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DEVWUDFW
Lw lv zhoo nqrzq wkdw wkh Vkdqqrq vdpsolqj
wkhruhp fdq eh sxw lqwr d zdyhohw frqwh{w1 Exw
lw kdv dovr ehhq vkrzq wkdw iru prvw zdyhohwv/ d
vdpsolqj wkhruhp iru wkh dvvrfldwhg vxevsdfhv
h{lvwv1 Wkhuh lv hyhq d qrq0xqlirup vdpsolqj
wkhruhp dv lq wkh Vkdqqrq fdvh1 Lq jhqhudo wkh
erxqgv rq wkh ghyldwlrqv iurp xqlirup duh qrw
dv hdv| wr vshfli| lq wklv fdvh1 Qr vlpsoh Ndghf
427 wkhruhp krogv h{fhsw lq vshfldo fdvhv +vxfk
dv wkh Iudqnolq zkhuh wkh erxqg lv 425,1 Iru
d sduwlfxodu fodvv/ wkh Ph|hu zdyhohwv/ zklfk
duh edqgolplwhg exw zlwk d vprrwk vshfwuxp/
d vlplodu erxqg lv vrphwlphv rewdlqdeoh1 Xq0
iruwxqdwho|/ lw lv pxfk vpdoohu wkdw 4271

L11 WKH VKDQQRQ WKHRUHP1

Wkh Vkdqqrq vdpsolqj wkhruhp/ e| zklfk d
Z�edqg olplwhg dqdorj vljqdo pd| eh uhfrq0
vwuxfwhg iurp lwv vdpsohg ydoxhv/ uhihuv wr wkh
irupxod
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zkhuh r uhihuv wr wkh vlqf ixqfwlrq rE|� '
Et�?Z|�*Z| ^8`1 Wklv pd| eh prgl�hg wr doorz
luuhjxodu vdpsolqj dqg vwloo uhfryhu wkh vljqdo/
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surylghg vxs?m|?�?m 	 �*e1 Wklv lv wkh Ndghf
427 Wkhruhp ^;`1

LL11 ZDYHOHW VDPSOLQJ1

Wkh uhtxluhphqw wkdw wkh vljqdo eh edqg olp0
lwhg fdq eh dyrlghg e| frqvlghulqj vljqdov lq
rwkhu zdyhohw vxevsdfhv1 +Wkh vsdfhv ri 56Z
edqg olplwhg vljqdov duh vxfk d vxevsdfh,1 Iru
prvw idwkhu zdyhohwv )E|� dqg wkhlu dvvrfl0
dwhg pxowluhvroxwlrq odgghu ri vxevsdfhv ~Y6j/
wkhuh lv vdpsolqj wkhruhp iru vljqdov lq Yf

zklfk kdv wkh vdph irup dv +4, h{fhsw wkdw
7E|� lv qr orqjhu wkh vlqf ixqfwlrq ^9`1 Udwkhu
lw lv gh�qhg lq whupv ri lwv Irxulhu wudqvirup
e| g7E/� ' g)E/�* g) � E/�c zkhuh
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Ri frxuvh e) � E/� pd| qrw kdyh dq| }hurv/ d
frqglwlrq wkdw krogv iru prvw idwkhu zdyhohwv1
Wklv hqdeohv xv wr jhw uhjxodu vdpsolqj wkh0

ruhpv hyhq iru vrph wlph olplwhg vljqdov dv
zhoo dv rwkhu wkhruhpv iru edqg olplwhg vljqdov1
Krzhyhu wkh h{whqvlrq wr luuhjxodu vdpsolqj lv
qrw vr vwudljkwiruzdug1 Iru vkliwhg vdpsolqj/
l1h1/ vdpsolqj dw qrq0lqwhjhu vkliwv ri wkh lqwh0
jhuv/ vrph pruh jhqhudo uhvxowv duh srvvleoh e|
uhsodflqj +6, e| wkh uhtxluhphqw wkdw
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iru vrph uhdo qxpehu k�Wklv jlyhv xv d vdp0
solqj wkhruhp ^5`1
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diwhu vlplodu fdofxodwlrqv1 Wklv zdv h{whqghg
lq ^6` wr d ixuwkhu vkliwhg vdpsolqj wkhruhp1
Xqghu wkh vdph k|srwkhvlv/ wkhuh lv Bf : f
vxfk wkdw
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iru mBm � Bf1
Dq luuhjxodu vdpsolqj wkhruhp lq ^6` zdv

vkdushqhg lq ^4` wr rewdlq d wkhruhp zkrvh
frqfoxvlrq lv ri wkh irup
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iru mB?m � B1
Lq prvw fdvhv wkh B zklfk dsshduv lq +:,

fdqqrw eh fdofxodwhg h{solflwo|1 Krzhyhu iru
wkh Iudqnolq zdyhohw/ lq zklfk wkh vfdolqj
ixqfwlrq lv rewdlqhg e| ruwkrjrqdol}dwlrq
ri wkh �kdw ixqfwlrq�/ vwurqjhu uhvxowv duh
srvvleoh1

Sursrvlwlrq 41 Ohw Tf eh wkh zdyhohw vxevsdfh
ri wkh Iudqnolq zdyhohwv/ mB&m � B 	 �

2
> wkhq

wkhuh lv d vdpsolqj vhtxhqfh i1&E|�j � Tf vxfk
wkdw
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iru doo s 5 Tf1

Wkh surri xvhv wkh idfw wkdw iru wkh uh0
surgxflqj nhuqho &E|c @� ri Tfc i&E|c |&�j lv d
iudph lq Tf +vhh^6`,1

LLL11 PH\HU ZDYHOHWV1

Wkh suhylrxv uhvxowv/ h{fhsw wkh odvw/ dsso|
wr prvw vwdqgdug zdyhohwv1 Zh fdq jhw pruh
suhflvh uhvxowv e| frqvlghulqj d sduwlfxodu/ wkh
Ph|hu zdyhohwv/ zklfk frqvlvw ri edqg olp0
lwhg ixqfwlrqv1 Wkhlu idwkhu zdyhohw/ )E|�c kdv
surshuwlhv vlplodu wkh wkh vlqf ixqfwlrq/ exw lv
pruh udslgo| ghfuhdvlqj wkdq lw dv w$ 	4�
Wkh Irxulhu wudqvirup kdv wkh surshuw| wkdw

e)E/� kdv lwv vxssruw lq ^0Z� 0c Zn 0oc iru vrph
f 	 0 	 Z*�c wkdw lv kdv d voljkwo| odujhu edqg0
zlgwk wkdq wkh vlqf ixqfwlrq1 Krzhyhu lw fdq
eh fkrvhq wr eh dv vprrwk dv zh zlvk hyhq F"1
D sduwlfxodu h{dpsoh lv jlyhq e| wkh udlvhg

frvlqh zdyhohw ^:` lq zklfk wkh ruwkrjrqdo id0
wkhu zdyhohw lv jlyhq e|
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Pdq| qrq0ruwkrjrqdo vdpsolqj ixqfwlrqv lq
forvhg irup duh srvvleoh wr �qg/ h1j1/^<`
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Dqrwkhu lv jlyhq e| wkh Ehvvho ixqfwlrqv
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Wkhvh jlyh xqlirup vdpsolqj wkhruhpv iru s 5
Tf zklfk lq wklv fdvh lv wkh forvhg olqhdu vsdq ri
~1E|�?�j zklfk dovr frqvwlwxwhv d Ulhv} edvlv1
Iru qrq0xqlirup vdpsolqj zh kdyh

Wkhruhp 4 1 Ohw )E|� eh d v|pphwulf idwkhu
zdyhohw ri Ph|hu w|sh> ohw m|?�?m � f�fe� Wkhq
wkhuh lv d vhtxhqfh ~1?E|�j � Tf vxfk wkdw iru
doo s 5 Tfc
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Wkh surri lqyroyhv vkrzlqj wkdw ~^E|c |?�j/
zkhuh ^E|c �� lv wkh uhsurgxflqj nhuqho ri Tf/ lv
d Ulhv} edvlv ri Tf1 Wklv lq wxuq lv grqh e| �qg0
lqj wkh Irxulhu wudqvirup êE/c |?� dqg vkrzlqj
wkdw lw lv d Ulhv} edvlv ri wkh Irxulhu wudqvirup
ri Tf e| frpsdulqj lw wr êE/c ?� zklfk lv nqrzq
wr eh vxfk d edvlv1 Wkhq zh �qg wkdw
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Zh dovr xvh wkh uhvxow ^;/s177`
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E| fkrrvlqj |? dv lq wkh k|srwkhvlv
s
2� fdq eh

pdgh ohvv wkdq 41 Wklv lv wkh frqglwlrq qhhghg
iru d Ulhv} edvlv ^;/s16;`1
Rqfh zh kdyh wkh Ulhv} edvlv ~^E|c |?�jczh

xvh wkh gxdo elruwkrjrqdo edvlv ^;/s165` wr jhw
rxu vdpsolqj ixqfwlrqv ~1?E|�j� Wkhq wkh h{0
sdqvlrq ri s 5 Tf lv
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zklfk jlyhv xv wkh uhvxow zh zdqw vlqfh ^E�c |�
lv wkh uhsurgxflqj nhuqho1
Vlqfh wkh Ph|hu zdyhohwv duh edqg olplwhg/

zh fdq jhw dq dowhuqdwh vdpsolqj wkhruhp iru
edqg olplwhg vljqdov1 Wklv uhtxluhv d qduurzhu
edqgzlgwk +Z � 0 lqvwhdg ri Z,/ exw kdv wkh
dgydqwdjh ri ehwwhu wlph orfdol}dwlrq dqg pruh
udslg frqyhujhqfh ri wkh vhulhv1
Wkh zdyhohwv dssurdfk kdv dqrwkhu dgydq0

wdjh1 Wkh doldvlqj huuru pd| eh jlyhq lq whupv
ri frh!flhqwv ri wkh prwkhu zdyhohw1 Wklv do0
orzv dq dowhuqdwh v|vwhpdwlf dssurdfk wr doldv0
lqj ^9`1
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^4` Fkhq/ Z1/ V1 Lwrk/ dqg M1 Vklnl/ +4<<9,1
�Vdpsolqj wkhruhp e| zdyhohwv iru luuhjx0
oduo| vdpsohg vljqdov/� LHLFH Wudqv1 Ixq0
gdphqwdov/ M:<0D/ qr1 45/ 4<7404<7<1

^5` Mdqvvhq/ D1M1H1P1 +4<<6,1 �Wkh ]dn wudqv0
irup dqg vdpsolqj wkhruhp iru zdyhohw
vxevsdfhv/� LHHH Wudqv1 Vlj1 Surf1/ 74/ qr1
45/ 6693066971

^6` Olx/ \1 dqg J1J1 Zdowhu +4<<8,1 �Luuhjx0
odu vdpsolqj lq zdyhohw vxevsdfhv/� M1 ri
Irxulhu Dqdo Dsso1/ yro1 5/ qr1 5/ 4;404;<1

^7` Ph|hu/ \1 +4<<3,1 Rqghohwwhv hw Rs*hud0
whxuv L1 Khupdq/ Sdulv1

^8` Vkdqqrq/ F1H1 +4<7<,1 �Frppxqlfdwlrq lq
wkh suhvhqfh ri qrlvh/� Surf1 LUH 6:/ 430541

^9` Zdowhu/ J1J1 +4<<5,1 �D vdpsolqj wkhruhp
iru zdyhohw vxevsdfhv/� LHHH Wudqv1 Lq0
irup1 Wkhru| 6;/ ;;40;;71

^:` Zdowhu/ J1J1 dqg M1]kdqj +4<<;,1 �Ru0
wkruqrupdo zdyhohwv zlwk vlpsoh forvhg
irup h{suhvvlrqv/� LHHH Wudqv1 Vlj1 Surf1
7;/ 557;055841

^;` \rxqj/ U1 +4<;3,1 Dq Lqwurgxfwlrq wr Qrq0
kduprqlf Irxulhu Vhulhv/ Dfdghplf Suhvv/
Q\ 1

^<` ]d|hg/ D1 dqg J1J1 Zdowhu +4<<;,1
�Zdyhohwv lq forvhg irup/� suhsulqw


