
����6HDUFKLQJ�WUHHEDQNV�DQG�RWKHU�VWUXFWXUHG�FRUSRUD6HDQ�:DOOLV��6XUYH\�RI�(QJOLVK�8VDJH��8QLYHUVLW\�&ROOHJH�/RQGRQV�ZDOOLV#XFO�DF�XN�� ,QWURGXFWLRQ$�FRUSXV� LV�D�FROOHFWLRQ�RI�ZULWWHQ�RU�VSRNHQ� WH[W�FRPSLOHG�IRU� WKH�SXUSRVHV�RI� OLQJXLVWLF�GHVFULSWLRQDQG�DQDO\VLV��,Q�D�SDUVHG�FRUSXV��HDFK�VHQWHQFH�LV�JLYHQ�D�VWUXFWXUHG�JUDPPDWLFDO�DQDO\VLV�LQ�WKH�IRUP�RID� WUHH��)RU� OLQJXLVWLF�SXUSRVHV� LW� LV� QHFHVVDU\� WR� DXJPHQW� SDUVLQJ�ZLWK�PDQXDO� FRUUHFWLRQ��$XWRPDWLFSDUVLQJ�RI�XQUHVWULFWHG�WH[W� WHQGV�WR�SURGXFH� LQFRPSOHWH�DQDO\VHV� �%ULVFRH��������DOWKRXJK� WKHVH�PD\SURYH�XVHIXO�LQ�FRPSXWDWLRQDO�DSSOLFDWLRQV�,Q� WKLV� ERRN� ZH� XVH� WKH� WHUP� WUHHEDQNV� WR� UHIHU� WR� SDUVHG� FRUSRUD� ZKRVH� VHQWHQFHV� KDYH� EHHQFRQVWUXFWHG� RU� YHULILHG� E\� D� OLQJXLVW�� 7KHVH� FRUSRUD� DUH� �D�� PXFK� PRUH� OLPLWHG� LQ� VFDOH� WKDQDXWRPDWLFDOO\� WDJJHG�PHJDFRUSRUD� VXFK� DV� WKH�%1&� �$VWRQ� DQG�%XUQDUG� ������ ±� D�PLOOLRQ�ZRUGV� LVW\SLFDO�� �E� UHTXLUH� VLJQLILFDQW� HIIRUW� WR� FRQVWUXFW� DQG� �F�� KDYH� D� ZLGH� UDQJH� RI� XVHV� IURP� VLPSOHH[HPSOLILFDWLRQ�WR�WKH�HYDOXDWLRQ�RI� OLQJXLVWLF� WKHRULHV��$V�WKHVH�GDWDVHWV�DUH�FROOHFWHG�DQG�DQQRWDWHG�TXHVWLRQV�DULVH�DV�WR�KRZ�EHVW�WR�H[SORLW�DQG�H[SORUH�WKHP�6RPH�DSSOLFDWLRQV��VXFK�DV�LGHQWLI\LQJ�FDVHV�IRU�WHDFKLQJ�SXUSRVHV��VLPSO\�UHTXLUH�WKH�H[WUDFWLRQ�RIVXLWDEOH�H[DPSOHV��2WKHUV��LQFOXGLQJ�JHQHUDO�OLQJXLVWLF�UHVHDUFK�DQG�FRPSXWDWLRQDO�JHQHUDOLVDWLRQ��KDYHUDWKHU�PRUH�FRPSOH[�UHTXLUHPHQWV��7KHVH�FDQ�EH�FRQVLGHUHG�LQ�WZR�GLVWLQFW�VWDJHV��� 5HSXUSRVLQJ WKH� GDWD� E\� IRFXVLQJ� RQ� FRQFHSWV� FHQWUDO� WR� D� SDUWLFXODU� UHVHDUFK� SURJUDPPH� RUDSSOLFDWLRQ�JRDO��LQFOXGLQJ�GHVLJQLQJ�H[SHULPHQWV�DQG�H[WUDFWLQJ�D�UHOHYDQW�GDWDVHW���$�TXHU\�GHILQHVD�VHW�RI�UHVXOWV�WKDW�FDQ�WKHQ�EH�IXUWKHU�HYDOXDWHG��� (YDOXDWLQJ� WKLV� GDWD� DJDLQVW� OLQJXLVWLF� K\SRWKHVHV� �:DOOLV� DQG� 1HOVRQ� ������ RU� RWKHUZLVHJHQHUDOLVLQJ�IURP�WKH�GDWDVHW��$UWLFOHV����DQG�����7KLV� DUWLFOH� LV� FRQFHUQHG�ZLWK� VHDUFKLQJ� ODUJH� IRUHVWV� RI� DQQRWDWHG� GDWD�� ,Q� VR� GRLQJ��ZH� GLVWLQJXLVKEHWZHHQ�DQ�DQQRWDWLRQ�VFKHPH�SHU� VH�DQG� WKH�JHQHUDO�DSSURDFK�RQH� WDNHV� WR� VSHFLI\LQJ� D�TXHU\��7KHFULWLFDO�TXHVWLRQ�LV��E\�ZKDW�SURFHGXUH��DQG�HPSOR\LQJ�ZKLFK�UHSUHVHQWDWLRQ��VKRXOG�UHVHDUFKHUV�FRPEWKLV�IRUHVW�RI�XWWHUDQFHV�IRU�OLQJXLVWLF�NQRZOHGJH"7KLV�SDSHU�LV�RUJDQLVHG�DV�IROORZV��6HFWLRQ���GLVFXVVHV�WKH�WRSRORJ\ RI�SDUVLQJ�VFKHPHV��%\�WRSRORJ\ZH� PHDQ� WKH� VHW� RI� VWUXFWXUDO� FRQVWUDLQWV� ZKLFK� GHILQH� SHUPLVVLEOH� WUHHV� DQG� TXHULHV�� :KHUHDVJUDPPDWLFDO�VFKHPHV�GLIIHU�ZLGHO\��FI��$UWLFOHV����������VWUXFWXUDO�FRQVWUDLQWV�DSSOLHG�WR�WKHP�YDU\�OHVV�7KH�WZR�PRVW�FRPPRQ�WRSRORJLHV�DUH�FRQVWLWXHQW�JUDPPDUV��LQFOXGLQJ�SKUDVH�VWUXFWXUH�JUDPPDUV��H�J��0DUFXV�HW�DO��������DQG�1HOVRQ��HW�DO���������DQG�GHSHQGHQF\�JUDPPDUV��LQFOXGLQJ�FRQVWUDLQW�JUDPPDUV�H�J���.DUOVVRQ�HW�DO��������6HFWLRQ���GLVFXVVHV�WKH�UHODWLYH�PHULWV�RI�HPSOR\LQJ�IRUPDO�ORJLF�DQG�GLDJUDPPDWLF�PRGHOV�IRU�WKHSXUSRVHV� RI� FRPSRVLQJ� D� VWUXFWXUHG� TXHU\�� DQG� WKH� YLVXDOLVDWLRQ� RI� UHVXOWLQJ� FDVHV� LQ� D� FRUSXV��:HGLVWLQJXLVK�EHWZHHQ�WKH�SURFHVV�RI�PDWFKLQJ�D�TXHU\�WR�D�WUHH�LQWKH�FRUSXV��)LJXUH ���DQG�DQ\�VXEVHTXHQW�SURFHVVHV��GHSHQGLQJRQ� WKH� DSSOLFDWLRQ�� WKDW� PD\� RUJDQLVH� DQG� HYDOXDWH� WKHVHPDWFKLQJ�FDVHV��0DWFKLQJ�D�TXHU\�DJDLQVW�D�WUHH�PHDQV�DSSO\LQJD�SURRI�SURFHGXUH WR�LGHQWLI\�FRQILJXUDWLRQV�RI�QRGHV�DQG�ZRUGV�VXFK�DV���������!��WKDW�FRUUHVSRQG�WR�D�TXHU\���D��E��F!��5HOLDEO\�UHWULHYLQJ�H[DPSOHV�RI�SKHQRPHQD�IURP�D�FRUSXV�LVQRW�PHUHO\�D�TXHVWLRQ�RI�DSSO\LQJ�D�VLQJOH�TXHU\�DQG�\LHOGLQJ�DVLQJOH� UHVXOW�� 6HFWLRQ� �� FRQVLGHUV� WKH� SUREOHP� RI� UHWULHYLQJPXOWLSOH� UHVXOWV� WKDW� PD\� LQWHUDFW� ZLWK�� RU� HYHQ� RYHUODS�� RQHDQRWKHU�)LQDOO\��6HFWLRQ���FRQVLGHUV�KRZ�H[WHQGLQJ�WKH�DQQRWDWLRQ�RIFRUSRUD�LPSDFWV�RQ�SUREOHPV�RI�VHDUFK�
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�� (OHPHQWDU\�WRSRORJ\$�SDUVHG�FRUSXV�LV�VHJPHQWHG�LQWR�SODXVLEOH�VHQWHQFHV�DQQRWDWHG�LQ�WKH�IRUP�RI�D�WUHH��,Q�WKLV�VHFWLRQ�ZHFRQVLGHU�FRUSRUD�ZLWK� WKH� WKUHH�GLVWLQFW� WRSRORJLHV� VXPPDULVHG� LQ�)LJXUH���� �D��SDUW�RI� VSHHFK� �326�WDJJLQJ�� �E� GHSHQGHQF\� RU� FRQVWUDLQW� JUDPPDU� DQG� �F�� FRQVWLWXHQW� SKUDVH� VWUXFWXUH� JUDPPDU�� 7KHVHWKUHH�UHSUHVHQWDWLRQV�EURDGO\�FRYHU�WKH�JDPXW�RI�SDUVHG�FRUSRUD��6HFWLRQ���UHYLHZV�VRPH�PRUH�FRPSOH[VWUXFWXUDO�LVVXHV���� $�326�WDJJHG�FRUSXV,Q�)LJXUH���D���D�VWULQJ�RI�OH[LFDO�LWHPV�LV�FRQQHFWHG�LQ�VHTXHQFH��(DFK�ZRUG�LV�JLYHQ�D�SDUW�RI�VSHHFKWDJ��PDUNHG�DV�µSRV¶�QRGHV��7\SLFDOO\��WKLV�WDJ�ZLOO�FRQWDLQ�D�ZRUG�FODVV�FDWHJRU\��QRXQ��YHUE�HWF���DQGIXUWKHU� VXEFDWHJRULHV� �SOXUDO�� SDVW�� HWF��� 'LIIHUHQW� WDJVHWV� GHQRWH� VXEFDWHJRULHV� GLIIHUHQWO\� �FI�$UWLFOH ����� &/$:6� GHULYDWLYHV� VXFK� DV� &�� �0F(QHU\� DQG�:LOVRQ� ������ ODEHO� D� FRPPRQ� VLQJXODUQRXQ�µ11�¶��ZKLOH�,&(��1HOVRQ�HW�DO��������VSHOOV�RXW�HDFK�VXEFDWHJRU\�IHDWXUH��µ1�FRP��VLQJ�¶��,&(QRWDWLRQ�LV�PRUH�YHUERVH��DUJXDEO\�PRUH�WUDQVSDUHQW��DQG�IHDWXUHV�DUH�PRUH�UHDGLO\�GLVDVVRFLDWHG�IURPHDFK�RWKHU�WKDQ�&���$V�D�UHVXOW�RQH�FDQ�VSHFLI\�D�TXHU\�IRU�D�VLQJXODU�QRXQ�DV�µ1�VLQJ�¶��UDWKHU�WKDQ�WKHZLOG�FDUG�µ11�¶�7DEOH�� OLVWV�D�UDQJH�RI�TXHULHV�RQ�DQ�,&(�326�WDJJHG�FRUSXV��6HQWHQFHV�DUH�VHTXHQFHV�RI�ZRUG�WDJSDLUV��VR�TXHULHV�PLJKW� LQFOXGH�VLPSOH�VWULQJV��ZLOG�FDUGV�DQG�ORJLFDO�H[SUHVVLRQV�IRU�ZRUGV�DQG�WDJV�DQG�VHTXHQFHV�RI�WKHVH���� $�GHSHQGHQF\�JUDPPDU�FRUSXV7KH�WRSRORJ\�RI�D�W\SLFDO�GHSHQGHQF\�RU�FRQVWUDLQW�JUDPPDU�LV�JLYHQ�LQ�)LJXUH���E���7KH�VWULQJ�RI�WDJVLQ� )LJXUH���D�� LV� H[WHQGHG� E\� WKH� LQWURGXFWLRQ� RI� D� QDPHG� OLQN� IRU� HDFK�QRGH��PDUNHG�ZLWK� DQ� I�� WRDQRWKHU�ZRUG�WDJ�SDLU���,Q�VRPH�UHSUHVHQWDWLRQV�WKH�ILQDO�µKHDG�ZRUG¶�PD\�EH�OLQNHG�WR�D�IXUWKHU�QRGH��7KHVH�OLQNV�IRUP�DQ�DF\FOLF�WUHH�ZKHUH�QRGHV�FDQQRW�EH�OLQNHG�LQ�D�ORRS�7KH�WZR�YLVXDOLVDWLRQV�LQ�WKLV�ILJXUH�DUH�LVRPRUSKLF��7KH�I ODEHO��ZKLFK�ZH�PLJKW�FDOO�WKH�IXQFWLRQ RIWKH�QRGH�RU�OLQN��FDQ�EH�VWRUHG�ZLWK�WKH�FKLOG�QRGH�'HSHQGHQF\�JUDPPDUV�KDYH�WKH�IROORZLQJ�FKDUDFWHULVWLFV��$�WUHH�FRQWDLQV�RQH�QRGH�SHU�ZRUG�DQG�QRLQWHUPHGLDWH�FRQVWLWXHQWV��6RPH��EXW�QRW�DOO��GHSHQGHQF\�IUDPHZRUNV�SHUPLW�FURVVLQJ�OLQNV�7KH�PRVW�LPSRUWDQW�SRLQW��RI�FRXUVH��LV�WKDW�WKHVH�DQDO\VHV�DUH�QRW�PHUHO\�DYDLODEOH�WR�EH�DGPLUHG�RUFRPSDUHG��4XHULHV�FDQ�H[SORLW�WKH�WUHH�4XHULHV�RQ�D�GHSHQGHQF\�JUDPPDU�FRUSXV�PXVW�EH�DEOH� WR�H[SUHVV� UHODWLRQV�DORQJ� WKH�SDUHQW�FKLOGD[LV��PDUNHG� µJUDPPDU� RUGHULQJ¶� LQ� )LJXUH���E��� DV�ZHOO� DV� WKH� VHQWHQFH� D[LV�� ,Q� 7DEOH�� WKH� VSDFHEHWZHHQ� HOHPHQWV� LQGLFDWHV� WKDW� RQH� ZRUG� IROORZV� DQRWKHU�� DQG� µ�¶� FRQQHFWV� D� ZRUG� DQG� WDJ�� 7KHSUHVHQFH� RI� DGGLWLRQDO� UHODWLRQDO� D[HV� PHDQV� ZH� KDYH� WR� FRQVLGHU� KRZ� WKHVH� RWKHU� UHODWLRQV� DUHGLVWLQJXLVKHG�DQG�H[SUHVVHG�
4XHU\ DSSOLHV�WR GHVFULSWLRQILVK VLQJOH�OH[LFDO�HOHPHQW 6LPSOH�VWULQJ�ILVK :LOG�FDUG��H[SHGLWLRQ�RU�WULS� /RJLFDO�H[SUHVVLRQ�RI�WZR�VLPSOH�VWULQJV�^H[SHGLWLRQ��WULS��SDUW\` 6HW�RI�DOWHUQDWLYH�VWULQJV��1�VLQJ�! :RUG�FODVV�WDJ��1�RU�3521! /RJLFDO�H[SUHVVLRQ�RI�WZR�326�WDJV�ILVK��1! :LOG�FDUG�OLPLWHG�E\�326�WDJ�ILVK�WULS VWULFW�OH[LFDO�VHTXHQFH :LOG�FDUG�IROORZHG�E\�VLPSOH�VWULQJ�ILVK��H[SHGLWLRQ�RU�WULS� :LOG�FDUG�IROORZHG�E\�ORJLFDO�H[SUHVVLRQ��1!�"�WULS 326�WDJ��DQ\�OH[LFDO�LWHP��VLPSOH�VWULQJ�ILVKLQJ��WULS OH[LFDO�VHTXHQFH 7ZR�VLPSOH�VWULQJV�VHSDUDWHG�E\�DQ\�QXPEHU�RILQWHUYHQLQJ�LWHPV�7DEOH����$�VHOHFWLRQ�RI�W\SLFDO�326�WDJ�TXHULHV��,&(�QRWDWLRQ��
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7KHUH� DUH� WZR� EURDG� WUDGLWLRQV� IRU� H[SUHVVLQJEXQGOHV�� RU� HQVHPEOHV�� RI� UHODWLRQV� LQ� DUWLILFLDOLQWHOOLJHQFH�� 7KHVH� DUH� ORJLF�EDVHG� DQG� PRGHO�EDVHG�UHSUHVHQWDWLRQV��,Q�6HFWLRQ ��ZH�GLVFXVV�WKHUHODWLYH� EHQHILWV� RI� HDFK�� %XW� EHIRUH� ZH� GLVFXVVKRZ� UHODWLRQV� DUH� SXW� WRJHWKHU� LQ� D� TXHU\�� OHW� XVILUVW� H[DPLQH� KRZ� WKH� WRSRORJ\� VSHFLILHV� DPLQLPDO�VHW�RI�LQGLYLGXDO�UHODWLRQV�:H�XVH� WKH�QRWDWLRQ�µ5HODWLRQ�WDUJHW��VRXUFH�¶WKURXJKRXW� WKLV� DUWLFOH�� ZKHUH� µ3DUHQW�F�� D�¶PHDQV�F LV�WKH�SDUHQW�RI�D���0DWKHPDWLFDO�V\PEROVDUH�DV�IROORZV��µ�¶  �DQG��µ�¶  �RU��µ�¶  �QRW��µ�¶  IRU� DOO�� µ�¶  � H[LVWV� µ�¶  � HQWDLOV�� µ�¶  � HQWDLOHDFK� RWKHU�� µ{¶  � LV� GHILQHG� DV�� µ�¶  �PHPEHU� RIVHW�� µ^D�� E`¶  � VHW� FRQWDLQLQJ� D DQG� E�� µ�¶  XQVSHFLILHG��D� 3DUHQW,Q�RXU�H[DPSOH�GHSHQGHQF\�JUDPPDU��WKH�IXQFWLRQI RI�D�QRGH�LV�HTXLYDOHQW�WR�D�ODEHO�DVVRFLDWHG�ZLWKWKH� OLQN� IURP� WKH�QRGH� WR� LWV� SDUHQW��7KLV� KDV� WKHLPSOLFDWLRQ� WKDW� WKH� IXQFWLRQ� FDQ� EH� WUHDWHG� LQ� DVLPLODU�ZD\� WR� D� IHDWXUH�RI� WKH�QRGH�� DQG�PD\�EHRSWLRQDOO\� LQFOXGHG� DV� D� FRQVWUDLQW� LQ� D� TXHU\� RQWKDW�QRGH�,I� D� JUDPPDWLFDO� YHFWRU� LV� VHSDUDEOH� IURP� LWVIXQFWLRQ�� LW� LV� UHDVRQDEOH� WR� HODERUDWH� DQ� RSWLPDOVHW� RI� JHQHUDO� WRSRORJLFDO� UHODWLRQV� EHWZHHQ� WZRFRQQHFWHG�QRGHV�LQ�D�TXHU\��7KH�SDLU�RI�GLDJUDPVLQ� )LJXUH ��E�� KDYH� WKH� VDPH� WRSRORJ\�� VR� WKHGHSHQGHQF\� YHFWRU� EHWZHHQ� WZR� ZRUG�QRGH� SDLUV�D DQG�F��LV�HTXLYDOHQW�WR�WKH�UHODWLRQVKLS�EHWZHHQD�µFKLOG¶�DQG�µSDUHQW¶�QRGH��$�TXHU\�PLJKW�H[SUHVVLPPHGLDWH�RU�HYHQWXDO�FRQQHFWLRQ�DORQJ� WKLV�D[LV�ZKLFK�ZH�FDQ�GHQRWH�DV�µ3DUHQW�F��D� � ^3DUHQW�$QFHVWRU`¶�,Q�FHUWDLQ�FLUFXPVWDQFHV��SDUHQW�FKLOG�GLUHFWLRQ�DOLW\�PD\�EH�XQLPSRUWDQW�� VR� WKLV�VHW�PD\� LQFOXGHXQRUGHUHG� UHODWLRQV�� µ3DUHQW�FKLOG¶� DQG� µ6DPHEUDQFK¶��6WDWLQJ�WKDW�µ3DUHQW�F��D�� �3DUHQW�FKLOG¶�ZRXOG�EH�HTXLYDOHQW�WR�UHTXLULQJ�WKDW�D�DQG�F ZHUHGLUHFWO\�FRQQHFWHG�E\�D�VLQJOH�DUURZ�EXW�WKDW�WKH�GLUHFWLRQ�ZDV�XQVSHFLILHG��6RPH�VPDOO�QRXQ�JURXSV��RUSKUDVHV��FRXOG�EH� LQWHUSUHWHG�DV�KDYLQJ�DQ�DPELJXRXV�KHDG�� VR�ZLWKLQ� VXFK�D�JURXS� LW� LV�FRQFHLYDEOHWKDW�D� WUHH�PD\� LQFOXGH�D�EL�GLUHFWLRQDO�DUURZ��6WULFW�GHSHQGHQF\� LV�QRW�REOLJDWRU\� LQ� VRPH�FRQVWUDLQWJUDPPDUV��+RZHYHU��LQ�WKH�PDLQ��XQRUGHUHG�3DUHQW�UHODWLRQV�DUH�XVXDOO\�OLQJXLVWLFDOO\�PHDQLQJOHVV��,QD�VWULFW�DF\FOLF�WUHH�WKH\�ZLOO�PDWFK�WZR�VLWXDWLRQV�ZLWK�UDGLFDOO\�GLIIHUHQW�PHDQLQJV��HLWKHU�D�GRPLQDWHVE RU�E�GRPLQDWHV�D�E� 1H[W&KLOG$�VHFRQG�VHW�RI� UHODWLRQV�H[SUHVV� WKH� UHODWLRQVKLS�EHWZHHQ�VLEOLQJV�� LQGLFDWHG�E\� WKH�GDVKHG�DUURZ� LQ)LJXUH���E���7KH�UHOHYDQFH�RI�WKLV�VLEOLQJ�D[LV�GHSHQGV�RQ�ZKHWKHU�WKH�RUGHU�RI�FKLOGUHQ�KDV�PHDQLQJ�
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'HSHQGHQF\�JUDPPDUV�PD\�QRW�EH�UHVWULFWHG�E\�ZRUG�RUGHU��$V�ZH�VDZ��VRPH�SHUPLW�FURVVLQJ�OLQNV��LQZKLFK�FDVH�WKH�DFWXDO�RUGHU�PD\�EH�LUUHOHYDQW�,I� WKH�JUDPPDU�SUHVXPHV� WKDW� IXQFWLRQ� ODEHOV� VSHFLI\� DQ�RUGHUHG� VHW� RI� µVORWV¶� �H�J��� VXEMHFW�� YHUE�GLUHFW�REMHFW���EXW�ZH�GR�QRW�NQRZ�WKDW�HOHPHQWV�DFWXDOO\�DSSHDU�LQ�WKLV�RUGHU��WKH�UHVHDUFKHU�PD\�UHOD[WKH�RUGHULQJ�UHTXLUHPHQW��7KH�LVVXH�IRU�WKH�OLQJXLVW�LV�ZKHWKHU�DQ�REVHUYHG�VHTXHQFH�LV�PHDQLQJIXO��L�H��LW�UHSUHVHQWV�D�SKHQRPHQRQ�ZRUWK\�RI�UHVHDUFK�$Q� RSWLPDO� VHW� RI� UHODWLRQV� DUH� µ1H[W&KLOG�E�� D��� ^1H[W�� $IWHU�� -XVW� EHIRUH�DIWHU�� %HIRUH�DIWHU�%UDQFK�DIWHU��'LIIHUHQW�EUDQFKHV`¶��7KH�ILUVW�IRXU�UHODWH�WR�VLEOLQJ�RUGHU�DQG�UHTXLUH�WKDW�WKH�WZR�QRGHVVKDUH� D� FRPPRQ� SDUHQW�� µ1H[W¶� DQG� µ$IWHU¶� VWDWH� WKDW� WKH� VHFRQG� QRGH� LPPHGLDWHO\�� RU� HYHQWXDOO\�IROORZV� WKH� ILUVW� LQ� WKH� VHTXHQFH� RI� FKLOGUHQ�� WKH� µ%HIRUH�DIWHU¶� RSWLRQV� DUH� XQRUGHUHG�� 7KH� ODVW� WZRYDOXHV�RI�1H[W&KLOG��µ%UDQFK�DIWHU¶ �RUGHUHG��DQG�µ'LIIHUHQW�EUDQFKHV¶ �XQRUGHUHG��UHIHU�WR�VLWXDWLRQVZKHUH�WZR�QRGHV�PLJKW�QRW�VKDUH�WKH�VDPH�SDUHQW��7KLV�FDQ�RFFXU�LI�DW�OHDVW�RQH�FKLOG�LQ�WKH�TXHU\�KDVDQ�µ$QFHVWRU¶�UHODWLRQ��1HOVRQ�HW�DO��������SS���������,I�FURVVLQJ�OLQNV�DUH�QRW�DOORZHG�LQ�WKH�JUDPPDU��µ%UDQFK�DIWHU¶ LV�QRW�UHTXLUHG�F� 1H[W:RUG,Q� D� OH[LFDO� RU� 326�WDJJHG� FRUSXV�� RQH� PD\� VSHFLI\� D� TXHU\� DV� D� µZLOG� FDUG¶� YDULDWLRQ� RI� D� OH[LFDOVWUHDP��DV�LQ�7DEOH����:H�GHILQH�WKH�ZRUG�RUGHU�UHODWLRQ�VHW�µ1H[W:RUG�Z���Z���� ^1H[W��$IWHU��-XVWEHIRUH�DIWHU��%HIRUH�DIWHU`¶�E\�DQDORJ\�ZLWK�1H[W&KLOG�G� +DV1RGH$� ILQDO� VHW� RI� UHODWLRQV� FRQQHFWV� ZRUGV� DQG� QRGHV�� $� 326�WDJJHG� FRUSXV� FRQVLVWV� RI� D� VHTXHQFH� RIVLPSOH�SDLUV�RI�ZRUGV�DQG�QRGHV��VR�D�µZRUG�SOXV�WDJ¶�TXHU\��H�J��µILVK��1!