
0(&20��

0HQGR]D

���� GH VHSWLHPEUH GH ����

$ 7,0(�'20$,1 6,08/$7,21 )25 (9$/8$7,1* 60$57

:,1* &21&(376

%HQMDPLQ '� +DOOD� 6HUJLR 3UHLGLNPDQE� 'HDQ 7� 0RRND� DQG $OL +� 1D\IHKD

D'HSDUWPHQW RI (QJLQHHULQJ 6FLHQFH DQG 0HFKDQLFV

9LUJLQLD 3RO\WHFKQLF ,QVWLWXWH DQG 6WDWH 8QLYHUVLW\

%ODFNVEXUJ� 9$ ����������� 86$

E)DFXOWDG GH ,QJHQLHUurD

8QLYHUVLGDG 1DFLRQDO GH 5urR &XDUWR

5XWD 1DFLRQDO �� .P ���

������ 5urR &XDUWR� 3URYLQFLD GH &uRUGRED� $UJHQWLQD

5(680(1

(Q HVWH WUDEDMR VH SUHVHQWD HO GHVDUUROOR H LPSOHPHQWDFLuRQ GH XQD VLPXODFLuRQ QXPuHULFD TXH SHUPLWH HYDOXDU

PuHWRGRV SDUD FRQWURODU OD UHVSXHVWD GH XQ DOD HOuDVWLFD HQ oXMR LQHVWDFLRQDULR R HVWDFLRQDULR� /D VLPXODFLuRQ

FRQVLVWH GH FLQFR SDUWHV� XQ PRGHOR SDUD OD HVWUXFWXUD GHO DOD� XQ PRGHOR SDUD HO oXMR GH DLUH� XQ PRGHOR SDUD HO

VLVWHPD GH FRQWURO� XQ PuHWRGR TXH SHUPLWD FRPELQDU ORV PRGHORV DQWHULRUPHQWH FLWDGRV� \ XQ HVTXHPD QXPuHULFR

SDUD LQWHJUDU� LQWHUDFWurYDPHQWH \ VLPXOWuDQHDPHQWH� HQ HO GRPLQLR GHO WLHPSR ODV HFXDFLRQHV GH PRYLPLHQWR� (O

oXMR GH DLUH� OD HVWUXFWXUD GHO DOD� \ HO VLVWHPD GH FRQWURO VRQ FRQVLGHUDGRV FRPR HOHPHQWRV FRPSRQHQWHV GH XQ

uXQLFR VLVWHPD GLQuDPLFR� (O PuHWRGR SURSXHVWR HV PRGXODU� HVWR SHUPLWH UHDOL]DU PRGLnFDFLRQHV D FDGD XQR GH

ORV VXEVLVWHPDV VLQ PRGLnFDU OD HVWUXFWXUD JOREDO GH OD VLPXODFLuRQ� /D WuHFQLFD GHVFULSWD HQ HVWH WUDEDMR QR HVWD

UHVWULQJLGD DO DQuDOLVLV GH PRYLPLHQWRV SHULuRGLFRV R JHRPHWUurDV VLPSOHV� &RPR HMHPSOR GH DSOLFDFLuRQ� VH LQYHVWLJD

HO FRQWURO DFWLYR GHO DOD GH XQ DYLuRQ GH JUDQ DXWRQRPurD \ GLVHaQDGR SDUD YRODU D JUDQ DOWLWXG� 6H FRQVLGHUDQ

FRQGLFLRQHV GH YXHOR WurSLFDV TXH LQFOX\HQ UuDIDJDV� /D HVWUXFWXUD GHO DOD HV PRGHODGDGD FRPR XQD YLJD GH (XOHU�

%HUQRXOOL HQ YRODGL]R� (O PRGHOR HVWUXFWXUDO HV OLQHDO H LQFOX\H DFRSODPLHQWR GLQuDPLFR HQWUH oH[LuRQ \ WRUVLuRQ�

/DV HFXDFLRQHV TXH GHVFULEHQ DO PRGHOR HVWUXFWXUDO VRQ GLVFUHWL]DGDV PHGLDQWH HO XVR GHO PuHWRGR GH HOHPHQWR

nQLWRV� 3DUD PRGHODU OD DHURGLQuDPLFD VH XWLOL]D QXHVWUD YHUVLuRQ GHO PuHWRGR JHQHUDO GH UHG GH YuRUWLFHV GLVFUHWRV

�9RUWH[�/DWWLFH 0HWKRG�� (VWH PRGHOR DHURGLQuDPLFR HV LQKHUHQWHPHQWH QR OLQHDO� SXHGH VHU XVDGR SDUD VLPXODU

PDQLREUDV HVWDFLRQDULDV \�R LQHVWDFLRQDULDV HQ UuHJLPHQ VXEVuRQLFR� \ WLHQH HQ FXHQWD OD KLVWRULD GHO PRYLPLHQWR�

3DUD GLVPLQXLU OD UHVSXHVWD HQ ?oXWWHU� \ D UuDIDJDV� VH XWLOL]D XQD OH\ GH FRQWURO EDVDGD HQ UHWURDOLPHQWDFLuRQ�

(O DFWXDGRU VH VXSRQH GLVWULEXLGR D OR ODUJR GHO DOD� /DV VLPXODFLRQHV QXPuHULFDV PXHVWUDQ TXH HO ?oXWWHU� HV

WRWDOPHQWH VXSULPLGR� VLQ HPEDUJR� ORV SLFRV JHQHUDGRV SRU UuDIDJDV VRQ PDUJLQDOPHQWH UHGXFLGRV�

$%675$&7

$ QXPHULFDO VLPXODWLRQ IRU SUHGLFWLQJ DQG HYDOXDWLQJ PHWKRGV WR FRQWURO WKH UHVSRQVH RI DQ HODVWLF ZLQJ LQ D

VWHDG\ RU DQ XQVWHDG\ DLUVWUHDP LV GLVFXVVHG� 7KH VLPXODWLRQ FRQVLVWV RI nYH SDUWV� D PRGHO RI WKH VWUXFWXUH�

D PRGHO RI WKH oRZnHOG� D PRGHO RI WKH FRQWURO V\VWHP� D PHWKRG IRU FRPELQLQJ WKH PRGHOV� DQG D QXPHULFDO

VFKHPH WR LQWHJUDWH DOO RI WKH JRYHUQLQJ HTXDWLRQV LQWHUDFWLYHO\ DQG VLPXOWDQHRXVO\ LQ WKH WLPH GRPDLQ� 7KH

DSSURDFK FRQVLGHUV WKH DLU� WKH GHIRUPLQJ ZLQJ� DQG WKH FRQWUROOHU DV HOHPHQWV RI D VLQJOH G\QDPLFDO V\VWHP� 7KH

PHWKRG LV PRGXODU� DOORZLQJ LQGHSHQGHQW PRGLnFDWLRQV WR WKH DHURG\QDPLF� VWUXFWXUDO� DQG FRQWURO VXEV\VWHPV

DQG LW LV QRW UHVWULFWHG WR SHULRGLF PRWLRQV RU VLPSOH JHRPHWULHV� $V D GHPRQVWUDWLRQ RI WKH WHFKQLTXH DQG

LWV FDSDELOLWLHV� ZH LQYHVWLJDWH WKH DFWLYH FRQWURO RI D +LJK $OWLWXGH� /RQJ (QGXUDQFH �+$/(� DLUFUDIW ZLQJ LQ

W\SLFDO oLJKW FRQGLWLRQV� LQFOXGLQJ JXVWV� 7KH ZLQJ LV PRGHOHG VWUXFWXUDOO\ DV D OLQHDU (XOHU�%HUQRXOOL EHDP

WKDW LQFOXGHV G\QDPLF FRXSOLQJ EHWZHHQ WKH EHQGLQJ DQG WRUVLRQDO RVFLOODWLRQV� ,W LV GLVFUHWL]HG YLD nQLWH�

HOHPHQWV� 2XU YHUVLRQ RI WKH JHQHUDO QRQOLQHDU XQVWHDG\ YRUWH[�ODWWLFH PHWKRG� ZKLFK LV FDSDEOH RI VLPXODWLQJ

DUELWUDU\ VXEVRQLF PDQHXYHUV RI WKH ZLQJ DQG DFFRXQWV IRU WKH KLVWRU\ RI WKH PRWLRQ� LV HPSOR\HG WR PRGHO WKH

DHURG\QDPLFV� )HHGEDFN FRQWURO YLD D GLVWULEXWHG DFWXDWRU LV XVHG IRU oXWWHU DQG JXVW�ORDG DOOHYLDWLRQ� ,Q WKH

VLPXODWLRQV� oXWWHU LV UHDGLO\ VXSSUHVVHG� EXW SUHVHQWO\� SHDN JXVW ORDGV DUH RQO\ PDUJLQDOO\ UHGXFHG�
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)LJXUH �� 6WUXFWXUDO UHSUHVHQWDWLRQ RI WKH ZLQJ DV DQ DV\PPHWULF FURVV�VHFWLRQ EHDP� 7KH EHQGLQJ Z�\� W�

DQG WRUVLRQDO m�\� W� PRWLRQV DUH OLQHDUO\ FRXSOHG�

,1752'8&7,21

,Q WKLV SDSHU� ZH GHVFULEH� E\ PHDQV RI DQ H[DPSOH� D WLPH�GRPDLQ VLPXODWLRQ WKDW LV DQ LGHDO WRRO WR HYDOXDWH

VPDUW�ZLQJ FRQFHSWV� ZKHUH WKH LQWHUSOD\ RI VWUXFWXUDO PRWLRQV� DHURG\QDPLF IRUFHV� DQG FRQWURO IRUFHV LV

RI JUHDW LPSRUWDQFH� :H FRQVLGHU D W\SLFDO +LJK $OWLWXGH� /RQJ (QGXUDQFH �+$/(� DLUFUDIW ZLQJ WKDW KDV

EHHQ PRGLnHG WR LQFOXGH VHQVRUV DQG DQ LQWHJUDWHG DFWXDWRU� ZKLFK FDQ DSSO\ D XQLIRUPO\ GLVWULEXWHG WRUTXH

DORQJ WKH VSDQ RI WKH ZLQJ� 6XFK D ZLQJ LV DQ H[DPSOH RI ZKDW LV RIWHQ WHUPHG D ?VPDUW ZLQJ��

7KHUH DUH nYH FRPSRQHQWV RI WKH VLPXODWLRQ WRRO� D PRGHO RI WKH VWUXFWXUH� D PRGHO RI WKH oRZnHOG� D PRGHO

RI WKH FRQWURO V\VWHP� D PHWKRG IRU FRPELQLQJ WKH PRGHOV� DQG D PHDQV RI LQWHJUDWLQJ DOO RI WKH JRYHUQLQJ

HTXDWLRQV LQWHUDFWLYHO\ DQG VLPXOWDQHRXVO\ LQ WKH WLPH GRPDLQ� :H ZLOO EULHo\ GHVFULEH HDFK RI WKH nYH

FRPSRQHQWV WKDW ZH XVH IRU WKH PRGHOLQJ RI WKLV SURWRW\SLFDO VPDUW +$/( DLUFUDIW ZLQJ DQG WKHQ SUHVHQW

VRPH UHVXOWV RI WKH VLPXODWLRQV�

,Q UHODWHG ZRUN� /XWRQ DQG 0RRN� GHYHORSHG D VLPLODU QXPHULFDO VLPXODWLRQ XVLQJ DLOHURQV WR FRQWURO WKH

oXWWHU UHVSRQVH RI D KLJK�DVSHFW�UDWLR ZLQJ� 3UHLGLNPDQ DQG 0RRN� KDYH DOVR LPSOHPHQWHG D VLPLODU WHFK�

QLTXH WR GHPRQVWUDWH WKH DFWLYH FRQWURO RI WKH ZLQG�H[FLWHG YLEUDWLRQV RI D VXVSHQVLRQ EULGJH YLD D VPDOO�

OLJKWZHLJKW ZLQJ DWWDFKHG EHORZ WKH URDGEHG� $GGLWLRQDOO\� 3UHLGLNPDQ� DQG 3UHLGLNPDQ DQG 0RRN� KDYH

XVHG WKH VDPH VLPXODWLRQ WRRO XVHG KHUH WR SUHGLFW WKH DHURHODVWLF UHVSRQVH RI D EXVLQHVV MHW� &XUUHQWO\�

SDUDOOHO HmRUWV DUH SURJUHVVLQJ WR VWXG\ WKH HmHFWV RI DHURHODVWLF LQWHUIHUHQFH DPRQJ WKH ZLQJ� S\ORQ� DQG

VWRUH RI DQ )���� WKH HmHFWV RI DHURHODVWLF LQWHUIHUHQFH LQ ZLQGPLOOV� DQG WKH K\GURHODVWLF UHVSRQVH RI VKLSV�

5HFHQWO\� 7DQJ� 'RZHOO� DQG +DOO� SHUIRUPHG D VRPHZKDW FRPSDUDEOH DHURHODVWLF DQDO\VLV RI D SODWH LQFOXGLQJ

YRQ .DUPDQ QRQOLQHDULWLHV LQ WKH PRGHO DQG XVLQJ D UHGXFHG�RUGHU� OLQHDU YRUWH[�ODWWLFH PHWKRG�

7+( 6758&785$/ 02'(/

+$/( DLUFUDIW W\SLFDOO\ KDYH UDWKHU oH[LEOH� KLJK�DVSHFW�UDWLR ZLQJV� DQG ZH PRGHO WKH ZLQJ VWUXFWXUDOO\

DV D FDQWLOHYHUHG (XOHU�%HUQRXOOL EHDP WKDW KDV OLQHDU� G\QDPLF FRXSOLQJ EHWZHHQ WKH EHQGLQJ DQG WZLVWLQJ

PRWLRQV� 6XFK D EHDP LV VKRZQ LQ )LJXUH �� ZKHUH ZH VHH WKDW WKH FHQWURLGDO RU LQHUWLDO D[LV �L�H�� WKH ORFXV

RI PDVV FHQWHUV RI WKH EHDP FURVV�VHFWLRQV� DQG WKH HODVWLF D[LV �L�H�� WKH ORFXV RI VKHDU FHQWHUV RI WKH EHDP

FURVV�VHFWLRQV� DUH RmVHW E\ D GLVWDQFH U[ LQ WKH [�GLUHFWLRQ� FRQVHTXHQWO\� WKH EHQGLQJ DQG WZLVWLQJ PRWLRQV

DUH FRXSOHG WKURXJK WKH LQHUWLD WHUPV� )RU WKH SUHVHQW� ZH DVVXPH WKDW WKH ZLQJ LV LQH[WHQVLRQDO DQG EHQGV

RQO\ LQ WKH ]�GLUHFWLRQ�

)RU EHDPV ZLWK QRQV\PPHWULF FURVV�VHFWLRQV H[SHULHQFLQJ WRUVLRQ DQG EHQGLQJ LQ RQH SODQH RQO\� WKH JRY�

HUQLQJ HTXDWLRQV KDYH EHHQ GHULYHG E\ 7LPRVKHQNR�� %LVSOLQJKRm� +ROW� DQG $VKOH\�� DQG )XQJ� XVLQJ WKH
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ZKHUH SULPHV GHQRWH GHULYDWLYHV ZLWK UHVSHFW WR WKH VSDQZLVH FRRUGLQDWH \ DQG GRWV DUH WLPH GHULYDWLYHV�

7KH SK\VLFDO SURSHUWLHV DUH WKH EHQGLQJ VWLmQHVV (,�\�� WKH WRUVLRQDO ULJLGLW\ *-�\�� WKH PDVV SHU XQLW

OHQJWK x�\�� DQG WKH SRODU PRPHQW RI LQHUWLD ,S�\� RI WKH EHDP� U[�\� LV WKH VHSDUDWLRQ RI WKH PDVV �LQHUWLDO�

DQG HODVWLF D[HV LQ WKH [\�SODQH� 7KH WHUPV 4Z�c c c � DQG 4m�c c c � DUH WKH JHQHUDOL]HG IRUFHV RQ WKH EHDP

DQG LQFOXGH ERWK WKH DHURG\QDPLF DQG FRQWURO IRUFHV�

)RU WKH VLPXODWLRQ� ZH ZLOO XVH D UHGXFHG VHW RI WKH PRGDO HTXDWLRQV RI PRWLRQ� 7R REWDLQ WKHVH� ZH HPSOR\

WKH nQLWH�HOHPHQW PHWKRG DQG GLVFUHWL]H WKH VWUXFWXUH E\ H[SDQGLQJ WKH PRWLRQ DV
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ZKHUH 1 LV WKH QXPEHU RI HOHPHQWV LQ WKH nQLWH�HOHPHQW GLVFUHWL]DWLRQ� 8QOLNH WKH FODVVLFDO 5D\OHLJK�5LW]

PHWKRG� WKHVH WULDO IXQFWLRQV DUH ORFDO IXQFWLRQV DQG ZH XVH WKH VLPSOHVW VHW� QDPHO\ WKH OLQHDU nQLWH�HOHPHQW

DSSUR[LPDWLRQ IXQFWLRQV IRU WKH WRUVLRQDO GLVFUHWL]DWLRQ DQG +HUPLWH FXELF LQWHUSRODWLRQ IXQFWLRQV IRU WKH

EHQGLQJ GLVFUHWL]DWLRQ���

:LWKRXW JRLQJ LQWR WKH GHWDLOV� ZH REWDLQ WKH VSDWLDOO\ GLVFUHWL]HG HTXDWLRQV E\ VXEVWLWXWLQJ H[SDQVLRQV ���

DQG ��� LQWR HTXDWLRQV ��� DQG ���� SUHPXOWLSO\LQJ WKH nUVW HTXDWLRQ E\ sL�\� DQG WKH VHFRQG E\ dL�\�� DQG

LQWHJUDWLQJ RYHU WKH OHQJWK RI WKH EHDP� 7KH UHVXOW LV�

a0�[�W� � a.[�W�  )�[� B[� �[� W� KLVWRU\� ���

ZKLFK LV D VHW RI �1 FRXSOHG HTXDWLRQV� 1 RI ZKLFK FRUUHVSRQG WR WUDQVODWLRQDO PRWLRQ� Z�\� W�� DQG KDYH

GLPHQVLRQV RI IRUFH ZKLOH WKH UHPDLQLQJ �1 HTXDWLRQV FRUUHVSRQG WR URWDWLRQDO PRWLRQ� m�\� W� DQG Z��\� W��

DQG KDYH GLPHQVLRQV RI PRPHQW� +HUH [�W� LV WKH YHFWRU RI QRGDO GLVSODFHPHQWV DQG URWDWLRQV� GM�W� DQG

HM�W��

7KH nQLWH�HOHPHQW HTXDWLRQV DUH XQFRXSOHG E\ LQWURGXFLQJ WKH WUDQVIRUPDWLRQ [�W�  j\�W� LQWR HTXD�

WLRQV ���� ZKHUH j LV WKH PRGDO PDWUL[ GHnQHG VXFK WKDW WKH HTXDWLRQV EHFRPH

0�\�W� �.\�W�  j7)�\� B\� �\� W� KLVWRU\� ���

ZKHUH ERWK 0 DQG . DUH GLDJRQDO PDWULFHV DQG \�W� LV WKH GLPHQVLRQOHVV PRGDO YHFWRU RI OHQJWK ��1 b ���

3UHPXOWLSO\LQJ HTXDWLRQ ��� E\ 0b� ZH REWDLQ WKH JRYHUQLQJ HTXDWLRQV IRU WKH VWUXFWXUDO G\QDPLFV RI WKH

ZLQJ LQ WHUPV RI WKH nQLWH�HOHPHQW PRGHV
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ZKHUH xe LV WKH GLDJRQDO PDWUL[ RI QDWXUDO IUHTXHQFLHV VTXDUHG DQG ZH KDYH VSOLW WKH IRUFLQJ YHFWRU LQWR LWV

WZR FRQVWLWXHQW SDUWV� QDPHO\ WKH FRQWURO IRUFHV )&�W� DQG WKH DHURG\QDPLF IRUFHV )
6

$
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ZKLFK GHSHQG WKH PRGDO FRRUGLQDWHV� WKHLU WLPH GHULYDWLYHV� WLPH� DQG WKH KLVWRU\ RI WKH PRWLRQ�

:H UHPDUN WKDW D nQLWH�HOHPHQW VROXWLRQ LV QRW WKH PRVW HpFLHQW PHDQV RI VROYLQJ WKLV SDUWLFXODU SUREOHP

DQG D PRUH GLUHFW DSSURDFK ZRXOG KDYH EHHQ WR XVH D *DOHUNLQ SURFHGXUH RQ WKH RULJLQDO JRYHUQLQJ SDUWLDO�

GLmHUHQWLDO HTXDWLRQV ��� DQG ���� :H KDYH FKRVHQ WR XVH WKH nQLWH�HOHPHQW PHWKRG WR GHPRQVWUDWH WKH

YHUVDWLOLW\ RI WKH WLPH�GRPDLQ VLPXODWLRQ WRRO WKDW ZH KDYH GHYHORSHG� $OO WKDW LV UHTXLUHG IRU WKH VWUXFWXUDO

PRGXOH RI WKH VLPXODWLRQ WRRO DUH WKH PRGDO PDWUL[ j� WKH PRGDO PDVVHV 0 DQG WKH PRGDO IUHTXHQFLHV xe�
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([DPLQLQJ HTXDWLRQV ��� ZH UHFRJQL]H WKDW WKH\ KDYH GLPHQVLRQV RI VHFb�� DFFRUGLQJO\� ZH QRQGLPHQVLRQDOL]H

WKH V\VWHP E\ PXOWLSO\LQJ E\ 7 �
F
ZKHUH 7F LV D FKDUDFWHULVWLF WLPH WKDW LV GHnQHG LQ WHUPV RI WKH oLJKW VSHHG

DQG D FKDUDFWHULVWLF OHQJWK RI WKH DHURG\QDPLF ZLQJ PHVK� 7KH GLPHQVLRQOHVV JRYHUQLQJ HTXDWLRQV DUH
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ZKHUH GRWV QRZ UHSUHVHQW GHULYDWLYHV ZLWK UHVSHFW WR WKH GLPHQVLRQOHVV WLPH ~  W
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xe LV WKH

