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&�6� .XEUXVO\��� DQG 3�&�0� 9LHLUD�

� 'HSDUWPHQW RI 5HVHDUFK DQG 'HYHORSPHQW� 1DWLRQDO /DE� IRU 6FLHQWLpF &RPS� �
/1&&� 5LR GH -DQHLUR� ������ %UD]LO�

� 'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ� &DWKROLF 8QLYHUVLW\ � 38&�5-� 5LR GH -DQHLUR�
������ %UD]LO�

$EVWUDFW� 7KLV SDSHU GHDOV ZLWK WKH FODVV RI DOO GLVFUHWH WLPH�YDU\LQJ ERXQGHG OLQHDU
V\VWHPV LQ D %DQDFK VSDFH� IRU ZKLFK WKH VWDWH VHTXHQFH UHPDLQV LQ D ERXQGHG UHJLRQ
ZKHQHYHU WKH LQSXW VHTXHQFH LV FRQVWUDLQHG WR �DQRWKHU� ERXQGHG UHJLRQ� $ QHFHVVDU\ DQG
VXrFLHQW FRQGLWLRQ IRU PHPEHUVKLS WR VXFK D FODVV LV JLYHQ� DV ZHOO DV D IXOO GHVFULSWLRQ RI
WKH VXEFODVVHV RI LW REWDLQHG E\ p[LQJ ?D SULRUL� WKRVH ERXQGHG UHJLRQV�

.H\ ZRUGV� 'LVFUHWH�WLPH V\VWHPV� OLQHDU V\VWHPV� LQpQLWH�GLPHQVLRQDO V\VWHPV� VWDELOLW\
WKHRU\� WLPH�YDU\LQJ V\VWHPV�


 5HVHDUFK VXSSRUWHG LQ SDUW E\ ,%0 %UDVLO

$XJXVW ����
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&RQVLGHU D GLVFUHWH WLPH�YDU\LQJ OLQHDU V\VWHP PRGHOOHG DV IROORZV�

�0� [�Q� ��  ) �Q�[�Q� � X�Q� ��� [���  X����

ZKHUH� IRU HDFK LQWHJHU Q y �� [�Q� DQG X�Q� OLH LQ D %DQDFK VSDFH ;� DQG ) �Q� LV D
ERXQGHG OLQHDU RSHUDWRU IURP ; LQWR LWVHOI� /HW ' DQG ( EH ERXQGHG VHWV LQ ; FRQWDLQLQJ
WKH RULJLQ DV DQ LQWHULRU SRLQW� 1RZ FRQVLGHU WKH IROORZLQJ �VWDELOLW\� SURSHUW\�

�6� X�Q� � ' �Q y �  � [�Q� � ( �Q y ��

,Q WKLV SDSHU ZH VKDOO EH DGGUHVVLQJ WR WKH IROORZLQJ SUREOHPV�

�,� *LYH D QHFHVVDU\ DQG VXrFLHQW FRQGLWLRQ� RQ WKH PRGHO �0�� IRU WKH H[LVWHQFH RI D
SDLU �'�(� IRU ZKLFK SURSHUW\ �6� KROGV�

�,,� *LYHQ D SDLU �'�(�� GHVFULEH WKH FODVV RI DOO PRGHOV �0� VXFK WKDW SURSHUW\ �6� KROGV�

7KH PRWLYDWLRQ IRU FRQVLGHULQJ WKHVH SUREOHPV LV WZRIROG� )LUVW� IURP WKH SRLQW RI
YLHZ RI VWDELOLW\ WKHRU\� LW LV VKRZQ LQ VHFWLRQ � WKDW WKH QHFHVVDU\ DQG VXrFLHQW FRQGLWLRQ
LQ SUREOHP �,� LV DFWXDOO\ XQLIRUP VWDELOLW\ �KHUH ZH DUH XVLQJ ?XQLIRUP VWDELOLW\� DV D
JHQHULF WHUP PHDQLQJ DQ\ RI WKH HTXLYDOHQW FRQFHSWV RI VWDELOLW\ LQ WKH XQLIRUP WRSRORJ\
^ H�J� VHH >�@�� 6HFRQGO\� IURP WKH SRLQW RI YLHZ RI RSWLPDO FRQWURO WKHRU\� WKH VROXWLRQ RI
SUREOHPV �,� DQG �,,� LV� LQ IDFW� IXQGDPHQWDO IRU WKH H[LVWHQFH RI RSWLPDO VWUDWHJLHV XQGHU
VWDWH DQG FRQWURO FRQVWUDLQWV �H�J� VHH >���@��

7KH SDSHU LV RUJDQL]HG DV IROORZV� 1RWDWLRQ DQG WHUPLQRORJ\ DUH SRVHG LQ VHFWLRQ ��
3UREOHP �,� LV VROYHG LQ VHFWLRQ �� 7KH GHVFULSWLRQ UHTXLUHG LQ SUREOHP �,,� LV JLYHQ LQ
VHFWLRQ �� ZKHQHYHU WKH VHWV ' DQG ( DUH �FORVHG RU RSHQ� EDOOV LQ ;� +RZHYHU� VXFK D
GHVFULSWLRQ FRPHV RXW LQ WHUPV RI WKH QRUP RI DQ RSHUDWRU ) RQ C � �;� ZKLFK� LQ JHQHUDO�
LV QRW VWUDLJKWIRUZDUG FRPSXWDEOH� 6HFWLRQ � GHDOV ZLWK VXFK D FRPSXWDWLRQDO WDVN� DQG
DQ LOOXVWUDWLYH H[DPSOH LV JLYHQ LQ VHFWLRQ ��

�� 127$7,21 $1' 7(50,12/2*<

*LYHQ D OLQHDU VSDFH < � />< @ ZLOO VWDQG IRU WKH DOJHEUD RI DOO OLQHDU WUDQVIRUPDWLRQV
IURP < LQWR LWVHOI� 7KURXJKRXW WKLV SDSHU ; ZLOO VWDQG IRU D %DQDFK VSDFH� DQG %>;@ ZLOO
GHQRWH WKH %DQDFK DOJHEUD RI DOO ERXQGHG OLQHDU RSHUDWRUV IURP ; LQWR LWVHOI� :H VKDOO
XVH N N WR GHQRWH ERWK WKH QRUP LQ ; DQG WKH LQGXFHG XQLIRUP QRUP LQ %>;@� %\ DQ
R�QHLJKERXUKRRG LQ ; ZH PHDQ D VXEVHW RI ; IRU ZKLFK WKH RULJLQ LV DQ LQWHULRU SRLQW�
DQG E\ DQ R�EDOO LQ ; ZH PHDQ D ORFDO R�QHLJKERXUKRRG LQ ; �L�H� %~ LV DQ R�EDOO LQ
; Lo LW LV D QRQWULYLDO FORVHG RU RSHQ EDOO RI UDGLXV ~ ! � FHQWHUHG DW WKH RULJLQ LQ ;��
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/HW V�;� EH WKH OLQHDU VSDFH RI DOO ;�YDOXHG VHTXHQFHV [  I[�Q� � ;�Q y �J� )RU DQ\
$ ~ ;� VHW V�$�  I[ � V�;� � [�Q� � $ �Q y �J� WKH VXEVHW RI V�;� PDGH XS RI DOO
$�YDOXHG VHTXHQFHV� $V XVXDO� VHW C � �;�  I[ � V�;� � VXSQy� N [�Q� N � �J ZKLFK�
ZLWK LWV VWDQGDUG QRUP N [ N �  VXSQy� N [�Q� N� LV WKH %DQDFK VSDFH RI DOO ERXQGHG
;�YDOXHG VHTXHQFHV� 1RWH WKDW $ LV ERXQGHG LQ ; Lo V�$� ~ C � �;�� DQG $ LV D ERXQGHG
R�QHLJKERXUKRRG LQ ; Lo V�$� LV D ERXQGHG R�QHLJKERXUKRRG LQ C � �;�� ,Q SDUWLFXODU� %~

LV DQ R�EDOO �RSHQ RU FORVHG� LQ ; Lo V�%~� LV DQ R�EDOO �RSHQ RU FORVHG� UHVSHFWLYHO\� LQ
C � �;�� DQG WKHVH EDOOV KDYH WKH VDPH UDGLXV�

*LYHQ D VHTXHQFH RI RSHUDWRUV LQ %>;@� )  I) �N� � %>;@� N y �J � V�%>;@�� VHW
j�N� N�  , �WKURXJKRXW WKLV SDSHU , ZLOO GHQRWH WKH LGHQWLW\ LQ %>;@� IRU HYHU\ LQWHJHU
N y �� DQG

j�Q� M�  
Qb�
<

N  M

) �N�  ) �Qb �� � � � ) �M�

IRU HYHU\ LQWHJHUV � x M � Q� VR WKDW

j�Q� M�  j�Q� N� j�N� M�

IRU HYHU\ LQWHJHUV M� N� Q VXFK WKDW � x M x N x Q� 7KH GRXEOH VHTXHQFH RI RSHUDWRUV
Ij�Q� M� � %>;@� � x M x QJ LV XVXDOO\ UHIHUUHG WR DV WKH HYROXWLRQ RSHUDWRU SURFHVV

DVVRFLDWHG ZLWK ) � V�%>;@�� 1RZ FRQVLGHU D VHTXHQFH RI �OLQHDU� PDSV I)Q � V�;� �
;�Q y �J UHFXUVLYHO\ GHpQHG DV IROORZV�

)Q � �  ) �Q�)Q � (Q� �� )�  (��

ZKHUH� IRU HDFK Q y �� WKH �OLQHDU� PDS (Q � V�;� � ; LV VXFK WKDW (QX  X�Q� IRU DOO
X  �X���� X���� � � �� � V�;�� ,W LV UHDGLO\ YHULpHG E\ LQGXFWLRQ WKDW

)Q  
Q
;

M  �

j�Q� M�(M �Q y ��

6XFK D VHTXHQFH GHpQHV D WUDQVIRUPDWLRQ ) � V�;�� V�;�� JLYHQ E\

)X  
b

)�X�)�X� � � �
c

�X � V�;��

ZKLFK LV FOHDUO\ OLQHDU� ) � />V�;�@ ZLOO EH UHIHUUHG WR DV WKH LQSXW�VWDWH RSHUDWRU PDWUL[

DVVRFLDWHG ZLWK ) � V�%>;@�� 1RWH WKDW ) LV LQYHUWLEOH� $FWXDOO\� )b� � />V�;�@ LV JLYHQ
E\

)b�[  
b

(�[�
b

(� b ) ���(�
c

[�
b

(� b ) ���(�
c

[� � � �
c

�[ � V�;��

%RWK ) DQG )b� ZLOO EH LGHQWLpHG ZLWK WKH IROORZLQJ LQpQLWH PDWULFHV RI RSHUDWRUV�
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:H VKDOO XVH WKH VDPH QRWDWLRQ ) �)b�� IRU WKH UHVWULFWLRQ RI ) �)b�� RQ C� �;� ~
V�;�� ,I ) � %>C � �;�@ �)

b� � %>C� �;�@� WKHQ� DFFRUGLQJ WR RXU SUHYLRXV FRQYHQWLRQ�
N ) N � �N)b�N� � ZLOO VWDQG IRU WKH LQGXFHG XQLIRUP QRUP RI ) �)b�� LQ %>C � �;�@�
)LQDOO\ QRWH WKDW ) � C � �%>;@� Lo VXSNy� N ) �N� N � �� DQG �DV LW LV UHDGLO\ YHULpHG�

)b� � %>C� �;�@  � N)b�N�  � � VXS
Ny�

N ) �N� N�

) � %>C� �;�@  � N)b�N� x N ) N� �

+HQFH

) � %>C � �;�@  � ) � C� �%>;@� �� )b� � %>C� �;�@�

DQG WKH FRQYHUVH RI WKH DERYH XQLODWHUDO LPSOLFDWLRQ IDLOV �H�J� WDNH ) FRQVWDQWO\ HTXDO WR
,� VR WKDW )QX  �Q � ��X IRU DQ\ VHTXHQFH X � C � �;� FRQVWDQWO\ HTXDO WR DQ DUELWUDU\
X � ;��

�� '�,1387 (�67$7( 67$%,/,7<

&RQVLGHU DQ RSHUDWRU VHTXHQFH )  I) �N� � N y �J � V�%>;@�� *LYHQ X  IX�Q� �
Q y �J � V�;�� OHW [  I[�Q� � Q y �J � V�;� EH UHFXUVLYHO\ GHpQHG E\ WKH IROORZLQJ
QRQDXWRQRPRXV LQKRPRJHQHRXV GLoHUHQFH HTXDWLRQ LQ ;�

��b D� [�Q� ��  ) �Q�[�Q� � X�Q� ��� [���  X����

ZKRVH VROXWLRQ LV

��b E� [�Q�  
Q
;

M  �

j�Q� M�X�M� �Q y ��

VR WKDW

��b F� [  )X�
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+HUH� Ij�Q� M� � %>;@� � x M x QJ DQG ) � />V�;�@ DUH WKH HYROXWLRQ RSHUDWRU SURFHVV
DQG WKH LQSXW�VWDWH RSHUDWRU PDWUL[� DVVRFLDWHG ZLWK ) � V�%>;@�� UHVSHFWLYHO\� 1RZ WDNH
DQ\ LQWHJHU N y � DQG DQ DUELWUDU\ [ � ;� 6HW Y � V�;� VXFK WKDW Y�N�  [ DQG Y�M�  �
IRU HYHU\ � x M � N� VR WKDW \  )Y LV JLYHQ E\ \�Q�  j�Q� N�[ IRU HYHU\ Q y N DQG
\�Q�  � LI � x Q � N� DFFRUGLQJ WR ���E�� 6HW [N�Q�  \�N � Q� IRU HYHU\ Q y �� DQG
[N  I[N�Q� � Q y �J � V�;�� 7KXV� IRU HDFK N y ��

��b E� [N�Q�  j�N � Q� N�[ �Q y ��

ZKLFK LV WKH VROXWLRQ RI WKH IROORZLQJ QRQDXWRQRPRXV KRPRJHQHRXV GLoHUHQFH HTXDWLRQ LQ
;�

��b D� [N�Q� ��  ) �N � Q�[N�Q�� [N���  [�

'HpQLWLRQV� 7KH �IUHH� PRGHO ���� RU HTXLYDOHQWO\ WKH VHTXHQFH ) � V�%>;@�� LV XQLIRUPO\

DV\PSWRWLFDOO\ HTXLVWDEOH LI WKH IDPLO\ RI VHTXHQFHV I[N � V�;� � N y �J LV XQLIRUPO\
HTXLFRQYHUJHQW WR ]HUR� RU HTXLYDOHQWO\ LI

OLP
Q � �

VXS
Ny�

Nj�N � Q� N�N  ��

7KH �IRUFHG� PRGHO ���� RU HTXLYDOHQWO\ WKH VHTXHQFH ) � V�%>;@�� LV ERXQGHG�LQSXW

ERXQGHG�VWDWH VWDEOH LI ) � />V�;�@ LV C � �;��LQYDULDQW� 7KDW LV� LI )�C � �;�� v C� �;��
RU HTXLYDOHQWO\ LI ) � />C � �;�@� ZKLFK PHDQV WKDW

X � C � �;�  � )X � C� �;��

,W LV '�LQSXW (�VWDWH VWDEOH LI WKHUH H[LVW ERXQGHG R�QHLJKERXUKRRGV ' DQG ( LQ ; VXFK
WKDW )�V�'�� v V�(�� ZKLFK PHDQV WKDW

X � V�'�  � )X � V�(�

�L�H� X�Q� � ' �Q y �  � [�Q� � ( �Q y ��� 1RWH WKDW '�LQSXW (�VWDWH VWDELOLW\ GRHV
QRW UHTXLUH QRU HQVXUHV WKDW WKH DERYH LPSOLFDWLRQ GRHV KROG IRU HYHU\ SDLU RI ERXQGHG
R�QHLJKERXUKRRGV� ,Q IDFW� DV ZH VKDOO VHH ODWHU LQ WKLV VHFWLRQ� LW QHYHU GRHV� DQG LW KROGV
IRU '  ( LI DQG RQO\ LI )  ��

7KHUH LV LQ FXUUHQW OLWHUDWXUH D IDLUO\ FRPSOHWH FROOHFWLRQ RI QHFHVVDU\ DQG VXr�
FLHQW FRQGLWLRQV IRU XQLIRUP DV\PSWRWLF HTXLVWDELOLW\� ZKLFK WXUQV RXW WR EH HTXLYDOHQW WR
ERXQGHG�LQSXW ERXQGHG�VWDWH VWDELOLW\� :H GLVSOD\ EHORZ MXVW D IHZ RI WKRVH ZHOO�NQRZQ
UHVXOWV WKDW ZLOO EH UHTXLUHG ODWHU LQ WKH VHTXHO �IRU SURRI VHH H�J� >�@��

3URSRVLWLRQ �� 7KH IROORZLQJ DVVHUWLRQV DUH HTXLYDOHQW�
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�D� ) LV XQLIRUPO\ DV\PSWRWLFDOO\ HTXLVWDEOH�

�E� OLPQ � � VXSNy� Nj�N � Q� N�N� Q � ��

�F� VXSQy�

3Q
M  � Nj�Q� M�N

S � � IRU DQ DUELWUDU\ S ! ��

�G� ) LV ERXQGHG�LQSXW ERXQGHG�VWDWH VWDEOH�

�H� N)XN � x zNXN� �X � C� �;�� IRU VRPH z ! ��

,W LV ZRUWK QRWLFLQJ WKDW� IRU WLPH�LQYDULDQW PRGHOV� ZKLFK PHDQV WKDW ) � V�%>;@�
LV D FRQVWDQW VHTXHQFH� VD\ ) �N�  ) � %>;@ IRU HYHU\ N y �� WKH GHpQLWLRQ RI XQLIRUP
DV\PSWRWLF HTXLVWDELOLW\ LV QDWXUDOO\ UHGXFHG WR XQLIRUP DV\PSWRWLF VWDELOLW\�

OLP
Q� �

N )Q N  ��

ZKLFK LV WKH WLPH�LQYDULDQW YHUVLRQ RI �D�� DQG DVVHUWLRQV �E� DQG �F� EHFRPH� UHVSHFWLYHO\�

U��) � � ��

�
;

M  �

N ) M N
S
� � IRU DQ DUELWUDU\ S ! ��

ZKHUH U��) � � OLPQ� � N )Q N� Q LV WKH VSHFWUDO UDGLXV RI ) � %>;@� /HW XV DOVR
UHPDUN WKDW LW LV LPSOLFLWO\ DVVXPHG LQ �D� DQG �E� WKDW WKH QRQQHJDWLYH VHTXHQFH
IVXSNy� Nj�N � Q� N�N�Q y �J LV ZHOO�GHpQHG �L�H� VXSNy� Nj�N � Q� N�N � � IRU HYHU\
Q y ��� VR WKDW �IRU Q  �� VXSNy� N) �N�N � �� 7KDW LV� ) � C� �%>;@�� 0RUHRYHU� DOVR
QRWH WKDW ) � %>C � �;�@ Lo �H� KROGV �DFWXDOO\� N)N�  PLQIz ! � � �H� KROGV J� E\
GHpQLWLRQ�� 7KXV ZH PD\ DGG WKH IROORZLQJ IXUWKHU DX[LOLDU\ UHVXOWV�

3URSRVLWLRQ �� (DFK RI WKH DVVHUWLRQV EHORZ LV DOVR HTXLYDOHQW WR �D���H��

�I� ) � %>C � �;�@�

�J� ) �)b� � %>C� �;�@ �L�H� ) LV D WRSRORJLFDO LVRPRUSKLVP RQ C � �;���

1RZ OHW XV GUDZ RXU DWWHQWLRQ WR '�LQSXW (�VWDWH VWDELOLW\� ZKLFK OLHV VRPHZKHUH
EHWZHHQ WZR H[WUHPHV� 2QH RI WKHP LV REWDLQHG E\ UHOD[LQJ WKH ERXQGHGQHVV DVVXPSWLRQ
RQ ' DQG WKH R�QHLJKERXUKRRGQHVV DVVXPSWLRQ RQ (� DQG WKH RWKHU E\ DVVXPLQJ WKDW '
DQG ( DUH ERWK R�EDOOV LQ ;� :H VKDOO VKRZ WKDW WKHVH �DSDUHQWO\ ZHDNHU DW RQH KDQG
DQG VWURQJHU RQ WKH RWKHU KDQG� WZR H[WUHPHV DUH DFWXDOO\ HTXLYDOHQW WR '�LQSXW (�VWDWH
VWDELOLW\� 7KLV LV LPSRUWDQW EHFDXVH ZH FDQ VXSSO\ D FRPSOHWH FKDUDFWHUL]DWLRQ RI DOO SDLUV
�%r� %�� RI R�EDOOV LQ ; IRU ZKLFK )�V�%r�� v V�%���

3URSRVLWLRQ �� &RQVLGHU DQ RSHUDWRU VHTXHQFH ) � V�%>;@�� (DFK RI WKH DVVHUWLRQV EHORZ

LV DOVR HTXLYDOHQW WR �D���J��
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�K� 7KHUH H[LVW R�EDOOV %r DQG %� LQ ; VXFK WKDW

X � V�%r�  � )X � V�%���

�L� 7KHUH H[LVW DQ R�QHLJKERXUKRRG ' ~ ; DQG D ERXQGHG VHW ( ~ ; VXFK WKDW

X � V�'�  � )X � V�(��

0RUHRYHU� LI �L� KROGV� WKHQ ' v (� VR WKDW �L� LV HTXLYDOHQW WR

�M� ) LV '�LQSXW (�VWDWH VWDEOH�

DQG '  ( LI DQG RQO\ LI )  ��

3URRI� )LUVW QRWH WKDW �H� � �K� � �L� WULYLDOO\� )URP QRZ RQ VXSSRVH �L� KROGV� 7DNH
D FORVHG R�EDOO %~ FRQWDLQHG LQ ' �ZKRVH H[LVWHQFH LV HQVXUHG EHFDXVH WKH RULJLQ LV DQ
LQWHULRU SRLQW RI '�� 7DNH DQ DUELWUDU\ � � X � C � �;�� DQG VHW Y  �~ N X N� �X �
C� �;�� 6LQFH NYN�  ~� LW IROORZV WKDW Y � V�%~� v V�'�� +HQFH �~ N X N� �)X  
)Y � V�(�� ZKHQHYHU �L� KROGV� 7KHUHIRUH� )X  �N X N�  ~�)Y � �N X N �  ~�V�(�  
V��N X N �  ~�(� ~ C � �;� �EHFDXVH ( LV ERXQGHG�� 7KXV �L� � �G�� 1RZ WDNH X� Y � '
DQG N y �� DUELWUDU\� 6HW X�Y � V�'� DV IROORZV� X�N�  X DQG X�M�  � IRU HYHU\ � x M � N�
DQG Y�N�  X� Y�N���  Y DQG Y�M�  � LI HLWKHU � x M � N RU M ! N��� 7KXV [  )X DQG
\  )Y DUH VXFK WKDW [�N�  X� [�N���  ) �N�X� DQG \�N���  ) �N�X� Y� DFFRUGLQJ WR
���E�� 6LQFH �L� KROGV� [  )X � V�(� DQG \  )Y � V�(�� 7KXV [�N� � (� VR WKDW X � (�
+HQFH ' v (� 0RUHRYHU� ) �N�X  [�N��� � ( DQG ) �N�X�Y  \�N��� � (� 7KHUHIRUH�
LI '  (� WKHQ ) �N�X � ' DQG ) �N�X � Y � ' IRU DOO X� Y � ' DQG HYHU\ N y �� ZKLFK
LPSOLHV �E\ LQGXFWLRQ RQ Q� WKDW Q) �N�X � ' IRU DOO X � ' DQG HYHU\ N� Q y �� +HQFH
) �N�X  � IRU DOO X � ' DQG HYHU\ N y � �EHFDXVH '  ( LV ERXQGHG�� ,Q SDUWLFXODU�
~N ) �N� N  VXSNXNx~ N ) �N�X N  � IRU HYHU\ N y �� VR WKDW )  �� 2Q WKH RWKHU KDQG�
LI )  �� WKHQ )X  X IRU DOO X � C � �;�� VR WKDW )�V�$��  V�$� IRU HYHU\ ERXQGHG
$ ~ ;�

�� ,1387 $1' 67$7( &21675$,176

6LQFH DOO WKH VWDELOLW\ FRQFHSWV GLVFXVVHG DERYH DUH HTXLYDOHQW� ZH VKDOO XVH WKH JHQHULF
WHUP XQLIRUP VWDELOLW\ WR UHIHU WR DQ\ RI WKHP� 7KXV� FRQVLGHU WKH FODVV

h  I) � V�%>;@� � ) LV XQLIRUPO\ VWDEOH J

RI DOO XQLIRUPO\ VWDEOH PRGHOV DV LQ ��� RU ���� 5HFDOO WKDW XQLIRUP VWDELOLW\ FOHDUO\ LPSOLHV
WKDW ) � C � �%>;@�� $FWXDOO\ �FI� 3URSRVLWLRQ ���
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