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'HSW� RI (OHFWULFDO (QJLQHHULQJ ± 6\VWHPV� 7HO $YLY 8QLYHUVLW\

32%R[ ������ 7HO $YLY� ������ ,VUDHO� (�PDLO� QDGDY # HQJ�WDX�DF�LO

�� ,QWURGXFWLRQ
7KH PXOWLIUHTXHQF\ FRPSOHPHQWDU\ SKDVH�FRGHG �0&3&� UDGDU VLJQDO� ILUVW GHVFULEHG LQ WKH ,(((

5$'$5¶���� FRQIHUHQFH >�@� LV IXUWKHU H[SDQGHG RQ LQ WKLV SDSHU� 0&3& HPSOR\V0 VXEFDUULHUV

VLPXOWDQHRXVO\� 7KH VXEFDUULHUV DUH SKDVH PRGXODWHG E\ 0 GLIIHUHQW VHTXHQFHV WKDW FRQVWLWXWH D FRPSOHPHQWDU\

VHW� 6XFK D VHW FDQ EH FRQVWUXFWHG� IRU H[DPSOH� IURP WKH 0 F\FOLF VKLIWV RI D SHUIHFW SKDVH�FRGHG VHTXHQFH RI

OHQJWK 0 �H�J�� 3��� 7KH VXEFDUULHUV DUH VHSDUDWHG E\ WKH LQYHUVH RI WKH GXUDWLRQ RI D SKDVH HOHPHQW WE� \LHOGLQJ

2UWKRJRQDO )UHTXHQF\ 'LYLVLRQ 0XOWLSOH[LQJ �2)'0�� ZHOO NQRZQ LQ FRPPXQLFDWLRQV� 7KH VLJQDO H[KLELWV D

WKXPEWDFN DPELJXLW\ IXQFWLRQ ZLWK GHOD\ UHVROXWLRQ RI 0W
E

� 7KH SRZHU VSHFWUXP LV UHODWLYHO\ IODW� ZLWK

ZLGWK RI
E
W0 � 7KH VLJQDO FDQ EH FRQVWUXFWHG E\ SRZHU FRPELQLQJ 0 IL[�DPSOLWXGH VLJQDOV� 7KH UHVXOWLQJ

VLJQDO� KRZHYHU� LV RI YDULDEOH DPSOLWXGH� $ VLQJOH 0[0 0&3& SXOVH� EDVHG RQ D VSHFLILF FRPSOHPHQWDU\ VHW

RI VHTXHQFHV� FDQ EH JHQHUDWHG LQ 0� GLIIHUHQW SHUPXWDWLRQV� ,Q HDFK SHUPXWDWLRQ WKH 0 VHTXHQFHV DUH DUUDQJHG

LQ D GLIIHUHQW RUGHU DORQJ WKH 0 IUHTXHQFLHV� :LWK VRPH SHUPXWDWLRQV WKH SHDN�WR�PHDQ HQYHORSH SRZHU UDWLR

�30(35� FDQ EH PDLQWDLQHG EHORZ ��

7KLV SDSHU HPSKDVL]HV WKH XVH RI 0&3& LQ D FRKHUHQW WUDLQ RI 0 SXOVHV� 7KH SXOVHV DUH QRW FRPSOHWHO\

LGHQWLFDO� (DFK SXOVH LV FRQVWUXFWHG XVLQJ D GLIIHUHQW SHUPXWDWLRQ RI WKH VDPH FRPSOHPHQWDU\ VHW� 7KH

SHUPXWDWLRQV DUH FKRVHQ VR WKDW D FRPSOHPHQWDU\ VHW LV IRXQG ERWK LQ HDFK SXOVH DQG LQ HDFK IUHTXHQF\�

&RPELQLQJ VXFK D FRGLQJ DUUDQJHPHQW ZLWK D ZHLJKW IXQFWLRQ DORQJ WKH IUHTXHQF\ D[LV \LHOGV VLJQLILFDQW UDQJH

VLGHOREH UHGXFWLRQ� 7KH EHKDYLRU LQ WKH SUHVHQFH RI 'RSSOHU VKLIW LV GHPRQVWUDWHG LQ SORWV RI WKH DPELJXLW\

IXQFWLRQ�

�� 6LQJOH 0&3& SXOVH
$ VFKHPDWLF GHVFULSWLRQ RI DQ 0[00&3& SXOVH LV JLYHQ LQ )LJ� �� ,W VKRZV 0 � �� VHTXHQFHV PRGXODWLQJ

0 VXEFDUULHUV� (DFK VHTXHQFH LV FRQVWUXFWHG IURP 0 ELWV HDFK RI GXUDWLRQ WE � 7KH DXWRFRUUHODWLRQ PDLQOREH

ZLGWK RI VXFK D VLJQDO LV 0W
E

� 7KLV LV 0 WLPHV VKRUWHU WKDQ WKH PDLQOREH ZLGWK RI D VLQJOH IUHTXHQF\ GLJLWDO

UDGDU VLJQDO �H�J� 3��� :H ZLOO DOVR VKRZ WKDW WKH 0&3& SXOVH H[KLELWV DQ HIILFLHQW VSHFWUXP XVDJH� $V GHSLFWHG

LQ )LJ� �� WKH SRZHU VSHFWUXP LV QHDUO\ UHFWDQJXODU ZLWK FXWRII DW � �EW0I �| �

7KH DXWRFRUUHODWLRQ VLGHOREHV ZLOO EH ORZHU LI LQVWHDG RI UHSHDWLQJ WKH VDPH VHTXHQFH RQ DOO IUHTXHQFLHV�

WKH VHTXHQFHV ZLOO EH GLIIHUHQW� EXW ZLOO FRQVWLWXWH D FRPSOHPHQWDU\ VHW� $ FRPSOH[ YDOXHG VHTXHQFH ;L � ZKRVH

N
WK
HOHPHQW LV VL�N�� IRUPV D FRPSOHPHQWDU\ VHW LI WKH VXP =�S� RI WKH D�SHULRGLF DXWRFRUUHODWLRQ IXQFWLRQ 5L RI

DOO VHTXHQFHV IURP WKH VHW LV HTXDO WR ]HUR IRU DOO QRQ]HUR WLPH VKLIWV S� L�H��
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GHQRWHV FRPSOH[ FRQMXJDWH� S LV WKH �SRVLWLYH� WLPH VKLIW� DQG ��5

L
� LV WKH HQHUJ\ RI WKH VHTXHQFH ;L �

:KHQ WKH VHW KDV RQO\ WZR VHTXHQFHV �D FRPSOHPHQWDU\ SDLU�� WKH WZR VHTXHQFHV �RI HTXDO OHQJWK0� PXVW KDYH

DSHULRGLF DXWRFRUUHODWLRQ IXQFWLRQV ZKRVH VLGHOREHV DUH HTXDO LQ PDJQLWXGH EXW RSSRVLWH LQ VLJQ� 7KH VXP RI

WKH WZR DXWRFRUUHODWLRQ IXQFWLRQV KDV D SHDN RI �0 DQG D VLGHOREH OHYHO RI ]HUR�

$Q 0[0 FRPSOHPHQWDU\ VHW FDQ EH FRQVWUXFWHG XVLQJ 3RSRYLF¶V >�@ UHVXOW ZKLFK VWDWHV WKDW DOO WKH GLIIHUHQW

F\FOLF WLPH VKLIWHG YHUVLRQV RI DQ\ VHTXHQFH KDYLQJ DQ LGHDO SHULRGLF DXWRFRUUHODWLRQ IXQFWLRQ� IRUP D

FRPSOHPHQWDU\ VHW� 8VHIXO SRO\SKDVH VHTXHQFHV ZKLFK H[KLELW LGHDO SHULRGLF DXWRFRUUHODWLRQ IXQFWLRQ DUH WKH

3� DQG 3� VLJQDOV >�@� 8VHIXO WZR�SKDVH VHTXHQFHV ZLWK LGHDO SHULRGLF DXWRFRUUHODWLRQ ZHUH VXJJHVWHG E\

*RORPE >�@� %LQDU\ SKDVH VHTXHQFHV �XVLQJ �
�
DQG ���

�
� ZLWK LGHDO SHULRGLF DXWRFRUUHODWLRQ DUH UDUH� %DUNHU

FRGH RI OHQJWK � LV DQ H[DPSOH� +RZHYHU� ELQDU\ 1[0 FRPSOHPHQWDU\ VHWV FDQ EH FRQVWUXFWHG E\ PHWKRGV

RWKHU WKDQ F\FOLF VKLIWV� 7KH PDWKHPDWLFDO H[SUHVVLRQ RI WKH FRPSOH[ HQYHORSH RI D SKDVH FRGHG 1[00&3&

SXOVH LV JLYHQ E\
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P�Q
� LV WKH P

WK
SKDVH HOHPHQW RI WKH Q

WK
VHTXHQFH�

Q
T LV DQ DUELWUDU\ SKDVH VKLIW DGGHG E\ WKH WUDQVPLWWHU

KDUGZDUH WR HDFK FDUULHU �NQRZQ WR WKH UHFHLYHU� DQG
Q

: LV WKH DPSOLWXGH ZHLJKW DVVLJQHG WR WKH Q
WK
VXEFDUULHU�

:H ILUVW FRQVLGHU D SKDVH HOHPHQW
P�Q

� RI WKH 0[0 PDWUL[ FRQVWUXFWHG IURP DOO WKH F\FOLF VKLIWV RI D 3�

SKDVH FRGHG VHTXHQFH� GHVFULEHG E\
� ���� �� ����� � ����� �� ����

���� �� ����� � ����� �� ���� �

�� ����� � ����� �� ���� � ����

����� � ����� �� ���� � ���� ��

� ����� �� ���� � ���� �� �����
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�� ���� � ���� �� ����� � �����

���� � ���� �� ����� � ����� ��
� � � � 0PPP
0

P
�����������

�

 ��� S
S

I ���

RU D 3� VHTXHQFH GHVFULEHG E\

�S
)RU 3� DQG 0 �� WKH SKDVH �PRGXOR �S� PDWUL[ LV JLYHQ LQ 7DEOH �� 7KH VHW RI FRPSOH[ HOHPHQWV ZLWK XQLIRUP
PDJQLWXGH� ZKRVH SKDVH LV GHVFULEHG E\ 7DEOH �� ZLOO UHPDLQ D FRPSOHPHQWDU\ VHW IRU DQ\ UHRUGHULQJ RI WKH

URZV� :KHQ RQH SDUWLFXODU RUGHU �VWDWHG RQ WKH LOOXVWUDWLRQV� LV XVHG DV
P�Q

� LQ ��� DQG ���� WKH UHVXOWLQJ

FRPSOH[ HQYHORSH ZLOO H[KLELW DQ DXWRFRUUHODWLRQ IXQFWLRQ DQG SRZHU VSHFWUDO GHQVLW\ DV GHSLFWHG LQ )LJV� � DQG

�� 1RWH WKDW LW ZDV DOVR DVVXPHG WKDW � 
Q

T DQG � 
Q

: IRU DOO Q� 7KH PDLQ UHVXOWV IRU VXFK D PXOWLIUHTXHQF\

VLJQDO LV DQ DXWRFRUUHODWLRQ IXQFWLRQ �)LJ� �� ZKRVH PDLQ OREH H[WHQGV DV IDU DV 0W
E

ZLWK ORZ VLGHOREHV

HOVHZKHUH� ,Q D VLQJOH�IUHTXHQF\ 3� RU 3� VLJQDO� WKH PDLQ OREH ZLOO H[WHQG DV IDU DV
E
W � 1RWH DOVR D UHODWLYHO\

IODW VSHFWUXP H[WHQGLQJ DV IDU DV
E
W0 � � $ 3� RU 3� VLJQDO ZLOO H[KLELW D VLQF�VTXDUHG VKDSHG SRZHU�VSHFWUXP

ZLWK ILUVW QXOO DW
E
W� � 2Q WKH RWKHU KDQG� ZKLOH HDFK RQH RI WKH VXEFDUULHUV RI DQ 0&3& VLJQDO KDV D IL[

UHDO�DPSOLWXGH� WKHLU VXP H[KLELWV D YDULDEOH UHDO�DPSOLWXGH� DV GHSLFWHG LQ )LJ� �� �,Q )LJ� �� 30(35  ������

)LQDOO\ ZH REVHUYH LQ )LJ� � WKH �
VW
DQG �

QG
TXDGUDQWV RI WKH DPELJXLW\ IXQFWLRQ RI WKLV SDUWLFXODU 0&3&

VLJQDO� ,WV VKDSH UHVHPEOHV WKH LGHDO WKXPEWDFN� 5HFDOO WKDW WKH DPELJXLW\ IXQFWLRQ RI VLQJOH�IUHTXHQF\ 3�� 3�

RU /LQHDU )0 VLJQDOV H[KLELW D GLDJRQDO ULGJH�

�� &RKHUHQW WUDLQ RI FRPSOHPHQWDU\ 0&3& SXOVHV
$ WUDLQ RI 00&3& SXOVHV FDQ EH FRPSOHPHQWDU\ LQ WLPH DV ZHOO DV LQ IUHTXHQF\� 7KLV KDSSHQV ZKHQ HDFK

SXOVH LQ WKH WUDLQ H[KLELWV D GLIIHUHQW RUGHU RI VHTXHQFHV VXFK WKDW D VHW RI FRPSOHPHQWDU\ SKDVH VHTXHQFHV LV

REWDLQHG LQ HDFK IUHTXHQF\� 7KHUH DUH DOVR 0� GLIIHUHQW ZD\V WR RUGHU WKH SXOVHV� 7KH DXWRFRUUHODWLRQ VLGHOREHV

DUH IXUWKHU UHGXFHG DV GHPRQVWUDWHG E\ FRPSDULQJ )LJ� � WR )LJ� �� %RWK SHUWDLQ WR D �[� 0&3& VLJQDO� 7KH
RUGHU RI VHTXHQFHV LQ WKH � SXOVHV LV RXWOLQHG ZLWKLQ WKH GUDZLQJ� :H QRWH IURP )LJ� � WKDW WKH

VLGHOREH�UHGXFWLRQ DSSOLHV WR DOO EXW WKH VLGHOREHV ZLWKLQ WKH ILUVW ELW� 7KLV VKRXOG EH H[SHFWHG EHFDXVH D

FRPSOHPHQWDU\ VHW \LHOGV ]HUR DXWRFRUUHODWLRQ VLGHOREHV RQO\ IRU
E
W!W �

7KH GHOD\ D[LV LQ )LJ� � LV OLPLWHG WR WKH GXUDWLRQ RI D SXOVH � 0W
E
�� 7KH DXWRFRUUHODWLRQ ZLWKLQ WKDW GHOD\

LV QRW DIIHFWHG E\ WKH SXOVH UHSHWLWLRQ LQWHUYDO 7
U
DV ORQJ DV 7

U
LV ODUJHU WKHQ WZLFH WKH SXOVH ZLGWK� QDPHO\

EU
0W7 �! � 7KH SXOVH LQWHUYDO GRHV DIIHFW WKH DPELJXLW\ IXQFWLRQ IRU QRQ�]HUR 'RSSOHU� 7KH GUDPDWLF

LPSURYHPHQW LQ VLGHOREH UHGXFWLRQ IRU
EE

0WW �� W E\ D WUDLQ RI FRPSOHPHQWDU\ 0&3& SXOVHV� LQYLWHV D

PHWKRG IRU IXUWKHU VLGHOREH�UHGXFWLRQ LQ WKH GHOD\ UDQJH RI
E

W�W � )UHTXHQF\ ZHLJKWLQJ LV D ZHOO�HVWDEOLVKHG

PHWKRG IRU UHGXFLQJ DXWRFRUUHODWLRQ VLGHOREHV LQ OLQHDU )0 UDGDU VLJQDOV >�@� :H IRXQG RXW WKDW LW ZDV QRW YHU\

HIIHFWLYH LQ D VLQJOH0&3& SXOVH EHFDXVH LW \LHOGHG PHDQLQJIXO VLGHOREH UHGXFWLRQ RQO\ RYHU WKH OLPLWHG GHOD\

UDQJH
E

W�W � EXW GLG QRW KHOS RYHU WKH ODUJHU UHPDLQLQJ GHOD\ UDQJH RI
EE

0WW �� W � +RZHYHU� RQFH ZH

IRXQG RXW WKDW D FRPSOHPHQWDU\ WUDLQ RI 0&3& SXOVHV GUDPDWLFDOO\ UHGXFHV VLGHOREHV LQ WKDW ODUJHU GHOD\ UDQJH

EE
0WW �� W � LW EHFDPH REYLRXV WKDW FRPELQLQJ FRPSOHPHQWDU\ SXOVH WUDLQ DQG IUHTXHQF\ ZHLJKWLQJ FDQ

UHGXFH DXWRFRUUHODWLRQ VLGHOREHV RYHU WKH HQWLUH GHOD\ UDQJH
E

0W�� W� �

,Q FRQYHQWLRQDO FRQVWDQW�DPSOLWXGH UDGDU VLJQDOV� ZHLJKWLQJ LV XVXDOO\ LPSOHPHQWHG RQO\ DW WKH UHFHLYHU� LQ

RUGHU QRW WR ORRVH WKH FRQVWDQW�DPSOLWXGH SURSHUW\ RI WKH WUDQVPLWWHG VLJQDO� 7KLV LV HIIHFWLYHO\ D GHYLDWLRQ IURP

PDWFKHG ILOWHU SURFHVVLQJ DQG UHVXOWV LQ D VPDOO 615 ORVV� ,Q RXU FDVH� WKH VLJQDO LV DOUHDG\ RI YDULDEOH

DPSOLWXGH �EXW RI IL[ DPSOLWXGH DW HDFK VXEFDUULHU�� +HQFH DSSO\LQJ GLIIHUHQW DPSOLWXGH WR HDFK VXEFDUULHU DGGV

QR GLIILFXOW\� 'HVSLWH WKH H[WHQVLYH NQRZOHGJH UHJDUGLQJ ZHLJKWLQJ ZLQGRZV� ZH OLPLWHG RXU QXPHULFDO WULDOV WR

D VLPSOH IDPLO\ RI ZHLJKWLQJ GHVFULEHG E\

� �
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1RWH WKDW VHWWLQJ D� ������� � D� �������� DQG D  ��� LV HTXLYDOHQW WR DGGLQJ D +DPPLQJ ZLQGRZ DW

WKH UHFHLYHU VLGH� :H IRXQG RXW WKDW YDOXHV RI D VOLJKWO\ GLIIHUHQW IURP ��� \LHOGHG VPDOOHU SHDN VLGHOREHV� 7KH

ZHLJKW :
Q
QRZ PXOWLSOLHV WKH VLJQDO RI WKH Q¶WK VXEFDUULHU DV QRWHG LQ ���� 7R WKH 0 � 0&3& FRPSOHPHQWDU\

SXOVH WUDLQ XVHG LQ )LJ� �� ZH DGGHG ZHLJKWLQJ DFFRUGLQJ WR ���� 7KH UHVXOWHG PDJQLWXGH RI WKH DXWRFRUUHODWLRQ

IXQFWLRQ LV SORWWHG LQ )LJ� ��

7KH DPELJXLW\ IXQFWLRQ RI D FRPSOHPHQWDU\ WUDLQ RI 00&3& SXOVHV� ZLWK RU ZLWKRXW ZHLJKWLQJ� GHSHQGV

RQ WKH SXOVH LQWHUYDO 7
U
� 7KH SDUWLDO DPELJXLW\ IXQFWLRQ SORWWHG LQ )LJ� � ZDV REWDLQHG IRU DQ DUELWUDU\ FDVH LQ

ZKLFK WKH SXOVH LQWHUYDO ZDV � WLPHV WKH 0&3& SXOVH GXUDWLRQ� QDPHO\
E

0W7 � DQG WKH ZHLJKWLQJ ZDV

DFFRUGLQJ WR ���� %HFDXVH RI WKH SHULRGLFLW\ LQ WLPH� WKH UHVSRQVH LQ 'RSSOHU H[KLELWV SHDNV DW PXOWLSOHV RI

EU 0W7

����� ��� � WKH ILUVW RI ZKLFK LV VHHQ LQ )LJ� �� +RZHYHU� VLQFH WKH SXOVHV LQ WKH WUDLQ DUH GLIIHUHQW IURP

HDFK RWKHU WKHUH DUH QR SURQRXQFHG SHDNV DW PXOWLSOHV RI 7
U
� )RU FRPSDULVRQ� )LJ� � SUHVHQWV SDUWLDO DPELJXLW\

IXQFWLRQ RI D FRKHUHQW WUDLQ RI � VLQJOH�IUHTXHQF\ 3� SXOVHV� HDFK ZLWK 0 �� FKLSV �HDFK RI GXUDWLRQ W
F
� DQG

ZLWK LQWUDSXOVH DQG LQWHUSXOVH ZHLJKWLQJ� 1RWH D VLPLODU PDLQ OREH �ZKHQ ����
EF

� � � PXFK ORZHU 'RSSOHU

VLGHOREHV� EXW UHSHDWHG SHDNV DW PXOWLSOHV RI 7
U
� 7KH FRQVWDQW YROXPH SURSHUW\ RI WKH DPELJXLW\ IXQFWLRQ LV

PDLQWDLQHG E\ VKLIWLQJ YROXPH IURP WKH DGGLWLRQDO SHDNV �LQ 3�� WR WKH SHGHVWDO VWULSV �LQ 0&3&��

5HPRYLQJ WKH VSDFLQJ EHWZHHQ WKH 0&3& SXOVHV FUHDWHV D &: VLJQDO� )LJ� �� SUHVHQWV WKH SHULRGLF

DPELJXLW\ IXQFWLRQ RI D WUDLQ RI �� FRQWLJXRXV ��[�� 0&3& SXOVHV ZLWK GLIIHUHQW SHUPXWDWLRQV �VHOHFWHG

UDQGRPO\�� 7KH UHVXOWLQJ VLJQDO H[KLELWV SXOVH FRPSUHVVLRQ RI ����
�
 0 � 1RWH KRZ WKH SHULRGLFLW\ LQ

'RSSOHU LV DOPRVW JRQH� 7KH VLGHOREH SHGHVWDO LV UHODWLYHO\ XQLIRUP� EHORZ ±�� G%�

�� 0&3& EDVHG RQ ��YDOXHG FRPSOHPHQWDU\ VHW
7KH 3� DQG 3� SKDVH VHTXHQFHV XVHG VR IDU WR FRQVWUXFW WKH 0&3& FRPSOHPHQWDU\ VHW DUH SRO\SKDVH

VHTXHQFHV� 7KHUH DUH ��YDOXHG SKDVH VHTXHQFHV WKDW DOVR H[KLELW SHUIHFW SHULRGLF DXWRFRUUHODWLRQ� DQG FDQ VHUYH

WR FRQVWUXFW D FRPSOHPHQWDU\ VHW� 2QH VXFK DOWHUQDWLYH LV WKH VHTXHQFHV GHVFULEHG E\ *RORPE >�@� 2QH H[DPSOH

RI VXFK D VHTXHQFH LV EDVHG RQ %DUNHU FRGH RI OHQJWK � >� � � � � � �@� LQ ZKLFK WKH WZR SKDVH YDOXHV DUH QRW �

DQG ���
�
EXW � DQG ������

�
� DUFFRV�������� *RORPE FRGHV H[LVW IRU OHQJWKV ������������������������������«�

,PSOHPHQWLQJ WZR�YDOXHG VHTXHQFHV LV HVSHFLDOO\ VLPSOH LI WKH WZR DUH ELQDU\ YDOXHV �±�� ���� %LQDU\

FRPSOHPHQWDU\ VHWV FDQ EH FRQVWUXFWHG IURP +DGDPDUG PDWULFHV� +DGDPDUG�EDVHG 0&3& SXOVHV H[KLELW

HVSHFLDOO\ ORZ DXWRFRUUHODWLRQ VLGHOREHV� EXW UHODWLYHO\ KLJKHU 'RSSOHU VLGHOREHV DQG KLJKHU 30(35�

5HIHUHQFHV
�� /HYDQRQ� 1�� µ0XOWLIUHTXHQF\ UDGDU VLJQDOV¶� ,((( ,QW¶O 5DGDU &RQI�� $OH[DQGULD� 9$� 0D\ ����� SS� ��������

�� 3RSRYLF� %�0�� µ&RPSOHPHQWDU\ VHWV EDVHG RQ VHTXHQFHV ZLWK LGHDO SHULRGLF DXWRFRUUHODWLRQ¶� (OHFWURQ� /HWW�� �����

��� ����� SS� ����������

�� .UHWVFKPHU� )�)�� DQG /HZLV� %�/�� µ'RSSOHU SURSHUWLHV RI SRO\SKDVH FRGHG SXOVH FRPSUHVVLRQ ZDYHIRUPV¶� ,(((

7UDQV� $HURVS� (OHFWURQ� 6\VW�� ����� ��� ���� SS� ��������

�� *RORPE� 6�:�� µ7ZR�YDOXHG VHTXHQFHV ZLWK SHUIHFW SHULRGLF DXWRFRUUHODWLRQ¶� ,((( 7UDQV� $HURVS� (OHFWURQ� 6\VW��

����� ��� ���� SS� ��������

�� )DUQHW� (�&�� DQG 6WHYHQV� *�+�� µ3XOVH FRPSUHVVLRQ UDGDU¶� 5DGDU +DQGERRN� �QG HGLWLRQ� 6NROQLN� 0�� (G��

�0F*UDZ�+LOO� ������ &K� ���
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0 � � 0&3& �3� EDVHG� � � � � � � � �
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RI DQ �[� 0&3& SXOVH
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