GLDJRQDO PDWUL[ RI GLPHQVLRQOHVV �RU UHGXFHG� QDWXUDO IUHTXHQFLHV�

7+( $(52'<1$0,& 02'(/

7KH UROH RI WKH DHURG\QDPLF PRGHO LV WR UHOLDEO\ SUHGLFW WKH XQVWHDG\ ORDGV RQ WKH ZLQJ GXULQJ VLPXODWHG

oLJKW FRQGLWLRQV DQG WKDW UHTXLUHV DQ DFFXUDWH PRGHO RI WKH PDFURVFRSLF oRZnHOG DURXQG WKH ZLQJ� :H

HPSOR\ WKH JHQHUDO WKUHH�GLPHQVLRQDO QRQOLQHDU XQVWHDG\ YRUWH[�ODWWLFH PHWKRG IRU WKLV WDVN� ,W FDQ KDQGOH

DUELWUDU\ XQVWHDG\ VXEVRQLF PDQHXYHUV RI ZLQJV RI DUELWUDU\ SODQIRUP� $SSOLFDWLRQ RI WKH YRUWH[�ODWWLFH

PHWKRG LPSOLHV D NQRZOHGJH RI WKH UHJLRQV LQ WKH oRZnHOG ZKHUH YRUWLFLW\ LV FRQFHQWUDWHG� DQG WKH PHWKRG

EHFRPHV XQUHOLDEOH ZKHQ VWDOO RU YRUWH[ EXUVWLQJ RFFXUV QHDU WKH ZLQJ�

7KH YRUWH[�ODWWLFH PHWKRG KDV EHHQ ZLGHO\ XVHG IRU DHURG\QDPLF VLPXODWLRQV��^�� DQG UHFHQWO\ IRU oXLG�

VWUXFWXUH LQWHUDFWLRQ SUREOHPV�^� DV ZH GR KHUH� 8QOLNH WKH 1DYLHU�6WRNHV HTXDWLRQV� ZKLFK DUH D KLJKO\

QRQOLQHDU VHW RI FRXSOHG SDUWLDO�GLmHUHQWLDO HTXDWLRQV� WKH YRUWH[�ODWWLFH PHWKRG UHGXFHV WKH DHURG\QDPLF

SUREOHP WR WKH VROYLQJ RI D VHW RI OLQHDU DOJHEUDLF HTXDWLRQV IRU WKH VWUHQJWK RI WKH ERXQG YRUWH[ VKHHW

DQG D VHW RI QRQOLQHDU RUGLQDU\�GLmHUHQWLDO HTXDWLRQV IRU WKH SRVLWLRQ RI WKH IUHH�YRUWH[ VKHHW �WKH ZDNH��

7KHVH HTXDWLRQV FDQ EH VROYHG LQWHUDFWLYHO\ ZLWK WKH VWUXFWXUDO G\QDPLF PRWLRQV PDNLQJ WKH WHFKQLTXH YHU\

DSSHDOLQJ IRU XVH LQ SUREOHPV LQYROYLQJ oXLG�VWUXFWXUH LQWHUDFWLRQV�

$ PHDQLQJIXOO\ GHWDLOHG PDWKHPDWLFDO GHVFULSWLRQ RI WKH YRUWH[�ODWWLFH PHWKRG LV QRW IHDVLEOH KHUH� VR ZH RQO\

KLJKOLJKW WKH UHOHYDQW WHFKQLFDO DVSHFWV RI WKH PHWKRG� )RU PRUH GHWDLOHG H[SODQDWLRQV� VHH .RQVWDGLQRSRX�

ORV� HW DO��� RU 3UHLGLNPDQ�� RU WKH ZRUNV RI %HORWVHUYNRVNLL��� %HORWVHUYNRVNLL DQG /LIDQRY��� RU /HZLV���

6DUSND\D�� JDYH DQ H[FHOOHQW UHYLHZ RI QXPHULFDO PHWKRGV ZLWK YRUWLFHV WKURXJK WKH PLG�����V�

$V D ZLQJ PRYHV WKURXJK WKH DLU� WKLQ ERXQGDU\ OD\HUV� ZKHUH ERWK YLVFRXV DQG URWDWLRQDO HmHFWV DUH

LPSRUWDQW� DUH FUHDWHG DW WKH VROLG�oXLG LQWHUIDFH RQ LWV WRS DQG ERWWRP VXUIDFHV� 7KH ZLQJ DFWV DV D

YRUWLFLW\ JHQHUDWRU� FUHDWLQJ WKH YRUWLFLW\ LQ WKH ERXQGDU\ OD\HUV DQG WKHQ VKHGGLQJ WKDW YRUWLFLW\ IURP WKH

ZLQJ WLSV DQG WUDLOLQJ HGJH IRUPLQJ WKH ZDNH� RU IUHH�VKHDU OD\HU� LQ WKH oRZ EHKLQG WKH ZLQJ� 7KLV SURFHVV

RI YRUWLFLW\ JHQHUDWLRQ DQG VKHGGLQJ FRQWLQXHV DV ORQJ DV WKH ZLQJ PRYHV�

$V D SUHFXUVRU WR DSSO\LQJ WKH YRUWH[�ODWWLFH PHWKRG� ZH DVVXPH WKDW DOO WKH YRUWLFLW\ LQ WKH oRZnHOG LV

ORFDWHG LQ WKH ERXQGDU\ DQG IUHH�VKHDU OD\HUV DQG WKDW WKRVH OD\HUV FDQ EH DSSUR[LPDWHG DV LQnQLWHO\ WKLQ

VKHHWV� WKLV LV NQRZQ DV WKH LQnQLWH�5H\QROGV�QXPEHU DSSUR[LPDWLRQ� 7KH ERXQGDU\ DQG IUHH VKHDU OD\HUV

DUH WKHQ PRGHOHG DV ODWWLFHV RI GLVFUHWH YRUWH[ VHJPHQWV� 2Q WKH ZLQJ ODWWLFH� ZH LPSRVH WKH QR SHQHWUDWLRQ

FRQGLWLRQ WR VROYH IRU WKH VWUHQJWK RI WKH ODWWLFH DW HDFK WLPH DQG ZH FRQYHFW WKH VHJPHQWV RI WKH ZDNH ODWWLFH

ZLWK WKH ORFDO SDUWLFOH YHORFLW\ �WKXV UHQGHULQJ WKH ZDNH D IRUFH�IUHH VXUIDFH LQ WKH oRZnHOG�� $W WKH HGJHV

RI WKH ZLQJ ZKHUH WKH ZDNH DGMRLQV� ZH PDNH WKH SUHVVXUH GLmHUHQFH LQ WKH DLUVWUHDPV DORQJ WKH WRS DQG

