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Devwudfw

D uhjxodwru| edq rq sd|0shu0ylhz eurdgfdvwlqj ri fhuwdlq rxwvwdqglqj

hyhqwv kdv uhfhqwo| ehhq lpsohphqwhg lq wkh HX1 Wklv sdshu dqdo|vhv wkh

frqvhtxhqfhv ri vxfk d edq zkhq wkh dowhuqdwlyh lv �qdqflqj wkh hyhqwv sxuho|

e| WY0frpphufldov1 Wkh uhvxow rq wrwdo vxusoxv lv dpeljxrxv dqg/ khqfh/

grhv qrw e| lwvhoi mxvwli| d edq1 Krzhyhu/ d edq dozd|v lqfuhdvhv frqvxphu

vxusoxv dqg uhgxfhv wkh surfhhgv wr wkh rzqhu ri wkh eurdgfdvwlqj uljkwv1

Wklv lv frqvlvwhqw zlwk wkh prwlydwlrq iru wkh edq jlyhq lq wkh HX Gluhfwlyh/

zklfk irfxvhv rq wkh zhoiduh ri wkh ylhzhuv1

Nh|zrugv= Sd|0shu0ylhz Whohylvlrq> Frpphufldov> Uhjxodwlrq
MHO Fodvvl�fdwlrq Qxpehuv= O83> O;5

�Frpphqwv e| Mrdr Hmdutxh/ Elujlw Jurgdo/ Vwhlqdu Kroghq/ Vljqh Nuhlqhu0Pûoohu/ Vwhskhq

Pduwlq/ Shuqlooh Slojddug/ Elujlwwh Vorwk/ Wruehq Wudqév/ dqg vhplqdu sduwlflsdqwv dw wkh Ur|do
Hfrqrplf Vrflhw| Frqihuhqfh 4<<; duh judwhixoo| dfnqrzohgjhg1 Ixuwkhupruh/ zh duh judwhixo iru

lpsuryhphqwv vxjjhvwhg e| Hglwru Vlprq S1 Dqghuvrq dqg dq dqrq|prxv uhihuhh1 Ilqdoo|/ zh zlvk

wr wkdqn Jdooxs Ghqpdun iru surylglqj gdwd1 Fruuhvsrqghqfh= Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw|
ri Frshqkdjhq/ Vwxglhvwuégh 9/ GN04788 Frshqkdjhq N/ Ghqpdun1 Who1 .78 68 65 63 53/ id{

.78 68 65 63 33/ h0pdlo= fodxv1wkxvwuxs1kdqvhqChfrq1nx1gn1
|Wkh dfwlylwlhv ri HSUX +Hfrqrplf Srolf| Uhvhdufk Xqlw, duh �qdqfhg wkurxjk d judqw iurp

Wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq1



4 Lqwurgxfwlrq

DWY eurdgfdvw lv qr orqjhu d +sxuh, sxeolf jrrg/ l1h1 qrq0ulydo dqg qrq0h{foxgdeoh/

ehfdxvh ri wkh hphujhqfh ri fdeoh WY/ vfudpeohuv/ hwf1 wkdw kdv pdgh lw srvvleoh wr

h{foxgh vrph krxvhkrogv iurp zdwfklqj d eurdgfdvw1 Wkxv/ iru sulydwh WY vwdwlrqv

sd| whohylvlrq kdv ehfrph dq dwwudfwlyh dowhuqdwlyh wr whohylvlrq �qdqfhg sxuho| e|

dgyhuwlvlqj/ dqg lq jhqhudo lw lv ehfrplqj lqfuhdvlqjo| frpprq wr fkdujh ylhzhuv

gluhfwo| iru zdwfklqj d vshfl�f fkdqqho ru d fhuwdlq hyhqw1 Wklv sdshu frqfhqwudwhv

rqo| rq wkh vhfrqg w|sh ri sd| whohylvlrq/ l1h1 zkdw lv fdoohg �sd|0shu0ylhz� eurdg0

fdvwlqj iru wkh iroorzlqj uhdvrqv1 Iluvw/ wkh frqvhtxhqfhv ri kdylqj zkroh fkdqqhov

�qdqfhg e| sd| vxevfulswlrq lqvwhdg ri sxuh dgyhuwlvlqj duh uhodwlyho| zhoo nqrzq

+vhh h1j1 Vshqfh dqg Rzhq/ 4<::> Rzhq dqg Zlogpdq/ 4<<5, dqg d edq rq sd|

whohylvlrq lq jhqhudo lv qrw rq wkh sudfwlfdo srolf| djhqgd1 Vhfrqg/ dowkrxjk sd|0

shu0ylhz eurdgfdvwlqj lv udwkhu qhz lq Hxursh/4 lw zloo eh pruh dqg pruh frpprq

lq wkh ixwxuh hvshfldoo| ehfdxvh ri wkh hphujhqfh ri gljlwdo eurdgfdvwlqj zklfk fdq

surylgh sd|0shu0ylhz surjudpv �pxfk pruh hdvlo|�/ Wkh Hfrqrplvw 53272<9 s1 861

Ilqdoo|/ wkh qhz HX �Whohylvlrq zlwkrxw iurqwlhuv� Gluhfwlyh/ zklfk zdv ixoo| lp0

sohphqwhg rq wkh 63wk ri Ghfhpehu 4<<;/ suhyhqwv sd|0shu0ylhz eurdgfdvwlqj ri

fhuwdlq pdmru +pdlqo| vsruwlqj, hyhqwv rffxuulqj rq qdwlrqdo olvwv pdgh e| hdfk

phpehu vwdwh15

Wklv sdshu h{dplqhv krz vxfk d uhjxodwru| edq rq sd|0shu0ylhz eurdgfdvwlqj

d�hfwv wrwdo vxusoxv dqg wkh glvwulexwlrq ri wklv vxusoxv ehwzhhq wkh ylhzhuv dqg

wkh rzqhuv ri wkh eurdgfdvwlqj uljkwv1 Pruh vshfl�fdoo|/ zh frqvlghu d whohylvlrq

vwdwlrq wkdw fdq dftxluh wkh vroh eurdgfdvwlqj uljkwv wr dq +rxwvwdqglqj, hyhqw

dqg frpsduh wkh rxwfrph ri vhoolqj wkh hyhqw rq d sd|0shu0ylhz edvlv +lqfoxglqj

frpphufldov, zlwk vhoolqj wkh hyhqw rq d sxuh frpphufldo edvlv1 Wkhvh vhhp wr

eh wkh wzr dydlodeoh dowhuqdwlyhv lq pdq| fdvhv1 Pdwwhuv duh pruh frpsolfdwhg li

sxeolf whohylvlrq lv lqfoxghg dv dq dowhuqdwlyh/ vlqfh wkh �h!flhqf| orvv� iurp kdylqj

d eurdgfdvw �qdqfhg wkurxjk wkh jhqhudo wd{ v|vwhp lv kdug wr ghwhuplqh16

4H1j1 wkh �uvw sd|0shu0ylhz eurdgfdvw lq Ghqpdun zdv d er{lqj �jkw ehwzhhq Oduu| Krophv
dqg Euldq Qlhovhq rq wkh 57wk ri Mdqxdu| 4<<:1

5Gluhfwlyh <:2692HF ri wkh Hxurshdq Sduoldphqw dqg ri wkh Frxqflo +dphqglqj Frxqflo Gl0

uhfwlyh ;<28852HHF, fdph lqwr irufh rq wkh 63wk ri Mxo| 4<<: dqg zdv ixoo| lpsohphqwhg lqwr
qdwlrqdo ohjlvodwlrq rq wkh 63wk ri Ghfhpehu 4<<;1

6Pdq| frxqwulhv xvh olfhqvh ihhv1 Krzhyhu/ wklv zrunv pruh ru ohvv dv �qdqflqj wkurxjk wkh
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Iurp dq hfrqrplf shuvshfwlyh/ d qdwxudo dqdo|wlfdo vwduwlqj srlqw lv wr orrn

dw wrwdo vxusoxv1 Lqwxlwlyho|/ rqh pd| dqwlflsdwh iurp wkh glvfxvvlrq deryh wkdw d

edq rq sd|0shu0ylhz lqfuhdvhv wrwdo vxusoxv vlpso| ehfdxvh d WY eurdgfdvw lv d

qrq0ulydo jrrg +l1h1 pdujlqdo frvwv duh }hur,1 Wklv qhhg qrw eh wkh fdvh= Dowkrxjk

sd|0shu0ylhz pd| uhgxfh wkh qxpehu ri ylhzhuv zdwfklqj wkh hyhqw/ lw pd| dovr

uhgxfh wkh qxpehu ri frpphufldov zklfk lqfuhdvhv wrwdo vxusoxv1 Rxu uhvxowv rq

wrwdo vxusoxv duh qrw qhfhvvdulo| lq idyrxu ri d edq= +l, Wzr fdvhv h{lvw zkhuh sd|0

shu0ylhz |lhogv wkh kljkhvw vxusoxv/ qdpho| +d, zkhq d eurdgfdvw fdqqrw eh �qdqfhg

sxuho| e| frpphufldov/ dqg +e, zkhq doo srwhqwldo ylhzhuv zdwfk wkh hyhqw1 +ll, Wkh

frpsdulvrq lv dpeljxrxv li wkhvh frqvwudlqwv duh qrw elqglqj1 +lll, Lq d fdoleudwhg

h{dpsoh d edq ohdgv wr d uhgxfwlrq lq wrwdo vxusoxv e| dw ohdvw �SI1

Wkh glvwulexwlrqdo lpsolfdwlrqv ri d edq duh xqdpeljxrxv= frqvxphu vxusoxv

lqfuhdvhv dqg wkh surfhhgv iurp wkh surshuw| uljkw ri wkh hyhqw ghfolqh1 Pruhryhu/

wkhvh h�hfwv fdq eh txlwh odujh= lq rxu fdoleudwhg h{dpsoh d edq doprvw grxeohv

frqvxphu vxusoxv dqg kdoyhv wkh ydoxh ri wkh eurdgfdvwlqj uljkwv1 Wklv pd| mxvwli|

d edq li d ghvluhg glylvlrq ri wrwdo vxusoxv lv lpsrvvleoh wr dfklhyh/ ru li wkh uhqwv

wr wkh rzqhu ri wkh eurdgfdvwlqj uljkwv duh glvvlsdwhg lq zdvwhixo h�ruw wr ehfrph

d prqrsrolvw/ fi1 Srvqhu +4<:8,1

Wkh hfrqrplf frqvhtxhqfhv ri sd|0shu0ylhz eurdgfdvwlqj duh uhodwlyho| xqh{0

soruhg1 Wkh diruhphqwlrqhg olwhudwxuh rq sd| vxevfulswlrq yhuvxv dgyhuwlvlqj lv qrw

yhu| dssolfdeoh zkhq frqvlghulqj rxwvwdqglqj hyhqwv/ olnh wkh XHID Hxur Fxs �qdo

lq irrwedoo1 Wkh uhdvrq lv wkdw wklv olwhudwxuh frqvlghuv wkh zhoiduh h�hfwv wkdw dulvh

ehfdxvh wkh qxpehu ri fkdqqhov/ wkh qxpehu ri surjudpv/ dqg wkh surjudp txdolw|

gl�hu zlwk sd| vxevfulswlrq dqg dgyhuwlvlqj1 Wkhvh h�hfwv duh qrw yhu| lpsruwdqw

zkhq frqvlghulqj rxwvwdqglqj hyhqwv zklfk odfn vxevwlwxwhv dqg duh ihz lq qxpehuv1

Pruhryhu/ eurdgfdvwlqj krxuv dqg txdolw| +dsduw iurp glvxwlolw| iurp frpphufldov,

duh qrw ghwhuplqhg e| wkh whohylvlrq vwdwlrq1 Ilqdoo|/ wklv olwhudwxuh grhv qrw frq0

vlghu wkh h�hfw rq wkh dgyhuwlvlqj ohyho ri fkdujlqj d gluhfw sulfh zklfk lv d gulylqj

irufh lq rxu prgho1

Rqh suhylrxv sdshu kdv dqdo|vhg rxwvwdqglqj hyhqwv/ qdpho| Kroghq +4<<6,1

Rxu dqdo|vlv gl�huv lq wzr uhvshfwv1 Iluvw/ Kroghq +4<<6, grhv qrw lqfoxgh dq|

jhqhudo wd{ v|vwhp dv krxvhkrogv kdylqj d whohylvlrq vhw kdyh wr sd| zkhwkhu lw lv xvhg iru sxeolf

whohylvlrq ru qrw/ dowkrxjk rqh pd| dujxh wkdw olfhqvh ihhv gr qrw d�hfw ehkdylrxu rq wkh pdujlq
xqolnh wkh jhqhudo wd{ v|vwhp1
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irupdo dqdo|vlv ri wkh h�hfwv rq wrwdo vxusoxv1 Vhfrqg/ Kroghq +4<<6, frqvlghuv

rqo| wkh srvvlelolw| ri vhfrqg ghjuhh sulfh glvfulplqdwlrq fdxvhg e| doorzlqj sd|0

shu0ylhz/ l1h1 wkh vwdwlrq rewdlqv uhyhqxh �uvw e| vhoolqj wkh hyhqw wr vrph ylhzhuv

rq d sd|0shu0ylhz edvlv/ dqg odwhu e| pdnlqj d sxuh dgyhuwlvlqj eurdgfdvw ri wkh

hyhqw wr rwkhu ylhzhuv1 Lqvwhdg/ rxu pdlq dqdo|vlv frqvlghuv wkh fdvh zkhuh d odwhu

eurdgfdvw ri wkh hyhqw kdv }hur ydoxh wr wkh ylhzhuv +h1j1 zkdw lv wkh ydoxh ri

zdwfklqj d irrwedoo pdwfk zkhq |rx nqrz wkh uhvxowB$,1 Zh eholhyh wklv wr eh d

pruh qdwxudo vwduwlqj srlqw iru d edvlf dqdo|vlv ri wkh lvvxh1 Zh gr/ krzhyhu/ eulh |

frqvlghu wkh h�hfw ri lqfoxglqj vhfrqg ghjuhh sulfh glvfulplqdwlrq1 Vlpxodwlrqv

vxjjhvw wkdw rxu uhvxowv duh xqfkdqjhg zkhq lqfoxglqj wklv hohphqw1

Wkh sdshu lv rujdqlvhg dv iroorzv1 Wkh qh{w vhfwlrq suhvhqwv wkh edvlf prgho

dqg fkdudfwhulvhv wkh lqwhulru vroxwlrqv ri kdylqj dq hyhqw eurdgfdvwhg e| d sxuh

dgyhuwlvlqj WY0vwdwlrq/ d sd|0shu0ylhz WY0vwdwlrq/ dqg d vrfldo sodqqhu1 Wkh wklug

vhfwlrq frpsduhv wkhvh rxwfrphv1 Wkh irxuwk vhfwlrq xvhv vshfl�f ixqfwlrqdo irupv

wr fdoleudwh wkh prgho dqg wr hoderudwh rq wkh frqvhtxhqfhv ri vhfrqg ghjuhh sulfh

glvfulplqdwlrq1 Wkh odvw vhfwlrq glvfxvvhv wkh uhvxowv1

5 D Edvlf Whohylvlrq Prgho

Dq djhqw srvvhvvhv wkh �ohjdo� +prqrsro|, uljkwv wr eurdgfdvw dq rxwvwdqglqj

hyhqw17 Wkh djhqw lv zloolqj wr vhoo wkh uljkwv li wkh sulfh l lv dw ohdvw �l � f18

Zh dvvxph wkdw wkhuh duh lq�qlwho| pdq| whohylvlrq vwdwlrqv hdfk elgglqj iru wkh

uljkwv wr eurdgfdvw wkh hyhqw dv orqj dv wkh| h{shfw qrq0qhjdwlyh sur�wv1 Wkh eurdg0

fdvwlqj uljkwv duh wkhq vrog dw wkh kljkhvw elg1 Wkh srwhqwldo ylhzhuv ri wkh hyhqw

duh lqgh{hg e| % 5 dfc 7%o zkhuh wkh ylhzhuv* zloolqjqhvv wr sd| duh ghfolqlqj lq wkh

lqgh{1 Wkh pdujlqdo ylhzhu*v zloolqjqhvv wr sd| zlwk qr frpphufldov lv ghqrwhg e|

l E%�1 Lw lv dvvxphg wkdw wklv ixqfwlrq lv qrw �wrr frqyh{�/ l1h1 l �� E%� %*l � E%� : ��/

zklfk lv vx!flhqw/ exw qrw qhfhvvdu|/ wr hqvxuh wkdw dq| lqwhulru srlqw vdwlvi|lqj

7Wkh djhqw frxog eh XHID srvvhvvlqj wkh uljkwv wr wkh Hxur Fxs Ilqdo lq irrwedoo ru surprwhu

Grq Nlqj rzqlqj wkh uljkwv wr er{lqj pdwfkhv lqyroylqj Hydqghu Kro|�hog1
8Lq wkh fdvh zkhuh surprwhu Grq Nlqj rzqv wkh uljkwv wr d �jkw lqyroylqj Hydqghu Kro|�hog

wklv frxog uh hfw wkh uhvhuydwlrq sulfh ri Kro|�hog vlqfh xowlpdwho| kh ghflghv zkhwkhu ru qrw wr
�jkw1
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wkh �uvw rughu frqglwlrqv lv lqghhg d vroxwlrq19 Zh dvvxph wkdw doo ylhzhuv kdyh wkh

vdph glvxwlolw| ri frpphufldov phdvxuhg lq prqh| whupv/ # E@�/: zkhuh #� E�� : f/

#�� E�� : f/ dqg @ ghqrwhv wkh qxpehu ri frpphufldov1 Wklv vhhpv wr eh d uhdvrqdeoh

dvvxpswlrq li wkhuh lv qr v|vwhpdwlf uhodwlrqvkls ehwzhhq wkh uhvhuydwlrq sulfhv ri

wkh ylhzhuv dqg wkhlu glvxwlolw| ri frpphufldov1 Ixuwkhupruh/ lw lv frqyhqlhqw vlqfh

lw lpsolhv wkdw wkh lqyhuvh ghpdqg fxuyh idflqj wkh whohylvlrq vwdwlrq iru d jlyhq

ohyho ri dgyhuwlvlqj wdnhv wkh iroorzlqj vhsdudeoh irup= R E%c @� � l E%�� # E@�1 Zh

dvvxph lw lv lpsrvvleoh wr sd|2vxevlglvh d ylhzhu wr zdwfk wkh hyhqw lpso|lqj wkdw

dq| vroxwlrq E%c @� ixo�ov R E%c @� � f1 Wkh vwdwlrq vhoov frpphufldov dw d sulfh

shu dg shu ylhzhu htxdo wr ^ E@� zkhuh ^� E�� � f/ dqg zh dvvxph wkdw wkh vwd0

wlrq fdswxuhv doo frpphufldo uhqwv1 Wkxv/ frpphufldo uhyhqxh shu ylhzhu htxdov

� E@� �
U @

f
^ E|� _|/ zkhuh �� E�� : f dqg ��� E�� � f1 Qrwh/ wkdw lq wkh fdvh ri d

shuihfwo| frpshwlwlyh pdunhw iru dgv ^ E@� lv htxdo wr wkh frpshwlwlyh pdunhw sulfh

lpso|lqj wkdw ^� E�� ' ��� E�� ' f1

Zh frqvlghu wzr srvvleoh zd|v ri vhoolqj wkh hyhqw= wkurxjk sxuh dgyhuwlvlqj ru

sd|0shu0ylhz1 Lq wkh sxuh dgyhuwlvlqj fdvh doo uhyhqxhv duh rewdlqhg iurp vhoolqj

frpphufldov/ zkhuhdv lq wkh sd|0shu0ylhz fdvh uhyhqxhv vwhp iurp frpphufldov dv

zhoo dv gluhfw sd|phqwv iurp wkh ylhzhuv1 Iru frpsdulvrq/ zh dovr frqvlghu wkh fdvh

ri d vrfldo sodqqhu vhhnlqj wr pd{lplvh wrwdo vxusoxv xqghu wkh vdph frqvwudlqwv1 Lq

wkh iroorzlqj wkuhh vxevhfwlrqv/ zh fkdudfwhulvh wkh lqwhulru vroxwlrqv ri hdfk fdvh/

dqg lq Vhfwlrq 6 zh frpsduh wkh wkuhh fdvhv dovr wdnlqj lqwr frqvlghudwlrq wzr

srvvleoh frqvwudlqwv wkdw pd| jlyh ulvh wr erxqgdu| vroxwlrqv= +d, wkh htxloleulxp

frqwudfw sulfh pxvw eh dw ohdvw htxdo wr wkh uhvhuydwlrq sulfh ri wkh vxssolhu �l/ dqg

+e, wkh qxpehu ri ylhzhuv fdqqrw h{fhhg wkh srwhqwldo qxpehu ri ylhzhuv 7%1

514 Dgyhuwlvlqj

Wkh dgyhuwlvlqj prqrsrolvw lv surklelwhg iurp fkdujlqj wkh ylhzhuv gluhfw sd|phqwv/

dqg wkhuhiruh kh fkrrvhv wkh dgyhuwlvlqj ohyho/ @/ lq rughu wr pd{lplvh sur�wv/

�El� ' � E@� � %� lc +4,

9Lq wkh dsshqgl{/ lw lv vkrzq wkdw wkh vhfrqg rughu frqglwlrqv duh vdwlv�hg iru doo sureohpv
xqghu frqvlghudwlrq1

:Wklv uhsuhvhqwv wkh gluhfw glvsohdvxuh ri ehlqj lqwhuuxswhg e| frpphufldov qhw ri dq| srvvleoh

jdlqv/ h1j1 ehfdxvh ri wkh lqirupdwlrqdo frqwhqw1
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vxemhfw wr wkh iroorzlqj lqyhuvh uhodwlrqvkls ehwzhhq wkh qxpehu ri ylhzhuv dqg wkh

dprxqw ri dgyhuwlvlqj/

l E%�� # E@� ' f� +5,

Pd{lplvdwlrq |lhogv wkh iroorzlqj �uvw rughu frqglwlrq

�� E@� ' �
#� E@�

l � E%�%
� E@� � +6,

Wklv htxdwlrq vwdwhv wkdw wkh dgyhuwlvlqj prqrsrolvw fkrrvhv dgyhuwlvlqj ohyho vxfk

wkdw wkh pdujlqdo uhyhqxh shu ylhzhu ri lqfuhdvhg dgyhuwlvlqj +wkh OKV, htxdov wkh

pdujlqdo frvwv +wkh UKV , frqvlvwlqj ri uhgxfhg qxpehu ri ylhzhuv iurp lqfuhdvhg

dgyhuwlvlqj pxowlsolhg e| dgyhuwlvlqj uhyhqxh shu ylhzhu1 Dq lqwhulru htxloleulxp

E%�c @�cl�� lv fkdudfwhulvhg e| +5,/ +6,/ dqg �El� ' f1

515 Sd|0shu0ylhz

Wkh sd|0shu0ylhz prqrsrolvw fkrrvhv sulfh dqg dgyhuwlvlqj ohyho lq rughu wr pd{0

lplvh;

�El� ' El E%�� # E@�� %n � E@�%� lc +7,

zkhuh wkh �uvw wzr whupv uhsuhvhqw uhyhqxhv iurp �sd|0shu0ylhz� dqg frpphufldov/

uhvshfwlyho|1 Qrwh/ wkdw d vroxwlrq wr wklv sureohp grhv qrw |lhog ohvv sur�w wkdq

wkh dgyhuwlvlqj vroxwlrq1 Wr eh dq lqwhulru vroxwlrq/ zh uhtxluh d vwulfwo| srvlwlyh

sd|0shu0ylhz sulfh/ l E%� �� # E@� � : f/ zklfk lv dvvxphg wr eh ixo�oohg wkurxjkrxw

wkh sdshu1 Wkh xqltxh pd{lpxp E%� c @� � lv wkhq fkdudfwhulvhg e| wkh �uvw rughu

frqglwlrqv

�� E@� ' #� E@� c +8,

l E%�� # E@� n l � E%�% ' �� E@� � +9,

Wkh �uvw htxdwlrq vwdwhv wkdw wkh rswlpdo ohyho ri dgyhuwlvlqj lv fkrvhq zkhuh

pdujlqdo uhyhqxh shu ylhzhu htxdov pdujlqdo glvxwlolw| shu ylhzhu1 Wkh pdujlqdo

glvxwlolw| shu ylhzhu lv dovr wkh pdujlqdo frvw ri wkh whohylvlrq vwdwlrq dv lw phd0

vxuhv krz pxfk wkh vwdwlrq kdv wr uhgxfh wkh sulfh shu ylhzhu iru d jlyhq qxpehu

ri ylhzhuv1 Wkh vhfrqg htxdwlrq lv wkh vwdqgdug pdujlqdo uhyhqxh htxdov pdujlqdo

;Zh glvuhjdug dq| gluhfw frvwv ri fkdujlqj wkh ylhzhuv1 Vxfk frvwv duh uhodwlyho| orz dqg zloo
suredeo| eh lq�qlwhvlpdo lq d ixwxuh zlwk Gljlwdo Eurdgfdvwlqj1

8



frvwv frqglwlrq ri d prqrsrolvw1 Wkh OKV uhsuhvhqwv wkh pdujlqdo uhyhqxh iurp

sd|0shu0ylhz sd|phqwv ri jhwwlqj rqh pruh ylhzhu htxdo wr wkh sulfh shu ylhzhu

+wkh �uvw wzr whupv, soxv wkh orvv lq uhyhqxh iurp uhgxflqj wkh sulfh lq rughu wr

dwwudfw wkh h{wud ylhzhu1 Wkh UKV uhsuhvhqwv pdujlqdo uhyhqxh iurp dgyhuwlvlqj ri

jhwwlqj rqh pruh ylhzhu/ zklfk fdq eh lqwhusuhwhg dv d qhjdwlyh pdujlqdo frvw1< Dq

lqwhulru htxloleulxp E%� c @� cl� � lv fkdudfwhulvhg e| +8,/ +9,/ dqg �El� ' f1

516 Vrfldo Sodqqhu

Iru frpsdulvrq/ zh ghulyh wkh rxwfrph ri d vrfldo sodqqhu fkrrvlqj E%c @� wr pd{0

lplvh wrwdo vxusoxv gh�qhg dv

` �

] %

f

l Er� _r� �l n d� E@�� # E@�o%c +:,

zkhuh wkh �uvw wzr whupv duh wrwdo vxusoxv qrw lqfoxglqj frpphufldov dqg wkh odvw

whup lv dgyhuwlvlqj vxusoxv143 Pd{lplvlqj +:, wdnlqj lqwr frqvlghudwlrq wkh frq0

vwudlqw l E%� � # E@� � f |lhogv d xqltxh vroxwlrq E%7c @7� vdwlvi|lqj wkh iroorzlqj

frqglwlrqv

l E%�� # E@� ' fc +;,

�� E@� ' �
#� E@�

l � E%� %
� E@� n #� E@� � +<,

Wkh �uvw frqglwlrq vwdwhv wkdw wkh vrfldoo| rswlpdo sd|0shu0ylhz sulfh lv }hur/ l1h1

wkh pdujlqdo frvw ri rqh pruh ylhzhu lv }hur1 Wkh vhfrqg frqglwlrq lv lghqwlfdo wr

wkh dgyhuwlvlqj vroxwlrq +6, h{fhsw iru wkh odvw whup/ zklfk uhsuhvhqwv wkh lqfuhdvhg

glvxwlolw| wr wkh ylhzhuv ri d kljkhu dgyhuwlvlqj ohyho1 Wkh dgyhuwlvlqj prqrsrolvw

grhv qrw wdnh wklv h�hfw lqwr dffrxqw/ wkxv fuhdwlqj d qhjdwlyh h{whuqdolw| rq wkh

ylhzhuv1 Dq lqwhulru vroxwlrq E%7c @7� lv fkdudfwhulvhg e| +;, dqg +<,1

<Wkxv/ lqwhulru vroxwlrqv dozd|v olh rq wkh lqhodvwlf sduw ri wkh ghpdqg fxuyh surylghg vxfk
duhd h{lvwv1 Li qrw/ wkh qxpehu ri ylhzhuv htxdov wkh xsshu erxqg �{= Wklv fdvh lv dqdo|vhg lq

Vhfwlrq 61
43Lq wklv gh�qlwlrq/ lw lv dvvxphg wkdw wkhuh h{lvwv d gluhfw zhoiduh jdlq ri kdylqj frpphufldov1

Rqh pljkw dujxh wkdw wkh uhyhqxh grhv qrw frqwulexwh zlwk dq| vxusoxv ru hyhq wkdw zh vkrxog dgg

d qhjdwlyh whup uhsuhvhqwlqj ixuwkhu qhjdwlyh h�hfwv/ h1j1 ehfdxvh vhhplqjo| lghqwlfdo surgxfwv

duh �glyhuvl�hg� e| frpphufldov dqg wkhuhe| uhgxflqj wkh frpshwlwlyhqhvv dprqj �upv ex|lqj
dgyhuwlvlqj wlph1 Lqfoxglqj vxfk h�hfwv zrxog/ fhwhulv sdulexv/ eh lq idyrxu ri sd|0shu0ylhz1

9



6 Sd|0shu0ylhz yv1 Sxuh Dgyhuwlvlqj

Lq wklv vhfwlrq/ zh frpsduh wkh rxwfrphv ri wkh wzr lqvwlwxwlrqv1 Lq grlqj vr/

zh dovr frqvlghu wkh srvvlelolw| ri erxqgdu| vroxwlrqv1 Wzr qdwxudo frqvwudlqwv

pd| jlyh ulvh wr erxqgdu| vroxwlrqv= +d, wkh frqwudfw sulfh fdqqrw eh ehorz wkh

uhvhuydwlrq sulfh ri wkh vxssolhu/ l1h1 l � �l/ dqg +e, wkh qxpehu ri ylhzhuv fdqqrw

h{fhhg wkh srwhqwldo qxpehu ri ylhzhuv/ l1h1 % � 7%1 Zh vwduw e| irfxvlqj rq lqwhulru

vroxwlrqv zkhuh wkhvh frqvwudlqwv duh qrw elqglqj1 Lw lv txlwh lqwxlwlyh wkdw wkh

dgyhuwlvlqj ohyho lv kljkhvw xqghu sxuh dgyhuwlvlqj zkhq frpsdulqj wkh sd|0shu0

ylhz/ wkh dgyhuwlvlqj/ dqg wkh vrfldoo| rswlpdo vroxwlrq1 Lw lv/ krzhyhu/ ohvv fohdu

erwk lqwxlwlyho| dqg dqdo|wlfdoo| wkdw wkh qxpehu ri ylhzhuv lv orzhvw zlwk sd|0shu0

ylhz dv wkh dgyhuwlvlqj ohyho pd| eh vr kljk xqghu sxuh dgyhuwlvlqj wkdw pdujlqdo

frqvxphuv suhihu wkh sd|0shu0ylhz sulfh frpelqhg zlwk d orzhu dgyhuwlvlqj ohyho1

Wr ghdo zlwk wklv dpeljxlw|/ lw lv xvhixo wr uhzulwh dqg frpelqh wkh �uvw rughu

frqglwlrqv ri wkh suhylrxv vhfwlrq wr jhw wkh iroorzlqj uhodwlrqvklsv

l E%� � n l � E%� �%� ' � d� E@� �� # E@� �o c +43,

l E%�� n l � E%��%� ' �

�
#� E@��

�� E@��
� E@��� # E@��

�
c +44,

l E%7� n l � E%7� %7 ' �

�
#� E@7�

�� E@7�� #� E@7�
� E@7�� # E@7�

�
c +45,

zkhuh +43, iroorzv gluhfwo| e| lvrodwlqj wkh whupv lqfoxglqj % lq wkh sd|0shu0ylhz

htxdwlrq +9,> +44, lv ghulyhg e| uhzulwlqj dqg dgglqj wkh dgyhuwlvlqj htxdwlrqv

+5, dqg +6,> +45, lv ghulyhg e| uhzulwlqj dqg dgglqj wkh htxdwlrqv +;, dqg +<,/

zklfk fkdudfwhulvh wkh vrfldoo| rswlpdo vroxwlrq1 Xvlqj wkhvh htxdwlrqv dqg wkh

htxdwlrqv ghwhuplqlqj wkh dgyhuwlvlqj ohyho +l1h1 +6,/ +8,/ dqg +<,/ uhvshfwlyho|, lw lv

srvvleoh wr looxvwudwh judsklfdoo| wkh frpsdulvrq ri wkh qxpehu ri ylhzhuv/ %/ dqg

wkh dgyhuwlvlqj ohyhov/ @1 Wklv lv grqh lq sdqho d dqg e/ uhvshfwlyho|/ lq Iljxuh 41

	 Iljxuh 4 :

Wkh sd|0shu0ylhz vroxwlrq lv lqwxlwlyho| vwudljkwiruzdug lq wklv gldjudp> @�

pd{lplvhv wkh gl�huhqfh ehwzhhq � E@� dqg # E@� dqg %� lv vhw zkhuh pdujlqdo

uhyhqxh +ehiruh dgyhuwlvlqj/ l1h1 # E@� lv pryhg wr wkh UKV, htxdov pdujlqdo frvwv1

Wkh wzr rwkhu vroxwlrqv duh pruh frpsolfdwhg ehfdxvh wkh OKV ri +44, dqg +45,

:



gr qrw uhsuhvhqw pdujlqdo uhyhqxh exw wkh djjuhjdwh pdujlqdo zloolqjqhvv wr sd| ri

wkh ylhzhuv +ehiruh glvxwlolw| ri dgyhuwlvlqj,1 Wkh vkdgrz ydoxh ri d fkdqjh lq wkh

djjuhjdwh zloolqjqhvv wr sd|/ dl E%�� # E@�o%/ lv rqh lq wkh fdvh ri sd|0shu0ylhz +dv

lw htxdov wkh uhyhqxh iurp sd|0shu0ylhz sd|phqwv/ R�%� , exw
��E@��

#�E@��
dqg ��E@7�3#

�E@7�

#�E@7�

lq wkh fdvh ri dgyhuwlvlqj dqg lq wkh fdvh ri wkh vrfldo sodqqhu/ uhvshfwlyho|1 Lq wkh

dgyhuwlvlqj fdvh/ lw wudqvirupv wkh orvv lq djjuhjdwh zloolqjqhvv wr sd| lqwr wkh orvv

lq dgyhuwlvlqj uhyhqxh qhfhvvdu| wr rewdlq dq lqfuhdvh lq wkh qxpehu ri ylhzhuv1

Lq wkh fdvh ri wkh vrfldo sodqqhu lw wudqvirupv wkh orvv lq djjuhjdwh zloolqjqhvv wr

sd| lqwr wkh orvv2jdlq lq wrwdo vxusoxv iurp wkh uhgxfwlrq lq wkh dgyhuwlvlqj ohyho

qhfhvvdu| wr rewdlq dq lqfuhdvh lq wkh qxpehu ri ylhzhuv1 Wkh lqyhuvh ri wkhvh

vkdgrz ydoxhv rffxu dw wkh UKV ri +43, 0 +45, dqg duh wkh rqo| wklqj vhsdudwlqj wkh

htxdwlrqv iurp hdfk rwkhu1 Wklv lv xvhg ehorz zkhq surylqj wkh uhvxow looxvwudwhg

lq Iljxuh 4 dqg vwdwhg lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 4 Li wkh frqwudfw sulfh zlwk sxuh dgyhuwlvlqj lv odujhu wkdq ru htxdo

wr wkh uhvhuydwlrq sulfh/ l� � �l/ dqg wkh qxpehu ri ylhzhuv xqghu sd|0shu0ylhz

lv ohvv wkdq wkh srwhqwldo qxpehu ri ylhzhuv/ %� 	 7%/ wkhq= +l, Sd|0shu0ylhz kdv

ihzhu ylhzhuv wkdq sxuh dgyhuwlvlqj zklfk kdv ihzhu ylhzhuv wkdq wkh vrfldoo| rs0

wlpdo vroxwlrq/ %� 	 %� 	 %71 +ll, Sd|0shu0ylhz lqyroyhv dq lqwhuphgldwh ohyho

ri frpphufldov> ohvv wkdq sxuh dgyhuwlvlqj exw pruh wkdq wkh vrfldoo| rswlpdo vrox0

wlrq/ @7 	 @� 	 @�1 +lll, Wkh frpsdulvrq ri wrwdo vxusoxv xqghu sd|0shu0ylhz dqg

sxuh dgyhuwlvlqj lv dpeljxrxv exw erwk |lhog orzhu vxusoxv wkdq wkh vrfldoo| rswlpdo

vroxwlrq/ 4@ E`�c`� � 	 `71

Surri1 Qrwh/ wkdw l� � �l lpsolhv l� � �l1 Zh vwduw e| ghulylqj wkh uhvxow zkhq

wkh frqvwudlqw %� � 7% lv qrw elqglqj1 Iluvw/ zh frpsduh wkh dgyhuwlvlqj vroxwlrq

E%�c @�� dqg wkh sd|0shu0ylhz vroxwlrq E%� c @� �1 Gh�qh M E@� � � E@� #�E@�

��E@�
� # E@�

dqg qrwh wkdw M E@� lv lqfuhdvlqj ehfdxvh ri wkh dvvxpswlrqv #� E�� : fc #�� E�� :

fc �� E�� : f/ dqg ��� E�� 	 f1 Iurp htxdwlrq +8, lw iroorzv wkdw M E@� � ' � E@� � �

# E@� � zklfk lpsolhv M E@� : � E@� �� # E@� � / @ : @� 1 Wkh OKV ri +43, dqg +44,

duh ghfolqlqj lq %� dqg %� uhvshfwlyho|/ |lhoglqj wkh lpsolfdwlrq

%� 	 %� / @� 	 @��

Zh qrz hvwdeolvk wkdw %� 	 %�1 Dvvxph wkh rssrvlwh lv wuxh/ %� � %�/ dqg wkxv

@� � @�1 Wkh uhvhuydwlrq sulfh ri wkh pdujlqdo ylhzhu/ R E%c @� � l E%� � # E@�/ lv

;



wkhq fkdudfwhulvhg e| R E%� c @� � � R E%�c @�� ' f/ zklfk frqwudglfwv wkh h{lvwhqfh

ri dq lqwhulru vroxwlrq wr wkh sd|0shu0ylhz sureohp/ l1h1 R E%� c @� � : f1 Wkxv/

%� 	 %� dqg @� 	 @�1 Qrz zh wxuq wr wkh lqhtxdolw|/ @7 	 @� 1 Wkh htxdwlrqv +8,

dqg +<, lpso| wkdw �� E@7�� #� E@7� ' �
#�E@7�

l�E%7�%7
� E@7� : �� E@� �� #� E@� � ' f1 Wkh

uhvxow wkhq iroorzv iurp ��� E�� 	 f dqg #�� E�� : f/ zklfk lpso| wkdw �� E@� � #� E@�

lv ghfuhdvlqj1 Wkh uhvxow %� 	 %7 iroorzv iurp @7 	 @� dqg wkh htxdwlrqv +5,

dqg +;,1 Wkh uhvxow rq wrwdo vxusoxv iroorzv iurp wkh idfw wkdw erwk prqrsrolvwv

fkrrvh kljkhu dgyhuwlvlqj ohyho wkdq wkh vrfldo sodqqhu/ dqg wkdw wkh vrfldo sodqqhu

pd{lplvhv xqghu wkh vdph frqvwudlqwv dv wkh sd|0shu0ylhz prqrsrolvw1 Xqwlo qrz

zh kdyh vnlsshg wkh srvvlelolw| wkdw wkh frqvwudlqw %� � 7% lv elqglqj1 Krzhyhu/ lw

lv fohdu iurp Iljxuh 4 wkdw wkh uhvxowv duh vwloo ydolg iru wklv fdvh dv %� 	 7%1 �

Wkxv/ li dq hyhqw fdq eh �qdqfhg sxuho| e| dgyhuwlvlqj dqg wkh frqvwudlqw rq

wkh qxpehu ri ylhzhuv lv qrw elqglqj zlwk sd|0sd|0ylhz wkhq d edq rq sd|0shu0

ylhz eurdgfdvwlqj zloo lqfuhdvh wkh qxpehu ri ylhzhuv wrzdugv wkh vrfldoo| rswlpdo

vroxwlrq exw dovr lqfuhdvh wkh dgyhuwlvlqj ohyho ixuwkhu dzd| iurp wkh vrfldoo| rswlpdo

ohyho1 Wkhuhiruh/ wkh h�hfw rq wrwdo vxusoxv ehfrphv dpeljxrxv1 Zh zloo hoderudwh

ixuwkhu rq wklv dpeljxlw| lq wkh qh{w vhfwlrq1

Uhdghuv idploldu zlwk wkh Vzdq lqyduldqfh wkhruhp +vhh h1j1 Wluroh/ 4<;</ s1

435, pd| eh sx}}ohg e| wkh uhvxow wkdw wkh sd|0shu0ylhz prqrsrolvw dgyhuwlvhv

pruh wkdq wkh vrfldo sodqqhu= wkh djjuhjdwh glvxwlolw| ri frpphufldov/ # E@� %/ dfwv

dv olqhdu �surgxfwlrq� frvwv lq wkh sur�w h{suhvvlrq/ zklfk qrupdoo| uhvxowv lq

dq h!flhqw fkrlfh ri @1 Wklv grhv qrw rffxu lq rxu fdvh vlqfh lw lv lpsrvvleoh wr

vxevlglvh ylhzhuv wr zdwfk dq hyhqw/ R E%c @� � f1 Wkh sd|0shu0ylhz dgyhuwlvlqj ohyho

zrxog frlqflgh zlwk wkh vrfldo sodqqhu*v li wkh vrfldo sodqqhu frxog vshqg vrph ri

wkh surfhhgv iurp dgyhuwlvlqj wr vxevlglvh shrsoh qrupdoo| xqzloolqj wr zdwfk wkh

hyhqw144

Wkh deryh sursrvlwlrq lqfoxghg rqh erxqgdu| vroxwlrq/ qdpho| zkhq wkh dgyhu0

wlvlqj vroxwlrq zdv frqvwudlqhg e| wkh qxpehu ri srwhqwldo ylhzhuv1 Wkh iroorzlqj

44Judsklfdoo|/ wkh qxpehu ri ylhzhuv/ {V / zrxog eh ghwhuplqhg lq Iljxuh 4/ sdqho d e| vhwwlqj

wkh zloolqjqhvv wr sd| ri wkh pdujlqdo ylhzhu/ � +{,/ htxdo wr qhw pdujlqdo frvwv � +dS ,� # +dS ,1

Reylrxvo|/ vxfk vroxwlrq lv fkdudfwhulvhg e| d qhjdwlyh zloolqjqhvv wr sd| ri wkh pdujlqdo ylhzhu/
� +{V,/ lpso|lqj d frqwudfw vshfli|lqj wkdw wkh ylhzhu zloo zdwfk wkh hyhqw lq h{kdqjh ri prqh|1

Zh dvvxph wkdw vxfk frqwudfwv duh lpsrvvleoh wr hqirufh1

<



sursrvlwlrq fryhuv wkh uhpdlqlqj srvvlelolwlhv1

Sursrvlwlrq 5 Li lw lv lpsrvvleoh wr �qdqfh dq hyhqw wkurxjk sxuh dgyhuwlvlqj/

l� ' f/ ru li doo srwhqwldo ylhzhuv zdwfk wkh hyhqw xqghu sd|0shu0ylhz/ %� ' 7%/

wkhq sd|0shu0ylhz |lhogv odujhu wrwdo vxusoxv wkdq sxuh dgyhuwlvlqj/ `� � `�1

Surri1 Fohduo|/ li l� ' f dqg %� � 7% wkhq rqh ri wzr wklqjv pd| kdsshq> d,

sd|0shu0ylhz lv sur�wdeoh dqg |lhogv srvlwlyh wrwdo vxusoxv> e, sd|0shu0ylhz lv qrw

sur�wdeoh/ dqg wkxv wkh hyhqw zloo qrw eh eurdgfdvwhg dw doo1 Li %� ' 7% dqg l� : �l

wkhq %� ' %� ' 7%1 Qrz lw iroorzv iurp +:, wkdw `� � `� / # E@�� � # E@� � �

� E@��� � E@� �1 Ohw �@ eh gh�qhg e| #� E�@� ' �� E�@�1 Wkhq wzr srvvleoh fdvhv dulvh=

d, Li @� : �@ wkhq @� ' �@ 	 @� dqg wkxv `� : `�1 e, Li @� ' �@ wkhq @� ' @� ' �@

lpso|lqj wkdw `� ' `�1 �

Wkh lqwxlwlrq ri wkhvh uhvxowv lv vwudljkwiruzdug= Sd|0shu0ylhz fdq �qdqfh hyhqwv

xqsur�wdeoh xqghu sxuh dgyhuwlvlqj/ wkxv jlylqj vrph vxusoxv lqvwhdg ri qrqh1 Zkhq

wkh sd|0shu0ylhz vroxwlrq lv frqvwudlqhg e| wkh qxpehu ri srwhqwldo ylhzhuv/ vr lv

wkh dgyhuwlvlqj vroxwlrq1 Wkxv/ wkh qxpehu ri ylhzhuv lv lghqwlfdo lpso|lqj kljkhu

vxusoxv lq wkh fdvh ri sd|0shu0ylhz ehfdxvh ri d orzhu dgyhuwlvlqj ohyho/ fi1 Iljxuh

4/ sdqho e1 Vr idu zh kdyh rqo| frqvlghuhg h�hfwv rq wrwdo vxusoxv1 Wxuqlqj wr

glvwulexwlrqdo lpsolfdwlrqv/ zh kdyh

Fruroodu| 4 +l, Sd|0shu0ylhz |lhogv d odujhu frqwudfw sulfh wkdq sxuh dgyhuwlvlqj1

+ll, Sxuh dgyhuwlvlqj |lhogv odujhu frqvxphu vxusoxv wkdq sd|0shu0ylhz li dqg rqo|

li lw lv srvvleoh wr �qdqfh wkh hyhqw wkurxjk sxuh dgyhuwlvlqj1

Surri1 +l, Wklv iroorzv iurp wkh idfw wkdw wkh sd|0shu0ylhz prqrsrolvw kdv rqh

pruh lqvwuxphqw/ R/ zkhq pd{lplvlqj sur�wv1 Wkxv/ l� � l�1 +ll, Wkh frqvxphu

vxusoxv htxdov

�7� �

%�]
f

dl Er�� # E@��o _r '

%�]
f

dl Er�� l E%��o _rc +46,

�7� �

%�]
f

dl Er�� # E@� �� Ro _r '

%�]
f

dl Er�� l E%� �o _rc +47,

43



zlwk sxuh dgyhuwlvlqj dqg sd|0shu0ylhz/ uhvshfwlyho|1 Iurp Sursrvlwlrq 4 dqg

Sursrvlwlrq 5/ zh kdyh %� � %� , �7� � �7� li lw lv srvvleoh wr �qdqfh wkh

hyhqw wkurxjk sxuh dgyhuwlvlqj1 Li qrw wkhq �7� � �7� ' f1 �

Lw lv reylrxv wkdw sd|0shu0ylhz |lhogv d kljkhu frqwudfw sulfh +l1h1 wudqvihu iurp

wkh WY vwdwlrq wr wkh rzqhu ri wkh hyhqw, wkdq sxuh dgyhuwlvlqj vlqfh wkh sd|0

shu0ylhz prqrsrolvw kdv dq dgglwlrqdo fkrlfh yduldeoh1 Wkh vhfrqg uhvxow fdq eh

vhhq iurp Iljxuh 41 Wkh frqvxphu vxusoxv xqghu sd|0shu0ylhz htxdov wkh wuldqjoh

erxqghg e| wkh l E%� 0 fxuyh dqg wkh krul}rqwdo olqh jrlqj wkurxjk srlqw S1 Vlp0

loduo|/ wkh frqvxphu vxusoxv xqghu dgyhuwlvlqj htxdov wkh wuldqjoh erxqghg e| wkh

l E%� 0 fxuyh dqg wkh krul}rqwdo olqh jrlqj wkurxjk srlqw D1 Wklv uhvxow vwuhqjwkhqv

wkh ryhudoo frqfoxvlrq lq Kroghq +4<<6, zklfk vkrzv +xvlqj qxphulfdo h{dpsohv,

wkdw sd|0shu0ylhz pd| lqyroyh d odujh orvv ri frqvxphu vxusoxv1

7 D Xvhixo Vshfldo Fdvh

Lq wklv vhfwlrq/ zh frqvlghu d vshfldo fdvh zlwk vshfl�f ixqfwlrqdo irupv lq rughu wr

fdoleudwh wkh prgho/ vr dv wr hoderudwh rq wkh dpeljxlw| frqfhuqlqj wrwdo vxusoxv lq

Sursrvlwlrq 4 dqg wr jlyh dq lpsuhvvlrq ri wkh srvvleoh pdjqlwxghv ri wrwdo vxusoxv/

frqvxphu vxusoxv/ dqg frqwudfw sulfh1 Ixuwkhupruh/ zh dgguhvv wkh frqvhtxhqfhv

rq wrwdo vxusoxv ri vhfrqg ghjuhh sulfh glvfulplqdwlrq/ zklfk pd| dulvh zkhq sd|0

shu0ylhz lv doorzhg1

Zh xvh wkh iroorzlqj ixqfwlrqdo irupv= Wkh zloolqjqhvv wr sd| zlwkrxw frpphu0

fldov lv ghvfulehg e| l E%� ' k � q%/ glvxwlolw| ri frpphufldov e| # E@� ' �@2/ dqg

uhyhqxh iurp frpphufldov e| � E@� ' @/ zkhuh k/ q/ dqg � duh vwulfwo| srvlwlyh

sdudphwhuv1

714 Fdoleudwlrq

Wr fduu| rxw wkh fdoleudwlrq/ zh vwduw e| fdofxodwlqj wkh vroxwlrq ri wkh prgho dv

d ixqfwlrq ri wkh sdudphwhuv1 Iru wkh fdvh ri dgyhuwlvlqj/ zh �uvw fdofxodwh wkh

qxpehu ri ylhzhuv dqg wkh dgyhuwlvlqj ohyho xvlqj +5, dqg +6, dqg wkhq lqvhuw wkhvh

vroxwlrqv lqwr +:,/ +46,/ dqg +4, lq rughu wr ghulyh wrwdo vxusoxv/ frqvxphu vxusoxv/
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dqg htxloleulxp frqwudfw sulfh1 Wklv |lhogv
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iru doo kc qc �1 Lq wkh fdvh ri sd|0shu0ylhz/ zh xvh +9,/ +8,/ dqg wkh lqyhuvh ghpdqg

ixqfwlrq wr ghulyh qxpehu ri ylhzhuv/ sd|0shu0ylhz sulfh/ dqg dgyhuwlvlqj ohyho diwhu

zklfk wrwdo vxusoxv/ frqvxphu vxusoxv/ dqg htxloleulxp frqwudfw sulfh fdq eh ghulyhg

xvlqj +:,/ +47,/ dqg +7,1 Wklv jlyhv
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iru � : �* Eek�1 Wkh sd|0shu0ylhz vroxwlrq pxvw vdwlvi| wkh frqglwlrq R E%c @� : f

|lhoglqj wkh sdudphwhu uhvwulfwlrq � : �* Eek�1 Zkhq wklv frqglwlrq lv ylrodwhg wkh

sd|0shu0ylhz prqrsrolvw fkrrvhv sulfh htxdo wr }hur dqg vdph dgyhuwlvlqj ohyho dv

wkh dgyhuwlvlqj prqrsrolvw1

Iru wkh fdoleudwlrq/ zh xvh gdwd iurp wkh �uvw sd|0shu0ylhz eurdgfdvw lq Ghq0

pdun/ d er{lqj �jkw iru wkh LER Khdy|zhljkw Zruog Fkdpslrq Wlwoh ehwzhhq

Euldq Qlhovhq dqg Oduu| Krophv rq wkh 57wk ri Mdqxdu| 4<<:145 Wkh �jkw zdv

vhhq e| �Df wkrxvdqg ylhzhuv glvshuvhg rq Df wkrxvdqg sd|0shu0ylhz vxevfulswlrqv/

wkxv jlylqj dq dyhudjh ri vhyhq ylhzhuv shu vxevfulswlrq146 Wkh sd|0shu0ylhz sulfh

zdv 2Df GNN jlylqj dq dyhudjh sulfh ri �S GNN shu ylhzhu1 Lq rughu wr jhw dq

hvwlpdwh ri wkh qxpehu ri ylhzhuv/ kdg wkh �jkw qrw ehhq �qdqfhg wkurxjk sd|0

shu0ylhz eurdgfdvwlqj/ zh xvh Euldq Qlhovhq*v suhylrxv ghihqfh ri wkh wlwoh/ zklfk

zdv �qdqfhg sxuho| e| frpphufldov1 Wkh �jkw wrrn sodfh rq wkh 64vw ri Pd| 4<<9

djdlqvw Plnh Kxqwhu dqg kdg eDH wkrxvdqg ylhzhuv1 Wkhvh hvwlpdwhv iru R/ %� / dqg

%�/ dqg wkh deryh sdudphwulf vroxwlrqv iru wkhvh yduldeohv duh vx!flhqw wr fdoleudwh

wkh wkuhh sdudphwhuv= k ' .S/ q ' f�fff��/ dqg � ' f��.1 Lqvhuwlqj wkhvh sd0

udphwhuv lq wkh deryh htxdwlrqv/ wrwdo vxusoxv/ frqvxphu vxusoxv/ dqg htxloleulxp

45Wkh gdwd duh rewdlqhg iurp Jdooxs Ghqpdun/ vhfwlrq iru Qdwlrqdo WY0dxglhqfh uhvhdufk1
46Wkh vhyhq ylhzhuv shu vxevfulswlrq uh hfwv wkdw shrsoh foxvwhuhg wrjhwkhu lq sulydwh krphv/

dqg wkdw wkh �jkw zdv vkrzq lq pdq| sxev/ uhvwdxudqwv hwf1
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frqwudfw sulfh phdvxuhg lq ploo1 GNN ehfrph=47

`� ' 2f�D� �lc �7� ' S� Hc l� ' ���.c

`� ' �.��� �lc �7� ' ���.c l� ' D�S�

Wkxv/ rxu fdoleudwlrq lqglfdwhv wkdw d edq rq sd|0shu0ylhz zrxog kdyh uhgxfhg wrwdo

vxusoxv zlwk �SI li wkh uhvhuydwlrq sulfh ri wkh rzqhuv ri wkh eurdgfdvwlqj uljkwv

zdv }hur1 Zlwk d srvlwlyh uhvhuydwlrq sulfh wkh uhodwlyh orvv zrxog kdyh ehhq hyhq

odujhu/ dqg zlwk d uhvhuydwlrq sulfh deryh D�S ploo1 wkhuh zrxog kdyh ehhq qr hyhqw

dw doo li sd|0shu0ylhz zdv edqqhg148 Li wkh uhvhuydwlrq sulfh zdv ehorz D�S ploo1 wkh

glvwulexwlrqdo frqvhtxhqfhv ri d edq zrxog kdyh ehhq d uhgxfwlrq ri wkh frqwudfw

sulfh e| pruh wkdq kdoi dqg doprvw d grxeolqj ri frqvxphu vxusoxv1

715 Vhfrqg Ghjuhh Sulfh Glvfulplqdwlrq

Xqwlo qrz zh kdyh qrw wdnhq lqwr frqvlghudwlrq wkdw sd|0shu0ylhz eurdgfdvwlqj pd|

dgplw vhfrqg ghjuhh sulfh glvfulplqdwlrq e| pdnlqj lw srvvleoh iru wkh whohylvlrq

vwdwlrq wr eurdgfdvw wzr yhuvlrqv ri wkh hyhqw= �uvw d sd|0shu0ylhz yhuvlrq +xvxdoo|

olyh, fruuhvsrqglqj wr rxu suhylrxv dqdo|vlv/ dqg vhfrqg dq dgyhuwlvlqj yhuvlrq

+xvxdoo| wkh gd| diwhu,1 Dv phqwlrqhg lq wkh lqwurgxfwlrq/ Kroghq +4<<6, orrnhg

dw wkh glvwulexwlrqdo lpsolfdwlrqv ri sd|0shu0ylhz eurdgfdvwlqj dgplwwlqj vhfrqg

ghjuhh sulfh glvfulplqdwlrq149 Khuh/ zh xvh qxphulfdo vlpxodwlrqv edvhg rq wkh

diruhphqwlrqhg vshfl�f ixqfwlrqdo irupv lq rughu wr lqglfdwh zkhwkhu rxu suhylrxv

frqfoxvlrqv frqfhuqlqj wrwdo vxusoxv zrxog fkdqjh zkhq lqfoxglqj wkh srvvlelolw| ri

vhfrqg ghjuhh sulfh glvfulplqdwlrq1

47Lq wkh dqdo|vlv zh kdyh dvvxphg wkdw wkh jdlq wr wkh rzqhuv ri wkh eurdgfdvwlqj uljkwv htxdov


 � �
1 Lw lv gl!fxow wr mxgjh zkhwkhu wkh whohylvlrq vwdwlrq dfwxdoo| fdswxuhg vrph ri wkhvh

uhqwv vlqfh zh kdyh qr lqirupdwlrq rq wkh dfwxdo sulfh ri wkh uljkwv ru rq wkh vdodu| ri wkh �jkwhuv1
Qhyhuwkhohvv/ krz wkh uhqwv duh glylghg grhv qrw lq xhqfh wkh uhvxowv rq wrwdo vxusoxv dqg frqvxphu

vxusoxv1
48Wklv suhvxphv wkdw wkh wrwdo uhyhqxh zdv htxdo wr wkh Gdqlvk uhyhqxh1 Wkhuh pd| kdyh ehhq

dgglwlrqdo uhyhqxh vwhpplqj iurp wkh uljkwv wr eurdgfdvw wkh hyhqw lq rwkhu frxqwulhv1 Krzhyhu/

iru wklv sduwlfxodu hyhqw wkh suhvxpswlrq vhhpv uhdvrqdeoh vlqfh wkhuh zhuh qr olyh eurdgfdvwv
+rqo| vxppdulhv, ri wkh hyhqw lq wkh XV dqg lq rwkhu frxqwulhv iru wkdw pdwwhu1

49Dfwxdoo|/ Kroghq +4<<6, fdoov lw wklug ghjuhh sulfh glvfulplqdwlrq1 Krzhyhu/ lq wkh dqdo|vlv wkh

vwdwlrq fdqqrw vhsdudwh wkh wzr jurxsv gluhfwo|1 Lw kdv wr pd{lplvh sur�wv vxemhfw wr dq lqfhqwlyh
frpsdwlelolw| frqvwudlqw vshfli|lqj zkhq wkh �uvw jurxs zloo fkrrvh wkh sdfndjh lqwhqghg iru wkh

vhfrqg jurxs1 Wklv lv lq idfw vhfrqg ghjuhh sulfh glvfulplqdwlrq dffruglqj wr wkh gh�qlwlrq lq

Wluroh +4<;<,1
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Wkh ylhzhuv rewdlq orzhu xwlolw| iurp zdwfklqj wkh vhfrqg yhuvlrq/ h1j1 ehfdxvh

wkh qhzv frqwhqw lv jrqh1 Iroorzlqj Kroghq +4<<6,/ zh dvvxph wkdw wkh zloolqj0

qhvv wr sd| iru wkh vhfrqg yhuvlrq htxdov bl E�� zkhuh b 5 Efc ��1 Wkh whohylvlrq

vwdwlrq fkrrvhv sd|0shu0ylhz sulfh/ R/ dgyhuwlvlqj ohyho lq wkh �uvw yhuvlrq/ @�/ dqg

dgyhuwlvlqj ohyho lq wkh vhfrqg yhuvlrq/ @2/ lq rughu wr pd{lplvh

�ERc @�c @2� ' R%� n � E@�� %� n � E@2�%2 � lc

vxemhfw wr wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw +LF,

l E%��� # E@��� R � bl E%��� # E@2� c

dqg wkh sduwlflsdwlrq frqvwudlqw +SF,

bl E%� n %2�� # E@2� � fc

zkhuh %2 ghqrwhv wkh qxpehu ri ylhzhuv zdwfklqj wkh vhfrqg yhuvlrq1 Wkh LF

vwdwhv wkdw wkh ylhzhuv zdwfklqj wkh �uvw yhuvlrq pxvw rewdlq kljkhu xwlolw| wkdq li

wkh| zhuh zdwfklqj wkh vhfrqg yhuvlrq1 Wkh SF vwdwhv wkdw rqo| ylhzhuv rewdlqlqj

srvlwlyh xwlolw| zdwfk wkh eurdgfdvw1 Wklv pd{lplvdwlrq surjudp lv vroyhg lq wkh

dsshqgl{ xvlqj wkh vshfl�f ixqfwlrqdo irupv1 Ohw 5 Ekc �c b� ghqrwh wkh wrwdo vxu0

soxv xqghu sd|0shu0ylhz zlwk vhfrqg ghjuhh sulfh glvfulplqdwlrq uhodwlyh wr wrwdo

vxusoxv xqghu sxuh dgyhuwlvlqj/ dqg qrwh wkdw b ' f fruuhvsrqgv wr rxu suhylrxv

prgho zlwkrxw sulfh glvfulplqdwlrq1 Wkxv/ ydoxhv ri 5 Ekc �c b� deryh +ehorz, rqh

fruuhvsrqgv wr sdudphwhu ydoxhv iru zklfk sd|0shu0ylhz +dgyhuwlvlqj, |lhogv wkh

kljkhvw wrwdo vxusoxv1 Lq wkh dsshqgl{ lw lv vkrzq wkdw 5 Ekc �c b� lv frqvwdqw dorqj

dq| k|shuerod � ' 4*k iru d jlyhq ydoxh ri b/ zkhuh 4 lv d srvlwlyh frqvwdqw1 Wkhuh0

iruh/ zh surfhhg e| frpsdulqj rqo| 5 Ekc �c b� dqg 5 Ekc �c f� iru k ' �1 Wklv |lhogv

wkh rxwfrph looxvwudwhg lq Iljxuh 5 zkhuh wkh vrolg fxuyh looxvwudwhv wkh ydoxh ri

5 Ekc �c f� zkhuhdv wkh gdvkhg fxuyhv looxvwudwh 5 Ekc �c b� iru gl�huhqw ydoxhv ri b1

	 Iljxuh 5 :

Vwduwlqj iurp ohiw lq Iljxuh 5/ 5 Ekc �c b� htxdov rqh iru doo ydoxhv ri b uh hfwlqj

wkdw wkh sd|0shu0ylhz vroxwlrq dqg dgyhuwlvlqj vroxwlrq frlqflgh vlqfh lw lv qrw rs0

wlpdo iru wkh sd|0shu0ylhz prqrsrolvw wr fkdujh d srvlwlyh sulfh1 Zkhq prylqj wr

wkh uljkw/ doo wkh fxuyhv kdyh wkh vdph vkdsh= �uvw/ dgyhuwlvlqj |lhogv wkh kljkhvw
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wrwdo vxusoxv dqg odwhu/ sd|0shu0ylhz |lhogv wkh kljkhvw wrwdo vxusoxv14: Lq wkh �jxuh

wkh gdvkhg fxuyhv duh doo deryh exw forvh wr wkh vrolg fxuyh uhyhdolqj wkdw vhfrqg

ghjuhh sulfh glvfulplqdwlrq whqgv wr lqfuhdvh wkh uhodwlyh wrwdo vxusoxv lq idyrxu ri

sd|0shu0ylhz exw wkdw wkh h�hfw lv uhdvrqdeo| vpdoo1 Wkxv/ wkh edvlf frqfoxvlrq lv

wkdw wkh lqfoxvlrq ri vhfrqg ghjuhh sulfh glvfulplqdwlrq grhv qrw frqwulexwh zlwk

dq| vljql�fdqw fkdqjhv wr wkh suhfhglqj uhvxowv1 Doorzlqj iru sd|0shu0ylhz hqodujhv

wkh uhqw fdsdflw| ri wkh hyhqw lq wzr zd|v= �uvw/ e| pdnlqj lw srvvleoh iru wkh whohyl0

vlrq vwdwlrqv wr fkdujh d gluhfw sulfh dqg vhfrqg/ e| dgplwwlqj vhfrqg ghjuhh sulfh

glvfulplqdwlrq1 Rxu h{dpsoh lqglfdwhv wkdw wkh �uvw h�hfw lv e| idu wkh odujhvw1

8 Glvfxvvlrq

Wkh ehjlqqlqj ri Duwlfoh 6d ri wkh qhz HX �Whohylvlrq Zlwkrxw Iurqwlhuv� Gluhfwlyh

looxvwudwhv wkh dlp ri wkh uhjxodwru| edq rq sd|0shu0ylhz eurdgfdvwlqj ri fhuwdlq

rxwvwdqglqj hyhqwv= �Hdfk Phpehu Vwdwh pd| wdnh phdvxuhv lq dffrugdqfh zlwk

Frppxqlw| odz wr hqvxuh wkdw eurdgfdvwhuv xqghu lwv mxulvglfwlrq gr qrw eurdgfdvw

rq h{foxvlyh edvlv hyhqwv zklfk duh uhjdughg e| wkh Phpehuv Vwdwh dv ehlqj ri pd0

mru lpsruwdqfh iru vrflhw| lq vxfk d zd| dv wr ghsulyh d vxevwdqwldo sursruwlrq ri

wkh sxeolf lq wkdw Phpehu Vwdwh ri wkh srvvlelolw| ri iroorzlqj vxfk hyhqwv yld olyh

fryhudjh ru ghihuuhg fryhudjh rq iuhh whohylvlrq1� Wkxv/ wkh sxusrvh ri Duwlfoh 6d lv

wr vhfxuh dffhvv iru hyhu|erg| wr pdmru hyhqwv rq olyh +ru ghihuuhg, fryhudjh/ dqg

wr vhfxuh wkdw ylhzhuv duh qrw fkdujhg d gluhfw sulfh1 Wklv sdshu dgguhvvhv rqo|

wkh vhfrqg lvvxh/ l1h1 zkhwkhu d edq rq sd|0shu0ylhz fdq eh mxvwl�hg jlyhq wkdw

hyhu|erg| kdv dffhvv14;

Wkh uhvxow rq wrwdo vxusoxv grhv qrw e| lwvhoi mxvwli| d edq1 D edq uhgxfhv

wrwdo vxusoxv li �qdqflqj wkh hyhqw wkurxjk sxuh dgyhuwlvlqj lv lpsrvvleoh ru li

doo srwhqwldo ylhzhuv duh zdwfklqj wkh hyhqw xqghu sd|0shu0ylhz +Sursrvlwlrq 5,1

Rwkhuzlvh/ d edq pd| ru pd| qrw uhgxfh wrwdo vxusoxv +Sursrvlwlrq 4,1 Lq rxu

fdoleudwhg h{dpsoh/ d edq uhgxfhv wrwdo vxusoxv e| dw ohdvw �SI1 Wkh dqdo|vlv

4:Wkh gdvkhg fxuyhv duh doo deryh wkh vrolg krul}rqwdo olqh lq d vpdoo uhjlrq durxqg � @ � @ 3=;81

Wklv rffxuv ehfdxvh wkh frqvwudlqw s � 3 lv elqglqj lq wkh edvlf sd|0shu0ylhz fdvh exw qrw lq wkh

fdvh zlwk sulfh glvfulplqdwlrq1 Wkh gdvkhg fxuyhv doo frlqflgh zlwk wkh vrolg fxuyh diwhu vrph
wkuhvkrog ehfdxvh lw lv xqsur�wdeoh wr eurdgfdvw wkh vhfrqg yhuvlrq1 Wkxv/ wkh vroxwlrq frlqflghv

zlwk wkh vlpsoh sd|0shu0ylhz fdvh1
4;Lq d qhdu ixwxuh zlwk gljlwdo eurdgfdvwlqj dffhvv zloo suredeo| qrw eh dq lvvxh dq|pruh1
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wuhdwv frpphufldov idyrxudeoh e| lqfoxglqj frpphufldo uhyhqxh lq wrwdo vxusoxv

dowkrxjk lw pd| eh txhvwlrqdeoh zkhwkhu wklv uhyhqxh uhsuhvhqwv d gluhfw zhoiduh

jdlq +fi1 irrwqrwh 43,1 D ohvv idyrxudeoh wuhdwphqw zrxog pdnh lw pruh olnho| wkdw

d edq uhgxfhv wrwdo vxusoxv1 Rq wkh rwkhu kdqg/ li wkh surfhhgv wr wkh rzqhu ri

wkh eurdgfdvwlqj uljkwv duh glvvlsdwhg lq h�ruwv wr ehfrph d prqrsrolvw/ d edq zloo

lqfuhdvh vrfldo zhoiduh xqdpeljxrxvo| dffruglqj wr Fruroodu| 414<

Wkhuh pd| eh rwkhu uhdvrqv iru d edq1 Li d ghvluhg glylvlrq ri wrwdo vxusoxv lv

lpsrvvleoh wr rewdlq/ srolf| pdnhuv pd| idyrxu d edq rxw ri glvwulexwlrqdo frq0

fhuqv1 Lq idfw/ wklv vhhpv wr eh wkh mxvwl�fdwlrq jlyhq e| wkh srolf| pdnhuv lq wkh

deryh flwdwlrq/ zklfk irfxvhv rq wkh zhoiduh ri wkh ylhzhuv udwkhu wkdq rq hfrqrplf

h!flhqf|1 Rxu uhvxowv vwdwh wkdw d edq xqdpeljxrxvo| lqfuhdvhv wkh vxusoxv ri wkh

ylhzhuv li lw lv srvvleoh wr �qdqfh hyhqwv sxuho| e| frpphufldov +Fruroodu| 4,/ dqg lq

rxu fdoleudwhg h{dpsoh d edq doprvw grxeohv wkh frqvxphu vxusoxv/ wkxv lqglfdwlqj

wkdw wkh jdlq wr wkh ylhzhuv pd| eh vxevwdqwldo1 Krzhyhu/ qrwh wkdw lw zrxog eh

plvohdglqj wr frqfoxgh iurp wkh xqdpeljxrxv h�hfw rq frqvxphu vxusoxv wkdw d edq

rq sd|0shu0ylhz eurdgfdvwlqj lq jhqhudo zrxog eh ghvludeoh1 Sd|0shu0ylhz eurdg0

fdvwlqj ri hyhqwv wkdw fdqqrw eh �qdqfhg sxuho| e| dgyhuwlvlqj vkrxog ri frxuvh

eh doorzhg1 Wkhuhiruh/ lw lv lq idfw uhdvrqdeoh wr irfxv rqo| rq pdmru rxwvwdqglqj

hyhqwv/ zklfk suhvxpdeo| fdq eh �qdqfhg sxuho| e| dgyhuwlvlqj1

Sd|0shu0ylhz whohylvlrq dozd|v |lhogv wkh kljkhvw surfhhgv wr wkh lqlwldo rzqhu

ri wkh eurdgfdvwlqj uljkwv +Fruroodu| 4,/ dqg lq rxu fdoleudwhg h{dpsoh wkh frqwudfw

sulfh zdv pruh wkdq wzlfh dv kljk xqghu sd|0shu0ylhz1 Wklv lpsolhv wkdw wkh h{whqw

ri sd|0shu0ylhz whohylvlrq/ li doorzhg/ pd| lqfuhdvh gudpdwlfdoo| lq wkh ixwxuh zkhuh

whfkqlfdo vroxwlrqv iru sd|0shu0ylhz eurdgfdvwlqj duh h{shfwhg wr eh dydlodeoh dw

yhu| orz frvwv1 Dqrwkhu lpsolfdwlrq ri wkh vwurqj h�hfw rq wkh frqwudfw sulfh lv

wkh fuhdwlrq ri lqfhqwlyhv iru +vsruwlqj, rujdqlvdwlrqv wr oree| lq rughu qrw wr eh

lqfoxghg rq wkh qdwlrqdo olvwv153 Wkh frqvhtxhqfh pd| eh wkdw qrw doo rxwvwdqglqj

hyhqwv ri pdmru lpsruwdqfh iru vrflhw| duh lqfoxghg rq wkh qdwlrqdo olvwv1

4<Lq wklv fdvh wrwdo vxusoxv lv lghqwlfdo wr frqvxphu vxusoxv/ fi1 Srvqhu +4<:8,1
53Ixuwkhupruh/ lw vhhpv sdudgr{lfdo wkdw +vsruwlqj, rujdqlvdwlrqv pd| eh sxqlvkhg hfrqrplfdoo|

diwhu juhdw vxffhvv wkdw vxgghqo| pdnhv wkhlu +vsruwlqj, hyhqwv ri qdwlrqdo lqwhuhvw1 Wkdw lv/ lw lv

ehqh�fldo wr eh srsxodu exw qrw wrr srsxodu1

49



D Dsshqgl{

D14 Vhfrqg Rughu Frqglwlrqv

D1414 Dgyhuwlvlqj

Iurp wkh gh�qlwlrq ri sur�wv/ zh jhw wkh iroorzlqj vhfrqg rughu frqglwlrq
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Figure  2

P a y-pe r-vie w  vs. Adve rtising w ith  S ta nda rd P rice
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