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Devwudfw

Wklv sdshu frqvlghuv wkh sureohp ri d idvklrq wuhqg0vhwwhu frqiurqwlqj

dq lplwdwru zkr fdq surgxfh wkh vdph surgxfw dw orzhu frvw1 D rqh0

glphqvlrqdo surgxfw vsdfh lv frqvlghuhg/ zklfk lv dq devwudfwlrq ri wkh

nh| dwwulexwh ri vrph frqvxphu jrrg1

Wkuhh eurdg vwudwhjlhv fdq eh rswlpdo iru wkh idvklrq0ohdghu= +4, Qhyhu

lqqrydwh/ zklfk plonv sur�wv iurp wkh lqlwldoo| dgydqwdjhrxv srvlwlrq exw

xowlpdwho| frqfhgh wkh pdunhw zlwkrxw d �jkw1 +5, Lqqrydwh rqfh exw

rqo| rqfh/ zklfk mxvw whpsrudulo| ghihuv frqfhglqj wkh pdunhw1 +6, F|foh

lq�qlwho| durxqg surgxfw vsdfh/ qhyhu ohwwlqj wkh lplwdwru fdwfk xs dqg

fdswxuh wkh pdunhw1 Vrphwlphv wkh f|fohv vwduw lpphgldwho|> vrphwlphv

wkh lqqrydwru vkrxog zdlw iru d wlph ehiruh ehjlqqlqj wkh f|fohv1

Wkh rswlpdo vroxwlrq h{klelwv vwurqj vwdwh0ghshqghqf|/ zlwk vr0fdoohg

Vnled fxuyhv vhsdudwlqj uhjlrqv lq vwdwh vsdfh zkhuh ydulrxv ri wkhvh

vwudwhjlhv duh rswlpdo1 Wkhuh duh hyhq lqvwdqfhv ri lqwhuvhfwlqj Vnled

fxuyhv1 Lq prvw fdvhv/ dqdo|wlfdo h{suhvvlrqv fdq eh vwdwhg wkdw fkdudf0

whul}h wkhvh Vnled fxuyhv1

4 Lqwurgxfwlrq

Wklv sdshu vxjjhvwv d qryho h{sodqdwlrq iru wkh h{lvwhqfh ri idvklrq f|fohv/qdpho|

pryhphqw durxqg d *surgxfw vsdfh* wkdw lv vwudwhjlf rq wkh sduw ri d idvklrq

wuhqg0vhwwhu dqg lplwdwlyh e| orz0frvw frpshwlwru+v,1 Wkh wuhqg0vhwwhu gh�qhv
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zkdw lv idvklrqdeoh/ dqg r�0odeho eudqgv lplwdwh wkhp1 Wkh surgxfw ghvljq

vsdfh lv dfwxdoo| ri yhu| kljk glphqvlrq/ ohdylqj orwv ri urrp iru frpsoh{ wud0

mhfwrulhv wkdw qhyhu vhwwoh grzq wr d vlqjoh vwhdg| vwdwh1 Zh vkrz/ krzhyhu/

wkdw vxfk frpsoh{lw| lv qrw hvvhqwldo wr wklv vwru|1 Hyhq lq d rqh0glphqvlrqdo

devwudfwlrq ri wkdw vsdfh/ wkh rswlpdo vroxwlrq pd| lqyroyh frqwlqxdo dgdswdwlrq

dqg lplwdwlrq1 Rqh h{dpsoh ri d rqh0glphqvlrqdo surgxfw vsdfh lv wkh zlgwk ri

qhfnwlhv/ zklfk zh doo kdyh revhuyhg wr ydu| ryhu wlph1 Rwkhu h{dpsohv lqfoxgh

wkh h{whqw wr zklfk dffhvvrulhv duh  dvk| ru xqghuvwdwhg/ wkh zlgwk ri odehov rq

vsruw frdwv/ ru wkh ohqjwk ri vnluwv1 Dq lpsruwdqw ehqh�w ri vwlfnlqj zlwk d rqh0

glphqvlrqdo surgxfw vsdfh lv wkdw zh fdq zulwh h{solflw h{suhvvlrqv ghvfulelqj

wkh wkuhvkrogv ehwzhhq lqlwldo frqglwlrqv zkhuh gl�huhqw vwudwhjlhv duh rswlpdo1

Wkh vwuxfwxuh ri wkh rswlpdo vroxwlrq ghshqgv rq krz pxfk lw frvwv wr

ghyhors qhz ghvljqv dqg rq wkh lqlwldo srvlwlrqv ri erwk �upv lq wkh surgxfw

vsdfh1 Iru orz ghvljq frvwv lw lv rswlpdo iru wkh �upv wr f|foh durxqg wkh surgxfw

vsdfh lqgh�qlwho|/ zlwk d Vnled fxuyh vhsdudwlqj wkh wzr srvvleoh gluhfwlrqv iru

fkdqjlqj wkh ghvljq lqlwldoo|1

Iru lqwhuphgldwh ghvljq frvwv/ wzr rwkhu Vnled fxuyhv flufxpvfuleh dq duhd

lq wkh plggoh ri wkh surgxfw vsdfh zkhuh lw lv rswlpdo iru wkh idvklrq vhwwhu qrw

wr lqqrydwh/ dw ohdvw lqlwldoo|1 Lq wkdw fdvh hlwkhu wkh lplwdwru vlpso| fdwfkhv xs

dqg frqtxhuv wkh zkroh pdunhw ru wkh idvklrq vhwwhu fkdqjhv lwv ghvljq odwhu1

Li wkh frvw ri pdunhwlqj qhz ghvljqv lv vwloo odujhu/ wzr rwkhu Vnled fxuyhv

dulvh/ zklfk vhsdudwh d srolf| ri �qhyhu fkdqjlqj wkh idvklrq� iurp rqh lq zklfk

wkh idvklrq ohdghu pdnhv dq lqlwldo pdmru ghvljq fkdqjh exw qr vxevhtxhqw
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fkdqjhv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 uhylhzv vrph uhohydqw olwhudwxuh1

Wkh prgho lv suhvhqwhg lq Vhfwlrq 61 D vkruw ryhuylhz ri wkh vroxwlrq vwuxfwxuh

lv surylghg lq Vhfwlrq 71 Vhfwlrq 8 dqdo|}hv wkh vroxwlrq vwuxfwxuh zkhq wkh frvwv

ri pdnlqj qhz ghvljqv duh vr orz wkdw shulrglfdoo| fkdqjlqj ghvljqv iruhyhu lv

rswlpdo1 Lq Vhfwlrq 9 wkhvh frvwv duh odujh hqrxjk wkdw lw lv qrw rswlpdo wr fkdqjh

wkh ghvljq pruh wkdq rqfh 1 Vhfwlrq : frqvlghuv sdudphwhu frqvwhoodwlrqv zkhuh/

ghshqglqj rq wkh lqlwldo vlwxdwlrq/ hlwkhu shulrglf ghvljq fkdqjhv ru pdnlqj qr

qhz ghvljqv dw doo fdq eh rswlpdo1

5 Olwhudwxuh Uhylhz

Ilupv hqjdjh lq dw ohdvw wzr nlqgv ri surgxfw ghvljq lqqrydwlrq= whfkqrorjlfdo

lqqrydwlrq dqg vw|olvwlf ru idvklrq lqqrydwlrq +Vfkzhl}hu/ 5336,1 Wkh iruphu

lpsuryhv wkh surgxfw1 H1j1/ frpsxwhuv wrgd| duh idvwhu wkdq wkh| zhuh whq

|hduv djr1 Idvklrq lqqrydwlrq gl�huhqwldwhv zkdw*v qhz iurp fxuuhqw prghov

zlwkrxw lpsurylqj ixqfwlrqdolw|1 Iru zrphq*v forwkhv/ uhg pd| eh �lq� wklv

|hdu dqg eoxh pd| eh �rxw�/ exw wkdw grhv qrw phdq uhg lv lqwulqvlfdoo| ehwwhu

wkdq eoxh1 Fhuwdlqo| wkh froru uhg lv qrw d qhz lqyhqwlrq shu vh1 Ixuwkhupruh/

lw lv olnho| wkdw lq d ihz |hduv eoxh zloo eh lq dqg uhg zloo eh rxw/ dqg d ihz |hduv

diwhu wkdw/ uhg zloo eh lq djdlq1 Wkh vdph kdsshqv iru wkh zlgwk ri phq*v wlhv/

wkh ohqjwk ri vnluwv/ dqg wkh srsxodulw| ri rqh pdwhuldo uhodwlyh wr dqrwkhu1

Lq vkruw/ zh revhuyh wkdw frqvxphuv duh zloolqj wr sd| pruh iru rqh jrrg
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+wkh �lq� jrrg, wkdq dqrwkhu/ ixqfwlrqdoo| htxlydohqw surgxfw +wkh rqh wkdw lv

�rxw�,1 Hfrqrplvwv kdyh orqj ehhq idvflqdwhg e| wklv ehkdylru/ gxeehg �Yheohq

h�hfwv� lq krqru ri Wkruqvwhlq Yheohq*v vhplqdo lqtxlulhv lqwr frqvslfxrxv frq0

vxpswlrq +Edjzhoo dqg Ehuqkhlp/ 4<<9,1 W|slfdo h{sodqdwlrqv lqyroyh �vwdwxv�

ru �suhvwljh� jrrgv frqihuulqj xwlolw| rq wkhlu frqvxphuv e| doorzlqj lpsolflw

dvvrfldwlrq zlwk rwkhu kljk0vwdwxv frqvxphuv ri wkdw jrrg1 Li d jrrg lv vr h{0

shqvlyh wkdw rqo| wkh ulfk fdq d�rug lw/ wkhq rqorrnhuv fdq lqihu wkdw dq|rqh

wkh| vhh frqvxplqj lw pxvw eh ulfk1 Doorzlqj rwkhuv wr pdnh wkdw lqihuhqfh

pd| eulqj ydulrxv ehqh�wv/ dqg d ydulhw| ri prghov kdyh ehhq ghyhorshg xqghu

zklfk lw lv rswlpdo iru frqvxphuv wr ehkdyh lq wklv zd| +h1j1/ Elnkfkdqgdql hw

do1/ 4<<5> Frhokr dqg PfFoxuh/ 4<<6> Edjzhoo ) Ehuqkhlp/ 4<<9> Iulmwhuv/ 4<<;>

Fruqhr dqg Mhdqqh/ 4<<<> Eldqfkl/ 5335,1

Khuh zh wdnh wklv frqvxphu ehkdylru dv jlyhq/ udwkhu wkdq wu|lqj wr �h{sodlq�

lw zlwklq d udwlrqdo dfwru iudphzrun1 Zh dvn lqvwhdg krz �upv pljkw pdqdjh

idvklrq lqqrydwlrq lq rughu wr h{sorlw wklv ehkdylru lq rughu wr pd{lpl}h sur�wv1

Wkhuh lv d odujh pdqdjhphqw vflhqfh2rshudwlrqv uhvhdufk olwhudwxuh surylglqj

sudfwlfdo jxlgdqfh wr idvklrq jrrgv surgxfhuv/ exw lw grhv qrw wuhdw wkh udwh

ri idvklrq lqqrydwlrq dv d ghflvlrq yduldeoh ri lqwhuhvw1 Udwkhu/ wkhvh sdshuv

dgguhvv pdqxidfwxulqj +Ghjudhyh dqg Ydqgheurhn/ 4<<;> Mdlq dqg Sdxo/ 5334,/

vxsso| fkdlq pdqdjhphqw +Grqrkxh/ 5333> Pdqwudod ) Udr/ 5334> Ploqhu )

Nrxyholv/ 5335,/ lqyhqwru| srolf| +Ilvkhu hw do1/ 5334 ,/ sulflqj +]kdr dqg ]khqj/

5333 ,/ dqg rwkhu pdqdjhphqw lvvxhv wkdw dulvh lq wkh frqwh{w ri d jlyhq idvklrq

lqqrydwlrq*v surgxfw olih f|foh1
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Olnhzlvh wkhuh lv d olwhudwxuh dgylvlqj �upv krz txlfno| wr pdnh whfkqrorj0

lfdo lqqrydwlrqv +h1j1/ Sdxovrq Jmhugh hw do1/ 5335,/ exw olwwoh kdv ehhq zulwwhq

derxw krz wr pdqdjh wkh udwh ri idvklrq lqqrydwlrq1

D sduwldo h{fhswlrq lv Vzdqq*v +5334, fdvh vwxg| ri wkh hyroxwlrq ri wzr

suhvwljh fduv/ wkh Uroov Ur|fh dqg wkh Ihuudul1 Krzhyhu/ wkdw lv dq lqwhuhvwlqj

ghvfulswlyh dqdo|vlv ri d sduwlfxodu fdvh pruh wkdq dq h�ruw wr ghulyh suhvfulswlyh

lqvljkwv iurp d jhqhudo prgho1

Wkh forvhvw dqdorj wr wkh fxuuhqw lqyhvwljdwlrq lv Shvhqgruihu*v +4<<8, lq0

qrydwlyh sdshu1 Dv lq rxu prgho/ Shvhqgruihu*v idvklrq surgxfhu g|qdplfdoo|

rswlpl}hv wkh wlplqj ri idvklrq lqqrydwlrqv dqg/ �qgv/ dv gr zh/ wkdw wkh rswl0

pdo vroxwlrq frxog lqyroyh lqwurgxfwlrq ri qhz idvklrqv dw �{hg/ uhjxodu lqwhuydov

zkrvh shulrg ydulhv lqyhuvho| zlwk wkh frvw ri lqqrydwlrq1 Wkhuh duh wkuhh vlj0

ql�fdqw gl�huhqfhv/ krzhyhu1 Iluvw/ Shvhqgruihu h{solflwo| prghov wkh ehkdylru

ri wzr glvfuhwh w|shv ri lqglylgxdov dqg wkh surgxfhu*v ghflvlrq derxw krz wr

ydu| wkh sulfh ri d jlyhq idvklrq ryhu wlph1 Lq wkdw vhqvh/ Shvhqgruihu*v irfxv lv

rq fuhdwlqj d udwlrqdo0dfwru prgho ri idvklrq wkdw lqfoxghv wkh lqfhqwlyhv ri sur0

gxfhuv qrw mxvw frqvxphuv/ zkhuhdv/ djdlq/ zh wdnh frqvxphu*v wdvwh iru idvklrq

+phdqlqj surgxfwv gl�huhqwldwhg iurp orz0frvw dowhuqdwlyhv, dv d jlyhq1

Vhfrqg/ Shvhqgruihu wklqnv ri lqqrydwlrqv dv glvfuhwh1 Dw vrph �{hg xqlw

frvw/ wkh lqqrydwru fdq fuhdwh d qhz ghvljq wkdw lv frpsohwho| gl�huhqwldwhg

iurp wkh fxuuhqw ghvljq/ dqg uhqghuv wkh fxuuhqw ghvljq lqvwdqwo| dqg frp0

sohwho| revrohwh1 Krzhyhu/ lw vhhpv pruh uhdolvwlf wr wklqn ri d surgxfw ghvljq

vsdfh1 Lqqrydwlrq lpsolhv prylqj rqh*v surgxfw zlwklq wkdw vsdfh/ dqg rqh frxog
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pryh d olwwoh +plqru lqqrydwlrq, ru d orqj zd| +pdmru lqqrydwlrq,1 Rqh ru wkh

rwkhu pljkw wxuq rxw wr eh rswlpdo/ ghshqglqj rq wkh sduwlfxodu flufxpvwdqfhv/

exw wkh prgho vkrxog uhfrjql}h wkdw wkh surgxfhu kdv wkdw fkrlfh/ udwkhu wkdq

dvvxplqj duelwudulo| wkdw doo lqqrydwlrq pxvw qhfhvvdulo| eh gudfrqldq1

Olnhzlvh/ zh ylhz doorzlqj hyhq d rqh0glphqvlrqdo frqwlqxxp wr eh dq dg0

ydqfh1 Uhodwhg wr wklv/ zh ylhz wkh frvw ri lqqrydwlrq dv lqfuhdvlqj lq wkh

�dprxqw ri lqqrydwlrq�1 Frqvlghu whvw pdunhwlqj/ iru h{dpsoh1 Xqghuvwdqg0

lqj krz frqvxphuv zloo uhdfw wr prghvw yduldwlrqv pljkw eh uhodwlyho| hdv|/ exw

dffxudwho| suhglfwlqj wkhlu uhvsrqvh wr d udglfdo fkdqjh pljkw uhtxluh pruh pdu0

nhw uhvhdufk1 Olnhzlvh/ lw pljkw wdnh pruh dgyhuwlvlqj wr shuvxdgh shrsoh wkdw

zkdw lqlwldoo| vhhpv olnh d yhu| h{wuhph ghsduwxuh iurp fxuuhqw wuhqgv zloo lq

idfw ehfrph gh uljhxu1 Lqghhg/ Eduqhww dqg Iuhhpdq +5334, irxqg wkdw �up

pruwdolw| udwhv lqfuhdvh zlwk wkh vlpxowdqhrxv lqwurgxfwlrq ri pxowlsoh vljql�0

fdqw lqqrydwlrqv1

Wkh wklug dqg prvw lpsruwdqw gl�huhqfh ehwzhhq rxu prgho dqg Shvhqgru0

ihu*v shuwdlqv wr wkh h{lvwhqfh dqg ehkdylru ri rwkhu surgxfhuv1 Shvhqgruihu

irfxvhv rq wkh prqrsrolvwlf fdvh/ dqg/ hyhq lq klv frpshwlwlrq fdvh/ Shvhqgruihu

+4<<8/ ::6, glg qrw �doorz lplwdwlrq ri vxffhvvixo ghvljqv1 Lplwdwlrq zrxog jlyh

ghvljqhuv dq dgglwlrqdo lqfhqwlyh wr fuhdwh qhz idvklrqv shulrglfdoo|1 Fohduo|

lplwdwlrq lv dq lpsruwdqw irufh ehklqg wkh fuhdwlrq ri qhz ghvljqv1 Krzhyhu/

wkurxjk wkh fuhdwlrq ri eudqg qdphv/ ghvljqhuv fdq dw ohdvw sduwldoo| lqvxodwh

wkhpvhoyhv iurp frpshwlwlrq zlwk srwhqwldo lplwdwruv1 Lq wklv sdshu L frqvlghu

wkh fdvh lq zklfk wkh ghvljqhu kdv zhoo0gh�qhg surshuw| uljkwv ryhu klv lqqryd0
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wlrqv1�

Shvhqgruihu*v qr0lplwdwlrq fdvh lv ri lqwhuhvw/ exw vr lv doorzlqj lplwdwlrq

ehfdxvh �nqrfnlqj r�� h{shqvlyh ghvljqhuv lv shuydvlyh1 Surwhfwlqj lqwhoohfwxdo

surshuw| uljkwv frqfhuqlqj idvklrq jrrgv fdq eh gl!fxow/ dw ohdvw lq wkh XV1

+Vrph Hxurshdq frxqwulhv pd| kdyh vwurqjhu surwhfwlrqv1, Idvklrq lqqrydwlrqv

duh lqholjleoh iru sdwhqw surwhfwlrq ehfdxvh wkh| gr qrw dgydqfh sulru duw lq d

qrq0reylrxv zd|1 Vrphwklqj olnh uhlqwurgxflqj wkh froru pdxyh lq 5336/ zkhq

lw zdv srsxodu lq wkh 4<;3v exw ihoo rxw ri idyru lq wkh 4<<3v fohduo| grhv qrw

phhw wkdw whvw1 Olnhzlvh frs|uljkw surwhfwlrq fdqqrw eh d�rughg lq wkh XV wr

�xvhixo duwlfohv�/ vr lw fdq rqo| surwhfw ghvljq hohphqwv wkdw fdq eh lghqwl�hg

vhsdudwho| iurp dqg fdq h{lvw lqghshqghqwo| ri wkh xwlolwduldq dvshfwv ri wkh

duwlfoh1 Sudfwlfdoo|/ wkdw phdqv wkdw idvklrq ghvljqv lq dssduho +dv rssrvhg wr

dffhvvrulhv, duh kdug wr frs|uljkw1 Ilqdoo|/ dowkrxjk ghihqglqj d idvklrq wudgh0

pdun djdlqvw frxqwhuihlwlqj lv uhodwlyho| vwudljkwiruzdug/ ghihqglqj wudgh guhvv

djdlqvw lplwdwlrq lv pruh gl!fxow1 +Wkh Odqkdp Dfw gl�huhqwldwhv ehwzhhq

�wudghpdunv�/ zklfk duh zrugv/ hpeohpv/ orjrv/ ru v|perov xvhg wr lghqwli|

jrrgv dqg glvwlqjxlvk wkhp iurp wkrvh vrog e| rwkhuv dqg �wudgh guhvv�/ zklfk

uhihuv wr wkh surgxfw*v ryhudoo lpdjh ru dsshdudqfh lqfoxglqj vkdsh/ vl}h/ froru/

sdfndjlqj/ dqg pdunhwlqj1,

Wr jlyh d frqfuhwh h{dpsoh/ Dehufurpelh ) Ilwfk vxhg Dphulfdq Hdjoh Rxw0

�wwhuv lq 4<<; iru �lqwhqwlrqdo dqg v|vwhpdwlf frs|lqj ri lwv eudqg/ lpdjhv dqg

exvlqhvv sudfwlfhv/ lqfoxglqj lwv phufkdqglvh/ pdunhwlqj dqg fdwdorj� +Vhlolqj/

4<<;,1 Krzhyhu/ erwk wkh orzhu frxuw dqg wkh Shqqv|oydqld Vl{wk Flufxlw Frxuw
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ri Dsshdov vlghg zlwk Dphulfdq Hdjoh Rxw�wwhuv ehfdxvh wkh forwklqj ghvljqv

iru zklfk Dehufurpelh ) Ilwfk vrxjkw surwhfwlrq zhuh ixqfwlrqdo dv d pdwwhu

ri odz dqg wkhuhiruh qrw surwhfwdeoh xqghu wudgh guhvv +Fdwdorj Djh/ 5335,1

Dehufurpelh ) Ilwfk wkhq �ohg vxlw vhhnlqj mxvw wr suhyhqw Dphulfdq Hdjoh

Rxw�wwhuv iurp xvlqj wkh qxpehu *55* rq lwv forwklqj/ dujxlqj wkdw lw kdg d

frpprq odz wudghpdun rq wkdw qxpehu +Dvvrfldwhg Suhvv/ 5336,1 Wkdw vxlw

kdv |hw wr eh uhvroyhg/ exw hyhq li Dehufurpelh ) Ilwfk zlqv/ lw zrxog rqo|

d�hfw d plqru dvshfw ri Dphulfdq Hdjoh Rxw�wwhuv* doohjhg lplwdwlrq1

Rxu prgho dvvxphv wkhuh lv d vlqjoh lqqrydwlyh �idvklrq f}du� wkdw gh�qhv

zkdw lv idvklrqdeoh zlwklq wkh surgxfw vsdfh1 Wklv lv dq rxwfrph Shvhqgruihu

irxqg wr eh dprqj wkh sodxvleoh frpshwlwlyh htxloleuld1 Hvvhqwldoo| li doo frq0

vxphuv eholhyh wkdw rqo| wkh idvklrq f}du lv fdsdeoh ri fuhdwlqj idvklrq/ wkhq

wklv zloo eh wkh htxloleulxp rxwfrph1 Wkh idvklrq f}du*v surgxfw lv lplwdwhg e|

orz0frvw surgxfhuv zkr duh qrw vwudwhjlf derxw wkhlu idvklrq lqqrydwlrq1 Wkh

idvklrq f}du pljkw lqyhvw lq frvwo| dfwlylwlhv wkdw vxssruw lqqrydwlrq vxfk dv

�frro kxqwlqj� +jdwkhulqj lqwhooljhqfh derxw wuhqg0vhwwlqj frqvxphuv* suhihu0

hqfhv/ vhh/ h1j1/ Jodgzhoo/ 4<<:,/ �ghswk whvw� pdunhwlqj suholplqdu| ghvljqv

zlwk ehoozhwkhu jurxsv +h1j1/ Ilvkhu dqg Udmdudp/ 5333,/ ru dgyhuwlvlqj khdy0

lo| wr prog h{shfwdwlrqv derxw zkdw zloo eh �lq� +Sdvwlqh ) Sdvwlqh/ 5335,1

Wkh lplwdwruv iroorz wkh vlpsohu/ orz0frvw vwudwhj| ri dgdswlqj wkhlu ghvljqv wr

frqirup wr wkrvh ri wkh idvklrq f}du/ zkdwhyhu wkrvh ghvljqv duh1

Qrwh wzr gl�huhqfhv zlwk vrph duwlfohv lq wkh olwhudwxuh1 Iluvw/ vrph prghov

ri idvklrq f|fohv duh edvhg rq lqqrydwlrq dqg lplwdwlrq e| frqvxphuv zkr duh
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frqiruplvwv ru qrq0frqiruplvwv zlwk uhjdug wr sxufkdvlqj ghflvlrqv +h1j1/ Pdw0

vx|dpd/ 4<<5,1 Khuh lw lv surgxfhuv zkr lqqrydwh ru lplwdwh1 Vhfrqg/ sruwlrqv

ri wkh olwhudwxuh dvvxph wkdw xqlw surgxfwlrq frvwv duh lghqwlfdo iru �lq� dqg

�rxw� surgxfwv vlqfh wkh| duh ixqfwlrqdoo| lghqwlfdo> lq rxu prgho lw lv doorz0

deoh dqg shukdsv pruh uhdvrqdeoh wr wklqn ri wkh idvklrq f}du dv kdylqj kljkhu

surgxfwlrq frvwv1

Wkxv zh lpdjlqh d pdunhw srsxodwhg e| khwhurjhqhrxv �upv1 Rqh �up

rswlpl}hv/ dw vrph qrqwulyldo lqirupdwlrq surfhvvlqj frvw> rwkhuv iroorz khxulvwlf

vwudwhjlhv wkdw duh fkhdshu wr lpsohphqw1 Wklv vwuxfwxuh lv dnlq wr wkdw ri

Frqolvn +4<;3,/ Vhwkl ) Iudqnh +4<<8,/ dqg Eurfn dqg Krpphv +4<<:,1 Wkh

nh| srlqw ri wkhvh prghov lv wkdw lqirupdwlrq surfhvvlqj frvwv pd| wuljjhu f|fohv

+ru hyhq fkdrv, gxh wr rswlpdo +ru erxqghgo| udwlrqdo, vzlwfklqj ehkdylru1 Vhh

dovr wkh glvfxvvlrq lq Krpphv +5339/ vhfwlrq :,1 Rxu prgho gl�huv lq wkdw

lw lv frqwlqxrxv wlph dqg wkh surgxfhuv* ghflvlrqv shuwdlq wr surgxfw ghvljq/

vshfl�fdoo| zkhuh wkh| srvlwlrq wkhlu surgxfwv lq vrph surgxfw vsdfh1

6 Wkh Prgho

Vwdwh yduldeoh [ uhsuhvhqwv wkh idvklrq ohdghu2ghflvlrq pdnhu*v srvlwlrq lq vrph

frqvxphu surgxfw vsdfh/ dqg \ uhsuhvhqwv wkh srvlwlrq ri d frpshwlwru lq wkdw

vdph vsdfh1

Wkh frpshwlwru*v frusrudwh vwudwhj| lv vlpso| wr lplwdwh wkh pdunhw ohdghu

+[,/ vr \ dozd|v fkdvhv [1 Shvhqgruihu +4<<8, vxjjhvwv wkdw rqh fdq wklqn ri \
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qrw mxvw dv d vlqjoh iroorzhu/ exw udwkhu dv d jurxs ri iroorzhuv/ zklfk prwlydwhv

wkh devhqfh ri vwudwhjlf ehkdylru rq wkhlu sduw1 Qrw rqo| gr wkh| odfn pdunhw

uhvhdufk fdsdelolw| dqg rwkhu suhuhtxlvlwhv wr vwudwhjlf ehkdylru/ exw wkh| pd|

dovr hdfk eh vpdoo/ pdnlqj lw kdug wr dpruwl}h wkh �{hg frvwv ri vxfk vwudwhjlf

lqiudvwuxfwxuh1 Khqfh/ zh prgho dq rswlpdo frqwuro sureohp/ qrw d g|qdplf

jdph1

Wkh v|vwhp g|qdplfv iru wklv prgho zrxog eh vlpso|=

b[ @ x> +4,

b\ @ [ � \> +5,

zkhuh x lv wkh frqwuro yduldeoh1 Wkh surgxfw vsdfh lv frqvwudlqhg e| }hur dqg

rqh +qhfnwlhv ri lq�qlwh zlgwk pdnh qr vhqvh,> vr wkdw

3 � [ � 4= +6,

Vlqfh \ mxvw iroorzv [/ h{suhvvlrq +6, lpsolhv wkdw \ lv dovr h�hfwlyho| frq0

vwudlqhg wr eh ehwzhhq }hur dqg rqh zlwkrxw qhhglqj wr pdnh wklv h{solflw1

Wkh idvklrq ohdghu*v remhfwlyh ixqfwlrq edodqfhv wkh frvw ri idvklrq lqqryd0

wlrq djdlqvw wkh ehqh�wv ri ehlqj zhoo0gl�huhqwldwhg lq surgxfw vsdfh iurp wkh

orz0frvw lplwdwru*v surgxfw1 Iru vlpsolflw| zh dvvxph wkdw sur�wv jurz dv wkh

vtxduh ri wkh glvwdqfh ehwzhhq wkh lqqrydwru*v dqg lplwdwru*v surgxfwv1 Qrwh

sur�wv lq wklv prgho gr qrw ghshqg rq wkh devroxwh orfdwlrq ri hlwkhu �up lq
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surgxfw vsdfh vlqfh idvklrq lv qrw xvhixo shu vh1 H{whqvlrqv lq zklfk frqvxphuv

fduh qrw rqo| derxw gl�huhqwldwlrq exw dovr derxw wkh devroxwh srvlwlrq lq surg0

xfw vsdfh frxog eh dq lqwhuhvwlqj wrslf iru ixuwkhu uhvhdufk1 Wkh juhdwhu wkh udwh

ri lqqrydwlrq/ wkh pruh frvwo| wkdw lqqrydwlrq lv1 Lq sduwlfxodu/ lw lv dvvxphg

khuh wkdw wkh frvw ri lqqrydwlrq lv olqhdu lq wkh udwh ri lqqrydwlrq1 Khqfh/ wkh

idvklrq0vhwwhu*v remhfwlyh lv=

pd{

] /
0 h 1 2%3 �

4

5
+\ � [,

4
� f mxm

�

gw= +7,

dqg wkh ghflvlrq pdnhu vhhnv wr rswlpl}h +7,/ vxemhfw wr wkh v|vwhp g|qdplfv

+4,0+5, dqg wkh vwdwh frqvwudlqw +6,1

Lq +5, wkh gl�huhqfh ehwzhhq [ dqg \ frxog kdyh ehhq suhpxowlsolhg e|

vrph frqvwdqw n A 3 phdvxulqj wkh vshhg ri frqyhujhqfh1 Krzhyhu/ e| dq

dssursuldwh wlph wudqvirupdwlrq lw fdq eh vkrzq wkdw lqfuhdvlqj n kdv wkh vdph

h�hfw dv mrlqwo| lqfuhdvlqj wkh vzlwfklqj frvw f dqg ghfuhdvlqj wkh glvfrxqw udwh

u= Khqfh/ qrwklqj lv orvw e| qrupdol}lqj n htxdo wr 4> zklfk kdv wkh dgydqwdjh

ri uhgxflqj wkh qxpehu ri sdudphwhuv1

7 Surshuwlhv ri Rswlpdo Vroxwlrqv

Ehiruh ehjlqqlqj ghwdlohg dqdo|vlv/ lw lv xvhixo wr pdnh vrph revhuydwlrqv derxw

wkh qdwxuh ri rswlpdo vroxwlrqv wr wklv sureohp1 Prvw duh vhoi0hylghqw ru uhtxluh

rqo| d eulhi h{sodqdwlrq/ exw froohfwlyho| wkh| gholqhdwh wkh vsdfh zlwklq zklfk

rqh pxvw vhdufk iru rswlpdo vroxwlrqv1
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Sursrvlwlrq 4 Li lw lv rswlpdo wr h{huflvh frqwuro/ lw lv rswlpdo wr mxps doo wkh

zd| wr d erxqgdu| +[ @ 3 ru [ @ 4,1

Wklv iroorzv iurp wkh frvw ri prylqj ehlqj olqhdu lq wkh glvwdqfh pryhg/

zkloh wkh ehqh�w lv frqyh{1 Dq lpphgldwh lpsolfdwlrq lv wkdw rqfh wkh idvklrq

ohdghu kdv uhdfkhg d erxqgdu|/ wkh ohdghu zloo vxevhtxhqwo| dozd|v eh dw rqh

erxqgdu| ru wkh rwkhu1

Sursrvlwlrq 5 Rqfh wkh idvklrq ohdghu kdv uhdfkhg d erxqgdu|/ dqg khqfh zloo

dozd|v eh dw d erxqgdu|/ e| v|pphwu| wkh sureohp ehfrphv d rqh0glphqvlrqdo

g|qdplf surjudp zkrvh vwdwh lv G wkh glvwdqfh wkh lplwdwru lv dzd| iurp wkdw

erxqgdu|/ zlwk ydoxh ixqfwlrq Y 5 zklfk vdwlv�hv

Y 5 +G, @ pd{iG
4
gw . h 1 2�673

Y 5 +Gh 1 6�3
,> �f . h 1 27673

Y 5 +4 � G,j=

Sursrvlwlrq 6 Dvvxph wkh idvklrq ohdghu lv dw d erxqgdu| +[ @ 3 ru 4,1 Ohw

G 0 eh vrph glvwdqfh vxfk wkdw zkhq wkh lplwdwru lv wkdw glvwdqfh dzd|/ wkh

idvklrq vhwwhu suhihuv mxpslqj wr wkh rssrvlwh erxqgdu| ryhu vwd|lqj lq sodfh1

Wkhq iru doo G ? G 0 / wkh idvklrq vhwwhu zrxog dovr udwkhu mxps wr wkh rssrvlwh

erxqgdu| wkdq vwd| lq sodfh1

Surri1 Wklv lv ehfdxvh wkh frvw ri prylqj lv wkh vdph zkloh wkh uhyhqxh lv kljkhu

zkhq G ? G 0 > l1h1/ Y +G> mxps, A Y +G 0 > mxps,= Rq wkh rwkhu kdqg/ fohduo|/

Y +G> vwd|, ? Y +G 0 > vwd|,/ zkloh e| gh�qlwlrq Y +G 0 > vwd|, ? Y +G 0 > mxps,=

Fruroodu| 7 Li lw lv hyhu rswlpdo wr mxps dzd| iurp d erxqgdu|/ lw lv rswlpdo

wr frqwlqxh wr mxps iruhyhu1
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Wklv iroorzv ehfdxvh doo mxpsv ohdyh wkh idvklrq ohdghu dw wkh erxqgdu|/ dqg

hyhqwxdoo| wkh vkdgrz dssurdfkhv wkdw erxqgdu| duelwudulo| forvh1

Fruroodu| 8 Li lw lv rswlpdo wr mxps pruh wkdq rqfh/ lw lv rswlpdo wr mxps

iruhyhu1

Wklv iroorzv iurp Sursrvlwlrq 4 +doo mxpsv duh wr d erxqgdu|, dqg Fruroodu|

71

Fruroodu| 9 Zkhq wkh idvklrq ohdghu lv dw d erxqgdu|/ wkh rswlpdo vwudwhj| lv

ixoo| fkdudfwhul}hg e| d vlqjoh glvwdqfh sdudphwhu G 0 1 Li wkh lplwdwru*v glvwdqfh

iurp wkh erxqgdu| G � G 0 / wkhq wkh idvklrq ohdghu vkrxog mxps lpphgldwho|1

Rwkhuzlvh/ wkh idvklrq ohdghu vkrxog zdlw xqwlo G ghfuhdvhv wr G 0 dqg wkhq mxps1

Fruroodu| : Rqo| vhyhq vwudwhjlhv duh fdqglgdwhv iru rswlpdolw|=

4, Qhyhu prylqj

5, Mxpslqj rqfh wr [ @ 3

6, Mxpslqj rqfh wr [ @ 4

7, Mxpslqj iruhyhu/ zlwk wkh �uvw mxps wr [ @ 3

8, Mxpslqj iruhyhu/ zlwk wkh �uvw mxps wr [ @ 4

9, Zdlwlqj iru vrph wlph dqg wkhq mxpslqj iruhyhu/ zlwk wkh �uvw mxps wr [ @ 3

:, Zdlwlqj iru vrph wlph dqg wkhq mxpslqj iruhyhu/ zlwk wkh �uvw mxps wr [ @ 4=

Lq wkh qh{w vhfwlrqv zh vkrz wkdw doo vhyhq vwudwhjlhv dfwxdoo| rffxu iru vrph

sdudphwhu ydoxhv1

Sursrvlwlrq ; Vwudwhj| sdlu &52&6 dqg txdguxsoh &72&82&92&: duh lqfrp0

sdwleoh lq wkh iroorzlqj vhqvh1 Iru dq| jlyhq vhw ri sdudphwhuv/ li wkhuh h{lvw
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lqlwldo frqglwlrqv vxfk wkdw dq| ri vwudwhjlhv &7/ &8/ &9 ru &: lv rswlpdo/ wkhq

wkhuh gr qrw h{lvw lqlwldo frqglwlrqv vxfk wkdw vwudwhjlhv &5 ru &6 duh rswlpdo1

Wr vhh wklv/ qrwh wkdw li hlwkhu Vwudwhj| &7/ &8/ &9 ru &: duh rswlpdo iru

vrph vhw ri lqlwldo frqglwlrqv/ wkhq wkhuh pxvw h{lvw d G 0 vxfk wkdw Y +G 0 > mxps, A

Y +G 0 > vwd|,1 Vlqfh li wkh idvklrq ohdghu zhuh wr mxps rqo| rqfh/ hyhqwxdoo| G

zrxog ehfrph ohvv wkdq G 0 / pdnlqj lw qr orqjhu rswlpdo wr vwd|1

Dv zloo eh looxvwudwhg ehorz/ doo rwkhu frpelqdwlrqv ri vwudwhjlhv fdq fr0h{lvw

lq wkh vhqvh wkdw wkhuh h{lvw sdudphwhu ydoxhv vxfk wkdw dq| rqh ri wkrvh vwudwh0

jlhv fdq eh rswlpdo ghshqglqj rq wkh lqlwldo frqglwlrqv1 Dqdo|wlf h{suhvvlrq

fdq eh zulwwhq ixoo| fkdudfwhul}lqj prvw ri wkh erxqgdulhv vhsdudwlqj wkh uh0

jlrqv zkhuh hdfk ri wkh dowhuqdwlyh vwudwhjlhv lv rswlpdo1 Wkhvh erxqgdulhv duh

irxqg e| htxdwlqj wkh ydoxh ixqfwlrqv frpsxwhg xqghu hdfk fdqglgdwh rswlpdo

vwudwhj|1 Wkh glvfxvvlrq wxuqv qh{w wr wkh frpsxwdwlrq ri wkrvh ydoxh ixqfwlrqv1

8 Vroxwlrq vwuxfwxuh iru orz xqlw frvw

Wr ehjlq vxssrvh wkh pdunhw ohdghu*v surgxfw lv lqlwldoo| dw rqh ri wkh erxqgdulhv

ri surgxfw vsdfh dqg/ zlwkrxw orvlqj jhqhudolw|/ vxssrvh lw lv dw wkh orzhu hqg/

[ @ 3> dqg \ ? 4@5= +Li lqlwldoo| [ @ 3 dqg \ A 4@5 wkhq dq| lqqrydwlrq

zrxog eh erwk frvwo| dqg uhyhqxh0uhgxflqj/ vr fohduo| wkh idvklrq0vhwwhu vkrxog

gr qrwklqj dw ohdvw xqwlo \ ? 4@51, Li wkh frvw ri pdnlqj qhz ghvljqv lv orz/

wkhq zkhq wkh lplwdwru jhwv forvh hqrxjk wr 3/ wkh ghflvlrq pdnhu zloo pryh [

iurp }hur wr rqh1 Odwhu/ zkhq wkh lplwdwru frphv vx!flhqwo| forvh wr rqh/ wkh
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wuhqg0vhwwhu zloo mxps iurp rqh edfn wr }hur1 Vlqfh wkh frqwuro yduldeoh dsshduv

olqhduo| lq wkh rswlpl}dwlrq sureohp dqg lv xqerxqghg/ wkhvh pryhphqwv wdnh

wkh irup ri glvfuhwh mxpsv/ |lhoglqj wkh vroxwlrq vwuxfwxuh ghslfwhg lq Iljxuh 41

Wkh qh{w vxevhfwlrqv lqyhvwljdwh wkh surshuwlhv ri wkh f|foh lq Iljxuh 4 dqg

rewdlqv dq xsshu erxqg rq wkh xqlw frvw iru zklfk wklv vroxwlrq vwuxfwxuh lv

lq idfw rswlpdo1 Wkh vhfrqg vxevhfwlrq �qgv doo srlqwv +[> \ , dw zklfk wkh

ghflvlrq pdnhu lv lqgl�huhqw ehwzhhq mxpslqj wr }hur dqg mxpslqj wr rqh= Lw

wxuqv rxw wkdw doo wkhvh srlqwv duh vlwxdwhg rq d fxuyh/ zklfk lq wkh rswlpdo

frqwuro olwhudwxuh lv fdoohg d Vnled0fxuyh1 Vnled +4<:;,/ lq d rqh vwdwh rswlpdo

frqwuro prgho/ ghwhfwhg d wkuhvkrog +wkh Vnled srlqw, dw zklfk wkh ghflvlrq pdnhu

lv lqgl�huhqw ehwzhhq frqyhujlqj wr d srvlwlyh vwhdg| vwdwh ru frqyhujlqj wr }hur1

Kdxqvfkplhg hw do1 +5336, h{whqghg wklv dqdo|vlv wr d wzr vwdwh rswlpdo frqwuro

prgho vr/ dv lq wkh suhvhqw sdshu/ gxh wr wkh h{wud glphqvlrq/ wkh Vnled srlqw

ehfrphv d Vnled fxuyh1 Iru rwkhu uhfhqw uhvhdufk frqfhuqlqj Vnled vxuidfhv wkh

uhdghu lv gluhfwhg wr Zdjhqhu +5338d/ e, dqg Ghlvvhqehuj hw do1 +5337,1

814 Surshuwlhv ri wkh F|foh

Rq wkh f|foh [ @ 4 ru [ @ 3 +vhh Iljxuh 4,= Ohw \ 0 eh wkh srvlwlrq ri wkh

lplwdwru lq wkh surgxfw vsdfh dw zklfk wkh ghflvlrq pdnhu lv lqgl�huhqw ehwzhhq

vwd|lqj dw }hur ru mxpslqj iurp }hur wr rqh/ dqg/ dqdorjrxvo|/ \ 8 lv wkh lplwdwru*v

srvlwlrq iru zklfk wkh pdunhw ohdghu lv lqgl�huhqw ehwzhhq vwd|lqj dw rqh ru

mxpslqj iurp rqh wr }hur1 Gh�qlqj W 8 wr eh wkh ohqjwk ri wkh wlph lqwhuydo

dw zklfk [ @ 4> dqg W 0 lv wkh wlph lqwhuydo ohqjwk dw zklfk [ @ 3> lw fdq eh
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rewdlqhg iurp h{suhvvlrq +5, wkdw

[ @ 4> \ @ 4 � +4 � \ 0 ,h 1 3
iru 3 ? w ? W 8 >

[ @ 3> \ @ \ 8 h 9+: 1 3
iru W 8 ? w ? W 8 . W 0 =

Rqo| wkh uhodwlyh srvlwlrqv lq wkh surgxfw vsdfh pdwwhu/ zklfk lpsolhv wkdw

W 8 @ W 0 @ W dqg \ 8 @ 4 � \ 0 = Vlqfh \ kdv wkh vdph ydoxh dw wkh hqg ri wkh

lqwhuydo zkhuh [ @ 4> dqg dw wkh ehjlqqlqj ri wkh lqwhuydo zkhuh [ @ 3/ lw

krogv wkdw=

h 1 9
@ \ 0 �

4 . h 1 9
�

= +8,

Qh{w/ zh ghwhuplqh \ 0 e| fkrrvlqj wkdw ydoxh ri \ 0 wkdw pd{lpl}hv wkh remhfwlyh1

X, Y

t

1

Y0

Y1

Y

X

X

X

T 2T

Iljxuh 4= Wkh rswlpdo shulrglf vroxwlrq vwuxfwxuh1

Gxh wr wkh rqh0wr0rqh fruuhvsrqghqfh lpsolhg e| +8,/ wklv dovr jlyhv wkh f|foh

ohqjwk 5W 1 Hydoxdwlqj wkh remhfwlyh rq wkh lqlwldo lqwhuydo ^3> W ` +vwduwlqj zlwk

4:



\ +3, @ \ 0 dqg [ +3, @ 4, jlyhv=

]

9
0 h 1 2%3 �

4

5
+4 � \ ,

4 �

gw � h 1 2 9
f @ +4 � \ 0 ,

4 4 � h 1 9�; 27< 47=
5 +u . 5,

� h 1 2 9
f=

Iru uhdvrqv ri v|pphwu|/ h{foxglqj glvfrxqwlqj/ wkh remhfwlyh kdv wkh vdph ydoxh

rq wkh vhfrqg lqwhuydo ^W> 5W ` +vwduwlqj zlwk \ +W , @ 4 � \ 0 dqg [ +W , @ 3, dv

rq wkh �uvw lqwhuydo1 Htxdolw| prgxor glvfrxqwlqj dovr krogv iru doo frqvhfxwlyh

lqwhuydov ri wlph ohqjwk W= Wkhuhiruh/ wkh remhfwlyh ydoxh ehfrphv=

Y @

/
[

>@? 0 h 1 >+2 9 �

+4 � \ 0 ,
4 4 � h 1 9�; 2�< 47=

5 +u . 5,
� h 1 2 9

f

�

@
4

5 +u . 5,

+4 � \ 0 ,
27< 4

� \
27< 40

+4 � \ 0 ,
2

� \
20 �

\
20

+4 � \ 0 ,
2

� \
20 f= +9,

Wkh �uvw rughu frqglwlrq hyhqwxdoo| ohdgv wr

f @
4

u +u . 5,

#

\
27< 40

+4 � \ 0 ,
2 1 8 �

+4 � \ 0 ,
27< 4

\
2 1 80 .

u � 5\ 0 +u � 4, � 9\
40 . 7\ A0

5

$

=

+:,

Wklv htxdwlrq lpsolflwo| ghwhuplqhv \ 0 dv d ixqfwlrq ri sdudphwhuv u dqg f/ dv

ghslfwhg lq Iljxuh 51 Wklv �jxuh vkrzv wkdw wkh pdunhw ohdghu zloo qrw fkdqjh

wkh ghvljq yhu| riwhq +\ 0 lv orz, li wkh frvw ri fkdqjlqj wkh ghvljq/ f/ lv odujh1

Wkh vdph krogv iru wkh uhodwlrq ehwzhhq \ 0 dqg wkh glvfrxqw udwh/ ehfdxvh d

odujh glvfrxqw udwh lpsolhv wkdw wkh ghflvlrq pdnhu lv pruh lq xhqfhg e| wkh

lpphgldwh frvwv ri ghvljq fkdqjh1 Ixuwkhupruh/ wkh �jxuh vkrzv wkdw iru odujh

glvfrxqw udwhv/ \ 0 ghshqgv khdylo| rq wkh udwh/ zkloh iru vpdoohu glvfrxqw udwhv
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\ 0 lv lqvhqvlwlyh wr fkdqjhv lq wkh glvfrxqw udwh1 Lq idfw/ lq wklv �jxuh wkh fxuyh

iru u @ 3=334 frxog qrw eh glvwlqjxlvkhg iurp wkdw iru u @ 3=341

c

Y0
0

0.05

0.1

0.15

0.2

0.25

0.1 0.2 0.3 0.4 0.5

r = 0.01

r = 0.1

r = 0.5

r = 0.7

Iljxuh 5= Rswlpdo Vzlwfklqj Wkuhvkrog \ 0 dv d ixqfwlrq ri f dqg u1

Fohduo| lw krogv wkdw \ 0 � 4@5 iru doo f A 3= Iru yhu| vpdoo ydoxhv ri f wkh

iroorzlqj uhvxow lv hvwdeolvkhg1

Sursrvlwlrq < l, Zkhq fkdqjlqj wkh ghvljq lv frvwohvv/ l1h1 f @ 3> wkh wkuhvkrog

\ 0 htxdov 4@5= ll, Krzhyhu/ iru yhu| orz ydoxhv ri f> \ 0 dssurdfkhv 4@5 rqo| iru

u � 3=8/ l1h1/

olpB�C 0 \ 0 +f, @ 3=8 iru u � 3=8>

olpB�C 0 \ 0 +f, ? 3=8 iru u A 3=8=

Surri1 Iurp +:, lw fdq eh rewdlqhg wkdw \ 0 @ 4@5 iru f @ 3= Gxh wr wklv vdph

h{suhvvlrq lw fdq dovr eh vkrzq wkdw iru \ 0 @ 4@5 lw krogv wkdw
67B6EDEF @ 3>

6
G%B6ED GF @

3> dqg
67H�B6ED HF @ 49

�

u �
84 �

= Wkxv/ li u A 3=8 wkh f0fxuyh lq Iljxuh 5 olhv ehorz wkh

4<



\ 0 0d{lv iru ydoxhv ri \ 0 ohvv wkdq exw forvh wr 4@5= Vlqfh f @ 4@5 +u . 5, A 3 iru

\ 0 @ 3> wklv suryhv wkdw olp B�C 0 \ 0 +f, ? 3=8 iru u A 3=8=

Uhvxow l, lv lqwxlwlyho| sodxvleoh vlqfh � li fkdqjlqj wkh ghvljq lv frvwohvv �

wkh pdunhw ohdghu*v vwudwhj| lv vlpso| dozd|v wr pd{lpl}h wkh glvwdqfh ehwzhhq

[ dqg \> zklfk ohdgv wr fkdwwhulqj durxqg 4@51 Lw lv fohdu wkdw \ 0 @ 3=8 lpsolhv

wkdw wkh f|foh ohqjwk htxdov }hur1 Khqfh/ wkh sursrvlwlrq lpsolhv wkdw

olpB�C 0 W +f, @ 3 iru u � 3=8>

olpB�C 0 W +f, A 3 iru u A 3=8=

Iljxuh 5 looxvwudwhv uhvxow ll, iru u @ 3=:> zkhuh olp B�C 0 \ 0 +f, @ 3=386= Dssdu0

hqwo|/ iru yhu| odujh glvfrxqw udwhv/ lpphgldwh vzlwfklqj lv qrw rswlpdo hyhq

zkhq wkh frvw ri ghvljq fkdqjh lv doprvw }hur1

Wkh iroorzlqj uhvxow jlyhv dq xsshu erxqg rq wkh ghvljq fkdqjh frvw deryh

zklfk lw lv qrw rswlpdo wr kdyh d vroxwlrq vwuxfwxuh dv ghslfwhg lq Iljxuh 41

Sursrvlwlrq 43 H{dfwo| iru

f A
4

5 +u . 5,
+;,

\ 0 grhv qrw h{lvw dqg iru f @
84-; 27< 47= lw krogv wkdw \ 0 @ 3=

Surri1 E| ohwwlqj \ 0 $ 3 lq +:,/ zh rewdlq wkdw f @
84-; 2�< 47= dqg wkdw d qrq0

qhjdwlyh ydoxh iru \ 0 grhv qrw h{lvw iru f A
84-; 2�< 47= =
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Iru f �
84-; 27< 4
= fkdqjlqj wkh ghvljq lv vr h{shqvlyh wkdw wkh vdph ghvljq lv

nhsw iruhyhu zkhq wkh ghflvlrq pdnhu �qgv lwvhoi dw rqh ri wkh erxqgdulhv ri wkh

surgxfw vsdfh +[ @ 3 ru [ @ 4,= Rqh vlpso| vwd|v wkhuh zkloh wkh lplwdwru*v

surgxfw ehfrphv pruh dqg pruh vlplodu1

Lq wkh h{dpsoh zlwk u @ 3=:/ u @ 3=8/ u @ 3=4> dqg u @ 3=34> wkh pd{lpxp

ydoxh ri f iru zklfk shulrglf ghvljq fkdqjh lv rswlpdo lv f @ 3=4;85> f @ 3=5>

f @ 3=56;4/ dqg f @ 3=57;;> uhvshfwlyho|= Li wkh glvfrxqw udwh lv odujh wkh ghflvlrq

pdnhu lv uhoxfwdqw wr lqfxu lpphgldwh frvwv1 Wkhuhiruh/ wkh xsshu erxqg rq f

jrhv grzq dv u lqfuhdvhv1

Sursrvlwlrq 43 grhv qrw lpso| wkdw ghvljqv zloo qhyhu eh fkdqjhg li f A

84-; 2�< 47= = Li lqlwldoo| wkh pdunhw ohdghu*v surgxfw lv lq wkh lqwhulru ri wkh surgxfw

vsdfh +3 ? [ ? 4,> dq lqlwldo ghvljq fkdqjh wr rqh ri wkh erxqgdulhv pd| vwloo

eh rswlpdo1 Wklv srvvlelolw| zloo eh h{soruhg lq Vhfwlrq 91

815 Vnled Fxuyh

Wklv vxevhfwlrq �qgv d fxuyh lq wkh +[> \ , �sodqh rq zklfk wkh idvklrq wuhqg0

vhwwhu lv lqgl�huhqw ehwzhhq fkrrvlqj wkh ghvljq [ @ 3 ru [ @ 4= E| gh�qlwlrq

wkh rxwvlgh srlqwv ri wklv fxuyh duh +3> \ 0 , dqg +4> 4 � \ 0 , = Lw lv dovr fohdu wkdw

+4@5> 4@5, pxvw eh sduw ri wkh Vnled fxuyh1

Wr �qg dq dqdo|wlfdo h{suhvvlrq iru wkh zkroh fxuyh zh frqvlghu dq duelwudu|

srlqw
�

�[> �\
�

> zlwk \ 0 ? �\ ? 4 � \ 0 = Wkhq zh hydoxdwh wkh remhfwlyh ydoxhv iru

dq lpphgldwh xszdug mxps wr 4 dqg dq lpphgldwh grzqzdug mxps wr 31 Wkrvh

srlqwv
�

�[> �\
�

> iru zklfk erwk ydoxhv duh htxdo/ ehorqj wr wkh Vnled fxuyh1
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Iluvw zh frqvlghu dq lpphgldwh xszdug mxps iurp �[ wr 4= Rq wkh lqlwldo wlph

lqwhuydo/ vd| 3 ? w ? �w/ \ lqfuhdvhv iurp �\ wr 4 � \ 0 = Wkhq/ iurp wkdw prphqw

rq/ wkh vroxwlrq vwuxfwxuh ghslfwhg lq Iljxuh 4 dssolhv/ wkh remhfwlyh ydoxh ri

zklfk lv jlyhq e| Y +vhh +9,,1 Wklv lpsolhv wkdw wkh ydoxh ri wkh remhfwlyh/

Y I�J �

�[> �\
�

> fruuhvsrqglqj wr �mxpslqj xszdug� lv

Y I�J �

�[> �\
�

@ �f
�

4 � �[
�

.

] K3
0 h 1 2�3 �

4

5
+4 � \ ,

4 �

gw � h 1 2 K3
f . h 1 2 K3

Y

zklfk fdq eh uhzulwwhq dv

Y I�J �

�[> �\
�

@ �f
�

4 � �[
�

.

�

\ 0
4 � �\

�
2

+Y � f,.
4

5
+4� �\ ,

4 4 �
� DEF

8 1 KD
�
2�< 4

u . 5
= +<,

Dqdorjrxvo|/

Y
67L%MN> �

�[> �\
�

@ �f �[ .

�

\ 0
�\

�
2

+Y � f, .
4

5
�\
4 4 �

� D�FKD �

27< 4

u . 5
= +43,

Wr rewdlq wkh Vnled fxuyh/ zh htxdwh wkh remhfwlyh ydoxhv ri mxpslqj xszdugv

dqg grzqzdug1 Wkh dsshqgl{ vkrzv wklv jlyhv=

�[ @ �
4

7 +u . 5, f

%

+4 � �\ ,
4 #

4 �

�

\ 0
4 � �\

�
2�< 4 $

� �\
4 #

4 �

�

\ 0
�\

�
2�< 4 $&

+44,

.
4

5

��

4
�\

�
2

�

�

4

4 � �\

�
2
�

\
20

+4 � \ 0 ,
2

� \
20

�

+4 � \ 0 ,
2�< 4

� \
2�< 40

5 +u . 5, f
� +4 � \ 0 ,

2 �

.
4

5
=

Wklv lv wkh Vnled fxuyh1 Dowkrxjk wkhuh lv qr h{solflw h{suhvvlrq iru \ 0 > lw lv

lpsolflwo| jlyhq e| +:,1 Iru wkh sdudphwhu ydoxhv u @ 3=4 dqg f @ 3=4> wkh
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Vnled fxuyh lv ghslfwhg lq Iljxuh 61
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Iljxuh 6= Vnled fxuyh iru u @ 3=4 dqg f @ 3=4=

9 Vroxwlrq vwuxfwxuh iru odujh xqlw frvw

Iurp Sursrvlwlrq 43 wkh f|folfdo vroxwlrq vwuxfwxuh ri Iljxuh 4 fdqqrw eh rswlpdo

zkhq wkh frvw ri fkdqjlqj wkh ghvljq lv odujh/ l1h1 zkhq f A
84-; 27< 47= 1 Wklv lpsolhv

wkdw wkhq lw fdq qhyhu eh rswlpdo wr fkdqjh wkh ghvljq lq vxfk d zd| wkdw [

mxpsv iurp d ohyho orzhu wkdq \ wr d ohyho wkdw lv kljkhu wkdq \> ru ylfh yhuvd1

Diwhu h{foxglqj vxfk ghvljq fkdqjhv/ wkuhh fdqglgdwh srolflhv duh ohiw/ qdpho|=

� vwduwlqj iurp d vlwxdwlrq zkhuh �[ A �\ > mxps xs wr �[ @ 4 exw pdnh qr

vxevhtxhqw ghvljq fkdqjhv lq wkh ixwxuh1 Wkh ydoxh ri wkh remhfwlyh wkdw
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uhvxowv iurp wklv srolf| lv

Y
8 I�J �

�[> �\
�

@ �f
�

4 � �[
�

.
4

5
+4 � �\ ,

4 4

u . 5
=

� vwduwlqj zlwk �[ ? �\ / mxps grzq wr �[ @ 3 exw pdnh qr vxevhtxhqw ghvljq

fkdqjhv lq wkh ixwxuh1 Wkhq wkh ydoxh ri wkh remhfwlyh lv

Y
8 67L%MN> �

�[> �\
�

@ �f �[ .
4

5
�\
4 4

u . 5
=

� vwd| dw �[> zklfk jlyhv

Y O 3QP
R �

�[> �\
�

@
4

5

�

�\ � �[
�

4 4

u . 5
=

Wkh idvklrq wuhqg0vhwwhu lv lqgl�huhqw ehwzhhq pdnlqj rqo| dq lqlwldo gh0

vljq fkdqjh ohdglqj wr dq xszdug mxps ri [ dqg pdnlqj qr fkdqjh dw

doo/ zkhq Y
8 I-J �

�[> �\
�

htxdov Y O 3QP
R �

�[> �\
�

= Wklv ohdgv wr wkh iroorzlqj

Vnled0fxuyh=

�\ @
4

5
�[ �

�

f +u . 5, �
4

5

�

=

Wklv lv dq xszdug vorslqj olqh/ zklfk olhv ehorz wkh 78
0
olqh/ ehfdxvh wkh

srolf| zlwk wkh lqlwldo xszdug mxps fdq rqo| rffxu li �[ A �\ 1 Wkh Vnled

fxuyh rqo| rffxuv lq wkh uhohydqw uhjlrq li �[ ? 4 iru �\ @ 3> zklfk ohdgv

wr wkh frqfoxvlrq wkdw wklv Vnled fxuyh rqo| h{lvwv lq fdvh f ?
827< 4 =
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Ehlqj lqgl�huhqw ehwzhhq dq lqlwldo grzqzdug mxps ru uhiudlqlqj iurp dq|

ghvljq fkdqjh/ wkxv htxdwlqj Y
8 6
L%M(> �

�[> �\
�

dqg Y O 3QP
R �

�[> �\
�

> jlyhv wkh iroorz0

lqj Vnled0fxuyh=

�\ @
4

5
�[ . f +u . 5, =

Wklv lv dq xszdug vorslqj olqh deryh wkh 78
0
olqh1 Wklv fxuyh lv rqo| uhohydqw li

\ ? 4 iru [ @ 3> zklfk djdlq jlyhv f ?
827< 4 1

Wkh uhvxowv duh vxppdul}hg lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 44 +d, Frqvlghu wkh f0uhjlrq
84-; 2�< 47= ? f ?

827< 4 = Wkhq wkh rswlpdo

srolf| lv

� �[ ? 5 �\ � 5f +u . 5, = pdnh dq lqlwldo ghvljq fkdqjh wr [ @ 31 Wkhq

uhiudlq iurp grlqj dq| fkdqjhv diwhuzdugv1

� 5 �\ � 5f +u . 5, ? �[ ? 5 �\ . 5f +u . 5, � 4 = pdnh qr ghvljq fkdqjhv1

� �[ A 5 �\ . 5f +u . 5, � 4 = pdnh dq lqlwldo ghvljq fkdqjh wr [ @ 41

Diwhuzdugv pdnh qr ghvljq fkdqjhv1

+e, Frqvlghu wkh f0uhjlrq f A
827< 4 = Wkhq wkh rswlpdo srolf| lv wr pdnh qr

ghvljq fkdqjhv dw doo1

Wkh qh{w �jxuh looxvwudwhv fdvh +d,1 Diwhu fkrrvlqj u @ 3=4 zh pxvw kdyh

3=56;4 ? f ? 3=7:95 wr eh lq wkh uhohydqw sdudphwhu uhjlrq1 Wkh �jxuh lv gudzq

iru f @ 3=6=
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Iljxuh 7= Vnled fxuyhv iru u @ 3=4 dqg f @ 3=61

: Lqwhuphgldwh f

Lq wkh kdluolqh fdvh zkhuh f @
84-; 27< 47= > lw krogv wkdw \ 0 @ 3> dqg wkh Vnled fxuyh

+44,/ wkdw vhsdudwhv wkh wzr srolflhv ri lqlwldoo| mxpslqj xs ru grzq iroorzhg e|

shulrglf ghvljq fkdqjhv dv ghslfwhg lq Iljxuh 4/ ehfrphv �[ @ �\ = Wklv kdluolqh

fdvh lv suhvhqwhg lq Iljxuh 81

Qrwh wkdw wkh Vnled fxuyh �[ @ �\ > ghqrwhg e| +44,/ lv qrw uhdoo| uhohydqw

vlqfh khuh wkh xqlw frvw lv wrr odujh iru shulrglf ghvljq fkdqjhv wr eh rswlpdo1

Lqvwhdg/ wkh idvklrq ohdghu uhiudlqv iurp grlqj dq| ghvljq fkdqjhv zkhq [ @ \=

Wklv udlvhv wkh txhvwlrq zkhwkhu iru ydoxhv ri wkh xqlw frvw f d olwwoh elw

ehorz
84E; 27< 47= +lpso|lqj wkdw \ 0 lv forvh wr }hur, pdnlqj qr fkdqjhv dw doo frxog

eh ehwwhu wkdq mxpslqj wr wkh f|foh iru vrph lqlwldo ydoxhv ri �[ dqg �\ 1 Diwhu
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Iljxuh 8= Kdluolqh fdvh f @
84-; 2�< 47= iru u @ 3=4=

doo/ lq Vhfwlrq 6 zh rqo| frpsduhg wkh remhfwlyh ydoxhv uhvxowlqj iurp shulrglf

ghvljq fkdqjhv diwhu lqlwldo xszdug dqg grzqzdug mxpsv/ zlwkrxw fkhfnlqj wkhlu

devroxwh ydoxhv1 Lq fdvh wkhvh remhfwlyh ydoxhv duh qhjdwlyh/ wkhq d srolf| ri

pdnlqj qr ghvljq fkdqjhv dw doo zrxog eh suhihudeoh1

Wkh srlqw zkhuh lw lv ohdvw dwwudfwlyh wr mxps wr wkh f|foh lv +4@5> 4@5, = Wklv

lpsolhv wkdw li d srolf| ri pdnlqj qr qhz ghvljqv zrxog eh rswlpdo dq|zkhuh/

lw zrxog fhuwdlqo| eh rswlpdo iru �[ @ 3=8 dqg �\ @ 3=8= Lq Iljxuh 9 zh sorw

wkh gl�huhqfh lq wkh remhfwlyh ydoxhv iru mxpslqj wr wkh f|foh dqg vwd|lqj=

Y I�J � Y O 3)P
R > zkhuh \ 0 @ 3=341 Wklv �jxuh vkrzv wkdw lqghhg iru wklv \ 0 vwd|lqj

dw �[ @ �\ @ 3=8 lv rswlpdo iru dq lqwhuydo wkdw lqfoxghv u0ydoxhv ehwzhhq 3=5

dqg 3=7> zkloh wklv grhv qrw rffxu iru u @ 3=4= Wkh wklq olqh suryhv wkdw wkh

5:
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Iljxuh 9= Gl�huhqfh lq remhfwlyh ydoxhv iru mxpslqj wr wkh f|foh dqg vwd|lqj/
zkhq [ @ \ @ 3=8 dqg \ 0 @ 3=4=

sdudphwhuv duh vwloo lq wkh uhohydqw uhjlrq/ l1h1/
84-; 2�< 47= � f A 3=

Wr ghwhuplqh wkh vl}h ri wkh uhjlrq zkhuh pdnlqj qr ghvljq fkdqjhv lv rs0

wlpdo zh ghwhuplqh wzr rwkhu Vnled fxuyhv1 Wkh �uvw lqfoxghv wkrvh srlqwv

zkhuh mxpslqj xs iroorzhg e| shulrglf ghvljq fkdqjhv jlyhv wkh vdph remhfwlyh

ydoxh dv pdnlqj qr fkdqjhv1 Wkh vhfrqg lv lwv pluuru lpdjh1 Iljxuh : jlyhv d

qxphulfdo h{dpsoh lq zklfk wkhvh fxuyhv rffxu1

Lq Iljxuh : wzr rwkhu uhjlrqv rffxu/ zkhuh lw lv lq idfw rswlpdo wr kdyh dq

lqlwldo shulrg ri pdnlqj qr ghvljq fkdqjh iroorzhg e| d mxps wr wkh f|foh1 Khuh

wkh lghd lv wkdw zkhq wkh �uvw mxps lv xszdug +grzqzdug, lw lv rqo| rswlpdo wr

pdnh wklv ghvljq fkdqjh diwhu wkh lplwdwru kdv pryhg lq wkh grzqzdug +xszdug,

gluhfwlrq1 Rqo| wkhq grhv mxpslqj fuhdwh d odujh hqrxjk gl�huhqfh ehwzhhq wkh

wzr ghvljqv iru wkh wuhqg0vhwwhu wr pdnh hqrxjk sur�wv wr r�vhw wkh frvw ri

5;
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Iljxuh := Hljkw Vnled fxuyhv iru wkh fdvh wkdw \ 0 @ 3=34> u @ 3=5/ dqg f @ 3=4;<1

mxpslqj1 Zlwklq wkh uhjlrq �zdlw0xs� +�zdlw0grzq�, wkh xszdug +grzqzdug,

pryhphqw wdnhv sodfh dw wkh prphqw wkdw \ uhdfkhv wkh orzhu +xsshu, erxqgdu|

ri wklv uhjlrq1 Dsshqgl{ E surylghv ghwdlov rq wkh frpsxwdwlrq ri wkhvh Vnled

fxuyhv1

; Frqfoxvlrqv

Idvklrqv fkdqjh dqg hyhq f|foh1 D ydulhw| ri prghov kdyh ehhq dgydqfhg wr

h{sodlq wklv1 Prvw kdyh irfxvhg rq frqvxphuv* wdvwhv dqg ehkdylru1 Shvhqgru0

ihu +4<<8, lqwurgxfhg shukdsv wkh ehvw0nqrzq prgho wkdw h{solflwo| frqvlghuv

rswlpdo g|qdplf vwudwhjlhv iru vxssolhuv ri idvklrq jrrgv1 Lw irfxvhv rq wkh

prqrsro| fdvh1 Krzhyhu/ lw lv qrw dozd|v hdv| wr surwhfw lqwhoohfwxdo surshuw|

5<



fodlpv frqfhuqlqj idvklrq +dv rssrvhg wr whfkqlfdo, lqqrydwlrqv/ vr frpshwlwlrq

lv wkh qrup1 Lqghhg/ wzr edvlf hohphqwv ri wkh idvklrq lqgxvwu| duh frqvwdqw

lqqrydwlrq e| kljk0hqg ghvljqhu odehov dqg orz0frvw %nqrfn0r�% eudqgv vwulylqj

wr r�hu surgxfwv wkdw orrn olnh wkrvh ri wkh wuhqg0vhwwhuv1

Khuh zh lqwurgxfh d prgho zkrvh vroxwlrq ghvfulehv krz d kljk0hqg wuhqg0

vhwwhu rxjkw wr uhvsrqg wr frpshwlwlrq iurp rqh ru pruh orz0frvw lplwdwruv

zkhq frqvxphuv ydoxh rqh ghvljq ryhu dqrwkhu rqo| wr wkh h{whqw wkdw lw lv

glvwlqjxlvkdeoh iurp wkh orz0frvw surgxfwv1 Wkdw lv/ frqvxphuv kdyh qr lqwulqvlf

suhihuhqfh iru rqh ghvljq ryhu dqrwkhu1

Wkh rswlpdo vwudwhj| ghshqgv rq wkh sdudphwhu ydoxhv dqg/ lq pdq| fdvhv/

wkhuh lv vwdwh0ghshqghqf|1 Zkhq wkh frvwv ri lqqrydwlrq duh orz hqrxjk/ wkh

wuhqg0vhwwhu vkrxog lqqrydwh lqgh�qlwho| hyhq wkrxjk wkh surgxfw vsdfh lv erxqghg1

L1h1/ lw lv rswlpdo wr fuhdwh idvklrq f|fohv1 Ehfdxvh qhlwkhu vlgh ri surgxfw vsdfh

lv lqwulqvlfdoo| ehwwhu ru zruvh wkdq wkh rwkhu/ wkh rswlpdo lqlwldo gluhfwlrq ri

lqqrydwlrq ghshqgv rq wkh lqqrydwru dqg lplwdwru*v lqlwldo srvlwlrqv lq surgxfw

vsdfh1 Lq sduwlfxodu/ d wzr0glphqvlrqdo Vnled fxuyh vhsdudwhv uhjlrqv lq vwdwh

vsdfh zlwklq zklfk lw lv rswlpdo iru wkh lqqrydwru wr ehjlq e| prylqj %ohiw% ru

%uljkw% lq surgxfw vsdfh1

Qrw vxusulvlqjo|/ zkhq wkh frvwv ri lqqrydwlrq duh kljk hqrxjk/ wkh rswlpdo

vwudwhj| lqyroyhv qr lqqrydwlrq1 Wkh wuhqg0vhwwhu vlpso| plonv wkh sur�wv dydlo0

deoh ehfdxvh ri lwv lqlwldo surgxfw gl�huhqwldwlrq/ exw lv hyhqwxdoo| ryhuwdnhq e|

lplwdwruv zkr e| yluwxh ri wkhlu orzhu frvw vwuxfwxuh wdnh ryhu wkh hqwluh pdunhw1

Vrphwlphv lw lv rswlpdo iru wkh wuhqg0vhwwhu wr h{whqg wklv wudqvlhqw ohdghuvkls
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zlwk d vlqjoh lqqrydwlrq1

Iru lqwhuphgldwh frvwv wkhuh duh lqlwldo srvlwlrqv vxfk wkdw wkh lqqrydwru lv

lqgl�huhqw ehwzhhq hpedunlqj rq d orqj0whup vwudwhj| ri lqqrydwlqj lqgh�qlwho|

dqg rqh ri wkhvh dowhuqdwh vwudwhjlhv1 Djdlq/ wkh froohfwlrq ri wkhvh lqgl�huhqfh

srlqwv frqvwlwxwh Vnled fxuyhv1 Lqghhg/ wkhuh duh sodfhv lq vwdwh vsdfh zkhuh

vhyhudo gl�huhqw Vnled fxuyhv phhw1 Ixuwkhupruh/ lq prvw lqvwdqfhv lw lv srvvl0

eoh wr zulwh h{solflw dqdo|wlfdo h{suhvvlrqv fkdudfwhul}lqj wkhvh wzr0glphqvlrqdo

Vnled fxuyhv dqg wr h{soruh krz wkh| ghshqg rq ydulrxv prgho sdudphwhuv1

Jlyhq rxu rqh0glphqvlrqdo devwudfwlrq ri surgxfw vsdfh/ vrph dvshfwv ri

wkh rswlpdo vroxwlrq duh duwl�fldo/ vxfk dv wkh lghd wkdw idvklrq erxqfhv iruhyhu

ehwzhhq wkh vdph wzr srlqwv1 Lq uhdolw|/ wkhuh pd| eh vlpsoh f|folqj lq rqh

glphqvlrqdo surmhfwlrqv ri d kljkhu glphqvlrqdo surgxfw vsdfh +h1j1/ d froru fdq

eh lq/ wkhq rxw ri idvklrq/ wkhq edfn lq djdlq,/ wkh wuxh surgxfw vsdfh lv ri pxfk

kljkhu0glphqvlrq1 Wudqvodwlqj wkh lqvljkwv ri rxu vw|ol}hg prgho lqwr d ulfkhu

lpdjh ri wkh ydulhw| srvvleoh lq idvklrq jrrgv/ zh zrxog rewdlq wkh iroorzlqj

suhglfwlrq1 Wkh idvklrq ohdghu vkrxog pdnh erog pryhv +htxlydohqw wr mxpslqj

iurp rqh erxqgdu| wr dqrwkhu, lq gluhfwlrqv wkdw pd{lpdoo| gl�huhqwldwh lw

iurp wkh iroorzhuv/ zkloh vwloo uhpdlqlqj zlwklq wkh uhdop ri zkdw lv %ihdvleoh%

lq fxvwrphuv* plqgv1 Wkdw lv lq idfw qrw d edg fkdudfwhul}dwlrq ri zkdw lv grqh

dw idvklrq vkrzv1
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< Dsshqgl{ D= Ghulydwlrq ri wkh Vnled Fxuyh ri

Vhfwlrq 6

Iurp +<, dqg +43, lw lv rewdlqhg wkdw htxdwlqj wkh remhfwlyh ydoxhv ri mxpslqj

xszdugv dqg grzqzdug jlyhv=
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zklfk lv wkh Vnled fxuyh jlyhq e| h{suhvvlrq +44,1 THG

43 Dsshqgl{ E= Whfkqlfdo Ghwdlov ri Vhfwlrq 8

Zh qrz glvfxvv vrph whfkqlfdo ghwdlov wkdw uhodwh wr Iljxuh :1 Ljqrulqj iru wkh

prphqw wkh uhjlrqv �zdlw0xs� dqg �zdlw0grzq�/ zh duulyh dw Iljxuh ;1

Qrwh wkdw dw srlqw D wkh fxuyh Y O 3QP
R @ Y I�J furvvhv wkh 78 V olqh [ @ \=

Wklv phdqv wkdw wr wkh ohiw ri srlqw D/ wkh fxuyh Y O 3QP
R @ Y I�J lv qrw uhohydqw

dq|pruh1 Frqvlghu h1j1 srlqw E1 Khuh Y O 3QP
R @ Y I�J exw erwk srolflhv �vwd|
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Iljxuh ;= Iljxuh : zlwkrxw uhjlrqv �zdlw0xs� dqg �zdlw0grzq�1

iruhyhu� dqg �mxps xs dqg iroorz f|foh� duh qrw rswlpdo dq|pruh1 Wkh uhdvrq

lv wkdw iurp E rqzdugv/ vwd|lqj dw wkh fxuuhqw ydoxh ri [ rqh lpphgldwho| hqwhuv

wkh uhjlrq zkhuh �mxpslqj xs� lv ehwwhu wkdq �vwd|lqj�1 Wklv lpsolhv wkdw d

mxps wdnlqj sodfh dw dq| srlqw lq wlph diwhu ohdylqj E lv ehwwhu wkdq vwd|lqj

iruhyhu ru mxpslqj lpphgldwho|1 Wklv phdqv wkdw wr wkh ohiw ri D dqg durxqg

wkh �qdlyh wulsoh srlqw� W dqrwkhu srolf| kdv wr eh frqvlghuhg/ qdpho| �zdlw

xqwlo \ kdv uhdfkhg �\ dqg wkhq mxps xs�1 Wkh ydoxh ri wklv srolf| lv
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zkhuh �w lv jlyhq e| wkh wlph wkdw \ uhdfkhv �\ / l1h1/

�w @ oq

�

\ O 3QP
2�3 � [
�\ � [

�

+46,

Vlqfh \ @ [ � +[ � \ O 3QP
2%3 , h
U 3

> wkh lqwhjudo lq +45, htxdov

Y3
]

0
h
U 2�3 4

5
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4
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+[ � \ O 3QP
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5 +u . 5,
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dqg +45, ehfrphv

Y
MNP
WX3 U I�J @

+[ � \ O 3QP
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8
=

+47,

Vlqfh wkh whup lq eudfnhwv +ghshqglqj rq �\ , grhv qrw ghshqg rq \ O 3QP
2�3 / wkh

pd{lpl}dwlrq ri Y
M�P
W 3 U I-J z1u1w1 �\ grhv qrw ghshqg rq \ O 3)P
2%3 1 Fohduo| wklv ydoxh

�\ zloo eh ehorz wkh D0E0W olqh lq Iljxuh ;1 Dw srlqw W/ l1h1/ iru \ @ 3=5:764

dqg [ @ 3=575 4: lq Iljxuh ; zh qxphulfdoo| rewdlq �\ @ 3=57:8 zklfk phdqv

wkdw �\ lv forvhu wr wkh 78 V olqh wkdq wr W1

Lw vkrxog eh qrwhg wkdw wkh gl�huhqfh Y
M�P
W 3 U I�J �Y I-J A 3 fdq eh lqwhusuhwhg

dv wkh rswlrq ydoxh ri zdlwlqj1

Uhihuhqfhv

^4` Dvvrfldwhg Suhvv +5336,1 Qr1 55 Lv Qr1 4= Dehufurpelh Vxhv Ulydo Dphulfdq

Hdjoh1 Dxjxvw 58wk1
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^5` Edjzhoo/ O1V1/ Ehuqkhlp/ E1G1 +4<<9,1 Yheohq H�hfwv lq d Wkhru| ri Frq0

vslfxrxv Frqvxpswlrq1 Wkh Dphulfdq Hfrqrplf Uhylhz/ ;9+6,=67<06:61

^6` Eduqhww/ Z1 S1/ Iuhhpdq/M1 +5334,1 Wrr Pxfk ri d Jrrg WklqjB Surgxfw

Surolihudwlrq dqg Rujdql}dwlrqdo Idloxuh1 Rujdql}dwlrq Vflhqfh/ 45+8,/ 86<0

88;1

^7` Eldqfkl/ P1 +5335,1 Qryhow|/ Suhihuhqfhv/ dqg Idvklrq= Zkhq Jrrgv duh

Xqvhwwolqj1 Mrxuqdo ri Hfrqrplf Ehkdylru ) Rujdql}dwlrq1 7:+4,=404;1

^8` Elnkfkdqgdql/ V1/ Kluvkohlihu/ G1/ Zhofk/ L1 +4<<5,1 D Wkhru| ri Idgv/ Idvk0

lrq/ Fxvwrp/ dqg Fxowxudo0Fkdqjh dv Lqirupdwlrq Fdvfdghv1 Mrxuqdo ri

Srolwlfdo Hfrqrp|1 433+8,= <<5043591

^9` Eurfn/ Z1D1/ Krpphv/ F1K1 +4<<:,1 D Udwlrqdo Urxwh wr Udqgrpqhvv1

Hfrqrphwulfd1 98+8,=438<043<81

^:` Fdwdorj Djh +5335,1 Frxuw Glvplvvhv D)I Vxlw1 Iheuxdu| 4<wk

+kwws=22fdwdorjdjhpdj1frp2du2pdunhwlqjbfrxuwbglvplvvhvbdi2lqgh{1kwp,

^;` Frhokr/ S1U1S1/ PfFoxuh/ M1H1 +4<<6,1 Wrzdug dq Hfrqrplf Wkhru| ri Idvk0

lrq1 Hfrqrplf Lqtxlu|1 64+7,=8<8093;1

^<` Frqolvn/ M1 +4<;3,1 Frvwo| Rswlpl}huv Yhuvxv Fkhds Lplwdwruv1 Mrxuqdo ri

Hfrqrplf Ehkdylru dqg Rujdql}dwlrq1 4=5:805<61

^43` Fruqhr/ J1/ Mhdqqh/R1 +4<<<,1 Vhjphqwhg Frppxqlfdwlrq dqg Idvklrqdeoh

Ehkdylru1 Mrxuqdo ri Hfrqrplf Ehkdylru ) Rujdql}dwlrq1 6<+7,=6:406;81
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^44` Ghjudhyh/ ]1/ Ydqgheurhn/ P1 +4<<;,1 DPl{hg Lqwhjhu SurjudpplqjPrgho

iru Vroylqj d Od|rxw Sureohp lq wkh Idvklrq Lqgxvwu|1 Pdqdjhphqw Vflhqfh1

77+6,= 63406431

^45` Ghlvvhqehuj/ F1/ Ihlfkwlqjhu/ J1/ Vhppohu/ Z1/ Zluo/ I1 +5337,= Pxowlsoh

Htxloleuld/ Klvwru| Ghshqghqfh/ dqg Joredo G|qdplfv lq Lqwhuwhpsrudo

Rswlplvdwlrq Prghov1 Lq= Z1D1 Eduqhww/ F1 Ghlvvhqehuj/ J1 Ihlfkwlqjhu/

Hfrqrplf Frpsoh{lw|= Qrq0olqhdu G|qdplfv/ Pxowl0Djhqwv Hfrqrplhv/

dqg Ohduqlqj1 Hovhylhu/ Dpvwhugdp/ <404551

^46` Grqrkxh/ N1O1 +5333,1 H!flhqw Vxsso| Frqwudfwv iru Idvklrq Jrrgv zlwk

Iruhfdvw Xsgdwlqj dqg Wzr Surgxfwlrq Prghv1 Pdqdjhphqw Vflhqfh1

79+44,=46<:047441

^47` Ilvkhu/ P1/ Udmdudp/ N1 +5333,1 Dffxudwh Uhwdlo Whvwlqj ri Idvklrq Phu0

fkdqglvh= Phwkrgrorj| dqg Dssolfdwlrq1 Pdqxidfwxulqj ) Vhuylfh Rshud0

wlrqv Pdqdjhphqw1 6+6,=56305741

^48` Ilvkhu/ P1/ Udmdudp/ N1/ Udpdq/ D1 +5334,1 Rswlpl}lqj Lqyhqwru| Uhsohq0

lvkphqw ri Uhwdlo Idvklrq Surgxfwv1 Pdunhwlqj Vflhqfh1 4<+6,=59905:;1

^49` Iulmwhuv/ S1 +4<<;,1 D Prgho ri Idvklrq dqg Vwdwxv1 Hfrqrplf Prgholqj/

48+7,= 834084:1

^4:` Jodgzhoo/ P1 +4<<:,1 Wkh Frrokxqw1 Wkh Qhz \runhu1 Pdufk 4:wk1

^4;` Mdlq/ Q1/ Dqdqg/ S1 +5334,1 D Jhqhudol}hg Prgho ri Rshudwlrqv Uhyhuvdo

iru Idvklrq Jrrgv1 Pdqdjhphqw Vflhqfh1 7:+7,=8<809331
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^4<` Kdxqvfkplhg/ M1O1/ Nruw/ S1 P1/ Kduwo/ U1I1/ Ihlfkwlqjhu/ J1 +5336,1D GQV0

fxuyh lq d Wzr0Vwdwh Fdslwdo Dffxpxodwlrq Prgho= d Qxphulfdo Dqdo|vlv1

Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 5:= :340:491

^53` Krpphv/ F K1 +5339,1 Khwhurjhqhrxv Djhqw Prghov lq Hfrqrplfv dqg

Ilqdqfh1 Lq= O1 Whvidwvlrq/ N1O1 Mxgg/ Kdqgerrn ri Frpsxwdwlrqdo Hfr0

qrplfv/ Yroxph 5= Djhqw0Edvhg Frpsxwdwlrqdo Hfrqrplfv/ Hovhylhu/ Dp0

vwhugdp1

^54` Pdqwudod/ P1 N1/ Udr/ V1 +5334,1 D Ghflvlrq0Vxssruw V|vwhp wkdw Khosv

Uhwdlohuv Ghflgh Rughu Txdqwlwlhv dqg Pdungrzqv iru Idvklrq Jrrgv1 Lq0

whuidfhv1 64+5,=V4790V4981

^55` Pdwvx|dpd/ N1 +4<<5,1 Fxvwrp Yhuvxv Idvklrq= Sdwk Ghshqghqfh dqg

Olplw F|fohv lq d Udqgrp Pdwfklqj Jdph1 Zrunlqj Sdshu Qr1 H0<5044/

Krryhu Lqvwlwxwlrq/ Vwdqirug Xqlyhuvlw|1

^56` Ploqhu/ M1P1/ Nrxyholv/ S1 +5335,1 Rq wkh Frpsohphqwdu| Ydoxh ri Dffx0

udwh Ghpdqg Lqirupdwlrq dqg Surgxfwlrq dqg Vxssolhu Ioh{lelolw|1 Pdqx0

idfwxulqj ) Vhuylfh Rshudwlrqv Pdqdjhphqw1 7+5,=<<04461

^57` Sdvwlqh/ L1/ Sdvwlqh/ W1 +5335,1 Frqvxpswlrq H{whuqdolwlhv/ Frruglqdwlrq/

dqg Dgyhuwlvlqj1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz1 76+6,= <4<0<761

^58` Sdxovrq/ J1/ Ndwk|/ D1/ Vorwqlfn/ V1D1/ Vreho/ P1M1 +5335,1 Qhz Surgxfw Lq0

qrydwlrq zlwk Pxowlsoh Ihdwxuhv dqg Whfkqrorj| Frqvwudlqwv1 Pdqdjhphqw

Vflhqfh/ 7;+43,=459;045;71
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^59` Shvhqgruihu/ Z1 +4<<8,1 Ghvljq Lqqrydwlrq dqg Idvklrq F|fohv1 Dphulfdq

Hfrqrplf Uhylhz1 ;8+7,= ::40:<51

^5:` Vfkzhl}hu/ W1V1 +5336,1 Pdqdjlqj Lqwhudfwlrqv Ehwzhhq Whfkqrorjlfdo dqg

Vw|olvwlf Lqqrydwlrq lq wkh Phgld Lqgxvwulhv1 Whfkqrorj| Dqdo|vlv ) Vwudwh0

jlf Pdqdjhphqw/ 48+4,=4<0741

^5;` Vhlolqj/ G1 +4<<;,1 Glg Dphulfdq Hdjoh Ilofk iurp Dehufurpelh ) IlwfkB

Slwwvexujk Exvlqhvv Wlphv/ Mxo| 46wk1

^5<` Vhwkl/ U1/ Iudqnh/ U1 +4<<8,1 Ehkdylrudo Khwhurjhqhlw| Xqghu Hyroxwlrqdu|

Suhvvxuh 0 Pdfurhfrqrplf Lpsolfdwlrqv ri Frvwo| Rswlpl}dwlrq1 Hfrqrplf

Mrxuqdo1 438+763,=8;609331

^63` Vnled/ D1N1+4<:;,1 Rswlpdo Jurzwk zlwk d Frqyh{0Frqfdyh Surgxfwlrq

Ixqfwlrq1 Hfrqrphwulfd/ 79= 85:08731

^64` Vzdqq/ J1P1S1 +5334, Wkh Ghpdqg iru Glvwlqfwlrq dqg wkh Hyroxwlrq ri

wkh Suhvwljh Fdu1 Mrxuqdo ri Hyroxwlrqdu| Hfrqrplfv1 44+4,=8<0:81

^65` Zdjhqhu/ I1R1R1 +5338d,1 Vnled Srlqwv iru Vpdoo Glvfrxqw Udwhv1 Mrxuqdo

ri Rswlpl}dwlrq Wkhru| dqg Dssolfdwlrqv/ iruwkfrplqj1

^66` Zdjhqhu/ I1R1R1 +5338e,1 Vwuxfwxudo Dqdo|vlv ri Rswlpdo Lqyhvwphqw iru

Ilupv zlwk Qrq0Frqfdyh Uhyhqxh1 Mrxuqdo ri Hfrqrplf Ehkdylru dqg Ru0

jdql}dwlrq1 8:=7=7:707;<1

^67` ]kdr/ Z1/ ]khqj/ \0V1 +5333,1 Rswlpdo G|qdplf Sulflqj iru Shulvkdeoh

Dvvhwv zlwk Qrqkrprjhqrxv Ghpdqg1 Pdqdjhphqw Vflhqfh1 79+6,=6:806;;1
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