
Dv|pphwulf vkrfnv dqg srolf| uhvsrqvhv1

D frpsdudwlyh dqdo|vlv ri wkh h�hfwv ri d prqhwdu| xqlrq1

Duylg ZdoojuhqW

VVH2HIL Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr 5<8

Mdqxdu| 4<<<

Devwudfw

Wklv sdshu dqdo|vhv krz rswlpdo srolf| uhvsrqvhv wr surgxfwlylw| vkrfnv fkdqjh zkhq
wkh jryhuqphqw orvhv wkh h{fkdqjh udwh dv d srolf| wrro diwhu hqwhulqj d prqhwdu| xqlrq1 Lw
lv vkrzq wkdw ryhu wkh exvlqhvv f|foh +jhqhudwhg dv f|folfdo fkdqjhv lq surgxfwlylw|,/ erwk
gh�flw dqg lq dwlrq zloo eh pruh yrodwloh zkhq wkhuh lv qr h{fkdqjh udwh wr vxssruw wkh
vwdelol}dwlrq srolflhv1 Wkh uhdvrq lv wkdw wkh h{fkdqjh udwh lv txlwh dq h!flhqw zhdsrq lq
dgguhvvlqj wkh lpsdfw rq wkh sulfh ohyho iurp wkh gl�huhqw vkrfnv1 Orvlqj lw wkhuhiruh pdnhv
sulfhv ohvv vwdeoh dqg wuljjhuv d pruh h{whqvlyh uhvsrqvh lq wkh rqo| srolf| wrro ohiw/ wkh
gh�flw1

Zlwk uhvshfw wr xqhpsor|phqw/ wkh rxwfrph ghshqgv rq wkh vrxufh ri wkh dv|pphwulf
vkrfn1 Li wkh jryhuqphqw glvolnhv  xfwxdwlrqv lq wkh xqhpsor|phqw udwh/ dqg vxsso| vkrfnv
duh pdlqo| grphvwlf lq ruljlq/ d prqhwdu| xqlrq lv suhihudeoh1 Li vxsso| vkrfnv duh lqvwhdg
pdlqo| iruhljq lq ruljlq/ xqhpsor|phqw lv ohvv yrodwloh xqghu d  h{leoh h{fkdqjh udwh uhjlph1

Nh|zrugv= Dv|pphwulf vkrfnv/ prqhwdu| xqlrq/ vwdelol}dwlrq srolf|/ uhdfwlrq ixqfwlrq1

MHO Fodvvl�fdwlrq= H64/ H85/ H961

W Vwrfnkrop Vfkrro ri Hfrqrplfv1 Dgguhvv= Er{ 9834/ VH 446 ;6 Vwrfnkrop1 H0pdlo= Duylg1ZdoojuhqCkkv1vh1

L zlvk wr wkdqn Sdxo Vùghuolqg dqg Vwhidq Sdoptylvw iru fulwlfdo jxlgdqfh dqg nh| dvvlvwdqfh1 Dq| huuruv duh p|

rzq1



4 Lqwurgxfwlrq

Wkh remhfwlyh ri wklv sdshu lv wr frpsduh krz wkh jryhuqphqw*v rswlpdo srolf| uhvsrqvh wr d

vw|ol}hg exvlqhvv f|foh gl�huv ehwzhhq rq wkh rqh kdqg d vlwxdwlrq zlwk d  h{leoh/ glvfuhwlrqdu|

h{fkdqjh udwh/ dqg rq wkh rwkhu kdqg d prqhwdu| xqlrq1 Wkh srolf| wrrov dydlodeoh duh wkh

h{fkdqjh udwh dqg wkh gh�flw1 Wkh exvlqhvv f|foh lv urxjko| sur{lhg e| fkdqjhv lq oderu sur0

gxfwlylw|1 Lq rughu wr gr wklv/ zh xvh wkh vhw xs xvhg e| Djhoo hw do lq wkhlu sdshu �Ilvfdo srolf|

zkhq prqhwdu| srolf| lv wlhg wr wkh pdvw� ^4`/ dqg h{whqg wkh prgho wr lqfoxgh d vwrfkdvwlf

surgxfwlylw| ohyho1

5 Edfnjurxqg

Zlwk wkh lpplqhqw fuhdwlrq ri d prqhwdu| xqlrq lq Hxursh/ HPX/ wkh lvvxh ri krz zhoo wkh

hohyhq ixwxuh phpehuv �w lq wr d fxuuhqf| xqlrq lv vwloo xquhvroyhg1 Lq d zruog ri dv|pphw0

ulf vkrfnv/ d kljk ghjuhh ri idfwru prelolw| lv wkh pdlq uhtxluhphqw/ dffruglqj wr wkh ruljlqdo

Pxqghoo wkhru| ri rswlpxp fxuuhqf| duhdv ^54`1 Zlwkrxw lw/ d vkliw lq ghpdqg iurp rqh frxq0

wu|*v jrrgv wr wkh rwkhu*v zloo ohdg wr uhfhvvlrq lq wkh iruphu dqg lq dwlrqdu| suhvvxuhv lq wkh

odwwhu1 Zlwk vhsdudwh fxuuhqflhv/ wklv dgyhuvh h�hfw fdq eh uhphglhg e| dq dgmxvwphqw lq wkh

elodwhudo h{fkdqjh udwh1 Hyhq wkrxjk wkh Hxurshdq hfrqrplhv duh qrw hvshfldoo| vshfldol}hg lq

surgxfwlrq zlwk uhvshfw wr hdfk rwkhu/ dv|pphwulf glvwxuedqfhv duh idu iurp h{wlqfw1 Ed|rxpl

dqg Hlfkhqjuhhq ^8` fodlp wkdw vxsso| vkrfnv duh odujhu lq pdjqlwxgh dqg ohvv fruuhodwhg dfurvv

uhjlrqv lq Hxursh wkdq lq wkh XV1 Ixuwkhupruh/ dprqj wkh fruh ri HX frxqwulhv vxsso| vkrfnv

duh uhodwlyho| vpdoo dqg kljko| fruuhodwhg/ zklovw dprqj wkh �HX shulskhu|� vxsso| vkrfnv duh

eljjhu dqg pruh frxqwu| vshfl�f1 Lq d gl�huhqw vwxg|/ Fdsrudoh ^<` hvwlpdwhv wkdw wkh shufhqw0

djh ri rxwsxw yduldqfh gxh wr dv|pphwulf vkrfnv kdv d orzhu erxqg udqjlqj ehwzhhq 63 dqg

:3 shufhqw dprqj wkh HX frxqwulhv14 Wkh udwkhu kljk ghjuhh ri dv|pphwu| zlwklq Hxursh lv

wkhuhiruh vhhq e| vrph hfrqrplvwv dv rqh ri wkh juhdwhu fkdoohqjhv wr wkh HPX surmhfw1

Wkh deryh uhdvrqlqj ohdgv wr wkh txhvwlrq ri krz pxfk ri d ex�hu wkh h{fkdqjh udwh lv

lq dgguhvvlqj frxqwu| vshfl�f glvwxuedqfhv1 Dffruglqj wr Fdq}rqhul/ Ylqdov dqg Ydoohv ^;`/

4 Khu dqdo|vlv/ xvlqj d sulqflsdo frpsrqhqwv whfkqltxh/ lv edvhg rq wkh HX045 jurxs/ lh wkh suhvhqw 48 frxqwulhv
plqxv wkh odvwhvw hqwudqwv/ Dxvwuld/ Ilqodqg dqg Vzhghq1 Lq wkh fdvh ri Vzhghq/ Kdqvvrq dqg Vmùkrop ^46` fodlp
vkrfnv wr rxwsxw duh pdlqo| dv|pphwulf +ylv0d0ylv wkh HX,1 Orrnlqj dw fruuhodwlrqv/ wkh| �qg wkdw zlwk uhvshfw
wr vxsso| vkrfnv/ wkh rqo| fruuhodwlrqv zklfk duh vwdwlvwlfdoo| vljql�fdqw duh zlwk Juhdw Eulwdlq/ Lwdo|/ dqg wkh
Qhwkhuodqgv1 Zlwk uhvshfw wr ghpdqg vkrfnv/ wkh rqo| vwdwlvwlfdoo| vljqlifdqw fruuhodwlrq lv zlwk Juhhfh1 Lq
d gl�huhqw vwxg|/ Dvvduvvrq dqg Rovvrq ^7` frqfoxgh wkdw Vzhglvk vxsso| dqg ghpdqg vkrfnv duh rqo| zhdno|
fruuhodwhg zlwk wkrvh ri Jhupdq|/ lqglfdwlqj wkdw dq dgmxvwdeoh h{fkdqjh udwh pd| eh suhihudeoh1 Krzhyhu/ wkh|
dovr vkrz wkdw grphvwlf vxsso| vkrfnv kdyh qrw ehhq wkh grplqdqw vkrfnv lq wkh Vzhglvk hfrqrp|1
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h{fkdqjh udwhv dprqj wkh frxqwulhv lq wkh HX gr qrw pryh lq uhvsrqvh wr pdfurhfrqrplf

lpedodqfhv/ exw udwkhu uhvsrqg wr �qdqfldo vkrfnv1 Wkhuhiruh/ iru wkh frxqwulhv wkh| orrn dw/

jlylqj xs wkh h{fkdqjh udwh lv qrw d yhu| frvwo| dfwlrq zlwk uhvshfw wr vwdelol}dwlrq lvvxhv1

Ixuwkhupruh/ wkh odfn ri d ihghudo �vfdo srolf| ri dq| vljql�fdqw glphqvlrq lq wkh HX uhlq0

irufhv wklv sureohp1 Hlfkhqjuhhq ^44` vwdwhv wkdw zkloh vwdwh wd{hv sdlg wr wkh ihghudo jryhuqphqw

lq Dphulfd jr grzq e| 63 shufhqw iru hdfk groodu ghfolqh lq vwdwh lqfrph/ wkh fruuhvsrqglqj

�jxuh iru d Hxurshdq frxqwu|*v sd|phqwv wr Euxvvhov lv d uhgxfwlrq ri qr pruh wkdq rqh shufhqw1

Pruhryhu/ Vdfkv dqg Vdod0l0Pduwlq ^56` frqfoxgh wkdw d rqh groodu lqfrph gurs lq krxvh krog

lqfrph udlvhv ihghudo wudqvihuv lq wkh XV e| ehwzhhq 9 dqg 43 fhqwv1 Wkhuhe|/ 73 shufhqw ri wkh

lqfrph gurs lv holplqdwhg wkurxjk wkh ihghudo lqvxudqfh v|vwhp15 Wkh wzr vwxglhv frqfoxgh wkdw

wklv dvshfw pd| srvh d elj sureohp iru wkh HPX uhjlrq1

\hw wkh vlwxdwlrq pd| qrw eh dv edg dv wkdw1 Iluvwo|/ Ed|rxpl dqg Pdvvrq ^:` �qg wkdw

dowkrxjk wkh ihghudo vwdelol}dwlrq exgjhw zlwklq wkh HX lv qrzkhuh qhdu wkdw ri wkh XV/ qdwlrqdo

�vfdo srolflhv kdyh ehhq dv h�hfwlyh dv wkh Dphulfdq ihghudo v|vwhp lq fxvklrqlqj vkrfnv1 Krz0

hyhu/ wklv fxvklrqlqj h�hfw pd| eh uhvwudlqhg e| wkh vwdelolw| sdfw*v uhtxluhphqw wkdw gh�flwv

lq wkh xqlrq vwd| ehorz wkuhh shufhqw ri JGS16 Rqh ri wkh gudzedfnv ri lpsrvlqj �vfdo uhvwulf0

wlrqv xqghu d prqhwdu| srolf| ghglfdwhg wr HPX0zlgh sulfh vwdelolw| lv wkdw �vfdo  h{lelolw|

pd| eh hvvhqwldo wr pdnh wkh prqhwdu| xqlrq ixqfwlrqdo1 Ilvfdo srolf| fdq srwhqwldoo| hqvxuh dq

dgmxvwphqw wr vkrfnv vlqfh lw fdq erwk d�hfw wkh frqvhtxhqfhv ri vkrfnv dqg vwdelol}h lqfrph1

Qrw ohdvw li oderu pdunhwv suhyhqw vshhg| dgmxvwphqwv wr vkrfnv17 Wr ixuwkhu frpsolfdwh wklqjv/

uhvwulfwlrqv uhjduglqj �vfdo srolflhv pd| lq wxuq lqfuhdvh wkh suhvvxuh rq wkh Hxurshdq Fhqwudo

Edqn iru d orrvhu prqhwdu| vwdqfh +Pdvvrq ^53`,1

Vhfrqgo|/ Lwdolhqhu dqg Ydqkhlnhohq ^4:` dvvhuw wkdw d vwdelol}dwlrq wd{ ri rqo| 315 shufhqw ri

JGS zrxog eh vx!flhqw wr frpshqvdwh iru wkh odfn ri qdwlrqdo vwdelol}dwlrq srolflhv e| doorzlqj

wudqvihuv ehwzhhq frxqwulhv lq wkh hyhqw ri dv|pphwulf vkrfnv1 Wkdw lv/ d udwkhu olplwhg lqvxudqfh

vfkhph lv qhfhvvdu|18

Lq wkh Djhoo hw do sdshu ^4`/ wkh jryhuqphqw fdq dgguhvv d vkrfn dqg vwlpxodwh wkh hfrqrp|

5 Vdod0l0Pduwlq dqg Vdfkv dovr hvwlpdwh wkh wd{ uhgxfwlrq wr 63 fhqwv rq hdfk groodu1
6 Duwlv dqg Zlqnohu ^6` dujxh rq wkh rwkhu kdqg wkdw wkh ohhzd| lq fdvh ri d whpsrudu| glvwxuedqfh lv txlwh

odujh1
\hw wkh dfwxdo uhvwulfwlrqv rq �vfdo srolf| pd| eh hyhq pruh uhvwudlqlqj wkdq wkh Pddvwulfkw wuhdw| lqglfdwhv1

Dffruglqj wr Pdvvrq ^53`/ lq rughu qrw wr h{fhhg wkh vwdelolw| sdfw*v olplwv wkh frxqwulhv qhhg wr kdyh dq dyhudjh
gh�flw ohvv ru htxdo wr rqh shufhqw/ vlqfh wkh vwdqgdug ghyldwlrq ehwzhhq dfwxdo dqg vwuxfwxudo gh�flwv kdv ehhq
wzr shufhqw ri JGS dprqj wkh HPX sduwlflsdqwv1

7 Vhh iru lqvwdqfh gh Judxzh/ 4<<5 ^43`/ dqg Nhqhq/ 4<<8 ^4;`1
8 Wklv pd| eh d wrr orz hvwlpdwh/ wkrxjk1 Vhh iru lqvwdqfh Dqghuvhq / 4<<9 ^5`1
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wkurxjk wzr gl�huhqw fkdqqhov> wkh h{fkdqjh udwh dqg wkh gh�flw1 Wkh jryhuqphqw/ zklfk fkrrvhv

lwv srolf| yduldeohv diwhu xqlrqv kdyh vhw qrplqdo zdjhv/ fduhv derxw wkuhh wklqjv= xqhpsor|phqw/

wkh gh�flw dqg wkh ohyho ri lq dwlrq1 Lq wkh glvfuhwlrqdu| fdvh/ wkh rxwfrph lv d zdjh0ghsuhfldwlrq

f|foh dqg d wlph lqfrqvlvwhqf| sureohp erwk zlwk uhvshfw wr prqhwdu| srolf| dqg �vfdo srolf|19

Krzhyhu/ wkh pdlq irfxv ri wkh Djhoo hw do vwxg| lv wkh h�hfw rq wkh �vfdo srolf| iurp jlylqj

xs wkh h{fkdqjh udwh1 Wkhlu uhvxowv lqglfdwh wkdw d ghwhulrudwlrq ri wkh �vfdo vwdqfh +lqfuhdvhg

gh�flwv, lv olnho| wr iroorz rqfh d prqhwdu| xqlrq lv fuhdwhg1 Wkh uhdvrq lv wkdw dv prqhwdu|

srolf| lv wdnhq dzd| iurp wkh kdqgv ri qdwlrqdo srolf| pdnhuv/ �vfdo srolf| jhwv wr ehdu pruh ri

wkh exughq lq dfklhylqj wkh jryhuqphqw*v jrdov1 Khqfh uhvwudlqlqj uxohv uhjduglqj �vfdo srolf|

pljkw eh dssursuldwh1 Wkh Pddvwulfkw Wuhdw|*v frqyhujhqfh fulwhuld dqg wkh Vwdelolw| Sdfw*v

uhtxluhphqwv pd| eh vhhq djdlqvw wklv edfnjurxqg1

Wklv sdshu xvhv wkh vdph prgho dv Djhoo hw do ^4`/ exw dggv d surgxfwlylw| yduldeoh lq

wkh surgxfwlrq ixqfwlrq1 Fkdqjhv lq grphvwlf oderu surgxfwlylw| d�hfwv wkh vxsso| vlgh ri

wkh hfrqrp|/ zklovw fkdqjhv lq iruhljq surgxfwlylw| zloo d�hfw wkh grphvwlf hfrqrp| rq wkh

ghpdqg vlgh/ yld  xfwxdwlrqv lq h{sruw ghpdqg1 Wkh dqdo|vlv irfxvhv rq krz wkh rswlpdo

vwdelol}dwlrq srolflhv uhjduglqj wkh gh�flw dqg wkh h{fkdqjh udwh fkdqjh ryhu wkh exvlqhvv f|foh

+uhsuhvhqwhg e| fkdqjhv lq oderu surgxfwlylw|, lq wzr gl�huhqw zruogv1 Wkdw lv/ rqh zlwk d

 h{leoh/ glvfuhwlrqdu| h{fkdqjh udwh uhjlph/ dqg rqh zlwk d prqhwdu| xqlrq1 Wkh prgho lv

fkrvhq ehfdxvh ri vrph dwwudfwlyh ihdwxuhv1 Lw lv vlpsoh lq lwv vhw xs/ lv edvhg rq rswlpl}lqj

djhqwv/ dqg kdv dq �ryhudpelwlrxv� hpsor|phqw wdujhw rq ehkdoi ri wkh jryhuqphqw/ ohdglqj wr

frpelqhg gh�flw dqg lq dwlrqdu| eldvhv1:

Wkh uhvxowv lqglfdwh wkdw erwk wkh gh�flw dqg lq dwlrq zloo ehfrph pruh yrodwloh lq d prqh0

wdu| xqlrq1 Wkh iruphu zloo  xfwxdwh pruh pdlqo| ehfdxvh lw zloo eh lqfuhdvlqjo| xwlol}hg dv d

vkrfn devruehu zkhq wkhuh lv qr h{fkdqjh udwh wr khos ex�hu wkh glvwxuedqfh/ zkloh pryhphqwv

lq lq dwlrq zloo eh gudpdwlfdoo| odujhu lq d prqhwdu| xqlrq gxh wr wkh idfw wkdw wkh h{fkdqjh

udwh lv d yhu| srwhqw sulfh vwdelol}hu lq wklv prgho1

9 Wkh zdjh0ghsuhfldwlrq f|foh rffxuv lq pdq| prghov/ vhh iru lqvwdqfh Kruq dqg Shuvvrq ^49` dqg J|oidvrq
dqg Olqgehfn ^47`1 Wkh �vfdo wlph lqfrqvlvwhqf| sureohp2rxwfrph lv ohvv frpprq/ krzhyhu1

: Dowkrxjk erwk frqvxphuv dqg �upv duh rswlpl}lqj/ wkhlu krul}rq lv uhvwulfwhg wr wkh suhvhqw shulrg1 Ixu0
wkhupruh/ frqvxphuv rswlpl}h ryhu frqvxpswlrq rqo|/ lh wkhuh lv qr glvxwlolw| iurp oderu lq wkh xwlolw| ixqfwlrq1
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6 Wkh prgho

Wkh hfrqrp| frqvlvwv ri irxu sduwv> dq djjuhjdwh ghpdqg vlgh/ d surgxfwlrq ixqfwlrq/ d zdjh

htxdwlrq dqg wkh jryhuqphqw*v orvv ixqfwlrq1 Zh dvvxph d Free Grxjodv vw|oh surgxfwlrq

ixqfwlrq zklfk rqo| ghshqgv rq oderu11 Zh kdyh wzr gl�huhqw surgxfwlylw| vkrfnv/ hlwkhu wr

grphvwlf surgxfwlrq/ D| =

\�c| @ O
�
�c|D|

ru wr iruhljq surgxfwlrq/ DW

| = +Zh zloo ghqrwh iruhljq ohyhov e| d vwdu vxshuvfulsw wkurxjkrxw

wkh sdshu1, D vkrfn wr iruhljq rxwsxw d�hfwv iruhljq lqfrph/ dqg khqfh iruhljq ghpdqg iru

grphvwlf h{sruwv1 Zh wklqn ri wkh iruhljq vkrfnv dv ehlqj ri wkh vdph vrxufh dv wkh grphvwlf

rqhv/ d�hfwlqj wkh vxsso| vlgh1 Ixuwkhupruh/ wkh vkrfnv d�hfw doo surgxfwlrq zlwklq wkh qdwlrqdo

erughuv lghqwlfdoo|1 Khqfh D fdq eh vhhq dv d whfkqrorj| sdudphwhu ru d frvw sdudphwhu wkdw

lv xqlyhuvdo wr wkh frxqwu| lq txhvwlrq1 Dovr/ fdoolqj lw d vkrfn lv qrw uhdoo| fruuhfw/ vlqfh lw lv

surgxfwlylw| idfwru1 Lq wklv vhqvh/ lw zrxog eh pruh fruuhfw wr ghqrwh wkh fkdqjh lq surgxfwlylw|

dv wkh vkrfn1 Krzhyhu/ zh zloo uhihu wr wkh ohyho dv wkh vkrfn1 Wkh orjdulwkplf ydoxhv ri wkh

surgxfwlylw| vkrfnv +ghqrwhg e| orzhu fdvh ohwwhuv, iroorz dq DU+4, surfhvv=

d
�
| @ �d

�
|3� . %

�
| l @ grphvwlf ) iruhljq +�,

%
�
| � Q+3> �20,

H+ d�|, @ �d
�
|3� +614,

zkhuh � 5 +3> 4,/ dqg erwk wkh shuvlvwhqfh lq surgxfwlylw| dqg wkh yduldqfh ri lqqrydwlrqv duh

wkh vdph lq wkh grphvwlf dqg lq wkh iruhljq hfrqrp| +� @ �W>
�
�20

�
@

�
�20

�
W

,;1 Ixuwkhupruh/ zh

dvvxph=

l, Lghqwlfdo frqvxphuv dqg lghqwlfdo �upv1

ll, Wkh zruog frqvlvwv ri wzr duhdv> d grphvwlf hfrqrp| zklfk surgxfhv rqh vlqjoh jrrg/ dqg

wkh uhvw ri wkh zruog wkdw dovr surgxfhv d vlqjoh/ gl�huhqw jrrg1

lll, Qr lqwhuwhpsrudo dvshfwv rq ehkdoi ri frqvxphuv ru xqlrqv/ zkr pd{lpl}h h{shfwhg

lqvwdqwdqhrxv xwlolw| hdfk shulrg1

Lq rughu wr ohw wkh jryhuqphqw uhdfw wr frqwhpsrudqhrxv surgxfwlylw| fkdqjhv/ wkh wlplqj

lq hdfk shulrg lq rxu hfrqrp| lv dv iroorzv=

; Lq rughu wr nhhs wkh dqdo|vlv vlpsoh dqg fohdu/ zh ljqruh sursdjdwlrq ehwzhhq rxu wzr gl�huhqw w|shv ri
vkrfnv1 L h vkrfnv duh wrwdoo| lqghshqghqw iurp rqh dqrwkhu1 Vhh dsshqgl{ G iru dq dqdo|vlv edvhg rq wkh
hpslulfdo hvwlpdwlrq ri sursdjdwlrq ri whfkqrorj| vkrfnv1
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l, �uvw wr pryh duh wkh xqlrqv zkr xqlodwhudoo| ghflgh zdjhv ehiruh vkrfnv duh uhdol}hg1

ll, vkrfnv duh uhdol}hg1

lll, vhfrqg wr pryh lv wkh jryhuqphqw/ zklfk fdq uhdfw wr vkrfnv e| fkrrvlqj lwv srolf|

yduldeohv +h{fkdqjh udwh V dqg gh�flw dv sursruwlrq ri grphvwlf rxwsxw/G, dssursuldwho|/ zklfk

lq wxuq ghwhuplqhv wkh shulrg*v sulfh ohyho1

ly, Ilqdoo|/ �upv fkrrvh hpsor|phqw ohyhov dv d ixqfwlrq ri wkh uhdo zdjh dqg uhdol}hg vkrfnv1

Dv d uhvxow ri wklv rughulqj ri hyhqwv/ lw zloo wxuq rxw wkdw wkh jryhuqphqw fdq d�hfw erwk wkh

lq dwlrq dqg wkh hpsor|phqw ohyho1 Frqvhtxhqwo|/ frqvxphuv dqg xqlrqv kdyh dq lqirupdwlrqdo

glvdgydqwdjh1

614 Djjuhjdwh ghpdqg +DG,

Frqvxphuv jhw xwlolw| iurp frqvxplqj d frpelqdwlrq ri wkh wzr jrrgv surgxfhg lq wkh zruog/

wkh grphvwlf jrrg [> dqg wkh iruhljq jrrg P 1 Ghvslwh wkh lqfrph xqfhuwdlqw|/ zh gr qrw

doorz iru vdylqjv/ exw lqvwhdg dvvxph frqvxphuv vshqg doo wkhlu lqfrph hdfk shulrg1 Jlyhq wklv

dvvxpswlrq/ frqvxphuv idfh wkh iroorzlqj pd{lpl}dwlrq sureohp hdfk shulrg=

pd{X� @ [
k
� P

�3k
�

v=w= S +4 .G,+O
�
�D|, @ S[� . VP�

zkhuh � lv wkh vkduh ri grphvwlf jrrgv lq wrwdo frqvxpswlrq1 Lq wklv vhqvh/ � zloo eh dq

lqglfdwlrq ri wkh rshqqhvv ri wkh frxqwu|1 Wkh vpdoohu lv �/ wkh pruh lpsruwv wkh grphvwlf

hfrqrp| frqvxphv1 O
�
� D| lv jurvv lqfrph shu lghqwlfdo frqvxphu/ phdvxuhg lq grphvwlf jrrgv1

G lv wkh exgjhw gh�flw +G A 3, ru vxusoxv +G ? 3, dv sursruwlrq ri jurvv lqfrph1 S lqglfdwhv wkh

grphvwlf sulfh ohyho/ dqg V lv qrplqdo h{fkdqjh udwh +grphvwlf fxuuhqf|2iruhljq fxuuhqf|,1 Zh

fkrrvh wr dvvxph d iruhljq prqhwdu| srolf| vhw wr nhhs wkh iruhljq sulfh ohyho frqvwdqw1< Jlyhq

wklv dvvxpswlrq/ sW fdq eh qrupdol}hg wr xqlw|/ dqg gursshg iurp wkh htxdwlrqv1 Vlqfh wkhuh duh

qr vdylqjv/ wkhuh duh qr fuhglw pdunhwv1 Wrwdo uhdo frqvxpswlrq lv wkhuhiruh htxdo wr lqfrph soxv

dq| gh�flw ru vxusoxv1 Frqvhtxhqwo|/ wkh lpsolflw dvvxpswlrq lv wkdw wkh jryhuqphqw eruurzv

iurp deurdg wr sd| iru d srvvleoh gh�flw1 Ixuwkhupruh/ zh lpsolflwo| dvvxph wkdw wkh zruog

hfrqrp| lv vx!flhqwo| pxfk odujhu wkdq wkh grphvwlf rqh vr wkdw d gh�flw G fdq eh �qdqfhg

zlwkrxw d�hfwlqj wkh zruog*v ghpdqg iru grphvwlf h{sruwv1 Lq wklv vlpsoh vhw xs/ zh ixuwkhupruh

< D  xfwxdwlqj iruhljq sulfh ohyho uhvxowv lq wkh fdqfhoodwlrq ri wkh iruhljq vkrfn lq wkh h{suh vvlrq iru wkh
grphvwlf sulfh ohyho1 Wkh uhdvrq lv wkdw lwv lqgluhfw h�hfw yld wkh iruhljq sulfh ohyho +RW� lv ixoo| r�vhw e| lwv gluhfw
h�hfw +@W lq RW fdqfhov zlwk wkh gluhfw h�hfw ri @W,1

9



ljqruh srvvleoh eruurzlqj olplwv iru wkh jryhuqphqw1 Wkdw lv/ wkhuh lv qr lqwhuwhpsrudo exgjhw

frqvwudlqw1 Wklv lv reylrxvo| dq h{wuhph dvvxpswlrq1 Krzhyhu/ hpslulfdo idfwv lqglfdwh wkdw

jryhuqphqwv lq lqgxvwuldol}hg frxqwulhv vxfk dv wkh RHFG jurxs kdyh txlwh h{whqvlyh eruurzlqj

srvvlelolwlhv rq lqwhuqdwlrqdo fdslwdo pdunhwv1 Vlqfh rxu dqdo|vlv irfxvhv rq krz wkh xvh ri wkh

gh�flw dv d vkrfn devruehu fkdqjhv dv wkh jryhuqphqw orvhv wkh h{fkdqjh udwh dv d srolf| wrro/ dqg

wkh lqwhuhvwlqj uhvxowv frph zkhq eruurzlqj lv xqfrqvwudlqhg/ wkh sdshu dffhswv wklv zhdnqhvv

ri wkh prgho143

Jlyhq wklv vhw xs/ fkdqjhv lq wkh gh�flw ohyho d�hfw djjuhjdwh ghpdqg/ vr Ulfdugldq Htxly0

dohqfh grhv qrw krog1 Djjuhjdwlqj ryhu doo lghqwlfdo frqvxphuv/ vroylqj iru grphvwlf ghpdqg lq

wkh exgjhw frqvwudlqw/ dqg xvlqj wklv lq wkh xwlolw| ixqfwlrq/ zh hyhqwxdoo| jhw ghpdqg dv =

P @ +4 .G,+O�D,+4� �,
S

V
+615,

[ @ �+4 .G,+O�D, +616,

+Vhh dsshqgl{ D iru d pruh wkrurxjk h{srvlwlrq ri wkh fdofxodwlrqv ehklqg vhfwlrq 61, Grphvwlf

ghpdqg iru iruhljq jrrgv +P, lv d ixqfwlrq ri wkh grphvwlf hfrqrp|*v rshqqhvv +4��,/ uhodwlyh

sulfhv dqg glvsrvdeoh lqfrph1 Vr wkh kljkhu lv wkh grphvwlf sulfh ohyho/ dqg wkh vwurqjhu lv wkh

qrplqdo h{fkdqjh udwh +orz ydoxh ri V,/ wkh vwurqjhu lv lpsruw ghpdqg1 E| v|pphwu|/ zruog

ghpdqg iru grphvwlf h{sruwv htxdo wr=

[W @ +4� �W,
V

S
++O�,

W

DW

| , +617,

zkhuh +4��W, lv wkh vkduh ri lpsruwv lq iruhljq frqvxpswlrq1 Vr wkh zhdnhu wkh uhdo h{fkdqjh

udwh/ wkh kljkhu lwv ydoxh/ dqg wkh kljkhu lv wkh rxwvlgh zruog*v ghpdqg iru wkh grphvwlf jrrg1

Dgglqj xs ghpdqg iru wkh grphvwlfdoo| surgxfhg jrrg ++6=6, dqg +6=7,,/ dqg gursslqj wkh

frqvwdqw +lw zloo qrw d�hfw wkh frpsdudwlyh dqdo|vlv zklfk lv wkh irfxv ri wkh sdshu, zh kdyh

wrwdo ghpdqg iru wkh grphvwlf rxwsxw +jrrg [ , dv=

�o| . d| @ v� s.
�

4� �
G . dW| +618,

zkhuh orzhu ohwwhuv lqglfdwh orjdulwkplf ydoxhv1 Wkh h{suhvvlrq vd|v wkh ghpdqg iru grphvwlf

jrrgv lv d ixqfwlrq ri wkh uhdo h{fkdqjh udwh +v� s,/ wkh �vfdo vwdqfh dqg iruhljq vxsso| vkrfnv

+zrunlqj yld kljkhu iruhljq ghpdqg,1 Grphvwlf vkrfnv zloo hqwhu rq wkh uljkw kdqg vlgh +UKV,

lq s/ dqg dovr lq wkh srolf| yduldeohv v dqg G=

43 Vhh dsshqgl{ � iru d suhvhqwdwlrq ri krz wkh prgho ehkdyhv zkhq wkhuh lv d olplw wr wkh jryhuqphqw*v
djjuhjdwh ghew ohyho1,

:



615 Djjuhjdwh vxsso| +DV, sduw 4= Surgxfwlrq dqg hpsor|phqw1

Wkhuh lv d frqwlqxxp ri lghqwlfdo �upv/ qrupdol}hg wr xqlw|1 Dv d uhvxow/ doo �upv zloo hpsor|

wkh vdph dprxqw ri oderu11 Hdfk �up wdnhv wkh sulfh ohyho dqg wkh h{fkdqjh udwh dv jlyhq/ dqg

idfhv d ghpdqg htxdo wr [�c| . [W

�c|= Zh dvvxph wkdw wkh odz ri rqh sulfh krogv/ vlqfh wkhuh

duh qr lpshglphqwv wr wudgh dqg wkhuh lv shuihfw frpshwlwlrq lq hdfk ri wkh wzr jrrgv1 Khqfh

�upv jhw wkh vdph sulfh luuhvshfwlyh ri wkh pdunhw lq zklfk wkh| vhoo1 Wkdw lv/ wkh sulfh ri wkh

grphvwlf jrrg lq wkh iruhljq pdunhw lv �
7
+lq iruhljq fxuuhqf|,1 Wkh lqwhuhvw udwh lv vhw wr }hur

+lw grhv qrw pdwwhu iru wkh dqdo|vlv,1 Frqvhtxhqwo|/ zh kdyh wkdw sur�wv iru hdfk �up m htxdov=

surilw�c| @ S|O
�

�c|
D| �O�c|Z�c|

Vlqfh �upv dfw diwhu vkrfnv duh uhdol}hg dqg wkh sulfh ohyho dqg wkh uhdo zdjh duh nqrzq/ wkhuh

lv qr xqfhuwdlqw| dw wkh wlph ri �upv hpsor|phqw ghflvlrq1 Sur�w pd{lpl}dwlrq +zlwk uhvshfw

wr �upv* glvfuhwlrqdu| hpsor|phqw ghflvlrq, jlyhv xv orj hpsor|phqw lq hdfk �up dv=

o�c| @ ho � �+z�c| � s| � d|, +619,

zkhuh � � �

�3�
A 4 lv hodvwlflw| ri oderu ghpdqg/ dqg ho � � oq �= Wklv h{suhvvlrq jlyhv d

uhodwlrqvkls ri krz pxfk wkh �up*v hpsor|phqw ohyho gl�huv iurp d ehqfk pdun fdvh/ lqglfdwhg

e| ho> +zkhuh +z�s�d, @ 3/ wkdw lv/ wkh vkrfn dxjphqwhg uhdo zdjh `

��
lv qrupdol}hg wr xqlw|,/

gxh wr h�hfwv iurp wkh uhdo zdjh dqg grphvwlf vxsso| vlgh vkrfnv1 D srvlwlyh grphvwlf vkrfn

udlvhv surgxfwlylw| +e| dvvxpswlrq, dqg udlvhv �up hpsor|phqw1 Wkxv djjuhjdwh xqhpsor|phqw

lq rxu qrupdol}hg hfrqrp| zloo eh=

x| � ho � o| @ �+z| � s| � d|, +61:,

Zulwlqj wkh surgxfwlrq ixqfwlrq lq orjv/ zh kdyh=

|�7
|

@ h| � +� � 4,+z| � s|, . �d| +61;,

Khqfh/ dfwxdo vxsso| zloo ghyldwh iurp rxu ehqfk pdun ohyho/ h| @ �ho/ gxh wr dgmxvwphqwv iru wkh

uhdo zdjh dqg vxsso| vlgh vkrfnv1 Xvlqj +6=8, > +6=;, > dqg wkh htxloleulxp frqglwlrq |�7 @ |�(>

zh fdq vroyh iru wkh sulfh ohyho +ljqrulqj wkh frqvwdqw whup,=

s| @
4

�
v| .

�

�+4� �,
G| . �z| .

4

�
dW
|
� d| +61<,

;



Dgglqj vkrfnv kdv wzr gluhfw h�hfwv rq wkh sulfh ohyho1 D iruhljq vxsso| vkrfn lqfuhdvhv iruhljq

surgxfwlylw|/ udlvlqj iruhljq lqfrph/ dqg khqfh iruhljq ghpdqg iru rxu h{sruwv1 Wklv lq wxuq

udlvhv wkh grphvwlf sulfh ohyho1

dW % @, |W % @, [W % @, s %

@,
Cs

CdW
A 3

D grphvwlf srvlwlyh surgxfwlylw| vkrfn zrunv wkh rssrvlwh zd|/ dv lw pdnhv surgxfwlrq pruh

h!flhqw/ dqg wkhuhe| fkhdshu/ uhvxowlqj lq d orzhu grphvwlf sulfh ohyho1

d % @, pruh hiilflhqw surgxfwlrq @, s &

@,
Cs

Cd
? 3

Krzhyhu/ wkhuh duh dovr wkh lqgluhfw h�hfwv hqwhulqj yld wkh wzr srolf| yduldeohv v dqg G> dv wkh|

zloo eh ixqfwlrqv ri wkh vkrfnv1 Wkh jryhuqphqw fdq uhgxfh wkh uhdo zdjh/ dqg wkhuhe| vwlpxodwh

rxwsxw dqg hpsor|phqw/ e| fuhdwlqj d sulfh vxusulvh lq wzr gl�huhqw zd|v1 Lw fdq hlwkhu xvh

dq xqh{shfwhg ghsuhfldwlrq ru dq xqh{shfwhg �vfdo h{sdqvlrq1 Lq wkh �uvw fdvh/ erwk grphvwlf

dqg iruhljq h{shqglwxuhv vzlwfk wr grphvwlf jrrgv wkurxjk d uhdo h{fkdqjh udwh ghsuhfldwlrq1

Lq wkh vhfrqg fdvh/ wkhuh lv d grphvwlf djjuhjdwh ghpdqg lqfuhdvh dw wkh vdph wlph dv wkh uhdo

h{fkdqjh udwh dssuhfldwhv +wkh sulfh ohyho lv lqfuhdvhg,1

616 DV sduw 5= Zdjh vhwwlqj

Zh dvvxph xqlrqv kdyh prqrsro| srzhu zlwk uhjdug wr vhwwlqj wkh zdjh/ exw �upv kdyh �uljkw

wr pdqdjh/� dv wkh| ghflgh xqlodwhudoo| zkdw dprxqw ri oderu wr kluh rqfh xqlrqv kdyh vhw zdjhv1

Ixuwkhupruh/ zh dvvxph rqh xqlrq shu �up dqg qr oderu prelolw|1 Xqlrqv fduh derxw wkh uhdo

frqvxpswlrq zdjh dqg hpsor|phqw/ dqg hdfk xqlrq*v xwlolw| ixqfwlrq lv d frpelqdwlrq ri wkhvh

wzr1 Wkh xqlrq lv vpdoo hqrxjk wr ljqruh wkh h�hfw lwv zdjh pd| kdyh rq wkh djjuhjdwh zdjh

ohyho1 Wkh vhw xs lpsolhv xqlrqv vhw zdjh ghpdqgv jlyhq h{shfwdwlrqv ri srolf| sdudphwhuv V

dqg G1 Uhdo frqvxpswlrq zdjh lv gh�qhg e|=

uhdo frqvxpswlrq zdjh @ Z+4 .G,@FSL

FSL @ �S . +4� �,V

Uhfdoo wkdw G lv wudqvihuv dv d sursruwlrq ri \ / vr lq v|pphwulf htxloleulxp lw zloo vsuhdg hyhqo|

dprqj doo frqvxphuv/ khqfh zh fdq pxowlso| wkh zdjh e| wkh idfwru +4 .G,1 Ohw vxshuvfulsw h

<



ghqrwh xqlrqv* h{shfwdwlrq1 Xqlrq h{shfwhg xwlolw| +lq orjv, lq �up m dw wlph w lv jlyhq e|=

Y e

�c|
@ +z�c| .Ge

|
� fsle

|
,�H

�
�

5
+ho � o�c|,

2

�
+6143,

ru lq zrugv/ h{shfwhg xqlrq xwlolw| lv htxdo wr wkh orj ri wkh uhdo zdjh +oq+4.G, lv dssur{lpdwhg

zlwk G, plqxv d txdgudwlf xqhpsor|phqw whup1 � lv wkh zhljkw xqlrqv sxw rq hpsor|phqw

uhodwlyh wr wkh uhdo zdjh1 Lq shulrgv zlwk orz xqhpsor|phqw/ xqlrq fduhv pdlqo| derxw wkh uhdo

zdjh1 Krzhyhu/ gxh wr wkh txdgudwlf whup/ dv xqhpsor|phqw jurzv lwv zhljkw dxwrpdwlfdoo|

lqfuhdvhv lq wkh xqlrq*v remhfwlyh ixqfwlrq1 Wkhuh duh qr lqwhuwhpsrudo olqnv/ wkh xqlrq mxvw

pd{lpl}hv h{shfwhg Y�c| lq hdfk shulrg1 Zh irfxv rq wkh Qdvk htxloleulxp lq wkh �jdph�

ehwzhhq wkh xqlrq dqg wkh jryhuqphqw1 Wkdw lv/ wkh xqlrq nqrzv wkh remhfwlyh ixqfwlrq ri

wkh jryhuqphqw dqg pd{lpl}hv lwv xwlolw| jlyhq lwv dvvhvvphqw ri se dqg Ge> zkhuh wkh odwwhu

lv frqvlvwhqw zlwk wkh vhw xs ri wkh hfrqrp| +udwlrqdo h{shfwdwlrqv,1 Xvlqj htxdwlrq +6=:, dqg

gl�huhqwldwlqj +6=43, zlwk uhvshfw wr z�c| |lhogv=

z�c| @
4

��2
. se

|
. de

|
+6144,

xqghu wkh dvvxpswlrq ri h{rjhqrxv vkrfnv dqg wkdw wkh xqlrqv eholhyh wkh zdjhv wkh| vhw d�hfwv

qhlwkhu wkh jhqhudo sulfh ohyho qru wkh �vfdo srvlwlrq fkrvhq e| wkh jryhuqphqw +
YR

e
|

Y��|
@

Y(
e
|

Y��|
@ 3,1

V|pphwulf htxloleulxp lpsolhv z� @ z ;m1 Zh vhh wkdw wkh qrplqdo zdjh lv uhodwhg 4=4 wr wkh

h{shfwhg sulfh ohyho1 Xvlqj wkh sulfh ohyho h{suhvvlrq +6=<,/ zh kdyh=

se
|
@

4

�
ve
|
.

�

+4� �,�
Ge

|
. �z| .

4

�
+dW

|
,
e
� de

|

Soxjjlqj wklv lqwr rxu zdjh h{suhvvlrq/ zh jhw wkh zdjh dv=

z| @
4

��
. ve

|
.

�

+4� �,
Ge

|
. +dW| ,

e +6145,

Wkh xqlrq*v udwlrqdo h{shfwdwlrqv ri ve dqgGe zloo iroorz iurp vroylqj iru wkhp ehorz1 Krzhyhu/

zh fdq douhdg| vhh krz wkh jryhuqphqw fdq lpsuryh wkh xqhpsor|phqw vlwxdwlrq1 Soxjjlqj lq

wkh sulfh h{suhvvlrq lqwr �upv* hpsor|phqw ghflvlrq/ dqg wkhq vxevwlwxwlqj lq iru z/ zh jhw

xqhpsor|phqw dv=

x| @
4

��
� +v| � ve

|
,�

�

+4� �,
+G| �Ge

|
,� +dW

|
� +dW

|
,e, +6146,

Rqfh djdlq zh vhh wkdw d vxusulvh ghsuhfldwlrq dqg d vxusulvh lqfuhdvh lq wkh gh�flw uhgxfhv

xqhpsor|phqw= Ixuwkhupruh/ soxjjlqj wkh sulfh h{suhvvlrq +61<, lqwr wkh xqhpsor|phqw htxd0

wlrq +6=:,/ zh kdyh=

x| @ z| � v| �
�

+4� �,
G| � dW| +6147,

43



Dvvxph iru d prphqw wkdw wkhuh lv qr jryhuqphqw lqwhudfwlrq lq dq| shulrg1 Wkhq v dqg G

duh }hur +h{fkdqjh udwh lq ohyhov qrupdol}hg wr xqlw|,/ dqg xqhpsor|phqw lv uhodwhg 4 = 4 wr wkh

zdjh= Khqfh zlwkrxw d jryhuqphqw/ dv zdjh jrhv/ vr jrhv xqhpsor|phqw1 Wkh lpsolfdwlrq lv wkdw

fkdqjhv lq grphvwlf surgxfwlylw| gr qrw d�hfw oderu ghpdqg +zkhq wkhuh lv qr jryhuqphqw,/ dqg

wkh uhdvrq lv wkdw d fkdqjh lq surgxfwlylw|/ zklfk rxjkw wr lqgxfh �upv wr dgmxvw hpsor|phqw/ lv

ixoo| r�vhw e| d frxqwhu0h�hfw wkurxjk wkh sulfh ohyho1 Iru h{dpsoh/ dq lqfuhdvh lq surgxfwlylw|

pdnhv wkh �up zdqw wr kluh pruh oderu1 Krzhyhu/ wkh vdph lqfuhdvh orzhuv sulfhv/ wkhuhe|

udlvlqj wkh uhdo zdjh1 Li wkh sulfh ohyho lv qrw d�hfwhg e| srolf| yduldeohv/ wkhvh wzr h�hfwv

fdqfho rxw1 Zkhq zh lqwurgxfh d jryhuqphqw/ lw zloo fkrrvh lwv srolf| yduldeohv lq uhvsrqvh wr

suhvhqw vkrfnv1 Khqfh wkh xqhpsor|phqw ohyho zloo eh d�hfwhg/ vlqfh srolf| yduldeohv zloo dgg

dgglwlrqdo fkdqjhv wr wkh sulfh ohyho/ wkhuhe| qxooli|lqj wkh suhylrxv 4=4 olqn ehwzhhq wkh ulvh lq

surgxfwlylw| dqg wkh ulvh lq wkh uhdo zdjh1

617 Jryhuqphqw

Wkh jryhuqphqw lv frqfhuqhg zlwk xqhpsor|phqw/ gh�flw dqg lq dwlrq144 Wkh jryhuqphqw*v orvv

ixqfwlrq lv wkhuhiruh gh�qhg dv=

U| @
4

5
x|

2
. �(

4

5
G2

|
. �Z

4

5
�2
|

+6148,

zkhuh frqvxphu sulfh lq dwlrq lv gh�qhg dv=

�| @ �+s| � s|3�, . +4� �,+v| � v|3�, +6149d,

Wkdw lv/ lq dwlrq lv fdxvhg e| wkh h�hfw iurp grphvwlfdoo| surgxfhg frqvxpswlrq wlphv lwv

vkduh ri frqvxpswlrq +�,/ soxv sulfh fkdqjhv rq lpsruwhg jrrgv +fdxvhg rqo| e| fkdqjhv lq wkh

h{fkdqjh udwh/ dv wkh iruhljq sulfh ohyho lv qrupdol}hg wr xqlw|,/ wlphv lwv vkduh +4��,1 �( dqg

�Z lqglfdwh wkh jryhuqphqw*v suhihuhqfhv ryhu wkh wkuhh whupv lq wkh orvv ixqfwlrq1

7 Vroylqj wkh prgho

44 Dv wkh prgho lv vhw xs khuh/ wkh jryhuqphqw zlvkhv wr kdyh ixoo hpsor|phqw1 Exw dv htxdwlrq E����� lqglfdwhv/
wkh vwhdg| vwdwh qdwxudo ohyho ri xqhpsor|phqw lv �

bw
� Wklv �ryhudpelwlrxv� hpsor|phqw wdujhw lv zkdw gulyhv wkh

gh�flw dqg lq dwlrqdu| eldvhv1 Kdg zh vhw wkh hpsor|phqw wdujhw lq wkh orvv ixqfwlrq wr �|3
�

bw
c wkh vwhdg| vwdwh

gh�flw lv }hur/ dv lv wkh lq dwlrq udwh1
Iru d suhvhqwdwlrq ri krz wkh prgho ehkdyhv zkhq wkhuh lv d olplw wr wkh jryhuqphqw *v djjuhjdwh ghew ohyho/

vhh dsshqgl{ ��

44



714 Wkh  h{leoh h{fkdqjh udwh fdvh +jryhuqphqw fkrrvhv erwk v dqg G,1

Lq wkh fdvh zkhuh wkh jryhuqphqw kdv glvfuhwlrq ryhu erwk wkh h{fkdqjh udwh dqg wkh gh�flw/ lw

vroyhv wkh pd{lpl}dwlrq sureohp=

plqrc( K @

"[

|'�

�|3�U|

vxemhfw wr +6=48, dqg zkhuh � lv wkh jryhuqphqw*v glvfrxqw idfwru1 Xvlqj +6=:,/ +6=49d,/ +6=<,

dqg +6=45,=

x| @ �+z| � s| � d|,

�| @ �+s| � s|3�, . +4� �,+v| � v|3�,

s| @
4

�
v| .

�

+4� �,�
G| . �z| .

4

�
dW| � d|

z| @
4

��
. ve| .

�

+4� �,
Ge

| . �dW|3�

zh fdq soxj lq iru wkh zdjh ohyho dqg wkh sulfh ohyho dqg jhw wkh whupv lq wkh orvv ixqfwlrq U

wr eh d ixqfwlrq ri srolf| yduldeohv dqg wkhlu h{shfwdwlrqv/ dqg odjjhg dqg suhvhqw vkrfnv1 Lq

rughu wr vroyh wkh sureohp/ zh xvh wkh Ehoopdq whfkqltxh ri g|qdplf surjudpplqj1 Wkh ydoxh

ixqfwlrq M+s> v, lv vhw xs zlwk odjjhg sulfh ohyho dqg h{fkdqjh udwh dv wkh vwdwh yduldeohv/ dqg

wkh plqlpl}dwlrq sureohp ehfrphv=

M+s|3�> v|3�, @ H| plq
(|cr|c

^U| . �M|n�+s|> v|,` +714:,

Vlqfh wkh orvv ixqfwlrq lv olqhdu txdgudwlf/ zh nqrz wkdw wkh ydoxh ixqfwlrq M pxvw eh txdgudwlf1

Khqfh zh fdq zulwh lwv jhqhudo irup dv=45

M+s|> v|, @ �f . ��s| .
4

5
�2s

2

| . ��fv| .
4

5
���v

2

| . ��d
W

|n� .
4

5
�e
�
dW|n�

�2
.

.�Dd|n� .
4

5
�S +d|n�,

2 . ��2s|v| . �.s|d
W

|n� . �Hs|d|n� .

.���v|d
W

|n� . ��ev|d|n� . �bd
W

|n�d|n� +714;,

zklfk jlyhv xv wkh ghulydwlyhv dv=

CM|n�

Cs|
@ �� . �2s| . ��2v| . �.d

W

|n� . �Hd|n�

CM|n�

Cv|
@ ��f . ���v| . ��2s| . ���d

W

|n� . ��ed|n�

45 Wkh wlplqj vxevfulswv iroorz iurp wkh idfw wkdw zkhq wkh jryhuqphqw dfwv/ wkh suhvhqw shulrg*v surgxfwlylw|
ohyhov duh nqrzq1
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Wkh jryhuqphqw plqlpl}hv +7=4:, jlyhq wkh sulydwh vhfwru*v h{shfwdwlrq ri wkh sulfh ohyho/ dqg

jlyhq zdjhv1 Wklv jlyhv xv wkh wzr �uvw rughu frqglwlrqv +IRFv,=

CU|

Cv|
.H|�

�
CM|n�

Cs|

Cs|

Cv|
.
CM|n�

Cv|

�
@ 3 +714<,

CU|

CG|

.H|�
CM|n�

Cs|

Cs|

CG|

@ 3 +7153,

Iurp wkhvh htxdwlrqv zh vroyh iru v dqg G dv ixqfwlrqv ri d frqvwdqw/ odjjhg sulfh ohyho dqg

h{fkdqjh udwh/ dqg odjjhg dqg suhvhqw vkrfnv wr hyhqwxdoo| jhw=

v8,e%
| @ v

�
s|3�> v|3�> d

W

| > d
W

|3�> d|> d|3�
�

+7154,

G8,e%
| @ G

�
s|3�> v|3�> d

W

| > d
W

|3�> d|> d|3�
�

+7155,

Lq rughu wr vroyh iru wkh qlqh xqnqrzq � frh!flhqwv/ zh xvh d qxphulfdo phwkrg +phwkrg ri

xqghwhuplqhg frh!flhqwv,/ dv dq dqdo|wlfdo vroxwlrq zrxog eh surklelwlyho| phvv|1 Vhh dsshqgl{

BB iru d pruh wkrurxjk h{srvlwlrq1

715 Wkh prqhwdu| xqlrq fdvh

Rqh ri wkh pdlq �qglqjv lq wkh Djhoo hw do sdshu ^4` zdv wkdw xqghu frpplwphqw ri wkh h{fkdqjh

udwh/ wkh gh�flw pd| eh xvhg wr d juhdwhu h{whqw wr vwlpxodwh wkh hfrqrp| wkdq xqghu d  h{leoh

h{fkdqjh udwh1 Rxu txhvwlrq lv krz sdvvlyh wkh jryhuqphqw ehfrphv zlwk uhvshfw wr vwdelol}dwlrq

srolf| zkhq lw orvhv wkh h{fkdqjh udwh dv d wrro1 Wkdw lv/ zloo wkh prqhwdu| xqlrq hfrqrp| eh

pruh yrodwloh wkhq wkh  h{leoh h{fkdqjh udwh rqhB

Ohw wkh qrplqdo h{fkdqjh udwh V eh qrupdol}hg wr xqlw|/ dqg khqfh orj V| @ v| @ ve| @ 3

; w= Doo vwuxfwxudo htxdwlrqv iurp deryh uhpdlq ydolg1 Wr vroyh wkh jryhuqphqw*v sureohp dqg

jhw dq h{solflw ydoxh ri G/ zh djdlq vhw xs wkh jryhuqphqw*v remhfwlyh dqg frqvwudlqwv/ exw qrz

gursslqj wkh h{fkdqjh udwh whup lq hdfk htxdwlrq=

plqrc( K @
"[

|'�

�|3�U|

v=w= U| @
4

5
x|
2 .

�(
5
G2

| .
�Z
5
�2|

zkhuh +6=:,/ +6=49d,/ +6=<, dqg +6=45,ehfrph=

x| @ �+z| � s| � d|,

�| @ �+s| � s|3�,
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s| @
�

+4� �,�
G| . �z| .

4

�
dW
| � d|

z| @
4

��
.

�

+4� �,
Ge

| . �dW|3�

Zh iroorz wkh vdph vroxwlrq dojrulwkp dv lq wkh  h{leoh h{fkdqjh udwh fdvh1 Qrz zh rqo| kdyh

rqh �uvw rughu frqglwlrq/ krzhyhu=

CU|

CG|

.H|�
CM|n�

Cs|

Cs|

CG|

@ 3 +7156,

zklfk hyhqwxdoo| uhvxowv lq d forvhg irup vroxwlrq iru wkh gh�flw/G> dv d ixqfwlrq ri odjjhg sulfh

ohyho/ dqg odjjhg dqg suhvhqw vkrfnv1

G�L

|
@ G

�
s|3�> d

W

| > d
W

|3�> d|> d|3�
�

+7157,

8 Dssolfdwlrq dqg dqdo|vlv

Zh xvh wkh iroorzlqj ydoxhv rq rxu sdudphwhuv=46

� @ 3=:

� @ 5@6 , � @ 6

� @ 8=:

� @ 3=:8

� @ 3=<9

�( @ 5=7

�Z @ 5=7

Wkdw lv/ wkh lpsruw vkduh +4� �, lv 63 shufhqw/ oderu*v vkduh ri rxwsxw lv 526/ wkh xqlrqv sodfh

doprvw wkuhh wlphv dv kljk zhljkw rq wkh xqhpsor|phqw idfwru dv lw grhv rq wkh uhdo zdjh

+�@5 @ 5=;8,/ dqg wkh jryhuqphqw sxwv htxdo zhljkw rq wkh gh�flw whup dqg rq wkh lq dwlrq

whup lq wkh orvv ixqfwlrq/ erwk ri zklfk fduu| pruh wkdq grxeoh wkh zhljkw ri wkh xqhpsor|phqw

whup1 Reylrxvo|/ wkh fkrlfh ri sdudphwhu ydoxhv lv fulwlfdo wr wkh uhvxowv zh rewdlq1 Wkdw lv/ zlwk

xqhpsor|phqw jlyhq d ohvv wkdq kdoi ri wkh zhljkw ri wkh rwkhu wzr yduldeohv lq wkh orvv ixqfwlrq/

rxu prgho lv surqh wr |lhog uhodwlyho| kljk xqhpsor|phqw1 \hw jlyhq wkh odvw wzr ghfdghv ri

46
Wkh prgho lv sdudphwhul}hg vr dv wr pdwfk Vzhglvk gdwd 4<;<0<;/ dvvxplqj wklv wr eh d shulrg ri  h{leoh

Vzhglvk h{fkdqjh udwh1 L h ��bHb3bH ' D�H (c ��bHb3bH ' ��2 ( dqg Z�bHb3bH ' e�. (� Wkh vkduh ri wudgh wr JGS
lv iurp wkh dqqxdo Vzhglvk qdwlrqdo dffrxqwv/ Fhqwudo Exuhdx ri Vwdwlvwlfv +VFE,1 Gdwd rq whfkqrorj| vkrfnv
frph iurp ]lpphupdq ^58`1 Lq dwlrq/ gh�flw dqg xqhpsor|phqw �jxuhv duh iurp RHFG Hfrqrplf Rxworrn/ qu
96/ Mxqh 4<<;1
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HX*v h{shulhqfh lq wklv uhvshfw/ rqh frxog dujxh wkdw wklv lv qrw dq xquhdvrqdeoh dvvxpswlrq1

Wkh erwwrp olqh lv wkdw wkh fkrlfh ri �( @ �Z @ 5=7 lv rshq wr fulwlflvp/ krzhyhu147

Zlwk wkhvh sdudphwhu ydoxhv/ htxdwlrqv +7=54, dqg +7=55, ehfrph=

v8 ,e%| @ f� . f2 +�s|3� . +4� �,v|3�, . f�d
W

| . fed
W

|3� . fDd| . fSd|3�

v8 ,e%| @ �3=36 . 3=:3s|3� . 3=63v|3� � 3=93dW| � 3=3;dW|3� . 3=<7d| � 3=4;d|3� +814,

G8 ,e%

| @ f�� . f�2 +�s|3� . +4� �,v|3�, . f��d
W

| . f�ed
W

|3� . f�Dd| . f�Sd|3�

G8 ,e%

| @ 3=36� 3=43dW| . 3=3:dW|3� � 3=56d| . 3=4:d|3� +815,

zlwk f2 @ 4 dqg f�2 @ 3= Wklv lv d uhvxow ri wkh idfw wkdw doo wkh �*v lq wkh Ehoopdq htxdwlrq frph

rxw dv }hur1 Lq dwlrq zloo eh frqvwdqw dqg lqghshqghqw ri odjjhg hqgrjhqrxv yduldeohv lq wkh

prgho1 Lq rughu wr vhh zk|/ zh irfxv rq wkh fdvh zkhq wkhuh duh qr vkrfnv1 Wkhq h{shfwdwlrqv

ri wkh srolf| yduldeohv duh wkh vdph dv wkhlu rxwfrph/ wkdw lv/ v @ ve dqg G @ Ge= Wklv lq wxuq

lpsolhv wkdw xqhpsor|phqw lv frqvwdqw dw x @ �

bw
= Xqghu wkhvh flufxpvwdqfhv/ wkh sulfh ohyho

uhgxfhv wr=

s| @
�

��
. v| .

�

+4� �,
G|

diwhu soxjjlqj lq iru wkh zdjh +dqg dvvxplqj qr vkrfnv,1 Qrz dvvxph wkh jryhuqphqw vwdqgv

lq d k|srwkhwlfdoo| hqg shulrg W 1 Wkhq/ wkh IRF zlwk uhvshfw wr v uhgxfhv wr=

CUA

CvA
@ �xA . �Z

�
�

�
. 4� �

�
�A @ 3

dqg wkhuhiruh zh kdyh lq dwlrq dv=

�A @
4

���Z

�
k

w
. 4� �

� +816,

Wkdw lv/ lq dwlrq ghshqgv rqo| rq sdudphwhuv dqg lv wkhuhiruh frqvwdqw1 Jlyhq wkdw wklv lv wkh

vroxwlrq lq wkh odvw shulrg/ dqg wkdw lw lv lqghshqghqw ri dq| dfwlrq wdnhq lq shulrg W � 4> lw

pxvw eh wkh fdvh wkdw wklv zloo eh wkh rxwfrph lq doo hduolhu shulrgv/ wrr1 Ixuwkhupruh/ jlyhq

wkdw erwk xqhpsor|phqw dqg lq dwlrq duh frqvwdqw lq d vkrfn iuhh zruog/ wkhIRF zlwk uhvshfw

wr G lq wkh odvw shulrg zloo eh=

CUA

CGA

@ �

�

+4� �,
xA . �(GA . �Z

�2

+4� �,�
�A @ 3 @A

47
Djhoo hw do ^4` xvh wkh iroorzlqj sdudphwhu ydoxhv lq wkhlu edvh fdvh= q ' f�bc k ' f�.Dc w ' ��ec >

(
' >

Z
' �

dqg b ' �D� Vhh dsshqgl{ I iru d vhqvlwlylw| dqdo|vlv ri krz wkh frh!flhqwv lq iurqw ri wkh vkrfnv lq wkh

jryhuqphqw*v uhdfwlrq ixqfwlrqv ghshqg rq wkh sdudphwhu ydoxhv fkrvhq1
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GA @
4

�(

%
�

+4� �,��
� �Z

�2

+4� �,�

4

���Z

�
k

w
. 4� �

�
&

@
�

���(

�
k

w
. 4� �

� +817,

Wkdw lv/ htxdo wr d frqvwdqw dqg lqghshqghqw ri dq| hduolhu ghflvlrqv/ wrr1 Khqfh xqghu d  h{leoh

h{fkdqjh udwh/ wkh sureohp idflqj wkh jryhuqphqw lv vwdwlf udwkhu wkdq g|qdplf148

Lq wkh fdvh ri d prqhwdu| xqlrq/ wkh ��v duh qrq0}hur dqg wkh jryhuqphqw*v uhdfwlrq ixqfwlrq

iroorzv=

G�L

| @ 3=36 . 3=4:s|3� � 3=5:dW| . 3=3;dW|3� . 3=43d| . 3=38d|3� +818,

9 Dqdo|vlv

Dw �uvw vljkw wkhuh vhhp wr eh vrph shfxoldulwlhv lq wkh uhvxowv1 D gurs lq grphvwlf oderu

surgxfwlylw| udlvhv sulfhv dqg xqhpsor|phqw dffruglqj wr htxdwlrqv +6=<, dqg +6=:, dqg lv lq

jhqhudo d edg wklqj iru wkh hfrqrp| lq wkh h|h ri wkh jryhuqphqw1 Krzhyhu/ htxdwlrq +8=4, whoov

xv wkdw li wkh hfrqrp| lv h{srvhg wr vxfk d vkrfn/ wkh jryhuqphqw zloo fkrrvh wr dssuhfldwh

wkh fxuuhqf|/ wkhuhe| frqwudfwlqj wkh hfrqrp| ixuwkhu1 Lq wkh prqhwdu| xqlrq fdvh/ wkh vdph

uhdvrqlqj pdnhv htxdwlrq +8=8, htxdwlrq orrn xq0lqwxlwlyh uhjduglqj wkh vljq ri wkh grphvwlf

surgxfwlylw| vkrfn*v frh!flhqw/ wrr1 \hw diwhu d forvhu orrn lw doo pdnhv vhqvh1

914 Grphvwlf surgxfwlylw| vkrfn

Dvvxph zh vwduw r� lq d vlwxdwlrq zlwk hpsor|phqw dw lwv ehqfkpdun/ ixoo hpsor|phqw ohyho +ho>

qrw wr eh frqixvhg zlwk wkh qdwxudo ohyho/ ho� �

bw
, zklfk lpsolhv }hur xqhpsor|phqw/ }hur gh�flw

dqg }hur lq dwlrq1 Lq wklv fdvh/ wkh ydoxh ri wkh orvv ixqfwlrq lv dovr }hur149

91414 Ioh{leoh h{fkdqjh udwh fdvh

D gurs lq grphvwlf oderu surgxfwlylw| zloo udlvh wkh sulfh ohyho1 Khqfh wkh jryhuqphqw xvhv wkh

h{fkdqjh udwh wr frxqwhu0dfw wkh xszdug pryhphqw lq wkh jhqhudo sulfh ohyho1 Wkh h{fkdqjh

48 Wkh wzr h{suhvvlrqv iru lq dwlrq dqg gh�flw deryh duh lghqwlfdo wr Djhoo hw do*v ^4` vroxwlrqv lq wkh  h{leoh
h{fkdqjh udwh fdvh +wkhlu htxdwlrqv E22� dqg E2�� rq sdjh 4756,�

49 Uhfdoo wkdw ixoo hpsor|phqw lv jlyhq e| wkh h{suhvvlrq h, 
 w *? �c lpso|lqj w E� 3 R3 @|� ' f1 Wkdw lv/ wkh

vkrfn dxjphqwhg uhdo zdjh `

��
lv qrupdol}hg wr xqlw|1 Vlqfh wklv ohyho kdv qr sudfwlfdo phdqlqj/ zh fdq iru wkh

vdnh ri fodulw| zkhq uhdvrqlqj derxw zkdw wkh htxdwlrqv vd|/ dvvxph wkdw hpsor|phqw fdq eh hyhq kljkhu/ wkhuhe|
jhqhudwlqj qhjdwlyh xqhpsor|phqw1

49



udwh lv d srwhqw wrro iru wklv remhfwlyh/ dv lw d�hfwv lq dwlrq erwk lqgluhfwo| yld wkh sulfh ohyho s/

dqg gluhfwo|1 Ixuwkhupruh/ lw fduulhv qr frvw lq lwvhoi +dv rssrvhg wr wkh gh�flw,1

d & , s % , v & wr vxssruw sulfh vwdelolw|

Krzhyhu/ wkh xvh ri wkh h{fkdqjh udwh wr plwljdwh wkh lq dwlrqdu| suhvvxuh fdxvhv qhjdwlyh

h�hfwv rq wkh rwkhu whupv lq wkh orvv ixqfwlrq1 Jlyhq d vwduwlqj srlqw zkhuh doo whupv lq wkh orvv

ixqfwlrq duh }hur/ dqg vkrfnv odvw shulrg zhuh }hur/ wkh xqlrqv* h{shfwdwlrqv ri wkh h{fkdqjh

udwh zloo eh deryh zkdw wkh jryhuqphqw vhwv lw wr lq wkh devhqfh ri dq| surgxfwlylw| vkrfnv1

Khqfh htxdwlrq +6=46,=

x| @
4

��
� +v| � ve

|
,�

�

+4� �,
+G| �Ge

|
,� +dW

|
� +dW

|
,e,

whoov xv wkdw xqhpsor|phqw ulvhv +li zh iru wkh prphqw glvuhjdug dq| pryhphqw lq wkh gh�flw,1

Wklv lv wkh r�0vhwwlqj h�hfw iurp ixuwkhu xvdjh ri wkh h{fkdqjh udwh wr kdqgoh wkh lq dwlrq/

fdxvhg e| wkh idfw wkdw wkh whupv lq wkh orvv ixqfwlrq duh txdgudwlf1 Lw uhvxowv lq d whqghqf|

wr �hyhq rxw� wkh ghyldwlrqv lq wkh wkuhh yduldeohv1 Wkhuhiruh/ wkh h{fkdqjh udwh lv qrw xvhg

vr h{whqvlyho| dv wr wrwdoo| fdqfho wkh lq dwlrq wuljjhuhg e| wkh grphvwlf vkrfn/ dqg wkh sulfh

ohyho lv vwloo deryh lwv lqlwldo ydoxh/ exw ehorz zkdw lw zrxog kdyh ehhq zlwkrxw dq h{fkdqjh

udwh uhvsrqvh1 Wkxv/ d gurs lq grphvwlf surgxfwlylw| zloo gulyh xqhpsor|phqw xs deryh lwv

rswlpdo ohyho jlyhq e| wkh ehqfkpdun uhdo zdjh/ fdxvlqj lq wxuq d gh�flw uhvsrqvh wr frxqwhudfw

wklv qhjdwlyh xqhpsor|phqw h�hfw1 Wkhuhiruh/ wkh grphvwlf vkrfn kdv d qhjdwlyh frh!flhqw lq

htxdwlrq +8=5,/ zklfk zrunv wr ghfuhdvh xqhpsor|phqw lq +6=46, =

d & , s % , v & wr vxssruw sulfh vwdelolw| , x % , G %

Vr jlyhq rxu vwduwlqj srvlwlrq dqg d  h{leoh h{fkdqjh udwh uhjlph/ wkh �qdo uhvxow iurp

dq xqh{shfwhg ghwhulrudwlrq lq grphvwlf surgxfwlylw| zloo eh vrph lq dwlrq/ xqhpsor|phqw

deryh lwv rswlpdo ohyho dqg d exgjhw gh�flw1 D ulvh lq grphvwlf surgxfwlylw| zloo fdxvh wkh

uhyhuvh vfhqdulr/ ehlqj htxdoo| edg iru wkh jryhuqphqw vlqfh wkh whupv lq wkh orvv ixqfwlrq hqwhu

txdgudwlfdoo|1 4:

91415 Prqhwdu| xqlrq fdvh

Lq d prqhwdu| xqlrq/ wkhuh lv e| gh�qlwlrq qr h{fkdqjh udwh wr frxqwhu0dfw wkh lq dwlrqdu|

suhvvxuhv iurp d qhjdwlyh grphvwlf surgxfwlylw| vkrfn1 Lqvwhdg/ wkh jryhuqphqw lv frq�qhg wr

4: Khqfh xqhpsor|phqw ehorz wkh ehqfk pdun ohyho lv qr ehwwhu wkdq xqhpsor|phqw deryh lw/ dqg exgjhw
vxusoxvhv dqg gh dwlrq qr ehwwhu wkdq gh�flwv dqg lq dwlrq1

4:



�vfdo srolf|/ uxqqlqj d exgjhw vxusoxv wr ghfuhdvh wkh sulfh ohyho +e| d idfwru ri k

E�3k�w ,1 Dv wkh

jryhuqphqw xvhv wkh qhjdwlyh gh�flw wr uhdfw wr wkh vkrfn/ wkh sulfh ohyho orvhv lwv �qhxwudolw|� rq

hpsor|phqw dorqj wkh olqhv vwdwhg deryh lq vhfwlrq +6=6, > wkdw lv/ wkdw hpsor|phqw lv xqd�hfwhg

e| wkh grphvwlf vkrfn h�hfw vlqfh wkh sulfh ohyho h�hfw fdqfhov zlwk wkh zdjh h�hfw1

d & , s % , G & wr vxssruw sulfh vwdelolw| , x %

Dvvxplqj d vwduwlqj srlqw zlwk }hur lq dwlrq/ }hur gh�flw dqg ehqfkpdun xqhpsor|phqw/ wkh

lqgxfhg vxusoxv lqfuhdvhv xqhpsor|phqw1 Mxvw dv xqghu d  h{leoh h{fkdqjh udwh/ wkh uhvxow lv d

vlwxdwlrq zkhuh wkh rswlpdo uhvsrqvh e| wkh jryhuqphqw hdvhv wkh �uvw h�hfw iurp wkh lq dwlrq

e| fdxvlqj frvwo| fkdqjhv lq xqhpsor|phqw dqg gh�flw/ uhvshfwlyho|1 Wkh h{whqw wr zklfk wkh

gh�flw lv xvhg lv jryhuqhg e| wkh �lqwhuqdo edodqfh� jlyhq e| wkh IRF +7=57,1

915 Iruhljq surgxfwlylw| vkrfn

91514 Ioh{leoh h{fkdqjh udwh fdvh

D ghfuhdvh lq iruhljq surgxfwlylw| orzhuv wkh sulfh ohyho dffruglqj wr +6=<,1 Wkh phfkdqlvp lv

wkdw iruhljq lqfrph gursv/ dqg zlwk lw iruhljq ghpdqg iru grphvwlf h{sruwv +htxdwlrq +6=8,,/

uhvxowlqj lq orzhu sulfhv1 Dvvxplqj wkh vdph vwduwlqj srvlwlrq dqg iroorzlqj wkh vdph uhdvrqlqj

dv deryh/ wkh jryhuqphqw xvhv wkh h{fkdqjh udwh wr gdpshq wkh gh dwlrqdu| suhvvxuh e| pdnlqj

lpsruwv pruh h{shqvlyh yld d ghsuhfldwlrq ri wkh h{fkdqjh udwh1

dW & , |W & , [W

& , s & , v % wr vxssruw sulfh vwdelolw|

Krzhyhu/ m Yr
Y@W

m ? 4 iurp htxdwlrq +8=4,/ wkdw lv/ wkh gurs lq wkh ohyho ri wkh iruhljq surgxfwlylw|

lv odujhu wkdq wkh ghsuhfldwlrq ri wkh h{fkdqjh udwh1 Zlwk qr fkdqjhv lq wkh gh�flw/ wklv zrxog

uhvxow lq d ulvh lq xqhpsor|phqw/ dffruglqj wr htxdwlrq +6=46, > wkdw lv dW & , x %1

Mxvw dv lq wkh fdvh ri d grphvwlf vkrfn/ wkh lq dwlrq whup dqg wkh xqhpsor|phqw whup lq wkh

orvv ixqfwlrq zrun djdlqvw hdfk rwkhu1 Rq wkh rqh kdqg/ wkh xqhpsor|phqw htxdwlrq vxjjhvwv

wkdw wkh jryhuqphqw vkrxog frxqwhudfw wkh iruhljq surgxfwlylw| ghfuhdvh rqh iru rqh1 Rq wkh

rwkhu kdqg/ lq wkh lq dwlrq htxdwlrq +6=49d, d fkdqjh lq v kdv d juhdwhu lpsdfw wkdq d fkdqjh lq

dW
|
> vlqfh dW

|
rqo| d�hfwv lq dwlrq yld s> vr wkh djjuhjdwh h�hfw rq lq dwlrq lv k

w
= \hw wkh h{fkdqjh

udwh kdv lwv gluhfw h�hfw +4� �,> dqg lwv lqgluhfw h�hfw yld wkh sulfh ohyho/ zklfk lv lghqwlfdo wr

wkh iruhljq vkrfn*v lpsdfw=
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Wkh uhvxow lv wkhuhiruh dq �ryhuuhdfwlrq� ri wkh h{fkdqjh udwh uhjduglqj wkh lq dwlrq whup/

uhyhuvlqj wkh lqlwldo gh dwlrq wr lq dwlrq1 Wkh h{sodqdwlrq lv wkdw wkh ghsuhfldwlrq grhv wrr

olwwoh zlwk uhvshfw wr xqhpsor|phqw/ dqg wrr pxfk zlwk uhvshfw wr wkh lq dwlrq1 Wkdw lv=

m
Cx

CdW
m @ m

Cx

Cv
m exw m

C�

CdW
m ? m

C�

Cv
m

Khqfh wkh xvh ri wkh gh�flw/ zklfk dovr ulvhv lq uhvsrqvh wr d gurs lq iruhljq surgxfwlylw|/ wkhuhe|

plwljdwlqj wkh orvv fuhdwhg lq xqhpsor|phqw dffruglqj wr htxdwlrq +6=46,1

91515 Prqhwdu| xqlrq

Zkhq iruhljq surgxfwlylw| ghfuhdvhv lq wkh prqhwdu| xqlrq fdvh/ wkh sulfh ohyho gursv dqg wkh

jryhuqphqw uxqv d gh�flw wr erwk uhgxfh wkh gh dwlrqdu| suhvvxuhv dqg wr plwljdwh wkh ulvh lq

xqhpsor|phqw1 Wkh lqwxlwlrq lv wkh vdph dv lq wkh  h{leoh h{fkdqjh udwh fdvh/ exw vlqfh wkhuh

lv qr h{fkdqjh udwh wr vxssruw wkh wdvn/ wkh gh�flw lv xvhg pruh h{whqvlyho|1

d
W

& , s & , G % wr vxssruw sulfh vwdelolw|

Wklv lv fohduo| vkrzq e| wkh uhdfwlrq htxdwlrqv +8=5, dqg +8=8,/ zkhuh wkh frh!flhqw rq wkh

gh�flw doprvw wulsohv lq devroxwh ydoxh lq wkh fdvh ri d prqhwdu| xqlrq1

m
CG8 ,e%

CdW
m @ 3=43 A m

CG�L

CdW
m @ 3=5<

Khqfh rqh ri wkh pdlq uhvxowv iurp Djhoo hw do*v sdshu ^4` fduulhv ryhu wr wkh fdvh zlwk vwrfkdvwlf

surgxfwlylw| vkrfnv1 Qdpho| wkdw jlylqj xs wkh h{fkdqjh udwh dv d vwdelol}dwlrq wrro uhvxowv lq

d vxevwdqwldo lqfuhdvh lq wkh xvdjh ri wkh gh�flw1

: Vwhdg| vwdwh

Lq wkh devhqfh ri dq| surgxfwlylw| vkrfnv/ wkh vwhdg| vwdwh xqghu d  h{leoh h{fkdqjh udwh lpsolhv

dq xqhpsor|phqw udwh htxdo wr �

bw
@ 8=:> d gh�flw dw 6=5 shufhqw/ dqg d 71; shufhqw lq dwlrq

udwh14; E| frpsdulvrq/ wkh prqhwdu| xqlrq vwhdg| vwdwh lv fkdudfwhul}hg e| }hur lq dwlrq dqg

d gh�flw ri 8=4 shufhqw1

; Exvlqhvv f|foh dqdo|vlv

Lq rughu wr vhh krz rxu prgho ehkdyhv zkhq h{srvhg wr d vhulhv ri surgxfwlylw| vkrfnv/ d

�fwlrqdu| exvlqhvv f|foh lv fuhdwhg e| ohwwlqj surgxfwlylw| ydu| .20 43 shufhqw ryhu dq hljkw

4;
Wklv lv wkh qdwxudo ohyho ri xqhpsor|phqw/ l h zkhq r ' r

e dqg ( ' (
e

�

4<



lqwhuydo shulrg1 Wkh f|foh lv v|pphwulf dqg jhqhudwhg dv d vlqh fxuyh1 Djjuhjdwh xwlolw| lv

xqd�hfwhg e| wkh exvlqhvv f|foh vlqfh wkh odwwhu lv v|pphwulf1 Wkhuhiruh/ wkh rqo| zhoiduh

vwdwhphqw wkh dqdo|vlv r�huv lv rqh uhjduglqj wkh jryhuqphqw*v djjuhjdwhg orvv1

;14 Grphvwlf surgxfwlylw| f|foh

;1414 Ioh{leoh h{fkdqjh udwh fdvh

Zlwk �( @ �Z @ 5=7> wkh dyhudjh gh�flw ryhu wkh f|foh lv 615 shufhqw1 Dv wkh htxdwlrqv

+6=:, > +6=<, > +8=5, dqg +8=4, lqglfdwh/ xqhpsor|phqw/ lq dwlrq dqg wkh gh�flw duh doo frxqwhu0

f|folfdo zlwk uhvshfw wr grphvwlf surgxfwlylw| +dowkrxjk wkh shdn ri wkh surgxfwlylw| dqg wkh

wurxjk ri wkh wkuhh yduldeohv gl�hu e| rqh shulrg/ uhvxowlqj lq d fruuhodwlrq ri 03199,14< Erwk

xqhpsor|phqw dqg wkh lq dwlrq udwh rvfloodwh pruh wkdq wkh gh�flw1 Dv d srlqw ri uhihuhqfh/

xqhpsor|phqw zrxog  xfwxdwh ehwzhhq 5 dqg 48 shufhqw ryhu wkh f|foh li wkhuh zdv qr gh�flw

wr plwljdwh wkh dgyhuvh h�hfw wkh h{fkdqjh udwh kdv rq lw1

Wdeoh ;14= Fruuhodwlrq pdwul{1

Ioh{leoh h{fkdqjh udwh1 Grphvwlf surgxfwlylw| f|foh1

d x G �

d 4

x 03199 4

G 03199 4 4

� 03199 4 4 4

;1415 Prqhwdu| xqlrq fdvh

Xqghu d prqhwdu| xqlrq/ xqhpsor|phqw lv frxqwhuf|folfdo dv lq wkh  h{leoh h{fkdqjh udwh fdvh1

\hw wkh gh�flw lv qrz surf|folfdo1 Wkh uhdvrq lv wkh vdph dv vwdwhg deryh/ wkdw wkh lq dwlrqdu|

suhvvxuh fdxvhg e| d qhjdwlyh grphvwlf vkrfn lv plwljdwhg e| ghfuhdvlqj wkh gh�flw1 Lwv dyhudjh

ohyho lv qrz 814 shufhqw/ 93 shufhqw kljkhu wkdq wkh  h{leoh h{fkdqjh udwh rxwfrph1 Lq dwlrq

kdv d voljkw eldv wrzdugv wkh srvlwlyh vlgh/ dyhudjlqj 314 shufhqw ryhu wkh f|foh1 Khqfh rq wkh

4< Wkdw wkh fruuhodwlrq lv ohvv wkdq xqlw| vwhpv iurp wkh idfw wkdw dv wkh surgxfwlylw| sdudphwhu uhdfkhv lwv
shdn/ hdfk shulrg*v lqqrydwlrq lv uhgxfhg1 Khqfh wkh lpsdfw rq wkh sulfh ohyho ehfrphv vpdoohu dqg vpdoohu/ zklfk
wuljjhuv ohvv ri d uhvsrqvh lq wkh srolf| yduldeohv r dqg (� Wkh rxwfrph lv wkdw rxu wkuhh orvv ixqfwlrq yduldeohv
kdyh wkhlu �wxuqlqj srlqwv� rqh shulrg dkhdg ri wkh surgxfwlylw| f|foh1 Dq hdv| h{dpsoh fdq looxvwudwh wkh srlqw=
zkhq grphvwlf surgxfwlylw| gursv lq d prqhwdu| xqlrq/ wkh sulfh ohyho lqfuhdvhv dqg xqhpsor|phqw zlwk lw1 Wkh
sulfh lqvwdelolw| wuljjhuv d ghfuhdvh lq wkh gh�flw/ zklfk lq wxuq ohdgv wr d ulvh lq xqhpsor|phqw1 Dv wkh f|foh
dssurdfkhv lwv wurxjk/ wkh lqqrydwlrq lv vpdoohu/ dqg khqfh lq dwlrq lv orzhu/ l h ohvv ri d sureohp1 Khqfh wkh
jryhuqphqw*v irfxv lv vkliwhg wrzdugv wkh xqhpsor|phqw vlwxdwlrq1 Wkh uhvxow lv dq lqfuhdvh lq wkh gh�flw +dqg
frqvhtxhqwo| d uhgxfwlrq lq xqhpsor|phqw, rqh shulrg dkhdg ri wkh wxuq lq surgxfwlylw|1
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rqh kdqg lq dwlrq lv pxfk pruh yrodwloh wkdq lw lv xqghu d  h{leoh h{fkdqjh udwh uhjlph1 Rq

wkh rwkhu kdqg xqhpsor|phqw lv gudpdwlfdoo| pruh vwdeoh1 Wkh uhdvrq lv wkdw wkh h{fkdqjh udwh

lv xvhg uhodwlyho| h!flhqwo| dv d sulfh vwdelol}hu xqghu d  h{leoh h{fkdqjh udwh1 Wklv/ krzhyhu/

fdxvhv dgyhuvh h�hfwv rq wkh xqhpsor|phqw dv zh vdz deryh/ uhvxowlqj lq wkh xvh ri wkh gh�flw

wr plwljdwh wkh odwwhu h�hfw1 \hw ghvslwh wkh gh�flw*v h�ruw/ wkh odujh uhvsrqvh lq wkh h{fkdqjh

udwh pdnhv xqhpsor|phqw doprvw wzlfh dv yrodwloh xqghu d  h{leoh h{fkdqjh udwh uhjlph=53

Zlwk uhvshfw wr wkh jryhuqphqw*v djjuhjdwhg orvv/ jlylqj xs wkh h{fkdqjh udwh kdv d pdujlqdo

qhjdwlyh h�hfw1 Wkh jdlq iurp sulfh vwdelolw| +ru udwkhu/ lq dwlrq vwdelolw|, xqghu d  h{leoh

h{fkdqjh udwh rxwzhljkv wkh orvv fdxvhg e| kljkhu dyhudjh lq dwlrq1

Wdeoh ;15= Fruuhodwlrq pdwul{1

Prqhwdu| xqlrq1 Grphvwlf surgxfwlylw| f|foh1

d x G �

d 4

x 03199 4

G 3163 031<4 4

� 03183 31<; 031<; 4

Wdeoh ;16= Vwdqgdug ghyldwlrqv lq uhvsrqvh wr d grphvwlf surgxfwlylw| f|foh1

Ioh{leoh h{fkdqjh udwh Prqhwdu| Xqlrq

x 5=4
+8=;,

4=5
+8=;,

G 4=4
+6=5,

3=:
+8=4,

� 4=9
+7=9,

6=:
+3=4,

4333 �
S

U 87 8;

Qrwhv= H{fhsw iru wkh orvv ydoxh/ qxpehuv duh lq shufhqwdjh srlqwv1 Dyhudjh ohyhov ryhu wkh

exvlqhvv f|foh zlwklq sduhqwkhvhv1

;1416 Lpsxovh uhvsrqvh

Li zh/ lqvwhdg ri ohwwlqj surgxfwlylw| judgxdoo| ghfuhdvh e| 43 shufhqw/ ohw lw gurs dw rqfh wr

lwv wurxjk/ dqg wkhq dvvxph qr pruh lqqrydwlrqv lq surgxfwlylw|/ zh jhw dq lpsxovh uhvsrqvh

dqdo|vlv1 Gxh wr wkh prgho*v vhw xs/ wkh uhvxowv duh udwkhu wulyldo xqghu d  h{leoh h{fkdqjh

udwh uhjlph lq wkh vhqvh wkdw wkh lpsxovh zloo d�hfw wkh hfrqrp| rqo| rqh shulrg1 Diwhu wkdw/

h{shfwdwlrqv duh htxdo wr dfwxdo ohyhov/ dqg wkhuhiruh zdjhv dqg xqhpsor|phqw duh edfn dw

vwhdg| vwdwh ohyhov/ dv duh gh�flw dqg lq dwlrq1

53 Qrwh= Wklv lv d fohdu h{dpsoh ri krz wkh vshf�f uhvxowv klqjh xsrq wkh uhodwlyh zhljkwv >
(

dqg >
Z
lq wkh

jryhuqphqw*v orvv ixqfwlrq1 Vhh dsshqgl{ .�� iru d vlplodu dqdo|vlv exw zlwk doo zhljkwv htxdo wr xqlw| lq wkh orvv
ixqfwlrq/ dqg dsshqgl{ 8 iru dq dqdo|vlv zlwk wkh sdudphwhu ydoxhv xvhg e| Djhoo hw do ^4`1
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Lq d prqhwdu| xqlrq/ wkh uhvsrqvh lq xqhpsor|phqw lv wkh vdph dv xqghu d  h{leoh h{fkdqjh

udwh1 Wkdw lv/ dq| lpsdfw odvwv rqo| rqh shulrg1 Diwhu wkdw/ wkh xqlrqv* h{shfwdwlrqv duh fruuhfw/

dqg xqhpsor|phqw uhwxuqv wr lwv vwhdg| vwdwh ydoxh �

bw
1 Uhjduglqj wkh gh�flw dqg wkh lq dwlrq

udwh/ wkh g|qdplfv duh pruh surqrxqfhg1 Wkh gh�flw �uvw gursv lq uhvsrqvh wr d qhjdwlyh

grphvwlf lpsxovh/ wkhq ulvhv deryh lwv vwhdg| vwdwh ohyho diwhu zklfk lw judgxdoo| uhwxuqv wr wkh

vwhdg| vwdwh ohyho1

Wkh uhdvrq lv wkh gh�flw lv qrz d�hfwhg e| wkh vwdwh yduldeoh/ s|3�= Dowkrxjk wkh xqlrqv*

h{shfwdwlrqv duh fruuhfw lq wkh vhfrqg shulrg/ dqg frqvhtxhqwo| xqhpsor|phqw lv dw lwv qdwxudo

ohyho/ wkh qhjdwlyh �ghfd|� lq surgxfwlylw| edfn xs wr lwv vwhdg| vwdwh ydoxh phdqv wkdw wkhuh

lv d srvlwlyh mxps lq grphvwlf surgxfwlylw| lq hdfk vxevhtxhqw shulrg/ lpsrvlqj d grzqzdug
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suhvvxuh rq wkh sulfh ohyho lq hyhu| shulrg1 Vlqfh wkh jryhuqphqw lv frqfhuqhg zlwk fkdqjhv lq

wkh sulfh ohyho/ gh dwlrq lv dv edg dv lq dwlrq/ dqg dv d uhvxow wkh gh�flw lv qrz xvhg wr lqfuhdvh

wkh sulfh ohyho1 Wklv surfhvv jrhv rq xqwlo grphvwlf surgxfwlylw| kdv vhwwohg grzq dw lwv orqj

uxq ohyho/ uhvxowlqj lq dq lq dwlrq udwh dssurdfklqj }hur iurp ehorz dqg d gh�flw dssurdfklqj

lwv vwhdg| vwdwh ohyho iurp deryh1

;15 Iruhljq surgxfwlylw| f|foh

;1514 Ioh{leoh h{fkdqjh udwh fdvh

Xqghu d  h{leoh h{fkdqjh udwh/ doo wkuhh yduldeohv duh frxqwhuf|folfdo dqg wkh|  xfwxdwh ohvv wkdq

zkhq h{srvhg wr d grphvwlf f|foh1 Wkhlu dyhudjh ohyhov duh xqfkdqjhg/ krzhyhu1 Vlqfh iruhljq

surgxfwlylw| kdv ohvv ri dq lpsdfw rq wkh sulfh ohyho/ wkh sulfh lqvwdelolw| lv ohvv ri d sureohp iru

wkh jryhuqphqw dqg wkh vwdqgdug ghyldwlrq ri lq dwlrq gursv iurp 4=9 wr 31: shufhqwdjh srlqwv1

Wkh fruuhodwlrq pdwul{ lv lghqwlfdo wr wkh grphvwlf vkrfn fdvh +wdeoh ;14,1

;1515 Prqhwdu| xqlrq fdvh

Xqghu d prqhwdu| xqlrq/ lq dwlrq lv surf|folfdo zklovw wkh gh�flw dqg xqhpsor|phqw duh frxq0

whuf|folfdo1 Zkhq wkh iruhljq surgxfwlylw| ohyho lv ehorz lwv h{shfwdwlrq/ wkh gh�flw zrunv lq

wkh vdph gluhfwlrq lq lwv h�ruw wr plwljdwh rq wkh rqh kdqg wkh sulfh h�hfw/ dqg rq wkh rwkhu

wkh xqhpsor|phqw h�hfw/ uhvxowlqj lq d frxqwhuf|folfdo ehkdylru1 Wkh gl�huhqfh iurp wkh gr0

phvwlf vkrfn lv wkdw xqhpsor|phqw lv pruh yrodwloh lq d prqhwdu| xqlrq wkdq xqghu d  h{leoh

h{fkdqjh udwh1 Wklv vwhdpv iurp wkh vkrfn*v h�hfw rq wkh sulfh ohyho/ zklfk lq wxuq d�hfwv wkh

xqhpsor|phqw yld wkh uhdo zdjh1 Dv rssrvhg wr wkh  h{leoh h{fkdqjh udwh fdvh/ wkhuh lv qrz qr

h{fkdqjh udwh wr plwljdwh wkh vkrfn*v h�hfw1 Dqg vlqfh wkh gh�flw fduulhv d gluhfw frvw lq lwvhoi lq

wkh orvv ixqfwlrq +zklfk lq rxu dqdo|vlv khuh lv pruh wkdq wzr wlphv dv kljk dv wkh uhodwlyh frvw

ri xqhpsor|phqw,/ wkh jryhuqphqw*v rswlpdo uhvsrqvh lv wr ohw wkh xqhpsor|phqw ydu| pxfk

pruh wkdq wkh gh�flw1 Wkh uhvxow lv d vwdqgdug ghyldwlrq ri xqhpsor|phqw ri 41< shufhqwdjh

srlqwv/ ohdglqj wr d voljkwo| kljkhu orvv wkdq xqghu  h{leoh h{fkdqjh udwh1 Wkh lqfuhdvhg orvv

lv sduwo| uhgxfhg e| wkh idfw wkdw sulfh lqvwdelolw| lv ohvv ri d sureohp xqghu d iruhljq exvlqhvv

f|foh wkdq xqghu d grphvwlf rqh/ dqg wkhuhiruh jlylqj xs wkh h{fkdqjh udwh lv ohvv frvwo|1
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Wdeoh ;17= Fruuhodwlrq pdwul{1

Prqhwdu| xqlrq1 Iruhljq surgxfwlylw| f|foh1

d x G �

d 4

x 03199 4

G 031;5 31<9 4

� 31<8 031:8 031<3 4

Wdeoh ;18= Vwdqgdug ghyldwlrqv lq uhvsrqvh wr d iruhljq surgxfwlylw| f|foh1

Ioh{leoh h{fkdqjh udwh Prqhwdu| Xqlrq

x 3=<
+8=;,

4=<
+8=;,

G 3=8
+6=5,

4=;
+8=6,

� 3=:
+7=9,

4=<
+�3=7,

4333 �
S

U 83 87

Qrwhv= H{fhsw iru wkh orvv ydoxh/ qxpehuv duh lq shufhqwdjh srlqwv1 Dyhudjh ohyhov ryhu wkh

exvlqhvv f|foh zlwklq sduhqwkhvhv1

;1516 Lpsxovh uhvsrqvh

Zkhq iruhljq surgxfwlylw| gursv e| 43 shufhqw dw rqfh/ rxu  h{leoh h{fkdqjh udwh hfrqrp|

uhdfwv vlploduo| wr zkhq lw zdv klw e| d grphvwlf lpsxovh +vhh judsk ;141614,1 Dq| h�hfwv odvw

rqo| rqh shulrg1 Vlqfh wkh lpsdfw rq wkh hfrqrp| ri d iruhljq lpsxovh lv vpdoohu wkdq d grphvwlf

rqh +pdlqo| wkh h�hfw rq wkh sulfh ohyho,/ vr duh wkh pdjqlwxgh ri wkh uhvsrqvhv1

Lq d prqhwdu| xqlrq/ wkh gh�flw dqg wkh lq dwlrq udwh djdlq frqyh| d pruh g|qdplf sdwwhuq1

Mxvw dv lq wkh fdvh ri d qhjdwlyh lpsxovh lq grphvwlf surgxfwlylw|/ wkhuh lv d judgxdo uhwxuq wr

vwhdg| vwdwh ohyhov1 Wkh gh�flw ulvhv wkh �uvw shulrg wr dgguhvv erwk wkh gh dwlrqdu| suhvvxuh

iurp wkh vkrfn/ dqg wkh xqhpsor|phqw wkh vkrfn wuljjhuv +htxdwlrqv +6=<, dqg +6=47,,/ wkhq
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gursv ehorz lwv vwhdg| vwdwh ohyho/ diwhu zklfk wkhuh lv d judgxdo lqfuhdvh edfn wr htxloleulxp1

Wkh uhdvrq lv wkdw iurp wkh vhfrqg shulrg rq/ xqhpsor|phqw lv edfn dw lwv vwhdg| vwdwh ohyho

vlqfh wkh xqlrqv* h{shfwdwlrq ri wkh surgxfwlylw| ohyho lv htxdo wr dfwxdo ohyhov1 \hw wkh �ghfd|�

iurp ehorz lq iruhljq surgxfwlylw| fdxvhv d sulfh lqfuhdvh lq wkh vhfrqg shulrg/ zklfk wuljjhuv

d gh�flw ehorz lwv orqj uxq ohyho1 Khqfh lq dwlrq dqg gh�flw rqfh djdlq pluuru hdfk rwkhu*v

ehkdylru1 Wkh deryh uhdvrqlqj wkhuhe| h{sodlqv zk| wkh gh�flw pryhv lq rssrvlwh gluhfwlrqv

ghshqglqj rq zkhwkhu wkh vkrfn lv grphvwlf ru iruhljq/ zklovw xqhpsor|phqw ghwhulrudwhv lq

erwk fdvhv +jlyhq wkdw surgxfwlylw| gursv,1

;16 V|qfkurql}hg grphvwlf dqg iruhljq exvlqhvv f|fohv

Zkdw kdsshqv li rxu prgho hfrqrp| lv klw e| d joredo surgxfwlylw| vkrfn/ wkdw lv/ grphvwlf

dqg iruhljq surgxfwlylw| f|fohv ryhuodsB Zloo wkh h�hfwv rq wkh grphvwlf hfrqrp| eh odujhu ru

vpdoohu wkdq zkhq lw lv h{srvhg wr hlwkhu ri wkhp vhsdudwho|B Lq Pxqghoo*v ruljlqdo sdshu ^54`

wkh vkrfn lv d voxps lq ghpdqg1 Zkhq wklv d�hfwv wzr wkh frxqwulhv v|pphwulfdoo|/ wkh ghvluhg

srolf| uhvsrqvh lv wkh vdph lq wkh wzr frxqwulhv/ dqg khqfh d prqhwdu| xqlrq lv qrw d sureohp1

Ixuwkhupruh/ xqghu v|pphwulf vkrfnv wr dq rshq hfrqrp|/ d frruglqdwhg �vfdo srolf| lv olnho| wr

eh dgydqwdjhrxv gxh wr vsloo0ryhu h�hfwv154 Lq rxu prgho/ ryhuodsslqj whfkqrorj| vkrfnv fdxvh

 xfwxdwlrqv lq wkh grphvwlf hfrqrp| wkdw duh jhqhudoo| odujhu wkdq dq| rqh ri wkh vlqjoh vkrfnv

gr1

;1614 Ioh{leoh h{fkdqjh udwh fdvh

Xqghu d  h{leoh h{fkdqjh udwh/ d joredo surgxfwlylw| f|foh uhlqirufhv wkh uhvxowv deryh/ lq wkh

vhqvh wkdw wkh wlph vhulhv sdwwhuqv ri rxu wkuhh nh| yduldeohv duh pruh yrodwloh1 Iru h{dpsoh/

xqhpsor|phqw qrz kdv d vwdqgdug ghyldwlrq ri 6 shufhqwdjh srlqwv1 Wkh fruuhodwlrq pdwul{ lv

lghqwlfdo wr wkh grphvwlf vkrfn fdvh/ wdeoh +;=4,/ lqglfdwlqj wkh grplqdqfh ri wkh grphvwlf vkrfn

frpsduhg wr wkh iruhljq vkrfn uhjduglqj wkhlu h�hfw rq wkh hfrqrp|1

;1615 Prqhwdu| xqlrq fdvh

Lq d prqhwdu| xqlrq/ wkh sdwwhuq lv ohvv xqlirup1 Lq dwlrq odjv wkh exvlqhvv f|foh e| wzr shul0

rgv/ lqglfdwlqj wkdw wkh grphvwlf vkrfn grplqdwhv wkh sulfh ehkdylru vlqfh lq dwlrq lv srvlwlyh

zkhq wkh grphvwlf vkrfn ghfuhdvhv/ dqg qhjdwlyh zkhq lw lqfuhdvhv1 Wkh gh�flw uhpdlqv qlfho|

54 Iru lqvwdqfh/ vhh Pdvvrq ^53`1
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frxqwhuf|folfdo/ lqfuhdvlqj dv vrrq dv surgxfwlylw| vwduwv wr gurs1 Dv deryh/ wkh frxqwhuf|folfdo

gh�flw lv d uhvxow ri wkh qhhg wr r�vhw wkh sulfh h�hfw1

Wdeoh ;19= Fruuhodwlrq pdwul{1

Prqhwdu| xqlrq1 Ryhuodsslqj surgxfwlylw| f|fohv1

d d
�

x G �

d 4

d
�

4 4

x 03199 03199 4

G 31<: 031<: 031;5 4

� 03135 03135 31:8 3157 4

Wdeoh ;1:= Vwdqgdug ghyldwlrqv lq uhvsrqvh wr ryhuodsslqj surgxfwlylw| f|fohv1

Ioh{leoh h{fkdqjh udwh Prqhwdu| Xqlrq

x 6=3
+8=;,

6=4
+8=;,

G 4=9
+6=5,

4=6
+8=6,

� 5=6
+7=9,

5=<
+�3=6,

4333 �
S

U 93 8<

Qrwhv= H{fhsw iru wkh orvv ydoxh/ qxpehuv duh lq shufhqwdjh srlqwv1 Dyhudjh ohyhov ryhu wkh

exvlqhvv f|foh zlwklq sduhqwkhvhv1

Iurp wkh jryhuqphqw*v srlqw ri ylhz/ ryhuodsslqj vkrfnv pdnh wklqjv d olwwoh elw zruvh1 Wkh

djjuhjdwhg orvv lqfuhdvhv wr 31393 xqghu d  h{leoh h{fkdqjh udwh/ dqg 3138< xqghu d prqhwdu|

xqlrq uhjlph1 Wkh odwwhu uhjlph lv pdujlqdoo| suhihudeoh ehfdxvh ri wkh orzhu dyhudjh lq dwlrq

udwh xqghu d prqhwdu| xqlrq1

;1616 Lpsxovh uhvsrqvh

Lq olqh zlwk wkh uhvxowv deryh/ wkh lpsxovh uhvsrqvh uhvxowv duh uhlqirufhg zkhq wkh wzr surgxf0

wlylw| f|fohv ryhuods xqghu d  h{lelolw| h{fkdqjh udwh uhjlph1 Dsduw iurp wkdw/ wkh| duh lghqwlfdo

wr wkh lpsxovh uhvsrqvh judsk lq vhfwlrq ;14161 Dqg wkh| djdlq glh rxw diwhu rqh shulrg1 Jlylqj

xs wkh h{fkdqjh udwh |lhogv pruh g|qdplf uhvxowv/ zlwk d judgxdo uhwxuq lq gh�flw dqg lq dwlrq1

Krzhyhu/ zlwk d frpprq surgxfwlylw| f|foh wkh gh�flw mxpsv rqo| rqfh/ diwhu zklfk lw uhwxuqv wr

wkh htxloleulxp ohyho vprrwko|1 +Lq wkh fdvhv ri d grphvwlf lpsxovh dqg d iruhljq lpsxovh deryh/

wkh gh�flw �uvw mxpshg grzq/ wkhq xs deryh lwv orqj uxq ohyho/ dqg wkhq vwduwhg lwv judgxdo

uhwxuq1,
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;17 Frxqwhudfwlqj exvlqhvv f|fohv

Zkdw kdsshqv zkhq wkh grphvwlf hfrqrp| lv wrwdoo| rxw ri v|qf zlwk wkh uhvw ri wkh zruogB Wkdw

lv/ zkhq grphvwlf surgxfwlylw| lqfuhdvhv dv iruhljq surgxfwlylw| gursv1 Krz zloo wklv d�hfw wkh

fkrlfh ri srolf| yduldeohv/ dqg zkdw lv wkh lpsdfw rq dpsolwxgh ri wkh exvlqhvv f|foh  xfwxdwlrqv

iurp vxfk d vfhqdulrB55

;1714 Ioh{leoh h{fkdqjh udwh fdvh

Ohwwlqj grphvwlf surgxfwlylw| eh kdoi d f|foh ehklqg2dkhdg ri wkh iruhljq f|foh/ doo wkuhh yduldeohv

duh frxqwhuf|folfdo xqghu d  h{leoh h{fkdqjh udwh uhjlph1 Djdlq/ wkh grphvwlf vkrfn*v juhdwhu

lpsdfw rq wkh sulfh ohyho lv wkh uhdvrq iru wkh sulfh ohyho*v ehkdylru156 Wkh h{fkdqjh udwh/ zklfk

lv xwlol}hg wr gdpshq wkh glvuxswlyh sulfh h�hfw dqg wkhuhiruh lv surf|folfdo zlwk uhvshfw wr wkh

grphvwlf vkrfn/ d�hfwv wkh xqhpsor|phqw lq dq rssrvlwh gluhfwlrq wr lwv rzq pryhphqw1 Wklv

h�hfw lv vx!flhqw wr grplqdwh ryhu wkh iruhljq vkrfn*v lpsdfw rq xqhpsor|phqw/ uhqghulqj wkh

odwwhu frxqwhuf|folfdo zlwk uhvshfw wr wkh grphvwlf vkrfn/ dqg surf|folfdo zlwk uhvshfw wr wkh

iruhljq vkrfn1 Frqvhtxhqwo|/ wkh yduldeohv* fruuhodwlrqv zlwk wkh vkrfnv duh lghqwlfdo wr wdeoh

55 Iru frxqwulhv lq d prqhwdu| xqlrq/ wklv pd| eh ri ghfuhdvlqj lqwhuhvw +Iudqnho dqg Urvh/ 4<<9 ^46`,1 Wkh
uhdvrq lv wkdw hfrqrplf lqwhjudwlrq zlwk wkh uhvw ri wkh xqlrq zloo prvw olnho| lqfuhdvh/ wkhuhe| pdnlqj wkh exvlqhvv
f|foh pruh fruuhodwhg1 Khqfh lw lv sodxvleoh wkdw wkh ghjuhh ri v|pphwu| ri vkrfnv lv hqgrjhqrxv1 Wklv zloo olnho| eh
wkh fdvh uhjduglqj ghpdqg vkrfnv1 Vxsso| vkrfnv pd| ru pd| qrw ehfrph pruh fruuhodwhg/ ghshqglqj rq zkhwkhu
lqwhjudwlrq ohdgv wr ixuwkhu vshfldol}dwlrq +dv dujxhg e| iru lqvwdqfh Ed|rxpl dqg Hlfkhqjuhhq ^9`/ Hlfkhqjuhhq
^45`/ dqg Nuxjpdq ^4<`,/ ru wr pruh glyhuvl�fdwlrq1 Krzhyhu/ ghvslwh uhodwlyh lqwhjudwlrq dprqj wkh Vfdqglqdyldq
frxqwulhv/ Kdqvvrq dqg Vmùkrop ^48` hvwlpdwh wkdw Vzhghq kdv qhjdwlyho| fruuhodwhg vxsso| vkrfnv zlwk erwk
Qruzd| dqg Ilqodqg +dowkrxjk vwdwlvwlfdoo| lqvljql�fdqw,1

56 Uhfdoo wkdw wkh sduwldo ghulydwlyhv duh YR

Y@
' 3� dqg YR

Y@�
'

�

w
c uhvshfwlyho|1
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+;=4,/ exw qrz kdyh d srvlwlyh vljq zlwk uhvshfw wr wkh iruhljq vkrfn +exw wkh vdph devroxwh

ydoxh1,

;1715 Prqhwdu| xqlrq fdvh

Lq wkh prqhwdu| xqlrq fdvh/ wkh gh�flw dqg wkh xqhpsor|phqw lv surf|folfdo zlwk uhvshfw wr

wkh grphvwlf f|foh/ zlwk lq dwlrq ehlqj frxqwhuf|folfdo1 Dv deryh/ wkh grphvwlf vkrfn*v lpsdfw

grplqdwhv wkh sulfh h�hfw1 Dv grphvwlf surgxfwlylw| vwduwv wr idoo/ wkh sulfh ohyho vwduwv wr

lqfuhdvh1 Exw lw lv d judgxdo lqfuhdvh/ vlqfh wkh jryhuqphqw xvhv wkh gh�flw wr plwljdwh wkh

sulfh lqfuhdvh1 Krzhyhu/ wkh gh�flw dqg wkh iruhljq vkrfn lv qrw hqrxjk wr fdqfho wkh lpsdfw

ri wkh grphvwlf vkrfn/ dqg khqfh lq dwlrq lv frxqwhuf|folfdo zlwk uhvshfw wr wkh grphvwlf f|foh1

Xqhpsor|phqw lv pdlqo| d�hfwhg e| wkh iruhljq vkrfn/ dqg lv wkhuhiruh frxqwhuf|folfdo wr wkh

iruhljq vkrfn/ dffruglqj wr htxdwlrq +6=46,1

Zkhq wkh grphvwlf hfrqrp| lv rxw ri v|qf zlwk wkh zruog hfrqrp|/ wkh orvv ri wkh h{fkdqjh

udwh pdnhv d vxevwdqwldo gl�huhqfh1 Wkh gh�flw  xfwxdwhv irxu wlphv dv pxfk dv xqghu d  h{leoh

h{fkdqjh udwh/ dqg lq dwlrq pruh wkdq �yh wlphv dv pxfk1 Dv d uhvxow/ wkh djjuhjdwhg orvv

h{fhhgv wkh orvv xqghu d  h{leoh uhjlph e| 73 shufhqw1

Wdeoh ;1<= Fruuhodwlrq pdwul{1

Prqhwdu| xqlrq1 Frxqwhudfwlqj surgxfwlylw| f|fohv1

d d
�

x G �

d 4

d
�

04 4

x 3199 03199 4

G 31:4 031:4 31<< 4

� 031:4 31:4 031<< 04133 4

Wdeoh ;143= Vwg ghyldwlrqv lq uhvsrqvh wr frxqwhudfwlqj surgxfwlylw| f|foh1

Ioh{leoh h{fkdqjh udwh Prqhwdu| Xqlrq

x 4=5
+8=;,

3=:
+8=;,

G 3=9
+6=5,

5=7
+8=3,

� 3=<
+7=9,

8=3
+3=8,

4333 �
S

U 84 :5

Qrwhv= H{fhsw iru wkh orvv ydoxh/ qxpehuv duh lq shufhqwdjh srlqwv1 Dyhudjh ohyhov ryhu wkh

exvlqhvv f|foh zlwklq sduhqwkhvhv1
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;1716 Lpsxovh uhvsrqvh

Xqghu d  h{leoh h{fkdqjh udwh/ rssrvlqj lpsxovhv fdxvh d vlplodu uhdfwlrq wr d sxuh grphvwlf

lpsxovh1 Wkh frqwulexwlrq ri wkh rssrvlqj iruhljq lpsxovh lv wr gdpshq wkh uhvsrqvhv1 Lq dq

prqhwdu| xqlrq/ wkh gh�flw ghwhuplqhv wkh g|qdplfv ri wkh sulfh ohyho diwhu wkh �uvw shulrg/ dqg

dv wkh gh�flw vwduwv lwv ghfolqh edfn wr wkh htxloleulxp ohyho/ vr grhv wkh sulfh ohyho/ fuhdwlqj d

qhjdwlyh lq dwlrq wkdw judgxdoo| dssurdfkhv }hur iurp ehorz1
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< Frqfoxvlrq

Zlwk uhvshfw wr xqhpsor|phqw/ wkh frpsdudwlyh rxwfrph ghshqgv rq wkh vrxufh ri wkh dv|p0

phwulf vkrfn1 D grphvwlf surgxfwlylw| f|foh kdv d uhodwlyho| odujh lpsdfw lq wkh sulfh ohyho/

zklfk lq wxuq wuljjhuv dq h{fkdqjh udwh uhvsrqvh lq rughu wr vwdelol}h wkh sulfh ohyho wkdw yld

lwv vxusulvh h�hfw +v � v
e
, lq htxdwlrq +6=46, uhqghuv xqhpsor|phqw uhpdundeo| pruh yrodwloh

wkdq lw lv lq d prqhwdu| xqlrq1 Xqghu d iruhljq surgxfwlylw| f|foh/ wkh rssrvlwh krogv wuxh1

Wkdw lv/ wkhuh lv qr �wudgh r�� ehwzhhq dgguhvvlqj wkh xqhpsor|phqw sureohp ru wkh sulfh

vwdelolw| sureohp1 D gurs lq iruhljq surgxfwlylw| zloo lqgxfh dq lqfuhdvh lq erwk wkh h{fkdqjh

udwh +ghsuhfldwlrq, dqg lq wkh gh�flw/ erwk ri zklfk plwljdwh wkh ulvh xqhpsor|phqw dqg wkh

gh dwlrqdu| suhvvxuh fdxvhg e| wkh iruhljq vkrfn1 Krzhyhu/ wklv uhvsrqvh lv ohvv h�hfwlyh zkhq

wkhuh lv qr h{fkdqjh udwh/ dqg frqvhtxhqwo| xqhpsor|phqw  xfwxdwhv pruh xqghu d prqhwdu|

xqlrq1 Wkdw lv=

Y du
�
x8 ,e%

�
A Y du

�
x�L

�
m(J6er|�S r�JS&

Y du
�
x8 ,e%

�
? Y du

�
x�L

�
m8Joe�}? r�JS&

Dsduw iurp wkdw/ wkh pdlq frqfoxvlrq iurp vkliwlqj iurp d  h{leoh/ glvfuhwlrqdu| h{fkdqjh

udwh uhjlph wr d prqhwdu| xqlrq lv wkh iroorzlqj1 Rq wkh rqh kdqg/ wkh ohyho ri wkh gh�flw lv erwk

kljkhu dqg pruh yrodwloh/ dv wkh jryhuqphqw qrz rqo| kdv wkh gh�flw wr hqirufh lwv vwdelol}dwlrq

srolflhv zlwk1 Lq dwlrq rq wkh rwkhu kdqg lv orzhu/ exw vxevwdqwldoo| pruh yrodwloh vlqfh wkh

srwhqw sulfh vwdelol}lqj wrro/ wkh h{fkdqjh udwh/ lv qrw dydlodeoh1

Uhjduglqj wkh jryhuqphqw*v orvv/ wkh kljk yrodwlolw| ri wkh lq dwlrq udwh xqghu d prqhwdu|

xqlrq pdnhv d  h{leoh h{fkdqjh udwh d suhihudeoh uhjlph1 Wklv lv hvshfldoo| wuxh zkhq wkh wzr

f|fohv frxqwhu0dfw1 Wkhq wkh djjuhjdwhg orvv lv vxevwdqwldoo| odujhu zkhq wkh jryhuqphqw kdv qr

h{fkdqjh udwh wr zrun zlwk1 Wkh uhdvrq lv wkdw wkh orvv xqghu d prqhwdu| xqlrq lv djjudydwhg

e| wkh idfw wkdw wkh lq dwlrq lv vx!flhqwo| yrodwloh wr vhulrxvo| xqghuplqh wkh dgydqwdjh ri

}hur dyhudjh lq dwlrq/ wkh wudgh pdun ri wkh prqhwdu| xqlrq fdvh1 Lq dgglwlrq wr wklv/ wkh orvv

ixqfwlrq*v ydoxh lv zruvhqhg e| wkh prvw  xfwxdwlqj gh�flw dprqj doo wkh fdvhv dqdo|}hg1 Zkhq

wkh f|fohv ryhuods/ wkhuh lv olwwoh gl�huhqfh uhjduglqj wkh orvv ydoxh1
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srolf| lv wlhg wr wkh pdvw/ Hxurshdq Hfrqrplf Uhylhz 73 4746047731
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^4;` Nhqhq/ S E/ 4<<8/ Hfrqrplf dqg Prqhwdu| Xqlrq lq Hxursh/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^4<` Nuxjpdq/ Sdxo/ 4<<6/ Ohvvrqv ri Pdvvdfkxvhwwv iru HPX/ lq Jldyd}}l/ I/ dqg Wruuhv/ I
+hgv, Wkh Wudqvlwlrq wr Hfrqrplf dqg Prqhwdu| Xqlrq lq Hxursh/ Fdpeulgjh Xqlyhuvlw|
Suhvv1

64
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^57` Vyhqvvrq/ Oduv H R/ 4<<:/ Rswlpdo lq dwlrq wdujhwv/ �frqvhuydwlyh� fhqwudo edqnv/ dqg
olqhdu lq dwlrq frqwudfwv/ Dphulfdq Hfrqrplf Uhylhz ;:/ Qr 4/ s <;04471

^58` ]lpphupdqq/ Fkulvwldq/ 4<<7/ Whfkqrorj| lqqrydwlrqv dqg wkh yrodwlolw| ri rxwsxw= Dq
lqwhuqdwlrqdo shuvshfwlyh/ Zrunlqj Sdshu/ Xqlyhuvlw| ri Txhehf dw Prqwuhdo1
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D Fdofxoxv 4

D14 Djjuhjdwh ghpdqg

Djjuhjdwlrq ryhu doo lghqwlfdo frqvxphuv |lhogv=

S +4 .G,+O�D, @ S[ . VP

Vroylqj iru grphvwlf ghpdqg lq wkh exgjhw frqvwudlqw/ zh jhw=

[ @ +4 .G,+O�D,�
V

S
P

Xvlqj wklv lq wkh xwlolw| ixqfwlrq |lhogv=

pd{X @

�
+4 .G,+O�D,�

V

S
P

�k
P�3k

Gl�huhqwldwlqj wklv zlwk uhvshfw wrP =

P @ +4 .G,+O�D,+4� �,
S

V
[ @ �+4 .G,+O�D,

E| v|pphwu|/ zruog ghpdqg iru grphvwlf h{sruwv htxdo wr=

[W

@ +4� �W,
V

S
++O�,WDW,

Dgglqj xs ghpdqg iru wkh grphvwlfdoo| surgxfhg jrrg/ zh kdyh=

O�D @ [ .[W

@ �+4 .G,+O�D, . +4� �W,
V

S
+O�WDW,

Froohfwlqj whupv/ wdnlqj orjv +ohwwlqj orzhu fdvh ohwwhuv ghqrwh orj ydoxhv,=

�| . d| @ � oq ^4� +4 .G,�` . v| � s| . oq ^+4� �W, +O�,
W

` . dW

Xvlqj d Wd|oru h{sdqvlrq ri wkh �uvw whup ri wkh UKV
k
i+{, @ i+{f, . i

�

+{f,+{� {f,
l
dqg wkh

idfw wkdw wkh ghulydwlyh lv wr eh hydoxdwhg dw {f> khqfh G @ 3 lq lwv hydoxdwlrq/ |lhogv=

oq ^4� +4 .G,�` @ oq+4� �,�
�

4� �
G

zkhuh �� lv wkh lqqhu ghulydwlyh1 Xvlqj wklv/ zh jhw=

�| . d @ � oq+4� �, .
�

4� �
G . v� s. oq ^+4� �W, +O�,W` . dW

Ohwwlqj ! � oq
�
+4� �W, +O�

|
,W
�
� oq+4��,> zh kdyh wrwdo ghpdqg iru wkh grphvwlf rxwsxw +jrrg

[ , dv=

�| . d @ !. v� s.
�

4� �
G . dW
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D15 Djjuhjdwh vxsso| +DV, sduw 4= Surgxfwlrq dqg hpsor|phqw1

Sur�w pd{lpl}dwlrq lq �up m |lhogv=

C+surilw,�
CO�

@ �SO
�3�

�
D�Z� @ 3

, O
�3�

�
@

Z�

�SD

Khqfh orj hpsor|phqw lq hdfk �up lv=

o� @ �
4

4� �
+z� � oq� � s� d,

@ ��z� . � oq � . �s. �d

@ o � �+z� � s� d, +D14,

zkhuh � � �

�3�
A 4 lv hodvwlflw| ri oderu ghpdqg/ dqg o � � oq �= E| wkh v|pphwu| ri rxu

qrupdol}hg hfrqrp|/ +D=4, zloo dovr eh djjuhjdwh hpsor|phqw1 Wkxv djjuhjdwh xqhpsor|phqw
lq rxu hfrqrp| zloo eh=

x| � ho � o| @ �+z| � s| � d|,

Zulwlqj wkh surgxfwlrq ixqfwlrq lq orjv/ zh kdyh=

|�7
|

@ �|| . d|

@ �+ho � +ho � o|,, . d|

@ h| � +� � 4,+z| � s|, . �d|

zlwk � @ w3�

w
=

D16 DV sduw 5= Zdjh vhwwlqj

Xqlrq h{shfwhg xwlolw| lq �up m dw wlph w lv jlyhq e|=

Y e

�|
@ +z�| .Ge

|
� se

S|
,�H

�
�

5
+o � o�c|,

2

�

Xvlqj htxdwlrq +6=:, zh jhw=

Y e

�|
@ z�| � se

S|
.Ge

|
�H

�
�

5
^�+z�| � s| � d|,`

2

�

Gl�huhqwldwlqj zlwk uhvshfw wr z�c| |lhogv=

z�c| @
4

��2
. se

|
.H +d|,

xqghu wkh dvvxpswlrq wkdw wkh xqlrqv gr qrw eholhyh wkhlu zdjh d�hfwv qhlwkhu wkh jhqhudo sulfh

ohyho qru wkh �vfdo srvlwlrq fkrvhq e| wkh jryhuqphqw +
YR

e

|

Y��|
@

Y(
e
|

Y��|
@ 3,/ dqg wkh h{rjhqhlw| ri

vkrfnv1 V|pphwulf htxloleulxp lpsolhv z� @ z ;m1 Xvlqj +6=<,/ zh kdyh=

se
|
@

4

�
v|
e .

�

�+4� �,
Ge

|
. �z| .

4

�
H +dW

|
,�H +d|,

Soxjjlqj wklv lqwr rxu zdjh h{suhvvlrq/ dqg fohdqlqj xs/ zh jhw wkh zdjh dv=

z| @
4

��
. v|

e .
�

+4� �,
Ge

|
.H +dW

|
,
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E Fdofxoxv 5

Iurp wkh wzr �uvw rughu frqglwlrqv +IRFv, =

CU|

Cv|
. �H|

�
CM|n�

Cs|

Cs|

Cv|
.

CM|n�

Cv|

�
@ 3

CU|

CG|

. �H|

CM|n�

Cs|

Cs|

CG|

@ 3

zh vroyh iru v dqgG> vxevwlwxwh vr wkdw hdfk*v vroxwlrq grhv qrw lqfoxgh wkh rwkhu srolf| yduldeoh/
diwhu zklfk zh wdnh h{shfwdwlrqv1 Wkh h{shfwdwlrqv fdq eh uhduudqjhg vr wkdw wkh| duh ixqfwlrqv
ri odjjhg sulfh ohyho dqg wkh surgxfwlylw| vkrfnv rqo|1 Wkdw lv/ vwhs e| vwhs zh kdyh wkh vroxwlrqv
iroorzlqj wkh IRFv dv=

v| @ v
�
ve| >G|>G

e

| > s|3�> v|3�> d
W

| > d
W

|3�> d|> d|3�
�

G| @ G
�
ve
|
>G|>G

e

|
> s|3�> v|3�> d

W

| > d
W

|3�> d|> d|3�
�

Ixuwkhu uhduudqjhphqw jlyhv xv wkh srolf| yduldeohv dv ixqfwlrqv ri wkhlu h{shfwhg ydoxh/ vwdwh
yduldeohv +odjjhg s dqg v,/ dqg vkrfnv=

v @ v
�
ve| >G

e

| > s|3�> v|3�> d
W

| > d
W

|3�> d|> d|3�
�

+E14,

G @ G
�
ve
|
>Ge

|
> s|3�> v|3�> d

W

| > d
W

|3�> d|> d|3�
�

Wdnlqj h{shfwdwlrqv ri wkh odwwhu +H +{, @ {e, dqg uhduudqjlqj/ zh kdyh=

ve @ v
�
Ge

| > s|3�> v|3�> d
W

| > d
W

|3�> d|> d|3�
�

Ge @ G
�
ve| > s|3�> v|3�> d

W

| > d
W

|3�> d|> d|3�
�

Vxevwlwxwlrq jlyhv xv=

ve @ v
�
s|3�> v|3�> d

W

| > d
W

|3�> d|> d|3�
�

Ge @ G
�
s|3�> v|3�> d

W

| > d
W

|3�> d|> d|3�
�

Soxjjlqj lq wkh odvw wzr htxdolwlhv lqwr +E=4, jlyhv xv wkh rswlpdo srolf| yduldeohv dv ixqfwlrqv
ri d frqvwdqw/ odjjhg sulfh ohyho dqg h{fkdqjh udwh/ dqg odjjhg dqg suhvhqw vkrfnv1

v8,e%
|

@ v
�
s|3�> v|3�> d

W

| > d
W

|3�> d|> d|3�
�

G8,e%

| @ G
�
s|3�> v|3�> d

W

| > d
W

|3�> d|> d|3�
�

Krzhyhu/ wkhvh h{suhvvlrqv zloo lqfoxgh wkh qlqh ��v iurp wkh ydoxh ixqfwlrq1 Lq rughu wr vroyh
iru wkh ��v/ zh uhfrjql}h wkh idfw wkdw wkh ghulydwlyh ri wkh ydoxh ixqfwlrq fdq eh zulwwhq lq wzr
gl�huhqw irupv=

H|3�

CM|

Cs|3�
@ �� . �2s|3� . ��2v|3� . �.�d

W

|3� . �H�d|3� @

@ H|3�

�
CU|

Cs|3�
. �

�
CM|n�

Cs|

Cs|

Cs|3�
.

CM|n�

Cv|

Cv|

Cs|3�

��

zkhuh zh xvh wkdw=
H|3�d

�

|
@ �d�

|3�
l @ grphvwlf dqg iruhljq

E| fdofxodwlqj wkh vhfrqg htxdolw|/ zh fdq wkhq vroyh iru wkh ��v e| htxdwlqj wkh frh!flhqwv rq
hdfk ri wkh frqvwdqw dqg yduldeohv s|3�> d

W

|3�
> dqg d|3� +phwkrg ri xqghwhuplqhg frh!flhqwv,1

Grlqj wkh vdph wklqj wr H Ya|

Yr|3�
jlyhv xv qlqh htxdolwlhv/ dqg qlqh frh!flhqwv wr ghwhuplqh1 Wkh

lghqwl�fdwlrq lv grqh qxphulfdoo|1
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F Dq djjuhjdwh gh�flw whup lq wkh orvv ixqfwlrq

Lq rughu wr vhh krz wkh prgho ehkdyhv zkhq wkh jryhuqphqw dovr fduhv derxw wkh djjuhjdwh ohyho
ri ghew/ zh dvvxph wkh iroorzlqj orvv ixqfwlrq=

plq K @
"[
|'�

�|3�U|

vxemhfw wr U| @
4

5
x|
2 .

��
5
E2

| .
���
5

3
C |[
�'3"

E�

4
D

2

.
�Z
5
�2|

Wkh djjuhjdwh gh�flw ohyho +@ ghew ohyho, zloo ulvh lq d frqfdyh idvklrq xqwlo hyhqwxdoo| wkh gh�flw
lv vhw wr }hur dqg wkh ghew vwdelol}hv1

G Whfkqrorj| vkrfnv zlwk sursdjdwlrq

D pruh uhdolvwlf ghvfulswlrq ri wkh whfkqrorj| vkrfnv lv dv d wzr yduldeoh YDU+4,1

k d|
dW|

l
@

k
��� ��2�2� �22

l k d|3�

dW
|3�

l
.
k %|
%W|

l
k %|
%W
|

l
@ � Q

�
3>

�
�2
0

�0�0W

�0W�0 �2
0W

��

Xvlqj ]lpphupdq*v ^58` fdoleudwlrq lq wkh fdvh ri Vzhghq yhuvxv wkh uhvw ri wkh zruog/ zh rewdlq=

k
��� ��2�2� �22

l
@

k
3=:8 3=4;
�3=35 4=34

l
�
�2
0

�0�0W

�0W�0 �2
0W

�
@

k
4=;5 3=53
3=53 3=63

l

Lqfoxglqj wkh sursdjdwlrq/ wkh lpsxovh uhvsrqvhv kdyh gudpdwlfdoo| pruh shuvlvwhqfh1 Wkh
judskv ehorz vkrz irxu gl�huhqw fdvhv= dq lqlwldo grphvwlf vkrfn xqghu rxu wzr uhjlphv/ dqg
glwwr iru dq lqlwldo iruhljq vkrfn1 Kljkhu shuvlvwhqfh lq wkh vkrfnv d�hfwv wkh uhvsrqvhv lq wkh
yduldeohv rqo| pdujlqdoo|/ krzhyhu1 Xqhpsor|phqw/ wkh gh�flw/ dqg lq dwlrq udwh ehkdyh pxfk
dv wkh| gr rq vhfwlrq +;, =
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Xqghu dq lqlwldo grphvwlf vkrfn/ wkh uhvsrqvhv lq wkh wkuhh yduldeohv lq wkh orvv ixqfwlrq
doo ehkdyh dv wkh| glg lq vhfwlrq +;=4=6, > exw zlwk pruh shuvlvwhqfh1 Ixuwkhupruh/ grphvwlf
surgxfwlylw| jurzv deryh lwv vwhdg| vwdwh ohyho ehiruh hyhqwxdoo| vhwwolqj grzq dw lwv orqj uxq
ohyho lq wkh  h{leoh h{fkdqjh udwh fdvh1

Lq wkh fdvh ri d iruhljq lqlwldo vkrfn/ shuvlvwhqfh lv yhu| kljk1 Wkh vkrfnv gr qrw glh rxw
xqwlo diwhu vhyhudo kxqguhg shulrgv1 Pruhryhu/ dv wkh dxwrfruuhodwlrq frh!flhqwv lqglfdwh/ wkh
iruhljq vkrfn kdv d vxevwdqwldo lpsdfw rq wkh grphvwlf surgxfwlylw| ohyho1
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H Vhqvlwlylw| dqdo|vlv 4= dyhudjhv dqg vwdqgdug ghyldwlrqv

H14 �( @ �Z @ 4

Wr vhh zkdw wkh zhljkwv lq wkh orvv ixqfwlrq gr iru wkh uhvxowv/ zh orrn dw wkh fdvh ri d grphvwlf
vkrfn1 Li zh/ lqvwhdg ri vhwwlqj �( @ �Z @ 5=7> ohw doo wkuhh yduldeohv lq wkh orvv ixqfwlrq
fduu| wkh vdph zhljkw +l h vhw wkh wzr ��v wr xqlw|,/ wkh dyhudjh ohyhov ri xqhpsor|phqw lv
xqd�hfwhg exw wkh yrodwlolw| lv uhgxfhg vlqfh wkh xqhpsor|phqw whup qrz fduulhv d uhodwlyho|
kljkhu zhljkw1 +Uhfdoo wdeoh ;16 zlwk vwdqgdug ghyldwlrqv ri 517 dqg 417 shufhqw1, Krzhyhu/
lq erwk wkh  h{leoh h{fkdqjh udwh fdvh dqg wkh prqhwdu| xqlrq fdvh/ wkh dyhudjh ohyho ri wkh
gh�flw lqfuhdvhv gudpdwlfdoo|/ wr <19 dqg 4414 shufhqw/ uhvshfwlyho|1 Xqghu d  h{leoh h{fkdqjh
udwh/ wkh gh�flw lv dovr dssur{lpdwho| 83 shufhqw pruh yrodwloh wkdq zkhq �( @ �Z @ 5=7= Wkh
vdph jrhv iru wkh  h{leoh h{fkdqjh udwh lq dwlrq1 Ixuwkhupruh/ kljkhu dyhudjh ohyhov eulqj xs
wkh djjuhjdwhg orvv1

6;



Wdeoh H14= Vwg ghyldwlrqv lq uhvsrqvh wr d grphvwlf surgxfwlylw| f|foh1
�G@ ��@ 4

Ioh{leoh h{fkdqjh udwh Prqhwdu| Xqlrq
x 4=4

+;=6,
4=3
+;=6,

G 4=6
+<=9,

3=9
+44=4,

� 4=<
+47=:,

6=6
+3=3,

4333 �
S

U 4:5 <5

Qrwhv= H{fhsw iru wkh orvv ydoxh/ qxpehuv duh lq shufhqwdjh srlqwv1 Dyhudjh ohyhov ryhu wkh

exvlqhvv f|foh zlwklq sduhqwkhvhv1

I Vhqvlwlylw| dqdo|vlv 5= Xvlqj wkh Djhoo hw do sdudphwhuv

Li zh xvh wkh sdudphwhul}dwlrq ri Djhoo hw do ^4`/ dyhudjh xqhpsor|phqw lv vxevwdqwldoo| orzhu
gxh wr wkh kljkhu ydoxh ri � +uhfdoo wkdw wkh vwhdg| vwdwh ohyho ri xqhpsor|phqw lv htxdo wr
�

bw
> zklfk lq rxu edvh fdvh phdqw dq xqhpsor|phqw ri 8=; shufhqw,= Wklv lq wxuq eulqjv grzq

wkh djjuhjdwhg orvv +zklfk zdv 87 + h{leoh h{fkdqjh udwh, dqg 8;/ +prqhwdu| xqlrq, lq vhfwlrq
+;=4=5,,1 Dv d frqvhtxhqfh ri wkh orzhu uhodwlyh zhljkwv rq gh�flw dqg xqhpsor|phqw lq wkh
orvv ixqfwlrq/ wkhlu dyhudjh ohyhov lqfuhdvh1 Lq wkh  h{leoh h{fkdqjh udwh fdvh/ yrodwlolw| lv dovr
lqfuhdvhg1 +Vhh wdeoh ;16 ,

Wdeoh H15= Vwg ghyldwlrqv lq uhvsrqvh wr d grphvwlf surgxfwlylw| f|foh1
� @ 3=:8> � @ 4=7> � @ 3=< > � @ 48> �G@ ��@ 4

Ioh{leoh h{fkdqjh udwh Prqhwdu| Xqlrq
x 4=7

+7=;,
5=4
+7=;,

G 4=6
+7=8,

3=;
+9=8,

� 4=;
+9=4,

6=3
+3=3,

4333 �
S
U 6< 68

Qrwhv= H{fhsw iru wkh orvv ydoxh/ qxpehuv duh lq shufhqwdjh srlqwv1 Dyhudjh ohyhov ryhu wkh

exvlqhvv f|foh zlwklq sduhqwkhvhv1

J Vhqvlwlylw| dqdo|vlv 6= vkrfn frh!flhqwv

Lq hdfk ri wkh iroorzlqj vhqvlwlylw| dqdo|vhv/ zh ohw doo frh!flhqwv nhhs wkhlu ghvljqdwhg ydoxh
iurp deryh/ exw iru wkh sdudphwhu xqghu vfuxwlq|1 Zh irfxv rq wkh frh!flhqwv rq wkh suhvhqw
vkrfnv lq wkh wkuhh uhdfwlrq ixqfwlrqv +8=4,/ +8=5, dqg +8=8,1 Vrph ri wkh vkrfn frh!flhqwv fkdqjh
vxevwdqwldoo| dv rxu �edvlf� sdudphwhuv fkdqjh1 Prvw lpsruwdqw iru rxu sxusrvhv/ krzhyhu/ lv
wkdw wkhuh lv qr fkdqjh lq wkh vljq ri wkh vkrfn frh!flhqwv wkurxjkrxw wkh iroorzlqj dqdo|vlv1

J14 Doskd/ �

Wkh prvw frqvslfxrxv fkdudfwhulvwlf ri wkh uhvxowv iurp ohwwlqj doskd/ wkh vkduh ri grphvwlf
sxufkdvhv lq wrwdo frqvxpswlrq/ ydu| iurp }hur wr xqlw| lv d frqwlqxrxv lqfuhdvh lq wkh h{fkdqjh
udwh uhvsrqvh wr d grphvwlf surgxfwlylw| vkrfn/ frpelqhg zlwk dq lqfuhdvlqjo| qhjdwlyh frh!0
flhqw rq wkh vdph vkrfn lq wkh gh�flw htxdwlrq1 Wkh uhdvrq lv wkdw wkh h{fkdqjh udwh jhwv ohvv
dqg ohvv zhljkw lq wkh lq dwlrq h{suhvvlrq +6=49d, = Wkhuhiruh/ wkh h{fkdqjh udwh/ lqfuhdvlqjo|
d�hfwlqj wkh lq dwlrq udwh rqo| lqgluhfwo| yld wkh sulfh ohyho/ lv xvhg zlwk ixoo irufh wr kdqgoh
wkh glvwxuedqfh iurp wkh grphvwlf vkrfn1
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Dv zh pryh wrzdugv wkh rwkhu h{wuhph +d frxqwu| wkdw frqvxphv rqo| lpsruwv dqg h{sruwv
doo lwv surgxfwlrq,/ rqo| wkh uhvsrqvhv wr d iruhljq vkrfn gl�hu iurp }hur1 Wkh uhdvrq lv wkdw lq
wklv fdvh/ wkh lq dwlrq lv ghwhuplqhg vroho| e| wkh h{fkdqjh udwh/ zklfk wkhuhiruh pxvw eh xvhg
zlwk pruh dqg pruh fdxwlrq dv d vwdelol}lqj wrro1 Khqfh d ghfolqh lq pdjqlwxgh ri lwv uhvsrqvh
wr d iruhljq surgxfwlylw| vkrfn1 Jlyhq wklv uhdvrqlqj/ wkh rqo| zd| iru wkh jryhuqphqw wr kdqgoh
wkh hpsor|phqw h�hfw iurp d iruhljq vkrfn lv wr xvh wkh gh�flw pruh1 Wkhuhiruh/ lwv uhvsrqvh
lqfuhdvhv lq pdjqlwxgh +ehfrphv pruh qhjdwlyh,1

Xqghu d prqhwdu| xqlrq/ wkh uhdfwlrq lv wkh vdph1 Dv wkh hfrqrp| ehfrphv pruh lqwuryhuw/
wkh h{fkdqjh udwh lv xvhg pruh djjuhvvlyho| wr nhhs lwv srwhqf|1

J15 Ukr/ �

Ohwwlqj � +wkh shuvlvwhqfh ri wkh surgxfwlylw| vkrfnv, ydu| ehwzhhq }hur dqg rqh kdv qr h�hfw rq
wkh jryhuqphqw*v uhvsrqvh wr suhvhqw vkrfnv/ luuhvshfwlyh ri wkh fkrlfh ri h{fkdqjh udwh uhjlph1

Orrnlqj dw wkh frh!flhqwv rq wkh odjjhg vkrfnv wkh gh�flw uhvsrqvh ixqfwlrq/ wkh| jurz
iurp }hur wr dssur{lpdwho| 314 dqg 315 uhvshfwlyho|/ dv � jrhv iurp }hur wr xqlw|1 Khqfh kljk
shuvlvwhqfh uhvxowv lq d pruh surqrxqfhg uhvsrqvh lq wkh gh�flw wr odjjhg vkrfnv/ edodqflqj wkh
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gh�flw uhvsrqvh wr suhvhqw vkrfnv1 Wkh uhvxow lv wkdw dv shuvlvwhqfh jurzv/ wkh gh�flw*v ryhudoo
lpsdfw dv d wxqlqj wrro lv vxevwdqwldoo| uhgxfhg1 Kljk shuvlvwhqfh pdnhv wkh gh�flw d wrr frvwo|
lqvwuxphqw wr xvh/ dqg wkh jryhuqphqw lv ehwwhu r� ehlqj pruh sdvvlyh lq uhvsrqvh wr vkrfnv1

Lq wkh prqhwdu| xqlrq fdvh/ wkh vwru| lv wkh vdph1 Wkh frh!flhqwv rq odjjhg vkrfnv lqfuhdvh
dv wkh shuvlvwhqfh lq wkh vkrfnv ulvh1 Wkh rqo| gl�huhqfh lv wkdw wkh frh!flhqw rq wkh odjjhg
iruhljq vkrfn lqfuhdvhv pruh wkdq wkh grphvwlf rqh/ dv rssrvhg wr wkh glvfuhwlrqdu| fdvh1

J16 Ehwd/ � dqg odpegd/ �

� lv wkh jryhuqphqw*v glvfrxqw idfwru dqg odpegd wkh xqlrqv* zhljkw rq xqhpsor|phqw uhodwlyh
wr wkh uhdo zdjh1 Wkh kljkhu lv �> wkh pruh wkh jryhuqphqw fduhv derxw wkh ixwxuh1 Dqg khqfh
wkh pruh wkh jryhuqphqw rxjkw wr zdqw wr vhh wr lw wkdw wkh suhvhqw vkrfnv lq xhqfh wkh ixwxuh
dv olwwoh dv srvvleoh1 Wkdw lv/ lw vhhpv olnho| wkdw wkh jryhuqphqw zrxog zdqw wr nloo wkh vkrfnv
dv pxfk dv srvvleoh1 Mxvw dv d fhqwudo edqn pd| zlvk wr gr lq prghov zlwk rxwsxw shuvlvwhqfh
+vhh iru lqvwdqfh Vyhqvvrq/ ^57`,1

Krzhyhu/ vlqfh wkh jryhuqphqwv sureohp lv qrq0g|qdplf xqghu d  h{leoh h{fkdqjh udwh/ lw
wxuqv rxw wkdw fkdqjhv lq � gr qrw d�hfw wkh frh!flhqwv1 Wkh vdph jrhv iru �1 Wkh odwwhu zloo
rqo| d�hfw wkh dyhudjh ohyho ri xqhpsor|phqw/ dqg qrw dq| srolf| uhvsrqvhv1
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J17 Jdppd/ �

� lv oderu*v vkduh lq wkh Free0Grxjodv surgxfwlrq ixqfwlrq1 Lw wudqvirupv lqwr �
�
� @ �

�3�

�
/ wkh

hodvwlflw| ri oderu ghpdqg +htxdwlrq +6=9,,1 Dv � jurzv iurp }hur wr xqlw|/ wkh h{fkdqjh udwh
uhvsrqvh wr grphvwlf surgxfwlylw| vkrfnv dqg wkh gh�flw uhvsrqvh wr iruhljq vkrfnv lqfuhdvh/
zklovw wkh rwkhu wzr ghfuhdvh1
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Ixuwkhupruh/ � jrhv iurp xqlw| wrzdugv lq�qlw|1 Wklv phdqv wkdw wkh frh!flhqwv rq wkh h{fkdqjh
udwh dqg wkh iruhljq vkrfn lq wkh sulfh ohyho jrhv iurp xqlw| wrzdugv }hur1 Khqfh dv � jurzv/ wkh
lpsdfw ri d iruhljq surgxfwlylw| vkrfn ghfuhdvhv/ dqg wkh h{fkdqjh udwh ehfrphv lqfuhdvlqjo|
lpsrwhqw dv d wrro zlwk zklfk wr d�hfw wkh sulfh ohyho1 Ghvslwh wkh idfw wkdw wkhvh wzr h�hfwv
duh zhdnhqhg e| wkh vdph dprxqw/ lw dsshduv wkdw wkh frh!flhqw rq wkh iruhljq vkrfn lq wkh
h{fkdqjh udwh*v uhvsrqvh ehfrphv lqfuhdvlqjo| pruh qhjdwlyh dv d uhdfwlrq wr lwv lqfuhdvlqj
lqh�hfwlyhqhvv1 Dv � jrhv wrzdugv xqlw|/ wkh h�hfw iurp wkh iruhljq vkrfn rq wkh orvv ixqfwlrq
lv irfxvhg rq wkh xqhpsor|phqw h�hfw1 \hw wkh gh�flw*v uhvsrqvh wr vxfk d vkrfn ghfuhdvhv dv
� jurzv/ lqvwhdg ri edodqflqj wkh iruhljq lqqrydwlrq e| ghfuhdvlqj G| � Ge

| ixuwkhu +d pruh
qhjdwlyh frh!flhqw rq G,1

Zlwk uhvshfw wr d grphvwlf vkrfn/ wkh h{fkdqjh udwh uhvsrqvh jurzv dv � lqfuhdvhv1 Dv deryh/
wklv lv olnho| d ixqfwlrq ri wkh jurzlqj lpsrwhqfh ri wkh h{fkdqjh udwh rq wkh sulfh ohyho/ dqg
khqfh dq h�ruw wr frpshqvdwh wklv orvv ri srzhu1 Wkh gh�flw/ zklfk frxqwhudfwv wkh h{fkdqjh
udwh +vhh wkh dqdo|vlv deryh xqghu vhfwlrq +9=4,,/ dovr ehfrphv ohvv srwhqw dv lw wrr kdv d �

w
idfwru

lq iurqw ri lw lq wkh sulfh htxdwlrq1 Khqfh lwv frh!flhqw lqfuhdvhv lq devroxwh ydoxh1 Ryhu wkh
zkroh udqjh � 5 +3/4, qrqh ri wkh frh!flhqwv fkdqjh vljq krzhyhu/ vr wkh txdolwdwlyh uhvxowv lq
wkh dssolhg uhvsrqvh ixqfwlrqv deryh duh xqfkdqjhg1
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Lq d prqhwdu| xqlrq/ wkh uhvsrqvh wr d iruhljq vkrfn lqfuhdvhv/ dqg wkh uhvsrqvh wr d grphvwlf
vkrfn ghfuhdvhv/ mxvw dv wkh| gr lq wkh glvfuhwlrqdu| fdvh1 Qrz krzhyhu/ wkh frh!flhqw rq wkh
grphvwlf vkrfn gursv iurp deryh1 Wkdw lv/ lw lv srvlwlyh wkurxjkrxw wkh lqwhuydo1

J18 Px0vxe0G/ �(

�( lv wkh zhljkw rq wkh gh�flw lq wkh orvv ixqfwlrq1 Dv �( lqfuhdvhv deryh }hur/ wkh vkrfnv*
frh!flhqwv lq wkh gh�flw uhvsrqvh ixqfwlrq jrhv wrzdugv }hur1 Wklv lv uhdvrqdeoh/ vlqfh lw ehfrphv
lpshudwlyh iru wkh jryhuqphqw wr kdyh d orz gh�flw1 Dv d uhvxow/ wkh h{fkdqjh udwh qrz grhv doo
wkh zrun lq wu|lqj wr plwljdwh wkh h�hfwv ri vkrfnv xqghu glvfuhwlrq1

Lq uhvsrqvh wr d iruhljq vkrfn/ wkh gh�flw pryhv lq wkh vdph gluhfwlrq dv wkh h{fkdqjh udwh1
Khqfh dv �( jurzv/ wkh frh!flhqw rq wkh iruhljq vkrfn lq wkh h{fkdqjh udwh*v uhvsrqvh ixqfwlrq
ehfrphv lqfuhdvlqjo| qhjdwlyh lq rughu wr frpshqvdwh iru wkh orvv ri khos iurp wkh gh�flw/ nhhslqj
grzq erwk wkh lq dwlrqdu| suhvvxuh iurp wkh vkrfn/ dqg lwv uhgxfwlrq ri wkh xqhpsor|phqw1

Lq uhvsrqvh wr d grphvwlf vkrfn/ wkh gh�flw frxqwhudfwv wkh h�hfwv ri wkh h{fkdqjh udwh +vhh
vhfwlrq +9=4,,1 Wkhuhiruh/ dv wkh gh�flw jrhv wrzdugv }hur/ wkh �glvflsolqdu| h�hfw� iurp wkh
gh�flw lv uhgxfhg/ lqgxflqj d ohvv irufhixo uhvsrqvh lq wkh h{fkdqjh udwh1 Khqfh wkh ghfolqh lq
lwv uhvsrqvh wr d grphvwlf vkrfn dv �( lqfuhdvhv1
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Mxvw dv lq wkh glvfuhwlrqdu| fdvh/ wkh zloolqjqhvv wr xvh wkh gh�flw ghfuhdvhv lq d prqhwdu|
xqlrq dv �( lqfuhdvhv dqg wkh jryhuqphqw fduhv hyhu pruh derxw lwv gh�flw1 Krzhyhu/ wkh
lqwhuqdo fkdqjhv duh uhyhuvhg/ lq wkh vhqvh wkdw qrz wkh grphvwlf vkrfn*v frh!flhqw jrhv wr }hur
udwkhu wkdq wkh iruhljq vkrfn*v frh!flhqw1 Wklv fdq eh gxh wr wkh idfw wkdw wkh grphvwlf vkrfn
d�hfwv wkh sulfh ohyho pruh/ dqg zkhq wkhuh lv qr h{fkdqjh udwh wr dgguhvv wkh grphvwlf vkrfn
zlwk/ lw lv wkhuhiruh uhodwlyho| pruh lpsruwdqw wr xvh wkh gh�flw djdlqvw d grphvwlf vkrfn1

J19 Px0vxe0sl/ �Z

�Z lv wkh zhljkw wkh jryhuqphqw sodfhv rq wkh lq dwlrq whup lq wkh orvv ixqfwlrq1 Dv lw lqfuhdvhv
deryh }hur wkh h{fkdqjh udwh*v uhvsrqvh wr d iruhljq vkrfn ghfuhdvhv gudpdwlfdoo|/ dqg lwv uh0
vsrqvh wr d grphvwlf vkrfn lqfuhdvhv htxdoo| gudpdwlfdoo|1 Zkhq lq dwlrq fduulhv }hur zhljkw/
wkh h{fkdqjh udwh rqo| d�hfwv wkh xqhpsor|phqw whup1 Lq wklv fdvh/ lw lv xvhg 4=4 wr frxqwhudfw
wkh iruhljq vkrfn*v lpsdfw rq xqhpsor|phqw +htxdwlrq +6=46,,/ jlylqj wkh iruhljq vkrfn d frhi0
�flhqw ri �4> dqg wkh gh�flw d }hur frh!flhqw1 Grphvwlf vkrfnv/ rqo| d�hfwlqj wkh sulfh ohyho/
kdyh qr h�hfw rq wkh orvv ixqfwlrq1

Dv �Z lqfuhdvhv dqg nhhslqj d vwdeoh sulfh ohyho vwduwv wr grplqdwh wkh jryhuqphqw*v remhf0
wlyhv/ wkh gh�flw vwduwv wr wdnh rq pruh ri wkh zrun wr vwdelol}h xqhpsor|phqw dqg wkh sulfh
ohyho1 Erwk htxdwlrq +6=<, dqg +6=46, fohduo| vkrz krz wkh gh�flw fdq uhsodfh wkh h{fkdqjh
udwh lq uhvsrqvh wr d iruhljq vkrfn/ zlwk wkh uhvxow wkdw wkh gluhfw h�hfw rq lq dwlrq iurp wkh
h{fkdqjh udwh fdq eh plqlpl}hg1 Lq uhvsrqvh wr d grphvwlf vkrfn wkh vxevwlwxwdelolw| ehwzhhq
wkh wzr srolf| wrrov lv vpdoohu/ dv wkh grphvwlf vkrfn kdv d pxfk pruh irufhixo lpsdfw rq wkh
sulfh ohyho1 Wkhuhiruh/ wkh h{fkdqjh udwh pxvw dovr eh wdnhq lqwr wkh duvhqdo wr frxqwhu0dfw wkh
gh dwlrqdu| suhvvxuh +jlyhq wkdw wkh grphvwlf vkrfn lv srvlwlyh, dffruglqj wr htxdwlrqv +6=<,
dqg +6=49d,1
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Xqghu d prqhwdu| xqlrq/ wkh iruhljq vkrfn*v frh!flhqw lv uhodwlyho| vwdeoh/ exw wkh grphvwlf
vkrfn*v frh!flhqw lqfuhdvhv gudpdwlfdoo|/ iurp }hur zkhq �Z lv }hur/ wr deryh 3181 Wkh uhdvrq
lv olnho| wkh vdph dv lq wkh prqhwdu| xqlrq fdvh ri �(= Wkdw lv/ wkdw wkh grphvwlf vkrfn kdv
d odujhu lpsdfw rq wkh sulfh ohyho wkdq wkh iruhljq vkrfn/ dqg khqfh dv sulfh vwdelolw| ehfrphv
wkh nh| zruu| ri wkh jryhuqphqw/ wkh gh�flw*v uhvsrqvh lv lqfuhdvlqjo| irfxvhg rq edodqflqj wkh
dgyhuvh h�hfwv rq wkh sulfh ohyho/ zklfk lv pruh vhqvlwlyh wr grphvwlf vkrfnv wkdq wr iruhljq
vkrfnv1
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