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Devwudfw

Zh h{dplqh wkh h{ dqwh lqfhqwlyh frpsdwleoh fruh/ dqg vkrz wkdw jhqhu0
lfdoo|/ zkhq djhqwv duh lqirupdwlrqdoo| vpdoo lq wkh vhqvh ri PfOhdq dqg
Srvwohzdlwh +4<<<,/ wkh h{ dqwh lqfhqwlyh frpsdwleoh fruh lv qrqhpsw|1

41 Lqwurgxfwlrq

Zkloh prvw ri wkh jdph wkhruhwlf olwhudwxuh ghdolqj zlwk dv|pphwulf lqirupdwlrq
kdv irfxvhg sulpdulo| rq qrqfrrshudwlyh jdphv/ wkhuh lv dq h{sdqglqj olwhudwxuh
wkdw vwxglhv wkh fruh lq wkh suhvhqfh ri lqfrpsohwh lqirupdwlrq/ prvw ri zklfk lv
vxuyh|hg lq Irujhv/ Plqhool dqg Yrkud +5333,1 Vhyhudo gl>huhqw gh?qlwlrqv ri wkh
fruh lq lqfrpsohwh lqirupdwlrq hqylurqphqwv duh srvvleoh ghshqglqj rq zkhwkhu
lqfhqwlyh frqvwudlqwv duh wdnhq lqwr dffrxqw dqg rq zkhwkhu frdolwlrqdo ghflvlrqv
duh pdgh h{ dqwh +ehiruh djhqwv ohduq wkhlu w|shv, ru dw wkh lqwhulp vwdjh +diwhu
djhqwv ohduq wkhlu w|shv,1 Rxu dqdo|vlv ghdov zlwk wkh h{ dqwh lqfhqwlyh frpsdwleoh
fruh zklfk/ dv wkh qdph vxjjhvwv/ wuhdwv wkh fdvh lq zklfk ghflvlrqv duh pdgh dw
wkh h{ dqwh vwdjh dqg lqfhqwlyh frqvwudlqwv duh wdnhq wr pdwwhu1

Zkloh wkh fruh zlwk frpsohwh lqirupdwlrq lv qrqhpsw| xqghu txlwh jhqhudo
flufxpvwdqfhv/ Yrkud +4<<<, dqg Irujhv/ Phuwhqv dqg Yrkud +5333, kdyh uhfhqwo|

úZh wkdqn Iudqfrlvh Irujhv/ Udmly Yrkud dqg Eloo ]dph iru khosixo frqyhuvdwlrqv1 Srvwoh0
zdlwh judwhixoo| dfnqrzohgjhv vxssruw iurp wkh Qdwlrqdo Vflhqfh Irxqgdwlrq1



vkrzq wkdw wkh h{ dqwh fruh pd| eh hpsw| lq zhoo0ehkdyhg h{fkdqjh hfrqrplhv1
Rxu dlp lq wklv sdshu lv wr surylgh vrphwklqj dnlq wr d frqwlqxlw| wkhruhp= zkhq
wkh dv|pphwu| ri lqirupdwlrq dprqj wkh djhqwv lq dq h{fkdqjh hfrqrp| lv vpdoo/
wkh h{ dqwh lqfhqwlyh frpsdwleoh fruh lv qrqhpsw|1

Zh dqdo|}h wkh fruh ri dq Duurz0Gheuhx sxuh h{fkdqjh hfrqrp| lq zklfk
wkh djhqwv duh dv|pphwulfdoo| lqiruphg1 Vshfl?fdoo|/ wkh djhqwv* xwlolw| ixqfwlrqv
zloo ghshqg rq dq xqghuo|lqj exw xqrevhuyhg vwdwh ri qdwxuh dqg hdfk djhqw
zloo uhfhlyh d sulydwh vljqdo wkdw lv fruuhodwhg zlwk wkh vwdwh ri qdwxuh1 Urxjko|
vshdnlqj/ wklv fruuhvsrqgv wr d 3frpprq ydoxh4 prgho lq zklfk vljqdov gr qrw
gluhfwo| d>hfw wkh xqghuo|lqj sd|r> ixqfwlrqv exw gr d>hfw h{shfwhg xwlolwlhv1

Yrkud +4<<<, kdv vkrzq wkdw wkh h{ dqwh lqfhqwlyh frpsdwleoh fruh lv qrqhpsw|
xqghu vwurqj frqglwlrqv olplwlqj wkh dprxqw ri dv|pphwu| ri lqirupdwlrq dprqj
djhqwv1 Srvwohzdlwh dqg Vfkphlgohu +4<;9, lqwurgxfhg wkh qrwlrq ri qrq0h{foxvlyh
lqirupdwlrq/ xqghu zklfk qr vlqjoh djhqw*v lqirupdwlrq zdv qhfhvvdu| wr lghqwli|
wkh fruuhfw vwdwh ri wkh zruog1 Yrkud vkrzv wkdw/ li lqirupdwlrq lv qrq0h{foxvlyh/
wkhq wkh h{ dqwh lqfhqwlyh frpsdwleoh fruh lv qrqhpsw|1 Zkhq dq lqirupdwlrq
vwuxfwxuh lv qrq0h{foxvlyh wkhq/ zkhq wkh lqirupdwlrq ri doo djhqwv exw rqh lv
nqrzq/ wkdw rqh djhqw*v lqirupdwlrq fdqqrw d>hfw wkh frqglwlrqdo suredelolw|
glvwulexwlrq ryhu wkh vwdwhv1 Iru wkh frpprq ydoxh prgho wkdw zh vwxg| lq wklv
sdshu/ zh xvh wkh frqfhsw ri lqirupdwlrqdo vl}h wkdw zh ghyhorshg lq PfOhdq dqg
Srvwohzdlwh +5333,1 Wklv qrwlrq ri lqirupdwlrqdo vl}h h{whqgv wkh qrq0h{foxvlyh
lqirupdwlrq frqfhsw e| dvnlqj krz pxfk d jlyhq djhqw*v lqirupdwlrq fdq d>hfw
wkh suredelolw| glvwulexwlrq ryhu wkh vwdwhv/ jlyhq doo rwkhu djhqwv* lqirupdwlrq1
Urxjko| vshdnlqj/ dq djhqw zloo eh lqirupdwlrqdoo| vpdoo li/ jlyhq rwkhu djhqwv*
lqirupdwlrq/ lw lv yhu| olnho| wkdw wkh jlyhq djhqw*v lqirupdwlrq zloo kdyh d vpdoo
h>hfw rq wkh suredelolw| glvwulexwlrq ryhu wkh vwdwhv1

Rxu wkhruhp rq wkh qrqhpswlqhvv ri wkh h{ dqwh lqfhqwlyh frpsdwleoh fruh
ghshqgv rq wzr rwkhu dvshfwv ri wkh lqirupdwlrq vwuxfwxuh xvhg lq PfOhdq dqg
Srvwohzdlwh +5333,= djjuhjdwh xqfhuwdlqw| dqg wkh yduldelolw| ri djhqwv* eholhiv1
Djjuhjdwh xqfhuwdlqw| txdqwl?hv wkh ghjuhh wr zklfk wkh djjuhjdwh ri djhqwv* lq0
irupdwlrq uhvroyhv doo xqfhuwdlqw| uhjduglqj wkh vwdwh ri qdwxuh1 Urxjko| vshdnlqj/
wkh yduldelolw| ri dq djhqw*v eholhiv txdqwl?hv wkh gl>huhqfh lq wkh frqglwlrqdo glv0
wulexwlrqv rq wkh vwdwh vsdfh lqgxfhg e| wkh gl>huhqw w|shv kh pljkw eh1 Zh vkrz
wkdw jhqhulfdoo|/ wkh h{ dqwh lqfhqwlyh frpsdwleoh fruh lv qrqhpsw| li doo djhqwv
duh lqirupdwlrqdoo| vpdoo uhodwlyh wr wkh yduldelolw| ri wkhlu eholhiv dqg djjuhjdwh
xqfhuwdlqw|1 Zh ixuwkhu vkrz wkdw lq uhsolfd hfrqrplhv/ djhqwv* lqirupdwlrqdo vl}h
jrhv wr }hur1
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51 Edvlf Qrwdwlrq

Wkurxjkrxw wkh sdshu/ ohw a^ ' i�c ééc ^j iru hdfk srvlwlyh lqwhjhu ^ dqg ohw mm ü mm
ghqrwh wkh 40qrup xqohvv vshfl?hg rwkhuzlvh1 Ohw ù ' i�c 2c éééc ?j ghqrwh wkh vhw
ri hfrqrplf djhqwv1 Ohw X ' iw�c ééc w6j ghqrwh wkh +?qlwh, vwdwh vsdfh dqg
ohw A�c A2c éééc A? eh ?qlwh vhwv zkhuh Að uhsuhvhqwv wkh vhw ri srvvleoh vljqdov wkdw
djhqw l pljkw uhfhlyh1 Iru hdfk 7 ë ùc ohw A7 ì T

ðM7 Aðé Hohphqwv ri A7 zloo eh
zulwwhq |7é Iru qrwdwlrqdo vlpsolflw|/ zh zloo vlpso| zulwh A iru Aù dqg | iru |ù é
Li | 5 Ac wkhq zh zloo riwhq zulwh | ' E|ù.7c |7äé Li [ lv d ?qlwh vhw/ gh?qh

{f G' i4 5 ?�f�m4E%ä è fc
[
%Mf

4E%ä ' �jé

Lq rxu prgho/ qdwxuh fkrrvhv dq hohphqw w 5 Xé Wkh vwdwh ri qdwxuh lv xq0
revhuydeoh exw hdfk djhqw l uhfhlyhv d 3vljqdo4 |ð wkdw lv fruuhodwhg zlwk qdwxuh*v
fkrlfh ri wé Pruh irupdoo|/ ohw Ehwc h|�c h|2c éééc h|?ä eh dq +q.4,0glphqvlrqdo udqgrp
yhfwru wdnlqj ydoxhv lq Xû A zlwk dvvrfldwhg glvwulexwlrq å 5 {XfA zkhuh

å Ewc |�c ééc |?ä ' Sureihw ' wc h|� ' |�c éééc h|? ' |?jé
Zlwkrxw orvv ri jhqhudolw|/ zh zloo pdnh wkh iroorzlqj dvvxpswlrq uhjduglqj

wkh pdujlqdo glvwulexwlrqv=

ixoo vxssruw = vxssEìwä ' X l1h1 iru hdfk w 5 Xc

å Ewä ' Sureihw ' wj : f

dqg iru hdfk ð 5 ùc vxssEh|ä ' A l1h1 iru hdfk | ' E|�c ééc |?ä 5 Ac
å E|ä ' Sureih|� ' |�c ééc h|? ' |?j : fé

Li | 5 Ac ohw åXEüm|ä 5 {X ghqrwh wkh lqgxfhg frqglwlrqdo suredelolw| phdvxuh
rq Xé Ohw ãw 5 {X ghqrwh wkh ghjhqhudwh phdvxuh wkdw sxwv suredelolw| rqh rq
vwdwh wé

5141 Hfrqrplhv

Wkh frqvxpswlrq vhw ri hdfk djhqw lv ?ìn dqg iru hdfk w 5 Xc çð 5 ?ìnn ghqrwhv
wkh +vwdwh lqghshqghqw, ri djhqw l lq vwdwh w1 Iru hdfk w 5 Xc ohw üðEüc wä G ?ìn $
? eh wkh xwlolw| ixqfwlrq ri djhqw l lq vwdwh wé Wkh iroorzlqj dvvxpswlrqv duh
pdlqwdlqhg wkurxjkrxw wkh sdshu=
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+l, üðEüc wä lv frqwlqxrxv dqg frqfdyh
+ll, üðEfc wä ' f
+lll, üðEüc wä lv prqrwrqlf= li %c + 5 ?ìnc % è + dqg % 9' +c wkhq üðE%c wä :

üðE+c wäé

Hdfk w 5 X jlyhv ulvh wr d sxuh h{fkdqjh hfrqrp| 1 Irupdoo|/ ohw

eEwä ' içðc üðEüc wäjðMù
ghqrwh wkh Frpsohwh Lqirupdwlrq Hfrqrp| +FLH , fruuhvsrqglqj wr vwdwh w1
Iru hdfk w 5 Xc d frpsohwh lqirupdwlrq hfrqrp| +FLH, doorfdwlrq iru eEwä
lv d froohfwlrq i%ðEwäjðMù vdwlvi|lqj %ðEwä 5 ?ìn iru hdfk l dqg

S
ðMùE%ðEwäýçðä é fé

Wkh froohfwlrq EieEwäjwMXc hwc ì|c å ä zloo eh fdoohg d sulydwh lqirupdwlrq hfrq0
rp| +SLH iru vkruw,1 D sulydwh lqirupdwlrq hfrqrp| doorfdwlrq 5 '
E5�c 52c éééc 5?ä iru wkh SLH lv d froohfwlrq ri ixqfwlrqv 5ð= A $ ?ìn vdwlvi|lqjS
ðMùE5ðE|äýçðä ' f iru doo | 5 A 1 Zh zloo qrw glvwlqjxlvk ehwzhhq çð 5 ?ìnn dqg

wkh frqvwdqw doorfdwlrq wkdw dvvljqv wkh exqgoh çð wr djhqw l iru doo | 5 Aé
Iru hdfk Z 5 {X dqg hdfk froohfwlrq ri SLH*v ieEwäjwMXc gh?qh wkh dvvrfldwhg

dx{loldu| hfrqrp| wr eh wkh froohfwlrq iZc ieEwäjwMX jé D frpprglw| yhfwru iru
djhqw ð lq wkh dx{loldu| hfrqrp| lv d yhfwru ri vwdwh frqwlqjhqw exqgohv lq ?ì6n
dqg lv zulwwhq dv

E%ðEw�äc ééc %ðEw6ääé

Lq wkh dx{loldu| hfrqrp|/ wkh lqlwldo hqgrzphqw ri djhqw l lv wkh yhfwru ÷çð '
Eçðc ééc çðä 5 -ì6nn dqg wkh xwlolw| ri djhqw l lv wkh ixqfwlrq ñð G ?ì6n $ ? gh?qhg
iru hdfk E%ðEw�äc ééc %ðEw6ää 5 ?ì6n dv iroorzv=

ñðE%ðEw�äc ééc %ðEw6ää G'
6[
&'�

üðE%ðEw&ä( w&äZEw&äé

Iru hdfk 7 ë ùc wkh vhw ri V0ihdvleoh doorfdwlrqv lq wkh dx{loldu| hfrqrp| lv wkh
vhw

x7Eçä ' iE%ðEw�äc ééc %ðEw6ääðM7 5 E?ì6ä�7�m[
ðM7
%ðEwä '

[
ðM7
çð iru hdfk w 5 Xjé

Dq doorfdwlrq iru wkh dx{loldu| hfrqrp| lv vlpso| ihdvleoh li E%ðEw�äc ééc %ðEw6ääðMù 5
xù é Ilqdoo|/ wkh

Dq dx{loldu| hfrqrp| jlyhv ulvh wr dq QWX jdph lq d qdwxudo zd| e| gh?qlqj
wkh vhw ri dwwdlqdeoh sd|r>v dv

T E7ä ' iE+ðäðM7m iru vrph E%ðEw�äc ééc %ðEw6ääðM7 5 x7c +ð é ñðE%ðEw�äc ééc %ðEw6ää iru doo ð 5 7jé
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Vlqfh hdfk üð lv frqfdyh/ d vwdqgdug dujxphqw hvwdeolvkhv wkdw wklv QWX jdph lv
edodqfhg dqg/ wkhuhiruh/ kdv d qrqhpsw| fruh1

D ihdvleoh doorfdwlrq E÷%ðEw�äc ééc ÷%ðEw6ääðMù 5 xù lv d fruh doorfdwlrq ri wkh
dx{loldu| hfrqrp| li

Eñ�E÷%�Ew�äc ééc ÷%�Ew6ääc ééc ñ?E÷%?Ew�äc ééc ÷%?Ew6äää

lv d sd|r> yhfwru lq wkh fruh ri wkh QWX jdph T 1
Iru dq doorfdwlrq % 5 xù c ghqrwh wkh vhw ri exqgohv zhdno| suhihuuhg e| ð wr

klv sduw ri wkh doorfdwlrq e|

SðE%ä ' i+ 5 -ì6n mñðE+Ew�äc ééc +Ew6ää è ñðE%ðEw�äc ééc %ðEw6ääjé
Iru hdfk 7 ë ùc ohw S7E%ä ' S

ðM7 SðE%äc ç7 '
S
ðM7 çð dqg %7Ewä '

S
ðM7 %ðEwäé

Gh?qh ÷ç7 G' Eç7c ééc ç7ä wr eh wkh srlqw E+Ew�äc ééc +Ew6ää 5 -ì6n zlwk +Ew&ä ' ç7
iru hdfk &1

Gh?qlwlrq 4= D fruh doorfdwlrq % ' E%ðEw�äc ééc %ðEw6ääðMù ri wkh dx{loldu|
hfrqrp| iZc ieEwäjwMXj lv d vwulfw fruh doorfdwlrq zlwk uhvshfw wr ç ' Eç�c ééc ç?ä
li

÷ç7 *5 S7E%ä
zkhqhyhu 7 9' ùé

Ilqdoo|/ dq doorfdwlrq % ' E%ðEw�äc ééc %ðEw6ääðMù 5 xù lv d Zdoudv htxlole0
ulxp ri wkh dx{loldu| hfrqrp| e ' iZc ieEwäjwMX j +zlwk dvvrfldwhg sulfh yhf0
wru EREw�äc ééc REw6ää 5 -ì6n qifjä li % lv dq htxloleulxp iru wkh q0djhqw sxuh h{0
fkdqjh hfrqrp| lq zklfk djhqw l kdv xwlolw| ixqfwlrq ñð dqg hqgrzphqw yhfwru
÷çð ' Eçðc ééc çðä 5 -ì6nné

61 Lqfhqwlyh Frpsdwleoh Fruhv

6141 Qrwlrqv ri Eorfnlqj

Ohw EieEwäjwMXc hwc ì|c å ä eh d SLH1 Lq rughu wr gh?qh wkh fruh ri dq hfrqrp| zlwk
lqfrpsohwh lqirupdwlrq/ lw lv qhfhvvdu| wr sursrvh d qrwlrq ri 3lpsuryh xsrq4 ru
3eorfnlqj14 Iru hdfk 7 ë ùc ohw wkh vhw ri V0ihdvleoh doorfdwlrqv iru wkh SLH eh
gh?qhg dv

ø7 ' iE5ðäðM7m5ð G A7 $ ?ìn dqg
[
ðM7

E5ðE|7äý çðä é f iru doo |7 5 A7jé
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Dq 70ihdvleoh doorfdwlrq E5ðäðM7 lv lqfhqwlyh frpsdwleoh li[
wMX

[
|7.ðMA7.ð

üðE5ðE|7.ðc |âðäc wäå Ewc |7.ð m |ðä è
[
wMX

[
|7.ðMA7.ð

üðE5ðE|7.ðc |ðäc wäå Ewc |7.ð m |ðä

iru hdfk |ðc |âð 5 Að dqg ð 5 7é
Wkh vhw ri lqfhqwlyh frpsdwleoh/ V0ihdvleoh doorfdwlrqv zloo eh ghqrwhg øW7é
Ohw E5ðäðMù 5 øù eh dq Q0ihdvleoh doorfdwlrq1

Gh?qlwlrq 514= +h{ dqwh eorfnlqjä D frdolwlrq 7 ë ù fdq fýeorfn E5ðäðMù li
wkhuh h{lvwv E%ðäðM7 5 ø7 vdwlvi|lqj wkh iroorzlqj frqglwlrq=[
|7MA7

[
wMX

üðE%ðE|7äc wäå Ewc |7ä :
[
|7MA7

[
|ù.7MAù.7

[
wMX

üðE5ðE|ù.7c |7äc wäå Ewc |ù.7c |7ä

iru doo ð 5 7é
Gh?qlwlrq 515= +h{ dqwh lqfhqwlyh frpsdwleoh eorfnlqjä D frdolwlrq 7 ë ù fdq

Uäfýeorfn E5ðäðMù li wkhuh h{lvwv E%ðäðM7 5 øW7 vdwlvi|lqj wkh iroorzlqj frqglwlrq=[
|7MA7

[
wMX

üðE%ðE|7äc wäå Ewc |7ä :
[
|7MA7

[
|ù.7MAù.7

[
wMX

üðE5ðE|ù.7c |7äc wäå Ewc |ù.7c |7ä

iru doo ð 5 7é
Gh?qlwlrq 516= +h{ dqwh lqfhqwlyh frpsdwleoh 0ýeorfnlqjä Vxssrvh 0 : fé D

frdolwlrq 7 ë ù fdq 0Uäfýeorfn E5ðäðMù li wkhuh h{lvwv E%ðäðM7 5 øW7 vdwlvi|lqj
wkh iroorzlqj frqglwlrq=[
|7MA7

[
wMX

üðE%ðE|7äc wäå Ewc |7ä è
[
|7MA7

[
|ù.7MAù.7

[
wMX

üðE5ðE|ù.7c |7äc wäå Ewc |ù.7c |7än0

iru doo ð 5 7é

6151 Lqfhqwlyh Frpsdwleoh Fruhv

Gh?qlwlrq 614= Dq Q0ihdvleoh/ lqfhqwlyh frpsdwleoh doorfdwlrq E5ðäðMù 5 øWù iru
wkh SLH EieEwäjwMXc hwc ì|c å ä lv dq H{ Dqwh Lqfhqwlyh Frpsdwleoh Fruh Doorfdwlrq li
E5ðäðMù fdqqrw eh Uäf0eorfnhg e| dq| 7 ë ùé

Lq jhqhudo/ h{ dqwh LF fruh doorfdwlrqv gr qrw h{lvw1
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Gh?qlwlrq 615= Dq Q0ihdvleoh/ lqfhqwlyh frpsdwleoh doorfdwlrq E5ðäðMù 5 øWù
iru wkh SLH EieEwäjwMXc hwc ì|c å ä lv dq H{ Dqwh Lqfhqwlyh Frpsdwleoh 0ýFruh Doorfd0
wlrq li E5ðäðMù fdqqrw eh Uäf0eorfnhg e| ù dqg E5ðäðMù fdqqrw eh 0Uäf0eorfnhg
e| dq| 7 9' ùé

Reylrxvo|/ hyhu| h{0dqwh LF fruh doorfdwlrq lv dq h{ dqwh LF 00 fruh doorfdwlrq
iru hdfk 0 : fé

71 Lqirupdwlrqdo Vl}h/ Djjuhjdwh Xqfhuwdlqw| dqg Glvwulex0
wlrqdo Yduldelolw|

Zh zloo vkrz wkdw wkhuh h{lvw lqfhqwlyh frpsdwleoh fruh doorfdwlrqv iru hfrqrplhv
zlwk dv|pphwulf lqirupdwlrq zkhq djhqwv* lqirupdwlrqdo vl}h lv vpdoo uhodwlyh wr
rwkhu surshuwlhv ri wkh lqirupdwlrq vwuxfwxuh ri wkh hfrqrp|1 Lq irupxodwlqj wkh
frqglwlrqv xqghu zklfk wkh lqfhqwlyh frpsdwleoh fruh lv qrqhpsw|/ zh qhhg wkh
qrwlrqv ri lqirupdwlrqdo vl}h/ djjuhjdwh xqfhuwdlqw| dqg glvwulexwlrqdo yduldelolw|
zklfk zh lqwurgxfhg lq PfOhdq dqg Srvwohzdlwh +5333,1 Zh zloo gh?qh wkhvh
frqfhswv ehorz/ exw uhihu wkh uhdghu wr wkdw sdshu iru d ixoo glvfxvvlrq ri wkh
frqfhswv1

7141 Lqirupdwlrqdo Vl}h

Li | 5 Ac uhfdoo wkdw åXEüm|ä 5 {X ghqrwhv wkh lqgxfhg frqglwlrqdo suredelolw|
phdvxuh rq X dqg ãw 5 {X ghqrwhv wkh phdvxuh wkdw sxwv suredelolw| rqh rq
wé Dq| yhfwru ri djhqwv* w|shv | ' E|3ðc |ðä 5 A lqgxfhv d frqglwlrqdo glvwulex0
wlrq rq X dqg/ li djhqw ð xqlodwhudoo| fkdqjhv klv dqqrxqfhg w|sh iurp |ð wr |âð/
wklv frqglwlrqdo glvwulexwlrq zloo +lq jhqhudo, fkdqjh1 Zh frqvlghu djhqw l wr eh
lqirupdwlrqdoo| vpdoo li/ iru hdfk |ðc wkhuh lv d 3vpdoo4 suredelolw| wkdw kh fdq
lqgxfh d 3odujh4 fkdqjh lq wkh lqgxfhg frqglwlrqdo glvwulexwlrq rq X e| fkdqjlqj
klv dqqrxqfhg w|sh iurp |ð wr vrph rwkhu |âð1 Zh irupdol}h wklv lq wkh iroorzlqj
gh?qlwlrq1

Ohw
U ð0E|

â
ðc |ðä ' i|3ð 5 A3ðm mmåXEüm|3ðc |ðäý åXEüm|3ðc |âðämm : 0jé

Wkh lqirupdwlrqdo vl}h ri djhqw l lv gh?qhg dv

Dåð ' 4@ 
|ðMAð

4@ 
|âðMAð

ð?ui0 : fm Sureiì|3ð 5 U ð0E|âðc |ðämì|ð ' |ðj é 0jé

:



Orrvho| vshdnlqj/ zh zloo vd| wkdw djhqw l lv lqirupdwlrqdoo| vpdoo zlwk uhvshfw
wr å li klv lqirupdwlrqdo vl}h Dåð lv 3vpdoo14 Li djhqw l uhfhlyhv vljqdo |ð exw
uhsruwv |âð 9' |ð/ wkhq wkh h>hfw ri wklv plvuhsruw lv d fkdqjh lq wkh frqglwlrqdo
glvwulexwlrq rq X iurp åXEüm|3ðc |ðä wr åXEüm|3ðc |âðäé Li |3ð 5 U0E|

â
ðc |ðäc wkhq wklv

fkdqjh lv 3odujh4 lq wkh vhqvh wkdw mmåXEüm÷|3ðc |ðä ý åXEüm÷|3ðc |âðämm : 0é Wkhuhiruh/
Sureiì|3ð 5 U0E|âðc |ðämì|ð ' |ðj lv wkh suredelolw| wkdw l fdq kdyh d 3odujh4 lq xhqfh
rq wkh frqglwlrqdo glvwulexwlrq rq X e| uhsruwlqj |âð lqvwhdg ri |ð zkhq klv revhuyhg
vljqdo lv |ðé Dq djhqw lv lqirupdwlrqdoo| vpdoo li iru hdfk ri klv srvvleoh w|shv |ð/
kh dvvljqv vpdoo suredelolw| wr wkh hyhqw wkdw kh fdq kdyh d 3odujh4 lq xhqfh rq
wkh glvwulexwlrq åXEüm|3ðc |ðäc jlyhq klv revhuyhg w|sh1

7151 Qhjoljleoh Djjuhjdwh Xqfhuwdlqw|

Zh zloo qh{w txdqwli| djjuhjdwh xqfhuwdlqw|1 Ohw

>åð ' 4@ 
|ðMAð

ð?ui0 : fmSureiì| 5 A W dqg mmåXEümì|äýãwmm : 0 iru doo w 5 Xmì|ð ' |ðj é 0jé

Li >åð lv vpdoo iru hdfk ð/ wkhq zh zloo vd| wkdw å h{klelwv qhjoljleoh djjuhjdwh
xqfhuwdlqw|1 Lq wklv fdvh/ hdfk djhqw nqrzv wkdw/ frqglwlrqdo rq klv rzq vljqdo/
wkh djjuhjdwh lqirupdwlrq ri doo djhqwv zloo/ zlwk kljk suredelolw|/ surylgh d jrrg
suhglfwlrq ri wkh wuxh vwdwh1

7161 Glvwulexwlrqdo Yduldelolw|

Wr gh?qh wkh phdvxuh ri yduldelolw|/ zh ?uvw gh?qh d phwulf _ rq {X dv iroorzv=
iru hdfk kc q 5 {Xc ohw

_Ekc qä '

ððððð k

mmkmm2 ý
q

mmqmm2

ððððð
2

zkhuh mm ü mm2 ghqrwhv wkh 50qrup1 Khqfh/ _Ekc qä phdvxuhv wkh Hxfolghdq glvwdqfh
ehwzhhq wkh Hxfolghdq qrupdol}dwlrqv ri k dqg qé Li å 5 {XfA / ohw åXEüm|ðä 5 {X

eh wkh frqglwlrqdo glvwulexwlrq rq X jlyhq wkdw ð uhfhlyhv vljqdo |ð dqg gh?qh

\åð ' 4ð?
|ðMAð

4ð?
|âðMAð.|ð

_EåXEüm|ðäc åXEüm|âðää2

Wklv lv wkh phdvxuh ri wkh 3yduldelolw|4 ri wkh frqglwlrqdo glvwulexwlrq åXEüm|ðä dv
d ixqfwlrq ri |ðé Ohw

{W
XfA ' iå 5 {XfA m iru hdfk l/ åXEüm|ðä 9' åXEüm|âðä zkhqhyhu |ð 9' |âðjé

;



Wkh vhw {W
XfA lv wkh froohfwlrq ri glvwulexwlrqv rq X û A iru zklfk wkh lqgxfhg

frqglwlrqdov duh gl>huhqw iru gl>huhqw w|shv1 Khqfh/ \åð : f iru doo ð zkhqhyhu
å 5 {W

XfA é

81 H{lvwhqfh Uhvxowv

8141 Wkh Qrqhpswlqhvv ri wkh Lqfhqwlyh Frpsdwleoh Fruh

Zh qrz suhvhqw wzr uhvxowv frqfhuqlqj wkh qrqhpswlqhvv ri wkh fruh lq wkh suhv0
hqfh ri lqfrpsohwh lqirupdwlrq1

Wkhruhp 4= Ohw Z 5 {X dqg ohw

{XfA EZä ' iå 5 {XfA måX ' Zjé
Iru hyhu| 0 : fc wkhuh h{lvwv d B : f vxfk wkdw/ zkhqhyhu å 5 {XfA EZä dqg
vdwlv?hv

4@ 
ð
>åð é B4ð?

ð
\åð

4@ 
ð
Dåð é B4ð?

ð
\åð

wkh h{ dqwh lqfhqwlyh frpsdwleoh 0ýfruh ri wkh SLH EieEwäjwMXc hwc ì|c å ä lv qrqhpsw|1
Wkh surri ri Wkhruhp 4 lv irxqg lq wkh dsshqgl{/ exw zh zloo vnhwfk wkh

surri khuh1 Fkrrvh 0 : f dqg ohw El ðEw�äc ééc l ðEw6ääðMù eh d fruh doorfdwlrq ri wkh
dx{loldu| hfrqrp| iZc ieEwäjwMX j1 Wkhuh h{lvwv d B : f vxfk wkdw/ li wkh frqglwlrqv
ri wkh Wkhruhp duh vdwlv?hg/ zh fdq dsso| dq dssur{lpdwlrq uhvxow lq PfOhdq
dqg Srvwohzdlwh +5333, +vhh Ohppd D lq wkh dsshqgl{, wkdw doorzv xv wr ?qg
dq lqfhqwlyh h!flhqw SLH doorfdwlrq E5ðäðMù 5 øWù iru wkh SLH EieEwäjwMXc hwc ì|c å ä
vdwlvi|lqj [

|MA

[
wMX

üðE5ðE|äc wäå Ewc |ä n 0 : ñðEl ðEw�äc ééc l ðEw6ää

iru hdfk ð 5 ùé Ohw 7 ë ùc7 9' ù dqg vxssrvh wkdw wkhuh h{lvwv E%ðäðM7 5 ø7
vdwlvi|lqj wkh iroorzlqj frqglwlrq=[

|7MA7

[
wMX

üðE%ðE|7äc wäå Ewc |7ä è
[
|MA

[
wMX

üðE5ðE|äc wäå Ewc |ä n 0

iru doo ð 5 7é Gh?qlqj
1ðEwä '

[
|7MA7

%ðE|7äå E|7mwä

<



iru hdfk ð 5 7c lw iroorzv wkdw

ñðE1ðEw�äc ééc 1ðEw6ää è
[
&

[
|7MA7

üðE%ðE|7äc w&äå E|7c w&ä

vlqfh hdfk üðEüc wä lv frqfdyh1 Ixuwkhupruh/
S
ðM7 1ðEwä é

S
ðM7 çð 1 Frpelqlqj

wkhvh revhuydwlrqv/ zh frqfoxgh wkdw

ñðE1ðEw�äc ééc 1ðEw6ää : ñðEl ðEw�äc ééc l ðEw6ää

iru hdfk ð 5 7c frqwudglfwlqj wkh dvvxpswlrq wkdw El ðEw�äc ééc l ðEw6ääðMù lv d fruh
doorfdwlrq ri wkh dx{loldu| hfrqrp|1 Wkhuhiruh/ E5ðäðMù lv dq lqfhqwlyh frpsdwleoh
0ýfruh doorfdwlrq1

Wkh frqfdylw| dvvxpswlrq uhjduglqj xwlolw| ixqfwlrqv jxdudqwhhv wkdw wkh fruh
ri wkh dx{loldu| hfrqrp| EZc ieEwäjwMXä lv qrqhpsw| dqg wklv lv hqrxjk wr vkrz
wkdw wkh h{ dqwh lqfhqwlyh frpsdwleoh 0ý fruh lv qrqhpsw|1 Krzhyhu/ zh qhhg
wkh vwulfw fruh ri wkh dx{loldu| hfrqrp| wr eh qrqhpsw| lq rughu wr suryh wkh
qrqhpswlqhvv ri wkh h{ dqwh lqfhqwlyh frpsdwleoh fruh1

Wkhruhp 5= Ohw Z 5 {X dqg ohw

{XfA EZä ' iå 5 {XfA måX ' Zjé

Ixuwkhupruh/ vxssrvh wkdw wkh vwulfw fruh ri wkh dx{loldu| hfrqrp| iZc ieEwäjwMXj
lv qrqhpsw|1 Wkhq wkhuh h{lvwv d B : f vxfk wkdw/ zkhqhyhu å 5 {XfA EZä dqg
vdwlv?hv

4@ 
ð
>åð é B4ð?

ð
\åð

4@ 
ð
Dåð é B4ð?

ð
\åð

wkh h{ dqwh lqfhqwlyh frpsdwleoh fruh ri wkh SLH EieEwäjwMXc hwc ì|c å ä lv qrqhpsw|1
Wkh surri ri Wkhruhp 5 lv dovr irxqg lq wkh dsshqgl{ exw zh zloo djdlq vnhwfk

wkh lghd ri wkh surri1 Li wkh vwulfw fruh ri wkh dx{loldu| hfrqrp| lv qrqhpsw|/ wkhq
wkhuh h{lvwv 0 : f vxfk wkdw wkh iroorzlqj frqglwlrq krogv=

wkhuh lv qr frdolwlrq 7 9' ù vxfk wkdw/ iru vrph E+ðEw�äc ééc +ðEw6ääðM7 5 x7c

ñðE+ðEw�äc ééc +ðEw6ää è ñðE%ðEw�äc ééc %ðEw6ääý 0

iru doo ð 5 7é
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Dsso|lqj wkh vdph dssur{lpdwlrq uhvxow lq PfOhdq dqg Srvwohzdlwh +5333,
xvhg lq wkh surri ri Wkhruhp4/ zh fdq ?qg dq lqfhqwlyh h!flhqw SLH doorfdwlrq
5Eüä iru wkh SLH EieEwäjwMXc hwc ì|c å ä vdwlvi|lqj[

|MA

[
wMX

üðE5ðE|äc wäå Ewc |ä n 0 : ñðEl ðEw�äc ééc l ðEw6ää

iru hdfk ð 5 ùé Vxssrvh wkdw 7 ë ùc7 9' ù dqg vxssrvh wkdw wkhuh h{lvwv
E%ðäðM7 5 ø7 vdwlvi|lqj wkh iroorzlqj frqglwlrq=[

|7MA7

[
wMX

üðE%ðE|7äc wäå Ewc |7ä :
[
|MA

[
wMX

üðE5ðE|äc wäå Ewc |ä

iru doo ð 5 7é Gh?qlqj wkh doorfdwlrq E1ðEw�äc ééc 1ðEw6ääðMù dv lq wkh surri ri Wkh0
ruhp 4/ zh fdq dsso| wkh vdph dujxphqw rxwolqhg deryh wr frqfoxgh wkdw

ñðE1ðEw�äc ééc 1ðEw6ää n 0 : ñðEl ðEw�äc ééc l ðEw6ää

iru hdfk ð 5 7c d frqwudglfwlrq1 Wkhuhiruh/ E5ðäðMù lv dq lqfhqwlyh frpsdwleoh fruh
doorfdwlrq1

8151 Vwulfw Fruhv ri Dx{loldu| Hfrqrplhv

Lq rughu wr vkrz wkdw wkh lqfhqwlyh frpsdwleoh fruh lv qrqhpsw|/ zh dvvxph lq
Wkhruhp 5 wkdw wkh vwulfw fruh ri wkh dx{loldu| hfrqrp| lv qrqhpsw|1 Lq wkh ?uvw
uhvxow ri wklv vhfwlrq/ zh surylgh frqglwlrqv xqghu zklfk wklv dvvxpswlrq krogv1

Sursrvlwlrq 4= Vxssrvh wkdw % ' E%ðEw�äc ééc %ðEw6ääðMù 5 xù lv d Zdoudv
htxloleulxp ri wkh dx{loldu| hfrqrp| e ' iZc ieEwäjwMXj zlwk dvvrfldwhg sulfh
yhfwru EREw�äc ééc REw6ää 5 -ì6n qifj vdwlvi|lqj wkh iroorzlqj dvvxpswlrq=

Iru hdfk ð 5 ù /

E+ðEw�äc ééc +ðEw6ää 5 SðE%äc +ðEwä 9' %ðEwä iru vrph w ,
[
w

REwä ü+ðEwä :
[
w

REwä üçð

Li ç7 9' %7Ewä iru vrph w zkhqhyhu 7 9' ùc wkhq % lv d vwulfw fruh doorfdwlrq
zlwk uhvshfw wr çé

Surri = Iluvw/ qrwh wkdw/ iru hdfk 7/

E+Ew�äc ééc +Ew6ää 5 S7E%äc +Ewä 9' %7Ewä iru vrph w ,
[
w

REwä ü +Ewä :[
w

REwä üç7é
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Wr vhh wklv/ fkrrvh E+Ew�äc ééc +Ew6ää 5 S7E%ä zlwk +Ewä 9' %7Ewä iru vrph wé
Iurp wkh gh?qlwlrqv/ lw iroorzv wkdw wkhuh h{lvw 5ðc ð 5 7 vxfk wkdw 57Ewä ' +Ewä
iru doo w dqg 5ð 5 SðE%ä iru hdfk ð 5 7é Li Sw REwä ü 5ðEwä ÷

S
w REwä ü çðc wkhq

wkh prqrwrqlflw| dvvxpswlrq lpsolhv wkdw 5ð grhv qrw pd{lpl}h l*v xwlolw| rq klv
exgjhw vhw +uhfdoo wkdw EREw�äc ééc REw6ää 5 -ì6n qifjä1 Wklv lq wxuq phdqv wkdw % lv
qrw d Zdoudv htxloleulxp1 Wkhuhiruh/

S
w REwä ü 5ðEwä è

S
w REwä üçð iru hyhu| ð 5 71

Vlqfh +Ewä 9' %7Ewä iru vrph wc lw iroorzv wkdw 5ðEwä 9' %ðEwä iru vrph w dqg iru vrph
ð 5 71 Khqfh/ wkh frqglwlrq ri wkh ohppd lpsolhv wkdwSw REwä ü5ðEwä :

S
w REwä üçð

iru dw ohdvw rqh ð dqg zh frqfoxgh wkdw[
w

REwä ü +Ewä '[
w

REwä ü 57Ewä :
[
w

REwä ü ç7é

Vxssrvh wkdw ç7 9' %7é Li ç7 5 S7E%äc wkhq Sw REwä ü ç7 :
S
w REwä ü ç7c dq

lpsrvvlelolw|1 Wkhuhiruh/ ç7 *5 S7E%ä1
Wkh surri ri Sursrvlwlrq 4 grhv qrw xvh wkh frqfdylw| dvvxpswlrq uhjduglqj

xwlolw| ixqfwlrqv1 Krzhyhu/ wkh Sursrvlwlrq grhv lpso| wkh iroorzlqj fruroodu|= li
% ' E%ðEw�äc ééc %ðEw6ääðMù 5 xù lv d Zdoudv htxloleulxp ri wkh dx{loldu| hfrqrp|
e ' iZc ieEwäjwMXj/ li wkh xwlolwlhv üðEüc wä duh vwulfwo| frqfdyh dqg li ç7 9' %7Ewä
iru vrph w zkhqhyhu 7 9' ùc wkhq % lv d vwulfw fruh doorfdwlrq zlwk uhvshfw wr ç 1
Zh qrz wxuq wr wkh txhvwlrq ri wkh qrqhpswlqhvv ri wkh vwulfw fruh ri dq dx{loldu|
hfrqrp|1 Zh ehjlq zlwk wzr uhvxowv wkdw zloo ohdg wr d 3jhqhulflw|4 wkhruhp1

Sursrvlwlrq 5= Vxssrvh wkdw wkh vwulfw fruh ri wkh dx{loldu| hfrqrp| iZc iüðEüc wäc çðjwMXj
lv qrqhpsw|1 Wkhq wkhuh h{lvwv dq 0 : f vxfk wkdw wkh vwulfw fruh ri wkh dx{loldu|
hfrqrp| iZc iüðEüc wäc /ðjwMXj lv qrqhpsw| zkhqhyhu mmçð ý /ðmm ÷ 0 iru doo l1
Surri = Vxssrvh wkdw % lv d vwulfw fruh doorfdwlrq ri wkh dx{loldu| hfrqrp|

iZc iüðEüc wäc çðjwMXjé Zh fodlp wkdw wkhuh h{lvwv dq 0 : f vxfk wkdw/ iru hdfk
/ ' E/�c ééc /?ä vdwlvi|lqj mmçð ý /ðmm ÷ 0 iru doo l/ wkhuh h{lvwv dq 1 5 xE/ä
vxfk wkdw ÷/7 *5 S7E1ä zkhqhyhu 7 9' ùé Wr vhh wklv/ vxssrvh lqvwhdg wkdw wkhuh
h{lvwv d vhtxhqfh /& $ ç vxfk wkdw iru hdfk &/ wkhuh h{lvwv dq 7 9' ù vxfk wkdw
÷/&7 5 S7E1ä zkhqhyhu 1 5 xE/&äé Vlqfh wkhuh duh rqo| ?qlwho| pdq| frdolwlrqv/
zh pd| +fkrrvlqj d vxevhtxhqfh li qhfhvvdu|, dvvxph wkdw 7 lv lqghshqghqw ri &1
Ohw +&Ewä ' /&ù ý çù iru hdfk w dqg qrwh wkdw +&Ewä $ fé Vlqfh

S
ðMù %ðEwä '

çù 5 ?ìnnc lw iroorzv wkdw/ iru doo vx!flhqwo| odujh &/ wkhuh h{lvw +&ð Ewä zlwkS
ðMù +&ð Ewä ' +

&Ewä vxfk wkdw %ðEwä n +&ð Ewä è fc +&ð Ewä$ f dqg[
ðMù

k
%ðEwä n +

&
ð Ewä

l
' /&ù
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iru hdfk wéGh?qlqj 1&ð Ewä ' %ðEwän+
&
ð Ewäc lw iroorzv wkdw 1

& ' E1&ð Ew�äc ééc 1
&
ð Ew6ääðMù 5

xùE/
&äé Wkhuhiruh/ ÷/&7 5 S7E1&äé Wklv phdqv wkdw iru doo & vx!flhqwo| odujh/ wkhuh

h{lvwv l& ' El&ð Ew�äc ééc l
&
ð Ew6ääðMù 5 x7E/

&ä vxfk wkdw

ñðEl
&
ð Ew�äc ééc l

&
ð Ew6ää è ñðE1&ð Ew�äc ééc 1&ð Ew6ääé

Fkrrvlqj d vxevhtxhqfh li qhfhvvdu|/ zh frqfoxgh wkdw wkhuh h{lvwv l ' El ðEw�äc ééc l ðEw6ääðMù 5
x7Eçä vxfk wkdw

ñðEl ðEw�äc ééc l ðEw6ää è ñðE%ðEw�äc ééc %ðEw6ää

iru hdfk ð 5 7é Wklv lpsolhv wkdw ç7 5 S7E%äc frqwudglfwlqj wkh dvvxpswlrq wkdw
% lv d vwulfw fruh doorfdwlrq/ dqg wkh surri ri wkh fodlp lv frpsohwh1

Wr frpsohwh wkh surri ri wkh wkhruhp/ fkrrvh / ' E/�c ééc /?ä vdwlvi|lqj mmçðý
/ðmm ÷ 0 iru doo l dqg fkrrvh 1 5 xE/ä vxfk wkdw ÷/7 *5 S7E1ä zkhqhyhu 7 9' ùé
Qh{w/ fkrrvh dq h!flhqw doorfdwlrq ÷1 iru wkh dx{loldu| hfrqrp| vdwlvi|lqj ÷1 5 SðE1ä
iru hdfk ð 5 ùé Vlqfh S7E÷1ä ë S7E1äc lw iroorzv wkdw ÷/7 *5 S7E÷1ä dqg zh frqfoxgh
wkdw ÷1 lv d vwulfw fruh doorfdwlrq1

Sursrvlwlrq 6= Vxssrvh wkdw % ' E%ðEw�äc ééc %ðEw6ääðMù 5 xù lv d Zdoudv
htxloleulxp ri wkh dx{loldu| hfrqrp| iZc iüðEüc wäc çðjwMXj zlwk dvvrfldwhg sulfh
yhfwru EREw�äc ééc REw6ää 5 -ì6n qifj vdwlvi|lqj wkh iroorzlqj dvvxpswlrq=

Iru hdfk ð 5 ù /

E+ðEw�äc ééc +ðEw6ää 5 SðE%äc +ðEwä 9' %ðEwä iru vrph w ,
[
w

REwäü+ðEwä :
[
w

REwäüçðé

Li wkhuh h{lvwv 7 9' ù vxfk wkdw ç7 ' %7Ewä iru doo wc wkhq iru hyhu| B : f
wkhuh h{lvwv d yhfwru / vxfk wkdw /ð 5 -ìnn iru doo l/ mmçð ý /ðmm ÷ B iru doo ðc dqg
% lv d vwulfw fruh doorfdwlrq ri wkh dx{loldu| hfrqrp| iZc iüðEüc wäc /ðjwMXj1
Surri = Ohw

V ' i7 ë ù m7 9' ù dqg ç7 ' %7Ewä iru doo w 5 Xjé

Ohw + 9' f eh d qhw wudgh yhfwru vxfk wkdw%[
w

REwä

&
ü + ' f
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zkhuh EREw�äc ééc REw6ää 5 -ì6n qifj lv wkh htxloleulxp sulfh yhfwru1 Qrz frqvlghu
wkh iroorzlqj shuwxuedwlrqv wr wkh hqgrzphqw yhfwru ç=

çâðE0ä ' çð n 0+ iru ð 9' �

çâ�E0ä ' ç� ý E?ý �ä0+

Wkh yhfwru çâðE0ä zloo kdyh srvlwlyh frpsrqhqwv iru vx!flhqwo| vpdoo 0é Dovr/ qrwh
wkdw

çâùE0ä ' çù

zkloh
çâ7E0ä 9' ç7

zkhqhyhu 7 9' ùé Li 7 5 Vc wkhq çâ7E0ä 9' %7Ewä iru doo w dqg iru doo 0 : fé Vlqfh
wkhuh duh rqo| ?qlwho| pdq| frdolwlrqv dqg vlqfh çâ7E0ä$ ç7 dv 0$ fc lw iroorzv
wkdw çâ7E0ä 9' %7Ewä iru dw ohdvw rqh w zkhqhyhu 7 *5 V dqg 0 lv vpdoo hqrxjk1
Vxppdul}lqj/ wkhuh h{lvwv ÷0 : f vxfk wkdw/ zkhqhyhu f ÷ 0 ÷ ÷0c wkhuh h{lvwv
w 5 X vxfk wkdw

çâ7E0ä 9' %7
zkhqhyhu 7 9' ùé Wr frpsohwh wkh surri/ fkrrvh B : f dqg fkrrvh 0W ÷ ÷0 vr wkdw
mmçð ý çâðE0Wämm ÷ B iru doo l dqg gh?qh /ð ' çâðE0

Wäé Vlqfh%[
w

REwä

&
ü /ð '

%[
w

REwä

&
ü çâðE0Wä '

%[
w

REwä

&
ü çð

iru hdfk l/ lw iroorzv wkdw % lv d Zdoudv htxloleulxp ri wkh dx{loldu| hfrqrp| e '
EZc EüðäðMù c E/ðäðMùä zlwk dvvrfldwhg sulfh yhfwru EREw�äc ééc REw6ääé Ixuwkhupruh/ %
vdwlv?hv wkh iroorzlqj frqglwlrq=

Iru hdfk ð 5 ù /
E+ðEw�äc ééc +ðEw6ää 5 åðE%äc +ðEwä 9' %ðEwä iru vrph w,

[
w

REwä ü+ðEwä :
[
w

REwä ü/ðé

Wkh surri lv qrz frpsohwhg e| dsso|lqj Sursrvlwlrq 4 wr wkh dx{loldu| hfrqrp|
zlwk hqgrzphqw yhfwru /1

Zh fdq qrz frpelqh Sursrvlwlrqv 5 dqg 6 dqg surylgh d jhqhulflw| uhvxow iru
vwulfw fruhv ri dx{loldu| hfrqrplhv1

Fruroodu|= Ohw

f ' iEç�c ééc ç?ä 5 E?ìnnä?m wkh vwulfw fruh ri iZc iüðEüc wäc çðjwMXj lv qrqhpsw|1
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Li hdfk üðEüc wä lv vwulfwo| frqfdyh/ wkhq f lv dq rshq ghqvh vxevhw ri E?ìnnä?1
Surri = Sursrvlwlrq 5 lpsolhv wkdw f lv rshq1 Li ç *5 fc wkhq wkh vwulfw frq0

fdylw| dvvxpswlrq lpsolhv wkdw wkhuh h{lvwv d Zdoudv htxloleulxp ri wkh dx{loldu|
hfrqrp| vdwlvi|lqj wkh k|srwkhvlv ri Wkhruhp 61 Dsso|lqj Wkhruhp 6/ zh frq0
foxgh wkdw f lv ghqvh lq E?ìnnä?é

91 Wkh Uhsolfd Sureohp

Lq wkh suhvhqfh ri d odujh qxpehu ri djhqwv/ zh pljkw h{shfw dq| vlqjoh djhqw wr
eh lqirupdwlrqdoo| vpdoo dqg uhsolfd hfrqrplhv duh d qdwxudo iudphzrun lq zklfk
wr lqyhvwljdwh wklv frqmhfwxuh1

9141 Qrwdwlrq dqg Gh?qlwlrqv=

Ohw ieEwäjwMX eh d froohfwlrq ri frpsohwh lqirupdwlrq hfrqrplhv dqg uhfdoo wkdw
ao ' i�c 2c éééoj1 Iru hdfk srvlwlyh lqwhjhu o dqg hdfk wc ohw eoEwä ' içðrc üðrEüc wäjEðcräMùfao
ghqrwh wkh o uhsolfdwhg Frpsohwh Lqirupdwlrq Hfrqrp| +u0FLH , fruuhvsrqglqj
wr vwdwh w vdwlvi|lqj=

+4, çðr ' çð iru doo r 5 ao
+5, üðrE5c wä ' üðE5c wä iru doo 5 5 ?ìnc ð 5 ù dqg r 5 ao1
Iru dq| srvlwlyh lqwhjhu o/ ohw A o ' Aûü ü üûA ghqrwh wkh u0irog Fduwhvldq surg0

xfw dqg ohw |o ' E|ou�c ééc |
o
uoä ghqrwh d jhqhulf hohphqw ri A

o zkhuh |our ' E|o�rc ééc |
o
?räé

Li å o 5 {XfA o c wkhq eo ' EieoEwäjwMXc hwc ì|oc å oä lv d SLH zlwk qu djhqwv1 Li D '
ilEwäjwMX lv d froohfwlrq ri FLH doorfdwlrqv iru ieEwäjwMXc ohw Do ' iloEwäjwMX
eh wkh dvvrfldwhg 3uhsolfdwhg4 froohfwlrq zkhuh loEwä lv d FLH doorfdwlrq iru eoEwä
vdwlvi|lqj

loðrEwä ' l ðEwä iru hdfk Eðc rä 5 ù û ao

9151 Uhsolfd Hfrqrplhv dqg wkh Uhsolfd Wkhruhp

Gh?qlwlrq 7= D vhtxhqfh ri uhsolfd hfrqrplhv iEieoEwäjwMXc hwc ì|oc å oäj"o'� lv d
frqglwlrqdoo| lqghshqghqw vhtxhqfh li wkhuh h{lvwv d å 5 {W

XfA vxfk wkdw

+d, Iru hdfk u/ hdfk r 5 ao dqg hdfk Ewc |�c ééc |?ä 5 Xû Ac

Sureihw ' wc h|o�r ' |�c h|o2r ' |2c éééc h|o?r ' |?j ' å Ewc |�c |2c éééc |?ä
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+e, Iru hdfk o dqg hdfk w/ wkh udqgrp yhfwruv

Eh|o��c h|o2�c éééc h|o?�äc ééc Eì|o�o c h|o2oc éééc h|o?oä
duh lqghshqghqw jlyhq hw ' wé

+f, Iru hyhu| wc ÷w zlwk w 9' ÷wc wkhuh h{lvwv d | 5 A vxfk wkdw å E|mwä 9' å E|m÷wäé
Wkxv d frqglwlrqdoo| lqghshqghqw vhtxhqfh lv d vhtxhqfh ri SLH*v zlwk qu

djhqwv frqwdlqlqj u 3frslhv4 ri hdfk djhqw ð 5 ù 1 Hdfk frs| ri dq djhqw l lv
lghqwlfdo/ l1h1/ kdv wkh vdph hqgrzphqw dqg wkh vdph xwlolw| ixqfwlrq1 Ixuwkhu0
pruh/ wkh uhdol}dwlrqv ri w|sh sur?ohv dfurvv frkruwv duh lqghshqghqw jlyhq wkh
wuxh ydoxh ri hw1 Dv u lqfuhdvhv hdfk djhqw lv ehfrplqj 3vpdoo4 lq wkh hfrqrp|
lq whupv ri hqgrzphqw/ dqg zh fdq vkrz wkdw hdfk djhqw lv dovr ehfrplqj lqiru0
pdwlrqdoo| vpdoo1 Qrwh wkdw/ iru odujh u/ dq djhqw pd| kdyh d vpdoo dprxqw ri
sulydwh lqirupdwlrq uhjduglqj wkh suhihuhqfhv ri hyhu|rqh wkurxjk klv lqirupdwlrq
derxw hw1 Zh qrz vwdwh dq dqdorjxh ri Wkhruhp 4 iru uhsolfd hfrqrplhv1

Wkhruhp 6= Ohw iEieoEwäjwMXc hwc ì|oc å oäj"o'� eh d frqglwlrqdoo| lqghshqghqw
vhtxhqfh1 Iru hyhu| 0 : fc wkhuh h{lvwv dq lqwhjhu ÷o : f vxfk wkdw iru doo o : ÷oc
wkh h{ dqwh LF 0ýfruh ri wkh SLH EieoEwäjwMXc hwc ì|oc å oä lv qrqhpsw|1

Wkh surri ri Wkhruhp 6 +dovr irxqg lq wkh dsshqgl{, lv hvvhqwldoo| dq dssolfd0
wlrq ri Wkhruhp 4 dqg djdlq xvhv wkh lghdv ghyhorshg lq PfOhdq dqg Srvwohzdlwh
+5333, +vxppdul}hg lq vwhs 4 ri wkh surri ri Wkhruhp 6 lq wkh dsshqgl{1,

:1 Glvfxvvlrq

41 Lq lqghshqghqw zrun/ Nudvd dqg Vkdihu +5333, lqyhvwljdwh d txhvwlrq vlplodu
wr wkdw lq wklv sdshu1 Wkh| frqvlghu hfrqrplhv zlwk dv|pphwulf lqirupdwlrq lq
zklfk djhqwv uhfhlyh qrlv| vljqdov ri wkh vwdwh ri wkh zruog1 Wkh| wkhq vwxg| d
vhtxhqfh ri hfrqrplhv zlwk lqfrpsohwh lqirupdwlrq wkdw frqyhujhv wr dq hfrqrp|
zlwk frpsohwh lqirupdwlrq lq wkh vhqvh wkdw wkh djhqwv* vljqdov duh dv|pswrwlfdoo|
shuihfw vljqdov ri wkh vwdwh ri wkh zruog1 Xvlqj rxu qrwlrq ri vwulfw fruh/ Nudvd
dqg Vkdihu vkrz wkdw/ iru d vhtxhqfh ri dv|pphwulf lqirupdwlrq hfrqrplhv wkdw
frqyhujh wr d frpsohwh lqirupdwlrq hfrqrp| iru zklfk wkh vwulfw fruh lv qrqhpsw|/
wkh lqfhqwlyh frpsdwleoh fruh zloo eh qrqhpsw| iru hfrqrplhv forvh wr wkh olplw
+vhh wkhlu Wkhruhp 5,1

Wkhuh lv d forvh uhodwlrqvkls ehwzhhq wkhlu qrwlrq ri frqyhujhqfh wr frpsohwh
lqirupdwlrq dqg rxu frqfhsw ri lqirupdwlrqdo vl}h1 Li wkh dffxudf| ri doo djhqwv*
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lqirupdwlrq lv lqfuhdvhg xqlirupo|/ wkh djhqwv* lqirupdwlrqdo vl}h zloo jr wr }hur1 Lw
fdq eh wkh fdvh/ krzhyhu/ wkdw li wkh dffxudf| ri rqh djhqw*v lqirupdwlrq lqfuhdvhv
pxfk idvwhu wkdq wkh dffxudf| ri rwkhu djhqwv/ wkhq wkdw djhqw zloo qrw ehfrph
lqirupdwlrqdoo| vpdoo1 Lq PfOhdq dqg Srvwohzdlwh +5333,/ lw lv glvfxvvhg krz rxu
dujxphqwv fdq eh h{whqghg wr wklv fdvh1

Zkloh xqlirupo| lqfuhdvlqj wkh dffxudf| ri djhqwv* vljqdov ri wkh vwdwh qhf0
hvvdulo| pdnhv wkh djhqwv lqirupdwlrqdoo| vpdoo/ wkh frqyhuvh lv qrw wuxh1 Wklv
lv ghprqvwudwhg e| rxu uhsolfd wkhruhp1 Lq wklv fdvh/ wkh djhqwv* lqirupdwlrq lv
qrw ehfrplqj lqfuhdvlqjo| dffxudwh/ exw wkh| duh qhyhuwkhohvv ehfrplqj lqirupd0
wlrqdoo| vpdoo1 Wkh uhohydqw lqirupdwlrqdo frqvlghudwlrq iru dvvxulqj d qrqhpsw|
lqfhqwlyh frpsdwleoh fruh lv qrw wkdw hdfk djhqw qhfhvvdulo| kdyh yhu| dffxudwh
lqirupdwlrq derxw wkh hqylurqphqw1 Udwkhu/ wkh uhohydqw frqvlghudwlrq lv wkdw qr
djhqw kdyh d prqrsro| rq lqirupdwlrq derxw wkh hqylurqphqw1

51 Irujhv/ Phuwhqv dqg Yrkud +5333, frqvwuxfw dq h{dpsoh ri d wkuhh shuvrq
dv|pphwulf lqirupdwlrq hfrqrp| lq zklfk wkh lqfhqwlyh frpsdwleoh fruh lv hpsw|1
Lw lv vwudljkwiruzdug wr vkrz wkdw djhqwv duh lqirupdwlrqdoo| odujh/ dv wkh| pxvw eh
jlyhq rxu uhvxowv1 Rqh fdq sdudphwul}h wkh lqirupdwlrq vwuxfwxuh lq wkhlu h{dpsoh
vr wkdw wkh sdudphwhu frqwurov wkh lqirupdwlrq vl}h ri djhqwv1 Lq wkh sdudphwul}hg
yhuvlrq/ rqh fdq ghwhuplqh wkh olplwv rq wkh lqirupdwlrqdo vl}h ri wkh djhqwv wkdw
zrxog jxdudqwhh wkdw wkh lqfhqwlyh frpsdwleoh fruh lv qrqhpsw|1

;1 Surriv=

;141 Suholplqdulhv=

Ohppd D= Ohw X ' iw�c ééc w6jé Ohw ieEwäjwMX eh d froohfwlrq ri FLH*v dqg
vxssrvh wkdw D ' ilEwäjwMX lv d froohfwlrq ri dvvrfldwhg FLH doorfdwlrqv zlwk
l ðEwä 9' f iru hdfk ð dqg w1 Iru hyhu| # : fc wkhuh h{lvwv d B : f vxfk wkdw/
zkhqhyhu å 5 {XfA dqg vdwlv?hv

4@ 
ð
>åð é B4ð?

ð
\åð

4@ 
ð
Dåð é B4ð?

ð
\åð c

wkhuh h{lvwv dq lqfhqwlyh frpsdwleoh SLH doorfdwlrq 5Eüä iru wkh SLH EieEwäjwMXc hwc ì|c å ä
dqg d froohfwlrq î�c ééc î6 ri glvmrlqw vxevhwv ri A vxfk wkdw Sureiì| 5 ^6&'�î&j è
�ý # dqg/ iru doo w 5 X dqg doo | 5 î&c

+l, Sure~ìw ' w&mì| ' |j è �ý #

4:



+ll, Iru doo ð 5 ùc

üðE5ðE|ä( w&ä è üðEl ðEw&ä( w&äý #é
Surri = Vhh PfOhdq dqg Srvwohzdlwh +5333,1

;151 Surri ri Wkhruhp 4=

Fkrrvh 0 : fé Ohw El ðEw�äc ééc l ðEw6ääðMù eh d fruh doorfdwlrq ri wkh dx{loldu| hfrq0
rp| iZc ieEwäjwMX j1 Ohw

� ' 4@ 
w

4@ 
ð
üðE

?[
æ'�

çæ( wäc

dqg ohw
# '

0

S� n �
é

Dsso|lqj Ohppd D/ wkhuh h{lvwv d B : f vxfk wkdw/ zkhqhyhu å 5 {XfA EZä dqg
vdwlv?hv

4@ 
ð
>åð é B4ð?

ð
\åð

4@ 
ð
Dåð é B4ð?

ð
\åð c

wkhuh h{lvwv dq lqfhqwlyh frpsdwleoh SLH doorfdwlrq 5Eüä iru wkh SLH EieEwäjwMXc hwc ì|c å ä
dqg d froohfwlrq î�c ééc î6 ri glvmrlqw vxevhwv ri A vxfk wkdw Sureiì| 5 ^6&'�î&j è
�ý # dqg/ iru doo w 5 X dqg doo | 5 î&c

+l, Sure~ìw ' w&mì| ' |j è �ý #
+ll, Iru doo ð 5 ùc

üðE5ðE|ä( w&ä è üðEl ðEw&ä( w&äý #é
Ixuwkhupruh/ 5Eüä pd| eh fkrvhq wr eh lqfhqwlyh h!flhqw vlqfh wkh üð duh frqwlq0
xrxv dqg øWù lv frpsdfw1 Gh?qh îf ' Aqd^6&'�î&oé

Ohw 7 ë ùc7 9' ù dqg vxssrvh wkdw wkhuh h{lvwv E%ðäðM7 5 ø7 vdwlvi|lqj wkh
iroorzlqj frqglwlrq=[

|7MA7

[
wMX

üðE%ðE|7äc wäå Ewc |7ä è
[
|MA

[
wMX

üðE5ðE|äc wäå Ewc |ä n 0

iru doo ð 5 7é Zh zloo vkrz wkdw wklv ohdgv wr d frqwudglfwlrq1
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Vwhs 4= Iru hdfk w 5 X dqg hdfk ð 5 7c ohw
1ðEwä '

[
|7MA7

%ðE|7äå E|7mwä

dqg qrwh wkdw [
ðM7
1ðEwä '

[
|7MA7

%[
ðM7
%ðE|7ä

&
å E|7mwä

é [
|7MA7

%[
ðM7
çð

&
å E|7mwä

é [
ðM7
çðé

Ixuwkhupruh/ iru hdfk ð 5 7c
ñðE1ðEw�äc ééc 1ðEw&ää '

[
&

üðE1ðEw&äc w&äZEw&ä

'
[
&

üðE
[
|7MA7

%ðE|7äå E|7mw&äc w&äå Ew&ä

è [
&

[
|7MA7

å E|7mw&äüðE%ðE|7äc w&äå Ew&ä

'
[
&

[
|7MA7

üðE%ðE|7äc w&äå E|7c w&ä

Vwhs 5= Iru hdfk ð 5 7c[
|MA

[
wMX

üðE5ðE|äc wäå Ewc |ä '
[
&

[
|Mî&

[
wMX

üðE5ðE|äc wäå Ewm|äå E|ä n
[
|Mîf

[
wMX

üðE5ðE|äc wäå Ewc |ä

è [
&

[
|Mî&

[
æ

üðE5ðE|äc wæäå Ewæm|äå E|äý�#

è [
&

[
|Mî&

üðEl ðEw&äc w&äå E|äý Eô� n �ä#

'
[
&

üðEl ðEw&äc w&ä

57[
|Mî&

å E|ä

68ý Eô� n �ä#

è [
&

üðEl ðEw&äc w&äå Ew&äý ô�# ý Eô� n �ä#

'
[
&

üðEl ðEw&äc w&äZEwäý ES� n �ä#

' ñðEl ðEw�äc ééc l ðEw6ääý ES� n �ä#
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Vwhs 6= Frpelqlqj vwhsv 4 dqg 5/ zh frqfoxgh wkdw/ iru hdfk ð 5 7c

ñðE1ðEw�äc ééc 1ðEw6ää è [
&

[
|7MA7

üðE%ðE|7äc w&äå E|7c w&ä

è [
|MA

[
wMX

üðE5ðE|äc wäå Ewc |ä n 0

è ñðEl ðEw�äc ééc l ðEw6ääý ES� n �ä# n 0

: ñðEl ðEw�äc ééc l ðEw&ää

frqwudglfwlqj wkh dvvxpswlrq wkdw iEl ðEw�äc ééc l ðEw6ääjðMù lv d fruh doorfdwlrq ri
wkh dx{loldu| hfrqrp| e ' iZc ieEwäjwMX j1

;161 Surri ri Wkhruhp 5=

Ohw Z 5 {Xé Vxssrvh wkdw hdfk üð lv frqfdyh dqg wkdw l lv d vwulfw fruh doorfdwlrq
ri e ' iZc ieEwäjwMX j1
Vwhs 4= Wkhuh h{lvwv 0 : f vxfk wkdw wkh iroorzlqj frqglwlrq krogv=

wkhuh lv qr frdolwlrq 7 9' ù vxfk wkdw/ iru vrph E+ðEw�äc ééc +ðEw6ääðM7 5 x7c

ñðE+ðEw�äc ééc +ðEw6ää è ñðE%ðEw�äc ééc %ðEw6ääý 0

iru doo ð 5 7é
Wr vhh wklv/ vxssrvh wkdw/ iru hyhu| &/ wkhuh lv dq 7 9' ù dqg dq doorfdwlrq

E+&ð Ew�äc ééc +
&
ð Ew6ääðM7 5 x7 vxfk wkdw

ñðE+
&
ð Ew�äc ééc +

&
ð Ew6ää è ñðE%ðEw�äc ééc %ðEw6ääý �*&

iru hdfk ð 5 7é Vlqfh wkhuh duh rqo| ?qlwho| pdq| frdolwlrqv/ vlqfh hdfk x7 lv
frpsdfw dqg hdfk ñð lv frqwlqxrxv/ lw iroorzv wkdw wkhuh h{lvwv dq 7 9' ù dqg
E+ðEw�äc ééc +ðEw6ääðM7 5 x7 vxfk wkdw

ñðE+ðEw�äc ééc +ðEw6ää è ñðE%ðEw�äc ééc %ðEw6ää

iru hdfk ð 5 7é Lq sduwlfxodu/ ÷ç7 ' Eç7c ééc ç7ä 5 S7Elä frqwudglfwlqj wkh dvvxps0
wlrq wkdw l lv d vwulfw fruh doorfdwlrq ri iZc ieEwäjwMX j1
Vwhs 5= Ohw

� ' 4@ 
w

4@ 
ð
üðE

?[
æ'�

çæ( wäc
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dqg ohw
# '

0

S� n �
é

Dsso|lqj Ohppd D/ wkhuh h{lvwv d B : f vxfk wkdw/ zkhqhyhu å 5 {XfA EZä
dqg vdwlv?hv

4@ 
ð
>åð é B4ð?

ð
\åð

4@ 
ð
Dåð é B4ð?

ð
\åð c

wkhuh h{lvwv dq lqfhqwlyh frpsdwleoh SLH doorfdwlrq 5Eüä iru wkh SLH EieEwäjwMXc hwc ì|c å ä
dqg d froohfwlrq ø�c ééc ø6 ri glvmrlqw vxevhwv ri A vxfk wkdw Sureiì| 5 ^6&'�ø&j è
�ý # dqg/ iru doo w 5 X dqg doo | 5 ø&c

+l, Sure~ìw ' w&mì| ' |j è �ý #
+ll, Iru doo ð 5 ùc

üðE5ðE|ä( w&ä è üðEl ðEw&ä( w&äý #é

Ixuwkhupruh/ 5Eüä pd| eh fkrvhq wr eh lqfhqwlyh h!flhqw vlqfh wkh üð duh frqwlq0
xrxv dqg øWù lv frpsdfw1

Ohw 7 ë ùc7 9' ù dqg vxssrvh wkdw wkhuh h{lvwv E%ðäðM7 5 ø7 vdwlvi|lqj wkh
iroorzlqj frqglwlrq=[

|7MA7

[
wMX

üðE%ðE|7äc wäå Ewc |7ä :
[
|MA

[
wMX

üðE5ðE|äc wäå Ewc |ä

iru doo ð 5 7é Gh?qlqj E1ðEw�äc ééc 1ðEw6ääðMù dv lq wkh surri ri Wkhruhp 4 dqg xvlqj
wkh vdph vwhsv irxqg wkhuh/ zh frqfoxgh wkdw/ iru hdfk ð 5 7c

ñðE1ðEw�äc ééc 1ðEw6ää :
[
&

[
|7MA7

üðE%ðE|7äc w&äå E|7c w&ä

:
[
|MA

[
wMX

üðE5ðE|äc wäå Ewc |ä

è ñðEl ðEw�äc ééc l ðEw6ääý ES� n �ä#

è ñðEl ðEw�äc ééc l ðEw6ääý 0é

Wklv frqwudglfwv wkh frqfoxvlrq ri Vwhs 4 dqg lw iroorzv wkdw wkh h{ dqwh LF fruh
lv qrqhpsw|1
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;171 Surri ri Wkhruhp 6=

Ohw iEieoEwäjwMXc hwc ì|oc å oäj"o'� eh d frqglwlrqdoo| lqghshqghqw vhtxhqfh1 AIurp
wkh gh?qlwlrq/ lw iroorzv wkdw wkhuh h{lvwv Z 5 {X vxfk wkdw å oX ' Z iru doo u1
Vlqfh hdfk üðEü( wä lv frqfdyh dqg prqrwrqlf dqg hdfk çð 5 ?ìnnc lw iroorzv wkdw
wkh dx{loldu| hfrqrp| kdv d Zdoudv htxloleulxp l ' El ðEw�äc ééc l ðEw6ääðMù 1 Zh
qrwh wkdw wkh u0uhsolfdwlrq ri lo ri wkh zdohdv doorfdwlrq l lv d fruh doorfdwlrq ri
wkh u0 uhsolfdwhg dx{loldu| hfrqrp| iru hyhu| u1 Ohw

� ' 4@ 
w

4@ 
ð
üðE

?[
æ'�

çæ( wäé

Fkrrvh 0 : f dqg ohw
# '

0

S� n �
é

Vwhs 4= Wkhuh h{lvwv dq ÷o : f vxfk wkdw/ iru doo o : ÷oc wkhuh h{lvwv dq lqfhqwlyh
frpsdwleoh SLH doorfdwlrq 5oEüä iru wkh SLH EieoEwäjwMXc hwc ì|oc å oä dqg d froohfwlrq
îo�c ééc î

o
6 ri glvmrlqw vxevhwv ri A o vxfk wkdw Sureiì|o 5 ^6&'�îo&j è �ý # dqg/ iru

doo & 5 a6 dqg doo |o 5 îo&c
+l, Sure~ìw ' w&mì|o ' |oj è �ý #
+ll, Iru doo ð 5 ùc

üðrE5
o
ðrE|

oä( w&ä è üðEl ðEw&ä( w&äý #é

+lll, 5oðrE|
oä ' 5oðrâE|

oä zkhqhyhu rc râ 5 aoé
+Iru d surri/ vhh PfOhdq dqg Srvwohzdlwh +5333,1

Djdlq/ 5oEüä pd| eh fkrvhq wr eh lqfhqwlyh h!flhqw vlqfh wkh üð duh frqwlqxrxv
dqg øoWù lv frpsdfw1

Gh?qh ùo ' ù û aoé Qh{w/ ohw ä ë ùoc ä 9' ùo dqg vxssrvh wkdw wkhuh h{lvwv
E%oðcräEðcräMä 5 øoä vdwlvi|lqj wkh iroorzlqj frqglwlrq=[

|oäMA oä

[
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<1 Eleolrjudsk|

Irujhv/ I1/ H1 Plqhool dqg U1 Yrkud +5333,/ 3Lqfhqwlyhv dqg wkh Fruh ri dq H{0
fkdqjh Hfrqrp|= D Vxuyh|/4 plphr1

Irujhv/ I1/ M10I1 Phuwhqv dqg U1 Yrkud +5333,/ 3Wkh H{ Dqwh Lqfhqwlyh Frp0
sdwleoh Fruh lq wkh Devhqfh ri Zhdowk H>hfwv/4 plphr1

Nudvd/ V1 dqg Z1 Vkdihu +5333,/ 3Fruh Frqfhswv lq Hfrqrplhv zkhuh Lqiru0
pdwlrq lv doprvw Frpsohwh/4 plphr/ Xqlyhuvlw| ri Loolqrlv1

PfOhdq/ U1 dqg D1 Srvwohzdlwh +5333,/ 3Lqirupdwlrqdo Vl}h dqg Lqfhqwlyh Frp0
sdwlelolw|/4 plphr/ Xqlyhuvlw| ri Shqqv|oydqld1

Yrkud/ U1 +4<<<,/ 3Lqfrpsohwh Lqirupdwlrq/ Lqfhqwlyh Frpsdwlelolw| dqg wkh
Fruh/4 Mrxuqdo ri Hfrqrplf Wkhru| ;9/ 456047:1
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