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$EVW U DF W � ,W LV S U RY HG LQ WK LV S DS HU WK DW N �S DU DQ RU P DO RS HU DWRU V VDWLVI\
�% LVK RS 
V� S U RS HU W\ �p�� DQ G DOVR WK DW LI 6 DQ G 7 DU H N�S DU DQ RU P DO FRQ WU DF�
WLRQ V VX FK WK DW WK H FRP S OHWHO\ Q RQ �X Q LWDU \ S DU W 6F RI 6 K DV p Q LWH P X OWLS OLFLW\ �
WK HQ 6 LV T X DVL�VLP LODU WR 7 LI DQ G RQ O\ LI WK HLU X Q LWDU \ S DU WV DU H X Q LWDU LO\
HT X LY DOHQ W DQ G WK HLU FRP S OHWHO\ Q RQ �X Q LWDU \ S DU WV DU H T X DVL�VLP LODU � 7 K LV JHQ �
HU DOL]HV D U HVX OW RI : �: � + DVWLQ JV >�@ RQ VX E Q RU P DO RS HU DWRU V DQ G 3 �< � : X
>��@ RQ K \ S RQ RU P DO RS HU DWRU V�

�� ,QW U RGXF W LRQ

/HW %�+� GHQRWH WKH DOJHEUD RI RSHUDWRUV RQ DQ LQpQLWH GLPHQVLRQDO FRPSOH[
+LOEHUW VSDFH� $Q RSHUDWRU 7 � %�+� LV N�SDUDQRUPDO IRU VRPH LQWHJHU N y � LI

N7[NN � � x N7 N � �[N

IRU HYHU\ XQLW YHFWRU [ � +� /HW 3 �N� GHQRWH WKH FODVV RI DOO N�SDUDQRUPDO RSHUDWRUV�
7 � %�+� LV D TXDVL�DrQLW\ LI LW LV LQMHFWLYH DQG KDV D GHQVH UDQJH� 6� 7 � %�+�
DUH TXDVL�VLPLODU� 6 | 7 � LI WKHUH H[LVW TXDVL�VLPLODULWLHV ;�< � %�+� VXFK WKDW

6;  ;7 DQG 7<  < 6�

/HW 7X GHQRWH WKH XQLWDU\ SDUW DQG 7F GHQRWH WKH FQX �FRPSOHWHO\ QRQ�XQLWDU\�
SDUW RI D FRQWUDFWLRQ 7 � %�+�� 1DJ\^)RLD|V FODVVHV RI FRQWUDFWLRQV� &��� &��� &��

DQG &�� >�� S� ��@ DUH GHpQHG DV XVXDO� /HW ��7 �� �S�7 �� �D�7 �� DQG �H�7 � VWDQG
IRU VSHFWUXP� SRLQW VSHFWUXP� DSSUR[LPDWH SRLQW VSHFWUXP� DQG HVVHQWLDO VSHFWUXP
�RU )UHGKROP VSHFWUXP� RI 7 � %�+�� UHVSHFWLYHO\� /HW 1 GHQRWH WKH VHW RI QRQ^
QHJDWLYH LQWHJHUV�7KH DVFHQW DVF�7 � DQG GHVFHQW GVF�7 � RI 7 �%�+� DUH JLYHQ E\

DVF�7 �  LQIIQ � 1 � 7bQ���  7b�Q � �����J
DQG

GVF�7 �  LQIIQ � 1 � 7Q�+�  7Q� ��+�J

�LI QR VXFK LQWHJHU Q H[LVWV� WKHQ DVF�7 �  �� UHVSHFWLYHO\ GVF�7 �  ��� :H VD\
WKDW 7 KDV WKH VLQJOH YDOXHG H[WHQVLRQ SURSHUW\� RU 69(3� DW y � & LI IRU HYHU\
RSHQ QHLJKERUKRRG 8 RI y� WKH RQO\ DQDO\WLF VROXWLRQ I WR WKH HTXDWLRQ

�7 b z�I�z�  �

IRU DOO z � 8 LV WKH FRQVWDQW IXQFWLRQ I u �� ZH VD\ WKDW 7 KDV 69(3 LI 7 KDV
D 69(3 DW HYHU\ y � &� ,W LV ZHOO NQRZQ WKDW pQLWH DVFHQW LPSOLHV 69(3� DOVR�
DQ RSHUDWRU KDV 69(3 DW HYHU\ LVRODWHG SRLQW RI LWV VSHFWUXP �DV ZHOO DV DW HYHU\
LVRODWHG SRLQW RI LWV DSSUR[LPDWH SRLQW VSHFWUXP�� $Q RSHUDWRU 7 � %�+� VDWLVpHV

' DW H� 6 HS WHP E HU �� �����
���� 0DW KHPDW LFV 6 XEMHFW & ODVVLpFDW LRQ � 3 U LP DU \ ��$ ��� 6 HFRQ G DU \ ��% ���
. H\ Z RU GV� + LOE HU W VS DFH RS HU DWRU V� N�S DU DQ RU P DO RS HU DWRU V� T X DVL�VLP LODU LW\ �

�
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�%LVKRS
V� SURSHUW\ �p� LI� IRU HYHU\ RSHQ VXEVHW 8 RI WKH FRPSOH[ SODQH & DQG
HYHU\ VHTXHQFH RI DQDO\WLF IXQFWLRQV IQ � 8 � + ZLWK WKH SURSHUW\ WKDW

�7 b y�IQ�y�� � DV Q � �

XQLIRUPO\ RQ DOO FRPSDFW VXEVHWV RI 8 � IQ�y��� DV Q�� ORFDOO\ XQLIRUPO\ RQ 8 �

�� %LVKRS
V SU RSHU W \ �p� I RU 3 �N� RSHU DW RU V

5HFDOO WKDW RSHUDWRUV 6 � 3 �N� DUH QRUPDORLG� L�H�� N6N  U�6��

/HPPD ���� �>��� /HPPD ��� DQG &RUROODU\ ���@�� ,I 7 � 3 �N� DQG �� � �y �
�S�7 �� WKHQ

7  

v

y 7��

� 7��

wv

�7 b y�b����
I�7 b y�b����J"

w

�

ZKHUH 7�� � 3 �N� ?%�I�7 b y�b����J"� LV VXFK WKDW y  � �S�7����

/HPPD ���� �>�� &RUROODU\ �@�� ,I 7 � 3 �N� LV D FRQWUDFWLRQ� WKHQ LW KDV D GHFRP�

SRVLWLRQ 7  7X j 7F� ZKHUH 7F � &���

/HPPD ���� 2SHUDWRUV 7 � 3 �N� KDYH pQLWH DVFHQW x ��

3URRI� 6LQFH DVF�7 b y�  � IRU HYHU\ y � ��7 � Q �S�7 �� ZH FRQVLGHU SRLQWV y �

�S�7 �� ,I y  �� WKHQ WKH GHpQLWLRQ RI N�SDUDQRUPDOLW\ LPSOLHV WKDW 7
b�N � ����� v

7b����� VLQFH 7b���� v 7b���� v ���� 7b�N � �����  7b����� 1RZ OHW y � �� 7KHQ

7 b y  

v

� 7��

� 7�� b y

wv

�7 b y�b����
I�7 b y�b����J"

w

�

5HFDOO� >��� ([HUFLVH �� S� ���@� WKDW DVF�7 b y� x DVF��� � DVF�7�� b y�� 6LQFH
DVF�7�� b y�  �� ZH KDYH WKDW DVF�7 b y�  ��

$Q LPPHGLDWH FRQVHTXHQFH RI /HPPD ��� LV WKH IROORZLQJ�

&RUROODU\ ���� 2SHUDWRUV 7 � 3 �N� KDYH 69(3�

*LYHQ DQ RSHQ VXEVHW 8 RI &� OHW +�8�+� GHQRWH WKH )UwHFKHW VSDFH RI DQDO\WLF
IXQFWLRQV IURP 8 WR +� 7KHQ 7 � %�+� VDWLVpHV SURSHUW\ �p� SUHFLVHO\ ZKHQ WKH
RSHUDWRU 78 � +�8�+�� +�8�+�� �78I��y� � �7 by�I�y�� �LV LQMHFWLYH DQG� KDV
FORVHG UDQJH >�� 3URSRVLWLRQ �����@�

/HW C� �+� GHQRWH WKH VSDFH RI DOO ERXQGHG VHTXHQFHV RI HOHPHQWV RI +� DQG
OHW F��+� GHQRWH WKH VSDFH RI DOO QXOO VHTXHQFHV RI +� (QGRZHG ZLWK WKH FDQRQL�
FDO QRUP� WKH TXRWLHQW VSDFH .  C� �+� F��+� FDQ EH PDGH LQWR D +LOEHUW VSDFH
>�@� LQWR ZKLFK + PD\ EH LVRPHWULFDOO\ HPEHGGHG� 7KH %HUEHULDQ^4XLJOH\ H[WHQ�
VLRQ WKHRUHP� >�� S� ���@� VD\V WKDW JLYHQ DQ RSHUDWRU 7 � %�+� WKHUH H[LVWV DQ
LVRPHWULF e�LVRPRUSKLVP 7 � 7 R � %�. � SUHVHUYLQJ RUGHU VXFK WKDW ��7 �  ��7 R�
DQG �D�7 �  �D�7

R�  �S�7
R�� /HW >[Q@ � . GHQRWH WKH HTXLYDOHQFH FODVV RI WKH

VHTXHQFH I[QJ ~ +� ,I 7 � 3 �N�� WKHQ

N7 R>[@NN � �  N7[NN � � x N7 N � �[NN[NN  N7 RN � �>[@N N>[@NN
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IRU HDFK [ � +� +HQFH WKH %HUEHULDQ^4XLJOH\ H[WHQVLRQ 7 R RI DQ RSHUDWRU 7 � 3 �N�
LV DJDLQ N�SDUDQRUPDO�

7KHRUHP ���� 2SHUDWRUV 7 � 3 �N� VDWLVI\ SURSHUW\ �p��

3URRI� /HW 8 EH DQ RSHQ VXEVHW RI &� DQG DVVXPH WKDW

�7 b y�IQ�y�� � RQ +�8�+�

IRU HYHU\ y � 8 � 7KHQ

�7 R b y,R�>IQ�y�@  � RQ +�8� . �

IRU HYHU\ y � 8 � 6LQFH WKH N�SDUDQRUPDO RSHUDWRU 7 R KDV 69(3� >IQ�y�@  � �L�H��
IIQJ � F��+��� :H FODLP WKDW IQ�y�� � RQ +�8�+�� 6WDUW E\ REVHUYLQJ WKDW

LI '�y� U�  Iz � & � Myb zM � UJ LV VXFK WKDW '�y� U� ~ 8 � WKHQ WKH DQDO\WLF

VHTXHQFH IIQ�y�J LV XQLIRUPO\ ERXQGHG RQ '�y� U�� IXUWKHUPRUH� IRU HYHU\ s ! ��
WKHUH H[LVWV D QDWXUDO QXPEHU 1 DQG � � ~ � U VXFK WKDW

NIQ�z�N �
s

�
DQG NIQ�y�b IQ�z�N �

s

�

IRU DOO Q ! 1 DQG z � '�y� ~�� ,QGHHG� FRQVLGHULQJ I �

�� NI � N LQVWHDG RI IQ LI QHHG

EH� ZH PD\ DVVXPH WKDW VXSMIQM  0 � � RQ '�y� U�� 7KH IXQFWLRQ IQ EHLQJ

DQDO\WLF� IQ�z�b IQ�y�  
3�

P � DQP�zb y�P� DQG WKHQ NIQ�y�b IQ�z�N x 0~
Ub~

IRU DOO z � '�y� ~� VXFK WKDW � � ~ � U� 1RZ FKRRVH 1 DQG ~ VXFK WKDW MIQ�y�M �
s
�

�UHFDOO WKDW IQ�y� � F�� DQG
0~
Ub~

� s
� � 7KHQ

NIQ�z�N x NIQ�y�N� NIQ�y�b IQ�z�N �
s

�

IRU DOO Q ! 1 DQG z � '�y� ~�� &RQVHTXHQWO\� IQ�y�� � LQ +�8�+�� L�H�� 7 VDWLVpHV
SURSHUW\ �p��

7KH FRQFOXVLRQ WKDW 3 �N� RSHUDWRUV VDWLVI\ SURSHUW\ �p� JHQHUDOL]HV DQ REVHUYD�
WLRQ E\ 8FKL\DPD DQG 7DNDKDVKL >�@ WKDW SDUDQRUPDO RSHUDWRUV �L�H�� 3 ��� RSHU�
DWRUV� VDWLVI\ SURSHUW\ �p�� 3URSHUW\ �p� KDV D QXPEHU RI FRQVHTXHQFHV� ZH OLVW
EHORZ EXW D FRXSOH RI WKHVH� /HW ' GHQRWH WKH FORVHG XQLW GLVF LQ &�

&RUROODU\ ���� ,I 6 � 3 �N� LV TXDVL�VLPLODU WR DQ RSHUDWRU 7 � %�+� VDWLVI\LQJ
SURSHUW\ �p�� WKHQ �[�6�  �[�7 �� ZKHUH �[  � RU �H� ,Q SDUWLFXODU� LI 6 � 3 �N� LV
TXDVL�VLPLODU WR DQ LVRPHWU\ 9 � %�+�� WKHQ 6 LV D FRQWUDFWLRQ VXFK WKDW �[�6�  
�[�9 �  '�

3URRI� 7KDW �[�6�  �[�7 � IROORZV IURP DQ DSSOLFDWLRQ RI >�� 7KHRUHP ������@� ,Q
WKH SDUWLFXODU FDVH LQ ZKLFK 7  9 � LW IROORZV WKDW �[�6�  �[�9 �  '� +HQFH�
VLQFH 6 LV QRUPDORLG� U�7 �  N7N  �� L�H�� 6 LV D FRQWUDFWLRQ�

$ QXPEHU RI WKH FRPPRQO\ FRQVLGHUHG FODVVHV RI RSHUDWRUV LQ %�+� �IRU H[DPSOH�
K\SRQRUPDO� 0 �K\SRQRUPDO� S�K\SRQRUPDO IRU � � S x �� Z�K\SRQRUPDO� �S� N��
TXDVLK\SRQRUPDO RSHUDWRUV IRU � � S x � DQG LQWHJHUV N y �� DUH NQRZQ WR VDWLVI\
SURSHUW\ �p�� &RUROODU\ ��� DSSOLHV WR RSHUDWRUV 7 EHORQJLQJ WR RQH RI WKHVH FODVVHV�
$Q RSHUDWRU 7 RQ D VHSDUDEOH +LOEHUW VSDFH + LV VDLG WR EH VXSHUF\FOLF LI WKH
KRPRJHQHRXV RUELW Iy7Q[ � y � &� Q � 1 > �J LV GHQVH LQ + IRU VRPH [ � +� ,W LV
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NQRZQ WKDW SDUDQRUPDO RSHUDWRUV �L�H�� RSHUDWRUV LQ 3 ���� DUH QRW VXSHUF\FOLF >�@�
'RHV WKLV H[WHQG WR RSHUDWRUV LQ 3 �N� IRU N y �"

:H KDYH D SDUWLDO UHVXOW IRU LQYHUWLEOH N�SDUDQRUPDO RSHUDWRUV� 5HFDOO WKDW WKH
LQYHUVH RI DQ LQYHUWLEOH SDUDQRUPDO LV DJDLQ SDUDQRUPDO� ,W LV� KRZHYHU� DQ RSHQ
TXHVWLRQ ZKHWKHU WKH LQYHUVH RI DQ LQYHUWLEOH N�SDUDQRUPDO RSHUDWRU IRU N y � LV
N�SDUDQRUPDO >�@�

&RUROODU\ ���� 2SHUDWRUV 7 � 3 �N� VXFK WKDW 7b�� ZKHQHYHU LW H[LVWV� LV DOVR D

3 �N� RSHUDWRU DUH QRW VXSHUF\FOLF�

3URRI� 6XSSRVH WKDW 7 � 3 �N� LV VXSHUF\FOLF� 7KH FODVV 3 �N� EHLQJ FORVHG XQGHU
PXOWLSOLFDWLRQ E\ QRQ�]HUR VFDODUV� ZH PD\ DVVXPH WKDW N7N  �� 6LQFH WKH VX�
SHUF\FOLF FRQWUDFWLRQ 7 VDWLVpHV SURSHUW\ �p�� ��7 � LV FRQWDLQHG LQ WKH ERXQGDU\
#' RI ' >�� 3URSRVLWLRQ ������@� 7KXV 7 LV LQYHUWLEOH� DQG KHQFH �E\ K\SRWKHVLV�
7b� � 3 �N�� %XW WKHQ N7b�N  � � N7N�� &RQVHTXHQWO\� 7 LV D XQLWDU\� 6LQFH
QR XQLWDU\ RQ DQ LQpQLWH GLPHQVLRQDO +LOEHUW VSDFH FDQ EH VXSHUF\FOLF� ZH KDYH D
FRQWUDGLFWLRQ�

1H[W� ZH VWDWH D FRXSOH RI FRUROODULHV WR &RUROODU\ ���

&RUROODU\ ���� ,QYHUWLEOH RSHUDWRUV LQ 3 �N� VXFK WKDW WKHLU LQYHUVH OLHV LQ 3 �Nb��
DUH QRW VXSHUF\FOLF�

3URRI� >�� 7KHRUHP �@ LPSOLHV WKDW 7b� � 3 �N�� DSSO\ &RUROODU\ ����

&RUROODU\ ���� ,I 7 � 3 �N� LV LQYHUWLEOH� DQG LI

N7 N[NN � � x N7[NN � �N7 N � �[NNb�

IRU HYHU\ XQLW YHFWRU [ � +� WKHQ 7 LV QRW VXSHUF\FOLF�

3URRI� >�� 7KHRUHP �@ LPSOLHV WKDW 7b� � 3 �N�� DSSO\ &RUROODU\ ����

�� 4XDVL�VLP LO DU 3 �N� RSHU DW RU V

7KH PXOWLSOLFLW\ z7 RI DQ RSHUDWRU 7 � %�+� LV WKH PLQLPXP FDUGLQDOLW\ RI D
VHW . v + VXFK WKDW +  

:�
Q �7

Q.� (YLGHQWO\� LI 6� 7 � %�+� DQG 6;  ;7
IRU VRPH RSHUDWRU ; � %�+� ZLWK GHQVH UDQJH� WKHQ z6 x z7 � KHQFH� LI WKHUH H[LVW
RSHUDWRUV ;�< � %�+� ZLWK GHQVH UDQJH VXFK WKDW 6;  ;7 DQG 7<  < 6� WKHQ
z6  z7 � 7KH IROORZLQJ WHFKQLFDO OHPPD ZLOO EH UHTXLUHG�

/HPPD ���� �>��� 7KHRUHP ���@�� ,I ; � %�+� KDV GHQVH UDQJH DQG LV LQ WKH

FRPPXWDQW RI D &���FRQWUDFWLRQ 7 � %�+�� WKHQ ; LV LQMHFWLYH�

,Q WKH IROORZLQJ ZH VKDOO GHQRWH WKH QRUPDO SDUW DQG WKH SXUH SDUW �L�H�� FRP�
SOHWHO\ QRQ�QRUPDO SDUW� RI DQ RSHUDWRU 6 � %�+� E\ 6Q DQG 6S� UHVSHFWLYHO\� LI
6 LV D FRQWUDFWLRQ� WKHQ ZH VKDOO GHQRWH LWV XQLWDU\ DQG FQX SDUWV E\ 6X DQG 6F�
UHVSHFWLYHO\�

7KHRUHP ���� /HW 6� 7 � %�+� EH 3 �N� FRQWUDFWLRQV VXFK WKDW z6 � � �� 7KHQ

6 | 7 LI DQG RQO\ LI 6X� 7X DUH XQLWDULO\ HTXLYDOHQW DQG 6F | 7F�
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3URRI� 7KH ?LI� SDUW EHLQJ REYLRXV� ZH SURYH WKH ?RQO\ LI� SDUW� 6LQFH 6 DQG 7
KDYH &�� FQX SDUWV E\ /HPPD ����

6  6Xj6F  

�

#

6�� � �
� 6�� e
� � 6��

�

$ DQG 7  7Xj7F  

�

#

7�� � �
� 7�� e
� � 7��

�

$ �

ZKHUH 6��  6X� 7��  7X� 6�� DQG 7�� � &��� DQG 6�� DQG 7�� � &�� >�� &KDSWHU
,,� 7KHRUHP ���@� /HW 6;  ;7 DQG 7<  < 6� ZKHUH ;�< � %�+� DUH TXDVL�
DrQLWLHV� 7KHQ ; DQG < KDYH UHSUHVHQWDWLRQV ;  >;LM @

�
L�M  � DQG <  ><LM @

�
L�M  ��

2EVHUYH WKDW 6��;��  ;��7��� VLQFH 6�� LV XQLWDU\ DQG 7�� � &���

N;��[N  N6Q
��;��[N x N;��N N7

Q
��[N � �

DV Q�� IRU DOO [� +HQFH ;��  �� $ VLPLODU DUJXPHQW VKRZV WKDW LQGHHG ;��  
;��  ;��  �  <��  <��  <��  <��� 7KXV ;�� DQG <�� DUH LQMHFWLYH� DQG

;�  

v

;�� ;��

� ;��

w

DQG <�  

v

<�� <��

� <��

w

KDYH GHQVH UDQJH� 7KH HTXDOLWLHV 6��;��  ;��7�� DQG 7��<��  <��6�� LPSO\ WKDW
UDQ;�� UHGXFHV 6� UDQ<�� UHGXFHV 7 � 7�� LV XQLWDULO\ HTXLYDOHQW WR 6��MUDQ ; ���

DQG
6�� LV XQLWDULO\ HTXLYDOHQW WR 7��MUDQ < ���

� 7KXV� 6�� DQG 7�� DUH XQLWDULO\ HTXLYDOHQW
WR GLUHFW VXPPDQGV RI HDFK RWKHU� +HQFH� >�@� 6�� DQG 7�� DUH XQLWDULO\ HTXLYDOHQW�

%\ K\SRWKHVLV� z6 � � �� 6LQFH 6F;�  ;�7F DQG 7F<�  <�6F� DQG ;� DQG
<� KDYH GHQVH UDQJH� z6 �  z7 � � �� WKLV� VLQFH z6 ��� x z6 � DQG z7 ��� x z7 � �
LPSOLHV WKDW ERWK z6 ��� DQG z7 ��� DUH pQLWH� (YLGHQWO\� 6��;��<��  ;��<��6�� DQG
7��<��;��  <��;��7��� ZKHUH ;��<�� DQG <��;�� KDYH GHQVH UDQJH� $SSO\LQJ
/HPPD ��� LW IROORZV WKDW ;��<�� DQG <��;�� DUH TXDVL�DrQLWLHV� KHQFH ;�� DQG
<�� DUH TXDVL�DrQLWLHV� %XW WKHQ ;� DQG <� DUH TXDVL�DrQLWLHV� KHQFH 6F | 7F�

7KHRUHP ��� H[WHQGV D UHVXOW RQ K\SRQRUPDO FRQWUDFWLRQV RI :X >��� &RUROODU\
����@� VHH DOVR >�@� WR N�SDUDQRUPDO FRQWUDFWLRQV� 7KH IROORZLQJ FRUROODU\ H[WHQGV
>��� &RUROODU\ ����@� 5HFDOO WKDW HYHU\ LVRPHWU\ 9 � %�+� KDV D GHFRPSRVLWLRQ
9  9X j 9F� ZKHUH 9F � &�� LV D XQLODWHUDO VKLIW�

&RUROODU\ ���� /HW 6 � 3 �N� EH VXFK WKDW �LWV SXUH SDUW� 6S KDV pQLWH PXOWLSOLFLW\�

7KHQ 6 | 9 IRU VRPH LVRPHWU\ 9 � %�+� LI DQG RQO\ LI 6Q LV XQLWDULO\ HTXLYDOHQW

WR 9X DQG 6S | 9F�

3URRI� 6LQFH HYHU\ LVRPHWU\ VDWLVpHV SURSHUW\ �p�� 6 | 9 LPSOLHV WKDW ��6�  
��9 �  '� &RQVHTXHQWO\� 6 LV D FRQWUDFWLRQ� 'HFRPSRVH 6 LQWR LWV QRUPDO DQG
SXUH SDUWV E\ 6  6Q j 6S� WKHQ 6S � &��� /HW 9  9X j 9F� ,I 6;  ;9
DQG 9 <  < 6� ;  >;LM @

�
L�M  � DQG <  ><LM @

�
L�M  �� WKHQ 6F;��  ;��9X DQG

9F<��  <��6Q� &OHDUO\� ;��  �� $SSO\LQJ WKH 3XWQDP^)XJOHGH WKHRUHP WR
9F<��  <��6Q LW LV VHHQ WKDW UDQ<�� UHGXFHV 9F DQG 9FMUDQ < � �

LV XQLWDU\� &RQVH�
TXHQWO\� <��  �� <�� LV LQMHFWLYH DQG 9X<��  <��6Q� $QRWKHU DSSOLFDWLRQ RI WKH
3XWQDP^)XJOHGH WKHRUHP WR 9X<��  <��6X QRZ VKRZV WKDW UDQ<�� UHGXFHV 9X DQG
6Q LV XQLWDULO\ HTXLYDOHQW WR 9XMUDQ < ���

� +HQFH 6Q LV XQLWDU\ �DQG XQLWDULO\ HTXLYDOHQW
WR 9Q�� $SSO\LQJ 7KHRUHP ���� 6S | 9F� DQG WKH SURRI LV FRPSOHWH�
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5HI HU HQF HV

�� 6 �.� % HU E HU LDQ $ SSU R[LPDW H SU RSHU YHFW RU V� 3 U RF� $ P HU � 0DWK � 6 RF� �� ������� ���^����
�� 3 �6 � % RX U G RQ � 2U ELW V RI K\ SRQ RU PDO RSHU DW RU V� 0LFK LJDQ 0DWK � - � �� ������� ���^����
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