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$EVWUDFW�� 0XOWL�DJHQW� FRQWURO� LV� DQ� HIILFLHQW� PHWKRG� � WR� RSWLPL]H� ORFDO� V\VWHPV� LQ
GHFHQWUDOL]HG�HQYLURQPHQWV��0DUNHW�EDVHG�DOJRULWKPV�DUH�PXOWL�DJHQW�VFHQDULRV�LQ�ZKLFK

SURGXFHU�DQG�FRQVXPHU�DJHQWV�FRPSHWH�DQG�FRRSHUDWH�RQ�D�PDUNHW�DW�WKH�VDPH�WLPH��7KH

PHWKRG� LV� DSSOLHG� WR� D� VHW� RI� � ORFDO� 0DUNRY�TXHXLQJ� SURFHVVHV�� RU� ELUWK� DQG� GHDWK
SURFHVVHV�� UHVSHFWLYHO\��ZKHUH� WKH� ORFDO�GHDWK� UDWHV� FDQ�EH� LQIOXHQFHG�E\� VRPH�H[WHUQDO

FRQWURO�VWUDWHJ\�EXW�WKH�ORFDO�ELUWK�UDWHV�FDQQRW��7KH�JRDO�LV�WR�FKDQJH�WKH�LQGLYLGXDO�GHDWK

UDWHV�VR�WKDW��DIWHU�VRPH�ILQLWH�WLPH��WKH�GLVWULEXWLRQV�RI�DOO�TXHXLQJ�SURFHVVHV�DUH�DGMXVWHG�
7KH� GHDWK� UDWHV� RI� WKH� ORFDO� TXHXLQJ� SURFHVVHV� DUH� FKDQJHG� RQ� WKH� EDVLV� RI� � WKH

SUREDELOLWLHV�RI�WKH�DSSHDUDQFH�RI�D�VHOHFWHG�HYHQW�LQ�HDFK�RI�WKH�ORFDO�TXHXLQJ�SURFHVVHV�

&RS\ULJKW��������,)$&

.H\ZRUGV�� $JHQWV�� PDUNHW�EDVHG� FRQWURO�� GHFHQWUDOL]HG� V\VWHPV�� TXHXHV�� 0DUNRY

SURFHVVHV
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&HQWUDOL]HG�FRQWURO�RI�FRPSOH[�V\VWHPV� LV�NQRZQ� WR

EH�GLIILFXOW�LQ�WKH�SUHVHQFH�RI�D�ODUJH�QXPEHU�RI��ORFDO

V\VWHPV�� $� GHFHQWUDOL]HG� RSWLRQ� LV� PXOWL� DJHQW
FRQWURO� � ZKLFK� LV� DEOH� WR� FRSH� EHWWHU� ZLWK� � WKH

SUREOHPV� DULVLQJ� ZLWK� FHQWUDOL]HG� FRQWURO� DQG

RSWLPL]DWLRQ� PHWKRGV�� 0XOWL� DJHQW� FRQWURO� PHWKRGV
DUH�HVSHFLDOO\�DSSOLHG�LQ�FRQJHVWLRQ�FRQWURO�RI�WUDIILF

QHWZRUNV� �$OWPDQ������� DQG�PDQXIDFWXULQJ� V\VWHPV

�%XVVPDQQ�� ������ :DOODFH� ������ =DUHPED�� ������
$QRWKHU�LPSRUWDQW�DQG�JURZLQJ�ILHOG�RI�DSSOLFDWLRQ�LV

ORJLVWLFV��,Q���0RRUH��������D�PXOWL�DJHQW�IUDPHZRUN

LV� SUHVHQWHG� WKDW� GHDOV� ZLWK� ORJLVWLF� RSHUDWLRQV� LQ� D
GLVWULEXWHG� QHWZRUN� HQYLURQPHQW�� 7KLV� DSSURDFK� LV

XVHG� ERWK� IRU� DQDO\VLV� DQG� IRU� WKH� GHVLJQ� RI� D

GLVWULEXWHG
LQWHOOLJHQW� DJHQW� DUFKLWHFWXUH�� ,Q� � �)DON�� ������ D

PXOWL�OHYHO� ZDUHKRXVH� KLHUDUFK\� ZLWK� LWV� PDUNHW

PHFKDQLVPV� LV� DSSOLHG� WR� UHDO�WLPH� WUDQVSRUWDWLRQ�
G\QDPLF� IUHLJKW� DOORWPHQW�� GHSRW� DJHQWV�� VFKHGXOLQJ

SUREOHPV��DQG�SURGXFWLRQ�SODQQLQJ�
2QH� RI� WKH� PRVW� SURPLVLQJ� DSSURDFKHV� WR

GHFHQWUDOL]HG� V\VWHPV� LV� � PDUNHW�EDVHG� � FRQWURO

ZKHUH�WKH�EHKDYLRU�RI�HFRQRPLF�V\VWHPV�LV�LPLWDWHG�
,Q� WKLV� IUDPHZRUN� SURGXFHU� DQG� FRQVXPHU� DJHQWV

ERWK�FRPSHWH�DQG�FRRSHUDWH�RQ�D�PDUNHW�RI� � FHUWDLQ

FRPPRGLWLHV�� 6HYHUDO� PDUNHW�EDVHG� FRQWURO� DQG

RSWLPL]DWLRQ��VWUDWHJLHV�DUH��SUHVHQWHG�LQ��&OHDUZDWHU�
������ *XHQWKHU�� ������ %HUOLQ�� ������� ,Q� �9RRV� ����

������ DQG� �9RRV� ����� ������ � � PDUNHW�EDVHG� FRQWURO
DOJRULWKPV�DUH�SUHVHQWHG�LQ�PRUH�GHWDLO��2Q�WKH�EDVLV

RI� FRVW� IXQFWLRQV� XVHG� E\� SURGXFHU� DQG� FRQVXPHU

DJHQWV� WKH�RSWLPL]DWLRQ�RI�GLVWULEXWHG�FRXSOHG� OLQHDU
V\VWHPV� LV� VKRZQ�� 7KH� SUHVHQW� SDSHU� DGRSWV�PDLQO\

LGHDV� IURP� �*XHQWKHU�� ������ DQG� �9RRV� ����� ������

7KH� PHWKRG� LV� DSSOLHG� WR� D� VHW� RI� � ORFDO� 0DUNRY
SURFHVVHV� �� H�J�� TXHXLQJ� SURFHVVHV�� UHVSHFWLYHO\�� ,Q

WKH�FDVH�RI�VHYHUDO�TXHXHV�RI�FXVWRPHUV�LW�PLJKW�EH�RI

LQWHUHVW� WR� NHHS� DOO� TXHXH� OHQJWKV� DSSUR[LPDWHO\� WKH
VDPH�LQ�RUGHU�WR�RFFXS\�WKH�ZKROH�V\VWHP�HTXDOO\��,W

LV� DVVXPHG� � WKDW� WKH� ORFDO� GHDWK� UDWHV� FDQ� EH

LQIOXHQFHG�E\�VRPH�H[WHUQDO�FRQWURO� VWUDWHJ\�EXW� WKH
ORFDO�ELUWK�UDWHV�FDQQRW���7KH�PDLQ�JRDO� LV� WR�FKDQJH

WKH� LQGLYLGXDO� GHDWK� UDWHV� VR� WKDW�� DIWHU� VRPH� ILQLWH

WLPH�� WKH� GLVWULEXWLRQV� RI� DOO� TXHXLQJ� SURFHVVHV� DUH
DGMXVWHG�� 7KH� GHDWK� UDWHV� RI� WKH� ORFDO� TXHXLQJ

SURFHVVHV� DUH� FKDQJHG� RQ� WKH� EDVLV� RI� � WKH

SUREDELOLWLHV�RI�WKH�DSSHDUDQFH�RI�D�VHOHFWHG�HYHQW�LQ
HDFK� RI� WKH� ORFDO� TXHXLQJ� SURFHVVHV�� 7KH� SDSHU� LV

RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� �� JLYHV� D� VKRUW
LQWURGXFWLRQ� LQWR� WKH� SUREOHP� RI� GHFHQWUDO� TXHXLQJ

�ELUWK� DQG� GHDWK�� SURFHVVHV� DFWLQJ� LQ� SDUDOOHO�� ,Q

6HFWLRQ����WKH�PDUNHW�EDVHG�DOJRULWKP�LV�DSSOLHG�WR�D
VHW� RI� ELUWK� DQG� GHDWK� SURFHVVHV�� ,Q� 6HFWLRQ� �

VLPXODWLRQ�UHVXOWV�DUH�SUHVHQWHG��6HFWLRQ���FRQFOXGHV

ZLWK�D�VKRUW�VXPPDU\�
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7KH�SUREOHP�RI�GHFHQWUDO�TXHXLQJ�SURFHVVHV�DFWLQJ�LQ

SDUDOOHO� ZLOO� EH� H[SODLQHG� E\� D� VLPSOH� DSSOLFDWLRQ

H[DPSOH�� *LYHQ� D� FRPSDQ\� SURGXFLQJ� Q� W\SHV� RI
FRPPRGLWLHV� �H�J�� FRPSXWHUV��� /HW� IXUWKHU� EH� JLYHQ

DQ� XQNQRZQ� QXPEHU� RI� FXVWRPHUV� ZKR� RUGHU

GLIIHUHQW� QXPEHUV� RI� HDFK� W\SH� RI� FRPPRGLW\�� /HW�
IRU� H[DPSOH�� VRPH� FXVWRPHUV� RUGHU� D� QXPEHU� RI

FRPSXWHUV�RI� W\SH���� DQG� � OHW� RWKHU� FXVWRPHUV� RUGHU

DQRWKHU� QXPEHU� RI� FRPSXWHUV� RI� W\SH� �� HWF�� (DFK
FRPSXWHU�QHHGV�IRU�LWV�SURGXFWLRQ�GLIIHUHQW�PDWHULDOV

�HOHPHQWV��VRPH�RI�WKHP�PD\�EH�XVHG�IRU�ERWK�W\SHV

RI�FRPSXWHUV��/HW�ERWK�WKH�VWUHDP�RI��GHPDQGV�E\�WKH
FXVWRPHUV� DQG� WKH� WLPHV� IRU� KDQGOLQJ� WKH

FRPPLVVLRQV� E\� WKH� FRPSDQ\� EH� H[SRQHQWLDOO\

GLVWULEXWHG� �VHH� )LJ� ���� )XUWKHUPRUH�� IRU� VLPSOLFLW\
ZH�DVVXPH�WKDW�D�FXVWRPHU�RUGHUV�RQO\�RQH�SLHFH�RI�D

VSHFLDO�W\SH�RI�FRPPRGLW\��:H�DOVR�DVVXPH�WKDW�DW�D
WLPH�LQVWDQW�W�WKH�FKDQJH�LQ�WKH�QXPEHU�RI�GHPDQGV�LV

��RU���

)LJ�����2FFXUHQFH�RI�GHPDQGV�DQG�KDQGOLQJ�WLPHV�RI

WKH�FRPPLVVLRQV

/HW� WKH� WLPH� GLIIHUHQFH� EHWZHHQ� WZR� GHPDQGV� EH

VWDUWLVWDUWLVWDUWL WWW -=D +� ��/HW�IXUWKHU�WKH�GLIIHUHQFH

EHWZHHQ� WKH� VWRSV� RI� RUGHUV� EH

VWRSLVWRSLVWRSL WWW -=D +� �� 7KH� FRUUHVSRQGLQJ

SUREDELOLW\�IXQFWLRQV�IRU�� �� >tW �DUH
W

VWDUWL
WHWW3

l--=<D ��� �>W ���

tltt
--=<D HW3

VWRSL ��� �>t ���

UHVSHFWLYHO\�� �� >tllW � DUH� WKH� SDUDPHWHUV� RI� WKH

H[SRQHQWLDO� SURFHVVHV� ���� DQG� ����� $FFRUGLQJ� WR
�:ROII�������� WKLV� W\SH�RI� VWRFKDVWLF�SURFHVV� FDQ�EH

PRGHOHG� E\� D� KRPRJHQHRXV�0DUNRY� SURFHVV�� 6LQFH

GHPDQGV� DUH� VWRFKDVWLFDOO\� ³ERUQ³� DQG� WKH� FRUUHV�
SRQGLQJ� KDQGOLQJV� RI� FRPPLVVLRQV� ³GLH� RXW³� � WKH

SURFHVV� FDQ� EH� PRGHOHG� E\� D� VR�FDOOHG� ELUWK� DQG

GHDWK� SURFHVV�� /HW� M� EH� WKH� VWDWH� GHQRWLQJ� ³M� DFWLYH
FRPPLVVLRQV³� RI� DQ� DUELWUDU\� FRPPRGLW\�� � 7KH

GLIIHUHQWLDO� HTXDWLRQV� IRU� WKH� SUREDELOLW\� RI� WKH

RFFXUHQFH�RI�WKH�VWDWHV��M ��������Q��DUH
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ZKHUH� Ml � DUH� WKH� ELUWK� UDWHV� DQG� Mm � WKH� GHDWK

UDWHV� ��W3M LV� WKH�SUREDELOLW\� WR� UHDFK� WKH� VWDWH� � M� DW

WLPH�W��ZKHQ�KDYLQJ�VWDUWHG�ZLWK�VRPH�VWDWH�L�DW�WLPH

�W �� ,Q� ���� WKH�ELUWK� DQG�GHDWK� UDWHV� DUH�GLIIHUHQW� IRU

HYHU\� VWDWH� M�� �:KHQ� DVVXPLQJ� FRQVWDQW� UDWHV� IRU� DOO

VWDWHV�RQH�REWDLQV�LQVWHDG
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:H�FDOO�D�SURFHVV�HUJRGLF�RU�VWDEOH��UHVSHFWLYHO\���LI
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,Q� WKLV� FDVH� WKH� SURFHVV� FRQYHUJHV�� 7KDW� LV�� IRU� D

VSHFLILF� VWDWH� M
a
� WKH� SUREDELOLW\� WR� UHDFK� D� KLJKHU

VWDWH�EHFRPHV�LQFUHDVLQJO\�XQOLNHO\

MM33 MM
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)RU� RXU� H[DPSOH� WKH� VWDWHV� M� DUH� WKH� QXPEHU� RI

KDQGOHG� FRPPLVVLRQV� RI� D� FRPPRGLW\� W\SH

N ��������0��DW�WLPH�W��7KHQ� ��W3
N

M LV�WKH�SUREDEL�OLW\

WR�KDYH�M�FRPPLVVLRQV�RI�D�FRPPRGLW\�W\SH�N� LQ� WKH

TXHXH� DW� WLPH� W�� ��W3
N

M
& LV� WKH� FKDQJH� LQ� WKH� SUR�

EDELOLW\� ��W3
N

M DW�WLPH�W��+HQFH��HTXDWLRQ�����FDQ�EH

UHZULWWHQ
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ZKHUH�IRU�HDFK�W\SH�N�WKH�
Nl �DQG�

Nm ��UHVSHFWLYHO\�

DUH�LQ�JHQHUDO��GLIIHUHQW�
(TXDWLRQV� ���� FDQ� EH� FRQVLGHUHG� DV� D� V\VWHP� RI

HTXDWLRQV�FRQFHUQLQJ�DOO� W\SHV�RI�FRPPRGLWLHV��7KLV

FRUUHVSRQGV�WR�WKH�WRWDO�0DUNRY�SURFHVV�RI�DOO�HYHQWV
ZLWK�Q�GLIIHUHQW�VWDWHV� �VHH�JUDSK� LQ�)LJ������7KDW� LV�

LQ� ���� DQG� )LJ�� �� ZH� GR� QRW� GLVWLQJXLVK� EHWZHHQ

GLIIHUHQW�W\SHV�N�RI�FRPPRGLWLHV�

)LJ����*UDSK�RI�WKH�FHQWUDOL]HG�0DUNRY�SURFHVV
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:KHQ�VSOLWWLQJ�WKH�SURFHVV�LQWR�VXESURFHVVHV�HDFK�RI

ZKLFK�EHORQJLQJ�WR�D�VSHFLDO�W\SH�RI�FRPPRGLW\�RQH

REWDLQV� 0� GLIIHUHQW� 0DUNRY� SURFHVVHV� ���� ZLWK� WKH
FRUUHVSRQGLQJ� JUDSKV� �VHH� )LJ� ��� HDFK� RI� ZKLFK

KDYLQJ�
NQ VWDWHV�

)LJ����*UDSK�RI�WKH�GHFHQWUDOL]HG�0DUNRY�SURFHVVHV

6WDWH�
NN QM ��������= � GHQRWHV� � ³

NM � DFWLYH

FRPPLVVLRQV³� RI� FRPPRGLW\� W\SH� N�� 7KH� UHODWLRQ

EHWZHHQ� � � WKH� l DQG� m �� UHVSHFWLYHO\�� RI� WKH

FHQWUDOL]HG� SURFHVV� DQG� WKH�
Nl � DQG�

Nm �

UHVSHFWLYHO\��RI�WKH�GHFHQWUDOL]HG�SURFHVVHV�LV
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EHFDXVH� RI� WKH� 25�FRPELQDWLRQV� RI� LQGHSHQGHQW

SUREDELOLWLHV�� 7KDW� LV�� D� FRQQHFWLRQ� EHWZHHQ� WKH

GHFHQWUDOL]HG� SURFHVVHV� ���� DQG� WKHLU� � LQGLYLGXDO
JUDSKV� DUH� FRQQHFWHG� YLD� ����� ,Q� DGGLWLRQ�� WKH� WRWDO

QXPEHU� M� RI� DFWLYH� FRPPLVVLRQV� LQ� WKH� FHQWUDOL]HG

PRGHO�DQG�WKH�QXPEHUV�
NM �RI�LQGLYLGXDO�W\SH�UHODWHG

DFWLYH�FRPPLVVLRQV�DUH�FRQQHFWHG�E\
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+RZHYHU��VLQFH�M��FDQ�EH�REWDLQHG�LQ�PDQ\�ZD\V�WKH

QXPEHU� RI� SRVVLEOH� FRPELQDWLRQV� RI
NM � WR� JHW� WKH

VDPH�WRWDO�QXPEHU�M�FDQ�EH�YHU\�KLJK��

�
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,Q� WKH� IROORZLQJ� WKH� ZD\� RI� KRZ� WR� LQIOXHQFH� WKH

ZKROH�SURFHVV� DQG� WKH� VXESURFHVVHV�� UHVSHFWLYHO\�� LV

LQYHVWLJDWHG�� 7KH� ELUWK� DQG� GHDWK� SURFHVVHV� ���� DUH
FRPSOHWHO\�GHWHUPLQHG�E\�WKHLU�LQLWLDO�FRQGLWLRQV�DQG

WKHLU� SDUDPHWHUV�
Nl � DQG�

Nm �� 7KH� ELUWK� UDWHV�
Nl

FDQQRW� EH� LQIOXHQFHG� VLQFH� WKH\� GHSHQG� FRPSOHWHO\

RQ� WKH� FXVWRPHU�� 7KH� RQO\� SDUDPHWHUV� WKDW� FDQ� EH

LQIOXHQFHG� DUH�
Nm �� ,QFUHDVLQJ�

Nm � PHDQV� WKDW� D

FRPPRGLW\� FDQ� EH� GHOLYHUHG� IDVWHU� �HDUOLHU�� WKDQ

EHIRUH��2QH�ZD\��RI� LQFUHDVLQJ�
Nm � LV� WKH�H[FKDQJH

RU� � ORDQLQJ� RI� PDWHULDOV� RU� HOHPHQWV� �� UHVSHFWLYHO\�

IURP� RWKHU� W\SHV� RI� FRPPRGLWLHV�� 7KLV�� KRZHYHU�

OHDGV�WR�D�GHFUHDVH�RI� WKH�
Nm � IRU� WKHVH�RWKHU� W\SHV�

7R�UHDFK�D�FRPSURPLVH�IRU�DOO��VXEV\VWHPV�D�PDUNHW�

EDVHG�DOJRULWKP�LV�DSSOLHG�WR�ILQG�D�VR�FDOOHG�3DUHWR�

RSWLPXP�IRU�WKH�ZKROH�VHW�RI�VXESURFHVVHV���2QH�FDQ
DUJXH�WKDW�LW�PD\�EH�VXIILFLHQW�WR�PDNH�WKH�TXHXHV�DV

IDVW�DV�SRVVLEOH��%XW�XQGHU�WKH�FRQGLWLRQ�RI�UHVWULFWHG

UHFRXUFHV� RI� WKH� VXSSOLHUV� WKLV� FRQWURO� SROLF\� PD\
OHDG� WR� ORQJHU� TXHXHV�� ODUJHU� EXIIHU� FDSDFLWLHV�� DQG

ORZHU� TXDOLW\� RI� VHUYLFH�� ,QVWHDG�� WKH� FRQWURO� SROLF\

DSSOLHG� KHUH� LV� WR� FKDQJH� WKH� GHDWK� UDWHV� RI� WKH
LQGLYLGXDO� TXHXHV� LQ� D� ZD\� WKDW� WKHLU� G\QDPLFDO

EHKDYLRUV� � EHFRPH� HTXDO�� 7KLV� LV� LGHQWLFDO� ZLWK� WKH

UHTXLUHPHQW�IRU�XVLQJ�WKH�FDSDFLW\�DOO�VXESURFHVVHV�LQ
D� ZHOO�EDODQFHG� ZD\� ZKLFK� LQ� WXUQ� OHDGV� WR� D

V\QFKURQL]DWLRQ� RI� WKH� TXHXHV�� 7KLV� FDQ� EH� UHDFKHG

E\�PLQLPL]LQJ� � D� FRVW� �HQHUJ\� IXQFWLRQ� RI� WKH� WRWDO
SURFHVV�YLD�WKH�ORFDO�FRVW�HQHUJ\�IXQFWLRQV�

$Q�DSSURSULDWH�FDOFXODWLRQ�RI�WKH�GHDWK�UDWHV�LV�GRQH

E\� D�PDUNHW�EDVHG� DSSURDFK� WKDW� LV� SUHVHQWHG� LQ� WKH
IROORZLQJ�� ,Q� RUGHU� WR� DYRLG� PLVLQWHUSUHWDWLRQV� RQH

KDV� WR� QRWH� WKDW� WKH� EHORZ�PHQWLRQHG� WHUPV
³SURGXFHU³�DQG�³FRQVXPHU³� �VKRXOG�QRW�EH�FRQIXVHG

ZLWK� UHDO� FXVWRPHUV�FRQVXPHUV� DQG

VXSSOLHUV�SURGXFHUV� DFWLQJ� LQ� WKH� FRPPLVLRQLQJ
SURFHVV� GHVFULEHG� LQ� WKH� SUHYLRXV� VHFWLRQ�

6XEVHTXHQWO\�� SURGXFHU� DQG� FRQVXPHU� DJHQWV� DUH

YLUWXDO� DFWRUV� WUDGLQJ� ZLWK� YLUWXDO� FRPPRGLWLHV� OLNH
GHDWK�UDWHV�

1RZ�� ZH� GHILQH� D� SURGXFHU� DJHQW�
N

M3DJ DQG� D

FRQVXPHU�DJHQW���
N

M&DJ ��UHVSHFWLYHO\��IRU�HDFK�VWDWH

NM � � EHORQJLQJ� WR� D� FRPPRGLW\� RI� W\SH� N��
N

M3DJ

³SURGXFHV³� D� FHUWDLQ� GHDWK� UDWH� �
N

Sm � �� DQG� WULHV� WR

PD[LPL]H� D� ORFDO� SURILW� IXQFWLRQ� �>N

Mr ��
N

M&DJ

³GHPDQGV³�IRU�D�FHUWDLQ�GHDWK�UDWH��
N

Fm ���DQG�WULHV�WR

PD[LPL]H� D� � ORFDO� XWLOLW\� IXQFWLRQ� �>N

M8 �� %RWK

N

Mr � DQG�
N

M8 � ZLOO� EH� VSHFLILHG� ODWHU�� 7KH� WUDGH

EHWZHHQ�SURGXFHU��DQG�FRQVXPHUV�DJHQWV�WDNHV�SODFH
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([DPSOH��

7KH� ILUVW� � H[DPSOH� GHDOV� ZLWK� �� GLIIHUHQW� 0DUNRY
SURFHVVHV��ZLWK����VWDWHV�IRU�HDFK�SURFHVV�

7KH� FRQWLQXRXV� SURFHVVHV� DQG� WKH� RSWLPL]DWLRQ

VWUDWHJ\� DUH� LPSOHPHQWHG� DV� GLVFUHWH� PRGHOV�� 7KH
VLPXODWLRQV� KDYH� EHHQ� GRQH� RQ� D� VPDOO� WLPH� VFDOH

ZKLFK�FDQ�EH�FKDQJHG�IRU�D�UHDO�SURFHVV�DFFRUGLQJO\�
7KH��LQLWLDO�YDOXHV�DUH

3URFHVV�3��
3�B� ��� 3�B� ��� 3�B� ��� 3�B� ��
3�B� ��� 3�B� ��� 3�B� ��� 3�B� ��
3�B� ���3�B� ���3��B� ��

3URFHVV�3��
3�B� ��� 3�B� ��� 3�B� ��� 3�B� ��
3�B� ��� 3�B� ��� 3�B� ��� 3�B� ��
3�B� ���3�B� ���3��B� ��

3URFHVV�3��
3�B� ��� 3�B� ��� 3�B� ��� 3�B� ��
3�B� ��� 3�B� ��� 3�B� ��� 3�B� ��
3�B� ���3�B� ���3��B� ��

7KH�FRUUHVSRQGLQJ�SDUDPHWHUV�DUH

ODPEGDB� ��� ODPEGDB� ����� ODPEGDB� ����

PXB� ���������PXB� �����������PXB� ����

3URFHVV� 3�� LV� HUJRGLF� VLQFH� �ODPEGDB���PXB��

7KH�SURFHVVHV�3��DQG�3��DUH�QRQ�HUJRGLF�VLQFH

ODPEGDB��!�PXB��DQG�ODPEGDB��!�PXB��

)LJXUH� �� VKRZV� WKH� HYROXWLRQ� RI� 3��3��ZLWKRXW� DQ\

FRRSHUDWLRQ� RU� LQWHUFRQQHFWLRQ� EHWZHHQ� WKH

SURFHVVHV�� $IWHU� 7 ��V� WKH� SURFHVVHV� DUH� DOPRVW
VWDWLRQDU\��)RU�WKLV�FDVH��3��VKRZV�WKH�FKDUDFWHULVWLF

HUJRGLF� IHDWXUH�ZLWK� �+> NN 33 �ZKHUH��RQ� WKH�RWKHU

KDQG��IRU�WKH�SURFHVVHV�3��DQG�3���ZH�KDYH�WKH�QRQ�

HUJRGLF� IHDWXUH� �+< NN 33 �� 'HVSLWH� RI� WKLV�� 3�� DQG

3��DUH�QRW�XQVWDEOH�EXW�FRPH�WR�UHVW��DW�D��VWDWLRQDU\

GLVWULEXWLRQ�GHSLFWHG�LQ�)LJ�����7KH�UHDVRQ�LV�WKDW�WKH

QXPEHU�RI�VWDWHV� � LV� UHVWULFWHG��)LJXUH���SUHVHQWV� WKH
FDVH�LQ�ZKLFK�WKH�SURFHVVHV�FRRSHUDWH��FRPSHWH��ZLWK

HDFK� RWKHU�� 7KH� FRUUHV�SRQGLQJ� SDUDPHWHUV� IRU� WKH

PDUNHW�EDVHG�DOJRULWKP�DUH
HB� ���JB� ���HWDB� HB��JB��
HB� ���JB� ���HWDB� HB��JB��
HB� ���JB� ���HWDB� HB��JB��

7KH�LQLWLDO�GLVWULEXWLRQ�LV�WKH�VDPH�DV��LQ�WKH�SUHYLRXV

FDVH�� 7KH� m µV� DUH� FKDQJHG� DW� HDFK� WLPH� VWHS

DFFRUGLQJ�WR������RU�������UHVSHFWLYHO\�

$OUHDG\� DIWHU� 7 �V� LW� FDQ� EH� REVHUYHG� WKDW� WKH

SURFHVV� GLVWULEXWLRQV� DSSURDFK� WR� HDFK� RWKHU�� $IWHU
7 ��V� DOO� SURFHVVHV� H[KLELW� HUJRGLF� IHDWXUHV� ZKLFK

PHDQV�WKDW�WKH�FRUUHVSRQGLQJ� m µV�WDNH�ILQDOO\�ODUJHU

YDOXHV�WKDQ�WKH�FRUUHVSRQGLQJ�l µV
ODPEGDB��  � ��ODPEGDB��  � ����

ODPEGDB�� �������PXB�� ��������

PXB��� ���������������PXB�� ��������
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7KH� GLVWULEXWLRQV� LQ� WKH� SUHYLRXV� ZHUH� JHQHUDWHG
GLUHFWO\� E\� WKH� GLIIHUHQWLDO� HTXDWLRQV� ���� DQG� �����

UHVSHFWLYHO\�� ,QVWHDG�� LQ� WKH� IROORZLQJ� H[DPSOH� WKH

GLVWULEXWLRQV� DUH� WKH� UHVXOW� RI� VWRFKDVWLF� SURFHVVHV

JHQHUDWHG�E\��QRLVH�JHQHUDWRUV�WKDW�SURGXFH�ERWK�WKH

ELUWK� SURFHVVHV� RI� GHPDQGV� DQG� WKH� GHDWK� SURFHVVHV
RI�KDQGOLQJ�WKH�FRPPLVVLRQV���,W�LV�DVVXPHG�WKDW�RQO\

RQH� WLPH� VHULHV� LV� DYDLODEOH�� $OO� ELUWK� DQG� GHDWK

SURFHVVHV� DUH� DVVXPHG� WR� EH� VWRFKDVWLFDOO\
LQGHSHQGHQW��VWDWLRQDU\��DQG�HUJRGLF�

)LJ�����(YROXWLRQ�RI��3���3����QR�RSWLPL]DWLRQ�

)LJ�����(YROXWLRQ�RI��3��3���ZLWK�RSWLPL]DWLRQ�
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7KH� FRUUHVSRQGLQJ� � GLVWULEXWLRQV� IRU� WKH� QRQ�

RSWLPL]HG� DQG� WKH� RSWLPL]HG� FDVH� DIWHU� 7 ��V�
UHVSHFWLYHO\���DUH�GHSLFWHG�LQ�)LJV���D�E��7KH�ELUWK�DQG

GHDWK�UDWHV� l �OG��DQG�� m �PX��LQ�)LJ����DUH�WKH�ILQDO

UDWHV� DIWHU� WKH� H[SHULPHQW�� 7KH� PDUNHW�EDVHG

RSWLPL]DWLRQ� OHDGV�� DV� LQ� WKH�SUHYLRXV� H[DPSOH�� WR� D
VWDEOH� EHKDYLRU� DQG� D� V\QFKURQL]DWLRQ� RI� WKH� WKUHH

GLIIHUHQW�TXHXHV�

D� E�

)LJ�����3URFHVVLQJ�RI�WKH�GHDWK�UDWHV
����������D��QR�RSWLPL]DWLRQ����E��ZLWK�RSWLPL]DWLRQ

���&21&/86,216
,Q� WKH�SDSHU� D� FRPPLVLRQLQJ�SURFHVV� LV�PRGHOHG�E\

VHW�RI��ORFDO��ELUWK�DQG�GHDWK�SURFHVVHV��$OWKRXJK�WKH

ORFDO�ELUWK�UDWHV� �DUH� IL[HG�� � WKH�FRUUHVSRQGLQJ�GHDWK
UDWHV� FDQ� EH� LQIOXHQFHG� E\� VRPH� VSHFLILF� � FRQWURO

DOJRULWKPV�� 7KH� FRQWURO� JRDO� LV� WR� FKDQJH� WKH� ORFDO

GHDWK� UDWHV� VR� WKDW� WKH� GLVWULEXWLRQV� RI� DOO� TXHXLQJ
SURFHVVHV� DUH� DGMXVWHG�� 7KLV� LV� GRQH� E\� D� PDUNHW�

EDVHG� RSWLPL]DWLRQ� PHWKRG�� ,Q� WKH� SDSHU� DQ

LQWURGXFWLRQ�WR�GLVWULEXWHG�ELUWK�DQG�GHDWK��SURFHVVHV
LV� JLYHQ�� DQG� WKH� SUREOHP� RI� � D� FHQWUDOL]HG� RU

GHFHQWUDO� UHSUHVHQWDWLRQ�RI� WKH�SUREOHP�LV�GLVFXVVHG�

)RU� WKH� PDUNHW�EDVHG� DOJRULWKP� DSSOLHG� KHUH�� ORFDO
XWLOLW\�DQG�SURILW� IXQFWLRQV�� UHVSHFWLYHO\�� DUH�GHILQHG

RQ� WKH� EDVLV� RI� ZKLFK� WKH� SDUWLFXODU� TXHXLQJ
SURFHVVHV� DUH� RSWLPL]HG�� 7KH� UHVXOW� RI� WKH

RSWLPL]DWLRQ� LV� D� VR�FDOOHG� 3DUHWR�RSWLPXP� WKDW

UHSUHVHQWV� D� FRPSURPLVH� EHWZHHQ� WKH� FRPSHWLQJ
SURFHVVHV��7KH�VLPXODWLRQ�H[SHULPHQWV�VKRZ�WKDW�WKH

DOJRULWKP�OHDGV�WR�H[FHOOHQW�UHVXOWV�IRU�WKH�DGMXVWPHQW

RI��ORFDO��0DUNRY�TXHXLQJ��SURFHVVHV�

5()(5(1&(6

$OWPDQ��(���%DVDU��7���6ULNDQW��5���������$�WHDP�

WKHRUHWLF�DSSURDFK�WR�FRQJHVWLRQ�FRQWURO�

��WK� ,)$&� :RUOG� &RQJUHVV� �� %HLMLQJ�
3�5�&KLQD����3DSHU�-��G�����

%HUOLQ��$�$���+RJJ��7���-DFNVRQ��:���������0DUNHW�

EDVHG�FRQWURO�RI�DFWLYH�VXUIDFHV��3URFHHGLQJV
RI�WKH�63,(��%RVWRQ��0$��86$��SS���������

%XVVPDQQ��6����������$JHQW�RULHQWHG�SURJUDPPLQJ

�RI�PDQXIDFWXULQJ�FRQWURO�WDVNV
3URFHHGLQJV� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ

0XOWL�$JHQW�6\VWHPV���3DULV��)UDQFH�

S������
&OHDUZDWHU��6�+��HG����������0DUNHW�EDVHG

�&RQWURO�� $� 3DUDGLJP� IRU� 'LVWULEXWHG

5HVRXUFH� $OORFDWLRQ�� :RUOG� 6FLHQWLILF�
6LQJDSRUH�

)DON��-���6SLHFN��6���:HLJHOW��0���0HUWHQV��3��������
&RRSHUDWLYH� DQG� FRPSHWLWLYH� DSSURDFKHV

ZLWK�DJHQWV�LQ�ORJLVWLFV�DQG�SURGXFWLRQ

7KLUWHHQWK� ,QWHUQDWLRQDO� &RQIHUHQFH�
$UWLILFLDO� ,QWHOOLJHQFH�� ([SHUW� 6\VWHPV�

1DWXUDO� /DQJXDJH� 3URFHHGLQJV�� $YLJQRQ�

)UDQFH���S��������
*XHQWKHU��2���+RJJ��7���+XEHUPDQ��%���������

&RQWUROV� IRU� XQVWDEOH� VWUXFWXUHV�

3URFHHGLQJV� RI� WKH� 63,(�� 6DQ� 'LHJR�� &$�
86$��SS���������

0RRUH��0�/���5H\QV��5�%���.XPDUD��6�5�7��

+XPPHO��-�5����������'LVWULEXWHG�LQWHOOLJHQW
DJHQWV�IRU�ORJLVWLFV��',$/�

,(((� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�6\VWHPV�

0DQ��DQG�&\EHUQHWLFV�
&RPSXWDWLRQDO� &\EHUQHWLFV� DQG� 6LPXODWLRQ

YRO����2UODQGR��)/��86$��S����������

9RRV��+���/LW]��/���������$�QHZ�DSSURDFK�IRU
RSWLPDO� FRQWURO� XVLQJ� PDUNHW�EDVHG

DOJRULWKPV�� 3URFHHGLQJV� RI� WKH� (XURSHDQ

&RQWURO�&RQIHUHQFH�(&&¶����.DUOVUXKH�
9RRV��+���������0DUNHW�EDVHG��FRQWURO�RI�FRPSOH[

G\QDPLF� V\VWHPV�� 3URFHHGLQJV� RI� WKH� ����
,(((� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ

,QWHOOLJHQW� &RQWURO�� ,QWHOOLJHQW� 6\VWHPV� DQG

6HPLRWLFV� &DPEULGJH�� 0$�� 86$�SS�� ����
����

:DOODFH��$���������)ORZ�FRQWURO�RI�PRELOH�URERWV

XVLQJ�DJHQWV����WK� ,QWHUQDWLRQDO�6\PSRVLXP
RQ�5RERWLFV�%LUPLQJKDP��8.���SS��������

:ROII��5�:���������6WRFKDVWLF�0RGHOLQJ�DQG�WKH

�7KHRU\�RI�4XHXHV��3UHQWLFH�+DOO�/RQGRQ
=DUHPED�0�%���%DQDV]DN��=�$��0DMG]LN��3��

-HGU]HMHN�� .�-�� �������� 'LVWULEXWHG� IORZ

FRQWURO� GHVLJQ� IRU� UHSHWLWLYH� PDQXIDFWXULQJ
SURFHVVHV�� ��WK� ,)$&� :RUOG� &RQJUHVV�

%HLMLQJ��3�5�&KLQD��3DSHU�$��D�����
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