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7KLV SDSHU GHVFULEHV WZR QHZ WHFKQLTXHV IRU WKH MRLQW
HVWLPDWLRQ RI VRXUFH ORFDWLRQ DQG SURSDJDWLRQ VSHHG
XVLQJ PHDVXUHG WLPH GLpHUHQFH RI DUULYDO �7'2$� IRU
D VHQVRU DUUD\� 3UHYLRXV PHWKRGV IRU VRXUFH ORFDWLRQ
HLWKHU DVVXPHG WKH DUUD\ FRQVLVWHG RI ZLGHO\ VHSDUDWHG
VXEDUUD\V� RU XVHG DQ LWHUDWLYH SURFHGXUH WKDW UHTXLUHG
D JRRG LQLWLDO HVWLPDWH� 7KH qUVW PHWKRG GLUHFWO\ HV�
WLPDWHV WKH VRXUFH ORFDWLRQ DQG SURSDJDWLRQ VSHHG E\
FRQYHUWLQJ WKH VROXWLRQ RI D V\VWHP RI QRQOLQHDU HTXD�
WLRQV WR DQ RYHUGHWHUPLQHG V\VWHP RI OLQHDU HTXDWLRQV
ZLWK WZR VXSSOHPHQWDO YDULDEOHV� 7KH VHFRQG PHWKRG
SURYLGHV LPSURYHG HVWLPDWHV E\ XVLQJ WKH VROXWLRQ RI
WKH qUVW PHWKRG DV LQLWLDO FRQGLWLRQ IRU IXUWKHU LWHU�
DWLRQ� 7KH &UDPxHU�5DR %RXQG �&5%� RQ WKH MRLQW
HVWLPDWLRQ LV GHULYHG� DQG VLPXODWLRQV VKRZ WKH QHZ
PHWKRGV FRPSDUH IDYRUDEO\ WR WKH ERXQG�
.H\ZRUGV� VRXUFH ORFDOL]DWLRQ� SURSDJDWLRQ VSHHG HVWL�
PDWLRQ� VHLVPLF UHPRWH VHQVLQJ� MRLQW HVWLPDWLRQ

� � ,1752'8&7,21 $1' 352%/(0
)2508/$7,21

&RQVLGHU qQGLQJ WKH ORFDWLRQ RI D VRXUFH ZLWK D 1 SDV�
VLYH VHQVRUV� ,Q WKLV VLWXDWLRQ� DOO WKDW FDQ EH IRXQG
E\ WKH VHQVRUV LV WKH WLPH GLpHUHQFH RI DUULYDO �7'2$�
EHWZHHQ VHQVRUV� ,W LV GHVLUDEOH WR qQG WKH ORFDWLRQ RI
WKH VRXUFH XVLQJ WKH NQRZOHGJH RI WKH VHQVRU ORFDWLRQV
DQG WKH PHDVXUHG 7'2$V� 7KLV LV D FRPPRQ SUREOHP
WKDW KDV DSSOLFDWLRQ WR VHLVPLF UHPRWH VHQVLQJ� EDWWOH�
qHOG DWPRVSKHULF DFRXVWLFV� DQG XQGHUZDWHU DFRXVWLF
VHQVLQJ� 7KLV FDQ DOVR EH VKRZQ WR EH HTXLYDOHQW WR
GHWHUPLQLQJ WKH ORFDWLRQ RI D VLQJOH VHQVRU UHFHLYLQJ
V\QFKURQL]HG VLJQDOV IURP UHPRWH WUDQVPLWWHUV >�@ � DV
LQ WKH *OREDO 3RVLWLRQLQJ 6\VWHP �*36� �

%HFDXVH RI WKH EURDG DSSOLFDELOLW\ RI WKLV SUREOHP�
PDQ\ UHVHDUFKHUV KDYH DGGUHVVHG WKH SUREOHP LQ GHWDLO
RYHU WKH ODVW �� \HDUV� +RZHYHU� LQ PRVW FDVHV LW KDV

7 K LV Z R UN Z D V VX S S R UWHG LQ S D UW E \ D 5 D \ WK HR Q ' R FWR UD O ) HO�
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EHHQ DVVXPHG WKDW VSHHG RI SURSDJDWLRQ LV NQRZQ� 7KLV
LV TXLWH UHDVRQDEOH IRU 5) DSSOLFDWLRQV� DQG SHUKDSV
IRU DFRXVWLF HQYLURQPHQWV LI WKH WHPSHUDWXUH DQG ZLQG
VSHHG LV NQRZQ� ,Q VRPH FDVHV� VXFK DV VHLVPLF UHPRWH
VHQVLQJ� WKLV LV DQ XQUHDOLVWLF DVVXPSWLRQ�

7KH LVVXH RI HVWLPDWLQJ VRXUFH SRVLWLRQ ZLWK XQ�
NQRZQ SURSDJDWLRQ KDV EHHQ DGGUHVVHG LQ WKH SDVW �LW LV
KLQWHG DW LQ >�@ � � 7KHUH DQ LWHUDWLYH DSSURDFK LV XVHG�
6LQFH WKH SUREOHP LV QRW FRQYH[� D JRRG LQLWLDO HVWL�
PDWH LV UHTXLUHG IRU FRQYHUJHQFH� ,Q WKLV SDSHU D GLUHFW
VROXWLRQ WR WKH SUREOHP LV SURSRVHG�

&RQVLGHU D VLQJOH VRXUFH UHFHLYHG E\ 1 SDVVLYH VHQ�
VRUV� 7KHQ N[ V b [ LN  FWL� ZKHUH [ V LV D YHFWRU RI

WKH NQRZQ &DUWHVLDQ FRRUGLQDWHV RI WKH VRXUFH� [ L LV

D YHFWRU RI WKH NQRZQ &DUWHVLDQ FRRUGLQDWHV RI VHQVRU

L� WL LV WKH WLPH RI DUULYDO DW VHQVRU L� F LV WKH VSHHG

RI SURSDJDWLRQ� DQG N c N LV WKH (XFOLGHDQ QRUP �L�H�
GLVWDQFH� �

2QO\ WKH 7'2$ FDQ EH PHDVXUHG� OHDGLQJ WR WKH
HTXDWLRQV

N [ V b [ LN b N [ V b [ � N  F�WL b W� � � L  ������1 � ���

ZKHUH VHQVRU � KDV EHHQ FKRVHQ DV WKH UHIHUHQFH VHQVRU
�ZLWKRXW ORVV RI JHQHUDOLW\� �

,I F LV NQRZQ� WKLV IRUPV D QRQOLQHDU �DQG QRQFRQ�
YH[� VHW RI HTXDWLRQV ZLWK IRXU XQNQRZQV� [ V DQG W� �
,I PRUH WKDQ IRXU VHQVRUV DUH DYDLODEOH� WKH SUREOHP LV
RYHUGHWHUPLQHG� ,I F LV DOVR XQNQRZQ� WKH SUREOHP LV
XQGHUGHWHUPLQHG IRU IRXU RU IHZHU VHQVRUV� DQG RYHUGH�
WHUPLQHG IRU PRUH WKDQ qYH VHQVRUV�

7KLV YHU\ JHQHUDO SUREOHP IRUPXODWLRQ LQFOXGHV PDQ\
VSHFLDO FDVHV VRPH RI ZKLFK DUH RI JUHDW SUDFWLFDO LQWHU�
HVW� 7KHVH LQFOXGH DUUD\V FRQVWUDLQHG WR D OLQH RU D
SODQH� QHDU qHOG RU IDU qHOG FDVHV� PRUH VHQVRUV WKDQ
WKH QXPEHU RI XQNQRZQ SDUDPHWHUV� DV ZHOO DV WKH NH\
IHDWXUH RI WKLV SDSHU� ZKLFK LV NQRZQ YHUVXV XQNQRZQ
VSHHG RI SURSDJDWLRQ�

&RQVLGHU WKH VSHFLDO FDVH ZKHUH WKH VRXUFH DQG DOO
WKH VHQVRUV DUH RQ D OLQH� ,I WKH VRXUFH LV LQVLGH WKH
DUUD\� ZH FDQ GHWHUPLQH WKH ORFDWLRQ ZLWK WZR RU PRUH
VHQVRUV DQG NQRZQ VSHHG RU WKUHH �RU PRUH� VHQVRUV
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)LJXUH � � 6HQVRU JHRPHWU\ DQG VRXUFH SRVLWLRQV IRU WKH
H[SHULPHQWV� 7KH VHQVRUV DUH ORFDWHG DW WKH FLUFOHV DQG
WKH VRXUFH SRVLWLRQV DW WKH [
V�

ZLWK XQNQRZQ VSHHG� 2Q WKH RWKHU KDQG� LI WKH VRXUFH

LV RXWVLGH WKH DUUD\ WKH VRXUFH UDQJH LV SURIRXQGO\ XQ�

REVHUYDEOH� ZKLOH WKH VSHHG RI SURSDJDWLRQ FDQ EH HVWL�

PDWHG IURP DV IHZ DV WZR VHQVRUV�

1H[W� FRQVLGHU WKH VDPH OLQHDU DUUD\ ZLWK WKH VRXUFH

QRW FRQVWUDLQHG RQ WKH OLQH� )RU NQRZQ YHORFLW\ DQG
VRXUFH LQ WKH IDU qHOG� ZH FDQ HVWLPDWH WKH EHDULQJ

ZLWK WZR RU PRUH VHQVRUV� ZKLOH LQ WKH QHDU qHOG FDVH

WKUHH RU PRUH VHQVRUV DUH UHTXLUHG WR REWDLQ DQ HVWLPDWH

RI VRXUFH UDQJH DQG EHDULQJ� :LWK XQNQRZQ YHORFLW\

WKH IDU qHOG EHDULQJ LV QRW REVHUYDEOH� ZKLOH IRU WKH
QHDU qHOG FDVH UDQJH DQG EHDULQJ DUH WHFKQLFDOO\ RE�

VHUYDEOH DQG SUDFWLFDO DSSOLFDWLRQ LV XVXDOO\ OLPLWHG WR

FDVHV QHDU EURDGVLGH�

7KH PHWKRGV GHVFULEHG LQ WKLV SDSHU DUH DSSOLFD�

EOH WR FDVHV ZKHUH WKH VRXUFH LV QRW FRQVWUDLQHG WR WKH
DUUD\ VXEVSDFH� EXW WKH H[DPSOH LV D VFHQDULR ZKHUH

WKH DUUD\ GLPHQVLRQ LV HTXDO WR WKH GLPHQVLRQ RI VRXUFH

ORFDWLRQ XQFHUWDLQW\� 7KLV FDVH SHUPLWV DFFXUDWH MRLQW

HVWLPDWLRQ RI YHORFLW\ DQG VRXUFH ORFDWLRQ�

�� &5$0x(5�5$2 %281'6

7KLV VHFWLRQ H[WHQGV WKH UHVXOWV RI >� @ WR WKH FDVH ZKHUH

WKH SURSDJDWLRQ VSHHG LV XQNQRZQ� /HW DQ RE MHFW EH

ORFDWHG DW SRVLWLRQ [ V � DW D GLVWDQFH RI UV IURP WKH

RULJLQ LQ WKH GLUHFWLRQ JLYHQ E\ WKH XQLW YHFWRU E
V
�[

V
 

U V E V � � 'HqQH WKH GLVWDQFH IURP WKH VRXUFH WR WKH L�WK

VHQVRU DV

' L s N [ V b [ LN �

'HqQH WKH XQLW YHFWRU IURP WKH VRXUFH WR VHQVRU L DV

E L s

[ V b [ L
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7KH UDQJH GLpHUHQFH EHWZHHQ VHQVRUV L DQG � DQG

WKH YHFWRU RI UDQJH GLpHUHQFHV DUH GHqQHG E\

G � L s ' � b ' L DQG G s >G � � �����G � 1 @ 7 �

7KH WLPH GHOD\ IURP WKH VRXUFH WR VHQVRU LV JLYHQ E\

�L  ' L F � ZKHUH F LV WKH SURSDJDWLRQ VSHHG� 7KH WLPH

GHOD\ YHFWRUV DUH JLYHQ E\ W  �� F�G � 'HQRWH WKH HVWL�
PDWHG WLPH GHOD\V DV WR

� L
WR IRUP WKH YHFWRU W

R
� ,I W

R
LV

HVWLPDWHG XVLQJ D 0D[LPXP /LNHOLKRRG �0/� HVWLPD�
WRU� LW FDQ EH PRGHOHG DV WKH VXP RI W DQG D ]HUR�PHDQ
*DXVVLDQ GLVWULEXWHG UDQGRP YDULDEOH� ZLWK LWV FRYDUL�
DQFH JLYHQ E\ WKH LQYHUVH RI WKH )LVKHU LQIRUPDWLRQ PD�
WUL[�

)RU XQELDVHG HVWLPDWRUV ZLWK VPDOO PHDVXUHPHQW
HUURUV� WKH YDULDQFH RI WKH HVWLPDWRUV LV ERXQGHG EH�
ORZ E\ WKH &UDPxHU�5DR ERXQG �&5%�� )RU HVWLPDWLQJ
SDUDPHWHU e GUDZQ IURP D UHDO *DXVVLDQ GHQVLW\ ZLWK
PHDQ { �e � DQG FRYDULDQFH i � WKHQ
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7KH )LVKHU LQIRUPDWLRQ PDWUL[ PD\ DOVR EH XVHG WR

qQG HVWLPDWRU ERXQGV RQ SRVLWLRQ� EHDULQJ� DQG VSHHG
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%\ LQWURGXFLQJ WZR VXSSOHPHQWDO YDULDEOHV� WKH VROX�
WLRQ WR ��� FDQ REWDLQHG IURP DQ RYHUGHWHUPLQHG V\V�
WHP RI OLQHDU HTXDWLRQV� 7KLV GRHV QRW JLYH WKH 0D[L�
PXP /LNOLKRRG �0/� HVWLPDWH �ZKLFK FDQ RQO\ EH RE�
WDLQHG E\ DQ LWHUDWLYH DSSURDFK� EXW WKH HTXDWLRQV

OHDVW�VTXDUHV VROXWLRQ \LHOGV DQ H[FHOOHQW DSSUR[LPD�
WLRQ IRU VHYHQ RU PRUH VHQVRUV LQ D WKUHH�GLPHQVLRQDO
VFHQDULR �VL[ RU PRUH VHQVRUV LQ D WZR GLPHQVLRQDO VFH�
QDULR� �

8VLQJ YHFWRU QRWDWLRQ� OHW [ V  �[ �\ �] � DQG [ L  
�[ L�\ L�] L� � :LWKRXW ORVV RI JHQHUDOLW\� ZH FKRRVH L  �

DV WKH UHIHUHQFH VHQVRU IRU WKH GLpHUHQWLDO WLPH GHOD\V�

1RZ GHqQH WKH WUDQVODWHG DQG QRUPDOL]HG SRVLWLRQ

ORFDWLRQ YHFWRU YDULDEOH DQG WKH WZR QHZ VXSSOHPHQWDO

YDULDEOHV E\
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7KXV� DV GHVFULEHG LQ >�@ � �� � FDQ EH ZULWWHQ DV D
OLQHDU VHW RI HTXDWLRQV $ [  E � ZKHUH
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:H QRWH LQ WKH WKUHH�GLPHQVLRQDO SUREOHP� WKH qUVW
FROXPQ RQ WKH U�K�V� RI ��� LV D VXE�PDWUL[ RI GLPHQVLRQ
�1 b �� d � DQG WKXV $ LV D �1 b �� d � PDWUL[� [ LV
D � d � YHFWRU� DQG E LV D �1 b �� d � YHFWRU� ,Q WKH
WZR�GLPHQVLRQDO SUREOHP� WKH qUVW FROXPQ RQ WKH U�K�V�
RI ��� LV D VXE�PDWUL[ RI GLPHQVLRQ �1 b �� d � DQG WKXV
$ LV D �1 b �� d � PDWUL[� [ LV D � d � YHFWRU� DQG E LV
DQ �1 b �� d � YHFWRU�

,I I A[ �

V
� A[ � � A[ � J DUH WKH OHDVW�VTXDUHV VROXWLRQ RI $ [  

E � WKHQ WKH GHVLUHG VRXUFH ORFDWLRQ DQG WKH YHORFLW\ DUH

JLYHQ E\

A[ V  
A[ �

V

� A[ �

� [ � � AF  

U
A[ �

A[ �

� ���

,I WKH VRXUFH DQG VHQVRUV DUH NQRZQ WR EH LQ WZR�
GLPHQVLRQDO VSDFH� WKHQ DOO WKH DERYH UHVXOWV DUH YDOLG
H[FHSW WKH PLQLPXP QXPEHU RI VHQVRUV FDQ EH UHGXFHG
E\ RQH�

7KH PHWKRG XVHG WR GHULYH ��� FDQ DOVR EH XVHG WR
GHULYH D PHWKRG WKDW HVWLPDWHV VRXUFH ORFDWLRQ ZKHQ
WKH VSHHG RI SURSDJDWLRQ LV NQRZQ� 7KLV UHTXLUHV WKH LQ�
WURGXFWLRQ RI RQO\ D VLQJOH VXSSOHPHQWDO YDULDEOH� 7KHQ
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)LJXUH �� &UDPxHHU�5DR ERXQG RQ UDQJH� D]LPXWK DQJOH
RI DUULYDO� DQG SURSDJDWLRQ VSHHG� 5DQJH LV LQ P� DQJOH
LQ GHJUHHV� DQG SURSDJDWLRQ VSHHG LQ P�V�

WKH VRXUFH ORFDOL]DLWRQ HVWLPDWH FDQ EH GHULYHG E\ VROY�
LQJ D VHW RI OLQHDU HTXDWLRQV� 7KLV PHWKRG KDV WKH DG�
YDQWDJH RYHU WKH DOJRULWKP LQ >�@ RI QRW UHTXLULQJ WKH
VROXWLRQ RI D TXDGUDWLF HTXDWLRQ�

�� )285 67(3 0(7+2'

$OWKRXJK WKH DERYH PHWKRG SURGXFHV D JRRG LQLWLDO HV�
WLPDWH RI WKH VRXUFH SRVLWLRQ DQG VSHHG RI SURSDJDWLRQ
ZKHQ QRWKLQJ DERXW WKHP LV NQRZQ D SULRUL� WKH HV�
WLPDWH RI SURSDJDWLRQ VSHHG LV QRW SDUWLFXODUO\ JRRG�
7KH GLUHFW VROXWLRQ FDQ EH XVHG DV DQ LQLWLDO HVWLPDWH
IRU DQ LWHUDWLYH PHWKRG� +RZHYHU� VLQFH H[LVWLQJ LWHUD�
WLYH PHWKRGV UHTXLUH D JRRG LQLWLDO HVWLPDWH RI VSHHG RI
SURSDJDWLRQ� WKH\ PD\ QRW FRQYHUJH� $ QHZ LWHUDWLYH
DSSURDFK LV IRXQG EDVHG RQ WKH DVVXPSWLRQ WKDW VRXUFH
ORFDWLRQ HVWLPDWH LV EHWWHU WKDQ WKH LQLWLDO VSHHG HVWL�
PDWH� ,JQRULQJ WKH LQLWLDO VSHHG HVWLPDWH DQG WUHDWLQJ
WKH VRXUFH ORFDWLRQ HVWLPDWHV DV LI WKH\ ZHUH FRUUHFW�
WKH OHDVW�VTXDUHV HVWLPDWH RI F LV WKHQ JLYHQ E\

AF  
W
R 7

G �[ V �

WR 7 WR
� ���

7KLV VXJJHVW WKH IROORZLQJ LWHUDWLYH PHWKRG PD\ EH
XVHG WR MRLQWO\ HVWLPDWH VRXUFH SRVLWLRQ DQG VSHHG RI
SURSDJDWLRQ JLYHQ QR D SULRUL NQRZOHGJH RI HLWKHU�

� � )LQG A[
V
XVLQJ ��� �

�� )LQG AF XVLQJ ��� �

�� 8VH DQ\ PHWKRG WR HVWLPDWH VRXUFH ORFDWLRQ IRU
NQRZQ VSHHG RI SURSDJDWLRQ� XVLQJ AF �

�� 5HSHDW VWHSV ��� DV PDQ\ WLPHV DV GHVLUHG�
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)LJXUH �� 506 HUURU XVLQJ GLUHFW PHWKRG� 5DQJH LV LQ
P� D]LPXWK DQJOH LQ GHJUHHV� DQG SURSDJDWLRQ VSHHG LQ
P�V�

�� 6,08/$7,216

7KH SHUIRUPDQFH RI WKH SURSRVHG PHWKRGV LV FRPSDUHG
WR WKH &5% XVLQJ FRPSXWHU VLPXODWLRQV� 6HYHQ VHQVRUV
DUH UDQGRPO\ GLVWULEXWHG LQ WKUHH GLPHQVLRQV �WKH ;
DQG < FRRUGLQDWHV DUH VKRZQ LQ )LJXUH � � WKH DOWLWXGHV
DUH VPDOO FRPSDUHG WR ; DQG <�� 7KH FRRUGLQDWH V\V�
WHP LV FKRVHQ VXFK WKDW WKH DUUD\ FHQWURLG LV DW WKH
RULJLQ� 7KH UDQJH DQG EHDULQJ DUH GHqQHG ZLWK UHVSHFW
WR WKH FHQWURLG� 7KH SHUIRUPDQFH LV LQYHVWLJDWHG DW ���
SRLQWV DORQJ D SDWK WKDW SDVVHV QHDU WKH DUUD\� DV VKRZQ
LQ )LJXUH � � 7KH WUXH VSHHG RI SURSDJDWLRQ LV ��� P�V�

7KH &5% FDQ EH GHWHUPLQHG RQFH WKH WLPH GHOD\
HVWLPDWH YDULDQFH LV VSHFLqHG� ,W LV DVVXPHG IRU WKLV
H[SHULPHQWV WKDW HDFK VHQVRU
V HUURU LV LQGHQGHQW DQG
LGHQWLFDOO\ GLVWULEXWHG� 7KXV� i  �

�
, � ZKHUH �

� LV WKH

YDULDQFH RI WKH WLPH GHOD\ HVWLPDWLRQ HUURUV� ,Q WKHVH

VLPXODWLRQV� WKH WLPH GHOD\ HVWLPDWHV DUH DVVXPHG WR EH
XQLIRUPO\ GLVWULEWHG RQ >b d�d@ � 7KUHH YDOXHV RI d DUH

VLPXODWHG� ������ ����� DQG ��� P� 7KH &5%V RQ UDQJH�

D]LPXWK DQJOH� DQG SURSRJDWLRQ VSHHG HVWLPDWLRQ IRU

WKLV JHRPHWU\ DUH VKRZQ LQ )LJXUH �� 7KH VWDQGDUG
GHYLDWLRQ� QRW WKH YDULDQFH� RI WKH ERXQGV LV VKRZQ LQ
WKH SORWV�

0RQWH &DUOR VLPXODWLRQV ZHUH SHUIRUPHG XVLQJ WKH
WZR PHWKRGV GHVFULEHG LQ WKLV SDSHU� $W HDFK VRXUFH
ORFDWLRQ� ��� WULDOV ZHUH SHUIRUPHG� DQG WKH 506 HU�
URUV RQ UDQJH� D]LPXWK DQJOH� DQG SURSDJDWLRQ VSHHG
ZHUH FRPSXWHG� 7KH UHVXOWV XVLQJ WKH GLUHFW PHWKRG
DUH VKRZQ LQ )LJXUH �� )RU VPDOO HUURUV� WKH PHWKRG
DSSURDFKHV WKH &5%� EXW LW GLYHUJHV VLJQLqFDQWO\ IRU
ODUJH HUURUV� 7KH GLUHFW PHWKRG FDQ SURYLGH DQ H[�
FHOOHQW VWDUWLQJ SRLQW IRU WKH )RXU 6WHS 0HWKRG� 7KH
506 HUURUV XVLQJ qYH LWHUDWLRQV LV VKRZQ LQ )LJXUH ��
,Q JHQHUDO� qYH LWHUDWLRQV LV TXLWH VXsFLHQW� ZKLOH H[FHO�
OHQW SHUIRUPDQFH ZLWK RQO\ WZR LWHUDWLRQV LV FRPPRQO\
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)LJXUH �� 506 HUURU XVLQJ GLUHFW PHWKRG IROORZHG LW�
HUDWLRQV ZLWK NQRZQ VSHHG� 5DQJH LV LQ P� D]LPXWK
DQJOH LQ GHJUHHV� DQG SURSDJDWLRQ VSHHG LQ P�V�

HQFRXQWHUHG� 7KH NQRZQ VSHHG VROXWLRQ ZDV SHUIRUPHG
XVLQJ WKH NQRZQ VSHHG DQDORJRXV WR WKH XQNQRZQ VSHHG
GLUHFW PHWKRG� %\ FRPSDULQJ )LJXUH ���� ZH QRWH WKH
UHVXOWV RI WKH )RXU 6WHS PHWKRG DSSURDFK WKRVH RI WKH
&5% HYHQ IRU ODUJHU HUURUV�

�� 5()(5(1&(6

>� @ -�6� $EHO /RFDOL]DWLRQ XVLQJ UDQJH GLpHUHQFHV�
3K�'� GLVVHUWDWLRQ� 6WDQIRUG 8QLYHUVLW\� 6WDQIRUG�
&$� -XO\ �����

>�@ 6� %DQFURIW� ?$Q DOJHEUDLF VROXWLRQ RI WKH *36
HTXDWLRQV� � ,((( 7UDQV� $HURVS� (OHFWURQ� � YRO�
$(6��� � QR� � � SS� ����� -DQ� �����

>�@ -� &KDIHH DQG -� $EHO� ?2Q WKH H[DFW VROXWLRQ
RI SVHXGRUDQJH HTXDWLRQV� � ,((( 7UDQV� $HURVS�
(OHFWURQ�� YRO� $(6���� QR� �� SS� �������� 2FW�
�����

>�@ .� <DR� 5�(� +XGVRQ� &�:� 5HHG� '� &KHQ� 7�/�
7XQJ� DQG )� /RUHQ]HOOL� ?6SDFH�WLPH EHDPIRUP�
LQJ IRU UDQGRPO\ GLVWULEXWHG VHQVRUV� � 3URF� 63,(�
�����

>�@ *� 6WUDQJ DQG .� %RUUH� /LQHDU $OJHEUD� *HRGHV\�
DQG *36� :HOOHVOH\�&DPEULGJH 3UHVV� :HOOHVO\�
0$� ����� S� ��� �


