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Xqlyhuvlw| ri Dul}rqd

Rfwrehu :/ 4<<9

Devwudfw
D ixqgdphqwdo lvvxh lq jryhuqdqfh uhvhdufk lv krz erdugv fdq eh

fkrvhq wkurxjk d surfhvv sduwldoo| frqwuroohg e| wkh FHR exw |hw fdq
vwloo eh vrphzkdw h�hfwlyh lq prqlwrulqj wkh FHR1 Zh r�hu dq dq0
vzhu edvhg rq d prgho lq zklfk erdug h�hfwlyhqhvv lv d ixqfwlrq ri wkh
erdug*v lqghshqghqfh1 Wklv/ lq wxuq/ lv d ixqfwlrq ri qhjrwldwlrqv +lp0
solflw ru h{solflw, ehwzhhq wkh h{lvwlqj gluhfwruv dqg wkh FHR ryhu zkr
zloo �oo ydfdqflhv rq wkh erdug1 Zh vkrz krz wkh FHR*v edujdlqlqj
srzhu ryhu wkh erdug0vhohfwlrq surfhvv ghshqgv rq klv shufhlyhg delo0
lw|1 Pdq| hpslulfdo �qglqjv derxw erdug vwuxfwxuh dqg shuirupdqfh
dulvh dv htxloleulxp skhqrphqd lq wklv prgho1

4 Lqwurgxfwlrq
Frusrudwlrqv duh qrw jryhuqhg e| wkh surfhvv wkdw frusrudwh odz zrxog vhhp
wr lpso|1 Frusrudwh odz vwdwhv wkdw vkduhkroghuv fkrrvh wkh erdug ri gluhf0
wruv> lq sudfwlfh/ vkduhkroghuv doprvw dozd|v yrwh iru wkh vodwh sursrvhg e|

�Wkh dxwkruv wkdqn Ddurq Hgolq/ Urehuw Jleerqv/ Fkduohv Kdgorfn/ Gdylg Kluvkohlihu/
Vwhyhq Ndsodq/ Yrmlvody Pdnvlprylf/ Suhvwrq PfDihh/ Fdqlfh Suhqghujdvw/ Dqlo Vkly0
gdvdql/ Vxqlo Zdkdo/ Mhuu| Zhlvedfk/ wzr dqrq|prxv uhihuhhv/ dqg vhplqdu sduwlflsdqwv
dw wkh Xqlyhuvlw| ri Doehuwd/ Xqlyhuvlw| ri Dul}rqd/ Ervwrq Froohjh/ Xqlyhuvlw| ri Fdol0
iruqld dw Ehunhoh|/ XFOD/ Xqlyhuvlw| ri Fdoliruqld dw Vdq Glhjr/ Xqlyhuvlw| ri Fklfdjr/
Krqj Nrqj Xqlyhuvlw| ri Vflhqfh dqg Whfkqrorj|/ Xqlyhuvlw| ri Loolqrlv/ Lqgldqd Xqlyhuvlw|/
Xqlyhuvlw| ri Pdu|odqg/ Xqlyhuvlw| ri Urfkhvwhu/ dqg wkh Zlqwhu Hfrqrphwulf Vrflhw| iru
wkhlu khosixo frpphqwv dqg vxjjhvwlrqv rq hduolhu gudiwv1
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pdqdjhphqw14 Pruhryhu/ wklv vodwh lv dssuryhg e|/ li qrw fkrvhq e|/ wkh yhu|
FHR wkhvh gluhfwruv duh vxssrvhg wr prqlwru +vhh/ h1j1/ Pdfh/ 4<:4> Oruvfk
dqg PdfLyhu/ 4<;<> Ghpe dqg Qhxedxhu/ 4<<5,1 Wkh uhvxowlqj jryhuqdqfh
v|vwhp kdv ehhq fulwlfl}hg e| erwk dfdghplfv dqg wkh suhvv/ zkr shufhlyh lw
wr eh lqh�hfwlyh lq frqwuroolqj pdqdjhphqw +vhh/ iru h{dpsoh/ Guxfnhu/ 4<;4>
Olswrq dqg Oruvfk/ 4<<5> Mhqvhq/ 4<<6,1

Jlyhq wkhvh dssduhqw vkruwfrplqjv/ lw lv hdv| wr irujhw wkdw wkh fxuuhqw
jryhuqdqfh v|vwhp lv wkh pdunhw vroxwlrq wr dq rujdql}dwlrqdo ghvljq sure0
ohp +doehlw rqh wkdw pxvw eh vroyhg xqghu ohjdo frqvwudlqwv�h1j1/ doo �upv
pxvw kdyh erdugv dqg erdugv pxvw kdyh fhuwdlq srzhuv,15 Frpshwlwlrq lq
surgxfw pdunhwv/ dv zhoo dv suhvvxuh iurp fdslwdo pdunhwv/ whqgv wr olplw
krz lqh!flhqw �upv fdq eh1 Wkxv/ dv Vwljohu dqg Iulhgodqg +4<;6, dujxhg/
ehiruh dq| fulwlflvp ri fxuuhqw jryhuqdqfh sudfwlfh lv wdnhq wrr vhulrxvo|/ d
wkrurxjk xqghuvwdqglqj ri wkh pdunhw irufhv wkdw kdyh ohg wr lwv h{lvwhqfh
vhhpv qhfhvvdu|1 Wklv/ lq sduw/ lv zkdw zh sursrvh wr gr khuh1

Wkh suhylrxv olwhudwxuh rq frusrudwh jryhuqdqfh kdv irfxvvhg rq zkdw
erdugv gr/ zlwkrxw dvnlqj krz wkh| jhw wr eh wkh zd| wkh| duh1 Krzhyhu/
wkh dqvzhuv wr wkhvh txhvwlrqv duh lqyduldeo| olqnhg1 Iru lqvwdqfh/ d erdug
sdfnhg zlwk wkh FHR*v uhodwlyhv lv olnho| wr eh ohvv h�hfwlyh wkdq rqh pdgh
xs ri odujh vkduhkroghuv1 Wr xqghuvwdqg frusrudwh jryhuqdqfh/ wkh txhvwlrqv
ri gluhfwru fkrlfh dqg gluhfwru ixqfwlrq pxvw eh dqvzhuhg vlpxowdqhrxvo|1

Lq prgholqj frusrudwh jryhuqdqfh/ zh irfxv rq wkh sureohp ri prqlwrulqj
wkh FHR1 Diwhu klulqj d FHR/ wkh erdug xsgdwhv lwv dvvhvvphqw ri klv delolw|
edvhg rq wkh �up*v sur�wv/ dqg fdq uhsodfh klp li lw fkrrvhv1 Wkh h{lvwlqj
erdug dqg wkh FHR qhjrwldwh ryhu erwk wkh FHR*v zdjh dqg zkr zloo eh sxw
lq ydfdqw gluhfwruvklsv1 Wkhvh qhjrwldwlrqv frxog eh h{solflw1 Dowhuqdwlyho|/
lq nhhslqj zlwk wkh lqvwlwxwlrqdo olwhudwxuh +vhh/ h1j1/ Pdfh/ 4<:4> Oruvfk
dqg PdfLyhu/ 4<;<> Ghpe dqg Qhxedxhu/ 4<<5,/ wkhvh qhjrwldwlrqv frxog eh
lpsolflw> iru lqvwdqfh wkh FHR frxog qrplqdwh qhz erdug phpehuv vxemhfw
wr d wdflw xqghuvwdqglqj derxw wkh vhw iurp zklfk wkh| pd| eh fkrvhq1 Zhuh
wkh FHR wr ylrodwh wklv xqghuvwdqglqj/ wkh erdug zrxog uhixvh wr dssuryh
klv qrplqhhv1

Wkh erdug*v ohyho ri lqghshqghqfh lv ghwhuplqhg wkurxjk wkhvh qhjrwl0
dwlrqv ehwzhhq wkh erdug dqg wkh FHR1 Wkh FHR*v edujdlqlqj srzhu lq

4Hyhq zkhq vkduhkroghuv gr fkdoohqjh pdqdjhphqw*v vodwh ri gluhfwruv lq d sur{| �jkw/
GhDqjhor dqg GhDqjhor +4<;<, �qg wkdw wkh| zlq d erdug vhdw rqo| derxw rqh0wklug ri
wkh wlph1

5Iru dq dowhuqdwlyh ylhz/ vhh Urh +4<<7,1
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wkhvh qhjrwldwlrqv frphv iurp klv shufhlyhg delolw| uhodwlyh wr d uhsodfhphqw1
Erdug lqghshqghqfh lv lpsruwdqw ehfdxvh wkh erdug/ li lw fkrrvhv/ fdq df0
txluh dgglwlrqdo/ frvwo| lqirupdwlrq derxw wkh FHR1 Gluhfwruv ydu| lq wkhlu
zloolqjqhvv wr prqlwru/ vr wkh frpsrvlwlrq ri wkh erdug d�hfwv wkh olnholkrrg
wkdw lw dftxluhv wklv dgglwlrqdo lqirupdwlrq1 Wkh erdug xvhv lwv lqirupdwlrq
derxw wkh FHR lq ghflglqj zkhwkhu wr uhwdlq ru wr uhsodfh klp1 Lq wklv prgho/
wkhuhiruh/ erwk wkh vwuxfwxuh ri wkh erdug dqg lwv dfwlrqv duh hqgrjhqrxvo|
ghulyhg1

Wr hydoxdwh wkh prgho*v uhdolvp/ zh frpsduh lwv suhglfwlrqv wr h{lvwlqj
hpslulfdo �qglqjv1 Vrph ri wkh prgho*v suhglfwlrqv duh=

41 D FHR zkr shuirupv srruo| lv pruh olnho| wr eh uhsodfhg wkdq rqh
zkr shuirupv zhoo1

51 FHR wxuqryhu lv pruh vhqvlwlyh wr shuirupdqfh zkhq wkh erdug lv pruh
lqghshqghqw1

61 Wkh suredelolw| ri lqghshqghqw gluhfwruv ehlqj dgghg wr wkh erdug ulvhv
iroorzlqj srru �up shuirupdqfh1

71 Erdug lqghshqghqfh ghfolqhv ryhu wkh frxuvh ri d FHR*v whqxuh1

81 Dffrxqwlqj phdvxuhv ri shuirupdqfh vkrxog eh ehwwhu suhglfwruv ri
pdqdjhphqw wxuqryhu wkdq vwrfn0sulfh shuirupdqfh1

Wkhvh suhglfwlrqv duh frqvlvwhqw zlwk h{lvwlqj vwxglhv ri odujh frusrudwlrqv1
Suhglfwlrqv 4 dqg 5 pdwfk wkh hpslulfdo hylghqfh rq FHR wxuqryhu1 D

qxpehu ri sdshuv +h1j1/ Frxjkodq dqg Vfkplgw/ 4<;8> Zduqhu hw do1/ 4<;;>
Mhqvhq dqg Pxusk|/ 4<<3,/ �qg wkdw FHR wxuqryhu lv qhjdwlyho| uhodwhg wr
sulru shuirupdqfh1 Lq dgglwlrq/ Zhlvedfk +4<;;, �qgv wkdw wkh vhqvlwlylw|
ri FHR wxuqryhu wr shuirupdqfh lv juhdwhu iru �upv zlwk d kljkhu sursru0
wlrq ri rxwvlgh gluhfwruv/ suhvxpdeo| ehfdxvh wkhvh �upv* erdugv duh pruh
lqghshqghqw ri pdqdjhphqw wkdq duh erdugv grplqdwhg e| lqvlgh gluhfwruv1

Zkloh suhglfwlrq 4 iroorzv iurp rwkhu prghov +h1j1/ Kluvkohlihu dqg Wkdnru/
4<<7,/ suhglfwlrq 5 lv pruh xqltxh1 Wkh lqwxlwlrq ehklqg suhglfwlrq 5 lv wkdw
qhz FHRv uhtxluh pruh prqlwrulqj wkdq rog rqhv/ vlqfh ohvv lv nqrzq derxw
d qhz FHR*v delolw|1 Erdugv wkdw duh pruh lqghshqghqw kdyh d juhdwhu wro0
hudqfh iru wklv dgghg prqlwrulqj/ vr wkh| fdq d�rug wr eh wrxjkhu zlwk dq
lqfxpehqw FHR zkrvh shuirupdqfh lv pdujlqdo1
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Suhglfwlrq 6 lv frqvlvwhqw zlwk wkh sdwwhuq ri gluhfwru wxuqryhu irxqg e|
Khupdolq dqg Zhlvedfk +4<;;,1 Lq dgglwlrq/ Khupdolq dqg Zhlvedfk �qg
wkdw wkh sursruwlrq ri rxwvlgh gluhfwruv rq wkh erdug ghfuhdvhv ryhu wkh
FHR*v fduhhu1 Wklv vxjjhvwv wkdw erdug lqghshqghqfh ghfolqhv ryhu d FHR*v
whqxuh/ frqvlvwhqw zlwk suhglfwlrq 71

Suhglfwlrq 6 iroorzv ehfdxvh srru shuirupdqfh orzhuv wkh erdug*v dvvhvv0
phqw ri wkh FHR*v delolw|/ zklfk uhgxfhv klv edujdlqlqj srvlwlrq dqg/ wkxv/
lqfuhdvhv wkh suredelolw| wkdw wkh FHR zloo eh irufhg wr dffhsw pruh lqghshq0
ghqw gluhfwruv1 Vlplodu orjlf h{sodlqv suhglfwlrq 7= Li d FHR nhhsv klv mre/
wkhq uhwdlqlqj klp pxvw eh zruwk pruh wr wkh gluhfwruv wkdq uhsodflqj klp1
Wklv phdqv wkdw wklv FHR lv/ wr vrph h{whqw/ d uduh frpprglw|/ zklfk jlyhv
klp edujdlqlqj srzhu ylv0ã0ylv wkh gluhfwruv> khqfh/ kh lv deoh wr edujdlq iru
d erdug wkdw lv pruh idyrudeoh wr klp1

Suhglfwlrq 8 lv frqvlvwhqw zlwk erwk Zhlvedfk +4<;;, dqg Pxusk| dqg
]lpphupdq +4<<6,/ zkr hvwlpdwh htxdwlrqv xvlqj erwk vwrfn uhwxuqv dqg
hduqlqjv wr suhglfw pdqdjhphqw fkdqjhv dqg �qg wkdw hduqlqjv gr d ehwwhu
mre1 Wkh lqwxlwlrq iru wkh wkhruhwlfdo uhvxow lv wkdw hduqlqjv duh d ixqfwlrq ri
fxuuhqw pdqdjhphqw rqo|/ exw wkdw vwrfn uhwxuqv uh hfw erwk fxuuhqw pdq0
djhphqw dqg wkh h{shfwdwlrq ri ixwxuh pdqdjhphqw fkdqjhv1

Lq dgglwlrq/ wkh dqdo|vlv vxjjhvwv wkdw iroorzlqj suhglfwlrqv/ zklfk kdyh
qrw dv |hw ehhq vxemhfw wr irupdo hpslulfdo whvwv1

41 Wkhuh vkrxog eh orqj0whup shuvlvwhqfh lq frusrudwh jryhuqdqfh1 Lq sdu0
wlfxodu/ fkdqjhv wkdw hlwkhu vwuhqjwkhq ru zhdnhq erdug lqghshqghqfh
vkrxog eh �shupdqhqw� lq wkdw wkh| fkdqjh wkh orqj0whup edujdlqlqj
vwuhqjwk ri wkh erdug djdlqvw pdqdjhphqw1

51 Wkh vwrfn0sulfh uhdfwlrq wr pdqdjhphqw fkdqjhv vkrxog eh qhjdwlyh li
wkh pdqdjhu lv �uhg rq wkh edvlv ri sulydwh lqirupdwlrq dqg srvlwlyh li
wkh pdqdjhu lv �uhg rq wkh edvlv ri sxeolf lqirupdwlrq1

61 D FHR*v vdodu| +qrq0frqwlqjhqw, frpshqvdwlrq vkrxog eh lqvhqvlwlyh
wr sdvw shuirupdqfh dw uhodwlyho| orz ohyhov ri sdvw shuirupdqfh/ exw
vhqvlwlyh dw uhodwlyho| kljk ohyhov ri sdvw shuirupdqfh1

Wkh �uvw suhglfwlrq lv frqvlvwhqw zlwk dqhfgrwdo hylghqfh ri orqj0whup
sdwwhuqv lq frusrudwh jryhuqdqfh1 Zkhq d �up kdv dq h{wuhpho| deoh FHR/
kh zloo eh deoh wr xvh klv edujdlqlqj srvlwlrq wr hqvxuh d uhodwlyho| zhdn
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erdug wkurxjkrxw klv fduhhu1 Frqvhtxhqwo|/ klv vxffhvvru zloo lqkhulw d uho0
dwlyho| zhdn erdug1 Wkxv/ wkh prgho surylghv dq h{sodqdwlrq iru orqj0whup
shuvlvwhqfh lq �upv* jryhuqdqfh sudfwlfhv dqg/ yld furvv0�up frpsdulvrqv/ dq
h{sodqdwlrq iru orqj0whup lqwhu0�up khwhurjhqhlw| lq wkhvh sudfwlfhv dv zhoo1

Wkh vhfrqg suhglfwlrq srwhqwldoo| h{sodlqv zk| hpslulfdo vwxglhv kdyh
irxqg qr frqvlvwhqw vwrfn0sulfh uhdfwlrq wr pdqdjhphqw fkdqjhv +vhh Zduqhu
hw do1/ 4<;;,= wkhuh kdyh ehhq qr frqwurov iru zkhwkhu wkh glvplvvdov zhuh gxh
wr sulydwh ru sxeolf lqirupdwlrq1 Rxu suhglfwlrq iroorzv ehfdxvh d fkdqjh
lq pdqdjhphqw frqyh|v lqirupdwlrq derxw erwk wkh erdug dqg wkh FHR1
Li wkh erdug edvhv lwv �ulqj ghflvlrq rq sulydwh lqirupdwlrq/ wkhq d �ulqj
uhyhdov wkdw d FHR zkr zdv suhylrxvo| vhhq dv ehwwhu wkdq wkh h{shfwhg
ydoxh ri d uhsodfhphqw lv qrw1 H{shfwdwlrqv ri qhz pdqdjhphqw duh orzhu
wkdq wkh suhylrxv h{shfwdwlrqv ri rog pdqdjhphqw/ vr wkh vwrfn sulfh idoov1
Lq frqwudvw/ li wkh �ulqj lv edvhg rq sxeolf lqirupdwlrq/ wkhq qrwklqj qhz
lv uhyhdohg derxw wkh FHR/ exw �ulqj frqyh|v jrrg qhzv derxw wkh erdug*v
wrxjkqhvv dqg lqghshqghqfh/ vr wkh vwrfn sulfh ulvhv1

Wkh wklug suhglfwlrq frphv iurp wkh vwuxfwxuh ri wkh edujdlqlqj jdph lq
rxu prgho1 Zkhq wkh FHR lv hlwkhu qhz ru d phglrfuh shuiruphu/ wkh orzhu
erxqg rq klv zdjh elqgv +d erxqg vwhpplqj iurp d olplwhg0oldelolw| dvvxps0
wlrq,1 Dv shuirupdqfh lqfuhdvhv/ wkh FHR*v edujdlqlqj srvlwlrq lqfuhdvhv dv
zhoo/ doorzlqj klp wr fdswxuh d iudfwlrq ri wkh uhqwv lq wkh irup ri d kljkhu
zdjh1

Dowkrxjk wkh irfxv lv rq h{sodlqlqj skhqrphqd uhodwhg wr erdugv ri gl0
uhfwruv/ wkh prgho zh ghyhors lv idluo| jhqhudo1 Lw h{whqgv wkh mre0pdwfklqj
prgho ri +vlplodu wr Mrydqrylf/ 4<:<, e| doorzlqj iru hqgrjhqrxv prqlwrulqj
ghflvlrqv1 Dprqj lwv ihdwxuhv lv d irupdol}dwlrq ri wkh dujxphqw wkdw qhz
zrunhuv duh pruh ydoxdeoh wkdq roghu/ ehwwhu0nqrzq zrunhuv/ fhwhulv sdulexv/
ehfdxvh wkh iruphu kdyh d juhdwhu rswlrq ydoxh +vhh Sursrvlwlrq 5 ehorz,1

Wkh sdshu kdv wkh iroorzlqj rujdql}dwlrq1 Wkh qh{w vhfwlrq uhylhzv vrph
suhylrxv zrun rq erdugv ri gluhfwruv1 Vhfwlrq 6 lqwurgxfhv rxu prgho1 Zh
h{whqg lw lq Vhfwlrq 7141 Lq Vhfwlrq 714/ zh doorz wkh erdug wr idyru wkh
lqfxpehqw FHR ryhu uhsodfhphqwv1 Wr wkh h{whqw wkh erdug*v suhihuhqfh
iru wkh lqfxpehqw lv hqgrjhqrxv/ wkh FHR zloo kdyh d vwurqj lqfhqwlyh wr
lqfuhdvh wkh erdug*v suhihuhqfh iru klp> wkdw lv/ wr hqwuhqfk klpvhoi1 Lq Vhf0
wlrq 715/ zh frqvlghu krz ydulrxv jryhuqdqfh dfwlylwlhv d�hfw wkh �up*v vwrfn
sulfh dqg krz phdvxuhv ri �up shuirupdqfh zloo fruuhodwh zlwk jryhuqdqfh
dfwlylwlhv1 Vhfwlrq 8 frqvlghuv d uhlqwhusuhwdwlrq ri rxu prgho wkdw hvfkhzv
edujdlqlqj dqg hqvxuhv wkdw wxuqryhu lv dozd|v rswlpdo iurp wkh vkduhkrog0
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huv* shuvshfwlyh1 Pdq| ri rxu uhvxowv frqwlqxh wr krog xqghu wklv dowhuqdwlyh
lqwhusuhwdwlrq/ dowkrxjk zh orvh wkh delolw| wr dqdo|}h pdqdjhphqw fdswxuh
ri wkh erdug1 Vhfwlrq 9 frqvlghuv vrph srolf| suhvfulswlrqv wkdw kdyh ehhq
r�huhg wr fruuhfw wkh shufhlyhg idlolqjv ri erdugv +h1j1/ uhjxodwlrqv rq wkh
sursruwlrqv ri rxwvlghuv rq wkh erdug ru uhtxluhphqwv wkdw doo gluhfwruv eh
sdlg lq vwrfn udwkhu wkdq fdvk,1 Rxu prgho suhglfwv wkdw pdq| ri wkhvh
srolflhv zloo eh lqh�hfwlyh1 Zh frqfoxgh lq Vhfwlrq :1

5 Erdugv ri Gluhfwruv lq Frusrudwh Jryhu0
qdqfh= H{lvwlqj Wkhru| dqg Hylghqfh

Ehuoh dqg Phdqv +4<65, revhuyhg wkdw wkh vhsdudwlrq ri rzqhuvkls dqg frq0
wuro lqkhuhqw lq d glyhuvho| khog frusrudwlrq dsshduv wr ohdg wr d erdug ri
gluhfwruv frqwuroohg e| pdqdjhphqw1 Wkh| dujxhg wkdw=

111 frqwuro zloo whqg wr eh lq wkh kdqgv ri wkrvh zkr vhohfw wkh
sur{| frpplwwhh dqg e| zkrp/ wkh hohfwlrq ri gluhfwruv iru wkh
hqvxlqj shulrg zloo eh pdgh1 Vlqfh wkh sur{| frpplwwhh lv ds0
srlqwhg e| wkh h{lvwlqj pdqdjhphqw/ wkh odwwhu fdq yluwxdoo| glf0
wdwh wkhlu rzq vxffhvvruv1 Zkhuh rzqhuvkls lv vx!flhqwo| vxe0
glylghg/ wkh pdqdjhphqw fdq wkxv ehfrph d vhoi0shushwxdwlqj
erg| hyhq wkrxjk lwv vkduh lq rzqhuvkls lv qhjoljleoh +Ehuoh dqg
Phdqv/ 4<65/ sdjhv ;:�;;,1

Pdqdjhphqw*v dssduhqw frqwuro ri wkh erdug vhohfwlrq surfhvv ohg Ehuoh dqg
Phdqv/ dv zhoo dv pruh frqwhpsrudu| dxwkruv vxfk dv Mhqvhq +4<<6,/ wr
txhvwlrq zkhwkhu gluhfwruv zhuh h�hfwlyh prqlwruv dqg/ wkxv/ zkhwkhu frusr0
udwlrqv fdq rshudwh h!flhqwo|1

D frxqwhu0dujxphqw lv wkdw gluhfwruv* frqfhuq iru wkhlu uhsxwdwlrqv lq wkh
pdqdjhuldo ru gluhfwru oderu pdunhw fdxvhv wkhp wr eh h�hfwlyh prqlwruv
+Idpd/ 4<;3> Idpd dqg Mhqvhq/ 4<;6,1 Vshfl�fdoo|/ gluhfwruv* uhsxwdwlrqv dv
pdqdjhuv ru prqlwruv ghshqg rq wkh shuirupdqfh ri wkh frpsdqlhv rq zkrvh
erdugv wkh| vhuyh1 Wklv/ lq wxuq/ surylghv lqfhqwlyhv iru wkhp wr pdnh ydoxh0
pd{lpl}lqj ghflvlrqv1 Ndsodq dqg Uhlvkxv +4<<3, �qg hylghqfh frqvlvwhqw
zlwk wklv dujxphqw= gluhfwruv ri srruo| shuiruplqj �upv/ zkr wkhuhiruh pd|
eh shufhlyhg wr kdyh grqh d srru mre ryhuvhhlqj pdqdjhphqw/ duh ohvv olnho|
wr ehfrph gluhfwruv dw rwkhu �upv1 Rq wkh rwkhu kdqg/ dv Kropvwurp +4<;6,

9



vkrzv/ uhsxwdwlrqdo frqfhuqv qhhg qrw fruuhfw doo djhqf| sureohpv dqg fdq/
lq idfw/ fuhdwh qhz rqhv1

Wr uhvroyh wkhvh frq lfwlqj dujxphqwv derxw erdug h�hfwlyhqhvv/ dq hp0
slulfdo olwhudwxuh dvvhvvlqj wkh erdug*v uroh kdv ghyhorshg1 Wklv olwhudwxuh kdv
irfxvhg rq wkh uhodwlrqvkls ehwzhhq wkh frpsrvlwlrq ri wkh erdug�w|slfdoo|
phdvxuhg dv wkh iudfwlrq ri gluhfwruv zkr duh lqvlghuv +l1h1/ pdqdjhphqw,
ru rxwvlghuv +l1h1/ wkrvh qrw rwkhuzlvh d!oldwhg zlwk wkh �up,�dqg frusr0
udwh ghflvlrq0pdnlqj1 Iru lqvwdqfh/ Eulfnoh| hw do1 +4<<7d, �qg wkdw erdug
frpsrvlwlrq d�hfwv �upv* ghflvlrq wr dgrsw srlvrq sloov> E|ug dqg Klfnpdq
+4<<5, �qg wkdw wkh juhdwhu wkh iudfwlrq ri rxwvlgh gluhfwruv/ wkh ehwwhu wkh
vwrfn pdunhw*v uhdfwlrq wr wkhlu �up*v whqghu r�huv iru rwkhu �upv> Vklygdvdql
+4<<6, �qgv wkh frpsrvlwlrq ri wkh erdug dqg wkh erdug*v vkduhkroglqjv d�hfw
wkh olnholkrrg d �up lv dftxluhg lq d krvwloh wdnhryhu> dqg Zhlvedfk +4<;;,
�qgv wkdw wkh vhqvlwlylw| ri FHR wxuqryhu wr �up shuirupdqfh lqfuhdvhv zlwk
wkh iudfwlrq ri rxwvlgh gluhfwruv rq wkh erdug1 Lq vxppdu|/ wkhvh vwxglhv lqgl0
fdwh wkdw wkh erdug*v vwuxfwxuh pdwwhuv zkhq wkhuh lv dq xqxvxdoo| lpsruwdqw
ghflvlrq wr eh pdgh1 Xqiruwxqdwho|/ phdvxulqj wkh gd|0wr0gd| h�hfw ri erdug
frpsrvlwlrq rq frusrudwh sur�wv lv pdgh gl!fxow e| vlpxowdqhlw| sureohpv/
vlqfh erdug frpsrvlwlrq lwvhoi fkdqjhv ehfdxvh ri frusrudwh shuirupdqfh +vhh
Khupdolq dqg Zhlvedfk/ 4<<4/ iru ixuwkhu glvfxvvlrq,16

Iru phdvxuhphqw uhdvrqv/ wklv olwhudwxuh jhqhudoo| glylghv gluhfwruv lqwr
wzr/ vrphwlphv wkuhh/ fodvvhv1 \hw wkhuh duh qrqhwkhohvv lpsruwdqw gl�hu0
hqfhv zlwklq fodvvhv ri gluhfwruv/ hvshfldoo| dprqj rxwvlghuv1 Gluhfwruv gl�hu
lq whupv ri wkhlu shfxqldu| lqfhqwlyhv/ wkhlu vkduh rzqhuvkls/ dqg shuvrqdo
�qdqfldo vlwxdwlrqv1 Wkhlu shuvrqdo oderu pdunhwv duh gl�huhqw/ ohdglqj wr
gl�huhqw uhsxwdwlrqdo frqfhuqv derxw wkh shuirupdqfh ri wkh �upv rq zkrvh
erdugv wkh| vhuyh1 Gluhfwruv dovr gl�hu lq whupv ri wkhlu uhodwlrqvkls zlwk
wkh FHRv zkr dssrlqw wkhp dqg wkhlu zloolqjqhvv wr prqlwru wkhvh FHRv1

Vhyhudo sdshuv kdyh grfxphqwhg wkdw wkhvh gl�huhqfhv duh lpsruwdqw1
Vklygdvdql +4<<6, �qgv hylghqfh ri ehwwhu prqlwrulqj iurp rxwvlgh gluhfwruv
zkr rzq d vxevwdqwldo qxpehu ri vkduhv dqg zkr krog pruh frusrudwh gluhf0
wruvklsv1 Wkh vkduhkroglqjv d�hfw wkh gluhfwruv shfxqldu| lqfhqwlyhv/ zkloh
wkh dgglwlrqdo gluhfwruvklsv phdvxuh wkh lpsruwdqfh ri gluhfwruv* uhsxwdwlrqv

6Vrph sdshuv wkdw qrqhwkhohvv dwwhpsw wr hvwlpdwh wkh gd|0wr0gd| h�hfw duh Ed|vlqjhu
dqg Exwohu +4<;8, dqg PdfDyr| hw do1 +4<;6,1 Dovr vhh Errwk dqg Ghol +4<<9,/ Erurnkrylfk
hw do1 +4<<8,/ Eulfnoh| dqg Mdphv +4<;:,/ Eurzq dqg Pdorqh| +4<<5,/ Frwwhu hw do1 +4<<9,/
Nlql hw do1 +4<<7,/ Nohlq +4<<8,/ Pd|huv hw do1 +4<<5,/ Urvhqvwhlq dqg Z|dww +4<<3,/ dqg
\hupdfn +4<<9, iru uhodwhg hpslulfdo zrun1
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lq wkh oderu pdunhw1 Kdoorfn +4<<8, �qgv wkdw �upv zkrvh erdugv duh lqwhu0
orfnhg +frqwdlqlqj d FHR rq zkrvh erdug wkh �up*v FHR vhuyhv, whqg wr sd|
wkhlu FHRv pruh1 Suhvxpdeo|/ lqwhuorfnhg gluhfwruv duh ohvv zloolqj wr lqwhu0
ihuh lq wkh d�dluv ri wkh FHR zkr dssrlqwhg wkhp ehfdxvh ri d iulhqgvkls ru
rwkhu exvlqhvv uhodwlrqvkls1

Zkloh wkh hpslulfdo olwhudwxuh rq erdugv lv idluo| zhoo ghyhorshg dw wklv
srlqw/ wkhuh kdv ehhq olwwoh irupdo prgholqj ri wkh erdug1 H{lvwlqj sdshuv
kdyh frqvlghuhg lpsruwdqw lvvxhv derxw wkh erdug*v frqgxfw/ exw kdyh ljqruhg
wkh surfhvv e| zklfk erdugv jhw wr eh wkh zd| wkh| duh +vhh Eulfnoh| hw do1/
4<<7e> Kluvkohlihu dqg Wkdnru/ 4<<7> Qrh dqg Uhehoor/ 4<<9> Zduwkhu/ 4<<7,1
Rxu ylhz lv wkdw vxfk prgholqj lv xvhixo/ exw wkdw wkh ixqgdphqwdo lvvxh lq
jryhuqdqfh uhvhdufk lv wr h{sodlq zk| wkh pdunhw vroxwlrq lv iru erdugv wr
eh fkrvhq wkurxjk d surfhvv sduwldoo| frqwuroohg e| wkh FHR exw |hw duh vwloo
vrphzkdw h�hfwlyh lq prqlwrulqj wkh FHR1

6 Wkh Prgho
Zhprgho wkh erdug vhohfwlrq surfhvv dv d edujdlqlqj jdph ehwzhhq wkh FHR
dqg wkh erdug1 Zh dvvxph qr dfwlyh uroh iru wkh vkduhkroghuv +dowkrxjk
vrph ri wkhp frxog eh gluhfwruv,1 Udwkhu vkduhkroghuv vlpso| udwli| wkh
vodwh sxw iruzdug e| wkh frpsdq|1 Wklv lv frqvlvwhqw zlwk vwxglhv vxfk dv
Ehuoh dqg Phdqv +4<65,> Pdfh +4<:4,> Oruvfk dqg PdfLyhu +4<;<,/ dqg Ghpe
dqg Qhxedxhu +4<<5,1 Zh glvfxvv vkduhkroghu dfwlylw|/ sduwlfxoduo| lq fulvlv
vlwxdwlrqv/ odwhu1

614 Wlplqj

Wkh jdph ehwzhhq wkh gluhfwruv dqg wkh FHR kdv pxowlsoh vwdjhv zlwk wkh
iroorzlqj wlplqj1

41 Dw wkh ehjlqqlqj ri wkh jdph/ wkh �up kdv d qhz FHR1 Wkh frpprqo|
khog sulru glvwulexwlrq derxw wkh FHR*v delolw|/ k/ lv qrupdo zlwk phdq
}hur dqg yduldqfh �

�f

+�
f
lv wkh suhflvlrq ri wkh glvwulexwlrq,1 Zh vhw

wkh phdq wr }hur iru frqyhqlhqfh/ exw zlwkrxw orvv ri jhqhudolw|1

51 Wkh �uvw uhdol}dwlrq ri hduqlqjv/ %/ rffxuv1 Hduqlqjv duh ghwhuplqhg
vwrfkdvwlfdoo| dqg duh glvwulexwhg qrupdoo| zlwk d phdq htxdo wr wkh
FHR*v wuxh delolw|/ k/ dqg d yduldqfh htxdo wr �

o

1

;



61 Edvhg rq wkh uhdol}hg hduqlqjv/ wkh erdug xsgdwhv lwv hvwlpdwh ri wkh
FHR*v delolw|1 Wkh erdug pd| dw wklv vwdjh ghflgh wr �uh wkh FHR dqg
kluh d uhsodfhphqw FHR1 Wkh sulru glvwulexwlrq ri dq| uhsodfhphqw
FHR*v delolw| lv qrupdo zlwk phdq }hur dqg yduldqfh �

�f

1

71 Wkh FHR +hlwkhu wkh lqfxpehqw ru wkh uhsodfhphqw, qhjrwldwhv zlwk
erdug ryhu wkh �oolqj ri ydfdqflhv rq wkh erdug dqg klv zdjh +vdodu|,/
�17 Li wkh edujdlqlqj lv xqvxffhvvixo/ wkh FHR lv �uhg dqg d uhsodfh0
phqw lv kluhg1 Li d uhsodfhphqw lv kluhg dw wklv vwdjh/ wkh erdug edujdlqv
zlwk klp frqfhuqlqj wkh �oolqj ri ydfdqflhv rq wkh erdug1

81 Wkh erdug pd| wkhq dftxluh d sulydwh vljqdo/ +/ derxw wkh FHR1 Wkh
suredelolw| wkdw wkh erdug dftxluhv wklv vljqdo ghshqgv rq wkh lqwhqvlw|
zlwk zklfk lw prqlwruv wkh FHR1 Wkh vljqdo lv glvwulexwhg qrupdoo|
zlwk d phdq htxdo wr wkh FHR*v delolw|/ k/ dqg d yduldqfh htxdo wr �

r

18

Wkh udqgrp yduldeohv + � k dqg %� k duh lqghshqghqwo| glvwulexwhg1

91 Li wkh erdug dftxluhv wkh vljqdo/ lw zloo xsgdwh lwv hvwlpdwh ri wkh FHR*v
delolw|1 Edvhg rq wklv srvwhulru hvwlpdwh/ wkh erdug pd| ghflgh wr �uh
wkh FHR dqg kluh d uhsodfhphqw1

:1 Wkh vhfrqg uhdol}dwlrq ri hduqlqjv +sur�wv jurvv ri wkh FHR*v frpshq0
vdwlrq,/ %/ rffxuv1 Dv zlwk wkh �uvw uhdol}dwlrq/ hduqlqjv duh glvwulexwhg
qrupdoo| zlwk d phdq htxdo wr wkh FHR*v wuxh delolw| dqg d yduldqfh
htxdo wr �

o

1

615 Suhihuhqfhv dqg Delolw|

Wkh FHR lq fkdujh dw vwdjh : uhfhlyhv d frqwuro ehqh�w ri K : f1 D FHR
zkr lv glvplvvhg sulru wr wklv +ru qrw kluhg, uhfhlyhv d ehqh�w ri 31

