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SRZHU�WDNHQ�RU�JLYHQ�E\�WKLV�ORDG��$OUHDG\�LQ�WKH�EHJLQQLQJV�RI�D�F��FLUFXLWV�LW�ZDV�UHFRJQLVHG�
WKDW�WKH�SURGXFW�RI�WKH�UPV�YDOXHV�RI�YROWDJH�DQG�FXUUHQW�PD\�EH�ODUJHU�WKDQ�WKH�SRZHU�RI�WKH
ORDG��7KHUHIRUH�WKLV�SURGXFW�ZDV�FDOOHG�DSSDUHQW�SRZHU�
$OUHDG\�LQ������WKH�FRQFHSW�RI�SKDVH�GLVSODFHPHQW�ZDV�ILUVW�LQWURGXFHG�E\�0D[ZHOO�>�@��,Q

����� 6WHLQPHW]� >�@� SRLQWHG� RXW�� WKDW� LQ� FDVH� RI� QRQOLQHDU� ORDGV� QRQDFWLYH� FXUUHQWV� FDQ� EH
REVHUYHG�� ZKLFK� GR� QRW� FRQWULEXWH� WR� HQHUJ\� WUDQVIHU�� $� ORW� RI� FRQWULEXWLRQV� IURP� PDQ\
DXWKRUV�IROORZHG��ZKLFK�DUH�OLVWHG�LQ�D�KLVWRULFDO�RYHUYLHZ�SXEOLVKHG�LQ������E\�6NXGHOQ\�>�@�
,Q�FRQWUDVW�WR�SRZHU���D�TXDQWLW\�ZKLFK�LV�SK\VLFDOO\�GHILQHG���DSSDUHQW�SRZHU�E\�GHIDXOW�LV

QRW� D� SK\VLFDOO\� EDVHG� TXDQWLW\�� EXW� D� FRQYHQWLRQDO� RQH�� 7KHUHIRUH� SRZHU� GHILQLWLRQV� KDYH
DOZD\V�EHHQ���DQG�DUH�VWLOO���D�PDWWHU�RI�GLVFXVVLRQ�
)RU� TXLWH� D� ORQJ� WLPH�GLVFXVVLRQ� FRQFHUQLQJ� WR� RQO\� IHZ�(XURSHDQ� FRXQWULHV��'XH� WR� WKH

H[WHQVLYH�XVH�RI�QRQOLQHDU�HOHPHQWV�LQ�FRQYHUWHUV��SRZHU�VXSSOLHV�DQG�PDQ\�RWKHU�GHYLFHV�WKH
GLVFXVVLRQ� KDV� EHHQ� ULVLQJ� DJDLQ� RQ� DQ� LQWHUQDWLRQDO� EDVLV� >��� �@�� OHDGLQJ� WR� D� SXEOLFDWLRQ
DJUHHG�XSRQ�E\�PDQ\�H[SHUWV�LQ�WKH�ILHOG�>�@�
2WKHU�ZHOO�NQRZQ�SRZHU�WKHRULHV�DUH�WKHVH�SXEOLVKHG�E\�%XGHDQX�>�@�DQG�4XDGH�>�@��7KH

%XGHDQX�WKHRU\�LV�EDVHG�RQ�WKH�GHFRPSRVLWLRQ�RI�FXUUHQW�DQG�YROWDJH�LQWR�KDUPRQLFV��,Q�FDVH
RI�QRQVLQXVRLGDO�ZDYHIRUPV�PXFK�HIIRUW�LV�QHHGHG�IRU�WKH�FDOFXODWLRQV��7KH�UHVXOWV�UHFHLYHG
IURP�%XGHDQX�WKHRU\�DUH�QRW�DOZD\V�VHQVLEOH�>�����@��4XDGH
V�WKHRU\�LV�EDVHG�RQ�FRQVHUYDWLYH
TXDQWLWLHV�DQG� ��DV� D� WKHRU\� �� FRUUHFW�DQG�FRQVLVWHQW��7KH�PXOWL�WHUPLQDO�FLUFXLW� LV� VHHQ�DV� D
PXOWL�SRUW�VWUXFWXUH��,I�WKH�SRZHU�RI�HDFK�RI�WKH�SRUWV���VHHQ�IRU�LWVHOI���LV�SXUHO\�DFWLYH��WKHQ
WKH�QRQDFWLYH�SRZHU�RI� WKH�FRPSOHWH�PXOWL�WHUPLQDO�FLUFXLW�YDQLVKHV��QR�PDWWHU� LI� WKH�DFWLYH
SRZHU�LV�HYHQO\�GLVWULEXWH�RU�QRW��0RUHRYHU��4XDGH
V�WKHRU\�LV�QRW�LQYDULDQW�WR�FKDQJHV�RI�WKH
FXUUHQW�YROWDJH�V\VWHP�>������@�
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%XFKKRO]� >���� ���� ��@�� ZKLFK� KDYH� EHHQ� H[WHQGHG� E\� 'HSHQEURFN� WR� WKH� VR�FDOOHG
)%'�PHWKRG� >���� ���� ��@�� 7KH� )%'�PHWKRG� �� DQG� WKHUHIRUH� WKLV� OHFWXUH� �� LQFOXGHV� WKH
GHILQLWLRQV� DJUHHG� XSRQ� LQ� >�@�� ,W� LV� WKH� RQO\� NQRZQ� VHW� RI� SRZHU� GHILQLWLRQV� ZKLFK� FDQ
XQDPELJXRXVO\�WUHDW�HYHU\�FRQFHLYDEOH�FLUFXLW�ZLWK�DUELWUDU\�QXPEHU�RI�WHUPLQDOV�LUUHVSHFWLYH
RI� LWV� VWUXFWXUH�RU�EHKDYLRXU�� OLQHDU� DQG�QRQOLQHDU��7KH�GHILQLWLRQV�JLYHQ� LQ� WKH� UHYLVHG� DQG
XSFRPLQJ� *HUPDQ� VWDQGDUGV� FRQFHUQLQJ� SRZHU� GHILQLWLRQV� >���� ��@� DUH� WKH� VDPH� DV� WKRVH
FRQWDLQHG�LQ�WKH�)%'�PHWKRG�
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��� &XUUHQWV�DQG�YROWDJHV�RI�DQ�Q�WHUPLQDO�FLUFXLWV
,Q� WKLV� OHFWXUH�ZH�ZLOO� GLVFXVV� WKH�YHU\�JHQHUDO�FRQFHSW�RI�DQ�Q�WHUPLQDO�FLUFXLW��6XFK�DQ
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)LJXUH����� Q�WHUPLQDO�FLUFXLW��WHUPLQDOV�DQG�DVVRFLDWHG�FXUUHQWV�DQG�YROWDJHV

6RPH�UHVWULFWLRQV�PXVW�EH�DVFHUWDLQHG�E\�WKH�FORVHG�HQYHORSH�DQG�WKH�WHUPLQDOV�
é QR�UDGLDWLRQ�LV�DOORZHG��HQHUJ\�WUDQVIHU�LV�UHVWULFWHG�WR�WKH�WHUPLQDOV
é QR� GLVWULEXWHG� TXDQWLWLHV� �DV� H�J�� FXUUHQW� GHQVLWLHV�� DUH� DOORZHG�� ,I� IRU� H[DPSOH� WKH� HDUWK
FXUUHQW�LQ�FRQQHFWLRQ�ZLWK�RYHUKHDG�SRZHU�VXSSO\�OLQHV�KDV�WR�EH�GLVFXVVHG��ZH�KDYH�WR
é JR�WR�D�WHUPLQDO��WUDQVIRUPHU��VXEVWDWLRQ�
é FROOHFW�WKH�FXUUHQW�WR�D�OXPSHG�TXDQWLW\��E\�LQWHJUDWLRQ��DQG�DVVRFLDWH�D�SRWHQWLDO�WR�WKLV
DUWLILFLDO� WHUPLQDO� ZKLFK� NHHSV� WKH� HQHUJ\� WUDQVIHU� �WKH� SRZHU�� DVVRFLDWHG� ZLWK� WKH
GLVWULEXWHG�TXDQWLW\�FRQVWDQW

&DUH�PXVW�DOVR�EH�WDNHQ�ZKHQ�VHOHFWLQJ�WKH�WHUPLQDOV�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ��&LUFXLWV
RIWHQ�KDYH�WHUPLQDOV�LQWHQGHG�IRU�WKH�PDLQ�HQHUJ\�WUDQVIHU�DQG�RWKHU�WHUPLQDOV�LQWHQGHG�RQO\
IRU� SURWHFWLRQ� SXUSRVHV� RU� FRQWURO� SXUSRVHV�� 2QO\� WKRVH� WHUPLQDOV� LQWHQGHG� IRU� WKH� PDLQ
HQHUJ\�WUDQVIHU�DUH�WR�EH�DVVHVVHG��QRW�SURWHFWLYH�WHUPLQDOV�RU�FRQWURO�WHUPLQDOV��7KLV�LQFOXGHV
WKH� WHUPLQDO� IRU� WKH� QHXWUDO� FRQGXFWRU� EXW� H[FOXGHV� WKH� WHUPLQDO� IRU� WKH� SURWHFWLYH� HDUWK
FRQGXFWRU�
$FFRUGLQJ�WR�.LUFKKRII
V�ODZV�WKH�Q�FXUUHQWV�RI�VXFK�DQ�Q�WHUPLQDO�FLUFXLW�DOZD\V�VXP�XS�WR

]HUR�

�� �����
u=�

Q

S Lu(W) = � � u` {�� ����Q}

6XFK�TXDQWLWLHV�ZLOO�IURP�KHUH�RQ�EH�FDOOHG�]HUR�VXP�TXDQWLWLHV�

*HQHUDO�GHILQLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� �



&OHDUO\��RQO\�Q���FXUUHQWV�DUH�OLQHDUO\�LQGHSHQGHQW��LI�WKH\�DUH�NQRZQ��WKH�UHPDLQLQJ�FXUUHQW
FDQ�HDVLO\�EH�GHWHUPLQHG�EDVHG�RQ�������
7KH�Q�YROWDJHV�RI� WKH�FLUFXLW�PD\�EH�PHDVXUHG�DJDLQVW�DQ�DUELWUDU\� UHIHUHQFH�SRWHQWLDO�� ,Q

SUDFWLFH��WKH�SRWHQWLDO�RI�RQH�RI�WKH�WHUPLQDOV�LV�RIWHQ�VHOHFWHG�DV�UHIHUHQFH�SRWHQWLDO��EHFDXVH
LQ� WKLV� FDVH� RQO\�Q��� YROWDJHV� KDYH� WR� EH�PHDVXUHG�� WKH�QWK� YROWDJH� LV� WKHQ� DOZD\V� ]HUR�� ,W
IROORZV�WKDW�RQO\�Q���YROWDJHV�DUH�LQGHSHQGHQW��,W�LV�DGYLVDEOH���DV�ZLOO�EH�VWUHVVHG�LQ�WKH�QH[W
VHFWLRQ�ZKHQ�GLVFXVVLQJ�FXUUHQW�GHFRPSRVLWLRQ�DQG�SRZHUV� �� WR�FKRRVH� D� VSHFLDOO\� VHOHFWHG
IL[HG� UHIHUHQFH� SRWHQWLDO� IRU� WKH� WKHRU\�� 7KLV� UHIHUHQFH� SRWHQWLDO� LV� DVVRFLDWHG� ZLWK� WKH
VR�FDOOHG�YLUWXDO�VWDU�SRLQW�����UHDOLVHG�E\�D�VWDU�FRQQHFWLRQ�RI�Q�HTXDO�RKPLF�UHVLVWRUV�ZLWK
UHVLVWDQFH�5��7KH�Q�YROWDJHV� �EHWZHHQ�WKH�Q� WHUPLQDOV�DQG�WKH�YLUWXDO�VWDU�SRLQW�DUH� WKHQXu�

]HUR�VXP�TXDQWLWLHV�DQG�WKXV�KDYH�WKH�VDPH�SURSHUW\�DV�WKH�FXUUHQWV�

�� �����
u=�

Q

S Xu�(W) = � � u` {�� ����Q}

,W� LV� HDV\� WR� VKRZ� WKDW� ������ KROGV� WUXH�� 7KH� FXUUHQWV� IORZLQJ� WKURXJK� WKH�Q� VWDU�FRQQHFWHG
UHVLVWRUV�DUH�]HUR�VXP�TXDQWLWLHV�E\�.LUFKKRII
V�ODZV��7KH�YROWDJHV�DUH�GHULYHG�E\�PXOWLSO\LQJ
DOO�FXUUHQWV�ZLWK�WKH�VDPH�UHVLVWDQFH�5�ZKLFK�FDQ�EH�SODFHG�LQ�IURQW�RI�WKH�VXPPDWLRQ�V\PERO�

,Q�SUDFWLFH� LW� LV�QRW�QHFHVVDU\� WR� UHDOLVH� WKH�YLUWXDO�VWDU�SRLQW��7KH�]HUR�VXP�YROWDJHV�Xu�

FDQ� DOVR� EH� FDOFXODWHG� IURP� RWKHU� PHDVXUHG� YROWDJHV�� IRU� H[DPSOH� EDVHG� RQ� WHUPLQDO� WR
WHUPLQDO�YROWDJHV�

�� �����Xu �(W) = �
Q l=�

Q

S Xul(W) � u` {�� ���� Q}

$QRWKHU�SUDFWLFDOO\�UHOHYDQW�SRVVLELOLW\�LV�WR�PHDVXUH�WKH� �YROWDJHV�DJDLQVW�RQH�RI�WKHQ - �
FRQGXFWRUV��H�J�� �DJDLQVW� WKH�Q�WK�FRQGXFWRU�� DQG�FDOFXODWH� WKH�YROWDJH�DJDLQVW� WKH�YLUWXDOXuQ
VWDU�SRLQW�E\�DGGLQJ�WKH�YROWDJH� �EHWZHHQ�WKLV�Q�WK�FRQGXFWRU�DQG�WKH�YLUWXDO�VWDU�SRLQW�XQ�

��� �� �����

Xu�(W) = XuQ(W) + XQ�(W)

� =
u=�

Q

S Xu�(W) =
u=�

Q

S >XuQ(W) + XQ�(W)@ =
u=�

Q

S XuQ(W) +
u=�

Q

S XQ�(W) =
u=�

Q

S XuQ(W) + Q $ XQ�(W)

w XQ�(W) = - �Q
u=�

Q

S XuQ(W)

%DVHG� RQ� WKH� ]HUR�VXP� YROWDJHV� � PHDVXUHG� DJDLQVW� WKH� YLUWXDO� VWDU� SRLQW� YROWDJHVXu�
PHDVXUHG�DJDLQVW�DQ�DUELWUDU\�UHIHUHQFH�SRWHQWLDO�U�FDQ�EH�LQWURGXFHG��/HW� �EH�WKH�YROWDJHX�U
EHWZHHQ�WKH�YLUWXDO�VWDU�SRLQW��WKHQ�WKH�Q�YROWDJHV�DJDLQVW�WKH�UHIHUHQFH�SRWHQWLDO�DUH�JLYHQ�E\

�� �����XuU(W) = Xu�(W) + X�U(W) � u` {�� ����Q}

��� &ROOHFWLYH�LQVWDQWDQHRXV�YDOXHV
&ROOHFWLYH�LQVWDQWDQHRXV�YDOXHV�DUH�LQWURGXFHG�WR�FKDUDFWHULVH�D�VHW�RI�]HUR�VXP�TXDQWLWLHV�

7KH\�ZLOO�SURYH�WR�EH�H[WUHPHO\�XVHIXO�ZKHQ�GLVFXVVLQJ�SRZHU�DQG�FXUUHQW�FRPSRQHQWV��7KH
FROOHFWLYH� LQVWDQWDQHRXV�YDOXH�DVVRFLDWHG�ZLWK�D� VHW� RI�]HUR�VXP�TXDQWLWLHV� LV� LGHQWLFDO�ZLWK
WKH��(XFOLGHDQ��QRUP�RI�D�YHFWRU�ZKRVH�FRPSRQHQWV�DUH�JLYHQ�E\�WKH�]HUR�VXP�TXDQWLWLHV��)RU
DUELWUDU\�TXDQWLWLHV� �WKH�FROOHFWLYH�LQVWDQWDQHRXV�YDOXH� �LV�JLYHQ�E\Ju JS

� �����JS(W) = J�(W) J�(W) � JQ(W)
7

=
u=�

Q

S Ju�(W)

,W� UHGXFHV� WKH� LQIRUPDWLRQ� FRQWDLQHG� LQ� WKH� Q� ]HUR�VXP� TXDQWLWLHV� WR� RQH� FKDUDFWHULVWLF
TXDQWLW\��EXW� LW� LV�VWLOO� WLPH�GHSHQGHQW��'XULQJ�RQH�SHULRG�VWLOO� DQ� LQILQLWH�QXPEHU�RI�YDOXHV
PD\�RFFXU��,Q�WKH�VDPH�PDQQHU�DV�WKH�UPV�YDOXH�LV�GHILQHG��D�FROOHFWLYH�UPV�YDOXH� �FDQJSUPV

*HQHUDO�GHILQLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� �



EH� GHILQHG� OHDGLQJ� WR� RQH� VLQJOH� FKDUDFWHULVWLF� TXDQWLW\� UHSUHVHQWLQJ� WKH� ZKROH� VHW� RI� Q
SHULRGLF�]HUR�VXP�TXDQWLWLHV�VHHQ�RYHU�D�ZKROH�SHULRG�7��7KH�FROOHFWLYH�UPV�YDOXH�LV�JLYHQ�E\

�� �����JSUPV = �
7 W-7

W

� JS� (t)Gt = �
7 W-7

W

�
u=�

Q

S Ju�(t) Gt = �
7 u=�

Q

S JuUPV
�

ZKHUH�� �LV�WKH�ZHOO�NQRZ�UPV�YDOXH�RI�TXDQWLW\� �JuUPV = �
7 W-7

W

� Ju�(t)Gt Ju(W)

%RWK�TXDQWLWLHV�� �DQG� ��FDQ�RQO\�EH�]HUR�RU�SRVLWLYH��,I�WKH�FROOHFWLYH�LQVWDQWDQHRXVJS JSUPV

YDOXH�LV�]HUR��WKHQ�DOO�Q�]HUR�VXP�TXDQWLWLHV�DUH�]HUR�LQ�WKDW�WLPH�LQVWDQW��,I�WKH�FROOHFWLYH�UPV
YDOXH�LV�]HUR��DOO�TXDQWLWLHV�DUH�SHUPDQHQWO\�]HUR�
,W� VKRXOG� EH� QRWHG� WKDW� RQO\� ]HUR�VXP� TXDQWLWLHV� PD\� EH� XVHG� WR� FDOFXODWH� FROOHFWLYH

TXDQWLWLHV��$Q\� GHYLDWLRQ� IURP� WKH� ]HUR�VXP� SURSHUW\�ZLOO� LQFUHDVH� WKH� FROOHFWLYH� TXDQWLW\�
7KHUHIRUH�RQO\�YROWDJHV�UHODWHG�WR�WKH�XQDPELJXRXVO\�GHILQHG�YLUWXDO�VWDU�SRLQW������������PD\
EH�XVHG�WR�FDOFXODWH�FROOHFWLYH�TXDQWLWLHV�RI�YROWDJHV�
&ROOHFWLYH� YDOXHV� LQ� WKH� ZD\� GHILQHG� KHUH� DUH� MXVWLILHG� E\� D� WKHRUHWLFDO� DQG� D� SUDFWLFDO

FRQVLGHUDWLRQ��7KH�WKHRUHWLFDO�MXVWLILFDWLRQ�RI�WKLV�FRQFHSW�LV�JLYHQ�E\�WKHLU�GLUHFW�UHODWLRQ�WR
WKH� &DXFK\�6FKZDU]� LQHTXDOLWLWHV� DV� VHHQ� LQ� VHFWLRQ� ���� IRU� LQVWDQWDQHRXV� TXDQWLWLHV� DQG
VHFWLRQ� ���� IRU� SHULRGLF� TXDQWLWLHV�� 7KH� SUDFWLFDO� MXVWLILFDWLRQ� LV� JLYHQ� E\� WKH� DVSHFW� RI
PLQLPLVLQJ�OLQH�ORVVHV�XQGHU�WKH�DVVXPSWLRQ�RI�HTXDO�UHVLVWDQFHV�LQ�HDFK�IHHGLQJ�FRQGXFWRU�
&RQVLGHU� WKDW� WKH� Q�WHUPLQDO� FLUFXLW� VHHQ� LQ� )LJ�� ���� LV� IHG� E\� Q� FRQGXFWRUV� ZLWK� HTXDO
UHVLVWDQFHV� �� 7KHQ� WKH� LQVWDQWDQHRXV� SRZHU� FRQVXPHG� E\� WKHVH� UHVLVWDQFHV� �WKH� WRWDO5 OLQH

LQVWDQWDQHRXV�OLQH�ORVV��LV�JLYHQ�E\

�� �����SSORVV(W) =
u=�

Q

S 5 OLQH $ Lu�(W) = 5 OLQH
u=�

Q

S Lu�(W) = 5OLQH $ LS� (W)

0LQLPLVLQJ� WKH� VTXDUHG� LQVWDQWDQHRXV� FROOHFWLYH� YDOXH� RI� FXUUHQWV� � ZLOO� PLQLPLVH� WKHLS� (W)
LQVWDQWDQHRXV� OLQH� ORVVHV�� ,I� DOO� TXDQWLWLHV� DUH� SHULRGLFDO� ZLWK� SHULRG� 7�� WKHQ� WKH� WRWDO� OLQH
ORVVHV�FDQ�EH�HYDOXDWHG�DV�PHDQ�YDOXH�RI�WKH�LQVWDQWDQHRXV�OLQH�ORVVHV�

�� �����3SORVV = �
7 W-7

W

�
u=�

Q

S 5 OLQH $ Lu�(t) Gt = 5 OLQH
�
7 W-7

W

�
u=�

Q

S Lu�(t) Gt = 5OLQH $ LS�UPV
�

0LQLPLVLQJ�WKH�VTXDUHG�FROOHFWLYH�UPV�YDOXH�RI�FXUUHQWV� �ZLOO�PLQLPLVH�WRWDO�OLQH�ORVVHV�LSUPV
�

$�ZD\�WR�DGDSW�WKLV�TXDQWLW\�WR�QRQSHULRGLF�DQG�QRQVWDWLRQDU\�FRQGLWLRQV�LV�GLVFXVVHG�ODWHU�

*HQHUDO�GHILQLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� �



� ,QVWDQWDQHRXV�SRZHU�DQG�FXUUHQW�GHILQLWLRQV

��� ,QVWDQWDQHRXV�SRZHU
7KH�SRZHU�DVVRFLDWHG�ZLWK�RQH�WHUPLQDO�RI�WKH�PXOWL�WHUPLQDO�FLUFXLW�LV�LQ�JHQHUDO�JLYHQ�E\

WKH�YROWDJH� �RI�WKH�WHUPLQDO��PHDVXUHG�DJDLQVW�DQ�DUELWUDU\�UHIHUHQFH�SRLQW��ZKLFK�KDV�WR�EHXuU
WKH�VDPH�IRU�DOO�WHUPLQDOV���PXOWLSOLHG�ZLWK�WKH�FXUUHQW� �RI�WKH�WHUPLQDO�Lu

�� �����Su = XuU Lu = (Xu� + X�U) Lu = Xu� Lu + X�U Lu
&OHDUO\��HDFK�LQGLYLGXDO�SRZHU�GHSHQGV�RQ�WKH�YROWDJH� �EHWZHHQ�WKH�YLUWXDO�VWDU�SRLQW�DQGX�U

WKH�VHOHFWHG�UHIHUHQFH�SRLQW��8QGHU�WKHVH�FLUFXPVWDQFH�RQH�VLQJOH�WHUPLQDO�SRZHU�FDUULHV�QR
XVDEOH� LQIRUPDWLRQ�� 7KH� VXP� � RI� DOO� WHUPLQDO� SRZHUV� LV� RI� FRXUVH� LQGHSHQGHQW� RI� WKHSS
VHOHFWHG�UHIHUHQFH�SRLQW�DQG�OHDGV�WR�WKH�WRWDO�LQVWDQWDQHRXV�SRZHU�RI�WKH�FLUFXLW�

� �����

SS(W) =
u=�

Q

S Su(W) =
u=�

Q

S Lu(W) $ Xu U(W)

=
u=�

Q

S Lu(W) $ Xu �(W) + X� U(W) $
u=�

Q

S Lu(W)

=
u=�

Q

S Lu(W) $ Xu �(W) EHFDXVH
u=�

Q

S Lu(W) = �

,W�LV�HYLGHQW�WKDW�WKH�YROWDJH� �EHWZHHQ�WKH�YLUWXDO�VWDU�SRLQW�DQG�WKH�VHOHFWHG�UHIHUHQFH�SRLQWX�U

LV� FDQFHOOHG�ZKHQ� FDOFXODWLQJ� WRWDO� LQVWDQWDQHRXV� SRZHU�� EHFDXVH� WKH� VXP�RI� DOO� FXUUHQWV� LV
SHUPDQHQWO\�]HUR�
7KHVH�ILQGLQJV�FOHDUO\�VXSSRUW�WR�VHOHFW�WKH�YLUWXDO�VWDU�SRLQW�DV�UHIHUHQFH�SRLQW�IRU�YROWDJH

PHDVXUHPHQW��2QO\�WKHQ�FXUUHQWV�DQG�YROWDJHV�DUH�ERWK�]HUR�VXP�TXDQWLWLHV�DQG�WKH�SRZHU�RI
D�VLQJOH�WHUPLQDO�LV�XQDPELJXRXVO\�GHILQHG�DQG�RI�XVH�

��� &DXFK\�6FKZDU]�LQHTXDOLW\�GHILQHV�LQVWDQWDQHRXV�SRZHU
FRQGXFWDQFH

/HW�XV�DVVXPH�WZR�VHWV� �DQG� �RI�Q�]HUR�VXP�TXDQWLWLHV�HDFK��7KH�&DXFK\�6FKZDU]JD�u JE�u

LQHTXDOLW\�LV�WKHQ�JLYHQ�E\

� �����
u=�

Q

S JDu
� (W) $

u=�

Q

S JEu
� (W) = JDS(W) $ JES(W) m

u=�

Q

S >JDu(W) $ JEu(W)@

7KH�WZR�H[SUHVVLRQV�LQ�������DUH�RQO\�WKHQ�HTXDO��LI
�����JDu(W) = N(W) $ JEu(W) ¡ u` ��Q

LV�IXOILOOHG�
,I� ZH� DVVRFLDWH� WKH� VHW� � ZLWK� WKH� FXUUHQWV� DQG� WKH� VHW� � ZLWK� WKH� YROWDJHV� RI� DQJD�u JE�u

Q�WHUPLQDO�FLUFXLW��ZH�UHFHLYH

� �����VS(W) = XS(W) $ LS(W) m
u=�

Q

S Lu(W) $ Xu �(W) = SS(W)

ZKHUH�WKH�OHIW�KDQG�SDUW�RI�������OHDGV�WR�WKH�GHILQLWLRQ�RI�WKH�LQVWDQWDQHRXV�DSSDUHQW�SRZHU
�� ZKLFK� LV� DOZD\V� ODUJHU� RU� HTXDO� WR� WKH� WRWDO� LQVWDQWDQHRXV� SRZHU� � IROORZLQJVS(W) SS(W)

GLUHFWO\� IURP� WKH� ULJKW�KDQG� SDUW� RI� ������� ,QVWDQWDQHRXV� DSSDUHQW� SRZHU� DQG� WRWDO
LQVWDQWDQHRXV� SRZHU� DUH� RQO\� WKHQ� HTXDO�� LI� DOO� Q� YROWDJHV� DQG� WKH� DVVRFLDWHG� FXUUHQWV� DUH
OLQNHG� ZLWK� WKH� VDPH� IDFWRU� � FDOOHG� HTXLYDOHQW� SRZHU� FRQGXFWDQFH�� ,I� WKLVN(W) = *S(W)
FRQGLWLRQ� LV� QRW� IXOILOOHG�� WKHQ� WKH� LQVWDQWDQHRXV� DSSDUHQW� SRZHU� LV� ODUJHU� WKDQ� WKH� WRWDO
LQVWDQWDQHRXV�SRZHU�
7KLV�GHILQLWLRQ�RI�LQVWDQWDQHRXV�DSSDUHQW�SRZHU�OLQNV�WKLV�FRQYHQWLRQDO�TXDQWLW\�DV�VWURQJO\

DV�SRVVLEOH�ZLWK�SK\VLFDO�GHILQLWLRQV��$VVXPLQJ�JLYHQ�FROOHFWLYH�LQVWDQWDQHRXV�YDOXHV�IRU�WKH
YROWDJHV�DQG�FXUUHQWV� WKH�LQVWDQWDQHRXV�DSSDUHQW�SRZHU�LV� WKH�PD[LPDO�LQVWDQWDQHRXV�SRZHU

,QVWDQWDQHRXV�SRZHU�DQG�FXUUHQW�GHILQLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� �



SRVVLEOH�� 7KH� GHILQLWLRQ� LV� FRQVWUXFWLYH�� IURP� ������ WKH� H[DFW� FRQGLWLRQ� XQGHU� ZKLFK� WKLV
PD[LPDO�LQVWDQWDQHRXV�SRZHU�LV�UHDFKHG�IROORZV�

�� �����Lu(W) = *S(W) $ Xu�(W) ¡ u` ��Q

$OO�YROWDJHV�DQG�DVVRFLDWHG�FXUUHQWV�DUH�OLQNHG�E\�WKH�HTXLYDOHQW�SRZHU�FRQGXFWDQFH� ��,I*S(W)
WKLV� GHILQLWLRQ� LV� XVHG� IRU� FRQWUROOLQJ� D� FRPSHQVDWRU�� DQ� HTXLYDOHQW� ORDG� UHVXOWV� ZKLFK� LV
GLVFXVVHG�LQ�VXEVHFWLRQ�����
:KDW�GRHV�WKLV�PHDQ�LQ�SUDFWLFH"�/HW�XV�DVVXPH�WKDW� WKH�YROWDJHV�DUH�JLYHQ���ZKLFK�LV�DQ

DFFHSWDEOH�DVVXPSWLRQ�LQ�PRVW�SUDFWLFDO�DSSOLFDWLRQV��2QO\�LI�WKH�FXUUHQWV�IXOILO��������HQHUJ\
WUDQVIHU�LV�RSWLPDO��2WKHUZLVH�WKH�H[LVWLQJ�FXUUHQWV�FDQ�EH�FKDQJHG�VXFK��WKDW�������LV�IXOILOOHG
DQG�WKH�WRWDO�LQVWDQWDQHRXV�SRZHU�UHPDLQV�XQFKDQJHG��$JDLQ�WKH�WKHRU\�LV�FRQVWUXFWLYH��7KH
WRWDO�LQVWDQWDQHRXV�SRZHU�XQGHU�WKH�FRQGLWLRQ�RI�������LV

�� �����SS(W) =
u=�

Q

S >Xu�(W) $ Lu(W)@ =
u=�

Q

S Xu�(W) $*S(W) $ Xu�(W) = *S(W)
u=�

Q

S Xu�� (W) = *S(W) $ XS�

:H�GLUHFWO\�UHFHLYH�WKH�RSWLPDO�YDOXH�RI�WKH�LQVWDQWDQHRXV�SRZHU�FRQGXFWDQFH�*S(W)

�� �����*S(W) =
SS(W)
XS� (W)

,Q�D�VLPLODU�ZD\� �FDQ�EH�GHILQHG�LI�WKH�FXUUHQWV�DUH�JLYHQ�*S(W)

�� �����*S(W) =
LS� (W)
SS(W)

��� 3RZHU�FXUUHQWV�DQG�SRZHUOHVV�FXUUHQWV
/HW� XV� DJDLQ� DVVXPH� WKDW� WKH� YROWDJHV� DUH� JLYHQ�� 7KHQ� WKH� RSWLPDO� VHW� RI� LQVWDQWDQHRXV
FXUUHQWV� �� FDOOHG� �LQVWDQWDQHRXV�� SRZHU� FXUUHQWV� � �� IROORZV� IURP� ������ XVLQJ� WKHLS
LQVWDQWDQHRXV�SRZHU�FRQGXFWDQFH� �GHULYHG�LQ������*S(W)

�� ������LSu(W) = *S(W) $ Xu�(W)
,I�D�GLIIHUHQFH�H[LVWV�EHWZHHQ�WKH�VHW�RI�SRZHU�FXUUHQWV� �DQG�WKH�VHW�RI�WHUPLQDO�FXUUHQWV�LSu(W)

�� WKHQ� HQHUJ\� WUDQVIHU� LV� QRW� RSWLPDO�� 3RZHU� FXUUHQWV� �� ZLWK� UHGXFHG� FROOHFWLYHLu(W)
LQVWDQWDQHRXV� YDOXH� �� DUH� VXIILFLHQW� WR� WUDQVIHU� WKH� VDPH� HQHUJ\�� /RVVHV� LQ� WKH� IHHGLQJ
FRQGXFWRUV�FDQ�EH�UHGXFHG��DVVXPLQJ�HTXDO�UHVLVWDQFHV�LQ�DOO�IHHGLQJ�FRQGXFWRUV��
7KH�GLIIHUHQFH�EHWZHHQ�WKH�VHW�RI�SRZHU�FXUUHQWV� �DQG�WKH�VHW�RI�WHUPLQDO�FXUUHQWV� �LSu(W) Lu(W)

LI�LW�H[LVWV��LV�FDOOHG�VHW�RI�SRZHUOHVV�FXUUHQWV��L L[u(W)
�� ������L L[u(W) = Lu(W) - LSu(W)

LQ�RWKHU�ZRUGV��7KH�WHUPLQDO�FXUUHQWV�DUH�WKH�VXP�RI�SRZHU�FXUUHQWV�DQG�SRZHUOHVV�FXUUHQWV�
�� ������Lu(W) = LSu(W) + L L[u(W)

,W�VKRXOG�EH�QRWHG�WKDW�LQ�OLWHUDWXUH�RIWHQ�WKH�WHUP��LQVWDQWDQHRXV�DFWLYH�FXUUHQWV��LV�XVHG�IRU
SRZHU�FXUUHQWV��7KLV�VKRXOG�VWULFWO\�EH�DYRLGHG�EHFDXVH�RI�UHDVRQV�GHWDLOHG�LQ�VXEVHFWLRQ�����
,I�ZH�QRZ�FDOFXODWH�WKH�WRWDO� LQVWDQWDQHRXV�SRZHU�DVVRFLDWHG�ZLWK�WKH�SRZHUOHVV�FXUUHQWV�

ZH�UHFHLYH

�� ������SS(W) =
u=�

Q

S >Xu�(W) $ LL[u(W)@ =
u=�

Q

S >Xu�(W) $ Lu(W)@ -
u=�

Q

S Xu�(W) $ LSu(W) = �

EHFDXVH� WKH� SRZHU� FXUUHQWV� ZHUH� GHILQHG� VXFK�� WKDW� WKH\� WUDQVIHU� WKH� VDPH� HQHUJ\� DV� WKH
WHUPLQDO�FXUUHQWV�

��� 9HFWRULDO�QRWDWLRQ
8S� WR� QRZ� ZH� KDYH� DOZD\V� XVHG� WKH� FXUUHQWV� DQG� YROWDJHV� VHSDUDWHO\�� XWLOLVLQJ� WKH

VXPPDWLRQ� V\PERO� LQ� VRPH� RI� WKH� HTXDWLRQV� WR� LQFRUSRUDWH� DOO� Q� TXDQWLWLHV� LQWR� D� VLQJOH

,QVWDQWDQHRXV�SRZHU�DQG�FXUUHQW�GHILQLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� �



FKDUDFWHULVLQJ� TXDQWLW\�� /RRNLQJ� FORVHO\� DW� WKH� HTXDWLRQV�� LW� LV� REYLRXV� WKDW� YHFWRUV� FDQ� EH
XVHG�HIILFLHQWO\�WR�GHFUHDVH�WKH�ZULWLQJ�HIIRUW�DQG�LQFUHDVH�JUDSKLF�XQGHUVWDQGLQJ�
:H�QRZ�DVVRFLDWH���DV�DOUHDG\�KLQWHG�DW�LQ�FRQQHFWLRQ�ZLWK���������WKH�Q�]HUR�VXP�YROWDJHV

ZLWK�WKH�FRPSRQHQWV�RI�D�YROWDJH�YHFWRU� ��DQG�WKH�Q�]HUR�VXP�FXUUHQWV�ZLWK�WKH�DVVRFLDWHGX
FRPSRQHQWV�RI�D�FXUUHQW�YHFWRU� ��7KH�FROOHFWLYH� LQVWDQWDQHRXV�YDOXHV�DUH� WKHQ�JLYHQ�E\� WKHL
�(XFOLGHDQ��QRUP�RI�WKHVH�YHFWRUV��ZKLFK�LV� WKH�VTXDUH�URRW�RI� WKH�VFDODU�SURGXFW�RI�HDFK�RI
WKH�YHFWRUV�ZLWK�LWVHOI�

�� ������XS(W) = __X(W)__ = X(W) $ X(W) � LS(W) = __L(W)__ = L(W) $ L(W)

7KH� DSSDUHQW� SRZHU� LV� WKH� SURGXFW� RI� WKH� FROOHFWLYH� LQVWDQWDQHRXV� YDOXHV� RI� YROWDJHV� DQG
FXUUHQWV�������

� ������VS = XS(W) $ LS(W) = __X(W)__ $ __L(W)__ = X(W) $ X(W) $ L(W) $ L(W)

7KH�LQVWDQWDQHRXV�SRZHU�UHVXOWV�IURP�WKH�VFDODU�SURGXFW�RI�FXUUHQW�YHFWRU�DQG�YROWDJH�YHFWRU�
�� ������SS(W) = X(W) $ L(W)

2SWLPDO�HQHUJ\�WUDQVIHU�LV�FKDUDFWHULVHG�E\
�� ������L(W) = *S(W) $ X(W)

LQ� WKLV� FDVH� WKH� YHFWRU�RI� FXUUHQWV� DQG� WKH� YHFWRU�RI� YROWDJHV�KDYH� WKH� VDPH� �RU�� LQ� FDVH� RI
QHJDWLYH�YDOXHV�RI�WKH�LQVWDQWDQHRXV�SRZHU�FRQGXFWDQFH� �RSSRVLWH��GLUHFWLRQ��:LWK�JLYHQ*S(W)
YROWDJHV�RU�FXUUHQWV��UHVSHFWLYHO\��ZH�UHFHLYH�WKH�IROORZLQJ�HTXDWLRQV�IRU� �*S(W)

���������� �� ������*S(W) =
SS(W)
XS� (W)

=
X(W) $ L(W)
X(W) $ X(W) *S(W) =

LS� (W)
SS(W) =

L(W) $ L(W)
X(W) $ L(W)

,Q�WKH�VSHFLDO�FDVH�RI�JLYHQ�YROWDJHV�WKH�YHFWRU�RI�SRZHU�FXUUHQWV�LV�JLYHQ�E\
������LS(W) = *S(W) $ X(W)

DQG�WKH�YHFWRU�RI�SRZHUOHVV�FXUUHQWV�E\
�� ������L L[(W) = L(W) - LS(W)

$V�DOUHDG\�VHHQ�LQ���������WKH�SRZHU�DVVRFLDWHG�ZLWK�WKH�SRZHUOHVV�FXUUHQWV�LV�]HUR��HTXLYDOHQW
WR�WKH�VFDODU�SURGXFW�RI�WKH�YHFWRU�RI�YROWDJHV�DQG�WKH�YHFWRU�RI�SRZHUOHVV�FXUUHQWV�EHLQJ�]HUR

�� ������X(W) $ LL[(W) = �
GHPRQVWUDWLQJ�WKDW�WKH�YHFWRU�RI�SRZHUOHVV�FXUUHQWV�LV�SHUSHQGLFXODU�WR�WKH�YHFWRU�RI�YROWDJHV�
:LWK� ������� LW� LV� REYLRXV� WKDW� WKH� YHFWRU� RI� SRZHUOHVV� FXUUHQWV� LV� DOVR� SHUSHQGLFXODU� WR� WKH
YHFWRU� RI� SRZHU� FXUUHQWV�� 7KH� YHFWRUV� RI� WHUPLQDO� FXUUHQWV�� SRZHU� FXUUHQWV� DQG� SRZHUOHVV
FXUUHQWV�� OLQNHG� E\� �������� IRUP� D� WULDQJOH� LQ� WKH� Q�GLPHQVLRQDO� YHFWRU� VSDFH�� 7KH� DQJOH
EHWZHHQ� WKH�YHFWRU�RI�SRZHU�FXUUHQWV� �DQG� WKH�YHFWRU�RI�SRZHUOHVV�FXUUHQWV� � LV�D�VTXDUHLS L L[
RQH��WKH�YHFWRUV�DUH�SHUSHQGLFXODU��7KH�PDJQLWXGHV�RI�WKH�YHFWRUV�DUH�WKHUHIRUH�OLQNHG�E\

�� ������__L(W)__� = __LS(W)__� + __L L[(W)__�

��� 6SDFH�YHFWRUV��3DUN�YHFWRUV��DQG�+\SHU�VSDFH�YHFWRUV
&XUUHQWV� DQG� YROWDJHV� XVHG� LQ� WKLV� OHFWXUH� DUH� ]HUR�VXP� TXDQWLWLHV�� ,W� KDV� DOUHDG\� EHHQ

GLVFXVVHG� WKDW� �Q���� RI� WKH� Q� TXDQWLWLHV� DOUHDG\� FRQWDLQ� DOO� WKH� LQIRUPDWLRQ� QHHGHG�� ,W� LV
WKHUHIRUH� SRVVLEOH� WR� UHGXFH� WKH�GLPHQVLRQ� RI� WKH� YHFWRU� VSDFH� LQWURGXFHG� LQ� ���� IURP�Q� WR
�Q�����7KLV�UHGXFWLRQ�LV�SDUWLFXODUO\�XVHIXO�LQ�FDVH�RI�WKUHH�RU�IRXU�WHUPLQDO�FLUFXLWV��,Q�WKHVH
FDVHV� WKH� UHGXFWLRQ� RI� FDOFXODWLRQ� HIIRUW� LV� LPSRUWDQW� DQG� LW� EHFRPHV�PRUH� HDV\� WR� GLVSOD\
FXUUHQWV�DQG�YROWDJHV�LQ�D�JUDSKLFDO�ZD\��,Q�FDVH�RI�WKUHH�WHUPLQDO�FLUFXLWV�D�SODQH�LQVWHDG�RI�D
WKUHH�GLPHQVLRQDO�VSDFH�LV�VXIILFLHQW��LQ�FDVH�RI�IRXU�WHUPLQDOV�D�WKUHH�GLPHQVLRQDO�VSDFH�FDQ
EH� XVHG� LQVWHDG� RI� IRXU� GLPHQVLRQV�� $� WKUHH�GLPHQVLRQDO� VSDFH� FDQ� EH� YLVXDOLVHG� DQG
XQGHUVWRRG�TXLWH�HIIHFWLYHO\��D�IRXU�GLPHQVLRQDO�VSDFH�SRVHV�ELJ�SUREOHPV�

,QVWDQWDQHRXV�SRZHU�DQG�FXUUHQW�GHILQLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� �



7KH� WUDQVIRUPDWLRQ� XVHG� IRU� WKLV� UHGXFWLRQ� KDV� WR� WUHDW� DOO� WKH� FRPSRQHQWV� RI� WKH� YHFWRU
HTXDOO\�� RWKHUZLVH� WKH� VLPSOH� HTXDWLRQV� GHULYHG� XS� WR� QRZ�GR� QRW� UHPDLQ� YDOLG�� ,Q� FDVH� RI
WKUHH�WHUPLQDO�FLUFXLWV���ZKLFK�DUH�PRVW�LPSRUWDQW�IRU�SUDFWLFDO�DSSOLFDWLRQV���WKH�VSDFH�YHFWRU
�RU� 3DUN� YHFWRU�� IXOILOV� WKHVH� UHTXLUHPHQWV� >��@�� ,Q� FDVH� RI� IRXU� WHUPLQDO� FLUFXLWV� WKH
]HUR�VHTXHQFH�FRPSRQHQW�RI�WKH�3DUN�WUDQVIRUPDWLRQ��RU�WKH�VSDFH�YHFWRU�WUDQVIRUPDWLRQ��QR
ORQJHU� IXOILOV� WKH� UHTXLUHPHQW� RI� WUHDWLQJ� DOO� WHUPLQDOV� HTXDOO\�� 7KHUHIRUH� LQ� WKLV� FDVH� DQ
H[WHQVLRQ� RI� WKLV� WUDQVIRUPDWLRQ� KDV� WR� EH� XVHG�� IRU� H[DPSOH� WKH� K\SHU� VSDFH� YHFWRU
WUDQVIRUPDWLRQ�>��@�

��� �3RZHUOHVV��DSSDUHQW�SRZHU
7KH� YHFWRU� RI� SRZHU� FXUUHQWV� LV� DVVRFLDWHG�ZLWK� WKH� WRWDO� LQVWDQWDQHRXV� SRZHU� � RI� WKHSS

FLUFXLW� ������ ������ ������ ������� 7KH� YHFWRU� RI� WHUPLQDO� FXUUHQWV� LV� DVVRFLDWHG� ZLWK� WKH
LQVWDQWDQHRXV� DSSDUHQW� SRZHU� � ������ ������� ,I� ZH�PXOWLSO\� ������� ZLWK� WKH� VTXDUH� RI� WKHVS
FROOHFWLYH�LQVWDQWDQHRXV�YDOXH�RI�YROWDJHV��ZKLFK�LV�WKH�VTXDUH�RI�WKH�QRUP���RU�PDJQLWXGH���RI
WKH�YROWDJH�YHFWRU��

������
(__L(W)__ $ __X(W)__)� = (__LS(W)__ $ __X(W)__)� + (__L L[(W)__ $ __X(W)__)�

VS� (W) = SS� (W) + S L[
� (W)

ZH� FDQ� IRUPDOO\� GHILQH� WKH� �SRZHUOHVV�� DSSDUHQW� SRZHU� �� ZKLFK� OLQNV� LQVWDQWDQHRXVS L[
� (W)

DSSDUHQW�SRZHU�DQG�WRWDO�LQVWDQWDQHRXV�SRZHU��7KLV�LV�D�IRUPDO�GHILQLWLRQ��EHFDXVH�WKH�SRZHU
DVVRFLDWHG�ZLWK� WKH� SRZHUOHVV� FXUUHQWV� DQG� WKHUHIRUH�ZLWK� WKH� SRZHUOHVV� DSSDUHQW� SRZHU� LV
DOZD\V�]HUR���WKH�SRZHUOHVV�DSSDUHQW�SRZHU�LV�D�SRZHU�OLNH�TXDQWLW\�DVVRFLDWHG�ZLWK�QR�WRWDO
SRZHU��7KH�QDPLQJ��SRZHUOHVV�DSSDUHQW�SRZHU��LQ�VRPH�ZD\�VHHPV�ULGLFXORXV���EXW�LW�FOHDUO\
GHVFULEHV�LWV�PHDQLQJ���DQG�XQGHUOLQHV�WKDW�RQO\�FXUUHQWV��EXW�QRW�DSSDUHQW�SRZHUV�KDYH�D�FOHDU
SK\VLFDO�PHDQLQJ�
7KH� UHDVRQ� IRU� VXFK� D� GHILQLWLRQ� LV� D� SUDFWLFDO� RQH�� 7KH� GHILQLWLRQ� DOORZV� WR� ZHLJK� WKH
LQVWDQWDQHRXV� QRQDFWLYH� FXUUHQW� EDVHG� RQ� WKH� YROWDJHV� RI� WKH� FLUFXLW� DQG� FRPSDUH� LW� WR� WKH
DSSDUHQW�SRZHU�DQG�WKH�WRWDO�LQVWDQWDQHRXV�SRZHU��,W�LV�D�PHDVXUH�IRU�WKH�VL]H�DQG�FRVWV�RI�D
FRPSHQVDWRU�EXLOW�WR�FRPSHQVDWH�SRZHUOHVV�FXUUHQWV��,W�PXVW�EH�FRQQHFWHG�WR�D�FHUWDLQ�YROWDJH
OHYHO�DQG�FDUU\�FXUUHQWV�RI�D�FHUWDLQ�PDJQLWXGH�
,W� VKRXOG� H[SOLFLWO\� EH� QRWH� WKDW� �LQVWDQWDQHRXV� QRQDFWLYH� SRZHU��� DOWKRXJK� HUURQHRXVO\

XVHG�LQ�D�SUHYLRXV�YHUVLRQ�RI�WKLV�WH[W��LV�QRW�D�VXLWDEOH�QDPH�IRU�WKLV�SRZHU�OLNH�TXDQWLW\��,W�LV
DOUHDG\� UHVHUYHG� IRU� �LQVWDQWDQHRXV� YDOXH� RI� WKH� QRQDFWLYH� SRZHU��� 1RQDFWLYH� SRZHU� LV� D
SRZHU� TXDQWLW\� GHILQHG� XQGHU� SHULRGLF� FRQGLWLRQV� LQ� VXEVHFWLRQ� ����� ZKLFK� FHUWDLQO\� KDV� D
WLPH�FKDUDFWHULVWLF�GHVFULELQJ�LWV�LQVWDQWDQHRXV�YDOXHV�

��� 6XE�&RQFOXVLRQ�IRU�VHFWLRQ��
%HFDXVH� RI� WKH� LPSRUWDQFH� RI� WKH� FRQFHSWV� SUHVHQWHG� LQ� WKLV� VHFWLRQ�� WKH� PDLQ� DVSHFWV
FRQFHUQLQJ� WKH� HTXLYDOHQW� SRZHU� FRQGXFWDQFH� � LQ� FRQQHFWLRQ�ZLWK� ������ DUH� SUHVHQWHG*S(W)
KHUH�LQ�RWKHU�ZRUGV�DQG�IURP�GLIIHUHQW�SRLQWV�RI�YLHZ�
c $�JLYHQ�LQVWDQWDQHRXV�SRZHU�LV�UHDFKHG�ZLWK�PLQLPDO�LQVWDQWDQHRXV�DSSDUHQW�SRZHU�WKHQ

DQG� RQO\� WKHQ�� LI� WKH� Q� FXUUHQWV� RI� WKH� V\VWHP� DQG� WKH� Q� DVVRFLDWHG� YROWDJHV�� PHDVXUHG
DJDLQVW�WKH�YLUWXDO�VWDU�SRLQW��IXOILO�WKH�FRQGLWLRQ�JLYHQ�E\�������RU���XVLQJ�YHFWRUV����������

c ,I� WKH�LQVWDQWDQHRXV�SRZHU�DQG�WKH�YROWDJHV�RI� WKH�V\VWHP�DUH�JLYHQ��DV� LQ�PRVW�SUDFWLFDO
VLWXDWLRQV�� WKHQ� WKH� FXUUHQWV� OHDGLQJ� WR� PLQLPDO� LQVWDQWDQHRXV� DSSDUHQW� SRZHU� FDQ� EH
GHULYHG�IURP�������RU���XVLQJ�YHFWRUV����������ZLWK� �UHVXOWLQJ�IURP�������*S

,QVWDQWDQHRXV�SRZHU�DQG�FXUUHQW�GHILQLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� �



c ,I� WKH� FROOHFWLYH� LQVWDQWDQHRXV� YDOXHV� RI� FXUUHQWV� DQG� YROWDJHV� DUH� NQRZQ� �� IRU� H[DPSOH
UHVXOWLQJ� IURP� GLPHQVLRQLQJ� WKH� FRPSRQHQWV� RI� WKH� V\VWHP� �� WKH� PD[LPXP� RI� WKH
LQVWDQWDQHRXV� SRZHU� ZKLFK� FDQ� EH� UHDFKHG� LV� LGHQWLFDO� ZLWK� WKH� LQVWDQWDQHRXV� DSSDUHQW
SRZHU��7KLV�PD[LPXP�LV�UHDFKHG�RQO\�LI�������RU���XVLQJ�YHFWRUV����������LV�IXOILOOHG�

c /HW�XV�DVVXPH� WKDW� WKH� V\VWHP� LV� IHG� IURP� LGHDO�YROWDJH�VRXUFHV�E\�QRQLGHDO�FRQGXFWRUV�
)XUWKHUPRUH��WKH�UHVLVWDQFHV�RI�WKH�QRQLGHDO�FRQGXFWRUV�DUH�DVVXPHG�WR�EH�HTXDO�ZLWK�YDOXH
5��7KLV�LV�IXOILOOHG�LQ�PRVW�SUDFWLFDO�VLWXDWLRQV��7KH�WRWDO�ORVVHV�LQ�WKH�FRQGXFWRUV�LQ�HYHU\

LQVWDQW�DUH�WKHQ�JLYHQ�E\� ��7KHVH�ORVVHV�DUH�PLQLPLVHG�
u=�

Q

S >5 $ Lu�(W)@ = 5 $
u=�

Q

S Lu�(W) = 5 $ LS� (W)
LI�������RU���XVLQJ�YHFWRUV����������LV�IXOILOOHG�ZLWK� �UHVXOWLQJ�IURP��������EHFDXVH�WKHQ�WKH*S

FROOHFWLYH� LQVWDQWDQHRXV� YDOXH� RI� FXUUHQWV� � LV� PLQLPDO� ZLWK� UHVSHFW� WR� WKH� JLYHQLS� (W)
YROWDJHV�DQG�GHPDQGHG�SRZHU�

c )RU�SUDFWLFDO� DSSOLFDWLRQV�� WKH� GHILQLWLRQ�RI� FXUUHQW� FRPSRQHQWV� LV�PXFK�PRUH� LPSRUWDQW
DQG�GLUHFWO\�OLQNHG�WR�WKH�SKHQRPHQD�XQGHU�DQDO\VLV��3RZHU�FRPSRQHQWV��������RQO\�ZHLJK
WKH�FXUUHQW�FRPSRQHQWV�ZLWK�WKH�FROOHFWLYH�LQVWDQWDQHRXV�YDOXH�RI�YROWDJHV��ZKLFK�PD\�EH
RI�LQWHUHVW�IRU�GLPHQVLRQLQJ�RU�ELOOLQJ�SXUSRVHV��)RU�FRPSHQVDWLRQ�SXUSRVHV��FXUUHQWV�KDYH
WR�EH� FKDQJHG� LI� WKH�YROWDJHV� DUH�JLYHQ�RU�YROWDJHV�� LI� WKH� FXUUHQWV� DUH�JLYHQ� LQ� RUGHU� WR
UHDFK�RSWLPDO�HQHUJ\�WUDQVIHU�

,QVWDQWDQHRXV�SRZHU�DQG�FXUUHQW�GHILQLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� �



� &XUUHQWV�DQG�SRZHUV�XQGHU�SHULRGLF�FRQGLWLRQV

:KLOH� LQ� VHFWLRQ� �� LQVWDQWDQHRXV� TXDQWLWLHV� ZLWKRXW� DQ\� UHVWULFWLRQV� FRQFHUQLQJ� WKHLU
ZDYHIRUPV�KDYH�EHHQ�WUHDWHG�� WKLV�VHFWLRQ�LV�GHGLFDWHG�WR�SHULRGLF�TXDQWLWLHV�ZKLFK�DOO�KDYH
WKH�VDPH�SHULRG�7�

�� �����J(W) = J(W - 7)
,W�VKRXOG�EH�QRWHG�WKDW�SHULRGLF�LV�PRUH�JHQHUDO�WKDQ�VLQXVRLGDO��7KH�ZDYHIRUPV�DUH�DJDLQ�QRW
UHVWULFWHG�LQ�DQ\�ZD\�H[FHSW�WKDW�WKH\�KDYH�WR�EH�SHULRGLF�

��� $FWLYH�SRZHU
7KH� DFWLYH� SRZHU� RI� D� PXOWL�WHUPLQDO� FLUFXLW� LV� JLYHQ� E\� WKH� PHDQ� YDOXH� RI� LWV� WRWDO

LQVWDQWDQHRXV�SRZHU�

�� �����3S = �
7

7

� SS(W) GW = �
7

7

� X(W) $ L(W) GW
8QGHU�WKH�DVVXPSWLRQ�RI�SHULRGLFLW\�WKH�DFWLYH�SRZHU�LV�FRQVWDQW��,I�WKLV�GHILQLWLRQ�LV�DSSOLHG
WR�QRQSHULRGLF�TXDQWLWLHV��WKH�UHVXOW�GHSHQGV�RQ�WKH�WLPH�W�DQG�WKH�FKRVHQ�SHULRG�7�

��� &DXFK\�6FKZDU]�LQHTXDOLW\�GHILQHV�DFWLYH�FRQGXFWDQFH
DQG�DSSDUHQW�SRZHU

7KH� &DXFK\�6FKZDU]� LQHTXDOLW\� ������ ����� NQRZQ� IURP� VHFWLRQ� �� LV� QRZ� H[WHQGHG� E\
LQWHJUDOV�XVHG�IRU�PHDQ�YDOXH�FDOFXODWLRQ�EDVHG�RQ�WKH�SHULRG�7�

� ������
7

7

�
u=�

Q

S Lu�(W) GW $
�
7

7

�
u=�

Q

S Xu�
� (W) GW m �

7
7

�
u=�

Q

S >Lu(W) $ Xu�(W)@ GW

8VLQJ�FROOHFWLYH�UPV�YDOXHV�������DQG�DFWLYH�SRZHU�������ZH�UHFHLYH

� �����6S = LS�HII
� $ XS�HII

� = LS�HII $ XS�HII m 3S

OHDGLQJ�GLUHFWO\�WR�WKH�SRZHU�IDFWRU�l�JLYHQ�E\
�����k = _3S _ � 6S � � [ k [ �

ZKLFK�LV�RQH�VLQJOH�IDFWRU�FKDUDFWHULVLQJ�WKH�RYHUDOO�TXDOLW\�RI�HQHUJ\�WUDQVIHU�IRU�D�V\VWHP��2I
FRXUVH� WKH� SRZHU� IDFWRU� FDQ� QRW� WHOO� HYHU\WKLQJ� DERXW� D� V\VWHP� GHVFULEHG� E\� DQ� LQILQLWH
QXPEHU�RI�SDUDPHWHUV��EXW�LW�JLYHV�D�JRRG�ILUVW�LPSUHVVLRQ�RI�D�V\VWHP��,I�WKH�SRZHU�IDFWRU�LV
FORVH� WR�XQLW\��HQHUJ\� WUDQVIHU� LV�QHDUO\�RSWLPDO��� LI� LW� LV�]HUR��QR�HQHUJ\�WUDQVIHU�RFFXUV��DOO
FXUUHQWV�DUH�FRPSOHWHO\�VXSHUIOXRXV�
,I� ZH� QRZ� ORRN� IRU� WKH� FRQGLWLRQ�ZKLFK� HQVXUHV� HTXDOLW\� LQ� �������PHDQLQJ� XQLW\� SRZHU

IDFWRU��ZH�ILQG�WKDW�QRZ
�����Lu(W) = N $ Xu�(W) = * $ Xu �(W) ¡ u` ��Q ¡ W ` 7

PXVW� EH� YDOLG�� ,QVWHDG� RI� WKH� WLPH� YDULDQW� LQVWDQWDQHRXV� SRZHU� FRQGXFWDQFH� � QRZ� D*S

FRQVWDQW�DFWLYH�SRZHU�FRQGXFWDQFH� �KDV�WR�OLQN�WKH�VHW�RI�FXUUHQWV�ZLWK�WKH�VHW�RI�YROWDJHV��,I*
WKLV�GHILQLWLRQ�LV�XVHG�IRU�FRQWUROOLQJ�D�FRPSHQVDWRU��DQ�HTXLYDOHQW�ORDG�UHVXOWV�ZKLFK�DJDLQ�LV
GLVFXVVHG�LQ�VXEVHFWLRQ�����
,Q�D�ILUVW�VWHS�ZH�DVVXPH�DJDLQ�WKDW�WKH�YROWDJHV�DUH�JLYHQ��7KLV�DVVXPSWLRQ�LV�DFFHSWDEOH�LQ

PRVW�SUDFWLFDO�DSSOLFDWLRQV��,I�HQHUJ\�WUDQVIHU�VKDOO�EH�RSWLPDO��WKH�FXUUHQWV�WKHQ�KDYH�WR�IXOILO
�������2WKHUZLVH�WKH�H[LVWLQJ�FXUUHQWV�FDQ�EH�FKDQJHG�VXFK��WKDW�������LV�IXOILOOHG�DQG�WKH�WRWDO
SRZHU�UHPDLQV�XQFKDQJHG��OHDGLQJ�WR�D�UHGXFHG�FROOHFWLYH�YDOXH�RI�FXUUHQWV��$JDLQ�WKH�WKHRU\
LV�FRQVWUXFWLYH��7KH�WRWDO�LQVWDQWDQHRXV�SRZHU�XQGHU�WKH�FRQGLWLRQ�RI��������LV

&XUUHQWV�DQG�SRZHUV�XQGHU�SHULRGLF�FRQGLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� ��



�� �����
3S = �

7
7

� SS(W)GW = �
7

7

�
u=�

Q

S >Xu�(W) $ Lu(W)@ GW = �
7

7

�
u=�

Q

S >Xu�(W) $* $ Xu�(W)@ GW

= * �
7

7

�
u=�

Q

S Xu�
� (W) GW = * $ XS�HII

�

:H�GLUHFWO\�UHFHLYH�WKH�RSWLPDO�YDOXH�RI�WKH�DFWLYH�FRQGXFWDQFH�*

�� �����* = 3S

XS�HII
�

,Q�D�VLPLODU�ZD\� �FDQ�EH�GHILQHG�LI�WKH�FXUUHQWV�DUH�JLYHQ�*

�� �����* =
LS�HII
�

3S

,W�VKRXOG�H[SOLFLWO\�EH�QRWHG�WKDW�WKH�DFWLYH�FRQGXFWDQFH� �LQ�JHQHUDO�LV�QRW�WKH�PHDQ�YDOXH�RI*
WKH� HTXLYDOHQW� LQVWDQWDQHRXV� SRZHU� FRQGXFWDQFH� �� $OWKRXJK� H�J�� ������ DQG� ������ KDYH*S(W)
VLPLODU� VWUXFWXUH� DQG� ������ UHVXOWV� IURP� ������ E\� WDNLQJ� PHDQ� YDOXHV�� WKH� PHDQ� YDOXH� RI
QRPLQDWRU� DQG� GHQRPLQDWRU� KDV� WR� EH� WDNHQ� VHSDUDWHO\�� ,I�� KRZHYHU�� WKH� FROOHFWLYH
LQVWDQWDQHRXV�YDOXH�RI�YROWDJHV�RU�FXUUHQWV�� UHVSHFWLYHO\�� LV�FRQVWDQW�� WKHQ� � LV�HTXDO� WR� WKH*
PHDQ�YDOXH�RI� �*S(W)

��� :DYHIRUP�RI�DFWLYH�SRZHU
7KLV�DVSHFW�LV�WUHDWHG�DV�D�VSHFLDO�WRSLF��EHFDXVH�LW�LV�RIWHQ�HUURQHRXVO\�DVVXPHG�WKDW�DFWLYH

SRZHU�� DW� OHDVW� ZLWK� V\VWHPV� IHG� E\� WKUHH� RU�PRUH� FRQGXFWRUV�� LV� FRQVWDQW�� 3HRSOH� WHQG� WR
EHOLHYH�WKDW�HYHU\�GHYLDWLRQ�IURP�FRQVWDQW�SRZHU�OHDGV�WR�QRQDFWLYH�SRZHU��7KLV�LV�QRW�WUXH�LQ
WKH�JHQHUDO�FDVH��EXW�RQO\� LI� WKH�FROOHFWLYH� LQVWDQWDQHRXV�YDOXH� �RI�YROWDJHV� �RU� �RIXS� (W) LS� (W)
FXUUHQWV��LV�FRQVWDQW��7KLV�IROORZV�IURP�������DQG�������LI�ZH�UHSODFH�WKH�LQVWDQWDQHRXV�SRZHU
FRQGXFWDQFH� �ZLWK�WKH�DFWLYH�FRQGXFWDQFH� �DQG�VROYH�IRU�WKH�WRWDO�LQVWDQWDQHRXV�SRZHU*S(W) *
XQGHU�WKHVH�RSWLPDO�FRQGLWLRQV���ZKLFK�LQFOXGH� �LS(W) = * $ XS(W)

�� ������SS(W) =
LS� (W)
* = * $ XS� (W)

,W� LV� REYLRXV� WKDW� �� HYHQ� ZLWK� FRQVWDQW� IDFWRU� � PHDQLQJ� RSWLPDO� HQHUJ\� WUDQVIHU� �� WKH*
LQVWDQWDQHRXV�YDOXH�RI�DFWLYH�SRZHU�YDULHV�ZLWK�WLPH��LI�WKH�FROOHFWLYH�LQVWDQWDQHRXV�YDOXHV�RI
YROWDJHV�DQG�FXUUHQWV�YDU\�ZLWK�WLPH�
)RU� FLUFXLWV� ZLWK� WZR� FRQGXFWRUV� RQO\� DQG� IHG� E\� VLQXVRLGDO� YROWDJH� WKLV� LV� YHU\� ZHOO

NQRZQ�� (YHQ� ZLWK� DQ� RKPLF� UHVLVWRU� FRQQHFWHG�� SRZHU� YDULHV� ZLWK� WZLFH� WKH� IXQGDPHQWDO
IUHTXHQF\� RI� WKH� YROWDJH� DQG� FXUUHQW�� ,I� VXFK� D� FLUFXLW� LV� IHG� ZLWK� '&� YROWDJH�� QR� SRZHU
RVFLOODWLRQ� RFFXUV�� ,Q� ERWK� FDVHV� �� EHFDXVH� RI� WKH� UHVLVWRU� FRQQHFWHG� �� HQHUJ\� WUDQVIHU� LV� E\
GHILQLWLRQ��DQG�E\�WKH�FRQVLGHUDWLRQV�SUHVHQWHG�LQ�WKLV�OHFWXUH��RSWLPDO��7KLV�KDV�QRWKLQJ�DW�DOO
WR�GR�ZLWK�WKH�SXUH�IDFW� WKDW�SRZHU�RVFLOODWHV��$Q�LQWULQVLF�SRZHU�RVFLOODWLRQ�LV�JLYHQ�E\�WKH
YDULDWLRQ�RI�WKH�FROOHFWLYH�LQVWDQWDQHRXV�YDOXHV��RQO\�GHYLDWLRQV�IURP�WKLV�LQWULQVLF�RVFLOODWLRQ
DUH�OLQNHG�ZLWK�QRQDFWLYH�FXUUHQWV��7KLV�LV�GLVFXVVHG�IXUWKHU�LQ�WKH�VXEVHFWLRQV�����DQG���
,Q� QRUPDO� RSHUDWLRQ� RI� WKUHH�SKDVH� HQHUJ\� VXSSO\� V\VWHPV�� KRZHYHU�� WKH� FROOHFWLYH

LQVWDQWDQHRXV� YDOXH� RI� YROWDJHV� LV� FRQVWDQW��1R� LQWULQVLF� SRZHU� RVFLOODWLRQ� LV� JLYHQ�� ,Q� WKLV
LPSRUWDQW�FDVH�SRZHU�LV�FRQVWDQW�LQ�FDVH�RI�SXUHO\�DFWLYH�FXUUHQWV�

��� $FWLYH�FXUUHQWV�DQG�QRQDFWLYH�FXUUHQWV
/HW� XV� DJDLQ� DVVXPH� WKDW� WKH� YROWDJHV� DUH� JLYHQ�� 7KHQ� WKH� RSWLPDO� VHW� RI� �LQVWDQWDQHRXV�
FXUUHQWV���FDOOHG��LQVWDQWDQHRXV��DFWLYH�FXUUHQWV� ���IROORZV�IURP�XVLQJ�WKH�DFWLYH�FRQGXFWDQFHLD
�GHULYHG�LQ������*

&XUUHQWV�DQG�SRZHUV�XQGHU�SHULRGLF�FRQGLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� ��



� ������LDu(W) = * $ Xu�(W)
XVLQJ�YHFWRUV

�� ������LD(W) = * $ X(W)
,W�VKRXOG�EH�QRWHG�WKDW�LQ�JHQHUDO�YROWDJHV�DQG�FXUUHQWV�DUH�IXQFWLRQV�RI�WLPH��7KHUHIRUH�DFWLYH
FXUUHQWV� YDU\� ZLWK� WLPH� �KDYLQJ� LQVWDQWDQHRXV� YDOXHV�� �� EXW� VWULFWO\� SURSRUWLRQDO� WR� WKH
DVVRFLDWHG� YROWDJHV�� 7KH� WHUP� �LQVWDQWDQHRXV� DFWLYH� FXUUHQW�� VKRXOG� EH� UHVWULFWHG� WR� WKH
LQVWDQWDQHRXV� YDOXH� RI� DQ� DFWLYH� FXUUHQW�� ,Q� OLWHUDWXUH�� KRZHYHU�� LW� LV� RIWHQ� PLVOHDGLQJO\
DVVRFLDWHG�ZLWK�WKH�SRZHU�FXUUHQWV�GHILQHG�LQ�VHFWLRQ���
,I�D�GLIIHUHQFH�H[LVWV�EHWZHHQ�WKH�VHW�RI�DFWLYH�FXUUHQWV� �DQG�WKH�VHW�RI�WHUPLQDO�FXUUHQWVLDu(W)
��WKHQ�HQHUJ\�WUDQVIHU�LV�QRW�RSWLPDO��$FWLYH�FXUUHQWV���ZLWK�UHGXFHG�FROOHFWLYH�UPV�YDOXH��Lu(W)

DUH� VXIILFLHQW� WR� WUDQVIHU� WKH� VDPH�HQHUJ\��/RVVHV� LQ� WKH� IHHGLQJ� FRQGXFWRUV�FDQ�EH� UHGXFHG
�DVVXPLQJ�HTXDO�UHVLVWDQFHV�LQ�DOO�IHHGLQJ�FRQGXFWRUV��
7KH�GLIIHUHQFH�EHWZHHQ�WKH�VHW�RI�DFWLYH�FXUUHQWV� �DQG�WKH�VHW�RI�WHUPLQDO�FXUUHQWV� �LDu(W) Lu(W)

LI�LW�H[LVWV��LV�FDOOHG�VHW�RI�QRQDFWLYH�FXUUHQWV��L[u(W)
�� ������L[u(W) = Lu(W) - LDu(W)

LQ�RWKHU�ZRUGV��7KH�WHUPLQDO�FXUUHQWV�DUH�WKH�VXP�RI�SRZHU�FXUUHQWV�DQG�QRQDFWLYH�FXUUHQWV�
�� ������Lu(W) = LDu(W) + L[u(W)

XVLQJ�YHFWRUV
�� ������L[(W) = L(W) - LD(W) � L(W) = LD(W) + L[(W)

7KH� WRWDO� DFWLYH� SRZHU� DVVRFLDWHG� ZLWK� WKH� QRQDFWLYH� FXUUHQWV� LV� ]HUR�� EHFDXVH� WKH� DFWLYH
FXUUHQWV�ZHUH�GHILQHG�VXFK��WKDW�WKH\�WUDQVIHU�WKH�VDPH�WRWDO�HQHUJ\�GXULQJ�RQH�SHULRG�DV�WKH
WHUPLQDO�FXUUHQWV�

�������
7

7

� X(W) $ L[(W)GW = �
7

7

� X(W) $ L(W) GW - �
7

7

� X(W) $ LD(W) GW = 3S - 3S = �

7KH�DFWLYH�FXUUHQWV�DUH�SURSRUWLRQDO�WR�WKH�YROWDJHV�ZLWK�FRQVWDQW�IDFWRU�RI�SURSRUWLRQ�������
7KH� LQWHJUDO� RI� QRQDFWLYH� FXUUHQWV� WLPHV� YROWDJHV� RYHU� RQH� SHULRG� �WKH� DFWLYH� SRZHU� RI� WKH
QRQDFWLYH� FXUUHQWV�� LV� ]HUR� �������� 7KHUHIRUH� DFWLYH� FXUUHQWV� DQG� QRQDFWLYH� FXUUHQWV� DUH
RUWKRJRQDO�VHWV�RI�IXQFWLRQV�ZLWK�UHVSHFW�WR�WKH�LQWHJUDWLRQ�LQWHUYDO�JLYHQ�E\�WKH�SHULRG�7�

��� 9DULDWLRQ�FXUUHQWV
$FWLYH�FXUUHQWV�DUH�DOZD\V�SURSRUWLRQDO�WR�WKH�VHW�RI�DVVRFLDWHG�YROWDJHV��7KHUHIRUH�WKH\�DUH

DOZD\V�SRZHU�FXUUHQWV��3RZHU�FXUUHQWV��KRZHYHU��DUH�QRW�QHFHVVDULO\�DFWLYH�FXUUHQWV��7KH\�FDQ
EH� VXEGLYLGH� LQWR� D� VHW� RI� DFWLYH� FXUUHQWV� DQG� D� UHPDLQLQJ� VHW� RI� FXUUHQWV� FDOOHG� YDULDWLRQ
FXUUHQWV� �>��@�LYu(W)

�� ������LSu(W) = LDu(W) + LYu(W) � LS(W) = LD(W) + LY(W)
7KH�QRQDFWLYH�FXUUHQWV�GHILQHG�LQ�VXEVHFWLRQ�����FDQ�DOVR�EH�VXEGLYLGHG�LQWR�WZR�FRPSRQHQWV�
2QH� FRPSRQHQW� LV� JLYHQ� E\� WKH� VHW� RI� SRZHUOHVV� FXUUHQWV�� WKH� RWKHU� DJDLQ� E\� WKH� VHW� RI
YDULDWLRQ�FXUUHQWV�

�� ������L[u(W) = L L[u(W) + LYu(W) � L[(W) = LL[(W) + LY(W)
7KH� VHW� RI� YDULDWLRQ� FXUUHQWV� FDQ� WKHUHIRUH� EH� H[SUHVVHG� LQ� WZR�GLIIHUHQW�ZD\V��%DVHG�RQ� D
GHFRPSRVLWLRQ�JLYHQ�E\�RUWKRJRQDO�VHWV�RI�IXQFWLRQV�DFFRUGLQJ�WR��������RU�EDVHG�RQ�VHWV�RI
TXDQWLWLHV�UHSUHVHQWDEOH�E\�SHUSHQGLFXODU�YHFWRUV��������

�� ������LYu(W) = LSu(W) - LDu(W) = L[u(W) - L L[u(W) � LY(W) = LS(W) - LD(W) = L[(W) - LL[(W)
)URP��������WZR�YHU\�LPSRUWDQW�SURSHUWLHV�FKDUDFWHULVLQJ�YDULDWLRQ�FXUUHQWV�UHVXOW�
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é 7KH�ILUVW�GLIIHUHQFH�LQ��������VKRZV�WKDW�WKH�VHW�RI�YDULDWLRQ�FXUUHQWV�LV�DOZD\V�SURSRUWLRQDO
WR�WKH�VHW�RI�YROWDJHV��EHFDXVH� �DQG� ���DQG�WKHUHIRUH�WKHLU�GLIIHUHQFH���DUH�LS LD

é 7KH�VHFRQG�GLIIHUHQFH�LQ��������VKRZV�WKDW� WKH�VHW�RI�YDULDWLRQ�FXUUHQWV�LV�DOZD\V�D�VHW�RI
FXUUHQWV�ZKLFK�GRHV�QRW�FRQWULEXWH�WR�WKH�WRWDO�WUDQVIHU�RI�HQHUJ\�GXULQJ�RQH�SHULRG��EHFDXVH
QHLWKHU� �QRU�� �FRQWULEXWH�L[ L L[

7KLV� OHDGV� WR� WKH� FRQFOXVLRQ� WKDW�YDULDWLRQ� FXUUHQWV� DOZD\V� FDXVH� WRWDO� LQVWDQWDQHRXV� SRZHU
�EHFDXVH�WKH\�DUH�SURSRUWLRQDO� WR�WKH�YROWDJHV���EXW�QHYHU�WUDQVIHU�HQHUJ\�GXULQJ�RQH�SHULRG�
7KH\�GHVFULEH�WKDW�SDUW�RI�WKH�SRZHU�FXUUHQWV��ZKLFK�LV�QRQDFWLYH�

��� ,QWURGXFLQJ�SRZHU�TXDQWLWLHV
$JDLQ�LW�LV�DGYLVDEOH�WR�VWDUW�ZLWK�FXUUHQWV�ZKHQ�LQWURGXFLQJ�SRZHUV��&RPELQLQJ��������DQG

�������ZH�ILQG�WKDW
�� ������Lu(W) = LDu(W) + LYu(W) + L L[u(W) � L(W) = LD(W) + LY(W) + L L[(W)

7KH� VHWV� RI� FXUUHQWV� RQ� WKH� ULJKW� VLGH� RI� WKH� HTXDOV� VLJQ� DUH� RUWKRJRQDO� RU� SHUSHQGLFXODU�
PHDQLQJ�WKDW�WKHLU�VTXDUHG�UPV�YDOXHV�FDQ�EH�DGGHG�

�� ������LUPV
� = LD�UPV

� + LY�UPV
� + L L[�UPV

�

,Q�WKH�VDPH�PDQQHU�DV�LQ�FRQQHFWLRQ�ZLWK��������ZH�FDQ�PXOWLSO\��������ZLWK�WKH�FROOHFWLYH
UPV�YDOXH� �RI�WKH�YROWDJHV�DQG�GHULYHXUPV

�

������
(LUPV $ XUPV)� = (LD�UPV $ XUPV)� + (LY�UPV $ XUPV)� + (L L[�UPV $ XUPV)�

6S� = 3S
� + 4Y

� + 4 L[
�

OLQNLQJ� DSSDUHQW� SRZHU�� DFWLYH� SRZHU�� YDULDWLRQ� SRZHU� DQG� SRZHUOHVV� DSSDUHQW� SRZHU�� 7KH
UHODWLRQ�EHWZHHQ�WKH�UPV�YDOXHV�RI�FXUUHQWV�VHHQ�LQ���������QRW�RI�WKH�FXUUHQWV�RU�WKHLU�YHFWRU
UHSUHVHQWDWLRQ��DQG�WKH�SRZHUV�VHHQ�LQ��������FDQ�EH�YLVXDOLVHG�JHRPHWULFDOO\�LQ�WKH�IROORZLQJ
GLDJUDP�>��@��

)LJXUH����� *HRPHWULFDO�UHSUHVHQWDWLRQ�RI�FXUUHQW�DQG�SRZHU�TXDQWLWLHV

,W�FDQ�FOHDUO\�EH�VHHQ�WKDW�DFWLYH�TXDQWLW\�DQG�YDULDWLRQ�TXDQWLW\�DUH�RUWKRJRQDO�WR�HDFK�RWKHU
DQG�GHILQH�WKH�SRZHU�TXDQWLW\��9DULDWLRQ�TXDQWLW\�DQG�SRZHUOHVV�TXDQWLW\�DUH�DOVR�RUWKRJRQDO
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DQG�OHDG�WR�WKH�QRQDFWLYH�TXDQWLW\��7KH�QRQDFWLYH�TXDQWLW\�LQ�WXUQ�LV�RUWKRJRQDO�WR�WKH�DFWLYH
TXDQWLW\��ERWK� WRJHWKHU� OHDG� WR� WKH� WRWDO�TXDQWLW\��7KH� WRWDO�TXDQWLW\�DOVR�UHVXOWV� IURP�SRZHU
TXDQWLW\�DQG�SRZHUOHVV�TXDQWLW\�

��� 6XE�&RQFOXVLRQ�IRU�VHFWLRQ�
%HFDXVH� RI� WKH� LPSRUWDQFH� RI� WKH� FRQFHSWV� SUHVHQWHG� LQ� WKLV� VHFWLRQ�� WKH� PDLQ� DVSHFWV
FRQFHUQLQJ�WKH�HTXLYDOHQW�SRZHU�FRQGXFWDQFH� �LQ�FRQQHFWLRQ�ZLWK�������DUH�SUHVHQWHG�KHUH*
LQ�RWKHU�ZRUGV�DQG�IURP�GLIIHUHQW�SRLQWV�RI�YLHZ�
c $�JLYHQ�LQVWDQWDQHRXV�SRZHU�LV�UHDFKHG�ZLWK�PLQLPDO�LQVWDQWDQHRXV�DSSDUHQW�SRZHU�WKHQ

DQG� RQO\� WKHQ�� LI� WKH� Q� FXUUHQWV� RI� WKH� V\VWHP� DQG� WKH� Q� DVVRFLDWHG� YROWDJHV�� PHDVXUHG
DJDLQVW�WKH�YLUWXDO�VWDU�SRLQW��IXOILO�WKH�FRQGLWLRQ�JLYHQ�E\�������RU���XVLQJ�YHFWRUV����������

c ,I� WKH�LQVWDQWDQHRXV�SRZHU�DQG�WKH�YROWDJHV�RI� WKH�V\VWHP�DUH�JLYHQ��DV� LQ�PRVW�SUDFWLFDO
VLWXDWLRQV�� WKHQ� WKH� FXUUHQWV� OHDGLQJ� WR� PLQLPDO� LQVWDQWDQHRXV� DSSDUHQW� SRZHU� FDQ� EH
GHULYHG�IURP�������RU���XVLQJ�YHFWRUV����������ZLWK� �UHVXOWLQJ�IURP�������*

c ,I� WKH� FROOHFWLYH� LQVWDQWDQHRXV� YDOXHV� RI� FXUUHQWV� DQG� YROWDJHV� DUH� NQRZQ� �� IRU� H[DPSOH
UHVXOWLQJ�IURP�GLPHQVLRQLQJ�WKH�FRPSRQHQWV�RI�WKH�V\VWHP���WKH�PD[LPXP�RI�WKH�DEVROXWH
YDOXH�RI�WKH�LQVWDQWDQHRXV�SRZHU�ZKLFK�FDQ�EH�UHDFKHG�LV�LGHQWLFDO�ZLWK�WKH�LQVWDQWDQHRXV
DSSDUHQW� SRZHU�� 7KLV� PD[LPXP� LV� UHDFKHG� RQO\� LI� ������ RU� �� XVLQJ� YHFWRUV� �� ������� LV
IXOILOOHG�

c /HW�XV�DVVXPH� WKDW� WKH� V\VWHP� LV� IHG� IURP� LGHDO�YROWDJH�VRXUFHV�E\�QRQLGHDO�FRQGXFWRUV�
)XUWKHUPRUH��WKH�UHVLVWDQFHV�RI�WKH�QRQLGHDO�FRQGXFWRUV�DUH�DVVXPHG�WR�EH�HTXDO�ZLWK�YDOXH
5��7KLV�LV�IXOILOOHG�LQ�PRVW�SUDFWLFDO�VLWXDWLRQV��7KH�WRWDO�ORVVHV�LQ�WKH�FRQGXFWRUV�LQ�HYHU\

LQVWDQW�DUH� WKHQ�JLYHQ�E\� ��7KHVH� ORVVHV�
7

7

�
u=�

Q

S >5 $ Lu�(t)@ Gt = 5 $ �7
7

�
u=�

Q

S Lu�(t) Gt = 5 $ LSUPV
�

DUH�PLQLPLVHG��LI�������RU���XVLQJ�YHFWRUV����������LV�IXOILOOHG�ZLWK� �UHVXOWLQJ�IURP�������*
EHFDXVH�WKHQ�WKH�FROOHFWLYH�UPV�YDOXH�RI�FXUUHQWV� �LV�PLQLPDO�ZLWK�UHVSHFW�WR�WKH�JLYHQLSUPV

�

YROWDJHV�DQG�GHPDQGHG�SRZHU�

c )RU�SUDFWLFDO� DSSOLFDWLRQV�� WKH� GHILQLWLRQ�RI� FXUUHQW� FRPSRQHQWV� LV�PXFK�PRUH� LPSRUWDQW
DQG�GLUHFWO\�OLQNHG�WR�WKH�SKHQRPHQD�XQGHU�DQDO\VLV��3RZHU�FRPSRQHQWV��������RQO\�ZHLJK
WKH�FXUUHQW�FRPSRQHQWV�ZLWK�WKH�FROOHFWLYH�UPV�YDOXH�RI�YROWDJHV��ZKLFK�PD\�EH�RI�LQWHUHVW
IRU� GLPHQVLRQLQJ� RU� ELOOLQJ� SXUSRVHV�� )RU� FRPSHQVDWLRQ� SXUSRVHV�� FXUUHQWV� KDYH� WR� EH
FKDQJHG� LI� WKH�YROWDJHV� DUH�JLYHQ�RU�YROWDJHV�� LI� WKH�FXUUHQWV� DUH�JLYHQ� LQ�RUGHU� WR� UHDFK
RSWLPDO�HQHUJ\�WUDQVIHU�

c (QHUJ\�WUDQVIHU�LV�RSWLPLVHG�VHHQ�RYHU�D�SHULRG��7KHUHIRUH�DOO�TXDQWLWLHV�PXVW�EH�NQRZQ�IRU
RQH�SHULRG���RWKHUZLVH� �FDQ�QRW�EH�GHWHUPLQHG�*

c (QHUJ\�WUDQVIHU�LV�RSWLPLVHG�VHHQ�RYHU�D�SHULRG��7KH�FRPSHQVDWRU�PXVW�WKHUHIRUH�SURYLGH
WKH�GLIIHUHQFH�EHWZHHQ�WKH�HQHUJ\�RI�WKH�IHHGLQJ�OLQH�DQG�WKH�HQHUJ\�WDNHQ�E\�WKH�ORDG��,W
PXVW�EH�DEOH�WR�VWRUH�HQHUJ\��6HH�DOVR�VXEVHFWLRQ�����
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� &RPSHQVDWLRQ�LVVXHV

:H�KDYH�FOHDUO\�GHILQHG��XQGHU�ZKLFK�FRQGLWLRQV�HQHUJ\�WUDQVIHU�WR�RU�IURP�DQ�Q�WHUPLQDO
FLUFXLW��KHUH�VKRUWO\�FDOOHG�ORDG��LV�RSWLPDO�LQ�WKH�VHQVH�WKDW�DFWLYH�SRZHU�DQG�DSSDUHQW�SRZHU
DUH�LGHQWLFDO��$VVXPLQJ�JLYHQ�YROWDJHV��FRPLQJ�IURP�WKH�SRZHU�VXSSO\�QHWZRUN��KHUH�VKRUWO\
FDOOHG� OLQH��ZH� DOVR� IRXQG� UXOHV�KRZ� WR�GHWHUPLQH� WKH�FXUUHQWV�DVVRFLDWHG�ZLWK� WKLV�RSWLPDO
HQHUJ\�WUDQVIHU��,I�LQ�FDVH�RI�D�JLYHQ�ORDG�WKH�FXUUHQWV�DFWXDOO\�IORZLQJ�LQ�WKH�FRQGXFWRUV�DUH
QRW� LGHQWLFDO� ZLWK� WKH� RSWLPDO� RQHV�� PHDVXUHV� FDQ� EH� WDNHQ� WR� RSWLPLVH� WKH� FXUUHQWV�� LI
QHFHVVDU\��6XFK�D�SURFHGXUH�LV�FDOOHG�FRPSHQVDWLRQ��RI�XQZDQWHG�FXUUHQW�FRPSRQHQWV��

��� &RPSHQVDWLRQ�XVLQJ�UHDFWLYH�HOHPHQWV��ILOWHUV�
6HYHUDO�GLIIHUHQW�ZD\V�RI�FRPSHQVDWLRQ�H[LVW�� ,Q�PRVW�FDVHV�XQFRQWUROOHG��SDVVLYH��ILOWHUV

FRQVWUXFWHG� PDLQO\� RI� UHDFWLYH� HOHPHQWV� �FDSDFLWRUV� DQG� LQGXFWRUV��� WXQHG� WR� FHUWDLQ
IUHTXHQFLHV� RI� LQWHUHVW�� GDPSHG� E\� UHVLVWRUV� ZLWK� VPDOO� UHVLVWDQFH�� DUH� XVHG�� 6RPHWLPHV
HOHFWURPHFKDQLFDO�VZLWFKHV�DUH�XVHG�WR�VZLWFK�WKHVH�HOHPHQWV�RQ�DQG�RII���GHSHQGLQJ�RQ�WKH
DFWXDO�ORDG�VLWXDWLRQ��7KH�ELJ�DGYDQWDJH�RI�VXFK�FRPSHQVDWRUV�LV�WKDW�WKH\�DUH�FRPSDUDWLYHO\
FKHDS��+RZHYHU��WKH\�KDYH�D�ORW�RI�GLVDGYDQWDJHV�
é 'XH�WR�WKH�VORZ�VZLWFKHV��LI� WKHUH�DUH�DQ\�DW�DOO�� WKH\�UHDFW�YHU\�VORZO\�WR�FKDQJHV�LQ�WKH
RSHUDWLRQ�RI�WKH�FLUFXLW�ZKRVH�FXUUHQWV�DUH�WR�EH�RSWLPLVHG�

é 7KH�UHDFWLYH�HOHPHQWV�FDXVH�QRW�RQO\�WKH�GHVLUHG�PDLQ�UHVRQDQFH�ZLWK�HDFK�RWKHU��EXW�DOVR
UHVRQDQFHV� WRJHWKHU� ZLWK� WKH� IHHGLQJ� SRZHU� VXSSO\� V\VWHP� DQG� WKH� ORDG� FLUFXLW� ZKRVH
FXUUHQWV�DUH�WR�EH�RSWLPLVHG��7KHVH�UHVRQDQFHV�PD\�YDU\�ZLWK�WKH�VWDWH�RI�RSHUDWLRQ�RI�OLQH
DQG�ORDG��7KHVH�VWUD\�UHVRQDQFHV�DUH�SDUWLFXODUO\�GDQJHURXV�LI�WKH\�RFFXU�LQ�WKH�IUHTXHQF\
UHJLRQ�RI�LQWHJUDO�PXOWLSOHV�RI�WKH�OLQH�IUHTXHQF\�RU�RI�ULSSOH�FRQWURO�VLJQDOV��EHFDXVH�WKHQ
DPSOLILFDWLRQ�PD\�RFFXU�LQ�D�ZD\�ZKLFK�PD\�FDXVH�WKH�VKXWGRZQ�RI�HQHUJ\�VXSSO\�

é 7KH� SDUDPHWHUV� RI� WKH� UHDFWLYH� HOHPHQWV� FKDQJH� GXH� WR� DJHLQJ� HIIHFWV�� LQIOXHQFLQJ� WKH
UHVRQDQFHV��ZLWK�SRVVLEOH�UHVXOWV�DV�VHHQ�DERYH��

é 2SWLPDO�FRPSHQVDWLRQ�FDQ�RQO\�EH�JXDUDQWHHG�IRU�D�OLPLW�QXPEHU�RI�RSHUDWLRQ�SRLQWV�RI�WKH
FLUFXLW�XQGHU�FRQVLGHUDWLRQ�

��� &RPSHQVDWLRQ�XVLQJ�FRQWUROODEOH�SRZHU�HOHFWURQLF�GHYLFHV
0RGHUQ� SRZHU� HOHFWURQLF� GHYLFHV� DOORZ� IRU� WKH� FRQVWUXFWLRQ� RI� FRQWUROODEOH� FRPSHQVDWRUV
�RIWHQ�FDOOHG�DFWLYH�ILOWHUV��DOWKRXJK�WKH\�QRUPDOO\�DUH�SDVVLYH�EHFDXVH�WKH\�GR�QRW�FRQWDLQ�D
VRXUFH�RI�HOHFWULFDO�HQHUJ\���6XFK�FRQWUROODEOH�FRPSHQVDWRUV�DUH�FKDUDFWHULVHG�E\�D�UHODWLYHO\
KLJK� VZLWFKLQJ� IUHTXHQF\� SURYLGHG� E\� SRZHU� HOHFWURQLF� GHYLFHV�� 7KH\� FDQ� EH� XVHG� WR
RYHUFRPH� DOO� WKH� GLVDGYDQWDJHV� OLVWHG� DERYH�� EXW� WKH\� DUH� PXFK� PRUH� H[SHQVLYH� WKDQ� WKH
SDVVLYH�ILOWHUV�GLVFXVVHG�DERYH��7KH�PDLQ�W\SHV�RI�FRQWUROODEOH�FRPSHQVDWRUV�DUH�GHSLFWHG�LQ
WKH� IROORZLQJ� )LJ�� ����� 8VXDOO\� WKH\� DUH� GHVLJQHG� IRU� WKH� DSSOLFDWLRQ� LQ� QRUPDO
WKUHH�FRQGXFWRU� FRQILJXUDWLRQV� �ZLWK� WKUHH�WHUPLQDO� V\VWHPV��� EXW� VSHFLDO� DSSOLFDWLRQV� PD\
FDOO� IRU� IRXU�ZLUH� FRQILJXUDWLRQV� RU� WZR�ZLUH� FRQILJXUDWLRQV�� 7KHUHIRUH� WKH� QXPEHU� RI
FRQGXFWRUV� LV� OHIW� RSHQ� LQ� )LJ�� ����� WKH� SULQFLSOH� GRHV� QRW� GHSHQG� RQ� WKH� QXPEHU� RI
FRQGXFWRUV�
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�H[DPSOH�IRU�WKH�RWKHU�ILJXUHV�

)LJXUH����� 7\SHV�RI�FRQWUROODEOH�FRPSHQVDWRUV

)LJ�����D�VKRZV�D�VKXQW�FRQWUROODEOH�FRPSHQVDWRU��7KLV�LV�WKH�PRVW�IUHTXHQWO\�XVHG�W\SH��,W
QHHGV�RQO\�IHZ�HOHPHQWV��WKH�FDSDFLWRU�QHHGHG�IRU�HQHUJ\�VWRUDJH�LV�IHG�E\�WKH�VDPH�FRQYHUWHU
ZKLFK� LV� XVHG� IRU� WKH� FRPSHQVDWLRQ��� ,W� FDQ� FRPSHQVDWH� XQGHVLUDEOH� FXUUHQW� FRPSRQHQWV
SURGXFHG� E\� WKH� ORDG�� 7KLV� LV� PRVW� IUHTXHQWO\� QHHGHG�� EHFDXVH� QRUPDOO\� WKH� IHHGLQJ� OLQH
LPSUHVVHV�YROWDJHV�DQG�WKH�ORDG�UHDFWV�FDXVLQJ�FXUUHQWV�WR�IORZ�
)LJ�����E�GHPRQVWUDWHV�D�VHULHV�FRQWUROODEOH�FRPSHQVDWRU��,W�LV�QRUPDOO\�XVHG�WR�JXDUDQWHH

VLQXVRLGDO� ORDG� YROWDJHV� RI� GHVLUHG� DPSOLWXGH�� LI� WKH� OLQH� YROWDJHV� DUH� GLVWRUWHG� RU� WRR� ORZ�
8VLQJ�WKH�DX[LOLDU\�VXSSO\���ZKLFK�PD\�DOVR�EH�FRQQHFWHG�RQ�WKH�OLQH�VLGH���ORZ�OLQH�YROWDJH�
HVSHFLDOO\�LQ�FDVH�RI�RQH�SKDVH�IDXOWV��FDQ�EH�FRPSHQVDWHG��,W�LV�DOVR�SRVVLEOH�WR�WDNH�FDUH�RI
VLQXVRLGDO�OLQH�YROWDJHV�XQGHU�FRQGLWLRQV��ZKHUH�WKH�ORDG�LPSUHVVHV�QRQ�VLQXVRLGDO�YROWDJHV�
7KH�DX[LOLDU\�VXSSO\�LWVHOI�FDQ�QRW�EH�XVHG�IRU�FRPSHQVDWLRQ�LVVXHV��LW�FRQVLVW�RI�D�FRQWUROOHG
RU�HYHQ�XQFRQWUROOHG�OLQH�FRPPXWDWHG�UHFWLILHU�
/RRNLQJ� DW� )LJ�� ���F� ZH� ILQG� D� FRPELQDWLRQ� RI� FDVH� D� DQG� E�� 7KH� DX[LOLDU\� VXSSO\� LV

UHSODFHG� E\� D� VKXQW� FRQWUROODEOH� FRPSHQVDWRU�� ZKLFK� RQ� WKH� RQH� KDQG� IHHGV� WKH� FRPPRQ
FDSDFLWRU� IRU�HQHUJ\�VWRUDJH�DQG�RQ� WKH�RWKHU�KDQG�FDQ�EH�XVHG� WR� UHGXFH�XQZDQWHG�FXUUHQW
FRPSRQHQW� SURGXFHG� E\� WKH� ORDG�� 7KLV� FRPELQDWLRQ� FDQ� VHSDUDWH� OLQH� DQG� ORDG� FRQFHUQLQJ
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YROWDJH�DQG�FXUUHQW�GLVWRUWLRQ�FRPSOHWHO\�DQG�KDQGOH�YLUWXDOO\�DQ\�VLWXDWLRQ��EXW�LV�FOHDUO\�WKH
PRVW�H[SHQVLYH�VROXWLRQ�
/HDYLQJ� WKH� GLUHFW� OLQN� WR� FRPSHQVDWLRQ� LW� LV�ZRUWKZKLOH� WR� QRWH� WKDW� WKH� FRQILJXUDWLRQV

GHSLFWHG� LQ� � )LJ�� ���E� DQG� )LJ�� ���F� FDQ� DOVR� EH� XVHG� LQ� KLJK�YROWDJH� WUDQVPLVVLRQ� OLQHV� WR
FRQWURO�WKH�IORZ�RI�HOHFWULFDO�HQHUJ\��)RU�WKLV�SXUSRVH�WKH�VHULHV�FRPSHQVDWRU�FDQ�LQFUHDVH�RU
GHFUHDVH� WKH� OLQH� YROWDJH� DW� LWV� ORFDWLRQ� LQ� D� FRQWUROODEOH�ZD\��PRUH� TXLFNO\� DQG� DFFXUDWHO\
WKDQ� WKH� XVXDO� WDSV� RQ� WUDQVIRUPHU� ZLQGLQJV�� 7KLV� LQFUHDVH� RU� GHFUHDVH� RI� YROWDJH� WKHQ
LQIOXHQFHV�WKH�IORZ�RI�HQHUJ\�

��� (TXLYDOHQW�ORDG�UHVXOWLQJ�IURP�FRPSHQVDWLRQ
,I�WKH�GHILQLWLRQV�GHULYHG�LQ�������DQG�������DUH�XVHG�WR�FRQWURO�D�FRPSHQVDWRU�VXFK��WKDW�WKH

OLQH� FXUUHQWV� DUH� JLYHQ� E\� WKHVH� GHILQLWLRQV�� WKHQ� ORDG� DQG� FRPSHQVDWRU� WRJHWKHU� FDQ� YHU\
JUDSKLFDOO\�EH�UHSODFHG�E\�DQ�HTXLYDOHQW�ORDG��7KLV�HTXLYDOHQW�ORDG�LV�D�VWDU�FRQQHFWLRQ�RI�Q
UHVLVWRUV� ZLWK� HTXDO� FRQGXFWDQFH�� ZKHUH� HDFK� UHVLVWRU� LV� FRQQHFWHG� WR� RQH� RI� WKH� OLQH
FRQGXFWRUV�ZLWK� RQH� HQG� DQG� WR� WKH� FRPPRQ� VWDU� SRLQW�ZLWK� WKH� RWKHU� HQG�� ,W� LV� WKH� VDPH
FRQILJXUDWLRQ�ZKLFK�LV�VKRZQ�LQ�)LJ������IRU�WKH�UHDOLVDWLRQ�RI�WKH�YLUWXDO�VWDU�SRLQW��EXW�WKLV
WLPH� WKH� FRQGXFWDQFH� LV�GLUHFWO\�JLYHQ�H�J�� E\� ������RU� ������� UHVSHFWLYHO\�� DQG�PD\�EH� WLPH
YDULDQW��7KLV�YLVXDOLVDWLRQ�RI�WKH�FRPSHQVDWHG�ORDG�LV�LPSRUWDQW��EHFDXVH�LW�FOHDUO\�VKRZV�WKDW
DOO� FRQGXFWRUV� DUH� WUHDWHG� HTXDOO\� DQG� WKDW� HYHU\� FRQFHLYDEOH� YROWDJH� DSSOLHG� LV� GDPSHG�
EHFDXVH� LW� LV� ORDGHG� E\� UHVLVWRUV�� =HUR� VHTXHQFH� YROWDJHV� DQG� KDUPRQLFV� RI� DQ\� NLQG� DUH
DOZD\V�DQG�HTXDOO\�XVHG�WR�IHHG�WKH�ORDG�
7KLV�ZD\�RI�YLVXDOLVDWLRQ�DOVR�VKRZV�D�GUDZEDFN�RI�WKH�PHWKRG��,I�WKH�ORDG�LV�DQ�DFWLYH�RQH�

IHHGLQJ�HQHUJ\�EDFN� WR� WKH� OLQH�� WKHQ� WKH� FRQGXFWDQFH�RI� WKH� UHVLVWRUV�EHFRPHV�QHJDWLYH�� ,Q
WKLV� FDVH�� DOO� KDUPRQLFV�� ]HUR� VHTXHQFH� FRPSRQHQWV� HWF�� FRQWDLQHG� LQ� WKH� YROWDJHV� DUH
HQKDQFHG� DQG� QRW� GDPSHG�� ,Q� WKLV� FDVH� LW� LV� DGYDQWDJHRXV� WR� IHHG� DOO� WKH� HQHUJ\� EDFN� E\
IXQGDPHQWDO� SRVLWLYH� VHTXHQFH� YROWDJHV� DQG� �� SHUKDSV� �� ORDG� DOO� RWKHU� YROWDJH� FRPSRQHQWV
EDVHG�RQ�WKH�DEVROXWH�YDOXH�RI�WKH�HTXLYDOHQW�FRQGXFWDQFH�DQG�VR�FRQWLQXH�WR�GDPS�XQGHVLUHG
YROWDJH�FRPSRQHQWV�>������@�

��� (QHUJ\�VWRUDJH�UHTXLUHPHQW
,Q� VXEVHFWLRQ� ���� WKH� FRQFHSW� RI� LQWULQVLF� SRZHU� RVFLOODWLRQV� ZDV� DOUHDG\� GLVFXVVHG�� ,W

PHDQV� WKDW� ��GHSHQGLQJ�RQ� WKH�FROOHFWLYH� LQVWDQWDQHRXV�YDOXHV�RI�FXUUHQWV� �� HYHQ� LQ� FDVH�RI
RSWLPDO� HQHUJ\� WUDQVIHU� LQVWDQWDQHRXV� SRZHU�PD\� YDU\� DV� IXQFWLRQ� RI� WLPH� LQ� D� SUHVFULEHG
PDQQHU��9DULDWLRQ�FXUUHQWV��KRZHYHU��FDXVH�GHYLDWLRQV�IURP�WKLV�LQWULQVLF�SRZHU�RVFLOODWLRQ��,I
WKHVH�YDULDWLRQ�FXUUHQWV�DUH�WR�EH�FRPSHQVDWHG��WKH�HQHUJ\�WUDQVIHUUHG�E\�WKHP�PXVW�EH�VWRUHG
RU�SURYLGHG��GHSHQGLQJ�RQ�WKH�GLUHFWLRQ�RI�HQHUJ\�IORZ�
:KLOH� SRZHUOHVV� FXUUHQWV� FDQ� EH� FRPSHQVDWHG� RQ� DQ� LQVWDQWDQHRXV� EDVLV� ZLWKRXW� DQ\

HQHUJ\�VWRUDJH�FDSDELOLW\��WKLV�LV�QRW�SRVVLEOH�ZLWK�YDULDWLRQ�FXUUHQWV�
7KH� PD[LPDO� YDULDWLRQ� RI� WKH� VWRUHG� HQHUJ\� RI� WKH� FRPSHQVDWRU� FDQ� EH� FDOFXODWHG� E\

LQWHJUDWLQJ� WKH�YDULDWLRQ�SRZHU� �DVVRFLDWHG�ZLWK� WKH�YDULDWLRQ�FXUUHQWV�RU� �SSY(W) = X(W) $ LY(W)
EHFDXVH�WKH�SRZHUOHVV�FXUUHQWV�GR�QRW�FKDQJH�WKH�WRWDO�SRZHU�RI�WKH�ORDG���E\�LQWHJUDWLQJ�WKH
SRZHU�DVVRFLDWHG�ZLWK�WKH�FROOHFWLYH�LQVWDQWDQHRXV�QRQDFWLYH�FXUUHQWV� �SS[(W) = X(W) $ L[(W)

�����$Y = �
7

7

� SSY(W) GW = �
7

7

� SSQ(W) GW � D$Y =
.

$Y -
-

$Y

ZKHUH� LV�WKH�SHDN�YDOXH�DQG� WKH�YDOOH\�YDOXH�RI�YDULDWLRQ�HQHUJ\� �
.

$Y

-

$Y $Y
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��� 7UHDWLQJ�G\QDPLFV�DQG�QRQSHULRGLF�FRQGLWLRQV
,Q�FDVH�RI�G\QDPLFV�RU�QRQSHULRGLF�FRQGLWLRQV�D�VXLWDEOH�SHULRG�7�KDV�WR�EH�DVVXPHG��ZKLFK

QRUPDOO\� LV� WKH� SHULRG� RI� WKH� IHHGLQJ� YROWDJHV� �� RU� WKH� SHULRG� WKH� IHHGLQJ� YROWDJHV� VKRXOG
KDYH�� LI� WKH\� DUH� QRQSHULRGLF� �ZKLFK� LV� YHU\� UDUHO\� IRXQG� LQ� SUDFWLFDO� VLWXDWLRQV��� 7KH
LQWHJUDWLRQ� SURFHVV� LV� WKHQ� UHDOLVHG� DV� VOLGLQJ� PHDQ� YDOXH� FDOFXODWLRQ�� ZKLFK� DOZD\V� WDNHV
H[DFWO\�RQH�DVVXPHG�SHULRG�7�LQWR�FRQVLGHUDWLRQ�DQG�GLVFDUGV�HYHU\WKLQJ�HOVH��,I�LW�LV�NQRZQ
LQ� DGYDQFH�� WKDW� QR� HYHQ�RUGHU� KDUPRQLFV� DUH� WR� EH� FRQVLGHUHG�� WKHQ� KDOI� RI� WKH� DVVXPHG
SHULRG�PD\�EH�VHOHFWHG�IRU�WKH�LQWHJUDWLRQ��VSHHGLQJ�XS�WKH�UHDFWLRQ�FRQVLGHUDEO\�
8QGHU� G\QDPLF� FRQGLWLRQV� LW� LV� DOVR� SRVVLEOH� WR� VHOHFW� D� PRGLILHG� ZD\� WR� FDOFXODWH� WKH

HTXLYDOHQW�DFWLYH�FRQGXFWDQFH��DOVR�DLPHG�DW�VSHHGLQJ�XS�WKH�UHDFWLRQ�WR�G\QDPLFV�DQG�VXFK
UHGXFLQJ�WKH�QHHGHG�HQHUJ\�VWRUDJH�FDSDELOLW\�RI�WKH�FRPSHQVDWRU�
)URP�D� WKHRUHWLFDO� SRLQW� RI�YLHZ� LW�PLJKW� VHHP�SRVVLEOH� WR� H[WHQG� WKH� LQWHJUDWLRQ� SHULRG

WRZDUGV� LQILQLW\� �OLNH� PRYLQJ� IURP� )RXULHU� VHULHV� WR� )RXULHU� WUDQVIRUPDWLRQ��� EXW� IURP� D
SUDFWLFDO� SRLQW� RI� YLHZ� WKLV� LV� QRW� DSSOLFDEOH�� 4XLFN� FKDQJHV� RI� WKH� ORDG� �� DV� PRPHQWDU\
HYHQWV� LQ� DQ� LQILQLWH� WLPH� RI� REVHUYDWLRQ� �� ZRXOG� OHDG� WR� SUDFWLFDOO\� QR� FKDQJH� RI� WKH
HTXLYDOHQW�DFWLYH�FRQGXFWDQFH��7KH�EHKDYLRXU�RI�WKH�FRPSHQVDWHG�ORDG�VHHQ�IURP�WKH�IHHGLQJ
OLQH�ZRXOG� QRW� FKDQJH� �� FKDQJHV� LQ� WKH� IORZ� RI� HQHUJ\� DW� WKH� ORDG� VLGH�ZRXOG� KDYH� WR� EH
SURYLGHG�FRPSOHWHO\�E\�WKH�FRPSHQVDWRU��UHTXLULQJ�DQ�HQRUPRXV�DPRXQW�RI�VWRUHG�HQHUJ\�
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� ([DPSOHV

��� &RPSHQVDWLRQ�RI�SRZHUOHVV�DQG�WRWDO�QRQDFWLYH�FXUUHQWV��G\QDPLFV
7KLV� H[DPSOH� WUHDWV� WKH�FRPSHQVDWLRQ�RI�SRZHUOHVV�FXUUHQWV�DQG� WRWDO� QRQDFWLYH�FXUUHQWV�

7KH� GLVDGYDQWDJHV� RI� WKH� SRZHUOHVV� FXUUHQW� FRPSHQVDWLRQ� XQGHU� SUDFWLFDO� FRQGLWLRQV� DUH
GLVFXVVHG��:H�FRQVLGHU�DQ�5�/�ORDG�FRQQHFWHG�WR�WKH�WHUPLQDOV���DQG���RI�WKH�IHHGLQJ�OLQH�DQG
FKRRVH�D�VKXQW�FRPSHQVDWRU� WR�LPSURYH�WKH� OLQH�FXUUHQWV��7KLV�FRQILJXUDWLRQ�FDQ�EH�VHHQ� LQ
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:H�QRZ�FRQVLGHU�WKUHH�GLIIHUHQW�PRGHV�RI�RSHUDWLRQ�IRU�WKH�FRPSHQVDWRU�
½QR�FRPSHQVDWLRQ
½SRZHUOHVV�FXUUHQW�FRPSHQVDWLRQ
½ IXOO�QRQDFWLYH�FXUUHQW�FRPSHQVDWLRQ
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����� 1R�FRPSHQVDWLRQ
7KH�XSSHU�SDUW�RI�)LJ������VKRZV�WKH�OLQH�FXUUHQWV�DQG�RQH�RI�WKH�WKUHH�OLQH�YROWDJHV��7KH

YROWDJHV�DUH�DVVXPHG�WR�UHSUHVHQW�D�SXUHO\�SRVLWLYH�VHTXHQFH�YROWDJH�V\VWHP��7KH�ORZHU�SDUW
VKRZV� WKH� FRPSHQVDWRU� FXUUHQWV� DQG� WKH� HTXLYDOHQW� FRQGXFWDQFHV� ZKLFK� GHWHUPLQH� WKH
UHDFWLRQ�RI�WKH�FRPSHQVDWRU��8S�WR�WKH�LQVWDQW� �WKH�FRPSHQVDWRU�LV�VZLWFKHG�RII��WKH�XSSHUW�
SDUW�RI�WKH�ILJXUH�VKRZV�WKH�ORDG�FXUUHQWV��ZKLFK�DUH�LGHQWLFDO�WR�WKH�OLQH�FXUUHQWV�LQ�WKLV�FDVH��
WKH�ORZHU�SDUW�VKRZV�WKDW�WKH�FRPSHQVDWRU�FXUUHQWV�DUH�QLO�

����� 3RZHUOHVV�FXUUHQW�FRPSHQVDWLRQ
$W� �WKH�FRPSHQVDWRU�LV�VZLWFKHG�RQ�LQ�SRZHUOHVV�FXUUHQW�FRPSHQVDWLRQ�PRGH��7KH�SRZHUW�

FRQGXFWDQFH� �LV�HYDOXDWHG�LQVWDQWO\�DQG�XVHG�WR�GHWHUPLQH�WKH�GHVLUHG�OLQH�FXUUHQWV��7KH*S(W)
GLIIHUHQFH� EHWZHHQ� GHVLUHG� OLQH� FXUUHQWV� DQG� ORDG� FXUUHQWV� �� WKH� SRZHUOHVV� FXUUHQWV� �� LV
SURGXFHG�E\�WKH�FRPSHQVDWRU�DV�FDQ�EH�VHHQ�LQ�WKH�ORZHU�SDUW�RI�)LJ�������'XH�WR�WKH�YDULDWLRQ
RI� WKH� SRZHU� FRQGXFWDQFH�ZLWK� WLPH� WKH� UHVXOWLQJ� OLQH� FXUUHQWV� �� XSSHU� SDUW� RI� WKH� ILJXUH� �
FRQWDLQ�D�VWURQJ�WKLUG�RUGHU�KDUPRQLF��ZKLFK�LV�QRUPDOO\�QRW�GHVLUHG�DW�DOO�>����������@��,W�LV
QRUPDOO\�FRQVLGHUHG�ZRUVH�WKDQ�WKH�XQV\PPHWU\�VHHQ�ZLWKRXW�FRPSHQVDWLRQ�
$OWKRXJK� SRZHUOHVV� FRPSHQVDWLRQ� LV� DQ� LQVWDQWDQHRXV� PHWKRG� ZKLFK� GRHV� QRW� XVH� WKH

FRQFHSW� RI� VHTXHQFH� FRPSRQHQWV�� LQ� WKLV� VSHFLDO� FDVH� DQ� H[SODQDWLRQ� RI� WKH� FRPSHQVDWLRQ
UHVXOWV� LQ� FDVH� RI� SRZHUOHVV� FXUUHQW� FRPSHQVDWLRQ� FDQ� EH� JLYHQ� EDVHG� RQ� VHTXHQFH
FRPSRQHQWV�DQG�WKH�SRZHU�RVFLOODWLRQ�WKH\�FDXVH�
7KH�IHHGLQJ�YROWDJHV�DUH�SXUHO\�SRVLWLYH�VHTXHQFH��7KH�ORDG�LV�D�WZR�WHUPLQDO�ORDG�FDXVLQJ

IXQGDPHQWDO� IUHTXHQF\� SRVLWLYH� DQG� QHJDWLYH� VHTXHQFH� FXUUHQWV�� 7KH� SRVLWLYH� VHTXHQFH
FXUUHQWV� DUH� UHVSRQVLEOH� IRU� DFWLYH� SRZHU� DQG� IXQGDPHQWDO� IUHTXHQF\� UHDFWLYH� SRZHU�� 7KH
IXQGDPHQWDO�IUHTXHQF\�UHDFWLYH�SRZHU�LV�DVVRFLDWHG�ZLWK�D�VHW�RI�]HUR�VHTXHQFH�FXUUHQWV�DQG
FRPSHQVDWHG�DW�RQFH��7KLV�GHFUHDVHV�WKH�FROOHFWLYH�LQVWDQWDQHRXV�YDOXH�RI�WKH�OLQH�FXUUHQWV�
7KH� IXQGDPHQWDO� IUHTXHQF\� QHJDWLYH� VHTXHQFH� FXUUHQWV� FDXVH� D� SRZHU� RVFLOODWLRQ� ZLWK

GRXEOH�IXQGDPHQWDO�IUHTXHQF\��6XFK�D�SRZHU�RVFLOODWLRQ�FDQ�DOVR�EH�IRXQG�DV�WKH�UHVXOW�RI�D
VHW�RI�SRVLWLYH�VHTXHQFH�FXUUHQWV�ZLWK� WULSOH�IXQGDPHQWDO�IUHTXHQF\��7KH�PLQLPDO�FROOHFWLYH
LQVWDQWDQHRXV� YDOXH� RI� FXUUHQWV� LV� UHDFKHG��ZKHQ� KDOI� RI� WKH� QHJDWLYH� VHTXHQFH� FXUUHQWV� LV
UHSODFHG�E\�WKLUG�RUGHU�SRVLWLYH�VHTXHQFH�FXUUHQWV�FDXVLQJ�H[DFWO\�WKH�VDPH�SRZHU�RVFLOODWLRQ
�� VR� WKDW� WKH� LQVWDQWDQHRXV� SRZHU� LV� QRW� FKDQJHG� DW� DOO�� 7KH� UHPDLQLQJ� VHW� RI� QHJDWLYH
VHTXHQFH�FXUUHQWV�DQG�WKH�VHW�RI�WKLUG�RUGHU�SRVLWLYH�VHTXHQFH�FXUUHQWV�DGG�JHRPHWULFDOO\��VR
WKDW�WKH�UHVXOWLQJ�FROOHFWLYH�LQVWDQWDQHRXV�YDOXH�RI�FXUUHQWV�LV�GHFUHDVHG�

����� )XOO�QRQDFWLYH�FXUUHQW�FRPSHQVDWLRQ
$W� �WKH�FRPSHQVDWRU�LV�VZLWFKHG�RQ�LQ�SRZHUOHVV�FXUUHQW�FRPSHQVDWLRQ�PRGH��7KH�DFWLYHW�

FRQGXFWDQFH� � LV�HYDOXDWHG�DFFRUGLQJ�WR�WKH�GHILQLWLRQV�JLYHQ�EHIRUH�DQG�XVHG�WR�GHWHUPLQH*
WKH� GHVLUHG� OLQH� FXUUHQWV�� 1R� HYHQ� RUGHU� KDUPRQLFV� DUH� WR� EH� H[SHFWHG�� WKHUHIRUH� WKH
LQWHJUDWLRQ� LQWHUYDO� LV�VHOHFWHG� WR�EH�RQO\�KDOI�RI� WKH�SHULRG�RI� WKH�YROWDJHV�VSHHGLQJ�XS� WKH
SURFHVV�RI�ILQGLQJ�WKH�VWHDG\�VWDWH�YDOXH�RI� �*
$W�WKH�EHJLQQLQJ�RI�WRWDO�QRQDFWLYH�FXUUHQW�FRPSHQVDWLRQ�WKH�FRQWURO�FDOFXODWLQJ� �GRHV�QRW*

NQRZ�DQ\WKLQJ�DERXW�WKH�ORDG�DQG�LWV�FXUUHQWV��WKHUHIRUH�DW�WKH�EHJLQQLQJ� �LV�HTXDO�WR�]HUR�*
DOO� ORDG� FXUUHQWV� DUH� VXSSOLHG�E\� WKH� FRPSHQVDWRU�� WKH� OLQH� FXUUHQWV� DUH� ]HUR��'XULQJ�KDOI� D
SHULRG� �� WKH� LQWHJUDWLRQ� LQWHUYDO� �� WKH� LQFUHDVLQJ�NQRZOHGJH� DERXW� WKH� FXUUHQWV� WDNHQ�E\� WKH
ORDG�OHDGV�WR�FKDQJHV�RI� ��XQWLO�DIWHU�KDOI�D�SHULRG�DW� WKH�VWHDG\�VWDWH�YDOXH�LV�UHDFKHG��)URP* W�
WKLV�PRPHQW�RQ�WKH�FXUUHQWV�WDNHQ�IURP�WKH�OLQH�DUH�SXUHO\�VLQXVRLGDO�IXQGDPHQWDO�IUHTXHQF\
SRVLWLYH�VHTXHQFH�FXUUHQWV�

&XUUHQWV�DQG�SRZHUV�XQGHU�SHULRGLF�FRQGLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� ��



7KH�GLIIHUHQFH�EHWZHHQ�GHVLUHG�OLQH�FXUUHQWV�DQG�ORDG�FXUUHQWV���WKH�QRQDFWLYH�FXUUHQWV���LV
DJDLQ�SURGXFHG�E\�WKH�FRPSHQVDWRU�DV�FDQ�EH�VHHQ�LQ�WKH�ORZHU�SDUW�RI�)LJ�������7KLV�WLPH�WKH
FRQWURO� RI� WKH� FRPSHQVDWRU� QHHGV� WLPH� WR� GHWHFW� WKH� FRUUHFW� YDOXH� RI� � DQG� HQHUJ\� VWRUDJH*
FDSDELOLW\�WR�VXSSO\�DQG�VWRUH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�HQHUJ\�VXSSOLHG�E\�WKH�OLQH�DQG�WKH
HQHUJ\�WDNHQ�E\�WKH�ORDG�

��� &XUUHQW�FRPSRQHQWV�LQ�IRXU�WHUPLQDO�V\VWHP
7KLV� H[DPSOH� VKRZV� WKH� DSSOLFDWLRQ� RI� WKH� WKHRU\� LQWURGXFHG� DERYH� WR� D� IRXU�WHUPLQDO

FLUFXLW� �ORDG��FRQWDLQLQJ�SRZHU�HOHFWURQLF�GHYLFHV��:H�FRQVLGHU�D� ORDG�FRQVWUXFWHG�RI� WKUHH
VXE�ORDGV��)LJ��������(DFK�VXE�ORDG�LV�JLYHQ�E\�D�VLQJOH�SKDVH�EULGJH�LQYHUWHUV�ZLWK�FDSDFLWLYH
VPRRWKLQJ�FRQWDLQLQJ�D�VPDOO�VPRRWKLQJ� LQGXFWDQFH��)LJ��������7KLV� W\SH�RI� ORDG� UHSUHVHQWV
IRU�H[DPSOH�DQ�RIILFH�EXLOGLQJ�ZLWK� ORWV�RI�FRPSXWHUV�DQG�HQHUJ\�VDYLQJ� ODPSV� LQVLGH��7KH
ORDG�LV�IHG�E\�WKUHH�OLQH�FRQGXFWRUV�DQG�D�QHXWUDO�FRQGXFWRU��WKH�YROWDJHV�IHHGLQJ�WKH�ORDG�DUH
JLYHQ�E\�DQ�LGHDO�SRVLWLYH�VHTXHQFH�WKUHH�SKDVH�V\VWHP�ZLWKRXW�DQ\�]HUR�VHTXHQFH�YROWDJH�
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)LJXUH����� /RDG�IRUPHG�E\�WKUHH�LGHQWLFDO�VXE�ORDGV�FRQWDLQLQJ�QRQOLQHDU�HOHPHQWV

 A

)LJXUH����� 6WUXFWXUH�RI�D�VXE�ORDG��VLQJOH�SKDVH�EULGJH�UHFWLILHU�ZLWK�FDSDFLWLYH�VPRRWKLQJ�

,Q�)LJ������WKH�FXUUHQWV�RI�VXFK�D�W\SH�RI�ORDG�DUH�VHHQ��7KH�FDSDFLWRU�LV�UHFKDUJHG�QHDU�WKH
SRVLWLYH�DQG�QHJDWLYH�SHDN�RI�WKH�UHVSHFWLYH�YROWDJH�DJDLQVW�WKH�IRXUWK�FRQGXFWRU��%HFDXVH�RI
WKH�SKDVH�GLVSODFHPHQW�RI�WKH�YROWDJHV�RQO\�RQH�RI�WKH�VXE�ORDGV�LV�DFWLYH�DW�D�WLPH��7KHUHIRUH
WKH�FXUUHQW�LQ�WKH�QHXWUDO�FRQGXFWRU��QXPEHU����LV�WKH�VXP�RI�WKH�WKUHH�VXE�ORDG�FXUUHQWV��7KH
UPV�YDOXH�RI�WKLV�FXUUHQW�LV�JLYHQ�E\� WLPHV�WKH�UPV�YDOXH�RI�HDFK�LQGLYLGXDO�UPV�YDOXH�RI�
WKH�FXUUHQWV�LQ�WKH�WKUHH�OLQH�FRQGXFWRUV��QXPEHUV���WR�����1RUPDOO\�RQO\�WKH�OLQH�FRQGXFWRUV
DUH� SURWHFWHG� DJDLQVW� RYHUORDG� E\� IXVHV�� 7KHUHIRUH� VXFK� D� ORDG� PD\� RYHUORDG� WKH� QHXWUDO
FRQGXFWRU� ZLWKRXW� EORZLQJ� WKH� IXVHV� RI� WKH� OLQH� FRQGXFWRUV�� ZKLFK� PD\� OHDG� WR� VHULRXV
GDPDJHV�
,I� ZH� DSSO\� WKH� WKHRU\� GHYHORSHG� LQ� WKLV� OHFWXUH�� ZH� LPPHGLDWHO\� QRWH� WKDW� WKH� QHXWUDO

FRQGXFWRU�FXUUHQW�LV�DQ�LQVWDQWDQHRXV�QRQ�DFWLYH�FXUUHQW�ZKLFK�PD\�EH�FRPSHQVDWHG�ZLWKRXW
HQHUJ\� VWRUDJH�� EHFDXVH� WKHUH� LV� QR� ]HUR�VHTXHQFH� YROWDJH� FRPSRQHQW� SUHVHQW�� 7KH� QHXWUDO
FRQGXFWRU�FXUUHQW�PLJKW�HYHQ�EH�FRPSHQVDWHG�HDVLO\�E\�D�VLPSOH�=�W\SH�WUDQVIRUPHU��ZLWKRXW
QHHGLQJ�DQ\�VRSKLVWLFDWHG�SRZHU�HOHFWURQLFV�EDVHG�FRPSHQVDWLRQ�GHYLFH�

&XUUHQWV�DQG�SRZHUV�XQGHU�SHULRGLF�FRQGLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� ��
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)LJXUH����� 7LPH�FKDUDFWHULVWLF�RI�FXUUHQWV�DQG�YROWDJHV�RI�WKH�QRQOLQHDU�ORDG

7KH�SRZHU�FXUUHQWV� �ZKLFK�ZRXOG�UHVXOW�IURP�FRPSHQVDWLQJ�SRZHUOHVV�FXUUHQWV�E\�D�VKXQWLS
FRPSHQVDWRU� DQG� WKH� DFWLYH� FXUUHQWV� � UHVXOWLQJ� IURP� WRWDO� QRQDFWLYH� FXUUHQW� FRPSHQVDWLRQLD
DUH� DOVR� VKRZQ� LQ�)LJ�� �����7KLV�GHPRQVWUDWHV� WKDW� WKH� WKHRU\� GHYHORSHG� LQ� WKLV� OHFWXUH� FDQ
HDVLO\�EH�XVHG�IRU�FLUFXLWV�ZLWK�DQ�DUELWUDU\�QXPEHU�RI�FRQGXFWRUV��HLWKHU�WR�DVVHVV�WKHP�RU�WR
VXSSO\�VHW�SRLQW�YDOXHV�IRU�FRQWUROOLQJ�FRPSHQVDWRUV�

&XUUHQWV�DQG�SRZHUV�XQGHU�SHULRGLF�FRQGLWLRQV���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� ��



� &RQVLGHULQJ�KDUPRQLFV

7KH�WKHRU\�ODLG�RXW�DERYH�OHDGV�WR�SRZHU�IDFWRU�XQLW\�XQGHU�DOO�FRQFHLYDEOH�FRQGLWLRQV��7KLV
LV� UHDFKHG�E\� LQWURGXFLQJ�DQ�HTXLYDOHQW� ORDG�FRQVLVWLQJ�RI�Q� HTXDO�FRQVWDQW� UHVLVWRUV� LQ� VWDU
FRQQHFWLRQ��7KH�YDOXH�RI�WKHVH�UHVLVWRUV�LV�JLYHQ�E\�WKH�HTXLYDOHQW�DFWLYH�FRQGXFWDQFH��ZKLFK
DW� JLYHQ�YROWDJHV� UHVXOWV� IURP� �������%DVHG�RQ� WKH�&DXFK\�6FKZDU]� LQHTXDOLWLHV� LW� LV� VKRZQ
WKDW� VXFK� DQ� HTXLYDOHQW� ORDG� WUDQVIHUV� WKH� HQHUJ\� WDNHQ� E\� ORDG� GXULQJ� RQH� SHULRG� ZLWK
PLQLPDO� FROOHFWLYH� TXDQWLWLHV� RI� FXUUHQWV� DQG� YROWDJHV�� $W� JLYHQ� YROWDJHV� WKH� FXUUHQWV� DUH
PLQLPLVHG��$FWLYH� SRZHU� DQG� DSSDUHQW� SRZHU� EHFRPH� LGHQWLFDO� WKHQ� DQG� RQO\� WKHQ�� LI� WKLV
VSHFLDO� VHW� RI� FXUUHQWV� LV� XVHG� WR� DFTXLUH� WKH� HQHUJ\� QHHGHG� WR� VXSSO\� WKH� ORDG�� )URP� D
WKHRUHWLFDO�SRLQW�RI�YLHZ�WKLV�LV�WKH�RSWLPDO�VROXWLRQ��ZKLFK�FDQ�IRU�H[DPSOH�EH�UHDOLVHG�E\�D
VKXQW�FRPSHQVDWRU�FRPSHQVDWLQJ�DOO�QRQDFWLYH�FXUUHQWV�
)URP� D� SUDFWLFDO� SRLQW� RI� YLHZ� VRPH� TXHVWLRQ� PD\� VHHP� WR� EH� RSHQ�� ,W� LV� IRU� H[DPSOH

FRPPRQO\�DVVXPHG�WKDW�WKH�RSWLPDO�ZDYHIRUP�RI�FXUUHQWV�VKRXOG�EH�VLQXVRLGDO��7KLV�VHHPV
WR�EH�VXSSRUWHG�E\�WKH�H[DPSOH�SUHVHQWHG�LQ�FRQQHFWLRQ�ZLWK�)LJ�������7KHUH�WKH�JHQHUDWLRQ�RI
WKLUG� RUGHU� KDUPRQLFV� E\� LQVWDQWDQHRXV� FRPSHQVDWLRQ� RI� WKH� VHW� RI� SRZHUOHVV� FXUUHQWV� LV
H[SODLQHG�� 7KLV� SRZHUOHVV� FXUUHQW� FRPSHQVDWLRQ� DOVR� PLQLPLVHV� WKH� FROOHFWLYH� TXDQWLW\� RI
FXUUHQWV�� EXW� RQ� DQ� LQVWDQWDQHRXV� EDVLV�� 7KH� VHW� RI� FXUUHQWV� ZKLFK� IXOILOV� WKH� DVVRFLDWHG
&DXFK\�6FKZDU]�LQHTXDOLW\�DQG�VR�PLQLPLVHV�OLQH�ORVVHV�DW�HTXDO�OLQH�UHVLVWDQFHV�JHQHUDWHV�D
XQGHVLUDEOH�WKLUG�RUGHU�KDUPRQLF�HYHQ�DW�VLQXVRLGDO�YROWDJHV�
0LJKW� VLPLODU� HIIHFWV� RFFXU� ZLWK� WRWDO� QRQDFWLYH� FXUUHQW� FRPSHQVDWLRQ� �DW� SRZHU� IDFWRU

XQLW\��WRR"�7KH�DQVZHU�LV�FOHDUO\�QR�
:LWK� WRWDO�QRQDFWLYH�FXUUHQW� FRPSHQVDWLRQ� WKH�RSWLPLVHG� OLQH� FXUUHQWV�DUH�GHILQHG�E\� WKH

HTXLYDOHQW� ORDG�FRQVLVWLQJ�RI�Q�HTXDO�FRQVWDQW� UHVLVWRUV� LQ� VWDU�FRQQHFWLRQ��7KH�UHVLVWRUV�DUH
FRQVWDQW��WKH\�DUH�QRW�DEOH�WR�JHQHUDWH�DQ\�KDUPRQLF�WKHPVHOYHV��7KLV�FRQWUDVWV�WKH�UHVLVWRUV
RI�WKH�HTXLYDOHQW�ORDG�IRU�SRZHUOHVV�FXUUHQW�FRPSHQVDWLRQ��ZKLFK�PD\�EH�WLPH�YDULDQW�DQG�VR
FDXVH� FXUUHQW� KDUPRQLFV�� ,W� LV� WKHUHIRUH� HYLGHQW� WKDW� DW� SRZHU� IDFWRU� XQLW\� QR� FXUUHQW
KDUPRQLFV�H[LVW�ZKLFK�DUH�QRW�DOUHDG\�FRQWDLQHG�LQ�WKH�YROWDJHV�
,I� WKH�YROWDJHV� IHHGLQJ� WKH� ORDG�DUH�QRQVLQXVRLGDO�� WKH�FXUUHQWV�DW�SRZHU� IDFWRU�XQLW\�ZLOO

DOVR�EH�QRQVLQXVRLGDO��+RZHYHU�� WKHVH�QRQVLQXVRLGDO� FXUUHQWV� UHVXOW� IURP�FRQVWDQW� UHVLVWRUV
EHLQJ�IHG�E\�QRQVLQXVRLGDO�YROWDJHV���WKH\�DUH�D�UHDFWLRQ�WR�WKH�GLVWRUWHG�YROWDJH�ZDYHIRUP��,W
LV�D�ZHOO�NQRZQ�SURSHUW\�RI�UHVLVWRUV�WKDW�WKH\�DOZD\V�FRQVXPH�HOHFWULF�HQHUJ\��7KLV�SURSHUW\
LQ�QR�ZD\�GHSHQGV�RQ�WKH�ZDYHIRUP�RI�WKH�YROWDJH�DSSOLHG���WKH�FXUUHQW�ZDYHIRUP�LV�DOZD\V
SURSRUWLRQDO� WR� WKH� YROWDJH� ZDYHIRUP�� HOHFWULF� HQHUJ\� IORZV� LQWR� WKH� UHVLVWRU�� $� )RXULHU
GHFRPSRVLWLRQ�RI�YROWDJH� DQG�FXUUHQW�YHULILHV� WKDW� HYHU\�YROWDJH�KDUPRQLF� LV� ORDGHG�E\� WKH
VDPH�UHVLVWDQFH�LQGHSHQGHQW�RI�WKH�IUHTXHQF\��7KHUHIRUH�HQHUJ\�LV�WUDQVIHUUHG�WR�WKH�ORDG�QRW
RQO\�E\�WKH�IXQGDPHQWDO��EXW�DOVR�E\�DOO�KDUPRQLFV��7KH�QRQVLQXVRLGDO�FXUUHQWV�WDNHQ�E\�WKH
ORDG�WKHUHIRUH�GDPS�WKH�YROWDJH�KDUPRQLFV�FRQWDLQHG�LQ�WKH�IHHGLQJ�YROWDJHV�DQG�LQ�WKLV�ZD\
KHOS�WR�LPSURYH�WKH�ZDYHIRUP�RI�WKH�IHHGLQJ�YROWDJHV��7KH\�KDYH�WR�EH�UHJDUGHG�DV�D�SRVLWLYH
DVSHFW�RI�WKH�FXUUHQWV���QRW�RQO\�EHFDXVH�WKH\�OHDG�WR�SRZHU�IDFWRU�XQLW\�DQG�WKHUHIRUH�PLQLPDO
OLQH� ORVVHV�� EXW� DOVR� EHFDXVH� WKH\� DUH� SUHIHUDEOH� WR� VLQXVRLGDO� ZDYHIRUP� LQ� FDVH� RI
QRQVLQXVRLGDO�YROWDJHV�VHHQ�IURP�WKH�HIIHFW�RQ�OLQH�YROWDJH�KDUPRQLFV�
,W� VKRXOG� EH� QRWHG� WKDW� WKHVH� FRQVLGHUDWLRQV� RQO\� LQFOXGH� WKH� HQHUJHWLFDO� DVSHFWV� DQG

FRQGXFWHG� (09�� ZKLFK� LV� UHGXFHG�� +LJK�IUHTXHQF\� YROWDJH� KDUPRQLFV� PLJKW� WKHRUHWLFDOO\
OHDG� WR� KLJK�IUHTXHQF\� FXUUHQW� KDUPRQLFV��ZKLFK� LQ� WXUQ�PLJKW� GLVWXUE� RWKHU� FRQVXPHUV� E\
UDGLDWHG� HOHFWURPDJQHWLF� ILHOGV�� +RZHYHU�� LQ� SUDFWLFDO� DSSOLFDWLRQV� KLJK�IUHTXHQF\� FXUUHQW
KDUPRQLFV� DUH� GXH� WR� WKH� OLPLWHG� VZLWFKLQJ� IUHTXHQF\� DQG� WKH� OLPLWHG� GDPSLQJ� RI� WKLV
VZLWFKLQJ�IUHTXHQF\�E\�ILOWHUV�RI�FRPPRQO\�XVHG�FRPSHQVDWLRQ�GHYLFHV�

/LWHUDWXUH���'U��6WDXGW��VKRUW�OHFWXUH��3RZHU�7KHRU\���� �����-DQXDU��� ��



� /LWHUDWXUH

>�@ 0D[ZHOO��-��&���$�'\QDPLFDO�7KHRU\�RI�WKH�(OHFWURPDJQHWLF�)LHOG��3KLO��7UDQV��RI� WKH
5R\DO�6RFLHW\�/RQGRQ��9RO�������������SS���������

>�@ 6WHLQPHW]��&K��3��� )LQGHW� HLQH�3KDVHQYHUVFKLHEXQJ� LP�:HFKVHOVWURPOLFKWERJHQ� VWDWW"
(7=��������SS���������

>�@ 6NXGHOQ\�� +�� &KU��� *HVFKLFKWH� GHU� %OLQGOHLVWXQJ�� (7*�)DFKEHULFKWH� ��� %HUOLQ� X�
2IIHQEDFK��YGH�9HUODJ�������SS������

>�@ 6HULHV� RI� FRQIHUHQFHV�� �,QWHUQDWLRQDO� :RUNVKRS� RQ� 3RZHU� 'HILQLWLRQV� DQG
0HDVXUHPHQWV�XQGHU�1RQVLQXVRLGDO�&RQGLWLRQV���VLQFH�����

>�@ 6HULHV� RI� FRQIHUHQFHV� �,QWHUQDWLRQDO� &RQIHUHQFH� RQ� +DUPRQLFV� LQ� 3RZHU� 6\VWHPV
�,&+36���� VLQFH� ����� �,QWHUQDWLRQDO� &RQIHUHQFH� RQ�+DUPRQLFV� DQG�4XDOLW\� RI� 3RZHU
�,&+43��

>�@ )HUUHUR�� $��� )LQDO� 'RFXPHQW� RI� WKH� :RUNLQJ� *URXS� RQ� 3RZHU� 'HILQLWLRQV� XQGHU
1RQVLQXVRLGDO�&RQGLWLRQV��(7(3�9RO�����1R�����-XO\�$XJXVW�������SS���������

>�@ %XGHDQX��&���3XLVVDQFHV�UHDFWLYHV�HW�ILFWLYHV��5XPlQLVFKHV�,QVWLWXW�I�U�(QHUJLH������
>�@ 4XDGH�� :��� =XVDPPHQVHW]XQJ� GHU� :LUN��� %OLQG�� XQG� 6FKHLQOHLVWXQJ� EHL

:HFKVHOVWU|PHQ� EHOLHELJHU� .XUYHQIRUP� XQG� QHXH� /HLVWXQJVGHILQLWLRQHQ� I�U
XQV\PPHWULVFKH�0HKUSKDVHQVWU|PH�EHOLHELJHU�.XUYHQIRUP��(OHNWURWHFKQ��=���%DQG����
������SS������������X��SS�����������

>�@ &]DUQHFNL��/��6���:KDW�LV�:URQJ�ZLWK�WKH�%XGHDQX�&RQFHSW�RI�5HDFWLYH�DQG�'LVWRUWLRQ
3RZHU�DQG�:K\�LW�6KRXOG�%H�$EDQGRQHG��,(((�7UDQV��,QVWUXP��0HDV���%DQG����������
SS���������

>��@ &]DUQHFNL��/��6���%XGHDQX�DQG�)U\]H��7ZR�IUDPHZRUNV�IRU�LQWHUSUHWLQJ�SRZHU�SURSHUWLHV
RI�FLUFXLWV�ZLWK�QRQ�VLQXVRLGDO�YROWDJHV�DQG�FXUUHQWV��(OHFWULFDO�(QJLQHHULQJ��%DQG����
������SS���������

>��@ )LVFKHU��+��'���/HLVWXQJVEHJULIIH�I�U�0HKUSKDVHQV\VWHPH��7HLO����'LH�/HLVWXQJVEHJULIIH
QDFK� %XFKKRO]� XQG� QDFK� 4XDGH�� 6LHPHQV� )RUVFK�� X�� (QWZLFNO��%HU�� %DQG� ���� 1U�� ��
������SS���������

>��@ )LVFKHU�� +�� '��� /HLVWXQJVEHJULIIH� I�U� 0HKUSKDVHQV\VWHPH�� 7HLO� ��� 9HUJOHLFK� GHU
/HLVWXQJVEHJULIIH� QDFK�%XFKKRO]� XQG� QDFK�4XDGH�� 6LHPHQV� )RUVFK�� X�� (QWZLFNO��%HU�
%DQG�����1U�����������SS���������

>��@ )U\]H�� SS��� :LUN��� %OLQG�� XQG� 6FKHLQOHLVWXQJ� LQ� HOHNWULVFKHQ� 6WURPNUHLVHQ� PLW
QLFKW�VLQXVI|UPLJHP�9HUODXI� YRQ� 6WURP� XQG� 6SDQQXQJ�� (7=�$�(OHNWURWHFK�� =���%DQG
����������1U������SS���������������������������

>��@ %XFKKRO]�� )��� 'LH� 9HUUHFKQXQJ� GHV� LQGXNWLYHQ�9HUEUDXFKV�� (7=�� ������ SS�� ��������
����������������

>��@ %XFKKRO]��)���'LH�'UHKVWURP�6FKHLQOHLVWXQJ�EHL�XQJOHLFKPl�LJHQ�%HODVWXQJHQ�GHU�GUHL
=ZHLJH��/LFKW�XQG�.UDIW��2UJ��(OHNWURWHFKQ��9HUHLQ�0�QFKHQ��������1U�����SS������

>��@ %XFKKRO]�� )��� 'DV� %HJULIIV\VWHP� 5HFKWOHLVWXQJ�� :LUNOHLVWXQJ�� WRWDOH� %OLQGOHLVWXQJ�
6HOEVWYHUODJ�0�QFKHQ������

>��@ 'HSHQEURFN�� 0��� :LUN�� XQG� %OLQGOHLVWXQJHQ� SHULRGLVFKHU� 6WU|PH� LQ� (LQ�� X�
0HKUSKDVHQV\VWHPHQ� PLW� SHULRGLVFKHQ� 6SDQQXQJHQ� EHOLHELJHU� .XUYHQIRUP�
(7*�)DFKEHULFKWH����%HUOLQ�X��2IIHQEDFK��YGH�9HUODJ�������SS�������

>��@ 'HSHQEURFN��0���7KH�)%'�0HWKRG��D�*HQHUDOO\�$SSOLFDEOH�7RRO�IRU�$QDO\VLQJ�3RZHU
5HODWLRQV��,(((�7UDQV��3RZHU�6\VW���%DQG����1U�����������SS���������
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>��@ 'HSHQEURFN�� 0��� 0DUVKDOO�� '�� $��� YDQ�:\N�� -�� '��� )RUPXODWLQJ� 5HTXLUHPHQWV� IRU� D
8QLYHUVDOO\� $SSOLFDEOH� 3RZHU� 7KHRU\� DV� &RQWURO� $OJRULWKP� LQ� 3RZHU� &RPSHQVDWRUV�
(7(3�(XU��7UDQV��(OHFW��3RZHU�(QJ���%DQG����1U�����1RY��'HF��������SS���������

>��@ ',1� ������ 7HLO� ��� 0lU]� ������ :HFKVHOVWURPJU|�HQ�� =ZHLOHLWHU�6WURPNUHLVH�
%HXWK�9HUODJ��%HUOLQ

>��@ ',1�������7HLO����(QWZXUI�$SULO�������0HKUOHLWHU�6WURPNUHLVH��%HXWK�9HUODJ��%HUOLQ
>��@ 6WDXGW��9���'LIIHUHQFHV� EHWZHHQ� FRPSHQVDWLRQ� RI� LQVWDQWDQHRXV� QRQ�DFWLYH� SRZHU� DQG

WRWDO�QRQ�DFWLYH�SRZHU��,(((�,&+36�9,��%RORJQD��������6���������
>��@ 'HSHQEURFN��0���6WDXGW��9���+\SHU�6SDFH�9HFWRUV��$�1HZ�)RXU�4XDQWLW\�([WHQVLRQ�RI

6SDFH�9HFWRU�7KHRU\���WK�,QW��:RUNVKRS�RQ�3RZHU�'HI��DQG�0HDV��XQGHU�1RQVLQXVRLGDO
&RQG���0LODQR��������SS����

>��@ 'HSHQEURFN�� 0��� 9DULDWLRQ� 3RZHU�� 9DULDWLRQ� &XUUHQWV�� 3K\VLFDO� %DFNJURXQG� DQG
&RPSHQVDWLRQ� 5XOHV�� )LIWK� ,QWHUQDWLRQDO� :RUNVKRS� RQ� 3RZHU� 'HILQLWLRQV� DQG
0HDVXUHPHQWV�XQGHU�1RQVLQXVRLGDO�&RQGLWLRQV��0LODQR��2FW��������SS�������

>��@ 0DUVKDOO�� '�� $��� 9HQWHU�� )�� 3��� YDQ�:\N�� -�� '��� $Q� HYDOXDWLRQ� RI� WKH� LQVWDQWDQHRXV
FDOFXODWLRQ�RI� ORDG�FXUUHQW�FRPSRQHQWV��(7(3�(XU��7UDQV��(OHFW��3RZHU�(QJ���%DQG���
1U�����������6�������

>��@ :LOOHPV��-��/���,QVWDQWDQHRXV�6LQXVRLGDO�DQG�+DUPRQLF�$FWLYH�DQG�'HDFWLYH�&XUUHQWV�LQ
7KUHH�3KDVH�3RZHU�6\VWHPV��(7(3�(XU��7UDQV��(OHFW��3RZHU�(QJ���%DQG����1U����������
6���������

>��@ 6WDXGW��9���$Q� H[DPSOH� IRU� G\QDPLF� FRPSHQVDWLRQ� RI� QRQDFWLYH� SRZHU� LQ� WKH� FDVH� RI
QRQOLQHDU�DFWLYH�ORDGV��(7(3�%DQG����1U�����6HSW��2NW��������6���������

>��@ 'HSHQEURFN�� 0��� 6WDXGW�� 9��� 6WDELOLW\� 3UREOHPV� LI� 7KUHH�3KDVH� 6\VWHPV� ZLWK
%LGLUHFWLRQDO� (QHUJ\� )ORZ� DUH� &RPSHQVDWHG� 8VLQJ� WKH� )%'�0HWKRG�� ,(((� ,&+43
9,,,��$WKHQ��2NW������
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