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,17(5$&7,9(�75$,1,1*�,1�63&�,1�,1-(&7,21�02/',1*)$&7�6+((7�DQG�7UDLQLQJ�2SWLRQV$EVWUDFW
(YHQ� WKRXJK� VWDWLVWLFDO� SURFHVV� FRQWURO�� 63&�� KDV� EHHQ�DURXQG�IRU�RYHU�KDOI�D�FHQWXU\��PDQ\�LQMHFWLRQ�PROGLQJ�FRPSDQLHV� VWLOO� GR� QRW� XVH� LW� HIIHFWLYHO\�� LI� DW DOO�� � $�PDMRU� EDUULHU� WR� WKH� LPSOHPHQWDWLRQ� RI� 63&� LV�XQIDPLOLDULW\� ZLWK� EDVLF� 63&� WRROV� DQG� KRZ� WR� DSSO\�WKRVH�WRROV�WR�LQMHFWLRQ�PROGLQJ�RSHUDWLRQV���6XFFHVVIXO�LPSOHPHQWDWLRQ� RI� 63&� UHTXLUHV� HIIHFWLYH� WUDLQLQJ� QRW�RQO\� LQ� 63&�� EXW� DOVR� LQ� LQMHFWLRQ� PROGLQJ� SURFHVV�WHFKQRORJ\�� � 63&� FDQ� LGHQWLI\� SURFHVV� SUREOHPV�� EXW�FDQQRW�VROYH�WKHP��� 2SHUDWLQJ�SHUVRQQHO�FDQ�RQO\�VROYH�SURFHVV� SUREOHPV� HIIHFWLYHO\� LI� WKH\� KDYH� D� WKRURXJK�XQGHUVWDQGLQJ�RI�WKH�LQMHFWLRQ�PROGLQJ�SURFHVV�
7UDLQLQJ�FRQWLQXHV�WR�EH�D FKDOOHQJH�IRU�PDQ\�LQMHFWLRQ�PROGLQJ�FRPSDQLHV�� �7KH�WUDGLWLRQDO�PHWKRG�RI�RQ�WKH�MRE�WUDLQLQJ� LV� RIWHQ� LQHIIHFWLYH�� WLPH� FRQVXPLQJ�� DQG�IUHTXHQWO\� UHVXOWV� LQ� OHVV� WKDQ� RSWLPXP� SHUIRUPDQFH���$QRWKHU� RSWLRQ� LV� VHQGLQJ� SHRSOH� WR� RII�VLWH� VHPLQDUV���7KLV�LV�FRVWO\�LQ�WHUPV�RI�WUDYHO�DQG�UHJLVWUDWLRQ�DV�ZHOO�DV�WLPH�DZD\�IURP�WKH�MRE���5HFHQWO\��D�QHZ�RSWLRQ�IRU�WUDLQLQJ� LQ� H[WUXVLRQ� KDV� EHFRPH� DYDLODEOH�� &RPSXWHU�%DVHG� 7UDLQLQJ�� &%7�� XVLQJ� LQWHUDFWLYH�� PXOWL�PHGLD�SURJUDPV�� � ,QWHUDFWLYH� &%7� RIIHUV� VHYHUDO� DGYDQWDJHV��VXFK�DV��FRVW�HIIHFWLYH��VHOI�SDFHG��OHVV�WLPH�DZD\�IURP�WKH� MRE�� EHWWHU� XQGHUVWDQGLQJ� DQG� UHWHQWLRQ� RI� WKH�PDWHULDO�� WUDLQLQJ� WHVW� UHVXOWV� DYDLODEOH� WR� WUDLQLQJ�DGPLQLVWUDWRU��HWF�
7KLV� SDSHU� GHVFULEHV� D� QHZ� WUDLQLQJ� SURJUDP� LQ�VWDWLVWLFDO� SURFHVV� FRQWURO� LQ� LQMHFWLRQ� PROGLQJ� WKDW� LV�GHOLYHUHG�RQ�&'�520V�� �7KH�SURJUDP�QRW�RQO\�VKRZV�VOLGHV� DQG� YLGHR� ZLWK� IXOO� QDUUDWLRQ�� LW� DOVR� PDNHV�H[WHQVLYH�XVH�RI��'�DQG��'�DQLPDWLRQ�WR�VKRZ�SDUWV�RI�WKH� LQMHFWLRQ�PROGLQJ� SURFHVV� WKDW� FDQQRW� EH� REVHUYHG�RQ�DFWXDO�PDFKLQHV���)RU�LQVWDQFH��WKH�SURJUDP�VKRZV�D�GHWDLOHG� DQLPDWLRQ� RI� IORZ� RI� WKH� SODVWLF� LQ� WKH�SODVWLFDWLQJ�XQLW��WKH�QR]]OH��DQG�WKH�PROG���7KH�SURJUDP�DOVR�VKRZV� WKH�UHFLSURFDWLQJ�DFWLRQ�RI� WKH�VFUHZ�LQ�WKH�SODVWLFDWLQJ�XQLW�DQG�WKH�PRYHPHQW�RI�WKH�FKHFN�YDOYH�DW�WKH�HQG�RI�WKH�VFUHZ�
7KH� SURJUDP� LV� EXQGOHG� ZLWK� DQ� LQMHFWLRQ� PROGLQJ�VLPXODWLRQ�SURJUDP��FDOOHG�0LQL)ORZ���7KLV�VLPXODWLRQ�SURJUDP�FDQ�EH�XVHG�IRU�WKH�LQLWLDO�GHVLJQ�GHFLVLRQV�IRU�LQMHFWLRQ�PROGV� DQG�PDWHULDO� VHOHFWLRQ�� �'HVLJQHUV� DQG�HQJLQHHUV�FDQ�XVH�0LQL)ORZ�WR�UDSLGO\�DVVHVV�WKH�HIIHFWV�RI� SDUW� JHRPHWU\� DQG� PDWHULDO� RQ� WKH� ILOOLQJ� GXULQJ�LQMHFWLRQ�PROGLQJ�

,QWURGXFWLRQ
&RPSDQLHV� LQWHUHVWHG� LQ�SURYLGLQJ� WUDLQLQJ�LQ�LQMHFWLRQ�PROGLQJ� WR� WKHLU� HPSOR\HHV� KDYH� KDG� OLPLWHG� RSWLRQV�XQWLO�UHFHQWO\���7KH�PRVW�FRPPRQ�RSWLRQV�DUH���� GHYHORS� D� FXVWRP� LQ�KRXVH� WUDLQLQJ� SURJUDP� DQG�KDYH�D�FRPSDQ\�HPSOR\HH�WHDFK�WKH�SURJUDP���� EULQJ� LQ� DQ� RXWVLGH� WUDLQHU� DQG� KDYH� WKH� WUDLQLQJ�FRQGXFWHG�RQ�VLWH�RU�ORFDOO\���� SXUFKDVH� D� YLGHR� WUDLQLQJ� SURJUDP� DQG� XVH� DQ� LQ�KRXVH�SHUVRQ�WR�FRQGXFW�WKH�WUDLQLQJ��RU��� VHQG� HPSOR\HHV� WR� RII�VLWH� VHPLQDUV� RU� FODVVHV���5HFHQWO\�� DQRWKHU� RSWLRQ� KDV� EHFRPH� DYDLODEOH��FRPSXWHU� EDVHG� WUDLQLQJ�� � 7KLV� SDSHU� GLVFXVVHV� WKH�DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� WKH� GLIIHUHQW� WUDLQLQJ�RSWLRQV� DQG� SURYLGHV� GHWDLOV� RQ� WKH� QHZ� LQWHUDFWLYH�WUDLQLQJ� SURJUDP� LQ� 63&� LQ� LQMHFWLRQ� PROGLQJ��63&,0���� � 7KLV� SURJUDP� ZDV� GHYHORSHG� E\�5DXZHQGDDO�([WUXVLRQ�(QJLQHHULQJ�LQ�FRRSHUDWLRQ�ZLWK�WKH�6RFLHW\�RI�3ODVWLFV�(QJLQHHUV�7UDGLWLRQDO�7UDLQLQJ�0HWKRGV
'HYHORSLQJ�D�FXVWRP�LQ�KRXVH�WUDLQLQJ�SURJUDP�LV�UDWKHU�WLPH� FRQVXPLQJ� DQG� H[SHQVLYH�� � 2QH� KRXU� RI� WUDLQLQJ�UHTXLUHV�DW�OHDVW�WHQ�KRXUV�RI�SUHSDUDWLRQ���7KXV��D�RQH�ZHHN�WUDLQLQJ�SURJUDP�ZLOO�WDNH�DW�OHDVW�����PDQ�KRXUV�WR� SUHSDUH�� � $W� D� FRVW� RI� ���� SHU� KRXU�� LW� ZLOO� FRVW� DPLQLPXP�RI��������� WR�SXW�D�FXVWRP�WUDLQLQJ�SURJUDP�WRJHWKHU�� � )RU� VPDOO� LQMHFWLRQ�PROGLQJ� FRPSDQLHV� WKLV�FRVW�LV�JHQHUDOO\�SURKLELWLYH���$QRWKHU�SUREOHP�IRU�VPDOO�FRPSDQLHV�LV�WKH\�PD\�QRW�KDYH�D�WHFKQLFDOO\�FRPSHWHQW�SHUVRQ�RQ�VWDII�WKDW�FDQ�GHYHORS�DQGWHDFK�WKH�SURJUDP�
%ULQJLQJ� DQ� RXWVLGH� WUDLQHU� LQWR� D� FRPSDQ\� LV� DQRWKHU�RSWLRQ��WKLV�HOLPLQDWHV�WKH�GHYHORSPHQW�FRVW�RI�D�FXVWRP�WUDLQLQJ�SURJUDP���,Q�WKLV�FDVH��KRZHYHU��WKH�WUDLQHU�KDV�WR�EH�SDLG�IRU�KLV�KHU�WLPH�DQG�H[SHQVHV�� �7KH�FRVW�SHU�GD\�RI� WUDLQLQJ�ZLOO� XVXDOO\� YDU\� IURP�DERXW� ������� WR�������� SHU� GD\� GHSHQGLQJ� RQ� WKH� H[SHULHQFH� DQG�UHSXWDWLRQ� RI� WKH� WUDLQHU�� � ([SHQVHV� LQFOXGH� DLUIDUH��KRWHO�� PHDOV�� FDU� UHQWDO�� HWF�� � ([SHQVHV� IRU� D� WZR�GD\�FODVV� W\SLFDOO\� UXQ� DERXW� ������� ZLWK� WKH� OLRQ� VKDUH�JRLQJ� WR� DLUIDUH�� � 7KLV� PHDQV� WKDW� D� WZR�GD\� WUDLQLQJ�SURJUDP�FDQ�UXQ�IURP��������WR��������
9LGHR� WUDLQLQJ� LV� D� UHODWLYHO\� HDV\� PHWKRG� IRU� D�FRPSDQ\�WR�EULQJ�LQ�D�WUDLQLQJ�SURJUDP���$�W\SLFDO�YLGHR�WUDLQLQJ� SURJUDP� RQ� LQMHFWLRQ� PROGLQJ� UXQV� DERXW��������� �$� FRPSDQ\� HPSOR\HH� XVXDOO\� FRQGXFWV� WKHVH�
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SURJUDPV� LQ� FODVVURRP� VW\OH�� � $V� ZLWK� DOO� FODVVURRP�VW\OH�WUDLQLQJ��WKH�SDFH�RI�OHDUQLQJ�LV�VHW�E\�WKH�SURJUDP�DQG�RU�WKH�LQVWUXFWRU���6HOI�SDFHG�WUDLQLQJ�LV�SRVVLEOH�WR�D�OLPLWHG� H[WHQW� LI� D� SHUVRQ� JRHV� WKURXJK� WKH� SURJUDP�LQGLYLGXDOO\�DQG�VWRSV�WKH�WDSH�WR�UHYLHZ�LQIRUPDWLRQ���
6HQGLQJ� HPSOR\HHV� WR� DQ�RII�VLWH� VHPLQDU� RU� FODVV� LV� D�IUHTXHQWO\�XVHG�WUDLQLQJ�RSWLRQ���,Q�WKLV�FDVH��WKH�FRVW�SHU�HPSOR\HH� LV�GHWHUPLQHG�E\� WKH�UHJLVWUDWLRQ�FRVW� IRU�WKH�FODVV�DQG�WKH�WUDYHO�H[SHQVHV���7\SLFDO�UHJLVWUDWLRQ�FRVW�LV� DERXW� �������� ZKLOH� W\SLFDO� H[SHQVHV� IRU� D� WULS� WKDW�UHTXLUHV�SODQH�WUDYHO�UXQ�DERXW����������$V�D�UHVXOW��WKH�FRVW� SHU� HPSOR\HH� IRU� DQ� RII�VLWH� VHPLQDU� LV� DERXW��������� �7KH�GUDZEDFN�RI�PRVW�RI�WKHVH�RSWLRQV�LV WKDW�WKH� SHUVRQV� EHLQJ� WUDLQHG� ZLOO� QRW� EH� DYDLODEOH� IRU�VHYHUDO� GD\V� ZKLOH� WKH� WUDLQLQJ� LV� EHLQJ� FRQGXFWHG���7KLV��RI�FRXUVH��DGGV�VXEVWDQWLDOO\�WR�WKH�FRVW�RI�WUDLQLQJ�&RPSXWHU�%DVHG�7UDLQLQJ��&%7�
&%7� KDV� VORZO\�PDGH� LWV� ZD\� LQ� WKH� SODVWLFV� LQGXVWU\DQG� LV� EHFRPLQJ� LQFUHDVLQJO\� SRSXODU� DV� WUDLQLQJ�SURJUDPV� LPSURYH� LQ� TXDOLW\� DQG�PRUH� SHRSOH� EHFRPH�FRPSXWHU�OLWHUDWH���7KHUH�DUH�D�QXPEHU�RI�DGYDQWDJHV�WR�&%7�x /RZ�FRVW�IRU�KLJK�YROXPH�WUDLQLQJx ,QVWUXFWLRQDO�FRQVLVWHQF\x 7KH�VWXGHQW�FRQWUROV�WKH�SDFH�RI�WUDLQLQJx )OH[LEOH�VFKHGXOLQJx :RUN�VFKHGXOHV�GR�QRW�QHHG�WR�EH�GLVUXSWHGx 5HGXFHG�OHDUQLQJ�WLPHx ,PSURYHG�UHWHQWLRQx 7UDLQLQJ�PDWHULDO�DYDLODEOH�DW�DOO�WLPHVx 1R�RII�VLWH�WUDYHO�UHTXLUHGx 6WXGHQW�QRW�LQKLELWHG�E\�SUHVHQFH�RI�RWKHU�VWXGHQWV
7KHUH�DUH�VRPH�GLVDGYDQWDJHV�DV�ZHOO���6RPH�SHRSOH�DUH�QRW� FRPIRUWDEOH� ZLWK� FRPSXWHUV� DQG� PD\� QRW� GR� ZHOO�ZLWK� &%7�� � 7KH� WDVN�� WKHUHIRUH�� LV� WR�PDNH� &%7� YHU\�XVHU�IULHQGO\��VR�WKDW�HYHQ�D�VWXGHQW�LQH[SHULHQFHG�ZLWK�FRPSXWHUV� FDQ� XVH� WKH� WUDLQLQJ� SURJUDP�� � $QRWKHU�GLVDGYDQWDJH� LV� WKH� ODFN� RI� D� JURXS� V\QHUJ\� WKDW� FDQ�H[LVW�LQ�D�FODVVURRP�VHWWLQJ�,QWHUDFWLYH�7UDLQLQJ�63&�LQ�,QMHFWLRQ�0ROGLQJ��63&,0���&DWDORJ������
63&,0� ZDV� GHYHORSHG� E\� 5DXZHQGDDO� ([WUXVLRQ�(QJLQHHULQJ� LQ�FRRSHUDWLRQ�ZLWK�WKH�6RFLHW\�RI�3ODVWLFV�(QJLQHHUV�WR�SURYLGH�D�IXOO\�LQWHUDFWLYH�WUDLQLQJ�SURJUDP�RQ�63&�LQ�LQMHFWLRQ�PROGLQJ�� �,W� LV�D�FRPSOHWH�WUDLQLQJ�SURJUDP� WKDW� WHDFKHV� LQMHFWLRQ� PROGLQJ� DQG� VWDWLVWLFDO�

SURFHVV�FRQWURO�LQ�DQ�LQWHJUDWHG�IDVKLRQ��LW�FRQVLVWV�RI���VHVVLRQV�6HVVLRQ����7KH�,QMHFWLRQ�0ROGLQJ0DFKLQH�DQG�3URFHVV�7KLV�VHVVLRQ�FRYHUV�WKH� LQMHFWLRQ�PROGLQJ�PDFKLQH��SODVWLFDWLQJ�XQLW��FODPSLQJ�XQLW��DQG�WKH�PROG���DQG�WKH�SURFHVV� �WKH� LQMHFWLRQ�PROGLQJ�F\FOH��IORZ�LQWR�WKH�PROG��FRROLQJ��DQG�HMHFWLRQ��6HVVLRQ� ��� 7KH� ,QMHFWLRQ�0ROGLQJ�0DFKLQH�� WKH�0ROG��6HVVLRQ���H[SODLQV�WKH�GLIIHUHQW�W\SHV�RI�PROGV�WKDW�DUH�XVHG�LQ�LQMHFWLRQ�PROGLQJ�DQG�WKH�IORZ�RI�SODVWLF�LQWR� WKH�PROG�� � ,W� DOVR� FRYHUV� YDULRXV� GHIHFWV� WKDW�FDQ�RFFXU�LQ�WKH�PROGLQJ�SURFHVV6HVVLRQ����3ODVWLFV�DQG�3ODVWLF�3URSHUWLHV�7KLV� VHVVLRQ� GLVFXVVHV� GLIIHUHQW� W\SHV� RI� SODVWLFV�DQG� SODVWLF� SURSHUWLHV� LPSRUWDQW� LQ� WKH� LQMHFWLRQ�PROGLQJ��VXFK�DV�PHOW�IORZ�DQG�WKHUPDO�SURSHUWLHV�6HVVLRQ� ��� ,QWURGXFWLRQ� WR� 6WDWLVWLFDO� 3URFHVV� &RQWURO�6HVVLRQ���LQWURGXFHV�EDVLF�63&�FRQFHSWV��GLVFXVVHV�LPSOHPHQWDWLRQ� RI� 63&�� DQG� GHVFULEHV� WKH� PDLQ�63&�WRROV�6HVVLRQ����'DWD�&ROOHFWLRQ�DQG�3UREOHP�6ROYLQJ�7KLV� VHVVLRQ� H[SODLQV� WKH� GLIIHUHQFH� EHWZHHQ�DWWULEXWHV� DQG� YDULDEOHV� GDWD� DQG� GLVFXVVHV�LPSRUWDQW�DVSHFWV�RI�GDWD�FROOHFWLRQ���,W�DOVR�FRYHUV�GLDJUDPV� IRU� SUREOHP� VROYLQJ�� PHWKRGV� RI�FROOHFWLQJ�GDWD��DQG�VDPSOLQJ�6HVVLRQ����0HDVXUHPHQWV�LQ�,QMHFWLRQ�0ROGLQJ�6HVVLRQ� �� LQWURGXFHV� EDVLF� PHDVXUHPHQW� FRQFHSWV�DQG� H[SODLQV� KRZ� WR� TXDQWLI\� PHDVXUHPHQW� HUURU���6SHFLILF� PHDVXUHPHQWV� LPSRUWDQW� LQ� LQMHFWLRQ�PROGLQJ�DUH�GLVFXVVHG�LQ�GHWDLO�6HVVLRQ����&RQWURO�&KDUWV�7KLV� VHVVLRQ� H[SODLQV� FRQWURO� FKDUWV�� KRZ� WR�FRQVWUXFW� FRQWURO� FKDUWV�� DQG� KRZ� WR� LQWHUSUHW�FRQWURO�FKDUW���7KH�PDLQ�HPSKDVLV�LV�RQ�[�EDU�	�5�FKDUWV��RWKHU�FKDUWV�DUH�GLVFXVVHG�EULHIO\�6HVVLRQ� ��� 3URFHVV� &DSDELOLW\� DQG� 6SHFLDO� 63&�7HFKQLTXHV�IRU�,QMHFWLRQ�0ROGLQJ�6HVVLRQ��� H[SODLQV�ZKDW� SURFHVV� FDSDELOLW\�PHDQV��KRZ� WR� GHWHUPLQH� LW�� DQG� GLIIHUHQW� PHDVXUHV� RI�SURFHVV� FDSDELOLW\�� � ,W� DOVR� FRYHUV� VSHFLDO� 63&�WHFKQLTXHV�IRU�LQMHFWLRQ�PROGLQJ�6HVVLRQ ��� 2WKHU� 6WDWLVWLFDO� 7RROV� WR� ,PSURYH� WKH�3URFHVV��7KLV� VHVVLRQ� GLVFXVVHV� RWKHU� WRROV� WR� LPSURYH�SURFHVV�FRQWURO��VXFK�DV�GHVLJQ�RI�H[SHULPHQWV��WKH�6KDLQLQ� DSSURDFK� WR� SURFHVV� LPSURYHPHQW�� DQG�SUHFRQWURO��
7KH�63&,0� WUDLQLQJ�SURJUDP�FRPELQHV�WH[W��DXGLR����DQG� �'� DQLPDWLRQV�� YLGHR� FOLSV�� WHVWV�� JUDSKV�� DQG�ILJXUHV� WR� SURYLGH� D� WUXH� PXOWL�PHGLD� WUDLQLQJ�H[SHULHQFH���7KH�FRVW�RI�WKH�FRPSOHWH�SURJUDP�LV�������63(�PHPEHU��������QRQPHPEHU�� WKLV�LQFOXGHV�WKH�����SDJH� ERRN� �6WDWLVWLFDO� 3URFHVV� &RQWURO� LQ� ,QMHFWLRQ�0ROGLQJ�DQG�([WUXVLRQ��E\�&KULV�5DXZHQGDDO�
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6PDOOHU�7UDLQLQJ�3URJUDPV
7KH�63&,0�SURJUDP�FRQVLVWV�RI���VHVVLRQV�� �+RZHYHU��VRPH� FRPSDQLHV� PD\� QRW� QHHG� WKH� HQWLUH� SURJUDP�� VR�PLQL� SURJUDPV� DUH� DYDLODEOH� DV� IROORZV�� �6HVVLRQV� �����,QWURGXFWLRQ� WR� ,QMHFWLRQ� 0ROGLQJ�� �������� PHP������QRQ� ������� 6HVVLRQV� ���� ³,QMHFWLRQ�0ROGLQJ� DQG�3ODVWLF� 3URSHUWLHV´� �������� PHP� �����QRQ� ���������6HVVLRQV������6WDWLVWLFDO�3URFHVV�&RQWURO����������PHP�������QRQ��������'HOLYHU\�6RIWZDUH
$�XQLTXH�IHDWXUH�RI�WKH�63&,0�SURJUDP�LV�WKH�GHOLYHU\�VRIWZDUH�� � 63&,0� LV� WKH� ILUVW� LQWHUDFWLYH� WUDLQLQJ�SURJUDP�WKDW�XVHV�3RZHU3RLQW���337��E\�0LFURVRIW�DV�WKH� GHOLYHU\� VRIWZDUH�� � 7KH� IOH[LELOLW\� RI� 337� DOORZV�H[FHOOHQW� FRQWURO� RI� WKH� LQWURGXFWLRQ� RI� WH[W�� SLFWXUHV��YLGHR� FOLSV�� DQLPDWLRQV�� DQG� VRXQG� LQ� WKH� WUDLQLQJ�SURJUDP�� � 0DQ\� RWKHU� LQWHUDFWLYH� WUDLQLQJ� SURJUDPV�UHTXLUH� VSHFLDO� WUDLQLQJ� GHOLYHU\� VRIWZDUH� WKDW� FDQ� FRVW�XS� WR� ������ � 6SHFLDOL]HG� WUDLQLQJ� GHOLYHU\� VRIWZDUH�JHQHUDOO\�GRHV�QRW�RIIHU�WKH�IOH[LELOLW\�WKDW�337�RIIHUV�
1RZDGD\V�� 337� LV� XELTXLWRXV� LQ� WKH� LQGXVWU\�� � $V� D�UHVXOW�� FRPSDQLHV� WKDW� KDYH� 337� GR� QRW� KDYH� WR� VSHQG�H[WUD�PRQH\�IRU�WKH�GHOLYHU\�VRIWZDUH���
7KH�LQWHUDFWLYH�WUDLQLQJ�SURJUDP�LV�VWUXFWXUHG�WR�GHOLYHU�DERXW� WZR� PLQXWHV� RI� LQVWUXFWLRQ� IROORZHG� E\� DERXW�WKUHH�WR�IRXU�TXHVWLRQV�WR�WHVW�WKH�FRPSUHKHQVLRQ�RI�WKH�PDWHULDO� MXVW� FRYHUHG�� � ,I� D� TXHVWLRQ� LV� DQVZHUHG�LQFRUUHFWO\�� WKH� SURJUDP� DXWRPDWLFDOO\� UHSHDWV� WKH�LQIRUPDWLRQ�UHODWHG�WR�WKH�TXHVWLRQ�DQG�WKHQ�WKH�TXHVWLRQ�LV� UHSHDWHG�� � 7KH� SURJUDP� GRHV� QRW� FRQWLQXH� XQWLO� WKH�TXHVWLRQ� LV� DQVZHUHG�FRUUHFWO\�� �7KLV�NHHSV� WKH�VWXGHQW�HQJDJHG�DOO�WKURXJK�WKH�WUDLQLQJ�SURJUDP�DQG�PD[LPL]HV�FRPSUHKHQVLRQ�DQG�UHWHQWLRQ�7UDFNLQJ�&DSDELOLW\
$�FXVWRP�WUDFNLQJ�FDSDELOLW\�ZDV�GHYHORSHG�WKDW�DOORZV�D� WUDLQLQJ� DGPLQLVWUDWRU� WR� WUDFN� KRZ�PDQ\� HPSOR\HHV�KDYH�WDNHQ�WKH�FRXUVH��KRZ�PXFK�RI�LW�ZDV�ILQLVKHG��DQG��KRZ�ZHOO�HDFK�VWXGHQW�VFRUHG�RQ�WKH�WHVW�TXHVWLRQV�� �$�FRPSOHWH� GDWDEDVH� LV� GHYHORSHG� WR� KHOS� DGPLQLVWHU� WKH�WUDLQLQJ�SURJUDP���7KLV�LV�D�YDOXDEOH�WRRO�LQ�PHHWLQJ�,62�UHTXLUHPHQWV��� $QLPDWLRQV
2QH� RI� WKH� NH\� DVSHFWV� RI� WKLV� LQWHUDFWLYH� WUDLQLQJ�SURJUDP� LV� WKDW� JHQHURXV� XVH� LV� PDGH� RI� DQLPDWLRQV��ERWK��'�DQG��'�DQLPDWLRQV�DUH�XVHG�WR�H[SODLQ�WKH�LQQHU�ZRUNLQJV� RI� WKH� LQMHFWLRQ� PROGLQJ� PDFKLQH�� � )RU�

LQVWDQFH�� WKH� SURJUDP� VKRZV� D GHWDLOHG� DQLPDWLRQ� RI�IORZ�RI� SODVWLF� LQ� WKH�SODVWLFDWLQJ�XQLW�� WKH�QR]]OH�� DQG�WKH� PROG�� � 6LQFH� WKHVH� SURFHVVHV� FDQQRW� EH� VKRZQ� RQ�DFWXDO� PDFKLQHV� LQ� RSHUDWLRQ�� DQLPDWLRQ� SURYLGHV� D�YDOXDEOH�WRRO�WR�EULQJ�WKHVH�SURFHVVHV�WR�OLIH���,I�D�SLFWXUH�LV� ZRUWK� D WKRXVDQG� ZRUGV�� DQ� DQLPDWLRQ� LV� ZRUWK� D�WKRXVDQG�SLFWXUHV���6HOHFWHG�3RUWLRQV�IURP�WKH�63&,0�3URJUDP
)LJXUH���VKRZV�DQ�LOOXVWUDWLRQ�RI�VFUHZ�UHFRYHU\�� �7KLV�SLFWXUH�LV�RQH�RI�WKH�IUDPHV�RI�DQ�DQLPDWLRQ�WKDW�VKRZV�D�WKUHH�GLPHQVLRQDO� YLHZ� RI� D� SODVWLFDWLQJ� XQLW� ZLWK� WKH�EDUUHO�FXW�RSHQ� WR�VKRZ�WKH�VFUHZ�DQG�WKH�SODVWLF�PHOW���6XFK� DQ� DQLPDWLRQ� SURYLGHV� D� OHYHO� RI� LQVLJKW� LQWR� WKH�LQMHFWLRQ�PROGLQJ� SURFHVV� WKDW� FDQQRW� EH� DFKLHYHG� DQ\�RWKHU�ZD\�
)LJXUH� �� VKRZV� D� �'� LOOXVWUDWLRQ� RI� D� GRXEOH� WRJJOH�V\VWHP�� 7KLV� SLFWXUH� LV� DOVR� D� VLQJOH� IUDPH� IURP� DQ�DQLPDWLRQ�WKDW�G\QDPLFDOO\�VKRZV�WKH�PRYHPHQW�RI�WKH�WRJJOH� PHFKDQLVP�� � 7KH� DQLPDWLRQ� H[SODLQV� WKH�ZRUNLQJV� RI� WKH� WRJJOH� V\VWHP� EHWWHU� WKDQ� PDQ\�GLDJUDPV�
)LJXUH� �� VKRZV� DQ� LOOXVWUDWLRQ� RI� IRXQWDLQ� IORZ� LQ� D�PROG���,W�VKRZV�WKH�VWUHWFKLQJ�WKDW�RFFXUV�RI�HOHPHQWV�DW�WKH�IORZ�IURQW�DQG� WKH�FRROLQJ� WKDW�RFFXUV�DW� WKH�ZDOOV���7KH�63&,0�SURJUDP�DOVR�FRQWDLQV�DQ�DQLPDWLRQ�RI�WKH�IRXQWDLQ�IORZ�SURFHVV�
)LJXUH� �� VKRZV� WKH� VL[� PDLQ� IDFWRUV� WKDW� FDQ� DIIHFW� D�SURFHVV���7KH\�DUH�PDQ��PDFKLQH��PHWKRG��PHDVXUHPHQW��PDWHULDO�� DQG� PLOLHX� RU� HQYLURQPHQW�� � 7KHVH� DUH� WKH�PDLQ� FDWHJRULHV� RI� SRVVLEOH� FDXVHV� RI� YDULDWLRQ� LQ� DQ\�SURFHVV�
)LJXUH� �� VKRZV� WKH�PDLQ� FRPSRQHQWV� RI�PHDVXUHPHQW�HUURU�� SUHFLVLRQ�� DFFXUDF\�� DQG� VWDELOLW\�� � 3UHFLVLRQ� LV�GHWHUPLQHG�E\�WKH�UHSHDWDELOLW\�DQG�WKH�UHSURGXFLELOLW\���$FFXUDF\� LV� GHWHUPLQHG� E\� WKH� ELDV�� HLWKHU� FRQVWDQW� RU�YDULDEOH�� � 6WDELOLW\� FDQ�EH� HYDOXDWHG�E\� VKRUW�WHUP�DQG�ORQJ�WHUP�PHDVXUHPHQW�YDULDWLRQ�
)LJXUH� �� VKRZV� WKH� JUHHQ�� \HOORZ�� DQG� UHG�]RQHV� DUH�XVHG�LQ�SUH�FRQWURO���3UH�FRQWURO�LV�D�PHWKRG�RI�63&�WKDW�LV� VLJQLILFDQWO\� HDVLHU� WR� XVH� WKDQ� WKH� FRQYHQWLRQDO�6KHZKDUW� 63&� PHWKRG�� � 7KH� GLIIHUHQFHV� EHWZHHQ� WKH�WZR�PHWKRGV�DUH�H[SODLQHG�LQ�WKH�SURJUDP�
63&,0� FRPHV�ZLWK�D�FRPSDQLRQ�ERRN�WKDW�FRQWDLQV�DOO�WKH�PDWHULDO�FRYHUHG�LQ�WKH�LQWHUDFWLYH�WUDLQLQJ�SURJUDP���7KLV� ERRN� ���� SURYLGHV� FRQYHQLHQW� UHIHUHQFH� PDWHULDO��SDUWLFXODUO\�IRU�WKRVH�ZDQWLQJ�WR�UHYLHZ�FHUWDLQ�SDUWV�RI�WKH� FRXUVH� ZLWKRXW� JRLQJ� EDFN� WR� WKH� FRPSXWHU�� � ,W� LV�UHFRPPHQGHG� WKDW� WKH ERRN� LV� XVHG� WRJHWKHU� ZLWK� WKH�
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LQWHUDFWLYH� WUDLQLQJ�SURJUDP� WR�PD[LPL]H�UHWHQWLRQ�DQG�FRPSUHKHQVLRQ�RI�WKH�PDWHULDO�
63&,0� FDQ� EH� EXQGOHG� ZLWK� WKH� LQMHFWLRQ� PROGLQJ�VLPXODWLRQ� SURJUDP� 0LQLIORZ�� WKLV� ZLOO� EH� GLVFXVVHG�QH[W�6LPXODWLRQ�3URJUDP�0LQL)ORZ��������
$QRWKHU� IHDWXUH� RI� LQWHUDFWLYH� WUDLQLQJ� SURJUDP� LV� WKH�VLPXODWLRQ� SURJUDP� 0LQL)ORZ�� � 7KLV� LFRQ� GULYHQ�SURJUDP�FDQ�RSWLPL]H�WKH�LQMHFWLRQ�PROGLQJ�SURFHVV�LQ�D�PDWWHU�RI�PLQXWHV���7KH�VLPXODWLRQ�SURJUDP�LV�XVHIXO�DW�WZR� OHYHOV�� �3ULPDULO\�� LW�DOORZV�WKH�VWXGHQWV�WR�H[SORUH�LPSRUWDQW� LQMHFWLRQ� PROGLQJ� FDOFXODWLRQV� ZLWKRXW�QHHGLQJ�WR�PDVWHU�FRPSOLFDWHG�HTXDWLRQV���$GGLWLRQDOO\��H[SHULHQFHG�PROGLQJ�SHUVRQQHO�FDQ�XVH�WKH�VRIWZDUH�WR�DLG�LQ�WKH�GHVLJQ�DQG�DQDO\VLV�RI�PROGLQJ�V\VWHPV�
7KH�PDLQ�VFUHHQ�RI�0LQL)ORZ�LV�VKRZQ�LQ�ILJXUH�����7R�XVH� WKH� SURJUDP�� WKH� XVHU� ILUVW� VHOHFWV� WKH� LQMHFWLRQ�PROGLQJ� PDFKLQH�� � $� ODUJH� QXPEHU� RI� PDFKLQHV� DUH�LQFRUSRUDWHG� LQ� WKH� GDWDEDQN�� VHH� ILJXUH� ��� � 0DFKLQHV�FDQ�EH�VRUWHG�E\�PDQXIDFWXUHU��PRGHO��RU�VSHFLILFDWLRQ���1HZ� PDFKLQHV� FDQ� DOVR� EH� HQWHUHG� LQWR� WKH� PDFKLQH�GDWDEDQN���6HFRQG��WKH�XVHU�VHOHFWV�WKH�PDWHULDO���$JDLQ��D� ODUJH� QXPEHU� RI� PDWHULDOV� DUH� LQFRUSRUDWHG� LQ� WKH�GDWDEDQN�� VHH� ILJXUH� ��� � 0DWHULDOV� FDQ� EH� VRUWHG� E\�PDQXIDFWXUHU�� JUDGH�� DQG� UHVLQ� IDPLO\�� � 1HZ�PDWHULDOVFDQ�DOVR�EH�HQWHUHG�LQWR�WKH�PDWHULDO�GDWDEDQN�
1H[W�� WKH�XVHU�VHWV�WKH�RSHUDWLQJ�FRQGLWLRQV�E\�RSHQLQJ�WKH� PROGLQJ� FRQGLWLRQV� ZLQGRZ�� VHH� ILJXUH� ���� � 7KH�PROGLQJ� FRQGLWLRQV� WKDW� FDQ� EH� VHW� DUH� LQMHFWLRQ�WHPSHUDWXUH�� PROG� WHPSHUDWXUH�� SDUW� WKLFNQHVV�� SDUW�ZLGWK�� SHUFHQW� PD[LPXP� SUHVVXUH�� DQG� SHUFHQW�PD[LPXP�IORZ�UDWH�� 7KH�SURJUDP�SURYLGHV�UHDVRQDEOH�GHIDXOW�YDOXHV�IRU�DOO�WKH�PROGLQJ�FRQGLWLRQV���7KH�XVHU�FDQ�VHOHFW�EHWZHHQ�(QJOLVK��$PHULFDQ��DQG�6�,��XQLWV�
7KH�XVHU� LV�QRZ�UHDG\� WR�FDOFXODWH� WKH�IORZ�OHQJWK�DQG�WHPSHUDWXUHV�� � 7KH� UHVXOWV� RI� WKH� FDOFXODWLRQV� DUH�SUHVHQWHG�LQ�JUDSKLFDO�IRUP��VHH�ILJXUH������7KUHH�JUDSKV�VKRZ�KRZ�IORZ�OHQJWK��IORZ�UDWH��DQG�SUHVVXUH�YDU\�ZLWK�WLPH�� � ,W� LV�DOVR�SRVVLEOH� WR�FKRRVH�PXOWLSRLQW�GDWD�DQG�REWDLQ� D� JUDSK� WKDW� FDQ� EH� XVHG� WR� GHWHUPLQH� WKH�SURFHVVLQJ� ZLQGRZ� IRU� WKH� FXUUHQW� SRO\PHU�PDFKLQH�PROG� FRPELQDWLRQ�� � )LJXUH� ��� VKRZV� VXFK� D� SORW�ZLWK�IORZ�OHQJWK�DORQJ�WKH�\�D[LV��WKLFNQHVV�DORQJ�WKH�[�D[LV��DQG�SUHVVXUH�DORQJ� WKH�]�D[LV�� �7KH�XVHU� FDQ�FKRRVH� WR�SORW� WKH� IROORZLQJ� SDUDPHWHUV� DORQJ� WKH� \�D[LV�� IORZ�OHQJWK��PD[LPXP�EXON�WHPSHUDWXUH��RU�ILOO�WLPH���)RU�WKH�[� DQG�]�D[LV�WKH�XVHU�FDQ�FKRRVH�WKH�SDUDPHWHUV�VKRZQ�LQ�ILJXUH����7KHVH� IHDWXUHV� DOORZ� WKH� XVHU� WR� TXLFNO\� VFDQ� D� ODUJH�QXPEHU�RI�RSHUDWLQJ�FRQGLWLRQV�WR�RSWLPL]H�WKH�LQMHFWLRQ�

PROGLQJ�SURFHVV���$V�VXFK��0LQL)ORZ�LV�D�YDOXDEOH�WRRO�QRW� RQO\� IRU� WUDLQLQJ� EXW� DOVR� IRU� DFWXDO� DQDO\VLV� RI�PROGLQJ�RSHUDWLRQV�� �0LQL)ORZ�FRPHV�ZLWK�D�FRPSOHWH�WXWRULDO���������SXUFKDVHG�ZLWK�63&,0��PHP������&RQFOXVLRQV
9DULRXV�RSWLRQV�DUH�DYDLODEOH�IRU�FRPSDQLHV�ZDQWLQJ�WR�WUDLQ� HPSOR\HHV� LQ� 63&� DQG� LQMHFWLRQ� PROGLQJ���&RPSXWHU�EDVHG�WUDLQLQJ�RIIHUV�D�QXPEHU�RI�DGYDQWDJHV�RYHU� WUDGLWLRQDO� WUDLQLQJ� PHWKRGV�� � 0RVW� LPSRUWDQWO\��FRPSXWHU� EDVHG�� LQWHUDFWLYH� WUDLQLQJ� LPSURYHV� OHDUQLQJ�HIIHFWLYHQHVV� DQG� UHWHQWLRQ�� $� IXUWKHU� DGYDQWDJH� RI�LQWHUDFWLYH�WUDLQLQJ�LV�WKDW�LW�SURYLGHV�IOH[LEOH��VHOI�SDFHG�OHDUQLQJ�� � 3URGXFWLRQ� VFKHGXOHV� GR� QRW� KDYH� WR� EH�GLVUXSWHG�WR�FRQGXFW�WUDLQLQJ�EHFDXVH�HPSOR\HHV�GR�QRW�KDYH�WR�PLVV�WLPH�IURP�ZRUN��
63&,0� LV�D�QHZ��IXOO\�LQWHUDFWLYH�WUDLQLQJ�SURJUDP�RQ�63&� DQG� LQMHFWLRQ� PROGLQJ�� � 7KLV� :LQGRZV� EDVHG�SURJUDP� SURYLGHV� D� FRVW�HIIHFWLYH� VROXWLRQ� WR� WUDLQLQJ��WKH�FRVW�RI�WKH�SURJUDP�LV�DERXW�WKH�VDPH�DV�WKH�FRVW�RI�VHQGLQJ�RQH�HPSOR\HH�WR�DQ�RII�VLWH�VHPLQDU���7KXV��WKLV�WUDLQLQJ�SURJUDP�SURYLGHV�D�FRVW�DGYDQWDJH�ZKHQ�WZR�RU�PRUH� HPSOR\HHV� DUH� WUDLQHG�� WKH� FRVW� DGYDQWDJH�EHFRPHV�JUHDWHU�DV�PRUH�SHRSOH�DUH�WUDLQHG���
63&,0� QRW� RQO\� WHDFKHV� WKH� EDVLFV� RI� 63&�� LW� DOVR�WHDFKHV� WKH� IXQGDPHQWDOV� RI� LQMHFWLRQ�PROGLQJ� SURFHVV�WHFKQRORJ\� DQG� FDQ� EH� XVHG� DW� DQ\� OHYHO�� � 7KLV�FRPELQDWLRQ� DOORZV� IRU� WKH� PRVW� HIIHFWLYH�LPSOHPHQWDWLRQ�RI�63&�LQ�LQMHFWLRQ�PROGLQJ�RSHUDWLRQV�
7KH� LQWHUDFWLYH� WUDLQLQJ� SURJUDP� FDQ� EH� EXQGOHG� ZLWK�WKH�VLPXODWLRQ�SURJUDP�0LQL)ORZ���,W�DOORZV�VWXGHQWV�WR�GHWHUPLQH�WKH�IORZ�OHQJWK��SUHVVXUHV��DQG�WHPSHUDWXUHV���7KLV�VLPXODWLRQ�SDFNDJH�LV�QRW�RQO\�XVHIXO�IRU�WUDLQLQJ��EXW�DOVR�LQ�DQDO\]LQJ�UHDO�LQMHFWLRQ�PROGLQJ�SUREOHPV�

5HIHUHQFHV&��5DXZHQGDDO��³6WDWLVWLFDO�3URFHVV�&RQWURO�LQ�,QMHFWLRQ�0ROGLQJ�DQG�([WUXVLRQ�´�+DQVHU�9HUODJ��0XQLFK��������
6RFLHW\ RI��3ODVWLFV�(QJLQHHUV���)DLUILHOG�'ULYH�%URRNILHOG��&7�������ZZZ��VSH�RUJ3URGXFW�,QIRUPDWLRQ�3K��������������)D[��������������(PDLO��ERRNVWRUH#UVSH�RUJ
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)LJXUH����,OOXVWUDWLRQ�RI�VFUHZ�UHFRYHU\

)LJXUH����,OOXVWUDWLRQ�RI�D�GRXEOH�WRJJOH�V\VWHP
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�FROG�VNLQ�OD\HU VWUHWFKLQJ� HOHPHQW
)LJXUH����,OOXVWUDWLRQ�RI�IRXQWDLQ�IORZ�LQ�D�PROG

&RQGLWLRQV�DIIHFWLQJWKH�SURFHVV

0LOLHX�HQYLURQPHQW� 0DQ 0DFKLQH

0DWHULDO 0HDVXUHPHQW 0HWKRG
)LJXUH����6L[�PDLQ�IDFWRUV�WKDW�FDQ�DIIHFW�D�SURFHVV0HDVXUHPHQW�HUURU

3UHFLVLRQ $FFXUDF\ 6WDELOLW\
5HSHDW�DELOLW\ 5HSURGXF�LELOLW\ &RQVWDQWELDV 9DULDEOHELDV 6KRUWWHUP /RQJWHUP

)LJXUH����7KH�PDLQ�FRPSRQHQWV�RI�PHDVXUHPHQW�HUURU
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/6/ 86/
<HOORZ]RQH 5HG� ]RQH5HG� ]RQH *UHHQ� ]RQH <HOORZ]RQH

3�&�OLQH 3�&�OLQH

)LJXUH����7KH�JUHHQ��\HOORZ��DQG�UHG�]RQH�LQ�SUH�FRQWURO

)LJXUH����7KH�PDLQ�VFUHHQ�RI�0LQL)ORZ
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)LJXUH����7KH�PDFKLQH�GDWDEDQN�ZLQGRZ )LJXUH����7KH�PDWHULDO�GDWDEDQN�ZLQGRZ

)LJXUH�����7KH�PROGLQJ�FRQGLWLRQV�ZLQGRZ )LJXUH�����)ORZ�OHQJWK��IORZ�UDWH��DQG�SUHVVXUH�YV��WLPH
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)LJXUH�����*UDSK�RI�)ORZ�OHQJWK�DJDLQVW�WKLFNQHVV�IRU�WKUHH�YDOXHV�RI�SUHVVXUH


