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5HFHQW DGYDQFHV KDYH EHHQ PDGH UHJDUGLQJ
TXDGUDWXUH UHFHLYHU ,�4 PLVPDWFK FDOLEUDWLRQ� ,Q
SDUWLFXODU� *UHHQ�$QGHUVRQ�6SUHFKHU�3LHUUH SUHVHQW
D QRQOLQHDU UHJUHVVLRQ �1/5� �EDVHG DOJRULWKP WKDW
XWLOL]HV D SXUH VLQXVRLGDO WHVW VLJQDO IRU VHQVRU FDOL�
EUDWLRQ >�@� 7KLV SDSHU GHYHORSV D GRXEOH VLGH�EDQG
VXSSUHVVHG FDUULHU �'6%�6&� VLJQDO PRGHO IRU XVH ZLWK
1/5�EDVHG FDOLEUDWLRQ PHWKRGV� 7KH '6%�6& PRGHO
QRW RQO\ SURYLGHV D XVHIXO VLJQDO IRU FDOLEUDWLRQ� LW
DOVR GHPRQVWUDWHV WKH PRGHO qH[LELOLW\ LQKHUHQW WR
QRQOLQHDU UHJUHVVLRQ WHFKQLTXHV� 6LPXODWLRQV LOOXVWUDWH
WKH HoHFWLYHQHVV RI WKH '6%�6& VLJQDO PRGHO IRU WKH
FDOLEUDWLRQ RI ,�4 VHQVRUV�

&DWHJRULHV�
���� 6LJ� DQG 6\V� 0RGHOLQJ� ��� 3DUDPHWHU (VW�
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,Q >�@� *UHHQ�$QGHUVRQ�6SUHFKHU�3LHUUH SUHVHQW D QRQ�
OLQHDU UHJUHVVLRQ �1/5� �EDVHG PHWKRG WR FDOLEUDWH
JDLQ DQG SKDVH PLVPDWFK EHWZHHQ WKH LQ�SKDVH �,� DQG
TXDGUDWXUH �4� EUDQFKHV RI D TXDGUDWXUH UHFHLYHU� 7KH
PHWKRG LV HoHFWLYH� HDV\ WR LPSOHPHQW� DQG SURYLGHV
H[FHOOHQW WHFKQLTXHV IRU RQ�OLQH HUURU DVVHVVPHQW� 8Q�
IRUWXQDWHO\� >�@ RQO\ SUHVHQWV D VLQJOH PRGHO� D SXUH
VLQXVRLGDO WHVW VLJQDO� 7KH SXUH VLQXVRLGDO PRGHO FDQ
EH VRPHZKDW UHVWULFWLYH� DQG LW GRHV QRW GLVSOD\ WKH
PRGHO qH[LELOLW\ LQKHUHQW WR QRQOLQHDU UHJUHVVLRQ WHFK�
QLTXHV� 7KLV SDSHU GHYHORSV DQRWKHU VLJQDO PRGHO IRU
1/5 FDOLEUDWLRQ� WKH GRXEOH VLGH�EDQG VXSSUHVVHG FDU�
ULHU �'6%�6&� WHVW VLJQDO� 'HULYDWLRQ RI WKH '6%�6&
PRGHO DOVR GHPRQVWUDWHV WKH PRGHO qH[LELOLW\ RI WKH
1/5 FDOLEUDWLRQ WHFKQLTXH�

,W LV ZRUWKZKLOH WR QRWH WKDW RWKHU HoHF�
WLYH ,�4 PLVPDWFK FDOLEUDWLRQ SURFHGXUHV H[LVW�
&KXUFKLOO�2JDU�7KRPSVRQ SURYLGH D VWDQGDUG GHWHU�
PLQLVWLF WHFKQLTXH UHIHUUHG WR DV ORFDO WHVW VLJQDO LQ�

MHFWLRQ >�@� 3LHUUH�)XKUPDQQ IXUQLVK D PHWKRG EDVHG
XSRQ TXDGUDWXUH GHWHFWLRQ WR GHWHUPLQH UHODWLYH JDLQ
DQG SKDVH PLVPDWFK >�@� 0DFOHRG >�@ SUHVHQWV D
)RXULHU�EDVHG ZLGHEDQG FDOLEUDWLRQ WHFKQLTXH WKDW� OLNH
>�@� XVHV GLUHFW WHVW�VLJQDO LQMHFWLRQ� 7KH PHWKRG RI /HH
>�@ LV DOVR EDVHG RQ GLUHFW LQMHFWLRQ RI FDOLEUDWLRQ VLJ�
QDOV�

7KH 1/5 FDOLEUDWLRQ WHFKQLTXHV LQ >�@ SURYLGH VHY�
HUDO DGYDQWDJHV RYHU H[LVWLQJ PHWKRGV LQFOXGLQJ PRGHVW
PRGHO DVVXPSWLRQV� DFFRPPRGDWLRQ RI QRQ�XQLIRUPO\
VDPSOHG RU PLVVLQJ FDOLEUDWLRQ GDWD� HoHFWLYH RQ�OLQH
SHUIRUPDQFH DVVHVVPHQW� DQG PRGHO qH[LELOLW\� )XU�
WKHUPRUH� WKH 1/5�EDVHG WHFKQLTXHV FDOLEUDWH UHFHLYHUV
LQ QRUPDO RSHUDWLQJ HQYLURQPHQWV� 7KDW LV� WHVW VLJQDOV
DUH WUDQVPLWWHG WR UHFHLYHUV DFFRUGLQJ WR pHOG GHVLJQ ^
ZKLOH GLUHFW WHVW VLJQDO LQMHFWLRQ LV VXSSRUWHG� LW LV QRW
QHFHVVDU\�

�� 121/,1($5 5(*5(66,21 %$6,&6

)RU SURFHVVHV WKDW IROORZ D 1/5 PRGHO� REVHUYDWLRQV
DUH H[SUHVVHG DFFRUGLQJ WR�

<Q  I �;Q�p� � �Q� ���

ZKHUH <Q LV WKH QWK REVHUYHG YDOXH� I �c� LV D QRQOLQ�
HDU IXQFWLRQ RI D NQRZQ SUHGLFWRU YHFWRU� ;Q� DQG DQ

XQNQRZQ SDUDPHWHU YHFWRU� p� DQG �
Q
LV DGGLWLYH� ]HUR�

PHDQ� XQFRUUHODWHG QRLVH�

7KH XQNQRZQ SDUDPHWHU YHFWRU� p� LV HVWLPDWHG

XVLQJ WHFKQLTXHV VXFK DV VWHHSHVW GHVFHQW RU *DXVV�

1HZWRQ� ,Q WKH *DXVV�1HZWRQ PHWKRG� SDUDPHWHU HV�

WLPDWHV DUH LWHUDWLYHO\ XSGDWHG DFFRUGLQJ WR�
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ZKHUH WKH SDUHQWKHWLFDO VXSHUVFULSW LQGLFDWHV LWHUDWLRQ�
\ GHQRWHV WKH FRPSOH[ FRQMXJDWH WUDQVSRVH� Ap
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OHQJWK 3 YHFWRU HVWLPDWH RI WKH XQNQRZQ SDUDPHWHUV�

< LV WKH OHQJWK 1 REVHUYDWLRQ YHFWRU� '�L� LV WKH 1 E\



3 -DFRELDQ ZLWK HOHPHQWV '
�L�
QS  

x
#I�;Q�p�

#pS

y
n  An

�L�
�

DQG I
�L�

LV WKH OHQJWK 1 HVWLPDWHG UHVSRQVH YHFWRU ZLWK

HOHPHQWV I
�L�
Q  I

t
;

Q
�
Ap
�L�
u
� 'HWDLOV DUH LQ >�@�

,Q WKH 1/5 FRQWH[W� WKHUH H[LVW VHYHUDO HoHFWLYH
PHWKRGV WR DVFHUWDLQ HVWLPDWRU SHUIRUPDQFH� 3URYLGHG
LQGHSHQGHQW� QRUPDO HUURUV DQG D UHDVRQDEOH VDPSOH
VL]H� o�OHYHO FRQpGHQFH LQWHUYDOV DUH VWUDLJKWIRUZDUG�
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ZKHUH W1b3 ��b o �� LV WKH ��bo �� ��� SHUFHQWLOH
RI WKH VWXGHQW�W GLVWULEXWLRQ ZLWK 1 b 3 GHJUHHV RI
IUHHGRP�

5HVDPSOLQJ WHFKQLTXHV� VXFK DV WKH MDFNNQLIH RU WKH
ERRWVWUDS� KDYH QR XQGHUO\LQJ DVVXPSWLRQV UHJDUGLQJ
VDPSOH VL]H RU QRUPDOLW\ RI HUURUV� DQG WKH\ SURYLGH
HoHFWLYH DOWHUQDWLYHV WR ���� 'HWDLOV IRU MDFNNQLIH DQG
ERRWVWUDS LQIHUHQFHV DUH JLYHQ LQ >�@�
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)LJXUH � LOOXVWUDWHV D VWDQGDUG TXDGUDWXUH UHFHLYHU�

7KH JDLQ DQG SKDVH HUURUV DUH PRGHOHG E\ WKH LP�

SXOVH UHVSRQVH IXQFWLRQV K, DQG K4� IRU WKH , DQG
4 EUDQFKHV UHVSHFWLYHO\� 7KLV DSSURDFK DOORZV HU�
URUV WR EH IUHTXHQF\ GHSHQGHQW DV VKRZQ E\ WKH
IUHTXHQF\�GRPDLQ UHSUHVHQWDWLRQV RI WKH UHVSRQVH IXQF�
WLRQV� +, ���  *, ��� H[S �bM�, ���� DQG +4 ���  
*4 ��� H[S �bM�4 ����� $OWKRXJK WKH HUURUV DUH PRG�

HOHG DV IUHTXHQF\ GHSHQGHQW� LW LV UHDVRQDEOH WR DVVXPH

WKDW WKH JDLQ DQG SKDVH HUURUV DUH DSSUR[LPDWHO\ FRQ�

VWDQW RYHU QDUURZ IUHTXHQF\ EDQGV�

7KH '6%�6& WHVW VLJQDO SURYLGHV D FRPPRQ WUDQV�

PLVVLRQ VLJQDO WKDW FDQ EH XVHG IRU 1/5�EDVHG UHFHLYHU

FDOLEUDWLRQ� )RU WKLV PRGHO� WKH UHFHLYHU LV DVVXPHG

WR EH RPQL�GLUHFWLRQDO� (VVHQWLDOO\� '6%�6& LQYROYHV D

VLQXVRLGDO PHVVDJH VLJQDO RI IUHTXHQF\ �P PRGXODWHG
E\ D VLQXVRLGDO FDUULHU RI IUHTXHQF\ �F� 3URYLGHG WKH
ORFDO RVFLOODWRU VKRZQ LQ )LJXUH � LV VHW WR WKH FDUULHU
IUHTXHQF\� WKH PHVVDJH VLJQDO LV UHGXFHG WR EDVHEDQG�
,Q D PDQQHU VLPLODU WR >�@� WKH JDLQ DQG SKDVH WHUPV
DUH JURXSHG WRJHWKHU DQG WKH UHFHLYHU RXWSXW LV JLYHQ
DV�

\ �W� ,, � ,4�  

,, �$ ��P� FRV ��� FRV ��PW� o ��P��� �

,4 �% ��P� VLQ ��� FRV ��PW� p ��P��� � � �W� � ���

ZKHUH DGGLWLYH V\VWHP QRLVH LV GHVLJQDWHG E\ � �W� DQG
HDFK , VHUYHV DV DQ LQGLFDWRU IXQFWLRQ� 7KH LQGLFDWRU
IXQFWLRQV SURYLGH D ZD\ WR ?VWDFN� REVHUYDWLRQV IURP
GLoHUHQW EUDQFKHV DQG GLoHUHQW VRXUFHV� ,Q WKLV FDVH�

,,  � DQG ,4  � ZKHQ UHSUHVHQWLQJ GDWD IURP WKH
LQ�SKDVH EUDQFK� ,,  � DQG ,4  � ZKHQ UHSUHVHQWLQJ
GDWD IURP WKH TXDGUDWXUH EUDQFK�
,Q ���� WKH JURXSHG JDLQ SDUDPHWHUV� $ ��P� DQG

% ��P�� LQFOXGH FRQWULEXWLRQV IURP WKH XQNQRZQ WHVW
VLJQDO JDLQ DV ZHOO DV WKH XQNQRZQ JDLQV RI HDFK LQGLYLG�
XDO EUDQFK� 6LPLODUO\� WKH JURXSHG SDUDPHWHUV� o ��

P
�

DQG p ��P�� UHSUHVHQW SKDVH FRQWULEXWLRQV IURP WKH WHVW
VLJQDO DV ZHOO DV WKH UHFHLYHU� 5HODWLYH SKDVH DQG JDLQ
PLVPDWFK HUURU DUH GHpQHG DFFRUGLQJ WR $ ���  % ���
DQG o ���bp ���� UHVSHFWLYHO\� )RU WKH VDNH RI VLPSOLF�
LW\� ORFDO RVFLOODWRU GHYLDWLRQV DUH QRW LQFOXGHG LQ WKLV
PRGHO� $OORZDQFH FDQ EH PDGH IRU ORFDO RVFLOODWRU HU�
URUV� EXW WKH HUURUV FDQQRW VLPSO\ EH JURXSHG WRJHWKHU�
WKH PRGHO LV WKXV PRUH FRPSOH[�

$Q XQNQRZQ SDUDPHWHU � LV DOVR LQWURGXFHG E\
WKLV PRGHO� DQG LW SUHVHQWV GLrFXOWLHV ZKHQ XVLQJ 1/5
PHWKRGV� )LUVW� VLQFH � LV VKDUHG LQ ERWK EUDQFKHV� LQ�
GLFDWRU IXQFWLRQV DUH UHTXLUHG WR FRXSOH WKH HTXDWLRQV
WRJHWKHU� 6HFRQG� REVHUYDWLRQV IURP ��� DORQH DUH LQ�
VXrFLHQW WR HVWLPDWH WKH XQNQRZQ SDUDPHWHUV� 7KH
V\VWHP LV UDQN GHpFLHQW DQG WKXV SRVVHVVHV DQ LQpQLWH
QXPEHU RI SRVVLEOH VROXWLRQV�

2QH ZD\ WR UHPHG\ WKLV VLWXDWLRQ LV WR FROOHFW GDWD
IURP WZR LQGHSHQGHQW VRXUFH ORFDWLRQV� 2EVHUYDWLRQV
FDQ WKHQ EH H[SUHVVHG DFFRUGLQJ WR�

\ �W� ,, � ,4� ,6�� ,6��  

,6�,, �$ ��P� FRV ��6�� FRV ��PW� o ��
P
��� �

,6�,4 �% ��P� VLQ ��6�� FRV ��PW � p ��P��� �

,6�,, �$ ��P� FRV ��6�� FRV ��PW� o ��P� � q�� �

,6�,4 �% ��P� VLQ ��6�� FRV ��PW � p ��P� � q�� �
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ZKHUH WKH VXEVFULSWV 6� DQG 6� LGHQWLI\ ZKLFK VRXUFH LV
EHLQJ XVHG� 6HSDUDWH LQGLFDWRU IXQFWLRQV DUH UHTXLUHG
WR GLVWLQJXLVK GDWD IURP HDFK VRXUFH ORFDWLRQ� $GGL�
WLRQDOO\� � GHSHQGV RQ VRXUFH ORFDWLRQ DQG WKH SDUDP�
HWHU q DSSHDUV WR DOORZ IRU SKDVH PLVPDWFK EHWZHHQ
VRXUFHV� $OWKRXJK WKH DGGLWLRQ RI D VHFRQG VRXUFH OR�
FDWLRQ FRPSOLFDWHV WKH QRQOLQHDU PRGHO� WKH V\VWHP LV
QRZ IXOO UDQN DQG HVWLPDWHV RI WKH SDUDPHWHUV FDQ EH
REWDLQHG�

7KH JDLQ DQG SKDVH SDUDPHWHUV DV ZHOO DV � DI�
IHFW WKH 615 RI WKH V\VWHP� DQG WKH 615 LV UDUHO\ WKH
VDPH EHWZHHQ EUDQFKHV� %HFDXVH LW LV D IXQFWLRQ RI
XQNQRZQV� 615 LV LWVHOI XQNQRZQ� 1RWH WKDW FHUWDLQ
YDOXHV RI � VHULRXVO\ GHJUDGH WKH 615 IRU D SDUWLFXODU
EUDQFK ZKHQ XVLQJ PRGHO ���� 7KLV UHGXFHV HVWLPDWRU
HrFLHQF\ IRU SDUDPHWHUV DVVRFLDWHG ZLWK WKDW EUDQFK�
$V DQ H[WUHPH H[DPSOH� LI � LV HTXDO WR ]HUR� QR PHDQ�
LQJIXO HVWLPDWH RI WKH 4 EUDQFK SDUDPHWHUV FDQ EH RE�
WDLQHG� (VWLPDWRU SHUIRUPDQFH PHDVXUHV ZLOO LQGLFDWH



ZKHQ � LV XQDFFHSWDEOH� 5HFRPPHQGDWLRQV LQ >�@ UH�
JDUGLQJ V\VWHP VDPSOLQJ VKRXOG EH IROORZHG DV ZHOO WR
HQVXUH JRRG SDUDPHWHU HVWLPDWHV�

7KH PRGHOV JLYHQ LQ ��� DQG ��� DUH VRPHZKDW JHQ�
HUDOL]HG� 6RPH '6%�6& V\VWHPV� VXFK DV WKRVH ZKLFK
XWLOL]H D &RVWDV ORRS WR ORFN RQWR WKH FDUULHU IUHTXHQF\�
PD\ UHTXLUH PRGHO PRGLpFDWLRQV WR EH HQWLUHO\ DFFX�
UDWH� :KHQ XVLQJ WKH '6%�6& PRGHO LQ ���� SKDVH HV�
WLPDWHV DUH PRGXOR ��� GHJUHHV� 7KLV LV D FRQVHTXHQFH
RI WKH }�SHULRGLFLW\ RI WKH FRVLQH IXQFWLRQ� 7KH FRQVH�
TXHQFH� RI FRXUVH� LV D SRWHQWLDO ��� DPELJXLW\ LQ WKH
HVWLPDWH RI WKH UHFHLYHU
V SKDVH PLVPDWFK� )RU VLQJOH
VHQVRU V\VWHPV� WKLV DPELJXLW\ JHQHUDOO\ KDV QR GHWUL�
PHQWDO HoHFWV RQ V\VWHP SHUIRUPDQFH� ,Q VHQVRU DUUD\
V\VWHPV� LWHUDWLYH LQWHU�HOHPHQW FDOLEUDWLRQ WHFKQLTXHV
DUH UHTXLUHG� 'HWDLOV UHJDUGLQJ LQWHU�HOHPHQW FDOLEUD�
WLRQ� DORQJ ZLWK DSSURSULDWH UHIHUHQFHV� DUH LQ >�@�

�� 6,08/$7,216 $1' 5(68/76

7DEOH � SURYLGHV WKH VLPXODWLRQ UHVXOWV RI 1/5 FDOL�
EUDWLRQ WKDW XWLOL]HV WKH GRXEOH VLGH�EDQG VXSSUHVVHG
FDUULHU PRGHO RI ��� ZLWK LQGHSHQGHQW� QRUPDOO\ GLV�
WULEXWHG HUURUV ���

�
 ������ )RU WKLV VLPXODWLRQ� D UHO�

DWLYHO\ VPDOO VDPSOH VL]H RI ��� RU �� REVHUYDWLRQV SHU
EUDQFK DQG VRXUFH� LV XVHG� 1RWH DOVR� ZLWK WKLV PRGHO
VRPH QXLVDQFH SDUDPHWHUV� VXFK DV q DQG WKH �
V� PXVW
EH HVWLPDWHG LQ RUGHU WR HVWLPDWH WKH JDLQ DQG SKDVH
PLVPDWFK RI WKH UHFHLYHU�

7KH SDUDPHWHU HVWLPDWHV HPSLULFDOO\ DSSHDU WR EH
XQELDVHG RU QHDUO\ VR� DQG WKH SHUIRUPDQFH PHDVXUHV
EDVHG RQ ���� MDFNNQLIH PHWKRGV� DQG WKH ERRWVWUDS DOO
SURYLGH FRPSDUDEOH UHVXOWV� $V SUHYLRXVO\ GLVFXVVHG�
VRPH YDOXHV RI � GHJUDGH WKH 615 RI RQH EUDQFK PRUH
WKDQ WKH RWKHU EUDQFK� 7KLV SKHQRPHQRQ LV HPSKD�
VL]HG LQ 7DEOH � E\ UHDOL]LQJ WKDW WKH VWDQGDUG GHYL�
DWLRQV DQG FRQpGHQFH LQWHUYDOV RI WKH SDUDPHWHU HVWL�
PDWHV EHWZHHQ EUDQFKHV GLoHU VLJQLpFDQWO\�

6XSSRVH V\VWHP VSHFLpFDWLRQV UHTXLUH JDLQ FDOLEUD�
WLRQ ZLWKLQ RQH�SHUFHQW RI WKH WUXH YDOXHV� $V HYL�
GHQFHG E\ 7DEOH �� D VDPSOH FRQVLVWLQJ RI �� REVHU�
YDWLRQV SHU EUDQFK SHU VRXUFH LV LQVXrFLHQW� 7DEOH
� LOOXVWUDWHV WKH HoHFW RI YDU\LQJ VDPSOH VL]H RQ HVWL�
PDWRU SHUIRUPDQFH� &OHDUO\� WKH FDVH RI ���� VDPSOHV
SHU EUDQFK SHU VRXUFH� IRU D WRWDO RI ���� REVHUYDWLRQV�
UHVXOWV LQ HVWLPDWHV WKDW DUH ZLWKLQ WROHUDQFH UHTXLUH�
PHQWV� %\ PRQLWRULQJ HVWLPDWHV XVLQJ ODUJH VDPSOH�
MDFNNQLIH� RU ERRWVWUDS PHWKRGV� LW LV HDV\ WR YHULI\
ZKHWKHU RU QRW HVWLPDWHV PHHW V\VWHP UHTXLUHPHQWV�

�� &21&/86,216

$ '6%�6& WHVW VLJQDO ZDV GHYHORSHG IRU 1/5�EDVHG
FDOLEUDWLRQ RI JDLQ DQG SKDVH PLVPDWFK LQ ,�4 UH�
FHLYHUV� 7KH '6%�6& PRGHO QRW RQO\ SURYLGHV D XVH�
IXO� HoHFWLYH FDOLEUDWLRQ VLJQDO� EXW LW DOVR KHOSV LOOXV�
WUDWH WKH PRGHO qH[LELOLW\ LQKHUHQW WR 1/5�EDVHG PHWK�
RGV� 6LPXODWLRQV LOOXVWUDWH '6%�6& PRGHO HoHFWLYHQHVV
IRU UHFHLYHU FDOLEUDWLRQ� 6LPXODWLRQV DOVR GHPRQVWUDWH
WKH XVH RI ODUJH�VDPSOH� MDFNNQLIH� DQG ERRWVWUDS WHFK�
QLTXHV WR PRQLWRU HVWLPDWRU SHUIRUPDQFH�

�� 5()(5(1&(6

>�@ *UHHQ� 5� $�� $QGHUVRQ�6SUHFKHU� 5� $�� DQG
3LHUUH� -� :� ?4XDGUDWXUH 5HFHLYHU 0LVPDWFK
&DOLEUDWLRQ�� VXEPLWWHG IRU VHFRQG UHYLHZ� ,(((
7UDQVDFWLRQV RQ 6LJQDO 3URFHVVLQJ� -XO\� �����

>�@ )� &KXUFKLOO� *� 2JDU� DQG %� 7KRPSVRQ� ?7KH
&RUUHFWLRQ RI , DQG 4 (UURUV LQ D &RKHUHQW 3UR�
FHVVRU�� ,((( 7UDQV� $(6� YRO� $(6���� QR� �� SS�
�������� -DQXDU\ �����

>�@ -� 3LHUUH DQG '� )XKUPDQQ� ?&RQVLGHUDWLRQV LQ
$XWRFDOLEUDWLRQ RI 4XDGUDWXUH 5HFHLYHUV�� 3URF�

,&$663 
��� SS� ���������� 'HWURLW� 0LFKLJDQ�
0D\ �����

>�@ 0� '� 0DFOHRG� ?)DVW &DOLEUDWLRQ RI ,4 'LJLWL]HU
6\VWHPV�� (OHFWULFDO (QJ�� SS� ������ �����

>�@ -� 3� <� /HH� ?:LGHEDQG ,�4 'HPRGXODWRUV� 0HD�
VXUHPHQW 7HFKQLTXH DQG 0DWFKLQJ &KDUDFWHULV�
WLFV�� ,(( 3URF� 5DGDU� 6RQDU 1DYLJ�� 9RO� ����
1R� �� 2FWREHU �����

>�@ -� 1HWHU� 0� +� .XWQHU� &� -� 1DFKWVKHLP� DQG :�
:DVVHUPDQ� $SSOLHG /LQHDU 6WDWLVWLFDO 0RGHOV�

�WK (GLWLRQ� 5LFKDUG '� ,UZLQ� ,QF�� SS� ��������
�����

>�@ '� 0� %DWHV DQG '� *� :DWWV� 1RQOLQHDU
5HJUHVVLRQ $QDO\VLV DQG ,WV $SSOLFDWLRQV� 1HZ
<RUN
V -RKQ :LOH\ 	 6RQV� �����

>�@ %� (IURQ� 7KH -DFNNQLIH� WKH %RRWVWUDS� DQG
2WKHU 5HVDPSOLQJ 3ODQV� &%06�16) 5HJLRQDO
&RQIHUHQFH 6HULHV LQ $SSOLHG 0DWKHPDWLFV�
1R� ��� 6RFLHW\ IRU ,QGXVWULDO DQG $SSOLHG
0DWKHPDWLFV� �����
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)LJXUH �� ,�4 5HFHLYHU ZLWK *DLQ DQG 3KDVH ,PEDODQFHV

7UXH (VW� (4� ��� -DFNNQLIH %RRWVWUDS
6�'� &�,� %,$6 6�'� &�,� %,$6 6�'� &�,�
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