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Devwudfw

Frrshudwlyh xqghuwdnlqjv dffrxqw iru d vxevwdqwldo vkduh ri ghyhorshg pdunhw hfrqrplhv

dqg wkdw vkduh lv olnho| wr jurz zlwk wkh dgyhqw ri wkh qhz hfrqrp|1 Wkh sdshu ghyhorsv

d g|qdplf lqyhvwphqw iudphzrun lq rughu wr uhodwh dffhvv srolflhv/ �qdqflqj dqg jurzwk

ri frrshudwlyhv1 Lw vkrzv krz glvfulplqdwlqj dprqj xvhuv d�hfwv wkh yldelolw| ri frrs0

hudwlyhv dqg lpsdfwv vrfldo h!flhqf|1 Lw wkhq dujxhv wkdw lq prvw flufxpvwdqfhv/ wkh

frrshudwlyh irup/ hyhq zkhq yldeoh rq d vwdqg0dorqh edvlv/ lv d zhdn frpshwlwru djdlqvw

dowhuqdwlyh rujdql}dwlrqdo irupv1 Odvw/ wkh sdshu vwuhvvhv wkdw dffhvv srolflhv lqyroyh d

vwdqgdug vrfldo wudghr� ehwzhhq vwdwlf h!flhqf| dqg lqqrydwlrq1

Nh|zrugv= Frrshudwlyhv/ Rshq Dffhvv/ Glvfulplqdwlrq/ Lqyhvwphqw1

MHO qxpehuv= G:/ O5/ O61

4 Lqwurgxfwlrq

Frrshudwlyh xqghuwdnlqjv dffrxqw iru d vxevwdqwldo vkduh ri ghyhorshg pdunhw hfrqrplhv1 Dv

zdv zhoo grfxphqwhg e| Kdqvpdqq +4<<9,/ hyhq lq wkh Xqlwhg Vwdwhv frrshudwlyhv grplqdwh

ru dw ohdvw �jxuh surplqhqwo| lq d qxpehu ri lqgxvwulhv/ vxfk dv djulfxowxuh/4 fuhglw fdugv/

kdugzduh/ prylqj frpsdqlhv/ hohfwulflw| dqg wkh �qdqfldo vhfwru1 Uhodwhg irupv ri frrshud0

wlyh xqghuwdnlqjv lqfoxgh mrlqw yhqwxuhv +U)G mrlqw yhqwxuhv/ Lqwhovdw/ dluolqh vhdw uhvhuydwlrq

v|vwhpv/ 111,/ frqvruwld +xqghuvhd �ehu rswlf fdeoh v|vwhpv,/ dqg sduwqhuvklsv +odz �upv/ lq0

yhvwphqw edqnv/111,1

Frrshudwlyhv pd| ehfrph hyhq pruh surplqhqw zlwk wkh dgyhqw ri wkh qhz hfrqrp|1 Iru

h{dpsoh/ dq lpsruwdqw txhvwlrq frqiurqwlqj �upv dqg dqwlwuxvw dxwkrulwlhv lv zkhwkhu vwdq0

gdugv dqg E5E h{fkdqjhv vkrxog eh frqwuroohg e| d vlqjoh xvhu/ ru e| d frppxqlw| ri xvhuv/

�Wkh dxwkruv duh judwhixo wr Guhz Ixghqehuj dqg Khqul Kdqvpdqq iru khosixo glvfxvvlrqv1
|LGHL dqg JUHPDT +FQUV XPU 8937,/ Wrxorxvh1
}LGHL dqg JUHPDT +FQUV XPU 8937,/ Wrxorxvh/ FHUDV +FQUV XUD 5369,/ Sdulv/ dqg PLW1
4Iru h{dpsoh/ frrshudwlyhv pdunhw 65( ri wkh surgxfwv surgxfhg dqg surfhvvhg lq wkh djul0irrg fkdlq1
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zkrvh h{whqw wkhq kdv wr eh gh�qhg1 Dqrwkhu fdvh lq srlqw lv sdwhqw srrov1 Vxfk srrov kdyh

sod|hg d fuxfldo uroh lq wkh dhurvsdfh dqg dxwrpreloh lqgxvwulhv15 Sdwhqw srrov vwloo kdyh qrw

|hw kdg wkh lpsdfw rq wkh qhz hfrqrp|6 wkdw pljkw eh h{shfwhg iurp wkh revhuydwlrq wkdw

vriwzduh/ vhplfrqgxfwru dqg elrwhfkqrorj| surgxfwv srwhqwldoo| lqiulqjh rq wkrxvdqgv ri lqwho0

ohfwxdo surshuw| uljkwv/ vr wkdw srrolqj zrxog fhwhulv sdulexv dsshdu yhu| ghvludeoh1 Lqgxvwu|

sduwlflsdqwv* frqfhuqv derxw krz wkh srro zloo hyroyh dqg dqwlwuxvw dxwkrulwlhv* ihdu ri lpsurshu

xvh ri srrov wr frooxgh ru huhfw eduulhuv wr hqwu| pd| dffrxqw iru wklv fxuuhqwo| orz gl�xvlrq ri

srrov1

Wkh h{lvwhqfh ri frrshudwlyh xqghuwdnlqjv fdq xvxdoo| eh wudfhg wr wzr irupv ri uhwxuqv

wr vfdoh lq wkh surylvlrq ri dq lqsxw dqg wr wkh frqfrplwdqw hdjhuqhvv ri wkh xvhuv wr surwhfw

wkhpvhoyhv iurp prqrsro| ehkdylru1 Iluvw/ uhwxuqv wr vfdoh pd| eh dvvrfldwhg zlwk odujh �{hg

frvwv1 Dv Kdqvpdqq +4<<9/ 4<<<, dujxhv/ wkh fdslwdo lqwhqvlw| ri htxlsphqw pdqxidfwxulqj

lv riwhq dqg lqfruuhfwo| wkrxjkw ri dv dq lpsruwdqw eduulhu wr wkh hphujhqfh ri frrshudwlyhv1

Iru h{dpsoh/ vrph ri wkh odujhvw idup vxsso| frrshudwlyhv lq wkh XV uxq yhu| fdslwdo0lqwhqvlyh

rshudwlrqv +rlo uh�qlqj/ vhhgv/ ihuwlol}huv/ 111,> fuhglw fdug frrshudwlyhv lqyroyh vxevwdqwldo vxqn

lqyhvwphqw lq whohfrppxqlfdwlrqv qhwzrunv/ vriwzduh dqg eudqglqj1 Ehfdxvh wkh| duh vkduhg

dprqj wkh xvhuv/ �{hg frvwv lq frrshudwlyhv jlyh ulvh wr �frvw0vkdulqj qhwzrun h{whuqdolwlhv�1

Wkh vhfrqg irup ri uhwxuqv wr vfdoh uhodwhv wr �fodvvlfdo qhwzrun h{whuqdolwlhv�1 Vxfk qhwzrun

h{whuqdolwlhv dulvh iru h{dpsoh iru fuhglw fdugv/ prylqj frpsdqlhv/  rzhu gholyhu| vhuylfhv ru

dooldqfhv durxqg d vwdqgdug1

Wkh jryhuqdqfh ri frrshudwlyhv udlvhv pdq| idvflqdwlqj lvvxhv1 Wklv sdshu irfxvhv rq wkhlu

�qdqflqj= Krz gr frrshudwlyhv pdqdjh wkhlu �qdqflqj dqg jurzwkB Gr wkh| kdyh wkh surshu

lqyhvwphqw lqfhqwlyhvB Zkhq duh wkh| yldeohB Frrshudwlyhv uho| sulpdulo| rq wkh sursruwlrqdo

5Vhh Phujhv +4<<9, iru d glvfxvvlrq ri wkhvh srrov/ dv zhoo dv wkrvh uhodwhg wr froohfwlyh uljkwv rujdql}dwlrqv
+vxfk dv wkh Dphulfdq Vrflhw| ri Frpsrvhuv/ Dxwkruv dqg Sxeolvkhuv,1 Vkdslur +5333, glvfxvvhv srrov lq wkh
frqwh{w ri vhplfrqgxfwruv dqg vwdqgdug vhwwlqj1

6Zkhq srrolqj rffxuv lw riwhq wdnhv wkh pruh olplwhg irup ri furvv olfhqvlqj1 Zhoo0nqrzq sdwhqw srrov lq
wkh qhz hfrqrp| lqfoxgh wkh PSHJ OD srro +surwrfro iru frpsuhvvlqj dqg wudqvplwwlqj gljlwdol}hg dxglr
dqg ylghr vljqdov, dqg wkh iruphu F|olqn0UVD sxeolf nh| hqfu|swlrq srro wkdw iru d zkloh gh�qhg d gh idfwr
sursulhwdu| vwdqgdug1
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dvvhvvphqwv ohylhg rq wkhlu phpehuv* xvdjh ri wkh idflolwlhv +wkh �xqlw uhwdlqv� wkdw duh nhsw

diwhu sdwurqdjh glylghqgv duh uhglvwulexwhg wr wkh phpehuv, dqg htxlw| lqyhvwphqwv e| wkh

phpehuv1 Wkh| e| dqg odujh kdyh olwwoh ru qr dffhvv wr h{whuqdo �qdqfh17

Wkh yldelolw| ri frrshudwlyhv dqg wkhlu lqyhvwphqw lqfhqwlyhv duh forvho| uhodwhg wr wkh frrs0

hudwlyhv* dffhvv srolflhv1 Vrph frrshudwlyhv hvvhqwldoo| gr qrw glvfulplqdwh ehwzhhq lqfxpehqwv

dqg qhz ru h{sdqglqj phpehuv1 Prvw krzhyhu sudfwlfh vxfk glvfulplqdwlrq lq ydulrxv zd|v1

Xvdjh ihhv pd| ghfuhdvh zlwk sdvw fxpxodwlyh xvdjh/8 ru pd| ghshqg rq wkh xvhu*v vwdwxv +h1j1/

lqwhuqdo yv h{whuqdo lq d sdwhqw srro,1 Frrshudwlyhv pd| dvn iru hqwu| ihhv9 ru pd| doorz

roghu phpehuv wr uhghhp wkhlu vkduhv zkhq wkh| ghsduw1: Dqg pdq| ri wkh �qhz jhqhud0

wlrq� idup frrshudwlyhv uhfhqwo| fuhdwhg lq wkh XV lvvxh wudqvihudeoh dqg dssuhfldeoh htxlw|

vkduhv/ zklfk hqdeoh lqfxpehqwv wr uhfrxs vrph ri wkhlu lqyhvwphqw zkhq ghsduwlqj wkh yhqwxuh

7H{whuqdo �qdqfh udlvhv vhyhudo lvvxhv lq wkh fdvh ri d frrshudwlyh1 Ghew �qdqfh pdnhv wkh frrshudwlyh
kljko| vhqvlwlyh wr �uxqv� e| phpehuv1 Lq wkh devhqfh ri ex�hu/ wkh ghvhuwlrq e| vrph phpehuv lqfuhdvhv
wkh dvvhvvphqw ohylhg rq uhpdlqlqj phpehuv/ zkr wkhq wkhpvhoyhv kdyh d vwurqj lqfhqwlyh wr ohdyh1 Rxwvlgh
htxlw| �qdqfh grhv qrw fuhdwh vxfk vqrzedoolqj1 Exw lw +ru pruh jhqhudoo| rxwvlgh �qdqfh, udlvhv frqwuro lvvxhv1
Hlwkhu rxwvlgh htxlw|kroghuv kdyh frqwuro ryhu wkh �up dqg wkhq wkh odwwhu lv uxq edvlfdoo| dv dq lqyhvwru0rzqhg
frusrudwlrq1 Ru frqwuro lv judqwhg wr wkh xvhuv/ lq zklfk fdvh rxwvlgh �qdqfh lv pduuhg e| wkh �hpsw|0vkhoo
v|qgurph�1 Lq wkh vdph zd| wkh fuhglwruv ri d frusrudwlrq duh frqfhuqhg wkdw vkduhkroghuv pljkw glvwulexwh
wkhpvhoyhv h{fhvvlyh glylghqgv dqg hpsw| wkh �up ri lwv ydoxh/ rxwvlgh �qdqflhuv ri d frrshudwlyh duh suhrffxslhg
zlwk wkh srvvlelolw| wkdw wkh sur�w srwhqwldo eh v|skrqhg r� e| wkh phpehuv ehiruh wkh| fdq uhfrxs wkhlu
lqlwldo lqyhvwphqw1 Wkh vfrsh iru glyhuvlrq/ wkrxjk/ lv gl�huhqw1 Glylghqgv uhfhlyhg e| vkduhkroghuv duh kljko|
ylvleoh/ vr wkdw ghewkroghuv fdq dqg w|slfdoo| gr lpsrvh fryhqdqwv uhvwulfwlqj glylghqg glvwulexwlrq1 Lq frqwudvw/
phpehuv ri d frrshudwlyh fdq glvwulexwh wkhpvhoyhv ohvv yhul�deoh �glylghqgv� lq wkh irup ri jrogsodwhg yhuvlrqv
ri wkh lqsxw vxssolhg e| wkh frrshudwlyh1
Wkhuh duh olwhudo h{fhswlrqv wr wklv fkdudfwhul}dwlrq1 Lq wkh XV wd{0h{hpsw qrqsur�w krvslwdov kdyh ehhq deoh

+xqwlo wkh 4<;9 Wd{ Uhirup Dfw, wr eruurz wr khos fryhu vxevwdqwldo fdslwdo lqyhvwphqwv1 Exw vxfk frrshudwlyhv
kdg dffhvv wr froodwhudo +uhodwlyho| vdih lqfrph vwuhdpv/ exloglqj/ eudqgqdph, dqg/ dv zh vdlg/ ehqh�whg iurp
eruurzlqj vxevlglhv1 Wkh idfw wkdw pdq| ri wkhvh krvslwdov kdg wurxeoh udlvlqj ixqgv wr fryhu wkhlu lqyhvwphqw
qhhgv dqg frqyhuwhg wr iru0sur�w vwdwxv lq wkh <3*v frq�upv wkh orz dffhvv ri frrshudwlyhv wr h{whuqdo �qdqflqj1

8Vhh/ h1j1 Kdqvpdqq +4<<9, dqg Udwkerqh0Zlvvpdq +4<<6,1 Iru h{dpsoh/ xqghu d shu0xqlw fdslwdo uhwxuqv
v|vwhp/ qhz phpehuv ru phpehuv zkr lqfuhdvh wkhlu frqvxpswlrq pxvw pdnh qhz lqyhvwphqwv wr uhdfk d wdujhw
fdslwdo0sdwurqdjh udwlr1 Uhghpswlrq surjudpv lqfoxgh �uvw0lq/ �uvw0rxw uhghpswlrqv/ edvh fdslwdo phwkrgv +uh0
ghhplqj ryhulqyhvwhg sdwurqv,/ dqg shufhqw0ri0doo0htxlwlhv surjudpv +uhghpswlrqv sursruwlrqdo wr rxwvwdqglqj
htxlwlhv,1

9Iru h{dpsoh/ wkh Plfurhohfwurqlfv dqg Frpsxwhu Whfkqrorj| Frusrudwlrq +PFF,/ d odujh0vfdoh LW surmhfw
lqyroylqj 54 sduwlflsdqwv kdg dq hqwu| ihh ri '483/333 dw wkh rqvhw +4<;6,1 Qhzfrphuv sdlg d '4/333/333 hqwu|
ihh lq 4<;91

:Dowkrxjk/ dv qrwhg e| Kdqvpdqq +4<<<,/ uhghpswlrqv duh qrw dv zlghvsuhdg dv rqh pljkw kdyh h{shfwhg1
Udwkerqh dqg Zlvvpdq +4<<6,/ lq wkhlu vwxg| ri wkh ydulrxv irupv ri uhghpswlrq lq djulfxowxudo frrrshudwlyhv/
grfxphqw �vshfldo htxlw| uhghpswlrq surjudpv/� wkdw uhghhp htxlw| wr h{lvwlqj phpehuv +lq djulfxowxuh/ h{lw
iurp d frrshudwlyh lv suredeo| ohvv vxemhfw wr rssruwxqlvwlf ehkdylru wkdq lq rwkhu lqgxvwulhv,1 Frpprq
surjudpv lqfoxgh sd|phqwv wr d phpehu*v hvwdwh diwhu khu ghdwk/ djh0ri0sdwurq 2 uhwluhphqw surjudpv/ dqg
glvdelolw| surjudppv1 Dv rqh zrxog h{shfw/ wkhuh duh ihzhu uhwluhphqw0iurp0iduplqj ru pryh0dzd| surjudpv1
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+Frrn0Lolrsrxorv 4<<<,1

Dffhvv srolflhv pdwwhu iru erwk exvlqhvv dqg dqwlwuxvw uhdvrqv1 Olehudo dffhvv srolflhv doorz

qhz phpehuv wr iuhh0ulgh rq suhylrxv lqyhvwphqwv> dv zh zloo vhh/ vxfk srolflhv pd| suhyhqw wkh

yhqwxuh iurp jhwwlqj r� wkh jurxqg dqg wkh| ixuwkhu hqfrxudjh vkruw0whuplvp lq lqyhvwphqw

ghflvlrqv +dq lvvxh nqrzq dv wkh �krul}rq sureohp� lq wkh srolf| olwhudwxuh,1 Dw wkh rwkhu hqg

ri wkh vshfwuxp/ yhu| uhvwulfwlyh dffhvv srolflhv udlvh wzr frqfhuqv1 Iluvw/ wkh| pd| h{fhvvlyho|

wd{ qhzfrphuv dqg pdnh wkh yhqwxuh xqghulqfoxvlyh1 Vhfrqg/ zkhq wkh phpehuv frpshwh rq

wkh surgxfw pdunhw/ dffhvv srolflhv pd| eh xvhg dv d eduulhu wr hqwu|1 Dffhvv srolflhv wkhuhiruh

pxvw vwulnh wkh uljkw edodqfh ehwzhhq wkh surwhfwlrq ri lqyhvwphqw dqg rshqqhvv1

Wr wkh ehvw ri rxu nqrzohgjh/ wkhuh kdv ehhq qr dqdo|wlfdo wuhdwphqw ri wkh lvvxhv fryhuhg lq

wklv sdshu1 Wkh uhfhqw wkhruhwlfdo olwhudwxuh rq frrshudwlyhv; irfxvhv rq frusrudwh jryhuqdqfh

dqg frq lfw lvvxhv dqg lv qrw fdvw lq d g|qdplf lqyhvwphqw iudphzrun1 Lq wkh sdshu zh zloo

srlqw dw vrph olqnv ehwzhhq rxu zrun dqg wzr dssduhqwo| glvwlqfw �hogv= wkh srolwlfdo hfrqrp|

ri vrfldo vhfxulw| uhirup dqg sxeolf xwlolw| uhjxodwlrq1

Wkh sdshu ghyhorsv d vlpsoh ryhuodsslqj0jhqhudwlrqv iudphzrun lq rughu wr fdswxuh wkh

lqwhujhqhudwlrqdo frq lfwv ehwzhhq lqfxpehqwv dqg qhz phpehuv1 Lqyhvwphqwv duh �qdqfhg

iurp dvvhvvphqwv ru iurp htxlw| frqwulexwlrqv ohylhg iurp fxuuhqw phpehuv1 Rxu vwxg| surfhhgv

lq d judgxdo pdqqhu lq rughu wr fohdqo| lghqwli| wkh uhohydqw wudgh0r�v1 Iluvw/ lw irfxvhv rq

wkh lqwhujhqhudwlrqdo frq lfwv e| ljqrulqj grzqvwuhdp frpshwlwlrq1 Wkdw lv/ wkh phpehuv

ri wkh frrshudwlyh lqwhudfw rqo| wkurxjk wkhlu phpehuvkls1 Lq wklv iudphzrun zh dvn wkuhh

txhvwlrqv= Zkhq duh frrshudwlyhv yldeoh dqg krz lv wkhlu lqyhvwphqw d�hfwhg e| wkh devhqfh

ri glvfulplqdwlrq +vhfwlrq 5,B Duh frrshudwlyh urexvw wr frpshwlwlrq iurp rwkhu frrshudwlyhv/

glvfulplqdwru| ru qrq0glvfulplqdwru|/ dqg iurp iru0sur�w frpsdqlhv/ dqg krz gr frrshudwlyhv

hphujh lq dq hqylurqphqw lq zklfk dowhuqdwlyh lqvwlwxwlrqdo irupv duh dydlodeoh +vhfwlrq 6,BDuh

frrshudwlyhv ryhu ru xqghulqfoxvlyh dqg vkrxog wkh ohyho ri glvfulplqdwlrq ehwzhhq rog xvhuv dqg

qhz xvhuv ydu| ryhu wlph +vhfwlrq 7,B Wkh dqdo|vlv lv wkhq jhqhudol}hg wr doorz phpehuvkls

ydoxh wr eh hurghg e| wkh hqwu| ri qhz phpehuv dqg wkh sdshu vwxglhv wkh dqwlfrpshwlwlyh

;H1j1/ Jodhvhu0Vkohlihu +4<<;,/ Nuhphu +4<<;,/ Kduw0Prruh +4<;;, dqg Uh|0Wluroh +5334,1
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frqfhuqv dvvrfldwhg zlwk dowhuqdwlyh dffhvv srolflhv +vhfwlrq 8,1 Odvw/ vhfwlrq 9 frqfoxghv1

5 Duh frrshudwlyhv yldeohB

514 Prgho

Wr prgho wkh duulydo ri qhz djhqwv2srwhqwldo xvhuv dqg vwxg| dffhvv srolflhv/ zh frqvlghu dq

ryhuodsslqj jhqhudwlrqv iudphzrun1< Wlph lv glvfuhwh/ dqg wkh krul}rq lq�qlwh/ | ' fc �c 2c � � � 1

Djhqwv olyh iru wzr frqvhfxwlyh shulrgv1 Hdfk shulrg/ d jhqhudwlrq zlwk d odujh qxpehu/ qdpho|

d frqwlqxxp ri pdvv 4/ ri djhqwv lv eruq/ dqg dq htxdo0vl}h jhqhudwlrq h{lwv1 Wkh glvfrxqw idfwru

lv ghqrwhg e| B 	 �1

Dw hdfk gdwh | � �/ dq lqyhvwphqw/ frvwlqj U li lqfxuuhg/ lv dydlodeoh/ wkdw eulqjv derxw d

whfkqrorj| iru gdwh |1 Wklv whfkqrorj| jhqhudwhv jurvv vxusoxv w iru dq| djhqw zkr kdv dffhvv

dw | wr wkh whfkqrorj|1 Wklv vxusoxv fdq eh wkrxjkw ri dv wkh xvhu*v vxusoxv lqfuhphqw uhodwlyh

wr sxeolfo| dydlodeoh whfkqrorjlhv dw gdwh |1 Wkh whfkqrorj| lv d sxeolf jrrg lq wkdw lwv h{ srvw

pdujlqdo frvw lv }hur43 dqg ixuwkhupruh wkh lqglylgxdo jurvv vxusoxv w lv lqghshqghqw ri wkh

qxpehu ri djhqwv zkr kdyh dffhvv wr wkh whfkqrorj| dw |1 Rxu irupxodwlrq dovr lpsolhv wkdw

djhqwv gr qrw frpshwh rq wkh surgxfw pdunhw> rwkhuzlvh/ wkh lqglylgxdo vxusoxv zrxog ghshqg

rq wkh dffhvv srolf|1 Dv glvfxvvhg lq wkh lqwurgxfwlrq/ zh zdqw wr vhsdudwh lqwhujhqhudwlrqdo

frq lfwv iurp frpshwlwlyh lvvxhv dqg wkhuhiruh ghod| wkh lqwurgxfwlrq ri surgxfw pdunhw frp0

shwlwlrq1 Djhqwv duh ulvn qhxwudo dqg gr qrw idfh fuhglw frqvwudlqwv1 Zh zloo ixuwkhu dvvxph

wkdw wkh lqyhvwphqw lv vrfldoo| ehqh�fldo1

Wklv vhfwlrq dvvxphv wkdw doo djhqwv kdyh wkh vdph jurvv vxusoxv w iurp kdylqj dffhvv wr

wkh whfkqrorj|1 ^Vhfwlrq 7 zloo frqvlghu wkh fdvh ri zlwklq0jhqhudwlrq khwhurjhqhlw| dqg zloo

<Wkh ROJ prgho lv d vwdqgdug/ Vdpxhovrqldq rqh1 Lw lv hdv| wr jhqhudol}h rxu uhvxowv xvlqj/ vd|/ d Eodqfkdug
+4<;8, iudphzrun/ lq zklfk djhqwv* uhwluhphqw iroorzv d Srlvvrq surfhvv1 Vlploduo|/ wkh h{whqvlrq wr wlph0
ghshqghqw srsxodwlrqv +q3 / q4> ===> qw111, lv frpsohwho| vwudljkwiruzdug1 Lw suhglfwv d vorzhu wudqvlwlrq wr wkh
vwhdg| vwdwh +li wkh vhtxhqfh qw lv lqfuhdvlqj, wkdq ghslfwhg khuh1 Lw fdq dovr eh xvhg wr vwxg| wkh pluuru lpdjh
ri rxu prgho/ wkdw ri d ghfolqlqj phpehuvkls +wkh lqvljkwv duh wkhq yhu| vlplodu wr wkrvh suhvhqwhg khuh,1

43Wkurxjkrxw wkh dqdo|vlv/ zh irfxv rq lqyhvwphqw frvwv dqg ljqruh yduldeoh rshudwlqj frvwv1 Lq sudfwlfh/
wkh dffhvv fkdujh dw vkrxog eh lqwhusuhwhg dv wkh dprxqw wkdw qhhgv wr eh dgghg wr yduldeoh frvwv lq rughu wr
uhfryhu wkh �{hg frvwv ri lqyhvwphqw1

8



orrn dw lqfoxvlyhqhvv1` Wkh frqglwlrq wkdw wkh lqyhvwphqw lv vrfldoo| ehqh�fldo lv wkhq=

2Bw : U� +4,

Zh zloo dqdo|}h wkh iroorzlqj lqvwlwxwlrqv=

Lqyhvwru rzqhg frusrudwlrq +LRF,1 Wkh lqyhvwru rzqhg frusrudwlrq lv h{whuqdoo| �qdqfhg1 Sur0

ylghg lw kdv lqyhvwhg dw gdwh |� �/ wkh LRF uhqwv2olfhqvhv lwv whfkqrorj| dw dffhvv fkdujh @| dw

gdwh |1

Qrqglvfulplqdwru| frrshudwlyh +QGF,1 Wkh qrqglvfulplqdwru| frrshudwlyh lv wkh sxuhvw irup

ri frrshudwlyh= Wkhuh lv qr hqwu| ihh/ qr uhghpswlrq uljkwv dqg doo xvhuv ri wkh frrshudwlyh dw d

jlyhq gdwh | sd| wkh vdph dprxqw @| iru wkh uljkw wr xvh wkh lqsxw surgxfhg e| wkh frrshudwlyh1

Zh dvvxph wkdw frqwuro uljkwv ryhu wkh lqyhvwphqw ghflvlrq lq d frrshudwlyh +glvfulplqdwru| ru

qrw, duh doorfdwhg wr wkh |rxqj phpehuv � rwkhuzlvh lqyhvwphqw zrxog qhyhu wdnh sodfh1

Ixoo| glvfulplqdwru| frrshudwlyh +IGF,1 Lq d glvfulplqdwru| frrshudwlyh/ qhz phpehuv gr qrw

sd| wkh vdph dprxqw dv hvwdeolvkhg phpehuv1 D ixoo| glvfulplqdwru| frrshudwlyh frpsohwho|

glvfrqqhfwv wkh dvvhvvphqwv sdlg e| wkh hvwdeolvkhg phpehuv dqg e| wkh qhzfrphuv1 Zlwkrxw

orvv ri jhqhudolw| +vhh ehorz,/ zh zloo irupdol}h glvfulplqdwlrq dv wkh h{lvwhqfh ri dq hqwu| ihh

.| wr eh sdlg e| qhz phpehuv dw gdwh | dqg fkrvhq e| hvwdeolvkhg phpehuv1 Wkh qhzfrphuv*

hqwu| ihh lv xvhg wr ghiud| wkh lqyhvwphqw frvw U1 E| frqyhqwlrq/ qhz phpehuv rwkhuzlvh sd|

wkh vdph xvdjh sulfh @| dv hvwdeolvkhg phpehuv1 ^Lq wklv lqwhusuhwdwlrq/ wkh rog0wlphuv gr qrw

uhfhlyh dq| htxlw| uhghpswlrq sd|phqw zkhq wkh| ohdyh1 Wkh| ehqh�w iurp wkh qhzfrphuv*

hqwu| ihh wkurxjk wkh uhgxfwlrq lq wkh dffhvv fkdujh1`

Lq wklv vhfwlrq/ zh zloo dvvxph wkdw wkh �up*v whfkqrorj| lv sursulhwdu|/ ru pruh jhqhudoo|

wkdw wkhuh lv qr wkuhdw ri hqwu| e| d ulydo �up +vhfwlrq 6 vwxglhv xsvwuhdp frpshwlwlrq,1

515 Yldelolw|

Zh lqyhvwljdwh wkh yldelolw| ri wkh ydulrxv rujdql}dwlrqdo irupv1

� Lqyhvwru0rzqhg frusrudwlrq1 Surylghg lw kdv lqyhvwhg dw |� �/ wkh LRF vhwv dffhvv fkdujh dw
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gdwh | vr dv wr fdswxuh xvhu vxusoxv=

@| ' @6 ' wc

dqg vr lwv lqwhuwhpsrudo sur�w lv

T 6 '
2Bw � U

�� B
� +5,

Lqyhvwphqw lv yldeoh lq dq LRF/ zklfk fdswxuhv wkh hqwluh vrfldo vxusoxv xqghu xvhu krprjhqhlw|1

� Qrqglvfulplqdwru| frrshudwlyh1 Dq QGF wkdw jhwv r� wkh jurxqg kdv qr wurxeoh wr nhhs

jrlqj vlqfh wkh qhz phpehuv iuhh ulgh rq wkh rog phpehuv* lqyhvwphqw1 Wr eh fhuwdlq/ wkhvh

qhz phpehuv nqrz wkdw wkhlu vxffhvvruv zloo lq wxuq iuhh ulgh rq wkhlu rzq lqyhvwphqwv/ exw

wklv frvw lv glvfrxqwhg1 Pruh irupdoo|/ lq vwhdg| vwdwh/ dvvhvvphqwv @| ' @�(� vdwlvi|

2@�(� ' Uc

vr wkdw wkh qhw vxusoxv ri d gdwh0| qhz phpehu E| : f� lv htxdo wr

L�(�
| ' L�(� ' E� n B�

�
w �

U

2

�
c

dqg lv srvlwlyh xqghu frqglwlrq +4,1

Rq wkh rwkhu kdqg/ QGFv gr qrw hdvlo| jhw vwduwhg1 Wr vhh zk|/ frqvlghu wkh gdwh03

jhqhudwlrq1 Lw ehduv wkh euxqw ri wkh gdwh03 lqyhvwphqw44 dqg jhwv wr xvh wkh whfkqrorj| rqo|

dw gdwh 4= @f ' U/ @� ' U*2> jhqhudwlrq 3*v xwlolw|/ li lw lqyhvwv/ lv wkhuhiruh45

L�(�
f ' B

�
w �

U

2

�
� U�

Dqg vr li

w 	

�
�

2
n

�

B

�
Uc +6,

44Gdwh03phpehuv pd| hlwkhu frqwulexwh wkurxjk oxps0vxp judqwv ru hqwu| ihhv/ ru hovh frpplw wr dq h{foxvlyh
xvh ri wkh frrshudwlyh dw gdwh 3 dqg sd| d vxufkdujh iru wkh xvh ri wkh +sxeolf, whfkqrorj|1

45Qrwh wkh lpsruwdqfh ri wkh dvvxpswlrq wkdw wkh QGF fdqqrw h{foxgh1 Dw hdfk lqvwdqw rog phpehuv zrxog
olnh wr vwrs lqyhvwphqw1 Wkh| frxog gr vr e| h{foxglqj qhz hqwudqwv ru/ li wkh phpehuvkls zhuh dfwxdoo|
ghfolqlqj/ e| nhhslqj frqwuro ryhu wkh erdug1 Pruh jhqhudoo|/ lqyhvwphqw lq dq QGF zloo wdnh sodfh rqo| li d
frqwuroolqj pdmrulw| kdv d iruzdug orrnlqj shuvshfwlyh1

:



wkh QGF qhyhu jhwv vwduwhg1

� Ixoo| glvfulplqdwru| frrshudwlyh1 Ohw xv �uvw frqvlghu wkh vwhdg| vwdwh ri dq IGF1 Ohw

T 8(� ' w � @8(� ghqrwh wkh rog phpehuv* htxloleulxp lqvwdqwdqhrxv sd|r�1 Lq dq| shulrg/

wkh dffhvv fkdujh lv olqnhg wr wkh hqwu| ihh . e| 2@ ' U � .1 Wkh rog jhqhudwlrq rswlpdoo|

fkrrvhv wkh odujhvw ihh wkdw wkh |rxqj jhqhudwlrq lv zloolqj wr sd|=

. ' w � @n BT 8(��

Khqfh/ lq htxloleulxp46

. ' .8(� '
� n B

�� B
E2w � U�c

dqg vr

T 8(� '
2w � U

�� B
�

Wkh �uvw jhqhudwlrq +eruq dw gdwh 3, wkxv h{wudfwv wkh hqwluh vxusoxv dqg jhwv

L8(�
f ' �U n BT 8(� '

