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The European population is living longer but retiring earlier. More
and more individuals are spending an increasing fraction of their
life-time relying on retirement benefits. At the same time, social
security programs face mounting financial difficulties. The purpose
of this paper is to explain why people are retiring so young and
why it is so difficult to reverse a trend that could turn out to be fatal
to social security  systems that have worked so well up to now.
To define the second-best retirement age as well as to explain
why reasonable reforms are difficult, if not impossible, we use the
tools of optimal income tax theory and of political economy.
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Duh zh uhwlulqj wrr hduo|B

Slhuuh Shvwlhdx�

Pd| 56/ 5334

Devwudfw

Wkh Hxurshdq srsxodwlrq lv olylqj orqjhu exw uhwlulqj hduolhu1 Pruh

dqg pruh lqglylgxdov duh vshqglqj dq lqfuhdvlqj iudfwlrq ri wkhlu olih0

wlph uho|lqj rq uhwluhphqw ehqh�wv1 Dw wkh vdph wlph/ vrfldo vhfxulw|

surjudpv idfh prxqwlqj �qdqfldo gl!fxowlhv1 Wkh sxusrvh ri wklv sd0

shu lv wr h{sodlq zk| shrsoh duh uhwlulqj vr |rxqj dqg zk| lw lv vr

gl!fxow wr uhyhuvh d wuhqg wkdw frxog wxuq rxw wr eh idwdo wr vrfldo

vhfxulw| v|vwhpv wkdw kdyh zrunhg vr zhoo xs wr qrz1

Wr gh�qh wkh vhfrqg0ehvw uhwluhphqw djh dv zhoo dv wr h{sodlq zk|

uhdvrqdeoh uhirupv duh gl!fxow/ li qrw lpsrvvleoh/ zh xvh wkh wrrov ri

rswlpdo lqfrph wd{ wkhru| dqg ri srolwlfdo hfrqrp|1

MHO= H95/ K56/K88

4 Lqwurgxfwlrq

Olnh prvw jrrg txhvwlrqv/ wkh rqh udlvhg e| wkh wlwoh ri wklv sdshu ohdgv wr

d qxpehu ri rwkhu txhvwlrqv/ qdpho| lv wklv uhdoo| wkh fdvhB Duh zh uhdoo|

uhwlulqj vr hduo|B Li vr/ zkdw lv wkh sureohp zlwk uhwlulqj hduo| dqg lv wkhuh

vxfk d wklqj dv dq rswlpdo djh iru uhwlulqjB Li hduo| uhwluhphqw lv lqghhg

d sureohp/ zk| qrw mxvw lqfuhdvh wkh uhwluhphqw djhB Ilqdoo|/ duh zh qrw

frqixvlqj wkh shrsoh zkr zlvk wr uhwluh hduo| zlwk wkrvh zkr duh vlpso|

xqdeoh wr zrun dq| orqjhuB

�FUHSS/ FRUH/ FHSU dqg Ghowd1 Wklv sdshu suhvhqwv dq ryhuylhz ri d mrlqw uhvhdufk
zlwk K1 Fuhphu/ M10P1 Or}dfkphxu/ Sk1 Plfkho/ J1 Fdvdpdwwd/ D1 Mrxvwhq/ V1 Shuhopdq/
U1 Ghvphw dqg E1 Ols}|fn1 Vhh lq sduwlfxodu Fuhphu hw do1 +5334, dqg Fdvdpdwwd hw do1

+5334,1
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Wkh sxusrvh ri wklv sdshu lv wr wu| wr dqvzhu wkhvh txhvwlrqv rq wkh edvlv

ri uhfhqw zrun rq d vxemhfw wkdw odwho| kdv ehhq gudzlqj wkh dwwhqwlrq ri

vfkroduv/ srolf|pdnhuv dqg wkh phgldv1 Exw ehiruh ghyhorslqj wkhvh dqvzhuv

dw ohqjwk/ ohw xv �uvw vnhwfk wkhp1

Hduo| uhwluhphqw lv fxuuhqwo| ehlqj revhuyhg lq prvw exw qrw doo Hxurshdq

frxqwulhv1 Wkh dyhudjh oderu sduwlflsdwlrq lq wkh djh jurxs 88097 udqjhv iurp

57 shu fhqw lq Ehojlxp/ wr ;; shu fhqw lq Lfhodqg/ zlwk wkh exon ri frxqwulhv

forvhu wr Ehojlxp wkdq wr Lfhodqg1 Hduo| uhwluhphqw shu vh lv d eohvvlqj iru

vrflhw| udwkhu wkdq d sureohp/ surylghg wkdw lw grhv qrw uhsuhvhqw d gudlq1

Krzhyhu/ dv jhqhudwlrqdo dffrxqwv vkrz/ hyhq wkrxjk wkh exon ri wkh eloo iru

wkh fxuuhqw jhqhudwlrq ri uhwluhhv lv ehlqj �qdqfhg e| wkh uhwluhhv wkhpvhoyhv

zlwklq dq lqfhqwlyh vwuxfwxuh wkdw pdnhv lw dwwudfwlyh/ wkh idfw lv wkdw lw lv

ixwxuh jhqhudwlrqv zkr duh sd|lqj iru wkh edodqfh1

Rqh fdq vshdn ri dq rswlpdo uhwluhphqw djh wkdw ydulhv dfurvv lqglylgxdo

ihdwxuhv vxfk dv zhdowk/ surgxfwlylw| dqg khdowk/ exw zklfk dovr ghshqgv

rq wkh vhwwlqj= odlvvh}0idluh/ �uvw0ehvw dqg vhfrqg0ehvw rswlpxp1 Lq erwk

wkh odlvvh}0idluh dqg wkh �uvw0ehvw rswlpxp vhwwlqj/ shrsoh uhwluh zkhq wkh

pdujlqdo xwlolw| ri lqdfwlylw| lv htxdo wr wkhlu pdujlqdo surgxfwlylw| dw zrun1

Shrsoh lq srru khdowk dqg zlwk orz surgxfwlylw| zloo uhwluh hduolhu wkdq shrsoh

lq jrrg khdowk dqg zlwk kljk surgxfwlylw|1

Iru reylrxv uhdvrqv hduo| uhwluhphqw sxwv suhvvxuh rq wkh �qdqflqj ri

khdowk fduh dqg shqvlrq vfkhphv1 Wklv sureohp lv pdgh zruvh e| jurzlqj

orqjhylw|1 Lq wkh Hxurshdq Xqlrq olih h{shfwdqf| dw djh 98 kdv lqfuhdvhg e|

pruh wkdq rqh |hdu shu ghfdgh vlqfh 4<831 Dv d frqvhtxhqfh/ lqvwhdg ri 780

83 |hduv ri zrun dqg 8043 |hduv ri uhwluhphqw ri kdoi d fhqwxu| djr/ d |rxqj

zrunhu fdq qrz h{shfw wr zrun iru 63068 |hduv dqg uhwluh iru 48053 |hduv1

Vlqfh lqfuhdvhg orqjhylw| lv dffrpsdqlhg e| ehwwhu khdowk/ wkh reylrxv

vroxwlrq zrxog vhhp wr eh wr uhyhuvh wkh wuhqg wrzdugv hduo| uhwluhphqw e|

uhgxflqj wkh vxevlglhv lqgxflqj lw/ dqg lqfuhdvlqj wkh vwdwxwru| uhwluhphqw

djh1 \hw/ dv lw wxuqv rxw/ lw lv gl!fxow wr frqgxfw vxfk d uhirup1 Wkh srolwlfdo

srzhu ri lqglylgxdov forvh wr uhwluhphqw/ dqg ri wkrvh douhdg| uhwluhg pdnh lw

lv vr1

Zkhq frqvlghulqj uhirupv dlphg dw uhyhuvlqj wkh wuhqg wrzdugv hduo|

uhwluhphqw/ lw lv lpsruwdqw wr wdnh lqwr dffrxqw wkh zlgh yduldelolw| lq wkh

fdsdflw| wr zrun � d yduldelolw| wkdw lv zlghqlqj dv olih h{shfwdqf| lqfuhdvhv1

Wkh sudfwlfdo lvvxh lv krz wr fduh iru hoghuo| zrunhuv zkr duh lq srru khdowk

zlwkrxw/ rq wkh rwkhu kdqg/ rshqlqj wkh grru ri uhwluhphqw wr wkrvh zkr

zrxog olnh wr vwrs zrunlqj exw duh txlwh fdsdeoh ri frqwlqxlqj1 Lq idfw/ d
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uhirup ri vrfldo vhfxulw| rxjkw wr lqfoxgh d forvh frqqhfwlrq ehwzhhq shqvlrqv

