
GHWHFWLRQ RI VSHFWUDOO\ HTXLYDOHQW SDUDPHWULF SURFHVVHV XVLQJ
KLJKHU RUGHU VWDWLVWLFV

Pduwldo Frxorq dqg Mhdq0\yhv Wrxuqhuhw

HQVHHLKW 2 JDSVH
5 Uxh Fdplfkho/ ES :455

643:4 Wrxorxvh Fhgh{/ Iudqfh
frxorqCohq:1hqvhhlkw1iu wrxuqhuhCohq:1hqvhhlkw1iu

Dqdqwkudp Vzdpl

Dup| Uhvhdufk Ode
5;33 Srzghu Ploo Urdg

Dghoskl/ XVD
DqdqwkudpbVzdplChpk61duo1plo

DEVWUDFW

Wkh sdshu dgguhvvhv wkh sureohp ri ghwhfwlqj wzr
vshfwudoo| htxlydohqw sdudphwulf surfhvvhv +VHSS,= wkh
qrlv| DU surfhvv dqg wkh DUPD surfhvv1 Kljkhu0rughu
vwdwlvwlfv +KRV, duh vkrzq wr eh h�hfwlyh iru ghwhfwlrq1
Wzr KRV edvhg ghwhfwruv duh ghulyhg dqg frpsduhg1
Wkh �uvw ghwhfwru vwxglhv wkh vlqjxodulw| ri dq KRV0
edvhg \xoh0Zdonhu pdwul{1 Wkh vhfrqg ghwhfwru �owhuv
wkh gdwd e| dq DU �owhu hvwlpdwhg iurp wkh gdwd> wkh
uhvlgxdo KRV duh wkhq vkrzq wr eh h�hfwlyh iru wkh
VHSS ghwhfwlrq sureohp1

41 LQWURGXFWLRQ

Wkh ghwhfwlrq dqg fodvvl�fdwlrq ri vljqdov frqwdplqdwhg e|
qrlvh kdv ehhq lqwhqvlyho| vwxglhg lq wkh olwhudwxuh ^44`1 Rs0
wlpdo ghwhfwruv/ edvhg rq wkh Qh|pdq0Shduvrq fulwhulrq/
fdq eh ghulyhg/ zkhq vwdwlvwlfdo surshuwlhv uhjduglqj vljqdo
dqg2ru qrlvh duh dydlodeoh1 Xqiruwxqdwho|/ wkhvh ghwhfwruv
fdq eh gl!fxow wr lpsohphqw/ ehfdxvh ri lqwudfwdeoh frp0
sxwdwlrqv1 Pruhryhu/ wkh vljqdo dqg2ru qrlvh vwdwlvwlfv fdq
eh xqnqrzq1 Lq vxfk fdvhv/ rqh pxvw uhvruw wr vxerswlpdo
ghwhfwruv1 Wkhvh ghwhfwruv duh edvhg rq glvfulplqdwlqj ihd0
wxuhv/ uhodwlyh wr d sdudphwulf ru qrq sdudphwulf dqdo|vlv1

Wklv sdshu vwxglhv wkh vxerswlpdo ghwhfwlrq ri vshfwudoo|
htxlydohqw surfhvvhv +VHS*v,1 VHS*v kdyh ehhq revhuyhg lq
pdq| vljqdo surfhvvlqj dssolfdwlrqv lqfoxglqj frppxqlfd0
wlrq v|vwhpv1 Iru lqvwdqfh/ lw lv zhoo nqrzq wkdw pdq|
prgxodwlrq vljqdov +SVN/ TDP, kdyh wkh vdph phdq dqg
wkh vdph srzhu vshfwudo ghqvlw| +ru htxlydohqwo| vhfrqg0
rughu vwdwlvwlfv,1 Frqvhtxhqwo|/ vxerswlpdo ghwhfwruv edvhg
rq �uvw ru vhfrqg0rughu vwdwlvwlfv |lhog srru uhvxowv1 Vhy0
hudo dowhuqdwlyhv edvhg rq kljkhu0rughu prphqwv ru fxpx0
odqwv kdyh wkhq ehhq vwxglhg iru wkh fodvvl�fdwlrq ri wkhvh
prgxodwlrq vljqdov ^4`^43`1 Wklv sdshu sursrvhv wr prgho
wkh VHS*v e| wzr sdudphwulf vshfwudoo| htxlydohqw prghov
+VHP*v,= wkh cqrlv| DU prgho* +vhh ht1 +4,,/ dqg lwv VH
DUPD prgho +vhh ht1 +6,,1 Lw lv zhoo0nqrzq wkdw wkhvh
wzr prghov kdyh wkh vdph DU sdudphwhuv1 Frqvhtxhqwo|/
wkh DU sdudphwhuv duh qrw vxlwdeoh iru VHS ghwhfwlrq1 Wkh
pdlq frqwulexwlrq ri wkh sdshu lv wr vkrz wkdw wkh VHP
PD sdudphwhuv duh h�hfwlyh iru wkh VHS ghwhfwlrq sure0

ohp1 Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 irupx0
odwhv wkh sureohp1 Vhfwlrq 6 suhvhqwv d ghwhfwru edvhg rq
wkh Vlqjxodulw| ri d KRV0edvhg \xoh0Zdonhu Pdwul{ +VP,1
Vhfwlrq 7 vwxglhv d qhz ghwhfwru edvhg rq KRV ri �owhuhg
gdwd/ zkhuh wkh �owhu sdudphwhuv duh hvwlpdwhg iurp wkh
gdwd1 Vhfwlrq 8 vwxglhv wkh whvw ixqfwlrq uhodwhg wr erwk
ghwhfwruv1 Vlpxodwlrq uhvxowv dqg frqfoxvlrq duh uhsruwhg
lq vhfwlrqv 9 dqg : uhvshfwlyho|1

51 SUREOHP IRUPXODWLRQ

Frqvlghu d cqrlv| DU wlph vhulhv* +fE?� gh�qhg e|=

+f E?� ' % E?� n K E?� +4,

zkhuh %E?� lv dq DU surfhvv gulyhq e| dq llg qrq0Jdxvvldq
vhtxhqfh eE?�=

%E?� ' 3

R[

�'�

@�%E?3 �� n eE?� +5,

dqg KE?� lv wkh dgglwlyh Jdxvvldq qrlvh lqghshqghqw ri eE?�1
Lw lv zhoo0nqrzq wkdw +fE?� kdv wkh vdph phdq dqg wkh vdph
srzhu vshfwudo ghqvlw| dv dq DUPD+s/s, surfhvv +zlwk wkh
vdph DU sdudphwhuv, gulyhq e| dq llg vhtxhqfh }E?� gh�qhg
e|=

+� E?� ' 3

R[

�'�

@�+�E?3 �� n

R[

�'f

K�}E? 3 �� +6,

Wkh vshfwudo htxlydohqfh surshuw| iru +fE?� dqg +�E?�
|lhogv=

�2} ' �2K
@R

KR
+7,

Pruhryhu/ sdudphwhuv tK���'�c���cR fdq eh frpsxwhg iurp

�2ec �2K dqg t@���'�c���cR yld vshfwudo idfwrul}dwlrq1 Wkh
VHS ghwhfwlrq sureohp lv wkh iroorzlqj elqdu| k|srwkhvlv
whvw=

Mf G +E?� ' +fE?�
M� G +E?� ' +�E?�

Lq sulqflsoh/ li wkh sgiv ri wkh ydulrxv lqqrydwlrq surfhvvhv
duh nqrzq/ dqg li dssursuldwh sulruv duh dydlodeoh/ wkh
Ed|hvldq2Pd{lpxp Olnholkrrg dssurdfk frxog eh xvhg1
Krzhyhu/ wklv dssurdfk lv lqwudfwdeoh lq wkh qrq0Jdxvvldq
frqwh{w/ dqg/ ri frxuvh/ wkh sgiv kdyh wr eh nqrzq1 Khqfh/



zh sursrvh wzr vxerswlpdo ghwhfwruv edvhg rq kljkhu0rughu
fxpxodqwv1

61 VP0EDVHG GHWHFWRU

Wklv vhfwlrq uhfdoov d VHS ghwhfwru sursrvhg lq ^6`/ edvhg
rq wkh Kljkhu0Rughu \xoh0Zdonhu Htxdwlrqv +KR\ZH, iru
wkh VHS ghwhfwlrq1 Wkh KR\ZH iru dq �-ER� surfhvv duh
gh�qhg e| ^;`=

R[

�'f

@��
%
& E63 �c fc � � � c f� ' f / �6 : f +8,

zkhuh �%
& E4�c 42c � � � c 4&3�� ghqrwhv wkh nwk0rughu fxpxodqw

ri wkh �- surfhvv dw odj 4' E4�c 42c � � � c 4&3��1 Wkh surs0

huw| �
+3
& E4� ' �%

& E4� krogv �& : 2c �4 M ~~
&3�/ vlqfh wkh

dgglwlyh qrlvh lv Jdxvvldq dqg lqghshqghqw ri %E?�1 Gh0
qrwh {RE1� ' _i|E+RE1�� zkhuh +RE1� lv wkh Wrhsolw} pd0

wul{ zkrvh �uvw urz dqg �uvw froxpq duh E1Rn�c � � � c 1�� dqg

E1Rn�c � � � c 12Rn��
A uhvshfwlyho|/ zlwk 1' E1�c � � � c 12Rn�� M

W+2Rn�1 Ghqrwh
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& E� n Rc fc � � � c f��A +9,

Wkh frqfdwhqdwlrq ri ht1*v +8, iru 6 M t�c � � � c Rn �� |lhogv
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khqfh

{f
{
' {RE�

f
&� ' f +;,

Rq wkh rwkhu kdqg/ iru dq �-��ERc R� surfhvv/ ht1*v +8,
krog iru 6 : R/ exw qrw iru 6 M t�c � � � c R�1 D odujh qxp0

ehu ri vlpxodwlrqv kdyh vkrzq wkdw {�
{
' {RE�

�
&� �' f/

zkhuh ��& lv gh�qhg dv lq +9, zlwk fxpxodqwv ri wkh �-��
surfhvv1 Wkhuhiruh/ zh dvvxph wkdw lw lv wuxh lq wkh uhvw ri
wkh sdshu1 Wkh VH qrlv| �- dqg �-�� surfhvv ghwhfwlrq
fdq wkhq eh h{suhvvhg dv d vlpsoh elqdu| k|srwkhvlv whvwlqj
sureohp=

Mf = +Qrlv| DU surfhvv, { ' {f ' f
M� = +DUPD surfhvv, { ' {� �' f

+<,

Gh�qh e�& dv wkh vdpsoh fxpxodqw yhfwru rewdlqhg e| uh0
sodflqj wkh wuxh fxpxodqwv lq +9, e| wkhlu xvxdo hvwlpdwhv/

dqg ghqrwh e{ {
' {REe�&�1 Wkh qrlv| �- dqg �-��

surfhvv fxpxodqw yhfwru hvwlpdwhv duh dv|pswrwlfdoo| xq0

eldvhg Jdxvvldq yhfwruv zlwk= *�4
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& ^;`1 Dffruglqj wr +^5`/ s1 544,/ wkh ghwhu0

plqdqw hvwlpdwh e{ lv dv|pswrwlfdoo| dq xqeldvhg Jdxvvldq
yduldeoh zlwk=
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�
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��1��� ' R n � 3 �Rn �3 �� ghqrwhv
wkh qxpehu ri 1� lq +RE1� dqg E�JsE+RE����6 wkh +RE��

pdwul{ fridfwru frpsxwhg dw wkh 6|� rffxuuhqfh ri 1� 1 Wkh

vwdwlvwlfdo surshuwlhv ri e{ fdq wkhq eh dv|pswrwlfdoo| gh0
ulyhg xqghu erwk k|srwkhvhv=

Mf = Qrlv| DU surfhvv
I
� e{ ; �Efc j2f�

M� = DUPD surfhvv
I
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+44,

71 PD GHWHFWRU

Ghqrwh e| 5�E?� wkh rxwsxw ri wkh ILU �owhu zlwk ~0
wudqvirup �E5� '

SR

&'f
@&5

3& gulyhq e| +� E?�1 Wkh VHS
ghwhfwlrq sureohp fdq eh uhzulwwhq dv=

Mf G 5E?� ' 5fE?� ' eE?� n
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+45,
Ht1 +45, vkrzv wkdw 4, 5fE?� lv wkh vxp ri d Jdxvvldq
PD+s, vhtxhqfh dqg dq llg qrq0Jdxvvldq vhtxhqfh eE?�1
Frqvhtxhqwo|/ wkh &|�0rughu fxpxodqwv +& : 2, ri 5fE?� duh
}hur h{fhsw dw odj 4 ' f> 5, 5�E?� lv d sxuh qrq0Jdxvvldq
PD+s, vhtxhqfh/ zkrvh &|�0rughu fxpxodqwv duh qrq0}hur
iru d vshfl�f vhw ri odjv1 Gh�qh �5l

& E4� dv lq +8,1 Jldqqdnlv
^8` hvwdeolvkhg wkdw wkh PD sdudphwhuv ri d qrq Jdxvvldq
DUPD+k/q, prgho fdq eh lghqwl�hg xqltxho| iurp fxpx0
odqwv zklfk ehorqj wr wkh iroorzlqj vhw=

U& ' t4 �4@ Ekc q�3 k $ 4
2
$ 4

�
$ q n 2kc 4, ' fc , ' �c ��c & 3 ��

Xvlqj edvlf surshuwlhv ri &|�0rughu fxpxodqwv/ wkh iroorzlqj
elqdu| k|srwkhvlv whvwlqj sureohp fdq eh frqvlghuhg=

Mf G } ' }f ' f
M� G } ' }� �' f

+46,

zkhuh }� lv wkh wkhruhwlfdo KRV yhfwru zkrvh hohphqwv duh
�

5l
& E4�/ 4 M U&c 4 �' f1 Ghqrwh e| e} wkh yhfwru rewdlqhg e|

uhsodflqj wkh wuxh fxpxodqwv lq } e| wkhlu xvxdo hvwlpdwhv
frpsxwhg iurp � vdpsohv1 Wkh dv|pswrwlf vwdwlvwlfdo eh0
kdylru ri wkh KRV yhfwru hvwlpdwh e} lv ^7`=

I
�e} ; � EfcPf�I

� Ee} 3 }�� ; � EfcP��
+47,

zkhuh Pf dqg P� duh wzr pdwulfhv lqghshqghqw ri � 1 Wkh
dv|pswrwlf vwdwlvwlfv ri e} fdq eh xvhg wr ghulyh &|�0rughu
fxpxodqw edvhg olnholkrrg udwlr ghwhfwruv1 Lq sudfwlfdo ds0
solfdwlrqv/ DU sdudphwhu yhfwru @ ' d�c @�c � � � @Ro

A lv xq0
nqrzq1 Frqvhtxhqwo|/ lw kdv wr eh hvwlpdwhg1 Dq| kljkhu0
rughu fxpxodqw edvhg phwkrg fdq eh xvhg vlqfh lw lv eolqg
wr wkh dgglwlyh qrlvh1 Lq wklv fdvh/ } lv iruphg e| fx0
pxodqwv ri wkh rxwsxw ri wkh ILU �owhu zlwk ]0wudqvirup
e� E5� '

SR

&'f
e@&53& gulyhq e| +�E?�1

81 VWXG\ RI WKH WHVW IXQFWLRQ IRU ERWK
GHWHFWRUV

Ht *v +44, dqg +47, vkrz wkdw wkh VHS ghwhfwlrq sureohp
fdq eh ylhzhg dv wzr KRV edvhg ghwhfwlrq sureohpv/ lq0
yroylqj Jdxvvldq whvw vwdwlvwlfv1 Wkh pdlq gl�huhqfh eh0
wzhhq wkh wzr ghwhfwruv lv wkdw wkh VP ghwhfwru lv rqh0
glphqvlrqdo/ frqwudu| wr wkh PD ghwhfwru1



8141 Nqrzq Sdudphwhuv

Sdudphwhuv t@���'�c���cR c tK���'�c���cR c �2ec �2K dqg �
2} fdq

eh ghwhuplqhg/ zkhq wkh vshfwuxp ri wkh wzr VHS*v lv
nqrzq +sdudphwhuv t@���'�c���cR c �2e dqg �

2K duh hvwlpdwhg
e| �wwlqj d qrlv| DU prgho wr wkh gdwd dqg sdudphwhuv
tK���'�c���cR c �

2} duh frpsxwhg xvlqj ht1 +7, dqg vshf0

wudo idfwrul}dwlrq,1 Wkh olnholkrrg udwlr ghwhfwru uhgxfhv
wr frpsduh d txdgudwlf irup ri qrupdo yduldeohv wr d vxlw0
deoh wkuhvkrog/ ghshqglqj rq wkh suredelolw| ri idovh dodup
+SID, dqg wkh prgho sdudphwhuv1 Wkh whvw vwdwlvwlf glvwule0
xwlrq fdq eh h{suhvvhg dv pl{wxuhv ri fhqwudo ru qrq0fhqwudo
�2 glvwulexwlrqv ^:`1 Lw fdq dovr eh h{sdqghg lq PdfOdx0
ulq ru Ohjhqguh vhulhv +^:`/ ss1 49;04:6, ru frpsxwhg qx0
phulfdoo| xvlqj dssursuldwh dojrulwkpv vxfk dv wkh Lpkri
dojrulwkp1 Wklv sdshu irfxvhv rq sudfwlfdo dssolfdwlrqv/ iru
zklfk wkh qrlv| DU dqg DUPD sdudphwhuv duh xqnqrzq1

8151 Xqnqrzq Sdudphwhuv

Wkh VHS ghwhfwlrq sureohp gh�qhg lq +<, dqg +46, lv d
frpsrvlwh k|srwkhvlv whvw/ zkhq wkh prgho sdudphwhuv duh
xqnqrzq1 Wklv sduw vwxglhv d frpsrvlwh k|srwkhvlv whvw
yhu| vlplodu wr wkh Klqlfk olqhdulw| whvw +^<`/ ss1 7907;,1
Dvvxph wkdw � lqghshqghqw uhdol}dwlrqv ri e) +ghqrwhg�e)�

�
�'�c���c�

, duh dydlodeoh/ zkhuh e) ghqrwhv e{ ru e}1 Wkhvh
� phdvxuhphqwv fdq eh rewdlqhg iurp rqh vlqjoh vljqdo
e| vhjphqwdwlrq1 Wklv vhjphqwdwlrq surfhgxuh frqvlvwv ri
frqvlghulqj d � 0vdpsoh vljqdo dv � vhjphqwv ri g vdpsohv

+zlwk � ' �g,1 Gh�qh ) dqg e7 dv wkh vdpsoh phdq dqg

fryduldqfh pdwul{ ri wkh vhtxhqfh
�e)�

�
�'�c���c�

=

) ' �

�

S�

�'�
e)�

e7 '
S�

�'�

�e)� 3 )
� �e)� 3 )

�A +48,

Xvlqj wkh dv|pswrwlf qrupdolw| ri yhfwru Ee)
�
c ���c e)� �

A
/ wkh

jhqhudol}hg olnholkrrg udwlr ghwhfwru iru wkh sdudphwulf VHS
ghwhfwlrq sureohpv +44, dqg +47, lv gh�qhg e| ^<`=

Mf uhmhfwhg li A 2 '�)
|e73�) : bf +49,

bf lv d wkuhvkrog zklfk fdq eh ghwhuplqhg iurp wkh glvwul0
exwlrq ri A 2 xqghu wkh qxoo k|srwkhvlv dqg wkh SID1 Jlul
^9` vkrzhg wkdw wkh vwdwlvwlf �3^

^
A 2 kdv dq 8 0glvwulexwlrq

zlwk E^c� 3 ^� ghjuhhv ri iuhhgrp/ xqghu wkh qxoo k|srwk0
hvlv1 Qrwh wkdw iru wkh VP ghwhfwru/ A 2 lv wkh vtxduh ri
d Vwxghqw vwdwlvwlf zlwk � ghjuhhv ri iuhhgrp1 Vwdwlvwlf
A 2 kdv d qrq0fhqwudo Krwhoolqj glvwulexwlrq/ xqghu k|srwk0
hvlv M� ^<`1 Xqiruwxqdwho|/ wklv glvwulexwlrq lv gl!fxow wr
vwxg|1 Frqvhtxhqwo|/ wkh suredelolw| ri ghwhfwlrq +SG, lv
frpsxwhg yld Prqwh0Fduor vlpxodwlrqv1

91 VLPXODWLRQ UHVXOWV

Pdq| vlpxodwlrqv kdyh ehhq shuiruphg wr ydolgdwh wkh suh0
ylrxv wkhruhwlfdo uhvxowv1 Khuh/ vlpxodwlrq uhvxowv duh uh0
sruwhg iru wkh frpsrvlwh k|srwkhvlv ghwhfwru +l1h1 xqnqrzq
sdudphwhuv,1 Wkh VHS ghwhfwru shuirupdqfh lv hydoxdwhg
lq whupv ri Uhfhlyhu Rshudwlqj Fkdudfwhulvwlfv +URF*v, iru
gl�huhqw qxpehu ri vdpsohv dqg gl�huhqw vljqdo wr qrlvh
udwlrv +7�-*v,1 Wkhvh fxuyhv uhsuhvhqw wkh suredelolw|

ri ghwhfwlrq +SG, dv d ixqfwlrq ri wkh SID1 Iluvw/ dq
�-E�� surfhvv zlwk sdudphwhuv d�(3f�Do gulyhq e| d }hur
phdq h{srqhqwldoo| glvwulexwhg l1l1g1 lqsxw +zlwk yduldqfh
�2e ' �, lv frqvlghuhg1 Wklv fdvh lv yhu| vlpsoh vlqfh forvhg
irup h{suhvvlrqv iru wkh �-�� sdudphwhuv +lqsxw yduldqfh
�2} dqg sdudphwhuv K�, duh dydlodeoh dv ixqfwlrqv ri qrlv|
�- surfhvv sdudphwhuv1 Wkh vshfwudoo| htxlydohqw �-��
surfhvv lv gulyhq e| d }hur phdq h{srqhqwldoo| glvwulexwhg
lqsxw1 Qxphulfdo uhvxowv kdyh ehhq frpsxwhg xvlqj Prqwh0
Fduor uxqv1 Ilj1*v � dqg 2 vkrz wkh VP dqg PD ghwhfwru
URF*v iru gl�huhqw 7�-*v +dqg d �{hg qxpehu ri vdp0
sohv � ' D dqg g ' 2fff,1 Wkh whvw lpsuryhv zkhq wkh
7�- ghfuhdvhv1 Lqghhg/ zkhq 7�- lv orz/ wkh qrlv| �-
surfhvv lv forvh wr d Jdxvvldq surfhvv/ frqwudu| wr wkh VH
�-�� surfhvv1 Wkxv/ wkh wzr VH surfhvvhv fdq eh hdvlo|
glvwlqjxlvkhg iru orz 7�-*v1 Ilj1*v � dqg e suhvhqw wkh VP
dqg PD ghwhfwru URF*v iru gl�huhqw qxpehuv ri vdpsohv
� dqg d �{hg 7�- ' H_�1 Reylrxvo|/ wkh kljkhu � / wkh
ehwwhu wkh ghwhfwru shuirupdqfhv1 Wkhvh vlpxodwlrqv kdyh
ehhq fduulhg rxw iru d jlyhq �-E�� surfhvv1 Krzhyhu/ rwkhu
prgho rughuv dqg DU sdudphwhuv kdyh ehhq vwxglhg dqg
jlyh vlplodu shuirupdqfh1 Iru lqvwdqfh/ �j*v D dqg S vkrz
wkh ghwhfwru URF*v iru d qrlv| �-Ee� surfhvv zlwk sdud0
phwhuv d�c3f�Dc3f�2Dc3f��2Dc3f�fSo/ iru gl�huhqw qxphu
ri vdpsohv1

:1 FRQFOXVLRQ

Wklv sdshu vwxglhg wzr vxerswlpdo ghwhfwruv edvhg rq
kljkhu0rughu fxpxodqwv iru wkh ghwhfwlrq ri vshfwudoo| htxly0
dohqw surfhvvhv +VHS*v,1 Wkh VHS*v zhuh prghohg e| wzr
vshfwudoo| htxlydohqw sdudphwulf surfhvvhv= wkh qrlv| DU
surfhvv dqg wkh DUPD surfhvv1 Wkh �uvw ghwhfwru zdv
edvhg rq wkh vlqjxodulw| ri d KRV0edvhg \xoh0Zdonhu pd0
wul{1 Wkh vhfrqg �owhuhg wkh gdwd e| dq DU �owhu hvwlpdwhg
iurp wkh gdwd/ dqg vwxglhg wkh qxoolw| ri wkh uhvlgxdo kljkhu0
rughu fxpxodqwv1 Wkh glvwulexwlrq ri wkh whvw vwdwlvwlfv zdv
vwxglhg1 Wkhruhwlfdo uhvxowv zhuh vxssruwhg e| vlpxodwlrq
vwxglhv1

;1 UHIHUHQFHV

^4` G1 Erlwhdx dqg F1 Oh Pduwuhw/ �Fodvvl�fdwlrq ri olq0
hdu prgxodwlrqv e| phdq ri d irxuwk0rughu fxpxodqw/�
Surf1 ri Hxvlsfr/ Wulhvwh/ 4<<91

^5` S1 M1 Eurfnzhoo dqg U1D1 Gdylv/ Wlph Vhulhv= Wkhru|
dqg Phwkrgv/ Vsulqjhu Yhuodj/ 5qg Hglwlrq/ 4<<31

^6` P1 Frxorq dqg M1\1 Wrxuqhuhw/ �Ghwhfwlrq dqg fodvvl�0
fdwlrq ri vshfwudoo| htxlydohqw surfhvvhv= d sdudphwulf
dssurdfk/� Surf1 ri KRV/ Edq�/ Fdqdgd/ ss 74307/
4<<:1

^7` M1 D1 U1 Irqroorvd/�Vdpsoh Fxpxodqwv ri Vwdwlrqdu|
Surfhvvhv= Dv|pswrwlf Uhvxowv�/ LHHH Wudqv1 rq Vlj0
qdo Surfhvvlqj/ yro1 76/ Dsulo 4<<81

^8` J1 E1 Jldqqdnlv/ �Rq wkh Lghqwl�delolw| ri Qrq0
Jdxvvldq DUPD Prghov xvlqj Fxpxodqwv/� LHHH
Wudqv1 rq Dxw1 Frqw1/ yro1 68/ Q��/ ss 4;059/ Mdqx0
du| 4<<31

^9` Q1 Jlul/ �Rq wkh frpsoh{ dqdorjxhv A 2 dqg -2 whvwv/�
Dqq1 Pdwk1 Vwdwlvw1/ yro1 69/ ss1 99709:3/ 4<981



^:` Q1 O1 Mrkqvrq dqg V1 Nrw}/ Frqwlqxrxv Xqlyduldwh
Glvwulexwlrqv05/ �uvw hglwlrq/ Mrkq Zloh|/ 4<:31

^;` E1 Srudw/ Gljlwdo Surfhvvlqj ri Udqgrp Vljqdov= Wkh0
ru| dqg Phwkrgv/ Suhqwlfh Kdoo/ QM/ 4<<71

^<` P1 E1 Sulhvwoh|/ Qrq0olqhdu dqg Qrq0Vwdwlrqdu| Wlph
Vhulhv Dqdo|vlv/ Dfdghplf Suhvv/ 4<;;1

^43` V1 V1 Vrolpdq/ �Vljqdo fodvvl�fdwlrq xvlqj vwdwlvwlfdo
prphqwv/� LHHH Wudqv1 rq Frpp1/ yro1 73/ Pd| 4<<51

^44` K1 O1 Ydq Wuhhv/ Ghwhfwlrq Hvwlpdwlrq dqg Prgxodwlrq
Wkhru|/ Sduw L1 Qhz \run= Zloh|/ 4<9;1
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