EODFN� VWULSHV�RI�ZDVS
6LJQV�,QGH[LFDOV ,QGLFDWH� SUHVHQFH� RI�VRPHWKLQJ )RRWSULQWV
6LJQDOV &DQ�EH�RQ�RU�RII $ODUP�FDOOV
6\PEROV 'LVSODFHG�UHIHUHQFH :RUGV
7DEOH����6XPPDU\�RI�,QIRUPDWLRQ�&DWHJRULHV��&XHV��VLJQDOV�DQG�V\PEROV�DUH�DOO�XVHG�LQ�FRPPXQLFDWLRQ�V\VWHPV��6LJQV�RU�LQGH[LFDOV�FDQ�EH�XVHG�E\�RQH�RUJDQLVP�WR�OHDUQ�LWV�ZD\�DURXQG�WKH�HQYLURQPHQW�� WKLV�LV�UHODWHG�WR�FRPPXQLFDWLRQ�DV�LW�LV�DQ�H[DPSOH�RI�EHKDYLRXUDO�FKDQJH�WKURXJK�WKH�DFTXLVLWLRQ�RI�LQIRUPDWLRQ��EXW�LW�ODFNV�WKH�G\DGLF��RU�PRUH��LQWHUDFWLRQ�WR�EH�WUXO\ FODVVHG�DV�FRPPXQLFDWLYH�EHKDYLRXU��6LJQDOV�DQG�V\PEROV�FDQ�EH�VHHQ�DV�D�VSHFLHV�RI�VLJQ��3ODFH��������
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,QLWLDO�&RQGLWLRQV:H�QRZ�KDYH�D�FOHDU�LGHD�RI�ZKDW�LV�PHDQW�E\�V\PEROV�DQG�DOVR�WKH�K\SRWKHVLV��:H�FDQ�QRZ�SURFHHG�ZLWK�WKH�DUJXPHQW��)LUVW�ZH�QHHG�WR�WKLQN�DERXW�ZKDW�ZHUH�WKH�LQLWLDO�FRQGLWLRQV�LQ�ZKLFK�V\PEROV�HPHUJHG��/DQJXDJH�LV�RSHQ�WR�PDQ\�GHILQLWLRQV��DV�D�FDVXDO�JODQFH�DW�DQ\�LQWURGXFWRU\�WH[WERRN�ZLOO�DWWHVW��QRQH�WKH�OHVV�ZH�FDQ�PDNH�VRPH�UHDGLO\�DJUHHG�JHQHUDO�VWDWHPHQWV�DERXW�WKH�QDWXUH�RI�ODQJXDJH��)LUVW��PRVW��EXW� QRW� DOO�� ODQJXDJHV� DUH� VSRNHQ� ZKLFK� VWURQJO\� VXJJHVWV� WKDW� WKH� YRFDO� PHGLXP� LV� WKH� RQH� LQ� ZKLFK�ODQJXDJH�HPHUJHG��/RFNH��������� ,W� LV�QRWHZRUWK\� WKDW�PDQ\�*UHDW�$SHV�KDYH�YRFDO�FRPPXQLFDWLRQ� WRR��DOWKRXJK�WKHVH�YRFDOLVDWLRQV GR�QRW�DSSHDU�WR�FRPH�XQGHU�WKH�VDPH�RUGHU�RI�QHXURORJLFDO�PRWRU�FRQWURO�DV�WKRVH� RI� PRGHUQ� KXPDQV�� 6HFRQG�� PRGHUQ� KXPDQV� DUH� D� VRFLDO� VSHFLHV� DQG� FRPPXQLFDWLRQ� LV� D� VRFLDO�DFWLYLW\��'XQEDU���������$V�ZLWK�RWKHU�*UHDW�$SHV�RXU�VRFLDO�JURXSLQJV�DUH�KLHUDUFKLFDOO\�RUJDQLVHG��%\UQH�������� :KLWHQ� 	� %\UQH� ������ DQG� SUREDEO\� KDYH� EHHQ� IRU� DOO� RI� RXU� KLVWRU\� DQG� WKDW� RI� RXU� KRPLQLG�DQFHVWRUV�� *LYHQ� WKLV�� ODQJXDJH� LV� OLNHO\� WR� KDYH� HPHUJHG� DV� D� SDUW� RI�� DQG� UHIOHFWV� WKLV�� VSHFLILF� VRFLDO�HFRQRP\��%LFNHUWRQ������D� E���$�YRFDO�PHDQV�RI�VLJQDOOLQJ�ZLWKLQ�D�KLJKO\�VRFLDO�JURXS�LV�OLNHO\�WR�KDYH�EHHQ�LQ�SODFH�EHIRUH�WKH�RQVHW�RI�V\PEROLF�FRPPXQLFDWLRQ��+RZHYHU��WKHUH�DUH�RWKHU�EDVLF�DELOLWLHV�WKDW�ZLOO�KDYH�EHHQ�LQ�SODFH�LQ�WKLV� SXWDWLYH� DQFHVWUDO� JURXSLQJ�� ,W� LV� DOPRVW� D� JLYHQ� WKDW� WKHVH� DQFHVWRUV� ZLOO� KDYH� EHHQ� DEOH� WR� OHDUQ�WKURXJK�FODVVLFDO�DQG�RSHUDQW�FRQGLWLRQLQJ��:KDW� LV�PRUH�� WKH�OHYHO�RI�GLVFULPLQDWLRQ�WKH\�ZLOO�KDYH�EHHQ�DEOH�WR�PDNH�ZKHQ�OHDUQLQJ�ZLOO�EH�DW�OHDVW�DW�WKH�EDVLF�OHYHO�RI�FDWHJRULVDWLRQ��VHH�IRRWQRWH�����$V� VXJJHVWHG� LQ� WKH�6WDWHPHQW� RI�$LPV��ZH�PLJKW� GR�ZHOO� WR� UHJDUG�RXU� SUREOHP�DV� WKDW� RI� WKH�WUDQVLWLRQ�IURP�VLJQDO�WR�V\PERO��)XUWKHUPRUH��,�DOVR�VXJJHVWHG�WKDW�RQH�RI�WKH�DLPV�RI�WKLV�SDSHU�LV�WR�PDUU\�EHKDYLRXULVW�DQG�FRJQLWLYLVW�FRQFHUQV�LQ�RUGHU�WR�LPSRVH�VRPH�SDUVLPRQ\�RQ�WKHRULVLQJ�LQ�WKLV�DUHD��*LYHQ�WKLV�LW�VHHPV�UHDVRQDEOH�WR�DVN�ZKDW�UROH�VLPSOH�OHDUQLQJ�PLJKW�KDYH�KDG�LQ�WKH�RQVHW�RI�VLJQDOOLQJ��,�VKDOO�ILUVW� RXWOLQH� KRZ� FODVVLFDO� FRQGLWLRQLQJ� �RU� H[SHFWDQF\� OHDUQLQJ�� PLJKW� EH� LQYROYHG� LQ� FXHV� DQG� WKHQ� LQ�VLJQDOV��7KHVH�H[DPSOHV�DUH�EHVW�UHJDUGHG�DV�WKRXJKW�H[SHULPHQWV��RU��LQWXLWLRQ�SXPSV���WR�XVH�'HQQHWW
V�WHUP���UDWKHU�WKDQ�SUHFLVH�K\SRWKHVHV�DERXW�WKH�RULJLQV�RI�WKHVH�V\VWHPV��7KH�H[DPSOH�RI�D�FXH�JLYHQ�DERYH�LV�WKH�\HOORZ�DQG�EODFN�VWULSHV�RI�D�ZDVS��:DVSV�JLYH�D�VWLQJ�WKDW� LV�D�SDLQIXO� LUULWDQW��EXW� LW� LV�QRW� IDWDO� WR�PDQ\�VSHFLHV��)RU�QRZ�ZH�VKDOO� LPDJLQH� WKDW�NQRZOHGJH�RI�ZDVS�VWLQJV�LV�QRW�LQQDWHO\�FRGHG�DQG�VWRUHG�LQ�RWKHU�FUHDWXUHV��,W�LV�OLNHO\�WKDW�\HOORZ�DQG�EODFN�VWULSHV DUH�SHUFHSWXDOO\�YHU\�GLVWLQFWLYH�WR�PDQ\�FUHDWXUHV��KHQFH�WKH�SHUVLVWHQFH�RI�WKLV�FRORUDWLRQ�VFKHPH�WKURXJKRXW�WLPH��DQG�WKDW�VXFK�D�VFKHPH�FRXOG�EH�DVVRFLDWHG�ZLWK�WKH�SURSHUWLHV�RI�WKH�ZDVS��,Q�WKLV�FDVH�LWV�XQSOHDVDQW��LUULWDQW� SURSHUWLHV� WKDW� DUH� EHVW� DYRLGHG�� 7KLV� DVVRFLDWLRQ� FRXOG� EH� PDGH� WKURXJK� H[FLWDWRU\� FODVVLFDO�FRQGLWLRQLQJ��7KH�EODFN�DQG�\HOORZ�VWULSHV�ZRXOG�DFW�DV�D�&RQGLWLRQHG�6WLPXOXV��&6���WKH�VWLQJ�RU�LUULWDQW�LV�WKH�8QFRQGLWLRQHG�6WLPXOXV� �8&6�� DQG� WKH� DYRLGDQFH�RI� WKH�ZDVS� WKDW� WKDW� FDXVHV� LV� WKH�8QFRQGLWLRQHG�5HVSRQVH��8&5���
�� >8&6��VWLQJ��± 8&5��DYRLGDQFH�@��� &6��VWULSHV��± >8&6�± 8&5@��� &6�± &5��DYRLGDQFH��
+RZ�PLJKW�WKLV�VLPSOH�PRGHO�WUDQVIHU�WR�VLJQDOOLQJ"�&KHQH\�DQG�6H\IDUWK¶V��������������ZRUN�RQ�YHUYHWV�KDV� VKRZQ� WKDW� WKH\� KDYH� VSHFLILF� VLJQDOV� IRU� VSHFLILF� SUHGDWRUV�� +RZ� PLJKW� D� VSHFLILF� FDOO� UHVXOW� LQ� D�VSHFLILF�EHKDYLRXU�LQ�WKH�OLVWHQHU"�)LUVW��ZH�FDQ�LPDJLQH�D�VLWXDWLRQ�ZKHUHE\�DQ�DQFHVWUDO�YHUYHW�PRQNH\�VHHV�SUHGDWRU�$�DQG�HPLWV�D��\HOS���$QRWKHU�YHUYHW�ZLOO�KHDU��\HOS��DQG�WKHQ�VRPH�VKRUW�WLPH�ODWHU�VHH�$��6HHLQJ�$�ZLOO�WULJJHU�QRUPDO�IOLJKW� UHVSRQVHV�� VXFK� DV� KLGLQJ�XQGHU� D� EXVK�� ,I� WKLV� DXGLWRU\� FOXH� LV� UHJXODUO\� SDLUHG�ZLWK� D� WHPSRUDOO\�FORVH�VLJKWLQJ�RI�D�SUHGDWRU�WKH�YHUYHW�PRQNH\�WKDW�KHDUV��\HOS��PLJKW�VWDUW�WR�KLGH�EHIRUH�VHHLQJ�$��,Q�WKLV�FDVH�ZH�FDQ�HQYLVDJH�WKH��\HOS��DV�D�&6��WKH�VLJKWLQJ�DV�DQ�8&6�DQG�WKH�KLGLQJ�DV�D�8&5��
�� >8&6��VLJKW�RI�$��± 8&5��KLGH�XQGHU�EXVK�@��� &6���\HOS���± >8&6�± 8&5@��� &6�± &5��KLGH�XQGHU�EXVK��
7KH�H[LVWLQJ�8&6�± 8&5�SDLULQJ�PLJKW�EH�OHDUQW�WRR�RU�PLJKW�WR�VRPH�H[WHQW�EH�KDUGZLUHG��)URP�&KHQH\�DQG�6H\IDUWK¶V��������H[SHULPHQWDO�ZRUN�ZH�NQRZ�WKDW�YHUYHWV�DUH�YHU\�VHQVLWLYH�WR�IDOVH�FDOOHUV��,W�ZRXOG�DSSHDU�WKDW�YHUYHWV�SD\�FORVH�DWWHQWLRQ�WR�WKH�FKDUDFWHULVWLFV�RI�WKH�FDOOHU�DV�ZHOO�DV�WKH�FDOO��2QH�H[SODQDWLRQ� LV� WKDW�DQ�XQUHOLDEOH�FDOOHU�PD\�QRW�SUHVHQW�VXIILFLHQW� WULDOV� WR� OHDUQ�D�&6�± &5�



&RQQH[LRQV����������

�

UHODWLRQ��$OWHUQDWLYHO\�� WKH� XQUHOLDEOH�FDOOHU�PD\�DFWXDOO\� KDYH�DQ� LQKLELWRU\� OHDUQLQJ�HIIHFW�� ,I� WKH� YHUYHW�DOZD\V�VLJQDOV��\HOS��DQG�QRWKLQJ�KDSSHQV��DIWHU�WKH��\HOS��WR�SUHGDWRU�$�DVVRFLDWLRQ�KDV�EHHQ�OHDUQW�IURP�RWKHU�VRXUFHV��WKLV�&6�ZLOO�DFWXDOO\�VLJQDO�DQ�RPLVVLRQ�RI�VWLPXOXV�DQG�UHVSRQVH��%RWK�RI�WKHVH�H[SODQDWLRQV�UHO\�XSRQ�WKH�DELOLW\�WR�DFFXUDWHO\�GLVWLQJXLVK�FDOOHUV��,I�WKLV�GLVWLQFWLRQ�FRXOG� QRW� EH� GUDZQ� WKHQ� RQH� ZRXOG� H[SHFW� VWLPXOXV� JHQHUDOLVDWLRQ� WR� OHDG� HLWKHU� WR� GHJUDGDWLRQ� LQ� WKH�VLJQDO�WR�VLJQDOOHG�UHODWLRQVKLSV��VXFK�WKDW�WKH�V\VWHP�FHDVHV�WR�RSHUDWH��RU�WR�WUHDWLQJ�XQUHOLDEOH�VLJQDOV�DV�DFFXUDWH�ZKLFK�ZRXOG�LQ�WXUQ�OHDG�WR�HQHUJ\�FRVWV�IRU�QR�EHQHILW�RQ�FHUWDLQ�RFFDVLRQV��7KLV�FRXOG�ZHOO�EH�LQWROHUDEOH��+RZHYHU��GLVWLQJXLVKLQJ�FDOOHUV�LV�QRW�DQ�XQSUREOHPDWLF�VROXWLRQ��,I�WKH�YHUYHWV�FDQ�GLVWLQJXLVK�DOO� FDOOHUV� LW� HLWKHU� PHDQV� WKDW� HDFK� YHUYHW� KDV� WR� OHDUQ� WKH� DVVRFLDWLRQV� EHWZHHQ VSHFLILF� FDOO�W\SHV� DQG�SUHGDWRUV� IRU�HDFK�FDOOHU��RU� WKDW�VWLPXOXV�JHQHUDOLVDWLRQ�DOORZV� WKH� VLPLODULWLHV� LQ�FDOOV� �WKH\�DUH� VWURQJO\�VLPLODU�� WR� UHGXFH� WKH� OHDUQLQJ� ZRUNORDG�� ,I� VWLPXOXV� JHQHUDOLVDWLRQ� DOORZV� WKH� UHFRJQLWLRQ� RI� FDOO�W\SHV�DFURVV�LQGLYLGXDOV�WKH�SUREOHP�RI�XQUHOLDEOH�VLJQDOOHUV�DJDLQ�UDLVHV�LWV�KHDG��7KLV�FLUFXODU�SUREOHP�QHHG�QRW�EH� WKDW�YLFLRXV��KRZHYHU�� LI�ZH�DVVXPH� WKDW� WKH� LQIRUPDWLRQ� WKDW�GLVWLQJXLVKHV�FDOOHUV� LV�RQO\�QHFHVVDU\�ZKHQ�WKHUH�LV�VRPH�DQRPDO\�LQ�WKH�FDOOLQJ�V\VWHP��,I�D &6�IDLOV� WR�SUHGLFW�DQ�8&6�UHOLDEO\�WKHQ�WKH�PRQNH\V�ZLOO�ORRN�WR�VRPH�QHZ�IHDWXUHV�WR�GHWHUPLQH�ZKHQ�WKH�&6�ZLOO�SUHGLFW�DQG�ZKHQ�LW�ZLOO�QRW��,Q�D�VHQVH�WKH�PRQNH\V�OHDUQ�D�QHZ��ILQHU�JUDLQHG�&6��,W� VHHPV� HQWLUHO\� SRVVLEOH�� WKHQ�� WKDW� H[SHFWDQF\� OHDUQLQJ� ZLOO� DOORZ� IRU� WKH� UHVXOWV� IRXQG� E\�&KHQH\� DQG� 6H\IDUWK�� DQG� WKHUH� LV� QR� UHDVRQ� WR� DVVXPH� D� VRSKLVWLFDWHG� UHSUHVHQWDWLRQDO� DUFKLWHFWXUH� WR�FRQWURO�WKLV�IRUP�RI�FRPPXQLFDWLRQ��0XFK�RI�WKH�YHUYHW�VLJQDOLQJ�V\VWHP�PD\�LQ�IDFW�EH�KDUGZLUHG��WKH�UHVXOW�RI�VHOHFWLRQ�IRU�DQFHVWUDO�OHDUQLQJ�� &HUWDLQ� VRXQGV� PD\� ZHOO� EH� HPLWWHG� ZKHQ� FHUWDLQ� SUHGDWRUV� DUH� VHHQ�� DQG� WKHVH� VRXQGV� PD\�VWLPXODWH�UHOHYDQW�UHVSRQVH�LQ�OLVWHQHUV��+RZHYHU��VXFK�FDOOV�DQG�WKHLU�UHVSRQVHV�DUH�OLNHO\�WR�EH�ILQH�WXQHG�E\� H[SHFWDQF\� OHDUQLQJ� �2OLSKDQW�� ������� :H� FDQ� DUJXH� IRU� D� GLVSRVLWLRQ� WR� EHKDYH� LQ� VXFK� D� ZD\��)XUWKHUPRUH��LW�LV�SRVVLEOH�WKDW�LI�WKH�YHUYHW�UHSHUWRLUH�LV�HQWLUHO\�KDUGZLUHG�LW�VWLOO�KDG�DQ�DQFHVWU\�OLNH�WKH�OHDUQLQJ� DFFRXQW� MXVW� RXWOLQHG�� 6XFK� D� FRQVLVWHQW� OHDUQLQJ� HQYLURQPHQW� PLJKW� KDYH� OHG� WR� WKH� ZKROH��V\VWHP�� EHFRPLQJ� KDUGZLUHG� WKURXJK�%DOGZLQLDQ�PHDQV�� 7KH� SXUSRVH� RI� WKLV� H[SHFWDQF\� DFFRXQW� LV� WR�UHODWH�D�SRVVLEOH�VFHQDULR��QRW�QHFHVVDULO\�DQ�DFWXDO�RQH��ZKLFK�PLJKW�KHOS�WR�H[SODLQ�WKH�RULJLQV�RI�KXPDQ�FRPPXQLFDWLRQ��$V�,�KDYH�DOUHDG\�QRWHG�YHUYHW�FRPPXQLFDWLRQ�LV�QRW�V\PEROLF��EXW�LW�FRPHV�FORVH��:KDW�LV�QHHGHG�WR�PDNH�D�QHZ�VSHFLHV�RI�YRFDO�VLJQDOV�WKDW�DUH�DUELWUDULO\�DQG�V\PPHWULFDOO\�OLQNHG�WR�WKHLU�UHIHUHQW"�7KH�7UDQVLWLRQ�IURP�6LJQDO�WR�6\PERO*RPH]������D�E��KDV�UHFHQWO\�SURSRVHG�WKDW�WKH�RUGHU�RI�VLJQDOOLQJ�V\VWHPV�VHHQ�LQ�YHUYHW�PRQNH\V�PLJKW�EH��FRD[HG��LQWR�V\PEROLF�FRPPXQLFDWLRQ�ZLWK�WKH�DGGLWLRQ�RI�DQ�RVWHQVLYH�V\VWHP�WKDW� LV�XQGHU�VHSDUDWH�FRQWURO��*RPH]�DUJXHV�WKDW�DQ�RVWHQVLYH�V\VWHP�ZRXOG�KDYH�DOORZHG�DQFHVWUDO�VLJQDOOHUV�WR�GLUHFW�DWWHQWLRQ�WR�QHZ�REMHFWV�DQG�DWWDFK�YRFDO�ODEHOV�WR�WKHP��+H�IHHOV�WKDW�WKH�FRPPXQLFDWLRQ�RI�YHUYHWV�DOUHDG\�H[KLELWV�D�FHUWDLQ�DPRXQW�RI��VHPDQWLFLW\��DQG�WKLV�VLPSO\�KDV�WR�EH�EURXJKW�RXWVLGH�RI�WKH�FORVHG�V\VWHP�RI�SUHGDWRU�DODUP�FDOOV�� L�H��WKH�UHIHUHQWLDO�EDVH�KDV�WR�EH�H[WHQGHG��7KHUH�DUH�D�FRXSOH�RI�WKLQJV�ZURQJ�ZLWK�WKLV�LGHD��)LUVW��LW�DVVXPHV�D�IXOO�UHIHUHQWLDO�VWDWXV�IRU�YHUYHW�FDOOV��7KLV�LV�QRW�WKH�FDVH�E\�P\�GHILQLWLRQ�RI�V\PEROV�JLYHQ�WKDW�D�UHIHUHQW�KDV�WR�EH�DUELWUDULO\�DQG�V\PPHWULFDOO\�UHODWHG�WR�WKH��V\PERO��IRU�LW�WR�EH�D�V\PEROLF�UHODWLRQVKLS�� ,Q� RWKHU� ZRUGV�� IXOO� UHIHUHQFH� UHTXLUHV� D� V\PERO�� $W� EHVW� WKH� RQH�ZD\� FDOO�WR�EHKDYLRXU�UHODWLRQVKLS�VHHQ�LQ�YHUYHW�FRPPXQLFDWLRQ�LV�D�FDVH�RI�SURWR�UHIHUHQWLDO�EHKDYLRXU��7KH�VHFRQG�SUREOHP�LV�WKDW�*RPH]
V� VSHFXODWLRQ� UHTXLUHV� D� VLJQLILFDQW� DPRXQW� RI� YRFDO� FRQWURO� WR� HQDEOH� WKH� H[WHQVLRQ�RI� YRFDO�VLJQDOOLQJ�LQWR�RWKHU�GRPDLQV��)URP�P\� K\SRWKHVLV� \RX�ZLOO� QRWH� WKDW� ,� DP� V\PSDWKHWLF� WR�*RPH]
V� LGHD� DQG� DOVR� WKDW� ,� KDYH�SURSRVHG�PDUU\LQJ� LW� ZLWK�'XQEDU
V� ������� ������ �JRVVLS�� WKHRU\� RI� ODQJXDJH� HYROXWLRQ��'XQEDU
V� EDVLF�LGHD� LV� WKDW� DV� DQFHVWUDO� JURXS� VL]HV� LQFUHDVHG� GXH� WR� HFRORJLFDO� SUHVVXUHV� VR� WLPH� FRQVWUDLQWV� JUHZ�ZLWK�UHJDUG�WR�SK\VLFDO�JURRPLQJ��*URRPLQJ�ZDV�HVVHQWLDO�IRU�JURXS�FRKHVLRQ�EXW�LW�FRXOG�QRW�WDNH�XS�WKH�ZKROH�GD\�DV�IRRG�KDG�WR�EH�IRXQG�DQG�RWKHU�QHHGV�KDG�WR�EH�PHW��6RPHWKLQJ�KDG�WR�UHSODFH�SK\VLFDO�JURRPLQJ�LQ�WKLV�FRPSOH[��VRFLHW\��DQG�'XQEDU�VXJJHVWV� WKDW�SURWR�ODQJXDJH�RI�VRPH�IRUP�ZDV�IDYRXUHG�E\�VHOHFWLRQ�IRU�WKLV�UROH��,�VKDOO�QRZ�H[SODLQ�WKLV�PDUULDJH�RI�LGHDV�LQ�VRPH�GHWDLO��$V�\RX�ZLOO�H[SHFW�WKLV�PDUULDJH�LV�GHSHQGHQW�XSRQ�WKH�RUGHU�RI�OHDUQLQJ�ZH�KDYH�DOUHDG\�GLVFXVVHG��'XQEDU¶V�YRFDO�JURRPLQJ�PRGHO�LV�UHDOO\�D�PRGHO�DERXW�LQFUHDVHG�YRFDO FRQWURO��:KHUH�SK\VLFDO�JURRPLQJ� PLJKW� RQFH� KDYH� EHHQ� DFFRPSDQLHG� E\� PXUPXULQJ�� DV� ZH� VHH� LQ� PRGHUQ� JHODGDV�� DQFHVWUDO�KRPLQLGV� KDG� WR� LQFUHDVLQJO\� UHO\� XSRQ� WKLV� DFFRPSDQLPHQW� LQVWHDG� RI� WKH� DFWXDO� SK\VLFDO� JURRPLQJ��)XUWKHUPRUH��LQ�RUGHU�IRU�'XQEDU¶V�YRFDO�JURRPLQJ�V\VWHP�WR�ZRUN��LQ�WHUPV�RI�VXFK�LVVXHV�DV�WXUQ�WDNLQJ��
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LQLWLDWLQJ�DQG�HQGLQJ�ERXWV��HWF��WKH�XVH�RI�RVWHQVLRQ��SRVVLEO\�WKH�H\H�FRQWDFW�YDULHW\�WKDW�*RPH]�LV�NHHQ�WR�SURPRWH��PD\�KDYH�EHFRPH�FULWLFDO��$WWHQWLRQ�QHHGV�WR�EH�IRFXVHG�DQG�GLUHFWHG�� LI�\RX�OLNH��WKH�LQWHQWLRQ�RI�WKH�YRFDO�DFW�KDV�WR�EH�PDGH�H[SOLFLW��,QGHHG��LQ�PRGHUQ�0RQNH\V�DQG�*UHDW�$SHV�SK\VLFDO�JURRPLQJ�RIWHQ�LQFOXGHV� QXGJHV� DQG� WXJV� HWF�� LQ� RUGHU� WR� JHW� WKH� �JURRPHH�� WR� SRVLWLRQ� KHUVHOI� ZKHUH� WKH� �JURRPHU��UHTXLUHV��*D]H�GLUHFWLRQ�ZRXOG�EH�D PXFK�PRUH�HIILFLHQW� LQ�YRFDO�JURRPLQJ�VFHQDULRV��EXW�SRLQWLQJ�PLJKW�KDYH�KDG�D�UROH�WRR��*RPH]������D�E��KDV�LQGLFDWHG�D�VSHFLHV�GLIIHUHQFH�LQ�WKH�XVH�RI�H\H�FRQWDFW�DV�D�ZD\�RI�GLUHFWLQJ�DWWHQWLRQ��0RQNH\V�GR�QRW�KDYH�D�IOH[LEOH�DQG�IUHH�V\VWHP�RI�RVWHQVLRQ�WKURXJK�WKH�XVH�RI�H\H�FRQWDFW�± *UHDW�$SHV�GR��7KLV�VXJJHVWV�WKDW�RXU�KRPLQLG�DQFHVWRUV�PLJKW�KDYH�KDG�VXFK�D�IUHH�V\VWHP�WRR��,W�LV�XQGRXEWHGO\�WKH�FDVH�WKDW�PRGHUQ�KXPDQV�XVH�H\H�FRQWDFW��)RU�LQVWDQFH��LQIDQWV�XVH�WKH�GLUHFWLRQ�RI�JD]H�WR�DVFHUWDLQ�WKH�IRFXV�RI�DWWHQWLRQ�LQ�DGXOW�VSHDNHUV��/RFNH���������7KLV�RIWHQ�OHDGV�WR�WKH�PLVDOORFDWLRQ�RI�QDPHV� WR� REMHFWV�� DV� DGXOWV� GR�QRW� DOZD\V� ORRN� DW� WKH� REMHFWV� WKH\� DUH� VSHDNLQJ� DERXW�� ,I� WKLV� XVH� RI� H\H�FRQWDFW�LV�D�PDUNHG�VSHFLHV�GLIIHUHQFH�LW�LV�OLNHO\�WKDW�WKH�RVWHQVLYH�V\VWHP�WKDW�*RPH]�LV�K\SRWKHVLVLQJ�LV�KDUGZLUHG�WR�VRPH�H[WHQW��7KLV�RVWHQVLYH�FODULILFDWLRQ�RI�YRFDO� DFWV� LV� QRWKLQJ� OLNH� WKH� UHODWLRQVKLSV�ZLWKLQ�FRPPXQLFDWLRQ�V\VWHPV�EDVHG�RQ�FXHV�RU�VLJQDOV�² DOO�RI�ZKLFK�KDYH�D�GLUHFW�FDXVDO�OLQN�ZLWK�WKH�REMHFW��HYHQW�RU�VWDWH�RI�DIIDLUV� WKH\� FDUU\� LQIRUPDWLRQ� DERXW�� +HUH� WKH� LQIRUPDWLRQ� FRQYH\HG� E\� WKH� YRFDOLVDWLRQ� LV� WLHG� WR� WKDW�YRFDOLVDWLRQ�LQ�DQ�DUELWUDU\�PDQQHU��EXW�RQ�WKH�EDFN�RI�WKH�RVWHQVLYH�JHVWXUH��2QFH�WKLV�OLQN�LV�PDGH�ILUPO\�HQRXJK��WKURXJK�VLPSOH�OHDUQLQJ��WKHUH�LV�SRWHQWLDOO\�QR�QHHG�IRU�WKH�DFFRPSDQ\LQJ�RVWHQVLYH�JHVWXUH��7KH�YRFDOLVDWLRQ� FDQ� GR� WKH� ZRUN� RQ� LWV� RZQ�� ,I� WKLV� LV� WUXH�� WKHQ� ZH� FRXOG� DOVR� H[SHFW� WKH� XWWHUDQFH� RI� D�YRFDOLVDWLRQ�OHDUQW� LQ� WKLV�ZD\�WR�FDUU\�LQIRUPDWLRQ�DERXW�ZKDW� WKH�XWWHUHU� LQWHQGV�WKH�KHDUHU� WR�DWWHQG�WR��HYHQ�LI�WKDW�WKLQJ�LV�QRW�SUHVHQW��,Q�RUGHU�WR�FODULI\�WKLV� ODVW� VHW�RI�SRLQWV�ZH�VKDOO� ORRN�DW�DQ�LPDJLQDU\�DQFHVWUDO�VFHQDULR��/HW�XV�DVVXPH�WKDW�WKDW�*RPH]
V�VSHFXODWLRQ�LV�FRUUHFW�DQG�WKDW�YRFDO�VLJQDOOLQJ�RI�WKH�VRUW�VHHQ�LQ�YHUYHW�PRQNH\V��SOXV�RVWHQVLRQ�OHDGV�WR�QDPLQJ��/HW�XV�DOVR�DOORZ�IRU�D�IHZ�DGGLWLRQV�WR�WKLV�VSHFXODWLRQ��
x 9RFDO��VHPDQWLFLW\��LQ�WKH�DQFHVWUDO�SRSXODWLRQ�LV�IOH[LEOH�� WKHUH�LV�TXLWH�D�ORW�RI�SRWHQWLDO�YDULDQFH�LQ�WKH�YRFDO�RXWSXW��x 7KH�FRQQHFWLRQ�EHWZHHQ�WKH�UHIHUHQW�DQG�LWV�DVVRFLDWHG�EHKDYLRXU�LV�QRW�HVWDEOLVKHG�RQ�WKH�EDFN�RI�DQ�DIIHFWLYH�UHVSRQVH��WKXV�UHQGHULQJ�LW�IDLUO\�IOH[LEOH��x %DVLF�FDWHJRULFDO�SHUFHSWLRQ�FRQVWUDLQWV�DOUHDG\�H[LVW�� IRU�H[DPSOH��WKH�ZKROH�REMHFW�ELDV��DV�WKH�ZKROH�REMHFW�KDV�WR�UHSUHVHQW�D�IXQGDPHQWDO�OHYHO�RI�LQWHUDFWLRQ�EHWZHHQ�DJHQW�DQG�ZRUOG��
,Q� WKLV� K\SRWKHWLFDO� VLWXDWLRQ� WKH� DQFHVWUDO� VSHFLHV� KDV� D� EHKDYLRXUDOO\� IL[HG� UHSHUWRLUH� RI� FDOOV� WKDW� DUH�OHDUQW��$Q�DYHUDJH�FDOO�ZLOO HPHUJH�IURP�WKLV�OHDUQLQJ�IRU�HDFK�UHIHUHQW��+RZHYHU��WKLV�DYHUDJH�FDOO�KDV�QRW�EHFRPH� KDUGZLUHG� � OHDUQLQJ� LV� VXIILFLHQW�� :LWK� WKH� RQVHW� RI� RVWHQVLYH� EHKDYLRXU� ZLWKLQ� WKLV� DQFHVWUDO�SRSXODWLRQ� LW� LV� SRVVLEOH� IRU� VRPH� RI� WKH� SRWHQWLDO� YRFDO� YDULDQFH� WR� EH GLUHFWHG� WR� UHIHU� WR� QHZ� WKLQJV� �HVSHFLDOO\�LI�WKLV�KDSSHQV�EHIRUH�WKH�DYHUDJH�FDOOV�DUH�IXOO\�OHDUQW��2VWHQVLRQ�DOORZV�LQGLYLGXDOV�WR�UHGLUHFW�DWWHQWLRQ�DQG�HVWDEOLVK�QHZ�YRFDO�UHIHUHQFHV��$�QRYHO�VRXQG�FDQ�EH�PDGH��ZKLOVW�DWWHQWLRQ�LV�GLUHFWHG�WR�D�SUHYLRXVO\� �XQ�QDPHG��ZKROH� REMHFW��(YHQWXDOO\� WKDW�ZKROH� REMHFW� LV� DVVRFLDWHG� WKURXJK� VLPSOH� OHDUQLQJ�ZLWK�WKH�QRYHO�VRXQG�DQG�WKH�RVWHQVLYH�JXLGDQFH�LV�QR�ORQJHU�UHTXLUHG��:KDW� VRUW� RI� VHOHFWLRQ� SUHVVXUHV� ZRXOG� OHDG� WR� WKLV"� $V� LW� VWDQGV� WKH� SUH�RVWHQVLRQ� V\VWHP� LV�VKDSHG�E\� WKH� H[LVWLQJ� FRQVWUDLQWV� RI� WKH� HQYLURQPHQW� WKDW� KDYH�PHDQW� D� OLPLWHG� VHW� RI� FDOOV� LV� VXIILFLHQW�VLJQDOOLQJ��1HZ�SUHGDWRUV�PLJKW�PDNH� IRU� QHZ�DODUP�FDOOV��EXW� LW� LV� LPSUREDEOH� WKDW� VXFK�QRYHOW\�ZRXOG�VXGGHQO\�DULVH��,Q�IDFW��WKH�HQYLURQPHQW�RI�RXU�DQFHVWRUV�LV�OLNHO\�WR�KDYH�EHHQ�D�VWDEOH�VDYDQQDK�RQH�IRU�WKH�ODVW� �� PLOOLRQ� \HDUV�� 6R� ZKDW� ZRXOG� SRVVHVV� D� VXLWDEO\� YRFDOO\� SODVWLF� DQFHVWRU� WR� VWDUW� ILQHVVLQJ� WKDW�YDULDQFH�DQG�PDNLQJ�QHZ�UHIHUHQFH"�/HW�XV�ORRN�DW�VRPH�PRUH�LPDJLQHG�VFHQDULRV��'XQEDU¶V� YRFDO� JURRPLQJ� ZRXOG� QRW� KDYH� RFFXUUHG� VXGGHQO\�� EXW� LQVWHDG� ZRXOG� KDYH� HPHUJHG�RYHU� VRPH� WLPH�� $V� KH� KDV� LQGLFDWHG� LW� ZRXOG� EH� OLNHO\� WKDW� FHUWDLQ� YRFDOLVDWLRQV� ZHUH� DOUHDG\�DFFRPSDQ\LQJ�SK\VLFDO�JURRPLQJ�DQG�WKDW�WKHUH�ZRXOG�EH�VRPH�YDULDWLRQV�ZLWKLQ�WKHVH�YRFDOLVDWLRQV�GXULQJ�GLIIHUHQW�SDUWV�RI�WKH�JURRPLQJ�LQWHUDFWLRQ��$V� WLPH�EXGJHW� SUHVVXUH� LQFUHDVHG�GXH� WR� LQFUHDVH� LQ� JURXS� VL]H� LW�PLJKW� EH� WKH� FDVH� WKDW�PRUH�HPSKDVLV�ZDV�SODFHG�XSRQ�WKH�DFFRPSDQ\LQJ�YRFDOLVDWLRQV��6XFK�YRFDOLVDWLRQV�ZRXOG�DFW�WR�PDUN�YDULRXV�DVSHFWV�RI�WKH�JURRPLQJ�LQWHUDFWLRQ��+RZHYHU��DV�PRUH�WKDQ�WZR�LQGLYLGXDOV�ZRXOG�EH�LQYROYHG�ZKHQ�WLPH�EXGJHW� FRQVWUDLQWV� UHDFKHG� WKHLU� FULWLFDO� OLPLW� FHUWDLQ� NH\� FKDQJHV� ZRXOG� KDYH� WR� RFFXU� ZLWKLQ� WKH�YRFDOLVDWLRQV��ZKLOVW�WKH�SK\VLFDO�FRQWDFW�ZRXOG�GLPLQLVK�WR�D�PLQLPXP�LQ�PRVW�VRFLDO�H[FKDQJHV��
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7KH�EDVLF�UROH�RI�YRFDOLVDWLRQ�FDQ�EH�UHSUHVHQWHG�DV�D�VLPSOH�H[SHFWDQF\�OHDUQLQJ�WULFN�OLNH�VR��
6WDJH��� 3K\VLFDO�JURRPLQJ�EHKDYLRXU����3���± 5HVSRQVH����5���6R��8&6��3���± 8&5��5���6WDJH��� 9RFDOLVDWLRQ����9���± >3��± 5�@�6R��&6��9���± >8&6��3���± 8&5��5��@�6WDJH��� &6��9���± &5��5���

$V�VXFK�D�JURRPLQJ�UHODWLRQVKLS�LV�KHOG�WR�RFFXU�EHWZHHQ�PRUH�WKDQ�WZR�LQGLYLGXDOV�DW�D�WLPH�LW�LV�FULWLFDO�WKDW�DWWHQWLRQ�LV�GLUHFWHG�LQ�RUGHU�WR�DOORZ�VXFK�H[SHFWDQF\�OHDUQLQJ�WR�WDNH�SODFH��,I�WKHUH�ZHUH�D�EDUUDJH�RI�YRFDOLVDWLRQV�WKHQ�WKH�RSSRUWXQLW\�WR�GLUHFW�JURRPLQJ�DW�LQGLYLGXDOV�ZRXOG�EH�ORVW��,Q�RUGHU�WR�DVFHUWDLQ�WKH�REMHFW�RI�WKH�YRFDOLVDWLRQ�H\H�GLUHFWLRQ�FRXOG�EH�QRWHG�± LI�DQ�LQGLYLGXDO�LV�REYLRXVO\�DWWHQGLQJ�WR�DQRWKHU�WKHQ�WKH�REMHFW�RI�YRFDO�JURRPLQJ�VKRXOG�EH�HDV\�WR�HVWDEOLVK��,Q�WKLV�PDQQHU�WKH�YRFDO�LQWHUDFWLRQ�FRXOG�EH�FDUYHG� LQWR� GLVFUHWH� DQG� IXQFWLRQDO� XQLWV� WKDW�ZRXOG� VHUYLFH� WKH� UHODWLRQVKLSV� KHOG� EHWZHHQ� WKH� JURXS� RI�LQGLYLGXDOV�� 7KH� H\H� FRQWDFW� ZRXOG� DOORZ� VSHFLILF� YRFDOLVDWLRQV� WR� EH� DSSOLHG� WR� VSHFLILF� LQGLYLGXDO�KRPLQLGV��0DQXDO�RVWHQVLYH�JHVWXUHV�PLJKW�DLG�WKLV�SURFHVV�LQ�WKH�HDUO\�VWDJHV�RI�FKDQJH�RYHU�IURP�SK\VLFDO�WR�YRFDO�JURRPLQJ��$FWXDO�JURRPLQJ�PDQLSXODWLRQV�PLJKW�EHFRPH�VW\OLVHG��)RU�H[DPSOH��SK\VLFDO�FRQWDFW�VXFK�DV�D�EULHI�WRXFK�PLJKW�LQGLFDWH�WKDW�WKH�JURRPHU�LV�DERXW�WR�JURRP��/DWHU�WKLV�PLJKW�MXVW�EH�D�SRLQWLQJ�JHVWXUH��SHUKDSV�DFFRPSDQ\LQJ�REYLRXV�H\H�FRQWDFW��7KLV�ZRXOG�EH�H[SHFWHG�LI�YRFDOLVDWLRQ�JUDGXDOO\�WRRN�SUHFHGHQFH�RYHU�SK\VLFDO�FRQWDFW��,W�PLJKW�EH�REMHFWHG�WKDW� WXUQ�WDNLQJ�DQG�LQGLYLGXDOO\�GLUHFWHG�YRFDO�JURRPLQJ�ZRXOG�XQGHUPLQH�WKH�WLPH�EXGJHW�JDLQV�PDGH�E\�IRUIHLWLQJ�SK\VLFDO�JURRPLQJ��7KLV�LV�QRW�QHFHVVDULO\�WKH�FDVH�± IRU�LQVWDQFH��VXFK�YRFDO�JURRPLQJ�FRXOG�RFFXU�ZKLOVW�RWKHU�DFWLYLWLHV�DUH�EHLQJ�HQJDJHG� LQ�± VXFK�DV�KXQWLQJ� LQ� VPDOO�JURXSV�� $OVR� YRFDOLVDWLRQV� DUH� PXFK� PRUH� OLNHO\� WR� EH� UDSLG� DQG� VR� PRUH� UHODWLRQVKLSV� FRXOG� VWLOO� EH�VHUYLFHG�IDVWHU��&ULWLFDOO\�LW�LV�XQOLNHO\�WKDW�D�PDVV�EURDGFDVW�DSSURDFK�WR�YRFDO�JURRPLQJ�ZRXOG�HYROYH��DV�WKLV�ZRXOG�QRW�DOORZ�SULPDWH�KLHUDUFKLHV� WR�H[LVW� LQ� WKH� IRUPDW� WKH\�FXUUHQWO\�GR�� ,W�PD\�EH� WKH�FDVH� WKDW�JURRPLQJ� IDFLOLWDWHV� FRDOLWLRQV� EXW� KRZ� PXFK� \RX� JURRP� DQ� LQGLYLGXDO� FRPSDUHG� ZLWK� DQRWKHU� DOVR�LQGLFDWHV� DQG� UHLQIRUFHV� UDQN�� 5DQN� LV� FULWLFDOO\� LPSRUWDQW� LQ� SULPDWH� JURXSLQJV� DQG� ZRXOG� KDYH� WR� EH�PDLQWDLQHG� VRPHKRZ�� ,W� LV� KLJKO\� SUREDEOH� WKDW� WKH� UHODWLYH� DPRXQW� RI� YRFDOLVDWLRQV� GLUHFWHG� DW� DQ�LQGLYLGXDO�LV�LQGLFDWLYH�RI�KHU�UDQN��)URP�WKH�YRFDO�JURRPLQJ�VFHQDULR�GHVFULEHG�DERYH�ZH�FDQ�VHH�WKDW�ZH�KDYH�D�PRGHO�ZKHUHE\�WKH�RVWHQVLYH� V\VWHP�� GHVFULEHG� E\� *RPH]�� KDV� EHHQ� PDGH� WR� QDUURZ� WKH� IRFXV� RI� H[SHFWDQF\� OHDUQLQJ�PHFKDQLVPV�LQ�RUGHU�WR�IDFLOLWDWH�'XQEDU¶V�JURRPLQJ�VFHQDULR��6XFK�D�PRGHO�LV�REYLRXVO\�SUHGLFDWHG�XSRQ�LQFUHDVHG�YRFDO�FRQWURO�DQG�WKLV�ZLOO�GHPDQG�D�WKHRU\�RI�QHXUDO�FRQWURO�DQG�WKH�XQGHUO\LQJ�SK\VLRORJ\��2QFH�VXFK�D�V\VWHP�LV�LQ�SODFH�ZLWKLQ�JURRPLQJ�LW�GRHV�QRW�DSSHDU�WRR�IDU�IHWFKHG�WR�DVVXPH�WKDW�YRFDO�GLVFULPLQDWLRQ�RI�RWKHU�REMHFWV�PLJKW�RFFXU�± VLPLODUO\�GLUHFWHG�E\�RVWHQVLYH�EHKDYLRXU��$W�WKLV�SRLQW�*RPH]¶V�LQWXLWLRQ�DERXW�KRPLQLG�DQFHVWRUV�ZLWK�H[WDQW��YRFDO�VHPDQWLFLW\��PLJKW�EHFRPH�PRUH�XVHIXO� WR�XV��2QFH�YRFDO�FRQWURO�LV�HVWDEOLVKHG�WKH�SODVWLFLW\�WKDW� LV�GHQLHG�WR�YHUYHW�V\VWHPV�ZRXOG�EH�LQ�SODFH�DQG�HQDEOH�WKH�DGGLWLRQ�RI�QHZ�VRXQGV�IRU�QHZ�GLVFULPLQDWLRQV��2QFH�UHOHYDQW�DVVRFLDWLRQV�EHWZHHQ�VRXQG�DQG�REMHFW�KDG�EHHQ�PDGH��WKURXJK�WKH�JXLGDQFH�RI�DWWHQWLRQ��RVWHQVLRQ�ZRXOG�QRW�EH�QHFHVVDU\�DQG�WKH�VRXQG�FRXOG�WUXO\�UHSUHVHQW�WKH�REMHFW��6XFK�YRFDOLVDWLRQV�ZRXOG�EH�DUELWUDU\�± LQ�WKDW�WKHUH�ZRXOG�QRW�QHFHVVDULO\�EH�DQ\�FDXVDO�OLQN�EHWZHHQ�WKHP�DQG�WKH�REMHFW�WKH\�UHSUHVHQWHG��WKLV�LV�OLNHO\�WR�EH�WUXH�LQ�WKH�JURRPLQJ�VFHQDULR�WRR���7KH�(PHUJHQFH�RI�6\PPHWU\:H� QRZ� KDYH� D� PRGHO RI� DUELWUDU\� YRFDO� UHIHUHQFH� DULVLQJ� WKURXJK� VRFLDO� DQG� HFRORJLFDO� SUHVVXUHV��+RZHYHU�� ZH� KDYH� QRW� DFFRXQWHG� IRU� WKH� V\PERO� SURSHUW\� RI� V\PPHWU\�� 7KLV� VKDOO� EH� GLVFXVVHG� QH[W�EHJLQQLQJ� ZLWK� D� EHKDYLRXULVW� SRVVLELOLW\� DQG� WKHQ� PRYLQJ� RQ� WR� VRPH� VSHFXODWLRQV� HPHUJLQJ� IURP�FRPSXWHU�VLPXODWLRQ�ZRUN��3ODFH����������KDV�UHFHQWO\�GLVFXVVHG�V\PEROV�DQG�RSHUDQW�OHDUQLQJ��%\�KLV�DFFRXQW�V\PEROV�FDQ�EH�UHJDUGHG�DV�GLVFULPLQDWLYH�VWLPXOL�WKDW�UHTXLUH�WZR�RSHUDQW�UHVSRQVHV�WR�EH�OHDUQW�� WKDW�RI�SURGXFLQJ�WKH�V\PERO�ZKHQ�SUHVHQWHG�ZLWK�DQ�LQVWDQFH�RI�LWV�UHIHUHQW��DQG��WKDW�RI�VHOHFWLQJ�WKH�UHIHUHQW�ZKHQ�SUHVHQWHG�ZLWK� WKH� V\PERO� �3ODFH�� SHUVRQDO� FRPPXQLFDWLRQ��� 7KHUH� LV� SRWHQWLDOO\� DQ� RSHUDQW� VLWXDWLRQ� IRU� RXU�
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��

DQFHVWRUV� LI� WKH� FRQWLQJHQF\� LV� VRFLDOO\� UHLQIRUFHG� WKURXJK� SHHU� LQWHUDFWLRQV�� 6XFK� D� WZR�IROG� OHDUQLQJ�SURFHGXUH�ZRXOG�HQVXUH�V\PEROLF�V\PPHWU\��,Q�RWKHU�ZRUGV��
6FKHGXOH����$�: %�6FKHGXOH����%�: $�/HDGV�WR��$�< %�

3ODFH�KDV�JLYHQ�VRPH�FOXHV�DV�WR�KRZ�WKLV�PLJKW�KDSSHQ��1RWDEOH�LV�DQ�HPSKDVLV�XSRQ�WKH�VRFLDO�HOHPHQW�LQ�GLVWLQJXLVKLQJ� V\PERO� OHDUQLQJ�� 6\PPHWU\� FRXOG� EH� LQVWDWHG� WKURXJK� VRFLDO� UHLQIRUFHPHQW� ZKHQ� WKH�UHOHYDQW�V\PERO�LV�SURGXFHG�WR�GLVFULPLQDWH�WKH�V\PEROLVHG�REMHFW��DQG�YLFH�YHUVD�ZKHQ�SUHVHQWHG�ZLWK�WKH�V\PERO�RQO\��,Q�RWKHU�ZRUGV��WKHVH�GLVFULPLQDWLRQV�DUH�D�SURGXFW�RI�D�VRFLDO�LQWHUDFWLRQ��3ODFH�DUJXHV�WKDW�DQ\�QHZ�YRFDO�GLVFULPLQDWLRQ�WKDW�LV�OHDUQW�ZRXOG�KDYH�WR�EH�OHDUQW�RSHUDQWO\�DV�WKLV�LV�WKH�RQO\�ZD\�WR�OHDUQ�V\PPHWULFDO�GLVFULPLQDWLRQV��,Q�WKH�YRFDO�JURRPLQJ�VFHQDULR�H[LVWLQJ�SK\VLFDO�VWLPXOXV�UHVSRQVH� SDLULQJV� ZHUH� DVVRFLDWHG� ZLWK� YRFDOLVDWLRQV� VXFK� WKDW� WKH� YRFDOLVDWLRQ� IRUPHG� DQ�H[SHFWDQF\��6R�3ODFH
V�PRGLILFDWLRQ�ZRXOG�KDYH� LW� WKDW� WKHUH�ZDV�D� WUDQVLWLRQ�IURP�RVWHQVLYH�JXLGDQFH�RI�YRFDO�H[SHFWDQF\�OHDUQLQJ��ZLWKLQ�JURRPLQJ�VFHQDULRV��WR�RSHUDQW�OHDUQLQJ�RI�YRFDO�GLVFULPLQDWLRQV��7KH�PDLQ�SUREOHP�ZLWK�3ODFH
V�VXJJHVWLRQ�LV�WKDW�LW�LV�KDUG�WR�HQYLVDJH�D�VXLWDEOH�VFHQDULR�LQ�ZKLFK�RXU� DQFHVWRUV� ZRXOG� VWDUW� WR� RSHUDQWO\� WUDLQ� RQH� DQRWKHU�� 1RQH� WKH� OHVV�� WKLV� LV� QRW� VXIILFLHQW� UHDVRQ� WR�DEDQGRQ�VLPSOH�OHDUQLQJ�VWUDWHJLHV�MXVW�\HW��+XUIRUG� ������� DQG� 2OLSKDQW� ������� ������ KDYH� H[HFXWHG� VLPXODWLRQ� ZRUN� WKDW� KDV� GLUHFWO\�DGGUHVVHG�WKH�LVVXH�RI�V\PPHWU\�DQG�LWV�HPHUJHQFH�IURP�DVVRFLDWLYH�OHDUQLQJ��+XUIRUG��������KDV�GXEEHG�WKH�SURSHUW\�RI�V\PPHWU\�D��6DXVVXUHDQ�VLJQ��D�EL�GLUHFWLRQDO�PDSSLQJ�EHWZHHQ�D�SKRQRORJLFDO� IRUP�DQG�VRPH�UHSUHVHQWDWLRQ�RI�D�FRQFHSW���S�������VXFK�WKDW�LW�FDQ�EH�XVHG�ERWK�IRU�WUDQVPLVVLRQ�DQG�UHFHSWLRQ��+XUIRUG�GLVFXVVHV�KRZ�D�ODQJXDJH�DFTXLUHU�ZLOO�PDNH�LVRODWHG�REVHUYDWLRQV�RI�WUDQVPLVVLRQ�DERXW�[�DQG�LVRODWHG�REVHUYDWLRQV�DERXW�WKH�UHFHSWLRQ�RI�D�VLJQDO�DERXW�[��7KH�ODQJXDJH�DFTXLUHU�ZLOO�DOVR�PDNH�QRQ�LVRODWHG�REVHUYDWLRQV�RI� WUDQVPLVVLRQ�DQG�UHFHSWLRQ�DERXW�[��,Q�HLWKHU�VLWXDWLRQ�WKH�WULFN�WKH�ODQJXDJH�DFTXLUHU�KDV�WR�SXOO�RII�LV�WKH�PDUULDJH�RI�WKH�WZR�REVHUYDWLRQV�DQG�WKH�UHDOLVDWLRQ�RI�WKH�ELYDOHQW�QDWXUH�RI�WKH� V\PERO��+XUIRUG� VHHV� D� VXFFHVVIXO� FRPPXQLFDWLRQ� DV� �DQ\� HQFRXQWHU� EHWZHHQ� LQGLYLGXDOV�ZKHUH� RQH��WKH�WUDQVPLWWHU���ZKLOH�PHQWDOO\�DWWHQGLQJ�WR�D�SDUWLFXODU�FRQFHSW��FDUULHV�RXW�VRPH�REVHUYDEOH�DFW��ZKLFK�PD\�EH�D�JHVWXUH��D�YRFDOLVDWLRQ�RU�ZKDWHYHU���DQG�DQRWKHU�LQGLYLGXDO��WKH�UHFHLYHU���DV�D�UHVXOW�RI�REVHUYLQJ�WKLV�DFW�FRPHV�WR�DWWHQG�WR�WKH�VDPH�FRQFHSW���S��������,W�LV�WKLV�WULFN�WKDW�+XUIRUG�VHWV�RXW�WR�H[SODLQ��,W�LV�SRVVLEOH�IRU�WKLV�WULFN�WR�EH�FDUULHG�RXW�ZLWKRXW�WKH�XVH�RI�D�6DXVVXUHDQ�VLJQ��+XUIRUG�VKRZV�KRZ�WZR�LQGLYLGXDOV�FRXOG�FRPPXQLFDWH�ZLWK�RQH�DQRWKHU�VXFK�WKDW�HDFK�LQGLYLGXDO�KDV�LWV�RZQ�FRGH�IRU�D�VSHFLILF�FRQFHSW�WKDW�LW�WUDQVPLWV�EXW�HDFK�LQGLYLGXDO�NQRZV�WKH�RWKHUV¶�WUDQVPLVVLRQ�FRGHV�DQG�LV�EURXJKW�WR�WKH�DSSURSULDWH�FRQFHSW�DQ\ZD\��7R�ERUURZ�IURP�+XUIRUG��,QGLYLGXDO�$�PLJKW�WUDQVPLW�JHVWXUH���WR�UHIHU�WR�FRQFHSW�[��,QGLYLGXDO�%�PLJKW�UHFHLYH�JHVWXUH���DQG�WKLQN�RI�FRQFHSW�[��+RZHYHU��LQ�RUGHU�WR�WUDQVPLW�DQG�EULQJ�FRQFHSW�[�WR�$¶V�DWWHQWLRQ��,QGLYLGXDO�%�PLJKW�VXFFHVVIXOO\�XVH�JHVWXUH ���+HUH�ZH�VHH�WKDW� WKHUH�LV�FRPPXQLFDWLYH�SHUIRUPDQFH�EXW�LW�LV�XQGHUODLQ�E\�D�FOXPV\�V\VWHP��:KDW�+XUIRUG�UHDOO\�ZDQWV�WR�H[SODLQ�LV� KRZ� D� 6DXVVXUHDQ� VLJQ�� D� V\PPHWULF� V\PERO�� FDQ� FRPH� WR� EH� D�VKDUHG�PHQWDO� UHSUHVHQWDWLRQ WKDW� FR�RUGLQDWHV� WKLV� ELYDOHQFH�� +XUIRUG� ZDQWV� WR� H[SODLQ� WKLV� DV� KH� IHHOV� D� 6DXVVXUHDQ� VWUDWHJ\� ZLOO� EH�DGYDQWDJHRXV�LQ�PRUH�FRPSOH[�FRPPXQLFDWLYH�VFHQDULRV�WKDQ�WKRVH�RXWOLQHG�LQ�WKH�H[DPSOH�DERYH��7KH�XVH�RI�D�6DXVVXUHDQ�VLJQ�ZLOO�EH�WKH�XVH�RI�D�KLJK�RUGHU�PHQWDO�UHSUHVHQWDWLRQ��WKHQ��WKDW�ZLOO�VWLSXODWH�MXVW�VXFK�D� FR�RUGLQDWLRQ�� +H� VHWV� DERXW� WKLV� WDVN� XVLQJ� FRPSXWHU� VLPXODWLRQV� RI� K\SRWKHWLFDO� SUH�OLQJXLVWLF�FRQGLWLRQV��7KUHH�VWUDWHJLHV�DUH�WHVWHG�LQ�+XUIRUG¶V�VLPXODWLRQV�± ,PLWDWRU��&DOFXODWRU�DQG�6DXVVXUHDQ��7KHVH�VWUDWHJLHV� DUH� QRW� VXSSRVHG� WR� UHSUHVHQW� DFWXDO� PHFKDQLVPV� DEURDG� LQ� SDVW� RU� SUHVHQW� WLPHV�� EXW� UDWKHU�UHSUHVHQW�DW�OHDVW�SRVVLEOH�VWUDWHJLHV�WKDW�DUH�DYDLODEOH�WR�EH�VHOHFWHG��,Q�RWKHU�ZRUGV��VLPXODWLRQV�DUH�D�IDLUO\�VRSKLVWLFDWHG�IRUP�RI�LQWXLWLRQ�SXPS��,PLWDWRUV�VDPSOH�ERWK�WUDQVPLVVLRQ�DQG�UHFHSWLRQ�EHKDYLRXUV�LQ�WKHLU�LPPHGLDWH�HQYLURQPHQW��2Q�VDPSOLQJ� WUDQVPLVVLRQ� WKH\� LPLWDWH� WKDW� EHKDYLRXU� DQG� WUDQVPLW� LW� WKHPVHOYHV�� (TXDOO\� WKH\� LPLWDWH�UHFHSWLRQ��&DOFXODWRUV�XVH�DYHUDJHV�RI�WKHLU�VDPSOHV�RI� WUDQVPLVVLRQ�DV�WKHLU�EDVLV�IRU�UHFHSWLRQ�EHKDYLRXU�DQG�YLFH�YHUVD��6R�IRU�UHFHSWLRQ��
$K��,�VHH�VRPHRQH�JLYLQJ�VLJQDO�;�LQ�UHVSRQVH�WR�REMHFW�<��VR�,�ZLOO�KHQFHIRUWK�LQWHUSUHW�VLJQDO�;�DV�GUDZLQJ�P\�DWWHQWLRQ�WR�REMHFW�<��
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$QG�WUDQVPLVVLRQ��
$K��,�VHH�VRPHRQH�UHVSRQGLQJ�WR�VLJQDO�;�E\�DWWHQGLQJ�WR�REMHFW�<��VR�KHQFHIRUWK�,�ZLOO�XVH�VLJQDO�;�WR�GUDZ�DWWHQWLRQ�WR�REMHFW�<���S�������

7KH�&DOFXODWRU�VWUDWHJ\�LV�PHDQW�WR�EH�PRUH�PDQLSXODWLYH��RU�FDOFXODWLQJ��WKDQ�WKDW�RI�WKH�,PLWDWRU��
,PDJLQH� D� FUHDWXUH� FDSDEOH� RI� OHDUQLQJ� KRZ� WR� PDQLSXODWH� RWKHU� FUHDWXUHV�� XVLQJ�LQWHQWLRQDOO\�SURGXFHG�JHVWXUHV��DQG�DOVR�OHDUQLQJ�KRZ�WR�UHVSRQG�SURILWDEO\�WR�DFWLRQV�RI�WKHLUV��7KH�&DOFXODWRU�WUHDWV�WKH�SUREOHP�RI�KRZ�WR�LQWHUDFW�ZLWK�RWKHUV�ZLWKRXW�UHFRXUVH�WR� DQ\� QRWLRQ� WKDW� KH� KLPVHOI�PD\� EH� OLNH� WKHP��+H� OHDUQV� WR� LQWHUDFW� ZLWK� WKHP�� ERWK�WUDQVPLWWLQJ�DQG�UHFHLYLQJ��DV�LI�WKH\�ZHUH�DOLHQV��RI�DQRWKHU�VSHFLHV��,W� LV�DV�LI�D�SHUVRQ�OHDUQW�E\�H[SHULHQFH�WKDW�D�FHUWDLQ�JURZO�E\�D�OLRQ�PHDQW�WKDW�WKH�OLRQ�ZDV�DERXW�WR�DWWDFN�KLP��DQG�WKDW�JLYLQJ�D�FHUWDLQ�VKRXW�WHQGHG�WR�GULYH�WKH�OLRQ�DZD\���S�������

%RWK� ,PLWDWRU� DQG� &DOFXODWRU� VWUDWHJLVWV� PDNH� QR� DWWHPSW� WR� FR�RUGLQDWH� WUDQVPLVVLRQ� DQG� UHFHSWLRQ�EHKDYLRXU�� ,I� WKH� SRSXODWLRQ� IURP�ZKLFK� VDPSOHV� DUH� EHLQJ� WDNHQ� LV� SHUIHFWO\� FR�RUGLQDWHG� WKHQ�ERWK� WKH�,PLWDWRU� DQG� &DOFXODWRU� ZLOO� EH� SHUIHFWO\� FR�RUGLQDWHG� ZLWKRXW� WKH� UHTXLUHPHQW� RI� VRPH� KLJKHU� RUGHU�UHSUHVHQWDWLRQ��$V�WKH�&DOFXODWRU�LV�DYHUDJLQJ�KLV�VDPSOHV�WKLV�ZLOO�PDNH�LW�PRUH�VXVFHSWLEOH�WR�DPELJXLWLHV�DQG�ODFN�RI�FR�RUGLQDWLRQ�LQ�WKH�SRSXODWLRQ�EXW�XQOLNH�WKH�,PLWDWRU��WKH�&DOFXODWRU�ZLOO�SURGXFH�WKH�RSWLPDO�FRPPXQLFDWLYH�EHKDYLRXU�JLYHQ�WKHVH�FRQVWUDLQWV��+XUIRUG�QRWHV�DQ�LQWHUHVWLQJ�DVSHFW�RI�WKH�&DOFXODWRU�VWUDWHJ\��
7KH�&DOFXODWRU�VWUDWHJ\�LV�RQH�VWUDWHJ\��DOEHLW�D�YHU\�VLPSOH�RQH��HPERG\LQJ�WKH�LGHD�WKDW�OHDUQLQJ�D�VLJQDOOLQJ�V\VWHP�LV�QRW�D�VSHFLDO�NLQG�RI�OHDUQLQJ��EXW�UDWKHU�WKH�DSSOLFDWLRQ�RI�D� JHQHUDO� LQWHOOLJHQW� OHDUQLQJ� DELOLW\�� ,Q� WKLV�ZD\�� WKH�&DOFXODWRU� VWUDWHJ\� FRQWUDVWV�ZLWK�WKH� 6DXVVXUHDQ� VWUDWHJ\«�� ZKLFK� PRGHOV� OHDUQLQJ� LQ� D� ZD\� FRQVLVWHQW� ZLWK� WKH�LQWHUQDOLVDWLRQ� RI� D� VSHFLDOO\� OLQJXLVWLF� �RU� PRUH� JHQHUDOO\�� VHPLRWLF�� FRQVWUXFW�� WKH� EL�GLUHFWLRQDO�6LJQ��RU�V\PERO���S�������

7KH�6DXVVXUHDQ�VWUDWHJ\�LV�OLNH�WKH�,PLWDWRU�LQ�WKDW�LW�DFTXLUHV�WUDQVPLVVLRQ�GDWD�LQ�WKH�VDPH�ZD\��EXW�GLIIHUV�DV� LW� GHULYHV� UHFHSWLRQ� EHKDYLRXU� IURP� WKH� VDPSOH� RI� WUDQVPLVVLRQ� EHKDYLRXU�� 6XFK� D� VWUDWHJLVW� FDQ� RQO\�KRSH�WR�FR�RUGLQDWH�WUDQVPLVVLRQ�DQG�UHFHSWLRQ�EHKDYLRXU�LQWHUQDOO\�E\�WDONLQJ�WR�KLPVHOI��DV�+XUIRUG�SXWV�LW��
$K�� ,� VHH� VRPHRQH� JLYLQJ VLJQDO� ;� IRU� REMHFW� <�� VR� ;� PXVW� EH� WKH� VLJQ� IRU� <�� ,¶OO�DFFRUGLQJO\� EXLOG� P\VHOI� D� WZR�ZD\� PDSSLQJ� EHWZHHQ� ;� DQG� <�� IRU� WKH� XVH� ERWK� LQ�WUDQVPLVVLRQ�DQG�UHFHSWLRQ���S�������

6R�WKH�6DXVVXUHDQ�VWUDWHJLVW�LV�D�IDU�PRUH�FRJQLWLYH�EHDVW�WKDQ�ERWK�WKH�,PLWDWRU�DQG�&DOFXODWRU��7KH�ODWWHU�VWUDWHJLVWV�VHHP�WR�KDYH�PRUH�LQ�FRPPRQ�ZLWK�WKH�DSSURDFK�VXSSRUWHG�WKXV� IDU��7KH\�VHHP�WR�VKRZ�KRZ�V\PPHWU\�PLJKW�HPHUJH�LQ�D�FRPPXQLFDWLQJ�SRSXODWLRQ��ZKRVH�WUDQVPLVVLRQ�DQG�UHFHSWLRQ�LV�FR�RUGLQDWHG�WR� VRPH� H[WHQW�� WKURXJK�VLPSOH� OHDUQLQJ� RI� ERWK� HOHPHQWV��&RXOG� WKH� RQVHW� RI� RQH� RI� WKHVH� VWUDWHJLHV� EH�LPDJLQHG�LQ�D�SUH�V\PEROLF�SRSXODWLRQ"�%\� P\� VFHQDULR� ZH� DUH� DOUHDG\� LQ� SRVVHVVLRQ� RI� ORZ� OHYHO� FRPPXQLFDWLRQ�� 7KLV� V\VWHPDWLFLW\�FRXOG� EH� DLGHG�E\� ,PLWDWRUV� RU�&DOFXODWRUV�± UHPHPEHULQJ�+XUIRUG¶V� SRLQW� DERXW� WKH� JHQHUDOLW\� RI� WKHVH�IRUPV�RI�OHDUQLQJ�DQG�DOVR�WKDW�WKLV�LQWHUDFWLRQ��HYHQ�LQ�PDQXDO�JURRPLQJ��FDQ�EH�UHJDUGHG�DV�UXGLPHQWDU\�FRPPXQLFDWLRQ��+XUIRUG� SXW� WKH� VLPXODWHG� SRSXODWLRQV� IRU� HDFK� VWUDWHJ\� WKURXJK� D� QXPEHU� RI� WKH� IROORZLQJ�JHQHUDWLRQ�F\FOHV��
�� %LUWK���� $FTXLVLWLRQ�RI�WKH�EDVLV�RI�VLJQDOOLQJ�EHKDYLRXU�DFFRUGLQJ�WR�WKH�WKUHH�VWUDWHJLHV�RXWOLQHG�DERYH���� 6HOHFWLRQ�DV�SDUHQWV�RI�WKH�QH[W�JHQHUDWLRQ�E\�D�UDQGRP�FKRLFH�ZHLJKWHG�DFFRUGLQJ�WR�LQGLYLGXDOV¶�FRPPXQLFDWLYH�DQG�LQWHUSUHWDWLYH�SRWHQWLDO�LQ�UHODWLRQ�WR�WKH�SRSXODWLRQ�DV�D�ZKROH���� 'HDWK��
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,W�ZDV�DVVXPHG� WKDW�SURILFLHQW�XVH�RI� WKH�DGRSWHG�FRPPXQLFDWLRQ� V\VWHP�DIIRUGHG�GLUHFW� ILWQHVV�EHQHILWV��(YHU\� FRPELQDWLRQ� RI� VWUDWHJLVW� FRPSHWLWLRQ� ZDV� UXQ�� 7KUHH� GLIIHUHQW� VWDUWLQJ� FRQGLWLRQV� ZHUH� WULDOHG� ±UDQGRP� �L�H�� QR� DSSDUHQW� VLJQDOOLQJ� V\VWHP� DW� DOO��� HPHUJHQW�� ZKHUH� �WKH� LQLWLDO� SRSXODWLRQ¶V� DYHUDJH�EHKDYLRXU� UHIOHFWHG� DQ� HPHUJLQJ� FRQQHFWLRQ� EHWZHHQ� VRPH� REMHFWV� DQG� VRPH� VLJQDOV�� EXW� E\� QR� PHDQV�SHUIHFW� FRPPXQLFDWLRQ�� DQG�� SHUIHFW�� ZKHUH� WKH� SRSXODWLRQ� EHJDQ� ZLWK� �D� VLQJOH�� XQDPELJXRXV� VHW� RI�REMHFW�VLJQDO�FRUUHVSRQGHQFHV���6DXVVXUHDQ� VWUDWHJLVWV� ZHUH� FOHDU� ZLQQHUV�� DFKLHYLQJ� D� KLJKHU� UHSURGXFWLYH� SRWHQWLDO�� :KHQ�&DOFXODWRUV�DQG�,PLWDWRUV�FRPSHWHG�ZLWKRXW�6DXVXUUHDQV� ,PLWDWRUV�ZRQ�HYHU\�WLPH��7KHUH�DSSHDUV�WR�EH�DQ�DGDSWLYH� DGYDQWDJH� WR� V\PEROLF� V\PPHWU\� LQ� WKDW� LW� DIIRUGV� D� FRPPXQLFDWLRQ� V\VWHP� ZLWK� RSWLPDO� FR�RUGLQDWLRQ�OHDGLQJ�WR�ILWQHVV�JDLQV��2OLSKDQW� ������� ZDV� VXUSULVHG� E\� WKH� DEVROXWH� IDLOXUH� RI� WKH� &DOFXODWRU� VWUDWHJ\� LQ� +XUIRUG¶V�VLPXODWLRQV��,Q�KLV�RZQ�ZRUN�2OLSKDQW�KDG�PDQDJHG�WR�VKRZ�&DOFXODWRUV�DV�PRUH�HIIHFWLYH�VWUDWHJLVWV�WKDQ�+XUIRUG� KDG�� 7KH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� VHWV� RI� VLPXODWLRQV�ZDV� WKDW�+XUIRUG� EDVHG� KLV� XSRQ� QRQ�RYHUODSSLQJ�JHQHUDWLRQV��7KLV�PHDQV�WKDW�QR�LQGLYLGXDOV�IURP�RQH�SRSXODWLRQ�HYHU�H[LVWHG�LQ�WKH�VXEVHTXHQW�JHQHUDWLRQ�± ZKROH�JHQHUDWLRQV�GLHG�WRJHWKHU��7KLV�KDG�QR�HIIHFW�XSRQ�,PLWDWRU�DQG�6DXVVXUHDQ�VWUDWHJLHV�EXW� LW� PHDQW� WKDW� &DOFXODWRUV� ZHUH� EDVLQJ� WKHLU� RSWLPDO� RXWSXW� XSRQ� �PHDVXUHPHQWV�� WDNHQ� IURP� WKH�SUHFHGLQJ�JHQHUDWLRQ��,W�ZRXOG�EH�YHU\�XQOLNHO\�WKDW�D�EUDQG�QHZ�JHQHUDWLRQ�ZRXOG�PLPLF�WKH�ODVW�LI�WKHUH�ZHUH�QR�JHQHUDWLRQDO�FRQWDFW��2OLSKDQW¶V�RZQ�ZRUN�KDV�DQDO\VHG�WKH�&DOFXODWRU�VWUDWHJ\��ZKLFK�KH�UHIHUV�WR�DV�%D\HVLDQ��LQPRUH�GHWDLO��
'HVSLWH�WKH�VXFFHVV�RI�WKH�6DXVVXUHDQ�VWUDWHJ\��WKHUH�DUH�D�QXPEHU�RI�UHDVRQV�WR�ORRN�IRU�D�EHWWHU� OHDUQLQJ�SURFHGXUH��)LUVW�� �WKHUH� LV�� WKH� UHTXLUHPHQW� WKDW� VLJQDOV�EH�SOHQWLIXO� �DQG�WKLV�� LV� RQH� WKDW� PD\� QRW� EH� PHW� LQ� D� JLYHQ� HFRORJLFDO� VFHQDULR�� 6HFRQG�� WKH�D� SULRULLQFRUSRUDWLRQ�RI�WKH�6DXVVXUHDQ�VLJQ�DV�D�SDUW�RI�WKH�OHDUQLQJ�PHFKDQLVP�LV�OHVV�VDWLVI\LQJ�WKDQ�WKH�SRVVLELOLW\�RI�KDYLQJ�LW�HPHUJH�DV�D�FRQVHTXHQFH�RI�WKH�OHDUQLQJ�G\QDPLF���S������

+H�FRQWLQXHV�E\�VXJJHVWLQJ�WKDW��
D�OHDUQHU�FRXOG��LQVWHDG�RI�EHLQJ�D�6DXVVXUHDQ��WU\�WR�FRQVWUXFW�D�FRPPXQLFDWLRQ�V\VWHP�EDVHG�RQ� LWV� H[SHFWHG�XWLOLW\� IRU� FRPPXQLFDWLRQ�ZLWK� WKH� SRSXODWLRQ�� ,Q� RWKHU�ZRUGV�� D�OHDUQHU�VKRXOG�WU\�WR�PD[LPLVH�LWV�DELOLW\�WR�FRPPXQLFDWH�ZLWK�WKH�DYHUDJH�PHPEHU�RI�WKH�SRSXODWLRQ�� 7R� GR� WKLV� LW� LV� QHFHVVDU\� WR� D�� FUHDWH� D� VHQG� IXQFWLRQ� WKDW� PD[LPLVHV� WKH�SUREDELOLW\�RI�EHLQJ�XQGHUVWRRG�E\�WKH�SRSXODWLRQ¶V�DYHUDJH�UHFHSWLRQ�EHKDYLRXU��DQG�E��FUHDWH� D� UHFHLYH� IXQFWLRQ� WKDW� PD[LPLVHV� WKH� SUREDELOLW\� RI� FRUUHFWO\� LQWHUSUHWLQJ� WKH�SRSXODWLRQ¶V�DYHUDJH�WUDQVPLVVLRQ�EHKDYLRXU���S������

2OLSKDQW�GHPRQVWUDWHG�WKDW�VXFK�D�VWUDWHJ\�OHDGV�WR�LQFUHDVHG�SHUIRUPDQFH�IRU� WKH�SRSXODWLRQ�DV�D�ZKROH��+RZHYHU��2OLSKDQW�QRWHV�WKDW�LQ�D�PRUH�UHDOLVWLF�VLPXODWLRQ�RI�FRPPXQLFDWLRQ�WKLV�VWUDWHJ\�GRHV�QRW�ZRUN�LQ� D� WUXO\� %D\HVLDQ� IDVKLRQ� DV� WKH� �REVHUYHG� UHFHSWLRQ� EHKDYLRXU� LV� ELDVHG� E\� WKH� SRSXODWLRQ¶V� VHQG�EHKDYLRXU�� �S������ 7KLV� PHDQV� WKDW� UHFHSWLRQ� RI� LQIUHTXHQW� WUDQVPLVVLRQV� RI� FHUWDLQ� VLJQDOV� DUH� XQGHU�UHSUHVHQWHG�DQG�WKH�SUREDELOLWLHV�XVHG�WR�FDOFXODWH�WKH�VWUDWHJLVW¶V�RZQ�UHFHSWLRQ�WUDQVPLVVLRQ�EHKDYLRXU�DUH�QRW� WUXO\�UHSUHVHQWDWLYH�RI� WKH�SRSXODWLRQV¶�DFWLYLW\��6RPH�RUGHU�RI�QRUPDOLVDWLRQ�LV�UHTXLUHG�WR�DGMXVW�IRU�WKLV�DQG�2OLSKDQW�ORRNV�DW�D�QXPEHU�RI�PHWKRGV�IRU�SHUIRUPLQJ�WKLV�VWDWLVWLFDO�FRQWURO��2OLSKDQW�XOWLPDWHO\� VHWWOHV�RQ�D� IRUP�RI�+HEELDQ� OHDUQLQJ�DV� WKH� VLPSOHVW� DQG�HFRORJLFDOO\�PRVW�EHOLHYDEOH� PHWKRG� RI� DFKLHYLQJ� QRUPDOLVDWLRQ�� 2OLSKDQW� ������� XVHV� D� FRQQHFWLRQLVW� VLPXODWLRQ� WR� WHVW�+HEELDQ�QRUPDOLVDWLRQ��,Q�WKH�QHWZRUN�XVHG�
WKH� LQSXW� SDWWHUQV� DUH� VLJQDOV� DQG� WKH� RXWSXW� SDWWHUQV� DUH� PHDQLQJV«� $� VLJQDO� LV�UHSUHVHQWHG�RQ�WKH�LQSXW�OD\HU�E\�WXUQLQJ�RQ�D�VLQJOH�RQH�RI�WKH�LQSXW�XQLWV��$�PHDQLQJ�LV�UHSUHVHQWHG� RQ� WKH� RXWSXW� OD\HU� E\� WXUQLQJ� RQ� D� VLQJOH� RQH� RI� WKH� RXWSXW� XQLWV��$VVRFLDWLRQV� EHWZHHQ� VLJQDO� DQG�PHDQLQJ� DUH� UHSUHVHQWHG� E\� WKH� EL�GLUHFWLRQDO�ZHLJKWV�WKDW�FRQQHFW�HDFK�LQSXW�XQLW�WR�HYHU\�RXWSXW�XQLW���S������
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$V�2OLSKDQW�QRWHV�WKLV�EL�GLUHFWLRQDOLW\�RI�ZHLJKWV�EHWZHHQ�LQSXW�DQG�RXWSXW�XQLWV�HIIHFWLYHO\�LPSOHPHQWV�D�6DXVVXUHDQ� VLJQ� DW� WKLV� VWDJH� ± WKXV� WKH� WZR� VWUDWHJLHV� KDYH� EHJXQ� WR� PHUJH�� +HEELDQ� OHDUQLQJ� LV�LPSOHPHQWHG� RQ� WKLV� QHWZRUN� E\� LQFUHDVLQJ� WKH� ZHLJKW� EHWZHHQ� LQSXW� DQG� RXWSXW� XQLWV� LI� ERWK� XQLWV� DUH�DFWLYH��,I�WKH\�DUH�LQDFWLYH�QRWKLQJ�KDSSHQV�WR�WKH�ZHLJKW��EXW�LI�HLWKHU�WKH�LQSXW�RU�WKH�RXWSXW�XQLW��EXW�QRW�ERWK��DUH�DFWLYH�WKHQ�WKH�ZHLJKW�LV�GHFUHDVHG��7KLV�IRUPXODWLRQ�RI�+HEELDQ�OHDUQLQJ�FDQ�EH�WUDQVODWHG�LQWR�LQIRUPDO�WHUPV��,I�VLJQDO�DQG�PHDQLQJ�PDWFK�� WKH�ZHLJKW�EHWZHHQ� WKH� WZR� LV�VWUHQJWKHQHG�± L�H�� WKH�DVVRFLDWLRQ�EHWZHHQ� WKH� WZR� LV� LQFUHDVHG�� ,I�VLJQDO�DQG�PHDQLQJ�GR�QRW�PDWFK�WKHQ�WKH�DVVRFLDWLRQ�LV�GHFUHDVHG��7KLV�SURFHGXUH�DIIHFWV�WKH�QRUPDOLVDWLRQ�WKDW�2OLSKDQW�DUJXHV�LV�FULWLFDO�WR�FRPSHQVDWH�IRU�QRQ�FRPSUHKHQVLYH�VDPSOLQJ��2OLSKDQW�DUJXHV�WKDW�WKLV�LV�EHFDXVH� WKH� FR�RUGLQDWLRQ� EHWZHHQ� UHFHSWLRQ� DQG� WUDQVPLVVLRQ� LV� LPSRVHG� E\� WKH� QDWXUH� RI� WKH� +HEELDQ�QHWZRUN�± DOO�DFFXUDWH�PDWFKHV�DUH�DFFRXQWHG�IRU��+HEELDQ�OHDUQLQJ�LV�D�JHQHUDO�SURFHGXUH�WKDW�FDQ�DFFRXQW�IRU�PXFK�OHDUQLQJ�LQFOXGLQJ�H[SHFWDQF\�OHDUQLQJ��2OLSKDQW¶V� �������UHILQHPHQW�RI�+XUIRUG¶V�6DXVVXUHDQ�VWUDWHJ\� OHDYHV�XV� LQ�D�SRVLWLRQ�ZKHUH�ZH�FDQ�SLQ�V\PPHWU\�WR�REVHUYDWLRQDO�OHDUQLQJ�XQGHUODLQ�E\�+HEELDQ�SULQFLSOHV��2OLSKDQW�VXJJHVWV�WKDW�+RPR�VDSLHQV DUH�WKH�RQO\�H[WDQW�VSHFLHV�WKDW�FDQ�OHDUQ�REVHUYDWLRQDOO\�DQG�DV�VXFK�WKH�HPHUJHQFH�RI�WKLV�IRUP�RI�OHDUQLQJ�ZDV�D�FRQVLGHUDEOH�PRYH�WRZDUG�WKH�GHYHORSPHQW�RI�ODQJXDJH��&KHDS�DQG�+RQHVW�6\PEROV"7KH�WKUXVW�RI�WKLV�SDSHU�KDV�EHHQ�WKH�GHIHQFH�RI�D�OHDUQLQJ�WKHRU\�WKHRU\�RI�V\PERO�RULJLQV��7KLV�KDV�WDNHQ�LQWR�DFFRXQW�YDULRXV�H[WDQW� WKHRULHV�DQG�DWWHPSWHG�WR�XQSDFN�WKHP�LQ�VLPSOH� OHDUQLQJ�WHUPV��+RZHYHU�� LQ�GRLQJ� WKLV� ZH� KDYH� GLVUHJDUGHG� D� NH\� LVVXH� LQ� DOO� PRGHOV� RI� ODQJXDJH� HYROXWLRQ�� DQ� LVVXH� WKDW� KDV� EHHQ�GLVFXVVHG� LQ� GHWDLO� E\� 3RZHU� ������� ������ LQ� UHVSRQVH� WR�'XQEDU¶V� WKHRU\�� 7KLV� LV� WKH� LVVXH� RI� FRVWV� RI�FRPPXQLFDWLRQ��,�VKDOO�GHVFULEH�DQG�GHDO�ZLWK�WKLV�SUREOHP�LQ�WKLV�SHQXOWLPDWH�VHFWLRQ��3ULPDWH�ZRUN�KDV�VXSSRUWHG�WKH�0DFKLDYHOOLDQ�,QWHOOLJHQFH�+\SRWKHVLV��%\UQH�DQG�:KLWHQ��������:KLWHQ DQG� %\UQH�� ������� 7KLV� K\SRWKHVLV� VWDWHV� WKDW� PRGHUQ� KXPDQ� LQWHOOLJHQFH� KDV� DULVHQ� IURP� D�PDQLSXODWLYH�VRFLDO� LQWHOOLJHQFH��7KLV�VRFLDO� LQWHOOLJHQFH�LV�HVVHQWLDO� WR�H[LVWLQJ�ZLWKLQ�D�KLJKO\�VWUXFWXUHG�JURXS� ZKHUH� UDQN� LV� FUXFLDO� WR� RSSRUWXQLW\�� ,I� \RX� DUH RI� WKH� KLJKHVW� UDQN� WKHQ� \RX� KDYH� WR� FRQVWDQWO\��ZDWFK�\RXU�EDFN���LI�\RX�DUH�RI�D�ORZHU�UDQN�\RX�KDYH�WR�OHDUQ�WR�IRUP�FRDOLWLRQV�DQG�WR�FKHDW�VRPHWLPHV�LQ� RUGHU� WR� EHWWHU� \RXU� VLWXDWLRQ��&KHDWLQJ� LQFXUV� FRVWV� LI� FDXJKW� DQG� WKLV� KDV� WR� EH�ZHLJKHG� DJDLQVW DQ\�SXWDWLYH�EHQHILW��)RU�H[DPSOH��LI�\RX�JHW�FDXJKW�VRFLDO�FHQVXUH�PD\�VHH�WR�\RXU�H[FOXVLRQ�IURP�WKH�JURXS�DQG�WKLV�ZLOO�GHFUHDVH�\RXU�ILWQHVV��7KXV�D�EDODQFH�PXVW�EH�VWUXFN�EHWZHHQ�JDLQLQJ�WKH�DGYDQWDJHV�RI�OLYLQJ�LQ� D� VRFLDO� JURXS� DQG� IXUWKHU� LQFUHDVLQJ� LQFOXVLYH� ILWQHVV�� *LYHQ� WKLV� FRQVWDQW� EDODQFH�� DQG� WKH� IDFW� WKDW�FRQVSHFLILFV�ZLOO�FKHDW�LI�WKH\�IHHO�WKH\�FDQ��ZKLFK�PHDQV�RWKHUV�ZLOO�LQFXU�WKH�FRVW�IRU�WKH�FKHDW¶V�EHQHILW��LQGLYLGXDOV�DUH�RQ�WKH�ORRN�RXW�IRU�FKHDWV��7KLV�LQFUHDVHV�WKH�GLIILFXOW\�IRU�FKHDWV��=DKDYL��������=DKDYL�DQG�=DKDYL��������KDV�DUJXHG�WKDW�LQ�RUGHU�IRU�DQ�DFWRU�WR�FRQYLQFH�D�UHDFWRU��RI�WKH�UHOLDELOLW\�RU�KRQHVW\�RI�D�FRPPXQLFDWLRQ�VRPH�REYLRXV�FRVW�KDV�WR�EH�LQFXUUHG��,I�FRPPXQLFDWLRQ�LV�YHU\�FKHDS�WKHQ�WKH�RSSRUWXQLW\�IRU�FKHDWLQJ�LV�FOHDU��0LVLQIRUPDWLRQ�FDQ�EH�VSUHDG�DW�OLWWOH�WR�QR�FRVW�WR�WKH�FRPPXQLFDWRU��DQG�SRWHQWLDOO\�WR�WKHLU�JUHDW�EHQHILW��UHPHPEHULQJ�WKDW�FRPPXQLFDWLRQ�LV�GHVLJQHG�WR�DOWHU�WKH�EHKDYLRXU�RI�D�UHDFWRU�RU�UHFHLYHU��7KLV�PDNHV�IRU�DQ�XQVWDEOH�V\VWHP�DQG�FRPPXQLFDWLRQ�ZLOO�VXUHO\�EUHDN�GRZQ��7KH�LPSRVLWLRQ�RI�DQ�REYLRXV�FRVW��KRZHYHU��LV�OLNHO\�WR�GHPRQVWUDWH�WKDW�WKH�DFWRU�LV�HQJDJLQJ�LQ�KRQHVW�FRPPXQLFDWLRQ��$V�1REOH��������SXWV�LW��VLJQDOOHUV�VDFULILFH�VRPH�RI�WKHLU�ILWQHVV«�LQ�RUGHU�WR�SURGXFH�VLJQDOV�WKDW�ZLOO�EH�EHOLHYHG�E\�UHFHLYHUV���'XQEDU��VHH�DERYH��K\SRWKHVLVHV�WKDW�YRFDO�JURRPLQJ�HPHUJHG�WR�UHSODFH�SK\VLFDO�JURRPLQJ�GXH�WR� WLPH� FRVWV� LQFUHDVLQJ� EH\RQG� DFFHSWDELOLW\� IRU� RXU� DQFHVWRUV�� 3RZHU� ������� KDV� FULWLFLVHG� WKLV� DQG�FODLPHG� WKDW� WKLV�K\SRWKHVLV� UHPRYHV�� DV�D�SDUW�RI� WKH�DUJXPHQW�� DQ\�QRWLRQ�RI�FRVW� LQ� YRFDO� VLJQDOOLQJ�±SK\VLFDO�JURRPLQJ�ZDV� WRR�FRVWO\� LQ� WHUPV�RI� WLPH� VR�D� WLPH�VDYLQJ�SURFHGXUH� UHSODFHG� LW��3RZHU� ������������� VXJJHVWV� DQ� DOWHUQDWLYH� � D� VHSDUDWH� V\VWHP� WKDW� VLJQDOOHG� D� FRPPLWPHQW� WR� DOOLDQFHV� ZLWK� WKH�UHFLSLHQWV�RI�YRFDO��FRPPXQLFDWLRQ��FRXOG�KDYH�FRHYROYHG�ZLWK�YRFDO�JURRPLQJ�LQ�RUGHU�IRU�LW�QRW�WR�IDOO�IRXO�RI�=DKDYL¶V�SUHGLFWLRQ��3RZHU� WKHQ� ORRNV�DW� YDULRXV�FRVWO\� ULWXDOV� WKDW� VXSSRUW� FRDOLWLRQ�DQG�DOOLDQFH�IRUPDWLRQ�LQ�KXPDQ�JURXSV��3RZHU�LV�XQGRXEWHGO\�FRUUHFW�JLYHQ�=DKDYL¶V��KDQGLFDS�SULQFLSOH���+RZHYHU��LW�LV�QRW�DW�DOO�FOHDU�ZKHWKHU� RU� QRW� YRFDO� FRPPXQLFDWLRQ� GRHV� LQFXU� FRVWV�� 3RVVLEOH� FRVWV� H[LVW�� )RU� H[DPSOH�� LW� LV� ZHOO�GRFXPHQWHG�WKDW�YRFDOLVDWLRQ�LQ�RWKHU�VSHFLHV��VXFK�DV�VRQJ�ELUGV��LV�H[WUHPHO\�HQHUJ\�H[SHQVLYH��$�JUHDW�GHDO�RI�IRRG�KDV�WR�EH�FRQVXPHG�WR�VXSSRUW�VXFK�D�V\VWHP��7DONLQJ�LV�DOVR�HQHUJ\�H[SHQVLYH��DV�DQ\�OHFWXUHU�ZLOO� DWWHVW�� %XW� RQH�PLJKW� GRXEW� KRZ� DSSDUHQW� WKLV� LV� WR� DQ� RQORRNHU� RU� UHDFWRU�� HVSHFLDOO\� RQH� ZLWK� QR�HPSDWKLF� FDSDELOLW\�� 1RQH� WKH� OHVV�� WKH� SXWDWLYH� FRVWV� RI� YRFDO� FRPPXQLFDWLRQ� DSSHDU� WR� GHPDQG�
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LQYHVWLJDWLRQ� LQ� RUGHU� WR� UHQGHU� D� OHDUQLQJ� WKHRU\� DFFRXQW� SODXVLEOH�� 7KDW� WKH� FRVWV� KDYH� QRW� EHHQ�GHWHUPLQHG�LV�QRW�D�VXIILFLHQW�UHDVRQ�WR�DEDQGRQ�WKLV�DSSURDFK�MXVW�\HW��:KHQ�WKLV�IXWXUH�ZRUN�LV�H[HFXWHG�LW�LV�ZRUWK�QRWLQJ� WKDW� KXPDQV�GR�XVH� ODQJXDJH� WR�GHFHLYH�RQH�DQRWKHU� LQ�PRGHUQ�SRSXODWLRQV��&RQILGHQFH�WULFNV� DUH� SOD\HG� XVLQJ� ODQJXDJH� WR� FRQYLQFH� SHRSOH� RI� FHUWDLQ� �IDFWV�� LQ� RUGHU� WR� UHOLHYH� WKHP� RI� WKHLU�PRQH\� ± EHQHILW� WR� WKH� DFWRU�� FRVW� WR� WKH� UHDFWRU� ± ZKLFK�� LQ� LWVHOI�� ILWV� ZHOO� ZLWK� GHILQLWLRQV� RI�FRPPXQLFDWLRQ��$V�D�VSHFLHV�ZH�DUH�SHFXOLDUO\�DZDUH�RI�WKLV�DQG�ORRN�WR�RWKHU�VLJQDOV�LQ�DQ�LQGLYLGXDO�VXFK�DV�WKHLU��ERG\�ODQJXDJH���:H�ILQG�LW�HDV\� WR�GLVPLVV�VRPHRQH�DV�XQWUXVWZRUWK\�ZKR�QHYHU�PHHWV�RXU�H\H�GXULQJ�FRQYHUVDWLRQ�DQG�WKLV��MXVW�SRVVLEO\��LV�UHODWHG�WR�DQFHVWUDO�XVHV�RI�JD]H�DV�K\SRWKHVLVHG�LQ�WKLV�SDSHU�DQG�*RPH]¶V�ZRUN��:H�DOVR�ORRN�WR�WKH�DFWXDO�FRQWHQW�± LV�LW�FRQVLVWHQW� GRHV�LW�VRXQG�SODXVLEOH�± DQG�WKH�PDQQHU�RI� VSHHFK�� LV� LW� VDLG�ZLWK�DQ�RYHUO\�DXWKRULWDWLYH� WRQH�� LV� LW� WRR� IOXLG�� DV� LI� UHKHDUVHG"�*LYHQ� WKH�FRPSOH[LW\� RI� RXU� UHVSRQVH� WR� WKH� YRFDOLVDWLRQV� RI� RXU� FRQVSHFLILFV� LW� LV� MXVW� SRVVLEOH� WKDW� RXU�FRPPXQLFDWLRQ�UHOLHV�XSRQ�D�PHDVXUHG�GLVWUXVW��DQG�SHUKDSV�ORQJ�WHUP�REVHUYDWLRQV�RI�SHRSOH��UDWKHU�WKDQ�RYHUW�VLJQDOV�RI�FRVW��&RQFOXVLRQ7KLV�SDSHU�KDG�WKH�WZLQ�DLPV�RI�RXWOLQLQJ�D�VSHFLILF�K\SRWKHVLV�DERXW�WKH�RULJLQV�RI�V\PEROV�DQG�DW�WKH�VDPH�WLPH� FRQVWUDLQLQJ� FRJQLWLYH� VSHFXODWLRQ� WKURXJK� D� FRQVLGHUDWLRQ� RI� VLPSOH� OHDUQLQJ� DQG� LWV� UROH� LQ� WKH�HPHUJHQFH� RI� V\PEROV�� 7KH� IRUPHU� DLP� KDV� EHHQ� PHW� WKURXJK� D� PDUULDJH� RI� 'XQEDU
V� DQG� *RPH]
V�K\SRWKHVHV� DERXW� ODQJXDJH� RULJLQ�� DQG� WKH� ODWWHU� E\� ZHGGLQJ� WKHVH� WZR� WKHRULHV� ZLWK� VLPSOH� OHDUQLQJ�PHFKDQLVPV��:KDW�KDV�QRW�EHHQ�GLVFXVVHG�LQ�DQ\�GHWDLO�LV�WKH�XQGHUO\LQJ�QHXUDO�DQG�SK\VLRORJLFDO�FKDQJHV�IRU�IOH[LEOH�YRFDOLVDWLRQ�RU�WKH�H[DFW�UHDVRQV�IRU�WUDQVIHUULQJ�YRFDO�JURRPLQJ�WR�YRFDO�REMHFW�GLVFULPLQDWLRQ�� WKLV�DZDLWV�IXWXUH�ZRUN��DORQJ�ZLWK�D�GHWDLOHG�DQDO\VLV�RI�SRWHQWLDO�FRVWV��)RU�QRZ�WKH�K\SRWKHVLV�SUHVHQWHG�KHUH�VKRXOG��DV�ZLWK�DOO�HYROXWLRQDU\�VSHFXODWLRQ��EH�WDNHQ�DV�FRQVWUDLQLQJ�SUREOHP�VSDFH�D�OLWWOH�XQWLO�LW�LV�XQGHUPLQHG��+RZHYHU��DOWKRXJK�WKH�SUHFLVH�K\SRWKHVLV�PLJKW�EH�IDOVLILHG�,�KRSH�WKDW�WKH�JHQHUDO�DSSURDFK�LV�ZRUWK\�RI�VRPH�DWWHQWLRQ��$FNQRZOHGJHPHQWV,�VKRXOG�OLNH�WR�WKDQN�'DYLG�'LFNLQV��-LP�+XUIRUG�DQG�0LFN�3HUNLQV� IRU� WKHLU�XVHIXO�FRPPHQWV�DERXW�P\�K\SRWKHVLV�� ,� VKRXOG� DOVR� OLNH� WR� H[SUHVV� P\� GHEW� WR� 8OOLQ� 7� 3ODFH� ZKR� GLVFXVVHG� PDQ\� LGHDV� DERXW�EHKDYLRXULVP�DQG�ODQJXDJH�ZLWK�PH��8OOLQ�GLHG�LQ�-DQXDU\�������5HIHUHQFHV$UPVWURQJ��'� )�� 6WRNRH��:�&�	�:LOFR[�� 6� (� �������*HVWXUH� DQG� WKH�1DWXUH� RI� /DQJXDJH &DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�%DOGZLQ��-��������$�1HZ�)DFWRU�LQ�(YROXWLRQ"�7KH�$PHULFDQ�1DWXUDOLVW���� �-XQH�������� ���%DONHQLXV�� &�� *lUGHQIRUV�� 3� 	� +DOO�� /� �������7KH� RULJLQ� RI� V\PEROV� LQ� WKH� EUDLQ ,Q�� 'HVDOOHV�� -�/� 	�*KDGDNSRXU�� /� �(GV��� 3URFHHGLQJV� RI� WKH� �UG ,QWHUQDWLRQDO� (YROXWLRQ� RI� /DQJXDJH� &RQIHUHQFH��(FROH�1DWLRQDOH�6XSHULHXUH�GHV�7HOHFRPPXQLFDWLRQV������ ��%DUNRZ��-�+��&RVPLGHV��/�	�7RRE\��-��(GV����������7KH�$GDSWHG�0LQG��(YROXWLRQDU\�3V\FKRORJ\�DQG�WKH�*HQHUDWLRQ�RI�&XOWXUH 2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV%DURQ�&RKHQ��6��������0LQGEOLQGQHVV��$Q�HVVD\�RQ�DXWLVP�DQG�WKHRU\�RI�PLQG /RQGRQ��0,7�3UHVV%ORRP��3�	�0DUNVRQ��/��������&DSDFLWLHV�XQGHUO\LQJ�ZRUG�OHDUQLQJ��7UHQGV�LQ�&RJQLWLYH�6FLHQFH��� ��������� ��%DURQ�&RKHQ��6��������7KH�HYROXWLRQ�RI�D�WKHRU\�RI�PLQG��,Q��&RUEDOOLV��0�&�	�/HD��6��(GV���7KH�'HVFHQW�RI�WKH�0LQG 2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV%LFNHUWRQ��'��������/DQJXDJH�DQG�6SHFLHV &KLFDJR��&KLFDJR�3UHVV%LFNHUWRQ��'��������/DQJXDJH�DQG�+XPDQ�%HKDYLRXU /RQGRQ��8QLYHUVLW\�&ROOHJH�/RQGRQ�3UHVV%LFNHUWRQ��'������D��)RUDJLQJ�YHUVXV�VRFLDO�LQWHOOLJHQFH�LQ�WKH�HYROXWLRQ�RI�SURWRODQJXDJH ,Q��'HVDOOHV��-�/�	�*KDGDNSRXU��/��(GV���3URFHHGLQJV�RI�WKH��UG ,QWHUQDWLRQDO�(YROXWLRQ�RI�/DQJXDJH�&RQIHUHQFH��(FROH�1DWLRQDOH�6XSHULHXUH�GHV�7HOHFRPPXQLFDWLRQV����%LFNHUWRQ�� '� �����E�� +RZ� 3URWRODQJXDJH� %HFDPH� /DQJXDJH�� ,Q�� .QLJKW�� &�� 6WXGGHUW�.HQQHG\�� 0� 	�+XUIRUG��-�5��(GV���7KH�(YROXWLRQDU\�(PHUJHQFH�RI�/DQJXDJH��6RFLDO�)XQFWLRQ�DQG�WKH�2ULJLQV�RI�/LQJXLVWLF�)RUP &DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV%\UQH��5��������7KH�7KLQNLQJ�$SH 2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV
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%\UQH��5�	�:KLWHQ��$��������0DFKLDYHOOLDQ�LQWHOOLJHQFH��6RFLDO�H[SHUWLVH�DQG�WKH�HYROXWLRQ�RI�LQWHOOHFW�LQ�PRQNH\V��DSHV�DQG�KXPDQV 2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV&DWDQLD��$�&���������7KH�3K\ORJHQ\�	�2QWRJHQ\�RI�/DQJXDJH�)XQFWLRQ��,Q��.UDVQHJRU��1�$��5XPEDXJK��'�� 6FKLHIHOEXVFK�� 5� /� 	� 6WXGGHUW�.HQQHG\�� 0� %LRORJLFDO� 	� %HKDYLRXUDO� 'HWHUPLQDQWV� RI�/DQJXDJH�'HYHORSPHQW 6XVVH[��/DZUHQFH�(UOEDXP�$VVRFLDWHV&KHQH\�� '� /� 	� 6H\IDUWK�� 5� 0� ������� 9HUYHW� PRQNH\� DODUP� FDOOV�� PDQLSXODWLRQ� WKURXJK� VKDUHG�LQIRUPDWLRQ"�%HKDYLRXU���������� ���&KHQH\��'� /�	� 6H\IDUWK�� 5�0� �������$VVHVVPHQW� RI�PHDQLQJ�	� WKH� GHWHFWLRQ� RI� XQUHOLDEOH� VLJQDOV� E\�YHUYHW�PRQNH\V�$QLPDO�%HKDYLRXU����������± ���&URZH�� 7� -� ������� 'LG� +RPR� VDSLHQV VSHFLDWH� RQ� WKH� <�FKURPRVRPH"� 3V\FRORTX\�� �� �������KWWS���ZZZ�FRJVFL�VRWRQ�DF�XN�FJL�SV\F�QHZSV\"������!'DUZLQ��&�������������7KH�([SUHVVLRQ�RI�(PRWLRQV�LQ�0DQ�DQG�$QLPDO�'HDFRQ��7��������7KH�6\PEROLF�6SHFLHV��7KH�FR�HYROXWLRQ�RI�ODQJXDJH�	�WKH�KXPDQ�EUDLQ /RQGRQ��$OOHQ�/DQH��7KH�3HQJXLQ�3UHVV'HQQHWW��'�&��������'DUZLQ¶V�'DQJHURXV�,GHD /RQGRQ��$OOHQ�/DQH��7KH�3HQJXLQ�3UHVV'LFNLQV�� 7� (� �����D�� 6LJQDO� WR� V\PERO�� 7KH� ILUVW� VWDJH� LQ� WKH� HYROXWLRQ� RI� ODQJXDJH 3K�'�� 7KHVLV��8QLYHUVLW\�RI�6KHIILHOG�'LFNLQV�� 7� ( �����E�� $� QRQ�PRGXODU� VXJJHVWLRQ� DERXW� WKH� RULJLQ� RI� V\PEROV�� ,Q�� 'HVDOOHV�� -�/� 	�*KDGDNSRXU�� /� �(GV��� 3URFHHGLQJV� RI� WKH� �UG ,QWHUQDWLRQDO� (YROXWLRQ� RI� /DQJXDJH� &RQIHUHQFH3DULV��(FROH�1DWLRQDOH�6XSHULHXUH�GHV�7HOHFRPPXQLFDWLRQV������ ��'LFNLQV�� 7� (�	�'LFNLQV�� '�:� �LQ� SUHVV�� 6\PEROV�� 6WLPXOXV� (TXLYDOHQFH� DQG� WKH� 2ULJLQV� RI� /DQJXDJH�%HKDYLRXU�	�3KLORVRSK\'LFNLQV��7�(�	�/HY\��-�3��LQ�SUHVV��(YROXWLRQ��GHYHORSPHQW�DQG�OHDUQLQJ�± D�QHVWHG�KLHUDUFK\"�,Q��)UHQFK��5�	�6RXJQH��-�&RQQHFWLRQLVW�0RGHOV�RI�(YROXWLRQ��/HDUQLQJ�DQG�'HYHORSPHQW /RQGRQ��6SULQJHU�± 9HUODJ'XQEDU��5�,�0��������&RHYROXWLRQ�RI�QHRFRUWLFDO�VL]H��JURXS�VL]H�	� ODQJXDJH� LQ�KXPDQV�%HKDYLRXUDO�	�%UDLQ�6FLHQFHV� ��������� ���'XQEDU��5�,�0��������*URRPLQJ��*RVVLS�	�WKH�(YROXWLRQ�RI�/DQJXDJH /RQGRQ��)DEHU�	�)DEHU*RPH]��-�&������D��2VWHQVLYH�EHKDYLRXU�LQ�JUHDW�DSHV��7KH�UROH�RI�H\H�FRQWDFW��,Q��5XVVRQ��$�(��%DUG��.�$�	� 7D\ORU� 3DUNHU�� 6� �(GV��� 5HDFKLQJ� LQWR� 7KRXJKW�� 7KH� 0LQGV� RI� WKH� *UHDW� $SHV &DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV*RPH]��-�&������E��6RPH�WKRXJKWV�DERXW�WKH�HYROXWLRQ�RI�/$'6��:LWK�VSHFLDO�UHIHUHQFH�WR�720�	�6$0�,Q�&DUUXWKHUV��3�	�%RXFKHU��-��(GV���/DQJXDJH�	�7KRXJKW��,QWHUGLVFLSOLQDU\�WKHPHV &DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV*RXOG��6�-�	�/HZRQWLQ��5��������7KH�6SDQGUHOV�RI�6DQ�0DUFR�DQG�WKH�3DQJORVVLDQ�SDUDGLJP��D�FULWLTXH�RI�WKH�DGDSWDWLRQLVW�SURJUDPPH�3URFHHGLQJV�RI�WKH�5R\DO�6RFLHW\�%��������������+DXVHU��0�'��������7KH�(YROXWLRQ�RI�&RPPXQLFDWLRQ /RQGRQ��0,7�3UHVV+HQGULNV�-DQVHQ��+��������&DWFKLQJ�2XUVHOYHV�LQ�WKH�$FW /RQGRQ��0,7�3UHVV+XUIRUG��-�5��������%LRORJLFDO�HYROXWLRQ�RI�WKH�6DXVVXUHDQ�VLJQ�DV�D�FRPSRQHQW�RI�WKH�ODQJXDJH�DFTXLVLWLRQ�GHYLFH�/LQJXD����������± ���+XUIRUG��-�5��6WXGGHUW�.HQQHG\��0�	�.QLJKW��&��(GV����������$SSURDFKHV�WR�WKH�(YROXWLRQ�RI�/DQJXDJH&DPEULGJH��&DPEULGJH 8QLYHUVLW\�3UHVV.QLJKW��&��+XUIRUG��-�5�	�6WXGGHUW�.HQQHG\��0��(GV����������7KH�(YROXWLRQDU\�(PHUJHQFH�RI�/DQJXDJH��6RFLDO�)XQFWLRQ�DQG�WKH�2ULJLQV�RI�/LQJXLVWLF�)RUP &DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV.UHEV�� -� 5� 	� 'DYLHV�� 1� %� ������� $Q� ,QWURGXFWLRQ WR� %HKDYLRXUDO� (FRORJ\� �7KLUG� (GLWLRQ 2[IRUG��%ODFNZHOO�6FLHQFH.QLJKW�� &� ������� 5LWXDO�VSHHFK� FRHYROXWLRQ�� D� VROXWLRQ� WR� WKH� SUREOHP� RI� GHFHSWLRQ� ,Q�� +XUIRUG�� -� 5��6WXGGHUW�.HQQHG\��0�	�.QLJKW��&��(GV���$SSURDFKHV�WR�WKH�(YROXWLRQ�RI�/DQJXDJH &DPEULGJH�&DPEULGJH�8QLYHUVLW\�3UHVV/HDYHQV��'�$�	�+RSNLQV��:�'� ������� ,QWHQWLRQDO�&RPPXQLFDWLRQ� E\�&KLPSDQ]HHV��$�&URVV�6HFWLRQDO�6WXG\�RI�WKH�8VH�RI�5HIHUHQWLDO�*HVWXUHV�'HYHORSPHQWDO�3V\FKRORJ\���� ���������± ���/RFNH��-�/��������7KH�&KLOG
V�3DWK�WR�6SRNHQ�/DQJXDJH /RQGRQ��+DUYDUG�8QLYHUVLW\�3UHVV/RFNH�� -� /� ������� 6RFLDO� VRXQG�PDNLQJ� DV� D� SUHFXUVRU� WR� VSRNHQ� ODQJXDJH� ,Q�� +XUIRUG�� -� 5�� 6WXGGHUW�.HQQHG\��0�	�.QLJKW��&��(GV���$SSURDFKHV�WR�WKH�(YROXWLRQ�RI�/DQJXDJH &DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV
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0HUYLV�� &�%�	�&ULVDIL��0�$� �������2UGHU� RI� DFTXLVLWLRQ� RI� VXERUGLQDWH��� EDVLF��� 	� VXSHURUGLQDWH�OHYHO�FDWHJRULHV�&KLOG�'HYHORSPHQW����������� ���1REOH��-��������&R�RSHUDWLRQ��&RPSHWLWLRQ�DQG�WKH�(YROXWLRQ�RI�3UHOLQJXLVWLF�&RPPXQLFDWLRQ�,Q��.QLJKW��&��+XUIRUG��-�5�	�6WXGGHUW�.HQQHG\��0��(GV���7KH�(YROXWLRQDU\�(PHUJHQFH�RI�/DQJXDJH��6RFLDO�)XQFWLRQ�DQG�WKH�2ULJLQV�RI�/LQJXLVWLF�)RUP &DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV2OLSKDQW��0��������7KH�GLOHPPD�RI�6DXVVXUHDQ�FRPPXQLFDWLRQ�%LR6\VWHPV���������± ��2OLSKDQW� 0��������)RUPDO�$SSURDFKHV�WR�,QQDWH�DQG�/HDUQHG�&RPPXQLFDWLRQ��/D\LQJ�WKH�)RXQGDWLRQ�IRU�/DQJXDJH 3K�'��7KHVLV��KWWS���ZZZ�OLQJ�HG�DF�XN�aROLSKDQW!2OLSKDQW��0��������5HWKLQNLQJ�WKH�ODQJXDJH�ERWWOHQHFN� :K\�GRQ
W�DQLPDOV�OHDUQ�WR�FRPPXQLFDWH" 3DSHU�SUHVHQWHG�WR�WKH��QG ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�WKH�(YROXWLRQ�RI�/DQJXDJH��XQSXEOLVKHG�06�IRUP�DYDLODEOH�DW��KWWS���ZZZ�OLQJ�HG�DF�XN�aROLSKDQW!3LQNHU��6�	 %ORRP��3��������1DWXUDO�6HOHFWLRQ�DQG�1DWXUDO�/DQJXDJH�%HKDYLRXUDO�DQG�%UDLQ�6FLHQFHV����������± ���3LQNHU��6��������7KH�/DQJXDJH�,QVWLQFW /RQGRQ��3HQJXLQ3LQNHU��6��������+RZ�WKH�0LQG�:RUNV /RQGRQ��$OOHQ�/DQH��7KH�3HQJXLQ�3UHVV3ODFH��8�7��������6\PEROLF�3URFHVVHV�	�6WLPXOXV�(TXLYDOHQFH�%HKDYLRXU�	�3KLORVRSK\ ���������� ��3ODFH�� 8� 7� �����D�� 7KH� 5ROH� RI� WKH� +DQG� LQ� WKH� (YROXWLRQ� RI� /DQJXDJH� 3V\FRORTX\���KWWS���ZZZ�DL�XQLYLH�DF�DW�DUFKLYHV�3V\FRORTX\������9��������KWPO�!3ODFH��8�7������E��)URP�LFRQ�WR�V\PERO��$Q�LPSRUWDQW�WUDQVLWLRQ�LQ�WKH�HYROXWLRQ�RI�ODQJXDJH�3URFHHGLQJV�RI� WKH� �UG ,QWHUQDWLRQDO� (YROXWLRQ� RI� /DQJXDJH� &RQIHUHQFH�� (FROH� 1DWLRQDOH� 6XSHULHXUH� GHV�7HOHFRPPXQLFDWLRQV������� ���3RZHU��&��������2OG�ZLYHV¶�WDOHV��7KH�JRVVLS�K\SRWKHVLV�DQG WKH�UHOLDELOLW\�RI�FKHDS�VLJQDOV�,Q��+XUIRUG��-�5�� 6WXGGHUW�.HQQHG\�� 0� 	� .QLJKW�� &� �(GV��� $SSURDFKHV� WR� WKH� (YROXWLRQ� RI� /DQJXDJH&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV3RZHU��&��������6HFUHW�/DQJXDJH�8VH�DW�)HPDOH�,QLWLDWLRQ��%RXQGLQJ�*RVVLSLQJ�&RPPXQLWLHV�,Q��.QLJKW��&��+XUIRUG��-�5�	�6WXGGHUW�.HQQHG\��0��(GV���7KH�(YROXWLRQDU\�(PHUJHQFH�RI�/DQJXDJH��6RFLDO�)XQFWLRQ�DQG�WKH�2ULJLQV�RI�/LQJXLVWLF�)RUP &DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV7RPDVHOOR��0��������7KH�&XOWXUDO�2ULJLQV�RI�+XPDQ�&RJQLWLRQ /RQGRQ��+DUYDUG�8QLYHUVLW\�3UHVV9LKPDQ��0�0�	�'HSDROLV��5�$��������7KH�5ROH�RI�0LPHVLV�LQ�,QIDQW�/DQJXDJH�'HYHORSPHQW��(YLGHQFH�IRU� 3K\ORJHQ\"� ,Q�� .QLJKW�� &�� +XUIRUG�� -� 5� 	� 6WXGGHUW�.HQQHG\�� 0� �(GV��� 7KH� (YROXWLRQDU\�(PHUJHQFH� RI� /DQJXDJH�� 6RFLDO� )XQFWLRQ� DQG� WKH� 2ULJLQV� RI� /LQJXLVWLF� )RUP &DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV:KLWHQ�� $� 	� %\UQH�� 5� �(GV��� �������0DFKLDYHOOLDQ� ,QWHOOLJHQFH�� 6RFLDO� ([SHUWLVH� 	� WKH� (YROXWLRQ� RI�,QWHOOHFW�LQ�0RQNH\V��$SHV�	�+XPDQV 2[IRUG��&ODUHQGRQ�3UHVV:LOVRQ��(�2��������6RFLRELRORJ\��7KH�1HZ�6\QWKHVLV +DUYDUG��+DUYDUG�8QLYHUVLW\�3UHVV=DKDYL��$��������0DWH�VHOHFWLRQ�± D�VHOHFWLRQ�IRU�D�KDQGLFDS�-RXUQDO�RI�7KHRUHWLFDO�%LRORJ\����������± ���=DKDYL�� $� 	� =DKDYL�� $�� ������� 7KH� +DQGLFDS� 3ULQFLSOH�� $�0LVVLQJ� 3LHFH� LQ� 'DUZLQ¶V� 3X]]OH 2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV
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&RQQHFWLRQLVP�LV�1RWKLQJ�EXW�&RQWURO�7KHRU\�
$VLP�5R\$UL]RQD�6WDWH�8QLYHUVLW\

$EVWUDFW� 7KH� SDSHU� VKRZV� WKDW� FRQQHFWLRQLVW� V\VWHPV� DUH� EDVHG� RQ� VWDQGDUG� FRQWURO�WKHRU\�QRWLRQV��,W�GRHV�VR�E\�ILUVW�H[DPLQLQJ�WKH�QRWLRQ�RI�D�FRQWUROOHU�LQ�DQ\�V\VWHP�DQG�WKHQ� HVWDEOLVKLQJ� WKDW�PDQ\� RI� WKH� VLPSOHU� FRQQHFWLRQLVW� OHDUQLQJ�PHWKRGV� � OLNH� EDFN�SURSDJDWLRQ�� DGDSWLYH� UHVRQDQFH� WKHRU\� �$57��� UHGXFHG� FRXORPE� HQHUJ\� �5&(��� DQG�UDGLDO�EDVLV� IXQFWLRQ��5%)��� XVH�FRQWUROOHUV� LQ� WKHP��7KH�SDSHU�VKRZV�WKH�H[LVWHQFH�RI�FRQWUROOHUV� LQ� WKHVH� PHWKRGV� DQG� VKRZV� WKDW� WKHVH� FRQWUROOHUV� PD\� EH� ���� ZLWKLQ� WKH�OHDUQLQJ�V\VWHP�LWVHOI������RXWVLGH�RI�WKH�OHDUQLQJ�V\VWHP�RU�����D�FRPELQDWLRQ�RI�WKH�WZR��%\� ORJLFDO� H[WHQVLRQ��PRUH� FRPSOH[� FRQQHFWLRQLVW� V\VWHPV�� RQHV� WKDW� XVH� WKHVH� VLPSOHU�OHDUQLQJ�PHFKDQLVPV�ZLWKLQ� WKHP�� DUH� DOVR� LQ� WXUQ� XVLQJ� FRQWUROOHUV� DQG�DUH� WKHUHIRUH�EDVHG� RQ� FRQWURO� WKHRUHWLF� FRQFHSWV�� 7KH� DQDO\VLV� RI� WKHVH� FRQQHFWLRQLVW� V\VWHPV� LV�SHUIRUPHG�SXUHO\�RQ�D�ORJLFDO�EDVLV��E\�D�ORJLFDO�DQDO\VLV�RI�WKHLU�FRQFHSWXDO�VWUXFWXUH��DQG�KDV�QRWKLQJ� WR�GR�ZLWK� WKHLU� LPSOHPHQWDWLRQ��ZKHWKHU�E\�XVH�RI�QHXURFRPSXWHUV�RU�RWKHU�NLQGV�RI�FRPSXWHUV��,Q�JHQHUDO��WKLV�DQDO\VLV�LPSOLHV� WKDW�FRQWURO�WKHRUHWLF�QRWLRQV�DUH� DSSOLFDEOH� WR� GHYHORSLQJ� V\VWHPV� VLPLODU� WR� WKH� EUDLQ� DQG� UHIXWHV� WKH� FODLP� LQ�FRQQHFWLRQLVP�WKDW� WKHLU�PHWKRGV�GR�QRW�HPERG\�VWDQGDUG�FRQWURO� WKHRU\�FRQFHSWV�� WKDW�WKH\�KDYH�LQWURGXFHG�D�TXDOLWDWLYHO\�QHZ�VHW�RI�FRQFHSWV�DQG�PHFKDQLVPV�.H\ZRUGV��&RQQHFWLRQLVP��FRQWUROOHUV��FRQWURO�WKHRU\�����,QWURGXFWLRQ,W�KDV�EHHQ�DUJXHG�E\�FRQQHFWLRQLVWV��5XPHOKDUW�DQG�0F&OHOODQG�>����@��5XPHOKDUW�>����@��)DKOPDQ�DQG�+LQWRQ� >����@�� )HOGPDQ� DQG� %DOODUG� >����@��*URVVEHUJ� >������ ������ ����@��.RKRQHQ� >������ ����@� DQG�PDQ\�RWKHUV��WKDW�WKHLU�PHWKRGV�GR�QRW�HPERG\�VWDQGDUG�FRQWURO�WKHRU\�FRQFHSWV��WKDW�WKH\�KDYH�LQWURGXFHG�D� TXDOLWDWLYHO\� QHZ� VHW� RI� FRQFHSWV� DQG� PHFKDQLVPV�� 7KLV� SDSHU� DUJXHV� WKDW� FRQQHFWLRQLVW� V\VWHPV� DUH�LQGHHG� EDVHG� RQ� FRQWURO� WKHRUHWLF� QRWLRQV�� ,W� PDNHV� WKLV� DUJXPHQW� E\� ILUVW� H[DPLQLQJ� WKH� EDVLF� FRQWURO�WKHRU\� FRQFHSWV� DQG� WKHQ� VKRZLQJ� WKDW� VRPH�RI� WKH� VLPSOHVW� FRQQHFWLRQLVW� OHDUQLQJ�PHWKRGV�� OLNH� EDFN�SURSDJDWLRQ��DGDSWLYH�UHVRQDQFH�WKHRU\��$57���UHGXFHG�FRXORPE�HQHUJ\��5&(���DQG�UDGLDO�EDVLV� IXQFWLRQ��5%)�� � DUH� DFWXDOO\� EDVHG� RQ� WKRVH� VWDQGDUG� FRQWURO� WKHRUHWLF� QRWLRQV�� 0RUH� FRPSOH[� FRQQHFWLRQLVW�V\VWHPV�� VXFK� DV� WKRVH� WKDW� DUH� HLWKHU� VLPLODU� LQ� VWUXFWXUH� WR� WKRVH� VLPSOH� V\VWHPV�RU� DUH� EDVHG�RQ� WKRVH�VLPSOH�V\VWHPV��DUH�DOVR��E\�H[WHQVLRQ��EDVHG�RQ�VWDQGDUG�FRQWURO� WKHRUHWLF�QRWLRQV��7KLV�SDSHU�� WKHUHIRUH��UHIXWHV�WKH�FODLP�RI�FRQQHFWLRQLVP�WKDW�WKHLU�PHWKRGV�GR�QRW�HPERG\�VWDQGDUG�FRQWURO�WKHRU\�FRQFHSWV��7KLV�LPSOLHV� WKDW� VWDQGDUG� FRQWURO� WKHRUHWLF� QRWLRQV� VKRXOG� EH� DSSOLFDEOH� WR� GHYHORSLQJ� V\VWHPV� VLPLODU� WR� WKH�EUDLQ�DQG�LQ�XQGHUVWDQGLQJ�KRZ�WKH�EUDLQ�ZRUNV�DQG�OHDUQV��5R\�>����@��5R\�HW�DO��>����������D�E@���7KH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ���FKDUDFWHUL]HV�WKH�QRWLRQ�RI�FRQWURO�DQG�FRQWUROOHUV�LQ�DQ\�V\VWHP��,Q�VHFWLRQ����LW�LV�DUJXHG�WKDW�VRPH�RI�WKH�VLPSOHVW�FRQQHFWLRQLVW�V\VWHPV�DUH�DFWXDOO\�EDVHG�RQ�VWDQGDUG�FRQWURO�WKHRU\�FRQFHSWV��7KLV�LV�IROORZHG�E\�D�FRQFOXVLRQ�LQ�VHFWLRQ�������6WDQGDUG�&RQWURO�7KHRU\� � :KDW�DUH�FRQWUROOHUV"�:KDW�DUH�WKHLU�FKDUDFWHULVWLFV",Q� JHQHUDO�� PRVW� FRPSOH[� V\VWHPV� FDQ� EH� GHFRPSRVHG� LQWR� YDULRXV� VXEV\VWHPV� DFFRUGLQJ� WR� WKHLU�IXQFWLRQDOLW\�� &RQWUROOHU�EDVHG� V\VWHPV� DUH� FKDUDFWHUL]HG� E\� WKH� SUHVHQFH� RI� RQH� RU� PRUH� FRQWUROOHUV� LQ�WKHP��FRQWUROOHUV� WKDW�FRQWURO�RQH�RU�PRUH�VXEV\VWHPV�ZLWKLQ� WKH� V\VWHP�� ,Q�RWKHU�ZRUGV�� LQ�D�FRQWUROOHU�EDVHG V\VWHP��WKHUH�PLJKW�EH�RQH�RU�PRUH�VXEV\VWHPV�LQ�FRQWURO�RI�RWKHU�VXEV\VWHPV�WKDW�DUH�VXEVHUYLHQW�WR�WKHP�LQ�VRPH�VHQVH��7KXV��LQ�WKLV�FDVH��WKH�FRQWUROOLQJ�VXEV\VWHP�FDQ�EH�FDOOHG�WKH��PDVWHU��VXEV\VWHP��7KH� PDLQ� IXQFWLRQ� RI� D� FRQWUROOHU� LV� WR� VXSSO\� FHUWDLQ� RSHUDWLQJ� SDUDPHWHUV� WR� WKH� VXEVHUYLHQW�VXEV\VWHP��$QG�WKDW�FDQ�EH�GRQH�LQ�D�YDULHW\�RI�ZD\V��3HUKDSV�VRPH�H[DPSOHV�ZLOO�FODULI\�WKLV�QRWLRQ��)RU�H[DPSOH��PDQ\�PDQ�PDGH�GHYLFHV�DUH�JHQHUDOO\�RSHUDWHG�E\�KXPDQV�� H�J��D�FDU��DQ�DLUSODQH��RU�D�79��,Q�WKHVH�RYHUDOO�V\VWHPV��WKH�FDU��WKH�DLUSODQH�RU�WKH�79�LV�WKH��VXEVHUYLHQW��VXEV\VWHP�DQG�WKH�KXPDQ�LV�WKH�FRQWUROOHU��WKH��PDVWHU��VXEV\VWHP��7KH�RYHUDOO�V\VWHP�FRQVLVWV�RI�ERWK�WKH�PDQ�PDGH�GHYLFH��WKH�FDU��WKH�DLUSODQH��RU�WKH�79��DQG�WKH�KXPDQ��7KH�KXPDQ�LQ�WKHVH�V\VWHPV�VXSSOLHV�WKH�RSHUDWLQJ�SDUDPHWHUV�WR�WKH�
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VXEVHUYLHQW� VXEV\VWHPV�� )RU� H[DPSOH�� WKH� KXPDQ� XVHV� WKH� DFFHOHUDWRU� RI� D� YHKLFOH� WR� VHW� LWV� VSHHG�� LWV�VWHHULQJ�ZKHHO�WR�GHWHUPLQH�LWV�GLUHFWLRQ�RI�PRYHPHQW��DQG�WKH�EXWWRQV�RI�D�UHPRWH�FRQWURO�WR FRQWURO�D�79��,Q� VXEVHTXHQW� GLVFXVVLRQV�� WKH� VXEVHUYLHQW� VXEV\VWHP�� ZLWKRXW� LWV� FRQWUROOHU�� ZLOO� VLPSO\� EH� FDOOHG� WKH��V\VWHP��DQG�WKH�VXEVHUYLHQW�V\VWHP�SOXV�WKH�FRQWUROOHU�ZLOO�EH�FDOOHG�WKH��RYHUDOO�V\VWHP���
����7KH�DUJXPHQW�DJDLQVW�WKH�QRWLRQ�RI�D�FRQWUROOHU�LQ�DQ\�V\VWHP%HIRUH� SURFHHGLQJ� IXUWKHU�� RQH� KDV� WR� GHDO� ZLWK� WKH� DUJXPHQWV� DJDLQVW� WKH� YHU\� QRWLRQ� RI� D� FRQWUROOHU��EHFDXVH�WKH�QRWLRQ�RI�D�FRQWUROOHU�LQ�DQ\�V\VWHP�LV�YHU\�PXFK�GLVSXWHG�E\�PDQ\�LQ�EUDLQ�UHODWHG�VFLHQFHV��'HDOLQJ�ZLWK� WKLV� LVVXH� DOVR� EULQJV� RXW� D� YHU\� LPSRUWDQW� SURSHUW\� RI� FRQWUROOHUV�� 7KH� VWDQGDUG� DUJXPHQW�DJDLQVW�FRQWUROOHUV�UXQV�DV�IROORZV��7KH�FDU��WKH�DLUSODQH�RU�WKH�79�WKDW�LV�RSHUDWHG�E\�D�KXPDQ�LV�DFWXDOO\�D�IHHGEDFN�V\VWHP��,Q�D�IHHGEDFN�V\VWHP��D�VXEV\VWHP�UHFHLYHV�LQSXWV��IHHGEDFN��IURP�WKH�RWKHU�VXEV\VWHPV��DQG� WKHVH� LQSXWV� �IHHGEDFN�� DUH� WKHQ� XVHG� WR� GHWHUPLQH� LWV� RXWSXW�V��� LWV� FRXUVH� RI� DFWLRQ�� 7KXV� WKHVH�VXEV\VWHPV�DUH�FRPSOHWHO\�GHSHQGHQW�RQ�HDFK�RWKHU��FR�GHSHQGHQW��IRU�WKHLU�RXWSXWV�DQG��WKHUHIRUH��WKHUH�LV�QR� VXEV\VWHP�FRQWUROOLQJ� DQRWKHU� VXEV\VWHP� LQ� WKHVH� RYHUDOO� V\VWHPV��7KXV�� WKH� DUJXPHQW� JRHV�� LW� LV� QRW�SURSHU� WR� FKDUDFWHUL]H� WKH� KXPDQ� DV� WKH� FRQWUROOHU� LQ� DQ\� RI� WKH� DERYH�PHQWLRQHG� V\VWHPV� � WKH� FDU�� WKH�DLUSODQH��RU�WKH�79�± EHFDXVH�WKH�KXPDQ�GHWHUPLQHV�WKH�FRXUVH�RI�DFWLRQ�EDVHG�RQ�LQIRUPDWLRQ��IHHGEDFN��IURP� WKHVH� VXEV\VWHPV�� 7KXV�� LW� LV� IXUWKHU� DUJXHG�� LI� RQH� LV� LQWHQW� RQ� FODLPLQJ� WKDW� WKH� KXPDQ� LV� WKH�FRQWUROOHU� LQ� WKHVH� RYHUDOO� V\VWHPV�� WKHQ� WKH� V\VWHP� LWVHOI� �WKH� FDU�� WKH� DLUSODQH�� RU� WKH� 79�� FDQ� DOVR� EH�FODLPHG� WR� EH� WKH� �FRQWUROOHU��� WKH� RQH� WKDW� FRQWUROV� WKH� KXPDQ�� 6R�� E\� WKHVH� DUJXPHQWV�� WKHUH� DUH� QR�FRQWUROOHUV��FHQWUDO�RU�GLVWULEXWHG��LQ�DQ\�V\VWHP��QDWXUDO�RU�PDQ�PDGH��2Q�WKH�VXUIDFH��WKH�DERYH�DUJXPHQWV�VHHP�WR�EH�FRUUHFW��EHFDXVH�LQ�D�IHHGEDFN�V\VWHP��DV�LQ�WKH�H[DPSOHV� DERYH�� WKH� VR�FDOOHG� FRQWUROOHU¶V� DFWLRQV� GHSHQG� RQ� WKH� VWDWH� RI� WKH� VXEV\VWHP� LW� LV� WU\LQJ� WR�FRQWURO�� 6R� WKH� RXWSXW� RI� DQ\� VXEV\VWHP�� LQFOXGLQJ� WKH� FRQWUROOHU�� LV� D� IXQFWLRQ� RI� WKH� LQSXWV� �IHHGEDFN��UHFHLYHG�E\�LW�IURP�WKH�RWKHU�VXEV\VWHPV��6R�RQH�LV�EDFN�WR�JURXQG�]HUR�LQ�WU\LQJ�WR�FKDUDFWHUL]H�FRQWUROOHUV�DQG�GLVWLQJXLVK�WKHP�IURP�WKH�VXEV\VWHPV�WKH\�FRQWURO��
����%DFN�WR�VTXDUH�RQH�± 6R�ZKR�LV�D�FRQWUROOHU"�:KDW�DUH�LWV�FKDUDFWHULVWLFV"7KLV� �QR� FRQWUROOHU� LQ� DQ\� V\VWHP�� DUJXPHQW� KDV� WR� EH� GHDOW�ZLWK� ILUVW� EHIRUH� SURFHHGLQJ� DQ\� IXUWKHU��$�IXQGDPHQWDO� FKDUDFWHULVWLF� RI� D� FRQWUROOHU�� XQOLNH� WKH� V\VWHP� WKDW� LW� FRQWUROV�� LV� WKDW� LW� FDQ� GHWHUPLQH� LWV�FRXUVH�RI�DFWLRQ��LWV�RXWSXW�VLJQDOV��WKDW�LV��ZLWKRXW�FRQVLGHULQJ�WKH�VWDWH RI�WKH�V\VWHP�LW�LV�WU\LQJ�WR�FRQWURO��,Q�RWKHU�ZRUGV�� WKH�FRQWUROOHU� FDQ�DOVR�RSHUDWH� LQ�D� QRQ�IHHGEDFN�PRGH��7KDW�PHDQV�� LW� FDQ�RSHUDWH�ZLWK�RWKHU� W\SHV� RI� LQSXWV� IRU� WKH� JHQHUDWLRQ�RI� LWV� FRQWURO� VLJQDOV� DQG� LW� LV� WKXV� QRW� QHFHVVDULO\� GHSHQGHQW� RQ�IHHGEDFN�IURP�WKH�V\VWHP�LW�LV�WU\LQJ�WR�FRQWURO��6R�D�FRQWUROOHU��E\�LWV�YHU\�QDWXUH��LV�FDSDEOH�RI�RSHUDWLQJ�LQ�D�PDQQHU�LQGHSHQGHQW�RI�WKH�V\VWHP�LW�LV�WU\LQJ�WR�FRQWURO��6RPH�H[DPSOHV�ZLOO�FODULI\�WKLV�QRWLRQ��)RU�H[DPSOH��D�SHUVRQ�ZKR�LV�RSHUDWLQJ�D�79�ZLWK�D�UHPRWH�FRQWURO�FDQ�VLPSO\�FORVH�KLV�RU�KHU�H\HV�DQG�WXUQ�WKH�79�21�RU�2))�DW�UDQGRP�RU�LQ�VRPH�SUHGHWHUPLQHG�IDVKLRQ�ZLWKRXW�FRQVLGHULQJ�ZKDW�LV�EHLQJ�VKRZQ�RQ�WKH�79��7KXV�WXUQLQJ�WKH�79�21�RU�2))�LV�QR�ORQJHU�GHSHQGHG�RQ�ZKDW�LV�RQ�WKH�79��WKH�79�QR ORQJHU�KDV�DQ\� LQIOXHQFH�RQ� WKH�FRQWUROOHU�� WKDW� LV�� WKH�SHUVRQ�ZLWK� WKH� UHPRWH�FRQWURO��%XW� WKH�RSHUDWLRQ�RI� WKH�V\VWHP� LWVHOI� �WKH� 79�� VWLOO� GHSHQGV� RQ� WKH�21�2))� VLJQDO� IURP� WKH� FRQWUROOHU�� WKDW� FDQ¶W� EH� RU� KDV� QRW�FKDQJHG�� ,Q� WKH� FDVH� RI� D� KHDWLQJ�DLU� FRQGLWLRQLQJ� V\VWHP�� WKH� WKHUPRVWDW� FDQ� EH� VHW� WR� WXUQ� WKH�KHDWLQJ�FRROLQJ�V\VWHP�21�RU�2))�HYHU\�PLQXWH��RU�RQ�WKH�EDVLV�RI�DQ\�RWKHU�SUHGHWHUPLQHG�WLPH�LQWHUYDOV��ZLWKRXW�DQ\�FRQVLGHUDWLRQ�RI�WKH�DFWXDO�WHPSHUDWXUH��6LPLODUO\��D�GULYHU�FDQ�RSHUDWH�D�FDU�LQ�D�QRQ�IHHGEDFN�PRGH�E\�GULYLQJ�ZLWK� WKH�H\HV�FORVHG�DQG�HDUV�EORFNHG�� FXWWLQJ�RII� DOO� IHHGEDFN� WKURXJK� WKRVH�FKDQQHOV��DOWKRXJK�WKH�ULVN�RI�DQ�DFFLGHQW�ZRXOG�LQFUHDVH�VXEVWDQWLDOO\��7KXV�WKH�EDVLF�QDWXUH�RI�D�FRQWUROOHU�LQ�DQ\�V\VWHP�LV�WKDW�LW�FDQ�RSHUDWH�LQ�PDQ\�GLIIHUHQW�PRGHV��ZLWK� D� GLIIHUHQW� VHW� RI� LQSXWV�� DQG� WKHUHIRUH� LW¶V� RSHUDWLRQ� LV� QRW� QHFHVVDULO\� EDVHG�RQ� IHHGEDFN� IURP� WKH�V\VWHP�LW�LV�WU\LQJ�WR�FRQWURO��7KH�FRQWUROOHU�FDQ�VWLOO�VHQG�GLIIHUHQW�RSHUDWLQJ�LQVWUXFWLRQV�WR�WKH�VXEV\VWHP�LW� LV FRQWUROOLQJ��EXW� WKRVH�RSHUDWLQJ� LQVWUXFWLRQV� QR� ORQJHU�GHSHQG�RQ� IHHGEDFN�RI� LQIRUPDWLRQ� IURP� WKDW�VXEV\VWHP�� ,Q� FRQWUDVW�� WKH� EDVLF� V\VWHP� LWVHOI� LV� VWLOO� GHSHQGHQW� RQ� RSHUDWLQJ� LQVWUXFWLRQV� IURP� WKH�FRQWUROOHU�IRU�LWV�RSHUDWLRQ��WKDW�FDQ
W�EH�FKDQJHG��7KLV�LV�WKH�PDLQ�GLVWLQJXLVKLQJ�FKDUDFWHU�RI�D�FRQWUROOHU��$QG� WKLV� LV� WKH� FKDUDFWHU� WKDW� HQWLWOHV� LW� WR� EH� FDOOHG� WKH� �PDVWHU�� VXEV\VWHP�� EHFDXVH� LW� FDQ� VHQG� VLJQDOV��LQSXWV�� WR� WKH�EDVLF�V\VWHP�DQG�RSHUDWH� LW� LQ�DQ\�DUELWUDU\�PDQQHU��HYHQ� WKRXJK�RWKHU� LQSXWV� WR� WKH�EDVLF�V\VWHP� KDYH� QRW� FKDQJHG�� ,Q� RWKHU� ZRUGV�� WKH� EDVLF� V\VWHP� LV� �GHSHQGHG�� RQ� WKH� FRQWUROOHU� IRU� LWV�RSHUDWLRQV��EXW�WKHUH�LV�QR�VXFK�GHSHQGHQF\�WKH�RWKHU�ZD\�URXQG��,W� LV� LPSRUWDQW� WR�FODULI\�KHUH� WKDW��FRQWUROOHUV��FDQ�H[LVW� LQ�RWKHU� W\SHV�RI� V\VWHPV�� WKH\�DUH�QRW�OLPLWHG�WR�EHLQJ�FRPSRQHQWV�RI�FRQWLQXRXV��LQWHUDFWLYH�IHHGEDFN�V\VWHPV�RQO\��)RU�H[DPSOH��PDQ\��PDVWHU��



&RQQH[LRQV����������

��

VXEV\VWHPV�KDYH�QR�FRQWLQXRXV�FRQWDFW�ZLWK�WKHLU��VXEVHUYLHQW��VXEV\VWHPV��)RU�LQVWDQFH��FRQVLGHU�D�GRFWRU�ZKR�SURYLGHV�WUHDWPHQW�DQG�PHGLFDWLRQ�WR�D�SHUVRQ�ZKR�LV�LOO��$IWHU�D�FHUWDLQ�WUHDWPHQW�RU�PHGLFDWLRQ��WKH�GRFWRU�PD\�QRW�KDYH�DQ\�FRQWDFW�ZLWK�WKH�DFWXDO�ELRORJLFDO�SURFHVVHV�RI�WKH�SDWLHQW�IRU�D�ZKLOH��XQOHVV�WKHUH�LV�VRPH�NLQG�RI�FRQWLQXRXV�PRQLWRULQJ�V\VWHP�XVHG�WR�PRQLWRU�WKH�SDWLHQW��6XSSRVH��WKH�GRFWRU�PRQLWRUV�WKH�FRQGLWLRQ� RI� WKH� SDWLHQW� GDLO\� DQG� WULHV� RWKHU�PHGLFDWLRQ� RU� WUHDWPHQW� LI� VRPHWKLQJ� GRHVQ¶W�ZRUN�� ,Q� WKLV�VLWXDWLRQ�� WKH� GRFWRU� LV� QRW� LQ� FRQWLQXRXV� FRQWDFW� ZLWK� WKH� VXEVHUYLHQW� V\VWHP� �WKH� SDWLHQW��� EXW� RQO\� KDV�LQWHUPLWWHQW� FRQWDFW�� 7KH� GRFWRU�� KRZHYHU�� LV� VWLOO� WKH� FRQWUROOHU� LQ� WKLV� VLWXDWLRQ�� VLQFH� KH� RU� VKH� FDQ� EH�DUELWUDU\� LQ� WKH� WUHDWPHQW�RI� WKH�SDWLHQW�� 6R� WKLV� LV� D� W\SH�RI� V\VWHP�ZKHUH� WKH�FRQWUROOHU� FDQ�EH� �RXW�RI�FRQWDFW��ZLWK� WKH�VXEVHUYLHQW� V\VWHP� IRU�VRPH�SHULRG�RI� WLPH�� ,Q�RWKHU�V\VWHPV�� WKH�FRQWUROOHU�FDQ�EH� WKH�VRXUFH�RI�D�VLQJOH��RQH�WLPH�VLJQDO�RU�GHFLVLRQ�� LQVWHDG�RI�PXOWLSOH�VLJQDOV�RU�GHFLVLRQV�EHLQJ�SURYLGHG�LQ�FRQWLQXRXV�IHHGEDFN�V\VWHPV��([DPSOHV�RI�VXFK�VLWXDWLRQV�LQFOXGH����VWDUWLQJ�D�UDQGRP�ILUH�LQ�D�IRUHVW��DQG����VSUHDGLQJ�D�EDG�UXPRU�WKDW�VWDUWV�D�ULRW� LQ�VRPH�SODFH��2QH�PLJKW�FODLP�WKDW� WKH�FRQWUROOHU� LQ�WKLV�FDVH�ORVHV� FRQWURO� RI� WKH� VXEVHUYLHQW� V\VWHP�� %XW� GHVSLWH� WKH� VXEVHTXHQW� �RXW�RI�FRQWURO�� FKDUDFWHU� RI� WKH�VXEVHUYLHQW�V\VWHP��WKHUH�LV�QR�TXHVWLRQ�DERXW�WKH�FRQWUROOLQJ�QDWXUH�RI�WKH��PDVWHU��VXEV\VWHP�WKDW�VWDUWV�WKH�SURFHVV� 6R�� WKH��PDVWHU��VXEV\VWHP�LQ�DOO�RI� WKHVH�GLIIHUHQW�V\VWHPV�DUH�VWLOO��FRQWUROOHUV��EHFDXVH�RI�WKH� DUELWUDU\� ZD\� LQ� ZKLFK� WKH\� FDQ� GHWHUPLQH� WKH� VLJQDOV� EHLQJ� VHQW� WR� WKH� �VXEVHUYLHQW�� VXEV\VWHPV��ZKHWKHU�LW�LV�RQH�WLPH�RU�PXOWLSOH�WLPHV�����,V�FRQQHFWLRQLVP�EDVHG�RQ�VWDQGDUG�FRQWURO�WKHRU\�QRWLRQV"7R�DQVZHU�WKH�TXHVWLRQ��,V�FRQQHFWLRQLVP�EDVHG�RQ�VWDQGDUG�FRQWURO�WKHRU\�QRWLRQV"��RQH�KDV�WR�HVWDEOLVK�WKDW� FRQQHFWLRQLVW� V\VWHPV� HLWKHU� KDYH� FRQWUROOHUV� LQVLGH� WKHP� RU� XVH� RXWVLGH� FRQWUROOHUV� RU� ERWK�� 7R�HVWDEOLVK�WKLV��DOO�RQH�QHHGV�WR�GR�LV�H[DPLQH�VRPH�RI�WKH�VLPSOHU�FRQQHFWLRQLVW�OHDUQLQJ�V\VWHPV�DQG�VKRZ�WKDW� WKH\�XVH�FRQWUROOHUV��2QFH�WKDW� LV�HVWDEOLVKHG�� LW� WKHQ�IROORZV�E\�ORJLFDO�H[WHQVLRQ�WKDW�PRUH�FRPSOH[�FRQQHFWLRQLVW�V\VWHPV��WKRVH�WKDW�LQ�WXUQ�XVH�WKHVH�VLPSOHU�OHDUQLQJ�PHFKDQLVPV�RU�DUH�VLPLODU�LQ�VWUXFWXUH��DOVR� XVH� FRQWUROOHUV�� DQG� WKXV� DUH� EDVHG� RQ� FRQWURO� WKHRU\� QRWLRQV�� 7KH� ORJLFDO DQDO\VLV� RI� WKH� VLPSOHU�FRQQHFWLRQLVW�OHDUQLQJ�V\VWHPV�LV�EDVHG�RQ�WKH�IROORZLQJ�GHWHUPLQDWLRQ������ZKDW�GHFLVLRQV�DUH�EHLQJ�PDGH�E\� WKH� LQGLYLGXDO� VXEV\VWHPV�� ���� ZKHWKHU� WKRVH� GHFLVLRQV� DUH� EHLQJ� FRQYH\HG� IURP� RQH� VXEV\VWHP� WR�DQRWKHU�� ����ZKHWKHU� WKRVH GHFLVLRQV�FDQ�SRWHQWLDOO\�EH�DUELWUDU\��DQG� ODVWO\�� ����ZKDW�GHFLVLRQV�DUH�EHLQJ�FRQYH\HG� WR� WKHVH� V\VWHPV� IURP� WKH� RXWVLGH� E\� H[WHUQDO� VRXUFHV�� ,Q� JHQHUDO�� LI� D� SRWHQWLDOO\� DUELWUDU\�GHFLVLRQ�PDGH� LQ� RQH� VXEV\VWHP�$� LV� FRQYH\HG� WR� DQG�XVHG�E\� DQRWKHU� VXEV\VWHP�%�� WKHQ� LW�PHDQV� WKDW�VXEV\VWHP�$�FRQWUROV�VXEV\VWHP�%��7KH�NH\�WHVW�KHUH�IRU�D�VXEV\VWHP�WR�EH�FKDUDFWHUL]HG�DV�D�FRQWUROOHU�LV�LWV��SRWHQWLDO�WR�EH�DUELWUDU\���,Q�WKH�QRUPDO�PRGH�RI�RSHUDWLRQ��D�FRQWUROOHU�PLJKW�YHU\�ZHOO�RSHUDWH�RQ�WKH�EDVLV�RI�FHUWDLQ�UXOHV��EXW� WKDW�GRHV�QRW�QHJDWH�WKH�IDFW� WKDW� LW� LV�VWLOO�D�FRQWUROOHU�ZLWK�WKH��SRWHQWLDO� WR�EH�DUELWUDU\���)RU�H[DPSOH��WKH�PRWRU�FRQWURO�SRUWLRQ�RI�WKH�EUDLQ�RSHUDWHV�RQ�WKH�EDVLV�RI�VRPH�UXOHV�DFTXLUHG�RYHU�WLPH��EXW�WKDW�GRHV�QRW�PHDQ�WKDW�LW�FDQ¶W�FRQWURO�WKH�YDULRXV�OLPEV�RI�WKH�ERG\�LQ�DQ�DUELWUDU\�PDQQHU�ZLWKRXW�IROORZLQJ�WKRVH�UXOHV��6LPLODUO\��WKH�FHQWUDO�EDQN�LQ�D�FRXQWU\�PLJKW�RSHUDWH�RQ�WKH�EDVLV�RI�VRPH�HFRQRPLF�PRGHOV�DQG�UXOHV��EXW�WKDW�GRHV�QRW�PHDQ�LW��SRWHQWLDOO\��FDQ¶W�VHW�WKH�LQWHUHVW�UDWHV�LQ�DQ�DUELWUDU\�PDQQHU�LJQRULQJ�WKRVH�PRGHOV�DQG�UXOHV��DOWKRXJK�WKDW�PLJKW�QHYHU�KDSSHQ��,W�ZRXOG�EH�DSSURSULDWH�DW�WKLV�WLPH�WR�H[DPLQH�D�IHZ�VLPSOH�FRQQHFWLRQLVW�V\VWHPV�DQG�HVWDEOLVK�WKDW� WKH\� XVH� VWDQGDUG� FRQWURO� WKHRU\� QRWLRQV�� +HUH� VRPH� VWDQGDUG� FRQQHFWLRQLVW� OHDUQLQJ� PHWKRGV� DUH�H[DPLQHG�DQG�LW�LV�VKRZQ�WKDW�WKH\�HPSOR\�FRQWUROOHUV�LQ�WKHLU�RSHUDWLRQ�DQG�WKXV�WKH\��LQ�WXUQ��XVH�VWDQGDUG�FRQWURO� WKHRU\� FRQFHSWV�� $V� VWDWHG� HDUOLHU�� ODUJHU� DQG� PRUH� FRPSOH[� FRQQHFWLRQLVW� V\VWHPV�� WKRVH� WKDW�HPSOR\�WKHVH�VLPSOH�OHDUQLQJ�PHFKDQLVPV�RU�DUH�VLPLODU�LQ�VWUXFWXUH�WR�WKHP��ZRXOG�DOVR�EH�XVLQJ�FRQWURO�WKHRU\�QRWLRQV��EHFDXVH�WKH�VXEV\VWHPV�HPEHGGHG�LQ�WKHP�GR�RU�EHFDXVH�RI�WKHLU�VLPLODULW\�LQ�VWUXFWXUH�WR�WKHVH�VLPSOHU�V\VWHPV��,W�PLJKW�EH�DSSURSULDWH�WR�VWDUW�ZLWK�WKH�EHVW�NQRZQ�FRQQHFWLRQLVW�OHDUQLQJ�PHWKRG��WKH�EDFN�SURSDJDWLRQ�DOJRULWKP��5XPHOKDUW�DQG�0F&OHOODQG�>����@���)RU�DOJRULWKPV�OLNH�EDFN�SURSDJDWLRQ��LQFOXGLQJ�DQ\�YDULDWLRQV�RI� LW��DQ�H[WHUQDO�DJHQW� �SHUKDSV�D�KXPDQ��SHUKDSV�DQRWKHU�PRGXOH� LQ�DQ�RYHUDOO�FRQQHFWLRQLVW� V\VWHP�� VXSSOLHV� IURP� WKH� RXWVLGH� WKH� GHVLJQ� RI� D� QHWZRUN� DQG� WKH� YDOXHV� IRU� WKH� YDULRXV�OHDUQLQJ�SDUDPHWHUV� WKDW� DUH� QHFHVVDU\� IRU� LW� WR� OHDUQ��6LQFH� WKH�RXWVLGH�DJHQW� FDQ�GHWHUPLQH� WKH� QHWZRUN�GHVLJQ�DQG� WKH�YDULRXV� OHDUQLQJ�SDUDPHWHUV�SRWHQWLDOO\� LQ�DQ�DUELWUDU\� IDVKLRQ��WKLV�DUELWUDU\�QDWXUH�RI� WKH�DJHQW�FDQ�EH�YHULILHG�ZLWK�FHUWDLQW\�ZKHQ�D�KXPDQ�LV�WKH�H[WHUQDO�DJHQW�DQG�LV�SURYLGLQJ�WKH�LQIRUPDWLRQ�WR�EDFN�SURSDJDWLRQ��� WKH� RXWVLGH� DJHQW� LV� WKHUHIRUH� D� FRQWUROOHU� IRU� WKH� EDFN�SURSDJDWLRQ�PHWKRG��7KXV� WKH�EDFN�SURSDJDWLRQ�OHDUQLQJ�PHWKRG�HPSOR\V�DQ�H[WHUQDO�FRQWUROOHU��PXFK�OLNH�D�GULYHU�LQ�D�FDU�RU�D�SLORW�LQ�DQ�DLUSODQH��7KH�EDFN�SURSDJDWLRQ�DOJRULWKP��WKHUHIRUH��LV�EDVHG�RQ�VWDQGDUG�FRQWURO�WKHRU\�QRWLRQV��)RU�RWKHU�FRQQHFWLRQLVW�OHDUQLQJ�PHWKRGV�OLNH�DGDSWLYH�UHVRQDQFH�WKHRU\��$57���*URVVEHUJ�>������������ ����@��� WKH� UHGXFHG� FRXORPE� HQHUJ\� �5&(�� �5HLOO\�� &RRSHU� DQG� (OEDXP� >����@��� WKH� UDGLDO� EDVLV�
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IXQFWLRQ��5%)��QHWZRUNV��0RRG\�	�'DUNHQ�>����@��DQG�WKH�OLNH��WKH�QHWZRUN�GHVLJQ�PRGXOH�LV�LQVLGH�WKH�DOJRULWKP��6R�ZKHUH�LV�WKH�FRQWUROOHU�LQ�WKHP"�7KH�XVXDO�GHVLJQ�WDVN�LQ�$57��5%)��5&(�DQG�WKH�OLNH�LV�WR�DGG�D�QHZ�SURWRW\SH�RU�H[HPSODU��D�FHQWHU�DQG�D�UDGLXV�RU�ZLGWK��WR�WKH�QHWZRUN��7KH�GHVLJQ�WDVN��WKHUHIRUH��LV�WR�H[SDQG�WKH�VL]H�RI�WKH�QHWZRUN�DV�DQG�ZKHQ�QHFHVVDU\��7KH�WUDLQLQJ�WDVN�LV�WR�PDNH�DGMXVWPHQWV�WR�DOO�WKRVH�SURWRW\SHV�RU�H[HPSODUV�± WKDW�LV��WR�DGMXVW�WKHLU�FHQWHUV�DQG�ZLGWKV�RU�UDGLL��6R��ORJLFDOO\��WKH�GHVLJQ�DQG�WUDLQLQJ�IXQFWLRQV�DUH�KRXVHG�LQ�VHSDUDWH�PRGXOHV�LQ�WKHVH�OHDUQLQJ�VFKHPHV��6R��DV�EHIRUH��WKH�GHVLJQ�PRGXOH�VXSSOLHV�WR�WKH�WUDLQLQJ�PRGXOH�WKH�GHVLJQ�RI�D�QHWZRUN��6R�WKH�ORJLFDO�VWUXFWXUH�RI�WKHVH�DOJRULWKPV�LV� VLPLODU� WR� EDFN�SURSDJDWLRQ� � WKH� QHWZRUN� GHVLJQ� DQG� WUDLQLQJ�PRGXOHV� DUH� GHFRXSOHG�DQG� WKH� GHVLJQ�PRGXOH�VXSSOLHV�GHVLJQ�GHFLVLRQV�WR�WKH�WUDLQLQJ�PRGXOH��7KHUHIRUH��VLQFH�WKH�QHWZRUN�GHVLJQ�GHFLVLRQV�DQG�GHFLVLRQV� DERXW� WKH� YDULRXV� OHDUQLQJ� SDUDPHWHUV� FRPH� IURP� RQH� RU�PRUH� RXWVLGH� VRXUFHV� WR� WKH� WUDLQLQJ�PRGXOH� �WKH� QHWZRUN�GHVLJQ� IURP�WKH�GHVLJQ�PRGXOH�� WKH� YDULRXV� OHDUQLQJ�SDUDPHWHU� YDOXHV� SURYLGHG�E\�VRXUFHV� H[WHUQDO� WR� WKH� DOJRULWKP�� SHUKDSV� D� KXPDQ� RU� DQRWKHU� PRGXOH� ZLWKLQ� DQ� RYHUDOO� V\VWHP��� WKHVH�RXWVLGH�VRXUFHV�DFW�DV�FRQWUROOHUV� WR�WKH�WUDLQLQJ�PRGXOH�LQ�DOJRULWKPV�OLNH�$57��5%)��5&(�DQG�WKH�OLNH��7KXV�WKHVH�OHDUQLQJ�PHWKRGV��$57��5&(��5%)��DQG�WKH�OLNH��HPSOR\�RQH�RU�PRUH�FRQWUROOHUV��LQWHUQDO�DQG�H[WHUQDO��LQ�RUGHU�WR�ZRUN��7KHVH�OHDUQLQJ�PHWKRGV��WKHUHIRUH��DUH�EDVHG�RQ�VWDQGDUG�FRQWURO�WKHRU\�QRWLRQV��$JDLQ��LI�WKHVH�PHWKRGV�DUH�HPEHGGHG�DQG�XVHG�LQ�PRUH�FRPSOH[�FRQQHFWLRQLVW�V\VWHPV��WKHQ�WKH\�WRR��E\�H[WHQVLRQ��DUH�EDVHG�RQ�VWDQGDUG�FRQWURO�WKHRU\�QRWLRQV��)RU� WKH�DOJRULWKPV�GLVFXVVHG�KHUH��DQG�IRU�RWKHU�FRQQHFWLRQLVW� V\VWHPV�ZLWK�VLPLODU�VWUXFWXUHV�RU�FRQQHFWLRQLVW� V\VWHPV WKDW� HPEHG� WKHVH� DOJRULWKPV� ZLWKLQ� WKHP�� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH� WUDLQLQJ�PRGXOH�DQG�WKH�FRQWUROOLQJ�VRXUFH�V���KXPDQ�RXWVLGH�DJHQWV��LQWHUQDO�PRGXOHV��LV�QRW�MXVW�D�RQH�WLPH�DIIDLU��,Q�IDFW��WKH�WUDLQLQJ�PRGXOHV�RI�WKHVH�DOJRULWKPV�FRPH�EDFN�WR�WKH�FRQWUROOLQJ�VRXUFHV�RYHU�DQG�RYHU�DJDLQ�ZLWK� WKHLU� UHVXOWV� DQG� WKH� FRQWUROOLQJ� VRXUFHV� WKHQ�� LI� QRW� VDWLVILHG�ZLWK� WKH� UHVXOWV�� SURYLGH�QHZ� QHWZRUN�GHVLJQV�DQG�QHZ�VHWV�RI�SDUDPHWHU�YDOXHV�DQG�RUGHUV�WKH�WUDLQLQJ�PRGXOHV�WR�JHW�QHZ�VROXWLRQV�RQ�WKDW�EDVLV��7KLV� LV� PXFK� OLNH� D� GRFWRU� WU\LQJ� D� SDUWLFXODU� PHGLFDWLRQ� RU� WUHDWPHQW� RQ� D� SDWLHQW�� ZDLWLQJ� WR� VHH� WKH�RXWFRPH� DIWHU� VXFK� D� WUHDWPHQW�� DQG� LI� WKH� RXWFRPH� LV� QRW� VDWLVIDFWRU\�� WU\LQJ� D� GLIIHUHQW� PHGLFDWLRQ� RU�WUHDWPHQW�DQG�VR�RQ��6R�WKH�LQWHUDFWLRQ�EHWZHHQ WKH�WUDLQLQJ�PRGXOHV�DQG�WKH�FRQWUROOLQJ�VRXUFHV�LQ� WKHVH�DOJRULWKPV�� OLNH� WKH� GRFWRU� FDVH�� LV� QRW� MXVW� D� RQH�WLPH� DIIDLU�� LW� KDSSHQV� FRQWLQXDOO\�� +RZHYHU�� WKH�FRQWUROOLQJ�VRXUFHV�DUH�RXW�RI�FRQWDFW�ZLWK�WKH�WUDLQLQJ�PRGXOHV�IRU�WKH�WLPH�GXULQJ�ZKLFK�WKH\ DUH�JHWWLQJ�D�VROXWLRQ��PXFK�OLNH�WKH�GRFWRU�DQG�SDWLHQW�FDVH�1RWH�WKDW�WKH�XVH�RI�FRQWURO�WKHRUHWLF�FRQFHSWV�LV�SDUW�RI�WKH�FRQFHSWXDO�VWUXFWXUH�RI�WKHVH�OHDUQLQJ�V\VWHPV��LQGHSHQGHQW�RI�KRZ�WKH\�DUH�LPSOHPHQWHG�DQG��LQ�SDUWLFXODU��ZKHWKHU�RU�QRW�D�QHXURFRPSXWHU��ZLWK�SDUDOOHO�FRPSXWDWLRQ�FDSDELOLWLHV�� LV�XVHG�IRU� LPSOHPHQWDWLRQ��$OVR�QRWH�WKDW� WKH� IRUHJRLQJ�DQDO\VLV�RI� WKH�OHDUQLQJ�PHWKRGV�ZDV�EDVHG�VWULFWO\�RQ�WKHLU�ORJLFDO�VWUXFWXUH�DQG�QRWKLQJ�HOVH�����&RQFOXVLRQ7KLV�SDSHU�SURSRVHG� WR�VKRZ�WKDW�VWDQGDUG�FRQWURO� WKHRU\�FRQFHSWV�DUH�XVHG� LQ�FRQQHFWLRQLVWV�V\VWHPV�� ,W�KDV� GRQH� WKLV� LQ� WZR� SDUWV�� )LUVW�� LW� H[DPLQHG� WKH� QRWLRQ� RI� FRQWURO� DQG� FRQWUROOHUV� LQ� DQ\� V\VWHP� DQG�FKDUDFWHUL]HG�FRQWUROOHUV�DV�VXEV\VWHPV�LQ�DQ�RYHUDOO�V\VWHP�WKDW�FDQ�RSHUDWH�LQ�DQ�DUELWUDU\�PDQQHU��8VLQJ�WKLV� FKDUDFWHUL]DWLRQ�� LW� WKHQ� SHUIRUPHG� D� ORJLFDO� DQDO\VLV� RI� WKH� VWUXFWXUH� RI� VRPH� FRUH� FRQQHFWLRQLVW�OHDUQLQJ� V\VWHPV� � OLNH� EDFN�SURSDJDWLRQ�� DGDSWLYH� UHVRQDQFH� WKHRU\� �$57��� UHGXFHG� FRXORPE� HQHUJ\��5&(��� DQG� UDGLDO� EDVLV� IXQFWLRQ� �5%)�� � DQG� VKRZHG� WKDW� WKH\� KDYH� DQG� GR� XVH� FRQWUROOHUV� LQ� WKHP��6RPHWLPHV� WKHVH� FRQWUROOHUV� DUH� KRXVHG� ZLWKLQ� WKH� OHDUQLQJ� V\VWHP�� VRPHWLPHV� WKH\� DUH� H[WHUQDO� WR� WKH�OHDUQLQJ� V\VWHP� �OLNH�EDFN�SURSDJDWLRQ�DQG� WKH� OLNH��� DQG� VRPHWLPHV� LW� LV� D� FRPELQDWLRQ�RI� WKH� WZR� �OLNH�$57��5&(��5%)�DQG�WKH�OLNH���%XW�WKH�SDSHU�FOHDUO\�HVWDEOLVKHV�WKDW�FRQWUROOHUV�GR�H[LVW�LQ�WKHVH�V\VWHPV�DQG� WKXV� WKHVH� V\VWHPV� DUH� EDVHG� RQ� FRQWURO� WKHRU\� FRQFHSWV�� %\� ORJLFDO� H[WHQVLRQ�� WKH� PRUH� FRPSOH[�FRQQHFWLRQLVW�V\VWHPV��WKH�RQHV�WKDW�XVH�WKHVH�VLPSOHU�OHDUQLQJ�PHFKDQLVPV�LQVLGH�WKHP�RU�UHO\�RQ�WKHP�LQ�VRPH� RWKHU� PDQQHU� RU� DUH� VLPLODU� LQ� VWUXFWXUH�� DOVR� XVH� FRQWUROOHUV� DQG� DUH�� LQ� WXUQ�� EDVHG� RQ� VWDQGDUG�FRQWURO�WKHRU\�QRWLRQV��7KLV�UHIXWHV�WKH�FODLP�LQ�FRQQHFWLRQLVP�WKDW�WKHLU�PHWKRGV�GR�QRW�HPERG\�VWDQGDUG�FRQWURO� WKHRU\� FRQFHSWV�� WKDW� WKH\� KDYH� LQWURGXFHG� D� TXDOLWDWLYHO\� QHZ� VHW� RI� FRQFHSWV� DQG�PHFKDQLVPV��7KLV� LPSOLHV� WKDW� FRQWURO� WKHRU\� FRQFHSWV� FDQ� LQGHHG� EH� XVHG� WR� FRQVWUXFW� EUDLQ�OLNH� V\VWHPV� DQG� LQ�XQGHUVWDQGLQJ�KRZ�WKH�EUDLQ�ZRUNV�DQG�OHDUQV��5R\�>����@��5R\�HW�DO��>����������D�E@���5HIHUHQFHV)DKOPDQ�� 6�� (�� DQG� +LQWRQ�� *�� (�� �������� &RQQHFWLRQLVWV� $UFKLWHFWXUHV� IRU� $UWLILFLDO� ,QWHOOLJHQFH��&RPSXWHU���������������
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)HOGPDQ��-��$��DQG�%DOODUG��'��$����������&RQQHFWLRQLVWV�0RGHOV�DQG�7KHLU�3URSHUWLHV� &RJQLWLYH�6FLHQFH��������������*URVVEHUJ��6����������6WXGLHV�RI�0LQG�DQG�%UDLQ��1HXUDO�3ULQFLSOHV�RI�/HDUQLQJ�3HUFHSWLRQ��'HYHORSPHQW��&RJQLWLRQ��DQG�0RWRU�&RQWURO��%RVWRQ��5HLGHOO�3UHVV��*URVVEHUJ��6�� ��������&RPSHWLWLYH OHDUQLQJ��)URP� LQWHUDFWLYH�DFWLYDWLRQ� WR�DGDSWLYH� UHVRQDQFH��&RJQLWLYH�6FLHQFH�������������*URVVEHUJ�� 6�� �������� 1RQOLQHDU� QHXUDO� QHWZRUNV�� SULQFLSOHV�� PHFKDQLVPV�� DQG� DUFKLWHFWXUHV�� 1HXUDO�1HWZRUNV�����������.RKRQHQ��7����������6HOI�RUJDQL]DWLRQ�DQG�DVVRFLDWLYH�PHPRU\���UG HG��%HUOLQ��+HLGHOEHUJ��6SULJHU�9HUODJ��.RKRQHQ��7����������3K\VLRORJLFDO�LQWHUSUHWDWLRQ�RI�WKH�VHOI�RUJDQL]LQJ�PDS�DOJRULWKP��1HXUDO�1HWZRUNV��������������0RRG\�� -��	�'DUNHQ�� &�� �������� )DVW� /HDUQLQJ� LQ�1HWZRUNV� RI� /RFDOO\�7XQHG�3URFHVVLQJ�8QLWV��1HXUDO�&RPSXWDWLRQ�����������������5HLOO\�� '�/��� &RRSHU�� /�1�� DQG� (OEDXP�� &�� �������� $� 1HXUDO�0RGHO� IRU� &DWHJRU\� /HDUQLQJ��%LRORJLFDO�&\EHUQHWLFV�������������5R\��$���*RYLO��6��	�0LUDQGD��5� ��������$Q�$OJRULWKP�WR�*HQHUDWH�5DGLDO�%DVLV�)XQFWLRQ��5%)��OLNH�1HWV�IRU�&ODVVLILFDWLRQ�3UREOHPV��1HXUDO�1HWZRUNV��9RO����1R����SS����������5R\��$���*RYLO�� 6��	�0LUDQGD��5�� �����D���$�1HXUDO�1HWZRUN�/HDUQLQJ�7KHRU\� DQG� D�3RO\QRPLDO�7LPH�5%)�$OJRULWKP��,(((�7UDQVDFWLRQV�RQ�1HXUDO�1HWZRUNV�9RO�����1R�����SS������������5R\�� $�� 	�0XNKRSDGK\D\�� 6�� �����E��� ,WHUDWLYH� *HQHUDWLRQ� RI� +LJKHU�2UGHU� 1HWV� LQ� 3RO\QRPLDO� 7LPH�8VLQJ�/LQHDU�3URJUDPPLQJ��,(((�7UDQVDFWLRQV�RQ�1HXUDO�1HWZRUNV��9RO�����1R�����SS�����������5R\��$� ��������2Q�&RQQHFWLRQLVP��5XOH�([WUDFWLRQ�DQG�%UDLQ�OLNH�/HDUQLQJ��,(((�7UDQVDFWLRQV�RQ�)X]]\�6\VWHPV��9RO�����1R�����SS����������5XPHOKDUW�� '�(��� DQG� 0F&OHOODQG�� -�/��HGV��� �������� 3DUDOOHO� 'LVWULEXWHG� 3URFHVVLQJ�� ([SORUDWLRQV� LQ�0LFURVWUXFWXUH�RI�&RJQLWLRQ��9RO�����)RXQGDWLRQV� 0,7�3UHVV� &DPEULGJH��0$������������5XPHOKDUW��'�(����������7KH�$UFKLWHFWXUH�RI�0LQG��$�&RQQHFWLRQLVW�$SSURDFK��&KDSWHU���LQ�+DXJHODQG��-���HG���0LQG�'HVLJQ�,,��������0,7�3UHVV�����������
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5HYLHZ*HRUJH�'\VRQ��'DUZLQ�DPRQJ�WKH�PDFKLQH�������$OOHQ�/DQH�7KH�3HQJXLQ 3UHVV��,6%1����������������SS�������+EN����
7RP�6WDIIRUG'HSDUWPHQW�RI�3V\FKRORJ\8QLYHUVLW\�RI�6KHIILHOG&KDSWHUV� ��� /HYLDWKDQ�� ��� 'DUZLQ� DPRQJ� WKH� PDFKLQHV�� ��� 7KH� *HQHUDO� :LQG�� ��� 2Q� &RPSXWDEOH�1XPEHUV�� ��� 7KH� 3URYLQJ� *URXQG�� ��� 5DWV� LQ� D� &DWKHGUDO�� ��� 6\PELRJHQHVLV�� ��� 2Q� 'LVWULEXWHG�&RPPXQLFDWLRQV�����7KHRU\�RI�*DPHV�DQG�(FRQRPLF�%HKDYLRXU������7KHUH¶V�SOHQW\�RI�URRP�DW�WKH�WRS������/DVW�DQG�)LUVW�0HQ������)LGGOLQJ�ZKLOH�5RPH�EXUQV��
7KLV�UHYLHZ�EHJLQV�ZLWK�WKH�EDFNJURXQG�WR�WKH�ERRN��D�VXPPDU\�RI�WKH�JHQHUDO�WKHPHV�DQG�P\�LPSUHVVLRQV�RQ�UHDGLQJ�LW��7KH�VHFRQG�KDOI�RI�WKH�UHYLHZ�FRYHUV�LQ�PRUH�GHWDLO�WKH�FRQWHQWV�RI�WKH����FKDSWHUV�7KH�WLWOH�FRPHV�IURP�6DPXHO�%XWOHU��,Q�WKH�VHFRQG�KDOI�RI�WKH���WK FHQWXU\�%XWOHU�SUHGLFWHG�WKDW�WKH�SUROLIHUDWLRQ RI�PDFKLQHV�ZRXOG� OHDG� WR� WKHLU� HYROXWLRQ� LQ� V\PELRVLV�ZLWK�PDQNLQG��7KLV� LV� WKH� HVVHQWLDO�VSHFXODWLRQ� RI� WKH� ERRN�� EXW� D� VSHFXODWLRQ� ZKLFK� WDNHV� LQ� WKH� KLVWRULFDO�� SKLORVRSKLFDO� DQG� WHFKQLFDO�DQWHFHGHQWV�RI�WKH�QHR�'DUZLQLDQ�V\QWKHVLV��DUWLILFLDO�LQWHOOLJHQFH��DQG�WKH�WKHRU\�RI�LQIRUPDWLRQDO�V\VWHPV�LQ�JHQHUDO��'\VRQ� LV� D� ND\DN� EXLOGHU� DQG� HWKQRKLVWRULDQ�� VHOI�HGXFDWHG� LQ� WKH� OLEUDULHV� RI� WKH� XQLYHUVLW\�FDPSXVHV� ZKHUH� KH� JUHZ� XS�� +LV� IDPLO\� EDFNJURXQG� LV� XQLTXHO\� DSSURSULDWH� IRU� ZULWLQJ� WKLV� ERRN� RQ�PDFKLQHV� DV�PLQGV�� DQG�PLQGV� DV�PDFKLQDWLRQ��+LV� IDWKHU�� )UHHPDQ�'\VRQ�� LV� D�PDWKHPDWLFDO� SK\VLFLVW��ZKR�DOVR�PDGH�D�IRUD\�LQWR�WKHRUHWLFDO�HYROXWLRQDU\�ELRORJ\�ZLWK�KLV�ERRN�µ7KH�2ULJLQV�RI�/LIH¶���ZKLOH�KLV�PRWKHU��9HUHQD�+XEHU�'\VRQ��LV�D�ORJLFLDQ�ZKR�ZURWH D�ERRN�RQ�WKH�LPSOLFDWLRQV�RI�*RGHO¶V�7KHRUHP��,Q�KLV� LQWURGXFWLRQ� '\VRQ� VD\V� WKDW� REVHUYLQJ� KLV� SDUHQWV¶� ZRUN�� DQG� KLV� VLVWHU¶V� DV� D� FRPSXWHU� LQGXVWU\�DQDO\VW��SURYLGHG�KLP�ZLWK�WKH�IRXQGDWLRQV�WR�ZULWH�WKLV�ERRN��$W� WKH� EHJLQQLQJ� RI� WKH� ERRN� '\VRQ� SURPLVHV� WKDW� WKLV� LV� D� KLVWRULFDO� ZRUN� RQ� WKH� QDWXUH� RI�PDFKLQHV�� DQG�RQ�SUHGLFWLRQV� DERXW� WKHP� WKDW� WXUQHG�RXW� WR� EH� ULJKW��%XW� KH� DOVR� DVNV� VRPH�SURYRFDWLYH�TXHVWLRQV� DERXW� WKH� SURVSHFWV� RI� PDQ� �DQG� OLIH� LQ� JHQHUDO�� LQ� WKH� LQIRUPDWLRQ� DJH�� µ'R� ZH� UHPDLQ� RQHVSHFLHV�RU�GLYHUJH�LQWR�PDQ\"�'R�ZH�UHPDLQ�RI�PDQ\�PLQGV��RU�PHUJH�LQWR�RQH"¶�$FURVV�WKH����FKDSWHUV�RI�WKH� ERRN� LW� EHFRPHV� FOHDU� ZKDW� '\VRQ¶V� RZQ� DQVZHUV� WR� WKHVH� TXHVWLRQV� DUH�� +LV� PDLQ� WKHPHV� DUH� WKH�G\QDPLFV�RI�HYROXWLRQ��DQG�VLJQV�RI�LQWHOOLJHQFH�LQ�WKLV�SURFHVV��DQG�WKH�XQLYHUVDOLW\�RI�LQWHOOLJHQFH�LQ�DOO�FRPSOH[�DGDSWLYH�V\VWHPV��+H�FRQFOXGHV�WKDW�D�VXSHU�RUGLQDWH�PDFKLQH�KXPDQ�LQWHOOLJHQFH�ZLOO�LQHYLWDEO\�HYROYH��RU�PD\�LQ�IDFW�KDYH�DOUHDG\�HYROYHG�LQ�D�IRUP�WKDW�ZH�IDLO�WR�UHFRJQLVH�GXH�WR�RXU�DQWKURSRPRUSKLF�FRQFHSWLRQ�RI�LQWHOOLJHQFH��7KH�KLVWRULFDO�VNHWFKHV�DUH�ULFKO\�GHWDLOHG��UHYHDOLQJ�'\VRQ¶V�REYLRXV�ZDUPWK�IRU�WKH�FKDUDFWHUV��([WHQVLYH�TXRWDWLRQV�JLYH�D�UHDO�IHHO�IRU�WKH�VW\OH�RI�WKH�WKLQNHUV�KH�FRYHUV��DOWKRXJK�RQH�VKRXOG�EH�FDXWLRXV�DERXW LQWHUSUHWLQJ� DV� SURSKHV\� WKH� UDPEOLQJV� RI� FHQWXULHV� ROG� WKLQNHUV�� '\VRQ� FRPELQHV� D� IODLU� IRU� WKH�ELRJUDSKLFDO� VNHWFK� ZLWK� D� SDVVLRQ� IRU� RULJLQDO� LGHDV�� 3DUWLFXODUO\�PHPRUDEOH� LV� WKH� SLFWXUH� KH� SDLQWV� RI�/HZLV�)U\�5LFKDUGVRQ��D�PHWHRURORJLVW�DQG�PDWKHPDWLFLDQ�ZKR�VSHQW�KLV�HYHQLQJV� LQ� WKH� WUHQFKHV�GXULQJ�:RUOG�:DU�,�FDOFXODWLQJ�E\�D�KDQG�D�JULG�RI�OLQNHG�GLIIHUHQWLDO�HTXDWLRQV�WR�SUHGLFW�ZHDWKHU�V\VWHPV�� ZKDW�DPRXQWHG�WR�D�FHOOXODU�DXWRPDWD��EXW�GRQH�E\�KDQG�UDWKHU�WKDQ�XVLQJ�WKH�FRPSXWHU�WHFKQRORJ\�WKDW�KDV�PDGH�HIIHFWLYH� H[SORUDWLRQ� RI� WKHVH� V\VWHPV� SRVVLEOH��0RUH� IDPLOLDU� ILJXUHV� ILOO� WKH� SDJHV� �H�J�� YRQ�1HXPDQQ��7XULQJ��DV�ZHOO�DV�VRPH�IDPLOLDU�KLVWRULFDO�SHUVRQDJHV�SUHVHQWHG�LQ�XQIDPLOLDU�FRQWH[W��H�J��WKH�GLVFXVVLRQ�RI�+REEHV�LQ�FKDSWHU���DQG�KLV�DQWLFLSDWLRQ�RI�DUWLILFLDO�LQWHOOLJHQFH���,GHDV� DFURVV� WKH� ILHOGV� RI� HYROXWLRQ��PDWKHPDWLFV�� DUWLILFLDO� LQWHOOLJHQFH� DQG� WHOHFRPPXQLFDWLRQV�DUH� GHYHORSHG� RXW� RI� WKHVH� VNHWFKHV� RI� WKH� ILJXUHV� ZKR� ILUVW� H[SORUHG� WKHP�� 5HDGHUV� ZKR� IHHO� RYHUO\�IDPLOLDU� ZLWK� WKH� KLVWRU\� VXUURXQGLQJ� DQ\� SDUWLFXODU� WKHPH� ± LQ� P\� FDVH� LW� ZDV� WKH� RULJLQ� RI� WKH� ILUVW�FRPSXWLQJ�PDFKLQHV��IURP�%DEEDJH�WKURXJK�WR�7XULQJ�DQG�YRQ�1HXPDQQ�± VKRXOG�IHHO�IUHH�WR�VNLS�WR�WKH�HQG�RI�WKH�FKDSWHUV�ZKHUH�'\VRQ�SXOOV�WKH�WKUHDGV�WRJHWKHU�DQG�JLYHV�IXOO�UHLJQ�WR�KLV�VSHFXODWLRQV��5HDGLQJ�'DUZLQ� $PRQJ� WKH� 0DFKLQHV� ,� FRXOG� QRW� KHOS� WKLQNLQJ� WKDW� '\VRQ¶V� VHOI�HGXFDWLRQ� KDV� OHIW� KLP�SDUWLFXODUO\� IUHH�RI� WKH�QRUPDO�EOLQNHUV� WKDW�DUH�DFTXLUHG� LQ�D� WUDGLWLRQDO�HGXFDWLRQ��7KHUH� LV�D� ULFK�FURVV�
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IHUWLOLVDWLRQ� RI� LGHDV� IURP� GLIIHUHQW� ILHOGV� DQG� DSSOLHG� WR� DOO� IRUPV� RI� LQIRUPDWLRQDO� QHWZRUNV�� VSHFLHV��HFRORJLHV��EUDLQV�DQG�WHOHFRPPXQLFDWLRQV�QHWZRUNV��,�ILQG�LW�GLIILFXOW�WR�H[SUHVV�WKH�VKHHU�IHFXQGLW\�RI�WKH�LGHDV�'\VRQ�KDV�ZRYHQ� WRJHWKHU� LQ� WKLV�ERRN�� ,Q� WKH�FKDSWHU�RXWOLQHV�EHORZ�,�KDYH� IRFXVVHG�RQ� WKH�PDLQ�LGHDV�DQG�WKH�RQHV�ZKLFK�KROG�D�SDUWLFXODU�LQWHUHVW�IRU�PH��,�ZRXOGQ¶W�ZDQW�DQ\�UHDGHU�WR�WKLQN�WKDW�,�ZDV�SUHVHQWLQJ�DQ\WKLQJ�RWKHU�WKDQ�D�ELDVHG�DQG�SDUWLDO�VXPPDU\�RI�WKH�ERRN��,Q�SDUWLFXODU�,�KDYH�IRFXVVHG RQ�WKH�PDLQ�FKDUDFWHUV�RI�HDFK�FKDSWHU��UDWKHU�UXGHO\�LJQRULQJ�WKH�PDQ\�SHRSOH�'\VRQ�W\SLFDOO\�GLVFXVVHV�DV�KH�VNHWFKHV�WKH�KLVWRU\�OHDGLQJ�XS�WR�DQ\�SDUWLFXODU�LQQRYDWLRQ�����/HYLDWKDQ�)RU�VHHLQJ�OLIH�LV�EXW�D�PRWLRQ�RI�/LPEV��WKH�EHJLQQLQJ�ZKHUHRI�LV LQ�WKH�SULQFLSDOO�SDUW�ZLWKLQ��ZK\�PD\�ZH�QRW�VD\�WKDW�DOO�$XWRPDWD��(QJLQHV�WKDW�PRYH�WKHPVHOYHV�E\�VSULQJV�DQG�ZKHHOV�DV�GRWK�D�ZDWFK��KDYH�DQ�DUWLILFLDOO�OLIH�7KRPDV�+REEHV7KRPDV�+REEHV��DFFRUGLQJ� WR�'\VRQ���EHOLHYHG� OLIH�DQG�PLQG� WR�EH� WKH�QDWXUDO�FRQVHTXHQFHV�RI�PDWWHU�ZKHQ�VXLWDEO\�DUUDQJHG���)URP�+REEHV¶�IXQFWLRQDOLVP�'\VRQ�JRHV�RQ�WR�GLVFXVV�WKH�SURVSHFWV�IRU�D�VHFRQG�RFFDVLRQ�ZKHQ�OLIH�PLJKW�HYROYH�IURP�XQWKLQNLQJ��LQDQLPDWH�PDWWHU��,GHDV�RI�FROOHFWLYH�LQWHOOLJHQFH��XQLYHUVDO�FRPPXQLFDWLRQ�	�V\PELRVLV�ZLWK�FRPSXWHUV�DUH�IRUHVKDGRZHG��'\VRQ�VD\V��1DWXUH�KDV�EHJXQ�WR�FODLP� RXU� FUHDWLRQV� DV� KHU� RZQ��� ,Q� RWKHU� ZRUGV�� WKH� XQGLUHFWHG�� RU� DW� OHDVW� XQLQWHQWLRQDO�� HYROXWLRQ� RI�FRPSXWHUV�LV�WDNLQJ�RII�����'DUZLQ�DPRQJ�WKH�PDFKLQHV�:K\�QRW�PD\�WKHUH�DULVH VRPH�QHZ�PLQG�ZKLFK�VKDOO�EH�DV�GLIIHUHQW�IURP�DOO�SUHVHQW�NQRZQ�SKDVHV�DV�WKH�PLQG�RI�DQLPDOV�LV�IURP�WKDW�RI�YHJHWDEOHV" 6DPXHO�%XWOHU7KH� IHXG� EHWZHHQ�&KDUOHV�'DUZLQ� DQG�%XWOHU� LV� FRYHUHG�� %XWOHU� DWWDFNHG� 'DUZLQ� IRU�� DPRQJVW�RWKHU� WKLQJV�� VWHDOLQJ� KLV JUDQGIDWKHU� (UDVPXV¶� LGHDV� DQG� IDLOLQJ� WR� JLYH� KLP� FUHGLW� IRU� WKHP�� (UDVPXV�'DUZLQ�DQWLFLSDWHG�WKH�HVVHQWLDOV�RI�&KDUOHV¶�WKHRU\�RI�HYROXWLRQ�E\�QDWXUDO�VHOHFWLRQ�EXW��SDUWO\�GXH�WR�DQ�REVFXUH�SUHVHQWDWLRQ�VW\OH��KH�LV�XVXDOO\�DVVRFLDWHG�ZLWK�WKH�HUURUV�RI�/DPDUFNLDQLVP�DQG�JURXS�VHOHFWLRQ��'\VRQ¶V�FODLP�LV�WKDW�QHLWKHU�%XWOHU�QRU�(UDVPXV�'DUZLQ�VXIIHUHG�IURP�WKHVH�IDOODFLHV��EXW�LQVWHDG�WKDW�WKH\�ZHUH�JUDSSOLQJ�ZLWK�� LQ�HDUO\�IRUP��LVVXHV�DERXW�VHOI�RUJDQLVDWLRQ�DQG�HPHUJHQW�SURSHUWLHV�RI�V\VWHPV��6R�WKDW��ZKHQ�%XWOHU�ZURWH� WKDW� VSHFLHV� �YHU\� JUDGXDOO\�� EXW� QRQHWKHOHVV� HIIHFWLYHO\�� GHVLJQ� WKHPVHOYHV��� KH�ZDV�KLQWLQJ�DW� DQ� LQWXLWLRQ� WKDW� WKH�PHFKDQLVPV�RI�HYROXWLRQ�SRVVHVV�DQ� LQWHOOLJHQFH�EH\RQG� WKDW�RI�SXUH�µEOLQG¶�FKDQFH���%XWOHU¶V�ZKROH�QDWXUH�UHYROWHG�DJDLQVW�WKH�LGHD�WKDW�WKH�XQLYHUVH�ZDV�ZLWKRXW�LQWHOOLJHQFH��ZURWH�+�)�-RQHV��+LV�EHOLHI� WKDW� WKHUH�ZDV�D� LQWHOOLJHQFH� WR� WKH� VWUXFWXUH�RI�XQLYHUVH�DQWLFLSDWHV� YLHZV�RI� WKRVH�ZKR�EHOLHYH�WKDW�PDWWHU�KDV�DQ�LQKHUHQW�SURSHQVLW\�WR�VHOI�RUJDQLVH��DVLGH�IURP��EXW�FRPSOHPHQWDU\�WR��WKH�IRUFHV� RI� QDWXUDO� VHOHFWLRQ�� %XWOHU¶V� XQGHUVWDQGLQJ� RI� HYROXWLRQ� ZDV� IDU� IURP� QDwYH�� KH� XQGHUVWRRG� WKDW�HYROXWLRQ�UHTXLUHG�VRPH�VRUW�RI�PHFKDQLVP�OLNH�'1$�ORQJ�EHIRUH�LW�ZDV�GLVFRYHUHG�DQG�KLV�GLVFXVVLRQV�RQ�WKH�HYROXWLRQ�RI�LGHDV DQWLFLSDWH�'DZNLQV¶�PHPH FRQFHSW��'\VRQ¶V� IDWKHU� DVNHG� LI� WKHUH� ZDV� D� ORJLFDO� FRQQHFWLRQ� EHWZHHQ� PHWDEROLVP� DQG� UHSOLFDWLRQ��SURSRVLQJ� WKDW� WKH� WZR� VHSDUDWHO\� GHYHORSHG� DQG� WKDW� WKH� FXUUHQW� JHQRW\SH�SKHQRW\SH� UHSOLFDWLRQ�PHFKDQLVP�LV�D�V\PELRQW�ZLWK�WKH�/DPDUFNLDQ�GHYHORSPHQW�RI�PHWDEROLVLQJ��L�H��VHOI�VXVWDLQLQJ��FHOO�W\SHV��'\VRQ��MXQLRU�� WKHQ�JRHV�RQ� WR�SRLQW�RXW� WKH� UHOHYDQFH�RI�/DPDUFNLDQ�HYROXWLRQ� WR� WKH�FXUUHQW�± LQ�RWKHU�ZRUGV��SULPLWLYH�± VWDJHV�RI�PDFKLQH�HYROXWLRQ�����7KH�*HQHUDO�:LQG�«WKDW� LGHD� RI� VRPH� RI� WKH� DQFLHQW� ZULWHUV«DFFRUGLQJ� WR� ZKLFK� VRXOV� DUH� ERUQ� ZKHQ� WKH� PDFKLQH� LV�RUJDQLVHG� WR� UHFHLYH� LW�� DV� RUJDQ�SLSHV� DUH� DGMXVWHG� WR� UHFHLYH� WKH� JHQHUDO� ZLQG*RWWIULHG�:LOKHOP�YRQ�/HLEQL]/HLEQL]¶V� SURJUHVV� RQ� IRUPDO� ORJLF� DQG� PHFKDQLFDO� FDOFXODWLRQ� LQVSLUHG� %DEEDJH¶V� DQDO\WLFDO�HQJLQH�ZKLFK�� LI�UHDOLVHG��ZRXOG�KDYH�EHHQ�WKH�ILUVW�PDFKLQH�WR�PHFKDQLVH�DULWKPHWLF��7KLV�XVH�RI� OLPLWHG�V\PEROV� DQG� UXOHV� �RI� VRPH� NLQG�� WR� SHUIRUP� XQOLPLWHG� FDOFXODWLRQV� LV� WKH� REYLRXV� UHTXLUHPHQW� IRU� DQ�LQWHOOLJHQW V\VWHP�� ,Q� WKLV� FKDSWHU�'\VRQ� DOVR� FRYHUV� DQ� LGLRV\QFUDWLF� KLVWRU\�RI� WKH� V\VWHPLVDWLRQ�RI� WKH�PHQWDO�DQG�IRUPDO�V\VWHPV��HQFRPSDVVLQJ�%RROHDQ�ORJLF�DQG�*RGHO�DPRQJ�RWKHUV��
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���2Q�&RPSXWDEOH�1XPEHUV�7XULQJ¶V�ZRUN�ZDV�REYLRXVO\�FUXFLDO�WR�WKH�GHYHORSPHQW�RI�$,��7KH�XQLYHUVDO�7XULQJ�PDFKLQH��ZLWK�LWV�WZR�IXQGDPHQWDO�DVVXPSWLRQV�RI�GLVFUHWHQHVV�RI� WLPH�DQG�GLVFUHWHQHVV�RI�VWDWHV�RI�PLQG��GHPRQVWUDWHG�WKDW�DOO�FRPSXWDWLRQV�DUH�HTXLYDOHQW�RQ�VRPH�OHYHO��D�JRRG�WKLQJ���0RUH�SUREOHPDWLFDOO\��KH�DOVR�GHPRQVWUDWHG�WKH�H[LVWHQFH�RI�QRQ�FRPSXWDEOH�IXQFWLRQV��'\VRQ� FRPPHQWV� �,W� LV� VXUSULVLQJ� WKDW� QRQFRPSXWDEOH� IXQFWLRQV�� ZKLFK� RXWQXPEHU� FRPSXWDEOH�RQHV��DUH�VR�KDUG�WR�ILQG��,W�LV�QRW�MXVW�WKDW�QRQFRPSXWDEOH�IXQFWLRQV�DUH�GLIILFXOW�WR�UHFRJQLVH�RU�DZNZDUG�WR�GHILQH��:H� HLWKHU� LQKDELW� D� ODUJHO\� FRPSXWDEOH� ZRUOG� RU� KDYH� JUDYLWDWHG� WRZDUG� D� FRPSXWDEOH� IUDPH� RI�PLQG���4XRWLQJ�'DQQ\�+LOOLV� �,Q� IDFW�� LW� LV� GLIILFXOW� WR� ILQG� D�ZHOO�GHILQHG� H[DPSOH� RI� D� QRQFRPSXWDEOH�IXQFWLRQ� WKDW� DQ\ERG\� ZDQWV� WR� FRPSXWH�� 7KLV� VXJJHVWV� WKDW� WKHUH� LV� VRPH� GHHS� FRQQHFWLRQ� EHWZHHQ�FRPSXWDELOLW\�DQG�WKH�SK\VLFDO�ZRUOG�DQG�RU�WKH�KXPDQ�PLQG���7XULQJ¶V� GLVPLVVDO� RI� WKH� XVH� RI� *RGHO¶V� WKHRUHP� WR� DUJXH� DJDLQVW� DUWLILFLDO� LQWHOOLJHQFH� ZDV�VXFFLQFW� �LQ� RWKHU� ZRUGV� WKHQ�� LI� D� PDFKLQH� LV� H[SHFWHG� WR� EH� LQIDOOLEOH�� LW� FDQQRW� DOVR� EH� LQWHOOLJHQW���*RGHO¶V� WKHRUHP�� '\VRQ� FRQWLQXHV�� �GHPRQVWUDWHG� QRW� D� WKHRUHWLFDO� REVWDFOH�� EXW� VLPSO\� WKH� QHHG� WR�GHYHORS� IDOOLEOH�PDFKLQHV� DEOH� WR� OHDUQ� IURP� WKHLU� RZQ�PLVWDNHV���7XULQJ� VDZ� WKDW� WKH� NH\� WR� LQWHOOLJHQW�PDFKLQHV� ZDV� DOORZLQJ� WKHP� WR� DOWHU� WKHLU� RZQ� SURJUDPPLQJ� ± WR� OHDUQ� RU� GHYHORS� DV� ZH� GR� IURP�FKLOGKRRG��/LNH�YRQ�1HXPDQQ�KH�LV�XVXDOO\�DVVRFLDWHG�ZLWK�WUDGLWLRQDO��VHULDO�SURFHVVLQJ��+RZHYHU�7XULQJ�UHFRJQLVHG�WKDW�LQWHOOLJHQFH�ZDV�D�FROOHFWLYH�SURSHUW\��VRPHWKLQJ�GHYHORSLQJ�IURP�WKH�LQWHUDFWLRQ�RI�OHVVHU�SDUWV��DQG�WKDW�WKLV�ZHQW�KDQG�LQ�KDQG�ZLWK�SDUDOOHO�SURFHVVLQJ�����7KH�3URYLQJ�*URXQG�7KH�FROG�ZDU�ZDV�D�SURYLQJ�JURXQG�IRU�WKH�GHYHORSPHQW�RI�KLJK�VSHHG�HOHFWURQLF�FDOFXODWLRQ��WR�DLG�QXFOHDU�ERPE�GHVLJQ��DQG��LQFLGHQWDOO\��JDPH�WKHRU\��WR�JXLGH�VWUDWHJ\���7KH�ZDU�FDWDO\VHG�WKH�GHYHORSPHQW�RI�WKH�ILUVW�JHQHUDO�SXUSRVH�FDOFXODWRU�± WKH�,%0������RULJLQDOO\�FDOOHG�µWKH�GHIHQFH�FDOFXODWRU¶��$V�D�VLGH�QRWH�LW�KDV� EHHQ� FODLPHG� UHFHQWO\� WKDW� ,%0¶V� SXQFK� FDUG� WHFKQRORJ\�� ZKLFK� ZDV� VR� LPSRUWDQW� IRU� WKH� DWRPLF�SURMHFW��ZDV�DOVR�LQVWUXPHQWDO�LQ�WKH�1D]L�RUFKHVWUDWLRQ�RI�WKH�KRORFDXVW��VHH��,%0�DQG�WKH�+RORFDXVW��E\�(GZLQ�%ODFN��������/LWWOH��%URZQ�	�&R�������5DWV�LQ�D�&DWKHGUDO�:DV�PDQ�LQGHHG��DV�KH�VRPHWLPHV�GHVLUHG WR�EH�� WKH�JURZLQJ�SRLQW�RI� WKH�FRVPLFDO�VSLULW�� LQ� LWV� WHPSRUDO�DVSHFW�DW�OHDVW"�2U�ZDV�KH�RQH�RI�PDQ\�PLOOLRQ�JURZLQJ�SRLQWV"�2U�ZDV�PDQNLQG�RI�QR�PRUH�LPSRUWDQFH�LQ�WKH�XQLYHUVDO�YLHZ�WKDQ�UDWV�LQ�D�FDWKHGUDO" 2ODI�6WDSOHGRQ7KH�KLVWRU\�RI�WKH�,QVWLWXWH�RI�$GYDQFHV�6WXG\�LV�FRYHUHG��7KH�,$6�ZDV�KRPH�WR�PDQ\�UHPDUNDEOH�WKLQNHUV��LQFOXGLQJ�(LQVWHLQ��*RGHO��YRQ�1HXPDQQ��ZLWK�RWKHU�QRWDEOHV�SDVVLQJ�WKURXJK��VXFK�DV�7�6�(OLRW��3LDJHW�� LQ� WKH� ��V� DQG���V��7KHUH� -XOLDQ�%LJHORZ� VXSHUYLVHG� WKH� EXLOGLQJ�RI� YRQ�1HXPDQQ¶V� KLJK� VSHHG�JHQHUDO� SXUSRVH� FRPSXWHU� ± µWKH� ,$6� PDFKLQH¶�� 7KLV� XVHG� WKH� IDPRXV� YRQ� 1HXPDQQ� DUFKLWHFWXUH�� WKH�VXFFHVV�RI�ZKLFK�KDV�REVFXUHG�YRQ�1HXPDQQ¶V�FRPPLWPHQW�WR�SDUDOOHO�FRPSXWLQJ�DV�WKH�QHFHVVDU\�ZD\�WR�XQGHUVWDQG�WKH�EUDLQ�DQG�KLV�EHOLHI�WKDW�WKH�LQWHUDFWLRQ�RI�VPDOOHU�SDUWV�FRXOG�JHQHUDWH�HPHUJHQW�SURSHUWLHV�±QDPHO\�LQWHOOLJHQW�EHKDYLRXU�± LQ�WKH�ZKROH��7KHVH�PLQRU�SDUWV�DUH�WKH�UDWV�LQ�WKH�FDWKHGUDO�RI�WKH�FKDSWHU¶V�KHDGLQJ�����6\PELRJHQHVLV�7KH� HYROXWLRQ� RI� ODQJXDJHV� LV� D� FHQWUDO� PHFKDQLVP� E\� ZKLFK� OLIH� DQG� LQWHOOLJHQFH� XQIROG«/DQJXDJHV�VXUYLYH�E\�KRVWLQJ�WKH�UHSURGXFWLRQ�RI�VWUXFWXUHV��OHWWHUV��ZRUG��HQ]\PHV��LGHDV��ERRNV�RU�FXOWXUHV��WKDW�LQ�WXUQ�FRQVWLWXWH�D�V\VWHP�VXVWDLQLQJ�WKH�ODQJXDJH�IURP�ZKLFK�WKH\�VSUDQJ *HRUJH�'\VRQ7KH�,$6 FRPSXWHU�ZDV�XVHG�E\�1LOV�$DOO�%DUULFHOOL�WR�GHYHORS�D�ZRUNLQJ�PRGHO�RI�HYROXWLRQ�DQG�LQYHVWLJDWH� WKH� UROH� RI� V\PELRJHQHVLV� LQ� WKH� RULJLQ� RI� OLIH�� 'HILQHG� DV� HYROXWLRQ� E\� WKH� FRPELQDWLRQ� RI�VLPSOH� IRUPV�� V\PELRJHQHVLV� VHHPV� FUXFLDO� WR� WKH� LQFUHDVH� LQ� FRPSOH[LW\� VHHQ� LQ� HYROXWLRQ�� &UHDWLRQLVWV�FRPPRQO\� FULWLFLVH� HYROXWLRQ� DV� D� GHJHQHUDWLYH� SURFHVV�� KDYLQJ� QR� WHQGHQF\� WR� LQFUHDVHG� FRPSOH[LW\��6XSHUILFLDOO\� D� VLPSOH� PXWDWLRQ� DQG� VHOHFWLRQ� PRGHO� VHHPV� WR� ODFN� WKH� VRSKLVWLFDWLRQ� WR� RYHUFRPH� WKH�SRZHUIXO��QG�ODZ RI�WKHUPRG\QDPLFV��WKH�XQLYHUVDO�WUHQG�WRZDUGV�HQWURSK\��HQHUJ\�GLVSHUVDO���%DUULFHOOL¶V�HDUO\�H[SHULPHQWV� LQ� VLPXODWHG�HYROXWLRQ�DOORZHG� WKH�REVHUYDWLRQ�RI�PDQ\�EDVLF� µELRSKHQRPHQD¶�� VH[XDO�UHSURGXFWLRQ�� VHOI�UHSDLU�� SDUDVLWHV� DQG� HYROXWLRQDU\� VWDJQDWLRQ�� )URP� WKHVH� %DUULFHOOL� FRQFOXGHG� WKDW�PXWDWLRQ� DQG� VHOHFWLRQ� DORQH� ZHUH� QRW� VXIILFLHQW� WR� DFFRXQW� IRU� WKH� VSHHG� RI� HYROXWLRQ�� 6H[� DQG�V\PELRJHQHVLV� DUH� WZR�FUXFLDO� µPHWD�HYROXWLRQDU\�PHFKDQLVPV¶�ZKLFK�DLG� WKH�HIILFLHQW� SDUDOOHO� VHDUFK�RI�



&RQQH[LRQV����������

��

JHQHWLF� VSDFH�� '\VRQ� SURYRFDWLYHO\� QRWHV� WKDW� HIILFLHQW� VHDUFK� LV� D� PDUN� RI� LQWHOOLJHQFH�� EXW� GRHV� QRW�GHYHORS�WKH�WKHPH�RI�WKH�LQWHOOLJHQFH�RI�HYROXWLRQ�XQWLO�ODWHU�FKDSWHUV��%DUULFHOOL�DOVR�IRFXVHG�RQ�WKH�LPSRUWDQFH�RI�D�FRPSOH[�HQYLURQPHQW�IRU�WKH�HYROXWLRQ�RI�FRPSOH[�IRUPV�� 6WDJQDWLRQ� DQG� ORFDO� PLQLPD� FDQ� EH� DYRLGHG� E\� EXLOGLQJ� GLYHUVLW\� LQWR� WKH� HQYLURQPHQW� E\�� IRU�H[DPSOH�� SURYLGLQJ� GLIIHUHQW� HQYLURQPHQWV� LQ� WHUPV� RI� GLIIHUHQW� DUWLILFLDO� UXOHV� IRU� UHSURGXFWLRQ� DQG�PXWDWLRQ��7KLV� DYRLGV� D�PRQRFXOWXUH� RI� µRUJDQLVHG�KRPRJHQHLW\¶��7KRPDV�5D\¶V�7LHUUD� VLPXODWLRQV� DOVR�LOOXVWUDWH� WKH� LPSRUWDQFH� RI� HQYLURQPHQWDO� GLYHUVLW\�� ,Q� SDUWLFXODUO\� WKH� UHTXLUHPHQW� RI� VHPL�SHUPHDEOH�ERXQGDULHV� EHWZHHQ� GLYHUVH� DQG� FKDQJLQJ� HQYLURQPHQWV�� 7RWDO� SHUPHDELOLW\� FUHDWHV� XQVWDEOH� HFRV\VWHPV�WKDW� µFUDVK¶� XSRQ� WKH� HYROXWLRQ�RI� VRPH�QHZ�SDUDVLWH�� RU� WHQG� WRZDUGV� GXOO�PRQRFXOWXUHV�� ORFDO�PLQLPD�IURP�ZKLFK�QR�QHZ�HYROXWLRQV�FDQ�EH� VXFFHVVIXO��7KLV� UHODWHV� WR�ZRUN�E\�RQH�RI� WKH� IRXQGLQJ� IDWKHUV�RI�F\EHUQHWLFV� RQ� µFRQQHFWDQFH¶� ZLWKLQ� FRPSOH[� V\VWHPV�� $VKE\� IRXQG� WKDW� EH\RQG� D� FHUWDLQ� OHYHO� RI�FRQQHFWDQFH� FRPSOH[� V\VWHPV� IOLSSHG� IURP� EHLQJ� VWDEOH� WR� XQVWDEOH�� 7R� P\� PLQG� WKLV� VXJJHVWV� D� GHHS�FRQQHFWLRQ�EHWZHHQ�HFRORJLHV��YDULRXV�EUDLQ�DQRPDOLHV� �H�J�� HSLOHSV\�DQG� VFKL]RSKUHQLD�� DQG�HFRQRPLHV��)RU�H[DPSOH��WKH�PDUNHWV�ZLWK�WKH�PRVW�FRQQHFWLRQV��WKH�IUHHVW�LQIRUPDWLRQ�H[FKDQJH�DQG�WKH�VPDOOHVW�ODJ�EHWZHHQ� FDXVH� DQG� HIIHFW� DUH� WKH� ILQDQFLDO�PDUNHWV��*LYHQ� WKHLU� QRWRULRXV� LQVWDELOLW\� LW� LV�ZRUWK� JLYLQJ� D�PRPHQW�WR�SRQGHU�WKH�ZLVGRP�RI�UHOHQWOHVV�DQG�OLPLWOHVV WUDGH�OLEHUDOLVDWLRQ��(FRQRPLF�FRQQHFWLRQ�ZLWKRXW�DQ\�EDUULHUV�PD\�OHDG�WR�WKH�VDPH�W\SH�RI�PRQRFXOWXUH��RI�PRQRSROLHV"��DV�HFRORJLFDO�FRQQHFWLRQ�ZLWKRXW�EDUULHUV�OHDGV�WR�LQ�WKH�7LHUUD�VLPXODWLRQV��,Q� WKLV� FKDSWHU� '\VRQ� DOVR� VWDUWV� WR� ZDUP� WR� DQRWKHU� NH\� WKHPH� RI� KLV� ± WKH� LPSRUWDQFH� RI�ODQJXDJHV� WR� UHODWH� EHWZHHQ� GLIIHUHQW� OHYHOV� RI� LQWHU�OLQNHG� V\VWHPV�� 7KXV� WKH� SKHQRW\SH�JHQRW\SH�GLVWLQFWLRQ� LV� LPSRUWDQW� EHFDXVH� LW� DOORZV� WUDQVODWLRQ� EHWZHHQ� WKH� JHQH� DQG� SURWHLQ� OHYHO�� ,Q� D� VHQVH� WKH�JHQRW\SH� OHDUQV� WR� µRSHUDWH¶� �H[SORLW�� WKH�SKHQRW\SH� ODQJXDJH��SURWHLQV���*HQH�FRGH� LV�VHOHFWHG�GXH� WR� LWV�HIIHFWV�RQ�WKH�SKHQRW\SLF�OHYHO��ZLWK�PDQ\�JHQHV�DEOH�WR�FRGH�IRU�WKH�VDPH�RXWFRPHV��&RGLQJ�LQWR�SURWHLQV�DOORZV� D� PRUH� HIIHFWLYH� VHDUFK� RI� HYROXWLRQDU\� VSDFH�� IRU� WKH� VDPH� UHDVRQ� WKDW� \RX� DUH� PRUH� OLNHO\� WR�DFFLGHQWDOO\�FRPH�XS�ZLWK�D�JUDPPDWLFDO�VHQWHQFH�LI�\RX�FKRRVH�ZRUGV�DW�UDQGRP�WKDQ�LI�\RX�FKRRVH�OHWWHUV�DW�UDQGRP��&RPSXWHU�FRGH�LV�DQRWKHU�NLQG�RI�VHOI�UHSURGXFLQJ�LQIRUPDWLRQ�± ZKLFK�WKURXJK�DQ�HOHFWURQLF�H[SUHVVLRQ�PLJKW�OHDUQ�WR�FRQWURO�DVSHFWV�RI�WKH�ZRUOG�DV�WKH�JHQRW\SH�KDV�OHDUQW�WR�FRQWURO�RUJDQLVPV��7KH�LQWHUDFWLRQ� RI� D�OLIH� �GLJLWDO� FRGH�� DQG� E�OLIH� �ELRORJLFDO� FRGH�� LQFUHDVHV� WKH� RSSRUWXQLW\� IRU� KXPDQ�FRPSXWHU� V\PELRJHQHVLV�� %XW� LV� WKLV� JHQHV� OHDUQLQJ� WR� PDQLSXODWH� ELWV� ± DV� WKH\� OHDUQW� WR� PDQLSXODWH�SURWHLQV�± RU�WKH�RWKHU�ZD\�DURXQG"�&HUWDLQO\�WKHUH�KDV�QRW�EHHQ�WKH�WLPH�IRU�JHQHWLF�HYROXWLRQ�WR�DGDSW�WR�WKH�FRQWURO�RI�GLJLWDO�WHFKQRORJ\��EXW�JLYHQ�WKH�VSHHG�WKDW�GLJLWDO�V\VWHPV�DUH�HYROYLQJ�WKHVH�V\VWHPV�FRXOG�HDVLO\�DGDSW�WR�H[SORLW�WKHLU�FUHDWRUV����2Q�'LVWULEXWHG�&RPPXQLFDWLRQV�7KH�SUREOHPV�RI�PRGHUQ�WHOHFRPPXQLFDWLRQV�ZHUH�HQFRXQWHUHG�HDUO\�LQ�WKH�KLVWRU\�RI�WKH�ILUVW�RSWLFDO�GDWD�WUDQVPLVVLRQV� V\VWHPV��$OWKRXJK�RQO\� LQYROYLQJ� ILUHV�RU� OLJKWV�RQ�KLOOV�� WKH�XVH�RI� HDUO\� IRUPV�RI�FXUUHQW�SURWRFROV�DQG�WKH�QHHG�WR�HQFRGH�V\PEROV�ZDV�UHFRJQLVHG��7KH�FROG�ZDU�LPSHWXRXV�WR�WKH�GHYHORSPHQW�RI�GLVWULEXWHG� FRPPXQLFDWLRQV� QHWZRUNV� LV� FRYHUHG�� DV� DUH� WKH� UHOLDEOH� GLJLWDO� FRPPXQLFDWLRQV� V\VWHPV�XWLOLVLQJ� XQUHOLDEOH� QHWZRUN� UHSHDWHU� QRGHV� GHYHORSHG� E\� 3DXO� %DUDQ� IRU� WKH� PLOLWDU\� SDFNHW�VZLWFKLQJ�HVVHQWLDO�IRU�GLVWULEXWHG�FRPPXQLFDWLRQV�QHWZRUNV��%DUDQ¶V�RXWOLQH�IRU�D�GLVWULEXWHG��PXOWL�QRGH��FRPPDQG�DQG�FRQWURO�V\VWHP�ZDV�SXEOLVKHG��ZLWKRXW�EHLQJ�SDWHQWHG��LQ�������%DUDQ�UHDVRQHG�WKDW��1RW�RQO\�ZRXOG�WKH�86�EH�VDIHU�ZLWK�D�VXUYLYDEOH�FRPPDQG�DQG�FRQWURO�V\VWHP��WKH�86�ZRXOG�EH�HYHQ�VDIHU�LI�WKH�8665�DOVR�KDG�D�VXUYLYDEOH�FRPPDQG�DQG�FRQWURO�V\VWHP�DV�ZHOO����'\VRQ�GUDZV�RXW�WKH�KLVWRULFDO�FRQQHFWLRQV�RI�WKH� FROG� ZDU� ZLWK� WKH� GHYHORSPHQW� RI� JDPH� WKHRU\� DQG� WKH� DQDORJ\� EHWZHHQ� WHOHFRPPXQLFDWLRQ� DQG�QHUYRXV�V\VWHP�FRQWURO��H�J��UHOLDEOH�VLJQDOOLQJ�LQ�XQUHOLDEOH�QHWZRUNV������7KHRU\�RI�*DPHV�DQG�(FRQRPLF�%HKDYLRXU�+HUH�JDPH�WKHRU\�LV�GLVFXVVHG�LQ�IXOO��7KH�DSSOLFDWLRQ�RI�UHFHQW�GHYHORSPHQWV�LQ�PDWKHPDWLFV�DQG�ORJLF�WR�HFRQRPLFV� KDV� EHHQ� SRWHQW� ± VHYHQ� 1REHO� SUL]HV� KDYH� EHHQ� DZDUGHG� WR� HFRQRPLVWV� ZKRVH� ZRUN� ZDV�GLUHFWO\� LQIOXHQFHG� E\� YRQ�1HXPDQQ� DQG� KLV� IRUPXODWLRQV��$XJPHQWLQJ�ZRUN� RQ� HYROXWLRQ� DQG� V\PELR�RUJDQLVPV��JDPH�WKHRU\�SRLQWV�WR�WKH�LPSRUWDQFH�RI�FR�RSHUDWLRQ�DQG�FRDOLWLRQ�IRU�VXFFHVV�LQ�D�ODUJH�FODVV�RI�JDPHV��'\VRQ�DOVR�GLVFXVVHV�SDUDOOHOV�EHWZHHQ�QHUYRXV�V\VWHPV�DQG�HFRQRPLHV��SDUWLFXODUO\�WKHLU�FRPPRQ�UHOLDQFH�RQ� VWDWLVWLFDO�� UDWKHU� WKDQ� LQGLYLGXDOO\� DFFXUDWH� VLJQDOV�� �0RQH\� LV� D� PHGLXP� IRU� FRPPXQLFDWLQJ� YDOXH�DFURVV�GLVWDQFHV�DQG�RYHU� WLPH«WKH� IORZ�RI�PRQH\�FRQYH\V�DQG� UHSUHVHQWV� LQIRUPDWLRQ���(FRQRPLHV�DUH�
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DGDSWLYH�V\VWHPV�± HFRQRPLF�SODVWLFLW\�DOORZV� WKH� V\VWHP� WR�VLJQDO�DQG� WKHQ�DGDSW� WR�FRQWUDGLFWLRQV��7KH�GHYHORSPHQW� RI� (�PRQH\� UHDOLVHV� RQH� RI� WKH� FUXFLDO� FRQGLWLRQV� UHFRJQLVHG� E\� WKH� F\EHUQHWLFLVWV� IRU� WKH�GHYHORSPHQW� RI� LQWHOOLJHQFH�� LPPHGLDWH� IHHGEDFN�� (�PRQH\� DOORZV� FRPSDQLHV� WR� GR� WKLQJV� DQG� WKHQ�LPPHGLDWHO\�VHQVH�WKH�UHVXOWV������7KHUH¶V�SOHQW\�RI�URRP�DW�WKH�WRS�%ULHIO\�QRWLQJ�5LFKDUG�)H\QPDQQ¶V�DQWLFLSDWLRQ�RI�QDQRWHFKQRORJ\��'\VRQ�H[SODLQV� WKH�EHQHILWV�RI�EHLQJ�VPDOO��FKHDSQHVV�DQG�HIILFLHQF\�± ZK\�WKHUH�LV�µURRP�DW�WKH�ERWWRP¶��%XW�WKHUH¶V�DOVR�URRP�DW�WKH�WRS��KH�FODLPV�� DOWKRXJK� OLIH� RQ� D� JUDQG� VFDOH� KDV� EHHQ� SUHYLRXVO\� OLPLWHG� E\� JUDYLW\�� FKHPLVWU\� DQG� FRQWURO�SUREOHPV��+H� JRHV� RQ� WR� JLYH� D� KLVWRU\� RI� WKH� VFLHQFH� RI� VHOI�RUJDQLVDWLRQ�� IRFXVLQJ� RQ�:��5RVV�$VKE\�ZKRVH�ZRUN�ZDV� ODWHU� FR�RSWHG� E\� WKH� F\EHUQHWLFV�PRYHPHQW��$VKE\� EHOLHYHG WKDW� DQ\� FRPSOH[� V\VWHP��HQYLURQPHQW��ZLOO�JHQHUDWH�VHOI�RUJDQLVLQJ�RUJDQLVPV��)URP�WKHUH�'\VRQ�GLVFXVVHV�WRS�GRZQ��'DUZLQLDQ��RUJDQLVLQJ�SULQFLSOHV�FRPSDUHG�WR�ERWWRP�XS��VHOI��RUJDQLVLQJ�SULQFLSOHV���,W� LV�SRVVLEOH�WR�FRQVWUXFW�VHOI�SUHVHUYLQJ�V\VWHPV�WKDW�JURZ��HYROYH�DQG�OHDUQ�EXW�GR�QRW�UHSURGXFH��FRPSHWH�RU�IDFH�GHDWK�LQ�DQ\�JLYHQ�DPRXQW� RI� WLPH�� ,W� LV� DOVR� SRVVLEOH� WR� YLHZ� ODUJH�� FRPSOH[�� V\VWHPV�� VXFK� DV� VSHFLHV�� JHQH� SRROV�� DQG�HFRV\VWHPV��DV�LQIRUPDWLRQ�SURFHVVLQJ�RUJDQLVPV�SURYLGLQJ�D�GHJUHH�RI�JXLGLQJ�LQWHOOLJHQFH�WR�FRPSRQHQW�RUJDQLVPV�ZKRVH�HYROXWLRQ� LV�RWKHUZLVH�FKDUDFWHULVHG�DV�EOLQG���7KLV�TXRWDWLRQ�H[SUHVVHV�D�NH\� WKHPH�RI�WKH�ERRN��WKDW�DOO�LQIRUPDWLRQDO�V\VWHPV�DUH�D�NLQG�RI�LQWHOOLJHQFH��EXW�WKDW�LQWHOOLJHQFH�PD\�H[LVW�RQ�D�VFDOH�ZH� ILQG� GLIILFXOW� WR� GHDO� ZLWK�� 6R� HYROXWLRQDU\� V\VWHPV� PLJKW� KDYH� LQWHOOLJHQFH�� DOWKRXJK� LQGLYLGXDO�HYROXWLRQDU\� HYHQWV� �H�J�� WKH� GHDWKV� RI� LQGLYLGXDOV� RU� HYHQ� LQGLYLGXDO� VSHFLHV�� GR� QRW� VKRZ� VLJQV� RI�LQWHOOLJHQFH�� �/LNHZLVH�� WR� FRQFOXGH� IURP� WKH� IDLOXUH� RI� LQGLYLGXDO� PDFKLQHV� WR� DFW� LQWHOOLJHQWO\� WKDW�PDFKLQHV� DUH� QRW� LQWHOOLJHQW� PD\� UHSUHVHQW� D� VSHFWDFXODU� PLVXQGHUVWDQGLQJ� RI� WKH� QDWXUH� RI� LQWHOOLJHQFH�DPRQJ�PDFKLQHV���$W�WKLV�SRLQW�'\VRQ�VRXQG�GDQJHURXVO\�JURXS�VHOHFWLRQLVW��+H�LV�LQGHHG�DUJXLQJ�IRU�WKH�H[LVWHQFH�RI� JURXS� OHYHO� LQWHOOLJHQFH�� KRZHYHU� KH� LV� QRW� D� QDwYH� JURXS� VHOHFWLRQLVW�� ,I� DQ\WKLQJ� KH� LV� FDUU\LQJ� WKH�VHOILVK�JHQH�DUJXPHQW�WR�DQ�H[WUHPH��*HQH�OHYHO�VHOHFWLRQ�FDQ�RSHUDWH�DW�FURVV�SXUSRVHV�WR�LQGLYLGXDO�OHYHO�VHOHFWLRQ�� WKLV�LV�WKH�WKHPH�RI�'DZNLQ¶V�7KH�([WHQGHG�3KHQRW\SH��,I�ZH�IXOO\�HPEUDFH�WKLV�GLVVRFLDWLRQ�RI�WKH� JHQHV� IURP� WKH� LQGLYLGXDO� µVXUYLYDO� PDFKLQHV¶� WKDW� KRVW� WKHP�� ZH� FDQ� EHJLQ� WR� UHFRQFHSWXDOLVH� RXU�WKHRU\�RI�HYROXWLRQ�WR�HQFRPSDVV�JHQHSRROV�RSHUDWLQJ�ZLWK�VRPH�VRUW�RI�FROOHFWLYH�µSXUSRVH¶��$OO�'\VRQ¶V�DUJXPHQW�± RU� UDWKHU�� KLV� VXJJHVWLRQ�� UHTXLUHV� LV� IDLWK� LQ� VRPH� VRUW� RI� HQGRJHQRXV�RUJDQLVLQJ� IDFWRUV� WR�FRKHUH�WKH�DFWLRQ�RI�WKH�JHQHSRRO�DV�D�ZKROH������/DVW�DQG�)LUVW�0HQ�7KLV� FKDSWHU� FRQWDLQV� WKH� VWRU\� RI� 2ODI� 6WDSOHGRQ� DQG� /HZLV� )U\� 5LFKDUGVRQ�� 7KH� SDLU�� ERWK� SDFLILVWV��ZRUNHG�LQ�WKH�VDPH�DPEXODQFH�FUHZ�LQ�:RUOG�:DU�,�)UDQFH��,�PHQWLRQHG�DERYH�5LFKDUGVRQ¶V�DQWLFLSDWLRQ�RI� FHOOXODU� DXWRPDWD��$V�ZHOO� DV� WKLV��'\VRQ� IRFXVHV� RQ� WKH� ILFWLRQ�ZRUN�RI�6WDSOHGRQ��ZKLFK�GHDOW�ZLWK�LGHDV DERXW� WKH�HYROXWLRQ�RI�PDQNLQG��,Q�WKH�JORRP�RI�����V�6WDSOHGRQ�ZURWH�)LUVW�DQG�/DVW�PHQ��ZKLFK�WUDFHV�WKH�FRVPLF�KLVWRU\�RI�PDQ�IURP�WKH�SHUVSHFWLYH�RI�D�QDUUDWRU�DW�WKH�HQG�RI�WLPH��,Q�WKH�ERRN�PDQNLQG�KDG� HYROYHG� D� FRPPXQDO� PLQG� ZKLFK� DOORZHG� WKH� RYHUFRPLQJ� RI� RXU� ORZO\� LQGLYLGXDO� QDWXUH� �ZKLFK�FHUWDLQO\� DSSHDOHG� WR� WKH� VRFLDOLVW� SULQFLSOHV� RI� 6WDSOHGRQ��� 7KLV� FRPPXQDO�PLQG�ZDV�PDGH� SRVVLEOH� E\�WHOHSDWK\�ZKLFK�UHVXOWHG�IURP�V\PELRVLV�ZLWK�D�0DUWLDQ�LQYDVLRQ�RI�D�VZDUP�FRPSRVHG�RI�PDQ\�µVXE�YLWDO�XQLWV¶� '\VRQ� DSSODXGV�6WDSOHGRQ¶V� UHFRJQLWLRQ� WKDW� V\PELRVLV� LV� WKH� QH[W� VWDJH�RI� KXPDQ� HYROXWLRQ�� EXW�FODLPV�WKDW�PLFURSURFHVVRUV�DUH�WKH�WHOHSDWKLF�XQLWV��DQG�WKDW�WKLV�V\PELRVLV�LV�KDSSHQLQJ�QRZ��QRW��������\HDUV� LQ� WKH� IXWXUH��5HDGLQJ�P\� VXPPDU\�\RX�PD\�EH�ZDU\�RI� VXFK�RXWODQGLVK�SUHGLFWLRQV��EXW�'\VRQ¶V�WRQH�LV�PHDVXUHG�DQG�SOD\IXO�UDWKHU�WKDQ�K\SHUEROLF�DQG�DUURJDQW��7KLV�PDNHV�LW�PRUH�FRQYLQFLQJ�WKDQ�WKH�K\VWHULFDO�FODLPV�RI�WKH�SRVW�KXPDQLVW�SURSKHWV��7KH�VLPSOH�IDFW�LV�WKDW�PDFKLQHV�KDYH�YLUWXDOO\�XQOLPLWHG�PHPRU\�DQG�WLPH��,W�PD\�QRW�EH�WKH�EHJLQQLQJ�RI�JOREDO�FRQVFLRXVQHVV��EXW�LQ�'\VRQ¶V�ZRUGV��RQH�WKLQJ�LV�FHUWDLQ��JOREDO�XQFRQVFLRXVQHVV�FRPHV�ILUVW���$�JURXS�PLQG�FRXOG�EH�DV�LJQRUDQW�RI�RXU�IXQFWLRQV�DV�ZH�DUH�RI� QHXURQV�� DQG� DV� REOLYLRXV� WR� RXU� SDVVLQJ�� 7KLV� LV� VLPSO\� D� ORJLFDO� H[WUDSRODWLRQ� RI� WKH�PDWHULDOLVW�IXQFWLRQDOLVW�YLHZ�RI�FRQVFLRXVQHVV�DQG�D�QRQ�YLWDOLVW�YLHZ�RI�OLIH��,W� LV� VWUDQJH� WKDW� '\VRQ� GRHV� QRW� GLVFXVV� WKH� SURVSHFWV� IRU� DFFHOHUDWHG� JHQHWLF� HYROXWLRQ� LQ� WKH�PRGHUQ�DJH��+H�KDUGO\�WRXFKHV�XSRQ�KLV�RZQ�TXHVWLRQ�LQ�WKH�LQWURGXFWLRQ���'R�ZH�UHPDLQ�RQH�VSHFLHV�RU�GLYHUJH� LQWR� PDQ\"�� *HQHWLF� VFLHQFH� VHHPV� SRLVHG� WR� FUHDWH� WZR� QHZ� VSHFLHV�� D� JHQHWLFDOO\� HQKDQFHG�PLQRULW\�DQG�D�JHQHWLFDOO\�LPSRYHULVKHG�PDMRULW\��WKH�µ*HQ5LFK¶�DQG�WKH�QDWXUDOV�DV�/HH�6LOYHU�FDOOV�WKHP�LQ� KLV� ERRN�5HPDNLQJ� (GHQ�� &ORQLQJ� DQG� %H\RQG� LQ� D� %UDYH� 1HZ� :RUOG��� <HW� '\VRQ�� DOWKRXJK� KH� LV�
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REYLRXVO\�FRPIRUWDEOH�ZLWK�WKH�LGHD�WKDW�ZKDW�LW�PHDQV�WR�EH�KXPDQ�PD\�FKDQJH��QHJOHFWV�WKH�SURVSHFWV�IRU�JHQHWLF�HQJLQHHULQJ�LQ�IDYRXU�RI�GLVFXVVLRQ�RI�KXPDQ�FRPSXWHU�V\PELRVLV������)LGGOLQJ�ZKLOH�5RPH�EXUQV�%RWK�6DPXHO�%XWOHU�DQG�2ODI�6WDSOHGRQ�VDZ�WKDW�PLQG��RQFH�JLYHQ�D�WDVWH�RI� WLPH��ZRXOG�QHYHU�UHVW�XQWLO�HWHUQLW\�OD\�ZLWKLQ�LWV�JUDVS *HRUJH�'\VRQ�'\VRQ¶V� PDJLFDO� DQG� PDVWHUIXO� IXJXH� LV� FRPSOHWHG� LQ� WKH� ILQDO� FKDSWHU�� +H� UHLWHUDWHV� KLV�FRQFOXVLRQ� WKDW� FRPSXWHUV� DUH� PDVVLYHO\� LQFUHDVLQJ� WKH� VSHHG� RI�± PRVWO\� SRVW�JHQHWLF� � HYROXWLRQ� DQG�ELQGLQJ� DOO� RUJDQLVPV� �DOO� LQIRUPDWLRQDO� V\VWHPV�� LQWR� D� VLQJOH� LQWHOOLJHQFH�� +H� TXRWHV� 'DQQ\� +LOOLV���0HPRU\� ORFDWLRQV� DUH� MXVW� ZLUHV� WXUQHG� VLGHZD\V� LQ� WLPH��� $OWKRXJK� UHOLJLRQV�� DQG� VFLHQFH� ILFWLRQ� LQ�JHQHUDO��KDYH�DOZD\V�EHHQ�SUHRFFXSLHG�ZLWK�WKH�LQWHUYHQWLRQ�RI�VRPH�KLJKHU��H[WHUQDO�LQWHOOLJHQFH��'\VRQ¶V�DVVHUWLRQ� LV� WKDW� ZH� KDYH� IDLOHG�� RU� ZLOO IDLO�� WR� UHFRJQLVH� WKH� VXSHU�RUGLQDWH� LQWHOOLJHQFH� WKDW� PD\� KDYH�DOUHDG\�GHYHORSHG�DPRQJ�WKH�JOREDO�QHWZRUN�RI�PDFKLQHV��,Q�FRQFOXVLRQ�,�ZRXOG�VD\�WKDW�'\VRQ
V�ERRN�ZLOO�DSSHDO�WR�DQ\RQH�ZKR�OLNHV�KLVWRU\�DQG�OHDUQLQJ�DERXW� WKH� LQGLYLGXDOV�ZKR�PDNH� LW�� RU�ZKR� OLNHV� WR� WDNH� LQ� JUDQG� YLHZV� DQG�PDNH� FRQQHFWLRQV� EHWZHHQ�GLYHUVH� ILHOGV� RI� LQTXLU\�� 7KH� ERRN� FORVHV� RQ� DQ� DOPRVW� VSLULWXDO� QRWH�� �:H� KDYH� PDSSHG�� WDPHG� DQG�GLVPHPEHUHG� WKH� SK\VLFDO� ZLOGHUQHVV� RI� RXU� HDUWK�� %XW�� DW� WKH� VDPH� WLPH�� ZH� KDYH� FUHDWHG� D� GLJLWDO�ZLOGHUQHVV�ZKRVH�HYROXWLRQ�PD\�HPERG\�D�FROOHFWLYH�ZLVGRP�JUHDWHU�WKDQ�RXU�RZQ��1R�GLJLWDO�XQLYHUVH�FDQ�HYHU�EH�FRPSOHWHO\�PDSSHG��:H�KDYH�WUDGHG�RQH�MXQJOH�IRU�DQRWKHU��DQG�LQ�WKLV�GLUHFWLRQ�OLHV�QRW�IHDU�EXW�KRSH�� )RU� RXU� GHVWLQ\� DQG� RXU� VDQLW\� DV� KXPDQ� EHLQJV� GHSHQG� RQ� RXU� DELOLW\� WR� VHUYH� D� QDWXUH� ZKRVH�LQWHOOLJHQFH�ZH�FDQ�JOLPSVH�DOO�DURXQG�XV��EXW�QHYHU�TXLWH�FRPSUHKHQG���
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