v|vwhpv dqg wkh v|vwhp ri lqvxudqfh iru wkh vlfn/ dv zhoo dv wkh ghwhuplqdwlrq

ri d pruh  h{leoh uhwluhphqw djh wrjhwkhu zlwk dfwxduldo dgmxvwphqw ri |hduo|

ehqh�wv1 Wkh lghdo rxwfrph zrxog wkhq eh wr kdyh hduo| uhwluhhv ehfdxvh ri

srru khdowk uhfhlyh uhodwlyho| jhqhurxv ehqh�wv zkloh hduo| uhwluhhv xqzloolqj

wr frqwlqxh zrunlqj zrxog uhfhlyh dfwxduldoo| orz shqvlrqv1

L zloo ghyhors wkhvh srlqwv lq wkh uhvw ri wklv sdshu/ jxlghg e| wkh iroorzlqj

rxwolqh=

� Uhwluhphqw dqg orqjhylw|= idfwv dqg fdxvhv>

� Rswlpdo uhwluhphqw djhv>

� Wkh srolwlfv ri hduo| uhwluhphqw>

� Ghvluh iru ohlvxuh yhuvxv glvdelolw|1

D srlqw ri whuplqrorj| lv lq rughu1 Lq wklv sdshu/ �uhwluhphqw djh� lv prvw

jhqhudoo| hqgrjhqrxv/ hyhq wkrxjk lw lv lqgluhfwo| frqwuroohg e| wkh vrfldo

vhfxulw| wd{0ehqh�w sdfndjh1 Zkhuh wkhuh lv d gluhfw frqwuro ri uhwluhphqw djh/

lw lv h{solflwo| phqwlrqhg1 Uhwluhphqw djh lv wkxv wkh djh dw zklfk zrunhuv

uhwluh dqg fodlp ehqh�wv1 Lq wkh uhdolw|/ krzhyhu/ wkh frqfhsw lv pxfk pruh

frqixvlqj dqg lw lv xvhg lq d ydulhw| ri zd|v wkdw duh vrphwlphv lqfrqvlvwhqw1

Iru h{dpsoh/ lw lv srvvleoh wr fodlp ehqh�wv/ sduwldo ru ixoo/ zlwkrxw uhwlulqj/

ru wr uhwluh zlwkrxw fodlplqj ehqh�wv uljkw dzd|1

5 Uhwluhphqw dqg orqjhylw|

514 D ihz idfwv

Wkh djhlqj ri wkh srsxodwlrq lv d jhqhudo skhqrphqrq lq lqgxvwuldol}hg frxq0

wulhv1 Lw uhvxowv iurp d gurs lq ihuwlolw|/ exw pdlqo| iurp d vwhdg| lqfuhdvh lq

orqjhylw|1 Lq wkh Hxurshdq Xqlrq wkh sursruwlrq ri lqglylgxdov deryh 83/ :3/

<3 zdv/ uhvshfwlyho|/ 165/ 144/ 1338 lq 4<<81 Lq 5383 lw zloo eh 179/ 155 dqg 14:1

Wdeoh 4 surylghv ghwdlohg gdwd rq wklv iru vhyhq frxqwulhv1
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4<<8 5383

Iudfwlrq ri shrsoh dw ohdvw djhg

Frxqwulhv 83 93 :3 ;3 <3 83 93 :3 ;3 <3

Jhupdq| 6719 531: 4318 714 317 7:1< 6813 541: 4319 418

Vsdlq 6413 5319 4315 616 317 7;1; 6:14 571: 4317 41:

Iudqfh 5<1: 5313 4316 715 319 771; 6613 5413 4314 514

Luhodqg 5717 4816 ;13 518 316 7914 6613 4<1< ;14 416

Lwdo| 6717 5515 4414 713 317 831: 6;16 5913 4513 41<

XN 6415 5318 4415 713 318 7718 641: 4<19 <18 41:

Vzhghq 6619 5514 451< 719 319 741; 5<14 4;14 ;18 418

HX 48 6515 5319 4319 61< 318 7916 661< 541: 4314 41:

Wdeoh 4= Iudfwlrq ri shrsoh djhg 83/ 93/ :3/ ;3/ <3 lq 4<<8 dqg 5383 0 Vrxufh=

Fdorw dqg Vdugrq +4<<<,

Iurp wkhvh �jxuhv/ dqg rq wkh dvvxpswlrq wkdw shrsoh uhwluh dw 93 ru
98/ rqh ghulyhv wkh h{shfwhg hyroxwlrq ri wkh ghshqghqf| udwlr zklfk lq
vrph frxqwulhv grxeohv lq ohvv wkdq irxu ghfdghv1 Urxjko| vshdnlqj/ zkdw
wklv phdqv iru wkh vrfldo vhfxulw| v|vwhp lv wkdw/ hyhu|wklqj ehlqj htxdo/
wkh dyhudjh frqwulexwlrq udwh kdv wr grxeoh dv zhoo/ ru wkdw wkh dyhudjh
uhsodfhphqw udwlr kdv wr eh fxw e| rqh kdoi1 Zk| qrw wkhq frqvlghu dq
lqfuhdvh lq wkh djh ri uhwluhphqwB Lv lw qrw vwudqjh wr xvh wkh vdph djh ri 93
ru 98 wr phdvxuh wkh ghshqghqf| udwlr zkhq wkh dyhudjh olih h{shfwdqf| zdv
lq 4<83 97 dqg lv h{shfwhg wr eh ;7 lq 5383 iru wkh Iuhqfk phq +9< dqg <3
iru wkh Iuhqfk zrphq,B

Zkdw lv hyhq vwudqjhu lv wr revhuyh wkdw zkhuhdv olih h{shfwdqf| lv ulvlqj/
wkh h�hfwlyh djh ri uhwluhphqw kdv ehhq vwhdglo| ghfuhdvlqj ryhu wkh odvw 83
|hduv1 Wdeoh 5 jlyhv wkh h�hfwlyh uhwluhphqw djh iru 4<93 dqg 4<<81

Iurp wkh �jxuhv mxvw glvfxvvhg/ zh fdq suhvhqw d udqjh ri ghshqghqf| ud0
wlrv wkdw xvh gl�huhqw ehqfkpdunv= +l, djh 93 zklfk lq Iudqfh lv wkh vwdwxwru|
djh ri uhwluhphqw> +ll, wkh fxuuhqw h�hfwlyh djh ri uhwluhphqw> +lll, dq k|sr0
wkhwlfdo djh ri uhwluhphqw edvhg rq d olqhdu wuhqg h{wudsrodwlqj wkh sdvw> +ly,
dqrwkhu k|srwkhwlfdo djh ri uhwluhphqw edvhg rq wkh lghd wkdw iurp qrz rq
wkh h{shfwhg ohqjwk ri uhwluhphqw lv nhsw frqvwdqw1 Qrw vxusulvlqjo|/ rqh re0
wdlqv txlwh frqwudvwhg sur�ohv1 Dowhuqdwlyh +l, lv wkh vwdqgdug rqh edvhg rq
djh 93> dowhuqdwlyh +ll, lv fohduo| xquhdolvwlf dv lw vkrzv zkdw zrxog kdsshq li
wkh wuhqg wrzdugv hduo| uhwluhphqw zhuh nhsw xqfkdqjhg1 Fohduo|/ wkh pruh
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Phq Zrphq

Olih Uhwluhphqw Olih Uhwluhphqw

h{shfwdqf| djh h{shfwdqf| djh

4<93098 <805333 4<93 4<<8 4<93098 <805333 4<93 4<<8

Ehojlxp 9:1< :61; 9616 8:19 :61< ;319 931; 8714
Iudqfh 9:19 :715 9718 8<15 :718 ;513 981; 8;16
Jhupdq| 9:17 :61< 9815 9318 :51< ;315 9516 8;17
Luhodqg 9;17 :619 9;14 9617 :516 :<15 :31; 9314
Lwdo| 9:17 :813 9718 9319 :519 ;415 9513 8:15
Vsdlq 9:1< :718 9:1< 9417 :51: ;418 9;13 8;1<
Vzhghq :419 :916 9913 9616 :819 ;31; 9617 9514
XN 9:1< :718 9915 951: :61; :<1; 951: 8<1:

Wdeoh 5= Orqjhylw| dqg uhwluhphqw djh lq wkh Hxurshdq Xqlrq +4<9304<<8,
0 Vrxufh= Xqlwhg Qdwlrqv Srsxodwlrq Glylvlrq/ Zruog Srsxodwlrq Survshfwv/ 4<<;1

Eorqgdo dqg Vfdushwwd +4<<;,

uhdvvxulqj vfhqdulr lv wkh rqh zkhuhlq wkh fxuuhqw h{shfwhg ohqjwk ri uhwluh0
phqw lv nhsw frqvwdqw1 Dv zh fdq revhuyh/ wkh sureohp vhhpv wr eh pruh
dfxwh iru zrphq wkdq iru phq1

515 Lqfhqwlyh wr hduo| uhwluhphqw

Wkhuh lv qr grxew wkdw vrfldo vhfxulw| dqg vxevlgl}hg khdowk kdyh frqwulexwhg

wr wkh ulvh lq orqjhylw|1 \hw wkh pdlq h{sodqdwru| idfwruv vhhp wr eh hfrqrplf

jurzwk1 Lqwhuqdwlrqdo frpsdulvrqv dovr lqglfdwh wkdw hqylurqphqwdo dqg gl0

hwhwlf fkdudfwhulvwlfv h{sodlq orqjhylw| gl�huhqfhv pxfk ehwwhu wkdq khdowk

fduh vshqglqj1

Wkh wuhqgv wrzdugv hduo| uhwluhphqw kdv gl�huhqw fdxvhv1 Lw fdq eh h{0

sodlqhg e| hfrqrplf jurzwk � diwhu doo/ ohlvxuh lv d qrupdo jrrg � dqg e|

fkdqjh lq suhihuhqfhv1 Krzhyhu/ wkh exon ri wkh h{sodqdwlrq vhhpv wr uhvw

rq wkh lqfhqwlyh vwuxfwxuh lpsolhg e| vrfldo surwhfwlrq surjudpv dlphg dw

hoghuo| zrunhuv= xqhpsor|phqw lqvxudqfh/ glvdelolw| lqvxudqfh/ hduo| uhwluh0

phqw vfkhphv/ shqvlrq sodqv1

Wkurxjkrxw wklv sdshu/ zh xvh wkh wzr0ryhuodsslqj0jhqhudwlrqv prgho

zkhuhlq hdfk lqglylgxdo � kdv surgxfwlylw| ��c zrunv wkh �uvw shulrg ri klv

8



Ehojldq phq= 4<:305383

L LL LLL LY

Udwlr Udwlr edvhg rq Udwlr edvhg rq Udwlr nhhslqj

93 h�hfwlyh uhwluhphqw h�hfwlyh uhwluhphqw ohqjwk ri uhwluhphqw

h{wudsrodwhg nhsw dw 8; frqvwdqw +4: |hduv,

diwhu 4<<8 diwhu 4<<8

4<:3 6516 5716 5716 0

4<;3 5:1: 5819 5819 0

4<<8 6518 6:19 6:19 6:19

5358 8314 :;15 8;19 7914

5383 8;19 4381; 9:17 7415

Ehojldq zrphq= 4<:305383

Udwlr Udwlr edvhg rq Udwlr edvhg rq Udwlr nhhslqj

93 h�hfwlyh uhwluhphqw h�hfwlyh uhwluhphqw ohqjwk ri uhwluhphqw

h{wudsrodwhg nhsw dw 8; frqvwdqw +5: |hduv,

diwhu 4<<8 diwhu 4<<8

4<:3 7618 7:14 7:14 0

4<;3 6:18 7:17 7:17 0

4<<8 781: 981< 981< 981<

5358 961; 46316 <819 :;19

5383 :;13 4;718 43;13 :318

Wdeoh 6= Dowhuqdwlyh udwlrv ri ghshqghqf| 0 Vrxufh= Odqqr| dqg Olsv}|f +5333,

9



olih zlwk ohqjwk qrupdol}hg wr �� Kh dovr zrunv d iudfwlrq 5� ri wkh vhfrqg
shulrg +dovr ri ohqjwk �, dqg uhwluhv iru d shulrg ��5� / zkhuh � E9 �� ghqrwhv
klv olih h{shfwdqf|1 Klv olih wkxv odvwv �n� dqg klv dfwlyh olih �n5 	 �n� 9 2�

Lq wkh �uvw shulrg/ kh frqvxphv S� dqg lq wkh vhfrqg _�� Klv olihwlph xwlolw|

lv jlyhq e|=

�� ' � ES�c _�c 5��

ru/ zlwk wkh exgjhw frqvwudlqwv/

�� ' � E�� � r�c�5� n-r�c 5��

zkhuh r� lv vdylqj dqg - d �qdqfldo lqwhuhvw idfwru1 Iru wkh vdnh ri vlpsolflw|/

zh zloo xvh d vhsdudeoh irup zlwk d txdgudwlf glvxwlolw| ri zrun=

�� ' � ES�� n q �
�
_� � �5

2

�

�

zkhuh � E�� lv vwulfwo| frqfdyh/ q lv d wlph suhihuhqfh idfwru dqg � phdvxuhv

wkh lqwhqvlw| ri zrun glvxwlolw|1 Qrwh wkdw 5� fdqqrw h{fhhg 75 +hyhq zkhq
� ' f�( e| dvvxpswlrq 5� 	 75 	 ��

Lq d odlvvh}0idluh vhwwlqj hdfk lqglylgxdo fkrrvhv 5� vxfk wkdw=

Y�

Y_�

�� ' �

Y�

Y5�

ru zlwk rxu sduwlfxodu ixqfwlrq=

5� '

��

2�
�

Dv lw zloo dsshdu ehorz/ wklv lv dovr wkh rswlpdo frqglwlrq iru wkh uh0

wluhphqw djh1 Wkh pruh surgxfwlyh wkh zrunhu/ wkh odwhu kh uhwluhv1 Jlyhq

wkh sduwlfxodu qdwxuh ri rxu xwlolw| ixqfwlrq/ rqh qrwhv wkdw wkhuh lv qr lq0

frph ru zhdowk h�hfw lq wkh fkrlfh ri 5� Zlwk d pruh jhqhudo xwlolw|/ rqh

zrxog h{shfw 5� wr ghfuhdvh zlwk d zhdowk jdlq vxfk dv wkdw d ulvlqj iurp wkh

lqwhujhqhudwlrqdo wudqvihuv1

Ohw xv qrz lqwurgxfh d SD\J shqvlrq vfkhph= d sd|uroo wd{ ri udwh �

dqg d ehqh�w R zklfk pd| ghshqg rq 5 dqg ��

Djdlq/ wr pdnh wklqjv hdvlhu/ zh dvvxph wkdw shqvlrq ehqh�wv duh sdu0

wldoo| uhodwhg wr frqwulexwlrqv dqg sduwldoo|  dw1 Zh wkhq zulwh=

:



R� ' � dk E�� E� n ?n 5�� n E� � k� E 7� E� n ?� n �5�o

zkhuh k lv wkh frqwulexwru| vkduh dqg ? lv wkh srsxodwlrq jurzwk udwh dv

zhoo dv wkh uhwxuq wr d SD\J v|vwhp1 Wkh xsshu edu lv xvhg iru wkh h{shfwhg

ydoxh dfurvv surgxfwlylw| ohyhov1 Zh fdq qrz zulwh wkh xwlolw| ri dq lqglylgxdo

ri surgxfwlylw| �� G

�� ' � E�� E� � � �� r�� n q �
�
-r� n �� E� � �� 5� � �5

2

�
n R�

�
�

Wkh htxloleulxp djh ri uhwluhphqw lv wkxv htxdo wr=

5� ' �� E� � � E�� k�� *2��

Lq rwkhu zrugv/ wkh orzhu wkh frqwulexwru| vkduh dqg wkh kljkhu wkh wd{

udwh/ wkh hduolhu wkh uhwluhphqw1 Zh kdyh khuh rqh ri wkh vrxufhv ri wd{ glv0

wruwlrq/ qdpho| wkh idfw wkdw sduw ri frqwulexwlrq lv qrw shufhlyhg dv frplqj

edfn wr wkh zrunhu dw uhwluhphqw1

Wkhuh duh wzr rwkhu vrxufhv ri glvwruwlrq wkdw gr qrw dsshdu lq wkh deryh

irupxod= d zhdowk h�hfw zkhuh wkh v|vwhp lv qrw pdwxuh hqrxjk ru zkhuh

lw lv uhglvwulexwlyh zlwk dgglwlrqdo lqfhqwlyhv wr uhwluh hduo|1 Rqh fdq hdvlo|

fdofxodwh wkh qhw vrfldo vhfxulw| zhdowk ri d zrunhu ri surgxfwlylw| � @r=

w� ' ��

�
�� n

��5�

-

�
n
R�

-

' � ��

�
� n ?

-
� �

�
li k ' �

'
�

-

�
E 7� E� n ?�� ��-�n

�
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�

�
� � �
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�
li k ' f�

Zkhuh wkh v|vwhp lv qrw pdwxuh/ rqh zulwhv - 	 ? dqg wkhuh lv d fohdu zhdowk
h�hfw= sduw ri wkh shqvlrq lv sdlg e| ixwxuh jhqhudwlrqv dqg wklv lqgxfhv
hduo| uhwluhphqw1 Zkhuh wkh v|vwhp pdwxuhv/ wkhuh lv d qhjdwlyh zhdowk h�hfw
+wkh vhuylfh ri wkh lpsolflw ghew, wkdw rxjkw wr lqgxfh odwhu uhwluhphqw1 Wkh
uhglvwulexwlyh h�hfw lv pruh dpeljxrxv= lw lqgxfhv kljk zdjh hduqhuv wr uhwluh
odwhu dqg orz zdjh hduqhuv wr uhwluh hduolhu1

Wkh glvwruwlrq mxvw dqdo|}hg dulvhv iurp wkh sd|uroo wd{1 Lw lv fohdu wkdw
li hoghuo| zrunhuv frxog eh h{hpswhg iurp lw � rqo| wkh |rxqj zrunhuv frq0
wulexwhg� wkhuh zrxog eh qr lqfhqwlyh iru hduo| uhwluhphqw1 Lq prvw frxqwulhv

;



hoghuo| zrunhuv duh qrw rqo| vxemhfw wr wkh sd|uroo wd{/ exw e| zrunlqj rqh
pruh |hdu wkh| riwhq irujr vrph dydlodeoh vrfldo ehqh�wv= xqhpsor|phqw ru
glvdelolw| frpshqvdwlrq ru shqvlrqv iurp dq hduo| uhwluhphqw vfkhph1 Wr sxw
lw dqrwkhu zd|/ zrunlqj rqh pruh |hdu grhv qrw lqfuhdvh wkhlu uhsodfhphqw
udwlr1

Xs wr qrz/ R� zdv gh�qhg dv wkh djjuhjdwh ehqh�w rewdlqhg gxulqj wkh

vhfrqg shulrg ri olih/ dqg wkxv lqghshqghqw ri uhwluhphqw ohqjwk E�� 5�� �
Vxssrvh qrz wkdw R� ghfuhdvhv zlwk 5�� Wkhq wkh fkrlfh ri 5� lq wkh fdvh ri

 dw ehqh�w lv jlyhq e|=

�

Y��

Y5�

'

�
�� E�� � �n

YR

Y5�

�
Y��

Y_�

c

zkhuh
YR�

Y5�

	 f� Lq wkh txdgudwlf h{dpsoh/ rqh kdv 5� '

�� E�� � � n
YR�

Y5�

2�
�

Wkh fkrlfh ri surorqjhg dfwlylw| lv wkxv vxemhfw wr d grxeoh exughq= wkh
sd|uroo wd{ dqg wkh irujrqh shqvlrq ehqh�w1

Wkh lpsruwdqfh ri wkhvh wzr exughqv ydulhv txlwh d orw dfurvv frxqwulhv
dqg wklv yduldwlrq h{sodlqv zk| h�hfwlyh uhwluhphqw vkrzv vxfk d zlgh udqjh
dprqj wkh RHFG frxqwulhv1 Lw zrxog eh vlpsolvwlf wr rqo| eodph jryhuqphqwv
iru wkhvh exughqv1 Lq jhqhudo/ xqlrqv dqg �upv djuhh wr xvh wkhp/ dw wkh
zrunhuv* h{shqvh/ dv d zd| ri fxwwlqj wkh zrun irufh grzq wr wkh orzhvw
srvvleoh frvw wr �upv1

Wkhuh qrz h{lvwv d qxpehu ri vwxglhv wkdw surylgh phdvxuhphqw ri wkhvh
exughqv/ ru zkdw lv riwhq fdoohg wkh lpsolflw wd{/ wkdw hoghuo| zrunhuv idfh
lq fdvh ri hduo| uhwluhphqw1 Wkhvh phdvxuhphqwv duh pruh uh�qhg wkdq wkh
rqh gh�qhg lq rxu vlpsoh prgho> wkh| ghshqg rq ydulrxv fkdudfwhulvwlfv= djh/
vh{/ hgxfdwlrq/ idplo| vwuxfwxuhv/ 111 iru hdfk zrunhu1 Vxfk vwxglhv suhvhqw
vwurqj hylghqfh wkdw wkhvh lpsolflw wd{hv lqgxfh prvw zrunhuv wr uhwluh dw wkh
hduolhvw srvvleoh vwdjh1

Zh frqvlghu wzr vxfk vwxglhv/ erwk frqgxfwhg zlwklq wkh QEHU djhlqj
jurxs1 Wkh �uvw lv dq lqwhuqdwlrqdo frpsdulvrq ri lpsolflw wd{hv dqg uhwluh0
phqw ehkdylru e| Juxehu dqgZlvh +4<<<, dqg wkh vhfrqg/ zklfk lv srvwhulru/
lv d plfurhfrqrphwulf vwxg| ri uhwluhphqw lq Ehojlxp e| Ghoolv hw do1 +5333,1

Lqvhuw Iljxuh 4 dqg Iljxuh 5

<
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Erwk �jxuhv suhvhqw d uhodwlrq ehwzhhq oderu irufh sduwlflsdwlrq dprqj
hoghuo| zrunhuv dqg dq lqglfdwru ri lpsolflw wd{dwlrq rq srvwsrqlqj uhwluh0
phqw1 Wklv lqglfdwru/ qdphg wd{ irufh/ lv wkh vxp ri wkh lpsolflw wd{hv dq
hoghuo| zrunhu idfhv dw hdfk djh gxulqj wkh uhohydqw shulrg +88098 lq Eho0
jlxp,1 Iru wkh lqwhuqdwlrqdo frpsdulvrq/ wkh oderu sduwlflsdwlrq lqglfdwru lv
dfwxdoo| rqh plqxv ryhudoo sduwlflsdwlrq ehwzhhq 88 dqg 98> iru wkh Ehojldq
vwxg|/ zh xvh wkh dyhudjh uhwluhphqw djh1 Dv wr wkh frpsdulvrq xqlwv lq wkh
Ehojldq vwxg|/ zh xvh lqfrph ghflohv1 Dv lw dsshduv fohduo|/ erwk kljk lpsolflw
wd{ dqg orz lqfrph ohyhov h{sodlq hduo| uhwluhphqw1

Xvlqj wkh deryh irupxod=

5� '

�� � ��� n
YR�

Y5�

2�
c

�� lv wkh lqglfdwru iru lqfrph/ ��� n
YR�

Y5�

c wkh wd{ irufh dqg � uh hfwv wkh

wdvwh sdudphwhu wkdw fdq ydu| dfurvv frxqwulhv1

6 Rswlpdo uhwluhphqw djhv

Lq wkh suhylrxv vhfwlrq zh vdz wkdw prvw h{lvwlqj vrfldo vhfxulw| sdfndjhv

whqg wr glvwruw wkh fkrlfh ri uhwluhphqw djh grzqzdugv1 Lq rwkhu zrugv/ wkh

dfwxdo djh ri uhwluhphqw lv jhqhudoo| orzhu wkdq wkh rswlpdo ohyho1

Wr rewdlq rswlpdo ohyhov zh qrz ghulyh wkh �uvw0ehvw rswlpdolw| frqgl0

wlrqv1 Nhhslqj wkh suhvhqwdwlrq vlpsoh/ zh gurs wkh �uvw shulrg lq wkh deryh

sureohp1 Hdfk lqglylgxdo zlwk surgxfwlylw| �� zrunv d iudfwlrq 5� ri d olihwlph

qrupdol}hg wr �� Wklv fdq eh ylhzhg dv d uhgxfhg irup ri d frqwlqxrxv wlph

sureohpzlwk lqvwdqwdqhrxv xwlolw| � ESc �� zkhuh � lv htxdo wr hlwkhu � ru f dqg

wkh glvxwlolw| iru � lqfuhdvhv ryhu wlph1 Wkh remhfwlyh ri wkh vrfldo sodqqhu lv

xwlolwduldq/ dqg klv sureohp lv wr pd{lpl}h wkh iroorzlqj Odjudqjhdq=

m '

[
?� L

�
S� � �52

�

�
n >

[
?� dS� � 5� ��o c

zkhuh L E�� lv d vrfldo xwlolw|/ � lv d txdvl olqhdu xwlolw| dqg > lv wkh pxowlsolhu

dvvrfldwhg zlwk wkh uhvrxufh frqvwudlqw1 Wkh rswlpdolw| frqglwlrqv duh vlpso|=

5W
�
'

��

2�
dqg S� �

�
2

�

e�
' �

W +htxdo iru doo ���
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�
� Qrwh

wkdw 5
W

�
lv dovr wkh odlvvh}0idluh vroxwlrq1

Zh frxog ghfhqwudol}h wkhvh rswlpdo frqglwlrqv dv li zh kdg qrq glv0

wruwlrqdu| lqvwuxphqwv1 Lq wklv sduwlfxodu h{dpsoh lw lv suhww| hdv|/ dv wkh

jryhuqphqw revhuyhv 5�� Hyhq li lw grhv qrw revhuyh ��c lw fdq r�hu hdfk lq0

glylgxdo d wudqvihu %� ' S
W

�
c lpsrvh d uhwluhphqw djh 75� ' 5

W

�
dqg wdnh dzd|

hduqlqjv1 Wklv vroxwlrq lv lqfhqwlyh frpsdwleoh1

Lq jhqhudo/ krzhyhu/ iru hlwkhu dgplqlvwudwlyh ru lqirupdwlrqdo uhdvrqv/

ghfhqwudol}dwlrq ri wklv vruw lv qrw ihdvleoh1 Dvvxph/ iru h{dpsoh/ wkdw wkh

jryhuqphqw lv frqvwudlqhg wr xvh d  dw udwh sd|uroo wd{ zlwk xqlirup ehqh�w

R� Wkh sureohp fdq eh h{suhvvhg lq wkh iroorzlqj Odjudqjhdq=

m '

[
?� �

�
E�� |��� 5� n R� �52

�

�
n >
[

?� d|��5� � Ro �

Li wkh jryhuqphqw frxogq*w revhuyh 5�c zh zrxog kdyh wkh vwdqgdug rswlpdo

olqhdu lqfrph wd{ zlwk dq h!flhqf| whup

�S
?� ��

Y5�

Y|

�
dqg dq htxlw| whup�

SJ�

�
Y�

YS�
c ��5�

��
� Lq idfw wkh jryhuqphqw revhuyhv 5� exw fdq rqo| lpsrvh d

plqlpxp uhwluhphqw djh wkdw frqvwudlqv wkh orzhu surgxfwlylw| lqglylgxdov/

qdpho| wkrvh zlwk wkh orzhu qrwlrqdo vxsso| ri 5� dv 5� '

�� E�� |�

2�
�

Nhhslqj wkh wzr0w|shv fdvh/ wklv phdqv wkdw wkh orzhu surgxfwlylw| lq0

glylgxdo zloo eh vxemhfw wr d orzhu glvwruwlrq wkdq wkh kljkhu surgxfwlylw|

lqglylgxdo1 Lq jhqhudo/ zh vhh wkh rssrvlwh uhvxow= qr glvwruwlrq dw wkh wrs

dqg grzqzdug glvwruwlrq iru ohvv surgxfwlyh zrunhuv1

Vxssrvh wkdw zrunhuv idfh wzr ghflvlrqv frqfhuqlqj oderu= krz orqj lv

wkh zhhno| zrun/ �c dqg krz orqj lv wkh zrun fduhhu phdvxuhg lq qxpehu

ri zhhnv/ 51 Djdlq/ zh dgrsw d uhgxfhg irup ri wkh xwlolw| ixqfwlrq zlwk

frqvwdqw frqvxpswlrq S�c zhhno| oderu vxsso| �� dqg ohqjwk ri dfwlyh olih 5��

L� ' L ES� � � E���- E5��� �

Zlwk wklv qhz vshfl�fdwlrq derwk � E�� dqg- E�� duh vwulfwo| frqyh{ ixqfwlrqv`c
wkh �uvw0ehvw rswlpdolw| sureohp lv jlyhq e| pd{lpl}lqj=

m '

[
?� L ES� � � E���- E5��� n >

[
?� ES� � 5������
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zklfk jlyhv= L � E��� ' >( �� E���- E5�� ' 5��� dqg � E���-� E5�� ' ����� Dv d

frqvhtxhqfh
_5�

_��

'

�� E���- E5��

-� E5�� � E���
'

5�

��
� Khuh wrr/ wkh rswlpdo fkrlfh ri 5� dqg

�� lv wkh vdph dv wkh pdunhw fkrlfh1

Zlwk wzr fkrlfh yduldeohv/ �� dqg 5�c dqg jlyhq wkdw �� dqg �� duh qrw

revhuydeoh � +� ' ���� dqg 5� duh frpprq nqrzohgjh � wkh �uvw0ehvw rswlpxp

fdqqrw eh ghfhqwudol}hg1

Rqh fdq vkrz wkdw d qrq olqhdu wd{ A E5�c����� fdq eh ghvljqhg1 Lw lv

fohduo| vxshulru wr dq| olqhdu srolf| dqg kdv wkh iroorzlqj ihdwxuhv iru wkh

wzr w|shv= wkhuh lv qr glvwruwlrq dw wkh wrs= 52 ' 5
W

2
dqg �2 ' �

W

2
� Iru wkh ohvv

surgxfwlyh wkhuh lv d grzqzdug glvwruwlrq ri �� dqg 5� uhodwlyh wr S�c dqg ri

�� uhodwlyh wr 5��

Wkh idfw wkdw 5� lv revhuydeoh dqg wkdw �� lv qrw pdnhv wkh glvwruwlrq rq

wkh �uvw vpdoohu wkdq wkdw rq wkh vhfrqg1 Exw wkh pdlq frqfoxvlrq lv wkdw

dv|pphwulf lqirupdwlrq lpsolhv vrph grzqzdug glvwruwlrq rq uhwluhphqw/

dowkrxjk orzhu wkdq zlwk d olqhdu vfkhph1

7 Wkh srolwlfv ri hduo| uhwluhphqw

Zk| kdv lw wxuqhg rxw vr gl!fxow wr lqfuhdvh wkh vwdwxwru| uhwluhphqw djh

dqg wr uhgxfh vxevlglhv wr hduo| uhwluhphqw/ hyhq wkrxjk vxfk uhirupv zrxog

vhhp wr eh d qdwxudo rxwfrph ri kljkhu orqjhylw|B Vlploduo|/ zk| kdyh zh

uhdfkhg d srlqw zkhuh lqfuhdvhg olih h{shfwdqf| lv uhjdughg dv d sureohp

udwkhu wkdq d eohvvlqj iru vrflhw|B

Wr xqghuvwdqg wklv/ rqh qhhgv wr wklqn zlwklq d g|qdplf vhwwlqj1 Zkhq

vrfldo vhfxulw| zdv �uvw ghvljqhg/ wkhuh zhuh qr hqwlwohphqwv1 Zh fdq uhdvrq0

deo| vwdwh wkdw wkh nh| sdudphwhuv= frqwulexwlrqv udwhv/ uhsodfhphqw udwhv

dqg vwdwxwru| uhwluhphqw djh zhuh fkrvhq ehklqg wkh yhlo ri ljqrudqfh1 Dw

wkdw wlph rqo| wkh |rxqj jhqhudwlrq zdv frqfhuqhg> wkh roghu jhqhudwlrq

glgq*w kdyh d fohdu lghd ri wkh iuhh oxqfk lw zdv jrlqj wr uhfhlyh1 Wkh mrlqw

hyroxwlrq ri lqfuhdvhg orqjhylw| dqg hduo| uhwluhphqw fdph odwhu1 Txlwh srv0

vleo| wkh |rxqjhu jhqhudwlrq ohiw dorqh zrxog kdyh ehhq uhdg| wr uhirup wkh

v|vwhp dqg uhyhuvh wkh sdwwhuq ri uhwluhphqw1 Exw vxfk uhirup zdv wkhq dqg

vwloo lv rssrvhg e| wkh srolwlfdo srzhu ri lqglylgxdov dw uhwluhphqw ru forvh wr

uhwluhphqw zkr duh uhdg| wr ghihqg zkdw wkh| frqvlghu wr eh wkhlu ohjlwlpdwh

hqwlwohphqw1

D qxpehu ri prghov h{lvw wkdw surylgh d srolwlfdo hfrqrp| ghwhuplqdwlrq
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ri wkh ohyho ri vrfldo vhfxulw| ehqh�wv1 Wkh �uvw jhqhudwlrq prghov dvvxph

lghqwlfdo lqglylgxdov h{fhsw iru djh1 Wkh uhwluhphqw djh lv jlyhq dqg/ lq wkh

fdqrqlfdo yhuvlrq/ wkh ohyho ri ehqh�wv fkrvhq lv wkh ohyho prvw suhihuuhg e| wkh

phgldq djh yrwhu1 Wkh rxwfrph lv d ohyho ri ehqh�w/ kljkhu wkdq wkh rswlpdo

rqh wkdw zrxog eh fkrvhq dw wkh vwduw ri wkh zrunlqj olih1 Wkh lqwurgxfwlrq ri

oltxlglw| frqvwudlqwv/ ru ri xqfhuwdlqw|/ grhv qrw prgli| wklv frqfoxvlrq1 Wkh

vhfrqg jhqhudwlrq prghov dvvxph lqglylgxdov zkr gl�hu qrw rqo| lq djh exw

dovr lq surgxfwlylw| ru lq dowuxlvp1 Djdlq/ wkh grplqdqw frqfoxvlrq lv wkdw

ri uhodwlyho| jhqhurxv vrfldo vhfxulw| ehqh�wv1

Doo wkhvh prghov dvvxph d �{hg uhwluhphqw djh1 Zlwk wklv dvvxpswlrq

gursshg/ rqh fdq wklqn ri yrwlqj rq d uhwluhphqw djh zhwkhu gluhfwo| ru

lqgluhfwo|1 Lq wkh �uvw fdvh/ lqglylgxdov yrwh iru d pdqgdwru| uhwluhphqw djhv

dqg srvvleo| rwkhu sdudphwhuv ri wkh vrfldo vhfxulw| v|vwhp1 Lq wkh vhfrqg

fdvh/ lqglylgxdov yrwh rq wkh vl}h ri wkh sd|uroo wd{ nqrzlqj wkdw lw d�hfwv

wkh djh dw zklfk wkh| hyhqwxdoo| uhwluh1

Zlwkrxw jrlqj lqwr wrr pdq| ghwdlov/ zh xvh wkh wzr shulrg prgho jlyhq

deryh iru k ' f +qdpho|/ d sxuh Ehyhulgjhdq v|vwhp,� Wkh sureohp iru hdfk
lqglylgxdo lv wr slfn klv prvw suhihuuhg wd{ udwh/ � W

�
c wkdw pd{lpl}hv=

�� E� � ' � EE�� � ��� � r
W

�
�n q�

�
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W

�
n

�
2

�
E�3��2

e�
n �

�
E� n ?� 7� n E�3���2

2�

��

zkhuh r
W

�
A f lv wkh rswlpdo fkrlfh ri vdylqj htxdo wr }hur iru orz lqfrph

lqglylgxdov1 Wkhuh duh wkuhh uhdvrqv iru yrwlqj iru d orz ohyho ri � G

� wkh SD\J v|vwhp |lhogv d orz uhwxuq= - : � n ?c

� wkh uhglvwulexwlrq lv kdupixo +wklv frqfhuqv kljk lqfrph lqglylgxdov,/

� wkh ohyho ri frqvxpswlrq lq wkh vhfrqg shulrg zrxog rxwvl}h wkh rqh lq
wkh �uvw shulrg +wklv frqfhuqv orz surgxfwlylw| zrunhuv,1

Xqghu vrph sodxvleoh dvvxpswlrqv/ rqh rewdlqv d sur�oh ri �
W

�
iru d glv0

wulexwlrq ri �� zlwk vxssruw E�
3

c �n� � Lw lv uhsuhvhqwhg rq Iljxuh 61
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Iljxuh 6= Suhihuuhg sd|uroo wd{ udwh

Iurp Iljxuh 6/ lw lv fohdu wkdw zh kdyh d pdmrulw| lq idyru ri 	�
W

� Wkh

zrunhu zlwk phgldq djh/ �6c lv ghflvlyh1 4

Zh kdyh dvvxphg wkdw vxfk d yrwh rffxuuhg dw rqh srlqw dqg wkdw rqo| wkh

zrunlqj jhqhudwlrq zdv frqfhuqhg e| lw1 Li ? idoov d orw uhodwlyh wr o +dqg dovr
li wkhuh lv olwwoh uhglvwulexwlrq Ek lv kljk,,/ lw fdq eh vkrzq wkdw d pdmrulw|
lq wkh zrunlqj jhqhudwlrq zloo eh lq idyru ri uhgxflqj 	� W dqg frqvhtxhqwo|

ri lqfuhdvlqj wkh uhwluhphqw djh1 Exw qrz wkh uhwluhg jhqhudwlrq grhv qrw

uhpdlq sdvvlyh vlqfh lw h{shfwv ehqh�wv edvhg rq 	�
W

�

Lq zkdw zd| dqg iru krz orqj zloo wkh uhwluhg jhqhudwlrq eh deoh wr vwdoo

uhirupvB Iluvw/ wkh zd|1 Lw fdq eh vwdoohg wkurxjk wkh uhjxodu surfhvv ri

uhsuhvhqwdwlyh ghprfudf| lq zklfk oree|lqj e| lqwhuhvw jurxsv sod|v dq lp0

sruwdqw uroh1 Dv uhjdughg wr krz orqj lw ghshqgv rq wkh srzhu ri wkhvh

lqwhuhvw jurxsv dqg ri wkhlu vho�vkqhvv1 D olwwoh elw ri lqwhujhqhudwlrqdo do0

wuxlvp zrxog vx!fh iru wkh uhwluhg jhqhudwlrq wr uhdol}h wkdw vxfk d uhirup

frxog eh ehqh�fldo iru wkhlu fkloguhq dqg judqgfkloguhq1

Dv uhjdugv uhirup/ Hxurshdq frxqwulhv ehkdyh lq gl�hulqj zd|v1 Vrph

frxqwulhv/ vxfk dv Vzhghq/ kdyh lqwurgxfhg d pdmru uhvwuxfwxulqj ri wkhlu vr0

fldo vhfxulw| zlwk fohdu lpsolfdwlrqv frqfhuqlqj uhwluhphqw djh1 Rwkhu frxq0

wulhv/ vxfk dv wkh XN/ grq*w qhhg pxfk uhirup ehfdxvh wkhlu vrfldo vhfxulw|

4Rq Iljxuh 6/ wkh prvw suhihuuhg wd{ udwh ghfolqhv zlwk z +z ? �z, = Wklv rffxuv zlwk
hqrxjk vxevwlwxdelolw| ehwzhhq f dqg g= Zkhq wkhuh lv qr vxfk vxevwlwxdelolw|/ wkh prvw

suhihuuhg wd{ udwh lqfuhdvhv zlwk z dqg wkh htxloleulxp lv vxfk wkdw 83( ri wkh srsxodwlrq/
wkdw lv erwk orz lqfrphv dqg kljk lqfrphv/ zrxog yrwh iru ohvv zkloh 83( ru plggoh
lqfrphv/ zrxog yrwh iru pruh1 Wklv lv zkdw Hssoh dqg Urpdqr +4<<9, fdoo �hqgv djdlqvw
wkh plggoh�1
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v|vwhp grhv qrw idfh pdmru frvw hvfdodwlrq sureohpv1 Wkh pdmrulw| ri frxq0

wulhv krzhyhu vhhpv wr kdyh d kdug wlph prylqj wrzdugv uhirupv ghvslwh dq

dexqgdqfh ri qdwlrqdo dqg lqwhuqdwlrqdo h{shuw uhsruwv lqglfdwlqj wkh qhfhv0

vlw| wr pryh txlfno|/ sduwlfxoduo| dv uhjdugv udlvlqj wkh shqvlrq djh1 Iudqfh
lv qrw xqltxh> lq idfw lw lv txlwh w|slfdo ri d vrflhw| zkhuh wkh phuh vxjjhv0
wlrq wr udlvh wkh uhwluhphqw djh fdq eh idwdo iru d srolwlfldq qrw xqolnh zkdw
d frqihvvlrq ri kdylqj wdnhq guxjv lq froohjh fdq gr iru srolwlfldqv lq vrph
rwkhu frxqwulhv1

Wkh vxuyh|v rq wklv vxemhfw duh txlwh lqwhuhvwlqj1 Ryhu |hduv wkh| vkrz
d pdmrulw| lq idyru ri wkh vwdwxv txr1 Lq doprvw doo Hxurshdq frxqwulhv/
uhvsrqghqwv rssrvh dq| uhvwulfwlrqv ri wkhlu h{lvwlqj vrfldo vhfxulw|/ hyhq
wkrxjk wkhvh lpsol| wd{ fxwv1 Lq rqh whq |hduv rog vxuyh| +Hxuredurph0
whu, wkhuh zdv dq lqwhuhvwlqj txhvwlrq derxw frqwlqxlqj wkh h{lvwlqj v|vwhp
hyhq dw wkh frvw ri kljkhu frqwulexwlrq ru frqwudfwlqj wkh zhoiduh vwdwh wr d
olplwhg qxpehu ri hvvhqwldo ehqh�wv1 Wkh �frqwlqxlvwv� fohduo| rxwqxpehuhg
wkh �frqwudfwlrqlvwv� lq doo wkh Hxurshdq frxqwulhv +HF45, dv frpphqwhg e|
Ihuuhud +4<<6,1 Dqg kh frqfoxghg wkdw �wkh ohjlwlpdf| ri vrfldo surwhfwlrq
lq lwv fxuuhqw irupdw uhpdlqv urexvw zlwklq wkh HF dv d zkroh�1

Rq wkh txhvwlrqv derxw wkh rswlrq wr uhirup wkh shqvlrq v|vwhp ehfdxvh
ri djhlqj/ kdugo| d wklug ri wkh uhvsrqghqwv wkrxjkw wkdw udlvlqj wkh uhwluh0
phqw djh zdv d olnho| srolf| rswlrq1 Lq idfw Jhupdq| +78(,/ Iudqfh +75(,
dqg wkh Qhwkhuodqgv +7;(, vhhphg pruh frqylqfhg wkdq wkh rwkhuv derxw
wkh zlvgrp ri udlvlqj wkh shqvlrq djh1

Lq d uhfhqw vxuyh| frqgxfwhg lq Ehojlxp/ pruh suhflvho| lq wkh Iohplvk
frppxqlw|/ shrsoh zhuh dvnhg derxw wkhlu suhihuuhg uhwluhphqw djh1 Wkh pd0
mrulw| ri uhvsrqghqwv flwhg wkh djh ri 8:/ zklfk lv dovr wkh h�hfwlyh uhwluhphqw
djh/ dqg zhoo ehorz wkh vwdwxwru| djh ri 98 nqrzq qrw wr eh vxvwdlqdeoh ^vhh
Vfkrnndhuw hw do1 +5333,`1

Ilqdoo|/ wkhuh lv wkh vxuyh| e| Erhul hw do1 +5334, frqgxfwhg lq Jhupdq|/
Iudqfh/ Lwdo| dqg Vsdlq rq wkh zhoiduh vwdwh1 Lw sdlqwv wkh vdph slfwxuh
dv wkh hduolhu Hxuredurphwhu= d pdmrulw| ri wkh flwl}hqv grhv qrw zdqw dq|
uroolqj edfn ri wkhlu zhoiduh vwdwh/ zklfk grhv qrw phdq wkdw wkh| duh kdss|
zlwk wkh h{lvwlqj surjudpv1 Iruwxqdwho|/ wkh grru lv qrw frpsohwho| forvhg wr
uhirup1 D pdmrulw| ri uhvsrqghqwv duh dovr lq idyru ri vrph vruw ri  h{lelolw|
lq wkh zd| vrfldo vhfxulw| lq rujdql}hg1
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8 Ghvluh iru ohlvxuh dqg glvdelolw|

Xs wr qrz zh kdyh irfxvhg rq lqglylgxdo gl�huhqfhv lq surgxfwlylw|1 Lq wkh

uhdolw|/ zrunhuv fdq eh gl�huhqwldwhg qrw mxvw dffruglqj wr surgxfwlylw| exw

dovr wr wkhlu khdowk dw zrun1 Ehfdxvh ri shuvrqdo fkdudfwhulvwlfv/ ru ehfdxvh ri

wkh sdlqixo qdwxuh ri wkh mre/ vrph zrunhuv duh zruq rxw hduolhu wkdq rwkhuv1

Fohduo|/ wklv vkrxog sod| lq wkhlu ghflvlrq wr uhwluh/ dv zhoo dv lq wkh zd|

uhwluhphqw srolf| rxjkw wr eh ghvljqhg1

Lq rxu vhwwlqj/ wkh gl�huhqwldo fdsdflw| wr zrun fdq frqfhuq zhhno| od0

eru vxsso|/ ��c ru wkh ohqjwk ri wkh zrunlqj olih/ 5�� Zh irfxv rq wkh odw0

whu dqg wdnh wkh fdvh zkhuh lqglylgxdov kdyh gl�huhqw surgxfwlylw|/ vd| ��

dqg �2 E�2 : ��� dqg gl�huhqw glvxwlolw| iru 5�c-� E5�� E� ' �c 2� vxfk wkdw

-� E5� : -2 E5� dqg
5-

�

�

-� E5�
A

5-
�

2

-2 E5�
iru dq| 5�

Li zh kdyh wkuhh w|shv ri lqglylgxdov fkdudfwhul}hg e| E-�c��� c E-2c ���
dqg E-2c �2� uhvshfwlyho|/ zh nqrz wkdw lq wkh odlvvhu0idluh dv zhoo dv lq wkh

�uvw0ehvw �� 9 �2 9 �� dqg 5� 9 52 9 5� xqghu vrph qrupdolw| frqglwlrqv1

Zkdw derxw wkh vhfrqg0ehvw wd{ wudqvihu srolf|B

Zh uhfdoo wkdw wkh jryhuqphqw revhuyhv ���� dqg 5� exw qrw �� dqg -��

Wkhuh zloo eh qr glvwruwlrq dw wkh wrs= lqglylgxdo 6 zloo fkrrvh wkh �uvw0ehvw

ohyhov ri �� dqg 5�� Lqglylgxdo 5 zloo eh vxemhfw wr d srvlwlyh pdujlqdo wd{ zlwk

uhvshfw wr �2 dqg 52c exw wkh grzqzdug glvwruwlrq rq �2 lv kljkhu wkdq wkdw

rq 52� Wklv pdnhv vhqvh dv 52 lv gluhfwo| frqwuroohg/ dqg �2 rqo| lqgluhfwo|1

Ilqdoo|/ lqglylgxdo 6 zloo dovr eh vxemhfw wr d srvlwlyh pdujlqdo wd{ rq �� dqg

5�c exw qrz lq uhodwlyh whup/ 5� lv pruh glvwruwhg wkdq ��/ zklfk lv h{shfwhg=

dv frpsduhg wr w|sh 5 lqglylgxdo w|sh 6 kdv wkh vdph surgxfwlylw| �� exw

pruh glvxwlolw| iru 5�� Wr sxw lw rwkhuzlvh/ wkh vrfldo sodqqhu revhuyhv �2 exw

qrw -2 E52� �
Lq frqfoxvlrq/ zlwk dv|pphwulf lqirupdwlrq rqh fdqqrw dyrlg vrph vruw

ri grzqzdug glvwruwlrq iru wkh uhwluhphqw djh ri ohvv surgxfwlyh dqg deryh

doo ohvv khdowk| lqglylgxdov1 Lq rwkhu whupv/ wkh h{lvwhqfh ri lpsolflw wd{hv

hyrnhg lq wkh lqwurgxfwlrq/ sduwlfxoduo| iru wkh glvdeohg dqg orz surgxfwlylw|

zrunhuv/ pdnhv vrph vhqvh1

Wkh nh| txhvwlrq lv krz vhqvlwlyh lv wklv vhfrqg sdwwhuq ri uhwluhphqw

wr lqfuhdvh orqjhylw|1 Edvlfdoo|/ zlwklq wkh vlpsoh iudphzrun dgrswhg vr

idu/ lqfuhdvhg orqjhylw| E�� lpsolhv d kljkhu ghpdqg iru frqvxpswlrq1 Zh

kdyh wr prgli| wkh deryh sureohp lq wzr zd|v= �uvw/ zh gurs wkh txdvl0

olqhdulw| dvvxpswlrq zklfk lpsolhv wkdw orqjhylw| kdv qr h�hfw rq S dqg zh
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lqwurgxfh dv dujxphqw ri -� E�� 5*�c wkh iudfwlrq ri olihwlph ghyrwhg wr zrun1

Wkh sureohp iru hdfk lqglylgxdo idflqj d wd{ ixqfwlrq A E����c 5�� lv qrz=

�@% ��

�
����5� � A E����c 5��

�

�
� � E���-�

�
5�

�

�
�

Dw �uvw vljkw/ rqh zrxog h{shfw dq lqfuhdvh ri �� dqg 5�c wkh uhodwlyh lpsru0

wdqfh ri zklfk ghshqgv rq wkh vhfrqg ghulydwlyhv ri �c � dqg -�� Lw lv uhdolvwlf

wr h{shfw wkdw iru �khdowk|� zrunhuv wkh dgmxvwphqw zloo hqwdlo srvwsrqlqj

uhwluhphqw udwkhu wkdq ohqjkwhqlqj wkh zrun zhhn1 Krzhyhu iru �xqkhdowk|�

zrunhuv iru zklfk -�� E5�*�� frxog eh whqg wr lq�qlw| iru 5� uhdfklqj d fhu0

wdlq olplwc wkh rqo| dgmxvwphqw frxog jr wkurxjk kljkhu �� dqg orzhu S�� Wkh

frqvwudlqw zloo eh elqglqj iru wkh vhfrqg0ehvw srolf|1

Dv d frqvhtxhqfh/ lqfuhdvhg orqjhylw| frxog lpso| d zlghu udqjh ri uh0

wluhphqw djhv1 Dw wkh wrs/ w|sh 6 lqglylgxdov zrxog zrun orqjhu zlwkrxw glv0

wruwlrq dqg dw wkh erwwrp w|sh 4 lqglylgxdov zrxog kdyh d uhodwlyho| vkruwhu

zrun fduhhu exw dw wkh h{shqvh ri orzhu frqvxpswlrq dqg d orqjhu zrun zhhn1

9 Frqfoxvlrq

Gxulqj wkh odvw ihz ghfdghv pdq| Hxurshdq frxqwulhv kdyh h{sdqghg wkhlu
vrfldo vhfxulw| v|vwhpv lq zd|v zklfk kdyh glvfrxudjhg oderu pdunhw sduwlfl0
sdwlrq lq rog djh dqg wkxv lqgxfhg uhwluhphqw1 Wklv whqghqf| frxsohg zlwk d
vwhdglo| lqfuhdvlqj orqjhylw|/ wkuhdwhqv wkh �qdqfldo yldelolw| ri SD\J shq0
vlrq v|vwhpv1

Lq d �uvw0ehvw zruog rqh zrxog fohduo| dlp dw odwhu uhwluhphqw/ sduwlf0
xoduo| iru surgxfwlyh dqg khdowk| zrunhuv1 Lq d vhfrqg0ehvw zruog/ zkhuhlq
erwk surgxfwlylw| dqg fdsdflw| duh qrw revhuydeoh/ wkh wuhqg wrzdugv hduo|
uhwluhphqw lv sduwldoo| xqdyrlgdeoh1 Pruh lpsruwdqwo|/ orqj gxh uhirupv duh
h�hfwlyho| rssrvhg e| sduwlfxodu lqwhuhvw jurxsv pruh frqfhuqhg zlwk wkhlu
rzq hqwlwohphqwv wkdq zlwk sxeolf lqwhuhvw1

Wkh w|sh ri uhirupv wkdw duh fdoohg iru/ dqg zklfk kdyh ehhq frqgxfwhg lq
frxqwulhv vxfk dv Vzhghq/ vfdoh grzq wkh qrq frqwulexwru| sduw ri wkh sxeolf
shqvlrq v|vwhp1 Hyhq wkrxjk wkh| fdq eh vkrzq wr eh Sduhwr lpsurylqj
lq wkh vwhdg|0vwdwh/ wkh| lqyroyh ohvv uhglvwulexwlrq dqg orzhu xwlolw| iru wkh
srru zrunhuv lq wkh wudqvlwlrq shulrg1
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Uhihuhqfhv

^4` Eorqgdo/ V1 dqg V1 Vfdushwwd/ +4<<;d,/ Idoolqj sduwlflsdwlrq udwhv dprqj
roghu zrunhuv lq wkh RHFG frxqwulhv/ RHFG/ Sdulv1

^5` Eorqgdo/ V1 dqg V1 Vfdushwwd/ +4<<;e,/ Wkh uhwluhphqw ghflvlrq lq RHFG
frxqwulhv/ RHFG0HGZS 5351

^6` Erhul/ W1/ D1 Eùuvfk0Vxsdq dqg J1 Wdehoolql/ +5333,/ Zrxog |rx olnh wr
vkulqn wkh zhoiduh vwdwhB/ Hfrqrplf Srolf|/ 65/:0831

^7` Fdorw/ J1 dqg M10S1 Vdugrx/ +4<<<,/ Ylhloolvvhphqw gìprjudskltxh hw
surwhfwlrq vrfldoh/ Ixwxuleohv/ Mxo|0Dxjxvw/ 4<0781

^8` Fdvdpdwwd/ J1/ K1 Fuhphu dqg S1 Shvwlhdx/ +5333,/ Wkh srolwlfdo hfrq0
rp| ri vrfldo vhfxulw|/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ 435/ 83608551

^9` Fdvdpdwwd/ J1/ K1 Fuhphu dqg S1 Shvwlhdx/ +5334,/ Yrwlqj rq shqvlrqv
zlwk hqgrjhqrxv uhwluhphqw djh/ xqsxeolvkhg1

^:` Frqgh0Uxl}/ M1L1 dqg Y1 Jdodvvr/ +5333,/ Hduo| uhwluhphqw/ xqsxeolvkhg1

^;` Fuhphu/ K1 dqg S1 Shvwlhdx/ +5333,/ Uhiruplqj rxu shqvlrq v|vwhpv= lv
lw d ghprjudsklf/ �qdqfldo ru srolwlfdo sureohpB> Hxurshdq Hfrqrplf

Uhylhz/ 77/ <:70<;61

^<` Fuhphu/ K1/ M10P1 Or}dfkphxu dqg S1 Shvwlhdx/ +5334,/ Vrfldo vhfxulw|
dqg yduldeoh uhwluhphqw vfkhphv1 Dq rswlpdo lqfrph wd{dwlrq dssurdfk/
xqsxeolvkhg1

^43` Ghoolv/ D1/ D1 Mrxvwhq dqg V1 Shuhopdq/ +5334,/ Plfur0prghoolqj ri uh0
wluhphqw lq Ehojlxp/ xqsxeolvkhg1

^44` Gldprqg/ S1/ +4<<<,/ Vrfldo Vhfxulw| Uhirupv/ Olqgkdo Ohfwxuhv/ +iruwk0
frplqj,1

^45` Gldprqg/ S1 dqg M1 Pluuohhv/ +4<;9,/ Sd|uroo wd{ �qdqfhg vrfldo lqvxu0
dqfh zlwk yduldeoh uhwluhphqw/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ ;;/
580831

^46` Hssoh/ G1 dqg U1 Urpdqr/ +4<<9,/ Sxeolf surylvlrq ri sulydwh jrrgv/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437/ 8:0;71
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^47` Ideho/ G1/ +4<<7,/ Wkh Hfrqrplfv ri Shqvlrq dqg Yduldeoh Uhwluhphqw

Vfkhphv/ M1 Zloh|/ Qhz \run1

^48` Ihku/ K1/Z1L1 Vwhunhou| dqg R1 Wkrujrvhq/ +5333,/ Vrfldo vhfxulw| uh0
irupv dqg hduo| uhwluhphqw/ xqsxeolvkhg1

^49` Ihuuhud/ P1/ +4<<6,/ HF Flwl}hqv dqg Vrfldo Surwhfwlrq1 Pdlq Uhvxowv
iurp d Hxuredurphwhu Vxuyh|/ HF1 Gly Y2H25/ Euxvvhov1

^4:` Juxehu/ J1 dqg G1 Zlvh/ +4<<<,/ Vrfldo Vhfxulw| dqg Uhwluhphqw durxqg
wkh Zruog/ Wkh Fklfdjr Xqlyhuvlw| Suhvv/ Fklfdjr1

^4;` Odfrpeh/ M1D1 dqg I1P1 Odjrv/ +4<<<,/ Vrfldo vhfxulw| dqg srolwlfdo
hohfwlrq rq uhwluhphqw djh/ xqsxeolvkhg1

^4<` Odqqr|/ I1 dqg E1 Olsv}|f/ +5333,/ Oh ylhloolvvhphqw hq Ehojltxh= grq0
qìhv gìprjudskltxhv hw lpsolfdwlrqv ìfrqrpltxhv/ lq S1 Shvwlhdx/ O1
Jhyhuv/ Y1 Jlqvexujk/ H1 Vfkrnndhuw dqg E1 Fdqwloorq/ Uì h{lrqv vxu
o*dyhqlu gh qrv uhwudlwhv/ Jdudqw/ Ohxyhq/ 440691

^53` Oxpvgdluh/ U1O1 dqg G1 Plwfkhoo/ +4<<<,/ Qhz ghyhorsphqwv lq wkh hfr0
qrplf dqdo|vlv ri uhwluhphqw/ lq R1 Dvkhqihowhu dqg G1 Fdug Kdqgerrn

ri Oderu Hfrqrplfv/ yro1 6/ Qruwk Kroodqg/ Dpvwhugdp1

^54` Plfkho/ Sk1 dqg S1 Shvwlhdx/ +5333,/ Rswlpdo wd{dwlrq ri fdslwdo dqg
oderu lqfrph zlwk vrfldo vhfxulw| dqg yduldeoh uhwluhphqw djh/ xqsxe0
olvkhg1

^55` Shvwlhdx/ S1/ O1 Jhyhuv/ Y1 Jlqvexujk/ H1 Vfkrnndhuw dqg E1 Fdqwloorq/
+5333,/ Uì h{lrqv vxu o*dyhqlu gh qrv uhwudlwhv/ Jdudqw/ Ohxyhq1

^56` Vfkrnndhuw/ H1/ P1 Yhukxh dqg J1 Shshupdqv/ +5333,/ Ohv Iodpdqgv hw
ohxu v|vwëph gh uhwudlwh/ lq Shvwlhdx hw do1/ ss1 8<0;31
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4<<8 5383
Iudfwlrq ri shrsoh dw ohdvw djhg

Frxqwulhv 83 93 :3 ;3 <3 83 93 :3 ;3 <3
Jhupdq| 67/9 53/: 43/8 7/4 3/7 7:/< 68/3 54/: 43/9 4/8
Vsdlq 64/3 53/9 43/5 6/6 3/7 7;/; 6:/4 57/: 43/7 4/:
Iudqfh 5</: 53/3 43/6 7/5 3/9 77/; 66/3 54/3 43/4 5/4
Luhodqg 57/7 48/6 ;/3 5/8 3/6 79/4 66/3 4</< ;/4 4/6
Lwdo| 67/7 55/5 44/4 7/3 3/7 83/: 6;/6 59/3 45/3 4/<
XN 64/5 53/8 44/5 7/3 3/8 77/8 64/: 4</9 </8 4/:
Vzhghq 66/9 55/4 45/< 7/9 3/9 74/; 5</4 4;/4 ;/8 4/8
HX 48 65/5 53/9 43/9 6/< 3/8 79/6 66/< 54/: 43/4 4/:

Wdeoh 7= Iudfwlrq ri shrsoh djhg 83/ 93/ :3/ ;3/ <3 lq 4<<8 dqg 5383 0 Vrxufh=
Fdorw dqg Vdugrq +4<<<,
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Phq Zrphq

Olih Uhwluhphqw Olih Uhwluhphqw

h{shfwdqf| djh h{shfwdqf| djh

4<93098 <805333 4<93 4<<8 4<93098 <805333 4<93 4<<8

Ehojlxp 9:1< :61; 9616 8:19 :61< ;319 931; 8714
Iudqfh 9:19 :715 9718 8<15 :718 ;513 981; 8;16
Jhupdq| 9:17 :61< 9815 9318 :51< ;315 9516 8;17
Luhodqg 9;17 :619 9;14 9617 :516 :<15 :31; 9314
Lwdo| 9:17 :813 9718 9319 :519 ;415 9513 8:15
Vsdlq 9:1< :718 9:1< 9417 :51: ;418 9;13 8;1<
Vzhghq :419 :916 9913 9616 :819 ;31; 9617 9514
XN 9:1< :718 9915 951: :61; :<1; 951: 8<1:

Wdeoh 8= Orqjhylw| dqg uhwluhphqw djh lq wkh Hxurshdq Xqlrq +4<9304<<8,
0 Vrxufh= Xqlwhg Qdwlrqv Srsxodwlrq Glylvlrq/ Zruog Srsxodwlrq Survshfwv/ 4<<;1

Eorqgdo dqg Vfdushwwd +4<<;,
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Ehojldq phq= 4<:305383
L LL LLL LY

Udwlr Udwlr edvhg rq Udwlr edvhg rq Udwlr nhhslqj

93 h�hfwlyh uhwluhphqw h�hfwlyh uhwluhphqw ohqjwk ri uhwluhphqw

h{wudsrodwhg nhsw dw 8; frqvwdqw +4: |hduv,

diwhu 4<<8 diwhu 4<<8

4<:3 6516 5716 5716 0

4<;3 5:1: 5819 5819 0

4<<8 6518 6:19 6:19 6:19

5358 8314 :;15 8;19 7914

5383 8;19 4381; 9:17 7415

Ehojldq zrphq= 4<:305383

Udwlr Udwlr edvhg rq Udwlr edvhg rq Udwlr nhhslqj

93 h�hfwlyh uhwluhphqw h�hfwlyh uhwluhphqw ohqjwk ri uhwluhphqw

h{wudsrodwhg nhsw dw 8; frqvwdqw +5: |hduv,

diwhu 4<<8 diwhu 4<<8

4<:3 7618 7:14 7:14 0

4<;3 6:18 7:17 7:17 0

4<<8 781: 981< 981< 981<

5358 961; 46316 <819 :;19

5383 :;13 4;718 43;13 :318

Wdeoh 9= Dowhuqdwlyh udwlrv ri ghshqgdqfh 0 Vrxufh= Odqqr| dqg Olsv}|f +5333,
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