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0DWKHPDWLFDO�PRGHOV�RI�LQFOXVLRQ�EHKDYLRU�LQ�VWLUUHG�ODGOHV�DUH�XVHIXO�IRU�ERWK�LQFUHDVLQJ�RXU

IXQGDPHQWDO�XQGHUVWDQGLQJ�RI�WKH�JURZWK�DQG�UHPRYDO�RI�LQFOXVLRQV�DV�ZHOO�DV�IRU�IXWXUH�XVH

LQ�SURFHVV�FRQWURO��7KLV�VWXG\�UHSRUWV�RQ�VRPH�HIIRUWV�WR�XVH�ERWK�VWDWLF�DQG�G\QDPLF

PRGHOLQJ�WR�EHWWHU�XQGHUVWDQG�LQFOXVLRQ�EHKDYLRU�LQ�JDV�VWLUUHG�ODGOHV��$�FRPSXWDWLRQDO�IOXLG�

G\QDPLFV�PDWKHPDWLFDO�PRGHO�RI�D�JDV�VWLUUHG�ODGOH�ZDV�GHYHORSHG�HDUOLHU��,Q�WKH

LQYHVWLJDWLRQ�FRYHUHG�LQ�WKLV�UHSRUW��LQVWDQWDQHRXV�IOXLG�IORZ�UHVXOWV�IURP�WKH�PRGHO�ZHUH

XVHG�LQ�FRPELQDWLRQ�ZLWK�LQFOXVLRQ�JURZWK�DQG�UHPRYDO�WKHRULHV�LQ�RUGHU�WR�VWXG\�WKH

LPSRUWDQFH�RI�EXEEOHV�RQ�LQFOXVLRQ�IORWDWLRQ��7KH�VWXG\�UHVXOWV�SURYHG�WR�EH�KLJKO\�GHSHQGHQW

RQ�WKH�WKHRU\�XVHG�WR�GHVFULEH�EXEEOH�IORWDWLRQ��7KH�PRGHO�RI�WKH�JDV�VWLUUHG�ODGOH�ZDV�DOVR

XVHG�WRJHWKHU�ZLWK�WKH�LQFOXVLRQ�WKHRULHV�WR�VWXG\�WKH�WUDQVLHQW�EHKDYLRU�RI�LQFOXVLRQV�GXULQJ

JURZWK�DQG�UHPRYDO��7KH�G\QDPLF�VLPXODWLRQ�UHVXOWV�LQGLFDWHG�WKDW�LQFOXVLRQ�FRQFHQWUDWLRQ

JUDGLHQWV�H[LVW��7KH�PRVW�LPSRUWDQW�UHVHDUFK�WDVN�LQ�WKH�QHDU�IXWXUH�LV�WR�YHULI\�VWDWLF�DQG

G\QDPLF�PRGHOLQJ�UHVXOWV�RI�LQFOXVLRQ�EHKDYLRU�GXULQJ�VWLUULQJ�ZLWK�H[SHULPHQWDO�GDWD��+HUH�

WKH�DXWKRUV�IHHO�WKDW�FDUHIXOO\�SHUIRUPHG�SODQW�WULDOV�FRXOG�SURYLGH�XVHIXO�LQIRUPDWLRQ�
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7KHUH�LV�D�QHHG�IRU�PDWKHPDWLFDO�PRGHOV�WKDW�FDQ�SUHGLFW�WKH�JURZWK�DQG�VHSDUDWLRQ�RI�PLFUR�

LQFOXVLRQV�LQ�VWLUUHG�ODGOHV��7KH�UHDVRQ�LV�WKDW�WRGD\�LW�LV�QRW�SRVVLEOH�WR�FRQWURO�WKH�PLFUR�

LQFOXVLRQ�FKDUDFWHULVWLFV�GXULQJ�ODGOH�UHILQLQJ�XVLQJ�WUDGLWLRQDO�PHWKRGV��7KLV�LV�PRUH�REYLRXV

LI�RQH�VWXGLHV�WKH�H[DPSOH�LQ�7DEOH�,��+HUH�WKH�WKUHH�TXDOLW\�SDUDPHWHUV�WKDW�DUH�XVHG�IRU

FRQWURO�LQ�WKH�SURGXFWLRQ�RI�³FOHDQ�VWHHO´�DUH�FRPSDUHG�WKURXJKRXW�WKH�SURFHVV��7KH�ILUVW

SDUDPHWHU�LV�HOHPHQWV�GLVVROYHG�LQ�WKH�OLTXLG�VWHHO��7KHVH�DUH�UHODWLYHO\�VLPSOH�WR�GHWHUPLQH

E\�WDNLQJ�D�ODGOH��WXQGLVK�RU�PROG�VDPSOH�IROORZHG�E\�FKHPLFDO�DQDO\VLV��8VXDOO\��DQ�DQDO\VLV

FDQ�EH�UHDG\�ZLWKLQ���WR����PLQXWHV�IURP�VDPSOLQJ��7KXV��WKH�RSHUDWRU�KDV�D�FKDQFH�WR�PDNH

DGMXVWPHQWV�GXULQJ�OLTXLG�VWHHO�WUHDWPHQW�LQ�WKH�ODGOH��$IWHU�WKH�VWHHO�LV�VROLGLILHG�WKH�FKHPLFDO

FRPSRVLWLRQ�GRHV�QRW�XVXDOO\�FKDQJH�PXFK�DQG�IXUWKHU�SURFHVV�FRQWURO�LV�XQQHFHVVDU\��7KH

VHFRQG�TXDOLW\�SDUDPHWHU�LV�WHPSHUDWXUH��7KLV�FDQ�HDVLO\�EH�GHWHUPLQHG�UDSLGO\�GXULQJ�OLTXLG

VWHHO�WUHDWPHQW�DQG�PHWDOZRUNLQJ��7KXV��WHPSHUDWXUH�FDQ�DOVR�EH�FRQWUROOHG�WKURXJKRXW�WKH

SURFHVV��7KH�WKLUG�TXDOLW\�SDUDPHWHU�SHUWDLQV�WR�LQFOXVLRQV�FKDUDFWHULVWLFV��,QFOXVLRQV�DUH

QRUPDOO\�FDWHJRUL]HG�DV�PLFUR�LQFOXVLRQV��KHUH�GHILQHG�DV�VPDOOHU�WKDQ����mP��DQG�PDFUR�

LQFOXVLRQV��!���mP���)RU�WKH�PDMRULW\�RI�VWHHO�FRPSDQLHV��D�PHDQV�RI�UDSLG�IHHGEDFN�RI

LQFOXVLRQ�FKDUDFWHULVWLFV�GXULQJ�OLTXLG�VWHHO�PDNLQJ�LV�QRW�DYDLODEOH�DQG�VWHHO�FOHDQQHVV�FDQ

WKHUHIRUH�QRW�EH�FRQWUROOHG�WKH�ZLWK�UHVSHFW�WR�LQFOXVLRQ�FRQWHQW��2QH�FRPSDQ\��2YDNR�6WHHO

$%��KDV�UHSRUWHG����WKDW�WKH\�DUH�FXUUHQWO\�WHVWLQJ�D�PRGLILHG�2(6��RSWLFDO�HPLVVLRQ

VSHFWURVFRS\��PHWKRG�WKDW�WKH\�KDYH�GHYHORSHG�IRU�RQ�OLQH�GHWHUPLQDWLRQ�RI�PLFUR�LQFOXVLRQ

VL]H�GLVWULEXWLRQ�

,W�LV�FOHDU�WKDW�WKHUH�LV�D�QHHG�IRU�PDWKHPDWLFDO�PRGHOV�WKDW�FDQ�SURYLGH�XVHIXO�LQIRUPDWLRQ

UHJDUGLQJ�WKH�JURZWK�DQG�VHSDUDWLRQ�RI�QRQ�PHWDOOLF�LQFOXVLRQV�IRU�FRPSDQLHV�ODFNLQJ�RQ�OLQH

GHWHUPLQDWLRQ�RI�LQFOXVLRQ�FKDUDFWHULVWLFV��(YHQ�IRU�D�FRPSDQ\�OLNH�2YDNR�6WHHO�

PDWKHPDWLFDO�PRGHOV�RI�PLFUR�LQFOXVLRQ�EHKDYLRU�DUH�XVHIXO�GXULQJ�WKDW�SHULRG����WR���

PLQXWHV��ZKHQ�WKH�RSHUDWRU�LV�ZDLWLQJ�IRU�WKH�DQDO\VLV�UHVXOWV�RU�GXULQJ�YDFXXP�GHJDVVLQJ�

ZKHQ�VDPSOLQJ�LV�QRW�SRVVLEOH�

,Q�WKH�IROORZLQJ�SDSHU��PRGHOLQJ�LQFOXVLRQ�JURZWK�DQG�VHSDUDWLRQ�GXULQJ�JDV�VWLUULQJ�RI�WKH

ODGOH�LV�GLVFXVVHG��5HVXOWV�IURP�XVLQJ�ERWK�D�VWDWLF�DQG�G\QDPLF�DSSURDFKHV�DUH�SUHVHQWHG�

7KH�ILUVW�SDUW�RI�WKH�SDSHU�GHVFULEHV�WKH�HDUOLHU�HIIRUWV�PDGH�WR�PRGHO�LQFOXVLRQ�JURZWK�DQG



VHSDUDWLRQ�XVLQJ�FRPSXWDWLRQDO�IOXLG�G\QDPLFV��&)'��WR�FDOFXODWH�WKH�IOXLG�IORZ�DQG�KHDW�

WUDQVIHU�FKDUDFWHULVWLFV�ZLWK�IXQGDPHQWDO�WUDQVSRUW�HTXDWLRQV��7KH�QH[W�VHFWLRQV�FRYHU�WKH

PRVW�UHOHYDQW�WKHRULHV�DFFRXQWLQJ�IRU�LQFOXVLRQ�JURZWK�DQG�UHPRYDO��WKH�VWDWLF�DQG�G\QDPLF

PRGHOLQJ��DQG�ILQDOO\��SUHVHQWDWLRQ�DQG�GLVFXVVLRQ�RI�WKH�LQYHVWLJDWLRQ�UHVXOWV�
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0DQ\�UHVHDUFKHUV�KDYH�VWXGLHG�WKH�JURZWK�DQG�UHPRYDO�RI�LQFOXVLRQV��6RPH�RI�WKH�SLRQHHUV�LQ

