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RYHUGHVLJQ�ZLWKRXW�LQFXUULQJ�XQGXH�ULVN�
*HQHUDO7KH� ILQLWH� HOHPHQW� PHWKRG� LV� H[SHULHQFLQJ� LQFUHDVHG� XVH� LQRIIVKRUH� IRXQGDWLRQ� HQJLQHHULQJ�� � 7KLV� LQFUHDVH� LV� PRVWO\� LQFRQQHFWLRQ� ZLWK� VXFWLRQ� IRXQGDWLRQV� IRU� GHHS� ZDWHUDSSOLFDWLRQV�� � 7KH�PRVW� FRPPRQ� DSSOLFDWLRQV� RI� WKH�PHWKRGKDYH�EHHQ�WR�SURYLGH�LQVLJKW�LQWR�IRXQGDWLRQ�GHVLJQ�SDUDPHWHUVHOHFWLRQ� WKURXJK� HOXFLGDWLQJ� SHUIRUPDQFH� SKHQRPHQD� �H�J�6SDUUHYLN� ��������� WR� SHUIRUP� SDUDPHWULF� VWXGLHV� �H�J�=GUDYNRYLF� HW� DO�� �������� DQG� WR� SURYLGH� EHQFKPDUNV� IRUUHVXOWV�RI�HLWKHU�RWKHU�FDOFXODWLRQ�PHWKRGV��H�J���5DQGROSK�DQG+RXVH���������RU�FHQWULIXJH�WHVWLQJ��H�J��&OXNH\�DQG�0RUULVRQ��������� � 7KURXJK� DSSOLFDWLRQV� OLNH� WKHVH�� ILQLWH� HOHPHQWDQDO\VLV� FDQ�KHOS� WR� UHGXFH�XQFHUWDLQW\� LQ� WKH�GHVLJQ� SURFHVVE\�SURYLGLQJ�KLJKO\�DFFXUDWH�VROXWLRQV�WR�FRPSOH[� IRXQGDWLRQSUREOHPV�
7KH� ILQLWH� HOHPHQW� PHWKRG� LV� D� WHFKQLTXH� IRU� VROXWLRQ� RIPDWKHPDWLFDO� SUREOHPV� JRYHUQHG� E\� V\VWHPV� RI� SDUWLDOGLIIHUHQWLDO� HTXDWLRQV�� � ,W� FDQ� SURGXFH� FORVH� DSSUR[LPDWHVROXWLRQV� WR� SUREOHPV� ZLWK� KLJKO\� FRPSOH[� JHRPHWULHV�PDWHULDO� EHKDYLRUV� DQG� ERXQGDULHV� ZKLFK� ZRXOG� UHVXOW� LQKLJKO\� FRPSOH[� IHLOGZLVH� YDULDWLRQV� LQ� WKH�VROXWLRQ� YDULDEOHV�7KH� PHWKRG� DFFRPSOLVKHV� WKLV� E\� VXEGLYLGLQJ� WKH� VROXWLRQVSDFH�LQWR�PDQ\�SLHFHV��WKH�ILQLWH�HOHPHQWV��VXIILFLHQWO\�VPDOOWKDW� WKH� YDULDWLRQV� LQ� WKH� VROXWLRQ� YDULDEOHV� FDQ� EH� ZHOODSSUR[LPDWHG� ZLWKLQ� HDFK� E\� YHU\� VLPSOH� IXQFWLRQV�,PSOHPHQWDWLRQ�RI� WKH�PHWKRG�QXPHULFDOO\�RQ�PRGHUQ�GLJLWDOFRPSXWHUV� HQDEOHV� KLJKO\� DFFXUDWH� VROXWLRQV� ZLWK� H[WUHPHO\ODUJH� QXPEHUV� RI� VPDOO� HOHPHQWV�� $OO� RI� WKH� JRYHUQLQJHTXDWLRQV� DUH� WKHQ� VROYHG� RQ� DOO� RI� WKH� HOHPHQWV�� DQG� WKHHOHPHQWDO� VROXWLRQV� DUH� DVVHPEOHG� LQWR� WKH� VROXWLRQ� IRU� WKHZKROH��VXEMHFW�WR�FRPSDWLELOLW\�DQG�FRQWLQXLW\�UHTXLUHPHQWV�
7KH� PHWKRG� LV� SDUWLFXODUO\� ZHOO� VXLWHG� WR� SUREOHPV� LQ� VROLGPHFKDQLFV� EHFDXVH� WKH� HOHPHQW� IRUPXODWLRQV� DUH� PRVWVWUDLJKWIRUZDUG�ZKHQ�WKH�ERXQGDULHV�RI�WKH�HOHPHQWV�UHSUHVHQWPDWHULDO�VXUIDFHV���,Q�WKLV�DSSOLFDWLRQ���WKH�JRYHUQLQJ�HTXDWLRQVDUH�ODZV�RI�FODVVLFDO�PHFKDQLFV�DQG�DVVXPSWLRQV�RI�FRQWLQXXPPHFKDQLFV� �LQFOXGLQJ� FRQVWLWXWLYH� UHODWLRQV� IRU� � PDWHULDOEHKDYLRU��� DQG� FRPSOHWH� SUREOHPV� DUH� SRVHG� E\� DGGLQJ� WRWKHVH� WKH� VSHFLILFDWLRQ� RI� PDWHULDO� � SURSHUWLHV�� � ORDGV� DQGERXQGDU\� FRQGLWLRQV�� �7KH�PHWKRG� LV� HVSHFLDOO\� DWWUDFWLYH� IRU
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VRLO� PHFKDQLFV� DSSOLFDWLRQV� EHFDXVH� VRLOV� KDYH� PXFK� PRUHFRPSOH[� PDWHULDO� EHKDYLRU� WKDQ� PRVW� RWKHU� PDWHULDOV�� DQGRWKHU� DYDLODEOH� VROXWLRQ� PHWKRGV� XVXDOO\� UHTXLUH� PRUHUHVWULFWLYH�PDWHULDO�EHKDYLRU�DVVXPSWLRQV���:LWK�UHVSHFW�WR�WKHWUXH� VROXWLRQ� WR� D� SURSHUO\� SRVHG� ERXQGDU\� YDOXH� SUREOHP� LQVROLG�PHFKDQLFV��WDNHQ�DV�DQ�LGHDO��RQH�FDQ�JHQHUDOO\�REWDLQ�DILQLWH�HOHPHQW�VROXWLRQ�WKDW�LV�DV�FORVH�WR�WKH�LGHDO�DV�LV�GHVLUHG�VR� ORQJ� DV� RQH� FDQ� ZRUN� WKH� SUREOHP� ZLWKLQ� SURJUDPFDSDELOLWLHV� DQG� SD\� WKH� UHTXLUHG� DWWHQWLRQ� WR�PLQLPL]LQJ� WKHXQDYRLGDEOH�HUURUV�
,Q� PRGHUQ� ILQLWH� HOHPHQW� SURJUDPV�� DOO� RI� WKH� JRYHUQLQJHTXDWLRQV� DUH� XVXDOO\� VROYHG� H[DFWO\�� ZLWK� WKH� H[FHSWLRQ� RIQRQOLQHDU� PDWHULDO� EHKDYLRU� DQG� HTXLOLEULXP�� � (UURUVDVVRFLDWHG�ZLWK�DSSUR[LPDWLRQ�RI�QRQOLQHDU�PDWHULDO� EHKDYLRUDUH� QRUPDOO\� PLQLPL]HG� ZLWKLQ� WKH� SURJUDP� E\� LWHUDWLRQVXEMHFW�WR�YHU\�VWULFW�FULWHULD���7KH�DQDO\VW��WKHQ��FDQ�JHQHUDOO\REWDLQ�D� VROXWLRQ� RI� DQ\�GHVLUHG�DFFXUDF\� E\� HQVXULQJ�SURSHUVSHFLILFDWLRQ� RI� JHRPHWU\�� ORFDWLRQ� DQG� FRQGLWLRQV� IRU� ORDGVDQG� ERXQGDU\� FRQGLWLRQV�� PDWHULDO� � EHKDYLRU� DQG� SURSHUWLHVDQG�E\�PLQLPL]LQJ�HTXLOLEULXP�HUURUV�
7KH�PRVW� IXQGDPHQWDO� VRXUFH� RI� HTXLOLEULXP� HUURU� LQ� D� ILQLWHHOHPHQW�VROXWLRQ�LV�WKH�IDFW�WKDW�HTXLOLEULXP�LV�HQIRUFHG�RQO\�LQD� ZHDN� IRUP� �� RYHU� HDFK� HOHPHQW� DV� D� ZKROH� UDWKHU� WKDQ� DWHYHU\� SRLQW� LQ� WKH� VROXWLRQ� VSDFH�� � � ,Q� D� OLQHDU� DQDO\VLV�� WKLVVRXUFH�RI�HUURU�FDXVHV� WKH�PRGHO� WR�EH� WRR�VWLII�� WKDW� LV�� ORDGVZLOO�EH�WRR�KLJK�DW�DQ\�SDUWLFXODU�GLVSODFHPHQW��,Q�D�QRQOLQHDUDQDO\VLV��WKH�UHVXOWV�ZLOO� W\SLFDOO\�EH�WRR�VWURQJ��H�J���XOWLPDWHFDSDFLWLHV� ZLOO� EH� WRR� KLJK�� � +RZHYHU�� LQ� PRGHOV� ZLWKGLVSDUDWH�UHGXQGDQW� ORDG�SDWKV�� WKLV�VRXUFH�RI�HUURU�FDQ� UHVXOWLQ�XQUHDOLVWLFDOO\�ORZ�FDSDFLW\�LI�WKH�VWLIIHQLQJ�HIIHFW�WUDQVIHUVORDG� WR� D� SDWK� RI� LQKHUHQW� ZHDNQHVV�� 7KH� VL]H� RI� WKLV� HUURUGHSHQGV� RQ� WKH� ILQHQHVV� RI� WKH� PHVK� DQG� XSRQ� WKH� HOHPHQWIRUPXODWLRQ�� )RU� DQ\� SDUWLFXODU� FKRLFH� RI� HOHPHQW� W\SH�� WKHILQHU�WKH�PHVK��WKH�VPDOOHU�WKLV�HUURU��7KLV�HUURU�FDQ�DOZD\V�EHUHGXFHG�E\�PDNLQJ�WKH�PHVK�ILQHU��SDUWLFXODUO\�LQ�DUHDV�RI�KLJKJUDGLHQWV�LQ�WKH�VROXWLRQ��EXW�WKHUH�DUH�SUDFWLFDO�OLPLWV�RI�FRVW�VFKHGXOH� DQG� UHVRXUFHV�� � 7KLV� HUURU� FDQ� DOVR� EH� UHGXFHG�� IRUVRPH� SUREOHPV�� E\� HPSOR\PHQW� RI� HOHPHQW� W\SHV� WKDWLQFRUSRUDWH� KLJKHU� RUGHU� GLVSODFHPHQW� IXQFWLRQV�� 7KH� DQDO\VWFDQ� WHVW� UHODWLYH� SHUIRUPDQFH� RI� YDULRXV� HOHPHQW� W\SHVDYDLODEOH��FKRRVH�WKH�PRVW�HFRQRPLFDO�DGHTXDWHO\�SHUIRUPLQJHOHPHQW� DQG� XOWLPDWHO\� TXDOLI\� WKH� PHVK� ILQHQHVV� E\GHPRQVWUDWLQJ� LQVHQVLWLYLW\� RI� UHVXOWV� WR� PRGHO� FKDQJH� WR� DPHVK�WKDW�LV�ILQHU�WKDQ�QHFHVVDU\��HLWKHU�JOREDOO\�RU�LQ�WDUJHWHGUHJLRQV�� � 7KH� W\SH� RI� HTXLOLEULXP� HUURU� GLVFXVVHG� VR� IDU� LVLQKHUHQW� WR� WKH� ILQLWH� HOHPHQW� DSSUR[LPDWLRQ�� WKDW� LV�� HYHQ� DQH[DFW� VROXWLRQ� WR� WKH�GHILQHG� ILQLWH� HOHPHQW� SUREOHP� KDV� WKLVHUURU� ZLWK� UHVSHFW� WR� WKH� H[DFW� VROXWLRQ� IRU� WKH� XQGHUO\LQJFRQWLQXXP� SUREOHP�� � ,Q� D� OLQHDU� DQDO\VLV� WKLV� LQKHUHQWHTXLOLEULXP�HUURU�LV�W\SLFDOO\�WKH�RQO\�W\SH�RI�HTXLOLEULXP�HUURUHQFRXQWHUHG� EHFDXVH� D� OLQHDU� ILQLWH� HOHPHQW� SUREOHP� FDQ� EHVROYHG�H[DFWO\�
,Q�D�QRQOLQHDU�DQDO\VLV�� WKH�QRQOLQHDU� QDWXUH�RI� WKH�JRYHUQLQJHTXDWLRQV�XVXDOO\�QHFHVVLWDWHV�DQ�DSSUR[LPDWLRQ�LQ�WKH�VROXWLRQ

