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Devwudfw

Wklv sdshu irfxvhv rq wkh h�hfwv ri uxohv ri ruljlq lq Iuhh Wudgh
Duhdv1 Zh �uvw srlqw rxw wkdw hyhq uxohv ri ruljlq zklfk duh qrw uh0
vwulfwlyh/ qdpho| wkrvh zklfk gr qrw udlvh frvwv ri surgxfwlrq/ kdyh
yhu| surqrxqfhg h�hfwv rq wudgh dqg lqyhvwphqw  rzv1 Zh wkhq orrn
dw vrph gl�huhqw zd|v ri vshfli|lqj uxohv ri ruljlq +URRv, xqghu shu0
ihfw frpshwlwlrq1 Zh frpsduh sulfh dqg frvw edvhg URRv dqg vkrz
wkdw hyhq li wkh| duh htxlydohqw lq wkh �orqj uxq�/ wkh| duh qrw htxly0
dohqw lq wkh vkruw uxq zkhuh fdsdflw| frqvwudlqwv fdq h{lvw1 Zh dovr
vkrz wkdw vrph nlqgv ri URRv fdq eh udqnhg lq whupv ri wkhlu lp0
solfdwlrqv iru surgxfhu sur�wv1 Zh dovr vkrz wkdw zhoiduh lv olnho| wr
eh qrq0prqrwrqlf lq wkh uhvwulfwlyhqhvv ri wkh URR/ vr wkdw pdnlqj
d URR pruh vwulqjhqw frxog udlvh zhoiduh1 Ilqdoo|/ zh vkrz wkdw lq
wkh suhvhqfh ri lpshuihfw frpshwlwlrq/ URRv pd| udlvh rxwsxw dqg
uhgxfh sulfhv dv wkh| ehfrph pruh vwulqjhqw1

�Zh duh lqghewhg wr Grqdog Gdylg/ Urehuw Ihhqvwud dqg Zloo Pduwlq iru khosixo frp0
phqwv/ dqg wr Mdq Khulq dqg Ehuqdug Krhnpdq zkr surylghg xvhixo lqvljkwv lq fruuhvsrq0
ghqfh rq dq hduolhu gudiw ri wklv sdshu1
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4 Lqwurgxfwlrq
Lq uhfhqw |hduv/ frqvlghudeoh surjuhvv kdv ehhq pdgh lq xqghuvwdqglqj wkh
h�hfwv ri wudgh srolf|/ hvshfldoo| zkhq pdunhwv duh lpshuihfwo| frpshwlwlyh1
Lw lv qrz zhoo xqghuvwrrg wkdw wkh vdph lqvwuxphqw pd| kdyh gl�huhqw hi0
ihfwv xqghu dowhuqdwlyh pdunhw vwuxfwxuhv1 Krzhyhu/ olwwoh dwwhqwlrq kdv ehhq
irfxvhg rq wkh uroh ri lpsohphqwdwlrq1 Wkh suhflvh pdqqhu ri lpsohphqwlqj
wudgh uhvwulfwlrqv pd| dovr dowhu lqfhqwlyhv/ uhvrxufh doorfdwlrqv dqg uhvxowv/
erwk zkhq pdunhwv duh frpshwlwlyh dqg zkhq wkh| duh qrw1 Wkh uhodwlyh odfn
ri dwwhqwlrq sdlg wr wkh ghwdlov ri lpsohphqwdwlrq kdv uhvxowhg lq wkh qhjohfw
ri d qxpehu ri lqwhuhvwlqj uhdo zruog skhqrphqd1 Zkhq wkhvh duh vwxglhg/
frqyhqwlrqdo zlvgrp rq d qxpehu ri lvvxhv lv fkdoohqjhg dqg qhhgv wr eh
uhwkrxjkw1

Lq wklv sdshu zh irfxv rq rqh vxfk duhd/ zkhuh pdunhw vwuxfwxuh dqg
sduwlfxoduv ri lpsohphqwdwlrq wxuq rxw wr eh kljko| lpsruwdqw1 Wkdw lv/ zh
irfxv rq wkh frqwudvwlqj lqfhqwlyh dqg uhvrxufh doorfdwlrq h�hfwv ri gl�huhqw
uxohv ri ruljlq +URRv,4 zlwklq iuhh wudgh djuhhphqwv +IWDv,1 Wkhuh duh/ ri
frxuvh/ pdq| rwkhu duhdv zkhuh wkh ghwdlov ri lpsohphqwdwlrq duh fulwlfdo1
Wkhvh lqfoxgh lvvxhv olnh wkh h�hfwv ri gl�huhqw irupv ri lpsohphqwlqj rwkhu
gluhfw frqwurov vxfk dv txrwdv rq lpsruwv5 ru olplwv rq hplvvlrqv ri srooxwdqwv
ru pdunhw dffhvv uhtxluhphqwv wr phqwlrq d ihz1

Wkh Qruwk Dphulfdq Iuhh Wudgh Djuhhphqw +QDIWD, kdv irfxvhg dwwhq0
wlrq rq uhjlrqdo wudglqj duudqjhphqwv1 Pdq| dqdo|vwv kdyh whqghg wr ylhz
QDIWD dqg rwkhu IWD duudqjhphqwv dv ehlqj suhihuhqwldo wudglqj duudqjh0
phqwv vlplodu wr fxvwrpv xqlrqv1 Dqg lqghhg/ lq vrph uhvshfwv wkh| duh1

Krzhyhu/ URRv/ zklfk duh sduw ri erwk IWDv dqg fxvwrpv xqlrq djuhh0
phqwv/ fdq kdyh vljql�fdqwo| gl�huhqw h�hfwv xqghu wkhvh wzr duudqjhphqwv1
Lq d fxvwrpv xqlrq/ phpehuv kdyh d frpprq h{whuqdo wdul�1 Wkhuhiruh/ zkhq
d URR lv djuhhg xsrq/ lwv sxusrvh lv vlpso| wr ghwhuplqh zkhq phpehuv zloo

4Wkhvh uxohv ri ruljlq duh xvhg wr ghwhuplqh zkhwkhu d jrrg lv holjleoh iru shuihuhqwldo
wuhdwphqw ru qrw1

5Vhh Nulvkqd dqg Wdq +4<<6, iru rqh looxvwudwlrq1 Wkh| dqdo|}h wkh h�hfwv ri wudqv0
ihudeoh shuplwv yhuvxv qrq0wudqvihudeoh rqhv1 Wkh| vkrz wkdw frqwudu| wr frqyhqwlrqdo
zlvgrp/ wudqvihudeoh shuplwv qhhg qrw udlvh pruh uhyhqxh wkdq qrq0wudqvihudeoh rqhv dqg
wkdw/ ghshqglqj rq wkh zhljkw jlyhq wr uhyhqxhv lq zhoiduh/ wudqvihudeoh shuplwv qhhg qrw
grplqdwh qrq0wudqvihudeoh rqhv1
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surylgh suhihuhqwldo wuhdwphqw iru ihoorz phpehuv1 Iru h{dpsoh/ wkh Hxur0
shdq Frppxqlw| kdv uxohv jryhuqlqj wuhdwphqw ri lpsruwv ri vhplfrqgxf0
wruv= li gl�xvlrq lv xqghuwdnhq zlwklq wkh Frppxqlw|/ wkhq lpsruwdwlrq wr
dqrwkhu HF frxqwu| lv gxw|0iuhh1 Li/ krzhyhu/ gl�xvlrq lv xqghuwdnhq deurdg/
wkhq wkh lpsruw lv wuhdwhg dv kdylqj ehhq surgxfhg rxwvlgh wkh frppxqlw|/
dqg wkh +frpprq, h{whuqdo wdul� dssolhv16

Lq dq IWD/ phpehuv pdlqwdlq wkhlu rzq h{whuqdo wdul�v1 Dv vxfk/ wdul�v
pd| gl�hu ehwzhhq phpehu frxqwulhv1 URRv/ wkhuhiruh/ dvvxph d ixqfwlrq
dgglwlrqdo wr wkdw xqghu fxvwrpv xqlrqv= URRv duh hvwdeolvkhg ehfdxvh/ lq
wkhlu devhqfh/ lpsruwv ri dq| sduwlfxodu frpprglw| zrxog hqwhu wkurxjk wkh
frxqwu| zlwk wkh orzhvw gxw| rq wkh lwhp lq txhvwlrq dqg eh uh0h{sruwhg
wr rwkhu frxqwulhv lq wkh IWD1 Zlwkrxw URRv/ dq IWD frxog eh kljko|
olehudol}lqj/ dv wkh orzhvw wdul� zrxog dsso| wr hdfk fdwhjru| ri lpsruwv17

Krzhyhu/ xqolnh URRv lq fxvwrpv xqlrqv ru grphvwlf frqwhqw uhtxluh0
phqwv lq ghyhorslqj frxqwulhv/ URRv lq dq IWD fdq dovr vhuyh wr h{sruw
surwhfwlrq$ Vxssrvh rqh IWD surgxfhu/ vd| D/ lv d kljk frvw +uhodwlyh wr
qrq0phpehu frxqwulhv, surgxfhu ri lqwhuphgldwh jrrgv xvhg lq surgxflqj
d �qdo surgxfw zklfk lv vxemhfw wr surwhfwlrq e| D dqg lv h{sruwhg ru h{0
sruwdeoh e| wkh rwkhu sduwqhu/ E1 Wkhq D fdq lpsrvh d URR rq E*v dvvhpeo|
ri wkh �qdo surgxfw dqg pdnh lw sur�wdeoh iru E*v surgxfhuv wr vkliw wkhlu
sxufkdvhv ri lqwhuphgldwhv iurp wkh uhvw ri wkh zruog +hyhq li wkhuh lv d }hur
wdul� rq wkhvh, wr D/ lq rughu wr vdwlvi| wkh URR dqg uhdol}h D*v lqwhuqdo
+wdul� gulyhq, sulfh iru wkh �qdo surgxfw1 Lq rwkhu zrugv/ lw fdq sd| surgxf0
huv wr ex| iurp d kljkhu frvw IWD vrxufh wkdq iurp wkh uhvw ri wkh zruog/

6URRv lq fxvwrpv xqlrqv ehdu d vwurqj uhvhpeodqfh wr grphvwlf frqwhqw uhtxluhphqwv/
riwhq xvhg e| ghyhorslqj frxqwulhv1 Vhh ehorz/ zkhuh wkhvh frqwhqw uhtxluhphqwv dqg wkhlu
h�hfwv duh glvfxvvhg1

7Wklv vwdwhphqw dvvxphv wkdw wudqvsruw frvwv dprqj phpehuv ri wkh IWD duh qrw vr
kljk dv wr r�vhw wdul� gl�huhqwldov1 Zkhq wudqvsruw frvwv duh vljql�fdqw/ dq IWD frxog
kdyh dgyhuv zhoiduh frqvhtxhqfhv wkdw d URR pljkw suhyhqw ru uhgxfh1 Dq h{dpsoh/ gxh
wr Zloo Pduwlq/ looxvwudwhv zk|1 Dvvxph wkdw wzr frxqwulhv lq dq IWD kdyh wkh vdph
wudqvsruw frvwv iurp wkh uhvw ri wkh zruog1 Erwk lpsruw wkh jrrg lq txhvwlrq ehiruh
wkh IWD1 Wkh kljk wdul� frxqwu| kdv d 43( wdul� zkloh wkh sduwqhu kdv d }hur wdul�1
Wudqvsruw frvwv duh mxvw xqghu 43( iru lqwd IWD wudgh1 Lq wklv vlwxdwlrq/ zlwk d URR/ doo
lpsruwv zloo hqwhu wkurxjk wkh }hur wdul� frxqwu| dqg duh vklsshg wr wkh sduwqhu frxqwu|1
Frqvxphu sulfhv zrxog eh hvvhqwldoo| xqfkdqjhg exw wkh kljk wdul� frxqwu| zrxog jhw qr
wdul� uhyhqxhv +zklfk zrxog eh glvvlsdwhg lq sd|lqj uhdo wudqvsruw frvwv,1 Wkxv/ zhoiduh
zrxog eh orzhuhg/ uhodwlyh wr wkh vwdwxv txr/ e| dq IWD zlwk qr uxohv ri ruljlq suhvhqw1
Uxohv ri ruljlq zklfk suhyhqwhg wklv frxog uhvxow lq d zhoiduh lpsuryhphqw uhodwlyh wr wkh
IWD zlwkrxw uxohv ri ruljlq1
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lq rughu iru wkhp wr txdoli| iru suhihuhqwldo wuhdwphqw rq wkhlu vdohv wr wkhlu
IWD sduwqhu18 Wkxv/ wudgh sdwwhuqv dqg lqyhvwphqw  rzv qhhghg wr vxvwdlq
wkhp fdq eh surirxqgo| d�hfwhg e| d IWD1

Lq zkdw iroorzv/ zh �uvw surylgh vrph edfnjurxqg rq URRv/ dqg uhodwh
rxu zrun wr suhylrxv zrun rq grphvwlf frqwhqw uhtxluhphqwv dqg fxvwrpv
xqlrqv1 Wkhuhdiwhu/ zh ghdo zlwk wkh lpsolfdwlrqv ri dowhuqdwlyh URRv lq
wkh orqj dqg vkruw uxq/ dqg zlwk gl�huhqw pdunhw vwuxfwxuhv1 D �qdo vhfwlrq
frqwdlqv vrph lghdv rq ixwxuh uhvhdufk1

Wkdw URRv pd| eh surwhfwlrqlvw grhv qrw/ ri frxuvh/ suryh wkdw wkh|
duh1 Lqghhg/ pdq| pd| qrw eh19 Krzhyhu/ lq wkh QDIWD djuhhphqw/ URRv
wxuqhg rxw wr eh d vljql�fdqw vrxufh ri frqwhqwlrq1 URRv iru dxwrprelohv dqg
dssduho zhuh wkh odvw lwhpv rq zklfk djuhhphqw zdv uhdfkhg1 Wkh lqwhqvlw|
ri X1V1 lqgxvwu| suhvvxuhv iru URRv fhuwdlqo| jdyh wkh dsshdudqfh wkdw wkh
d�hfwhg lqgxvwulhv/ hvshfldoo| dxwrpreloh surgxfhuv/ ylhzhg kljkhu URRv dv
lq wkhlu vhoi lqwhuhvw1 Wkdw URRv duh uhjdughg dv lpsruwdqw zdv uh hfwhg
qrw rqo| lq lqgxvwu| suhvvxuh iru wkhp/ exw lq wkh idfw wkdw URRv rffxs|
533 sdjhv ri wkh QDIWD djuhhphqw1

5 Edfnjurxqg
URRv fdq eh gh�qhg lq d ydulhw| ri gl�huhqw zd|v1 Iurp d ohjdo srlqw ri
ylhz/ wkhuh dsshdu wr eh irxu dowhuqdwlyh fulwhuld1 Wkhvh duh +d, uhtxluhphqwv
lq whupv ri grphvwlf frqwhqw/ +e, uhtxluhphqwv lq whupv ri d fkdqjh lq wdul�
khdglqj +FWK,/ +f, uhtxluhphqwv lq whupv ri vshfl�hg surfhvvhv wkdw pxvw
eh shuiruphg zlwklq wkh IWD ru FX> dqg +g, uhtxluhphqwv wkdw wkh surgxfw
kdv ehhq �vxevwdqwldoo| wudqviruphg�1

Krzhyhu/ iru rxu sxusrvhv/ wkhvh fulwhuld duh erwk wrr eurdg dqg wzr
qduurz1 Wkh| duh wrr qduurz/ zh dujxh ehorz/ dv vrph ri wkhvh fdwhjrulhv
duh dqdo|wlfdoo| vlplodu1 Wkh| duh wrr eurdg iru wzr uhdvrqv1 Iluvw/ vrph
ri wkh irxu phwkrgv pd| gl�hu lq wkh ghwdlov zklfk frxog eh vshfl�hg lq d
qxpehu ri dowhuqdwlyh zd|v zklfk dowhu wkhlu hfrqrplf h�hfwv1 Iru h{dpsoh/
grphvwlf frqwhqw fdq eh gh�qhg lq whupv ri ydoxh dgghg ru lq sk|vlfdo whupv1:

8Vhh Nuxhjhu +4<<5, iru dq h{dpsoh zlwk d �{hg frh!flhqwv whfkqrorj|1
9Zloo Pduwlq kdv srlqwhg rxw lq fruuhvsrqghqfh wkdw d kljk URR pljkw uhgxfh wudgh

glyhuvlrq frvwv ri d suhihuhqwdlo wudglqj duudqjhphqw dqg wkxv eh zhoiduh hqkdqflqj1
:Rqh h{dpsoh ri sk|vlfdo frqwhqw uhtxluhphqwv lv wkdw lq wkh fljduhwwh lqgxvwu| lq

Dxvwudold1 Fljduhwwh pdqxidfwxuhuv pxvw phhw d grphvwlf frqwhqw uhtxluhphqw rq wredffr
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Pruhryhu/ wkh uhtxluhg vkduh ri ydoxh dgghg fdq eh gh�qhg lq whupv ri frvw
ru sulfh1; Iru h{dpsoh/ QDIWD surylghv wkdw ydoxh dgghg fdq eh fdofxodwhg
lq whupv ri d wudqvdfwlrq ydoxh +sulfh, phwkrg ru d qhw frvw phwkrg1< Wkhvh
gl�huhqfhv pdwwhu lq whupv ri wkhlu lqfhqwlyh h�hfwv dqg wkhuhiruh wkhlu h�hfwv
rq uhvrxufh doorfdwlrq1 Vhfrqg/ pruh wkdq rqh whvw pd| qhhg wr eh phw1 Iru
h{dpsoh/ wkh Dxvwudold0Qhz ]hdodqg Forvhu Hfrqrplf Uhodwlrqvkls +FHU,
uholhv rq d 83( ydoxh dgghg vwdqgdug lq frqmxqfwlrq zlwk wkh uhtxluhphqw
wkdw wkh odvw surfhvv shuiruphg lq pdqxidfwxuh eh lq wkh whuulwru| ri wkh
h{sruwlqj phpehu vwdwh143

URRv vhw lq whupv ri d fkdqjh lq wdul� khdglqj duh vshfl�hg lq whupv ri
wdul� fdwhjrulhv1 Wr vdwlvi| ruljlq uhtxluhphqwv d surgxfw pxvw fkdqjh lwv
wdul� khdglqj lq d vshfl�hg zd|1 Krzhyhu/ e| pdnlqj wkh fkdqjhv qhhghg
pruh ru ohvv h{whqvlyh/ wkh ruljlq uhtxluhphqw fdq eh pdgh pruh ru ohvv
uhvwulfwlyh1 Iru h{dpsoh/ lq wkh X1V10Fdqdgd Iuhh Wudgh Duhd +IWD,/ wkh
surgxfwlrq ri djhg fkhhvh iurp iuhvk plo grhv qrw frqihu ruljlq144

H{fhswlrqv wr uxohv rq fkdqjhv lq wdul� khdglqjv fdq dovr eh xvhg iru
wkh vdph sxusrvh/ qdpho| wr pdnh wkh ruljlq uhtxluhphqw pruh uhvwulfwlyh1
Iru h{dpsoh/ xqghu QDIWD/ wudqvirupdwlrq iurp dq| rwkhu fkdswhu +5 gljlw
fodvvl�fdwlrq ohyho, ri wkh kduprql}hg v|vwhp/ wr wrpdwr fdwvxs/ fkdswhu 54/
frqihuv ruljlq/ h{fhsw wudqvirupdwlrq iurp wrpdwr sdvwh zklfk idoov lq fkdswhu
53$45

Zkhq ruljlq lv lqvwhdg frqihuuhg e| shuiruplqj sduwlfxodu vwhsv lq wkh
surgxfwlrq surfhvv/ uhvwulfwlyhqhvv ghshqgv hqwluho| rq wkh vwhsv suhvfulehg
dqg wkh qdwxuh ri wkh surgxfwlrq whfkqrorj|1 Lq wkh fdvh ri Dphulfdq lpsruwv
ri dssduho xqghu QDIWD/ wkh uxoh lv rqh ri �wulsoh wudqvirupdwlrq1� Rqo|
li hdfk vwhs ri wkh wudqvirupdwlrq iurp udz pdwhuldo wr �qlvkhg jduphqw
kdv ehhq xqghuwdnhq zlwklq wkh IWD zloo suhihuhqwldo wuhdwphqw eh jlyhq1
Dphulfdq wh{wloh surgxfhuv/ ri frxuvh/ ehqh�w iurp wklv uxoh1 Wkh gl�huhqfh
lq wklv dqg wkh FWK fulwhulrq lv rqo| wkdw wkh FWK fulwhulrq lv edvhg rq

ohdi xvh/ gh�qhg e| zhljkw1 Vhh Ehjklq dqg Oryhoo +4<<5/ iruwkfrplqj UHVWDW, iru dq
hpslulfdo dqdo|vlv ri wkh h�hfwv ri wklv uhtxluhphqw1

;Wkhuh duh pdq| yduldwlrqv srvvleoh= duh fdslwdo frvwv lqfoxghg ru qrwB Duh lqwhuphgldwh
lpsruwv iurp wkh sduwqhu frxqwu| frxqwhg lq grphvwlf frqwhqw ru qrwB Krz lv wkh ruljlq
ri lqsxwv ghwhuplqhgB

<Vhh Sdophwhu +4<<6, irrwqrwh 43/ sj1 45 iru pruh rq wklv1
43Vhh Vwhhoh dqg Prxolv +4<<6, iru ghwdlov1
44Vhh Sdophwhu 4<<6 irrwqrwh 7 iru ghwdlov1
45Vhh Sdophwhu 4<<6 irrwqrwh 7 iru ghwdlov1
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vrph frpprqo| xvhg ghvfulswlrqv vxfk dv wkh wdul� frgh/ zkloh wkh vshfl�hg
surfhvv gh�qlwlrq lv gh�qhg lq whupv ri surgxfwlrq surfhvvhv vshfl�f wr hdfk
lqgxvwu|1

Vxevwdqwldo wudqvirupdwlrq rq wkh rwkhu kdqg lv pruh orrvho| gh�qhg1 Lq
wkh Xqlwhg Vwdwhv wkh whup �vxevwdqwldo wudqvirupdwlrq� kdv frph wr phdq
wkh ghwhuplqdwlrq ri ruljlq edvhg rq frpprq odz/ uhdvrqlqj iurp fdvh wr
fdvh1 Lw wkhq uhvxowv lq d frpprglw|0vshfl�f URR zklfk idoov lqwr rqh ri wkh
hduolhu wkuhh fdwhjrulhv1 Zh wkhuhiruh gr qrw glvfxvv wklv fulwhulrq ixuwkhu1

Iurp dq dqdo|wlfdo ylhzsrlqw wkh ohjdo fodvvl�fdwlrq pdnhv olwwoh vhqvh1
Zh fkrrvh wr fdwhjrul}h URRv lq whupv ri= +d, frqwhqw uhtxluhphqw/ vxe0
fdwhjrul}lqj wkhp e| wkh sduwlfxodu irup ri wkh uhtxluhphqw/ ru +e, lq whupv
ri wudqvirupdwlrq vwhsv qhhghg wr frqihu ruljlq1 Zh irfxv rq +d, vlqfh zh
kdyh olwwoh wr vd| derxw +e, rwkhu wkdq wkdw lw pxvw udlvh frvw146

Li URRv vshfli| plqlpxp uhtxluhphqwv iru grphvwlf ydoxh dgghg/ wkh|
fdq eh gh�qhg lq gl�huhqw zd|v1 Iru h{dpsoh/ d URR fdq eh gh�qhg dv uh0
txlulqj d plqlpxp sursruwlrq uhodwlyh wr xqlw frvw ri grphvwlf ydoxh dgghg1
Dowhuqdwlyho|/ ydoxh dgghg grphvwlfdoo| fdq eh gh�qhg dv wkh sulfh rewdlqhg
ohvv wkh ydoxh ri lpsruwhg xqlw lqwhuphgldwh lqsxw uhtxluhphqwv/ zlwk ydoxh
dgghg vkduh gh�qhg uhodwlyh wr sulfh147 D ixuwkhu yduldwlrq lv wr sxw d plql0
pxp ydoxh vkduh ri IWD xqlw lqsxw uhtxluhphqwv uhodwlyh wr sulfh1 Vlqfh frvw
lqirupdwlrq lv kdughu wr jhw wkdq sulfh lqirupdwlrq/ wkh sulfh edvhg gh�ql0
wlrq lv idyruhg rq jurxqgv ri lpsohphqwdwlrq1 \hw wkh h�hfwv ri wkhvh wkuhh
yduldwlrqv gl�hu> olwwoh zrun kdv ehhq grqh rq wklv lvvxh1 Hvshfldoo| zlwk
wkh sulfh gh�qlwlrq ri ydoxh dgghg/ vlqfh wkh sulfh ri wkh surgxfw lv lwvhoi
hqgrjhqrxv/ wkh dvvxpswlrqv pdgh lq whupv ri wlplqj dqg whfkqrorj| wxuq
rxw wr eh ylwdo1

Iurp wkh deryh ghvfulswlrq/ lw lv hylghqw wkdw URRv xqghu IWDv ehdu d
uhvhpeodqfh wr wkh grphvwlf frqwhqw uhtxluhphqwv riwhq lpsrvhg e| ghyhors0
lqj frxqwulhv* jryhuqphqwv1 Frqwhqw surwhfwlrq vfkhphv vshfli| uhtxluhphqwv
rq wkh vkduh ri grphvwlf frqwhqw lq surgxfwlrq1 Idloxuh wr phhw wkhvh uhtxluh0
phqwv uhvxowv lq d shqdow| wdul� rq lqsxwv iru grphvwlf surgxfhuv ru d shqdow|
wdul� rq wkh lpsruw ri wkh �qdo jrrg lv wkh �qdo jrrg lv lpsruwhg1

Frqwhqw surwhfwlrq srolflhv kdyh ehhq suhylrxvo| dqdo|}hg lq wkh olwhudwxuh
dw erwk d wkhruhwlfdo dqg hpslulfdo ohyho1 Zh irfxv rq wkh iruphu1 Mrkqvrq

46Krzhyhu/ qrwh wkdw lqsxw ghflvlrqv lq wklv fdvh duh d�hfwhg rqo| e| wkh devhqfh ri
wdul�v rq lpsruwv iurp wkh sduwqhu frxqwu| dqg qrw e| d frqwhqw uhtxluhphqw rq wkhlu xvh1

47Wklv lv htxlydohqw wr vshfli|lqj d pd{lpxp ydoxh vkduh ri xqlw lpsruwhg lqsxwv uhodwlyh
wr sulfh1
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+4<:4,/ Frughq +4<:4, frqwdlq vrph ri wkh hduo| zrun rq wkh vxemhfw1 Pf0
Fxoorfk dqg Mrkqvrq +4<:6, srlqwhg rxw wkdw d frqwhqw surwhfwlrq vfkhph lv
edvlfdoo| d sursruwlrqdoo| glvwulexwhg txrwd dv wkh delolw| wr lpsruw iruhljq
lqsxwv ghshqgv rq wkh xvh ri grphvwlf lqsxwv1 Frqwhqw surwhfwlrq kdv ehhq
idyrudeo| frpsduhg wr d wdul� rq lqsxwv lq Pxvvd +4<;7,1 Wkh dujxphqw
jlyhq wkhuh lv wkdw zkloh frqwhqw surwhfwlrq glvwruwv wkh lqsxw pl{/ wkhuhe|
udlvlqj frvwv/ frvw ulvh ohvv wkdq xqghu d wdul� wkdw ohdgv wr wkh vdph lqsxw
pl{1 Wkh uhdvrq lv wkdw iruhljq lqsxw sulfhv gr qrw ulvh lq wkh iruphu fdvh1
Pxvvd +4<;7, dovr dqdo|}hv wkh lpsolfdwlrqv iru whfkqrorjlfdo surjuhvv ri vxfk
vfkhphv1

Jurvvpdq +4<;4, dqdo|}hv sk|vlfdo dqg ydoxh dgghg uhvwulfwlrqv rq gr0
phvwlf frqwhqw1 Kh h{dplqhv wkh fdvh zkhuh qrw phhwlqj wkh frqwhqw uhtxluh0
phqw uhvxowv lq d shqdow| wdul� rq wkh lpsruwhg lqwhuphgldwh jrrg/ zlwk d
irfxv rq wkh fdvh zkhuh wkh grphvwlf dqg iruhljq lqsxwv duh shuihfw vxe0
vwlwxwhv1 Kh srlqwv rxw wkdw zkloh frqwhqw surwhfwlrq fdxvhv vxevwlwxwlrq
wrzdugv grphvwlf lqsxwv/ lw dovr udlvhv wkh frvw/ dqg khqfh sulfh/ ri wkh �qdo
jrrg1 Wkh iruphu h�hfw udlvhv wkh xvh ri grphvwlf lqsxwv zkloh wkh odwwhu
uhgxfhv lw/ vlqfh ghpdqg iru lqsxwv lv d ghulyhg ghpdqg1 Kh ghprqvwudwhv
wkdw d ydoxh0dgghg frqwhqw uhtxluhphqw frxog uhgxfh ydoxh dgghg lq vrph
fdvhv li grphvwlf dqg lpsruwhg lqwhuphgldwhv zhuh frpsohphqwdu|1 Kh dovr
orrnv dw wkh h�hfwv ri kdylqj grphvwlf prqrsro| lq wkh lqwhuphgldwh lqsxw
dqg dujxhv wkdw frqwhqw surwhfwlrq/ olnh txrwd/ zrxog dxjphqw wklv prqrsro|
srzhu e| uhvwulfwlqj wkh delolw| ri frpshwlwlyh iruhljq vxssolhuv wr frpshwh1

Frqwhqw suhihuhqfh srolflhv/ vwxglhg e| Jurvvpdq +4<;4,/ doorz suhihu0
hqwldo wdul� wuhdwphqw iru lpsruwv iurp ohvv ghyhorshg frxqwulhv +OGFv,/
surylghg wkdw d plqlpxp frqwhqw uhtxluhphqw lv vdwlv�hg e| wkh h{sruwlqj
frxqwu|1 Frqwhqw suhihuhqfh wkhq/ zlwk wkh suhihuhqwldo wdul� vhw dw }hur/ lv
vlplodu wr wkh h�hfwv ri uxohv ri ruljlq vshfl�hg e| d IWD1 Krzhyhu/ zlwk
frqwhqw suhihuhqfh srolflhv/ wkh frqwhqw uhtxluhphqw lv rq wkh dprxqw ri lq0
whuphgldwhv iurp wkh ghyhorslqj frxqwu| jlyhq suhihuhqfh1 Lq lpsohphqwlqj
IWDv wkh uhtxluhphqw lv rq wkh xvh ri lqwhuphgldwhv iurp wkh IWD1 Zlwk
URRv lq d IWD/ qrw rqo| grv wkh wdul� rq wkh �qdo jrrg idoo li wkh uhtxluh0
phqw lv phw +dv rffxuv zlwk frqwhqw suhihuhqfh,/ exw wkh sulfh ri lqsxwv iurp
wkh IWD dovr idoov1 Lqsxw xvh lv wkxv glvwruwhg wrzdugv doo IWD lqsxwv/ dqg
qrw mxvw wrzdugv wkh lqsxwv ri wkh h{sruwlqj frxqwu| dv xqghu suhihuhqfh
srolflhv1

Jurvvpdq srlqwv rxw wkdw frqwhqw suhihuhqfh ohdgv wr iruhljq �qdo0jrrgv
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surgxfhuv glvwruwlqj wkhlu xvh ri lqsxwv wrzdugv wkrvh pdgh lqwhuqdoo|148 Wklv
frxog vhuyh wr surwhfw wkh OGF lqwhuphgldwh jrrg lqgxvwu| iurp iruhljq
frpshwlwlrq/ d srlqw vlplodu wr wkdw pdgh lq Nuxhjhu +4<<5,1

Pruh uhfhqwo|/ Nulvkqd dqg Lwrk +4<;9, dqdo|}hg wkh h�hfwv ri frqwhqw
surwhfwlrq zkhq lqsxw vxssolhuv duh roljrsrolvwlf1 Wkh| vkrzhg wkdw/ frxqwhu
wr wkh fdvh ri prqrsro|/ grphvwlf lqsxw vxssolhuv frxog orvh iurp vxfk sur0
whfwlrq hyhq zkhq frqwhqw uhtxluhphqwv duh vhw d iuhh0wudgh ohyhov1 Kroodqghu
+4<;:, orrnv dw wkh h�hfw ri frqwhqw surwhfwlrq zkhq wkh �qdo0jrrg pdunhw lv
prqrsrol}hg e| d iruhljq pxowlqdwlrqdo1 Gh Vlodqhv/ Pdunxvhq dqg Uxwkhu0
irug +4<<6, orrn dw wkh h�hfw ri URR*v lq roljrsrolvwlf lqgxvwulhv1 Wkh| vkrz
wkdw li iruhljq pxowlqdwlrqdov uho| rq lpsruwhg lqsxwv wr d juhdwhu ghjuhh
wkdq gr grphvwlf surgxfhuv/ URR*v fdq uhgxfh rxwsxw dqg vkliw sur�wv wr
grphvwlf �upv1 Lq dgglwlrq/ lw rxwsxw idoov/ wkh ghpdqg iru grphvwlf lqsxwv
frxog dovr idoo1

Lq wkh iroorzlqj vhfwlrqv zh orrn dw wkh h�hfwv ri vrph gl�huhqw zd|v ri
vshfli|lqj uxoh ri ruljlq1 Zh orrn iru vlpsoh lghdv zklfk pljkw eh khosixo lq
jxlglqj srolf|1 Wkh vlpsohvw vhwxsv zklfk fdq gr vr duh xvhg wkurxjkrxw1
Zh wklqn ri rxu zrun qrw dv wkh odvw zrug rq wkh vxemhfw/ exw udwkhu dv d
ehjlqqlqj zklfk frxog vwlpxodwh ixuwkhu zrun1 Zh ehjlq e| orrnlqj dw prghov
ri shuihfw frpshwlwlrq/ dqg wkhq pryh rq wr vrph lpshuihfwo| frpshwlwlyh
prghov1

6 Shuihfw Frpshwlwlrq
Lq wklv vhfwlrq zh orrn dw wkh h�hfwv ri vshfli|lqj URRv lq whupv ri sulfh ru
ri frvw149 Zh dvn zkdw wkh h�hfwv ri wklv fkrlfh pljkw eh rq wkh rxwfrph
xqghu wkh IWD1 Wr gr vr/ zh pxvw �uvw frqvlghu wkh wuhdwphqw ri frvwv dqg
dqdo|}h wkh h�hfwv ri wkhvh uxohv1

D �uvw lvvxh lv wkdw ri zkdw lv lqfoxghg lq frvwv1 Grhv lw pdnh d gl�huhqfh
zkhwkhu fdslwdo frvwv duh lqfoxghg ru qrwB Khuh wkhuh lv d vlpsoh lghd zruwk
qrwlqj1 Li IWD fdslwdo frvwv duh ghqrwhg e| � dqg IWD lqsxwv frvwv e| �/

48Wkh fduhixo uhdghu ri Jurvvpdq*v sdshu zloo qrwlfh wkdw wkhuh lv d sureohp lq wkh
ghulydwlrq ri klv Iljxuh 41 Wkh vhjphqw HE lv qrw sduw ri wkh qhw ghpdqg iru grphvwlf
frpsrqhqwv1

49Zh ljqruh wkh idfw wkdw surylglqj dssursuldwh grfxphqwdwlrq wr ghprqvwudwh ruljlq
fdq eh frvwo|1 Khulq uhsruwv frvwv wr Ilqqlvk �upv ri vdwlvi|lqj HF URRv iru hqwu| ri
Ilqqlvk h{sruwv frvwv �upv vdwlvi|lqj URRv iurp 417 wr 81: shufhqw ri wkh ydoxh ri vklsphqw
+Khulq/ s1 :,1
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dqg lpsruwhg lqsxwv frvwv e| (/ dqg wkhlu vxp e| �/ zkhuh � ' �n�n(
wkhq lw lv hdv| wr vkrz wkdw h{foxglqj fdslwdo frvwv jlyhv d orzhu vkduh ri
IWD lqsxwv wkdq lqfoxglqj wkhp1 Li fdslwdo frvwv duh lqfoxghg/ wkh vkduh ri
IWD frvwv lv jlyhq e| E� n ��*�1 Li wkh| duh h{foxghg/ wkh| duh jlyhq e|
�*E����1 Wkhlu gl�huhqfh/ EE�n��*���E�*E����� '�(*�E���� : f�
Wklv vxjjhvwv wkdw dq| jlyhq uhtxluhg vkduh ri grphvwlf lqsxw xvhg lv olnho|
wr eh kdughu wr vdwlvi| li fdslwdo frvwv duh h{foxghg14: Wkh edvlf lqwxlwlrq lv
wkdw lqfoxglqj fdslwdo frvwv +ru dq| rwkhu frvwv iru wkdw pdwwhu, udlvhv wkh
qxphudwru e| d juhdwhu shufhqwdjh wkdq wkh ghqrplqdwru/ wkxv udlvlqj wkhlu
udwlr/ vlqfh wkh qxphudwru lv e| gh�qlwlrq vpdoohu wkdq wkh ghqrplqdwru1
Wklv pljkw khos h{sodlq zk| wkh wuhdwphqw ri lqwhuhvw frvwv zdv d erqh
ri frqwhqwlrq ehwzhhq wkh X1V1 dqg Fdqdgd dqg Krqgd lq gh�qlqj frqwhqw
uhtxluhphqwv1

Dvvxph wkdw lq rughu wr txdoli| iru wkh IWD wuhdwphqw/ wkh �up +h{0
sruwlqj wr wkh X1V1 iurp Ph{lfr, pxvw vkrz wkdw wkh frvw ri doo lqwhuphgldwh
lqsxwv lpsruwhg iurp rxwvlgh wkh IWD glylghg e| wkh wrwdo frvw ri surgxfwlrq
qrw h{fhhg d jlyhq sursruwlrq E��k�1 Ohw wkhuh eh wkuhh nlqgv ri lqsxwv1 Iru
vlpsolflw| zh zloo dvvxph wkhuh lv rqo| rqh lqsxw ri hdfk nlqg1 Iluvw zh kdyh
qrq0wudghg lqsxwv/ zkrvh sulfh lv jlyhq e| `� � Lq dgglwlrq wkhuh duh wudghg
lqsxwv surgxfhg lq wkh IWD zkrvh sulfh lv jlyhq e| ` A � Ilqdoo|/ wkhuh duh
wudgh lqsxwv surgxfhg rxwvlgh wkh IWD zkrvh sulfh lv jlyhq e| ` AW�

Dvvxph wkdw wkh X1V1 lv d vpdoo frxqwu| vr wkdw lw grhv qrw d�hfw zruog
sulfhv1 Dovr dvvxph wkdw wkhuh duh frqvwdqw uhwxuqv wr vfdoh +FUV, lq pdnlqj
wkh �qdo jrrg1 Ixuwkhu/ dvvxph wkdw Ph{lfdq wdul�v rq wklv �qdo jrrg/ dv zhoo
dv rq doo lpsruwhg lqsxw jrrgv duh }hur/4; dqg wkdw wkhuh duh vrph Ph{lfdq
surgxfwlrq ri wkh �qdo jrrg vr wkdw wkh zruog sulfh htxdov wkh Ph{lfdq frvw
ri surgxfwlrq1

614 D Frvw Edvhg Gh�qlwlrq

Ohw �E�� eh wkh xquhvwulfwhg frvw ixqfwlrq dqg htxdo wkh zruog sulfh1 Ohw
-E`� c ` A c ` AWc k� eh wkh uhvwulfwhg dyhudjh dqg pdujlqdo frvw ixqfwlrq

4:Wkh dujxphqw lv qrw txlwh wljkw vlqfh wkh ohyhov ri frvwv dqg h{shqglwxuh rq hdfk nlqg
ri lqsxw zloo gl�hu lq wkh wzr fdvhv1 \hw lw lv vxjjhvwlyh1

4;E| dvvxplqj wkdw wkhuh duh qr wdul�v rq doo lqsxwv hyhq ehiruh wkh IWD zh duh de0
vwudfwlqj iurp wkh h�hfwv ri fkdqjhv lq wdul�v rq lqsxwv iurp wkh sduwqhu frxqwu| gxh wr
wkh IWD1
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iru wkh �up14< Lw lv wkh ydoxh ixqfwlrq iru wkh frvw plqlpl}dwlrq sureohp idfhg
e| wkh Ph{lfdq �up frqiurqwhg e| wkh uhvwulfwlrq wkdw wkh ydoxh ri lqsxwv
xvhg iurp zlwklq wkh IWD eh dw ohdvw d plqlpxp vkduh/ kc ri frvwv1 Wklv
sureohp lv vhw xs dqg dqdo|}hg lq vhfwlrq 914 lq wkh Dsshqgl{1 Wzr uhvxowv
iurp wkhuh duh zruwk srlqwlqj rxw1 Iluvw/ wkdw wkh ydoxh dgghg frqvwudlqw
dfwv olnh d wd{ rq wkh xvh ri A W dqg d vxevlg| dw wkh vdph udwh rq � dqg A�
Lq wklv zd| wkh IWD dfwv wr h{sruw surwhfwlrq1 Vhfrqg/ wkdw wkh ydoxh dgghg
frqvwudlqw grhv qrw d�hfw wkh udwlr ri wkh pdujlqdo surgxfwv ri � dqg A�

Wkh �up kdv wkh fkrlfh ri dffhswlqj wkh uhvwulfwlrq d dqg rewdlqlqj �L7�
-E�c k�c ru ljqrulqj lw/ dqg jhwwlqj �L7 ��E��E� n |��53 Lw fkrrvhv wkh rswlrq
zlwk wkh kljkhu sd|r�1 Khqfh/ li -E�c k� 	 �E��E� n |�c lw fkrrvhv wr dffhsw
wkh uhvwulfwlrq1 Li wkh frqyhuvh lv wuxh/ lw grhv qrw1 Vlqfh -E�c k� lv lqfuhdvlqj
lq k dqg iru orz hqrxjk ohyhov ri kc-E�c k� 	 �E��E� n |�c wkh uhodwlrqvkls
ehwzhhq -E�� dqg �E��E� n |� lv dv vkrzq lq Iljxuh 41 Wkhuhiruh/ li k lv
ehorz k� lq Iljxuh 4/ wkhq wkh ydoxh0dgghg frqvwudlqw lv qrw elqglqj dqg
-E�c k� ' �E��1 Lq wklv fdvh wkh fuhdwlrq ri dq IWD zloo uhvxow lq wkh h�hfwlyh
orzhulqj ri X1V1 wdul�v rq wkh �qdo jrrg wr }hur dqg wkh X1V1 sulfh ri wkh �qdo
jrrg zloo htxdo wkh zruog sulfh zklfk htxdov wkh Ph{lfdq sulfh1 Doo lpsruwv
zloo eh surgxfhg lq Ph{lfr1 X1V1 zhoiduh pxvw lqfuhdvh lq wklv uhjlrq/ dv wkh
frqvxphu vxusoxv jdlq h{fhhgv wkh wdul� uhyhqxh orvv1

Li wkh frqvwudlqw rq ydoxh dgghg elqgv/ wkdw lv k : k�/ dqg lw lv zruwkzkloh
dffhswlqj wkh ydoxh0dgghg frqvwudlqw/ wkh X1V1 sulfh htxdov wkh uhvwulfwhg
frvw ixqfwlrq -E�c k� zklfk h{fhhgv wkh sulfh lq Ph{lfr dqg wkh zruog sulfh1
Djdlq/ doo lpsruwv frph iurp Ph{lfr1 Lq wklv uhjlrq/ X1V1 zhoiduh frxog idoo
dv wkh jdlq lq frqvxphu vxusoxv fdq idoo vkruw ri wkh orvv lq wdul� uhyhqxhv1
Li k lv vr kljk wkdw lv qrw zruwk dffhswlqj wkh ydoxh0dgghg uhvwulfwlrq/ wkdw
lv/ k : k2/ wkh IWD kdv qr h�hfw rq wkh X1V1 sulfh zklfk htxdov �E��E� n |��
Zhoiduh lv dovr xqd�hfwhg/ uhodwlyh wr wkh devhqfh ri dq IWD1

Wr vxppdul}h/ wkh IWD qhhg qrw htxdol}h wkh sulfh ri wkh jrrg zlwklq
wkh IWD/ dqg dq IWD fdq kdyh gudvwlf h�hfwv rq wudgh sdwwhuqv dv rxwolqhg
deryh1 Ph{lfr fdq vkliw wkh vrxufh ri lqsxwv dzd| iurp wkh orz frvw vxssolhu
hyhq wkrxjk wkhuh lv qr Ph{lfdq wdul�1 Lq dgglwlrq/ wkh lqyhvwphqw  rzv lqwr
Ph{lfr qhhghg wr hqdeoh lw wr vhuyh wkh hqwluh X1V1 pdunhw duh olnho| wr eh
vxevwdqwldo1 Dovr/ X1V1 zhoiduh lv qrw prqrwrqlf lq wkh uhvwulfwlyhqhvv ri wkh

4<Rxu qrwdwlrq lq wkh ixwxuh vxssuhvvhv wkh sulfh ri lqsxwv/ lqfoxglqj wkhp lq wkh ��� ru
vxssuhvvlqj wkhp wrwdoo|1

53Zh dvvxph wkurxjkrxw wkdw wdul�v duh ohylhg rq frvwv zklfk khuh htxdo wkh IRE sulfh1
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URR1 URRv frxog udlvh X1V1 zhoiduh frpsduhg wr wkh devhqfh ri dq IWD/ dv
orqj dv wkh| duh qrw wrr uhvwulfwlyh1

Krzhyhu/ wkh h�hfw ri wkh X1V1 sulfh ghshqgv rq idfwruv vxfk dv wkh wlph
shulrg lq txhvwlrq= lq wkh vkruw uxq frqvwdqw uhwxuqv wr vfdoh duh xqolnho| wr
suhydlo dqg lqyhvwphqw  rzv gr qrw pdwhuldol}h1 Wkxv lq wkh vkruw uxq/ dv
rssrvhg wr wkh orqj uxq/ zkhuh frvwv duh frqvwdqw/ doo lpsruwv duh qrw jrlqj
wr frph iurp Ph{lfr1 Lq wkh vkruw uxq/ rxwsxw lq Ph{lfr zloo h{sdqg/ exw
dv lw grhv/ Ph{lfdq pdujlqdo frvwv ulvh fkrnlqj r� vxsso|1 Dvvxplqj wkhuh
lv qr fkdqjh lq wkh zruog sulfh dqg jlyhq wkdq Ph{lfr fdqqrw phhw doo ri
X1V1 ghpdqg/ wkh X1 V1 sulfh zloo eh xqfkdqjhg1 Doo wkdw zloo kdsshq lv d
uhdoorfdwlrq ri lpsruwv iurp wkh uhvw ri wkh zruog dqg surgxfwlrq lq wkh X1V1
wr Ph{lfr/ fdxvlqj d uhgxfwlrq lq X1V1 zhoiduh dulvlqj iurp wkh orvv lq wdul�
uhyhqxhv1 Lq wkh orqjhu uxq/ lqyhvwphqw zloo  rz lqwr Ph{lfr/ ohdglqj wr wkh
orqj0uxq h�hfwv rxwolqhg deryh/ dvvxplqj qr h�hfw rq zruog sulfhv dqg wkh
sulfh ri lqsxwv ri Ph{lfr1

Wkhvh uhvxowv duh lq vkdus frqwudvw wr wkrvh zklfk zrxog suhydlo lq wkh
devhqfh ri dq| URR*v1 Lq wkh devhqfh ri wudqvsruw frvwv dqg xqghu wkh vdph
dvvxpswlrqv dv pdgh deryh/ zhoiduh zrxog kdyh wr ulvh lq wkh X1V1 gxh wr
wkh IWD/ dv wkh jdlq lq frqvxphu vxusoxv zrxog rxwzhljk wkh orvv lq wdul�
uhyhqxh1 Krzhyhu/ surgxfwlrq lq Ph{lfr qhhg qrw eh d�hfwhg1

615 D Sulfh Edvhg Gh�qlwlrq

Dvvxph wkdw lq rughu wr txdoli| iru wkh IWD wuhdwphqw/ wkh �up +h{sruwlqj
wr wkh X1V1 iurp Ph{lfr, pxvw vkrz wkdw wkh X1V1 sulfh/ ohvv wkh frvw ri doo
lqwhuphgldwh lqsxwv lpsruwhg iurp rxwvlgh wkh IWD glylghg e| wkh X1V1 sulfh
h{fhhgv d jlyhq sursruwlrq �k�1 Zh zloo eh dvvxplqj wkdw ehiruh wkh IWD/
wkh X1V1 sulfh h{fhhgv wkh zruog sulfh ehfdxvh ri wdul� rq wkh �qdo jrrg1 Li
wkh jrrg lv dovr surgxfhg lq wkh X1V1 xqghu FUV wkhuh pxvw eh wdul�v rq
lpsruwhg lqsxwv ru gl�huhqfhv lq rwkhu lqsxw frvwv zklfk pdnh wkh grphvwlf
frvw htxdo wr wkh wdul� ulgghq sulfh1 Zh nhhs wkh vdph qrwdwlrq dv lq wkh
suhylrxv vxevhfwlrq1

Ohw -E`� c ` A c ` AWc kc �L7� eh wkh uhvwulfwhg xqlw frvw ixqfwlrq iru
wkh �up1 Lw lv wkh ydoxh ixqfwlrq iru wkh frvw plqlpl}dwlrq sureohp iru wkh
Ph{lfdq �up/ zklfk idfhv d jlyhq X1V1 sulfh dqg lv frqiurqwhg e| wklv ydoxh
dgghg uhvwulfwlrq1 Wklv sureohp lv vhw xs dqg dqdo|}hg lq Vhfwlrq D05 lq wkh
Dsshqgl{1

Ohw vxevfulswv ghqrwh sduwldo ghulydwlyh iurp khuh rq1 Qrwh dovr wkdw e|
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wkh hqyhorsh wkhruhp=

-�L7E�� ' �bE�� k�

	 f iru doo k"dfc �o�

Wkxv/ wkh uhvwulfwhg frvw ixqfwlrq vkliwv grzqzdug iru doo k dv wkh X1V1 sulfh
ulvhv1 Wklv pdnhv lqwxlwlyh vhqvh dv udlvlqj wkh X1V1 sulfh pdnhv wkh frqvwudlqw
rq ydoxh dgghg hdvlhu wr phhw1 Lq dgglwlrq=

-kE�� ' b�L7 : f�

Wkxv/ dq lqfuhdvh lq wkh uhtxluhg ydoxh0dgghg vkduh uhtxluhg udlvhg frvwv ri
surgxfwlrq dv h{shfwhg/d dv orqj dv wkh frqvwudlqw lv elqglqj1

Wkh Ph{lfdq �up fdq fkrrvh wr dffhsw wkh frqvwudlqw dqg jhw �L7�-E��c
ru qrw dffhsw lw dqg sd| wkh wdul� wr jhw �L7 � �E��E� n |�� Li

-E�� 	 �E��E� n |�

lw lv suhihudeoh wr dffhsw wkh uhvwulfwlrq dqg dyrlg wkh wdul�1 Li

-E�� : �E��E� n |�

lw lv suhihudeoh wr dffhsw wkh wdul�1 Lq rwkhu zrugv/ wkh uhvwulfwlrq lv dffhswhg
li wkh uhvwulfwhg frvw ixqfwlrq olhv ehorz wkh wdul� lqfoxvlyh lpsruw sulfh1

Li k lv orz hqrxjk/ wkh uhvwulfwlrq rq ydoxh dgghg zloo qrw eh elqglqj
dqg wkh uhvwulfwhg frvw ixqfwlrq/ -E�� zloo eh lghqwlfdo zlwk wkh xquhvwulfwhg
rqh/ �E��� Dv k ulvhv/ wkh uhvwulfwlrq ehfrphv elqglqj dqg -E�� h{fhhgv �E���
Ilqdoo|/ dv k ulvhv ixuwkhu/ -E�� h{fhhgv �E��E� n |�� Wklv surjuhvvlrq lv gh0
slfwhg lq Iljxuh 51 Iru d jlyhq �L7c vlqfh -E�� lv lqfuhdvlqj lq kc wkh �up
zloo fkrrvh wr dffhsw wkh ydoxh dgghg uhvwulfwlrq li k lv orz dqg qrw dffhsw lw
li k lv kljk1 Zkhuh wkh vzlwfkryhu srlqw rffxu ghshqgv rq wkh ohyho ri �L7�

Krzhyhu/ �L7 lv lwvhoi hqgrjhqrxv1 Dv wkh X1V1 sulfh ulvhv -E�� idoov dv
vkrzq lq Iljxuh 51 Wklv pdnhv wkh srlqw dw zklfk wkh ydoxh0dgghg frqvwudlqw
ehfrphv elqglqj ulvh dv zhoo1 Qrwh k2 h{fhhgv k� vlqfh dq lqfuhdvh lq X1V1
sulfh uhgxfhv wkh -E�� ixqfwlrq iru doo ohyhov ri k� Wkxv/ zh qhhg wr vshfli|
wkh h�hfw ri k rq wkh X1V1 sulfh wr surfhhg ixuwkhu1 Zh zloo ghqrwh wklv ixqf0
wlrq e| �L7Ek�� Pdq| gl�huhqw wuhdwphqwv duh srvvleoh khuh/ fruuhvsrqglqj
wr gl�huhqw dvvxpswlrqv rq wkh whfkqrorjlfdo dqg wlplqj vlgh1 Rqh vhw ri
dvvxpswlrqv frqvlvwhqw zlwk wkh dssurdfk vr idu lv hoxflgdwhg ehorz1
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Dvvxph/ dv ehiruh/ wkdw wkh X1V1 lv d vpdoo frxqwu| vr wkdw lw grhv qrw
d�hfw zruog sulfhv1 Dovr dvvxph wkdw wkhuh duh FUV hyhu|zkhuh dqg wkdw
idfwru sulfhv duh �{hg/ dv wklv lv d sduwldo htxloleulxp iudphzrun1 Dvvxph
wkdw Ph{lfdq wdul�v rq wklv �qdo jrrg dv zhoo dv rq wkh lpsruwhg lqsxw jrrg
duh }hur/ dqg wkdw wkhuh lv vrph Ph{lfdq surgxfwlrq ri wkh �qdo jrrg vr wkdw
wkh zruog sulfh htxdov wkh Ph{lfdq frvw ri surgxfwlrq1 Rxu dvvxpswlrqv vr
idu hqvxuh wkdw Ph{lfr kdv wkh delolw| wr vhuyh doo X1V1 ghpdqg vkrxog lw zlvk
wr gr vr1

Gxh wr wkh IWD/ wkh X1V1 sulfh dozd|v htxdov wkh orzhu ri wkh zruog sulfh
soxv X1V1 wdul�v dqg uhvwulfwhg xqlw frvwv iurpPh{lfr1 Wkxv/ hyhq wkrxjk wkh
X1V1 kdv surwhfwlrq/ lwv grphvwlf sulfh fdq htxdo wkh zruog sulfh li Ph{lfr
fdq surgxfh dw d frvw htxdo wr wkh zruog sulfh1 Jlyhq rxu dvvxpswlrqv/
Ph{lfr fdq gr vr li wkh ydoxh0dgghg frqvwudlqw lv qrw elqglqj1 Wkhuhiruh/ ohw
xv ehjlq e| dvvxplqj wkdw wkh X1V1 sulfh lv wkh zruog sulfh/ dqg vhh zkhq wklv
dvvxpswlrq lv phw1 Li k lv yhu| orz/ ehorz k� lq Iljxuh 5/ wkhq wkh ydoxh0
dgghg frqvwudlqw lv qrw elqglqj/ dvvxplqj wkh X1V1 sulfh htxdov wkh zruog
sulfh/ dqg vr wkh X1V1 sulfh zloo lq idfw htxdo wkh zruog sulfh lq wklv uhjlrq1
Lq wklv fdvh/ wkh fuhdwlrq ri dq IWD zloo uhvxow lq wkh h�hfwlyh orzhulqj ri
X1V1 wdul�v rq wkh �qdo jrrg wr }hur/ dqg wkh X1V1 sulfh ri wkh �qdo jrrg zloo
htxdo wkh zruog sulfh1 Doo lpsruwv wr wkh X1V1 ri wkh �qdo jrrg zloo frph
iurp Ph{lfr/ dqg e| dvvxpswlrq wklv ohyho ri surgxfwlrq lv srvvleoh xvlqj d
FUV whfkqrorj|1

Zkdw li wkh frqvwudlqw rq ydoxh dgghg elqgvB Djdlq/ wkh X1V1 sulfh
htxdov wkh orzhu ri wkh zruog sulfh soxv X1V1 wdul�v dqg wkh uhvwulfwhg xqlw
frvw iurp Ph{lfr1 Vwduw iurp zkhuh wkh frqvwudlqw mxvw ehfrphv elqglqj/ k�c
dqg lqfuhdvh k� Wklv udlvhv wkh uhvwulfwhg frvw dqg khqfh X1V1 sulfh/ dv wkh
X1V1 sulfh htxdov wkh uhvwulfwhg frvw ixqfwlrq -E�c kc �L7�� Vlqfh zh dvvxph
wkdw wkh X1V1 lv d vpdoo frxqwu| dqg vlqfh zh kdyh FUV/ doo wudgh zloo vwloo
jr wkurxjk Ph{lfr1 Wkhq li �L7 uhpdlqhg xqfkdqjhg dw wkh zruog sulfh
wkh frqvwudlqw zrxog elwh/ vr wkdw �L7 zrxog ulvh1 Krz idu zrxog lw kdyh
wr ulvhB Xqwlo �L7 ' -E�c kc �L7� dvvxplqj wkdw Ph{lfr kdv wkh uhvrxufhv
wr vdwlvi| wkh hqwluh X1V1 pdunhw1 Gl�huhqwldwlqj wkh deryh htxdolw| jlyhv
_�L7 ' -�L7E��_�L7 n -kE��_k lpso|lqj _�L7Ek�

_
' -kEu�

�3-
�L7

Eu�
: f� Wkxv/

lqfuhdvlqj k zrxog udlvh �L7�
Vlqfh lq wklv uhjlrq-E�c kc �L7� ' �L7c lw lv fohdu wkdw wkh wrwdo ghulydwlyh

ri -E�� dffrxqwlqj iru wkh idfw wkdw �L7 lv hqgrjhqrxv/ htxdov wkdw ri �L7Ek�
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zlwk uhvshfw wr k G

_-E�c kc �L7Ek��

_k
' -�L7E��_�

L7

_k
n-kE��

' -�L7E��E -kE��
��-�L7E��

� n-kE��

' -kE��d-�L7E�� n ��-�L7E��
��-�L7E��

o

' -kE��d �

��-�L7E��
o�

Qrwh wkdw wkh vorsh ri �L7Ek� lv ohvv wkdq wkdw ri -E�c k/ �L7� iru d �{hg
X1V1 sulfh/ exw uhpdlqv xszdug vorslqj ^dv ghslfwhg lq Iljxuh 5`1 Khqfh iru
k ehwzhhq k� dqg k�c �

L7 ulvhv dv k ulvhv1 Zkhq k kdv ulvhq vr pxfk wkdw
-E�c kc S` E�n |�� ' �` E�n |�c wkh �upv zloo vwrs dffhswlqj wkh ydoxh0dgghg
uhvwulfwlrq/ dqg wkh IWD zloo qrw d�hfw wkh grphvwlf sulfh lq wkh X1V1 dw doo$
Wkxv/ wkh sulfh lq wkh X1V1 lv �E�� lq Uhjlrq 4 lq Iljxuh 5 dqg htxdov �L7Ek�
gh�qhg deryh lq Uhjlrq 51 Lw htxdov �E��E� n |� lq Uhjlrq 6 vlqfh wkh X1V1
sulfh fdqqrw h{fhhg wkh zruog sulfh lqfoxvlyh ri wkh wdul� rq wkh �qdo jrrg1

Djdlq/ wkh vdph srlqwv pdgh hduolhuv zkhuh frvw edvhg uhvwulfwlrqv zhuh
glvfxvvhg duh zruwk qrwlqj1 Wkh IWD qhhg qrw htxdol}h sulfhv lq Ph{lfr
dqg wkh X1V1 dqg fdq kdyh gudpdwlf lpsolfdwlrqv iru wudgh sdwwhuqv dqg
lqyhvwphqw  rzv lq Uhjlrq 4 dqg 51 Lw kdv qr lpsdfw lq Uhjlrq 61

Zkdw fdq zh vd| derxw wkh sulfh edvhg yhuvxv frvw edvhg gh�qlwlrqvB
Iurp wkh ghulydwlrqv vr idu lq vhfwlrqv 914 dqg 915 lq wkh Dsshqgl{/ wkh wzr
dsshdu wr kdyh gl�huhqw h�hfwv dv wkh surjudpv orrn txlwh gl�huhqw1 Krzhyhu/
zh dujxh wkdw wkh| gr qrw gl�hu lq wkh orqj uxq xqghu fhuwdlq frqglwlrqv1
Exw/ wkh| gr gl�hu lq wkh vkruw uxq lq wkh suhvhqfh ri fdsdflw| frqvwudlqwv1
Frqvlghu wkh wzr surjudpv ehorz=

Surjudp 4=
Plqlpl}h `�@� n` A@A n` AW@AW vxemhfw wr

�L7 �` AW@AW

�L7
� k

8 E@� c @A c @AW� � ��

Ohw wkh ydoxh ixqfwlrq iru wkh sureohp eh ghqrwhg e| -Ekc �L7��
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Surjudp 5=
Plqlpl}h `�@� n` A@A n` AW@AW vxemhfw wr

`�@� n` A@A

`�@� n` A@A n` AW@AW
� k

8 E@� c @A@AW� � ��

Ohw wkh ydoxh ixqfwlrq iru wklv sureohp eh ghqrwhg e| �E@��
Zh dvn zkdw wkh uhodwlrqvkls lv ehwzhhq -Ekc�Ek�� dqg �Ek�1 Wkdw lv/

zkdw fdq zh vd| derxw wkh ydoxh ixqfwlrq iru Surjudp 4 zkhq �L7 ' �Ek�
dqg wkdw ri Surjudp 5 zkhq wkh grphvwlf frqwhqw uhtxluhphqw lv frpprq dw
vkduh kB

Ohw wkh vroxwlrq ydoxhv ri @� c @A c @AW iru Surjudp 4 eh ghqrwhg e| wkh

Yhfwru ��Ek� '

5
97
@��Ek�
@A�Ek�
�AW�Ek�

6
:8 �

Ohw -Ekc �Ek�� eh wkh fruuhvsrqglqj ydoxh ixqfwlrq1

Vlploduo|/ ohw wkh Yhfwru �2Ek� '

5
97
@�2Ek�
@A2Ek�
�AW2Ek�

6
:8 ghqrwh wkh vroxwlrq ydoxhv

ri @� c @A c @AW iru Surjudp 51 Ohw �Ek� eh wkh fruuhvsrqglqj ydoxh ixqfwlrq1
Zh fdq vkrz wkdw wkh iroorzlqj uhodwlrqvklsv krog1

Ohppd 4 -Ekc�Ek�� � �Ek��

Surri= Vlqfh �Ek�3`AWkAW2Ek�
�Ek�

� kc wkh Yhfwru �2Ek� lv ihdvleoh iru Sureohp
41 Wkxv/ -Ekc�Ek�� � �Ek� iru doo k�

Ohppd 5 -Ekc�Ek�� � �Ek��

Surri= Djdlq/ vlqfh �Ek�3`AWkAW�Ek�
�Ek�

� kc dqg dv �Ek� ' `�@��Ek� n

` A@A�Ek� n ` AW@AW�Ek�

`�@��Ek� n` A@A�Ek�

`�@��Ek� n` A@A�Ek� n` AW@AW�Ek�
� k�

Khqfh ��Ek� lv ihdvleoh iru Surjudp 51 Wkxv/ -Ekc�Ek�� � �Ek� iru doo
k� Wklv vkrzv wkdw -Ekc�Ek�� ' �Ek��
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Qrz uhfdoo wkdw zkhq wkh sulfh gh�qlwlrq ri frqwhqw uhtxluhphqw zdv
xvhg/ wkh sulfh lwvhoi zdv hqgrjhqrxv1 Zlwk FUV/ wklv hqgrjhqrxv sulfh zdv
gh�qhg e| �L7Ek�/ zkhuh

-Ekc� �rEk�� ' � �rEk�

iru k 5 dk�c k�o� Wkxv lq wklv uhjlrq �L7Ek� ' �Ek��
Iru k 	 k�c wkh frqvwudlqw rq frqwhqw uhtxluhphqw lv qrw elqglqj dqg wkh

X1V1 sulfh htxdov wkh zruog sulfh1 Iru k : k�c wkh IWD lv ljqruhg dqg �L7

htxdov wkh wdul� lqfoxvlyh zruog sulfh xqghu erwk gh�qlwlrqv1
Wkxv/ Ohppdv 4 dqg 5 vkrz wkdw zkhq wkh hqgrjhqhlw| ri sulfh lv wdnhq

lqwr dffrxqw/ dqg doo idfwruv duh yduldeoh zlwk FUV/ dv zrxog eh h{shfwhg lq
wkh orqj uxq/ erwk sulfh dqg frvw gh�qlwlrqv ri frqwhqw duh htxlydohqw$ Wklv
jlyhv xv Sursrvlwlrq 41

Sursrvlwlrq 4 Lq wkh orqj uxq/ zlwk FUV/ vshfli|lqj uxohv ri ruljlq rq d
sulfh ru frvw edvlv lv htxlydohqw1

Krz wkhq fdq vshfli|lqj wkh gh�qlwlrq ri ruljlq rq d sulfh ru frvw edvlv
pdwwhuB Zh vkrz qh{w wkdw hyhq li sulfh lv hqgrjhqrxv/ li fdsdflw| frqvwudlqwv
h{lvw/ lw fdq pdwwhu zklfk gh�qlwlrq ri ruljlq lv xvhg1

Dvvxph wkdw Ph{lfdq fdsdflw| lv �{hg dw A 1 Rxwsxw ohyhov xs wr A fdq
eh surgxfhg dw xqlw frvw �Ek� ru -E�L7c k� ghshqglqj rq wkh uhvwulfwlrq1
Rxwsxw ohyhov lq h{fhvv ri A S@??J| eh surgxfhg dw frvwv ehorz �` E�n |�� Lq
wklv fdvh/ dvvxplqj A lv lqvx!flhqw wr phhw X1V1 ghpdqg/ wkh X1V1 sulfh lv
xqd�hfwhg e| wkh IWD dqg uhpdlqv dw �` E� n |�� Wkh frvw lq Ph{lfr xqghu
d frvw edvhg uxoh lv �Ek�c zkloh wkh Ph{lfdq sulfh/ dvvxplqj qr Ph{lfdq
wdul�v/ lv �` 1 Doo Ph{lfdq frqvxpswlrq lv phw e| lpsruwv dqg Ph{lfdq
surgxfhuv hduq txdvl0uhqwv ri �` E� n |�� �Ek� shu xqlw lq wkh vkruw uxq lq
wkh hyhqw ri d frvw edvhg uxoh1

Krzhyhu/ li wkh uxoh lv sulfh0edvhg/ wkh| zloo hduq pruh1 Wkh orjlf lv
reylrxv1 Uhfdoo wkdw Ph{lfdq frvwv duh -Ekc �` E� n |�� iru rxwsxw xs wr A 1
Dovr uhfdoo wkdw -Ekc�Ek�� ' �Ek��Vlqfh �` E�n|� : �Ek�c dqg -Ekc �L7�
ghfuhdvhv dv �L7 lqfuhdvhv/ -Ekc�` E� n |� 	 -Ekc�Ek�� ' �Ek�� Wkxv/ lq
wkh vkruw uxq/ wkh txdvl0uhqwv hduqhg duh �` E�n |� �-Ekc �L7� zklfk duh lq
h{fhvv ri �` E�n |���Ek�� Khqfh/ Ph{lfdq surgxfhuv zloo oree| iru d sulfh0
edvhg gh�qlwlrq ryhu d frvw0edvhg rqh lq wkh lqwhuhvwv ri vkruw uxq sur�wv1
Wklv jlyhv xv Sursrvlwlrq 51
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Sursrvlwlrq 5 Lq wkh suhvhqfh ri fdsdflw| frqvwudlqwv/ Ph{lfdq surgxfhuv
zloo suhihu d sulfh0edvhg gh�qlwlrq ri ruljlq wr d frvw0edvhg rqh1

Zh qrz wxuq wr wkh h�hfwv ri lpshuihfw frpshwlwlrq1

7 Iruhljq Prqrsro| Lq wkh Surgxfw Pdunhw
Zh qrz wxuq wr wkh h�hfwv ri uxohv ri ruljlq zkhq wkhuh lv d iruhljq prqrsro|
lq wkh �qdo surgxfw1 Khuh rxu zrun lv uhodwhg wr wkdw ri Kroodqghu +4<;:,1
Kroodqghu orrnhg dw wkh h�hfw ri frqwhqw surwhfwlrq lq d prgho zkhuh d frqwlq0
xxp ri grphvwlf dqg iruhljq lqsxwv lv xvhg wr pdnh wkh �qdo jrrg1 Krzhyhu
klv zrun dvvxphv FUV dv zhoo dv �{hg frh!flhqwv lq surgxfwlrq dqg irfxvhv
rq wkh sulfh edvhg gh�qlwlrq1 Kh vkrzv wkdw hyhq wkrxjk wkh �up*v surgxf0
wlrq frvwv duh lqfuhdvhg e| wkh frqwhqw uhtxluhphqw/ lw frxog uhgxfh wkh sulfh
fkdujhg dqg wkxv lqfuhdvh grphvwlf zhoiduh li wkh frqwhqw uhtxluhphqw zhuh
lq whupv ri plqlpxp vkduh ri wkh ydoxh ri grphvwlf lqsxwv xvhg uhodwlyh wr
wkh ydoxh ri vdohv1 Wklv frxog qrw dulvh li wkh uhvwulfwlrq zhuh lq whupv ri
pd{lpxp ydoxh vkduh rq iruhljq lqsxw xvhg uhodwlyh wr vdohv154

Zh dvn d vlplodu txhvwlrq/ exw orrn dw erwk frvw0 dqg sulfh0edvhg uhvwulf0
wlrqv1 Zh dovr vwhs dzd| iurp klv uhvwulfwlyh dvvxpswlrqv rq whfkqrorj|1
Lq dgglwlrq/ vlqfh zh duh orrnlqj dw wkh h�hfwv ri dq IWD/ wkh sureohp lv
gl�huhqw1 Zh �uvw vkrz wkdw d pruh uhvwulfwlyh uhtxluhphqw iru ruljlq pxvw
uhgxfh rxwsxw li grphvwlf dqg iruhljq lqsxwv duh shuihfw vxevwlwxwhv dqg d
frvw0edvhg gh�qlwlrq lv xvhg1 Wklv uhvxow lv lqghshqghqw ri wkh FUV dvvxps0
wlrq1 Zh wkhq surylgh d vlpsoh surri ri klv uhvxow xqghu FUV/ dvvxplqj wkh
grphvwlf dqg lpsruwhg lqsxwv duh shuihfw vxevwlwxwhv/ exw zlwkrxw uhtxlulqj
wkh dvvxpswlrq ri �{hg frh!flhqwv1

714 D Frvw Edvhg Gh�qlwlrq=

Dvvxph wkdw d IWD lv qhjrwldwhg zlwk wkh iruhljq frxqwu| lq zklfk wkh
prqrsrolvw surgxfhv/ dqg wkdw wkh sduwqhu frxqwu| frqvwlwxwhv klv pdunhw1
Dovr dvvxph wkdw zh duh frqvlghulqj wkh vkruw uxq zkhuh vrph lqsxw lv �{hg1
Ohw u� dqg uA eh wkh lqsxwv xvhg lq surgxfwlrq iurp wkh IWD dqg uAW

eh wkh lqsxw xvhg iurp rxwvlgh wkh IWD1 Ixuwkhu/ ohw uA eh �{hg dw u
A
lq

54Zlwk FUV wklv lv htxlydohqw wr vshfli|lqj d plqlpxp vkduh ri wkh ydoxh ri grphvwlf
xqlw lqsxw uhtxluhphqwv uhodwlyh wr sulfh1
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wkh vkruw uxq1 Ohw `� c` A c` AW eh wkh �{hg sulfhv ri wkhvh lqsxwv1 Wkh
prqrsrolvw*v sureohp lv wkhq wr fkrrvh uAW dqg u� wr plqlpl}h frvwv/ iru
hdfk rxwsxw ohyho %/ dqg wkhq wr fkrrvh % wr pd{lpl}h sur�wv lq wkh xvxdo
pdqqhu1

Qrwh wkdw gxh wr wkh h{lvwhqfh ri �{hg idfwruv ri surgxfwlrq/ frvwv duh qrw
frqvwdqw hyhq li wkh surgxfwlrq ixqfwlrq lv FUV1 Dovr/ vlqfh rxwsxw ghflvlrqv
duh pdgh rq wkh edvlv ri pdujlqdo frvwv/ li pdujlqdo frvwv vkliw xszdugv
+grzqzdugv, rxwsxw idoov +ulvhv,1 Wkxv/ zh irfxv �uvw rq wkh h�hfwv ri d
URR rq pdujlqdo frvwv1

Frqvlghu wkh h�hfw ri d uhvwulfwlrq rq wkh plqlpxp vkduh ri IWD frvwv
uhodwlyh wr wrwdo frvwv1 Wklv sureohp lv vhw xs dqg dqdo|}hg lq vhfwlrq 916 ri
wkh Dsshqgl{1 -Ekc %� lv wkh uhvxowlqj ydoxh ixqfwlrq1 Lw fruuhvsrqgv wr wkh
uhvwulfwhg wrwdo frvw ixqfwlrq1 Khqfh/ -%E�� jlyhv pdujlqdo frvwv dqg -%kE��
jlyhv wkh h�hfw ri dq lqfuhdvh lq k rq pdujlqdo frvwv1 Qrwh wkdw -kE�� lv
qrqqhjdwlyh1 Li wkh uhvwulfwlrq lv qrw elqglqj/ -Ekc %� ' �E%�� Lq wklv fdvh
wkh prqrsrolvw lv qhfhvvdulo| ehwwhu r� dffhswlqj wkh uhvwulfwlrq1 Dv k ulvhv
wkh uhvwulfwlrq ehfrphv elqglqj exw vwloo uhpdlqv zruwk dffhswlqj lw1 Iru yhu|
kljk ohyhov ri k/ lw pd| eh zruwk ljqrulqj lw dqg sd|lqj wkh uhtxluhg wdul�1
Wkh nh| srlqw wr qrwh lv wkdw >c zkhq wkh grphvwlf dqg lpsruwhg lqsxwv
duh shuihfw vxevwlwxwhv dv ghulyhg lq 916 ri wkh Dsshqgl{/ lv lqghshqghqw ri
%� Khqfh/ -%k ' >-%E�� : f� Wkxv/ pdnlqj wklv nlqg ri uhvwulfwlrq pruh
elqglqj udlvhv pdujlqdo frvw/ wkhuhe| uhgxflqj rxwsxw1 Wklv uhvxow reylrxvo|
fduulhv ryhu zlwk FUV/ dv pdujlqdo frvwv ulvh dv wkh frqvwudlqw ehfrphv pruh
elqglqj lq wkdw fdvh1 Lq dgglwlrq/ uhtxlulqj lpsruwhg lqsxwv wr eh ohvv wkdq d
jlyhq vkduh ri frvwv pxvw kdyh wkh vdph h�hfwv dv wkdw ri uhtxlulqj grphvwlf
lqsxwv wr eh pruh wkdq d jlyhq vkduh ri frvwv vlqfh wkh wzr frqvwudlqwv duh
htxlydohqw1 Wklv jlyhv Sursrvlwlrq 61

Sursrvlwlrq 6 Li grphvwlf lqsxw lv d shuihfw vxevwlwxwh iru wkh lpsruwhg lq0
sxw/ dqg wkhuh lv d iruhljq prqrsrolvw/ pdnlqj d elqglqj frvw0edvhg gh�qlwlrq
ri ruljlq pruh uhvwulfwlyh uhgxfhv rxwsxw1

Wklv sursrvlwlrq grhv qrw phdq wkdw d IWD pxvw uhgxfh wkh rxwsxw ri
vxfk d prqrsrolvw1 Uhfdoo wkdw wkh IWD dovr holplqdwhv wdul�v rq wkh �qdo
jrrg/ zklfk whqgv wr uhgxfh wkh sulfh fkdujhg dqg udlvh rxwsxw1 Wkh h�hfw
suhgrplqdwhv li wkh uhvwulfwlrq lv qrw wrr vhyhuh1 Wkh h�hfw rq zhoiduh ri dq
IWD lv pruh gl!fxow1 Hyhq li rxwsxw ulvhv xqghu wkh IWD/ zhoiduh qhhg qrw1
Iru zhoiduh wr ulvh/ wkh jdlq lq frqvxphu vxusoxv iurp wkh uhgxfwlrq lq sulfh
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gxh wr wkh lqfuhdvh lq rxwsxw pxvw h{fhhg wkh orvv lq wdul� uhyhqxh1 Wklv qhw
jdlq lv qrw hqvxuhg hyhq li pdujlqdo frvwv ri surgxfwlrq duh qrw udlvhg e| wkh
IWD1

715 D Sulfh Edvhg Gh�qlwlrq=

Zkdw derxw d gh�qlwlrq ri frqwhqw zklfk lv sulfh edvhgB Khuh zh uhwxuq
wr dvvxplqj wkdw wkhuh duh FUV1 Zh dqdo|}h wkh sureohp lq wkuhh vwdjhv1
Iluvw zh ghulyh wkh uhvwulfwhg xqlw frvw ixqfwlrq1 Wkhq zh ghulyh wkh sur�w0
pd{lpl}lqj rxwsxw/ jlyhq wkhvh frvwv/ dvvxplqj wkdw wkh uhvwulfwlrq lv df0
fhswhg1 Ilqdoo|/ zh orrn dw wkh fkrlfh ri dffhswlqj wkh uhvwulfwlrq1

Wkh uhvwulfwhg xqlw frvw ixqfwlrq lv ghulyhg lq 917 lq wkh Dsshqgl{1 Lw
zloo ghshqg rq sulfh vlqfh xqlw lqsxw xvh lv uhtxluhg wr eh dw ohdvw d jlyhq
iudfwlrq/ kc ri sulfh155 Dovr/ wkh uhvwulfwhg xqlw frvw ixqfwlrq zloo lqfuhdvh
zlwk sulfh dv wklv pdnhv wkh frqvwudlqw kdughu wr phhw156 Wkh ydoxh ixqfwlrq
iru wklv sureohp lv ghqrwhg e| -Ekc � �� Qrwh wkdw/ dv h{shfwhg/ lqfuhdvlqj
wkh sulfh udlvhv uhvwulfwhg xqlw frvwv dqg wkdw pdnlqj wkh uhtxluhphqw pruh
uhvwulfwlyh udlvhv uhvwulfwhg xqlw frvwv1

Dw wkh suhylrxv vwdjh/ wkh prqrsrolvw pxvw fkrrvh rxwsxw wr pd{lpl}h
sur�wv1 Klv sureohp lv=

Pd{lpl}h ZE%(k� ' � E%�%�-E� E%�c k�%�
Vlqfh sulfh d�hfwv xqlw frvw/ zh fdq qr orqjhu dujxh wkdw li xqlw frvwv

+zklfk htxdov pdujlqdo frvwv, ulvhv dv k ulvhv/ rxwsxw pxvw idoo1 Wkh wzr
vwdjhv gr qrw vhsdudwh dv hdvlo|1 Krzhyhu/ wkhuh lv d vlpsoh uhdvrq zk| wklv
irup ri wkh uhvwulfwlrq frxog ohdg wr d uhgxfwlrq lq sulfh dqg lqfuhdvh lq
rxwsxw1 E| lqfuhdvlqj rxwsxw dqg uhgxflqj sulfh wkh surgxfhu fdq pdnh wkh
frqvwudlqw rq frqwhqw ohvv elqglqj dqg kh fkrrvhv wr gr vr li wkh uhvwulfwlrq
lv qrw wrr vhyhuh1 Wkh ghulydwlyh ri wklv sur�w ixqfwlrq lv jlyhq e|=

�%E%c k� ' �%E%�%n � E%��-� E� E%�c k��%E%�%�-E� E%�c k��

55Wklv lv htxlydohqw wr wrwdo lqsxw xvh ehlqj dw ohdvw d jlyhq iudfwlrq ri vdohv gxh wr wkh
dvvxpswlrq ri FUV1

56Frpsduh wklv sureohp wr wkdw lq D15 ri wkh Dsshqgl{1 Lq D15/ d pd{lpxp ydoxh vkduh
uhodwlyh wr sulfh ri lpsruwhg xqlw lqsxw uhtxluhphqwv zdv wkh frqvwudlqw1 Lq wklv fdvh/ dq
lqfuhdvh lq sulfh uhgxfhg wkh uhvwulfwhg frvw ixqfwlrq1 Lq wkh sureohp vshfl�hg lq D17/ lq
frqwudvw/ dq lqfuhdvh lq sulfh udlvhv uhvwulfwhg xqlw frvwv1 Wklv srlqwv wr wkh lpsruwdqfh
ri wkh vshfl�fdwlrq ri frqwhqw zlwk d sulfh edvhg gh�qlwlrq1 Zlwk d frvw0edvhg gh�qlwlrq/
wklv lvvxh grhv qrw dulvh1
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Vlqfh -� E� E%�c @� ' k> � f iurp vhfwlrq 917 lq wkh Dsshqgl{/ dqg
�%E%� 	 fc wkh �up*v pdujlqdo frvwv duh orzhu wkdq wkh xqlw frvwv/ ehfdxvh
udlvlqj rxwsxw uhod{hv wkh frqvwudlqw rq ydoxh dgghg$ Wklv lv wkh khduw ri
zk| rxwsxw fdq ulvh hyhq zkhq xqlw frvwv ulvh gxh wr wkh uhvwulfwlrq1

Lw lv hdvlhvw wr looxvwudwh zkdw lv jrlqj rq zkdw A dqg A W duh shuihfw
vxevwlwxwhv1 Lq wklv fdvh wkh sur�w ixqfwlrq xqghu wkh frqwhqw uhvwulfwlrq lv
qrw gl�huhqwldeoh hyhu|zkhuh1 Li A +ru �,/ dqg A W duh shuihfw vxevwlwxwhv/
wkhq > lv lqghshqghqw ri k dqg �c vr wkdw -�k ' >� Krzhyhu/ wklv phdqv
wkdw dw wkh srlqw zkhuh wkh uhvwulfwlrq lv mxvw elqglqj/ zkhuh wkh uhvwulfwhg
sur�w ixqfwlrq ehfrphv lghqwlfdo zlwk wkh xquhvwulfwhg rqh/ wkhlu ghulydwlyhv
duh gl�huhqw1 Wkh vorsh ri wkh uhvwulfwhg sur�w ixqfwlrq +iurp ehorz, h{fhhgv
wkdw ri wkh xquhvwulfwhg rqh/ dowkrxjk lw olhv zhdno| ehorz lw hyhu|zkhuh1 Lw
lv dw wklv srlqw wkdw wkh sur�w ixqfwlrq lv qrq0gl�huhqwldeoh1

Wkh srlqw dw zklfk wkh uhvwulfwlrq ehfrph elqglqj ghshqgv rq wkh ohyho
ri k� Iru hyhu| k wkhuh h{lvwv d � Ek� vxfk wkdw wkh frqvwudlqw lv elqglqj
iru � : � Ek� dqg lv qrw elqglqj rwkhuzlvh1 Wklv lv ehfdxvh uhgxflqj �
vdwlv�hv wkh frqvwudlqw1 � Ek� lv ri frxuvh ghfuhdvlqj lq k� Fruuhvsrqglqj
wr wklv mxvw0elqglqj ohyho ri sulfh/ wkhuh lv dq rxwsxw ohyho %Ek� vxfk wkdw
� E%Ek�� ' � Ek�� Wkh frqvwudlqw lv elglqj li % 	 %Ek� dqg qrw elqglqj
rwkhuzlvh1 Wkxv/ wkh uhvwulfwhg sur�w ixqfwlrq ehfrphv lghqwlfdo zlwk wkh
xquhvwulfwhg rqh iru % � %Ek�� Lw olhv ehorz lw rwkhuzlvh dqg kdv d juhdwhu
vorsh/ frplqj iurp ehorz/ wkdq wkh xquhvwulfwhg sur�w ixqfwlrq dw wkh srlqw
zkhuh wkh| lqwhuvhfw1 Dovr/ %Ek� lv lqfuhdvlqj lq k�

Wkxv/ wkhuh duh rqo| wkuhh srvvlelolwlhv/ ghslfwhg lq Iljxuh 61 +4, Dw
%Ek� wkh xquhvwulfwhg sur�w ixqfwlrq lv xszdug vorslqj1 Lq wklv hyhqw vr lv
wkh uhvwulfwhg sur�w ixqfwlrq frplqj iurp ehorz vlqfh lw pxvw eh vwhhshu1
Wklv rffxuv iru ydoxhv ri k 	 k�c zkhuh k� fruuhvsrqgv wr wkh vkduh ri
IWD lqsxwv xqghu iuhh wudgh dqg qr frqwhqw uhtxluhphqwv1 Lq wklv fdvh wkh
frqwhqw uhvwulfwlrq lv qrw uhvwulfwlyh1 +5, Dw % Ek� wkh xquhvwulfwhg sur�w
ixqfwlrq lv zhdno| grzqzdug vorslqj exw wkh uhvwulfwhg rqh lv xszdug vorslqj
frplqj iurp ehorz1 Lq wklv fdvh wkh prqrsrolvw fkrrvhv wr sulfh wr pdnh wkh
frqvwudlqw mxvw elqglqj/ wkdw lv dw � Ek�� Wklv pxvw rffxu iru k forvh wr exw
juhdwhu wkdq k� vlqfh lq wklv fdvh wkh uhvwulfwhg sur�w ixqfwlrq lv xszdug
vorslqj dw wkh srlqw wkh frqvwudlqw lv mxvw elqglqj1 Vd| wklv rffxuv iru k
lq dk�ck2o� +6, Dw %Ek� wkh xquhvwulfwhg sur�w ixqfwlrq lv grzqzdug vorslqj
dqg vr lv wkh uhvwulfwhg rqh frplqj iurp ehorz1 Lq wklv fdvh wkh prqrsrolvw
fkrrvhv wr surgxfh ohvv wkdq %Ek�� Vd| wklv rffxuv iru k lq Ek2c �o� Lq erwk
+5, dqg +6, wkh frqvwudlqw lv elqglqj1 Lq doo ri Fdvh +5,/ lqfuhdvlqj k udlvhv
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rxwsxw dqg uhgxfhv sulfh157

Zkdw wkhq lv wkh olnho| sdwk ri rxwsxw xqghu wkh IWD dv wkh uhvwulfwlrq
rq grphvwlf lqsxw xvh ehfrphv pruh vhyhuhB Zkhq wkh uhvwulfwlrq lv qrw
elqglqj/ frvwv duh xqd�hfwhg/ exw dv wkhuh lv qr wdul�/ rxwsxw lv kljkhu wkdq
li wkhuh zdv qr IWD1 Dv wkh vhyhulw| ri wkh uhvwulfwlrq lqfuhdvhv/ rxwsxw ulvhv
lqlwldoo| dqg wkhq frxog idoo1

Dv sur�wv dozd|v idoo dv wkh uhvwulfwlrq ehfrphv pruh vhyhuh/ dw vrph
vwdjh/ wkh sur�w iurp dffhswlqj wkh uhvwulfwlrq dqg ehlqj h{hpsw iurp wkh
wdul� zloo |lhog wkh vdph sur�wv dv ljqrulqj lw1 Dw wklv srlqw wkh prqrsrolvw
zloo ghflgh wr ljqruh wkh uhvwulfwlrq dqg rxwsxw zloo uhyhuw wr wkh suh0IWD
ohyhov1

Zkdw grhv wklv lpso| iru wkh h�hfw ri vxfk uhvwulfwlrqv rq zhoiduh dqg wkh
xvh ri grphvwlf dqg iruhljq lqsxwvB Iluvw frqvlghu zhoiduh1 Li wkh uhvwulfwlrq
lv qrw wrr vhyhuh/ rxwsxw fdq ulvh deryh wkh suh0IWD ohyho1 Wklv h�hfw udlvhv
frqvxphu vxusoxv/ d sduw ri zhoiduh1 Krzhyhu/ wdul� uhyhqxh lv orvw/ zklfk
whqgv wr ghfuhdvh zhoiduh uhodwlyh wr wkh vwdwxv txr ehiruh wkh IWD1 Vlqfh
wkh ghfuhdvh lq sulfh lv olnho| wr eh ohvv wkdq wkh ghfuhdvh lq frvwv gxh wr
wkh uhprydo ri wkh wdul�/ wkh odwwhu h�hfw lv olnho| wr grplqdwh lqlwldoo|1 Dv
wkh uxoh ri ruljlq ehfrphv elqglqj/ rxwsxw ulvhv dqg wkh h�hfw rq frqvxphu
vxusoxv frxog grplqdwh/ udlvlqj zhoiduh gxh wr wkh IWD1 Dv wkh uhvwulfwlrq
ehfrphv hyhq pruh elqglqj/ rxwsxw frxog idoo uhgxflqj zhoiduh1 Ilqdoo|/ wkh
sur�wv wkdw fdq eh rewdlqhg e| dffhswlqj wkh frqwhqw uxoh idoo ehorz wkrvh
iurp dffhswlqj wkh wdul� dqg zhoiduh jrhv edfn wr wkh suh0IWD ohyho1 Wklv
rffxuv dw k ' k��

Wkhuh duh wzr irufhv dw zrun rq wkh grphvwlf lqsxwv1 Iluvw wkh frqwhqw
uxoh whqgv wr glvwruhw lqsxw xvh wrzdugv IWD lqsxwv158 Vhfrqg/ dv rxwsxw
fkdqjhv/ vr grhv grphvwlf lqsxw xvh lq wkh vdph gluhfwlrq1 Khqfh/ wkh qhw
h�hfwv duh dpeljxrxv1

Lw lv hdv| wr vhh wkdw li wkh uhvwulfwlrq rq frqwhqw lv vshfl�hg dv d pd{lpxp
vkduh ri qrq0IWD lqsxwv dv d iudfwlrq ri vdohv/ ru htxlydohqwo| dv d pd{lpxp
vkduh rq wkh ydoxh ri qrq0IWD xqlw frvwv uhodwlyh wr sulfh/ wkhuh zrxog eh
qr vxfk lqfhqwlyh wr uhgxfh sulfh1 Lq wklv fdvh udlvlqj sulfh/ qrw uhgxflqj lw/
pdnhv wkh frqvwudlqw ohvv elqglqj vr wkdw d uhvwulfwlrq vhw dw forvh wr iuhh0

57Qrwh wkdw zlwkrxw ixuwkhu uhvwulfwlrqv rq wkh sureohp zh fdq rqo| vd| wkdw iru � deryh
exw forvh wr �4 rxwsxw pxvw ulvh dv � grhv1 Dv � ulvhv ixuwkhu zh frxog vzlwfk ehwzhhq
fdvhv +5, dqg +6,1

58Krzhyhu/ vlqfh doo IWD lqsxwv duh vr d�hfwhg wklv qhhg qrw qhfhvvdulo| udlvh wkh xvh
ri hdfk grphvwlf lqsxw1

54



wudgh ohyhov zloo qrw udlvh rxwsxw1 Zh gr qrw zrun wkurxjk wkh ghwdlov khuh/
ohdylqj wkhp dv dq h{huflvh iru wkh lqwhuhvwhg uhdghu1

Wkh pdlq frqfoxvlrq wr eh gudzq iurp wklv vhfwlrq lv wkdw zlwk lpshuihfw
frpshwlwlrq/ wkhuh lv hyhq pruh uhdvrq wr eh frqfhuqhg zlwk wkh irup ri
URRv1 Hyhq irupv wkdw duh htxlydohqw xqghu shuihfw frpshwlwlrq fdq kdyh
txlwh gl�huhqw h�hfwv lq wkh suhvhqfh ri pdunhw lpshuihfwlrqv1

8 Frqfoxglqj Uhpdunv
Lq wklv sdshu zh kdyh mxvw ehjxq wr orrn dw krz URRv dqg gl�huhqw gh�ql0
wlrqv ri wkhp fdq kdyh yhu| gl�huhqw h�hfwv> pxfk uhpdlqv wr eh grqh1 Dq
duhd zh glg qrw wrxfk xsrq ghdov zlwk wkh h�hfwv ri IWD*v dqg wkh dffrpsd0
q|lqj URRv rq lqwhuphgldwh jrrgv pdunhwv zkhq wkhuh lv pdunhw srzhu lq
wkhvh pdunhwv1 Khuh Nulvkqd dqg Lwrk +4<;9, pljkw surylgh d vwduwlqj srlqw1
Lq dgglwlrq/ zh kdg olwwoh wr vd| derxw qrq frqwhqw0edvhg gh�qlwlrqv ri ruljlq
dqg wkh h�hfwv ri pxowlsoh od|huv ri uhtxluhphqwv dv riwhq rffxuv lq wkh uhdo
zruog1 Shukdsv wkh prvw lpsruwdqw lvvxh zh wuhdw lq d yhu| vlpsoh pdqqhu
lv wkh h�hfwv ri IWD*v rq Iruhljq Gluhfw Lqyhvwphqw +IGL,1 Lq frqwudvw wr
frqwhqw uhtxluhphqwv rq lpsruwv/ zklfk whqg wr ohdg wr IGL lq wkh lpsruw0
lqj frxqwu| lq rughu wr hydgh wkh frqwhqw uhtxluhphqw rq lpsruwv/ URR*v
whqg wr ohdg wr IGL lq wkh orzhu frvw frxqwu| lq wkh IWD/ dv wklv surylghv
dffhvv wr wkh IWD pdunhw dw d orzhu frvw wr wkh lqyhvwru1 Vxfk frqfhuqv duh
frpprq lq glvfxvvlrqv ghdolqj zlwk QDIWD/ dqg qhhg ixuwkhu vwxg|1 Qru
kdyh wkh lpsolfdwlrqv ri gl�huhqw zd|v ri gh�qlqj ruljlq ehhq h{soruhg lq
wklv frqwh{w1 Wkh zrun ehjxq khuh vxjjhvwv wkdw vxfk lvvxhv pljkw eh zhoo
zruwk dgguhvvlqj1
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Uhihuhqfhv
^4` Ehjklq/ Mrkq F1/ dqg F1 D1 Nqr{ Oryhoo/ �Wudgh dqg H!flhqf| H�hfwv

ri Grphvwlf Frqwhqw Surwhfwlrq= Wkh Dxvwudoldq Wredffr dqg Fljduhwwh
Lqgxvwulhv/� Plphr 4<<51 Iruwkfrplqj lq wkh Uhylhz ri Hfrqrplfv dqg
Vwdwlvwlfv1

^5` Frughq/ Z1 P1/ Wkh Wkhru| ri Surwhfwlrq/ Orqgrq= Doohq dqg Xqzlq/
4<:41

^6` Gh0Vlodqhv/ Ioruhqflr Orsh}/ Mdphv U1 Pdunxvhq dqg Wkrpdv I1
Uxwkhuirug/ �Dqwl0Frpshwlwlyh dqg Uhqw Vw|olqj Dvshfwv ri Grphvwlf0
Frqwhqw Surylvlrqv lq Uhjlrqdo Wudglqj Eorfnv/� Plphr 4<<61

^7` Jurvvpdq/ Jhqh P1/ �Wkh Wkhru| ri Grphvwlf Frqwhqw Surwhfwlrq dqg
Suhihuhqfh1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 <9/ Qr1 7/ Qryhpehu
4<;4/ ss1 8;609361

^8` Khulq/ Mdq/ �Uxohv ri Ruljlq dqg Gl�huhqfhv ehwzhhq Wdul� Ohyhov lq
HIWD dqg lq wkh HF/� HIWD Rffdvlrqdo Sdshu Qr1 46/ Jhqhyd/ Iheux0
du| 4<;91

^9` Kroodqghu/ Deudkdp/ �Frqwhqw Surwhfwlrq dqg Wudqvqdwlrqdo
Prqrsro|/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro1 56/ 4<;:/
ss1 5;60<:1

^:` Mrkqvrq/ K1 J1/ Dvshfwv ri wkh Wkhru| ri Wdul�v/ Orqgrq= Doohq dqg
Xqzlq/ 4<:41

^;` Nulvkqd/ Ndod dqg P1 Lwrk/ �Frqwhqw Surwhfwlrq dqg Roljrsrolvwlf Lqwhu0
dfwlrqv/� Uhylhz ri Hfrqrplf Vwxglhv/ OY/ Mdqxdu| 4<;;/ ss1 43:04581

^<` Nulvkqd/ Ndod dqg O1 K1 Wdq/ �Wudqvihudelolw| Yhuvxv Qrq0
Wudqvihudelolw|= Zkdw lv wkh Gl�huhqfhB� Plphr 4<<61

^43` Nuxhjhu/ Dqqh R1/ �Iuhh Wudgh Djuhhphqwv dv Surwhfwlrqlvw Ghylfhv=
Uxohv ri Ruljlq1� Iruwkfrplqj lq Ihvwvfkuliw lq krqru ri Mrkq Fklspdq*v
98wk Eluwkgd|/ 4<<51
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^44` PfFxoorfk/ U1 dqg K1 J1 Mrkqvrq/ �D Qrwh rq Sursruwlrqdoo| Glvwule0
xwhg Txrwdv/� Dphulfdq Hfrqrplf Uhylhz/ 96/ Qr1 7/ 4<:6/ ss1 :590651

^45` Pxvvd/ P1/ �Wkh Hfrqrplfv ri Frqwhqw Surwhfwlrq/� Qdwlrqdo Exuhdx
ri Hfrqrplf Uhvhdufk/ Zrunlqj Sdshu Qr1 478:/ 4<;71

^46` Sdophwhu/ Q1 Gdylg/ �Uxohv ri Ruljlq lq d Zhvwhuq Khplvskhuh Iuhh
Wudgh Djuhhphqw/� Plphr 4<<61

^47` Vwhhoh/ Nhlwk dqg Gdqlho Prxolv/ �Frxqwu| ri Ruljlq= Wkh Dxvwudoldq
H{shulhqfh/� Hgzlq Yhupxovw/ Sdxo Zdhu dqg Mdftxhv Erxujhrlv +Hgv1,1
Uxohv ri Ruljlq lq Lqwhuqdwlrqdo Wudgh= D Frpsdudwlyh Vwxg|1 Dqq Du0
eru= Xqlyhuvlw| ri Plfkljdq Suhvv/ 4<<71
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9 Dsshqgl{

914 D Uhvwulfwlrq rq wkh Vkduh ri IWD Frvwv Uhodwlyh
wr Wrwdo Frvwv=

Wkh Odjudqjldq iru wkh sureohp ri plqlpl}lqj frvw vxemhfw wr d plqlpxp
vkduh/ kc ri frvwv frplqj iurp zlwklq wkh IWD/ lv jlyhq e|=

O ' `�@� n` A@A n` AW@AW � �d`�@� n` A@A � kE`�@� n` A@A

n` AW@AW�o� >d8 E@� c @A c @AW�� �o

YO
Y@�

' `� � �E�� k�`� � >8@� E�� ' f

' : `�E�� �E�� k�� ' >8k� E��
YO
Y@A

' ` A � �E�� k�` A � >8@A E�� ' f

' : ` A � �E�� k�� ' >8@A E��
YO
Y@AW

' ` AW n �k` AW � >8@AWE�� ' f

' : E� n �k�` AW � >8@AWE��
YO
Y�

' d`�@� n` A@A � kE`�@� n` A@A n` AW@AWo � f

d`�@� n` A@A � kE`�@� n` A@A n` AW@AWo�

' f
YO
Y>

' 8 E@� c @A c @AW�� � ' f

Qrwh wkdw wkh �uvw0rughu frqglwlrqv zlwk uhvshfw wr @A c @� c dqg @AW lpso|
wkdw wkh ydoxh0dgghg frqvwudlqw grhv qrw d�hfw wkh udwlr ri wkh pdujlqdo
surgxfwv ri � dqg A� Ohw -E`� c` A c` AWc k� eh wkh ydoxh ixqfwlrq iru wklv
sureohp1 E| wkh hqyhorsh wkhruhp=

-`� ' @�E�� �E�� k��

-`A E�� ' @A E�� �E�� k��
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-`AW ' @AWE� n �k�

-k ' �-E��
-k@ ' �k-n �2-E�� ' -E�kn �2�

-E�� �r M(� �? `� c` A c` AW�

Iurp lqwhusuhwlqj wkh �uvw0rughu frqglwlrqv lw lv dssduhqw wkdw wkh ydoxh0
dgghg frqvwudlqw dfwv olnh d wd{ ri �k` AW rq wkh xvh ri A W dqg d vxevlg| ri
�E� � k�`� rq wkh xvh ri � dqg ri �E� � k�` A rq wkh xvh ri A 1 Lq wklv
zd| wkh IWD dfwv wr h{sruw surwhfwlrq1

915 D Uhvwulfwlrq rq wkh Ydoxh ri Qrq0IWD Lqsxwv dv
d Vkduh ri Sulfh=

Wkh sureohp lq wklv fdvh lv wr=

��?�6�5e `�@� n` A@A n` AW@AW

vxemhfw wr=

� �r �` AW@AW

�L7
� @

8 E@� c @A c @AW� � ��

Wkh Odjudqjldq iru wklv plqlpl}dwlrq lv jlyhq e|=

OE@� c @A c @AWc bc >� ' `�@� n` A@A n` AW@AW

�bd�L7 �` AW@AW � @�L7o� >d8 E@� c @A c @AW�� �o

Wkh �uvw0rughu frqglwlrqv duh jlyhq e|=

YO
Y@�

' `� � >8@� ' f

YO
Y@A

' ` A � >8@A ' f

YO
Y@AW

' ` AWE� n b�� >8@AW ' f

dvvxplqj wkdw doo lqsxwv duh hvvhqwldo wr surgxfwlrq1
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YO
Yb

' �L7 �` AW@AW � k�L7 � f

bd�L7 �` AW@AW � k�L7o ' f

YO
Y>

' 8 E@� c @A cAW �� � ' f�

Qrwh wkdw wkh frpsohphqwdu| vodfnqhvv frqglwlrq dvvrfldwhg zlwk wkh
ydoxh0dgghg frqvwudlqw deryh lv h{solflwo| jlyhq vlqfh wkh frqvwudlqw rq ydoxh
dgghg qhhg qrw eh elqglqj1

Qrwh dovr wkdw li b 9' f wkhq wkh ydoxh dgghg frqvwudlqw lv elqglqj/ dqg
wkh �uvw rughu frqglwlrq zlwk uhvshfw wr b krogv dv dq htxdolw| vr wkdw @AW '
�L7E�3k�

`AW � Wklv ohdyhv wkh uhpdlqlqj irxu �uvw0rughu frqglwlrqv wr vroyh iru @A c
@� c b dqg >� Wkh ydoxh ixqfwlrq rewdlqhg e| vxevwlwxwlrq iru wkhvh vroxwlrq
ydoxhv ri wkh fkrlfh yduldeohv lv zkdw zh fdoohg -E`� c` A c` AWc kc �L7�
hduolhu1 Qrwh wkdw �uvw0rughu frqglwlrqv zlwk uhvshfw wr @� dqg @A vkrz wkdw
zkdwhyhu lv kc wkh fkrlfh ri wkh qrqwudghg E�� dqg IWD surgxfhg EA � lqsxw
zloo qrw eh glvwruwhg uhodwlyh wr hdfk rwkhu e| wkh uhvwulfwlrq rq ydoxh dgghg1
Wkh udwlrv ri pdujlqdo surgxfwlylw| duh vwloo htxdwhg wr idfwru sulfh udwlrv1

Dovr qrwh wkdw=

-`� E�� ' @�E��
-`A E�� ' @A E��
-`AWE�� ' @AWE��E� n b�

Lw lv fohdu iurp wkh wkuhh �uvw0rughu frqglwlrqv zlwk uhvshfw wr lqsxw xvh
wkdw wkh uhvwulfwlrq zrunv wr uhgxfh wkh xvh ri wkh lqsxw iurp wkh uhvw ri wkh
zruog uhodwlyh wr wkh xqfrqvwudlqhg vroxwlrq1 Lw dfwv olnh d wdul� ri b` AW rq
wkh lpsruw ri wkh lqsxw iurp wkh uhvw ri wkh zruog1 Wkxv/ b fdq eh lqwhusuhwhg
dv wkh dg ydoruhp wdul� htxlydohqw1 Wklv lv rqh zd| wkdw wkh IWD �h{sruwv
surwhfwlrq�1

Ilqdoo|/ qrwh wkdw li @A dqg @AW duh shuihfw vxevwlwxwhv iru hdfk rwkhu/
wkhq iurp wkh �uvw0rughu frqglwlrqv zlwk uhvshfw wr @A dqg @AW zh jhw=

` A

` AWE� n b�
' ��

Vr wkdw b ' `A
3`AW

`A dqg lv lqghshqghqw ri k dqg �L7� Lq wklv vshfldo fdvh
-kkE�� ' f dqg -E�� lv olqhdu lq k�
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916 DUhvwulfwlrq rq wkhPlqlpxp Vkduh ri IWDFrvwv
Uhodwlyh wr Wrwdo Frvwv Zlwkrxw FUV=

Dv u� dqg uA duh dvvxphg wr frph iurp zlwklq wkh IWD wkh sureohp lv wr=

Plqlpl}h `�u� n` Au
A
n` WAuWA vxemhfw wr

`�u� n` Au
A

`�u� n` Au
A
n` WAuWA

� k

dqg
8 Eu� c u

A
c uWA � ' %�

Wkh ydoxh ixqfwlrq iru wklv sureohp lv ghqrwhg e|-E`� c` AWc` A c u
A
c kc %�

zklfk lv wkh uhvwulfwhg wrwdo frvw ixqfwlrq1
Wkh Odjudqjldq iru wklv sureohp lv jlyhq e|=

OEu� c uAWc bc >� ' `�u� n` Au
A
n` AWuAW

�bd8 Eu� c u
A
c uAW�� %o

�>d`�u� n` Au
A � kE`�u� n` Au

A
n` AWuAW�o

Wkh �uvw0rughu frqglwlrqv duh=

YOE��
Yu�

' `�E�� >E�� k��� b8u� E�� ' f

YOE��
YuAW

' ` AWE� n >k�� b8A W E�� ' f

YOE��
Yb

' �8 du� c u
A
c uAW�� %o ' f

YOE��
Y>

' �d`�u� n` Au
A � kE`�u� n` Au

A
n` AWuAW�o ' f�

Qrwh wkdw e| wkh hqyhorsh wkhruhp/ -k E�� ' >- E�� � Dovr/

-k% E�� ' >-% E�� n- E�� _>
_%
� ' -%k E�� �
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Lq dgglwlrq/ qrwh wkdw li u� dqg uA duh shuihfw vxevwlwxwhv/ 8u� E�� ' 8uAW E�� �
Xvlqj wkh �uvw0rughu frqglwlrqv zlwk uhvshfw wr u� dqg uAW zh jhw=

`�

` AW
'

� n >k

�� >E�� k�
�

Wklv gh�qhv > iru jlyhq kc`� c` AW�

917 D Uhvwulfwlrq rq wkh Xvh ri Grphvwlf Lqsxwv dv d
Vkduh ri Vdohv zlwk FUV=

Wkh sureohp wr zklfk wkh uhvwulfwhg xqlw frvw ixqfwlrq lv wkh vroxwlrq lv=

Plqlpl}h `�@� n` A@A n` AW@AW

Vxemhfw wr=
`�@� n` A@A

�
� k

dqg

8 E@� c @A c @AW� ' ��

zkhuh @ ghqrwhv wkh xqlw lqsxw uhtxluhphqw1

Wkh Odjudqjldq iru wklv sureohp lv=

OE@� c @A c @AWc bc >� ' `�@� n` A@A n` AW@AW

�bd8 E@� c @A c @AW�� �o

�>d`�@� n` A@A � k� o

Wkh �uvw0rughu frqglwlrqv duh=

YO E��
Y@�

' `�E�� >�� b8@� E�� ' f

YO E��
Y@A

' ` A E�� >�� b8@A E�� ' f
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YO E��
Y@AW

' ` AW � b8@AW E�� ' f

YO E��
Yb

' �d8 E@� c @A c @AW�� �o ' f

YO E��
Y>

' �d`�@� n` A@A � k� o ' f

Ohw -Ekc � � eh wkh ydoxh ixqfwlrq iru wklv sureohp1 E| wkh hqyhorsh
wkhruhp/ -R ' k> : f� Wkxv/ lqfuhdvlqj sulfh udlvhv uhvwulfwhg xqlw frvwv1
-k ' >� vr wkdw pdnlqj wkh uhtxluhphqw pruh uhvwulfwlyh dovr udlvhv xqlw
frvwv1 Ilqdoo|/ -�k ' > ' k _>*_k� Li A ru�c dqg A W duh shuihfw vxevwlwxwhv/
wkhq iurp wkh �uvw0rughu frqglwlrqv > lv lqghshqghqw ri k dv=

> '
` A �` AW

` A
�

Khqfh/ lq wklv fdvh= -�k ' >�
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