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2YHUYLHZ�DQG�UHFRPPHQGDWLRQ

7KLV�DUWLFOH�LV�D�UHYLHZ�RI�DQDORJXH�PRGHOOLQJ�VWXGLHV�RI�EDVLQ�LQYHUVLRQ�SURFHVVHV��7KH
LQWURGXFWLRQ�LV�ZHOO�RUJDQLVHG�DQG�ZHOO�ZULWWHQ��7KH�DXWKRUV�JLYH�D�FOHDU�GHILQLWLRQ�RI�WKH
SURFHVV�RI�EDVLQ�LQYHUVLRQ�LQ�WKH�FRQWH[W�RI�WKHLU�UHYLHZ��7KH�DLP�RI�WKLV�UHYLHZ�LV�FOHDU�
DQG�WKH�RXWOLQH�RI�WKH�DUWLFOH�LV�SUHVHQWHG�

,Q�D�ILUVW�SDUW��WKH�DXWKRUV�JLYH�DQ�XS�WR�GDWH�VWDWH�RI�WKH�DUW�DERXW�EDVLQ�LQYHUVLRQV
SURFHVVHV�WKURXJK�DQDORJXH�PRGHOOLQJ�VWXGLHV��7KH\�SUHVHQW�WKH�PHFKDQLFV�RI�EDVLQ
LQYHUVLRQ��DQDORJXH�PRGHOOLQJ�WHFKQLTXHV��DV�ZHOO�DV�GHWDLOHG�VHWXSV�H[DPSOHV�DQG�W\SLFDO
VFDOLQJ�SDUDPHWHUV��5HSUHVHQWDWLYH�UHVXOWV�RI�EDVLQ�LQYHUVLRQ�DUH�SUHVHQWHG�EDVHG�RQ�WKHLU
VHWXS��,QVLJKWV�DERXW�WKH�JRYHUQLQJ�SDUDPHWHUV�RI�EDVLQ�LQYHUVLRQ�DUH�JLYHQ�

7KH�DXWKRUV�WKHQ�FRPSDUHG�DQDORJXH�DQG�QXPHULFDO�PRGHOV�RI�EDVLQ�LQYHUVLRQV��,�WKLQN�LW
LV�D�JRRG�LGHD�WR�PDNH�VXFK�FRPSDULVRQ��,�XQGHUVWDQG�LW�LV�QRW�WKH�VFRSH�RI�WKH
SXEOLFDWLRQ��EXW�WKLV�SDUW�FRXOG�EH�LPSURYHG�D�ELW�E\�JLYLQJ�PRUH�GHWDLOHG�H[DPSOHV��%\
FRPSDULVRQ�WR�QDWXUDO�H[DPSOHV��WKH�DXWKRUV�VKRZ�WKH�OLPLWDWLRQ�RI�DQDORJXH�PRGHOOLQJ�RI
EDVLQ�LQYHUVLRQ��7R�ILQLVK��WKH�DXWKRUV�JLYH�SHUVSHFWLYHV�DQG�UHFRPPHQGDWLRQV�IRU�IXWXUH
DQDORJXH�PRGHOOLQJ�VWXGLHV�RI�EDVLQ�LQYHUVLRQ�

,�WKLQN�WKDW�WKH�VXEMHFW�RI�WKLV�DUWLFOH�LV�LQWHUHVWLQJ�DQG�YHU\�DWWUDFWLYH�IRU�WKH�UHDGHUV�RI
6ROLG�(DUWK�

7KH�DXWKRUV�SURYLGH�DQ�LPSUHVVLYH�RYHUYLHZ�RI�ZKDW�KDV�EHHQ�GRQH�DQG�ZKDW�VKRXOG�EH
LPSURYHG�LQ�IXWXUH�DQDORJXH�PRGHOOLQJ�VWXGLHV�RI�EDVLQ�LQYHUVLRQ��7KH�RYHUDOO�PDQXVFULSW
YHU\�ZHOO�RUJDQL]HG��ZHOO�ZULWWHQ��DQG�ZHOO�LOOXVWUDWHG��,�UHFRPPHQG�DFFHSWLQJ�WKLV
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DUWLFOH�ZLWK�UHDOO\�PLQRU�UHYLVLRQV�

$XWKRU¶V�UHSO\��ZH�WKDQN�WKH�UHYLHZHU�IRU�WKHVH�NLQG�ZRUGV�DQG�WKH�SRVLWLYH
DVVHVVPHQW�RI�RXU�VXEPLWWHG�PDQXVFULSW��:H�KDYH�SURFHVVHG�WKH�PLQRU�FRPPHQWV�LQ
RXU�UHYLVHG�PDQXVFULSW�

�

0LQRU�FRPPHQWV

/LQH������7KH�WLWOH�RI�SDUW���LV�PLVVLQJ��EHIRUH�����0HFKDQLFV�RI�EDVLQ�LQYHUVLRQ��

$XWKRU¶V�UHSO\��7KH�WLWOH�VKRXOG�EH�³���0HFKDQLFV�RI�EDVLQ�LQYHUVLRQ´�LQVWHDG��:H�KDYH
FRUUHFWHG�WKLV�

�

7KH�DXWKRUV�GLG�QRW�PHQWLRQ�DQ\WKLQJ�DERXW�HGJH�HIIHFWV�DORQJ�WKH�VLGHZDOOV�RI�WKH�PRGHO
VHWXSV��&RXOG�WKHUH�EH�VXFK�HIIHFWV�LQ�WKH�GLIIHUHQW�LQLWLDO�FRQGLWLRQV�SUHVHQWHG�LQ�WKH
VWXG\"�,I�\HV��KRZ�WR�SUHYHQW�HGJH�HIIHFWV�RU�KRZ�WR�FKDUDFWHUL]H�LW"

$XWKRU¶V�UHSO\��:H�DJUHH�WKDW�ERXQGDU\�HIIHFWV�DUH�DQ�LPSRUWDQW�IDFWRU�LQ�DQDORJXH
PRGHOV��:H�DOUHDG\�PHQWLRQHG�WKH�SRWHQWLDO�LQIOXHQFH�RI�VLGHZDOOV�JODVV�ERXQGDULHV�RQ
PRGHO�UHVXOWV��VHFWLRQ�������RQ�SKRWRJUDSK\�>PRGHO�PRQLWRULQJ@���:H�DOVR�PHQWLRQHG
WKH�LPSRUWDQFH�RI�PRGHO�SUHSDUDWLRQ�DQG�KDQGOLQJ�PHWKRGV�LQ�VHFWLRQ����ILUVW
SDUDJUDSK���DQG�WKLV�DOVR�FRPHV�EDFN�LQ�GLVFXVVLRQ�VHFWLRQV�����DQG�������$V�SRLQWHG
RXW�DW�WKH�VWDUW�RI�VHFWLRQ����WKHUH�LV�D�ZLGH�UDQJH�RI�VHW�XSV��VR�WKDW�ZH�UHVRUW�WR
VLPSOLILHG�RYHUYLHZV��$V�VXFK��WKHUH�LV�QRW�SURSHU�RFFDVLRQ�WR�JR�WRR�PXFK�LQWR�GHWDLO
UHJDUGLQJ�ERXQGDU\�HIIHFWV��DOVR�EHFDXVH�WKH�WH[W�LV�DOUHDG\�UDWKHU�ORQJ���:H�KDYH
KRZHYHU�DGGHG�VRPH�GHWDLOV�WR�WKH�ILUVW�SDUDJUDSK�RI�VHFWLRQ���WR�SRLQW�RXW�WKH
LPSRUWDQFH�RI�ERXQGDU\�HIIHFWV��LQFO��6RPH�UHIHUHQFHV��H�J��ZRUNV�E\�0F&OD\�	�FR�
DXWKRUV��6FKUHXUV�HW�DO��������DQG�6RXORXPLDF�HW�DO���������DQG�ZH�KRSH�WKDW�WKLV�ZLOO
VXIILFH�

�

)LJXUH����KDV�D�ORZ�UHVROXWLRQ��3OHDVH�LPSURYH�LW�

$XWKRU¶V�UHSO\��7KH�ILJXUH�LQ�WKH�PDQXVFULSW�LV��FORVH��WR�WKH�RULJLQDO�UHVROXWLRQ�RI�WKH
ILJXUH��DV�SXEOLVKHG�LQ�-DUD�HW�DO����������:H�KDYH�QRZ�LQVHUWHG�WKH�KLJKHVW�SRVVLEOH
UHVROXWLRQ�ILJXUH��DQG�UHSODFHG�WKH�OHVV�UHDGDEOH�WH[W�DQG�DQQRWDWLRQ�ZLWK�KLJK�
UHVROXWLRQ�WH[W�DQQRWDWLRQ�

�

&DsU�HW�DO����������SURYLGH�D�SDUDPHWULF�DQDO\VLV�RI�WKH�UHDFWLYDWLRQ�RI�D�QRUPDO�IDXOW
WKURXJK�QXPHULFDO�PRGHOOLQJ�XVLQJ�/LPLW�$QDO\VLV��,�WKLQN�/LPLW�$QDO\VLV�FRXOG�EH
PHQWLRQHG�DV�D�QXPHULFDO�PRGHOOLQJ�WHFKQLTXH��7KLV�PHWKRGRORJ\�UHTXLUHV�IHZ�LQSXWV
SDUDPHWHU��$V�VXFK��LW�LV�LQ�D�ZD\�FORVH�WR�DQDORJXH�PRGHOOLQJ�DQG�FRXOG�EH�HDVLO\
FRPSDUHG�WR�LW�

$XWKRU¶V�UHSO\��:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�VXJJHVWLRQ�DQG�KDYH�QRZ�FLWHG�WKH
SDSHU�LQ�VHFWLRQ������DERXW�OLQNLQJ�QXPHULFDO�PHWKRGV�WR�DQDORJXH�PRGHOV�

�



&DsU��7���0DLOORW��%���6RXORXPLDF��3���/HWXUP\��3���)UL]RQ�GH�/DPRWWH��'���1XVVEDXP��&��
������0HFKDQLFDO�YDOLGDWLRQ�RI�EDODQFHG�FURVV�VHFWLRQV��7KH�FDVH�RI�WKH�0RQW�7HUUL
DQWLFOLQH�DW�WKH�-XUD�IURQW��1:�6ZLW]HUODQG���-��6WUXFW��*HRO��������±���
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,�HQMR\HG�UHDGLQJ�WKH�PDQXVFULSW�YHU\�PXFK�DQG�HVSHFLDOO\�UHYLHZLQJ�WKH�ILJXUHV�

7KH�ILJXUHV�DUH�WKH�KHDUW�RI�WKH�UHYLHZ��7KH\�DUH�HDV\�WR�IROORZ�DQG�VKRZ�D�YHU\�JRRG
FRPSDULVRQ�WR�SUHYLRXV�VWXGLHV��7KHUH�LV�D�FDUHIXO�GHVLJQ�RI�WKH�ILJXUHV�DQG�D�FDUHIXO
H[SODQDWLRQ�LQ�WKH�
ILJXUH�FDSWLRQV
�

7KLV�ZRUN�ZLOO�EH�D�JUHDW�FRQWULEXWLRQ�WR�DOO�PRGHOHUV��,W�LV�DQ�XSGDWH�RQ�DQDO\VLV�LQ
JHQHUDO�DQG�IRU�WKRVH�RI�XV�ZKR�ZRUN�RQ�EDVLQ�LQYHUVLRQ�DQDO\VLV��8QGRXEWHGO\��WKLV�ZRUN
ZLOO�EH�D�JXLGH�DQG�H[FHOOHQW�DQDORJ�PRGHOLQJ�EHQFKPDUNLQJ�IRU�WKH�ILHOG�RI�EDVLQ�WHFWRQLF
LQYHUVLRQ�

7KH�QXPEHU�RI�ZRUNV�UHYLHZHG�LV�LPSUHVVLYH��,�FRXQWHG�����SXEOLFDWLRQV�LQ�WKH�UHIHUHQFH
OLVW��$PD]LQJ��3D\�DWWHQWLRQ�WR�FURVV�FKHFNLQJ�FLWDWLRQV�DQG�UHIHUHQFHV��6HH�VSHFLILF
FRPPHQWV�EHORZ��%HLQJ�WKLV�PDQXVFULSW�LV�D�UHYLHZ��LW�LV�HYHQ�PRUH�LPSRUWDQW�WKDW�WKHUH
DUH�QR�GRXEWV�DERXW�WKH�UHIHUHQFH�WR�WKH�UHYLHZHG�ZRUNV�VR�WKDW�WKH�UHDGHU�FDQ�ILQG�WKHP
ZLWKRXW�SUREOHPV�LQ�FDVH�WKH\�DUH�LQWHUHVWHG�LQ�GHOYLQJ�LQWR�RQH�RI�WKH�WRSLFV�

,Q�DGGLWLRQ��D�FDUHIXO�UHYLHZ�RI�WKH�SXEOLVKHG�PRGHOV�LV�QRWHG��ZLWK�FDUH�LQ�WKH
H[SHULPHQWDO�FRQGLWLRQV��ZKLFK�LV�VKRZQ�LQ�WKH�H[SODQDWLRQV�DQG�DQDO\VLV�RI�WKH�PRGHOV
ZLWKLQ�WKH�WH[W�

7KLV�LV�UHIOHFWHG�LQ�D�YHU\�ZHOO�ZULWWHQ�GRFXPHQW��JHQHUDOO\�FOHDU��VWHS�E\�VWHS��ZLWK
DGHTXDWH�GHWDLO�

,Q�WKH�ODVW�LWHP�RI�WKH�
UHYLHZ
�
SHUVSHFWLYHV�IRU�IXWXUH�PRGHOLQJ�VWXGLHV�RI�EDVLQ
LQYHUVLRQ
��WKH�DXWKRUV�WDNH�D�JRRG�ORRN�DW�WKH�DQDORJ�SURMHFWLRQ�LQ�WKH�ILHOG�RI�WHFWRQLF
LQYHUVLRQ�RI�EDVLQV��7KH�DXWKRUV�JLYH�JRRG�UHFRPPHQGDWLRQV�WR�WKH�PRGHOHUV�WR
KRPRJHQL]H�WKH�H[SHULPHQWDO�FRQGLWLRQV�LQ�WKH�IXWXUH��WR�IDFLOLWDWH�FRPSDULVRQ�DQG
DQDO\VLV�RI�WKH�UHVXOWV��,W�VHHPV�WR�EH�D�YHU\�JRRG�FORVLQJ�RI�WKH�UHYLHZ�

$OO�LQ�DOO��H[FHOOHQW�ZRUN�
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%HORZ�,�VHQG�VSHFLILF�FRPPHQWV�DQG�WHFKQLFDO�FRUUHFWLRQV�RQ�WKH�UHYLVLRQ�PDGH�

$XWKRU¶V�UHSO\��ZH�WKDQN�WKH�UHYLHZHU�IRU�WKHVH�NLQG�ZRUGV��DQG�WKH�SRVLWLYH
DVVHVVPHQW�RI�RXU�VXEPLWWHG�PDQXVFULSW��DV�ZHOO�DV�WKH�FRQVWUXFWLYH�IHHGEDFN��:H
KDYH�SURFHVVHG�WKH�YDULRXV�FRPPHQWV�LQ�RXU�UHYLVHG�PDQXVFULSW��VHH�GHWDLOV�EHORZ��

�

63(&,),&�&200(176�

7KH�VFKHPDWL]DWLRQ�RI�ILJXUHV��������������DQG����VWDQG�RXW�

7DEOH���SUHVHQWV�D�JRRG�VXPPDU\�RI�WKH�H[SHULPHQWDO�FULWHULD�DQDO\]HG�

�$XWKRU¶V�UHSO\��ZH�WKDQN�WKH�UHYLHZHU�IRU�WKHVH�NLQG�ZRUGV

�

6RPHWLPHV�WKHUH�LV�DQ�DEXVH�RI�XVLQJ�TXRWHV�ZLWKRXW�FOHDUO\�H[SODLQLQJ�WKH�LGHDV�WKDW�DUH
WR�EH�GLVFXVVHG�LQ�WKH�SDUDJUDSK�

$XWKRU¶V�UHSO\��:H�WKDQN�WKH�UHYLHZHU�IRU�SRLQWLQJ�RXW�WKHVH�LVVXHV�DQG�KDYH�VROYHG
WKHP�DV�VSHFLILHG�EHORZ��)XUWKHUPRUH��ZH�KDYH�GRXEOH�FKHFNHG�WKH�PDQXVFULSW�IRU
SRVVLEOH�IXUWKHU�LVVXHV��DQG�KDYH�FRUUHFWHG�WKHVH�ZKHUHYHU�ZH�GHHPHG�QHFHVVDU\��$
WKRURXJK�ILQDO�FKHFN�ZLOO�EH�GRQH�EHIRUH�UHVXEPLVVLRQ�

�

)RU�H[DPSOH��LQ�LWHP������PHQWLRQV�PDQ\�UHIHUHQFHV�EXW�GRHV�QRW�VSHFLILFDOO\�H[SODLQ�WKH
LPSRUWDQFH�RI�
EDVLQ�LQYHUVLRQ�WHFWRQLFV
�

$XWKRU¶V�UHSO\��:H�KDYH�DGGHG�VRPH�VSHFLILFDWLRQV�LQ�WKH�UHYLVHG�PDQXVFULSW�

�

,Q�/�����DXWKRUV�FRPPHQW�WKDW�³GHWHUPLQLQJ�WLPLQJ�RI�LQYHVWPHQW�KDV�EHHQ�KLVWRULFDOO\
FUXFLDO�WR�SHWUROHXP�JHRORJLVW´��$XWKRUV�VKRXOG�VWDWH�GLUHFWO\�ZK\�LW�LV�
FUXFLDO
��ZLWKRXW
OHDYLQJ�LW�WR�WKH�LPDJLQDWLRQ�RI�WKH�UHDGHU�

$XWKRU¶V�UHSO\��:H�KDYH�QRZ�DGGHG�VRPH�PRUH�GHWDLOV��LQYHUVLRQ�FDQQRW�RQO\�FUHDWH
WUDSV�IRU�K\GURFDUERQV��EXW�FDQ�DOVR�VKXW�GRZQ�K\GURFDUERQ�SURGXFWLRQ�E\
XSOLIWLQJ�H[KXPLQJ�WKH�GHHSHU�SDUWV�RI�EDVLQV��ZKLFK�DUH�SRRUO\�UHVROYHG�RQ�VHLVPLF
GDWD���$V�VXFK��LW�LV�FUXFLDO�WR�SHWUROHXP�JHRORJLVWV�WR�XQGHUVWDQG�EDVLQ�LQYHUVLRQ�

�

,Q�/�����WKH\�LQGLFDWH�
«�GHYHORSPHQW�RI�PLQHUDO�UHVRXUFHV
��7KLV�LV�YHU\�EURDG��:KDW
PLQHUDO�UHVRXUFHV

�DUH�WKH\�UHIHUULQJ�WR"

$XWKRU¶V�UHSO\��7KH�OLWHUDWXUH�ZH�XVH�WR�GLVFXVV�PLQHUDO�UHVRXUFHV�FRYHUV�RUH�GHSRVLWV
DQG�HFRQRPLF�PLQHUDOV��L�H���3E�=�PLQHUDOL]DWLRQV��)H�&X�$X�GHSRVLWV��HWF����:H�QRZ
VSHFLI\�WKLV�LQ�WKH�WH[W�

�

,GHP�/�������LQGLFDWHV�WKDW�µXQGHUVWDQGLQJ�RI�EDVLQ�HYROXWLRQ��LQFOXGLQJ�EDVLQ�LQYHUVLRQ��LV



DOVR�RI�JUHDW�LQWHUHVW�IRU�JHRWKHUPDO�HQHUJ\�SURMHFWV¶��$XWKRUV�VKRXOG�VWDWH�GLUHFWO\�ZK\�LW
LV�
FUXFLDO
�

$XWKRU¶V�UHSO\��:H�KDYH�QRZ�DGGHG�WKH�VSHFLILFDWLRQ�WKDW�WHFWRQLF�PRWLRQ�FDQ
VLJQLILFDQWO\�DIIHFW�WKH�WKHUPDO�SURILOH�RI�WKH�VXEVXUIDFH��DQG�DV�VXFK�LV�LPSRUWDQW�WR
XQGHUVWDQG�IRU�JHRWKHUPDO�HQHUJ\�SURMHFWV��

�

$QRWKHU�H[DPSOH�LV�WKH�SDUDJUDSK�EHWZHHQ�/������DQG������LW�LV�YHU\�GLIILFXOW�WR�IROORZ�
2QO\�ZRUNV�DUH�FLWHG��)RU�UHDGHUV�ZKR�GR�QRW�NQRZ�WKHP��WKH\�ZRXOG�KDYH�WR�UHYLHZ�WKHP
WR�IXOO\�XQGHUVWDQG�WKH�LGHDV�WKDW�DUH�EHLQJ�SURSRVHG�LQ�WKH�SDUDJUDSK��,�VXJJHVW�EHLQJ
PRUH�H[SOLFLW�

$XWKRU¶V�UHSO\��:H�EHOLHYH�WKDW�WKLV�SDUDJUDSK�LV�UDWKHU�FOHDU��:KDW�ZDV�SHUKDSV
PLVVLQJ�ZDV�DQ�HDUO\�UHIHUHQFH�WR�)LJ����J�L��ZKLFK�LV�QRZ�LQFOXGHG��SOXV�D�UHIHUHQFH�WR
FRPSDUH�)LJ����J�L�WR�)LJ��M�N��WKH�ODWWHU�RI�ZKLFK�KDV�D�WKLFNHU�YLVFRXV�EDVDO�OD\HU��

�

,GHP�LQ�WKH�SDUDJUDSK�EHWZHHQ�/������DQG������$W�OHDVW�PHQWLRQ�VRPH�ILJXUH�WKDW�DOORZV
IROORZLQJ�WKH�LGHDV�

$XWKRU¶V�UHSO\��6LPLODU�WR�WKH�SUHYLRXV�FRPPHQWV��ZH�WKLQN�WKDW�WKH�SDUDJUDSK�LV
UDWKHU�FOHDU��:H�GHFLGHG�WR�QRW�LQFOXGH�D�VXPPDU\�ILJXUH�GXH�WR�WKH�UHODWLYH
FRPSOH[LWLHV�RI�*UDQDGR�HW�DO���������PRGHOV�WKDW�DUH�GLVFXVVHG�KHUH��DQG�KDYH�DGGHG
D�FOHDU�UHIHUHQFH�WR�FKHFN�WKH�RULJLQDO�SDSHU�IRU�PRUH�GHWDLOV�

�

7(&+1,&$/�&255(&7,216�

7H[W�

$W�WKH�HQG�RI�LWHP�����\RX�VKRXOG�FLWH�D�UHIHUHQFH�ZRUN��/�����

$XWKRU¶V�UHSO\��:H�KDYH�DGGHG�FLWDWLRQV�WR�.R\L���������5DQDOOL���������%RQLQL�HW�DO�
��������DQG�*UDYHOHDX�HW�DO����������ZKR�DGHTXDWHO\�SUHVHQW�WKH�HYROXWLRQ�RI�DQDORJXH
PRGHOOLQJ�WHFKQLTXHV�RYHU�WKH�SDVW�����\HDUV�RU�VR��$OVR�+XEEHUW��������LV�QRZ
PHQWLRQHG�HDUOLHU�RQ�LQ�WKH�SDUDJUDSKV��ZLWK�+DOO������DQG�&DGHOO������

�

+RPRJHQL]H�WKH�VW\OH�RI�FLWDWLRQV��6RPHWLPHV�WKH�DXWKRUV�XVH�µ	¶�DQG�VRPHWLPHV�
DQG
�WR
FLWH�D�ZRUN�E\���DXWKRUV�

$XWKRU¶V�UHSO\��:H�WKDQN�WKH�UHYLHZHU�IRU�QRWLFLQJ�WKHVH�LQFRQVLVWHQFLHV��:H�KDYH
FRUUHFWHG�WKLQJV�DQG�UHSODFHG�WKH�LQVWDQFHV�RI��	��ZLWK��DQG���LQ�DFFRUGDQFH�ZLWK�WKH
6ROLG�(DUWK�JXLGHOLQHV�IRU�LQ�WH[W�UHIHUHQFHV��

�

,Q�VRPH�SDUWV�RI�WKH�WH[W��WKHUH�DUH�OHIWRYHU�FRPPDV��([DPSOH�/����

$XWKRU¶V�UHSO\��:H�WKDQN�WKH�UHYLHZHU�IRU�QRWLFLQJ�WKHVH�IODZV��:H�KDYH�JRQH�WKURXJK
WKH�WH[W�DQG�UHPRYHG�ZKHUH�WKHVH�ZHUH�OHIW�RYHU��DQG�LQVHUWHG�WKHP��ZKHUH�PLVVLQJ��



$�WKRURXJK�ILQDO�FKHFN�ZLOO�EH�GRQH�EHIRUH�UHVXEPLVVLRQ�

�

'RWV�DUH�PLVVLQJ��IRU�H[DPSOH�/�������/�������/�������

$XWKRU¶V�UHSO\��:H�KDYH�JRQH�WKURXJK�WKH�WH[W�DQG�DGGHG�SHULRGV�ZKHUH�WKHVH�ZHUH
PLVVLQJ��DQG�UHPRYHG�WKHP�ZKHUH�WKH\�VKRXOG�QRW�EH���$�WKRURXJK�ILQDO�FKHFN�ZLOO�EH
GRQH�EHIRUH�UHVXEPLVVLRQ�

�

/HIWRYHU�DQ�
DQG
�/�����

$XWKRU¶V�UHSO\��,Q�IDFW��WKH�³DQG´�LV�FRUUHFW�KHUH��DV�WKH�ILUVW�WKUHH�FLWDWLRQV�DUH
JURXSHG��IROORZHG�E\�WKH�VHFRQG�SDUW�RI�WKH�VHQWHQFHV��%XW�ZH�VHH�KRZ�LW�FDQ�EH
FRQIXVLQJ�WR�WKH�UHDGHU��DQG�KDYH�UHSODFHG�LW�ZLWK�³RU´�QRZ�

�

/�������VD\V�
7HFRWQLFV
��LW�VKRXOG�VD\�
7HFWRQLFV
�

$XWKRU¶V�UHSO\��:H�EHOLHYH�WKDW�WKH�UHYLHZHU�PHDQV�OLQH������KHUH��ZKHUH�WKH�MRXUQDO
³7HFWRQLFV´�ZDV�LQGHHG�PLVVSHOOHG��,W�LV�FRUUHFWHG�DQG�ZH�WKDQN�WKH�UHYLHZHU�IRU
VSRWWLQJ�WKH�W\SR�

�

)LQG�DQ�DOWHUQDWLYH�WR�WKH�ZRUG�
UHODWLYH
�LQ�OLQHV�/������������

$XWKRU¶V�UHSO\��ZH�KDYH�UHSODFHG�WKH�VHFRQG��UHODWLYH��ZLWK��FRPSDUHG�

�

5HYLHZ�FXW�ZRUGV�µH[KXPDWLRQ¶�/��������RU�µPRGHOLQJ¶�/��������µFRHIILFLHQWV¶�/�������
µPRGHOOLQJ¶�/������

$XWKRU¶V�UHSO\��7KDQNV�IRU�VSRWWLQJ�WKHVH�W\SRV��:H�KDYH�FRUUHFWHG�WKHVH�DQG�RWKHUV
LQVWDQFHV�RI�K\SKHQDWLRQ�DIWHU�D�WKRURXJK�FKHFN�RI�WKH�PDQXVFULSW�

�

/��������6D\V�µ*HRWHUKUPLFV¶��VKRXOG�VD\�µ*HRWKHUPLFV¶

$XWKRU¶V�UHSO\��,W�LV�FRUUHFWHG�

�

�)LJXUHV�

7KH�\HOORZ�FRORUV�RI�V\Q�ULIW�DQG�SRVW�ULIW�KDUGO\�GLIIHU��7U\�WR�GLVWLQJXLVK�WKHP��)LJV������
����DQG�VLPLODU�RQHV�

$XWKRU¶V�UHSO\��:H�DJUHH�WKDW�WKH�ILJXUH�FRORUV�FDQ�EH�LPSURYHG��:H�DUH
H[SHULPHQWLQJ�ZLWK�FRPELQDWLRQV�VR�WKDW�ZH�FDQ�UHVXEPLW�ILJXUHV�ZLWK�DQ�RSWLPDO
FODULW\�



�

)LJ�����7KH�VLJPD�V\PEROV�DUH�YHU\�VPDOO��LQ�SULQWHG�IRUPDW��DQG�WKH\�DUH�EDUHO\�YLVLEOH�
,QFUHDVH�VL]H�

$XWKRU¶V�UHSO\��:H�DJUHH�WKDW�WKHVH�V\PEROV��L�H��WKH�VXEVFULSW�SDUWV�RI�WKH�VLJPD
V\PEROV��DUH�WRR�VPDOO�DQG�KDYH�LQFUHDVHG�WKH�IRQW�VL]H�LQ�WKH�QHZ�YHUVLRQ�

�

)LJ�����&RUUHFW�LQ�OHWWHU�J��LV�
/LVWULF
�QRW�
UDPS�IODW�UDPS


$XWKRU¶V�UHSO\��WKDQNV�IRU�VSRWWLQJ�WKLV�HUURU��ZH�KDYH�FRUUHFWHG�WKH�W\SR�

�

)LJ������7KH�FRORUV�RI�WKH�VXUIDFHV�RI�WKH�PRGHOV�DUH�FRQIXVLQJ��WKH\�VKRXOG�EH�VRPH�FRORU
RWKHU�WKDQ�WKH�\HOORZ�SDOHWWH��$OVR��RUDQJH�FRORUV�GR�QRW�DSSHDU�LQ�WKH�OHJHQG�

$XWKRU¶V�UHSO\��:H�KDYH�FRUUHFWHG�WKHVH�LVVXHV��VHH�SUHYLRXV�FRPPHQW�RQ�FRORUV��
7KH�FRORUV�LQ�WKH�OHJHQG�DUH�PRGLILHG�DFFRUGLQJO\�

�

)LJ������LQ�E��DQG�F��SXW�
VWURQJ�LQYHUVLRQ
�DQG�
ZHDN�LQYHUVLRQ
��WR�EH�FRQVLVWHQW�ZLWK�WKH
WH[W��,Q�N��SODFH�WKH�FRPSUHVVLRQ�GLUHFWLRQ�DUURZ�

$XWKRU¶V�UHSO\��WKHUH�LV�VRPH�FRQIXVLRQ�KHUH��ZH�UHIHU�WR�³VWURQJ´�IDXOW�DV�D�IDXOW�WKDW
GRHV�QRW�ZHDNHQ�WKH�URFNV�LQ�ZKLFK�LW�VLWV�VXIILFLHQWO\�WR�EH�UHDFWLYDWHG��LQ�FRQWUDVW�WR�D
³ZHDN�IDXOW´�WKDW�LV�ZHDNHQLQJ�WKH�URFN�VXIILFLHQWO\�IRU�UHDFWLYDWLRQ��:H�KDYH�QRZ
VSHFLILHG�WKDW�WKH�LQWHUQDO�IULFWLRQ�DQJOH�RI�WKH�IDXOW�LV�KLJK�RU�ORZ��DYRLGLQJ
FRQIXVLRQ�
7KDQNV�IRU�VSRWWLQJ�WKH�PLVVLQJ�DUURZ�LQ��N���LW�LV�QRZ�DGGHG�

�

)LJ������7KH�ZRUGV�LQ�WKH�ILJXUH�DUH�QRW�ZHOO�UHDG��,PSURYH�UHVROXWLRQ�

$XWKRU¶V�UHSO\��WR�WKH�VDPH�FRPPHQW�E\�UHYLHZHU�����7KH�ILJXUH�LQ�WKH�VXEPLWWHG
PDQXVFULSW�LV��FORVH��WR�WKH�RULJLQDO�UHVROXWLRQ�RI�WKH�ILJXUH��DV�SXEOLVKHG�LQ�-DUD�HW�DO�
��������:H�KDYH�QRZ�LQVHUWHG�WKH�KLJKHVW�SRVVLEOH�UHVROXWLRQ�ILJXUH��DQG�ZKHUH�QHHGHG
UHSODFHG�WKH�OHVV�UHDGDEOH�WH[W�DQG�DQQRWDWLRQ�ZLWK�KLJK�UHVROXWLRQ�WH[W�DQQRWDWLRQ

�

�

&LWDWLRQV�DQG�UHIHUHQFHV�

&URVV�FKHFN�FLWDWLRQV�DQG�UHIHUHQFHV�

&DUHIXOO\�UHYLHZ�HDFK�UHIHUHQFH�

$XWKRU¶V�UHSO\��:H�KDYH�GRQH�D�WKRURXJK�FKHFN�RI�DOO�UHIHUHQFHV��DV�VXJJHVWHG��DQG
KDYH�FRUUHFWHG�DQ\�HUURUV�ZH�IRXQG��:H�ZLOO�KRZHYHU�GR�D�WKRURXJK�ILQDO�FKHFN�EHIRUH
UHVXEPLVVLRQ�



�

1RW�DOO�FLWDWLRQV�DUH�LQ�WKH�UHIHUHQFH�OLVW��([DPSOH��7DUL�HW�DO���������.LVV�HW�DO��������
5HYLHZ�


HW�DO
�LV�VRPHWLPHV�LQ�QRUPDO�IRQW��RWKHUV�LQ�LWDOLFV��&KHFN�

$XWKRU¶V�UHSO\��:H�KDYH�DGGHG�WKH�7DUL�HW�DO���������DQG�.LVV�HW�DO���������GHWDLOV�WR
WKH�UHIHUHQFH�OLVW��
:H�KDYH�FKHFNHG�WKH�WH[W�IRU�LQVWDQFHV�RI��HW�DO���LQ�LWDOLFV��DQG�KDYH�PRGLILHG�WKHVH
ZKHUH�QHHGHG�

�

/DPSOXJK������LV�FLWHG�LQ�WKH�WH[W�EXW�LQ�WKH�UHIHUHQFHV��LW�DSSHDUV�DV������

$XWKRU¶V�UHSO\��7KLV�LV�D�W\SR��LW�VKRXOG�EH������DQG�LV�QRZ�FRUUHFWHG

�

.RRSPDQ������LV�QRW�LQ�WKH�UHIHUHQFH�OLVW��,�IRXQG�.RRSPDQ�HW�DO�������5HYLHZ

$XWKRU¶V�UHSO\��7KDQNV�IRU�QRWLFLQJ��LW�VKRXOG�EH�.RRSPDQ�HW�DO�������LQ�WKH�WH[W��ZH
KDYH�FRUUHFWHG�LW�

�

&DGHOO������LV�FLWHG�LQ�WKH�WH[W�EXW�LV�QRW�LQ�WKH�OLVW�

$XWKRU¶V�UHSO\��7KDQNV�IRU�QRWLFLQJ��ZH�KDYH�DGGHG�WKH�UHIHUHQFH�WR�WKH�OLVW

�

0F&OD\�LV�FLWHG�LQ�WKH�WH[W�EXW�LV�QRW�OLVWHG�

$XWKRU¶V�UHSO\��:H�KDYH�JRQH�RYHU�WKH�UHIHUHQFHV�DQG�FRUUHFWHG�WKLQJV�ZKHUH
QHHGHG�

�

-DJHU�DQG�*HOXN�UHIHUHQFH�LV�����"�/������

$XWKRU¶V�UHSO\��,QGHHG��WKDW�VKRXOG�EH�WKH������SXEOLFDWLRQ��ZH�KDYH�DGGHG�WKH�\HDU
RI�SXEOLFDWLRQ�LQ�WKH�OLVW��SOXV�D�OLQN

�

5HIHUHQFH�'RROH\�DQG�+XGHF�LV������RU�����"

$XWKRU¶V�UHSO\��7KH�\HDU�RI�SXEOLFDWLRQ�ZDV�������LW�LV�FRUUHFWHG�ZKHUHYHU�QHHGHG�

�

5HIHUHQFH�3LQWR�HW�DO���ZDV�SXEOLVKHG�LQ�������QRW�LQ������

$XWKRU¶V�UHSO\��7KDQNV�IRU�QRWLFLQJ��ZH�KDYH�FRUUHFWHG�WKH�HUURU�
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