¶��ZLOO�VXIILFH��,Q�D�SDUVHGFRUSXV��ZH�PD\�ZLVK�WR�H[SUHVV�WKH�FRQFHSW�WKDW�D�QRGH�GRPLQDWHV�D�ZRUG��ZLWKRXW�UHTXLULQJ�WKDW�WKH\DUH�GLUHFWO\�FRQQHFWHG��7KLV�GLVWLQFWLRQ�FDQ�EH�H[SUHVVHG�DV�µ+DV1RGH�D��Z��� ^3DUHQW��$QFHVWRU`¶�,Q�VXPPDU\��WR�H[SUHVV�TXHULHV�RQ�D�FRUSXV�DQDO\VHG�ZLWK�D�GHSHQGHQF\�RU�FRQVWUDLQW�JUDPPDU��ZHQHHG�WR�EH�DEOH�WR�UHODWH�ZRUGV�DQG�QRGHV�WRJHWKHU�ZLWK�IRXU�GLIIHUHQW�W\SHV�RI�UHODWLRQ��VXPPDULVHG�E\WKH�VHWV�3DUHQW��1H[W&KLOG��1H[W:RUG DQG�+DV1RGH���� $�SKUDVH�VWUXFWXUH�JUDPPDU�FRUSXV$�SKUDVH�VWUXFWXUH�JUDPPDU�DGGV�QRGHV�WR�WKRVH�LQ�GHSHQGHQF\�WUHHV��7KHVH�QRGHV�UHSUHVHQW�SKUDVHV�RUFODXVHV�DQG�EUDFNHW�RWKHU�VHWV�RI�QRGHV��LQFOXGLQJ�VLQJOH�QRGHV��EHORZ�WKHP��$�QRGH�FDQ�HLWKHU� WDJ�DZRUG�RU�EUDFNHW�D�QXPEHU�RI�QRGHV��EXW�QRW�ERWK���:KLOH�D�GHSHQGHQF\�WUHH�KDV�RQH�QRGH�SHU�ZRUG��DSKUDVH�VWUXFWXUH�WUHH�FRQWDLQV�XS�WR�WZLFH�DV�PDQ\��H�J���LQ�,&(�*%�WKH�UDWLR�LV�DSSUR[LPDWHO\�������:LWKWKLV� LQ� PLQG�� D� SKUDVH� VWUXFWXUH� JUDPPDU� DQG� D� GHSHQGHQF\� JUDPPDU� KDYH� UHPDUNDEO\� VLPLODUWRSRORJLHV��&RPSDUH�)LJXUH���E��DQG��F��$�SKUDVH�VWUXFWXUH�JUDPPDU� LV�XVXDOO\�DSSOLHG� WR�D�FRUSXV� LQ�D�GHVFULSWLYH�UDWKHU� WKDQ�SUHVFULSWLYHPDQQHU��7KLV�KDV�WZR�SRVVLEOH�LPSOLFDWLRQV��)LUVW��WKDW�D�VWURQJ�RUGHULQJ�UHVWULFWLRQ�LV�DSSOLHG��L�H��WKDWWKH� VHQWHQFH�VHTXHQFH�RUGHUV� WKH� WUHH�� DQG�SUHYHQWV� FURVVLQJ� OLQNV��6HFRQG�� DGGLWLRQDO�QXOO� �QRWLRQDO�ZRUGV�PD\�QRW�EH�LQVHUWHG�LQ�WKH�VHQWHQFH��L�H��WKDW�WKH�WUHH�LV�FORVHG E\�WKH�VHQWHQFH��VHH�6HFWLRQ�������,IWKHVH� WRSRORJLFDO� UHVWULFWLRQV� DUH� HQIRUFHG�� WKH� TXHU\� FDQ� EH� VLPLODUO\� FRQVWUDLQHG� XVLQJ� D[LRPV� �VHHEHORZ���)RU�QRZ��OHW�XV�QRWH�WKDW�WKLV�VLPLODU�WRSRORJ\�PHDQV�WKDW�HVVHQWLDOO\�WKH�VDPH�UHODWLRQ�VHWV�DQGD[HV ±� 3DUHQW�� 1H[W&KLOG�� 1H[W:RUG DQG� +DV1RGH ±� DUH� DSSOLFDEOH� WR� GHSHQGHQF\� DQG� SKUDVHVWUXFWXUH�JUDPPDUV��� 5HSUHVHQWDWLRQ��YLVXDOLVDWLRQ�DQG�PDWFKLQJ(DUOLHU�ZH�PDGH�D�GLVWLQFWLRQ�EHWZHHQ�PDWFKLQJ�DQG�HYDOXDWLRQ��$W�WKLV�SRLQW�ZH�GLVFXVV�KRZ�UHODWLRQVDUH� FRPSRVHG� DQG� YLVXDOLVHG� WR� IRUP� D� TXHU\� ZKLFK� FDQ� EH� PDWFKHG� DJDLQVW� WUHHV�� :H� GLVWLQJXLVKEHWZHHQ� IRUPDO� UHSUHVHQWDWLRQ� ±� ZKDW� D� TXHU\� PD\� EH� FRPSRVHG� RI�� DQG� KRZ� FRQVWLWXHQWV� DUHLQWHJUDWHG� ±� DQG� YLVXDOLVDWLRQ�� ZKLFK LV� FRQFHUQHG� ZLWK� KRZ� WKH� TXHU\� PD\� EH� H[SUHVVHG� DQGFRPPXQLFDWHG��1DWXUDOO\�UHSUHVHQWDWLRQ�LPSDFWV�RQ�ERWK�YLVXDOLVDWLRQ�DQG�PDWFKLQJ��DQG�XQGHUSLQV�WKHGHVLJQ�RI�D�VHDUFK�WRRO�
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��� &ULWHULD�IRU�HYDOXDWLQJ�TXHU\�UHSUHVHQWDWLRQV+RZ�VKRXOG�ZH�HYDOXDWH� D�TXHU\� UHSUHVHQWDWLRQ"�2Q�ZKDW�EDVLV� VKRXOG�ZH� SUHIHU� RQH� UHSUHVHQWDWLRQRYHU�DQRWKHU"�:H�SURSRVH�WKH�IROORZLQJ�VHW�RI�FULWHULD��LQ�RUGHU�RI�GHFUHDVLQJ�LPSRUWDQFH��� /LQJXLVWLF�DGHTXDF\� ,W�VKRXOG�EH�SRVVLEOH�WR�H[SUHVV�DQ\�TXHU\�WKDW�KDV�OLQJXLVWLF�PHDQLQJ��7KLV�LVPRUH� LPSRUWDQW� WKDQ� DEVROXWH� H[SUHVVLYLW\� ±� MXVW� EHFDXVH� RQH� V\VWHP� LV�PRUH� IRUPDOO\� H[SUHVVLYHWKDQ� DQRWKHU� RQH� GRHV� QRW� PHDQ� WKDW� WKLV� H[SUHVVLYLW\� QHFHVVDULO\� KDV� D�OLQJXLVWLF EHQHILW�� )RUH[DPSOH��VRPH�TXHU\�WRROV�FDQ�VWDWH�WKDW�WZR�FKLOGUHQ�KDYH�WKH�VDPH�SDUW�RI�VSHHFK��ZLWKRXW�VWDWLQJZKDW� LW� LV��:KLOH�H[SUHVVLYH�� WKLV� LV�RI�GXELRXV� OLQJXLVWLF�YDOXH��$EVROXWH� H[SUHVVLYLW\�PD\�QRW�EHUHTXLUHG� IRU� DQRWKHU� UHDVRQ�� ,Q� D� PDWXUH� TXHU\� SODWIRUP� RQH� VKRXOG� EH� DEOH� WR� FRPELQH� TXHULHV�W\SLFDOO\� LQ� D� ORJLFDO� H[SUHVVLRQ��� ,Q� VXPPDU\��WKH� H[SUHVVLYLW\� RI� D� TXHU\� V\VWHP� DSSOLHG� WR� DSDUWLFXODU�JUDPPDU�FLUFXPVFULEHV�WKH�VHW�RI�OLQJXLVWLF�FRQFHSWV�RQH�FDQ�UHWULHYH��� 7UDQVSDUHQF\��$�PRUH�WUDQVSDUHQW�UHSUHVHQWDWLRQ�LV�VLPSO\�RQH�HDVLHU� WR�XQGHUVWDQG�WKDQ�DQRWKHU�JLYHQ� WKH� VDPH� DQQRWDWLRQ� VFKHPH�� 7KH� PDLQ� SUREOHP� WKDW� DOO� XVHUV� RI� SDUVHG� FRUSRUD� IDFH� LVVXIILFLHQWO\� OHDUQLQJ� WKH� JUDPPDU WR� DFKLHYH� WKHLU� JRDOV�� $Q� LPSRUWDQW� EHQHILW� RI� D� WUDQVSDUHQWUHSUHVHQWDWLRQ� LV� WKDW� UHVHDUFKHUV� FDQ� OHDUQ� WKH� JUDPPDU� DQG�KRZ� LW� LV� DSSOLHG� WR� WKH� FRUSXV E\FDUU\LQJ�RXW�TXHULHV��,GHDOO\��WKH�XVHU�VKRXOG�EH�DEOH�WR�SUHGLFW�KRZ�D�TXHU\�PDWFKHV�H[DPSOHV�LQ�WKHFRUSXV��7KH WRWDOLW\�RI� WKH�H[SUHVVLRQ�PXVW�EH�FOHDU��:H�FDQ�VHH� WKLV� LQ�7DEOH����$OWKRXJK� OH[LFDOTXHULHV�LQFUHDVH�LQ�FRPSOH[LW\�DV�RQH�GHVFHQGV��WKHUH�LV�D�VWUDLJKWIRUZDUG�UHODWLRQVKLS�EHWZHHQ�HDFKH[SUHVVLRQ�DQG�WKH�FDVHV�LW�PDWFKHV��� ([SUHVVLYLW\ LV� D� IRUPDO� SURSHUW\� EDVHG� RQ� WKH� H[SUHVVLYLW\� RI� LQGLYLGXDO� DWRPV� DQG� UHODWLRQVEHWZHHQ�WKHP��7ZR�UHSUHVHQWDWLRQV�DUH�UHSUHVHQWDWLRQDOO\�HTXLYDOHQW LI�HDFK�FDQ�H[SUHVV�HYHU\WKLQJWKH� RWKHU� FDQ� H[SUHVV�� 6HWV� �µ^D�� E`¶�� DQG� GLVMRLQW� ORJLFDO� H[SUHVVLRQV� �µD � E¶�� DUH� HTXDOO\H[SUHVVLYH��2QH�UHSUHVHQWDWLRQ�LV�PRUH�H[SUHVVLYH�WKDQ�DQRWKHU� LI�D�GLVWLQFWLRQ�FDQ�EH�PDGH� LQ� WKHILUVW� WKDW� FDQQRW�EH�PDGH� LQ� WKH� VHFRQG��:LOG� FDUGV� DUH�PRUH� H[SUHVVLYH� WKDQ� VLPSOH� VWULQJV��7KHRSWLRQ� WR�XVH�XQRUGHUHG�1H[W&KLOG�:RUG UHODWLRQVKLSV� LQFUHDVHV� IOH[LELOLW\��)LQDOO\�� WKH�DELOLW\� WRUHODWH�QRGHV�LQ�D�JUDPPDWLFDO�DQDO\VLV�UHSUHVHQWV�IXUWKHU�H[SUHVVLYH�SRVVLELOLWLHV��� (IILFLHQF\ UHIHUV� WR� WKH�VWUDLJKWIRUZDUG�FRPSXWDWLRQDO�FULWHULRQ�RI� WKH� LPSOHPHQWDWLRQ�RI�D�VHDUFK�$OWKRXJK�WKLV�LV�UHODWLYHO\�XQLPSRUWDQW�FRPSDUHG�WR�WKH�DELOLW\�WR�FDSWXUH�D�OLQJXLVWLFDOO\�PHDQLQJIXOH[SUHVVLRQ��DV�FRUSRUD�LQFUHDVH�LQ�VL]H�DQG�FRPSOH[LW\��UHWULHYDO�HIILFLHQF\�LV�LPSRUWDQW�LQ�SUDFWLFH�:DOOLV�DQG�1HOVRQ��������GLVFXVV�WKLV�TXHVWLRQ�LQ�VRPH�GHWDLO�7KH� LVVXHV� OLVWHG� KHUH� DUH� LQGHSHQGHQW� RI� D� SDUWLFXODU� JUDPPDWLFDO� DQDO\VLV�� :H� KDYH� QRWHG� WKDWGLIIHUHQW� DQDO\VLV� VFKHPHV� XVH� GLIIHUHQW� IRUPDOLVPV�� HQFRGH� GLIIHUHQW� V\QWDFWLF�� PRUSKRORJLFDO� DQGVHPDQWLF� IHDWXUHV�� DQG� DUH� EDVHG� XSRQ�GLIIHUHQW� WKHRUHWLFDO� SUHFHSWV� UHJDUGLQJ� WKH�PHDQLQJ� RI� WHUPV�+RZHYHU��OLQJXLVWLF�DGHTXDF\�PXVW�XOWLPDWHO\�EH�FRQVLGHUHG�LQ�UHODWLRQ�WR�D�SDUWLFXODU�DQDO\VLV�VFKHPH�7KH� FRUROODU\� LV� WKDW� LI� RQH� FDQ� LGHQWLI\� WKH� VDPH� OLQJXLVWLF� SKHQRPHQD� LQ� FRUSRUD� DQQRWDWHG� ZLWKGLIIHUHQW�IUDPHZRUNV��WKH�DFWXDO�JUDPPDU�GHSOR\HG�PDNHV�OLWWOH�GLIIHUHQFH�WR�WKH�UHVXOWV���� /RJLF�EDVHG�TXHULHV6R�IDU��ZH�KDYH�HODERUDWHG�IRXU�GLVWLQFW�FODVVHV�RI�UHODWLRQ�ZKLFK�TXHULHV�PXVW�VXSSRUW��$W�WKLV�SRLQW�ZHPXVW�PDNH�D�EDVLF�GHFLVLRQ�DV�WR�KRZ�WKHVH�UHODWLRQV�DUH�FRPELQHG�WRJHWKHU��7UDGLWLRQDOO\�WKHUH�DUH�WZRDSSURDFKHV��ORJLF�DQG�PRGHOV�$GYRFDWHV�RI�D�ORJLF�EDVHG�DSSURDFK�HPSKDVLVH�WKDW�ORJLF�LV�VXSUHPHO\�H[SUHVVLYH��\HW�GHVSLWH�WKLVH[SUHVVLYLW\� LW� UHWDLQV�D�³FOHDU� IRUPDO� VHPDQWLFV´� �+D\HV��������7KLV�PHDQV� WKDW�D� ORJLFDO�H[SUHVVLRQFDQ�EH�HYDOXDWHG�E\�D�VHULHV�RI�IRUPDO�UXOHV��3UHGLFDWH�ORJLF�LV�DQ�H[WUHPHO\�JHQHUDO�IRUPDOLVP�WKDW�PD\EH�XVHG�WR�H[SUHVV�TXHULHV�E\�WKH�GHYLFH�RI�LGHQWLI\LQJ�HOHPHQWV�DQG�VSHFLI\LQJ�UHODWLRQV�EHWZHHQ�WKHP�7R�NHHS�WKLQJV�VLPSOH��OHW�XV�ILUVW�UHYLHZ�WKH�XVH�RI�ORJLF�LQ�D�326�WDJJHG�FRUSXV��7KH�H[DPSOHV�LQ7DEOH�� DSSO\�WR�WZR�ZRUG�VHTXHQFHV��Z� DQG�Z���ZKHUH�Z� LPPHGLDWHO\�SUHFHGHV�Z���UHSUHVHQWHG�E\�WKH1H[W:RUG�SUHGLFDWH�
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2XU�ILUVW�REVHUYDWLRQ�LV�WKDW�WKH�H[SUHVVLYLW\�RI�ORJLF�LV�DW�WKH�H[SHQVH�RI�EUHYLW\��,W�LV�PXFK�VLPSOHUWR�ZULWH� ³ILVKLQJ� WULS´� WKDQ� WKH� HTXLYDOHQW� ORJLFDO� H[SUHVVLRQ�� ,Q�4XHU\� ��� LW� LV� HDVLHU� WR� OLVW� WKH� WZRDOWHUQDWLYHV��ILVKLQJ IROORZHG�E\�D�ZRUG� �³ILVKLQJ� "´��RU� D�ZRUG� IROORZHG�E\�WULS�� WKDQ�ZRUN� RXW� WKHRXWFRPHV�IURP�WKH�HTXLYDOHQW�ORJLFDO�H[SUHVVLRQ�TXHU\��4XHU\���LV�KLJKO\�LPSODXVLEOH�DQG�OLNHO\�WR�EHHQWHUHG� LQ�HUURU�� ,W�SURGXFHV� WKUHH�GLIIHUHQW�VLWXDWLRQV�ZLWK� OLPLWHG� OLQJXLVWLF�FRQQHFWLRQ��3HUPLWWLQJ�DUHODWLRQVKLS�EHWZHHQ�HOHPHQWV� WR�EH�RSWLRQDO� LV�QRW�YHU\�XVHIXO� LI� WKH�HOHPHQWV�DUH� OHIW�XQUHODWHG�DV�DUHVXOW��7KH�ILQDO�SDLU�RI�TXHULHV� LQ�7DEOH�� LOOXVWUDWHV� WKH�LPSRUWDQFH�RI� WKH�VFRSH�RI� ORJLFDO�QHJDWLRQ�7KH�ILUVW�PDWFKHV�ILVKLQJ�IROORZHG�E\�DQ\�ZRUG��SURYLGHG�WKDW�WKLV�ZRUG�LV�QRW�WULS��7KH�VHFRQG�PDWFKHVILVKLQJ H[FHSW�FDVHV�ZKHUH�LW�LV�IROORZHG�E\�WULS��LQ�RWKHU�ZRUGV��LW�ZLOO�DOVR�PDWFK�FDVHV�ZKHUH�ILVKLQJLV�WKH�ODVW�ZRUG�LQ�WKH�VHQWHQFH�7KH�SUREOHP�ZLWK� ORJLF� LV� WZRIROG��'HVSLWH� WKH�SKUDVH�� µD� FOHDU� VHPDQWLFV¶�GRHV�QRW�PHDQ� WKDW� DQH[SUHVVLRQ�DQG�LWV�LPSOLFDWLRQV�DUH�UHDGLO\�XQGHUVWDQGDEOH��,W�LV�HDVLHU�WR�FRPSUHKHQG�³>ILVKLQJ�"@�RU�>"WULS@´�WKDQ�³��Z�  �³ILVKLQJ´�� Z�  �³WULS´��� 1H[W:RUG�Z���Z���´��0RUHRYHU��DV�WKLV�H[DPSOH�VKRZV�SURYLGHG�WKDW�ZH�DOORZ�TXHULHV�WR�EH�FRPELQHG�ZLWK�ORJLF��PDQ\�RI�WKH�EHQHILWV�GLVDSSHDU��:H�DUH�OHIWZLWK�TXHULHV�OLNH�4XHU\���LQ�7DEOH����ZKHUH�WKH�H[SUHVVLRQ�VSHFLILHV�D�VHW�RI�DOWHUQDWLYH�FRQVWUDLQWV�RQXQFRQQHFWHG�SDUWV��0XFK�RI�WKLV�H[SUHVVLYLW\�GRHV�QRW�VHHP�WR�EH�OLQJXLVWLFDOO\�YHU\�XVHIXO�0RVW�H[DPSOHV�FLWHG�LQ�IDYRXU�RI�ORJLF�RYHU�PRGHOV�FRQWDLQ�QHJDWLRQ��H�J���µILQG�DOO�FODXVHV�ZLWKRXW�DVXEMHFW¶��6XFK�DQ�H[SUHVVLRQ� LV�HDV\� WR�XQGHUVWDQG�EXW�GLIILFXOW� WR� UHDOLVH� LQ� D� VLQJOH� FRQMRLQW�PRGHO�+RZHYHU�� RQH� FDQ� DFKLHYH� WKH� VDPH� UHVXOW� E\� D�SURFHVV�RI� VXEWUDFWLQJ� WKH� UHVXOWV� RI� RQH� TXHU\� IURPWKRVH�RI�DQRWKHU�±�UHPRYH�WKH�LQWHUVHFWLRQ�RI�DOO�FODXVHV�FRQWDLQLQJ�D�VXEMHFW�IURP�WKH�VHW�RI�DOO�FODXVHV��,Q�WKH�LQWURGXFWLRQ�ZH�GLVWLQJXLVKHG�EHWZHHQ�WKH�HYDOXDWLRQ�DQG�RUJDQLVDWLRQ�RI�FDVHV��:KDW�ZRXOG�D�ORJLFDO�ODQJXDJH�VXIILFLHQW�IRU�TXHULHV�RQ�D�SDUVHG�FRUSXV�ORRN�OLNH"�7UHH�4XHU\�/RJLF�74/��:DOOLV�DQG�1HOVRQ�������DQG�)LQLWH�6WUXFWXUH�4XHU\ �IVT� .HSVHU������� LPSOHPHQW�TXHULHV� LQILUVW�RUGHU�SUHGLFDWH�ORJLF��%HORZ�ZH�XVH�D�74/�QRWDWLRQ�IRU�FRQVLVWHQF\�74/�HPSOR\V�D�QXPEHU�RI�ILUVW�RUGHU�SUHGLFDWHV�WKDW�FRGH�IRU�UHODWLRQV�EHWZHHQ�WZR�VRUWV�RI�HOHPHQWLQ�D�WUHH��,Q�6HFWLRQ���ZH�GLVFXVVHG�D�VHW�RI�SODXVLEOH�WRSRORJLFDO�UHODWLRQV�EHWZHHQ�HOHPHQWV��:H�QRZFRQVLGHU� KRZ� WKHVH� PLJKW� EH� WUDQVODWHG� LQWR� D� ORJLFDO� IRUPDOLVP�� )LJXUH� � LOOXVWUDWHV� D� VLPSOHDUUDQJHPHQW� RI� WKUHH� QRGHV��[�� \� DQG� ]�� DQG� WZR�ZRUGV��Z� DQG�Z��� ZKLFK�ZH�ZLOO� UHIHU� WR� LQ� ZKDWIROORZV��7DEOH�� OLVWV�D�VHW�RI�SUHGLFDWHV�VXIILFLHQW�WR�GHVFULEH�LPPHGLDWH�DQG�HYHQWXDO�UHODWLRQVKLSV�LQ�DSDUVHG�FRUSXV�(DFK� SUHGLFDWH� LQ� WKH� ILUVW� FROXPQ� WDNHV� D� VLQJOH� VWHS� LQ� RQH� GLUHFWLRQ� DORQJ� WKH� HTXLYDOHQW� D[LV�7KHVH�DUH�VXIILFLHQW�WR�FRQVWUXFW�D�WUHH�VWUXFWXUH��RU��FRQYHUVHO\��D�WUHH�FDQ�EH�FRQYHUWHG�LQWR�D�ORJLFDOH[SUHVVLRQ��

4XHU\ GHVFULSWLRQ�� �Z��Z���Z�  �³ILVKLQJ´�� Z�  �³WULS´ � 1H[W:RUG�Z���Z��� (TXLYDOHQW�WR�³ILVKLQJ�WULS´��� �Z��Z����Z�  �³ILVKLQJ´�� Z�  �³WULS´��� 1H[W:RUG�Z���Z��� 0DWFKHV�³ILVKLQJ�"´�RU�³"�WULS´��� �Z��Z���Z�  �³ILVKLQJ´�� Z�  �³WULS´�� 1H[W:RUG�Z���Z��� ,PSODXVLEOH��0DWFKHV�³ILVKLQJ´��³WULS´�RU�HYHU\�ZRUG�SDLUZKHUH Z� SUHFHGHV Z���� �Z��Z���Z�  �³ILVKLQJ´�� ¤�Z�  �³WULS´��� 1H[W:RUG�Z���Z��� 0DWFKHV�³ILVKLQJ�"´�EXW�QRW�³ILVKLQJ�WULS´��� �Z��Z���Z�  �³ILVKLQJ´�� ¤�Z�  �³WULS´�� 1H[W:RUG�Z���Z���� 0DWFKHV�³ILVKLQJ´�ZKHUH�ILVKLQJ�LV�QRW�IROORZHG�E\�³WULS´�7DEOH����/RJLFDO�FRPELQDWLRQV�RI�WZR�ZRUG�TXHULHV�

��VWHS�SUHGLFDWH PXOWL�VWHS�SUHGLFDWH D[LV GHVFULSWLRQ3DUHQW�[��\� $QFHVWRU�[��\� SDUHQW�FKLOG [�GRPLQDWHV�\1H[W&KLOG�]��\� )ROORZLQJ&KLOG�]��\� FKLOG�FKLOG ]�LV�DIWHU�\ LQ�D�VHTXHQFH�RI�FKLOGUHQ+DV1RGH�\��Z�� +DV1RGH$ERYH�\��Z�� QRGH�ZRUG QRGH�\ DQQRWDWHV�ZRUG�Z�1H[W:RUG�Z���Z�� )ROORZLQJ:RUG�Z���Z�� ZRUG�ZRUG Z� LV�DIWHU�Z� LQ�WKH�VHQWHQFH7DEOH����2UGHUHG�74/�ELQDU\�SUHGLFDWHV
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2QH� FDQ� GHULYH� XVHIXO� XQDU\� SUHGLFDWHV�� 7KHVH�HGJHV� RIWKH�TXHU\�DUH�LQGLFDWHG�E\�JUH\�µ7¶�PDUNV�LQ�)LJXUH���/DVW:RUG�Z���{ ¤�Z��1H[W:RUG�Z���Z��� �WKHUH� LV� QR�Z�� IROORZ�LQJ�Z��$�VLPLODU�SURFHVV�GHILQHV�)LUVW:RUG��5RRW��/HDI��HWF�(DFK� VLQJOH�VWHS� SUHGLFDWH� FDQ� EH� FRPSOHPHQWHG� E\DQRWKHU�RQH��LQ�WKH�VHFRQG�FROXPQ�LQ�7DEOH����ZKLFK�FRYHUVDQ�DUELWUDU\�QXPEHU�RI�VWHSV��)ROORZLQJ:RUG KDV�WKH�VDPHHIIHFW�DV�WKH�VSDWLDO�ZLOG�FDUG�µ¶��,I�QHFHVVDU\�RQH�FDQ�GHULYHXQRUGHUHG� HTXLYDOHQWV� IURP� RUGHUHG� RQHV�� EXW� WKLV� LV�PXFKPRUH�XVHIXO�IRU�PRGHO�EDVHG�UHSUHVHQWDWLRQV�$GMDFHQW:RUG�Z�� Z���{ �1H[W:RUG�Z���Z���� 1H[W:RUG�Z���Z����,W� LV� DOVR� QHFHVVDU\� WR� LQWURGXFH� D� QXPEHU� RI� WRSRORJLFDOD[LRPV�� 7KHVH� HQVXUH� WKDW� XQIHDVLEOH� WUHHV� FDQQRW� EHFRQVWUXFWHG��LQFOXGLQJ�WKH�IROORZLQJ�3DUHQW�[��\��� ¤3DUHQW�\��[� �FLUFXODULW\�)ROORZLQJ&KLOG�]��\��� �[��3DUHQW�[��\��� 3DUHQW�[��]��� �FKLOGUHQ�VKDUH�D�SDUHQW�$[LRPV�PD\�GHILQH�WKH�UHODWLRQVKLS�EHWZHHQ�PXOWLSOH�DQG�VLQJOH�VWHS�SUHGLFDWHV��WKXV�3DUHQW�[��\��� $QFHVWRU�[��\��)LQDOO\��WRSRORJLFDO�SURSHUWLHV�RI�WKH�JUDPPDU��VHH�6HFWLRQ����DUH�H[SUHVVHG�DV�D[LRPV�)ROORZLQJ&KLOG�]��\��� +DV1RGH$ERYH�\��Z����+DV1RGH$ERYH�]��Z���� )ROORZLQJ:RUG�Z���Z�� �WUHH�LV�RUGHUHG�E\�VHQWHQFH�
¤�[�3DUHQW�\��[��� �Z�+DV1RGH�\��Z�� �WUHH�LV�FORVHG�DW�ZRUGV�:H�FDQ�FRPSOHWH�WKH�GHILQLWLRQ�RI�UHODWLRQV�RXWOLQHG�LQ�6HFWLRQ����DQG�VLPSOLI\�VRPH�H[SUHVVLRQV�DV�DUHVXOW�� +RZHYHU� WKH� IXQGDPHQWDO� SUREOHP� LV� WKDW� LQ� RUGHU� WR� HYDOXDWH� DQG� FRPSUHKHQG� D� ORJLFDOFRPELQDWLRQ�RI�UHODWLRQV�RQH�QHHGV�WR�GUDZ�D�WUHH�LQ�WKH�ILUVW�SODFH��LI�\RX�QHHGHG�WR�UHIHU�WR�)LJXUH� WRIROORZ�WKH�DUJXPHQW�DERYH��\RX¶YH�SURYHG�P\�SRLQW���,I�WKLV�LV�WKH�FDVH��SHUKDSV�LW�LV�SUHIHUDEOH�WR�XVHTXHU\�UHSUHVHQWDWLRQV�EDVHG�RQ�WUHH�GLDJUDPV�UDWKHU�WKDQ�ORJLF���� 0RGHO�EDVHG�TXHULHV:LWK� WKH� H[FHSWLRQ� RI�IVT �.HSVHU� �������PRGHO�EDVHG� UHSUHVHQWDWLRQV� GRPLQDWH� WKLV� ILHOG��$OWKRXJKOHVV� WKHRUHWLFDOO\� H[SUHVVLYH�� PRGHOV� DUH� VLPSO\� HDVLHU� WR� XVH�� $W� WKH� WLPH� RI� ZULWLQJ�� IRU� SKUDVHVWUXFWXUH�FRUSRUD��WKH\�KDYH�EHHQ�GHSOR\HG�E\�WJUHS�DQG�WJUHS� �5RKGH������� &RUSXV6HDUFK �5DQGDOO������ /'% �YDQ�+DOWHUHQ�DQG�YDQ�GHQ�+HXYHO��������9,4725<$� �.DOOPH\HU�DQG�6WHLQHU�������DQG,&(&83� ,,,� �1HOVRQ� HW� DO�� ������� 'HSHQGHQF\� JUDPPDU� TXHU\� WRROV� LQFOXGH�7,*(5VHDUFK� �/H]LXV������DQG�1HWJUDSK �2QGUXãND�DQG�0tURYVNê���������6HH�WKH�SDSHUV�IRU�DYDLODELOLW\�RI�VRIWZDUH��7KH�GLIIHUHQFHV�EHWZHHQ�WKH�TXHULHV�WKHVH�WRROV�FDQ�H[SUHVV�DUH�UHODWLYHO\�PLQRU��ZLWK�PXFK�RI� WKHYDULDWLRQ�EHLQJ�LQ�WKH�JUDPPDU�DQG�KRZ�UHVXOWV�DUH�RUJDQLVHG�DQG�HYDOXDWHG�7R� HYDOXDWH� WKH� EHQHILWV� DQG� FRVWV� RI� HPSOR\LQJ� PRGHOV� WR� H[SUHVV� TXHULHV�� ZH� ZLOO� IRFXV� RXUGLVFXVVLRQ� RQ� RQH� RI� WKHVH� DSSURDFKHV�� ,&(&83¶V�)X]]\� 7UHH�)UDJPHQWV �)7)V��:DOOLV� DQG�1HOVRQ������XVLQJ�H[DPSOHV�EDVHG�RQ�WKH�,&(�SKUDVH�VWUXFWXUH�JUDPPDU��ZLWK�WUHHV�GUDZQ�IURP�OHIW�WR�ULJKWE\�GHIDXOW��+RZHYHU�WKH�SULQFLSOHV�RXWOLQHG�KHUH�DUH�FRPPRQ�WR�DOO�RI�WKHVH�UHSUHVHQWDWLRQV�$�PRGHO�EDVHG�UHSUHVHQWDWLRQ�LV�RQH�ZKHUH�HOHPHQWV�DUH�FRQVLGHUHG�DV�SDUW�RI�D�FRKHUHQW�ZKROH��,QORJLFDO� WHUPV� WKLV�PHDQV� WKDW� HYHU\WKLQJ� VWDWHG� VKRXOG� EH� FR�SUHVHQW�� L�H��� HOHPHQWV� DQG� UHODWLRQV� DUHFRQMRLQHG�� 6ZLWFKLQJ� IURP� ORJLF� WR� )7)V�� WKHUHIRUH�� ORVHV� QHJDWLRQ� DQG� GLVMXQFWLRQ�� H[FHSW� ZLWKLQSUHVFULEHG� OLPLWV�� )RU� H[DPSOH��,&(&83����� �1HOVRQ� HW� DO�� ������ SHUPLWV� ORJLFDO� H[SUHVVLRQV�ZLWKLQ
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QRGHV� DQG� OH[LFDO� LWHPV� EXW� RQO\� FR�RFFXUULQJ� FRPELQDWLRQV� RIUHODWLRQV� 7KH�UHVXOW�RI�WKLV�OLPLWDWLRQ�LV�D�PXFK�FOHDUHU�UHSUHVHQWDWLRQ�/HW�XV�FRQVLGHU�DQ�H[DPSOH�&RQVLGHU�D�TXHU\�IRU�D�FODXVH�FRQWDLQLQJ�D�QRXQ�SKUDVH�VXEMHFW�DQGGLUHFW�REMHFW��VNHWFKHG�LQ�)LJXUH ���,Q�ORJLF�ZH�ZRXOG�ZULWH�VRPHWKLQJOLNH�WKH�IROORZLQJ��[�\�]�>FDW�[� µ&/¶�� �FDW�\� µ13¶�� IXQF�\� µ68¶��� IXQF�]� µ2'¶�� 3DUHQW�[�\��� 3DUHQW�[��]��� �)ROORZLQJ&KLOG�\��]��� )ROORZLQJ&KLOG�]��\��@7KH� PRGHO�EDVHG� UHSUHVHQWDWLRQ� JXDUDQWHHV� D�FRKHUHQW� YLVXDOLVDWLRQ�7KH�WRWDO�VWUXFWXUH�LQ�)LJXUH����UHSUHVHQWLQJ�D�VSHFLILF�OLQJXLVWLF�HYHQW�LV�LPPHGLDWHO\�DSSDUHQW�DQG�UHIOHFWV�WUHH�VWUXFWXUHV�LQ�WKH�FRUSXV�$� )X]]\� 7UHH� )UDJPHQW� LV� D� JHQHUDOLVHG� JUDPPDWLFDO� VXEWUHH�FRQWDLQLQJ�QRWLRQDO�QRGH�DQG�ZRUG�HOHPHQWV��ZLWK�D�VHULHV�RI�QDPHG�UHODWLRQDO�OLQNV DQG�HGJH�SURSHUWLHVDW�HDFK�SRLQW��(GJHV�DUH�RSWLRQDOO\�VSHFLILHG�DV�7UXH�RU�)DOVH��/LQNV�FDQ�WDNH�RQH�RI�D�QXPEHU�RI�YDOXHVGHSHQGLQJ�RQ�WKH�D[LV��3DUHQW�LV�PDQGDWRU\�DQG�RUGHUHG��LW�PXVW�EH�HLWKHU�3DUHQW�RU�$QFHVWRU��)RU�WKH,&(�JUDPPDU��1H[W:RUG DQG�1H[W&KLOG PD\�EH�DQ\�RI�WKRVH�OLVWHG�LQ�6HFWLRQ ��H[FHSW�%UDQFK�DIWHU�WKH�JUDPPDU�LV�VWURQJO\�RUGHUHG�E\�WKH�VHQWHQFH�RUGHULQJ��)LJXUH�� VKRZV�KRZ�WKH�DSSOLFDELOLW\�RI�SDUWLFXODU� OLQNV�DQG�HGJHV�GHSHQG�RQ� WKH�FRQILJXUDWLRQ�RIQRGHV��2QO\�WKH�WRS�PRVW�QRGH�RI�D�TXHU\��[��FDQ�EH�D�5RRW��,I�WZR�FKLOGUHQ�DUH�RUGHUHG�E\�1H[W&KLOG�WKH�ILUVW��\��FDQQRW�EH�D�/DVW&KLOG�DQG�WKH�VHFRQG��]��FDQQRW�EH�D�)LUVW&KLOG��$�VLPLODU�SULQFLSOH�DSSOLHVWR�ZRUGV�,&(� LV� D� FORVHG� JUDPPDU� DQG� DOO� OHDI� QRGHV� KDYH� ZRUGV� DWWDFKHG�� $V� D� UHVXOW� WKH� VWDWH� RI� WKH+DV1RGH�UHODWLRQ�PD\�EH�GHGXFHG�E\�WKH�QRGH¶V�/HDI�VWDWXV�/HDI�\��� �Z��+DV1RGH�\��Z�� �LPPHGLDWH�&RQYHUVHO\�LI�LW�LV�SRVVLEOH�WKDW�\ LV�QRW�D�OHDI��+DV1RGH LV�HYHQWXDO���� 9LVXDOLVLQJ�DQG�PDWFKLQJ�TXHULHV,&(&83� �1HOVRQ� HW� DO�� ������ YLVXDOLVHV� )7)V� E\� D� V\VWHP� RI� FRORXU�FRGHG� DUURZV�� OLQHV� DQG� HGJHPDUNHUV�� $JDLQVW� D� JUH\� EDFNJURXQG�� EODFN� OLQHV� DUH� XVHG� WR� GHSLFW� WKH� H[LVWHQFH� RI� DQ�LPPHGLDWHFRQQHFWLRQ��3DUHQW�LQ�)LJXUH����DQG�ZKLWH�WR�LQGLFDWH�DQ�HYHQWXDO�RU�SRVVLEOH�FRQQHFWLRQ��7KH�DEVHQFHRI�D�OLQH�PDUNV�WKH�LPSRVVLELOLW\�RI�D�OLQN��1H[W&KLOG DQG�1H[W:RUG�UHODWLRQV�DUH�GHSLFWHG�E\�D�V\VWHPRI� DUURZV�� ,Q� )LJXUH ���1H[W&KLOG� LV� %HIRUH�$IWHU� �GRXEOH� KHDGHG� ZKLWH� DUURZ�� DQG�1H[W:RUG� LVXQVSHFLILHG��QR�DUURZ���7KH�YDULRXV�HGJHV��5RRW��/HDI� HWF���DUH�GUDZQ�DV�ZKLWH�µSRVVLEOH�H[WHQVLRQV¶WR�WKH�VWUXFWXUH�7KH� EHQHILWV� RI� D� PRGHO�EDVHG� DSSURDFK� VKRXOG� EH� LPPHGLDWHO\� DSSDUHQW�� $� WUHH�HGLWLQJ� XVHULQWHUIDFH��ZLWK� H[WHQVLRQV� WR� VHW� WKH� VWDWXV� RI� OLQNV�� FDQ� UDSLGO\� FRQVWUXFW� WKHVH� IUDJPHQWV�� )7)V� DUHYLVXDOO\�FRKHUHQW�±�WKH�WRWDO�DUUDQJHPHQW�KDV�PHDQLQJ�WR�WKH�XVHU�±�XQOLNH�D�OLVW�RI�ORJLFDO�UHODWLRQV��$GLDJUDP�LV�ZRUWK�D�WKRXVDQG�SUHGLFDWHV��7KH\�DUH�VSDWLDO�VWUXFWXUHV�UDWKHU�WKDQ�OLQHDU�OLVWV��7KLV�UHIOHFWVWKH�REVHUYDWLRQ�WKDW�WUHH�GLDJUDPV�DUH�HDVLHU�WR�IROORZ�WKDQEUDFNHWHG� V\QWD[� �VHH�� IRU� LQVWDQFH�� 4XLUN� HW� DO�� �����S�����$�GLDJUDPPDWLF�DSSURDFK� LV�DOVR�UHDGLO\�H[WHQVLEOH�VHH� 6HFWLRQ� ��� SURYLGHG� WKDW� FRPSOH[LW\� LV� FDUHIXOO\PDQDJHG��$V�DQ�DVLGH��WKH�YDOXH�RI�JUDSKLFDO�UHSUHVHQWDWLRQV�KDVEHHQ�H[SORUHG�LQ�D�QXPEHU�RI�ILHOGV�LQ�VFLHQFH��'LVFXVVLQJWKH�KLVWRU\�RI�VFLHQWLILF�FUHDWLYLW\��IRU�H[DPSOH��&KHQJ�DQG6LPRQ� ������� DUJXH� WKDW� VHOHFWLRQ� RI� WKH� µULJKW¶GLDJUDPPDWLF� UHSUHVHQWDWLRQ� KDV� RIWHQ� SURYHG� WR� EH� WKHNH\�WR�SURJUHVV��
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7KH� VHFRQG� DGYDQWDJH� RI� HPSOR\LQJ� WUHH�PRGHOVIRU�TXHULHV�RQ�SDUVHG�FRUSRUD�LV�WKDW�LW�LV�PXFK�HDVLHUWR�YLVXDOLVH�PDWFKLQJ�UHVXOWV��2XU�TXHU\�PDWFKHV�WKH,&(�*%�WUHH LQ�)LJXUH�� WZLFH��� >%XW�>LW@68�13 QHHGV�>FRRNLQJ@2' VR�ZH�FDQ�VHH�LI�LW�WXUQV�RXWDOO�ULJKW@&/�� %XW�LW�QHHGV�FRRNLQJ�>VR�>ZH@68�13 FDQ�VHH�>LI�LW�WXUQV�RXW�DOOULJKW@2'@&/��,&(�*%�6�$����������:H� FDQ� LOOXVWUDWH� WKHVH� WZR� PDWFKLQJ� SDWWHUQV� E\FRORXULQJ�WKH�QRGHV�RI�D�WUHH�GLDJUDP��,W�LV�WKHQ�HDV\WR�FRQILUP�KRZ�RXU�TXHU\�KDV�PDWFKHG�WKH�WUHH�7KH� )7)�PDSV� RQWR� HYHU\� PDWFKLQJ� WUHH� LQ� WKLVZD\�� 8VLQJ� D� VLPSOH� FRORXU� VFKHPH�� RQH� FDQKLJKOLJKW� HDFK� PDWFKLQJ� FDVH� LQ� WXUQ�� DQG� H[DPLQHKRZ�GLIIHUHQW�FDVHV�LQWHUDFW ±�IRU�H[DPSOH��LGHQWLI\�LQJ� WKDW� WKH� VHFRQG�FDVH� DERYH��VR�ZH� FDQ� VHH«� LVVXERUGLQDWH� WR� WKH� ILUVW��7KLV�TXHVWLRQ�RI� LQWHUDFWLRQLV�D�JHQHUDO�LVVXH�LQ�FRUSXV�UHVHDUFK��VHH�EHORZ��([DPLQLQJ� PDWFKLQJ� SDWWHUQV� DOVR� UHYHDOVRYHUODSSLQJ�FDVHV��DV�LQ�WKH�IROORZLQJ�WUHH��)LJXUH����� 7KH�SRLQW�LV�>>\RX@68�13 FDQ�GR�>>ZKDW@2' >\RX@ 68�13OLNH@2'�&/@&/ �ODXJK!��,&(�*%�6�%����������+HUH�WKH�GLUHFW�REMHFW�RI�WKH�RYHUDUFKLQJ�FODXVH�\RX�FDQ�GR�ZKDW�\RX�OLNH LV�DOVR�D�FODXVH��ZKDW�\RX�OLNH�2QH�PDWFKLQJ�FDVH�LV�SDUW�RI�DQRWKHU��7KLV�H[DPSOH�DOVR�LOOXVWUDWHV�WKH�UHYHUVLELOLW\�RI�FRQVWLWXHQWV�$OWKRXJK� WKH\� DUH� GUDZQ� DV� D� WUHH�� )7)V� FDQ� EH� FRQVWUXFWHG� WR� VHDUFK� IRU� OH[LFDO� VHTXHQFHVLUUHVSHFWLYH�RI�WKH�JUDPPDU��1HOVRQ�HW�DO��������S������7KH�OH[LFDO�VHTXHQFH�LV� OLQNHG�E\�1H[W:RUGUHODWLRQV��7KH�WUHH�HIIHFWLYHO\�GLVDSSHDUV�E\�DWWDFKLQJ�/HDI�QRGHV�� OLQNHG��YLD�$QFHVWRU�UHODWLRQV�� WR�D5RRW�QRGH��)RU�HYHU\�OHDI��1H[W&KLOG  ����6XFK�DQ�)7)�ZLOO�PDWFK�RQFH��XQDPELJXRXVO\��WR�DQ\�WUHHDQQRWDWLQJ�WKH�OH[LFDO�VHTXHQFH�,&(&83�LV�DQ�H[SORUDWRU\�UHVHDUFK�SODWIRUP�WKDW�SURYLGHV�D�µIRUJLYLQJ¶�XVHU�LQWHUIDFH�WKDW�DOORZV�DUHVHDUFKHU�WR�FRQVWUXFW�D�TXHU\�DQG�DSSO\�LW�WR�D�FRUSXV�WR�REWDLQ�DQ�H[KDXVWLYH�VHW�RI�PDWFKLQJ�FDVHV�7KH� UHVHDUFKHU� FDQ� EURZVH� WKH� VHW� RI� PDWFKLQJ� FDVHV� DQG� FRPELQH� WKH� UHVXOWV� ZLWK� WKRVH� RI� RWKHUTXHULHV��H�J���E\�DGGLQJ�DQRWKHU��DOWHUQDWLYH�)7)�TXHU\��RU�E\�DSSO\LQJ�WKH�UHVXOWV�WR�D�VXEFRUSXV�)LQDOO\��WKH�WUHH�PRGHO�TXHU\�UHSUHVHQWDWLRQ�SHUPLWV�RQH�ILQDO�WULFN��7UHH�PRGHO�TXHULHV�UHIOHFW�WUHHVLQ�WKH�FRUSXV��7KH\�DUH�JHQHUDOLVHG�WUHH�VWUXFWXUHV��2QH�FDQ�PDWFK�D�TXHU\�DJDLQVW�D�WUHH�LQ�WKH�FRUSXV�$�XVHU�FDQ�DOVR�DEVWUDFW�D�TXHU\�IURP�D�WUHH�RU�VHW�RI�WUHHV��7KXV�,&(&83¶V�µ)7)�&UHDWLRQ�:L]DUG¶�WRROFRQVWUXFWV�D�TXHU\�E\�WDNLQJ�D�SRUWLRQ�RI�D�WUHH�DQG�FRQYHUWLQJ�LW�LQWR�D�TXHU\��� &DVH�,QWHUDFWLRQ&DVH�RYHUODS�� DV�GHILQHG�E\� D�TXHU\�� UHIOHFWV� D�PRUH�JHQHUDO� SUREOHP� IRU� UHVHDUFKHUV��FDVHV� VDPSOHGIURP� D� FRUSXV� DUH� QRW� DOZD\V� LQGHSHQGHQW� 5DWKHU�� ZLWK� D� IHZ� KLJKO\� VSHFLDOLVHG� H[FHSWLRQV� DVLGH�FRUSRUD�FRQVLVW�RI�VHTXHQFHV�RI� UXQQLQJ� WH[W��<HW�DQ\�SURFHVV� WKDW�TXDQWLILHV�UHVXOWV�±� IURP�FRXQWLQJKLWV�DQG�FDOFXODWLQJ�UDWLRV�WR�IRUPLQJ�D�GDWDVHW�DQG�WHVWLQJ�K\SRWKHVHV�±�HIIHFWLYHO\�DVVXPHV�WKDW�HDFKFDVH�LV�LQGHSHQGHQW�IURP�WKH�QH[W�,Q� IDFW�� WZR�FDVHV� LQ� WKH� VDPH�SDVVDJH� DUH� OHVV� OLNHO\� WR�EH� LQGHSHQGHQW� LQ�RULJLQ� WKDQ�FDVHV� IURPGLIIHUHQW�WH[WV��:LWKLQ�D�SDVVDJH��WZR�FDVHV�WKDW�DUH�SDUW�RI�WKH�VDPH�XWWHUDQFH�DUH�PRUH�OLNHO\�WR�GHSHQGRQ�HDFK�RWKHU�WKDQ�WZR�PRUH�GLVWDQW�FDVHV��7ZR�FDVHV�LQ�VHSDUDWH�VHQWHQFHV�DUH��RQ�EDODQFH��OHVV�OLNHO\WR�LQWHUDFW�WKDQ�D�SDLU�ZLWKLQ�WKH�VDPH�VHQWHQFH��$QG�ILQDOO\�FDVHV�ZLWKLQ�WKH�VDPH�VHQWHQFH�LQWHUDFW�WRGLIIHULQJ�GHJUHHV�±�HVSHFLDOO\�LI�WKHLU�H[WHQW�RYHUODSV�
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7KLV� SUREOHP� KDV� DOZD\V� H[LVWHG� LQ� OH[LFDO� FRUSRUD�� 7RSLF� QRXQV� DQG� FHUWDLQ� VW\OLVWLF� SDWWHUQVREYLRXVO\�SUHGRPLQDWH�LQ�SDUWLFXODU�WH[WV��,Q�,&(�*%��PRGDO�PXVW�DSSHDUV���WLPHV�SHU������ZRUGV�LQHOHYHQ�DGPLQLVWUDWLYH�UHJXODWRU\�SDVVDJHV��EXW������ WLPHV�SHU������DFURVV� WKH�FRUSXV��6KRXOG�HDFK�RIWKHVH� FDVHV� EH� WUHDWHG� DV� LQGHSHQGHQW� XVDJHV� RI� HTXDO� ZRUWK�� RU� DUH� WKHLU� XVHV� GXH� WR� D� SDUWLFXODUDXWKRULDO�VW\OH�RU�VXEMHFW�PDWWHU",Q�ODUJH�OH[LFDO�FRUSRUD�VXFK�DV�WKH�����PLOOLRQ�ZRUG�%ULWLVK�1DWLRQDO�&RUSXV��$VWRQ�DQG�%XUQDUG�������D�ODUJH�QXPEHU�RI�VRXUFHV�DQG�UDQGRP�VXEVDPSOLQJ�FDQ�KHOS�WR�PLQLPLVH�WKH�HIIHFW��,Q�VPDOOHUSDUVHG�FRUSRUD��WKH�JUDPPDWLFDO�HYLGHQFH�LV�ERWK�ULFKHU�DQG�UDUHU��DQG�FDVHV�FDQ�DSSHDU�LQ�FOXVWHUV�IRU�DYDULHW\�RI�UHDVRQV�:H�FDQ�FRQVLGHU�FDVH�LQWHUDFWLRQ�DV�KDYLQJ�WZR�VRXUFHV��7KH�ILUVW�LV�FRQVFLRXV�UHSHWLWLRQ��LQFOXGLQJFRRUGLQDWLRQ�RU�OH[LFDO�FKRLFH��ZKLOH�WKH�VHFRQG�LV�JUDPPDWLFDO��ZKHUH�WKH�XVH�RI�RQH�FRQVWUXFWLRQ�KDVFRQVHTXHQFHV�IRU�VXEVHTXHQW�FRQVWUXFWLRQV��1HOVRQ��:DOOLV�DQG�$DUWV��������RIIHU�WKH�IROORZLQJ�UDQJHRI�SRVVLEOH�VRXUFHV�RI�LQWHUDFWLRQ�LQ�TXHU\�UHVXOWV��� )XOO�RYHUODS��$�FDVH� IXOO\�RYHUODSV�DQRWKHU��7KLV� LV�RQO\�SRVVLEOH� LI� WKH�TXHU\�FRQWDLQV�XQRUGHUHGUHODWLRQV��DQG�RQH�FKLOG�FDQ�VZDS�SRVLWLRQ�ZLWK�DQRWKHU���� 3DUWLDO�RYHUODS��3DUW�RI�RQH�FDVH�FRLQFLGHV�ZLWK�SDUW�RI�DQRWKHU��7KHUH�DUH�WZR�W\SHV�D� 7ZR� RYHUODSSLQJ� FDVHV� PDWFK�VRPH� RI� WKH� VDPH� QRGHV� LQ� WKH� WUHH�� 7KLV� FDQ� DULVH� LI� HYHQWXDOUHODWLRQVKLSV�DUH�HPSOR\HG�LQ�DQ�)7)��VXFK�DV�µ1H[W&KLOG� �$IWHU¶�E� 7ZR� FDVHV� RYHUODS� RQ� GLIIHUHQW� QRGHV�� DV� LQ� )LJXUH���� ZKHUH� WKH� GLUHFW� REMHFW� RI� RQH� PDWFKFRLQFLGHV�ZLWK�WKH�KHDG�FODXVH�RI�D�VHFRQG��7KLV�LV�D�W\SH�RI�HPEHGGLQJ��� (PEHGGLQJ��2QH�PDWFK�FDQ�GRPLQDWH�RU�VXEVXPH�DQRWKHU��H�J���D�FODXVH�LQ�D�FODXVH��� &RRUGLQDWLRQ�� &RRUGLQDWLRQ� QRUPDOO\� FRPSULVHV� VLPLODU� FRQVWUXFWLRQV�� EHFDXVH� RQH� FRQMRLQ� FDQXVXDOO\�UHSODFH�WKH�RWKHU�RU�WKH�HQWLUH�FRRUGLQDWHG�VWUXFWXUH��� 5HSHWLWLRQ�� 7KLV� RFFXUV� QDWXUDOO\� IRU� VHOI�FRUUHFWLRQ�� UHLQIRUFHPHQW� RU� VW\OLVWLF� UHDVRQV��ZLWKLQ� DQXWWHUDQFH�RU�LQ�FRQYHUVDWLRQ�)LQDOO\�� LW� LV� ZHOO� NQRZQ� WKDW� WH[W� JHQUH� DQG� VRFLROLQJXLVWLF� FRQWH[W� FDQ� OHDG� WR� FHUWDLQ� W\SHV� RIFRQVWUXFWLRQ� EHLQJ� SUHIHUUHG� RYHU� RWKHUV�� H�J�� LQWHUURJDWLYH� FODXVHV� LQ� LQWHUYLHZV�� $� FRUSXV� VDPSOHVKRXOG�EH�UHSUHVHQWDWLYH RI�WKH�SRSXODWLRQ�RI�XWWHUDQFHV�RQH�LV�JHQHUDOLVLQJ�DERXW�6WULFWO\��DQ\�TXDQWLWDWLYH�DVVHVVPHQW�RI�FRUSXV�GDWD�FDQ�RQO\�DVVXPH�VDPSOLQJ�LQGHSHQGHQFH�LI�HDFKFDVH� LV� VRXUFHG� IURP� D� XQLTXH� VSHDNHU� DQG� WH[W�� 6LQFH� WKLV� UHTXLUHPHQW� LV� RIWHQ� WRR� UHVWULFWLYH� LQSUDFWLFH�� DQ� DOWHUQDWLYH� LV� WR� WU\� WR� TXDQWLI\� WKH�UHODWLYH� LQGHSHQGHQFH RI� HDFK� FDVH� DJDLQVW� WKH� RWKHUFDVHV� LQ� WKH� VDPH� WH[W��7KLV�PD\�EH�GHILQHG�DV� WKH� SUREDELOLW\� WKDW� WKH� FDVH�ZRXOG� DULVH�LI� WKH� RWKHUFDVHV�LQ�WKH�WH[W�ZHUH�DEVHQW��7R�JLYH�WKLV�DFFRXQW�VRPH�QXPEHUV��DQ�LQGHSHQGHQW�FDVH�KDV�D�SUREDELOLW\RI����WZR�H[SOLFLWO\�UHSHDWHG�LWHPV�ZLWKLQ�WKH�VDPH�WH[W�������DQG�VR�RQ�*UDPPDWLFDO�LQGHSHQGHQFH�FDQ�EH�HVWLPDWHG�E\�D�%D\HVLDQ�PHWKRG�DFURVV�WKH�HQWLUH�VDPSOH��,I�WZRFDVHV� D DQG� E