2Bw � U

�� B
' T 6c

zkloh wkh odwhu jhqhudwlrqv uhfhlyh qr vxusoxv +L8(�
| ' f iru | : f,1 Wkhuh lv wkxv qr gl�huhqfh

ehwzhhq dq LRF dqg dq IGF zkhq xvhuv duh krprjhqrxv1

Sursrvlwlrq 514 Zlwk krprjhqrxv xvhuv/ dq lqyhvwru0rzqhg frusrudwlrq dqg d ixoo| glvfulp0

lqdwru| frrshudwlyh duh htxlydohqw dqg h!flhqw1 Wkh qrqglvfulplqdwru| frrshudwlyh lv vwhdg|

vwdwh yldeoh dqg h!flhqw/ exw lw grhv qrw jhw r� wkh jurxqg li frqglwlrq +6, krogv1

D ihz uhpdunv duh lq rughu1 Iluvw/ wkh htxlydohqfh ehwzhhq lqyhvwru0rzqhg frusrudwlrqv dqg

ixoo|0glvfulplqdwru| frrshudwlyhv lv txlwh jhqhudo dqg h{whqgv iru h{dpsoh wr yduldeoh xvdjh

ohyhov1 Lq h�hfw/ wkh �uvw jhqhudwlrq lq d ixoo| glvfulplqdwru| frrshudwlyh rzqv wkh idflolwlhv

46Wkh vwhdg|0vwdwh dffhvv fkdujh lv htxdo wr dIGF @ ^L � +4 . �, �` @ +4� �, dqg lv wkxv qhjdwlyh1 Lw vkrxog
krzhyhu eh lqwhusuhwhg dv d uhgxfwlrq lq wkh xvdjh ihh fkdujhg iru wkh lqsxw vxssolhg e| wkh frrshudwlyh/ zklfk
lv qrupdol}hg wr }hur lq rxu iudphzrun1 Lq dgglwlrq/ li wkh ghpdqg iru wkh lqsxw lv yduldeoh/ qrq0olqhdu +h1j1/
wzr0sduw, wdul�v vkrxog eh xvhg dqg wkh vxevlg| vkrxog eh dssolhg wr wkh �{hg sduw ri wkh wdul� lq rughu wr
dyrlg glvwruwlrqv1

;



dqg lv deoh wr lpsrvh prqrsro| frqglwlrqv rq wkh qhz phpehuv1 Wklv h{huflvh ri prqrsro|

srzhu fuhdwhv qr zhoiduh orvv khuh ehfdxvh qhz phpehuv duh krprjhqrxv dqg wkxv doo �jhw rq

erdug�1

Vhfrqg/ zh kdyh dvvxphg wkdw glvfulplqdwlrq wdnhv wkh irup ri dq hqwu| ihh ohylhg rq wkh

|rxqj jhqhudwlrq dqg wkdw wklv hqwu| ihh lv xvhg wr ghiud| wkh lqyhvwphqw frvw1 Lq sudfwlfh/

glvfulplqdwlrq pd| wdnh vhyhudo rwkhu irupv1 Iluvw/ wkh frrshudwlyh pd| ohy| vhqlrulw|0edvhg

dvvhvvphqwv1 Wkdw lv/ lw pd| ohy| gl�huhqw dffhvv fkdujhv i@J| c @
+
| j rq wkh rog dqg wkh |rxqj1

Vhfrqg/ wkh dvvrfldwlrq pd| sd| d uhghpswlrq ru glylghqg _| edvhg rq fdslwdo dffrxqwv +wkdw

lv khuh wr wkh rog phpehuv,1 Wklug/ wkh phpehuv pd| eh hqgrzhg zlwk d wudqvihudeoh surshuw|

uljkw1 Wkh h{lwlqj phpehuv wkhq uhfhlyh d +pdunhw ghwhuplqhg, oxps vxp sd|phqw R| zkhq

wkh| ohdyh wkh frrshudwlyh/ zklfk djdlq dprxqwv wr uhgxfh wkhlu h�hfwlyh xvdjh ihh1 Wkhvh

ydulrxv lqvwuxphqwv duh irupdoo| htxlydohqw lq rxu vlpsoh iudphzrun= vhwwlqj d kljkhu fkdujh

iru |rxqj phpehuv E@+| : @J| � dprxqwv wr fkdujlqj dq hqwu| ihh .| ' @J| � @+| / zkhuhdv d wudqv0

ihudeoh surshuw| uljkw R| uhgxfhv wkh h�hfwlyh ihh fkdujhg wr rog phpehuv E@J| ' @| � R|� dqg d

uhghpswlrq _| erwk uhgxfhv wkh xvdjh ihh ri wkh rog phpehuv E@J| ' @| � _|� dqg lqfuhdvhv wkdw

ri wkh |rxqj phpehuv E@+| ' @| n _|�1 Zh wkxv kdyh=47

Revhuydwlrq= D ixoo| glvfulplqdwru| frrshudwlyh fdq lpsohphqw lwv rswlpdo srolf| e| xvlqj dq|

ri wkh iroorzlqj lqvwuxphqwv= +l, hqwu| ihhv> +ll, vhqlrulw|0edvhg dvvhvvphqwv> +lll, uhghpswlrqv

ru glylghqgv> +ly, wudqvihudeoh surshuw| uljkwv1

47Lq eurdghu iudphzrunv/ wkhvh ydulrxv lqvwuxphqwv zrxog qr orqjhu eh uhgxqgdqw1 Iru h{dpsoh/ dq hqwu| ihh
+sdlg rqfh iru doo, dqg d uhghpswlrq srolf| +sdlg lq vhyhudo shulrgv, kdyh gl�huhqw lpsdfwv rq |rxqj phpehuv*
lqfhqwlyh wr vwd| lq wkh frrshudwlyh lq wkh hduo| vwdjh ri wkhlu phpehuvkls1 Wkhvh wzr lqvwuxphqwv dovr kdyh
gl�huhqwldwhg lpsdfwv rq fuhglw frqvwudlqhg phpehuv1
Wkhuh duh dovr wzr plqru fdyhdwv wr wkh htxlydohqfh ghprqvwudwhg lq wkh wh{w1 Wkh �uvw lv wkdw dffhvv fkdujhv

pxvw eh qrqqhjdwlyh> wklv pd| eh d frqfhuq zkhq hqwu| ihhv duh xvhg wr uhgxfh wkh dvvhvvphqw dqg yduldeoh
rshudwlqj frvwv duh qrw yhu| kljk +lq wkh deryh dqdo|vlv ri wkh IGF/ zkhuh rshudwlqj frvwv duh }hur/ lq vwhdg|
vwdwh wkh dffhvv fkdujh htxdov d� @ +L � +4 . �, �, @ +4� �, dqg lv lqghhg qhjdwlyh,1 Glylghqgv ru phpehuvkls
uljkwv dyrlg wklv sureohp dv wkh| doorz dvvhvvphqwv wr uhpdlq srvlwlyh1 Frqyhuvho| dvvhvvphqwv vkrxog qrw eh
vr kljk dv wr glvfrxudjh wkh xvhu1 Wkh ydulhw| ri lqvwuxphqwv krzhyhu doorzv wkh frrshudwlyh wr lpsohphqw lwv
glvfulplqdwlrq srolf| zlwkrxw vwulnlqj wkhvh wzr urfnv1

<



516 Urexvwqhvv dqg h{whqvlrqv

� Qhwzrun h{whuqdolwlhv1 Wkh dqdo|vlv deryh dffrxqwv rqo| iru frvw0vkdulqj qhwzrun h{whuqdolwlhv1

Lw lv hdvlo| jhqhudol}hg wr dovr doorz iru pruh frqyhqwlrqdo qhwzrun h{whuqdolwlhv1 Iru h{dpsoh

vxssrvh wkdw d phpehu*v jurvv vxusoxv lq d jlyhq shulrg | lv jlyhq e|

w n � E?|� c

zkhuh ?| lv wkh qxpehu ri gdwh0| xvhuv ri wkh jrrg/ dqg � lv dq lqfuhdvlqj ixqfwlrq1 Wkh dqdo|vlv

jrhv wkurxjk e| uhsodflqj wkh shu0phpehu lqyhvwphqw frvw U*?| e| wkh �prgl�hg shu0phpehu

lqyhvwphqw frvw�

L E?� �
U

?
� � E?� �

Lq sduwlfxodu/ d iru0sur�w rzqhu ru wkh irxqghuv ri d ixoo| glvfulplqdwru| frrshudwlyh dssursuldwh

wkh ixwxuh  rzv ri qhwzrun h{whuqdolwlhv1

� Wkh krul}rq sureohp1 Zh kdyh irfxvhg rq wkh srvvlelolw| wkdw d vrfldoo| ghvludeoh lqyhvwphqw

pd| qrw eh lqfxuuhg1 Wkh vdph lghdv dsso| wr fkrlfhv dprqj lqyhvwphqwv1 Frqvlghu dq lqihulru

lqyhvwphqw whfkqrorj| wkdw frvwv rqo| a 	 U exw |lhogv vxusoxv � 	 w wr wkh iroorzlqj shulrg*v

xvhuv/ vxfk wkdw

2B Ew � �� : U � a�

Wkh lqyhvwru0rzqhg frusrudwlrq dqg wkh ixoo| glvfulplqdwru| frrshudwlyh ixoo| lqwhuqdol}h

ixwxuh ehqh�wv dqg vr fkrrvh wkh vxshulru whfkqrorj| lq hdfk shulrg1 Lq frqwudvw/ wkh irxqghuv

ri d qrqglvfulplqdwru| frrshudwlyh/ zkr ehdu wkh ixoo frvw ri lqyhvwphqw dqg uhfhlyh rqo| kdoi

ri wkh ehqh�wv fkrrvh wkh lqihulru whfkqrorj| li

U � a : B Ew � �� �
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Zkloh wklv vkruw0whuplvw ehkdylru lv rqo| wudqvlwru| khuh � wkh frrshudwlyh uhyhuwv wr wkh vxshulru

whfkqrorj| rqfh lw jhwv jrlqj �/ lw zrxog dulvh uhshdwhgo| li wkh frrshudwlyh zhuh wr jurz vorzo|

ryhu wlph1

6 Frpshwlwlrq dprqj rujdql}dwlrqdo irupv

614 Jhqhvlv ri frrshudwlyhv

Vhfwlrq 5 irfxvhg rq wkh yldelolw| ri dowhuqdwlyh rujdql}dwlrqdo irupv1 Ohw xv qrz orrn lqwr

wkh fkrlfh ri rujdql}dwlrqdo irup1 Wkh dqdo|vlv ri vhfwlrq 5 srlqwv dw wzr kdqglfdsv idfhg e|

wkh qrqglvfulplqdwru| frrshudwlyh irup lq lwv frpshwlwlrq zlwk dowhuqdwlyh lqvwlwxwlrqv1 Iluvw/

lw pd| qrw eh yldeoh1 Vhfrqg/ hyhq li lw lv yldeoh/ lw lv qrw lq jhqhudo lq wkh lqwhuhvw ri wkh

irxqghuv wr fuhdwh d qrqglvfulplqdwru| frrshudwlyh= dgrswlqj lqvwhdg d glvfulplqdwru| fkduwhu

zrxog doorz wkhp wr fdswxuh vrph ri wkh ixwxuh jhqhudwlrqv* uhqwv1 Wkhvh wzr uhdvrqv suredeo|

h{sodlq zk| prvw frrshudwlyhv dfwxdoo| glvfulplqdwh1

Wkhuh duh krzhyhu olplwv wr glvfulplqdwlrq1 Rqh vxfk olplw pd| frph iurp dqwlwuxvw hq0

irufhphqw ri rshq dffhvv +vhh vhfwlrq 8,1 Dqrwkhu/ pruh dorqj wkh olqhv ri vhfwlrq 5/ lv wkdw d

frpplwphqw qrw wr glvfulplqdwh pd| eh qhfhvvdu| wr uhdvvxuh survshfwlyh ru h{sdqglqj php0

ehuv1 Wr looxvwudwh wklv dujxphqw lq wkh fdvh ri survshfwlyh phpehuv/ vxssrvh wkdw jhqhudwlrq

| pxvw lqfxu vrph �{hg lqyhvwphqw frvw S dw gdwh | � � lq rughu wr eh deoh wr ghulyh jurvv

vxusoxv iurp dffhvv dw | dqg |n�1 Ehfdxvh wklv jurvv vxusoxv lv wkhq h{sursuldwhg wkurxjk wkh

hqwu| ihh +ru rwkhu glvfulplqdwru| lqvwuxphqwv,/ wkh survshfwlyh phpehuv gr qrw lqfxu wkh �{hg

frvw S/ dqg wkh ixoo| glvfulplqdwru| frrshudwlyh lv wkhuhiruh xqdeoh wr dwwudfw qhz phpehuv1

Lq frqwudvw/ d qrqglvfulplqdwlrq fkduwhu/ ru pruh jhqhudoo| d fkduwhu wkdw olplwv wkh ihdvleoh

glvfulplqdwlrq lv d fuhgleoh frpplwphqw qrw wr h{sursuldwh wkh vshfl�f lqyhvwphqwv pdgh e|

wkh ixwxuh phpehuv1 Vlploduo|/ olplwlqj vrph irupv ri glvfulplqdwlrq vxfk dv htxlw| uhghpswlrq

+zklfk idyruv h{lwlqj phpehuv wr wkh ghwulphqw ri h{sdqglqj rqhv, lv d fuhgleoh frpplwphqw

qrw wr h{sursuldwh wkh lqyhvwphqwv ri fxuuhqw phpehuv1
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Lq rxu ylhz/ vxfk frqvlghudwlrqv sod| dq lpsruwdqw uroh lq wkh jhqhvlv ri frrshudwlyhv148

Wkh| pd| dovr h{sodlq zk| sulydwh surshuw| pd| yroxqwdulo| eh wxuqhg lqwr wkh sxeolf grpdlq1

Iru h{dpsoh/ wkh Ylvd dqg PdvwhuFdug dvvrfldwlrqv zhuh ruljlqdoo| lqyhvwru0rzqhg149 Wxuqlqj

wkh v|vwhpv lqwr +edvlfdoo|, qrqglvfulplqdwru| frrshudwlyhv hqdeohg wkh frusrudwlrq wr r�hu d

fuhgleoh frpplwphqw wr rwkhu lvvxhuv dqg wkhuhe| wr ehqh�w iurp lqfuhdvhg qhwzrun h{whuqdol0

wlhv1 D vlplodu fuhglelolw| dujxphqw riwhq xqghuolhv wkh uhohdvh ri sursulhwdu| vriwzduh wr irup

d frdolwlrq durxqg d vwdqgdug ru wr lqlwldwh dq rshq vrxufh surfhvv1

615 Frqwhvwdelolw| ri xsvwuhdp vhjphqw

Rxu qdwxudo prqrsro| prgho kdv dvvxphg wkdw wkh �up/ uhjdugohvv ri lwv fkduwhu/ lv qrw wkuhdw0

hqhg e| hqwu|1 Ohw xv lq frqwudvw dvvxph wkdw wkh lqyhvwphqw whfkqrorj| lv zlgho| dydlodeoh/ dqg

vr d qhz lqvwlwxwlrq pd| hphujh/ wkdw wkuhdwhqv wkh hvwdeolvkhg xsvwuhdp prqrsro|1 Zh zloo

dvvxph wkdw/ zkhq frqiurqwhg zlwk wzr dowhuqdwlyh r�huv/ wkh |rxqj jhqhudwlrq frruglqdwhv wr

mrlqwo| wdnh wkh r�hu wkdw lv ehvw iru lwv xvhuv +wklv lv wkh �Sduhwr grplqdqfh� vhohfwlrq fulwhulrq

riwhq xvhg lq qhwzrun hfrqrplfv,1

� Qrqglvfulplqdwru| frrshudwlyh1 Iluvw/ zh qrwh wkdw dq QGF/ rqfh lw jhwv jrlqj/ lv lppxqh

wr hqwu| e| d ulydo QGF1 Iru/ wkh lqfxpehqw QGF r�huv d qlfh ghdo wr wkh |rxqj jhqhudwlrq/

zkrvh uhsuhvhqwdwlyh phpehu rewdlqv L�(� ' E� n B�
�
w � U

2

�
1 Lq frqwudvw/ hyhq li lw vxffhhghg

lq dwwudfwlqj doo phpehuv ri wklv jhqhudwlrq dqg wkh qh{w/ dq hqwhulqj QGF frxog r�hu dw prvw

L�(�
f ' �U n B

�
w � U

2

�
	 L�(�1

Lqwhuhvwlqjo|/ wkh lqfxpehqw QGF lv qrw qhfhvvdulo| lppxqh wr hqwu| e| dq IGF +ru iru

wkdw pdwwhu e| dq LRF,1 Wkh lqwxlwlrq lv wkdw zkloh r�hulqj d orzhu lqlwldo vxusoxv/ wkh IGF

fdq surplvh wkh qhz jhqhudwlrq ri xvhuv wkh uhqwv dvvrfldwhg zlwk wkh froohfwlrq ri hqwu| ihhv

48Ri frxuvh/ rwkhu h{whuqdo hohphqwv pd| khos frrshudwlyhv wr jhw r� wkh jurxqg1 Iru h{dpsoh/ qrqsur�w
krvslwdov lq wkh XV kdyh ehqh�wwhg iurp fkdulwdeoh frqwulexwlrqv1 Idyrudeoh wd{ wuhdwphqw +hvshfldoo| ehiruh wkh
Wd{ Uhirup Dfw ri 4<;9, kdv dovr frqwulexwhg wr wkh ghyhorsphqw ri frrshudwlyhv1 Odujh U)G frqvruwld riwhq
uhfhlyh vhhg prqh| ru vxevlglhv iurp jryhuqphqwv1 Iru h{dpsoh/ Hxurshdq Frppxqlw| Hvsulw dqg Hxuhnd LW
ixqglqj surjudpv lq wkh 4<;3v frqwulexwhg uhvshfwlyho| wr 83( dqg 68( ri wkh frvwv ri lqwhu0�up U)G surmhfwv1

49Ylvd �qgv lwv ruljlqv lq Edqn ri Dphulfd*v sursulhwdu| v|vwhp/ dqg PdvwhuFdug lq wkh phujhu ri sursulhwdu|
v|vwhpv rzqhg e| Zhoov Idujr Edqn dqg Pdulqh Plgodqg Edqn1
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lq wkh ixwxuh= dq IGF fdq wkxv vxffhvvixoo| ghihdw dq lqfxpehqw QGF zkhqhyhu

L8(�
f ' T 6 '

2Bw � U

�� B
: L�(� ' E� n B�

�
w �

U

2

�
c

wkdw lv/ zkhq4:

2Bw � U

2w � U
:

�� B2

2
� +7,

Wklv iudjlolw| ri QGFv wr hqwu| e| IGFv pd| uhplqg wkh uhdghu ri wkh srolwlfdo hfrqrp| ri

shqvlrqv1 Sd|0dv0|rx0jr v|vwhpv dqg IGFv duh ohvv idyrudeoh wr wkh |rxqj +dv rssrvhg wr wkh

rog, wkdq QGFv dqg ixoo|0ixqghg0vrfldo0vhfxulw| v|vwhpv1 Dv lv zhoo0nqrzq lw lv txlwh gl!fxow

wr pryh iurp d sd|0dv0|rx0jr v|vwhp wr d ixoo|0ixqghg v|vwhp zkloh wkh uhyhuvh lv reylrxvo|

hdvlhu1

� Ixoo| glvfulplqdwru| frrshudwlyh1 Ohw xv qrz orrn dw dq IGF idflqj wkh wkuhdw ri hqwu| e|

dqrwkhu IGF +lw fdq eh vkrzq wkdw dq QGF hqwudqw fdqqrw ghihdw dq IGF lqfxpehqw,1 Wkh

sdvw lqyhvwphqw ri wkh lqfxpehqw IGF frqihuv dq dgydqwdjh zklfk hqvxuhv lwv vwdelolw|1 Krz0

hyhu/ wkh wkuhdw ri hqwu| uhgxfhv wkh dprxqw wkdw fdq eh h{wudfwhg iurp wkh qhz jhqhudwlrqv1

Wr �{ lghdv/ vxssrvh wkdw +4, wkh h{lvwlqj IGF ghflghv zkhwkhu wr lqyhvw dqg vhwv dq hqwu|

ihh/ dqg +5, |rxqj xvhuv fkrrvh zkhwkhu wr mrlq wkh h{lvwlqj IGF ru wr irup d qhz rqh1 E|

fuhdwlqj d vhfrqg yhqwxuh/ wkh |rxqj jhqhudwlrq fdq vhfxuh lwvhoi dw ohdvw �U n Bw hyhq li wkh

wzr yhqwxuhv frpshwh ã od Ehuwudqg iru wkh qhz jhqhudwlrq lq wkh iroorzlqj shulrg1 Wkxv/ li

U 	 Bw/ wkh wkuhdw ri hqwu| irufhv wkh lqfxpehqw IGF wr orzhu lwv hqwu| ihh +rwkhuzlvh/ hqwu|

lv �eorfndghg� dqg wkh dqdo|vlv lq vhfwlrq 515 suhydlov,14;

4:Zkhq wklv frqglwlrq lv vdwlv�hg/ vrph surwhfwlrq +h1j1/ lq wkh irup ri h{lw ihhv, lv uhtxluhg wr hqvxuh wkh
vxvwdlqdelolw| ri wkh QGF1

4;Wkh frpshwlwlyh suhvvxuh iurp wkh wkuhdw ri hqwu| lv hyhq odujhu li wkh h{lvwlqj yhqwxuh fdqqrw suhfrpplw
lwvhoi wr lqyhvw1 Wkhq/ wkh |rxqj jhqhudwlrq pd| eh deoh wr vhfxuh lwvhoi xs wr �L . �Y IGF > lq wklv fdvh/ wkh
h{lvwlqj yhqwxuh fdqqrw fkdujh pruh wkdq

H @ L . �>

dqg doo jhqhudwlrqv/ lqfoxglqj wkh �uvw rqh/ rewdlq wkh vdph vxusoxv

�L . 5��=
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Wkh iroorzlqj sursrvlwlrq vxppdul}hv wklv glvfxvvlrq=4<

Sursrvlwlrq 4 Dq lqfxpehqw qrqglvfulplqdwru| frrshudwlyh lv ghihdwhg e| dq hqwhulqj lqyhvwru0

rzqhg frusrudwlrq ru ixoo| glvfulplqdwru| frrshudwlyh li dqg rqo| li frqglwlrq Ee� krogv1 Lq

frqwudvw/ dq lqfxpehqw ixoo| glvfulplqdwru| frrshudwlyh +ru lqyhvwru0rzqhg frusrudwlrq, lv qrw

ghihdwhg e| d +glvfulplqdwru| ru qrqglvfulplqdwru|, frrshudwlyh hqwudqw> wkh wkuhdw ri hqwu|

e| dqrwkhu ixoo| glvfulplqdwru| frrshudwlyh pd| krzhyhu olplw wkh lqfxpehqw phpehuv* pdunhw

srzhu dqg irufh wkhp wr vkduh wkhlu uhqwv zlwk wkh qhz jhqhudwlrqv1

7 Khwhurjhqhrxv xvhuv dqg lqfoxvlyhqhvv

714 G|qdplfv ri phpehuvkls

Doorzlqj xvhuv wr hqmr| gl�huhqw ehqh�wv lv lqwhuhvwlqj iru wzr uhdvrqv1 Iluvw/ khwhurjhqhlw|

lqwurgxfhv d glvwlqfwlrq ehwzhhq yldelolw| dqg h!flhqf|= dq rujdql}dwlrqdo irup pd| vxssruw

lqyhvwphqw/ exw eh xqghulqfoxvlyh dqg wkhuhiruh lqh!flhqw> lq frqwudvw/ zlwk krprjhqrxv xvhuv/

yldelolw| dozd|v lpsolhg h!flhqf|1 Vhfrqg/ khwhurjhqhlw| voljkwo| gl�huhqwldwhv wkh lqyhvwru0

rzqhg frusrudwlrq dqg wkh glvfulplqdwru| frrshudwlyh1

Ohw xv dvvxph wkdw/ lq d jlyhq jhqhudwlrq/ wkh djhqwv* jurvv vxusoxvhv duh glvwulexwhg dffrug0

lqj wr fxpxodwlyh glvwulexwlrq 8 Ew� rq dfc4�1 Zh dvvxph wkdw wkh glvwulexwlrq lv orj frqfdyh=

sEw�
�38 Ew�

lqfuhdvhv zlwk w1

� Lqyhvwru0rzqhg frusrudwlrq1 Ohw

w6 ' @h}4@ iwd�� 8 Ew�oj

ghqrwh wkh �prqrsro| fxw0r��/ wkdw lv wkh w|sh ri wkh pdujlqdo xvhu ri wkh whfkqrorj| zkhq

4<Wklv glvfxvvlrq grhv qrw h{sodlq wkh vxffhvvixo fuhdwlrq ri djulfxowxuh frrshudwlyhv lq uhvsrqvh wr wkh kljk
sulfhv fkdujhg e| iru0sur�w vxssolhuv1 Vxfk hyhqwv fdq krzhyhu eh udwlrqdol}hg li wkh iru0sur�w idfhv vrph
xqfhuwdlqw| zlwk uhjdug wr lwv fxvwrphuv* fkdudfwhulvwlfv +h1j1/ lw pd| eh xqfhuwdlq derxw wkh fxvwrphuv* delolw|
wr xqghuwdnh d froohfwlyh dfwlrq,1
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wkh whfkqrorj| lv pdunhwhg e| dq LRF153 Wkh prqrsro| sur�w lv

T 6 '
2Bw6 d�� 8 Ew6�o� U

�� B
�

BZ6 � U

�� B
�

Zh dvvxph wkdw dq LRF lv yldeoh=

BZ6 : U� +8,

� Qrqglvfulplqdwru| frrshudwlyh1 Lq wkh vwhdg| vwdwh ri dq QGF/ wkh pdujlqdo xvhu*v w|sh w�(�

lv htxdo wr wkh vwhdg| vwdwh dffhvv sulfh @�(� 1 Dqg vr w�(� lv jlyhq e| +wkh vpdoohvw urrw ri,=

2w�(�
�
�� 8 Ew�(��

�
' U�

Wkh LRF lv xqghulqfoxvlyh uhodwlyh wr wkh QGF/ vlqfh

w�(� 	 w6�

Zkloh wkh vwhdg| vwdwh rxwfrph xqghu dq QGF lv vrfldoo| vxshulru wr wkh LRF rxwfrph/ wkhuh

pd| eh vhulrxv wudqvlwlrq sureohpv olnh lq wkh fdvh ri krprjhqrxv xvhuv1 Wkh �uvw jhqhudwlrq

ehduv wkh lqlwldo frvw ri lqyhvwphqw exw grhv qrw lpphgldwho| ehqh�w iurp wkh mrlqw yhqwxuh1

Vr wkh QGF pd| qhyhu jhw r� wkh jurxqg1 Lw fdq jhw jrlqj dw gdwh f rqo| li wkhuh h{lvwv d

vhtxhqfh ri pdujlqdo fxvwrphuv wfc w�c � � � c w|c � � � / dqg xqlirup dffhvv fkdujhv @fc @�c � � � c @|c � � � /

vxfk wkdw

@fd�� 8 Ewf�o ' U/

@|d�� 8 Ew|3�� n �� 8 Ew|�o ' U iru doo | � �/

dqg

53Zh dvvxph wkdw wkh LRF fdqqrw glvfulplqdwh dprqj wkh xvhuv dffruglqj wr wkhlu djh1 Rwkhuzlvh/ wkh LRF
zrxog r�hu qrphpehu dffhvv dw d orz sulfh/ wdujhwhg wr rog xvhuv zkr kdyh qrw mrlqhg lq wkh suhylrxv shulrg1
Iurp vwdqgdug lqwhuwhpsrudo +Frdvldq, sulfh glvfulplqdwlrq wkhru|/ zh nqrz wkdw wklv zrxog glvfrxudjh vrph
xvhuv +wkrvh zlwk w|sh rqo| voljkwo| deryh �p, iurp vxevfulelqj zkhq wkh| duh |rxqj/ zklfk zrxog orzhu wkh
sur�wdelolw| ri wkh LRF= D srolf| ri qr glvfulplqdwlrq ehwzhhq vkruw0 dqg orqj0whup xvhuv doorzv wkh LRF wr

frpplw wr prqrsro| dffhvv fkdujhv1 Zh zloo pdnh wkh vlplodu dvvxpswlrq iru wkh QGF dqg wkh IGF1
Qrwh lq sduwlfxodu wkdw wklv dvvxpswlrq xqghuwdwhv wkh h{whqw ri iuhhulglqj lq frrshudwlyhv dv lw holplqdwhv

�irrwgudjjlqj� +wkh vwudwhj| dgrswhg e| vrph srwhqwldo phpehuv ri zdlwlqj xqwlo lqyhvwphqw kdv ehhq vxqn wr
dgkhuh wr wkh frrshudwlyh,1
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Bwf ' @f n B@�/

E� n B�w| ' @| n B@|n� iru doo | � �1

Wkh lqwhusuhwdwlrq lv dv iroorzv1 Li dw gdwh 3/ djhqwv zlwk w|sh w � wf �frqwulexwh� +sd| @f,/

wkh| jhw qrwklqj lq shulrg f exw wkh yhqwxuh jhwv vwduwhg/ dqg vr wkh| zloo eh deoh wr ehqh�w

iurp wkh lqyhvwphqw lq shulrg �/ surylghg wkh| sd| wkh dffhvv sulfh @�1 Dqg vr rq1

Zh zloo vd| wkdw d vhtxhqfh X ' Ewfc w�c � � � � lv vhoi0�qdqflqj li iru doo | � �

E� n B�w| �

�
�

�� 8 Ew|3�� n �� 8 Ew|�
n

B

�� 8 Ew|� n �� 8 Ew|n��

�
Uc

dqg

Bwf �

�
�

�� 8 Ewf�
n

B

�� 8 Ewf� n �� 8 Ew��

�
�

Wkdw lv/ li dw gdwh | w|sh w| lv zloolqj wr mrlq wkh yhqwxuh surylghg doo w|shv deryh w| dovr

mrlq/ dqg dw gdwhv | � � dqg | n � w|shv deryh w|3� dqg w|n�/ uhvshfwlyho|/ kdyh mrlqhg dqg

zloo mrlq wkh yhqwxuh1 Li lw lv qrqhpsw|/ wkh vhw ri w|shv w| vdwlvi|lqj wklv frqglwlrq iru jlyhq

w|3� dqg w|n�/ kdv d orzhvw hohphqw/ dqg wklv orzhvw hohphqw lv qrqghfuhdvlqj lq w|3� dqg w|n�1

Lq zrugv/ srwhqwldo xvhuv duh zloolqj wr ehfrph phpehuv dw gdwh | li wkh yhqwxuh lv douhdg|

eljjhu +w|3� vpdoohu,/ vlqfh d zlgh phpehuvkls vsuhdgv wkh �{hg frvw ryhu d odujhu qxpehu ri

phpehuv E@| ' U*d�� 8 Ew|3�� n �� 8 Ew|�o� dqg li lw lv h{shfwhg wkdw pruh xvhuv zloo mrlq odwhu

rq +w|n� vpdoohu,/ vlqfh lw uhgxfhv wkh dqwlflsdwhg ohyho ri dvvhvvphqwv iru wkh qh{w shulrg1 Wkh

Dsshqgl{ vkrzv wkdw li vhtxhqfhv X ' Ewfc w�c � � � � dqg X� ' Ew�fc w
�
�c � � � � duh vhoi0�qdqflqj/ vr

lv X
Y
X� ' E4�?Ewfc w

�
f�c4�?Ew�c w

�
��c � � � �=

Ohppd 714 Li d vhoi0�qdqflqj vhtxhqfh h{lvwv/ wkhq wkhuh h{lvwv d vpdoohvw vhoi0�qdqflqj vh0

txhqfh/ 	X '
�
	wfc 	w�c ���

�
zklfk wkxv Sduhwr0grplqdwhv +iurp wkh srlqw ri ylhz ri doo jhqhudwlrqv,

doo rwkhu vhoi0�qdqflqj vhtxhqfhv1 Wklv vpdoohvw vhtxhqfh ghfuhdvhv ryhu wlph
�
	w|n� 	 	w|

�
dqg

frqyhujhv wrzdugv 	w" ' w�(�1

D vhoi0�qdqflqj vhtxhqfh pd| qrw h{lvw1 Lq sduwlfxodu/ wkh deryh frqglwlrqv lpso|

BEwf � @�� d�� 8 Ewf�o ' U�
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Vlqfh @� : f/ qr vxfk vhtxhqfh h{lvwv/ hyhq wkrxjk wkh QGF lv vwhdg| vwdwh yldeoh/ li iru

h{dpsoh

U

2B
	 w6 d�� 8 Ew6�o 	

U

B
�

� Ixoo| glvfulplqdwru| frrshudwlyh1 Lq hdfk shulrg |/ jlyhq wkh dffhvv fkdujh @|/ wkh hqwu| ihh

.| dqg wkh h{shfwhg fkdujh @|n� iru wkh qh{w shulrg/ w|shv w � w| mrlq wkh IGF zkloh w|shv

w 	 w| gr qrw/ zkhuh w| lv ghwhuplqhg e|

@| n.| ' E� n B� w| � B@|n��

Qrz/ vxssrvh wkdw dw gdwh |/ doo w|shv w � w| kdyh mrlqhg wkh IGF dqg w|shv w 	 w| kdyh qrw/

dqg frqvlghu wkh gdwh0E|n �� srolf|1 Jhqhudwlrq0| rog phpehuv kdyh xqdqlprxv suhihuhqfhv

ryhu wklv srolf| dqg zloo vroyh

4�?
tw|n�c@|n�c.|n��

@|n�

t�|� d�� 8 Ew|�o @|n� n d�� 8 Ew|n��o E@|n� n.|n�� � U

@?_ @|n� n.|n� ' E� n B� w|n� � B@|n2 Ew|n�� c

zkhuh @|n2 Ew|n�� ghqrwhv wkh rswlpdo dffhvv ihh wkdw zloo eh vhw e| wkh qhz jhqhudwlrq lq wkh

qh{w shulrg1 Fohduo|/ wkh lqhtxdolw| frqvwudlqw lv elqglqj/ vr wkdw wkh ydoxh ri wkh surjudp/

@|n� Ew|�/ vdwlv�hv

d�� 8 Ew|�o @|n� Ew|� ' 4�?
tw|n��

iU � d�� 8 Ew|n��o dE� n B� w|n� � B@|n2 Ew|n��oj

' U � 4@ 
tw|n��

iE� n B� d�� 8 Ew|n��o w|n� � B d�� 8 Ew|n��o @|n2 Ew|n��j

' -� E� n B� 4@ 
tw|n��

id�� 8 Ew|n��o w|n�j c

zkhuh

- � E� n B� U � B 4@ 
tw|n2�

id�� 8 Ew|n2�o dE� n B� w|n2 � B@|n� Ew|n2�oj

grhv qrw ghshqg rq w|n�1 Jhqhudwlrq0| zloo wkxv fkrrvh w|n� vr dv wr pd{lpl}h d�� 8 Ew|n��o w|n�

4:



dqg wkxv fkrrvh54

w|n� ' w6�

H{fhsw lq wkh �uvw shulrg/ wkh phpehuvkls lv wkh vdph dv iru dq LRF dqg xvhuv zlwk w|sh

w : w6 jhw srvlwlyh vxusoxv E� n B�Ew � w6�1 Wkh lqlwldo phpehuvkls lv krzhyhu zlghu wkdq

zlwk dq LRF/ vlqfh lqlwldo phpehuv glvwulexwh dprqj wkhpvhoyhv wkh vxusoxv jhqhudwhg e| wkh

frrshudwlyh
�
w8(�f 	 w6

�
=55

Sursrvlwlrq 714 Xqghu xvhu khwhurjhqhlw|/ wkh lqyhvwru0rzqhg frusrudwlrq dqg wkh glvfulpl0

qdwru| frrshudwlyh duh yldeoh li dqg rqo| li frqglwlrq +8, krogv1 Wkh| duh wkhq htxdoo| lqfoxvlyh

h{fhsw dw wkh lqlwldo vwdjh zkhuh wkh frrshudwlyh lv pruh lqfoxvlyh1 Wkh qrqglvfulplqdwru| fr0

rshudwlyh lv pruh lqfoxvlyh wkdq wkh rwkhu wzr/ exw pd| qrw eh yldeoh1

715 Vrfldo rswlpdolw|

Xqghu khwhurjhqhlw|/ wkh IGF |lhogv wkh prqrsro| phpehuvkls ohyho1 Rq wkh rwkhu kdqg/ wkh

QGF pd| qrw eh yldeoh1 Ohw xv qrz frqvlghu wkh Udpvh| rswlpxp/ gh�qhg dv wkh doorfdwlrq

wkdw pd{lpl}hv wkh suhvhqw glvfrxqwhg xvhu vxusoxv=

4@ 
twfcw�uuu �

U"
wf
B Ew � wf� s Ew� _w n

S
|:f B

|
kU"

w|
E� n B� Ew � w|� s Ew� _w

l

t�|� Bwf d�� 8 Ewf�o� U n
S

|:f B
| dE� n B� w| d�� 8 Ew|�o� Uo � f�

54Wklv lv dfklhyhg e| vhwwlqj d �{hg ihh Hp dqg dq dffhvv fkdujh dp vxfk wkdw dp.Hp @ +4 . �, �p� �dp

dqg +5dp .Hp, ^4� I +�p,` @ L/ lpso|lqj wkdw

Hp @
4 . �

4� �

�
5�p �

L

4� I +�p,

�
>

dp @
4

4� �

�
L

4� I +�p,
� +4 . �, �p

�
=

55�IGF3 lv ghwhuplqhg e|

��3 ^4� I +�3,` @ L . � ^L � ^4� I +�p,` +Hp . dp,` >

zklfk ohdgv wr=

� i�p ^4� I +�p,`� �3 ^4� I +�3,`j @ Y p>

dqg wkxv �IGF3 ? �p zkhqhyhu Yp A 31

4;



Wkh pd{lpdqg uh hfwv wkh idfw wkdw iru hdfk jhqhudwlrq wkh qhw vxusoxv ri wkh pdujlqdo xvhu

w| lv htxdo wr }hur dqg wkhuhiruh wkh uhqw ri w|sh w lv E� n B� Ew � w|� iru | � � dqg B Ew � wf�

iru | ' f1 Wkh exgjhw frqvwudlqw dffrxqwv iru wkh htxdolw| ehwzhhq wkh pdujlqdo w|sh*v jurvv

vxusoxv/ E� n B� w|/ dqg klv qhw lqwhuwhpsrudo sd|phqw wr wkh frrshudwlyh1 Xqvxusulvlqjo| wkh

Udpvh| rswlpxp lq wklv vwdwlrqdu| frqwh{w lv d frqvwdqw fxwr�/ w| ' w-> hdfk w|sh w : w- wkhq

jhwv uhqw E� n B�
�
w � w-

�
+ru B

�
w � w-

�
lq wkh �uvw jhqhudwlrq,1 Iurp wkh exgjhw frqvwudlqw/

wkh fxwr� w- lv wkh vpdoohvw urrw ri

2Bw-
�
�� 8

�
w-
��

' U�

Wkh iroorzlqj sursrvlwlrq lv suryhg lq wkh Dsshqgl{=

Sursrvlwlrq 715 +l, Wkh Udpvh| rswlpdo frrshudwlyh kdv d frqvwdqw phpehuvkls +w| ' w- iru

doo |,1

+ll, Lw lv pruh lqfoxvlyh wkdq wkh ixoo| glvfulplqdwru| frrshudwlyh dqg wkh lqyhvwru0rzqhg

frusrudwlrq exw ohvv lqfoxvlyh wkdq d vwhdg| vwdwh qrqglvfulplqdwru| frrshudwlyh +dvvxplqj wkh

odwhu fdq jhw r� wkh jurxqg,1

Frpsdulvrq zlwk sxeolf xwlolw| uhjxodwlrq1 Wkh Udpvh| doorfdwlrq fdq eh dfklhyhg e| d

ohyhudjhg sxeolf xwlolw|156 Wzr suholplqdu| uhpdunv duh lq rughu1 Iluvw/ zh zloo dgrsw dq lghdo0

l}hg +�Udpvh|0Erñwhx{�, shuvshfwlyh rq sxeolf xwlolwlhv> zh gholehudwho| ljqruh wkh lqh!flhqflhv

dwwdfkhg wr wklv irup ri uhjxodwlrq dqg rqo| dlp dw d ehwwhu frqfhswxdo xqghuvwdqglqj ri wkh

uhvxow rewdlqhg deryh1 Vhfrqg/ zh kdyh dujxhg wkdw frrshudwlyhv kdyh olwwoh ru qr dffhvv wr

h{whuqdo �qdqflqj ehfdxvh xvhuv fdq hdvlo| sd| wkhpvhoyhv glylghqgv lq nlqg1 Sxeolf xwlolwlhv

duh +kljko|, ohyhudjhg frqvxphu frrshudwlyhv1 Wkh gl�huhqfh lv wkdw sxeolf xwlolwlhv duh vxemhfw

wr lqwhqvlyh uhjxodwlrq dqg wr wkh ohjdo reoljdwlrq wr surylgh lqyhvwruv zlwk d idlu udwh ri uhwxuq1

Frqvlghu wkxv d uhjxodwhg QGF zlwk dffhvv wr ghew �qdqflqj1 Ohyhudjh doorzv wkh QGF wr

jhw r� wkh jurxqg e| vsuhdglqj wkh lqlwldo frvw dfurvv jhqhudwlrqv1 Vxssrvh iru h{dpsoh wkdw

56Dowhuqdwlyho|/ wkh Udpvh| rswlpxp fdq eh dfklhyhg e| vhwwlqj dq hqwu| ihh Hw @ 5 +4 . �, �U dqg e|
vxevlgl}lqj xvdjh= dw @ ��U 1 Vxfk d vxevlg| pd| wuljjhu prudo kd}dug sureohpv zkhq wkh lqsxw fdq eh xvhg
lq yduldeoh sursruwlrqv1 Lq rughu wr dyrlg wkhvh sureohpv dqg/ pruh jhqhudoo|/ wr dyrlg xvdjh glvwruwlrqv/ d
wzr0sduw xvdjh wdul� vkrxog eh xvhg � wkh vxevlg| vkrxog wkhq eh dssolhg wr wkh �{hg sduw1
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wkh frrshudwlyh lv doorzhg wr lpsxwh d idlu udwh ri uhwxuq +�*B��, rq qrqghsuhfldwhg lqyhvwphqw

wr wkh fxuuhqw dffhvv sulfh1 Wkdw lv/ vlqfh lqyhvwphqwv duh ixoo| ghsuhfldwhg diwhu wzr shulrgv/

wkh QGF vhwv @f ' f dqg/ dw hdfk gdwh | � �/ dq dffhvv fkdujh @| vdwlvi|lqj

@| d�� 8 Ew|3�� n �� 8 Ew|�o '
U

B
�

Wklv udwh0ri0uhwxuq uhjxodwlrq doorzv wkh yhqwxuh wr ohyhu rq d shupdqhqw edvlv +eruurz U dw

hdfk gdwh/ dqg uhlpexuvh U*B dw wkh iroorzlqj gdwh,1 Iurp d �qdqfldo ylhzsrlqw/ hyhu|wklqj lv

dv li wkh lqyhvwphqw zhuh vxqn dw wkh gdwh dw zklfk lw ehduv iuxlwv> dqg vr wkh rxwfrph lv wkhq

wkh Udpvh| vwhdg| vwdwh rxwfrph/ fkdudfwhul}hg e| w| ' w- iru hyhu| | � f dqg @| ' @- ' w-

iru | � �1

8 Grzqvwuhdp frpshwlwlrq dqg iruhforvxuh

Zh kdyh vr idu dvvxphg wkdw qhz phpehuv gr qrw uhgxfh wkh ydoxh ri phpehuvkls iru h{lvwlqj

phpehuv1 Wklv lv qr orqjhu vr li wkh| frpshwh rq wkh vdph surgxfw pdunhw1 Rqh pd| wkhuhiruh

zrqghu zkhwkhu lpsrvlqj rshq dffhvv jlyhv ulvh wr d �ghuhjxodwru| wdnlqj1� Lq wkh fdvh ri

frrshudwlyhv/ wkrxjk/ wkhuh duh qr vkduhkroghuv zkrvh lqyhvwphqwv lq dq hvvhqwldo lqsxw duh

h{sursuldwhg wkurxjk wkh lqfuhdvh lq frpshwlwlrq1 Khqfh/ d vlpsoh0plqghg dqdorj| lv qrw

zduudqwhg dqg zh pxvw wkhuhiruh frqgxfw d vhsdudwh dqdo|vlv1

Wr vlpsoli| wklv dqdo|vlv/ ohw xv dvvxph wkdw wkhuh duh rqo| wzr shulrgv/ | ' fc �1 �

lqfxpehqwv duh suhvhqw dw gdwhv f dqg �/ zkhuhdv � srwhqwldo qhz xvhuv/ wkh hqwudqwv/ duh

suhvhqw dw gdwh � rqo|1 Wkh lqfxpehqwv lqlwldoo| surgxfh dw xqlw frvw SM 1 Dw gdwh f wkh| fdq

irup d mrlqw yhqwxuh zklfk dw lqyhvwphqw frvw U ghyhorsv d qhz whfkqrorj|1 Wklv qhz whfkqrorj|

doorzv xvhuv wr surgxfh dw xqlw frvw Su 	 SM dw gdwh �1 Wr hqwhu/ wkh hqwudqwv qhhg dffhvv wr

wkh mrlqw yhqwxuh*v whfkqrorj|1

Lq hdfk shulrg/ wkh ? xvhuv +? ' � ru �n�, irup d v|pphwulf roljrsro| +zlwk krprjhqrxv

ru gl�huhqwldwhg surgxfwv,1 Wkh xvhuv* +lqfxpehqwv*/ hqwudqwv*, xvdjh ri wkh whfkqrorj| fdq eh

phwhuhg/ vr dvvhvvphqwv duh ohylhg rq hdfk �up*v �qdo rxwsxw1 Iru d v|pphwulf sulfh R fkdujhg

e| wkh xvhuv lq wkh �qdo +grzqvwuhdp, surgxfw pdunhw/ wkh grzqvwuhdp ghpdqg lv ^ ' (?ER�1
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Wkh v|pphwulf htxloleulxp sulfh/ R? ES�/ lv dvvxphg wr lqfuhdvh zlwk wkh lqgxvwu| wrwdo pdujlqdo

frvw S +zklfk lqfoxghv wkh dffhvv fkdujh, dqg wr ghfuhdvh zlwk wkh qxpehu ri dfwlyh sduwlflsdqwv

?1 Wkh lqgxvwu| sur�w �? ES� dqg wkh shu �up sur�w Z? ES� ' �? ES� *? duh dvvxphg wr ghfuhdvh

zlwk wkh frvw S dqg wkh qxpehu ri frpshwlwruv ?1 Zh dvvxph wkdw wkh lqyhvwphqw lv vrfldoo|

ghvludeoh1

Wr dyrlg wkh xvh ri wkh mrlqw yhqwxuh dv qdnhg frooxvlyh ghylfh/ zh dvvxph wkurxjkrxw wklv

vhfwlrq wkdw frrshudwlyhv fdq fkdujh rqo| olqhdu xvdjh sulfhv= d glvfulplqdwru| frrshudwlyh fdq

vwloo fkdujh gl�huhqw ihhv wr qhz dqg rog phpehuv exw glylghqgv duh uxohg rxw157

814 Forvhg dffhvv

� Ixoo| glvfulplqdwru| frrshudwlyh1 Vxssrvh wkdw wkh lqfxpehqwv fdq fkdujh d kljkhu xvdjh ihh

wr qhz phpehuv1 Lq wklv fdvh/ wkh whfkqrorj| gh idfwr uhpdlqv sursulhwdu| wr wkh lqfxpehqwv/

zkr ghq| dffhvv wr hqwudqwv=58 ? ' � 1 Iru wkh frrshudwlyh wr lqyhvw lq shulrg f/ lw pxvw vhw d

xvdjh ihh @W vxfk wkdw59

@W(� dR� ESM n @W�o ' U� +9,

Hdfk lqfxpehqw rewdlqv lqwhuwhpsrudo sur�w

Z� ESM n @W� n BZ� ESu� �

Wkhuhiruh/ d ixoo| glvfulplqdwru| frrshudwlyh lqyhvwv li dqg rqo| li

Z� ESM�� Z� ESM n @W� � B dZ� ESu�� Z� ESM�o c

57Rwkhuzlvh/ lqfxpehqwv frxog pdlqwdlq kljk sulfhv +hyhq dw wkh prqrsro| ohyho, e| lq dwlqj wkh xvdjh sulfh
fkdujhg iru wkh lqsxw vxssolhg e| wkh frrshudwlyh dqg vkdulqj wkh surfhhgv wkurxjk glylghqgv/ orzhu hqwu| ru
iudqfklvh ihhv/ hwf1 Frpshwlwlrq dxwkrulwlhv duh ri frxuvh dzduh ri wklv srvvlelolw| dqg olnho| wr lqwhuyhqh1
Pruh jhqhudoo|/ zh dvvxph wkdw wkh frrshudwlyh lv qrw d iurqw iru d fduwho vxssuhvvlqj frpshwlwlrq1 Wkhuh lv

d zlgh frqvhqvxv lq wkh odz dqg hfrqrplfv olwhudwxuh +Ednhu +4<<6,/ Fduowrq0Vdors +4<<9,/ Fkdqj hw do1 +4<<;,,
wkdw mrlqw yhqwxuhv vkrxog qrw idflolwdwh frooxvlrq/ lpsohphqw qdnhg sulfh �{lqj/ olplw rxwsxw/ suhyhqw r�hulqjv
ri qhz surgxfwv/ h{foxgh orz0frvw frpshwlwruv/ dqg vr iruwk1

58Zh dvvxph khuh wkdw hqwudqwv* surgxfwv frpshwh vxevwdqwldoo| zlwk wkh lqfxpehqwv* rqhv> zkhq lqvwhdg wkh
hqwudqwv r�hu vxevwdqwldoo| gl�huhqwldwhg surgxfwv/ lqfxpehqwv pd| fkrrvh wr judqw wkhp vrph dffhvv/ dowkrxjk
ohvv wkdq zkdw zrxog eh h!flhqw � vhh Uh|0Wluroh +4<<:, iru dq dqdo|vlv ri vxfk sduwldo iruhforvxuh1

59Zh dvvxph iru h{srvlwlrqdo vlpsolflw| wkdw sQ +fK . d�, lv vpdoohu wkdq wkh prqrsro| sulfh iru wkh kljk
frvw1 Rwkhuzlvh/ wkh lqfxpehqwv zrxog zdqw wr �qdqfh vrph ri wkh lqyhvwphqw lq d oxps0vxp idvklrq1 Rxu
dqdo|vlv lv hdvlo| jhqhudol}hg wr wklv dowhuqdwh fdvh1
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ru/ xvlqj ES�=

U � dR� ESM n @W�� SM o(� dR� ESM n @W�o� dR� ESM�� SM o(� dR� ESM�o n B d�� ESu�� �� ESM�o �

Wkh ohiw0kdqg vlgh uhsuhvhqwv wkh frvw ri lqyhvwphqw1 Wkh glvfrxqwhg whup rq wkh uljkw0

kdqg vlgh uhsuhvhqwv wkh lqfuhdvh lq sur�wv jhqhudwhg e| wkh lqyhvwphqw lq shulrg 4/ wdnlqj

lqwr dffrxqw wkdw sduw ri wkh ghfuhdvh lq frvw zloo eh sdvvhg wkurxjk wr frqvxphuv +R� ESu� 	

R� ESM�,1 Wkh qrqglvfrxqwhg whupv rq wkh uljkw0kdqg vlgh uh hfw wkh lpsdfw ri wkh xvdjh

ihh rq wkh shulrg0f sulfh= Ehfdxvh wkh xvdjh ihh lv sduwldoo| sdvvhg wkurxjk wr frqvxphuv

ER� ESM n @W� : R� ESM��/ shulrg0f sur�wv ghfuhdvh e| ohvv wkdq U1

Wkh ryhudoo lpsdfw ri wkh lqyhvwphqw rq wkh lqfxpehqwv* sur�wv lv dpeljxrxv dqg ghshqgv

lq sduwlfxodu rq wkh h{whqw wr zklfk frvwv fkdqjhv duh sdvvhg wkurxjk wr frqvxphuv/ dv zhoo

dv rq frqvxphuv* ghpdqg hodvwlflw|15: Surylghg wkdw dq lqgxvwu|0zlgh lqfuhdvh lq frvw uhgxfhv

sur�wv/ lqfxpehqwv* lqfhqwlyhv duh gulyhq e| d wudghr� ehwzhhq wkh orvv iurp wkh kljkhu frvw

jhqhudwhg e| wkh vxufkdujh @ qhhghg wr fryhu wkh lqyhvwphqw lq shulrg 3/ dqg wkh ehqh�w iurp

d orzhu frvw lq shulrg �1 Lw fdq eh fkhfnhg wkdw iru vpdoo lqqrydwlrqv +U dqg SM � Su vpdoo,/

wkh lqfxpehqwv lqyhvw zkhqhyhu wkh vrfldo ydoxh ri wkh lqyhvwphqw lq d forvhg frrshudwlyh/ jlyhq

e| B ESM � Su�(� dR� ESM�o � U/ lv srvlwlyh15; Krzhyhu/ dv zh zloo vhh/ wkh vxufkdujh lpsrvhg

dw gdwh f wr uhfryhu wkh lqyhvwphqw frvw glvwruwv wkh sulfh vwuxfwxuh Lq dgglwlrq/ wkh ohyho ri wkh

sulfhv lv ghwhuplqhg e| wkh ghjuhh ri lpshuihfw frpshwlwlrq dqg wkxv pd| qrw frlqflgh zlwk

wkh vrfldoo| rswlpdo rqh1 Dv d uhvxow/ iru odujh lqqrydwlrqv wkh sulydwh dqg vrfldo lqfhqwlyhv wr

lqyhvw duh qr orqjhu dozd|v doljqhg1

� Lqyhvwru0rzqhg frusrudwlrq1 Vxssrvh qh{w wkdw wkh qhz whfkqrorj| lv surgxfhg e| dq LRF1 Lq

wkh devhqfh ri uhvwulfwlrqv rq wkh olfhqflqj djuhhphqwv/ wkh LRF pdnhv wkh lqgxvwu| prqrsro|

5:Iru h{dpsoh/ lq wkh vwdqgdug Krwhoolqj gxrsro| zlwk lqhodvwlf wrwdo ghpdqg dqg frqvxphuv xqlirupo|
glvwulexwhg ehwzhhq wkh wzr �upv/ sulfhv ixoo| dgmxvw wr frvwv= sQ +f, @ f . w/ zkhuh wkh sdudphwhu w uh hfwv
wkh ghjuhh ri gl�huhqwldwlrq ehwzhhq wkh wzr lqfxpehqwv1 Wkh lqfxpehqwv duh wkhq lqgl�huhqw dv wr zkhwkhu
wr lqyhvw/ vlqfh dq| fkdqjh lq wkh lqgxvwu| frvw lv hqwluho| sdvvhg wkurxjk wr frqvxphuv/ zlwk qr lpsdfw rq wkh
sur�wv1

5;Wkh lpsdfw ri wkh lqyhvwphqw rq wkh lqgxvwu| sur�w lv lq wkdw fdvh dssur{lpdwho| htxdo wr

�3
Q +fK, ^�d

� . � +fK � fO,` *
�3
Q +fK,

GQ ^sQ +fK,`
^�L . � +fK � fO,G` =
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sur�w1 Iru h{dpsoh/ lq wkh fdvh ri dq krprjhqrxv surgxfw/ lw frxog r�hu d �{hg ihh htxdo wr

zkdw d prqrsrolvw lq wkh pdunhw zrxog eh zloolqj wr sd|15< Dv d uhvxow/ wkh sulfh ohyho lv kljkhu

wkdq lq wkh fdvh ri dq IGF163

815 Rshq dffhvv

D frrshudwlyh*v lqfxpehqwv kdyh ohvv lqfhqwlyh wr lqyhvw xqghu rshq dffhvv/ ehfdxvh wkh ehqh�wv

ri wkh lqyhvwphqw duh dw ohdvw sduwldoo| frpshwhg dzd| e| wkh qhz hqwudqwv1 Pruh suhflvho|/ lq

d qrqglvfulplqdwru| frrshudwlyh wkh lqfxpehqwv fkrrvh wr lqyhvw li wkh vkruw0whup frvw ri wkh

lqyhvwphqw=

Z� ESM�� Z� ESM n @W� c

lv orzhu wkdq wkh orqj0whup ehqh�w=

B dZ� ESu�� Z� ESM�o

lq wkh fdvh ri dq IGF dqg orzhu wkdq

B dZ�n� ESu�� Z�n� ESM�o

lq wkh fdvh ri dq QGF1 Ohwwlqj }? ' Z? ESu�� Z? ESM� ghqrwh wkh lpsdfw ri wkh lqqrydwlrq rq

shu �up sur�wv/ lqfxpehqwv kdyh ohvv lqfhqwlyh wr lqyhvw xqghu rshq dffhvv surylghg wkdw

}�n� 	 }� �

Rqh zrxog lq jhqhudo h{shfw }? wr ghfuhdvh zlwk ?1 D vx!flhqw frqglwlrq iru wklv wr eh wkh

fdvh lv wkdw wkh vhqvlwlylw| ri lqglylgxdo sur�wv mZ�?m ghfuhdvhv zlwk ?1 Wklv vx!flhqw frqglwlrq

lv vdwlv�hg lq wkh vwdqgdug Frxuqrw roljrsro| prghov zlwk krprjhqrxv surgxfwv +h1j1/ olqhdu

ru frqvwdqw0hodvwlflw| ghpdqg,64 dqg lq wkh vwdqgdug prghov ri frpshwlwlrq zlwk gl�huhqwldwhg

5<Dowhuqdwlyho|/ lw frxog olfhqvh wkh qhz whfkqrorj| wr doo lqfxpehqwv exw dsshqg dq h{foxvlyh0olfhqvlqj0
zlwklq0wkh0whuulwru| surylvlrq1

63Li iruhforvxuh lv srvvleoh exw qrqolqhdu sulflqj lv uxohg rxw/ dq LRF pd| ixuwkhupruh fuhdwh dgglwlrqdo
lqh!flhqflhv wkurxjk grxeoh0pdujlqdol}dwlrq sureohpv1 Vhh Kduw0Prruh +4<<;, iru dq dqdo|vlv ri wklv lvvxh1

64Lq wkdw fdvh/ hyhq wkh lqgxvwu|0zlgh jdlq Jq @ qjq ghfuhdvhv zlwk q1 Frxuqrw lqgxvwu| sur�wv duh htxdo

wr �q +f, @ q+g�f,5

+q.4,5
lq wkh fdvh ri d olqhdu ghpdqg G +s, @ g � s dqg wr �q +f, @ +q��4,��4

+q�,�f��4 lq wkh fdvh
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surgxfwv165 Odvw/ lq wkh h{wuhph fdvh zkhuh qhz hqwudqwv gulyh wkh sulfh grzq wr lwv frpshwlwlyh

ohyho +R�n� ES� forvh wr S iru S ' Suc SM,/ lqfxpehqwv kdyh qr lqfhqwlyh wr lqyhvw vlqfh gdwh04

sur�wv ydqlvk dq|zd| xqghu wkh suhvvxuh ri hqwu|166

Wkh frpsdulvrq ehwzhhq dq IGF dqg dq QGF srlqwv dw wkh iroorzlqj wudghr�1 Qrqglvfulp0

lqdwru| yhqwxuhv judqw rshq dffhvv wr qhz hqwudqwv dqg wkxv/ iru jlyhq frvwv/ jhqhudwh sulfhv

wkdw duh forvhu wr wkh �uvw0ehvw ohyho= S � R�n� ES� 	 R� ES�1 Krzhyhu/ rshq dffhvv pd| glv0

frxudjh lqfxpehqwv iurp lqyhvwlqj lq qhz whfkqrorjlhv/ lq zklfk fdvh wkh frvw S� lv kljkhu +SM

lqvwhdg ri Su,1 Rshq dffhvv +QGF, zrxog wkxv eh rswlpdo devhqw lqyhvwphqw frqvlghudwlrqv/

exw forvhg dffhvv +IGF, pd| eh suhihudeoh lq rughu wr hqfrxudjh lqqrydwlrq=

ri d frqvwdqw0hodvwlflw| ghpdqg G +s, @ s��1 Lq erwk fdvhv/ m�3
qm dqg wkxv Jq ghfuhdvh zlwk q/ dqg jq

ghfuhdvhv hyhq pruh udslgo| vlqfh wkh lqfxpehqwv pxvw vkduh wkh ehqh�w ip wkh lqqrydwlrq zlwk wkh qhz xvhuv=
jQ.P

jQ
@

Q

Q .P

JQ.P

JQ
?

JQ.P

JQ
1

65Zlwk surgxfw gl�huhqwldwlrq/ wrwdo ghpdqg pd| lqfuhdvh zkhq wkh qxpehu ri �upv dqg wkxv wkh dydlodeoh
fkrlfh ri surgxfwv lqfuhdvhv1 Dv d uhvxow/ wkh lqgxvwu|0zlgh jdlq Jq @ qjq pd| lqfuhdvh lq q1
Vxssrvh iru h{dpsoh wkdw q �upv dqg d xqlw pdvv ri frqvxphuv duh xqlirupo| glvwulexwhg rq d xqlw flufoh/

dqg wkdw lq dgglwlrq hdfk �up kdv d �edfn|dug� ghpdqg= d pdvv g ri frqvxphuv glvwulexwhg dorqj d vhjphqw
ri ohqjwk o ehwzhhq wkh �up dqg dq rxwvlgh rswlrq �s1 Zlwk txdgudwlf frvwv ri wkh irup w{5/ zkhq wkh rwkhu
�upv fkdujh wkh vdph sulfh sh wkh ghpdqg iru �up l lv jlyhq e| +irfxvvlqj rq lqwhulru frq�jxudwlrqv zkhuh wkh
edfn|dug ghpdqg lv sduwldoo| vdwlv�hg,=

4

q
.
q +sh � sl,

5w
.

�
4 .

�s� sl
wo5

�
g

5
=

Wkh htxloleulxp lqglylgxdo sur�wv duh wkhq htxdo wr

�q +f, @
q. g@5o5

+q. g@o5,5 w

��
4

q
.
g

5

�
w.

g

5o5
+�s� f,

�
=

Wkdqnv wr wkh lqfuhdvhg fkrlfh ri surgxfwv/ m�3
qm dqg Jq lqfuhdvh zlwk q> krzhyhu/ wkh vhqvlwlylw| ri lqglylgxdo

sur�w wr frvw fkdqjhv m�3qm/ dqg wkxv jq/ vwloo ghfuhdvh zlwk q1
Lq frqwudvw/ frqvlghu wkh fdvh ri d olqhdu ghpdqg zklfk/ exloglqj rq Gl{lw +4<;9,/ ghshqgv rqo| rq sl dqg

wkh dyhudjh sulfh �s @
4

q
	msm / dqg vxssrvh ixuwkhu wkdw wrwdo ghpdqg lv qrupdol}hg vr dv qrw wr lqfuhdvh zlwk

q +	lGl @ g� d�s,=

Gl @
g� dsl

q
� e +sl � �s, =

^Wklv sduwlfxodu irupxodwlrq ixuwkhu hqvxuhv wkdw wkh htxloleulxp lv vwdeoh iru dq| q zkhqhyhu e ? 5d � vhh Gl{lw
+4<;9,1` Lqgxvwu| sur�w lv wkhq jlyhq e|

�q +f, @
d. +q� 4, e

+5d. +q� 4, e,
5 +g� df,5 =

vr wkdw m�3
qm/ Jq dqg jq doo ghfuhdvh zlwk q1

66Pruh jhqhudoo|/ dv orqj dv hqwu| gulyhv shu0�up sur�w grzq wr 3/ iru dq| Q jQ.P ? jQ iruP odujh hqrxjk1
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Sursrvlwlrq 5 +l, Iru d jlyhq lqyhvwphqw ohyho/ rshq dffhvv/ qrqglvfulplqdwru| frrshudwlyhv

jhqhudwh kljkhu vrfldo zhoiduh wkdq forvhg dffhvv/ ixoo| glvfulplqdwru| rqhv1

+ll, Li/ dv lv wkh fdvh lq vwdqgdug roljrsro| prghov/ lqgxvwu| frvw uhgxfwlrqv ehqh�w lqglylgxdo

�upv pruh/ wkh orzhu wkh qxpehu ri sduwlflsdqwv +wkdw lv/ Z? ESu� � Z? ESM� ghfuhdvhv zlwk ?

iru Su 	 SM,/ wkhq qrqglvfulplqdwru| frrshudwlyhv duh ohvv frqgxflyh wr lqyhvwphqw dqg pd|

jhqhudwh d orzhu zhoiduh wkdq ixoo| glvfulplqdwru| rqhv1

Wkh rqo| uhvxow lq Sursrvlwlrq 5 wkdw kdv qrw |hw ehhq hvwdeolvkhg +wkdw rq zhoiduh frpsdu0

lvrqv, lv suryhq lq Dsshqgl{ F1

816 Udpv| rswlpdolw| iru frrshudwlyhv

Vlqfh wkh ehqh�wv iurp lqyhvwphqw duh frpshwhg dzd| lq dq rshq dffhvv mrlqw yhqwxuh/ dq

rswlpdo uhjxodwlrq pd| doorz iru vrph olplwdwlrq rq qhz xvhuv* dffhvv1 Wklv olplwdwlrq fdq

wdnh wkh irup ri d glvfulplqdwlrq ehwzhhq rog dqg qhz phpehuv dw d jlyhq wlph +hqwu| ihh/

vhqlrulw|0edvhg xvdjh ihhv/ glylghqgv/ hwf1,1 Dowhuqdwlyho|/ dqg wr wkh h{whqw wkdw d uhjxodwhg

frrshudwlyh kdv dffhvv wr fuhglw/ wkh yhqwxuh frxog eruurz lq rughu wr edfnordg wkh lpsdfw ri

lqyhvwphqw1 Iru h{dpsoh/ wkh uhjxodwru frxog doorz wkh frrshudwlyh wr eruurz vr dv wr fryhu

lwv lqyhvwphqw qhhgv> wkh frrshudwlyh zrxog qrw qhhg wr lpsrvh dq| vxufkdujh dw gdwh f dqg

zrxog vhw d gdwh0� xvdjh ihh @W� vr dv wr uhlpexuvh wkh ordq=
67

B@W�(�n�ER�n� ESu n @W��� ' U�

67Li wkh rog whfkqrorj| lv iuhho| dydlodeoh wr qhz hqwudqwv/ wkh gdwh04 frvw f4 @ fO.d4 fdqqrw h{fhhg fK / zklfk
ixuwkhu uhvwulfwv wkh yldelolw| ri wkh frrshudwlyh1 Iru h{dpsoh/ vxssrvh wkdw lqlwldoo| wkhuh lv rqh lqfxpehqw
+Q @ 4, dqg wkdw hqwudqwv frpshwh ã od Ehuwudqg zlwk krprjhqrxv surgxfw> lq wkh devhqfh ri wkh lqqrydwlrq/
sulfhv zrxog wkxv eh uhvshfwlyho| s4 +fK, dqg fK dw gdwhv 3 dqg 4 dqg wkh lqfxpehqw zrxog ryhudoo rewdlq
�4 +fK, � zklfk/ zlwk krprjhqrxv surgxfw/ lv wkh pd{lpdo lqgxvwu| sur�w iru gdwh 31 Wkhq/ wkh frqvwudlqw
f4 � fK lv elqglqj +wkxv pdnlqj wkh mrlqw yhqwxuh qrqyldeoh, hyhq wkrxjk wkh lqyhvwphqw lv vrfldoo| ghvludeoh
zkhq=
l, V+sU3 , . �V+sU4 , A V+s4 +fK,, . �V+fK,

zkhuh wkh Udpvh| sulfhv +sU3 > s
U
4 , vdwlvi| sU3 ? s4 +fK,/ s

U
4 A fO dqg

+sU3 � fK,G+sU3 , . �+sU4 � fO,G+sU4 , @ �4 +fK, . L

ll, exw �s4 A fK / zkhuh �s4 lv wkh �gdwh 40 frqvwudlqhg Udpvh|� sulfh/ vxfk wkdw

�+�s4 � fO,G+�s4, @ L=
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Htxloleulxp sulfhv duh wkhq Ru�f ' R� ESM� dqg Ru�� ' R�n� E@W� n Su�/ zkhuh �OF� vwdqgv

iru �ohyhuhg frrshudwlyh�> wkh lqwhuwhpsrudo sulfh vwuxfwxuh wkxv ghshqgv rq wkh hyroxwlrq ri

frpshwlwlrq +� frpshwlwruv lq shulrg f/ yhuvxv � n� lq shulrg �, dqg rq wkh pdjqlwxgh ri

lqyhvwphqw frvw +zklfk lq h�hfw lv ixoo| vxssruwhg lq shulrg �,168

Pruh jhqhudoo|/ wkh +Udpvh|, vrfldo rswlpxp ghshqgv rq wkh uhjxodwru| wrronlw1 Ehfdxvh

zh duh lqwhuhvwhg lq frpshwlwlrq srolf|/ zh irfxv rq uhjxodwru| lqwhuyhqwlrq wkdw d, pdqgdwhv

rshq dffhvv/ zkloh e, doorzlqj glvfulplqdwlrq ehwzhhq rog dqg qhz phpehuv +wkurxjk ohyhudjh/

gl�huhqwldwhg dffhvv fkdujhv/ hqwu| ihhv/ glylghqgv/ hwf1,/ vr dv wr |lhog dq| ghvluhg exughq

vkliwlqj ehwzhhq lqfxpehqwv dqg qhz hqwudqwv1 ^Wklv uhjxodwlrq frxog ixuwkhu eh frpsduhg wr

wkh rswlpdo uhjxodwlrq zlwk forvhg dffhvv1`

Ohw 7?ER� ghqrwh wkh frqvxphuv* qhw vxusoxv/ zlwk 7�?ER� ' �^1 Wkh ehqfkpdun doorfdwlrq

wkxv vroyhv

4@ 
tRfcR��

S
|'fc�

B| d7?|
ER|� n ER| � S|�(?|

ER|�o� U

t�|�
S
|'fc�

B|ER| � S|�(?|
ER|�� U � 7�c

zlwk Sf ' SM / S� ' Su/ ?f ' � dqg ?� ' � n� 1 7� ghqrwhv wkh �upv* djjuhjdwh uhvhuydwlrq

ohyho ri sur�w>69 7� ' f zrxog fruuhvsrqg wr wkh vrfldo rswlpxp vxemhfw wr wkh lqgxvwu|*v

euhdn0hyhq frqvwudlqw/ exw rwkhu ohyhov ri 7� pd| eh pruh uhohydqw lq sudfwlfh/ ghshqglqj rq

zkr frqwurov dffhvv wr wkh rog whfkqrorj|1 Iru h{dpsoh/ li rqo| wkh lqfxpehqwv kdyh dffhvv

wr wkh rog whfkqrorj|/ 7� vkrxog dffrxqw iru wkh sur�w wkh| frxog dfklhyh zlwkrxw lqyhvwlqj=

7� ' �� ESM� n B�Z�n� ESM�> lq rwkhu frqwh{wv/ 7� pd| dovr lqfoxgh wkh sur�w wkdw qhz

hqwudqwv frxog dfklhyh zlwk wkh rog whfkqrorj|1

68Zkhq vxfk eruurzlqj vwloo lqgxfhv h{fhvvlyh sulfhv lq wkh lqlwldo shulrg/ wkh uhjxodwru pd| doorz wkh frrshu0
dwlyh wr ryhuohyhudjh lwvhoi +l1h1/ eruurz pruh wkdq L, lq rughu wr ixuwkhu hqfrxudjh wkh lqfxpehqwv wr orzhu wkhlu
lqlwldo sulfhv1 Wklv srolf| qhhgv krzhyhu wr eh forvho| vxshuylvhg/ vlqfh= +l, wkh lqfxpehqwv zrxog �ryhuohyhudjh�
wkh yhqwxuh dv pxfk dv srvvleoh/ lq rughu wr ehqh�w iurp wkh odujhvw vxevlg| lq wkh �uvw shulrg> dqg +ll, wkh|
zrxog udwkhu glvwulexwh wr wkhpvhoyhv wkh uhvxowlqj vxevlg| lq d oxps0vxp pdqqhu wkdq wkurxjk d vxevlg| lq
wkh xvdjh ihh/ lq rughu wr pdlqwdlq kljk sulfhv lq wkh �uvw shulrg1

69Rqo| wklv �djjuhjdwh sduwlflsdwlrq frqvwudlqw� lv uhohydqw jlyhq wkh ihdvdelolw| ri glvfulplqdwlrq ehwzhhq
lqfxpehqwv dqg hqwudqwv> iru h{dpsoh/ gl�huhqwldwhg dffhvv fkdujhv/ ru qrqgl�huhqwldwhg dffhvv fkdujhv wrjhwkhu
zlwk dq hqwu| ihh iru qhz hqwudqwv/ zrxog doorz wr phhw hdfk ri wkh lqfxpehqwv* dqg wkh hqwudqwv* sduwlflsdwlrq
frqvwudlqwv zkhqhyhu wklv djjuhjdwh sduwlflsdwlrq frqvwudlqw lv vdwlv�hg1
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Ohwwlqj b ghqrwh wkh vkdgrz sulfh ri wkh sur�w frqvwudlqw/ wkh �Udpvh| rswlpxp� vdwlv�hv

R-| � S|
R-|

'
b

� n b

�

#?|
ER-| �

c +:,

zkhuh #?ER� � �d_(?*_Ro*d(?*Ro ghqrwhv wkh hodvwlflw| ri ghpdqg1

Wkh rswlpdo sulfh vwuxfwxuh lv olnho| wr lqyroyh vrph iurqwordglqj/ vlqfh wkh lqwhuwhpsrudo

frvw vwuxfwxuh lv lwvhoi wlowhg16: Krzhyhu/ frpsdulqj frqglwlrq E.� zlwk wkh htxlydohqw frqglwlrqv

iru QGFv dqg IGFv vxjjhvwv wkdw erwk irupv ri frrshudwlyhv jhqhudwh d sulfh vwuxfwxuh wkdw lv

pruh iurqwordghg wkdq wkh Udpvh| vwuxfwxuh/ ehfdxvh wkh gdwh0f sulfh lv edvhg rq dq lq dwhg

frvw/ SM n @W> lq dgglwlrq/ wkh sulfh vwuxfwxuh lv hyhq pruh glvwruwhg iru QGFv wkdq iru IGFv/

ehfdxvh ri wkh lqfuhdvhg frpshwlwlyh suhvvxuh dw gdwh � lq wkh fdvh ri QGFv1

Wr vhh wklv prvw fohduo|/ frqvlghu wkh fdvh zkhuh doo �upv frpshwh ã od Frxuqrw zlwk wkh vdph

krprjhqrxv surgxfw/ iru zklfk wkh ghpdqg kdv d frqvwdqw hodvwlflw| +wkdw lv (? ER� ' R3#,1

Wkhq=

R-f
SM

'
R-�
Su

'
�

�� b
�nb

�

#

c

R8(�f

SM n @W
'
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Dqg vr=

R�(�f *SM
R�(�� *Su

:
R8(�f *SM
R8(�� *Su

:
R-f *SM
R-� *Su

' ��

Doorzlqj wkh uhjxodwhg frrshudwlyh wr eruurz whqgv wr olplw iurqwordglqj1 Iru h{dpsoh/ iru wkh

�ixoo| ohyhuhg� frrshudwlyh ghvfulehg dw wkh ehjlqqlqj ri wklv vhfwlrq/ sulfhv duh jlyhq e|=

Ru�f
SM

'
�

��
�

�#

c
R�(��

Su n @W�
'

�

��
�

E� n�� #

6:Li iru h{dpsoh wkh surgxfwv duh krprjhqrxv +Gq +s, @ G +s,,/ d uhyhdohg suhihuhqfh dujxphqw dssolhg wr
wkh shu0shulrg Odjudqjldq V +sw, . � +sw � fw,G +sw,/ wrjhwkhu zlwk f4 ? f3/ lpsolhv s4 ? s31
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dqg wkxv

Ru�f *SM
Ru�� *Su

	
R�(�f *SM
R�(�� *Su

�

Dq dssursuldwh dprxqw ri ohyhudjh fdq uhsolfdwh wkh rswlpdo sulfh vwuxfwxuh1 Qrwh krzhyhu wkdw

wkh ryhudoo sulfh ohyho uhpdlqv ghwhuplqhg e| wkh ghjuhh ri +lpshuihfw, frpshwlwlrq dqg wkxv

qhhg qrw frlqflgh zlwk wkh Udpvh| ohyho1 Wkh iroorzlqj sursrvlwlrq vxppdul}hv wkh dqdo|vlv=

Sursrvlwlrq 6 Iru d Frxuqrw roljrsro| zlwk krprjhqrxv surgxfw dqg frqvwdqw0hodvwlflw| gh0

pdqg/ wkh dvvhvvphqw vxufkdujh ohylhg e| d qrqohyhuhg frrshudwlyh wr fryhu wkh lqyhvwphqw frvw

glvwruwv wkh sulflqj vwuxfwxuh/ dqg pdnhv wkh frrshudwlyh pruh iurqwordghg wkdq lv vrfldoo| rswl0

pdo> wkh forvhg dffhvv/ ixoo| glvfulplqdwru| frrshudwlyh jhqhudwhv ohvv iurqwordglqj wkdq wkh rshq

dffhvv/ qrqglvfulplqdwru| frrshudwlyh> iurqwordglqj lv uhgxfhg +dqg pd| eh holplqdwhg ru hyhq

uhyhuvhg, lq wkh fdvh ri d ohyhudjhg frrshudwlyh1

9 Frqfoxvlrq

Srwhqwldo phpehuv nqrfnlqj dw wkh grru ri d vxffhvvixo mrlqw yhqwxuh dozd|v ihho voljkwhg zkhq

r�huhg glvfulplqdwru| wuhdwphqw ru ehlqj h{foxghg dowrjhwkhu1 Wklv sdshu kdv dqdo|}hg wkhlu

frqfhuq dqg lghqwl�hg wzr srwhqwldo vrxufhv ri lqh!flhqf| dulvlqj iurp glvfulplqdwru| wuhdw0

phqw1 Wkh �uvw lv wkdw/ lq d qdwxudo prqrsro| vlwxdwlrq/ lqfxpehqw phpehuv kdyh dq lqfhqwlyh

wr h{sorlw wkhlu prqrsro| srzhu> wkh uhvxowlqj wd{dwlrq ri qhz phpehuvkls ohdgv wr xqghulq0

foxvlyhqhvv +vhfwlrq 7,1 Wkh vhfrqg vrxufh ri lqh!flhqf| lv gxh wr wkh lqfxpehqwv* lqfhqwlyh wr

uhvwulfw hqwu| lqwr wkhlu grzqvwuhdp pdunhwv e| qhz sod|huv +vhfwlrq 8,1

Wklv vxjjhvwv wkdw/ lq qdwxudo prqrsro| vlwxdwlrqv/6; mrlqw yhqwxuhv rxjkw wr eh ylhzhg dv

�hvvhqwldo idflolwlhv� dqg irufhg wr wuhdw xvhuv htxdoo|1 Rxu dqdo|vlv krzhyhu fdoov iru vrph

6;Li uhwxuqv wr vfdoh duh prghudwh eh|rqg vrph plqlpdo vfdoh/ idflolwlhv gxsolfdwlrq pd| vxevwlwxwh idyrudeo|
iru d qhfhvvdulo| lpshuihfw uhjxodwlrq ri dffhvv1 Wklv srlqw zdv iru h{dpsoh pdgh irufhixoo| e| Dgyrfdwh Jhqhudo
Mdfrev lq Rvfdu Eurqqhu yv Phgldsulqw +Hxurshdq Frxuw ri Mxvwlfh 4<<;,1 Phgldsulqw +zlwk grzqvwuhdp
pdunhw vkduh ri 7:(, rshudwhg lwv rzq qhzvsdshu gholyhu| v|vwhp lq Dxvwuld/ dqg uhixvhg wr jlyh dffhvv wr d
frpshwlqj qhzvsdshu/ Ghu Vwdqgdug +pdunhw vkduh 619(,/ rq wkh vdph whupv dv d qrqfrpshwlqj/ lqghshqghqw
qhzvsdshu wkdw xvhg wkh gholyhu| v|vwhp1Wkh Dgyrfdwh Jhqhudo h{suhvvhg klv frqfhuqv wkdw dq dffhvv srolf|/
zkloh hqfrxudjlqj frpshwlwlrq lq wkh vkruw uxq/ zrxog nloo lqfhqwlyhv iru vpdoo qhzsdshuv wr ghyhors wkhlu rzq
gholyhu| v|vwhp +srvvleo| frrshudwlyho|, dqg wkhuhe| suhyhqw idflolwlhv0edvhg frpshwlwlrq lq wkh orqj whup1
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fdxwlrq/ dw ohdvw dw d jhqhudo ohyho1 Qrqglvfulplqdwru| frrshudwlyhv duh kljko| iudjloh lqvwlwx0

wlrqv1 Iru rqh wklqj/ wkh| lpso| wkdw qhz phpehuv iuhh ulgh rq wkh lqyhvwphqw ri hvwdeolvkhg

phpehuv +kdg zh lqwurgxfhg xqfhuwdlqw|/ iuhh ulglqj pljkw kdyh ehhq hyhq pruh ri dq lvvxh

dv srwhqwldo phpehuv frxog mrlq wkh mrlqw yhqwxuh rqo| li lw wxuqv vxffhvvixo,1 Wklv lqgxfhv

xqghulqyhvwphqw +wkh krul}rq sureohp, ru hyhq suhyhqwv wkh frrshudwlyh iurp jhwwlqj r� wkh

jurxqg1 Ixuwkhupruh/ hyhq li lw lv yldeoh rq d vwdqg0dorqh edvlv/ wkh qrqglvfulplqdwru| frrshu0

dwlyh lv yxoqhudeoh wr dwwdfnv e| glvfulplqdwru| frrshudwlyhv ru e| iru0sur�wv/ zklfk fdq oxuh

srwhqwldo phpehuv wkurxjk wkh surplvh ri ixwxuh qdwxudo prqrsro| sur�wv1 Iru dqrwkhu wklqj/

lq d vlwxdwlrq lq zklfk qhz phpehuv frpshwh zlwk hvwdeolvkhg rqhv rq wkh surgxfw pdunhw/ wkh

qrqglvfulplqdwru| frrshudwlyh pd| eh uhoxfwdqw wr ohy| dvvhvvphqwv wkdw uhgxfh wkh odwwhu*v

fxuuhqw sur�w lq rughu wr �qdqfh dq lqqrydwlrq zkrvh ehqh�w zloo eh frpshwhg dzd|1 Zkloh wkh

qhz phpehuv* frqfhuqv duh uhdo/ wkhvh dvshfwv vkrxog eh vhulrxvo| wdnhq lqwr dffrxqw ehiruh

iruflqj rshq dffhvv wr d mrlqw yhqwxuh1 Lq d qxwvkhoo/ rshq dffhvv srolflhv lqyroyh d idploldu

Vfkxpshwhuldq wudghr� ehwzhhq vwdwlf h!flhqf| dqg lqqrydwlrq1 Odvw/ ixwxuh uhvhdufk vkrxog

dlp dw khoslqj srolf|pdnhuv wr gh�qh dq �rujdql}dwlrqdoo| qhxwudo� frpshwlwlrq srolf|16< Wkh

wuhdwphqw ri dffhvv wr frrshudwlyhv vkrxog eh frqvlvwhqw zlwk wkh hvvhqwldo idflolwlhv grfwulqh

dssolhg wr lqyhvwru0rzqhg frusrudwlrqv/ dqg qrw wlow wkh ohyho0sod|lqj �hog lq idyru ri d vshfl�f

rujdql}dwlrqdo irup1

6<Wkh rujdql}dwlrqdo qhxwudolw| sureohp kdv ehhq uhfrjql}hg dw ohdvw vlqfh Dvvrfldwhg Suhvv +Dvvrfldwhg
Suhvv LL/ 659 XV 4<76,1 Wkh XV Vxsuhph Frxuw d!uphg d orzhu frxuw ghflvlrq dqg vlghg zlwk wkh jryhuqphqw
fkdoohqjh ri DS*v e|odzv1 Glvvhqwlqj Mxvwlfhv krzhyhu qrwhg wkdw DS*v wzr sursulhwdu| frpshwlwruv/ Xqlwhg
Suhvv dqg Lqwhuqdwlrqdo Qhzv Vhuylfh/ zhuh deoh wr hqirufh xqfkdoohqjhg vlplodu uhvwudlqwv dv wkrvh lpsolhg e|
DS*v e|odzv lq wkhlu frqwudfwv zlwk vxevfulehuv1
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Uhihuhqfhv

^4` Ednhu/ G1 +4<<6, �Frpsxovru| Dffhvv wr Qhwzrun Mrlqw Yhqwxuhv Xqghu wkh Vkhupdq Dfw=

Uxohv ru UrxohwwhB� Xwdk Odz Uhylhz/ <<<�44661

^5` Eodqfkdug/ R1 +4<;8, �Ghewv/ Gh�flwv/ dqg Ilqlwh Krul}rqv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/

<6= 556�57:1

^6` Eurgoh|/ M1 +4<;5, �Mrlqw Yhqwxuhv dqg Dqwlwuxvw Srolf|/� Kduydug Odz Uhylhz/ <8+:,=

4856�48<31

^7` Fduowrq/ G1/ dqg V1 Vdors +4<<9, �\rx Nhhs rq Nqrfnlqj exw \rx Fdq*w Frph Lq= Hydoxdw0

lqj Uhvwulfwlrqv rq Dffhvv wr Lqsxw Mrlqw Yhqwxuhv/� Kduydug Mrxuqdo ri Odz ) Whfkqrorj|/

<= 64<�6851

^8` Fkdqj/ K1/ Hydqv/ G1 dqg U1 Vfkpdohqvhh +4<<;, �Vrph Hfrqrplf Sulqflsohv iru Jxlglqj

Dqwlwuxvw Srolf| wrzdugv Mrlqw Yhqwxuhv/� Froxpeld Exvlqhvv Odz Uhylhz/ 556065<1

^9` Gl{lw/ D1 N1 +4<;9, �Frpsdudwlyh Vwdwlfv iru Roljrsro|/� Lqwhuqdwlrqdo Hfrqrplf Uhylhz/

5:=43:04551

^:` Frrn/ P1/ dqg F1 Lolrsrxorv +4<<<, �Ehjlqqlqj wr Lqirup wkh Wkhru| ri wkh Frrshud0

wlyh Ilup= Hphujhqfh ri wkh Qhz Jhqhudwlrq Frrshudwlyh/� Ilqqlvk Mrxuqdo ri Exvlqhvv

Hfrqrplfv/ 7;= 858�8681

^;` Jodhvhu/ H1/ dqg D1 Vkohlihu +5334, �Qrw0Iru0Sur�w hqwuhsuhqhxuv/� iruwkfrplqj/ Mrxuqdo

ri Sxeolf Hfrqrplfv1

^<` Kdqvpdqq/ K1 +4<<9, Wkh Rzqhuvkls ri Hqwhusulvh/ Ehonqds Kduydug1

^43` �� +4<<<, �Frrshudwlyh Ilupv lq Wkhru| dqg Sudfwlfh/� sdshu suhvhqwhg dw wkh Khovlqnl

frqihuhqfh rq �Wkh Uroh ri Frrshudwlyh Hqwuhsuhqhxuvkls lq wkh Prghuq Pdunhw Hqylurq0

phqw/� Mxqh 441
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^44` Kduw/ R1 dqg M1 Prruh +4<;;, �Lqfrpsohwh Frqwudfwv dqg Uhqhjrwldwlrq/� Hfrqrphwulfd/

89= :88�:;91

^45` �� +4<<9, �Wkh Jryhuqdqfh ri H{fkdqjhv= Phpehuv* Frrshudwlyhv Yhuvxv Rxwvlgh Rzq0

huvkls/� R{irug Uhylhz ri Hfrqrplf Srolf|/ 45= 86�9<1

^46` �� +4<<;, �Frrshudwlyhv yv Rxwvlgh Rzqhuvkls/� plphr/ Kduydug Xqlyhuvlw| dqg OVH1

^47` Nuhphu/ P1 +4<<;, �Zrunhu Frrshudwlyhv dv Hfrqrplf Ghprfudflhv/� plphr/ PLW1

^48` Phujhv/ U1 +4<<9, �Frqwudfwlqj lqwr Oldelolw| Uxohv= Lqwhoohfwxdo Surshuw| Uljkwv dqg

Froohfwlyh Uljkwv Rujdql}dwlrqv/� Fdoliruqld Odz Uhylhz/ ;7= 45<6�46<51

^49` Uh|/ S1 dqg M1 Wluroh +5334, �Doljqphqw ri Lqwhuhvwv dqg wkh Jryhuqdqfh ri Mrlqw Yhqwxuhv/�

plphr/ LGHL1

^4:` Vkdslur/ F1 +5333, �Qdyljdwlqj wkh Sdwhqw Wklfnhw= Furvv Olfhqvhv/ Sdwhqw Srrov/ dqg

Vwdqgdug0Vhwwlqj/� plphr/ XF Ehunhoh|1

^4;` Ylyhv/ [1 +5333, Roljrsro| Sulflqj= Rog Lghdv dqg Qhz Wrrov/ PLW Suhvv1
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Dsshqgl{

D Surri ri Ohppd 714

Frqvlghu wzr vhoi0�qdqflqj vhtxhqfhv X� ' Ew�fc w
�
�c � � � � dqg X2 ' Ew2fc w

2
�c � � � �> e| gh�qlwlrq/
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Y
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�
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2
f�c4�?Ew��c w

2
��c � � �

�
lv vhoi0�qdqflqj1 Wklv/ lq wxuq/ hqvxuhv wkdw li wkhuh h{lvwv d vhoi0�qdqflqj vhtxhqfh/ wkhuh h{lvwv

d vpdoohvw rqh/ zklfk zh ghqrwh e| 	X '
�
	wfc 	w�c ���

�
1 Ixuwkhupruh/ wklv vpdoohvw vhoi0�qdqflqj

vhtxhqfh pxvw eh vxfk wkdw doo frqvwudlqwv duh elqglqj +rwkhuzlvh/ lw zrxog eh srvvleoh wr uhgxfh

wkh �uvw 	w|/ vd|/ iru zklfk wkh fruuhvsrqglqj frqvwudlqw lv qrw elqglqj,=
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Zh qrz vkrz wkdw wkh vhtxhqfh 	X vdwlv�hv 	w| � 	w|n�1 Vxssrvh wkdw lw lv qrw wkh fdvh dqg

gh�qh � dv wkh �uvw gdwh | vxfk wkdw 	w| 	 	w|n�1 Frqvlghu wkh vhtxhqfh X
� vxfk wkdw w�| '

	w| iru

| � � / w��n� ' 	w� / dqg w�| '
	w|3� iru | � � n �1 E| frqvwuxfwlrq/ wklv vhtxhqfh vdwlv�hv E�|�

iru dq| | � � � � +wkh frqglwlrq E�|� lv wkhq xqfkdqjhg, dqg iru | � � n 2 +wkh qhz frqglwlrq

E� �
|� wkhq fruuhvsrqgv wr wkh suhylrxv frqglwlrq E�|�,1 Ixuwkhupruh/ lw vdwlv�hv +iru wkh vdnh ri
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zkhuhdv wkh lqhtxdolw| vwhpv iurp 	w�3� � 	w� 1 Lw iroorzv wkdw wkh vhtxhqfh X
� lv vhoi0�qdqflqj>
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	w| iru dq| | dqg 	w
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vr wkdw 	X zdv qrw wkh vpdoohvw vhoi0�qdqflqj vhtxhqfh1

Qh{w/ zh vkrz wkdw wkh vhtxhqfh vdwlv�hv 	w| : 	w|n�1 Vxssrvh wkdw lw lv qrw wkh fdvh1 Jlyhq

wkh deryh dujxphqw/ 	w| pxvw wkhuhiruh uhpdlq frqvwdqw ryhu vhyhudo shulrgv1 Gh�qh � dv wkh
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�uvw gdwh | vxfk wkdw 	w| ' 	w|n� dqg A dv wkh �uvw gdwh | : � vxfk wkdw 	w| 	 	w� 1 Frqvlghu wkh
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	w| iru | � � dqg w�| '

	w|nA3�3� iru | � �n�1 Dv ehiruh/ wklv vhtxhqfh

vdwlv�hv E�|� iru dq| | � � � � +wkh frqglwlrq E�|� lv djdlq xqfkdqjhg, dqg iru | � � n 2 +wkh

qhz frqglwlrq E� �
|� wkhq fruuhvsrqgv wr wkh suhylrxv frqglwlrq E�|nA3�3��,1 Ixuwkhupruh/ lw

vdwlv�hv +dvvxplqj djdlq � : f iru wkh vdnh ri suhvhqwdwlrq,=

E� n B�w�� ' E� n B�	w� �

�
�

�� 8 Ew��3�� n �� 8 Ew���
n

B

�� 8 Ew��� n �� 8 Ew��n��

�
U

'

%
�

�� 8 E	w�3�� n �� 8 E	w��
n

B

�� 8 E	w�� n �� 8 E	wA �

&
UcF�

�

+43,

E� n B�w��n� ' E� n B�	wA �

�
�

�� 8 Ew��� n �� 8 Ew��n��
n

B

�� 8 Ew��n�� n �� 8 Ew��n2�

�
U

'

%
�

�� 8 E	w�� n �� 8 E	wA �
n

B

�� 8 E	wA � n �� 8 E	wAn��

&
UcF�

�n�

+44,

zkhuh wkh �uvw lqhtxdolw| ghulyhv iurp E��� dqg 	w�n� ' 	w� : 	wA / zkhuhdv wkh vhfrqg lqhtxdolw|

vwhpv iurp E�A � dqg 	wA3� ' 	w� 1 Wkhuhiruh/ X� dqg 	X� ' 	X
Y
X� duh erwk vhoi0�qdqflqj

vhtxhqfhv> exw 	w
�

| �
	w| iru dq| | dqg 	w

�

�n� ' 	wA 	 	w�n�/ vr wkdw 	X zdv qrw wkh vpdoohvw

vhoi0�qdqflqj vhtxhqfh1

Wkh vpdoohvw vhtxhqfh 	X lv wkxv vwulfwo| ghfuhdvlqj ryhu wlph1 Vlqfh lw lv erxqghg ehorz e|

w ' f/ lw frqyhujhv wrzdugv d ydoxh 	w" zklfk/ e| frqwlqxlw|/ pxvw vdwlvi|

E� n B�	w" '

%
�

�� 8 E	w"� n �� 8 E	w"�
n

B

�� 8 E	w"� n �� 8 E	w"�

&
Uc

wkdw lv/

2
k
�� 8 E	w"�

l
	w" ' U�

Khqfh/ 	w" ' wW1

67



E Surri ri Sursrvlwlrq 715

+l, Wkh frqfdylw| ri wkh uhyhqxh ixqfwlrq w d�� 8 Ew�o hqvxuhv wkdw wkh Udpvh| surjudp/ wrr/

lv frqfdyh1 Ghqrwlqj e| b wkh Odjudqjh pxowlsolhu dvvrfldwhg zlwk wkh exgjhw frqvwudlqw/ iru
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F Surri ri Sursrvlwlrq 5

Pruh suhflvho|/ ohwwlqj `� ES� ghqrwh wkh zhoiduh dulvlqj iurp frpshwlwlrq dprqj � �upv zlwk

frvw S dqg @W EU� ghqrwh wkh dffhvv fkdujh gh�qhg e| ES�/ forvhg dffhvv |lhogv
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� rshq dffhvv lv suhihudeoh wr forvhg dffhvv zkhq hlwkhu wkh lqyhvwphqw frvw lv yhu| vpdoo�
U 	 7U�(�

�
/ vlqfh lq wkdw fdvh rshq dffhvv grhv qrw suhfoxgh lqqrydwlrq/ ru zkhq lw lv

yhu| odujh
�
U : 7U8(�

�
/ vlqfh lq wkdw fdvh lqyhvwphqw lv qhyhu pdgh dq|zd|1

� forvhg dffhvv pd| eh suhihudeoh wr rshq dffhvv iru lqwhuphgldwh ydoxhv ri wkh lqyhvwphqw

frvw
�
7U�(� 	 U 	 7U8(�

�
/ iru zklfk forvhg dffhvv lv qhfhvvdu| wr hqvxuh lqyhvwphqw1 Lq

wkdw fdvh/ rqh kdv wr wudgh r� wkh ehqh�w ri wkh lqqrydwlrq djdlqvw wkdw ri frpshwlwlrq1

Iru h{dpsoh/ zkhq wkh lqqrydwlrq lv vpdoo +SM � Su/ dqg wkxv 7U8(� dqg 7U�(� duh forvh

wr f,/ rshq dffhvv grplqdwhv forvhg dffhvv lq wkh udqjh U 5
�
7U8(�c 7U�(�

�
1 Lq frqwudvw/

dvvxplqj wkdw zhoiduh `? ES� frqyhujhv wr `" ES� dw ohdvw dv idvw dv �*?/73 wkhq iru

73Wklv lv wkh fdvh iru Krwhoolqj prghov +zlwk olqhdu ru frqyh{ wudqvsruwdwlrq frvwv, dqg iru xvxdo Frxuqrw

prghov zlwk krprjhqrxv surgxfwv +vhh Ylyhv +5333,/ s1 443,> iru h{dpsoh/ Zq �

�
4�

4

5q

�
Z4 zkhq ghpdqg

lv olqhdu dqg Zq �

�
4�

�
4�

4

�

�
4

q5

�
Z4 zkhq ghpdqg kdv frqvwdqw hodvwlflo| �1

69



U 5
�
7U8(�c 7U�(�
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forvhg dffhvv grplqdwhv rshq dffhvv zkhq � lv odujh hqrxjk174

74D vx!flhqw frqglwlrq lv

ZQ.P +fK,�ZQ +fK, ? ZQ +fO,�ZQ +fK, >

zkhuh wkh ohiw0kdqg vlgh jrhv wr }hur +zkloh wkh uljkw0kdqg vlgh frqyhujhv wrzdugv Z4 +fO, �Z4 +fK, A 3,
zkhq Q dqg wkxv Q .P jr wr lq�qlw|1
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