WKH�ILHOG�RI�PDWKHPDWLFDO�PRGHOLQJ�RI�WKH�SURFHVV�DUH�/LQGERUJ�DQG�7RUVHOO���,Q�����

/LQGERUJ�DQG�7RUVHOO�SUHVHQWHG�D�PRGHO�RI�LQFOXVLRQ�JURZWK�DQG�UHPRYDO�UHOHYDQW�IRU

ODERUDWRU\�VWXG\��$�SRSXODWLRQ�EDODQFH�FRQVLGHULQJ�6WRNHV�DQG�WXUEXOHQW�FROOLVLRQV�DQG

UHPRYDO�E\�6WRNHV�IORWDWLRQ�ZDV�XVHG��/DWHU��VWLUULQJ�E\�QDWXUDO�FRQYHFWLRQ�DQG�UHPRYDO�E\

IORWDWLRQ�ZDV�VWXGLHG�E\�,\HQJDU�DQG�3KLOEURRN���7KH�VHSDUDWLRQ�RI�LQFOXVLRQV�WR�WKH�UHIUDFWRU\

ZDOO�ZDV�LQYHVWLJDWHG�E\�/LQGHU���+H��VWXGLHG�WKH�HIIHFW�RI�GLIIHUHQW�SDUDPHWHUV�RQ�WKH

SRSXODWLRQ�EDODQFH��7KH�UHPRYDO�RI�LQFOXVLRQV�WR�WKH�UHIUDFWRU\�ZDOO�ZDV�DOVR�PRGHOHG�E\

(QJK�DQG�/LQGERUJ��

,Q�WKH�PLG�����V�IOXLG�PRGHOLQJ�VWDUWHG�WR�EH�XVHG�IRU�FDOFXODWLQJ�WKH�JURZWK�DQG�UHPRYDO�RI

LQFOXVLRQV��7DEOH�,,�OLVWV�WKH�SXEOLVKHG�VWXGLHV�WKDW�XVHG�IXQGDPHQWDO�WUDQVSRUW�HTXDWLRQV�

2QH�RI�WKH�ILUVW�SXEOLVKHG�DUWLFOHV�DUH�E\�1DNDQLVKL�DQG�6]HNHO\���$�SRSXODWLRQ�EDODQFH

HTXDWLRQ�ZDV�XVHG�DQG�WXUEXOHQW�FROOLVLRQV�ZHUH�WDNHQ�LQWR�DFFRXQW�XVLQJ�DQ�H[SUHVVLRQ

VXJJHVWHG�E\�6DIIPDQ�DQG�7XUQHU���8VLQJ�WKH�DYHUDJH�HQHUJ\�GLVVLSDWLRQ�IURP�D

PDWKHPDWLFDO�IOXLG�PRGHO�RI�D����WRQQH�$6($�6.)�ODGOH��WKH\�FDOFXODWHG�WKH�GHR[LGDWLRQ

NLQHWLFV�DQG�FRPSDUHG�WKH�UHVXOWV�ZLWK�H[SHULPHQWDO�GDWD�IURP�D�SURGXFWLRQ�ODGOH��7KH

GLVFUHSDQF\�EHWZHHQ�WKH�FDOFXODWHG�DQG�WKH�H[SHULPHQWDO�GDWD�ZHUH�KDQGOHG�E\�LQWURGXFLQJ�D

FRDJXODWLRQ�FRHIILFLHQW�UDQJLQJ�EHWZHHQ�����������LQ�WKHLU�H[SHULPHQWV��/DWHU��6KLUDEH�DQG

6]HNHO\��PDGH�D�IOXLG�IORZ�PRGHO�LQFOXGLQJ�WXUEXOHQFH�ZLWK�DQ�LQFOXVLRQ�FRDOHVFHQFH�PRGHO

IRU�D�5�+�YDFXXP�GHJDVVHU��1DYLHU�6WRNH¶V�HTXDWLRQV�ZHUH�XVHG�LQ�FRPELQDWLRQ�ZLWK�WKH

ZHOO�NQRZQ�N�e�PRGHO�WR�PRGHO�WKH�WXUEXOHQW�IORZ��7KH�VSDWLDO�VL]H�GLVWULEXWLRQV�RI�WKH

LQFOXVLRQV�ZHUH�SUHVHQWHG�LQ�WKH�UHVXOWV��,Q�������-RKDQVHQ��%R\VDQ�DQG�(QJK���DOVR�PRGHOHG

WKH�IOXLG�IORZ�LQ�VWHHO�DQG�LQFOXVLRQ�EHKDYLRU�LQ�D�VLPLODU�PDQQHU�DV�6KLUDEH�DQG�6]HNHO\��EXW

IRU�D�JDV�VWLUUHG�ODGOH��,Q�DGGLWLRQ��WKH\�PRGHOHG�WKH�JDV�SKDVH�XVLQJ�D�/DJUDQJLDQ�DSSURDFK�



7KH\�DOVR�WRRN�WKH�VHSDUDWLRQ�RI�LQFOXVLRQV�WR�WKH�VODJ�DQG�UHIUDFWRU\�DQG�WKH�GLVVROXWLRQ�RI

WKH�UHIUDFWRU\�LQWR�DFFRXQW�

7RGD\��WKUHH�GLPHQVLRQDO�PRGHOV�KDYH�EHFRPH�PRUH�FRPPRQ��$�QXPEHU�RI���'�PRGHOV�IRU

WXQGLVKHV�KDYH�EHHQ�GHYHORSHG�XVLQJ�WKH�N�e�PRGHO�WR�WDNH�WXUEXOHQFH�LQWR�DFFRXQW�DQG�PRUH

RU�OHVV�FRPSOH[�PRGHOV�WR�GHVFULEH�LQFOXVLRQ�JURZWK�DQG�UHPRYDO�������,Q�WKH�ODWH�����V�VRPH

PRUH�FRPSUHKHQVLYH�PRGHOV�ZHUH�PDGH��,Q������0LNL�HW�DO����SUHVHQWHG�D�PRGHO�RI�LQFOXVLRQ

UHPRYDO�LQ�D�5�+�YDFXXP�GHJDVVHU��7KH\�FRQVLGHUHG�WKH�HIIHFW�RI�DUJRQ�XVLQJ�D�YROXPH�

IUDFWLRQ�RI�IOXLG�PRGHO��+RZHYHU��WKH\�XVHG�WKH�DYHUDJH�YDOXH�RI�WKH�HQHUJ\�GLVVLSDWLRQ�ZKHQ

FDOFXODWLQJ�WKH�JURZWK�DQG�VHSDUDWLRQ�RI�LQFOXVLRQV��:LWK�D�VLPSOH�PRGHO��WKH�UHPRYDO�RI

LQFOXVLRQV�GXH�WR�JDV�EXEEOH�IORWDWLRQ�ZDV�DOVR�FRQVLGHUHG��0LNL�HW�DO�¶V�PRGHO�DOVR�LQFOXGHG

WKH�IORWDWLRQ�RI�FOXVWHUV�LQ�DGGLWLRQ�WR�VLQJOH�LQFOXVLRQV��&OXVWHU�IRUPDWLRQ�ZDV�OLNHZLVH

FRQVLGHUHG�E\�:DNRK�HW�DO�����7R]DZD�HW�DO����DQG�0LNL�DQG�7KRPDV����,Q�DGGLWLRQ��:DNRK�HW

DO��DOVR�FRQVLGHUHG�VODJ�GLVSHUVLRQ�LQWR�WKH�VWHHO�

��,1&/86,21�7+(25,(6

����*URZWK�RI�,QFOXVLRQV

,PPHGLDWHO\�DIWHU�WKH�DOXPLQXP�KDV�EHHQ�DGGHG�WR�WKH�VWHHO��LW�UDSLGO\�UHDFWV�ZLWK�R[\JHQ�WR

IRUP�DOXPLQD�LQFOXVLRQV��,QLWLDOO\�WKH�WRWDO�R[\JHQ�FRQWHQW�LQ�WKH�PROWHQ�VWHHO�LV�VWLOO�KLJK

VLQFH�WKH�R[\JHQ�LV�VWLOO�SUHVHQW�LQ�WKH�VWHHO�LQ�WKH�DOXPLQD�LQFOXVLRQV��$V�WKH�QXPEHU�RI

LQFOXVLRQV�LV�ODUJH��WKH�SUREDELOLW\�RI�FROOLVLRQ�LV�DOVR�TXLWH�KLJK��7KHUHIRUH��VWLUULQJ�FDQ

SURPRWH�LQFOXVLRQ�FROOLVLRQ�DQG�DJJORPHUDWLRQ��7KH�QXPEHU�RI�FROOLVLRQV�GXH�WR�FHUWDLQ

SKHQRPHQD�FDQ�EH�FDOFXODWHG�LQ�WKH�JHQHUDO�IRUP�DV�
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ZKHUH :L�M  �FROOLVLRQ�YROXPH��P��V

QL��QM  �QXPEHU�RI�LQFOXVLRQV�RI�VL]H�L�DQG�M����P�

7KH�FROOLVLRQ�YROXPH��:LM��UHSUHVHQWV�D�UDWH�IDFWRU�IRU�WKH�FROOLVLRQV�RI�D�FHUWDLQ�JURZWK

PHFKDQLVP�DQG�KDV�WKH�XQLW�P��V��WKXV�WKH�QDPH��



7KH�IROORZLQJ�PHFKDQLVPV�DUH�EHOLHYHG�WR�LQIOXHQFH�LQFOXVLRQ�JURZWK�

��� 'LIIXVLRQ�RI�R[\JHQ�DQG�GHR[LGDQW�WR�WKH�VXUIDFH�RI�WKH�LQFOXVLRQ

��� 'LIIXVLRQ�FRDOHVFHQFH��VR�FDOOHG�2VWZDOG�ULSHQLQJ

��� &ROOLVLRQ�GXH�WR�%URZQLDQ�PRWLRQ

��� &ROOLVLRQ�GXH�WR�YHORFLW\�JUDGLHQWV�LQ�ODPLQDU�VKHDU�]RQHV

��� &ROOLVLRQ�GXH�WR�WXUEXOHQFH

��� &ROOLVLRQ�GXH�WR�EXR\DQF\�GLIIHUHQFHV��VR�FDOOHG�6WRNH¶V�FROOLVLRQV

,Q�JHQHUDO��WKH�ILUVW�IRXU�PHFKDQLVPV�DUH�QRW�FRQVLGHUHG�WR�EH�VR�VLJQLILFDQW��,Q�WKH�OLWHUDWXUH�

JURZWK�GXH�WR�WXUEXOHQW�FROOLVLRQV�LV�RIWHQ�VXJJHVWHG�DV�WKH�PRVW�LPSRUWDQW

PHFKDQLVP���������������������������6PDOO�HGGLHV�LQ�WKH�WXUEXOHQW�IOXLG�DUH�EHOLHYHG�WR�FDXVH

FROOLVLRQV�EHWZHHQ�WKH�LQFOXVLRQV��7KH�FROOLVLRQ�YROXPH�IRU�WXUEXOHQW�FROOLVLRQV�FDQ�EH

GHVFULEHG�DFFRUGLQJ�WR�DQ�HTXDWLRQ�IRUPXODWHG�E\�6DIIPDQ�DQG�7XUQHU��ZKLFK�KDV�EHHQ

PRGLILHG�WR�WKH�IROORZLQJ�IRUP��������
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ZKHUH a  �FROOLVLRQV�HIILFLHQF\

UL�M  �LQFOXVLRQ�UDGLXV��P

e  �WXUEXOHQW�HQHUJ\�GLVVLSDWLRQ��P��V�

n)H  �NLQHPDWLF�YLVFRVLW\��P��V

7KH�VL[WK�PHFKDQLVP��JURZWK�GXH�WR�GLIIHUHQFH�LQ�EXR\DQF\��LV�DOVR�WKRXJKW�WR�EH�RI

LPSRUWDQFH�LQ�VRPH�FDVHV��,QFOXVLRQ�JURZWK�JHQHUDWHG�E\�WKLV�PHFKDQLVP�LV�GXH�WR�WKH�IDFW

WKDW�WKH�YHORFLW\�GLIIHUHQFH�EHWZHHQ�LQFOXVLRQV�PDNHV�ODUJHU�LQFOXVLRQV�FDWFK�XS�ZLWK�VPDOOHU

RQHV��7KH�FROOLVLRQ�YROXPH�IRU�6WRNH¶V�FROOLVLRQV�FDQ�EH�H[SUHVVHG�DV��
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ZKHUH� J  �JUDYLWDWLRQDO�FRQVWDQW��P�V�

r)H  �VWHHO�GHQVLW\��NJ�P�



rL  �LQFOXVLRQ�GHQVLW\��NJ�P�

m)H  �VWHHO�YLVFRVLW\��NJ�VP

,Q�WKH�VHFWLRQ�RQ�G\QDPLF�PRGHOLQJ��FROOLVLRQ�E\�%URZQLDQ�PRWLRQ�LV�IRUPXODWHG��7KH

FROOLVLRQ�YROXPH�LV�FDOFXODWHG���DV
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ZKHUH N  �WKH�%ROW]PDQQ�FRQVWDQW��-�.

7  �7HPSHUDWXUH��.

����5HPRYDO�RI�,QFOXVLRQV

7KHUH�DUH�WKUHH�ZD\V�E\�ZKLFK�LQFOXVLRQV�FDQ�OHDYH�WKH�JDV�VWLUUHG�PHOW���L��E\�IORDWLQJ�RXW

DQG�EHLQJ�DEVRUEHG�E\�WKH�WRS�VODJ���LL��E\�VWLFNLQJ�WR�WKH�UHIUDFWRU\�ZDOO��DQG��LLL��E\�EXEEOH

IORWDWLRQ�DQG�EHLQJ�DEVRUEHG�E\�WKH�WRS�VODJ�

������5HPRYDO�WR�WKH�7RS�6ODJ

7KH�UDWH�RI�UHPRYDO�WR�WKH�WRS�VODJ�LV�FRQWUROOHG�E\�WKH�QXPEHU�RI�LQFOXVLRQV�LQ�WKH�UHJLRQ

XQGHU�WKH�VODJ�VWHHO�LQWHUIDFH�DQG�WKH�VL]H�RI�WKRVH�LQFOXVLRQV��$V�WKH�VL]H�LQFUHDVHV�WKH

EXR\DQF\�LQFUHDVHV�WR�WKH�VHFRQG�SRZHU��/DUJHU�LQFOXVLRQV�DUH�WKHUHIRUH�PRUH�UHDGLO\

UHPRYHG��$�UHPRYDO�HTXDWLRQ�LQ�DFFRUGDQFH�ZLWK�6WRNHV�ODZ�FDQ�EH�H[SUHVVHG�LQ�WKH

IROORZLQJ�ZD\�
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ZKHUH $V  �VODJ�DUHD��P�

&L  �LQFOXVLRQ�FRQFHQWUDWLRQ����P�



������5HPRYDO�WR�WKH�5HIUDFWRU\

,QFOXVLRQV�FDQ�EH�UHPRYHG�WR�WKH�UHIUDFWRU\�E\�WKH�PRWLRQ�RI�WKH�VWHHO��,Q�WKH�OLWHUDWXUH��WKH

UHPRYDO�LV�FRQVLGHUHG�WR�EH�FRQWUROOHG�E\�WXUEXOHQW�GLIIXVLRQ�WR�WKH�UHIUDFWRU\�VXUIDFH��,W�FDQ�

IRU�H[DPSOH��EH�PRGHOHG�DV�VXJJHVWHG�E\�/LQGHU��
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ZKHUH $Z  �UHIUDFWRU\�DUHD��P�

8  �IOXLG�YHORFLW\��P�V

G  �³WXEH�GLDPHWHU´��P

7KH�YDOXH�RI�G�ZDV�VRPHZKDW�DUELWUDULO\�JLYHQ�WKH�YDOXH�RI�������7KH�HTXDWLRQ�LV�QRW�YHU\

GHSHQGHQW�RQ�WKH�YDOXH�RI�G�VLQFH�LW�LV�UDLVHG�WR�WKH�SRZHU�RI�ó�LQ�HTXDWLRQ�����

������5HPRYDO�E\�%XEEOH�)ORWDWLRQ

:KHQ�WKH�ODGOH�RU�DQ\�RWKHU�PHWDOOXUJLFDO�YHVVHO�LV�VWLUUHG�E\�LQHUW�JDV�EXEEOLQJ��WKHUH�LV�D

FKDQFH�WKDW�LQFOXVLRQV�ZLOO�DWWDFK�WR�EXEEOHV�DQG�EH�OLIWHG�WR�WKH�VXUIDFH��7KH�DOXPLQD

LQFOXVLRQ�KDV�D�ODUJH�FRQWDFW�DQJOH�ZLWK�VWHHO��a������ZKLFK�VXSSUHVVHV�ZHWWLQJ�EHWZHHQ�VWHHO

DQG�DOXPLQD��DQG�LQFUHDVHV�LWV�FKDQFHV�RI�DWWDFKLQJ�WR�D�JDV�EXEEOH�WKDW�LV�ULVLQJ�LQ�WKH�VWHHO�

7KUHH�PRGHOV�IRU�WKH�GHVFULSWLRQ�RI�IORWDWLRQ�RI�LQFOXVLRQV�E\�EXEEOHV�KDYH�EHHQ�SXEOLVKHG�

2IWHQ�WKH�LQVSLUDWLRQ�EHKLQG�WKHVH�WKHRULHV�KDV�FRPH�IURP�WKH�ILHOG�RI�PLQHUDO�SURFHVVLQJ�

ZKHUH�EXEEOH�IORWDWLRQ�LV�ZLGHO\�XVHG��%HORZ��D�EULHI�GHVFULSWLRQ�RI�WKH�PRGHOV�LV�JLYHQ�

)ORWDWLRQ�PRGHO��

:DQJ��/HH�DQG�+D\HV���SURSRVHG�D�PRGHO�IRU�WKH�UHPRYDO�RI�LQFOXVLRQV�E\�JDV�EXEEOHV��7KH

ZRUN�LV�LQ�WXUQ�EDVHG�RQ�ZRUN�E\�<RRQ�DQG�/XWUHOO����7KH�SUREDELOLW\�IRU�WKH�FRDOHVFHQFH�RI

DQ�LQFOXVLRQ�DQG�D�JDV�EXEEOH�LV�FDOFXODWHG�EDVHG�RQ�D�VWUHDP�IXQFWLRQ��D�VXEPHFKDQLVP�IRU

WKH�VOLGLQJ�RYHU�WKH�EXEEOH�VXUIDFH��DQG�WKH�ILQDO�UXSWXUH�RI�WKH�ILOP�DURXQG�LW��7KH�RYHUDOO

SUREDELOLW\�LV�IRUPXODWHG�DV�
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ZKHUH 3F�  �SUREDELOLW\�RI�FROOLVLRQ

3D�  �SUREDELOLW\�RI�DWWDFKPHQW

$OO�FROOLVLRQV�GR�QRW�OHDG�WR�D�IRUPDWLRQ�RI�DQ�DJJUHJDWH��,Q�RUGHU�IRU�D�VXFFHVVIXO�FROOLVLRQ�WR

RFFXU��WKH�LQFOXVLRQ�KDV�WR�PDNH�FRQWDFW�ZLWK�WKH�JDV��'XULQJ�WKLV�SURFHVV�WKH�LQFOXVLRQ�VOLGHV

RYHU�WKH�EXEEOH�VXUIDFH��$V�WKH�WKLQ�ILOP�EHWZHHQ�WKH�JDV�DQG�WKH�LQFOXVLRQ�JHWV�WKLQQHU�LW

HYHQWXDOO\�UXSWXUHV�DQG�FRQWDFW�LV�DFKLHYHG��7KLV�SURFHVV�RQO\�RFFXUV�LI�WKH�VOLGLQJ�WLPH�LV

ORQJHU�WKDQ�WKH�UXSWXUH�WLPH�IRU�WKH�ILOP��7KHUHIRUH��D�VHSDUDWH�HTXDWLRQ�IRU�WKH�SUREDELOLW\�RI

DWWDFKPHQW�QHHGV�WR�EH�VROYHG��7KLV�LQ�WXUQ�UHTXLUHV�WKDW�DGGLWLRQDO�HTXDWLRQV�EH�VROYHG�IRU

WKH�VOLGLQJ�DQG�FROOLVLRQ�WLPHV���7ZR�FDVHV�IRU�WKH�EXEEOH�ILOP�UXSWXUH�DUH�FDOFXODWHG�KHUH�

0RGHO��D�DQG�0RGHO��E�������,Q�WKH�HQG��WKH�ILQDO�UHPRYDO�HTXDWLRQ�GXH�WR�EXEEOH�IORWDWLRQ�LQ

WKH�SUREDELOLW\�PRGHO�FDQ�EH�IRUPXODWHG�DV�
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ZKHUH 1E  �QXPEHU�RI�EXEEOHV����P�

YU  �UHODWLYH�YHORFLW\�EHWZHHQ�VWHHO�DQG�JDV��P�V

UE  �EXEEOH�UDGLXV��P

)ORWDWLRQ�PRGHO��

,Q�DQ�DUWLFOH�E\�0LNL�HW�DO����LQFOXVLRQ�UHPRYDO�E\�EXEEOH�IORWDWLRQ�ZDV�FDOFXODWHG�EDVHG�RQ�D

FRPPRQ�VWUHDP�IXQFWLRQ�IRU�SRWHQWLDO�IORZ�DURXQG�WKH�EXEEOH��)URP�WKH�VWUHDP�IXQFWLRQ�D

FULWLFDO�LQFOXVLRQ�HQWUDSPHQW�UDGLXV�ZDV�FDOFXODWHG��,Q�WKH�0LNL�HW�DO��PRGHO��DQ�H[SUHVVLRQ�RI

FROOLVLRQ�HIILFLHQF\�EDVHG�RQ�ZRUN�E\�)ULVYROG�HW�DO����ZDV�LQFRUSRUDWHG��7KH�FROOLVLRQ

HIILFLHQF\�WDNHV�WKH�ERXQGDU\�OD\HU�EHWZHHQ�WKH�EXEEOH�DQG�WKH�LQFOXVLRQ�LQWR�DFFRXQW��7KH

ILQDO�UHPRYDO�HTXDWLRQ�FDQ�EH�H[SUHVVHG�DV�
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ZKHUH 5HE  �5H\QROGV�QXPEHU�IRU�EXEEOHV

E  �FULWLFDO�HQWUDSPHQW�UDGLXV��P



)ORWDWLRQ�PRGHO��

3ULRU�WR�0LNL�HW�DO�����(QJK���XVHG�WKH�VDPH�VWUHDP�IXQFWLRQ�WR�GHULYH�D�VLPSOH�EXEEOH

IORWDWLRQ�HTXDWLRQ��7KH�UHPRYDO�IXQFWLRQ�LV�IRUPXODWHG�DV�
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0RGHOLQJ�WKH�JURZWK�DQG�VHSDUDWLRQ�RI�LQFOXVLRQV�LQ�VWLUUHG�ODGOHV�LV�D�WDVN�WKDW�UHTXLUHV�D

PXOWLGLVFLSOLQDU\�DQG�H[WHQVLYH�UHVHDUFK��,Q�WKH�DXWKRUV¶�RSLQLRQ��LW�LV�YHU\�KDUG�WR�FUHDWH�DQ

LQFOXVLRQ�PRGHO�EDVHG�RQ�IXQGDPHQWDO�WUDQVSRUW�HTXDWLRQV�WKDW�FDQ�EH�XVHG�WR�IROORZ�WKH

LQFOXVLRQV�WKURXJKRXW�WKH�HQWLUH�ODGOH�UHILQLQJ�SURFHVV��7KHUHIRUH��WKH�PRGHOLQJ�ZRUN�LQ�WKLV

SDSHU�KDV�EHHQ�FRQILQHG�WR�GHVFULELQJ�WKH�SDUW�RI�WKH�SURFHVV�ZKHUH�WKH�ILQDO�GHR[LGDWLRQ�

XVLQJ�DOXPLQXP��WDNHV�SODFH��7KH�DOXPLQXP�GHR[LGDQW�ZDV�DVVXPHG�WR�EH�IHG�WR�WKH�VWHHO

XVLQJ�ZLUH�LQMHFWLRQ��,W�WKHQ�PHOWV�DQG�UHDFWV�ZLWK�WKH�R[\JHQ��ZKLFK�UHVXOWV�LQ�WKH�QXFOHDWLRQ

RI�VROLG�DOXPLQD�LQFOXVLRQV��7KH�QXFOHDWLRQ�ZDV�QRW�FRQVLGHUHG��,QVWHDG�WKH�PRGHOLQJ�IRFXVHG

RQ�WKH�JURZWK�DQG�VHSDUDWLRQ�RI�WKH�DOXPLQD�LQFOXVLRQV�GXULQJ�D���PLQXWH�SHULRG�RI�FRQVWDQW

VWLUULQJ�XVLQJ�DUJRQ�JDV�����O�PLQ���DW�DWPRVSKHULF�SUHVVXUH�DERYH�WKH�PHOW��7KH�LQLWLDO�VL]H

GLVWULEXWLRQ�RI�WKH�LQFOXVLRQV�XVHG�LQ�WKH�VLPXODWLRQV�ZDV�WDNHQ�IURP�DQDO\VLV�GDWD�RI�VDPSOHV

WDNHQ�LQ�OLTXLG�VWHHO�

����0DWKHPDWLFDO�0RGHO�RI�)OXLG�)ORZ�LQ�D�*DV�6WLUUHG�/DGOH

$�WZR�GLPHQVLRQDO�WZR�SKDVH�PRGHO�RI�D�JDV�VWLUUHG�ODGOH�ZDV�GHYHORSHG�HDUOLHU��������,Q�WKLV

VWXG\��WKH�PRGHO�ZDV�XVHG�WR�PRGHO�D�ODGOH�KDYLQJ�D������P�UDGLXV�DQG�D�VWHHO�EDWK�KHLJKW�RI

�����P��$Q�DUJRQ�IORZ�RI����O�PLQ�ZDV�XVHG��7KH�JDV�LV�LQMHFWHG�WKURXJK�D�FHQWUDOO\�SODFHG

QR]]OH�LQ�WKH�ERWWRP�RI�WKH�ODGOH��$�VNHWFK�RI�WKH�JDV�VWLUUHG�ODGOH�LV�JLYHQ�LQ�)LJXUH���

%HORZ��WKH�DVVXPSWLRQV�PDGH�DQG�WKH�JHQHUDO�WUDQVSRUW�HTXDWLRQV�DUH�VSHFLILHG��'HWDLOV

UHJDUGLQJ�WKH�IOXLG�IORZ�PRGHO�DVVXPSWLRQV��WUDQVSRUW�HTXDWLRQV��ERXQGDU\�FRQGLWLRQV�

SURSHUW\�YDULDWLRQV��WXUEXOHQFH�PRGHO��LQWHUIDFH�IULFWLRQ�IRUFHV��HWF��FDQ�EH�IRXQG�LQ�D

SUHYLRXV�SXEOLFDWLRQ���



$VVXPSWLRQV

7KH�IROORZLQJ�DVVXPSWLRQV�DUH�PDGH�LQ�WKH�VWDWHPHQW�RI�WKH�PDWKHPDWLFDO�PRGHO�

�D�� 7KH�JDV�VWLUUHG�ODGOH�LV�D[LDOO\�V\PPHWULF��VR�WKH�JRYHUQLQJ�HTXDWLRQV�FDQ�EH�ZULWWHQ�LQ

WZR�GLPHQVLRQDO�F\OLQGULFDO�FRRUGLQDWHV��9HORFLWLHV�DQG�YROXPH�IUDFWLRQV�DUH�SUHGLFWHG

IRU�ERWK�WKH�OLTXLG�DQG�WKH�JDV�SKDVH�RYHU�WKH�ZKROH�GRPDLQ�EDVHG�RQ�(XOHULDQ�HTXDWLRQV�

�E�� 7KH�FDOFXODWLRQV�DUH�SHUIRUPHG�XVLQJ�WKH�WUDQVLHQW�VROXWLRQ�PRGH�

�F�� $�WZR�IOXLG�YHUVLRQ�RI�WKH�N�e�WZR�HTXDWLRQ�PRGHO�LV�XVHG�WR�GHVFULEH�WKH�WXUEXOHQFH�LQ

WKH�OLTXLG�VWHHO���

�G�� 7KH�IUHH�VXUIDFH�LV�IODW��EXW�DQ�DOORZDQFH�LV�PDGH�IRU�WKH�HVFDSH�RI�JDV�EXEEOHV�DW�WKH

VXUIDFH�

�H�� 7KH�JDV�EXEEOHV�DUH�LQWURGXFHG�WKURXJK�D�QR]]OH�ORFDWHG�LQ�WKH�FHQWHU�RI�WKH�ODGOH�ERWWRP�

�I�� $Q�LQWHUIDFH�IULFWLRQ�FRHIILFLHQW�LV�XVHG�WR�GHVFULEH�WKH�IRUFH�EHWZHHQ�WKH�JDV�DQG�OLTXLG

SKDVHV�

7UDQVSRUW�(TXDWLRQV

$FFRUGLQJ�WR�WKH�DERYH�DVVXPSWLRQV��WKH�IROORZLQJ�JHQHUDO�JRYHUQLQJ�WUDQVSRUW�HTXDWLRQ�QHHG

WR�EH�VROYHG�
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����,QFOXVLRQ�0RGHO