ERWWRP VXUIDFHV RI WKH ZLQJ YDQLVK �WKH XQVWHDG\ .XWWD FRQGLWLRQ�� 7KH DHURG\QDPLF ORDGV DUH FDOFXODWHG

E\ DSSO\LQJ WKH JHQHUDO XQVWHDG\ %HUQRXOOL
V HTXDWLRQ DW WKH FRQWURO SRLQWV RI WKH DHURG\QDPLF JULG VKRZQ

LQ )LJXUH ""�

$ VDPSOH UHSUHVHQWDWLRQ RI D oH[LEOH ZLQJ DQG WKH FRPSXWHG ZDNH WKDW WUDLOV LW DV VKHHWV RI YRUWLFLW\ LV

VKRZQ LQ )LJXUH �� %HFDXVH WKH ZDNH UHFRUGV WKH KLVWRU\ RI WKH ZLQJ PRWLRQ DQG HmHFWV WKH WLPH�GHSHQGHQW

ORDGLQJ RQ WKH ZLQJ� LW LV RIWHQ FDOOHG WKH KLVWRULDQ RI WKH oRZ�

*XVWV

,Q WKH SUHVHQW VLPXODWLRQ JXVWV FDQ EH PRGHOHG DW OHDVW WZR ZD\V� )LUVW� ZH FDQ JLYH WKH DLU D SHUWXUEDWLRQ
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)LJXUH �� $HURG\QDPLF UHSUHVHQWDWLRQ RI D oH[LEOH ZLQJ DQG WKH ZDNH WKDW WUDLOV LW GXULQJ D VWDEOH DHURHODVWLF

UHVSRQVH WR DQ LPSXOVLYH VWDUW�

YHORFLW\� :LWK WKLV PHWKRG� ZH FDQ H[SOLFLWO\ FKRRVH WKH IUHTXHQF\ FRQWHQW� SRZHU VSHFWUDO GHQVLW\� DQG

DPSOLWXGH RI WKH JXVW� ,W FDQ EH VSDWLDOO\ XQLIRUP� DmHFWLQJ DOO SRLQWV LQ WKH FDOFXODWLRQ VSDFH LGHQWLFDOO\ DW

HDFK WLPH VWHS� RU� ZH FDQ DGG D VSDWLDO YDULDWLRQ� :LWK WKLV PHWKRG� ZH FDQ GLUHFWO\ LPSOHPHQW WKH QRUPDO

ORDG FULWHULD IRU WKH GHVLJQ RI +$/( DLUFUDIW� ZKLFK VSHFLnHV WKDW WKH YHKLFOH EH DEOH WR ZLWKVWDQG D �� IW�V

XQLIRUP JXVW���

7KH VHFRQG ZLWK ZKLFK ZH FDQ VLPXODWH JXVWV LV WR LQWURGXFH VRPH YRUWLFLW\ LQWR WKH oRZnHOG LQ WKH IRUP

RI GLVFUHWH YRUWLFHV RU YRUWH[ VKHHWV WR VLPXODWH FOHDU�DLU WXUEXOHQFH� 7KLV LV D PRUH UHDOLVWLF YHUVLRQ RI WKH

DWPRVSKHULF WXUEXOHQFH ZKLFK FDXVHV JXVW ORDGLQJV��� DQG IDFLOLWDWHV WKH XVH RI VSDWLDOO\ QRQXQLIRUP JXVWV�

EXW LW LV PRUH GLpFXOW WR LQFRUSRUDWH VSHFLnF IUHTXHQF\ FRQWHQWV LQWR WKH JXVW VLJQDO� $IWHU WKH YRUWLFLW\ LV

DGGHG WR WKH DLU� ZH ?o\� WKH ZLQJ SDVW LW WR VLPXODWH WKH JXVW�

7+( &21752/ 02'(/

)RU WKH FRQWURO� ZH DVVXPH WKDW D GLVWULEXWHG WRUTXH DFWXDWRU DQG VHQVRUV IRU PHDVXULQJ WKH UHVSRQVH DUH

HPEHGGHG LQ WKH VWUXFWXUH RI WKH ZLQJ� :H SURSRVH D OLQHDU FRQVWLWXWLYH UHODWLRQVKLS EHWZHHQ WKH DSSOLHG

WRUTXH 7 �W� RI WKH DFWXDWRU DQG WKH LQSXW YROWDJH 9 �W� WR WKH DFWXDWRU�

7 �W�  .� 9 �W� ���

7R FRQWURO WKH RVFLOODWLRQV RI WKH ZLQJ� ZH XVH D VWDQGDUG 3,' FRQWUROOHU ZLWK WKH IROORZLQJ FRQWURO ODZ�

9 �W�  .� Bm�/� W� �.� �m�/� W� �.� BZ�/� W� �.� �Z�/� W� ����

7KH JDLQV .�� .�� .�� DQG .� FDQ EH GHWHUPLQHG DSSUR[LPDWHO\ XVLQJ VWDQGDUG OLQHDU WKHRU\ WHFKQLTXHV�

VXFK DV SROH SODFHPHQW RU ORRS VKDSLQJ� DQG WKHQ nQH WXQHG� LI QHFHVVDU\�

&20%,1,1* 7+( 02'(/6

$ GLpFXOW� EXW HVVHQWLDO WDVN LV WR FRPELQH WKH VWUXFWXUDO� DHURG\QDPLF� DQG FRQWURO PRGHOV� 7KLV FDQ EH

D FKDOOHQJH EHFDXVH WKH DHURG\QDPLF DQG VWUXFWXUDO SUREOHPV DUH VHSDUDWH SUREOHPV VROYHG RYHU PXWXDOO\

H[FOXVLYH GRPDLQV WKDW VKDUH D FRPPRQ� WLPH�YDU\LQJ ERXQGDU\� ,W LV ZKHUH WKH WZR GRPDLQV PHHW^RQ WKH

ZLQJ VXUIDFH^WKDW DOO RI WKH SK\VLFV WKDW PDNH DQ DHURHODVWLF SUREOHP LQWHUHVWLQJ DQG FKDOOHQJLQJ HPHUJH�
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)LJXUH �� 6LPSOLnHG SLFWXUH VKRZLQJ WKH RYHUOD\ RI WKH DHURG\QDPLF DQG VWUXFWXUDO JULGV�

6SHFLnFDOO\� WKH WKUHH WKLQJV WKDW ZH PXVW DFFRPSOLVK DUH �� PDS WKH PRWLRQV RI WKH VWUXFWXUDO JULG RQWR

WKH DHURG\QDPLF JULG� �� PDS WKH DHURG\QDPLF ORDGV RQWR WKH VWUXFWXUDO JULG� DQG �� PDS WKH FRQWURO IRUFHV

RQWR WKH VWUXFWXUDO JULG�

,Q )LJXUH � ZH VKRZ WKH VXSHUSRVLWLRQ RI VDPSOH DHURG\QDPLF DQG VWUXFWXUDO JULGV� 7KH GLVSODFHPHQWV RI

WKH SRLQWV LQ WKH DHURG\QDPLF JULG DUH FDOFXODWHG E\ DVVXPLQJ WKDW WKH\ DUH DWWDFKHG WR WKH HODVWLF D[LV YLD

D ULJLG OLQN� ZKLFK LV SHUSHQGLFXODU WR WKH HODVWLF D[LV� 7KH GLVSODFHPHQW RI WKH DHURG\QDPLF JULG SRLQW X$
LV DSSUR[LPDWHG E\ WKH IROORZLQJ OLQHDU UHODWLRQVKLS�

X$  *X6 ����

ZKHUH X6 LV WKH YHFWRU RI GLVSODFHPHQWV DQG URWDWLRQV RI WKH HODVWLF D[LV DW WKH ORFDWLRQ RI WKH ?ULJLG OLQN�

DQG * LV D FRQVWDQW PDWUL[ WKDW LV GHnQHG DERXW WKH XQGHIRUPHG SRVLWLRQ RI WKH ZLQJ�

7KH DHURG\QDPLF ORDGV DUH WUDQVIHUUHG IURP WKH DHURG\QDPLF JULG WR WKH VWUXFWXUDO JULG E\ DVVXPLQJ WKDW

WKH ZRUN GRQH E\ WKH DHURG\QDPLF ORDGV )$
$
GXULQJ D YLUWXDO GLVSODFHPHQW RI WKH DHURG\QDPLF JULG pX$ LV

HTXDO WR WKH ZRUN GRQH E\ WKH HTXLYDOHQW VWUXFWXUDO ORDGV )6
$
GXULQJ D YLUWXDO GLVSODFHPHQW RI WKH VWUXFWXUDO

JULG pX6 � 7KH UHVXOW LV

)
6

$
 *

7
)
$

$
����

ZKHUH * LV WKH VDPH PDWUL[ WKDW UHODWHV WKH GLVSODFHPHQWV RI WKH JULGV DQG WKH VXSHUVFULSW 7 LQGLFDWHV WKH

WUDQVSRVH�

7KH FRQWURO IRUFHV DUH GHnQHG RYHU WKH RULJLQDO GRPDLQ RI WKH EHDP� EHIRUH WKH GLVFUHWL]DWLRQ LV SHUIRUPHG�

7KH nQLWH�HOHPHQW QRGDO IRUFHV DUH IRXQG E\ SURMHFWLQJ WKH GLVWULEXWHG WRUTXH RQWR WKH nQLWH�HOHPHQW PRGHO

E\ IROORZLQJ WKH VDPH DSSURDFK XVHG WR GLVFUHWL]H WKH EHDP� 7KH UHVXOWLQJ QRGDO FRQWURO IRUFHV DUH

)&�W�  

|
� �

�

�
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�

}
7

7 �W�

ZKHQ WKH WRUTXH 7 �W� KDV QR VSDWLDO GHSHQGHQFH�

180(5,&$/ 62/87,21

7KH VROXWLRQ LV REWDLQHG E\ QXPHULFDOO\ LQWHJUDWLQJ DOO RI WKH JRYHUQLQJ HTXDWLRQV VLPXOWDQHRXVO\ LQ WKH

WLPH GRPDLQ� 7KH SURFHGXUH LV EDVHG RQ +DPPLQJ
V IRXUWK�RUGHU SUHGLFWRU�FRUUHFWRU DOJRULWKP� :H EHJLQ

WKH FDOFXODWLRQV DW HDFK WLPH VWHS E\ FRQYHFWLQJ WKH ZDNH� 7KHQ� XVLQJ WKH FXUUHQW ORDGV DQG YHORFLWLHV� ZH

SUHGLFW WKH VROXWLRQ RI WKH HTXDWLRQV JRYHUQLQJ WKH VWUXFWXUH DQG XVH WKLV VROXWLRQ WR SUHGLFW WKH SRVLWLRQV

DQG YHORFLWLHV RI WKH DHURG\QDPLF JULG SRLQWV DW WKH QH[W WLPH VWHS� 8VLQJ WKH ODWHVW SUHGLFWLRQV WR REWDLQ

WKH ERXQGDU\ FRQGLWLRQV IRU WKH DHURG\QDPLF PRGHO� ZH FDOFXODWH DHURG\QDPLF ORDGV DW WKH QHZ WLPH VWHS

DQG XVH WKHP LQ WKH VWUXFWXUDO PRGHO WR FRUUHFW WKH SUHGLFWHG SRVLWLRQV DQG YHORFLWLHV� :H UHSHDW WKH ODVW

VWHS XQWLO WKHUH LV FRQYHUJHQFH� ZH GR QRW UH�FDOFXODWH WKH ZDNH GXULQJ WKLV LWHUDWLRQ�
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)LJXUH �� /LIW IRUFH DV D IXQFWLRQ RI DQJOH RI DWWDFN� 5HVXOWV IRU WKH oH[LEOH ZLQJ DUH VKRZQ DV VROLG OLQHV

DQG WKH FRUUHVSRQGLQJ UHVXOWV IRU WKH ULJLG ZLQJ DUH VKRZQ DV GDVKHG OLQHV� 7KH VKDGHG DUHD LV WKH UHJLRQ

RI G\QDPLF LQVWDELOLW\ �oXWWHU� IRU WKH oH[LEOH ZLQJ�

5(68/76

,Q WKLV VHFWLRQ� ZH EULHo\ SUHVHQW VRPH UHVXOWV RI WKH VLPXODWLRQV RI WKH DHURHODVWLF UHVSRQVH RI D W\SLFDO +$/(

DLUFUDIW ZLQJ� :H UHWDLQ WKUHH PRGHV IRU WKH VWUXFWXUDO G\QDPLFV� WKH\ FRUUHVSRQG WR WKH nUVW EHQGLQJ PRGH�

WKH nUVW WRUVLRQ PRGH� DQG WKH VHFRQG EHQGLQJ PRGH RI WKH XQFRXSOHG �L�H�� U[  �� VWUXFWXUDO SUREOHP�

)RU WKLV SDUWLFXODU ZLQJ� WKH VWDWLF UHVSRQVH EHFRPHV XQVWDEOH ZKHQ WKH VHFRQG �nUVW WRUVLRQ� DQG WKLUG

�VHFRQG EHQGLQJ� PRGHV FRPELQH LQ D oXWWHU UHVSRQVH� ,Q )LJXUH � ZH VKRZ WKH oLJKW HQYHORSH RI WKH ZLQJ

ZLWK WKH VKDGHG DUHD UHSUHVHQWLQJ WKH UHJLRQV RI G\QDPLF �oXWWHU� UHVSRQVHV� $OVR VKRZQ LQ WKH nJXUH LV WKH

LQoXHQFH RI WKH HODVWLFLW\ RQ WKH VWDWLF DHURHODVWLF UHVSRQVH� ,I ZH LJQRUH WKH oH[LELOLW\ RI WKH ZLQJ� WKDW LV�

DVVXPH WKDW LW LV ULJLG� ZH REWDLQ WKH GDVKHG OLQHV LQ )LJXUH � ZKHUHDV� LI ZH FRQVLGHU WKH ZLQJ oH[LELOLW\� ZH

REWDLQ WKH VROLG OLQHV� 7KH HODVWLF HmHFWV JUHDWO\ LQoXHQFH WKH UHVSRQVH� QRW RQO\ LQWURGXFLQJ WKH SRVVLELOLW\

RI oXWWHU� EXW GHFUHDVLQJ WKH QHW OLIW IRUFH �E\ DV PXFK DV ���� WKDW WKH ZLQJ JHQHUDWHV DW DQ\ JLYHQ VSHHG

DQG DQJOH RI DWWDFN�

,Q )LJXUH �D� ZH VKRZ D W\SLFDO oXWWHU UHVSRQVH RI WKH ZLQJ DQG LQ )LJXUH �E ZH VKRZ WKH DSSOLFDWLRQ RI WKH

OLQHDU 3,' FRQWUROOHU DW WLPH W  ���� WR D ODUJH DQG VWLOO JURZLQJ oXWWHU UHVSRQVH� 7KH FRQWUROOHU TXLFNO\

VXSSUHVVHV WKH oXWWHU RVFLOODWLRQV�

)LJXUH � VKRZV WKH HQYHORSH RI WKH ZLQJ UHVSRQVH DW D VWDEOH oXWWHU FRQGLWLRQ� $V ZH FDQ VHH PRUH FOHDUO\

LQ WKLV nJXUH� WKH ZLQJ LV RVFLOODWLQJ DERXW LWV XQVWDEOH HTXLOLEULXP SRVLWLRQ� DQG LW LV DSSDUHQW WKDW� IRU WKLV

ZLQJ� ZH FDQQRW DFFXUDWHO\ SUHGLFW WKH UHVSRQVH RI WKH ZLQJ E\ DVVXPLQJ WKDW LW RFFXUV QHDU RU DURXQG WKH

]HUR GHoHFWLRQ SRVLWLRQ�

)LQDOO\� ZH VKRZ WKH FRQWUROOHG UHVSRQVH RI WKH ZLQJ WR D SHUWXUEDWLRQ�W\SH JXVW� 7KH PD[LPXP JXVW

YHORFLW\ LV DSSUR[LPDWHO\ ��� RI WKH IUHHVWUHDP YHORFLW\ DQG JXVW KDV IUHTXHQF\ FRQWHQW QHDU DOO WKUHH RI

WKH V\VWHP PRGH IUHTXHQFLHV� 7KH FRQWURO LV WKH VDPH DV WKDW XVHG IRU WKH oXWWHU VXSSUHVVLRQ� EXW VKRZV

RQO\ PDUJLQDO VXFFHVV LQ WKLV WHVW FDVH�
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)LJXUH �� 'HSLFWLRQ RI WKH oXWWHULQJ ZLQJ� 7KH H[WUHPH SRVLWLRQV RI WKH ZLQJ GXULQJ D W\SLFDO oXWWHU

UHVSRQVH DUH VKRZQ VXSHULPSRVHG RQ WKH XQGHIRUPHG ZLQJ SRVLWLRQ�
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)LJXUH �� &RQWUROOHG DQG XQFRQWUROOHG JXVW UHVSRQVH RI WKH ZLQJ� �D� PRGDO UHVSRQVHV� �E� OLIW DQG GUDJ

UHVSRQVHV�

&21&/86,216

,Q WKLV SDSHU� ZH KDYH SUHVHQWHG D PHWKRG IRU SUHGLFWLQJ WKH UHVSRQVH RI G\QDPLFDO V\VWHPV LQ ZKLFK WKH

LQWHUDFWLRQ EHWZHHQ WKH oXLG DQG VWUXFWXUH SDUWV LV LPSRUWDQW� :H KDYH GHPRQVWUDWHG WKH PHWKRG XVLQJ D

VPDUW +$/( DLUFUDIW ZLQJ DV DQ H[DPSOH DQG KDYH GHVFULEHG WKH oLJKW HQYHORSH IRU WKH ZLQJ LQ WHUPV RI WKH

OLIW IRUFH RQ� WKH DQJOH RI DWWDFN RI� DQG WKH oLJKW VSHHG RI WKH ZLQJ� :H KDYH SHUIRUPHG VLPXODWLRQV WKDW

VKRZ WKH G\QDPLF UHVSRQVH RI WKH ZLQJ EHORZ� DW� DQG DERYH WKH FULWLFDO oXWWHU VSHHG DQG WKDW GHPRQVWUDWH

WKH RUJDQL]DWLRQ RI WKH G\QDPLF UHVSRQVH DV WKH oXWWHU ERXQGDU\ LV DSSURDFKHG� 3UHOLPLQDU\ VLPXODWLRQV RI

JXVW UHVSRQVHV KDYH DOVR EHHQ SHUIRUPHG YLD WZR GLmHUHQW PHWKRGV�

:H KDYH LQYHVWLJDWHG VHYHUDO FRQWURO VWUDWHJLHV� WKH OLQHDU 3,' VWUDWHJ\ ZDV GLVFXVVHG KHUHLQ DQG VXSSUHVVLRQ

RI WKH oXWWHU UHVSRQVH DERYH WKH oXWWHU ERXQGDU\ ZDV GHPRQVWUDWHG� 7KH VDPH FRQWUROOHU WKDW UHDGLO\

VXSSUHVVHV WKH oXWWHU RVFLOODWLRQV RI WKH ZLQJ ZDV HPSOR\HG LQ D JXVW�ORDG DOOHYLDWLRQ VFKHPH ZLWK RQO\

PDUJLQDO VXFFHVV� :H DUH FRQWLQXLQJ ZRUN WR RSWLPL]H WKH FRQWUROOHU WR SURYLGH ERWK VLJQLnFDQW JXVW�ORDG

DOOHYLDWLRQ DV ZHOO DV oXWWHU VXSSUHVVLRQ DW PXFK JUHDWHU oLJKW VSHHGV�

6LPLODU UHVXOWV KDYH EHHQ REWDLQHG IRU LQYHVWLJDWLRQV RI WKH DHURHODVWLF UHVSRQVH D FRPSDUDEOH ZLQJ� D EXVLQHVV

MHW� DQG ORQJ VSDQ EULGJHV� :RUN LV DOVR FRPPHQFLQJ LQ D SDUDOOHO IDVKLRQ WR LQYHVWLJDWH WKH K\GURHODVWLF

UHVSRQVH RI VKLSV�

5()(5(1&(6

>�@ -� /XWRQ DQG '� 0RRN� ?1XPHULFDO VLPXODWLRQV RI oXWWHU DQG LWV VXSSUHVVLRQ E\ DFWLYH FRQWURO�� $,$$

-RXUQDO ������� SS� ����^����� �����

>�@ 6� 3UHLGLNPDQ DQG '� 0RRN� ?$ QHZ PHWKRG IRU DFWLYHO\ VXSSUHVVLQJ oXWWHU RI VXVSHQVLRQ EULGJHV��

-RXUQDO RI :LQG (QJLQHHULQJ DQG ,QGXVWULDO $HURG\QDPLFV ��^��� SS� ���^���� �����

>�@ 6� 3UHLGLNPDQ� 1XPHULFDO 6LPXODWLRQV RI ,QWHUDFWLRQV $PRQJ $HURG\QDPLFV� 6WUXFWXUDO '\QDPLFV� DQG

&RQWURO 6\VWHPV� 3K' WKHVLV� 9LUJLQLD 3RO\WHFKQLF ,QVWLWXWH DQG 6WDWH 8QLYHUVLW\� �����

>�@ 6� 3UHLGLNPDQ DQG '� 0RRN� ?7LPH�GRPDLQ VLPXODWLRQV RI QRQOLQHDU� XQVWHDG\� DHURHODVWLF EHKDYLRU�� LQ

0(&20�� 6H[WR &RQJUHVR $UJHQWLQR 'H 0HFDQLFD &RPSXWDFLRQDO� �0HQGR]D� $UJHQWLQD�� 6HSWHPEHU

�^�� �����
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>�@ -� &DWWDULXV� 6� 3UHLGLNPDQ� '� 0RRN� DQG '� ,QPDQ� ?9RUWH[�ODWWLFH�PHWKRG WR DQDO\]H DHURG\QDPLF

LQWHUIHUHQFH RI ZLQJ�S\ORQ�VWRUH FRQnJXUDWLRQV RI DQ I�� ZLQJ�� LQ &($6�$,$$�,&$6(�1$6$ /DQJOH\

,QWHUQDWLRQDO )RUXP RQ $HURHODVWLFLW\ DQG 6WUXFWXUDO '\QDPLFV� �:LOOLDPVEXUJ� 9$�� -XQH ����� �����

>�@ '� 7DQJ� (� 'RZHOO� DQG .� +DOO� ?/LPLW F\FOH RVFLOODWLRQV RI D FDQWLOHYHUHG ZLQJ LQ ORZ VXEVRQLF oRZ��

$,$$ -RXUQDO ������ SS� ���^���� �����

>�@ 6� 7LPRVKHQNR� 9LEUDWLRQ 3UREOHPV LQ (QJLQHHULQJ� 0F*UDZ +LOO� �����

>�@ 5� %LVSOLQJKRm� +� $VKOH\� DQG 5� +DOIPDQ� $HURHODVWLFLW\� 'RYHU 3XEOLFDWLRQV� ,QF�� 0LQHROD� 1HZ

<RUN� �����

>�@ <� )XQJ� $Q ,QWURGXFWLRQ WR WKH 7KHRU\ RI $HURHODVWLFLW\� 'RYHU 3XEOLFDWLRQV� ,QF�� 1HZ <RUN� �����

>��@ -� 5DR� $GYDQFHG 7KHRU\ RI 9LEUDWLRQV� :LOH\� 1HZ <RUN� �����

>��@ -� 5HGG\� $Q ,QWURGXFWLRQ WR WKH )LQLWH (OHPHQW 0HWKRG� 0F*UDZ +LOO� %RVWRQ� �����

>��@ 3� .RQVWDGLQRSRXORV� '� 7KUDVKHU� '� 0RRN� $� 1D\IHK� DQG /� :DWVRQ� ?1XPHULFDO PRGHO RI XQVWHDG\

VXEVRQLF DHURHODVWLF EHKDYLRU�� -RXUQDO RI $LUFUDIW ��� SS� ��^��� �����

>��@ 6� %HORWVHUNRYVNLL� 7KH 7KHRU\ RI 7KLQ :LQJV LQ 6XEVRQLF )ORZ� 3OHQXP 3UHVV� 1HZ <RUN� �����

>��@ 6� %HORWVHUNRYVNLL� ?6WXG\ RI WKH XQVWHDG\ DHURG\QDPLFV RI OLIWLQJ VXUIDFHV XVLQJ WKH FRPSXWHU�� $QQXDO

5HYLHZ RI )OXLG 0HFKDQLFV �� SS� ���^���� �����

>��@ 6� %HORWVHUNRYVN\ DQG ,� /LIDQRY� 0HWKRG RI 'LVFUHWH 9RUWLFHV� &5& 3UHVV� $QQ $UERU� �����

>��@ 5� /HZLV� 9RUWH[ (OHPHQW 0HWKRGV IRU )OXLG '\QDPLF $QDO\VLV RI (QJLQHHULQJ 6\VWHPV� &DPEULGJH

8QLYHUVLW\ 3UHVV� &DPEULGJH� �����

>��@ -� 5RP� %� 0HODPHG� DQG '� $OPRVQLQR� ?([SHULPHQWDO DQG QRQOLQHDU YRUWH[ ODWWLFH UHVXOWV IRU YDULRXV

ZLQJ�FDQDUG FRQnJXUDWLRQV�� -RXUQDO RI $LUFUDIW ��� SS� ���^���� �����

>��@ -� (O]HEGD� '� 0RRN� DQG $� 1D\IHK� ?1XPHULFDO VLPXODWLRQ RI VWHDG\ DQG XQVWHDG\� YRUWLFLW\�

GRPLQDWHG DHURG\QDPLF LQWHUIHUHQFH�� -RXUQDO RI $LUFUDIW ��� SS� ����^����� �����

>��@ 7� 6DUSND\D� ?&RPSXWDWLRQDO PHWKRGV ZLWK YRUWLFHV_WKH ���� )UHHPHQ VFKRODU OHFWXUH�� -RXUQDO RI

)OXLGV (QJLQHHULQJ �������� SS� �^��� �����

>��@ 0� 'RUQKHLP� ?$HUR9LURQPHQW SXVKHV OLPLWV RI VRODU oLJKW�� $YLDWLRQ :HHN 	 6SDFH 7HFKQRORJ\ ����

SS� ��^��� �����

>��@ )� +REOLW� *XVW /RDGV RQ $LUFUDIW� &RQFHSWV DQG $SSOLFDWLRQV� $,$$ 3UHVV� :DVKLQJWRQ� '&� �����


