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,Q WKLV SDSHU� ZH LQYHVWLJDWH WKH SUREOHP RI GLUHFW IUH�
TXHQF\ HVWLPDWLRQ� $ QHZ DGDSWLYH DOJRULWKP LV SUR�
SRVHG EDVHG RQ WKH ZRUN LQ >��@� ZKHUH WKH FRQVWUDLQHG
SROH�]HUR QRWFK pOWHU ZDV FDVFDGHG DQG HDFK VWDJH ZDV
LPSOHPHQWHG ZLWK WKH FRQWUROODEOH UHDOL]DWLRQ� ,W LV
ZHOO NQRZQ WKDW WKH SHUIRUPDQFH RI DGDSWLYH pOWHUV
LV VWURQJO\ UHODWHG WR KRZ WKH pOWHUV DUH SDUDPHWUL]HG
DQG LPSOHPHQWHG� 7KH QRUPDO EDVHG UHDOL]DWLRQV KDYH
VRPH QLFH QXPHULFDO SURSHUWLHV� ,Q WKH SURSRVHG DOJR�
ULWKP� HDFK VXEpOWHU LV SDUDPHWUL]HG ZLWK LWV QRWFKLQJ
IUHTXHQF\ DQG LPSOHPHQWHG ZLWK D QRUPDO UHDOL]DWLRQ�
&RPSDUHG ZLWK WKH RQH LQ >��@� WKLV VWUXFWXUH PDNHV
WKH DOJRULWKP PRUH UREXVW VXFK WKDW WKH VWDELOLW\ FDQ
EH HQVXUHG DXWRPDWLFDOO\ QR PDWWHU WKH DOJRULWKP LV
LPSOHPHQWHG ZLWK RU ZLWKRXW LQpQLWH SUHFLVLRQ� 6LPX�
ODWLRQV VKRZ WKDW WKH DGDSWLYH DOJRULWKP ZLWK WKH SUR�
SRVHG VWUXFWXUH DOVR KDV EHWWHU FRQYHUJHQFH EHKDYLRU�
$SSOLFDWLRQ RI WKLV DOJRULWKP WR VSHHFK SURFHVVLQJ LV
DOVR GLVFXVVHG�

�� ,1752'8&7,21

7KH SUREOHP RI HVWLPDWLQJ IUHTXHQFLHV IURP D GHVLUHG
VLJQDO RI PXOWLSOH VLQXVRLGV EXULHG LQ DQ DGGLWLYH QRLVH
FDQ EH IRXQG IURP PDQ\ SUDFWLFDO VLWXDWLRQV� )RU H[�
DPSOH� WKH YRLFHG VSHHFK VLJQDOV VKRZ D KLJK SHULRGLF�
LW\� 7R FRGH VXFK VLJQDOV HrFLHQWO\� RQH QHHGV WR GH�
WHFW WKH SHULRG �RU HTXLYDOHQWO\� WKH IXQGDPHQWDO IUH�
TXHQF\�� FDOOHG SLWFK LQ VSHHFK SURFHVVLQJ FRPPXQLW\�
7KHUH H[LVW WZR FODVVHV RI SURFHVVLQJ� 7KH pUVW FODVV�
FDOOHG Ro�OLQH SURFHVVLQJ� LV EDVHG VSHFWUDO HVWLPDWLRQ
WHFKQLTXHV ZKLFK DUH EDVHG RQ 'LVFUHWH )RXULHU 7UDQV�
IRUPDWLRQ �')7� DQG VRPH 08OWLSOH 6,JQDO &ODVVLp�
FDWLRQ �086,&� EDVHG DOJRULWKPV �VHH� H�J�� >�@�>�@��
7KHVH PHWKRGV XVXDOO\ UHTXLUH D KLJK FRVW RI FRPSX�
WDWLRQ� 7KH VHFRQG FODVV� FDOOHG RQ�OLQH SURFHVVLQJ� LV
EDVHG RQ DGDSWLYH QRWFK pOWHULQJ WHFKQLTXHV� 2QH RI
WKH SRSXODUO\ XVHG PRGHOV LV WKH FRQVWUDLQHG QRWFK pO�
WHU �VHH� H�J�� >�@�>��@�� ZKLFK KDV VRPH VXSHULRU SURSHU�

WLHV VXFK DV EHWWHU VWDELOLW\� IDVW FRQYHUJHQFH� DQG FRP�
SXWDWLRQ HrFLHQF\ WR XQFRQVWUDLQHG DGDSWLYH pOWHUV�
&ODVVLFDOO\� WKH DGDSWLYH QRWFK pOWHU LV SDUDPHWUL]HG

ZLWK WKH SRO\QRPLDO FRHrFLHQWV RI LWV WUDQVIHU IXQFWLRQ�
7KHVH FRHrFLHQWV DUH IXQFWLRQ RI WKH QRWFKLQJ IUHTXHQ�
FLHV IRU ZKLFK WKH QRWFK pOWHU KDV RU QHDUO\ KDV D ]HUR
JDLQ� 7KHVH WHFKQLTXHV� UHIHUUHG DV LQGLUHFW IUHTXHQF\
HVWLPDWLRQ PHWKRGV� UHTXLUH VWDELOLW\ PRQLWRULQJ� WKDW
LV WKH PRGHO VWDELOLW\ KDV WR EH FKHFNHG DIWHU HDFK DGDS�
WDWLRQ� ZKLFK OHDGV WR D ORW RI DGGLWLRQDO FRPSXWDWLRQ�
7R RYHUFRPH WKLV ZHDNQHVV� D QHZ DGDSWLYH DOJRULWKP
IRU GLUHFW IUHTXHQF\ HVWLPDWLRQ ZDV GHYHORSHG LQ >��@�
ZKHUH WKH FRQVWUDLQHG QRWFK pOWHU LV FDVFDGHG LQWR D
VHULHV RI VHFRQG RUGHU VXEpOWHUV DQG HDFK VXEpOWHU LV
SDUDPHWUL]HG ZLWK LWV QRWFKLQJ IUHTXHQF\�
,W VKRXOG EH SRLQWHG RXW WKDW LQ >��@� HDFK VXE�

pOWHU LV LPSOHPHQWHG ZLWK WKH FRQWUROODEOH UHDOL]DWLRQ
ZKLFK XVXDOO\ KDV SRRU QXPHULFDO SURSHUWLHV� ,W LV ZHOO
NQRZQ WKDW IRU D JLYHQ WUDQVIHU IXQFWLRQ� WKHUH H[LVW
D QXPEHU RI GLoHUHQW UHDOL]DWLRQV� 7KHVH UHDOL]DWLRQV�
WKRXJK HTXLYDOHQW� KDYH GLoHUHQW QXPHULFDO SURSHUWLHV
VXFK DV HUURU SURSDJDWLRQ DQG WUDQVIHU IXQFWLRQ VHQVL�
WLYLW\� 1RUPDO UHDOL]DWLRQV KDYH D PLQLPDO SROH VHQ�
VLWLYLW\ DQG DUH IUHH RI RYHUqRZ RVFLOODWLRQV� 6HH� H�J��
>�@� >�@� 7KH PDLQ REMHFWLYH LQ WKLV SDSHU LV WR GHYHORS
DQ DGDSWLYH IUHTXHQF\ HVWLPDWLRQ DOJRULWKP XVLQJ WKH
FRQVWUDLQHG QRWFK pOWHU ZKLFK LV LPSOHPHQWHG ZLWK D
QRUPDO UHDOL]DWLRQ�

�� $'$37,9( 127&+ ),/7(56

/HW \�Q� EH D PHDVXUDEOH VLJQDO� ZKLFK FRQVLVWV RI 1
VLQXVRLGV V�Q� ZLWK DQ DGGLWLYH EURDG�EDQG QRLVH H�Q��

\�Q�  

1;
N  �

$NFRV�v
�
NQb �N� � H�Q�

�
 V�Q� � H�Q� ���

ZKHUH V�Q� DQG H�Q� DUH DVVXPHG WR EH LQGHSHQGHQW�
DQG I$N � �� v

�
N� �NJ DUH WKH DPSOLWXGH� �DQJXODU� IUH�
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TXHQF\ DQG SKDVH SDUDPHWHU RI WKH VLQXVRLGV� UHVSHF�
WLYHO\�
7R HVWLPDWH WKH IUHTXHQFLHV Iv�NJZLWK WKH RQO\ DYDLO�

DEOH VLJQDO \�Q�� WKH IROORZLQJ FRQVWUDLQHG DGDSWLYH
QRWFK pOWHU ZDV SURSRVHG LQ >��@�
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ZKHUH $��vN� q]
b��
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FRVvN � q
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� q  o� p

ZLWK o� p WZR SRVLWLYH FRQVWDQW FORVH WR �� 7\SLFDOO\�
o  ������ DQG p  ������� 7KLV QRWFK pOWHU KDV LWV
SROHV DW IoHhMvNJ� DQG ]HURV DW IpHhMvNJ� :H QRWH WKDW
+�HMvN� } �� �N�

'HQRWLQJ Av
�
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7 � ZH QRZ GHpQH D

FRVW IXQFWLRQ 9 �Av� Q� DV

9 �Av� Q�
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AH��M�� ���

%\ PLQLPL]LQJ WKLV FRVW IXQFWLRQ ZLWK UHVSHFW WR Av� RQH
FDQ REWDLQ WKH HVWLPDWH RI WKH IUHTXHQFLHV Iv�NJ� 7KH
DOJRULWKP ZH DUH WR GHYHORS LV EDVHG RQ D *DXVVLDQ�
1HZWRQ W\SH UHFXUVLYH SUHGLFWLRQ HUURU EDVHG DGDSWLYH
DOJRULWKP �53(�� WKDW LV�
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ZLWK o�  ������� o�  ������ DQG y�Q� WKH IRUJHWWLQJ
IDFWRU� )RU GHWDLOHG GLVFXVVLRQ RQ WKHVH SDUDPHWHUV� ZH
UHIHU WR >��@�
7R FRPSXWH v�Q� ZLWK 3 �Q b �� DQG v�Q b ��� RQH

QHHGV kv�Qb ��
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,W FDQ EH VKRZQ ZLWK VRPH PDQLSXODWLRQV WKDW
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ZKHUH H)L�q� Q�  
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$��vL�q] b ��
AH�Q�� q  o� p�
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,Q WKH DGDSWLYH DOJRULWKP E\ ���� RQH KDV WR FRPSXWH
AH�Q� DQG H)L�q� W�� �L IRU q  o� p� 1RZ� OHW ORRN DW
KRZ WR FRPSXWH AH�Q��
'HQRWH

[L�Q�
�
 

L<
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+��vN� ]
b��\�Q�� ���

AH�Q� FDQ EH HYDOXDWHG WKH IROORZLQJ LWHUDWLYH HTXDWLRQV�

[L�Q�  +��vL�Qb ��� ]
b��[Lb��Q� ���

ZLWK [��Q�  \�Q� DQG [1 �Q�  AH�Q��
2QH FDQ FRPSXWH [L�Q�  +��vL�Qb��� ]

b��[Lb��Q�
XVLQJ WKH LQSXW�RXWSXW UHODWLRQVKLS RU DQ\ GLUHFW IRUP�
,W ZDV DUJXHG LQ >��@ WKDW LW LV GHVLUHG WR XVH WKH VWDWH�
VSDFH HTXDWLRQV LQ RUGHU WR KDYH D EHWWHU FRQYHUJHQFH
EHKDYLRU� ,Q >��@� WKH IROORZLQJ VWDWH�VSDFH HTXDWLRQV�

=L�Q� ��  $F�Qb ��=L�Q� �%F�Qb ��[Lb��Q�

[L�Q�  &F�Qb ��=L�Q� � [Lb��Q� ���

ZKHUH
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ZKLFK LV WKH FRQWUROODEOH UHDOL]DWLRQ RI +��v� ]
b���

5HPDUN ���� ,W LV ZHOO NQRZQ WKDW WKH FRQWUROODEOH UH�
DOL]DWLRQ� WKRXJK VLPSOH� KDV VRPH XQGHVLUHG QXPHUL�
FDO SURSHUWLHV VXFK DV ODUJH VHQVLWLYLW\ ZLWK UHVSHFW WR
WKH SDUDPHWHU SHUWXUEDWLRQ DQG KLJK SRWHQWLDO RI ]HUR�
LQSXW RYHUqRZ RVFLOODWLRQ� ZKLFK DUH YHU\ VHULRXV SURE�
OHPV ZKHQ WKH DOJRULWKP LV LPSOHPHQWHG XVLQJ D GLJLWDO
VLJQDO SURFHVVRU ZKLFK LV DOZD\V RI pQLWH ZRUG OHQJWK
�):/�� $QRWKHU LPSRUWDQW LVVXH LV VWDELOLW\� $V DUJXHG
LQ >��@� ��� LV DOZD\V VWDEOH QR PDWWHU ZKDW WKH YDUL�
DEOH vL WDNHV ZLWK RU ZLWKRXW ):/ HUURUV� ,Q WKH DFWXDO
LPSOHPHQWDWLRQ RI ���� WKH SDUDPHWHUV �oFRVvL�Q� DQG
o
� KDYH WR EH WUXQFDWHG RU URXQGHG LQWR WKHLU ):/
YHUVLRQ� 7KHUHIRUH� ��� PD\ EHFRPH XQVWDEOH LQ WKDW
FDVH�
7KH UHDOL]DWLRQV RI D JLYHQ WUDQVIHU IXQFWLRQ DUH QRW

XQLTXH� /HW

7  

v
b

FRVvL
VLQvL

�

b
�

oVLQvL
�

w
�

7KLV LV D VLPLODULW\ WUDQVIRUPDWLRQ XQGHU ZKLFK WKH FRQ�
WUROODEOH UHDOL]DWLRQ FDQ EH WUDQVIRUPHG LQWR WKH IROORZ�
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LQJ UHDOL]DWLRQ �$�%�&��
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&  &F7  ��ob p�
b
VLQvL FRVvL

c
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ZKLFK LV D QRUPDO UHDOL]DWLRQ GXH WR WKH IDFW WKDW WKH
PDWUL[ $ LV QRUPDO� L�H�� $$7  $

7
$� 7KHQ ZH FDQ

XVH WKLV UHDOL]DWLRQ WR LPSOHPHQW WKH DGDSWLYH DOJR�
ULWKP�

=L�Q� ��  $�Q�=L�Q� �%[Lb��Q�

[L�Q�  &�Q�=L�Q� � [Lb��Q�� ����

ZKHUH $�Q� DQG &�Q� DUH JLYHQ E\ ���� ZLWK vL DQG o
UHSODFHG E\ vL�Qb �� DQG o�Q��

5HPDUN ���� 7KH QRUPDO UHDOL]DWLRQV KDYH YHU\ QLFH QX�
PHULFDO SURSHUWLHV� ,Q IDFW� WKH\ \LHOG D PLQLPDO SROH
VHQVLWLYLW\ >�@ DQG DUH IUHH RI ]HUR�LQSXW RYHUqRZ RVFLO�
ODWLRQ >�@� %HVLGHV� ���� LV DOZD\V VWDEOH QR PDWWHU WKH
SDUDPHWHUV LQ WKH $ PDWUL[ DUH WUXQFDWHG LQWR ):/
QXPEHUV RU QRW� $OO WKHVH QLFH SURSHUWLHV DUH SDUWLFX�
ODUO\ YHU\ LPSRUWDQW IRU DFWXDO LPSOHPHQWDWLRQ�

6LPLODUO\� H)L�q� Q�  
q] b �

$��vL�q] b ��
AH�Q� FDQ EH LPSOH�

PHQWHG ZLWK D QRUPDO UHDOL]DWLRQ LQVWHDG RI WKH FRQ�
WUROODEOH UHDOL]DWLRQ� :LWK VRPH PDQLSXODWLRQV� LW FDQ
EH VKRZQ WKDW

H)L�q� Q�  q
b
bFWDQvL �

c
:L�q� Q�

:L�q� Q� ��  q

v
FRVvL bVLQvL

VLQvL FRVvL

w
:L�q� Q�

�

v
�
�

w
AH�Q� ����

IRU q  o� p� ZKHUH :L�q� Q� LV WKH FRUUHVSRQGLQJ VWDWH
YHFWRU�

�� )81'$0(17$/ )5(48(1&< (67,0$7,21
,1 63((&+ 352&(66,1*

,W LV ZHOO NQRZQ WKDW VSHHFK VLJQDO LV XVXDOO\ SURFHVVHG
IUDPH E\ IUDPH ZLWK DQ LQWHUYDO RI �� � ��PV� 9RLFHG
VSHHFK VLJQDOV FDQ EH PRGHOHG ZLWK ��� DQG IRU PRVW RI
WKH FDVHV WKH VSHHFK VLJQDO VKRZV KLJKO\ SHULRGLFLW\ IRU
VXFK D VKRUW WLPH LQWHUYDO� 7KH SHULRG� FDOOHG SLWFK� LV
D YHU\ LPSRUWDQW SDUDPHWHU LQ VSHHFK HQFRGHU GHVLJQ
DQG WKHUH H[LVW VHYHUDO WUDGLWLRQDOO\ XVHG DOJRULWKPV WR
GHWHFW WKH SLWFK VXFK DV WKH DYHUDJH PDJQLWXGH GLoHU�
HQFH IXQFWLRQ DQG ]HUR FURVVLQJ PHDVXUH �VHH� H�J�� >��@�

>��@�� 7KH SUREOHP ZLWK VXFK DOJRULWKPV LV WKDW WKH
REWDLQHG SLWFK LV DOZD\V DQ LQWHJHU� WKHUHIRUH� WKHUH
H[LVWV DQ HVWLPDWLRQ HUURU FRQVWDQWO\ IRU PRVW RI WKH
FDVHV� 6XFK DQ HUURU PD\ JUHDWO\ DoHFW WKH TXDOLW\ RI
WKH V\QWKHVL]HG VSHHFK VLJQDO�

:H FDQ PRGHO D YRLFHG VSHHFK VLJQDO XVLQJ WKH IRO�
ORZLQJ�

\�Q�  

1;
N  �

$NFRV�Nv�Qb �N� � H�Q�� ����

ZKHUH v� LV WKH IXQGDPHQWDO �DQJXODU� IUHTXHQF\� ,Q
WKLV FDVH� ZH KDYH RQH IUHTXHQF\� v�� WR GHWHUPLQH LQ�
VWHDG RI 1 � 2XU SURSRVHG DOJRULWKP FDQ EH DGDSWHG
IRU WKLV VLWXDWLRQ HDVLO\� ,Q IDFW� ZLWK WKH FRQVWUDLQW

Av�Q�  
b
� � ��� N ��� 1
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RQH KDV

kv��Q�
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Gv�

 b
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GAH�Q�

GvN

GvN

Gv�
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� � ��� N ��� 1

c7 Akv ����

ZKHUH kv� DV GHpQHG EHIRUH� LV WKH GHULYDWLYH RI WKH
SUHGLFWLRQ HUURU ZLWK UHVSHFW WR WKH IUHTXHQF\ YHFWRU
Av� 7KHUHIRUH� WKH FRUUHVSRQGLQJ DOJRULWKP WR WKH IXQ�
GDPHQWDO IUHTXHQF\ HVWLPDWLRQ LV WKH VDPH DV ��� EXW

ZLWK WKH YHFWRU Av�Q� UHSODFHG ZLWK WKH �VFDODU� IXQGD�

PHQWDO IUHTXHQF\ Av��Q� DQG KHQFH .�Q� DQG 3 �Q� DUH
VFDODU LQVWHDG RI PDWUL[ RI RUGHU 1 d1 �

:LWK WKH REWDLQHG IXQGDPHQWDO IUHTXHQF\ Av�� WKH
FRUUHVSRQGLQJ V\QWKHVL]HG VSHHFK VLJQDO A\�Q� FDQ EH
REWDLQHG ZLWK

A\�Q�  

1;
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$NFRV�NAv�Qb �N�� ����

ZKHUH I$N� �NJ FDQ EH GHWHUPLQHG E\ PLQLPL]LQJ
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ZLWK UHVSHFW WR WKHVH YDULDEOHV� ZKHUH / LV WKH QXP�

EHU RI VDPSOHV LQ RQH IUDPH� ,Q IDFW� GHQRWLQJ $F
N

�
 

$NFRV�N DQG $
V
N

�
 $NVLQ�N IRU DOO N� RQH FDQ VHH WKDW

�
� LV D TXDGUDWLF IXQFWLRQ LQ I$F

N� $
V
NJ ZLWK

Av� DQG \�Q�
JLYHQ� 7KHUHIRUH� �� FDQ EH PLQLPL]HG ZLWK UHVSHFW WR
I$

F
N� $

V
NJ HDVLO\� :LWK WKH REWDLQHG RSWLPDO I$

F
N� $

V
NJ�

RQH FDQ WKHQ FRQYHUW WKHP LQWR I$N� �NJ VWHDGLO\� ,Q
WKH QH[W VHFWLRQ� QXPHULFDO H[DPSOHV ZLOO EH JLYHQ�
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�� 180(5,&$/ (;$03/(6 $1' 6,08/$7,216

,Q WKLV VHFWLRQ� ZH SUHVHQW WZR QXPHULFDO H[DPSOHV DQG
WKH FRUUHVSRQGLQJ VLPXODWLRQV WR H[DPLQH WKH SHUIRU�
PDQFH RI RXU DOJRULWKP�

([DPSOH ,� 7KLV H[DPSOH ZDV XVHG LQ >�@� >��@� 7KH
VLJQDO \�Q� LV JLYHQ E\

\�Q�  �VLQ����Q� � �VLQ��Q� � �VLQ��Q� � H�Q��

ZKHUH H�Q� LV D ZKLWH QRLVH ZLWK ]HUR�PHDQ DQG XQLW
YDULDQFH� &OHDUO\� WKH 6LJQDO�WR�1RLVH 5DWLR �615� LV
�G% IRU HDFK VLQXVRLG� :H JHQHUDWH �� GLoHUHQW IUDPHV
\�Q�� HDFK RI WKHP FRQWDLQV ��� VDPSOHV� :H WHVWHG
WKH DOJRULWKP LQ >��@� GHQRWHG DV */
V DOJRULWKP� DQG
RXU SURSRVHG RQH�

,Q RUGHU WR KDYH D IDLU FRPSDULVRQ� ZH VHW WKH VDPH
LQLWLDO FRQGLWLRQV IRU WKH WZR DOJRULWKPV� ,Q WKH ��
WULDOV� */
V DOJRULWKP FRQYHUJH WR WKHLU WUXH SDUDPH�
WHU YHFWRU �� WLPHV DIWHU WKH ��� LWHUDWLRQV� ZKLOH RXU
SURSRVHG DOJRULWKP� FRQYHUJHV �� WLPHV� 'XH WR WKH
OLPLWHG VSDFH� VLPXODWLRQV ZLOO EH SUHVHQWHG RQ WKH FRQ�
IHUHQFH�

([DPSOH ,,� ,Q WKLV H[DPSOH� WKH VLJQDO LV D IUDPH RI
YRLFHG VSHHFK VLJQDO ZLWK /  ���� 7KLV VSHHFK VLJQDO
LV VDPSOHG ZLWK ��N+]� :H HVWLPDWH WKH SLWFK XV�
LQJ WKH FODVVLFDO DYHUDJH PDJQLWXGH GLoHUHQFH IXQFWLRQ
�$0')� >��@ DQG RXU SURSRVHG DOJRULWKP ZLWK1  ���

:LWK $0')� WKH IXQGDPHQWDO IUHTXHQF\ LV �������
7KH FRUUHVSRQGLQJ HUURU YDULDQFH� DV GHpQHG LQ ����
ZKHUH A\�Q� LV FRPSXWHG ZLWK ���� ZLWK 1  ��� LV
��������� :H UXQ WKH SURSRVHG DGDSWLYH DOJRULWKP
ZLWK Av����  ���� DQG 3 ���  ��� DQG REWDLQ WKH IXQ�

GDPHQWDO IUHTXHQF\ Av������  ������� 7KHQ WKH FRU�
UHVSRQGLQJ V\QWKHVL]HG VSHHFK VLJQDO LV FRPSXWHG ZLWK
���� IRU 1  ��� 7KH HUURU YDULDQFH LV ��������� PXFK
VPDOOHU WKDQ WKH RQH REWDLQHG ZLWK $0')� ,Q )LJ� ��
WKH VROLG OLQH LV WKH RULJLQDO VSHHFK VLJQDO ZKLOH WKH
SRLQWHG OLQH LV WKH V\QWKHVL]HG RQH FRPSXWHG ZLWK WKH
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)LJ� �� 7KH RULJLQDO VSHHFK VLJQDO DQG WKH V\QWKHVL]HG
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>�@ 6�0� .D\� 0RGHUQ 6SHFWUDO (VWLPDWLRQ� 7KHRU\
DQG $SSOLFDWLRQ� 3UHQWLFH�+DOO� ,QF� (QJOHZRRG
&OLoV� 1�-�� �����

>�@ -�7� .DUKXQHQ DQG -� -RXWVHQVDOR� ?6LQXVRLGDO
)UHTXHQF\ (VWLPDWLRQ E\ 6LJQDO 6XEVSDFH $S�
SUR[LPDWLRQ�� 6LJQDO 3URFHVVLQJ� 9RO� ��� 1R� ���
SS� ���������� �����

>�@ '� 9� 5DR DQG 6� <� .XQJ� ?$GDSWLYH QRWFK
pOWHULQJ IRU WKH UHWULHYDO RI VLQXVRLGV LQ QRLVH��
,((( 7UDQV� RQ $FRXVW� 6SHHFK 6LJQDO 3URFHVV�
LQJ� 9RO� $663���� SS� �������� $XJ� �����

>�@ $� 1HKRUDL� ?$ PLQLPDO SDUDPHWHU DGDSWLYH
QRWFK pOWHU ZLWK FRQVWUDLQHG SROHV DQG ]HURV��
,((( 7UDQV� RQ $FRXVW� 6SHHFK 6LJQDO 3URFHVV�
LQJ� 9RO� $663���� SS� �������� �����

>�@ %� 6� &KHQ� 7� <� <DQJ DQG %� +� /LQ� ?$GDS�
WLYH QRWFK pOWHU E\ GLUHFW IUHTXHQF\ HVWLPDWLRQ��
6LJQDO 3URFHVVLQJ� 9RO� ��� SS� �������� �����

>�@ 7�6� 1J� ?6RPH $VSHFWV RI DQ $GDSWLYH 'LJLWDO
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,((( 7UDQV� RQ $FRXVW� 6SHHFK 6LJQDO 3URFHVV�
LQJ� 9RO� $663���� SS� �������� �����

>�@ 0� *HYHUV DQG *� /L� 3DUDPHWUL]DWLRQV LQ &RQ�
WURO� (VWLPDWLRQ DQG )LOWHULQJ 3UREOHPV� $F�
FXUDF\ $VSHFWV� 6SULQJHU 9HUODJ� /RQGRQ� LQ
&RPPXQLFDWLRQV DQG &RQWURO (QJLQHHULQJ 6HULHV�
�����

>�@ 5�$� 5REHUWV DQG &�7� 0XOOLV� 'LJLWDO 6LJQDO
3URFHVVLQJ� $GGLVRQ�:HVOH\� �����

>�@ /�5� 5DELQHU DQG 5�:� 6FKDIHU� 'LJLWDO 3URFHVV�
LQJ RI 6SHHFK 6LJQDOV� 3UHQWLFH�+DOO� ,QF� (QJOH�
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)LOWHU IRU 'LUHFW )UHTXHQF\ (VWLPDWLRQ�� ,(((
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