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DOVR�EH�GHVFULEHG�DV�D�ILHOG�GHSHQGHQW�PRELOLW\��

7KHUH�DUH�PDQ\�PRGHOV� LQ� WKH� OLWHUDWXUH�GHVFULELQJ� WKH�HIIHFW�RI� WUDSV�GHSHQGLQJ�

RQ�LWV�W\SH�RU�WKH�HQHUJ\�GHQVLW\�GLVWULEXWLRQ�RI�WKH�WUDSV��
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6LQFH�WKHUH�DUH�PDQ\�PHFKDQLVPV�KDYLQJ�VLPLODU�,�9�VLJQDWXUH�LW�LV�HVVHQWLDO�WR�

EXLOG�WKH�UHOHYDQW�SK\VLFDO�SLFWXUH�WR�DVVLVW�XV�SLFN�WKH�ULJKW�PHFKDQLVP��$V�ZH�KDYH�

VHHQ��LQ�WKH�SUHYLRXV�OHFWXUHV��RUJDQLF�SRO\PHUV�DUH�PRUH�DPRUSKRXV�WKDQ�FU\VWDOOLQH�RU�

DV�ZH�ZLOO�VHH�PRUH�GLVRUGHUHG�WKDQ�RUGHUHG��1DPHO\��WKH�FRQFHSWV�RI�GHORFDOLVHG�EDQGV�

RU�EDQG�WUDQVSRUW�LV�QRW�VWULFWO\�DSSOLFDEOH��/HWV�VWDUW�ZLWK�D�ELW�RI�LQWXLWLRQ�UHJDUGLQJ�WKH�

PHFKDQLVPV�RFFXUULQJ�LQ�D�SRO\PHU�ILOP��
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)LJXUH����&RQFHSWXDO�GHVFULSWLRQ�RI�D�SRO\PHU�PDGH�RI�VPDOO�HOHFWURQLF�XQLWV�

�FRQMXJDWLRQ�OHQJWKV���

$V�ZH�NQRZ�ZHOO�E\�QRZ�RQH�GRHVQ
W�ILQG�HOHFWURQLF�FRQWLQXLW\�DFURVV�WKH�HQWLUH�

SRO\PHU�FKDLQ�DQG�GXH�WR�QRQ�XQLIRUPLW\��SK\VLFDO�RU�FKHPLFDO��WKH�HOHFWURQLF�FRQWLQXLW\�

LV�OLPLWHG�WR�D�VKRUWHU�UDQJH�RI�W\SLFDOO\������PRQRPHU�XQLWV��7KH�QRQ�XQLIRUPLW\�QRW�

RQO\�EUHDNV�WKH�HOHFWURQLF�FRQWLQXLW\��FRQMXJDWLRQ��EXW�LW�DOVR�FUHDWHV�GLIIHUHQW�

HQYLURQPHQW��SRWHQWLDO��SRODULVDWLRQ��GLSROHV�«��DW�GLIIHUHQW�SRVLWLRQV�LQ�WKH�ILOP��

1DPHO\��ZKHQ�ZH�JR�IURP�RQH�FRQMXJDWLRQ�XQLW�WR�WKH�RWKHU�ZH�ZRXOG�H[SHFW�IOXFWXDWLRQV�

LQ�WKH�HQHUJ\�JDS��+202�/802��DQG�WKH�DEVROXWH�SRVLWLRQ�RI�WKH�EDQGV��0RUHRYHU��LI�

ZH�DFFRXQW�RI�WKH�HIIHFW�FDXVHG�E\�LQWHUFKDLQ�FRXSOLQJ�WKHQ�WKH�IOXFWXDWLRQV�LQ�WKH�

GLVWDQFH�EHWZHHQ�QHLJKERXULQJ�FKDLQV�EHFRPHV�LPSRUWDQW�WRR���
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ZKHUH�WKH�WUDQVSRUW�LV�GLIIHUHQW�DW�GLIIHUHQW�UHJLRQV��+DYLQJ�DOO�WKLV�LQ�PLQG�ZH�FDQ�WKLQN�

RI�D��YHU\�VLPSOH��PRGHO�V\VWHP��
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OLWHUDWXUH�DV�KRSSLQJ�WUDQVSRUW��7KH�KRSSLQJ�RFFXUV�IURP�ORFDOLVHG�VWDWH�M�WR�ORFDOLVHG�VWDWH�

L�ZLWK�WKH�DLG�RI�D�SKRQRQ��+HQFH��WKH�WUDQVIHU�UDWH�ZLOO�GHSHQG�RQ�WKH�SKRQRQ�IUHTXHQF\�
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7KH�WXQQHOOLQJ�IDFWRU�LV�VLPLODU�WR�ZKDW�ZH�KDYH�VHHQ�LQ�WKH�'H[WHU�WUDQVIHU�

PHFKDQLVP�ZKHUH�G�LV�WKH�LQYHUVH�ORFDOLVDWLRQ�OHQJWK�DQG�5LM�LV�WKH�GLVWDQFH�EHWZHHQ�WKH�

ORFDOLVHG�VWDWHV��1RWH�WKDW�D�IDFWRU�UHSUHVHQWLQJ�WKH�SUREDELOLW\�WR�ILQG�D�SKRQRQ��SKRQRQ�

RFFXSDQF\�IDFWRU��LV�QRW�SDUW�RI�WKH�IRUPDOLVP��:H�DVVXPH�WKDW�DOO�SKRQRQ�IUHTXHQFLHV�

DUH�HTXDOO\�DYDLODEOH�DQG�QR�SUHIHUHQFH�LV�JLYHQ�WR�IUHTXHQFLHV�DVVRFLDWHG�ZLWK�WKH�

PROHFXODU�YLEUDWLRQV��7KLV�VHHPV�WR�FRQWUDGLFW�WKH�GLVFUHWLVDWLRQ�RI�SKRQRQ�HQHUJLHV�

�IUHTXHQFLHV��WKDW�ZDV�UHTXLUHG�WR�SURGXFH�WKH�HPLVVLRQ�VSHFWUD�EXW�ZH�ZLOO�LJQRUH�LW�DW�

WKLV�VWDJH��7KH�DERYH�H[SUHVVLRQ�DVVXPHV�ZH�FDQ�VHSDUDWH�WKH�SUREOHP�LQWR�WZR��VSDWLDO�

IXQFWLRQ��WXQQHOOLQJ��DQG�HQHUJHWLF�IXQFWLRQ��%ROW]PDQ�IDFWRU���7KH�HQHUJHWLF�IDFWRU�

VLPSO\�VWDWHV�WKDW�LQ�RUGHU�WR�EHWWHU�FRXSOH�VWDWH�L�ZLWK�VWDWH�M�RQH�QHHG�WR��SXPS��HQHUJ\�

LQWR�WKH�V\VWHP��7KH�XVXDO�VRXUFH�LV�WKHUPDO�ZKLFK�DUH�LQ�IDFW�WKH�SKRQRQV�RU�WKH�

PROHFXODU�PRWLRQV��

7KH�IDFWRU�WKDW�LV�QRW�DFFRXQWHG�IRU�LV�WKH�SRODURQLF�QDWXUH�RI�WKH�FKDUJH�FDUULHUV�

RU�WKH��PROHFXODU�YLHZ��WKDW�GHVFULEHV�D�WUDQVLWLRQ�DV�D�PRWLRQ�DFURVV�WKH�FRQILJXUDWLRQ�

FRRUGLQDWH�VSDFH��VHH�)LJXUH�����,Q�WKLV�SLFWXUH�WKH�WUDQVLWLRQ�IURP�VLWH�L�WR�VLWH�M�LV�HDVLHVW�

�RYHUODS�LQWHJUDO� �PD[LPXP��ZKHQ�WKH�WZR�VLWHV�ORRN�WKH�VDPH��VKDUH�WKH�VDPH�

FRQILJXUDWLRQ�FRRUGLQDWH���7KH�HQKDQFHPHQW�RI�WKH�WUDQVIHU�EHWZHHQ�L�DQG�M�LV�GHSHQGHQW�

RQ�WKH�PROHFXODU�PRWLRQ�WKDW�ZLOO�EULQJ�WKH�WZR�VLWHV�WR�D�VLPLODU�FRQILJXUDWLRQ��,Q�RWKHU�

ZRUGV���WKHUH�LV�D�WKHUPDO�DFWLYDWLRQ�HYHQ�IRU�VWDWHV�RI�ORZHU�HQHUJ\��7KH�HIIHFW�RI�WKLV�RQ�

WKH�WUDQVSRUW�KDV�EHHQ�WUHDWHG�UHFHQWO\�E\�6FKHU����
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)LJXUH����(OHFWURQLF�WUDQVLWLRQ�EHWZHHQ�WZR�VWDWHV�LQ�WKH�FRQILJXUDWLRQ�

FRRUGLQDWH�VSDFH��7KH�OHIW�VKRZV�WKH�WZR�VWDWHV�VHSDUDWHG�DQG�WKH�ULJKW�WKH�FRPELQHG�

SRWHQWLDO��1RWH�WKH��VWUDQJH��EDUULHU�IRU�JRLQJ�GRZQ�LQ�HQHUJ\��
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$V�LQ�DQ\�V\VWHP�ZLWK�UDQGRP�YDULDEOHV�WKH�VWDWLVWLFV�XVHG�WR�GHVFULEH�WKH�

YDULDWLRQV�LV�RI�NH\�LPSRUWDQFH��,I�ZH�DUH�LQWHUHVWHG�LQ�WUDQVSRUW�DFURVV�D�ODUJH�GLVWDQFH�

WKHQ�ZH�FDQ�XVH�WKH�XQLYHUVDO�*DXVVLDQ�GLVWULEXWLRQ��,�DP�QRW�VXUH�ZKDW�D��ODUJH�GLVWDQFH��

LV�LQ�WKH�FXUUHQW�FRQWH[W�DQG�ZLOO�DGG�LW�RQFH�,�DP��,W�FRXOG�EH�WKDW�WKH�DQVZHU�IRU�WKDW�LV�

KLGGHQ�LQ�0RQWH�&DUOR�VLPXODWLRQV�WKDW�VXJJHVW�WKDW�LW�PD\�WDNH�PLFURQV�IRU�WKH�FDUULHUV�

WR�UHDFK�WKH��HTXLOLEULXP��VWDWH��
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)LJXUH����7KH�*DXVVLDQ�GLVWULEXWLRQ�RI�HQHUJ\�VWDWHV��
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6R�ZKDW�ZLOO�KDSSHQ�WR�WKH�FDUULHUV�RQFH�WKH\�PRYH�DFURVV�DQ�HQHUJ\�VXUIDFH�

ZKLFK�KDV�D�GLVWULEXWLRQ�RI�GLVWDQFH�DQG�HQHUJ\�OHYHOV"�,PDJLQH�D�UDZ�RI�FDUV�GULYLQJ�

DFURVV�D�ILHOG�ZLWK�UDQGRP�GLVWULEXWLRQ�RI�KROHV�RU�VDQGSLWV��)LJXUH�����
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)LJXUH����7KH�HIIHFW�RI�KROHV��VDQGSLWV��RQ�FDUV�UROOLQJ�GRZQ�D�ILHOG��

$W�ILUVW�DOO�WKH�FDUV�PRYH�WRJHWKHU�LQ�D�VWUDLJKW�OLQH��W ���DW�WKH��LQMHFWLRQ��

SRVLWLRQ��$W�WKLV�VWDJH�WKH�YHORFLW\��PRELOLW\��RI�WKH�FDUV�LV�ZHOO�GHILQHG��2QFH�D�FDU�FURVV�

D��KROH��LW�VORZV�GRZQ�DQG�LV�EHLQJ�GHOD\HG�E\��RU�LQ��WKH�VDQGSLW��$V�PRUH�FDUV�FURVV�

KROHV�RI�GLIIHUHQW�GHSWKV��OHQJWKV��WKH�FDUV�GLVWULEXWLRQ�EURDGHQV��1RWH��WKHUH�LV�QRWKLQJ�

HTXLYDOHQW�WR�WKH�FODVVLF�GLIIXVLRQ�LQ�RXU�PRGHO�DQG�KHQFH�WKH�YHORFLW\��PRELOLW\��DQG�WKH�

EURDGHQLQJ��HIIHFWLYH�GLIIXVLRQ��DUH�QRW�QHFHVVDULO\�UHODWHG�DFFRUGLQJ�WR�(LQVWHLQ
V�

UHODWLRQ��/RRNLQJ�DW�)LJXUH���D�TXHVWLRQ�DULVH��KRZ�GR�ZH�GHILQH�WKH�FDUV�YHORFLW\�

�PRELOLW\�"�+RZ�GR�ZH�PHDVXUH�LW"�

)DVWHVW�FDU��,I�ZH�GHILQH�LW�DV�WKH�OHQJWK�RI�WKH�ILHOG�GLYLGHG�E\�WKH�WLPH�LW�WDNHV�

WKH�ILUVW�FDU�WR�FURVV�LW�ZH�DFWXDOO\�VD\�WKDW�WKH�IURQW�RI�WKH�FDU�SDFNHW�GHILQHV�WKH�PRELOLW\��

,Q�WKLV�FDVH�IRU�D�ILHOG�KDOI�DV�ORQJ�ZH�ZRXOG�ILQG�D�KLJKHU�PRELOLW\�VLQFH�WKH�SUREDELOLW\�

WR�ILQG�D�FDU�WKDW�KDVQ
W�FURVVHG�D�KROH��IDVW�FDU��LV�DQ�LQYHUVH�IXQFWLRQ�RI�WKH�GLVWDQFH��6R�

ZH�H[SHFW�WR�ILQG�D�PRELOLW\�WKDW�LV�GHFUHDVLQJ�DV�D�IXQFWLRQ�RI�GHYLFH�OHQJWK��:H�FDQ�DOVR�
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H[SHFW�WKDW�IRU�ILHOGV�ORQJHU�WKHQ�D�FHUWDLQ�YDOXH�WKH�PRELOLW\�ZLOO�EHFRPH�OHVV�OHQJWK�

GHSHQGHQW��7KH�OHQJWK�DW�ZKLFK�WKLV�ZLOO�KDSSHQ�GHSHQGV�VWURQJO\�RQ�WKH��KROHV���ZDLWLQJ�

WLPH��VWDWLVWLFV�DQG�LQ�VRPH�VFHQDULRV�PD\�EH�FRQVLGHUHG�DV��LQILQLWH���

$YHUDJH�YHORFLW\��8VLQJ�WKH�DYHUDJH�SRVLWLRQ�RI�WKH�FDUV�VHHPV�WR�EH�D�PRUH�

UHOLDEOH�ZD\�RI�GHILQLQJ�WKH�YHORFLW\��+RZHYHU��WKHUH�LV�PRUH�WKHQ�RQH�ZD\�WR�DYHUDJH�

QXPEHUV��,I�ZH�DVVXPH�WKDW�WKH�FDUV�KDYH�WUDYHUVHG�DORQJ�HQRXJK�GLVWDQFH�WR�DFTXLUH�WKH�

VKDSH�RI�D�*DXVVLDQ�WKHQ�WKH�DYHUDJH�YHORFLW\�ZRXOG�EH�GHILQHG�DV�WKH�DUULYDO�RI�WKH�

FHQWUH�RI�WKH�*DXVV��$JDLQ��WKHUH�LV�D�FHUWDLQ�GLVWDQFH�UHTXLUHG�IRU�WKH�*DXVV�WR�UHDFK�D�

FRQVWDQW�YHORFLW\��LI�HYHU���+RZHYHU��RQH�ZRXOG�H[SHFW�WKLV�PHWKRG�WR�EH�PRUH�UREXVW�

FRPSDUHG�WR�WKH��IDVWHVW�FDU��PHWKRG��

,Q�DQ��H[WUHPH��FDVH�LW�PLJKW�EH�DOPRVW�LPSRVVLEOH�WR�GHILQH�D�PRELOLW\��,I�WKH�

VSUHDGLQJ�RI�WKH��FDUV��LV�VXFK�WKDW�WKH\�FRPSOHWHO\�ILOO�WKH��ILHOG��WKHQ�VRPH�FDUV�DFWXDOO\�

GR�QRW�PRYH�DW�DOO�DQG�WKH�GHILQLWLRQ�RI�PRELOLW\�EHFRPHV�TXHVWLRQDEOH��7KLV�ZLOO�EH�

IRXQG�LQ�WUDQVSRUW�XQGHU�ORFDO�QRQ�HTXLOLEULXP�FRQGLWLRQV��HQHUJHWLF�DQG�EHWZHHQ�VLWHV��

DQG�VXFK�D�VDPSOH�ZRXOG�VKRZ�SURQRXQFHG�PHPRU\�HIIHFW��QRQ�0DUNRIILDQ�WUDQVSRUW���

�

�

�

�

�W

FDUV

KROHV�
VDQGSLWV

�

)LJXUH�����7KH�H[WUHPH�FDVH�RI��FDUV��VSUHDGLQJ�DFURVV�WKH�HQWLUH�VDPSOH��
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'LVSHUVLYH�WUDQVSRUW�

,I�WKH�FKDUJHV��DV�WKH\�FURVV�WKH�VDPSOH��QHYHU�UHDFK�D�FRQVWDQW�YHORFLW\��L�H��

�PRELOLW\��NHHSV�JRLQJ�GRZQ��WKHQ�WKH�WUDQVSRUW�LV�WHUPHG�GLVSHUVLYH��7KHUH�LV�GLVSHUVLRQ�

LQ�WKH�WUDQVSRUW�WLPHV�DQG�RQH�FDQ�QRW�WUXO\�GHILQH�RU�GHGXFH�DQ��LQWULQVLF��PRELOLW\��7KH�

RFFXUUHQFH�RI�GLVSHUVLYH�WUDQVSRUW�GHSHQGV�RQ�WKH�PDWHULDO��DQG�FKHPLFDO�SXULW\���VDPSOH�

WKLFNQHVV��WHPSHUDWXUH��DQG�SUREDEO\�DOVR�WKH�DSSOLHG�HOHFWULF�ILHOG��$�TXRWH�IURP�D�SDSHU�

E\�6FKHU�DQG�0RQWUROO��35%�������������������,I�RQH�LQVLVWV�RQ�WKH�FRQYHQWLRQDO�UHODWLRQ�

9W/
7

��=m �WR�GHILQH�DQ�HIIHFWLYH�m��WKHQ��EHVLGHV�WKH�SRVVLELOLW\�RI�DQ�DSSDUHQW�ILHOG�

GHSHQGHQFH��RQH�ZRXOG�KDYH�WR�UDWLRQDOL]H�D�WKLFNQHVV�GHSHQGHQFH�RI�m���7KLV�TXRWH�WHOOV�

XV�WZR�WKLQJV��ILUVW���XQOHVV�WKH�PHDQ WO � WKH�LGHD�RI�D� 9W/
7

��=m �GHSHQGLQJ�RQ�WKH�

PDWHULDO�RQO\�PD\�EUHDN�GRZQ��DQG�VHFRQG��7KH�ZD\�m�LV�GHILQHG��PHDVXUHG��LV�FULWLFDO��

�

,Q�WKH�FRQWH[W�RI�SRO\PHU�/('V�ZH�FDQ�VHH�LQ�WKH�SDSHU�E\�3LQQHU�HW��DO���-$3������

������������WKDW�DQ�HIIRUW�ZDV�PDGH�WR�ILQG�D�FULWHULD�IRU�m�ZKLOVW�FKRRVLQJ�H[SHULPHQWDO�

FRQGLWLRQV�WKDW�PLQLPLVH�PHPRU\�HIIHFWV���
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:DLWLQJ�WLPH�GLVWULEXWLRQ��:7'��

7KH�DERYH�SLFWXUH�ZDV�GULYHQ�E\�WKH�RFFXUUHQFH�RI�GLVRUGHU�LQ�WKH�HQHUJ\�DQG�

SRVLWLRQ�RI�WKH�WUDQVSRUW�VLWHV��:LWKLQ�WKLV�SLFWXUH�RQH�FDQ�GHVFULEH�WKH�WUDQVSRUW�E\�

GHILQLQJ�WKH�WLPH�D�FDUULHU�VSHQG�DW�HDFK�VLWH�EHIRUH�PRYLQJ�WR�WKH�QH[W��)RU�D�FODVVLFDO�

*DXVVLDQ�WUDQVSRUW�WKH�:7'�LV� WHW ly -��� ZKHUH�l�LV�D�VLQJOH�WUDQVLWLRQ�UDWH��$�FDVH�RI�

YHU\�KLJK�GLVSHUVLRQ�FDQ�EH�IRXQG�LQ� ����� ay +-� WW �ZKLFK�ZLOO�VKRZ�QRQ�0DUNRIILDQ�

EHKDYLRXU�DV�LQ�)LJXUH�����$V�)LJXUH����VKRZV�WKH�DERYH�QRQ�0DUNRIILDQ�FDVH�UHVHPEOHV�

WKH�HIIHFWV�LQWURGXFHG�E\�GHHS�WUDSSLQJ��0DQ\�WLPHV�WKH�DFWXDO�PHFKDQLVP�OLHV�EHWZHHQ�

WKH�FODVVLFDO�*DXVVLDQ�DQG�WKH�QRQ�0DUNRIILDQ�SLFWXUH�DQG�LV�GHVFULEHG�XVLQJ�WKH�:LM�

WHUP�LQ�0RQWH�&DUOR�VLPXODWLRQV��

� / � /

*DXVVLDQ 1RQ�0DUNRIILDQ
�GLVSHUVLYH�

�

)LJXUH�����&DUULHU�SDFNHW�VSUHDGLQJ�WKURXJK�D�VDPSOH�XQGHU�DSSOLHG�HOHFWULF�

ILHOG��7KH�*DXVVLDQ�FDVH�LV�RQ�WKH�OHIW�DQG�WKH�KLJKO\�GLVSHUVLYH�DQG�QRQ�0DUNRIILDQ�

LV�RQ�WKH�ULJKW��

�
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7LPH�RI�IOLJKW�PHDVXUHPHQWV�

%HIRUH�FRQVLGHULQJ�WKH�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�DERYH�WKHRULHV�SLFWXUH�OHW�XV�

FRQVLGHU�WKH�H[SHULPHQWDO�IUDPHZRUN�IRU�ZKLFK�WKH\�ZHUH�GHYHORSHG��WKH�WLPH�RI�IOLJKW�

�72)��WHFKQLTXH��

� 6FRSH

5/

9

/DVHU

/6HPL�WUDQVSDUHQW

�

)LJXUH�����72)�H[SHULPHQWDO�VHWXS��DIWHU��0�9��GHU�$XZHUDU�HW�DO���DGY�PDW��

���������������

�$GG�DW�D�ODWHU�VWDJH��72)�FXUYHV��GLIIXVLRQ�EURDGHQLQJ��:�SDUDPHWHU��

HIIHFWLYH�'�GXH�WR�GLVRUGHU��H[SUHVVLRQV�IRU�PRELOLW\��

�

�
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&RPPHQW���ZKDW�,�ZULWH�EHORZ�VKRXOGQ
W�EH�FRQVLGHUHG�DV�WKH�WUXWK��FULWLFLVP�LV�

ZHOFRPH���

7KH�DERYH�GLVFXVVLRQ�PD\�OHDYH�WKH�LPSUHVVLRQ�WKDW�WKHUH�PLJKW�EH�D�FRQIXVLRQ�

UHJDUGLQJ�WKH�WHUP�PRELOLW\�LQ�WKH�OLWHUDWXUH�GHDOLQJ�ZLWK�WUDQVSRUW�LQ�RUJDQLF�SRO\PHUV��,I�

ZH�ZDQW�WR�GHVLJQ�GHYLFHV�LW�ZRXOG�EH�YHU\�FRQYHQLHQW�LI�RQH�FRXOG�XVH�WKH�FRQFHSW�RI�

PRELOLW\�DQG�LWV�LPSOLFDWLRQ��&DQ�ZH�UHDOO\�GR�WKDW"�7KH�GLVFXVVLRQ�DERYH�VKRZV�WKDW�ZH�

VKRXOG�DSSURDFK�WKLV�FRQFHSW�YHU\�FDUHIXOO\��:H�QHHG�WR�FRQVLGHU�ZKDW�LW�DFWXDOO\�PHDQV�

LQ�D�GLVRUGHUHG�VDPSOH�DQG�KRZ�ZH�FDQ�H[WUDFW�LW��-XVW�WR�LOOXVWUDWH�WKH�FRPSOH[LW\�ZH�

UHIHU�WKH�UHDGHU�WR�WKH�KLJK�TXDOLW\�H[SHULPHQWV�UHSRUWHG�E\�%ORP�HW��DO��,Q�WKH�LQLWLDO�

SDSHUV���WKH�PRELOLW\�LV�HYDOXDWHG�XVLQJ�&:�,�9�FXUYHV�DQG�E\�VKRZLQJ�WKDW�DW�ORZ�

YROWDJH�WKH�FKDUDFWHULVWLFV�DUH�DV�WKH�FODVVLF�VSDFH�FKDUJH�OLPLWHG�FXUUHQW��IXQFWLRQ�RI�

YROWDJH�DQG�GHYLFH�OHQJWK��D�PRELOLW\�YDOXH�LV�H[WUDFWHG��2Q�WKH�RWKHU�KDQG��XVLQJ�D�WLPH�

UHVROYHG�WHFKQLTXH���WKH�VDPH�DXWKRU�XVLQJ�WKH�VDPH�PDWHULDO�ILQGV�WKDW�WKH�FRQFHSW�RI�

PRELOLW\�LV�LOO�GHILQHG�LQ�WKHVH�PDWHULDOV�GXH�WR�PHFKDQLVPV�GHVFULEHG�LQ�WKH�6FKHU�

0RQWURO�WKHRU\��6FKHU�DQG�0RQWUROO��35%�������������������7KHUH�VKRXOGQ
W�EH�DQ\�GRXEW�

WKDW�HDFK�RI�WKHVH�UHSRUWV�VWDQGV�RQ�ILUP�JURXQG�DQG�WKDW�E\�DSSO\LQJ�WKH�YDULRXV�WKHRULHV�

IXUWKHU�LQVLJKW�LQWR�WKH�LQQHU�SK\VLFV�FDQ�EH�JDLQHG��+RZHYHU��ZLWKRXW�JRLQJ�LQWR�WKH�

SK\VLFV�RI�SRO\PHUV��LW�IHHOV�WKDW�VRPHWKLQJ�LV�QRW�ULJKW��)RU�&:�PHDVXUHPHQW�WKHUH�LV�D�

PRELOLW\�YDOXH�DQG�IRU�WUDQVLHQW�PHDVXUHPHQWV�WKHUH�LVQ
W"�:KR�LV�ULJKW"�,V�WKH�WHUP�

�ULJKW��DSSURSULDWH�LQ�WKLV�FRQWH[W"�

7KHVH�DUH�LPSRUWDQW�TXHVWLRQV�RQ�WKH�ERUGHU�RI�SK\VLFV�DQG�SKLORVRSK\�KRZHYHU�

RQH�ZRXOG�VWLOO�OLNH�WR��FRPPXQLFDWH��EHWZHHQ�QRW�RQO\�UHVHDUFK�JURXSV�EXW�DOVR�GHYLFH�

VWUXFWXUHV�YLD�D�ZHOO�GHILQHG�FRQFHSW��6LQFH�WKH�&:�,�9�FXUYHV�DUH�RI�D�JOREDO�QDWXUH�LW�

PDNHV�VHQVH�WR�GHILQH�WKHVH�DV�WKH��FRUUHFW��ZD\�RI�H[WUDFWLQJ�PRELOLW\�WR�EH�XVHG�LQ�/('�

GHYLFH�FRQILJXUDWLRQV��7KLV�LV�QLFH�EXW�ZKDW�FDQ�RQH�GR�LI�WKH�GHYLFH�DW�KDQG�LV�QRW�6&/�

DQG�WKH�,�9�FXUYH�LV�QRW�VR�VWUDLJKWIRUZDUG�WR�DQDO\VH"�,Q�VXFK�FDVH�WKHUH�LV�SUDFWLFDOO\�QR�

FKRLFH�EXW�WR�XVH�D�WUDQVLHQW�PHWKRG��&DQ�ZH�PDNH�LW��UHOLDEOH�"�3UREDEO\�QRW�LQ�WKH�IXOO�

VHQVH�RI�LW�EXW�PD\EH�ZH�FDQ�GHVLJQ�LW�VR�WKDW�LW�ZRXOG�FRUUHVSRQG�WR�WKH�PRELOLW\�WKDW�

ZRXOG�KDYH�EHHQ�H[WUDFWHG�LI�WKH�GHYLFH�ZDV�WUXO\�VLQJOH�FDUULHU�6&/�GHYLFH��7KLV�

DSSURDFK�LV�PRUH�RQ�WKH�ERUGHU�RI�SK\VLFV�DQG�HQJLQHHULQJ�WKDQ�RQ�WKH�ERUGHU�RI�SK\VLFV�

DQG�SKLORVRSK\��
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7R�LPSOHPHQW�WKLV�SK\VLFV�HQJLQHHULQJ�DSSURDFK�D�QXPHULFDO�GHYLFH�PRGHO�ZDV�

GHYLVHG�DQG�FRPSDUHG�WR�H[SHULPHQWDO�UHVXOWV����$V�D�ILUVW�VWHS�LW�ZDV�YHULILHG�WKDW�WKH�

XQLYHUVDO�IHDWXUHV�RI�WKH�H[SHULPHQWV�DUH�UHSURGXFHG�E\�WKH�PRGHO��2QFH�WKLV�ZDV�

HVWDEOLVKHG�WKH�PRGHO�ZDV�XVHG�WR�GHWHUPLQH�D�PHWKRG�IRU�WKH�H[WUDFWLRQ�RI�PRELOLW\�

�KRSHIXOO\��EDVHG�RQ�WKH�XQLYHUVDO�IHDWXUHV��8VLQJ�WKH�PRGHO�ZH�IRXQG�WKDW�LI�WKH�PRELOLW\�

LV�WR�EH�FDOFXODWHG�DV�
DSSOW(
/

D
=m �WKDQ�DW�LV�WR�EH�WDNHQ�DV�WKH�SRLQW�ZKHUH�WKH�VORSH�RI�

WKH�ULVH�FKDQJHV��RQ�ORJ�VFDOH���7KH�ZD\�WKLV�ZDV�IRXQG�ZDV�XVLQJ�WKH�QXPHULFDO�PRGHO�

DQG�NQRZLQJ�WKH�PRELOLW\�XVHG�E\�WKH�PRGHO�ZH�FDQ�HDVLO\�FDOFXODWH�
DSSO(
/

W
m

=D ��1H[W�

ZH�ORRNHG�DW�WKH�OLJKW�WXUQ�RQ�WUDFHV�KRSLQJ�WR�ILQG�D�FOHDU�VLJQDWXUH�DW�WKH�WLPH�

FRUUHVSRQGLQJ�WR�DW��)RUWXQDWHO\�WKHUH�ZDV�VXFK�DQ�LQGLFDWLRQ�DQG�LW�ZDV�WKH�FKDQJH�RI�

VORSH�LQ�WKH�ULVH�RI�WKH�(/��8VLQJ�WKH�QXPHULFDO�PRGHO�ZH�ORRNHG�DW�WKH�FKDUJH�

GLVWULEXWLRQ�DV�D�IXQFWLRQ�RI�WLPH�DQG�IRXQG�WKDW�WKH�FKDQJH�RI�VORSH�FRUUHVSRQGV�WR�WKH�

WLPH�ZKHUH�WKH�KROH�GLVWULEXWLRQ�UHDFKHV�VWHDG\�VWDWH��7KLV�WHOOV�XV�WKDW�WKHUH�LV�DOVR�D�

SK\VLFDO�PHDQLQJ�WR�WKLV�SRLQW�DQG�WKDW�LW�LV�PRVW�OLNHO\�WR�DJUHH�ZLWK�&:�,�9�ZKLFK�DUH�

VWHDG\�VWDWH�PHDVXUHPHQWV��,W�LV�REYLRXV�WKDW�LQ�WKH�PRGHO�WKHUH�ZLOO�EH�DQ�DJUHHPHQW�

VLQFH�ZH�IRXQG�DW�E\�XVLQJ�WKH�VDPH�m�DV�XVHG�LQ�WKH�&:�,�9�H[SUHVVLRQV��7KH�UHDO�WHVW�

ZDV�GRQH�XVLQJ�H[SHULPHQWDO�WUDQVLHQW�FXUYHV�DV�ZHOO�DV�&:�,9�FXUYHV��,QGHHG�LW�ZDV�

IRXQG�WKDW�IRU�6&/�GHYLFHV�WKH�QHZ�PHWKRG�IRU�H[WUDFWLQJ�PX�IURP�WUDQVLHQW�(/�LV�LQ�

JRRG�DJUHHPHQW�ZLWK�WKH�&:�,9�FXUYHV���!�0LVVLRQ�DFFRPSOLVKHG��

6LQFH�WKH�JRRG�DJUHHPHQW�ZDV�IRXQG�IRU�D�YHU\�VKRUW�GHYLFH��a��QP��ZH�ZHUH�

FRQYLQFHG�WKDW�WKH�QHZ�GHILQLWLRQ�LV�PRUH�UREXVW�WKDQ�WKH�RQH�EDVHG�RQ�WKH�WXUQ�RQ�SRLQW�

�ZKLFK�IDYRXUV�WKH�IDVWHVW�FDUULHUV���

$V�ZH�VDLG��XVLQJ�WUDQVLHQW�PHWKRG�ZKHUH�&:�,9�6&/�FDQ�EH�DSSOLHG�LV�QRW�RI�

SUDFWLFDO�LPSRUWDQFH��LQ�WKH�FXUUHQW�FRQWH[W��VR�QH[W�ZH�H[WUDFWHG�PRELOLW\�IURP�FRQWDFW�

OLPLWHG�GHYLFHV�EDVHG�RQ�WKH�3)2�SRO\PHU��,Q�WKLV�FDVH�QRW�RQO\�ZH�ZHUH�DEOH�WR�H[WUDFW�

ERWK�KROH�DQG�HOHFWURQ�PRELOLW\�LQ�D�VLQJOH�GHYLFH�EXW�ZH�DOVR�IRXQG�WKDW�WKH�KROH�PRELOLW\�

ZDV�LQ�JRRG�DJUHHPHQW�ZLWK�PHDVXUHPHQWV�PDGH�E\�WKH�6KHIILHOG�JURXS�RQ�PLFURQV�WKLFN�

GHYLFHV�XVLQJ�WKH�72)�WHFKQLTXH����7KHVH�UHVXOWV�VKRZ�WKDW�WKH�PHWKRG�LV�UDWKHU�SRZHUIXO��

:H�QRWH�WKDW�LQ���WKHUH�LV�DOVR�D�OLVW�RI�SUHFDXWLRQV�RQH�QHHGV�WR�WDNH�WR�SURGXFH�D�FOHDQ�
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UHVXOW�RQH�RI�ZKLFK�LV�D�ZD\�RI�DYRLGLQJ�LQWHUIHUHQFH�LQWURGXFHG�E\�PHPRU\�HIIHFWV��VHH�
����

7KH�ODVW�SRLQW�WKDW�ILQDOO\�FRQYLQFHG�XV�WKDW�DOO�WKH�DERYH�ZDV�QRW�MXVW�SXUH�

FRLQFLGHQFH�LV�GHVFULEHG�LQ����$JDLQ��XVLQJ�D�VLPSOH�WKHRU\�ZH�GHYLVHG�D�PHWKRG�RI�WLPH�

UHVROYLQJ�WKH�VSDFH�FKDUJH�LQGXFHG�LQWHUQDO�HOHFWULF�ILHOG��:H�IRXQG��ERWK�H[SHULPHQWDOO\�

DQG�QXPHULFDOO\��WKDW�WKH�6&/��LQGXFHG�ILHOG�UHDFKHG�D�PD[LPXP�DW�WKH�SRLQW�ZKHUH�WKH�

VORSH�RI�WKH�ULVH�LQ�WKH�(/�FKDQJHV��1DPHO\��RXU�PHWKRG�RI�GHILQLQJ�PX�LV�EDVHG�RQ�WKH�

SRLQW�LQ�WLPH�ZKHUH�WKH�GHYLFH�UHDFKHV�WKH�KLJKHVW�FKDUJLQJ�SRLQW��7KH�PD[LPXP�

FKDUJLQJ�SRLQW�LV�DOVR�XVHG�LQ�PHWKRGV�EDVHG�RQ�WUDQVLHQW�6&/�FXUUHQW��QRW�(/����DQG�

KHQFH�WKLV�YHULILHV�WKH�VHOI�FRQVLVWHQF\�RI�RXU�QHZ�PHWKRG��

5HIHUHQFHV�

5()(5(1&(6�

�
�� 6��5DFNRYVN\�DQG�+��6FKHU��-RXUQDO�RI�&KHPLFDO�3K\VLFV������������������������
�� 3��:��0��%ORP��0��-��GH�/RQJ��DQG�0��*��YDQ�0XQVWHU��3K\V��5HY��%���&RQG��

0DWW������5����5������������3��:��0��%ORP��0��-��0��'HMRQJ��DQG�-��-��0��
9OHJJDDU��$SSO��3K\V��/HWW������������������������
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�� 0��5HGHFNHU��'��'��&��%UDGOH\��0��,QEDVHNDUDQ��DQG�(��3��:RR��$SSOLHG�3K\VLFV�
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�� '��-��3LQQHU��5��+��)ULHQG��DQG�1��7HVVOHU��$SSO��3K\V��/HWW����������������
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�� .��&��.DR�DQG�:��+ZDQJ��(OHFWULFDO�WUDQVSRUW�LQ�VROLGV��9RO������3HUJDPRQ�

SUHVV��1HZ�<RUN���������
�


