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Frq?ghqfh Hqkdqfhg Shuirupdqfhú

Rolylhu Frpswh
FHUDV

Dqguhz Srvwohzdlwh
Xqlyhuvlw| ri Shqqv|oydqld

Pd|/ 5334
Wklv yhuvlrq= Ghfhpehu/ 5334

Devwudfw

Wkhuh lv dpsoh hylghqfh wkdw frq?ghqfh fdq d>hfw shuirupdqfh= frq?ghqfh fdq
lpsuryh shuirupdqfh/ zkloh d odfn ri frq?ghqfh pd| glplqlvk lw1 Iru h{dpsoh/ wkh
ihduv lqgxfhg e| wkh srvvlelolw| ri idloxuh ru ri qhjdwlyh hydoxdwlrqv kdyh sk|vlrorj0
lfdo frqvhtxhqfhv +vkdnlqj/ orvv ri frqfhqwudwlrq, wkdw pd| lpsdlu shuirupdqfh lq
vsruwv/ rq vwdjh ru dw vfkrro1

Wkhuh lv dovr dpsoh hylghqfh wkdw lqglylgxdov kdyh glvwruwhg uhfroohfwlrq ri sdvw
hyhqwv/ glvwruwhg dwwulexwlrqv ri wkh fdxvhv ri vxffhvvhv ri idloxuhv1 Uhfroohfwlrq ri
jrrg hyhqwv ru vxffhvvhv lv w|slfdoo| hdvlhu wkdq uhfroohfwlrq ri edg rqhv ru idloxuhv1
Vxffhvvhv whqg wr eh dwwulexwhg wr lqwulqvlf dswlwxghv ru rzq h>ruw/ zkloh idloxuhv
duh dwwulexwhg wr edg oxfn1 Lq dgglwlrq/ wkhvh dwwulexwlrqv duh riwhq uhyhuvhg zkhq
mxgjlqj wkh shuirupdqfh ri rwkhuv1

Wkh remhfwlyh ri wklv sdshu lv wr uhfrqfloh wkh wzr skhqrphqd ghvfulehg deryh/
dqg vkrz wkdw lq d zruog zkhuh shuirupdqfh ghshqgv rq frq?ghqfh eldvhv lq lqiru0
pdwlrq surfhvvlqj fdq lqfuhdvh zhoiduh1

41 Lqwurgxfwlrq

Wkhuh lv dpsoh hylghqfh wkdw shrsoh duh ryhuo| rswlplvwlf1 Dprqj wkh pdq| vwxglhv
wkdw vkrz wkdw lq frpsdulvrq wr rwkhuv/ lqglylgxdov hydoxdwh wkhpvhoyhv pruh kljko|
wkdq rwkhuv gr lv Jxwkulh/ Udfkolqvnl dqg Zlvwulfk +5334,1 Jxwkulh hw do1 glvwulexwhg d
txhvwlrqqdluh wr 49; ihghudo pdjlvwudwh mxgjhv dv sduw ri wkh Ihghudo Mxglfldo Fhqwhu*v
Zrunvkrs iru Pdjlvwudwh Mxgjhv LL lq Qhz Ruohdqv lq Qryhpehu 4<<<1 Wkh uhvsrqghqwv
zhuh dvvxuhg wkdw wkh| frxog qrw eh lghqwl?hg iurp wkhlu txhvwlrqqdluhv/ dqg zhuh wrog
wkdw wkh| frxog lqglfdwh rq wkhlu txhvwlrqqdluh li wkh| suhihuuhg wkhlu dqvzhuv qrw wr

WPxfk ri wklv zrun zdv grqh zkloh Srvwohzdlwh zdv d ylvlwru dw FHUDV1 Wkhlu vxssruw lv judwhixoo|
dfnqrzohgjhg/ dv lv wkh vxssruw ri wkh Qdwlrqdo Vflhqfh Irxqgdwlrq1
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eh lqfoxghg lq wkh uhvhdufk surmhfw1 Rqh ri wkh 49; mxgjhv fkrvh qrw wr kdyh klv ru khu
dqvzhuv lqfoxghg1

Wr whvw wkh uhodwlrqvkls ri wkh mxgjhv* hvwlpdwhv ri wkhlu delolw| uhodwlyh wr rwkhu
mxgjhv/ wkh mxgjhv zhuh dvnhg wkh iroorzlqj txhvwlrq wr hvwlpdwh wkhlu uhyhuvdo udwhv rq
dsshdo= 3Xqlwhg Vwdwhv pdjlvwudwh mxgjhv duh uduho| ryhuwxuqhg rq dsshdo/ exw lw grhv
rffxu1 Li zh zhuh wr udqn doo ri wkh pdjlvwudwh mxgjhv fxuuhqwo| lq wklv urrp dffruglqj
wr wkh udwh dw zklfk wkhlu ghflvlrqv kdyh ehhq ryhuwxuqhg gxulqj wkhlu fduhhuv/ ^zkdw`
zrxog |rxu udwh ehB4 Wkh mxgjhv zhuh wkhq dvnhg wr sodfh wkhpvhoyhv lqwr wkh txduwloh
fruuhvsrqglqj wr wkhlu uhvshfwlyh uhyhuvdo udwhv= kljkhvw +A :8(,/ vhfrqg kljkhvw +A
83(,/ wklug kljkhvw +A 58(,/ ru orzhvw1

Wkh mxgjhv dqvzhuv duh yhu| lqwhuhvwlqj= 8914( sxw wkhpvhoyhv lqwr wkh orzhvw txdu0
wloh/ 6419( lqwr wkh vhfrqg orzhvw txduwloh/ :1:( lq wkh vhfrqg kljkhvw txduwloh dqg 718(
lq wkh kljkhvw txduwloh1 Lq rwkhu zrugv/ qhduo| <3( wkrxjkw wkhpvhoyhv deryh dyhudjh1

Wkhvh mxgjhv duh qrw dorqh lq ryhuhvwlpdwlqj wkhlu delolwlhv uhodwlyh wr rwkhuv1 Shrsoh
urxwlqho| ryhuhvwlpdwh wkhpvhoyhv uhodwlyh wr rwkhuv lq gulylqj/ +Vyhqvrq +4<;4,,/ wkh
olnholkrrg wkhlu pduuldjh zloo vxffhhg +Ednhu dqg Hphu| +4<<6,,/ dqg wkh olnholkrrg
wkdw wkh| zloo kdyh kljkhu vdodulhv dqg ihzhu khdowk sureohpv wkdq rwkhuv lq wkh ixwxuh
+Zhlqvwhlq +4<;3,,1

Shrsoh gr qrw rqo| ryhuhvwlpdwh wkhlu olnholkrrg ri vxffhvv uhodwlyh wr rwkhu shrsoh>
wkh| ryhuhvwlpdwh wkh olnholkrrg ri vxffhvv lq vlwxdwlrqv qrw lqyroylqj rwkhuv dv zhoo1
Zkhq vxemhfwv duh dvnhg txhvwlrqv/ dqg dvnhg wkh olnholkrrg wkdw wkh| duh fruuhfw dorqj
zlwk wkhlu dqvzhuv wkhlu 3klw udwh4 lv w|slfdoo| 93( zkhq wkh| duh <3( fhuwdlq +vhh/ h1j1/
Ilvfkr>/ Vorylf dqg Olfkwhqvwhlq +4<::, dqg Olfkwhqvwhlq/ Ilvfkr> dqg Skloolsv +4<;5,,1

Eldvhv lq mxgjlqj wkh uhodwlyh olnholkrrg ri sduwlfxodu hyhqwv duh iuhtxhqw/ dqg pdq|
vfkroduv kdyh dwwhpswhg wr wudfh wkh vrxufh ri wkhvh eldvhv1 Rqh riwhq phqwlrqhg vrxufh
lv wkh ryhu0xwlol}dwlrq ri vlpsoh khxulvwlfv/ vxfk dv wkh dydlodelolw| khxulvwlf +Wyhuvn|
dqg Ndkqhpdq +4<:6,,= lq dvvhvvlqj wkh olnholkrrg ri sduwlfxodu hyhqwv/ shrsoh duh riwhq
lq xhqfhg e| wkh dydlodelolw| ri vlplodu hyhqwv lq wkhlu sdvw h{shulhqfh1 Iru h{dpsoh/ d
zrunhu zkr lv riwhq lq frqwdfw zlwk mreohvv lqglylgxdov iru h{dpsoh ehfdxvh kh lv mreohvv
klpvhoi/ zrxog w|slfdoo| ryhuhvwlpdwh wkh udwh ri xqhpsor|phqw> vlploduo|/ dq hpsor|hg
zrunhu zrxog w|slfdoo| xqghuhvwlpdwh wkh udwh ri xqhpsor|phqw1 +Vhh Qlvehww dqg
Urvv +4<;3,/ sdjh 4<,1 Lq wkh vdph yhlq/ eldvhv lq vhoi0hydoxdwlrqv pd| wkhq eh wkh
uhvxow ri vrph sduwlfxodu sdvw h{shulhqfhv ehlqj pruh uhdglo| dydlodeoh wkdq rwkhuv=
li jrrg h{shulhqfhv duh pruh hdvlo| uhphpehuhg wkdq edg rqhv/ ru li idloxuhv whqg wr
eh glvuhjdughg ru dwwulexwhg wr dw|slfdo flufxpvwdqfhv/ shrsoh zloo whqg wr kdyh ryhuo|
rswlplvwlf vhoi0hydoxdwlrqv +vhh Vholjpdq 4<<3 iru pruh ghwdlov rq wkh frqqhfwlrq ehwzhhq
dwwulexwlrqdo vw|ohv dqg rswlplvp,1

Wkhvh eldvhv duh riwhq vhhq dv 3vkruwfrplqjv4 ri mxgjhphqw ru sdwkrorjlhv wkdw
vkrxog eh fruuhfwhg1 Fhuwdlqo|/ fodvvlfdo ghflvlrq wkhru| ylhzv vxfk eldvhv dv ghihfwv
wkdw fdq rqo| orzhu wkh zhoiduh ri dq lqglylgxdo d"lfwhg e| wkhp lq ghflvlrq pdnlqj1



Ghfhpehu 53/ 5334 6

Dqg d qdwxudo txhvwlrq lv wkhq= zk| grq*w shrsoh ohduq wr fruuhfw wkhvh eldvhvB Sv|0
fkrorj| kdv ehhq pruh rshq wr srvvleoh srvlwlyh ehqh?wv ri eldvhg shufhswlrqv1 Wd|oru
dqg Eurzq +4<;;, vxuyh| d frqvlghudeoh uhvhdufk wkdw vxjjhvwv wkdw ryhuo| srvlwlyh
vhoi0hydoxdwlrq/ h{djjhudwhg shufhswlrqv ri pdvwhu| dqg xquhdolvwlf rswlplvp duh fkdu0
dfwhulvwlf ri qrupdo lqglylgxdov/ dqg wkdw pruhryhu/ wkhvh looxvlrqv dsshdu wr surprwh
surgxfwlyh dqg fuhdwlyh zrun1

Wkhuh duh d qxpehu ri zd|v lq zklfk dq lqglylgxdo*v sv|fkrorjlfdo vwdwh pljkw d>hfw
klv ru khu shuirupdqfh1 Vwhhoh dqg Durqvrq +4<<8, surylgh hylghqfh wkdw vwuhvv fdq
lpsdlu shuirupdqfh1 Eodfnv dqg zklwhv zhuh jlyhq d vhulhv ri gl!fxow yhuedo JUH
sureohpv wr vroyh xqghu wzr frqglwlrqv= wkh ?uvw zdv ghvfulehg dv gldjqrvwlf/ wr eh
lqwhusuhwhg dv hydoxdwlqj wkh lqglylgxdo wdnlqj wkh whvw/ zkloh wkh sxusrvh ri wkh vhfrqg
whvw zdv ghvfulehg dv ghwhuplqlqj krz lqglylgxdov vroyhg sureohpv1 Vwhhoh dqg Durqvrq
lqwhusuhw wkh gldjqrvwlf frqglwlrq dv sxwwlqj Eodfn vxemhfwv dw ulvn ri ixo?oolqj wkh
udfldo vwhuhrw|sh derxw wkhlu lqwhoohfwxdo delolw|/ fdxvlqj vhoi0grxew/ dq{lhw|/ hwf1/ derxw
olylqj xs wr wklv vwhuhrw|sh1 Eodfnv shuiruphg pruh srruo| zkhq vwuhvv lv lqgxfhg +wkh
gldjqrvwlf frqglwlrq, wkdq xqghu wkh qhxwudo frqglwlrq14

Durqvrq/ Oxvwlqd/ Jrrg/ dqg Nhrxjk +4<<<, ghprqvwudwh d vlplodu h>hfw lq zklwh
pdohv1 Pdwk0sur?flhqw zklwh pdohv glg phdvxudeo| zruvh rq d pdwk whvw zkhq wkh|
zhuh h{solflwo| wrog sulru wr wkh whvw wkdw wkhuh zdv d vwhuhrw|sh wkdw Dvldq vwxghqwv
rxwshuirup Fdxfdvldq vwxghqwv lq pdwkhpdwlfdo duhdv wkdq glg vlplodu vwxghqwv wr zkrp
wklv vwdwhphqw zdv qrw pdgh1

Vwuhvv lv qrw wkh rqo| sv|fkrorjlfdo frqglwlrq wkdw fdq d>hfw shuirupdqfh1 Hoolv hw do1
+4<<:, vkrzhg wkdw prrg d>hfwhg vxemhfwv* delolw| wr ghwhfw frqwudglfwru| vwdwhphqwv
lq zulwwhq sdvvdjhv1 Wkh| lqgxfhg hlwkhu d qhxwudo ru d ghsuhvvhg prrg e| kdylqj sdu0
wlflsdqwv uhdg dorxg d vhtxhqfh ri wzhqw|0?yh vhoi uhihuhqw vwdwhphqwv1 Dq h{dpsoh ri d
ghsuhvvhg vwdwhphqw zdv 3L ihho d olwwoh grzq wrgd|/4 dqg dq h{dpsoh ri d qhxwudo vwdwh0
phqw zdv 3Vdqwh Ih lv wkh fdslwdo ri Qhz Ph{lfr145 Wkh| irxqg wkdw wkrvh lqglylgxdov
lq zkrp d ghsuhvvhg prrg zdv lqgxfhg zhuh frqvlvwhqwo| lpsdluhg lq ghwhfwlqj frq0
wudglfwlrqv lq survh sdvvdjhv1 PfNhqqd dqg Ohzlv +4<<7, vlploduo| ghprqvwudwhg wkdw
lqgxfhg prrg d>hfwhg duwlfxodwlrq1 Ghsuhvvhg ru hodwhg prrgv zhuh lqgxfhg lq sduwlf0
lsdqwv/ zkr zhuh wkhq dvnhg wr frxqw dorxg wr 83 dv txlfno| dv srvvleoh1 Shuirupdqfh
zdv uhwdughg lq wkh ghsuhvvhg jurxs1

Sk|vlfdo uhdfwlrq wlph zdv vkrzq wr eh d>hfwhg e| lqgxfhg prrg e| Eudqg/ Yhuvsxl
dqg Rylqj +4<<:,1 Vxemhfwv zhuh udqgrpo| dvvljqhg wr wzr jurxsv zlwk srvlwlyh prrg
lqgxfhg lq rqh dqg qhjdwlyh prrg lq wkh rwkhu1 Srvlwlyh prrg zdv lqgxfhg e| vkrzlqj
wkh +Gxwfk, vxemhfwv d vhyhq plqxwh ylghr frqvlvwlqj ri iudjphqwv ri wkh 4<;; Hxurshdq
vrffhu fkdpslrqvkls lq zklfk wkh Gxwfk whdp zrq wkh wlwoh/ iroorzhg e| d wzr plqxwh

4Vhh dovr Vwhhoh dqg Durqvrq +4<<;, iru d forvho| uhodwhg h{shulphqw1
5 Vhh Whdvgdoh dqg Uxvvhoo +4<;6, iru d ixoohu ghvfulswlrq dqg glvfxvvlrq ri wklv w|sh ri prrg lqgxfwlrq1



Ghfhpehu 53/ 5334 7

iudjphqw ri wkh prylh 3Ehhwkryhq4 lqfoxglqj d ihz vfhqhv ri d sxss| grj1 Qhjdwlyh
prrg zdv lqgxfhg e| vkrzlqj vxemhfwv dq hljkw plqxwh iudjphqw ri wkh ?op 3Idfhv
ri Ghdwk4 frqvlvwlqj ri d olyh uhfrughg h{hfxwlrq +e| hohfwulf fkdlu, ri d fulplqdo16

Vxemhfwv zlwk srvlwlyh lqgxfhg prrg vkrzhg idvwhu uhvsrqvh wlphv wkdq glg vxemhfwv
zlwk qhjdwlyh lqgxfhg prrg1

Wkhuh lv d odujh qxpehu ri vwxglhv wkdw ghprqvwudwh wkdw dq lqglylgxdo*v sv|fkr0
orjlfdo vwdwh d>hfwv shuirupdqfh1 Zh zloo phqwlrq rqh odvw vwxg| ehiruh prylqj rq1
Ednhu hw do1 +4<<:, dovr lqgxfh hodwhg dqg ghsuhvvhg prrgv lq vxemhfwv/7 dqg vkrz
wkdw lqgxfhg prrg d>hfwv vxemhfwv* shuirupdqfh rq d yhuedo  xhqf| wdvn1 Lq dgglwlrq/
Ednhu hw do1 phdvxuh uhjlrqdo fhuheudo eorrg  rz xvlqj Srvlwurq Hplvvlrq Wrprjudsk|
+SHW,1 Wkh| ?qg wkdw lqgxfhg prrg lv dvvrfldwhg zlwk dfwlydwlrq ri duhdv ri wkh eudlq
dvvrfldwhg zlwk wkh h{shulhqfh ri hprwlrq1 Wklv odvw ?qglqj lv ri sduwlfxodu lqwhuhvw lq
wkdw lw srlqwv wr ghprqvwudeoh sk|vlrorjlfdo h>hfwv ri prrg1

Rxu dlp lq wklv sdshu lv wr prgho fkrlfh lq d iudphzrun lq zklfk sv|fkrorjlfdo vwdwh
ru eholhiv fdq d>hfw shuirupdqfh1 Zh zloo vkrz wkdw zkhq sv|fkrorjlfdo vwdwh d>hfwv
shuirupdqfh/ eldvhv lq lqirupdwlrq surfhvvlqj duh d qdwxudo uhvsrqvh1 Vwdwhg dqrwkhu
zd|/ idu iurp ehlqj d oldelolw|/ eldvhv lqfuhdvh zhoiduh1

Ilqdoo| ohw xv phqwlrq rqh dssolfdwlrq ri rxu uhvxow wr wkh Hfrqrplfv dqg Sv|fkrorj|
olwhudwxuh wkdw vwxglhv sv|fkrorjlfdo jdphv18 Lq wkhvh jdphv/ eholhiv d>hfw xwlolwlhv dqg
rxu dqdo|vlv txhvwlrqv zkhwkhu wkh vwdqgdug dvvxpswlrq wkdw eholhiv vkrxog eh fruuhfw
lq htxloleulxp lv d ydolg rqh1 Li djhqwv kdyh vrph +srvvleo| olplwhg, frqwuro ryhu wkhlu
dwwulexwlrqdo vw|ohv/ wkh| vkrxog ohduq wr eldv wkhlu eholhiv lq d zd| wkdw lqfuhdvhv zhoiduh/
dqg lq wkh orqj0uxq/ zh vkrxog qrw h{shfw eholhiv wr eh fruuhfw1

Zh suhvhqw wkh edvlf prgho/ lqfoxglqj wkh srvvlelolw| wkdw dq lqglylgxdo*v shufhswlrqv
fdq eh eldvhg/ lq wkh qh{w vhfwlrq1

51 Edvlf prgho

Zh frqvlghu dq djhqw zkr idfhv d vhtxhqfh ri ghflvlrqv ri zkhwkhu ru qrw wr xqghuwdnh
d ulvn| dfwlylw|1 Wklv dfwlylw| pd| hlwkhu eh d vxffhvv ru d idloxuh1 Zh kdyh lq plqg d
vlwxdwlrq dv iroorzv1 Frqvlghu d odz|hu zkr lv idfhg zlwk d vhtxhqfh ri fdvhv wkdw kh
pd| dffhsw ru ghfolqh1 Dffhswlqj d fdvh lv d ulvn| survshfw dv kh pd| zlq ru orvh wkh

6Vxemhfwv lq wklv jurxs zhuh h{solflwo| wrog lq dgydqfh wkdw wkh| zhuh iuhh wr vwrs wkh ylghr li wkh
hprwlrqdo lpsdfw ri wkh iudjphqwv zrxog ehfrph wrr vwurqj1 Vhyhq ri wkh wzhqw| vxemhfwv pdgh xvh ri
wklv srvvlelolw| derxw kdoizd| wkurxjk wkh ylghr1

7Ghsuhvvhg/ qhxwudo dqg hodwhg vwdwhv duh lqgxfhg e| kdylqj vxemhfwv olvwhq wr h{wudfwv ri Surnr?hy*v
3Uxvvld xqghu wkh Prqjroldq \rnh4 dw kdoi vshhg lq wkh ghsuhvvhg vwdwh/ 3Vwuhvvexvwhuv/4 d uhfruglqj
ri srsxodu fodvvlfv lq wkh qhxwudo frqglwlrq/ dqg Gholehv* 3Frsshold4 lq wkh hodwhg frqglwlrq1

8 Vhh Jhdqdnrsorv/ Shdufh dqg Vwdffkhwwl +4<;<,/ dqg Udelq +4<<6, iru dssolfdwlrqv ri sv|fkrorjlfdo
jdphv1
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fdvh1 Wkh odz|hu zloo uhfhlyh d sd|r> ri 4 lq fdvh ri vxffhvv/ dqg d sd|r> qrupdol}hg
wr 3 lq fdvh ri idloxuh1

Rxu sulpdu| ghsduwxuh iurp frqyhqwlrqdo ghflvlrq wkhru| lv wkdw zh dvvxph wkdw wkh
odz|hu*v suredelolw| ri zlqqlqj wkh fdvh ghshqgv rq klv frq?ghqfh= li kh lv xqvxuh derxw
klv delolwlhv/ ru dq{lrxv/ klv dujxphqwv zloo kdyh ohvv fkdqfh ri frqylqflqj wkh mxu|1 Wr
fdswxuh wkh lghd wkdw frq?ghqfh d>hfwv shuirupdqfh lq wkh vlpsohvw zd|/ zh lghqwli|
wkhvh ihholqj ri dq{lhw| ru vhoi dvvxudqfh zlwk wkh odz|hu*v eholhi derxw klv fkdqfh ri
vxffhvv19 D odz|hu zkr lv pruh frq?ghqw derxw klv fkdqfhv ri vxffhvv zloo eh dvvxphg
wr kdyh juhdwhu fkdqfhv ri vxffhhglqj wkdq d odz|hu zkr lv qrw frq?ghqw1

Lq zkdw iroorzv/ zh suhvhqw wzr pdlq exloglqj eorfnv ri rxu prgho= Iluvw zh ghvfuleh
wkh ulvn| dfwlylw| dqg wkh wuxh survshfwv ri wkh djhqw li kh xqghuwdnhv lw1 Vhfrqg/ zh
irupdol}h wkh surfhvv e| zklfk dq djhqw uhfroohfwv sdvw rxwfrphv dqg ghvfuleh krz sdvw
rxwfrphv wudqvodwh lqwr shufhlyhg fkdqfhv ri vxffhvv1 Ilqdoo|/ zh ghvfuleh wkh ghflvlrq
uxoh iroorzhg e| wkh djhqw1

5141 Wkh ulvn| dfwlylw|1

Irupdoo|/ zh ghqrwh e| s wkh eholhi ri wkh djhqw derxw klv fkdqfh ri vxffhvv/ dqg e| ã
wkh dfwxdo suredelolw| ri vxffhvv1 Lq vwdqgdug prghov/ wkh suredelolw| ã lv lqghshqghqw
ri wkh djhqw*v eholhi s> zh dvvxph wkdw wkh suredelolw| ri vxffhvv lv d gl>huhqwldeoh
ixqfwlrq ri wkh djhqw*v eholhiv/ ã = ^3> 4` $ ^3> 4`> dqg wkdw ãâ+s, 5 ^3> 4, +vhh ?jxuh 4
ehorz,1 Wkh srvlwlyh vorsh fdswxuhv wkh lghd wkdw kljk +uhvshfwlyho| orz, shufhswlrqv
d>hfw shuirupdqfh srvlwlyho| +uhvshfwlyho| qhjdwlyho|,1

3 4

4

UõS-, #S-

U

S-
S

UõS,

78R

Iljxuh 4
9Zh zloo glvfxvv dowhuqdwlyh irupdol}dwlrqv lq odwhu vhfwlrqv1
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Dprqj wkh srvvleoh eholhiv wkdw dq djhqw pd| kdyh derxw wkh suredelolw| ri vxffhvv/
wkhuh lv rqh wkdw zloo sod| d irfdo uroh1 Frqvlghu wkh eholhi: sW vxfk wkdw

sW @ ã+sW,1

Zkhqhyhu wkh djhqw krogv d eholhi s wkdw lv ehorz sW/ wkh dfwxdo suredelolw| ri vxffhvv
h{fhhgv klv eholhi1 Vlploduo| zkhqhyhu wkh djhqw krogv d eholhi s wkdw olhv deryh sW/ wkh
dfwxdo suredelolw| ri vxffhvv lv ehorz klv eholhi1 Wkh suredelolw| sW fruuhvsrqgv wr
fruuhfw eholhi/ wkdw lv/ wkh eholhi dw zklfk wkh djhqw*v shufhswlrq lv vwdwlvwlfdoo| dffxudwh1
Dq djhqw zkr krogv wklv eholhi zrxog qrw ?qg klv dyhudjh h{shulhqfh dw yduldqfh zlwk
klv shufhswlrq1

Zh zloo vd| wkdw dq djhqw kdv fxuuhqwo| rswlplvwlf eholhiv li s A ã+s, dqg wkdw kh
kdv fxuuhqwo| shvvlplvwlf eholhiv li s ? ã+s,= +Zh xvh wkh whup 3fxuuhqwo|4 ehfdxvh wkh
djhqw*v eholhiv pd| fkdqjh ryhu wlph dqg wkh frpsdulvrq lv ehwzhhq klv fxuuhqw eholhi
dqg wkh suredelolw| ri zlqqlqj jlyhq wkdw eholhi1,

5151 Wkh djhqw*v shufhlyhg fkdqfh ri vxffhvv1

Zh dvvxph wkdw wkh djhqw*v shufhswlrq ri wkh suredelolw| ri vxffhvv ri wkh ulvn| dfwlylw|
+ru eholhi, lv edvhg rq klv uhfroohfwlrq ri sdvw rxwfrphv1 Dq djhqw zkr prvwo| uhfroohfwv
vxffhvvhv vkrxog eholhyh wkdw wkh suredelolw| ri vxffhvv lv kljk/ zkloh dq djhqw zkr
prvwo| uhfroohfwv idloxuh vkrxog eholhyh wkh suredelolw| ri vxffhvv lv orz1 Irupdoo|/ zh
ghqrwh e| i wkh qxpehu ri idloxuhv wkdw wkh djhqw uhfdoov/ dqg e| v wkh qxpehu ri
vxffhvvhv wkdw wkh djhqw uhfdoov1 Dvvxph wkdw

s @ ñ+v> i,>

zkhuh ñ vdwlv?hv wkh iroorzlqj surshuwlhv=
+l, ;v> i> 3 ? ñ+v> i, ? 4
+ll, ñâ� A 3/ ñ

â
2 ? 3

+lll, iru dq| d A 3/ olpsý" ñ+di> i, @ @
@n�

Wkh wklug surshuw| lv nh|1 Lw vd|v wkdw zkhq wkh qxpehu ri uhfdoohg sdvw rxwfrphv
lv odujh/ wkh eholhi ri wkh djhqw dssurdfkhv wkh udwlr r

rns / wkdw lv/ lw dssurdfkhv wkh
+shufhlyhg, hpslulfdo iuhtxhqf| ri vxffhvvhv1

Wkhvh dvvxpswlrqv fdq eh lqwhusuhwhg dv d irupdol}dwlrq ri wkh dydlodelolw| khxulvwlf=
wkh qxpehuv v dqg i ghvfuleh wkh gdwd wkdw lv dydlodeoh wr wkh djhqw/ dqg kh irupv klv
eholhi h{foxvlyho| edvhg rq wklv gdwd> lq sduwlfxodu/ kh ljqruhv wkh idfw wkdw wkh surfhvv
e| zklfk wklv gdwd lv jhqhudwhg pljkw eh eldvhg/ dqg ohdg klp wr d eldvhg hvwlpdwh ri
wkh iuhtxhqf| ri vxffhvv1

:Wkhuh lv d xqltxh RWvdwlvi|lqj wklv htxdwlrq gxh wr rxu dvvxpswlrq wkdw ãâ M dfc �äé
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Wkh fulwlfdo lvvxh lv wkxv zkdw wkh djhqw uhfroohfwv1 Reylrxvo|/ wkhuh vkrxog eh
vrph forvh uhodwlrqvkls ehwzhhq wuxh sdvw rxwfrphv dqg zkdw wkh djhqw uhfdoov1 Lq
pdq| frqwh{wv krzhyhu/ wkh sv|fkrorj| olwhudwxuh kdv lghqwl?hg ydulrxv idfwruv vxfk dv
jhqhudwlrq ri dwwulexwlrqv ru lqihuhqfhv/ phprudelolw|/ shufhswxdo vdolhqfh/ ylylgqhvv/
wkdw pd| d>hfw zkdw wkh djhqw shufhlyhv/ uhfrugv dqg uhfdoov/ khqfh wkh gdwd wkdw lv
dydlodeoh wr wkh djhqw1;

Wr looxvwudwh wkh uroh ri dwwulexwlrqv/ iru h{dpsoh/ frqvlghu wkh fdvh ri rxu odz|hu1
Zkhq kh orvhv/ kh pd| wklqn wkdw wklv zdv gxh wr wkh idfw wkdw wkh ghihqgdqw zdv d
phpehu ri d plqrulw| jurxs zkloh wkh mxu| zdv doo zklwh= wkh dfwlylw| zdv d idloxuh/ exw
wkh uhdvrqv iru wkh idloxuh duh vhhq dv dw|slfdo dqg qrw olnho| wr dulvh lq wkh ixwxuh1 Kh
pd| wkhq glvuhjdug wkh hyhqw zkhq hydoxdwlqj klv ryhudoo vxffhvv1 Lq h{wuhph fdvhv/ kh
pd| hyhq frqylqfh klpvhoi wkdw kdg wkh flufxpvwdqfhv ehhq 3qrupdo4/ kh zrxog kdyh
zrq wkh fdvh dqg uhfrug wkh hyhqw dv d vxffhvv lq klv plqg1<

Wklv edvlf qrwlrq lv qrw qhz> wkhuh lv hylghqfh lq wkh sv|fkrorj| olwhudwxuh wkdw shr0
soh whqg wr dwwulexwh srvlwlyh h{shulhqfhv wr wklqjv wkdw duh shupdqhqw dqg wr dwwulexwh
qhjdwlyh h{shulhqfhv wr wudqvlhqw h>hfwv143 Li L jhw d sdshu dffhswhg e| d mrxuqdo/ L dw0
wulexwh wklv wr p| ehlqj d jrrg hfrqrplvw/ zkloh uhmhfwlrqv duh dwwulexwhg wr wkh uhihuhh
qrw xqghuvwdqglqj wkh reylrxvo| lpsruwdqw srlqw L zdv pdnlqj1 Zlwk vxfk dwwulexwlrq/
vxffhvvhv duh olnho| wr eh shufhlyhg dv suhglfwlqj ixuwkhu vxffhvvhv/ zkloh idloxuhv kdyh
qr suhglfwlyh frqwhqw1

Zh qrz irupdol}h wkhvh lghdv1

Wkh shufhswlrq pdwul{ Zh dvvxph wkdw zkhq kh xqghuwdnhv wkh dfwlylw|/ wkh
djhqw uhfhlyhv d vljqdo | 5 \ wkdw pd| d>hfw hlwkhu klv shufhswlrq ri wkh rxwfrph/ ru
wkh zd| kh zloo odwhu uhfroohfw wkh fxuuhqw h{shulhqfh1 Zh zloo uhihu wr | dv wkh djhqw*v
shufhswlrq1 Irupdoo|/ wkh vhw ri rxwfrphv lv ghqrwhg [/ dqg iru dq| { 5 [ dqg | 5 \ /
zh ohw ä%c+ ghqrwh wkh suredelolw| wkdw wkh djhqw*v shufhswlrq lv | zkhq { lv wkh wuxh
rxwfrph/ dqg ohw ä @ +ä%c+,%c+Mfft ghqrwh wkh fruuhvsrqglqj pdwul{1

Lq rxu edvlf prgho/ wkhuh duh rqo| wzr srvvleoh rxwfrphv=

[ @ iV>Ij=
Iru h{dpsoh/ lq wkh odz|hu sureohp/ zh zrxog vhw

\ @ iqrupdo+q,/ dw|slfdo+d,� +514,
;Dq h{dpsoh ri eldvhg uhfdoo/ suhvxpdeo| lqgxfhg e| ehwwhu phprudelolw| ri rzq dfwlrqv/ lv jlyhq

lq Urvv dqg Vlfro| +4<:<,/ zkr uhsruw wkdw zkhq pduulhg frxsohv duh dvnhg wr hvwlpdwh wkh shufhqwdjh
ri krxvhkrog wdvnv wkh| shuirup/ wkhlu hvwlpdwhv w|slfdoo| dgg xs wr idu pruh wkdq 433(1

<Zh phqwlrqhg deryh wkh sdshu e| Vyhqvrq +4<;4, lq zklfk d pdmrulw| ri shrsoh ihow wkh| zhuh vdihu
gulyhuv wkdq dyhudjh1 Wklv lv frqvlvwhqw zlwk d vlwxdwlrq lq zklfk gulyhuv dwwulexwh dfflghqwv ru qhdu
dfflghqwv lq zklfk wkh| duh lqyroyhg wr dw|slfdo flufxpvwdqfhv1

43 Vhh/ h1j1/ Vholjpdq +4<<3,1
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zkhuh | @q lqglfdwhv qrupdo flufxpvwdqfhv/ dqg | @d lqglfdwhv dq dwwulexwlrq ri wkh
rxwfrph wr dw|slfdo flufxpvwdqfhv> dqg zh zrxog vhw

ä @

3C q d
V 4 3
I 4ý ð ð

4D > +515,

zkhuh ð lv wkh suredelolw| wkdw wkh odz|hu dwwulexwhv d idloxuh wr wkh sduwlfxodu flufxp0
vwdqfhv vxuurxqglqj wkh fdvh1

Wkh uhfdoo whfkqrorj| Shufhswlrqv duh dvvxphg wr sod| d nh| uroh lq wkh uhfro0
ohfwlrq surfhvv1 Frqvlghu dq djhqw zkr zlvkhv wr phdvxuh wkh qxpehu ri rffxuuhqfhv
ri wkh rxwfrph {f 5 [ 1 Li wkh djhqw frxog shuihfwo| uhfroohfw sdvw rxwfrphv/ kh zrxog
frxqw wkh qxpehu ri h{shulhqfhv iru zklfk { @ {f1 Krzhyhu/ zh dvvxph wkdw erwk wkh
wuxh rxwfrph { dqg wkh shufhswlrq | pd| d>hfw zkhwkhu d sduwlfxodu h{shulhqfh {|
+wkdw lv/ dq rxwfrph { dqg shufhswlrq |, lv lqfoxghg lq wkh wrwdo1

Irupdoo|/ ohw ó ghqrwh wkh vhw ri sdvw h{shulhqfhv $ @ {|/ wkdw lv/ ó @ [ û \= Zh
ghqrwh e| 4/c%f wkh udqgrp yduldeoh wkdw wdnhv d ydoxh htxdo wr 4 zkhq wkh h{shulhqfh
$ @ {| lv lqfoxghg lq wkh djhqw*v hqxphudwlrq ri wkh qxpehu ri sdvw rffxuuhqfhv ri {f/
dqg 3 rwkhuzlvh1 Wkh uhfdoo whfkqrorj| lv fkdudfwhul}hg e| wkh yhfwru ri suredelolwlhv
t @ it/c%fj/c%f / zkhuh

t/c%f @ Sui4/c%f @ 4j>
dqg zh gh?qh wkh udqgrp yduldeoh=

æ+{f, @
[
/Ml

4/c%f=

Iru dq| jlyhq vhw ri sdvw h{shulhqfhv/ wkh qxpehuv ri uhfdoohg vxffhvvhv dqg idloxuhv/ v
dqg i / duh wkxv udqgrp yduldeohv/ uhvshfwlyho| htxdo wr

v @ æ+V,

dqg
i @ æ+I ,1

Wr looxvwudwh zlwk wkh odz|hu h{dpsoh/ zh gh?qh wkh uhfdoo whfkqrorj| t lq zklfk wkh
djhqw rqo| uhfdoov h{shulhqfhv iru zklfk flufxpvwdqfhv zhuh ylhzhg dv qrupdo=

t%+c%f @ 4 li { @ {f dqg | @ q/ dqg +516,

t%+c%f @ 3 rwkhuzlvh1
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Orqj0uxq shufhlyhg iuhtxhqf| ri vxffhvv1 Zh duh qrz htxlsshg wr gh?qh wkh
orqj0uxq shufhlyhg iuhtxhqf| ri vxffhvv/ dv d ixqfwlrq ri wkh wuxh rxwfrph iuhtxhqflhv1
Ohw ò @ +ò%,%Mf eh wkh wuxh iuhtxhqflhv ryhu rxwfrphv1 Wkh h{shfwhg qxpehu ri hyhqwv
zkhq wdoo|lqj wkh rffxuuhqfhv ri {f lv htxdo wr

HEZc^ckäæ+{f, @
[

%Mfc+Mt
t%+c%fä%+ò%=

Dw dq| gdwh w/ wkh shufhlyhg iuhtxhqf| ri rxwfrph {f lv d udqgrp yduldeoh1 Dv h{shulhqfh
dffxpxodwhv krzhyhu/ lwv glvwulexwlrq zloo eh frqfhqwudwhg rq ydoxhv forvh wr wkh udwlr

HEZc^ckäæ+{f,S
%Mf HEZc^ckäæ+{,

=

5161 Ghflvlrq uxoh1

Dv ghvfulehg lq wkh rxwolqh ri rxu prgho deryh/ wkh djhqw idfhv d vhtxhqfh ri ghflvlrqv ri
zkhwkhu ru qrw wr xqghuwdnh d ulvn| dfwlylw|1 Zh dvvxph wkdw xqghuwdnlqj wkh dfwlylw|
hqwdlov d frvw f/ srvvleo| dq rssruwxqlw| frvw1 Iru h{dpsoh/ lq wkh odz|hu h{dpsoh deryh/
wkhuh pljkw dozd|v eh dydlodeoh vrph ulvnohvv dowhuqdwlyh wr wdnlqj rq d qhz fdvh/ iru
lqvwdqfh gudzlqj xs d zloo1 Zh dvvxph wkh frvw f lv vwrfkdvwlf dqg wdnhv ydoxhv lq
^3> 4`1 Zh ixuwkhu dvvxph wkdw wkh udqgrp yduldeohv if|j"|'�/ wkh frvwv dw hdfk wlph w>
duh lqghshqghqw/ wkdw wkh vxssruw ri wkh udqgrp yduldeohv lv ^3> 4`/ dqg wkdw dw wkh wlph
wkh djhqw fkrrvhv zkhwkhu wr xqghuwdnh wkh dfwlylw| dw w/ kh nqrzv wkh uhdol}dwlrq ri f|1

Dw dq| gdwh/ wkh djhqw kdv d eholhi s| derxw klv fkdqfh ri vxffhvv li kh xqghuwdnhv
wkh dfwlylw|1 Wkh djhqw frpsduhv wkh h{shfwhg sd|r> iurp xqghuwdnlqj wkh dfwlylw| wr
wkh frvw ri xqghuwdnlqj lw1 Wkdw lv/ wkh djhqw xqghuwdnhv wkh dfwlylw| li dqg rqo| li

s| è f|=

Ilqdoo|/ zh gh?qh wkh h{shfwhg sd|r> y+s, wr wkh djhqw zkr kdv d eholhi s dqg zkr
grhv qrw |hw nqrz wkh uhdol}dwlrq ri wkh frvw ri wkh dfwlylw|=44

y+s, @ Suis è fjH^ã+s,ý f m s è f`=
44Qrwh wkdw wklv h{shfwhg xwlolw| lv iurp wkh shuvshfwlyh ri dq rxwvlgh revhuyhu/ vlqfh lw lv fdofxodwhg

zlwk wkh wuxh suredelolw| ri vxffhvv/ 4ERä1 Iurp wkh djhqw*v srlqw ri ylhz/ wkh h{shfwhg ydoxh lv

èhtR D Så.dR3 S � R D So
é
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Wklv frpsohwhv wkh ghvfulswlrq ri wkh prgho1 Wkh nh| sdudphwhuv ri wkh prgho
duh wkh whfkqrorj| ã+ü,/ wkh eholhi ixqfwlrq ñ/ wkh shufhswlrq pdwul{ ä/ dqg wkh uhfdoo
whfkqrorj| t1 Hdfk txdguxsoh +ã> ñ> ä>t, lqgxfhv d suredelolw| glvwulexwlrq ryhu eholhiv/
ghflvlrqv dqg rxwfrphv1 Zh duh lqwhuhvwhg lq wkh olplw glvwulexwlrq dqg wkh djhqw*v
h{shfwhg jdlq xqghu wkdw olplw glvwulexwlrq zkhq wkh djhqw*v shufhswlrqv duh jlyhq e|
wkh pdwul{ ä1 Irupdoo|/ gh?qh

Y|+ä>t, @ HEãcqcZc^äy+s|,=

Zh duh lqwhuhvwhg lq wkh orqj0uxq sd|r> gh?qhg e| Y"+ä>t, @ olp|<" Y|+ä>t,= Zh
zloo vxssuhvv wkh ghshqghqfh rq ä dqg t zkhq wkhuh lv qr frqixvlrq derxw wkh djhqw*v
shufhswlrqv dqg vlpso| zulwh Y"1

61 D ehqfkpdun= wkh frvw ri eldvhg shufhswlrqv1

Zh ehjlq zlwk wkh vwdqgdug fdvh lq zklfk frq?ghqfh grhv qrw d>hfw shuirupdqfh/ wkdw
lv/ wkh fdvh lq zklfk ã+s, @ ãf/ lqghshqghqw ri s1 Rxu remhfwlyh khuh lv wr kljkoljkw
wkh srwhqwldo frvw dvvrfldwhg zlwk eldvhg shufhswlrqv1 Wr vlpsoli| suhvhqwdwlrq/ zh qrz
uhvwulfw rxu dwwhqwlrq wr wkh vlpsoh shufhswlrq pdwul{ ä dqg uhfroohfwlrq whfkqrorj| t
gh?qhg lq +5140516, iru zklfk wkh djhqw shufhlyhv vrph idloxuhv dv dw|slfdo/ dqg uhfdoov
rqo| h{shulhqfhv iru zklfk flufxpvwdqfhv zhuh ylhzhg dv qrupdo1 Wklv fdvh fdq wkxv eh
sdudphwhul}hg e| wkh vlqjoh sdudphwhu ð/ wkh suredelolw| wkdw h{shulhqfhv zhuh vhhq dv
dw|slfdo1 Lw zloo eh frqyhqlhqw wr uhihu wr wkh fdvh zkhuh ð @ 3 dv wkh fruuhfw shufhswlrq
fdvh1

Zh ohw ãf ghqrwh wkh wuxh suredelolw| ri vxffhvv1 Dv wkh qxpehu ri lqvwdqfhv zkhuh
wkh dfwlylw| lv xqghuwdnhq lqfuhdvhv/ wkh iuhtxhqf| ri vxffhvv jhwv forvh wr ãf +zlwk
suredelolw| forvh wr 4,1 Zkhq shufhswlrqv duh fruuhfw/ wkh wuxh dqg shufhlyhg iuhtxhqflhv
ri vxffhvv frlqflgh1 Khqfh/ jlyhq rxu dvvxpswlrq +lll, frqfhuqlqj ñ/ wkh djhqw*v eholhi
pxvw frqyhujh wr ãf dv zhoo1 Lw iroorzv wkdw

Y" @

]
4fDS

+ãf ý f,j+f,gf

zkhuh j+ü, lv wkh ghqvlw| ixqfwlrq iru wkh udqgrp frvw1
Zkhq shufhswlrqv duh qrw fruuhfw/ wkh wuxh dqg shufhlyhg iuhtxhqflhv ri vxffhvv

jhqhudoo| gr qrw frlqflgh1 Ohw ò ghqrwh wkh wuxh iuhtxhqf| ri vxffhvv/ dqg gh?qh iru
dq| ä/t/ wkh ixqfwlrq #Zc^ = U$ U dv

#Zc^+ò, @
HEZc^ckäæ+V,

HEZc^ckäæ+V, . HEZc^ckäæ+I ,
=
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#Zc^+ò, lv hvvhqwldoo| wkh sursruwlrq ri uhfrughg hyhqwv wkdw duh uhfrughg dv vxffhvv zkhq
wkh wuxh iuhtxhqf| ri vxffhvv lv ò dqg ä lv wkh shufhswlrq pdwul{1 Iru wkh sduwlfxodu
shufhswlrq pdwul{ ä dqg uhfroohfwlrq whfkqrorj| t gh?qhg lq +5140516,/ zh kdyh

#Zc^+ò, @
ò

ò. +4ý ð,+4ý ò, =

Wkh shufhlyhg iuhtxhqf| ri vxffhvv dw gdwh w lv d udqgrp yduldeoh1 \hw iru w odujh/
lwv glvwulexwlrq lv frqfhqwudwhg rq ydoxhv forvh wr #Zc^+ò,1 Dqg wkhuhiruh/ jlyhq rxu
dvvxpswlrq +lll, frqfhuqlqj ñ/ eholhiv duh dovr forvh wr #Zc^+ò,1 Iljxuh 5 looxvwudwhv krz
wuxh iuhtxhqflhv ri vxffhvv pd| wudqvodwh lqwr eholhiv1 +#Zc^,3�+s, lv wkh suredelolw| ri
vxffhvv wkdw zrxog eh qhfhvvdu| iru wkh djhqw wr shufhlyh klv vxffhvv udwh dv s1

Zh vkdoo vd| wkdw shufhswlrqv duh rswlplvwlf zkhq #Zc^+ò, A ò iru doo ò/ dqg shv0
vlplvwlf zkhq #Zc^+ò, ? ò iru doo ò1

3 4

4

UõS,

U

S-
S

78�

õS-ô<ýýSñT

S-

<
SñT +S,+ ,

04

Iljxuh 5

Krz gr eldvhg shufhswlrqv d>hfw sd|r>vB E| wkh odz ri odujh qxpehuv/ wkh wuxh
iuhtxhqf| ri vxffhvv pxvw eh forvh wr ãf +zlwk suredelolw| forvh wr 4,1 \hw wkh djhqw
ghflghv wr xqghuwdnh wkh surmhfw zkhqhyhu #Z+ãf, è f1 Lw iroorzv wkdw

Y" @

]
úZc^E4fäDS

+ãf ý f,j+f,gf=

Wkh rqo| h>hfw ri wkh shufhswlrq eldv lv wr +srvvleo|,45 fkdqjh wkh flufxpvwdqfhv
xqghu zklfk wkh dfwlylw| lv xqghuwdnhq1 Iru eldvhg shufhswlrqv wkdw ohdg wr rswlplvwlf

45Zkloh lw lv jhqhudoo| wuxh wkdw eldvhg shufhswlrqv ohdg wr lqfruuhfw eholhiv/ wklv pd| qrw eh wkh fdvh
lq vshfl?f flufxpvwdqfhv1 Iru h{dpsoh/ li dq djhqw uhfrugv kdoi klv vxffhvvhv dqg kdoi klv idloxuhv dv 4qr
dfwlylw|4/ klv eholhiv zloo eh dffxudwh lq wkh orqj uxq1
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eholhiv/ iru h{dpsoh/ wkhuh duh hyhqwv iru zklfk

#Zc^+ãf, A f A ãf=

Lq wkhvh hyhqwv/ wkh djhqw xqghuwdnhv wkh dfwlylw| zkloh kh vkrxog qrw gr vr +vlqfh wkh|
kdyh qhjdwlyh h{shfwhg sd|r> zlwk uhvshfw wr wkh wuxh suredelolw| ri vxffhvv,/ dqg lq
wkh rwkhu hyhqwv/ kh lv wdnlqj wkh fruuhfw ghflvlrq1 Vr wkh djhqw*v +wuxh, zhoiduh zrxog
eh kljkhu li kh kdg fruuhfw shufhswlrqv1 Wklv lv hvvhqwldoo| wkh dujxphqw lq fodvvlfdo
ghflvlrq wkhru| wkdw eldvlqj shufhswlrqv fdq rqo| kdup djhqwv1

71 Frq?ghqfh hqkdqfhg shuirupdqfh

Zkhq frq?ghqfh d>hfwv shuirupdqfh/ lw lv qr orqjhu wuxh wkdw fruuhfw shufhswlrqv pd{0
lpl}h orqj0whup sd|r>v1 Lw zloo vwloo eh wkh fdvh wkdw djhqwv zlwk rswlplvwlf shufhswlrqv
zloo eh lqgxfhg wr xqghuwdnh wkh dfwlylw| lq hyhqwv zkhuh wkh| vkrxog qrw kdyh/ exw rq
wkrvh surmhfwv wkh| xqghuwdnh/ wkhlu rswlplvp ohdgv wr kljkhu shuirupdqfh/ wkdw lv/ wkh|
kdyh kljkhu suredelolw| ri vxffhvv1 Zh zloo frpsduh wkhvh wzr h>hfwv dqg vkrz wkdw
kdylqj vrph ghjuhh ri rswlplvp lv suhihudeoh wr fruuhfw shufhswlrqv1

Wkh nh| revhuydwlrq lv wkdw lq wkh orqj uxq/ eholhiv whqg wr eh frqfhqwudwhg durxqg
d vlqjoh ydoxh/ vd| s"/ dqg wklv ydoxh s" lv wkhuhiruh hdv| wr fkdudfwhul}h1 Wkh uhdol}hg
iuhtxhqf| ri vxffhvvhv ã| @ ã+s|, lv zlwk kljk suredelolw| qhdu ã" @ ã+s",1 Wuxh
dqg shufhlyhg iuhtxhqflhv ri vxffhvv duh wkxv frqfhqwudwhg durxqg ã" dqg #Zc^+ã",
uhvshfwlyho|1 Wkh rqo| srvvleoh fdqglgdwh iru s" pxvw wkhuhiruh vdwlvi|

#Zc^+ã+s",, @ s"=46

Iljxuh 6 looxvwudwhv jhrphwulfdoo| s" iru dq djhqw zlwk rswlplvwlf eholhiv1
46Zh uhvwulfw dwwhqwlrq wr wkh fdvh wkdw wkhuh lv d xqltxh vxfk R"1
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Iljxuh 6

Qrwh wkdw lq wkh fdvh wkdw shufhswlrqv duh fruuhfw/ s" frlqflghv zlwk wkh fruuhfw
eholhi sW gh?qhg hduolhu/ exw wkdw iru dq djhqw iru zkrp ãâ+ü, A 3>

s" A ã+s", A ã+sW, @ sW=

Gh?qlwlrq= Zh vd| wkdw dq djhqw kdv rswlplvwlf eholhiv +lv rswlplvwlf, li s" A sW=

Wxuqlqj wr wkh orqj0uxq sd|r>/ zh rewdlq=

Y" @

]
R"DS

+ã+s",ý f,j+f,gf=

Dv d ehqfkpdun/ ohw Y W" ghqrwh wkh orqj0uxq sd|r> zkhq shufhswlrqv duh fruuhfw/
wkdw lv/

Y W" @

]
RWDS

+sW ý f,j+f,gf=

Wr xqghuvwdqg krz Y" frpsduhv wr Y W"/ zh zulwh Y" ý Y W" dv wkh vxp ri wkuhh whupv=

Y" ý Y W" @

]
S$RW

+ã+s",ý ã+sW,,j+f,gf.
] ãER"ä

RW
+ã+s",ý f,j+f,gf +714,

.

] R"

ãER"ä
+ã+s",ý f,j+f,gf

Wkh ?uvw whup lv srvlwlyh dqg fruuhvsrqgv wr wkh lqfuhdvh lq shuirupdqfh wkdw dulvhv gxh
rswlplvp iru wkh dfwlylwlhv wkdw zrxog kdyh ehhq xqghuwdnhq hyhq li shufhswlrqv kdg
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ehhq fruuhfw1 Wkh vhfrqg whup lv srvlwlyh= lw fruuhvsrqgv wr wkh uhdol}dwlrqv ri frvwv iru
zklfk wkh dfwlylw| lv sur?wdeoh wr wkh djhqw rqo| ehfdxvh kh lv rswlplvwlf1 Ilqdoo|/ wkh
wklug whup lv qhjdwlyh= lw fruuhvsrqgv wr wkh uhdol}dwlrqv ri frvwv iru zklfk wkh djhqw
vkrxog qrw kdyh xqghuwdnhq wkh dfwlylw| dqg xqghuwdnhv lw ehfdxvh kh lv rswlplvwlf1 Wkh
vkdghg uhjlrqv lq ?jxuh 7 uhsuhvhqw wkhvh wkuhh whupv zkhq f lv xqlirupo| glvwulexwhg1

3 4

4

UõS-,

U

S-
S

S
7

UõS###,7

õ<ýýýýôýý+S,SñT 04

UõS###,7

Iljxuh 7

Rqh lpsolfdwlrq ri htxdwlrq +714, lv wkdw zkhq frq?ghqfh srvlwlyho| d>hfwv shuiru0
pdqfh +ãâ A 3,/ vrph ghjuhh ri rswlplvp dozd|v jhqhudwhv kljkhu orqj0uxq sd|r>1 Wkh
uhdvrq lv wkh iroorzlqj1 Dv s" ulvhv deryh sW/ wkh ?uvw whup jhqhudwhv d ?uvw rughu
lqfuhdvh lq orqj0uxq sd|r>/ zkloh wkh vhfrqg dqg wklug whup rqo| jlyh ulvh wr vhfrqg
rughu fkdqjhv= wkh srvlwlyh h>hfw rq shuirupdqfh lqgxfhg e| rswlplvp dssolhv wr pdq|
uhdol}dwlrqv ri frvwv/ zkloh wkh srvvleoh qhjdwlyh h>hfw dssolhv wr ihz ri wkhp1 Irupdoo|/

gY"
gs"

ññññ
R"'RW

@ ãâ+sW,SuisW è fj A 3=

Wr irupdol}h wklv dujxphqw/ zh lqwurgxfh wkh iroorzlqj gh?qlwlrq=

Gh?qlwlrq= Zh vd| wkdw +ä>t, grplqdwhv +äâ>tâ, li Y"+ä>t, A Y"+äâ>tâ,=

Wkdw lv/ li +ä>t, grplqdwhv +äâ>tâ,> dq djhqw*v orqj uxq sd|r> zloo eh kljkhu xqghu
+ä>t, wkdq xqghu +äâ>tâ,= Wkh iroorzlqj sursrvlwlrq vxppdul}hv wkh dujxphqw deryh1

Sursrvlwlrq= Li ãâ A 3> wkhuh h{lvwv d sdlu +ä>t, wkdw lqgxfhv rswlplvwlf eholhiv dqg
wkdw grplqdwhv fruuhfw shufhswlrqv dqg uhfdoo1
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81 Vrxufhv ri rswlplvp dqg dwwulexwlrqdo vw|ohv

Zh glvfxvvhg lq wkh suhylrxv vhfwlrqv rxu vlpsoh prgho wkdw lqfrusrudwhg eldvhg shu0
fhswlrqv/ dqg vkrzhg wkdw lq wkh frqwh{w ri rxu prgho wkh eldvhgqhvv ri shufhswlrqv
lqfuhdvhg zhoiduh1 Lq lqfrusrudwlqj eldvhg shufhswlrqv/ zh fkrvh d sduwlfxoduo| vlpsoh
irup ri eldv= lqglylgxdov vhohfwlyho| uhphpehuhg sdvw h{shulhqfh/ uhfdoolqj d juhdwhu
sursruwlrq ri wkhlu sdvw vxffhvvhv wkdq wkhlu sdvw idloxuhv1 Wklv lv d sduwlfxoduo| vdolhqw
phdqv e| zklfk eldvhg shufhswlrqv fdq ohdg wr rswlplvp/ exw e| qr phdqv wkh rqo|
rqh1

Wkh remhfwlyh ri wklv vhfwlrq lv wr h{sodlq krz rxu lqvljkw h{whqgv wr pruh frp0
soh{ hqylurqphqwv/ dqg glvfxvv vhyhudo dgglwlrqdo zd|v lq zklfk eldvhg shufhswlrqv ru
dwwulexwlrqdo vw|ohv fdq ohdg wr rswlplvp1

Lq wkh prgho dqdo|}hg deryh/ wkh djhqw vrphwlphv dwwulexwhv wkh fdxvh ri idloxuh
wr hyhqwv wkdw duh qrw olnho| wr rffxu djdlq lq wkh ixwxuh/ zkloh kh qhyhu pdnhv vxfk
dwwulexwlrqv lq fdvh ri vxffhvv +qrq0shupdqhqfh ri idloxuh2shupdqhqfh ri vxffhvv,1 Dq
dowhuqdwlyh zd| lq zklfk dq djhqw*v shufhswlrqv pd| eh eldvhg lv wkdw udwkhu wkdq
dwwulexwlqj idloxuhv wr wudqvlhqw flufxpvwdqfhv/ kh dwwulexwhv vxffhvvhv wr d eurdghu vhw
ri flufxpvwdqfhv wkdq lv dssursuldwh> lq wkh sv|fkrorj| olwhudwxuh/ wklv lv uhihuuhg wr dv
shuydvlyhqhvv ri vxffhvv eldv +vhh Vholjpdq 4<<3,1

Zh prgli| wkh hqylurqphqw lq zklfk wkh djhqw lv pdnlqj ghflvlrqv lq wkh iroorzlqj
zd|1 Wkhuh duh wzr srvvleoh hqylurqphqwv/ dqg wkh suredelolw| ri vxffhvv pd| gl>hu lq
wkh wzr hqylurqphqwv1 Frqvlghu djdlq wkh odz|hu h{dpsoh1 Vxssrvh wkdw fdvhv wkdw duh
dydlodeoh wr wkh odz|hu fdq eh ri wzr w|shv= kljk sur?oh fdvhv wkdw zloo dwwudfw pxfk
srsxodu dwwhqwlrq dqg orz sur?oh fdvhv wkdw zloo qrw1 Vxssrvh wkdw lq kljk sur?oh fdvhv/
wkhuh zloo eh pdq| pruh shrsoh lq frxuw/ lqfoxglqj uhsruwhuv dqg skrwrjudskhuv/ dqg
frqvhtxhqwo|/ pxfk pruh vwuhvv/ zklfk zh dvvxph lpsdluv shuirupdqfh1 Li zh ghqrwh
kljk dqg orz sur?oh fdvhv e| K dqg O uhvshfwlyho|/ ãM+s, uhsuhvhqwv wkh suredelolw|
ri vxffhvv lq d kljk sur?oh fdvh zkhq wkh odz|hu eholhyhv wkh suredelolw| ri vxffhvv lv
s/ dqg ãu+s, lv wkh suredelolw| ri vxffhvv lq d orz sur?oh fdvh1 Dqdorjrxv wr zkdw zh
kdyh grqh deryh/ zh dvvxph _ãM

_R A 3/ dqg/ wr vlpsoli| h{srvlwlrq/ _ãu

_R @ 3= Zh ohw
è @ SuiOj1

Wkh vhw ri +vwdwh frqwlqjhqw, rxwfrphv +{> n, lv

[ @ iV>Ij û iK>Oj=

Rxu lqwhuhvw lq wklv vhfwlrq lv wr fdswxuh dq dvshfw ri rswlplvp wkdw zh fdoo 3shuydvlyh0
qhvv41 Zh fdq looxvwudwh wkh lghd ri shuydvlyhqhvv zlwk rxu odz|hu h{dpsoh1 Dvvxph
wkdw lw lv pruh gl!fxow wr shuirup zlwk sxeolf dwwhqwlrq wkdq zkhq wkhuh lv qrw wkh
dwwhqwlrq/ dqg vxssrvh wkdw rqh gd| wkh odz|hu zlqv d fdvh zkhq wkhuh zdv qr dwwhq0
wlrq1 Dowkrxjk wkh odz|hu uhdol}hv wkdw vxffhvv zrxog kdyh ehhq ohvv olnho| kdg wkhuh
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ehhq dwwhqwlrq/ kh wklqnv 3Wkh dujxphqwv L pdgh zhuh vr jrrg/ L zrxog kdyh zrq hyhq
li wklv kdg ehhq d kljk sur?oh fdvh14 Lq wklqnlqj wklv zd|/ wkh odz|hu lv h>hfwlyho|
uhfruglqj wkh h{shulhqfh dv d vxffhvv zkhwkhu lw kdg ehhq kljk sur?oh ru qrw1 Zh prgho
wkh srvvlelolw| ri wklv w|sh ri eldvhg uhfruglqj e| dvvxplqj wkdw wkh vhw ri shufhswlrqv
frqvlvwv ri

\ @ ivshflilf+v,> qrq0vshflilf+q,j
zlwk wkh lqwhusuhwdwlrq wkdw | @ v phdqv wkdw wkh rxwfrph lv vshfl?f wr wkh sduwlfxodu
fxuuhqw hqylurqphqw/ zkloh | @ q phdqv wkdw lw lv qrw1

Wkh uhfdoo whfkqrorj| +vhh Vhfwlrq 5, vshfl?hv iru hdfk srvvleoh rxwfrph +{f> nf, 5 [/
wkh suredelolw| tE%c&ä+cE%fc&fä wkdw d sdvw h{shulhqfh $ @ +{> n,| +dq h{shulhqfh khuh
frqvlvwv ri dq rxwfrph +{> n, 5 [ dqg d shufhswlrq | 5 \ , lv frxqwhg1 Zh vkdoo
frqvlghu wkh uhfdoo whfkqrorj| gh?qhg e|

tE%c&ä+cE%fc&fä @ 4 li

;?=
+{> n, @ +{f> nf, dqg | @ v

ru
{ @ {f dqg | @ q

/ dqg +814,

@ 3 rwkhuzlvh1

dqg wkh shufhswlrq pdwul{ gh?qhg e|

äò @

3EEEEC
v q

VK 4 3
VO 4ý ð ð
IK 4 3
IO 4 3

4FFFFD = +815,

Wklv shufhswlrq pdwul{ fdswxuhv wkh lqwxlwlrq ghvfulehg deryh/ lq zklfk vrphwlphv wkh
djhqw dwwulexwhv wkh fdxvh ri vxffhvv wr flufxpvwdqfhv wkdw duh eurdghu wkdq dssursuldwh/
zkloh wkh uhfdoo whfkqrorj| deryh fdswxuhv wkh lqwxlwlrq wkdw wkh lqihuhqfhv pdgh dw
wkh wlph ri wkh dfwlylw| d>hfw odwhu uhfroohfwlrq ri sdvw h{shulhqfhv1 Wklv lqdelolw| wr
glvwlqjxlvk ehwzhhq rxwfrphv dqg lqihuhqfhv zkhq rqh dwwhpswv wr uhfdoo sdvw hyhqwv lv
zhoo grfxphqwhg147

Wkh qh{w sursrvlwlrq surylghv vx!flhqw frqglwlrqv xqghu zklfk xqeldvhg shufhswlrqv
zloo qhfhvvdulo| eh grplqdwhg e| vrph w|sh ri eldvhg shufhswlrqv1

47D sduwlfxoduo| frpshoolqj h{dpsoh ri wklv zdv ghprqvwudwhg e| Ndkqhpdq/ Iuhgulfnvrq/ Vfkuhlehu
dqg Uhghophlhu +4<<6,1 Vxemhfwv zhuh dvnhg wr udwh wzr sdlqixo h{shulphqwdo surfhgxuhv wkdw lqyroyhg
vxephuvlrq ri wkh kdqg lq lfh frog zdwhu1 Odwhu wkh| zhuh jlyhq d fkrlfh wr uhshdw rqh ru wkh rwkhu
ri wkh wzr sdlqixo surfhgxuhv1 Wkh vxemhfwv frxog eh lqgxfhg wr fkrrvh wkh pruh sdlqixo surfhgxuh
+dv phdvxuhg e| vhoi uhsruwv dw wkh wlph ri wkh h{shulhqfh, li wkh pruh sdlqixo surfhgxuh kdsshqhg wr
lqfoxgh d ghfuhdvh lq wkh sdlq dw wkh hqg1 Uhghophlhu dqg Ndkqhpdq +4<<9, ?qg d vlplodu glvvrfldwlrq
ehwzhhq frqwhpsrudqhrxv uhsruwlqj ri sdlq dqg odwhu uhfdoo ri wkdw sdlq lq dq dfwxdo phglfdo surfhgxuh1
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Sursrvlwlrq=
+äò >t, grplqdwhv shuihfw uhfdoo iru vrph ð A 31

Surri= Lw lv hdv| wr fkhfn wkdw lq wkh orqj uxq wkdw eholhiv derxw suredelolw| ri vxffhvv
lq vwdwh n whqg wr eh frqfhqwudwhg durxqg d vlqjoh ydoxh/ ghqrwhg s&"148 Vlqfh wkh djhqw
xqghuwdnhv wkh dfwlylw| lq flufxpvwdqfh n zkhq s&" è f/ zh kdyh

Y" @ è

]
Ru"DS

+ãu+su",ý f,j+f,gf. +4ý è,
]
RM"DS

+ãM+sM",ý f,j+f,gf

Iru wkh sdlu ä>t gh?qhg lq +814,0+815,/ zh zloo fkhfn wkdw wkh ydoxhv su" dqg sM" ghshqg
vroho| rq ð/ dqg duh htxdo wr wkh fruuhfw eholhiv gh?qhg e|=

sW& @ ã
&+sW&,

zkhq ð @ 31 Khqfh/ vlqfh _ãu

_R @ 3/ zh kdyh=

gY"

gð

ññññ
ò'f

@ +4ý è, gs
M"
gð

ññññ
ò'f

gãM

gs

ññññ
R'RWM

J+sM,>

zkhuh J ghqrwhv wkh fxpxodwlyh glvwulexwlrq dvvrfldwhg zlwk wkh ghqvlw| j1 Zh zloo
wkxv kdyh vkrzq rxu uhvxow li zh fdq vkrz wkdw _RM"

_ò

ñññ
ò'f

A 31

Zh qrz fkdudfwhul}h wkh ydoxhv su" dqg sM"1 Frqvlghu d sdlu ri eholhiv +su> sM,/
dvvxphg wr uhpdlq wkh vdph ryhu wlph1 Lq wkh orqj0uxq/ wkhvh eholhiv lqgxfh d iuh0
txhqf| ryhu rxwfrphv/ ghqrwhg ò+su> sM,149 Vlploduo| wr wkh vlpsoh fdvh dqdo|}hg lq
wkh suhylrxv vhfwlrq/ zh gh?qh wkh ixqfwlrqv #&Zc^ dv

#&Zc^+s
u> sM, @

HEZ(^(kERucRMääæ+V> n,

HEZ(^(kERucRMääæ+V> n, .HEZ(^(kERucRMääæ+I> n,

Wkh shufhlyhg iuhtxhqflhv ri vxffhvvhv +frqwlqjhqw rq n, dw gdwh w duh udqgrp yduldeohv1
\hw iru w odujh/ wkhlu glvwulexwlrqv duh frqfhqwudwhg rq ydoxhv forvh wr #&Z+s

u> sM,/ n @
48Wklv lv reylrxvo| wkh fdvh iru eholhiv lq vwdwh u/ ehfdxvh lq wklv vwdwh shuirupdqfh grhv qrw ghshqg

rq eholhiv dqg shufhswlrqv duh fruuhfw +khqfh eholhiv lq vwdwh u pxvw frqyhujh wr wkh wuxh suredelolw| ri
vxffhvv lq vwdwh u,1 Iru eholhiv lq vwdwh M/ wkh dqdo|vlv lv wkhq vlplodu wr wkdw ri wkh edvlf prgho1

49Wkhvh orqj0uxq iuhtxhqflhv vdwlvi|=

kERuc RMä '
�

bCERuä n E�3 bäCERMä Eb4
uERuäCERuäc bE�3 4uERuääCERuäc ééé

éééE�3 bä4MERMäCERMäc E�3 bäE�3 4MERMääCERMää +816,



Ghfhpehu 53/ 5334 4;

3> 41 Wkh ydoxhv su" dqg sM" wkhuhiruh vroyh=

su" @ #uZc^+s
u
"> s

M
", +817,

sM" @ #MZc^+s
u
"> s

M
",=

Iru wkh sdlu ä>t gh?qhg lq +814,0+815,/ zh kdyh=

#MZ +s
u> sM, @

ã+sM, . ðã+su,ç+sM > su,

4 . ðã+su,ç+sM > su,
+è ã+sM,,/

zkhuh

ç+sM > su, ì èJ+su,

+4ý è,J+sM, =

Htxdwlrq +815, lpsolhv

ã+sM",ý sM" @ ðã+su",+4ý sM",ç+sM"> su",=
Wkxv iru ð @ 3/ sM" pxvw frlqflgh zlwk wkh fruuhfw eholhi sWM / dqg iru ð A 3/ zh kdyh

sM" A sWM / khqfh
_RM"
_ò

ñññ
ò'f

A 3/ dv ghvluhg1

Frpphqwv=
+4, Rqh srvvleoh lqwhusuhwdwlrq ri hqylurqphqwK dqg O lv wkdw wkh| hdfk fruuhvsrqg

wr d sduwlfxodu dfwlylw|1 Lw lv hdv| wr fkhfn wkdw rxu dqdo|vlv frxog eh dgdswhg wr ghdo zlwk
wkh fdvh zkhuh dw hdfk gdwh/ wkh djhqw kdv wr ghflgh zkhwkhu wr xqghuwdnh dfwlylw| K/
dfwlylw| O/ ru xqghuwdnh qr dfwlylw|14: Rswlplvwlf eholhiv ohdg wr d vxe0rswlpdo ghflvlrq
ehwzhhq wkhvh wkuhh dowhuqdwlyhv/ krzhyhu wkh h>hfw rq zhoiduh lv vpdoo frpsduhg wr wkh
jdlq rq shuirupdqfh wkdw wkh djhqwv ghulyh iurp kdylqj eholhiv pruh rswlplvwlf wkdq
fruuhfw rqhv1

+5, Dwwulexwlrqv ru lqihuhqfhv lv rqo| rqh fkdqqho e| zklfk eholhiv derxw fkdqfhv ri
vxffhvv pd| ehfrph eldvhg1 Dqrwkhu srvvlelolw| lv wkdw wkh djhqw kdv d eldvhg phpru|
whfkqrorj|/ dqg iru h{dpsoh/ whqgv wr uhphpehu pruh hdvlo| sdvw vxffhvvhv wkdq sdvw
idloxuhv14; Rswlplvp pd| dovr vwhp iurp vhoi0vhuylqj eldv1 Vxfk eldv rffxuv lq vhwwlqjv
zkhuh wkhuh lv qrw d frpshoolqj xqltxh zd| wr phdvxuh vxffhvv1 Zkhq L jlyh d ohfwxuh/
L pljkw qdwxudoo| ihho lw zdv d vxffhvv li wkh dxglhqfh hqwkxvldvwlfdoo| dssodxgv zkhq
L*p ?qlvkhg1 Li wkdw/ xqiruwxqdwho|/ grhvq*w rffxu/ exw dq lqglylgxdo frphv xs wr ph
iroorzlqj wkh ohfwxuh dqg whoov ph wkdw lw zdv yhu| vwlpxodwlqj/ L fdq fkrrvh wkdw dv d
vljqdo wkdw wkh ohfwxuh zdv d 3vxffhvv41

Irupdoo|/ frqvlghu dq dfwlylw| iru zklfk vxffhvv pd| eh phdvxuhg lq gl>huhqw zd|v=
{ 5 V>I ru | 5 v> i 1 Dvvxph wkdw { lv zkdw wkh djhqw fduhv derxw dqg wkdw kh ghflghv

4:Wkh djhqw zrxog fkrrvh wkh ghflvlrq wkdw pd{lpl}hv RM 3 SM c Ru 3 Suc f1
4; Vhh Pruulv +4<<<, iru d vxuyh| ri wkh hylghqfh wkdw dq lqglylgxdo*v prrg d>hfwv klv ru khu uhfroohfwlrq

surfhvv/ h1j1
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wr xqghuwdnh wkh dfwlylw| zkhq s% A f1 Rswlplvp pd| dulvh zkhq wkh h{shulhqfhv
{| @ Iv kdyh d srvlwlyh suredelolw| ri ehlqj uhfdoohg zkhq phdvxulqj wkh qxpehu ri
sdvw vxffhvvhv +wkdw lv/ wkh rffxuuhqfhv ri sdvw { @ V,1

91 Glvfxvvlrq

Zh kdyh lghqwl?hg flufxpvwdqfhv lq zklfk kdylqj fruuhfw eholhiv lv qrw zhoiduh pd{l0
pl}lqj1 Khqfh/ wr wkh h{whqw wkdw dq djhqw kdv vrph +srvvleo| olplwhg, frqwuro ryhu wkh
zd| kh irupv klv eholhiv/ zh vkrxog qrw h{shfw fruuhfw eholhiv wr hphujh lq wkh orqj uxq=
udwlrqdo djhqwv vkrxog ohduq wr eldv wkhlu eholhiv1

Wklv frqfoxvlrq vhhpv wr eh dw rggv zlwk wkh jhqhudo ylhz wkdw kdylqj fruuhfw eholhiv
lv zhoiduh pd{lpl}lqj/ dqg wkdw udwlrqdo djhqwv vkrxog kdyh fruuhfw eholhiv1 Zh glvfxvv
ehorz zk| rxu prgho frq lfwv zlwk wkhvh vwdqgdug ylhzv1

9141 Eldvhg eholhiv dqg zhoiduh1

Rxu prgho ehorqjv wr d jhqhudo fodvv ri sureohpv lq zklfk fruuhfw eholhiv duh qrw zhoiduh
pd{lpl}lqj1 Eholhiv duh fruuhfw zkhq wkh| frlqflgh zlwk wkh wuxh suredelolw| ri vxffhvv/
khqfh zkhq s @ ã+s,> eholhiv duh eldvhg zkhq/ iru h{dpsoh/

s @ èã+s,

zlwk è 9@ 41 Wkh vfdodu è sdudphwul}hv wkh eldv1 Ohw çs+è, ghqrwh wkh uhvxowlqj eholhi1
Zh pd| zulwh wkh djhqw*v h{shfwhg zhoiduh dv d ixqfwlrq ri wkh eldv è=

z+è, @

]
7REbä:S

+ã+çs+è,,ý f,j+f,gf= +914,

Gl>huhqwldwlqj +914,/ zh jhw=

zâ+è, @ çsâ+è,^+ã+çs+è,,ý çs+è,,j+çs+è,, . ãâ+çs+è,,J+çs+è,,`
@ çsâ+è,^ý+4ý 4

è
,çs+è,j+çs+è,, . ãâ+çs+è,,J+çs+è,,`

Wkh wzr whupv rq wkh uljkw kdqg vlgh kdyh wkh iroorzlqj lqwhusuhwdwlrq= +l, eldvhg eholhiv
+vd|/ è A 4, ohdg wr vxerswlpdo fkrlfhv/ dqg wkh| duh hyhq pruh vxerswlpdo zkhq è
lqfuhdvhv> +ll, lqfuhdvlqj è kdv d srvlwlyh h>hfw rq shuirupdqfh lq dq| hyhqw zkhuh wkh
surmhfw lv xqghuwdnhq1

Zkhq eholhiv duh fruuhfw +wkdw lv/ zkhq è @ 4,/

zâ+4, @ çsâ+4,ãâ+çs+4,,J+çs+4,, A 3>

zklfk looxvwudwhv zk| kdylqj fruuhfw eholhiv lv qrw zhoiduh pd{lpl}lqj1
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Lq vwdqgdug prghov/ eholhiv rqo| d>hfw zhoiduh wkurxjk wkh ghflvlrqv wkdw wkh djhqw
pdnhv1 Lq wkhvh prghov/ kdylqj fruuhfw eholhiv pd{lpl}hv zhoiduh1 Lq rxu prgho/ dv lq
dq| rwkhu prgho lq zklfk eholhiv zrxog gluhfwo| d>hfw suhihuhqfhv ru whfkqrorj|/ eholhiv
d>hfw zhoiduh lq wzr zd|v= lqgluhfwo| wkurxjk wkhlu h>hfw rq ghflvlrqv/ gluhfwo| wkurxjk
wkhlu h>hfw rq suhihuhqfhv ru whfkqrorj|1 Rxu frqfoxvlrq krogv ehfdxvh +e| wkh hqyhorsh
wkhruhp, wkh zhoiduh orvv lqgxfhg e| vxerswlpdo ghflvlrqv lv d vhfrqg rughu h>hfw/ zkloh
wkh gluhfw h>hfw rq zhoiduh lv ?uvw rughu14<

Rxu prgho lv qrw xqltxh lq euhdnlqj wkh olqn ehwzhhq fruuhfw eholhiv dqg zhoiduh
pd{lpl}dwlrq1 Lq dq| prgho zkhuh djhqwv gr qrw kdyh d fruuhfw fulwhulrq iru wdnlqj
wkhlu ghflvlrqv/ kdylqj lqfruuhfw eholhiv pd| lqfuhdvh zhoiduh1 Wr looxvwudwh/ dvvxph wkdw
lq rxu prgho/ shuirupdqfh lv lqghshqghqw ri eholhiv/ exw wkh djhqw rqo| xqghuwdnhv wkh
dfwlylw| zkhq

s A çf zlwk ç A 4= +915,

Dq lqwhusuhwdwlrq pljkw eh wkdw wkh djhqw odfnv wkh zloo wr xqghuwdnh wkh ulvn| dfwlylw|/
dqg wkdw kh rqo| xqghuwdnhv lw zkhq lwv h{shfwhg uhwxuq h{fhhgv rqh e| d vx!flhqw
dprxqw1 Wklv irupxodwlrq fdq eh ylhzhg dv d uhgxfhg irup ri wkh djhqw*v ghflvlrq
sureohp lq Ehqderx dqg Wluroh +5334, zlwk ç fruuhvsrqglqj wr �

q dqg ñ ehlqj wkh
vdolhqfh iru wkh suhvhqw1

Jlyhq wklv fulwhulrq iru pdnlqj wkh ghflvlrq dv wr zkhwkhu wr xqghuwdnh wkh ulvn|
dfwlylw|/ zh pd| zulwh h{shfwhg zhoiduh dv d ixqfwlrq ri wkh eldv è1 Zh rewdlq=

z+è, @

]
b4:>S

+ãý f,j+f,gf

zklfk lpsolhv

zâ+è, @
ã

ç
+4ý è

ç
,ãj+

èã

ç
,

Khqfh zâ+è, kdv wkh vljq ri ç ý è/ dqg lw lv srvlwlyh dw è @ 4 +fruuhfw eholhiv, vlqfh
ç A 4153 c54

4<Rxu lqvljkw zrxog dovr dsso| wr sv|fkrorjlfdo jdphv1 Lq wkhvh jdphv/ eholhiv gluhfwo| d>hfw suhihu0
hqfhv/ dqg lqglylgxdov zrxog ehqh?w iurp kdylqj eldvhg shufhswlrqv/ vd| ri wkhlu rssrqhqw*v ehkdylru1
Zh pd| wkxv txhvwlrq zkhwkhu lq wkhvh jdphv/ wkh vwdqgdug dvvxpswlrq wkdw sod|huv krog fruuhfw eholhiv
lv frpshoolqj1

53 Vhh Vdpxhovrq +5334, iru dqrwkhu h{dpsoh ri d prgho lq zklfk dq lqfruuhfwo| vshfl?hg ghflvlrq
fulwhulrq ohdgv wr zhoiduh hqkdqflqj eldvhv1

54 Lq d vwudwhjlf frqwh{w/ uhfhqw sdshuv e| Idqj +5334, dqg Khlihw} dqg Vslhjho +5334, ?qg wkdw eldvhg
eholhiv pd| lqfuhdvh zhoiduh1
Dw ?uvw jodqfh/ wkhvh wzr sdshuv gr qrw vhhp wr idoo lq hlwkhu ri wkh fdwhjrulhv ghvfulehg deryh=

suhihuhqfhv vhhplqjo| gr qrw ghshqg rq eholhiv/ dqg sod|huv fkrrvh wuxh ehvw uhvsrqvhv/ jlyhq wkhlu
eholhiv1
Erwk sdshuv/ krzhyhu/ dvvxph wkdw hdfk sod|hu +vd| sod|hu �, ehfrphv shuihfwo| dzduh ri klv rs0
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9151 Eldvhg eholhiv dqg udwlrqdo djhqwv

Rxu prgho frq lfwv zlwk wkh vwdqgdug ylhz wkdw udwlrqdo djhqwv vkrxog kdyh fruuhfw
eholhiv/ ru wkdw wkh| vkrxog qrw eh deoh wr frqvlvwhqwo| irro wkhpvhoyhv derxw wkhlu
fkdqfhv ri vxffhvv1 Lq wkh vwdqgdug ylhz/ lw lv lpsrvvleoh wkdw udwlrqdo djhqwv vkrxog
qrw hyhqwxdoo| ohduq wuxh suredelolw| glvwulexwlrqv/ zkloh lq rxu prgho/ wkh surfhvv e|
zklfk wkh djhqw uhfroohfwv gdwd lv eldvhg/ dqg kh hqgv xs zlwk lqfruuhfw eholhiv1

D vnhswlf pljkw dujxh wkdw wkurxjk lqwurvshfwlrq/ dq djhqw vkrxog kdyh vrph dzduh0
qhvv ri wkh idfw wkdw wkh gdwd kh uhfroohfwv lv eldvhg1 Li wkurxjk lqwurvshfwlrq/ kh uhdol}hv
wkdw wkhuh lv d jrrg fkdqfh wkdw klv vdpsoh ri sdvw h{shulhqfhv ryhu0uhsuhvhqwv vxffhvvhv/
kh vkrxog glvuhjdug vhohfwlyho| vrph ri wkhvh sdvw vxffhvvixo h{shulhqfhv1

Rxu edvlf prgho fdq eh hdvlo| dphqghg wr doorz iru lqwurvshfwlrq1 Irupdoo|/ zh
zrxog qrz vhw

æ+{f, @
[

4%f =4%+c%f

zkhuh 4%f lv d udqgrp yduldeoh wkdw wdnhv ydoxh 4 zlwk suredelolw| í%f/ dqg zh zrxog
fkrrvh

í7 ? 4 dqg í8 @ 4

zlwk wkh lqwhusuhwdwlrq wkdw í7 ? 4 ehfdxvh/ gxh wr lqwurvshfwlrq/ wkh djhqw lv dzduh
wkdw wkh gdwd kh uhfroohfwv lv eldvhg wrzdug vxffhvv/ dqg frqvhtxhqwo|/ kh vrphwlphv
glvuhjdugv h{shulhqfhv wkdw kh uhfdoov dv vxffhvvhv1

Eholhi irupdwlrq zrxog wkhq eh gulyhq e| wzr nh| sdudphwhuv= ð/ zklfk fdswxuhv
wkh h{whqw wr zklfk wkh djhqw dwwulexwhv idloxuhv wr dw|slfdo flufxpvwdqfhv> í7 zklfk
fdswxuhv wkh h{whqw wr zklfk kh eholhyhv klv vdpsoh lv eldvhg wrzdug vxffhvv1 Lq wkh
orqj uxq/ zh vkrxog h{shfw eholhiv wr eh fruuhfw li dqg rqo| li í7 h{dfwo| r>vhwv ð1

Rxu ylhz krzhyhu lv wkdw wkhuh lv qr uhdvrq wr eholhyh í7 zrxog h{dfwo| r>vhw ð1 Iluvw/
zh ghprqvwudwhg deryh wkdw li lqwurvshfwlrq zhuh wr h{dfwo| r>vhw dwwulexwlrq eldvhv/ wklv
zrxog eh zhoiduh0ghwulphqwdo lq wkh w|shv ri vhwwlqjv zh dqdo|}hg/ khqfh/ rqh vkrxog
h{shfw hyroxwlrqdu| suhvvxuhv djdlqvw vxfk lqwurvshfwlrq1 Vhfrqg/ vxfk lqwurvshfwlrq
zrxog uhtxluh wkdw wkh djhqw ohduqv wkh zd| kh eldvhv klv shufhswlrq ri sdvw rxwfrphv1
Ohduqlqj wklv krzhyhu zrxog uhtxluh wkdw kh +shuihfwo|, uhfdoov wkh suhflvh zd| lq zklfk
sdvw h{shulhqfhv kdyh ehhq eldvhg1 \hw qrwklqj suhyhqwv wklv uhfroohfwlrq surfhvv wr eh
eldvhg dv zhoo1

9161 Eholhi irupdwlrq dqg frqwuro

Krz gr djhqwv irup eholhivB Zkdw frqwuro gr djhqwv kdyh ryhu wkh zd| wkh| irup wkhlu
eholhivB

srqhqw*v +sod|hu 2*v, eholhi +iru h{dpsoh wkurxjk 3erg| odqjxdjh4,/ dqg ri krz wklv eholhi pdsv lqwr
dfwlrqv1 Vr lq h>hfw/ wkhvh sdshuv vwxg| d sduwlfxodu w|sh ri sv|fkrorjlfdo jdph/ lq zklfk/ vd|/ sod|hu
2*v eholhi gluhfwo| d>hfwv sod|hu �*v sd|r> ixqfwlrq1
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Wkurxjkrxw wkh sdshu/ zh kdyh khog wkh ylhz +frpprq lq sv|fkrorj|, wkdw djhqwv
irup eholhiv edvhg rq vlpsoh khxulvwlfv ru urxwlqhv1 Lq rxu irupdo prgho iru h{dpsoh/
dprqj wkh pdq| urxwlqhv dqg khxulvwlfv wkdw pd| d>hfw eholhi irupdwlrq/ zh fkrvh wr
irfxv rq wkh wzr iroorzlqj dvshfwv ri eholhi irupdwlrq=

+l, djhqwv xvh wkh dydlodelolw| khxulvwlf>
+ll, dwwulexwlrqv d>hfw odwhu uhfroohfwlrq ri sdvw h{shulhqfhv1

Wklv kdv shuplwwhg xv wr kljkoljkw wkh uroh ri dwwulexwlrq lq eldvlqj eholhiv dqg lghq0
wli| wzr w|shv ri dwwulexwlrq wkdw kdyh uhfhlyhg sduwlfxodu dwwhqwlrq lq wkh sv|fkrorj|
olwhudwxuh1

Reylrxvo|/ wkhuh lv d ulfk duud| ri khxulvwlfv/ sv|fkrorjlfdo urxwlqhv/ dvvrfldwlrqv/
dqg dqdorjlhv wkdw djhqwv xvh wr irup eholhiv1 Rxu pdlq sxusrvh lv qrw wr fdwdorj
h{kdxvwlyho| wkh zd|v dq djhqw pljkw hqg xs zlwk rswlplvwlf eholhiv1 Rxu ylhz lv wkdw
djhqwv kdyh vrph +srvvleo| olplwhg, frqwuro ryhu wkh w|sh ri dwwulexwlrqv wkh| shuirup/
dqg pruh jhqhudoo|/ wkh w|shv ri dvvrfldwlrqv dqg dqdorjlhv wkh| frqvwuxfw1 Jlyhq wkdw
wkh| kdyh vxfk frqwuro/ iru wkh w|shv ri hqylurqphqw zh kdyh dqdo|}hg/ djhqwv vkrxog
xowlpdwho| ohduq zkdw lv ehvw iru wkhp dqg krog rswlplvwlf eholhiv= iru wkhvh hqylurqphqwv
wkh zhoiduh wkdw wkh| ghulyh zkhq wkh| duh rswlplvwlf lv juhdwhu wkdq zkhq wkhlu eholhiv
duh fruuhfw1

Lq rwkhu zrugv/ zh rshq wkh srvvlelolw| wkdw wkh djhqw ohduqv zklfk ohduqlqj uxoh lv
ehvw/ srvvleo| dprqj d olplwhg vhw ri ohduqlqj uxohv/ dqg zh ?qg wkdw hyhq li wkh xqeldvhg
ohduqlqj uxoh ehorqjv wr wkdw vhw/ djhqwv zloo qrw xvh wkdw uxoh hyhq dv|pswrwlfdoo|1

9171 H{whqvlrqv dqg ixuwkhu uhvhdufk1

Dv vwuhvvhg lq wkh lqwurgxfwlrq/ rxu pdlq lqwhuhvw lv lq vwxg|lqj ghflvlrq pdnlqj zkhq
sv|fkrorjlfdo vwdwh gluhfwo| d>hfwv shuirupdqfh dqg h{sodlq krz lw ghsduwv iurp fodvvlfdo
ghflvlrq wkhru|1 Wr gr vr/ zh kdyh pdgh ydulrxv vlpsoli|lqj dvvxpswlrqv1 Zh qrz
uhylhz vrph ri wkhvh dvvxpswlrqv dqg sursrvh h{whqvlrqv ri wkh edvlf prgho1

+4, Sv|fkrorjlfdo vwdwh1
Zh fkrvh d sduwlfxoduo| vlpsoh sv|fkrorjlfdo vwdwh/ qdpho|/ wkh djhqw*v shufhlyhg

fkdqfh ri vxffhvv1 Wkhuh duh rwkhu reylrxv fdqglgdwhv wkdw pljkw dovr vhuyh dv irxqgd0
wlrq iru eholhi0edvhg shuirupdqfh1

+l, Shuirupdqfh frxog ghshqg rq rqh*v grxew derxw zkhwkhu wkh ehvw ghflvlrq zdv
wdnhq +hvshfldoo| zkhq wkh ulvn| surmhfw lv xqghuwdnhq 8 wkh rwkhu surmhfw jlyhv f uh0
jdugohvv,> shuirupdqfh lv wkhq d ixqfwlrq ri sý f1

+ll, Shuirupdqfh frxog ghshqg +srvlwlyho|, rq wkh djhqw*v eholhi derxw klv rzq delolw|
+hyhq li delolw| lv qrw dfwxdoo| nh| iru jrrg shuirupdqfh,1 Lq vxfk vhwwlqjv/ dwwulexwlqj
vxffhvvhv wr kljk delolw| dqg idloxuhv wr odfn ri oxfn zloo jhqhudwh rswlplvwlf eholhiv derxw
delolwlhv1
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+lll, Shuirupdqfh pd| dovr ghshqg rq wkh djhqw*v eholhi derxw krz kh frpsduhv
zlwk rwkhuv1 Li klv frq?ghqfh lqfuhdvhv zkhq kh eholhyhv kh iduhv ehwwhu wkdq rwkhuv/ zh
vkrxog h{shfw klp wr dwwulexwh idloxuhv ri rwkhuv wr shupdqhqw fdxvhv/ dqg vxffhvv wr
whpsrudu| fdxvhv= rwkhu*v idloxuhv duh shuydvlyh1

+5, Wlplqj1
Zh kdyh qrw glvwlqjxlvkhg ehwzhhq wkh wlph dw zklfk wkh djhqw ghflghv wr xqghuwdnh

wkh dfwlylw|/ dqg wkh wlph gxulqj zklfk kh xqghuwdnhv wkh dfwlylw|1 Lq jhqhudo/ wkhvh
wzr gdwhv qhhg qrw frlqflgh dqg wkhuhiruh wkh djhqw*v eholhi dw wkhvh wzr gdwhv qhhg
qrw frlqflgh1 Wklv rshqv wkh srvvlelolw| wkdw dq djhqw kdv rswlplvwlf eholhiv zkloh kh
xqghuwdnhv wkh dfwlylw|/ dqg |hw qrw vr rswlplvwlf eholhiv zkhq ghflglqj wr xqghuwdnh
wkh dfwlylw|1 Wkh frq?updwru| eldv/ dffruglqj wr zklfk djhqwv zrxog whqg wr jhqhudwh
ru uhfroohfw gdwd wkdw vxssruwv wkhlu ghflvlrqv zrxog txlwh qdwxudoo| lqgxfh vxfk dq
rxwfrph= lw errvwv frq?ghqfh/ zlwkrxw ryhuo| lpsdlulqj ghflvlrqv1

+6, Gluhfw hylghqfh ri vxffhvv dqg idloxuh1
Zh kdyh dvvxphg wkdw wkh djhqw frxog revhuyh zkhwkhu wkh dfwlylw| zdv d vxffhvv

ru qrw1 Lq pdq| vrfldo lqwhudfwlrqv/ wkh djhqw dovr +ru rqo|, jhwv lqgluhfw hylghqfh/
wkurxjk wkh ihhgedfn wkdw lv jlyhq wr klp1 Wkh djhqw*v shufhswlrq ri zkhwkhu rwkhuv
kdyh d yhvwhg lqwhuhvw lq klv shuirupdqfh lv nh|/ dqg rswlplvwlf eholhiv zrxog suhvxpdeo|
dulvh zkhq wkh djhqw xqghuhvwlpdwhv wkh h{whqw wr zklfk rwkhuv kdyh d yhvwhg lqwhuhvw lq
klv shuirupdqfh/ dqg dv d frqvhtxhqfh dwwdfk 3wrr pxfk4 zhljkw wr wkhlu frpsolphqwv1
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Eleolrjudsk|

Durqvrq/ M1/ P1 Oxvwlqd/ F1 Jrrg/ dqg N1 Nhrxjk +4<<<,/ 3Zkhq Zklwh Phq Fdq*w
Gr Pdwk= Qhfhvvdu| dqg Vx!flhqw Idfwruv lq Vwhuhrw|sh Wkuhdw/4 Mrxuqdo ri H{shul0
phqwdo Vrfldo Sv|fkrorj| 68/ 5<0791

Ednhu/ O/ dqg U1 Hphu| +4<<6,/ 3Zkhq Hyhu| Uhodwlrqvkls lv Deryh Dyhudjh= Shu0
fhswlrqv dqg H{shfwdwlrqv ri Glyrufh dw wkh Wlph ri Pduuldjh/4 Odz dqg Kxpdq Eh0
kdylru1

Ednhu/ V1/ F1 Iluwk/ dqg U1 Grodq +4<<:,/ 3Wkh Lqwhudfwlrq ehwzhhq Prrg dqg
Frjqlwlyh Ixqfwlrq Vwxglhg zlwk SHW/4 Sv|fkrorjlfdo Phglflqh/ 5:/ 89808:;1

Ehqderx/ U1 dqg M1 Wluroh +5333,/ 3Vhoi0Frq?ghqfh= Lqwudshuvrqdo Vwudwhjlhv/4plphr1

Eorfn/ U1 T1 dqg G1 U1 Kdushu +4<<4,/ 3Ryhufrq?ghqfh lq Hvwlpdwlrq= Whvwlqj wkh
Dqfkrulqj0dqg0Dgmxvwphqw K|srwkhvlv/4 Rujdql}dwlrqdo Ehkdylru dqg Kxpdq Ghflvlrq
Surfhvvhv/ 7<+5,/ 4;9053:1

Eudqg/ Q1/ O1 Yhuvsxl dqg D1 Rylqj +4<<:,/ 3Lqgxfhg Prrg dqg Vhohfwlyh Dwwhq0
wlrq/4 Shufhswxdo dqg Prwru Vnloov/ ;7/ 78807961

Hoolv/ K1 V1 Rwwdzd|/ O1 Yduqhu/ D1 Ehfnhu dqg E1 Prruh +4<<:,/ 3Hprwlrq/ Prwlyd0
wlrq/ dqg Wh{w Frpsuhkhqvlrq= Wkh Ghwhfwlrq ri Frqwudglfwlrqv lq Sdvvdjhv/4 Mrxuqdo
ri H{shulphqwdo Sv|fkrorj|= Jhqhudo/ 459+5,/ 4640791

Idqj/ K1 +5334,/ 3Frq?ghqfh Pdqdjhphqw dqg wkh Iuhh0Ulglqj Sureohp/4 plphr/
\doh Xqlyhuvlw|1

Ilvfkr>/ E1/ Vorylf/ S1/ dqg Olfkwhqvwhlq/ V1 +4<::,/ 3Nqrzlqj zlwk Fhuwdlqw|= Wkh
Dssursuldwhqhvv ri H{wuhph Frq?ghqfh/4 Mrxuqdo ri H{shulphqwdo Sv|fkrorj|= Kxpdq
Shufhswlrq dqg Shuirupdqfh/ 6+7,/ 88508971

Jhdqdnrsorv/ M1/ G1 Shdufh dqg H1 Vwdffkhwwl +4<;<,/ 3Sv|fkrorjlfdo Jdphv dqg
Vhtxhqwldo Udwlrqdolw|/4 Jdphv dqg Hfrqrplf Ehkdylru 4/ 930:<1

Jxwkulh/ F1/ M1 Udfkolqvnl dqg D1 Zlvwulfk +5334,/ 3Lqvlgh wkh Mxglfldo Plqg= Khxulv0
wlfv dqg Eldvhv/4 Fruqhoo Odz Uhylhz ;9/ :::0;631

Khlihw}/ D1 dqg Vslhjho/ \1 +5334,/ 4Wkh Hyroxwlrq ri Eldvhg Shufhswlrqv4/ plphr1

Ndkqhpdq/ G1/ Iuhgulfnvrq/ E1 O1/ Vfkuhlehu/ F1 D1/ dqg Uhghophlhu/ G1 D1 +4<<6,/
3Zkhq Pruh Sdlq lv Suhihuuhg wr Ohvv= Dgglqj d Ehwwhu Hqg/4 Sv|fkrorjlfdo Vflhqfh/
7/ 734081

Olfkwhqvwhlq/ V1 E1 Ilvfkr>/ dqg O1 Skloolsv +4<;5,/ 3Fdoleudwlrq ri Suredelolwlhv= Wkh
Vwdwh ri wkh Duw wr 4<;3/4 lq G1 Ndkqhpdq/ S1 Vorylf/ dqg D1 Wyhuvn|/ +hgv1,/ Mxgjh0
phqw xqghu Xqfhuwdlqw|= Khxulvwlfv dqg Eldvhv/ ss1 6390667> Fdpeulgjh= Fdpeulgjh
Xqlyhuvlw| Suhvv1
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PfNhqqd/ I1 dqg F1 Ohzlv +4<<7,/ 3D Vshhfk Udwh Phdvxuh ri Oderudwru| Lqgxfhg
D>hfw= Wkh Uroh ri Ghpdqg Fkdudfwhulvwlfv Uhylvlwhg/4 Eulwlvk Mrxuqdo ri Folqlfdo Sv|0
fkrorj|/ 66/ 6780841

Phwfdoih/ M1 +4<<<,/ 3Frjqlwlyh Rswlplvp= Vhoi0Ghfhswlrq ru phpru|0Edvhg Surfhvv0
lqj KhxulvwlfvB4 Shuvrqdolw| dqg Vrfldo Sv|fkrorj| Uhylhz/ 5+5,/ 43304431

Pruulv/ Z1 Q1 +4<<<,/ 3Wkh Prrg V|vwhp/4 lq Zhoo0Ehlqj= Wkh Irxqgdwlrqv ri
Khgrqlf Sv|fkrorj|/ G1 Ndkqhpdq/ H1 Glhqhu dqg Q1 Vfkzduw}/ hgv1/ Qhz \run/ Q\=
Uxvvhoo Vdjh Irxqgdwlrq1

Qlvehww/ U1 dqg O1 Urvv +4<;3,/ Kxpdq Lqihuhqfh= Vwudwhjlhv dqg Vkruwfrplqjv ri
Vrfldo Mxgjphqw/ Hqjohzrrg Fol>v/ QM= Suhqwlfh0Kdoo/ Lqf1

Uhghophlhu/ G1 D1 dqg Ndkqhpdq/ G1 +4<<9,/ 3Sdwlhqwv* Phprulhv ri Sdlqixo Phg0
lfdo Wuhdwphqwv= Uhdo0Wlph dqg Uhwurvshfwlyh Hydoxdwlrqv ri Wzr Plqlpdoo| Lqydvlyh
Surfhgxuhv/4 Sdlq/ 99/ 60;1

Udelq/ P1 +4<<6,/ 3Lqfrusrudwlqj Idluqhvv lqwr Jdph Wkhru| dqg Hfrqrplfv4/
Dphulfdq Hfrqrplf Uhylhz/ ;6/ 45;484635

Udelq/ P1 +4<<;,/ 3Sv|fkrorj| dqg Hfrqrplfv/4 Mrxuqdo ri Hfrqrplf Olwhudwxuh 69/
440791

Urvv/ P1 dqg I1 Vlfro| +4<:<,/ 3Hjrfhqwulf Eldvhv lq Dydlodelolw| dqg Dwwulexwlrq/4
Mrxuqdo ri Shuvrqdolw| dqg Vrfldo Sv|fkrorj| 6551

Vdpxhovrq/ O1 +5334,/ 3Lqirupdwlrq0Edvhg Uhodwlyh Frqvxpswlrq H>hfwv/4 plphr1
Vholjpdq/ P1 +4<<3,/ Ohduqhg Rswlplvp/ Qhz \run= Nqrsi1

Vwhhoh/ F1 P1/ ) Durqvrq/ M1 +4<<8,/ 3Vwhuhrw|sh Wkuhdw dqg wkh Lqwhoohfwxdo Whvw
Shuirupdqfh ri Diulfdq0Dphulfdqv/4 Mrxuqdo ri Shuvrqdolw| dqg Vrfldo Sv|fkrorj|/ 9</
:<:0;441

Vwhhoh/ F1 P1/ ) Durqvrq/ M1 +4<<;,/ 3Krz Vwhuhrw|shv Lq xhqfh wkh Vwdqgdugl}hg
Whvw Shuirupdqfh ri Wdohqwhg Diulfdq Dphulfdq Vwxghqwv/4 lq F1 Mhqfnv ) P1 Skloolsv
+Hgv1,/ Wkh Eodfn0Zklwh Whvw Vfruh Jds1 Zdvklqjwrq/ G1 F1= Eurrnlqjv Lqvwlwxwlrq/
734075:1

Vyhqvrq/ R1 +4<;4,/ 3Duh Zh Doo Ohvv Ulvn| dqg Pruh Vnlooixo Wkdq Rxu Ihoorz
GulyhuvB4/ Dfwd Sv|fkrorjlfd 476/ 4780791

Wd|oru/ V1 dqg M1 Eurzq +4<;;,/ 3Looxvlrq dqg Zhoo0Ehlqj= D Vrfldo Sv|fkrorjlfdo
Shuvshfwlyh rq Phqwdo Khdowk/4 Sv|fkrorjlfdo Exoohwlq 436/ 4<605431

Whdvgdoh/ M1 dqg P1 Uxvvhoo +4<;6,/ 3Gl>huhqwldo H>hfwv ri Lqgxfhg Prrg rq wkh
Uhfdoo ri Srvlwlyh/ Qhjdwlyh dqg Qhxwudo Prrgv/4 Eulwlvk Mrxuqdo ri Folqlfdo Sv|fkrorj|/
55/ 49604:41

Wyhuvn|/ D1 dqg G1 Ndkqhpdq +4<:6,/ 3Dydlodelolw|= D Khxulvwlf iru Mxgjlqj Iuh0
txhqf| dqg Suredelolw|/4 Frjqlwlyh Vflhqfh/ 8/ 53:05651



Ghfhpehu 53/ 5334 59

Zhlqvwhlq/ Q1 +4<;3,/ 3Xquhdolvwlf Rswlplvp derxw Ixwxuh Olih Hyhqwv/4 Mrxuqdo ri
Shuvrqdolw| dqg Vrfldo Sv|fkrorj| 6</ ;390;531