7KH�IROORZLQJ�VHFWLRQV�FRQWDLQ�PRUH�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�DVVXPSWLRQV��LQLWLDO

FRQGLWLRQV��ERXQGDU\�FRQGLWLRQV��VRXUFH�WHUPV��DQG�WKH�PHWKRG�RI�VROXWLRQ�IRU�WKH�LQFOXVLRQ

PRGHO�

������$VVXPSWLRQV

7KH�IROORZLQJ�DVVXPSWLRQV�DUH�PDGH�LQ�WKH�VWDWHPHQW�RI�WKH�FXUUHQW�LQFOXVLRQ�PRGHO�

D��� 7KH�WUDQVLHQW�LQFOXVLRQ�FRQFHQWUDWLRQ�HTXDWLRQV�DUH�VROYHG�EDVHG�RQ�WKH�VWHDG\�VWDWH�IORZ

SDWWHUQ��7KLV�PHDQV�WKDW�WKH�PRYHPHQW�RI�SDUWLFOHV�LQ�WKH�PROWHQ�VWHHO�LV�DVVXPHG�QRW�WR

DIIHFW�WKH�IOXLG�IORZ��7KLV�LV�DFFHSWDEOH�VLQFH�WKH�LQFOXVLRQ�VL]H�FRQVLGHUHG�LQ�WKLV�VWXG\�LV

ORZHU�WKDQ����mP�DQG�WKH�LQFOXVLRQ�IUDFWLRQ�LV�DOVR�YHU\�ORZ�

E��� 7KH�JHQHUDWLRQ�RI�LQFOXVLRQV�LQ�WKH�JDV�VWLUUHG�ODGOH�GXH�WR�HURVLRQ�RI�UHIUDFWRU\�

HQWUDSPHQW�RI�VODJ�DQG�FKHPLFDO�UHDFWLRQV�LV�QRW�FRQVLGHUHG�

F��� 7KH�LQFOXVLRQV�DUH�DVVXPHG�WR�EH�VSKHULFDO�SDUWLFOHV�ZLWK�WKH�GHQVLW\���RI������NJ�P��

7KLV�LV�UHSUHVHQWDWLYH�RI�$O�2��SDUWLFOHV�LQ�WKH�VWHHO��7KH�LQLWLDO�VL]H�LV�EDVHG�RQ

SURGXFWLRQ�VDPSOH�DQDO\VHV�

G��� ,QFOXVLRQ�FROOLVLRQ�LV�DVVXPHG�WR�RFFXU�EHWZHHQ�WZR�VSKHULFDO�SDUWLFOHV�IRUPLQJ�D�ELJJHU

VSKHULFDO�LQFOXVLRQ��&OXVWHU�IRUPDWLRQ�GXH�WR�FROOLVLRQV�EHWZHHQ�VHYHUDO�SDUWLFOHV�LV�QRW

FRQVLGHUHG�

H��� 7KH�DWWDFKPHQW�RI�LQFOXVLRQV�WR�DUJRQ�EXEEOHV�LV�FDOFXODWHG�XQGHU�WKH�DVVXPSWLRQ�WKDW

LQFOXVLRQV¶�FHQWHU�OLQHV�IORZ�DORQJ�VWUHDPOLQHV�DQG�DWWDFKPHQW�RI�DQ�LQFOXVLRQ�WR�D�EXEEOH

RFFXUV�ZKHQ�D�VWUHDPOLQH�FDUU\LQJ�DQ�LQFOXVLRQ�FRPHV�FORVHU�WR�WKH�EXEEOH�WKDQ�WKH

OHQJWK�RI�WKH�LQFOXVLRQ¶V�UDGLXV��7KLV�LV�D�VLPSOLILFDWLRQ�XVHG�DV�D�ILUVW�DWWHPSW�WR�PRGHO

EXEEOH�IORWDWLRQ�RI�LQFOXVLRQV�

I��� $Q�LQFOXVLRQ�LV�VHSDUDWHG�WR�WKH�UHIUDFWRU\�ZKHQ�LW�LV�ZLWKLQ�WKH�ODPLQDU�ERXQGDU\�OD\HU

QHDU�WKH�ZDOO��:KHQ�WKLV�RFFXUV��LW�LV�UHPRYHG�IURP�WKH�V\VWHP��IURP�D�FRPSXWDWLRQDO

YLHZSRLQW��

J��� 7KH�IUHH�VXUIDFH�LV�IODW�DQG�VODJ�OD\HU�LV�QRW�WDNHQ�LQWR�DFFRXQW��,GHDO�DEVRUSWLRQ�E\�WKH

VODJ�LV�WKHUHIRUH�DVVXPHG�LQ�WKH�VSHFLILFDWLRQ�RI�WKH�ERXQGDU\�FRQGLWLRQ�SHUWDLQLQJ�WR

LQFOXVLRQV�DW�WKH�WRS�IUHH�VXUIDFH�
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7KH�GLVWULEXWLRQ�RI�WKH�ZHLJKW�FRQFHQWUDWLRQ�RI�WKH�LQFOXVLRQ�SDUWLFOHV�LV�FDOFXODWHG�XVLQJ�D

VFDODU�YDULDEOH��&���,W�LV�GHWHUPLQHG�ZLWK�WKH�IROORZLQJ�HTXDWLRQV�EDVHG�RQ�WKH�JLYHQ�IORZ

SDWWHUQ�FDOFXODWHG�SUHYLRXVO\�
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 �ODPLQDU�DQG�WXUEXOHQW�6FKPLGW�QXPEHU��UHVSHFWLYHO\

7KH�LQFOXVLRQ�LV�VXEMHFW�WR�WKH�ODPLQDU�DQG�WXUEXOHQW�GLVSHUVLRQ�ZLWK�WKH�6FKPLGW�QXPEHU

HTXDO�WR�RQH�

,Q�WKLV�VWXG\�WKH�LQFOXVLRQV�DUH�GLYLGHG�LQWR�WKUHH�JURXSV�EDVHG�RQ�WKH�H[SHULPHQWDO

LQIRUPDWLRQ�JLYHQ�LQ�7DEOH����7KLV�PHDQV�WKUHH�VLPLODU�DGGLWLRQDO�FRQFHQWUDWLRQ�WUDQVSRUW

HTXDWLRQV��HTXDWLRQ�����DUH�VROYHG��(DFK��KDV�GLIIHUHQW�LQLWLDO�FRQFHQWUDWLRQ�YDOXHV��ERXQGDU\

FRQGLWLRQV�DQG�VRXUFH�WHUPV�

,Q�HTXDWLRQ�������WKH�SDUWLFOH�YHORFLW\�LV�H[SUHVVHG�DV� Y Y Y Y
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FRQYHFWLYH�FRPSRQHQW��FDOFXODWHG�IURP�WKH�IROORZLQJ�HTXDWLRQ�
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7KH�WUDQVLHQW�LQFOXVLRQ�ZHLJKW�IUDFWLRQ�LV�GHILQHG�DV�

h = * *W

W

W


 � � ����



ZKHUH�WKH�LQLWLDO�LQFOXVLRQ�ZHLJKW�LV�*
W

� ��DQG�WKH�LQFOXVLRQ�ZHLJKW�DW�D�FHUWDLQ�WLPH�SRLQW�LV

*
W

W
 ��+HQFH��WKH�VXP�LQLWLDO�ZHLJKW�IUDFWLRQV��h ��RI�HDFK�RI�WKH�WKUHH�GLIIHUHQW�LQFOXVLRQ

JURXSV�LV�HTXDO�WR������

������*URZWK�DQG�5HPRYDO�(TXDWLRQV

,QLWLDO�FRQGLWLRQV
$OO�WKH�VROYHG�DQG�VWRUHG�YDULDEOHV�FDOFXODWHG�IURP�WKH�IOXLG�IORZ�PRGHO�ZHUH�XVHG�DV�LQSXW

ZKHQ�PRGHOLQJ�WKH�G\QDPLF�LQFOXVLRQ�EHKDYLRU��7KH�LQLWLDO�FRQFHQWUDWLRQV�RI�LQFOXVLRQV�ZHUH

WDNHQ�IURP�DQ�DQDO\VLV�RI�D�SURGXFWLRQ�VDPSOH��7KH�VL]H�GLVWULEXWLRQ�ZDV�GHWHUPLQHG�XVLQJ�DQ

RSWLFDO�PLFURVFRSH�DQG�WKH�LQFOXVLRQV�ZHUH�FODVVLILHG�E\�WKH�6ZHGLVK�VWDQGDUG�66���������

�-.�FKDUW�,,�����,Q�DFFRUGDQFH�ZLWK�WKLV�VWDQGDUG��LQFOXVLRQV�IRXQG�LQ�VDPSOHV�WDNHQ�LQ�OLTXLG

VWHHO�DUH�FODVVLILHG�DV�XQGHIRUPHG��RU�'�W\SH��LQFOXVLRQV��,QFOXVLRQV�DUH�DOVR�IXUWKHU�GLYLGHG

LQWR�IRXU�JURXSV�DFFRUGLQJ�WR�ZLGWK�GLDPHWHU��L�H��WKLQ��'7���PHGLXP��'0���KHDY\��'+��DQG

SDUWLFXODU��'3���7KH�ILUVW�WKUHH�LQFOXVLRQ�JURXSV�DUH�W\SLFDOO\�IRXQG�LQ�FOHDQ�VWHHO��7KH�ILUVW

WKUHH�VL]H�JURXSV�DUH�GHILQHG�DQG�WKH�LQLWLDO�FRQGLWLRQV�XVHG�LQ�DUH�VSHFLILHG�LQ�7DEOH���

,QFOXVLRQ�JURZWK

7KH�LQFOXVLRQ�JURZWK�GXH�WR�FROOLVLRQ�LV�GHVFULEHG�XVLQJ�WKH�IROORZLQJ�VRXUFH�WHUP�
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� �LV�WKH�WXUEXOHQFH�FROOLVLRQ�YROXPH��HTXDWLRQ����

,QFOXVLRQ�VHSDUDWLRQ�WR�WKH�VXUIDFH

7KH�VHSDUDWLRQ�RI�LQFOXVLRQ�SDUWLFOHV�WR�WKH�WRS�VXUIDFH�LV�H[SUHVVHG�DV�D�ERXQGDU\�FRQGLWLRQ�
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,QFOXVLRQ�VHSDUDWLRQ�WR�WKH�ZDOO

7KH�VHSDUDWLRQ�RI�LQFOXVLRQ�SDUWLFOHV�WR�WKH�ODGOH�UHIUDFWRU\�ZDOO�LV�H[SUHVVHG�DV�ERXQGDU\

FRQGLWLRQV�LQ�WKH�IROORZLQJ�PDQQHU��$FFRUGLQJ�WR�WKH�ORJ�ODZ�ZDOO�IXQFWLRQ�����WKH�ODPLQDU

ERXQGDU\�OD\HU�LV�FDOFXODWHG�E\�WKH�GLPHQVLRQOHVV�GLVWDQFH�IURP�WKH�ZDOO��\��
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,I�WKH�\��YDOXH�LQ�WKH�JULG�QHDU�WKH�ZDOO�LV�ORZHU�WKDQ��������DOO�LQFOXVLRQV�LQ�WKH�FHOO�DUH

FRQVLGHUHG�WR�EH�UHPRYHG�IURP�WKH�V\VWHP��,I�WKH�\��YDOXH�LQ�WKH�JULG�LV�KLJKHU�WKDQ��������WKH

WKLFNQHVV�RI�WKH�ODPLQDU�ERXQGDU\�OD\HU�LV�ILUVW�FDOFXODWHG�DV�IROORZV����

d
n

m

=
��
� �� � �

O

& N� �
����

7KHUHDIWHU��WKH�ZHLJKW�IUDFWLRQ�RI�WKH�LQFOXVLRQV�LQ�WKH�FHOO�ZKLFK�DUH�VHSDUDWHG�WR�WKH�ZDOO�LV

FDOFXODWHG�DV�

h d
Z Z

\= -� � ����

,QFOXVLRQ�VHSDUDWLRQ�GXH�WR�EXEEOH�IORWDWLRQ
7KH�VHSDUDWLRQ�RI�LQFOXVLRQV�GXH�WR�EXEEOH�DWWDFKPHQW�LV�GHVFULEHG�XVLQJ�D�VRXUFH�WHUP�

$FFRUGLQJ�WR�(QJK�����WKH�YROXPH�RI�LQFOXVLRQ�EXEEOH�DWWDFKPHQW�FDQ�EH�HVWLPDWHG�DV

IROORZV�

��
�

EU

E

S

EEEE UY
U

U
UY: ¼¼¼=¼¼¼= pph ����

7KH�VRXUFH�WHUP�IRU�EXEEOH�DWWDFKPHQW�FDQ�WKHQ�EH�H[SUHVVHG�DV�

6F 9 : Q Q GU G G] GWS S E E L= ¼ ¼ ¼ ¼ ¼ ¼r q ����

����0HWKRG�RI�6ROXWLRQ

������)OXLG�)ORZ�6LPXODWLRQ

)RU�WKH�IOXLG�IORZ�PRGHO��WKH�VROXWLRQV�RI�WKH�JRYHUQLQJ�HTXDWLRQV��ERXQGDU\�FRQGLWLRQV��DQG

VRXUFH�WHUPV�ZHUH�REWDLQHG�XVLQJ�WKH�JHQHUDO�&)'�VRIWZDUH�SDFNDJH�3+2(1,&6������7KH

DOJRULWKP�,36$�LV�XVHG�WR�VROYH�WZR�SKDVH�IOXLG�IORZ�SUREOHPV�������$�W\SLFDO�FDOFXODWLRQ

XVHG��������VZHHSV�IRU�D���������QRQ�XQLIRUP�PHVK�DQG�UHTXLUHG�����KRXUV�RI�&38�WLPH�RQ�D

681�ZRUNVWDWLRQ�



������6WDWLF�6LPXODWLRQ�RI�,QFOXVLRQ�*URZWK�DQG�5HPRYDO

,Q�WKH�VWDWLF�PRGHOLQJ��WKH�RXWSXW�IURP�D�VLPXODWLRQ�RI�WKH�IOXLG�IORZ�LQ�D�JDV�VWLUUHG�ODGOH�ZDV

XVHG��PRGHO�GHVFULEHG�LQ�VHFWLRQ�������7KH�GDWD�REWDLQHG�IURP�WKH�&)'�VLPXODWLRQ�LQFOXGHV

YHORFLW\��GLVVLSDWLRQ�RI�WXUEXOHQW�NLQHWLF�HQHUJ\��IUDFWLRQ�RI�JDV��HWF��7KLV�GDWD�ZDV�XVHG�DV

LQSXW�WR�PRGHOV�RI�GLIIHUHQW�WKHRUL]HG�PHFKDQLVPV�RI�LQFOXVLRQ�JURZWK�DQG�VHSDUDWLRQ�

������'\QDPLF�6LPXODWLRQ�RI�,QFOXVLRQ�*URZWK�DQG�5HPRYDO

�7KH�)2575$1�VRXUFH�FRGH�GHYHORSHG�WR�FDOFXODWH�WKH�JURZWK�DQG�VHSDUDWLRQ�RI�LQFOXVLRQV

GHVFULEHG�LQ�VHFWLRQ�����ZDV�LQFRUSRUDWHG�LQWR�WKH�XVHU�LQWHUIDFH�RI�3+2(1,&6�DV�DQ

DGGLWLRQDO�VXEURXWLQH��7KH�WLPH�VWHS�RI�WUDQVLHQW�LQFOXVLRQ�VLPXODWLRQ�ZDV�VHW�WR�RQH�VHFRQG

DQG�WKH�LWHUDWLRQ�VHW�WR�����VZHHSV�SHU�WLPH�VWHS��7KH�RXWSXW�GDWD�ZDV�VDYHG�LQ�D�ILOH�HYHU\�WHQ

VHFRQGV��7KXV��WKH�VLPXODWHG�ILYH�PLQXWHV�RI�LQFOXVLRQ�JURZWK�DQG�UHPRYDO�GXULQJ�JDV

VWLUULQJ�UHTXLUHG���KRXUV�RI�&38�WLPH�RQ�D�681�ZRUNVWDWLRQ��7KH�IORZ�FKDUW�RI�WKH�VLPXODWLRQ

LV�VKRZQ�LQ�)LJXUH���

��5(68/76

$OO�WKH�PRGHOLQJ�UHVXOWV�SUHVHQWHG�LQ�WKLV�VHFWLRQ�FRUUHVSRQG�WR�WKH�FRQGLWLRQV�VSHFLILHG�LQ

VHFWLRQ����5HVXOWV�IURP�WKH�IOXLG�IORZ�PRGHOLQJ�DUH�SUHVHQWHG�ILUVW��IROORZHG�E\�VHFWLRQV�RQ

UHVXOWV�IURP�WKH�VWDWLF�DQG�G\QDPLF�PRGHOLQJ��$�ILQDO�GLVFXVVLRQ�RI�WKH�WRWDO�LQIOXHQFH�RQ

LQFOXVLRQ�PRGHOLQJ�XVLQJ�UHVXOWV�IURP�ERWK�DSSURDFKHV�FRQFOXGHV�WKH�RYHUDOO�VHFWLRQ�RQ�WKH

VWXG\¶V�UHVXOWV

����)OXLG�)ORZ

$�WZR�GLPHQVLRQDO�PDWKHPDWLFDO�PRGHO�RI�D�JDV�VWLUUHG�ODGOH�ZDV�XVHG��ZKHUH�DUJRQ�JDV�LV

LQMHFWHG�WKURXJK�D�FHQWUDOO\�SODFHG�QR]]OH��7KH�DUJRQ�IORZ�ZDV����O�PLQ�IRU�DOO�SUHGLFWLRQV

VKRZQ�LQ�VHFWLRQ���



7KH�IOXLG�IORZ�SDWWHUQ�DW�WKH�FHQWUDO�SODQH�RI�WKH�ODGOH�LV�VKRZQ�LQ�)LJXUH��D��LOOXVWUDWHG�ZLWK

YHFWRUV��7KH�EXR\DQF\�IRUFH�UHVXOWLQJ�IURP�WKH�LQMHFWLRQ�RI�DUJRQ�JDV�JLYHV�ULVH�WR�KLJK�VWHHO

YHORFLWLHV�DW�WKH�FHQWHU�RI�WKH�ODGOH��7KHUHDIWHU��WKH�VWHHO�LV�GLUHFWHG�WRZDUGV�WKH�ODGOH�ZDOO�DQG

WKHQ�GRZQZDUGV�DORQJ�WKH�VLGH�ZDOO��$V�D�UHVXOW��D�ODUJH�FORFNZLVH�FLUFXODWLRQ�ORRS�LV�FUHDWHG

LQ�WKH�VWHHO�EXON��7KH�JDV�IUDFWLRQ�DQG�WXUEXOHQW�HQHUJ\�GLVVLSDWLRQ�UDWH�UHVXOWV�DUH�VKRZQ�LQ

)LJXUHV��E�DQG��F��7KH�IUDFWLRQ�RI�JDV�LV�KLJKHVW�LQ�WKH�FHQWHU�RI�WKH�ODGOH��ZKLFK�LV�H[SHFWHG

VLQFH�WKH�JDV�LV�LQMHFWHG�LQ�WKLV�UHJLRQ��6RPH�JDV�FDQ�DOVR�EH�VHHQ�WR�KDYH�VSUHDG�LQ�WKH�UDGLDO

GLUHFWLRQ�WR�WKH�XSSHU�SDUW�RI�WKH�ODGOH��FDUULHG�E\�WKH�UDGLDO�VWHHO�IORZ��7KH�GLVVLSDWLRQ�RI�WKH

NLQHWLF�HQHUJ\�LV�KLJKHVW�ZKHUH�WKH�YHORFLW\�YHFWRU�YDOXHV�DUH�KLJKHVW��FORVH�WR�WKH�JDV�SOXPH

DQG�SDUDOOHO�WR�WKH�VODJ�PHWDO�LQWHUIDFH�

����6WDWLF�0RGHOLQJ�5HVXOWV

7KH�IOXLG�IORZ�DQG�WXUEXOHQFH�GDWD�IURP�WKH�WZR�GLPHQVLRQDO�&)'�PRGHO�RI�D�JDV�VWLUUHG

ODGOH�ZHUH�XVHG�DV�LQSXW�LQ�PDNLQJ�WKH�LQVWDQWDQHRXV�FDOFXODWLRQV�RI�LQFOXVLRQ�JURZWK�DQG

VHSDUDWLRQ��,Q�RUGHU�WR�FRPSDUH�WKH�WZR�PRVW�LPSRUWDQW�FROOLVLRQ�JURZWK�PHFKDQLVPV��WKH

FROOLVLRQ�YROXPH�ZDV�FDOFXODWHG�IRU�WXUEXOHQW�DQG�6WRNH¶V�FROOLVLRQV��7KH�WXUEXOHQW�FROOLVLRQ

YROXPH�ZDV�FDOFXODWHG�XVLQJ�D�ZHLJKWHG�DYHUDJH�YDOXH�RI�WKH�HQHUJ\�GLVVLSDWLRQ�IRU�WKH�JDV�

VWLUUHG�ODGOH��7KH�FDOFXODWLRQ�UHVXOWV�DUH�SUHVHQWHG�LQ�)LJXUH����7KH�ILJXUH�LOOXVWUDWHV�KRZ�WKH

FROOLVLRQ�YROXPH�IRU�DQ�LQFOXVLRQ�RI��mP�FKDQJHV�ZKHQ�LW�FROOLGHV�ZLWK�LQFOXVLRQV�RI�GLIIHUHQW

UDGLXV�OHQJWKV��$V�FDQ�EH�VHHQ��WXUEXOHQW�FROOLVLRQ�LV�WKH�PRVW�LPSRUWDQW�PLFUR�LQFOXVLRQ

JURZWK�SKHQRPHQRQ�IRU�WKH�JDV�VWLUUHG�ODGOH�GXULQJ�WKH�VWLUULQJ�SHULRG��,W�FDQ�DOVR�EH�VHHQ

WKDW�ZKHQ�WKH�GLIIHUHQFH�LQ�VL]H�EHWZHHQ�LQFOXVLRQV�LV�ODUJH��WKH�6WRNH�V�FROOLVLRQ�PHFKDQLVP

EHFRPHV�PRUH�LPSRUWDQW��,W�LV�SRVVLEOH�WKDW�6WRNH¶V�FROOLVLRQV�ZRXOG�HYHQ�EH�PRUH�LPSRUWDQW

LI�LQFOXVLRQV�ODUJHU�WKDQ����mP�ZHUH�FRQVLGHUHG��+RZHYHU��WKDW�LVVXH�ZDV�QRW�ZLWKLQ�WKH

VFRSH�RI�WKLV�ZRUN�

,W�FDQ�DOVR�EH�VHHQ�LQ�)LJXUH���WKDW�WKH�FROOLVLRQ�YROXPH�LQFUHDVHV�ZLWK�DQ�LQFUHDVHG�VL]H�LQ

WKH�FROOLGLQJ�LQFOXVLRQ��+RZHYHU��WKH�WRWDO�QXPEHU�RI�FROOLVLRQV�LV�DOVR�D�IXQFWLRQ�RI�WKH

QXPEHU�RI�LQFOXVLRQV�RI�GLIIHUHQW�VL]HV��7DEOH���LOOXVWUDWHV�WKDW�WKH�QXPEHU�RI�ODUJHU

LQFOXVLRQV��'+��LV�PXFK�ORZHU�WKDQ�WKH�QXPEHU�RI�VPDOOHU�LQFOXVLRQV��'7�DQG�'0��

7KHUHIRUH��WKH�QXPEHU�RI�FROOLVLRQV�IRU�ODUJH�LQFOXVLRQV�LV�VWLOO�ORZHU�WKDQ�WKDW�RI�VPDOO

LQFOXVLRQV�



7KH�VWDWLF�PRGHOLQJ�DSSURDFK�ZDV�DOVR�XVHG�WR�FRPSDUH�WKH�VHSDUDWLRQ�RI�LQFOXVLRQV�GXH�WR

GLIIHUHQW�PHFKDQLVPV��,Q�ILJXUH����WKH�LQFOXVLRQ�UHPRYDO�UDWH�LV�SORWWHG�DV�D�IXQFWLRQ�RI

LQFOXVLRQ�VL]H��5HPRYDO�E\�WKH�GLIIHUHQW�PHFKDQLVPV�GHVFULEHG�LQ�VHFWLRQ���ZDV�SUHGLFWHG�IRU

WKH�ZKROH�ODGOH��)RU�HDFK�FDVH��D�VXPPDWLRQ�RI�WKH�UHPRYHG�IUDFWLRQV�RI�DOO�FHOOV�XVHG�LQ�WKH

&)'�FDOFXODWLRQ�RI�IOXLG�IORZ�LQ�WKH�JDV�VWLUUHG�ODGOH�ZDV�PDGH��$�JHQHUDO�WUHQG�LOOXVWUDWHG�LQ

)LJXUH���LV�WKDW�WKH�LQFOXVLRQ�UHPRYDO�UDWH�GXH�WR�DOO�PHFKDQLVPV�LQFUHDVHV�ZLWK�DQ�LQFUHDVHG

LQFOXVLRQ�VL]H���7KH�KLJKHVW�UHPRYDO�UDWHV�FRUUHVSRQG�WR�VHSDUDWLRQ�WR�WKH�VODJ�E\�6WRNH¶V

IORWDWLRQ�DQG�WR�WKH�UHIUDFWRU\�ZDOO��6HSDUDWLRQ�WR�WKH�UHIUDFWRU\�ERWWRP�DQG�E\�EXEEOH

DWWDFKPHQW�DQG�WKHQ�VHSDUDWLRQ�WR�WKH�VODJ�VHHP�WR�EH�RI�OHVV�LPSRUWDQFH�

,W�LV�DOVR�LQWHUHVWLQJ�WR�QRWH�WKDW�YHU\�GLIIHUHQW�UHVXOWV�ZHUH�REWDLQHG�IRU�WKH�WKUHH�PRGHOV

H[SUHVVLQJ�WKH�IORWDWLRQ�RI�LQFOXVLRQV�GXH�WR�EXEEOH�DWWDFKPHQW��)LJXUH�����7KH�XVH�RI�PRGHOV

�D�DQG��E�UHVXOWHG�LQ�WKH�ORZHVW�UHPRYDO�UDWH�SUHGLFWLRQV��0RGHOV��D�DQG��E�XVHG�H[SUHVVLRQV

IRU�WKH�ILOP�UXSWXUH�WLPH�DQG�WKH�ILOP�GUDLQDJH�WLPH��UHVSHFWLYHO\��WR�GHWHUPLQH�ZKHQ�D�JDV

EXEEOH�DQG�DQ�LQFOXVLRQ�FRPH�LQ�FRQWDFW�ZLWK�HDFK�RWKHU��7KH�WZR�DSSURDFKHV�UHQGHUHG�YHU\

VLPLODU�UHVXOWV��+RZHYHU��WKH�UHPRYDO�UDWHV�IRU�PRGHOV���DQG���ZHUH�FRQVLGHUDEO\�KLJKHU�WKDQ

IRU�PRGHOV��D�DQG��E��2QH�UHDVRQ�IRU�WKLV�LV�LQ�WKH�WKHRU\�DSSOLHG�LQ�H[SUHVVLQJ�LQFOXVLRQ

EXEEOH�DWWDFKPHQW�������,Q�PRGHOV��D�DQG��E��WKH�DVVXPSWLRQ�RI�SRLQW�FRQWDFW�EHWZHHQ�WKH

EXEEOH�DQG�WKH�LQFOXVLRQ�ZDV�XVHG�WR�GHWHUPLQH�ZKHQ�DWWDFKPHQW�RFFXUV��,Q�PRGHOV���DQG���

DQ�DVVXPSWLRQ�RI�SODQH�FRQWDFW�ZDV�XVHG��ZKLFK�LQFUHDVHV�WKH�SUREDELOLW\�RI�DWWDFKPHQW�RI

LQFOXVLRQV�WR�EXEEOHV��7KH�WZR�FRQWDFW�PHFKDQLVPV�UHSUHVHQW�WZR�H[WUHPH�FDVHV��,Q�UHDOLW\�

EXEEOHV�DUH�PXFK�ODUJHU�WKDQ�PLFUR�LQFOXVLRQV��VR�WKH�DFWXDO�FRQWDFW�JHRPHWU\�VKRXOG�EH

FORVHU�WR�SODQH�FRQWDFW�WKDQ�SRLQW�FRQWDFW�

$QRWKHU�UHDVRQ�ZK\�WKH�UHVXOWV�IURP�PRGHOV��D�DQG��E�GLIIHU�IURP�WKRVH�IURP�PRGHOV���DQG��

LV�WKDW�GLIIHUHQW�DVVXPSWLRQV�RI�WKH�IORZ�FRQGLWLRQV�DUH�XVHG�LQ�WKH�PRGHOV��,Q�PRGHOV��D�DQG

�E�WKH�FROOLVLRQ�SUREDELOLW\�LV�FDOFXODWHG�XVLQJ�DQ�H[SUHVVLRQ�YDOLG�IRU�5H\QROGV�QXPEHUV�IRU

JDV�EXEEOHV�RI�LQWHUPHGLDWH�YDOXHV����WR�������,Q�PRGHOV���DQG����WKH�IOXLG�IORZ�LV�DVVXPHG�WR

UHSUHVHQW�5H\QROGV�QXPEHUV�LQ�WKH�RUGHU�RI�VHYHUDO�WKRXVDQG��2XWSXW�IURP�WKH�&)'�PRGHO�RI

WKH�JDV�VWLUUHG�ODGOH�VKRZV�WKDW�5H\QROGV�QXPEHUV�IRU�EXEEOHV�DUH�FORVHU�WR�WKH�DVVXPSWLRQV

XVHG�LQ�PRGHOV���DQG���WKDQ�PRGHOV��D�DQG��E�

,Q�PRGHOV���DQG����WKH�VDPH�DVVXPSWLRQV�DUH�PDGH�UHJDUGLQJ�WKH�IOXLG�IORZ��EXW�VWLOO�WKH

UHVXOWV�GLIIHU���7KH�GLIIHUHQFH�FDQ�EH�H[SODLQHG�LQ�WKH�ZD\�WKH�FULWLFDO�HQWUDSPHQW�UDGLXV��E��LV



FDOFXODWHG�LQ�WKH�WZR�PRGHOV��7KH�GLVWDQFH�DW�ZKLFK�E�LV�FDOFXODWHG�LQ�PRGHO���LV�GHILQHG�WR�EH

FORVH�WR�WKH�EXEEOH��,Q�PRGHO����WKH�HQWUDSPHQW�UDGLXV�LV�GHILQHG�DV�EHLQJ�DW�D�GLVWDQFH�IDUWKHU

DZD\�IURP�WKH�EXEEOH��7KXV��WKH�HQWUDSPHQW�UDGLXV�ZLOO�EH�ODUJHU��ZKLFK�ZLOO�UHVXOW�LQ�D

KLJKHU�UHPRYDO�UDWH�LQ�FRPSDULVRQ�WR�WKH�SUHGLFWLRQV�XVLQJ�PRGHO���

����'\QDPLF�0RGHOLQJ

5HVXOWV�IURP�WKH�G\QDPLF�VLPXODWLRQV�RI�LQFOXVLRQ�EHKDYLRU�DUH�SUHVHQWHG�LQ�)LJXUH����7KH

ILJXUH�VKRZV�WKH�FRQWRXU�SORWV�RI�SDUWLFOH�GHQVLWLHV��7KH�UHVXOWV�UHSUHVHQW�D�W\SLFDO�VLPXODWLRQ

FDVH�ZKHUH�DOO�JURZWK�DQG�UHPRYDO�PHFKDQLVPV�VSHFLILHG�LQ�VHFWLRQ���DUH�WDNHQ�LQWR�DFFRXQW�

,Q�FRPSDULQJ�WKH�WKUHH�GLIIHUHQW�JURXSV�LQ�)LJXUH����LW�FDQ�EH�VHHQ�WKDW�WKH�SDUWLFOH�GHQVLW\�LQ

WKH�VWHHO�GHFUHDVHV�ZLWK�LQFUHDVLQJ�SDUWLFOH�VL]H��7KH�LQLWLDO�YDOXH�RI�WKH�SDUWLFOH�GHQVLW\�LV

���
�����O�P��IRU�WKH�VPDOOHVW��'7�W\SH��LQFOXVLRQV��)LJXUH��D���$IWHU���PLQXWH�RI�VWLUULQJ��WKH

LQFOXVLRQ�GHQVLW\�LQ�WKH�SOXPH�UHJLRQ�KDV�GHFUHDVHG�VXEVWDQWLDOO\��$�VLPLODU�WHQGHQF\�FDQ�EH

VHHQ�IRU�WKH�ODUJHU�LQFOXVLRQ�VL]HV��'0�DQG�'+��LQ�)LJXUHV��E�DQG��F��7KHUH�DUH�VRPH

H[SODQDWLRQV�IRU�WKH�ORZHU�LQFOXVLRQ�GHQVLW\�LQ�WKH�SOXPH�UHJLRQ���L��D�KLJK�WXUEXOHQFH�HQHUJ\

GLVVLSDWLRQ�LQFUHDVHV�WKH�SUREDELOLW\�RI�WXUEXOHQW�FROOLVLRQ��LL��D�KLJK�JDV�IUDFWLRQ�LQFUHDVHV�WKH

SUREDELOLW\�RI�LQFOXVLRQV�DWWDFKPHQW�WR�EXEEOHV�DQG�WUDQVSRUW�WR�WKH�VODJ�ZKHUH�WKH\�DUH

VHSDUDWHG��DQG�LLL���FOHDQ�VWHHO�LV�IHG�WR�WKH�QR]]OH�UHJLRQ�E\�WKH�FLUFXODWLRQ�ORRS��,Q�WKH�ODVW

FDVH��WKH�VWHHO�IORZV�SDUDOOHO�WR�WKH�VODJ��GRZQZDUGV�DORQJ�WKH�ZDOO��SDUDOOHO�ZLWK�WKH�ERWWRP�

DQG�ILQDOO\�XS�DJDLQ�WR�WKH�SOXPH�UHJLRQ��,QFOXVLRQV�WKHUHIRUH�DUH�PRUH�OLNHO\�WR�EH�VHSDUDWHG

WR�WKH�VODJ�DQG�UHIUDFWRU\��ZKLFK�UHVXOWV�LQ�WKH�VWHHO�LQ�WKH�SOXPH�UHJLRQ�FRQWDLQLQJ�IHZHU

LQFOXVLRQV�

,Q�RUGHU�WR�FRPSDUH�WKH�GLIIHUHQW�PHFKDQLVPV�RI�LQFOXVLRQ�JURZWK�DQG�UHPRYDO��D�VHTXHQFH�RI

VLPXODWLRQV�ZDV�GRQH��ZKHUH�RQH�LQGLYLGXDO�PHFKDQLVP�ZDV�FRQVLGHUHG�LQ�HDFK�VLPXODWLRQ�

,Q�)LJXUH��D���WKH�UHVXOWV�SHUWDLQLQJ�WR�WKH�WXUEXOHQW�JURZWK�VLPXODWLRQ�DUH�LOOXVWUDWHG��7KH

ZHLJKW�IUDFWLRQ�RI�VPDOOHVW�SDUWLFOHV��*URXS�&���������mP���GHFUHDVHV�DERXW�����DIWHU��

PLQXWHV�RI�JDV�VWLUULQJ��7KH�GLVDSSHDUDQFH�RI�WKH�VPDOOHU�VL]H�SDUWLFOHV�FUHDWHV�QHZ�SDUWLFOHV

RI�ODUJHU�VL]H��ZKLFK�JLYHV�D�VXSSO\�RI�QHZ�LQFOXVLRQV�WR�*URXS�%��*URXS�%�DOVR�ORVHV

LQFOXVLRQV�GXH�WR�LWV�RZQ�FROOLVLRQ�JURZWK��7KLV�FDXVHV�WKH�ZHLJKW�RI�WKH�IUDFWLRQ�RI�'0�VL]H

SDUWLFOHV��*URXS�%�����������mP��WR�VWD\�DOPRVW�WKH�VDPH�GXULQJ�WKH���PLQXWH�VWLUULQJ�SHULRG�

$�VLPLODU�WHQGHQF\�FDQ�EH�VHHQ�IRU�WKH�'+�VL]H�LQFOXVLRQV�



)LJXUH��E�VKRZV�WKH�VLPXODWLRQ�UHVXOWV�IRU�ZKHQ�RQO\�EXEEOH�DWWDFKPHQW�ZDV�WDNHQ�LQWR

DFFRXQW��,W�FDQ�EH�VHHQ�WKDW��WKH�'+�LQFOXVLRQV�ZLOO�GHFUHDVH�DERXW�����ZKLOH�WKH�'7

LQFOXVLRQV�RQO\�GHFUHDVH�DERXW����GXULQJ�WKH���PLQXWH�VWLUULQJ�SHULRG��7KLV�LQGLFDWHV�WKDW�WKH

ODUJH�LQFOXVLRQV�DUH�PRUH�HDVLO\�UHPRYHG�E\�DWWDFKPHQW�WR�JDV�EXEEOHV�

)LJXUH��F�VKRZV�WKH�FKDQJH�RI�LQFOXVLRQ�ZHLJKW�IUDFWLRQ�FDOFXODWHG�RQO\�FRQVLGHULQJ�WKH�ZDOO

DWWDFKPHQW��7KH�UHPRYDO�RI�LQFOXVLRQV�RFFXUV�DW�WKH�VDPH�UDWH�IRU�DOO�WKUHH�JURXSV�DQG

FRUUHVSRQGV�WR�DERXW�D�����GHFUHDVH�GXULQJ�WKH���PLQXWH�WUHDWPHQW��7KH�UHVXOWV�LQGLFDWH�WKDW

WKH�LQFOXVLRQ�DWWDFKPHQW�WR�WKH�UHIUDFWRU\�LV�DOVR�DQ�LPSRUWDQW�PHFKDQLVP�WKDW�FDQ�QRW�EH

QHJOHFWHG�

)LJXUH��G�VKRZV�WKH�FKDQJH�LQ�WKH�LQFOXVLRQ�ZHLJKW�IUDFWLRQ�IRU�WKH�VLPXODWLRQ�FRQVLGHULQJ

RQO\�LGHDO�DEVRUSWLRQ�RI�LQFOXVLRQV�E\�WKH�WRS�VODJ��7KH�GLIIHUHQFH�DPRQJ�WKH�WKUHH�LQFOXVLRQ

VL]H�JURXSV�LV�FOHDU��$ERXW�����RI�WKH�ODUJHVW�LQFOXVLRQV�DUH�UHPRYHG�GXULQJ�WKH���PLQXWH

WUHDWPHQW�SHULRG��PDLQO\�GXH�WR�KLJK�XSZDUGO\�GLUHFWHG�6WRNH¶V�YHORFLWLHV��&RPSDUHG�WR�WKH

RWKHU�UHPRYDO�PHFKDQLVPV��UHPRYDO�WR�WKH�WRS�VODJ�LV�WKH�PRVW�LPSRUWDQW�IRU�WKH�ODUJHVW

LQFOXVLRQV��+RZHYHU��UHPRYDO�GXH�WR�VODJ�DEVRUSWLRQ�GRHV�QRW�VHHP�WR�EH�YHU\�VLJQLILFDQW�IRU

VPDOOHU�LQFOXVLRQV�

)LJXUH���VKRZV�WKH�ZHLJKW�IUDFWLRQV�IRU�WKH�GLIIHUHQW�VLPXODWLRQV�RI�LQFOXVLRQ�JURZWK�DQG

UHPRYDO�DIWHU���PLQXWHV�RI�VWLUULQJ��,W�FDQ�EH�VHHQ�WKDW�WXUEXOHQW�FROOLVLRQ�DQG�ZDOO�DWWDFKPHQW

DUH�WKH�PRVW�LPSRUWDQW�IDFWRUV�LQIOXHQFLQJ�WKH�JURZWK�DQG�UHPRYDO�RI�VPDOO�LQFOXVLRQV�

%XEEOH�DWWDFKPHQW�DQG�DEVRUSWLRQ�E\�WKH�VODJ�DUH�PRUH�HIIHFWLYH�LQ�UHPRYLQJ�ODUJHU�VL]H

SDUWLFOHV��$OVR��WKH�DPRXQW�RI�JURZWK�GXH�WR�%URZQLDQ�PRWLRQ�DQG�WKH�6WRNH¶V�FROOLVLRQ

PHFKDQLVP�LV�UHODWLYHO\�PLQRU��)LQDOO\��WKH�ODUJHVW�LQFOXVLRQV�DUH�VHHQ�WR�EH�PRUH�HDVLO\

UHPRYHG�WKDQ�WKH�VPDOOHU�

)URP�)LJXUH��&��WKH�UHPRYHG�ZHLJKW�IUDFWLRQ�RI�WKH�ODUJHVW�LQFOXVLRQV�GXH�WR�WKH�GLIIHUHQW

JURZWK�DQG�UHPRYDO�PHFKDQLVPV�DUH�DV�IROORZV������%URZQLDQ�PRWLRQ������������6WRNH¶V

FROOLVLRQ���������WXUEXOHQW�FROOLVLRQ��LQFUHDVH��������EXEEOH�DWWDFKPHQW����������VODJ

DEVRUSWLRQ����������ZDOO�DWWDFKPHQW�������7KH�WRWDO�UHPRYDO�IUDFWLRQ�LV������1RWH�KHUH�WKDW

WKH�WRWDO�IUDFWLRQ�UHPRYHG�LV�QRW�HTXDO�WR�WKH�VXP�RI�WKH�LQGLYLGXDO�PHFKDQLVPV¶�ZHLJKW

IUDFWLRQV�UHPRYHG��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�FDOFXODWHG�ORFDO�LQFOXVLRQ�FRQFHQWUDWLRQ�LV



QRW�RQO\�GHWHUPLQHG�E\�WKH�JURZWK�DQG�UHPRYDO�VRXUFH�WHUP��EXW�DOVR�WKH�IOXLG�IORZ�GLIIXVLRQ

DQG�FRQYHFWLRQ�WHUPV�

����'LVFXVVLRQ

,Q�WKLV�SDSHU�H[DPSOHV�RI�XVLQJ�ERWK�VWDWLF�DQG�G\QDPLF�PRGHOLQJ�WR�VWXG\�WKH�JURZWK�DQG

UHPRYDO�RI�LQFOXVLRQV�LQ�JDV�VWLUUHG�ODGOHV�ZHUH�JLYHQ��)LUVW���VWDWLF�PRGHOLQJ�ZDV�XVHG�WR

FRPSDUH�GLIIHUHQW�PHFKDQLVPV�VXJJHVWHG�WR�H[SODLQ�WKH�VHSDUDWLRQ�RI�LQFOXVLRQV�E\�EXEEOH

DWWDFKPHQW��,Q�WKLV�SDUW�RI�WKH�VWXG\�KLJKO\�GLIIHUHQW�FDVH�UHVXOWV�ZHUH�REWDLQHG�EDVHG�RQ�WKH

DVVXPSWLRQV�PDGH�LQ�WKH�GLIIHUHQW�HTXDWLRQV�GHVFULELQJ�WKH�VHSDUDWLRQ�RI�LQFOXVLRQV�E\�EXEEOH

DWWDFKPHQW��7KLV�LOOXVWUDWHV�WKH�XVHIXOQHVV�RI�VWDWLF�PRGHOLQJ�WR�VHOHFW�WKH��WKHRULHV�ZKLFK�EHVW

GHVFULEH�WKH�VLWXDWLRQ�PRGHOHG��7KHUHDIWHU��G\QDPLF�PRGHOLQJ�FDQ�EH�FDUULHG�RXW�WR�VWXG\�WKH

WUDQVLHQW�VLWXDWLRQ��7KLV�ZLOO�VDYH�WLPH��VLQFH�G\QDPLF�PRGHOLQJ�LV�PRUH�WLPH�FRQVXPLQJ�WKDQ

VWDWLF�PRGHOLQJ�

��&21&/86,216

7KH�JURZWK�DQG�WKH�VHSDUDWLRQ�RI�DOXPLQD�PLFUR�LQFOXVLRQV�ZHUH�VWXGLHG�XVLQJ�ERWK�VWDWLF�DQG

G\QDPLF�PRGHOLQJ��7KH�VWXG\�IRFXVHG�RQ�D���PLQXWH�SHULRG�RI�JDV�VWLUULQJ�FDUULHG�RXW�DIWHU

WKH�ILQDO�GHR[LGDWLRQ�LQ�WKH�ODGOH��7KH�QXFOHDWLRQ�RI�LQFOXVLRQV�ZDV�QHJOHFWHG��,QVWHDG��WKH

LQLWLDO�PLFUR�LQFOXVLRQ�VL]H�GLVWULEXWLRQ�XVHG�LQ�WKH�PRGHO�ZDV�WDNHQ�IURP�H[SHULPHQWDO�GDWD�

$�&)'�PRGHO�RI�D�JDV�VWLUUHG�ODGOH�ZDV�XVHG�WR�FDOFXODWH�IOXLG�IORZ�DQG�WXUEXOHQFH�GDWD��,Q

WKH�VWDWLF�PRGHOLQJ�HIIRUW��WKH�RXWSXW�IURP�WKH�&)'�VLPXODWLRQV�ZDV�XVHG�LQ�HTXDWLRQV

H[SUHVVLQJ�WKH�JURZWK�DQG�UHPRYDO�RI�PLFUR�LQFOXVLRQV��5HVXOWV�IURP�WKH�VWDWLF�PRGHO

VKRZHG�WKDW�PLFUR�LQFOXVLRQ�JURZWK�PDLQO\�WDNHV�SODFH�DV�D�UHVXOW�RI�WXUEXOHQW�FROOLVLRQV�

ZKLFK�LV�LQ�DJUHHPHQW�ZLWK�SUHYLRXVO\�SXEOLVKHG�UHVXOWV���������������������������7KH�UHVXOWV�DOVR

VKRZHG�WKDW�FROOLVLRQV�GXH�WR�EXR\DQF\�EHFRPHV�LPSRUWDQW�ZKHQ�WKH�GLIIHUHQFH�LQ�LQFOXVLRQ

UDGLXV�EHFRPHV�ODUJHU�WKDQ�DSSUR[LPDWHO\����PLFURQV��7KH�LPSRUWDQFH�RI�WKH�6WRNH¶V

FROOLVLRQ�PHFKDQLVP�IRU�LQFOXVLRQV�GLIIHULQJ�VLJQLILFDQWO\�LQ�VL]H�KDV�DOVR�EHHQ�QRWHG�E\�RWKHU

UHVHDUFKHUV�������7KH�VWDWLF�PRGHOLQJ�UHVXOWV�LOOXVWUDWHG�WKDW�WKH�SUHGLFWHG�UHPRYDO�RI�PLFUR�

LQFOXVLRQV�GXH�WR�EXEEOH�IORWDWLRQ�LV�KLJKO\�GHSHQGHQW�RQ�WKH�IORWDWLRQ�WKHRU\�HPSOR\HG�



,Q�WKH�G\QDPLF�PRGHOLQJ�HIIRUW��WKHRUHWLFDO�H[SUHVVLRQV�RI�LQFOXVLRQ�JURZWK�DQG�UHPRYDO

ZHUH�LQFRUSRUDWHG�LQWR�WKH�&)'�PRGHO�RI�WKH�JDV�VWLUUHG�ODGOH��7KH�PDLQ�FRQFOXVLRQ�GUDZQ

IURP�WKH�UHVXOWV�RI�WKLV�SDUW�RI�WKH�VWXG\�LV�WKDW�FRQFHQWUDWLRQ�JUDGLHQWV�RI�LQFOXVLRQV�H[LVW�

$IWHU���PLQXWH�RI�JDV�VWLUULQJ��UHJLRQV�ZLWK�IHZHU�LQFOXVLRQV�ZHUH�IRXQG�FORVH�WR�WKH�JDV

SOXPH�DQG�WKH�VODJ�VWHHO�LQWHUIDFH��7KLV�LV�SUREDEO\�GXH�WR�LQFOXVLRQ�JURZWK�E\�WXUEXOHQW

FROOLVLRQ�FDXVHG�E\�KLJK�YDOXHV�RI�WKH�GLVVLSDWLRQ�RI�NLQHWLF�HQHUJ\�DQG�VHSDUDWLRQ�WR�WKH�WRS

VODJ�DQG�UHIUDFWRU\��7KH�LQFOXVLRQ�SRSXODWLRQ�LQ�WKH�EXON�RI�WKH�ODGOH�GHFUHDVHG�YHU\�VORZO\

GXH�WR�OLWWOH�WXUEXOHQW�FROOLVLRQ�JURZWK�LQ�WKLV�ORZ�WXUEXOHQFH�UHJLRQ��)XUWKHUPRUH��WKH

VHSDUDWLRQ�RI�LQFOXVLRQV�ZDV�OLPLWHG�E\�VORZ�WUDQVSRUW�RI�WKH�VWHHO�WR�WKH�VODJ�DQG�UHIUDFWRU\�

%DVHG�RQ�WKH�JRYHUQLQJ�FRQGLWLRQV�XSRQ�ZKLFK�WKH�G\QDPLF�PRGHOLQJ�ZDV�GRQH��WKH

IROORZLQJ�FRQFOXVLRQV�ZHUH�DOVR�GUDZQ�

�� 7KH�SDUWLFOH�QXPEHU�GHQVLW\�GHFUHDVHV�ZLWK�DQ�LQFUHDVLQJ�SDUWLFOH�VL]H�

�� 7KH�ODUJHVW�LQFOXVLRQV��'+��DUH�PRUH�HDVLO\�VHSDUDWHG�IURP�WKH�VWHHO�WR�WKH�VODJ�GXH�WR

ERWK�WKH�6WRNH¶V�PHFKDQLVP�DQG�EXEEOH�IORWDWLRQ�

�� 7KH�UDWH�RI�VHSDUDWLRQ�RI�LQFOXVLRQV�WR�WKH�ZDOO�LV�VDPH�IRU�DOO�VL]HV�RI�LQFOXVLRQV�

�� 7KH�WUDQVLHQW�VLPXODWLRQ�VKRZHG�WKDW�WKH�WRWDO�LQFOXVLRQ�IUDFWLRQ�UHPRYHG�LV�QRW�HTXDO�WR

WKH�VXP�RI�WKH�LQGLYLGXDOO\�FDOFXODWHG�IUDFWLRQV�FRUUHVSRQGLQJ�WR�WKH�LQIOXHQFH�RI�WKH

GLIIHUHQW�PHFKDQLVPV��7KLV�LV�EHFDXVH�WKH�LQFOXVLRQ�FRQFHQWUDWLRQ�FKDQJHV�QRW�RQO\�DV�D

UHVXOW�RI�JURZWK�DQG�UHPRYDO��EXW�LV�DOVR�LQIOXHQFHG�E\�IOXLG�IORZ�FKDUDFWHULVWLFV�

)LQDOO\��LW�PXVW�EH�VWDWHG�WKDW�YHULILFDWLRQ�RI�WKH�PRGHO�UHVXOWV�E\�FRPSDULVRQ�ZLWK

FRUUHVSRQGLQJ�SODQW�WULDO�UHVXOWV�LV�KLJKO\�GHVLUDEOH��,W�LV�QHFHVVDU\�WR�YHULI\�WKH�H[LVWHQFH�RI

FRQFHQWUDWLRQ�JUDGLHQWV�RI�GLIIHUHQW�LQFOXVLRQ�SRSXODWLRQV�LQ�WKH�ODGOH�GXULQJ�GLIIHUHQW�VWLUULQJ

FRQGLWLRQV��6XFK�YHULILFDWLRQ�LV�SRVVLEOH�SURYLGHG�WKDW�VDPSOLQJ�FDQ�EH�GRQH�DW�GLIIHUHQW

ORFDWLRQV�VLPXOWDQHRXVO\��$OVR��DGYDQFHG�WHFKQLTXHV�VXFK�DV�WKH�2(6�PHWKRG�FRXOG�EH�XVHG

IRU�UDSLG�IHHGEDFN�RQ�LQFOXVLRQ�FKDUDFWHULVWLFV��7KHUHDIWHU��LI�WKH�PRGHO�SUHGLFWLRQV�ZHUH�WR

DJUHH�UHDVRQDEO\�ZHOO�ZLWK�WKH�WULDO�GDWD��WKH�GHYHORSPHQW�RI�VLPSOHU�FRQWURO�PRGHOV�EDVHG�RQ

IXQGDPHQWDO�PDWKHPDWLFDO�PRGHOV�DQG�DGYDQFHG�DQDO\VLV�WHFKQLTXHV�FRXOG�EH�LQLWLDWHG�

,Q�WKH�IXWXUH��SDUDPHWHU�VWXGLHV�IRFXVLQJ�RQ��IRU�H[DPSOH���L��WKH�PRVW�VXLWDEOH�HTXDWLRQV�IRU

PRGHOLQJ�EXEEOH�IORWDWLRQ��LL��LQIOXHQFH�RI�WKH�WXUEXOHQFH�PRGHO�RQ�PRGHO�SUHGLFWLRQV���LLL�

LQFOXVLRQ�VHSDUDWLRQ�WR�WKH�ODGOH�ZDOO��DQG�LY��WKH�VHSDUDWLRQ�RI�LQFOXVLRQV�WR�WKH�VODJ�ZRXOG�EH



RI�LQWHUHVW�WR�FDUU\�RXW��6XFK�VWXGLHV�ZRXOG�LQFUHDVH�WKH�IXQGDPHQWDO�NQRZOHGJH�UHJDUGLQJ

PLFUR�LQFOXVLRQ�EHKDYLRU�LQ�JDV�VWLUUHG�ODGOHV��6WDWLF�DQG�G\QDPLF�PRGHOLQJ�UHVXOWV�FRXOG

WKHQ�EHJLQ�WR�EH�XVHG�LQ�WKH�GHYHORSPHQW�RI�HTXDWLRQV�IRU�SURFHVV�FRQWURO�PRGHOV�RI�LQFOXVLRQ

JURZWK�DQG�UHPRYDO�

5()(5(1&(6

��� 5HLQKROGVVRQ�)���/LQG�$���1LOVVRQ�5��DQG�-|QVVRQ�3���3URFHHGLQJV�&OHDQ�6WHHO����YRO���
%DODWRQIXUHG��+XQJDU\��-XQH�������SS��������������

��� 5HLQKROGVVRQ�)���/LQG�$���1LOVVRQ�5���6M|GLQ�3��DQG�-|QVVRQ�3�*���,6,-�,QWHUQDWLRQDO�YRO
����������QR����SS���������

��� /LQGERUJ�8��DQG�7RUVVHOO�.��7UDQV��0HW��6RF��$,0(��YRO�������������SS�����������
��� ,\HQJDU�5�.��DQG�3KLOLEURRN�:�2��0HW��7UDQV���YRO������������SS������������
��� /LQGHU�6���6FDQGLQDYLDQ�-RXUQDO�RI�0HWDOOXUJ\������������������
��� (QJK�7�$��DQG�/LQGVNRJ�1���6FDQGLQDYLDQ�-RXUQDO�RI�0HWDOOXUJ\�YRO�����������QR����SS

�����
��� 1DNDQLVKL�.��DQG�6]HNHO\�-���7UDQV��,6,-��YRO�����������SS���������
��� 6DIIPDQ�3�*��DQG�7XUQHU�-�6��-��)OXLG�0FK���YRO������������SS�������
��� 6KLUDEH�.��DQG�6]HNHO\�-���,6,-�,QWHUQDWLRQDO��YRO������������SS���������
����-RKDQVHQ�6�7���%R\VDQ�)��DQG�(QJK�7�$���3URFFHHGLQJV�)RXUWK�-DSDQ�1RUGLF�&RXQWULHV

-RLQW�6\PSRVLXP�RQ�6FLHQFH�DQG�7HFKQRORJ\�RI�3URFHVV�0HWDOOXUJ\��7RN\R��-DSDQ�
1RYHPEHU�������SS��������

����7DFNH�.�+��DQG�/XGZLJ�-�&���6WHHO�5HVHDUFK�YRO�����������QR���SS���������
����,OHJEXVL�2�-��DQG�6]HNHO\�-���,6,-�,QWHUQDWLRQDO��YRO������������QR�����SS�����������
����.DXIPDQQ�%���1LHGHUPH\U�$���6DWWOHU�+��DQG�3UHXHU�$���6WHHO�5HVHDUFK�YRO�����������QR

���SS���������
����6LQKD�$�.��DQG�6DKDL�<���,6,-�,QWHUQDWLRQDO��YRO������������QR��SS���������
����-RR�6���+DQ�-�:��DQG�*XWKULH�5�,�/���0HWDOOXUJLFDO�7UDQVDFWLRQV�%��86$���YRO����%

��������QR�����SS���������
����+DOOEHUJ�0���7HFK��OLF��7KHVLV��5R\DO�,QVWLWXWH�RI�7HFKQRORJ\��6ZHGHQ�������
����0LNL�<���6KLPDGD�<���7KRPDV�%�*��DQG�'HQLVRY�$���,	60��,66�YRO�����������SS�������
����:DNRK�0���)XFKLJDPL�.���(QGRK�.���,PDPXUD�1���.L\RVH�$��DQG�6DZDGD�,���6FDQPHW�,�

/XOHn��6ZHGHQ��-XQH���������SS���������
����0LNL�<��DQG�7KRPDV�%�*���0HWDOOXUJLFDO�DQG�0DWHULDOV�7UDQVDFWLRQV�%��YRO���%�������

SS���������
����7R]DZD�+���.DWR�<���6RULPDFKL�.��DQG�1DNDQLVKL�7���,6,-�,QWHUQDWLRQDO��YRO�����������QR

���SS���������
����6ZHGLVK�6WDQGDUG�66�����������6ZHGLVK�,QVWLWXWH�IRU�6WDQGDUGV��6,6�7U\FNHUL��6WRFNKROP�

6ZHGHQ��������
����+LJDVKLWDQL�.���<DPDXFKL�.���0DWVXQR�<��DQG�+RVRNDZD�*���&KHP��(QJ��-SQ���YRO���

�������QR�����SS����������
����7DQLJXFKL�6���.LNXFKL�$���,VH�7��DQG�6KRML�1��,6,-�,QWHUQDWLRQDO��YRO�����������

6XSOHPHQW��SS��6����6���
����7DQLJXFKL�6��DQG�.LNXFKL�$���7HWVX�WR�KDJDQH��YRO�������������SS����������
����:DQJ�/���/HH�+�*��DQG�+D\HV�3���,6,-�,QWHUQDWLRQDO��YRO������������QR���SS������



����<RRQ�5�+��DQG�/XWUHOO�*�+���0LQHUDO�3URHVV��DQG�([WUDFWLFH�0HWDOO��5HY���YRO���������
SS���������

����6FKXO]H�+�-���0LQHU��3URFHVV��([WUDF��0HWDOO��5HY��YRO����������SS�������
����)ULVYROG�)���(QJK�7�$���-RKDQVHQ�6�7��DQG�3HGHUVHQ�7��/LJKW�0HWDOV�������6DQ�'LHJR�

&DOLIRUQLD��86$��0DUFK�������7KH�0LQHUDOV��0HWDOV�	�0DWHULDOV�6RFLHW\��86$���SS�
���������

����(QJK�7��$��3ULQFLSOHV�RI�PHWDO�UHILQLQJ��2[IRUG�XQLYHUVLW\�SUHVV���������,6%1������
�������;

����-RQVVRQ�/���6��'X�DQG�-|QVVRQ�3�*��,6,-�,QWHUQDWLRQDO��YRO������������QR����SS���������
����-|QVVRQ�3�*��DQG�-RQVVRQ�/���6FDQGLQDYLDQ�-RXUQDO�RI�0HWDOOXUJ\���YRO�������������SS�

�������
����6SDOGLQJ��'��%�HW��DO���3KRHQLFV�(QF\FORSHGLD��������&+$0
����/DXQGHU�%��(��$QG�6SDOGLQJ�'��%���&RPSXWHU�0HWKRGV�LQ�$UHQ�W�0HFKDQLFV�DQG�(QJ�� ��

YRO�����������SS��������
����$QGUHZV�0��-���3K�'�WKHVLV��,PSHULDO�&ROOHJH������
����6SDOGLQJ�'��%���5HFHQW�$GYDFHV�LQ�1XPHUFLDO�0HWKRG�LQ�)OXLG��HG��%\�7D\ORU�&��$QG

0RUJDQ�.���3LQHULGJH�3UHVV��6ZDQVHD��(QJODQG��SS����



7DEOH�,��3RVVLELOLWLHV�WR�FRQWURO�VWHHO�TXDOLW\�SDUDPHWHUV�GXULQJ�VWHHOPDNLQJ�

/DGOH 7XQGLVK 0ROG 0HWDO�ZRUNLQJ�PLOO

(OHPHQWV�WKDW

GLVVROYH�LQ�VWHHO

\HV \HV \HV \HV��QRW�QHFHVVDU\

7HPSHUDWXUH \HV \HV \HV \HV

0LFUR�DQG�PDFUR

LQFOXVLRQV

QR QR QR \HV��DIWHUZDUGV

7DEOH�,,��6XPPDUL]LQJ�WDEOH�RYHU�&)'�PRGHOV�FRQVLGHULQJ�LQFOXVLRQ�JURZWK�DQG�RU

UHPRYDO�

5HIHUHQV *URZWK 5HPRYDO 5HR[
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1DNDQLVKL�	�6]HNHO\ ���� �(T 1 �' VHS < 1 1 1 1 1 1 1 1 1 1 ODGOH LQG� 


6KLUDEH�	�6]HNHO\ ���� N�e 1 �' VHS < 1 1 1 < 1 1 1 1 1 1 5+ �JDV�
-RKDQVHQ�HW�DO ���� N�e 1 �' VHS 1 1 1 1 < 1 < < 1 1 < ODGOH JDV
7DFNH�	�/XGZLJ ���� N�e 1 �' LQW 1 1 1 1 < 1 1 1 1 1 1 WXQG QR
,OHJEXVL�	�6]HNHO\ ���� N�e < �' LQW < 1 1 1 < 1 1 1 1 1 1 WXQG QR
.DXIPDQQ�HW�DO ���� N�e 1 �' � 1 1 1 1 < 1 1 1 1 1 1 WXQG QR �
6LQKD�	�6DKDL ���� N�e 1 �' VHS < 1 1 1 < 1 1 < 1 1 1 WXQG QR
-RR��+DQ�	�*XWKULH ���� N�e < �' LQW 1 1 1 1 < 1 1 1 1 1 1 WXQG QR
+DOOEHUJ ���� N�e 1 �' VHS < < 1 1 < 1 1 < 1 < 1 ODGOH JDV�LQG
0LNL�HW�DO ���� N�e 1 �' VHS < < 1 1 < < 1 1 1 1 1 5+ �JDV� ��
:DNRK�HW�DO ���� N�e 1 �' VHS < < 1 < < < 1 1 < 1 1 ODGOH JDV
0LNL�	�7KRPDV ���� N�e < �' VHS < < 1 1 < 1 1 1 1 1 1 WXQG QR ��
7R]DZD�HW�DO ���� N�e < �' LQW < < 1 < < 1 1 1 1 1 1 WXQG QR ��

1� �QR��<� �\HV

� �UHPRYDO�WR�VODJ�E\�WXUEXOHQW�GLIIXVLRQ


� �LQFOXVLRQV�RYHU�D�FHUWDLQ�VL]H�ZDV�FRQVLGHUHG�IORDWHG�RXW�
��� �QR�LQFOXVLRQ�PRGHO�FDOFXODWHG�LQ�WKH�PRGHO
���� �FRQVLGHULQJ�FOXVWHU�IRUPDWLRQ



7DEOH�,,,��&ODVVLILFDWLRQ�RI�LQFOXVLRQ�LQWHUYDOV�DQG�LQFOXVLRQ�GHQVLW\�XVHG�DV�LQLWLDO

FRQGLWLRQV�LQ�WKH�VLPXODWLRQV�

&ODVVLILFDWLRQ 6L]H�LQWHUYDO��mP� 1XPEHU�RI�LQFOXVLRQV�P�

'7 ������� �����[����

'0 �������� �����[���

'+ ��������� �����[���



)LJXUH����6FKHPDWLF�VNHWFK�DQG�JULG�GLVWULEXWLRQ����
����RI�JDV�VWLUUHG�ODGOH�

)LJXUH����)ORZ�FKDUW�RI�WKH�PDWKHPDWLFDO�PRGHO�

�����PP

��
��
�P
P

¡� ���PP

4LQ �����O�PLQ
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Gas volume,
turbulent
energy
dissipation rate,
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1HZ�VL]H

GLVWULEXWLRQ
2XWSXW



0.05 m/s
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1
0.988889
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0.955556
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0.933333
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0.9

EP
0.2
0.09
0.05
0.03
0.02
0.01
0.00888889
0.00777778
0.00666667
0.00555556
0.00111111
0
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)LJXUH����&RPSDULVRQ�RI�WUDQVLHQW�LQFOXVLRQ�ZHLJKW�IUDFWLRQ�GXH�WR�GLIIHUHQW��LVRODWHG�
UHPRYDO�PHFKDQLVPV
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