RI� WKH� ILQLWH� HOHPHQW� SUREOHP� LWVHOI�� � 7KH� UHVXOW� RI� WKLV� LV� DQHTXLOLEULXP� HUURU� DVVRFLDWHG� ZLWK� DQ� LPEDODQFH� RI� UHVLGXDOIRUFHV�DW�WKH�QRGHV���7KH�QRGHV�DUH�WKH�SRLQWV�LQ�VROXWLRQ�VSDFHDW� ZKLFK� FRQWLQXLW\� EHWZHHQ� HOHPHQWV� LV� HQIRUFHG�� DQGHTXLOLEULXP�UHTXLUHV�D�EDODQFH�RI� LQWHUQDO� DQG�H[WHUQDO� IRUFHVDW�HDFK�DQG�HYHU\�QRGH���7KLV�VROXWLRQ�HTXLOLEULXP�HUURU�FDQ�EHPLQLPL]HG�E\�PLQLPL]LQJ�WKH�LQFUHPHQW�VL]H�LQ�DQ�LQFUHPHQWDOVROXWLRQ� DQG�RU� E\� WDNLQJ� DQ� LWHUDWLYH� DSSURDFK� WR� WKHDFKLHYHPHQW� RI� DFFHSWDEOH� VROXWLRQ� IRU� HDFK� LQFUHPHQW�:LWKRXW�LWHUDWLRQ��WKH�DQDO\VW�VKRXOG�LQVSHFW�WKH�HUURUV�RI� WKLVW\SH� DV� UHSRUWHG� E\� WKH� SURJUDP� DQG� HLWKHU� DFFHSW� WKHP� RUUHUXQ�WKH�DQDO\VLV�ZLWK� VPDOOHU� LQFUHPHQWV�� �:LWK�DQ� LWHUDWLYHVROXWLRQ�WHFKQLTXH��WKH�XVHU�FDQ�VSHFLI\�D�WROHUDQFH�RQ�VROXWLRQHUURU�� DQG� WKH� SURJUDP� ZLOO� LWHUDWH� XQWLO� WKH� WROHUDQFH� LVVDWLVILHG�RU�HQG�IRU�LQDELOLW\�WR�DFKLHYH�D�VDWLVIDFWRU\�VROXWLRQ�
:LWK� RQO\� PRGHUDWH� DWWHQWLRQ� WR� WKHVH� VROXWLRQ� DFFXUDF\GHWDLOV�� ILQLWH� HOHPHQW� UHVXOWV� PD\� RIWHQ� EH� DFKLHYHG� ZLWKHUURUV�RI� �����RU������ � �6XFK�HUURUV�PD\� EH�DFFHSWDEOH� LQ�DVLWXDWLRQ�ZKHUH�WKHUH�LV�QR�LPSRUWDQW�HQJLQHHULQJ�FRQVHTXHQFHRI�VXFK�OHYHOV�RU�ZKHQ�VXIILFLHQW�FRQVHUYDWLVP�FDQ�EH�DSSOLHGWR�FRYHU�WKH�XQFHUWDLQW\���,Q�FULWLFDO�DSSOLFDWLRQV��RQ�WKH�RWKHUKDQG�� WKH� HUURUV� LQ� ILQLWH� HOHPHQW� DQDO\VLV� UHVXOWV� FDQ� EHUHGXFHG� WR� WUXO\� LQVLJQLILFDQW� OHYHOV� WKURXJK� VXIILFLHQWDWWHQWLRQ�WR�HUURU�PLQLPL]DWLRQ�
([DPSOHV,Q� WKH� IROORZLQJ�� UHVXOWV� DUH� SUHVHQWHG� IURP� ILQLWH� HOHPHQWDQDO\VHV� RI� WKH� IRXQGDWLRQ� SHUIRUPDQFH� RI� VXFWLRQ� SLOHV� DQGFDLVVRQV�� � )LJXUH� �� VKRZV� WKH� W\SLFDO� FRQILJXUDWLRQ� IRU� WKHILQLWH� HOHPHQW� PHVK� XVHG�� � %RWK� WKH� SLOH� DQG� FDLVVRQ� FDVHVLQYROYHG� DSSOLFDWLRQV� DV� PRRULQJ� DQFKRUV�� � 7KH� RQO\VLJQLILFDQW� GLVWLQFWLRQ� EHWZHHQ� SLOH� DQG� FDLVVRQ� ZDV� UHODWLYHJHRPHWU\���7KH�UDWLR�RI�HPEHGGHG�OHQJWK�WR�GLDPHWHU�ZDV���WR���LQ�WKH�FDVH�RI�WKH�SLOH�DQG���WR���LQ�WKH�FDVH�RI� WKH�FDLVVRQ�8VLQJ� � PHVK� FRQILJXUDWLRQV� VXFK� DV� VKRZQ� LQ� ILJXUH� ��VROXWLRQ� DFFXUDF\� ZDV� H[SORUHG� ZLWK� ERWK� ILUVW� RUGHU� DQGVHFRQG�RUGHU�HOHPHQW�W\SHV�DQG�ZLWK�PRGHO�VL]HV�UDQJLQJ�IRUPDSSUR[LPDWHO\�������WR�RYHU��������GHJUHHV�RI�IUHHGRP���:LWKUHODWLYHO\� XQLIRUP� HOHPHQW� VL]HV�� DW� OHDVW� ������� GHJUHHV� RIIUHHGRP�ZHUH�JHQHUDOO\� UHTXLUHG� IRU� DFKLHYHPHQW�RI� DFFXUDWHUHVXOWV�� EXW� ZLWK� VLJQLILFDQW� PHVK� UHILQHPHQW� LQ� WKH� DUHDV� RIKLJK� VROXWLRQ�JUDGLHQWV��������GHJUHHV�RI� IUHHGRP�ZHUH�RIWHQVXIILFLHQW�
%RWK� WKH� SLOH� DQG� WKH� FDLVVRQ� FDVHV� ZHUH� DQDO\]HG� IRU� VRLOVWUHQJWK� SURILOHV� KDYLQJ� VPDOO� EXW� ILQLWH� VWUHQJWK� DW� WKHPXGOLQH� DQG� OLQHDU� LQFUHDVH� RI� VWUHQJWK� ZLWK� GHSWKUHSUHVHQWDWLYH�RI�FRPPRQ�RIIVKRUH�QRUPDOO\�FRQVROLGDWHG�FOD\VLWHV�� �2WKHU�FRPPRQ� FKDUDFWHULVWLFV� RI� WKH� DQDO\VHV� IRU� ERWKFDVHV�LQFOXGHG�WKH�IROORZLQJ�
x 7RWDO� VWUHVV� DQDO\VHV� VLPXODWLQJ� XQGUDLQHG� FRQGLWLRQVZHUH�SHUIRUPHG�x 7KLV� VRLO� ZDV� PRGHOHG� DV� DQ� HODVWLF�SODVWLF� PDWHULDO�$QDO\VHV�ZHUH�SHUIRUPHG�ERWK�IRU�HODVWLF�SHUIHFWO\�SODVWLF
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DVVXPSWLRQV� DQG� IRU� D� ZRUN�KDUGHQLQJ� PDWHULDO� ZLWK� DQDSSUR[LPDWHO\� K\SHUEROLF� VWUHVV�VWUDLQ� UHODWLRQVKLSDFKLHYLQJ� D� PD[LPXP� VWUHQJWK� DW� ��� �D[LDO�� VWUDLQ�� � $GLVWLQFWO\�GLIIHUHQW�PD[LPXP�VKHDU�VWUHQJWK�ZDV�DVVLJQHGWR� HDFK� PRGHOHG� VRLO� OD\HU�� DFFRUGLQJ� WR� WKH� SUHVFULEHGOLQHDU� VWUHQJWK� SURILOH�� � 7KH� SODVWLF� \LHOG� IXQFWLRQ� XVHGKDG�D�0LVHV�FULWHULRQ�LQ�WKH�SL�SODQH���7KH�HIIHFWV�RI�VWUHVVVSDFH�DQLVRWURS\�ZHUH�VWXGLHG�SDUDPHWULFDOO\�x 7KH�VRLO�LQVLGH�RI�WKH�SLOH�ZDV�PRGHOHG��DV�ZHOO�DV�WKDW�RQWKH� RXWVLGH�� �$� QR�VOLS� FRQGLWLRQ� ZDV� WDNHQ� EHWZHHQ� WKHLQVLGH� VXUIDFH�RI� WKH� FDLVVRQ� DQG� WKH� DGMDFHQW� VRLO�� �7KLVDSSUR[LPDWHG� WKH�FRQGLWLRQ�RI� WKH� VXFWLRQ� DERYH� WKH� VRLOSOXJ�EHLQJ�VXIILFLHQW� WR�SUHYHQW�VOLS�DW� WKH� LQVLGH�FDLVVRQVXUIDFH�� )ULFWLRQ� DVVXPSWLRQV� RQ� WKH�RXWVLGH� SLOH� VXUIDFHZHUH� YDULHG� IURP� D� �IULFWLRQOHVV�� VOLS� FRQGLWLRQ� WR� D� WLHG�QR�VOLS��FRQGLWLRQ�x $QDO\VHV�ZHUH�SHUIRUPHG�ERWK�IRU�VPDOO�GHIRUPDWLRQ�DQGODUJH� GHIRUPDWLRQ� DVVXPSWLRQV�� � 7KH� XVH� RI� ODUJHGHIRUPDWLRQ� DVVXPSWLRQV� HQDEOHG� FRUUHFW� VROXWLRQV� LQUHJDUG�WR�ODUJH�VWUDLQ�HIIHFWV��ODUJH�URWDWLRQ�HIIHFWV�DQG�WKHHIIHFWV� RI� ODUJH� GLVSODFHPHQWV�� VXFK� DV� ORDG� SRLQWPRYHPHQW�x 1HLWKHU� WKH� ZHLJKW� RI� WKH� VRLO� QRU� WKH� ZHLJKW� RI� WKHFDLVVRQ�ZDV�PRGHOHG�VSHFLILFDOO\�

7KH�VXFWLRQ�SLOH�PRGHOHG�ZDV� D� ���IW� ORQJ�E\����IW� GLDPHWHUSLOH� LQ�QRUPDOO\� FRQVROLGDWHG� FOD\� FRQGLWLRQV� FRPPRQ� WR� WKH*XOI� RI�0H[LFR�� � 7KH� SLOH� ZDV� ORDGHG� DV� D� PRRULQJ� DQFKRUZLWK� D� ORDG� DWWDFKPHQW� SRLQW� DW� D� ���P� SHQHWUDWLRQ� DQG� DW� DORDG�HOHYDWLRQ�DQJOH�RI����GHJUHHV�� �7KLV�FDVH�ZDV� FKRVHQ� WRFRUUHVSRQG�WR�WKH�6WUDZ�3UREOHP�RI�WKH�2IIVKRUH�7HFKQRORJ\5HVHDUFK�&HQWHU¶V������6XFWLRQ�)RXQGDWLRQ�ZRUNVKRS���2WKHUVSHFLILF� GHWDLOV� RI� WKH� SUREOHP� ZHUH� WDNHQ� IURP� *LOEHUW� DQG0XUII��������
7KLV�SLOH�SUREOHP�ZDV�VROYHG�XVLQJ�WZR�GLIIHUHQW�FRPPHUFLDOILQLWH� HOHPHQW� FRPSXWHU� SURJUDPV�� � )LJXUH� �� VKRZV� ORDG� YV�GLVSODFHPHQW� UHVXOWV� REWDLQHG� ZLWK� 3URJUDP� $�� � 7KLV� ILJXUHSUHVHQWV� FRPSDULVRQV� VKRZLQJ� WKH� VHQVLWLYLW\� RI� UHVXOWV� WRPHVK�VL]H�DQG�HOHPHQW�VHOHFWLRQ�DQG�WR�WKH�QDWXUH�DQG�ORFDWLRQRI� ERXQGDU\� FRQGLWLRQV�� � 5HVXOWV� IRU� FDVHV� ZLWK� DQG� ZLWKRXWWKH�XVH�RI�LQILQLWH�HOHPHQWV�DW�WKH�RXWVLGH�VRLO�ERXQGDULHV�ZHUHYLUWXDOO\�LGHQWLFDO���9HU\�QHDUO\�WKH�VDPH�UHVXOWV�ZHUH�REWDLQHGXVLQJ�DQ�������GHJUHH�RI�IUHHGRP�PHVK�RI�ILUVW�RUGHU�HOHPHQWVDQG� D� �������GHJUHH� RI� IUHHGRP� PHVK� RI� VHFRQG� RUGHUHOHPHQWV�� �7KH� DJUHHPHQW�REWDLQHG� LQGLFDWHV� WKDW� WKH� VPDOOHUPHVK�LV�VDWLVIDFWRU\�LQ�WKLV�FDVH�
)LJXUH� �� SUHVHQWV� D� FRPSDULVRQ� RI� UHVXOWV� REWDLQHG� ZLWK3URJUDP� $� DQG� 3URJUDP� %� IRU� ERWK� VPDOO� GHIRUPDWLRQ� DQGODUJH� GHIRUPDWLRQ� DVVXPSWLRQV�� � 7KH� VDPH� PHVK� DQG� VRLOSURSHUWLHV� ZHUH� XVHG� ZLWK� ERWK� SURJUDPV�� EXW� WKH� PDWHULDOEHKDYLRU� FRQYHUJHQFH� WROHUDQFHV� DQG�VWUDWHJLHV�� WKH�QRQOLQHDUVROXWLRQ�HTXLOLEULXP�FULWHULD�DQG�VWUDWHJLHV��WKH�LQFUHPHQWDWLRQDQG� WKH� WKHRUHWLFDO� DSSURDFKHV� WR� LQFRUSRUDWLQJ� ODUJHGHIRUPDWLRQ�HIIHFWV�DUH�DOO�HQWLUHO\�GLIIHUHQW����7KH�UHPDUNDEOH

DJUHHPHQW� EHWZHHQ� WKH� VROXWLRQV� IURP� WKH� WZR� SURJUDPVLQGLFDWHV� WKDW�WKHVH�VROXWLRQV�DUH�DOO�KLJKO\�DFFXUDWH� LQ� UHJDUGWR� PDWHULDO� QRQOLQHDULW\� DSSUR[LPDWLRQ� HUURUV�� WR� QRQOLQHDUVROXWLRQ� HTXLOLEULXP� HUURUV� DQG� DOVR� WR� HUURUV� GXH� WRDSSUR[LPDWLRQV�LQ�WKH�ODUJH�GHIRUPDWLRQ�VROXWLRQ�VWUDWHJLHV�
$OVR� VKRZQ� RQ� ILJXUH� �� LV� WKH� FDSDFLW\� DGMXVWHG� IRUP� WKH:RUNVKRS� VROXWLRQ� IRU� WKLV� SUREOHP�� 7KH� XQIDFWRUHG:RUNVKRS�VROXWLRQ��*LOEHUW�DQG�0XUII���������ZDV�DGMXVWHG�WRHOLPLQDWH�SLOH� DQG� VRLO�ZHLJKWV�� WDNH� DQ� HQG� EHDULQJ� FDSDFLW\IDFWRU�RI�����DQG�DVVXPH�FDSDFLW\�LV�SULPDULO\�OLPLWHG�E\�D[LDOUDWKHU�WKDQ�ODWHUDO�SHUIRUPDQFH���7KH�OHYHO�RI�DJUHHPHQW�RI�WKHILQLWH�HOHPHQW�VROXWLRQ�OLPLW�ORDGV�ZLWK�WKLV�FDOFXODWHG�FDSDFLW\LV� FRPIRUWLQJ�� EXW� LW� VKRXOG� SUREDEO\� EH� UHJDUGHG� DV� DIRUWXLWRXV� UHVXOW� RI� WKH� FRPELQDWLRQ� RI� WKH� HIIHFWV� RI� YDULRXVGLIIHUHQFHV�LQ�SUREOHP�DVVXPSWLRQV�
7KH�SXUSRVH�RI�WKH�DQDO\VHV�SHUIRUPHG�IRU�WKH�FDLVVRQ��ZDV�WRGHWHUPLQH� H[SHFWHG� VHQVLWLYLW\� RI� WKH� FDLVVRQ� SHUIRUPDQFH� WRWKH� ORFDWLRQ� RI� WKH� ORDG� DWWDFKPHQW� SRLQW� DQG� WR� SRVVLEOHYDULDWLRQV�LQ�WKH�H[WHUQDO�VNLQ�IULFWLRQ��DOO�IRU�D�ORDG�HOHYDWLRQDQJOH�RI� ���GHJUHHV�� �$OO� RI� WKH�DQDO\VHV� IRU� WKLV� VWXG\�ZHUHSHUIRUPHG�XVLQJ�3URJUDP�$�ZLWK�D��������GHJUHH�RI�IUHHGRPPHVK��ILUVW�RUGHU�HOHPHQWV��LQILQLWH�HOHPHQWV�DW�WKH�VRLO�RXWVLGHERXQGDULHV�DQG�ODUJH�GHIRUPDWLRQ�DVVXPSWLRQV�
7KH� UHVXOWV� IRU� ORDG� YV�� GLVSODFHPHQW� SHUIRUPDQFH� RI� WKHFDLVVRQ�ZHUH�VHQVLWLYH�WR�ERWK�WKH�DQFKRU�SRLQW�SHQHWUDWLRQ�DQGWKH�DVVXPHG�IULFWLRQ� FRQGLWLRQ�RQ� WKH�FDLVVRQ¶V�RXWHU�VXUIDFH�7KH�PRVW� IDYRUDEOH�IULFWLRQ�DVVXPSWLRQ� LQFUHDVHG�FDSDFLW\�E\DSSUR[LPDWHO\� ����� 7KLV� PRGHOLQJ� DVVXPSWLRQ� LV� UHODWHG� WRWKH� GHJUHH� RI� SRVW�LQVWDOODWLRQ� VHW�XS�� D� SDUDPHWHU� WKDW� RIWHQFDQQRW�EH�SUHGLFWHG�DFFXUDWHO\���&DSDFLW\�ZDV�OHVV�VHQVLWLYH�WRYDULDWLRQV� LQ� WKH� SHQHWUDWLRQ� RI� WKH� DQFKRU� DWWDFKPHQW� SRLQW�:LWK�QR�IULFWLRQ�RQ�WKH�FDLVVRQ�RXWHU�VXUIDFH��DQ�DQFKRU�SRLQWDWWDFKPHQW� DW� D� SHQHWUDWLRQ� ������RI� WKH� FDLVVRQ� SHQHWUDWLRQSURGXFHG� WKH�JUHDWHVW� FDSDFLW\�� EXW� DQFKRU� SRLQW� SHQHWUDWLRQVUDQJLQJ�IURP�����WR�����RI�WKH�FDLVVRQ�SHQHWUDWLRQ�SURGXFHGFDSDFLWLHV�ZLWKLQ����RI�WKDW�PD[LPXP�
)LJXUHV���WKURXJK���SUHVHQW�SORWV�RI�SODVWLF�VWUDLQ�FRQWRXUV�DWSXOORXW� IRU� WKH� IRXU� DQDO\VHV� ZLWK� YDULRXV� DQFKRU� DWWDFKPHQWSRLQW�SHQHWUDWLRQV��ZLWK�WKH�VOLS��QR�IULFWLRQ��FRQGLWLRQ�RQ�WKHFDLVVRQ�RXWHU�VXUIDFH�� �7KH�FRQWRXU�SORWV�DUH�DOO�SUHVHQWHG�RQGHIRUPHG� PHVK� SORWV� WKDW� FOHDUO\� GLVSOD\� WKH� SDWWHUQV� RIGLVSODFHPHQW� IRU� ERWK� WKH� FDLVVRQ� DQG� WKH� VRLO�� � 7KH� SODVWLFVWUDLQ� YDULDEOH� FRQWRXUHG� LQ� WKHVH� SORWV� LV� WKH� PDJQLWXGH� RISODVWLF� VWUDLQ�� D� VFDODU� LQYDULDQW� RI� SODVWLF� VWUDLQ� WKDW� LVFRQMXJDWH�WR�WKH�0LVHV�VWUHVV�� �7KH�YDOXH�RI� WKLV�SODVWLF�VWUDLQYDULDEOH� LQGLFDWHV� WKH� VHYHULW\� RI� SODVWLF� GHIRUPDWLRQ� DW� DQ\ORFDWLRQ��DQG�LWV�FRQWRXU�SORWV�VKRZ� WKH�VSDWLDO�GLVWULEXWLRQ�RIWKH� H[WHQW� RI� VRLO� \LHOGLQJ�� � )LJXUH� �� VKRZV� WKH�SODVWLF� VWUDLQFRQWRXUV� IRU� WKH� FDVH� RI� WKH� VKDOORZHVW� DQFKRU� DWWDFKPHQWSRLQW�SHQHWUDWLRQ������RI�WKH�HPEHGGHG�OHQJWK����,Q�WKLV�FDVH�WKH� D[LV� RI� WKH� FDLVVRQ� WLOWV� VLJQLILFDQWO\� WRZDUG� WKH� DQFKRUORDG� OLQH��DQG� WKH�JUHDWHVW� VRLO�\LHOGLQJ� LV�FRQFHQWUDWHG� LQ� WKHZHDNHU� VRLOV� QHDU� WKH�PXGOLQH�� � )LJXUH� �� VKRZV� WKH� FRQWRXUV
