
DQ DOWHUQDWLYH ZD\ RI FRPSXWLQJ

HIILFLHQW LQVWUXPHQWDO YDULDEOH

HVWLPDWRUVú

[ldrkrqj Fkhq dqg Rolyhu Olqwrq|

Orqgrq Vfkrro ri Hfrqrplfv

Vhswhpehu :/ 5334

Devwudfw

Zh sursrvh d qhz zd| ri frqvwuxfwlqj h!flhqw vhplsdudphwulf lqvwuxphqwdo yduldeoh hvwl0

pdwruv1 Rxu phwkrg lv wr frpelqh d odujh qxpehu ri srvvleo| lqh!flhqw hvwlpdwruv udwkhu wkdq

frpelqlqj wkh lqvwuxphqwv lqwr dq rswlpdo lqvwuxphqw ixqfwlrq1 Zh hvwdeolvk wkh frqvlvwhqf|

dqg dv|pswrwlf qrupdolw| iru d fodvv ri hvwlpdwruv wkdw duh olqhdu frpelqdwlrqv ri d vhw ri urrw0q

frqvlvwhqw hvwlpdwruv zkrvh fduglqdolw| lqfuhdvhv zlwk vdpsoh vl}h1 Zh vkrz wkdw wkh vhplsdud0

phwulfdoo| h!flhqw hvwlpdwru olhv lq rxu fodvv1 Zh lqyhvwljdwh wkh ?qlwh vdpsoh shuirupdqfh ri

rxu hvwlpdwru dqg vkrz wkdw lw grhv txlwh zhoo1

Mrxuqdo ri Hfrqrplf Olwhudwxuh Fodvvl?fdwlrq= F45/ F46/ F47

Nh|zrugv dqg skudvhv1 Lqvwuxphqwdo Yduldeohv> Plqlpxp Glvwdqfh> Vhplsdudphwulf H!flhqf|>

Wzr0Vwdjh Ohdvw Vtxduhv

úZh zrxog olnh wr wkdqn Mdylhu Klgdojr/ Urjhu Nrhqnhu/ Jxlgr Nxhuvwhlqhu/ Ehqqr Sùwvfkhu/ dqg Wrp Urwkhqehuj

iru khosixo frpphqwv/ dqg D|dq Vhq iru uhvhdufk dvvlvwdqfh1 Zh wkdqn VWLFHUG/ wkh QVI dqg wkh HVUF iru ?qdqfldo

vxssruw1
|Ghsduwphqw ri Hfrqrplfv/ Orqgrq Vfkrro ri Hfrqrplfv/ Krxjkwrq Vwuhhw/ Orqgrq ZF5D 5DH/ Xqlwhg Nlqjgrp1

H0pdlo dgguhvvhv= {1fkhq4Covh1df1xn dqg olqwrqrCovh1df1xn1
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4 Lqwurgxfwlrq

Lqvwuxphqwdo yduldeohv hvwlpdwlrq surfhgxuhv duh zlgho| xvhg dqg wdxjkw lq hfrqrphwulfv frxuvhv1

Wkh dssurdfk lv vhplsdudphwulf lq wkh vhqvh wkdw wkh mrlqw glvwulexwlrq ri wkh gdwd lv xqvshfl?hg dsduw

iurp d ?qlwh qxpehu ri frqglwlrqv1 Iuhtxhqwo|/ wklv lqirupdwlrq lv lq wkh irup ri d ?qlwh qxpehu ri

frqglwlrqdo prphqwv1 Wkhvh lpso| dq lq?qlwh qxpehu ri xqfrqglwlrqdo prphqw frqglwlrqv/ dowkrxjk

d fhuwdlq ?qlwh glphqvlrqdo frpelqdwlrq ri wkhp jlyhv ixoo h!flhqf| ý vhh h1j1/ Kdqvhq +4<;8,/

Fkdpehuodlq +4<;:,/ Qhzh| +4<<3/ 4<<6, dqg Urelqvrq +4<<4,1 Wkh rswlpdo lqvwuxphqw ixqfwlrq

lqyroyhv dq xqnqrzq frqglwlrqdo h{shfwdwlrq1 Wkhuhiruh/ wr rewdlq ixoo h!flhqf|/ lw lv qhfhvvdu| wr

xvh qrqsdudphwulf uhjuhvvlrq whfkqltxhv wr hvwlpdwh wkh rswlpdo lqvwuxphqwv1 Qhzh| +4<<3/ 4<<6,

hvwdeolvkhg wkh dv|pswrwlf surshuwlhv ri d vhplsdudphwulf lqvwuxphqwdo yduldeoh hvwlpdwru edvhg

rq d qrqsdudphwulf hvwlpdwh +vshfl?fdoo|/ qhduhvw qhljkeruv dqg vhulhv hvwlpdwhv, ri wkh rswlpdo

lqvwuxphqw ixqfwlrq1 Xqghu uhjxodulw| frqglwlrqv/ kh vkrzhg wkdw wkh vwdqgdugl}hg hvwlpdwru lv

dv|pswrwlfdoo| qrupdo zlwk }hur phdq dqg ?qlwh yduldqfh dqg pruhryhu kdv wkh vdph yduldqfh dv

wkh surfhgxuh edvhg rq wkh wuxh xqnqrzq rswlpdo lqvwuxphqw ixqfwlrq1 Wklv phwkrg kdv ehhq xvhg

lq qxphurxv dssolfdwlrqv +h1j1/ Rooh| dqg Sdnhv +4<<9,, dqg kdv ehhq jhqhudol}hg lq qxphurxv zd|v

+h1j1/ Dl dqg Fkhq +4<<<,/ Qhzh| +4<<<,,1

Zh sursrvh dq dowhuqdwlyh dssurdfk wr h!flhqw hvwlpdwlrq lq prghov gh?qhg wkurxjk frqglwlrqdo

prphqw uhvwulfwlrqv1 Rxu phwkrg lv edvhg rq frpelqlqj pdq| frqvlvwhqw exw srvvleo| lqh!flhqw

JPP hvwlpdwruv lq dq rswlpdo zd| ^lq d fhqwudo fdvh/ wkh rswlpdo zhljkwlqj lv lqyhuvho| sursruwlrqdo

wr wkh dv|pswrwlf yduldqfh ri wkh lqglylgxdo hvwlpdwru dqg vr hvwlpdwlrq ri wkh rswlpdo zhljkwv lv

wulyldo`1 Wklv lv lq frqwudvw wr wkh xvxdo phwkrg wkdw surfhhgv e| ?uvw frpelqlqj wkh lqvwuxphqwv

lqwr dq rswlpdo lqvwuxphqw ixqfwlrq dqg wkhq frpsxwlqj wkh hvwlpdwru edvhg rq wkh fruuhvsrqglqj

fulwhulrq1 Rxu dssurdfk kdv wkh dgydqwdjh wkdw rqh fdq vhh krz pxfk yduldwlrq wkhuh lv lq wkh

cvdpsoh* ri lqh!flhqw exw
s
?0frqvlvwhqw hvwlpdwruv/ zkhuh ? lv vdpsoh vl}h1 D frpprq fulwlflvp

ri vhplsdudphwulf hvwlpdwlrq lv wkdw cwkh uhvxowv grq*w fkdqjh pxfk* dv frpsduhg zlwk csdudphwulf*

phwkrgv1 Rxu phwkrg doorzv wkh sudfwlwlrqhu wr vhh krz pxfk yduldwlrq wkhuh lv lq wkh sdudphwhu

hvwlpdwhv/ dqg lqghhg rqh fdq vhh krz pxfk zhljkw wkh rswlpdo hvwlpdwru sxwv rq wkh gl>huhqw

hvwlpdwruv lq wkh srro1 Lq fdvhv zkhuh wkhuh wuxo| lv olwwoh yduldwlrq wkhq rqh fdq suhvxpdeo| pdnh

gr zlwk yhu| vlpsoh lqihuhqfh uxohv1 E| frqwudvw/ wkhuh lv qrw pxfk lqwhusuhwdeoh lqirupdwlrq lq

wkh vdpsoh ri gl>huhqw ydolg lqvwuxphqwv1 Qhyhuwkhohvv/ wkh wzr phwkrgv dfklhyh wkh vdph remhfwlyh

xqghu vlplodu frqglwlrqv1 Lq fhuwdlq olqhdu prghov/ wkh wzr yhuvlrqv ri wkh rswlpdo hvwlpdwru duh

dfwxdoo| lghqwlfdo/ exw lq qrqolqhdu prghov wkh| duh jhqhulfdoo| gl>huhqw1 Rxu phwkrg lv lq h>hfw

d jhqhudol}dwlrq ri wkh fodvvlfdo phwkrg ri plqlpxp fkl0vtxduhg ru plqlpxp glvwdqfh glvfxvvhg lq

Urwkhqehuj +4<:6,/ zklfk zdv frqfhlyhg dv d zd| ri lpsrvlqj htxdolw| uhvwulfwlrqv lq hvwlpdwlrq
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yld ?uvw hvwlpdwlqj dq xquhvwulfwhg prgho dqg wkhq ?qglqj wkh ehvw frpelqdwlrq ri wkh xquhvwulfwhg

hvwlpdwruv wkdw lpsrvhv wkh uhvwulfwlrqv1 Lq d qxpehu ri fdvhv wklv vwudwhj| lv suhihudeoh wr vroylqj

wkh frqvwudlqhg hvwlpdwlrq sureohp gluhfwo|1 Lq rxu fdvh/ wkh ehvw frpelqdwlrq lv olqhdu zlwk zhljkwv

wkdw vxp wr rqh1 Zh ?uvw hvwdeolvk frqvlvwhqf| dqg
s
?0dv|pswrwlf qrupdolw| ri d fodvv ri hvwlpd0

wruv wkdw lqyroyh ?qlwh olqhdu frpelqdwlrqv ri dq lq?qlwh glphqvlrqdo vhw ri hvwlpdwruv/ zkhuh wkh

fduglqdolw| ri wkh olqhdu frpelqdwlrqv lqfuhdvhv zlwk vdpsoh vl}h1 Zh doorz wkh fodvv ri hvwlpdwruv

frqvlghuhg wr lqfoxgh wkrvh frpsxwhg iurp glvfrqwlqxrxv fulwhulrq ixqfwlrqv wkdw duh qrqolqhdu lq

wkh sdudphwhuv dqg gdwd1 Zh dovr hvwdeolvk wkdw d phpehu ri rxu fodvv ri hvwlpdwruv dfklhyhv wkh

vhplsdudphwulf h!flhqf| erxqg iru wkh frqglwlrqdo prphqw prgho1 Zh glvfxvv krz wr hvwlpdwh wkh

rswlpdo frpelqdwlrq ri hvwlpdwruv1 Zh dovr jlyh d Prqwh Fduor h{shulphqw wkdw vkrzv krz rxu

surfhgxuh zrunv lq sudfwlfh1

Wkhuh lv d ydvw olwhudwxuh rq hvwlpdwlqj prghov gh?qhg wkurxjk frqglwlrqdo prphqw uhvwulfwlrqv1

Zh mxvw phqwlrq rqh uhfhqw sdshu wkdw lv sduwlfxoduo| uhohydqw wr rxu vwxg|/ Nrhqnhu dqg Pdfkdgr

+4<<<,1 Wkh| frqvlghuhg d vlplodu sureohp doehlw uhvwulfwhg wr fhuwdlq olqhdu prghov dqg wr d udwkhu

vshfl?f hvwlpdwru1 Wkh| suryhg wkdw d vx!flhqw frqglwlrq iru wkh xvxdo dv|pswrwlfv iru JPP wr eh

ydolg zkhq wkh qxpehu ri prphqw frqglwlrqv ô lqfuhdvhv zlwk ? lv wkdw ôô*?$ f1 Wkhlu uhvxowv fdq eh

lqwhusuhwhg dv d zduqlqj qrw wr lqfoxgh wrr pdq| prphqw frqglwlrqv lq JPP= wkdw wkh frqvhtxhqfhv

ri vr grlqj duh qrw mxvw wkdw qr lpsuryhphqw uhvxowv/ exw wkdw wkh glvwulexwlrqdo dssur{lpdwlrq fdq

euhdn grzq1 Rxu remhfwlyh lv txlwh gl>huhqw dqg zh ghdo zlwk qrqolqhdu prghov14

Rxu irfxv lv rq wkh yduldqfh ri rxu hvwlpdwruv/ exw wkhuh pd| eh vrph fdvh iru frpelqlqj hvwl0

pdwruv wr lpsuryh kljkhu rughu eldv dv zhoo1 Iru h{dpsoh/ Vdzd +4<:6, frqvlghuhg frpelqlqj n0fodvv

hvwlpdwruv lq vlpxowdqhrxv htxdwlrqv v|vwhpv/ iru wkh uhdvrq ri lpsuryhg eldv1 Lq wkh qrqsdudphwulf

olwhudwxuh/ Jud| dqg Vfkxfdq| +4<:5, dqg Elhuhqv +4<;:, kdyh sursrvhg cmdfnqlih* hvwlpdwruv wkdw

frpelqh gl>huhqw nhuqho vprrwkhuv lq rughu wr uhgxfh eldv1 Srzhoo dqg Krqruì +5334, kdyh xvhg

hvvhqwldoo| wklv ghylfh wr uhgxfh eldv lq d fodvv ri vhplsdudphwulf hvwlpdwlrq sureohpv1

Wkhuh duh d qxpehu ri rwkhu uhfhqw sdshuv wkdw kdyh h{sorlwhg wkh lghd ri frpelqlqj hvwlpdwruv

dqg iruhfdvwv/ dqg Judqjhu +5333, surylghv d qlfh glvfxvvlrq1 Euhlpdq +4<<9/4<<<, lqwurgxfhg wkh

lghd ri edjjlqj/ zklfk lv edvhg rq xvlqj errwvwuds uhvdpsohv wr frpsxwh d odujhlvk vdpsoh ri vxe0

vdpsoh hvwlpdwruv dqg wkhq frpelqlqj wkhp1 Zdwvrq +5333, dqg Vwrfn dqg Zdwvrq +4<<<, sursrvh

ydulrxv phwkrgv iru frpelqlqj odujh qxpehuv ri suhglfwruv wr lpsuryh iruhfdvwlqj shuirupdqfh1

Zh xvh nøn ' E|hEøâøää�*2 iru dq| pdwul{ øé Ohw b4ð?Eøä dqg b4@ Eøä ghqrwh wkh vpdoohvw dqg

odujhvw hljhqydoxhv ri d uhdo v|pphwulf pdwul{ øé

4Zh gr qrw vhdufk iru wkh odujhvw ydoxh ri á frqvlvwhqw zlwk rxu dv|pswrwlfv/ dowkrxjk ri frxuvh wkh Nrhqnhu dqg

Pdfkdgr rs1 flw1 uhvxowv surylgh dq xsshu erxqg1
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5 Wkh Vwdqgdug Dssurdfk

Zh revhuyh dq lqghshqghqw dqg lghqwlfdoo| glvwulexwhg vdpsoh i~ðj?ð'� c zkhuh ~ð ' Etðc fðä1 Zh

vxssrvh wkdw wkhuh lv d xqltxh wf 5 X ë UR vdwlvi|lqj wkh frqglwlrqdo prphqw frqglwlrqv

.d4E~ðc wfä mfð o ' f

zlwk suredelolw| rqh/ zkhuh 4E5c wä lv d vfdodu uhvlgxdo ixqfwlrq15 Wklv lpsolhv wkh xqfrqglwlrqdo

prphqw frqglwlrqv

.døEfðä4E~ðc wfäo ' fc +4,

iru dq| Rû � yhfwru øEfðä ^iru zklfk wkh h{shfwdwlrq h{lvwv`1 Wkh vdpsoh yhuvlrq ri +4, lv wkh edvlv

ri hvwlpdwlrq dv ghvfulehg lq pdq| suhylrxv sdshuv/ lqfoxglqj Dphpl|d +4<:7, dqg Kdqvhq +4<;5,1

Vxssrvh wkdw .d4E~ðc wfä2 mfð o ' j2fEfðä lv srvlwlyh zlwk suredelolw| rqh/ dqg wkdw

(fEfðä '

ë
.

é
Y4

Yw
E~ðc wämfð

èê
w'wf

h{lvwv zlwk suredelolw| rqh1 Lq wklv fdvh/ wkh rswlpdo +lqvwuxphqwdo yduldeohv, pdwul{ lv sursruwlrqdo

wr øJðñEfðä ' (fEfðäj
32
f Efðäc dqg wkh uhvxowlqj rswlpdo lqvwuxphqwdo yduldeohv +ru rswlpdo JPP,

hvwlpdwru hwJðñ kdv dv|pswrwlf yduldqfh PJðñ ' i.dj32f Efðä(fEfðä(fEfðä
âoj3� ý vhh iru h{dpsoh

Kdqvhq +4<;8,/ Fkdpehuodlq +4<;:, dqg Qhzh| +4<<3/ 4<<6,16

Vxssrvh wkdw wkh rswlpdo pdwul{ øJðñEüä lv ri xqnqrzq irup/ exw fdq eh uhsuhvhqwhg/ lq dq u2

vhqvh/ e| wkh iroorzlqj vhulhv h{sdqvlrq

øJðñE%ä ' (fE%äj
32
f E%ä '

"[
æ'�

qæfèæE%äc

zkhuh èæEüä duh nqrzq edvlv ixqfwlrqv fkrvhq e| wkh sudfwlwlrqhu/ zkloh qæf duh xqnqrzq frh!flhqwv

ghwhuplqhg xqltxho| e| wkh edvlv17 Iru qrwdwlrqdo frqyhqlhqfh zh vkdoo doorz èæ wr eh Rû � yhfwruv>

5Wkh jhqhudol}dwlrq wr d v|vwhp vhwwlqj lv frqfhswxdoo| vwudljkwiruzdug> lq rughu wr nhhs wkh qrwdwlrq vlpsoh zh

vkdoo frqfhqwudwh rq wkh vfdodu vlqjoh htxdwlrq fdvh1
6Qrwh wkdw li ã lv qrw gl>huhqwldeoh exw wkh pdwul{

G3+[l, @

ë
C

Cë
H ^ã+]l> ë,m[l`

ê
ë@ë3

h{lvwv/ wkhq rqh pljkw vwloo rewdlq h!flhqf| e| h{whqglqj wkh surri lq Qhzh| dqg Srzhoo +4<<3,1 Zh wkdqn Zklwqh|

Qhzh| iru vxjjhvwlqj wklv1
7Lq rughu iru wkh vxp wr frqyhujh/ wkh frh!flhqwv ñm pxvw ghfolqh dv m $4> dw ohdvw zkhq wkh edvlv ixqfwlrqv duh

ri ?{hg pdjqlwxgh lq m=
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lq jhqhudo/ qæf ghshqgv rq wf dqg lv d R û R pdwul{é D frpprq dssurdfk khuh lv wr hvwlpdwh wkh

frh!flhqwv qæf dqg wkhq wr ohw

eøwE%ä ' ôE?ä[
æ'�

eqæEwäèæE%äc
zkhuh ôE?ä lv vrph wuxqfdwlrq vhtxhqfh wkdw jrhv wr lq?qlw| zlwk vdpsoh vl}h exw dw d vorz udwh18

Wkhq ohw hw eh dq| vhtxhqfh wkdw vdwlv?hv

�

?

?[
ð'�

eøhwEfðä4E~ðchwä ' JRE?3�*2äé
Lq fxuuhqw sduodqfh wklv zrxog eh fdoohg d frqwlqxrxvo| xsgdwhg rswlpdo LY hvwlpdwru1 Dq dowhuqdwlyh

phwkrg lv wr xvh vrph suholplqdu| hvwlpdwru ri w wr ?uvw frqvwuxfw dq hvwlpdwru ri øc dqg wkhq wr

vroyh d vlplodu ?uvw rughu frqglwlrq zlwk wkh hvwlpdwhg lqvwuxphqw1 Qhzh| +4<<3/ 4<<6, vkrzhg

wkdw vxfk dq hvwlpdwru lv dv|pswrwlfdoo| htxlydohqw wr wkh lqvwuxphqwdo yduldeoh surfhgxuh edvhg rq

nqrzlqj wkh rswlpdo lqvwuxphqw ixqfwlrq øJðñ dqg frpsxwlqj vroxwlrqv hw wr
�

?

?[
ð'�

øJðñEfðä4E~ðchwä ' JRE?3�*2äé
Vhh Qhzh| dqg PfIdgghq +4<<7, iru glvfxvvlrq1 Wkhuh kdyh ehhq d qxpehu ri dowhuqdwlyh vxjjhvwlrqv

pdgh pruh uhfhqwo| zlwk d ylhz wr lpsurylqj vpdoo vdpsoh shuirupdqfh/ Qhzh| dqg Vplwk +5334,

frqwdlqv dq h{fhoohqw uhylhz ri wklv olwhudwxuh1

6 Rxu Hvwlpdwlrq Lghd

Zh wdnh d gl>huhqw dssurdfk1 Lqvwhdg ri hvwlpdwlqj wkh rswlpdo lqvwuxphqw ixqfwlrq zh zloo hvwlpdwh

wkh rswlpdo zd| wr frpelqh doo wkh dydlodeoh hvwlpdwruv1 Zh frqvlghu d vhtxhqfh ri suh0vshfl?hg edvlv

+R û � yhfwru0ydoxhg, ixqfwlrqv iøæEüäj vxfk wkdw .dmmøæEfðämm2o ÷ 4> iru lqvwdqfh/ zh pd| wdnh d

xqlirupo| erxqghg edvlv vxfk dv wkh E0vsolqh edvlv1 Zh gh?qh wkh hvwlpdwruv ewæ ^æ ' �c 2c é é é` dv dq|

vhtxhqfh wkdw vdwlv?hv

C?æEewæä ' �

?

?[
ð'�

øæEfðä4E~ðcewæä ' JRE?3�*2äé +5,

Iru hdfk æc wklv sureohp lv frpsohwho| sdudphwulf dqg zloo uhvxow lq d urrw0q frqvlvwhqw dqg dv|ps0

wrwlfdoo| qrupdo hvwlpdwru ewæ +xqghu vwdqgdug frqglwlrqv,19 Zh frpelqh wkhvh hvwlpdwruv lq d olqhdu

8Rqh fdq dovr gluhfwo| hvwlpdwh wkh frqglwlrqdo h{shfwdwlrqv lqvlgh D e| qhduhvw qhljkeru/ nhuqhov/ ru vhulhv phwkrgv1
9Lw lv hdv| wr doorz wkh gdwd lq +5, wr ghshqg rq m> exw zh kdyh vxssuhvvhg wklv qrwdwlrqdoo|1 Iru h{dpsoh/ zh frxog

kdyh ]l 5 U4 exw zlwk rqo| d ?qlwh qxpehu ri yduldeohv lq hdfk hvwlpdwlqj htxdwlrq1
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idvklrq wr surgxfh d qhz hvwlpdwru

ew ' ôE?ä[
æ'�

`?æ
ewæc +6,

zkhuh ô ' ôE?ä lv d wuxqfdwlrq sdudphwhu dqg `?æ duh vrph jlyhq pdwul{ zhljkwv wkdw vxp wr

wkh lghqwlw|1 Wklv gh?qhv d fodvv ri hvwlpdwruv H lqgh{hg e| wkh zhljkwlqj pdwulfhv i`?æ c æ '

�c é é é c ô E?äj( dv zh vkrz ehorz/ e| dq dssursuldwh fkrlfh ri zhljkwv rqh fdq dfklhyh wkh vhplsdud0

phwulf h!flhqf| erxqg iru wklv sureohp/ l1h1/ wkh vhplsdudphwulfdoo| h!flhqw hvwlpdwru lv d phpehu

ri H1 Ehiruh zh jhw wr wkdw srlqw zh glvfxvv wkh hvwlpdwru zlwk jlyhq zhljkwv1

Wklv hvwlpdwru +6, lv d irup ri plqlpxp glvwdqfh zkhuh wkh qxpehu ri uhvwulfwlrqv frxog lq0

fuhdvh zlwk vdpsoh vl}h1: Hyhq wkrxjk hdfk fulwhulrq ixqfwlrq C?æ lv d qrqolqhdu ixqfwlrq ri wc wkh

frpsxwdwlrqdo frvwv ri wklv surfhgxuh pd| qrw eh vr juhdw/ vlqfh rqh fdq xvh wkh ?uvw hvwlpdwru dv

vwduwlqj ydoxhv lq wkh frpsxwdwlrq ri wkh vhfrqg hvwlpdwru hwf1 Dgglwlrqdo frpsxwdwlrqdo lvvxhv dulvh

lq frqqhfwlrq zlwk wkh zhljkwv `?æ exw wkhvh duh glvfxvvhg ehorz1

H{dpsoh 41 Fodvvlfdo wzr vwdjh ohdvw vtxduhv lq vlpxowdqhrxv htxdwlrqv1 Vxssrvh wkdw

+�ð ' w+2ð n 0ð ( +2ð ' Z
â
2fð n üðc

zkhuh E0ðc üðä duh l1l1g1 huuru whupv/ .d0ðmfðo ' fc .düðmfðo ' f dqg fð 5 U&1 Wkh wzr vwdjh ohdvw

vtxduhv hvwlpdwru lv hw ' S?
ð'� e+2ð+�ðS?
ð'�de+2ðo2 '

S?
ð'� e+2ð+�ðS?
ð'� e+2ð+2ð c +7,

zkhuh e+2ð ' eZâ2fð dqg eZ2 lv wkh yhfwru ri ohdvw vtxduhv hvwlpdwhv rewdlqhg iurp wkh uhgxfhg iurp

uhjuhvvlrq ri +2ð rq doo wkh lqvwuxphqwv fð ' Ef�ðc é é é c f&ðä
âé Rxu hvwlpdwru lv

ew ' &[
æ'�

`?æ
ewæc

zkhuh ewæ ' S?
ð'� e+æ2ð+�ðS?
ð'�de+æ2ðo2 '

S?
ð'� e+æ2ð+�ðS?
ð'� e+æ2ð+æ2ð c +8,

zkhuh e+æ2ð ' eZ2æfæðc dqg eZ2æ lv wkh ohdvw vtxduhv hvwlpdwhv rewdlqhg iurp wkh uhgxfhg iurp uhjuhvvlrq ri

+2ð rq wkh vlqjoh lqvwuxphqwfæð iru æ ' �c é é é c &é Khuh/`?æ duh vfdodu zhljkwv wkdw vdwlvi|
S&

æ'�`?æ '

�é Wkhuh lv d fkrlfh ri `?æ wkdw pdnhv ew dv|pswrwlfdoo| htxlydohqw wr wkh wzr vwdjh ohdvw vtxduhv

hvwlpdwru hwc vhh ehorz1 Wkh fodvvlfdo plqlpxp glvwdqfh hvwlpdwru +jhqhudol}hg lqgluhfw ohdvw vtxduhv,

h{sorlwv wkh uhodwlrqvkls ehwzhhq wkh uhgxfhg irup frh!flhqwv dqg wkh vwuxfwxudo sdudphwhu/ l1h1/

Z�æ*Z2æ ' wc zkhuh Zìæ ' .d+ìðfæðo*.df
2
æðo duh wkh sdudphwhuv ri wkh uhgxfhg irup ri +ìð rq fæð

:Vhh Urwkhqehuj +4<:6, dqg Qhzh| dqg PfIdgghq +4<<7, iru ?qlwh ?{hg á 1

9



iru ì ' �c 2 dqg æ ' �c é é é c & ^wkh hvwlpdwru lv d olqhdu frpelqdwlrq ri eZ�æ*eZ2æ c zkhuh eZìæ duh wkh

fruuhvsrqglqj uhgxfhg iurp hvwlpdwruv`/ vhh Urwkhqehuj +4<:6,1

H{dpsoh 51 Qrz frqvlghu wkh lq?qlwh rughu uhjuhvvlrq prgho

tð '
"[
&'�

f&ðq&Ewä n 0ðc +9,

zkhuh w lv vrph ?qlwh glphqvlrqdo sdudphwhu dqg 0ð lv dq huuru whup vdwlvi|lqj .E0ðfæðä ' fc

æ ' �c 2c é é é1 Frqvlghu wkh vshfldo fdvh wkdw q&Ewä ' w iru doo &é Wkhq/ zh qhhg dw ohdvw wkdw

.dE
S"

&'�f&ðä
2o ÷ 4 lq rughu iru wkh vxppdwlrq lq +9, wr eh zhoo gh?qhg> wklv zrxog eh vdwlv?hg

li j2& ' .Ef&ðä
2 jrhv wr }hur dw d udwh idvwhu wkdq &3� dv & $ 4é Wkh rswlpdo hvwlpdwru xqghu

krprvnhgdvwlflw| lv wkh ROV hvwlpdwru ri tð rq
S"

&'�f&ðé Li dovr wkh uhjuhvvruv duh pxwxdoo| ruwkrj0

rqdo/ l1h1/ .Efæðf&ðä ' f iru doo æ 9' &c wkh ROV hvwlpdwruv ri tð rq f&ð duh frqvlvwhqw/ dqg vr zloo dq|
olqhdu frpelqdwlrq wkhuhri/ dqg vr zh fdq frqvwuxfw hvwlpdwruv ri w e| wdnlqj olqhdu frpelqdwlrqv ri

wkhvh pdujlqdo ROV uhjuhvvlrqv1;

Wkhuh duh wzr wdvnv zh qrz sxuvxh1 Wkh ?uvw lv wr suryh wkdw vxfk dq hvwlpdwru +6, lv frqvlv0

whqw dqg urrw0q dv|pswrwlfdoo| qrupdo xqghu jhqhudo frqglwlrqv rq wkh wuxqfdwlrq sdudphwhu dqg

zhljkwlqj vhtxhqfh1 Wkh vhfrqg wdvn lv wr ghwhuplqh wkh rswlpdo fkrlfh ri zhljkwv1

7 Odujh Vdpsoh Surshuwlhv

Zh ehjlq e| gh?qlqj wkh vdpsoh dqg srsxodwlrq ?uvw rughu frqglwlrqv1 Iru æ ' �c 2c é é é c ohw

C?æEwä '
�

?

?[
ð'�

øæEfðä4E~ðc wä dqg CæEwä ' .C?æEwä

Zh gr qrw dvvxph wkdw wkh ixqfwlrq C?æEwä lv gl>huhqwldeoh ru hyhq frqwlqxrxv/ dowkrxjk vprrwkqhvv

frqglwlrqv duh lpsrvhg rq wkh h{shfwdwlrq CæEwä1 Lq wklv zd|/ zh doorz dovr txdqwloh uhjuhvvlrq

hvwlpdwruv +h1j1/ Nrhqnhu dqg Edvvhww/ 4<:;,/ Kxehu*v +4<9:, P0hvwlpdwruv/ dqg vlpxodwlrq0edvhg

hvwlpdwruv +h1j1/ PfIdgghq +4<;<, dqg Sdnhv dqg Sroodug +4<;<,,1 Iru vrph ri wkh dujxphqwv zh

rqo| uhtxluh kljk ohyho frqglwlrqv rq wkh vdpsoh dqg srsxodwlrq ?uvw rughu frqglwlrqv/ dqg vr rxu

uhvxowv fdq dsso| pruh jhqhudoo| wr dq| olqhdu frpelqdwlrq ri hvwlpdwruv wkdw kdyh dssursuldwh

h{sdqvlrqv1

;E| fkdqjlqj yduldeohv wr [nl@ân wkh sdudphwhuv ehfrph ë ü ân lq zklfk fdvh wkh sureohp lv pruh olnh wkh lqvwux0

phqwdo yduldeohv uhjuhvvlrq ehfdxvh wkh uhjuhvvruv kdyh wkh vdph yduldqfh exw wkh sdudphwhuv ghfolqh lq lpsruwdqfh1

:



714 Frqvlvwhqf|

Lq wklv vxevhfwlrq zh jlyh rxu frqvlvwhqf| uhvxow iru wkh hvwlpdwru +6,1 Zh pdnh wkh iroorzlqj

dvvxpswlrqv1

Dvvxpswlrq D

41 Wkh wuldqjxodu duud| i`?æjôE?äæ'� c ? ' �c é é é c vdwlv?hv

ôE?ä[
æ'�

`?æ ' UR dqg týT
?

ôE?ä[
æ'�

n`?æn ÷4 +:,

zlwk suredelolw| whqglqj wr rqh1 Khuh/ ôE?ä vdwlv?hv ô E?ä$4 dv ?$4é

51 Iru hdfk æc nCæEwfän ' f1

61 Iru doo B : f dqg ? è �/ wkhuh lv dq "?EBä : f +zlwk "?EBä$ fä vxfk wkdw

4ð?
�$æ$ôE?ä

ð?u
8w3wf8:B

nCæEwän è "?EBä : fé

71 Iru wkh vhtxhqfhv "?EBäc ôE?ä gh?qhg deryh/ wkhuh h{lvwv d srvlwlyh vhtxhqfh k�? zlwk

týT?Ek�?*"?EBää ÷4 vxfk wkdw

4@ 
�$æ$ôE?ä

ë
nC?æEewæän ý ð?u

wMX
nC?æEwän

ê
' JREk�?äc

81 Iru wkh vhtxhqfhv "?EBäc ôE?ä gh?qhg deryh/ wkhuh h{lvwv d srvlwlyh vhtxhqfh k2? zlwk

týT?Ek2?*"?EBää ÷4 vxfk wkdw

4@ 
�$æ$ôE?ä

týT
wMX

nC?æEwäýCæEwän ' JREk2?äé

Wkh dvvxpswlrqv rq wkh zhljkwv duh txlwh zhdn dqg duh vdwlv?hg e| pdq| vxlwdeoh zhljkwlqj

vhtxhqfhv erwk udqgrp dqg qrq0udqgrp1 Iru h{dpsoh/ htxdo zhljkwlqj `?æ ' �*ôE?ä vdwlv?hv

wkh dvvxpswlrq D41 Wkhuh duh qr h{solflw frqglwlrqv rq wkh wuxqfdwlrq vhtxhqfh ôE?ä khuh/ exw

wkh dvvxpswlrqv D60D8 pd| uhtxluh vrph uhvwulfwlrqv rq wkh udwh dw zklfk ôE?ä lqfuhdvhv zlwk ?1

Dvvxpswlrq D7 lv mxvw d gh?qlwlrq ri wkh hvwlpdwru dqg lv d olwwoh elw vwurqjhu wkdq xvxdo gxh wr wkh

xqliruplw| ryhu æ uhtxluhphqw1

Wkh lghqwl?fdwlrq Dvvxpswlrq D6 wdnhv dffrxqw ri wkh idfw wkdw hdfk dgglwlrqdo prphqw frqglwlrq

lv dgglqj ohvv dqg ohvv lqirupdwlrq1 Wkh udwh dw zklfk "?EBä ghfolqhv lv ghwhuplqhg e| wkh vhtxhqfh

;



ôE?ä dqg e| wkh vhtxhqfh øæc lq sduwlfxodu wkh udwh dw zklfk mm.døæEfäomm ghfuhdvhv1 E| fkrrvlqj

ôE?ä wr jurz yhu| vorzo| zh fdq frpshqvdwh iru d udslg ghfolqh lq wkh prphqwv ri wkh lqvwuxphqwv1

Wkh xqlirup frqyhujhqfh Dvvxpswlrq D8 lv hdv| wr yhuli|/ dowkrxjk lw lv voljkwo| vwurqjhu wkdq

xvxdo gxh wr wkh 4@ �$æ$ôE?ä idfwru1 Wklv idfwru frvwv olwwoh h{wud/ dv fdq eh yhul?hg iurp wkh

Erqihuurql dqg h{srqhqwldo lqhtxdolwlhv/ vhh ehorz1 Vlqfh zh pxvw kdyh "?EBä ri odujhu rughu wkdq

?3�*2 lq wkh fdvh ri l1l1g1 gdwd wklv sxwv dq xsshu olplw rq wkh udwh dw zklfk ôE?ä fdq jurz/ exw qr

orzhu olplw1 Li ôE?ä rqo| lqfuhdvhv yhu| vorzo|/ vd| olnh *L}?c wkh vwdwhg udwh lv hdv| wr dfklhyh1

Wkhruhp 4 +l,1 Vxssrvh wkdw Dvvxpswlrqv D40D8 krog1 Wkhq ew ý wf ' JRE�äé
Iru wkh sxusrvh ri rewdlqlqj

s
?ýdv|pswrwlf qrupdolw| ri ew lq wkh qh{w vxevhfwlrq/ zh qhhg wr

?uvw hvwdeolvk wkdw ew ý wf ' JRE?3�*eä xqghu wkh iroorzlqj vwurqjhu yhuvlrq ri Dvvxpswlrq D=

Dvvxpswlrq D*

41 D4 krogv1

51 D5 krogv1

61 Iru doo B? ' JE�ä dqg ? è �/ wkhuh lv d srvlwlyh S? zklfk frxog vorzo| lqfuhdvh wr n4 vxfk wkdw

4ð?
�$æ$ôE?ä

ð?u
8w3wf8:B?

nCæEwän è B?S? : fé

71 Iru doo B? ' JE�ä dqg ? è �/

4@ 
�$æ$ôE?ä

ë
nC?æEewæän ý ð?u

8w3wf8$B?
nC?æEwän

ê
' JRE?

3�*eäé

81 Iru doo B? ' JE�ä dqg ? è �/

4@ 
�$æ$ôE?ä

týT
8w3wf8$B?

nC?æEwäýCæEwän ' JRE?3�*eäé

Dvvxpswlrq D7* lv mxvw d gh?qlwlrq ri wkh hvwlpdwru dqg lv d olwwoh elw vwurqjhu wkdq xvxdo gxh

wr wkh xqliruplw| ryhu æ uhtxluhphqw1 Dvvxpswlrq D8* lv vwurqjhu wkdq xvxdo/ lq wkdw zh duh wdnlqj

d pd{lpxp ryhu dq lqfuhdvlqj qxpehu ri ?uvw rughu frqglwlrqv dqg uhtxlulqj d udwh dw zklfk wkh

uhvxowlqj udqgrp yduldeoh jrhv wr }hur1 Krzhyhu/ lw lv olnho| wr eh vdwlv?hg lq prvw sureohpv1 Wkh

xqliruplw| dfurvv w lv xvxdoo| vdwlv?hg/ lqghhg zh fdq h{shfw lq pdq| fdvhv wkdw týTwMX nC?æEwä ý
CæEwän ' ïRE�*s?ä iru dq| frpsdfw sdudphwhu vhw X1 Ehorz zh surylgh d ohppd wkdw fdq eh xvhg

wr yhuli| wkh xqliruplw| dfurvv æ frqglwlrq dqg pd| eh xvhixo hovhzkhuh1

<



Wkhruhp 4 +ll,1 Vxssrvh wkdw Dvvxpswlrqv D40D5/ D6*0D8* krog1 Wkhq ew ý wf ' JRE?3�*eäé
Ri frxuvh wkhuh duh pdq| dowhuqdwlyh zd|v wr lpsrvh vx!flhqw frqglwlrqv zklfk ohdg wr frqyhu0

jhqfh udwh1 Zh frqfoxgh wklv vxevhfwlrq zlwk d uhvxow wkdw lv qhhghg lq yhuli|lqj Dvvxpswlrq D8*

hwf1 deryh1

Ohppd 41 Ohw Læð eh d wuldqjxodu duud| ri udqgrp yduldeohv/ ð ' �c é é é c ?c æ ' �c é é é c ô E?äc

l1l1g1 dfurvv ð iru hdfk æ zlwk .ELæðä ' f dqg .dmLæðmVo ' Sæ ÷ 4 iru vrph V è 2é Ohw r2?æ 'S?
ð'� ñ@hELæðä ' ?j

2
æ c zkhuh j

2
æ $4 dv æ $4c dqg ohw

@? ' E 4@ 
�$æ$ôE?ä

j2æä *L} ô E?ä n

3CôE?ä[
æ'�

S2æ
j2Væ

4D�*V

é +;,

Wkhq zh kdyh iru B? ' @?õ? iru dq| lqfuhdvlqj vhtxhqfh õ? wkdw

4@ 
�$æ$ôE?ä

ñññññ �s
?

?[
ð'�

Læð

ñññññ ' JREB?äé
Iru h{dpsoh li zh wdnh V ' 2c wkhq @? ' E4@ �$æ$ôE?ä j2æä *L} ô E?ä n

s
ô E?ä1 Rqh dssolfdwlrq ri wklv

ohppd lv zkhq ?3�*2
S?

ð'� Læð lv wkh ohdglqj whup ri wkh hvwlpdwru ewæ c lq zklfk fdvh/ j2æ zrxog eh

K3�æ +xqghu krprvnhgdvwlflw|1,1 Wkhuhiruh/ wkh fruuhvsrqglqj @? lv ri rughu K3�ôE?ä *L} ô E?ä n
s
ô E?äé

Surylghg ôE?ä grhv qrw lqfuhdvh wrr udslgo|/ wklv lv ohvv wkdq ?�*e dv zrxog eh uhtxluhg e| dvvxpswlrq

D8*1 Ixuwkhupruh/ lw lpsolhv wkdw 4@ �$æ$ô mmewæ ý wfmm jrhv wr }hur qr vorzhu lq suredelolw| delolw|

wkdq EK3�ôE?ä *L} ô E?ä n
s
ôE?ää*

s
?é

715 Dv|pswrwlf Qrupdolw|

Lq wklv vxevhfwlrq zh ghulyh wkh dv|pswrwlf glvwulexwlrq ri rxu hvwlpdwru ew/ xqghu dgglwlrqdo frqgl0
wlrqv1 Zh vwuhqjwkhq wkh frqglwlrqv ri Sdnhv dqg Sroodug +4<;<, dqg Qhzh| dqg PfIdgghq +4<<7,

wr dffrpprgdwh rxu pruh jhqhudo vhw0xs/ exw djdlq zh gr qrw uhtxluh vprrwkqhvv frqglwlrqv rq wkh

uhvlgxdo ixqfwlrq 4E~ðc wäé Ohw }æE~ðc wä ' øæEfðä4E~ðc wä iru hdfk æé Wkhq C?æEwä ' ?3�
S?

ð'� }æE~ðc wä

dqg CæEwä ' .d}æE~ðc wäoé Zh ghqrwh

Kæ '
Y

Ywâ
CæEwfä '

Y

Ywâ
.døæEfðä4E~ðc wäo mw'wf é

Li (fEfðä ' iY.d4E~ðc wämfðo*Ywjmw'wf h{lvwv zlwk suredelolw| rqh/ wkhq zh kdyh

Kæ ' .døæEfðä(fEfðä
âoé

Dvvxpswlrq E

43



41 4@ �$æ$ôE?ä
í
nC?æEewæän ý ð?u8w3wf8$B? nC?æEwän

ì
' JRE�*

s
?ä iru dq| B? ' JE?3�*eä(

51 Wkhuh h{lvwv d ?qlwh ä vxfk wkdw iru dq| w zlwklq d vkulqnlqj E?3�*eýä qhljkerukrrg ri wf

4@ 
�$æ$ôE?ä

nCæEwäý KæEw ý wfän é änw ý wfn2c

zkhuh Kæ lv ri ixoo +froxpq, udqn iru hdfk æ1

61 +d, 4@ �$æ$ôE?ä n
s
?dC?æEwfäýCæEwfäon ' ïRE�ä(

+e, Iru dq| B? ' JE?3�*eä/

4@ 
�$æ$ôE?ä

týT
8w3wf8$B?

ndC?æEwäýCæEwäoý dC?æEwfäýCæEwfäon ' JRE�*
s
?äé

71 Wkhuh h{lvwv d ghwhuplqlvwlf vhtxhqfh ri pdwulfhv` f
?æ vdwlvi|lqj= +d,

SôE?ä
æ'� mmE`?æý` f

?æäK
3�
æ mm '

JRE�ä> +e, *ð4 týT?
SôE?ä

æ'�

ðð` f
?æK

3�
æ

ðð ÷41

81 +d, Wkh pdwul{ P? '
SôE?ä

æ'�

SôE?ä
,'� `

f
?æTæ,`

fâ
?, kdv d ?qlwh srvlwlyh gh?qlwh olplw Pc zkhuh iru doo

æc , ' �c é é é c ôE?äc

Tæ, ' K3�æ .d}æE~ðc wfä},E~ðc wfä
âoK3�â, ' K3�æ .døæEfðäj

2
fEfðäø,Efðä

âoK3�â, (

+e, wkh wuldqjxodu duud| ri udqgrp yduldeohv s?E~ðä ' ?3�*2
SôE?ä

æ'� S
â` f

?æK
3�
æ }æE~ðc wfä vdwlv?hv

?.ms?E~ðäm2nV $ f iru doo yhfwruv S dqg vrph V : fé

91 wf lv lq wkh lqwhulru ri Xé

:1 4@ �$æ$ôE?ä mmewæ ý wfmm ' JRE?3�*eäé
Dvvxpswlrq E4 lv mxvw wkh gh?qlwlrq ri wkh hvwlpdwru dqg lv d olwwoh elw vwurqjhu wkdq xvxdo1

Dvvxpswlrq E5 uhtxluhv hvvhqwldoo| wzr xqlirupo| frqwlqxrxv ghulydwlyhv iru wkh srsxodwlrq prphqw

ixqfwlrq dw w ' wf dqg wkdw wkh ?uvw ghulydwlyh pdwul{ eh ri ixoo udqn1

Iru Dvvxpswlrq E6+e,/ wkh hpslulfdo glvwulexwlrq ixqfwlrq vdwlv?hv

týT
�%3%f�$@*?k

ññs?d8?E%äý 8 E%äoýs?d8?E%fäý 8 E%fäoññ ' ïRE?3k*2ä
iru dq| k ÷ �é< Wkh frvw ri wkh dgglwlrqdo pd{ lv w|slfdoo| qr pruh wkdq dq dgglwlrqdo idfwru ri rughus
ô E?ä dv lv hylghqfhg lq wkh Ohppd 41

<Zh duh judwhixo wr Ehqhglnw Sùwvfkhu iru srlqwlqj wklv rxw wr xv1 Wklv lv gxh wr wkh Kùoghu frqwlqxlw| ri wkh

olplwlqj Eurzqldq eulgjh surfhvv E+ü, ri sq^Iq+ü, ý I +ü,`> l1h1/ mE+{, ý E+{3,m é f ü m{ ý {3m4@5 iru vrph udqgrp

yduldeoh f zlwk erxqghg prphqw1 Wkh orfdo xqliruplw| ^dfurvv l` frphv dw yhu| olwwoh h{wud frvw1

44



Lq E7/ zh uhtxluh wkdw li wkh zhljkwv duh udqgrp wkdw wkh| fdq eh zhoo dssur{lpdwhg e| vrph

qrqudqgrp vhtxhqfh zlwk fhuwdlq vxppdelolw| surshuwlhv1 Wklv frqglwlrq hqwdlov vrph uhvwulfwlrqv rq

wkh udwh ri jurzwk ri ô c dqg wkhvh uhvwulfwlrqv fdq eh dv pxfk dv uhtxlulqj wkdw ô ô*?$ fc vhh Nrhqnhu

dqg Pdfkdgr +4<<<,1 Wkh uhvwulfwlrqv duh qrw vr vwulqjhqw lq vshfldo fdvhv dqg uhdoo| dulvh rxw ri wkh

qrqolqhdulw| ri wkh hvwlpdwlqj htxdwlrq udwkhu frpelqhg zlwk wkh odujh qxpehu ri sdudphwhuv1

Dvvxpswlrq E8 doorzv xv wr dsso| wkh Oldsrxqry*v fhqwudo olplw wkhruhp iru wuldqjxodu duud|v

wr wkh ohdglqj whup1 Wklv frqglwlrq lv vdwlv?hg iru d ydulhw| ri sureohpv/ dqg lw lpsolflwo| lpsrvhv

uhvwulfwlrqv rq krz idvw ô E?ä frxog jurz zlwk vdpsoh vl}h ?1 Qrwlfh wkdw Dvvxpswlrq E8+e, lv vlpso|=

iru vrph V : f dqg iru doo Sc

.

3Cññññññ
ôE?ä[
æ'�

Sâ` f
?æK

3�
æ }æE~ðc wfä

ññññññ
2nV4D ' JE?V*2äé

Iru h{dpsoh/ vxssrvh zh rqo| uhtxluh wkdw }æE~ðc wfä kdyh xqlirupo| erxqghg irxuwk prphqwv1 Wkhq/

e| wkh Fdxfk|0Vfkzdu} lqhtxdolw|

?.ds?E~ðä
eo '

�

?

ôE?ä[
æc&c,c6'�

.d)æð)&ð),ð)6ðo é
�

?"e?

3CtýT
?

ôE?ä[
æ'�

ðð` f
?æ

ðð4De

c

zkhuh )æð ' S
â` f

?æK
3�
æ }æE~ðc wfäé Lw vx!fhv lq wklv fdvh wkdw ?"e? $4é Qrz vxssrvh wkdw lq idfw/ wkh

vfdodu }æE~ðc wfä duh qrupdoo| glvwulexwhg zlwk phdq }hur dqg yduldqfh Kæ dqg pxwxdoo| lqghshqghqw/

dqg wkdw wkh zhljkwv duh htxdo/ l1h1/ ` f
?æ ' �*ô E?ä iru hdfk æé Wkhq

?.ds?E~ðä
eo '

�

?ô e

3CôE?ä[
æ'�

ôK32æ n ô

ôE?ä[
æ õ'&

K3�æ K3�&

4D é ô

?ô 2"2?
c

zklfk jrhv wr }hur surylghg ?ô2"2? $4é Wkhvh frqglwlrqv fdq eh zhdnhqhg frqvlghudeo| lq vshfldo

fdvhv1

Qrwlfh wkdw zh fdq uhsodfh Dvvxpswlrqv E6+d, dqg E8 e| wkh frqglwlrq wkdw iC?æEwfäýCæEwfä G
� é æ é ô E?äj lv d Grqvnhu fodvv/ l1h1/ lw vdwlv?hv wkh xqlirup FOW1 Wklv nlqg ri dvvxpswlrq kdv ehhq

xvhg lq Sruwqr| +4<;8, iru h{dpsoh1

Wkh frqglwlrq E: wkdw 4@ �$æ$ôE?ä mmewæ ý wfmm ' JRE?3�*eä iroorzv iurp rxu Wkhruhp 4+ll,1 Lw pd|

eh srvvleoh wr suryh rxu uhvxow ehorz zlwkrxw d vxs0qrup frqyhujhqfh uhvxow olnh wklv/ dowkrxjk zh

kdyh qrw ehhq deoh wr ?qg d surri edvhg rq rwkhu frqyhujhqfhv olnh uRé Wkh xvxdo surriv lq rwkhu

vhplsdudphwulf hvwlpdwlrq sureohpv w|slfdoo| pdnh xvh ri vlplodu uhvxowv derxw wkh frqyhujhqfh ri

qxlvdqfh sdudphwhuv1

Wkhruhp 51 Vxssrvh wkdw Dvvxpswlrqv E40E: krog é Wkhq
s
?Eew ý wfä',Q EfcPäé
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Wkh dv|pswrwlf yduldqfh pdwul{ P ghshqgv rq wkh zhljkwlqj vfkhph dqg rq wkh fodvv ri hvwlpdwruv

frqvlghuhg dqg ri frxuvh rq wkh xqghuo|lqj glvwulexwlrq ri wkh gdwd1 Zh glvfxvv wkh qdwxuh ri wkh

dv|pswrwlf yduldqfh pruh lq wkh qh{w vhfwlrq1

Wr frqvwuxfw frqvlvwhqw hvwlpdwhv ri Pc zh zrxog frpsxwh

eP '

ôE?ä[
æ'�

ôE?ä[
,'�

V

ë mæ ý ,m
ô

ê
`?æ

eTæ,` â
?,

iru vrph zhljkwlqj ixqfwlrq Vc dqg

eTæ, ' eK3�æ �

?

?[
ð'�

}æE~ðcewä},E~ðcewäâoeK3�â, é

Wkh hvwlpdwlrq ri Kæ lv hdv| zkhq C?æ duh gl>huhqwldeoh1 Lq wklv fdvh/

eKæ ' �

?

?[
ð'�

Y}æE~ðcewä
Yw

$R Kæ +<,

xqghu vrph uhjxodulw| frqglwlrqvé Wkh zhljkwlqj ixqfwlrq V pxvw vdwlvi| vrph uhjxodulw| frqglwlrqv

dv lq Dqguhzv +4<<4,1 Zkhq C?æ duh qrw gl>huhqwldeoh/ dv iru h{dpsoh lq wkh ODG fdvh/ wklv phwkrg

lv qrw ihdvleoh1 Lq vrph fdvhv/ rqh pljkw eh deoh wr hvwlpdwh gluhfwo| wkh txdqwlw| KæéIru h{dpsoh/ lq

wkh ODG fdvh ^zlwk huuruv lqghshqghqw ri fryduldwhv`/ Kæ lv sursruwlrqdo wr wkh ghqvlw| ri wkh huuruv

hydoxdwhg dw wkhlu phgldq1 Wklv txdqwlw| fdq eh hvwlpdwhg e| d ydulhw| ri qrqsdudphwulf phwkrgv1

D jhqhudo vwudwhj| iru hvwlpdwlqj Kæ lv wr xvh cqxphulfdo ghulydwlyhv*/ wkdw lv/ ohw

eKæ(,& ' �

?

?[
ð'�

}æ,E~ðcew n Be&äý }æ,E~ðcewä
B

c +43,

zkhuh e& lv d yhfwru ri }hurv zlwk rqh lq wkh &|û srvlwlrq/ zkloh B lv d vpdoo frqvwdqw1 Li zh ohw BE?ä jr

wr }hur dw d fhuwdlq udwh dv vdpsoh vl}h lqfuhdvhv/ zh fdq vkrz wkdw eKæ(,& $R Kæ(,&c dqg xqghu vwurqjhu

frqglwlrqv 4@ �$æ$ô mmeKæ ý Kæmm $R fé Wkh dfwxdo ghulydwlyh +<, pdnhv B jr wr }hur ehiruh ?c exw rxu

prgl?hg hvwlpdwru +43, doorzv B wr jr wr }hur zlwk ? dqg lqghhg vorzhu wkdq ?é

H{dpsoh 5 frqwlqxhg1 Vxssrvh wkdw wkh huuruv duh krprvnhgdvwlf dqg wkh uhjuhvvruv duh

pxwxdoo| ruwkrjrqdo zlwk .Ef2
æðä ' j2æ é D qhfhvvdu| dqg vx!flhqw frqglwlrq iru wkh urrw0q udwh ri

frqyhujhqfh lv wkdw

*ð4 týT
?

ô[
æ'�

` 2
?æj

32
æ ÷4

zlwk suredelolw| rqh1 Vlqfh zh dovr uhtxluh
S"

æ'� j
2
æ ÷ 4c wklv uxohv rxw wkh htxdo zhljkwlqj fdvh1

Qhyhuwkhohvv/ d ydulhw| ri zhljkwlqj frqglwlrqv vdwlvi| wkh uhtxluhphqw1 Ixuwkhupruh/ wkhuh lv qr

h{solflw uhvwulfwlrq rq ô lwvhoi lq wklv fdvh1
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8 Rswlpdo Zhljkwv

814 Il{hg ô Fdvh

Zh qrz glvfxvv wkh rswlpdo zhljkwv1 Vxssrvh wkdw zh nqrz rqo| wkdw

. døæEfðä4E~ðc wfäo ' fc æ ' �c é é é c ô c +44,

zkhuh ô lv ?{hg/ dqg øæ 5 UR1 Wklv lv d vwdqgdug xqfrqglwlrqdo prphqwv hvwlpdwlrq sureohp/ dqg

wkh rswlpdo hvwlpdwru fdq eh duulyhg dw e| vhyhudo urxwhv1

Iluvw/ JPP zlwk rswlpdo frpelqdwlrq ri wkh prphqw frqglwlrqv= wkdw lv/ zh plqlpl}h wkh

txdgudwlf irup

Cô?Ewä
â`?C

ô
?Ewä +45,

zlwk uhvshfw wr w/ zkhuh Cô?Ewä ' ?
3�S?

ð'�ø
ô Efðä4E~ðc wä zlwk øô ' Eøâ�c é é é c ø

â
ô ä
â 5 UôR +l1h1/ Cô?Ewä

lv wkh ôR û � yhfwru frqwdlqlqj doo wkh vdpsoh prphqwv,1 Wkh dv|pswrwlfdoo| rswlpdo zhljkwlqj

pdwul{ lv `JR| ' [3�
ô / zkhuh [ô ' .dC

ô
?EwfäC

ô
?Ewfä

âo ' .døô Efäj2fEfäøô Efäâo 5 UôRfôRé
Vhfrqg/ e| rswlpdo lqvwuxphqwdo yduldeohv zlwk wkh rswlpdo lqvwuxphqw lq wklv fdvh ehlqj d olqhdu

frpelqdwlrq ri wkh øæEfðäc æ ' �c é é é c ô é Wkdw lv/ zh vroyh wkh htxdwlrqv

Kô â[3�
ô C

ô
?E
ewä ' fc +46,

zkhuh Kô ' Y.dCô?Ewfäo*Yw ' .døô Efä(fEfäâo 5 UôRfR1 Wkhvh wzr dssurdfkhv surylgh wkh rswl0

pdo LY +rswlpdo JPP, hvwlpdwru hwôJðñ ri wf iru wkh prgho +44,1 Vshfl?fdoo|/ zh kdyh
s
?EhwôJðñ ý

wfä', ùEfcPôJðñä dv ?$4/ zkhuh wkh dv|pswrwlf yduldqfh lv jlyhq e| +vhh h1j1/ Kdqvhq +4<;5, iru

gl>huhqwldeoh 4/ Qhzh| dqg PfIdgghq +4<<7, iru qrq0gl>huhqwldeoh 4,=

PôJðñ '
í
.døô Efä(fEfäâoâ

û
.Eøô Efäj2fEfäøô Efäâä

ú3�
.døô Efä(fEfäâo

ì3�
+47,

'
ý
Kô â[3�

ô Kô
ü3�

+48,

dqg wkh rswlpdo lqvwuxphqw iru wkh prgho +44, lv=

øôJðñE%ä ' Kô â[3�ô ø
ô E%ä

' .døô Efä(fEfäâoâ
û
.Eøô Efäj2fEfäøô Efäâä

ú3�
øô E%äé

Wkh wklug dssurdfk wr rswlpdo hvwlpdwlrq khuh lv wkh plqlpxp glvwdqfh phwkrg ghvfulehg lq

Urwkhqehuj +4<:6,1 Ohw ewôJ6_ plqlpl}h wkh fulwhulrq ixqfwlrq

'?Ewä '

5997
3EEC
ew�
111ewô
4FFDý w ó ðô

6::8
â

T 3�

5997
3EEC
ew�
111ewô
4FFDý w ó ðô

6::8 c +49,

47



zkhuh ðô lv d ô û � yhfwru ri rqhv/ dqg T lv wkh ôR û ôR dv|pswrwlf +dv ? $ 4 kroglqj ô

frqvwdqw, yduldqfh pdwul{ ri wkh yhfwru E
s
?Eew� ý wfäâc é é é cs?Eewô ý wfäâäâc l1h1/ T ' ETæc,ä/ zkhuh

Tæ, ' K3�æ .døæEfðäj
2
fEfðäø,Efðä

âoK3�â, iru doo æc , ' �c é é é c ô é Wkh ?uvw rughu frqglwlrq lv

EUR ó ðô äâT 3�

3EEC
ew�
111ewô
4FFD ' EUR ó ðô äâT 3�Eew ó ðô äc

zklfk lpsolhv wkdw wkh rswlpdo hvwlpdwru ewôJ6_ lv d olqhdu frpelqdwlrq ri wkh ewæ zlwk
ewôJ6_ ' ô[

æ'�

` JR|
fæ
ewæc +4:,

zkhuh

` JR|
fæ '

#
ô[
,'�

î,

$3�
îæc

dqg Eî�c é é é c îô ä ' EUR ó ðô äâT 3�1

Ixuwkhupruh/
s
?EewôJ6_ ý wfä', ùEfcPôJ6_äc zkhuh wkh dv|pswrwlf ^dv ?$4 dqg ô ?{hg` yduldqfh

lv

PôJ6_ '`JR|T`
â
JR| '

ý
EUR ó ðô äâT 3�EUR ó ðô ä

ü3�
é

Sursrvlwlrq 41 Iru hdfk ?{hg ô c ewôJ6_ lv dv|pswrwlfdoo| h!flhqw iru +44, zlwk PôJ6_ ' PôJðñ1

Pruhryhu wkh rswlpdo zhljkwlqj lv vlpso|

` Jðñ
fæ ' ý

#
ô[
æ'�

kæK
â
æ

$3�
kæK

â
æ iru æ ' �c é é é c ô /

zlwk Ek�c é é é c kô ä ' Kô â[3�ô 1

H{dpsoh 4 +frqw1, Uhfdoo wkh rswlpdo JPP hvwlpdwru lq wklv prgho ^l1h1/ xqghu krprvnhgdv0

wlflw| hwf1` lv vlpso| wkh wzr vwdjh ohdvw vtxduhv hvwlpdwru

hw ' Et â2åft2ä
3�t â2åft�c

zkhuh åf ' fEf âfä3�f âc t� ' E+��c é é é c +�?ä
âc t2 ' E+2�c é é é c +2?ä

â/ f ' Ef â
�c é é é cf

â
?äc fð '

Ef�ðc é é é c f&ðä
â1 Zlwklq rxu fodvv ri hvwlpdwruv H c wkh rswlpdo hvwlpdwru lv

ew ' &[
æ'�

` JR|
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ewæ ' Eðâ&T
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3�

5997
ew�
111ew&
6::8 c
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zkhuh ewæ ' Et â2åæt2ä
3�t â2åæt� iru æ ' �c é é é c &c zkhuh åæ ' fæEf

â
æfæä

3�f â
æ dqg T lv wkh & û &

fryduldqfh pdwul{ zlwk Tæ, ' @ULñEewæ cew,ä143 Vxssrvh wkdw wkh lqvwuxphqwv duh pxwxdoo| ruwkrjrqdo/

wkhq lw lv hdv| wr vhh wkdw ew lv lghqwlfdoo| htxdo wr hwé44 Wklv jlyhv |hw dqrwkhu lqwhusuhwdwlrq wr 5VOV

dv ehlqj wkh rswlpdo frpelqdwlrq ri h{dfwo| lghqwl?hg lqvwuxphqwdo yduldeohv hvwlpdwruv145 Zkhq

wkh uhgxfhg irup lv qrqolqhdu ru wkh huuruv duh khwhurvnhgdvwlf/ wkh htxlydohqfhv duh rqo| wuxh lq dq

dv|pswrwlf vhqvh1

815 Lqfuhdvlqj ô Fdvh

Khuh zh frqvlghu wkh pruh jhqhudo fdvh zkhuh ô lqfuhdvhv zlwk vdpsoh vl}h1 Ohw PJðñ eh wkh dv|pswrwlf

yduldqfh ri wkh rswlpdo lqvwuxphqwdo yduldeoh hvwlpdwru/ dqg ohw PJ6_ eh wkh dv|pswrwlf yduldqfh dv

? $ 4 dqg ô E?ä $ 4 ri wkh rswlpdo plqlpxp glvwdqfh hvwlpdwru1 Wkh qh{w wkhruhp hvwdeolvkhv

wkdw rqh fdq edvlfdoo| lqwhufkdqjh wkh rshudwlrqv xqghu dgglwlrqdo dvvxpswlrqv1

Dvvxpswlrqv F

41 Wkh pdwul{ (fEfðä '
ý
Y
Ywâ.d4E~ðc wämfðo

ü mw'wf h{lvwv zlwk suredelolw| rqh

51 .dj32f Efðä(fEfðä(fEfðä
âo lv ?qlwh dqg srvlwlyh gh?qlwh1

61 (fEfðä '
S"

æ'� qæfèæEfðäj
2
fEfðä/ zkhuh wkh vhtxhqfh ièæj lv d frpsohwh ruwkrqrupdo edvlv

vdwlvi|lqj=

.dj2fEfðäèæEfðäè,Efðä
âo '

;AA?AA=
fR iru æ 9' ,

UR iru æ ' ,é

Wkhruhp 61 Vxssrvh wkdw .d4E~ðc wfä mfð o ' f dqg wkdw Dvvxpswlrqv F40F6 krog1 Wkhq/

PJ6_ ' PJðñ '
ý
.dj32f Efðä(fEfðä(fEfðä

âo
ü3�

é

Wkh rswlpdo zhljkwv lq wklv fdvh duh dq| vhtxhqfh olnh

` f
?æ '

3CôE?ä[
,'�

T 3�,,

4D3�

T 3�ææ c

43Wkhuh lv d frqqhfwlrq zlwk sruwirolr wkhru|1 Wklqn ri wkh hvwlpdwruv eëm dv ehlqj uhwxuqv rq dvvhw m> zkhuh hdfk

dvvhw kdv wkh vdph h{shfwhg uhwxuq exw gl>huhqw yduldqfhv1 Wkh rswlpdo zhljkwv duh wkh vdph dv wkh zhljkwv iru wkh

joredo plqlpxp yduldqfh sruwirolr/ vhh Fdpsehoo/ Or/ dqg PdfNlqod| +4<<:/ ss 4;704;8,1 Wklv lv dovr uhodwhg wr wkh

lghd ri frpelqlqj pdq| iruhfdvwv/ vhh Vwrfn dqg Zdwvrq +4<<<, dqg Judqjhu +5333, iru h{dpsoh1
44Zh duh judwhixo wr Wrp Urwkhqehuj iru srlqwlqj wklv rxw wr xv1
45Lqwhusuhwlqj 5VOV lq ydulrxv zd|v kdv d orqj klvwru| lq hfrqrphwulfv> vhh Urwkhqehuj +4<:7, iru dq hduo| h{dpsoh1
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zkhuh Tææ lv wkh dv|pswrwlf yduldqfh pdwul{ ri
s
?Eewæ ý wfäé Zlwk vxfk d vhtxhqfh ri zhljkwv/ ew

kdv wkh vdph dv|pswrwlf yduldqfh dv d frpsdudeoh lpsohphqwdwlrq ri hwé Qrwh wkdw lq wkh vfdodu

krprvnhgdvwlf fdvh/ wkh rswlpdo zhljkwv ` f
?æ ghfuhdvh dw wkh vdph udwh dv q

2
æf dv æ $ 4c zkloh wkh

zhljkwv rq wkh edvlv whupv lq wkh hvwlpdwlrq ri (f zrxog ghfuhdvh olnh qæf dv æ $4é Wklv vxjjhvwv
wkdw rqh qhhgv wr frpelqh ihzhu hvwlpdwruv wkdq lqvwuxphqwv wr dfklhyh d vshfl?hg yduldqfh1

Lq sudfwlfh/ rqh pxvw xvh hvwlpdwhg zhljkwv1 D qlfh surshuw| ri wkh ruwkrjrqdo fdvh lv wkdw wkh

zhljkwv ` f
?æ duh sursruwlrqdo wr wkh lqyhuvh ri wkh dv|pswrwlf yduldqfh> wkhuhiruh/ jlyhq frqvlvwhqw

hvwlpdwruv eTææ ri wkh dv|pswrwlf yduldqfhv Tææ ' ñ@hE
s
?ewæäc zh fdq ohw

`?æ '

3CôE?ä[
,'�

eT 3�,,

4D3� eT 3�ææ é +4;,

Wkh lvvxhv vxuurxqglqj hvwlpdwlqj wkh rswlpdo zhljkwv iru vlplodu sureohpv kdyh ehhq wuhdwhg lq

Qhzh| +4<<3, dqg Nrhqnhu dqg Pdfkdgr +4<<<,1 Zh gr qrw sxuvxh wklv ixuwkhu khuh/ exw uhihu wkh

uhdghu wr wkhvh rwkhu sdshuv1

9 Prqwh Fduor

Zh hydoxdwhg rxu phwkrgv rq wkh vdpsoh vhohfwlrq prgho jlyhq ehorz

tð ' q�f n q2frð n 0ð ( rð ' � Ek�f n k2ffð n #ð : fä c
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� fé.

fé. �
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fð å ùEfc �ä ( k�f ' k2f ' q�f ' q2f ' �é

Wklv prgho lv frqvlghuhg lq Qhzh| +4<<7,1 Wkh rswlpdo lqvwuxphqw iru r lv ZE%ä ' èhdr ' �mf ' %o/

zklfk pdnhv (E%ä ' E�c ZE%ääâé Zh fdq zulwh

ZE%ä '
"[
æ'�

òæMæE%ä

iru vrph zhljkwv òæ/ zkhuh MæE%ä duh wkh Khuplwh sro|qrpldov frpsxwhg yld wkh uhfxuvlrq Mon�E%ä '

2%MoE%äý 2oMo3�E%äc zkhuh M�E%ä ' �c M2E%ä ' 2% hwf1 Zh wkxv frqvlghu wkh hvwlpdwruv wkdw vroyh

wkh htxdwlrqv
S?

ð'�E�cMæEfðää
âEtð ý eq� ý eq2rðä ' fc zklfk |lhogv

eqæ '
# eqæ�eqæ2
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Lq wklv fdvh/ eqæ duh ruwkrjrqdo wr eq& iru dq| æ 9' &éZh wdnh ô ' �féZh hydoxdwh wkh shuirupdqfh ri

wkh hvwlpdwruv eqæc æ ' 2c é é é c �fc dqg
ô[
æ'�

`æ
eqæ

iru ?{hg zhljkwv `æc zlwk `æ ' E�*ô äU2 dqg `æ ' Eæ3k*
Sô

æ'2 æ
3käU2 iru k 5 i�c 2c ôj1 Zh dovr

hydoxdwh wkh shuirupdqfh ri wkh crswlpdo* hvwlpdwru khuh/ l1h1/ zhljkwv ghwhuplqhg e| +4;,1 Wkh

qxpehuv duh frpsxwhg iurp 8333 uhsolfdwlrqv1

---Wdeohv Khuh---

Wkh shuirupdqfh ri rxu rswlpdo hvwlpdwru ri q2 lv urxjko| frpsdudeoh wr wkdw vkrzq lq Qhzh|

+4<<3,/ zlwk vpdoo eldvhv dqg orz yduldqfhv1 Qrwh wkrxjk wkdw zh kdyh qrw wulhg wr rswlpl}h ryhu

ô dqg vr ehwwhu shuirupdqfh pljkw eh rewdlqhg diwhu vrph ixuwkhu h{shulphqwdwlrq1 Wkh lqglylgxdo

hvwlpdwruv wkrxjk fdq eh txlwh huudwlf dv fdq wkh udz dyhudjh1 Wkh zhljkwhg hvwlpdwru zlwk zhljkwv

sursruwlrqdo wr æ3k vhhpv wr gr txlwh zhoo dovr/ dowkrxjk lq vrph fdvhv wkh eldvhv duh udwkhu odujh1

: Frqfoxvlrqv dqg H{whqvlrqv

Rxu dssurdfk kdv dq dgydqwdjh ryhu wkh wudglwlrqdo dssurdfk wr vhplsdudphwulf lqvwuxphqwdo ydul0

deohv lq wkdw rqh kdv d cglvwulexwlrq* ri hvwlpdwruv ri wkh vdph txdqwlw| dqg rqh fdq ylhz wkh udqjh

ri ydoxhv wkdw wkhvh hvwlpdwruv wdnh1 Li wkdw udqjh lv qrw juhdw/ wkhq lw zrxog dsshdu wkdw dfklhylqj

h!flhqf| lv qrw jrlqj wr eh zruwk yhu| pxfk1 Li wkh udqjh lv frqvlghudeoh/ wkhq wkh h!flhqw hvwlpdwru

pd| eh yhu| pxfk ehwwhu wkdq dq| jlyhq hvwlpdwru exw dw wkh vdph wlph shuirupdqfh pljkw eh yhu|

vhqvlwlyh wr krz lw lv frqvwuxfwhg1 Wklv lqirupdwlrq frqwdlqhg lq wkh vsuhdg ri wkh gl>huhqw hvwlpdwruv

lv vlplodu wr exw qrw qhfhvvdulo| wkh vdph dv wkh lqirupdwlrq frqwdlqhg lq wkh vwdqgdug huuru ri dq

h!flhqw hvwlpdwru146 Dovr/ wkh rswlpdo zhljkwlqj mxvw uhtxluhv wkh hvwlpdwlrq ri KDF pdwulfhv/ dw

ohdvw lq wkh ruwkrqrupdo edvlv fdvh/ derxw zklfk pxfk kdv ehhq zulwwhq lq hfrqrphwulfv1

Lw lv txlwh vwudljkwiruzdug wr h{whqg rxu zrun wr surgxfh uhvxowv iru wkh udqjh47

7? ' 4@ 
�$æ$ôE?ä

ewæ ý 4ð?
�$æ$ôE?ä

ewæ
46Dfwxdoo|/ li wkh hvwlpdwruv wkhpvhoyhv duh pxwxdoo| lqghshqghqw zlwk wkh vdph olplwlqj glvwulexwlrq/ wkhq wkh

<8( frq?ghqfh lqwhuydo ri d vlqjoh hvwlpdwru lv dssur{lpdwho| wkh vdph dv wkh lqwhu khpl0ghfloh udqjh/ wkdw lv wkh

lqwhuydo ^eë3=358üá >eë3=<:8üá ` ri wkh rughuhg hvwlpdwruv1 Lq idfw/ lw lv qrw srvvleoh wkdw wkh hvwlpdwruv frph iurp wkh vdph

dv|pswrwlf glvwulexwlrq ^vlqfh wkh yduldqfhv pxvw glyhujh dorqj vrph wudmhfwru|`/ dqg vr wkh wzr lqwhuydov gr qrw
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Uhihuhqfhv

Dl/ F1 dqg [1 Fkhq +4<<<,= 3H!flhqw hvwlpdwlrq ri prghov zlwk frqglwlrqdo prphqw uhvwulfwlrqv

frqwdlqlqj xqnqrzq ixqfwlrqv4/ zrunlqj sdshu/ Orqgrq Vfkrro ri Hfrqrplfv1

Dphpl|d/ W1/ +4<:7,= 3Wkh qrq0olqhdu wzr0vwdjh ohdvw vtxduhv hvwlpdwru/4 Mrxuqdo ri Hfrqrphwulfv

5/ 43804431

Dqguhzv/ G1Z1N1 +4<<4,1 Dv|pswrwlf qrupdolw| ri vhulhv hvwlpdwruv iru qrqsdudphwulf dqg vhpl0

sdudphwulf uhjuhvvlrq prghov1 Hfrqrphwulfd 8</ 63:06791

Elfnho/ S1M1/ dqg P1 Urvhqeodww +4<:6,1 Rq vrph joredo phdvxuhv ri wkh ghyldwlrqv ri ghqvlw|

ixqfwlrq hvwlpdwhv1 Dqqdov ri Vwdwlvwlfv 4/ 43:4043<81

Elhuhqv/ K1M1 +4<;:,1 Nhuqho hvwlpdwruv ri uhjuhvvlrq ixqfwlrqv1 Fdpeulgjh Xqlyhuvlw| Suhvv= Dg0

ydqfhv lq Hfrqrphwulfv1

Euhlpdq/ O1 +4<<9,1 Edjjlqj Suhglfwruv1 Pdfklqh Ohduqlqj 59/ 45604731
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Euhlpdq/ O1 +4<<9,1 Xvlqj Dgdswlyh Edjjlqj wr Gheldv Uhjuhvvlrqv1 Xqlyhuvlw| ri Fdoliruqld Ehunh0

oh|/ Ghsduwphqw ri Vwdwlvwlfv/ Whfkqlfdo Uhsruw 87:1

Fdpsehoo/ M1/ D1 Or dqg D1F1 Pdfnlqod| +4<<:,= Wkh Hfrqrphwulfv ri Ilqdqfldo Pdunhwv/ Sulqfhwrq

Xqlyhuvlw| Suhvv= Sulqfhwrq1

Fkdpehuodlq/ J1 +4<;:,= 3Dv|pswrwlf h!flhqf| lq hvwlpdwlrq zlwk frqglwlrqdo prphqw uhvwulf0

wlrqv/4 Mrxuqdo ri Hfrqrphwulfv 67/ 63806671

Judqjhu/ F1Z1M1 +5333,= 3Wklfn prgholqj4/ XFVG Ghsw1 ri Hfrqrplfv Zrunlqj Sdshu1

Jud|/ K1O1 dqg Z1U1 Vfkxfdq| +4<:5,1 Wkh jhqhudol}hg mdfnqlih vwdwlvwlf1 Qhz \run= Ghnnhu1

Kdqvhq/ O1S1 +4<;5,= 3Odujh vdpsoh surshuwlhv ri jhqhudol}hg phwkrg ri prphqwv hvwlpdwruv/4

Hfrqrphwulfd/ 83/ 435<043871

Kdqvhq/ O1S1 +4<;8,= 3D phwkrg iru fdofxodwlqj erxqgv rq wkh dv|pswrwlf fryduldqfh pdwulfhv ri

jhqhudol}hg phwkrg ri prphqwv hvwlpdwruv/4 Mrxuqdo ri Hfrqrphwulfv 63/ 536056;1

Kxehu/ S1 +4<9:,= 3Wkh Ehkdylru ri Pd{lpxp Olnholkrrg Hvwlpdwhv Xqghu Qrqvwdqgdug Frqgl0

wlrqv/4 lq Iliwk Ehunhoh| V|vsrvlxp rq Pdwkhpdwlfdo Vwdwlvwlfv dqg Suredelolw|/ 55405661 Ehunh0

oh|/ FD= Xqlyhuvlw| ri Fdoliruqld1

Nrhqnhu/ U1/ dqg J1 Edvvhww +4<:;,= 3Uhjuhvvlrq Txdqwlohv/4 Hfrqrphwulfd/ 79/ 668831

Nrhqnhu/ U1/ dqg M1 Pdfkdgr +4<<<,= 3JPP lqihuhqfh zkhq wkh qxpehu ri prphqw frqglwlrqv lv

odujh/4 Mrxuqdo ri Hfrqrphwulfv <6/ 65:06771

PfIdgghq/ G1 +4<;<,= 3D Phwkrg ri Vlpxodwhg Prphqwv iru Hvwlpdwlrq ri Glvfuhwh Uhvsrqvh

Prghov Zlwkrxw Qxphulfdo Lqwhjudwlrq/4 Hfrqrphwulfd 8:/ <<8043591

Qhzh|/ Z1N1/ +4<<3,= 3H!flhqw lqvwuxphqwdo yduldeohv hvwlpdwlrq ri qrqolqhdu prghov/4 Hfrqrphw0

ulfd 8;/ ;3<0;6:1

Qhzh|/ Z1N1/ +4<<6,= 3H!flhqw hvwlpdwlrq ri prghov zlwk frqglwlrqdo prphqw uhvwulfwlrqv4/ lq

Kdqgerrn ri Vwdwlvwlfv/ yro1 44/ J1V1 Pdggdod/ F1U1 Udr/ dqg K1G1 Ylqrg hgv1/ Dpvwhugdp=

Qruwk0Kroodqg1

Qhzh|/ Z1N1 +4<<7,= 3Wkh Dv|pswrwlf Yduldqfh ri Vhplsdudphwulf Hvwlpdwruv4/ Hfrqrphwulfd 95/

467<046;51

Qhzh|/ Z1N1/ +4<<<,= 3H!flhqw Vhplsdudphwulf Hvwlpdwlrq Yld prphqw uhvwulfwlrqv4/ PLW1
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Qhzh|/ Z1N1 dqg G1I1 PfIdgghq +4<<7,= 3Odujh vdpsoh hvwlpdwlrq dqg k|srwkhvlv whvwlqj/4 lq

Kdqgerrn ri Hfrqrphwulfv/ yro1 LY/ hgv1 G1I1 PfIdgghq dqg U1I1 Hqjoh LLL1 Qruwk Kroodqg1

Qhzh|/ Z1N1 dqg M1 Srzhoo +4<<3,= 3H!flhqw hvwlpdwlrq ri olqhdu dqg w|sh L fhqvruhg uhjuhvvlrq

prghov xqghu frqglwlrqdo txdqwloh uhvwulfwlrqv4/ Hfrqrphwulf Wkhru| 9/ 5<8064:1

Qhzh|/ Z1N1 dqg U1M1 Vplwk +5334,1 Kljkhu rughu surshuwlhv ri JPP dqg Jhqhudol}hg Hpslulfdo

Olnholkrrg Hvwlpdwruv1 XqsxeolvkhgPdqxvfulsw dydlodeoh dw kwws=22hpode1ehunhoh|1hgx2v|psrvld2qvi342dj

Rooh| V1/ dqg D1 Sdnhv +4<<9,= 3Wkh G|qdplfv ri Surgxfwlylw| lq wkh Whohfrppxqlfdwlrqv Htxls0

phqw Lqgxvwu|4/ Hfrqrphwulfd 97/ 4596045<:1

Sdnhv/ D1/ dqg G1 Sroodug +4<;<,= 3Vlpxodwlrq dqg wkh dv|pswrwlfv ri rswlpl}dwlrq hvwlpdwruv/4

Hfrqrphwulfd 8:/ 435:0438:1

Sruwqr|/ V1 +4<;8,= 3Dv|pswrwlf ehkdylru ri � hvwlpdwruv ri R uhjuhvvlrq sdudphwhuv zkhq R2*? lv

odujh= LL qrupdo dssur{lpdwlrq41 Dqq1 Vwdwlvw1 4:/ 6;507331

Urelqvrq/ S1 P1 +4<<4,= 3Ehvw qrqolqhdu wkuhh0vwdjh ohdvw vtxduhv hvwlpdwlrq ri fhuwdlq hfrqrphwulf

prghov/4 Hfrqrphwulfd/ 8</ :880:;91

Urwkhqehuj/ W1M1/ +4<:6,1 H!flhqw hvwlpdwlrq zlwk d sulrul lqirupdwlrq1 Frzohv prqrjudsk1

Urwkhqehuj/ W1M1 +4<:7,1 D qrwh rq Wzr0Vwdjh Ohdvw Vtxduhv1 Xqsxeolvkhg pdqxvfulsw/ XF

Ehunhoh|1

Vdzd/ W1 +4<:6,= 3Doprvw xqeldvhg hvwlpdwru lq vlpxowdqhrxv htxdwlrqv v|vwhpv/4 Lqwhuqdwlrqdo

Hfrqrplf Uhylhz 47/ <:04391

Vwrfn/ M1Z1 dqg P1Z1 Zdwvrq +4<<<,= 3Iruhfdvwlqj lq dwlrq4/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/

77/ 5<606681

Zdwvrq/ P1Z1 +5333,1 Pdfurhfrqrplf Iruhfdvwlqj Xvlqj Pdq| Suhglfwruv1 Sulqfhwrq Xqlyhuvlw|1

5:



Wdeoh 4
Phwkrg q� q2

m Phdq Ydu ^féD ^fé2D ^fé.D Phdq Ydu ^féD ^fé2D ^fé.D

5 31<< 3154 31<< 31:8 4157 4134 3156 4134 319< 4164

6 3199 3173 4134 315< 41:4 416; 319< 31<; 313: 41<4

7 0313; 31;5 4133 03166 516; 5176 4178 31<< 031;5 51:7

8 416< 316< 4134 03156 515< 317< 319: 31<: 0319; 5197

9 515; 414: 4136 0315: 516: 03197 41<9 31<8 031;4 519;

: 3176 3179 31<< 03187 5178 4198 31:7 4134 031<5 6137

; 41:4 5147 4135 03159 5167 03138 6196 31<: 031:9 5199

< 03173 5194 4133 03175 5179 51<6 8157 31<< 031<5 51;;

43 041<: 8199 4134 03169 5177 71<3 <158 31<9 031;< 51;6

dyj 3189 314; 31:: 319; 415; 4195 3166 4164 31:6 4177

k ' � 4145 314< 4138 31<; 4147 31;3 3154 31;; 31:< 31<9

k ' 2 4138 3155 4135 31<: 4145 31;; 3156 31<4 31;6 31<8

k ' ô 31<; 314; 31<7 31;; 4136 31<: 3159 31<< 31:< 4143

kJR| 4135 3149 4133 31:6 4158 31<< 314; 31<< 319: 4165

Qrwhv= q@433

5;



Wdeoh 5

Phwkrg q� q2

m Phdq Ydu ^féD ^fé2D ^fé.D Phdq Ydu ^féD ^fé2D ^fé.D

5 4133 314: 4133 31;6 414: 4133 3154 31<< 31:< 4155

6 4147 3145 4134 3183 4184 31;5 314< 31<; 3168 4199

7 319; 4188 4133 03163 515< 417; 5198 4133 031:4 51:6

8 5139 516< 4134 0315< 5166 0317< 7146 31<< 031:6 519<

9 419: 316< 31<; 03148 514: 3145 3199 4137 03186 517<

: 03176 3193 31<; 0315; 5159 51;: 4134 4135 0319: 519;

; 4185 51<5 31<; 0316< 516: 0318: 6135 4135 031;8 51;7

< 041:3 5167 4134 03168 5174 31;3 618: 31<; 031;8 51:;

43 31:: 31:3 31<8 03176 5167 4159 414< 413: 031:< 51;9

dyj 31:8 3158 4134 319; 4185 31;4 316< 31<3 319; 31<:

k ' � 4143 314; 4149 4143 4156 31;7 315; 31:; 31:5 31;8

k ' 2 4149 3145 4153 413: 4159 31:< 314; 31:7 319; 31;9

k ' ô 4156 3149 415; 4146 4163 31:5 3147 319; 3199 31:<

kJR| 31<< 313; 4133 31;5 414< 4134 3146 4133 31:: 4157
Qrwhv= q@533

5<



Wdeoh 6

Phwkrg q� q2

m Phdq Ydu ^féD ^fé2D ^fé.D Phdq Ydu ^féD ^fé2D ^fé.D

5 31<< 3146 31<< 31;< 413< 4134 3147 4133 31;: 4155

6 31<< 3145 4135 31:4 415< 4135 3145 31<: 3194 4199

7 6187 31:8 31<7 0313: 41<: 0515; 4159 413< 0315; 51:6

8 6193 6163 4134 03165 5166 05175 51;4 31<< 031:7 519<

9 416< 3154 4133 3156 41;3 317: 314; 31<< 03137 517<

: 31;7 517: 4137 03158 5165 4155 4159 31<8 031:7 519;

; 417< 3175 4135 03144 5156 3169 31:3 31<9 03194 51;7

< 0519; 5165 31<< 0314< 514< 51:7 6168 31<< 0318: 51:;

43 031;< 414; 31<8 03168 515< 414: 5144 4139 031:3 51;9

dyj 4175 3163 4196 31<: 41:9 3177 3184 314: 3134 4135

k ' � 4135 314: 4136 31<8 413: 31<: 3146 31<< 31<4 4135

k ' 2 4136 313; 4138 31<; 4138 31<9 313: 31<6 31;< 4135

k ' ô 4136 3145 4137 31<; 413: 31<8 3146 31<6 31;; 4134

kJR| 31<< 3138 4136 31<9 413: 4133 3139 31<< 31<: 4143
Qrwhv= q@833
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