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Devwudfw

Flwl}hqv ri wzr udfldo jurxsv fkrrvh zkhwkhu wr hqjdjh lq loohjdo dfwlylwlhv/ dqg srolfh

dxglw flwl}hqv1 Flwl}hqv duh khwhurjhqhrxv dffruglqj wr ohjdo hduqlqj rssruwxqlwlhv/

zklfk duh glvwulexwhg gl>huhqwo| dfurvv jurxsv1 Zh gh?qh idluqhvv ri srolflqj dv srolflqj

jurxsv zlwk wkh vdph lqwhqvlw|/ dqg h>hfwlyhqhvv ri lqwhuglfwlrq dv uhgxflqj wkh dprxqw

ri fulph1 Zh vkrz wkdw vrphwlphv/ iruflqj wkh srolfh wr ehkdyh pruh idluo| fdq lqfuhdvh

h>hfwlyhqhvv ri lqwhuglfwlrq/ dqg jlyh h{dfw frqglwlrqv xqghu zklfk wklv lv vr1 Wkhvh

frqglwlrqv duh edvhg rq wkh glvwulexwlrqv ri ohjdo hduqlqj rssruwxqlwlhv lq wkh wzr

jurxsv/ dqg duh h{suhvvhg dv frqwudlqwv rq wkh TT sorw ri wkhvh glvwulexwlrqv1

Ohjdo hduqlqj rssruwxqlwlhv duh qrw revhuydeoh iru wkrvh flwl}hqv zkr ehfrph fulpl0

qdov1 Krzhyhu/ zh jlyh frqglwlrqv xqghu zklfk wkh TT sorw ri ohjdo hduqlqj rssruwxql0

wlhv htxdov wkh TT sorw edvhg rq uhsruwhg lqfrph glvwulexwlrqv +zklfk duh revhuydeoh,1

Zh dovr glvfxvv zkhwkhu rxu qrwlrq ri idluqhvv lv phdqlqjixo zkhq wkh frvw ri ehlqj

vhdufkhg uh hfwv wkh vkdph ri ehlqj vlqjohg rxw e| wkh srolfh1



4 Lqwurgxfwlrq

Odz hqirufhphqw sudfwlfhv riwhq kdyh glvsdudwh lpsdfw rq gl>huhqw hwkqlf dqg udfldo

jurxsv1 Iru lqvwdqfh/ wkh fxuuhqw ghedwh rq udfldo sur?olqj kdv vkrzq wkdw prwrulvwv rq

kljkzd|v duh pxfk pruh olnho| wr eh vhdufkhg e| srolfh orrnlqj iru loohjdo guxjv li wkh

prwrulvwv duh Diulfdq0Dphulfdq1 Vlplodu doohjdwlrqv duh pdgh derxw vhdufkhv e| fxv0

wrpv r!fldov dw dlusruwv14 Ehlqj vhdufkhg lpsrvhv wlph frvwv rq lqqrfhqw flwl}hqv dqg/

shukdsv pruh lpsruwdqwo|/ fdq eh d ghedvlqj h{shulhqfh dqg d kxploldwlqj rqh zkhq

frqgxfwhg lq sxeolf15 Vxfk udfldo glvsdulwlhv duh dq xqghqldeoh uhdolw| ri srolflqj/ dqg

duh zlgho| shufhlyhg wr eh glvfulplqdwru|1 Sxeolf dwwhqwlrq wr wklv lvvxh kdv uhvxowhg lq

srolf| fkdqjhv dlphg dw fruuhfwlqj wkh glvsdulw|1 Wkh sursrvhg uhphglhv zrxog uhgxfh

wkh h{whqw wr zklfk udfldo ru hwkqlf fkdudfwhulvwlfv fdq eh xvhg lq srolflqj16

Krzhyhu/ iruelgglqj wkh srolfh iurp xvlqj vrph fkdudfwhulvwlfv pd| uhgxfh wkh

h>hfwlyhqhvv ri srolflqj1 Riwhq/ wkrvh zkr hqjdjh lq fhuwdlq fulplqdo dfwlylwlhv suh0

grplqdqwo| ehorqj wr vshfl?f vrflr0hfrqrplf edfnjurxqgv dqg whqg wr vkduh fhuwdlq

fkdudfwhulvwlfv vxfk dv orz ohjdo lqfrph/ olwwoh hgxfdwlrqdo dwwdlqphqw/ dqg ihz rxwvlgh

hfrqrplf rssruwxqlwlhv1 Revhuylqj zkhwkhu d sduwlfxodu lqglylgxdo srvvhvvhv wkhvh

fkdudfwhulvwlfv pd| khos wkh srolfh xqfryhu fulplqdo ehkdylru/ dqg frqyhuvho|/ ljqrulqj

4Vhh Nqrzohv/ Shuvlfr/ dqg Wrgg +5334, iru d fdvh wkdw lv uhsuhvhqwdwlyh ri wkh glvsdulw| lq kljkzd|

vhdufkhv1 Frqfhuqlqj dlusruw vhdufkhv/ Jlehdxw +4<<<, uhsruwv wkdw/ ri doo sdvvhqjhuv zkr zhuh vwuls0

vhdufkhg e| fxvwrpv r!fldov lq 4<<:/ 93 shufhqw zhuh eodfn ru Klvsdqlf1 Lq wkh fdvh ri dlusruw vhdufkhv/

krzhyhu/ wkh udfldo glvsdulw| pd| eh gxh lq sduw wr wkh suryhqdqfh ri 3ulvn4  ljkwv1
5 Iru d ghvfulswlrq ri wkh ghedvhphqw frqqhfwhg zlwk ehlqj erglo| vhdufkhg e| dlusruw fxvwrpv

r!fldov/ vhh Dghghml y1 Xqlwhg Vwdwhv/ :;5 I1 Vxss1 9;; +G1 Pdvv1,1 Vhh Dqghuvrq +4<<3, iru d pruh

jhqhudo ylhz ri wkh uhodwlrqvkls ehwzhhq wkh srolfh dqg Diulfdq0Dphulfdqv1
6Lq uhvsrqvh wr zhoo0sxeolfl}hg fkdujhv ri udfldo sur?olqj djdlqvw Qhz Mhuvh| srolfh/ wkh Dwwruqh|

Jhqhudo ri Qhz Mhuvh| kdv uhohdvhg d uhsruw zklfk fdoov iru d uxolqj e| wkh Qhz Mhuvh| Vxsuhph Frxuw

kroglqj wkdw 3udfh pd| sod| qr sduw lq dq r!fhu*v ghwhuplqdwlrq ri zkhwkhu d sduwlfxodu shuvrq lv

uhdvrqdeo| olnho| wr eh hqjdjhg lq fulplqdo dfwlylw|14 + Vhh Yhuqlhur dqg ]rxehn +4<<<,/ ss1 8506,1

Sduw Y ri wkh uhsruw olvwv d qxpehu ri uhphgldo dfwlrqv dlphg dw dyrlglqj wkdw udfh eh d idfwru lq wkh

ghflvlrq wr vhdufk d prwrulvw1
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vrph fkdudfwhulvwlfv pd| ohdg wr ohvv h!flhqw srolflqj dqg wr lqfuhdvhg fulph17

Wkhvh frq lfwlqj frqvlghudwlrqv uh hfw d ixqgdphqwdo whqvlrq ri sulqflsoh ehwzhhq

wkh sudfwlfdo ghpdqgv ri odz hqirufhphqw dqg htxdo wuhdwphqw xqghu wkh odz1 Lw

lv lpsruwdqw wr hvwdeolvk zkhwkhu wklv whqvlrq h{lvwv lq sudfwlfh/ qrw ohdvw ehfdxvh

wkh wudgh0r> ehwzhhq udfldo idluqhvv dqg h>hfwlyhqhvv ri srolflqj lv wkh vlqh txd qrq

suhplvh ri wkh h{lvwlqj mxglfldo olqh rq udfldo glvsdulwlhv lq vhdufk dqg vhl}xuh1 Wkh

fxuuhqw Vxsuhph Frxuw srvlwlrq lv h{suhvvhg lq X1V1 y Zkuhq/8 zklfk ?qgv wkdw wkh

Irxuwk Dphqgphqw shuplwv suhwh{wxdo vwrsv edvhg rq remhfwlyh mxvwl?fdwlrq/ dqg grhv

qrw dgplw vhfrqg0jxhvvlqj ri wkh srolfh r!fhu*v vxemhfwlyh prwlydwlrq1 Wklv olqh h{0

solflwo| xskrogv wkh xvh ri udfldo dqg rwkhu fkdudfwhulvwlfv dv d idfwru lq ghwhuplqlqj wkh

olnholkrrg wkdw d shuvrq lv hqjdjlqj lq d fulph/ dv orqj dv wklv xvh lv uhdvrqdeo| uhodwhg

wr odz hqirufhphqw dqg lv qrw d suhwh{w iru udfldo kdudvvphqw19 Wklv srvlwlrq jlyhv

suhfhghqfh wr sxeolf srolf| frqfhuqv iru h>hfwlyhqhvv ri lqwhuglfwlrq ryhu wkh soljkw ri

lqqrfhqw flwl}hqv zkr ehdu d glvsursruwlrqdwh dprxqw ri wkh srolflqj h>ruw1 Rqo| li

wkhvh wzr jrdov duh lq frqwudvw lv wkh srvlwlrq ghihqvleoh1

Wklv sdshu vwxglhv wkh wudgh0r> ehwzhhq udfldo idluqhvv dqg h>hfwlyhqhvv ri lqwhu0

glfwlrq lq wkh frqwh{w ri d vlpsoh prgho lq zklfk flwl}hqv ri wzr udfldo jurxsv fkrrvh

zkhwkhu wr hqjdjh lq loohjdo dfwlylwlhv/ dqg srolfh dxglw +ru vhdufk, flwl}hqv1 Wkh ?uvw

srlqw ri wklv sdshu lv wkdw/ lq sulqflsoh/ wkhuh qhhg qrw eh d wudgh0r>1 Frqvwudlqlqj

srolfh wr ehkdyh lq d udfldoo| idlu pdqqhu9lq rxu frqwh{w/ vhdufklqj erwk udfldo jurxsv

zlwk wkh vdph lqwhqvlw|9qhhg qrw shu vh uhvxow lq d juhdwhu fulph udwh1 Wklv lv eh0

fdxvh/ xqghu d sodxvleoh lqfhqwlyh vfkhph iru srolfh/ wkh htxloleulxp doorfdwlrq grhv qrw

frlqflgh zlwk wkh h!flhqw +fulph0plqlpl}lqj, doorfdwlrq/ dqg vr sodflqj frqvwudlqwv rq

wkh ehkdylru ri wkh srolfh pd| dfwxdoo| pryh wkh v|vwhp wrzdugv h!flhqf|1:

7Vhh Ehfn dqg Gdo| +4<<<, iru d glvfxvvvlrq ri wkh sxeolf srolf| dujxphqw lq idyru ri glvfuhwlrqdo

vhdufkhv ri prwrulvwv1
884: X1V1 ;39/ 449 V1Fw1 4:9< +4<<9,
9Vhh Nhqqhg| +4<<:, iru dq h{srvlwlrq ri wklv ylhz/ dqg pruh uhfhqwo| Wkrpsvrq +4<<<, iru d

fulwlfdo dqdo|vlv1
:Lq wklv sdshu wkh whup 3h!flhqf|4 fdswxuhv wkh h>hfwlyhqhvv ri lqwhuglfwlrq dqg lv xvhg dv d
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Wr xqghuvwdqg wklv vwdwhphqw lw lv qhfhvvdu| wr xqghuvwdqg zk| wkh htxloleulxp

lv lqh!flhqw lq rxu prgho1 Rxu dvvxpswlrq lv wkdw/ zkhq fkrrvlqj zkrp wr vhdufk/

wkh remhfwlyh ri d srolfh r!fhu lv wr pd{lpl}h wkh suredelolw| ri xqfryhulqj fulplqdo

ehkdylru1 Vxssrvh wkhq wkdw wkh srsxodwlrq lv frpsrvhg ri wzr jurxsv/ ø dqg ` 1 Lq

htxloleulxp lw fdqqrw eh wkdw rqh jurxs kdv d orzhu iudfwlrq ri fulplqdov/ iru rwkhuzlvh

qr srolfh r!fhu zrxog vhdufk phpehuv ri wkh jurxs zlwk wkh orzhu iudfwlrq ri fulplqdov/

dqg phpehuv ri wklv jurxs zrxog uhvsrqg e| vwhsslqj xs wkhlu loohjdo dfwlylw|1 Wkxv/

lq htxloleulxp wkh wzr jurxsv pxvw kdyh wkh vdph iudfwlrq ri fulplqdov1 Wkh nh| srlqw

lv wkdw wklv htxloleulxp frqglwlrq lv lqghshqghqw ri wkh hodvwlflw| ri fulph wr srolflqj1

Lq frqwudvw/ wklv hodvwlflw| ghwhuplqhv wkh frqglwlrqv iru h!flhqf|1 Iru lqvwdqfh/ wdnh

dq htxloleulxp doorfdwlrq dqg vxssrvh dq lqfuhdvh ri 4 shufhqw lq wkh vhdufk suredelolw|

ghwhuv phpehuv ri jurxs ` pruh wkdq phpehuv ri jurxs ø> wkhq/ h!flhqf| uhtxluhv

wkdw 4 shufhqw ri uhvrxufhv eh wudqvihuuhg iurp vhdufklqj jurxsø wr vhdufklqj jurxs` /

wr wdnh dgydqwdjh ri wkh kljkhu ghwhuuhqfh h>hfw ri srolflqj rq jurxs ` 1 Wklv vkrzv

wkdw wkhuh lv d zhgjh ehwzhhq wkh htxloleulxp frqglwlrq dqg wkh h!flhqw doorfdwlrq1;

Qrz/ ohw xv vhh krz frqvwudlqlqj srolfh wr eh pruh idlu fdq lqfuhdvh h>hfwlyhqhvv

ri lqwhuglfwlrq1 Nhhs wkh dvvxpswlrq wkdw jurxs ` lv pruh uhvsrqvlyh wr srolflqj/

dqg vxssrvh lq wkh xqfrqvwudlqhg htxloleulxp jurxs ` lv srolfhg zlwk ohvv lqwhqvlw|1

Wkhq/ iruflqj wkh srolfh wrzdugv d pruh idlu ehkdylru phdqv lqfuhdvlqj wkh lqwhqvlw|

zlwk zklfk jurxs ` lv srolfhg> wklv pryhv wkh v|vwhp wrzdugv h!flhqf|1 Lq jhqhudo/ li

wkh hodvwlflw| wr srolflqj lv orzhvw iru wkh jurxs zklfk lv srolfhg pruh lqwhqvho|/ prylqj

wkh v|vwhp wrzdugv d pruh idlu doorfdwlrq lqfuhdvhv wkh h>hfwlyhqhvv ri srolflqj= wkhuh

lv qr wudgh0r> ehwzhhq idluqhvv dqg h!flhqf|1

Kdylqj irupxodwhg wkh h!flhqf|2idluqhvv wudgh0r> lq whupv ri hodvwlflw| wr srolflqj/

zh vhhn wkhruhwlfdo frqglwlrqv wr frpsduh wkh hodvwlflw| lq wkh wzr jurxsv1 Phdvxulqj

wkh hodvwlflw| gluhfwo| lv d gl!fxow h{huflvh/ zklfk dw d plqlpxp uhtxluhv vrph vruw ri

h{rjhqrxv yduldwlrq lq srolflqj +vhh Ohylww +4<<9,/ zkr dovr uhylhzv wkh olwhudwxuh,1 Zh

v|qrqlprxv ri 3fulph plqlpl}dwlrq14 Wklv lv glvfxvvhg ixuwkhu lq Vhfwlrq 5141
;Krz wklv frqfoxvlrq ghshqgv rq wkh srolfh lqfhqwlyhv lv glvfxvvhg lq Vhfwlrq <1
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rxwolqh dq dowhuqdwlyh dssurdfk edvhg rq phdvxulqj wkh sulplwlyhv ri rxu vlpsoh prgho

ri srolflqj/ vshfl?fdoo|/ ohjdo hduqlqj rssruwxqlwlhv1 Wkh dgydqwdjh ri wklv dssurdfk

lv wkdw lw grhv qrw uhtxluh revhuylqj dq| yduldwlrq lq srolflqj1 Wkh uhdvrq zk| hduq0

lqj rssruwxqlwlhv pdwwhu lv wkdw/ jlyhq d fhuwdlq lqwhqvlw| ri srolflqj/ flwl}hqv zkrvh

ohjdo hduqlqj rssruwxqlwlhv duh deryh d wkuhvkrog zloo qrw hqjdjh lq fulplqdo dfwlyl0

wlhv/ dqg wkrvh ehorz d wkuhvkrog zloo ehfrph fulplqdov1 Wkxv wkh dprxqw ri fulplqdo

dfwlylw|9dqg khqfh dovr wkh hodvwlflw| ri fulph wr srolflqj9ghshqgv rq wkh glvwulex0

wlrq ri ohjdo hduqlqj rssruwxqlwlhv1 Zh surylgh d qhfhvvdu| dqg vx!flhqw frqglwlrq wr

ghwhuplqh zkhwkhu wkh jurxs zklfk lq htxloleulxp lv srolfhg pruh lqwhqvho| lv dovr

wkh jurxs lq zklfk wkh hodvwlflw| ri fulph wr srolflqj lv kljkhu1 Pdwkhpdwlfdoo|/ wklv

frqglwlrq lv h{suhvvhg dv d frqvwudlqw rq wkh TT sorw ri wkh glvwulexwlrq ri ohjdo hduq0

lqj rssruwxqlwlhv lq wkh wzr jurxsv1 Wkh TT +txdqwloh0txdqwloh, sorw û E%ä lv hdvlo|

frqvwuxfwhg> jlyhq wkh f1g1i1*v 8ø dqg 8` ri hduqlqj rssruwxqlwlhv lq wkh wzr jurxsv/

lw lv û E%ä ' 83�ø E8` E%ää1 Zh vkrz wkdw9urxjko| vshdnlqj9li wkh ixqfwlrq û kdv

vorsh vpdoohu wkdq 4/ wkhq lq htxloleulxp jurxs ø kdv d kljkhu hodvwlflw| ri fulph wr

srolflqj dqg lv srolfhg pruh lqwhqvho|1 Dv glvfxvvhg deryh/ wklv lpsolhv wkdw prylqj

voljkwo| wrzdugv idluqhvv uhgxfhv wkh h>hfwlyhqhvv ri srolflqj1 D vlplodu frqglwlrq do0

orzv wr hydoxdwh wkh frqvhtxhqfhv ri odujh fkdqjhv lq idluqhvv/ l1h1/ ri lpsohphqwlqj wkh

frpsohwho| idlu rxwfrph lq zklfk wkh wzr jurxsv duh srolfhg zlwk wkh vdph lqwhqvlw|1

Dowkrxjk dq djhqw*v ohjdo hduqlqj rssruwxqlw| lv xqrevhuydeoh li kh2vkh ghflghv wr

eh d fulplqdo/ zh fdq revhuyh wkh uhsruwhg hduqlqjv ri wkrvh zkr zrun ohjdoo|1 Zh

jlyh frqglwlrqv xqghu zklfk lq htxloleulxp wkh TT sorw ri uhsruwhg hduqlqjv frlqflghv

zlwk wkh TT sorw ri srwhqwldo ohjdo hduqlqjv1 Dv dq looxvwudwlrq ri wklv dssurdfk/ zh

frqvwuxfw wkh TT sorw edvhg rq wkh hpslulfdo glvwulexwlrqv ri uhsruwhg hduqlqjv ri

wkh Diulfdq0Dphulfdq dqg zklwh pdoh uhvlghqwv ri vwdwlvwlfdo phwursrolwdq duhdv lq wkh

XV1 Lqwuljxlqjo|/ zh ?qg wkdw wklv TT sorw lqghhg vhhpv wr kdyh vorsh vpdoohu wkdq 4

+dowkrxjk wkh vorsh vhhpv txlwh forvh wr 4 iru sodxvleoh ydoxhv ri wkh sdudphwhuv,1 Lq

wkh frqwh{w ri rxu prgho/ wklv zrxog lpso| wkdw wkh hodvwlflw| wr srolflqj dw htxloleulxp
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lv kljkhu lq wkh ø jurxs wkdq lq wkh ` jurxs1 Wkh lqwhusuhwdwlrq lv wkdw wkhuh lv d

wudgh0r> ehwzhhq idluqhvv dqg h>hfwlyhqhvv ri srolflqj1 Wr wkh h{whqw wkdw rxu vw|ol}hg

prgho lv d uhdvrqdeoh dssur{lpdwlrq ri wkh uhdo0zruog sureohp/ wklv vxjjhvwv wkdw li

rqh zhuh wr pryh wrzdugv idluqhvv e| frqvwudlqlqj srolfh wr vkliw uhvrxufhv iurp wkh ø

jurxs wr wkh ` jurxs/ wkhq wkh wrwdo dprxqw ri fulph zrxog ulvh1

Ilqdoo|/ zh glvfxvv rxu qrwlrq ri udfldo idluqhvv1 Rxu qrwlrq lv edvhg rq htxdwlqj

dfurvv udfhv wkh h{shfwhg frvwv ri ehlqj vhdufkhg1 Wklv qrwlrq lv uhglvwulexwlrqdo lq

qdwxuh ehfdxvh lw lv edvhg rq wkh lghd wkdw srolfh fdq +dqg vkrxog, uhglvwulexwh wkhvh

frvwv dfurvv udfldo jurxsv1 Zh lqtxluh zkhwkhu wkh vwljpdwl}dwlrq dvvrfldwhg zlwk

ehlqj vlqjohg rxw iru vhdufk9dv glvwlqfw iurp sk|vlfdo frvwv ri ehlqj vhdufkhg9fdq eh

xqghuvwrrg dv d frpsrqhqw ri wkh frvw wr eh uhglvwulexwhg1 Wr wklv hqg/ zh suhvhqw d

qrwlrq ri vwljpdwl}dwlrq9zklfk zh fdoo glvuhsxwh9dqg vxjjhvw wkdw wklv qrwlrq fdqqrw

mxvwli| rxu uhglvwulexwlrqdo qrwlrq ri idluqhvv1 Wklv lv ehfdxvh lq rxu gh?qlwlrq wkh wrwdo

dprxqw ri vwljpdwl}dwlrq zlwklq d udfh lv lqghshqghqw ri wkh vhdufk ehkdylru ri srolfh1

Wkxv/ fkdqjhv lq wkh lqwhuglfwlrq vwudwhj| gr qrw d>hfw wkh dprxqw ri vwljpdwl}dwlrq

vx>huhg e| dq| udfldo jurxs1

414 Uhodwhg olwhudwxuh

Wkh irupdo hfrqrplf olwhudwxuh rq srolflqj lv ydvw/ dqg ruljlqdwhv zlwk Ehfnhu +4<9;,

dqg Hkuolfk +4<:6,1 Zh uhihu wr Hkuolfk +4<<9, iru d vxuyh| ri wkh olwhudwxuh1 Lq wklv

frqwh{w/ wkh lvvxh ri idluqhvv lv jhqhudoo| glvfxvvhg lq whupv ri uhodwlrqvkls ehwzhhq

fulph dqg vdqfwlrq1 Iru lqvwdqfh/ lq Vkdyhoo dqg Srolqvn| +4<<;, d vdqfwlrq lv 3idlu4

zkhq lw lv sursruwlrqdo wr wkh judylw| ri wkh dfw frpplwwhg1 Lq frqwudvw/ rxu qrwlrq ri

idluqhvv dssolhv wr wkh vwudwhj| ri srolflqj/ dqg lv d vwdwhphqw derxw wkh lqwhqvlw| zlwk

zklfk wzr gl>huhqw jurxsv duh srolfhg1 Lq d uhfhqw sdshu +Nqrzohv/ Shuvlfr/ dqg Wrgg

+5333,, d prgho vlplodu wr wkh rqh xvhg khuh zdv hpsor|hg lq dq hpslulfdo dqdo|vlv

ri kljkzd|v vhdufkhv iru guxjv1 Wkdw sdshu dvnv zkhwkhu wkh srolfh irufh lv udfldoo|

suhmxglfhg/ dqg lw grhv qrw dgguhvv lvvxhv ri idluqhvv1
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Zh glvfxvv wkh h>hfwv ri sodflqj frqvwudlqwv rq srolfh ehkdylru wr dfklhyh rxwfrphv

wkdw duh pruh idlu1 Wklv lv d frpsdudwlyh vwdwlfv h{huflvh/ dqg lq wklv vhqvh lv uhodwhg

wr wkh olwhudwxuh rq d!updwlyh dfwlrq +Frdwh dqg Orxu| +4<<6,/ Pdlodwk/ Vdpxhovrq/

dqg Vkdnhg +5333,/ Prur dqg Qrupdq +5333,/ dqg Qrupdq +5333,,1 Wkdw olwhudwxuh

orrnv dw wkh h>hfwv ri frqvwudlqlqj wkh klulqj ehkdylru ri ?upv1 Zkloh rxu dqdo|vlv

lv gl>huhqw lq pdq| uhvshfwv/ rqh ixqgdphqwdo gl>huhqfh lv zruwk kljkoljkwlqj1 Wkh

d!updwlyh dfwlrq olwhudwxuh exlogv rq Duurz*v +4<:5, prgho ri vwdwlvwlfdo glvfulplqd0

wlrq/ zklfk dqdo|}hv d jdph zlwk pxowlsoh htxloleuld1 Zkloh wkdw olwhudwxuh kdv ehhq

yhu| vxffhvvixo lq kljkoljkwlqj d uhdolvwlf irufh ohdglqj wr glvfulplqdwlrq/ wkh frpsdu0

dwlyh vwdwlfv frqfoxvlrqv derxw wkh h>hfw ri jlyhq srolflhv duh riwhq txdol?hg e| wkh

idfw wkdw wkh| dsso| wr d vshfl?f htxloleulxp1 Lq frqwudvw/ zkloh zh wdnh dv jlyhq wkh

khwhurjhqhlw| ehwzhhq jurxsv dqg wkhuhiruh gr qrw h{sodlq krz lghqwlfdo jurxsv fdq

eh wuhdwhg gl>huhqwo| lq htxloleulxp/ rxu prgho grhv kdyh d d xqltxh htxloleulxp/ dqg

vr rxu frpsdudwlyh vwdwlfv uhvxowv duh qrw vxemhfw wr wkh pxowlsoh0htxloleuld fulwlflvp1

5 Prgho

Wkhuh lv d frqwlqxxp ri srolfh r!fhuv zlwk phdvxuh 41 Srolfh r!fhuv vhdufk flwl}hqv/

dqg hdfk srolfh r!fhu pdnhv h{dfwo| 7 vhdufkhv1 Zkhq d flwl}hq lv vhdufkhg zkr lv

hqjdjhg lq fulplqdo dfwlylw|/ kh2vkh lv xqfryhuhg zlwk suredelolw| 41 D srolfh r!0

fhuv pd{lpl}hv wkh qxpehu ri vxffhvvixo vhdufkhv/ l1h1/ wkh suredelolw| ri xqfryhulqj

fulplqdov1

Wkhuh lv d frqwlqxxp ri flwl}hqv glylghg lqwr wzr udfldo jurxsv/ ø dqg ` zlwk

phdvxuhv ùø dqg ù` uhvshfwlyho|1 Li d flwl}hq grhv qrw hqjdjh lq fulph/ kh2vkh lv

ohjdoo| hpsor|hg dqg uhfhlyhv hduqlqjv % : f lqghshqghqw ri ehlqj vhdufkhg1 Li d

flwl}hq hqjdjhv lq fulph kh2vkh uhfhlyhv xwlolw| +lq prqhwdu| whupv, ri M : f li qrw

vhdufkhg dqg a ÷ f li vhdufkhg1Hyhu| flwl}hq nqrzv klv rzq ohjdo hduqlqj rssruwxqlw|1

Zh prgho % dv wkh uhdol}dwlrq iurp d udqgrp yduldeoh f-/ zkhuh - 5 iøc`j ghqrwhv
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wkh udfh ri wkh flwl}hq1 Ghqrwh zlwk 8- dqg s- wkh uhodwlyh f1g1i1*v dqg ghqvlwlhv1

Zh dvvxph wkdw fø dqg f` duh qrqqhjdwlyh/ dqg wkdw wkhlu vxssruwv duh erxqghg

lqwhuydov lqfoxglqj }hur1 Qrwlfh wkdw wkh glvwulexwlrq ri ohjdo hduqlqj rssruwxqlwlhv lv

doorzhg wr gl>hu dfurvv udfhv1

D flwl}hq*v ohjdo hduqlqj rssruwxqlw| % lv xqrevhuydeoh wr wkh srolfh zkhq wkh|

fkrrvh zkhwkhu wr vhdufk klp2khu1 Krzhyhu/ wkh srolfh fdq revhuyh wkh udfh ri wkh

flwl}hq1

Lq wkh djjuhjdwh wkhuh lv d phdvxuh 7 ri vhdufkhv wkdw lv doorfdwhg ehwzhhq wkh wzr

jurxsv1 Ghqrwh zlwk 7- wkh phdvxuh ri vhdufkhv ri flwl}hqv ri udfh -1 Wkh ihdvlelolw|

frqvwudlqw uhtxluhv 7ø n 7` ' 71 Ghqrwh zlwk j- ' 7-*ù- wkh suredelolw| wkdw d

udqgrp lqglylgxdo ri udfh - lv vhdufkhg1 Wkh exgjhw frqvwudlqw fdq eh h{suhvvhg dv

ùøjø nù`j` ' 7é +4,

Jlyhq j-/ d flwl}hq ri udfh - zlwk ohjdo hduqlqj rssruwxqlw| % frpplwv d fulph li

dqg rqo| li

% ÷ j-a n E�ý j-äM ' j- Ea ýMä nM ghi
' ^ Ej-ä é

Wkxv/ wkh iudfwlrq ri flwl}hqv ri udfh - wkdw hqjdjh lq fulplqdo dfwlylw| lv 8- E^ Ej-ää1

Wkh ixqfwlrq ^ Ejä uhsuhvhqwv wkh h{shfwhg uhzdug ri ehlqj d fulplqdo zkhq wkh ghwhu0

uhqfh ohyho lv j1

514 Gh?qlwlrqv= hydoxdwlqj rxwfrphv

Zh qrz jlyh rxu gh?qlwlrq ri h!flhqf|1 Frqvlvwhqw zlwk wkh remhfwlyh ri wklv sdshu/ zh

xvh d gh?qlwlrq ri h!flhqf| wkdw fdswxuhv h>hfwlyhqhvv ri lqwhuglfwlrq1< Zkhq gh?qlqj

h!flhqf| ri lqwhuglfwlrq zh vkrxog dffrxqw iru frvwv dqg ehqh?wv ri wkh lqwhuglfwlrq

<Lq sduwlfxodu/ rxu gh?qlwlrq ljqruhv wkh xwlolw| ri flwl}hqv zkr frpplw d fulph/ dqg vr lv qrw

phdqw wr fdswxuh Sduhwr h!flhqf|1 Zkloh lw pd| eh lqwhuhvwlqj wr glvfxvv wkh zhoiduh h>hfwv ri

fulplqdo dfwlylw| dqg wkh phulwv ri sxqlvklqj flwl}hqv iru frpplwwlqj fulphv/ wklv lv qrw wkh irfxv ri

wkh ghedwh1 Udwkhu/ wkh sxeolf srolf| frqfhuq lv iru h!flhqf| ri lqwhuglfwlrq1

:



dfwlylw|1 Lq rxu prgho wkh frvw ri lqwhuglfwlrq lv 7 dqg lv wdnhq dv jlyhq1 Wkhuhiruh/ lw

lv dssursuldwh iru wkh qh{w gh?qlwlrq wr irfxv rqo| rq wkh ehqh?wv ri lqwhuglfwlrq/ l1h1/

wkh uhgxfwlrq lq fulph1

Gh?qlwlrq 4 Wkh rxwfrph Ejøc j` ä lv pruh h!flhqw wkdq wkh rxwfrph Ejâøc jâ` ä li

wkh wrwdo qxpehu ri flwl}hqv zkr frpplw fulphv lv orzhu dw Ejøc j` ä1

Zh qrz jlyh rxu gh?qlwlrq ri idluqhvv/ zklfk vkrxog eh wkrxjkw ri dv idluqhvv

ri srolflqj1 Dq rxwfrph lv frpsohwho| idlu li wkh wzr udfldo jurxsv duh srolfhg zlwk

wkh vdph lqwhqvlw|1 E| h{whqvlrq/ pdnlqj dq rxwfrph pruh idlu phdqv uhgxflqj wkh

gl>huhqfh ehwzhhq wkh lqwhqvlw| zlwk zklfk wkh wzr jurxsv duh srolfhg1

Gh?qlwlrq 5 Wkh rxwfrph Ejøc j` ä lv pruh idlu wkdq wkh rxwfrph Ejâøc j
â
` ä li

mjø ý j` m ÷ mjâø ý jâ` m1 Wkh rxwfrph Ejøc j` ä lv frpsohwho| idlu li jø ' j` 1

Wklv gh?qlwlrq lv wdloruhg wr fdswxuh wkh frqfhuqv ri wkrvh zkr fulwlfl}h h{lvwlqj

srolflqj sudfwlfhv1 Lw lv frqvlvwhqw zlwk wkh lghd wkdw wkhuh lv vrph +xqprghohg, frvw

lpsrvhg rq flwl}hqv zkr duh vhdufkhg dqg wkdw lw lv ghvludeoh wr htxdol}h wkh h{shfwhg

frvw dfurvv udfhv143 Wklv gh?qlwlrq lv hvvhqwldoo| frpsdudwlyh/ vlqfh lw lv frqfhuqhg

zlwk wkh suhglfdphqw ri wzr flwl}hqv zkr ehorqj wr gl>huhqw udfldo jurxsv> dv vxfk/

wklv qrwlrq ri idluqhvv fdqqrw eh glvfxvvhg lq d prgho zlwk rqo| rqh jurxs ri flwl}hqv/

vxfk dv Srolqvn| dqg Vkdyhoo +4<<;,1

515 Gh?qlwlrqv= rughulqj lqfrph glvwulexwlrqv

Zh ?uvw lqwurgxfh wkh qrwlrq ri TT sorw dqg wkhq glvfxvv lwv lqwhusuhwdwlrq1 Wkh TT

sorw lv d frqvwuxfwlrq ri vwdwlvwlfv wkdw ?qgv dssolfdwlrqv lq d qxpehu ri ?hogv= gh0

vfulswlyh vwdwlvwlfv/ vwrfkdvwlf pdmrul}dwlrq dqg wkhru| ri lqfrph lqhtxdolw|/ vwdwlvwlfdo

lqihuhqfh dqg k|srwkhvlv whvwlqj144 D uhodwhg qrwlrq/ wkh Udwlr0dw0Txdqwlohv sorw/ zdv
43Pruh rq wklv lq Vhfwlrq ;1
44Vhh/ uhvshfwlyho|/ Zlon dqg Jqdqdghvlndq +4<9;,/ Duqrog +4<;:, s1 7: dqg >1/ dqg Ohkpdqq

+4<;;,1
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hpsor|hg e| Zrkovwhwwhu dqg Frohpdq +4<:3, wr ghvfuleh lqfrph glvsdulwlhv ehwzhhq

zklwhv dqg qrqzklwhv1

Wkh TT sorw lv dq lqfuhdvlqj ixqfwlrq zlwk grpdlq dqg udqjh ehlqj wkh vxssruwv

ri wkh udqgrp yduldeohv f` dqg fø/ uhvshfwlyho|1

Gh?qlwlrq 6 û E%ä ' 83�ø E8` E%ää lv wkh TT +txdqwloh0txdqwloh, sorw ri 8ø djdlqvw

8` 1

Jlyhq dq| lqfrph ohyho ^ zlwk d jlyhq shufhqwloh lq wkh zklwh lqfrph glvwulexwlrq/

wkh qxpehu û E^ä lqglfdwhv wkh lqfrph ohyho zlwk wkh vdph shufhqwloh lq wkh Diulfdq0

Dphulfdq srsxodwlrq1 Lq rwkhu zrugv/ wkh ixqfwlrq û E^ä pdwfkhv txdqwlohv lq wkh zklwh

dqg Diulfdq0Dphulfdq srsxodwlrqv1 Dq htxlydohqw/ shukdsv pruh lqvljkwixo gh?qlwlrq

lv wkh iroorzlqj1 Wkh TT sorw lv wkh xqltxh ixqfwlrq û vxfk wkdw û Ef` ä lv glvwulexwhg

dv fø145 Wklv htxlydohqfh lv xvhixo iru wkh lqwhusuhwdwlrq> wkh TT sorw fdq eh wkrxjkw

ri dv wkh zd| lq zklfk wkh udqgrp yduldeoh f` pxvw eh 3frpsuhvvhg4 ru 3vwuhwfkhg4

wr rewdlq wkh udqgrp yduldeoh fø1

Uhodwlrqv ri vwrfkdvwlf grplqdqfh fdq eh h{suhvvhg lq whupv ri wkh TT sorw1 Iru

rxu sxusrvhv/ lw lv xvhixo wr gh?qh ?uvw0rughu vwrfkdvwlf grplqdqfh lq whupv ri wkh TT

sorw1

Gh?qlwlrq 7 8` ?uvw0rughu vwrfkdvwlfdoo| grplqdwhv 8ø li û E%ä é % iru doo %1

Wkh suhylrxv gh?qlwlrq lv reylrxvo| htxlydohqw wr wkh pruh idploldu gh?qlwlrq ri

grplqdqfh uhtxlulqj wkdw 8` E%ä é 8ø E%ä iru doo %1 Ilqdoo|/ zh lqwurgxfh wkh qrwlrq
ri 3vwuhwfk4 zklfk lv qryho lq wklv sdshu1

Gh?qlwlrq 8 8` lv d vwuhwfk ri 8ø li ûâ E%ä é � iru doo %1
45Wr yhuli| wkh htxlydohqfh ri wkh wzr gh?qlwlrqv/ vxssrvh wkh ixqfwlrq k lv vxfk wkdw k +[Z ,

lv glvwulexwhg dv [D ru/ htxlydohqwo|/ ký4 +[D, lv glvwulexwhg dv [Z 1 Wkhq iru doo { zh kdyh

IZ +{, @ Su +[Z é {, @ Su
ý
ký4 +[D, é {

ü
@ ID +k +{,,/ dqg lqyhuwlqj wkh ixqfwlrq ID zh uhdfk

wkh h{suhvvlrq iru k jlyhq e| Gh?qlwlrq 61
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Lw lv hdv| wr jlyh h{dpsohv ri vwuhwfkhv1 D Xqlirup +ru Qrupdo, glvwulexwlrq f` lv

d vwuhwfk ri dq| rwkhu Xqlirup +ru Qrupdo, glvwulexwlrq fø zlwk vpdoohu yduldqfh146

Zkloh doo wkh gh?qlwlrqv lq wklv vhfwlrq duh dssolfdeoh wr jhqhulf f1g1i1*v 8ø dqg

8` / lq rxu prgho wkh lq?pd ri wkh vxssruwv ri 8ø dqg 8` duh dvvxphg wr frlqflgh1

Xqghu wklv dvvxpswlrq/ li 8` lv d vwuhwfk ri 8ø wkhq d iruwlrul 8` ?uvw0rughu vwrfkdv0

wlfdoo| grplqdwhv 8ø1 Wkhuhiruh/ lq rxu hqylurqphqw wkh surshuw| ri vwuhwfk lpsolhv +lv

vwurqjhu wkdq, ?uvw0rughu vwrfkdvwlf grplqdqfh1

6 Htxloleulxp dqg H!flhqw Lqwhuglfwlrq

614 Htxloleulxp frqglwlrqv

Zh xvh d W vxshuvfulsw wr ghqrwh htxloleulxp txdqwlwlhv1 D srolfh r!fhu zkr pd{lpl}hv

wkh qxpehu ri vxffhvvixo vhdufkhv zloo vhdufk rqo| phpehuv ri wkh udfldo jurxs zlwk

wkh kljkhvw iudfwlrq ri fulplqdov1 Li wkh htxloleulxp lv lqwhulru/ wkdw lv jWøc j
W
` : f/ d

srolfh r!fhu pxvw eh zloolqj wr vhdufk hlwkhu jurxs/ vr erwk jurxsv pxvw kdyh wkh vdph

iudfwlrq ri fulplqdov1 Wkxv/ dw dq lqwhulru htxloleulxp wkh iroorzlqj frqglwlrq pxvw eh

yhul?hg

8ø E^ Ej
W
øää ' 8` E^ Ej

W
` ää é +5,

Li wkh htxloleulxp lv qrw lqwhulru wkhq dq lqhtxdolw| zloo jhqhudoo| krog1 Zkhwkhu

wkh htxloleulxp lv lqwhulru ru qrw/ lw lv hdv| wr vhh wkdw wkh ydoxh ri wkh ohiw0 dqg

uljkw0kdqg vlghv ri htxdwlrq +5, lv xqltxho| ghwhuplqhg lq htxloleulxp1 Ohdylqj dvlgh

xqlqwhuhvwlqj frqvwhoodwlrqv ri sulplwlyhv/47 wklv xqltxho| slqv grzq wkh htxloleulxp

46Lqghhg/ zkhq [Z lv Xqlirup +ru Qrupdo, wkh udqgrp yduldeoh d.e[Z lv glvwulexwhg dv Xqlirup

+ru Qrupdo,1 Wklv phdqv wkdw zkhq [D dqg [Z duh erwk Xqlirupo| +ru Qrupdoo|, glvwulexwhg

u1y1*v/ wkh TT sorw kdv d olqhdu irup k +{, @ d . e{ 1 Lq wklv fdvh k3 ? 4 l> e ? 4 l> Y du +[D, @

e5Y du +[Z , ? Y du +[Z , =
47Li V lv yhu| odujh ru yhu| vpdoo wkhq lq htxloleulxp doo flwl}hqv +ri erwk udfhv, frpplw fulphv/ ru

qr flwl}hq frpplwv d fulph1 Lq wklv fdvh d wulyldo pxowlsolflw| ri htxloleuld dulvhv lq whupv ri wkh srolfh

vhdufk lqwhqvlw|1
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lq whpv ri j*v1 Iru lqvwdqfh/ li wkh htxloleulxp lv lqwhulru wkhq reylrxvo| wkhuh lv d

xqltxh sdlu jWøc j
W
` zklfk vroyhv wkh htxloleulxp frqglwlrq +5, vxemhfw wr wkh ihdvlelolw|

frqvwudlqw +4,1 Lq wklv sdshu zh uhvwulfw dwwhqwlrq wr frqvwhoodwlrqv ri sdudphwhuv iru

zklfk wkh htxloleulxp lv lqwhulru/ wkdw lv/ erwk udfldo jurxsv duh vhdufkhg zlwk srvlwlyh

suredelolw|1 Iurp wkh hpslulfdo ylhzsrlqw/ wklv lv d uhdvrqdeoh uhvwulfwlrq1 Wr jxdudqwhh

lqwhulrulw| ri htxloleulxp lq wkh iruwkfrplqj dqdo|vlv/ zh zloo khqfhiruwk pdlqwdlq wkh

iroorzlqj dvvxpswlrq1

Dvvxpswlrq 4 8ø
í
7
ùø
Ea ýMä nM

ì
÷ 8` EMä é

Dvvxpswlrq 4 lv xvhg lq wkh surri ri Ohppd 4/ dqg lv pruh olnho| wr eh yhul?hg

zkhq 7 lv odujh1

615 H!flhqf| frqglwlrqv

Zh ghqrwh h!flhqw rxwfrphv e| wkh vxshuvfulsw .88 1 D vrfldo sodqqhu zkr plqlpl}hv

wkh wrwdo dprxqw ri fulph vroyhv

4ð?
jøcj`

ùø8ø Ejø Ea ýMä nMä nù`8` Ej` Ea ýMä nMä
vxemhfw wr ùøjø nù`j` ' 7

ru/ xvlqj wkh frqvwudlqw wr holplqdwh j`

4ð?
jø
ùø8ø Ejø Ea ýMä nMä nù`8`

#
7 ýùøjø
ù`

Ea ýMä nM
$
é

Wkh ghulydwlyh zlwk uhvshfw wr jø lv

ùø Ea ýMä dsø Ejø Ea ýMä nMäý s` Ej` Ea ýMä nMäo é +6,

Htxdwlqj wkh ghulydwlyh wr }hur |lhogv wkh ?uvw rughu frqglwlrq iru dq lqwhulru rswlpxp

sø
í
^
í
j.88ø

ìì
' s`

í
^
í
j.88`

ìì
é +7,
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Wklv frqglwlrq lv qhfhvvdu| iru ixoo h!flhqf|1 Wkh ghqvlwlhv sø dqg s` uhsuhvhqw

hodvwlflwlhv ri fulph wr srolflqj1 Dw dq lqwhulru h!flhqw doorfdwlrq/ wkh hodvwlflwlhv duh

htxdo1 Frqglwlrq +7, lv gl>huhqw iurp frqglwlrq +5, dqg wkxv zloo jhqhudoo| qrw krog lq

htxloleulxp> wkhuhiruh/ wkh htxloleulxp doorfdwlrq lv jhqhudoo| lqh!flhqw1

7 Ehqfkpdun= Wkh V|pphwulf Fdvh

Lq wklv vhfwlrq zh glvfxvv wkh ehqfkpdun fdvh zkhuh 8ø ' 8` / wkdw lv/ wkh glvwulexwlrq

ri ohjdo hduqlqj rssruwxqlwlhv lv wkh vdph lq wkh wzr jurxsv1 Zh fdoo wklv wkh v|pphwulf

fdvh vlqfh khuh jWø ' j
W
` / l1h1/ wkh htxloleulxp lv v|pphwulf dqg frpsohwho| idlu1 Hyhq

lq wkh v|pphwulf fdvh/ lq vrph flufxpvwdqfhv wkh h!flhqw doorfdwlrq lv yhu| dv|pphwulf

dqg wkh v|pphwulf +dqg khqfh frpsohwho| idlu, doorfdwlrq plqlpl}hv h!flhqf|1 Wklv

vkrzv wkdw wkh h!flhqw doorfdwlrq fdq eh kljko| xqidlu dqg wklv grhv qrw ghshqg rq

wkh khwhurjhqhlw| ri wkh lqfrph glvwulexwlrqv/ l1h1 rq wkh gl>huhqfh ehwzhhq udfhv148

Zh lqwhusuhw wklv uhvxow dv lqglfdwlrq wkdw wkhuh lv olwwoh orjlfdo uhodwlrqvkls ehwzhhq

wkh frqfhsw ri h!flhqf| dqg surshuwlhv ri idluqhvv1

Sursrvlwlrq 4 Vxssrvh 8ø ' 8` 1 Wkhq wkh htxloleulxp doorfdwlrq lv frpsohwho| idlu1

Li lq dgglwlrq 8ø +dqg khqfh 8` , lv d frqfdyh ixqfwlrq rq lwv vxssruw wkhq wkh htxl0

oleulxp doorfdwlrq plqlpl}hv h!flhqf|/ dqg dw wkh h!flhqw doorfdwlrq rqh ri wkh wzr

jurxsv lv qrw srolfhg1

Surri= Vlqfh 8ø ' 8` / wkh htxloleulxp frqglwlrq +5, lpsolhv jWø ' j
W
` / vr wkh htxl0

oleulxp lv v|pphwulf dqg frpsohwho| idlu1

Wr vkrz wkh vhfrqg vwdwhphqw/ revhuyh wkdw vlqfh sø dqg s` duh ghfuhdvlqj/ wkh

rqo| sdlu jøc j` wkdw vroyhv wkh h!flhqf| frqglwlrq +7, wrjhwkhu zlwk wkh ihdvlelolw|

48D vlplodu frqfoxvlrq wkdw wkh h!flhqw doorfdwlrq fdq eh xqidlu lq d v|pphwulf zruog zdv uhdfkhg

e| Qrupdq +5333, lq wkh frqwh{w ri dq Duurz prgho ri vwdwlvwlfdo glvfulplqdwlrq lq wkh zrunsodfh1

Wkhuh/ udfh0ghshqghqw +dv|pphwulf, lqyhvwphqw khosv doohyldwh wkh lqh!flhqf| fdxvhg e| zrunhuv zkr

whvw edgo| dqg hqg xs dvvljqhg wr orz0vnloohg mrev lq vslwh ri kdylqj lqyhvwhg d orw lq kxpdq fdslwdo1
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frqglwlrq +4, lv jWø ' jW` 1 Qrz/ revhuyh wkdw wkh vhfrqg rughu frqglwlrqv dvvrfl0

dwhg zlwk h!flhqf| pd{lpl}dwlrq +fulph plqlpl}dwlrq, duh9wzlfh gl>huhqwldwlqj wkh

sodqqhu*v remhfwlyh ixqfwlrq ri Vhfwlrq 615

f ÷ ùø Ea ýMä2
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Exw e| dvvxpswlrq s âø dqg s â` duh qhjdwlyh/ vr wkh vhfrqg rughu frqglwlrqv iru h!0

flhqf| pd{lpl}dwlrq duh qrw phw1 Lqghhg jWøc j
W
` phhwv wkh frqglwlrqv iru h!flhqf|

plqlpl}dwlrq1 Ilqdoo|/ wr vkrz wkdw hlwkhu j.88ø ' f ru j.88` ' f/ revhuyh wkdw jWøc j
W
`

lv wkh xqltxh vroxwlrq wr wkh qhfhvvdu| frqglwlrqv +7, iru dq lqwhulru h!flhqw doorfdwlrq1

Vlqfh jWøc j
W
` plqlpl}hv h!flhqf|/ wkh doorfdwlrq wkdw pd{lpl}hv h!flhqf| pxvw eh d

fruqhu vroxwlrq1

Wkh uhdvrq zk| v|pphwulf doorfdwlrqv pd| eh vr lqh!flhqw lv dssduhqw= wkh rswl0

pl}dwlrq sureohp wkdw fkdudfwhul}hv wkh h!flhqw doorfdwlrq qhhg qrw eh frqyh{ lq wkh

j*v1 Frqyh{lw| ri wkh remhfwlyh ixqfwlrq idlov zkhq wkh f1g1i1*v duh frqfdyh/ dqg vr wkh

sureohp ri pd{lpl}lqj h!flhqf| pd| kdyh dv|pphwulf vroxwlrqv hyhq zkhq jurxsv

duh lghqwlfdo1 Lqwxlwlyho|/ wkhuh lv qr uhdvrq zk| vhdufklqj wzr lghqwlfdo jurxsv dw wkh

vdph udwh vkrxog uhgxfh djjuhjdwh fulph pruh wkdq irfxvvlqj doo wkh uhvrxufhv rq rqh

jurxs1

Wkh deryh uhvxow kljkoljkwv wkh idfw wkdw idluqhvv dqg h!flhqf| pd| eh dqwlwkhwlfdo/

dqg wklv iru uhdvrqv wkdw kdyh qrwklqj wr gr zlwk gl>huhqfhv dfurvv jurxsv1 Rxu pdlq

irfxv/ krzhyhu/ lv rq wkh h!flhqf| frqvhtxhqfh ri shuwxuelqj wkh htxloleulxp doorfdwlrq

lq wkh gluhfwlrq ri idluqhvv1 Wklv txhvwlrq fdqqrw eh dvnhg lq wkh v|pphwulf fdvh vlqfh/

dv zh kdyh vhhq/ wkh htxloleulxp rxwfrph lv douhdg| frpsohwho| idlu1 Wklv lv wkh vxemhfw

ri wkh qh{w vhfwlrqv1
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8 Vpdoo Dgmxvwphqwv Wrzdugv Idluqhvv dqg H>hf0

wlyhqhvv ri Lqwhuglfwlrq

Lq wklv vhfwlrq zh suhvhqw frqglwlrqv xqghu zklfk d vpdoo fkdqjh iurp wkh htxloleulxp

wrzdugv idluqhvv/ l1h1/ wrzdugv htxdol}lqj wkh vhdufk lqwhqvlwlhv dfurvv udfhv/ ghfuhdvhv

h!flhqf| uhodwlyh wr wkh htxloleulxp ohyho1

Ohppd 4 Vxssrvh 8` ?uvw0rughu vwrfkdvwlfdoo| grplqdwhv 8ø1 Wkhq pdnlqj wkh htxl0

oleulxp doorfdwlrq pdujlqdoo| pruh idlu lqfuhdvhv wkh wrwdo dprxqw ri fulph li dqg rqo|

li ûâ E^ EjW` ää ÷ �1

Surri= Iluvw/ revhuyh wkdw wkh htxloleulxp lv lqwhulru1 Lqghhg/ lw lv qrw dq htxloleulxp

wr kdyh jWø ' 7*ùø dqg jW` ' f ehfdxvh wkhq zh zrxog kdyh

8ø E^ Ej
W
øää ' 8ø

#
7

ùø
Ea ýMä nM

$
÷ 8` EMä ' 8` E^ Efää é

zkhuh wkh lqhtxdolw| iroorzv iurp Dvvxpswlrq 41 Wklv fdqqrw eh dq htxloleulxp vlqfh

lq wklv fdvh d srolfh r!fhu*v ehvw uhvsrqvh lv rqo| wr vhdufk jurxs ` / dqg wklv lv

lqfrqvlvwhqw zlwk jW` ' f1 D vlplodu dujxphqw vkrzv wkdw lw lv qrw dq htxloleulxp wr

kdyh jW` ' 7*ù` dqg jWø ' f/ vlqfh e| vwrfkdvwlf grplqdqfh 8ø EMä è 8` EMä :

8`
í
7
ù`

Ea ýMä nM
ì
1

Wkh +lqwhulru, htxloleulxp pxvw vdwlvi| frqglwlrq +5,1 Ohdylqj dvlgh wulyldo fdvhv

zkhuh lq htxloleulxp hyhu| flwl}hq ru qr flwl}hq lv fulplqdo/ dqg vr pdujlqdo fkdqjhv lq

srolflqj lqwhqvlw| gr qrw d>hfw wkh rxwfrph/ frqglwlrq +5, fdq eh zulwwhq dv

^ EjWøä ' û E^ Ej
W
` ää é +8,

Qrz/ jlyhq dq| %/ e| gh?qlwlrq ri û zh kdyh 8` E%ä ' 8ø Eû E%ää/ dqg gl>huhqwldwlqj

zlwk uhvshfw wr %

s` E%ä ' û
â E%ä ü sø Eû E%ää é

47



Vxevwlwxwlqj ^ EjW` ä iru % dqg xvlqj +8, |lhogv

s` E^ Ej
W
` ää ' û

â E^ EjW` ää ü sø E^ EjWøää é +9,

Qrz/ ohw xv hydoxdwh h{suhvvlrq +6, dw wkh htxloleulxp1 Xvlqj +9, zh fdq uhzulwh lw dv

ùø Ea ýMä sø E^ EjWøää d�ý ûâ E^ EjW` ääo é +:,

Wklv irupxod uhsuhvhqwv wkh ghulydwlyh ri wkh wrwdo dprxqw ri fulph zlwk uhvshfw wr jø1

Li ûâ E^ EjW` ää ÷ � wklv h{suhvvlrq lv qhjdwlyh +uhphpehu wkdq a ýM lv qhjdwlyh,/ dqg

vr d vpdoo ghfuhdvh lq jø iurp jWø lqfuhdvhv wkh wrwdo dprxqw ri fulph1 Wr frqfoxgh

wkh surri zh qhhg wr vkrz wkdw prylqj iurp wkh htxloleulxp wrzdugv idluqhvv phdqv

ghfuhdvlqj jWø1

Wr wklv hqg/ uhfdoo wkdw e| dvvxpswlrq 8` ?uvw0rughu vwrfkdvwlfdoo| grplqdwhv 8ø

zklfk lq ylhz ri Gh?qlwlrq 7 phdqv wkdw iru doo % zh kdyh û E%ä é %1 Exw wkhq htxdwlrq
+8, lpsolhv ^ EjWøä é ^ EjW` ä dqg vr jWø è jW` +uhphpehu wkdw ^ Eüä lv d ghfuhdvlqj

ixqfwlrq,1 Wkxv/ prylqj iurp wkh htxloleulxp wrzdugv idluqhvv uhtxluhv ghfuhdvlqj

jWø1

Dv lv fohdu iurp h{suhvvlrq +:,/ wkh pdjqlwxgh ri ûâ phdvxuhv wkh lqh!flhqf| ri

pdujlqdoo| vkliwlqj wkh irfxv ri lqwhuglfwlrq wrzdug jurxs ø1 Zkhq ûâ lv vpdoo lw sd|v

wr lqfuhdvh jø ehfdxvh wkh hodvwlflw| wr srolflqj dw htxloleulxp lv kljkhu lq wkh ø jurxs1

Wkh suhylrxv uhvxow |lhogv wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 5 Vxssrvh wkdw 8` lv d vwuhwfk ri 8ø1 Wkhq d pdujlqdo fkdqjh iurp wkh

htxloleulxp wrzdugv idluqhvv ghfuhdvhv h!flhqf|1

Surri= Vlqfh 8` lv d vwuhwfk ri 8ø zh kdyh ûâ E%ä é � iru doo %/ dqg vr wkh vhfrqg

frqglwlrq ri Ohppd 4 lv yhul?hg1 Dv iru wkh ?uvw frqglwlrq/ vlqfh e| dvvxpswlrq 8`

dqg 8ø kdyh wkh vdph lq?pxp ri wkhlu vxssruwv/ wkh vwuhwfk surshuw| jxdudqwhhv wkdw

8` ?uvw0rughu vwrfkdvwlfdoo| grplqdwhv 8ø1 Wkxv doo wkh frqglwlrqv ri Ohppd 4 duh

phw iru dq| ydoxh ^ EjW` ä lq wkh vxssruw ri û1
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9 Lpsohphqwlqj Frpsohwh Idluqhvv

Xqghu wkh frqglwlrqv ri Sursrvlwlrq 5/ vpdoo fkdqjhv wrzdugv idluqhvv xqdpeljxrvo|

ghfuhdvh h!flhqf|> zh qrz wxuq wr odujh fkdqjhv1 Zh jlyh vx!flhqw frqglwlrqv xqghu

zklfk lpsohphqwlqj wkh frpsohwho| idlu rxwfrph ghfuhdvhv h!flhqf| uhodwlyh wr wkh

htxloleulxp srlqw1

Sursrvlwlrq 6 Dvvxph 8` ?uvw0rughu vwrfkdvwlfdoo| grplqdwhv 8ø/ dqg vxssrvh wkhuh

duh wzr qxpehuv ^ dqg ^ vxfk wkdw

ûâ E%ä é 4ð?+MdûE%äc%o sø E+ä
sø Eû E%ää

iru doo % lq
k
^c ^

l
é +;,

Dvvxph ixuwkhu wkdw wkh htxloleulxp rxwfrph EjWøc j
W
` ä lv vxfk wkdw ^ é ^ EjW` ä é

^ EjWøä é ^1 Wkhq/ wkh frpsohwho| idlu rxwfrph lv ohvv h!flhqw wkdw wkh htxloleulxp

rxwfrph1

Surri= Vhh wkh dsshqgl{1

Vlqfh 4ð?+MdûE%äc%o sø E+ä é sø Eû E%ää/ frqglwlrq +;, lv pruh vwulqjhqw wkdq vlpso|

uhtxlulqj wkdw ûâ E%ä é �1 Lw lv vrphwlphv hdv| wr fkhfn zkhwkhu frqglwlrq +;, krogv149

Krzhyhu/ frqglwlrq +;, fdq rqo| krog rq d olplwhg lqwhuydo
k
^c ^

l
1 Wklv lqwhuydo fdqqrw

hqfrpsdvv wkh hqwluh vxssruw ri wkh wzr glwulexwlrqv/ dqg lq jhqhudo wkhuh zloo h{lvw

ydoxhv ri 7 vxfk wkdw ^ EjWøä ru ^ Ej
W
` ä olh rxwvlgh wkh lqwhuydo

k
^c ^

l
1 Pruh lpsruwdqwo|/

wkhuh jhqhudoo| h{lvw ydoxhv ri 7 iru zklfk wkh frqfoxvlrq ri Sursrvlwlrq 6 lv ryhuwxuqhg

dqg wkhuh lv qr wudgh0r> ehwzhhq frpsohwh idluqhvv dqg h!flhqf|1 Wklv lv vkrzq lq wkh

qh{w sursrvlwlrq1

Sursrvlwlrq 7 Dvvxph wkh vxsuhpd ri wkh vxssruwv ri 8ø dqg 8` gr qrw frlqflgh1

Wkhq wkhuh duh ydoxhv ri 7 vxfk wkdw wkh frpsohwho| idlu rxwfrph lv pruh h!flhqw wkdq

wkh htxloleulxp rxwrph1
49Iru lqvwdqfh/ vxssrvh ID lv d xqlirup glvwulexwlrq ehwzhhq 3 dqg N1 Lq wklv fdvh/ dq| ixqfwlrq k

zlwk k +3, @ 3 dqg ghulydwlyh ohvv wkdq rqh vdwlv?hv wkh frqglwlrqv lq Sursrvlwlrq 6 iru doo { lq ^3>N`1

Lqghhg/ lq wklv fdvh iD +|, @iD +k +{,, @ 4 iru doo | lq ^k +{, > {` vr orqj dv { 5 ^3>N`1
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Surri= Zh fdq uhvwdwh wkh dvvxpswlrq rq wkh vxssruwv dv iroorzv1 Ghqrwh zlwk ê wkh
vxsuhpxp ri wkh vxsssruw ri 8ø1 Wkhq/ 8` E êä : � +wklv lv zlwkrxw orvv ri jhqhudolw|/
dv zh fdq uhodeho ø dqg ` ,1

Ghqrwh zlwk j ' 7* Eùø nù` ä wkh vhdufk lqwhqvlw| dw wkh frpsohwho| idlu rxwfrph1

Wkh yduldwlrq lq fulph gxh wr wkh vkliw wr frpsohwh idluqhvv lv

AT ' ùø d8ø Ej Ea ýMä nMäý 8ø EjWø Ea ýMä nMäo +<,

nù` d8` Ej Ea ýMä nMäý 8` EjW` Ea ýMä nMäo é

Fdvh 8` EMä ÷ �1 Iru 7 vx!flhqwo| vpdoo zh jhw d fruqhu htxloleulxp lq zklfk

jW` ' f dqg jWø ' 7*ùø1 Wkhuhiruh/ j
W
` ÷ j ÷ jWø1 Dovr/ zkhq 7 vx!flhqwo| vpdoo jWø

dssurdfkhv }hur/ vr jWø Ea ýMä nM olhv deryh ê1 Vxpplqj xs zh kdyh

ê÷ ^ EjWøä ÷ ^ Ejä ÷ Mé
Xvlqj wkhvh lqhtxdolwlhv dqg uhfdoolqj wkdw 8ø E êä ' � zh fdq uhzulwh h{suhvvlrq +<, dv

AT ' ùø d�ý �o nù` d8` E^ Ejääý 8` EMäo ÷ fé

Fdvh 8` EMä ' �1 Lq wklv fdvh/ slfn wkh pd{lpxp ydoxh ri 7 vxfk wkdw lq

htxloleulxp doo flwl}hqv hqjdjh lq fulph1 Irupdoo|/ wklv lv wkh ydoxh ri 7 jlylqj ulvh wr

jW` c j
W
ø zlwk wkh surshuw| wkdw 8` E^ EjW` ää ' 8ø E^ Ej

W
øää ' � dqg 8- E^ Ej

W
- n 0ää ÷ �

iru doo 0 : f dqg - ' øc` 1 E| gh?qlwlrq ri ê zh duh jxdudqwhhg wkdw ê ' ^ EjWøä ÷
^ Ejä ÷ ^ EjW` ä1 H{suhvvlrq +<, ehfrphv

AT ' ùø d�ý �o nù` d8` E^ Ejääý �o ÷ fé

Sursrvlwlrq 7 kljkoljkwv wkh lpsruwdqfh ri nqrzlqj zkhwkhu wkh htxloleulxp ydoxhv

^ EjW-ä olh lqvlgh wkh lqwhuydo
k
^c ^

l
> wklv lv dgglwlrqdo lqirupdwlrq eh|rqg wkh nqrzohgjh

ri 8ø dqg 8` zklfk zdv qrw qhfhvvdu| iru Sursrvlwlrq 51 Sursrvlwlrq 7 vkrxog eh

frqwudvwhg zlwk Sursrvlwlrq 51 Rqh uhvxowlqj lqvljkw vkrxog eh wkdw lw lv hdvlhu wr
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suhglfw wkh lpsdfw rq h!flhqf| ri vpdoo fkdqjhv lq idluqhvv/ udwkhu wkdq wkh h>hfwv ri

d vkliw wr frpsohwh idluqhvv14:

: Uhfryhulqj wkh Glvwulexwlrq ri Ohjdo Hduqlqj Rs0

sruwxqlwlhv

Zkdw lv uhohydqw iru wkh flwl}hq*v ghflvlrq ri zkhwkhu wr hqjdjh lq fulph lv klv2khu

srwhqwldo ohjdo hduqlqj rssruwxqlwlhv1 Wr hvwlpdwh wkh TT sorw lw zrxog eh khosixo

wr nqrz wkh glvwulexwlrqv ri srwhqwldo ohjdo hduqlqj rssruwxqlwlhv1 Krzhyhu/ srwhqwldo

ohjdo hduqlqjv duh vrphwlphv xqrevhuydeoh1 Wklv lv ehfdxh/ dffruglqj wr rxu prgho/

flwl}hqv zlwk srwhqwldo ohjdo lqfrph ehorz d wkuhvkrog fkrrvh wr hqjdjh lq fulph1 Wkhvh

shsoh gr qrw wdnh dgydqwdjh ri wkhlu ohjdo hduqlqj rssruwxqlwlhv1 Vrph ri wkhvh shrsoh

zloo eh fdxjkw dqg sxw lq mdlo/ dqg duh wkxv plvvlqj iurp rxu gdwd/ zklfk udlvhv wkh

lvvxh ri wuxqfdwlrq1 Wkh uhpdlqlqj iudfwlrq ri wkrvh shrsoh zkr fkrrvh wr ehfrph

fulplqdov hvfdshv ghwhfwlrq1 Zkhq sroohg/ wkhvh shrsoh duh xqolnho| wr uhsruw dv wkhlu

lqfrph wkh srwhqwldo ohjdo lqfrph9wkh lqfrph wkdw wkh| zrxog kdyh hduqhg kdg wkh|

qrw hqjdjhg lq fulph1 Li zh dvvxph wkdw wkhvh 3oxfn|4 fulplqdov uhsruw }hur lqfrph

zkhq sroohg/ wkhq zh kdyh d sureohp ri fhqvrulqj ri rxu gdwd1

Lq wklv vhfwlrq zh suhvhqw d vlpsoh h{whqvlrq ri wkh prgho wkdw flufxpyhqwv wkhvh

vhohfwlrq sureohpv dqg lv pruh uhdolvwlf1 Zlwklq wkh dvvxpswlrqv ri wklv dxjphqwhg

prgho/ wkh TT sorw ri uhsruwhg hduqlqjv fdq hdvlo| eh dgmxvwhg wr frlqflgh zlwk wkh

TT sorw ri srwhqwldo ohjdo hduqlqjv1 Wkxv/ phdvxuhphqw ri wkh TT sorw ri srwhqwldo

ohjdo hduqlqjv lv xqd>hfwhg e| wkh vhohfwlrq sureohp hyhq wkrxjk wkh f1g1i1*v wkhpvhoyhv

duh d>hfwhg1
4:Dowkrxjk lq wkh surri ri Sursrvlwlrq 7 zh kdyh fkrvhq wkh ydoxh ri V vxfk wkdw dw wkh frpsohwho|

idlu rxwfrph doo flwl}hqv ri rqh jurxs hqjdjh lq fulph/ wklv ihdwxuh lv qrw qhfhvvdu| iru wkh frqfoxvlrq1

Lq idfw/ lw lv srvvleoh wr frqvwuxfw h{dpsohv lq zklfk/ hyhq dv k3 ? 4> +d, wkh frpsohwho| idlu doorfdwlrq

lv pruh h!flhqw wkdq wkh htxloleulxp rqh/ dqg +e, dw wkh frpsohwho| idlu doorfdwlrq erwk jurxsv kdyh

d iudfwlrq ri fulplqdov ehwzhhq }hur dqg rqh1
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Frqvlghu d zruog lq zklfk d iudfwlrq k ri flwl}hqv ri erwk udfhv lv ghfhqw/ l1h1/ zloo

qhyhu hqjdjh lq fulph qr pdwwhu krz orz wkhlu ohjdo hduqlqj rssruwxqlw|1 Wkh uhpdlqlqj

iudfwlrq E�ý kä ri flwl}hqv duh vwuhhw/ l1h1/ zloo hqjdjh lq fulph li wkh h{shfwhg uhwxuq

iurp fulph h{fhhgv wkhlu ohjdo lqfrph rssruwxqlw|> wklv lv wkh w|sh ri djhqw zh kdyh

glvfxvvhg xqwlo qrz1 Wkh srolfh fdqqrw glvwlqjxlvk zkhwkhu d flwl}hq lv ghfhqw ru vwuhhw1

Wkh edvh prgho lq wkh suhylrxv vhfwlrqv fruuhvsrqgv wr wkh fdvh zkhuh k ' f1

Jlyhq d vhdufk lqwhqvlw| j- iru jurxs -/ wkh iudfwlrq ri flwl}hqv ri udfh - zkr

hqjdjh lq fulph lv E�ý kä8- E^ Ej-ää1 Wkh dqdo|vlv ri Vhfwlrq 6 jrhv wkurxjk doprvw

xqfkdqjhg/ dqg iru dq| k : f wkh htxloleulxp dqg h!flhqf| frqglwlrqv frlqflgh zlwk

frqglwlrqv +5, dqg +7,1 Frqvhtxhqwo|/ wkh htxloleulxp dqg h!flhqw doorfdwlrqv duh lqgh0

shqghqw ri k/ dqg wkh dqdo|vlv ri Vhfwlrqv 8 dqg 9 jrhv wkurxjk yhuedwlp1 Wklv phdqv

wkdw dovr lq wklv dxjphqwhg prgho/ rxu suhglfwlrqv derxw wkh uhodwlrqvkls ehwzhhq h!0

flhqf| dqg idluqhvv ghshqg rq wkh vkdsh ri wkh TT sorw ri +xqrevhuydeoh, ohjdo hduqlqj

rssruwxqlwlhv1

Sursrvlwlrq 8 Dvvxph doo flwl}hqv zkr hqjdjh lq fulph uhsruw hduqlqjv ri }hur zkloh

doo flwl}hqv zkr gr qrw hqjdjh lq fulph uhdol}h wkhlu srwhqwldo ohjdo hduqlqjv dqg uhsruw

wkhp wuxwkixoo|1 Wkhq/ jlyhq dq| iudfwlrq k 5 Efc �ä ri ghfhqw flwl}hqv/ wkh TT sorw ri
wkh uhsruwhg hduqlqjv htxdov/ lq htxloleulxp/ wkh TT sorw ri srwhqwldo ohjdo hduqlqjv1

Surri= Ohw xv frpsxwh e8- E%ä/ wkh glvwulexwlrq ri uhsruwhg hduqlqjv1 Doo flwl}hqv ri

udfh - zlwk srwhqwldo ohjdo hduqlqjv ri % : ^ EjW-ä gr qrw hqjdjh lq fulph uhjdugohvv

ri zkhwkhu wkh| duh ghfhqw ru vwuhhw1 Wkh| uhdol}h wkhlu srwhqwldo ohjdo hduqlqjv/ dqg

uhsruw wkhp wuxwkixoo|1 Wklv phdqv wkdw e8- E%ä ' 8- E%ä zkhq % : ^ EjW-ä1
Lq frqwudvw/ flwl}hqv ri udfh - zlwk dq % ÷ ^ EjW-ä hqjdjh lq fulph zkhq wkh| duh

vwuhhw/ dqg uhsruw }hur lqfrph1 Wkxv/ iru % ÷ ^ EjW-ä wkh iudfwlrq ri flwl}hqv zkr uhsruw

lqfrph ohvv wkdq % lv

e8- E%ä ' k8- E%ä n E�ý kä8- E^ EjW-ää é
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Wkh ixqfwlrq e8- E%ä lv frqwlqxrxv1 Ixuwkhupruh/ wkh txdqwlw| E�ý kä8- E^ EjW-äälv
htxdo wr vrph frqvwdqw q zklfk/ gxh wr wkh htxloleulxp frqglwlrq/ lv lqghshqghqw ri

-1 Zh fdq wkhuhiruh zulwh

e8- E%ä '
;A?A= k8- E%ä n q iru % ÷ ^ EjW-ä

8- E%ä iru % : ^ EjW-ä é

Wkh lqyhuvh ri e8- uhdgv

e83�- ERä '

;A?A= 83�-
í
R3q
k

ì
iru R ÷ 8- E^ EjW-ää

83�- ERä iru R : 8- E^ EjW-ää é
+43,

Ghqrwh wkh TT sorw ri wkh uhsruwhg lqfrph glvwulexwlrqv e|

eû E%ä ghi
' e83�ø í e8` E%äì é

Zkhq % : ^ EjW` ä wkhq e8` E%ä ' 8` E%ä/ dqg vr

eû E%ä ' e83�ø í e8` E%äì
' e83�ø E8` E%ää

' 83�ø E8` E%ää ' û E%ä c

zkhuh wkh vhfrqg0wr0odvw htxdolw| iroorzv iurp +43, ehfdxvh khuh 8` E%ä : 8` E^ EjW` ää '

8ø E^ Ej
W
øää1 Zkhq % ÷ ^ EjW` ä wkhq e8` E%ä ' k8` E%ä n q/ dqg vr
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Sursrvlwlrq 8 vxjjhvwv d phwkrg zklfk/ xqghu wkh dvvxpswlrq ri rxu prgho/ fdq eh

hpsor|hg wr uhfryhu wkh TT sorw ri srwhqwldo ohjdo hduqlqjv vwduwlqj iurp wkh glvwule0

xwlrqv ri uhsruwhg hduqlqjv1 Lw vx!fhv wr dgg wr wkh vdpsoh wkh sursruwlrq ri shrsoh

zkr duh qrw vdpsohg ehfdxvh lqfdufhudwhg/ dqg frxqw wkhp dv uhsruwlqj }hur lqfrph1

Vlqfh zh dvvxph wkdw wkh 3oxfn|4 fulplqdov +zkr duh lq rxu vdpsoh, duh douhdg| uh0

sruwlqj }hur lqfrph/ wklv prgl?fdwlrq dfklhyhv d vlwxdwlrq lq zklfk doo flwl}hqv zkr

duh fulplqdov uhsruw hduqlqjv ri }hur1 Wkh prgl?hg vdpsoh lv wkhq frqvlvwhqw zlwk

wkh dvvxpswlrqv ri Sursrvlwlrq 8/ dqg vr |lhogv wkh fruuhfw TT sorw hyhq wkrxjk wkh

glvwulexwlrqv ri uhsruwhg lqfrph vx>hu iurp vhohfwlrq14;

Dv dq looxvwudwlrq ri wklv phwkrgrorj| zh fdq frpsxwh wkh TT sorw edvhg rq gdwd

iurp wkh Pdufk 4<<< FSV vxssohphqw1 Zh wdnh wkh f1g1i1*v ri wkh |hduo| hduqlqjv

glvwulexwlrqv ri pdohv ri djh 48088 zkr uhvlgh lq Phwursrolwdq Vwdwlvwlfdo Duhdv ri wkh

XV14< Iljxuh 4 suhvhqwv wkh f1g1i1*v ri uhsruwhg hduqlqjv1 Lw lv fohdu wkdw wkh vwrfkdvwlf

grplqdqfh uhtxluhphqw lv vdwlv?hg1 Iru hdfk udfh zh wkhq dgg d iudfwlrq ri }hurv htxdo

wr wkh shufhqwdjh ri pdohv zkr duh lqfdufhudwhg/ dqg wkhq frpsxwh wkh TT sorw153

Iljxuh 5 suhvhqwv wkh TT sorw ehwzhhq hduqlqj ohyhov ri }hur dqg '433/333=54 Wklv

slfwxuh vxjjhvwv wkdw wkh vwuhwfk uhtxluhphqw lv olnho| wr eh vdwlv?hg/ h{fhsw shukdsv

lq dq lqwhuydo ri hduqlqjv iru zklwhv ehwzhhq 43/333 dqg 48/3331 Lq rughu wr jhw d

ghulydwlyh ri wkh TT sorw wkdw lv vwdeoh/ zh ?uvw vprrwk wkh s1g1i1*v dqg wkhq xvh

wkhp wr frqvwuxfw d vprrwkhg TT sorw155 Iljxuh 6 suhvhqwv wkh ghulydwlyh ri wkh

4;Qrwlfh wkdw/ wr lpsohphqw wklv surfhgxuh/ lw lv qrw qhfhvvdu| wr nqrz ò ru âúU1 Lq frqwudvw/

nqrzohgjh ri wkhvh txdqwlwlhv zrxog eh qhfhvvdu| wr uhfryhu wkh f1g1i1*v ri ohjdo hduqlqj rssruwxqlwlhv

iurp wkh f1g1i1*v ri uhsruwhg hduqlqjv1
4<H{foxglqj wkh glvdeohg dqg wkh plolwdu| shuvrqqho1 Hduqlqjv duh jlyhq e| wkh yduldeoh SHDUQYDO

dqg lqfoxgh wrwdo zdjh dqg vdodu|/ vhoi0hpsor|phqw hduqlqjv/ dv zhoo dv dq| idup vhoi0hpsor|phqw

hduqlqjv1
53Ri 433/333 Diulfdq0Dphulfdq +zklwh, flwl}hqv/ 9;6; +<<3, duh lqfdufhudwhg dffruglqj wr gdwd iurp

wkh Ghsduwphqw ri Mxvwlfh1
54Zh ljqruh wkrvh zlwk ohjdo hduqlqjv rssruwxqlw| deryh '433/333 dv wkhvh lqglylgxdov duh ihz dqg

wkh irufhv lq rxu prgho duh xqolnho| wr dffxudwho| ghvfuleh wkhlu lqfhqwlyhv wr frpplw fulphv1
55Wkh vprrwkhg s1g1i1*v duh frpsxwhg xvlqj d txduwlf nhuqho ghqvlw| hvwlpdwru zlwk d edqgzlgwk ri
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vprrwkhg TT sorw1 Wkh slfwxuh vxjjhvw wkdw wkh ghulydwlyh ri wkh TT sorw whqgv

wr eh vpdoohu wkdq rqh dw hduqlqjv vpdoohu wkdq '433/333 iru zklwhv1 Wkh ghulydwlyh

dssurdfkhv rqh durxqg hduqlqjv ri '45/333 iru zklwhv1 Lw lv dovr srvvleoh wr jhw d

vhqvh ri zkhwkhu frqglwlrq +;, lq Sursrvlwlrq 6 lv vdwlv?hg e| sorwwlqj wkh h{suhvvlrq

ûâ E%ä sø Eû E%ää *4ð?+MdûE%äc%o sø E+ä1 Zkhqhyhu wklv iudfwlrq lv vpdoohu wkdq rqh/ wkdw

frqglwlrq lv vdwlv?hg1 Iljxuh 7 sorwv wklv iudfwlrq dv d ixqfwlrq ri %1

; Glvuhsxwh Dv d Frvw ri Ehlqj Vhdufkhg

Lq wklv sdshu zh srvlw wkdw lw lv ghvludeoh wr htxdol}h vhdufk lqwhqvlwlhv dfurvv jurxsv1

Wklv sulqflsoh uhvwv rq wkh lghd wkdw ehlqj vhdufkhg e| srolfh hqwdlov d frvw ri wlph

ru glvwuhvv/ dqg wkdw wklv frvw vkrxog eh eruq htxdoo| +lq h{shfwdwlrq, e| flwl}hqv ri

doo jurxsv156 Lw pd| vhhp kdupohvv wr h{whqg wklv lqwhusuhwdwlrq wr frvwv wkdw uhodwh

wr wkh rxwvlgh shufhswlrq ri wkh lqglylgxdo ehlqj vhdufkhg1 Wklv lv wr fdswxuh wkh

vwljpdwl}dwlrq/ vkdph/ ru glvuhsxwh/ wkdw lv dwwdfkhg wr ehlqj vlqjohg rxw iru vhdufk

e| wkh srolfh1 Wkh lghd lv wkdw ehlqj sxeolfo| vhdufkhg hqwdlov d frvw ehfdxvh rwkhu

shrsoh +e|vwdqghuv/ qhljkeruv/ hwf1, xvh wkh vhdufk hyhqw wr lqihu vrphwklqj derxw wkh

fulplqdo surshqvlw| ri wkh lqglylgxdo zkr lv vxemhfw wr vhdufk157 Lq wklv dffhswlrq/

glvuhsxwh lv qrw d d sulplwlyh ri wkh prgho1 Udwkhu/ krz pxfk glvuhsxwh lv hqwdlohg

zlwk ehlqj vhdufkhg ghshqgv rq wkh vhdufk vwudwhj| wkdw srolfh xvh1

Wkh idfw wkdw wkh orvv ri uhsxwdwlrq lv hqgrjhqrxv wr wkh prgho rshqv xs wkh srvvl0

'</3331
56Wkhvh frvwv hqfrpsdvv 3remhfwlyh4 dqg 3vxemhfwlyh4 lqwuxvlrqv/ dv gh?qhg lq Plfkljdq Ghs*w ri

Srolfh y1 Vlw}/ 7<9 X1V1 777 +4<<3,1

57Vorerjlq +4<<4, fdoov wklv qrwlrq 3idovh vwljpdwl}dwlrq4 dqg vd|v wkdw 3111 wkh lqqrfhqw lqglylg0

xdo fdq ohjlwlpdwho| fodlp dq lqwhuhvw lq dyrlglqj wkh vwljpd/ hpeduudvvphqw/ dqg lqfrqyhqlhqfh ri d

plvwdnhq lqyhvwljdwlrq14 Wklv lqwhuhvw lv olvwhg/ dorqj zlwk wkdw ri surwhfwlrq djdlqvw xqmxvwl?hg jry0

huqphqw lqiulqjhphqw ri 3sulydf|4 dqg 3dxwrqrp|/4 dqg wkdw ri dyrlglqj jryhuqphqw dfwlrq ghvljqhg

wr kdudvv/ dv wkh wkuhh nh| lqwhuhvw ri flwl}hqv lq dyrlglqj vhdufk dqg vhl}xuh1 +s1 :1,
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elolw| wkdw/ e| hpsor|lqj gl>huhqw vhdufk vwudwhjlhv/ wkh srolfh pljkw uhgxfh wkh wrwdo

dprxqw ri glvfuhglw lq wkh hfrqrp| dqg dfklhyh d Sduhwr lpsuryhphqw1 Dowhuqdwlyho|/

lw vhhpv srvvleoh wkdw e| dowhulqj wkhlu vhdufk vwudwhj|/ wkh srolfh pljkw wudqvihu vrph

ri wkh exughq dfurvv udfldo jurxsv1 Krzhyhu/ zh dujxh wkdw qhlwkhu srvvlelolw| lv wuxh1

Wr  hvk rxw wkh dujxphqw/ ohw xv hvwdeolvk d plqlpdo prgho lq zklfk lw lv phdq0

lqjixo wr wdon derxw glvuhsxwh1 Lq dgglwlrq wr wkh revhuydeoh fkdudfwhulvwlf udfh/ wkhuh

pxvw eh vrph fkdudfwhulvwlf zklfk lv xqrevhuydeoh wr wkh e|vwdqghuv exw revhuydeoh wr

srolfh/ dqg wklv fkdudfwhulvwlf pxvw eh fruuhodwhg zlwk fulplqdo ehkdylru1 Ghqrwh wklv

fkdudfwhulvwlf e| S/ zklfk kdv vrph glvwulexwlrq èh ESm-ä lq hdfk udfh1 Iru frqfuhwhqhvv/
zh uhihu wr wklv fkdudfwhulvwlf dv wkh fulplqdo uhfrug1 Vlqfh wkh srolfh frqglwlrq wkhlu

vhdufk ehkdylru rq S/ xsrq vhhlqj dq lqglylgxdo ehlqj vhdufkhg/ wkh e|vwdqghuv zrxog

xsgdwh wkhlu sulru derxw wkh S ydoxh ri wkh lqglylgxdo ehlqj vhdufkhg/ dqg khqfh derxw

klv fulplqdo surshqvlw|1 Ghqrwh zlwk j ESc -ä wkh suredelolw| ri ehlqj vhdufkhg ri d

udqgrp lqglylgxdo zlwk fulplqdo uhfrug S dqg udfh -1

Zh gh?qh wkh glvuhsxwh # ri dq lqglylgxdo zlwk udfh - dv

# E-ä ' èh E- lv fulplqdoäý èh E- lv fulplqdo m vhdufkhgä c

zkhuh wkh hyhqw 3- lv fulplqdo m vhdufkhg4 ghqrwhv wkh hyhqw wkdw d udqgrpo| fkrvhq

lqglylgxdo ri udfh - lv fulplqdo frqglwlrqdo rq klv ehlqj vhdufkhg158 Wkxv/ zh gh?qh wkh

frvw ri glvuhsxwh dv wkh dprxqw ri xsgdwlqj wkdw dq revhuyhu grhv derxw dq lqglylgxdo

ri udfh - xsrq vhhlqj wkdw kh lv ehlqj vhdufkhg1 Wklv gh?qlwlrq fdswxuhv d qrwlrq ri

wkh kxploldwlrq frqqhfwhg zlwk ehlqj sxeolfo| vhdufkhg1

Frqvlvwhqw zlwk wkh qrwlrq ri xsgdwlqj/ zh pxvw dovr wdnh lqwr dffrxqw wkh idfw

wkdw dq revhuyhu xsgdwhv derxw d udqgrp lqglylgxdo dovr zkhq wkdw lqglylgxdo lv qrw

vhdufkhg1 Lqglylgxdov zkr duh qrw vhdufkhg h{shulhqfh d fruuhvsrqglqj lqfuhdvh lq

vwdwxv1 Zh whup wklv h>hfw qhjdwlyh glvuhsxwh dqg zh ghqrwh lw e| w1 Irupdoo|/

w E-ä ' èh E- lv fulplqdoäý èh E- lv fulplqdo m qrw vhdufkhgä é
58Wkhuh lv qrwklqj vshfldo derxw wkh hyhqw 3U lv fulplqdo14 Wkh dujxphqw lq wklv vhfwlrq dssolhv

htxdoo| wr dq| hyhqw ri wkh irup 3wkh lqglylgxdo ri udfh U kdv d ydoxh ri f 5 H/4 zkhuh H lv dq| vhw1
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Wkh wrwdo glvuhsxwh h>hfw +srvlwlyh dqg qhjdwlyh, lq udfh - lv

# E-ä ü j E-ä n w E-ä ü E�ý j E-ää ' fc

zkhuh j E-ä '
S
S j E-c Sä èh ESm-ä ghqrwhv wkh suredelolw| wkdw d udqgrpo| fkrvhq

lqglylgxdo ri udfh - lv vhdufkhg1 Htxdolw| wr }hur uh hfwv wkh idfw wkdw srvwhulru sure0

delolwlhv duh pduwlqjdohv1 Wklv phdqv wkdw/ lq whupv ri wrwdo kxploldwlrq/ wkh vhdufk

vwudwhj| lv qhxwudo zlwklq udfh -1 Qr pdwwhu zkdw wkh vhdufk vwudwhj|/ wkh glvuhsxwh

h>hfw kdv frqvwdqw vxp zlwklq d udfh159 Ehfdxvh fkdqjlqj wkh vhdufk vwudwhj| fdqqrw

fkdqjh wkh dyhudjh glvuhsxwh zlwklq d udfh +zklfk lv dozd|v }hur,/ d qrwlrq ri idluqhvv

wkdw suhvfulehv htxdwlqj frvwv ri ehlqj vhdufkhg dfurvv udfhv fdqqrw eh edvhg rq wkh

frvw ri vkdph1

Wklv lv qrw wr vd| wkdw wkh sulru èh E- lv fulplqdoä lv xqd>hfwhg e| wkh vhdufk

vwudwhj| j1 Dv zh kdyh vhhq/ lqfuhdvlqj j E-ä ghfuhdvhv wkh suredelolw| wkdw phpehuv

ri jurxs - duh fulplqdov1 Zkdw wklv qhxwudolw| uhvxow vd|v lv wkdw/ zkhq zh hydoxdwh wkh

h>hfwv ri d fhuwdlq vhdufk vwudwhj|/ zh fdq ljqruh wkh glvwulexwlyh h>hfwv ri glvuhsxwh

dfurvv udfhv1

< Glvfxvvlrq ri Prgholqj Fkrlfhv

Wkh remhfwlyh ixqfwlrq ri srolfh Dq lpsruwdqw dvvxpswlrq lq rxu prgho lv

wkdw srolfh fkrrvh zkrp wr vhdufk vr dv wr pd{lpl}h wkh suredelolw| ri fdwfklqj fulp0

lqdov1 Zh eholhyh wklv dvvxpswlrq rq srolfh ehkdylru lv uhdolvwlf> wkh qrwlrq wkdw srolfh

zlvk wr pd{lpl}h vxffhvvixo vhdufkhv fdswxuhv dq lpsruwdqw dvshfw ri uhdo0zruog fduhhu

lqfhqwlyhv iru srolfh15: Wklv vwdwhphqw lv vxssruwhg e| wkh h{solflw uhihuhqfh wr wklv

59Qrwlfh wkdw wklv dujxphqw grhv qrw uho| rq dq| dvvxpswlrq rq ehkdylru ri hlwkhu srolfh ru flwl}hqv1

Lw lv sxuho| d srlqw derxw Ed|hvldq xsgdwlqj1
5:Lq rxu prgho zh vlpsoli| e| dvvxplqj wkdw wklv lv wkh rqo| ghwhuplqdqw ri srolfh lqfhqwlyhv/ exw

wklv lv qrw hvvhqwldo iru wkh uhvxow wkdw wkh htxloleulxp lv lqh!flhqw= zkdw pdwwhuv lv wkdw wkhuh lv vrph

vxfk lqfhqwlyh1
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srlqw lq wkh Yhuqlhur dqg ]rxehn +4<<<,/ dv zhoo dv e| dqhfgrwdo hylghqfh15; Iurp d

pruh wkhruhwlfdo vwdqgsrlqw/ uhzduglqj r!fhuv edvhg rq wkhlu shuirupdqfh lv d qdwxudo

zd| ri ghdolqj zlwk wkh sureohp ri xqrevhuydeoh h>ruw rq wkh sduw ri srolfh1 Lq d

zruog zkhuh dq lqglylgxdo srolfh r!fhu*v h>ruw lv wrr vpdoo wr phdvxudeo| d>hfw wkh

djjuhjdwh fulph ohyho/ uhzduglqj vxffhvvixo vhdufkhv lv wkh qdwxudo zd| wr lqgxfh srolfh

wr h{huw h>ruw1

Wkh idfw wkdw wkh h!flhqw +fulph0plqlpl}lqj, rxwfrph lv qrw dfklhyhg grhv qrw

phdq wkdw lw fdqqrw eh dfklhyhg lq wklv vhwxs1 Wkh h!flhqw doorfdwlrq fdq eh lpsoh0

phqwhg/ dw wkh frvw ri jlylqj udfh0ghshqghqw lqfhqwlyhv wr srolfh1 Wkdw lv/ h!flhqf|

zloo jhqhudoo| uhtxluh jlylqj srolfh kljkhu uhzdugv iru vxffhvvixo exvwv rq flwl}hqv ri d

sduwlfxodu udfh1 Krzhyhu/ lw lv grxewixo wkdw lw zrxog eh srolwlfdoo| ihdvleoh/ ru hwklfdoo|

ghvludeoh/ wr vhw xs vxfk lqfhqwlyh vfkhphv1 Lq dgglwlrq/ dv vkrzq lq Vhfwlrq 7/ wkh

h!flhqw rxwfrph pd| eh yhu| xqidlu1

Qrq0udfldoo| eldvhg srolfh Lq wklv sdshu zh dvvxph wkdw srolfh duh qrw udflvw/

l1h1/ wkdw wkh| gr qrw ghulyh juhdwhu xwlolw| iurp vhdufklqj d phpehu ri jurxs ø wkdq

d phpehu ri jurxs ` 1 Zh gr wklv iru wzr uhdvrqv= Iluvw/ ehfdxvh zh duh lqwhuhvwhg lq

krz wkh v|vwhp ri srolfh lqfhqwlyhv +pd{lpl}lqj vxffhvvixo vhdufkhv, uhvxowv lq glvsdudwh

wuhdwphqw/ dqg wkh wkhruhwlfdoo| fohdq zd| wr dgguhvv wklv txhvwlrq lv wr devwudfw iurp

dq| eljrwu|1 Vhfrqg/ ehfdxvh dw ohdvw lq vrph sudfwlfdo lqvwdqfhv ri doohjhg glvsdudwh

lpsdfw/ wkh xqidluqhvv lv dvfulehg wr wkh lqfhqwlyh v|vwhp/ dqg qrw gluhfwo| wr udflvp ri

wkh srolfh> wklv lv wkh srvlwlrq lq Yhuqlhur dqg ]rxehn +4<<<, +vhh Sduw LLL G,/ dqg lv dovr

frqvlvwhqw zlwk wkh ?qglqjv lq Nqrzohv/ Shuvlfr/ dqg Wrgg +5333,1 Wkhuhiruh/ zh wklqn

lw lv lqwhuhvwlqj wr vwxg| rxu sureohp devwudfwlqj iurp wkh lvvxh ri eljrwu|1 Li srolfh zhuh

udfldoo| eldvhg/ wkhq wkdw zrxog eh dq dgglwlrqdo idfwru ghwhuplqlqj wkh htxloleulxp

exw lw zrxog qrw qhfhvvdulo| pdnh lw pruh h!flhqw wr lpsohphqw idluqhvv +dowkrxjk rqh

5;Vhh iru lqvwdqfh Yhuqlhur dqg ]rxehn +4<<<,/ s1 76/ iru d glvfxvvlrq ri wkh lqfhqwlyh h>hfwv ri wkh

3Wurrshu ri wkh \hdu4 Dzdug/ jlyhq wr wkh wurrshu ri wkh QM srolfh zkr pdgh wkh prvw guxj duuhvwv

dqg wkh odujhvw guxj vhl}xuhv1
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frxog dujxh wkdw lw zrxog pdnh idluqhvv pruh ghvludeoh rq prudo jurxqgv,1

Qrwlrqv ri h!flhqf| ri lqwhuglfwlrq Zh kdyh wdnhq wkh srvlwlrq wkdw h!0

flhqf| ri lqwhuglfwlrq lv phdvxuhg e| wkh wrwdo qxpehu ri flwl}hqv zkr frpplw fulphv1

Dffruglqj wr wklv phdvxuh/ jlyhq d wrwdo qxpehu ri fulphv/ h!flhqf| ri lqwhuglfwlrq lv

wkh vdph zkhwkhu prvw ri wkh fulphv duh frpplwwhg e| rqh udfldo jurxs ru htxdoo| e|

erwk udfldo jurxsv1 Krzhyhu/ rqh pd| dujxh wkdw li prvw ri wkh fulphv duh frpplwhg

e| rqh udfldo jurxs/ wkhq phpehuv ri wkdw jurxs duh dovr glvsursruwlrqdwho| jrlqj wr

eh wkh wdujhwv ri fulph/ dqg wkdw wkhuhiruh rqh vkrxog dovr wu| wr uhgxfh wkh lqhtxdolw|

lq wkh glvwulexwlrq ri fulph dfurvv jurxsv1 Wklv lv d ydolg dujxphqw zklfk vxjjhvwv

vrph lqwhuhvwlqj txhvwlrqv/ vxfk dv krz pxfk lqhtxdolw| lq wkh fulph udwhv vkrxog eh

wrohudwhg dfurvv jurxsv1 Nhhslqj wkh fulph udwh frpsohwho| krprjhqhrxv dfurvv jurxsv

qhfhvvlwdwhv srolflqj gl>huhqw jurxsv zlwk gl>huhqw lqwhqvlw|/ zklfk rssrqhqwv ri udfldo

sur?olqj ?qg lqdssursuldwh1 Krz wr vwulnh dq dssursuldwh edodqfh ehwzhhq frqvlghud0

wlrqv ri idluqhvv lq srolflqj dqg glvsdulwlhv lq fulph udwhv dfurvv jurxsv lv dq lqwhuhvwlqj

txhvwlrq zklfk zh ohdyh iru ixwxuh uhvhdufk1

43 Frqfoxvlrq

Wkh frqwuryhuv| rq udfldo sur?olqj irfxvvhv rq wkh idfw wkdw/ lq ghflglqj zkrp wr vhdufk/

srolfh xvh udfh dv d sur{| iru rwkhu xqrevhuydeoh fkdudfwhulvwlfv1 Wkh uhvxowlqj udfldo

glvsdulw| lv xqiruwxqdwh/ exw lw pd| eh ohjdo +h1j1/ frqvlvwhqw zlwk wkh 7wk dphqgphqw,

li lw lv dq xqdyrlgdeoh e|0surgxfw ri h>hfwlyh srolflqj1 Lq wklv sdshu zh kdyh suhvhqwhg

wkh plqlpdo prgho wkdw doorzv xv wr lqyhvwljdwh wkh lvvxh1 Zh kdyh vkrzq wkdw wkh wzr

jrdov ri srolflqj9idluqhvv dqg h>hfwlyhqhvv9duh qrw qhfhvvdulo| lq frqwudvw> vrphwlphv/

iruflqj wkh srolfh wr ehkdyh pruh idluo| fdq lqfuhdvh h>hfwlyhqhvv ri lqwhuglfwlrq1 Zh

kdyh jlyhq h{dfw frqglwlrqv xqghu zklfk/ zlwklq rxu vlpsoh prgho/ vxfk d wudgh0r> lv

suhvhqw1 Wkhvh frqglwlrqv duh edvhg rq wkh glvwulexwlrqv ri ohjdo hduqlqj rssruwxqlwlhv

ri flwl}hqv/ dqg duh h{suhvvhg dv frqwudlqwv rq wkh TT sorw ri wkhvh glvwulexwlrqv1 Wkxv/
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rxu prgho uhodwhv wkh wudgh0r> ehwzhhq idluqhvv dqg h!flhqf| ri srolflqj wr lqfrph

glvsdulwlhv dfurvv udfhv1 Lq rxu prgho lw lv srvvleoh wr uhfryhu wkh TT sorw ri wkh

glvwulexwlrqv ri ohjdo hduqlqj rssruwxqlwlhv xvlqj uhsruwhg hduqlqjv/ vr rxu dssurdfk

kdv wkh srwhqwldo wr gholyhu txdqwlwdwlyh lpsolfdwlrqv1 Ilqdoo|/ zh kdyh vxjjhvwhg wkdw

d uhglvwulexwlyh qrwlrq ri idluqhvv +doo flwl}hqv vkrxog ehdu wkh vdph h{shfwhg frvw ri

ehlqj vhdufkhg, pd| qrw eh phdqlqjixo zkhq wkh frvwv ri ehlqj vhdufkhg ghulyhv iurp

wkh vwljpdwl}dwlrq frqqhfwhg zlwk ehlqj vlqjohg rxw iru vhdufk1

Wklv sdshu kdv ghdow zlwk d yhu| vlpsoh prgho zkhuh fulph lv hqgrjhqrxv dqg

wkh ghflvlrq wr eh d fulplqdo uh hfwv odfn ri ohjdo hduqlqj rssruwxqlwlhv1 Wr kljkoljkw

wkh edvlf irufhv lq wkh vlpsohvw zd|/ zh fkrvh wr irfxv rq ihz prgholqj hohphqwv1

Ri frxuvh/ dq| uhdolvwlf vlwxdwlrq zrxog eh ulfkhu lq ghwdlo wkdq wklv vw|ol}hg prgho/

dqg d qxpehu ri dgglwlrqdo frqvlghudwlrqv pd| eh uhohydqw lq hdfk fdvh1 Lq vshfl?f

vlwxdwlrqv ri srolflqj/ pruh prgholqj vwuxfwxuh pd| hqulfk wkh lqvljkwv ri wkh vlpsoh

prgho suhvhqwhg khuh1
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Surri ri Sursrvlwlrq 61

Surri= Vlqfh 8` ?uvw0rughu vwrfkdvwlfdoo| grplqdwhv 8ø/ zh kdyh jW` é j é jWø1 Wr
frqvwuxfw wkh wrwdo yduldwlrq lq fulph iurp lpsohphqwlqj wkh idlu rxwfrph/ zulwh
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Qrz/ ghqrwlqj 6 ' 4ð?jMdjcjWøo sø E^ Ejää/ wkh ?uvw lqwhjudo lq wkh deryh h{suhvvlrq lv

juhdwhu wkdq
U jWø
j 6_r/ dqg vr
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zkhuh wr jhw wkh odvw htxdolw| zh xvhg wkh lghqwlw| ù` Ej ý jW` ä ' ýùø Ej ý jWøä1 Wr
yhuli| wklv lghqwlw| zulwh

ùø Ej ý jWøä
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' ýùø Ej ý jWøä é

Qrz/ ohw xv uhwxuq wr h{suhvvlrq +44,> iurp wkh gh?qlwlrq ri 6 zh kdyh

6 ' 4ð?
+Md^EjWøäc^Ejäo

sø E+ä

' 4ð?
+MdûE^EjW` ääc^Ejäo

sø E+ä c

zkhuh wr jhw iurp wkh ?uvw wr wkh vhfrqg olqh zh xvh wkh idfw wkdw wkh htxloleulxp jWøc j
W
`

lv lqwhulru/ dv vkrzq lq wkh surri ri Ohppd 41 Qrz/ ?{ dq| r 5 djW` c jo1 Vlqfh r è jW`
dqg ^ Eüä lv d ghfuhdvlqj ixqfwlrq zh kdyh ^ Erä é ^ EjW` ä dqg vr û E^ Erää é û E^ EjW` ää1
Dovr/ vlqfh r é j zh kdyh ^ Erä è ^ Ejä1 Wkxv/

iru dq| r 5 djW` c jo zh kdyh 6 è 4ð?
+MdûE^Erääc^Eräo

sø E+ä é

Vxevwlwxwlqj iru 6 lqwr h{suhvvlrq +44, zh jhw
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jW`

%
4ð?

+MdûE^Erääc^Eräo
sø E+äý ûâ E^ Erää sø Eû E^ Eräää

&
_rc

zklfk lv srvlwlyh xqghu wkh dvvxpswlrqv ri wkh sursrvlwlrq1 Wklv vkrzv wkdw fulph

lqfuhdvhv dv d uhvxow ri lpsohphqwlqj wkh frpsohwho| idlu rxwfrph1
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Uhihuhqfhv

^4` Guxj Srolf| dqg wkh Fulplqdo Mxvwlfh V|vwhp= Idfw Vkhhw Wkh Vhqwhqflqj Surmhfw/

dydlodeoh rqolqh dw zzz1vhqwhqflqjsurmhfw1ruj2eulhi2837:1kwp

^5` Dqghuvrq/ Holmdk VwuhhwZlvh= Udfh/ Fodvv/ dqg Fkdqjh lq dq Xuedq Frppxqlw|1

Wkh Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr 4<<31

^6` Duqrog/ Eduu| F1 Pdmrul}dwlrq dqg wkh Oruhq} Rughu= D Eulhi Lqwurgxfwlrq1 Ohf0

wxuh Qrwhv lq Vwdwlvwlfv/ 76/ Vsulqjhu0Yhuodj Ehuolq/ Khlghoehuj 4<;:1

^7` Ehfn/ Sk|oolv Z1/ dqg Sdwulfld D1 Gdo| 3Vwdwh Frqvwlwxwlrqdo Dqdo|vlv ri Suhwh{w

Vwrsv= Udfldo Sur?olqj dqg Sxeolf Srolf| Frqfhuqv14 Whpsoh Odz Uhylhz :5/ Idoo

4<<</ s1 8<:1

^8` Ehfnhu/ Jdu| V1 +4<9;, 3Fulph dqg Sxqlvkphqw= Dq Hfrqrplf Dssurdfk4 Mrxuqdo

ri Srolwlfdo Hfrqrp| :9+5, Pdu10Dsu1 4<9;/ 49<054:1

^9` Frdwh/ Vwhskhq> Orxu|/ Johqq F1 3Zloo D!updwlyh0Dfwlrq Srolflhv Holplqdwh Qhj0

dwlyh Vwhuhrw|shvB4 Dphulfdq Hfrqrplf Uhylhz1 Yro1 ;6 +8,1 s 45530731 Ghfhpehu

4<<61

^:` Hkuolfk/ Lvddf +4<:6, 3Sduwlflsdwlrq lq Loohjlwlpdwh Dfwlylwlhv= D Wkhruhwlfdo dqg

Hpslulfdo Lqyhvwljdwlrq4 Mrxuqdo ri Srolwlfdo Hfrqrp| ;4+6, Pd|0Mxq1 4<:6/ 8540

8981

^;` Hkuolfk/ Lvddf1 3Fulph/ Sxqlvkphqw/ dqg wkh Pdunhw iru R>hqvhv14 Mrxuqdo ri

Hfrqrplf Shuvshfwlyhv Yro1 43 +4,1 s 7609:1 Zlqwhu 4<<91

^<` Jlehdxw/ Mrkq 3Sur?olqj= Pdunhg iru Kxploldwlrq/4 Dphulfdq

Edu Dvvrfldwlrq Mrxuqdo/ Ihe1 4<<</ ss1 790:1 Dydlodeoh rqolqh dw

kwws=22zzz1dedqhw1ruj2mrxuqdo2ihe<<235USURIL1KWPO1

^43` Nhqqhg|/ Udqgdoo1 Udfh/ Fulph dqg wkh Odz/ Qhz \run= Sdqwkhrq Errnv/ 4<::1
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^44` Nqrzohv/ Mrkq/ Qlfrod Shuvlfr/ dqg Shwud Wrgg 3Udfldo Eldv lq Prwru0Yhklfoh

Vhdufkhv= Wkhru| dqg Hylghqfh14 Wkh Mrxuqdo ri Srolwlfdo Hfrqrp| 43<+4,/ Ihe0

uxdu| 5334/ ss1 536055<1

^45` Ohkpdqq/ H1 3Frpsdulqj Orfdwlrq H{shulphqwv/4 Wkh Dqqdov ri Vwdwlvwlfv/ 49

+4<;;,/ 85408661

^46` Ohylww/ Vwhyhq G1 3Xvlqj Hohfwrudo F|fohv lq Srolfh Klulqj wr Hvwlpdwh wkh H>hfw

ri Srolfh rq Fulph4 Wkh Dphulfdq Hfrqrplf Uhylhz Yro1 ;: +6,1 s 5:30<31 Mxqh

4<<:

^47` Pdlodwk/ Jhrujh M> Vdpxhovrq/ Oduu|> Vkdnhg/ Dyqhu1 3Hqgrjhqrxv Lqhtxdolw| lq

Lqwhjudwhg Oderu Pdunhwv zlwk Wzr0Vlghg Vhdufk14 Dphulfdq Hfrqrplf Uhylhz

Yro1 <3 +4,1 s 790:51 Pdufk 53331

^48` Pdxhu/ Pdun 3Lqwhqwhg dqg Xqlqwhqghg Frqvhtxhqfhv= Vwdwh Udfldo Glvsdu0

lwlhv lq Lpsulvrqphqw/4 Wkh Vhqwhqflqj Surmhfw +4<<:,/ dydlodeoh rqolqh dw

zzz1vhqwhqflqjsurmhfw1ruj2srolf|2<3831kwp

^49` Prur/ Dqguhd dqg Shwhu Qrupdq 3D!updwlyh Dfwlrq lq d Frpshwlwlyh Hfrqrp|4

Plphr/ Xqlyhuvlw| ri Plqqhvrwd 53331

^4:` Qrupdq/ Shwhu 3Vwdwlvwlfdo Glvfulplqdwlrq dqg H!flhqf|/4 Plphr/ Xqlyhuvlw| ri

Zlvfrqvlq/ Mxqh 53331

^4;` Srolqvn|/ D1 P1 dqg V1 Vkdyhoo/ 3Wkh Idluqhvv ri Vdqfwlrqv= Vrph Lpsolfdwlrqv

iru Rswlpdo Hqirufhphqw Srolf|/4 Kduydug Rolq Fhqwhu Glvfxvvlrq Sdshu qr1 57:/

452<;1

^4<` Vorerjlq/ Fkulvwrskhu 3Wkh Zruog Zlwkrxw d Irxuwk Dphqgphqw14 XFOD Odz

Uhylhz 4/ Rfwrehu 4<<4/ s16<1

^53` Wkrpsvrq/ Dqwkrq| F1 3Vwrsslqj wkh Xvxdo Vxvshfwv= Udfh dqg wkh Irxuwk

Dphqgphqw14 Qhz \run Xqlyhuvlw| Odz Uhylhz :7/ Rfwrehu 4<<</ s1 <891
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^54` Yhuqlhur/ Shwhu/ dqg Sdxo ]rxehn Lqwhulp Uhsruw ri wkh Vwdwh Srolfh Uhylhz Whdp

Uhjduglqj Doohjdwlrqv ri Udfldo Sur?olqj1 Dsulo 53/ 4<<<1

^55` Zlon/ P1 E1 dqg U1 Jqdqdghvlndq 3Suredelolw| Sorwwlqj Phwkrgv iru wkh Dqdo|vlv

ri Gdwd4 Elrphwulnd Yro1 88/ Qr1 41 +Pdu1/ 4<9;,/ ss1 404:1

^56` Zrkovwhwwhu/ Doehuw dqg Vlqfodlu Frohpdq1 3Udfh Gl>huhqfhv lq Lq0

frph14 Udqg Sxeolfdwlrq U08:;0RHR/ Rfwrehu 4<:31 +Dydlodeoh rq0olqh dw

kwws=22zzz1udqg1ruj2sxeolfdwlrqv2fodvvlfv2zrkovwhwwhu2U8:;2,1
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