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:H�SUHVHQW�D�K\SRWKHWLFDO�TXDQWXP�VFDWWHULQJ�PRGHO�WR�SURSRVH�D�QRYHO�HOHFWUROXPLQHVFHQFH�GHYLFH��$GRSWLQJ

WKH�IHDWXUHV�RI�VROLG�VWDWH�VHPLFRQGXFWRU�/('�DQG�H[FLSOH[�ODVHU��WKH�FDWKRGH��HOHFWURQ�LQFRPLQJ�SRWHQWLDO��DQG

DQRGH� �HOHFWURQ� RXWJRLQJ� SRWHQWLDO�� DUH� PDGH� WR� FRUUHVSRQG� WR� WZR� ��GLPHQVLRQDO� UHVRQDQFH� VXSSRUWLQJ

SRWHQWLDOV��DQG�WKH�OLJKW�HPLWWLQJ�SDUW�WR�DQ�LQWHUDFWLRQ�SRWHQWLDO�LQ�WKH�LQWHUPHGLDWH�UHJLRQ��:KHQ�DQ�H[WHUQDO

YROWDJH�LV�DSSOLHG��WKH�HOHFWURQ�IORZV�LQWR�WKH�FDWKRGH�KDYLQJ�VPDOO�ZRUN�IXQFWLRQ��6XEVHTXHQWO\�LW�IORZV�YLD

/802�RI�WKH�³HOHFWURQ�LQFRPLQJ�SRWHQWLDO´��ORVHV�NLQHWLF�HQHUJ\�HPLWWLQJ�D�SKRWRQ��WKHQ�FRQWLQXHV�WR�IORZ�YLD

/802�RI�WKH�³HOHFWURQ�RXWJRLQJ�SRWHQWLDO´�XQOLNH�WKH�FRQYHQWLRQDO�/802�WR�+202�WUDQVLWLRQV�RFFXUULQJ�LQ

VROLG�VWDWH�VHPLFRQGXFWRU�/('��,Q�WKLV�PRGHO��WKH�SKRWRQ�IUHTXHQF\�FDQ�EH�FRQWUROOHG�E\�DGMXVWLQJ�WKH�DSSOLHG

YROWDJH��7KH�PRGHO�KRSHIXOO\�FRXOG�EH�UHDOL]HG�DV�SDUWLDOO\�FRQMXJDWHG�K\GURFDUERQ�FKDLQV�

.H\ZRUGV � 4XDQWXP��0RGHO��(OHFWUROXPLQHVFHQFH��6LPXODWLRQ�

,QWURGXFWLRQ

7KH� OLJKW� HPLWWLQJ� GHYLFH� KDV� LPSRUWDQW� SUDFWLFDO� DSSOL�

FDWLRQV� VXFK� DV� LQ�PXOWLPHGLD� GLVSOD\� GHYLFHV�� ,W� FRQYHUWV

HOHFWULFDO� HQHUJ\� LQWR� OLJKW� RI� VXLWDEOH� FRORU� DQG� LV� FDOOHG

HOHFWUROXPLQHVFHQFH� �(/�� GHYLFH��2QH� RI� WKH� YLUWXH� WKDW� D

JRRG� GHYLFH� PXVW� KDYH� LV� VXSHULRU� HQHUJ\� FRQYHUVLRQ

HIILFLHQF\��VLQFH�HIILFLHQW�GHYLFH�VDYHV�HOHFWULFDO�HQHUJ\��DQG

ODVWV� ORQJ� WKDQ�RWKHUZLVH��0HDQZKLOH�� OHVV� HIILFLHQW�GHYLFH

SURGXFHV� ODUJH� DPRXQW� RI� KHDW� ZKLFK� VKRUWHQV� WKH� GHYLFH

OLIH��(DVH�RI�IDEULFDWLRQ��FKHDS�SURGXFWLRQ�FRVW��HPLVVLRQ�RI

YDULRXV� FRORUV� DQG� IOH[LELOLW\� RI� WKH� GHYLFH�ZRXOG� DOVR� EH

DGGLWLRQDO�YLUWXH��

,QRUJDQLF� DQG� RUJDQLF�PDWHULDOV� KDYH� EHHQ� XVHG� DV� OLJKW

HPLWWLQJ� PHGLD�� 7KH� IRUPHU� LQFOXGHV� VROLG� VWDWH� VHPLFRQ�

GXFWRUV��DQG�WKH�ODWWHU�LQFOXGHV�VPDOO�PROHFXODU�IOXRUHVFHQW

G\HV� DQG� FRQMXJDWHG� SRO\PHUV�� 3DUWLFXODUO\�� WKH� RUJDQLF

SRO\PHUV�KDYH�VHYHUDO�DGYDQWDJHV�RYHU�RWKHU�PDWHULDOV�VXFK

DV� ORZ� GULYLQJ� YROWDJH�� FRQYHQLHQW� IDEULFDWLRQ� SURFHGXUH�

FKHDS�FRVW��SRVVLELOLW\�RI�PDNLQJ�IOH[LEOH�GLVSOD\�GHYLFH�DQG

PDNLQJ�WKH�HPLWWLQJ�FHOO�VL]H�ODUJH� �

+RZHYHU�� WKH\� RSHUDWH� ZLWK� UHODWLYHO\� ORZ� FRQYHUVLRQ

HIILFLHQFLHV�RI�D�IHZ�SHUFHQW��W\SLFDOO\��DW�SUHVHQW�VWDWH��7KH

LPSOLFDWLRQ�RI� VXFK�GUDZEDFNV� LQFOXGHV� HQHUJ\�ZDVWH�� DQG

PRUH�LPSRUWDQWO\�VKRUWHQLQJ�RI�WKH�GHYLFH�OLIH�FDXVHG�E\�WKH

KHDW� SURGXFHG� E\� QRQUDGLDWLYH� FXUUHQW� �� 7KHUHIRUH�� WKH

LPSURYHPHQW� RI� HQHUJ\� FRQYHUVLRQ� HIILFLHQF\� RI� WKH� (/

GHYLFH�LV�YDOXDEOH�

2QH�RI� WKH�RULJLQ�RI�VXFK�ORZ�HIILFLHQF\�FRXOG�EH�WUDFHG

EDFN�WR�WKH�UDQGRPQHVV�RI�WKH�PLFURVFRSLF�VWUXFWXUH�ZKLFK

PD\� LQFUHDVH� QRQUDGLDWLYH� TXHQFKLQJ� RI� HOHFWURQ� HQHUJ\�

ZKHUHDV� WKH� GHYLFH� LWVHOI� LV� RSHUDWLQJ� PDFURVFRSLFDOO\�

7KHUHIRUH�� LW� PD\� EH� IUXLWIXO� WR� VWDUW� WKH� GHVLJQ� RI� QRYHO

GHYLFH�IURP�PLFURVFRSLF�OHYHO�DW�ZKLFK�ZH�PD\�H[FOXGH�DQ\

UDQGRPQHVV�RI�WKH�GHYLFH�VWUXFWXUH�

+RSLQJ�IRU�GHYHORSLQJ�VXFK�KLJKO\�HIILFLHQW�(/�GHYLFH��ZH

SURSRVH� D� VLPSOH� K\SRWKHWLFDO� TXDQWXP� VFDWWHULQJ� PRGHO�

7KH� PRGHO� HIIHFWLYHO\� UHSUHVHQWV� D� PLFURVFRSLF� V\VWHP

FRPSRVHG�RI� WZR� VHJPHQWV�RI�FRQGXFWLQJ�PROHFXODU�ZLUHV

VHSDUDWHG�E\�ORZ�FRQGXFWLYLW\�PROHFXODU�EULGJH��,I�ZH�DGRSW

VXLWDEOH� SDUDPHWHUV� WR� GHILQH� WKH� QHFHVVDU\� ��GLPHQVLRQDO

SRWHQWLDO� HQHUJ\� VXUIDFHV� �3(6¶V�� FRUUHVSRQGLQJ� WR� WKH

PRGHO��ZH� FDQ� SHUIRUP� WKH� TXDQWXP� VFDWWHULQJ� VLPXODWLRQ

ZKHUH� WKH� UDZ� QXPHULFDO� UHVXOWV� DUH� WKH� WUDQVPLVVLRQ

SUREDELOLWLHV�RI�HOHFWURQ�IURP�RQH�VLGH�RI�WKH�V\VWHP�WR�WKH

RWKHU� VLGH� YLD� YDULRXV� SDWKZD\V� VXFK� DV� UDGLDWLYH� DQG

QRQUDGLDWLYH� WUDQVPLVVLRQV�� 7KHQ�� ZH� PD\� LQWHUSUHW� WKH

QXPHULFDO� UHVXOWV� LQ� WHUPV� RI� WKH� SHUIRUPDQFH� RI� VXFK

K\SRWKHWLFDO� (/� GHYLFH�� DQG� OHDUQ� D� KLQW� ZKLFK� PD\� EH

KHOSIXO�IRU�GHVLJQLQJ�D�UHDOLVWLF�QRYHO�GHYLFH�

7KH�SUHVHQW�PRGHO�DGRSWV�VHYHUDO�FRQFHSWXDO�FRPSRQHQWV

IURP� WKH� ZHOO�NQRZQ� OLJKW� HPLWWLQJ� DSSDUDWXVHV� OLNH� OLJKW

HPLWWLQJ�S�Q�MXQFWLRQ�GLRGH��/('���DQG�H[FLSOH[�ODVHU�����:H

GLVFXVV�WKH�GHWDLOV�LQ�ODWHU�VHFWLRQ�

,Q�6HF�����ZH�GHWDLO�KRZ� WKH�HOHFWURQ�HQHUJ\�FRQYHUWV� WR

OLJKW�LQ�RXU�K\SRWKHWLFDO�PRGHO��,Q�WKH�IROORZLQJ�6HF�����ZH

SUHVHQW� VDPSOH� FDOFXODWLRQ� UHVXOWV� DQG� LQWHUSUHW� WKHP� LQ

WHUPV�RI�WKH�HOHFWURQ�WR�SKRWRQ�FRQYHUVLRQ�HIILFLHQF\��$OVR�

WKH� GHSHQGHQFH� RI� HIILFLHQF\� RQ� WKH� PROHFXODU� VWUXFWXUDO

FKDUDFWHULVWLFV�LV�GLVFXVVHG��,Q�WKH�ILQDO�6HF�����ZH�VSHFXODWH

KRZ� DQ� (/� GHYLFH� FRUUHVSRQGLQJ� WR� RXU� PRGHO� FRXOG� EH

PDGH� LQ� UHDO� OLIH�� $QG�� ILQDOO\�� ZH� GLVFXVV� ZKDW� IXUWKHU

VWXGLHV�FRXOG�EH�GRQH�EDVHG�RQ�WKH�SUHVHQW�ZRUN�

3UHVHQW�0RGHO�6\VWHP

:H�H[SODLQ�KRZ�RXU�PRGHO� V\VWHP� LV� FRQVWUXFWHG�EHORZ

�VHH�)LJXUH�����

:H� LQWHQG� WR� XWLOL]H� VSRQWDQHRXV� HPLVVLRQ� SKHQRPHQRQ

IRU�OLJKW�HPLWWLQJ�PHFKDQLVP��ZKHUH�DQ�HOHFWURQ�RFFXS\LQJ(�PDLO��K\R#VXQFKRQ�DF�NU
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KLJKHU� HQHUJ\� OHYHO� VWDWH� HPLWV� OLJKW� VSRQWDQHRXVO\� DQG

PDNHV� WUDQVLWLRQ� WR� XQRFFXSLHG� ORZHU� HQHUJ\� OHYHO� VWDWH��

+LJKHU� HQHUJ\� HOHFWURQV� DUH� VXSSOLHG� FRQWLQXRXVO\� E\

DSSO\LQJ� H[WHUQDO� YROWDJH�ZKLFK� DOVR�PDLQWDLQV� WKH� HQHUJ\

OHYHO�VHSDUDWLRQ�EHWZHHQ�WKH�KLJKHU�DQG�ORZHU�HQHUJ\�VWDWHV

LQYROYHG�LQ�WKH�UDGLDWLYH�WUDQVLWLRQ�

7KH� KLJKHU� HQHUJ\� HOHFWURQ� RFFXSLHV� D� UHVRQDQFH� VWDWH

VXSSRUWHG� E\� DQ� DSSURSULDWH� ��GLPHQVLRQDO� 3(6� �QDPHO\�

9����DQG�LV�UHSUHVHQWHG�E\�D�XQLW�SUREDELOLW\�IOX[�LQFRPLQJ

ZDYHIXQFWLRQ�IURP�WKH�FDWKRGH��7KH�ORZHU�HQHUJ\�HOHFWURQ

ZLOO�RFFXS\�D�VLPLODU�UHVRQDQFH�VWDWH��VXSSRUWHG�E\�DQRWKHU

��GLPHQVLRQDO� 3(6� �9����� UHSUHVHQWHG� E\� RXWJRLQJ� ZDYH�

IXQFWLRQ� WRZDUG� WKH� HOHFWURQ� H[WUDFWLRQ� HOHFWURGH� �DQRGH�

DIWHU� ³UDGLDWLYH� WUDQVPLVVLRQ´� �HTXLYDOHQW� WR� ³VSRQWDQHRXV

HPLVVLRQ�LQ�RXU�PRGHO´��

7KH� UDGLDWLYH� WUDQVPLVVLRQ� SUREDELOLW\� GHSHQGV� RQ� WKH

LQWHUDFWLRQ� SRWHQWLDO� �9���� ZKLFK� UHSUHVHQWV� WKH� FRXSOLQJ

EHWZHHQ�RXWJRLQJ�DQG� LQFRPLQJ�ZDYHIXQFWLRQV��:LWK�RQO\

DERYH� WKUHH� 3(6¶V�� ZH� FDQQRW� UHSUHVHQW� WKH� QRQUDGLDWLYH

WUDQVPLVVLRQ�ZKLFK� LQHYLWDEO\� RFFXUV� LQ� UHDOLVWLF� GHYLFH� LQ

WKH�IRUP�RI�RKPLF�FXUUHQW�ORVV�DQG�ODUJHO\�FRQWULEXWHV�WR�WKH

LQHIILFLHQW�SHUIRUPDQFH�RI�DQ�(/�GHYLFH��7R�DFFRXQW�IRU�WKLV

HIIHFW��ZH�FKRRVH� WR� LQFOXGH�DGGLWLRQDO���GLPHQVLRQDO�3(6

�9���� DQG� LQWHUDFWLRQ� SRWHQWLDO� �9����� 7KH� 9��� VXSSRUWV

DQRWKHU� RXWJRLQJ� ZDYHIXQFWLRQ� ZKLFK� DFFRPPRGDWH� WKH

QRQUDGLDWLYHO\� WUDQVPLWWHG�HOHFWURQ��DQG�9���GHWHUPLQHV� WKH

QRQUDGLDWLYH�WUDQVPLVVLRQ�SUREDELOLW\��,Q�WHUPV�RI�VFDWWHULQJ

WKHRU\�� RXU� PRGHO� FRPSULVHV� WKUHH� RSHQ� FKDQQHOV�� L�H��� DQ

LQFRPLQJ�VFDWWHULQJ�VWDWH�RI�DQ�HOHFWURQ�IURP�WKH�FDWKRGH��DQ

RXWJRLQJ� VFDWWHULQJ� VWDWH� UHVXOWHG� IURP� UDGLDWLYH� WUDQVPL�

VVLRQ�� DQG� DQRWKHU� RXWJRLQJ� VFDWWHULQJ� VWDWH� UHVXOWHG� IURP

QRQUDGLDWLYH�WUDQVPLVVLRQ�

,Q�WKH�FDOFXODWLRQ��ZH�DVVXPH�WKDW�WKH�HIIHFW�RI�WKH�DSSOLHG

H[WHUQDO�YROWDJH�RFFXUV�RQO\�LQ�WKH�LQWHUDFWLRQ�UHJLRQ�ZKHUH

WKH� LQWHUDFWLRQ�SRWHQWLDOV�FRXSOH�9����9���� DQG�9���� ,Q�RWKHU

ZRUGV�� LW� LV� DVVXPHG� WKDW� WKH� HOHFWURVWDWLF� SRWHQWLDO� GURS

�ΦGURS��RQO\�DSSHDUV�LQ�WKH�UHJLRQ�ZKHUH�9���DQG�9����RU�9���

RYHUODSV�ZLWK�HDFK�RWKHU��DQG� WKDW� WKH�VKDSHV�RI� WKH�3(6¶V

GRQ¶W�FKDQJH��RQO\�WKH�EDVH�RI�9���LV�UDLVHG�E\�WKH�YDOXH�RI

ΦGURS�DJDLQVW�9����RU�9�����

7KH�DERYH�DVVXPSWLRQ�UHJDUGLQJ�WKH�SRVLWLRQ�RI�SRWHQWLDO

GURS�PD\�EH�UDWLRQDOL]HG�E\�QRWLQJ�WKDW�WKH�FRQGXFWLYLW\�RI

WKH�ZLUHV�FRUUHVSRQGLQJ�WR�9����9����RU�9����VKRXOG�EH�PXFK

JUHDWHU�WKDQ�WKDW�RI�WKH�EULGJH�FRUUHVSRQGLQJ�WR�9����RU�9����

&DOFXODWLRQ�DQG�,QWHUSUHWDWLRQ

:H� XVH� WKH� ORJ� GHULYDWLYH� YHUVLRQ� RI� .RKQ� YDULDWLRQDO

PHWKRG� RI� 0DQRORSRXORV� DQG� :\DWW� WR� REWDLQ� QXPHULFDO

WUDQVPLVVLRQ�SUREDELOLWLHV�IRU�RXU�PRGHO���7KLV�PHWKRG�KDV

VHYHUDO� FRQYHQLHQW� IHDWXUHV� VXFK� DV� SURGXFLQJ� XQLWDU\

VFDWWHULQJ� PDWUL[�� DQG� XVH� RI� UHDO� DOJHEUD� RQO\�� DQG� UDSLG

FRQYHUJHQFH�DV�EDVLV�VHW�JURZV��(VSHFLDOO\��LW�LV�VXLWDEOH�IRU

��GLPHQVLRQDO�SUREOHPV�OLNH�WKH�SUHVHQW�PRGHO��EHFDXVH�RQH

VHW� RI� EDVLV� IXQFWLRQ� LV� VXIILFLHQW�� QRW� PXOWLSOH� VHWV� RQ

GLIIHUHQW�FRRUGLQDWH�V\VWHPV�

:H�ILUVW�DGMXVW�WKH�SDUDPHWHUV�IRU�9���VXFK�WKDW�LW�VXSSRUWV

VHYHUDO� UHVRQDQFH� VWDWHV�ZLWK� HQHUJ\� OHYHOV� VHSDUDWHG�E\� D

IHZ� HOHFWURQ� YROWV� �H9��� 7KH� VKDSHV� RI� 9��� DQG� 9��� DUH

FKRVHQ� WR�EH� LGHQWLFDO�ZLWK�9���H[FHSW� WKDW� LW� LV� WUDQVSRVHG

DURXQG� WKH� FHQWHU� RI� WKH� V\VWHP�� DQG� 9��� DSSHDUV� WR

VXSHULPSRVH�ZLWK�9���UHJDUGOHVV�ZKHWKHU�DQ�H[WHUQDO�YROWDJH

LV�DSSOLHG�RU�QRW��7KH�SRWHQWLDOV�DUH�WUDQVODWHG�DJDLQVW�HDFK

RWKHU� VR� WKDW� WKH� LQFRPLQJ� DQG� RXWJRLQJ� VFDWWHULQJ

ZDYHIXQFWLRQV�RQ�HDFK�3(6�KDYH�VXEVWDQWLDO�RYHUODSV�ZLWK

HDFK�RWKHU��:H�FDOO�WKLV�RYHUODS�UHJLRQ�DV�LQWHUDFWLRQ�UHJLRQ

ZKHUH�WKH�LQWHUDFWLRQ�3(6¶V��9���DQG�9����DFW��7KH�PDJQLWXGH

RI�WKH�LQWHUDFWLRQ�3(6
V�DUH�DGMXVWHG�WR�VSOLW�WKH�HQHUJ\�OHYHOV

D�IHZ�WHQWKV�H9�ZKHQ�9���DQG�9����RU�9����DUH�FRXSOHG��:H

WHVW�VHYHUDO�YDOXHV�IRU�WKH�UDQJH�DQG�PDJQLWXGH�RI�LQWHUDFWLRQ

3(6¶V� WR� GHWHUPLQH� WKH� RSWLPDO� FRQGLWLRQ� IRU� EHWWHU

HIILFLHQF\�RI�(/��

:H�DUELWUDU\�FKRRVH� WKH� WKLUG� OHYHO�DV� WKH�/802�ZKLFK

FRUUHVSRQGV�WR�WKH�UHOHYDQW�LQFRPLQJ�DQG�RXWJRLQJ�ZDYHV�

,Q�)LJXUH����ZH�SUHVHQW�WKH�WUDQVPLVVLRQ�SUREDELOLWLHV�DV�D

IXQFWLRQ�RI�HPLWWHG�SKRWRQ�HQHUJ\�ZKHQ�ΦGURS�LV�FKRVHQ�WR�EH

��H9�DQG���H9��ZKLFK�FRYHUV�IURP�UHG�WR�EOXH�YLVLEOH�OLJKW

UDQJH��� 7KLV� VSHFWUXP� PD\� EH� LQWHUSUHWHG� LQ� D� VLPLODU

PDQQHU�DV�WKH�FDVH�RI�WKH�H[FLSOH[�ODVHU�ZKHUH�WKH�HPLWWHG

SKRWRQ� IUHTXHQF\� LV� GHWHUPLQHG� E\� WKH� ODUJHVW� SUREDELOLW\

WUDQVLWLRQ���7KHUHIRUH��LW�LV�QRWHG�WKDW�WKH�HPLWWHG�SKRWRQ�KDV

WKH�VDPH�HQHUJ\�DV�ΦGURS��7KLV�REVHUYDWLRQ�DOORZV�XV�D�ZD\

WR�FRQWURO� WKH� HPLWWLQJ� OLJKW� FRORU�RI�(/�GHYLFH�E\� VLPSO\

FKDQJLQJ� WKH� DSSOLHG� YROWDJH�� +RZHYHU�� VLQFH� WKH� YLVLEOH

OLJKW� UDQJH� FRYHUV� DSSUR[LPDWHO\� IURP� �� H9� WR� �� H9�� WKH

HQHUJ\�OHYHO�VSDFLQJ�DERYH�DQG�EHORZ�WKH�/802�VKRXOG�EH

JUHDWHU� WKDQ�DERXW���H9�� VXFK�FRQGLWLRQ� LV� VDWLVILHG� IRU� WKH

SUHVHQW�SDUDPHWHUV��7KLV�FRQWURO�LV�PRUH�RU�OHVV�QRW�SRVVLEOH

LQ� WKH� FRQYHQWLRQDO� (/� GHYLFH� ZKHUH� WKH� OLJKW� FRORU� LV

GHWHUPLQHG� E\� WKH� EDQGJDS� RI� WKH� OLJKW� HPLWWLQJ�PDWHULDO�

FRQVHTXHQWO\�� WKH� OLJKW� FRORU� LV� LQGHSHQGHQW� RI� WKH� DSSOLHG

YROWDJH��

)LJXUH����3(6
V�RI�WKH�SUHVHQW�PRGHO��9���DQG�9��� �9���VXSSRUWV
UHVRQDQFH�VWDWHV�ZLWK�HQHUJ\�OHYHOV�RI���������������������H9��DQG�VR
RQ�� UHVSHFWLYHO\��7KH� LQFRPLQJ�HOHFWURQ� LV�FKRVHQ� WR�KDYH�NLQHWLF
HQHUJ\�RI���H9��9��� �9���LV�DGMXVWHG�WR�VSOLW�WKH�HQHUJ\�OHYHOV�E\����
WR�����H9��7KH�WKLUG�OHYHO�IURP�WKH�JURXQG�LV�FKRVHQ�DV�/802�LQ
WKH� FDOFXODWLRQ� DQG� LQGLFDWHG� E\� LQFRPLQJ� DQG� RXWJRLQJ� ZDYHV
GHQRWHG�E\�ORQJ�DUURZV��7KH�SRWHQWLDO�GURS�LV�GHQRWHG�E\�ΦGURS�
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5HJDUGLQJ� WKH� FRQYHUVLRQ� HIILFLHQF\�� WKH� UDWLR� RI� WKH

HPLWWHG� SKRWRQV� RYHU� WKH� QHW� WUDQVPLWWHG� HOHFWURQV� LQ� WKH

)LJXUH����LV�JUHDWHU�WKDQ�����DW�WKH�SHDN��7KH�PDMRU�UHDVRQ

EHKLQG�WKLV�ODUJH�UDWLR�LV�WKDW�WKH�QRQUDGLDWLYH�RXWJRLQJ�ZDYH

GRHV�QRW�FRXSOH�HIIHFWLYHO\�ZLWK�DQ\�UHVRQDQFH�VWDWH��ZKLOH

UDGLDWLYH� RXWJRLQJ� ZDYH� GRHV� VR� ZLWK� D� UHVRQDQFH� VWDWH

�/802���$OWKRXJK�ZH�XVH�9��� �9���IRU�WKH�UHVXOWV�LQ�)LJXUH

���WKH�FRQYHUVLRQ�HIILFLHQF\�GLUHFWO\�GHSHQGV�RQ�WKH�UHODWLYH

UDWLR�RI�WKH�9���RYHU�9���ZKLFK�FRUUHVSRQGV�WR�WKH�LQWHUDFWLRQ

VWUHQJWK�RI�UDGLDWLYH�DQG�QRQUDGLDWLYH�WUDQVPLVVLRQ��UHVSHF�

WLYHO\��,W�LV�REVHUYHG�WKDW��DV�WKH�PDJQLWXGH�RI�9���VXUSDVVHV

WKDW�RI�9����WKH�FRQYHUVLRQ�HIILFLHQF\�LQFUHDVHV��DOWKRXJK�ZH

GRQ¶W�SUHVHQW�QXPHULFDO�UHVXOWV�KHUH��

7KH� DEVROXWH� YDOXHV� RI� WUDQVPLVVLRQ� SUREDELOLWLHV� GHWHU�

PLQH� WKH� RYHUDOO� FXUUHQW� GHQVLW\� LQ� WKH� VHQVH� WKDW� VPDOO

YDOXHV�LQGLFDWH�ZHDN�(/�DQG��DOVR�VPDOO�RKPLF�FXUUHQW�SHU

GHYLFH� XQLW�� $OVR� WKH� DVVXPSWLRQ� PHQWLRQHG� DERYH� DERXW

ΦGURS�LV�MXVWLILHG�LQ�WKLV�FDVH�EHFDXVH�WKH�FRQGXFWLYLW\�RI�WKH

EULGJH� �LQWHUDFWLRQ� UHJLRQ�� LV� PLQLPL]HG�� 7KH� HOHFWURVWDWLF

SRWHQWLDO�GURS� LV� ODUJHU�ZKHUH� WKH�FRQGXFWLYLW\� LV� VPDOO�� ,Q

RWKHU�ZRUGV��DV�WKH�RYHUDOO�WUDQVPLVVLRQ�SUREDELOLW\�LQFUHDVHV�

WKH�OLJKW�LQWHQVLW\�DQG�RKPLF�FXUUHQW�DOVR�LQFUHDVH��KRZHYHU�

WKH�YDOLGLW\�RI�WKH�PRGHO�UHGXFHV�

7KH� HIIHFW� RI� GLIIHUHQW� LQWHUDFWLRQ� UHJLRQ�SDUDPHWHUV� FDQ

EH� VHHQ� LQ�)LJXUH� ���:H�QRWH� WKDW� WKH� ODUJHVW� WUDQVPLVVLRQ

RFFXUV� ZKHQ� WKH� RYHUODS� EHWZHHQ� WZR� /802¶V� DUH

IDYRUDEOH� VXFK� DV� LQ� WKH� FDVH� RI� ³%´� ZKHUH� WKH� /802¶V

ZDYHIXQFWLRQ�OREHV�DUH�LQ�SKDVH��ZKLOH�WKH\�DUH�QRW�DV�LQ�WKH

FDVHV� RI� ³$´� DQG� ³&´� LQ� )LJXUH� ��� 7KHUHIRUH�� LI� WKH

LQWHUDFWLRQ�UHJLRQ�LV�DGMXVWHG�VR�WKDW�WKH�SKDVHV�RI�LQFRPLQJ

DQG� RXWJRLQJ�ZDYHIXQFWLRQ� DUH� LQ� SKDVH�� WKH� WUDQVPLVVLRQ

SUREDELOLW\�VKRXOG�EH�ODUJHU�WKDQ�WKH�RXW�RI�SKDVH�FDVHV��7KLV

PHDQV�WKDW�WKH�OLJKW�LQWHQVLW\�LV�ODUJHU�SHU�GHYLFH�XQLW�DV�LQ

WKH�FDVH�³%´�WKDQ�RWKHUZLVH��

:H�PD\�ILQG�WKH�DQDORJ\�RI�WKH�SUHVHQW�PRGHO�ZLWK�RWKHU

H[LVWLQJ�OLJKW�HPLWWLQJ�GHYLFHV��$QDORJ\�ZLWK�H[FLSOH[�ODVHU

PD\� EH� IRXQG� DV� IROORZV�� 7KH� LQFRPLQJ� ZDYH� �/802�

VXSSRUWHG�E\�WKH�KLJKHU�SRWHQWLDO�HQHUJ\�FRUUHVSRQGV�WR�WKH

UHVRQDQFH�VWDWH�VXSSRUWHG�E\�HOHFWURQLF�H[FLWHG�VWDWH�DQG�WKH

UDGLDWLYH� RXWJRLQJ� ZDYH� VXSSRUWHG� E\� WKH� ORZHU� SRWHQWLDO

HQHUJ\� FRUUHVSRQGV� WR� WKH�)UDQFN�&RQGRQ�ZDYH� VXSSRUWHG

E\�HOHFWURQLF�JURXQG�VWDWH�LQ�H[FLSOH[�ODVHU��UHVSHFWLYHO\��7KH

UROH�RI�LQWHUDFWLRQ�3(6�9���LV�LQ�SDUDOOHO�ZLWK�WKH�VSRQWDQH�

RXV�DQG�RU�VWLPXOXV�HPLVVLRQ�UDWHV�ZKLFK�LQYROYH�WKH�VTXDUH

PRGXOXV� RI� WUDQVLWLRQ� GLSROH� PRPHQW� EHWZHHQ� WKH� WZR

UHOHYDQW�VWDWHV��

,Q� FRPSDULVRQ� ZLWK� VROLG� S�Q� MXQFWLRQ� VHPLFRQGXFWRU

/('��ZH�VKRXOG�QRWH�WKH�GLIIHUHQFH�ILUVW��,Q�WKH�FRQYHQWLRQDO

/('��WKH�UDGLDWLYH�WUDQVPLVVLRQ�RI�HOHFWURQ�RFFXUV�IURP�WKH

FRQGXFWLRQ�EDQG��FRUUHVSRQGLQJ� WR�/802��RI� WKH�FDWKRGH

VLGH� WR� WKH�YDOHQFH�EDQG� �FRUUHVSRQGLQJ� WR�+202��RI� WKH

DQRGH�VLGH���ZKLOH�LQ�RXU�PRGHO�WKH�WUDQVPLVVLRQ�LV�EHWZHHQ

/802�DQG�/802��7KH�GLIIHUHQFH�RULJLQDWHV�IURP�WKH�IDFW

WKDW�LQ�RXU�PRGHO�WKH�HOHFWURQV�RFFXS\�QRQGHJHQHUDWH��RU�D

EDQG� ZLWK� H[WUHPHO\� QDUURZ� EDQGZLGWK�� HOHFWURQLF� VWDWH�

ZKLOH� LQ� WKH�FRQYHQWLRQDO�/('�WKH�HOHFWURQV�FDQ�RFFXS\�D

ZLGH�UDQJH�RI�HQHUJ\�OHYHOV�LQ�D�EDQG�RI�VWDWHV��2Q�WKH�RWKHU

KDQG�� LW� LV� VLPLODU� WR� RXU� PRGHO� WKDW� WKH� HPLWWHG� SKRWRQ

HQHUJ\� LV�GHWHUPLQHG�E\� WKH�SRWHQWLDO�GURS� LQ� WKH� LQWHUIDFH

UHJLRQ��LQWHUDFWLRQ�UHJLRQ�LQ�RXU�PRGHO��� ,Q�RXU�PRGHO�� WKH

XSSHU� ERXQG� RI� WKH� HPLWWHG� SKRWRQ� HQHUJ\� LV� WKH�+202�

/802�HQHUJ\�JDS��

&RQFOXVLRQV

,Q�WKLV�VHFWLRQ��ZH�ZLOO�GLVFXVV�VHYHUDO�SRLQWV�WR�FRQVLGHU

IRU� FRQVWUXFWLQJ� D� UHDO�(/�GHYLFH� DQG� VHYHUDO� K\SRWKHWLFDO

(/�GHYLFH�PRGHOV�EDVHG�RQ� WKH�SUHVHQW� VLPXODWLRQ� UHVXOWV�

)LQDOO\��ZH�QRWH�D�IHZ�GLUHFWLRQV�RI�IXUWKHU�VWXGLHV�

7R�UHGXFH�WKH�GHYLFH�GULYLQJ�YROWDJH��ZKLFK�LV�HTXLYDOHQW

WR�VD\LQJ�WKDW�WKH�DSSOLHG�YROWDJH�VKRXOG�EH�DV�VPDOO�DV�WKH

HOHFWURVWDWLF� SRWHQWLDO� GURS� LQ� WKH� LQWHUDFWLRQ� UHJLRQ�� ZH

VKRXOG� XVH� ³VPDOO� ZRUN� IXQFWLRQ� PHWDO´� IRU� WKH� FDWKRGH�

)LJXUH����7UDQVPLVVLRQ�SUREDELOLWLHV�RI�HOHFWURQ�YLD�UDGLDWLYH��³$´�
³&´��DQG�QRQUDGLDWLYH��³%´��³'´��FKDQQHOV��7KH�LQFRPLQJ�HOHFWURQ
KDV� NLQHWLF� HQHUJ\� RI� �� H9� FRUUHVSRQGLQJ� WR� WKH� WKLUG� UHVRQDQFH
VWDWH�IURP�WKH�JURXQG�RI�9����³$´��³%´�XVH���H9�DQG�³&´��³'´�XVH��
H9�DV�ΦGURS�

)LJXUH� ��� (IIHFW� RI� WKH� LQWHUDFWLRQ� OHQJWK� RQ� WUDQVPLVVLRQ
SUREDELOLWLHV�� 7KH� OHQJWKV� RI� LQWHUDFWLRQ� UHJLRQV� LQFUHDVH� LQ� WKH
RUGHU� RI� ³$´�� ³%´�� ³&´�� 7KH� VXIIL[� ³UDG´� DQG� ³QRUDG´� PHDQV
UDGLDWLYH�DQG�QRQUDGLDWLYH�WUDQVPLVVLRQ��UHVSHFWLYHO\��:H�XVH�VDPH
SDUDPHWHUV� DV� LQ�)LJXUH� ���ΦGURS� LV� FKRVHQ� WR� EH� �� H9��1RWH� WKDW
UHVXOWV�³%´�DOVR�DSSHDU�LQ�)LJXUH���DQG�LV�WKH�PRVW�IDYRUDEOH�
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:KLOH�� IRU� WKH� DQRGH�� LW�PD\� EH� QHFHVVDU\� WR� DYRLG� ³ODUJH

