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7KH�,PPXQH�6\VWHP�DV�D�5HDFWLYH�6\VWHP��0RGHOLQJ�7�&HOO

$FWLYDWLRQ�:LWK�6WDWHFKDUWV

1D¶DPDQ�.DP
��� �

��,UXQ�5��&RKHQ
�
�DQG�'DYLG�+DUHO

�
�
'HSDUWPHQW�RI�,PPXQRORJ\��

'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH�DQG�$SSOLHG�0DWKHPDWLFV

:HL]PDQQ�,QVWLWXWH�RI�6FLHQFH��5HKRYRW��,VUDHO

7R�DSSHDU�LQ�3URF��9LVXDO�/DQJXDJHV�DQG�)RUPDO�0HWKRGV��9/)0���,(((��6HSWHPEHU������

$EVWUDFW

7KH� FRQVWUXFWLRQ� RI� UHOLDEOH� UHDFWLYH� V\VWHPV� LV

FRQVLGHUHG�WR�EH�RQH�RI�WKH�PRVW�FKDOOHQJLQJ�JRDOV�LQ�WKH

ILHOGV�RI�VRIWZDUH�DQG�V\VWHP�HQJLQHHULQJ��7KH�GHILQLWLRQ

RI� D� UHDFWLYH� V\VWHP� VXLWV� ELRORJLFDO� V\VWHPV� DW� GLIIHUHQW

OHYHOV�� UDQJLQJ� IURP� JHQH� QHWZRUNV�� GHYHORSLQJ� HPEU\RV

DQG�WKH�LPPXQH�V\VWHP��:H�UHSRUW�KHUH�WKH�DSSOLFDWLRQ�RI

D�WRRO�GHYHORSHG�IRU�FRQVWUXFWLQJ�FRPSXWHUL]HG�V\VWHPV�WR

WKH� PRGHOLQJ� DQG� DQDO\VLV� RI� D� ELRORJLFDO� V\VWHP�� WKH

LPPXQH�V\VWHP��:H�XVH�WKH�ODQJXDJH�RI�VWDWHFKDUWV�ZLWKLQ

WKH� IUDPHZRUN� RI� REMHFW�RULHQWHG� PRGHOLQJ�� 7KH� UHVXOWV

GHVFULEHG� KHUH� LQGLFDWH� WKDW� WKLV� PRGHOLQJ� VWUDWHJ\� FDQ

FRQWULEXWH� WR� WKH� WUDQVLWLRQ�RI� ELRORJ\� IURP� WKH� SKDVH� RI

DQDO\VLV�WR�WKH�SKDVH�RI�V\QWKHVLV�

��� ,QWURGXFWLRQ

7KHUH� LV� EURDG� DJUHHPHQW� DPRQJ� UHVHDUFKHUV� WKDW

ELRORJLFDO� UHVHDUFK� PXVW� SUHSDUH� IRU� WKH� WUDQVLWLRQ� IURP

DQDO\VLV� �WKH� UHGXFWLRQ� RI� REVHUYDWLRQV� WR� HOHPHQWDO

EXLOGLQJ�EORFNV�� WR�V\QWKHVLV� �WKH� LQWHJUDWLRQ�RI� WKH�SDUWV

LQWR� D� ZKROH�� >�@�� DQG� WKDW� WKLV� WUDQVLWLRQ� UHTXLUHV� WKH

ODQJXDJH�RI�PDWKHPDWLFV�>���@��7KLV�LV�SDUWLFXODUO\�QHHGHG

LQ�WKH�ILHOG�RI�LPPXQRORJ\��2YHU�WKH�ODVW�VHYHUDO�GHFDGHV

WKHUH� KDV� EHHQ� DQ� H[SORVLRQ� RI� H[SHULPHQWDO� GDWD

GHVFULELQJ� WKH� FHOOXODU� DQG� PROHFXODU� FRPSRQHQWV� WKDW

FRPSULVH� WKH� LPPXQH� V\VWHP�� ³$W� WKH� SUHVHQW� WLPH�

KRZHYHU�� WKHUH� LV� DQ� HPHUJLQJ� QHHG� WR� XQGHUVWDQG� WKH

V\VWHP�DV�LW�IXQFWLRQV�DV�D�ZKROH´�>�@�

$Q� LOOXVWUDWLYH� H[DPSOH� IRU� WKH� FXUUHQW� VLWXDWLRQ� LQ

LPPXQRORJLFDO�UHVHDUFK�LV� WKH�FDVH�RI�F\WRNLQH�QHWZRUNV�

&\WRNLQHV� DUH� VPDOO� SURWHLQ� RU� JO\FRSURWHLQ� PHVVHQJHU

PROHFXOHV� WKDW� FRQYH\� LQIRUPDWLRQ� IURP� RQH� FHOO� WR

DQRWKHU�� 9DULRXV� DVSHFWV� RI� WKH� LPPXQH� UHVSRQVH� DUH

UHJXODWHG�E\�F\WRNLQH�QHWZRUNV��0RUH�WKDQ�����F\WRNLQHV

KDYH� QRZ� EHHQ� LGHQWLILHG�� DQG� PRUH� WKDQ� ������� SDSHUV

RQ� F\WRNLQHV� KDYH� EHHQ� SXEOLVKHG� LQ� ����� DORQH�� <HW�

DOWKRXJK� PDQ\� GHWDLOV� RI� SDUWLFXODU� F\WRNLQH� LQWHUDFWLRQV

KDYH�EHHQ�HOXFLGDWHG��³SUDFWLFDOO\�QRWKLQJ�LV�NQRZQ�DERXW

WKH�EHKDYLRU�RI�WKH�QHWZRUN�DV�D�ZKROH´�>�@�

,Q� WKLV� SDSHU� ZH� PRGHO� D� ELRORJLFDO� V\VWHP� XVLQJ� WKH

YLVXDO�IRUPDOLVP�RI�VWDWHFKDUWV�>�@��DV�LW�KDV�EHHQ�DGDSWHG

WR�WKH�IUDPHZRUN�RI�REMHFW�RULHQWHG�PRGHOLQJ�>����@��:H

PRGHOHG�DVSHFWV�RI�7�FHOO�DFWLYDWLRQ��:LWK�WKLV�PRGHO��ZH

DUH�DEOH�WR�UXQ�VLPXODWLRQV��XVLQJ�WKH�5KDSVRG\�WRRO�>��@�

7KHVH� VLPXODWLRQV� DOORZ� XV� WR� FRPSDUH� WKH� G\QDPLF

EHKDYLRU� RI� WKH� PRGHO� WR� DFWXDO� H[SHULPHQWDO� GDWD�� 2XU

UHVXOWV�VKRZ�WKDW� WKH�XVH�RI�VWDWHFKDUWV�FDQ�KHOS�FRQIURQW

RSHQ� TXHVWLRQV� LQ� LPPXQRORJ\� DQG� SUREDEO\� LQ� RWKHU

ILHOGV� RI� ELRORJ\�� ZKLFK�� EHFDXVH� RI� WKHLU� FRPSOH[LW\�

FDQQRW� EH� DGGUHVVHG� E\� VWDQGDUG� ODERUDWRU\� WHFKQLTXHV

DORQH�� ,Q� DGGLWLRQ�� D� YLVXDO� IRUPDOLVP� SURYLGHV� D� FODULW\

ODFNLQJ�LQ�RWKHU�DSSURDFKHV�WR�WKH�PDWKHPDWLFDO�PRGHOLQJ

RI�ELRORJLFDO�V\VWHPV�

��� 7KH�ELRORJLFDO�V\VWHP�FRQVLGHUHG

$� OLYLQJ� FHOO� FDQ� EH� YLHZHG� DV� D� V\VWHP� GHILQHG� E\

FRPELQDWLRQV�RI�LQQHU�VWDWHV��UHIOHFWLQJ�WKH�LQWHUDFWLRQV�RI

WKH� FHOO� ZLWK� LWV� HQYLURQPHQW�� 7UDQVLWLRQV� EHWZHHQ� WKHVH

LQQHU� VWDWHV� RFFXU� DV� D� FRQVHTXHQFH� RI� VLJQDOV� WKDW� DUH

LQWURGXFHG� WR� WKH�FHOO�E\� WKH�HQYLURQPHQW� �VRPH�RI� WKHVH

VLJQDOV� PLJKW� EH� SURGXFHG� E\� WKH� FHOO� LWVHOI��� 1DLYH� 7

FHOOV�� IRU� H[DPSOH�� FDQ� OLYH� IRU� PDQ\� \HDUV� ZLWKRXW

GLYLGLQJ�� 7KHVH� QDLYH� FHOOV� FLUFXODWH� FRQWLQXRXVO\� IURP

WKH�EORRG�VWUHDP�WR�WKH� O\PSKRLG�RUJDQV�DQG�EDFN� WR� WKH

EORRG�� VHUYLQJ� DV� SDWURO� XQLWV� WKDW� VHQVH� FKDQJHV� WKDW

PLJKW� RFFXU� LQ� WKH� ERG\�� 7KLV� VHQVLQJ� SURFHVV� LV� FDUULHG

RXW� E\� LQWHUDFWLRQV� WKDW� WKH� 7� FHOOV� PDNH� ZLWK

DQWLJHQ�SUHVHQWLQJ�FHOOV��1DLYH�7�FHOOV�WKDW�UHFRJQL]H�WKHLU

VSHFLILF� DQWLJHQ� RQ� WKH� VXUIDFH� RI� D� SURIHVVLRQDO� DQWLJHQ
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SUHVHQWLQJ� FHOO� FHDVH� WR� PLJUDWH�� DQG� DUH� DFWLYDWHG� WR

SUROLIHUDWH�DQG�WR�GLIIHUHQWLDWH�LQWR�DUPHG�HIIHFWRU�FHOOV�

7KH� VLJQDOLQJ�SURFHVV� WKDW�GULYHV� FHOO� SUROLIHUDWLRQ� FDQ

EH�GLYLGHG�LQWR�WZR�VWDJHV�

��� ³7KH� LQLWLDO� HQFRXQWHU�ZLWK� VSHFLILF�DQWLJHQ� LQ� WKH

SUHVHQFH�RI�WKH�UHTXLUHG�FR�VWLPXODWRU\�VLJQDO�WULJJHUV�WKH

HQWU\�RI�WKH�7�FHOO�LQWR�WKH�*��SKDVH�RI�WKH�FHOO�F\FOH�DQG�

DW�WKH�VDPH�WLPH��LQGXFHV�WKH�V\QWKHVLV�RI�,/���DORQJ�ZLWK

WKH�D�FKDLQ�RI�WKH�,/���UHFHSWRU´�>��@�

��� ³%LQGLQJ�RI�,/���WR�WKH�KLJK�DIILQLW\�UHFHSWRU�WKHQ

WULJJHUV� SURJUHVVLRQ� WKURXJK� WKH� UHVW� RI� WKH� FHOO� F\FOH´

>��@�

7KLV� VKRUW� GHVFULSWLRQ� RI� 7� FHOO� DFWLYDWLRQ� LOOXVWUDWHV

VRPH� RI� WKH� FKDOOHQJHV� RQH� HQFRXQWHUV� ZKLOH� WU\LQJ� WR

PRGHO� VXFK� D� EHKDYLRU�� 'HVFULELQJ� WKLV� EHKDYLRU� UDLVHV

VHYHUDO�TXHVWLRQV�� :KHUH� LV� WKH� FHOO"� :KDW� RWKHU� HQWLWLHV

GRHV�LW�HQFRXQWHU"�:KLFK�NLQGV�RI�VLJQDOV�GRHV�LW�UHFHLYH"

:KDW� NLQG� RI� EHKDYLRUDO� RXWSXWV� GRHV� LW� SURGXFH"