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IRU�WKH�FDVH�RI�WKH�DQFKRU�DWWDFKPHQW�SRLQW�DW�D�SHQHWUDWLRQ�RI���� RI� WKH� HPEHGGHG� OHQJWK�� � ,Q� WKLV� FDVH�� WKHUH� LV� OLWWOHFDLVVRQ� WLOW�� DQG� WKH� VRLO� \LHOGLQJ� LV� GLVWULEXWHG� UDWKHUXQLIRUPO\�DORQJ�WKH�FDLVVRQ���)LJXUH���VKRZV�WKH�SODVWLF�VWUDLQFRQWRXUV� IRU� WKH� FDVH� RI� WKH� ���� DQFKRU� DWWDFKPHQW� SRLQWSHQHWUDWLRQ�� � ,Q� WKLV�FDVH�� WKH�D[LV� RI� WKH�FDLVVRQ� WLOWV� VOLJKWO\DZD\�IURP�WKH�DQFKRU�ORDG�OLQH��DQG�WKH�JUHDWHVW�VRLO�\LHOGLQJLV�FRQFHQWUDWHG�QHDU�WKH�ERWWRP�RI�WKH�FDLVVRQ���)LJXUH���VKRZVWKH� SODVWLF� VWUDLQ� FRQWRXUV� IRU� WKH� FDVH� RI� WKH� ���� DQFKRUDWWDFKPHQW� SRLQW� SHQHWUDWLRQ�� � ,Q� WKLV� FDVH�� WKH� D[LV� RI� WKHFDLVVRQ�WLOWV�VLJQLILFDQWO\�DZD\�IURP�WKH�DQFKRU�ORDG�OLQH���7KHJUHDWHVW� VRLO� \LHOGLQJ� LQ� WKLV� FDVH� LV� FRQFHQWUDWHG� QHDU� WKHERWWRP�RI�WKH�FDLVVRQ��EXW�WKHUH�LV�DOVR�D�UHJLRQ�RI�VLJQLILFDQWVRLO� \LHOGLQJ�QHDU� WKH�PXGOLQH��ZKHUH� WKH� VRLO� LV� UHVLVWLQJ� WKHUHYHUVH�GLUHFWLRQ�GLVSODFHPHQW�RI�WKH�WRS�RI�WKH�FDLVVRQ�
7KH�DQDO\VHV� UHODWHG� WR� ILJXUHV� �� WKURXJK���GLG�QRW� DOORZ� IRUVRLO�VHSDUDWLRQ�IURP�WKH�FDLVVRQ��KRZHYHU��VRPH�RI�WKH�UHVXOWVLQGLFDWH� WKDW� VHSDUDWLRQ� FRXOG� EH� SURPRWHG�� � )LJXUH� �� VKRZVVLPLODU� UHVXOWV� IRU� D� SLOH� FDVH� FRQGXFWHG� ZLWK� DOORZDQFH� IRUVHSDUDWLRQ� DQG� ZLWK� DVVXPSWLRQV� WR� SURPRWH� PD[LPXPVHSDUDWLRQ�� ORDGLQJ�DERYH�WKH�SLOH�PLGSRLQW�DQG�QR�EHQHILFLDOHIIHFW�RI�GHHS�ZDWHU�K\GURVWDWLF�SUHVVXUH���7KH�UHVXOWV�VKRZHGPLQLPDO� VHSDUDWLRQ�� DQG� WKH� HIIHFW� RQ� FDSDFLW\� ZDV� HQWLUHO\QHJOLJLEOH���7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�FRPPRQ�SUDFWLFH�RIDOORZLQJ� IRU� VHSDUDWLRQ� HIIHFWV� E\� GLVDOORZLQJ� DOO� ODWHUDOUHDFWLRQ�RQ�WKH�WUDLOLQJ�VLGH�RI�WKH�SLOH��VHH�*LOEHUW�DQG�0XUII��������PD\�E\�RYHUO\�FRQVHUYDWLYH�
&ROOHFWLYHO\�WKHVH�UHVXOWV�SURYLGH�DQ�H[FHOOHQW�H[DPSOH�RI� WKHDELOLW\�RI� ILQLWH� HOHPHQW� DQDO\VLV� WR�HOXFLGDWH� WKH�SKHQRPHQD�ZKLFK�FDQ�RFFXU�LQ�VXFWLRQ�IRXQGDWLRQ�SHUIRUPDQFH�
&RQFOXVLRQV,Q�YLHZ�RI� WKH�UHVXOWV�DQG�GLVFXVVLRQV�SUHVHQWHG� LW� WKLV�SDSHU�ZH� FRQFOXGH� WKDW� WKH� PRVW� LPSRUWDQW� UROH� RI� ILQLWH� HOHPHQWDQDO\VLV� LQ� WKH� GHVLJQ� RI� VXFWLRQ� SLOH� IRXQGDWLRQV� LV� RQH� RI(QOLJKWHQPHQW�� � %\� WKLV� WHUP� UHIHUHQFH� LV� PDGH� QRW� WR� WKHSRSXODUO\�UHFRJQL]HG�(QOLJKWHQPHQW�RI�WKH���WK�FHQWXU\��$'�EXW� UDWKHU� WR� WKDW� RI� WKH� IRXUWK� DQG� ILIWK� FHQWXU\� �$'�SKLORVRSKHU��$XJXVWLQH�RI�+LSSR���$XJXVWLQH�ZDV�D�VWXGHQW�RIWKH�SKLORVRSK\�RI�3ODWR���$FFRUGLQJ�WR�&RUQIRUG���������3ODWRKDG� LGHQWLILHG� D� KLHUDUFK\� RI� OHYHOV� IRU� WKH� DFFHVVLELOLW\� RIWKLQJV� DQG� LQYHUVHO\� UHODWHG� OHYHOV� RI� SHUIHFWLRQ� �LQ� WHUPV� RIFODULW\��FHUWDLQW\��WUXWK��HWF���� � ,Q�3ODWR¶V�KLHUDUFK\��WKH�ORZHVWOHYHO� RI� SHUIHFWLRQ� LV� DVVRFLDWHG� ZLWK� LPDJHV� RI� �SK\VLFDO�REMHFWV��ZKLFK�H[LVW�DW�WKH�KLJKHVW�OHYHO�RI�DFFHVVLELOLW\���1H[WLQ� WKH� KLHUDUFKLFDO� RUGHU� DUH� WKH� REMHFWV� WKH� WKHPVHOYHVIROORZHG�� LQ� WXUQ��E\�PDWKHPDWLFDO� REMHFWV� DQG� �LGHDO�� IRUPV�)RU�3ODWR��WKH�SXUVXLW�RI�KLJKHU�DQG�KLJKHU�OHYHOV�RI�SHUIHFWLRQLQ�VWDWHV�RI�PLQG�LQYROYHG�SURJUHVVLRQ�RI�REVHUYDWLRQV�WKURXJKHDFK� RI� WKHVH� OHYHOV� IURP� LPDJLQDWLRQ� �LPDJHV�� WR� EHOLHI�WKURXJK� REVHUYDWLRQ� RI� REMHFWV�� WR� WKLQNLQJ� �H�J��PDWKHPDWLFV�� WR� NQRZOHGJH� �LGHDO� IRUPV��� � $XJXVWLQH� �����UHDOL]HG� WKDW� MXVW� DV� 3ODWR¶V� REVHUYDWLRQV� LQ� WKH�YLVLEOH�ZRUOGQHHGHG�WR�EH�HQDEOHG�E\�,OOXPLQDWLRQ��VR�DOVR�WKH�REVHUYDWLRQVLQ� WKH� LQWHOOLJLEOH� ZRUOG� UHTXLUHG� D� FRUUHVSRQGLQJ

(QOLJKWHQPHQW�� � ,I� ZH� DSSO\� WKLV� SKLORVRSK\� WR� WKH� FDVH� RI�VXFWLRQ��SLOH�SHUIRUPDQFH�� WKH�SHUIRUPDQFH�RI� DQ� DFWXDO� SLOHLV�WKH�SK\VLFDO�WKLQJ�LQ�TXHVWLRQ���7HVWV��PRGHO�RU�ILHOG��RI�SLOHSHUIRUPDQFH� SOD\� WKH� UROH� RI� WKH� LPDJHV�� � $Q� LGHDOL]HGSUREOHP� LQ�FODVVLFDO� VROLG�PHFKDQLFV� LV� WKH� LGHDO� IRUP�� DQG�DPDWKHPDWLFDO� SUREOHP� ZLWK� UHTXLVLWH� DVVXPSWLRQVDSSUR[LPDWLQJ�WKH�PHFKDQLFV�SUREOHP�FRPSOHWHV�WKH�VHW�
%HFDXVH� RI� LW¶V� DELOLW\� WR� KDQGOH� FRPSOH[� GHWDLOV� ZLWK� IHZUHVWULFWLYH�DVVXPSWLRQV��WKH�ILQLWH�HOHPHQW�PHWKRG�ERWK�DOORZVWKH� FRQVLGHUDWLRQ� RI� DQ� H[WUHPHO\� UHDOLVWLF� LGHDOL]HG� SUREOHPDQG�HQDEOHV�HPSOR\PHQW�RI�PDWKHPDWLFDO�SUREOHPV�H[WUHPHO\FORVH�WR�WKH�LGHDOL]HG�VROLG�PHFKDQLFV�SUREOHP���7KURXJK�WKHVHDGYDQWDJHV��DQG�WKURXJK�LWV� LQKHUHQW�DELOLW\� WR�SURGXFH�UHVXOWVLQ� IRUPV� WKDW� JUDSKLFDOO\� HOXFLGDWH� SKHQRPHQD�� WKH� ILQLWHHOHPHQW�PHWKRG�FDQ�SURYLGH� WKH�(QOLJKWHQPHQW�QHFHVVDU\� IRUWKH�DFKLHYHPHQW�RI�YHU\�KLJK�OHYHO�RI�FHUWDLQW\�DQG�NQRZOHGJHLQ�WKH�LQWHOOLJLEOH�ZRUOG�
0RVW� FXVWRPDU\� HQJLQHHULQJ� IRU� RIIVKRUH� SLOH� IRXQGDWLRQV� LVEDVHG� RQ� PDWKHPDWLFDO� FDOFXODWLRQV� WUXWKHG� E\� FKHFNV� ZLWKHPSLULFDO�GDWD�ERWK�IURP�VXFFHVVIXO�ILHOG�H[SHULHQFH�DQG�IURPWHVWV� RI� SLOH� SHUIRUPDQFH�� � *RRG� HQJLQHHULQJ� GHVLJQ� DOZD\VLQYROYHV� WKH�DSSOLFDWLRQ�RI� D� OHYHO�RI� FRQVHUYDWLVP�FRQVLVWHQWZLWK� WKH� OHYHO� RI� FHUWDLQW\� LQ� WKH� PHWKRGV� DQG� GDWD� EHLQJDSSOLHG�� � ,Q� WKH� SUHVHQW� FRQQHFWLRQ�� WKLV� OHYHO� RI� FHUWDLQW\� LVOLPLWHG� E\� WKH� FORVHQHVV� ZLWK� ZKLFK� ERWK� WKH� HPSLULFDOVLWXDWLRQV�DQG�WKH�PDWKHPDWLFDO�DVVXPSWLRQV�FDQ�DSSURDFK�WKHDFWXDO� SLOH� FDVH�� � 6LQFH� FXUUHQWO\� DGYRFDWHG� RIIVKRUH� VXFWLRQSLOH� IRXQGDWLRQV� DUH�� LQ� ERWK� VL]H� DQG� IXQFWLRQ�� OHVV� FORVHO\FRQQHFWHG� WR� WKH� UHOHYDQW� HPSLULFDO� GDWD� EDVH�� WKH� RQO\� ZD\WKDW� WKH� RYHUDOO� FHUWDLQW\� LQ� WKHLU� IRXQGDWLRQ� HQJLQHHULQJ� FDQEH� PDLQWDLQHG� DW� D� OHYHO� FRQVLVWHQW� ZLWK� FXVWRPDU\� RIIVKRUHSUDFWLFH� LV� WKURXJK� WKH� HPSOR\PHQW� RI� LGHDOL]DWLRQV� DQGPDWKHPDWLFDO� VROXWLRQ� PHWKRGV� WKDW� UHIOHFW� UHDOLW\� PRUHFORVHO\�WKDQ�GR�WKRVH�WKDW�KDYH�EHHQ�XVHG�WUDGLWLRQDOO\���)LQLWHHOHPHQW�DQDO\VLV�FDQ�ILOO�WKLV�QHHG�
$FNQRZOHGJHPHQWV7KH�DXWKRU�ZLVKHV� WR�DFNQRZOHGJH�WKH�FRQWULEXWLRQV�RI�PDQ\RWKHUV�WR�WKH�ZRUN�UHSRUWHG�KHUH�
)UDQFHV� %LHJOHU� RI� 6$*(� (QJLQHHULQJ� SURGXFHG� WKH� ILQLWHHOHPHQW� PRGHOV� DQG� � FRQWULEXWHG� WR� WKH� SHUIRUPDQFH� RI� WKHDQDO\VHV�
7KH�DQDO\VHV�DVFULEHG�WR�3URJUDP�$�ZHUH�SUHIRUPHG�ZLWK�WKH$%$486�SURJUDP�IURP�+LEELWW��.DUOVVRQ�DQG�6RUHQVHQ��,QF�7KH�DQDO\VHV�DVFULEHG�WR�3URJUDP�&�ZHUH�SHUIRUPHG�ZLWK� WKH6$*(� &5,63� SURJUDP� IURP� 6$*(� (QJLQHHULQJ� DQG� WKH&5,63�&RQVRUWLXP��/WG�
7KH�UHVXOWV�SUHVHQWHG�KHUH�IRU�WKH�VHQVLWLYLW\�RI�VXFWLRQ�FDLVVRQSHUIRUPDQFH�WR�VNLQ� IULFWLRQ� FRQGLWLRQV�DQG� WR� ORFDWLRQ�RI� WKHDQFKRU� SRLQW�ZHUH� GHYHORSHG� IRU� XVH� E\� 6$*(�(QJLQHHULQJ�6$�19� �QRZ� 7KDOHV� *HRVROXWLRQV� �%HOJLXP�� 6$�19�� LQSODQQLQJ� D� FHQWULIXJH� WHVW� SURJUDP� IRU� WKH� )UHQFK
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JRYHUQPHQW¶V� ,)5(0(5� LQ� 3ORX]DQH�� � &KULVWRSKH� -DHFN� RI7KDOHV� *HRVROXWLRQV� �%HOJLXP�� 6$�19� SURYLGHG� XVHIXOJXLGDQFH� UHJDUGLQJ� WKH� SURGXFWLYH� IRUP� RI� SUHVHQWDWLRQ� IRUWKHVH�UHVXOWV�
$PLU�5DKLP�DQG�0LNH�*XQQ��ERWK�RI� WKH�&5,63�&RQVRUWLXPDQG�RI�6RXWK�%DQN�8QLYHUVLW\��/RQGRQ�� FRQVXOWHG� RQ� WKH� XVHRI� WKH� 6$*(� &5,63� SURJUDP�� SDUWLFXODUO\� LQ� WKH� DUHD� RIQRQOLQHDU�VROXWLRQ�PDQDJHPHQW�VWUDWHJ\�
0DUN�)��5DQGROSK�RI�WKH�8QLYHUVLW\�RI�:HVWHUQ�$XVWUDOLD�DQG5LFKDUG�$�� -HZHOO� RI�*HRV\QWHF��%HOJLXP��SURYLGHG�YDOXDEOHFULWLTXHV� RQ� WKH� DFFXUDF\� DQG� UHOHYDQFH� RI� WKH� ILQLWH� HOHPHQWDQDO\VLV� UHVXOWV� IRU� WKH�275&�6WUDZ�3UREOHP��SDUWLFXODUO\� LQUHJDUG� WR� WKHLU� XVH� LQ� FRQQHFWLRQ� ZLWK� 6$*(� (QJLQHHULQJ�,QF�¶V� FRQWULEXWLRQV� WR� D� VXFWLRQ� FDLVVRQ� WHFKQRORJ\� WUDQVIHUSURMHFW� IRU� WKH� ,QGLDQ� 2LO� DQG� 1DWXUDO� *DV� &RUSRUDWLRQ¶V,QVWLWXWH�RI�(QJLQHHULQJ�DQG�2FHDQ�7HFKQRORJ\�
5HIHUHQFHV�� $%$486� 7KHRU\�0DQXDO� ��������+LEELWW�� .DUOVVRQ� DQG6RUHQVHQ��,QF���3DZWXFNHW��5,��� $XJXVWLQH��$���������&RQIHVVLRQV��%RRN�9,,,��YRO��[������� &RUQIRUG�� )�� 0�� �������� 7KH� 5HSXEOLF� RI� 3ODWR�� 2[IRUG8QLYHUVLW\�3UHVV��1HZ�<RUN������������� &OXNH\�� (�� &�� DQG�0RUULVRQ��0�� -�� �������$� &HQWULIXJHDQG� $QDO\WLFDO� 6WXG\� WR� (YDOXDWH� VXFWLRQ� &DLVVRQV� IRU7/3�$SSOLFDWLRQV� LQ� WKH� *XOI� RI� 0H[LFR�� '(6,*1� DQG3(5)250$1&(�RI�'((3�)281'$7,216��3LOHV� DQG3LHUV� LQ� 6RLO� DQG� 6RIW� 5RFN�� 3URF�� 6\PSRVLXP� E\� WKH*HRWHFKQLFDO�HQJLQHHULQJ�'LYLVLRQ�$6&(��� *LOEHUW�� 5�� DQG� 0XUII�� -�� '�� ������� )LQDO� 5HSRUW�:RUNVKRS� RQ� WKH� 'HVLJQ� RI� 6XFWLRQ� &DLVVRQV�� 2IIVKRUH7HFKQRORJ\� 5HVHDUFK� &HQWHU�� 7H[DV� $	0� 8QLYHUVLW\�&ROOHJH�6WDWLRQ��7;��� 5DQGROSK��0�)��� DQG�+RXVH�� $�� 5�� � �������� $QDO\VLV� RI6XFWLRQ� &DLVVRQ� &DSDFLW\� LQ� &OD\�� 3URF�� 2IIVKRUH7HFKQRORJ\�&RQIHUHQFH��+RXVWRQ��3DSHU�27&��������� 6SDUUHYLN�� 3�� �������� 6XFWLRQ� 3LOH� 7HFKQRORJ\� DQG,QVWDOODWLRQ� LQ� 'HHS�:DWHUV�� 3URF�� 2IIVKRUH� 7HFKQRORJ\&RQIHUHQFH���+RXVWRQ���3DSHU�27&��������� :RRGV��5��DQG�5DKLP��$���������6$*(�&5,63�7HFKQLFDO5HIHUHQFH�0DQXDO��&5,63�&RQVRUWLXP��/WG���/RQGRQ��� =GUDYNRYLF��/���3RWWV��'��0��DQG�-DUGLQH��5��-����������$3DUDPHWULF� 6WXG\� RI� WKH� 3XOO�RXW� &DSDFLW\� RI� %XFNHW)RXQGDWLRQV�LQ�6RIW�&OD\��*HRWHFKQLTXH������1R�����������
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)LJ�����)LQLWH�HOHPHQW�PHVK�IRU�VXFWLRQ�SLOH�RU�FDLVVRQ
)LQLWH�(OHPHQW�5HVXOWV�IRU�275&�:RUNVKRS�6WUDZ�3UREOHP/RDG�HOHYDWLRQ�DQJOH� ����GHJUHHV
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� ��� � ��� � ��� � ��� �9HUWLFDO�GLVSODFHPHQW��IW

/RDG
�UHVX

OWDQW�
�.LSV )LUVW�RUGHU�HOHPHQWV

6HFRQG�RUGHU�HOHPHQWV�Z LW K�LQI LQLWH�HOHPHQWV�
6HFRQG�RUGHU�HOHPHQWV

)LJ�����3URJUDP�$�UHVXOWV�IRU�6WUDZ�3UREOHP�3LOH
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)LJ�����3URJUDP�$� DQG�3URJUDP�&�UHVXOWV�IRU�6WUDZ�3UREOHP�3LOH

)LQLWH�(OHPHQW�5HVXOWV�IRU�275&�:RUNVKRS�6WUDZ�3UREOHP/RDG��HOHYDWLRQ�DQJOH� ����GHJUHHV
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� � � � � � � � � � ��9HUWLFDO�GLVSODFHPHQW��IW

/RDG
�UHVX

OWDQW�
�.LSV Program C, small deformation theory

Program A, small deformation theory

Program A, large defo rmation theory

Program C, large defo rmation theory

Workshop so lution,  ax. cap. limiting, unfactored, e. b. cap. fac.= 9, excl. weights

)LJ�����3ODVWLF�VWUDLQ�UHVXOWV��FDLVVRQ�ORDGHG�DW�����RI�SHQHWUDWLRQ
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)LJ�����3ODVWLF�VWUDLQ�UHVXOWV��FDLVVRQ�ORDGHG�DW�����RI�SHQHWUDWLRQ

)LJ�����3ODVWLF�VWUDLQ�UHVXOWV��FDLVVRQ�ORDGHG�DW�����RI�SHQHWUDWLRQ
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)LJ�����3ODVWLF�VWUDLQ�UHVXOWV��FDLVVRQ�ORDGHG�DW�����RI�SHQHWUDWLRQ

)LJ�����3ODVWLF�VWUDLQ�UHVXOWV��SLOH�ORDGHG�DERYH�PLGSRLQW��ZLWK�VHSDUDWLRQ


