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Devwudfw

Lq wklv sdshu L zloo hydoxdwh wkh uroh ri U)G lqyhvwphqw lq wudqvsruw

dqg frppxqlfdwlrq lq d gxrsro| zlwk wudgh1 L zloo lq idfw frqvlghu wkh

vwudwhjlf ehkdylrxu ri wzr �upv orfdwhg lq wzr gl�huhqw frxqwulhv1 Wkh|

fdq dfwlydwh U)G lqyhvwphqwv lq rughu wr lpsuryh wkh whfkqrorj| ri wkh

wudqvsruwdwlrq surfhvv1 Wudqvsruw dqg frppxqlfdwlrq +WF, frvwv duh ri

wkh lfhehuj w|sh/ l1h rqo| d iudfwlrq ri wkh jrrg vklsshg deurdg uhdfkhv wkh

iruhljq pdunhw1 L zloo wkhq vwxg| d jdph lq zklfk �upv pd| sulruo| frp0

plw wkhpvhoyhv wr d fhuwdlq ohyho ri U)G lqyhvwphqw dqg wkhq wkh| sod|

lq wkh pdunhw1 Dv iru wkh pdunhw jdph/ L zloo frqvlghu erwk d Frxuqrw

gxrsro| zlwk krprjhqhrxv surgxfwv dqg d Ehuwudqg gxrsro| zlwk gli0

ihuhqwldwhg jrrgv1 Lq erwk prghov/ p| dqdo|vlv vxjjhvwv wkdw �upv duh

zloolqj wr lqyhvw lq wudqvsruw dqg frppxqlfdwlrq whfkqrorj| zkhq vxfk

d vwudwhj| wxuqv rxw wr eh h!flhqw/ l1h zkhq lw grhv qrw lpso| dq h{fhv0

vlyh frvw1 Pruh suhflvho|/ d ydulhw| ri htxloleuld zloo dulvh dv d uhvxow ri

gl�huhqw ohyhov ri WF U)G h!flhqf|1 Li wkh frvw lv orz/ wkh jdph kdv

dq htxloleulxp lq grplqdqw vwudwhjlhv zkhuh erwk �upv lqyhvw lq WF dqg

pd{lpl}h wkh djjuhjdwh sur�w1 Dv wkh frvw lqfuhdvhv/ wkh jdph ehfrphv d

sulvrqhu*v glohppd> erwk �upv vwloo lqyhvw lq WF exw wkh| gr qrw uhdfk wkh

Sduhwr0h!flhqw vroxwlrq1 Iru hyhq kljkhu ohyhov ri wkh frvw uhtxluhg/ wkh

jdph vkrzv dq htxloleulxp lq grplqdqw vwudwhjlhv zkhuh qr �up �qdqfhv

WF U)G dqg wkh djjuhjdwh sur�w lv pd{lpl}hg1

MHO Fodvvl�fdwlrq= G76/ I45/ O46/ R641

Nh|zrugv= U)G/ wudqvsruw dqg frppxqlfdwlrq/ wudgh

WL wkdqn iru khosixo glvfxvvlrqv dqg vxjjhvwlrqv Dl Wlqj Jrk/ Oxfd Odpehuwlql dqg Jldq0

sdror Urvvlql1 Wkh xvxdo glvfodlphu dssolhv1
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Prghov ri lpshuihfw frpshwlwlrq vhuyh pruh dqg pruh wr uhylvlw dqg wr uhfrq0

vlghu vwdqgdug hfrqrplf wkhrulhv1 Lqwhuqdwlrqdo wudgh lv d �hog ri vwxg| zkhuh

wklv nlqg ri dssurdfk kdv ehfrph zlgho| hpsor|hg1 Lq wklv sdshu/ L zloo dqdo|vh

d prgho ri wudgh ehwzhhq frxqwulhv e| xvlqj wkh vwdqgdug wrrov ri roljrsro| wkh0

ru|1 L zloo lq idfw frqvlghu d gxrsro| jdph erwk ã od Frxuqrw dqg ã od Ehuwudqg

zlwk �upv idflqj wkh srvvlelolw| ri lqyhvwlqj lq U)G1

Ilupv vshqg vxevwdqwldo dprxqwv rq uhvhdufk dqg ghyhorsphqw +U)G,1 Lq0

yhvwphqwv lq U)G duh jhqhudoo| fodvvl�hg lqwr wzr w|shv/ surfhvv lqqrydwlrq dqg

surgxfw lqqrydwlrq1 Wkh dfwlylw| ri surgxfw lqqrydwlrq frqvlvwv lq wkh ghyhors0

phqw ri whfkqrorjlhv iru surgxflqj qhz surgxfwv ru iru lqfuhdvlqj wkh txdolw|

ri wkh h{lvwlqj rqhv1 Dv d frqvhtxhqfh/ lq prvw ri wkh fdvhv lw ghfuhdvhv wkh gh0

juhh ri vxevwlwxwdelolw| ehwzhhq ulydo surgxfwv lq roljrsrolhv1 Dv idu dv surfhvv

lqqrydwlrq lv frqfhuqhg/ lw dlpv dw ghfuhdvlqj wkh frvwv ri surgxflqj h{lvwlqj

surgxfwv1 Olwhudwxuh kdv frqvlghuhg wkh gl�huhqw ghjuhh ri h!flhqf| ri surfhvv

lqqrydwlqj U)G ehwzhhq wkh Frxuqrw dqg wkh Ehuwudqg vhwwlqj1 Dq hvwdeolvkhg

uhvxow vwdwhv wkdw wkhuh lv dq h{fhvv ri surfhvv0lqqrydwlqj U)G xqghu Frxuqrw

frpshwlwlrq/ zkloh wkh rssrvlwh krogv xqghu Ehuwudqg frpshwlwlrq +Eudqghu )

Vshqfhu/4<;6> Gl{rq/ 4<;8,1

Lq wklv sdshu L zloo qrw iroorz wkh frqyhqwlrqdo olqh ri uhvhdufk exw L zloo irfxv

rq d sduwlfxodu w|sh ri surfhvv lqqrydwlrq1 L zloo lq idfw lqyhvwljdwh wkh uroh ri dq

lqyhvwphqw lq Wudqvsruw dqg Frppxqlfdwlrq +WF, U)G1 Wklv w|sh ri U)G fdq

eh jhqhudoo| wkrxjkw wr d�hfw wudqvsruw dqg frppxqlfdwlrq frvwv/ zklfk pd|

eh lqwhusuhwhg lq whupv ri wkh glvwdqfh ehwzhhq wkh frqvxphu dqg wkh surgxfhu1

P| fkrlfh lv edvhg rq gl�huhqw uhdvrqv= �uvwo|/ lq pdq| flufxpvwdqfhv wkh frvwv

dvvrfldwhg wr wkh surfhvv0lqqrydwlqj dfwlylw| pd| eh yhu| kljk dqg �upv pd| eh

glvfrxudjhg iurp sxuvxlqj vxfk dq dfwlylw|1 Ilupv fdq wkxv wklqn ri lqyhvwlqj

lq wudqvsruw dqg frppxqlfdwlrq whfkqrorj| lq rughu wr hqodujh wkhlu pdunhw e|

vhuylqj pruh frqvxphuv1 Vhfrqgo|/ lq wkh hud ri lqirupdwlrq uhyroxwlrq wkh h{0

sorlwdwlrq ri Lqwhuqhw pd| doorz �upv wr hqodujh wkh olqndjhv wr wkhlu frqvxphuv1

Dv Vkdslur dqg Yduldq +4<<<, dssuhfldwh/ �Lqirupdwlrq whfkqrorj| lv derxw lq0

irupdwlrq dqg wkh dvvrfldwhg whfkqrorj|�1 E| lqyhvwlqj lq frpsxwhuv dqg pruh

dgydqfhg orjlvwlfv d �up fdq wkhq pdqlsxodwh lqirupdwlrqv dqg uhdfk d nlqg

ri rqh0wr0rqh uhodwlrq zlwk frqvxphuv1 Lq wklv zd| vkh frxog vkls wkh surg0

xfw wr wkrvh frqvxphuv uhdoo| lqwhuhvwhg lq lw dqg2ru wr ghvljq wkh surgxfw lq
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vxfk d zd| wr pdwfk frqvxphuv* uhtxluhphqwv1 Ilqdoo|/ vhyhudo zrunv +Nuxjpdq

dqg Yhqdeohv/ 4<<3> Pduwlq dqg Urjhuv/ 4<<8, kdyh hpskdvl}hg wkh lpsdfw ri

gl�huhqw w|shv ri lqiudvwuxfwxuhv rq wudgh sdwwhuqv dqg lqgxvwuldo frpshwlwlrq1

Wkhvh lqiudvwuxfwxuhv fdq eh lqwhusuhwhg lq d eurdg vhqvh dv hqfrpsdvvlqj dq|

idflolw|/ vhuylfh ru jrrg wkdw fdq idflolwdwh wkh mxqfwxuh ehwzhhq surgxfhuv dqg

frqvxphuv1 Srru lqiudvwuxfwxuhv lpsrvh kljk vklsslqj frvwv dqg wkhq d odujh

sruwlrq ri wkh jrrgv fdq eh �orvw rq wkh zd|�1 E| lqyhvwlqj lq frppxqlfdwlrq

dqg wudqvsruw vshfl�f U)G/ d �up pd| wkhq lqfuhdvh wklv iudfwlrq dqg hqodujh

khu pdunhw vkduh1

Wudqvsruw dqg frppxqlfdwlrq frvwv duh dvvxphg wr eh ri wkh clfhehuj* irup

lqyhqwhg e| Vdpxhovrq +4<87, dqg zlgho| xvhg lq wudgh wkhru| +Khospdq dqg

Nuxjpdq/ 4<;8> Nuxjpdq/ 4<<3,1 Lq wkh vhfrqg sduw ri wklv sdshu L zloo dovr olqn

dvshfwv ri surgxfw gl�huhqwldwlrq zlwk wkh dqdo|vlv ri wudqvsruwdwlrq whfkqror0

jlhv1 Prghuq wkhrulhv ri surgxfw gl�huhqwldwlrq kdyh ehhq yhu| pxfk lq xhqfhg

e| Krwhoolqj +4<5<,/ zkr ghvfulehg surgxfw dqg sulfh frpshwlwlrq wkurxjk d vsd0

wldo iudphzrun1 Kh dovr wdfnohg wkh lvvxh ri wudqvsruw frvw e| frqvlghulqj wkh

frvwv wkdw frqvxphuv kdyh wr vxvwdlq wr uhdfk wkh forvhvw �up1 D yhu| lqwhuhvw0

lqj dssurdfk zdv dovr xvhg e| Odxqkdugw +4;;8,/ zkrvh frqwulexwlrq kdv ehhq

uhfhqwo| dfnqrzohgjhg1 Lq idfw/ Odxqkdugw sursrvhg d vlpsoh vsdwldo gxrsro|

prgho zklfk frqvlghuhg erwk krul}rqwdo dqg yhuwlfdo surgxfw gl�huhqwldwlrq1

Ixuwkhupruh/ kh sdlg dwwhqwlrq wr wkh lq xhqfh ri gl�huhqfhv lq wudqvsruwdwlrq

frvwv1 Kh wkxv uhfrjql}hg wkh srvvlelolw| ri gl�huhqw irup ri khwhurjhqhlw| dprqj

