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8QLYHUVLW\�RI�1HZFDVWOH�XSRQ�7\QH��8.

$%675$&7
7KH�LQFUHDVLQJ�DZDUHQHVV�RI�WKH�LPSRUWDQFH�RI�WKH�ZLGHU
REMHFWLYHV� RI� WUDIILF�PDQDJHPHQW� DQG� FRQWURO� KDV� OHG� WR
WKH�ZRUN�GHVFULEHG�LQ�WKLV�SDSHU��7KH�DLP�RI�WKH�VWXG\�RI
ZKLFK� WKLV� LV� D� SDUW� LV� WR� GHYHORS� D� IOH[LEOH� VLJQDO
FRQWUROOHU�ZKLFK�PD\� EH� FRQILJXUHG� VR� WKDW� LW� HPERGLHV
WKH�REMHFWLYHV��DSSURSULDWH�IRU�WKH�VLWXDWLRQ�LQ�ZKLFK�LW�LV
WR�EH�XVHG��7KLV� SDSHU� GHVFULEHV� WKH� LQYHVWLJDWLRQ�PDGH
LQWR� WKH� IHDVLELOLW\� RI� RSWLPLVLQJ�D�SURWRW\SH� IX]]\� ORJLF
VLJQDO� FRQWUROOHU� ZLWK� UHVSHFW� WR� VHYHUDO� FULWHULD
VLPXOWDQHRXVO\��7KH�FRQWUROOHU¶V�VHQVLWLYLW\�WR�FKDQJHV�LQ
WKH� PHPEHUVKLS� IXQFWLRQ� SDUDPHWHUV� ZDV� GHPRQVWUDWHG
DQG�LW�ZDV�QRW�SRVVLEOH�WR�PLQLPLVH�VLPXOWDQHRXVO\�HYHQ
WKH�OLPLWHG�VHW�RI�SHUIRUPDQFH�PHDVXUHV�H[SORUHG��WUDYHO
WLPHV� DQG� HPLVVLRQV��� 7KHVH� UHVXOWV� LQGLFDWH� WKDW� D
PXOWLREMHFWLYH� JHQHWLF� DOJRULWKP� �02*$�� RSWLPLVDWLRQ
WHFKQLTXH�LV�DSSURSULDWH�IRU�IXUWKHU�UHVHDUFK�
287/,1(
7KH� ILUVW� VHFWLRQ� RI� WKLV� SDSHU� GHVFULEHV� WKH� FRQWH[W� LQ
ZKLFK� WKLV� VWXG\� LV� EHLQJ� FDUULHG� RXW�� 7KHUH� IROORZV� D
EULHI� LQWURGXFWLRQ� WR� IX]]\� ORJLF� DQG� DQ� RXWOLQH� RI� WKH
SURWRW\SH�WUDIILF�VLJQDO�FRQWUROOHU�XVHG�LQ�WKLV�VWXG\��7KH
XVH� RI�*HQHWLF�$OJRULWKPV� IRU� RSWLPLVDWLRQ� SUREOHPV� LV
WKHQ�GHVFULEHG��7KH�HYDOXDWLRQ�RI�WUDIILF�FRQWUROOHUV�XVLQJ
PLFURVFRSLF� VLPXODWLRQ� DQG� DQ� HPLVVLRQ� PRGHO� LV� WKHQ
RXWOLQHG��+DYLQJ�LQWURGXFHG�WKH�PDLQ�FRPSRQHQWV�RI�WKH
H[SHULPHQW��WKH�VWXG\�DQG�LWV�RXWFRPH�DUH�GHVFULEHG�
%$&.*5281'
1HZ�REMHFWLYHV�RI�WUDIILF�VLJQDO�FRQWURO
7KH� FRQVWDQW� ULVH� RI� FDU� RZQHUVKLS�� LQFUHDVLQJ
FRQJHVWLRQ� LQ� FLWLHV�� ZLWK� FRQFRPLWDQW� LQFUHDVH� LQ
DWPRVSKHULF� SROOXWLRQ�� WKH� HQYLURQPHQWDO� LPSDFW� RI
EXLOGLQJ�QHZ� URDGV� LQ� DQ�DWWHPSW� WR� UHOLHYH� FRQJHVWLRQ
DQG�PDQ\�RWKHU�IDFWRUV�KDYH�FRQWULEXWHG�WR�DQ�DZDUHQHVV
WKDW�LW�PD\�EH�QHFHVVDU\�WR�GLVFRXUDJH�SHRSOH�IURP�XVLQJ
WKHLU� FDU� LQ�RUGHU� WR� OLPLW� WKH� DPRXQW� RI� WUDIILF� RQ� WKH
URDGV�� DV� ZHOO� DV� HQFRXUDJLQJ� GULYHUV� WR� XVH� FHUWDLQ
URXWHV�� GLYHUWLQJ� WKHP� IURP� DUHDV� ZKLFK� DUH� SURQH� WR
FRQJHVWLRQ�� RU� ZKLFK� DUH� KHDYLO\� XVHG� E\� SHGHVWULDQV�
7KH� DGYHQW� RI� WKHVH� QHZ� SHUVSHFWLYHV� RQ� XUEDQ� WUDIILF
PDQDJHPHQW�DQG�FRQWURO�KDV�FKDOOHQJHG�WKH�DVVXPSWLRQ
WKDW� WKH� PDLQ� PHDVXUH� IRU� MXGJLQJ� WKH� HIILFDF\� RI� D

WUDIILF� VLJQDO� FRQWURO� V\VWHP� LV� WKH� H[WHQW� WR� ZKLFK� LW
UHGXFHV�YHKLFXODU�GHOD\�DQG�VWRSV�
7KH�8UEDQ�7UDIILF�0DQDJHPHQW� DQG�&RQWURO� �870&�
LQLWLDWLYH�� ODXQFKHG� LQ� ����� E\� WKH�'HSDUWPHQW� RI� WKH
(QYLURQPHQW�7UDQVSRUW�DQG�WKH�5HJLRQV��WRJHWKHU�ZLWK
WKH� 7UDIILF� 'LUHFWRU� IRU� /RQGRQ�� UHFRJQLVHV� DQG
UHVSRQGV�WR� WKHVH� FKDQJLQJ�REMHFWLYHV� �5RXWOHGJH� HW� DO
������ )OH[LELOLW\� DQG� LQWHU�RSHUDELOLW\� DUH� VHHQ� DV� NH\
IHDWXUHV� RI� PRGHUQ� 870&� V\VWHPV� ZKLFK� FDQ� WKXV
³DFKLHYH�D�ZLGHU�UDQJH�RI�WUDQVSRUW�DQG�HQYLURQPHQWDO
REMHFWLYHV´�
'HOSKL�VWXG\
$V� WKH� SUHOLPLQDU\� SDUW� RI� WKH� SROLF\�VHQVLWLYH� WUDIILF
VLJQDO� FRQWURO� SURMHFW�� WKH� 7UDQVSRUW� 2SHUDWLRQV
5HVHDUFK� *URXS� �725*�� FDUULHG� RXW� D� 'HOSKL� VWXG\
DPRQJVW� WKH�8.�WUDQVSRUW� FRPPXQLW\�ZLWK� WKH�DLP�RI
DVFHUWDLQLQJ� WKH� UDQJH� RI� REMHFWLYHV� WKDW� FRXOG� SHUWDLQ
WR�YDULRXV�VFHQDULRV��VXFK�DV�DQ�LVRODWHG�LQWHUVHFWLRQ��RU
DQ�XUEDQ�QHWZRUN��7KH�ILUVW�URXQG�TXHVWLRQQDLUH�DVNHG
UHVSRQGHQWV� WR� YRWH� IRU� JLYHQ� REMHFWLYHV�� ZKLOH� WKH
VHFRQG�JDYH�WKH�RSSRUWXQLW\�WR�GLVFXVV�WKH�UHVSRQGHQW¶V
FKRVHQ�REMHFWLYHV� LQ�PRUH�GHWDLO��'HWDLOHG�UHVXOWV� IURP
WKH� WZR� URXQGV� DUH� JLYHQ� LQ� 6D\HUV� HW� DO� ����� EXW� WKH
JHQHUDO� RXWFRPH� ZDV� WKDW� LW� ZDV� XQUHDOLVWLF� WR� WU\� WR
UHDFK� FRQVHQVXV� RQ� WKH� REMHFWLYHV� RI� WUDIILF� VLJQDO
FRQWURO� DQG� WKHLU� UHODWLYH� SULRULWLHV�� VLQFH� HYHU\
LQVWDOODWLRQ� PD\� KDYH� GLIIHUHQW� FRQVWUDLQWV� DQG
UHTXLUHPHQWV�DQG�WKHVH�PD\�YDU\�RYHU� WLPH��7KH�VWXG\
VHUYHG� WR� KLJKOLJKW� WKH� IDFW� WKDW� RQH� RI� WKH� PRVW
LPSRUWDQW�IHDWXUHV�RI�D�WUDIILF�VLJQDO�FRQWURO�VWUDWHJ\�LV
IOH[LELOLW\�
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6LQFH� WKH� VHPLQDO� ZRUN� RI� 3DSSLV� DQG� 0DPGDQL� ���
GHVFULELQJ� D� IX]]\� FRQWUROOHU� IRU� WUDIILF� VLJQDOV�� WKHUH
KDYH� EHHQ�PDQ\� LQWHUHVWLQJ� DSSOLFDWLRQV� RI� IX]]\� ORJLF
FRQWURO�WR�WUDIILF�VLJQDOV��$�IXOOHU�GLVFXVVLRQ�RI�WKHVH�FDQ
EH�IRXQG�LQ�6D\HUV������3UHYLRXV�H[SHULHQFH�LQ�725*�RI
GHYHORSLQJ�D�IX]]\�ORJLF�WUDIILF�VLJQDO�FRQWURO�V\VWHP�IRU
DQ� LVRODWHG� LQWHUVHFWLRQ� �6D\HUV� HW� DO� ����� GHPRQVWUDWHG
LWV�SRWHQWLDO�WR�SURYLGH�WKH�UHTXLUHG��IOH[LELOLW\�



7KH�KHDUW�RI�D�IX]]\�ORJLF�FRQWURO�V\VWHP�LV�D�VHW�RI�UXOHV
ZKLFK�GHVFULEH� WKH� UHODWLRQVKLS�EHWZHHQ� WKH� LQSXWV� DQG
WKH�RXWSXW�LQ�TXDOLWDWLYH�³QDWXUDO�ODQJXDJH´�WHUPV��$V�LQ
D�NQRZOHGJH�EDVHG�H[SHUW�V\VWHP��WKHVH�UXOHV�SURYLGH�DQ
HDVLO\� XQGHUVWRRG� VFKHPH� IRU� H[SODLQLQJ� WKH� LQSXW�
RXWSXW�PDSSLQJ��,Q�FRQWUDVW�WR�H[SHUW�V\VWHPV��KRZHYHU�
D� IX]]\� ORJLF� UXOHEDVH� FDQ� EH� UHODWLYHO\� VLPSOH� DQG
FRQFLVH�� GXH� WR� WKH�PDSSLQJ� RI� WKH� LQGLYLGXDO� GLVFUHWH
LQSXW�DQG�RXWSXW�YDOXHV�RQWR�XVHU�GHILQHG�IX]]\�VHWV�
7KH�VLPSOH�EXLOGLQJ�EORFNV�RI�D�IX]]\�FRQWURO�V\VWHP�DUH
IX]]\� VHWV�� ZKLFK� FDSWXUH� WKH� VLJQLILFDQW� FDWHJRULHV� RI
LQSXW� DQG� RXWSXW� YDOXHV�� DQG� UXOHEDVHV�� ZKLFK� GHVFULEH
WKH�UHODWLRQVKLS�EHWZHHQ�LQSXWV�DQG�RXWSXW��7KHVH�FDQ�EH
XVHG�WR�EXLOG�D�PRGHO�ZKLFK�LPSOHPHQWV�WKH�GHVLUHG�QRQ�
OLQHDU� PDSSLQJ�� DQG� DYRLGV� XQZDQWHG� ³VWHSV´� LQ� WKH
RXWSXW�YDOXHV�FDXVHG�E\� WKH�VLPSOH�XVH�RI� � WKUHVKROGV� LQ
WKH� LQSXW� YDOXHV�� $� WKRURXJK� LQWURGXFWLRQ� WR� IX]]\
FRQWURO�FDQ�EH�IRXQG�LQ�/HH�����
3URWRW\SH�FRQWUROOHU
7KH�VLJQDO�FRQWURO�PHWKRGRORJ\�GHVFULEHG�LQ�/HH�HW�DO����
ZDV�FKRVHQ�DV�D�VWDUWLQJ�SRLQW��7KLV�FRQWUROOHU�HPSOR\V�D
FRPSHWLWLYH� WHFKQLTXH�LQ�ZKLFK�D�ZHLJKW� IRU� HDFK�SKDVH
�RU� VLJQDO�JURXS�� DW� WKH� MXQFWLRQ� LV�GHULYHG� HDFK� VHFRQG
E\�PHDQV�RI�VHYHUDO� IX]]\�FRQWURO�PRGXOHV��7KH�ZHLJKWV
DUH� GHULYHG� IURP� FRXQW� GDWD� VXSSOLHG� E\� LQGXFWLYH� ORRS
GHWHFWRUV�RQ�WKH� MXQFWLRQ�DSSURDFKHV�� VLJQDO� WLPLQJ�GDWD
DQG�GDWD�UHODWLQJ�WR�QHLJKERXULQJ�MXQFWLRQV�ZKLFK�VLJQDO
WKH�H[SHFWHG�DUULYDO�RI�D�SODWRRQ�IURP�XSVWUHDP�MXQFWLRQV
DQG�WKH�SRVVLELOLW\�RI�VSLOOEDFN�DW�GRZQVWUHDP�MXQFWLRQV�
7KHVH� ZHLJKWV� DUH� FRPELQHG� WR� JLYH� D� ZHLJKW� IRU� HDFK
SRVVLEOH�VWDJH��LQFOXGLQJ�WKH�FXUUHQW�RQH��DQG�DUH�XVHG�DV
D� EDVLV� IRU� WKH� GHFLVLRQ� WR� FKDQJH� VWDJH� RU� UHWDLQ� WKH
FXUUHQW�VWDJH�
2SWLPLVDWLRQ�RI�)X]]\�/RJLF�&RQWUROOHUV
2QH�FULWLFLVP�RIWHQ�OHYHOOHG�DW�WKH�SULQFLSOH�RI�IX]]\�ORJLF
FRQWURO�LV�WKH�VXEMHFWLYLW\�RI�WKH�IX]]\�VHW�GHILQLWLRQV�DQG
WKH�UXOHEDVHV��7KHVH�DUH�WKH�IXQGDPHQWDO�EXLOGLQJ�EORFNV
RI�D�IX]]\�ORJLF�FRQWURO�V\VWHP�DQG�DV�VXFK�GHWHUPLQH�LWV
SHUIRUPDQFH�� 0XFK� ZRUN� KDV� EHHQ� FDUULHG� RXW� RQ� WKH
GHULYDWLRQ� DQG� RSWLPLVDWLRQ� RI� WKHVH� FRPSRQHQWV�� VRPH
GHWDLOV�RI�ZKLFK�DUH�GLVFXVVHG�LQ�����
7KHUH� DUH� WZR� PDLQ� FDQGLGDWHV� IRU� RSWLPLVDWLRQ� LQ� D
FODVVLF�IX]]\�ORJLF�FRQWURO�V\VWHP��7KHVH�DUH�WKH�IX]]\�VHW
GHILQLWLRQV� �PHPEHUVKLS� IXQFWLRQV�� IRU� WKH� LQSXW� DQG�RU
RXWSXW�YDULDEOHV��DQG�WKH�UXOHEDVH��ZKLFK�FRQVWLWXWHV� WKH
PDSSLQJ�EHWZHHQ�FRPELQDWLRQV�RI�LQSXW�YDULDEOHV�DQG�WKH
RXWSXW��7KHVH�WZR�FRPSRQHQWV�DUH�UHODWHG�DQG�FKDQJHV�WR
HLWKHU� �RU� ERWK�� FDQ� KDYH� D� SURIRXQG� HIIHFW� RQ� WKH
RSHUDWLRQ� RI� WKH� FRQWURO� V\VWHP�� 7KHUH� KDV� EHHQ� PXFK
ZRUN�RQ�WKH�RSWLPLVDWLRQ�RI�IX]]\�ORJLF�V\VWHPV��ORRNLQJ
DW� ERWK� UXOHEDVHV� DQG� PHPEHUVKLS� IXQFWLRQV�� ZLWK
SURPLVLQJ�UHVXOWV�
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7KH�PRVW� DSSURSULDWH� RSWLPLVDWLRQ�PHWKRG� IRU� D� JLYHQ
SUREOHP�GHSHQGV� WR� D� ODUJH� H[WHQW� RQ� WKH�QDWXUH�RI� WKH
VHDUFK�VSDFH��LQ�WHUPV�RI�LWV�VL]H�DQG�FRPSOH[LW\��)RU�WKH
SUREOHP� XQGHU� FRQVLGHUDWLRQ�� DQ� HQXPHUDWLYH� PHWKRG
ZDV�QRW�YLDEOH�GXH�WR� WKH�QXPEHU�RI�SRVVLEOH� VROXWLRQV�
EHDULQJ� LQ�PLQG� WKDW� LQ� WKH� VLPSOLILHG� FRQWUROOHU� XQGHU
WHVW� WKHUH� ZHUH� IRXU� GLIIHUHQW� LQSXW� YDULDEOHV� ZKRVH
PHPEHUVKLS� IXQFWLRQ� GHILQLWLRQV� FRXOG� EH� YDULHG
VLPXOWDQHRXVO\��7KH� VKDSH�RI� WKH� VHDUFK� VSDFH�ZDV� QRW
NQRZQ� LQ� DGYDQFH�� DOWKRXJK� LW� ZDV� OLNHO\� WKDW� LW� KDG
PDQ\�SHDNV�RI�GLIIHUHQW�IRUPV�DQG�VL]HV��,Q�WKLV�FRQWH[W�
D�FODVVLFDO�KLOO�FOLPELQJ�DOJRULWKP�ZDV�QRW�VXLWDEOH�GXH
WR�LWV�WHQGHQF\�WR�VWRS�DW�ORFDO�PD[LPD�
,Q�WKH�OLJKW�RI�WKHVH�GLIILFXOWLHV��WKH�RSWLPLVDWLRQ�PHWKRG
RI�*HQHWLF�$OJRULWKPV��*$V��ZDV�DGRSWHG��7KLV�PHWKRG
KDV� LWV� URRWV� LQ� D� VLPXODWLRQ� RI� WKH� QDWXUDO� VHOHFWLRQ
SURFHVV��ZRUNLQJ�RQ�D�SRSXODWLRQ�RI�SRVVLEOH�VROXWLRQV�LQ
SDUDOOHO�� FRPELQLQJ� WKHP� WR� SURGXFH� VXFFHVVLYH
JHQHUDWLRQV�DQG�HYHQWXDOO\� �KRSHIXOO\�� FRQYHUJLQJ�RQ�D
JURXS� RI� QHDU�RSWLPDO� VROXWLRQV�� 7KH� WHFKQLTXH� KDV� D
VWRFKDVWLF� HOHPHQW� LQ� WKDW� LW� PDNHV� VPDOO� UDQGRP
FKDQJHV� �PXWDWLRQV�� DQG� DOVR� LQ� WKH� JHQHUDWLRQ� RI� WKH
LQLWLDO� SRSXODWLRQ�� +RZHYHU�� LW� LV� DOVR� GLUHFWHG� LQ� WKDW
VROXWLRQV� ZKLFK� SHUIRUP� EHWWHU� �KDYH� D� KLJKHU� ILWQHVV�
DUH�PRUH� OLNHO\� WR�SURGXFH�RIIVSULQJ� WR� WDNH�SDUW� LQ� WKH
QH[W�JHQHUDWLRQ��$� IXOO� H[SODQDWLRQ�RI�*$V� LQ� DOO� WKHLU
GLYHUVH�IRUPV�LV�IRXQG�LQ�*ROGEHUJ�����
0XOWLREMHFWLYH�*HQHWLF�$OJRULWKPV
7KH� JRDO� RI� WKH� SURMHFW� LV� WR� RSWLPLVH� WKH� VLJQDO
FRQWUROOHU�ZLWK�UHVSHFW� WR�D�QXPEHU�RI�GLYHUVH� FULWHULD�
DQG� WKH�'HOSKL� VWXG\� VKRZHG� WKDW� WKH� UHODWLYH�ZHLJKWV
RI� WKHVH� FULWHULD� FRXOG� QRW� EH� GHWHUPLQHG� LQ� DGYDQFH�
$Q� DSSURSULDWH� WHFKQLTXH� IRU� VXFK� PXOWLSOH� REMHFWLYH
RSWLPLVDWLRQ� LV� WKH� UHFHQWO\� GHYHORSHG� 0XOWLREMHFWLYH
*HQHWLF�$OJRULWKP��02*$��ZKLFK�SHUPLWV�D�UDQJH�RI
RSWLPDO� FDQGLGDWH� VROXWLRQV� WR� EH� IRXQG�� UDWKHU� WKDQ
LPSRVLQJ�DQ�DUELWUDU\�ZHLJKWLQJ�RI� WKH�YDULRXV�FULWHULD
WR� EH� RSWLPLVHG� WR� OHDG� WR� D� VLQJOH� VROXWLRQ� �)RQVHFD
DQG� )OHPLQJ� ������ (DFK� RSWLPDO� VROXWLRQ� UHIOHFWV� D
GLIIHUHQW� WUDGH�RII�EHWZHHQ� WKH�GHVLUHG�REMHFWLYHV��7KLV
DOORZV�D�VHW�RI�VROXWLRQV� WR�EH�IRXQG�� HDFK�RI�ZKLFK� LV
RSWLPDO�ZLWK� UHVSHFW� WR� VRPH� FULWHULD��ZLWK� D� WUDGH�RII
DJDLQVW�WKH�RWKHUV���:KHQ�LPSOHPHQWLQJ�WKH�FRQWUROOHU�
WKH� VROXWLRQ� WKDW� PDWFKHV� PRVW� FORVHO\� WKH� GHVLUHG
REMHFWLYHV�IRU�HDFK�LPSOHPHQWDWLRQ�FDQ�EH�FKRVHQ�IURP
WKH�RSWLPDO�VHW�
7KH�02*$�XVHV�WKH�3DUHWR�UDQNLQJ�PHWKRG�WR�UDQN�WKH
VROXWLRQV� RI� HDFK� JHQHUDWLRQ� E\� WKH� QXPEHU� RI� RWKHU
VROXWLRQV�ZKLFK�GRPLQDWH�WKHP�DQG�WKLV�UDQNLQJ�LV�WKHQ



XVHG�WR�GHWHUPLQH�WKH�ILWQHVV��DQG�WKXV�H[SHFWHG�QXPEHU
RI�RIIVSULQJ��RI�HDFK�VROXWLRQ�
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7KH� HYDOXDWLRQ� RI� D� YHKLFOH�UHVSRQVLYH� WUDIILF� VLJQDO
FRQWUROOHU�LV�QRW�D�VLPSOH�PDWWHU��GXH�WR�LWV�G\QDPLF�DQG
DGDSWLYH� QDWXUH�� ,WV� UHVSRQVH� WR� WKH� DSSURDFKLQJ� WUDIILF
DIIHFWV�WKH�VXEVHTXHQW�IORZ�RI�WUDIILF�ZKLFK�LQ�WXUQ�DIIHFWV
WKH� RSHUDWLRQ� RI� WKH� FRQWUROOHU�� DQG� WKH� FRQWURO� RI� WKH
VLJQDO� IRU� HDFK� DSSURDFK� LV� GHWHUPLQHG� QRW� RQO\� E\� WKH
WUDIILF� LW� FRQWUROV�� EXW� DOVR� E\� WKH� WUDIILF� RQ� RSSRVLQJ
DSSURDFKHV�� 7KHVH� IDFWRUV� PHDQ� WKDW� WKH� RQO\� UHDOLVWLF
ZD\�WR�WHVW�WKH�FRQWUROOHU�LV�XVLQJ�PLFURVFRSLF�VLPXODWLRQ
ZKLFK�PRGHOV�D�MXQFWLRQ�ZLWK�D�JLYHQ�WRSRORJ\�DQG�RWKHU
SDUDPHWHUV� VXFK� DV� LQSXW� IORZV�� WXUQLQJ� PRYHPHQWV�
WUDIILF�PL[�DQG�GHVLUHG�VSHHGV��7KH�VLPXODWRU�XVHG�LQ�WKLV
FDVH�LV�9,66,0�
7UDIILF�6LPXODWLRQV
9,66,0��7KH�9,66,0��VWDQGLQJ�IRU�9HUNHKU� LQ�6WlGWHQ
6LPXODWLRQ�� PLFURVFRSLF� VLPXODWRU� LV� D� GLVFUHWH�
VWRFKDVWLF�� WLPH� VWHS�EDVHG� ��V��PLFURVFRSLF�PRGHO�ZLWK
GULYHU�YHKLFOH�XQLWV� DV� VLQJOH� HQWLWLHV�� 7KH� PRGHO
FRQWDLQV� D� SV\FKR�SK\VLFDO� FDU� IROORZLQJ� PRGHO� IRU
ORQJLWXGLQDO� YHKLFOH� PRYHPHQW� DQG� D� UXOH�EDVHG
DOJRULWKP� IRU� ODWHUDO� PRYHPHQWV� �)HOOHQGRUI� ������� 7KH
PRGHO� SDUDPHWHUV� KDYH� EHHQ� FDOLEUDWHG� WKURXJK� LPDJH
SURFHVVLQJ� �+R\HU� DQG� )HOOHQGRUI� ������� 7KH� VLPXODWRU
XVHV� D� ''(� �'\QDPLF� 'DWD� ,QWHUIDFH�� WR� H[FKDQJH
LQIRUPDWLRQ�ZLWK�WKH�VLJQDO�FRQWUROOHU��(YHU\�VHFRQG�GDWD
IURP�YHKLFOH�GHWHFWRUV�DUH�SDVVHG�WR�WKH�FRQWUROOHU�ZKLFK
WKHQ�VHQGV�EDFN�VLJQDO�VHWWLQJ�IRU�WKH�FRPLQJ�VHFRQG�
'DWD�DERXW�HDFK�VLPXODWLRQ�UXQ�PD\�EH�VWRUHG�LQ�ILOHV�IRU
ODWHU� DQDO\VLV�� 7KH� W\SHV� RI� GDWD� WKDW� FDQ� EH� VWRUHG
LQFOXGH�
x� YHKLFOH�SRVLWLRQ��VSHHG�DQG�DFFHOHUDWLRQ�DW� HDFK� WLPH

VWHS�RI�HDFK�YHKLFOH�
x� WUDYHO�WLPHV�
x� VLJQDO�FKDQJHV�
x� OLVW�RI�YHKLFOHV�DV�WKH\�ZHUH�JHQHUDWHG��DQG
x� VDWXUDWLRQ�IORZ�
7KHVH� RXWSXW� ILOHV� FDQ� EH� SURFHVVHG� WR� JLYH� YDULRXV
SHUIRUPDQFH�PHDVXUHV�UHODWLQJ�WR�HDFK�VLPXODWLRQ�UXQ�
(PLVVLRQV��(PLVVLRQV�DUH�QRW�FDOFXODWHG�ZLWKLQ�9,66,0�
VR� VRPH� IXUWKHU� SURFHVVLQJ� LV� UHTXLUHG� WR� REWDLQ� WKHVH
GDWD��,Q�RUGHU�WR�FDOFXODWH�WKH�HPLVVLRQV�IURP�WKH�YHKLFOHV
DV� WKH\� WUDYHO� WKURXJK� WKH� VLPXODWHG� QHWZRUN�� WKH
HPLVVLRQV� IDFWRUV� IURP� WKH� 02'(0� FRPSXWHU
SURJUDPPH�FDQ�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�9,66,0
RXWSXW�ILOH�ZKLFK�JLYHV�WKH�VSHHG�DQG�DFFHOHUDWLRQ�RI�HDFK
YHKLFOH� DW� HDFK� VHFRQG� GXULQJ� WKH� VLPXODWLRQ�� 7KH

02'(0�SURJUDPPH�ZDV�GHYHORSHG�IURP�GDWD�FROOHFWHG
GXULQJ� WKH� '5,9(� 9����� SURMHFW� ³0RGHOOLQJ� RI
HPLVVLRQ�DV�DQG�IXHO�FRQVXPSWLRQ�LQ�XUEDQ�DUHDV´�IURP
W\SLFDO� XUEDQ� GULYLQJ� DQG� LV� DYDLODEOH� LQ� WKH� 8.� IURP
75/��,W�FDOFXODWHV�WKH�H[KDXVW�HPLVVLRQV�IURP�D�QXPEHU
RI� YHKLFOH� FDWHJRULHV�� EDVHG� RQ� WKH� VHFRQG� E\� VHFRQG
VSHHG� RI� WKH� YHKLFOH�� 7KH� SROOXWDQWV� FDOFXODWHG� DUH
FDUERQ� PRQR[LGH� �&2��� K\GURFDUERQV� �+&��� R[LGHV� RI
QLWURJHQ� �12[�� DQG� FDUERQ� GLR[LGH� �&2���� 7KH
FRQVXPSWLRQ�RI�IXHO�LV�DOVR�FDOFXODWHG�
237,0,6,1*�7+(�&21752//(5
,QWURGXFWLRQ
%HIRUH� HPEDUNLQJ� RQ� D�02*$� ZKLFK� ZRXOG� EH� WLPH�
FRQVXPLQJ� WR� FDUU\� RXW� GXH� WR� WKH� ODUJH� QXPEHU� RI
VLPXODWLRQ�UXQV�UHTXLUHG�LQ� WKH�HYDOXDWLRQ�VWDJH�� LW�ZDV
WKRXJKW�SUXGHQW�WR�GHWHUPLQH�WKH�FRQWUROOHU¶V�VHQVLWLYLW\
WR�FKDQJHV�LQ�LWV�PHPEHUVKLS�IXQFWLRQ�SDUDPHWHUV�
,Q� WKH� ILUVW� LQVWDQFH� WKH� PHPEHUVKLS� IXQFWLRQV� DORQH
ZHUH�RSWLPLVHG��$�QXPEHU�RI� FRQVWUDLQWV�ZHUH� LPSRVHG
LQ� RUGHU� WR� SUHVHUYH� WKH� WUDQVSDUHQW� DQG� PHDQLQJIXO
QDWXUH�RI�WKH�IX]]\�FRQWURO�V\VWHP�
&RQVWUDLQWV�RQ�0HPEHUVKLS�)XQFWLRQV

)LJXUH����,OOXVWUDWLRQ�RI�IX]]\�VHWV
7KH� ILUVW� FRQVWUDLQW� ZDV� WR� UHWDLQ� WKH� RUGHULQJ� RI� WKH
IX]]\� VHWV� RYHU� WKH� UDQJH� RI� HDFK� YDULDEOH�� ,Q� WKH
H[DPSOH�LOOXVWUDWHG�LQ�)LJXUH����ZKHUH�WKH�LQSXW�YDULDEOH
[�KDV� ILYH� LQSXW� VHWV� FDOOHG� µ9/RZ¶�� µ/RZ¶�� µ0HGLXP¶�
µ+LJK¶�� DQG� µ9+LJK¶�� FRUUHVSRQGLQJ� WR� FRQVHFXWLYH
RYHUODSSLQJ� VHFWLRQV� RI� WKH� LQSXW� UDQJH�� WKHQ� LW� LV� QRW
SHUPLWWHG�WR�DOWHU�WKHLU�GHILQLWLRQV�VR�WKDW�WKH�VHW�µ+LJK¶
FRUUHVSRQGV�WR� ORZHU�YDOXHV�RI� WKH�YDULDEOH� WKDQ�WKH�VHW
µ/RZ¶�� 7KLV� ZRXOG� PDNH� WKH� UHVXOWLQJ� V\VWHP� UDWKHU
FRXQWHU�LQWXLWLYH�
7KH� VHFRQG� FRQVWUDLQW� ZDV� WKDW� WKH� VHWV� VKRXOG� EH
WULDQJXODU�DQG�WKH�EDVHV�RI�RQH�VHW�VKRXOG�EH�DW�WKH�VDPH
SRLQWV�DV� WKH�DSH[HV�RI� WKH� WZR�QHLJKERXULQJ� VHWV��7KLV
KDG� WKH� HIIHFW� RI� HQVXULQJ� WKDW� QHLJKERXULQJ� VHWV
RYHUODSSHG�DW�D�GHJUHH�RI�PHPEHUVKLS�RI�����DQG�WKDW�IRU
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DQ\� LQSXW� YDOXH�� WKH� VXP� RI� LWV� GHJUHHV� RI� PHPEHUVKLS
ZDV� DOZD\V� ��� JLYLQJ� DQ� HYHQ� FRYHUDJH� RI� WKH� LQSXW
UDQJHV�
7KH� QXPEHU� RI� VHWV� FRXOG� QRW� EH� DOWHUHG� DV� WKLV� ZRXOG
DIIHFW� WKH� UXOHEDVH�� HLWKHU� ORVLQJ� UXOHV� RU� UHTXLULQJ� QHZ
RQHV�� 7KH�PLQLPXP� GLVWDQFH� EHWZHHQ� WKH� EDVHV� RI� DQ\
IX]]\�VHW�ZDV�VHW�WR���
7DNLQJ� WKHVH� FRQVWUDLQWV� LQWR� DFFRXQW�� WKH� SRVLWLRQ� DQG
ZLGWK� RI� WKH� EDVH� RI� HDFK� VHW� FRXOG� EH� DOWHUHG�� DQG� WKH
SRVLWLRQ�RI�WKH�DSH[�FRXOG�EH�DQ\ZKHUH�EHWZHHQ�WKH�EDVH
SRLQWV��UHVXOWLQJ�LQ�VNHZHG�VHWV�
0HWKRG
,QWURGXFWLRQ�� ,Q� RUGHU� WR� GR� WHVW� WKH� FRQWUROOHU¶V
VHQVLWLYLW\� WR� FKDQJHV� LQ� WKH� IX]]\� VHW� PHPEHUVKLS
IXQFWLRQ�SDUDPHWHUV������VLPXODWLRQ�UXQV�ZHUH�SHUIRUPHG
XVLQJ� GLIIHUHQW� VHWV� RI� UDQGRPO\� JHQHUDWHG� SDUDPHWHUV�
7KH�UHVXOWV� RI� WKHVH� VLPXODWLRQ� UXQV�ZHUH� WKHQ�DQDO\VHG
WR� GHWHUPLQH� ZKHWKHU� DOWHULQJ� WKH�PHPEHUVKLS� IXQFWLRQ
SDUDPHWHUV� KDG� PXFK� LPSDFW� RQ� WKH� EHKDYLRXU� RI� WKH
FRQWUROOHU� DQG� LI� VR�� ZKLFK� RXWSXW� YDULDEOHV� VKRXOG� EH
XVHG� DV� WKH� SHUIRUPDQFH� FULWHULD�� ,I� DOO� RXWSXW� YDULDEOHV
ZHUH� VWURQJO\� FRUUHODWHG�� WKHQ� D� VLQJOH� FULWHULD
RSWLPLVDWLRQ� ZRXOG� VXIILFH�� $� 3DUHWR� UDQNLQJ� RI� WKH
UHVXOWV� IURP� WKH� LQLWLDO� ��� UXQV� XVLQJ� WKH�PRVW� VXLWDEOH
FULWHULD�ZDV�SHUIRUPHG�
7KH�QHWZRUN�OD\RXW��$�OHIW�KDQG�GULYH�WHVW�QHWZRUN�ZDV
HQFRGHG� LQ� 9,66,0�� LQ� ZKLFK� D� FHQWUDO� MXQFWLRQ� ZLWK
IRXU� DSSURDFKHV� ZDV� FRQWUROOHG� E\� WKH� IX]]\� ORJLF
FRQWUROOHU��$W�WKH�SHULSKHU\�RI�HDFK�DSSURDFK�D�IL[HG�WLPH
MXQFWLRQ� UHJXODWHG� WKH� IORZ� RI� YHKLFOHV� WR� WKH� FHQWUDO
MXQFWLRQ��JLYLQJ�D�PRUH� UHDOLVWLF�SODWRRQ�OLNH� LQSXW� IORZ
WKDQ� D� VLPSOH� UDQGRP� JHQHUDWLRQ� RI� YHKLFOHV�� $W� WKH
FHQWUDO� MXQFWLRQ�DOO� WXUQLQJ�PRYHPHQWV�ZHUH�DOORZHG�RQ
DOO�DSSURDFKHV��ZLWK�WZR�ODQH�DSSURDFKHV�IODULQJ�WR�WKUHH
DW�WKH�MXQFWLRQ��JLYLQJ�D�VKRUW�ODQH�IRU�ULJKW�WXUQHUV��7KH
OHIW�KDQG� ODQH�RI� HDFK� DSSURDFK�ZDV� VKDUHG� E\� YHKLFOHV
WXUQLQJ� OHIW� DQG� YHKLFOHV� JRLQJ� VWUDLJKW� RQ�� DQG� WKH
PLGGOH�ODQH�ZDV�IRU�VWUDLJKW�RQ�RQO\�
7KH�VWDJH�VFKHPH��(DFK�DSSURDFK�ZDV�FRQWUROOHG�E\�WZR
LQGHSHQGHQW� SKDVHV�� RQH� IRU� VWUDLJKW� RQ� DQG� OHIW� WXUQV�
DQG�RQH�IRU�ULJKW�WXUQV��7KLV�JDYH�D�WRWDO�RI�HLJKW�SKDVHV�
ZKLFK�PD\�EH�FRPELQHG�LQ�HLJKW�GLIIHUHQW�VWDJHV��ZKHUH
HDFK� VWDJH� FRPELQHV� WZR� QRQ�FRQIOLFWLQJ� SKDVHV�� $
WUDQVLWLRQ�ZDV�GHILQHG�IRU�HDFK�SRVVLEOH�SDLU�RI�VWDJHV��VR
WKDW� ZKLFKHYHU� VWDJH� ZDV� FXUUHQWO\� JUHHQ�� DQ\� RI� WKH
RWKHUV� PD\� EH� VZLWFKHG� QH[W�� JLYLQJ� D� KLJK� GHJUHH� RI
IOH[LELOLW\�WR�WKH�FRQWUROOHU�
0RGHOOHG� WUDIILF�� (DFK� RI� WKH� ILIW\� VLPXODWLRQ� UXQV
FDUULHG�RXW�KDG�WKH�VDPH�FKDUDFWHULVWLFV��7KH�WUDIILF�IORZ
ZDV� FRQVWDQW�� DQG� WKH� VDPH� RQ� HDFK� DSSURDFK�� (DFK
DSSURDFK� RI� WKH� FHQWUDO� MXQFWLRQ� UHFHLYHG� ����� YHKLFOHV

SHU�KRXU��RI�ZKLFK�����WXUQHG�OHIW�DQG����WXUQHG�ULJKW�
7KHUH� ZHUH� QR� KHDY\� JRRGV� YHKLFOHV�� EXVHV� RU� WUDPV�
EHFDXVH� WKH� FXUUHQW� YHUVLRQ� RI�02'(0�GRHV� QRW� KDYH
HPLVVLRQ�IDFWRUV�IRU�ODUJH�GLHVHO�HQJLQHV��7KH�WUDIILF�PL[
ZDV�PRVWO\�02'(0�W\SH���YHKLFOHV� �W\SH�(&(�������
HQJLQH�VL]H������O��
2XWSXW�� 7KH� WUDYHO� WLPHV� IRU� HDFK� RI� WKH� ��� WXUQLQJ
PRYHPHQWV�LQ�WKH�PDLQ�MXQFWLRQ�ZHUH�FROOHFWHG��VHFRQG�
E\�VHFRQG�� DQG� WKH� DYHUDJH�� PD[LPXP� DQG� VWDQGDUG
GHYLDWLRQ�RI�WKH�WUDYHO�WLPHV�IRU�HDFK�WXUQLQJ�PRYHPHQW
ZHUH� FDOFXODWHG�� ,Q� DGGLWLRQ�� WKH� RYHUDOO� PHDQ� WUDYHO
WLPH� IRU� HDFK� VLPXODWLRQ� UXQ�ZDV� FDOFXODWHG�� 7KH� WRWDO
HPLVVLRQV�RI��&2��&2���12[��+&�DQG�IXHO�FRQVXPSWLRQ
ZHUH� FDOFXODWHG� IURP� WKH�9,66,0� ILOH� JLYLQJ� GHWDLOV� RI
HDFK� YHKLFOH¶V� VSHHG� DQG� DFFHOHUDWLRQ� DW� HDFK� VHFRQG
GXULQJ�WKH�VLPXODWLRQ�
5(68/76
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)LJXUH� ��� 0DWUL[� RI� VFDWWHU� SORWV� VKRZLQJ� FRUUHODWLRQV
EHWZHHQ�HPLVVLRQV�DQG�IXHO�FRQVXPSWLRQ
$� VFDWWHU� SORW� PDWUL[� �VKRZQ� LQ� )LJXUH� ��� RI� WKH
HPLVVLRQV� DQG� IXHO� FRQVXPSWLRQ� IURP� WKH� ��� UXQV
VKRZHG�WKDW�WKH\�ZHUH�DOO�VWURQJO\�FRUUHODWHG�H[FHSW� IRU
12[��$� VFDWWHU� SORW�PDWUL[� RI� WKH� WUDYHO� WLPHV� VKRZHG
WKDW� WKH� WUDYHO� WLPHV� IRU� HDFK� VWUDLJKW�RQ� GLUHFWLRQ�ZDV
UHSUHVHQWDWLYH� RI� WKH� WKUHH� WXUQLQJ� PRYHPHQWV� RQ� WKH
VDPH�DSSURDFK��7KXV�WKH�YDULDEOHV�WKDW�ZHUH�FKRVHQ�IRU
WKH� 3DUHWR� UDQNLQJ� ZHUH� &2�� 12[�� DQG� WKH� DYHUDJH
WUDYHO� WLPHV�IRU� WKH��� VWUDLJKW�RQ� VWUHDPV�DW� WKH� FHQWUDO
MXQFWLRQ�
$� 3DUHWR� UDQNLQJ� ZDV� SHUIRUPHG� E\� FRPSDULQJ� WKH
YDOXHV� IRU� HDFK� RI� WKH� FULWHULD� DFURVV� DOO� SDLUV� RI
VROXWLRQV�� ,I� DOO� RI� WKH� YDOXHV� IRU� VROXWLRQ� [� ZHUH� OHVV
WKDQ� RU� HTXDO� WR� WKH� YDOXHV� IRU� VROXWLRQ� \�� DQG� DW� OHDVW
RQH�RI�WKHP�ZDV�OHVV�WKDW�LWV�HTXLYDOHQW�YDOXH�LQ�\��WKHQ
VROXWLRQ�[�ZDV�VDLG�WR�GRPLQDWH�VROXWLRQ�\��7KH�KLJKHVW
UDQN�ZDV�DZDUGHG�WR�WKH�VROXWLRQ�ZKLFK�ZDV�GRPLQDWHG
E\� WKH� OHDVW� QXPEHU� RI� RWKHU� VROXWLRQV�� 7KHUH� PD\� EH



VHYHUDO� VROXWLRQV�ZLWK� WKH� VDPH� UDQN��$� VROXWLRQ�ZLWK� D
ORZ�UDQN�LV�EHWWHU�WKDQ�RQH�ZLWK�D�KLJK�UDQN�
7KH� YDOXHV� IRU� WKH� FKRVHQ� FULWHULD� DFURVV� WKH� ��� WHVW
VROXWLRQV�ZHUH� UDQNHG� XVLQJ� WKLV� PHWKRG�� )LJXUH� �� LV� D
VFDWWHU� SORW� RI� WUDYHO� WLPH� IRU� RQH� VWUDLJKW�RQ� VWUHDP
DJDLQVW�WKH�3DUHWR�UDQN�RI�HDFK�VROXWLRQ��7KH�SORW�VKRZV
WKDW�WKH�UDQN�GRHV�QRW�GHSHQG�RQ�DQ\�RQH�YDULDEOH�EXW�RQ
D� FRPELQDWLRQ�� VLQFH� WKH� VROXWLRQ� ZLWK� VHFRQG�KLJKHVW
WUDYHO�WLPH�LV�JLYHQ�UDQN���
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)LJXUH����6FDWWHU�SORW�RI�WUDYHO�WLPH�YHUVXV�3DUHWR�UDQN�
&21&/86,216
7KH�FRQWUROOHU¶V�VHQVLWLYLW\�WR�FKDQJHV�LQ�WKH�PHPEHUVKLS
IXQFWLRQ�SDUDPHWHUV�KDV�EHHQ�GHPRQVWUDWHG��,Q�DGGLWLRQ�
LW�KDV�QRW�EHHQ�SRVVLEOH�WR�PLQLPLVH�VLPXOWDQHRXVO\�HYHQ
WKH�OLPLWHG�VHW�RI�SHUIRUPDQFH�PHDVXUHV�H[SORUHG��7KHVH
UHVXOWV� LQGLFDWH� WKDW� D� PXOWLREMHFWLYH� RSWLPLVDWLRQ
WHFKQLTXH�LV�DSSURSULDWH�
)857+(5�:25.
$�02*$� ZLOO� EH� LPSOHPHQWHG� IXOO\�� 7KH� VROXWLRQV� RI
VXFFHVVLYH� JHQHUDWLRQV� ZLOO� EH� HYDOXDWHG� XVLQJ� GLIIHUHQW
VLPXODWLRQ� SDUDPHWHUV� VXFK� DV� WUDIILF� IORZ� SDWWHUQV� DQG
WUDIILF�PL[��3HGHVWULDQ�GHOD\�ZLOO�DOVR�EH� LQFOXGHG�LQ� WKH
HYDOXDWLRQ�FULWHULD�
5()(5(1&(6
���5RXWOHGJH�,���.HPS��6��DQG�5DGLD�%���������³870&�
7KH� ZD\� IRUZDUG� IRU� 8UEDQ� 7UDIILF� &RQWURO´�� 7UDIILF
(QJLQHHULQJ�DQG�&RQWURO��������������
���6D\HUV�7�0���$QGHUVRQ� -�0�� DQG�%HOO�0�*�+��� �����
³7KH�2EMHFWLYHV�RI�7UDIILF�6LJQDO�&RQWURO´����WK�$QQXDO

8QLYHUVLWLHV� 7UDQVSRUW� 6WXGLHV� *URXS� &RQIHUHQFH�
'XEOLQ��(LUH��-DQXDU\�
��� 3DSSLV� &�3�� DQG� 0DPGDQL� (�+��� ������ ³$� )X]]\
/RJLF� &RQWUROOHU� IRU� D� 7UDIILF� -XQFWLRQ´�� ,(((
7UDQVDFWLRQV�RQ�6\VWHPV��0DQ��DQG�&\EHUQHWLFV��60&�
������������
��� 6D\HUV� 7�0��� ������ ³)X]]\� /RJLF� ,Q� 7UDIILF
5HVSRQVLYH� 6LJQDO� &RQWURO´�� 3URFHHGLQJV� �WK� ,)$&� �
,),3� �� ,)256� 6\PSRVLXP� RQ� 7UDQVSRUWDWLRQ� 6\VWHPV�
&KDQLD��&UHWH��-XQH����������
���6D\HUV�7�0���%HOO�0�*�+���0LHGHQ�7K���DQG�%XVFK�)��
������ ³7UDIILF� UHVSRQVLYH� VLJQDO� FRQWURO� XVLQJ� IX]]\
ORJLF� �� D� SUDFWLFDO� PRGXODU� DSSURDFK�´�� 3URF��� (8),7
µ����$DFKHQ��*HUPDQ\��6HSWHPEHU�����������
��� /HH� &�&��� ������ ³)X]]\� /RJLF� LQ� &RQWURO� 6\VWHPV�
)X]]\� /RJLF� &RQWUROOHU� �� 3DUWV� ,� DQG� ,,´�� ,(((
7UDQVDFWLRQV� RQ� 6\VWHPV�� 0DQ�� DQG� &\EHUQHWLFV�� 9RO�
����1R�������������
���/HH�-�+���/HH�.�0��DQG�/HHNZDQJ�+��������� ³)X]]\
&RQWUROOHU� IRU� ,QWHUVHFWLRQ� *URXS´�� ,QW�� ,(((�,$6
&RQIHUHQFH� RQ� ,QGXVWULDO� $XWRPDWLRQ� DQG� &RQWURO�
7DLSHL��7DLZDQ����������
���*ROGEHUJ�'�(���������³*HQHWLF�$OJRULWKPV�LQ�6HDUFK�
2SWLPL]DWLRQ�DQG�0DFKLQH�/HDUQLQJ´��$GGLVRQ�:HVOH\
3XEOLVKLQJ�&R��,QF���5HDGLQJ��0DVVDFKXVHWWV��86$�
���)RQVHFD�&�0��DQG�)OHPLQJ�3�-��������³$Q�2YHUYLHZ
RI� (YROXWLRQDU\� $OJRULWKPV� LQ� 0XOWLREMHFWLYH
2SWLPL]DWLRQ´��(YROXWLRQDU\�&RPSXWDWLRQ����������
���� )HOOHQGRUI� 0� ������ ³9,66,0� IRU� WUDIILF� VLJQDO
RSWLPLVDWLRQ´�� 7UDIILF� 7HFKQRORJ\� ,QWHUQDWLRQDO� ¶���
��������
����+R\HU��5�DQG�)HOOHQGRUI�0��������³3DUDPHWUL]DWLRQ
RI� PLFURVFRSLF� WUDIILF� IORZ� PRGHOV� WKURXJK� LPDJH
SURFHVVLQJ´�� 3URFHHGLQJV� �WK� ,)$&� �� ,),3� �� ,)256
6\PSRVLXP�RQ�7UDQVSRUWDWLRQ�6\VWHPV��&KDQLD��&UHWH�
-XQH���������
$&.12:/('*(0(176
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�
x� WKH� 8.� (QJLQHHULQJ� 	� 3K\VLFDO� 6FLHQFH� 5HVHDUFK

&RXQFLO�IRU�IXQGLQJ�WKH�ZRUN�XQGHU�*5�/������
x� 7LP�%DUORZ���75/��IRU�KHOS�ZLWK�02'(0��DQG
x� /XNDV�.DXW]VFK��379��IRU�DGYLFH�RQ�9,66,0�


