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,Q WKLV SDSHU� ZH FRQVLGHU WKH VWDELOLW\ UREXVWQHVV SURE�
OHP RI D GLJLWDO pOWHU LPSOHPHQWHG ZLWK pQLWH ZRUG
OHQJWK �):/�� %DVHG RQ WKH SROH PRGXOXV VHQVLWLYL�
WLHV� D QHZ VWDELOLW\ UREXVWQHVV UHODWHG PHDVXUH LV GH�
ULYHG� 7KLV PHDVXUH LV OHVV FRQVHUYDWLYH WKDQ WKDW GH�
ULYHG ZLWK WKH FODVVLFDO SROH VHQVLWLYLW\ PHDVXUH� ,W LV
VKRZQ WKDW WKH QRUPDO UHDOL]DWLRQV DUH D VHW RI RSWL�
PDO UHDOL]DWLRQV WKDW PD[LPL]H WKLV SURSRVHG VWDELOLW\
UREXVWQHVV PHDVXUH� 7KH VWDELOLW\ SHUIRUPDQFH RI WKH
JHQHUDOL]HG GLUHFW�IRUP ,, WUDQVSRVHG �'),,W� VWUXFWXUH
LV DQDO\VHG XVLQJ WKLV PHDVXUH� 7KH RSWLPDO JHQHUDO�
L]HG '),,W VWUXFWXUH SUREOHP LV GHpQHG DV WR LGHQWLI\
WKRVH '),,W VWUXFWXUHV WKDW PD[LPL]H WKH SURSRVHG VWD�
ELOLW\ PHDVXUH� ZKLFK LV VROYHG XVLQJ H[KDXVWLYH VHDUFK�
LQJ PHWKRG� 1XPHULFDO H[DPSOHV DUH JLYHQ WR VKRZ WKH
GHVLJQ SURFHGXUH�

�� ,1752'8&7,21

)LQLWH :RUG /HQJWK �):/� HoHFWV KDYH EHHQ FRQVLG�
HUHG DV RQH RI WKH PRVW LPSRUWDQW LVVXHV LQ DFWXDO LP�
SOHPHQWDWLRQ RI GLJLWDO pOWHUV� ,Q IDFW� WKH DFWXDO SHU�
IRUPDQFH RI D JLYHQ pOWHU PD\ EH JUHDWO\ GHJUDGHG GXH
WR WKH ):/ HUURUV� 6HH� H�J�� >�@� ,W LV ZHOO NQRZQ
WKDW DQ\ OLQHDU V\VWHP FDQ EH UHSUHVHQWHG ZLWK GLoHU�
HQW VWUXFWXUHV VXFK DV VWDWH�VSDFH UHDOL]DWLRQV� 7KHVH
VWUXFWXUHV DUH WKHRUHWLFDOO\ HTXLYDOHQW VLQFH WKH\ \LHOG
WKH VDPH V\VWHP� 7KH LPSRUWDQW SRLQW LV WKDW WKH\
KDYH GLoHUHQW QXPHULFDO SURSHUWLHV� 7KH RSWLPDO VWUXF�
WXUH SUREOHP LV WR LGHQWLI\ WKRVH UHDOL]DWLRQV WKDW PLQ�
LPL]H WKH GHJUDGDWLRQ RI WKH pOWHU SHUIRUPDQFH GXH WR
WKH ):/ HoHFWV�

$ VWDEOH pOWHU PD\ EHFRPH XQVWDEOH ZKHQ LPSOH�
PHQWHG ZLWK ):/� 7KH VWDELOLW\ LVVXH LQ WKH ):/ HQ�
YLURQPHQW LV XVXDOO\ LQYHVWLJDWHG LQ WHUPV RI SROH VHQ�
VLWLYLW\ PHDVXUHV� 6HH� H�J�� >�@� 5HFHQWO\� SROH VHQVL�
WLYLW\ EDVHG VWDELOLW\ PHDVXUHV ZHUH GHULYHG IRU FORVHG�
ORRS V\VWHPV >�@�>�@� ,Q >�@� D SROH PRGXOXV VHQVLWLYLW\
EDVHG VWDELOLW\ PHDVXUH ZDV SURSRVHG DQG LW LV VKRZQ

WKDW WKLV PHDVXUH LV EHWWHU WKDQ WKRVH GHULYHG XVLQJ WKH
SROH VHQVLWLYLWLHV�
7KH PDLQ REMHFWLYH LQ WKLV SDSHU LV WZR�IROG� 7KH

pUVW RQH LV WR GHULYH D SROH PRGXOXV VHQVLWLYLW\ EDVHG
VWDELOLW\ PHDVXUH IRU GLJLWDO pOWHUV DQG WR VWXG\ WKH
FRUUHVSRQGLQJ RSWLPDO UHDOL]DWLRQ SUREOHP� 7KH RS�
WLPDO VWUXFWXUHV DUH XVXDOO\ IXOO\ SDUDPHWUL]HG� ZKLFK
LQFUHDVHV WKH LPSOHPHQWDWLRQ FRPSOH[LW\� )URP D SUDF�
WLFDO SRLQW RI YLHZ� LW LV GHVLUHG WR LPSOHPHQW WKH GLJLWDO
pOWHU ZLWK VXFK D UHDOL]DWLRQ WKDW QRW RQO\ KDV D ODUJH
VWDELOLW\ UREXVWQHVV PHDVXUH EXW DOVR SRVVHVVHV DV PDQ\
WULYLDO SDUDPHWHUV�� 5HFHQWO\� WKH GLUHFW�IRUP ,, WUDQV�
SRVHG �'),,W� VWUXFWXUHV KDYH EHHQ VWXGLHG E\ VHYHUDO
DXWKRUV >�@�>��@� $ JHQHUDOL]HG '),,W VWUXFWXUH LQ GHOWD�
RSHUDWRU ZDV VWXGLHG LQ >��@� ZKHUH LW LV VKRZQ WKDW
VXFK D VWUXFWXUH� WKRXJK VLPSOH� KDV YHU\ QLFH QXPHUL�
FDO SURSHUWLHV� 0RWLYDWHG E\ >��@� D PRUH JHQHUDO '),,W
VWUXFWXUH ZDV GHULYHG EDVHG RQ WKH VR�FDOOHG SRO\QR�
PLDO RSHUDWRU DSSURDFK LQ >��@� 7KH VHFRQG REMHFWLYH
LQ WKLV SDSHU LV WR DQDO\VH WKH VWDELOLW\ EHKDYLRU RI WKLV
JHQHUDOL]HG '),,W VWUXFWXUH ZLWK WKH SURSRVHG VWDELOLW\
PHDVXUH DQG WKHQ pQG WKH RSWLPDO '),,W VWUXFWXUHV LQ
WHUPV RI PD[LPL]LQJ WKLV PHDVXUH�

�� &/$66,&$/ 32/( 6(16,7,9,7< %$6('
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/HW +�]� EH WKH WUDQVIHU IXQFWLRQ RI D GLVFUHWH�WLPH OLQ�
HDU WLPH�LQYDULDQW pOWHU RI RUGHU1 � DQG OHW �$�%�&� G�
EH D VWDWH VSDFH UHDOL]DWLRQ RI WKLV pOWHU� WKDW LV

[�W� ��  $[�W� �%X�W�

\�W�  &[�W� � GX�W�� ���

ZLWK +�]�  G�&�], b$�b�%� ,W LV ZHOO NQRZQ WKDW
WKH UHDOL]DWLRQV �$�%�&� G� VDWLVI\LQJ WKH DERYH HTXD�
WLRQ DUH QRW XQLTXH� WKH\ IRUP D UHDOL]DWLRQ VHW� GH�
QRWHG E\ 6+ � ,Q IDFW� �7

b�$7 � 7b�%� &7 � G� LV DOVR
D UHDOL]DWLRQ RI +�]� IRU DQ\ UHDO QRQVLQJXODU 7 �

� + HU H� WU LY LDO S DU DP HWHU V P HDQ WK RVH WK DW DU H ��h�� Z K LFK

FDQ E H LP S OHP HQ WHG H[ DFWO\ DQ G S U RG X FH Q R U RX Q G LQ J HU U RU V�
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:KHQ ��� LV LPSOHPHQWHG ZLWK pQLWH SUHFLVLRQ� WKH
ZHOO GHVLJQHG VWDEOH pOWHU PD\ EHFRPH XQVWDEOH VLQFH
VRPH RI WKH HLJHQYDOXHV RI WKH ):/ LPSOHPHQWHG $�
PDWUL[ PD\ JR RXWVLGH WKH XQLW FLUFOH� /HW $IZO  
$�c$ EH WKH ):/ LPSOHPHQWHG$�PDWUL[ ZLWK c$  
IcDOPJ WKH SHUWXUEDWLRQ PDWUL[� 'HQRWLQJ

z�c$�
�

 PD[
O�P

McDOPM� ���

RQH KDV WKH IROORZLQJ FODVVLFDO VWDELOLW\ UREXVWQHVV SURE�
OHP�

z��$�
�

 LQIIz�c$� � $�c$ LV XQVWDEOHJ� ���

,W LV YHU\ KDUG WR FRPSXWH z��$�� 7KLV LV VWLOO DQ RSHQ
SUREOHP�
'HQRWH y�0� WKH HLJHQYDOXH VHW RI D PDWUL[0 � WKHQ

WKH SROHV IyNJ RI +�]� DUH WKH HLJHQYDOXHV RI $� IyNJ  
y�$�� 7KH GHYLDWLRQ RI HDFK SROH LV SURSRUWLRQDO WR
WKH SROH VHQVLWLYLW\� ,Q >�@� XQGHU WKH DVVXPSWLRQ WKDW
$ PDWUL[ LV IXOO\ SDUDPHWUL]HG WKH IROORZLQJ VWDELOLW\
UHODWHG PHDVXUH ZDV DGRSWHG IRU FORVHG ORRS FRQWURO
V\VWHPV
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S
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ZKLFK FDQ EH FRQVLGHUHG DV D ORZHU ERXQG RI z��$��
ZKHUH
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 MM
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ZLWK MM�MM) GHQRWLQJ WKH )UREHQLXV QRUP�

MM0 MM�)  
P�Q;
L�M  �

M0�L� M�M�  WU�00 + �  WU�0 + 0��

ZKHUH WU��� GHQRWHV WKH WUDFH RSHUDWLRQ IRU DQ\ PDWUL[
0 � & PdQ�

8QOLNH z�� z� FDQ EH FRPSXWHG HDVLO\ ZLWK WKH SROH
VHQVLWLYLW\ HYDOXDWHG XVLQJ WKH IROORZLQJ ZHOO NQRZQ UH�
VXOW �VHH� H�J�� >�@� >�@��

7KHRUHP � � /HW IyNJ  y�$� DQG [N EH D ULJKW HLJHQ�
YHFWRU FRUUHVSRQGLQJ WR yN� 'HQRWH ;  �[� c c c [N
c c c [1 �� $VVXPH WKDW $ KDV D IXOO VHW RI OLQHDUO\

LQGHSHQGHQW HLJHQYHFWRUV DQG GHQRWH <
�

 ;b+  
�\� c c c \N c c c \1 � ZLWK + GHQRWLQJ WKH WUDQVSRVH�
FRQMXJDWH RSHUDWRU� WKHQ

�
#yN

#$
� 7  [N\

+

N � ���

ZKHUH 7 GHQRWHV WKH WUDQVSRVH RSHUDWRU�

/HW �$�%�&� EH REWDLQHG IURP WKH LQLWLDO UHDOL]D�
WLRQ �$�� %�� &�� � 6+ ZLWK VLPLODULW\ WUDQVIRUPDWLRQ
PDWUL[ 7 DQG [�N EH D ULJKW HLJHQYHFWRU DQG \�N� WKH
UHFLSURFDO OHIW HLJHQYHFWRU� RI $�� FRUUHVSRQGLQJ WR yN�
WKHQ

[N  7b�[�N� \N  7 7 \�N ���

DUH D ULJKW HLJHQYHFWRU DQG WKH UHFLSURFDO OHIW HLJHQYHF�
WRU RI $� UHVSHFWLYHO\� 7KHUHIRUH� GLoHUHQW UHDOL]DWLRQV�
WKRXJK KDYLQJ WKH VDPH SROHV� KDYH GLoHUHQW SROH VHQVL�
WLYLW\ PHDVXUHV DQG KHQFH GLoHUHQW VWDELOLW\ PHDVXUHV
z�� )URP D VWDELOLW\ SRLQW RI YLHZ� LW LV GHVLUHG WR
LPSOHPHQW WKH pOWHU XVLQJ D UHDOL]DWLRQ WKDW KDV WKH
PD[LPDO z�� ,W ZDV VKRZQ �VHH� H�J�� >�@� >�@� WKDW kN
LV ERXQGHG IURP EHORZ E\ RQH DQG WKDW WKLV ERXQG LV
DFKLHYHG IRU DOO N  �� �� ���� 1 LI DQG RQO\ LI $ LV QRUPDO
�L�H�� $$7  $7 $�� ZKLFK LV HTXLYDOHQWO\ WR

\N  MM[NMMb�

) [N� ���

7KDW PHDQV WKDW DOO QRUPDO UHDOL]DWLRQV DFKLHYH WKH
PD[LPDO z�� ,Q >�@� DQ DQDO\WLFDO H[SUHVVLRQ ZDV JLYHQ
IRU WKH VLPLODULW\ WUDQVIRUPDWLRQV 7 WKDW WUDQVIRUP $�

WR QRUPDO $  7b�$�7 �

�� $ 1(: 67$%,/,7< 5(/$7(' 0($685(
$1' 0,1,0,=$7,21

:LWK D pUVW RUGHU DSSUR[LPDWLRQ� WKH GHYLDWLRQ RI WKH
PRGXOXV RI yN FDQ EH HYDOXDWHG ZLWK
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;
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#MyNM
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ZKLFK OHDGV WR

McMyNMM x 1
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&OHDUO\� WKH NWK SROH LV LQVLGH WKH XQLW FLUFOH LI
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M
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7KHUHIRUH� ZH KDYH WKH IROORZLQJ ORZHU ERXQG RI z�
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DQG LW FDQ EH VKRZQ WKDW

#MyNM
#$
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MyNM
5H>ye

N

#yN

#$
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5HPDUN� ,W LV HDV\ WR VHH WKDW IRU D JLYHQ UHDOL]DWLRQ
jN x kN DQG KHQFH z��$� y z��$�� ZKLFK PHDQV
z��$� LV OHVV FRQVHUYDWLYH WKDQ z��$��

/HW yN  yUN�My
L
N� [N  [UN�M[

L
N DQG \N  \UN�M\

L
N�

:LWK VRPH PDQLSXODWLRQV� RQH FDQ VKRZ

�
#MyNM
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�7  MyNMb�IyUN>[
U
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U 7
N � [LN\

L 7
N @

�yLN>[
L
N\

U 7
N b [UN\

L7
N @J

�

 4N� ����

,W IROORZV IURP ��� WKDW 4N  7b�4�
N7 � ZKHUH 4

�
N LV

JLYHQ E\ ���� EXW FRUUHVSRQGLQJ WR [�N DQG \
�
N�

,W WXUQV RXW WKDW

jN  WU�3b�4�
N34

�7
N �� 3  77 7 � ����

/LNH z�� z� LV D IXQFWLRQ RI 7 RU HTXLYDOHQWO\ RI 3 �
7KHUHIRUH� ZH KDYH WKH IROORZLQJ RSWLPDO VWDELOLW\ UHDO�
L]DWLRQ SUREOHP�

PD[
3!�

z�� ����

)LUVW RI DOO� OHW XV FRQVLGHU WKH IROORZLQJ RSWLPDO
SROH VHQVLWLYLW\ PLQLPL]DWLRQ SUREOHP�

PLQ
3  77 7 !�

jN� ����

7KH QHFHVVDU\ FRQGLWLRQ IRU VROXWLRQV WR ���� LV #jN
#3

 

�� 1RWLQJ #0 b �

#Z
 b0b� #0

#Z
0b�� ZKHUH WKH QRQ�

VLQJXODU PDWUL[0 LV D IXQFWLRQ RI YDULDEOH Z� LW FDQ EH
VKRZQ ZLWK VRPH PDQLSXODWLRQV WKDW

#jN

#3
 4�7

N 3b�4�
N b 3b�4�

N34
�7
N 3b�� ����

%DVHG RQ WKH DERYH� ZH FDQ SUHVHQW RQH RI RXU PDLQ
UHVXOWV WR EH JLYHQ LQ 7KHRUHP �� 7R SURYH WKLV WKHR�
UHP� ZH QHHG WKH IROORZLQJ WHFKQLFDO OHPPD�

/HPPD � � /HW ; EH D ULJKW HLJHQYHFWRU PDWUL[ RI $ �
51d1 � DQG <  ;b+ � WKH UHFLSURFDO OHIW HLJHQYHFWRU
PDWUL[� ,I yN LV FRPSOH[� WKHQ WKH FRUUHVSRQGLQJ [N  
[UN � M[LN DQG \N  \UN � M\LN VDWLVI\

[U 7N \UN  [L7N \LN  
�

�

[U 7N \LN  [L7N \UN  �� ����

3URRI� )URP ; + <  ,� RQH KDV [+N \N  �� ZKLFK
OHDGV WR

[U 7N \UN � [L 7N \LN  �

[U 7N \LN b [L 7N \UN  � ����

6LQFH $ LV UHDO DQG yN LV FRPSOH[� WKHUH H[LVWV N� � 
N VXFK WKDW [N�  [eN  [UN b M[LN� ,W WKHQ IROORZV IURP
[+N�\N  � WKDW

[U 7N \UN b [L 7N \LN  �

[U 7N \LN � [L 7N \UN  � ����

7KH OHPPD IROORZV IURP ���� DQG �����

1RZ� ZH FDQ SUHVHQW RXU PDLQ UHVXOW�

7KHRUHP � � 7KH QRUPDO UHDOL]DWLRQV DUH VROXWLRQV WR
����� IRU ZKLFK

jN  

~
� LI yN LV UHDO
�

�
LI yN LV FRPSOH[

����

3URRI� )LUVW RI DOO� OHW XV WDNH D QRUPDO UHDOL]DWLRQ DV
WKH LQLWLDO UHDOL]DWLRQ� $FFRUGLQJ WR ���� ZH KDYH \�N  
MM[�NMM

b�

) [�N� ,Q RUGHU WR DYRLG FRPSOLFDWHG QRWDWLRQV� LQ
WKH SURRI ZH GURS WKH VXSHUVFULSW ?��� ZKLFK LQGLFDWHV
WKH LQLWLDO UHDOL]DWLRQ�
,I yN LV UHDO� WKHUH H[LVWV [N ZKLFK LV DOVR UHDO� 7KHQ

ZLWK ���� ZH KDYH 4N  
yN
MyNM

MM[NMMb�

) [N[
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N � &OHDUO\�

4N4
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N  47

N 4N� ZKLFK PHDQV
#jN
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M3  ,  �� WKDW LV�
WKH QRUPDO UHDOL]DWLRQV DUH VROXWLRQV WR ����� $QG jN  
WU�4N4
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N �  ��
,I yN LV FRPSOH[� LW IROORZV IURP ����� ���� DQG \N  

MM[NMMb�

) [N WKDW
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IURP ZKLFK RQH REWDLQV ZLWK GLUHFW FRPSXWDWLRQ
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DQG jN  
�

�
� 7KH IRUPHU LPSOLHV #jN

#3
M3  ,  �� WKDW LV�

WKH QRUPDO UHDOL]DWLRQV DUH VROXWLRQV WR �����

7KHUHIRUH� QRUPDO UHDOL]DWLRQV DUH VROXWLRQV WR �����
,W VKRXOG EH SRLQWHG RXW WKDW WKH RSWLPDO UHDOL]DWLRQV
DUH XVXDOO\ IXOO\ SDUDPHWUL]HG� ,Q WKH QH[W VHFWLRQ� ZH
ZLOO DQDO\VH WKH VWDELOLW\ EHKDYLRU RI WKH JHQHUDOL]HG
GLUHFW�IRUP ,, WUDQVSRVHG VWUXFWXUH WKDW ZDV SURSRVHG
LQ >�@�>��@�
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�� 67$%,/,7< $1$/<6,6 2) 7+(
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7KH JHQHUDOL]HG '),,W VWUXFWXUH ZLWK SRO\QRPLDO RSHU�
DWRUV ZDV VWXGLHG LQ >��@� ZKHUH WKH NWK VKLIW RSHUDWRU
]b� LQ WKH WUDGLWLRQDO '),,W VWUXFWXUH ZDV UHSODFHG E\
c N
]bqN

ZLWK IcNJ WR DFKLHYH WKH O��VFDOLQJ WR DYRLG RYHU�
qRZ RVFLOODWLRQ DQG qN WDNLQJ YDOXHV IURP Ib�� �� �J�
7KLV JHQHUDOL]HG '),,W LV WKH r'),,W VWUXFWXUH LQ >��@
ZKHQ qN  �� �N�
,W FDQ EH VKRZQ WKDW WKH HTXLYDOHQW VWDWH�VSDFH UH�

DOL]DWLRQ RI WKLV VWUXFWXUH LV VSDUVH DQG WKH HOHPHQWV
RI WKH $�PDWUL[� GHQRWHG DV $~� DUH DOO ]HURV H[FHSW
$~��� ��  q� bc�o� DQG $~�P� ��  bc�oP� $~�P�
P� ��  cP � �� $~�P�P�  qP IRU P  �� c c c � 1 �
1RWLQJ WKDW IqNJ FDQ EH LPSOHPHQWHG H[DFWO\� WKH

SROHV DUH DoHFWHG E\ ):/ HUURUV RI WKH SDUDPHWHUV
IoN�cNJ� 6R� WKH FRUUHVSRQGLQJ VWDELOLW\ PHDVXUH LV
JLYHQ E\
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7R HYDOXDWH WKH DERYH z�� RQH KDV WR FRPSXWH
#MyNM

#oP

DQG #MyNM

#c P
� 'HQRWH HN DV WKH NWK HOHPHQWDU\ �FROXPQ�

YHFWRU ZKRVH HOHPHQWV DUH DOO ]HUR H[FHSW WKH NWK RQH
ZKLFK LV �� ,W LV HDV\ WR VHH WKDW
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#oP
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H�c�� P  �� c c c � 1
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 H7Pb�

#yN

#$~

HP�P  �� ���� 1

#yN

#c�

 b�o� c c c o1 �
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H�� ����

)RU D JLYHQ GLJLWDO pOWHU DQG D p[HG VHW IqNJ ZLWK
qN � Ib�� �� �J� RQH FDQ FRPSXWH IoNJ DQG KHQFH WKH
FRUUHVSRQGLQJ O��VFDOLQJ IDFWRUV IcNJ ZLWK WKH SURFH�
GXUH LQ >��@� :LWK #yN

#$~
HYDOXDWHG ZLWK ���� RQH FDQ

FRPSXWH z� XVLQJ ����� 7KH LQWHUHVWLQJ SUREOHP LV WR
PD[LPL]H z� ZLWK UHVSHFW WR IqNJ�

PD[
IqNJ

z�� ����

7KLV SUREOHP FDQ EH VROYHG XVLQJ H[KDXVWLYH VHDUFKLQJ
PHWKRG�

�� 180(5,&$/ (;$03/(6 $1' 6,08/$7,216

6HYHUDO QXPHULFDO H[DPSOHV DQG VLPXODWLRQV DUH SHU�
IRUPHG WR LOOXVWUDWH WKH GHVLJQ SURFHGXUH� 'XH WR WKH
OLPLWHG VSDFH� WKH\ ZLOO EH SUHVHQWHG RQ WKH FRQIHUHQFH�

�� 5()(5(1&(6

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

>�@ 5� (� 6NHOWRQ DQG '� $� :DJLH� C0LQLPDO URRW
VHQVLWLYLW\ LQ OLQHDU V\VWHPV�
 -� *XLGDQFH &RQWU��
9RO� �� SS� �������� 6HSWHPEHU�2FWREHU �����

>�@ *� /L� ?2Q 3ROH DQG =HUR 6HQVLWLYLW\ RI /LQHDU
6\VWHPV�� ,((( 7UDQV� RQ &LUFXLWV DQG 6\VWHPV
,� YRO� ��� QR� �� SS� �������� -XO\� �����

>�@ *� /L� ?2Q 7KH 6WUXFWXUH RI 'LJLWDO &RQWUROOHUV
ZLWK )LQLWH :RUG /HQJWK &RQVLGHUDWLRQ�� ,(((
7UDQV� RQ $XWRPDWLF &RQWURO� YRO� ��� QR� �� SS�
�������� 0D\� �����

>�@ -XQ :X� 6KHQJ &KHQ� *� /L� 5�+� ,VWHSDQLDQ�
DQG -LDQ &KX� ?$Q LPSURYHG FORVHG�ORRS VWDELOLW\
UHODWHG PHDVXUH IRU pQLWH�SUHFLVLRQ GLJLWDO FRQ�
WUROOHU UHDOL]DWLRQV�� ,((( 7UDQV� RQ $XWRPDWLF
&RQWURO� YRO� ��� QR� �� SS� ���������� -XO�� �����

>�@ 6� &KHQ� -� :X� 5�+� ,VWHSDQLDQ DQG -� &KX�
?2SWLPL]LQJ VWDELOLW\ ERXQGV RI pQLWH�SUHFLVLRQ
3,' FRQWUROOHU VWUXFWXUHV�� ,((( 7UDQV� RQ $X�
WRPDWLF &RQWURO� YRO� ��� QR� ��� SS� ����������
1RY� �����

>�@ 1� :RQJ DQG 7�6� 1J� ?5RXQGRo QRLVH PLQLPL]D�
WLRQ LQ D PRGLpHG GLUHFW IRUP GHOWD RSHUDWRU ,,5
VWUXFWXUH�� ,((( 7UDQV� RQ &LUFXLWV DQG 6\VWHPV
� ,,� 9RO� ��� SS� ���������� 'HF� �����

>�@ -� .DXUDQLHPL� 7�,� /DDNVR� ,� +DUWWLPR� DQG 6�-�
2YDVND� ?5RXQGRo QRLVH PLQLPL]DWLRQ LQ D GLUHFW
IRUP GHOWD RSHUDWRU VWUXFWXUH�� LQ 3URF� ,(((
,QW� $FRXVW�� 6SHHFK� DQG 6LJQDO 3URFHVVLQJ� $W�
ODQWD� *$� 0D\� �����

>�@ -� .DXUDQLHPL� 7�,� /DDNVR� ,� +DUWWLPR� DQG
6�-� 2YDVND � ?'HOWD RSHUDWRU UHDOL]DWLRQV RI
GLUHFW�IRUP ,,5 pOWHUV�� ,((( 7UDQV� &LUFXLWV DQG
6\VWHPV�,,� 9RO� ��� SS� ������ -DQ� �����

>��@ 1� :RQJ DQG 7�6� 1J� ?$ JHQHUDOL]HG GLUHFW�
IRUP GHOWD RSHUDWRU�EDVHG ,,5 pOWHU ZLWK PLQL�
PXP QRLVH JDLQ DQG VHQVLWLYLW\�� ,((( 7UDQV� RQ
&LUFXLWV DQG 6\VWHPV � ,,� 9RO� ��� SS� ��������
$SULO �����

>��@ *� /L� ?$ SRO\QRPLDO RSHUDWRU EDVHG '),,W VWUXF�
WXUH IRU ,,5 pOWHUV�� VXEPLWWHG WR ,((( 7UDQV� RQ
&LUFXLWV DQG 6\VWHPV � ,,� �����
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