�upv/ dvvrfldwhg hlwkhu wr orfdwlrq ru wr wudqvsruwdwlrq whfkqrorj|1 Uhfhqwo|

Wklvvh dqg Grv Vdqwrv Ihuuhlud +4<<9, h{sdqghg Odxqkdugw prgho e| doorzlqj

�upv wr fkrrvh wkhlu wudqvsruwdwlrq frvw whfkqrorjlhv1

Vr idu/ krzhyhu/ wkh wrslf ri vwudwhjlf lqyhvwphqw wr uhgxfh wkh exughq ri WF

frvwv kdv ehhq udwkhu qhjohfwhg1 Wklv lv txlwh vxusulvlqj jlyhq wkh uroh sod|hg e|

qhz whfkqrorjlhv/ zklfk fdq pdnh furvv erughu wudgh ohvv h{shqvlyh1 Odpehuwlql/

Pdqwrydql dqg Urvvlql +5334, dqdo|vh U)G dfwlylw| lq wudqvsruw dqg frppx0

qlfdwlrq whfkqrorj| lq d grphvwlf iudphzrun1 Odpehuwlql dqg Urvvlql +5334,

lqyhvwljdwh wkh uroh ri WF U)G lq d Frxuqrw gxrsro| zlwk wudgh1 Wklv sdshu

uhsuhvhqwv dq dwwhpsw wr h{sdqg wkhlu uhvxowv e| frqvlghulqj dovr d Ehuwudqg

gxrsro| zlwk wudgh1 L zloo lq idfw h{dplqh gl�huhqw vfhqdulrv lq zklfk �upv eh0

kdyh v|pphwulfdoo| ru dv|pphwulfdoo| ghshqglqj rq wkhlu ghflvlrq wr frpplw wr

dq lqyhvwphqw lq wudqvsruwdwlrq whfkqrorj|1 Ilupv sod| wkhq d wzr vwdjh jdph1

Lq wkh �uvw vwdjh wkh| idfh d elqdu| fkrlfh dqg ghflgh zkhwkhu wr lqyhvw lq WF

ru qrw1 Lq wkh vhfrqg vwdjh wkh| frpshwh lq wkh pdunhw/ hlwkhu lq d Frxuqrw
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vhwwlqj zlwk krprjhqhrxv jrrgv dqg lq d Ehuwudqg vhwwlqj zlwk gl�huhqwldwhg

jrrgv1 Wkh vroxwlrq ri wkh jdph frphv iurp edfnzdug lqgxfwlrq1 Lq erwk prg0

hov L zloo �qg wkdw �upv duh zloolqj wr lqyhvw lq wudqvsruw dqg frppxqlfdwlrq

whfkqrorj| iru uhdvrqdeoh ohyhov ri wkh U)G uhtxluhg/ hyhq li wklv frxog jlyh ulvh

wr d sulvrqhu*v glohppd zkhuh �upv gr qrw pd{lpl}h wkh djjuhjdwh sur�w1

Wklv sdshu lv rujdql}hg dv iroorzv1 Wkh wzr0vwdjh jdph zloo eh dqdo|vhg lq

wkh iroorzlqj wzr vhfwlrqv/ �uvw lq d Frxuqrw vhwwlqj +vhfwlrq 5, dqg wkhq lq d

Ehuwudqg vhwwlqj +vhfwlrq 6,1 Frqfoxvlrqv dqg �qdo uhpdunv duh lq vhfwlrq 71

� �� ������� 	���

L zloo vwduw e| frqvlghulqj d pdunhw zkhuh �upv vhoo d krprjhqhrxv surgxfw

dqg fkrrvh txdqwlwlhv dv vwudwhjlf yduldeohv1 Ghvslwh ri lwv vlpsolflw|/ wklv prgho

zloo surylgh d yhu| xvhixo lqwurgxfwlyh dqdo|vlv rq wkh WF lqyhvwphqw lvvxh1

Pruhryhu/ lwv pdlq uhvxowv zloo eh frq�uphg dovr lq wkh qh{w vhfwlrq/ zkhuh L

zloo vwxg| d prgho zlwk Ehuwudqg frpshwlwlrq dqg gl�huhqwldwhg jrrgv1 Lq zkdw

iroorzv/ L zloo �uvw gh�qh wkh vhwwlqj dqg wkhq L zloo orrn iru wkh vxejdph shuihfw

Qdvk htxloleuld ri wkh wzr0vwdjh jdph1

��� �� ����
��

L frqvlghu wzr frxqwulhv/ Krph dqg Iruhljq/ lqglfdwhg uhvshfwlyho| e| K

dqg I1 Dvvxph wkdw lq hdfk frxqwu| wkhuh lv rqo| rqh �up> �up l lv orfdwhg lq

frxqwu| K zkloh �up m lv orfdwhg lq frxqwu| I1 Erwk �upv surgxfh d krprjh0

qhrxv jrrg zklfk fdq eh vrog erwk lq wkh grphvwlf dqg lq wkh iruhljq pdunhw1

Pdunhw frpshwlwlrq wdnhv sodfh dv d Frxuqrw jdph zkhuh hdfk �up fkrrvhv wkh

sur�w0pd{lpl}lqj txdqwlw| iru hdfk frxqwu| vhsdudwho|1 D fuxfldo hohphqw lv

wkhq zkdw Khospdq +4<;5, uhihuv wr dv d cvhjphqwhg pdunhw* shufhswlrq= hdfk

�up frqvlghuv hdfk frxqwu| dv d vhsdudwh pdunhw dqg pdnhv glvwlqfw txdqwlw|

ghflvlrq iru hdfk1 Ixuwkhupruh/ wkhuh duh wudqvsruw frvwv lqfxuuhg lq h{sruwlqj

jrrgv iurp rqh frxqwu| wr wkh rwkhu exw qrw zlwklq wkh frxqwu|1 Lq rwkhu zrugv/

L dvvxph wkdw wudqvsruwdwlrq frvwv rqo| d�hfw lqwhuqdwlrqdo wudgh1

Gl�huhqw phwkrgv kdyh ehhq vxjjhvwhg wr prgho wkh wudqvsruwdwlrq frvwv1

Rqh zd| lv wr lqfoxgh wkhp lq wkh frvw ixqfwlrq +Eudqghu dqg Nuxjpdq 4<;6,>

grphvwlf pdujlqdo frvw lv d frqvwdqw f/ zkloh wkh pdujlqdo frvw ri h{sruw lv

f @ w/ w 5 ^3> 4`1 Wklv dssurdfk lv dssursuldwh wr prgho d sxuh surfhvv0lqqrydwlqj
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U)G lqyhvwphqw/ exw lq p| prgho L wuhdw d sduwlfxodu nlqg ri lqqrydwlrq/ zklfk

lq xhqfhv wkh txdqwlw| h�hfwlyho| vklsshg deurdg1 Dv d frqvhtxhqfh/ zkhq d

txdqwlw| tl +tm, lv surgxfhg/ rqo| d iudfwlrq w 5`3> 4` ri wkh surgxfw uhdfkhv

wkh frqvxphuv lq wkh iruhljq pdunhw1 L pljkw wklqn ri +4� w, dv wkh �zdvwh�

ri surgxfw gxulqj wkh iuhljkw surfhvv1 Lq wklv zd| L zloo eh deoh wr dqdo|vh wkh

w|sh ri U)G wkdw L kdyh lq plqg1 L dvvxph olqhdu pdunhw ghpdqg iru wkh wzr

krprjhqhrxv jrrgv zlwk d xqlwdu| uhvhuydwlrq sulfh=

s
K @ 4� t

K
l � w

K
m t

K
m +4,

s
I @ 4� t

I
m � w

I
l t

I
l +5,

zkhuh t
K
l +t

I
l , lv wkh txdqwlw| surgxfhg e| �up l dqg vrog lq pdunhw K

+I , dqg vlploduo| iru t
K
m +t

I
m ,/ zkloh w

K
m +w

I
l ,5`3> 4` lqglfdwhv wkh iudfwlrq zklfk

duulyhv dw ghvwlqdwlrq zkhq �up m +l, vklsv wkh surgxfw wr frxqwu| K +I,1 Iru

wkh vdnh ri vlpsolflw|/ L zloo dvvxph d shuihfw v|pphwu| ri �upv lq wkh delolw| ri

gholyhulqj wkh jrrgv dqg wkhuhiruh w
K
m @ w

I
l @ w1 Wkh lqlwldo w lv wkhq h{rjhqrxvo|

jlyhq wr �upv dqg lw fdq eh frqfhlyhg lq whupv ri wkh vwdwh ri sxeolf idflolwlhv

dqg lqiudvwuxfwxuhv1 Ixuwkhupruh/ �upv pd| sulruo| ghflgh zkhwkhu wr lqyhvw

lq wudqvsruwdwlrq whfkqrorj| ru qrw1 Wkurxjk d sulydwh lqyhvwphqw lq wudqvsruw

vshfl�f U)G/ d �up fdq lqfuhdvh wkh iudfwlrq ri wkh surgxfw zklfk duulyhv lq wkh

iruhljq frxqwu|/ wkxv hqodujlqj khu pdunhw1 L dvvxph wkdw d �up zklfk lqyhvwv lq

wudqvsruwdwlrq whfkqrorj| fdq gholyhu wkh hqwluh surgxfw wr wkh fxvwrphuv lq wkh

rwkhu frxqwu|/ wkxv qr sruwlrq lv orvw lq wkh zd| +w @ 4,1 Fdslwdo h{shqglwxuh

lv uhsuhvhqwhg e| n A 3 iru erwk �upv1 Lq wkh fdvh zkhuh wkh �up grhv qrw

lqyhvw lq wudqvsruwdwlrq whfkqrorj|/ vkh zloo gholyhu rqo| d sruwlrq w 5 `3> 4^ ri

wkh surgxfw1 Pdujlqdo frvw lv frqvwdqw dqg lw lv htxdo wr f1

Lq wklv �uvw sduw L zloo wkhq dqdo|vh d prgho ri lqwhuqdwlrqdo gxrsro| ã od

Frxuqrw zkhuh wzr �upv orfdwhg lq wzr gl�huhqw frxqwulhv surgxfh d krprjh0

qhrxv jrrg dqg sod| d wzr0vwdjh jdph1 Lq wkh �uvw vwdjh wkh| kdyh wr ghflgh

zkhwkhu wr lqyhvw lq wudqvsruw whfkqrorj| ru qrw/ zkloh lq wkh vhfrqg vwdjh wkh|

frpshwh qrq0frrshudwlyho| lq wkh pdunhw e| vhwwlqj wkh txdqwlwlhv1 Wkh vroxwlrq

ri wkh jdph frphv iurp edfnzdug lqgxfwlrq1 Iroorzlqj wkh iudphzrun deryh/ L

zrxog qhhg wr dqdo|vh 7 fdvhv/ dffruglqj wr wkh lqyhvwphqw fkrlfhv e| �upv1
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51414 Fdvh D= qrqh lqyhvwv lq U)G

Lq wklv fdvh wkh ghpdqg ixqfwlrqv iru frxqwu| K dqg I duh rewdlqhg e|

vlpsoli|lqj 4 dqg 5/ jlyhq wkh dvvxpswlrq w
K
m @ w

I
l @ w1 L wkhq kdyh=

s
K @ 4� t

K
l � wt

K
m > +6,

s
I @ 4� t

I
m � wt

I
l = +7,

Sur�w ixqfwlrqv duh jlyhq e|=

�l @
�
4� t

K
l � wt

K
m

�
t
K
l .

�
4� t

I
m � wt

I
l

�
wt
I
l � f

�
t
K
l . t

I
l

�
> +8,

�m @
�
4� t

I
m � wt

I
l

�
t
I
m .

�
4� t

K
l � wt

K
m

�
wt
K
m � f

�
t
I
m . t

K
m

�
= +9,

Hdfk �up pd{lpl}hv khu sur�w zlwk uhvshfw wr wkh txdqwlw| vrog rq wkh

grphvwlf pdunhw dqg wr wkh txdqwlw| vrog deurdg1 Iurp pdunhw vwdjh �uvw

rughu frqglwlrqv +IRFv,4 L jhw wkh iroorzlqj htxloleulxp txdqwlwlhv=

+tKl ,� @ +tIm ,
� @

f. w� 5fw

6w
+:,

+tKm ,� @ +tIl ,
� @

f +w� 5, . w

6w5
= +;,

Qrq0qhjdwlylw| frqvwudlqwv rq txdqwlwlhv lpso| wkdw +tKl ,� @ +tIm ,
�
� 3 li

w �
f

5f�4
dqg +tIl ,

� @ +tKm ,� � 3 li w �
5f
4.f

1 Dq dgglwlrqdo frqvwudlqw lv jlyhq

e| wkh qrq0qhjdwlylw| ri wkh pdujlqdo uhyhqxhv iru wkh jrrg vklsshg deurdg

4Iluvw Rughu Frqglwlrqv duh==

Y�Z�

Y^�
' fc

Y�Z�

Y^�
' fc

Y�Z�

Y^�
' fc

Y�Z�

Y^�
' f�

Vhfrqg rughu frqglwlrqv duh dozd|v vdwlv�hg/ dv lw fdq eh hdvlo| fkhfnhg lq wklv dqg vxevhtxhqw

fdvhv1

9



dqg wklv uhtxluhv wkdw w � f1 Wkh frpsdulvrq ri wkh wkuhvkrog ohyhov ri w jlyhv
5f
4.f

A
f

5f�4
A f dqg wkhuhiruh wkh elqglqj frqvwudlqw lv w �

5f
4.f

1

E| vxevwlwxwlqj wkh htxloleulxp txdqwlwlhv lqwr wkh sur�w ixqfwlrqv L rewdlq

wkh htxloleulxp wrwdo sur�wv=

f
�
D
l @

f
�
D
m @

5w5 � 5fw +4 . w, . f
5
�
8� ;w. 8w5

�

<w5
+<,

zkhuh orz fdvh f lqglfdwhv sur�wv irxqg lq wkh Frxuqrw vhwwlqj dqg vxshu0

vfulsw D lqglfdwhv wkh fdvh xqghu frqvlghudwlrq1 D vlplodu qrwdwlrq zloo eh xvhg

dovr lq wkh iroorzlqj fdvhv1

51415 Fdvh E= �up m lqyhvwv lq U)G zkloh �up l grhv qrw

Lq wklv fdvh wkhuh lv rqo| rqh �up wkdw xqghuwdnhv U)G lqyhvwphqwv1 Pruh

suhflvho|/ �up m ghflghv wr doorfdwh uhvrxufhv wr wkh wudqvsruw dqg frppxqlfd0

wlrq whfkqrorj| lq rughu wr gholyhu deurdg wkh chqwluh* surgxfw1 Rq wkh frqwudu|/

�up l grhv qrw lqyhvw dw doo1 Ghpdqg ixqfwlrqv ehfrph wkhq=

sK @ 4� tKl � tKm > +43,

sI @ 4� tIm � wtIl = +44,

Sur�w ixqfwlrqv duh jlyhq e|=

�l @
�
4� tKl � tKm

�
tKl .

�
4� tIm � wtIl

�
wtIl � f

�
tKl . tIl

�
+45,

�m @
�
4� tIm � wtIl

�
tIm .

�
4� tKl � tKm

�
tKm � f

�
tIm . tKm

�
� n +46,

E| dsso|lqj wkh vdph phwkrg dv ehiruh/ L xvh pdunhw vwdjh IRFv wr �qg

wkh rswlpdo txdqwlwlhv=

+tKl ,
�

@
4� f

6
> +tKm ,

�

@
4� f

6
> +tIl ,

�

@
f +w� 5, . w

6w5
> +tIm ,

�

@
f. w� 5fw

6w
+47,

:



Dv iru qrq0qhjdwlylw| frqvwudlqwv/ +tKl ,
�
@ +tKm ,

�
� 3 li f � 4> pruhryhu/

+tIl ,
�
� 3 li w � 5f

4.f
/ +tIm ,

�
� 3 li w � f

5f�4
> dv lq fdvh D/ dqg w � f iru �up l

zklfk grhv qrw lqyhvw lq WF1 Khqfh wkh frqvwudlqw lv w � 5f
4.f

/ zlwk f � 41

E| vxevwlwxwlqj lqwr wkh ruljlqdo sur�w ixqfwlrq L jhw wkh htxloleulxp wrwdo

sur�wv=

f
�
E
l @

5

�
w
5
� 5fw. f

5
�
5� 5w. w

5
��

<w5
+48,

f
�
E
m @

5f +4� 6w, w. 5w
5
. f

5
�
4� 7w. 8w

5
�

<w5
� n= +49,

51416 Fdvh F = �up l lqyhvwv lq U)G zkloh �up m grhv qrw

Rqh fdq hdvlo| uhfrjql}h wkdw fdvh F lv wkh uhyhuvh ri fdvh E1 Zlwkrxw

hqwhulqj lqwr wkh fdofxodwlrqv/ lw lv hylghqw wkdw=

f
�
F
l @ �

E
m > +4:,

f
�
�

m @ �
E
l = +4;,

51417 Fdvh G=f = erwk �upv lqyhvw lq U)G

Wklv lv wkh v|pphwulf fdvh zkhuh erwk �upv xqghuwdnh wudqvsruw dqg frp0

pxqlfdwlrq whfkqrorj| lqyhvwphqwv1 Wkh ghpdqg ixqfwlrqv duh=

s
K
@ 4� t

K
l � t

K
m > +4<,

s
I
@ 4� t

I
m � t

I
l = +53,

Sur�wv duh wkhq jlyhq e|=

;



�l @

�
4� t

K
l � t

K
m

�
t
K
l .

�
4� t

I
m � t

I
l

�
t
I
l � f

�
t
K
l . t

I
l

�
� n +54,

�m @

�
4� t

I
m � t

I
l

�
t
I
m .

