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$EVW U DF W � 8 Q LWDU \ ( T X LY DOHQ FH DQ G 7 U DQ VODWLRQ 5HS U HVHQ WDWLRQ S OD\ D N H\
U ROH LQ WK H /D[ �3 K LOOLS V 6 FDWWHU LQ J 7 K HRU \ � ,Q WK LV S DS HU Z H VK RZ WK DW 7 U DQ V�
ODWLRQ 5HS U HVHQ WDWLRQ DOVR S OD\ V DQ LP S RU WDQ W U ROH LQ : DY HOHW 7 K HRU \ � IRU
'LVFU HWH 0X OWL�5HVROX WLRQ $ S S U R[ LP DWLRQ DV Z HOO DV IRU & RQ WLQ X RX V 0X OWL�
7 U DQ VODWLRQ $ S S U R[ LP DWLRQ _ WR E H G Hp Q HG LQ WK H S DS HU �

�� LQW U RGXF W LRQ

$W WKH KHDUW RI :DYHOHW 7KHRU\ LV D FKDLQ RI QHVWHG VXEVSDFHV RI WKH IXQF�
WLRQV VSDFH / ��5�� FDOOHG 0XOWL�5HVROXWLRQ $SSUR[LPDWLRQ �05$�� JHQHUDWHG IURP
D ?UHVROXWLRQ���� VXEVSDFH 9 E\ WKH GLVFUHWH XQLWDU\ JURXS >'P@ RI WKH VFDOH�E\��
RSHUDWRU '� 0RUHRYHU 9 LV DFWXDOO\ DQ RXWJRLQJ �LQFRPLQJ� VXEVSDFH ZLWK UHVSHFW
WR >'P@�

7KH FRQFHSW RI RXWJRLQJ �LQFRPLQJ� VXEVSDFH� ZLWK UHVSHFW WR HLWKHU D GLVFUHWH
JURXS� RU D FRQWLQXRXV RQH�SDUDPHWHU JURXS� RI +LOEHUW VSDFH XQLWDU\ RSHUDWRUV�
RULJLQDWHG IURP WKH /D[�3KLOOLSV 6FDWWHULQJ 7KHRU\ LQ ZKLFK 7UDQVODWLRQ 5HSUHVHQ�
WDWLRQ SOD\V D NH\ UROH�

,Q WKLV SDSHU ZH VWXG\ DSSOLFDWLRQV RI 7UDQVODWLRQ 5HSUHVHQWDWLRQ WR :DYHOHW
7KHRU\� ,W ZLOO EH VKRZQ WKDW LW SOD\V DQ LPSRUWDQW UROH LQ WKH 'LVFUHWH 0XOWL�
5HVROXWLRQ $SSUR[LPDWLRQ �'05$� DQG� SDUWLFXODUO\� LQ WKH DVVRFLDWHG &RQWLQXRXV
0XOWL�7UDQVODWLRQ $SSUR[LPDWLRQ �&07$� _ WR EH GHpQHG EHORZ�

:H PXVW QRWH WKDW WKH ?REMHFW� WKDW FRQQHFWV :DYHOHW 7KHRU\ DQG 6FDWWHULQJ
7KHRU\ LV D JURXS RI +LOEHUW VSDFH VKLIW RSHUDWRUV� 7KLV ZLOO EH VKRZQ EHORZ�

:H EHJLQ LQ 6HFWLRQ � E\ VKRZLQJ WKDW WKH ZHOO NQRZQ 'LVFUHWH 0XOWL�5HVROXWLRQ
$SSUR[LPDWLRQ LV DFWXDOO\ JHQHUDWHG IURP D VSHFLpF RXWJRLQJ �LQFRPLQJ� VXEVSDFH
2 �RU ,� ZLWK UHVSHFW WR WKH VFDOH�E\�� RSHUDWRU '� 7KHQ E\ 'LVFUHWH 7UDQVODWLRQ
5HSUHVHQWDWLRQ� WKH VSDFH / ��5� ?JRHV� LQWR _ L�H�� ?LVRPRUSKLFDOO\ RQWR� _ WKH
VSDFH RI DSSUR[LPDWLRQV _ RI D VLJQDO DW UHVROXWLRQ��� _ WR DOO QRQ]HUR UHVROXWLRQV
RI WKH VLJQDO� :H WKHQ WXUQ WR &RQWLQXRXV 7UDQVODWLRQ 5HSUHVHQWDWLRQ� 7KLV OHDGV
WR WKH IRUPXODWLRQ RI &RQWLQXRXV 0XOWL�7UDQVODWLRQ $SSUR[LPDWLRQ RYHU WKH VLJQDO
VSDFH / ��5� DV ZHOO DV RYHU WKH 7UDQVODWLRQ 5HSUHVHQWDWLRQ ?+LOEHUW RYHU +LOEHUW�
VSDFH / ��5� : � _ L�H�� WKH VSDFH RI / ��5� IXQFWLRQV WDNLQJ YDOXHV LQ DQ DX[LOLDU\
+LOEHUW VSDFH : �
:H FORVH WKH SDSHU ZLWK VRPH KLVWRULFDO QRWHV DQG UHPDUNV RQ WKH 'LVFUHWH

:DYHOHW 7UDQVIRUPV� DV ZHOO DV RQ WKH WLPH�VWHSV GHFRPSRVLWLRQ ZKLFK OHDGV WR
?HOHPHQWDU\� 7UDQVODWLRQ 5HSUHVHQWDWLRQ IRU ZDYHOHWV�

' DW H� - X Q H ��� �����
���� 0DW KHPDW LFV 6 XEMHFW & ODVVLpFDW LRQ � ��& ��� ��$ ���
. H\ Z RU GV� 'LVFU HWH DQ G & RQ WLQ X RX V 7 U DQ VODWLRQ 5HS U HVHQ WDWLRQ V� : DY HOHW 'LVFU HWH 0X OWL�

5HVROX WLRQ $ S S U R[ LP DWLRQ V� & RQ WLQ X RX V 0X OWL�7 U DQ VODWLRQ $ S S U R[ LP DWLRQ V� : DY HOHW ( OHP HQ WDU \
0X OWL�7 U DQ VODWLRQ $ S S U R[ LP DWLRQ V�

�

�
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�� P DLQ U HVXO W V

/HW + EH D VHSDUDEOH FRPSOH[ +LOEHUW VSDFH RQ ZKLFK WKHUH LV D GLVFUHWH JURXS
RI RSHUDWRUV >8P@ � I8P� P � =J JHQHUDWHG IURP D XQLWDU\ RSHUDWRU 8 � ZKHUH =
GHQRWHV WKH VHW RI DOO LQWHJHUV�

���� 'LVFUHWH 7UDQVODWLRQ 5HSUHVHQWDWLRQ DQG 'LVFUHWH 0XOWL�5HVROXWLRQ

$SSUR[LPDWLRQ� :H QRZ UHFDOO WKH FRQFHSW RI RXWJRLQJ �LQFRPLQJ� VXEVSDFH >��@
ZLWK UHVSHFW WR >8P@ >��@� 7KLV OHDGV WR 'LVFUHWH 7UDQVODWLRQ 5HSUHVHQWDWLRQV RI +
DQG RI DQ RXWJRLQJ �LQFRPLQJ� VXEVSDFH DV ZHOO DV WKDW RI WKH XQLWDU\ RSHUDWRU 8 �

'HpQLWLRQ �� $ VXEVSDFH 2 �RU ,� RI + LV DQ RXWJRLQJ �LQFRPLQJ� VXEVSDFH ZLWK
UHVSHFW WR >8P@ LI WKH IROORZLQJ SURSHUWLHV DUH VDWLVpHG�

�L� 82 ~ 2
b
8e, ~ ,

c
�

�LL�
6

P� = 8
P2 �RU ,�  +�

�LLL�
7

P� = 8P2 �RU ,�  I�J�

,W IROORZV IURP SURSHUW\ �L� WKDW DQ RXWJRLQJ VXEVSDFH 2 LV 8 �LQYDULDQW� 0RUH�
RYHU� WKH FKDLQ RI VXEVSDFHV I8P2J � I8P2�P � =J ?JHQHUDWHG� IURP 2 LV ?GH�
FUHDVLQJO\� QHVWHG

8P� �2 ~ 8P2� P � =������

:H PXVW QRWH WKDW WKH FORVHG XQLRQ RI D GHFUHDVLQJO\ QHVWHG VHTXHQFH RI VXEVSDFHV
FRLQFLGHV ZLWK LWV FORVHG VSDQ� KHQFH ����� PDNHV VHQVH RQO\ EHFDXVH RI SURSHUW\ �L��

/HW : EH WKH RUWKRJRQDO FRPSOHPHQW RI 82 LQ 2� WKDW LV�
: � 2 k 82������

7KHQ LW FDQ EH VKRZQ WKDW >��@

2  
�0

P �

8P:�����

DQG

+  
0

P� =
8P: ������

ZKHUH

8P: " 8P
�

: � P � P�������

+HQFH : LV FDOOHG ZDQGHULQJ IRU 8 >�� �� �� ��@� 0RUHRYHU� EHFDXVH RI ������ LW LV
DOVR D ?JHQHUDWLQJ� ZDQGHULQJ VXEVSDFH�

(TXDWLRQ ����� FDQ EH FKDUDFWHUL]HG DV D ?ZDQGHULQJ VXEVSDFH� GHpQLWLRQ RI D
ELODWHUDO VKLIW ZKRVH PXOWLSOLFLW\ LV GLP : � 7KHUHIRUH� VLQFH ����� LV D FRQVHTXHQFH
RI 'HpQLWLRQ �� LW IROORZV WKDW D XQLWDU\ RSHUDWRU IRU ZKLFK WKHUH LV DQ RXWJRLQJ
�LQFRPLQJ� VXEVSDFH LV D ELODWHUDO VKLIW >�@� VHH DOVR >��@�

0RUH LV WUXH >��@�

3URSRVLWLRQ �� /HW 2 EH DQ RXWJRLQJ VXEVSDFH ZLWK UHVSHFW WR WKH JURXS RI ELODWHUDO
VKLIWV >8P@ RYHU +� 7KHQ WKH RSHUDWRU nG GHpQHG E\

nG � + � C��5� : �� nG K  IZPJ� K � +� ZP � : ������



�

ZKHUH

K  
;

P� =
8PZP� ZP � : � DQG

;

P� =
MMZPMM�  MMKMM�������

LV XQLWDU\ DQG LV VXFK WKDW

+ � C��5� : �������

2 � C��>����� : �������

8 � 6� nG 8  6 nG�������

ZKHUH � PHDQV XQLWDU\ HTXLYDOHQW� ZKLOH 6 LV WKH ELODWHUDO VKLIW RQ C��5� : �
GHpQHG E\

6 IZPJ � IZPb�J�������

(TXDWLRQV ����� � ������� EHFDXVH RI WKH ?WUDQVODWLRQ� DFWLRQ RI 6 RQ WKH VXEVFULSW
P LQ ������� DUH UHIHUUHG WR DV 'LVFUHWH 7UDQVODWLRQ 5HSUHVHQWDWLRQV RI +� 2 DQG
8� UHVSHFWLYHO\� 7KH LPSRUWDQW SRLQW KHUH LV KRZ WR FKDUDFWHUL]H WKH RSHUDWRU nG

ZKLFK ?FDUULHV RXW� WKH XQLWDU\ HTXLYDOHQFH�

6LPLODU UHVXOWV FDQ EH VWDWHG IRU DQ LQFRPLQJ VXEVSDFH ,� ,Q WKH IROORZLQJ ZH ZLOO
EH PRVWO\ GHDOLQJ ZLWK RXWJRLQJ VXEVSDFHV� :H QRZ FRQQHFW WKH DERYH WR 'LVFUHWH
0XOWL�5HVROXWLRQ $SSUR[LPDWLRQ >��� ��@� VHH DOVR >�� ��@�

&RQVLGHU WKH RXWJRLQJ VXEVSDFH VHW XS ZLWK + � / ��5� DQG ZLWK 8 � ' _
WKH VFDOH�E\�� RSHUDWRU RQ / ��5� GHpQHG E\

'I�c� � 
S
� I

b
��c�

c
�������

0RUHRYHU� WKH RXWJRLQJ VXEVSDFH 2 _ FDOOHG ZDYHOHW RXWJRLQJ VXEVSDFH _ LV H[�
SOLFLWHO\ JLYHQ E\

2 � 
B

Q� =
�
b
�c�b Q

c
������

IRU VRPH XQLW IXQFWLRQ ��c� � / ��5� _ FDOOHG VFDOLQJ IXQFWLRQ� VHH IRU LQVWDQFH�
>�� ��@ _ ZKLFK LV VXFK WKDW LWV LQWHJUDO WUDQVODWHV �

b
�c�b Q�

c
DUH RUWKRJRQDO

�
b
�c�b Q

c
" �

b
�c�b Q�

c
� Q � Q��������

'HpQLWLRQ �� 7KH FKDLQ RI VXEVSDFHV I'P2J � I'P2� P � =J ZLWK WKH RXW�
JRLQJ VXEVSDFH 2 GHpQHG LQ WHUPV RI D VFDOLQJ IXQFWLRQ ��c� LV FDOOHG D 'LVFUHWH
0XOWL�5HVROXWLRQ $SSUR[LPDWLRQ�

0RUH LV WUXH� VHH IRU LQVWDQFH >�� ��@�

3URSRVLWLRQ �� *LYHQ D '05$ I'P2J _ ZLWK VFDOLQJ IXQFWLRQ ��c� _ RYHU
/ ��5�� 7KHQ WKHUH H[LVWV D ZDYHOHW ��c� VXFK WKDW WKH ZDYHOHW IXQFWLRQV

�P�Q�c� � 'P�
b
�c�b Q

c
� �P�Q� � =�������

IRUP DQ RUWKRQRUPDO EDVLV IRU / ��5�� DQG WKH VXEVSDFH : LV H[SUHVVHG H[SOLFLWHO\
LQ WHUPV RI �

b
�c�b Q

c
DV

: � 
B

Q� =
�
b
�c�b Q

c
�������
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,W IROORZV IURP ����� DQG ����� WKDW� IRU DQ\ I�c� � / ��5��

I�c�  
;

P� =
'PZP�c�� ZP�c� � : � DQG

;

P� =
MMZP�c�MM�  MMI�c�MM��������

/HW 3P EH WKH RUWKRJRQDO SURMHFWLRQ RQWR WKH ZDQGHULQJ VXEVSDFH 'P: WKHQ�
VHH IRU LQVWDQFH >��@�

3PII�c�J  'P 3� I'ePI�c�J� P � =�������

7KHUHIRUH

ZP�c�  'eP 3PII�c�J� P � =������

 3�I'ePI�c�J�������

+HQFH

I�c�  
;

P� =
'P 3�I'ePI�c�J�������

$V D FRQVHTXHQFH WKH XQLWDU\ RSHUDWRU nG LV QRZ GHpQHG E\

nG � / ��5�� C��5� : �� nG I�c�  IZP�c�J  
j
3�I'ePI�c�J

k
�������

,Q :DYHOHW 7KHRU\ WKH IXQFWLRQ 'PI�c�  
S
�
P
I
b
�P�c�

c
� P � =� LV� E\ WUDGL�

WLRQ� GHpQHG DV WKH UHVROXWLRQ �RU VFDOH���P RI I�c�� 7KHQ� VLQFH 3PII�c�J LV WKH
SURMHFWLRQ RI I�c� RQWR WKH VXEVSDFH 'P: � LW LV GHpQHG DV DQ DSSUR[LPDWLRQ DW
UHVROXWLRQ��P WR I�c� >�@�
:H WKHUHIRUH FRQFOXGH IURP ������ WKDW�

3URSRVLWLRQ �� $ VLJQDO I�c� � / ��5�� XQGHU WKH DFWLRQ RI nG� JRHV LQWR DS�
SUR[LPDWLRQV DW UHVROXWLRQ��� WR WKH UHVROXWLRQV��P RI I�c�� ,Q RWKHU ZRUGV� WKH
7UDQVODWLRQ 5HSUHVHQWDWLRQ VSDFH RI WKH VLJQDO VSDFH / ��5� LV WKH VSDFH RI DSSUR[L�
PDWLRQV WR DOO UHVROXWLRQV RI WKH VLJQDO I�c� � / ��5��
����&RQWLQXRXV 7UDQVODWLRQ 5HSUHVHQWDWLRQ DQG &RQWLQXRXV 0XOWL�7UDQV�

ODWLRQ $SSUR[LPDWLRQ� :H QRZ FRQVLGHU WKH FDVH LQ ZKLFK� EHVLGH D GLVFUHWH
JURXS RI XQLWDU\ RSHUDWRUV >8P@� ZH DOVR KDYH D RQH�SDUDPHWHU FRQWLQXRXV JURXS
RI XQLWDU\ RSHUDWRUV > 8 �W�@ � I8 �W�� W � 5J RYHU +�
:H KDYH >��@�

'HpQLWLRQ �� $ VXEVSDFH 2 �RU ,� RI + LV RXWJRLQJ �LQFRPLQJ� ZLWK UHVSHFW WR D
JURXS RI XQLWDU\ RSHUDWRUV > 8 �W�@ RYHU + LI WKH IROORZLQJ FRQGLWLRQV DUH VDWLVpHG�

�L� 8 �W�2 ~ 2� W y ��
b
8 �W�, ~ ,� W � �

c
�

�LL�
6

W 8 �W�2 � RU ,�  +�
�LLL�

7
W 8 �W�2 � RU ,�  I�J�

:H PXVW QRWH WKDW� DV LQ WKH GLVFUHWH FDVH� 'HpQLWLRQ � LPSOLHV WKDW WKH XQLWDU\
JURXS > 8 �W�@ LV D FRQWLQXRXV VKLIW RYHU + >�@�

7R SURFHHG ZH UHFDOO WKH IROORZLQJ SURSHUWLHV ZKLFK DUH VKDUHG E\ D XQLWDU\ JURXS
> 8 �W�@ DQG LWV GLVFUHWH FRJHQHUDWRU JURXS >&P

8 @ >��� ��@�

7KHRUHP �� /HW > 8 �W�@ EH D XQLWDU\ JURXS _ ZLWK FRJHQHUDWRU &8 _ RYHU +� 7KHQ
8 �W�&P

8  &P
8 8 �W�� W � 5� P � =� 0RUHRYHU� DQ RXWJRLQJ �LQFRPLQJ� VXEVSDFH

_ ZLWK UHVSHFW WR >&P
8 @ _ LV DOVR RXWJRLQJ �LQFRPLQJ� ZLWK UHVSHFW WR > 8 �W�@ DQG

FRQYHUVHO\�



�

'HpQLWLRQ � LV D ?QDWXUDO� JHQHUDOL]DWLRQ RI 'HpQLWLRQ �� ZKHWKHU WKH XQLWDU\
JURXS > 8 �W�@ DGPLWV D FRJHQHUDWRU RU QRW� +RZHYHU IRU ZDYHOHWV ZH DOUHDG\ KDYH D
ZDYHOHW RXWJRLQJ VXEVSDFH 2_ GHpQHG E\ ������ _ ZLWK UHVSHFW WR >'P@� DQG VLQFH
LW LV HDV\ WR VHH WKDW WKH VFDOH�E\�� RSHUDWRU ' FDQ DOVR VHUYH DV WKH FRJHQHUDWRU RI
D XQLWDU\ JURXS� ZH SURSRVH WKH IROORZLQJ 'HpQLWLRQ�

'HpQLWLRQ �� /HW 2 EH D ZDYHOHW RXWJRLQJ VXEVSDFH� ZKLFK LV GHpQHG E\ 2 � :
Q� = �

b
�c�b Q

c
� ZLWK UHVSHFW WR WKH GLVFUHWH JURXS >'P@ RI WKH VFDOH�E\�� RSHUDWRU

' RYHU / ��5�� DV ZHOO DV ZLWK UHVSHFW WR WKH XQLWDU\ JURXS > 8 �W�@ ZKRVH FRJHQHUDWRU
LV '� 7KHQ WKH FRQWLQXRXV FKDLQ RI VXEVSDFHV I2WJ � I8 �W�2� W y �J VDWLVI\LQJ
2W � ~ 2W � � � x W� � W�� LV FDOOHG DQ RXWJRLQJ &RQWLQXRXV 0XOWL�7UDQVODWLRQ $S�
SUR[LPDWLRQ �&07$� _ DVVRFLDWHG ZLWK WKH '05$ I'P2J�

:H GR QRW LQ JHQHUDO KDYH DQ H[SOLFLW H[SUHVVLRQ IRU > 8 �W�@� +RZHYHU LW FDQ
EH VKRZQ WKDW > 8 �W�@ LV WKH VWURQJ OLPLW RI D OLQHDU FRPELQDWLRQ RI 'P� P � =�
>��@� 7KHUHIRUH� VLQFH IRU HDFK W � 5 WKH VFDOH�E\�� RSHUDWRU ' LV DQ LQVWDQWD�
QHRXV WUDQVODWLRQ E\ W >��@� WKH XQLWDU\ JURXS > 8 �W�@ _ ZKLFK LV DOUHDG\ D JURXS RI
FRQWLQXRXV VKLIW RSHUDWRUV _ ?EHKDYHV� OLNH D JURXS RI ?WUDQVODWLRQ� RSHUDWRUV� ,Q�
GHHG� DV ZH VKDOO VHH� > 8 �W�@ LV XQLWDULO\ HTXLYDOHQW WR WKH JURXS RI WUDQVODWLRQV E\ W

XQLWV RYHU DQRWKHU +LOEHUW VSDFH� 7KLV LV WKH MXVWLpFDWLRQ IRU LQWURGXFLQJ WKH WHUP
?0XOWL�7UDQVODWLRQ��

7R SURFHHG ZH UHFDOO WKH IROORZLQJ 7UDQVODWLRQ 5HSUHVHQWDWLRQ 7KHRUHP GXH WR
6LQDL >��@�

7KHRUHP �� /HW 2 �RU ,� EH DQ RXWJRLQJ �LQFRPLQJ� VXEVSDFH ZLWK UHVSHFW WR D
JURXS RI XQLWDU\ RSHUDWRUV > 8 �W�@� ZLWK FRJHQHUDWRU &8 � RYHU WKH FRPSOH[ VHSDUDEOH
+LOEHUW VSDFH +� 7KHQ WKHUH H[LVWV D XQLWDU\ RSHUDWRU nR �RU nL� WDNLQJ + RQWR WKH
+LOEHUW VSDFH / ��5� : � _ FDOOHG ?7UDQVODWLRQ 5HSUHVHQWDWLRQ 6SDFH�

nR�RU nL�+  / ��5� : ��������

ZKHUH : LV VRPH DX[LOLDU\ +LOEHUW VSDFH� 0RUHRYHU�

nR 2  / �
b
>����� :

c
�

b
nL ,  / ���b�� ��� : �

c
�������

nR

b
RU nL

c
8 �W�  7 �W�nR �RU nL��������

ZKHUH >7 �W�@ LV WKH XQLWDU\ JURXS RI WUDQVODWLRQV E\ W XQLWV RYHU / ��5� : ��

7 �W�I�c�  I
b
�c�b W

c
� W � 5�������

0RUHRYHU�

nR

b
RU nL

c
&8  & nR �RU nL��������

ZKHUH & LV WKH FRJHQHUDWRU RI >7 �W�@� 7KH &RQWLQXRXV 7UDQVODWLRQ 5HSUHVHQWDWLRQV�

/ ��5� � / ��5� : ��������

2 � / �
b
>����� :

c b
, � / �

b
�b�� ��� :

cc
�������

8 �W� � 7 �W��������

&8 � & �������

DUH XQLTXH XS WR DQ LVRPRUSKLVP RI : �
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7KH FRJHQHUDWRU & RI >7 �W�@ LV D ELODWHUDO VKLIW RQ / ��5� : �� VLQFH LW LV XQLWDULO\
HTXLYDOHQW WR &8 ZKLFK LV D ELODWHUDO VKLIW E\ YLUWXH RI WKH IDFW WKDW LW DGPLWV DQ
RXWJRLQJ VXEVSDFH 2� 0RUHRYHU > & P@ LV H[SUHVVHG LQ WHUPV RI >7 �W�@ DV >��@�

& hPI�[�  I�[� � �

= �

�

/�
P��W� H

bW 7 �hW�I�[� GW� P y �� [ � 5�������

ZKHUH /P�c�� P y �� LV WKH /DJXHUUH SRO\QRPLDO RI GHJUHH P >��@�

7R SURFHHG� FRQVLGHU WKH VSDFH / �
b
>����� :

c
DV D VXEVSDFH RI / ��5� : �� ,W LV

FOHDUO\ LQYDULDQW IRU WKH VHPLJURXS I7 �W�� W y �J� KHQFH LW LV DOVR LQYDULDQW IRU &
>��� ��@ DV D XQLODWHUDO VKLIW _ LQ / �

b
>����� :

c
_ ZKRVH JHQHUDWLQJ ZDQGHULQJ

VXEVSDFH� GHQRWHG E\ : D� � LV >��@�

: D�  
S
� Hb[ : � [ y �������

)URP ZKLFK ZH pQG

: D�P � & P : D�  & P
S
� Hb[ : � [ y �� P y �������

RU

: D�P  & P /DJ��[�:  /DJP�[� : � [ y �� P y ��������

ZKHUH /DJP�[�� P y �� GHQRWH WKH /DJXHUUH IXQFWLRQV GHpQHG E\

/DJ��[� � 
S
� Hb[ /���[�  

S
� Hb[� [ y ��������

/DJP�[� � & P /DJ��[�� [ y �� P ! �������

 
S
� Hb[ /P��[�� [ y �� P ! ��������

,W WKHQ IROORZV WKDW / �
b
>����� :

c
DGPLWV WKH ZDQGHULQJ VXEVSDFHV GHFRPSRVL�

WLRQ

/ �
b
>����� :

c
 

�0

P �

: D�P  
�0

P �

& P /DJ��[� : � [ y �������

 
�0

P �
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