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7UDQVSRUWDWLRQ�5HVHDUFK�3URFHGLD��������������±���

�������7KH�$XWKRUV��3XEOLVKHG�E\�(OVHYLHU�%�9�
7KLV�LV�DQ�RSHQ�DFFHVV�DUWLFOH�XQGHU�WKH�&&�%<�1&�1'�OLFHQVH��KWWS���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E\�QF�QG������

.H\ZRUGV� IUHLJKW�WUDQVSRUW��UDLOURDG�WHUPLQDO��UHVLOLHQFH��VLPXODWLRQ��WUDIILF�FRQWURO�

$,,7��QG�,QWHUQDWLRQDO�&RQJUHVV�RQ�7UDQVSRUW�,QIUDVWUXFWXUH�DQG�6\VWHPV�LQ�D�FKDQJLQJ�ZRUOG�
�7,6�520$����������UG±��WK�6HSWHPEHU�������5RPH��,WDO\

6LPXODWLRQ�RI�UDLOURDG�WHUPLQDO�RSHUDWLRQV�DQG�WUDIILF�FRQWURO�
VWUDWHJLHV�LQ�FULWLFDO�VFHQDULRV

$QJHOD�&DUERQLD
��)UDQFHVFR�'HIORULRD

D3ROLWHFQLFR�GL�7RULQR��'HSW��',$7,��&RUVR�'XFD�GHJOL�$EUX]]L������7RULQR��������,WDO\

$EVWUDFW

5DLOURDG�WHUPLQDOV�FRQWULEXWH�WR�WKH�FRPSHWLWLYHQHVV�RI�LQWHUPRGDO�WUDQVSRUW�DQG�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�WUDQVSRUW�FKDLQ�WR�
DFKLHYH�VHDPOHVV�FURVV�PRGDO�SURFHVVHV��EHFDXVH�WKH\�PXVW�JXDUDQWHH�D�IDVW��VDIH��DQG�HIILFLHQW�WUDQVIHU�RI�LQWHUPRGDO�ORDGLQJ�XQLWV�
7KH�HTXLSPHQW�UHTXLUHG� VXFK�DV�JDQWU\�DQG�PRELOH�FUDQHV�FDQ�EH�FULWLFDO�WR�WKH�WHUPLQDO�SURFHVV��+RZHYHU��QXPHURXV�FUDQHV�FDQQRW�
EH�GHVLJQDWHG�WR�JXDUDQWHH�D�KLJK�OHYHO�RI�UHGXQGDQF\� EHFDXVH�RI�WKHLU�UHOHYDQW�FRVW�

7KLV�SDSHU�SUHVHQWV�D�PLFUR�VLPXODWLRQ�DSSURDFK�IRU�HYDOXDWLQJ�WKH�UHVLOLHQFH�RI�W\SLFDO�UDLOURDG�WHUPLQDOV�LQ�D�FULWLFDO�VFHQDULR�
VXFK�DV� WKH�WHPSRUDU\�XQDYDLODELOLW\�RI�D�JDQWU\�FUDQH��5HVLOLHQFH�FDQ�EH�GHILQHG�DV� WKH�FDSDELOLW\�RI� WKH�V\VWHP�WR�UHFRYHU� LWV�
IXQFWLRQDOLW\�GHVSLWH�D�GLVUXSWLRQ DQG D�JDWLQJ�VWUDWHJ\�LV�SURSRVHG�LQ�WKLV�FDVH�WR�PDLQWDLQ�WKH�GHVLUHG�OHYHO�RI�VHUYLFH�LQVLGH�WKH�
WHUPLQDO��7KHUHIRUH��WKLV�WUDIILF�FRQWURO�VWUDWHJ\�LV�LQYHVWLJDWHG�WR�DVFHUWDLQ�LWV�DELOLW\�LQ�HQKDQFLQJ WKH�WHUPLQDO�UHVLOLHQFH�ZKHQ�D�
GLVUXSWLRQ�RFFXUV�LQ�D�SURFHVV�

7KH�SURSRVHG�VLPXODWLRQ�PHWKRG LV�QRW�RQO\�XVHG�IRU�SHUIRUPLQJ�D�W\SLFDO�VHQVLWLYLW\�DQDO\VLV�XQGHU�GLVWXUEHG�FRQGLWLRQV� EXW�
DOVR�IRU�DVVHVVLQJ�WKH�IOH[LELOLW\�RI�WKH�VLPXODWHG�WHUPLQDO��$�FRPSDULVRQ�LV�SHUIRUPHG�IRU�D�EDVHOLQH�WUDIILF�VFHQDULR�LQ�HTXLOLEULXP�
FRQGLWLRQV�E\�VHWWLQJ�HTXDO�DYHUDJH�YDOXHV�IRU�WKH�DUULYDO�DQG�VHUYLFH�UDWHV��WKHUHE\�H[SORULQJ�WKH�RSHUDWLRQ�RI�WKH�LQIUDVWUXFWXUH�
QHDU�LWV�FDSDFLW\��

,Q�WKH�VLPXODWLRQ�WRRO��WKH�UHOHYDQW�IHDWXUHV�RI�WKH�W\SLFDO�SKDVHV�RI�WKH�LQWHUQDO�SURFHVV�DUH�UHSUHVHQWHG��DQG�WKH�WUDIILF IORZ�GDWD�
RI�WUXFN�DUULYDOV�DUH�GLVDJJUHJDWHG�EDVHG�RQ�VSHFLILF�RSHUDWLRQV�XVLQJ�GHGLFDWHG�VHUYLFH�OLQHV��7R�FRPSDUH�WKH�PRGHOHG�VFHQDULRV��
VRPH�TXDQWLWDWLYH�NH\�SHUIRUPDQFH�LQGLFDWRUV��.3,V��DUH�VHOHFWHG�DQG�TXDQWLILHG�LQ�WHUPV�RI�TXDOLW\�DQG�HQHUJ\�LPSDFWV�



��� $QJHOD�&DUERQL��HW�DO����7UDQVSRUWDWLRQ�5HVHDUFK�3URFHGLD��������������±���

�� ,QWURGXFWLRQ

$�UDLOURDG� WHUPLQDO�FRQWULEXWHV� WR� WKH�FRPSHWLWLYHQHVV�RI� LQWHUPRGDO� WUDQVSRUW�DQG�SOD\V�DQ� LPSRUWDQW� UROH� LQ�D�
WUDQVSRUW� FKDLQ� E\� IDFLOLWDWLQJ� VHDPOHVV� FURVV�PRGDO� SURFHVVHV�� )RU� WKLV� UHDVRQ�� LWV� UHVLOLHQFH� LV� HVVHQWLDO� IRU� WKH�
UHOLDELOLW\� DQG� UREXVWQHVV� RI� WKH� HQWLUH� WUDQVSRUW� V\VWHP�� $� FUDQH� GLVUXSWLRQ� GXULQJ� WKH� WUDLQ� ORDGLQJ� SURFHVV�� DV�
DQDO\]HG�LQ�WKLV�VWXG\��QRW�RQO\�DIIHFWV�WKH�WHUPLQDO�RSHUDWLRQV�EXW�DOVR�WKH�TXDOLW\�RI�YDULRXV�IUHLJKW�WUDQVSRUWDWLRQ�
VHUYLFHV�DVVRFLDWHG�ZLWK�WKH�WHUPLQDO��0RUHRYHU��SHUWXUEDWLRQV�PD\�DOVR�SURSDJDWH�WKH�UDLO�DQG�URDG�QHWZRUN��

7KH�WHUPLQDO�SURFHVVHV�DQG�D�SRVVLEOH�HTXLSPHQW�EUHDNGRZQ�DUH�VLPXODWHG�XVLQJ�D�WUDIILF�PLFURVLPXODWLRQ�WRRO�WKDW�
ZDV�DOVR�XVHG�LQ�WKH�VWXG\�FRQGXFWHG�E\�%DUFHOR�HW�DO���������WR�DQDO\]H�WUDIILF�FRQGLWLRQV�LQ�D�SRUW�IRU�UROO�RQ�UROO�RII�
�52�52��ORDGLQJ�RSHUDWLRQV��DQG�WKHLU�JRDO�ZDV�WR�GHYHORS�D�PHWKRGRORJ\�IRU�HVWLPDWLQJ�WKH�SHUIRUPDQFH�RI�PDULWLPH�
WHUPLQDOV�EDVHG�RQ�D�PLFURVFRSLF�VLPXODWLRQ�DSSURDFK�UHSURGXFLQJ� WKH�EHKDYLRU�RI� WKH�GHPDQG�LQ� WHUPV�RI�YHVVHO�
DUULYDOV�DQG�GHSDUWXUHV�DQG� UHSURGXFLQJ� WKH� ORDGLQJ�DQG�XQORDGLQJ�SURFHVVHV� LQ�GHWDLO��$�PLFUR�VLPXODWLRQ�PRGHO�
XVLQJ� WKH�3DUDPLFV WRRO�ZDV� SUHVHQWHG� E\� /HH� HW� DO�� ������� WR�PRGHO� WUXFN�PRYHPHQWV�ZLWKLQ� D� SRUW� DUHD��7KH\�
H[DPLQHG�GLIIHUHQW�VFHQDULRV�E\�FKDQJLQJ�WKH�WUDQVSRUWDWLRQ�GHPDQG��DQG�WKH\�SURYLGHG�D�GHFLVLRQ�VXSSRUW�V\VWHP�WR�
GHWHUPLQH�WKH�\DUG�WUXFN�IOHHW�VL]H�IRU�WUDQVVKLSPHQW�RSHUDWLRQ�RSWLPL]DWLRQ��$�VLPLODU�WRRO�ZDV�XVHG�LQ�WKH�UHSRUW�
SUHVHQWHG�E\�&DR�HW�DO���������ZKHUHLQ�WKH�IRFXV�ZDV�RQ�WKH�PDULWLPH�WHUPLQDO�JDWHV�EHFDXVH�RI�WKHLU�FRQWULEXWLRQ�WR�
WKH�WUDIILF�FRQJHVWLRQ�SUREOHP�GXULQJ�UXVK�KRXUV�RI�WKH�GD\��7KH\�DOVR�XQGHUOLQHG�WKH�OLQN�EHWZHHQ�JDWH�LVVXHV�DQG�
HQYLURQPHQWDO�HIIHFWV�VWHPPLQJ�IURP�LGOLQJ�WUXFNV��,Q�WKH�OLWHUDWXUH��ERWK�DQDO\WLFDO�DQG�VLPXODWLRQ�PHWKRGV�FDQ�EH�
XVHG�WR�SHUIRUP�DQDO\VHV�DQG�FRPSDUH�WHUPLQDO�VFHQDULRV��5LFFL�HW�DO�����������%DOGDVVDUUD�HW�DO���������GHYHORSHG�D�
PRGHO� IRU� DQ� LQWHUPRGDO� WHUPLQDO� XVLQJ� GLVFUHWH�HYHQW� VRIWZDUH� WR� FDOFXODWH� WKH� WRWDO� WUDQVLW� WLPH� DQG� LGHQWLI\�
ERWWOHQHFNV��7KH�VDPH�JRDOV�ZHUH� LQYHVWLJDWHG�E\�'RWROL�HW�DO�� �������ZLWK�D�GLVFUHWH�HYHQW�DSSURDFK� WR�PRGHO�DQ�
LQWHUPRGDO�IUHLJKW�WHUPLQDO�LQ�D�WLPHG�3HWUL�QHW�IUDPHZRUN��5L]]ROL�HW�DO���������DOVR�XVHG�D�GLVFUHWH�HYHQW�VLPXODWLRQ�
PRGHO��DSSO\LQJ�02'6,0�,,,�WR�UHSUHVHQW�WKH�PDLQ�WHUPLQDO�FRPSRQHQWV�DV�URDG�DQG�UDLO�JDWHV��SODWIRUPV��DQG�VWRUDJH�
DUHDV��DQG�WKHQ�FDOFXODWLQJ�WKH�WHUPLQDO�WKURXJKSXW��=HKHQGQHU�DQG�)HLOOHW��������UDQ�H[SHULPHQWV�ZLWK�DQ�RSWLPL]DWLRQ�
PRGHO�DQG�D�GLVFUHWH�HYHQW�VLPXODWLRQ�PRGHO�WR�HYDOXDWH�WKH�EHQHILWV�RI�D�WUXFN�DSSRLQWPHQW�V\VWHP��WKLV�LV�VLPLODU�WR�
WKH�VWXG\�FRQGXFWHG�E\�=KDR�DQG�*RRGFKLOG���������2WKHU�DSSOLFDWLRQV�RI�GLVFUHWH�HYHQW�VLPXODWLRQ�VRIWZDUH�ZHUH�
UHSRUWHG�LQ�D�SDSHU�E\�0DWKLDV�HW�DO����������ZKHUH�D�PRGHO�DSSOLHG�LQ�WKH�3RUW�RI�/HL[RHV�LV�XVHG�WR�VWXG\�WKH�IORZV�
RI�FDUJR�DQG�HTXLSPHQW�DORQJ�WKH�FRQWDLQHU�WHUPLQDO�IRU�LGHQWLI\LQJ�ERWWOHQHFNV�LQ�VSHFLILF�DUHDV��)ROORZLQJ�D�ZLGHU�
DSSURDFK�� WKH�PDLQ�JRDO�RI�$QWRJQROL�HW� DO�� �������ZDV� WR�GHYHORS�PHWKRGV� VXFK�DV�DQDO\WLFDO�DQG�GLVFUHWH�HYHQW�
VLPXODWLRQ�PRGHOV�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�GLIIHUHQW�W\SHV�RI�UDLO�IUHLJKW�WHUPLQDOV��7KURXJK�D�VLPXODWLRQ�WRRO��
*DUFuD��������FRPSDUHG�VHYHUDO�UDLOURDG�WHUPLQDOV�WR�DQDO\]H�GLIIHUHQW�SHUIRUPDQFHV��7R�PRGHO�D�VSHFLILF�LQWHUPRGDO�
WHUPLQDO� IRU� JDWHZD\� RSHUDWLRQV�� D� JUDSKLFDO� VLPXODWLRQ� VRIWZDUH� ZDV� SURSRVHG� E\�'DOOD� &KLDUD� HW� DO�� ������� WR�
HYDOXDWH�WKH�WHUPLQDO�SHUIRUPDQFH��DOVR�LQ�WKH�FDVH�RI�FUDQH�GRZQWLPH�

.XUDSDWL HW�DO���������GHILQHG�WKH�RSHUDWLRQDO�UHVLOLHQFH�RI�D�V\VWHP�DV�WKH�DELOLW\�WR�UHVSRQG�WR�WKH�DFWXDO��PRQLWRU�
WKH� FULWLFDO�� DQWLFLSDWH� WKH� SRWHQWLDO�� DQG� OHDUQ� IURP� WKH� IDFWXDO�� 7KH� DXWKRUV� SURSRVHG� VHYHUDO� WHVW� VHVVLRQV� RI� D�
PXOWLSOD\HU�WDEOHWRS�JDPH�WR� LQYHVWLJDWH�SRWHQWLDO�VWUDWHJLHV�IRU�GLVUXSWLRQ�PDQDJHPHQW�LQ�D�VHDSRUW��$FFRUGLQJ�WR�
1DLU�HW�DO����������UHVLOLHQFH�LV�WKH�DELOLW\�WR�SHUIRUP�VKRUW�WHUP�UHFRYHU\�DFWLRQV�WR�PLWLJDWH�QHJDWLYH�HIIHFWV��7KHLU�
DSSURDFK��SURSRVHG�IRU�LQWHUPRGDO� WHUPLQDOV�DQG�SRUWV�� LV�VLPLODU�WR�WKDW�SURSRVHG�LQ�WKLV�VWXG\��EXW�WKH�PHWKRG�LV�
GLIIHUHQW�� ,Q� IDFW�� WKHLU� OLQN�EDVHG� PRGHO� FRYHUHG� WKUHH� VWHSV� FRPSDUDEOH� ZLWK� WKRVH� SURSRVHG� EHORZ�� D� QHWZRUN�
UHSUHVHQWDWLRQ�RI�WKH�EDVH�V\VWHP��WKH�GHYHORSPHQW�RI�D�GLVUXSWLRQ�VFHQDULR��ZLWK�DQ�DQDO\VLV�RI�SHUFHLYHG�ULVN�DQG�
PDJQLWXGH���DQG�DQ�HYDOXDWLRQ�RI�DOO�UHFRYHU\�WRROV��DQG�GHILQLQJ�WKH�WLPH�DQG�FRVW�QHHGHG�WR�H[HFXWH�WKHP���,Q�WKHLU�
QHWZRUN�PRGHO��WKH�GLVUXSWLRQ�VFHQDULRV�VXFK�DV�DUVRQ�DQG�IORRGLQJ�ZHUH�VLPXODWHG�DV�D�UHGXFWLRQ�LQ�OLQN�FDSDFLW\�DQG�
DQ�LQFUHDVH�LQ�WUDYHO�WLPH��7KH�UHFRYHU\�VROXWLRQ��RQ�WKH�FRQWUDU\��FDQ�LPSURYH�OLQN�FDSDFLW\�DQG�WUDYHO�WLPH��EXW�LW�
LQYROYHV�LPSOHPHQWDWLRQ�FRVWV�DQG�DFWLYDWLRQ�WLPHV��$V�VWDWHG�E\�7DPYDNLV�DQG�;HQLGLV���������WKH�UHVLOLHQFH�LQ�D�
WUDQVSRUW�V\VWHP�UHSUHVHQWV�WKH�DELOLW\�WR�UHDFW�WR�VWUHVVHV�ZKLFK�WHVW�LWV�SHUIRUPDQFH��)LUVW��WKH\�GHVFULEHG�WKH�PDLQ�
WUDQVSRUWDWLRQ� V\VWHP� DQG� LWV� LQWHUQDO� DQG� H[WHUQDO� FRPSRQHQWV� VXFK� DV� ORDGLQJ� FUDQHV�� 7KHQ�� WKH\� DVVHVVHG� WKH�
V\VWHP¶V� UHVLOLHQFH� XVLQJ� HQWURS\� WKHRU\�� 7KH� PDLQ� JRDO� RI� D� SDSHU� E\� 6ZLHERGD� ������� ZDV� WR� GHWHUPLQH� WKH�
LQWHUPRGDO�WUDQVVKLSPHQW�QRGH�UHVLOLHQFH��6KH�GHILQHG�UHVLOLHQFH�DV�WKH�DELOLW\�WR�UHGXFH�WKH�OLNHOLKRRG�RI�LQWHUUXSWLRQ�
LWV�HIIHFWV��DQG�WKH�WLPH�WDNHQ�WR�UHWXUQ�WR�DQ DSSURSULDWH OHYHO�RI�VHUYLFH��7KH�DXWKRU�VXJJHVWHG�WKDW�DPRQJ�WKH�IDFWRUV�
LQIOXHQFLQJ�UHVLOLHQFH�DW�DQ�LQWHUPRGDO�WHUPLQDO�VXFK�DV�HIILFLHQF\��DGDSWDELOLW\��DQG�UREXVWQHVV�� WKH�PRVW�HIIHFWLYH�
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IDFWRUV�ZHUH�UHGXQGDQF\�DQG�IOH[LELOLW\��7KH�IRUPHU�FDQ�EH�GHILQHG�DV�WKH�DELOLW\�WR�PDLQWDLQ�V\VWHP�IXQFWLRQDOLW\�LQ�
FRQVLGHUDWLRQ�RI�UHVHUYH�UHVRXUFHV��ZKHUHDV�WKH�ODWWHU�LV�WKH�DELOLW\�WR�FKDQJH�DQG�DGDSW�WR�QHZ�VFHQDULRV�

7KH�PHWKRG�DGRSWHG�LQ�WKLV�VWXG\�LV�D�PLFUR�VLPXODWLRQ�DSSURDFK�WKDW�SURYLGHV�D�WRRO�IRU�HYDOXDWLQJ�WKH�UHVLOLHQFH�
RI�W\SLFDO�UDLOURDG�WHUPLQDOV�LQ�D�FULWLFDO�VFHQDULR��DQG�LW�HVWLPDWHV�WKH�HIIHFWV�RI�SRVVLEOH�UHFRYHU\�DFWLRQV�RQ�D�URDG�
VXE�V\VWHP��7R�LPSOHPHQW�WKLV�PHWKRG��WKUHH�PDLQ�VFHQDULRV�DUH�LQYHVWLJDWHG�E\�VLPXODWLRQ�

6���WKH�EDVHOLQH�VFHQDULR��XVHG�WR�EXLOG�WKH�UHIHUHQFH�PRGHO�RI�WKH�WHUPLQDO��FRQVLGHULQJ�DQ�HTXLOLEULXP�FRQGLWLRQ�
EHWZHHQ�VHUYLFH�DQG�DUULYDO�UDWHV�
6���WKH�GLVUXSWLRQ�VFHQDULR��XVHG�WR�VLPXODWH�D�SRVVLEOH�FUDQH�IDLOXUH��ZKLFK�LV�PDQDJHG�E\�VKLIWLQJ�WKH�UHODWHG�
IUHLJKW�RSHUDWLRQV�WR�D�FORVHU�FUDQH�
6���WKH�UHFRYHU\�VFHQDULR��XVHG�WR�VLPXODWH�WKH�HIIHFW�RI�D�VLPSOH�WUDIILF�FRQWURO�VWUDWHJ\�SURSRVHG�WR�PLWLJDWH�
QHJDWLYH�FRQGLWLRQV�DW�WKH�FUDQH�TXHXHV��DQG�WR�VXSSRUW�WKH�WHUPLQDO�UHWULHYDO�

,Q�D�FDVH�RI�LQWHQVH�WUDIILF��WKH�ERWWOHQHFN�FDXVHG E\�DQ�HTXLSPHQW�IDLOXUH�PD\�DIIHFW�RWKHU�SDUWV�RI�WKH�WHUPLQDO�
SURFHVV��WKH�LQWHUIDFHV�EHWZHHQ�WHUPLQDOV�DQG�URDGV��DQG�UDLOZD\�YHFWRUV�VXFK�DV�WUDLQ�GHSDUWXUHV��(YHQ�EHIRUH�WKHVH�
HIIHFWV��VDIHW\�SUREOHPV�PD\�DULVH�RZLQJ�WR�WKH�DFFXPXODWLRQ�RI�YHKLFOHV�LQ WKH�WHUPLQDO�DUHD�ZDLWLQJ�WR�EH�VHUYHG�E\�
WKH�DYDLODEOH�FUDQH��DQG�WKHVH�SUREOHPV�DUH�DOVR�VLPXODWHG�

�� &ULWLFDO�VFHQDULRV�LQ�UDLOURDG�WHUPLQDO�SURFHVV

7KH�PDLQ�WHUPLQDO�RSHUDWLRQV�FDQ�EH�JURXSHG�DV�IROORZV��KDQGOLQJ�RSHUDWLRQV�E\�VSHFLILF�HTXLSPHQW��WHUPLQDO�DUHD�
PDQDJHPHQW��LQFRPLQJ�RXWJRLQJ�PRYHPHQWV�IRU�WUDLQV��DQG�LQFRPLQJ�RXWJRLQJ�PRYHPHQWV�IRU�URDG�YHKLFOHV��7KH�NH\�
VHUYLFHV�LQ�D�W\SLFDO�UDLOURDG�FRPELQHG�WUDQVSRUW�WHUPLQDO��IRFXVLQJ�RQ�URDG�YHKLFOHV��DUH�DV�IROORZV��)LJ�����

&KHFN�LQ� RSHUDWLRQV� IRU� WUXFNV� HQWHULQJ� WKH� WHUPLQDO�� 7KHVH� RSHUDWLRQV� LQFOXGH� LQVSHFWLRQ� SURFHGXUHV� DQG�
GRFXPHQW� PDQDJHPHQW� IRU� JRRGV� DQG� GULYHUV�� WKHVH� WZR� RSHUDWLRQV� FDQ� EH� SHUIRUPHG� LQ� VHSDUDWH� SODFHV��
�&.B,1B3+< DQG�&.B'2&�
/RDGLQJ�RU�XQORDGLQJ�RSHUDWLRQV�XQGHU�FUDQHV�IURP�WKH�WUXFN�WR�WKH�UDLOZD\�ZDJRQ�RU�YLFH�YHUVD��LQFOXGLQJ�LQ�
VSHFLDO�DUHDV�LQ�FDVH�RI�WHFKQLFDO�VWRSV��RU�LQ�SDUNLQJ�ORWV�IRU�VHPLWUDLOHUV���&5$1(�[�
&KHFN�RXW�RSHUDWLRQV�IRU�WUXFNV�OHDYLQJ�WKH�WHUPLQDO���&.B287�

7KH�PRGHO�IRFXVHV�RQ�DOO�WKH�HOHPHQWV�WKDW�DIIHFW�WKH�WUDIILF�UHODWHG�WR�WKH�URDG�VLGH�RI�WKH�WHUPLQDO�DQG�WR�VLPSOLI\
WKH�VLPXODWLRQ��WKH�UDLOZD\�WUDIILF�LV�QRW�FRQVLGHUHG��7KH�WUDIILF�IORZ�LV�LPSOHPHQWHG�LQ�WKH�VHOHFWHG�VLPXODWLRQ�WRRO�WR�
UHSURGXFH�LQWHUDFWLRQV�DPRQJ�YHKLFOHV�DQG�IORZ�LQWHUUXSWLRQV�DW�SRLQWV�ZKHUH�VHUYLFHV�DUH�SURYLGHG��

)LJ���� 7HUPLQDO�VLPXODWHG�OD\RXW�DQG�WUXFNV�DFWLYLWLHV�ORFDWLRQV�



��� $QJHOD�&DUERQL��HW�DO����7UDQVSRUWDWLRQ�5HVHDUFK�3URFHGLD��������������±���

$Q�LQWHUPRGDO�WHUPLQDO�FDQ�EH�VHHQ�DV�D�V\VWHP�FRPSRVHG�E\�VXE�SURFHVVHV�OLQNHG�ZLWK�HDFK�RWKHU��ZLWK�GLIIHUHQW�
SRLQWV�RI� LQWHUDFWLRQ��)RU�H[DPSOH�� WKH� WUDLQ� ORDGLQJ�RSHUDWLRQV�DQG�GHSDUWXUH�FDQ�EH� LQIOXHQFHG�E\� WKH�HTXLSPHQW�
SHUIRUPDQFH�DQG�WUXFN�DUULYDO�VFHQDULR��7KXV��D�SRVVLEOH�GLVUXSWLRQ�RI�D�WHUPLQDO¶V�VXE�SURFHVV�FDQ�KDYH�FRQVHTXHQFHV��
ERWK�RQ�WKH�RWKHU�VXE�SURFHVVHV�LQVLGH�WKH�WHUPLQDO��DQG�RQ�WKH�LQWHUPRGDO�FKDLQ��7KH�SURSRVHG�GLVUXSWLRQ�VFHQDULR�
VLPXODWHV�D�WHPSRUDU\�VHUYLFH�LQWHUUXSWLRQ�RI�RQH�FUDQH�RXW�RI�VL[��DV�VKRZQ�LQ )LJ�����DQG�LPSOLHV�VRPH�UHDUUDQJHPHQWV�
RI�WKH�SURFHVV�WR�UHGXFH�RSHUDWLRQDO�GHOD\V�DQG�TXHXHV��

7R�UHFRYHU�WKH�ORDGLQJ��XQORDGLQJ�SURFHVV�RI�WKH�WUDLQ��LW�LV�DVVXPHG�WKDW�WKH�ZRUNORDG�SODQQHG�IRU�WKH�XQDYDLODEOH�
FUDQH�FDQ�EH�WHPSRUDULO\�SHUIRUPHG�E\�WKH�IROORZLQJ�FUDQH�LQ�WKH�ODQH��,Q�WKLV�ZD\��WKH�VDPH�WUDLQ�FDQ�EH�ORDGHG�DW�WKH�
SODQQHG� WUDFN�� ZLWKRXW� DGGHG� PDQHXYHUV�� DVVXPLQJ� WKDW� RSHUDWLRQDO� DUHDV� RI� WKH� WZR� FUDQHV� FDQ� EH� RYHUODSSHG��
+RZHYHU�� WKLV UHFRYHU\�VFHQDULR�FDQ�EH�FULWLFDO� IRU� WKH� WHUPLQDO�SHUIRUPDQFH� LQ� WHUPV�RI�ERWK�VDIHW\�DQG�VHFXULW\��
RZLQJ� WR� WKH� KLJKHU� QXPEHU� RI� KHDY\�GXW\� YHKLFOHV� SDUNHG� LQ� WKH� OLPLWHG� DUHD� IRU� WKH� ORDGLQJ� DQG� XQORDGLQJ� RI�
LQWHUPRGDO�WUDQVSRUW�XQLWV��,78V���DQG�LQ�WHUPV�RI�WKH�FRPIRUW�IRU�WUXFN�GULYHUV��ZKR�PD\�LQFUHDVH�WKHLU�ZDLWLQJ�WLPH�
DW�FUDQHV�RZLQJ� WR� WKH�GHFUHDVH� LQ�VHUYLFH� UDWH��7KXV��D�VLPSOH� WUDIILF�FRQWURO�VWUDWHJ\� LV�SURSRVHG� WR� LPSOHPHQW�D�
UHDVRQDEOH�DQG�SUDFWLFDO�FRPSURPLVH�EHWZHHQ�WKH�QHHGV�RI�WKH�XVHUV DQG�WKRVH�RI�WHUPLQDO�RSHUDWRUV��E\�VWRSSLQJ�WKH�
YHKLFOHV�LQ�D�SDUNLQJ�DUHD��&.B'2&�LQ )LJ�����IRU���PLQXWHV��WZLFH�WKH�DYHUDJH�F\FOH�WLPH�RI�WKH�FUDQH��ZKHQ�WKH�
PD[LPXP�TXHXH�DW�FUDQH���LV�JUHDWHU�WKDQ���YHKLFOHV��7KLV�VHWWLQJ�IRU�WKH�FRQWURO�SDUDPHWHUV�KDV�EHHQ�GHWHUPLQHG�YLD�
WULDO�DQG�HUURU�WR�DYRLG�ERWK�WKH�SDUNLQJ�DUHD�VDWXUDWLRQ�DQG�DQ�LQFUHDVH�RI�WKH�HQWU\�TXHXH�

�� 0HWKRG

&RQVLGHULQJ�WKDW�WKH�SURSRVHG�PHWKRG�IRFXVHV�RQ�WUDIILF�LQWHUDFWLRQV�FRQFHUQLQJ�FRQQHFWLQJ�URDGV��YHKLFOH�TXHXHV��
DQG�HQHUJ\�FRQVXPSWLRQV��D�PLFURVLPXODWLRQ�WRRO�KDV�EHHQ�VHOHFWHG�WR�GHWHUPLQH�UHDOLVWLF�EHKDYLRU�DQG�HQKDQFH�WKH�
UHVXOWV�REWDLQHG�E\�PRGHOOLQJ�WKH�WHUPLQDO�SURFHVV�ZLWK�GLVFUHWH�HYHQW�VLPXODWLRQ��

$�W\SLFDO�WHUPLQDO�IRU�WKH�WUDQVVKLSPHQW�RI�,78V�EHWZHHQ�UDLOZD\�DQG�URDG�LV�VLPXODWHG�XVLQJ�$LPVXQ��DV�D�WUDIILF�
PLFURVLPXODWLRQ�WRRO��7KH�FKRVHQ�WHUPLQDO�OD\RXW�ZDV�EDVHG�RQ�2SHQ6WUHHW0DS�GDWD�RI�D�ODUJH�VL]H�,WDOLDQ�WHUPLQDO��
+XSDF�%XVWR�$UVL]LR�*DOODUDWH��7KH�WHUPLQDO�SDUW�VLPXODWHG�LQ�WKH�PLFURVLPXODWLRQ�PRGHO�LV�VKRZQ�LQ�)LJ��� ZKHUHLQ�
WKH� DFWLYLWLHV� DQG� ORFDWLRQV�RI� WKH� WUXFNV� DUH� LGHQWLILHG� DQG� UHSUHVHQWHG��7KH� WUXFN� IORZ� LV� VLPXODWHG� XVLQJ�SXEOLF�
WUDQVSRUW�OLQHV��DV�SURSRVHG�LQ�&DUERQL�DQG�'HIORULR���������ZLWK�VSHFLILF�VWRSV�ZKHUH�VHYHUDO�WHUPLQDO�VXE�SURFHVVHV�
DUH�FDUULHG�RXW��ZKLFK�UHTXLUH�W\SLFDO�SUHGHILQHG�GXUDWLRQV��7KH�HLJKW�VHUYLFH�OLQHV�DUH�FKRVHQ�WR�UHSURGXFH�WKH�WUXFN�
IORZ�EDVHG�RQ�WKH�FKDUDFWHULVWLFV�RI�WKH�PLVVLRQ��GHOLYHU\��FROOHFWLRQ��RU�ERWK���DQG�E\�YDU\LQJ�WKH�GHVWLQDWLRQ�FUDQHV�
IRU�WKH�WUDQVIHU��DV�UHSRUWHG�LQ 7DEOH����$Q\�PLFURVLPXODWLRQ�H[SHULPHQW�LV�FRPSRVHG�RI�WHQ�UHSOLFDWLRQV�IRU�D�RQH�
KRXU�VLPXODWLRQ�SHULRG��7KH�VWDWLVWLFV�DUH�FROOHFWHG�DIWHU�HYHU\�ILYH�PLQXWHV��DQG�WKH�LQGLFDWRUV�IRU�WKH�FRPSDULVRQ DUH�
FDOFXODWHG�EDVHG�RQ�WKH�DYHUDJH�YDOXHV��7KH�OD\RXW�RI�WKH�SDUNLQJ�DUHD�IRU�GRFXPHQW�FRQWURO��&.B'2&�LQ )LJ�����
UHTXLUHV� DQ� DFFXUDWH� JHRPHWULF� GHILQLWLRQ� RI� URDG� VHFWLRQV� GXULQJ� WKH�PRGHOOLQJ� SKDVH� WR� DYRLG� WKH� JHQHUDWLRQ� RI�
XQUHDOLVWLF�WUDIILF�FRQIOLFWV�LQ�VLPXODWLRQV�

)LJ���� �D��6FKHPH�RI�W\SLFDO�WHUPLQDO�OD\RXW�LQ�EDVH�VFHQDULR���E��LQ�GLVUXSWLYH�VFHQDULR��FUDQH�IDLOXUH� �UHG�FRORU��
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7DEOH��� 2SHUDWLRQ�RUGHU
�IRU�FUDQHV�DQG�UHODWLRQ�ZLWK�OLQHV

&UDQH

/LQH � � � � � �
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�, �ILUVW��,, VHFRQG

���� 7UDIILF�VFHQDULR

7KH�EDVHOLQH�VFHQDULR��6���LV�VHW�XVLQJ�WKH�SDUDPHWHUV�UHSRUWHG�LQ 7DEOH����VR�DV�WR�FRQVLGHU�WKH�V\VWHP�LQ�QHDU�
FDSDFLW\�DQG�XQGHU�VDWXUDWLRQ�FRQGLWLRQV��,Q�WKH�FUDQH�IDLOXUH�VFHQDULR��6����WKH�LQSXW�WUDIILF�GHPDQG�LV�WKH�VDPH��EXW�
FUDQH���LV�SXW�RXW�RI�VHUYLFH�DIWHU�DSSUR[LPDWHO\�RQH�KDOI�KRXU�RI�WKH�VLPXODWLRQ�SHULRG��WKXV�UHPRYLQJ�WKH�VWRS�DQG�
VLPXODWLQJ�WKH�GHYLDWLRQ�RI�WKH�WUDQVVKLSPHQW RSHUDWLRQ�WR�FUDQH����7KLV�FRQVWUDLQW�LV�UHODWHG�WR�WKH�FKRVHQ�WHUPLQDO�
OD\RXW��DV�SUHYLRXVO\�PHQWLRQHG��$FFRUGLQJ�WR�WKH�OLQH�FRQILJXUDWLRQ�GHVFULEHG�LQ�7DEOH����WKH�VHUYLFH�OLQHV���DQG���
PXVW�FKDQJH�WKHLU�SDWK�

7DEOH����6RPH�LPSRUWDQW�GDWD�IRU�WKH�VLPXODWLRQ�RI�WKH�EDVH�VFHQDULR�6�

'DWD�IRU�VLPXODWLRQ

&UDQH�DYHUDJH�VHUYLFH�WLPH ��PLQXWHV�����V�

8QLWDU\�VHUYLFH�UDWH���� ���YHKLFOHV�K

1XPEHU�RI�RSHUDWLYH�FUDQHV �

7RWDO�DYHUDJH�VHUYLFH�UDWH ����YHKLFOHV�K

1XPEHU�RI�VHUYLFH�OLQHV �

6LQJOH�DUULYDO� ���YHKLFOHV�K

/LQHV�IUHTXHQF\ ��PLQXWHV������V�

'RFXPHQWV�FKHFN��RQH�RSHUDWLRQ� ���V������V�

'RFXPHQWV�FKHFN��GRXEOH�RSHUDWLRQ� ���V������V�

7UDQVVKLSPHQW�RSHUDWLRQ� ���V������V�

:DUP�XS�SHULRG� ���PLQXWHV

���� .H\�SHUIRUPDQFH�LQGLFDWRUV��.3,��

7KH�UDLOURDG�FRPELQHG�WUDQVSRUW��DV�ZHOO�DV�WKH�UDLOURDG�WHUPLQDO��UHTXLUHV�D�KHWHURJHQHRXV�VROXWLRQ�ZKLFK�LQYROYHV�
VHYHUDO�RSHUDWRUV��7KH�WHUPLQDO�SHUIRUPDQFH�FDQ�EH�HYDOXDWHG�WKURXJK�NH\�SHUIRUPDQFH�LQGLFDWRUV��.3,V���ZKLFK�PD\�
EH� GLIIHUHQW� DFFRUGLQJ� WR� WKH� VWDNHKROGHUV� DQG� WKHLU� JRDOV�� 6HYHUDO� LQGLFDWRUV� DUH� SURSRVHG� LQ� WKH� OLWHUDWXUH� IRU�
HYDOXDWLQJ�LQWHUPRGDO�WHUPLQDO�SHUIRUPDQFH�EDVHG�RQ�HFRQRP\��TXDOLW\��DQG�HIILFLHQF\ ��&DUERQL�DQG�'HIORULR���������
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�0DUWtQ�HW�DO�����������6LFLOLDQR�HW�DO�����������0RUDOHV�)XVFR�HW�DO�����������2(&'����������
7KH�SHUIRUPDQFH�LQGLFDWRUV�VHOHFWHG�IRU�REWDLQLQJ�DQ�RYHUYLHZ�RI�WHUPLQDO�SHUIRUPDQFH�LQ�GLIIHUHQW�VFHQDULRV�DUH�

WKH�WUDIILF�IORZ�LQ�WHUPV�RI�WKH�WUDIILF�FXPXODWLYH�FXUYH��WRWDO�WUDYHO�WLPH��WXUQDURXQG�WLPH��IURP�FKHFN�LQ�WR�FKHFN�RXW�
RSHUDWLRQV��DQG�DYHUDJH�GHOD\�IRU�DOO�YHKLFOHV��7KH�WXUQDURXQG�WLPH�LV�WKH�WRWDO�WLPH�HODSVHG�EHWZHHQ�WKH�HQWUDQFH�RI�D�
WUXFN�DW�WKH�WHUPLQDO�IRU�GHOLYHU\�RU�SLFNXS�RI�DQ�,78�DQG�LWV�H[LW�IURP�WKH�VDPH��LW�LQGLFDWHV�WKH�GHJUHH�RI�XWLOL]DWLRQ�
DQG�SURGXFWLYLW\��&DUERQL�DQG�'HIORULR���������7R�IRFXV�RQ�WKH�LPSDFW�RI�HTXLSPHQW�IDLOXUH�RQ�YHKLFOHV�WKDW�VKRXOG�
KDYH�EHHQ�VHUYHG�E\�WKH�EURNHQ�FUDQH��GLVDJJUHJDWHG�YDOXHV�RI�WKH�LQGLFDWRUV�IRU�WKH�LQYROYHG�VHUYLFH�OLQH�DUH�DOVR�
SURYLGHG�

$FFRUGLQJ�WR�WKH�VLPXODWHG� OD\RXW�� WKH�PDLQ�HIIHFW�RI�WKH�LQWHUUXSWLRQ�LV�H[SHFWHG�RQ�WKH�RSHUDWLRQV�RI�FUDQH����
ZKHUH� WKH�VHUYLFHV�RI�FUDQH���DUH�DOVR�DOORFDWHG��7KHUHIRUH�� WKH�PD[LPXP�TXHXH�DQG� WKH�DYHUDJH�GHOD\� LQGLFDWRUV�
REVHUYHG�RYHU�WKH�VLPXODWLRQ�SHULRG�DUH�XVHIXO�WLPH�GHSHQGHQW�LQGLFDWRUV�IRU�VXSSRUWLQJ�WHUPLQDO�PDQDJHPHQW��7KHVH�
LQGLFDWRUV�FDQ�DOVR�KLJKOLJKW�WHUPLQDO�UHGXQGDQF\�WR�WDFNOH�FULWLFDO�VFHQDULRV��DQG�WKH\�FDQ�PHDVXUH�WKH�VWDWH�RI�WUDIILF�
DW�WKH�WHUPLQDO�DQG�FRQVHTXHQW�VHFXULW\�SUREOHPV��)LQDOO\��HQHUJ\�DQG�HQYLURQPHQWDO�LPSDFWV�DUH�DOVR�LQYHVWLJDWHG�IRU�
GLIIHUHQW�VFHQDULRV�WR�DVVHVV�WKH�HIIHFW�RI�HTXLSPHQW�IDLOXUH�DQG�SRVVLEOH�JDWLQJ�VWUDWHJ\�VROXWLRQV��$V�H[SODLQHG�LQ�
&DUERQL�DQG�'HIORULR���������WKH�IXHO�FRQVXPSWLRQ�LV�HVWLPDWHG�IURP�HPLVVLRQ�GDWD�SURYLGHG�E\�WKH�3DQLV�HW�DO���������
PRGHO�LPSOHPHQWHG�LQ�$LPVXQ���,Q 7DEOH����WKH�HVWLPDWHG�LQGLFDWRUV�DUH�FODVVLILHG�EDVHG�RQ�GLIIHUHQW�SRLQWV�RI�YLHZ�
�JOREDO�IRU WKH�HQWLUH�WHUPLQDO��RU�IRU�WKH�FUDQH�RU�VHUYLFH�OLQH��DQG�WKHLU�VFRSHV�VXFK�DV�VDIHW\��HQYLURQPHQW��HIILFLHQF\��
DQG�UHVLOLHQFH�

7DEOH����6HOHFWHG�SHUIRUPDQFH�LQGLFDWRUV�DQG�UHODWHG�SHUVSHFWLYH�DQG�VFRSH�

3HUIRUPDQFH�
,QGLFDWRU

/HYHO 6FRSH

7HUPLQDO &UDQH 6HUYLFH�/LQH 6DIHW\�VHFXULW\ (QYLURQPHQW (IILFLHQF\ 5HVLOLHQFH

7UDIILF�IORZ

7XUQDURXQG�WLPH

'HOD\

0D[�TXHXH

)XHO�FRQVXPSWLRQ

�� 5HVXOWV

$V�D�JOREDO�UHVXOW��WKH�LPSDFW�RI�FUDQH�IDLOXUH�FDQ�EH�PHDVXUHG�DV�DQ�DSSUR[LPDWH����UHGXFWLRQ�RI�WKH�WHUPLQDO�

)LJ��� &UDQH���� �D��DYHUDJH�GHOD\�WLPH�SHU�YHKLFOH���E��PD[�TXHXH�LQ�WKUHH�VFHQDULRV�
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WKURXJKSXW�� IURP �� ,78V� SHU� KRXU� LQ� 6�� WR� ��� ,78V� SHU� KRXU LQ� 6��� 7KH� GLIIHUHQFH� EHWZHHQ� WKH� LQSXW� IORZ�
�DSSUR[LPDWHO\����,78V�K��DQG�WKH�QXPEHU�RI�XQLWV�OHDYLQJ�WKH�WHUPLQDO��ZKLFK�PHDQV�DSSUR[LPDWHO\�WZHQW\�YHKLFOHV�
LQVLGH�WKH�V\VWHP�DW�WKH�HQG�RI�WKH�VLPXODWLRQ��LV�FDXVHG�E\�WKH�QHDU�FDSDFLW\�VFHQDULR�DQG�WKH�YDULDELOLW\�RI�DUULYDO�DQG�
VHUYLFH�UDWHV��7KH�WLPH�VHULHV�IRU�WKH�SHUIRUPDQFH�LQGLFDWRUV�IRFXVHG�RQ�FUDQH���DUH�VKRZQ�LQ )LJ����

7KH�LPSDFW�RI�HTXLSPHQW�IDLOXUH�LQ�WKH�GLVUXSWLRQ�VFHQDULR��6���LV�HYLGHQW��7KH�JUDSKV�UHSRUW�WKH�DYHUDJH�YDOXH�
�WKLFN�OLQHV��DQG�YDULDWLRQ�RI�SDUDPHWHUV�VXFK�DV�RSHUDWLRQ�GXUDWLRQ�DQG�YHKLFOH� IHDWXUH GXH�WR�UDQGRP�SKHQRPHQD��
ZKLFK�DUH�REVHUYHG�ZKLOH�JHQHUDWLQJ�WKH�UHSOLFDWLRQV��

2YHU�WKH�VLPXODWLRQ�SHULRG��WKH�QXPEHU�RI�YHKLFOHV�ZDLWLQJ�WR�EH�VHUYHG�E\ FUDQH���LQFUHDVHV�XS�WR�VHYHQ��ZKLFK�
FDQ�FDXVH�VHFXULW\�SUREOHPV�LQ�WKH�ODQH�GXH�WR�VSDFH�DQG�FOHDUDQFH�QHHGV�IRU�,78�PRYHPHQWV�ZLWKLQ�WKH�WHUPLQDO��DQG�
WKH�ORFDO�DFFXPXODWHG�GHOD\�FDQ�EH�SHUFHLYHG�DV�D�SUREOHP�E\�WUXFN�GULYHUV��7KH�FULWLFDO�VFHQDULR��VLPXODWHG�LQ�6���
LPSDFWV�WKH�WHUPLQDO�SHUIRUPDQFH��DQG�WKH�FUDQH�UHGXQGDQF\�RQO\�SDUWLDOO\�PLWLJDWHV�WKH�SUREOHP��$�WKLUG�VFHQDULR�
�6��� LV� WKHQ� LQWURGXFHG� WR� VLPXODWH� D� VLPSOH� DQG� LQWXLWLYH� JDWLQJ� VWUDWHJ\� IRU� FRQWUROOLQJ� WKH� WUDIILF� DQG� DYRLGLQJ�
VHFXULW\�DQG VDIHW\�SUREOHPV�LQ�WKH�FUDQH�DUHDV��7KH�UHVXOWV�FRQILUP�WKH�VDPH�WKURXJKSXW�YDOXH�DV�REWDLQHG�LQ�6������
,78V�K���ZKLFK�LV��WKHUHIRUH��QRW�UHGXFHG�E\�WKH�FRQWURO�VWUDWHJ\��LW�LV�DOVR�FRQILUPHG�WKH�LPSURYHPHQW�RI�WKH�WHUPLQDO�
SHUIRUPDQFH�LQ�UHGXFLQJ�WKH�GHOD\�DQG�WKH�PD[LPXP�TXHXH�IRU�FUDQH����)LJ�����3RVLWLYH�LPSDFWV�FDQ�DOVR�EH�REVHUYHG�
RQ�WKH�DIIHFWHG�VHUYLFH�OLQH��,Q�WKDW�UHJDUG��)LJ��� UHSRUWV�WKH�DYHUDJH�GHOD\�WLPH�SHU�YHKLFOH�DQG�WXUQDURXQG�WLPH�IRU�
OLQH����7KH�JDWLQJ�VWUDWHJ\�LQ�6��FOHDUO\�FRQWULEXWHV�WR�KROGLQJ�WKH�GHOD\V�FDXVHG�E\�WKH�FUDQH�IDLOXUH�LQ�WKH�ILQDO�SDUW�
RI�WKH�VLPXODWLRQ�SHULRG��)LQDOO\��FRQVLGHULQJ�WKH�LPSDFW�RQ�WKH�HQHUJ\�FRQVXPHG�E\�WKH�WUXFNV�LQ�WKH�WHUPLQDO��WKH�
WHVWHG�WUDIILF�FRQWURO�VROXWLRQ�UHGXFHV�WKH�WRWDO�IXHO�FRQVXPSWLRQ�E\�DSSUR[LPDWHO\����ZLWK�UHVSHFW�WR�6���

�� &RQFOXVLRQ

7KLV�SDSHU�SUHVHQWV�D�PLFUR�VLPXODWLRQ�DSSURDFK�WR�SURYLGH�D�WRRO�IRU�WKH�HYDOXDWLRQ�RI�UHVLOLHQFH�RI�W\SLFDO�UDLOURDG�
WHUPLQDOV�LQ�D�FULWLFDO�VFHQDULR�VXFK�DV�WKH�WHPSRUDU\�XQDYDLODELOLW\�RI�D�JDQWU\�FUDQH��7KH�WHUPLQDO�HTXLSPHQW�FDQ�
LQGHHG�EH�FULWLFDO�EHFDXVH�DV�WKHLU�QXPEHU�LV�RIWHQ QRW�GHVLJQHG�DFFRUGLQJ�D�KLJK�OHYHO�RI UHGXQGDQF\�WR�UHGXFH�WKH�
FRVW�RI�WKH�ORJLVWLFV�LQIUDVWUXFWXUH��

7KUHH�PDLQ�VFHQDULRV�DUH�LQYHVWLJDWHG�LQ�D�VLPXODWLRQ�HQYLURQPHQW��6WDUWLQJ�IURP�WKH�EDVHOLQH�VFHQDULR��6����D�FUDQH�
GLVUXSWLRQ�LV�VLPXODWHG�LQ�VFHQDULR�6���WKH�HIIHFWV�RI�ZKLFK�KDYH�EHHQ�PLWLJDWHG�LQ�VFHQDULR�6��E\�DSSO\LQJ�D�WUDIILF�
FRQWURO�VWUDWHJ\��7KH�HYDOXDWLRQ�ZDV�FDUULHG�RXW�ZLWK�WKH�VXSSRUW�RI�W\SLFDO�SHUIRUPDQFH�LQGLFDWRUV�TXDQWLILHG�LQ�WKH�
VLPXODWLRQ�IURP�WKH�FUDQH��VHUYLFH�OLQH�RU�WHUPLQDO�SHUVSHFWLYH��0RUHRYHU��PRQLWRULQJ�TXHXH�DQG�GHOD\�YDOXHV�FDQ�
VXSSRUW�WHUPLQDO�PDQDJHPHQW��HYHQ�LQ�FDVHV�WKDW�XVH�WKH�WUDIILF�FRQWURO� VWUDWHJLHV SURSRVHG�LQ�WKLV�VWXG\��$�JDWLQJ�
VWUDWHJ\�ZDV�WHVWHG�XQGHU�WKH�DVVXPSWLRQ�WKDW�YHKLFOHV�FRXOG�EH�OLJKWO\�GHOD\HG�LQ�DGYDQFH�DW�D�SDUNLQJ�DUHD�IDU�IURP�

)LJ���� /LQH���± �D��DYHUDJH�GHOD\�WLPH�SHU�YHKLFOH���E��WRWDO�WUDYHO�WLPH�LQ�WKUHH�VFHQDULRV�
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WKH�FUDQHV�ZKHQ�WKH�PD[LPXP�TXHXH�DW�D�FUDQH�H[FHHGV�DQ�HVWDEOLVKHG�WKUHVKROG��7KH�VLPXODWLRQ�UHVXOWV�VKRZ�WKDW�WKH�
SURSRVHG�FRQWURO�PHWKRG�FDQ�UHGXFH�GHOD\V�DQG�TXHXHV�LQ�WKH�PRVW�FRQJHVWHG�]RQH�ZLWKRXW DQ\�GUDZEDFNV�RQ�WKH�
VDWXUDWLRQ�FRQGLWLRQ�DW�WKH�HQWUDQFH�SDUNLQJ�DUHD�RU�WKH�ZDLWLQJ�WLPHV�IRU�WUXFNV��,Q�IDFW��SRVLWLYH�LPSDFWV�DUH�REVHUYHG�
RQ�WKH�GHOD\�WLPHV�HVWLPDWHG�IRU�YHKLFOHV�RSHUDWLQJ�RQ�WKH�VHUYLFH�OLQH�DIIHFWHG�E\�D�FUDQH�IDLOXUH�

$OO� WKH� GDWD� XVHG� LQ� VLPXODWLRQ� H[SHULPHQWV� GHVFULEH� UHDOLVWLF� VFHQDULRV� DQG� DUH� DVVXPHG� EDVHG� RQ� SUDFWLFDO�
H[SHULHQFH� PDLQO\�WR�WHVW�SURFHVV�RSHUDWLRQV�XQGHU�W\SLFDO�FRQGLWLRQV��)XUWKHU�UHVHDUFK�FDQ�EH�FDUULHG�RXW�WR�DSSO\�WKH�
VLPXODWLRQ�PRGHO DQG LQYHVWLJDWH�IXUWKHU�FULWLFDO�VFHQDULRV�IRU�LQWHUPRGDO�WHUPLQDOV�RU�IRU�RWKHU�ORJLVWLF�IDFLOLWLHV��DQG�
HYDOXDWH�VLPLODU�FRQWURO�VWUDWHJLHV�IRU�LPSURYLQJ�WHUPLQDO�UHVLOLHQFH�

5HIHUHQFHV
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