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$,&K( VKDOO QRW EH UHVSRQVLEOH IRU VWDWHPHQWV RU RSLQLRQV FRQWDLQHG LQ SDJHV RU SULQWHG
LQ LWV SXEOLFDWLRQV�

$EVWUDFW

7KH LQWHJUDWLRQ RI D FRPPHUFLDO G\QDPLF VLPXODWRU LQWR WKH XQGHUJUDGXDWH SURFHVV FRQWURO FRXUVH
DW /RXLVLDQD 6WDWH 8QLYHUVLW\ LV GLVFXVVHG� 7KH +<6<6�3ODQW VLPXODWLRQ SDFNDJH KDV EHHQ SODFHG
RQ WKH GHSDUWPHQWDO QHWZRUN DV ZHOO DV VXSSOLHG GLUHFWO\ WR VWXGHQWV XQGHU D XQLTXH OLFHQVLQJ
DJUHHPHQW ZLWK WKH YHQGRU +\SURWHFK� $ oRZVKHHW GHYHORSHG E\ +\SURWHFK KDV EHHQ PRGLnHG WR
SURGXFH D UHSUHVHQWDWLYH UHDFWLRQ�VHSDUDWLRQ VLPXODWLRQ DPHQDEOH WR VWXGHQW XVH� 7KH VLPXODWRU
VHUYHV DV WKH EDVLV IRU D VHULHV RI RSHQ�ORRS DQG FORVHG�ORRS VLPXODWLRQ H[SHULPHQWV WKDW FRYHU
NH\ FRQFHSWV LQ SURFHVV G\QDPLFV DQG FRQWURO� 2XU LQLWLDO H[SHULHQFH KDV EHHQ IDYRUDEOH DQG
GHPRQVWUDWHV WKH SRZHU RI LQFRUSRUDWLQJ FRPPHUFLDO G\QDPLF VLPXODWRUV LQWR WKH XQGHUJUDGXDWH
SURFHVV FRQWURO FXUULFXOXP�

e7R ZKR FRUUHVSRQGHQFH VKRXOG EH DGGUHVVHG� 3KRQH� ������������� )D[� ������������� (�PDLO�

KHQVRQ#FKH�OVX�HGX
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� ,QWURGXFWLRQ

7KH WUDGLWLRQDO DSSURDFK WR XQGHUJUDGXDWH SURFHVV FRQWURO HGXFDWLRQ UHOLHV KHDYLO\ RQ ZULWWHQ
KRPHZRUN SUREOHPV WR LOOXVWUDWH FRQFHSWV FRYHUHG LQ OHFWXUHV� 6XFK SUREOHPV QHFHVVDULO\ LQYROYH
YHU\ VLPSOH SURFHVVHV WKDW DUH DPHQDEOH WR ULJRURXV DQDO\VLV� $Q XQIRUWXQDWH FRQVHTXHQFH RI
WKLV DSSURDFK LV WKDW VWXGHQWV IDLO WR JDLQ DQ DGHTXDWH DSSUHFLDWLRQ IRU WKH FRPSOH[LW\ RI FRQWURO
SUREOHPV HQFRXQWHUHG LQ LQGXVWU\� 7KH UHVXOW LV D ODUJH JDS EHWZHHQ WKHLU DFDGHPLF WUDLQLQJ
DQG LQGXVWULDO SUDFWLFH� 2QH SRVVLEOH VROXWLRQ WR WKLV SUREOHP LV WKH LQFRUSRUDWLRQ RI H[SHULPHQWV
LQWR WKH XQGHUJUDGXDWH SURFHVV FRQWURO FRXUVH� +RZHYHU WKLV DSSURDFK VHYHUDO SRWHQWLDO GUDZEDFNV
LQFOXGLQJ� �L� WKH UHTXLVLWH H[SHULPHQWDO IDFLOLWLHV PXVW EH DYDLODEOH� �LL� D VHSDUDWH SURFHVV FRQWURO
ODERUDWRU\ FRXUVH RIWHQ PXVW EH HVWDEOLVKHG� DQG �LLL� SODQW�ZLGH FRQWURO SUREOHPV HQFRXQWHUHG
LQ LQGXVWU\ DUH GLpFXOW WR UHSOLFDWH LQ D ODERUDWRU\ VHWWLQJ�

:H KDYH SXUVXHG DQ DOWHUQDWLYH DSSURDFK EDVHG RQ WKH LQWHJUDWLRQ RI D FRPPHUFLDO G\QDPLF
VLPXODWRU LQWR WKH SURFHVV FRQWURO FRXUVH� :H EHOLHYH VXFK VLPXODWRUV DUH EHWWHU VXLWHG IRU WKLV
SXUSRVH WKDQ DUH JHQHUDO SXUSRVH VLPXODWLRQ WRROV VXFK DV 0$7/$% EHFDXVH FRPSOH[ oRZVKHHWV
FDQ EH FRQVWUXFWHG ZLWKRXW GHYHORSLQJ VSHFLDOL]HG FRGH� 2XU GHSDUWPHQW UHFHQWO\ HQWHUHG LQWR
D OLFHQVLQJ DJUHHPHQW ZLWK +\SURWHFK IRU WKHLU G\QDPLF VLPXODWLRQ SDFNDJH +<6<6�3ODQW� 7KH
VRIWZDUH LV UHVLGHQW RQ RXU ORFDO DUHD QHWZRUN� DQG TXDOLnHG VWXGHQWV FDQ SXUFKDVH D WHPSRUDU\
KRPH OLFHQVH IRU D VPDOO IHH� 2XU ORQJ�WHUP YLVLRQ LV WKDW WKH VWHDG\�VWDWH DQG G\QDPLF VLPXODWLRQ
IHDWXUHV ZLOO EH LQFRUSRUDWHG WKURXJKRXW WKH XQGHUJUDGXDWH FXUULFXOXP VWDUWLQJ ZLWK WKH PDVV
DQG HQHUJ\ EDODQFH FRXUVH DQG FXOPLQDWLQJ ZLWK WKH VHQLRU OHYHO GHVLJQ FRXUVHV� &XUUHQWO\ WKH
VLPXODWRU KDV EHHQ IXOO\ LQWHJUDWHG LQWR WKH SURFHVV GHVLJQ DQG FRQWURO FRXUVHV DQG SDUWLDOO\
LQFRUSRUDWHG LQWR WKH XQLW RSHUDWLRQV FRXUVH� :H EHOLHYH WKH XWLOL]DWLRQ RI FRPPHUFLDO VLPXODWLRQ
VRIWZDUH WKURXJKRXW WKH FKHPLFDO HQJLQHHULQJ FXUULFXOXP SURYLGHV D NH\ XQLI\LQJ WKHPH DQG JLYHV
RXU VWXGHQWV D FRPSHWLWLYH DGYDQWDJH LQ WKH MRE PDUNHW�

,Q WKLV SDSHU WKH FKDOOHQJHV DQG RSSRUWXQLWLHV DVVRFLDWHG ZLWK WKH LQWHJUDWLRQ RI D FRPPHUFLDO
G\QDPLF VLPXODWRU LQWR D WUDGLWLRQDO XQGHUJUDGXDWH SURFHVV FRQWURO FRXUVH DUH GLVFXVVHG� :KLOH
WKH SUHVHQWDWLRQ IRFXVHV RQ WKH +<6<6�3ODQW VRIWZDUH� VLPLODU H[SHULHQFHV FDQ EH H[SHFWHG ZLWK
RWKHU G\QDPLF VLPXODWRUV� 7KH UHPDLQGHU RI WKH SDSHU LV RUJDQL]HG DV IROORZV� ,Q 6HFWLRQ �� WKH
oRZVKHHW RI WKH UHDFWLRQ�VHSDUDWLRQ SURFHVV LV GHVFULEHG� 2SHQ�ORRS DQG FORVHG�ORRS VLPXODWLRQ
H[SHULPHQWV GHYHORSHG XVLQJ WKH VLPXODWRU DUH GLVFXVVHG LQ 6HFWLRQ �� 6HFWLRQ � VXPPDUL]HV RXU
H[SHULHQFH ZLWK WKH VLPXODWLRQ H[SHULPHQWV DQG RXWOLQHV RXU IXWXUH SODQV IRU WKH GHYHORSPHQW RI
DGGLWLRQDO VLPXODWLRQ PRGXOHV�

� 3URFHVV 'HVFULSWLRQ

7KH +<6<6 oRZVKHHW RI WKH UHDFWLRQ�VHSDUDWLRQ SURFHVV LV VKRZQ LQ )LJXUH �� 7KH SURFHVV
FRQVLVWV RI D FRQWLQXRXV VWLUUHG WDQN UHDFWRU �&675� WKDW SURGXFHV WKH GHVLUHG SURGXFW DQG D
GLVWLOODWLRQ FROXPQ WKDW VHSDUDWHV WKH SURGXFW IURP WKH UHDFWDQWV� 7KH WRS KDOI RI )LJXUH � VKRZV
WKH RYHUDOO oRZVKHHW� ZKLOH WKH ERWWRP KDOI VKRZV WKH GHWDLOHG oRZVKHHW RI WKH FROXPQ� 7KH IHHG
VWUHDP WR WKH &675 FRQVLVWV RI D PL[WXUH RI HWK\OHQH R[LGH DQG ZDWHU� 7KH IROORZLQJ LUUHYHUVLEOH
UHDFWLRQ SURGXFHV WKH HWK\OHQH JO\FRO SURGXFW� &�+�2 �+�2 � &�+�2�� %HFDXVH WKH UHDFWLRQ
LV H[RWKHUPLF� D FRRODQW VWUHDP LV UHTXLUHG WR PDQDJH WKH UHDFWRU WHPSHUDWXUH� 7KH HWK\OHQH
R[LGH IHHG FRQWDLQV D VPDOO DPRXQW RI QLWURJHQ WKDW LV UHPRYHG IURP WKH UHDFWRU YLD WKH YHQW
VWUHDP� 7KH OLTXLG VWUHDP VHQW IRUZDUG WR WKH FROXPQ FRQVLVWV RI D PL[WXUH RI HWK\OHQH JO\FRO�
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)LJXUH �� 3URFHVV oRZVKHHW�
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HWK\OHQH R[LGH� ZDWHU DQG WUDFH DPRXQWV RI QLWURJHQ� 7KH FROXPQ LV PRGHOHG DV WHQ HTXLOLEULXP
VWDJHV� D UHERLOHU DQG D SDUWLDO FRQGHQVHU XVLQJ WKH VWDQGDUG GLVWLOODWLRQ FROXPQ XQLW RSHUDWLRQ LQ
+<6<6�3ODQW� 7KH UHDFWRU HqXHQW LV IHG DV OLTXLG WR WKH nIWK VWDJH RI WKH FROXPQ� 7KH GLVWLOODWH
VWUHDP HQULFKHG LQ HWK\OHQH R[LGH DQG ZDWHU LV WUHDWHG DV D ZDVWH VWUHDP� 7KH RYHUKHDG FLUFXLW DOVR
FRQWDLQV D VPDOO YHQW VWUHDP WKDW LV XVHG WR UHPRYH DQ\ UHPDLQLQJ QLWURJHQ� 7KH HWK\OHQH JO\FRO
LV UHFRYHUHG DV WKH ERWWRP SURGXFW� 7KH VLPXODWLRQ GRHV QRW LQFOXGH FRQWURO YDOYH G\QDPLFV� EXW
WKH FRQWUROOHG oRZ UDWHV FDQ EH FRQVWUDLQHG ZLWKLQ OLPLWV WR PLPLF YDOYH VDWXUDWLRQ� 7KH SURFHVV
LQFOXGHV XQVWDEOH UHDFWRU G\QDPLFV DQG LQWHJUDWLQJ G\QDPLFV DVVRFLDWHG ZLWK OLTXLG LQYHQWRULHV
LQ WKH UHDFWRU DQG WKH FROXPQ�

,Q WKH RULJLQDO oRZVKHHW GRZQORDGHG IURP WKH +\SURWHFK ZHEVLWH �ZZZ�K\SURWHFK�FRP�� WKH
GLVWLOODWH VWUHDP LV UHF\FOHG WR WKH UHDFWRU WR FRQVHUYH UDZ PDWHULDOV� 7KLV UHF\FOH VWUHDP LQWUR�
GXFHV VORZ G\QDPLFV WKDW UHVXOW LQ SURKLELWLYHO\ ORQJ VLPXODWLRQ WLPHV RQ WKH ��� 0+] FRPSXWHUV
LQ RXU XQGHUJUDGXDWH ODERUDWRU\� &RQVHTXHQWO\� WKH UHF\FOH VWUHDP ZDV UHPRYHG DQG WKH GLVWLO�
ODWH LV WUHDWHG DV D ZDVWH VWUHDP� 7KH VLPXODWLRQ nOHV DUH SURYLGHG WR VWXGHQWV YLD WKH FRXUVH
ZHESDJH� 7KLV ZDV GHHPHG QHFHVVDU\ JLYHQ WKH OLPLWHG WLPH DYDLODEOH WR FRYHU +<6<6 oRZVKHHW
GHYHORSPHQW�

7KH RSHUDWLRQDO REMHFWLYHV DUH WR PDLQWDLQ WKH IROORZLQJ VHYHQ RXWSXW YDULDEOHV DW WKHLU VHW�
SRLQWV� UHDFWRU WHPSHUDWXUH� UHDFWRU OLTXLG OHYHO� FRQGHQVHU SUHVVXUH� FRQGHQVHU OLTXLG OHYHO� UH�
ERLOHU OLTXLG OHYHO DQG HWK\OHQH R[LGH PROH IUDFWLRQ LQ WKH ERWWRPV VWUHDP� 7KHVH REMHFWLYHV DUH
DFKLHYHG E\ VHYHQ IHHGEDFN FRQWUROOHUV WKDW PDQLSXODWH WKH IROORZLQJ LQSXW YDULDEOHV� UHDFWRU
FRROLQJ GXW\� YDOYH SRVLWLRQ RQ WKH UHDFWRU OLTXLG VWUHDP� FRQGHQVHU GXW\� GLVWLOODWH oRZ UDWH� ERW�
WRP oRZ UDWH DQG UHERLOHU GXW\� 1RWH WKDW D FDVFDGH FRQWUROOHU LV XVHG WR UHJXODWH WKH ERWWRP
HWK\OHQH R[LGH PROH IUDFWLRQ� 7KH LQQHU ORRS FRQVLVWV RI D WHPSHUDWXUH FRQWUROOHU WKDW PDQLSX�
ODWHV WKH UHERLOHU GXW\ WR DFKLHYH D VSHFLnHG WHPSHUDWXUH RQ WKH HLJKWK VWDJH� 7KH VHWSRLQW IRU
WKH WHPSHUDWXUH FRQWUROOHU LV WKH PDQLSXODWHG LQSXW RI D FRPSRVLWLRQ FRQWUROOHU WKDW LV GHVLJQHG
WR DFKLHYH WKH GHVLUHG ERWWRP HWK\OHQH R[LGH PROH IUDFWLRQ� $OWKRXJK LW LV QRW HVVHQWLDO LQ WKLV
VLPXODWLRQ� WKH FDVFDGH FRQnJXUDWLRQ PLJKW EH UHTXLUHG LQ SUDFWLFH WR FRPSHQVDWH IRU YDULDWLRQV
LQ WKH UHERLOHU XWLOLW\ VWUHDP�

� 6LPXODWLRQ ([SHULPHQWV

7KH G\QDPLF VLPXODWLRQ RI WKH UHDFWLRQ�VHSDUDWLRQ SURFHVV KDV EHHQ XVHG WR GHYHORS D VHULHV
RI RSHQ�ORRS DQG FORVHG�ORRS VLPXODWLRQ DVVLJQPHQWV� %HFDXVH RXU XQGHUJUDGXDWH FXUULFXOXP
GRHV QRW LQFOXGH D VHSDUDWH FRQWURO ODERUDWRU\ FRXUVH� WKH VLPXODWLRQ H[SHULPHQWV KDG WR EH
LQFRUSRUDWHG LQWR WKH H[LVWLQJ WKUHH�KRXU SURFHVV FRQWURO FRXUVH DORQJ ZLWK WUDGLWLRQDO ZULWWHQ
KRPHZRUN DVVLJQPHQWV� :H GHWHUPLQHG WKDW IRXU VLPXODWLRQ H[SHULPHQWV FRXOG EH DGGHG ZLWKRXW
ORVV RI FRQWLQXLW\� 7KH VLPXODWLRQ H[SHULPHQWV ZHUH GHYHORSHG LQ WKH VSULQJ RI ���� DQG IXUWKHU
UHnQHG LQ WKH VSULQJ RI ����� 7KH IRXU DVVLJQPHQWV FRYHU WKH IROORZLQJ WRSLFV�

�� 7KH UHDFWLRQ�VHSDUDWLRQ SURFHVV DQG PRWLYDWLRQ IRU IHHGEDFN FRQWURO�

�� 2SHQ�ORRS G\QDPLFV DQG HPSLULFDO SURFHVV PRGHOLQJ�

�� 3,' FRQWUROOHU WXQLQJ�

�� &RQWURO ORRS LQWHUDFWLRQV DQG YDULDEOH SDLULQJ�
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(DFK VLPXODWLRQ LQFOXGHV D SURFHVV oRZ GLDJUDP �VHH )LJXUH ��� VHYHQ FRQWUROOHU IDFH SODWHV WKDW
DUH XVHG WR FRQnJXUH DQG PDQDJH WKH FRQWURO ORRSV� WZR VWULS FKDUWV WKDW DXWRPDWLFDOO\ SORW WKH
G\QDPLF UHVSRQVHV RI WKH PRVW LPSRUWDQW UHDFWRU DQG FROXPQ YDULDEOHV� DQG D GDWDERRN WKDW
SURYLGHV QXPHULF YDOXHV RI WKHVH YDULDEOHV� 6WXGHQWV DUH UHTXLUHG WR ZRUN LQ WZR�SHUVRQ JURXSV
DQG WR SUHSDUH D ZULWWHQ UHSRUW IRU HDFK DVVLJQPHQW� )RU WKH VDNH RI EUHYLW\� RQO\ WKH nUVW WKUHH
VLPXODWLRQ H[SHULPHQWV DUH GHVFULEHG EHORZ�

%DFNJURXQG DQG 0RWLYDWLRQ

7KH REMHFWLYHV RI WKH nUVW DVVLJQPHQW DUH WR EHFRPH IDPLOLDU ZLWK WKH UHDFWLRQ�VHSDUDWLRQ VLP�
XODWLRQ DQG WR JDLQ DQ DSSUHFLDWLRQ IRU WKH EHQHnWV RI DXWRPDWLF IHHGEDFN FRQWURO� 6WXGHQWV DUH
DVNHG WR MXVWLI\ WKH VHOHFWLRQ RI WKH HLJKWK VWDJH WHPSHUDWXUH IRU FDVFDGH FRQWURO RI WKH ERWWRPV
HWK\OHQH JO\FRO FRPSRVLWLRQ E\ H[DPLQLQJ WKH FRPSRVLWLRQ SURnOH LQ WKH FROXPQ� ,Q WKH nUVW
VHW RI VLPXODWLRQ WHVWV� VWXGHQWV LQYHVWLJDWH WKH RSHQ�ORRS SURFHVV G\QDPLFV IRU VWHS FKDQJHV LQ
WKH UHDFWRU FRROLQJ GXW\� UHDFWRU RXWOHW oRZ UDWH� FRQGHQVHU GXW\ DQG UHERLOHU GXW\� 7KHVH WHVWV
LQWURGXFH VHYHUDO LPSRUWDQW FRQFHSWV LQFOXGLQJ LQWHJUDWLQJ G\QDPLFV �UHDFWRU RXWOHW oRZ UDWH
FKDQJHV�� XQVWDEOH G\QDPLFV �UHDFWRU FRROLQJ GXW\ FKDQJHV� DQG SURFHVV QRQOLQHDULWLHV �FRQGHQVHU
DQG UHERLOHU GXW\ FKDQJHV�� ,Q WKH QH[W VHW RI WHVWV� VWXGHQWV FRPSDUH PDQXDO DQG DXWRPDWLF FRQ�
WURO RI WKH UHDFWRU WHPSHUDWXUH DQG OHYHO YLD PDQLSXODWLRQ RI WKH UHDFWRU FRROLQJ GXW\ DQG RXWOHW
oRZ UDWH� UHVSHFWLYHO\� 6WXGHQWV TXLFNO\ OHDUQ WKDW PDQXDO FRQWURO RI UHDFWRU WHPSHUDWXUH LV QHDU
LPSRVVLEOH GXH WR WKH KLJKO\ QRQOLQHDU LJQLWLRQ�H[WLQFWLRQ EHKDYLRU� :KLOH PDQXDO FRQWURO RI WKH
UHDFWRU OHYHO LV IHDVLEOH� VWXGHQWV UHDOL]H WKDW HmHFWLYH FRQWURO ZRXOG UHTXLUH IUHTXHQW LQWHUYHQWLRQ
E\ WKH RSHUDWRU� 7KH DVVRFLDWHG DXWRPDWLF FRQWURO ORRSV SURYLGH IDU VXSHULRU UHJXODWLRQ DQG SUR�
YLGH FRQVLGHUDEOH PRWLYDWLRQ IRU D PRUH GHWDLOHG VWXG\ RI IHHGEDFN FRQWURO� 6WXGHQWV DUH DVNHG WR
H[SODLQ WKH DFWLRQ �GLUHFW RU UHYHUVH� RI HDFK FRQWUROOHU EDVHG RQ WKHLU SK\VLFDO XQGHUVWDQGLQJ RI
WKH SURFHVV�

(PSLULFDO 3URFHVV 0RGHOLQJ

7KH REMHFWLYHV RI WKH VHFRQG DVVLJQPHQW DUH WR SHUIRUP VWHS WHVWLQJ WR JHQHUDWH RSHQ�ORRS G\QDPLF
GDWD DQG WR XVH WKHVH GDWD IRU WKH GHYHORSPHQW RI HPSLULFDO WUDQVIHU IXQFWLRQ PRGHOV EHWZHHQ NH\
LQSXW DQG RXWSXW YDULDEOHV� ,W LV LPSRUWDQW WR QRWH WKDW WKH WHPSHUDWXUH FRQWUROOHU PXVW EH
SODFHG LQ DXWRPDWLF WR VWDELOL]H WKH UHDFWRU� $V D UHVXOW� WKH SODQW EHKDYLRU PRGHOHG FRQVLVWV RI
WKH LQWULQVLF SURFHVV G\QDPLFV DV ZHOO DV WKH G\QDPLFV RI WKH WHPSHUDWXUH FRQWURO ORRS� ,Q WKH nUVW
VHW RI WHVWV� RSHQ�ORRS G\QDPLF GDWD DUH JHQHUDWHG E\ LPSOHPHQWLQJ VWHS FKDQJHV LQ WKH UHDFWRU
RXWOHW VWUHDP YDOYH SRVLWLRQ� FRQGHQVHU FRROLQJ GXW\� GLVWLOODWH oRZ UDWH� UHERLOHU KHDW GXW\ DQG
ERWWRP oRZ UDWH� )RU HDFK LQSXW�RXWSXW SDLU LQ 7DEOH �� VWXGHQWV DUH DVNHG WR SURYLGH D SK\VLFDO
H[SODQDWLRQ IRU WKH G\QDPLF UHVSRQVH DQG WR SURSRVH D FDQGLGDWH WUDQVIHU IXQFWLRQ PRGHO IRUP�
6WXGHQWV TXLFNO\ OHDUQ WKDW VHYHUDO RI WKH UHVSRQVHV DUH QRW HDVLO\ GHVFULEHG ZLWK WKH ORZ�RUGHU
WUDQVIHU IXQFWLRQ PRGHOV FRYHUHG LQ OHFWXUH�

,Q WKH QH[W VHW RI WHVWV� VWXGHQWV XVH WKH RSHQ�ORRS GDWD WR GHYHORS HPSLULFDO WUDQVIHU IXQFWLRQ
PRGHOV WKDW ZLOO EH XVHG IRU 3,' FRQWUROOHU GHVLJQ LQ WKH WKLUG DVVLJQPHQW� 7DEOH � VKRZV WKH
YDULDEOHV SDLULQJV DV ZHOO DV WKH W\SH RI WUDQVIHU IXQFWLRQ XVHG WR PRGHO HDFK G\QDPLF UHVSRQVH�
:LWK WKH H[FHSWLRQ RI WKH nIWK FRQWURO ORRS� WKH SDUDPHWHUV RI WKH WUDQVIHU IXQFWLRQ PRGHOV FDQ
EH IRXQG E\ VWDQGDUG JUDSKLFDO PHWKRGV >�@� $ VHFRQG�RUGHU RYHUGDPSHG PRGHO ZLWK D ULJKW�KDOI
SODQH ]HUR LV UHTXLUHG WR PRGHO WKH ODUJH LQYHUVH UHVSRQVH EHWZHHQ WKH UHERLOHU GXW\ DQG WKH
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7DEOH �� ,QSXW�2XWSXW 3DLULQJV

/RRS ,QSXW 2XWSXW 7UDQVIHU )XQFWLRQ 0RGHO

� 2XWOHW YDOYH SRVLWLRQ 5HDFWRU OLTXLG OHYHO 6HFRQG�RUGHU XQGHUGDPSHG

� &RQGHQVHU GXW\ &RQGHQVHU SUHVVXUH )LUVW�RUGHU

� 'LVWLOODWH oRZ UDWH &RQGHQVHU OLTXLG OHYHO ,QWHJUDWLQJ

� %RWWRPV oRZ UDWH 5HERLOHU OLTXLG OHYHO )LUVW�RUGHU

� 5HERLOHU GXW\ 7UD\ � WHPSHUDWXUH 6HFRQG�RUGHU RYHUGDPSHG
ZLWK ULJKW�KDOI SODQH ]HUR

WUD\ � WHPSHUDWXUH� 7KHVH PRGHO SDUDPHWHUV DUH IRXQG E\ (XOHU GLVFUHWL]DWLRQ RI WKH DVVRFLDWHG
GLmHUHQWLDO HTXDWLRQ PRGHO IROORZHG E\ OHDVW�VTXDUHV HVWLPDWLRQ� )RU HDFK LQSXW�RXWSXW SDLU� WKH
TXDOLW\ RI WKH HPSLULFDO PRGHO LV HYDOXDWHG E\ FRPSDULQJ WKH PRGHO SUHGLFWLRQ DQG WKH RSHQ�ORRS
UHVSRQVH�

3,' &RQWUROOHU 7XQLQJ

7KH REMHFWLYHV RI WKH WKLUG DVVLJQPHQW DUH WR XVH WKH WUDQVIHU IXQFWLRQ PRGHOV GHULYHG LQ WKH VHFRQG
DVVLJQPHQW WR GHVLJQ 3,' FRQWUROOHUV DQG WR nQH WXQH WKH FRQWUROOHUV WR REWDLQ VDWLVIDFWRU\ FORVHG�
ORRS SHUIRUPDQFH� 7KH LQWHUQDO PRGHO FRQWURO WXQLQJ UXOHV >�@ DUH XVHG WR GHVLJQ 3,' FRQWUROOHUV
IRU WKH nYH FRQWURO ORRSV LQ 7DEOH �� $OWKRXJK QRW GLVFXVVHG KHUH� LQ WKH IRXUWK DVVLJQPHQW WKH
UHODWLYH JDLQ DUUD\ >�@ LV XVHG WR LQYHVWLJDWH DOWHUQDWLYH SDLULQJV RI WKH LQSXW�RXWSXW YDULDEOHV� 1RWH
WKDW WKH UHDFWRU WHPSHUDWXUH FRQWUROOHU FDQQRW EH UHWXQHG EHFDXVH LW ZDV SODFHG LQ DXWRPDWLF WR
VWDELOL]H WKH UHDFWRU GXULQJ RSHQ�ORRS GDWD FROOHFWLRQ� ,Q DGGLWLRQ� WKH ERWWRP HWK\OHQH R[LGH
FRQWUROOHU PXVW EH WXQHG E\ WULDO�DQG�HUURU EHFDXVH D PRGHO EHWZHHQ WKH WUD\ � WHPSHUDWXUH
FRQWUROOHU VHWSRLQW DQG WKH ERWWRP HWK\OHQH R[LGH PRGHO IUDFWLRQ LV QRW GHYHORSHG DV SDUW RI WKH
HPSLULFDO PRGHOLQJ DVVLJQPHQW� 7KH FORVHG�ORRS SHUIRUPDQFH LV HYDOXDWHG IRU VHWSRLQW FKDQJHV LQ
WKH UHDFWRU WHPSHUDWXUH� UHDFWRU OLTXLG OHYHO� FRQGHQVHU SUHVVXUH� FRQGHQVHU OLTXLG OHYHO� UHERLOHU
OLTXLG OHYHO� WUD\ � WHPSHUDWXUH� DQG ERWWRPV HWK\OHQH R[LGH PROH IUDFWLRQ DQG DQ XQPHDVXUHG
GLVWXUEDQFH LQ WKH HWK\OHQH R[LGH IHHG oRZ UDWH� 6WXGHQWV DUH DVNHG WR nQH WXQH HDFK FRQWUROOHU
WR REWDLQ DQ DFFHSWDEOH FORVHG�ORRS UHVSRQVH� 7KH WULDO�DQG�HUURU WXQLQJ RI WKH ERWWRP HWK\OHQH
R[LGH FRQWUROOHU FOHDUO\ GHPRQVWUDWHV WKH DGYDQWDJH RI XVLQJ D PRGHO�EDVHG WXQLQJ PHWKRG WR
REWDLQ JRRG LQLWLDO YDOXHV RI WKH FRQWUROOHU SDUDPHWHUV�

� 6WXGHQW )HHGEDFN DQG )XWXUH 3ODQV

7KH +<6<6 VLPXODWLRQ H[SHULPHQWV KDYH EHHQ D NH\ FRPSRQHQW RI WKH XQGHUJUDGXDWH SURFHVV
FRQWURO FRXUVH WKH ODVW WZR VHPHVWHUV WKH FODVV KDV EHHQ RmHUHG �6SULQJ ����� 6SULQJ ������ 6WX�
GHQW UHVSRQVH WR WKH VLPXODWLRQ DVVLJQPHQWV KDV EHHQ YHU\ IDYRUDEOH� 0DQ\ VWXGHQWV QRWH WKDW
WKH VLPXODWLRQV DOORZ FRQFHSWV FRYHUHG LQ FODVV WR EH LOOXVWUDWHG LQ D PRUH UHDOLVWLF VHWWLQJ WKDQ LV
SRVVLEOH ZLWK FRQYHQWLRQDO ZULWWHQ KRPHZRUNV� $OWKRXJK WKHUH LV VRPH LQLWLDO UHOXFWDQFH� VWXGHQWV
UDSLGO\ JDLQ DQ DSSUHFLDWLRQ IRU WKH VPDOO JURXS HQYLURQPHQW DV WKH\ DWWHPSW WR LQWHUSUHW WKHLU
VLPXODWLRQ UHVXOWV� 7KH G\QDPLF VLPXODWLRQ H[SHULPHQWV KDYH SURYHQ WR KDYH D V\QHUJLVWLF HmHFW
ZLWK WKH FDSVWRQH SURFHVV GHVLJQ FRXUVH ZKHUH +<6<6 LV XVHG IRU VWHDG\�VWDWH VLPXODWLRQ� :H EH�
OLHYH WKDW DGGLWLRQDO EHQHnWV ZLOO EH UHDOL]HG DV +<6<6 LV LQWHJUDWHG LQWR RXU RWKHU XQGHUJUDGXDWH

�



FRXUVHV�
7KH RQO\ PDMRU SUREOHP HQFRXQWHUHG KDV EHHQ ODFN RI KLJK VSHHG FRPSXWHUV LQ RXU XQGHU�

JUDGXDWH FRPSXWLQJ ODERUDWRULHV� 0DQ\ VWXGHQWV KDYH FRPSODLQHG WKDW WKH H[LVWLQJ ��� 0+]
FRPSXWHUV OHDG WR XQUHDVRQDEO\ ORQJ VLPXODWLRQV WLPHV� :H KDYH OHDUQHG WKDW D ��� 0+] SURFHV�
VRU LV WKH PLQLPXP UHTXLUHPHQW IRU HmHFWLYH XVH RI WKH +<6<6 VRIWZDUH� $Q H[WHQVLYH XSJUDGH
RI RXU FRPSXWLQJ IDFLOLWLHV WR VXUSDVV WKHVH UHTXLUHPHQWV LV EHLQJ SHUIRUPHG� DQG FRQWLQXRXV XS�
JUDGHV ZLOO EH UHTXLUHG WR VXSSRUW IXWXUH YHUVLRQV RI WKH VRIWZDUH� 'HVSLWH WKLV GUDZEDFN� ZH
EHOLHYH WKDW WKH LQWHJUDWLRQ RI FRPPHUFLDO VLPXODWLRQ VRIWZDUH WKURXJKRXW WKH FKHPLFDO HQJLQHHU�
LQJ FXUULFXOXP RmHUV VWXGHQWV D XQLTXH RSSRUWXQLW\ WR XWLOL]H WKH FRPSXWDWLRQDO WRROV WKH\ ZLOO
HQFRXQWHU LQ WKHLU SURIHVVLRQDO FDUHHUV�

:H KDYH SODQV WR GHYHORS RWKHU G\QDPLF VLPXODWLRQ PRGXOHV XVLQJ PRUH FRPSOH[ oRZVKHHWV�
$V SDUW RI RXU XQGHUJUDGXDWH UHVHDUFK FRXUVH ZH LQWHQG WR GHYHORS D GHWDLOHG VLPXODWLRQ RI WKH
SURGXFWLRQ RI VW\UHQH YLD WKH GHK\GURJHQDWLRQ RI HWK\OEHQ]HQH >�@� ZKLFK LQ WXUQ LV SURGXFHG
E\ WKH H[RWKHUPLF UHDFWLRQ RI HWK\OHQH DQG EHQ]HQH >�@� 7KLV oRZVKHHW FRQVLVWV RI WZR UHDFWRU
WUDLQV� WHQ GLVWLOODWLRQ FROXPQV DQG YDULRXV RWKHU XQLW RSHUDWLRQV� 'XH WR WKH ODUJH QXPEHU RI XQLW
RSHUDWLRQV DQG WKH H[WHQVLYH XVH RI UHF\FOH� WKLV VLPXODWLRQ ZLOO UHTXLUH VLJQLnFDQWO\ PRUH FRPSX�
WDWLRQDO UHVRXUFHV WKDQ WKH VLPSOH UHDFWLRQ�VHSDUDWLRQ oRZVKHHW GHVFULEHG DERYH� :H DQWLFLSDWH
LQFRUSRUDWLQJ WKH VW\UHQH VLPXODWLRQ �RU SHUKDSV MXVW WKH HWK\OEHQ]HQH SURGXFWLRQ VXEV\VWHP�
LQWR WKH SURFHVV FRQWURO FRXUVH LQ WKH VSULQJ RI ���� DIWHU WKH FXUUHQW XSJUDGH RI RXU XQGHUJUDG�
XDWH FRPSXWLQJ IDFLOLWLHV LV FRPSOHWHG� 7KH HPSKDVLV RQ WUDGLWLRQDO ZULWWHQ KRPHZRUNV ZLOO EH
GHFUHDVHG IXUWKHU E\ RmHULQJ D WRWDO RI VL[ VLPXODWLRQ H[SHULPHQWV�

$FNQRZOHGJHPHQWV

)LQDQFLDO VXSSRUW IURP WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ �&76��������� DQG WHFKQLFDO VXSSRUW
IURP +\SURWHFK DUH JUDWHIXOO\ DFNQRZOHGJHG�
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>�@ +� .� +XPPHO� *� %� &� GH :LW� DQG $� 0DDUOHYHOG� 2SWLPL]DWLRQ RI (% SODQW E\ FRQVWUDLQW
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>�@ .� 0� 6XQGDUDP� +� 6DUGLQD� -� 0� )HUQDQGH]�%DXMLQ� DQG -� 0� +LOGUHWK� 6W\UHQH SODQW
VLPXODWLRQ DQG RSWLPL]DWLRQ� +\GURFDUERQ 3URFHVVLQJ� SDJHV ��^��� -DQXDU\ �����
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