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(VWLPDWLRQ RI FRPSOH[LW\ LV RI JUHDW LQWHUHVW LQ
QRQOLQHDU VLJQDO DQG V\VWHP DQDO\VLV� ,Q WKH SUHVHQW
VWXG\� FRPSOH[LW\ PHDVXUHV GHULYHG IURP WKH 6KDQ�
QRQ HQWURS\� WKH +DUYGD�&KDUYDW�'DUwRYF]\�7VDOOLV
DQG WKHLU FRUUHVSRQGLQJ LQIRUPDWLRQ DUH SUHVHQWHG�
7KH SHUIRUPDQFH RI WKH SURSRVHG PHDVXUHV LQ WKH
SUHVHQFH RI FKDQJLQJ FRPSOH[LW\ ZHUH HYDOXDWHG
WKURXJK QXPHULFDO H[SHULPHQWV� $Q DSSOLFDWLRQ
ZLWK UHDO GDWD �HOHFWURHQFHSKDORJUDPV� LV SUHVHQWHG�
7KH DQDO\VLV ZHUH FRPSDUHG DJDLQVW FODVVLFDO WHFK�
QLTXHV �=LY DQG /HPSHO� $SSUR[LPDWH HQWURS\� /\D�
SXQRY H[SRQHQWV�� 7KH UHVXOWV REWDLQHG VKRZHG
WKDW WKH HQWURSLF DSSURDFK DOORZV WR GLVFHUQ LQ D
VLPLODU TXDOLWDWLYH IDVKLRQ WKH FRPSOH[LW\ FKDQJHV�
ZLWK PXFK OHVV FRPSXWDWLRQDO FRVW�

�� ,1752'8&7,21

,Q WKH VWXG\ RI QRQOLQHDU G\QDPLFDO V\VWHPV ZH RI�
WHQ GHDO ZLWK H[SHULPHQWDO GDWD ZKHUH WKH XQGHU�
O\LQJ G\QDPLFV LV QRW ZHOO NQRZQ� 0RVW RI WKHP
SUHVHQW D ULFK YDULHW\ RI VHOI�RVFLOODWLQJ UHJLPHV
WKDW LQYROYH HLWKHU UHJXODU RU FRPSOH[ EHKDYLRU >�@�

7KH DOJRULWKP FRPSOH[LW\ IRU VHTXHQFHV RI p�
QLWH OHQJWK ZDV VXJJHVWHG E\ =LY DQG /HPSHO� DQG
LW LV UHODWHG ZLWK WKH QXPEHU RI GLVWLQFW VXEVWULQJV
DQG WKH UDWH RI WKHLU UHFXUUHQFH DORQJ WKH JLYHQ VH�
TXHQFH >�@� =LY�/HPSHO �/=� FRPSOH[LW\ FDQ EH D
pQHU PHDVXUH WKDQ WKH /\DSXQRY H[SRQHQWV IRU
FKDUDFWHUL]LQJ RUGHU� $QRWKHU PHDVXUH RI FRP�
SOH[LW\ �UHJXODULW\� LV WKH $SSUR[LPDWH (QWURS\
�$S(Q� >��@ WKDW DOORZV FRPSOH[ V\VWHP FODVVLp�
FDWLRQ� ,W LV ZHOO NQRZQ LWV DELOLW\ WR TXDQWLI\

FRPSOH[LW\ ZLWK D UHGXFHG DPRXQW RI GDWD SRLQW
DOWKRXJK LW UHTXLUHV D UHODWLYH KLJK FRPSXWDWLRQDO
EXUGHQ� /= FRPSOH[LW\ DQG $S(Q DUH QRW PHD�
VXUHV RI FKDRV EXW WKH\ TXDQWLI\ WKH UHJXODULW\ HP�
EHGGHG LQ WKH WLPH VHULHV�

7KH UHQRUPDOL]HG HQWURS\� RSSRVLWH WR RWKHU
FRPSOH[LW\ PHDVXUHV� LV GHpQHG UHODWLYH WR D p[HG
VWDWH DQG KDV EHHQ XVHG WR LQGLFDWH DOO WUDQVLWLRQV
IURP SHULRGLF WR FKDRWLF EHKDYLRU DV ZHOO DV EH�
WZHHQ GLoHUHQW W\SHV RI FKDRV >��@� %DVLFDOO\ LW LV
WKH .XOOEDFN ,QIRUPDWLRQ UHVSHFW WR D VWDWH ZLWK
D JLYHQ YDOXH RI HoHFWLYH HQHUJ\� 7KH PDLQ GLV�
DGYDQWDJH RI WKLV WHFKQLTXH� DV PRVW RI WKH XVXDO
FRPSOH[LW\ PHDVXUHV �FRUUHODWLRQ GLPHQVLRQ� /\D�
SXQRY H[SRQHQWV�� LV WKH ODUJH DPRXQW RI GDWD UH�
TXLUHG IRU WKHLU HVWLPDWLRQ�

6HYHUDO QRWLRQV RI HQWURS\ KDYH EHHQ XVHG WR
FKDUDFWHUL]H WKH RUGHU GHJUHH LQ RUGLQDU\ GLoHU�
HQWLDO RU GLoHUHQFH HTXDWLRQV� 7KH DSSOLFDWLRQ RI
TXDQWLWDWLYH PHDVXUHV IRU WKH DQDO\VLV RI VXFK VLJ�
QDOV KDV KHOSHG WR JDLQ EHWWHU XQGHUVWDQGLQJ RI
WKH V\VWHP G\QDPLFV >��@� 7KH FODVVLFDO 6KDQQRQ
HQWURS\� ZKLFK FRPHV IURP LQIRUPDWLRQ WKHRU\� GH�
VFULEHV WKH HYROXWLRQ RI RUGHU� ,Q WKLV VWXG\� WKH
6KDQQRQ HQWURS\ DQG WKH PRUH JHQHUDO +DUYGD�
&KDUYDW�'DUwRYF]\�7VDOOLV >�� �� ��@ �T�HQWURSLHV�
DQG WKHLU FRUUHVSRQGLQJ UHODWLYH LQIRUPDWLRQV DUH
SUHVHQWHG DV FRPSOH[LW\ PHDVXUH HVWLPDWRUV� :H
FRPSDUH WKH 6KDQQRQ� �T�HQWURSLHV� DQG WKHLU LQ�
IRUPDWLRQ PHDVXUHV DJDLQVW WKH /=� $S(Q DQG /\D�
SXQRY H[SRQHQWV� 6RPH H[DPSOHV RI NQRZQ QRQ�
OLQHDU V\VWHPV DQG WKH DQDO\VLV RI UHDO GDWD DUH
SUHVHQWHG�
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,Q WKLV VHFWLRQ ZH ZLOO EULHq\ UHYLHZ WKH FRPSOH[�
LW\ PHDVXUHV FRQVLGHUHG LQ WKLV VWXG\� )RU PRUH
FRPSUHKHQVLYH GLVFXVVLRQV� VHH H�J� >�� �� �� ��� ��@�

���� $SSUR[LPDWHG (QWURS\ �$S(Q�

7KH DSSUR[LPDWHG HQWURS\ FDQ FODVVLI\ D V\VWHP
JLYHQ DW OHDVW ���� GDWD YDOXHV LQ GLYHUVH VHWWLQJV
ERWK GHWHUPLQLVWLF� FKDRWLF DQG VWRFKDVWLF SURFHVVHV�
7KH FDSDELOLW\ WR GLVFHUQ FKDQJLQJ FRPSOH[LW\ IURP
VXFK UHODWLYHO\ VPDOO DPRXQW RI GDWD KROGV SURPLVH
IRU DSSOLFDWLRQ RI $S(Q WR D YDULHW\ RI FRQWH[WV�
*LYHQ D pQLWH WLPH VHULHV X���� X���� � � � � X�1�
DQG D p[ SRVLWLYH LQWHJHU P DQG U D SRVLWLYH UHDO
QXPEHU ZH FRQVLGHUHG WKH HPEHGGLQJ YHFWRUV [���� � � � � [�1b
P��� LQ ,5P� ZKHUH [�M�  >X�M�� X�M���� � � � � X�M�
Pb��@W� )RU HDFK L� � x L x 1 bPb� &P

L �U�  �
QXPEHU RI M x 1bP�� VXFK WKDW G�[�L�� [�M�� x
U� �1bP���� ZKHUH G�[�L�� [�M�� LV WKH O� QRUP�
'HpQH
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$V SURSRVHG LQ >�@� WKH FRPSOH[LW\ RI D pQLWH VH�
TXHQFH FDQ EH HYDOXDWHG IURP WKH SRLQW RI YLHZ RI D
VLPSOH VHOI GHOLPLWLQJ OHDUQLQJ PDFKLQH ZKLFK� DV LW
VFDQV D JLYHQ1 �GLJLWV VHTXHQFH X  X���� � � � � X�1�
IURP OHIW WR ULJKW� DGGV D QHZ ZRUG WR LWV PHPRU\
HYHU\ WLPH LW GLVFRYHUV D VXEVWULQJ RI FRQVHFXWLYH
GLJLWV QRW SUHYLRXVO\ HQFRXQWHUHG� 7KH VL]H RI WKH
FRPSLOHG YRFDEXODU\ DQG WKH UDWH DW ZKLFK QHZ
ZRUGV DUH HQFRXQWHUHG DORQJ X VHUYH DV WKH EDVLF
LQJUHGLHQWV LQ WKH /= FRPSOH[LW\ HYDOXDWLRQ�

���� (QWURSLHV

*LYHQ D VLJQDO X ZH FDQ GHpQHG LWV 6KDQQRQ HQ�
WURS\ DV >��@�

+  b
0;
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ZKHUH SL LV WKH SUREDELOLW\ WKDW WKH VLJQDO EHORQJV
WR D FRQVLGHUHG LQWHUYDO DQG ZLWK WKH XQGHUVWDQG�
LQJ WKDW� S OQ�S�  � LI S  �� 7KH HQWURS\ +
LV D PHDVXUH RI WKH LQIRUPDWLRQ QHHGHG WR ORFDWH
D V\VWHP LQ D FHUWDLQ VWDWH Me� LW PHDQV WKDW +
LV D PHDVXUH RI RXU LJQRUDQFH DERXW WKH V\VWHP�
7KH +DUYGD�&KDUYDW�'DUwRYF]\�7VDOOLV >�� �� ��@ T�
HQWURS\� WKDW GHSHQGV RQ D VLQJOH UHDO SDUDPHWHU
T� UHDGV DV

+T  �T b ��b�
0;
L �

>SL b �SL�
T@� ���

���� 5HODWLYH HQWURSLHV

7KH HQWURS\ RI D UDQGRP YDULDEOH �UY� LV D PHD�
VXUH RI WKH XQFHUWDLQW\ RI WKH UY� LW LV D PHDVXUH RI
WKH DPRXQW RI LQIRUPDWLRQ UHTXLUHG RQ WKH RYHU�
DJH WR GHVFULEH WKH UY� 7KH UHODWLYH HQWURS\ LV
D PHDVXUH RI WKH GLVWDQFH EHWZHHQ WZR GLVWULEX�
WLRQV� 7KH UHODWLYH HQWURS\ �RU .XOOEDFN^/HLEHU
GLVWDQFH� '�I MJ� EHWZHHQ WZR SUREDELOLW\ GHQVL�
WLHV I DQG J LV GHpQHG E\ >�@�
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;
[

I�[� OQ
I�[�

J�[�
� ���

ZKHUH ZH XVH WKH FRQYHQWLRQ WKDW \ OQ�\�  � LI
\  �� ,Q WKH T�HQWURSLHV FDVH� IRU T � � DQG
T � ,5 WKH FRUUHVSRQGLQJ UHODWLYH T�HQWURSLHV DUH
JLYHQ E\ >��@�
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7KH .XOOEDFN GLYHUJHQFH .'LY�I MJ� EHWZHHQ WZR
SUREDELOLW\ GHQVLWLHV I DQG J LV GHpQHG E\ >�@�

.'LY�I MJ�  '�I MJ�b'�JMI�� ���
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,Q RUGHU WR FRPSDUH WKH SHUIRUPDQFH RI WKH FRP�
SOH[LW\ PHDVXUHV SUHYLRXVO\ GHVFULEHG� ZH SUHVHQW
QXPHULFDO VLPXODWLRQV ZLWK QRQOLQHDU G\QDPLFDO
V\VWHPV DQG HOHFWURHQFHSKDORJUDPV �((*� VLJQDOV�
7KH FHQWUDO LGHD RI WKH HQWURSLF DQDO\VLV LV WKDW RI



3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4
0

0.5

1

a

x(
a)

3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4
0

0.2

0.4

0.6

0.8

A
pE

n(
a)

3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4
0

50

100

150

LZ
(a

)

a

)LJXUH �� 7KH TXDGUDWLF PDS� [�Q � ��  
D[�Q��� b [�Q��� HYDOXDWHG DW 1  ���� SRLQWV�
7KH ELIXUFDWLRQ GLDJUDP RI WKH TXDGUDWLF PDS
�WRS�� WKH $S(Q �PLGGOH� DQG WKH /= �ERWWRP�
DUH SORWWHG DV IXQFWLRQV RI WKH SDUDPHWHU D�

3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4
−3

−2

−1

0

1

λ 
1 (

a)

3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4
0

0.5

1

1.5

H
(a

)

3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4
0

5

10

15

H
q(a

)

a

)LJXUH �� 7KH /\DSXQRY H[SRQHQW �WRS SDQHO��
6KDQQRQ HQWURS\ �PLGGOH� DQG T�HQWURS\ �ORZHU
SORW� RI WKH TXDGUDWLF PDS VLJQDO FRUUHVSRQGLQJ
WR GLoHUHQW D�SDUDPHWHU YDOXHV�

3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4
−0.5

0

0.5

1

1.5

K
L(

a)

3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4
−0.4

−0.2

0

0.2

0.4

K
D

iv
(a

)

3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4
0

0.5

1

qD
(a

)

a

)LJXUH �� .XOOEDFN UHODWLYH HQWURS\ �WRS�� .XOO�
EDFN GLYHUJHQFH �PLGGOH� DQG T�GLYHUJHQFH �ERW�
WRP� RI WKH TXDGUDWLF PDS VLJQDO FRUUHVSRQGLQJ
WR GLoHUHQW D�SDUDPHWHU YDOXHV�

EHLQJ LQ D SRVLWLRQ WR JHQHUDWH� IURP D JLYHQ QRQ�
OLQHDU VLJQDO� D VXLWDEOH SUREDELOLW\ VHW� 2QFH WKH
SUREDELOLWLHV DUH GHWHUPLQHG� WKH HQWURSLHV DQG LQ�
IRUPDWLRQ PHDVXUHV DUH FRPSXWHG DFFRUGLQJ WR WKH
SHUWLQHQW GHpQLWLRQV� 7KH DOJRULWKPV KDYH EHHQ
LPSOHPHQWHG LQ 0DWODE ����

)LJXUH � VKRZV DW WKH WRS SDQHO WKH TXDGUDWLF
PDS ELIXUFDWLRQ GLDJUDP ZLWK D SDUDPHWHU D �
>���� �@� 7KH PLGGOH SDQHO SORW WKH $S(Q HYDOX�
DWHG RYHU ���� VDPSOHV FRUUHVSRQGLQJ WR HDFK SD�
UDPHWHU YDOXHV UHPRYLQJ WKH WUDQVLHQW EHKDYLRU�
7KH /= �)LJXUH � ERWWRP�� /\DSXQRY H[SRQHQW
�)LJXUH � WRS�� 6KDQQRQ HQWURS\ �)LJXUH � PLG�
GOH� DQG T�HQWURS\ �)LJXUH � ERWWRP� ZHUH HYDOX�
DWHG FRQVLGHULQJ WKH VDPH VLJQDOV� ,Q WKH FDVH RI
WKH UHODWLYH PHDVXUHV �)LJXUH �� ZH KDYH FRQVLG�
HUHG ZLQGRZV RI WKH VDPH OHQJWK DQG FRQVHFXWLYH
SDUDPHWHU YDOXHV�

6RPH SK\VLRORJLFDO V\VWHPV EHKDYH LQ D QRQ�
OLQHDU FKDRWLF IDVKLRQ DQG GLoHUHQW PHWKRGV KDYH
EHHQ GHYHORSHG WR HVWLPDWH WKH FRPSOH[LW\ RI VXFK
EHKDYLRU� $Q H[DPSOH RI UHDO GDWD FRUUHVSRQGLQJ
WR HSLOHSWLF ((* VLJQDO LV SUHVHQWHG� 6RPH DX�
WKRUV KDYH VKRZQ WKDW WKH YDULDELOLW\ RI WKH ((*
VLJQDOV GRHV QRW UHSUHVHQW QRLVH EXW LV WKH VLJQD�
WXUH RI DQ DWWUDFWRU >�� �@� ,DVHPLGLV HW DO� >�@ KDYH
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)LJXUH �� ((* VLJQDO �WRS� FRUUHVSRQGLQJ WR DQ
HSLOHSWLF VHL]XUH� $W WKH PLGGOH DQG EXWWRQ SDQ�
HOV WKH SORWV RI WKH HQWURS\ DQG T�HQWURS\ HYROX�
WLRQV HYDOXDWHG IRU DGMDFHQW UXQQLQJ ZLQGRZV RI
��� VDPSOHV�

HVWDEOLVKHG WKDW� GXULQJ WKH SUHLFWDO SHULRG� VLJ�
QDOV IURP HDFK HOHFWURGH H[KLELW SRVLWLYH YDOXHV RI
WKH pUVW /\DSXQRY H[SRQHQW �y��� ZLWK PXOWLSOH
WUDQVLHQW GURSV� DW WKH RQVHW RI WKH VHL]XUH� VLJQDOV
VKRZ D GURS LQ y� WR LWV ORZHVW YDOXH�

7KH ((* UHFRUG KHUH SUHVHQWHG FRUUHVSRQG WR
D SDWLHQW H[SORUHG ZLWK �� PXOWL OHDG HOHFWURGHV�
7KH DQDO\VLV RI LQWHULFWDO DQG LFWDO GDWD LV XVXDOO\
RI YLVXDO QDWXUH� 7KH VLJQDOV ZHUH DPSOLpHG DQG
pOWHUHG XVLQJ D ���� +] EDQG�SDVV pOWHU� $ IRXU�
SROH %XWWHUZRUWK pOWHU ZDV XVHG DV DQ DQWL�DOLDVLQJ
pOWHU� 7KH ((* ZDV VDPSOHG DW ��� +] WKURXJK D
�� ELWV $�' FRQYHUWHU�

)LJXUH � �WRS� GHSLFWV WKH UDZ ((* GDWD� 7KH
PLGGOH DQG ERWWRP SDQHOV SORWV WKH HQWURS\ DQG
T�HQWURS\ HYROXWLRQV HYDOXDWHG IRU DGMDFHQW QRQ�
RYHUODSSHG UXQQLQJ ZLQGRZV� $OO WKH H[SHULPHQWV
ZHUH SHUIRUPHG ZLWK D ZLQGRZ ZLGWK RI ��� VDP�
SOHV� 7KH $S(Q DQG =LY�/HPSHO FRPSOH[LW\ �ERW�
WRP� DUH SUHVHQWHG LQ )LJXUH �� 7KH UHVXOWV RI
HYDOXDWLQJ WKH .XOOEDFN UHODWLYH HQWURS\� .XOOEDFN
GLYHUJHQFH DQG T�GLYHUJHQFH DUH SUHVHQWHG LQ )LJ�
XUH �� $W WKH VHL]XUH RQVHW WKDW DSSHDUV LQ WKH
LQLWLDO VWDJHV DV WUDQVLHQWV LQ WKH GDWD� LWV FRPSOH[�
LW\ LV KLJKHU WKDQ EDVDO VWDWH DV LW ZDV H[SHFWHG�
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)LJXUH �� $SSUR[LPDWHG HQWURS\ �WRS� DQG =LY�
/HPSHO FRPSOH[LW\ �ERWWRP� HYROXWLRQV FRUUH�
VSRQGLQJ WR WKH ((* VLJQDO VKRZQ LQ )LJXUH ��
HYDOXDWHG IRU DGMDFHQW UXQQLQJ ZLQGRZV RI ���
VDPSOHV�

$V WKH VHL]XUH SURJUHVVHV� WKH VLJQDO DSSHDUV WR EH
PRUH UHJXODU� DQG WKXV� WKH FRPSOH[LW\ FKDQJH LQ
D FRPSDUDWLYH VHQVH� $W WKH HQG RI WKH VHL]XUH�
WUDQVLHQWV DUH REVHUYHG DJDLQ�

,W LV NQRZQ WKH FDSDELOLW\ RI WKH $S(Q WR GLV�
FHUQ FKDQJLQJ FRPSOH[LW\ IRU UHODWLYH VPDOO DPRXQW
RI GDWD DQG LW ZDV REVHUYHG LQ WKH H[DPSOHV� +RZ�
HYHU� WKH HQWURSLHV WLPH HYROXWLRQ� DOORZHG WR HV�
WDEOLVK D VXLWDEOH DJUHHPHQW ZLWK WKH UHVXOWV RE�
WDLQHG HLWKHU ZLWK $S(Q DQG /= PHDVXUHV ZLWK
D PXFK OHVV FRPSXWDWLRQDO FRVW� 2XU DSSURDFK
DOORZV QRW RQO\ WR GLVFHUQ LQ D VLPLODU TXDOLWD�
WLYH IDVKLRQ WKH FRPSOH[LW\ FKDQJHV� EXW DOVR� E\
PHDQV RI WKH PXOWLUHVROXWLRQ HQWURS\ >��� �@� IUH�
TXHQF\ EDQGV RI GLoHUHQW FRPSOH[LW\ FRXOG EH HV�
WDEOLVKHG� 0XOWLUHVROXWLRQ DQDO\VLV DOORZV WKH SRV�
VLELOLW\ RI LQWURGXFLQJ D GLoHUHQW� DQG SHUKDSV PRUH
HODERUDWH� LQIRUPDWLRQ PHDVXUH� WKDW QDWXUDOO\ LQ�
FRUSRUDWHV DOO WKH DGYDQWDJHV RI ZDYHOHW DQDO\VLV�
$SSOLFDWLRQ RI HQWURSLHV DQG LQIRUPDWLRQ PHDVXUHV
LQ QRQOLQHDU VLJQDO DQDO\VLV VKRXOG EH FRQVLGHUHG
DV D SURPLVLQJ WRROV LQ UHDO WLPH DSSOLFDWLRQV�
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.XOOEDFN GLYHUJHQFH �PLGGOH SDQHO� DQG T�
GLYHUJHQFH �ORZHU SORW� HYROXWLRQV FRUUHVSRQGLQJ
WR WKH ((* VLJQDO VKRZQ LQ )LJXUH ��

$ F NQ R ZOH G J P H Q W V

/� *DPHUR ZLVKHV WR WKDQN WKH )DFXOWDG GH ,QJH�
QLHUwtD �8QLYHUVLGDG GH %XHQRV $LUHV� IRU SDUWLDO
pQDQFLDO VXSSRUW�

�� 5()(5(1&(6

>�@ %DVDU (� &KDRV LQ %UDLQ )XQFWLRQ
� 6SULQJHU
9HUODJ� %HUOLQ� �����

>�@ &RQDQW 5� &� ?'HWHFWLQJ VXEV\VWHPV RI D
FRPSOH[ V\VWHP�� ,((( 60&� ���^���� �����

>�@ &RYHU 7� 0�� DQG 7KRPDV -� $� ,QIRUPDWLRQ
7KHRU\� -RKQ :LOH\ DQG 6RQV� �����

>�@ 'DURYF]\ =� ?*HQHUDOL]HG LQIRUPDWLRQ IXQF�
WLRQV�� ,QI� &RQWURO� �����^��� �����

>�@ *DPHUR /� *�� 3ODVWLQR $�� DQG 7RUUHV 0� (�
?:DYHOHW DQDO\VLV DQG QRQOLQHDU G\QDPLFV LQ
D QRQ H[WHQVLYH VHWWLQJ�� 3K\VLFD $� �������^
���� �����

>�@ +DYUGD -�DQG &KDUYDW )� ?4XDQWLpFDWLRQ
PHWKRG RI FODVVLpFDWLRQ SURFHVV� &RQFHSW RI
VWUXFWXUDO o�HQWURS\�� &\EHUQHWLFD� ����^���
�����

>�@ ,DVHPLGLV /� '�� 6DFNHOODUHV -� &�� =DYHUL +�
3�� DQG :LOOLDPV :� -� ?3KDVH VSDFH WRSRJUD�
SK\ DQG WKH /\DSXQRY H[SRQHQW RI HOHFWURFRU�
WLFRJUDPV LQ SDUWLDO VHL]XUHV�� %UDLQ 7RSRJU��
��������^���� �����

>�@ /HPSHO $� DQG =LY� ?2Q FRPSOH[LW\ RI p�
QLWH VHTXHQFHV�� ,((( 7UDQV� ,QI� 7KHRU\�
��������^��� �����

>�@ 0H\HU�.UHVV *� DQG /D\QH 6� &� 'LPHQVLRQ�
DOLW\ RI KXPDQ HOHFWURHQFHSKDORJUDP� ,Q 0�
)� 6KOHVLQJHU 6� +� .RVORZ� DQG $� -� 0DQGHO�
HGLWRU� 3HUVSHFWLYHV LQ %LRORJ\FDO '\QDPLFV
DQG 7KHRUHWLFDO 0HGLFLQH� QXPEHU ���� $QQ�
1�<� $FDG� 6FL� 1HZ <RUN� 86$� �����

>��@ 3LQFXV 6� ?$SSUR[LPDWH HQWURS\ �$S(Q� DV
D FRPSOH[LW\ PHDVXUH�� &KDRV� �����^����
�����

>��@ 6DSDULQ 3�� :LWW $�� .XUWKV -�� DQG $Q�
LVKFKHQNR %� ?7KH UHQRUPDOL]HG HQWURS\ ^ DQ
DSSURSULDWH FRPSOH[LW\ PHDVXUH"� -� &KDRV�
6ROLWRQV DQG )UDFWDOV� ����������^����� �����

>��@ 6KDQQRQ &� (� ?$ PDWKHPDWLFDO WKHRU\ RI
FRPPXQLFDWLRQ�� 7KH %HOO 6\VWHP 7HFKQLFDO
-RXUQDO� ���������^���� �����

>��@ 7RUUHV 0� (�� *DPHUR /� *�� DQG '
$WWHOOLV
&� (� ?$ PXOWLUHVROXWLRQ HQWURS\ DSSURDFK WR
GHWHFW HSLOHSWLF IRUP DFWLYLW\ LQ WKH ((*�� ,Q
,� 3LWDV� HGLWRU� ,(((:RUNVKRS RQ QRQ OLQHDU
VLJQDO DQG LPDJH SURFHVVLQJ� YROXPH ,,� ���^
���� �����

>��@ 7RUUHV 0� (� (O SURFHVDPLHQWR GH VHaQDOHV OLJ�
DGDV D SUREOHPDV QR OLQHDOHV� 3K' 7KHVLV �LQ
VSDQLVK�� 8QLYHUVLGDG 1DFLRQDO GH 5RVDULR�
$UJHQWLQH� �����

>��@ 7VDOOLV &� ?6RPPH FRPPHQWV RQ %ROW]PDQQ�
*LEEV VWDWLVWLFDO PHFKDQLFV�� &KDRV� 6ROL�
WRQV DQG )UDFWDOV� ������ ����� DQG UHIHUHQFHV
WKHUHLQ�


