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7KHRGRUH (� 'MDIHULV�

'HSDUWPHQW RI (OHFWULFDO DQG &RPSXWHU (QJLQHHULQJ

8QLYHUVLW\ RI 0DVVDFKXVHWWV

$PKHUVW� 0$ ����� 86$

GMDIHULV#HFV�XPDVV�HGX

$EVWUDFW

0DWUL[ VWDELOLW\ SUHVHUYLQJ PDSV FDQ EH XVHG WR SUR�

YLGH D GLmHUHQW FKDUDFWHUL]DWLRQ RI WKH H[LVWHQFH RI D

n[HG RUGHU FRQWUROOHU WKDW UREXVWO\ VWDELOL]HV D IDPLO\

RI SODQWV� ,Q DGGLWLRQ� VWDELOLW\ SUHVHUYLQJ PDS WHVWV

FDQ EH XVHG DV WKH EDVLV IRU UREXVW FRQWUROOHU V\QWKH�

VLV�GHVLJQ PHWKRGV� ,Q WKLV SDSHU ZH GHYHORS DGGL�

WLRQDO VWDELOLW\ SUHVHUYLQJ PDS WHVWV DQG GHPRQVWUDWH

WKHLU XVH IRU WKH UREXVW VWDELOL]DWLRQ RI D SK\VLFDO V\V�

WHP� (DUOLHU ZRUN UHVWULFWHG WKH RUGHU RI WKH FRQWUROOHU

WR EH RQH OHVV WKDQ WKH RUGHU RI WKH SODQW IDPLO\� +HUH

ZH DOORZ FRQWUROOHUV WR KDYH DUELWUDU\ RUGHU DQG VKRZ

KRZ WKLV OHDGV WR WKH FRQFHSW RI D JHQHUDOL]HG VWDELOLW\

SUHVHUYLQJ PDS� :H FRQFOXGH WKH SDSHU ZLWK D GLVFXV�

VLRQ DERXW WHVWV IRU VXFK PDSV�

.(<:25'6� /LQHDU� 6WDELOLW\� 5REXVWQHVV� 6\QWKH�

VLV
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5REXVW VWDELOL]DWLRQ RI IDPLOLHV RI OLQHDU WLPH LQYDUL�

DQW SODQWV KDV EHHQ D WRSLF RI LQYHVWLJDWLRQ IRU VHYHUDO

GHFDGHV� ,PSRUWDQW FODVVHV RI SODQW IDPLOLHV WKDW KDYH

EHHQ VWXGLHG LQFOXGH WKRVH WKDW FRQVLVW RI D nQLWH QXP�

EHU RI V\VWHPV DQG WKRVH WKDW FDQ EH H[SUHVVHG LQ WHUPV

RI D WUDQVIHU IXQFWLRQ PRGHO ZLWK UHDO SDUDPHWHU XQFHU�

WDLQW\� :H NQRZ WKDW WKH SUREOHP RI VLPXOWDQHRXV VWD�

ELOL]DWLRQ RI D nQLWH QXPEHU RI SODQWV LV D GLpFXOW RQH

DQG LQ JHQHUDO HOHJDQW DQG FRPSXWDWLRQDOO\ DWWUDFWLYH

VROXWLRQV GR QRW H[LVW >�� �� �� ��� ��@� )RU V\VWHPV ZLWK

UHDO SDUDPHWHUV RQH PD\ EH DEOH WR H[SUHVV SODQW XQFHU�

WDLQW\ XVLQJ D VSHFLDO VWUXFWXUH �H�J�� PXOWLSOLFDWLYH XQ�

FHUWDLQW\� IRU ZKLFK D VROXWLRQ FDQ EH JLYHQ XVLQJ +
�

WHFKQLTXHV >�@� +RZHYHU� VXFK DQ DSSURDFK FDQ OHDG WR

FRQVHUYDWLYH GHVLJQV� 2WKHU DSSURDFKHV WKDW KDYH EHHQ

VXJJHVWHG IRU V\VWHPV ZLWK UHDO SDUDPHWHU XQFHUWDLQW\

LQFOXGH 3DUDPHWHU 6SDFH PHWKRGV� >�@� WKH 4)7 IUDPH�

ZRUN >��@ DQG )LQLWH ,QFOXVLRQV 7KHRUHP �),7� GHVLJQ

>�@�

5HFHQWO\� ZH LQWURGXFHG WKH QRWLRQ RI D PDWUL[ VWDELO�

LW\ SUHVHUYLQJ PDS �630� >�� �� �@ DQG VKRZHG KRZ LW

FDQ EH XVHG WR IRUPXODWH UREXVW VWDELOL]DWLRQ SUREOHPV�

�)XQGHG E\ (35,�'R' &,1�6, FRQWUDFW 1R� :��������

1RW RQO\ GRHV WKH FRQFHSW SURYLGH QHZ LQVLJKW WR WKH

SUREOHP RI UREXVW VWDELOL]DWLRQ EXW LW OHDGV WR UREXVW

FRQWUROOHU V\QWKHVLV�GHVLJQ PHWKRGV� :H KDYH GHPRQ�

VWUDWHG WKDW WKH FRQFHSW FDQ EH XVHG IRU VFDODU DV ZHOO

DV PXOWLYDULDEOH V\VWHPV� ,Q WKH OLWHUDWXUH RQH FDQ nQG

WKH QRWLRQ RI D VWDELOLW\ SUHVHUYLQJ PDSSLQJ GHnQHG LQ

WKH FRQWH[W RI /\DSXQRY EDVHG DQDO\VLV RI G\QDPLFDO

V\VWHPV >��@� +RZHYHU� WKH PDWUL[ VWDELOLW\ SUHVHUY�

LQJ PDSV GLVFXVVHG KHUH DSSHDU WR EH GLmHUHQW� )RO�

ORZLQJ WKH H[SRVLWLRQ LQ >��@� VWDELOLW\ SUHVHUYLQJ PDS�

SLQJV PDS IDPLOLHV RI PRWLRQV RI D G\QDPLFDO V\VWHP WR

IDPLOLHV RI PRWLRQV RI DQRWKHU G\QDPLFDO V\VWHP �L�H��

IURP RQH VWDWH VSDFH WR DQRWKHU LQ WKH WLPH GRPDLQ��

7KH\ DUH XVHG WR HVWDEOLVK TXDOLWDWLYH HTXLYDOHQFHV EH�

WZHHQ G\QDPLFDO V\VWHPV� ,Q FRQWUDVW� PDWUL[ 630V

PDS SRO\QRPLDO FRHpFLHQWV WR SRO\QRPLDO FRHpFLHQWV

�L�H�� IUHTXHQF\ GRPDLQ� DQG FDQ EH GHnQHG ZLWKRXW DQ\

UHIHUHQFH WR G\QDPLFDO V\VWHPV DV VLPSO\ PDWUL[ SURS�

HUWLHV� )XUWKHUPRUH� ZH XVH 630V WR GHYHORS PHWKRGV

IRU UREXVW FRQWUROOHU V\QWKHVLV� 1HYHUWKHOHVV� LW ZRXOG

EH ZRUWKZKLOH WR LQYHVWLJDWH SRVVLEOH FRQQHFWLRQV WKDW

PD\ H[LVW EHWZHHQ WKH WZR FRQFHSWV�

,Q RXU HDUOLHU ZRUN ZH EHJDQ WKH GHYHORSPHQW RI WKH

WKHRU\ RI VWDELOLW\ SUHVHUYLQJ PDSV DQG SUHVHQWHG D

QXPEHU RI 630 WHVWV� 2QH RI WKHVH� LV WKH IDFW WKDW

DQ XSSHU WULDQJXODU PDWUL[ ZLWK ?RQHV� RQ WKH PDLQ

GLDJRQDO GRHV JHQHUDWH D 630� $QRWKHU� LV WKDW D PD�

WUL[ ZLWK RQH VWDEOH URZ JHQHUDWHV D 630� ,Q VHFWLRQ �

RI WKLV SDSHU ZH FRQWLQXH WKH GHYHORSPHQW RI WKH WKHRU\

E\ VWDWLQJ D QHZ 630 WHVW� :H ZLOO FRQnQH RXU GLV�

FXVVLRQ WR VFDODU PDSV EXW LQ YLHZ RI >�@� H[WHQVLRQV WR

WKH PXOWLYDULDEOH FDVH DUH LPPHGLDWH� ,Q VHFWLRQ � ZH

DSSO\ WKH UHVXOW WR D SK\VLFDO V\VWHP IRU WKH V\QWKHVLV

RI D FRQWUROOHU IRU UREXVW VWDELOL]DWLRQ� ,Q VHFWLRQ � ZH

WXUQ RXU DWWHQWLRQ WR WKH UREXVW VWDELOL]DWLRQ SUREOHP

ZKHUH WKH RUGHU RI WKH FRQWUROOHU LV QRW FRQVWUDLQHG� ,I

KLJKHU RUGHU FRQWUROOHUV DUH XVHG ZH DUH OHG YHU\ QDWX�

UDOO\ WR WKH FRQFHSW RI D JHQHUDOL]HG VWDELOLW\ SUHVHUYLQJ

PDS �*630��
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)LUVW� OHW XV UHFDOO WKH GHnQLWLRQ RI D VFDODU VWDELOLW\

SUHVHUYLQJ PDS >�@� :LWK 5 GHQRWLQJ WKH UHDOV DQG 5Q

WKH VSDFH RI UHDO Q�YHFWRUV� OHW $ EH DQ Q dP PDWUL[



ZLWK HOHPHQWV LQ 5� � � 5Q� � � 5P DQG I$ � 5
Q b�

5
P WKH IXQFWLRQ GHnQHG E\�

I$���  � e$  � ���

ZKHUH ?e� LQGLFDWHV YHFWRU�PDWUL[ PXOWLSOLFDWLRQ� )RU

QRWDWLRQDO VLPSOLFLW\ WKH ?e� ZLOO QRW EH H[SOLFLWO\ VKRZQ�

7KH Q�YHFWRU �  >�Qb�� �Qb�� � � � � ��@ UHSUHVHQWV WKH

FRHpFLHQWV RI WKH GHJUHH Qb � SRO\QRPLDO

��V�  �Qb�V
Qb� � �Qb�V

Qb� � � � � � ��� 7KH YHFWRU

� LV FDOOHG VWDEOH LI WKH FRUUHVSRQGLQJ SRO\QRPLDO ��V�

KDV DOO LWV Q b � URRWV LQ WKH OHIW KDOI FRPSOH[ SODQH

�/+&3��

'HnQLWLRQ � 7KH IXQFWLRQ I$ LV FDOOHG D 6WDELOLW\ 3UH�

VHUYLQJ 0DS �630� LI WKHUH H[LVWV VRPH VWDEOH Q�YHFWRU

� WKDW LV PDSSHG WR D VWDEOH P�YHFWRU �  I$���  �$�

:H VD\ WKDW $ JHQHUDWHV WKH 630 I$� ,Q >�@ ZH KDYH

VKRZQ WKDW WKLV FRQFHSW SOD\V DQ LPSRUWDQW UROH LQ UR�

EXVW VWDELOL]DWLRQ� &RQVLGHU WKH IHHGEDFN V\VWHP VKRZQ

LQ )LJXUH �� 7KH WUDQVIHU IXQFWLRQ 3L�V�� L � I�� �� � � � � 1J

LV RQH RI D nQLWH QXPEHU RI RUGHU xQ� VWULFWO\ SURSHU�

VLQJOH�LQSXW� VLQJOH�RXWSXW SODQWV� 3L�V�  
QSL�V�

GSL�V�

&�V� 3L�V��� 

� 
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U H \

)LJXUH �� 8QLW\ )HHGEDFN &RQnJXUDWLRQ

ZKHUH QSL�V�  QLxQb�V
xQb� � QLxQb�V

xQb� � � � �� QL� DQG

GSL�V�  VxQ � GLxQb�V
xQb� � � � �� GL� DUH FRSULPH IRU DOO

YDOXHV RI L� 7KH FRQWUROOHU JLYHQ E\ &�V�  
QF�V�

GF�V�

LV SURSHU DQG GHJUHH xQ b �� ZLWK QF�V�  \xQb�V
xQb� �

\xQb�V
xQb��� � ��\� DQG GF�V�  VxQb��[xQb�V

xQb� � � � ��

[�� 7KH FORVHG ORRS FKDUDFWHULVWLF SRO\QRPLDOV DUH RI

GHJUHH �xQb � DQG JLYHQ E\�

�L�V�  GF�V�GSL�V� � QF�V�QSL�V�

 V�xQb� � �L�xQb�V
�xQb� � � � �� �L�

,I ZH FROOHFW WKH FRQWUROOHU FRHpFLHQWV LQ D VLQJOH YHFWRU

[  >� \xQb� [xQb� \xQb� [xQb� � � � [� \�@ DQG XVH xQ
WK

RUGHU 6\OYHVWHU 5HVXOWDQWV ZH FDQ ZULWH�

[6xQ�GSL�V�� QSL�V��  �L� L � I�� �� � � � � 1J

)RU 1  �� LI D VLQJOH FRQWUROOHU &�V� �UHSUHVHQWHG E\

[� H[LVWV WKDW PDNHV ���V� DQG ���V� VWDEOH WKHQ

�� 6xQ�GS��V�� QS��V��
b� 6xQ�GS��V�� QS��V��

_ ^] `

$
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RU WKH IXQFWLRQ I$ LV D 630� 7KH FRQYHUVH LV DOVR WUXH�

IRU LI WKH PDWUL[ ?$� GHnQHG LQ ��� JHQHUDWHV D VWDELO�

LW\ SUHVHUYLQJ PDS WKHQ WKH FRUUHVSRQGLQJ WZR SODQWV

DUH VLPXOWDQHRXVO\ VWDELOL]DEOH� &RQVWUXFWLQJ D VLPXO�

WDQHRXVO\ VWDELOL]LQJ FRQWUROOHU LV VLPSO\ GRQH E\ FRP�

SXWLQJ [  ��6xQ�GS��V�� QS��V��
b�� 7KH FRQFHSW RI

VWDELOLW\ SUHVHUYLQJ PDSV WKXV OHDGV YHU\ QDWXUDOO\ WR

UREXVW FRQWUROOHU V\QWKHVLV�GHVLJQ SURFHGXUHV� ,Q WKH

FDVH RI PRUH WKDQ WZR SODQWV D VHW RI ?$� PDWULFHV

DUH JHQHUDWHG DORQJ ZLWK WKH FRUUHVSRQGLQJ VHW RI I$
PDSV� 6SHFLnFDOO\� IRU 1 SODQWV WKH PDWULFHV $L  

6xQ�GS��V�� QS��V��
b� 6xQ�GSL�V�� QSL�V��� � � L � 1 � )RU

VLPXOWDQHRXV VWDELOL]DWLRQ RQH QHHGV WR nQG D VLQJOH

VWDEOH SRO\QRPLDO WKDW LV PDSSHG WR VWDEOH SRO\QRPL�

DOV E\ WKH FRUUHVSRQGLQJ PDSV� :H WKHQ VD\ WKDW I$ LV

D IDPLO\ RI 630 PDSV� 7KH VLWXDWLRQ LV VLPLODU LI ZH

KDYH D SODQW WUDQVIHU IXQFWLRQ ZKLFK FRQWDLQV D �YHF�

WRU� SDUDPHWHU D� :H IRUP WKH VHW RI PDWULFHV� $D  

6xQ�GS��V�� QS��V��
b� 6xQ�GS�V� D�� QS�V� D��� D � lD� ZKHUH

?�� LQGLFDWHV D QRPLQDO SODQW� )RU UREXVW VWDELOL]D�

WLRQ RQH QHHGV WR nQG D VLQJOH VWDEOH SRO\QRPLDO WKDW

LV PDSSHG WR VWDEOH SRO\QRPLDOV E\ WKH FRUUHVSRQGLQJ

PDSV �L�H�� I$ LV D IDPLO\ RI 630 PDSV��

� ������� 
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,Q >�@ ZH SURYHG WKDW LI $ LV DQ Q d Q ZKLFK KDV VRPH

URZ WKDW LV D VWDEOH �GHJUHH Qb �� SRO\QRPLDO� WKH I$
LW JHQHUDWHV LV D 630� ,Q >�@ ZH VKRZHG WKDW LI VHYHUDO

FRPELQDWLRQV RI VXPV RI URZV JHQHUDWH D VWDEOH �GHJUHH

Q b �� SRO\QRPLDO WKH I$ LW JHQHUDWHV LV D 630� +HUH

ZH ZLOO IRFXV RQ WKH VXP RI IRXU FRQVHFXWLYH URZV�

/HPPD � /HW $ EH Q d Q ZLWK IRXU FRQVHFXWLYH URZV

ZKRVH VXP LV D GHJUHH Q b � VWDEOH SRO\QRPLDO� 7KH

FRUUHVSRQGLQJ I$ LV D 630�

3URRI� :H FRQVLGHU WZR FDVHV� ,Q &DVH �� WKH IRXU URZV

LQ TXHVWLRQ DUH WKH nUVW IRXU URZV RI WKH PDWUL[ DQG LQ

&DVH �� DQ\ RWKHU IRXU FRQVHFXWLYH URZV�

&DVH �� 6XSSRVH WKDW WKH VXP RI URZV �� �� � DQG � RI

PDWUL[ $ IRUPV D GHJUHH Q b � VWDEOH SRO\QRPLDO ��

:H QHHG WR FRQVWUXFW D VWDEOH GHJUHH Qb � SRO\QRPLDO

WKDW JHWV PDSSHG E\ I$ WR VRPH VWDEOH GHJUHH Q b �

SRO\QRPLDO� &RQVLGHU WKH SRO\QRPLDO�

��V�  �V� �
T
�Qb��TV� � TV� � �T � ��V� � TV� ��

ZKHUH T LV SRVLWLYH� UHDO DQG ?ODUJH�� ,W LV WKH SURGXFW RI

VWDEOH SRO\QRPLDOV DQG WKXV LV VWDEOH� $IWHU H[SDQGLQJ

WKH SURGXFW LW FDQ EH VHHQ WKDW WKH FRHpFLHQWV RI WKH

WHUPV VQb�� VQb�� VQb� DQG VQb� DUH T� T�Qb�� T���

Q b � �
�Qb���Qb��

�T
DQG T �

�Qb���T���

T
�

�Qb���Qb��

�T
�

�Qb���Qb���Qb��

�T�
UHVSHFWLYHO\� /RZHU SRZHUV RI V KDYH

FRHpFLHQWV WKDW LQFOXGH WHUPV �� T�M ZKHUH M w ��

:KHQ �$ LV IRUPHG LW JHQHUDWHV D SRO\QRPLDO ZKLFK

FDQ EH H[SUHVVHG DV� T� � � ZKHUH � KDV HQWULHV WKDW



LQFOXGH WHUPV �� T�M ZKHUH M w �� %\ PDNLQJ T ?ODUJH�
WKH URRWV RI �$ FDQ EH PDGH WR OLH DUELWUDULO\ FORVH WR

WKH URRWV RI � ZKLFK LV VWDEOH�
&DVH �� 6XSSRVH WKDW WKH VXP RI URZV Lb �� Lb �� Lb �
DQG L �� � L � Q� RI PDWUL[ $ IRUPV D GHJUHH Q b �
VWDEOH SRO\QRPLDO �� :H QHHG WR FRQVWUXFW D VWDEOH GH�
JUHH Qb� SRO\QRPLDO WKDW JHWV PDSSHG E\ I$ WR VRPH
VWDEOH GHJUHH Q b � SRO\QRPLDO� &RQVLGHU WKH SRO\QR�
PLDO�

��V�  �V� T�Mb��V� �

T
�Qb�bM�V�� TV���T���V�� TV� T�

ZKHUH T LV SRVLWLYH� UHDO DQG ?ODUJH�� DQG � � M �
Q b �� L  M � �� ,W LV D SURGXFW RI VWDEOH SRO\QR�

PLDOV DQG WKXV LV VWDEOH� &RQVLGHU nUVW WKH SURGXFW

J�V�  �V� T�Mb��V� �

T
�Qb�bM DQG IRFXV RQ WKH FRHp�

FLHQW RI VQb�bM � )RU ODUJH HQRXJK T LW ZLOO EH GRPLQDWHG
E\ WKH WHUP TMb�� )XUWKHUPRUH� DOO RWKHU FRHpFLHQWV RI
J�V� LQ WKLV SURGXFW ZLOO FRQWDLQ WHUPV ZKLFK DUH ORZHU
SRZHUV RI T �DQG FDQ EH QHJDWLYH�� :KHQ J�V� LV PXO�
WLSOLHG E\ V� � TV� � �T � ��V� � TV � T WR IRUP ��V��
WKH FRHpFLHQWV RI WKH WHUPV VQb�bM � VQb�bM � VQb�bM DQG
VQb�bM ZLOO LQFOXGH WKH VDPH TM WHUP �FDOO LW m�T��� DQG
DOO RWKHU FRHpFLHQWV ZLOO KDYH WHUPV ZLWK ORZHU SRZHUV

RI T� :KHQ �$ LV IRUPHG LW JHQHUDWHV D SRO\QRPLDO

ZKLFK FDQ EH H[SUHVVHG DV� m�T�� � � ZKHUH � KDV HQ�
WULHV WKDW LQFOXGH WHUPV ZLWK ORZHU SRZHUV RI T� %\
PDNLQJ T ?ODUJH� WKH URRWV RI �$ FDQ EH PDGH WR OLH

DUELWUDULO\ FORVH WR WKH URRWV RI � ZKLFK LV VWDEOH� (
,W VKRXOG EH FOHDU WKDW PDQ\ PRUH UHVXOWV FDQ EH

IRUPXODWHG WKDW PDNH XVH RI WKH LGHDV H[SUHVVHG LQ WKH

DERYH SURRI� ,Q FRQMXQFWLRQ ZLWK WKHVH UHVXOWV RQH FDQ

DOVR PDNH XVH RI WKH IROORZLQJ REVHUYDWLRQ�

2EVHUYDWLRQ /HW ��V�  VQ � TI�V� � J�V� EH D GHJUHH

Q SRO\QRPLDO� I�V� D GHJUHH Q b � VWDEOH SRO\QRPLDO�

J�V� D SRO\QRPLDO RI GHJUHH DW PRVW Qb � DQG T D SRV�

LWLYH FRQVWDQW� )RU ODUJH HQRXJK T WKH SRO\QRPLDO ��V�
LV VWDEOH�

7KLV FDQ EH LPPHGLDWHO\ VHHQ IURP URRW ORFXV DUJX�

PHQWV� )RU ODUJH HQRXJK T� Q b � URRWV RI ��V� ZLOO
JHW DUELWUDULO\ FORVH WR WKH URRWV RI I�V� ZKLFK LV VWDEOH
DQG WKH QWK URRW ZLOO WHQG WR b�� (
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,Q WKH SUHYLRXV VHFWLRQ ZH GHYHORSHG D WHVW IRU VWDELO�

LW\ SUHVHUYLQJ PDSV� :H DOVR KDYH SRLQWHG RXW WKDW

630 WHVWV OHDG WR UREXVW VWDELOL]DWLRQ PHWKRGV� :H

GHPRQVWUDWH WKLV IDFW E\ FRQVLGHULQJ D SK\VLFDO H[DP�

SOH� &RQVLGHU WKH ?FUDQH� H[DPSOH GLVFXVVHG LQ >�@�

7KH VWDWH VSDFH �OLQHDUL]HG� GHVFULSWLRQ RI WKH V\VWHP

LV JLYHQ E\�
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7KH V\VWHP VWDWHV DUH� ]�� FUDE SRVLWLRQ� ]�� FUDE YHORF�
LW\� ]�� URSH DQJOH DQG ]�� URSH DQJXODU YHORFLW\� 7KH
LQSXW X UHSUHVHQWV WKH IRUFH DFFHOHUDWLQJ WKH FUDE� ,Q
WKLV H[DPSOH ZH OHW WKH FUDE PDVV PF EH HTXDO WR ��

DQG WKH DFFHOHUDWLRQ GXH WR JUDYLW\ J EH HTXDO WR ���
7KH URSH OHQJWK C DQG WKH ORDG PDVV PC DUH FRQVLGHUHG

WR EH UHDO SDUDPHWHUV WKDW WDNH YDOXHV LQ VRPH JLYHQ

UHJLRQ� :LWK D�  � C DQG D�  PC WKH SDUDPHWHU

UDQJH lD LV JLYHQ E\ D� � >� ��� � �@� D� � >�� ��@� :H
DVVXPH WKDW DOO VWDWHV DUH DYDLODEOH IRU IHHGEDFN DQG

FRQVLGHU WKH IROORZLQJ V\QWKHVLV SUREOHP� 'RHV WKHUH

H[LVW D FRQVWDQW JDLQ FRQWUROOHU WKDW UREXVWO\ VWDELOL]HV

WKH V\VWHP" ,I RQH H[LVWV FRQVWUXFW LW�

)LUVW� ZH REWDLQ D WUDQVIHU IXQFWLRQ PRGHO IRU WKH SODQW

IDPLO\ DQG D ULJKW PDWUL[ IUDFWLRQ GHVFULSWLRQ LV JLYHQ

E\�
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:LWK WKH FRQVWDQW JDLQ FRQWUROOHU [  >\� \� \� \�@
WKH FORVHG ORRS FKDUDFWHULVWLF SRO\QRPLDO IDPLO\ LV�

��V� D�� D��  [1�V� D�� D�� � G�V� D�� D�� ���

7KH V\QWKHVLV TXHVWLRQ FDQ QRZ EH UHSKUDVHG� 'RHV

WKHUH H[LVW VRPH [ WKDW UREXVWO\ VWDELOL]HV ��V� D�� D��
IRU DOO SDUDPHWHUV LQ lD" 7KH IDPLO\ RI ]HUR RUGHU

6\OYHVWHU 5HVXOWDQWV LV�

6�G�V� D�� D��� 1�V� D�� D���  �
�����

� � D��D� � ��� � �

� � � �� � D�
� � �� � D� �

� � bD� �� � �
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�
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:H DUH DVNLQJ ZKHWKHU D n[HG [ H[LVWV VXFK WKDW�
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SDUWLFXODU� ZKHWKHU WKHUH H[LVWV D VLQJOH GHJUHH IRXU

SRO\QRPLDO � VXFK WKDW �$ LV VWDEOH IRU DOO YDOXHV RI
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$ WR VWDEOH SRO\QRPLDOV PDNLQJ I$ D 630 IDPLO\� 7KLV
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WR HPSOR\ WKH 630 IRUPXODWLRQ IRU ERWK ORZHU RUGHU

DQG KLJKHU RUGHU FRQWUROOHUV� ,Q WKH nUVW FDVH� HYHQ
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