7KHUHIRUH�� ZH� ZRXOG� OLNH� WR� KDYH� D� PRGHOLQJ� ODQJXDJH

WKDW�LV�DEOH�WR�FDSWXUH�DOO�WKHVH�YDULRXV�DVSHFWV�RI�EHKDYLRU

VLPXOWDQHRXVO\��7KH�QHHG�IRU�WKLV�SDUDOOHOLVP�LV�GXH�WR�WKH

IDFW� WKDW� WKHVH� YDULRXV� FRPSRQHQWV� RI� EHKDYLRU� DUH� LQ� D

VHQVH�RUWKRJRQDO�WR�HDFK�RWKHU��7�FHOOV�DW�WKH�O\PSK�QRGH

FDQ�EH�HLWKHU�LQ�DQ�DFWLYH�RU�LQ�D�QDLYH�VWDWH��DQG�DQ�DFWLYH

7�FHOO�FDQ�EH�LQ�DQ\�RQH�RI�WKH�IRXU�FHOO�F\FOH�VWDJHV�

$QRWKHU� LPSRUWDQW� LVVXH� LV� WKH� DELOLW\� WR� GLVWLQJXLVK

EHWZHHQ�VLJQDOV�JHQHUDWHG�RXWVLGH� WKH�FHOO� DQG�VLJQDOV�RU

HYHQWV�WKDW�DUH�SURGXFHG�E\�WKH�7�FHOO�LWVHOI��,Q�WKH�DERYH

H[DPSOH�� WKH� ILUVW� VWDJH� WRZDUGV� FHOO� SUROLIHUDWLRQ� ±� WKH

WUDQVLWLRQ� IURP� WKH� *�� VWDJH� LQWR� *�� ±� LV� GULYHQ� E\� D

FRPELQDWLRQ� RI� WZR� VLJQDOV� WKDW� RULJLQDWH� IURP� DQ

H[WUDFHOOXODU� HYHQW�� WKH� LQWHUDFWLRQ� RI� WKH� 7� FHOO� ZLWK� D

SURIHVVLRQDO� DQWLJHQ�SUHVHQWLQJ� FHOO�� 2Q� WKH� RWKHU� KDQG�

WKH� SURJUHVVLRQ� WKURXJK� WKH� UHVW� RI� WKH� FHOO� F\FOH� LV� D

FRQVHTXHQFH�RI�WZR�LQWUDFHOOXODU�HYHQWV��WKH�SURGXFWLRQ�RI

WKH�D�XQLW�RI� WKH� ,/��� UHFHSWRU� DQG� WKH� VHFUHWLRQ� RI� ,/��

LWVHOI�E\�WKH�7�FHOO�

7KLV� WUDGLWLRQDO� GHVFULSWLRQ� WUHDWV� WKH� FHOO� D� EODFN� ER[�

LQ�WKH�VHQVH�WKDW�LW�VSHFLILHV�RQO\�WKH�RXWSXWV�SURGXFHG�E\

WKH�FHOO�LQ�UHVSRQVH�WR�JLYHQ�LQSXWV��1RWKLQJ�LV�VDLG�DERXW

KRZ� WKH� LQSXW� VLJQDOV� DUH� WUDQVODWHG� LQWR� WKH� RXWSXWV�� WKH

VLJQDO� WUDQVGXFWLRQ� SURFHVV� LV� WRWDOO\� LJQRUHG�� <HW�� LQ

RUGHU� WR� JDLQ� D� EHWWHU� XQGHUVWDQGLQJ� RI� VXFK� ORZHU� OHYHO

EHKDYLRU��DQG�WR�LQYHVWLJDWH�WKH�LQIOXHQFH�LW�KDV�RQ�KLJKHU

OHYHO� EHKDYLRU�� RQH� ZRXOG� OLNH� WR� KDYH� WKH� DELOLW\� WR

³]RRP´�LQWR�WKH�V\VWHP��DQG�GHVFULEH�LWV�LQQHU�EHKDYLRU�LQ

D� PRUH� FDUHIXO� DQG� GHWDLOHG� PDQQHU�� $Q� DGHTXDWH

PRGHOLQJ� DSSURDFK� VKRXOG� VXSSRUW� VXFK� DELOLWLHV� LQ� D

VPRRWK�DQG�LQWXLWLYH��\HW�IRUPDO�DQG�ULJRURXV�IDVKLRQ�

���7KH�5KDSVRG\�WRRO

�-XVW� DV� SURJUDPPLQJ� ODQJXDJHV� UHTXLUH� FRPSLOHUV� DQG

GHEXJJLQJ� WRROV�� VR� GR� PRGHOLQJ� ODQJXDJHV� UHTXLUH� QRW

RQO\�SUHWW\�JUDSKLFV��EXW�DOVR�PHDQV�IRU�H[HFXWLQJ�PRGHOV

DQG� IRU� V\QWKHVL]LQJ� FRGH� >��@�� ,Q� WKLV� ZRUN�� ZH� XVH� WKH

5KDSVRG\� WRRO� �GHYHORSHG� E\� ,�/RJL[��� GHILQHG� DV� DQ

³REMHFW� RULHQWHG� IXOO\� LQWHJUDWHG� 9LVXDO� 3URJUDPPLQJ

(QYLURQPHQW� �93(�´� �ZZZ�LORJL[�FRP��� DV� WKH� ZRUNLQJ

HQYLURQPHQW�� ,Q� DGGLWLRQ� WR� SURYLGLQJ� D� FRPSXWHUL]HG

YLVXDO�GHVLJQ�HQYLURQPHQW�IRU�SHUIRUPLQJ�REMHFW�RULHQWHG

PRGHOLQJ�� 5KDSVRG\� LV� FDSDEOH� RI� DXWRPDWLFDOO\

WUDQVODWLQJ� DQ\� V\QWDFWLFDOO\� OHJDO� PRGHO� LQWR� DQ

H[HFXWDEOH� FRGH�� FXUUHQWO\�� LQ� &�� &��� RU� -DYD�� 2QFH� WKH

PRGHO� LV� FRQVWUXFWHG� DQG� WUDQVODWHG� LQWR� WKH� H[HFXWDEOH

FRGH��5KDSVRG\�FDQ�DQLPDWH�WKH�H[HFXWLRQ�RI�WKH�FRGH�VR

WKDW�RQH�FDQ�REVHUYH�LWV�SURJUHVV�LQ�DQLPDWHG�YHUVLRQV�RI

WKH�PRGHO¶V�VWDWHFKDUWV��$QLPDWLRQ�VKRZV�WKH�FXUUHQW�VWDWH

DQG� WUDQVLWLRQV� E\� FRORULQJ� WKHP� XQLTXHO\�� ,Q� 5KDSVRG\�

WKH�WUDQVLWLRQV�EHWZHHQ�JUDSKLFDO�GLDJUDPV�DQG�H[HFXWDEOH

FRGH�DUH�EL�GLUHFWLRQDO��GXULQJ� WKH�FRPSLODWLRQ� VWDJH�� WKH

REMHFW� PRGHO� GLDJUDPV� DQG� WKH� VWDWHFKDUWV� DUH� WUDQVODWHG

LQWR�&���FRGH�OLQHV��DQG�ZKLOH�DQLPDWLQJ�WKH�DSSOLFDWLRQ�

WKH� H[HFXWLRQ� RI� WKH� &��� FRGH� LV� WUDQVODWHG� LQWR� FRORU

FKDQJHV�ZLWKLQ�WKH�VWDWHFKDUW�GLDJUDPV�

��� 0RGHO�&RQVWUXFWLRQ

����2EMHFW�0RGHO�'LDJUDPV��20'¶V�

7KH� ILUVW� REMHFW� PRGHO� GLDJUDP� �VHH� )LJ�� ��� GHVFULEHV

WKH� UHODWLRQVKLSV� EHWZHHQ� �� PDMRU� REMHFW� FODVVHV�

7KHOSHU&HOO�� 5HFHSWRU� DQG� /LJDQG�� 7KH� 7KHOSHU&HOO� LV� D

FRPSRVLWH�REMHFW�FODVV�WKDW�FRQWDLQV�RWKHU�NLQGV�RI�REMHFW

FODVVHV�� DOO� RI� ZKLFK� DUH� 5HFHSWRUV�� 7KURXJK� WKHVH

5HFHSWRUV��WKH�7�FHOO�FDQ�FRPPXQLFDWH�ZLWK�RWKHU�REMHFWV

WKDW�EHORQJ�WR�WKH�/LJDQG�VXSHU�FODVV��7KLV�LV�GHQRWHG�E\

WKH� µ%LQG¶� UHODWLRQVKLS�� ZKLFK� V\PPHWULFDOO\� DVVRFLDWHV

5HFHSWRU� DQG� /LJDQG�� $QRWKHU� UHODWLRQVKLS� E\� ZKLFK� WKH

7KHOSHU&HOO� FODVV� LV� DVVRFLDWHG� ZLWK� RWKHU� REMHFWV� LV� WKH

µ6HFUHWH¶�GHSHQGHQF\��ZKLFK�FRQQHFWV� WKH�7KHOSHU&HOO� WR

WKH�&\WRNLQHV�FODVV�
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$QRWKHU� GHSHQGHQF\� DUURZ� QDPHG� µ3URJHQ\¶� LV� GUDZQ

LQ�)LJXUH��� IURP�WKH�7KHOSHU&HOO�FODVV� WR� LWVHOI��KDYLQJ�D

RQH�WR�WZR� PXOWLSOLFLW\�� 7KLV� UHODWLRQVKLS� LPSOLHV� WKDW� D

VLQJOH� LQVWDQFH� RI� D� 7KHOSHU&HOO� FDQ� UHIHU� WR� WZR� RWKHU

LQVWDQFHV�RI�7KHOSHU&HOOV�DV�LWV�SURJHQ\��7KLV�UHODWLRQVKLS

LV� XVHG� GXULQJ� 7� FHOO� SUROLIHUDWLRQ�� ZKHQ� RQH� FHOO� VSOLWV

LQWR� WZR�� :H� UHIHU� WR� WKLV� SURFHVV� DV� LI� WKH� PRWKHU� FHOO

µGLHV¶��DQG�LV�UHSODFHG�E\�WZR�QHZO\�ERUQ�GDXJKWHU�FHOOV�

$QRWKHU� VSHFLDO� REMHFW� FODVV� WKDW� DSSHDUV� LQ� WKH� REMHFW

PRGHO� GLDJUDP� RI� )LJ�� �� LV� WKH� 5HVRXUFH0DQDJHU�� 7KH

5HVRXUFH� 0DQDJHU� FDUULHV� RXW� WKUHH� EDVLF� IXQFWLRQV�

HVVHQWLDOO\� µWDNLQJ� RYHU� VRPH� WDVNV� IURP� QDWXUH¶�� RU

IXOILOOLQJ�ODZV�RI�QDWXUH�

����,QLWLDWLQJ� WKH� ILUVW� µJHQHUDWLRQ¶� RI� FHOOV� �ZKLFK� WKHQ

FDQ�SUROLIHUDWH�DQG�GLH�E\�WKHPVHOYHV��

����6XSSO\LQJ� WKH� V\VWHP� ZLWK� DQWLJHQ� PROHFXOHV� �VHH

DOVR�>��@��

����0DQLSXODWLQJ�WKH�LQWHUDFWLRQV�EHWZHHQ�UHFHSWRUV�DQG

OLJDQGV�

:KHQHYHU�D�5HFHSWRU�RU�D�/LJDQG�HQWHUV�D�)UHH�VWDWH��LW

QRWLILHV� WKH� 5HVRXUFH0DQDJHU�� 7KH� 5HVRXUFH0DQDJHU

DFWV� DV� D� µPDWFKPDNHU¶�� FRQWLQXRXVO\� VHDUFKLQJ� IRU� D

VXLWDEOH�ELQGLQJ�SDUWQHU�ZLWKLQ�WKH�V\VWHP��,I�VXFK�D�PDWFK

LV� IRXQG�� WKH� 5HVRXUFH0DQDJHU� DVVRFLDWHV� WKH� 5HFHSWRU

ZLWK� WKH� FRUUHVSRQGLQJ� /LJDQG�� FDXVLQJ� ERWK� RI� WKHP� WR

HQWHU�WKH�%RXQG�VWDWH��,Q�WKLV�FDVH�� WKH�UHVRXUFH�PDQDJHU

FDUULHV� RXW� /LJDQG� GLIIXVLRQ� DQG� 5HFHSWRU�/LJDQG

UHFRJQLWLRQ�

,W� FDQ� EH� VHHQ� WKDW� DOO� 5HFHSWRUV� KDYH� DQ� LQVWDQFH

PXOWLSOLFLW\�RI�RQH�LQ�RXU�PRGHO��,Q�UHDOLW\��KRZHYHU��HDFK

FHOO� H[SUHVVHV� PXOWLSOH� FRSLHV� RI� WKH� VDPH� UHFHSWRU�� :H

DVVXPH�KHUH�WKDW�ZKHQ�D�5HFHSWRU�HQWHUV�WKH�%RXQG�VWDWH�

LW� UHIOHFWV� D� VLWXDWLRQ� LQ� ZKLFK� WKH� QXPEHU� RI� UHFHSWRUV

ERXQG� WR� D� OLJDQG� LV� VXIILFLHQW� WR� SURGXFH� DQ� REVHUYDEOH

UHVSRQVH� LQ� RSWLPDO� FRQGLWLRQV�� 6LQFH�� RQ� WKH� DYHUDJH�

HDFK�UHFHSWRU�FRS\�FRQWULEXWHV�HTXDOO\�WR�JOREDO�EHKDYLRU�

ZH�DVVXP�WKDW�IRU�D�TXDOLWDWLYH�GHVFULSWLRQ�RI�WKH�VLJQDOLQJ

SURFHVV� LW� VXIILFHV� WR� FRQVLGHU� WKH� EHKDYLRU� RI� D� VLQJOH

UHFHSWRU�>��@�

&\WRNLQHV

5HVRXUFH0DQDJHU

$J �,/�5

��&'��

��&'���
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$�VHFRQG�20'��QRW�VKRZQ��H[WHQGV�WKH�V\VWHP�IURP�RQH

FHOO� W\SH� WR� WZR�PDMRU�FHOO� FODVVHV�� WKH�7�KHOSHU�FHOO� DQG

WKH�$QWLJHQ�3UHVHQWLQJ�&HOO� �$3&���7KH�VXSHU�FODVV�$3&

DQG� WKH� 7KHOSHU&HOO� DUH� DVVRFLDWHG� E\� WKH� µ,QWHUDFWLRQ¶

UHODWLRQVKLS��7KH�FRQGLWLRQV�XQGHU�ZKLFK�VXFK�LQWHUDFWLRQV

FDQ� WDNH� SODFH� DUH� GHILQHG� ODWHU� LQ� WKH� IUDPHZRUN� RI� WKH

G\QDPLF�EHKDYLRU�

$� WKLUG� 20'� �QRW� VKRZQ�� LV� GHGLFDWHG� WR� WKH

5HVRXUFH0DQDJHU� DQG� UHODWHV� WR�DOO� WKH� REMHFW� FODVVHV� LQ

WKH�V\VWHP��VLQFH�WKH�5HVRXUFH0DQDJHU�KDV�WR�EH�DEOH�WR

µVSHDN¶� WR� DOO� 5HFHSWRUV� DQG� /LJDQGV� LQ� RUGHU� WR� KDQGOH

WKH�LQWHUDFWLRQV�EHWZHHQ�WKHP��

����6WDWHFKDUWV��GHVFULELQJ�G\QDPLF�EHKDYLRU

6LQFH� WKHUH� LV� D� GLVWLQFW� VWDWHFKDUW� DWWDFKHG� WR� HDFK

REMHFW� FODVV�� WKH� FXUUHQW� PRGHO� FRQWDLQV� RYHU� ��

VWDWHFKDUWV�� ,Q� WKH� LQWHUHVW� RI� FODULW\�� ZH� LQFOXGH� GHWDLOHG

GHVFULSWLRQV� RI� UHSUHVHQWDWLYH� VWDWHFKDUWV� RQO\�� ZKLFK

FRQVWLWXWH�WKH�FRUH�RI�WKH�PRGHO�

�������7KH�/LJDQG�VXSHU�FODVV��2PLWWHG�LQ�WKLV

YHUVLRQ�RI�WKH�SDSHU�GXH�WR�VSDFH�OLPLWDWLRQV�

�

������ 7KH� 7KHOSHU&HOO� FODVV�� 7KH� VWDWHFKDUW� RI� WKH

7KHOSHU&HOO� FODVV�GHVFULEHV� WKUHH�RUWKRJRQDO�FRPSRQHQWV

RI�WKH�EHKDYLRU�RI�D�7�FHOO��VHH�)LJ�����

����,WV�LPPXQRORJLFDO�VWDWH�²�ZKHWKHU�WKH�7�FHOO�LV�DFWLYH

RU�QRW�

����,WV�SKDVH�LQ�WKH�FHOO�F\FOH�

����,WV�DQDWRPLFDO�ORFDWLRQ�

�������� ,PPXQRORJLFDO� VWDWH�� 7KH� LPPXQRORJLFDO� VWDWH

FRPSRQHQW� FRQWDLQV� WZR� VXSHU�VWDWHV�� $FWLYH� DQG

QRQ$FWLYH�

7KH� GHIDXOW� WUDQVLWLRQ� LV� FRQGLWLRQHG�� LI� WKH� QXPEHU� RI

FHOO�F\FOHV�WKURXJK�ZKLFK�WKH�7�FHOO�KDV�JRQH�LV�]HUR��L�H��

WKH� FHOO� LV� QDLYH��� WKHQ� WKH� FHOO� ZLOO� HQWHU� WKH� QRQ$FWLYH

VXSHU�VWDWH��DQG�ZLWKLQ�LW�WKH�1DLYH�VWDWH��,I��KRZHYHU��WKH

QXPEHU� RI� FHOO� F\FOHV� LV� JUHDWHU� WKDQ� ]HUR�� LPSO\LQJ� WKDW

WKLV�QHZO\�ERUQ�FHOO� LV� WKH�SURJHQ\�RI�DQ�DFWLYH�7�FHOO�� LW

HQWHUV�WKH�$FWLYH�VWDWH�

7KLV�FXPEHUVRPH�ZD\�RI�FKDUWLQJ�7�FHOO�KLVWRU\�LV�GXH

WR� WKH� IDFW� WKDW� WKH� FXUUHQW� YHUVLRQ� RI� WKH� 5KDSVRG\� WRRO

ODFNV�WKH�FDSDELOLW\�RI�UHSOLFDWLQJ�REMHFWV��&XUUHQWO\��LW�LV

RQO\� SRVVLEOH� WR� FUHDWH� µIUHVK¶� QHZ� LQVWDQFHV�� L�H��� RQHV

WKDW� VWDUW� IURP� VFUDWFK�� LQ� WKDW� WKH\� HQWHU� WKH� VWDWHFKDUW¶V

GHIDXOW�VWDWHV���5HSOLFDWLRQ��KRZHYHU��LPSOLHV�WKDW�ZKHQ�DQ

H[LVWLQJ�REMHFW�LQVWDQFH�FUHDWHV�D�QHZ�LQVWDQFH�RI�WKH�VDPH

REMHFW� FODVV�� WKH� VWDWHFKDUW� RI� WKH� QHZO\� FUHDWHG� LQVWDQFH

VKRXOG�VWDUW�LQ�WKH�H[DFW�VWDWH�FRQILJXUDWLRQ�RI�WKH�RULJLQDO

REMHFW� DW� WKH� PRPHQW� RI� UHSOLFDWLRQ�� 6XFK� D� UHSOLFDWLRQ

PHFKDQLVP� ZRXOG� HQDEOH� WKH� FUHDWLRQ� RI� LQVWDQFHV� WKDW

FDUU\�ZLWK� WKHP� WKH�KLVWRU\�RI� WKHLU� VSDZQLQJ�SDUHQWV�� ,Q

RUGHU�WR�RYHUFRPH�WKLV�FXUUHQW�GHILFLHQF\�LQ�WKH�ODQJXDJH�

ZH�WRRN�DGYDQWDJH�RI�WKH�IDFW�WKDW�ZKHQ�RQH�REMHFW�FUHDWHV

D�QHZ�RQH��HLWKHU�RI�LWV�RZQ�FODVV��RU�RI�DQ\�RWKHU�UHODWHG

REMHFW� FODVV��� WKH� RULJLQDO� REMHFW� FDQ� FRQWURO� WKH� LQLWLDO

YDOXHV�RI�WKH�QHZ�LQVWDQFH¶V�DWWULEXWHV��,Q� WKH�FDVH�RI� WKH

7�KHOSHU�FHOO�REMHFW�FODVV��WKHVH�DWWULEXWHV�FDQ�EH�PDGH�WR

UHIOHFW� WKH� UHOHYDQW� KLVWRU\� RI� WKH� 7� FHOO�� DQG� FDQ� EH

WUDQVIHUUHG� WR� WKH� GDXJKWHU� FHOO� GXULQJ� SUROLIHUDWLRQ�

7KHUHIRUH�� LQVWHDG�RI�XVLQJ�VLPSOH�GHIDXOW� WUDQVLWLRQV��ZH

XVH�FRQGLWLRQHG�GHIDXOW� WUDQVLWLRQV� WKDW� DUH� GHSHQGHQW� RQ

WKH� YDOXHV� RI� WKHVH� DWWULEXWHV�� 7KHVH� DWWULEXWHV� DUH� DV

IROORZV� �LQ� )LJ�� �� WKH\� DSSHDU� RQ� WKH� DUURZV� HPDQDWLQJ

IURP�WKH�FRQGLWLRQ�FRQQHFWRUV��

�x� 1R&HOO&\FOHV�²�WKH� QXPEHU� RI� FHOO� F\FOHV�� ZKLFK

HTXDOV� ]HUR� IRU� QDLYH� FHOOV� DQG� LV� JUHDWHU� WKDQ� ]HUR� LI

WKH�LQVWDQFH�ZDV�JHQHUDWHG�GXULQJ�7�FHOO�SUROLIHUDWLRQ�

�x� 3ODFH�²�GHVLJQDWHV�WKH�FXUUHQW�DQDWRPLFDO�ORFDWLRQ

RI�WKH�7�FHOO��)RU�QDLYH�FHOOV��WKH�GHIDXOW�ORFDWLRQ�LV�WKH

EORRG� YHVVHOV�� ZKLOH� IRU� QHZO\� ERUQ� DFWLYH� FHOOV� LW� LV

O\PSKRLG�WLVVXHV�

�x� &HOO7\SH� ²� LQGLFDWHV� ZKHWKHU� WKH� FHOO� FDUULHV� WKH

7K���7K��RU�7K��SKHQRW\SH�

:LWKLQ� WKH�QRQ$FWLYH� VXSHU�VWDWH�� WKH�7�FHOO� FDQ� EH� LQ

RQH� RI� WKH� IROORZLQJ� VWDWHV�� 1DLYH�� VWDQG%\�� $QHUJLF�

0HPRU\�RU�,/�SURGXFWLRQ��%\�GHIDXOW��WKH�7�FHOO�HQWHUV

WKH� 1DLYH� VWDWH�� $� VLJQDO� WUDQVPLWWHG� E\� WKH� 7� FHOO

DQWLJHQ�ELQGLQJ�UHFHSWRU��7&5��GULYHV�WKH�WUDQVLWLRQ�IURP

WKH�1DLYH�VWDWH�WR�D�VWDQG%\�VWDWH��'XULQJ�WKLV�WUDQVLWLRQ�

WKH�7�FHOO�FDUULHV�RXW�DQRWKHU�RSHUDWLRQ�±�V\QWKHVL]LQJ�WKH

D� FKDLQ� RI� WKH� ,/��� UHFHSWRU
�
�� ZKLFK� LV� QHHGHG� IRU� WKH

H[SUHVVLRQ�RI�D�KLJK�DIILQLW\�,/���UHFHSWRU��WKLV�LV�GRQH�E\

VHQGLQJ� WKH� H[SUHVV� HYHQW� WR� WKH� 7� FHOO¶V� ,/�5

FRPSRQHQW���7KH�7�FHOO�ZLOO� UHPDLQ�DW� WKH�VWDQG%\� VWDWH

XQWLO�RQH�RI�WKH�IROORZLQJ�HYHQWV�RFFXUV�

���� D� FR�VWLPXODWRU\� VLJQDO� �µHY&R6WLPXODWLRQ¶�� LV

WUDQVPLWWHG�WR�LW��YLD�WKH�&'���UHFHSWRU��

���� WKH�WLPHRXW�GHVLJQDWHG�E\�WKH�µWP¶�HYHQW�H[SLUHV�

,Q�WKH�IRUPHU�FDVH��WKH�7�FHOO�HQWHUV�WKH�,/�SURGXFWLRQ

VWDWH
�
�� DW� ZKLFK� LW� VWDUWV� VHFUHWLQJ� ,/���� ,Q� WKH� ODWHU� FDVH�

WKH�7�FHOO�HQWHUV�WKH�$QHUJLF�VWDWH��VHH�EHORZ��

7KLV�VHW�RI�WUDQVLWLRQV�VWUHVVHV�WKH�LPSRUWDQFH�RI�WLPLQJ�

DV� ZHOO� DV� WKH� DELOLW\� RI� VWDWHFKDUWV� WR� FDSWXUH� WKH

IROORZLQJ� FUXFLDO� SRLQW�� WKHUH� LV� D� FHUWDLQ� µZLQGRZ� RI
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RSSRUWXQLW\¶� �ZKLOH� WKH� 7� FHOO� LV� DW� WKH� VWDQG%\� VWDWH��

GXULQJ� ZKLFK� WKH� 7� FHOO� LV� FDSDEOH� RI� UHVSRQGLQJ� WR� WKH

FR�VWLPXODWRU\� VLJQDO�� ,I� WKLV� VLJQDO� LV� WUDQVPLWWHG� WR� WKH

FHOO� MXVW�EHIRUH� WKH�DQWLJHQ�ELQGLQJ�VLJQDO� �L�H���ZKLOH� WKH

FHOO� LV�VWLOO� LQ� WKH�1DLYH� VWDWH���RU� WRR� ORQJ�DIWHU� LW� �ZKHQ

WKH�FHOO� LV�DOUHDG\� LQ� WKH�$QHUJLF� VWDWH��� WKH�FHOO�ZLOO�QRW

EH�DEOH� WR� UHVSRQG� WR� WKH� VLJQDO�� )XUWKHUPRUH�� LI� WKH� FHOO

HQWHUV�WKH�$QHUJLF�VWDWH��LW�DOVR�ORVHV�LWV�DELOLW\�WR�UHVSRQG

WR�IXWXUH�FR�VWLPXODWRU\�VLJQDOV�

,W�FDQ�EH�VHHQ�WKDW�ZKLOH�SHUIRUPLQJ�WKH�WUDQVLWLRQ�IURP

WKH� VWDQG%\� VWDWH� WR� WKH� ,/�SURGXFWLRQ� VWDWH� �DV� D

FRQVHTXHQFH�RI�WKH�FR�VWLPXODWRU\�VLJQDO���WKH�7�FHOO�DOVR

VHQGV�D�PHVVDJH�WR�LWVHOI��µ(QWHU&HOO&\FOH¶��RUGHULQJ�LW�WR

HQWHU�WKH�FHOO�F\FOH��7KH�PHFKDQLVP�XVHG�IRU�WKLV�PHVVDJH

LV�D�WULJJHUHG�RSHUDWLRQ�UDWKHU�WKDQ�DQ�HYHQW��7KLV�LPSOLHV

WKDW�WKH�7�FHOO�ZLOO�QRW�HQWHU�WKH�,/�SURGXFWLRQ�VWDWH�XQWLO

WKH�PHVVDJH�LV�SURFHVVHG��HQVXULQJ�WKDW�,/���SURGXFWLRQ�LV

V\QFKURQL]HG�ZLWK�HQWU\�LQWR�WKH�FHOO�F\FOH�

2QFH� LQ� WKH� ,/�SURGXFWLRQ� VWDWH�� WKH� 7� FHOO� VHFUHWHV

,/���� ,Q� WKH� FXUUHQW� PRGHO�� HDFK� HQWU\� LQWR� WKH

,/�SURGXFWLRQ� VWDWH� LQGXFHV� WKH� FUHDWLRQ� RI� RQH� QHZ

LQVWDQFH�RI�WKH�,/���REMHFW�FODVV��7KLV�QHZO\�FUHDWHG�,/��

LQVWDQFH��DV�D�PHPEHU�RI�WKH�OLJDQG�VXSHU�FODVV��HQWHUV�WKH

)UHH�VWDWH��QRWLI\LQJ�WKH�UHVRXUFH�PDQDJHU�DERXW�LWV�VWDWH�

7KH� UHVRXUFH� PDQDJHU� HQVXUHV� WKH� PDWFKLQJ� RI� WKLV� ,/��

LQVWDQFH�ZLWK�D�IUHH�,/���UHFHSWRU��DVVXPLQJ�WKHUH�LV�VXFK

D�UHFHSWRU�LQ�WKH�SUR[LPLW\�RI�WKH�/LJDQG��2QFH�ERXQG��WKH

,/��� UHFHSWRU� WUDQVPLWV� WKH� UHOHYDQW� VLJQDO� WR� LWV� 7� FHOO

�µHY,/�5ERXQG¶��� ,W� FDQ� EH� VHHQ� WKDW� ZLWKLQ� WKH� 7� FHOO¶V

VWDWHFKDUW�� WKLV� HYHQW� �µHY,/�5ERXQG¶�� WULJJHUV� WZR

GLVWLQFW� WUDQVLWLRQV�� WKH�ILUVW� LV�IURP�WKH�QRQ$FWLYH� WR� WKH

$FWLYH� VWDWH� ZLWKLQ� WKH� LPPXQRORJLFDO� VWDWH� FRPSRQHQW�

DQG� WKH� VHFRQG� LV� IURP� WKH�*�� WR� WKH�6�SKDVH�ZLWKLQ� WKH

FHOO�F\FOH�FRPSRQHQW�

7KH�$FWLYH�VWDWH�FDQ�EH�IXUWKHU�H[SDQGHG�E\� WKH� µRSHQ

VXE�VWDWHFKDUW¶�FRPPDQG��UHVXOWLQJ�LQ�)LJ�����7KH�SURFHVV

RI�7�FHOO�DFWLYDWLRQ�FRQIURQWV�WZR�EDVLF�FKDOOHQJHV�

���� 3UROLIHUDWLRQ²PDNLQJ�PRUH�RI�WKH�VDPH�

���� 'LIIHUHQWLDWLRQ²DVVXPLQJ�D� IXQFWLRQ�� ³/DWH� LQ� WKH

SUROLIHUDWLYH� SKDVH� RI� WKH� UHVSRQVH�� DIWHU� ���� GD\V� RI

UDSLG� JURZWK�� WKHVH� 7� FHOOV� GLIIHUHQWLDWH� LQWR� DUPHG

HIIHFWRU� 7� FHOOV� WKDW� DUH� DEOH� WR� V\QWKHVL]H� DOO� WKH

SURWHLQV� UHTXLUHG� IRU� WKHLU� VSHFLDOL]HG� IXQFWLRQV� DV

KHOSHU�� LQIODPPDWRU\�� RU� F\WRWR[LF� 7� FHOOV´� >��@�

6XEVHWV� RI� &'�� 7� FHOOV� FDQ� EH� GLVWLQJXLVKHG� E\� WKHLU

DELOLW\� WR� SURGXFH� GLVFUHWH� SDWWHUQV� RI� F\WRNLQHV�� 7KH

GHYHORSPHQW�RI�WKHVH�GLVWLQFW�7�KHOSHU� �7K��VXEVHWV� LV

VWURQJO\�GLFWDWHG�E\�WKH�W\SH�RI�DQWLJHQ�PLFURRUJDQLVP

LQYDGLQJ�D�KRVW��7K��FHOOV��E\�WKHLU�SURGXFWLRQ�RI�,)1J

DQG� O\PSKRWR[LQ�� DUH� UHVSRQVLEOH� IRU� GLUHFWLQJ

FHOO�PHGLDWHG� LPPXQH� UHVSRQVHV� OHDGLQJ� WR� WKH

HUDGLFDWLRQ� RI� LQWUDFHOOXODU� SDWKRJHQV� >��@�� 7K�� FHOOV

DUH�H[FHOOHQW�KHOSHUV�IRU�%�O\PSKRF\WHV��DQG�VWLPXODWH

WKH� SURGXFWLRQ� RI� QHXWUDOL]LQJ� DQWLERGLHV�� 7KH

VLJQDWXUH�F\WRNLQHV�RI�7K��FHOOV�DUH�,/���DQG�,/����,W�LV

QRWHZRUWK\� WKDW� VHYHUDO� F\WRNLQHV� SURGXFHG� E\� 7K�

FHOOV� �,/���� ,/����� ,/����� KDYH� DQWL�LQIODPPDWRU\

DFWLRQV�� 7KLV� UDLVHV� WKH� SRVVLELOLW\� WKDW� DQ� LPSRUWDQW

SK\VLRORJLFDO� IXQFWLRQ� RI� 7K�� FHOOV� LV� WR� VHUYH� DV

UHJXODWRUV�RI�LPPXQH�UHVSRQVHV�WKDW�OLPLW�WKH�LQMXULRXV

FRQVHTXHQFHV� RI� 7K��PHGLDWHG� SURWHFWLYH� LPPXQLW\

>��@�� � 7K�� FHOOV� H[SUHVV� VRPH� GLIIHUHQWLDWHG� HIIHFWRU

IXQFWLRQV� RI� ERWK� WKH� LQIODPPDWRU\� DQG

DQWL�LQIODPDWRU\� 7� FHOOV�� :KHWKHU� 7K�� FHOOV� DUH

SUHFXUVRUV� IRU� 7K�� DQG� 7K�� FHOOV� RU� UHSUHVHQW� D

VHSDUDWH�� VWDEO\� GLIIHUHQWLDWHG� SRSXODWLRQ� UHPDLQV

XQFOHDU�>��@�

&RQWURO� RI� SUROLIHUDWLRQ� LV� FDUULHG� RXW� ZLWKLQ� WKH� FHOO

F\FOH� FRPSRQHQW� RI� WKH� VWDWHFKDUW�� ,Q� WKH� FXUUHQW� PRGHO�

ZH�GR�QRW�JHW�WRR�GHHSO\�LQWR�WKH�GLIIHUHQWLDWLRQ�DVSHFW�RI

7�FHOO�DFWLYDWLRQ��+RZHYHU��D�EDVLF�VNHWFK�DSSHDUV� LQ� WKH

$FWLYH�VXE�VWDWHFKDUW��VHH�)LJ�����

$V� KHOSHU� 7� FHOOV� GLIIHUHQWLDWH�� WKH\� DUH� WKRXJKW� WR� JR

WKURXJK� DQ� LQWHUPHGLDWH� VWDJH� NQRZQ� DV� 7K��� 7KHUHIRUH�

WKH�GHIDXOW�DUURZ�LQ�WKH�$FWLYH�VXE�VWDWHFKDUW�OHDGV�WR�WKH

7K�� VWDWH��)XUWKHU�GLIIHUHQWLDWLRQ� LQWR�7K��RU�7K��DUPHG

HIIHFWRU�7�FHOOV�LV�GHSHQGHQW�RQ�WZR�EDVLF�IDFWRUV�

��� 7KH�F\WRNLQH�SDWWHUQ�VHQVHG�E\�WKH�7�FHOOV��7ZR�NH\

F\WRNLQHV�WKDW�FRQWURO�WKLV�SURFHVV�DUH�,/����DQG�,/���

ZKLFK� GULYH� WKH� FHOOV� WRZDUGV� WKH� 7K�� DQG� 7K�

SDWKZD\V��UHVSHFWLYHO\�

��� 7KH� QXPEHU� RI� FHOO� F\FOHV� WKHVH� FHOOV� KDYH� JRQH

WKURXJK��7K��FHOOV�IDLO�WR�UHVSRQG�WR�,/���XQOHVV�WKH\

KDYH� WUDYHUVHG� DW� OHDVW� �� FHOO� F\FOHV�� ZKLOH� WKH

UHVSRQVLYHQHVV� RI� 7K�� FHOOV� WR� ,/���� ZDV� IRXQG� WR

LQFUHDVH�DV�FHOO�SUROLIHUDWLRQ�SURFHHGV�� ³$�QDLYH� FHOO

FDQ� EHFRPH� D� 7K�� FHOO� ZLWK� LQFUHDVLQJ� OLNHOLKRRG

DIWHU�HDFK�VXFFHVVLYH�FHOO�F\FOH�EXW�FDQ�RQO\�EHFRPH�D

7K�� FHOO� ZKHQ� HLJKW� VLEOLQJV� KDYH� DULVHQ´� >��@�� 7KLV

GHSHQGHQF\�RQ�FHOO�F\FOH�SURJUHVVLRQ�ZDV�IRXQG�WR�EH

{

7K�

7K�7K�

|�}�~ ���L���P�������&��^� ���P|�� � �)�c��� |��&���)���&� � ��� ��c|�� ���&��|����v�
���?�f�B� |�}�~ �c���P�������c��^� ���P|�� � �)�c��� |��&������� ��c|�� ���&��|����v�
�&���f�B�

$FWLYH

)LJXUH��
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UHODWHG� WR�FHOO� F\FOH�GHSHQGHQW�FKDQJHV� LQ�FKURPDWLQ

VWUXFWXUH�� ZKLFK� JUDGXDOO\� µH[SRVH¶� WKHVH� F\WRNLQH

JHQHV�WR�WUDQVFULSWLRQ�

,Q� WKH� PRGHO�� WKH� FRPELQDWLRQ� RI� WKHVH� WZR� IDFWRUV� LV

WDNHQ� FDUH� RI� E\� WKH� JXDUGHG� WUDQVLWLRQV� HPDQDWLQJ� IURP

WKH�7K��VWDWH��VHH�)LJ������7KH�7K��WR�7K��WUDQVLWLRQ�ZLOO

WDNH�SODFH�ZKHQ� WKH� HYHQW� RI� ELQGLQJ� ,/��� LV� WUDQVPLWWHG

E\�WKH�,/���UHFHSWRU��µHY,/�ERXQG¶���RQO\�LI�WKH�FRQGLWLRQ

µ1R&HOO&\FOHV¶� �� �� LV� IXOILOOHG�� $V� IRU� WKH� 7K��WR�7K�

WUDQVLWLRQ�� WKH� FRQGLWLRQDO� JXDUG� KHUH� DGGV� D� SUREDELOLW\

IDFWRU�WR�WKH�WUDQVLWLRQ��$�UDQGRP�QXPEHU�EHWZHHQ���DQG

��LV�FKRVHQ��LI� WKLV�QXPEHU�LV�VPDOOHU� WKDQ� WKH�QXPEHU�RI

FHOO�F\FOHV��WKH�WUDQVLWLRQ�ZLOO�WDNH�SODFH�RQFH�WKH�HYHQW�RI

,/���� ELQGLQJ� LV� JHQHUDWHG� E\� WKH� ,/���� UHFHSWRU�� 7KLV

PHFKDQLVP� HQVXUHV� WKDW� WKH� SUREDELOLW\� RI� WKH

,/����ELQGLQJ� HYHQW� WR� SURPRWH� WKH� 7K�� VWDWH� ZLOO

LQFUHDVH�ZLWK�WKH�QXPEHU�RI�FHOO�F\FOHV�

7KHUH�DUH�WKUHH�GLIIHUHQW�FLUFXPVWDQFHV�XQGHU�ZKLFK�WKH

7�FHOO�PLJKW�HQWHU�WKH�$FWLYH�VWDWH�

��� $IWHU�WKH�LQLWLDO�HQFRXQWHU�ZLWK�DQ�DQWLJHQ��IROORZHG

E\�HLWKHU�WKH�DSSURSULDWH�FR�VWLPXODWRU\�VLJQDO�RU�E\

WKH�ELQGLQJ�RI�H[RJHQRXV�,/���

��� ,I� WKH� 7� FHOO� LV� µERUQ¶� GXULQJ� SUROLIHUDWLRQ�� WKH

$FWLYH�VWDWH�LV�HQWHUHG�E\�GHIDXOW�

��� ,I� WKH� 7� FHOO� LV� D� PHPRU\� FHOO�� ZKLFK�� DV� D

FRQVHTXHQFH� RI� UH�HQFRXQWHULQJ� LWV� DQWLJHQ�

EHFRPHV�UH�DFWLYDWHG�

,Q� WKH� ILUVW� FDVH�� WKH� GHIDXOW� WUDQVLWLRQ� LQWR� 7K�� WDNHV

SODFH��VLQFH�WKH�V\VWHP�KDV�QR�KLVWRU\�RI�DFWLYDWLRQ��,Q�WKH

WKLUG�FDVH��WKH�FHOO�HQWHUV�WKH�VDPH�VWDWH�LQ�ZKLFK�LW�UHVLGHG

WKH� ODVW� WLPH� LW� OHIW� WKH� $FWLYH� VWDWH�� )RU� H[DPSOH�� D

PHPRU\� 7� FHOO� WKDW� HQWHUHG� WKH� 7K�� VWDWH� ZKHQ� LW� ILUVW

EHFDPH� DQ� HIIHFWRU� FHOO� ZRXOG� RQFH� DJDLQ� HQWHU� WKH� 7K�

VWDWH�� 7KH� VDPH� KROGV� IRU� 7K�� DQG� 7K�� 7� FHOOV�

&RQFHUQLQJ� WKH� VHFRQG� FDVH�� DQ� DFWLYH� 7� FHOO� JHQHUDWHG

GXULQJ� SUROLIHUDWLRQ� VKRXOG� DGRSW� DW� µELUWK¶� WKH� VDPH

FRQIRUPDWLRQ� DV� LWV� PRWKHU� FHOO�� +RZHYHU�� DV� PHQWLRQHG

HDUOLHU�� WKHUH� LV� QR� FXUUHQW� PHFKDQLVP� LQ� 5KDSVRG\� WKDW

VXSSRUWV�REMHFW�UHSOLFDWLRQ��+HQFH��ZH�FKHFN�WKH�YDOXH�RI

DWWULEXWHV� WKDW� WKH� PRWKHU� FHOO� WUDQVIHUV� WR� WKH� 7� FHOO� LQ

TXHVWLRQ��7KLV�LV�GRQH�XVLQJ�WKH�7\SH�DWWULEXWH��ZKLFK�FDQ

KDYH�RQH�RI�WKUHH�VWULQJ�YDOXHV�µ7K�¶��µ7K�¶�RU�µ7K�¶ � �
$V� IRU� WKH� LPPXQRORJLFDO� VWDWH� FRPSRQHQHW�� WKHUH� DUH

WZR�DGGLWLRQDO�VWDWHV�LQ�ZKLFK�D�7KHOSHU&HOO�FDQ�EH�IRXQG

�)LJ�����

��� $QHUJLF�VWDWH � ��³1DLYH�7�FHOOV�WKDW�UHFRJQL]H�DQWLJHQ

RQ� FHOOV� WKDW� FDQQRW� SURYLGH� FR�VWLPXODWLRQ� EHFRPH
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DQHUJLF�� DV� ZKHQ� D� 7� FHOO� UHFRJQL]HV� D� VHOI� DQWLJHQ

H[SUHVVHG� E\� DQ� XQLQIHFWHG� HSLWKHOLDO� FHOO�� 7KLV� 7� FHOO

GRHV� QRW� GLIIHUHQWLDWH� LQWR� DQ� DUPHG� HIIHFWRU� FHOO�� DQG

FDQQRW� EH� VWLPXODWHG� IXUWKHU� E\� SURIHVVLRQDO

DQWLJHQ�SUHVHQWLQJ� FHOOV´� >��@�� 7KLV� SRVVLELOLW\� LV

UHSUHVHQWHG�E\�WKH�WUDQVLWLRQ�IURP�WKH�VWDQG%\�VWDWH�WR�WKH

$QHUJLF� VWDWH�� WDNLQJ� SODFH� LI� QR� FR�VWLPXODWLRQ� HYHQW� LV

SURYLGHG� GXULQJ� D� FHUWDLQ� WLPH� GHOD\� DIWHU� WKH

DQWLJHQ�ELQGLQJ� HYHQW�� ,W� FDQ� DOVR� EH� VHHQ� WKDW� WKH� RQO\

SRVVLELOLW\� RI� µHVFDSLQJ¶� WKH� $QHUJLF� VWDWH� LV� LI� WKH� ,/��

UHFHSWRU�JHWV�ERXQG��UHVXOWLQJ�LQ�D�WUDQVLWLRQ�WR�WKH�$FWLYH

VWDWH�� 7KHUH� DUH� UHSRUWV� DERXW� ,/��� UHVFXH� RI� DQHUJLF

7�FHOOV� >��@�� ZKLFK� FRXOG� EH� H[SODLQHG� E\� UHVXOWV� WKDW

VKRZ�WKDW�7&5�VLJQDOLQJ�LV�VXIILFLHQW�IRU�WKH�H[SUHVVLRQ�RI

WKH�,/���UHFHSWRU>��@�

��� 0HPRU\� VWDWH�� ³,PPXQRORJLFDO� PHPRU\� FDQ� EH

GHILQHG� DV� WKH� IDVWHU� DQG� VWURQJHU� UHVSRQVH� RI� DQ� DQLPDO

WKDW� IROORZV� UH�H[SRVXUH� WR� WKH� VDPH� DQWLJHQ´� >��@�� 7KH

HYHQWV�WKDW�WULJJHU�WKH�GLIIHUHQWLDWLRQ�RI�DQ�DFWLYH�HIIHFWRU

7� FHOO� LQWR� D� PHPRU\� FHOO� DUH� VWLOO� XQNQRZQ�� <HW�

³LUUHVSHFWLYH� RI� KRZ� PHPRU\� &'�� 7� FHOOV� GHYHORS�� WKH\

DUH� WKH� SURJHQ\� RI� QDLYH� 7� FHOOV� WKDW� KDYH� VXFFHVVIXOO\

UHFRJQL]HG�IRUHLJQ�SHSWLGH�LQ�DVVRFLDWLRQ�ZLWK�0+&�FODVV

,,«� WKH� JHQHUDWLRQ� RI� PHPRU\� PD\� EH� HQYLVDJHG� DV� WKH

PDWXUDWLRQ� RI� DQWLJHQ�SULPHG� QDLYH� &'�� 7� FHOOV´� >��@�

0HPRU\�7�FHOOV�DUH�ORQJ�OLYHG�O\PSKRF\WHV�WKDW�UHPDLQ�LQ

D� UHVWLQJ� VWDWH�DIWHU� WKH�DQWLJHQ�KDV�EHHQ�FOHDUHG�� 'XULQJ

WKH�WUDQVLWLRQ�IURP�WKH�$FWLYH�VWDWH�WR�WKH�0HPRU\�VWDWH�

WKHUH� LV� WKH� FRPSOHWH� ORVV� RI� WKH� VXUIDFH� DGKHVLRQ

PROHFXOH�/�VHOHFWLQ��ZKLFK�PHGLDWHV�WKH�KRPLQJ�RI�7�FHOOV

WR�WKH�O\PSK�QRGHV��+RZHYHU��³XQOLNH�QDLYH�&'��7�FHOOV�

PHPRU\� FHOOV� FDQ� HQWHU� QRQ�O\PSKRLG� WLVVXHV� GLUHFWO\

IURP� WKH� EORRG´� >��@�� WKXV� HQKDQFLQJ� WKH� FKDQFH� RI

DQWLJHQ� HQFRXQWHU� �VHH� DOVR� WKH� DQDWRPLFDO� ORFDWLRQ

FRPSRQHQW�LQ�)LJ�����,Q�RUGHU�WR�EHFRPH�UH�DFWLYDWHG��WKH

UHVWLQJ� PHPRU\� 7� FHOO� PXVW� UH�HQFRXQWHU� LWV� DQWLJHQ�

SUHVHQWHG�E\�DQ�$3&�

$V� IRU� IXUWKHU� UHTXLUHPHQWV�� WKLQJV� DUH� QRW� VR� FOHDU�

³7KH�UROH�RI�FR�VWLPXODWLRQ�LQ�UHJXODWLQJ�PHPRU\�&'��7

FHOO� UHVSRQVHV� LV� VWLOO� KLJKO\� FRQWURYHUVLDO´� >��@�� ,W� KDV

EHHQ� VKRZQ� WKDW�� XQOLNH� QDLYH� 7� FHOOV�� UHVWLQJ� PHPRU\

FHOOV� UHVSRQG� WR� DQWLJHQV� SUHVHQWHG� E\� $3&¶V� LQ� WKH

DEVHQFH� RI� FR�VWLPXODWLRQ�� 2WKHU� VWXGLHV�� LQ� DSSDUHQW

FRQWUDGLFWLRQ��VXJJHVW�WKDW�D�VHFRQGDU\�UHVSRQVH�PLJKW�EH

EORFNHG� E\� SUHYHQWLQJ� FR�VWLPXODWRU\� VLJQDOV�� ,Q� RXU

PRGHO��)LJ������ZH�LQFOXGH�WKH� ILUVW�SRVVLELOLW\��DV�FDQ�EH

VHHQ�E\�WKH�IDFW�WKDW�WKH�µHY7&5ERXQG¶�HYHQW�WULJJHUV�WKH

LPPHGLDWH� WUDQVLWLRQ� IURP� WKH� 0HPRU\� VWDWH� WR� WKH

,/�SURGXFWLRQ� VWDWH�� +RZHYHU�� )LJ�� �� VKRZV� DQ

DOWHUQDWLYH�GHVFULSWLRQ�� LQ�ZKLFK� WKH�1DLYH� DQG�0HPRU\

VWDWHV�DUH�FRPELQHG� LQWR�D�5HVWLQJ� VWDWH�� IURP�ZKLFK� WKH

µHY7&5ERXQG¶�HYHQW�OHDGV�WR�WKH�VWDQG%\�VWDWH��RQO\�LI�D

IXUWKHU� FR�VWLPXODWRU\� HYHQW� RFFXUV� GXULQJ� WKH� GHILQHG

WLPH�GHOD\��ZLOO�WKH�DFWLYDWLRQ�SDWKZD\�WDNH�SODFH�
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��������&HOO�F\FOH�FRQWURO��$V�PHQWLRQHG�DERYH��QDLYH�7

FHOOV�FDQ�OLYH�IRU�PDQ\�\HDUV�ZLWKRXW�UHSOLFDWLQJ��LPSO\LQJ

WKDW�GXULQJ�WKLV�WLPH�SHULRG�WKH\�VWD\�LQ�WKH�*��VWDWH��7KH

LQLWLDO�HQFRXQWHU�ZLWK�D�VSHFLILF�DQWLJHQ�LQ�WKH�SUHVHQFH�RI

WKH� UHTXLUHG� FR�VWLPXODWRU\� VLJQDO� WULJJHUV� WKH� WUDQVLWLRQ

IURP�*��WR�WKH�*��SKDVH�RI�WKH�FHOO�F\FOH��,Q�RXU�PRGHO�

WKH� WUDQVLWLRQ�IURP�WKH�*�� VWDWH� WR� WKH�*�� VWDWH� LV�GULYHQ

E\� WKH� µ(QWHU&HOO&\FOH¶� WULJJHUHG� RSHUDWLRQ�� ZKLFK� LV

LQLWLDWHG� GXULQJ� WKH� WUDQVLWLRQ� IURP� WKH� VWDQG%\� VWDWH� WR

WKH�,/�SURGXFWLRQ�VWDWH��)XUWKHU�SURJUHVVLRQ�WKURXJK�WKH

FHOO� F\FOH� LV� GHSHQGHQW� RQ� ,/��� ELQGLQJ� E\� WKH� ,/��

UHFHSWRU��DQ�HYHQW�WKDW�WULJJHUV�ERWK�WKH�WUDQVWLRQ�IURP�WKH

*�� VWDWH� WR� WKH� 6� VWDWH� LQ� WKH� &HOOB&\FOHB&RQWURO

FRPSRQHQW�DQG�WKH�WUDQVLWLRQ�IURP�WKH�QRQ$FWLYH�VWDWH�WR

WKH� $FWLYH� VWDWH� LQ� WKH� ,PPXQRORJLFDOB6WDWH� FRPSRQHQW�

,I�QR�GHDWK�VLJQDO�LV�LQGXFHG�ZKLOH�EHLQJ�LQ�WKH�6�SKDVH�RI

WKH�FHOO�F\FOH��WKH�FHOO�ZLOO�JR�WKURXJK�WKH�UHVW�RI��WKH�FHOO

F\FOH�� GHSHQGLQJ� RQO\� RQ� WLPHRXW� HYHQWV�� 2QFH� HQWHULQJ

WKH�0�VWDWH��D�VHULHV�RI�DFWLRQV�LV�FDUULHG�RXW��UHVXOWLQJ�LQ

WKH� JHQHUDWLRQ� RI� WZR� QHZ� LQVWDQFHV� RI� WKH� 7KHOSHU&HOO

FODVV��UHSUHVHQWLQJ�WKH�WZR�QHZO\�ERUQ�GDXJKWHU�FHOOV�

��������$QDWRPLFDO�ORFDWLRQ��+HUH��ZH�KDYH�QRW�SURYLGHG

D�GHWDLOHG�GHVFULSWLRQ�RI�7�FHOO�PLJUDWLRQ��7KH�PDLQ� UROH

RI� WKH� DQDWRPLFDO� ORFDWLRQ� FRPSRQHQW� LV� WR� SURYLGH� WKH

VSDWLDO� FRQWH[W� IRU� UHFHSWRU�OLJDQG� LQWHUDFWLRQV�� LQ� RUGHU

IRU� D� FKHPLFDO� LQWHUDFWLRQ� WR� WDNH� SODFH�� WKH� WZR

LQWHUDFWLQJ� HQWLWLHV� PXVW� EH� LQ� SUR[LPLW\�� :KHQHYHU� D� 7

FHOO�FKDQJHV�LWV� ORFDWLRQ�� LW� LQIRUPV�WKH�UHVRXUFH�PDQDJHU

DERXW�WKLV�WUDQVLWLRQ��7KH�5HVRXUFH0DQDJHU�WKHQ�VHDUFKHV

DPRQJ�WKH�UHOHYDQW�IUHH�/LJDQG�REMHFWV�IRU�VXFK�WKDW�VKDUH

ZLWK�WKH�7�FHOO�WKH�VDPH�DQDWRPLFDO�ORFDWLRQ�

���5HVXOWV

����0RGHO�H[HFXWLRQ

,Q�RUGHU� WR�FKHFN�ZKHWKHU� WKH� IRUPDO� UHSUHVHQWDWLRQ� RI

WKH� PRGHO� IXOILOOV� RXU� UHTXLUHPHQWV� �EDVHG� RQ� WKH

LPPXQRORJLFDO� GDWD� SUHVHQWHG� LQ� SUHYLRXV� VHFWLRQV��� ZH

H[HFXWHG�WKH�PRGHO�XVLQJ�WKH�5KDSVRG\�WRRO��'XH�WR�VSDFH

OLPLWDWLRQV�� ZH� RPLWWHG� WKLV� VHFWLRQ� IURP� WKLV� YHUVLRQ� RI

WKH� SDSHU�� WKLV� VHFWLRQ� ZLOO� EH� LQFOXGHG� LQ� D� PRUH

FRPSUHKHQVLYH�YHUVLRQ��ZKLFK�LV�LQ�SUHSDUDWLRQ�

����8QH[SHFWHG�%HKDYLRU

%\� DQG� ODUJH�� WKH� EHKDYLRU� ZH� HQFRXQWHUHG� LQ� WKH

H[HFXWLRQV�RI�WKH�PRGHO�IROORZHG�RXU�H[SHFWDWLRQV��H[FHSW

IRU� RQH� FDVH�� ZH� IRXQG� WKDW� WKH� 7KHOSHUFHOO� REMHFW� FRXOG

QRW� UHDFK� D� VWHDG\� 0HPRU\� VWDWH�� 7KH� PRPHQW� D� 7� FHOO

WRRN� WKH� WUDQVLWLRQ� IURP� $FWLYH� WR� 0HPRU\�� LW� UHWXUQHG

ULJKW� EDFN� WR� WKH� $FWLYH� VWDWH�� 7KLV� KDSSHQHG� EHFDXVH

,/��� PROHFXOHV� ZHUH� VWLOO� LQ� WKH� V\VWHP�� ZKLOH� WKH

7KHOSHUFHOOV�� EHLQJ� LQ� WKHLU� $FWLYH� VWDWH�� H[SUHVVHG� WKHLU

,/�5�FRPSRQHQW�REMHFWV��$V�VKRZQ�LQ�)LJ�����WKH�HYHQW�RI

,/��� ELQGLQJ� E\� WKH� ,/��� UHFHSWRU� WULJJHUV� WKH� WUDQVLWLRQ

IURP�WKH�QRQ$FWLYH� VXSHU�VWDWH� WR� WKH�$FWLYH� VWDWH��2QO\

DIWHU�DQ�H[WHQVLYH�VHDUFK�LQ�WKH�OLWHUDWXUH�GLG�ZH�ILQG�WKDW

WKH�WUDQVLWLRQ�IURP�$FWLYH�WR�0HPRU\�LV�DFFRPSDQLHG�E\

GRZQUHJXODWLRQ�RI�,/���UHFHSWRU�H[SUHVVLRQ�� WKXV�FDXVLQJ

WKH�PHPRU\�7�FHOOV�WR�EHFRPH�LQVHQVLWLYH�WR�WKH�SUHVHQFH

RI�,/���>��@��$FFRUGLQJO\��ZH�FRUUHFWHG�WKH�VWDWHFKDUW�E\

DGGLQJ� WKH� DFWLRQ� µLWV,/�5�!*(1�HY8Q([SUHVV�¶� WR� WKH

WUDQVLWLRQ� OHDGLQJ� IURP� WKH� $FWLYH� VWDWH� WR� WKH� 0HPRU\

VWDWH��VHH�)LJ�����

���'LVFXVVLRQ

,Q�WKLV�ZRUN��ZH�H[DPLQHG� WKH�IHDVLELOLW\�RI�VWDWHFKDUWV

LQ� EULGJLQJ� WKH� JDS� EHWZHHQ� DQDO\VLV� DQG� V\QWKHVLV� E\

PRGHOLQJ�D�ZHOO�VWXGLHG�LPPXQRORJLFDO�SURFHVV�WHUPHG�7

FHOO� DFWLYDWLRQ� XVLQJ� WKH� ODQJXDJH� RI� VWDWHFKDUWV�� DV

LPSOHPHQWHG� LQ� WKH� IUDPHZRUN� RI� WKH� 2EMHFW�2ULHQWHG

$QDO\VLV� DQG� 'HVLJQ� �22$'�� DSSURDFK�� 7KLV

PHWKRGRORJ\�VXSSRUWV�WKH�IROORZLQJ�DWWULEXWHV�

&RQFXUUHQF\�� %LRORJLFDO� V\VWHPV� LQ� JHQHUDO�� DQG� WKH

LPPXQH� V\VWHP� LQ� SDUWLFXODU�� DUH� KLJKO\� FRQFXUUHQW�

�
�

)LJXUH��
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&KDQJHV� LQ� WKH� VXUURXQGLQJ� HQYLURQPHQW� FDQ� WULJJHU� WKH

H[HFXWLRQ�RI�PDQ\�SDUDOOHO�SURFHVVHV��$W�WKH�FHOOXODU�OHYHO�

D� JLYHQ� FHOO� FDUULHV� RXW� GLIIHUHQW� WDVNV� LQ� SDUDOOHO�� DV

VKRZQ� LQ� )LJ�� �� �H�J��� VHFUHWLQJ� ,/��� DQG� SURJUHVVLQJ

WKRXJK�WKH�FHOO�F\FOH���'LYLGLQJ�WKH�7�FHOO¶V�VWDWHFKDUW�LQWR

WKUHH� RUWKRJRQDO� FRPSRQHQWV� HQDEOHG� XV� WR� GHULYH� D

GHVFULSWLRQ�RI�7�FHOO�EHKDYLRU�ZKLFK�LV�FRPSRVHG�RI�WKUHH

GLIIHUHQW� DVSHFWV�� WKH� 7�FHOO¶V� LPPXQRORJLFDO� VWDWH�� LWV

FHOO�F\FOH�SKDVH�DQG�LWV�DQDWRPLFDO�ORFDWLRQ�

0XOWL�OHYHO� GHVFULSWLRQ�� ,QIRUPDWLRQ� SURFHVVLQJ� LQ

ELRORJLFDO�V\VWHPV�RFFXUV�DW�GLIIHUHQW�OHYHOV��UDQJLQJ�IURP

WKH�PROHFXODU�DQG�FHOOXODU� OHYHOV�� XS� WR� WKH� KLJKHU� OHYHOV

RI�RUJDQLVPV�DQG�SRSXODWLRQV��&RPSXWDWLRQV�LQ�ELRORJLFDO

V\VWHPV� DUH� FDUULHG� RXW� RQ� HDFK� RI� WKHVH� OHYHOV�� $W� WKH

PROHFXODU�OHYHO��IRU�H[DPSOH��WKH�7�FHOO�UHFHSWRU�FRXOG�EH

VLPSO\�UHJDUGHG�DV�)UHH�RU�%RXQG��2QH�FDQ�IXUWKHU�]RRP

LQWR� WKH� VXE�PROHFXODU� OHYHO�� DQG� GLYLGH� WKH� ELQGLQJ

SURFHVV�LQWR�VHYHUDO�HYHQWV�RFFXUULQJ�DW�WKH�VXE�PROHFXODU

OHYHO�� VXFFHVVLYH� DGGLWLRQV� RI� SKRVSKDWH� JURXSV� WR� VL[

GLIIHUHQW� SRVLWLRQV� RQ� WKH� ]HWD� � �� FKDLQ� RI� WKH� DQWLJHQ

UHFHSWRU��7&5��>��@��2QO\�D�IXOO�SKRVSKRU\ODWLRQ�RI�DOO�VL[

VLWHV�ZLOO� UHVXOW� LQ�DQ�DFWLYDWLRQ� VLJQDO� WUDQVPLWWHG�E\� WKH

7&5�� &RPSOHWLRQ� RI� WKH� SKRVSKRU\ODWLRQ� VWHSV� LV

GHSHQGHQW� RQ� WKH� QDWXUH� RI� WKH� 7&5� OLJDQG�� 7KXV�� WKH

SKRVSKRU\ODWLRQ� VWHSV� HVWDEOLVK� D� WKUHVKROG� IRU� 7� FHOO

DFWLYDWLRQ�DW�WKH�VXE�PROHFXODU�OHYHO�

$V� ZHOO� DV� WUDYHOLQJ� EHWZHHQ� WKH� PROHFXODU� DQG

VXE�PROHFXODU�GHVFULSWLRQ� OHYHO��D�PXOWL�VFDOH�GHVFULSWLRQ

LV�DOVR�QHHGHG�DW� WKH�FHOOXODU�DQG�VXE�FHOOXODU� OHYHOV��7KH

PRGHO� GHVFULEHG� LQ� WKLV� SDSHU�� IRU� H[DPSOH�� WUHDWV� WKH� 7

FHOO� DV�D� µEODFN� ER[¶�� LW� GHVFULEHV� WKH� RXWSXW� EHKDYLRU� RI

WKH�FHOO�DV�D�UHDFWLRQ�WR�H[WHUQDO�VLJQDOV��UHJDUGOHVV�RI�WKH

VLJQDO� WUDQVGXFWLRQ� HYHQWV� WKDW� RFFXU� ZLWKLQ� WKH� FHOO� DQG

OHDG� WR� WKLV� EHKDYLRU�� 7KXV�� WKH� PRGHO� VLPSO\� VWDWHV� WKDW

SURSHU�VLJQDOLQJ�YLD�WKH�7&5��IROORZHG�E\�FR�VWLPXODWLRQ�

WULJJHUV�WKH�WUDQVLWLRQ�IURP�1DLYH� WR�$FWLYH��7KH�SUHVHQW

PRGHO�VD\V�QRWKLQJ�DERXW�WKH�PROHFXODU�RU�VXE�PROHFXODU

PHDQLQJ� RI� ³SURSHU� VLJQDOLQJ´� �WKH� SKRVSKRU\ODWLRQ

HYHQWV���QHLWKHU�GRHV�LW�WDNH�FDUH�RI�WKH�FDVFDGH�RI�HYHQWV
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