LQWHUDFW�� WKH� SUREDELOLW\� RI�E� JLYHQ� D�� SU�E� _� D��� LV� JUHDWHU� WKDQ� WKH� SUREDELOLW\� RI�ERFFXUULQJ�LQGHSHQGHQWO\��SU�E���7KLV�LQFUHDVH�LQ�SUREDELOLW\��'�E��D�� �SU�E _ D��±�SU�E���UHSUHVHQWV� WKHGHSHQGHQFH�RI�E�RQ�D��7KLV�FDOFXODWLRQ�PXVW�EH�JHQHUDOLVHG�IRU�DOO�SDLUV�RI�FDVHV�LQ�WKH�VDPH�WH[W�&DVH� LQWHUDFWLRQ� LV� QRW� FULWLFDO� LQ� DSSOLFDWLRQV� ZKHUH� TXDQWLILHG� UHVXOWV� DUH� QRW� UHTXLUHG�� VXFK� DVREWDLQLQJ�H[DPSOHV�IRU� WHDFKLQJ�RU�JHQHUDO�H[SORUDWLRQ��+RZHYHU�� WKLV� LVVXH� LV� LQFUHDVLQJO\� LPSRUWDQWZKHQ� FDUU\LQJ� RXW� OLQJXLVWLF� UHVHDUFK� RQ� D� FRUSXV�� :LWK� VLPSOH� H[SHULPHQWV� DQG� UHODWLYHO\�ORZ�IUHTXHQF\� FORVH�LQWHUDFWLRQ�� RQH� FDQ� µGRZQSOD\¶� WKH� LQGHSHQGHQFH� RI� FDVHV�� VD\�� E\� XQGHUVFRULQJ�F�WHVWV�� 0RUH� DGYDQFHG� VROXWLRQV� UHTXLUH� WKH� IRUPDO� DEVWUDFWLRQ� RI� DQ� H[SHULPHQWDO� PRGHO� DQG� WKHHYDOXDWLRQ�RI�DQ�H[SHULPHQWDO�VDPSOH��DV�GLVFXVVHG�LQ�:DOOLV�DQG�1HOVRQ���������� $GYDQFHG�7RSRORJ\8S�WR�WKLV�SRLQW�ZH�KDYH�RQO\�FRQVLGHUHG�VHDUFKLQJ�FRUSRUD�ZLWK�WKUHH�W\SHV�RI�JUDPPDWLFDO�WRSRORJ\�:H�KDYH�DVVXPHG�WKDW�HDFK�ZRUG�KDV�D�VLQJOH�QRGH�DQQRWDWLQJ�LW��DQG�YLFH�YHUVD��:H�KDYH�DVVXPHG�WKDWFRRUGLQDWLRQ�VKRXOG�EH�FRQVLGHUHG�DV�SDUW�RI�WKH�SKUDVH�VWUXFWXUH��)LQDOO\��ZH�KDYH�OHIW�DVLGH�KRZ�RQH



���� �

PLJKW� JR� DERXW� H[WHQGLQJ� WKLV� EDVLFWRSRORJ\�WR�SHUPLW�PXOWLSOH�WUHH�DQDO\VHV�RUWR�LQFOXGH�RWKHU�OHYHOV�RI�DQDO\VLV���� &RPSRXQGV�DQG�PLVVLQJ�ZRUGV6RPH�SDUVLQJ� VFKHPHV� GR� QRW� DVVXPH� WKDWHYHU\�ZRUG�LV�JLYHQ�D�QRGH��EXW�SHUPLW� WKHXVH� RI� FRPSRXQGV� RU� µGLWWR� WDJV¶�� 6RPHJUDPPDUV�� VXFK� DV�7UHHEDQN� ,,� �0DUFXV� HWDO�� ������� SHUPLW� WKH� H[LVWHQFH� RI� QRGHVZLWKRXW�ZRUGV�,&(�WUHDWV�ERWK�WR DQG�LQ�RUGHU�WR DV�LQVWDQFHV�RI�µSDUWLFOH�WR¶��DGYHUELDO�VRUW�RI DV�D�FRPSRXQG��DQGPDQ\� WLWXODU� SURSHU� QRXQV� DUH� DQDO\VHG� DV� FRPSRXQG� QRXQV�� 7KLV� SLFWXUH� LV� IXUWKHU� FRPSOLFDWHG� E\GLVFRQWLQXRXV�FRPSRXQGV�VXFK�DV�EH��MXVW��JRLQJ�WR��,QFLGHQWDOO\��)LJXUH�� VKRZV�WZR�FRPSRXQGV��WKHSKUDVDO�YHUE�WXUQV�RXW DQG�DGMHFWLYH�DOO�ULJKW�7KHVH�VLWXDWLRQV�UHSUHVHQW�D�GLVFRQWLQXLW\�EHWZHHQ�WKH�JUDPPDU�DQG�WKH�WH[W��*UDPPDWLFDO�UHODWLRQVWUHDW�FRPSRXQGV�DV�VLQJOH�HOHPHQWV��ZKLOH�VHQWHQFH�UHODWLRQV�DVVXPH�HYHU\�ZRUG�ZLWKLQ�WKH�FRPSRXQGWR�EH�GLVWLQFW��)LJXUH ���,&(&83�VROYHV�WKLV�SUREOHP�E\�HPSOR\LQJ�D�ODWH�UHVROXWLRQ�VWUDWHJ\��:DOOLV�DQG�1HOVRQ��������� 0D[LPDOO\�LQIODWH�WKH�SURRI�VSDFH�WR�SODFH�HOHPHQWV�LQ�HYHU\�SHUPLVVLEOH�SRVLWLRQ��LQFOXGLQJ�HDFKSRVLWLRQ�ZLWKLQ�D�FRPSRXQG���� $SSO\�WKH�SURRI�PHWKRG�WR�LGHQWLI\�PDWFKLQJ�FRPELQDWLRQV�RI�QRGHV�DQG�UHODWLRQV��� &ROODSVH�WKH�UHVXOWV��FDUU\LQJ�RXW�DQ\�QHFHVVDU\�VLPSOLILFDWLRQ��H�J���WZR�PDWFKLQJ�SDWWHUQV�ZKLFKGLIIHU�ZLWKLQ�WKH�VDPH�FRPSRXQG�PD\�EHFRPH�RQH��1XOO�HOHPHQWV�UHTXLUH�D�GLIIHUHQW�VROXWLRQ��:H�H[SOLFLWO\�LQFUHDVH�WKH�DPELJXLW\�RI�WKH�TXHU\��1XOOV�FDQEH� DFFHSWHG� LQWR� WKH� OH[LFDO� VHTXHQFH� RQ� WKH� FRQGLWLRQ� WKDW� WKH� PHDQLQJ� RI� µ1H[W:RUG  �1H[W¶� LVPRGLILHG� WR� PDWFK� WZR� ZRUGV� VHSDUDWHG� E\� ]HUR� RU� PRUH� QXOO� ZRUGV�� $V� D� UHVXOW� WKH�1H[W:RUGUHVWULFWLRQ�PD\� SDLU� RQH�ZRUG�ZLWK� VHYHUDO�� DQG� RQO\� E\� DSSO\LQJ� RWKHU� UHVWULFWLRQV� LV� WKH� DPELJXLW\UHVROYHG�,&(&83�HPSOR\V�WKLV�PHWKRG�IRU�VNLSSLQJ�RYHU�HOHPHQWV�VXFK�DV�SDXVHV��SXQFWXDWLRQ�DQG�GLVFRXUVHPDUNHUV�WKDW�FDQ�DSSHDU�DW�DUELWUDU\�ORFDWLRQV�LQ�WKH�OH[LFDO�VWUHDP���� &RRUGLQDWLRQ�DQG�VHOI�FRUUHFWLRQ&RRUGLQDWLRQ�LV�QRW�VWULFWO\�SDUW�RI�SKUDVH�VWUXFWXUH��EXW� LV�EHWWHU�XQGHUVWRRG�DV�EHLQJ�WDQJHQWLDO� WR� LW�&RRUGLQDWHG� HOHPHQWV�� WHUPHG�FRQMRLQV�� FDQ� DSSHDU� DW�PDQ\� OHYHOV� LQ� D� JUDPPDWLFDO� WUHH�� IURP�PDLQFODXVHV�WR�YHUE�SKUDVHV��H�J���WR VZLP�DQG�WR�ILVK��DGMHFWLYH�SKUDVHV��H�J���KLJK�DQG�PLJKW\��WR�DGYHUEV�DVLQ�XS�DQG�GRZQ��$Q�LOOXVWUDWLRQ�LV�JLYHQ�LQ�)LJXUH ��'LIIHUHQW� DQDO\VLV� VFKHPHV� FDQ� FRRUGLQDWH� VWUXFWXUHV� DW� VOLJKWO\� GLIIHULQJ� SRVLWLRQV� �,&(� DLPV� WRFRRUGLQDWH�SKUDVHV��ZKHUH�SRVVLEOH��ZKLOH�7UHHEDQN�,,�ZLOO�FRRUGLQDWH�ZRUG�FODVVHV���&RRUGLQDWLRQ�DOVRHQWDLOV� D� GHJUHH� RI� H[SOLFLW� JUDPPDWLFDO� UHSHWLWLRQ�� 0RUHRYHU�� RQH� SKUDVDO� FRQMRLQ� PD\� FRQWDLQ� DQHOHPHQW�� VXFK� DV� G LQ� )LJXUH� ��� ZKLFK� LVDEVHQW�� EXW� LPSOLFLWO\� UHIHUUHG� WR�� LQ� DQRWKHUFRQMRLQ�� DV� LQ� WKH� IROORZLQJ� IURP� ,&(�*%�6�$������������ ,�ZDQW�WR�>>SHUIRUP�ZLWK�D�JURXS@&- DQG�>GR�VRPHFKRUHRJUDSK\�IRU�P\�ILQDO�DVVHVVPHQW@&-@,Q� WKLV� JDSSHG� FRQMXQFWLRQ� �0DUFXV� HW� DO�������� G� LV� XQGHUVWRRG� WR� EH� SDUW� RI� ERWKSKUDVHV��D�DQG�E�
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(DFK�LQVWDQFH�RI�FRRUGLQDWLRQ�LQYROYHV�WKH�LQVHUWLRQ�RI�D�FRRUGLQDWLQJ�QRGH�LQWR�WKH�WUHH�WKDW�EUDFNHWVFRQMRLQV�DQG�DQ\�LQWHUPHGLDWH�FRQMXQFWLRQ��DQG� RU��EXW HWF����7KH�PDLQ�SUREOHP�IRU�VHDUFKLQJ�D�FRUSXVLV� WKDW� WKLV� DUELWUDU\� LQVHUWLRQ� RI� FRRUGLQDWLQJ� QRGHV� LQWR� WKH� VWUXFWXUH� �OLNH� WKH� DUELWUDU\� LQVHUWLRQ� RIGLVFRXUVH�PDUNHUV�� VHH�DERYH��FDQ�EH�D�FRQIRXQGLQJ� IDFWRU� WKDW�SUHYHQWV�TXHULHV�PDWFKLQJ�DFURVV� WKHFRRUGLQDWRU�6XSSRVH�ZH�KDYH�D�TXHU\�ZKLFK�ORRNV�IRU�WZR�QRGHV��D��S��ZKHUH�3DUHQW�S��D���7KLV�ZLOO�PDWFK�FDVHVZLWKRXW�D�FRRUGLQDWRU�EXW�QRW�WKRVH�ZLWK�WKH�DGGLWLRQDO�QRGH��,Q�RUGHU�WR�SHUPLW�WKH�VDPH�TXHU\�WR�PDWFKERWK�FRRUGLQDWHG�DQG�VLQJOH�SKUDVHV� WKH� µLPPHGLDWH¶�3DUHQW� UHODWLRQ�PXVW�EH�PRGLILHG� WR�PDWFK� WZRQRGHV�VHSDUDWHG�E\�]HUR�RU�PRUH�FRRUGLQDWRUV��$Q\�SDUW�RI�WKH�TXHU\�DW�S RU�DERYH�ZLOO�PDWFK�LGHQWLFDOQRGHV�DQG�SURGXFH�D�SDUWLDO�RYHUODS��VHH�6HFWLRQ���RQ�FDVH�LQWHUDFWLRQ��0DUFXV�HW�DO���������UHSUHVHQW�JDSSHG�FRQMXQFWLRQV�E\�LQWURGXFLQJ�D�QHZ�QRGH��J� LQ�)LJXUH��� DQGFUHDWLQJ�D�FURVV�UHIHUHQFLQJ�OLQN�J� �G��*DSV�FDQ�DSSHDU�DW�DQ\�SRVLWLRQ�LQ�D�FRQMRLQ��H�J���0DU\�OLNHV%DFK� DQG� 6XVDQ�� %HHWKRYHQ�� 