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�'HSDUWDPHQWR�GH�,QIRUPiWLFD��)DFXOWDG�GH�&LHQFLDV�([DFWDV�\�7HFQRORJtDV�8QLYHUVLGDG�1DFLRQDO�GH�6DQWLDJR�GHO�(VWHUR��$UJHQWLQDURVDQQDF#XQVH�HGX�DU�,1'($6��,QVWLWXWR�SDUD�HO�'HVDUUROOR�$JURSHFXDULR�GHO�6HPLiULGR��)DFXOWDG�GH�$JURQRPtD�\�$JURLQGXVWULDV��8QLYHUVLGDG�1DFLRQDO�GH�6DQWLDJR�GHO�(VWHUR��$UJHQWLQDOODUFKHU#XQVH�HGX�DU
$EVWUDFW� 5DLVLQJ�JRDWV�LV�D�VWURQJ�FRPSRQHQW�RI�UHJLRQDO�HFRQRPLHV�DQG�D�PDLQ�DFWLYLW\�RI�OLWWOH�IDUPHUVLQ�$UJHQWLQD��.QRZLQJ� WKH�GLHW� LV� IXQGDPHQWDO� WR�FRUUHFW�QXWULWLRQDO� ODFNV� UHVXOWLQJ� IURP�JUD]LQJ�QDWLYHVSHFLHV�� DV� LW�ZLOO� KHOS� WR� GHVLJQ�PDQDJHPHQW� VWUDWHJLHV�ERWK� IRU� WKH� QDWLYH� IRUDJH� UHVRXUFH� DQG� IRU� WKHQXWULWLRQDO� VWDWH� RI� WKH� DQLPDO��7KLV� IDFW� KDV�D� SUHSRQGHUDQW� UHOHYDQFH�ZKHQ� JRDW� SURGXFWLRQ� LV� GRQH� DWQDWXUDO�DUHDV��0LFURKLVWRORJ\�LV�RQH�RI�WKH�PRUH�IUHTXHQWO\�XVHG�PHWKRGRORJ\�WR�GHWHUPLQH�WKH�ERWDQLFDOFRPSRVLWLRQ�RI� KHUELYRURXV� GLHW�� 7KH� VSHFLDOLVW�ZRUNLQJ� DW� D�PLFURVFRSH�� DFFRUGLQJ� WR� KLV� WUDLQLQJ� DQGH[SHULHQFH��FDQ�LGHQWLI\�WKH�VSHFLHV�WDNHQ�E\�WKH�DQLPDO�DQG�WR�ZKLFK�WKRVH�FHOOV�EHORQJ��1HXUDO�QHWZRUNDSSURDFKHV� DUH� VXLWHG� IRU� UHFRJQLWLRQ� SUREOHPV�� WKLV� DUWLFOH� SUHVHQWV� D� EDFNSURSDJDWLRQ� QHXUDO� QHWZRUNLQLWLDOO\�WUDLQHG�WR�LGHQWLI\�WKH�IRXU�PRVW�VLJQLILFDQW�YHJHWDO�VSHFLHV�IRXQG�LQ�JRDW�GLHW�WKDW�JUD]H�IUHHO\�LQWKH�6HPLDULG�&KDFR�RI�1RUWK�:HVW�$UJHQWLQD�

���,QWURGXFWLRQ
*RDWV� DUH� DQLPDOV� WKDW� JUD]H� IURP� GLIIHUHQW� JURXSV� RI� VSHFLHV�� KHUEDFHRXV��ZRRG\�� FDFWXV� DQG� VKUXEV�� WKLVEURZVLQJ�KHUELYRUH� WDNHV� OHDYHV�DQG�IUXLWV� WKDW�DOORZV�LW� WR� UHDFK�D�QXWULWLRQDO�EDODQFH��$W� VHPLDULG� UHJLRQV�IRUDJH� ZRRG\� VSHFLHV� DUH� LPSRUWDQW� DV� D� IHHGLQJ� FRPSOHPHQW� VLQFH� WKH\� SUHYDLO� DW� VHDVRQV� WKH� JUDVVGLVDSSHDUV��*RDW�SURGXFWLRQ�DW�QDWXUDO�DUHDV�EHFRPHV�HDVLHU�E\�WKH�VHOHFWLYH�KDELW�RI�WKLV�DQLPDO��ZKLFK�DOORZVLW�WR�NHHS�UHJXODU�QXWULWLRQDO�OHYHOV�>�@�)RU� ORQJ� WLPH� UDLVLQJ� JRDWV� KDV� EHHQ� WKH� PDLQ� DFWLYLW\� RI� QXPHURXV� OLWWOH� IDUPHUV� LQ� $UJHQWLQD�� WKXVEHFRPLQJ�D� VWURQJ� FRPSRQHQW� RI� UHJLRQDO� HFRQRPLHV��*HQHUDOO\�� WKLV� LV� D� VXEVLVWHQFH� V\VWHP� VLQFH� IDUPHUVEHORQJ� WR� WKH� VHFWRU� ZLWK� OHVV� UHVRXUFH�� 7KHVH� DUH� H[WHQVLYH� V\VWHPV�� EDVHG� RQ� IUHH� GDLO\� UDLVLQJ� LQ� DUHDVZLWKRXW� GHWHUPLQHG� ERXQGV��ZLWK� QLJKW� JDWKHULQJ�� ZLWKRXW� VXUH� ZDWHU� VXSSO\� QHLWKHU� VDQLWDU\� RU� SURGXFWLRQFRQWUROV�>�@�7R�PDNH� UHIHUHQFH� WR� WKH�EHKDYLRXU�RI�DQ�DQLPDO�VSHFLHV�DW� D� IRUDJH�RIIHULQJ��FRQFHSWV� OLNH�SDODWDELOLW\�SUHIHUHQFH�DQG�VHOHFWLYLW\�PXVW�EH�PHQWLRQHG��IRU�ZKLFK�LV�QHFHVVDU\�D�SUHYLRXV�NQRZLQJ�RI�WKH�GLHW�ERWDQLFDOFRPSRVLWLRQ� >�@�� 7KLV�ZD\�� WKH� NQRZOHGJH� RI� KHUELYRURXV� GLHW� KHOSV� XQGHUVWDQGLQJ� VRPH� RI� WKH� HFRORJLFDOUHODWLRQVKLSV� EHWZHHQ� WKH� SULPDU\� SURGXFHU� �YHJHWDO� FRPPXQLW\�� DQG� WKH� FRQVXPHU� �KHUELYRURXV��� %HVLGHV�ERWDQLFDO� FRPSRVLWLRQ� RI� GLHW� DQG� LWV� FKDQJH� WKURXJK� VHDVRQV�� SOD\� DQ� LPSRUWDQW� UROH� ZKHQ� GHVLJQLQJPDQDJHPHQW� VWUDWHJLHV�ERWK�IRU� WKH�QDWLYH� IRUDJH�UHVRXUFH��DV�ZHOO� DV� WKH�QXWULWLRQDO� VWDWH�RI� WKH�DQLPDO� >�@�)URP�WKH�JRDW�SURGXFWLRQ�SHUVSHFWLYH��NQRZLQJ�WKH�GLHW�LV�IXQGDPHQWDO�WR�FRUUHFW�QXWULWLRQDO�ODFNV�WKDW�UHVXOWIURP�JUD]LQJ�QDWLYH�VSHFLHV��HVSHFLDOO\�GXULQJ�ZLQWHU�VHDVRQ��ZKHQ�IRUDJH�FULVLV�LV�VHYHUH�>�@�7KHUH�DUH�PDQ\�PHWKRGRORJLHV�WR�HVWDEOLVK�WKH�ERWDQLFDO�FRPSRVLWLRQ�RI�KHUELYRUH�GLHW�>������������������@�VXFK�DV�WRWDO�GHQVLW\��UHODWLYH�IUHTXHQF\��UDQJHV��DPRQJ�RWKHUV��HDFK�DGDSWV�WR�D�SDUWLFXODU�HFRORJLFDO�VLWXDWLRQ�0LFURKLVWRORJ\� LV� RQH�RI� WKH� WHFKQLTXHV� XVHG� LQ� GHWHUPLQLQJ�ERWDQLFDO� FRPSRVLWLRQ�RI� KHUELYRURXV�GLHW� >�@�KRZHYHU� LQYROYHV� WKH�NQRZOHGJH�RI� D�JUHDW� QXPEHU� RI� VSHFLHV� DQG� WKHLU� KLVWRORJLFDO� FKDUDFWHUV��PDNLQJ� WKHVXFFHVVIXO�LGHQWLILFDWLRQ�KLJKO\�GHSHQGDQW�RQ�WKH�WHFKQLFLDQV�WUDLQLQJ�DQG�H[SHULHQFH��7KH�SUREOHP�HDVLO\�IHOOLQWR�WKH�JHQHUDO�DUHD�RI�SDWWHUQ�UHFRJQLWLRQ��7KHUH�ZHUH�UHDVRQV�WR�EHOLHYH�WKDW�WKH�QHXUDO�QHWZRUN�DSSURDFKHVZRXOG�EH�UHPDUNDEO\�ZHOO�VXLWHG�IRU�FHOO�UHFRJQLWLRQ�SUREOHPV��)LUVWO\��WKH�YHJHWDO�VSHFLHV�FHOOV�WR�ZRUN�ZLWK�IRUP�D�YHU\�VSHFLILF�FODVV�RI�SDWWHUQV��7KXV��WKH�SDWWHUQ�VHWV�VHHPHG�ZHOO�FRQILQHG�DQG�FRQVWUDLQHG��6HFRQGO\�



DV�QHXUDO�QHWZRUNV�DUH�UREXVW��DGDSWLYH�DQG�WUDLQDEOH�IURP�H[DPSOHV��LPDJHV�FDQ�KDYH�GHIRUPDWLRQV�DQG�QRLVH�7KLUGO\��DV�HIILFLHQF\�LV�DQ�LPSRUWDQW�DVSHFW�LQ�WKH�FRQVXOWLQJ�DSSOLFDWLRQ��ZKLFK�FRXOG�UHTXLUH�UDSLG�VHDUFKHVWKURXJK� GDWDEDVHV�� QHXUDO� QHWZRUNV� FDQ� EH� WDLORUHG� DQG� WUDLQHG� WR� ILW� WKLV� UHVSRQVH� WLPH� UHTXLUHPHQW�'HYHORSLQJ� DQ� DXWRPDWLF� UHDVRQLQJ� PRGHO�� DV� DUWLILFLDO� QHXUDO� QHWZRUNV� DUH�� WKDW� FRXOG� KHOS� LQ� SDWWHUQUHFRJQLWLRQ�ZDV�IRXQG�DV�D�VROXWLRQ�WR�LQFUHDVH�DFFXUDF\�RQ�PLFURVFRSLF�WHFKQLFLDQV�ZKHQ�GRLQJ�WKHLU�MRE�7KLV�ZRUN� DLPV� WR� SUHVHQW� WKH� LPSOHPHQWDWLRQ� RI� DQ� DUWLILFLDO� QHXUDO� QHWZRUN� �$11�� WKDW� WDNHV� DV� LQSXWGLJLWDO�LPDJHV�RI�HSLGHUPLF�SLHFHV�DQG�UHFRJQLVHV�FHOOV�RI�GLIIHUHQW�ERWDQLFDO�VSHFLHV�LQ�JRDW�GLHW�DW�WKH�UHJLRQFDOOHG� &KDFR� 6HPLiULGR� RI� 1RUWK� �:HVW� $UJHQWLQD� �12$��� 7KH� VSHFLHV� FRQVLGHUHG� ZHUH��=L]\SKXV� PLVWRO�$FDFLD� VS��� 3URVRSLV� DOED� DQG (XSDWRULXP� VS��� -XVWLFLD� FDPSHVWULV�� &OHPDWLV� PRQWHYLGHQVH�� &HOWLV� SDOLGD�/LSSLD�WXUELQDWD��/DQWDQD�VS���*HRIIURHD�GHFRUWLFDQV��:LVVDGXOD�VS���6SKDHUDOFHD�VS FRPPRQO\�IRXQG�LQ�JRDWGLHW��,PDJHV�XVHG�LQ�WKLV�ZRUN�DUH�VWRUHG�LQ�D�GDWDEDVH��>��@�
���$UWLILFLDO�1HXUDO�1HWZRUNV
$11V�KDYH�EHHQ�GHYHORSHG�DV�JHQHUDOL]DWLRQV�RI�PDWKHPDWLFDO�PRGHOV�RI�KXPDQ�FRJQLWLRQ�RU�QHXUDO�ELRORJ\>��@���$11V�HPXODWH�D�ELRORJLFDO�QHWZRUN��DQG�SUHFLVHO\�EHFDXVH�WKH\�DUH�PRGHOV��WKHUH�H[LVWV�D�VLPSOLILFDWLRQRI�WKH�V\VWHP�DQG�RQO\�WKH�UHOHYDQW�HOHPHQWV�DUH�XVHG�>��@��$11V�DUH�LQIRUPDWLRQ�SURFHVVLQJ�V\VWHPV�PDGH�XSRI� VHYHUDO� VLPSOH�� KLJKO\� LQWHUFRQQHFWHG�SURFHVVLQJ�HOHPHQWV� WKDW�G\QDPLFDOO\�SURFHVV� WKH� LQIRUPDWLRQ�� WKXVJLYLQJ� D� UHVSRQVH� WR� H[WHUQDO� LQSXWV� >��@�� 7KHVH�SURFHVVLQJ� XQLWV� RU� QRGHV� �ZKLFK� DUH� HTXLYDOHQW� WR� KXPDQQHXURQV���DUH�JHQHUDOO\�GHYLFHV�WKDW�UHFHLYH�D�GHWHUPLQHG�QXPEHU�RI�LQSXW�VLJQDOV�RYHU�D�FRPPXQLFDWLRQ�OLQNZLWK� DQ� DVVRFLDWHG�ZHLJKW�� DSSO\� DQ� DFWLYDWLRQ� IXQFWLRQ� WR� WKLV� LQSXW� WR� GHWHUPLQH� WKH� RXWSXW� VLJQDO�� 7KHVHQRGHV�DUH�VLPSOH�GHYLFHV�WKDW�PXVW�KDYH�WKH�DELOLW\�RI�VWRULQJ�WKHVH�VLJQDOV�DQG�SURFHVV�WKHP�DFFRUGLQJ�WR�WKHLUZHLJKWV��1RGHV�RU�QHXURQV�LQWHUFRQQHFW�IRUPLQJ�QHWZRUNV��ZKLFK�RULJLQDWHV�WKH�QHXUDO�QHWZRUN�GHQRPLQDWLRQ�7KH�SDWWHUQ�RI�FRQQHFWLRQV�EHWZHHQ�WKH�QHXURQV��WKH�PHWKRG�XVHG� LQ�GHWHUPLQLQJ�WKH�ZHLJKWV�RI�FRQQHFWLRQVDQG�WKH�DFWLYDWLRQ�IXQFWLRQ�XVHG�FKDUDFWHUL]HV�HYHU\�$11�>��@�1HXURQV�GLVWULEXWH� LQ� WKH�QHWZRUN� IRUPLQJ� OHYHOV� RU� OD\HUV�� HDFK�KDYLQJ� D� GHWHUPLQHG�QXPEHU� RI� QRGHV�*HQHUDOO\��WKUHH�OHYHOV�FDQ�EH�GLVWLQJXLVKHG��FRUUHVSRQGLQJ�WR�WKH�LQSXW� OD\HU��KLGGHQ�OD\HU�DQG�RXWSXW� OD\HU�7KH�LQSXW�OD\HU�UHFHLYHV�WKH�LQIRUPDWLRQ�GLUHFWO\�IURP�VRXUFHV�RXWVLGH�WKH�QHWZRUN��+LGGHQ�OD\HUV�DUH�LQWHUQDO�GR�QRW�KDYH�GLUHFW�FRQWDFW�ZLWK� WKH�HQYLURQPHQW�� WKH�QXPEHU�RI�KLGGHQ� OD\HUV� FDQ�YDU\� IURP�]HUR� WR�D�KLJKQXPEHU��7KH�RXWSXW� OD\HUV� WUDQVIHU� WKH� LQIRUPDWLRQ� IURP� WKH� QHWZRUN� WR� WKH� HQYLURQPHQW��1HYHUWKHOHVV�� WKHQHWZRUN�LV�QRW�DOZD\V�D�PXOWL�OD\HUHG�RQH��WKH�QXPEHU�RI�OD\HUV�DQG�QHXURQV�ZLWKLQ�HDFK�RI�WKHP�ZLOO�FKDQJHDFFRUGLQJ�WR�WKH�$11�REMHFWLYHV�DQG�QHHGV��*HQHUDOO\��WKUHH�OD\HUV�DUH�HQRXJK��DOWKRXJK�FDVHV�H[LVW�ZKHQ�WKH$11�OHDUQV�IDVWHU�LI�KDYLQJ�PRUH�WKDQ�RQH�KLGGHQ�OD\HU�>��@�
���7KH�'HYHORSHG�$11
3UHYLRXV� WR� WKH� GHYHORSPHQW� WKHUH�ZDV� VRPH� UHVHDUFK� DQG� WHVW� RI� GLIIHUHQW� W\SHV� RI�$11�� IRFXVLQJ� RQ� WKHSUREOHP�WR�VROYH��ZHDNQHVV�DQG�VWUHQJWKV�RI�GLIIHUHQW�DUFKLWHFWXUHV��GLIILFXOWLHV�IRXQG�GXULQJ�WKH�GHYHORSPHQWDQG�WUDLQLQJ�RI�YDULRXV�DSSOLFDWLRQV��7KLV�VWXG\�OHDG�WR�WKH�VHOHFWLRQ�RI�D�EDFNSURSDJDWLRQ�$11��%$11���7KHFKRLFH�UHOD\V�RQ�LWV�DELOLW\�WR�OHDUQ�KRZ�WR�UHODWH�LQSXW�SDWWHUQV��H[DPSOHV��ZLWK� WKH�FRUUHVSRQGLQJ�FODVV��DQGLWV�DELOLW\�WR�DGDSW�WKH�ZHLJKWV�IURP�LQWHUPHGLDWH�QHXURQV�WR�OHDUQ�WKH�H[LVWLQJ�UHODWLRQVKLS�EHWZHHQ�D�SDWWHUQVHW�JLYHQ�DV�DQ�H[DPSOH�DQG�WKH�FRUUHVSRQGLQJ�RXWSXW��EDFNZDUGV�SURSDJDWLRQ�RI�HUURU���7KLV�PDNHV�SRVVLEOHWKDW��DIWHU�WKH�WUDLQLQJ�� WKH�%$11�FDQ�UHFRJQL]H�QHZ�LQSXW�YHFWRUV�HYHQ�ZLWK�QRLVH�RU� LQFRPSOHWH��JLYLQJ�DVUHVXOW�DQ�DFWLYH�RXWSXW� LI� WKH�QHZ� LQSXW� LV� VLPLODU� WR� RQH�RI� WKH� VKRZHG�GXULQJ� WKH� OHDUQLQJ��7KLV� LPSRUWDQWFKDUDFWHULVWLF��GHPDQGHG�WR�HYHU\�OHDUQLQJ�V\VWHP�>��@��LV�WKH�JHQHUDOL]DWLRQ�DELOLW\��XQGHUVWRRG�DV�WKH�DELOLW\RI�JLYLQJ�VDWLVIDFWRU\�RXWSXWV�WR�LQSXWV�WKH�V\VWHP�KDV�QHYHU�VHHQ�GXULQJ�WKH�WUDLQLQJ�7KH�GHYHORSHG�%$11�LV�PDGH�XS�RI���OD\HUV��LQSXW�¤�KLGGHQ�¤�RXWSXW������QRGHV�IRU�WKH�LQSXW�OD\HU��DQG��IRU�WKH�KLGGHQ�OD\HU�DV�VKRZQ�LQ�)LJ�����7KH�LQSXW�IRU�WKH�QHW�LV�D�JUD\�VFDOH�GLJLWDO�SKRWRJUDSK�UHVXOWLQJ�IURP�DSLFWXUH� WDNHQ� IURP� D� SRUWLRQ� RI� D� VOLGH�� 7KH� RXWSXW� OD\HU� KDV� RQO\� �� QRGHV� VLQFH� WKH� WUDLQLQJ� DQG� WHVWVSHUIRUPHG� VR� IDU� LQYROYH� WKH� �� VSHFLHV� PRVW� FRPPRQO\� IRXQG� �L�H��� SDWWHUQV�� LQ� WKH� JRDW� GLHW�� 7KH� RXWSXW



JHQHUDWHG� LQ� WKLV� OD\HU� YDOXHV� PHDQV� WKH� UHVSRQVH� WR� WKH� LQSXW�� QRW� RQO\� LI� WKH� SDWWHUQ� SUHVHQWHG� ZKHWKHUEHORQJV�RU�QRW�WR�D�FDWHJRU\��EXW�WR�ZKLFK�FDWHJRU\�

)LJ�����$UFKLWHFWXUH�RI�WKH�GHYHORSHG�%$11
7KH� OHDUQLQJ� DOJRULWKP�ZDV� FHQWHUHG� LQ� WKH� 'HOWD� UXOH� JHQHUDOL]DWLRQ� >���� ���� ��@� XVLQJ� D� ELSRODU� VLJPRLGDFWLYDWLRQ�IXQFWLRQ��,Q�DQ�HDUOLHU� LPSOHPHQWDWLRQ�� WKH�LQLWLDO�ZHLJKWV�ZHUH� VHW�ZLWK� UDQGRP�YDOXHV�EHWZHHQ�������� ������ DV� LV� FRPPRQO\� WKH� FDVH�� WKHQ� VRPH�PRGLILFDWLRQV� ZHUH� PDGH� ORRNLQJ� IRUZDUG� WR� LPSURYH� WKHDELOLW\�RI�KLGGHQ�XQLWV�WR�OHDUQ��7KLV�ZDV�DFFRPSOLVKHG�E\�GLVWULEXWLQJ�WKH�LQLWLDO�ZHLJKWV�DQG�ELDVHV��VR�WKDW�IRU�HDFK�LQSXW�SDWWHUQ��LW�ZRXOG�EH�OLNHO\�WKDW�WKH�QHW�LQSXW�WR�RQH�RI�WKH�KLGGHQ�XQLWV�ZRXOG�EH�LQ�WKH�UDQJH�LQZKLFK�WKDW�KLGGHQ�QHXURQ�ZLOO�OHDUQ�PRVW�UHDGLO\��1JX\HQ�:LGURZ�LQLWLDOL]DWLRQ�PHWKRG��>��@�7R� WUDLQ� WKH�%$11�LQ� UHFRJQL]LQJ� WKH�HSLGHUPLF�FHOOV� WKDW� OHW� LGHQWLI\�WKH�VSHFLHV� LQWDNHQ�E\�JRDWV�� WZRGLVMRLQW�VHW�RI�WHVW�SDWWHUQV�ZHUH�FUHDWHG��D�VHW�RI�WUDLQLQJ�SDWWHUQV�DQG�D�VHW�RI�WHVW�WUDLQLQJ�SDWWHUQV�7KH�VHWV�RI�SDWWHUQV�ZHUH�EXLOW�XVLQJ�LPDJHV��SKRWRJUDSKV�WDNHQ�DW���[���(DFK�VSHFLHV�FKDUDFWHULVWLFV�KDYH�DW� WKDW�PDJQLWXGH��HQRXJK�GHWDLOV�WR�EH�UHFRJQL]HG��7KH�WUDLQLQJ�VHW�ZDV� HVWDEOLVKHG�ZLWK� WKH�DVVLVWDQFH�RI�DVSHFLDOLVW��PDNLQJ� D� YLVXDO� VHOHFWLRQ� DPRQJ� WKHP� DQG�FKRRVLQJ� WKRVH� WKDW� SUHVHQWHG�PLQLPDO� RYHUODS�� 7KHQVRPH�RI�WKH�FHOOV�ZHUH�LGHQWLILHG�DQG�RXWOLQHG�E\�WKH�VSHFLDOLVW��,QLWLDOO\�WKH�QHWZRUN�ZDV�WUDLQHG�WR�UHFRJQL]H=L]\SKXV�PLVWRO�� $FDFLD� VS��� 3URVRSLV� DOED�DQG (XSDWRULXP� VS��� WKLV� VHOHFWLRQ�ZDV�PDGH� WDNLQJ� DFFRXQW� RIGLIIHUHQFHV�EHWZHHQ�FHOOV�VKDSH��)LJ�����DQG�WKHLU�VLJQLILFDQFH�LQ�JRDW�GLHW�

)LJ���� 3LFWXUHV�VKRZLQJ�=L]\SKXV�PLVWRO��$FDFLD�VS���3URVRSLV�DOED�DQG (XSDWRULXP�VS�FHOOV
$� GLJLWDOL]DWLRQ� SURFHVV� XVLQJ� D� VFDQQHU� IROORZV� WKH� VHOHFWLRQ�� ZKHQ� WKH� SKRWRJUDSK� LV� QRW� VWRUHG� LQ� WKHGDWDEDVH� PHQWLRQHG� DERYH� >��@�� $OO� LPDJHV� JR� WKURXJK� D� GLJLWDO� LPDJH� SURFHVV� ZKHUHLQ� WKH� RXWOLQHGFKDUDFWHULVWLFV�DUH�PRUH�HODERUDWHO\�VHSDUDWHG�IURP�RWKHU�REMHFWV��RWKHU�FHOOV�RU�SRUWLRQV�RI� WKHP��ZLWKLQ�WKHLPDJH��4XDOLW\�RI�LQSXW�LPDJHV�LV�LPSURYHG�XVLQJ�GLIIHUHQW�LPDJH�HQKDQFHPHQW�WHFKQLTXHV��FKDQJLQJ�LW�WR���ELWJUD\�VFDOH�¤�HTXDOL]LQJ�¤�SRVWHUL]LQJ�LQWR���OHYHOV��>��@��PDNLQJ�WKH�QHFHVVDU\�WUDQVIRUPDWLRQV�VR�DV�WR�HQDEOHWKH�H[WUDFWLRQ�RI�VXLWDEOH�IHDWXUHV�IRU�SURFHVVLQJ�LQ�WKH�%$11��7KH�UHVXOWLQJ�LPDJH�NHHSLQJ�RQO\�WKHLU�PDLQFKDUDFWHULVWLFV�LV�WKHQ�WUDQVODWHG�LQWR�D����HOHPHQW�ELGLPHQVLRQDO�DUUD\V����URZV����FROXPQV��WKDW�ZLOO�KROG�WKHYDOXHV�¤������RU�����ZKLFK�VWDQG�IRU�ZKLWH��JUD\�RU�EODFN���)LJ�����
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2ULJLQDO�SLFWXUH

*UD\�VFDOH�SLFWXUH

,PDJH�HTXDOL]DWLRQ

,PDJH�SRVWHUL]LQJ

,PDJH�UHDG\�IRU�%$11

3UHSURFHVVLQJ�WHFKQLTXHV

�� �� � � � � � ���� � � � � � � �� � � � �� � � ��� � � � � � � ��� � � � � �� � ���� �� � � � � �� ���� �� �� � � �� �� ���� �� �� � � �� �� ��
)LJ���� %ORFN�GLDJUDP�RI�LPDJH�SURFHVVLQJ�XVLQJ�$FDFLD�VS�

2EWDLQLQJ�WKH�WUDLQLQJ�DQG�WHVW�WUDLQLQJ�SDWWHUQ�VHWV�ZDV�D�FRPSOH[�WDVN�DV�FHOOV�DUH�QRW�ELGLPHQVLRQDO�ILJXUHV�EXW� YDU\� LQ� VKDSH�� ORFDWLRQ�� VWDQGSRLQW� RI� VLJKW�� HWF�� DQG� WKH� %$11� KDG� WR� EH� WUDLQHG� WR� UHFRJQL]H� PDLQIHDWXUHV�RQ�HDFK�RI�WKHVH�YDULDWLRQV�7KH� %$11� ZDV� WUDLQHG� DV� IROORZV�� ZHLJKW� DGMXVWPHQWV� ZHUH� PDGH� EDVHG� RQ� WKH� WUDLQLQJ� SDWWHUQV�� DWLQWHUYDOV�GXULQJ�WUDLQLQJ�� WKH�HUURU�ZDV�FRPSXWHG�XVLQJ�WKH�WUDLQLQJ�WHVWLQJ�SDWWHUQV��$V�ORQJ�DV� WKH�HUURU� IRUWKH�WUDLQLQJ�WHVWLQJ�SDWWHUQV�FRQWLQXHG�GHFUHDVLQJ��WUDLQLQJ�FRQWLQXHG��:KHQ�WKH�HUURU�EHJDQ�WR�LQFUHDVH��LW�ZDVLQWHUSUHWHG�DV�WKH�QHW�VWDUWLQJ�WR�PHPRUL]H�WKH�WUDLQLQJ�SDWWHUQV�WRR�VSHFLILFDOO\���ZKLFK�PHDQW��ORVLQJ�LWV�DELOLW\WR�JHQHUDOL]H���$W�WKLV�SRLQW��WUDLQLQJ�ZDV�WHUPLQDWHG��$IWHU�WKH�WUDLQLQJ�SKDVH�HQGHG��DQG�LQ�RUGHU�WR�YHULI\�WKDWWKH�%$11�ZDV�DEOH�WR�PDNH� WKH�GHVLUHG�DVVRFLDWLRQ�EHWZHHQ� WKH� LQSXW�YHFWRUV�DQG�SDWWHUQV�QHYHU�SUHVHQWHGEHIRUH��LW�ZDV�SURYLGHG�GLIIHUHQW�SDWWHUQV�SUHVXPLQJ�WKH\�FRXOG�EH�QRLV\��LQFRPSOHWH��GLVWRUWHG��DQG�QHZ�RQHV>��@�7KH�QHWZRUN�VKRZV�DW�WKLV�SRLQW�D�JRRG�SHUIRUPDQFH�LQ�WKH�UHFRJQLWLRQ�RI�WKH�IRXU�VSHFLHV�XVHG�WKURXJK�LWVOHDUQLQJ�VWDWH�� 6RPH�H[SHULPHQWDO�UHVXOWV�DUH�VKRZQ�LQ�7DEOH���



7DEOH��� 7UDLQLQJ�DQG�WHVW�UHVXOWV
=L]\SKXVPLVWRO $FDFLD�VS� 3URVRSLV�DOED (XSDWRULXP�VS

3DWWHUQV�XVHG�IRU�WUDLQLQJ �� �� �� ��3DWWHUQV�XVHG�IRU�WHVW � � � �&RUUHFW�DQVZHUV � � � �,QFRUUHFW�DQVZHUV � � � �5HOLDELOLW\���� ���� ���� �� ����
7KH�%$11�ZDV�SURJUDPPHG�XVLQJ�&�ODQJXDJH�RQ�D�3HQWLXP�����GHVNWRS�FRPSXWHU��7KLV�FKRLFH�LV�EDVHG�LQWKH�PDLQ� IHDWXUHV�RI� WKLV� ODQJXDJH�� VLPSOH�FUHDWLRQ� DQG�XVH� RI� OLEUDULHV�� FRGH� UHXWLOL]DWLRQ�� DELOLW\� WR� KDQGOHUHFXUVLYH�FDOOLQJV��HDV\�RI�FUHDWLRQ�DQG�IXQFWLRQ�XVH��FRPSDFW�DQG�IDVW�H[HFXWLRQ�RI�ILQDO�FRGH�
���&RQFOXVLRQV
7KLV� DUWLFOH� VKRZV� WKH� VXFFHVVIXO� DSSOLFDWLRQ� RI� $11� LQ� D� ILHOG� VXFK� DV� PLFURKLVWRORJ\�� ,Q� SDUWLFXODU�� WKH%$11�ZLOO� EH� H[WUHPHO\� XVHIXO� IRU� WKH� WHFKQLFLDQ� ZKR� ZLOO� KDYH� KLV� HIILFLHQF\� DQG� HIILFDF\� LQFUHDVHG� E\KDYLQJ�DQ�DXWRPDWLF�UHDVRQLQJ�PRGHO��WUDLQHG�LQ�GHWHUPLQLQJ�WKH�VSHFLHV�IRXQG�LQ�GLHWV�RI�JRDWV�JUD]LQJ�IUHHO\LQ�WKH�6HPLDULG�&KDFR�RI�12$��$W�WKH�VDPH�WLPH��NQRZLQJ�WKH�QXWULWLRQDO�OHYHO�RI�WKH�DQLPDO�GLHW�ZRXOG� OHWWKH�IDUPHU�WR�LQFRUSRUDWH��ZKHQ�QHFHVVDU\��HOHPHQWV�WKRVH�LQVXUH�PDLQWDLQLQJ�WKH�TXDOLW\�RI�WKH�DQLPDOV�$V�IXWXUH�OLQHV�RI�ZRUN��WKH�IROORZLQJ�DVSHFWV�DUH�EHLQJ�WDNHQ�LQ�FRQVLGHUDWLRQ��D��LQFRUSRUDWLQJ�WKH�ZKROH�VHW�RI�VSHFLHV�DQG�WUDLQ�WKH�%$11�LQ�WKHLU�UHFRJQLWLRQ��E��FKDQJLQJ�WKH�QXPEHU�RI�WKH�KLGGHQ�OD\HU�QRGHV�DQG�RU�WKH�QXPEHU�RI�WKHVH�OD\HUV��ORRNLQJ�IRUZDUG�WRILQG�D�EHWWHU�FRQYHUJHQFH�WR�WKH�VROXWLRQ��F��GHYHORSLQJ�D�VRIWZDUH�PRGXOH�WR�DXWRPDWLFDOO\�WUDQVIRUP�WKH�SKRWRJUDSKV�LQWR�ILOHV�KDYLQJ�WKH�UHTXLUHGLQSXW�IRUPDW�WR�WKH�%$11�
���$FNQRZOHGJPHQWV
7R� WKH� &,&<7� ¤� 816(� IRU� WKH� JLYHQ� VXSSRUW� WR� WKH� SURMHFW� ¦&RPSRVLFLyQ� ERWiQLFD�� DPSOLWXG� \� FDOLGDGIRUUDMHUD�GH�OD�GLHWD�GH�FDSULQRV�SDVWRUHDQGR�HQ�HO�PRQWH�FKDTXHxR§�
5HIHUHQFHV
>�@ $JUD]�*DUFtD��$���&DSULQRWHFQLD����/LPXVD��0p[LFR�������>�@ 6DOLQDV�� $��	�'HOOHSLDQH�� *���6LWXDFLyQ� GHO� 6HFWRU� &DSULQR� 1DFLRQDO��0LQLVWHULR� GH� (FRQRPtD� \� 2EUDV� \6HUYLFLRV�3~EOLFRV��6HFUHWDUtD�GH�$JULFXOWXUD��*DQDGHUtD�\�3HVFD��$UJHQWLQD�������>�@ 3HOOL]D�GH�6EULOOHU��$���$FHUFD�GH�OD�PLFURKLVWRORJtD��&RPXQLFDFLyQ�7pFQLFD��5HFXUVRV�1DWXUDOHV��'LHWD��,17$����������>�@ 0HOODGR��0���)RRWH��0���5RGULJXH]��$��	�=DUDWH��3���%RWDQLFDO�FRPSRVLWLRQ�DQG�QXWULHQW�FRQWHQW�RI�GLHW�VHOHFWHGE\�JRDWV�JUD]LQJ�RQ�GHVHUW�JUDVVODQG�LQ�QRUWKHUQ�0H[LFR��6PDOO�5XPLQDQW�5HVHDUFK������SS����������������>�@ 5HQROIL��5���&RQWURO�GH�DUEXVWRV�PHGLDQWH�SDVWRUHR�FRQ�FDSULQRV�HQ�XQ�DUEXVWDO�ERVTXH�DELHUWR�GH�OD�UHJLyQFKDTXHxD� VHPLiULGD�� 8QLYHUVLGDG� 1DFLRQDO� GH� 0DU� GHO� 3ODWD�� (VFXHOD� SDUD� *UDGXDGRV� HQ� &LHQFLDV$JURSHFXDULDV��$UJHQWLQD�������>�@ +DYVWDG��.��	�'RQDUW��*���7KH�PLFURKLVWRORJLFDO�WHFKQLTXH��WHVWLQJ�WZR�FHQWUDO�DVVVXPSWLRQV�LQ�6RXWK�&HQWUDO



1HZ�0H[LFR��-��5DQJH�0DQDJH���������SS�����������������>�@ +ROHFKHFN��-��	�*URVV��%���7UDLQLQJ�QHHGHG�IRU�TXDQWLI\LQJ�VLPXODWHG�GLHWV�IURP�IUDJPHQWHG�UDQJH�SODQWV��-�5DQJH�0DQDJH���������SS����������������>�@ 1RUEXU\��*���0LFURVFRSLF�DQDO\VLV�RI�KHUELYRUH�GLHWV���D�SUREOHP�DQG�D�VROXWLRQ��$XVW��:LGO������SS�������������>�@ 6SDUNV��'��	�0DOHFKHN��-���(VWLPDWLQJ�SHUFHQWDJH�GU\�ZHLJWK� LQ�GLHWV�XVLQJ�PLFURVFRSLF�WHFKQLTXH��-��5DQJH0DQDJH����������SS����������������>��@ :HVWRE\��0���5RVW��*�	�:HLV�� -��� 3UREOHPV�ZLWK� HVWLPDWLQJ� KHUELYRUH� GLHWV� E\�PLFURVFRSLFDOO\� LGHQWLI\LQJSODQW�IUDJPHQWV�IURP�VWRPDFKV��-��0DPPDOV������SS����������������>��@ %DUNHU��5���$�WHFKQLTXH�WR�VLPSOLI\�KHUELYRUH�GLHW�DQDO\VLV��$XVW��:LGO�� ����SS����������������>��@ 'HJDQR�&���/DUFKHU��/���5HQROIL��5��	�0DUWLDUHQD�5���$�GDWDEDVH�WR�KHOS�LQ�WKH�GHWHUPLQDWLRQ�RI�VSHFLHV�WKDWFRQIRUP�WKH�GLHW�RI�KHUELYRURXV��ZKHQ�PLFURKLVWRORJ\�LV�XVHG��3DNLVWDQ�-RXUQDO�RI�%RWDQ\���������SS���������������>��@ +LOHUD�� -��	�0DUWtQH]��9���5HGHV� QHXURQDOHV� DUWLILFLDOHV�� )XQGDPHQWRV��PRGHORV� \� DSOLFDFLRQHV�� � $GGLVRQ�:HVOH\�,EHURDPHULFDQD��0p[LFR�������>��@ )DXVHWW�� /���)XQGDPHQWDOV� RI� 1HXUDO� 1HWZRUNV�� $UFKLWHFWXUHV�� DOJRULWKPV� DQG� DSSOLFDWLRQV�� 3UHQWLFH� +DOO�8�6�$��������>��@ )UHHPDQ�� -���	�6NDSXUD��'���5HGHV�QHXURQDOHV��$OJRULWPRV��DSOLFDFLRQHV� \� WpFQLFDV� GH� SURJUDPDFLyQ�$GGLVRQ�:HVOH\�'tD]�GH�6DQWRV��(VSDxD�������>��@ 4XHN��&���7DQ�.���	�6DJDU��9���3VHXGR�RXWHU�SURGXFW�EDVHG�IX]]\�QHXUDO�QHWZRUN�ILQJHUSULQW�YHULILFDWLRQV\VWHP��1HXUDO�1HWZRUNV������SS����������������


