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�3HQWLXP�3UR � ¯¥¹ ¸�¸® ®7KH�JRDO��H[FHHG�WKH�SHUIRUPDQFH�RI�WKH����0+]�3HQWLXP�SURFHVVRU�

7KH� 3HQWLXP� SURFHVVRU¶V� SLSHOLQHG� LPSOHPHQWDWLRQ� XVHV� � VWDJHV WR� H[WUDFW� KLJK� WKURXJKSXW�� 7KH3HQWLXP� 3UR� SURFHVVRU�PRYHV� WR� D� GHFRXSOHG�� ���VWDJH�� VXSHUSLSHOLQHG� LPSOHPHQWDWLRQ�� WUDGLQJ� OHVVZRUN� SHU� SLSHVWDJH� IRU� PRUH� VWDJHV� �3HQWLXP� � LV� ���VWDJH SLSHOLQHG��� 7KH� 3HQWLXP� 3UR� SURFHVVRUUHGXFHG�LWV�SLSHVWDJH�WLPH�E\������FRPSDUHG�ZLWK�D�3HQWLXP�SURFHVVRU��ZKLFK�PHDQV�WKH�3HQWLXP�3URSURFHVVRU�FDQ�KDYH�D���� KLJKHU�FORFN�VSHHG�WKDQ�D�3HQWLXP�SURFHVVRU�
7KH� 3HQWLXP� SURFHVVRU¶V� VXSHUVFDODU� PLFURDUFKLWHFWXUH� KDV� DQ� DELOLW\� WR� H[HFXWH� � LQVWUXFWLRQV� SHUFORFN��7KH�QHZ�DSSURDFK�XVHG�E\�3HQWLXP�3UR�SURFHVVRU� UHPRYHV� WKH�FRQVWUDLQW�RI� OLQHDU� LQVWUXFWLRQVHTXHQFLQJ� EHWZHHQ� WKH� WUDGLWLRQDO� ³IHWFK´� DQG� ³H[HFXWH´� SKDVHV�� DQG� RSHQV� XS� D� ZLGH� LQVWUXFWLRQZLQGRZ� XVLQJ� DQ� LQVWUXFWLRQ� SRRO�� 7KLV� DSSURDFK� DOORZV� WKH� ³H[HFXWH´� SKDVH� RI� WKH� 3HQWLXP� 3URSURFHVVRU�WR�KDYH�PXFK�PRUH�YLVLELOLW\�LQWR�WKH�SURJUDP¶V�LQVWUXFWLRQ�VWUHDP�VR�WKDW�EHWWHU�VFKHGXOLQJPD\� WDNH� SODFH�� ,W� UHTXLUHV� WKH� LQVWUXFWLRQ� ³IHWFK�GHFRGH´� SKDVH� RI� WKH� 3HQWLXP� 3UR� SURFHVVRU� WR� EHPXFK� PRUH� LQWHOOLJHQW� LQ� WHUPV� RI� SUHGLFWLQJ� SURJUDP� IORZ�� 2SWLPL]HG� VFKHGXOLQJ� UHTXLUHV� WKHIXQGDPHQWDO�³H[HFXWH´�SKDVH�WR�EH�UHSODFHG�E\�GHFRXSOHG�³GLVSDWFK�H[HFXWH´�DQG�³UHWLUH´�SKDVHV��7KLVDOORZV�LQVWUXFWLRQV�WR�EH�VWDUWHG�LQ�DQ\�RUGHU�EXW�DOZD\V�EH�FRPSOHWHG�LQ�WKH�RULJLQDO�SURJUDP�RUGHU�7KH� 3HQWLXP� 3UR� SURFHVVRU� LV� LPSOHPHQWHG� DV� � LQGHSHQGHQW� HQJLQHV� WKDW� FRPPXQLFDWH� XVLQJ� DQLQVWUXFWLRQ�SRRO�

:KDW�LV�WKH�IXQGDPHQWDO�SUREOHP�WR�VROYH"
([DPSOH�U�Å PHP>U�@U�Å U� � U�U�Å U� � �U�Å U� ±�U�
7KH��VW LQVWUXFWLRQ�FDXVHV�FDFKH�PLVV��7KH�&38�VWDOOV�ZKLOH�ZDLWLQJ�IRU�WKH�GDWD�Æ XQGHU�XWLOL]HG�7R� DYRLG� WKLV�PHPRU\� ODWHQF\� SUREOHP� WKH�3HQWLXP�3UR� SURFHVVRU� ³ORRNV�DKHDG´� LQWR� LWV� LQVWUXFWLRQSRRO�DW�VXEVHTXHQW� LQVWUXFWLRQV�DQG�ZLOO� GR�XVHIXO�ZRUN� UDWKHU� WKDQ�EH�VWDOOHG�� ,Q� WKH�DERYH�H[DPSOH�LQVWUXFWLRQ� � ZLOO� QRW� EH� H[HFXWHG� VLQFH� LW� GHSHQGV� XSRQ� WKH� UHVXOW� RI� LQVWUXFWLRQ� ��� +RZHYHU�� ERWKLQVWUXFWLRQV�� DQG�� FDQ�EH�H[HFXWHG��6LQFH�ZH�PXVW�PDLQWDLQ�WKH�RULJLQDO�SURJUDP�RUGHU��WKH�UHVXOWV�RILQVWUXFWLRQV�� DQG�� DUH�VWRUHG�EDFN�LQ�WKH�LQVWUXFWLRQ�SRRO�DZDLWLQJ�LQ�RUGHU�UHWLUHPHQW�Æ ,QVWUXFWLRQVDUH�H[HFXWHG�RXW�RI�RUGHU�
'\QDPLF� ([HFXWLRQ� WHFKQRORJ\� FDQ� EH� VXPPDUL]HG� DV� RSWLPDOO\� DGMXVWLQJ� LQVWUXFWLRQ� H[HFXWLRQ� E\SUHGLFWLQJ�SURJUDP�IORZ��DQDO\]LQJ�WKH�SURJUDP¶V�GDWDIORZ�JUDSK� WR�FKRRVH�WKH�EHVW�RUGHU�WR�H[HFXWHWKH�LQVWUXFWLRQV��WKHQ�KDYLQJ�WKH�DELOLW\�WR�VSHFXODWLYHO\�H[HFXWH�LQVWUXFWLRQV�LQ�WKH�SUHIHUUHG�RUGHU�
7KH�3HQWLXP�3UR�SURFHVVRU�SLSHOLQH�
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x )HWFK�'HFRGH�8QLW��$Q�LQ�RUGHU�XQLW�WKDW�WDNHV�DV�LQSXW�WKH�XVHU�SURJUDP�LQVWUXFWLRQ�VWUHDP�IURPWKH� LQVWUXFWLRQ� FDFKH� DQG� GHFRGHV� WKHP� LQWR� D� VHULHV� RI� PLFUR�RSHUDWLRQV� WKDW� UHSUHVHQW� WKHGDWDIORZ�RI�WKDW�LQVWUXFWLRQ�VWUHDP��7KH�SURJUDP�SUH�IHWFK�LV�LWVHOI�VSHFXODWLYH�x 'LVSDWFK�([HFXWH�XQLW��$Q�RXW�RI�RUGHU�XQLW�WKDW�DFFHSWV�WKH�GDWDIORZ�VWUHDP��VFKHGXOHV�H[HFXWLRQRI�WKH�PLFUR�RSHUDWLRQV�V�W��GDWD�GHSHQGHQFLHV�DQG�UHVRXUFH�DYDLODELOLW\�DQG�WHPSRUDULO\�VWRUHV�WKHUHVXOWV�RI�WKHVH�VSHFXODWLYH�H[HFXWLRQV�x 5HWLUH� XQLW�� $Q� LQ�RUGHU� XQLW� WKDW� NQRZV� KRZ� DQG� ZKHQ� WR� FRPPLW� �³UHWLUH´�� WKH� WHPSRUDU\�VSHFXODWLYH�UHVXOWV�WR�SHUPDQHQW�DUFKLWHFWXUDO�VWDWH�x %XV�,QWHUIDFH�XQLW��$�SDUWLDOO\�RUGHUHG�XQLW�UHVSRQVLEOH�IRU�FRQQHFWLQJ� WKH�� LQWHUQDO�XQLWV� WR� WKHUHDO�ZRUOG�
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�3HQWLXP�� ± ©°¹�¸® ®3URFHVVRU�$UFKLWHFWXUH UHIHUV�WR�WKH�LQVWUXFWLRQ�VHW��UHJLVWHUV�DQG�PHPRU\�UHVLGHQW�GDWD�VWUXFWXUHV�3URFHVVRU�0LFUR�DUFKLWHFWXUH UHIHUV�WR�LPSOHPHQWDWLRQ�RI�D�SURFHVVRU�DUFKLWHFWXUH�LQ�VLOLFRQ�

:KDW�GHWHUPLQHV�WUXH�SURFHVVRU�SHUIRUPDQFH"
3HUIRUPDQFH� �0+]�[�,3&

3HUIRUPDQFH�FDQ�EH�LPSURYHG�E\�LQFUHDVLQJ�IUHTXHQF\��,3&�RU�RSWLPDOO\�ERWK��)UHTXHQF\�LV�D�IXQFWLRQRI�ERWK�WKH�PDQXIDFWXULQJ�SURFHVV�DQG�WKH�PLFUR�DUFKLWHFWXUH��$W�D�JLYHQ�FORFN�IUHTXHQF\��WKH�,3&�LV�DIXQFWLRQ�RI�SURFHVVRU�PLFUR�DUFKLWHFWXUH�DQG�WKH�VSHFLILF�DSSOLFDWLRQ�EHLQJ�H[HFXWHG���,QFUHDVLQJ�HLWKHUIUHTXHQF\�RU�,3&�DQG�KROGLQJ�WKH�RWKHU�FORVH�WR�FRQVWDQW�ZLWK� WKH�SULRU�JHQHUDWLRQ�FDQ�VWLOO�DFKLHYH�DVLJQLILFDQWO\�KLJKHU�OHYHO�RI�SHUIRUPDQFH�
,W� LV� DOVR� SRVVLEOH� WR� LQFUHDVH� SHUIRUPDQFH� E\� UHGXFLQJ� WKH� QXPEHU� RI� LQVWUXFWLRQV� WKDW� LW� WDNHV� WRH[HFXWH�WKH�VSHFLILF�WDVN�EHLQJ�PHDVXUHG��6LQJOH�,QVWUXFWLRQ�0XOWLSOH�'DWD��
,QWHJHU�DQG�EDVLF�RIILFH�SURGXFWLYLW\�DSSOLFDWLRQV WHQG�WR�KDYH�PDQ\�EUDQFKHV� LQ� WKH�FRGH� WKDW�DUHGLIILFXOW�WR�SUHGLFW��WKXV�UHGXFLQJ�RYHUDOO�,3&�SRWHQWLDO�)ORDWLQJ�SRLQW�DQG�PXOWLPHGLD�DSSOLFDWLRQV WHQG�WR�KDYH�EUDQFKHV�WKDW�DUH�YHU\�SUHGLFWDEOH�DQG�WKXVQDWXUDOO\�KDYH�D�KLJKHU�DYHUDJH�,3&�SRWHQWLDO�
7KH�3HQWLXP�� SURFHVVRU�XVHV�RXW�RI�RUGHU�VSHFXODWLYH�H[HFXWLRQ�DQG�VXSHUVFDODU�H[HFXWLRQ��,Q�3HQWLXP� SURFHVVRU� D� K\SHU�SLSHOLQHG� WHFKQRORJ\ ����VWDJH�� ZDV� LPSOHPHQWHG�� ZKHUH� WKH� GHSWK� RI� WKHSLSHOLQH� ZDV� GRXEOHG� IURP� WKDW� RI� WKH� 3� PLFUR�DUFKLWHFWXUDO� JHQHUDWLRQ� �3HQWLXP� ���� 7KLV� GHHSHUSLSHOLQH�GHOLYHUV�VLJQLILFDQWO\�KLJKHU�OHYHOV�RI�IUHTXHQF\��7KH�GHVLJQ�HIIRUW�IRFXVHG�RQ�WKH�IROORZLQJ�x 0LQLPL]LQJ�WKH�SHQDOW\�DVVRFLDWHG�ZLWK�EUDQFK�PLV�SUHGLFWV�7KH�PLFUR�DUFKLWHFWXUH� WDNHV� DGYDQWDJH�RI�RXW�RI�RUGHU�� VSHFXODWLYH�H[HFXWLRQ��7KLV� LV�ZKHUH� WKHSURFHVVRU�URXWLQHO\�XVHV�DQ�LQWHUQDO�EUDQFK�SUHGLFWLRQ�DOJRULWKP�WR�SUHGLFW�WKH�UHVXOW�RI�EUDQFKHV�LQWKH�SURJUDP�FRGH�DQG�WKHQ�VSHFXODWLYHO\�H[HFXWHV�LQVWUXFWLRQV�GRZQ�WKH�SUHGLFWHG�FRGH�EUDQFK��,IWKH� SURFHVVHU�PLV�SUHGLFWV� D� EUDQFK�� DOO� WKH� VSHFXODWLYHO\� H[HFXWHG� LQVWUXFWLRQV� PXVW� EH� IOXVKHGIURP�WKH�SURFHVVRU�SLSHOLQH�LQ�RUGHU�WR�UHVWDUW�WKH�LQVWUXFWLRQ�H[HFXWLRQ�GRZQ�WKH�FRUUHFW�SURJUDPEUDQFK��2Q�PRUH�GHHSO\�SLSHOLQHG�GHVLJQV��PRUH� LQVWUXFWLRQV�PXVW�EH� IOXVKHG� IURP� WKH�SLSHOLQH�UHVXOWLQJ� LQ� D� ORQJHU� UHFRYHU\� WLPH� IURP� D� EUDQFK�PLV�SUHGLFW�Æ DSSOLFDWLRQV� WKDW� KDYH� PDQ\�GLIILFXOW�WR�SUHGLFW��EUDQFKHV�ZLOO�WHQG�WR�KDYH�D�ORZHU�DYHUDJH�,3&�x .HHSLQJ�WKH�KLJK�IUHTXHQF\�H[HFXWLRQ�XQLWV�EXV\��YV��VLWWLQJ�LGOH�x 5HGXFLQJ�WKH�QXPEHU�RI�LQVWUXFWLRQV�QHHGHG�WR�FRPSOHWH�D�WDVN�RU�SURJUDP0DQ\�DSSOLFDWLRQV�RIWHQ�SHUIRUP�UHSHWLWLYH�RSHUDWLRQV�RQ�ODUJH�VHWV�RI�GDWD��)XUWKHU�� WKH�GDWD�VHWVLQYROYHG�LQ�WKHVH�RSHUDWLRQV�WHQG�WR�EH�VPDOO�YDOXHV�WKDW�FDQ�EH�UHSUHVHQWHG�ZLWK�D�VPDOO�QXPEHU�RIELWV�� 7KHVH� WZR� REVHUYDWLRQV� FDQ� EH� FRPELQHG� WR� LPSURYH� DSSOLFDWLRQ� SHUIRUPDQFH� E\� ERWKFRPSDFWO\� UHSUHVHQWLQJ� GDWD� VHWV� DQG� E\� LPSOHPHQWLQJ� LQVWUXFWLRQV� WKDW� FDQ� RSHUDWH� LQ� WKHVHFRPSDFW�GDWD�VHWV��6LQJOH�,QVWUXFWLRQ�0XOWLSOH�'DWD��Æ UHGXFLQJ�WKH�RYHUDOO�QXPEHU�RI�LQVWUXFWLRQVWKDW�D�SURJUDP�LV�UHTXLUHG�WR�H[HFXWH�
8VLQJ�$GYDQFHG�'\QDPLF�([HFXWLRQ �DV�LQ�WKH�SUHYLRXV�DUWLFOH��
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%7%�±�%UDQFK�WDUJHW�EXIIHU��,Q�WKLV�WDEOH�\RX�FDQ�ILQG�DOO�WKH�DGGUHVVHV�WR�ZKHUH�D�EUDQFK�ZLOO�RU�FRXOGEH�PDGH�$*8 ±�$GGUHVV�JHQHUDWLRQ�XQLW��7KLV�XQLW�LV�UHVSRQVLEOH�IRU�WKH�GDWD�IURP�RU�WR�WKH�FRUUHFW�DGGUHVV�WRHLWKHU�EH�ORDGHG�RU�VWRUHG��$EVROXWH�DGGUHVVLQJ�LQ�SURJUDPV�LV�RQO\�XVHG�LQ�UDUH�H[FHSWLRQV��$V�VRRQ�DV\RX
YH�JRW�DUUD\V�RI�GDWD�WKH�SURJUDP�FRGH�LV�XVLQJ�LQGLUHFW�DGGUHVVLQJ��NHHSLQJ�WKH�
$*8V
�EXV\�
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3HQWLXP�� KDV����VWDJH�SLSHOLQH��$WKORQ�KDV�����DQG�3HQWLXP�� KDV����7KH� UHDVRQ� IRU� WKH� ORQJHU� SLSHOLQH� LV� ,QWHO
V� ZLVK� RI� 3HQWLXP� � WR� GHOLYHU� KLJKHVW� FORFN� UDWHV�� 7KHVPDOOHU�RU�VKRUWHU�HDFK�SLSHOLQH�VWDJH��WKH�IHZHU�WUDQVLVWRUV�RU�
JDWHV
�LW�QHHGV�DQG�WKH�IDVWHU�LW�LV�DEOH�WRUXQ��+RZHYHU��WKHUH LV�DOVR�RQH�ELJ�GLVDGYDQWDJH�WR�ORQJ�SLSHOLQHV��$V�VRRQ�DV�LW�WXUQV�RXW�DW�WKH�HQG�RIWKH�SLSHOLQH�WKDW�WKH�VRIWZDUH�ZLOO�EUDQFK�WR�DQ�DGGUHVV�WKDW�ZDV�QRW�SUHGLFWHG��WKH�ZKROH�SLSHOLQH�QHHGVWR�EH�IOXVKHG�DQG�UHILOOHG��7KH�ORQJHU�WKH�SLSHOLQH�WKH�PRUH� 
LQ�IOLJKW
� LQVWUXFWLRQV�ZLOO�EH�ORVW�DQG�WKHORQJHU�LW�WDNHV�XQWLO�WKH�SLSHOLQH�LV�ILOOHG�DJDLQ�3HQWLXP�� SLSHOLQH�FDQ�NHHS�XS�WR���� LQVWUXFWLRQV�
LQ�IOLJKW
��DPRQJVW�WKHP�XS�WR��� ORDG�DQG��� VWRUHRSHUDWLRQV��7KH�LPSURYHG�WUDFH�FDFKH�EUDQFK�SUHGLFWLRQ�XQLW�GHVFULEHG�DERYH�LV�VXSSRVHG�WR�HQVXUH�WKDWIOXVKHV�RI�WKLV�ORQJ�SLSHOLQH�DUH�RQO\�UDUH�RFFDVLRQV�7KH�VWXII� WKDW�KDSSHQV�LQ�WKH�WUDFH�FDFKH��DV�PHQWLRQHG�DERYH��RQO\�UHSUHVHQWV�WKH�ILUVW� ILYH�VWDJHV�RIWKH�SLSHOLQH�RI�3HQWLXP����:KDW�IROORZV�LV�x $OORFDWH�UHVRXUFHVx 5HJLVWHU�UHQDPLQJx :ULWH�LQWR�WKH��23�TXHXHx :ULWH�LQWR�WKH�VFKHGXOHUV�DQG�FRPSXWH�GHSHQGHQFLHVx 'LVSDWFK��23V�WR�WKHLU�H[HFXWLRQ�XQLWVx 5HDG�UHJLVWHU�ILOH��WR�HQVXUH�WKDW�WKH�FRUUHFW�RQHV�RI�WKH���� DOO�SXUSRVH�UHJLVWHU�ILOHV�DUH�XVHGDV�WKH�UHJLVWHU�V��IRU�WKH�DFWXDO�LQVWUXFWLRQ�$IWHU�WKDW�FRPHV�WKH�DFWXDO�H[HFXWLRQ�RI�WKH��23�
7KH�5DSLG�([HFXWLRQ�(QJLQH�

7KH�EDVLF�SDUWV�RI�WKH�
5DSLG�([HFXWLRQ�(QJLQH
�DUH�WKH�WZR�
GRXEOH�SXPSHG
�$/8V�DQG�$*8V��(DFK�RIWKH�IRXU�LV�VDLG�WR�EH�FORFNHG�ZLWK�GRXEOH�WKH�SURFHVVRUV�FORFN��EHFDXVH�WKH\�FDQ�UHFHLYH�D��23�HYHU\KDOI�FORFN��6LPSOH��23V� WKDW�FDQ�EH�SURFHVVHG�E\�WKH�5DSLG�([HFXWLRQ�(QJLQH�DUH�H[HFXWHG� LQ�KDOI�DFORFN��ZKLFK�LV�REYLRXVO\�D�YHU\�JRRG�WKLQJ�7KH�VWRU\�ORRNV�D�ORW�GLIIHUHQW�IRU�WKH�LQVWUXFWLRQV�WKDW�FDQQRW�EH�SURFHVVHG�E\�WKH�UDSLG�H[HFXWLRQ�XQLWV�7KRVH�LQVWUXFWLRQV�RU��23V�QHHG� WR�XVH�WKH�RQH�DQG�RQO\� 
6ORZ�$/8
��ZKLFK� LV�QRW� 
GRXEOH�SXPSHG
�7KH�PDMRULW\�RI�LQVWUXFWLRQV�QHHG�WR�XVH�WKLV�SDWK��+RZHYHU�� WKH�PDMRULW\�RI�FRGH�DFWXDOO\�FRQVLVWV�RI
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WKH� PRVW� VLPSOH� 
$1'
�� 
25
�� 
;25
�� 
$''
�� ����� LQVWUXFWLRQV�� PDNLQJ� ,QWHO
V� 
5DSLG� ([HFXWLRQ(QJLQH
�GHVLJQ�VHQVLEOH�WKRXJK�QRW�SDUWLFXODUO\�DPD]LQJ�7KLQJV�ORRN�ZRUVH�LI�\RX�KDYH�D�ORRN�DW�WKH�UHG�ER[HV��ZKLFK�UHSUHVHQW�WKH�)38�SDUW�RI�3HQWLXP���
66(� � 7KH�1HZ�'RXEOH�3UHFLVLRQ�6WUHDPLQJ�6,0'�([WHQVLRQV7R�FRQFOXGH�WKLV�HSLF�SLHFH�DERXW�3HQWLXP��
V�LQWHUQDO�DUFKLWHFWXUH�,�QHHG�QRW�IRUJHW�WR�PHQWLRQ�66(����� QHZ�LQVWUXFWLRQV�DUH�ILQDOO\�HQDEOLQJ�HYHU\WKLQJ�WKDW�66(�ZDV�H[SHFWHG�WR�EH�LQ�WKH�ILUVW�SODFH��7KH����ELW� RI� SDFNHG� GDWD�� ZKLFK� FRXOG� RQO\� EH� LQ� IRUP� RI� IRXU� VLQJOH�SUHFLVLRQ� IORDWLQJ�SRLQW� YDOXHVXQGHU�66(�FDQ�QRZ�EH�RSHUDWHG�LQ�DOO�RI�WKH�IROORZLQJ�RSWLRQV�x � VLQJOH�SUHFLVLRQ�)3�YDOXHV��66(�x � GRXEOH�SUHFLVLRQ�)3�YDOXHV��66(��x �� E\WH�YDOXHV��66(��x � ZRUG�YDOXHV��66(��x � GRXEOH�ZRUG�YDOXHV��66(��x � TXDG�ZRUG�YDOXHV��66(��x � ����ELW�LQWHJHU�YDOXH��66(��7KH�RSWLRQV�DUH�YDVW�DQG�WKH�XVHIXOQHVV�XQGRXEWHG�
)HDWXUH $0'�$WKORQ�3URFHVVRU 3HQWLXP��,,, 3HQWLXP���
2SHUDWLRQV�SHU�FORFN�F\FOH � � �
,QWHJHU�SLSHOLQHV � � �
)ORDWLQJ�SRLQW�SLSHOLQHV � � �
)XOO�[�� GHFRGHUV � � �
/� FDFKH�VL]H ���.% ��.% ��N��RS�� �.%�'DWD�&DFKH
/� FDFKH�VL]H ���.%�RQ�FKLS ���.%�RQ�FKLS���.%�RQ�FKLS
7RWDO�RQ�FKLS�IXOO�VSHHG�FDFKH ���.% ���.% ���.%�� ��N��RS
7RWDO�HIIHFWLYH�RQ�FKLS�IXOO�VSHHG�FDFKH ���.%�H[FOXVLYH� ���.%�LQFOXVLYH� ���.%�� ��N��RS�LQFOXVLYH�
6\VWHP�EXV�VSHHG ��� 0+]�WR���0+] ���0+]�RU���0+] ���0+]
�'�HQKDQFHPHQW�LQVWUXFWLRQV (QKDQFHG�'1RZ�� 66( 66(�
6LQJOH�SUHFLVLRQ�)3�6,0' <HV <HV <HV
� )3�RSHUDWLRQV�SHU�FORFN <HV <HV <HV
&DFKH�SUHIHWFK�FRQWUROV <HV <HV <HV6WUHDPLQJ�FRQWUROV <HV <HV <HV'63�FRPP�H[WHQVLRQV <HV 1R <HV52% �� �� ���
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&UXVRH�� 7UDQVPHWD �©¹©¬¹�¸® ®

7KH�&UXVRH�SURFHVVRU�VROXWLRQV�FRQVLVW�RI�D�KDUGZDUH�HQJLQH�ORJLFDOO\�VXUURXQGHG�E\�D�VRIWZDUH�OD\HU�7KH�HQJLQH� LV� D�YHU\� ORQJ� LQVWUXFWLRQ�ZRUG� �9/,:��&38�FDSDEOH�RI� H[HFXWLQJ�XS� WR�� RSHUDWLRQV� LQHDFK�FORFN�F\FOH�� ,W�KDV�EHHQ�GHVLJQHG�SXUHO\� IRU� IDVW� ORZ�SRZHU� LPSOHPHQWDWLRQ� XVLQJ� FRQYHQWLRQDO&026� IDEULFDWLRQ�� 7KH� VRIWZDUH� OD\HU� LV� FDOOHG� &RGH� 0RUSKLQJ� VRIWZDUH� EHFDXVH� LW� G\QDPLFDOO\³PRUSKV´� [�� LQVWUXFWLRQV� LQWR� 9/,:� LQVWUXFWLRQV�� ,Q� RWKHU� ZRUGV�� WKH� 7UDQVPHWD� GHVLJQHUV� KDYHMXGLFLRXVO\�UHQGHUHG�VRPH�IXQFWLRQV�LQ�KDUGZDUH�DQG�VRPH�LQ�VRIWZDUH��DFFRUGLQJ�WR�WKH�SURGXFW�GHVLJQJRDOV�DQG�FRQVWUDLQWV�
7KH� 7UDQVPHWD� GHVLJQHUV� KDYH� GHFRXSOHG� WKH� [�� LQVWUXFWLRQ� VHW� DUFKLWHFWXUH� IURP� WKH� XQGHUO\LQJSURFHVVRU� KDUGZDUH�� ZKLFK� DOORZV� WKLV� KDUGZDUH� WR� EH� YHU\� GLIIHUHQW� IURP� D� FRQYHQWLRQDO� [��LPSOHPHQWDWLRQ�� )RU� WKH� VDPH� UHDVRQ�� WKH� XQGHUO\LQJ� KDUGZDUH� FDQ� EH� FKDQJHG� UDGLFDOO\� ZLWKRXWDIIHFWLQJ� OHJDF\� [�� VRIWZDUH�� HDFK� QHZ� &38� GHVLJQ� RQO\� UHTXLUHV� D� QHZ� YHUVLRQ� RI� WKH� &RGH0RUSKLQJ�VRIWZDUH�WR�WUDQVODWH�[�� LQVWUXFWLRQV�WR�WKH�QHZ�&38¶V�QDWLYH�LQVWUXFWLRQ�VHW�7KH� &RGH� 0RUSKLQJ� VRIWZDUH� RIIHUV� RSSRUWXQLWLHV� WR� LPSURYH� SHUIRUPDQFH� ZLWKRXW� DOWHULQJ� WKHXQGHUO\LQJ�KDUGZDUH�
7UDQVPHWD�FUHDWHG�D�YHU\�VLPSOH��KLJK�SHUIRUPDQFH��9/,:�HQJLQH�ZLWK�� LQWHJHU�XQLWV��D�IORDWLQJ�SRLQWXQLW��D�PHPRU\��ORDG�VWRUH��XQLW�DQG�D�EUDQFK�XQLW��$�&UXVRH�SURFHVVRU�ORQJ�LQVWUXFWLRQ�ZRUG��FDOOHG�DPROHFXOH��FDQ�EH��� ELWV�RU���� ELWV�ORQJ�DQG�FRQWDLQ�XS�WR�� 5,6&�OLNH�LQVWUXFWLRQV��FDOOHG�DWRPV��$OODWRPV�ZLWKLQ� D�PROHFXOH� DUH� H[HFXWHG� LQ� SDUDOOHO�� DQG� WKH�PROHFXOH� IRUPDW� GLUHFWO\� GHWHUPLQHV� KRZDWRPV� JHW� URXWHG� WR� IXQFWLRQDO� XQLWV�� 0ROHFXOHV� DUH� H[HFXWHG� LQ� RUGHU�� VR� WKHUH� LV� QR� FRPSOH[RXW�RI�RUGHU�KDUGZDUH��7R�NHHS� WKH�SURFHVVRU� UXQQLQJ�DW� IXOO�VSHHG��PROHFXOHV�DUH�SDFNHG�DV� IXOO\� DVSRVVLEOH�ZLWK�DWRPV�

6XSHUVFDODU�RXW�RI�RUGHU�[�� SURFHVVRUV�� VXFK� DV� WKH�3HQWLXP�� DQG�3HQWLXP�� SURFHVVRUV�� DOVR�KDYHPXOWLSOH�IXQFWLRQDO�XQLWV�WKDW�FDQ�H[HFXWH�5,6&�OLNH�RSHUDWLRQV��PLFUR�RSV��LQ�SDUDOOHO��7KH�KDUGZDUHWKHVH�GHVLJQV�XVH�WR�WUDQVODWH�[�� LQVWUXFWLRQV�LQWR�PLFUR�RSV�DQG�VFKHGXOH��GLVSDWFK��WKH�PLFUR�RSV�WRPDNH�EHVW�XVH�RI�WKH�IXQFWLRQDO�XQLWV�

6LQFH�WKH�GLVSDWFK�XQLW�UHRUGHUV�WKH�PLFUR�RSV�DV�UHTXLUHG�WR�NHHS�WKH�IXQFWLRQDO�XQLWV�EXV\��D�VHSDUDWHSLHFH�RI�KDUGZDUH��WKH�LQ�RUGHU�UHWLUH�XQLW��LV�QHHGHG�WR�HIIHFWLYHO\�UHFRQVWUXFW�WKH�RUGHU�RI�WKH�RULJLQDO[�� LQVWUXFWLRQV��DQG�HQVXUH�WKDW�WKH\�WDNH�HIIHFW�LQ�SURSHU�RUGHU�
&RGH�0RUSKLQJ�6RIWZDUH
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7KH�FRGH�PRUSKLQJ�VRIWZDUH¶V�IXQFWLRQ�LV�WR�WUDQVODWH�LQVWUXFWLRQV�IURP�RQH�LQVWUXFWLRQ�VHW�DUFKLWHFWXUH�[�� WDUJHW� ,6$�� LQWR� LQVWUXFWLRQV� IRU� WKH� 9/,:� HQJLQH� WKDW� WKH� &UXVRH� SURFHVVRU� XVHV�� 7KH� FRGHPRUSKLQJ� VRIWZDUH� LV� WKH� RQO\� SLHFH� RI� VRIWZDUH� WKDW� LV� ZULWWHQ� LQWR� WKH� &UXVRH� SURFHVVRUV� &RGH0RUSKLQJ�FRPSRQHQW��7KH�&RGH�0RUSKLQJ�VRIWZDUH�UHVLGHV�LQ�D����NE�IODVK�FKLS�DQG�WKLV� LV� WKH�ILUVWWKLQJ� WR� EH� ORDGHG��7KH� FRGH�PRUSKLQJ� VRIWZDUH� FDQ� WUDQVODWH� DQ� HQWLUH� EDWFK� RI� [�� LQVWUXFWLRQV� DWRQFH��WKH�UHVXOWLQJ�WUDQVODWLRQ�LV�VWRUHG�LQWR�D�WUDQVODWLRQ�FDFKH��2QFH�WUDQVODWHG�DQ�LQVWUXFWLRQ�GRHV�QRWKDYH� WR� EH� WUDQVODWH� DJDLQ�� 7KH�&UXVRH� WUDQVODWLRQ� FDFKH�� LQFOXGLQJ� WKH� FRGH�PRUSKLQJ� FRGH�� LV� LQ� DVHSDUDWH� PHPRU\� DUHD� WKDW� LV� LQDFFHVVLEOH� WR� [�� FRGH�� $W� LQLWLDOL]DWLRQ� WLPH� WKH� FRGH� PRUSKLQJVRIWZDUH�FRSLHV�LWVHOI�IURP�520�WR�'5$0�EHFDXVH�RI�IDVWHU�DFFHVV�WLPHV�ZKHQ�LQ�'5$0�FRPSDUHGWR�520�$V�ZLWK�PRVW� FDFKLQJ� WHFKQLTXHV�WKH�FRGH�PRUSKLQJ� VRIWZDUH� WDNHVDGYDQWDJH� RI� �ORFDOLW\� RIUHIHUHQFH���,W�GRHV� WKLV�E\�UHXVLQJWUDQVODWHG�LQVWUXFWLRQV�WKDW�DOUHDG\UHVLGH�ZLWKLQ� LWV�WUDQVODWLRQ�FDFKH�:KHQ� D� WUDQVODWLRQ� LV� PDGH� WKHSURFHVVRU� GRHV� QRW� NQRZ� KRZPXFK� RI� WKH� WUDQVODWHG� FRGH� ZLOOEH� RI� XVH� WR� LW�� 0RVW� IUHTXHQWO\H[HFXWHG� FRGH� KDV� WR� EH� JLYHQSULRULW\� RYHU�� VD\�� DQ� LQVWUXFWLRQWKDW� LV� RQO\� H[HFXWHG� RQFH�� 7KHFRGH� PRUSKLQJ� VRIWZDUH� KDV� DQXPEHU� RI� GLIIHUHQW�PRGHV� WKDW� LWFDQ�XVH� WR�JHW� WKH�EHVW� WUDQVODWLRQUHVXOWV��7KHVH�PRGHV�LQFOXGH�LQWHUSUHWDWLRQ��VORZ��EXW�KDV�QR�WUDQVODWLRQ�RYHUKHDG��WKURXJK�WUDQVODWLRQZLWK�VWUDLJKWIRUZDUG�FRGH�JHQHUDWLRQ��DOO�WKH�ZD\�WR�YDVWO\�RSWLPL]HG�FRGH��7KLV�W\SH�WDNHV�WKH�ORQJHVWWR� JHQHUDWH�� EXW� UXQV� IDVWHU�� )HHGEDFN� IURP� WKH� FRGH� PRUSKLQJ� VRIWZDUH� GHWHUPLQHV� WKH� W\SH� RIWUDQVODWLRQ�PRGH�WKDW�ZLOO�EH�XVHG��&RGH�0RUSKLQJ�6RIWZDUH�FROOHFWV�GDWD�IURP�SUHYLRXV�H[HFXWLRQV�RILQVWUXFWLRQV� DQG� XVHV� WKLV� KLVWRU\� WR� SUHGLFW� IXWXUH� H[HFXWLRQ� SDWWHUQV� DQG� SUHSDUH� IRU� WKHP�� &RGHLQIRUPDWLRQ�VXFK�DV�EORFN�H[HFXWLRQ�IUHTXHQFLHV�DQG�EUDQFK�KLVWRU\�LV�FDOFXODWHG��7KLV�GDWD�LV�XVHG�WRGHFLGH�ZKDW�WR�RSWLPL]H�DQG�WUDQVODWH�
7KH�IOH[LELOLW\�RI�WKH�VRIWZDUH�WUDQVODWLRQ�DSSURDFK�FRPHV�DW�D�SULFH��WKH�SURFHVVRU�KDV�WR�GHGLFDWH�VRPHRI�LWV�F\FOHV� WR� UXQQLQJ� WKH�&RGH�0RUSKLQJ�VRIWZDUH�� F\FOHV� WKDW�D�FRQYHQWLRQDO�[�� SURFHVVRU�FRXOGXVH�WR�H[HFXWH�DSSOLFDWLRQ�FRGH�
'HFRGLQJ�DQG�6FKHGXOLQJ�&RQYHQWLRQDO�[�� VXSHUVFDODU�SURFHVVRUV�IHWFK�[�� ELQDU\�LQVWUXFWLRQV�IURP�PHPRU\�DQG�GHFRGH�WKHPLQWR� PLFUR�RSHUDWLRQV�� ZKLFK� DUH� WKHQ� UHRUGHUHG� E\� RXW�RI�RUGHU� GLVSDWFK� KDUGZDUH� DQG� IHG� WR� WKHIXQFWLRQDO�XQLWV�IRU�SDUDOOHO�H[HFXWLRQ�,Q� FRQWUDVW�� &RGH� 0RUSKLQJ� FDQ� WUDQVODWH� DQ� HQWLUH� JURXS� RI� [�� LQVWUXFWLRQV� DW� RQFH�� FUHDWLQJ� DWUDQVODWLRQ�� ZKHUHDV� D� VXSHUVFDODU� [�� WUDQVODWHV� VLQJOH� LQVWUXFWLRQV� LQ� LVRODWLRQ��0RUHRYHU�� ZKLOH� DWUDGLWLRQDO�[�� WUDQVODWHV�HDFK�[�� LQVWUXFWLRQ�HYHU\�WLPH�LW�LV�H[HFXWHG��7UDQVPHWD¶V�VRIWZDUH�WUDQVODWHVLQVWUXFWLRQV� RQFH�� VDYLQJ� WKH� UHVXOWLQJ� WUDQVODWLRQ� LQ� D� WUDQVODWLRQ� FDFKH�� 7KH� QH[W� WLPH� WKH� �QRZWUDQVODWHG��[�� FRGH�LV�H[HFXWHG��WKH�V\VWHP�VNLSV�WKH�WUDQVODWLRQ�VWHS�DQG�GLUHFWO\�H[HFXWHV�WKH�H[LVWLQJWUDQVODWHG�FRGH�
&DFKLQJ�7KH�WUDQVODWLRQ�FDFKH��DORQJ�ZLWK�WKH�&RGH�0RUSKLQJ�FRGH��UHVLGHV�LQ�D�VHSDUDWH�PHPRU\�VSDFH�WKDW�LVLQDFFHVVLEOH� WR� [�� FRGH�� 7KH� &RGH� 0RUSKLQJ� VRIWZDUH¶V� WHFKQLTXH� RI� UHXVLQJ� WUDQVODWLRQV� WDNHVDGYDQWDJH�RI�³ORFDOLW\�RI�UHIHUHQFH´��$V�DQ�DSSOLFDWLRQ�H[HFXWHV��&RGH�0RUSKLQJ�³OHDUQV´�PRUH�DERXWWKH�SURJUDP�DQG�LPSURYHV�LW�VR�LW�ZLOO�H[HFXWH�IDVWHU�DQG�IDVWHU�
)LOWHULQJ� �LGHD� FRGH�WKDW�WKH�SURJUDP�H[HFXWHV�YHU\�RIWHQ�VKRXOG�EH�RSWLPL]HG�DV�EHVW�DV�FDQ�EH�,Q�W\SLFDO�DSSOLFDWLRQV��D�YHU\� VPDOO�IUDFWLRQ�RI� WKH�DSSOLFDWLRQ¶V�FRGH��RIWHQ�OHVV� WKDQ������DFFRXQWVIRU�PRUH�WKDQ���� RI�H[HFXWLRQ�WLPH��7KHUHIRUH��WKH�WUDQVODWLRQ�V\VWHP�QHHGV�WR�FKRRVH�FDUHIXOO\�KRZPXFK� HIIRUW� WR� VSHQG� RQ� WUDQVODWLQJ� DQG� RSWLPL]LQJ� D� JLYHQ� SLHFH� RI� [�� FRGH�� 7KH�&RGH�0RUSKLQJVRIWZDUH� LQFOXGHV� LQ� LWV� DUVHQDO� D� ZLGH� FKRLFH� RI� H[HFXWLRQ� PRGHV� IRU� [�� FRGH�� UDQJLQJ� IURP
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LQWHUSUHWDWLRQ��ZKLFK�KDV�QR�WUDQVODWLRQ�RYHUKHDG�DW�DOO��EXW�H[HFXWHV�[�� FRGH�PRUH�VORZO\��� WKURXJKWUDQVODWLRQ� XVLQJ� YHU\� VLPSOH�PLQGHG� FRGH� JHQHUDWLRQ�� DOO� WKH� ZD\� WR� KLJKO\� RSWLPL]HG� FRGH� �ZKLFKWDNHV�ORQJHVW�WR�JHQHUDWH��EXW�ZKLFK�UXQV�IDVWHVW�RQFH�WUDQVODWHG��
3UHGLFWLRQ�DQG�SDWK�VHOHFWLRQ� �LGHD��VWDWLVWLFV�E\�EUDQFK�7KH� WUDQVODWRU� DGGV� FRGH� ZKRVH� VROH� SXUSRVH� LV� WR� FROOHFW� LQIRUPDWLRQ� VXFK� DV� EORFN� H[HFXWLRQIUHTXHQFLHV��RU�EUDQFK�KLVWRU\��7KLV�GDWD�FDQ�EH� ODWHU�XVHG� WR�GHFLGH�ZKHQ� DQG�ZKDW� WR�RSWLPL]H�DQGWUDQVODWH�� )RU� H[DPSOH�� LI� D� JLYHQ� FRQGLWLRQDO� [�� EUDQFK� LV� KLJKO\� ELDVHG� �H�J��� XVXDOO\� WDNHQ��� WKHV\VWHP� FDQ� OLNHZLVH�ELDV� LWV�RSWLPL]DWLRQV� WR� IDYRU� WKH�PRVW� IUHTXHQWO\� WDNHQ� SDWK��$OWHUQDWLYHO\�� IRUPRUH�EDODQFHG�EUDQFKHV��WDNHQ�DV�RIWHQ�DV�QRW��IRU�H[DPSOH���WKH�WUDQVODWRU�FDQ�GHFLGH�WR�VSHFXODWLYHO\H[HFXWH� FRGH� IURP� ERWK� SDWKV� DQG� VHOHFW� WKH� FRUUHFW� UHVXOW� ODWHU��$QDORJRXVO\�� NQRZLQJ� KRZ� RIWHQ� DSLHFH�RI�[�� FRGH�LV�H[HFXWHG�KHOSV�GHFLGH�KRZ�PXFK�WR�WU\�WR�RSWLPL]H�WKDW�FRGH�
([DPSOH�$��DGGO��HD[����HVS� �� ORDG�GDWD�IURP�VWDFN��DGG�WR��HD[%��DGGO��HE[����HVS� �� ORDG�GDWD�IURP�VWDFN��DGG�WR��HE[&��PRYO��HVL����HES� �� ORDG��HVL�IURP�PHPRU\'��VXEO��HF[��� �� VXEWUDFW�� IURP��HF[
)LUVW� WUDQVODWLQJ�WKH�[�� LQVWUXFWLRQV�WR�VLPSOH�VHTXHQFH�RI�DWRPV�$ OG��U����>�HVS@ �� ORDG�IURP�VWDFN��LQWR�WHPSRUDU\$ DGG�F��HD[���HD[���U�� �� DGG�WR��HD[��VHW�FRQGLWLRQ�FRGHV�% OG��U����>�HVS@% DGG�F��HE[���HE[���U��& OG��HVL��>�HES@' VXE�F��HF[���HF[���
6HFRQG� WKH�RSWLPL]HU� DSSOLHV�ZHOO�NQRZQ�FRPSLOHU�RSWLPL]DWLRQV� WR� WKH� FRGH�� VXFK� DV�� �D�� FRPPRQVXEH[SUHVVLRQ�HOLPLQDWLRQ���E��ORRS�LQYDULDQW�UHPRYDO��RU��F��GHDG�FRGH�HOLPLQDWLRQ�OG��U����>�HVS@ �� ORDG�IURP�VWDFN�RQO\�RQFHDGG��HD[���HD[���U��DGG��HE[���HE[���U�� �� UHXVH�GDWD�ORDGHG�HDUOLHUOG��HVL��>�HES@VXE�F��HF[���HF[���
7KLUG� WKH� VFKHGXOHU� UHRUGHUV� WKH� UHPDLQLQJ� DWRPV� DQG�JURXSV� WKHP� LQWR� LQGLYLGXDO� PROHFXOHV�� 7KLVSURFHVV�LV�VLPLODU�WR�ZKDW�RXW�RI�RUGHU�SURFHVVRUV�GR�LQ�WKHLU�GLVSDWFK�KDUGZDUH����OG��U����>�HVS@�� VXE�F��HF[���HF[������OG��HVL��>�HES@�� DGG��HD[���HD[���U��� DGG��HE[���HE[���U��
� LPSRUWDQW�SRLQWV�WR�REVHUYH�x 7KRXJK� WKH�PROHFXOHV� DUH�H[HFXWHG� LQ�RUGHU�E\� WKH� KDUGZDUH�� WKH\� SHUIRUP� WKH�ZRUN� RI� WKHRULJLQDO�[�� LQVWUXFWLRQV�RXW�RI�RUGHU�x 7KH�PROHFXOH�H[SOLFLWO\�HQFRGH�WKH�LQVWUXFWLRQ� OHYHO�SDUDOOHOLVP��KHQFH�WKH\�FDQ�EH�H[HFXWHGE\�D�VLPSOH�9/,:�HQJLQH�
([FHSWLRQV�DQG�VSHFXODWLRQ�,Q� WKH� [�� ,6$�� H[FHSWLRQV� DUH� SUHFLVH�� ZKHQ� RQH� LQVWUXFWLRQ� FDXVHV� DQ� H[FHSWLRQ�� DOO� LQVWUXFWLRQVSUHFHGLQJ� LW�PXVW� FRPSOHWH� EHIRUH� WKH� H[FHSWLRQ� LV� UHSRUWHG� DQG�QRQH�RI� WKH� VXEVHTXHQW� LQVWUXFWLRQVPD\� FRPSOHWH�� ,Q� WKH� WUDQVODWLRQ� WKH� RUGHULQJ� RI� WKH� LQVWUXFWLRQV� PLJKW� EH� GLIIHUHQW� WKXV� ZH� PLJKWDOUHDG\�H[HFXWH�FRGH�DQG�E\�WKDW�WR�YLRODWH�WKH�UXOHV�RI�WKH�SUHFLVH�H[FHSWLRQV��2XW�RI�RUGHU�SURFHVVRUVDOVR�KDYH� WKLV�SUREOHP��7KH\�HPSOR\� FRPSOH[�KDUGZDUH�PHFKDQLVPV� WR�GHOD\� RU�XQGR� WKH�HIIHFWV�RIPLFUR�RSV�WKDW�KDYH�EHHQ�H[HFXWHG�³WRR�VRRQ´�
7KH�&UXVRH� VROXWLRQ��DOO� UHJLVWHUV� KROGLQJ�[�� VWDWH�DUH�VKDGRZHG�� L�H�� WKHUH� H[LVWV� � FRSLHV� RI� HDFKUHJLVWHU�� D�ZRUNLQJ DQG�D�VKDGRZ FRS\��1RUPDO�DWRPV�RQO\�XSGDWH� WKH�ZRUNLQJ� FRS\� RI� WKH�UHJLVWHU�:KHQ�H[HFXWLRQ�UHDFKHV�WKH�HQG�RI�D�WUDQVODWLRQ�ZLWKRXW�HQFRXQWHULQJ�DQ�H[FHSWLRQ��D�VSHFLDO�FRPPLWRSHUDWLRQ� FRSLHV� DOO� ZRUNLQJ� UHJLVWHUV� LQWR� WKHLU� FRUUHVSRQGLQJ� VKDGRZ� UHJLVWHUV�� ,I� DQ\� [���OHYHOH[FHSWLRQ�RFFXUV�LQVLGH�WKH�WUDQVODWLRQ��WKH�UXQWLPH�V\VWHP�XQGRHV�WKH�HIIHFWV�RI�DOO�PROHFXOHV�H[HFXWHGVLQFH�WKH�VWDUW�RI�WKH�WUDQVODWLRQ��7KLV�LV�GRQH�YLD�D�UROOEDFN RSHUDWLRQ�ZKLFK�FRSLHV�WKH�VKDGRZ�UHJLVWHU
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YDOXHV�EDFN�LQWR�WKH�ZRUNLQJ�UHJLVWHUV��$W�WKLV�SRLQW��WKH�&RGH�0RUSKLQJ�VRIWZDUH�UH�H[HFXWHV�WKH�[��LQVWUXFWLRQV�FRQVHUYDWLYHO\��L�H��LQ�WKHLU�RULJLQDO�SURJUDP�RUGHU��WR�GHWHUPLQH�WKH�DFWXDO�ORFDWLRQ�RI�WKHH[FHSWLRQ�
$OLDV�KDUGZDUH�:KHQ� WKH� WUDQVODWRU� PRYHV� D� ORDG� RSHUDWLRQ� DKHDG� RI� VWRUH� RSHUDWLRQ�� LW� FRQYHUWV� WKH� ORDG� LQWR� DORDG�DQG�SURWHFW DQG� WKH� VWRUH� LQWR� D� VWRUH�XQGHU�DOLDV�PDVN�� ,Q� WKH� XQOLNHO\� HYHQW� WKDW� WKH� VWRUHRSHUDWLRQ� RYHUZULWHV� WKH� SUHYLRXVO\� ORDGHG� GDWD�� WKH� SURFHVVRU� UDLVHV� DQ� H[FHSWLRQ� DQG� WKH� UXQWLPHV\VWHP�FDQ�WDNH�FRUUHFWLYH�DFWLRQ��8VLQJ�WKLV�PHFKDQLVP�LW�LV�DOZD\V�VDIH�WR�UHRUGHU�PHPRU\�ORDGV�DQGVWRUHV��7KH�DOLDV�KDUGZDUH�FDQ�DOVR�KHOS�HOLPLQDWLQJ�UHGXQGDQW�ORDG�VWRUH�DWRPV�
/RQJ5XQ�SRZHU�PDQDJHPHQW�$GMXVWLQJ� WKH�SRZHU�FRQVXPSWLRQ�ZLWKRXW� WXUQLQJ� WKH�SURFHVVRU�RII�E\�DGMXVWLQJ� WKH�FORFN� IUHTXHQF\RQ� WKH� IO\��7KH�&RGH�0RUSKLQJ�FDQ� DOVR�DGMXVW� WKH�&UXVRH�SURFHVVRU¶V�YROWDJH�RQ� WKH� IO\� �VLQFH� DW� DORZHU�RSHUDWLQJ�IUHTXHQF\��D�ORZHU�YROWDJH�FDQ�EH�XVHG��([DPSOH��,I�ZH�QHHG�RQO\����0+]�RXW�RI�WKH����0+]�ZH�KDYH��WKHQ�ZH�GHFUHDVH�WKH�FORFN��LQVWHDG�RI��� WR������DQG�QRZ��VLQFH�ZH¶UH�ZRUNLQJ�RQ�D�ORZHU�FORFN�Æ ZH�FDQ�GHFUHDVH�WKH�YROWDJH��3� �.&9��ZKHUHDV�3� �WKH�FKLS¶V�SRZHU�>·´±¤@��&� �FORFN�>0+]@��9� �YROWDJH�
1RWH� &UXVRH�SURFHVVRU�LV�HIILFLHQW�LQ�FDFKLQJ��ZH�GLYLGH�WKH�FRGH�WR�EORFNV�DQG�SXW�WKH�EORFNV�LQ�WKHFDFKH��(YHU\� WLPH�ZH�JHW� WR�D�EORFN�DOUHDG\� WUDQVODWHG��ZH� MXPS�WR� WKH�FRGH��6LQFH� LW� LV� GRQH� LQ� WKHVRIWZDUH�ZH�FDQ�WDNH�D�ELJJHU�ZLQGRZ�WR�RSWLPL]H�
$GYDQWDJHV�RI�WKH�&RGH�0RUSKLQJ�VRIWZDUH�7KH� &RGH� 0RUSKLQJ� VRIWZDUH� SURYLGHV� WKH� &UXVRH� SURFHVVRU� ZLWK� XQSUHFHGHQWHG� IOH[LELOLW\� E\LPSOHPHQWLQJ�WKH�FRPSOH[LWLHV�RI�D�WUDGLWLRQDO�PLFURSURFHVVRU�LQ�VRIWZDUH��7KLV�UHVXOWV�LQ�WKH�IROORZLQJDGYDQWDJHV�RYHU�FRQYHQWLRQDO�[�� SURFHVVRUV�

7UDGLWLRQDO�[�� 3URFHVVRUV &UXVRH�3URFHVVRU�ZLWK�&RGH�0RUSKLQJ�VRIWZDUH7UDQVODWHV�VLQJOH�LQVWUXFWLRQV�RQH�DW�WLPH 7UDQVODWHV�DQ�HQWLUH�JURXS�RI�[�� LQVWUXFWLRQV�DW�RQFH7UDQVODWHV�HDFK�[�� LQVWUXFWLRQ�HYHU\�WLPHLW�LV�HQFRXQWHUHG 7UDQVODWHV�LQVWUXFWLRQV�RQFH��VDYLQJ�WKH�UHVXOWDQW�WUDQVODWLRQ�LQD�FDFKH�IRU�UH�XVH)XOO�RI�FRPSOH[��SRZHU�KXQJU\�WUDQVLVWRUV 0XFK� RI� WKH� SURFHVVRU� IXQFWLRQDOLW\� LV� LPSOHPHQWHG� LQVRIWZDUH�²�OHVV�ORJLF�WUDQVLVWRUV��OHVV�SRZHU
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�8QGHUVWDQGLQJ�WKH�,$��� $UFKLWHFWXUH �©²©¡¸�¸® ®

7RGD\¶V�DUFKLWHFWXUH�FKDOOHQJHV�x 6HTXHQWLDO�VHPDQWLFV�RI�WKH�,6$x /RZ�LQVWUXFWLRQ�OHYHO�SDUDOOHOLVP��,/3�x 8QSUHGLFWDEOH�EUDQFKHV��PHPRU\�GHSHQGHQFLHVx (YHU�LQFUHDVLQJ�PHPRU\�ODWHQF\x /LPLWHG�UHVRXUFHV��UHJLVWHUV��PHPRU\�DGGUHVVHV�x 3URFHGXUH�FDOO��ORRS�SLSHOLQLQJ�RYHUKHDG�
,$��� RYHUFRPHV�WKHVH�FKDOOHQJHV�x 6HTXHQWLDOO\�LQKHUHQW�LQ�WUDGLWLRQDO�DUFKLWHFWXUH�x &RPSOH[�KDUGZDUH�QHHGHG�WR��UH�H[WUDFW�,/3�x /LPLWHG�,/3�DYDLODEOH�ZLWKLQ�EDVLF�EORFNV�x %UDQFKHV�PDNH�H[WUDFWLQJ�,/3�GLIILFXOW�x 0HPRU\�GHSHQGHQFLHV�IXUWKHU�OLPLW�,/3�
6HTXHQWLDO�VHPDQWLFV�±�7KH�SUREOHP�$�SURJUDP� LV�D� VHTXHQFH�RI� LQVWUXFWLRQV�� �7KHUH¶V� LPSOLHG�RUGHU� IRU� WKH�H[HFXWLRQ�RI� WKH� LQVWUXFWLRQVDQG� SRWHQWLDO� GHSHQGHQFH� IURP� LQVWUXFWLRQ� WR� LQVWUXFWLRQ��+RZHYHU�� KLJK� SHUIRUPDQFH� QHHGV� SDUDOOHOH[HFXWLRQ� DQG�SDUDOOHO� H[HFXWLRQ�QHHGV� LQGHSHQGHQW LQVWUXFWLRQV�� WKXV�� LQGHSHQGHQW� LQVWUXFWLRQV�PXVWEH��UH�GLVFRYHUHG�7KH�FRPSLOHU�NQRZV�WKH�DYDLODEOH�SDUDOOHOLVP��EXW�KDV�QR�³YRFDEXODU\´�WR�H[SUHVV�LW�Æ +DUGZDUH�PXVW�UH�GLVFRYHU�SDUDOOHOLVP�� �FRPSOH[�KDUGZDUH�QHHGHG�WR��UH�H[WUDFW�,/3��
,Q�,$����3URJUDP� LV� D� VHTXHQFH� RI�SDUDOOHO LQVWUXFWLRQV� JURXSV�� 7KHUH¶V� LPSOLHG� RUGHU� RI� LQVWUXFWLRQV� JURXSV�7KHUH¶V�QR GHSHQGHQFH�EHWZHHQ�LQVWUXFWLRQV�ZLWKLQ�WKH�JURXS�Æ LQGHSHQGHQW�LQVWUXFWLRQV�DUH�H[SOLFLWO\LQGLFDWHG�7KH�FRPSLOHU�NQRZV�WKH�DYDLODEOH�SDUDOOHOLVP��DQG�QRZ�KDV WKH�³YRFDEXODU\´�WR�H[SUHVV�LW�Æ +DUGZDUHHDVLO\�H[SORLWV�WKH�SDUDOOHOLVP�
/RZ�LQVWUXFWLRQV�OHYHO�SDUDOOHOLVP�±�7KH�SUREOHP�%UDQFKHV�±�IUHTXHQW��FRGH�EORFN�±�VPDOO��:LGHU�PDFKLQHV� QHHG�PRUH�SDUDOOHO� LQVWUXFWLRQV�Æ QHHG� WRH[SORLW�,/3�DFURVV�EUDQFKHV�
%UDQFK�XQSUHGLFWDELOLW\�±�7KH�SUREOHP�%UDQFKHV� DOWHU� WKH� ³VHTXHQFH´� RI� LQVWUXFWLRQV�� ,/3� PXVW� EH� H[WUDFWHG� DFURVV� EUDQFKHV�� %UDQFKSUHGLFWLRQ�KDV�OLPLWDWLRQV�x 1RW�SHUIHFW��SHUIRUPDQFH�SHQDOW\�ZKHQ�ZURQJ�x 1HHG�WR�VSHFXODWLYHO\�H[HFXWH�LQVWUXFWLRQV�WKDW�FDQ�IDXOW�x 1HHG�WR�GHIHU�H[FHSWLRQV�RQ�VSHFXODWLYH�RSHUDWLRQV�Æ PRUH�ERRN�NHHSLQJ�RYHUKHDG�KDUGZDUH�
,Q�,$����3UHGLFWLRQ� LV� GRQH�E\� WUDQVIHUULQJ� FRQWURO� IORZ� WR� GDWD� IORZ�Æ SUHGLFWLRQ� UHPRYHV�UHGXFHV� EUDQFKHVDQG�HQDEOHV�DQG�HQKDQFHV�,/3�8QSUHGLFWDEOH�EUDQFKHV�DUH�UHPRYHG�Æ PLVSUHGLFWLRQ�SHQDOWLHV�DUH�HOLPLQDWHG�,/3�ZLWKLQ�WKH�EDVLF�EORFN�LQFUHDVHV�Æ ERWK�³WKHQ´�DQG�³HOVH´�DUH�H[HFXWHG�LQ�SDUDOOHO�:LGHU�PDFKLQHV�DUH�EHWWHU�XWLOL]HG�(DFK�LQVWUXFWLRQ�FRQWDLQV�WKUHH���ELW�*35�UHJLVWHU�ILHOGV����� LQWHJHU�� ��� IORDWLQJ�SRLQW�UHJLVWHUV��5HJLVWHU�VHW��LQWHJHU�YV��IORDWLQJ�SRLQW��LV�GHWHUPLQHG�E\�LQVWUXFWLRQ�,$��� FRPSLOHUV�ZLOO�KDYH�WR�EH�HYHQ�VPDUWHU�WKDQ�5,6&�FRPSLOHUV�x 0XVW�DWWDFK�SUHGLFDWHV�WR�FRQGLWLRQDO�EUDQFKHV�WR�DLG�LQ�VSHFXODWLYH�H[HFXWLRQ�x 0XVW�DQDO\]H�SRWHQWLDO�SDUDOOHOLVP�WR�VHW�WHPSODWH�ELWV�DSSURSULDWHO\�x 0XVW� FKHFN� IRU� ORDGV� IURP�PHPRU\� DQG� LQVHUW� VSHFXODWLYH� ORDG� LQVWUXFWLRQ� HDUOLHU� LQ� VWUHDPDQG�UHSODFH�QRUPDO�ORDG�ZLWK�VSHFXODWLYH�FKHFN�LQVWUXFWLRQ�
,$��� LQVWUXFWLRQV�DUH�IL[HG�OHQJWK�±�DERXW��� ELWV�ORQJ�,QVWUXFWLRQV�FDQ�EH�RXW�RI�RUGHU�DQG�WKH\�FDQ�RULJLQDWH�IURP�GLIIHUHQW�SDWKV�RI�D�EUDQFK�
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%UDQFK�SUHGLFWLRQ�HQDEOHV�FKLS�WR�H[HFXWH�SDUDOOHO�EUDQFKHV�VSHFXODWLYHO\�DQG�GLVFDUG�XQQHHGHG�UHVXOWV�
0HPRU\�GHSHQGHQFLHV�±�7KH�SUREOHP�/RDGV�DUH�XVXDOO\�DW�WKH�WRS�RI�D�FKDLQ�RI�LQVWUXFWLRQV��,/3�H[WUDFWLRQ�UHTXLUHV�PRYLQJ�WKHVH�ORDGV�
0HPRU\�ODWHQF\�±�7KH�SUREOHP�1HHG�WR�GLVWDQFH�ORDGV�IURP�WKHLU�XVHV�
5HVRXUFH�FRQVWUDLQWV�±�7KH�SUREOHP��� 6PDOO� UHJLVWHU� VSDFH� Æ OLPLWV� FRPSLOHUV� DELOLW\� WR� ³H[SUHVV´� SDUDOOHOLVP� DQG� FUHDWHV� IDOVHGHSHQGHQFLHV��FDQ�EH�RYHUFRPH�E\�UHQDPLQJ���� 6KDUHG� UHVRXUFHV�� FRQGLWLRQ� IODJV�� FRQWURO� UHJLVWHUV� DQG�HWF�� ,W� IRUFHV� GHSHQGHQFLHV� RQ� RWKHUZLVHLQGHSHQGHQW�LQVWUXFWLRQV��� )ORDWLQJ�SRLQW�UHVRXUFHV�
/RRS�RSWLPL]DWLRQ�RYHUKHDG�±�7KH�SUREOHP�/RRSV� DUH� D� FRPPRQ� VRXUFH� RI� JRRG� ,/3�� 8QUROOLQJ�3LSHOLQLQJ� H[SORLW� WKLV� ,/3�� 3URORJXH�(SLORJXHFDXVH�FRGH�H[SDQVLRQ��8QUROOLQJ�FDXVHV�PRUH�FRGH�H[SDQVLRQ�DQG�WKXV�OLPLWV�WKH�DSSOLFDELOLW\�RI�WKHVHWHFKQLTXHV�
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