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1HZ�0RGHOV�DQG�0HWKRGRORJ\�IRU�7HDFKLQJ�2760��75,=
1LNRODL�.KRPHQNR$OH[DQGHU�6RNRO
$5,=�DV�D�FRQWUDGLFWLRQ�UHVROYLQJ�WRRO�LV�WKH�FRUH�RI�75,=��3HRSOH�ZKR�NQRZ�DQG�IXOO\�XQGHUVWDQG�$5,=����&� �/DVW� YHUVLRQ� RI� $5,=� PDGH� E\� $OWVKXOOHU� KLPVHOI�� FDQ� DSSO\� WKLV� WRRO� QRW� RQO\� WR�HQJLQHHULQJ�SUREOHP�VROYLQJ��+RZHYHU��D�QXPEHU�RI�SUREOHPV�DULVH�ZKHQ�ZH�WXUQ�WR�WHDFKLQJ�75,=�DQG� $5,=�� ,Q� ����� RQ� WKH� 75,=� FRQIHUHQFH� LQ� 3HWUR]DYRGVN� $OWVKXOOHU� SRLQWHG� RXW� WKDW� LW� ZDV�QHFHVVDU\� WR� GHYHORS� D�QHZ�PHWKRGRORJ\� IRU�75,=�HGXFDWLRQ��7KLV�PHWKRGRORJ\�ZDV� VXSSRVHG� WR�KHOS� WHDFK� SHRSOH� ZKR� GLG� QRW� KDYH� HQJLQHHULQJ� HGXFDWLRQ�� 7KDW� LV� ZK\� WKH� JLYHQ� UHVHDUFK� ZDV�VWDUWHG��,Q�RUGHU�WR�VROYH�WKH�SUREOHP�UDLVHG�E\�$OWVKXOOHU�ZH�KDG�WR�SURYLGH�ORWV�RI�VSHFLDO�UHVHDUFK��WKDW�KHOSHG�XV�UHDUUDQJH�WKH�V\VWHP�RI�75,=�NQRZOHGJH�DQG�DGG�VRPH�QHZ�SRLQWV�>���@��7KLV�ZRUN�ZDV�GRQH�XQGHU�$OWVKXOOHU¶V�VXSHUYLVLRQ��7KH�JLYHQ�SDSHU�LV�WKH�ILUVW�(QJOLVK�ODQJXDJH�LQIRUPDWLRQ�RQ�WKH�PHWKRGRORJ\�ZH�KDYH�GHYHORSHG�DQG�XVHG�DW�WKH�75,=�7HFKQRORJLHV�&HQWHU��0LQVN��%HODUXV��VLQFH� WKH� HQG� RI� ����V�� 'XULQJ� ODVW� \HDUV� RXU� FROOHDJXHV� LQ� YDULRXV� SDUWV� RI� WKH� ZRUOG� VWDUWHG� WR�HPSOR\�WKH�PHWKRGRORJ\�LQ�75,=�HGXFDWLRQ�LQ�WKHLU�FRXQWULHV�

� $W�WKH�EHJLQQLQJ�RI�����V�PRUH�DQG�PRUH�SHRSOH�VWDUWHG�DSSO\LQJ�75,=�QRW�RQO\�WR�HQJLQHHULQJ�SUREOHP��VROYLQJ�EXW�WR�GLIIHUHQW�NLQGV�RI�SUREOHP�HYHQ�LQ�WKHLU�SULYDWH�OLIH��7KDW�LV�ZK\�$OWVKXOOHU�VWDUWHG�ZULWLQJ�LQ�KLV�DUWLFOHV�DQG�PDQXVFULSWV�WKDW�75,=�KDG� WR�EH�WUDQVIRUPHG�LQWR�WKH�*HQHUDO�7KHRU\�RI�6WURQJ�7KLQNLQJ��2760�LV�D�5XVVLDQ�DEEUHYLDWLRQ�IRU� WKH�WKHRU\�DQG�DW�WKH�VDPH�WLPH�WKH�QDPH�JLYHQ�E\�$OWVKXOOHU�KLPVHOI���$V�RXU�UHVHDUFK�ZDV�SURYLGHG�XQGHU�KLV�VXSHUYLVLRQ�DQG�KH�DSSURYHG�RI�RXU�UHVXOWV��LQ�-XO\������$OWVKXOOHU�JUDQWHG�1�.KRPHQNR�D�SHUPLVVLRQ�WR�XVH�WKH�QDPH�2760�IRU�KLV�UHVHDUFK�� 7KLV� ZDV� GRQH� XQGHU� WKH� FRQGLWLRQ� WKDW� HYHU\� WLPH� WKH� QDPH� ZDV� JRLQJ� WR� EH� XVHG�� LWV� KLVWRU\� PXVW� EH�H[SODLQHG��7KDW�LV�ZK\�WKLV�FRPPHQW�DSSHDUV�KHUH�

�� .H\�&RQWUDGLFWLRQ
,W�LV�QHFHVVDU\�WR�OHDUQ�WR�PDNH�VHSDUDWH�VWHSV�RI�$5,=�LQ�RUGHU� WR� OHDUQ� WR�ZRUN�ZLWK�$5,=�DQG�75,=� DV� D� ZKROH�� +RZHYHU�� LQ� RUGHU� WR� PDNH�VHSDUDWH� VWHSV� FRUUHFWO\�� LW� LV� QHFHVVDU\� WR� EH�DEOH� WR�ZRUN�ZLWK�$5,=� DQG� 75,=� DV� D�ZKROH�XQGHUVWDQGLQJ� FRQQHFWLRQV� DQG� LQWHUDFWLRQV�EHWZHHQ� WKHP�� DV� HYHU\� VWHS� RI� $5,=� LPSOLHV�ZRUNLQJ�ZLWK�WKH�OLQHV�RI�FRQWUDGLFWLRQ�DQDO\VLV��UHVRXUFH� DQDO\VLV� DQG� LGHDO� ILQDO� UHVXOW�VLPXOWDQHRXVO\�7KH� VLWXDWLRQ� LV� JHWWLQJ� HYHQ� PRUH�FRPSOLFDWHG� LI�ZH� WDNH� LQWR� DFFRXQW� WKDW� LQ� WKH�SURFHVV� RI� VROYLQJ� GLIILFXOW� SUREOHPV� ZH� � GHDO�ZLWK� WKH� ZKROH� V\VWHP� RI� SUREOHPV� KLGGHQ�

XQGHU� WKH� RQH� ZH� VHHP� WR� EH� VROYLQJ�� 7KLV�H[SODLQV� PRVW� RI� GLIILFXOWLHV� FRQQHFWHG� ZLWK�DFTXLULQJ� $5,=� DQG� 75,=� DV� XQLYHUVDO�LQVWUXPHQWV�RI�SUREOHP�VROYLQJ�
�� ,GHDO�)LQDO�5HVXOW
,W� LV� QHFHVVDU\� WR� GHYHORS� D� WHDFKLQJ�PHWKRGRORJ\� ZKLFK� ZLOO� DOORZ� VWXGHQWV� WR�PDVWHU� VHSDUDWH� HOHPHQWV� DQG� VWHSV� RI� WKH�FRQWUDGLFWLRQ� UHVROYLQJ� DOJRULWKP� DQG� DW� WKH�VDPH� WLPH� SURYLGH� DQ� RSSRUWXQLW\� WR� DFTXLUH��EDVLF� HOHPHQWV� RI� 75,=�� IXQGDPHQWDO�NQRZOHGJH� QHFHVVDU\� IRU� SUREOHP� VROYLQJ� DQG�DGGLWLRQDO�PRGHOV�
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�� 3RVVLEOH�6ROXWLRQ$GGLWLRQDO�PRGHOV� ZHUH� GHYHORSHG� WR� UDLVH� WKH�HIILFLHQF\� RI� DSSO\LQJ� 75,=�WHFKQRORJLHV�EH\RQG� WKH� ILHOG� RI� HQJLQHHULQJ�� L�H�� WR��PDQDJHPHQW�� HGXFDWLRQ�� OLQJXLVWLFV HWF�� �VHH�SLFWXUHV���DQG���7KHVH� PRGHOV� DUH� EDVHG� RQ� WKH� VHW� RI�IXQGDPHQWDO� VNLOOV� FRPSULVLQJ� HYHU\WKLQJ� WKDW�KDV�EHHQ�GHYHORSHG�ZLWKLQ�WKH�GRPDLQ�RI�75,=��7KH� HPSKDVLV� LV� SXW� RQ� WKH� VNLOOV� HVVHQWLDO� IRU�FRQWUDGLFWLRQ�UHVROYLQJ�RQ�WKH�EDVLV�RI�REMHFWLYH�ODZV� RI� V\VWHP� HYROXWLRQ�� IRU� UHVROYLQJ�FRQWUDGLFWLRQV�XQGHUO\LQJ�D�VSHFLILF�SUREOHPDWLF�VLWXDWLRQ� DSSHDUV� WKH� PRVW� XQLYHUVDO� WRRO� RI� D�VXFFHVVIXO�SUREOHP�VROYLQJ�SURFHVV���7KH� JLYHQ� PHWKRGRORJ\� KDV� EHHQ�GHYHORSHG� VLQFH� ������ 'XULQJ� WKLV� WLPH� LW� ZDV��SXW� WR� WKH� WHVW� ZLWK� YDULRXV� SURIHVVLRQDO�DXGLHQFHV�VWDUWLQJ�IURP�VFLHQWLVWV�DQG�HQJLQHHUV�WR�SUH�VFKRRO� WHDFKHUV�DQG�PDQDJHUV��6RPH�NH\�HOHPHQWV� DQG� WHFKQRORJLHV� ZHUH� SLORWHG� ZLWK�SUH�VFKRRO� DQG� VFKRRO� SXSLOV�� 7KH� NH\�FRQWUDGLFWLRQ� ZDV� DOZD\V� UHVROYHG�� 0RUHRYHU��WZR�RWKHU�SUREOHPV�HVVHQWLDO�IRU�75,=�HGXFDWLRQ�ZHUH�DXWRPDWLFDOO\� UHVROYHG�ZKHQ� WKH�SURSRVHG�PHWKRGRORJ\�ZDV�HPSOR\HG�x 6WXGHQWV�XQGHUVWRRG�KRZ�75,=�FRXOG�EH�DSSOLHG�EH\RQG�WKH�ILHOG�RI�HQJLQHHULQJ�x 6WXGHQWV�DFTXLUHG�WKH�PHWKRG�RI�SDUDOOHO�DQDO\VLV� RI� WKH� ZKROH� FRPSOH[� RI�LQWHUFRQQHFWHG� SUREOHPV�� 7KLV� EURXJKW�XV� WR� VROXWLRQ RI� LQWHUQDO� FRQWUDGLFWLRQV�RI� $5,=� FRQQHFWHG� ZLWK� WKH� FKRLFH� RI�UHVRXUFHV� DQG� WUDQVLWLRQ� IURP� 3K\VLFDO�&RQWUDGLFWLRQ�WR�LWV�UHVROXWLRQ���,Q� WKH� JLYHQ� SDSHU�ZH�ZRXOG� OLNH� WR� SURSRVH� D�OLVW� RI� VNLOOV� WKDW� FDQ� EH� DFTXLUHG� E\�PHDQV� RI�RXU� RULJLQDO� WUDLQLQJ� DQG� HGXFDWLRQDO� WHFKQR�ORJ\�� 'XULQJ� RXU� FODVVHV� VWXGHQWV� PDVWHU� D�QXPEHU�RI�SUREOHP�VROYLQJ�VNLOOV�ZKLFK�DUH�QRW�OLPLWHG� WR� WKH� ILHOG�RI�HQJLQHHULQJ��7KHVH� VNLOOV�FDQ�EH�DSSOLHG�WR�DOO�W\SHV�RI�SUREOHPV�WKDW�FDQ�EH� SUHVHQWHG� LQ� WHUPV� RI� FRQWUDGLFWLQJ�UHTXLUHPHQWV�7KH�SURSRVHG�VHW�RI�VNLOOV�KHOSV�XV�DSSO\�75,=�PHWKRGRORJ\�WR�PDNH�D�WKRURXJK�DQDO\VLV�RI�ERWK�SUREOHP�VLWXDWLRQ�DQG�UHVRXUFHV�WKDW�FDQ�

EH�XVHG�IRU�VROYLQJ�D�SDUWLFXODU�SUREOHP��7KHVH�VNLOOV� KHOS� XV� FRPSRVH� DQ� LPDJH� �DEVWUDFW�GHVFULSWLRQ�� RI� VROXWLRQ� DQG� WKHQ� WR� WUDQVIRUP�WKH� DEVWUDFW� DQG� JHQHUDO� GHVFULSWLRQ� RI� VROXWLRQ�LQWR�D�VSHFLILF�VROXWLRQ�RI�WKH�LQLWLDO�SUREOHP��2XU� WKHRUHWLFDO� DQG� HGXFDWLRQDO�PHWKRGRORJ\�ZDV�GHYHORSHG�WR�GHVFULEH�JHQHUDO�NQRZOHGJH� DERXW� WKH� SUREOHP� VROYLQJ� SURFHVV�DQG�� PRUH LPSRUWDQWO\�� WR� GHILQH� KRZ� WR� DSSO\�WKLV� JHQHUDO� NQRZOHGJH� WR� REWDLQ� VSHFLILF�VROXWLRQV� WR�VSHFLILF�SUREOHPV�LQ�GLIIHUHQW�DUHDV�RI�KXPDQ�DFWLYLWLHV�

*URXS���± 6NLOO�1XPEHU�2QHx $ELOLW\� WR� DVN� D� VWURQJ� TXHVWLRQ� WKDW� FDQ�UHGXFH�WKH�6ROXWLRQ�6HDUFK�6SDFH��
*URXS���± 7KH�0RGHO�9LVLRQ�RI�WKH�:RUOGx DELOLW\�WR�WKLQN�LQ�WHUPV�RI�PRGHOV�x DELOLW\� WR� VHH� WKH� $SSOLFDELOLW\� /LPLWV� RI� D�JLYHQ�0RGHO�x DELOLW\� WR� FRPSRVH� XQOLPLWHG� QXPEHU� RI�PRGHOV� RI� D� JLYHQ� (OHPHQW�� HDFK� ZLWK�GLIIHUHQW�GHJUHH�RI�DEVWUDFWLRQ�DQG�DFFXUDF\�IURP�GLIIHUHQW�SRLQWV�RI�YLHZ��XVLQJ�WKH�)XOO�6FKHPH�0RGHO��x DELOLW\�WR�HPSOR\�0RGHOV�ZKLFK�EUHDN�FDXVDO�UHODWLRQVKLSV�EHWZHHQ�WKH�HYHQWV�x DELOLW\� WR� ZLWKGUDZ� IURP� LQGLYLGXDO�H[SHULHQFH� DQG� SHFXOLDULWLHV� RI� SHUVRQDO�SHUFHSWLRQ� RI� D� VLWXDWLRQ�� $ELOLW\� WR�VLPXOWDQHRXVO\� YLHZ� WKH� VLWXDWLRQ� IURP� WKH�YDQWDJH� SRLQW� RI� RWKHU� SDUWLFLSDQWV� DQG� DQ�LPSDUWLDO�REVHUYHU�*URXS� �� ± 7KH�0DLQ�0RGHO� IRU�'HVFULSWLRQ�RI� DQ (OHPHQW �VXEVWDQWLDO� RU� QRQ�VXEVWDQWLDO��� (/(0(17� ± 1$0(� 2)�)($785(�± 9$/8(�2)�)($785(x DELOLW\� WR� GHVFULEH� DQ� (OHPHQW� DV� D� VHW� RI�)HDWXUHV�x DELOLW\� WR� GHVFULEH� D� )HDWXUH� DV� DQ� (OHPHQW�WKDW�KDV�D�1DPH�DQG�D�9DOXH��RQH�1DPH�RI�
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)HDWXUH� DQG� VHYHUDO� YDULRXV� 9DOXHV� RI�)HDWXUH�x DELOLW\�WR�GHVFULEH�3URFHVV�DV�DQ�(OHPHQW�x DELOLW\� WR� GHVFULEH� )DFW� DV� D� FKDQJH� RI� RQH�9DOXH� WR� DQRWKHU� XQGHU� WKH� VDPH� 1DPH� RI�)HDWXUH�x DELOLW\� WR� GHVFULEH� 3KHQRPHQD� RU�2EMHFWLYH�/DZV� RI� 6\VWHP� �(OHPHQW�� (YROXWLRQ� DV�FDXVHV� DQG� HIIHFWV� RI� VHYHUDO� )DFWV�� RQH� RU�VHYHUDO�HIIHFWV�LV�D�FDXVH�RI�DW�OHDVW�RQH�RWKHU�HIIHFW�x DELOLW\� WR� VHH� /DZV� RI (YROXWLRQ��3KHQRPHQD��(IIHFW�RU�)XQFWLRQ�DV�D�UHVXOW�RI�LQWHUDFWLRQ� RI� VHYHUDO� (OHPHQWV� �XVLQJ� WKH�)XOO�6FKHPH�0RGHO��x DELOLW\�WR�VHH�WKH�)XQFWLRQ�RI�D�6\VWHP��RU�DQ�(OHPHQW�� DV� RQH� RI� LWV� )HDWXUHV�� WKH�6\VWHPVKDSH�)HDWXUH�x DELOLW\� WR� GHVFULEH� D� 6\VWHP� DV D� VHW� RI�(OHPHQWV� �XVLQJ� WKH� )XOO� 6FKHPH� 0RGHO��SURYLGLQJ�WKH�JLYHQ�6\VWHPVKDSH�)HDWXUH�x DELOLW\� WR� YDU\� WKH� 9DOXHV� RI� (OHPHQW�)HDWXUHV� RQ� D� ODUJH� VFDOH� DQG� WUDFN� WKH�FKDQJHV� LQ� WKH� )XOO� 6FKHPH� 0RGHO� RI�(OHPHQWV��L�H��LQ�WKH�ZRUOG���$ELOLW\�WR�WUDFN�WKH� TXDOLWDWLYH� FKDQJHV� RI� RWKHU� IHDWXUHV�FDXVHG� E\� WKH� SURFHGXUH� RI� YDU\LQJ� WKH�YDOXHV�� 6XFK� FKDQJHV� ZKLFK� OHDG� WR� WKH�TXDOLWDWLYH�OHDS�LQ�WKH�)XOO�6FKHPH�0RGHO�x DELOLW\� WR� ILQG� (OHPHQWV� XVLQJ� WKHLU�GHVFULSWLRQ� SUHVHQWHG� DV� D� /LVW� RI� )HDWXUHV�RU�DQG�/LVW�RI�9DOXHV�RI�)HDWXUHV�*URXS���± 7KH�)XOO�6FKHPH�0RGHO�RI�:RUOG�(OHPHQWV�x DELOLW\� WR� UHFRJQL]H�(OHPHQWV�XVLQJ� WKH�)XOO�6FKHPH�0RGHO�x DELOLW\� WR� HPSOR\� LPSRVVLEOH�� H[FHSWLRQDO��IDQWDVWLF�� $ELOLW\� WR� WKLQN� EH\RQG� SRVVLEOH�DQG�UHDO�x DELOLW\� WR�HPSOR\�PHFKDQLVPV�DOORZLQJ�IUHH�EXW� FRQWUROOHG�PHQWDO�PRYH� IURP�D� VSHFLILF�UHDO� VLWXDWLRQ� WRZDUGV� D� IDQWDVWLF� VLWXDWLRQ�DQG�EDFNZDUGV�IURP�WKH�IDQWDVWLF�VLWXDWLRQ�WR�WKH� UHDO� RQH�� $ELOLW\� WR� PDNH� GLVWLQFWLRQV�EHWZHHQ� UHDO� DQG� LPDJLQDU\��$ELOLW\� WR� XVH�

IDQWDVWLF�� IDLU\� DQG� DQ\� RWKHU� LPDJLQDU\�WUDQVIRUPDWLRQV�IRU�SUREOHP�VROYLQJ��$ELOLW\�WR�WXUQ�IDQWDVWLF�DVVXPSWLRQV�WR�UHDOLW\��³7KH�*ROGHQ�)LVK´�WHFKQLTXH��x DELOLW\�WR�EURDGHQ�WKH�DUHD�RI�WKH�FRQVLGHUHG�YDULDQWV� EH\RQG� NQRZQ� DQG� QDWXUDOO\�SRVVLEOH� WR� WKH� ILHOG� RI� XQNQRZQ� DQG�LPSRVVLEOH� ZKHUH� FDXVDO� UHODWLRQVKLSV� DUH�EURNHQ�x DELOLW\� WR�QDYLJDWH� LQ� WKH�VSDFH�RI�2EMHFWLYH�DQG� 6XEMHFWLYH� )DFWRUV�� $ELOLW\� WR�GLIIHUHQWLDWH�EHWZHHQ�WKHP��x DELOLW\� WR� GHVFULEH� (OHPHQWV� DW� GLIIHUHQW�/HYHOV�RI�$EVWUDFWLRQ�x DELOLW\�WR�VHH�DQ�(OHPHQW�DV�D�ZKROH�RI�RWKHU�(OHPHQWV� DQG� D� SDUW� RI� D� ODUJHU� VHW� RI�HOHPHQWV�x DELOLW\�WR�VHH�DQ�(OHPHQW�LQ�WKH�SURFHVV�RI�LWV�WUDQVIRUPDWLRQ�LQ�DFFRUGDQFH�ZLWK�2EMHFWLYH�/DZV��UHJXODULWLHV�DQG�HIIHFWV�x DELOLW\�WR�VHH�DQ�(OHPHQW�LQ�WKH�+LHUDUFK\�RI�(OHPHQWV�RI�WKH�ZRUOG��x DELOLW\�WR�VHH�(YROXWLRQ�RI�DQ�(OHPHQW�± KRZ�WKH�3DVW�FRXOG�SUHGHWHUPLQH� WKH�3UHVHQW�DQG�KRZ� WKH� 3UHVHQW� FDQ� SUHGHWHUPLQH� WKH�)XWXUH��x DELOLW\�WR�VHH�DQ�(OHPHQW�DQG�DOO�RI�LWV�$QWL�(OHPHQWV�*URXS���± 7KH�5HVRXUFH�0RGHO�x DELOLW\� WR� ILQG� DQG� XVH�5HVRXUFHV� QHFHVVDU\�IRU�SUREOHP�VROYLQJ�RQ�WKH�EDVLV�RI�WKH�0DLQ�0RGHO� DQG� WKH� )XOO� 6FKHPH�0RGHO�� DELOLW\�WR� FRPELQH� UHVRXUFHV� ZLWK� (OHPHQWV� RI�6XSHUV\VWHP�DQG�WKHLU�GHULYDWLYHV��WKH�XVH�RI�,QWHUQDO� 5HVRXUFHV� �WKRVH� RI� 6XEV\VWHPV��DQG� WKHLU� GHULYDWLYHV�� WKH� XVH� RI�0RGLILFDWLRQ� RI� DQ\�5HVRXUFHV� LQ� WLPH�� QRW�RQO\� WKHLU� FRQGLWLRQ� LQ� WKH�SUHVHQW�� EXW� DOVR�LQ�WKH�SDVW�DQG�WKH�IXWXUH��
� +HUH�ZH�LQFOXGH�DOO�SRVVLEOH�DOWHUQDWLYHV�RI�WLPH�LQ�ERWK�WKH�SDVW�DQG�WKH�IXWXUH��:H�PD\�VHH�WKH�3UHVHQW�DV�WKH�FURVV�SRLQW�RI�D�QXPEHU�RI�OLQHV�ZKLFK�FDQ�EH�GUDZQ�IURP�WKH�SDVW�WR�WKH�IXWXUH�ZLWK�D�GLIIHUHQW�GHJUHH�RI�SUREDELOLW\�
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x DELOLW\� WR� ILQG� UHVRXUFHV� QHFHVVDU\� IRU� WKH�3UREOHP� 6LWXDWLRQ� 6ROXWLRQ� EH\RQG� WKH�SRVVLELOLWLHV� RI� WKH� GHVFULEHG� VLWXDWLRQ��LQFOXGLQJ� WKH� XVH� RI� WKH� 0DLQ� 0RGHO� DQG�WKH�)XOO�6FKHPH�0RGHO�
*URXS���± 7KH�,GHDOLW\�0RGHO�x DELOLW\� WR� FRPSRVH� DQ� LGHDO� PRGHO� RI�(OHPHQWV� XVLQJ� GLIIHUHQW� OHYHOV� RI� ,GHDOLW\�DQG�WKH�6\VWHPVKDSH�)HDWXUH��x DELOLW\� WR� IRUPXODWH� D� SDUWLFXODU� ,GHDO� )LQDO�5HVXOW��,)5��IRU�D�SDUWLFXODU�&RQWUDGLFWLRQ�x DELOLW\� WR� VHH� WKH� GLIIHUHQFH� EHWZHHQ�&RQWUDGLFWLRQ�DQG�,GHDO�)LQDO�5HVXOW�x DELOLW\� WR� FRPSRVH� DQ� LGHDO� PRGHO� RI� WKH�3UREOHP� 6ROXWLRQ� XVLQJ� GLIIHUHQW� OHYHOV� RI�,GHDOLW\�
*URXS���± 7KH�&RQWUDGLFWLRQ�0RGHO�x DELOLW\� WR� VHH� &RQWUDGLFWLRQ� DV� D� EDUULHU� RQ�WKH� ZD\� IURP� 5HVRXUFHV� RI� ,QLWLDO� 3UREOHP�6LWXDWLRQ�WR�,GHDO�)LQDO�6ROXWLRQ��x DELOLW\� WR� UHFRJQLVH� &RQWUDGLFWLRQ� DV� WKH�8QGHUO\LQJ�&DXVH�RI�DOO�SUREOHPV�x DELOLW\� WR� VHH� &RQWUDGLFWLRQV� DQG� HPSOR\�WKHP�x DELOLW\� WR� LQWHQVLI\�&RQWUDGLFWLRQ� LQ�RUGHU� WR�UHGXFH�WKH�6ROXWLRQ�6HDUFK�6SDFH�x DELOLW\� WR� UHFRJQLVH� YDULRXV� W\SHV� RI�&RQWUDGLFWLRQV�LQ�3UREOHP�6LWXDWLRQ�x DELOLW\�WR�VHH��SHUFHLYH�DQG�HPSOR\�RSSRVLWHV��WKHLU�FRPELQDWLRQ�DQG�LQWHUSOD\�x DELOLW\� WR� VHH� XQGHVLUDEOH� QHJDWLYH�FRQVHTXHQFHV� RI� SRVLWLYH� GHVLUDEOH� UHVXOWV�DQG� YLFH� YHUVD�� DELOLW\� WR VHH� GHVLUDEOH�SRVLWLYH� FRQVHTXHQFHV� RI� QHJDWLYH�XQGHVLUDEOH�UHVXOWV�x DELOLW\� WR� VHH� D� 6\VWHP� RI� &RQWUDGLFWLRQV�XVLQJ�WKH�)XOO�6FKHPH�0RGHO�*URXS���± 7KH�3UREOHP�6LWXDWLRQ�0RGHOx DELOLW\�WR�UHFRJQLVH�WKH�8QGHUO\LQJ�&DXVH�RI�WKH�3UREOHP�

x DELOLW\� WR� DQDO\]H� DQ\� 3UREOHP� 6LWXDWLRQ�WDNLQJ� LQWR� DFFRXQW� LWV� 6SHFLILF� &RQGLWLRQV�DQG�YDULDQWV�RI�WKHLU�HYROXWLRQ�x DELOLW\� WR� VHH� WKH� ZKROH� +LHUDUFK\� RI�3UREOHPV� EHKLQG� D� JLYHQ� SUREOHP� LQ�DFFRUGDQFH�ZLWK�WKH�)XOO�6FKHPH�0RGHO�x DELOLW\� WR� DQDO\]H� WKH� 3UREOHP� 6LWXDWLRQ� LQ�WKH� VDPH� ZD\� DV� DQ\� RWKHU� HOHPHQW� RI� WKH�ZRUOG�x DELOLW\� WR� FKRRVH� �XVLQJ� WKH� )XOO� 6FKHPH�0RGHO�� IURP� WKH� 6\VWHP� RI� 3UREOHPV�H[DFWO\�WKDW�SUREOHP��DQG�DW�WKDW�PRPHQW�RI�WLPH��WKH�VROXWLRQ�WR�ZKLFK�ZLOO�SURGXFH�WKH�EHVW�HIIHFW�DW�D�JLYHQ�VWDJH�RI�HYROXWLRQ�
x *URXS���± 7KH�3UREOHP�6ROXWLRQ�0RGHOx DELOLW\� WR� GLIIHUHQWLDWH� EHWZHHQ� WKH�HVWLPDWLRQ�RI�3DUWLDO�DQG�)LQDO�6ROXWLRQV��x DELOLW\�WR�XVH�FRPPRQ�VHQVH�DQG�WKH�2760�75,=� WRROV� LQ� RUGHU� WR� UHGXFH� WKH� 6ROXWLRQ�6HDUFK�6SDFH�GXULQJ�WKH�SURFHVV�RI�SUREOHP�VROYLQJ�x DELOLW\� WR� H[WUDFW�.H\� (OHPHQWV� RI� 3UREOHP�6LWXDWLRQV�±HOHPHQWV�ZKLFK�FDXVH�WKH�ODUJHVW�QXPEHU� RI� XQGHVLUDEOH� HIIHFWV� DQG�FRQWUDGLFWLRQV��x DELOLW\� WR� HVWLPDWH� DQG� WDNH� DFFRXQW� RI� WKH�3URFHVVHV� 3UHGHWHUPLQDWLRQ� 'HJUHH� LQ� WKH�SDVW�DQG�WKH�IXWXUH�x DELOLW\�WR�ILQG�3DUWLDO�6ROXWLRQV�WR�D�3UREOHP�DQG� WUDQVIRUP� WKHP� WR� D�&RPSOH[� 6ROXWLRQ�DGHTXDWH�IRU�D�FXUUHQW�VSHFLILF�VLWXDWLRQ�x DELOLW\� WR� DGPLW� WKH� QHHG� WR� VROYH� D�FRPSOHWHO\� GLIIHUHQW� SUREOHP� KLGGHQ� XQGHU�WKH�PDVN RI�D�JLYHQ�VLWXDWLRQ��%HLQJ�UHDG\�WR�UHIXVH� IURP�VROYLQJ�D�JLYHQ�SUREOHP� LI� LW� LV�IRUFHG�E\�H[WHUQDO�FLUFXPVWDQFHV�
� ,Q�WKH�IRUPHU�FDVH�LW�LV�LPSRUWDQW�WR�JHW�DW�OHDVW�D�ELW�RI�SRVLWLYH�UHVXOW��ZLWKRXW�SD\LQJ�DWWHQWLRQ�WR�QHJDWLYH�FRQVHTXHQFHV���,Q�WKH�ODWWHU�FDVH�LW�LV�QHFHVVDU\�WR�SD\�PRUH�DWWHQWLRQ�WR QHJDWLYH�UHVXOWV��WLSSLQJ�WKH�EDODQFH�EHWZHHQ�SRVLWLYH�DQG�QHJDWLYH�FRQVHTXHQFHV�



�

*URXS� �� ± 757/� �7KH� 7KHRU\� RI� &UHDWLYH�3HUVRQDOLW\� 'HYHORSPHQW� RI� *�$OWVKXOOHU� 	�,�9HUWNLQ�x KDYLQJ� D� QHZ� RU� XQDFKLHYHG� XOWLPDWH� *RDO��RU�D 6\VWHP�RI�*RDOV��ZKLFK�LV�ZRUWK\�DQG�YDOXDEOH�WR�WKH�FRPPXQLW\�x KDYLQJ� D� 3URJUDP� RI� $FWLYLWLHV� �RU� VHYHUDO�SURJUDPV�� DLPHG� DW� DFKLHYLQJ� WKH� GHILQHG�JRDO� DQG� FRQWUROOLQJ� WKH� SURFHVV� RI� LWV�H[HFXWLRQ�x 0RWLYDWLRQ�DQG�&RQFUHWH�5HVXOWV�LQ�FDUU\LQJ�WKH� KHDY\� ZRUNORDG� QHFHVVDU\� WR� EH� LQ�DFFRUG�ZLWK�D�SODQ�

x DELOLW\�WR�VROYH�SUREOHPV�HQFRXQWHUHG�RQ�WKH�ZD\�WR�WKH�*RDO�x DELOLW\� WR� GHIHQG� RQH¶V� RZQ� LGHDV�� EHDU�SXEOLF� XQDFNQRZOHGJHPHQW� DQG�LQFRPSUHKHQVLRQ�� DELOLW\� ³WR� VWDQG�SXQLVKPHQW´�DQG�NHHS�OR\DO�WR�WKH�*RDO�x &RPPHQVXUDELOLW\�RI�$FKLHYHPHQWV��RU�WKHLU�GLPHQVLRQ��ZLWK�WKH�GHILQHG�*RDO�

3LFWXUH����0DLQ�6FKHPH�RI�2760�75,=



�

3LFWXUH����%DVH�WHFKQRORJLHV�RI�SUREOHP�VROYLQJ

5HIHUHQFHV��� 1�.KRPHQNR��&RQWUDGLFWLRQ�RI�SUREOHP�GHVFULSWLRQ��5XVVLDQ���� 1�.KRPHQNR��7KH�NH\�SUREOHP�RI�SUREOHP�VROYLQJ��5XVVLDQ���� 1�.KRPHQNR��6RIWZDUH�³,QYHQWLRQ�0DFKLQH�± $5,=´�DQG�WUDQVIRUPDWLRQ�RI�3K\VLFDO�&RQWUDGLFWLRQ�LQWR�VROXWLRQ�RI�D�SUREOHP��5XVVLDQ���� 1�.KRPHQNR��6\VWHP�RI�<HV�1R�JDPHV�DV�D�75,=�HGXFDWLRQ�WHFKQRORJ\��5XVVLDQ���� 1�.KRPHQNR��7KH�1HW�7HFKQRORJ\�RI�75,=�HGXFDWLRQ�DV�DQ�DOWHUQDWLYH�WR�WKH�WUDGLWLRQDO�OLQHDU�WHFKQRORJ\�RI�WHDFKLQJ��5XVVLDQ���� 1�.KRPHQNR��7KH�DGYDQWDJHV�RI�WKH�1HW�7HFKQRORJ\�RI�75,=�HGXFDWLRQ�LQ�WHDFKLQJ�VNLOOV�QHFHVVDU\�IRU�UHVROYLQJ�D�V\VWHP�RI�FRQWUDGLFWLRQV��5XVVLDQ���� 1�.KRPHQNR��7�6LGRUFKXN��6LWXDWLRQ�W\SH�RI�<HV�1R�*DPH�IRU�DQ�DQDO\VLV�RI�IDLU\�WDOHV�E\�SUH�VFKRRO�FKLOGUHQ��5XVVLDQ��
0RVW�RI�WKH�DUWLFOHV�ZHUH�SXEOLVKHG�LQ�WKH�SURFHHGLQJV�RI�GLIIHUHQW�FRQIHUHQFHV��KRZHYHU�DOO�RI�WKHP�DUH�DYDLODEOH�RQ�WKH�:HE�VLWH�RI�WKH�0LQVN�75,=�7HFKQRORJLHV�&HQWUH��KWWS���ZZZ�WUL]PLQVN�RUJ
��������
$ERXW�DXWKRUV�1LNRODL�.KRPHQNR�ERUQ�LQ�����75,=�([SHUW�����\HDUV�H[SHULHQFH�0DVWHU�RI�75,=��TXDOLILHG�E\��*HQULFK�$OWVKXOOHU���0DVWHU�RI�6FLHQFH�LQ�(QJLQHHULQJ�3URIHVVRU� RI� (16$,6�� 6WUDVERXUJ�� )UDQFH� DQG� OHDGHU� RI� HGXFDWLRQDO� SURMHFW� -RQDWKDQ� /LYLQJVWRQ��LQWHUQDWLRQDO�WHDP�DURXQG�WKH�ZRUOG�



�

75,=�(GXFDWLRQ� ������9DOHU\�7VRXULNRY������KRXUV�������������*HQULFK�$OWVKXOOHU�������± ����KRXUV�������± ���KRXUV� �����± ���KRXUV��2760�75,=�UHVHDUFK�XQGHU�$OWVKXOOHU¶V�VXSHUYLVLRQ�IURP������WR������75,=� H[SHULHQFH� ��� \HDUV� H[SHULHQFH� LQ� SUREOHP� VROYLQJ� PDQDJHPHQW� �VSDFHVKLS� HTXLSPHQW��PLFURHOHFWURQLFV��PDFKLQH�EXLOGLQJ��VRIWZDUH�GHYHORSPHQW��UHVHDUFK�SUREOHP��PDQDJHPHQW�SUREOHP�HWF���� /DUJH� H[SHULHQFH� LQ� 75,=�HGXFDWLRQ� DURXQG� WKH�ZRUOG��'XUDWLRQ� RI� WUDLQLQJ� IURP���� WR� ����KRXUV��)RUPHU�VWXGHQWV��HQJLQHHUV��UHVHDUFKHUV��SURIHVVRUV�DQG�VWXGHQWV�RI�XQLYHUVLWLHV��FKLOGUHQ��SUH�VFKRRO�WHDFKHUV��PDQDJHUV�DQG�JRYHUQPHQW�FRQVXOWDQWV��$UHD� RI� VFLHQWLILF� LQWHUHVWV� 0RUH� WKHQ� ��� SXEOLFDWLRQV�� 3UREOHP� VROYLQJ� PDQDJHPHQW� RI�FRPSOLFDWHG�V\VWHP�RI�FRQWUDGLFWLRQV��1HZ�75,=�HGXFDWLRQ� WHFKQRORJLHV�DQG� WKHLU� LPSOHPHQWDWLRQ�LQWR�H[LVWLQJ�V\VWHP�RI�HGXFDWLRQ�VLQFH�SUH�VFKRRO�DJH��(�PDLO��MO�SURMHFW#XVD�QHW+773���ZZZ�WUL]PLQVN�RUJ�ODE
$OH[DQGHU�6RNRO ERUQ�LQ�����75,=�([SHUW�����\HDUV�H[SHULHQFH�%$�LQ�(QJOLVK�3KLORORJ\��GXH�LQ�-XQH�������75,=�(GXFDWLRQ� ����������6��.UHLQLQD�	�7��.OHLPLKLQD������KRXUV��������± <�0XUDVKNRYN\�	�6�� ,YDQRY� ���� KRXUV��� ����� ± <�0XUDVKNRYVN\� 	� 0�5XELQ� ���� KRXUV��� ����� ± ,�9LNHQW\HY� ����KRXUV���75,=� ([SHULHQFH�� ���������� DVVLVWDQW� WHDFKHU� DW� <�0XUDVKNRYVN\¶V� VHPLQDUV� IRU� WHDFKHUV� RI�KXPDQLWLHV�� ���������� LQWURGXFWRU\� FRXUVHV� RQ� 75,=� IRU� YDULRXV� VHFRQGDU\� VFKRRO� DQG� FROOHJH�VWXGHQWV��)URP������HOHPHQWV�RI�75,=�VWDUWHG�WR�EH�LQFRUSRUDWHG�LQWR�D�FRXUVH�RI�*HQHUDO�(QJOLVK�$UHD�RI�VFLHQWLILF�UHVHDUFK��GHYHORSPHQW�RI DQ�LQWHJUDWHG�2760�75,=�(QJOLVK�&RXUVH�(�PDLO��VRNRO#WUL]�ULJD�OY
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