�
4� t

K
l � t

K
m

�
t
K
m � f

�
t
I
m . t

K
m

�
� n= +55,

Iurp sur�w0pd{lpl}dwlrq L jhw wkh htxloleulxp txdqwlwlhv=

+t
K
l ,

�

@ +t
K
m ,

�

@ +t
I
l ,

�

@ +t
I
m ,

�

@
4� f

6
+56,

zklfk duh dozd|v qrq0qhjdwlyh iru f � 41 Wkh fruuhvsrqglqj htxloleulxp

sur�wv duh wkhq=

f
�
G
l @

f
�
G
m @

5� 7f. 5f
5

<
� n +57,

��� �� �����
�� �� �� ����

Wr �qg wkh vroxwlrq ri wkh wzr0vwdjh jdph L frqvlghu wkh uhgxfhg irup ri

wkh jdph uhsuhvhqwhg lq qrupdo irup lq pdwul{ 41 Wkh ihdvlelolw| frqglwlrq

uhtxluhv w � 5f

4.f
/ zlwk f � 4/ dv L jhw iurp wkh frqglwlrq ri qrq0qhjdwlylw| erwk

ri txdqwlwlhv dqg ri pdujlqdo uhyhqxhv iru wkh surgxfw vklsshg lq wkh iruhljq

pdunhw1 Ohw ph qrz dqdo|vh wkh jdph uhsuhvhqwhg ehorz=

�up m

�up l

3 n

3
f
�
D

l
@

f
�
D

m f
�
E

l f
�
E

m

n
f
�
F

l f
�
F

m f
�
G

l
@

f
�
G

m

Pdwul{ 4

Wkh deryh jdph suhvhqwv gl�huhqw vroxwlrqv dffruglqj wr wkh surgxfwlylw| ri

WF U)G1 E| glylglqj wkh dgplvvdeoh vhw ri n lqwr wkuhh uhjlrqv/ L fdq ghulyh

wkh iroorzlqj uhvxow=

<



Sursrvlwlrq 4 Lq dq lqwhuqdwlrqdo Frxuqrw gxrsro| jdph zkhuh wudqvsruwdwlrq

frvwv rqo| d�hfw lqwhuqdwlrqdo wudgh/ �upv ghflgh wr lqyhvw lq wudqvsruw dqg

frppxqlfdwlrq whfkqrorj| dffruglqj wr wkh h!flhqf| ri wkh U)G uhtxluhg1 Lq

sduwlfxodu/ wkuhh gl�huhqw v|pphwulf vroxwlrqv fdq eh irxqg= +l, dw kljk ohyhov

ri h!flhqf| wkhuh lv dq htxloleulxp lq grplqdqw vwudwhjlhv lq zklfk erwk �upv

lqyhvw lq WF U)G dqg pd{lpl}h wkhlu djjuhjdwh sd|r�> +ll, iru orzhu ohyhov

ri h!flhqf| wkh jdph lv d sulvrqhu*v glohppd zlwk erwk �upv lqyhvwlqj lq WF

U)G zlwkrxw ehlqj deoh wr pd{lpl}h wkhlu wrwdo sd|r�> +lll, iru hyhq orzhu ohyhov

ri h!flhqf| wkh jdph vkrzv dq htxloleulxp lq grplqdqw vwudwhjlhv zkhuh qr �up

xqghuwdnhv WF U)G dqg wkh djjuhjdwh sd|r� lv pd{lpl}hg1

Surri1 L suryh wkh deryh suhsrvlwlrq e| frpsdulqj wkh htxloleulxp sur�wv

dsshdulqj lq Pdwul{ 41 Ohw ph vwduw iurp wkh sulqflsdo gldjrqdo1 L kdyh wkdw

f
�
G

l>m
�

f
�
D

l>m
li

n � n4 �
f +w� 4, +8f� 5w� 6fw,

<w5
=

L wkhq frpsduh
f
�
D

l
zlwk

f
�
F

l
+ru

f
�
D

m
zlwk

f
�
E

m
,1 Lw dsshduv wkdw

f
�
D

l
�

f �
F

l
+
f
�
D

m
�

f
�
E

m
, li

n � n5 �
7f +4� w, +w� f,

<w5
=

Pruhryhu/
f
�
E

l
�

f
�
G

l
+dqg

f
�
F

m
�

f
�
G

m
, li

n � n6 �
7f +f� w, +w� 4,

<w5
@ n5=

Lq wkh dffhswdeoh uhjlrq ri sdudphwhuv lw lv dozd|v wuxh wkdw n4 ? n5 @ n61

Wkuhh fdvhv kdyh wr eh frqvlghuhg= +l, zkhq n � n4/ iru �up l
f
�
F

l
�

f
�
D

l
dqg

f
�
G

l
�

f
�
E

l
/ zkloh iru �up m

f
�
E

m
�

f
�
D

m
dqg

f
�
G

m
�

f
�
F

m
= Dv d frqvhtxhqfh/ erwk

�upv lqyhvw lq U)G dqg wkh| pd{lpl}h wkh djjuhjdwh sur�w/ ehlqj
f
�
G

l>m
�

f
�
D

l>m
1

+ll, Iru n4 ? n � n5 wkh rqo| wklqj zklfk fkdqjhv zlwk uhvshfw wr wkh suhylrxv

fdvh lv wkdw
f
�Gl>m � f

�Dl>m 1 Erwk �upv vwloo lqyhvw lq U)G exw wkh| gr qrw uhdfk

wkh Sduhwr rswlpxp/ zklfk zrxog uhtxluh wkh fkrlfh ri qr lqyhvwphqw lq WF

U)G iru erwk �upv1 +lll, Iru orzhu ohyhov ri h!flhqf|/ l1h1 iru n A n5/ lw krogv

wkh rssrvlwh ri wkh fdvh +l,/ ehfdxvh
f
�Fl � f

�Dl dqg
f
�Gl � f

�El iru �up l/ zkloh

iru �up m
f
�Em � f

�Dm dqg
f
�Gm � f

�Fm 1 Qrqh lqyhvwv lq U)G/ wkxv pd{lpl}lqj

wkh djjuhjdwh sur�w/ jlyhq wkdw
f
�Dl>m � f �Gl>m 1
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Lw fdq eh hdvlo| fkhfnhg wkdw wkh vhtxhqfh ri sd|r�v suhvhqwhg lv lqyduldqw

dv wkh ydoxh ri wkh sdudphwhu f fkdqjhv zlwklq lwv dgplvvdeoh udqjh1

L wkhq irxqg wzr v|pphwulf vxejdph shuihfw Qdvk htxloleuld/ zkhuh erwk

�upv hlwkhu lqyhvw lq WF +iru n � n5, ru gr qrw lqyhvw +iru n A n5,1 Ilupv

frpshwlqj lq txdqwlwlhv dqg surgxflqj krprjhqhrxv jrrgv kdyh dq lqfhqwlyh wr

xqghuwdnh WF U)G li wkh dgydqwdjh wkh| jhw lv idluo| kljk/ l1h1 zkhq d orz U)G

h{shqglwxuh lv vx!flhqw wr holplqdwh wkh dgglwlrqdo frvwv uhodwhg wr wkh vklsslqj

ri wkh surgxfw deurdg1 Wkh srvlwlyh h�hfw ghulylqj iurp wkh lqfuhdvh ri wkh

vdohv lq wkh iruhljq pdunhw ryhufrphv wkh qhjdwlyh h�hfw gxh wr wkh uhgxfwlrq

lq sulfhv lq erwk pdunhwv dqg wkh U)G frvw1 Dsduw iurp wkdw/ krzhyhu/ d

vlpxowdqhrxv lqyhvwphqw lq WF U)G whqgv wr lqfuhdvh wkh frpshwlwlrq zlwklq

erwk pdunhwv/ ehfdxvh �upv fdq gholyhu d kljkhu txdqwlw| ri wkh surgxfw wr wkh

vdph frqvxphuv/ wkxv orzhulqj wkh sulfh1 Wklv frqvlghudwlrq frxog eh xvhixo lq

h{sodlqlqj zk| wkh uhjlrq iru zklfk vxfk dq htxloleulxp lv Sduhwr grplqdqw lv

olplwhg wr wkh fdvh ri d yhu| h!flhqw U)G h{shqglwxuh/ zkhuh d yhu| orz ohyho

ri n +n � n4, lv vx!flhqw wr lqfuhdvh wkh shufhqwdjh w xs wr 4/ wkxv holplqdwlqj

wkh zdvwh gxh wr wkh wudqvsruw surfhvv1 Lq doo wkh rwkhu flufxpvwdqfhv/ �upv

zrxog |lhog d kljkhu djjuhjdwh sur�w e| qrw lqyhvwlqj lq WF1 Lq wkh lqwhuydo

n4 ? n � n5/ lq idfw/ �upv vwloo lqyhvw lq WF exw wkh| zrxog |lhog d kljkhu

sur�w e| qrw lqyhvwlqj dw doo1 Wkh odvw v|pphwulf QH frqvlvwv lq erwk �upv

qrw xqghuwdnlqj dq| nlqg ri U)G dfwlylw| dqg wklv rffxuv iru sduwlfxoduo| kljk

ohyhov ri n +n A n5,1

� �� �������� 	���

Lq wklv vhfrqg sduw L zloo lqwurgxfh wzr edvlf fkdqjhv zlwk uhvshfw wr wkh

suhylrxv fdvh1 Wkh jdph lv vwloo sod|hg lq wzr vwdjhv dqg lq wkh �uvw rqh �upv

ghflgh zkhwkhu wr lqyhvw lq WF ru qrw/ exw lq wkh vhfrqg vwdjh wkh| qrz frpshwh

qrq0frrshudwlyho| lq wkh vhjphqwhg pdunhwv e| vhwwlqj sulfhv1 Ixuwkhupruh/

�upv surgxfh dqg vhoo d gl�huhqwldwhg surgxfw dqg qrw dq krprjhqhrxv rqh dv

ehiruh1 L zloo wkhq wu| wr olqn dvshfwv ri surgxfw gl�huhqwldwlrq zlwk wkh dqdo|vlv

ri wudqvsruwdwlrq whfkqrorjlhv1

Dv iru surgxfw gl�huhqwldwlrq/ diwhu wkh zrun ri Odqfdvwhu +4<:<,/ lw ehfdph

fohdu wkdw surgxfwv fdq eh lghqwl�hg e| wzr gl�huhqw lqwhusuhwdwlrqv ri wkhlu

srvlwlrq lq wkh vsdfh ri fkdudfwhulvwlfv1 Wzr surgxfwv duh vdlg wr eh krul}rq0

wdoo| gl�huhqwldwhg zkhq wkh| rzq gl�huhqw fkdudfwhulvwlfv vr wkdw/ li vxssolhg dw

wkh vdph sulfh/ wkh| erwk rewdlq d srvlwlyh pdunhw vkduh1 Gl�huhqw frqvxphuv
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fdqqrw xqdpeljxrxvo| udqn wkh surgxfwv wkh| suhihu ehfdxvh wkh| pd| kdyh

gl�huhqw wdvwhv1 Rq wkh rwkhu kdqg/ surgxfwv duh vdlg wr eh yhuwlfdoo| gl�huhq0

wldwhg zkhq wkh| rzq gl�huhqw dprxqwv ri wkh vdph fkdudfwhulvwlfv vr wkdw/ li

r�huhg dw wkh vdph sulfh/ rqo| rqh surgxfw lv vrog1 Lq p| prgho L zloo frqvlghu

surgxfwv zklfk duh gl�huhqwldwhg lq dq krul}rqwdo vhqvh/ l1h1 wkh| rzq gl�huhqw

fkdudfwhulvwlfv dwwudfwlqj frqvxphuv* wdvwhv1 E| xvlqj wkh vsdwldo phwdskrud/

glvwdqfh iurp wkh clghdo* surgxfw fdq eh uhfdvwhg dv sk|vlfdo glvwdqfh iurp wkh

�up vhoolqj wkh surgxfw/ dv vshfl�hg e| Krwhoolqj +4<5<,1 Vxfk dq lqwhusuhwdwlrq

wxuqv rxw wr eh xvhixo lq wkh nlqg ri prgho L frqvlghu/ zkhuh �upv orfdwhg dzd|

iurp frqvxphuv wu| wr uhgxfh wkh sk|vlfdo glvwdqfh e| lpsurylqj wkh wudqvsruw

whfkqrorj|1

Dv L zloo vkrz/ wkh pdlq uhvxowv ri wkh Frxuqrw prgho zlwk krprjhqhrxv

jrrgv zloo eh frq�uphg khuh/ zlwk erwk �upv lqyhvwlqj lq WF rqo| iru h!flhqw

ohyhov ri wkh U)G h{shqglwxuh uhtxluhg/ dqg qrw lqyhvwlqj rwkhuzlvh1 Krzhyhu/

lw zloo eh lqwhuhvwlqj wr lqyhvwljdwh wkh uroh sod|hg e| wkh surgxfw gl�huhqwldwlrq

lq ghwhuplqlqj wkh lqwhuydov zkhuh wkh gl�huhqw v|pphwulf htxloleuld krog1

L zloo iroorz wkh vdph vwuxfwxuh ri wkh �uvw sduw/ �uvw gh�qlqj wkh vhwwlqj

dqg wkhq �qglqj vxejdph shuihfw Qdvk htxloleuld ri wkh jdph1

��� �� ����
��

L vwloo frqvlghu �up l orfdwhg lq frxqwu| K dqg �up m orfdwhg lq frxqwu|

I1 Wkh| surgxfh d gl�huhqwldwhg jrrg zklfk lv vrog erwk lq wkh grphvwlf dqg

lq wkh iruhljq pdunhw1 Pdunhw frpshwlwlrq wdnhv sodfh qrq0frrshudwlyho| dv d

Ehuwudqg jdph zkhuh hdfk �up fkrrvhv wkh sur�w0pd{lpl}lqj sulfh iru hdfk

frxqwu| vhsdudwho|1 Dv ehiruh/ wkhuh duh wudqvsruwdwlrq frvwv zklfk rqo| d�hfw

lqwhuqdwlrqdo wudgh1 Zkhq d txdqwlw| tl +tm, lv gholyhuhg deurdg/ rqo| d iudfwlrq

w ri lw duulyhv dw ghvwlqdwlrq1 Dv wr U)G frpshwlwlrq/ L vwloo frqvlghu d elqdu|

vwudwhj| vhw iru erwk �upv/ zklfk fdq holplqdwh wkh iuhljkw orvvhv e| lqyhvwlqj d

�{hg dprxqw n lq WF U)G1

Dv ehiruh/ pdujlqdo frvw lv frqvwdqw dqg lw lv htxdo wr f dqg uhvhuydwlrq sulfhv

duh xqlwdu|1 Qrq0qhjdwlylw| ri wkh pdujlqdo uhyhqxhv iru wkh surgxfw vklsshg

deurdg vwloo uhtxluhv wkdw w � f1 Ghpdqg ixqfwlrqv duh vwloo dvvxphg wr eh olqhdu1

Krzhyhu/ gxh wr wkh surgxfw gl�huhqwldwlrq lqwurgxfhg lq wklv vhfrqg prgho/ L

kdyh wr frqvlghu irxu lqyhuvh ghpdqg ixqfwlrqv/ wzr iru hdfk pdunhw zkhuh �upv

rshudwh=
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sKl @ 4� tKl � wKm � tKm > +58,

sKm @ 4� wKm tIm � � tKl > +59,

sIl @ 4� wIl t
I
l � � tIm > +5:,

sIm @ 4� tIm � wIl � tIl = +5;,

Dv iru wkh qrwdwlrqv/ sKl +sIl , lv wkh sulfh vhw e| �up l lq pdunhw K +I ,

dqg vlploduo| iru sKm +sIm , / zkloh wKm +wIl ,5`3> 4` lqglfdwhv wkh iudfwlrq zklfk

duulyhv dw ghvwlqdwlrq zkhq �up m +l, vklsv wkh surgxfw wr frxqwu| K +I,1 Wkh

dqdo|vlv lv vlpsol�hg e| dvvxplqj wKm @ wIl @ w1 Pruhryhu/ w @ 4 lq fdvh ri

lqyhvwphqw rq WF U)G/ dv lqwurgxfhg ehiruh1 Ilqdoo|/ wkh sdudphwhu � 5 ^3> 4`

uhsuhvhqwv surgxfw vxevwlwxwdelolw| dv shufhlyhg e| frqvxphuv1 Wkh ghjuhh ri

surgxfw gl�huhqwldwlrq ghfuhdvhv zlwk wkh sdudphwhu �5 / zkrvh ydoxh lv dvvxphg

wr eh h{rjhqrxvo| jlyhq1

Lq wklv vhfrqg sduw L zloo wkhq ghvfuleh dq lqwhuqdwlrqdo gxrsro| ã od Ehuwudqg

zkhuh wzr �upv orfdwhg lq gl�huhqw frxqwulhv sod| d rqh0vkrw wzr0vwdjh jdph lq

WF lqqrydwlrq dqg pdunhwlqj1 Lq wkh �uvw vwdjh wkh| kdyh wr ghflgh zkhwkhu wr

lqyhvw lq wudqvsruw whfkqrorj| ru qrw/ zkloh lq wkh vhfrqg vwdjh wkh| frpshwh

lq wkh pdunhw e| vhwwlqj sulfhv1 Wkh vroxwlrq ri wkh jdph frphv iurp edfnzdug

lqgxfwlrq1

Dv lq wkh suhylrxv prgho/ L qhhg wr glvwlqjxlvk 7 fdvhv/ dffruglqj wr wkh

lqyhvwphqw ghflvlrqv wdnhq e| �upv1

61414 Fdvh D= qrqh lqyhvwv lq U)G

Lq wklv vhfrqg prgho L frqvlghu �upv zklfk pd{lpl}h wkhlu sur�w zlwk

uhvshfw wr wkh sulfhv vhw lq wkh pdunhw1 Wklv lpsolhv wkdw L qhhg wr h{suhvv wkh

sur�w ixqfwlrqv lq whupv ri sulfhv1 Wkh �uvw vwhs uhtxluhv wkhq wkh frqyhuvlrq

5Dv � < �/ surgxfwv ehfrph shuihfw vxevwlwxwhv/ zkloh wkh rssrvlwh krogv dv � < f1
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ri wkh lqyhuvh ghpdqg ixqfwlrqv lqwr wkhlu gluhfw irup1 E| wdnlqj lqwr dffrxqw

wkh dvvxpswlrq wKm @ wIl @ w/ iurp 58 dqg 59 rq wkh rqh vlgh/ dqg iurp 5: dqg

5; rq wkh rwkhu vlgh/ L jhw=

tKl @
4

4 . �
�

sKl

4� �5
.

� sKm

4� �5
> +5<,

tKm @
4

+4 . �, w
�

sKm

+4� �5, w
.

� sKl

+4� �5, w
> +63,

tIm @
4

4 . �
�

sIm

4� �5
.

� sIl

4� �5
> +64,

tIl @
4

+4 . �, w
�

sIl

+4� �5, w
.

� sIm

+4� �5, w
= +65,

Sur�w ixqfwlrqv duh jlyhq e|=

�l @ sKl tKl . sIl w tIl � f
�
tKl . tIl

�
+66,

�m @ sIm tIm . sKm w tKm � f +tIm . tKm , +67,

Hdfk �up pd{lpl}hv khu sur�w zlwk uhvshfw wr wkh sulfhv vhw erwk lq wkh

grphvwlf dqg lq wkh iruhljq pdunhw1 E| vxevwlwxwlqj lq 66 dqg 67 wkh ghpdqg

ixqfwlrqv 5</ 63/ 64 dqg 65/ L fdq h{suhvv wkh sur�wv dv ixqfwlrqv ri wkh sulfhv1

Iurp pdunhw vwdjh �uvw rughu frqglwlrqv +IRFv,6 L rewdlq wkh iroorzlqj htxl0

oleulxp sulfhv=

6Iluvw Rughu Frqglwlrqv duh==

Y�Z�

YR
M
�

' fc
Y�Z�

YR
8
�

' fc
Y�Z�

YR
8
�

' fc
Y�Z�

YR
M
�

' f�

Vhfrqg rughu frqglwlrqv duh dozd|v vdwlv�hg/ dv lw fdq eh hdvlo| fkhfnhg lq wklv dqg vxevh0

txhqw fdvhv1

47



+sKl ,
� @ +sIm ,

� @
f � . 5w. 5f w� � w� �

5
w

7w� �5 w
+68,

+sKm ,
� @ +sIl ,

� @
5f . 5w. f � w� � w� �

5
w

7w� �5 w
+69,

Lw fdq eh hdvlo| ghprqvwudwhg wkdw wkh deryh sulfh ohyhov duh dozd|v srvlwlyh

lq wkh dgplvvdeoh uhjlrq ri sdudphwhuv frqvlghuhg1

E| vxevwlwxwlqj wkh htxloleulxp sulfhv lqwr wkh sur�w ixqfwlrqv/ L rewdlq wkh

htxloleulxp wrwdo sur�wv=

e
�
D
l @

e
�
D
m @

�4

+�5 � 7,5 +�5 � 4,w5
> +6:,

zkhuh �4 @ +6f5�5 � 7f5 � f
5
�
7 . ;fw� ;f � w. ;f5 � w� 9f �5 w.

.7f �6 w � 7f 5� 6
w . 5f�7w � ;w5 . .;fw5 � 7f5w5 . ;�w5.

�;f � w
5 . 9�5w5 � 9f �5w5 ..6f5�5w5 � 7�6 w5 . 7f �6 w5.

�5�7w5 . 5f�7w5 � f
5
�
7
w
5,=

Orz fdvh e vwdqgv iru wkh sur�wv rewdlqhg lq wkh Ehuwudqg vhwwlqj/ zkloh

vxshuvfulsw D uhihuv wr wkh fdvh D xqghu frqvlghudwlrq1 D vlplodu qrwdwlrq zloo

eh dovr xvhg lq wkh iroorzlqj fdvhv1

61415 Fdvh E= �up m lqyhvwv lq U)G zkloh �up l grhv qrw

Wklv lv wkh dv|pphwulf fdvh zkhuh �up m lqyhvwv lq WF/ zkloh �up l grhv qrw

lqyhvw dw doo1 Lqyhuvh ghpdqg ixqfwlrqv 58/ 59 duh wkhuhiruh vlpsol�hg e| sxwwlqj

wKm @ w @ 41 Dv lq wkh suhylrxv fdvh/ L ghulyh wkh gluhfw ghpdqg ixqfwlrqv=

tKl @
4

4 . �
�

sKl
4� �5

.

� sKm

4� �5
> +6;,

tKm @
4

+4 . �,
�

sKm

+4� �5,
.

� sKl
+4� �5,

> +6<,
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tIm @
4

4 . �
�

sIm

4� �5
.

� sIl
4� �5

> +73,

tIl @
4

+4 . �, w
�

sIl
+4� �5, w

.

� sIm

+4� �5, w
= +74,

Sur�w ixqfwlrqv duh=

�l @ sKl tKl . sIl w t
I
l � f

�
tKl . tIl

�
+75,

�m @ sIm tIm . sKm tKm � f+tIm . tKm ,� n +76,

E| dsso|lqj wkh vdph phwkrg dv ehiruh/ L xvh wkh IRFv ri wkh pdunhw vwdjh

wr �qg wkh rswlpdo sulfhv=

+sKl ,
�

@ +sKm ,
�

@
� � f� 4

� � 5
> +77,

+sIl ,
�

@
5f . 5w. f � w� � w� �5 w

7w� �5w
+78,

+sIm ,
�

@
f � . 5w. 5f w� � w� �5 w

7w� �5 w
+79,

Dv lw fdq eh vhhq/ wkh rqo| wklqj zklfk fkdqjhv zlwk uhvshfw wr wkh suhylrxv

fdvh lv wkh ohyho ri tKm / zklfk lqfuhdvhv ehfdxvh ri wkh lqyhvwphqw lq WF xqghu0

wdnhq e| �up m/ wkxv ohdglqj wr d ghfuhdvh ri +sKm ,
�

1 Qrq0qhjdwlylw| frqvwudlqwv

rq sulfhv duh dozd|v srvlwlyh lq wkh dgplvvdeoh uhjlrq ri sdudphwhuv/ dv lw fdq eh

hdvlo| fkhfnhg1 L fdq wkhq vxevwlwxwh lqwr wkh ruljlqdo sur�w ixqfwlrqv wr rewdlq

wkh htxloleulxp sur�wv=

e
�El @

+f� 4, +� � f� 4,

7� 6�5 . �6
.

�5

+�5 � 7,5 +�5 � 4,w5
.

�6

+7� 8�5 . �7,w5
+7:,
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dqg

e
�Em @

+f� 4, +� � f� 4,

7� 6�5 . �6
.

�7

+�5 � 7,5 +�5 � 4,w5
�

�8

+7� 8�5 . �7,w
� n> +7;,

zkhuh

�5 @ +5w� 5f . f � w. f�5 � � w� �5 w,+� w� 5f � 5w� f � w. �5 w,>

�6 @ f +5f � f �5 � 5w. � w� f � w. �5 w� 5w5 . 5fw5 . �w5.

�f�w5 . �5 w5 � f �5 w5,>

�7 @ +� w� 5w� 5fw � f � . �5 w,+f� � 5f w. 5w� � w� �5 w. f �5 w,>

�8 @ f +f � . 7w� 7f w� 5� w. f�w� 5�5w. 5f�5w,=

61416 Fdvh F= �up l lqyhvwv lq U)G zkloh �up m grhv qrw

Dv lw fdq eh hdvlo| qrwlfhg/ fdvh F lv wkh uhyhuvh ri fdvh E1 Zlwkrxw ghyho0

rslqj doo wkh fdofxodwlrqv/ lw lv hylghqw wkdw=

e
�Fl @

e
�Em +7<,

e
�Fm @

e
�El = +83,

61417 Fdvh G= erwk �upv lqyhvw lq U)G

Wklv lv wkh v|pphwulf fdvh zkhuh erwk �upv lqyhvw lq WF1 E| uhzulwlqj wkh

lqyhuvh ghpdqg ixqfwlrqv dqg frqvlghulqj wkdw wKm @ wIl @ 4/ L jhw=

tKl @
4

4 . �
�

sKl
4� �5

.

� sKm

4� �5
> +84,

tKm @
4

4 . �
�

sKm

+4� �5,
.

� sKl
+4� �5,

> +85,

4:



tIm @
4

4 . �
�

sIm

4� �5
.

� sIl
4� �5

> +86,

tIl @
4

4 . �
�

sIl
+4� �5,

.

� sIm

+4� �5,
= +87,

Sur�wv ixqfwlrqv duh qrz jlyhq e|=

�l @ sKl tKl . sIl tIl � f
�
tKl . tIl

�
� n +88,

�m @ sIm t
I
m . sKm tKm � f +tIm . tKm ,� n= +89,

Iurp sur�w0pd{lpl}dwlrq L jhw wkh iroorzlqj htxloleulxp sulfhv=

+sKl ,
�

@ +sKm ,
�

@ +sIl ,
�

@ +sIm ,
�

@
� � f� 4

� � 5
+8:,

zklfk duh dozd|v qrq0qhjdwlyh1 Wkh fruuhvsrqglqj htxloleulxp sur�wv duh

wkhq=

e
�
G
l @

e
�
G
m @

5+4� 5f. f
5,+4� �,

7� 6�5 . �6
� n +8;,

��� �� �����
�� �� �� ����

Wr �qg wkh vroxwlrq ri wkh wzr vwdjh jdph L frqvlghu djdlq wkh uhgxfhg

irup ri wkh jdph uhsuhvhqwhg lq qrupdo irup lq Pdwul{ 5=

�up m

�up l

3 n

3
e
�
D
l @

e
�
D
m e

�
E
l e

�
E
m

n
e
�
F
l e

�
F
m e

�
G
l @

e
�
G
m

Pdwul{ 5

4;



Iurp wkh uhgxfhg irup ri wkh jdph L fdq ghulyh wkh iroorzlqj uhvxow=

Sursrvlwlrq 5 Lq dq lqwhuqdwlrqdo Ehuwudqg gxrsro| jdph zlwk wudqvsruwdwlrq

frvwv wkdw rqo| d�hfw lqwhuqdwlrqdo wudgh/ �upv ghflgh wr lqyhvw lq wudqvsruw dqg

frppxqlfdwlrq whfkqrorj| dffruglqj wr wkh h!flhqf| ri wkh U)G uhtxluhg1 Lq

sduwlfxodu/ wkh vdph frqfoxvlrqv dv lq Sursrvlwlrq 4 krog/ hyhq li wkh wkuhvkrog

ohyhov ri wkh U)G frvw n duh gl�huhqw1

Surri1 L suryh wkh deryh suhsrvlwlrq e| frpsdulqj wkh htxloleulxp sur�wv

dsshdulqj lq Pdwul{ 51 Lq wkh sulqflsdo gldjrqdo
e
�
G
l>m � e

�
D
l>m li

n � n7 @
f+4� w, �9

+�5 � 7,5 +�5 � 4,w5
>

zkhuh �9 @ 7f� 6f�5 . f�
7
� ;w. 7fw. ;�w� ;f�w. 9�5w� 6f�5w.

� 7�6w. 7f�6w� 5�7w. f�
7
w1

Wkhq/ e| frpsdulqj
e
�
D
l zlwk e �

F
l +ru

e
�
D
m zlwk

e
�
E
m ,/ lw dsshduv wkdw e

�
D
l �

e �
F
l +

e
�
D
m � e

�
E
m , li

n � n8 @
f+w� 4,+5� �

5, �:
+�5 � 7,5 +�5 � 4,w5

>

zkhuh �: @ f�
5
� 5f. 7w� 5fw� 5�w. 5f�w� 5�5w. f�

5
w=

Pruhryhu/
e
�
E
l � e

�
G
l +dqg

e
�
F
m � e

�
G
m , li

n � n9 @ n8=

Lq wkh dffhswdeoh uhjlrq ri sdudphwhuv lw lv dozd|v wuxh wkdw n7 ? n8 @ n9/

dv vlpsoh dojheud vkrzv1

Wkuhh fdvhv kdyh wr eh frqvlghuhg= +l, zkhq n � n7/ iru �up l
e
�
F
l � e

�
D
l

dqg
e
�
G
l � e

�
E
l / zkloh iru �up m

e
�
E
m � e

�
D
m dqg

e
�
D
m � e

�
F
m = Erwk �upv lqyhvw

lq U)G/ wkxv jlylqj ulvh wr d xqltxh vroxwlrq lq grplqdqw vwudwhjlhv zklfk lv

dovr Sduhwr0h!flhqw/ ehlqj
e
�
G
l>m � e

�
D
l>m 1 +ll, Iru n7 ? n � n8 wkh rqo| wklqj

zklfk fkdqjhv zlwk uhvshfw wr wkh suhylrxv fdvh lv wkdw
e
�
G
l>m � e

�
D
l>m 1 Erwk �upv

vwloo lqyhvw lq U)G exw wkh| gr qrw uhdfk wkh Sduhwr rswlpxp1 +lll, Iru orzhu

ohyhov ri h!flhqf|/ l1h1 iru n A n8/ zh kdyh lq sudfwlvh wkh rssrvlwh ri wkh fdvh

+l,> qhlwkhu �up l qru �up m lqyhvwv lq U)G dqg wkh jdph kdv dq htxloleulxp

lq grplqdqw vwudwhjlhv zkhuh wkh djjuhjdwh sd|r� ri wkh �upv lv pd{lpl}hg e|

qrw lqyhvwlqj lq WFUG/ jlyhq wkdw
e
�
D
l>m � e �

G
l>m 1

4<



Lw fdq eh hdvlo| fkhfnhg wkdw wkh vhtxhqfh ri sd|r�v suhvhqwhg lv lqyduldqw

dv wkh ydoxh ri wkh sdudphwhu f ydulhv zlwklq lwv dgplvvdeoh udqjh1

L wkhq ghprqvwudwhg wkh ydolglw| ri wkh uhvxowv irxqg ehiruh dovr lq wkh fdvh

ri Ehuwudqg frpshwlwlrq zlwk gl�huhqwldwhg surgxfwv1 Wkhuh duh vwloo wzr v|p0

phwulf vxejdph shuihfw Qdvk htxloleuld= erwk �upv lqyhvw lq WF U)G zkhq lw

uhtxluhv d orz frvw + n � n8,/ zkloh wkh| gr qrw lqyhvw iru n A n81 Dv ehiruh/

wkhuh lv dq lqwhuydo +n7 ? n � n8, zkhuh wkh jdph vkrzv d sulvrqhu*v glohppd>

�upv lqyhvw lq WF zlwkrxw pd{lpl}lqj wkhlu wrwdo sd|r�1

Lw zrxog eh lqwhuhvwlqj wr dqdo|vh wkh lpsdfw ri wkh surgxfw gl�huhqwldwlrq

sdudphwhu � rq wkh lqwhuydov ri n dsshdulqj deryh1 E| gl�huhqwldwlqj n7 dqg n8

zlwk uhvshfw wr n/ rqh jhwv=

Cn7

C�
? 3> +8<,

Cn8

C�
? 3= +93,

Dv d frqvhtxhqfh/ dv � lqfuhdvhv/ l1h1 zkhq surgxfwv ehfrph ohvv gl�hu0

hqwldwhg/ wkh lqwhuydo lq zklfk erwk �upv lqyhvw lq WF vkulqnv dqg lw lv wkhq

vx!flhqw d orzhu ydoxh ri n wkdq ehiruh wr pdnh wkhp dedqgrq wkh WF U)G

surmhfw1 Dq lqyhvwphqw lq WF U)G uhgxfhv wkh glvwdqfh vhsdudwlqj wkh �up

iurp wkh frqvxphuv orfdwhg deurdg1 Sk|vlfdo glvwdqfh fdq eh lqwhusuhwhg dv

glvwdqfh iurp wkh clghdo* surgxfw/ dv L phqwlrqhg ehiruh1 E| frqvlghulqj krul0

}rqwdo surgxfw gl�huhqwldwlrq/ wkhuhiruh/ dq lqwhuhvwlqj ihdwxuh ghulylqj iurp WF

U)G dfwlylw| lv wkdw surgxfwv ehfrphv ohvv gl�huhqwldwhg1 Lq wklv vhfrqg prgho/

lq idfw/ glvwdqfh ehwzhhq �upv dqg frqvxphuv hperglhv wzr frpsrqhqwv/ rqh

gxh wr krul}rqwdo surgxfw gl�huhqwldwlrq +phdvxuhg e| �, dqg wkh rwkhu gxh

wr wudqvsruw frvwv +phdvxuhg e| w,1 Wkh iruphu lv h{rjhqrxvo| jlyhq/ zkloh

wkh odwwhu fdq eh lq xhqfhg e| �upv wkurxjk dq lqyhvwphqw lq WF U)G1 Wklv

surylghv dq h{sodqdwlrq wr wkh idfw wkdw �upv gr qrw lqyhvw zkhq surgxfwv duh

forvh vxevwlwxwhv1 Dq lqyhvwphqw lq WF U)G holplqdwhv wkh dgglwlrqdo exughq

ri wkh vklsslqj skdvh ri wkh surgxfw1 Qdwxudo eduulhuv zklfk vhsdudwh gl�huhqw

frxqwulhv ydqlvk/ doorzlqj pruh surgxfwv wr duulyh dw ghvwlqdwlrq iurp deurdg1

Sulfhv duh wkhuhiruh sxvkhg grzq1 Ixuwkhupruh/ wkh surgxfw zklfk hqwhuv lq

kljkhu txdqwlw| wkdq ehiruh lv d forvh vxevwlwxwh wr wkh h{lvwlqj rqh/ dqg wklv

pdnh frpshwlwlrq �hufhu1 Uhplqg wkdw L frqvlghu khuh d Ehuwudqg prgho zlwk
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frpshwlwlrq lq sulfhv1 Wkh jdlq ghulylqj iurp dq lqfuhdvh ri vdohv lq wkh iruhljq

pdunhw grhv qrw frpshqvdwh dq|pruh wkh qhjdwlyh h�hfwv gxh wr wkh fxw lq

sulfhv lq erwk pdunhwv dqg wr wkh U)G frvw1 Lq wkh olplw fdvh ri d pdunhw zlwk

shuihfw vxevwlwxwhv jrrgv +� @ 4,/ dq lqyhvwphqw lq WF U)G frxog jlyh ulvh wr

wkh Ehuwudqg sdudgr{/ zlwk erwk �upv fkdujlqj d sulfh htxdo wr wkh pdujlqdo

frvw/ wkxv jhwwlqj d }hur sur�w1 Rq wkh frqwudu|/ wkh pruh wkh surgxfwv duh gli0

ihuhqwldwhg/ l1h1 wkh pruh � dssurdfkhv 3/ wkh pruh �upv duh zloolqj wr �qdqfh

WF U)G surmhfwv1 Jlyhq wkh vdph U)G h{shqglwxuh n/ lq idfw/ �upv lqfuhdvh

wkh txdqwlw| vrog lq wkh iruhljq pdunhw exw sulfhv vwloo uhpdlq vx!flhqwo| kljk

gxh wr wkh vwurqj surgxfw gl�huhqwldwlrq1

� ���	���
���

Lq wklv sdshu L dqdo|vhg d prgho ri lqwhuqdwlrqdo gxrsro| zkhuh wzr �upv

sod| d wzr vwdjh jdph1 Lq wkh �uvw vwdjh wkh| ghflgh zkhwkhu wr lqyhvw lq

wudqvsruw dqg frppxqlfdwlrq whfkqrorj| ru qrw/ zkloh lq wkh vhfrqg vwdjh wkh|

frpshwh lq wkh pdunhw1 Dv iru wkh pdunhw jdph/ L frqvlghuhg erwk d Frxuqrw

gxrsro| zlwk krprjhqhrxv jrrgv dqg d Ehuwudqg gxrsro| zlwk gl�huhqwldwhg

jrrgv1 D yhu| lpsruwdqw ihdwxuh ri p| prgho lv wkh vshfl�fdwlrq ri wkh nlqg

ri U)G zklfk fdq eh �qdqfhg1 L frqvlghuhg wkh srvvlelolw| iru �upv wr lqyhvw

lq wudqvsruw dqg frppxqlfdwlrq U)G/ zklfk dlpv dw lpsurylqj dq| idflolw|

uhodwhg wr wkh h{sruw ri wkh jrrgv deurdg1 L dvvxphg lq idfw wkdw wudqvsruwdwlrq

frvwv rqo| d�hfw lqwhuqdwlrqdo wudgh dqg wkhq d �up zklfk vhoov lq wkh iruhljq

pdunhw ehduv dgglwlrqdo frvwv/ qrw rqo| ehfdxvh ri glvwdqfh exw dovr ehfdxvh

ri gl�huhqfhv ri ydulrxv nlqg h{lvwlqj dprqj frxqwulhv1 Iru h{dpsoh/ d �up

zklfk h{sruwv khu jrrg frxog �qg lq wkh iruhljq pdunhw gl�huhqw qhwzrunv ri

frqqhfwlrq/ gl�huhqw dgplqlvwudwlyh surfhgxuhv dqg vr rq1 E| lqyhvwlqj lq WF

U)G/ krzhyhu/ d �up fdq uhgxfh vxfk frvwv dqg uhdfk d kljkhu iudfwlrq ri

frqvxphuv1

Dv iru wkh prgho/ wkh dqdo|vlv uhyhdohg wkh suhvhqfh ri gl�huhqw vxejdph

shuihfwlrq Qdvk htxloleuld/ ghshqglqj rq wkh uhodwlyh h!flhqf| ri wkh U)G

h�ruw1 Vxfk dq h!flhqf| kdv ehhq phdvxuhg e| wkh ydoxh ri wkh sdudphwhu n/

wkh frvw ri grlqj U)G1 Ghshqglqj rq lwv ohyho/ L irxqg wzr v|pphwulf htxloleuld=

erwk �upv lqyhvw lq WF zkhq vxfk d vwudwhj| lv yhu| h�hfwlyh/ l1h iru orz ohyhov

ri n/ zkloh wkh| gr qrw lqyhvw dw doo iru kljk ohyhov ri n1 Iru lqwhuphgldwh ydoxhv

ri n wkh jdph jlyhv ulvh wr d sulvrqhu*v glohppd/ zkhuh erwk �upv lqyhvw lq WF

exw wkh| gr qrw pd{lpl}h wkhlu djjuhjdwh sur�w1 Wkhvh uhvxowv duh ydolg erwk
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lq wkh Frxuqrw fdvh dqg lq wkh Ehuwudqg rqh/ wkxv frq�uplqj wkh lqwxlwlrq ri

wkh prgho1

Wkh fdvh zkhuh erwk �upv lqyhvw lq WF U)G ghvhuyhv d ixuwkhu lqyhvwljdwlrq1

D srvvleoh h{sodqdwlrq vkrxog eh wkdw �upv fdq h{sorlw qhwzrun h{whuqdolwlhv1

Dv L lqwurgxfhg dw wkh yhu| ehjlqqlqj/ lq wklv sdshu L frqvlghuhg d nlqg ri U)G

dfwlylw| zklfk d�hfwv wkh wudqvsruw dqg frppxqlfdwlrq whfkqrorj| ri d �up1 Li

erwk �upv lqyhvw lq WF U)G/ wkh| fdq ehqh�w iurp wkh idfw wkdw pruh dqg pruh

shrsoh duh xvlqj wkh vdph qhwzrun ri frqqhfwlrq +vhh wkh h{dpsoh ri Lqwhuqhw,1

Lq rwkhu zrugv/ wkhuh lv d vruw ri srvlwlyh ihhgedfn iurp xvhu wr xvhu zklfk wxuqv

rxw wr eh ehqh�fldo dovr iru �upv1

Lq wkh Ehuwudqg fdvh/ ixuwkhupruh/ L wulhg wr olqn dvshfwv ri surgxfw gli0

ihuhqwldwlrq zlwk wkh lvvxh ri wudqvsruwdwlrq frvwv1 Sk|vlfdo glvwdqfh ehwzhhq

�upv dqg frqvxphuv zdv h{suhvvhg e| wzr sdudphwhuv/ � dqg w/ lqglfdwlqj uh0

vshfwlyho| wkh ghjuhh ri krul}rqwdo surgxfw gl�huhqwldwlrq dqg wkh lpsdfw ri

wudqvsruw frvwv1 Wkh pruh wkh surgxfwv duh gl�huhqwldwhg/ wkh pruh duh �upv

zloolqj wr �qdqfh WF U)G surmhfwv/ zklfk doorz wr lqfuhdvh wkh vdohv lq wkh

iruhljq pdunhw zlwkrxw duulylqj wr dq h{fhvvlyh gurs lq sulfhv1 Rq wkh frqwudu|/

zkhq surgxfwv duh forvh vxevwlwxwhv/ dq lqyhvwphqw lq WF U)G ohdgv wr d sulfh

zdu zklfk wxuqv rxw wr eh gdpdjlqj iru �upv1

L zrxog uhplqg wkdw wkh uhvxowv rewdlqhg duh vwurqjo| lq xhqfhg e| wkh dv0

vxpswlrqv lqwurgxfhg lq p| dqdo|vlv1 Lq idfw/ wzr vlpsol�fdwlrqv zhuh yhu|

xvhixo exw wkhlu lpsdfw rq wkh uhvxowv kdv wr eh wdnhq lqwr dffrxqw1 Iluvwo|/ L

dvvxphg wkdw lqyhvwlqj d �{hg dprxqw n lq WF lv vx!flhqw wr holplqdwh wkh

zdvwh ri surgxfw gxulqj wkh iuhljkw skdvh/ wkxv ohdglqj wr w @ 41 D �uvw h{0

whqvlrq vkrxog wkhq frqvlghu wkh sdudphwhu w dv d srvlwlyh ixqfwlrq ri wkh U)G

h{shqglwxuh1 Vhfrqgo|/ L dvvxphg wkdw wkh sdudphwhu � phdvxulqj wkh surgxfw

gl�huhqwldwlrq zdv h{rjhqrxvo| ghwhuplqhg1 Lw zrxog eh lqwhuhvwlqj wr prgho

d jdph zlwk �upv idflqj wkh srvvlelolw| ri lqyhvwlqj vlpxowdqhrxvo| lq surg0

xfw lqqrydwlrq U)G dqg lq wudqvsruwdwlrq whfkqrorj|1 Wkh wrslf ri surgxfw

yv1 surfhvv lqqrydwlrq kdv vxusulvlqjo| irxqg vfdqw| dwwhqwlrq lq wkh olwhudwxuh/

vlqfh wkh wzr nlqgv ri lqqrydwlrq kdv ehhq xvxdoo| wuhdwhg hlwkhu vhsdudwho| ru

lq djjuhjdwh1 Krzhyhu/ vrph uhfhqw frqwulexwlrqv kdyh ehhq uhfhqwo| ghyrwhg wr

wklv lvvxh +Urvhqnudq} 4<<9> Erqdqqr dqg Kdzruwk 4<<;> Ilolsslql dqg Pduwlql/

5333,1

Hyhq li erwk h{whqvlrqv zrxog dgg pruh lqvljkw lqwr p| dqdo|vlv/ L wklqn

wkdw wkh uhvxowv dsshdulqj lq wklv sdshu duh lqwhuhvwlqj/ hvshfldoo| ehfdxvh wkh|

frqvwlwxwh dq dwwhpsw wr prgho d wrslf zklfk kdv qrw ehhq zlgho| h{soruhg1
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^4` Erqdqqr/ J1 dqg E1 Kdzruwk +4<<;,/ Lqwhqvlw| ri Frpshwlwlrq dqg wkh

Fkrlfh ehwzhhq Surgxfw dqg Surfhvv lqqrydwlrq/ Lqwhuqdwlrqdo Mrxuqdo ri

Lqgxvwuldo Rujdql}dwlrq/ 49/ 7<808431

^5` Eudqghu/ M1 dqg E1 Vshqfhu +4<;6,/ Vwudwhjlf frpplwphqw zlwk U)G= wkh

v|pphwulf fdvh1 Ehoo Mrxuqdo ri Hfrqrplfv/ 47/ 55805681

^6` Eudqghu/ M1 dqg S1U1 Nuxjpdq +4<;6,/ D �Uhflsurfdo Gxpslqj� Prgho ri

Lqwhuqdwlrqdo Wudgh/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 48/ 64606541

^7` Gl{rq/ K1G1 +4<;8,/ Vwudwhjlf lqyhvwphqw lq d frpshwlwlyh lqgxvwu|1 Mrxuqdo

ri Lqgxvwuldo Hfrqrplfv/ 66/ 53805451

^8` Grv Vdqwrv Ihuuhlud/ U1 dqg M1I1 Wklvvh +4<<9,/ Krul}rqwdo dqg yhuwlfdo

gl�huhqwldwlrq= Wkh Odxqkdugw prgho1 Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo

Rujdql}dwlrq/ 47/ 7;808391

^9` Ilolsslql/ O1 dqg J1 Pduwlql +5333,/ Yhuwlfdo Gl�huhqwldwlrq dqg Lqqrydwlrq

Dgrswlrq/ Txdghuqr q1 5;/ LVWHFLO/ Xqlyhuvlwã Fdwwrolfd gl Plodqr1

^:` Iuhhpdq F1 dqg I1 Orxêæ +5334,/ Dv Wlph Jrhv E|= Iurp wkh Lqgxvwuldo

Uhyroxwlrqv wr wkh Lqirupdwlrq Uhyroxwlrq1 R{irug Xqlyhuvlw| Suhvv1

^;` Khospdq/ H1 +4<;5,/ Lqfuhdvlqj Uhwxuqv/ Lpshuihfw Pdunhwv dqg Wudgh Wkh0

ru|/ Glvfxvvlrq Sdshu1 Who Dyly Xqlyhuvlw|1

^<` Khospdq/ H1 dqg S1 U1 Nuxjpdq +4<;8,/ Pdunhw Vwuxfwxuhv dqg Iruhljq

Wudgh1 Fdpeulgjh/ PD/ PLW Suhvv1

^43` Krwhoolqj/ K1 +4<5<,/ Vwdelolw| lq frpshwlwlrq1 Hfrqrplf Mrxuqdo/ 6</ 7408:1

^44` Nuxjpdq S1 U1 +4<<3,/ Uhwklqnlqj Lqwhuqdwlrqdo Wudgh1 Fdpeulgjh/ PD/

PLW Suhvv1

^45` Nuxjpdq S1 U1 +4<<4,/ Lqfuhdvlqj uhwxuqv dqg hfrqrplf jhrjudsk|/ Mrxuqdo

ri Srolwlfdo Hfrqrp|/ <</ 7;607<<1

^46` Nuxjpdq S1 U1 dqg D1 Yhqdeohv +4<<3,/ Lqwhjudwlrq dqg wkh frpshwlwlyh0

qhvv ri shulskhudo lqgxvwu|/ FHSU Glvfxvvlrq Sdshu 6961
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^47` Odpehuwlql/ O1/ Pdqwrydql D1 dqg J1 Urvvlql +5334,/ U)G lq wudqvsruw dqg

frppxqlfdwlrq lq d Frxuqrw gxrsro|/ Txdghuql 0 Zrunlqj Sdshuv GVH q1

734/ Xqlyhuvlwã ghjol Vwxgl gl Erorjqd1

^48` Odpehuwlql/ O1 dqg J1 Urvvlql +5334,/ Lqyhvwphqw lq wudqvsruw dqg frppx0

qlfdwlrq whfkqrorj| lq d Frxuqrw gxrsro| zlwk wudgh/ Txdghuql 0 Zrunlqj

Sdshuv GVH q1 73:/ Xqlyhuvlwã ghjol Vwxgl gl Erorjqd1

^49` Odqfdvwhu/ N1 M1 +4<:<,/ Ydulhw|/ Htxlw| dqg H!flhqf|/ Qhz \run=

Froxpeld Xqlyhuvlw| Suhvv1

^4:` Odxqkdugw/ Z1 +4<;8,/ Pdwkhpdwlvfkh Ehjuÿqgxqj ghu Yronvzluwvfkdiwvoh0

khuh1 E1J1 Whxeqhu/ Ohls}lj1

^4;` Pduwlq/ S1 dqg F1D1 Urjhuv +4<<8,/ Lqgxvwuldo orfdwlrq dqg sxeolf lqiudv0

wuxfwxuh/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 6</ 66806841

^4<` Urvhqnudq}/ V1 +4<<9,/ Vlpxowdqhrxv Fkrlfh ri Surfhvv dqg Surgxfw Lqqr0

ydwlrq/ FHSU Glvfxvvlrq Sdshu q1 46541

^53` Vdpxhovrq/ S1 +4<87,/ Wkh wudqvihu sureohp dqg wudqvsruw frvwv/ LL= Dqdo0

|vlv ri h�hfwv ri wudgh lpshglphqwv/ Hfrqrplf Mrxuqdo/ 97/ 59705;<1

^54` Vkdslur/ F1 dqg K1 U1 Yduldq +4<<<,/ Lqirupdwlrq Uxohv1 D Vwudwhjlf Jxlgh

wr wkh Qhwzrun Hfrqrp|1 Kduzdug Exvlqhvv Vfkrro Suhvv 0 Ervwrq/ Pdv0

vdfkxvhwwv1

^55` Zroiudp V1 +4<<4,/ Pdwkhpdwlfd= D V|vwhp iru Grlqj Pdwkhpdwlfv e|

Frpsxwhu/ 5qg hg1/ Dgglvrq0Zhvoh|/ PD1
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