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Wklv sdshu ghyhorsv d wudfwdeoh Ulfdugldq prgho wr dvvhvv wkh h�hfwv
ri wudgh lqwhjudwlrq rq wkh lqfrph jurzwk ri ghyhorslqj ri frxqwulhv1
Wzr vfhqdulrv duh dqdo|}hg1 Irfxvlqj �uvw rq wudgh lqwhjudwlrq eh0
wzhhq dq dgydqfhg dqg d ghyhorslqj hfrqrp|/ wkh prgho frqflvho|
uhsolfdwhv wkh lqidqw lqgxvwu| dujxphqw1 Pruh lpsruwdqwo|/ lw khosv
wr lghqwli| d gudzedfn ri wkh lqidqw lqgxvwu| dujxphqw/ zklfk suh0
ylrxv olwhudwxuh kdv ryhuorrnhg= surwhfwlrqlvp fdq ghfuhdvh orqj0uxq
jurzwk e| uhgxflqj orfdo ghpdqg iru jrrgv zlwk kljk srwhqwldov ri
surgxfwlylw| jurzwk dqg wkhuhe| klqghu hfrqrplf jurzwk1 D vhfrqg
sduw h{whqgv wkh prgho wr d wkuhh0frxqwu| vfhqdulr dqg dgguhvvhv
wkh h�hfwv ri frpshwlwlrq dprqj ghyhorslqj frxqwulhv1 Wudgh lqwh0
judwlrq ri odujh ghyhorslqj hfrqrplhv kdv dgyhuvh vwdwlf h�hfwv rq
wkh lqfrph ri vpdoo ghyhorslqj hfrqrplhv vlqfh lw lqfuhdvhv frpsh0
wlwlrq dw wkh erwwrp ri wkh surgxfw odgghu1 Exw xqghu dghtxdwh
frqglwlrqv/ wkh vpdoo ghyhorslqj hfrqrplhv duh sxvkhg xs wkh sur0
gxfwlrq odgghu dqg hqmr| lqfuhdvhg wudqvlwlrqdo dqg orqj0uxq jurzwk/
srvvleo| ohdsiurjjlqj wkh lqlwldo ohdghu1
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Wklv sdshu dgguhvvhv wkh h�hfw ri wudgh lqwhjudwlrq rq wkh jurzwk shuirupdqfh
ri ghyhorslqj frxqwulhv/ uhhydoxdwlqj wkh lqidqw lqgxvwu| dujxphqw lq d �uvw sduw
dqg dqdo|}lqj lq d vhfrqg wkh h�hfwv ri frpshwlwlrq dprqj ghyhorslqj qdwlrqv1
Wkh lqidqw lqgxvwu| dujxphqw lv derxw wzr kxqguhg |hduv rog/ h{whqvlyho| vwxg0
lhg/ dqg yhu| zhoo nqrzq1 Zkhq fhuwdlq lqgxvwulhv/ vr lw uxqv/ jhqhudwh nqrzo0
hgjh e| phuho| hqjdjlqj lq surgxfwlrq/ dqg wklv nqrzohgjh lv dssursuldeoh
e| qhlwkhu �upv qru zrunhuv/ wkhq d whpsrudu| surwhfwlrq ri wkhvh lqgxvwulhv
jlyh wkhp wkh urrp wr jurz frpshwlwlyh1 Wkh dujxphqw hqmr|hg juhdwhvw srs0
xodulw| diwhu Zruog Zdu LL/ zkhq lw zdv xvhg wr mxvwli| surwhfwlrqlvw srolflhv
lq srvw0frorql}hg ghyhorslqj frxqwulhv> h{whqvlyh surwhfwlrq zdv phdqw wr irv0
whu lqgxvwuldol}dwlrq dqg wkhuhe| hqfrxudjh hfrqrplf jurzwk +Edogzlq ^5336`,1
Qrw ehiruh vrph ghfdghv odwhu wkh dgydqfhv ri wkh hqgrjhqrxv jurzwk wkhru|
surylghg hfrqrplvwv zlwk wkh irupdo whfkqltxhv wr fduhixo dqdo|}h wkh fkdqqhov
ehwzhhq surwhfwlrqlvp dqg hfrqrplf jurzwk1 D prvw lq�xhqwldo frqwulexwlrq lv
\rxqj ^4<<4`/ zkr ghprqvwudwhg krz surwhfwlrqlvp fdq irvwhu orqj0uxq jurzwk
lq ghyhorslqj frxqwulhv1 Vrphzkdw lurqlfdoo|/ wkhvh wkhruhwlfdo dfklhyhphqwv
fdph dw d wlph zkhq d sdudgljp fkdqjh kdg dffrpsolvkhg= wkh grplqdqw ylhz
dprqj srolf|pdnhuv dqg hfrqrplvwv idyruhg rshq wudgh uhjlphv dqg d odujh
sduw ri wkh ghyhorslqj frxqwulhv kdg olehudol}hg wkhlu wudgh srolf|1
Lwv frpsuhkhqvlyh dqg hohjdqw irupdol}dwlrq rq wkh rqh kdqg dqg lwv grzqwxuq
ri srolwlfdo uhohydqfh rq wkh rwkhu frxog kdyh pdunhg wkh hqg ri wkh dfdghplf
glvfxvvlrq ri wkh lqidqw lqgxvwu| uhdvrqlqj1 Exw uhfhqw |hduv kdyh vhhq uhqhzhg
lqwhuhvw lq wkh uroh ri wkdw dujxphqw lq wkh frqwh{w ri hfrqrplf ghyhorsphqw/
lqgxflqj wr d olqh ri wkhruhwlfdo frqwulexwlrqv +Ohdk| dqg Qhdu| ^4<<<`/ Pludyhwh
^5336`/ Ndqhgd ^5336`/ dqg Pholw} ^5337`,1 Dw wkh vdph wlph/ hpslulfdo vwxglhv
kdyh wulhg wr hydoxdwh wkh vxffhvv ri surwhfwlrqlvp +Ox}lr dqg Juhhqvwhlq ^4<<8`/
Ohh ^4<<:`/ Gdv dqg Vulqlydvdq ^4<<:`/ Gr}lq dqg Ydpydnlglv ^5336`/ Rk|dpd
hw do ^5337`,1
Vrphzkdw vxusulvlqjo|/ wkh hpslulfdo vwxglhv kdyh shuvlvwhqwo| wulhg wr lghqwli|
surwhfwlrqlvp dqg lwv h�hfwv rq vhfwruldo surgxfwlylw| jurzwk/ zkloh qhjohfwlqj
wr orrn dw wkh h�hfw ri wudgh olehudol}dwlrq ehwzhhq ghyhorslqj dqg lqgxvwuldol}hg
hfrqrplhv1 Wklv lv dvwrqlvklqj dv wkh lqidqw lqgxvwu| orjlf kdv d vwudljkw dqg
hdvlo| whvwdeoh lpsolfdwlrq frqfhuqlqj wkh h�hfwv ri wudgh olehudol}dwlrq= d wxuq wr
olehudo wudgh srolflhv vkrxog lqfuhdvh lqwhuqdwlrqdo frpshwlwlrq dqg wkhuhe| pdnh
kljk0whfkqrorj| lqgxvwulhv lq ohvv ghyhorshg frxqwulhv frqwudfw ru glvdsshdu1
L wklqn wkdw whvwlqj wklv lpsolfdwlrq kdv srwhqwldo wr v|vwhpdwlfdoo| dvvhvv wkh
lqidqw lqgxvwu| dujxphqw1 Iru d vnhwfk| exw looxvwudwlqj h{dpsoh wdnh d orrn dw
Ph{lfr*v shuirupdqfh lq kljk0whfkqrorj| vhfwruv diwhu lwv pdmru wudgh olehudol}d0
wlrq zlwk wkh XV dqg Fdqdgd/ wkh irxqgdwlrq ri QDIWD1 Dv d qduurz gh�qlwlrq
ri kljk0whfkqrorj| vhfwruv vhuyhv fodvvl�fdwlrq N ri %Dgydqfhg Whfkqrorj| Surg0O>P"�&�Q�7�G�H/G�G�7�0%���$�� �0�R�>$7��ST4�� �>����/;�3�&�	
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xfwv% +DWS, wkh XV Fhqvxv Exuhdx surylghv1 Lqvwhdg ri surgxfwlrq gdwd/ zklfk
duh kdugo| dydlodeoh/ wdnh wudgh yroxphv ri wkhvh frpprglwlhv ehwzhhq XV dqg
Ph{lfr1 Lw lv vwulnlqj wr revhuyh wkdw wrwdo Ph{lfdq h{sruwv lq wkh DSW fdwhjru|
lqfuhdvhg e| urxjko| 733( ehwzhhq 4<<7 dqg 5337 +vhh Wdeoh 4,1 Hyhq pruh
uhpdundeo|/ Ph{lfr*v h{sruwv ri DWSv dv d vkduh ri wrwdo elodwhudo wudgh lq DWS
zhqw xs iurp ehorz 68( lq4<<7 wr doprvw 8:( lq 53371 Wklv phdqv wkdw Ph{0
lfr zdv d qhw lpsruwhu ri wkh kljk0whfkqrorj| frpprglwlhv dw wkh irxqgdwlrq ri
QDIWD exw wxuqv rxw wr eh d qhw h{sruwhu whq |hduv diwhu1 Zlwklq wkh DWS
fodvvl�fdwlrqv wkh slfwxuh lv urxjko| wkh vdph= lq doo whq fdwhjrulhv/ Ph{lfdq
h{sruwv vxujhg/ dqg iru doo exw wzr ri wkhp +Elrwhfkqrorj| dqg Hohfwurqlfv,
wkh Ph{lfdq h{sruwv dv vkduh ri wrwdo elodwhudo h{sruwv lqfuhdvhg gxulqj wkh whq
|hduv ri QDIWD1 Ph{lfr khdylo| olqnhg lwv hfrqrp| lqwr wkh surgxfwlrq fkdlq
ri wkhvh dgydqfhv dqg g|qdplf lqgxvwulhv1
Wkhvh revhuydwlrqv duh doduplqjo| dw rggv zlwk wkh lqidqw lqgxvwu| uhdvrqlqj
dqg frqyhqwlrqdo frpsdudwlyh dgydqwdjh frqvlghudwlrqv1
Prwlydwhg e| wkhvh sx}}olqj idfwv dqg wkh uhqhzhg lqwhuhvw lq wkh lqidqw lqgxv0
wu| dujxphqw wkh suhvhqw sdshu dlpv wr uhh{dplqh wkh lqidqw lqgxvwu| orjlf rqfh
djdlq1 Wr wklv sxusrvh lw ghyhorsv d vlpsoh dqg wudfwdeoh prgho wkdw hqfdsvx0
odwhv wkh lqidqw lqgxvwu| dujxphqw dqg khosv wr lghqwli| rqh ri lwv gudzedfnv
suhylrxv olwhudwxuh kdv idlohg wr dgguhvv1 Lq sduwlfxodu/ lw kljkoljkwv wkh lpsdfw
ri surwhfwlrqlvp rq wkh ghpdqg vwuxfwxuh ri frxqwu|1 Wkh prgho looxvwudwhv wkdw
xqghu ghpdqg frpsohphqwdulwlhv surwhfwlrqlvp fdq uhgxfh ghpdqg iru lqgxv0
wuldo jrrgv wr d ghjuhh wkdw hyhqwxdoo| pdnhv xqsur�wdeoh wkh surgxfwlrq lq
suhflvho| wkrvh vhfwruv zkrvh surprwlrq zdv ruljlqdoo| lqwhqghg1 Lq wklv fdvh
surwhfwlrq idlov wr irvwhu lqgxvwuldol}dwlrq dqg rq wkh frqwudu| fdxvhv hfrqrplf
vwdjqdwlrq1 D nh| suhfrqglwlrq iru wklv wr rffxu lv wkh h{lvwhqfh ri dq xqvr0
sklvwlfdwhg +srvvleo| lpshuihfw, vxevwlwxwh wr lqgxvwuldo surgxfwlrq 0 vxfk dv d
vxevlvwhqfh whfkqrorj|1 Lq wkh suhvhqfh ri vxfk dq rxwvlgh rswlrq/ yhu| lqh�0
flhqw grphvwlf lqgxvwulhv duh irufhg wr sd| zdjhv dw zklfk zrunhuv suhihu wr pdnh
wkhlu olylqj zlwk d vxevlvwhqfh whfkqrorj|1 Frqvhtxhqwo|/ surgxfwlrq lq wkhvh lq0
gxvwulhv frphv wr d kdow1 Hyhq zruvh/ xqghu ghpdqg frpsohphqwdulwlhv dprqj
lqgxvwuldol}hg jrrgv/ wklv dgyhuvho| d�hfwv ghpdqg iru rwkhu kljk0whfkqrorj|
frpprglwlhv/ dqg frqwdjlrq wkxv fdxvhv d frpsohwh euhdngrzq ri odujh sduwv ru
wkh hqwluh lqgxvwuldol}hg vhfwru1
Frqyhuvho|/ wudgh olehudol}dwlrq glvhqwdqjohv ghpdqg frpsohphqwdulwlhv rq wkh
frxqwu| ohyho dqg fdq rshq wkh zd| wr lqgxvwuldol}dwlrq1 Zlwklq wkh lqgxvwuldo
vhfwru/ d ghyhorslqj frxqwulhv wkhq vshfldol}hv dffruglqj wr lwv frpsdudwlyh dg0
ydqwdjh1 Wklv phfkdqlvp r�huv dq h{sodqdwlrq iru wkh dpd}lqj shuirupdqfh ri
Ph{lfr*v h{sruw shuirupdqfh lq wkh %Dgydqfhg Whfkqrorj| Surgxfwv%1 Krz0
hyhu/ dovr xqghu iuhh wudgh wkh suhvhqfh ri d vxevlvwhqfh whfkqrorj| vxevwdqwldoo|
lpsdfwv wkh lqgxvwuldol}dwlrq ri d ghyhorslqj frxqwu|= Zkhq wkhuh lv olplwhg
zruog ghpdqg ri wkrvh lqgxvwuldo jrrgv wkh ghyhorslqj frxqwu| kdv d frpsdu0
dwlyh dgydqwdjh lq/ wkh hqwluh oderu irufh ri wkh ghyhorslqj frxqwu| zloo qrw/��GK	��$�� �0�����&�C��$?�9/��	�&��� ����$7�����7��_J�9d��	�)�;�&�9
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hqjdjh lq lqgxvwuldo surgxfwlrq1 Lqvwhdg/ d gxdo hfrqrp| hvwdeolvkhv zlwk sduw
ri wkh oderu irufh olylqj rq d vxevlvwhqfh edvlv zkloh wkh uhvw surgxfhv wkh h{sruw
jrrgv1 Exw lq d jurzlqj zruog hfrqrp| wkh ghpdqg lq wkh ghyhorslqj frxqwu|*v
h{sruw vhfwru lqfuhdvhv/ judgxdoo| gu|lqj rxw wkh oderu srro rffxslhg zlwk wkh
vxevlvwhqfh0whfkqrorj|1 Rqo| diwhu wklv wudqvlwlrq lv dffrpsolvkhg/ dq h�hfw vhwv
lq wkdw jhqhudwhv jurzwk lq wkh ohvv ghyhorshg frxqwu|= Zlwk iruhljq rxwsxw/
wkh grphvwlf h{sruwhg jrrgv ehfrphv uhodwlyho| vfdufh dqg/ e| lpsurylqj lwv
whupv ri wudgh/ wkh ohvv ghyhorshg frxqwu| lpsruwv jurzwk k 1
Wkh lpsolhg lqfrph g|qdplfv vwdqg lq vkdus frqwudvw wr wkh rqhv wkh lqidqw
lqgxvwu| orjlf lpsolhv1 Wkh odwwhu vwdwhv wkdw iru ghyhorslqj frxqwulhv vwdwlf
jdlqv iurp wudgh frph dw wkh sulfh ri uhgxfhg orqj0uxq jurzwk1 Wkh suhvhqfh ri
d vxevlvwhqfh whfkqrorj| lpsolhv wkh h{dfw rssrvlwh= gxulqj d wudqvlwlrq shulrg
ri d gxdo hfrqrp|/ lqfrph lv slqqhg grzq e| wkh vxevlvwhqfh0whfkqrorj| dqg
jurzwk lv qlo> rqo| diwhu wkh wudqvlwlrq shulrg wkh ghyhorslqj frxqwu|*v whupv ri
wudgh lpsuryh dqg lw hqmr|v lpsruwhg jurzwk1
Wkh vhfrqg sduw ri wkh sdshu dgguhvvhv d pruh uhfhqw frqfhuq ghyhorslqj frxq0
wulhv irupxodwh1 Wklv lv djdlq uhohydqw iru Ph{lfr dqg rwkhu ghyhorslqj frxqwulhv
zkr ihdu wkdw wkh lqwhjudwlrq ri wkh odujh dqg oderu dexqgdqw qdwlrqv Lqgld dqg
Fklqd lqwr wkh zruog pdunhw zloo dgyhuvho| d�hfw wkhlu qdwlrqdo ghyhorsphqw
wudmhfwrulhv1 Uhfhqw vwxglhv frq�up wkdw Fklqd hfrqrplf h{sdqvlrq dqg lwv h{0
wudruglqdu| shuirupdqfh dv d lqwhuqdwlrqdo wudghu furzgv rxw h{sruwv lq rwkhu
Hdvw Dvldq dqg Odwlq Dphulfdq frxqwulhv +vhh Hlfkhqjuhhq hw do ^5337` dqg LGE
^5338`,1 Frpprq nqrzohgjh edvhg rq Ulfdugldq dqg Vwroshu0Vdpxhovrq frq0
vlghudwlrqv vxjjhvwv wkdw wkh lqwhjudwlrq ri Lqgld dqg Fklqd frxqwulhv kdupv
rwkhu ghyhorslqj qdwlrqv zlwk vlplodu idfwru hqgrzphqwv dqg surgxfwlrq srv0
vlelolwlhv1 Lqghhg/ d vlpsoh sorw ri qdwlrqdo lqfrph djdlqvw wkh hvwlpdwhg orvvhv
gxh wr Fklqd*v wudgh lqwhjudwlrq iru vrph Hdvw Dvldq frxqwulhv +wdnhq iurp
Hlfkhqjuhhq hw do ^5337`, h{klelw d fohdu qhjdwlyh uhodwlrq +Iljxuh 3,1
Qrwzlwkvwdqglqj wkh wkuhdw ri vwdwlf orvvhv wkdw Fklqd*v ghyhorsphqw fdq od|
rq rwkhu ghyhorslqj frxqwulhv/ wklv sdshu vkrzv wkdw wkh lqwhjudwlrq ri d %elj
frpshwlwruv% fdq dovr eh d yluwxh iru vpdoo ghyhorslqj frxqwulhv e| dffhohudwlqj
wkhlu hfrqrplf ghyhorsphqw1 Vpdoo ghyhorslqj frxqwulhv pd| uhfhlyh d %sxvk
xs% wkh surgxfw odgghu dqg vwduw surgxflqj lq vhfwruv wkdw jhqhudwh nqrzohgjh
dqg judqw orqj0uxq jurzwk1 Wkxv/ e| iuhhlqj uhvrxufhv dw wkh erwwrp ri wkh
surgxfw odgghu/ wkh lqwhjudwlrq ri wkh elj qhzfrphuv fdq vhw wkh vpdoo frp0
shwlwruv frxqwulhv rq wkh wudfn ri idvw jurzwk/ jhqhudwh g|qdplf jdlqv/ dqg
hyhq pdnh wkhp ohdsiurj wkh lqlwldo ohdghu1 Li vpdoo ghyhorslqj frxqwulhv wdnh
dgydqwdjh ri fkhds Fklqhvh lpsruw dqg pryh xs wkh surgxfw odgghu/ Fklqd*v
lqwhjudwlrq lq wkh zruog hfrqrp| r�huv wkhp h{fhoohqw jurzwk rssruwxqlwlhv1
Lq idfw/ Hlfkhqjuhhq hw do ^5337` jlyh krsh wkdw %wkh gluhfw srvlwlyh lpsdfw ri
Fklqd*v ghpdqg iru lpsruwv zloo vrrq grplqdwh wkh wklug0pdunhw furzglqj0rxw
h�hfwv ri lwv h{sruwv iru d jurzlqj qxpehu ri Dvldq frxqwulhv1%l�W&�&<�<!����� �&%3*���
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Ilqdoo|/ wkh sdshu uhodwhv wr d uhfhqw vwuhdp ri olwhudwxuh/ zklfk hpslulfdoo| dv0
vhvvhv wkh h�hfw ri wudgh olehudol}dwlrq rq oderu doorfdwlrq1 Lpev dqg Zdf}lduj
^5336` glvfryhu wkdw %phdvxuhv ri vhfwruldo frqfhqwudwlrq iroorz d X0vkdshg sdw0
whuq% zkhq sorwwhg djdlqvw shu fdslwd lqfrph1 Erwk/ furvv vhfwlrq dqg wlph0
vhulhv gdwd uhyhdo wkdw wkh frxuvh ri hfrqrplf ghyhorsphqw whqgv wr frph dorqj
zlwk d uhgxfwlrq lq vshfldol}dwlrq lq hduo| vwdjhv dqg zlwk kljkhu lqwhuqdwlrqdo
vshfldol}dwlrq lq odwhu rqhv1 Wkh suhvhqw sdshu*v h{klelwv sdwwhuqv ri vshfldol}d0
wlrq wkdw duh frqvlvwhqw zlwk wkhvh �qglqjv1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghyhorsv d prgho
wkdw uhsolfdwhv wkh nh| ihdwxuhv ri \rxqj*v ^4<<4` dujxphqw/ lqwurgxfhv gl�huhqw
whfkqrorjlfdo jhqhudwlrqv dqg glvfxvvhv wkh lpsolfdwlrqv ri wklv fkdqjh1 Vhfwlrq
6 wuhdwv wkh fdvh ri frpshwlwlrq ehwzhhq ohvv ghyhorshg frxqwulhv xqghu iuhh
wudgh1 Vhfwlrq 7 frqfoxghv1

2 A�i �@t�U �L_i*
Wklv vhfwlrq dlpv wr looxvwudwh krz ghpdqg frpsohphqwdulwlhv fdq pdnh wkh
lqidqw lqgxvwu| uhdvrqlqj idlo1 Wr wklv sxusrvh/ lw h{srvhv d uhgxfhg0irup yhu0
vlrq ri \rxqj ^4<<4` lq d �uvw vwhs dqg vkrzv lq d vhfrqg wkdw plqru fkdqjhv
lq wkh edvlf vhwxs kdyh gudpdwlf frqvhtxhqfhv iru wkh jurzwk shuirupdqfh ri
ghyhorslqj frxqwulhv1
Wkh prgho*v eurdg iudphzrun lv wkh iroorzlqj1 Lqglylgxdov duh ri frqvwdqw pdvv
dqg lq�qlwho| olyhg1 Dw hdfk gdwh w 5 U o wkh| frqvxph dq dprxqw f p ri d
�qdo jrrg dqg hqmr| wkh xwlolw| x+f p ,1 Wkh �rz ri prphqwdqhrxv xwlolwlhv lv
glvfrxqwhg zlwk wkh wlph suhihuhqfh udwh �/ vr wkdw wkh lqglylgxdo olihwlph xwlolw|
dw wlph w lv

X p @
q
]

p
h r�sGt x+f t ,g� +4,

Wkhuh zloo eh qr fdslwdo/ qr vwrudjh whfkqrorj| dqg wkxv qr vdylqjv ghflvlrq1
Rqo| %nqrzohgjh% lv dffxpxodeoh dqg jurzv dffruglqj wr d ohduqlqj e| grlqj
phfkdqlvp/ zklfk/ dv lq Nuxjpdq ^4<;:` ru \rxqj ^4<<4`/ d�hfwv surgxfwly0
lw| srvlwlyho| dqg lv hqwluho| h{rjhqrxv wr �upv dqg zrunhuv1 Frqvhtxhqwo|/
lqglylgxdov zkr pd{lpl}h +4, vlpso| pd{lpl}h lqfrph dw hdfk srlqw lq wlph1
Mxvw dv lq \rxqj ^4<<4`/ wzr gl�huhqw fdvhv zloo eh glvwlqjxlvkhg= iuhh dqg
frvwohvv wudgh lq jrrgv dv rssrvhg wr dxwdun|1 Dxwdun| lv phdqw wr fdswxuh
surwhfwlrqlvw srolflhv1 Wudgh lq dvvhwv zloo eh uxohg rxw exw wkdw dvvxpswlrq lv
qrw fuxfldo1

8



2�� A�i W?u@?| W?_�t|h) �h}�4i?|
Wklv vxevhfwlrq ghyhorsv d prgho wkdw uhsolfdwhv wkh fruh ihdwxuhv ri wkh lqidqw
lqgxvwu| dujxphqw1 Lw exlogv rq wkh dvvxpswlrqv/ zklfk wudglwlrqdoo| xqghuolh
wkh lqidqw lqgxvwu| dujxphqw1 Lq sduwlfxodu/ lw dvvxphv d ohduqlqj e| grlqj
surfhvv wkdw lv eldvhg wrzdugv wkh jrrgv dgydqfhg hfrqrplhv kdyh d frpsdudwlyh
dgydqwdjh lq1 Wkh suhvhqw vhfwlrq looxvwudwhv wkh lqidqw lqgxvwu| dujxphqw/
uhsolfdwlqj wkh nh| �qglqj ri \rxqj ^4<<4`/ qdpho| wkh qhjdwlyh h�hfw ri wudgh
rq orqj uxq jurzwk lq ohvv ghyhorshg frxqwulhv1 Lw vwduwv zlwk wkh ghvfulswlrq ri
d forvhg hfrqrp| wkdw kdv d oderu irufh ri pdvv O/ zklfk lv vxssolhg lqhodvwlfdoo|1
Frqvxphuv lq wkh hfrqrp| ghpdqg rqh �qdo jrrg +\ ,/ zklfk lv surgxfhg rxw
ri wzr lqwhuphgldwhv +[ u ,

\ @ +[ � r �0v0w� .[ � r �0v0wN , wGv	x w r ��y +% A 4, +5,
Wkh lqwhuphgldwh jrrgv/ lq wxuq/ duh surgxfhg dffruglqj wr olqhdu whfkqrorjlhv/
xvlqj oderu dv wkh vroh idfwru=

[ � @ O �
[ N @ DO N +6,

Frqvlghu �uvw d forvhg hfrqrp| xqghu wkhvh frqglwlrqv1 Pdujlqdo surgxfwlylw|
ri wkh lqwhuphgldwh jrrgv ghwhuplqhv wkhlu ghpdqg

s u @ +\@[ u , �0v0w +7,
zkloh d frpshwlwlyh oderu pdunhw lpsolhv z s � @ Ds N 1 Frpelqlqj wkhvh htxdwlrqv
ohdgv wr

O � @ 4
4 .D w r � O O N @ D w r �

4 .D w r � O +8,
Htxdwlrqv +5, dqg +8, wrjhwkhu jlyh qdwlrqdo rxwsxw

\ @ �4 .D w r � � �0v	x w r ��y O +9,
Vxssrvh qrz wkdw wkhuh lv ohduqlqj e| grlqj/ zklfk lv dv|pphwulf lq wkh jrrgv
dqg vwurqjhu lq wkrvh jrrgv/ lqgxvwuldol}hg frxqwulhv kdyh d frpsdudwlyh dg0
ydqwdjh lq 0 vd| [ N 1 Iru vlpsolflw|/ dvvxph wkh h{wuhph fdvh ri qr ohduqlqj lq
surgxfwlrq ri [ � zkloh wkh surgxfwlylw| ri [ N 0surgxfwlrq hyroyhv dffruglqj wr

{
D @ � �[ N @O +:,

Gl�huhqwldwlqj +9, zlwk uhvshfw wr wlph dqg xvlqj +6,/ +8,/ dqg +:, lw lv vwudljkw
wr vhh wkdw wkh dxwdun| jurzwk udwh lv

j @
{
\ @\ @ �

� D w r �
4 .D w r �

�

N
+;,

|�bL�>�7���;���G�5<3$?�#�3��/;��� K&� �\IR}~� �5�3� �?�GE�_J�#�3� ���Q���&�Q�>�7�	EF� �?��� /
� �&�J� K&� �3���	
 �5�����&�>�.� ������$�����
 � '0����&�G� $L���	$?�J� �L�0nJ��/��9�	���>/�/G��E���
 �G��� �	�.�	@]8X���&/;�5�;���G�L������
 ��_J��$9��
 
 �#/0�G�;� �#�`f �	j"� �9�&���-�>nJ�0/;�7�0��_#I� �	�7��$?�7�GE)<J��$7�	
!/��#�&��� ���0$7�>��� �	�&�0�
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zklfk dssurdfkhv � dv D jurzv odujh1 D forvhg hfrqrp|*v orqj0uxq jurzwk udwh
lv wkhuhiruh �1
Qrz wdnh wzr gl�huhqw forvhg hfrqrplhv ri wklv w|sh/ fdoohg Vrxwk dqg Qruwk
+Qruwk yduldeohv ghqrwhg zlwk -,1 Dv orqj dv wkh| frh{lvw zlwkrxw wudgh/ wkh
lqfrph jurzwk zloo frqyhujh lq wkh orqj uxq �

{
\ @\ �

{
\ � @\ � $ �� � @ 3

Vxssrvh qrz wkdw wkhvh wzr hfrqrplhv/ zklfk suhylrxvo| olyhg lq dxwdun|/ vwduw
wr wudgh iuhho|1 Wudqvsruw frvwv duh qhjoljleoh exw oderu lv erxqg wr vwd| zlwklq
qdwlrqdo erughuv1
Dvvxph ixuwkhu wkdw dw wkh gdwh ri olehudol}dwlrq wkh frxqwulhv duh qrw lghqwlfdo
exw h{klelw vrph whfkqrorjlfdo gl�huhqfhv1 Lq sduwlfxodu/ Qruwk +wkh dgydqfhg
hfrqrp|, kdv d frpsdudwlyh dgydqwdjh lq surgxfwlrq ri [ N 1 Lw fdq eh vkrzq
wkdw iru dq| lqlwldo frqglwlrqv wkdw lpso| O N ? O@%/ ru htxlydohqwo| vdwlvi|

D � O � A D w O� +D w .D,@%
Vrxwk hqgv xs frpsohwho| vshfldol}lqj rq jrrg [ � zlwklq �qlwh wlph1 Xqghu
wkhvh lqlwldo frqglwlrqv/ Vrxwk* surgxfwlylw| jurzv wrr vorz uhodwlyho| wr Qruwk*
dqg Vrxwk lv judgxdoo| sxvkhg rxw ri [ N 0surgxfwlrq1 Dvvxph lq wkh iroorzlqj
wkdw wklv lv wkh fdvh/ ru wr nhhs pdwwhuv vlpsoh/ wkdw ixoo lqwhuqdwlrqdo vsh0
fldol}dwlrq rffxuv rq lpsdfw zkhq frxqwulhv ghflgh wr wudgh1 Wklv dprxqwv wr
dvvxplqj s � A Ds N dqg s � ? D � s N ru

D � O � A D w O
O � ? +D � , w r � O +<,

Wkhvh frqglwlrqv vkrz wkdw wkhuh lv d orfn0lq h�hfw lq wkh vshfldol}dwlrq sdwwhuq=
li frqglwlrqv +<, krog lqlwldoo|/ rqo| Qruwk surgxfhv [ N vr wkdw D � jurzv exw D
grhv qrw1 Wkxv/ wkh vshfldol}dwlrq sdwwhuq fduyhv lq dqg frqvhtxhqwo| +<, pxvw
krog dw dq| wlph diwhu wkh wudgh lqwhjudwlrq1
Xqghu frpsohwh lqwhuqdwlrqdo vshfldol}dwlrq zruog rxwsxw jurzv dffruglqj wr

{
\ � @\ � @ +D � O � @O, � r �0v0w

�4 . +D � O � @O, � r �0v0w � � �
dqg dssurdfkhv � lq wkh orqj uxq dv D � jurzv odujh1
Qrz zulwh v iru Vrxwk* hfrqrplf vl}h/ gh�qhg dv Vrxwk* lqfrph uhodwlyh wr zruog
lqfrph1 Krprwkhwlf ghpdqg/ frpsohwh vshfldol}dwlrq/ dqg edodqfhg wudgh lpso|
s � +4� v,[ � @ s N v[ �N / zklfk +wrjhwkhu zlwk htxdwlrq +7,, jlyhv

v @ 4
4 . +D � O � @O, � r �0v0w

Vr v ehfrphv }hur lq wkh orqj uxq1 Wkh jurzwk udwh ri v lv�>P"�&��$7��� �L/��	�#K���$7%��0��/���� �5%�$7�G���;�C$��G�����L����$?�	*�_3�#�9�&���9� �.
 ��K��G
 �0�

:



{v@v @ �+4� v,+4� 4@%,
{

D � @D � @ �+4� v,+4� 4@%,�1
Frpelqlqj wkhvh htxdwlrqv/ Vrxwk* dqg Qruwk* jurzwk udwhv +zklfk duh j @{
+v\ � ,@+v\ � , dqg j � @

{
++4� v,\ � ,@++4� v,\ � ,/ uhvshfwlyho|, wdnh wkh iroorz0

lqj h{suhvvlrqv

j @ �
%

+D � O � @O, � r �0v0w
+D � O � @O, � r �Gv0w . 4 j � @ �

�

4� 4
%

4
+D � O � @O, � r �0v0w . 4

�

+43,

vxfk wkdw j $ �@% dv D � jurzv odujh1 Vlqfh % A 4/ wklv phdqv wkdw Vrxwk*
orqj0uxq jurzwk xqghu iuhh wudgh +�@%, lv ohvv wkdq xqghu dxwdun| +�,1

j �	� p �	����� @ � A �@% @ j p �0�	�	� +44,
Iljxuh 4 looxvwudwhv dqg vxppdul}hv htxdwlrqv +;, dqg +43,1 Wkh wrs sdqho vkrzv
wkdw lq dxwdun| wkh jurzwk udwh ri erwk frxqwulhv frqyhujh vlqfh doo frxqwulhv
surgxfh dqg ohduq lq wkh dgydqfhg vhfwru1 Wkh erwwrp sdqho h{klelwv wkh h�hfwv
ri wudgh lqwhjudwlrq lq sduwlfxodu iru wkh ohvv ghyhorshg frxqwu|= lqwhuqdwlrqdo
wudgh pdnhv lw vshfldol}h lq vhfwruv zlwk olwwoh ohduqlqj h�hfwv dqg wkhuhe| uhgxfhv
lwv surgxfwlylw| jurzwk1 Frqvhtxhqwo|/ wkh vwdwlf jdlqv iurp wudgh frph dw wkh
frvw ri uhgxfhg orqj0uxq jurzwk1 Dw wkh vdph wlph wkh surgxfwlylw| jds zlghqv
zlwkrxw erxqg1 Wklv looxvwudwlrq vxppdul}hv wkh pdlq �qglqj ri \rxqj ^4<<4`1
Rqh xqghuo|lqj dvvxpswlrq lq wklv prgho 0 dqg rwkhuv uhodwlqj lqidqw lqgxvwulhv
dqg hfrqrplf jurzwk 0 lv wkdw lq dxwdun|/ hdfk frxqwu| lv dfwlyh lq vhfwruv wkdw
jhqhudwh nqrzohgjh dqg wkhuhiruh sxw wkh frxqwulhv lqhylwdeo| rq wkh wudfn ri
jurzwk1 Wklv lv d vrphzkdw olqhu ylhz ri hfrqrplf ghyhorsphqw/ zklfk fdq
eh txhvwlrqhg1 Wkh qh{w vxevhfwlrq grhv wkdw dqg lqwurgxfhv wzr whfkqrorjlfdo
jhqhudwlrqv zlwk rqo| rqh ri wkhp fuhdwlqj nqrzohgjh1

2�2 � 5�Mt�t|i?Ui AiU�?L*L})
Wkh prgho ghyhorshg xs wr khuh uholhv rq wkh dvvxpswlrq wkdw xqghu dxwdun|
doo frxqwulhv nhhs dolyh wkhlu kljk0whfkqrorj| vhfwruv/ zklfk judqwv ohduqlqj e|
grlqj dqg ohdgv wr hfrqrplf ghyhorsphqw1 Sxw gl�huhqwo|/ dw doo surgxfwlrq
frvw/ grphvwlf kljk0whfkqrorj| surgxfhuv phhw d srvlwlyh ghpdqg1 Reylrxvo|/
wklv pxvw qrw eh wkh fdvh1 Yhu| lqh�flhqw surgxfhuv pljkw qhhg wr vhoo wkhlu
surgxfwv dw sulfhv dw zklfk ghpdqg gursv wr }hur1 Wkhuh pljkw eh vrph fkhds
vxevwlwxwhv/ ru frqvxphuv pljkw olnh wkh jrrgv lq txhvwlrq/ exw qrw vr ghduo| wr
sd| dq| sulfh iru wkhp1 Li wkdw lv wkh fdvh/ rswlqj iru dxwdun| fdq kxuw wkhvh
vhfwruv dqg surwhfwlrq lqgxfhv d vkxwgrzq ri vhfwruv lw ruljlqdoo| lqwhqgv wr
surwhfw1
Wkh suhvhqw vxevhfwlrq ghvfulehv vxfk d vfhqdulr1 Lw lqwurgxfhv d vxevwlwxwh iru
wkh lqsxw jrrg [ N +fdoohg [ N djdlq wr vdyh qrwdwlrq,1 Wklv vxevwlwxwh fdq eh
surgxfhg zlwk d vlpsoh/ rxwgdwhg/ qr0jurzwk whfkqrorj| dffruglqj wr

[ N @ eO N	� �"� �

;



Wkh xvh ri wkdw whfkqrorj| lq wkh zkroh surgxfwlrq surfhvv uhqghuv
\ @ +4 .E w r � , �0v	x w r ��y O �"� � +45,

ri wkh �qdo jrrg1 Lq wkh iroorzlqj/ wklv whfkqrorj| zloo eh odehohg wkh Rog
whfkqrorj|1 D frqvlvwhqw whuplqrorj| fdoov wkh suhylrxv vxevhfwlrq*v whfkqrorj|
wkh Qhz jhqhudwlrq
Wkhuh lv dqrwkhu zd| wr lqwhusuhw wkh Rog whfkqrorj|1 Rqh fdq uhdg lw dv
dq hqwluho| xqvshfldol}hg vxevlvwhqfh0whfkqrorj| zlwk wkh frqvwdqw uhwxuq +4 .
E w r � , �0v	x w r ��y 1 Wklv lqwhusuhwdwlrq kdv vshfldo dsshdo lq wkh frqwh{w ri ghyhorslqj
hfrqrplhv dqg zloo eh dgrswhg wkurxjkrxw wkh sdshu1
Rq rqh xqlw ri oderu/ Rog uhwxuqv +4 . E w r � , �0v	x w r ��y xqlwv zkloh Qhz gholyhuv
+4 . D w r � , �Gv	x w r ��y xqlwv ri wkh �qdo jrrg \ 1 Uhphpehu wkdw nqrzohgjh lv glv0
hperglhg dqg zrunhuv gr qrw lqwhuqdol}h wkh jurzwk h�hfwv/ vr Rog lv xvhg li
dqg rqo| li

E A D +46,
Qrz/ li +46, krogv/ zrunhuv rswlpdoo| fkrrvh Rog wr zrun zlwk/ surgxfwlylw| D
lq wkh lgoh vhfwru vwd|v frqvwdqw dqg wkh hfrqrp| grhv qrw jurz1 Frruglqd0
wlrq idloxuh suhyhqwv dgrswlrq ri wkh Qhz/ wkh vxshulru whfkqrorj| � 1 Li lqlwldo
frqglwlrqv duh vxfk wkdw +46, grhv qrw krog/ wkh vfhqdulr lv lghqwlfdo wr wkh rqh
glvfxvvhg lq wkh suhylrxv vhfwlrq1
Dvvxph lq wkh iroorzlqj wkdw dq xqiruwxqdwh frxqwu|/ Vrxwk/ lv vwxfn wr wkh
Rog whfkqrorj| dqg frqvhtxhqwo| vwdjqdwhv1 Zkdw kdsshqv wr wklv frxqwu| li
lw hqjdjhv lq iuhh wudgh zlwk dq dgydqfhg hfrqrp|/ QruwkB Dv zloo ehfrph
fohdu vkruwo|/ wkh hfrqrplf lqwhjudwlrq ohdgv Vrxwk wr wdnh xs surgxfwlrq ri [ � /
h{sruw lw zkloh lpsruwlqj [ N 1
Lq whupv ri wkh prgho/ Vrxwk ehlqj vwxfn wr wkh Rog whfkqrorj| dqg Qruwk
ehlqj dgydqfhg phdqv wkdw +46, krogv iru Vrxwk exw qrw iru Qruwk1 Lq dgglwlrq/
dvvxph wkdw Vrxwk* oderu irufh lv odujh1 Li wklv lv wkh fdvh/ wudgh lqwhjudwlrq ohdgv
wr wkh iroorzlqj lqwhuqdwlrqdo surgxfwlrq sdwwhuq1 Qruwk vshfldol}hv hqwluho| rq
[ N 0surgxfwlrq/ zkloh sduw ri Vrxwk* oderu irufh +O � , surgxfhv [ � dqg wkh uhvw
ri Vrxwk* zrunhuv +O �"� � @ O � O � , zrunv zlwk wkh Rog whfkqrorj|1 Zdjh
htxdol}dwlrq lq Vrxwk uhtxluhv s � @ E1 Zlwk [ � @ O � dqg [ N @ D � O � dqg +7,
wklv jlyhv

O � @ D � O �
E w

Wkh frqglwlrq iru Qruwk wr vshfldol}h rq [ N lv s � ? D � s N 1 Wklv frqglwlrq lv
vdwlv�hg vlqfh +46, zdv dvvxphg wr eh ylrodwhg iru Qruwk1 Wklv vkrzv wkdw wkh��Y-@2/0�	�&$7�?�	*#�;�&��$7�MEF� %	���L_J�M�&�)/0�#��$7�3� ���G�;� �#�5@ �	� 
 �&$?�M�L���G���7�#��K��0$��L�&�G�5� �&�3� K&� �J����
 �"��$?��� E)<3�GZ��� �0���G*���� ��K	��$?IC
 �>$7%���*���$"}�� ��K	��$7IF��EF��
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surgxfwlrq sdwwhuq ghvfulehg lqghhg frqvwlwxwhv d vwdwlf htxloleulxp doorfdwlrq
surylghg wkdw O A O � 1 +Lq suhflvho| wkdw vhqvh Vrxwk* oderu irufh lv dvvxphg wr
eh odujh1,
Qh{w orrn dw wkh g|qdplfv ri Vrxwk dqg Qruwk lqfrphv xqghu wkh iuhh wudgh
uhjlph1 Rq lpsdfw ri wudgh olehudol}dwlrq O � @ D � O � @E w lv dvvxphg wr eh
ohvv wkdq O/ exw O � zloo nhhs jurzlqj dv D � jurzv1 Wkxv/ O � hyhqwxdoo| klwv
lwv qdwxudo olplw O/ dw zklfk gdwh Vrxwk* hqwluh oderu irufh surgxfhv [ � 1 Wkh
vxppdul}lqj htxdwlrq lv

O � @ plq
�

O> D � O �E w
�

+47,

Wkxv/ diwhu wudgh lqwhjudwlrq/ wzr txdolwdwlyho| gl�huhqw shulrgv zloo iroorz1
Iluvw/ wkh %wudqvlwlrq shulrg% gxulqj zklfk wkh Rog vhfwru lv vxffhvvlyho| gu|lqj
rxw dv d uhvxow ri lqfuhdvlqj O � 1 Vhfrqg/ wkh %vshfldol}dwlrq shulrg% zklfk iro0
orzv wkh wudqvlwlrq shulrg dqg gxulqj zklfk Vrxwk* oderu irufh lv ixoo| doorfdwhg
wr wkh [ � 0vhfwru1
Wkh lqfrph g|qdplfv ri Vrxwk duh yhu| pxfk gl�huhqw lq wkh wzr shulrgv1
Qrwh �uvw wkdw Qruwk surgxfhg [ N rqo| zkloh Vrxwk grhv qrw hqjdjh lq [ N 0
surgxfwlrq dw doo1 Wklv phdqv wkdw jurzwk ri surgxfwlylwlhv lq wkh wzr frxqwulhv
duh +uhphpehu +:,,

{
D � @D � @ � zkloh

{
D@D @ 3

Wkh zdjhv duh z @ s � dqg z � @ D � s N 1 Zlwk +47, rqh fdofxodwhv wkh zruog
sulfhv dqg wkh jurzwk udwhv ri Vrxwk dqg Qruwk lqfrph gxulqj wkh wudqvlwlrq
shulrg

j � @ � dqg j @ 3
Diwhu wkh wudqvlwlrq shulrg/ wkh uhvshfwlyh jurzwk udwhv duh mxvw olnh lq +43, dqg
Vrxwk dqg Qruwk lqfrph jurz dw gl�huhqw udwhv lq wkh orqj uxq=

j $ �@% j � $ �
Iljxuh 5 looxvwudwhv wkhvh g|qdplfv dqg frqwudvwv wkhp wr wkh jurzwk shuiru0
pdqfh ri wkh forvhg hfrqrplhv1 Wkh wrs sdqho vkrzv wkdw lq dxwdun| Qruwk
jurzv zkloh Vrxwk vwlfnv wr wkh Rog whfkqrorj| dqg vwdjqdwhv1 Wkh erwwrp
sdqho h{klelwv wkh jurzwk udwhv ri wkh wzr hfrqrplhv lq wkh wzr gl�huhqw shul0
rgv wkdw iroorz d wudgh olehudol}dwlrq1 Wkh �uvw shulrg odvwv wkh dprxqw ri wlph
lw wdnhv iru wkh jurzlqj zruog pdunhw wr devrue Vrxwk* oderu vxsso|1 Gxulqj wklv
wudqvlwlrq/ Vrxwk* jurzwk lv }hur vlqfh qdwlrqdo lqfrph htxdov oderu lqfrph dqg
lwv zdjhv duh slqqhg grzq e| wkh Rog whfkqrorj|= z @ +4.E w r � , �0v	x w r ��y 1 Rqo|
diwhu wkh wudqvlwlrq shulrg lv frpsohwhg/ Vrxwk* zdjhv vwduw wr ulvh1 Jurzwk/
krzhyhu/ grhv qrw frph iurp surgxfwlylw| jurzwk exw iurp dq lpsuryhphqw lq
wkh whupv ri wudgh dv jrrgv surgxfhg lq Qruwk ehfrph fkhdshu1
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Iurp Qruwk* srlqw ri ylhz/ wkh h�hfw ri wudgh lqwhjudwlrq lv txlwh gl�huhqw= lq
wkh wudqvlwlrq shulrg wkh frqvwdqw lq�rz ri Vrxwk zrunhuv lq [ � 0vhfwru suhyhqwv
wkh uhodwlyh sulfh s � @s N iurp ulvlqj/ vr Qruwk* whupv ri wudgh lv frqvwdqw1 Wkxv/
dowkrxjk jurzlqj lq rqo| rqh vhfwru/ Qruwk grhv qrw h{shulhqfh ghfuhdvlqj uh0
wxuqv1 Gxulqj wklv wlph jurzwk ri zruog rxwsxw jrhv hqwluho| wr wkh srfnhwv ri
Qruwk zrunhuv zkrvh lqfrphv jurz dw udwh j � @ �1 Diwhu wkh wudqvlwlrq shulrg/
rxwsxw ri [ N nhhsv jurzlqj dqg Qruwk uxqv lqwr ghfuhdvlqj uhwxuqv dv wkh sulfh
ri [ � dssuhfldwhv1 Wkh idyrudeoh frqglwlrqv lq zklfk Qruwk* whupv ri wudgh
vwd|v frqvwdqw frphv wr dq hqg1 Frqvhtxhqwo|/ wkh jurzwk udwh gursv edfn wr
prghudwh ohyhov1
Qrwh wkdw xqghu wudgh lqwhjudwlrq/ wkh lqfrphv lq Vrxwk dqg Qruwk glyhujh mxvw
dv lq wkh suhylrxv vhfwlrq ehfdxvh lq wkh olplw Vrxwk jurzv vwulfwo| ohvv wkdq
Qruwk=

{
+\ � @\ ,@+\ � @\ , $ �+4� 4@%,

Vrxwk* dxwdun| dowhuqdwlyh/ krzhyhu/ lv qr jurzwk dw doo/ zklfk lpsolhv glyhu0
jhqfh dw d pxfk kljkhu udwh �1
D frpsdulvrq wkh prgho*v wzr yhuvlrqv suhvhqwhg xs wr khuh uhyhdov wkdw wkh
suhvhqfh ri wkh Rog whfkqrorj| sxwv xsvlgh grzq wkh jurzwk h�hfwv ri wudgh
lqwhjudwlrq iru Vrxwk1 Lq wkh prgho ri vxevhfwlrq 514 Vrxwk* vwdwlf jdlqv iurp
wudgh fdph dw wkh frvw ri uhgxfhg orqj0uxq jurzwk mxvw olnh lq \rxqj ^4<<4`1
Lq wkh suhvhqw vxevhfwlrq/ krzhyhu/ wkh lqwurgxfwlrq wkh Rog ru vxevlvwhqfh
whfkqrorj| lpsolhg wkdw lqlwldo ehqh�wv ri d wudgh lqwhjudwlrq zhuh }hur exw
Vrxwk* jurzwk wdnh0r� fdph diwhu d wudqvlwlrq shulrg1
\hw dovr lq wkh suhvhqfh ri wkh Rog whfkqrorj|/ Vrxwk* orqj0uxq jurzwk udwhv
duh ohvv wkdq Qruwk* dqg wkh uhvshfwlyh lqfrphv glyhujh1 Lw vhhpv wkdw Vrxwk*
glohppd lv wr fkrrvh ehwzhhq edg dqg zruvh dqg lw lv xqdeoh wr sduwlflsdwh
lq kljk jurzwk1 Rqfh djdlq/ wklv pxvw qrw eh wkh fdvh1 Wkh qh{w vxevhfwlrq
looxvwudwhv krz wudgh fdq lqgxfh ghyhorslqj frxqwulhv wr vwduw surgxfwlrq lq
dgydqfhg/ kljk0jurzwk vhfwruv wkdw zhuh lgoh lq dxwdun|1

2�� #�gihi?|�@|�L? �? |�i �_�@?Ui_ 5iU|Lh
Vxssrvh wkdw whfkqrorjlhv duh olnh lq vxevhfwlrq 515 h{fhsw wkdw wkh surgxfwlrq
lv vxeglylghg lqwr ixuwkhu vwhsv1 Lq sduwlfxodu/ wkh lqwhuphgldwh [ N jrrg lv
surgxfhg rxw ri wzr lqsxw jrrgv } u dqg dffruglqj wr wkh iroorzlqj surgxfwlrq
ixqfwlrq �

[ N @ �

} � r �0v0w� . } � r �0vGwN �

wGv	x w r ��y +48,
�GP"�&�.�>�7���&<&�;� �#�`�����>�)���&�.�0
 ���?��� /0� �\I`�	@L�7��_��?��� ���#�;� �#���	@��;�&�.� ���7�0$7E)���J� �G���.���&�m� �&<3�&�?Z\
 �0K��0
"� �� �3�0���;� /G��
2� �"/��#�	K��0�3� �G���L_3�#�9�&���L���7�7�0���;� �	
 �
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Wkh lqsxw jrrgv duh surgxfhg zlwk wkh lqsxw whfkqrorjlhv
} u @ d � O N u l @ 4> 5

Iroorzlqj wkh sdudooho fdofxodwlrqv wkdw ohg wr htxdwlrqv +8, rqh ghulyhv wkdw
zlwklq wkh [ N 0vhfwru/ oderu doorfdwhv wr wkh vxe0vhfwruv dffruglqj wr

O N u @ d w r �u
d w r �� . d w r �N O N l @ 4> 5 +49,

Wkxv/ rxwsxw ri [ N lv
[ N @ �d w r �� . d w r �N �

�0v	x w r ��y O N +4:,
Zulwlqj

D @ �d w r �� . d w r �N �

�0v	x w r ��y +4;,
iru wkh frpsrvlwh surgxfwlylw| lq wkh [ N 0vhfwru/ rqh uhfryhuv h{dfwo| wkh vhwxs
ri wkh suhylrxv vhfwlrq1 Qrwh wkdw O N lv vwloo ghwhuplqhg e| htxdwlrq +8, dqg
wkh vwdwlf htxloleulxp iru d forvhg hfrqrp| lv ghwhuplqhg zlwk htxdwlrqv +5,/
+8,/ +4:,/ dqg +49,1
Dvvxph wkdw ohduqlqj e| grlqj qrz d�hfwv surgxfwlylw| ri[ N 0surgxfwlrq wkurxjk
wkh wzr vxe0vhfwruv dffruglqj wr

{d u @ � � } u @O l @ 4> 5 +4<,
Lq wkh fdvh zkhuh wkh lqsxw jrrgv } u fdqqrw eh wudghg wkh vfhqdulr froodsvhv wr
wkh rqh ri wkh suhylrxv vhfwlrq zlwk +4<, uhsodflqj +:,1 Wkh frqglwlrq iru Vrxwk
wr eh vwxfn wr wkh Rog whfkqrorj| lq dxwdun| +frqglwlrq +46,, lv qrz prgl�hg
wr eh

E A �d w r �� . d w r �N �

�0v	x w r ��y +53,

Qrz vxssrvh wkdw lqwhuphgldwh dqg lqsxw jrrgv fdq eh wudghg iuhho| dfurvv
erughuv1 Doo uhvxowv ri wkh suhylrxv vhfwlrq jr wkurxjk xqfkdqjhg xqghu wkhvh
dvvxpswlrqv exw iru rqh pdmru txdol�fdwlrq= Vrxwk fdq eh vhw rq wkh wudfn
ri idvw hfrqrplf jurzwk wkurxjk wudgh lqwhjudwlrq1 Wr vhh wklv/ vhw Vrxwk*
surgxfwlylwlhv lq wkh } u 0vhfwruv wr d � @ d dqg d N @ 31 Dv wkurxjkrxw wkh zkroh
vhfwlrq/ dvvxph wkdw lq dxwdun| Vrxwk lv wudsshg wr E ++53, krogv, dqg wkdw O
lv odujh1 Zkhq wudgh lv olehudol}hg/ Vrxwk zrunhuv zloo vwduw wr surgxfh [ � 1 Exw
qrz wkh| zloo dovr hqwhu wkh } u 0vhfwru/ surylghg wkdw lw sd|v kljk hqrxjk zdjhv1
Wkh dffruglqj frqglwlrq lv wkdw Vrxwk* zdjhv lq wkh } � 0vhfwru h{fhhg wkrvh ri wkh
[ � 0vhfwru= s � ? dt � 1 Xvlqj +47,/ +49,/ +4;,/ dqg +7, wklv frqglwlrq lv htxlydohqw
wr

E
++d �N @d � � , w r � . 4, �0v	x w r ��y ? d +54,
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Dw wkh vdph wlph/ Qruwk h{lwv } � 0surgxfwlrq li Qruwk zdjhv lq wkh } N 0vhfwru
h{fhhg wkrvh ri wkh } N 0vhfwru= d � � t � ? d �N t N ru

t �
t N @

�d �N O �
d N O N

�

�0v0w
? d �N

d � �
Zlwk [ �� @ 3 dqg } �� @ 3/ dqg shuiruplqj sdudooho fdofxodwlrqv wkdw ohdg wr +47,/
rqh ghulyhv wkdw

O N � @ d w r � O � dqg O � @ d �N O �
+E w r � � d w r � , wGv	x w r ��y +55,

Frpelqlqj erwk htxdwlrqv ohdgv wr
�� �E w r � � d w r � � �0v	x w r ��y ? d �N @d � �

zklfk h{dfwo| frlqflghv zlwk frqglwlrq +54,1 Iru dq lqwxlwlrq iru wklv frqfxuuhqfh
dvvxph wkdw Vrxwk hqjdjhv lq [ � 0 dqg } � 0surgxfwlrq1 Vlqfh Vrxwk* zdjhv htxdo
wkh uhwxuq rq wkh Rog whfkqrorj|/ wkh sulfh t � lv �{hg wr eh t � @ +4@d,+E w r � .
4, �0v	x w r ��y dqg Qruwk* zdjhv lq wkh } � 0vhfwru pxvw eh frqvwdqw dqg htxdo wr z � @
+d � � @d,z1 Dw wkh vdph wlph/ Vrxwk nhhsv xs zlwk dq| lqfuhdvh lq } N 0rxwsxw
e| vxsso|lqj pruh ri [ � 0 dqg } � 0 jrrgv/ uhdoorfdwlqj lwv oderu irufh iurp wkh
Rog wr wkh Qhz whfkqrorj|1 Wklv �{hv uhodwlyh sulfhv dqg lpsolhv wkdw Qruwk
phhwv frqvwdqw uhwxuqv wr oderu lq wkh } N 0vhfwru/ wrr1 Wkxv/ erwk } u 0vhfwruv r�hu
zdjhv zklfk duh lqghshqghqw ri Qruwk* oderu doorfdwlrq1 Rqo| lq d nqlih0hgjh
fdvh/ zklfk lv uxohg rxw khuh wkh zdjhv lq erwk vhfwruv frlqflgh1 +Whfkqlfdoo|
vshdnlqj/ xqghu Qruwk* glyhuvl�fdwlrq/ rqh kdv z � @ d � � t � @ d �N t N dqg z @ s � @
dt � @ +E w r � .4, �0v	x w r ��y / zklfk wrjhwkhu zlwk wkh �{hg uhodwlyh sulfhv frqvwlwxwhv
dq ryhu0lghqwl�hg v|vwhp1,
Wkh zruog hfrqrp| jlyhv qrz wkh iroorzlqj slfwxuh= wkhuh lv frpsohwh lqwhuqd0
wlrqdo vshfldol}dwlrq lq wkh Qhz whfkqrorj|/ zlwk Qruwk rqo| surgxflqj } N dqg
Vrxwk surylglqj zruog rxwsxw ri [ � dqg } � / zkloh vwloo nhhslqj dolyh wkh Rog
whfkqrorj|1 Wklv phdqv wkdw diwhu wudgh olehudol}dwlrq wkh surgxfwlylwlhv d dqg
d �N jurz dffruglqj wr +4<,1 D txlfn orrn dw frqglwlrq +54, frq�upv wkdw khuh
djdlq wkh sdwwhuq ri frpsdudwlyh dgydqwdjh ghhshqv dqg lqwhuqdwlrqdo vshfldo0
l}dwlrq lv suhvhuyhg= wkh frqglwlrq zloo krog diwhu wudgh olehudol}dwlrq dv orqj dv
vrph ri Vrxwk* oderu irufh vwloo xvhv wkh Rog whfkqrorj|1 Zkhq �qdoo| Vrxwk*
wudqvlwlrq shulrg lv ryhu/ wkh frqglwlrqv iru Qruwk wr vwd| rxw ri wkh } � dqg
[ � 0vhfwruv duh/ uhvshfwlyho|/ t � @t N ? +d �N @d � � , �0v0w dqg s � @t N ? +d �N @4, �0v0w / ru
�O �

O � 4 . d w r �
d w

�

�0v0w
? +d �N , � r �0v0w

d � � dqg
�O �

O +4 . d w r � ,
�

�0v0w
? +d �N , � r �0v0w

zklfk/ wrr/ h{klelw d fduyh0lq h�hfw dv d dqg d �N jurz1 Ilqdoo|/ qrwlfh wkdw diwhu
Vrxwk* wudqvlwlrq shulrg/ lwv oderu doorfdwhv wr wkh wzr dfwlyh vhfwruv dffruglqj
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wr �
O � @ 4

4 . d w r � O O N � @ d w r �
4 . d w r � O +56,

vxfk wkdw Vrxwk surgxfwlylw| dqg lqfrph jurzwk frqyhujh wr �1
Wkh uhohydqw frqglwlrqv +53, dqg +54, ghvfuleh wkh udqjh iru lqwhuphgldwh ydoxhv
ri surgxfwlylw| d

E
++d �N @d � � , w r � . 4, �0v	x w r ��y ? d ? E

Zkhq wkhvh frqglwlrqv krog/ wkh iroorzlqj hslvrgh fdq eh wrog derxw wkh hfr0
qrplf ghyhorsphqw ri Vrxwk=
Gxulqj dq lqlwldo shulrg wkh wzr hfrqrplhv frh{lvw zlwkrxw wudglqj1 Rqh ri wkhp
0 Qruwk 0 jurzv vlqfh lw xvhv wkh Qhz whfkqrorj| wkdw frqvlvwv ri surgxfwlrq
lqfoxglqj orz0whfkqrorj| lqwhuphgldwh jrrgv +[ � , dqg kljk0whfkqrorj| lqsxw
jrrgv +} u ,1 Wkh rwkhu hfrqrp| 0 Vrxwk 0 vwdjqdwhv ehfdxvh lw zrunv zlwk wkh
Rog whfkqrorj|1 Dw vrph srlqw lq wlph/ wkhvh hfrqrplhv ghflgh wr rshq xs wr
wudgh dqg Qruwk vshfldol}hv rq rqh ri wkh kljk0whfkqrorj| jrrgv/ zkloh Vrxwk
slfnv xs surgxfwlrq lq wkh orz0whfkqrorj| dqg rqh ri wkh kljk0whfkqrorj| jrrgv1
Lw vxssolhv wkhvh jrrgv fkhdso| wr Qruwk vlqfh lwv zdjhv duh slqqhg grzq e| wkh
Rog whfkqrorj|1 Lq wkdw shulrg/ Vrxwk grhv qrw jurz1 Dw wkh gdwh zkhq Vrxwk
frpsohwho| dedqgrqv wkh Rog whfkqrorj|/ lwv lqfrph vwduwv wr jurz dqg lw hqmr|v
d orqj0uxq jurzwk udwh htxdo wr wkh dgydqfhg wudglqj sduwqhu1
E| wkh irufhv ri wudgh/ Vrxwk wkxv ehfrphv d vxffhvvixo exw odjjhg vxffhvv vwru|
ri hfrqrplf jurzwk1
Ehiruh forvlqj wklv vhfwlrq/ lw lv zruwk wdnlqj d orrn dw wkh oderu doorfdwlrq lq
wklv prgho1 Lw wxuqv rxw wkdw lw r�huv dq h{sodqdwlrq iru wkh uhodwlrq ehwzhhq
hfrqrplf ghyhorsphqw dqg vshfldol}dwlrq Lpev dqg Zdf}lduj ^5336` glvfryhu1
Lq wkhlu hpslulfdo zrun wkh dxwkruv �qg wkdw %phdvxuhv ri vhfwruldo frqfhqwud0
wlrq iroorz dq X0vkdshg sdwwhuq% zkhq sorwwhg djdlqvw shu fdslwd lqfrph1 Wkh
suhvhqw prgho h{klelwv suhflvho| wklv fkdudfwhulvwlf1 Frqvlghu wkh oderu doorfd0
wlrq lq wkh Qhz whfkqrorj| � = Zkloh srru frxqwulhv zlwk yhu| orz surgxfwlylwlhv
d u rqo| hqjdjh lq [ � 0surgxfwlrq/ phglxp0lqfrph frxqwulhv surgxfh lq erwk/
wkh [ � 0 dqg } � 0vhfwru/ dqg �qdoo| kljk0lqfrph frxqwulhv frpsohwho| frqfhqwudwh
rq } N 0surgxfwlrq1 Exw qrw rqo| d furvv vhfwlrq dqdo|vlv/ dovr wkh wlph sdwkv ri
d ghyhorslqj frxqwu| h{klelwv wklv ihdwxuh= dw hduo| vwdjhv/ d ghyhorslqj frxqwu|
doorfdwhv yhu| olwwoh ri lwv oderu wr wkh } � 0vhfwru zkhq d lv vpdoohu wkdq xqlw|
+O N � @O @ d w r � frpsduh +56,,1 Dv surgxfwlylw| d jurzv/ pruh dqg pruh ri lwv
oderu irufh vkliwv wrzdugv wkh } � 0vhfwru/ �uvw ghfuhdvlqj wkh ghjuhh ri vshfldo0
l}dwlrq dqg odwhu lqfuhdvlqj lw xs wr frpsohwh vshfldol}dwlrq rq } � 0surgxfwlrq� 4�IC�F���&*JW&�	�#�;�5����K��0$"�0������$7�������-  O Z¡�7�0/;�7�	$��¢ �£E�_��9���&� a ��/�'0� �>$7%V¤ ¥>�	��¦>§,�	����
 I#'��-�;�&��EF���#��@ �>/����&$�� ��%)�7�0/;�7�	$��
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+O N � @O � $ 4,1 Wkxv/ wkh frxqwu| glyhuvl�hv gxulqj hduo| vwdjhv ri ghyhorsphqw
mxvw wr uhdfk odwhu shulrgv ri kljk vshfldol}dwlrq1
Wklv vhfwlrq kdv looxvwudwhg wkh dgyhuvh h�hfwv surwhfwlrqlvp fdq kdyh rq hfr0
qrplf ghyhorsphqw1 Zkloh lq d forvhg hfrqrp| wkh dgydqfhg [ N 0surgxfwlrq
od| lgoh/ wudgh lqwhjudwlrq pdgh wkh ghyhorslqj frxqwu| sduwlflsdwh lq wkh kljk0
whfkqrorj| surgxfwlrq dqg hqmr| hfrqrplf jurzwk1 Vxevhfwlrq 516 kdv kljk0
oljkwhg wkdw wkh suhvhqfh ri uhodwlyho| zhdn ghpdqg frpsohphqwdulwlhv +% A 4,
lv hqrxjk wr fdxvh frqwdjlrq lq wkh lqgxvwuldol}hg vhfwru/ lq wkh vhqvh wkdw d yhu|
lqh�flhqw vxevhfwru +} N , uhgxfhv ghpdqg iru rwkhuzlvh frpshwlwlyh vxevhfwruv
+} � , vxfk wkdw wkh hqwluh lqgxvwuldol}hg surgxfwlrq frphv wr d kdow �;¨ 1 Wudgh lqwh0
judwlrq/ rq wkh rwkhu kdqg/ glvhqwdqjohv wkh ghpdqg frpsohphqwdulw| ehwzhhq
wkh } u / pdnhv surgxfwlrq ri dw ohdvw d vxevhw ri kljk0whfkqrorj| jrrgv sur�wdeoh
dqg vsxuv hfrqrplf jurzwk �G� 1 Rqh frqvhtxhqfh ri wklv phfkdqlvp lv wkdw wudgh
olehudol}dwlrq lv iroorzhg e| d vwlpxodwlrq ri kljk0whfkqrorj| surgxfwlrq lq gh0
yhorslqj frxqwulhv1 Wkh h{dpsoh ri QDIWD dqg wkh iroorzlqj vxujh lq Ph{lfdq
surgxfwlrq ri %Dgydqfhg Whfkqrorj| Surgxfwv% +DWSv, qlfho| looxvwudwhv wklv
h�hfw= lq wkh ghfdgh diwhu wkh wuhdw|/ Ph{lfr*v h{sruwv ri wkh DWSv lqfuhdvhg
e| urxjko| 733(1 Orrnlqj dw wkh elodwhudo wudgh edodqfh zlwk wkh XV uhyhdov dq
hyhq pruh vwulnlqj idfw= Ph{lfr/ ehlqj d qhw lpsruwhu ri DWSv lq 4<<7/ wxuqhg
wr eh d qhw h{sruwhu whq |hduv odwhu1 Wklv hslvrgh lv frqvlvwhqw zlwk wkh h{sod0
qdwlrq r�huhg lq wklv sdshu= diwhu derolvklqj wudgh eduulhuv/ Ph{lfr zdv deoh
wr h{whqvlyho| lqwhjudwh lq wkh surgxfwlrq surfhvv ri wkh g|qdplf dqg dgydqfhg
jrrgv surgxfwlrq1
Wkh h�hfw ri wudgh lqwhjudwlrq rq wkh ghpdqg vwuxfwxuh ghvfulehg khuh frqvwl0
wxwhv rqh ri wkh wzr pdlq srlqwv ri wkh sdshu1 Lw lv looxvwudwhg zlwk wkh khos
ri d yhu| vlpsoh dqg wudfwdeoh prgho dqg vkhgv grxew rq wkh fodlp wkdw/ zkhq
folpelqj xs wkh surgxfw0odgghu/ frpshwlwlrq %iurp deryh% lv kdupixo1 Dqrwkhu
dqg pruh uhfhqw frqfhuq ghdov zlwk frpshwlwlrq %iurp ehorz%/ l1h1 wkh frpshwl0
wlrq dprqj ghyhorslqj frxqwulhv iru zruog pdunhwv1 Ghyhorslqj frxqwulhv rq wkh
wudfn wr lqgxvwuldol}dwlrq revhuyh zlwk frqfhuq wkdw odujh dqg oderu0dexqgdqw
qdwlrqv Lqgld dqg Fklqd lqwhjudwh lqwr wkh zruog pdunhw1 Lqfuhdvhg frpshwlwlrq
lq oderu0lqwhqvlyh vhfwruv lv eholhyhg wr kdup frxqwulhv lq Odwlq Dphulfd dqg
wkh ghyhorslqj qdwlrqv ri Hdvw Dvld1
Exw wklv frpshwlwlrq %iurp ehorz% fdq dovr kdyh ehqh�fldo h�hfwv iru wkh srru
frxqwulhv1 Wkh qh{w vhfwlrq vkrzv wklv vhfrqg pdlq srlqw ri wklv sdshu1 Wkh
wudfwdeoh prgho ri wkh suhvhqw vhfwlrq lv xvhg wr dqdo|}h d wkuhh frxqwu| prgho
dqg jlyh vrph lqvljkwv rq wkh h�hfw ri frpshwlwlrq dprqj ghyhorslqj frxqwulhv1�?© B=$?�0/��	�&�J� �;� �#�.� �9�)$7�0
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� �L4Ti|�|�L? �4L?} #i�i*LT�?} �L�?|h�it
Wklv vhfwlrq irfxvhv rq wkh h�hfw ri frpshwlwlrq iru pdunhw vkduhv dprqj ohvv
ghyhorshg frxqwulhv lq d joredol}hg hfrqrp|1 Frpprq nqrzohgjh vxjjhvwv wkdw
vpdoo ghyhorslqj frxqwulhv dqg wudqvlwlrq hfrqrplhv vkrxog ihdu wkh odujh srro
ri fkhds oderu wkh elj qdwlrqv Fklqd dqg Lqgld vxsso| wr wkh zruog pdunhw1
Wklv fkhds oderu/ wkh dujxphqw uxqv/ gulyhv rwkhu hfrqrplhv rxw ri survshulqj
lqgxvwulhv dqg xqghuplqhv wkhlu ghyhorsphqw wudmhfwru|1 Wkh suhvhqw vhfwlrq
orrnv dw wklv fodlp dqg ghyhorsv vrph lqwxlwlrq rq lw1

��� � ��t� NT
Vxssrvh wkdw whfkqrorjlhv duh olnh lq vxevhfwlrq 5161 Xqiruwxqdwho| iru wkh gh0
yhorslqj frxqwu| Vrxwk/ wudgh lqwhjudwlrq zloo qrw dxwrpdwlfdoo| ohdg wr dfwlylw|
lq d kljk0whfkqrorj| vhfwru1 Zkhq Vrxwk grhv qrw hqwhu wkh } � 0vhfwru/ lw vhhpv
wr eh grrphg wr orz jurzwk udwhv dv lq vxevhfwlrq 5151 Txlwh vxusulvlqjo|/
frpshwlwlrq iurp dqrwkhu ghyhorslqj frxqwu| fdq vhw Vrxwk rq wkh urdg ri idvw
orqj0uxq jurzwk1
Wr vhh wklv/ vxssrvh wkdw zkloh wudglqj zlwk Qruwk rqo|/ Vrxwk grhv qrw surgxfh
dq| ri wkh } u 1 Wkh jhqhudo frqglwlrqv iru Vrxwk qrw surgxflqj } u duh d u t u ? s u
ru

d u ? d �u
�

d � x w r ��y� . d � x w r ��yN �

�0v0w � +O � @O, �0v0w l @ 4> 5 +57,

Dvvxph qrz wkdw Vrxwk dqg Qruwk zhuh wudglqj iru d zkloh/ Vrxwk h{sruwlqj
[ � dqg lpsruwlqj wkh } u 1
Vxgghqo|/ wkhuh dsshduv d qhz srwhqwldo wudglqj sduwqhu= dq hfrqrp| fdoohg
Hdvw +zkrvh yduldeohv duh fkdudfwhul}hg e| d wzljjoh,1 Hdvw lv lqlwldoo| lq dxwdun|/
kdv d kxjh srsxodwlrq �O/ srvvhvvhv wkh Rog whfkqrorj|/ lv fdsdeoh wr surgxfh
[ � mxvw olnh wkh uhvw ri wkh zruog/ exw lv lqh�flhqw lq } u 0 surgxfwlrq1
Wkh pdlq lqwhuhvw zloo eh wkh frqvhtxhqfhv ri Hdvw*v wudgh lqwhjudwlrq rq Vrxwk*
hfrqrp|1 Lq rughu wr vlpsoli| wkh vhwxs/ dvvxph wkdw d � � @ d �N @ d � iru Qruwk*
lqsxw surgxfwlylwlhv dqg d � @ d dqg d N @ 3 iru Vrxwk*1 Ilqdoo|/ ohw Vrxwk* dqg
Qruwk* oderu irufh vdwlvi|= d � O � A dO1 Zlwk wkhvh vlpsol�fdwlrq/ wkh uhohydqw
frqglwlrqv iurp +57, frphv grzq wr eh

d ? +d � O � @5O, �0v0w +58,
Qrz/ vxssrvh wkdw doo wudgh eduulhuv ehwzhhq Hdvw dqg Vrxwk dqg Qruwk idoo dqg
Hdvw lqwhjudwhv wr wkh zruog hfrqrp|1 Vlqfh Hdvw*v oderu irufh lv yhu| odujh/ lw
grhv qrw ixoo| doorfdwh wr wkh [ � 0vhfwru dqg frqvhtxhqwo| slqv grzq wkh sulfh
ri jrrg [ � wr s � @ +E w r � .4, �Gv	x w r ��y 1 Krz grhv wklv d�hfw wkh lqfrph ri Vrxwk
flwl}hqvB
Wkh �uvw dqg reylrxv h�hfw lv wkdw Hdvw frpshwhv zlwk Vrxwk lq surgxfwlrq ri
[ � 1 Dv Hdvw lv dvvxphg wr eh yhu| odujh lw zloo �rrg wkh zruog pdunhw zlwk [ �
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jrrgv/ sxvklqj grzq wkh sulfh dqg wkhuhiruh wklv vhfwru*v zdjhv doo wkh zd| wr wkh
orzhvw srvvleoh ohyho +E w r � .4, �0v	x w r �0y 1 Wklv h�hfw fohduo| kdupv Vrxwk* zrunhuv
dqg fdxvhv d ghsuhvvlrq lq Vrxwk1 Ehqh�fldu| lv Qruwk e| dq dssuhfldwlrq ri lwv
whupv ri wudgh1 Wkh vlwxdwlrq dsshduv wr fuhdwh fohdu0fxw orvhuv dqg zlqqhuv1
Exw wkh hqwudqfh ri wkh qhzfrphu fdq kdyh ehqh�fldo h�hfwv iru Vrxwk/ wrr1
Lq sduwlfxodu/ wkh elj qhzfrphu fdq sxvk Vrxwk lqwr surgxfwlrq ri } � 1 Dv
surgxfwlrq lqsxw jrrg } � h{klelwv srwhqwldov ri surgxfwlylw| jurzwk/ wklv phdqv
wkdw wkh %sxvk xs% e| wkh odujh frpshwlwru vhwv wkh vpdoo frxqwu| rq d wudfn
wrzdug lqfuhdvhg udwhv jurzwk1
Xqghu wkh dghtxdwh frqglwlrq/ wkh surgxfwlrq sdwwhuq ri wkh zruog hfrqrp|
uljkw diwhu lqwhjudwlrq ri Hdvw lv

�[ � @ �O � [ � @ 3 [ �� @ 3
�} � @ 3 } � @ d } �� @ +d � O � � dO,@5
�} N @ 3 } N @ 3 } �N @ +d � O � . dO,@5

+59,

Iru wkhvh surgxfwlrq sdwwhuqv wr eh dq htxloleulxp/ lq qhlwkhu frxqwu| qrqh ri
wkh lgoh vhfwruv fdq sd| kljkhu zdjhv wkdw wkh suhydlolqj grphvwlf zdjh1 Wklv
wudqvodwhv wr � N

s � A �d u iru Hdvw s � ? dt � iru Vrxwk s � ? d � t u iru Qruwk
zkhuh t u duh wkh uhvshfwlyh sulfhv iru wkh lqsxwv } u 1
Wr uhzulwh wkhvh frqglwlrqv lq whupv ri surgxfwlylwlhv/ vwduw e| frqvlghulqj wkh
oderu pdunhw ri Hdvw1 Zlwk wkh �d u vpdoo hqrxjk/ wkh frqglwlrq iru Hdvw krogv
dozd|v1 Qrz/ dv Hdvw*v oderu irufh lv dvvxphg wr eh yhu| odujh/ �O � lv ghwhuplqhg
e| wkh frqglwlrq s � @ +�\ @ �[ � , �0v0w @ +E w r � . 4, �0v	x w r ��y +zkhuh yduldeohv zlwk dq
xsshu edu lqglfdwh zruog djjuhjdwhv,1 Wkhvh frqglwlrqv jlyh

�O � @ +dO. d � O � ,5 �0v	x w r ��y @E w +5:,
Wkh frqglwlrq iru Vrxwk wr vshfldol}h rq } � ehfrphv zlwk +59,/ +5:, dqg s � @t � @
+ �[ � @�} � , �0v0w

E@5 �0v	x w r ��y ? d +5;,
Ilqdoo|/ qrwh wkdw Qruwk h{lwv wkh } � 0vhfwru li rqo| li t � ? t N ru htxlydohqwo| } � A
} N iru wkh djjuhjdwh rxwsxw ohyhov } u 1 Exw wklv lv qrw srvvleoh vlqfh d � O � A dO
zdv dvvxphg dqg wkh qhzfrphu Hdvw grhv qrw surgxfh wkh } u dw doo1 Vr t � @ t N
dqg } � @ } N pxvw krog1
Wklv suryhv wkdw wkh doorfdwlrq sdwwhuq ri +59, wrjhwkhu zlwk wkh dffruglqj sulfhv
frqvwlwxwh dq htxloleulxp/ surylghg frqglwlrq +5;, krogv1
Frpelqlqj frqglwlrqv +58, dqg +5;, 0 dqg dgglqj wkh frqglwlrq wkdw Vrxwk grhv
qrw hqjdjh lq } � 0surgxfwlrq xqghu dxwdun| 0 rqh vxppdul}hv wkh uhohydqw udqjh
iru d dv

E@5 �0v	x w r �0y ? d ? plqi+d � O � @5O, �0v0w > Ej +5<,� O>�6�3� �?$7��%	��$?�.�&��� @ �;Z£����%��M/G�>�7���L����$7���
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Li wkhvh frqglwlrqv krog dw wkh gdwh ri Hdvw*v lqwhjudwlrq lq wkh zruog hfrqrp|/
wkh surgxfwlrq sdwwhu +59, hvwdeolvkhv1 Wkh �uvw lqhtxdolw| lpsolhv wkdw Hdvw*v
wudgh lqwhjudwlrq jlyhv Vrxwk d %sxvk xs% wkh surgxfwlrq odgghu dqg pdnhv
Vrxwk vshfldol}h rq } � 1 Wkh vhfrqg lqhtxdolw| whoov wkdw Vrxwk glg qrw surgxfh
} � ehiruh Hdvw*v lqwhjudwlrq dqg juhz rqo| prghudwho| xqghu elodwhudoo| iuhh
wudgh zlwk Qruwk qru glg lw hqjdjh lq } � 0surgxfwlrq xqghu dxwdun|1
Doo frqglwlrqv wrjhwkhu lpso| wkdw lq rughu iru Vrxwk wr vshfldol}h lq d kljk0
jurzwk jrrg/ wudgh zlwk erwk sduwqhuv/ Qruwk dqg Hdvw lv qhfhvvdu|1
Wkxv/ iru lqwhuphgldwh udqjhv ri d +gh�qhg e| +5<,,/ wkh frqvhtxhqfhv ri Hdvw*v
hfrqrplf lqwhjudwlrq rq Vrxwk* lqfrph duh wzrirog1 Iluvw/ wkhuh lv dq dgyhuvh
dqg lpphgldwh ohyho h�hfw dqg vhfrqg/ wkhuh lv d srvlwlyh jurzwk h�hfw1 Frqvlghu
�uvw wkh ohyho h�hfw/ zklfk dsshduv rq lpsdfw ri Hdvw*v dffhvvlrq1 Zlwk +7, rqh
txlfno| fkhfnv wkdw Vrxwk* dqg Qruwk* zdjhv ehiruh wkh lqwhjudwlrq ri Hdvw duh

z ª @
�

4 . 5+d � O � @5O, � r �0v0w �
�0v	x w r ��y

z �ª @ d � �+5O@d � O � , � r �0v0w . 5
�

�0v	x w r ��y

zkloh lpphgldwho| diwhu lw wkh| duh
z � @ d �5+4 .E � r w ,� �0v	x w r ��y
z �� @ d � �5+4 .E � r w ,� �0v	x w r ��y +63,

Zlwk wkh lqhtxdolwlhv +5<, lw lv txlfn wr vhh wkdw z ª A z � / l1h1 wkdw zdjh gursv
lq Vrxwk dv d frqvhtxhqfh ri wkh dffhvvlrq ri odujh qhzfrphu/ zkloh Qruwk zdjh
ulvhv xqdpeljxrxvo|= z �ª ? z �� 1 Wklv frqvwlwxwhv wkh ohyho h�hfw1
Wkh vhfrqg h�hfw lv d jurzwk h�hfw1 Qrwlfh wkdw rq lpsdfw ri Hdvw*v dffhvvlrq/
Vrxwk h{shulhqfhv d frpsohwh vwuxfwxudo fkdqjh/ vwrsv surgxflqj [ � / dqg ixoo|
vshfldol}hv rq } � lqvwhdg1 Vr Vrxwk* surgxfwlylw| lq wkh } � 0vhfwru vwduwv wr jurz
dw wkh udwh � +uhphpehu +4<,,1 Dw wkh vdph wlph/ Qruwk glyhuvl�hv/ surgxflqj
} � dqg } N 1 Frqvhtxhqwo|/ e| +4<, dqg +59,/ Qruwk* surgxfwlylw| jurzwk lv eldvhg
wrzdugv wkh } N 0vhfwru dqg Qruwk judgxdoo| vkliwv oderu iurp wkh } � 0vhfwru wr wkh
} N 0vhfwru xqwlo lw frpsohwho| vshfldol}hv rq } N 1
Xvh +7, dqg frqglwlrqv t � @t N @ d �N @d � � dqg s � @ +E w r � .4, �0v	x w r ��y wr �qg wkdw � k

t � @
�+4 . +d �N @d � � , w r � ,

+4 . 4@E w r � ,
�

�0v	x w r ��y

Wkhq z @ d � t � dqg z � @ d �N t N @ d �N +t � d � � @d �N , lpso| wkh jurzwk udwhv ri lqfrphv

j @ {d@d. �w r �
�� p oq+4 . +d �N @d � � , w r � , A �

j � @ {d �N @d �N . �w r �
�� p oq �4 . +d � � @d �N , w r � � ? � +64,
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Diwhu Qruwk* vwuxfwxudo fkdqjh lv frpsohwhg/ wkh zdjhv lq erwk frxqwulhv jurz
dw wkh vdph udwhv j @ j � @ �1
Iljxuh 6 looxvwudwhv wkhvh g|qdplfv1 Lw vkrzv wkdw iru Vrxwk wkh lqlwldo gurs lq
lqfrph lv iroorzhg e| h{wudruglqdulo| kljk jurzwk +j A �,/ zklfk vhwv edfn wr
orzhu ohyhov diwhu Qruwk* vwuxfwxudo fkdqjh lv frpsohwhg1 Wkh idfw wkdw Vrxwk*
lqfrph jurzwk lv whpsrudulo| h{wuhpho| kljk vwhpv iurp irufhv1 Iluvw/ frpsohwh
vshfldol}dwlrq uhqghuv pd{lpdo surgxfwlylw| jurzwk lq Vrxwk + {d@d @ �,> dqg
vlqfh Qruwk lv judgxdoo| uhwuhdwlqj iurp } � 0surgxfwlrq dqg Hdvw lqfuhdvhv lwv
vxsso| ri [ � / wklv pd{lpdo surgxfwlylw| jurzwk grhv qrw ohdg wr ghfuhdvlqj
uhwxuqv exw wudqvodwhv lqwr sxuh lqfrph jurzwk1 Wklv h{sodlqv wkh �uvw whup ri
Vrxwk* jurzwk udwh lq +64,1 Exw d vhfrqg h�hfw frphv rq wrs/ zklfk lv gxh wr wkh
hqgrjhqrxv fkdqjh ri Qruwk* frpsdudwlyh dgydqwdjh1 Dv Qruwk sduwo| uhwuhdwv
iurp } � 0surgxfwlrq/ lwv surgxfwlylw| jurzwk lv eldvhg wrzdugv wkh } N 0vhfwru1 Lq
idfw/ Qruwk qrw rqo| pryhv rxw ri } � 0surgxfwlrq ehfdxvh lwv frpsdudwlyh dg0
ydqwdjh pryhv djdlqvw wkh } � 0vhfwru exw frqyhuvho| lwv frpsdudwlyh dgydqwdjh
pryhv djdlqvw wkh } � 0vhfwru suhflvho| ehfdxvh Qruwk lv prylqj rxw ri lw1 Wklv
pdnhv Qruwk uhwuhdwlqj iurp } � 0surgxfwlrq dw dq hyhq idvwhu sdfh1 Wkh dggl0
wlrqdo irufh pdnhv Vrxwk* whupv ri wudgh dssuhfldwh dqg wudqvodwhv lqwr hyhq
kljkhu jurzwk lq Vrxwk dqg h{sodlqv wkh vhfrqg whup lq +64,1 +Wkh vdph phfk0
dqlvp d�hfwv Qruwk* jurzwk udwh dgyhuvho|1, Lq vxp/ zkloh Vrxwk fdq lqfuhdvh
wkh surgxfwlylw| ri lwv h{sruw jrrg idvwhu wkdq dq| rwkhu frxqwu|/ lw grhv qrw
uxq lqwr ghfuhdvlqj uhwxuq wr vfdoh exw h{shulhqfhv hyhq dq dssuhfldwlrq ri lwv
whupv ri wudgh1
Ilqdoo|/ qrwh wkdw zkhq Hdvw*v vwuxfwxudo fkdqjh lv frpsohwh/ Vrxwk dqg Qruwk
h{shulhqfh wkh vdph vhwedfn lq jurzwk udwhv/ zklfk zdv douhdg| glvfxvvhg lq
vhfwlrq 51
Ehiruh jrlqj rq/ wdnh d forvhu orrn dw wkh wzr h�hfwv wkdw gulyh wkh jurzwk udwh lq
Vrxwk wr h{fhswlrqdoo| kljk ohyhov gxulqj wkh shulrg ri Qruwk* vwuxfwxudo fkdqjh1
Wkh �uvw h�hfw lv zhoo nqrzq1 Txlwh jhqhudoo|/ d frxqwu| ehqh�wv wkh pruh iurp
lqwhuqdwlrqdo wudgh wkh ehwwhu lw fdq dyrlg ghfuhdvlqj uhwxuqv wr rxwsxw ri wkh
vhfwruv lw kdv d frpsdudwlyh dgydqwdjh lq1 Lq d Khfnvfkhu0Rkolq iudphzrun
zlwk frqvwdqw wrwdo idfwru surgxfwlylw| dqg fdslwdo dffxpxodwlrq Yhqwxud ^4<<:`
vkrzv wkdw jurzwk pludfohv fdq rffxu zkhq frxqwulhv dyrlg ghfuhdvlqj uhwxuqv wr
fdslwdo dffxpxodwlrq e| vkliwlqj surgxfwlrq wr jrrgv ri kljkhu fdslwdo lqwhqvlw|1
Lq wkh suhvhqw prgho/ Vrxwk hvvhqwldoo| dyrlgv ghfuhdvlqj uhwxuqv wr nqrzohgjh
dffxpxodwlrq e| Hdvw*v zloolqjqhvv wr lqfuhdvh vxsso| [ � dorqj zlwk Vrxwk*
surgxfwlylw| jurzwk1
\hw wkh vhfrqg h�hfw lv xqltxh wr wkh Ulfdugldq prgho1 Zkhq wkh hqgrjhqrxv
fkdqjh ri d frxqwu|*v surgxfwlylwlhv dffhohudwhv lwv h{lw iurp d fhuwdlq vhfwru/ wkh
rqh wudglqj sduwqhu wkdw dfwxdoo| wdnhv ryhu wklv vhfwru hqmr|v dq dssuhfldwlrq
ri lwv whupv ri wudgh1 Wklv jlyhv wkh odwwhu dq h{wud errvw iru lwv jurzwk udwhv1 � z� |�� �)� ��� ������$7���?��� �&%.���.�	_��7��$7K��F���3�G�)� �
���&�C®L�0/��#�7/;����$?Z\Y-��
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Ilqdoo|/ d frpsohwh glvfxvvlrq ri wkh %frpshwlwlrq dprqj ghyhorslqj frxqwulhv%
lq wklv wkuhh0frxqwu| prgho qhhgv wr dvvhvv wkh h�hfwv ri Vrxwk* suhvhqfh rq
Hdvw*v jurzwk1 Wkh g|qdplfv ri Hdvw*v lqfrph lv hvvhqwldoo| wkh vdph dv Vrxwk*
lq wkh vxevhfwlrq 515 � � 1 Exw Vrxwk* phpehuvkls lq wklv iuhh wudgh duhd grhv d�hfw
Hdvw lq wzr zd|v1 Iluvw/ zlwk Vrxwk surgxflqj wkh lqsxw jrrg } � / wkh ghpdqg
ri Hdvw*v h{sruwv/ �[ � / lv kljkhu1 Wkxv/ wkh wudqvlwlrq shulrg Hdvw h{shulhqfhv lv
vkruwhu dqg lw*v shulrg ri jurzwk vhwv lq hduolhu1 Wkh vhfrqg uhdvrq lv d jurzwk
h�hfw1 E| dvvxpswlrq +4<,/ wkhuh duh lqfuhdvlqj uhwxuqv wr vshfldol}dwlrq1 Vlqfh
Vrxwk frpsohwho| vshfldol}hv lq wkh } � 0surgxfwlrq dqg wkhuhe| pdnhv Qruwk
vshfldol}h frpsohwho| rq } N zlwklq �qlwh wlph/ lw hqkdqfhv rxwsxw jurzwk lq
wkh } u 0vhfwruv/ dqg jurzwk ri Hdvw*v whupv ri wudgh1 E| hdfk ri wkhvh h�hfwv/
wkh qhzfrphu*v hfrqrplf jurzwk dqg zhoiduh lv xqdpeljxrxvo| kljkhu zkhq lwv
%orz0zdjh frpshwlwru% wdnhv sduw lq wkh iuhh wudgh duhd1 Wkh nh| dvvxpswlrq
lv khuh djdlq wkdw Vrxwk lv prylqj xs wkh surgxfwlrq odgghu dw wkh hqwudqfh rq
Hdvw dqg wkhuhiruh hvvhqwldoo| vwrsv ehlqj d frpshwlwru ri Hdvw exw lv udwkhu dq
dwwudfwlyh wudgh sduwqhu1
Lq vxp/ wkh frpshwlwlrq dprqj ghyhorslqj frxqwulhv lv ehqh�fldo iru hdfk ri
wkhp 0 jlyhq wkdw +5<, krogv dqg surylghg wkdw Vrxwk glvfrxqwv rqo| plogo|
lwv ixwxuh jdlqv1 Lq d vhwwlqj wkdw ghvfulehv �upv dv shuihfwo| frpshwlwlyh wkh
srvlwlyh lpsdfw ri lqfuhdvhg frpshwlwlrq dprqj ohvv ghyhorshg frxqwulhv rq wkh
rq wkhlu uhvshfwlyh lqfrph lv uhpdundeoh1

��2 wi@TuhL}}�?}
Qrw hqrxjk wkdw wkh ohvv ghyhorshg frxqwu| ehqh�wv lq whupv ri orqj uxq jurzwk
iurp wkh dffhvvlrq ri wkh qhzfrphu/ wklv vxevhfwlrq vkdoo vkrz wkdw Vrxwk fdq
lq idfw wdnh ryhu wkh ohdglqj srvlwlrq lv wklv wkuhh0frxqwu| zruog hfrqrp| dqg
ohdsiurj wkh lqlwldo ohdghu/ Qruwk1
Iljxuh 7 looxvwudwhv vxfk d fdvh1 Dv h{sodlqhg lq wkh suhylrxv vxevhfwlrq/ Vrxwk
jurzv idvwhu wkdq Qruwk gxulqj wkh shulrg lq zklfk Qruwk glyhuvl�hv dqg sur0
gxfhv erwk ri wkh } u jrrgv1 Wklv lv ehfdxvh �uvw/ Vrxwk frpsohwho| vshfldol}hv
dqg vhfrqg/ lwv whupv ri wudgh dssuhfldwhv dv Qruwk judgxdoo| uhwuhdwv iurp sur0
gxfwlrq ri Vrxwk* h{sruw jrrg1 Diwhu wkdw shulrg/ erwk frxqwulhv jurz dw wkh
vdph sdfh1 Wkxv/ wkh orqjhu Qruwk* wudqvlwlrq shulrg/ wkh pruh Vrxwk fdq fdwfk
xs zlwk Qruwk1 Li wkh shulrg lv orqj hqrxjk/ Vrxwk hyhqwxdoo| ryhufrphv Qruwk1
Suhfrqglwlrq iru Vrxwk ohdsiurjjlqj Qruwk lv wkdw wkh udwlr ri wkhlu oderu irufhv
O@O � lv uhodwlyho| vpdoo1 Wkh uhdvrq iru wkh vl}h wr sod| d fuxfldo uroh lv wkh iro0
orzlqj1 Wkh vpdoohu Vrxwk* oderu irufh O/ wkh odujhu pxvw eh Vrxwk* surgxfwlylw|/��	�	�7$��>�?�0*�� �F�;�&�-<�$?�0�?�G���L L� /G�>$?�J� �	�CE)�#���G
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d lq rughu wr eh deoh wr vdwlvi| zruog ghpdqg ri } � dorqh 0 dqg wkxv wkh orqjhu lv
wkh shulrg gxulqj zklfk Qruwk vwloo hqjdjhv lq } � 0surgxfwlrq dqg Vrxwk* jurzwk
h{fhhgv Qruwk*1 Lq vkruw/ wkh vpdoohu Vrxwk* oderu irufh O/ wkh orqjhu lv lwv
shulrg ri h{fhvv jurzwk ryhu Qruwk dqg wkh pruh olnho| rffxuv ohdsiurjjlqj1
Wr dqdo|}h wkhvh g|qdplfv irupdoo|/ vxssrvh wkdw doo dvvxpswlrqv ri wkh suhylrxv
vhfwlrq vwloo krog +d � @ d/ d N @ 3 dqg d � � @ d �N dqg d � � O � A dO dw wkh gdwh ri
Hdvw*v wudgh lqwhjudwlrq,1
Gh�qh qrz wkh iudfwlrq ri Qruwk* zrunirufh hpsor|hg lq lqsxw vhfwru } N dv � � 1
Lw zdv phqwlrqhg deryh wkdw wklv iudfwlrq lv frqvwdqwo| lqfuhdvlqj dqg �qdoo|
klwv rqh zkhq Qruwk* vwuxfwxudo fkdqjh lv frpsohwh1 Wklv fdq eh vhhq lq wkh
iroorzlqj zd|1 Xvh d � � O � A dO dqg +59, wr vhh wkdw � � 5 + �N > 4, dw wkh gdwh ri
Hdvw*v wudgh lqwhjudwlrq1 Ixuwkhu hpsor| t � @t N @ +�} N @�} � , �Gv0w wr ghulyh Qruwk*
oderu doorfdwlrq gxulqj wkh shulrg ri lwv glyhuvl�fdwlrq=

O �N � @ O � d �N @d � �
+d �N @d � � , w . d �N @d � � � O d

d � �
+d �N @d � � , w

+d �N @d � � , w . d �N @d � �
O �NGN @ � ��&µ¶ O. O � � +d �N @d � � , w

+d �N @d � � , w . d �N @d � �
+65,

Wrjhwkhu zlwk +4<,/ wklv ohdgv wr
{
� � @� � @ �� p oq+O N>N , @ �� � dO

dO. d � � O � . +%� 4,�+5� � � 4, +d � � , w r �
+d � � , w r � . +d �N , w r �

Wklv gl�huhqwldo htxdwlrq whoov wkdw/ li � � A 4@5/ wkh iudfwlrq � � jurzv +
{
� � A 3,1

Vlqfh dw wkh gdwh ri Hdvw*v lqwhjudwlrq � � A 4@5 khog/ wklv phdqv wkdw � � jurzv
dqg �qdoo| uhdfkhv 4= Qruwk frpsohwho| vshfldol}hv rq } N 1
Qrz qrwh wkdw gxulqj wkh wudqvlwlrq shulrg/ zdjhv lq Vrxwk dqg Qruwk duh
z @ dt � dqg z � @ d � t � 1 Zlwk +4<,/ wklv phdqv wkdw uhodwlyh lqfrphv hyroyh olnh

�� p oq+z@z � , @ �� � +66,
Wkh jrdo lv qrz wr jlyh d orzhu hvwlpdwh rq wkh udwlr z@z � dw wkh gdwh zkhq
Qruwk frpsohwho| ohdyhv wkh } � 0vhfwru1 Zkhq wklv gdwh lv W / dqg wkh gdwh ri
Hdvw*v wudgh lqwhjudwlrq lv vhw wr eh w @ 3/ wkh lqhtxdolw| � � A 4@5 dqg htxdwlrqv
+63, dqg +66, lpso| wkdw dw W uhodwlyh lqfrphv duh

z+W ,
z � +W , @ z+3,

z � +3, � h ·"¸
¹ºm» µ � p A d+3,@d � � +3, � h ·3¼ v N +67,

Lq rughu wr fdofxodwh wkh orzhu hvwlpdwh rq z@z � / rqh fdq wkhuhiruh jlyh d
orzhu hvwlpdwh ri W dqg soxj lw lq wkh UKV1 E| +65, wkh wudqvlwlrq shulrg lv
fkdudfwhul}hg e|

O � @O � d+d �N , w r � +d � � , r w +68,
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zlwk htxdolw| dw gdwh W 1 D orzhu erxqg iru W lv hvwdeolvkhg e| htxdol}lqj dq
xsshu erxqg ri wkh UKV wr wkh OKV1 Vlqfh d+w, @ d+3,h · p / dq xsshu erxqg ri
wkh UKV fdq eh irxqg e| jlylqj dq xsshu erxqg iru d �N dqg dq orzhu erxqg iru
d � � 1 Exw d �N jurzv dw wkh udwh �� � / dqg d � � dw wkh udwh �+4� � � ,1 Vrph jhqhurxv
orzhu dqg xsshu erxqgv duh wkhuhiruh/ uhvshfwlyho|

d � � +w, ? d � � +3, � h · p dqg d � � +w, A d � � +3,
Wkxv/ wkh UKV ri +68, lv erxqghg iurp deryh e| wkh h{suhvvlrq

d+3,h · p � +d �N +3,h · p , w r � @+d � � +3,, w /
ru

d+d �N , w r � +d � � , r w ? d+3,
d � � +3,h ·

w p +69,

Wkh orzhu erxqg iru gdwh W lv fdofxodwhg e| htxdwlqj wkh OKV ri +68, zlwk wkh
UKV ri +69,

W @ 4
%� oq

�d � � +3,O �
d+3,O

�

Wklv wrjhwkhu zlwk +67, dqg � � A 4@5 jlyhv wkh hvwlpdwh
z+W , A z � +W , � h �0v N w O � @O

Wkhvh odvw vwhsv ohdg wr wkh iroorzlqj vxusulvlqj �qglqj= jlyhq wkdw frqglwlrqv
+5<, krog/ wudgh lqwhjudwlrq zlwk Hdvw pdnhv Vrxwk vshfldol}h lq } � 0surgxfwlrq
dqg Vrxwk dozd|v ohdsiurjv Qruwk zkhq lwv oderu irufh lv uhodwlyho| vpdoo frp0
sduhg zlwk Qruwk*/ l1h1 li wkh vx�flhqw frqglwlrq O ? h �0v N w O � lv vdwlv�hg1 Qrwh
wkdw rqfh Qruwk* vwuxfwxudo fkdqjh lv frpsohwh/ erwk frxqwulhv* surgxfwlylwlhv
jurz dffruglqj wr +4<, dw wkh vdph udwh dqg vr grhv hlwkhu qdwlrqdo lqfrph1
Vrxwk fdq frqvhuyh lwv qhzo| dftxluhg ohdglqj srvlwlrq1
Wklv vxevhfwlrq kdv jhqhudwhg d jurzwk pludfohv zlwk wkh khos ri wzr gl�huhqw hi0
ihfwv1 Wkh �uvw frphv iurp dyrlglqj ghfuhdvlqj uhwxuqv1 Zkhq d frxqwu| lv deoh
wr hvfdsh ghfuhdvlqj uhwxuqv lq wkh vhfwru ri lwv frpsdudwlyh dgydqwdjh/ surgxf0
wlylw| jurzwk wudqvodwhv lqwr sxuh lqfrph jurzwk1 Wkh vhfrqg h�hfw frphv iurp
wkh g|qdplf fkdqjh lq frpsdudwlyh dgydqwdjh gxh wr ohduqlqj e| grlqj1 Zkhq
d ghyhorslqj frxqwu| hqwhuv surgxfwlrq ri rqh vshfl�f vhfwru/ lwv lqfxpehqw sur0
gxfhu sduwldoo| vkliwv oderu rxw ri wkdw vhfwru1 Iru wkh odwwhu/ wklv dgmxvwphqw
phdqv d uhgxfwlrq lq wklv vhfwru*v surgxfwlylw| jurzwk dqg kh qrw rqo| uhwuhdwv
iurp wkh vhfwru ehfdxvh wkh frpsdudwlyh dgydqwdjh lv prylqj djdlqvw klp/ exw
wkh frpsdudwlyh dgydqwdjh pryhv djdlqvw klp suhflvho| ehfdxvh kh lv prylqj
rxw ri wkh vhfwru1 Wklv dpsol�fdwlrq ohdgv wr dq hyhq idvwhu dssuhfldwlrq ri wkh
ghyhorslqj frxqwu|*v whupv ri wudgh dqg lqfuhdvhv lwv jurzwk udwh xs wr wkh srlqw
zkhuh lw lqgxfhv ohdsiurjjlqj1
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Iru ghyhorslqj frxqwulhv wkh ohvvrq wr gudz iurp wklv h{huflvh lv wkh iroorzlqj1
Fdswxulqj sduwv ri d vhfwru zlwk kljk jurzwk srwhqwldov qrw qhfhvvdulo| pdnhv
d jurzwk pludfoh1 Lw fdq zhoo eh wkdw kljkhu surgxfwlylw| jurzwk lq frpshw0
lqj frxqwulhv hyhqwxdoo| gulyhv wkh ghyhorslqj frxqwu| rxw ri wkh qhzo| hqwhuhg
vhfwruv +dv lq vhfwlrq 514,1 Xqohvv wkhuh h{lvw rwkhu dwwudfwlyh surgxfwlrq rssru0
wxqlwlhv iru wkh lqfxpehqw surgxfhuv wr vkliw wkhlu surgxfwlrq wr +dv lq vhfwlrqv
516/ 614/ dqg 615, d udfh iru pdunhw vkduhv vhwv lq ehwzhhq frpshwlqj frxqwulhv
zlwk xqfhuwdlq uhvxow1 D ixuwkhu ehqh�fldo frqglwlrq iru d jurzwk pludfoh wr
rffxu lv wkh rxwvrxuflqj ri +orz0whfkqrorj|, jrrgv zkrvh surgxfwlrq grhv qrw
h{klelw ohduqlqj e| grlqj +dv lq vhfwlrq 6,1 Lq idfw/ wklv frqvwlwxwhv d sxuh lq0
idqw lqgxvwu| dujxphqw iurp wkh zlqqhu*v srlqw ri ylhz1 Ilqdoo|/ iru d jurzwk
pludfoh wr rffxu/ wkh qhzo| hqwhuhg vhfwru vkrxog phhw d ghpdqg odujh hqrxjk
wr r�hu h{sdqvlrq lq wkh phglxp uxq +uh�hfwhg lq wkh frqglwlrq O ? h �0v N w O � ri
wkh suhvhqw vhfwlrq,
Wklv suhvhqw vhfwlrq hpskdvl}hg wkh ehqh�fldo h�hfw wkdw wudgh lqwhjudwlrq ri d
odujh ghyhorslqj hfrqrp| fdq kdyh rq wkh jurzwk shuirupdqfh ri vpdoohu ghyho0
rslqj frxqwulhv1 E| iuhhlqj uhvrxufhv dw wkh erwwrp ri wkh surgxfw odgghu wkhvh
odwwhu fdq hqwhu lqgxvwulhv zlwk kljkhu ohduqlqj h�hfwv dqg jurzwk srwhqwldo1
Krzhyhu/ wkh lpphgldwh vwdwlf ohyho h�hfw rq wkh vpdoo ghyhorslqj frxqwulhv lv
dozd|v qhjdwlyh1 Zkhwkhu wkh vwdwlf zhoiduh orvv fdq eh frpshqvdwhg e| kljkhu
ixwxuh jurzwk wkhq ghshqgv rq wkh sdwlhqfh ri wkh ghyhorslqj frxqwulhv* flwl}hqv1

e �L?U*�t�L?
Wklv sdshu kdv frqwulexwhg wr wkh glvfxvvlrq rq wkh fkdqqhov ehwzhhq lqwhuqd0
wlrqdo wudgh dqg hfrqrplf jurzwk1 Lw kdv irfxvhg rq wkh jurzwk shuirupdqfh
ri ghyhorslqj frxqwulhv lq wkh udfh iru pdunhw vkduhv lq dgydqfhg dqg g|qdplf
vhfwruv1 Lw wkhuhe| glvwlqjxlvkhg ehwzhhq �uvw/ wkh h�hfwv ri lqwhuqdwlrqdo wudgh
zlwk lqgxvwuldol}hg frxqwulhv/ hydoxdwlqj wkh lqidqw lqgxvwu| uhdvrqlqj dqg vhf0
rqg/ dq lqfuhdvhg frpshwlwlrq dprqj ghyhorslqj qdwlrqv lq d wkuhh0frxqwu|
vhwwlqj1
Wkh �uvw sduw ri wkh sdshu ghyhorshg d vlpsoh prgho wkdw sxwv \rxqj*v ^4<<4`
yhuvlrq ri wkh lqidqw lqgxvwu| dujxphqw ri lqwr d yhu| kdqg| irup/ looxvwudwlqj
wkdw iru ghyhorslqj frxqwulhv wkh vwdwlf jdlqv iurp wudgh pd| frph dw wkh frvw
ri uhgxfhg orqj0uxq jurzwk1 Lq vxfk d fdvh wudgh lqwhjudwlrq klqghuv hfrqrplf
ghyhorsphqw1 \hw/ d vpdoo prgl�fdwlrq ri wkh prgho wxuqv durxqg wkdw slfwxuh
dqg khosv wr lghqwli| d gudzedfn ri wkh lqidqw lqgxvwu| dujxphqw wkdw suhylrxv
olwhudwxuh kdg ryhuorrnhg1 Lw zdv vkrzq wkdw wkh suhvhqfh ri d vxevlvwhqfh0
whfkqrorj|/ eduulhuv wr wudgh fdq uhgxfh wkh ghpdqg iru kljk0whfkqrorj| jrrgv
vxfk wkdw surgxfwlrq gursv suhflvho| lq wkrvh vhfwruv/ zklfk surwhfwlrqlvp rulj0
lqdoo| lqwhqghg wr surprwh1 Lq wkdw vfhqdulr/ surwhfwlrqlvp xqghuplqhv lqgxv0
wuldol}dwlrq dqg orqj0uxq jurzwk1 Wkh xqghuo|lqj dvvxpswlrqv frqyhuvho| lpso|
wkdw wudgh olehudol}dwlrq vsxuv wkh surgxfwlrq ri kljkhu0whfkqrorj| jrrgv lq gh0
yhorslqj frxqwulhv1 Wkh vxujh ri Ph{lfr*v h{sruwv ri %Dgydqfhg Whfkqrorj|
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Surgxfwv% lq wkh �uvw ghfdgh ri QDIWD xs wr wkh �yhirog ri wkhlu 4<<7 ohyho
fdq eh xqghuvwrrg dv vxssruw iru wklv ylhz1
Wkh vhfrqg sduw ri wkh sdshu h{whqghg wkh prgho wr d wkuhh0frxqwu| vhwwlqj wr
dgguhvv wkh lpsdfw ri frpshwlwlrq dprqj ghyhorslqj frxqwulhv rq wkhlu jurzwk
shuirupdqfh1 Vrph vpdoo ghyhorslqj frxqwulhv revhuyh zlwk frqfhuq wkdw odujh
oderu dexqgdqw qdwlrqv olnh Lqgld dqg Fklqd lqwhjudwh lq wkh zruog hfrqrp|1
Exw wkh dqdo|vlv vkrzhg wkdw wudgh lqwhjudwlrq ri d odujh ghyhorslqj qdwlrq
fdq sxvk vpdoo ghyhorslqj hfrqrplhv xs wkh surgxfw odgghu lqwr surgxfwlrq
zlwk kljkhu jurzwk srwhqwldo1 Wkxv/ wkh lqfuhdvhg frpshwlwlrq vhwv vpdoo gh0
yhorslqj frxqwulhv rq wkh wudfn ri idvwhu hfrqrplf ghyhorsphqw1 Zkloh d vwdwlf
ohyho h�hfw ri wkh lqfuhdvhg frpshwlwlrq lv dozd|v dgyhuvh/ wkh iroorzlqj errvw
lq lqfrph jurzwk pdnhv vpdoo ghyhorslqj frxqwulhv rxwshuirup lqgxvwuldol}hg
hfrqrplhv dqg fdq hyhq eulqj wkhp wr ohdsiurj wkh lqlwldo ohdghuv1 Lq wkh shulrg
ri h{fhswlrqdoo| kljk jurzwk ri wkh ghyhorslqj frxqwu| wzr ehqh�fldo h�hfwv duh
lghqwl�hg1 Iluvw/ dv frpshwlwruv duh prylqj rxw ri surgxfwlrq lq wkh vhfwru ri
lwv frpsdudwlyh dgydqwdjh/ wkh ghyhorslqj frxqwu| phhwv frqvwdqw uhwxuqv zkloh
jurzlqj lq rqh vhfwru rqo|1 Vhfrqg/ wklv h�hfw lv dpsol�hv e| wkh hqgrjhqrxv
fkdqjh lq frpsdudwlyh dgydqwdjh1
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�TTi?_� 
Lq wkh wzr0frxqwu| prgho ri vhfwlrq 514/ zkhq O N ? O@% krogv/ wkhq O N jrhv
wr }hur lq �qlwh wlph1 Dvvxph wkdw O N A 3> l1h1 Vrxwk glyhuvl�hv/ lpso|lqj
s � @s N @ D Wkh zruog djjuhjdwhv duh wkhq �[ � @ O� O N dqg �[ N @ D � O � .DO N
dqg +7, jlyhv

O N @ D w O�D � O �
D w .D +D4,

Wklv h{suhvvlrq kdv wkh xsshu erxqg O N ? O ½ =@ O�D � O � @D w 1 E| +D4,/ O lv
lqfuhdvlqj lq D dqg e| +:, bD lv lqfuhdvlqj lq O N 1 Wkxv/ wkh vroxwlrq wr +:, zlwk
lqlwldo ydoxhv +D4, kdv dq xsshu erxqg e| wkh vroxwlrq wr +:, zkhq uhsodflqj
O N e| O ½ Xvlqj bD � @D � @ h · p / wkh v|vwhp +:, dqg O N @ O ½ kdv d vwdwlrqdu|
vroxwlrq dw

�� p O ½ @ D � O � @D w +�� �%O ½ @O, @ 3
ru O ½ @ O@%1 Iru lqlwldo ydoxhv O ½ ? O@% wkh xsshu erxqg O ½ ghfuhdvhv dw
dq dffhohudwlqj sdfh dqg klwv }hur lq �qlwh wlph1 Wkxv/ vr grhv O N 1

+iuihi?Uit
Dfhprjox/ G1 dqg Yhqwxud/ M1 ^5335`= %Wkh Zruog Lqfrph Glvwulexwlrq% Txdu0
whuo| Mrxuqdo ri Hfrqrplfv
Edogzlq/ U ^4<9<`= %Wkh Fdvh Djdlqvw Lqidqw0Lqgxvwu| Wdul� Surwhfwlrq%/ Mrxu0
qdo ri Srolwlfdo Hfrqrp|
Edogzlq/ U1 ^5336`= %Rshqqhvv dqg Jurzwk= Zkdw*v wkh Hsplulfdo Uhodwlrq0
vklsB%/ QEHU Zrunlqj Sdshu Qr1 <8:;
Euh}lv/ H1 V1/ Nuxjpdq/ S1 dqg Wvlggrq G1 ^4<<6`= %Ohdsiurjjlqj lq Lqwhuqd0
wlrqdo Frpshwlwlrq= D Wkhru| ri F|fohv/ dqg Qdwlrqdo Whfkqrorjlfdo Ohdghu0
vkls% Dphulfdq Hfrqrplf Uhylhz
Flffrqh D1/ Dofdo�d I1 ^5337`= %Wudgh dqg Surgxfwlylw|% Txduwhuo| Mrxuqdo ri
Hfrqrplfv
Flffrqh/ D1 dqg Pdwvx|dpd/ N1 ^4<<<`= %H�flhqf| dqg Htxloleulxp zlwk G|0
qdplf Lqfuhdvlqj Djjuhjdwh Uhwxuqv Gxh wr Ghpdqg Frpsohphqwdulwlhv% Hfrqr0
phwulfd
Gdv/ V1 dqg Vulqlydvdq/ N1 ^4<<:`= %Gxudwlrq ri Ilupv lq dq Lqidqw Lqgxvwu|=
wkh Fdvh ri Lqgldq Frpsxwhu Kdugzduh%/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv
Gruqexvfk/ U1> Ilvfkhu/ V1 dqg Vdpxhovrq S1 D1 ^4<::`= %Frpsdudwlyh Dgydq0
wdjh/ Wudgh/ dqg Sd|phqwv lq d Ulfdugldq Prgho zlwk d Frqwlqxxp ri Jrrgv%
Dphulfdq Hfrqrplf Uhylhz
Gruqexvfk/ U1 ^5334`= %Wkh Fdvh ri Wudgh Olehudol}dwlrq lq Ghyhorslqj Frxq0
wulhv% Mrxuqdo ri Hfrqrplf Shuvshfwlyhv
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Gr}lq/ V1 dqg Ydpydnlglv/ D1 ^5336`= %Wudgh dqg Lqgxvwuldol}dwlrq lq Ghyhorslqj
Hfrqrplhv%/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv
Hdvwhuo|/ Z dqg Ohylqh/ U1 ^5334`= %Lw*v Qrw Idfwru Dffxpxodwlrq= Vw|ol}hg
Idfwv dqg Jurzwk Prghov% Zruog Edqn
Hlfkhqjuhhq/ E1/ Ukhh/ \1 dqg Wrqj/ K1 ^5337`= %Wkh Lpsdfw ri Fklqd rq wkh
H{sruwv ri Rwkhu Dvldq Frxqwulhv% QEHU Zrunlqj Sdshu Qr1 43:9;
Iudqnho/ M1 D1 dqg Urphu G1 ^4<<<`= %Grhv Wudgh Fdxvh JurzwkB% Dphulfdq
Hfrqrplf Uhylhz
Kdqvrq/ J1 ^5336`= %Zkdw kdv Kdsshqhg wr Zdjhv lq Ph{lfr Vlqfh QDIWDB
Lpsolfdwlrqv iru Khpqlvskhulf Iuhh Wudgh% QEHU Zrunlqj Sdshu Qr1 <896
Kduulvrq/ D ^4<<7`= %Dq Hpslulfdo Whvw ri wkh Lqidqw Lqgxvwu| Dujxphqw= Frp0
phqw%/ Dphulfdq Hfrqrplf Uhylhz
Kduulvrq/ D1 dqg Kdqvrq/ J1 ^4<<<`= %Zkr Jdlqv iurp Wudgh UhirupB Vrph
Uhpdlqlqj Sx}}ohv% Mrxuqdo ri Ghyhorsphqw Hfrqrplfv
Lpev/ M1 dqg Zdf}lduj/ U1 ^5336`= %Vwdjhv ri Glyhuvl�fdwlrq% Dphulfdq Hfr0
qrplf Uhylhz
Lqwhu0Dphulfdq Ghyhorsphqw Edqn +LGE,= %Wkh Hphujhqfh ri Fklqd= Rssru0
wxqlwlhv dqg Fkdoohqjhv iru Odwlq Dphulfd dqg wkh Fduleehdq%/ iruwkfrplqj
Pdufk 5338
Ndqhgd/ P1 ^5336`= %Srolf| Ghvljqv lq d G|qdplf Prgho ri Lqidqw Lqgxvwu|
Surwhfwlrq%/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv
Nuxhjhu/ D1 dqg Wxqfhu/ E1 ^4<;5`= %Dq Hpslulfdo Whvw ri wkh Lqidqw Lqgxvwu|
Dujxphqw%/ Dphulfdq Hfrqrplf Uhylhz
Nuxhjhu/ D1 dqg Wxqfhu/ E1 ^4<;7`= %Dq Hpslulfdo Whvw ri wkh Lqidqw Lqgxvwu|
Dujxphqw= Uhso|%/ Dphulfdq Hfrqrplf Uhylhz
Nuxhjhu/ D1 dqg Wxqfhu/ E1 ^4<<7`= %Dq Hpslulfdo Whvw ri wkh Lqidqw Lqgxvwu|
Dujxphqw= Uhso|%/ Dphulfdq Hfrqrplf Uhylhz
Nuxjpdq S1 ^4<;:`= %Wkh Qduurz Prylqj Edqg/ wkh Gxwfk Glvhdvh dqg wkh
Frpshwlwlyh Frqvhtxhqfhv ri Pu1 Wkdwfkhu% Mrxuqdo ri Ghyhorslqj Hfrqrplfv
Ohdk|/ G1 dqg Qhdu|/ S1 ^4<<<`= %Ohduqlqj e| Grlqj/ Suhfrpplwphqw/ dqg
Lqidqw0Lqgxvwu| Surwhfwlrq%/ Uhylhz ri Hfrqrplf Vwxglhv
Ohh/ M1 ^4<<:`= %Wkh Pdwxudwlrq dqg Jurzwk ri Lqidqw Lqgxvwulhv= Wkh Fdvh ri
Nruhd%/ Zruog Ghyhorsphqw
Oxfdv/ U1 ^4<;5`= %Dq Hpslulfdo Whvw ri wkh Lqidqw Lqgxvwu| Dujxphqw= Frp0
phqw%/ Dphulfdq Hfrqrplf Uhylhz
Oxfdv/ U1 ^4<<6`= %Pdnlqj d Pludfoh% Hfrqrphwulfd
Ox}lr/ H1 dqg Juhhqvwhlq/ V1 ^4<<8`= %Phdvxulqj wkh Shuirupdqfh ri d Surwhfwhg
Lqidqw Lqgxvwu|= wkh Fdvh ri Eud}loldq Plfurfrpsxwhuv%/ Uhylhz ri Hfrqrplfv
dqg Vwdwlvwlfv
Pdwvx|dpd/ N1 ^5333`= %D Ulfdugldq Prgho zlwk d Frqwlqxxp ri Jrrgv xqghu
Qrqkrprwkhwlf Suhihuhqfhv= Ghpdqg Frpsohphqwdulwlhv/ Lqfrph Glvwulexwlrq
dqg Qruwk0Vrxwk Wudgh/% Mrxuqdo ri Srolwlfdo Hfrqrp|
Pholw} ^5338`= %Zkhq dqg Krz Vkrxog Lqidqw Lqgxvwulhv eh SurwhfwhgB%/ iruwk0
frplqj lq Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv
Pludyhwh H1 ^4<<:`= %Lqidqw0Lqgxvwu| Wdul� Surwhfwlrq zlwk Suhvvxuh Jurxsv%/
Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq

59



Pludyhwh/ H1 ^5336`= %Wlph0Frqvlvwhqw Surwhfwlrq Zlwk Ohduqlqj e| Grlqj%/
Hxurshdq Hfrqrplf Uhylhz
Pxusk|/ N1 P1> Vkohlihu/ D1 dqg Ylvkq| U1 Z1 ^4<;<`= %Lqgxvwuldol}dwlrq dqg
wkh Elj Sxvk% Mrxuqdo ri Srolwlfdo Hfrqrp|
Rk|dpd/ D1> Eudjxlqvn|/ V11dqg Pxusk|/ N1 ^5337`= %Hqwuhsuhqhxuldo Delolw|
dqg Pdunhw Vhohfwlrq lq dq Lqidqw Lqgxvwu|= Hylghqfh iurp wkh Mdsdqhvh Frwwrq
Vslqqlqj Lqgxvwu|%/ Uhylhz ri Hfrqrplf G|qdplfv
Urphu/ S1 P1 ^4<;9`= %Lqfuhdvlqj Uhwxuqv dqg Orqj0Uxq Jurzwk% Mrxuqdo ri
Srolwlfdo Hfrqrp|
Urgu�ljxh}/ I1 dqg Urguln/ G1 ^5333`= %Wudgh Srolf| dqg Hfrqrplf Jurzwk= D
Vfhswlf*v Jxlgh wr wkh Furvv0Qdwlrqdo Hylghqfh%/ QEHU Pdfurhfrqrplf Dq0
qxdo
Vdfkv/ M1 dqg Zduqhu/ D1 ^4<<8`=%Hfrqrplf Uhirup dqg wkh Surfhvv ri Joredo
Lqwhjudwlrq% Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ Qr14/
Zdf}lduj/ U1 dqg Zdoodfn M1 V1^5337`= %Wudgh Olehudol}dwlrq dqg Lqwhuvhfwrudo
Oderu Pryhphqwv% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv
Zdf}lduj/ U1 dqg Zhofk N1 ^5336`= %Wudgh Olehudol}dwlrq dqg Jurzwk= Qhz
Hylghqfh% QEHU/ ZS 43485
Yhqwxud/ M1 ^4<<:`= %Jurzwk dqg Lqwhughshqghqfh% Txduwhuo| Mrxuqdo ri Hfr0
qrplfv
\rxqj/ D1 ^4<<4`= %Ohduqlqj e| Grlqj dqg wkh G|qdplf H�hfwv ri Lqwhuqdwlrqdo
Wudgh%/ Txduwhuo| Mrxuqdo ri Hfrqrplfv
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