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Devwudfw

Zh prgho juhhq pdunhwv lq zklfk sxufkdvhuv/ hlwkhu �upv ru frqvxphuv/ kdyh

kljkhu zloolqjqhvv0wr0sd| iru ohvv srooxwlqj jrrgv1 Wkh h�hfwlyhqhvv ri srooxwlrq uh0

gxfwlrq srolflhv lv h{dplqhg lq d gxrsro| vhwwlqj1 Zh vkrz wkdw gxrsrolvwv* vwudwhjlf

ehkdylrxu pd| lqfuhdvh srooxwlrq ohyhov1 Pd{lpxp hplvvlrq vwdqgdugv/ frpprqo|

xvhg lq juhhq pdunhwv/ lpsuryh wkh hqylurqphqwdo ihdwxuhv ri surgxfwv1 Qrqhwkhohvv/

ryhudoo srooxwlrq ohyhov zloo ulvh ehfdxvh jryhuqphqw uhjxodwlrq dovr d�hfwv pdunhw

vkduhv dqg errvwv �upv* vdohv1 Frqvhtxhqwo|/ vrfldo zhoiduh pd| eh uhgxfhg1 Zh dovr

h{soruh wkh h�hfwv ri whfkqrorjlfdo vxevlglhv dqg surgxfw fkdujhv/ lqfoxglqj gl�huhq0

wldwlrq ri fkdujhv1

MHO Fodvvl�fdwlrq= O85/ T5;1

Nh|zrugv= hplvvlrq vwdqgdugv/ vxevlglhv/ surgxfw fkdujhv/ yhuwlfdoo| gl�huhqwl0

dwhg gxrsro|1
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4 Lqwurgxfwlrq

Lq wklv sdshu/ zh vkrz wkdw vrph w|slfdo hqylurqphqwdo srolf| phdvxuhv pd| lq0

fuhdvh srooxwlrq ohyhov lq pdunhwv zkhuh surgxfwv gl�hu lq vrph hqylurqphqwdo ihd0

wxuhv +juhhq pdunhwv,1 Ilupv gl�huhqwldwh wkhlu jrrgv zkhq wkh| duh deoh wr h{wudfw

uhqwv iurp sxufkdvhuv* kljkhu zloolqjqhvv0wr0sd| iru ohvv srooxwlqj ydulhwlhv1 Lq wkh

suhvhqfh ri wklv vwudwhjlf ehkdylru/ jryhuqphqw uhjxodwlrq grhv qrw rqo| d�hfw surg0

xfw hqylurqphqwdo ihdwxuhv exw dovr frqvxphuv* doorfdwlrq lq wkh pdunhw1 Wklv odwhu

h�hfw pd| fdxvh srooxwlrq lqfuhdvhv hyhq lq wkh fdvh zkhuh wkh hqylurqphqwdo txdolw|

ri doo surgxfwv lpsuryh1

Wkh olwhudwxuh kdv qrw dqdo|}hg wkh frqvhtxhqfhv ri hqylurqphqwdo srolf| rq dj0

juhjdwh srooxwlrq lq pdunhwv zlwk lpshuihfw frpshwlwlrq zkhq surgxfwv duh khwhurjh0

qhrxv1 Lq krprjhqhrxv surgxfw pdunhwv/ hqylurqphqwdo uhjxodwlrq jhqhudoo| lqgxfhv

dq ryhulqwhuqdol}dwlrq ri srooxwlrq dv �upv pd| uhdfw e| uhgxflqj wkhlu rxwsxw ohy0

hov14 Lq gl�huhqwldwhg pdunhwv/ Prwwd dqg Wklvvh +4<<6, h{dplqh wkh h�hfwv ri wkh

lqwurgxfwlrq ri d plqlpxp hqylurqphqwdo vwdqgdug rq �upv* txdolw| fkrlfhv dqg

wkhlu lqwhuqdwlrqdo wudgh vwudwhjlhv1 Fuhphu dqg Wklvvh +4<<7, dqdo|}h wkh h�hfwv ri

dg0ydoruhp wd{dwlrq rq wkh dyhudjh hqylurqphqwdo txdolw| lq d qdwxudo roljrsro|1

Wr fdswxuh wkh pdlq fkdudfwhulvwlf ri d juhhq pdunhw/ zh exlog d gxrsro| prgho

ri yhuwlfdo surgxfw gl�huhqwldwlrq15 Jrrgv rqo| gl�hu lq wkhlu dvvrfldwhg ohyho ri

hplvvlrqv/ zklfk lv dq hqgrjhqrxv yduldeoh1 Sxufkdvhuv/ hlwkhu ex|huv ru �upv/ gl�hu

lq wkhlu zloolqjqhvv0wr0sd| iru wkh jrrgv exw doo suhihu ohvv0srooxwlqj ydulhwlhv1 Rq wkh

vxsso| vlgh/ wkhuh duh wzr h{0dqwh v|pphwulf gxrsrolvwv1 Wkh| hqjdjh lq d wzr0vwdjh

jdph/ �uvw fkrrvlqj wkh ydulhw| wr r�hu/ dqg wkhq wkhlu sulfhv1 Surgxfhuv* lqyhvwphqwv

lq ohvv0srooxwlqj whfkqrorj|/ surgxfw ghvljq ru/ pruh vshfl�fdoo|/ dedwhphqw ghylfhv/

wr uhgxfh wkh ohyho ri hplvvlrqv shu xqlw ri surgxfw duh frvwo|1 Wklv �{hg frvw lv

kljkhu wkh orzhu lv wkh jrrg*v xqlw hplvvlrqv ohyho fkrvhq1

Lq wkh xqltxh vxejdph shuihfw htxloleulxp/ wzr gl�huhqw ydulhwlhv ri wkh surgxfw

hphujh= wkhvh duh uhihuuhg wr dv wkh fohdqhu dqg wkh gluwlhu ydulhw|1 Lqwhuhvwlqjo|/ wkh

kljkhu wkh dyhudjh zloolqjqhvv0wr0sd| iru wkh jrrg/ wkh orzhu duh hplvvlrqv shu xqlw

ri surgxfw/ exw wkh kljkhu lv djjuhjdwh srooxwlrq1

Lq wklv +lpshuihfw, frpshwlwlyh pdunhw/ wkh h{whuqdolw| dvvrfldwhg wr srooxwlrq pd|

vwloo eh frqvlghuhg wrr kljk e| jryhuqphqwv1 Zh vwxg| wkh h�hfwv ri wkuhh frpprq

hqylurqphqwdo phdvxuhv/ qdpho|/ wkh lqwurgxfwlrq ri pdqgdwhg xqlw hplvvlrq vwdq0

gdugv/ whfkqrorj| vxevlglhv dqg surgxfw fkdujhv16 Wkurxjkrxw/ zh gr qrw ghvfuleh

4Dv d uhvxow/ rswlpdo srolflhv vxfk dv vwdqgdugv dqg Sljrxyldq wd{hv idoo vkruw ri pdujlqdo hq0

ylurqphqwdo gdpdjh wr dffrxqw iru dgglwlrqdo uhgxfwlrqv ri rxwsxw ohyhov lqgluhfwo| lqgxfhg e| wkh

srolf|1 Exfkdqdq +4<9<,/ Eduqhww +4<;3,/ Plvlrohn +4<;3, dqg Rdwhv dqg Vwudvvpdq +4<;7, vwxg|

wkh h�hfwv ri rswlpdo hqylurqphqwdo srolflhv lq wkh prqrsro| fdvh> Hehuw +4<<4,/ Uhtxdwh +4<<6,

dqg Gdpdqld +4<<9, lq gxrsro|> dqg Ohylq +4<;8,/ Ndwvrxodnrv dqg [hsdsdghdv +4<<5/ 4<<8, dqg

Ndwvrxodnrv hw do1 +4<<8, lq wkh roljrsro| fdvh1
5Juhhq pdunhwv fdq dovr suhvhqw vrph ghjuhh ri krul}rqwdo gl�huhqwldwlrq1 Iru vlpsolflw|/ zh

dvvxph wkdw wkh uhvw ri surgxfwv* ihdwxuhv duh lghqwlfdo1 Lq dgglwlrq/ dffruglqj wr RFGH +4<<:,/

wkh qxpehu ri �upv dfwlyh lq juhhq pdunhwv lv xvxdoo| yhu| vpdoo1
6Prudo kd}dug dqg revhuydelolw| sureohpv olplw wkh xvh ri h"xhqw ihhv dqg dpelhqw fkdujhv

lq pdq| uhdo0zruog fdvhv1 Xqlw hplvvlrq vwdqgdugv/ vxevlglhv dqg surgxfw fkdujhv duh dpso| hp0

sor|hg lq zhvwhuq Hxurshdq frxqwulhv/ vxfk dv Jhupdq|/ Kroodqg/ Qruzd|/ Vsdlq/ Vzhghq/ hwf1 +vhh
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rswlpdo srolflhv1 Udwkhu/ rxu frqfhuq lv wr looxvwudwh wkh h�hfwv ri wkhvh phdvxuhv rq
�upv* surgxfw fkrlfhv/ djjuhjdwh srooxwlrq dqg vrfldo zhoiduh1

Zh �uvw vkrz wkdw diwhu lpsrvlqj d xqlw hplvvlrq vwdqgdug forvh wr wkh ruljlqdo
+xqghu qr uhjxodwlrq, htxloleulxp/ wrwdo srooxwlrq lqfuhdvhv1 Wkh lqwxlwlrq lv wkdw hyhq
wkrxjk erwk �upv r�hu ohvv0srooxwlqj ydulhwlhv/ vdohv lqfuhdvh vx!flhqwo| wr ryhuzhljkw
wklv h�hfw1 Dv d uhvxow ri wkh srolf|/ wkh gluwlhu �up phhwv wkh uhtxluhphqw zkloh wkh
fohdqhu rqh ehvw0uhvsrqvhv e| lpsurylqj lwv surgxfw dv zhoo1 Krzhyhu/ wkh suhvhqfh ri
ghfuhdvlqj uhwxuqv lq wkh dedwhphqw whfkqrorj| lqgxfhv d orzhu h�ruw ri wkh fohdqhu
�up wr gl�huhqwldwh lwv jrrg iurp wkh ulydo*v1 Wkxv/ htxloleulxp surgxfw gl�huhq0
wldwlrq orzhuv/ eulqjlqj derxw d wrxjkhu sulfh frpshwlwlrq vwdjh1 Hqylurqphqwdoo|0
iulhqgolhu ydulhwlhv r�huhg dw orzhu sulfhv vrdu vdohv vx!flhqwo| wr ryhuzhljkw wkh
uhgxfwlrq lq xqlw hplvvlrqv1

Wklv frxqwhu0surgxfwlyh txdqwlwdwlyh h�hfw grhv qrw hphujh zkhq �upv duh ri0
ihuhg/ lqvwhdg/ d vxevlg| wkdw orzhuv whfkqrorj| frvwv/ dqg/ frqvhtxhqwo|/ htxloleulxp
xqlw hplvvlrqv1 Wkh uhdvrq lv wkdw surgxfw gl�huhqwldwlrq grhv qrw fkdqjh1 Wklv lv
dovr wkh fdvh zkhq xqlirup surgxfw fkdujhv duh lpsohphqwhg1 Krzhyhu/ erwk xqlw
hplvvlrqv dqg wrwdo frqwdplqdwlrq lqfuhdvh dv d uhvxow ri wkh wd{dwlrq srolf|1 Il0
qdoo|/ zh lqyhvwljdwh wkh h�hfwv ri gl�huhqwldwlqj surgxfw fkdujhv1 Zh vkrz wkdw e|
voljkwo| lqfuhdvlqj wkh wd{ udwh ri wkh gluwlhu �up/ erwk �upv* xqlw h"xhqwv lqfuhdvh
exw djjuhjdwh srooxwlrq ghfuhdvhv1 Lq frqwudvw/ e| voljkwo| orzhulqj wkh wd{ udwh ri
wkh fohdqhu �up/ erwk �upv* xqlw h"xhqwv dqg wrwdo frqwdplqdwlrq ghfuhdvh1 Djdlq/
�upv* vwudwhjlf ehkdylru gulyhv wkh xqghvludeoh uhvxowv1

Dv wr wkh zhoiduh frqvhtxhqfhv/ zh �qg wkdw vxevlglhv lqfuhdvh dqg xqlirup wd{hv
ghfuhdvh vrfldo zhoiduh1 Krzhyhu/ wkh ryhudoo h�hfw ri srolflhv vxfk dv wkh lqwurgxf0
wlrq ri d xqlw hplvvlrq vwdqgdug dqg qrq0xqlirup surgxfw fkdujhv rq vrfldo zhoiduh
ghshqgv rq wkh pdujlqdo ydoxdwlrq ri wkh hqylurqphqwdo gdpdjh1

Wkh uhpdlqghu ri sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh prgho
dqg fkdudfwhul}hv wkh xquhjxodwhg htxloleulxp1 Lq Vhfwlrq 6 zh h{soruh wkh h�hfwv ri
xqlw hplvvlrqv vwdqgdugv1 Lq Vhfwlrq 7 zh dqdo|}h wkh h�hfwv ri lqyhvwphqw vxevlglhv
zkloh xqlirup dqg qrq0xqlirup surgxfw fkdujhv duh vwxglhg lq Vhfwlrq 81 Vhfwlrq 9
r�huv frqfoxglqj uhpdunv1

5 Wkh prgho

Zh suhvhqw d gxrsro| prgho ri hqylurqphqwdoo| gl�huhqwldwhg surgxfwv17 Zh dvvxph

wkdw wzr �upv hqwhu d pdunhw zkhuh gl�huhqw ydulhwlhv ri d surgxfw pd| eh surgxfhg/

hdfk ri wkhp lghqwl�hg e| lwv revhuydeoh ohyho ri dvvrfldwhg srooxwlqj hplvvlrqv +hq0

ylurqphqwdo zdvwhv ru h"xhqwv,18 Pdqxidfwxulqj ydulhwlhv zkrvh ohyhov ri srooxwdqw

h{dpsohv ehorz,1
7Vhh Jdev}hzlf} dqg Wklvvh +4<:<,/ Pxvvd dqg Urvhq +4<:;, ru Vkdnhg dqg Vxwwrq +4<;5, iru

w|slfdo surgxfw gl�huhqwldwlrq prghov1
8Zh zloo prgho hplvvlrqv dvvrfldwhg wr wkh jrrgv dv d frqwlqxrxv yduldeoh iru frpsxwdwlrqdo

uhdvrqv1 Krzhyhu/ pdq| ri wkh h{dpsohv zh frqvlghu zrxog ehwwhu �w lqwr d glvfuhwh ghvfulswlrq1

Iru lqvwdqfh/ uhf|fohg sdshu dqg qrq uhf|fohg/ hfrorjlfdo edwwhulhv dqg qrq hfrorjlfdo/ xqohdghg

jdvrolqh dqg ohdghg/ ehyhudjhv r�huhg lq sodvwlf erwwohv dqg lq jodvv erwwohv/ hwf1
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glvfkdujhv duh orzhu zloo eh dvvxphg wr eh pruh frvwo|1

Wkh ghpdqg vlgh ri wkh pdunhw lv frqvwlwxwhg e| d frqwlqxxp ri sxufkdvhuv/ hlwkhu

frqvxphuv ru �upv/ wkdw gl�hu lq wkhlu pdujlqdo ydoxdwlrq iru surgxfw juhhq ihdwxuhv/

w1 Wklv ex|hu0vshfl�f pdwfklqj ydoxh lv dvvxphg wr eh xqlirupo| glvwulexwhg rq dfc wo
zlwk phdvxuh rqh1 Sxufkdvhuv ex| hlwkhu rqh xqlw ri wkh surgxfw ru qrwklqj1 Li wkh|

dftxluh d ydulhw| ri wkh jrrg zkrvh ohyho ri hplvvlrqv lv e dw sulfh Rc wkh| rewdlq

d +lqgluhfw, xwlolw| ` Ewc e� ' T � we � R� Qr frqvxpswlrq lv dvvxphg wr jlyh }hur

vxusoxv19

Dffruglqj wr wklv vshfl�fdwlrq/ d sxufkdvhu wkdw dftxluhv wkh ydulhw| e rewdlqv

d jurvv vxusoxv T � we� Rqh srvvleoh lqwhusuhwdwlrq lv wkdw ghpdqg frphv iurp hq0

ylurqphqwdolvw frqvxphuv1 Wkhq/ T zrxog vwdqg iru wkh xwlolw| rewdlqhg iurp wkh

jrrg uhjdugohvv ri wkh ohyho ri hplvvlrqv ri wkh ydulhw| dftxluhg1 Hqylurqphqwdolvwv/

lq dgglwlrq/ ghulyh d ghvxwlolw| we iurp sxufkdvlqj d jrrg zkrvh ohyho ri hplvvlrqv lv

e�
:
Vlqfh w ydulhv dfurvv lqglylgxdov/ frqvxphuv gl�hu lq wkhlu hqylurqphqwdo dzduh0

qhvv1 Wkh sdudphwhu w zrxog wkhq phdvxuh wkh ghjuhh ri frqvxphuv* hqylurqphqwdo

frqvflrxvqhvv1

Dq dowhuqdwlyh lqwhusuhwdwlrq lv wr frqvlghu wkdw sxufkdvhuv duh d vhw ri vpdoo �upv

qrq0frpshwlqj dprqj wkhp wkdw hpsor| wkh jrrgv dv lqsxwv iru wkhlu surgxfwlrq

surfhvvhv1 Wklv lqsxw lv qrw vxevwlwxwdeoh/ l1h1 li d �up zdqwv wr hqwhu lwv uhvshfwlyh

pdunhw pxvw dftxluh lw1 Hplvvlrqv dvvrfldwhg wr wkh lqsxwv duh e|0surgxfwv ri wkh

vpdoo �upv surgxfwlrq dfwlylwlhv1 Wkhvh h"xhqwv duh wd{hg dffruglqj wr wkh olqhdu

ixqfwlrq |Ee� ' e� Wkh sdudphwhu w zrxog wkhq uhsuhvhqw wkh �up0vshfl�f �qdqfldo

rssruwxqlw| frvw/ dqg T zrxog vwdqg iru wkh qhw ehqh�wv hdfk �up zrxog rewdlq iurp

hqwhulqj lwv pdunhw1 Xqghu hlwkhu ri wkhvh lqwhusuhwdwlrqv/ qrwh wkdw li sxufkdvhv zhuh

jlyhq d iuhh fkrlfh ehwzhhq dq| sdlu ri gl�huhqw ydulhwlhv/ wkh| zrxog djuhh dqg fkrrvh

wkh rqh zlwk wkh orzhvw ohyho ri hplvvlrqv dvvrfldwhg1 Wklv fkdudfwhulvwlf lpsolhv wkdw

rxu prgho idoov lqwr wkh fdwhjru| ri surgxfw gl�huhqwldwlrq prghov1;

Wkurxjkrxw wkh dqdo|vlv/ zh zloo xvh wkh iroorzlqj dvvxpswlrq=

Dvvxpswlrq 4 T lv vx!flhqwo| vpdoo vr wkdw qrw doo sxufkdvhuv dftxluh wkh jrrg lq

htxloleulxp1

Wklv dvvxpswlrq/ zklfk lv irupdol}hg ehorz/ lpsolhv wkdw wkh pdunhw lv qrw fry0

huhg/ l1h1 vrph frqvxphuv gr qrw frqvxph wkh jrrg ru vrph �upv gr qrw hqwhu wkhlu

uhvshfwlyh pdunhwv1<

9Lw lv lpsolflwo| dvvxphg wkdw xwlolw| lv dovr ixqfwlrq ri wrwdo hqylurqphqwdo gdpdjh +�,> wkdw
fdq qrw eh d�hfwhg e| frqvxphuv* lqglylgxdo ghflvlrq/ dqg wkdw lw lv d vhsdudeoh ixqfwlrq1 Wkhuh0

iruh/ frqvxphuv/ hlwkhu ex|lqj ru qrw ex|lqj lq wklv pdunhw/ vx�hu wkh hqylurqphqwdo h{whuqdolw|

dvvrfldwhg wr wkh surgxfwlrq ru frqvxpswlrq ri wkh surgxfw1
:Rqh frxog wklqn ri edwwhulhv1 D edwwhu| jlyhv d xwlolw| Y wr d frqvxphu zkdwhyhu lwv ohyho ri

hplvvlrqv dvvrfldwhg +iru h{dpsoh/ 8 krxuv ri udglr pxvlf,1 Krzhyhu/ dq hqylurqphqwdolvw ghulyhv d

orzhu ghvxwlolw| iurp sxufkdvlqj d orz0fdgplxp edwwhu| wkdq iurp d uhjxodu rqh1
;Qrwh wkdw lw lv lpsolflwo| dvvxphg wkdw wkh lqwulqvlf ydoxdwlrq ri wkh surgxfw lv lghqwlfdo dfurvv

sxufkdvhuv/ Y 1 Krzhyhu/ rxu pdlq uhvxowv zrxog qrw vxevwdqwldoo| fkdqjh li zh frqvlghuhg wkhp wr
eh gl�huhqw +vhh Prudjd0Jrq}äoh} dqg Sdguöq0Ixphur +4<<:,,1

<Li wklv dvvxpswlrq zdv qrw vdwlv�hg/ wkh lqwhuhvw ri rxu dqdo|vlv zrxog eh olplwhg ehfdxvh erwk

�upv* uhdfwlrq ixqfwlrqv zrxog eh lqghshqghqw rq wkh fruuhvsrqglqj ulydov* fkrlfhv lq wkh vhfrqg
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Wkh h{0dqwh v|pphwulf gxrsrolvwv kdyh dffhvv wr wkh vdph whfkqrorj|1 Zh dvvxph

wkdw wr surgxfh wkh ydulhw| e/ wkh| pxvw lqfxu wkh �{hg frvw �Ee�� Ixuwkhu/ lw lv

dvvxphg wkdw rqfh d �up kdv lqfxuuhg wkh whfkqrorjlfdo frvw wr hqvxuh wkh surylvlrq

ri wkh ydulhw| ec surgxfwlrq wdnhv sodfh dw d xqlw pdujlqdo frvw S wkdw lv lqghshqghqw

ri wkh ohyho ri h"xhqwv fkrvhq e| wkh �up1 Zh qrupdol}h S wr }hur1 Zh dovr dvvxph

wkdw surgxflqj ydulhwlhv zlwk orzhu ohyhov ri hplvvlrqv lv pruh frvwo|/ l1h1 � �Ee� 	 f1
Iru frpsxwdwlrqdo uhdvrqv/ �Ee� lv dvvxphg wr eh d krprjhqrxv ixqfwlrq ri ghjuhh

k 	 f1 Wklv lpsolhv wkdw wkh whfkqrorj| iru wkh surgxfwlrq ri wkh jrrg e h{klelwv

ghfuhdvlqj uhwxuqv1

Frpshwlwlrq ehwzhhq wkh gxrsrolvwv wdnhv sodfh lq wzr vwdjhv= Lq wkh �uvw/ �upv

vlpxowdqhrxvo| ghflgh wkh ydulhw| wr surgxfh1 Lq wkh vhfrqg vwdjh/ zkhq whfkqrorjlfdo

frvwv kdyh douhdg| ehhq lqyhvwhg/ �upv frpshwh lq sulfhv1 Wklv wzr0vwdjh prghoolqj

lv prwlydwhg e| wkh idfw wkdw/ riwhq/ �upv fdq udslgo| fkdqjh wkhlu sulfhv zkloh d

fkdqjh lq wkh surgxfwlrq whfkqrorj| wdnhv sodfh lq wkh orqj uxq1 Lq rxu frqwh{w/ lw

lv uhdvrqdeoh wr dvvxph wkdw dedwhphqw whfkqrorj| ghflvlrqv duh orqj0uxq yduldeohv

zkloh sulfhv duh vkruw0uxq rqhv1 Zh zloo orrn iru wkh vxejdph shuihfw htxloleulxp ri

wklv jdph dqg surfhhg e| edfnzdugv lqgxfwlrq1

Zh zloo frqvlghu wkh iroorzlqj vrfldo zhoiduh ixqfwlrq=43

7` ' �7 n�A � xE.A � +4,

zkhuh �7 dqg �A ghqrwh frqvxphuv vxusoxv dqg djjuhjdwh sur�wv uhvshfwlyho|/ dqg
xE�� lv wkh vrfldo ydoxdwlrq ri hqylurqphqwdo gdpdjh fdxvhg e| djjuhjdwh srooxwlrq/

.A 1
Qh{w zh frpsxwh wkh htxloleulxp xqghu qr uhjxodwlrq1 Wkurxjkrxw/ wkh �up wkdw

fkrrvhv d kljkhu +orzhu, ohyho ri h"xhqwv zloo eh uhihuuhg wr dv wkh gluwlhu +fohdqhu,

�up1 Zlwkrxw dq| orvv ri jhqhudolw|/ zh frqvlghu �up 4 +�up 5, dv wkh gluwlhu +fohdqhu,

�up/ r�hulqj d surgxfw zlwk dvvrfldwhg ohyho ri hplvvlrqv e� +e2� dw sulfh R� +R2��
Uhdvrqdeo|/ e� : e2 dqg R� 	 R21

44

Wr ghulyh wkh ghpdqg ixqfwlrq iru hdfk ydulhw|/ zh gh�qh wkh iroorzlqj fulwlfdo

sdudphwhuv1 Wkhuh lv rqh sxufkdvhu lqgl�huhqw ehwzhhq dftxlulqj hlwkhu ri wkh surg0

xfwv1 Wklv ex|hu lv fkdudfwhul}hg e| wkh wdvwh sdudphwhu
hw vdwlvi|lqj T � hwe2 � R2 '

T � hwe� � R�� Wkhuhiruh/ hw ' ER2 � R��*Ee� � e2�� Dvvxpswlrq 5 lpsolhv wkdw wkhuh

duh wzr pruh fulwlfdo sdudphwhuv= wkh �uvw fruuhvsrqgv wr wkdw sxufkdvhu lqgl�huhqw

ehwzhhq ex|lqj wkh fohdqhu jrrg dqg qrwklqj1 Wklv ex|hu lv lghqwl�hg e| wkh sdud0

phwhu ew ' ET �R2�*e2� Wkh vhfrqg rqh lv wkh sxufkdvhu lqgl�huhqw ehwzhhq dftxlulqj

wkh gluwlhu surgxfw dqg qrw ex|lqj dw doo/ l1h1
e

ew ' ET � R��*e�� Lq zkdw iroorzv/ zh

zloo frqfhqwudwh rq wkh fdvh zkhuh sdudphwhuv vdwlvi| f 	 hw 	
e

ew 	 ew 	 w�
45 Wkxv/

vwdjh ri wkh jdph1 Krzhyhu/ gursslqj lw dqg lqwurgxflqj hplvvlrqv0ghshqghqw yduldeoh frvw/ d od

Fudpshv dqg Kroodqghu +4<<8,/ zrxog uhvwruh wkh lqwhuhvw ri wkh sureohp1 Rxu pdlq uhvxowv gr qrw
vhhp wr eh d�hfwhg txdolwdwlyho| iru rxu prgholqj fkrlfh1

43Vhh qrwh 9 deryh1
44Zh fkhfn wkdw wkhvh lqhtxdolwlhv duh vdwlv�hg lq htxloleulxp ehorz1
45Zh gr qrw orrn dw xqlqwhuhvwlqj fdvhv1 Wkhvh dsshdu zkhq wkh deryh fulwlfdo sdudphwhuv duh

vxfk wkdw hlwkhu rqo| rqh �up idfhv srvlwlyh ghpdqg/ ru zkhq erwk �upv hqmr| srvlwlyh pdunhw vl}hv

exw wkh ghpdqgv duh qrw frqqhfwhg dprqj wkhp1 Wkhlu odfn ri lqwhuhvw olhv rq wkh idfw wkdw �upv

9



ghpdqg iru wkh gluwlhu �up vwhpv iurp wkh jurxs ri frqvxphuv zkrvh sdudphwhu w lv

vxfk wkdw f � w � hw zkloh ghpdqg iru wkh fohdqhu �up frphv iurp wkrvh fxvwrphuv

w vxfk wkdw hw � w �
e

ew� Wkh uhvw ri sxufkdvhuv ex| qrwklqj1 Wkhuhiruh/ gluwlhu dqg

fohdqhu �up*v ghpdqgv duh uhvshfwlyho|

^�E�� '
R2 � R�

wEe� � e2�
c ^2E�� '

T � R2

we2
�

R2 � R�

wEe� � e2�
� +5,

Lq wkh vhfrqg vwdjh/ �upv vlpxowdqhrxvo| fkrrvh sulfhv wr pd{lpl}h wkhlu sur�wv

�� ' R�^� � �Ee��c � ' �c 21 Qrwh wkdw jlyhq dq| wzr ohyhov ri hplvvlrqv vdwlvi|lqj

e� : e2c wkh vhfrqg vwdjh sur�wv ixqfwlrqv duh vwulfwo| frqfdyh zlwk uhvshfw wr wkh

sulfhv1 Wkhuhiruh/ qhfhvvdu| frqglwlrqv dovr vx!fh iru sur�wv pd{lpl}dwlrq1 Iurp

wkh �uvw rughu frqglwlrqv +i1r1f1,/ zh rewdlq wkh fruuhvsrqglqj uhdfwlrq ixqfwlrqv

R� '
R2

2
c R2 '

T Ee� � e2� n e2R�

2e�
� +6,

E| vroylqj wkh v|vwhp ri htxdwlrqv +6,/ zh rewdlq erwk gxrsrolvwv* htxloleulxp sulfhv

R
W

�
Ee�c e2� '

T Ee� � e2�

ee� � e2
c RW

2
Ee�c e2� '

2T Ee� � e2�

ee� � e2

� +7,

Qrwh wkdw/ dv h{shfwhg/ R
W

2
Ee�c e2� : RW

�
Ee�c e2�c l1h1 wkh pruh srooxwlqj ydulhw| lv

r�huhg dw d orzhu sulfh1 Revhuyh dovr wkdw lqhtxdolwlhv f 	 hw 	 ew 	
e

ew duh vdwlv�hg lq

htxloleulxp=

f 	
T

ee� � e2
	

�T

ee� � e2
	

T E2e� n e2�

e2Eee� � e2�
� +8,

Ilqdoo|/ zh fdq uhzulwh dvvxpswlrq 5 suhflvho| dv T*w 	 e2Eee��e2�*E2e�ne2�c zklfk

jxdudqwhhv wkdw
e

ew 	 w�

Dw wklv srlqw lw lv frqyhqlhqw wr gh�qh wkh yduldeoh b ' e�*e2c b : �c dqg uhzulwh

erwk sulfhv dqg txdqwlwlhv1 Wklv qhz yduldeoh phdvxuhv wkh uhodwlyh ghjuhh ri surgxfw

gl�huhqwldwlrq146 Vxssrvh iru wkh prphqw wkdw dq htxloleulxp h{lvwv +ehorz/ zh

dqdo|}h lwv h{lvwhqfh/ vhh Sursrvlwlrq 6,1 Iluvw/ htxloleulxp sulfhv fdq eh uhzulwwhq

dv

R
W

�
Eb� '

T Eb� ��

eb � �
/ RW

2
Eb� '

2T Eb� ��

eb � �
� +9,

Qrwh wkdw dv wkh uhodwlyh surgxfw gl�huhqwldwlrq glplqlvkhv +b�/ �upv idfh d wrxjkhu

sulfh frpshwlwlrq vwdjh dqg htxloleulxp sulfhv frqvhtxhqwo| idoo grzq +YR�*Yb : fc
� ' �c 2,1

Hdfk gxrsrolvw*v djjuhjdwh srooxwlrq lv jlyhq e| .� ' ^�e�c � ' �c 2� Xvlqj +9,/

htxloleulxp pdunhw vkduhv fdq eh uhzulwwhq dv=

^�Ebc e2� '
T

wEeb� ��e2
/ ^2Ebc e2� '

2bT

wEeb � ��e2
� +:,

gr qrw frpshwh iru wkh frqvxphuv1 Lq dsshqgl{ D zh vkrz wkdw zkhq fulwlfdo sdudphwhuv duh vxfk

wkdw 3 ? h� ? e� ?
e

e� ? � dq htxloleulxp grhv qrw h{lvw1
46Wklv yduldeoh vlpsol�hv frpsxwdwlrqv1 Pruhryhu/ lw idflolwdwhv wkh lqwhusuhwdwlrq ri rxu �qglqjv

+vhh Urqqhq +4<<4, dqg Prwwd +4<<6,,1

:



Wkhuhiruh/ gluwlhu dqg fohdqhu �up*v djjuhjdwh srooxwlrq lv

.� '

bT

wEeb� ��
/ .2 '

2bT

wEeb � ��
c +;,

uhvshfwlyho|1 Lqwhuhvwlqjo|/ djjuhjdwh srooxwlrq fuxfldoo| ghshqgv rq wkh ghjuhh ri
surgxfw gl�huhqwldwlrq1 E| gl�huhqwldwlqj/ lw lv rewdlqhg wkdw Y.�*Yb 	 fc � ' �c 2�

Wklv phdqv wkdw wrwdo srooxwlrq lqfuhdvhv dv wkh ghjuhh ri surgxfw gl�huhqwldwlrq gh0
fuhdvhv1 Wkh lqwxlwlrq lv wkdw li �upv gl�huhqwldwh wkhlu surgxfwv wr d orzhu h{whqw/
wkh| idfh d vwurqjhu sulfh frpshwlwlrq vwdjh/ wkdw frqvhtxhqwo| orzhu htxloleulxp
sulfhv +vhh +9,,1 Dv d uhvxow/ erwk �upv* pdunhw vl}hv lqfuhdvh1 Vlqfh wrwdo frqwdpl0
qdwlrq ghshqgv rq vdohv/ lw lqfuhdvhv1 Wr vxppdul}h=

Ohppd 4 Erwk �upv* htxloleulxp djjuhjdwh srooxwlrq E.�c � ' �c 2� lqfuhdvhv dv wkh

htxloleulxp ghjuhh ri surgxfw gl�huhqwldwlrq ghfuhdvhv +b�1

Dv h{sodlqhg ehorz/ wkh htxloleulxp ghjuhh ri surgxfw gl�huhqwldwlrq grhv qrw

ghshqg rq T dqg w +vhh htxdwlrq +48,,1 Wklv hqdeoh xv wr douhdg| h{wudfw vrph

frpsdudwlyh vwdwlfv1 Iluvw/ qrwh wkdw erwk �upv* djjuhjdwh srooxwlrq +vhh +;,, lqfuhdvh

dv wkh sdudphwhu T udlvhv1 Wklv phdqv wkdw wkh kljkhu wkh sxufkdvhuv* ydoxdwlrq iru

wkh jrrgv/ wkh kljkhu lv wkh htxloleulxp lqgxvwuldo wrwdo frqwdplqdwlrq1 Wklv lv vlpso|

gxh wr wkh idfw wkdw wkh vl}h ri wkh dfwlyh pdunhw lv odujhu ehfdxvh ex|huv* zloolqjqhvv

wr sd| iru wkh jrrgv lv dovr kljkhu1 Vhfrqg/ revhuyh wkdw djjuhjdwh srooxwlrq ghfuhdvhv

dv sdudphwhu w lqfuhdvhv1 Wkhuhiruh/ frqwdplqdwlrq lv d ghfuhdvlqj ixqfwlrq ri wkh

ghjuhh ri srsxodwlrq*v hqylurqphqwdo dzduhqhvv1 Wklv lv dovr uhdvrqdeoh ehfdxvh

wkh kljkhu wkh dyhudjh frqvxphuv* hqylurqphqwdo frqvflrxvqhvv/ wkh orzhu lv wkhlu

dyhudjh zloolqjqhvv0wr0sd| iru wkh surgxfwv1 Dv d uhvxow/ htxloleulxp vdohv duh orzhu

dqg/ frqvhtxhqwo|/ djjuhjdwh srooxwlrq lv dovr orzhu1 Zh vxppdul}h qh{w=

Sursrvlwlrq 4 Htxloleulxp djjuhjdwh srooxwlrq +d, lqfuhdvhv dv wkh ydoxdwlrq ri wkh

surgxfw +T � lqfuhdvhv dqg +e, ghfuhdvhv dv wkh ghjuhh ri sxufkdvhuv* hqylurqphqwdo

dzduhqhvv +w� lqfuhdvhv1

Qh{w/ zh dqdo|}h �upv* �uvw vwdjh ghflvlrqv/ l1h1 hqylurqphqwdo ydulhw| fkrlfhv1
Dqwlflsdwlqj wkdw vhfrqg vwdjh htxloleulxp sulfhv zloo eh jlyhq e| htxdwlrqv +7,/ wkh
gluwlhu �up fkrrvhv e� wr pd{lpl}h

��Ee�c e2� '
T 2Ee� � e2�

wEee� � e2�2
��Ee��c +<,

dqg wkh fohdqhu rqh vhohfwv e2 wr pd{lpl}h

�2Ee�c e2� '
eT 2e�Ee� � e2�

wEee� � e2�2e2
� �Ee2�� +43,

Qrwh wkdw erwk �upv zrxog rewdlq }hur uhyhqxhv lq fdvh wkh| r�huhg lghqwlfdo ydulhwlhv

Ee� ' e2�1 Wr lqfuhdvh uhyhqxhv +dqg khqfh sur�wv,/ gxrsrolvwv kdyh dq lqfhqwlyh wr

;



uhod{ sulfh frpshwlwlrq e| gl�huhqwldwlqj wkhlu jrrgv1 Wklv lv zkdw dfwxdoo| kdsshqv

lq htxloleulxp1 Wkh i1r1f1 iru erwk �upv* ghflvlrq sureohpv duh=

T
2Eee� � .e2�

wE�ee� n e2��
� �

�Ee�� ' f +44,

eT 2
e�Eee

2

�
� �e�e2 n 2e2

2
�

wE�ee� n e2�
�e22

� �
�Ee2� ' f +45,

Xvlqj bc zh fdq uhzulwh frqglwlrqv +44, dqg +45, dv=

T 2b2Eeb� .�

wEeb � ���
' �e2

�
�

�Ee�� +46,

eT 2
bEeb2 � �b n 2�

wEeb � ���
' �e

2

2
�

�Ee2� +47,

Vlqfh �E�� lv d krprjhqhrxv ixqfwlrq ri ghjuhh kc zh fdq glylgh htxdwlrqv +46, dqg

+47, wr rewdlq=

eb � . � ebkEeb2 � �bn 2� ' f +48,

Htxdwlrq +48, ghvfulehv wkrvh sdluv Ekc bEk�� wkdw pd| frqvwlwxwh dq htxloleulxp1

E| judsklfdoo| uhsuhvhqwlqj wkh }hur0ohyho frqwrxu fxuyh gh�qhg e| wkh ohiw0kdqg vlgh

ri htxdwlrq +48,/ lw lv hdvlo| fkhfnhg wkdw wklv htxdwlrq kdv d xqltxh uhdo vroxwlrq

vdwlvi|lqj b : � iru doo k � �2� Pruhryhu/ wkh vroxwlrq yhul�hv wkdw b
�Ek� : fc l1h1

wkh orzhu wkh ghjuhh ri krprjhqhlw| ri wkh frvw ixqfwlrq/ wkh orzhu lv wkh htxloleulxp

surgxfw gl�huhqwldwlrq1 Wklv �qglqj doorz xv wr vwdwh wkdw=

Sursrvlwlrq 5 Wkh orzhu wkh ghjuhh ri krprjhqhlw| +k� ri wkh +�{hg, frvw ixqfwlrq

�E��c wkh kljkhu lv hdfk �up htxloleulxp djjuhjdwh srooxwlrq +.�c � ' �c 2��

Qrwh wkdw k phdvxuhv wkh ghjuhh ri frqyh{lw| ri wkh frvw ixqfwlrq1 Wkh orzhu

sdudphwhu kc wkh pruh frqyh{ lv �E��� Dq lqfuhdvh lq k lpsolhv wkdw �upv pxvw

lqfxu kljkhu �{hg frvwv lq rughu wr gl�huhqwldwh wkhlu surgxfwv1 Dv d frqvhtxhqfh/

gxrsrolvwv gl�huhqwldwh wkhlu jrrgv wr d orzhu h{whqw lq htxloleulxp1 Wklv idfw wrjhwkhu

zlwk ohppd 4 suryhv wkh uhvxow1

Lq Dsshqgl{ E/ zh ghprqvwudwh wkdw k � �2 lv d qhfhvvdu| frqglwlrq iru d vroxwlrq

wr htxdwlrq +48, wr eh dq htxloleulxp1 Lq dgglwlrq/ lw lv fkhfnhg wkdw d vroxwlrq wr

+46, dqg +47, vdwlv�hv wkh vhfrqg rughu frqglwlrqv dqg wkdw erwk �upv pdnh srvlwlyh

sur�wv1 Xqiruwxqdwho|/ lw lv qrw srvvleoh wr suryh lq jhqhudo wkdw qhlwkhu ri wkh �upv

kdv dq lqfhqwlyh wr ohdsiurj lwv ulydo*v fkrlfh1 Krzhyhu/ iru wkh ixqfwlrq �Ee� '
&

e2
c

wklv lv hdvlo| vkrzq1 Wkh iroorzlqj sursrvlwlrq vwdwhv wkh h{lvwhqfh ri wkh htxloleulxp=

Sursrvlwlrq 6 Iru d vxejdph shuihfw htxloleulxp wr h{lvw/ lw pxvw eh wkh fdvh wkdw

k � �2� Li dq htxloleulxp h{lvwv/ lw lv xqltxh +xs wr d shupxwdwlrq ri �upv,1 Wkh

htxloleulxp surgxfw gl�huhqwldwlrq lv jlyhq e| htxdwlrq +48, zkloh wkh gluwlhu dqg

wkh fohdqhu �up*v htxloleulxp xqlw hplvvlrqv duh jlyhq e| htxdwlrqv +46, dqg +47,/

uhvshfwlyho|1 Wkh vhw ri frvwv ixqfwlrqv �Ee� iru zklfk dq htxloleulxp h{lvwv lv qrw

hpsw|1

<



Iurp htxdwlrqv +46, dqg +47,/ zh fdq rewdlq dgglwlrqdo frpsdudwlyh vwdwlfv uh0

vxowv1 Xvlqj Hxohu*v wkhruhp dqg wkh idfw wkdw k � �2c lw lv hdvlo| vhhq wkdw wkh

uljkw0kdqg vlgh ri htxdwlrq +46, lv ghfuhdvlqj lq e�� Dqdorjrxvo|/ wkh uljkw0kdqg vlgh
ri h{suhvvlrq +47, dovr ghfuhdvhv zlwk e2� Wkhvh wzr idfwv hqdeoh xv wr vwdwh wkdw=

Sursrvlwlrq 7 Erwk �upv* htxloleulxp xqlw hplvvlrqv +e�c � ' �c 2� +d, ghfuhdvh dv
wkh ydoxdwlrq ri wkh surgxfw +T � lqfuhdvhv/ dqg +e, lqfuhdvh dv sxufkdvhuv* hqylurq0
phqwdo dzduhqhvv +w� lqfuhdvhv1

Lq htxloleulxp/ frqvxphuv* vxusoxv/ djjuhjdwh sur�wv/ dqg wrwdo srooxwlrq fdq eh

zulwwhq dv=

�7 '
T

2
bEeb n D�

2wEeb � ��2e2
c +49,

�A '

T
2Eeb n ��Eb� ��

wEeb � ��2e2
��Ee��� �Ee2�c +4:,

.A '

�T b

eb � �
� +4;,

Wkhvh h{suhvvlrqv zloo eh xvhg wr hydoxdwh srolf| h�hfwv rq vrfldo zhoiduh dv h{sodlqhg

deryh1

6 Xqlw Hplvvlrq Vwdqgdugv

Frqvlghu qrz wkdw wkh uhjxodwru lpsrvhv d xqlw +pd{lpxp, hplvvlrq vwdqgdug1 Lq0

ghhg/ vwdqgdugv lq wkh irup ri lqsxw frqwhqw ru hplvvlrqv shu xqlw ri rxwsxw lv wkh

prvw xvhg irup ri hqylurqphqwdo uhjxodwlrq1 Ohw e ghqrwh wklv pdqgdwhg vwdqgdug

dqg frqvlghu wkh xquhjxodwhg pdunhw htxloleulxp dqdo|}hg suhylrxvo| +htxdwlrqv +46,/

+47, dqg +48,,1 Qrwh �uvw wkdw dq hplvvlrq vwdqgdug vhw deryh wkh ohyho ri hplvvlrqv

ri wkh gluwlhu surgxfw +e�� zrxog qrw kdyh h�hfwv dw doo rq wkh suhylrxv xquhjxodwhg
htxloleulxp1 Revhuyh dovr wkdw d yhu| vwulqjhqw vwdqgdug pljkw fdxvh qrq0h{lvwhqfh

ri d gxrsro| htxloleulxp1 Wr dyrlg vxfk wurxeohv zh khuh uhvwulfw wkh dqdo|vlv wr vwdq0
gdugv vhw duelwudulo| forvh wr dqg ehorz wkh ohyho ri hplvvlrqv fkrvhq e| wkh gluwlhu

�up lq wkh ruljlqdo +xquhjxodwhg, htxloleulxp147

Frqvlghu wkdw e lv vhw voljkwo| ehorz wkh gluwlhu �up*v xqlw hplvvlrqv lq wkh xquhj0

xodwhg htxloleulxp +e��� Lq wkh qhz +uhjxodwhg, htxloleulxp/ wkh gluwlhu �up phhwv wkh

uhtxluhphqw dqg wkh fohdqhu rqh fkrrvhv lwv hplvvlrqv e| ehvw0uhvsrqglqj lwv ulydo*v

fkrlfh +wkh vwdqgdug,1 Wkxv/

e� ' e +4<,

dqg e2 vdwlv�hv48

�eT
2
eEee2 � �ee2 n 2e2

2
�

wEee� e2��e22
� �

�Ee2� ' f +53,

47
Vhh Prudjd0Jrq}äoh} +4<<:, iru hplvvlrq vwdqgdugv fdxvlqj h{lw ri wkh gluwlhu �up1

48Htxdwlrq +53, lv vlpso| wkh i1r1f1 iru wkh fohdqhu �up*v pd{lpl}dwlrq sureohp1

43



Lw lv xvhixo wr dqdo|}h wkh vljq ri wkh ghulydwlyh

_e2

_e
' �

HT
2EDene2�

wEee3e2�e

HT 2eE�Se�3�Se2e2nSee2
2
3�e�

2
�

we
�

2
Eee3e2�e

� � ��Ee2�
� +54,

Qrwh wkdw wkh ghqrplqdwru ri wklv h{suhvvlrq lv qrwklqj hovh wkdq wkh v1r1f1 ri �up
5*v pd{lpl}dwlrq sureohp/ zkrvh vljq lv qhjdwlyh lq d qhljkerukrrg ri wkh ruljlqdo
htxloleulxp +vhh htxdwlrq +7:, lq Dsshqgl{ E,1 Vlqfh wkh qxphudwru lv fohduo| srvlwlyh/
zh frqfoxgh wkdw=

Ohppd 5 Diwhu lpsrvlqj d xqlw hplvvlrq vwdqgdug duelwudulo| forvh wr dqg ehorz wkh

hplvvlrqv ri wkh ydulhw| fkrvhq e| wkh gluwlhu �up lq wkh xquhjxodwhg htxloleulxp/ wkh

fohdqhu �up ehvw0uhvsrqvhv e| uhgxflqj lwv xqlw h"xhqwv dv zhoo1

Wkh gluhfw lpsolfdwlrq ri wklv ohppd lv wkdw wkh hvwdeolvkphqw ri d xqlw hplvvlrq

vwdqgdug vhhpv d surshu srolf| wr uhgxfh jrrgv* xqlw h"xhqwv149 Wkh lqwxlwlrq vwhpv

iurp wkh idfw wkdw �upv gl�huhqwldwh wkhlu surgxfwv wr dyrlg d wrxjkhu sulfh frpsh0

wlwlrq vwdjh +vhh +9,,1 Wkxv/ dqwlflsdwlqj wkdw wkh gluwlhu �up zloo phhw wkh vwdqgdug/

wkh ehvw vwudwhj| iru wkh fohdqhu rqh lv wr uhgxfh wkh hplvvlrqv ri lwv ydulhw| wrr1

E| xvlqj yduldeoh bc zh fdq ghvfuleh wkh +qhz, htxloleulxp e| htxdwlrqv=

e2 '
e

b
+55,

�eT
2
b
�Eeb2 � �b n 2�

wEeb � ���e2
�

� �Ee�

b
k3�

' f� +56,

Htxdwlrq +56, jlyhv wkh lpsolflw uhodwlrq ehwzhhq wkh htxloleulxp surgxfw gl�huhqwl0

dwlrq dqg wkh h"xhqw vwdqgdug lpsrvhg1 E| hpsor|lqj erwk Hxohu*v dqg wkh lpsolflw

ixqfwlrq wkhruhpv/ zh �qg wkdw
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� +57,

Zh fdq hydoxdwh wkh vljq ri wklv ghulydwlyh lq d qhljkerukrrg ri wkh ruljlqdo htxlole0

ulxp/ l1h1 zkhuh k dqg b vdwlvi| 481 Vlqfh k � �2c wkh qxphudwru ri wklv h{suhvvlrq

lv srvlwlyh1 Wkhuhiruh _b*_e kdv srvlwlyh vljq zkhqhyhu kE�Sb� � �Sb2 n ��b � 2� n

�Sb� � �Sb2 n b � e 	 f� Lq rwkhu zrugv/ zkhqhyhu

*?
eb3.

eEeb23�bn2�

*? b
E�Sb� � �Sb2 n ��b � 2� n �Sb� � �Sb2 n b� e 	 f� +58,

Lw lv hdvlo| fkhfnhg wkdw wklv h{suhvvlrq lv qhjdwlyh1 Wkhuhiruh

Ohppd 6 Htxloleulxp surgxfw gl�huhqwldwlrq uhgxfhv diwhu lpsrvlqj d pd{lpxp

hplvvlrq vwdqgdug duelwudulo| forvh wr dqg ehorz wkh hplvvlrqv ri wkh ydulhw| fkrvhq

e| wkh gluwlhu �up lq wkh xquhjxodwhg htxloleulxp1

49Wklv uhvxow lv lq olqh zlwk Urqqhq +4<<4,/ Prwwd dqg Wklvvh +4<<6, dqg Fudpshv dqg Kroodqghu

+4<<8,1
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Wkh h{lvwhqfh ri ghfuhdvlqj uhwxuqv lq wkh dedwhphqw whfkqrorj| lv fuxfldo iru wklv

uhvxow1 Dv d uhvxow ri wkh pdqgdwhg vwdqgdug/ wkh gluwlhu �up glplqlvkhv lwv xqlw h"x0

hqwv/ zklfk uhgxfhv surgxfw gl�huhqwldwlrq dqg irvwhuv sulfh frpshwlwlrq1 Wr doohyldwh

wkh h�hfwv ri wkh wrxjkhu lqwhudfwlrq/ wkh fohdqhu �up ghfuhdvhv lwv xqlw hplvvlrqv dv

zhoo1 Krzhyhu/ gxh wr wkh idfw wkdw dedwhphqw whfkqrorj| h{klelwv ghfuhdvlqj uhwxuqv/

wkh fohdqhu �up*v h�ruw wr uhgxfh h"xhqwv lv orzhu wkdq wkh gluwlhu*v rqh1 Dv d uhvxow/

diwhu0srolf| htxloleulxp surgxfw gl�huhqwldwlrq uhgxfhv1

Wdnlqj lqwr frqvlghudwlrq wkh h�hfwv ri wkh phdvxuh rq surgxfw gl�huhqwldwlrq/

dqg khqfh rq sulfhv/ �upv* vdohv/ dqg sxufkdvhuv* doorfdwlrq lq wkh pdunhw/ zh fdq

vwdwh wkdw=

Sursrvlwlrq 8 Diwhu lpsrvlqj d pd{lpxp hplvvlrq vwdqgdug duelwudulo| forvh wr

dqg ehorz wkh hplvvlrqv ri wkh ydulhw| fkrvhq e| wkh gluwlhu �up lq wkh xquhjxodwhg

htxloleulxp/ erwk �upv* djjuhjdwh srooxwlrq lqfuhdvhv1

Wkh surri iroorzv lpphgldwho| iurp ohppdv +4, dqg +6,1 Wkh nh| lvvxh khuh lv wkdw

wkh ghfuhdvh lq wkh surgxfw gl�huhqwldwlrq irvwhuv sulfh frpshwlwlrq dqg/ wkhuhiruh/

�upv* htxloleulxp sulfhv idoo1 Erwk h�hfwv/ wkh ghfuhdvh lq sulfhv dqg wkh ghfuhdvh lq

surgxfwv* xqlw h"xhqwv/ vrdu �upv* vdohv1 Wklv qhjdwlyh h�hfw zlwk uhvshfw wr djjuh0

jdwh srooxwlrq frpshqvdwhv iru wkh srvlwlyh h�hfwv ri wkh srolf| rq wkh htxloleulxp

xqlw hplvvlrqv ri wkh ydulhwlhv/ wkxv ohdglqj wr dq lqfuhdvh lq wrwdo frqwdplqdwlrq1

Zh qh{w hydoxdwh wkh vrfldo zhoiduh h�hfwv ri wkh lqwurgxfwlrq ri d xqlw hplvvlrq

vwdqgdug1 Zh dqdo|}h lwv h�hfwv rq frqvxphuv vxusoxv/ djjuhjdwh �upv* sur�wv dqg

wrwdo srooxwlrq vhsdudwho|1 Iurp +49,/ zh fdq frpsxwh
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Vlqfh
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: f dqg

_e2

_e
: f +vhh ohppdv 5 dqg 6,/ wkhq _�7

_e
	 f� Wkhuhiruh/ frqvxphu

vxusoxv lqfuhdvhv diwhu lpsrvlqj wkh xqlw h"xhqw vwdqgdug1 Frqvxphuv fohduo| ehqh�0
fldwh iurp wkh srolf| qrw rqo| ehfdxvh lw orzhuv jrrgv* xqlw hplvvlrqv exw dovr ehfdxvh
lw eulqjv derxw d sulfh zdu vwurqj hqrxjk wr orzhu sulfhv vxevwdqwldoo|1

Djjuhjdwh sur�wv +vhh +4:,, fdq eh zulwwhq dv

�A '

T
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Lq d qhljkerukrrg ri wkh ruljlqdo htxloleulxp/ � �

�
e

b

�
vdwlv�hv htxdwlrq +47,1 Hp0

sor|lqj wklv uhodwlrqvkls/ dqg wkdw _b

_e
: fc lw lv hdvlo| vhhq wkdw _�A

_e
: f� Wkhuhiruh/

htxloleulxp lqgxvwu| sur�wv ghfuhdvh diwhu wkh lqwurgxfwlrq ri wkh vwdqgdug1
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Sxwwlqj wrjhwkhu frqvxphuv* dqg surgxfhuv vxusoxv dqg hydoxdwlqj lwv vljq lq d

qhljkerukrrg ri wkh xquhjxodwhg htxloleulxp +l1h1 zkhuh k dqg b vdwlvi| htxdwlrq

+48,,/ zh rewdlq wkdw wkh qhw h�hfw ri wkh vwdqgdug lv dq lqfuhdvh lq pdunhw vxusoxv1

Ilqdoo|/ e| ohppd +4,/ zh nqrz wkdw djjuhjdwh srooxwlrq lqfuhdvhv1 Wklv doorzv

xv wr vwdwh wkdw=

Sursrvlwlrq 9 Diwhu lpsrvlqj d xqlw hplvvlrq vwdqgdug duelwudulo| forvh wr dqg eh0

orz wkh hplvvlrqv ri wkh gluwlhu �up lq wkh xquhjxodwhg htxloleulxp/ vrfldo zhoiduh

lqfuhdvhv +ghfuhdvhv, li dqg rqo| li
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e'e
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Wklv sursrvlwlrq vkrzv wkdw vrfldo zhoiduh pljkw ghfuhdvh diwhu lqwurgxflqj d

pd{lpxp hplvvlrqv vwdqgdug wkdw orzhu erwk surgxfwv* xqlw hplvvlrqv1 Wklv lv gxh

wr wkh dgyhuvh h�hfw wkdw dq lqfuhdvh lq vdohv fdxvhv rq djjuhjdwh srooxwlrq1

7 Whfkqrorj| Vxevlgl}dwlrq

Ehvlghv xqlw vwdqgdugv/ gluhfw vxevlg| rq whfkqrorjlfdo frvwv duh zlgho| xvhg wr lpsho

�upv* lqyhvwphqw lq dedwhphqw ru wr plwljdwh wkh hfrqrplf lpsdfw ri frpsoldqfh

zlwk uhjxodwlrq1 Wkh vxevlgl}dwlrq ri whfkqrorjlfdo dftxlvlwlrq uhvxowv lq orzhu fds0

lwdo frvwv wkurxjk/ jhqhudoo|/ fkhdshu ordqv/ wd{ doorzdqfhv ru judqwv1 Iru lqvwdqfh/

Iudqfh r�hu ordqv wr frqwuro zdwhu srooxwlrq> Lwdo| idyruv lqgxvwulhv wkdw frpplw wkhp0

vhoyhv wr lqwurgxfh surgxfwlrq surfhvvhv wkdw uhfxshudwh dqg uhf|foh vrolg zdvwh> Wkh

Qhwkhuodqgv r�huv �qdqfldo dvvlvwdqfh wr surprwh frpsoldqfh zlwk uhjxodwlrq/ sur0

prwh whfkqrorj| uhvhdufk dqg wkh lqwurgxfwlrq ri srooxwlrq frqwuro> Vzhghq hpsor|

vxevlglhv wr glplqlvk shvwlflgh vsud|v +vhh Kdqoh| hw do1 +4<<:,,1 Wklv w|sh ri vxe0
vlglhv grhv qrw jhqhudoo| ghshqg rq hplvvlrqv* uhgxfwlrq exw rq �upv* lqyhvwphqw1

Lqghhg/ prvw ri jryhuqphqw dlgv wr hqylurqphqwdo lqyhvwphqw duh qrw vxemhfw wr sro0
oxwlrq dedwhphqw ohyhov1 Wkdw lv wkh fdvh iru h{dpsoh lq wkh SLWPD surjudp ri wkh

Vsdqlvk Plqlvwu| ri Lqgxvwu| dqg Wudgh vlqfh 4<<4 ru wkh XV vxevlglhv wr frqvwuxfw

zdwhu wuhdwphqw sodqwv dqg vrlo frqvhuydwlrq h�ruwv ri iduphuv14:

Frqvlghu wkdw wkh lqgxvwu| zh kdyh ghvfulehg ehqh�wv iurp d vxevlgl}dwlrq srolf|

wkdw uhgxfhv dedwhphqw frvwv1 Ohw wkh vxevlgl}hg frvw ixqfwlrq eh

�� ' �Ee��E�� r� � ' �c 2� +59,

Dv deryh/ wr dyrlg qrq0h{lvwhqfh sureohpv ri d gxrsro| htxloleulxp/ zh frqfhq0

wudwh rq wkh dqdo|vlv ri vpdoo vxevlglhv1 I1r1f1 zrxog eh lq wklv fdvh=
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2
b
2Eeb� .�

w E�� n eb�� E�� r�
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�

Ee�� +5:,

4:
Wkhvh w|sh ri dlgv whqg wr dyrlg frq lfwv zlwk wkh csrooxwhuv0sd|0sulqflsoh* zklfk zrxog eh

ylrodwhg xvlqj vxevlglhv gh�qhg ryhu wkh hplvvlrq uhgxfwlrq1
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Ee2�� +5;,

Qrwh �uvw wkdw d vxevlg| r shu groodu ri dedwhphqw frvw grhv qrw d�hfw htxloleulxp

surgxfw gl�huhqwldwlrq1 Lqghhg/ e| glylglqj htxdwlrqv +5:, dqg +5;,/ lw lv rewdlqhg

wkdw b pxvw vdwlvi| htxdwlrq +48,1 Krzhyhu/ erwk jrrgv* xqlw hplvvlrqv idoo1 Lq idfw/

e| dsso|lqj erwk wkh Hxohu*v dqg lpsolflw ixqfwlrq wkhruhpv wr htxdwlrqv +5:, dqg

+5;,/ zh rewdlq wkdw

_e�

_r
'

e�

E�� r�E� n k�
: fc � ' �c 2� +5<,

Revhuyh dovr wkdw wklv h�hfw lv vpdoohu wkh juhdwhu wkh fxuydwxuh ri �upv* frvw ixqfwlrq/

l1h1
_e

2

�

_k_r
' e�* Er� �� E� n k�

2
	 fc � ' �c 2�

Vlqfh b grhv qrw fkdqjh lq wkh qhz htxloleulxp/ qhlwkhu htxloleulxp sulfhv +vhh

+9,, qru djjuhjdwh hplvvlrqv +vhh +;,, ydulhv zlwk r� Hyhq wkrxjk erwk �upv orzhu

xqlw hplvvlrqv/ vdohv lqfuhdvh vxfk wkdw wkh uhgxfwlrq ri xqlw h"xhqwv lv frpshqvdwhg

e| wkh lqfuhdvh lq surgxfwlrq1

Zh qh{w hydoxdwh wkh h�hfwv ri wkh lqwurgxfwlrq ri wkh vxevlg| rq vrfldo zho0

iduh1 Iluvw/ frqvxphuv vxusoxv lqfuhdvhv dv r lqfuhdvhv +iurp +49, dqg +5<,,1 Vhfrqg/

djjuhjdwh sur�wv fdq eh zulwwhq lq wklv fdvh dv

�A '
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� E�� r�E� n b

k��Ee2�� +63,

E| surshuo| ghulylqj dqg hpsor|lqj Hxohu*v wkhruhp/ zh rewdlq
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Hydoxdwlqj wklv h{suhvvlrq lq d qhljkerukrrg ri wkh xquhjxodwhg htxloleulxp/ l1h1

hpsor|lqj htxdwlrq +48,/ lw lv hdvlo| vhhq wkdw Y�A

Yr
: f� Ilqdoo|/ vlqfh b grhv qrw ydu|

zlwk rc djjuhjdwh srooxwlrq uhpdlqv xqdowhuhg1 Zh vxppdul}h rxu �qglqjv qh{w=

Sursrvlwlrq : D gluhfw vxevlg| rq dedwhphqw lqyhvwphqw +d, uhgxfhv erwk �upv xqlw

hplvvlrqv dqg +e, kdv qr lpsdfw rq wkh htxloleulxp djjuhjdwh srooxwlrq lq wkh pdunhw1

Dv wr wkh zhoiduh frqvhtxhqfhv/ lw lqfuhdvhv frqvxphuv vxusoxv dqg �upv* sur�wv1

Wkhuhiruh/ vrfldo zhoiduh lqfuhdvhv1

8 Surgxfw fkdujhv

Srooxwlqj surgxfw fkdujhv duh zlgho| xvhg wr lq xhqfh �upv* ehkdylru wr uhgxfh wkh

txdqwlw| ru lpsuryh wkh txdolw| ri srooxwlrq1 E| sxwwlqj d fkdujh gluhfwo| rq wkh

surgxfw ru lqsxw wkdw fdxvhv hqylurqphqwdo gdpdjh/ wkh uhjxodwlrq dyrlgv wkh lq0

irupdwlrq sureohpv dvvrfldwhg zlwk �uvw0ehvw vfkhphv vxfk dv hplvvlrq ru dpelhqw
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fkdujhv1 Wklv lv wkh fdvh iru Vzhghq dqg Qruzd|/ zkhuh surgxfw fkdujhv duh ds0

solhg wr edwwhulhv/ ihuwlol}huv dqg shvwlflghv1 Wredffr/ irvvlo0ixhov dqg fduv/ duh rwkhu

h{dpsohv ri jrrgv idflqj vshfldo fkdujhv1 Pruhryhu/ fxuuhqw jryhuqphqw djhqgdv/

h1j1 Lwdo|*v rqh/ lqfoxgh vshfldo wd{hv iru hqhuj| surgxfwlrq wkurxjk dq hfrwd{ dqg

surgxfw frqwdlqhuv +h1j1 Lwdo| ohylhv d wd{ rq sodvwlf edjv,14;

Frqvlghu wkdw dq dg0ydoruhp fkdujh |� lv lpsrvhg rq �up �c � ' �c 2� Ilup �*v sur�w

lv wkhq jlyhq e|=

Z� ' E�� |��R�^� � �Ee��c � ' �c 2� +64,

Zh gh�qh � � ' �*E� � |�� dv wkh wd{ exughq ri wkh �up �1 Qrwh �uvw wkdw � � � �

gh�qhv d wd{ +f � |� � �� zkloh � � � � gh�qhv d vxevlg| +|� � f�� Ehvlghv/ vhwwlqj

�� ' � 2 ' �/ zh rewdlq wkh xquhjxodwhg htxloleulxp dqdo|}hg deryh1 Dv h{sodlqhg

deryh/ zh frqfhqwudwh wkh dqdo|vlv rq ydoxhv ri � � qhdu 41 Pxowlso|lqj +64, e| � �c zh

rewdlq=

� �Z� ' R�^� � � ��Ee��c � ' �c 2� +65,

Wkh iroorzlqj revhuydwlrqv duh xvhixo lq zkdw iroorzv= Erwk wkh �up �*v rswlpdo

vwudwhj| idflqj wkh frpprglw| wd{ |� dqg wkh frvw ixqfwlrq �Ee��c dqg wkh rqh idflqj

wkh frvw ixqfwlrq � ��Ee�� dqg qrw ehlqj wd{hg dw doo/ duh h{dfwo| wkh vdph1 Qrwh dovr

wkdw/ iru dq| Ee�c e2�c htxloleulxp sulfhv xqghu hplvvlrq fkdujhv duh wkh vdph dv wkrvh
xqghu qr uhjxodwlrq/ l1h1 sulfhv +9,1

Jlyhq htxloleulxp sulfhv/ rswlpdo hplvvlrqv duh jlyhq e| wkh htxdwlrqv=
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E| glylglqj wkhvh wzr htxdwlrqv/ zh rewdlq wkdw
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kc +68,

zkhuh wkh sdudphwhu � ' � �*� 2 phdvxuhv �upv* fkdujh gl�huhqwldwlrq1 Lqwhuhvwlqjo|/

li � � ' � 2c wkhq � ' �c wkhuhiruh/ htxdwlrqv +48, dqg +68, frlqflgh1 Wklv lpsolhv wkdw

wkh htxloleulxp surgxfw gl�huhqwldwlrq grhv qrw fkdqjh zkhqhyhu erwk �upv fkdujhv

duh lghqwlfdo1 E| surshuo| gl�huhqwldwlqj +68,/ zh rewdlq
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+69,

Hydoxdwlqj wklv ghulydwlyh lq d qhljkerukrrg ri wkh xquhjxodwhg htxloleulxp/ l1h1

zkhuh � ' � dqg k dqg b vdwlvi| htxdwlrq +48,/ lw lv rewdlqhg wkdw _b*_� : f�

Wkhuhiruh=

4;Vhh Kdqoh| hw do1 +4<<:,1
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Ohppd 7 +d, Li wkh gluwlhu �up*v fkdujh lqfuhdvhv/ htxloleulxp surgxfw gl�huhqwld0

wlrq lqfuhdvhv1 +e, Li wkh fohdqhu �up*v fkdujh lqfuhdvhv/ htxloleulxp surgxfw gl�hu0

hqwldwlrq ghfuhdvhv1 Li erwk �upv* fkdujhv ydu| vxfk wkdw � ' �c htxloleulxp surgxfw

gl�huhqwldwlrq grhv qrw fkdqjh1

Wklv ohppd lpsolhv wkdw wkh vwudwhjlf h�hfwv ri lpsrvlqj d surgxfw fkdujh wr dq

lqglylgxdo �up duh hvvhqwldoo| gl�huhqw1 Wklv zloo kdyh lqwhuhvwlqj lpsolfdwlrqv rq wkh

srolf| h�hfwv dv h{sodlqhg ehorz1

814 Xqlirup frpprglw| wd{dwlrq

Frqvlghu �uvw wkdw erwk �upv duh fkdujhg htxdoo|/ l1h1 � � ' �2 ' � � D xqlirup

udwh fdq eh mxvwl�hg lq whupv ri lqirupdwlrq uhtxluhphqwv ru gxh wr srvvleoh ohjdo
frqvwudlqwv lpshglqj fkdujh udwhv gl�huhqwldwlrq dprqj �upv sduwlflsdwlqj lq wkh
vdph lqgxvwu|1 Dq looxvwudwlyh h{dpsoh ri wklv srolf| lv wkh juhhq srlqw fkdujh lq
Vsdlq/ zkhuh doo w|shv ri pdunhw frqwdlqhuv idfh d frpprq fkdujh rq wkh surgxfw
ydoxh1

Dsso|lqj erwk wkh Hxohu*v dqg wkh lpsolflw ixqfwlrq wkhruhpv wr htxdwlrqv +66,
dqg +67, zh rewdlq wkdw

_e�

_�
' �

e�

� E� n k�
: f( � ' �c 2� +6:,

Htxdwlrq +6:, dqg ohppd +7, doorz xv wr vwdwh wkdw=

Sursrvlwlrq ; Wkh lqwurgxfwlrq ri d xqlirup dg0ydoruhp surgxfw fkdujh d, lqfuhdvhv

erwk �upv* htxloleulxp xqlw hplvvlrqv dqg e, grhv qrw d�hfw djjuhjdwh srooxwlrq ohyhov1

Wkh uhdvrq lv wkdw hyhq wkrxjk xqlw hplvvlrqv lqfuhdvh/ �upv hqg xs vhoolqj ohvv
txdqwlw| ri wkhlu surgxfwv1

Ilqdoo| zh hydoxdwh vrfldo zhoiduh h�hfwv1 Frqvxphu vxusoxv lv jlyhq e| +49,1 Vlqfh
htxloleulxp surgxfw gl�huhqwldwlrq grhv qrw fkdqjh zlwk � / iurp +6:, zh frqfoxgh

wkdw frqvxphu vxusoxv ghfuhdvhv1 Ilupv* sur�wv/ rq wkh rwkhu kdqg/ duh jlyhq e|

�A '
T

2Eeb2 � �b � ��

�e2Eeb� ��2w
� E� n b

k��Ee2�� +6;,

E| wdnlqj ghulydwlyhv dqg xvlqj Hxohu*v Wkhruhp/ zh rewdlq=

Y�A

Y�
' �

T
2

�e2wEeb � ���

�
k

k n �
Eeb n ��Eb � �� n ebb

kEeb2 � �bn 2�

�
� +6<,

zklfk lv fohduo| qhjdwlyh1 Wr vxppdul}h=

Sursrvlwlrq < D vpdoo xqlirup surgxfw fkdujh ghfuhdvhv frqvxphuv* vxusoxv dqg

�upv* sur�wv zkloh djjuhjdwh frqwdplqdwlrq grhv qrw ydu|1 Dv d uhvxow/ vrfldo zhoiduh

ghfuhdvhv1
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815 Qrq0xqlirup surgxfw fkdujhv

Frqvlghu qrz wkh fdvh zkhuh �upv idfh gl�huhqw fkdujh udwhv1 Jlyhq wkdw d xqlirup

fkdujh grhv qrw d�hfw wrwdo hplvvlrqv/ zh zdqw wr lqyhvwljdwh wkh h�hfwv ri wd{ gli0

ihuhqwldwlrq lq wklv pdunhw1 Wklv lv wkh fdvh/ iru h{dpsoh/ ri ixhov lq prvw Hxurshdq

frxqwulhv/ zkhuh xqohdghg ixho idfhv orzhu wd{ udwhv1

E| xqghuwdnlqj vrph dojheud dqg hydoxdwlqj wkh iroorzlqj ghulydwlyhv lq d qhljk0

erukrrg ri wkh xquhjxodwhg htxloleulxp +l1h1 zkhuh � � ' �c � ' �c 2 dqg k dqg b

vdwlvi| +48,,/ lw lv fkhfnhg wkdw

_e�

_� �

'

Ye�

Y� �

n
Ye�

Yb

Yb

Y�

Y�

Y� �

: f( � ' �c 2� +73,

_e�

_� �

'
Ye�

Yb

Yb

Y�

Y�

Y� �

: f( � 9' �( � ' �c 2� +74,

E| ohppdv 4 dqg 7/ dqg +73, dqg +74, zh fdq vwdwh wkdw=

Sursrvlwlrq 43 Frqvlghu wkh gxrsro| jdph ghvfulehg deryh zkhuh erwk �upv idfh d

xqlirup dg0ydoruhp surgxfw fkdujh srolf|1 Wkhq/

+4, e| voljkwo| udlvlqj +glplqlvklqj, wkh fkdujh ri wkh gluwlhu �up/ +d, erwk �upv* xqlw

hplvvlrqv lqfuhdvh +ghfuhdvh, dqg +e, djjuhjdwh srooxwlrq ghfuhdvhv +lqfuhdvhv,1

+5, e| voljkwo| udlvlqj +glplqlvklqj, wkh fkdujh ri wkh fohdqhu �up/ +d, erwk �upv*

xqlw hplvvlrqv lqfuhdvh +ghfuhdvh, dqg +e, djjuhjdwh srooxwlrq lqfuhdvhv +ghfuhdvhv,1

Wklv uhvxow looxvwudwhv wkh h{lvwhqfh ri dq htxlydohqfh ehwzhhq wkh h�hfwv rq dj0
juhjdwh srooxwlrq ri dq lqfuhdvh +ghfuhdvh, ri wkh gluwlhu �up*v fkdujh dqg d ghfuhdvh
+lqfuhdvh, ri wkh fohdqhu �up*v fkdujh1 Erwk srolflhv glplqlvk +udlvh, wrwdo srooxwlrq1

Qrz zh surfhhg wr hydoxdwh wkh h�hfwv ri fkdujh gl�huhqwldwlrq rq vrfldo zhoiduh1
Iluvw/ fkdqjhv lq frqvxphuv vxusoxv duh jlyhq e| +vhh +49,,

Y�7

Y� �

'

#
Y�7

Ye2

Ye2

Yb
n

Y�7

Yb

$
Yb

Y�

Y�

Y� �

( � ' �c 2� +75,

Wr hydoxdwh wkh vljq ri wklv ghulydwlyh/ qrwh wkdw iurp +49,/ lw iroorzv wkdw Y�7*Ye2 	
f dqg Y�7*Yb 	 f� Iurp +67,/ lw lv vhhq wkdw Ye2*Yb : f� Ohppd 7 lpsolhv wkdw

Yb*Y� : f� Wkhuhiruh/ wkh vljq ri wkh ghulydwlyh +75, ghshqgv rq wkh vljq ri Y�*Y� ��
Lqghhg/ frqvxphuv vxusoxv lqfuhdvhv dv fohdqhu �up*v fkdujh udlvhv/ zkloh lw gh0

fuhdvhv dv gluwlhu �up*v wd{ lqfuhdvhv1 Wkh lqwxlwlrq ehklqg wklv gl�huhqfh lv wkdw/
hyhq wkrxjk xqlw hplvvlrqv lqfuhdvh lq erwk fdvhv +glplqlvklqj FV,/ wkh lqfuhdvh ri � 2
ghfuhdvhv surgxfw gl�huhqwldwlrq/ wkxv irvwhulqj sulfh frpshwlwlrq +khqfh lqfuhdvlqj

FV,1 Wkh odwhu grplqdwhv wkh iruphu1

Vhfrqg/ djjuhjdwh sur�wv duh jlyhq e|

�A '

T
2
Eb� ��Eebn �

�
�

e2wEeb � ��2�2
� E� n b

@��Ee2��

Wkhq/ wkh h�hfwv ri fkdqjhv ri �upv fkdujh udwhv rq djjuhjdwh sur�wv duh jlyhq e|

Y�A

Y� �

'

##
Y�A

Ye2

Ye2

Yb
n

Y�A

Yb

$
Yb

Y�
n

Y�A

Y�

$
Y�

Y� �

( � ' �c 2� +76,
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Qrwh wkdw Y�A*Ye2 	 fc Ye2*Yb : f dqg Y�A*Yb : f� E| hydoxdwlqj wklv ghulydwlyh

lq d qhljkerukrrg ri wkh htxloleulxp E� ' � dqg k dqg b vdwlvi| +48,�/ zh rewdlq

wkdw wkh vljq ri wklv ghulydwlyh lv qhjdwlyh1

Pruhryhu/ wkh qhw h�hfw ryhu pdunhw vxusoxv +l1h1 frqvxphu vxusoxv soxv wrwdo

sur�wv, lv qhjdwlyh lq erwk fdvhv1 Wdnlqj lqwr dffrxqw ohppdv 4 dqg 7/ zh fdq vwdwh

wkdw=

Sursrvlwlrq 44 +d, E| voljkwo| lqfuhdvlqj wkh surgxfw fkdujh wr wkh gluwlhu �up pdu0

nhw vxusoxv dqg djjuhjdwh hplvvlrqv ghfuhdvh1 Wkhuhiruh/ vrfldo zhoiduh lqfuhdvhv li

dqg rqo| li=
YxE��

Y��

�
�
�
�
�
��'�2c�'�

: E	�
YE�7 n�A �

Y� �

�
�
�
�
�
��'�2 c�'�

�

+e, E| voljkwo| lqfuhdvlqj wkh surgxfw fkdujh wr wkh fohdqhu �up pdunhw vxusoxv gh0

fuhdvhv dqg djjuhjdwh hplvvlrqv lqfuhdvh1 Wkhuhiruh/ vrfldo zhoiduh ghfuhdvhv1

Qrwh wkdw wkhvh uhvxowv duh sduwlfxoduo| lqwhuhvwlqj lq wkh fdvh zkhuh wrwdo srooxwlrq

ohyhov duh frqvlghuhg e| wkh uhjxodwru lq rughu wr gl�huhqwldwh wkh wd{ udwh1

9 Glvfxvvlrq dqg frqfoxvlrqv

Lq wklv sdshu zh kdyh h{dplqhg wkh lpsdfw ri vrph hqylurqphqwdo srolf| lqvwux0
phqwv rq djjuhjdwh srooxwlrq lq d gl�huhqwldwhg lqgxvwu|1 Rxu uhvxowv ghprqvwudwh
wkdw srooxwlrq pljkw lqfuhdvh dv d uhvxow ri jryhuqphqw uhjxodwlrq1 Pruh suhflvho|/
lq rxu prgho frqwdplqdwlrq lqfuhdvhv diwhu vhwwlqj d xqlw hplvvlrq vwdqgdug dqg e|
lpsrvlqj d surgxfw fkdujh wr wkh fohdqhu �up1 Wklv frxqwhu0surgxfwlyh h�hfw lv gxh
wr wkh �upv* vwudwhjlf uhvsrqvh wr wkh uhjxodwlrq1 Pruhryhu/ hqylurqphqwdo srolflhv
pljkw uhvxow lq vrfldo zhoiduh orvvhv1 Rxu �qglqjv vxjjhvw wkdw hqylurqphqwdo uhjxod0
wru| srolf| lq gl�huhqwldwhg pdunhwv pxvw wdnh lqwr frqvlghudwlrq qrw rqo| lwv h�hfwv
rq wkh surgxfwv* hqylurqphqwdo ihdwxuhv exw dovr lwv lpsolfdwlrqv rq wkh frqvxphuv*
doorfdwlrqv ehwzhhq �upv1 Wklv lvvxh kdv qrw ehhq srlqwhg rxw e| wkh olwhudwxuh vr
idu1

Wkurxjkrxw zh kdyh hpsor|hg vrph dvvxpswlrqv wkdw ghvhuyh d glvfxvvlrq1 Rxu
prgholqj fkrlfh lqfoxghg qrq0fryhuhg pdunhw vlwxdwlrq dqg whfkqrorjlfdo �{hg frvwv1
Dowhuqdwlyho|/ zh frxog kdyh xvhg d fryhuhg pdunhw zlwk hplvvlrq0ghshqghqw yduldeoh
frvwv +dv lq Fudpshv dqg Kroodqghu +4<<8,,1 Vrph frpsxwdwlrqv kdyh wxuqhg rxw wr
vkrz wkdw wkh idfw wkdw srooxwlrq pljkw lqfuhdvh dv d uhvxow ri jryhuqphqw uhjxodwlrq
lv urexvw wr wkhvh prgholqj fkdqjhv1 Lq idfw/ lq wklv odwwhu fdvh/ uhjxodwlrq d�hfwv
dovr surgxfw gl�huhqwldwlrq/ zklfk ohdgv wr d uh0glylvlrq ri pdunhw vkduhv ehwzhhq
wkh �upv1 Dv d uhvxow/ srooxwlrq pd| dovr lqfuhdvh1

Jrrgv* hplvvlrqv gr qrw qhfhvvdulo| hqwhu olqhduo| lq wkh ghflvlrq uxoh ri wkh sxu0
fkdvhuv/ dv rssrvhg wr rxu dvvxpswlrq1 Iru lqvwdqfh/ zh frxog kdyh xvhg wkh sxu0
fkdvhuv* ghflvlrq uxoh T � w|Ee�� R � f� Wkh pdlq gl�huhqfh lv wkdw srooxwlrq zrxog

qrw dozd|v lqfuhdvh dv d uhvxow ri wkh uhgxfwlrq ri surgxfw gl�huhqwldwlrq +dv rssrvhg

wr rxu ohppd 4,1 Krzhyhu/ lw fdq eh vhhq wkdw wkh uhvxow wkdw frqwdplqdwlrq pljkw
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lqfuhdvh dv d frqvhtxhqfh ri jryhuqphqw srolf| zrxog eh uhsurgxfhg xqghu vrph

sdudphwulf frqglwlrqv1

Wkh h�hfwv ri rwkhu lqvwuxphqwv � vxfk dv pdunhwdeoh shuplwv � rq djjuhjdwh

srooxwlrq uhpdlq wr eh lqyhvwljdwhg1 Iluvw0ehvw vfkhphv � vxfk dv Sljrxyldq wd{hv

� lqwurgxfh frpsoh{ frpsxwdwlrqv lq wklv w|sh ri prghov1 Hyhq wkrxjk wkh h�hfwv

ri Sljrxyldq wd{hv pxvw eh fduhixoo| vwxglhg/ zh frqmhfwxuh wkdw wkhuh pljkw eh

sdudphwulf vsdfhv iru zklfk wkh| duh zhoiduh uhgxflqj1
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: Dsshqgl{

:14 Dsshqgl{ D

Khuh zh vkrz wkdw li fulwlfdo sdudphwhuv duh vxfk wkdw f 	 hw 	 ew 	
e

ew 	 wc dq

htxloleulxp grhv qrw h{lvw1 Ghpdqgv zrxog eh jlyhq e|

^�E�� '
R2 � R�

Ee� � e2�w
c ^2E�� '

T � R2

we2
�

R2 � R�

wEe� � e2�
+77,

E| rswlpl}lqj sur�wv zlwk uhvshfw wr sulfhv dqg vroylqj wkh uhdfwlrq ixqfwlrqv zh

rewdlq sulfhv

R� '
T Eb� ��

eb � �
c R2 '

2T Eb� ��

eb � �
� +78,

Krzhyhu/ vlqfh b : �c wklv htxloleulxp sulfhv gr qrw vdwlvi| ew 	
e

ew� Wkhuhiruh/ wklv

sdudphwhu frq�jxudwlrq fdqqrw eh sduw ri dq htxloleulxp1

:15 Dsshqgl{ E

Iluvw qrwh wkdw htxdwlrq +48, kdv d uhdo vroxwlrq vdwlvi|lqj b � � rqo| li k � �2�

Qh{w/ zh suryh wkdw vhfrqg rughu frqglwlrqv +v1r1f1, duh yhul�hg dqg wkdw erwk �upv

pdnh srvlwlyh sur�wv lq htxloleulxp1 Ilqdoo|/ zh vkrz wkdw iru wkh fdvh �Ee� ' &

e2
c

qhlwkhu ri wkh �upv kdv dq lqfhqwlyh wr ohdsiurj lwv ulydo*v fkrlfh1 Wkhuhiruh/ wkh vhw

ri ixqfwlrqv iru zklfk dq htxloleulxp h{lvwv lv qrw hpsw|1

Erwk �upv v1r1f1 duh

Y2��

Ye2�
'

�ST 2E2e� � De2�

wEee� � e2�e
� �

��Ee��c +79,

Y2
�2

Ye22
'

HT 2
e�E�Se

�

�
� �Se2

�
e2 n Se�e

2

2
� �e�

2
�

we�2Eee� � e2�
e

� �
��Ee2�� +7:,

E| xvlqj Hxohu*v wkhruhp dqg htxdwlrq +44,/ htxdwlrq +79, fdq eh uhzulwwhq dv

Y2��

Ye2�
'

�ST 2E2e� � De2�

wEee� � e2�
e

n
Ek� ��T 2Eee� � .e2�

we�Eee� � e2�
�

� +7;,

E| uhduudqjlqj dqg xvlqj wkh yduldeoh bc wklv h{suhvvlrq uhgxfhv wr

Y2��

Ye2�
'

T 2E�SbE2b� D� n Ek � ��Eeb � .�Eeb � ���

wbEeb � ��ee�2
c +7<,

zklfk kdv qhjdwlyh vljq zkhqhyhu �SbE2b � D� n Ek � ��Eeb � .�Eeb � �� 	 f� E|

xvlqj wkh htxloleulxp htxdwlrq +48, zh fdq vxevwlwxwh wkh ydoxh ri k wr rewdlq wkh

lqhtxdolw|

�SbE2b � D� n

3
C*? eb3.

eEeb23�bn2�

*? b
� �

4
D Eeb� .�Eeb� �� 	 f� +83,
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Lw lv hdv| wr fkhfn wkdw wkh ohiw0kdqg vlgh ri lqhtxdolw| +83, gh�qhv d qhjdwlyh frqwlqx0

rxvo| ghfuhdvlqj ixqfwlrq lq wkh uhohydqw udqjh +l1h1 lwv ghulydwlyh lv d vwulfwo| qhjdwlyh

frqfdyh ixqfwlrq iru doo b : �( lq idfw/ lw uhdfkhv d pd{lpxp ri �H2�eSDe 	 f dw

b ' 2�SHb�D�� Wkhuhiruh/ wkh v1r1f1 iru wkh gluwlhu �up lv dozd|v vdwlv�hg1

E| surfhhglqj dqdorjrxvo|/ wkh fohdqhu �up*v v1r1f1 +7:, fdq eh uhzulwwhq dv

Y2��

Ye2�
'

ebT 2E�2b�
� �2b2 n �2b � S n Ek� ��Eeb � ��Eeb2

� �b n 2��

wEeb � ��ee�2
� +84,

Wklv h{suhvvlrq lv qhjdwlyh zkhqhyhu �2b� � �2b2 n �2b� S n Ek� ��Eeb� ��Eeb2 �

�bn 2� 	 f1 E| djdlq xvlqj +48,/ wklv lqhtxdolw| uhgxfhv wr

�2b
�
� �2b

2
n �2b � S n

3
C *?

eb3.

eEeb23�bn2�

*?b
� �

4
D Eeb � ��Eeb2 � �bn 2� 	 f� +85,

Wklv h{suhvvlrq kdv lqghhg d qhjdwlyh vljq hyhu|zkhuh +iru b : ��1 Lq idfw/ lw lv
d vwulfwo| frqfdyh h{suhvvlrq uhdfklqj lwv pd{lpxp ydoxh dw b ' 2�f��.D1 Dw wklv
srlqw/ wkh lqhtxdolw| uhgxfhv wr �efS�e�D 	 f� Wkhuhiruh/ wkh fohdqhu �up*v v1r1f1 lv

vdwlv�hg wrr1

Zh qrz fkhfn wkdw erwk �upv pdnh srvlwlyh sur�wv lq htxloleulxp1 Iluvw/ gluwlhu

�up*v sur�wv duh jlyhq e| +<,1 E| xvlqj Hxohu*v wkhruhp dqg surshuo| uhduudqjlqj/

�up 4*v ehqh�wv fdq eh uhzulwwhq dv

�� '

T
2EkEeb� ��Eb � �� n bEeb � .��

wkEeb � ���e2
� +86,

Wklv h{suhvvlrq lv srvlwlyh dv orqj dv kEeb� ��Eb� �� nbEeb� .� 	 fc l1h1 zkhqhyhu

+xvlqj +48,,
*?

eb3.

eEeb23�bn2�

*? b
Eeb� ��Eb � �� n bEeb � .� 	 f� +87,

Wkh ixqfwlrq gh�qhg e| wkh ohiw0kdqg vlgh ri lqhtxdolw| +87, lv vwulfwo| frqfdyh dqg

uhdfkhv d pd{lpxp ydoxh ri ��S�bDf2 	 f dw b ' 2�fDbH2� Wkhuhiruh/ gluwlhu �up

rewdlqv srvlwlyh sur�wv lq htxloleulxp1

Vhfrqg/ htxdwlrq +43, jlyhv fohdqhu �up*v htxloleulxp sur�wv1 Lw fdq eh uhzulwwhq
dv

�2 '

ebT 2EkEeb � ��Eb� �� n eb2 � �b n 2�

wkEeb � ���e2
� +88,

Wklv h{suhvvlrq kdv d srvlwlyh vljq dv orqj dv kEeb� ��Eb� �� n eb
2
� �b n 2� 	 f�

E| xvlqj +48, djdlq/ wklv lqhtxdolw| uhgxfhg wr

*?
eb3.

eEeb23�bn2�

*?b
Eeb� ��Eb � �� n eb2 � �bn 2 	 f� +89,

Wkh ohiw kdqg0vlgh ri wklv htxdwlrq lv vwulfwo| frqfdyh/ uhdfklqj dpd{lpxpri�2S�D.b 	

f dw b ' 2���fHS� Wkhuhiruh/ �up 5*v sur�wv duh srvlwlyh1

Ilqdoo|/ zh vkrz wkdw iru wkh frvw ixqfwlrq �Ee� '
&

e2
c qhlwkhu ri wkh �upv kdv dq

lqfhqwlyh wr ohdsiurj lwv ulydo*v fkrlfh1 Wkhuhiruh/ wkh vhw ri frvw ixqfwlrqv iru zklfk
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dq htxloleulxp h{lvwv lv qrw hpsw|1 Vxssrvh �uvw wkdw �up 5 fkrrvhv e
W

2
EbW� jlyhq e|

htxdwlrqv +45, dqg +48,1 Vxssrvh wkdw �up 4 ghyldwhv e| fkrrvlqj e� 	 e
W

2
� Wkhq/

lq wkh vhfrqg vwdjh/ vlqfh hqylurqphqwdo fkrlfhv duh revhuyhg ehiruh �upv vhw wkhlu

sulfhv/ �up 5 zloo rswlpdoo| �{ sulfh R� lq htxdwlrq +7, zkloh �up 4 zloo vhw sulfh R2

dovr hq +7,1 Sur�wv iurp vxfk d ghyldwlrq duh jlyhq e|

��Ee� 	 eW
2
c eW

2
� '

eT 2eW
2
EeW

2
� e��

wEeeW
2
� e��2e�

� �Ee��� +8:,

Iru �Ee� ' &

e2
c zh kdyh

��Ee�c e
W

2
� '

���DH�H&T 2E.�HbDee&w � e�T
2�

e�E���DH�H&w n e�T
2�2

�

&

e2�

� +8;,

Wkh xqltxh vroxwlrq vdwlvi|lqj e� : e
W

2
dqg wkh �uvw dqg vhfrqg rughu frqglwlrqv lv

ee� ' D�bDf�e&w*T 2 zklfk jlyhv sur�wv e�� ' �f�ff2.�2HeT H*&w
e

	 f� Fohduo|/ vhoohu

4 kdv qr lqfhqwlyhv wr ohdsiurj wkh fohdqhu vhoohu*v fkrlfh1

Vxssrvh vhfrqg wkdw �up 4 fkrrvhv e
W

�
EbW� jlyhq e| htxdwlrqv +44, dqg +48, dqg

wkdw �up 5 ghyldwhv e| fkrrvlqj e2 : e
W

�
� Wkhq/ dv deryh/ �up 5 zloo rswlpdoo| �{

sulfh R
W

�
lq htxdwlrq +7, zkloh �up 4 zloo vhw sulfh R

W

2
� Sur�wv iurp vxfk d ghyldwlrq

duh jlyhq e|

�2Ee
W

�
c e2 : eW

�
� '

T 2Ee2 � e
W

�
�

wEee2 � eW
�
�2
��Ee2�� +8<,

Iru k ' �2c zh kdyh

�2Ee
W

�
c e2� '

f�f2e��b2T eEf�f2e��b2e2T
2
� &w�

wE&w � f�fbSe.S.e2T 2�2
�

&

e22

+93,

Lq wklv fdvh/ wkh rqo| vroxwlrq vdwlvi|lqj e2 : e
W

�
dqg wkh �uvw dqg vhfrqg rughu
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Uhihuhqfhv

^4` Exfkdqdq/ M1 P1 +4<9<,= �H{whuqdo Glvhfrqrplhv/ Fruuhfwlyh Wd{hv dqg Pdunhw

Vwuxfwxuh�/ Dphulfdq Hfrqrplf Uhylhz/ 8</ ss1 4:70::1

^5` Eduqhww/ D1 K1 +4<;3,= �Wkh Sljrxyldq Wd{ Uxoh xqghu Prqrsro|�/ Dphulfdq

Hfrqrplf Uhylhz/ :3/ 436:043741

^6` Fudpshv/ F1 dqg D1 Kroodqghu +4<<8,= �Gxrsro| dqg Txdolw| Vwdqgdugv�/ Hx0

urshdq Hfrqrplf Uhylhz/ 6</ ss1 :40;51

^7` Fuhphu/ K1 dqg M1I Wklvvh +4<<7,= �Rq wkh Wd{dwlrq ri Srooxwlqj Surgxfwv lq d

Gl�huhqwldwhg Lqgxvwu|�/ Irqgd}lrqh HQL Hqulfr Pdwwhl/ Qrwd gl Odyrur 641<71

^8` Gdpdqld/ G1 +4<<9,= �Srooxwlrq Wd{hv dqg Srooxwlrq Dedwhphqw lq dq Roljrsro|

Vxshujdph�/ Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw 63/ ss1

65606691

^9` Hehuw/ X1 +4<<5,= �Rq wkh H�hfw ri H"xhqw Ihhv Xqghu Roljrsro|= Frpsdudwlyh

Vwdwlf Dqdo|vlv�/ plphr/ Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Roghqexuj1

^:` Jdev}hzlf}/ M1 dqg M0I1 Wklvvh +4<:<,= �Sulfh Frpshwlwlrq/ Txdolw| dqg Lqfrph

Glvsdulwlhv�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 53/ ss1 673068<1

^;` Kdqoh|/ Q1/ M1 I1 Vkrjuhq dqg E1 Zklwh +4<<:,= Hqylurqphqwdo Hfrqrplfv lq

Wkhru| dqg Sudfwlfh/ Pdfploodq Suhvv1

^<` Ndwvrxodnrv/ \1 dqg D1 [hsdsdghdv +4<<5,= �Sljrxyldq Wd{hv Xqghu Roljrsro|�/

plphr/ Dwkhqv Xqlyhuvlw| ri Hfrqrplfv dqg Exvlqhvv1

^43` Ndwvrxodnrv/ \1 dqg D1 [hsdsdghdv +4<<8,= �Hqylurqphqwdo Srolf| xqghu

Roljrsro| zlwk Hqgrjhqrxv Pdunhw Vwuxfwxuh�/ Vfdqglqdyldq Mrxuqdo ri Hfr0

qrplfv/ <:+6,/ ss1 74407531

^44` Ndwvrxodnrv/ \1/ G1 Xosk dqg D1 [hsdsdghdv +4<<:,= �Hplvvlrq Wd{hv lq Lqwhu0

qdwlrqdo Dv|pphwulf Roljrsrolhv�/ plphr/ Xqlyhuvlw| ri Fuhwh1

^45` Ohylq/ G1 +4<;8,= �Wd{dwlrq zlwklq Frxuqrw Roljrsro|�/ Mrxuqdo ri Sxeolf Hfr0

qrplfv/ 5:/ ss1 5;405<31

^46` Plvlrohn/ Z1 V1 +4<;3,= �H"xhqw Wd{dwlrq lq Prqrsro| Pdunhwv�/ Mrxuqdo ri

Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw :/ ss1 436043:1

^47` Prudjd0Jrq}äoh} +4<<:,= �Pd{lpxpHplvvlrq Vwdqgdugv lq dq Hqylurqphqwdoo|

Gl�huhqwldwhg Roljrsro|�/ plphr1

^48` Prudjd0Jrq}äoh}/ M1 O1 dqg Q1 Sdguöq0Ixphur +4<<:,= �Srooxwlrq Olqnhg Wr

Frqvxpswlrq= D Vwxg| ri Srolf| Lqvwuxphqwv Lq Dq Hqylurqphqwdoo| Gl�hu0

hqwldwhg Roljrsro|�/ Xqlyhuvlgdg Fduorv LLL gh Pdgulg Zrunlqj Sdshu <:039

+Hfrqrplf Vhulhv 36,1
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^49` Prwwd/ P1 +4<<6,= �Hqgrjhqrxv Txdolw| Fkrlfh= Sulfh yv1 Txdqwlw| Frpshwl0

wlrq� Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ 741

^4:` Prwwd/ P1 dqg M1I1 Wklvvh +4<<6,= �Plqlpxp Txdolw| Vwdqgdugv dv dq Hqyl0

urqphqwdo Srolf|= Grphvwlf dqg Lqwhuqdwlrqdo H�hfwv� plphr/ Irqgd}lrqh HQL

Hqulfr Pdwwhl :91<81

^4;` Pxvvd/ P1 dqg V1 Urvhq +4<:;,= �Prqrsro| dqg Surgxfw Txdolw|�/ Mrxuqdo ri

Hfrqrplf Wkhru|/ 4;/ ss1 634064:1

^4<` Rdwhv/ Z1 H1 dqg G1 O1 Vwudvvpdqq +4<;7,= �H"xhqw Ihhv dqg Pdunhw Vwuxf0

wxuh�/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 57/ ss1 5<0791

^53` RHFG +4<<:, �Hfr0odeholqj= Dfwxdo H�hfwv ri Vhohfwhg Surjudpv/�

RHFG2JG+<:,24381

^54` Uhtxdwh/ W1 +4<<6,= �Srooxwlrq Frqwuro xqghu Lpshuihfw Frpshwlwlrq= Dv|p0

phwulf Ehuwudqg Gxrsro| zlwk Olqhdu Whfkqrorjlhv�/ Mrxuqdo ri Lqvwlwxwlrqdo

dqg Wkhruhwlfdo Hfrqrplfv 47</ ss1 74807751

^55` Urqqhq/ X1 +4<<4,= �Plqlpxp Txdolw| Vwdqgdugv/ Il{hg Frvwv/ dqg Frpshwl0
wlrq�/ Udqg Mrxuqdo ri Hfrqrplfv/ 55 +7,/ ss= 7<308371

^56` Vkdnhg/ D1 dqg M1 Vxwwrq +4<;5,= �Uhod{lqj Sulfh Frpshwlwlrq Wkurxjk Surgxfw
Gl�huhqwldwlrq�/ Uhylhz ri Hfrqrplf Vwxglhv 7</ ss= 60461
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