0DUFXV� HW� DO�� DUH� DWWHPSWLQJ� WR� UHFRYHU� SUHGLFDWH�DUJXPHQW� VHPDQWLFV�µOLNH�0DU\�� %DFK�� � OLNH�6XVDQ�� %HHWKRYHQ�¶�� ZKHUHDV� ZH� DUH� LQWHUHVWHG� LQ� �RSWLRQDOO\�� PDWFKLQJLPSOLHG�WHUPV�DJDLQVW�IXOO�TXHULHV��$V�ZLWK�QXOO�ZRUGV�DQG�FRPSRXQGV��VHH�������WKH�PDWFKLQJ�PHWKRGILUVW�H[SDQGV�WHUPV�DQG�WKHQ�DSSOLHV�D�ODWH�UHVROXWLRQ�VWUDWHJ\�(YHU\� UHYLVLRQ� RI� WKH� TXHU\� V\VWHP� VXEWO\� PRGLILHV� WKH� PHDQLQJ� RI� WKH� JUDPPDU�� $� TXHU\� LV� DQDEVWUDFW�WUHH��,I�FRRUGLQDWLRQ�LV�WUHDWHG�GLIIHUHQWO\�IURP�SKUDVH�VWUXFWXUH�LQ�SURRI�� WKHQ�WKH�PHDQLQJ�RIFRRUGLQDWRU�QRGHV�LV�GLVWLQFW�2QH� RI� WKH� ELJJHVW� KXUGOHV� IDFLQJ� WKH� SDUVH� DQDO\VLV� RI� VSRNHQ�PDWHULDO� LV� WKH� LGHQWLILFDWLRQ� DQGDQDO\VLV�RI�VHFWLRQV�RI�WH[W�ZKLFK�DUH� UHSHDWHG�DQG�FRUUHFWHG�G\QDPLFDOO\�E\� WKH� VSHDNHU� WKHPVHOYHV�6R�FDOOHG� VHOI�FRUUHFWLRQ� LV� D�ZHOO�NQRZQ� SKHQRPHQRQ� LQ� VSHHFK�� DQG� D� UHVHDUFK� VXEMHFW� LQ� LWV� RZQULJKW��+RZHYHU��GXULQJ�WKH�SDUVLQJ�RI�FRUSRUD��VHOI�FRUUHFWLRQ�LV�RIWHQ�RQO\�WUHDWHG�DV�D�SUREOHP�IRU�WKHSDUVHU�� ,&(� QRWLRQDOO\� µUHPRYHV¶� FRUUHFWHG�PDWHULDO� E\� VHWWLQJ� DQ� µLJQRUHG¶� IODJ� DQG� DGGLQJ� VXUIDFHDQQRWDWLRQ�WR�VKRZ�ZKLFK�DUHDV�RI�WKH�WH[W�KDG�EHHQ�UHSODFHG�E\�RWKHUV��+RZHYHU��RQH�LQWHUSUHWDWLRQ�RIVHOI�FRUUHFWLRQ�LV�WZR�FRQMRLQV�FRRUGLQDWHG�ZLWK�µRU�UDWKHU¶��DV�LQ��� «WKH�VSHFWDFOH�RI�VHHLQJ�KLV�ROGHU�VLVWHU�ZLQ�>D�SUL]H@&- ��RU��UDWKHU��>WZR�SUL]HV@&- �,&(�*%�:�%���������7KH�FRQFOXVLRQ�LV�WKDW�LI�FRRUGLQDWRUV�FDQ�EH�PDGH�WR�µGLVDSSHDU¶�LQ�SURRI�LQ�WKH�ZD\�VXJJHVWHG��VHOI�FRUUHFWLRQ�FRXOG�SRVVLEO\�EH�EHWWHU�UHSUHVHQWHG�DV�D�IRUP�RI�UHSODFHPHQW�FRRUGLQDWLRQ��ZLWK�D�IHDWXUH�LQWKH�HDUOLHU�PDWHULDO�WR�LQGLFDWH�WKDW�LW�KDG�EHHQ�UHSODFHG���� 0XOWLSOH�DQDO\VHV�DQG�OHYHOV6R�IDU�ZH�KDYH�DVVXPHG�WKDW�HDFK�VHQWHQFH�LV�JLYHQ�D�VLQJOH�WUHH�DQDO\VLV��:KDW�LI�ZH�SHUPLW�PXOWLSOHWUHHV�WR�EH�VWRUHG�IRU�WKH�VDPH�VHQWHQFH"�:H�PLJKW�GR�WKLV�IRU�D�QXPEHU�RI�UHDVRQV��)LUVWO\��WR�UHSUHVHQWIXQGDPHQWDO� DQDO\WLFDO� DPELJXLW\�� ZKHUH� DGGLWLRQDO� DQDO\VHV� DUH� �VHOHFWLYHO\�� VWRUHG� IRU� DPELJXRXVVHQWHQFHV� RQO\�� 6HFRQGO\�� WR� UHSUHVHQW�GLIIHUHQW� DQDO\WLFDO� VFKHPHV RU� OHYHOV� RI� DQDO\VLV�� 7KLUGO\�� WRUHSUHVHQW� SDUDOOHO� WUDQVODWLRQV�� ZKHUH� HDFK� WUDQVODWLRQ� LV� SDUVHG� VHSDUDWHO\�� %HORZ� ZH� GLVFXVV� WKHLPSOLFDWLRQV�RI�HDFK�RI�WKHVH��YHU\�EULHIO\��LQ�WXUQ�,Q�WKH�FDVH�RI�DQDO\WLFDO�DPELJXLW\��RQH�PLJKW� UHSUHVHQW�DQ�HQWLUH� µDOWHUQDWLYH¶� WUHH�VWUXFWXUH� LQ� WKHFRUSXV��DOWKRXJK�WKH�DPELJXLW\�PLJKW�EH�FRQILQHG�WR�D�VPDOO�SDUW�RI�WKH�WUHH��&RQVLGHU�D�VLPSOH�VLWXDWLRQZKHUH�D� VHQWHQFH�KDV� WZR� LQWHUSUHWDWLRQV��$�TXHU\� FDQ�PDWFK� HLWKHU� WUHH� LQGHSHQGHQWO\�� ,I� LW�PDWFKHVERWK WUHHV��WKLV�FRXQWV�DV�D�VLQJOH�PDWFKLQJ�FDVH��,I�LW�PDWFKHV�RQH�WUHH��LW�VKRXOG�FRXQW�DV�D�VLQJOH�FDVHJLYHQ�WKH�SUREDELOLW\�WKDW�WKLV�WUHH�LV�WKH�FRUUHFW�DQDO\VLV��,W�IROORZV�WKDW�HDFK�DPELJXRXV�WUHH�VKRXOG�EHJLYHQ�D�SULRU�SUREDELOLW\�RI�EHLQJ�FRUUHFW��L�H��LI�HTXDOO\�SODXVLEOH������HDFK���DQG�WKH�QXPEHU�RI�FDVHV�LQHDFK�WUHH�VKRXOG�EH�PXOWLSOLHG�E\�WKLV�SULRU�SUREDELOLW\�EHIRUH�EHLQJ�WDNHQ�LQWR�DFFRXQW�2QH�EHQHILW� RI� FRUSRUD� FRQWDLQLQJ�PRUH� WKDQ�RQH�SDUVLQJ� VFKHPH� LV� WKDW� WKH\� FDQ� EH� XVHG� IRU� WKHFRQWUDVWLYH�HYDOXDWLRQ�RI�JUDPPDWLFDO�IUDPHZRUNV��E\�FRPSDULQJ�WKH�HIIHFWLYH�UHWULHYDELOLW\�RI�GLIIHUHQWUHSUHVHQWDWLRQV�$W�WKH�WLPH�RI�ZULWLQJ��WKH�FRVW�RI�PXOWLSOH�SDUVLQJ�KDV�EHHQ�WRR�KLJK�IRU�PRUH�WKDQ�D�PLFURFRUSXV�WKH� $0$/*$0� 03&� �VHH� ZZZ�VFV�OHHGV�DF�XN�DPDOJDP�DPDOJDP�PXOWL�SDUVHG�KWPO��� WR� EH� FRQV�
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WUXFWHG�� &RQVLGHU� D� FRUSXV� SDUVHG� ZLWK� GHSHQGHQF\� DQGSKUDVH� VWUXFWXUH� JUDPPDUV�� DV� LQ� )LJXUH�����:H� QRZ� KDYHWKUHH� W\SHV� RI� HOHPHQW�� ZRUGV�� SOXV� WZR� VRUWV� RI� QRGH�GHSHQGHQF\�DQG�SKUDVH�VWUXFWXUH���DQG�WZR�VHWV�RI�VWUXFWXUDOUHODWLRQV�WKDW�DUH�DSSOLHG�WR�WKH�WZR�W\SHV�RI�QRGH�4XHULHV� RQ� WKLV� W\SH� RI� FRUSXV� PD\� QRZ� VSDQ WKHVHQWHQFH�DQG�UHODWH�HOHPHQWV�RQ�HLWKHU�VLGH�WRJHWKHU��VXFK�DVD�DQG�E���,Q�D�SDUDOOHO�SDUVHG�FRUSXV��WKH�VHQWHQFH�DFWV�DV�WKHUHIHUHQFH�SRLQW�IRU�DOO�JUDPPDUV��DOORZLQJ�D�VLQJOH�TXHU\�WRUHIHU� WR�DQ\�QXPEHU�RI� WUHHV� 7KH�TXHU\� UHSUHVHQWDWLRQ� IRUDQ\� WUHH� QHFHVVDULO\� HPSOR\V� WKH� WHUPV� DQG� D[LRPV� RI� WKHUHOHYDQW�JUDPPDU��,Q�VXPPDU\��WKH�SRVVLELOLW\�RI�FRQWUDVWLQJJUDPPDUV� LQ� WKLV� ZD\� KDV� WZR� UHTXLUHPHQWV�� �D�� WKHGHILQLWLRQ�RI�D�SDUWLFXODU�HYDOXDWLYH�PHDVXUH� �UHWULHYDELOLW\�L�H���ZKDW�FDQ�EH�LGHQWLILHG�RU�GHULYHG�IURP�WKH�VWUXFWXUH���DQG��E��WKH�IDFW�WKDW�DOO�WUHHV�DUH�JURXQGHG�LQWKH�VDPH�VHW�RI�VHQWHQFHV�$�VLPLODU�SULQFLSOH�DSSOLHV�WR�WKH�LQWHJUDWLRQ�RI�D�VXSSOHPHQWDU\�PRUSKRORJLFDO OD\HU�RI�DQDO\VLV�LQWRD� SDUVHG� FRUSXV� �FI�� $UWLFOH� ����� 7KH� PRVW� LQWHJUDWHG� UHSUHVHQWDWLRQ� LV� ZKHUH� WKH� VDPH� WRSRORJ\� LVFDUULHG�WKURXJK�EHORZ�WKH�OHYHO�RI�WKH�WUHH��VR�D�FRQVWLWXHQW�DQDO\VLV�LV�SUHIHUDEOH�ZLWK�D�SKUDVH�VWUXFWXUHJUDPPDU��RU�D�GHSHQGHQF\�DQDO\VLV�ZLWK�D�FRQVWUDLQW�JUDPPDU�$GGLQJ� D� PRUSKRORJLFDO� DQDO\VLV� RI� HDFK� ZRUG� LQ� D� SDUVHG� FRUSXV�� DQG� H[WHQGLQJ� JUDPPDWLFDOTXHULHV� DFFRUGLQJO\�� SHUPLWV� QHZ� DYHQXHV� RI� UHVHDUFK�� 2QHFRXOG� LQYHVWLJDWH� WKH� LQWHUDFWLRQ� RI� PRUSKRORJ\� DQG� V\QWD[�DQG�HYDOXDWH�PRUSKRORJLFDO�GHSHQGHQFLHV�IURP�ILUVW�SULQFLSOHVZLWKLQ�JUDPPDWLFDO�FRQVWUDLQWV��H�J��ZLWKLQ�WKH�VDPH�SKUDVH�RUFODXVH��3URYLGHG� WKDW� PRUSKRORJLFDO� WHUPV� FDQ� EH� UHSUHVHQWHGZLWKLQ� WKH�VDPH�IUDPHZRUN�DV� WKH�JUDPPDU��ZH�FRXOG�H[SHFWWR� VHH� QHWZRUNV� OLNH� )LJXUH����� FRQVLVWLQJ� RI� DQ� DF\FOLF� WUHHZKHUH� ZRUGV� DUH� QR� ORQJHU� WHUPLQDOV� DQG� ZKHUH� PRUSKHPHVHTXHQFHV�VXEGLYLGH�ZRUGV� ,Q�SUDFWLFH� LW�PD\�EH�GHVLUDEOH� WRIXUWKHU� H[WHQG� WKH� DQQRWDWLRQ� WR� UHSUHVHQW� PRUSKRORJLFDOFRPSRXQGV�� UHODWH� PRUSKHPHV� WR� WKH� OH[LFDO� VWULQJ� �H�J�LQGH[LQJ� D� FKDUDFWHU� UDQJH� LQ� WKH� ZRUG�� DQG� GLUHFWO\� UHODWHPRUSKHPHV�WR�ZRUGV�&RUSXV�TXHULHV�ZRXOG� WKHQ� LQFOXGH�DQ�H[SOLFLW�+DV1RGH�W�Z� UHODWLRQ�IRU�ZRUGV�DQG�PRUSKHPHV�DQG� UHODWLRQV�DORQJ� WKHPRUSKHPH�D[LV��7KH� LQWHUSUHWDWLRQ�RI�1H[W0RUSKHPH�ZRXOGEH� OLPLWHG�� XQOHVV� RWKHUZLVH� VWDWHG�� WR� D� VHTXHQFH� RIPRUSKHPHV�ZLWKLQ�D�ZRUG��7KXV��WR�IROORZ�WKH�PDUNHG�DUURZVLQ�)LJXUH�����RQH�ZRXOG�KDYH�WR�FRQVLGHU� WZR�$QFHVWRUV ZLWKDWWDFKHG� ZRUGV�� RQ� HLWKHU� VLGH� RI� D� 1H[W:RUG� UHODWLRQ��1DWXUDOO\�� LW� LV� HDVLHU� WR� FRQVWUXFW� WKLV� PRGHO� WKDQ� WRVXPPDULVH�LW��7KH�ILQDO�FRUSXV�W\SRORJ\�ZH�ZLOO�FRQVLGHU�LV�WKDW�RI�SDUVHGWUDQVODWLRQ� FRUSRUD�� ZKHUH� DQ� /�� �ILUVW� ODQJXDJH�� VHQWHQFH� LVWUDQVODWHG� LQWR� DQ� /�� �VHFRQG� ODQJXDJH�� VHQWHQFH� DQG� ERWKVHQWHQFHV� DUH�SDUVHG�� ,Q� D� SKUDVH� VWUXFWXUH� JUDPPDU�� RQH� FDQWKHQ�PDS�/��QRGHV��LQFOXGLQJ�SKUDVHV�DQG�FODXVHV��WR�/��QRGHV�)LJXUH ����
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