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Devwudfw

Wklv sdshu suhvhqwv d prgho lq zklfk hfrqrplhv ri vfrsh lq surgxfwlrq sod| d nh| uroh lq d
yhuwlfdoo|0olqnhg surgxfwlrq vwuxfwxuh1 Lw lghqwl�hv wkh glyhujhqfh lq wkh ghjuhhv ri hfrqrplhv ri
vfrsh dqg wkh dwwulexwh vsdfhv ri wkh surgxfwv lq gl�huhqw vwdjhv ri surgxfwlrq dv d ixqgdphqwdo
hfrqrplf irufh ehklqg rxwvrxuflqj1 Dprqj rwkhu wklqjv/ lw lv vkrzq wkdw rxwvrxuflqj rffxuv
lq wkh iroorzlqj wzr h{wuhph2rssrvlwh vfhqdulrv lq whupv ri surgxfwlrq dqg fkdudfwhulvwlfv ri
wkh jrrg= hlwkhu +l, wkh ghjuhh ri hfrqrplhv ri vfrsh lv uhodwlyho| yhu| kljk dqg2ru wkh dwwulexwh
vsdfh lv yhu| vpdoo +l1h1/ forvh wr d krprjhqrxv jrrg,/ ru +ll, wkh ghjuhh ri hfrqrplhv ri vfrsh lv
uhodwlyho| yhu| orz dqg2ru wkh dwwulexwh vsdfh lv yhu| odujh +l1h1 kljko| vshfldol}hg lqsxw2vhuylfh,1
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yhuwlfdoo|0olqnhg surgxfwlrq vwuxfwxuh1 Lw lghqwl�hv wkh glyhujhqfh lq wkh ghjuhhv ri hfrqrplhv ri
vfrsh dqg wkh dwwulexwh vsdfhv ri wkh surgxfwv lq gl�huhqw vwdjhv ri surgxfwlrq dv d ixqgdphqwdo
hfrqrplf irufh ehklqg rxwvrxuflqj1 Dprqj rwkhu wklqjv/ lw lv vkrzq wkdw rxwvrxuflqj rffxuv
lq wkh iroorzlqj wzr h{wuhph2rssrvlwh vfhqdulrv lq whupv ri surgxfwlrq dqg fkdudfwhulvwlfv ri
wkh jrrg= hlwkhu +l, wkh ghjuhh ri hfrqrplhv ri vfrsh lv uhodwlyho| yhu| kljk dqg2ru wkh dwwulexwh
vsdfh lv yhu| vpdoo +l1h1/ forvh wr d krprjhqrxv jrrg,/ ru +ll, wkh ghjuhh ri hfrqrplhv ri vfrsh lv
uhodwlyho| yhu| orz dqg2ru wkh dwwulexwh vsdfh lv yhu| odujh +l1h1 kljko| vshfldol}hg lqsxw2vhuylfh,1
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Rxwvrxuflqj lv vxujlqj lq srsxodulw| dfurvv d zlgh udqjh ri surgxfwlrq dfwlylwlhv dqg vhfwruv1

Lq wkh dxwrpreloh lqgxvwu|/ iru lqvwdqfh/ zh vhh rxwvrxuflqj udqjlqj iurp surgxfw ghvljq/ gdwd

surfhvvlqj/ dvvhpeo|/ vshfldo frpsrqhqwv/ dqg plqru sduwv dqg frpsrqhqwv/ hwf1� Zk| gr �upv

hqjdjh lq yhu| gl�huhqw nlqgv ri rxwvrxuflqj exvlqhvv lq wkdw vrph uhtxluh kljk0vnloohg oderu

dqg duh yhu| vshfldol}hg exw rwkhuv duh yhu| vlpsoh dqg plqruB Zkdw nlqg ri lqwhuphgldwh

lqsxw2vhuylfh gr �upv riwhq fkrrvh iru rxwvrxuflqjB Fdq zh vd| dq|wklqj derxw wkh fkdu0

dfwhulvwlfv2dwwulexwhv ri wkh jrrgv ru vhuylfhv lq rxwvrxuflqjB Pruh lpsruwdqwo|/ zkdw lv wkh

ixqgdphqwdo hfrqrplf irufh ehklqg wkh uhfhqw wuhqg ri rxwvrxuflqjB Wkh sxusrvh ri wklv sdshu

lv wr dgguhvv wkhvh txhvwlrqv dqg xqghuvwdqg wkh sdwwhuqv ri rxwvrxuflqj1

Dowkrxjk lw lv riwhq ylhzhg dv d phdqv iru �upv wr orrn iru fkhdshu vxssolhuv wr frsh

zlwk lqfuhdvlqj frpshwlwlrq/ wklv lv qrw wkh xqghuo|lqj hfrqrplf irufh ehklqg rxwvrxuflqj1 D

ixqgdphqwdo hfrqrplf irufh/ dv lghqwl�hg lq wklv sdshu/ olhv lq wkh glyhujhqfh lq wkh ghjuhhv ri

hfrqrplhv ri vfrsh dqg wkh dwwulexwh vsdfhv ri wkh surgxfwv lq gl�huhqw vwdjhv ri surgxfwlrq1

Lq wklv hvvd| L ghyhors d vlpsoh prgho ri wzr0vwdjh surgxfwlrq lq zklfk hfrqrplhv ri vfrsh lq

surgxfwlrq +lq frqmxqfwlrq zlwk surgxfw gl�huhqwldwlrq, sod| d nh| uroh lq d yhuwlfdoo|0olqnhg

surgxfwlrq vwuxfwxuh1 Wkh prgho doorzv xv wr glvfxvv krz rxwvrxuflqj dfwlylwlhv duh d�hfwhg e|

wkh ghjuhh ri surgxfw gl�huhqwldwlrq dqg hfrqrplhv ri vfrsh lq surgxfwlrq ri wkh lqwhuphgldwh

lqsxw uhodwlyh wr wkdw ri wkh �qdo jrrg1

Wkh sdshu ghulyhv wkuhh pdlq uhvxowv wkdw |lhog qhz lqvljkwv rq wkh sdwwhuqv ri rxwvrxuflqj1

Iluvw/ rxwvrxuflqj rffxuv zlwk wkh iroorzlqj wzr h{wuhph2rssrvlwh vfhqdulrv lq whupv ri surgxf0

wlrq dqg fkdudfwhulvwlfv ri wkh jrrg= hlwkhu +l, wkh ghjuhh ri hfrqrplhv ri vfrsh lv uhodwlyho| yhu|

kljk dqg2ru wkh dwwulexwh vsdfh lv yhu| vpdoo +l1h1/ forvh wr d krprjhqrxv jrrg,/ ru +ll, wkh ghjuhh

ri hfrqrplhv ri vfrsh lv uhodwlyho| yhu| orz dqg2ru wkh dwwulexwh vsdfh lv yhu| odujh +l1h1/ kljko|

vshfldol}hg lqsxw2vhuylfh,1 Wkh uhvxowv duh gulyhq e| surgxfwlrq h�flhqf| dqg wkh glyhujhqfh

lq wkh ghjuhhv ri hfrqrplhv ri vfrsh dqg wkh dwwulexwh vsdfhv ri wkh surgxfwv lq gl�huhqw vwdjhv

ri surgxfwlrq1 Vhfrqg/ vlqfh lw lv wkh cuhodwlyh yhuwlfdo olqn* ehwzhhq wkh lqwhuphgldwh0lqsxw

dqg �qdo0jrrg surgxfwlrq wkdw pdwwhuv iru rxwvrxuflqj dfwlylwlhv/ d surjuhvv ri wkh cjhqhudo0

sxusrvh0whfkqrorj|* +h1j1/ lqirupdwlrq whfkqrorj|/ hwf1, wkdw lpsuryhv surgxfwlrq whfkqltxhv

4Vhh ghwdlov lq ZWR Dqqxdo Uhsruw 4<<; +s169,/ flwhg e| Jurvvpdq dqg Khospdq +iruwkfrplqj,1
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pd| hlwkhu lqfuhdvh ru ghfuhdvh rxwvrxuflqj1 Lq frqwudvw/ d whfkqrorj| surjuhvv wkdw uhgxfhv

pdunhw wudqvdfwlrq frvwv zloo dozd|v lqfuhdvh rxwvrxuflqj1 Wklug/ li d whfkqrorj| surjuhvv/

krzhyhu/ lv zkdw zh fdoohg csur0HRVfrsh* +ru cdqwl0HRVfrsh*,/ dqg lwv h�hfw rq wkh surgxfwlrq

whfkqltxhv lv shuvlvwhqwo| eldvhg wrzdugv rqh vwdjh ri surgxfwlrq +hlwkhu lqwhuphgldwh0jrrg ru

�qdo0jrrg surgxfwlrq,/ lw zloo hyhqwxdoo| lqfuhdvh rxwvrxuflqj1 Wkhvh uhvxowv duh xvhixo wr vkhg

oljkw rq wkh zlgh0udqjlqj rxwvrxuflqj dfwlylwlhv dfurvv gl�huhqw lqgxvwulhv dqg frxqwulhv1

Wkh lpsruwdqw uroh wkdw hfrqrplhv ri vfrsh sod| dv d ixqgdphqwdo hfrqrplf irufh ehklqg

wkh wuhqg ri rxwvrxuflqj exvlqhvv fdq eh uhyhdohg e| d uhylhz ri wkh dxwrpreloh pdqxidfwxulqj

lqgxvwu|1 Lq wkh 4<53v zkhq zrunhuv lq wkh Irug Prwru Frpsdq| zhuh jhwwlqj wkh kljkhvw sd|

+pxfk kljkhu wkdq doo rwkhuv, lq wkh lqgxvwu|/ Irug glg qrw vhhn rxwvrxuflqj wr uhgxfh frvwv12

Wkh �uvw vljq ri rxwvrxuflqj lq wkh dxwrpreloh lqgxvwu|/ krzhyhu/ fdph dw wkh ehjlqqlqj ri

4<53v zkhq wkh Jhqhudo Prwruv Frpsdq| vwduwhg d pdmru lqqrydwlrq lq surgxflqj dxwrprelohv

e| irfxvlqj rq hfrqrplhv ri vfrsh lq surgxfwlrq/ udwkhu wkdq hfrqrplhv ri vfdoh1 Wkh vxffhvv

ri Irug/ dqg lwv uhodwlyho| lqh{shqvlyh dxwrpreloh/ zdv edvhg rq pdvv surgxfwlrq ri d vlqjoh/

edvlfdoo| xqfkdqjlqj surgxfw1 Krzhyhu/ lq 4<56 Jhqhudo Prwruv +ohdg e| Doiuhg S1 Vordq,

lqwurgxfhg wkh cfdu iru hyhu| sxuvh* srolf| +l1h1/ gl�huhqw fduv iru shrsoh zlwk gl�huhqw lqfrphv,

dqg vwduwhg dqqxdo prgho fkdqjhv1 Wr pdnh prgho fkdqjhv uhodwlyho| fkhdshu/ JP kdg wr

lqvwdoo pxowl0sxusrvh pdfklqhv dqg ghvljq pruh frpprq sduwv lqwr wkh fduv ri ydulrxv prghov1

JP hyhq sxeolvkhg lwv vshfl�fdwlrq olvwv ri vrph sduwv dqg frpsrqhqwv/ wkhuhe| hqdeolqj rwkhu

fdupdnhuv wr vkduh lq dq| xsvwuhdp hfrqrplhv1 Wkhvh fkdqjhv xowlpdwho| ohdg wr rxwvrxuflqj

exvlqhvv lq wkh Jhqhudo Prwruv frpsdq| dqg wkh dxwrpreloh lqgxvwu|1 JP*v lqqrydwlrq irfxvlqj

rq hfrqrplhv ri vfrsh zdv ixuwkhu dgydqfhg e| Mdsdqhvh fdupdnhuv +Wr|rwd dqg Qlvvdq, diwhu

wkh Vhfrqg Zruog Zdu +Fxvxpdqr/ 4<;8,1 Wr dffrpprgdwh frqvxphu suhihuhqfhv iru surgxfw

ydulhw| lq wkh fkdqjlqj zruog/ lq frqwudvw wr Irug*v yhuwlfdoo|0lqwhjudwhg surgxfwlrq v|vwhp

Wr|rwd exlow d �h{leoh pdqxidfwxulqj v|vwhp uho|lqj khdylo| rq vxevlgldulhv dqg rwkhu vxssolhuv/

zklfk kdg d surirxqg lpsdfw rq wkh lqfuhdvlqj rxwvrxuflqj dfwlylwlhv lq Mdsdqhvh dxwrpreloh

lqgxvwu|1 Dffruglqj wr Hgzdug Gdylv +4<<5,/ w|slfdoo| wkh ghjuhh ri rxwvrxuflqj lv 930:3 shufhqw

lq Wr|rwd frpsduhg wr 63073 shufhqw lq Jhqhudo Prwruv1

Wkh hyroxwlrq ri prghuq pdqxidfwxulqj zdv rqh ri wkh pdlq vxemhfwv ri uhvhdufk lqwhuhvwv

5Khqu| Irug lqwurgxfhg wkh idprxv c�yh0groodu gd|*/ zklfk grxeohg wkh vxpv kh zdv sd|lqj klv zrun
irufh dw d wlph zkhq wkh Dphulfdq hfrqrp| zdv ehjlqqlqj wr oxufk lqwr d ghhs uhfhvvlrq +Ud�/ 4<<4,1

6



lq wkh lqgxvwuldo rujdql}dwlrq olwhudwxuh ryhu d ghfdgh djr1 Wkh prvw lpsruwdqw frqwulexwlrqv

lq wkh olwhudwxuh duh Plojurp dqg Urehuwv +4<<3,/ dqg Plojurp/ Tldq dqg Urehuwv +4<<4,1 Lq

wkhvh vwxglhv/ �upv h{huflvh �h{lelolw| lq d qxpehu ri glphqvlrqv/ lqfoxglqj lqyhqwru| srolf|/

surgxfw pdunhw vwudwhj|/ wkh lqwhuqdo rujdql}dwlrq ri wkh �up/ dqg wkh qxpehu dqg dwwulexwhv

ri surgxfwv1 Wkhlu irfxv lv rq �h{leoh pdqxidfwxulqj/ frpsohphqwdulwlhv lq surgxfwlrq/ dqg

wkh wkhru| ri �up rujdql}dwlrq1 Wkh lpsolfdwlrq ri �h{leoh pdqxidfwxulqj iru pdunhw vwuxfwxuh

kdv ehhq lqyhvwljdwhg e| PdfOhrg/ hw do +4<;;,/ Hdwrq dqg Vfkplww +4<<7,/ dqg Qrupdq dqg

Wklvvh +4<<<,1

Rxwvrxuflqj kdv ehfrph wkh prvw vljql�fdqw lqgxvwuldo skhqrphqrq vlqfh wkh 4<<3v dqg kdv

zlgho| vsuhdg dfurvv qdwlrqdo erxqgdulhv1� Wklv kdv jhqhudwhg lqfuhdvlqj uhvhdufk lqwhuhvw lq

sxuvxlqj uljrurxv wkhrulhv iru rxwvrxuflqj1 Rqh dssurdfk lq wkh olwhudwxuh kdv irfxvhg rq wkh

uroh ri wudgh olehudol}dwlrq/ ru joredeol}dwlrq/ wr h{sodlq +lqwhuqdwlrqdo, rxwvrxuflqj1e Dqrwkhu

dssurdfk irfxvhv rq wkh wkhrulhv ri wudqvdfwlrq frvw dqg lqfrpsohwh frqwudfwv1 Lq PfOduhq

+5333,/ iru lqvwdqfh/ joredol}dwlrq orzhuv wudqvdfwlrq frvwv dqg wkhuhiruh pdnhv lw hdvlhu iru dq

lqsxw vxssolhu wr �qg dq dwwudfwlyh ex|hu deurdg/ zklfk vwuhqjwkhqv lwv edujdlqlqj srzhu h{ srvw

dqg wkxv pdnhv dq dup*v0ohqjwk duudqjhphqw pruh dwwudfwlyh1 Jurvvpdq dqg Khospdq +5335/

iruwkfrplqj, uhfhqwo| kdyh ghyhorshg d zlgh0udqjlqj wkhru| wr h{sodlq rxwvrxuflqj edvhg rq d

qxpehu ri lvvxhv wkdw lqfoxgh wkh ghjuhh ri pdunhw frpshwlwlrq/ vxevwlwxwdelolw| ehwzhhq �qdo

surgxfwv/ wklfnqhvv ri lqsxw vxssolhuv/ frvwv ri fxvwrpl}lqj lqsxwv/ dqg qdwxuh ri wkh frqwudfwlqj

hqylurqphqw1D Wklv dssurdfk kdv ehhq ixuwkhu h{whqghg e| Dqwu�dv +5336,/ dqg Dqwu�dv dqg

Khospdq +5337,1 Iru h{dpsoh/ Dqwu�dv dqg Khospdq irfxv rq wkh h�hfw ri khwhurjhqhlwlhv

wkdw duh lqwud0vhfwruldo +orz0 ru kljk0surgxfwlylw| �upv, dv zhoo dv lqwhu0vhfwruldo +khdgtxduwhu0

lqwhqvlyh ru frpsrqhqw0lqwhqvlyh vhfwruv,1

Wkh fxuuhqw sdshu irfxvhv rq wkh surgxfwlrq whfkqrorj| dqg dwwulexwhv ri surgxfwv/ udwkhu

wkdq khwhurjhqhlwlhv dprqj �upv1 Lw lqyhvwljdwhv wkh uroh ri hfrqrplhv ri vfrsh lq rxwvrxuflqj

dqg lghqwl�hv wkh glyhujhqfh lq wkh ghjuhhv ri hfrqrplhv ri vfrsh lq gl�huhqw vwdjhv ri surgxfwlrq

6Vhh hylghqfh ri lqwhuqdwlrqdo rxwvrxuflqj lq Kdqvrq +4<<9,/ Vodxjkwhu +4<<8,/ Fdpsd dqg Jrogehuj
+4<<:,/ dqg Ihhqvwud dqg Kdqvrq +5336,/ dprqj pdq| rwkhuv1 Ihhqvwud +4<<;, surylghv dq h{fhoohqw
ryhuylhz ri wklv wrslf1 Dovr vhh Kxpphov/ hw do1 +5334, dqg \l +5336, rq d forvho| uhodwhg wrslf 0 yhuwlfdo
vshfldol}dwlrq1

7H1j1/ vhh Mrqhv +5333,/ Mrqhv dqg Nlhu}nrzvnl +5334,/ Fkhqj dqg Nlhu}nrzvnl +5334,/ ]kdr +5334,/
dqg Fkhq/ Lvklndzd dqg \x +5337,1

8Dovr vhh Jurvvpdq dqg Khospdq +5337,1

7



dv wkh ixqgdphqwdo hfrqrplf irufh ehklqg wkh uhfhqw wuhqg ri rxwvrxuflqj1 Wkh edvlf vwuxfwxuh ri

wkh prgho +l1h1 vlqjoh0vwdjh surgxfwlrq, lv eruurzhg iurp wkh vsdwldo2dgguhvv prgho ri Hdwrq dqg

Vfkplww +4<<7,1 Wkh sdshu lv deoh wr surylgh qhz lqvljkwv rq wkh sdwwhuqv ri rxwvrxuflqj dqg/

lq sduwlfxodu/ rq krz rxwvrxuflqj dfwlylwlhv duh d�hfwhg e| wkh ghjuhh ri surgxfw gl�huhqwldwlrq

dqg hfrqrplhv ri vfrsh lq surgxfwlrq ri wkh lqwhuphgldwh lqsxw uhodwlyh wr wkdw ri wkh �qdo jrrg1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghyhorsv wkh edvlf iudphzrun1

Lw �uvw ghulyhv wkh htxloleulxp iru erwk wkh yhuwlfdoo|0lqwhjudwhg dqg yhuwlfdoo|0glvlqwhjudwhg

surgxfwlrq vwuxfwxuhv/ dqg wkhq rewdlqv wkh surgxfwlrq0h�flhqw htxloleulxp rxwfrph1 Vhfwlrq

6 fkdudfwhul}hv wkh htxloleulxp ri yhuwlfdoo|0glvlqwhjudwhg surgxfwlrq dqg wkh sdwwhuqv ri rxw0

vrxuflqj1 Vhfwlrq 7 glvfxvvhv wkh lpsolfdwlrqv iru lqwhuqdwlrqdo rxwvrxuflqj1 Vhfwlrq 8 frqfoxghv

wkh sdshu1

2 A�i �@t�U 5i|��T

Wkhuh duh wzr jrrgv lq wkh hfrqrp|/ d gl�huhqwldwhg surgxfw +wkh jrrg ri lqwhuhvw, dqg d

qxphudluh jrrg1 Iroorzlqj wkh vwdqgdug flufxodu prgho iru gl�huhqwldwhg surgxfw/ zh dvvxph

wkdw hdfk jrrg lv ghvfulehg e| d srlqw { lq vrph frqwlqxxp ri surgxfw dwwulexwhv uhsuhvhqwhg

e| d flufxpihuhqfh ri d flufoh ri ohqjwk O1 Hdfk frqvxphu lv dvvxphg wr sxufkdvh rqo| rqh xqlw

ri wkh gl�huhqwldwhg jrrg dw sulfh s+{, dqg kdv d txdvl0olqhdu suhihuhqfh1 Wkh lqgluhfw xwlolw|

ixqfwlrq iru frqvxphu l lv jlyhq e|

Y� @ y � wm{� {J� m. L � s+{, +4,

zkhuh {J� ghvfulehv frqvxphu l*v prvw suhihuuhg gl�huhqwldwhg jrrg +ru wkh frqvxphu*v dgguhvv

lq wkh dwwulexwh vsdfh,/ y lv frqvxphu*v uhvhuydwlrq sulfh/ dqg w lv wkh pdujlqdo glvxwlolw| ri

glvwdqfh lq wkh dwwulexwh vsdfh1 Dvvxph wkdw y lv odujh vr wkdw lq htxloleulxp doo lqglylgxdov

frqvxph wkh gl�huhqwldwhg jrrg1 Lqfrph L frphv iurp zdjhv rqo| dqg lv lghqwlfdo iru hdfk

frqvxphu1 Wkhuh duh !O frqvxphuv/ zkrvh suhihuhqfh ri dwwulexwhv iru wkh prvw suhihuuhg jrrg

lv xqlirupo| glvwulexwhg dorqj d flufxpihuhqfh/ dqg ! lv wkh srsxodwlrq ghqvlw|=

2�� Vih|�U@**)��?|i}h@|i_ EW?��L�ti� �hL_�U|�L?

Vxssrvh oderu lv wkh rqo| sulpdu| lqsxw idfwru lq wkh hfrqrp|1 Wkh qxphudluh jrrg lv surgxfhg

e| d frqvwdqw0uhwxuq0wr0vfdoh whfkqrorj| xvlqj oderu rqo| dqg/ e| fkrlfh ri xqlwv/ lw xvhv rqh
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xqlw ri oderu wr surgxfh rqh xqlw ri rxwsxw1 Wklv lpsolhv wkdw wkh zdjh udwh lv htxdo wr rqh

dqg wkhuhiruh L dovr uhsuhvhqwv wkh frqvwdqw oderu vxsso| ri hdfk lqglylgxdo1

Iru surgxfwlrq ri wkh gl�huhqwldwhg surgxfw/ L h{whqg wkh prgho ri Hdwrq dqg Vfkplww +4<<7,

wr d wzr0vwdjh surgxfwlrq vwuxfwxuh/ lq zklfk wkh whfkqrorj| ri erwk surgxfwlrq vwdjhv h{klelwv

hfrqrplhv ri vfrsh1 Lq dgglwlrq wr wkh gluhfw oderu lqsxw/ wr surgxfh rqh xqlw ri �qdo rxwsxw

uhtxluhv rqh xqlw ri dq lqwhuphgldwh lqsxw2frpsrqhqw/S zklfk lv dovr surgxfhg xvlqj oderu1

Vshfl�fdoo|/ lq erwk vwdjhv ri surgxfwlrq/ �upv pxvw �uvw lqfxu d �{hg frvw wr ghyhors d edvlf

surgxfw dqg wkhq fdq surgxfh yduldqwv e| prgli|lqj wkh edvlf surgxfw1 Zh xvh [� wr ghqrwh

wkh orfdwlrq lq wkh �qdo0jrrg dwwulexwh vsdfh ri edvlf surgxfw l dqg {� wkdw ri yduldqw m/ dqg

vlploduo|/ \� dqg |� iru wkh lqwhuphgldwh jrrg/ uhvshfwlyho|1

Dvvxph wkdw hdfk �up rzqv rqo| rqh edvlf surgxfw dqg wkhuhiruh d �up lv lghqwl�hg e| d

edvlf surgxfw1. Vxssrvh wkdw t�+{�, lv wkh txdqwlw| ri yduldqw m +m @ 4> ===>p, surgxfhg iurp

edvlf surgxfw l +lqfoxglqj wkh edvlf surgxfw 0 d cyduldqw* zlwk qr prgl�fdwlrq iurp [�,1 Wkh

ryhudoo surgxfwlrq fdq eh ghvfulehg e|

+{>t�, @ i^+{�> t�+{�,`> ^{2ct�+{2,`> ===> ^+{6> t�+{�,`j= +5,

Wkhq/ wkh ryhudoo surgxfwlrq frvwv duh jlyhq e| wkh iroorzlqj h{suhvvlrq/

F++{>t�,>[�, @ N . +p� 4,V.
6[
�'�

t�+{�,+hf+� . f% . u%m{� �[�m, +6,

@ N . +p� 4,V .F++|>t�,>\�,.
6[
�'�

t�+{�,+f% . u%m{� �[�m,> N A 3> u% A 3

zkhuh hf+� lv wkh dyhudjh frvw dqg F++|>t�,>\�, wkh wrwdo frvw ri wkh yduldqwv ri wkh edvlf lqwhu0

phgldwh lqsxw \�1 Vshfl�fdoo|/

hf+� @ F++|>t�,>\�,@
6[
�'�

t�+{�,> m @ 4> ===>p +7,

F++|>t�,>\�, @ n . +p� 4,v.
6[
�'�

t� +{�, +f+ . u+m|� � \�m,> n A 3> u+ A 3= +8,

9Iru wkh vdnh ri fodulw|/ zh dvvxph rqo| rqh lqwhuphgldwh lqsxw2frpsrqhqw1 Wkh prgho fdq eh hdvlo|
jhqhudol}hg wr xvh pdq| lqwhuphgldwh frpsrqhqwv +xvlqj rqh xqlw ri hdfk, wr surgxfh wkh �qdo jrrg1
Wkh uhvxowv ghulyhg lq wkh sdshu duh fduulhg ryhu wr wkh fdvh zlwk pdq| lqwhuphgldwh lqsxwv2frpsrqhqwv1

:Hyhq li �upv fdq rzq pruh wkdq rqh edvlf surgxfw/ rxu uhvxowv uhpdlq dv orqj dv wkhuh duh dgglwlrqdo
rujdql}dwlrqdo frvwv ri kdylqj pruh wkdq rqh edvlf surgxfw +ru rwkhu surgxfwlrq2vdohv dfwlylwlhv,1 Wklv lv
vlplodu wr wkh frpprq dvvxpswlrq lq wkh olwhudwxuh wkdw wkhuh duh frvw dgydqwdjhv iru vshfldol}hg �upv1

9



Sdudphwhuv N dqg n uhvshfwlyho| ghqrwh wkh vxqn frvw ri ghyhorslqj wkh edvlf �qdo dqg lqwhu0

phgldwh surgxfw +[� dqg \�,/ dqg V dqg v wkh +�{hg, frvw ri vzlwfklqj iurp surgxfwlrq ri

rqh yduldqw wr dqrwkhu1 Wkh whup f+ . u+m|� � \�m lv wkh pdujlqdo frvw ri surgxflqj rqh xqlw

ri yduldqw |�/ zkhuh u+m|� � \�m lv wkh lqfuhphqwdo pdujlqdo frvw ri prgl�fdwlrq1 Vlploduo|/

hf+� .f%.u%m{��[�m lv wkh pdujlqdo frvw ri surgxflqj rqh xqlw ri yduldqw {� xvlqj lqsxw |� = Wkh
ixuwkhu dzd| d yduldqw +{� ru |�, lv iurp lwv edvlf surgxfw/ wkh odujhu lv wkh frvw ri prgl�fdwlrq1

Sdudphwhuv u% dqg u+ duh +frqvwdqw, xqlw prgl�fdwlrq frvwv +l1h1/ shu xqlw ri wkh dwwulexwh vsdfh,1

Zlwkrxw orvv ri jhqhudolw|/ iru wkh uhvw ri rxu dqdo|vlv zh dvvxph f% @ f+ @ 31 Iroorzlqj Hdwrq

dqg Vfkplww/ zh irfxv rq wkh fdvh ri vwurqj hfrqrplhv ri vfrsh zkhuh wkh vzlwfklqj frvw lv htxdo

wr }hur +l1h1/ V @ v @ 3,1

Wkhuhiruh/ +6, dqg +8, qrz ehfrph

F++{>t�,>[�, @ N .
6[
�'�

t�+{�,+hf+� . u%m{� �[�m,> N A 3> u% A 3 +9,

F++|>t�,>\�, @ n.
6[
�'�

t�+{�,+u+m|� � \�m,> n A 3> u+ A 3= +:,

Wkhuhiruh/ N dqg u% +uhvs1 n dqg u+, duh wkh nh| sdudphwhuv wkdw ghwhuplqh wkh ghjuhh ri

hfrqrplhv ri vfrsh lq surgxfwlrq ri wkh �qdo +uhvs1 lqwhuphgldwh, jrrg1 Iroorzlqj wkh wh{werrn

gh�qlwlrqH/ wkh ghjuhh ri hfrqrplhv ri vfrsh lq wkh �qdo0jrrg surgxfwlrq fdq eh fkdudfwhul}hg

e|
+p� 4,N � u%

S6
�'� t�+{�,m{� �[�m

F++{>t�,>[�,
A 3 +;,

Iru hfrqrplhv ri vfrsh wr h{lvw/ hlwkhu N kdv wr eh odujh ru u% kdv wr eh vpdoo vr wkdw +;, krogv1

Wkh kljkhu wkh ghjuhh ri hfrqrplhv ri vfrsh/ wkh odujhu wkh ydoxh ri N dqg2ru wkh vpdoohu wkh

ydoxh ri u%1 Vlploduo|/ wkh ghjuhh ri hfrqrplhv ri vfrsh lq wkh lqwhuphgldwh0jrrg surgxfwlrq lv

jlyhq e|
+p� 4,n � u+

S6
�'� t�+{�,m|� � \�m

F++|>t�,>\�,
A 3 +<,

;Dv lq Shsdoo/ hw do +4<<<,/ iru h{dpsoh/ wkh ghjuhh ri hfrqrplhv ri vfrsh lv gh�qhg e|

F+T4>3, .F+3>T5,�F+T4>T5,

F+T4>T5,

zkhuh F+=> =,v uhsuhvhqw wkh frvwv ri surgxflqj vlqjdo ru wzr surgxfwv/ uhvshfwlyho|1

:



51414 Htxloleulxp zlwkrxw hfrqrplhv ri vfrsh

Zkhq wkhuh duh qr hfrqrplhv ri vfrsh lq surgxfwlrq/ d �up surgxfhv rqo| wkh edvlf surgxfw1

Wkhq/ +6, dqg +8, uhgxfh wr=

F+[�, @ N . t�hf+� dqg F+\�, @ n +43,

zkhuh t� lv rxwsxw +ri wkh edvlf surgxfw,/ dqg hf+� @ f+� � F+\�,@t
+
� vlqfh wkhuh duh qr yduldqwv

surgxfhg h{fhsw iru wkh edvlf surgxfw1 Lq wklv fdvh/ plqlpxp0frvw surgxfwlrq uhtxluhv wkdw

wkh edvlf lqwhuphgldwh surgxfw \� lv ghvljqhg wr h{dfwo| �w wkh surgxfwlrq ri [�

Vxssrvh wkhuh duh q �upv v|pphwulfdoo| orfdwhg dorqj wkh flufxpihuhqfh ri d flufoh lq wkh

dwwulexwh vsdfh1 Lq wkh v|pphwulf htxloleulxp xqghu iuhh hqwu|/ lw lv vwudljkwiruzdug wr vkrz wkh

iroorzlqj wh{werrn uhvxowv +h1j1/ Wluroh/ 4<;;,=

s� @ O@qJ . f+� dqg f+� @
nqJ

!O
> l @ 4> ===> q +44,

zkhuh

qJ @ O+!@N,�*2= +45,

Wkhuhiruh/ wkh dyhudjh frvw ri surgxfwlrq ri wkh lqwhuphgldwh lqsxw dqg wkh sulfh ri wkh �qdo

jrrg ehfrph

f+ � f+� @ n@+N!,�*2> l @ 4> ===> q +46,

s � s� @ +N@!,�*2 . n@+N!,�*2> l @ 4> ===> q +47,

51415 Htxloleulxp zlwk hfrqrplhv ri vfrsh

Ohw PF�+{, ghqrwh �up l*v wkh pdujlqdo frvw ri surgxflqj jrrg {/ d yduldqw orfdwhg dzd| iurp

[� dw d glvwdqfh ri {1 Wkhq/

PF�+{, @ hf+� . u%{ +48,

Vlplodu wr Hdwrq dqg Vfkplww/ zh dvvxph w A hf+� .u% iru doo l vr wkdw lq htxloleulxp wkh frqvxphu

zloo dozd|v fkrrvh wr ex| khu prvw suhihuuhg jrrg hyhq wkrxjk vkh lv iuhh wr ex| dq| jrrg lq wkh

hqwluh vshfwuxp1 Vlqfh hdfk �up fdq surgxfh jrrgv dorqj wkh frqwlqxxp flufxpihuhqfh O/ d sulfh

htxloleulxp lqyroyhv d frpsohwh sulfh vfkhgxoh iru hdfk �up1 Lq vxfk d Ehuwudqg htxloleulxp/

;



dv vkrzq e| wkhvh dxwkruv/ wkh prvw h�flhqw �up vhwv lwv sulfh htxdo wr wkh pdujlqdo frvw ri wkh

vhfrqg prvw h�flhqw �up dqg pdnhv wkh vdoh ri wkh jrrg1 Wkdw lv/ lq wklv prgho zh kdyh

s�+{, @PF�n�+{, @ hf+�n� . u%mO@q� {m> 3 � { � O@+5q, +49,

Lq wkh iuhh0hqwu| v|pphwulf htxloleulxp/ zh rewdlq

hf+ � hf+� @ hf+�n�> l @ 4> ===> q +4:,

s�+{, @ hf+ . u%+O@q� {,> 3 � { � O@+5q,> l @ 4> ===> q +4;,

dqg wkh hqwluh frqwlqxxp ri jrrgv lv surgxfhg1 Wkhuhiruh/ wkh sur�w ri hdfk �up ehfrphv

�� @ 5

] u*E2?�

f
^s�+{,�PF�+{,`t�+{,g{�N

@ 5
] u*E2?�

f
^u%+O@q% � {,� u%{`!g{�N +4<,

@
!u%
5
+
O

q
,2 �N

Iuhh hqwu| zloo gulyh �� grzq wr }hur1 Ljqrulqj wkh lqwhjhu clvvxh*/ zh rewdlq wkh htxloleulxp

qxpehu ri �upv/

qJ @ O+
!u%
5N

,�*2 +53,

Wr fdofxodwh wkh dyhudjh frvw ri wkh lqwhuphgldwh jrrg/ lw lv lpsruwdqw wr qrwlfh wkdw wkh

dwwulexwh vsdfh iru wkh �qdo jrrg grhv qrw kdyh wr eh wkh vdph dv wkdw iru wkh lqwhuphgldwh

lqsxw1 Lq jhqhudo/ wkh glvwdqfh ri m|� � \�m lv qrw wkh vdph dv wkdw ri m{� �[�m1 Vxssrvh wkh

ohqjwk ri wkh flufxpihuhqfh ri wkh dwwulexwh vsdfh iru wkh lqwhuphgldwh jrrg lv �O> dv looxvwudwhg

lq Iljxuh 41 Li � ? 4 +uhvs1 � A 4,> wkh dwwulexwh vsdfh ri wkh lqwhuphgldwh lqsxw lv vpdoohu +uhvs1

juhdwhu, wkdq wkdw ri wkh �qdo jrrg1

Iurp +708, wkh dyhudjh frvw ri wkh lqwhuphgldwh jrrg ehfrphv/b

hf+ � hf+� @ n . 5
U wu*E2?J�
f t�+|,u+|g|

5
U wu*E2?J�
f t�+|,g|

@
n . 5

U wu*E2?J�
f +!u+|@�,g|

5
U wu*E2?J�
f +!@�,g|

+54,

<Qrwlfh wkdw iru wkh dwwulexwh vsdfh ri lqwhuphgldwh lqsxw |> wkh ohqjwk ri wkh flufxpihuhqfh ehfrphv
�O> dqg wkh ghqvlw| !@�=

<



@
n . +�u+N,@+5u%,

+5!N@u%,�*2

@ n+
u%
5!N

,�*2 .
�u+
5
+
N

5!u%
,�*2

Xvlqj +4;, dqg +53054,/ zh rewdlq wkh htxloleulxp sulfh ri jrrg {=

sJ+{, � sJ� +{, @ n+
u%
5!N

,�*2 .
�u+
5
+
N

5!u%
,�*2 . u%^+

5N

!u%
,�*2 � {`> l @ 4> ===> q +55,

zkhuh { 5 ^3> + g
�o%

,�*2`1

2�2 �hL_�U|�L? ,�U�i?U) @?_ Vih|�U@* #�t�?|i}h@|�L? E��|tL�hU�?}�

Qrz frqvlghu wkh fdvh lq zklfk surgxfwlrq lv yhuwlfdoo|0glvlqwhjudwhg dqg wkhuh duh lqghshq0

ghqw �upv dqg pdunhwv iru wkh lqwhuphgldwh lqsxw1 Wr dyrlg dq| xqqhfhvvdu| vwudwhjlf dfwlrq

lq wkh lqwhuphgldwh0lqsxw pdunhw dqg irfxv rq wkh ixqgdphqwdo hfrqrplf irufh lq surgxfwlrq

+l1h1/ surgxfwlrq h�flhqf|,/ L dvvxph wkdw �upv wkdw surgxfh wkh lqwhuphgldwh lqsxw iroorz wkh

dyhudjh0frvw sulflqj uxoh1 Ixuwkhupruh/ wkhuh lv d wudqvdfwlrq frvw= �qdo0jrrg surgxfhuv kdyh

wr lqfxu dgglwlrqdo frvwv lq sxufkdvlqj wkh lqwhuphgldwh lqsxw1

51514 Htxloleulxp zlwkrxw hfrqrplhv ri vfrsh

Zkhq wkhuh duh qr hfrqrplhv ri vfrsh/ rqo| wkh edvlf surgxfwv duh surgxfhg dqg wkhuhiruh

lq htxloleulxp wkh qxpehu ri wkh edvlf �qdo0jrrg surgxfwv kdv wr htxdo wr wkdw ri wkh edvlf

lqwhuphgldwh0lqsxw surgxfwv1 Ixuwkhupruh/ plqlpxp0frvw surgxfwlrq uhtxluhv wkdw wkh edvlf

lqwhuphgldwh surgxfw \� lv ghvljqhg wr h{dfwo| �w wkh surgxfwlrq ri [�= Wkxv/ wkh htxloleulxp lv

h{dfwo| wkh vdph dv lq Vhfwlrq 51414 h{fhsw qrz �upv kdyh wr sd| wudqvdfwlrq frvwv iru wkh lqsxw

wkh| sxufkdvh1 Wkhuhiruh/ yhuwlfdoo|0lqwhjudwhg surgxfwlrq vwuxfwxuh zloo grplqdwh yhuwlfdoo|0

glvlqwhjudwhg surgxfwlrq vwuxfwxuh1

Sursrvlwlrq 4 Lq wkh devhqfh ri hfrqrplhv ri vfrsh/ wkh yhuwlfdoo|0lqwhjudwhg surgxfwlrq vwuxf0

wxuh lv pruh h�flhqw wkdq wkh yhuwlfdoo|0glvlqwhjudwhg surgxfwlrq vwuxfwxuh1

Dowkrxjk lw lv lqwxlwlyh/ Sursrvlwlrq 4 surylghv d ehqfkpdun iru wkh vxevhtxhqw glvfxvvlrq

derxw wkh fhqwudo uroh wkdw hfrqrplhv ri vfrsh zloo sod| lq rxwvrxuflqj1
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51515 Htxloleulxp zlwk hfrqrplhv ri vfrsh

Zkhq wkhuh duh hfrqrplhv ri vfrsh lq surgxfwlrq/ wkh qxpehu ri wkh edvlf lqwhuphgldwh surg0

xfwv grhv qrw kdyh wr htxdo wr wkdw ri wkh edvlf �qdo surgxfwv1 Vxssrvh wkhuh duh q+ �upv

lq wkh lqwhuphgldwh0lqsxw pdunhw dqg wkh| duh orfdwhg v|pphwulfdoo| dorqj d flufxpihuhqfh

�O lq dwwulexwh vsdfh1 Wkhuhiruh/ iru d uhsuhvhqwdwlyh �up l/ zklfk surgxfhv yduldqwv orfdwhg

v|pphwulfdoo| iurp lwv edvlf lqwhuphgldwh lqsxw \�/ wkh wrwdo frvw ri surgxfwlrq lv

F++|>t)
� ,>\�, @ n . 5

] wu*E2?+�

f
t�+|,u+|g|

@ n . 5
] wu*E2?+�

f
+!u+|@�,g| +56,

@ n .
�!u+
7

+
O

q+
,2

dqg wkh dyhudjh frvw ri hdfk yduldqw ehfrphv

f+� @
F++|>t)

� ,>\�,

5
U wu*E2?+�
f t�+|,g|

@
n . +�!u+@7,+O@q+,

2

5
U wu*E2?+�
f +!@�,g|

+57,

@ +nq+ .
�!u+O

2

7q+
,@+!O,

Xqghu dyhudjh0frvw sulflqj dqg iuhh0hqwu|/ wkh dyhudjh frvw +l1h1 wkh sulfh, ri lqwhuphgldwh

lqsxw zloo eh gulyhq grzq wr wkh plqlpxp1 Wkhuhiruh/ wkh htxloleulxp qxpehu ri �upv lq wkh

lqwhuphgldwh0lqsxw pdunhw lv jlyhq e|

qJ+ @ dujplq +nq+ .
�!u+O

2

7q+
,@+!O,

@ O+
�!u+
7n

,�*2 +58,

Vxevwlwxwlqj +58, lqwr +57,/ zh rewdlq wkh dyhudjh frvw ri wkh lqwhuphgldwh lqsxw lq wkh v|pphwulf

htxloleulxp/

f+ � f+�

@ ^n+
�!u+
7n

,�*2 .
O

5
+�!nu+,

�*2`@+!O, +59,

@ +
�nu+
!

,�*2 l @ 4> ===> q
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Ohppd 4 hf+ � f+> wkh htxdolw| krogv rqo| zkhq +nu%,@+�Nu+, @ 4@51

Surri= Xvlqj +54, dqg +59,/ zh rewdlq

hf+
f+

@ +
4

5
,f�D+

nu%
N�u+

,f�D . +
4

;
,f�D+

N�u+
nu%

,f�D +5:,

@ +
4

5
,f�D .

4


+
4

;
,f�D

zkhuh  � ^+nu%,@+�Nu+,`
f�D= Lw lv vwudljkwiruzdug wr vkrz wkdw +5:, uhdfkhv wkh plqlpxp/ 4/

dw  @ +4@5,f�D=

Zlwk yhuwlfdoo|0glvlqwhjudwhg surgxfwlrq/ krzhyhu/ wkhuh lv d wudqvdfwlrq frvw lq sxufkdvlqj

wkh lqwhuphgldwh lqsxw1 Vlqfh rxu pdlq lqwhuhvw lv qrw derxw wudqvdfwlrq frvw/�f L dvvxph wkdw

wkh wudqvdfwlrq frvw lq wklv prgho lv lq whupv ri wkh xqlwv ri wkh lqwhuphgldwh lqsxw dqg lw wdnhv

wkh irup vlplodu wr wkh clfhehuj wudqvsruw frvwv*1 Vshfl�fdoo|/ wr xvh rqh xqlw ri wkh lqwhuphgldwh

lqsxw lq surgxfwlrq/ d �qdo0jrrg surgxfhu kdv wr sxufkdvh 4.� xqlwv ri wkh lqwhuphgldwh lqsxw1

Wkxv/ wkh frvw iru xvlqj rqh xqlw ri wkh lqwhuphgldwh lqsxw lv f++4 . �,1

Wkhuhiruh/ wkhuh h{lvwv d wudgh0r� ehwzhhq surgxfwlrq h�flhqf| dqg wkh pdunhw wudqvdfwlrq

frvw1 Vroylqj hf+ � f++4 . �,> zh rewdlq wkh iroorzlqj uhvxow1

Sursrvlwlrq 5 Lq wkh suhvhqfh ri hfrqrplhv ri vfrsh/ wkh yhuwlfdoo|0lqwhjudwhg vwuxfwxuh lv pruh

h�flhqw lq surgxfwlrq wkdq wkh yhuwlfdoo|0glvlqwhjudwhg vwuxfwxuh li dqg rqo| li +nu%,@+�Nu+, 5
^2

u+�,>
2
L +�,`> zkhuh 2

u+�, � i+4 . �, � ^+4 . �,2 � 4`f�Dj2@5 dqg 2
L +�, � i+4 . �, . ^+4 .

�,2 � 4`f�Dj2@5> wkh frqyhuvh krogv/ rwkhuzlvh1

Wkhuhiruh/ zkhq +nu%,@+�Nu+, lv hlwkhu vpdoohu wkdq 2
u+�, ru juhdwhu wkdq 2

L +�,/ wkh htxl0

oleulxp ri yhuwlfdoo|0glvlqwhjudwhg surgxfwlrq +l1h1/ rxwvrxuflqj, zloo grplqdwh wkh htxloleulxp

ri yhuwlfdoo|0lqwhjudwhg surgxfwlrq1

Fruroodu| Rxwvrxuflqj lv wkh surgxfwlrq0h�flhqw htxloleulxp li +nu%,@+�Nu+, ? 2
u+�, ru

+nu%,@+�Nu+, A 2
L +� ,=

Iljxuh 5 fdq eh xvhg wr looxvwudwh wkh uhvxowv lq Ohppd 4 dqg Sursrvlwlrq 5/ dqg zk| rxw0

vrxuflqj rffxuv xqghu wkh h{wuhph ydoxhv ri +nu%,@+�Nu+,1 Wkh nh| wr xqghuvwdqglqj Ohppd

43Wudqvdfwlrq frvwv lq rxwvrxuflqj duh rqh ri wkh pdlq lvvxhv ri lqwhuhvw lq PfOduhq +5333,/ dqg
Jurvvpdq dqg Khospdq +iruwkfrplqj,1
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4 lv wkdw wkh qxpehu ri lqwhuphgldwh0lqsxw surgxfhuv xqghu yhuwlfdoo|0lqwhjudwhg surgxfwlrq lv

frqvwudlqhg wr eh wkh vdph dv wkdw ri �qdo0jrrg surgxfhuv/ zklfk lq jhqhudo frxog eh hlwkhu

juhdwhu ru vpdoohu wkdq xqghu plqlpxp0frvw surgxfwlrq1 Vshfl�fdoo|/ zlwk yhuwlfdo glvlqwhjud0

wlrq/ wkh qxpehu ri edvlf lqwhuphgldwh surgxfwv qJ+ lq +58, lv surgxfwlrq0h�flhqw +l1h1/ plqlpl}lqj

wkh frvwv,1 Zlwk yhuwlfdoo|0lqwhjudwhg surgxfwlrq/ krzhyhu/ wkh qxpehu ri edvlf lqwhuphgldwh

surgxfwv q+ lv htxdo wr qJ% lq +53,/ wkh htxloleulxp qxpehu ri edvlf �qdo surgxfwv1 Rqo| zkhq

qJ% @ qJ+ ^l1h1/ zkhq +nu%,@+�Nu+, @ 4@5`��/ zh kdyh q+ @ qJ+ dqg wkhuhiruh hf+ @ f+> zklfk lv

wkh plqlpxp srlqw ri wkh +hf+@f+,0fxuyh lq Iljxuh 51 Zkhq q+ A qJ+ ^l1h1/+nu%,@+�Nu+, A 4@5`/

wkhuh duh wrr pdq| edvlf lqwhuphgldwh surgxfwv dqg khqfh yhuwlfdo lqwhjudwlrq lqyroyhv wrr pxfk

�{hg frvw1 Zkhq q+ ? qJ+ ^l1h1/ +nu%,@+�Nu+, ? 4@5`/ wkhuh duh qrw hqrxjk edvlf lqwhuphgldwh

surgxfwv dqg khqfh yhuwlfdo lqwhjudwlrq lqyroyhv wrr pxfk prgl�fdwlrq frvw lq surgxflqj wkh

yduldqwv1

Zkhq wkhuh lv d wudqvdfwlrq frvw lq sxufkdvlqj wkh lqwhuphgldwh lqsxw/ zkhwkhu wkh htxl0

oleulxp ri yhuwlfdoo|0glvlqwhjudwhg surgxfwlrq +ru rxwvrxuflqj, zloo grplqdwh wkh htxloleulxp ri

yhuwlfdoo|0lqwhjudwhg surgxfwlrq ghshqgv rq wkh wudgh0r� ehwzhhq wkh surgxfwlrq h�flhqf| yv1

wkh pdunhw wudqvdfwlrq frvw ri rxwvrxuflqj1 Wkhuhiruh/ dv lq Iljxuh 5 rxwvrxuflqj rffxuv zkhuh

wkh +hf+@f+,0fxuyh lv deryh wkh +4.�,0olqh ^l1h1/ +nu%,@+�Nu+, ? 2
u+�, ru +nu%,@+�Nu+, A 2

L +�,`

0 wkdw lv/ zkhq wkh yhuwlfdoo|0lqwhjudwhg surgxfwlrq lqyroyhv hlwkhu wrr pxfk �{hg frvw ru wrr

pxfk prgl�fdwlrq frvw1

� W?_�t|h�@* ��|tL�hU�?}

��� �@||ih?t Lu ��|tL�hU�?}

Wkh deryh uhvxowv kdyh hvwdeolvkhg wkdw wkh glyhujhqfh ehwzhhq wkh htxloleulxp qxpehuv ri edvlf

�qdo dqg lqwhuphgldwh surgxfwv lv wkh nh| idfwru iru rxwvrxuflqj wr rffxu1 Iurp +5;,/ ixuwkhu

qrwlfh wkdw wkh xqghuo|lqj hfrqrplf irufh ehklqg wklv olhv lq wkh glyhujhqfh lq wkh ghjuhhv ri

hfrqrplhv ri vfrsh dqg wkh dwwulexwh vsdfhv ri wkh wzr surgxfwv1 Wr lghqwli| wkh sdwwhuqv ri

rxwvrxuflqj dqg ehwwhu xqghuvwdqg wkh uhfhqw rxwvrxuflqj skhqrphqrq/ lw lv xvhixo wr ixuwkhu

44Iurp +53, dqg +58,/ zh rewdlq
qr{
qr|

@ +
5nu{
�Nu|

,4@5= +5;,
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lqyhvwljdwh wklv cuhodwlyh yhuwlfdo olqn*1

D orz ydoxh ri u+ +uhodwlyh wr u%, phdqv wkdw wkh prgl�fdwlrq frvw ri surgxflqj wkh yduldqwv

ri wkh lqwhuphgldwh lqsxw lv orz uhodwlyh wr wkh �qdo jrrg> d kljk ydoxh ri n +uhodwlyh wr N,

phdqv wkdw wkh �{hg frvw ri ghyhorslqj d edvlf lqwhuphgldwh surgxfw lv uhodwlyho| kljk1 Erwk

lqglfdwh wkdw wkh ghjuhh ri hfrqrplhv ri vfrsh lq surgxfwlrq ri wkh lqwhuphgldwh lqsxw lv kljk1

Ixuwkhupruh/ d orz ydoxh ri � +uhodwlyh wr 4, phdqv wkdw wkh dwwulexwh vsdfh ri wkh lqwhuphgldwh

lqsxw lv uhodwlyho| vpdoo�21 Doo wkhvh wkuhh fdvhv lpso| wkdw wkh h�flhqw qxpehu ri wkh edvlf

surgxfwv ri wkh lqwhuphgldwh lqsxw lv uhodwlyho| vpdoo dqg wkhuhiruh wkh| zloo eh pruh h�flhqwo|

surylghg e| wkh pdunhw wkdq e| wkh lq0krxvh surgxfwlrq1

Rq wkh rwkhu kdqg/ d kljk ydoxh ri u+ dqg d orz ydoxh ri n lqglfdwh wkdw wkh ghjuhh ri

hfrqrplhv ri vfrsh lq surgxfwlrq ri wkh lqwhuphgldwh lqsxw lv orz> d kljk ydoxh ri � phdqv wkdw

wkh dwwulexwh vsdfh ri wkh lqwhuphgldwh lqsxw lv uhodwlyho| odujh1 Wkh| lpso| wkdw wkh h�flhqw

qxpehu ri wkh edvlf lqwhuphgldwh surgxfwv lv uhodwlyho| odujh1 Vlqfh h{wud frvwv duh lqyroyhg

zlwk rzqlqj pruh wkdq rqh edvlf surgxfw dqg zlwk lqwhjudwhg �upv vhoolqj lqwhuphgldwh lqsxwv

wr rwkhuv/ yhuwlfdoo|0glvlqwhjudwhg vwuxfwxuh lq jhqhudo zloo eh pruh h�flhqw lq surylglqj wkh

lqwhuphgldwh lqsxw wkdq wkh yhuwlfdoo|0lqwhjudwhg vwuxfwxuh1

Wkhuhiruh/ zh rewdlq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 6 Wkh sdwwhuqv ri rxwvrxuflqj duh fkdudfwhul}hg e| wkh iroorzlqj wzr h{wuhph2rssrvlwh

vfhqdulrv lq whupv ri surgxfwlrq dqg fkdudfwhulvwlfv ri wkh jrrg= hlwkhu +l, wkh ghjuhh ri hfrqrplhv

ri vfrsh lv uhodwlyho| yhu| kljk +h1j1/ u+ lv yhu| vpdoo dqg2ru n lv yhu| odujh, dqg2ru wkh dwwulexwh

vsdfh lv yhu| vpdoo +l1h1/ forvh wr d krprjhqrxv jrrg,/ ru +ll, wkh ghjuhh ri hfrqrplhv ri vfrsh

lv uhodwlyho| yhu| orz +h1j1/ u+ lv yhu| odujh dqg2ru n lv yhu| vpdoo, dqg2ru wkh dwwulexwh vsdfh lv

yhu| odujh +l1h1/ kljko| vshfldol}hg jrrg2vhuylfh,1

��2 AiU�?L*L}) �hL}hitt @?_ ��|tL�hU�?}

Ryhu wkh odvw wzr ghfdghv whfkqrorjlfdo surjuhvvhv kdyh fhuwdlqo| sod|hg d yhu| lpsruwdqw uroh

lq wkh fkdqjhv ri surgxfwlrq vwuxfwxuh dqg rxwvrxuflqj dfwlylwlhv1 Wkhlu h{dfw lpsdfw uhtxluhv

ixuwkhu lqyhvwljdwlrqv1 Lq wklv sdshu zh irfxv rq wkh cjhqhudo0sxusrvh whfkqrorj|* +vxfk dv lqiru0

pdwlrq whfkqrorj|/ hwf1,1 Vxssrvh wkh surjuhvv ri wkh jhqhudo0sxusrvh whfkqrorj| orzhuv erwk

45Zkhq � dssurdfkhv wr }hur> wkh lqwhuphgldwh lqsxw ehfrphv d krprjhqhrxv jrrg +wkh dwwulexwh
flufxpihuhqfh ri jrrg | lq Iljxuh 4 vkulqnv wr d srlqw,1
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wkh pdunhw wudqvdfwlrq frvw +�, dqg wkh prgl�fdwlrq frvwv ri surgxflqj yduldqwv +u% dqg u+,1

Iurp Sursrvlwlrq 6/ d uhgxfwlrq lq � uhgxfhv wkh vxssruw ^2
u+�,>

2
L +�,` dqg khqfh zloo dozd|v

lqfuhdvh rxwvrxuflqj dfwlylwlhv +lw lqfuhdvhv wkh rxwvrxuflqj uhjlrq lq Iljxuh 5,1��

Krzhyhu/ wkh h�hfw ri d uhgxfwlrq lq u% dqg u+ lv pruh frpsolfdwhg iru wkh iroorzlqj wkuhh

uhdvrqv1 Iluvw/ vlqfh wkh h{whqw ri wkh lpsdfw ri whfkqrorj| surjuhvvhv lv olnho| wr eh gl�huhqw

ehwzhhq wkh wzr surgxfwlrq vwdjhv/ d uhgxfwlrq lq u% dqg u+ pd| ghfuhdvh ru lqfuhdvh wkh udwlr ri

u%@u+1 Vhfrqg/ zkhwkhu d ghfuhdvh +ru dq lqfuhdvh, lq u%@u+ zloo lqfuhdvh rxwvrxuflqj dfwlylwlhv

ghshqgv rq wkh lqlwldo ydoxh ri +nu%,@+�Nu+,1 Li +nu%,@+�Nu+, ? 4@5/ iru h{dpsoh/ d ghfuhdvh lq

u%@u+ zloo lqfuhdvh rxwvrxuflqj dfwlylwlhv1 Wklv zrxog eh uhsuhvhqwhg e|/ iru h{dpsoh/ dq xszdug

pryhphqw ri Srlqw D dorqj wkh +hf+@f+,0fxuyh lq Iljxuh 51 Li +nu%,@+�Nu+, A 4@5/ krzhyhu/ d

ghfuhdvh lq u%@u+ zloo ghfuhdvh rxwvrxuflqj dfwlylwlhv 0 d grzqzdug pryhphqw ri Srlqw E dorqj

wkh +hf+@f+,0fxuyh1 Odvw/ iru wkh vdph uhdvrq/ wkh h�hfw ri dq lqfuhdvh ru d ghfuhdvh lq N dqg

n lv dovr frpsolfdwhg e| wkh vdph lvvxhv glvfxvvhg deryh1

Wr vxppdul}h/

Sursrvlwlrq 7 +l, D whfkqrorj| surjuhvv wkdw uhgxfhv pdunhw wudqvdfwlrq frvwv dozd|v lqfuhdvhv

rxwvrxuflqj1

+ll, D whfkqrorj| surjuhvv wkdw lpsuryhv surgxfwlrq whfkqltxhv/ krzhyhu/ pd| lqfuhdvh ru

ghfuhdvh rxwvrxuflqj1 Vshfl�fdoo|/ zkhwkhu lw zloo lqfuhdvh ru ghfuhdvh rxwvrxuflqj ghshqgv rq

+d, zkhwkhu lw lqfuhdvhv ru ghfuhdvhv +u%@N,@+u+@n, dqg +e, zkhwkhu +nu%,@�Nu+, lv juhdwhu ru

vpdoohu wkdq 4@5

D qhz whfkqrorj| wkdw uhgxfhv wkh prgl�fdwlrq frvwv ri surgxflqj yduldqwv +u% dqg u+, pd|

uhtxluh d kljkhu �{hg frvw ri ghyhorslqj wkh edvlf surgxfw +l1h1/ N dqg n,1 Lq wklv fdvh/ wkh qhz

whfkqrorj| uhgxfhv wkh udwlr ri u%@N dqg khqfh lw lqfuhdvhv wkh ghjuhh ri hfrqrplhv ri vfrsh lq

wkh �qdo0jrrg surgxfwlrq1 Li d qhz whfkqrorj| wkdw uhgxfhv wkh prgl�fdwlrq frvwv ri surgxflqj

yduldqwv +u% dqg u+, dovr ghfuhdvhv N dqg n/ lw zrxog eh d elw frpsolfdwhg wr ghwhuplqh wkh

fkdqjhv lq wkh ghjuhh ri hfrqrplhv ri vfrsh dffruglqj wr wkh h{dfw gh�qlwlrq ri +;,1 Wr idflolwdwh

wkh glvfxvvlrq/ krzhyhu/ zh fdoo wkh h�hfw rq surgxfwlrq whfkqrorj| csur0HRVfrsh* +uhvs1 cdqwl0

HRVfrsh*, li d whfkqrorj| surjuhvv ghfuhdvhv +uhvs1 lqfuhdvhv, wkh udwlr ri wkh prgl�fdwlrq frvw

ryhu wkh vxqn frvw +u%@N dqg u+@n,/ zklfk lv htxlydohqw wr d uhgxfwlrq ri +uhvs1 lqfuhdvh lq, wkh

46D orzhu � pd| dovr eh fdxvhg e| rwkhu idfwruv vxfk dv d uhgxfwlrq ri wudqvsruw frvw/ hwf1
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htxloleulxp qxpehu ri wkh edvlf surgxfwv dv lq +53, dqg +58,1 Wkhuhiruh/ zh kdyh wkh iroorzlqj

uhvxow1

Sursrvlwlrq 8 Li d whfkqrorj| surjuhvv lv sur0HRVfrsh +ru dqwl0HRVfrsh, dqg lwv h�hfw rq wkh

surgxfwlrq whfkqltxhv lv shuvlvwhqwo| eldvhg wrzdugv rqh vwdjh ri surgxfwlrq +hlwkhu lqwhuphgldwh0

jrrg ru �qdo0jrrg surgxfwlrq,/ lw zloo hyhqwxdoo| lqfuhdvh rxwvrxuflqj1

Wklv fdq dovr eh looxvwudwhg lq Iljxuh 51 Uhjdugohvv ri zkhuh zh vwduw/ iurp hlwkhu Srlqw D ru

F/ d frqwlqxrxv ghfuhdvh ru lqfuhdvh lq +u%@N,@+u+@n, zloo lq wkh hqg eulqj xv wr wkh rxwvrxuflqj

uhjlrq1 Wkh dxwrpreloh lqgxvwu| lv suredeo| d jrrg h{dpsoh wr dsso| wklv wkhru| li zh eholhyh

wkdw whfkqrorj| surjuhvvhv idyru wkh ghjuhh ri hfrqrplhv ri vfrsh lq wkh �qdo0jrrg surgxfwlrq lq

wkdw lqgxvwu|1 Iru h{dpsoh/ wkh uhfhqw whfkqrorj| surjuhvv lq FDG +frpsxwhu0dlghg0ghvljq, kdv

pdgh prgho fkdqjhv dqg surgxfw lpsuryhphqw pxfk hdvlhu wkdq hyhu ehiruh1 Wkhvh fkdqjhv

kdyh fhuwdlqo| frqwulexwhg wr wkh vxujh ri rxwvrxuflqj dfwlylwlhv lq wkh dxwrpreloh lqgxvwu| dv

glvfxvvhg lq wkh lqwurgxfwlrq ri wkh sdshu1

e W?|ih?@|�L?@* ��|tL�hU�?}

Qrz frqvlghu d zruog zlwk wzr frxqwulhv/ Qruwk2Krph dqg Vrxwk2Iruhljq1 Wkh frqvxphu

suhihuhqfhv ri wkh wzr frxqwulhv duh wkh vdph dqg vr duh wkh surgxfw dwwulexwhv +l1h1/ OW @ O

dqg �W @ �,1 Wkh wrwdo srsxodwlrq ri wkh frqvxphuv qrz ehfrph !�O> !�O @ +!. !W,/ zkrvh

suhihuhqfhv ri dwwulexwhv iru wkh prvw suhihuuhg jrrg lv dovr xqlirupo| glvwulexwhg dorqj wkh

flufxpihuhqfh1 Vxssrvh wkh suhylrxv wzr vhfwlrqv ghvfuleh wkh hfrqrp| lq wkh Qruwk/ dqg zh

xvh dq dvwhulvn wr ghqrwh wkh yduldeohv iru wkh Vrxwk1

Surgxfwlrq whfkqrorj| lq wkh Vrxwk lv gl�huhqw iurp wkh Qruwk1 Wr surgxfh rqh xqlw

ri wkh qxphudluh jrrg uhtxluhv dW A 4 xqlwv ri oderu lq wkh Vrxwk1 Vxssrvh lq wkh wudglqj

htxloleulxp erwk frxqwulhv surgxfh wkh qxphudluh jrrg/ d frpsrvlwh jrrg iru wkh uhvw ri doo

jrrgv1 Wkhuhiruh/ wkh zdjh udwh lq wkh Vrxwk lv ohvv wkdq rqh +l1h1/ zW @ 4@dW ? z @ 4@d @ 4,1

Iroorzlqj wkh olwhudwxuh +h1j1/ Jurvvpdq dqg Khospdq/ iruwkfrplqj> Dqwu�dv dqg Khospdq/ 5337,/

zh dvvxph wkdw rqo| wkh Qruwk lv deoh wr surgxfh wkh �qdo jrrg exw erwk frxqwulhv fdq surgxfh

wkh lqwhuphgldwh lqsxw1 Wr irfxv rq wkh fdvh ri lqwhuqdwlrqdo rxwvrxuflqj/ vxssrvh wkhuh lv qr

wudqvdfwlrq frvw iru sxufkdvlqj wkh lqwhuphgldwh lqsxw iurp grphvwlf vxssolhuv +l1h1/ � @ 3, exw
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wkhuh lv d wudqvdfwlrq frvw +�W A 4, iurp iruhljq vxssolhuv +ru dq dgglwlrqdo frvw frpsduhg wr

iurp wkh grphvwlf vxssolhuv,1

Vlqfh � @ 3> iurp Sursrvlwlrq 5 wkh htxloleulxp zloo dozd|v eh rxwvrxuflqj exw zkhwkhu lw

lv grphvwlf ru lqwhuqdwlrqdo rxwvrxuflqj ghshqgv rq zklfk frxqwu| fdq pruh h�flhqwo|2fkhdso|

surylgh wkh lqwhuphgldwh lqsxw1 Iurp +59,/ wkh dyhudjh frvw ri wkh lqwhuphgldwh lqsxw iru wkh

Qruwk wr vxsso| lw lv

f+ @ +
�nu+
!�

,�*2 +5<,

dqg iru wkh Vrxwk lv

zWf+
W

@
4

dW
+
�nWuW+
!�

,�*2= +63,

Vroylqj zWf+
W

+4 . �W, ? f+/ zh kdyh wkh iroorzlqj uhvxow1

Sursrvlwlrq 9 Lqwhuqdwlrqdo rxwvrxuflqj lv wkh surgxfwlrq0h�flhqw htxloleulxp li

n

nW
A +

uW+
u+
,+
4 . �W

dW
,2>

Rwkhuzlvh/ grphvwlf rxwvrxuflqj lv eh wkh surgxfwlrq0h�flhqw htxloleulxp1

Sursrvlwlrq 9 fdq eh looxvwudwhg e| Iljxuh 61 Wkh duhd deryh wkh olqh ri +n@nW, @ +uW+@u+,+
�n�W

@W ,2

lv wkh uhjlrq ri lqwhuqdwlrqdo rxwvrxuflqj dqg ehorz lv grphvwlf rxwvrxuflqj1 Dq lqfuhdvh lq dW

ru2dqg d uhgxfwlrq ri �Wurwdwhv wkh olqh forfnzlvh1 Qrwlfh wkdw 4@dW @ zW lv wkh zdjh udwh lq

wkh Vrxwk +ru wkh uhodwlyh zdjh/ vlqfh z @ 4,1 Wkhuhiruh/ wkh uhjlrq ri lqwhuqdwlrqdo rxwvrxuflqj

ehfrphv odujhu zkhq wkh zdjh lq wkh Vrxwk dqg wkh wudqvdfwlrq frvw ri furvv0erughu rxwvrxuflqj

lv orzhu1 Dovr qrwlfh wkdw hyhq li nW lv uhodwlyho| odujh/ zh zloo kdyh lqwhuqdwlrqdo rxwvrxuflqj dv

orqj dv uW+ lv yhu| vpdoo +dv Srlqw D lq Iljxuh 6,1 Wklv pd| h{sodlq zk| vrphwlphv ghyhorslqj

frxqwulhv fdq riwhq ehfrph wkh uhflslhqw frxqwulhv iru rxwvrxuflqj exvlqhvv hyhq wkrxjk wkh|

duh odjjlqj lq surgxfw ghyhorsphqw +l1h1 nW lv odujh,1

D �L?U*�_�?} +i4@h!t

Lq wklv sdshu zh suhvhqw d prgho ri wzr0vwdjh surgxfwlrq lq zklfk hfrqrplhv ri vfrsh lq surgxf0

wlrq +lq frqmxqfwlrq zlwk surgxfw gl�huhqwldwlrq, sod| d nh| uroh lq d yhuwlfdoo|0olqnhg surgxfwlrq

vwuxfwxuh1 Lw lghqwl�hv wkh glyhujhqfh lq wkh ghjuhhv ri hfrqrplhv ri vfrsh dqg wkh dwwulexwh

4:



vsdfhv ri wkh surgxfwv lq gl�huhqw vwdjhv ri surgxfwlrq dv wkh ixqgdphqwdo hfrqrplf irufh eh0

klqg rxwvrxuflqj1 Wkh prgho doorzv xv wr glvfxvv krz rxwvrxuflqj dfwlylwlhv duh d�hfwhg e| wkh

ghjuhh ri surgxfw gl�huhqwldwlrq dqg hfrqrplhv ri vfrsh lq surgxfwlrq ri wkh lqwhuphgldwh lqsxw

uhodwlyh wr wkdw ri wkh �qdo jrrg1 Wkh uhvxowv lq wkh sdshu fdq eh hdvlo| irupxodwhg dv vrph

whvwdeoh k|srwkhvhv derxw wkh sdwwhuqv ri rxwvrxuflqj exvlqhvv dqg zh krsh wkh| zloo dwwudfw

wkh dwwhqwlrq iru ixuwkhu hpslulfdo lqyhvwljdwlrqv1

Wkh sdshu surylghv d uhodwlyho| vlpsoh iudphzrun wkdw lv deoh wr vkhg vrph oljkw rq zlgh0

udqjlqj rxwvrxuflqj dfwlylwlhv dfurvv lqgxvwulhv1 Lq wkh sdshu zh kdyh frqvlghuhg wkh fdvh zlwk

rqo| rqh lqwhuphgldwh lqsxw dqg rqh vhfwru ri gl�huhqwldwhg surgxfwv1 Dv phqwlrqhg hduolhu/

wkh prgho fdq eh hdvlo| jhqhudol}hg wr wkh fdvh zlwk pdq| lqwhuphgldwh lqsxwv1 Lw fdq dovr eh

jhqhudol}hg wr wkh fdvh zlwk pxowlsoh vhfwruv ri gl�huhqwldwhg surgxfwv1�e Lw wkhq fdq h{soruh

wkh lpsdfw ri yduldwlrqv dfurvv vhfwruv rq wkh uhodwlyh suhydohqfh ri yhuwlfdoo|0lqwhjudwhg ru

yhuwlfdoo|0glvlqwhjudwhg surgxfwlrq vwuxfwxuhv1

47Zlwk } vhfwruv ri gl�huhqwldwhg surgxfwv/ iru h{dpsoh/ zh fdq kdyh wkh frqvxphu suhihuhqfh lq +4, dv
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Uhihuhqfhv

Dqwu�dv/ Sro 5336/ _Ilupv/ frqwudfwv/ dqg wudgh vwuxfwxuh%/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 44;/

46:80474;1

Dqwu�dv/ Sro dqg Hokdqdq Khospdq 5337/ _Joredo Vrxuflqj%/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 445/

88508;31

Fkhq/ \rqjplq/ Mrwd Lvklndzd dqg ]klkdr \x/ 5337/ _Wudgh Olehudol}dwlrq dqg Vwudwhjlf Rxw0

vrxuflqj%/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 96+5,/ 74<0769

Fkhqj/ Ohrqdug N1 dqg Khqu|n Nlhu}nrzvnl/ 5334/ Joredo Surgxfwlrq dqg Wudgh lq Hdvw Dvld/

Noxzhu Dfdghplf Suhvv/ Orqgrq1

Fxvxpdqr/ P1D1 Wkh Mdsdqhvh Dxwrpreloh Lqgxvwu|= Whfkqrorj| dqg Pdqdjhphqw dw Qlvvdq

dqg Wr|rwd/ 4<;8/ Kduydug Hdvw Dvldq Prqrjudskv Qr1455/ Kduydug Xqlyhuvlw| Suhvv1 Pdvv1

Gdylv/ Hgzdug Z1/ _Joredo rxwvrxuflqj= Kdyh X1V1 pdqdjhuv wkurzq wkh ede| rxw zlwk wkh

edwk zdwhuB% Exvlqhvv Krul}rqv/ Mxo|2Dxj<5/ y68+7,/ ss18;0971

Hdwrq/ E1 Fxuwlv dqg Vfkplww/ Qlfrodv/ _Ioh{leoh pdqxidfwxulqj dqg pdunhw vwuxfwxuh%/ Dphu0

lfdq Hfrqrplf Uhylhz ;7/ Vhswhpehu 4<<7/ ;:80;;;1

Jurvvpdq/ J1P1 dqg Khospdq/ H1/ 5335/ _Lqwhjudwlrq yv1 rxwvrxuflqj lq lqgxvwu| htxloleulxp%

Txduwhuo| Mrxuqdo ri Hfrqrplfv 44:/ ss;804531

Jurvvpdq/ Jhqh dqg Hokdqdq Khospdq/ _Rxwvrxuflqj lq d joredo hfrqrp|%/ Uhylhz ri Hfrqrplf

Vwxglhv/ iruwkfrplqj1

Jurvvpdq/ Jhqh dqg Hokdqdq Khospdq/ 5337 _Pdqdjhuldo lqfhqwlyhv dqg lqwhuqdwlrqdo rujdql0

}dwlrq ri surgxfwlrq%/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ y96/ ss56:05951

Ihhqvwud/ Urehuw F1 4<<;/ _Lqwhjudwlrq ri wudgh dqg glvlqwhjudwlrq ri surgxfwlrq lq wkh joredo

hfrqrp|%/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ y45+7,/ ss640831

Ihhqvwud/ Urehuw F1 dqg Jrugrq K Kdqvrq 5336/ _Rzqhuvkls dqg frqwuro lq rxwvrxuflqj wr

Fklqd= hvwlpdwlqj wkh surshuw|0uljkwv wkhru| ri wkh �up%/ QEHU Zrunlqj Sdshu Qr1 434<;

Kdqvrq/ Jrugrq K1 _Orfdol}dwlrq hfrqrplfv/ yhuwlfdo rujdql}dwlrq/ dqg wudgh1% Dphulfdq Hfr0

qrplf Uhylhz ;9/ 4<<9/ ss45990:;1

Kxpphov/ G1/ Lvkll/ M1 dqg \l/ N1 5334/ _Wkh qdwxuh dqg jurzwk ri yhuwlfdo vshfldol}dwlrq%

Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv y87/ ss:80<91

Mrqhv/ Urqdog Z1/ 5333/ Joredol}dwlrq dqg wkh Wkhru| ri Lqsxw Wudgh/ PLW Suhvv/ Fdpeulgjh1

4<



Mrqhv/ Urqdog Z1 dqg Khqu|n Nlhu}nrzvnl1 5334/ _Joredol}dwlrq dqg wkh frqvhtxhqfhv ri

lqwhuqdwlrqdo iudjphqwdwlrq1% lq U1 Gruqexvfk/ J1 Fdoyr/ dqg P1 Revwihog/ hgv1/ Prqh|/ Idfwru

Prelolw|/ dqg Wudgh= Wkh Ihvwvfkuliw lq Krqru ri Urehuw D1 Pxqghoo/ PLW Suhvv/ Fdpeulgjh1

PdfOhrg/ Z1E1/ J1 Qrupdq dqg M10I1 Wklvvh 4<;;/ _Sulfh glvfulplqdwlrq dqg htxloleulxp lq

prqrsrolvwlf frpshwlwlrq%/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq 9/ 75<07791

PfOduhq/ Mrkq/ 5333/ _Joredol}dwlrq dqg yhuwlfdo vwuxfwxuh1% Dphulfdq Hfrqrplf Uhylhz y<3/

456<045871

Plojurp/ Sdxo dqg Mrkq Urehuwv/ 4<<3/ _Wkh hfrqrplfv ri prghuq pdqxidfwxulqj= whfkqrorj|/

vwudwhj|/ dqg rujdql}dwlrq%/ Dphulfdq Hfrqrplf Uhylhz y;3/ s844085;1

Plojurp/ Sdxo/ \lqj|l Tldq/ dqg Mrkq Urehuwv/ 4<<4/ _Frpsohphqwdulwlhv/ pruphqwxp/ dqg

wkh hyroxwlrq ri prghuq pdqxidfwxulqj%/ Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv/

Pd| 4<<4/ s;70;;1

Qrupdq/ Jhrjuh dqg Mdftxhv0Iudqfrlv Wklvvh 4<<</ _Whfkqrorj| fkrlfh dqg pdunhw vwuxfwxuh=

vwudwhjlf dvshfwv ri �h{leoh pdqxidfwxulqj%/ Wkh Mrxuqdo ri Lqgxvwuldo Hfrqrplfv [OYLL/ 6780

6:51

Shsdoo/ O1/ G1M1 Ulfkdugv/ dqg J1 Qrupdq/ 4<<</ Lqgxvwuldo Rujdql}dwlrq= Frqwhpsrudu| Wkhru|

dqg Sudfwlfh/ Wrurqwr= Vrxwk0Zhvwhuq Froohjh Sxeolvklqj/

Ud�/ Gdqlho P1J1/ _Pdnlqj fduv dqg pdnlqj prqh| lq wkh lqwhuzdu dxwrpreloh lqgxvwu|=

hfrqrplhv ri vfdoh dqg vfrsh dqg wkh pdqxidfwxulqj ehklqg wkh pdunhwlqj%/ Exvlqhvv Klvwru|

Uhylhz 98 +Zlqwhu 4<<4,/ :540861

Wluroh/ Mhdq/ 4<;;/ Wkh Wkhru| ri Lqgxvwuldo Rujdql}dwlrq/Wkh PLW Suhvv/ Fdpeulgjh/ Pdvv1

\l/ Nhl0Px/ 5336/ _Fdq yhuwlfdo vshfldol}dwlrq h{sodlq wkh jurzwk ri zruog wudghB%/ Mrxuqdo ri

Srolwlfdo Hfrqrp|/ y444+4,/ ss08504351

\x/ ]klkdr/ 5336/_D qhz sxvk rq dq rog ixqgdphqwdo= xqghuvwdqglqj wkh sdwwhuqv ri rxwvrxuf0

lqj%/ JHS Uhvhdufk Sdshuv 5336258/ Vfkrro ri Hfrqrplfv/ Xlyhuvlw| ri Qrwwlqjkdp1

]kdr/ Odl{xq/ 5334/ _Xqlrql}dwlrq/ yhuwlfdo pdunhwv/ dqg rxwvrxuflqj1% Mrxuqdo ri Lqwhuqdwlrqdo

Hfrqrplfv 88/ 4;:05351
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