ZRUN� IXQFWLRQ� PHWDO´� VLQFH� VXFK� DQRGH� PD\� LQGXFH� WKH

+202� SDUWLDOO\� YDFDQW� DQG� VXEVHTXHQWO\� PDNH� +202

DYDLODEOH�IRU�DGGLWLRQDO�VSRQWDQHRXV�HPLVVLRQ�FKDQQHO��$V�D

UHVXOW��WKH�HPLVVLRQ�VSHFWUXP�DQG�WKH�G\QDPLFV�PD\�EHFRPH

XQQHFHVVDULO\�FRPSOLFDWHG�

:H� PLJKW� LPDJLQH� WKDW� WKH� SUHVHQW� PRGHO� V\VWHP� PD\

UHSUHVHQW� WZR� VHJPHQWV� RI� FRPSOHWHO\� FRQGXFWLQJ� FRQMX�

JDWHG� SRO\PHUV� MRLQHG� E\� OLPLWHG� FRQGXFWLQJ� PROHFXODU

IUDJPHQW�VXFK�DV�����F\FORKH[DGLHQH��7R�V\QWKHVL]H�D�PROH�

FXODU� ZLUH� ZLWK� ODUJH� HQHUJ\� OHYHO� VSDFLQJ�� LW� PLJKW� EH

KHOSIXO�WR�VXEVWLWXWH�DSSURSULDWH�IXQFWLRQDO�JURXSV�DORQJ�WKH

PROHFXODU�FKDLQV�

:H� DOVR� PD\� FRQQHFW� GXSOLFDWHV� RI� WKH� DERYH� PRGHOV

�FRQVLGHULQJ�LW�D�XQLW�(/�FHOO�GHYLFH��LQ�D�VHULHV��DQG�PDNH�D

FRPSRVLWH� ORQJ�PROHFXODU�ZLUH� V\VWHP��:KHQ�ZH� FRQQHFW

WKH� HQGV� RI� ZLUH� WR� WKH� HOHFWURGHV� DQG� DSSO\� DQ� H[WHUQDO

YROWDJH�� WKH� H[WHUQDO� YROWDJH� VKRXOG� EH� GHWHUPLQHG� E\� WKH

SRWHQWLDO�GURS�LQ�D�XQLW�(/�FHOO�WLPHV�WKH�QXPEHU�RI�FHOOV�LQ

WKH� FRPSRVLWH�ZLUH�� VXFK�YROWDJH�PD\�EH�TXLWH� ODUJH� IRU� D

YHU\�ELJ�FRPSRVLWH� V\VWHP��7R�DYRLG� WKH�QHHG�RI�DSSO\LQJ

VXFK� LPSUDFWLFDEO\� ODUJH� YROWDJH�� ZH� PLJKW� LPDJLQH� DQ

PDFURVFRSLF�DUUDQJHPHQW�ZKHUH�WKH�FDWKRGH�DQG�DQRGH�DUH

QDLOHG� LQWR� WKH� ZLUH� DOWHUQDWLYHO\� ZLWK� D� VXE�PDFURVFRSLF

VSDFLQJV��,Q�WKDW�ZD\��WKH�UHTXLUHG�H[WHUQDO�YROWDJH�PD\�EH

GUDPDWLFDOO\� UHGXFHG��$OVR�� LQ� WKLV� DUUDQJHPHQW�� WKH�ZLUHV

PD\� EH� SRVLWLRQHG� UDQGRPO\� LQ� D� VXLWDEOH� LQHUW� PDWUL[

PDWHULDO�EHWZHHQ�WKHP��7KH�RYHUDOO�DUUDQJHPHQW�PLJKW�ORRN

VLPLODU� WR� WKH� H[LVWLQJ� FRQGXFWLQJ� RUJDQLF� SRO\PHU� (/

GHYLFH�ZKHUH�WKH�(/�PDWHULDOV�DUH�SODFHG�LQ�D�PDWUL[�RI�WKLQ

ILOP�EHWZHHQ�WKH�SODWHV�RI�HOHFWURGHV��7KH\�GLIIHU�LQ�WKDW�WKH

HOHFWURGHV� SURWUXGH� LQ� D� IRUP�RI� QHHGOHV� IURP� WKH� FDWKRGH

DQG�DQRGH�SODWHV�LQ�RXU�K\SRWKHWLFDO�GHYLFH��

)XUWKHU�VWXGLHV�PD\�EH�GLUHFWHG�WR�PDNH�WKH�PRGHO�V\VWHP

FORVH� WR� D� UHDOLVWLF� ��GLPHQVLRQDO� RQH�� RU� WR� GHYHORS� D

PHWKRG�WR�UHGXFH���GLPHQVLRQDO�UHDOLVWLF�FDOFXODWLRQ�UHVXOWV

WR�WKH�SRWHQWLDO�SDUDPHWHUV�XVHG�LQ�RXU�PRGHO��)RU�H[DPSOH�

WKH�PDJQLWXGHV� RI� LQWHUDFWLRQ� SRWHQWLDOV�PD\� EH� FKRVHQ� WR

UHSURGXFH� WKH� FDOFXODWHG� HQHUJ\� OHYHO� VSOLWWLQJV� DQG� WKH

VSRQWDQHRXV� HPLVVLRQ� UDWH� REWDLQHG� E\� DE� LQLWLR� TXDQWXP

PHFKDQLFDO�FDOFXODWLRQ�

,Q�FRQFOXVLRQ��ZH�SUHVHQWHG�D�VLPSOH�K\SRWKHWLFDO�TXDQWXP

VFDWWHULQJ�PRGHO�ZKLFK�KRSHIXOO\�PD\�KHOS� LQ�GHVLJQLQJ�D

QRYHO�(/�GHYLFH�ZLWK�KLJK�HIILFLHQF\�DQG�FRQYHQLHQW�FRORU

FRQWURO�IHDWXUHV�

$FNQRZOHGJPHQW�� 7KLV� SDSHU� ZDV� FRQGXFWHG� E\� WKH

UHVHDUFK� IXQG� SURYLGHG� E\�.RUHDQ� &RXQFLO� IRU� 8QLYHUVLW\

(GXFDWLRQ�� 6XSSRUW� IRU� ����� 'RPHVWLF� )DFXOW\� ([FKDQJH
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