7Zh wuhdw wkh fuhdwlrq ri ydfdqflhv rq wkh erdug dv h{rjhqrxv lq wklv prgho1 Wklv lv
idluo| uhdolvwlf/ vlqfh pdq| ydfdqflhv dulvh iru suhvxpdeo| h{rjhqrxv uhdvrqv vxfk dv ghdwk/
looqhvv/ ru uhdfklqj wkh fxvwrpdu| uhwluhphqw djh1 Zh dovr gr qrw h{solflwo| frqvlghu krz
wkh qxpehu ri ydfdqflhv pljkw olplw wkh delolw| ri wkh erdug wr dgmxvw erdug frpsrvlwlrq1
Wklv lv zlwk olwwoh orvv ri jhqhudolw|/ vlqfh +l, rqo| wkh surri ri Sursrvlwlrq 9 ghshqgv rq
dfklhylqj dq lqwhulru vroxwlrq +l1h1/ rqh lq zklfk ydfdqf| olplwv grq*w elqg,> dqg +ll, erdug
vl}h riwhq fkdqjhv +vhh Khupdolq dqg Zhlvedfk/ 4<;;/ iru hylghqfh,1

8Dowhuqdwlyho|/ zh frxog dvvxph wkdw wkh erdug dozd|v uhfhlyhv d vljqdo/ exw lwv suhflvlrq
+l1h1/ v, lv hqgrjhqrxv +zh wkdqn Fdqlfh Suhqghujdvw iru wklv srlqw,1 Wklv dowhuqdwlyh ohdgv
wr vlplodu uhvxowv/ h{fhsw wkh frpsdudwlyh vwdwlfv zlwk uhvshfw wr � duh dpeljxrxv1

<



Wkh FHR lv dovr frpshqvdwhg zlwk d zdjh/ �/ zklfk lv ghwhuplqhg dv
sduw ri wkh edujdlqlqj surfhvv ehwzhhq klp dqg wkh erdug1 Wklv zdjh lv sdlg
uhjdugohvv ri zkhwkhu wkh FHR vxuylyhv wr vwdjh :1 D fulwlfdo dvvxpswlrq lv
wkdw wkh FHR lv surwhfwhg e| olplwhg oldelolw|> vshfl�fdoo|/ wkh zdjh pxvw eh
qrq0qhjdwlyh +l1h1/ � � f,1

D FHR*v delolw| lv �{hg wkurxjkrxw klv fduhhu1 Zh iroorz Kropvwurp
+4<;6, e| dvvxplqj wkdw wkh FHR nqrzv rqo| wkh glvwulexwlrq ri klv delolw|1
Klv nqrzohgjh rq wklv pdwwhu lv qr ehwwhu wkdq wkh erdug*v1 Wkdw lv/ erwk
wkh erdug*v dqg wkh FHR*v nqrzohgjh ri wkh FHR*v delolw| +dv d FHR, lv
olplwhg wr nqrzlqj wkdw lw lv gudzq iurp d qrupdo glvwulexwlrq zlwk phdq
}hur dqg suhflvlrq �

f
1 Zh mxvwli| wklv dvvxpswlrq e| qrwlqj wkdw wkh shrsoh

klulqj dqg wkh shrsoh ehlqj kluhg riwhq kdyh vlplodu sulruv derxw krz wkh
shrsoh ehlqj kluhg zloo gr rq wkhlu qhz mrev1

Wr vwxg| wkh uhodwlrqvkls ehwzhhq wkh erdug*v frpsrvlwlrq dqg lwv prq0
lwrulqj ri wkh FHR/ zh dvvxph wkdw hdfk gluhfwru/ �*v/ xwlolw| lv

w
�

%� V
�

_ER�� +4,

Wkh frqvwdqw w
�

: f htxdov wkh gluhfwru*v pdujlqdo xwlolw| iurp �up sur�wv/
%1 Zh lpdjlqh wkdw gluhfwruv sxw gl�huhqw zhljkwv rq sur�wv iru wzr uhdvrqv1
Iluvw/ gluhfwruv* lqfrphv zloo ghshqg rq wkhlu rzq vkduhkroglqjv dqg wkh
h{whqw wr zklfk wkhlu gluhfwruv* ihhv ydu| zlwk wkh �up*v sur�wv1 Vhfrqg/
gluhfwruv* frqfhuqv iru exloglqj uhsxwdwlrqv dv frpshwhqw pdqdjhuv pd| ydu|1
Wklv yduldwlrq lq w

�

fdq srwhqwldoo| h{sodlq furvv0�up yduldwlrq lq erdug
shuirupdqfh= vrph erdugv kdyh gluhfwruv zkr sxw d orw ri zhljkw rq sur�wv
+h1j1/ odujh lqvwlwxwlrqdo lqyhvwruv,/ zkloh rwkhu erdugv kdyh gluhfwruv zkr
sxw olwwoh zhljkw rq sur�wv +h1j1/ iulhqgv ri wkh FHR,1 Lw vkrxog/ krzhyhu/ eh
uhphpehuhg wkdw wkh uhdol}hg ydoxhv ri w

�

lq htxloleulxp duh hqgrjhqrxv lq
rxu prgho/ vr wkh xowlpdwh vrxufhv ri furvv0�up yduldwlrq duh wkh klvwrulfdo
gl�huhqfhv lq wkh delolwlhv ri wkh �upv* FHRv dqg wkh suhylrxv vwuxfwxuh ri
wkhlu erdugv1

Wkh yduldeoh R lv wkh suredelolw| wkdw wkh erdug rewdlqv dq dgglwlrqdo
vljqdo/ +/ derxw wkh FHR1 Lw uh hfwv wkh lqwhqvlw| zlwk zklfk wkh erdug
prqlwruv wkh FHR1 Wkh glvxwlolw| ri prqlwrulqj wkh FHR lv V

�

_ER�/ zkhuh
_E�� lv d frpprq/ vwulfwo| lqfuhdvlqj/ vwulfwo| frqyh{/ dqg wzlfh0gl�huhqwldeoh
ixqfwlrq dqg V

�

lv wkh gluhfwru*v glvwdvwh iru prqlwrulqj1 Zh lpdjlqh wkdw
gluhfwruv* glvwdvwh iru prqlwrulqj wkh FHR ydulhv iru wkuhh uhdvrqv1 Iluvw/
lqvlgh gluhfwruv* fduhhuv duh wlhg wr wkh FHR*v/ vr wkh| uduho| �qg lw lq wkhlu
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lqwhuhvw wr prqlwru klp1 Vhfrqg/ wkh rssruwxqlw| frvw ri wkh gluhfwruv* wlph
zloo ydu| dprqj rxwvlgh gluhfwruv1 Ilqdoo|/ gluhfwruv zkr ydoxh wkh rssruwx0
qlw| wr vhuyh rq rwkhu erdugv frxog kdyh dq lqfhqwlyh wr hvwdeolvk uhsxwdwlrqv
iru qrw �urfnlqj wkh erdw�> l1h1/ iru qrw lqwhqvho| prqlwrulqj wkh FHRv rq
zkrvh erdugv wkh| fxuuhqwo| vhuyh19 Dv zlwk wkh sdudphwhu w

�

/ yduldwlrq lq
V
�

fdq dovr khos wr h{sodlq furvv0�up yduldwlrq lq erdugv* shuirupdqfhv1
Vlqfh xwlolw| ixqfwlrqv duh gh�qhg xs wr dq d!qh wudqvirupdwlrq rqo|/ zh

duh iuhh wr uhsodfh +4, zlwk wkh iroorzlqj=

%� &
�

_ER� +5,

zkhuh &
�

' V
�

*w
�

1 Zh fdq lqwhusuhw &
�

dv d phdvxuh ri gluhfwru �*v odfn ri
lqghshqghqfh/ dw ohdvw lq whupv ri wkh zd| kh ru vkh ehkdyhv1

Zh dvvxph &
�

lv �{hg iru d jlyhq gluhfwru � +dw d vshfl�f �up dqg iru d
vshfl�f vhw ri shfxqldu| lqfhqwlyhv,1 Lq sduwlfxodu/ zh dvvxph lw lv lqyduldqw
zlwk uhvshfw wr zkr wkh FHR lv1 Vshfl�fdoo|/ d gluhfwru fdqqrw eh pruh or|do
wr rqh FHR wkdq dqrwkhu1 Zh uhod{ wklv dvvxpswlrq vrphzkdw lq Vhfwlrq
714/ zkhuh zh vkrz wkdw lw grhv qrw fkdqjh wkh txdolwdwlyh qdwxuh ri rxu
uhvxowv1

616 Xsgdwlqj Eholhiv dqg Rswlpdo Prqlwrulqj

Zkhq qhz lqirupdwlrq lv revhuyhg/ hlwkhu sur�wv ru d vljqdo/ wkh sod|huv
xsgdwh wkhlu eholhiv derxw wkh FHR*v delolw|1 Vshfl�fdoo|/ li 	k dqg � duh wkh
sulru hvwlpdwhv ri wkh phdq dqg suhflvlrq ri wkh glvwulexwlrq ri wkh FHR*v
delolw|/ wkhq wkh srvwhulru hvwlpdwhv duh

	k� '
� 	k n |5

� n |
dqg � � ' � n |c +6,

zkhuh 5 lv hlwkhu % ru + dqg | lv hlwkhu o ru r +vhh GhJurrw/ 4<:3/ s1 49:,1
Qrwh wkdw wkh srvwhulru glvwulexwlrq lv dovr qrupdo1

Lw iroorzv iurp +6, wkdw wkh erdug kdv d pruh suhflvh hvwlpdwh ri dq
lqfxpehqw FHR*v delolw| dw vwdjh 6 wkdq lw zrxog ri dq| uhsodfhphqw FHR
lw kluhv1 Wkdw lv/

� : �
f
c +7,

9Lq idfw/ wklv uhdvrq dsshduv wr eh dq lpsruwdqw frqvlghudwlrq dprqj gluhfwruv1 Vrph
uhfhqw �frusrudwh frxsv/� iru lqvwdqfh/ zhuh ohg e| rqh gluhfwru zkr zdv dovr d surplqhqw
FHR/ dqg zkr/ wkhuhiruh/ kdg olwwoh ghpdqg iru dgglwlrqdo gluhfwruvklsv +vhh �Wkh Nlqj
lv Ghdg/� Iruwxqh/ Mdqxdu| 44/ 4<<6/ ss1 67�7;,1
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zkhuh � lv wkh suhflvlrq ri wkh hvwlpdwh ri wkh lqfxpehqw FHR*v delolw|1
Lqwxlwlyho|/ wklv uh hfwv wkh lghd wkdw dq lqfxpehqw lv d �nqrzq hqwlw|/� vr
wkhuh lv ohvv xqfhuwdlqw| derxw klp wkdq wkhuh lv derxw d qhz FHR1

Wkh glvwulexwlrq ri wkh vljqdo + jlyhq wkh FHR*v wuxh delolw|/ k/ lv qrupdo
zlwk phdq k dqg yduldqfh �

r

> khqfh/ wkh glvwulexwlrq ri + jlyhq wkh FHR*v
hvwlpdwhg delolw|/ 	k/ lv qrupdo zlwk phdq 	k dqg yduldqfh �

r

n �

�

1: Gh�qh

M '
r�

rn �

wr eh wkh suhflvlrq ri + jlyhq 	k1;

Frqvlghu d FHR zkr/ sulru wr ehlqj hydoxdwhg/ kdv dq hvwlpdwhg delolw|
ri 	k/ zklfk lv nqrzq zlwk suhflvlrq � 1 Vxssrvh klv hydoxdwlrq uhwxuqv d
vljqdo +1 Xvlqj +6,/ wkh erdug zloo irup d srvwhulru hvwlpdwh ri klv delolw|1
Wklv srvwhulru hvwlpdwh lv dovr wkh h{shfwhg ydoxh ri sur�wv +klv zdjh/ uhfdoo/
lv vxqn dw wklv srlqw,1

Wkh dowhuqdwlyh wr uhwdlqlqj d FHR lv wr kluh d uhsodfhphqw1 Wkh h{0
shfwhg hduqlqjv iurp d uhsodfhphqw dw wklv vwdjh lv/ e| dvvxpswlrq/ }hur1
Pruhryhu/ ehfdxvh doo uhsodfhphqwv duh h{ dqwh lghqwlfdo/ wkh| kdyh qr edu0
jdlqlqj srzhu1 Khqfh/ wkh gluhfwruv fdq vhw d plqlpxp zdjh/ � ' f1 Wkh
h{shfwhg sur�w iurp d uhsodfhphqw FHR lv/ wkhuhiruh/ }hur1 Wkh lqfxpehqw
FHR zloo/ wkhuhiruh/ eh glvplvvhg zkhqhyhu 	k� 	 f1 Xvlqj +6,/ zh fdq vwdwh
wklv glvplvvdo frqglwlrq dv

�� 	k

r
: +� +8,

Wkh �up*v h{shfwhg ydoxh sulru wr hydoxdwlrq lv

T �
"]

3"

4@ 

�
fc
� 	k n r+

� n r

�u
M

2Z
e3

M

2
E+3	k�

2

_+�

Vlqfh wkh rswlrq wr �uh wkh FHR lv d ydoxdeoh rswlrq/ lw iroorzv wkdw T : 	k
iru doo � 1

:Wkh udqgrp yduldeoh | � a� lv wkh vxp ri wzr lqghshqghqwo| glvwulexwhg qrupdo ydul0
deohv= |�� dqg �� a�> khqfh |� a� lv dovr qrupdoo| glvwulexwhg1 Vlqfh wkh phdqv ri wkhvh
wzr udqgrp yduldeohv duh erwk }hur/ wkh phdq ri | jlyhq a� lv/ wkhuhiruh/ a�1 Wkh yduldqfh
ri wkh wzr yduldeohv duh 4

v
dqg 4

�
uhvshfwlyho|/ vr wkh yduldqfh ri | � a� dqg/ wkxv/ | jlyhq

a� lv 4

v
. 4

�
1

;Dv d frqyhqwlrq/ zh zloo ghqrwh ixqfwlrqv ri pdq| yduldeohv/ vxfk dv K/ e| fdslwdo
ohwwhuv1 Zkhq zh kdyh wr eh h{solflw derxw dq dujxphqw ri vxfk ixqfwlrqv�iru h{dpsoh/
wkh ixqfwlrq I hydoxdwhg dw { @ {3�zh zloo zulwh I

{@{
3 1
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Vwudljkwiruzdug fdofxodwlrqv uhyhdo wkdw T fdq eh zulwwhq dv

T ' 	kx
�
� Et

S

� 	k�
s
M
�
n

s
M

�
�
�
Et

S

� 	k�
s
M
�
c +9,

zkhuh t
S

lv wkh ohiw0kdqg vlgh ri +8,/ xE�� lv wkh glvwulexwlrq ixqfwlrq ri d
vwdqgdug qrupdo udqgrp yduldeoh +l1h1/ zlwk phdq }hur dqg yduldqfh rqh,/
dqg �E�� lv wkh ghqvlw| ixqfwlrq ri d vwdqgdug qrupdo udqgrp yduldeoh1 Qrwh
wkdw

x
�
� Et

S

� 	k�
s
M
�

lv dovr wkh suredelolw| wkdw wkh FHR zloo eh uhwdlqhg li hydoxdwhg1
Dowkrxjk d kljkhu delolw| FHR lv dozd|v ehwwhu/ wkh ydoxh ri wkh rswlrq

wr �uh wkh FHR lv ghfuhdvlqj lq 	k=<

Ohppd 4 T lv lqfuhdvlqj lq 	k/ zkloh T � 	k lv ghfuhdvlqj lq 	k1

Wkdw lv/ wkh ydoxh ri lqirupdwlrq derxw wkh FHR*v delolw| ghfuhdvhv wkh
juhdwhu lv wkh sulru hvwlpdwh ri klv delolw|1

Frqvlghu/ qrz/ wkh lvvxh ri krz wkh erdug ghflghv rq wkh lqwhqvlw| +sure0
delolw|/ R, zlwk zklfk lw zloo prqlwru wkh FHR1 Zh dvvxph wkdw wkh erdug
fkrrvhv R wr pd{lpl}h wkh iroorzlqj ixqfwlrq=

4@ 
RMdfc�o

RT n E�� R�4@ ifc 	kj � 7&_ER�c +:,

zkhuh 7& uh hfwv/ lq vrph zd|/ wkh froohfwlyh suhihuhqfhv ri wkh erdug +l1h1/
Y7&*Y&

�

� f iru doo � dqg vwulfwo| srvlwlyh iru dw ohdvw rqh �,1 Iru lqvwdqfh/ 7&
frxog eh wkh dyhudjh ri wkh &

�

v1 Dowhuqdwlyho|/ dqg shukdsv pruh frqvlvwhqw
zlwk yrwlqj e| wkh erdug/ 7& frxog eh wkh phgldq &

�

rq wkh erdug1 Qrwh
wkdw wkh uhvxowlqj R zloo eh Sduhwr rswlpdo iurp wkh shuvshfwlyh ri wkh erdug
phpehuv1

Wkh �uvw0rughu frqglwlrq iru +:, lv

T �4@ ifc 	kj � 7&_�ER� ' f� +;,

H{suhvvlrq +:, lv frqfdyh lq R/ vr +;, lv vx!flhqw dv zhoo dv qhfhvvdu|1 Gh�qh
� W wr eh wkh vroxwlrq wr +;,1 Wr nhhs wkh dqdo|vlv dv vwudljkwiruzdug dv
srvvleoh/ zh zloo irfxv khuh rq lqwhulru vroxwlrqv +l1h1/ � W 5 Efc ��,1 Wkh
h{whqvlrq wr fruqhu vroxwlrqv lv vwudljkwiruzdug1 Wkh iroorzlqj surshuwlhv ri
� W duh uhdglo| hvwdeolvkhg=

<Doo surriv duh lq wkh dsshqgl{1
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Sursrvlwlrq 4 Wkh lqwhqvlw| zlwk zklfk wkh erdug prqlwruv wkh FHR/ R/ lv
+l, ghfuhdvlqj zlwk lwv sulru hvwlpdwh ri klv delolw|/ 	k/ li 	k � f>
+ll, ghfuhdvlqj zlwk wkh suhflvlrq ri lwv sulru hvwlpdwh/ � >
+lll, ghfuhdvlqj zlwk lwv froohfwlyh odfn ri lqghshqghqfh/ 7&> exw
+ly, lqfuhdvlqj zlwk wkh suhflvlrq ri wkh vljqdo +l1h1/ r,1

Lqwxlwlyho|/ wkh pruh frvwo| prqlwrulqj lv wr wkh erdug*v phpehuv +ru wkh
ohvv zhljkw wkh| sodfh rq wkh �up*v sur�wv,/ wkh juhdwhu lv wkh pdujlqdo frvw
ri prqlwrulqj/ vr wkh| hqjdjh lq ohvv ri lw1 Wkh pruh deoh wkh erdug eholhyhv
wkh FHR wr eh/ wkh ohvv ydoxdeoh lv wkh rswlrq wr �uh wkh FHR1 Wkh ohvv
ydoxdeoh wklv rswlrq/ wkh orzhu wkh pdujlqdo ehqh�w ri prqlwrulqj1 Frqvh0
txhqwo|/ wkh erdug prqlwruv ohvv1 Wkh rswlrq wr �uh wkh FHR lv vlploduo| ohvv
ydoxdeoh wkh ohvv xqfhuwdlqw| wkhuh lv lq lwv hvwlpdwh/ vr wkh erdug prqlwruv
ohvv lqwhqvho| zkhq wkh FHR*v delolw| lv nqrzq pruh suhflvho|1 Rq wkh rwkhu
kdqg/ wkh rswlrq wr �uh wkh FHR lv pruh ydoxdeoh wkh juhdwhu lv wkh suhflvlrq
ri wkh vljqdo/ vr wkh erdug prqlwruv pruh lqwhqvho| zkhq wkh vljqdo lv pruh
lqirupdwlyh143

Sursrvlwlrq 4 lv frqvlvwhqw zlwk wkh jhqhudo shufhswlrq wkdw ohvv lqghshq0
ghqw erdugv gr ohvv prqlwrulqj dqg wkdw orqj0hvwdeolvkhg FHRv +l1h1/ FHRv
zlwk kljk ydoxhv ri �, uhfhlyh ohvv vfuxwlq|1 Ehlqj prqlwruhg lqfuhdvhv wkh
olnholkrrg ri ehlqj glvplvvhg/ vr Sursrvlwlrq 4 lv dovr frqvlvwhqw zlwk wkh hy0
lghqfh lq Zhlvedfk +4<;;,/ zklfk vxjjhvwv wkdw rxwvlghu0grplqdwhg erdugv
+zklfk duh suhvxpdeo| pruh lqghshqghqw, duh pruh olnho| wr �uh d srruo|
shuiruplqj FHR wkdq lqvlghu0grplqdwhg +ohvv lqghshqghqw, erdugv1

617 Qhjrwldwlrqv ehwzhhq wkh FHR dqg wkh Erdug

Zkhq wkh| hqwhu lqwr qhjrwldwlrqv/ wkh erdug eulqjv

RT n E�� R�4@ ifc 	kj � 7&_ ER� n-

lq vxusoxv wr wkh edujdlqlqj wdeoh/ zkhuh - lv wkh vxusoxv wkh erdug fdq
h{shfw wr fdswxuh iurp d uhsodfhphqw FHR1 Krzhyhu/ jlyhq wkh olplwhg0
oldelolw| dvvxpswlrq +� � f,/ wkh erdug fdqqrw fdswxuh dq| vxusoxv�vkduh
ri K�iurp d uhsodfhphqw FHR1 Frqvhtxhqwo|/ - ' f1 Wkh lqfxpehqw FHR
eulqjv �

Rx
�
� Et

S

� 	k�
s
M
�
n �� R

�
K

43Zh wkdqn Fdqlfh Suhqghujdvw iru vxjjhvwlqj wkdw zh lqfoxgh wklv uhvxow1
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lq vxusoxv wr wkh wdeoh1 Vr wkhlu mrlqw vxusoxv lv

RT n E�� R�4@ ifc 	kj � 7&_ ER� n
�
Rx

�
� Et

S

� 	k�
s
M
�
n �� R

�
K1 +<,

Pd{lpl}lqj +<, zlwk uhvshfw wr R |lhogv wkh �uvw0rughu frqglwlrq

T �4@ ifc 	kj � 7&_� ER�� E��x� K ' f1 +43,

Frpsdulqj +43, wr +;,/ zh vhh wkdw wkh pdujlqdo ehqh�w ri prqlwrulqj lv orzhu
lq +43, e| E�� x� K/ zklfk phdqv wkdw wkh ohyho ri prqlwrulqj wkdw pd{lpl}hv
mrlqw vxusoxv +<, lv orzhu wkdq wkh ohyho ri prqlwrulqj wkdw pd{lpl}hv wkh
erdug*v h{shfwhg xwlolw| +:,1 Wkdw lv/ li � WW lv wkh vroxwlrq wr +43,/ wkhq
� WW 	 � W1

Lw lv zruwk frqvlghulqj zk| � WW 	 � W1 Sduw ri wkh vxusoxv wkdw fdq
eh vkduhg e| wkh lqfxpehqw FHR dqg wkh erdug lv wkh lqfxpehqw*v fkdqfh
ri jhwwlqj wkh frqwuro ehqh�w/ K1 Li kh lv �uhg/ wkhq wklv fkdqfh lv orvw>
lw jrhv wr wkh uhsodfhphqw FHR1 Pruhryhu/ olplwhg oldelolw| suhyhqwv wkh
erdug iurp uhfdswxulqj lw e| vhwwlqj d qhjdwlyh zdjh1 Frqvhtxhqwo|/ wkh
pdujlqdo mrlqw ehqh�w ri prqlwrulqj lv uhgxfhg1 Lq pdq| zd|v/ wkh vlwxdwlrq
lv vlplodu wr Djklrq dqg Erowrq +4<;:,*v h{foxvlyh0ghdolqj prgho1 Wkhuh/ d
uhwdlohu +rxu erdug, dqg d prqrsro| surgxfhu +rxu lqfxpehqw FHR, hqwhu
lqwr dq h{foxvlyh0ghdolqj frqwudfw ehfdxvh ri wkhlu frqfhuq wkdw dq hqwudqw
+rxu uhsodfhphqw FHR, zloo fdswxuh ixwxuh vxusoxv1

Lq frqwudvw wr Djklrq dqg Erowrq/ rxu sduwlhv duh olplwhg lq wkh frqwudfwv
wkh| fdq zulwh1 Lq sduwlfxodu/ zh dvvxph wkdw wkh erdug dqg wkh FHR fdqqrw
frqwudfw gluhfwo| rq wkh suredelolw| wkdw wkh erdug zloo hydoxdwh wkh FHR
+l1h1/ R,1 Wklv lv frqvlvwhqw zlwk wkh jhqhudo shufhswlrq wkdw lw lv gl!fxow iru
rxwvlgh sduwlhv wr yhuli| krz gloljhqw wkh erdug lv lq lwv prqlwrulqj ixqfwlrq
+li lw zhuh hdv| iru rxwvlgh sduwlhv wr yhuli| wkh erdug*v gloljhqfh/ suhvxpdeo|
wkh erdug zrxog frqwudfw zlwk wkh vkduhkroghuv rq wklv lvvxh,1 Wklv/ krzhyhu/
fuhdwhv d sureohp/ ehfdxvh wkh erdug*v sulydwh lqfhqwlyh lv wr fkrrvh d ohyho ri
prqlwrulqj juhdwhu wkdq wkdw zklfk pd{lpl}hv mrlqw vxusoxv> l1h1/ wkh erdug
zrxog fkrrvh � W lqvwhdg ri � WW1

Wkh rqo| zd| iru wkh FHR dqg erdug wr dyrlg wklv sureohp dqg frpplw
wr d ohyho ri prqlwrulqj lv e| fkdqjlqj 7&/ vlqfh wklv/ wkhq/ fkdqjhv wkh erdug*v
lqfhqwlyhv iru prqlwrulqj1 Wkh lqghshqghqfh ri wkh erdug lv lqyhuvho| uhodwhg
wr 7&1 Wkhuhiruh/ zh lqwhusuhw wkh qhjrwldwlrqv ryhu 7& dv ghflvlrqv ryhu idfwruv
olnho| wr d�hfw wkh lqghshqghqfh ri wkh erdug/ vxfk dv erdug frpsrvlwlrq
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+h1j1/ sursruwlrq ri lqvlghuv yhuvxv rxwvlghuv,/ erdug frpshqvdwlrq/ dqg vr
iruwk1

Zh qrwh wkdw zkhq wkh erdug qhjrwldwhv zlwk wkh FHR ryhu 7& dqg � lw
fduhv derxw lwv xwlolw| rqo|> wkdw lv/ lw grhv qrw frqvlghu wkh qhz +ixwxuh,
gluhfwruv* xwlolw| lq wkhlu qhjrwldwlrq1

Ohw 7&
f
ghqrwh wkh froohfwlyh odfn ri lqghshqghqfh ri wkh frqwlqxlqj gluhf0

wruv144 Ohw 7&
�
ghqrwh wkh froohfwlyh odfn ri lqghshqghqfh ri wkh qhz erdug1

Li edujdlqlqj zlwk wkh FHR |lhogv d qhz erdug zlwk d gl�huhqw odfn0ri0
lqghshqghqfh sdudphwhu/ 7&

�
/ wkhq wkh frqwlqxlqj gluhfwruv* h{shfwhg xwlolw|

lv
� W

7
&'

7
&�
T n

�
�� � W

7
&'

7
&�

�
4@ ifc 	kj � 7&

f
_
�
� W

7
&'

7
&�

�� �� +44,

Qrwh wkdw lq +44,/ wkh htxloleulxp suredelolw| ri rewdlqlqj d vljqdo/ � Wc lv
d ixqfwlrq ri wkh qhz erdug*v odfn ri lqghshqghqfh/ 7&

�
/ qrw wkh frqwlqxlqj

gluhfwruv* odfn ri lqghshqghqfh/ 7&
f
1

Zh prgho wkh qhjrwldwlrqv ehwzhhq wkh FHR dqg wkh erdug dv d Qdvk
edujdlqlqj jdph1 Wkdw lv/ wkh FHR dqg erdug djuhh wr wkh frpsrvlwlrq
+l1h1/ 7&, dqg zdjh wkdw pd{lpl}h wkh surgxfw ri wkhlu vxusoxvhv iurp wudgh1
Surylghg wkh olplwhg0oldelolw| frqvwudlqw grhv qrw elqg/ wkh uhvxowlqj frpsr0
vlwlrq +l1h1/ 7&, zloo dovr pd{lpl}h wkhlu mrlqw vxusoxv1 Rwkhu edujdlqlqj jdphv
zrxog gr dv zhoo1 Doo zh uhtxluh lv wkdw wkh FHR kdyh sduw ri wkh edujdlqlqj
srzhu lq vrph flufxpvwdqfhv1 Dvvxplqj wkdw wkh FHR kdv edujdlqlqj srzhu
lv frqvlvwhqw zlwk wkh hpslulfdo olwhudwxuh rq erdugv +h1j1/ Pdfh/ 4<:4> Oruvfk
dqg PdfLyhu/ 4<;<> Ghpe dqg Qhxedxhu/ 4<<5,/ zklfk �qgv wkdw FHRv/ erwk
lq wkh X1V1 dqg deurdg/ kdyh frqvlghudeoh vd| lq zkr lv qrplqdwhg iru erdug
srvlwlrqv1 Lw lv dovr frqvlvwhqw zlwk wkh ylhz wkdw d FHR zkr kdv suryhq
klpvhoi wr eh pruh ydoxdeoh +lq h{shfwdwlrq, wkdq dq| srwhqwldo uhsodfhphqw
vkrxog kdyh vrph ghjuhh ri edujdlqlqj srzhu1

Wkh vxusoxv ri wkh sod|huv lv wkh gl�huhqfh ehwzhhq zkdw wkh| h{shfw
wr uhfhlyh li dq djuhhphqw lv uhdfkhg dqg zkdw wkh| h{shfw wr uhfhlyh li qr
djuhhphqw lv uhdfkhg1 Li qr djuhhphqw lv uhdfkhg/ wkh FHR ohdyhv wkh �up>
lq zklfk fdvh klv xwlolw| lv 31 Wkh FHR*v vxusoxv lv/ wkhuhiruh/

� Wx
�
� Et

S

� 	k�
s
M
�
Kn E�� � W� Kn ��

44Qrwh wkh  h{lelolw| wr fkdqjh erdug frpsrvlwlrq frphv iurp �oolqj h{rjhqrxv ydfdqflhv
ru dgglqj gluhfwruv wr wkh erdug�qr frqwlqxlqj gluhfwru qhhg ohdyh wr uhdol}h d fkdqjh lq
erdug frpsrvlwlrq1
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Li qr djuhhphqw lv uhdfkhg/ wkh erdug kluhv d uhsodfhphqw FHR1 Ohw L
f

eh wkh erdug*v h{shfwhg xwlolw| li wkh| kluh d uhsodfhphqw +zh zloo ghulyh wkh
ydoxh ri L

f
vkruwo|�vhh Ohppd 5 ehorz,1 Wkh erdug*v vxusoxv lv/ wkxv/45

� WT n E�� � W� 	k� 7&
f
_ E� W�� � � L

f
�

Qdvk edujdlqlqj dvvxphv wkdw wkh erdug dqg wkh FHR fkrrvh 7& dqg �
wr pd{lpl}h �

� WT E	kc �� n E�� � W� 	k� 7&
f
_ E� W�� � � L

f

�
+45,

�
�
� Wx

�
� Et

S

� 	k�
s
M
�
Kn E�� � W� Kn �

�
1

Wr pd{lpl}h +45,/ zh qhhg wr nqrz wkh ydoxh ri L
f
=

Ohppd 5 L
f
' �

f
T
f
� 7&

f
_E�

f
�/ zkhuh T

f
lv T hydoxdwhg iru d qhz FHR�

l1h1/

T
f
'

s
M

�
f

� Ef�

�dqg �
f
vroyhv wkh htxdwlrq

T
f
� 7&

f
_�ER� ' f>

wkdw lv/ �
f
lv wkh h{lvwlqj erdug*v xwlolw|0pd{lpl}lqj ohyho ri prqlwrulqj ri d

qhz FHR1 Pruhryhu/ wkh zdjh sdlg d uhsodfhphqw FHR lv }hur1

Lqwxlwlyho|/ qhz FHRv kdyh qr edujdlqlqj srzhu/ vlqfh wkh| doo kdyh htxdo
h{shfwhg ydoxh1 Frqvhtxhqwo|/ wkh erdug fdq vhw d plqlpxp zdjh dqg jhw
lwv prvw suhihuuhg fkrlfh ri frpsrvlwlrq/ zklfk lv wr uhsolfdwh lwv fxuuhqw
frpsrvlwlrq +l1h1/ 7&

f
,1

Uhfdoo rxu dvvxpswlrq wkdw wkh erdug fdq fkrrvh wr �uh wkh FHR sulru wr
edujdlqlqj1 Lw pljkw/ dw �uvw/ vhhp wkdw wkh erdug zrxog �uh wkh lqfxpehqw
FHR li dqg rqo| li klv hvwlpdwhg delolw| zdv ohvv wkdq wkh hvwlpdwhg delolw|
ri d uhsodfhphqw +l1h1/ li dqg rqo| li 	k 	 f,1 Wklv lv qrw/ krzhyhu/ wuxh=

Sursrvlwlrq 5 D xqltxh �qlwh fxwr�/ �
S

: f/ h{lvwv vxfk wkdw dq lqfxpehqw
FHR lv �uhg sulru wr edujdlqlqj li dqg rqo| li klv hvwlpdwhg delolw| lv ohvv wkdq
�
S

1
45Wkh uhdghu zloo qrwh wkdw zh kdyh uhsodfhg pd{ ia�> 3j zlwk a�1 Dv zh zloo vkrz lq

Sursrvlwlrq 5/ dq| lqfxpehqw FHR zkr lv qrw �uhg sulru wr edujdlqlqj pxvw kdyh dq
hvwlpdwhg delolw| juhdwhu wkdq }hur1
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Sursrvlwlrq 5 iroorzv ehfdxvh wkh uljkw wr hydoxdwh d FHR fuhdwhv d ydox0
deoh rswlrq1 Wkh ydoxh ri wklv rswlrq lqfuhdvhv zlwk wkh sulru xqfhuwdlqw|
derxw wkh FHR +l1h1/ �*� ,1 Frqvhtxhqwo|/ lwv ydoxh lv juhdwhu iru d qhz FHR
wkdq iru dq lqfxpehqw FHR1 D qhz FHR lv/ wkhuhiruh/ pruh ghvludeoh wkdq
dq lqfxpehqw FHR fhwhulv sdulexv1 Dq lqfxpehqw*v hvwlpdwhg delolw| pxvw/
wkhuhiruh/ eh vwulfwo| juhdwhu wkdq d qhz FHR*v li kh lv wr uhwdlq klv mre1

D qdwxudo txhvwlrq wr dvn lv zkhwkhu ohvv lqghshqghqw erdugv wrohudwh
zruvh shuirupdqfh wkdq gr pruh lqghshqghqw erdugv> wkdw lv/ gr juhdwhu
ydoxhv ri 7&

f
ohdg wr orzhu ydoxhv ri �

S

1 Wkh dqvzhu lv |hv=

Sursrvlwlrq 6 Wkh plqlpxp hvwlpdwhg delolw| iru wkh lqfxpehqw FHR dw
zklfk kh zloo eh uhwdlqhg/ �

S

/ idoov dv wkh erdug ehfrphv ohvv lqghshqghqw>
wkdw lv/

Y�
S

Y7&
f

	 f�

Uhpdun 4 Vlqfh 	k lv d ghfuhdvlqj ixqfwlrq ri shuirupdqfh +uhfdoo +6,,/
Sursrvlwlrq 6 lpsolhv wkdw FHR glvplvvdov duh pruh vhqvlwlyh wr +qhjdwlyh,
�up shuirupdqfh zkhq wkh erdug lv pruh lqghshqghqw1 Dv vxfk/ Sursrvlwlrq
6 lv frqvlvwhqw zlwk Zhlvedfk +4<;;,1

Sursrvlwlrq 6 krogv ehfdxvh d uhsodfhphqw FHR pxvw eh prqlwruhg pruh
wkdq dq lqfxpehqw FHR1 Wkh ohvv lqghshqghqw lv wkh erdug +l1h1/ wkh juhdwhu
lv wkh erdug*v glvwdvwh iru prqlwrulqj/ 7&

f
,/ wkh orzhu lv wkh ehqh�w wr vxfk d

erdug iurp klulqj d FHR zkr qhhgv pruh prqlwrulqj1 Khqfh/ vxfk d erdug
lv pruh zloolqj wr wrohudwh d phglrfuh FHR wkdq lv d pruh lqghshqghqw erdug
+l1h1/ d erdug zlwk ohvv glvwdvwh iru prqlwrulqj,1

Frqvlghu/ qrz/ edujdlqlqj ehwzhhq wkh erdug dqg dq lqfxpehqw FHR
zkr zloo eh uhwdlqhg +l1h1/ rqh iru zkrp 	k : �

S

,1 Pd{lpl}lqj +45, zlwk
uhvshfw wr 7& dqg � |lhogv �uvw0rughu frqglwlrqv wkdw duh htxlydohqw wr�

T � 	k� 7&
f
_�ER�

�
ERxKn E�� R� Kn �� +46,

n
�
RET � 	k� n 	k� 7&

f
_ER�� � � L

f

�
Ex� ��K ' f dqg

RET � 	k� n 	k� 7&
f
_ER��� � L

f
� ERxKn E�� R� Kn �� � f +47,

Vlqfh 	k : �
S

/ wkh erdug*v h{shfwhg xwlolw| h{fhhgv L
f
> khqfh wkh vhfrqg olqh

ri +46, lv qhjdwlyh1 Wkh �uvw olqh pxvw/ wkhuhiruh/ eh srvlwlyh/ zklfk hqwdlov

T � 	k� 7&
f
_� ER� : f� +48,
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Iurp wkh �uvw0rughu frqglwlrq iru wkh erdug*v rswlpdo R +l1h1/ +;,,/ frqglwlrq
+48, lpsolhv wkdw R 	 � W

7
&'

7
&f

/ zklfk/ iurp Sursrvlwlrq 4/ lpsolhv 7& : 7&
f
1 Zh

kdyh/ wkxv/ hvwdeolvkhg=

Sursrvlwlrq 7 Li wkh frqwlqxlqj gluhfwruv fkrrvhv wr uhwdlq wkh FHR/ wkhq
wkh qhz erdug zloo kdyh ohvv lqghshqghqfh wkdq glg wkh frqwlqxlqj gluhfwruv
+l1h1/ 7& : 7&

f
,1

Zh hpskdvl}h wkh zrug �frqwlqxlqj� ehfdxvh wkh qhz erdug lv ohvv lqgh0
shqghqw rqo| uhodwlyh wr wkrvh gluhfwruv zkr frqwlqxh wr vhuyh1 Wkh sursr0
vlwlrq grhv qrw frpsduh wkh qhz erdug zlwk wkh suhylrxv erdug +l1h1/ wkh
frqwlqxlqj dqg ghsduwhg gluhfwruv,1 Wr ehwwhu xqghuvwdqg wklv srlqw frq0
vlghu d k|srwkhwlfdo erdug zlwk whq gluhfwruv/ �yh rxwvlghuv dqg �yh lqvlghuv1
Vxssrvh wkdw &

�

' &
rxw

iru wkh rxwvlghuv dqg &
�

' &
lq
iru wkh lqvlghuv/ zkhuh

&
rxw

	 &
lq
1 Vxssrvh/ wrr/ wkdw 7& lv jlyhq e| wkh erdug*v dyhudjh &1 Wklv

erdug*v dyhudjh & lv �

2

&
lq
n �

2

&
rxw
1 Vxssrvh wzr lqvlghuv ghsduw/ wkhq wkh dy0

hudjh & ri wkh frqwlqxlqj gluhfwruv lv �

H

&
lq
n D

H

&
rxw
1 Vxssrvh/ frqvlvwhqw zlwk

Sursrvlwlrq 7/ edujdlqlqj ehwzhhq wkh frqwlqxlqj gluhfwruv dqg wkh FHR
uhvxowv lq wkh dgglwlrq ri rqh lqvlghu dqg rqh rxwvlghu1 Wkh qhz erdug*v
dyhudjh & ri 2

D

&
lq
n �

D

&
rxw
1 Wkh qhz erdug lv/ wkhuhiruh/ ohvv lqghshqghqw wkdq

wkh frqwlqxlqj gluhfwruv/ exw lv pruh lqghshqghqw wkdq wkh ruljlqdo erdug1
Li/ rq wkh rwkhu kdqg/ �qrupdo� dwwulwlrq iurp wkh erdug ohdgv wr dq dyhu0

djh ohyho ri lqghshqghqfh dprqj wkh frqwlqxlqj gluhfwruv wkdw dssur{lpdwhv
wkh ohyho ri lqghshqghqfh ri wkh ruljlqdo erdug/ wkhq Sursrvlwlrq 7 vxjjhvwv d
wkhruhwlfdo h{sodqdwlrq iru wkh �qglqj wkdw erdugv ehfrph ohvv lqghshqghqw
ryhu wkh fduhhu ri wkh FHR +vhh/ h1j1/ Khupdolq dqg Zhlvedfk/ 4<;;,1

Sursrvlwlrq 7/ wkhuhiruh/ vxjjhvwv wkdw frusrudwh jryhuqdqfh lv vxemhfw
wr d vwrfkdvwlf irup ri �hqwurs|� lq wklv prgho= rq dyhudjh/ erdugv ehfrph
ohvv lqghshqghqw ryhu wlph/ udwkhu wkdq pruh lqghshqghqw146 Wklv uhvxow lv
vxemhfw wr wzr fdyhdwv wkdw srwhqwldoo| d�hfw lwv lqwhusuhwdwlrq1 Iluvw/ d nh|
dvvxpswlrq ehklqg wklv uhvxow lv wkdw wkh prqlwrulqj exughq lv vkduhg htxdoo|
e| wkh gluhfwruv +l1h1/ hdfk pxvw h{shqg R,1 Li wkh prqlwrulqj exughq frxog eh
vkduhg xqhtxdoo|�li iru lqvwdqfh prqlwrulqj zdv d whdp surgxfwlrq sureohp
vxfk dv frqvlghuhg lq Kropvwurp +4<;5,�wkhq wklv hqwurs| uhvxow qhhg qrw
krog1 Gluhfwruv zrxog kdyh dq lqfhqwlyh wr iuhh0ulgh rq wkh gloljhqfh ri rwkhu
gluhfwruv1 Wklv lq wxuq zrxog jlyh wkhp dq lqfhqwlyh wr zdqw qhz gluhfwruv

46Wkh �rq dyhudjh� txdol�fdwlrq iroorzv iurp wkh frqwlqxlqj yhuvxv ruljlqdo gluhfwruv
glvwlqfwlrq1
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zlwk vwurqj surfolylwlhv iru prqlwrulqj +l1h1/ orz &
�

v, udwkhu wkdq/ dv khuh/
wkh vdph surfolylw| wkh| kdyh1 Lq d ulfkhu prgho ri erdug dfwlylw|/ hqwurs|
zrxog/ wkhq/ ghshqg rq wkh ghjuhh wr zklfk prqlwrulqj lv d froohfwlyh dfwlylw|
+dv khuh, yhuvxv d sulydwh dfwlylw| +dv lq d whdpv sureohp,1

Vhfrqg/ zh kdyh wrwdoo| devwudfwhg iurp wkh uroh ri wkh vkduhkroghuv1 Zh
gr vr sduwldoo| iru frqyhqlhqfh/ exw dovr ehfdxvh ri wkh lqvwlwxwlrqdo hylghqfh
wkdw vkduhkroghuv uduho| sod| d gluhfw uroh lq hlwkhu wkh �qrupdo� vhohfwlrq ri
gluhfwruv ru wkh gd|0wr0gd| rshudwlrqv ri wkh frpsdq| +vhh/ h1j1/ Pdfh/ 4<:4,1
Ehfdxvh wkh| euhdn wkh hqwurs|/ Sursrvlwlrq 7 vhuyhv wr hpskdvl}h wkh lp0
sruwdqfh ri wkrvh rffdvlrqv zkhq vkduhkroghuv gr sod| d uroh/ vxfk dv krvwloh
wdnhryhuv/ sur{| �jkwv/ dqg gluhfw qhjrwldwlrqv ehwzhhq odujh vkduhkroghuv
dqg pdqdjhphqw1

Zkhwkhu wkh edujdlqlqj pd{lpl}hv wkh erdug dqg lqfxpehqw FHR*v mrlqw
vxusoxv ghshqgv rq zkhwkhu wkh olplwhg0oldelolw| frqvwudlqw elqgv1 Li lw grhvq*w
elqg/ wkhq +47, lv dq htxdolw|1 Xvlqj lw/ +46, ehfrphv

T � 	k� 7&
f
_� ER�� E��x� K ' f/

zklfk lv wkh �uvw0rughu frqglwlrq iru pd{lpl}lqj mrlqw vxusoxv +<,1 Li wkh
olplwhg0oldelolw| frqvwudlqw grhv elqg/ wkhq +46, lv htxlydohqw wr

T � 	k� 7&
f
_� ER�� E��x� lK ' f/

zkhuh l 	 �1 Frqvhtxhqwo|/ wkh vroxwlrq wr wkh sureohp lq zklfk wkh olplwhg0
oldelolw| frqvwudlqw lv elqglqj lqyroyhv pruh prqlwrulqj dqg/ khqfh/ juhdwhu
erdug lqghshqghqfh wkdq li wkh frqvwudlqw lv qrw elqglqj1 Wklv hvwdeolvkhv

Sursrvlwlrq 8 Vxssrvh wkdw wkh lqfxpehqw FHR lv uhwdlqhg1 Li wkh olplwhg0
oldelolw| frqvwudlqw lv qrw elqglqj/ wkhq wkh ohyho ri prqlwrulqj zloo pd{lpl}h
wkh FHR dqg erdug*v mrlqw vxusoxv1 Li lw lv elqglqj/ wkhq wkh ohyho ri prql0
wrulqj zloo h{fhhg wkh mrlqw0vxusoxv0pd{lpl}lqj ohyho1 Fruuhvsrqglqjo|/ erdug
lqghshqghqfh zloo eh juhdwhu li wkh frqvwudlqw lv elqglqj wkdq li lw lv qrw elqg0
lqj1

Zh dovr zdqw wr nqrz krz hvwlpdwhg delolw| d�hfwv wkh xowlpdwh htxlole0
ulxp ohyho ri vfuxwlq| +wkh suredelolw| ri ehlqj hydoxdwhg, wkdw wkh FHR zloo
idfh1

Sursrvlwlrq 9 Wkh htxloleulxp suredelolw| wkdw wkh ixwxuh erdug hydoxdwhv
dq lqfxpehqw FHR zkr lv uhwdlqhg lv ghfuhdvlqj zlwk wkh sulru hvwlpdwh ri
klv delolw|1
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Uhpdun 5 Jlyhq wkh prqrwrqlf uhodwlrqvklsv ehwzhhq prqlwrulqj dqg erdug
lqghshqghqfh dqg ehwzhhq �uvw0shulrg hduqlqjv shuirupdqfh dqg hvwlpdwhg
delolw|/ Sursrvlwlrq 9 lpsolhv wkdw shuirupdqfh dqg wkh lqghshqghqfh ri dg0
glwlrqv wr wkh erdug vkrxog eh qhjdwlyho| fruuhodwhg/ zklfk lv frqvlvwhqw zlwk
Khupdolq dqg Zhlvedfk +4<;;,*v �qglqjv1

Sursrvlwlrqv 7 dqg 9 vkrz wkdw klvwru| pdwwhuv lq frusrudwh jryhuqdqfh>
wkdw lv/ zh fdq h{shfw vrph k|vwhuhvlv1 Vwurqj/ lqghshqghqw erdugv zloo ehjhw
vwurqjhu/ pruh lqghshqghqw erdugv wkdq zloo zhdn erdugv1 Frqvhtxhqwo|/ li
zh iroorz wzr �upv/ D dqg E/ ryhu wlph/ wkhq wkhuh lv d jrrg suredelolw|
wkdw zh zloo �qg D dozd|v kdv d vwurqjhu erdug wkdq E li D lqlwldoo| kdv
wkh vwurqjhu erdug wkdq E1 Pruhryhu/ wklv frxog vwloo eh wuxh hyhq li E*v
uhfhqw shuirupdqfh lv ehwwhu wkdq D*v> lqghhg/ iurp Sursrvlwlrq 9/ ehwwhu
shuirupdqfh e| E +l1h1/ d kljkhu hvwlpdwh ri 	k, frxog dfwxdoo| dffhqwxdwh wkh
gl�huhqfh ehwzhhq wkh wzr erdugv* uhodwlyh vwuhqjwk1 Wkhvh uhvxowv xqghuvfruh
wkh lpsruwdqfh ri frqvlghulqj hqgrjhqhlw| lq hpslulfdo vwxglhv ri frusrudwh
jryhuqdqfh dqg wkh| srwhqwldoo| h{sodlq wkh lqfrqfoxvlyh uhvxowv ri PdfDyr|
hw do1 +4<;6, dqg rwkhuv1

Ilqdoo|/ zh frqvlghu wkh uhodwlrqvkls ehwzhhq wkh zdjh/ �/ dqg hvwlpdwhg
delolw|=

Sursrvlwlrq : Wkhuh h{lvwv dq ��/ �
S

	 ��/ vxfk wkdw dq lqfxpehqw FHR
zlwk hvwlpdwhg delolw| lq d�

S

c ��o lv sdlg d zdjh ri }hur1 Wkhuh dovr h{lvwv dq
	�/ �� 	 	� 	 4/ vxfk wkdw dq lqfxpehqw FHR*v zdjh lv lqfuhdvlqj lq klv
hvwlpdwhg delolw| iru hvwlpdwhg delolwlhv lq d 	�c4�1

Iru d uhwdlqhg FHR/ wkh uhodwlrqvkls ehwzhhq klv zdjh dqg hvwlpdwhg delo0
lw| +sdvw shuirupdqfh, lv lqlwldoo|  dw +}hur,1 Zkhq wkh zdjh lv srvlwlyh/
lw htxdov rqh0kdoi wlphv wkh gl�huhqfh ehwzhhq wkh vxusoxv wkdw wkh erdug
eulqjv wr wkh wdeoh/ R ET � 	k�� 7&

f
_ ER�/ dqg wkh vxusoxv wkdw wkh FHR eulqjv

wr wkh wdeoh/ ERxn �� R� K1 Zkhwkhu wkh zdjh lv lqfuhdvlqj lq hvwlpdwhg
delolw| ghshqgv rq zkrvh vxusoxv lv lqfuhdvlqj idvwhu lq 	k1 Vlqfh wkh erdug*v
vxusoxv lv xqerxqghg/ zkloh wkh FHR*v lv erxqghg/ lw pxvw eh wkdw wkh zdjh
lv hyhqwxdoo| lqfuhdvlqj lq hvwlpdwhg delolw|1 Zkdw zh kdyh qrw ehhq deoh wr
hvwdeolvk lv krz wkh zdjh ydulhv zlwk hvwlpdwhg delolw| ehwzhhq �� dqg 	�147

47Zh kdyh ehhq deoh wr hvwdeolvk lw/ krzhyhu/ iru vshfl�f h{dpsohv1 Iru lqvwdqfh/ zdjh
lv vwulfwo| lqfuhdvlqj lq hvwlpdwhg delolw| +deryh �D, li g +s, @ 4

5
s5/ �n

3
@ 4/ � @ 4/ �

3
@ 4

5
/

v @ 4/ dqg e @ 4

7

+wkh Pdwkhpdwlfd surjudp wkdw hvwdeolvkhv wklv dqg rwkhu h{dpsohv lv
dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw,1
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Ryhudoo/ Sursrvlwlrq : suhglfwv wkdw wkh ohyho dw zklfk wkh qrq0frqwlqjhqw
sruwlrq ri d FHR*v frpshqvdwlrq lv vhw vkrxog eh lqvhqvlwlyh wr sdvw shuiru0
pdqfh iru uhodwlyho| orz ohyhov ri sdvw shuirupdqfh/ exw vhqvlwlyh dw uhodwlyho|
kljk ohyhov ri sdvw shuirupdqfh1

Lw lv zruwk qrwlqj wkdw hyhq li wkh FHR*v zdjh lv qrq0lqfuhdvlqj lq klv
hvwlpdwhg delolw|/ klv ryhudoo zhoo0ehlqj/ � n ERxn �� R� K/ lv lqfuhdvlqj lq
klv hvwlpdwhg delolw|1

7 H{whqvlrqv

714 Wkh Erdug kdv d Suhihuhqfh iru wkh Lqfxpehqw
FHR

Lw lv hdv| wr lpdjlqh wkdw wkh erdug kdv d suhihuhqfh iru nhhslqj wkh lqfxp0
ehqw FHR1 Wklv frxog eh d uhvxow ri shuvrqdo or|dow| wr wkh FHR�diwhu doo/
pdq| d gluhfwruvkls lv wkh uhvxow ri forvh wlhv ehwzhhq wkh FHR dqg wkh gl0
uhfwru +vhh/ h1j1/ Pdfh/ 4<:4,1 Dowhuqdwlyho|/ dq lqfxpehqw FHR pd| wdnh
dfwlrqv wr hqwuhqfk klpvhoi> wkdw lv/ dfwlrqv wkdw pdnh klp ehwwhu vxlwhg wr
uxqqlqj wkh �up wkdq dq dyhudjh uhsodfhphqw ru/ htxlydohqwo|/ wkdw pdnh
klp frvwo| wr glvplvv1

Ohw 6 eh wkh dgglwlrqdo ydoxh wkdw dq lqfxpehqw FHR |lhogv wkh erdug1
Li 	k lv wkh erdug*v hvwlpdwh ri klv delolw|/ wkhq wkh erdug zloo wuhdw klp dv
li klv hvwlpdwhg delolw| zhuh 	kn6 � �k1 Lw iroorzv wkdw wkh uhvxowv iurp wkh
suhylrxv vhfwlrq frqwlqxh wr krog/ h{fhsw zlwk �k uhsodflqj 	k1 Lq sduwlfxodu/
wkh qh{w sursrvlwlrq lv dq lpphgldwh fruroodu| ri rxu hduolhu uhvxowv1

Sursrvlwlrq ; Dv wkh dgglwlrqdo ydoxh wkdw wkh lqfxpehqw FHR |lhogv wkh
erdug/ 6/ ulvhv wkh iroorzlqj rffxu=

+l, wkh lqwhqvlw| zlwk zklfk wkh fxuuhqw erdug prqlwruv wkh FHR/ R/ gh0
fuhdvhv>

+ll, wkh lqghshqghqfh ri wkh ixwxuh erdug ghfuhdvhv> dqg
+lll, wkh plqlpxp hvwlpdwhg delolw| iru wkh lqfxpehqw FHR dw zklfk kh

zloo eh uhwdlqhg sulru wr edujdlqlqj ghfuhdvhv1

+Wkh wkuhh uhvxowv iroorz iurp Sursrvlwlrqv 4/ 9/ dqg 5 uhvshfwlyho|1,
Lq rwkhu zrugv/ Sursrvlwlrq ; vlpso| lqglfdwhv wkdw wkh pruh wkh erdug

ydoxhv wkh lqfxpehqw FHR lqghshqghqw ri klv delolw|/ wkh ohvv lqwhqvho| kh
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zloo eh prqlwruhg e| wkh erdug dqg wkh orzhu wkh vwdqgdug wr zklfk kh zloo
khog e| wkh erdug1 Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh zlgho| khog eholhi
wkdw hqwuhqfkhg FHRv ru FHRv zkr kdyh fxowlydwhg shuvrqdo or|dow| dprqj
wkh erdug phpehuv duh ohvv vfuxwlql}hg dqg idfh orzhu vwdqgdugv1

Wr wkh h{whqw 6 lv hqgrjhqrxv/ Sursrvlwlrq ; suhglfwv wkdw d FHR zrxog
xqghuwdnh dfwlylwlhv wkdw udlvh61 Dq h{dpsoh ri vxfk dq dfwlylw| lv jlyhq e|
Vkohlihu dqg Ylvkq| +4<;<,1 Wkh| dujxh wkdw FHRv dwwhpsw wr uhgxfh wkh
suredelolw| wkdw wkh| zloo eh glvplvvhg e| pdnlqj FHR0vshfl�f lqyhvwphqwv>
wkdw lv/ lqyhvwphqwv wkdw duh pruh sur�wdeoh xqghu wkh fxuuhqw FHR wkdq
dq| uhsodfhphqw FHR1 Hyhq li vxfk lqyhvwphqwv ghfuhdvh �up ydoxh/ wkh
FHR kdv dq lqfhqwlyh wr pdnh wkhp ehfdxvh wkh| udlvh klv ydoxh ylv0ã0ylv
dq| uhsodfhphqw1

Sursrvlwlrq ; lghqwl�hv dqrwkhu frvw ri hqwuhqfkphqw lq dgglwlrq wr Vkohlihu
dqg Ylvkq|*v lqyhvwphqw0glvwruwlrq frvw= Wkh pruh hqwuhqfkhg wkh FHR lv/
wkh ohvv lqwhqvho| kh lv prqlwruhg1 Frqvhtxhqwo|/ wkh erdug lv ohvv olnho| wr
lghqwli| sureohp FHRv zkr vkrxog eh glvplvvhg +hyhq li wkh ehqh�w6 pxvw
eh iruhjrqh,/ zklfk ixuwkhu uhgxfhv h{shfwhg �up ydoxh1

Wklv dqdo|vlv dovr vkrzv wkdw d FHR lv ehwwhu r� zlwk klv iulhqgv rq wkh
erdug +l1h1/ shrsoh iru zkrp 6 lv srvlwlyh,1 D FHR lv/ wkhuhiruh/ olnho| wr
xvh zkdwhyhu lq xhqfh kh kdv wr sxw gluhfwruv zkr zloo eh or|do wr klp rq
wkh erdug dqg wr hqvxuh wkh or|dow| ri wkrvh douhdg| rq erdug148 Jlyhq wklv/
lw lv qrw vxusulvlqj wkdw erdugv riwhq ehfrph lqwhuorfnhg +l1h1/ zlwk wkh FHR
ri rqh frpsdq| vhuylqj rq dqrwkhu*v erdug dqg ylfh yhuvd,1 Kdoorfn +4<<8,
grfxphqwv wkdw wkh suhydohqfh ri lqwhuorfnv lv wrr juhdw wr rffxu e| fkdqfh/
zklfk ohqgv fuhghqfh wr wkh dujxphqw wkdw FHRv wdnh dfwlrqv wr udlvh wkhlu
ydoxh wr wkh erdug1

715 H�hfwv ri Erdug Dfwlrq rq Vkduh Sulfh

Lq wklv vhfwlrq/ zh frqvlghu krz wkh ydoxh ri wkh �up lv d�hfwhg e| wkh
erdug*v ghflvlrq wr �uh ru wr uhwdlq wkh FHR1 Zh frqvlghu wklv ghflvlrq dw
wzr vwdjhv= sulru wr zkhq wkh erdug frxog rewdlq d vljqdo dqg diwhu lw zrxog
kdyh rewdlqhg d vljqdo1 Iru frqyhqlhqfh/ exw zlwkrxw orvv ri jhqhudolw|/ zh
zloo dvvxph wkdw 6 ' f> wkdw lv/ wkh lqfxpehqw FHR r�huv qr dgglwlrqdo
ehqh�w wr wkh erdug1

48Iru dq h{wuhph h{dpsoh vhh Exuurxjk dqg Kho|du*v +4<<3, glvfxvvlrq ri wkh erdug ri
UMU0Qdelvfr1
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Sulru wr prqlwrulqj/ exw diwhu wkh �uvw �uh2uhwdlq ghflvlrq/ wkh ydoxh ri
wkh �up lv49

� WT n E�� � W� 	k� +49,

Vlqfh � W lv ghfuhdvlqj lq 	k +uhfdoo Sursrvlwlrq 4,/ +49, qhhg qrw eh lqfuhdvlqj
lq 	k1 Li/ krzhyhu/ wkh glvxwlolw|0ri0h�ruw ixqfwlrq/ _ E��/ lv frqyh{ hqrxjk/ wkhq
+49, zloo eh lqfuhdvlqj lq 	k=

Ohppd 6 Li

_ ER� � _ E��� _ E��� _ Ef�

*L} E2�
*L} E2� R� ;R 5 dfc �oc +4:,

wkhq +49, lv lqfuhdvlqj lq 	k1

Zh zloo khqfhiruwk dvvxph wkdw +4:, krogv14:

Ohw 6V htxdo +49, xqghu dq lqfxpehqw FHR dqg ohw 6V
f
htxdo +49,

xqghu d uhsodfhphqw FHR1 Wkh suredelolw| ri uhdol}lqj d �uvw0shulrg sur�w
vxfk wkdw wkh FHR lv glvplvvhg lv
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zkhuh �
S

lv wkh fxwr� delolw| ohyho gh�qhg lq Sursrvlwlrq 51 Frqvhtxhqwo|/
dw wkh ehjlqqlqj ri wkh jdph wkh �up zloo eh zruwk
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Diwhu wkh �uvw uhdol}dwlrq ri sur�wv/ %/ wkh �up*v ydoxh lv

%n �6Vn E�� �� 6V
f
c +4;,

49Rxu dqdo|vlv ljqruhv wkh suhvhqw glvfrxqwhg ydoxh ri wkh �up eh|rqg wkh shulrg frq0
vlghuhg e| rxu prgho1 Wklv lv voljkwo| sureohpdwlf ehfdxvh/ dv zh dujxhg lq Sursrvlwlrqv
7 dqg 9/ zh vkrxog h{shfw k|vwhuhvlv dfurvv FHR uhjlphv1 Jlyhq/ krzhyhu/ wkh uhodwlyho|
orqj whqxuh ri FHRv +whq |hduv rq dyhudjh�vhh/ h1j1/ Khupdolq dqg Zhlvedfk/ 4<;;,/ wklv
ixwxuh/ rplwwhg sduw ri �up ydoxh zloo jhqhudoo| uhsuhvhqw d yhu| vpdoo sruwlrq ri wkh �up*v
ydoxh1

4:Li g +�, lv qrw frqyh{ hqrxjk/ wkhq +49, pd| eh ghfuhdvlqj lq a� ryhu vrph udqjh ri a�1
Wr vhh wklv/ vxssrvh g +�, zhuh d!qh1 Wkhq wkhuh zrxog h{lvw dq a�� vxfk wkdw S � @ 4/ iru
a� ? a�� dqg S � @ 3/ iru a� A a��1 Vlqfh Y A a�/ wklv zrxog lpso| wkdw +49, pxvw ghfuhdvh
dv a� furvvhv a��1
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Pruhryhu/ zh nqrz iurp Sursrvlwlrq 4 wkdw � W
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1 Lw iroorzv/ wkhuhiruh/ wkdw wkhuh h{lvwv dq lqwhuydo

ri 	k*v vwduwlqj dw �
S

vxfk wkdw lqyhvwruv zrxog suhihu wkdw wkh FHR eh �uhg/
exw vxfk wkdw wkh erdug zrxog suhihu wr uhwdlq wkh FHR1 Frqvhtxhqwo|/ wkhuh
lv d glvfrqwlqxrxv gurs lq wkh ydoxh ri wkh �up dw 	k ' �

S

1 Vlqfh 	k dqg %
duh prqrwrqlfdoo| uhodwhg/ zh fdq frqfoxgh wkdw �up ydoxh/ h{suhvvlrq +4;,/
lv lqfuhdvlqj iru doo ydoxhv ri % h{fhsw dw

% '
�
f
n o

o
�

S

/

zkhuh wkhuh lv d glvfrqwlqxrxv gurs lq �up ydoxh1
Zh vxppdul}h wkh dqdo|vlv vr idu lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq < Kljkhu �uvw0vwdjh sur�w lv srvlwlyho| uhodwhg wr zkhwkhu wkh
FHR nhhs klv mre1 Exw kljkhu �up ydoxh lv qrw prqrwrqlfdoo| uhodwhg wr
zkhwkhu wkh FHR nhhs klv mre1 Pruhryhu/ wkhuh lv d udqjh ri �uvw0vwdjh sur�wv
vxfk wkdw lqyhvwruv zrxog suhihu wkdw wkh FHR eh �uhg/ zkloh wkh erdug suhihuv
wr uhwdlq klp1

Uhpdun 6 Sursrvlwlrq < vxjjhvwv wkdw hduqlqjv +l1h1/ %, vkrxog eh d ehwwhu
suhglfwru ri FHR wxuqryhu wkdq vkduh sulfh/ zklfk lv frqvlvwhqw zlwk wkh
hpslulfdo olwhudwxuh +vhh/ h1j1/ Zhlvedfk/ 4<;;> Pxusk| dqg ]lpphupdq/
4<<6,1

Sursrvlwlrq < dqg wkh glvfxvvlrq suhfhglqj lw lqglfdwhv wkdw d whqvlrq fdq
h{lvw ehwzhhq lqyhvwruv dqg gluhfwruv ryhu zkhwkhu wkh FHR vkrxog eh �uhg/
zlwk wkh lqyhvwruv suhihuulqj wr �uh dqg wkh gluhfwruv suhihuulqj wr uhwdlq1
Wklv surylghv dq h{sodqdwlrq iru wkh frpprq skhqrphqrq ri lqyhvwruv vhhp0
lqj pruh hdjhu wkdq wkh erdug wr glvplvv pdqdjhphqw1 Lw fdq dovr h{sodlq
zk| wdnhryhuv dqg rwkhu frvwo| frqwuro frqwhvwv fdq eh zruwk prxqwlqj1

4;Uhfdoo S
3
lv wkh rswlpdo lqwhqvlw| ri prqlwrulqj iru d uhsodfhphqw FHR1
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Qrz zh wxuq wr wkh vwrfn uhdfwlrq zkhq wkh erdug edvhv lwv �uh2uhwdlq
ghflvlrq rq lwv sulydwh vljqdo +l1h1/ sulydwh lqirupdwlrq,1 Li wkh erdug �uhv wkh
FHR/ wkhq wkh h{shfwhg ydoxh ri ixwxuh fdvk  rzv lv }hur1 Sulru wr hydoxdwlrq/
wkh h{shfwhg ydoxh ri ixwxuh fdvk  rzv lv srvlwlyh1 Lw iroorzv/ wkhuhiruh/ wkdw

Sursrvlwlrq 43 Wkh �up*v vwrfn sulfh idoov li wkh FHR lv �uhg rq wkh edvlv
ri wkh erdug*v sulydwh lqirupdwlrq1

E| gh�qlwlrq/ sulydwh lqirupdwlrq lv xqnqrzq wr lqyhvwruv1 Frqvhtxhqwo|/
d glvplvvdo rq wkh edvlv ri sulydwh lqirupdwlrq zloo eh shufhlyhg e| lqyhvwruv
dv frplqj �rxw ri wkh eoxh1� Sursrvlwlrq 43 fdq/ wkhuhiruh/ eh vhhq dv vd|lqj
wkdw glvplvvdov wkdw frph rxw ri wkh eoxh zloo ohdg wr d idoo lq wkh vwrfn sulfh1

Ilqdoo|/ vxssrvh 7& lv qrw nqrzq wr lqyhvwruv1 Ljqrudqfh ri 7& grhv qrw
fkdqjh Sursrvlwlrq 43/ vr zh zloo irfxv rq zkdw kdsshqv zkhq wkh erdug
�uhv wkh FHR edvhg rq sxeolf lqirupdwlrq1 Iru dq| ydoxh ri 7& li wkh erdug
zdqwv wr �uh wkh FHR/ lqyhvwruv zrxog dovr zdqw wkh FHR �uhg1 Li zh
lpdjlqh d glvwulexwlrq ryhu 7& vxfk wkdw lw lv xqfhuwdlq zkhwkhu wkh erdug zloo
�uh wkh FHR iru d jlyhq ohyho ri �uvw0vwdjh sur�wv/ wkhq �ulqj wkh FHR zloo
eh frqvlghuhg jrrg qhzv e| lqyhvwruv dqg zloo fdxvh wkh vwrfn sulfh wr ulvh1
Wkh vwrfn sulfh zloo dovr ulvh ehfdxvh �ulqj wkh FHR vljqdov wkdw wkh erdug
lv uhodwlyho| pruh lqghshqghqw wkdq zdv dqwlflsdwhg dqg zloo/ wkxv/ prqlwru
pruh lqwhqvho|1 Wklv |lhogv

Sursrvlwlrq 44 Vxssrvh wkdw wkh erdug*v lqghshqghqfh lv xqnqrzq wr lq0
yhvwruv1 Wkhq wkh �up*v vwrfn sulfh ulvhv li wkh FHR lv �uhg rq wkh edvlv ri
sxeolf lqirupdwlrq1

Uhpdun 7 Rxu uhvxow wkdw wkh vwrfn sulfh uhdfwlrq wr d FHR glvplvvdo gl�huv
ghshqglqj rq zkhwkhu wkh erdug xvhg sxeolf ru sulydwh lqirupdwlrq lv frqvlv0
whqw zlwk/ dqg frxog hyhq h{sodlq/ wkh dpeljxrxv uhodwlrqvkls ehwzhhq FHR
glvplvvdo dqg vwrfn sulfh uhdfwlrq irxqg lq hyhqw vwxglhv ri FHR wxuqryhu1
Vhh Zduqhu hw do1 +4<;;, iru d vxuyh| ri wkhvh vwxglhv1

8 D Qrq0Edujdlqlqj Lqwhusuhwdwlrq
Pxfk ri wkh �dfwlrq� lq wkh prgho suhvhqwhg vr idu frphv iurp rxu olplwhg
oldelolw| dvvxpswlrq/ zklfk suhyhqwv wkh erdug iurp fdswxulqj wkh frqwuro
ehqh�w/ K/ wkdw d uhsodfhphqw FHR zloo hqmr|1 Lq rwkhu zrugv/ lq wkh hyhqw
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ri d pdqdjhphqw fkdqjh/ wkh olplwhg0oldelolw| frqvwudlqw suhyhqwv wkh erdug
iurp h{sorlwlqj lwv edujdlqlqj srzhu e| r�hulqj wkh uhsodfhphqw FHR d zdjh
ri �K1 Wkh frqvhtxhqfh iru wkh edujdlqlqj jdph ehwzhhq wkh erdug dqg wkh
fxuuhqw FHR lv wr holplqdwh dq dgglwlrqdo vrxufh ri uhqwv wkdw wkh sduwlhv
frxog rwkhuzlvh kdyh glylghg/ qdpho| wkh uhsodfhphqw*v frqwuro ehqh�w1 Dv0
vxplqj wkh FHR lv zruwk uhwdlqlqj +l1h1/ 	k � �

S

,/4< wkh rqo| zd| wkh erdug
dqg wkh lqfxpehqw FHR fdq jhw dq| ri wkh frqwuro ehqh�w lv qrw wr �uh wkh
lqfxpehqw1 Wklv wlowv wkhlu lqfhqwlyhv wrzdug ohvv gloljhqw prqlwrulqj1 Wkh
zd| wkh lqfxpehqw erdug frpplwv wr wklv ohvv gloljhqw prqlwrulqj +zklfk
lv qrw lq lwv sulydwh lqwhuhvw, lv e| djuhhlqj wr d erdug frpsrvlwlrq zlwk d
orzhu surfolylw| iru prqlwrulqj/ l1h1/ d kljkhu 7& +uhfdoo lw lv lpsrvvleoh iru wkh
h{lvwlqj erdug wr frpplw gluhfwo| wr ixwxuh prqlwrulqj srolflhv> l1h1/ R,1

Dowkrxjk wklv dqdo|vlv lv frqvlvwhqw zlwk fxuuhqw sudfwlfh�FHRv gr ds0
shdu wr hqmr| frqwuro ehqh�wv wkdw fdqqrw eh ixoo| fdswxuhg e| wkh �up dqg
wkh| gr dsshdu wr kdyh frqvlghudeoh vd| lq zkr lv sxw rq wkh erdug�lw lv
qhyhuwkhohvv zruwk uhlqwhusuhwlqj wkh prgho lq d zd| wkdw grhv qrw ghshqg
rq d edujdlqlqj jdph1

Lq wklv lqwhusuhwdwlrq/ wkh wlplqj lv wkh vdph/ h{fhsw wkdw wkh edujdlqlqj
vwdjh/ vwdjh 7/ qr orqjhu h{lvwv1 Zh dovr zdqw wr uhlqwhusuhw vwdjh 8= Ohw

R ET � 	k� n 	k� 7&_ ER�

eh wkh �up*v h{shfwhg sur�w> zkhuh/ qrz/ 7&_ ER� lv wkh frvw ri prqlwrulqj1 Zh
qrz lqwhusuhw 7& wr eh d frvw sdudphwhu nqrzq wr wkh �up*v ghflvlrq pdnhuv
+h1j1/ wkh erdug,/ exw srvvleo| xqnqrzq wr lqyhvwruv1

Zh dvvxph/ qrz/ wkdw d erdug*v ohyho ri prqlwrulqj/ R/ lv dq lqwulqvlf
dwwulexwh ri wkh erdug1 Lq sduwlfxodu/ lw lv lqyduldqw zlwk uhvshfw wr 	k ru
rwkhu sdudphwhuv1 Erdugv wkdw prqlwru pruh�kdyh d kljkhu R�duh pruh
frvwo| iru wkh �up wkdq erdugv wkdw prqlwru ohvv�kdyh d orzhu R1 Wkdw lv/
_� ER� : f1 Zh dvvxph/ pruhryhu/ wkdw wklv pdujlqdo frvw lv dovr lqfuhdvlqj
lq R +l1h1/ _�� ER� : f,1 Wkhuh duh d qxpehu ri jurxqgv xsrq zklfk wr mxvwli|
wkhvh dvvxpswlrqv=

� Gluhfwruv zkr duh suhglvsrvhg wr prqlwru lqwhqvlyho| frxog eh uhod0
wlyho| vfdufh/ vr wkh| frppdqg juhdwhu frpshqvdwlrq1 Pruhryhu/ wkh
glvwulexwlrq ri lqwulqvlf prqlwrulqj suhglvsrvlwlrq frxog eh vxfk wkdw
_�� ER� : f1

4<Wkh fxwr�/ D
f
/ grhv qrw ghshqg rq e�vhh wkh surri ri Sursrvlwlrq 51
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� Lw lv pruh frvwo| wr uhfuxlw rxwvlgh gluhfwruv/ zkr duh pruh suhglv0
srvhg wr prqlwru/ wkdq lw lv wr uhfuxlw lqvlgh gluhfwruv/ zkr duh ohvv
suhglvsrvhg wr prqlwru1 Pruhryhu/ li wkh �up ehjlqv zlwk wkh rxwvlgh
gluhfwruv zkr duh ohdvw frvwo| wr uhfuxlw dqg wkhq pryhv rq wr wkrvh
zkr duh pruh frvwo| wr uhfuxlw/ _�� ER� : f1

� Wkhuh duh ehqh�wv wr kdylqj lqvlgh gluhfwruv rq wkh erdug +shukdsv
wr jurrp wkhp dv srwhqwldo vxffhvvruv iru wkh FHR�vhh Ydqflo/ 4<;:/
rq wklv srlqw, ru ohvv0lqwhqvh0prqlwrulqj rxwvlgh gluhfwruv +shukdsv eh0
fdxvh wkh| eulqj qhhghg h{shuwlvh wr wkh �up,1 Wkhvh ehqh�wv duh
lqfuhdvlqj lq wkh qxpehu ri vxfk gluhfwruv/ exw zlwk glplqlvklqj pdu0
jlqdo uhwxuqv1 Zkhq wkhvh gluhfwruv duh vhhq dv wkh rssruwxqlw| frvw
ri pruh0lqwhqvh0prqlwrulqj rxwvlgh gluhfwruv/ zh kdyh _� ER� : f dqg
_�� ER� : f1

Zh fdq qrz uhlqwhusuhw Sursrvlwlrq 4 dv vwdwhphqw derxw erdug frpsr0
vlwlrq dqg wkh xqghuo|lqj sdudphwhuv=

Fruroodu| 4 Xqghu wkh dowhuqdwlyh lqwhusuhwdwlrq ri wklv vhfwlrq/ wkh ohyho ri
erdug lqghshqghqfh/ R/ lv

+l, ghfuhdvlqj zlwk wkh sulru hvwlpdwh ri klv delolw|/ 	k>
+ll, ghfuhdvlqj zlwk wkh suhflvlrq ri wkh sulru hvwlpdwh/ � > exw
+lll, lqfuhdvlqj zlwk wkh suhflvlrq ri wkh vljqdo/ r1

Qrwh wkdw Fruroodu| 4+l, dqg +ll, lv d vxevwlwxwh iru Sursrvlwlrq 7 +vxuylylqj
FHRv kdyh hdvlhu erdugv,/ zkloh Fruroodu| 4+l, lv d vxevwlwxwh iru Sursrvlwlrq
9 +erdug lqghshqghqfh lv ghfuhdvlqj zlwk hvwlpdwhg FHR delolw|,1

Sursrvlwlrqv 5 dqg 6 frqwlqxh wr krog xqghu wklv dowhuqdwlyh lqwhusuhwd0
wlrq/ dowkrxjk Sursrvlwlrq 6 qr orqjhu kdv dq reylrxv hfrqrplf lqwhusuhwd0
wlrq1 Wkh or|dow|0hqwuhqfkphqw uhvxow/ Sursrvlwlrq ;/ frqwlqxhv wr krog xqghu
wklv dowhuqdwlyh lqwhusuhwdwlrq1 Olnhzlvh/ surylghg 7& lv xqnqrzq wr lqyhvwruv/
wkh vkduh0sulfh uhvxowv/ Sursrvlwlrqv <�44/ dovr frqwlqxh wr krog xqghu wklv
dowhuqdwlyh lqwhusuhwdwlrq1

Prvw ri rxu uhvxowv duh/ wkhuhiruh/ qrw ghshqghqw rq wkh h{lvwhqfh ri d
edujdlqlqj vwdjh1 Udwkhu wkh| duh gulyhq e| frpelqlqj d pdwfklqj prgho/
vlplodu wr Mrydqrylf +4<:<,/ zlwk hqgrjhqrxv prqlwrulqj1 Zkdw wkhq grhv
wkh edujdlqlqj dggB Wzr wklqjv= Iluvw/ lw doorzv xv wr prgho erdug ehkdylru
lq d ohvv uhgxfhg0irup pdqqhu1 Pruh lpsruwdqwo|/ krzhyhu/ lw doorzv xv wr
dgguhvv wkh fhqwudo hqljpd/ vhw iruwk e| Ehuoh dqg Phdqv +4<65, dqg rwkhuv/
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ri krz d vhhplqjo| lqh!flhqw lqvwlwxwlrq kdv vxuylyhg1 Lq sduwlfxodu/ lw vhuyhv
wr h{sodlq krz/ zk|/ dqg zkhq FHRv kdyh d vd| ryhu zkr vhuyhv rq wkh erdug1
Lw dovr vhuyhv wr h{sodlq krz/ ghvslwh wklv vd|/ wkh erdug fdq vwloo surylgh d
ydoxdeoh prqlwrulqj uroh1

9 Srolf| Lpsolfdwlrqv ri wkh Prgho
Dv frusrudwh jryhuqdqfh kdv uhpdlqhg hvvhqwldoo| wkh vdph vlqfh wkh gd|v ri
Ehuoh dqg Phdqv/ vr wrr kdyh wkh fulwlflvpv dqg sursrvhg uhirupv ri lw1 Iru
h{dpsoh/ Olswrq dqg Oruvfk +4<<5, fdoo iru d qxpehu ri fkdqjhv/ lqfoxglqj
d erdug vl}h ri dw prvw whq gluhfwruv +wr uhgxfh iuhh0ulglqj,/ iru rxwvlghuv wr
frqvwlwxwh dw ohdvw wzr0wklugv ri wkh erdug/ elprqwko| phhwlqjv wkdw duh dw
ohdvw rqh gd| orqj/ gluhfwru sd| olqnhg wr vwrfn shuirupdqfh/ dqg dssrlqwphqw
ri d �ohdg� gluhfwru +li qrw wkh fkdlupdq, zkr lv vhsdudwh iurp wkh FHR153

Wkhvh srolflhv/ lq Olswrq dqg Oruvfk*v ylhz/ zrxog ohdg wr ehwwhu prqlwrulqj
ri wkh FHR1

Lq wkh frqwh{w ri wkh prgho suhvhqwhg deryh/ hdfk hohphqw ri wkh Ols0
wrq dqg Oruvfk sursrvdo vhuyhv wr uhgxfh wkh 7& ri wkh erdug1 Iru h{dpsoh/
surylglqj gluhfwruv zlwk vwrfn0edvhg lqfhqwlyhv zloo orzhu wkhlu &*v/ zkloh uh0
sodflqj kljk & lqvlghuv zlwk orzhu & rxwvlghuv zrxog orzhu dyhudjh &1 Dw �uvw
jodqfh/ rqh pljkw wklqn wkdw h�ruwv wr orzhu wkh erdug*v 7& wkurxjk uhjxodwlrq
ru srolwlfdo suhvvxuh zrxog ohdg wr pruh h�hfwlyh prqlwrulqj1

Wklv dujxphqw/ krzhyhu/ ljqruhv wkh qdwxuh ri wkh htxloleulxp lq wkh
prgho1 Wkh FHR dqg erdug edujdlq r�hu wkh h�hfwlyh 7&/ zklfk wdnhv dffrxqw
ri doo lqfhqwlyhv wkdw srwhqwldo gluhfwruv zloo kdyh zkloh wkh| duh rq wkh erdug1
Wklv h�hfwlyh 7& lv ghwhuplqhg wkurxjk d edujdlqlqj surfhvv ehwzhhq wkh FHR
dqg wkh h{lvwlqj erdug1 Vr orqj dv wkh edujdlqlqj surfhvv lv xqd�hfwhg e|
uhjxodwlrqv vxfk dv wkrvh sursrvhg e| Olswrq dqg Oruvfk/ zh zrxog h{shfw
wkh htxloleulxp 7& wr eh olwwoh d�hfwhg1

Lw iroorzv/ wkhuhiruh/ wkdw zh qhhg wr glvwlqjxlvk ehwzhhq wkrvh srolflhv
wkdw zloo d�hfw wkh edujdlqlqj surfhvv dqg wkrvh wkdw zloo qrw1 Iru lqvwdqfh/
uhtxlulqj d vshfl�hg iudfwlrq ri wkh erdug wr eh rxwvlghuv zrxog uhvxow lq

53Wklv sursrvdo lv idluo| uhsuhvhqwdwlyh ri wkh pdq| jryhuqdqfh uhirupv wkdw kdyh ehhq
sursrvhg e| wkh exvlqhvv suhvv/ dfdghplfv/ dqg exvlqhvv shrsoh wkhpvhoyhv +vhh DOL/ 4<;5>
Mhqvhq/ 4<<6> Vpdoh hw do1/ 4<<8> Oxeolq/ 4<<8,1 Vhh Eulfnoh| hw do1 +4<<8, iru d glvfxvvlrq
dqg hylghqfh rq rqh ri wkhvh srwhqwldo uhirupv/ wkh vhsdudwlrq ri wkh FHR dqg fkdlupdq*v
srvlwlrqv1
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dq rxwvlghu0grplqdwhg erdug/ exw qrw qhfhvvdulo| rqh wkdw lv pruh lqghshq0
ghqw wkdq wkh lqvlghu0grplqdwhg erdug wkdw zrxog rwkhuzlvh suhydlo�wkh
FHR dqg erdug phpehuv zloo kdyh odwlwxgh lq wkh vhohfwlrq surfhvv wr r�0
vhw zkdwhyhu ehqh�wv duh fuhdwhg e| h{rjhqrxvo| lpsrvhg �lqghshqghqfh1�54

Rq wkh rwkhu kdqg/ wkh prgho vxjjhvwv wkdw uhtxlulqj lqfhqwlyh sd| iru gluhf0
wruv frxog kdyh dq h�hfw= E| orzhulqj 7&

f
/ wklv uhtxluhphqw zrxog d�hfw wkh

edujdlqlqj/ ohdglqj wr pruh lqghshqghqw erdugv dqg juhdwhu prqlwrulqj +vhh
Sursrvlwlrq 9,1 Pruhryhu/ ehfdxvh ri k|vwhuhvlv/ wkhvh ehqh�wv fdq shuvlvw>
dowkrxjk wkh| zloo whqg wr glplqlvk ryhu wlph ehfdxvh ri hqwurs|1

Ri frxuvh wklv ehjv wkh txhvwlrq ri zk| frusrudwlrqv grq*w yroxqwdulo|
dgrsw h�hfwlyh uhirupv vxfk dv wklv1 Wklv sdshu vxjjhvwv dq dqvzhu= mxvw dv
wkh erdug dqg wkh FHR qhjrwldwh ryhu erdug frpsrvlwlrq/ wkh| zrxog dovr
qhjrwldwh ryhu wkh lpsohphqwdwlrq ri uhirupv1 Surylghg klv sdvw vxffhvv jdyh
klp vx!flhqw edujdlqlqj srzhu/ wkh FHR zrxog eh deoh wr eorfn ru eoxqw
vxfk uhirupv1

: Frqfoxglqj Uhpdunv
D uhfhqw Kduydug Exvlqhvv Uhylhz �Shuvshfwlyhv Vhfwlrq� surylghv vrph
lqvljkw lqwr wkh uhdolvp ri rxu prgho +Vpdoh hw do1/ 4<<8,1 Mrkq Vpdoh/
zkr ehfdph wkh qrq0h{hfxwlyh fkdlupdq ri Jhqhudo Prwruv iroorzlqj Urehuw
Vwhpsho*v irufhg uhvljqdwlrq/ ghvfulehv srolflhv dgrswhg e| wkh JP erdug
wkdw kdyh gudpdwlfdoo| lpsuryhg lwv h�hfwlyhqhvv1 Lq frqwudvw/ Dodq Sdwulfri/
d ohdglqj yhqwxuh fdslwdolvw/ dujxhv= �Ghhs grzq ^FHRv` uhdoo| zlvk wkh|
glgq*w kdyh erdugv1 Wkdw*v zk|/ dw wkh hqg ri wkh gd|/ prvw lqghshqghqw
gluhfwruv jhw qhxwudol}hg lq rqh idvklrq ru dqrwkhu +Vpdoh hw do1/ 4<<8/ s1
;,1� D prgho ri frusrudwh jryhuqdqfh vkrxog eh frqvlvwhqw zlwk erwk shu0
vshfwlyhv> lw vkrxog h{sodlq erwk krz vrph erdugv duh dfwlyh prqlwruv ri
pdqdjhphqw/ |hw krz vrph FHRv duh deoh wr dyrlg vfuxwlq|1

E| vwxg|lqj wkh ghwhuplqdqwv ri erdug frpsrvlwlrq dv d edujdlqlqj surfhvv/
rxu prgho lv frqvlvwhqw zlwk erwk dfwlyh prqlwrulqj lq vrph �upv dqg FHR
grplqdqfh lq rwkhu �upv1 Wkh surfhvv e| zklfk JP dftxluhg d vwurqj erdug
lv looxvwudwlyh ri wkh prgho*v orjlf= Wkh frpsdq| kdg d fulvlv lqgxfhg e| srru
sur�wv lq zklfk wkh erdug zdv irufhg wr dfw1 Wkh qhz FHR kdg qr edujdlq0
lqj srzhu dqg/ wkxv/ kdg wr frqwhqg zlwk dq dfwlyh erdug1 Qrqh ri wklv zrxog

54Vlqfh dq rxwvlghu lv vlpso| vrphrqh zlwk qr rwkhu wlhv wr wkh frusrudwlrq/ lw lv kdug
wr lpdjlqh wkdw kljk n rxwvlghuv frxog qrw eh irxqg +h1j1/ wkurxjk lqwhuorfnlqj erdugv,1
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kdyh kdsshqhg kdg wkh suhylrxv pdqdjhuv shuiruphg ehwwhu> wkh| zrxog kdyh
pdlqwdlqhg wkhlu mrev dqg wkhlu frqwuro ryhu wkh erdug1

Wkh prgho lv frqvlvwhqw zlwk d qxpehu ri hpslulfdo uhjxodulwlhv= FHR
wxuqryhu lv qhjdwlyho| uhodwhg wr shuirupdqfh dqg wklv uhodwlrq lv vwurqjhu
zkhq wkh erdug lv pruh lqghshqghqw1 Wkh suredelolw| wkdw lqghshqghqw
gluhfwruv duh dgghg wr wkh erdug lqfuhdvhv iroorzlqj srru frusrudwh shuiru0
pdqfh1 Dqg erdugv whqg wr ehfrph ohvv lqghshqghqw ryhu wkh frxuvh ri wkh
FHR*v fduhhu1 Wkh prgho dovr h{sodlqv zk| pdqdjhphqw wxuqryhu lv pruh
uhodwhg wr hduqlqjv wkdq wr vwrfn uhwxuqv1 Ilqdoo|/ wkh prgho surylghv lqvljkw
lqwr wkh h�hfwlyhqhvv ri ydulrxv srolflhv ghvljqhg wr hqkdqfh wkh erdug*v prq0
lwrulqj1

Ghvslwh wkh prgho*v frqvlvwhqf| zlwk h{lvwlqj hpslulfdo hylghqfh/ d qxp0
ehu ri gluhfwlrqv iru ixwxuh uhvhdufk uhpdlq1 Rqh gluhfwlrq lv wr prgho wkh
erdug*v rshudwlrq lq juhdwhu ghwdlo1 Iru lqvwdqfh/ zh kdyh dvvxphg wkdw
wkh erdug fkrrvhv d frpprq lqwhqvlw| ri prqlwrulqj/ R1 Zkdw zh kdyh qrw
frqvlghuhg lv krz wkh erdug lpsohphqwv wklv fkrlfh1 Iru lqvwdqfh/ grhv R
uhsuhvhqw wkh froohfwlyh rxwsxw ri wkh erdug +h1j1/ zkdw lw grhv dw erdug
phhwlqjv, ru lv lw dq djjuhjdwh ri lqglylgxdo gluhfwruv* h�ruwv +h1j1/ fduhixoo|
uhdglqj uhsruwv sulru wr erdug phhwlqjv,B Li lw lv wkh vhfrqg/ wr zkdw h{whqw
lv wkh erdug deoh wr ryhufrph wkh sureohpv ri iuhh0ulglqj hqghplf wr whdp
surgxfwlrq +vhh/ h1j1/ Kropvwurp/ 4<;5,B Rqfh iuhh0ulglqj dprqj gluhfwruv lv
dq lvvxh/ wkh g|qdplfv ri erdug frpsrvlwlrq ehfrph pruh frpsolfdwhg1 Iru
h{dpsoh/ wkh frqwlqxlqj gluhfwruv fdq uhgxfh wkhlu rzq zrunordgv e| dgglqj
yhu| lqghshqghqw gluhfwruv +l1h1/ d orz0& gluhfwruv, wr wkh erdug1 Wklv/ lq
wxuq/ frxog r�vhw wkh hqwurs| suhglfwlrq ri Sursrvlwlrq 71

Xqghuvwdqglqj vxfk lvvxhv prwlydwhv ixuwkhu vwxg| ri frusrudwh jryhu0
qdqfh1 Iru h{dpsoh/ wkhuh duh d qxpehu ri �idplo|� frpsdqlhv/ lq zklfk wkh
irxqglqj idplo| wdnhv dq dfwlyh uroh rq wkh erdug1 Krz gloljhqw wkh uhvw ri
wkh erdug zloo eh lv xqfohdu1 Wkhvh gluhfwruv kdyh dq dgglwlrqdo lqfhqwlyh
qrw wr prqlwru ehfdxvh wkh| fdq srwhqwldoo| iuhh0ulgh rq wkh idplo| gluhfwruv1
Rq wkh rwkhu kdqg/ wkh idplo| gluhfwruv zrxog eh pruh olnho| wr hqfrxudjh
dssrlqwphqw ri d vwurqj erdug wkdw zloo khos wr lqfuhdvh wkh ydoxh ri wkhlu
fodlp1

Vlplodu lvvxhv rffxu lq lqwhuqdwlrqdo frpsdulvrqv ri jryhuqdqfh sudf0
wlfhv155 Iru lqvwdqfh/ xqolnh prvw Dphulfdq frpsdqlhv/ d Jhupdq ru Mdsdqhvh

55Dowkrxjk wkh dvvxpswlrqv ri rxu prgho duh frqvlvwhqw zlwk fxuuhqw sudfwlfh lq Hxursh
+vhh Ghpe dqg Qhxedxhu/ 4<<5,/ dv zhoo dv wkh Xqlwhg Vwdwhv1
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frpsdq| w|slfdoo| kdv vwurqj wlhv wr rqh sduwlfxodu edqn dqg uhsuhvhqwdwlyhv
ri wklv edqn xvxdoo| vhuyh rq wkh frpsdq|*v erdug156 Wkhvh uhsuhvhqwdwlyhv
suhvxpdeo| kdyh d vwurqj lqwhuhvw lq wkh frpsdq|*v zhoo0ehlqj157 Djdlq/ wkh
gloljhqfh ri wkh uhvw ri wkh erdug lv xqfohdu> iuhh0ulglqj frqvlghudwlrqv zrxog
whqg wr uhgxfh wkhlu h�hfwlyhqhvv/ zkloh wkh edqn uhsuhvhqwdwlyhv kdyh lqfhq0
wlyhv wr hqvxuh wkdw gluhfwruv eh vhohfwhg zkr zloo eh ohvv olnho| wr iuhh0ulgh1

Rqh olplwdwlrq ri rxu prgho lv wkdw lw irfxvhv vroho| rq wkh prqlwrulqj uroh
ri erdugv1 Wkh lqvwlwxwlrqdo olwhudwxuh +vhh/ h1j1/ Pdfh/ 4<:4> Ydqflo/ 4<;:,
hpskdvl}hv wkdw erdugv dovr sod| dq lpsruwdqw uroh surylglqj lqirupdwlrq dqg
dgylfh wr pdqdjhphqw/ dqg vhuylqj dv d wudlqlqj jurxqg iru ixwxuh FHRv1
D ulfkhu prgho ri erdugv vkrxog wdnh lqwr dffrxqw wkhvh urohv dv zhoo1 Iurp
rxu glvfxvvlrq ri zk| _� ER� : f lq Vhfwlrq 8 dqg lwv frqvhtxhqfh/ wkhvh rwkhu
urohv�wr wkh h{whqw wkh| uhsuhvhqw rssruwxqlw| frvwv ri prqlwrulqj�olnho|
frpsohphqw wkh dqdo|vlv frqvlghuhg khuh1

Rxu prgho frxog dovr eh h{whqghg wr lqyhvwljdwh wkh wudqvlwlrq iurp dq
hqwuhsuhqhxuldo �up wr d pdqdjhuldo �up1 Lq wklv wudqvlwlrq/ dq hqwuhsuhqhxu
kdv lqfhqwlyhv wr ghvljq d jryhuqdqfh v|vwhp wr pd{lpl}h wkh ydoxh ri klv ru
khu fodlp1 Lq grlqj vr/ kh ru vkh lv suhvxpdeo| dzduh ri wkh hqwurs| sureohp/
dqg kh ru vkh zloo dwwhpsw wr plqlpl}h lwv h�hfw1 Lq dgglwlrq/ vwduw0xs �upv
duh riwhq �qdqfhg wkurxjk yhqwxuh fdslwdolvwv> h{whqglqj wkh prgho wr ehwwhu
xqghuvwdqg wkh uroh ri wkhvh yhqwxuh fdslwdolvwv lq wkh erdug0vhohfwlrq surfhvv
lv |hw dqrwkhu dyhqxh iru ixwxuh zrun1

Rqh �qdo wrslf iru ixwxuh uhvhdufk zrxog eh wr frqvlghu qrq0frusrudwh
vlwxdwlrqv zkhuh erdugv sod| d prqlwrulqj uroh1 Iru h{dpsoh/ xqlyhuvlwlhv/
wuxvwv/ dqg rwkhu qrq0sur�w lqvwlwxwlrqv doo kdyh erglhv wkdw ixqfwlrq pxfk
olnh frusrudwh erdugv ri gluhfwruv1 Pxfk ri wkh dqdo|vlv suhvhqwhg deryh
zrxog vhhp htxdoo| dssolfdeoh wr wkhvh erdugv/ exw dv zlwk lqwhuqdwlrqdo
frpsdulvrqv wklv txhvwlrq qhhgv wr eh lqyhvwljdwhg158

56Vhh Ndsodq +4<<7e/d, iru uhfhqw hylghqfh rq wkh h�hfwv ri wkhvh edqnlqj uhodwlrqvklsv
rq frusrudwh jryhuqdqfh lq Jhupdq| dqg Mdsdq1

57Dowkrxjk lw vkrxog eh uhphpehuhg wkdw vxfk gluhfwruv duh wkhpvhoyhv djhqwv +ri wkh
edqn,/ zklfk frxog fuhdwh d vhfrqg vhw ri djhqf| sureohpv1 Ghvslwh wklv/ lw lv vwloo uhdvrq0
deoh wr h{shfw wkhvh gluhfwruv wr eh pruh frqfhuqhg derxw wkh �up*v sur�wv wkdq rwkhu
gluhfwruv fhwhulv sdulexv1

58Vhh Erzhq +4<<7, iru d glvfxvvlrq ri wkh gl�huhqfhv ehwzhhq sur�w dqg qrq0sur�w
erdugv1
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zlwk uhvshfw wr 7& dqg �1 Jlyhq wkh prqrwrqlf uhodwlrqvkls ehwzhhq � W dqg
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�

Iurp +;,/ wklv fdq eh uhzulwwhq dv

� n � W Ex� �� n 7&_� E� W�
_� W

_	k
�

Dovr iurp +;,/ lw lv uhdglo| vkrzq wkdw

_� W

_	k
'

x� �
7&_�� E� W�

�

Vr +49, lv lqfuhdvlqj lq 	k li

� n Ex� ��

�
� W n

_� E� W�

_�� E� W�

�
� f� +67,

Vlqfh 	k � f/ x � �

2

/ vr +67, krogv li

2 � � W n
_� E� W�

_�� E� W�
� +68,
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Gh�qh 7_ER� wr htxdo wkh uljkw0kdqg vlgh ri 4:1 Lw lv uhdglo| vkrzq wkdw

Rn
7_� ER�
7_�� ER�

' 2/

vr +68, iroorzv li _�ER�*_��ER� � 7_�ER�* 7_��ER�1 E| +4:,/ _ E�� lv pruh frqyh{
wkdq 7_ E��1 E| dgdswlqj d zhoo0nqrzq uhvxow rq zkhq rqh lqglylgxdo zloo
kdyh d juhdwhu Duurz0Sudww phdvxuh ri devroxwh ulvn dyhuvlrq wkdq dqrwkhu
lqglylgxdo +vhh/ h1j1/ Kxdqj dqg Olw}hqehujhu/ 4<;;/ s1 5<,/ lw uhdglo| iroorzv
wkdw _�ER�*_��ER� � 7_�ER�* 7_��ER� iru doo R 5 dfc �o1

Uhihuhqfhv
Djklrq/ S1 dqg Erowrq/ S1 +4<;:,1 Frqwudfwv dv d eduulhu wr hqwu|1 Dphulfdq
Hfrqrplf Uhylhz/ ::/ 6;;�7341

DOL +4<;5,1 Sulqflsohv ri Frusrudwh Jryhuqdqfh dqg Vwuxfwxuh= Uhvwdwhphqw
dqg Uhfrpphqgdwlrqv1 Dphulfdq Odz Lqvwlwxwh/ Sklodghoskld1 Whqhwdwlyh
Gudiw Qr1 41

Ed|vlqjhu/ E1 dqg Exwohu/ K1 +4<;8,1 Frusrudwh jryhuqdqfh dqg wkh erdug ri
gluhfwruv= Shuirupdqfh h�hfwv ri fkdqjhv lq erdug frpsrvlwlrq1 Mrxuqdo
ri Odz/ Hfrqrplfv/ dqg Rujdql}dwlrq/ 4/ 434�4571

Ehuoh/ D1 dqg Phdqv/ J1 +4<65,1 Wkh Prghuq Frusrudwlrq dqg Sulydwh Surs0
huw|1 PdfPloodq/ Qhz \run1

Errwk/ M1 dqg Ghol/ G1 +4<<9,1 Idfwruv d�hfwlqj wkh qxpehu ri rxwvlgh gluhf0
wruvklsv khog e| FHRv1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 73/ ;4�4371

Erurnkrylfk/ N1/ Sduulqr/ U1/ dqg Whhxzhq/ W1 +4<<8,1 Rxwvlgh gluhfwruv dqg
FHR vhohfwlrq1 Zrunlqj Sdshu/ Xqlyhuvlw| ri Wh{dv1

Erzhq/ Z1 +4<<7,1 Lqvlgh wkh Erdugurrp= Jryhuqdqfh e| Gluhfwruv dqg
Wuxvwhhv1 Mrkq Zloh| ) Vrqv/ Qhz \run1

Eulfnoh|/ M1 dqg Mdphv/ F1 +4<;:,1 Wkh wdnhryhu pdunhw/ frusrudwh erdug
frpsrvlwlrq/ dqg rzqhuvkls vwuxfwxuh1 Mrxuqdo ri Odz dqg Hfrqrplfv/
63/ 494�4;31
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Eulfnoh|/ M1/ Frohv/ M1/ dqg Whuu|/ U1 +4<<7d,1 Rxwvlgh gluhfwruv dqg wkh
dgrswlrq ri srlvrq sloov1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 68/ 6:4�6<31

Eulfnoh|/ M1/ Frohv/ M1/ dqg Whuu|/ U1 +4<<7e,1 Dsshqgl{ wr dffrpsdq| crxw0
vlgh gluhfwruv dqg wkh dgrswlrq ri srlvrq sloov*1 Zrunlqj Sdshu/ Dul}rqd
Vwdwh Xqlyhuvlw|1

Eulfnoh|/ M1/ Frohv/ M1/ dqg Mduuhoo/ J1 +4<<8,1 Wkh ohdghuvkls vwuxfwxuh ri wkh
frusrudwlrq1 Zrunlqj Sdshu/ Dul}rqd Vwdwh Xqlyhuvlw|1

Eurzq/ Z1 dqg Pdorqh|/ P1 +4<<5,1 Dftxlvlwlrq shuirupdqfh dqg frusrudwh
erdug frpsrvlwlrq1 Zrunlqj Sdshu/ Fohpvrq Xqlyhuvlw|1

Exuurxjk/ E1 dqg Kho|du/ M1 +4<<3,1 Edueduldqv dw wkh Jdwh1 Kdushu dqg
Urz/ Qhz \run1

E|ug/ M1 dqg Klfnpdq/ N1 +4<<5,1 Gr rxwvlgh gluhfwruv prqlwru pdqdjhuv=
Hylghqfh iurp whqghu r�hu elgv1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 65/
4<8�5551

Frwwhu/ M1 I1/ Vklygdvdql/ D1/ dqg ]hqqhu/ P1 +4<<9,1 Gr lqghshqghqw gluhf0
wruv hqkdqfh wdujhw vkduhkroghu zhdowk gxulqj whqghu r�huvB Mrxuqdo ri
Ilqdqfldo Hfrqrplfv1 iruwkfrplqj1

Frxjkodq/ D1 dqg Vfkplgw/ U1 +4<;8,1 H{hfxwlyh frpshqvdwlrq/ pdqdjhuldo
wxuqryhu/ dqg �up shuirupdqfh= Dq hpslulfdo lqyhvwljdwlrq1 Mrxuqdo ri
Dffrxqwlqj dqg Hfrqrplfv/ :/ 76�991

GhDqjhor/ K1 dqg GhDqjhor/ O1 +4<;<,1 Sur{| frqwhvwv dqg wkh jryhuqdqfh
ri sxeolfo| khog frusrudwlrqv1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 56/ 5<�931

GhJurrw/ P1 +4<:3,1 Rswlpdo Vwdwlvwlfdo Ghflvlrqv1 PfJudz0Kloo/ Qhz \run1

Ghpe/ D1 dqg Qhxedxhu/ I10I1 +4<<5,1 Wkh Frusrudwh Erdug1 R{irug Xql0
yhuvlw| Suhvv/ R{irug1

Guxfnhu/ S1 +4<;4,1 Wkh eruhg erdug1 Lq Wrzdug wkh Qh{w Hfrqrplfv dqg
Rwkhu Hvvd|v1 Kdushu dqg Urz/ Qhz \run1

Idpd/ H1 +4<;3,1 Djhqf| sureohpv dqg wkh wkhru| ri wkh �up1 Mrxuqdo ri
Srolwlfdo Hfrqrp|/ ;;/ 5;;�63:1
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Idpd/ H1 dqg Mhqvhq/ P1 +4<;6,1 Vhsdudwlrq ri rzqhuvkls dqg frqwuro1 Mrxu0
qdo ri Odz dqg Hfrqrplfv/ 59/ 634�6591

Kdoorfn/ N1 +4<<8,1 H{hfxwlyh Frpshqvdwlrq dqg Uhflslfdoo|0Lqwhuorfnhg Gl0
uhfwruv1 Sk1G1 glvvhuwdwlrq/ Sulqfhwrq Xqlyhuvlw|1

Khupdolq/ E1 dqg Zhlvedfk/ P1 +4<;;,1 Wkh ghwhuplqdqwv ri erdug frpsr0
vlwlrq1 UDQG Mrxuqdo ri Hfrqrplfv/ 4</ 8;<�9391

Khupdolq/ E1 dqg Zhlvedfk/ P1 +4<<4,1 Wkh h�hfwv ri erdug frpsrvlwlrq
dqg gluhfw lqfhqwlyhv rq �up shuirupdqfh1 Ilqdqfldo Pdqdjhphqw/ 53+7,/
434�4451

Kluvkohlihu/ G1 dqg Wkdnru/ D1 +4<<7,1 Pdqdjhuldo shuirupdqfh/ erdugv ri
gluhfwruv/ dqg wdnhryhu elgglqj1 Mrxuqdo ri Frusrudwh Ilqdqfh/ 4/ 96�<31

Kropvwurp/ E1 +4<;5,1 Prudo kd}dug lq whdpv1 Wkh Ehoo Mrxuqdo ri Hfr0
qrplfv/ 46/ 657�6731

Kropvwurp/ E1 +4<;6,1 Pdqdjhuldo lqfhqwlyh sureohpv�d g|qdplf shuvshf0
wlyh1 Zrunlqj Sdshu/ Qruwkzhvwhuq Xqlyhuvlw|1

Kxdqj/ F10i1 dqg Olw}hqehujhu/ U1 K1 +4<;;,1 Irxqgdwlrqv iru Ilqdqfldo
Hfrqrplfv1 Qruwk0Kroodqg/ Dpvwhugdp1

Mhqvhq/ P1 +4<<6,1 Wkh prghuq lqgxvwuldo uhyroxwlrq/ h{lw/ dqg wkh idloxuh ri
lqwhuqdo frqwuro v|vwhpv1 Mrxuqdo ri Ilqdqfh/ 7;/ ;64�;;31

Mhqvhq/ P1 dqg Pxusk|/ N1 +4<<3,1 Shuirupdqfh sd| dqg wrs0pdqdjhphqw
lqfhqwlyhv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;/ 558�5971

Mrydqrylf/ E1 +4<:<,1 Mre pdwfklqj dqg wkh wkhru| ri wxuqryhu1 Mrxuqdo ri
Srolwlfdo Hfrqrp|/ ;:/ <:5�<<31

Ndsodq/ V1 +4<<7d,1 Wrs h{hfxwlyh uhzdugv dqg �up shuirupdqfh= D frpsdu0
lvrq ri Mdsdq dqg wkh Xqlwhg Vwdwhv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 435/
843�8791

Ndsodq/ V1 +4<<7e,1 Wrs h{hfxwlyhv/ wxuqryhu/ dqg �up shuirupdqfh lq Jhu0
pdq|1 Mrxuqdo ri Odz/ Hfrqrplfv/ dqg Rujdql}dwlrq/ 43/ 475�48<1
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Ndsodq/ V1 dqg Uhlvkxv/ G1 +4<<3,1 Rxwvlgh gluhfwruvklsv dqg frusrudwh
shuirupdqfh1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 5:/ 6;<�7431

Nlql/ R1/ Nudndz/ Z1/ dqg Pldq/ V1 +4<<7,1 Frusrudwh wdnhryhuv/ �up shuiru0
pdqfh/ dqg erdug frpsrvlwlrq1 Mrxuqdo ri Frusrudwh Ilqdqfh/ 4/ 6;6�7451

Nohlq/ D1 +4<<8,1 Ilup surgxfwlylw| dqg erdug frpplwwhh vwuxfwxuh1 Zrunlqj
Sdshu/ Q\X1

Olswrq/ P1 dqg Oruvfk/ M1 +4<<5,1 D prghvw sursrvdo iru lpsuryhg frusrudwh
jryhuqdqfh1 Wkh Exvlqhvv Odz|hu/ 7;/ 8<�::1

Oruvfk/ M1 dqg PdfLyhu/ H1 +4<;<,1 Sdzqv ru Srwhqwdwhv= Wkh Uhdolw| ri
Dphulfd*v Frusrudwh Erdugv1 Kduydug Exvlqhvv Vfkrro Suhvv/ Ervwrq1

Oxeolq/ M1 +4<<8,1 Prqh| wdonv1 Wkh Zdoo Vwuhhw Mrxuqdo/ sdjhv U43�U451
45 Dsulo1

PdfDyr|/ S1/ Fdqwru/ V1/ Gdqd/ M1/ dqg Shfn/ V1 +4<;6,1 DOL sursrvdov iru
lqfuhdvhg frqwuro ri wkh frusrudwlrq e| wkh erdug ri gluhfwruv= Dq hfrqrplf
dqdo|vlv1 Lq Vwdwhphqw ri wkh Exvlqhvv Urxqgwdeoh rq wkh Dphulfdq Odz
Lqvwlwxwh*v Sursrvhg Sulqflsohv ri Frusrudwh Jryhuqdqfh dqg Vwuxfwxuh=
Uhvwdwhphqw dqg Uhfrpphqgdwlrqv1 Exvlqhvv Urxqgwdeoh/ Qhz \run1

Pdfh/ P1 +4<:4,1 Gluhfwruv= P|wk dqg Uhdolw|1 Kduydug Exvlqhvv Vfkrro
Suhvv/ Ervwrq1

Pd|huv/ G1/ Vklygdvdql/ D1/ dqg Vplwk/ F1 +4<<5,1 Erdug frpsrvlwlrq lq wkh
olih lqvxudqfh lqgxvwu|1 Mrxuqdo ri Exvlqhvv1 iruwkfrplqj1

Pxusk|/ N1 dqg ]lpphupdq/ M1 +4<<6,1 Ilqdqfldo shuirupdqfh vxuurxqglqj
FHR wxuqryhu1 Mrxuqdo ri Dffrxqwlqj dqg Hfrqrplfv/ 49/ 5:6�6481

Qrh/ W1 K1 dqg Uhehoor/ P1 +4<<9,1 Wkh ghvljq ri frusrudwh erdugv= Frpsr0
vlwlrq/ idfwlrqv/ dqg wxuqryhu1 Zrunlqj Sdshu/ Jhrujld Vwdwh Xqlyhuvlw|1

Urh/ P1 +4<<7,1 Vwurqj Pdqdjhuv/ Zhdn Rzqhuv= Wkh Srolwlfdo Urrwv ri
Dphulfdq Frusrudwh Ilqdqfh1 Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq/ QM1

Urvhqvwhlq/ V1 dqg Z|dww/ M1 +4<<3,1 Rxwvlgh gluhfwruv/ vkduhkroghu lqgh0
shqghqfh/ dqg vkduhkroghu zhdowk1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 59/
4:8�4<51
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Vklygdvdql/ D1 +4<<6,1 Erdug frpsrvlwlrq/ rzqhuvkls vwuxfwxuh/ dqg krvwloh
wdnhryhuv1 Mrxuqdo ri Dffrxqwlqj dqg Hfrqrplfv/ 49/ 49:�4<;1

Vkohlihu/ D1 dqg Ylvkq|/ U1 +4<;<,1 Pdqdjhphqw hqwuhqfkphqw= Wkh fdvh ri
pdqdjhu0vshfl�f lqyhvwphqwv1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 58/ 456�
4731

Vpdoh/ M1/ Sdwulfri/ D1/ Khqghuvrq/ G1/ Pdufxv/ E1/ dqg Mrkqvrq/ G1 +4<<8,1
Uhgudz wkh olqh ehwzhhq wkh erdug dqg wkh FHR1 Kduydug Exvlqhvv Uh0
ylhz / sdjhv 8�451 Pdufk�Dsulo1

Vwljohu/ J1 dqg Iulhgodqg/ F1 +4<;6,1 Wkh olwhudwxuh ri hfrqrplfv= Wkh fdvh
ri Ehuoh dqg Phdqv1 Mrxuqdo ri Odz dqg Hfrqrplfv/ 59/ 56:�59;1

Ydqflo/ U1 I1 +4<;:,1 Sdvvlqj wkh Edwrq= Pdqdjlqj wkh Surfhvv ri FHR
Vxffhvvlrq1 Kduydug Exvlqhvv Vfkrro Suhvv/ Ervwrq1

Zduqhu/ M1/ Zdwwv/ U1/ dqg Zuxfn/ N1 +4<;;,1 Vwrfn sulfhv dqg wrs0
pdqdjhphqw fkdqjhv1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 53/ 794�7<51

Zduwkhu/ Y1 +4<<7,1 Erdug h�hfwlyhqhvv dqg erdug glvvhqw= D prgho ri wkh
erdug*v uhodwlrqvkls wr pdqdjhphqw dqg vkduhkroghuv1 Zrunlqj Sdshu/
Xqlyhuvlw| ri Plfkljdq1

Zhlvedfk/ P1 +4<;;,1 Rxwvlgh gluhfwruv dqg FHR wxuqryhu1 Mrxuqdo ri Il0
qdqfldo Hfrqrplfv/ 53/ 764�7931

\hupdfn/ G1 +4<<9,1 Kljkhu ydoxdwlrq ri frpsdqlhv zlwk d vpdoo erdug ri
gluhfwruv1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 73/ 4;8�5451
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