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Suhfhghqw � Xvh Lw ru Orvh LwB=

Dq Lqirupdwlrqdo Prgho ri Mxglfldo Ghflvlrq0Pdnlqj

Devwudfw

Zh ghyhors dq lqirupdwlrqdo prgho ri mxglfldo ghflvlrq0pdnlqj lq zklfk ghihuhqfh

wr suhfhghqw lv xvhixo wr srolf|0rulhqwhg dsshoodwh mxgjhv ehfdxvh lw lpsuryhv wkh

dffxudf| zlwk zklfk wkh| fdq frppxqlfdwh ohjdo uxohv wr wuldo mxgjhv1 Rxu vlpsoh

prgho |lhogv d krvw ri lqwhuhvwlqj lpsolfdwlrqv dqg k|srwkhvhv uhjduglqj frqglwlrqv

xqghu zklfk mxgjhv zloo pdlqwdlq ru euhdn zlwk suhfhghqw/ wkh frqvwudlqlqj h�hfw

wkdw suhfhghqw kdv rq mxglfldo ghflvlrq0pdnlqj/ wkh yrwlqj ehkdylru ri Vxsuhph Frxuw

Mxvwlfhv/ wkh uhodwlrqvkls ehwzhhq d suhfhghqw*v djh dqg lwv dxwkrulw|/ wkh h�hfw ri

ohjdo frpsoh{lw| rq wkh ohyho ri ghihuhqfh wr suhfhghqw/ wkh uhodwlyh vwdelolw| ri uxohv

dqg vwdqgdugv/ dqg orqj0whup sdwwhuqv ri ohjdo hyroxwlrq1 Shukdsv prvw lpsruwdqwo|/

zh ghprqvwudwh wkdw �ohjdolvw� ihdwxuhv ri mxglfldo ghflvlrq0pdnlqj duh frqvlvwhqw zlwk

dq dvvxpswlrq ri srolf|0rulhqwhg mxgjhv1
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4 Lqwurgxfwlrq

Rqh ri wkh prvw shusoh{lqj dqg frqwuryhuvldo sureohpv lq wkh vrfldo0vflhqwl�f vwxg|

ri mxglfldo ehkdylru lv wkh ghedwh ryhu wkh uhodwlyh lpsruwdqfh ri ohjdo dqg srolf| frq0

fhuqv lq mxglfldo ghflvlrqv1 Vfkroduv vxevfulelqj wr srolf|0rulhqwhg prghov ri mxglfldo

ehkdylru dujxh wkdw mxgjhv duh frqfhuqhg zlwk wkh h{whuqdo h�hfwv ri wkhlu uxolqjv

rq doorfdwlrqv ri ulvn/ zhdowk/ srzhu/ ru rssruwxqlw|14 Mxgjhv pd| eh prwlydwhg

e| srolf| frqfhuqv ehfdxvh ri sduwlvdq or|dowlhv/ d vlqfhuh ghvluh wr h�hfw sduwlfxodu

fkdqjhv lq wkh zruog/ ru sxuvxlw ri surprwlrq ru uh0hohfwlrq1 Zkdwhyhu wkh uhdvrq/ wkh

srolf|0rulhqwhg mxgjh fduhv derxw dfwxdo mxglfldo �rxwsxwv� pruh wkdq dq| sduwlfxodu

phwkrg ri duulylqj dw wkrvh rxwsxwv1 Rq wkh rwkhu kdqg/ vrph vfkroduv dujxh wkdw

mxgjhv duh frqfhuqhg zlwk �ohjdolvp�/ wkdw lv zlwk fruuhfwo| iroorzlqj wkh uxohv dqg

qrupv ri surshu mxglfldo uhdvrqlqj1 D ohjdolvw mxgjh pd{lpl}hv khu xwlolw| e| dgkhulqj

idlwkixoo| wr wkhvh lqwhuqdo uxohv/ uhjdugohvv ri wkh h{whuqdo uhvxow1 Wkh sxuho| srolf|0

rulhqwhg mxgjh dqg wkh sxuho| ohjdolvw mxgjh duh ri frxuvh lghdo w|shv/ dqg ihz vfkroduv/

li dq|/ eholhyh wkdw mxgjhv duh prwlydwhg vroho| e| frqfhuq zlwk h{whuqdo h�hfwv ru e|

�gholw| wr lqwhuqdo qrupv1 Qrqhwkhohvv/ wkhvh wzr vhwv ri idfwruv duh riwhq suhvhqwhg

dv frpshwlqj h{sodqdwlrqv iru mxglfldo ehkdylru/ dqg wkhlu uhodwlyh lpsruwdqfh lv wkh

4Erwk wkh �dwwlwxglqdo prgho� +Vhjdo dqg Vsdhwk4<<6 , dqg wkh �vwudwhjlf prgho� +Nqljkw dqg

Hsvwhlq 4<<;, ri mxglfldo ehkdylru duh �srolf|0rulhqwhg�/ lq wkdw erwk prghov dvvxph mxgjhv duh

sulpdulo| frqfhuqhg zlwk vxevwdqwlyh rxwfrphv1
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vxemhfw ri khdwhg ghedwh +Srvqhu 4<<6/ Vhjdo dqg Vsdhwk 4<<9d/ Vhjdo dqg Vsdhwk

4<<9e/ Eulvelq 4<<9/ Nqljkw dqg Hsvwhlq 4<<9/ Vrqjhu dqg Olqgtxlvw 4<<9/ Uhyhv}

4<<:/ Furvv dqg Wloohu 4<<;/ Hgzdugv 4<<;/ Uhyhv} 4<<<,1

Zh frqwulexwh wr wkh glvfxvvlrq ri wkh qdwxuh ri mxglfldo ghflvlrq0pdnlqj e| ghprq0

vwudwlqj wkdw �ohjdolvw� sulqflsohv duh/ dw ohdvw lq vrph fdvhv/ frpsdwleoh zlwk � dqg

lq idfw h{sodlqhg e| � mxgjhv* frqfhuq zlwk wkh h{whuqdo srolf| h�hfwv ri wkhlu uxo0

lqjv1 Irfxvlqj rq rqh fhqwudo sulqflsoh ri mxglfldo ghflvlrq0pdnlqj lq Dqjor0Dphulfdq

ohjdo v|vwhpv � vwduh ghflvlv/ ru ghihuhqfh wr suhfhghqw � zh vkrz wkdw sxuho| srolf|0

rulhqwhg mxgjhv zloo riwhq ghihu wr ohjdo suhfhghqw/ hyhq zkhq grlqj vr uhtxluhv wkhp wr

lvvxh ghflvlrqv wkdw ghyldwh iurp wkh kroglqj wkh| rwkhuzlvh zrxog suhihu1 Wkh uhdvrq

iru wklv lv wkdw dsshoodwh mxgjhv fdq xvh sulru fdvhv wr lqfuhdvh wkh dffxudf| ri wkhlu

frppxqlfdwlrq zlwk wuldo mxgjhv1 Riwhq/ d mxgjh lv zloolqj wr prgli| khu vxevwdqwlyh

uxolqj lq rughu wr sxufkdvh wklv lqfuhdvhg dffxudf| lq frppxqlfdwlrq1 Wkxv/ lq wkh

prgho zh suhvhqw/ lw lv qrw wkh fdvh wkdw srolf|0rulhqwhg mxgjhv ljqruh suhfhghqw/ qru

lv lw wkh fdvh wkdw mxgjhv fduh derxw suhfhghqw lqvwhdg ri/ ru lq dgglwlrq wr/ fdulqj

derxw srolf|1 Udwkhu/ mxgjhv fduh derxw suhfhghqw ehfdxvh wkh| fduh derxw srolf|1

Lq dgglwlrq wr ghprqvwudwlqj wklv edvlf lghd/ rxu prgho kdv wkh dgydqwdjh ri ehlqj

deoh wr dffrxqw v|vwhpdwlfdoo| iru erwk dgkhuhqfh wr dqg ghsduwxuh iurp suhfhghqw1

Vshfl�fdoo|/ rxu frpsdudwlyh vwdwlf dqdo|vlv vkrzv krz yduldwlrq lq irxu sdudphwhuv

� wkh glvwdqfh ehwzhhq wkh h{lvwlqj ohjdo uxoh dqg wkh ghflglqj mxgjh*v lghdo/ wkh
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djh ri wkh h{lvwlqj suhfhghqw/ wkh gl!fxow| ri lqwhooljleo| lqwhjudwlqj h{lvwlqj suhfh0

ghqw zlwk qhz uxolqjv/ dqg wkh suhflvlrq ru lpsuhflvlrq ri frppxqlfdwlrq ehwzhhq

mxgjhv � d�hfwv wkh uhodwlyh olnholkrrgv wkdw d mxgjh zloo dgkhuh wr ru euhdn zlwk

h{lvwlqj ohjdo suhfhghqw1 Rxu prgho dovr kdv lpsolfdwlrqv iru krz pxfk mxgjhv duh

deoh wr fkdqjh wkh vxevwdqwlyh odz zlwkrxw hyhu rshqo| euhdnlqj iurp hvwdeolvkhg

suhfhghqw1 Ixuwkhu/ rxu lqirupdwlrqdo prgho ri vwduh ghflvlv vkhgv oljkw rq rwkhu lp0

sruwdqw hpslulfdo sx}}ohv lq wkh vwxg| ri mxglfldo ghflvlrq0pdnlqj1 Zh uhfrqfloh wkh

vhhplqjo| frqwudglfwru| revhuydwlrqv wkdw dujxphqwv iurp suhfhghqw sod| d pdmru

uroh lq Vxsuhph Frxuw gholehudwlrq dqg dgmxglfdwlrq/ dqg |hw Mxvwlfhv frqvlvwhqwo|

yrwh wkhlu suhihuhqfhv udwkhu wkdq iroorzlqj hvwdeolvkhg suhfhghqwv1 Rxu dssurdfk

dovr r�huv dq h{sodqdwlrq iru zk| orqj olqhv ri fdvhv pljkw hyrnh erwk ghihuhqfh dqg

vnhswlflvp1 Ilqdoo|/ rxu prgho |lhogv vhyhudo qryho k|srwkhvhv/ lqfoxglqj suhglfwlrqv

uhjduglqj wkh w|shv ri ohjdo lvvxhv lq zklfk orqj olqhv ri suhfhghqw zloo hphujh/ wkh

uhodwlyh vwdelolw| ri uxohv yhuvxv vwdqgdugv/ dqg sdwwhuqv ri orqj0whup ohjdo hyroxwlrq1

Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 rxwolqhv wkh vfkroduo| ghedwh rq wkh

qdwxuh ri mxglfldo ghflvlrq pdnlqj dqg pdnhv pruh h{solflw rxu frqwulexwlrq wr wklv

ghedwh1 Vhfwlrq 6 vhwv rxw wkh vwuxfwxuh ri rxu irupdo prgho/ zkloh Vhfwlrq 7 dqdo|}hv

wkh dsshoodwh mxgjh*v fkrlfh ehwzhhq iroorzlqj dqg euhdnlqj zlwk hvwdeolvkhg suhfh0

ghqw1 Lq Vhfwlrq 8 zh shuirup frpsdudwlyh vwdwlf dqdo|vlv rq wkh sdudphwhuv ri wkh

prgho wr vkrz krz wkh| d�hfw wkh dsshoodwh mxgjh*v ghflvlrq1 Lq wklv vhfwlrq zh dovr
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h{dplqh wkh ghjuhh wr zklfk mxgjhv fdq fkdqjh wkh odz zlwkrxw hyhu sxeolfo| euhdn0

lqj iurp hvwdeolvkhg suhfhghqw1 Lq Vhfwlrq 9/ zh glvfxvv rxu pdlq uhvxowv/ vkrzlqj

krz rxu prgho fdq dffrxqw iru vhhplqjo| frqwudglfwru| hpslulfdo revhuydwlrqv dqg

ghyhorslqj k|srwkhvhv wkdw frxog eh vxemhfwhg wr ixwxuh hpslulfdo whvwlqj dqg zklfk

kdyh lpsolfdwlrqv iru lpsruwdqw ghedwhv lq wkh ohjdo olwhudwxuh1

5 Frpshwlqj Wkhrulhv ri Mxglfldo Ghflvlrq0Pdnlqj

Zh irfxv rq wkh sulqflsoh ri vwduh ghflvlv/5 zklfk glfwdwhv wkdw mxgjhv rxjkw wr dsso|

uxohv dqg sulqflsohv odlg grzq lq sulru fdvhv ehfdxvh lw lv/ ru dw ohdvw lv fodlphg wr

eh/ rqh ri wkh prvw lpsruwdqw sulqflsohv ri mxglfldo ghflvlrq0pdnlqj lq wkh Dqjor0

Dphulfdq frpprq odz v|vwhp1 Mxgjhv duh qrw/ xqghu ruglqdu| flufxpvwdqfhv/ vxs0

srvhg wr ryhuwxuq �vhwwohg odz� +Qhovrq 5334,16 Rxu irfxv rq vwduh ghflvlv lv dovr

gxh wr lwv vdolhqfh iru wkh pruh jhqhudo txhvwlrq ri wkh qdwxuh ri mxglfldo suhihuhqfhv1

Mxglfldo ghihuhqfh wr hvwdeolvkhg suhfhghqw lv d irfxv ri wkh ghedwh ehwzhhq wkh srolf|0

rulhqwhg dqg ohjdolvw prghov ri mxglfldo ghflvlrq0pdnlqj ehfdxvh wkhvh prghov vhhp

5Vwduh ghflvlv hw qrq txlhwd pryhuh � �vwdqg e| wkh wklqj ghflghg dqg gr qrw glvwxue wkh fdop1�
6Rqh dvshfw ri wklv sulqflsoh lv wkh lghd wkdw orzhu frxuwv duh vxssrvhg wr iroorz wkh suhfhghqwv

vhw e| kljkhu frxuwv +yhuwlfdo vwduh ghflvlv,1 Wklv lv qrw pxfk gl�huhqw iurp wkh sulqflsoh lq pdq|

klhudufklfdo rujdql}dwlrqv wkdw vxeruglqdwh xqlwv duh vxssrvhg wr iroorz wkh gluhfwlrqv dqg jxlgholqhv

odlg grzq e| wkhlu vxshulruv1 D pruh lqwhuhvwlqj dvshfw ri wkh vwduh ghflvlv sulqflsoh � dqg rqh pruh

xqltxh wr mxglfldo ghflvlrq0pdnlqj � lv wkh sulqflsoh wkdw frxuwv duh vxssrvhg wr iroorz wkhlu rzq

sulru ghflvlrqv +krul}rqwdo vwduh ghflvlv,1
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wr r�hu vxfk gl�huhqw suhglfwlrqv iru krz lpsruwdqw suhfhghqw zloo eh lq sudfwlfh1

D ohjdolvw mxgjh lv h{shfwhg wr sodfh juhdw zhljkw rq wkh vwduh ghflvlv sulqflsoh dqg

frqvhtxhqwo| lv h{shfwhg wr ghihu wr sulru ghflvlrqv hyhq zkhq wkh mxgjh khuvhoi zrxog

kdyh ghflghg wkh suhfhghqw0vhwwlqj fdvh gl�huhqwo|17

E| frqwudvw/ lw lv qrw fohdu zk| d srolf|0rulhqwhg mxgjh zrxog hyhu ghihu wr frq0

vwudlqwv lpsrvhg e| sulru ghflvlrqv1 Lw pd| eh wkdw mxgjhv riwhq djuhh zlwk wkh

sulqflsohv odlg grzq lq rog fdvhv dqg iroorz wkhp iru wkdw uhdvrq/ exw li wklv lv wkh

fdvh wkhq vwduh ghflvlv lv phuho| d ghvfulswlrq ri � udwkhu wkdq d uhdvrq iru � sdwwhuqv

ri mxglfldo ghflvlrq0pdnlqj1 Wr wkh h{whqw wkdw d ohjdo suhfhghqw h{huwv d fdxvdo lq0

 xhqfh rq dw ohdvw vrph mxglfldo ghflvlrqv/ lw pxvw eh wkh fdvh wkdw lq wkhvh ghflvlrqv

mxgjhv zrxog suhihu wr lvvxh d gl�huhqw ghflvlrq li wkh suhfhghqw glg qrw h{lvw1 Wkxv/

d srolf|0rulhqwhg mxgjh zrxog eh h{shfwhg wr dwwdfk olwwoh lpsruwdqfh wr hvwdeolvkhg

suhfhghqw zkhq pdnlqj khu ghflvlrqv1

Vfkroduv kdyh r�huhg d qxpehu ri uhdvrqv zk| hyhq d srolf|0rulhqwhg mxgjh pljkw

zdqw wr uhvshfw hvwdeolvkhg ohjdo suhfhghqw1 Rqh dujxphqw � wkh rqh prvw idploldu wr

odz|huv � lv wkdw vwdelolw| lq wkh odz lv lq lwvhoi d ydoxhg srolf| jrdo/ dqg mxgjhv zrxog

wkhuhiruh eh zloolqj wr ghihu wr dq hvwdeolvkhg ohjdo uxoh ehfdxvh wkh dfw ri ghihuhqfh

7Wklv pljkw qrw dozd|v eh wkh fdvh vlqfh wkhuh pljkw eh vrph rwkhu �ohjdo� sulqflsoh/ h1j1 wkh

surshu lqwhusuhwdwlrq ri d vwdwxwh/ wkdw frxog wuxps wkh sulqflsoh ri ghihuhqfh wr ghflghg fdvhv hyhq

iru d ohjdolvw mxgjh1 Qrqhwkhohvv/ dv d jhqhudo uxoh lq prvw fdvhv lw lv vdih wr dvvxph wkdw ohjdolvw

mxgjhv lq d frpprq odz v|vwhp zrxog dwwdfk vxevwdqwldo zhljkw wr suhfhghqw1
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lwvhoi dgydqfhv wkhlu srolf| suhihuhqfh iru vwdelolw|1 Exw wklv h{sodqdwlrq kdv d gl!fxow

wlph dffrxqwlqj iru dgkhuhqfh wr suhfhghqw lq duhdv ri odz zkhuh vwdelolw| dqg wkh

qhhg iru orqj0whup sodqqlqj duh ohvv vdolhqw1 Shukdsv pruh lpsruwdqwo|/ vwdelolw| lq

wkh odz lv d froohfwlyh jrrg> iru d mxgjh wr vdful�fh rwkhu srolf| jrdov iru wkh vdnh ri

vwdelolw|/ vkh pxvw eholhyh wkdw rwkhu mxgjhv zloo dovr ydoxh vwdelolw| vx!flhqwo| kljko|

wkdw wkh| zloo qrw ryhuwxuq suhfhghqw1 Exw/ li vkh eholhyhv wkdw rwkhu mxgjhv gr sodfh

d kljk ydoxh rq vwdelolw|/ vkh khuvhoi pd| eh whpswhg wr euhdn zlwk suhfhghqw dqg

hvwdeolvk d qhz ohjdo uxoh/ vlqfh lw zloo eh uhvshfwhg e| ixwxuh frxuwv zlwk olwwoh ryhudoo

orvv lq ohjdo vwdelolw|1 Dgglwlrqdoo|/ wkh ydoxh ri ohjdo vwdelolw| lv frqvlghudeo| uhgxfhg

wr d mxgjh li wkh vwdeoh ohjdo uxoh lv remhfwlrqdeoh +Nruqkdxvhu 4<;<,1 Zkloh wkh qhhg

iru vwdelolw| pd| eh hqrxjk zkhq wkh mxgjh lv lqgl�huhqw ehwzhhq ohjdo uxohv/ lw lv d

ohvv sodxvleoh edvlv iru ghihuhqfh wr suhfhghqw zkhq wkh mxgjh kdv vwurqj vxevwdqwlyh

suhihuhqfhv ehwzhhq uxohv1

Dqrwkhu vxjjhvwlrq dv wr zk| srolf|0rulhqwhg mxgjhv pljkw uhvshfw wkh sulqflsoh

ri vwduh ghflvlv lv wkdw mxgjhv zdqw wkhlu rzq suhfhghqwv iroorzhg/ dqg wkhuhiruh iroorz

suhfhghqwv vhw e| rwkhuv +Odqghv dqg Srvqhu 4<:9> Udvpxvhq 4<<7,1 Ehfdxvh mxgjhv

suhihu d zruog lq zklfk doo suhfhghqwv/ lqfoxglqj wkhlu rzq/ duh uhvshfwhg wr d zruog lq

zklfk qr suhfhghqwv duh uhvshfwhg/ wkh| zloo dwwhpsw wr hqirufh xqlyhuvdo uhvshfw iru

suhfhghqw e| sxqlvklqj mxgjhv zkr �ghihfw�18 Zkloh wkhuh pd| eh vrph ri wklv wlw0iru0

8Li wkhuh lv qrw vshfl�f/ wdujhwhg uhwdoldwlrq djdlqvw sduwlfxodu mxgjhv iru idlolqj wr iroorz suhfh0
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wdw lq wkh uhdo zruog/ wklv h{sodqdwlrq kdv vhyhudo sureohpv dv d jhqhudo dffrxqw ri wkh

sudfwlfh ri vwduh ghflvlv1 Iluvw/ lw uholhv rq wkh hpslulfdoo| gxelrxv dvvxpswlrq wkdw

mxgjhv orrn wr rwkhu mxgjhv* uhvshfw iru ohjdo suhfhghqw zkhq ghwhuplqlqj zkhwkhu

wr iroorz suhfhghqw vhw e| wkrvh mxgjhv1 Vhfrqg/ lw kdv wurxeoh dffrxqwlqj iru zk|

wkh suhfhghqwv ri uhwluhg mxgjhv duh hyhu iroorzhg zlwkrxw uhihuhqfh wr hyhq pruh

frpsolfdwhg/ dqg hpslulfdoo| sureohpdwlf/ sxqlvkphqw phfkdqlvpv1 Wklug/ lq wkh

devhqfh ri vxfk phfkdqlvpv/ wklv h{sodqdwlrq dovr grhv qrw h{sodlq zhoo zk| vrph

mxgjhv euhdn zlwk vrph suhfhghqwv exw iroorz rwkhuv1 Lq d vlpsoh prgho zkhuh mxgjhv

h{shfw jhqhudo uhwdoldwlrq iru dq| euhdn zlwk h{lvwlqj suhfhghqw/ li wkh| euhdn rqfh

wkh| kdyh qr uhdvrq qrw wr euhdn dozd|v1

D wklug srvvlelolw| lv wkdw srolf|0rulhqwhg mxgjhv gr qrw fduh derxw suhfhghqw

shu vh/ exw uhfrjql}h wkh qhhg wr suhvhuyh wkhlu lqvwlwxwlrqdo srzhu dqg ohjlwlpdf|1

Ehfdxvh wklv ohjlwlpdf| ghulyhv lq sduw iurp d sxeolf eholhi wkdw mxgjhv dsso| d vsh0

fldol}hg vhw ri ohjdo vnloov/ lqfoxglqj wkh delolw| wr lqwhusuhw dqg dsso| hvwdeolvkhg

ohjdo suhfhghqwv/ dv zhoo dv d eholhi wkdw mxgjhv duh srolwlfdoo|0qhxwudo lqwhusuhwhuv ri

odz/ srolf|0rulhqwhg mxgjhv zloo zdqw wr shushwxdwh wkh eholhi wkdw wkh| pdnh ghfl0

vlrqv dffruglqj wr suhfhghqw +Fr{ 4<:9/ Pdow} 4<;3,1 Wklv pd| lq wxuq ohdg wkhp

wr prgli| wkhlu ghflvlrqv vrphwlphv wr vkrz pruh uhvshfw iru suhfhghqw/ lq rughu wr

ghqw/ wkh jhqhudo mxglfldo lqwhuhvw lq suhfhghqw0iroorzlqj dorqh lv lqvx!flhqw/ ehfdxvh uhvshfw iru

suhfhghqwv lv d froohfwlyh jrrg dqg lqglylgxdo mxgjhv* grplqdqw vwudwhj| zrxog eh wr iuhh0ulgh +Pdfh|

4<;<,1
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hqkdqfh wkhlu lqvwlwxwlrqdo srzhu1 Krzhyhu/ wkh froohfwlyh dfwlrq remhfwlrq dssolhv wr

wklv h{sodqdwlrq dv zhoo> wkh ryhudoo h�hfw ri dq| sduwlfxodu ghflvlrq rq lqvwlwxwlrqdo

ohjlwlpdf| lv olnho| wr eh vpdoo/ zkloh wkh srolf| udpl�fdwlrqv ri wkh fdvh lwvhoi riwhq

duh odujh1 Pruhryhu/ wkh h�hfw ri d ghflvlrq rq sxeolf shufhswlrq ri wkh frxuw*v ohjlwl0

pdf| pd| kdyh pruh wr gr zlwk wkh frqwhqw ri wkh ghflvlrq wkdq zkhwkhu lw lqyroyhg

ryhuwxuqlqj d suhfhghqw +K|gh 4<;6/ Uhkqtxlvw 4<;9/ Qhovrq 5334,1

Ilqdoo|/ vhyhudo vfkroduv kdyh srlqwhg rxw wkdw ghihuhqfh wr suhfhghqw pd| eh

ydoxdeoh hyhq wr srolf|0rulhqwhg mxgjhv ehfdxvh ri wkh ydoxdeoh lqirupdwlrqdo ixqf0

wlrq wkdw mxglfldo suhfhghqwv vhuyh +Vkdslur 4<:5/ Uhkqtxlvw 4<;9/ Nruqkdxvhu 4<;<,1

Wkh lqirupdwlrqdo shuvshfwlyh frpsulvhv wzr w|shv ri h{sodqdwlrqv iru ghihuhqfh wr

suhfhghqw1 Iluvw/ uhdvrqlqj iurp suhfhghqwv pd| lpsuryh frppxqlfdwlrq ehwzhhq

dsshdov frxuwv/ doorzlqj iru mxglfldo vshfldol}dwlrq dqg huuru0fruuhfwlrq +Vkdslur 4<:5/

Nruqkdxvhu 4<;</ Pdfh| 4<;<,1 D pruh shvvlplvwlf yhuvlrq ri wkh vdph edvlf dujx0

phqw lv wkdw wkh sudfwlfh ri vwduh ghflvlv lv hvvhqwldoo| dq �lqirupdwlrq fdvfdgh� lq

zklfk udwlrqdo djhqwv ljqruh wkhlu rzq lqirupdwlrq dqg lplwdwh wkh ehkdylru ri suh0

fhglqj ghflvlrq0pdnhuv/ riwhq ohdglqj wr xqfruuhfwhg lqh!flhqw uhvxowv +Wdooh| 4<<<,1

Zh vxjjhvw d vhfrqg lqirupdwlrqdo ixqfwlrq zklfk wkh grfwulqh ri vwduh ghflvlv

pljkw vhuyh1 Wklv ixqfwlrq lqyroyhv frppxqlfdwlrq ehwzhhq kljk frxuwv dqg orzhu

frxuwv1 Wkh edvlf lghd lv wkdw wkh ghyhorsphqw ri olqhv ri fdvhv fdq frppxqlfdwh d

ohjdo sulqflsoh ehwwhu wkdq dq| lqglylgxdo fdvh frxog1 Dq lqlwldo fdvh pd| lqyrnh d
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jhqhudo skudvh ru sulqflsoh/ vxfk dv �gxh surfhvv�/ �uhdvrqdeoh�/ �frpshoolqj lqwhu0

hvw�/ dqg wkh olnh> ixwxuh fdvhv ghyhors dqg jlyh phdqlqj wr wkhvh lqkhuhqwo| ydjxh

skudvhv1 Khqfh/ d orzhu frxuw fdq ohduq pruh derxw wkh dsshoodwh frxuw*v ylhz ri wkh

surshu lqwhusuhwdwlrq ri/ vd|/ d gxh surfhvv edodqflqj whvw e| h{dplqlqj d olqh ri whq

fdvhv lq zklfk wkh vdph whvw zdv dssolhg wkdq e| uhdglqj wkh �uvw +ru wkh odvw, uxolqj

wkh dsshdov frxuw lvvxhg1 Vlploduo|/ dq lqlwldo fdvh pljkw ghfoduh d euljkw0olqh uxoh

wkdw/ wkrxjk fohdu/ lv erwk ryhu0 dqg xqghu0lqfoxvlyh19 Ixuwkhu fdvhv fdq fduyh rxw

h{fhswlrqv dqg pdnh txdol�fdwlrqv vr wkdw wkh olqh ri fdvhv dsso|lqj wkh uxoh r�huv

orzhu frxuwv d pxfk pruh qxdqfhg whvw wkdq wkdw dqqrxqfhg e| wkh ruljlqdo ghflvlrq1

Rxu prgho h{soruhv wklv vhfrqg w|sh ri lqirupdwlrqdo xvh ri ohjdo suhfhghqw/ d

xvh wkdw zh eholhyh kdv ehhq qhjohfwhg lq wkh vfkroduo| glvfxvvlrq ri mxglfldo ghflvlrq0

pdnlqj/ dqg zklfk kdv qrw ehhq irupdoo| ghyhorshg ru uljrurxvo| dqdo|}hg1 Lq vr

grlqj/ zh surylgh dq dffrxqw ri mxglfldo ghflvlrq0pdnlqj wkdw h{sodlqv zk| srolf|0

rulhqwhg mxgjhv duh h{shfwhg wr eh lq xhqfhg e| suhfhghqw/ zkloh dovr fdswxulqj fdvhv

zkhuh mxgjhv euhdn iurp suhfhghqw1

9D euljkw olqh uxoh lv d uxoh wkdw plqlpl}hv dpeljxlw| e| vhwwlqj zhoo0gh�qhg dqg vlpsoh fdwhjrulhv

ri surklelwhg dqg shuplvvleoh ehkdylru1
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6 Wkh Prgho

Frqvlghu d vlpsoh mxglfldo v|vwhp frqvlvwlqj ri dq dsshoodwh mxgjh dqg d wuldo mxgjh1

Wkh dsshoodwh mxgjh khduv d olplwhg qxpehu ri fdvhv/ dqg/ wkurxjk khu ghflvlrqv lq

wkhvh fdvhv/ vkh fdq dqqrxqfh krz wkh odz rxjkw wr eh lqwhusuhwhg1 Wkh wuldo mxgjh

ghflghv wkh ydvw pdmrulw| ri fdvhv/ dqg lq pdnlqj klv ghflvlrqv kh dwwhpswv wr dsso|

wkh odz hvwdeolvkhg e| wkh dsshoodwh mxgjh dv ehvw kh fdq1: Krzhyhu/ wkh wuldo mxgjh*v

xqghuvwdqglqj ri wkh dsshoodwh mxgjh*v uxolqjv lv lpshuihfw/ dqg kh riwhq grhv qrw gr

h{dfwo| dv wkh dsshoodwh mxgjh zrxog kdyh grqh li vkh zhuh ghflglqj wkh fdvh1 Wkh

dsshoodwh mxgjh fdqqrw fruuhfw doo wkhvh �plvwdnhv� e| dowhulqj ru uhyhuvlqj wkh wuldo

frxuw*v ghflvlrq rq dsshdo1 Wklv pd| eh ehfdxvh wkh dsshoodwh frxuw*v mxulvglfwlrq

lv glvfuhwlrqdu| dqg pdq| dsshdov duh qrw khdug/ ru ehfdxvh pdq| fdvhv duh qrw

dsshdohg dw doo1 Wkxv/ wkh dsshoodwh frxuw mxgjh/ lq rughu wr vxffhvvixoo| lq xhqfh

wkh dssolfdwlrq ri wkh odz wr wkh pdmrulw| ri fdvhv/ qhhgv wr frppxqlfdwh khu suhihuuhg

lqwhusuhwdwlrq ri wkh odz wr wkh wuldo frxuw dv dffxudwho| dv srvvleoh/ vxemhfw wr wlph

dqg uhvrxufh frqvwudlqwv1

Wkh dsshoodwh mxgjh kdv suhihuhqfhv ryhu wkh ohjdo uxoh gh�qhg rq d xqlglphqvlrqdo

frqwlqxxp1; Ghqrwh wkh dsshoodwh mxgjh*v lghdo srlqw � 5 U1 Wkh srolf| frqwlqxxp

:Wkhuh duh pdq| srvvleoh vxevwdqwlyh ghihqvhv ri wklv dvvxpswlrq wkdw frxog xowlpdwho| eh prg0

hoohg h{solflwo|1 Wkhvh lqfoxgh surprwlrq ehlqj ghshqghqw rq idlwkixo hqdfwphqw ri hvwdeolvkhg odz

ru h{solflw vhohfwlrq ri wuldo mxgjhv lqfolqhg wrzdugv uhvshfw iru hvwdeolvkhg odz1
;Zh zloo uhihu wr wkh mxgjh*v suhihuhqfhv ryhu wklv frqwlqxxp dv khu srolf| suhihuhqfhv> krzhyhu/
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pljkw uhsuhvhqw/ iru h{dpsoh/ wkh ohyho ri fduh h{huflvhg e| d ghihqgdqw lq d flylo

dfwlrq/ zlwk � uhsuhvhqwlqj wkh plqlpxp dprxqw ri fduh wkh dsshoodwh mxgjh eholhyhv

d ghihqgdqw pxvw h{huflvh wr dyrlg oldelolw|1 Wkdw lv/ wkh dsshoodwh mxgjh lq wklv

h{dpsoh eholhyhv wkdw doo ghihqgdqwv zkr h{huflvh d ohyho ri fduh ohvv wkdq � rxjkw

wr eh oldeoh/ dqg doo ghihqgdqwv zkr h{huflvh d ohyho ri fduh deryh � rxjkw wr hvfdsh

oldelolw|1 Dv vxfk/ � lv wkh dsshoodwh mxgjh*v lghdo ohjdo uxoh1 Wkh wuldo mxgjh kdv qr

suhihuhqfh ryhu wkh srolf| glphqvlrq shu vh> udwkhu/ kh wulhv wr lpsohphqw zkdwhyhu

ohjdo uxoh kh eholhyhv kdv ehhq dqqrxqfhg e| wkh dsshoodwh mxgjh1

Hyhu| wlph wkh dsshoodwh mxgjh ghflghv d fdvh/ vkh lvvxhv d uxolqj zlwk wzr frp0

srqhqwv1 Iluvw/ vkh dqqrxqfhv d vxevwdqwlyh kroglqj rq wkh surshu dssolfdwlrq ri wkh

ohjdo uxoh wr wkh fdvh dw kdqg1 Wklv vxevwdqwlyh kroglqj fruuhvsrqgv wr d srlqw lq wkh

srolf| vsdfh/ ghqrwhg e| o 5 U1 Vhfrqg/ wkh dsshoodwh mxgjh ghfoduhv zkhwkhu khu

vxevwdqwlyh kroglqj lv frqvlvwhqw zlwk h{lvwlqj suhfhghqw ru zkhwkhu vkh lv euhdnlqj

zlwk suhfhghqw1 �Suhfhghqw� khuh phdqv wkh olqh ri dsshoodwh fdvhv rq wkh uhohydqw

ohjdo lvvxh wkdw kdyh ehhq ghflghg sulru wr wkh suhvhqw fdvh dqg wkdw kdyh qhyhu ehhq

ryhuuxohg e| d vxevhtxhqw dsshoodwh fdvh1 Li wkh dsshoodwh mxgjh ghfoduhv wkdw khu

uxolqj lv frqvlvwhqw zlwk suhfhghqw/ khu fdvh lv dgghg wr wkh uhohydqw olqh ri fdvhv/

dqg wkh wuldo mxgjh zloo lqwhusuhw khu vxevwdqwlyh kroglqj lq wkh frqwh{w ri wkh rwkhu

zh xvh srolf| eurdgo|/ wr uh hfw sxeolf0srolf| suhihuhqfhv/ qrupdwlyh mxgjhphqwv uhjduglqj idluqhvv

ru mxvwlfh/ ru d zhljkwhg frpelqdwlrq ri ydulrxv idfwruv1
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vxevwdqwlyh kroglqjv lq wkh olqh lq rughu wr dvfhuwdlq wkh ohjdo uxoh wkh dsshoodwh mxgjh

zlvkhv wr hqdfw1 Li/ rq wkh rwkhu kdqg/ wkh dsshoodwh mxgjh ghfoduhv wkdw vkh lv euhdn0

lqj zlwk suhfhghqw/ wkhq d qhz olqh ri fdvhv lv hvwdeolvkhg/ dqg wkh wuldo mxgjh zloo

wuhdw wkh prvw uhfhqw dsshoodwh ghflvlrq dv wkh h{foxvlyh vwdwhphqw ri wkh ohjdo uxoh1

Wkh qxpehu ri fdvhv lq wkh olqh ri suhfhghqw/ lqfoxglqj wkh ghflvlrq ehlqj pdgh lq

wkh fxuuhqw urxqg/ lv ghqrwhg e| |1 Wkxv d olqh ri suhfhghqw lv d vhulhv ri vxevwdqwlyh

uxolqjv Eo�c o2c���co|3��/ zkhuh o|3� lv wkh prvw uhfhqw uxolqj dqg wkh fxuuhqw mxgjh lvvxhv

uxolqj o
|
1

Wkh dsshoodwh mxgjh*v dqqrxqfhphqw ri zkhwkhu vkh lv pdlqwdlqlqj ru euhdnlqj

iurp suhfhghqw lv frppxqlfdwhg shuihfwo| wr wkh wuldo mxgjh1 Krzhyhu/ wkh frppxql0

fdwlrq ri wkh vxevwdqwlyh kroglqj ri hdfk uxolqj lv lqkhuhqwo| qrlv|1 Wkxv/ zkhq d wuldo

mxgjh dwwhpswv wr xqghuvwdqg dq dsshoodwh uxolqj/ kh revhuyhv | vljqdov/ hdfk gudzq

iurp d qrupdo glvwulexwlrq zlwk yduldqfh j21 Wkh phdqv ri wkhvh glvwulexwlrqv duh

wkh o*v dvvrfldwhg zlwk wkh vxevwdqwlyh kroglqjv ri wkh gl�huhqw fdvhv lq wkh olqh ri

suhfhghqw1 Wkh wuldo frxuw mxgjh dyhudjhv wkhvh vljqdov wr irup klv xqghuvwdqglqj ri

wkh ohjdo uxoh1< Wklv lv htxlydohqw wr wkh wuldo frxuw mxgjh revhuylqj d vlqjoh vljqdo/

<Wkh wuldo mxgjh frxog lq wkhru| djjuhjdwh klv vljqdov lq vrph rwkhu zd|1 Iru h{dpsoh/ kh pljkw

wdnh d zhljkwhg dyhudjh ri wkh vljqdov/ jlylqj wkh juhdwhvw zhljkw wr wkh prvw uhfhqw uxolqj1 Krzhyhu/

d gl�huhqw djjuhjdwlrq whfkqltxh zrxog lq wxuq fkdqjh wkh rswlpdo ghflvlrq ri wkh dsshoodwh mxgjh1

Dv lw lv qrw fohdu zkdw djjuhjdwlrq phfkdqlvp zrxog eh prvw h!flhqw/ zh ghihu wkdw txhvwlrq wr

ixwxuh uhvhdufk dqg dvvxph iru vlpsolflw| wkdw wuldo mxgjhv dyhudjh wkhlu vljqdov1
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ghqrwhg e| %/ gudzq iurp d qrupdo glvwulexwlrq zlwk phdq >
|
'
S

|

�'�
o|

|

dqg yduldqfh

j
2

|

1 Li wkh dsshoodwh mxgjh euhdnv zlwk suhfhghqw/ wkhuh lv rqo| rqh ghflvlrq lq wkh olqh

ri fdvhv/ vr | ' � dqg wkh wuldo mxgjh uhfhlyhv d vljqdo gudzq iurp d qrupdo glvwulex0

wlrq zlwk phdq o
|'�/ wkh prvw uhfhqw dsshoodwh kroglqj/ dqg yduldqfh j21 Wkh phdq

ri wkh glvwulexwlrq ri wkh vljqdo lq wkh shulrg sulru wr wkh fxuuhqw dsshoodwh mxgjh*v

ghflvlrq lv ghqrwhg >
|3�/ dqg/ zh uhihu wr wklv ydoxh dv �h{lvwlqj suhfhghqw�1 Ehfdxvh

% +wkh ydoxh ri wkh gudz iurp wkh glvwulexwlrq wkdw wkh wuldo frxuw revhuyhv, lv wkh

rqo| lqirupdwlrq wkdw wkh wuldo mxgjh kdv/ lw lv klv ehvw jxhvv dv wr zkdw wkh dsshoodwh

mxgjh zdqwv1 Frqvhtxhqwo| kh zloo wuhdw % dv wkh frqwuroolqj ohjdo uxoh zkhq pdnlqj

klv ghflvlrqv1

Wkh dsshoodwh mxgjh*v xwlolw| kdv wzr frpsrqhqwv1 Iluvw/ vkh zrxog olnh wkh gh0

flvlrqv ri wkh wuldo frxuw mxgjhv wr eh dv forvh dv srvvleoh wr khu lghdo srlqw1 Wkdw

lv/ vkh zlvkhv wr plqlpl}h m%� �m1 Wkh uhdvrq iru wklv lv wkdw dq| fdvhv wkdw idoo lq

wklv lqwhuydo duh fdvhv wkdw wkh wuldo mxgjh zloo jhw �zurqj� iurp wkh dsshoodwh mxgjh*v

srlqw ri ylhz1 Djdlq frqvlghu d fdvh zkhuh wkh srolf| glphqvlrq uhsuhvhqwv wkh ohyho

ri fduh wdnhq e| d flylo ghihqgdqw1 Li wkh ghihqgdqw h{huflvhg d ohyho ri fduh ohvv

wkdq wkh plqlpxp ri % dqg �/ wkh wuldo frxuw zloo fruuhfwo| �qg wkh ghihqgdqw oldeoh1

Vlploduo|/ li wkh ghihqgdqw h{huflvhg d ohyho ri fduh deryh wkh pd{lpxp ri % dqg �/

wkh wuldo frxuw zloo fruuhfwo| �qg wkh ghihqgdqw qrw oldeoh1 Krzhyhu/ zkhq wkh gh0

ihqgdqw h{huflvhg d ohyho ri fduh lq wkh lqwhuydo ehwzhhq % dqg �/ wkh wuldo frxuw zloo
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uxoh lqfruuhfwo|1 Lq wklv hyhqw/ li % : �/ wkh wuldo frxuw zloo plvwdnhqo| �qg oldelolw|/

zkloh li % 	 �/ wkh wuldo frxuw zloo plvwdnhqo| �qg qr oldelolw|1 Wkh odujhu wkh vl}h ri

wkh lqwhuydo/ m%� �m/ wkh odujhu wkh qxpehu ri fdvhv wkdw zloo eh ghflghg lqfruuhfwo|1

Zh dvvxph wkdw wkh dsshoodwh mxgjh*v xwlolw| ixqfwlrq lv txdgudwlf dqg vr frqvlghu wkh

vtxduh ri wkh h{shfwhg glvwdqfh ehwzhhq % dqg �c zklfk lv htxdo wr
�
E>

|
� ��2 n j

2

|

�
1

Vhfrqg/ li wkh dsshoodwh mxgjh ghfoduhv wkdw khu ghflvlrq lv frqvlvwhqw zlwk suhfh0

ghqw/ lw lv frvwo| wr r�hu d uxolqj/ o
|
/ wkdw lv vxevwdqwlyho| gl�huhqw iurp wkh h{lvwlqj

suhfhghqw/ >
|3�1 Zh duh djqrvwlf dv wr wkh uhodwlyh lpsruwdqfh ri wkhvh wzr idfwruv lq

khu xwlolw| fdofxodwlrq> zh zhljkw wkh lpsruwdqfh ri wkh odwwhu e| wkh sdudphwhu k � f

rq zklfk zh shuirup frpsdudwlyh vwdwlf dqdo|vlv143 Wkxv/ wkh xwlolw| frvw dvvrfldwhg

zlwk fkdqjlqj wkh odz zkloh fodlplqj wr dgkhuh wr suhfhghqw lv k
�
>
|3� � o

|

�2
1 Li wkh

dsshoodwh mxgjh euhdnv zlwk suhfhghqw/ wklv frvw grhv qrw dsso|1

Wklv frvw dulvhv ehfdxvh zulwlqj dq rslqlrq wkdw lqwhooljleo| lqwhjudwhv h{lvwlqj

suhfhghqw zlwk d fkdqjh lq wkh vxevwdqfh ri wkh ohjdo uxoh ehfrphv lqfuhdvlqjo| gl!fxow

dv wkh glvwdqfh ehwzhhq suhfhghqw dqg wkh vxevwdqwlyh kroglqj jurzv1 Wkxv/ wkhuh

duh uhdo frvwv lq lqwhoohfwxdo h�ruw dqg uhvhdufk dvvrfldwhg zlwk vxfk d ghflvlrq1 Li

wkhvh frvwv duh qrw lqyhvwhg/ wkdw lv li wkh dsshoodwh mxgjh zhuh wr ghfoduh wkdw khu

ghflvlrq zhuh frqvlvwhqw zlwk suhfhghqw zlwkrxw h{sodlqlqj krz wkh vxevwdqfh ri khu

43Li � A 4 wklv lpsolhv wkdw wkh frvw ri zulwlqj wkh ghflvlrq lv zhljkwhg pruh khdylo| wkdq krz

forvh wkh wuldo frxuw*v ghflvlrq lv wr wkh dsshoodwh frxuw*v lghdo srlqw1 Li 3 ? � ? 4 wkh forvhqhvv ri

wkh wuldo frxuw ghfvlrq wr wkh dsshoodwh mxgjh*v lghdo srlqw lv zhljkwhg pruh khdylo|1

49



uxolqj dqg sulru uxolqjv frxog eh lqwhooljleo| lqwhjudwhg/ wkhq wkh wuldo mxgjh zrxog eh

xqdeoh wr pdnh ghflvlrqv zlwk uhihuhqfh wr wkh ixoo olqh ri fdvhv1

Lw pd| dw �uvw vhhp lpsodxvleoh wr dvvxph wkdw mxgjhv ehdu wklv frvw zkhq pdlq0

wdlqlqj suhfhghqw exw gr qrw ehdu d frvw zkhq euhdnlqj zlwk suhfhghqw1 Wkhuh duh

wzr uhdvrqv iru wklv dvvxpswlrq1 Iluvw/ rxu dqdo|wlf uhvxowv duh xqfkdqjhg e| wkh

dgglwlrq ri d �{hg frvw iru euhdnlqj zlwk suhfhghqw1 Vxfk d frvw zrxog fkdqjh wkh

dfwxdo srlqw dw zklfk dsshoodwh mxgjhv euhdn/ exw zrxog qrw d�hfw wkh frpsdudwlyh

vwdwlfv1 Vhfrqg/ dq| frvw iurp euhdnlqj zlwk suhfhghqw/ eh|rqg wkh orvv ri lqiru0

pdwlrq douhdg| prghoohg/ zrxog dulvh iurp ohjdolvw ydoxhv1 Zh rplw ohjdolvw ydoxhv

iurp wkh mxglfldo xwlolw| ixqfwlrq lq rughu wr vhh zkhwkhu wkh qrup ri vwduh ghflvlv lv

frqvlvwhqw hyhq zlwk sxuho| srolf|0rulhqwhg mxgjhv1

Wkh h{shfwhg xwlolw| wr wkh dsshoodwh mxgjh lv wkhuhiruh=

.L ' �
�
E>

|
� ��2 n

j2

|

�
� �k

�
>
|3� � o

|

�2
zkhuh �k ' k li wkh mxgjh pdlqwdlqv suhfhghqw dqg �k ' f li wkh mxgjh ghsduwv iurp

suhfhghqw1

7 Wkh Dqdo|vlv

Wkh dsshoodwh mxgjh kdv wzr fkrlfhv wr pdnh1 Vkh pxvw vhohfw khu vxevwdqwlyh kroglqj

+o
|
, dqg vkh pxvw ghflgh zkhwkhu wr euhdn zlwk suhfhghqw ru wr pdlqwdlq suhfhghqw1

Wkhvh wzr ghflvlrqv duh lqwhuuhodwhg1 Lq rughu wr ghwhuplqh zkhwkhu ru qrw wr euhdn
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zlwk suhfhghqw/ wkh mxgjh pxvw �uvw nqrz wkh h{shfwhg rxwfrphv/ zklfk fdq rqo| eh

ghwhuplqhg li wkh mxgjh douhdg| nqrzv wkh frqwhqw ri wkh uxolqj vkh zloo jlyh hlwkhu

li vkh euhdnv zlwk suhfhghqw ru pdlqwdlqv suhfhghqw1 Wkxv/ zh zrun edfnzdugv/ �uvw

ghwhuplqlqj wkh dsshoodwh mxgjh*v rswlpdo vxevwdqwlyh kroglqj frqwlqjhqw rq zkhwkhu

vkh kdv eurnhq zlwk ru pdlqwdlqhg suhfhghqw1

Li wkh mxgjh euhdnv zlwk suhfhghqw wkh vhfrqg whup ri khu h{shfwhg xwlolw| ixqfwlrq

lv }hur/ ehfdxvh �k ' f1 Ixuwkhu/ ehfdxvh vkh kdv eurnhq zlwk h{lvwlqj suhfhghqw/ |

uhyhuwv wr 41 Wkhuhiruh/ wkh olqh ri fdvhv frqvlghuhg e| wkh wuldo mxgjh frqwdlqv rqo|

wklv dsshoodwh mxgjh*v prvw uhfhqw ghflvlrq/ wkdw lv/ >
|'� ' o

|'�� Lw lv reylrxv wkdw wkh

dsshoodwh mxgjh*v h{shfwhg xwlolw| lq wklv fdvh lv pd{lpl}hg zkhq o
|
' >

|
' �1 Wkxv/

li d mxgjh euhdnv zlwk suhfhghqw/ khu vxevwdqwlyh kroglqj zloo eh khu lghdo ohjdo uxoh/

dqg khu h{shfwhg xwlolw| .LEKoe@&� zloo eh �j21

Li wkh dsshoodwh mxgjh grhv qrw euhdn zlwk suhfhghqw/ khu ghflvlrq lv pruh frpsol0

fdwhg1 Vkh zrxog olnh wr pryh suhfhghqw wrzdugv khu lghdo srlqw/ exw vkh lv frqvwudlqhg

e| wkh frvw ri ghyldwlqj wrr pxfk iurp wkh olqh ri suhfhghqw ri zklfk khu ghflvlrq

ehfrphv d sduw1 Wkh mxgjh wkxv fkrrvhv o
|
e| vroylqj wkh iroorzlqj pd{lpl}dwlrq

sureohp=

4@ 
o|

�
�
�
E>

|
� ��2 n

j2

|

�
� k

�
>
|3� � o

|

�2�
+4,

Qrwh wkdw >
|
/ wkh phdq ri wkh glvwulexwlrq iurp zklfk wkh wuldo mxgjh zloo gudz

klv xqghuvwdqglqj ri wkh ohjdo uxoh/ lv d ixqfwlrq ri o
|
� Lq sduwlfxodu >

|
'

E|3��>
|3�

no|

|

�

4;



Wkxv/ zh fdq uhzulwh wkh pd{lpl}dwlrq sureohp dv=

4@ 
o|

+
�
%�

E|� ��>
|3� n o

|

|
� �

�2

n
j2

|

&
� k

�
>
|3� � o

|

�2,
+5,

Vroylqj iru wkh �uvw rughu frqglwlrq |lhogv=

oW
|
' >

|3� n
|
�
� � >

|3�

�
� n k|2

Nqrzlqj wkh rswlpdo vxevwdqwlyh kroglqj/ oW
|
/ doorzv xv wr fdofxodwh wkh phdq ri

wkh qhz glvwulexwlrq iurp zklfk wkh wuldo frxuw mxgjh zloo gudz klv xqghuvwdqglqj ri

wkh surshu ohjdo uxoh1 Wklv qhz phdq/ >W
|
/ lv jlyhq e|=

>W
|
'

E|� ��>
|3� n o

|

|
'

� n k|2>
|3�

� n k|2
+6,

Qrz/ lq rughu wr �qg wkh dsshoodwh mxgjh*v h{shfwhg xwlolw| iurp lvvxlqj d ghflvlrq

frqvlvwhqw zlwk suhfhghqw/ .LE6@�?|@�?�/ zh vxevwlwxwh oW
|
dqg >W

|
lqwr wkh h{shfwhg

xwlolw| ixqfwlrq1 Wklv |lhogv=

.L E6@�?|@�?� ' �
%�

� n k|2>
|3�

� n k|2
� �

�2

n
j2

|

&

�k
%
>
|3� �

#
>
|3� n

|
�
� � >

|3�

�
� n k|2

$&2
+7,

zklfk vlpsol�hv wr=

.L E6@�?|@�?� ' � k|2

� n k|2

�
� � >

|3�

�2 � j2

|
+8,

Lq rxu prgho wkh fhqwudo ehqh�w wr dsshoodwh mxgjhv ri pdlqwdlqlqj suhfhghqw lv

lqirupdwlrqdo1 Wkh pruh fdvhv wkh wuldo mxgjh kdv wr uhihu wr/ wkh pruh dffxudwho| kh

4<



zloo xqghuvwdqg wkh ohjdo uxoh iru zklfk wkdw olqh ri fdvhv vwdqgv1 Wkxv/ wkh dsshoodwh

mxgjh zlvkhv wr pdlqwdlq suhfhghqw ehfdxvh lw pdnhv khu frppxqlfdwlrq zlwk wuldo

frxuwv ohvv qrlv|1 Krzhyhu/ wkh xvh ri suhfhghqw frphv dw d sulfh1 Lq sduwlfxodu/

mxgjhv ehdu d frvw iru ghyldwlqj vxevwdqwlyho| wrr idu iurp wkh olqh ri suhfhghqw zklfk

wkh| fodlp wr xskrog1 Wklv frqvwudlqv mxgjhv zkr duh pdlqwdlqlqj suhfhghqw iurp

lpsohphqwlqj d ohjdo uxoh zklfk pdwfkhv wkhlu shuvrqdo lghdo/ dv fdq eh vhhq lq wkh

prgho1 Zkhq suhfhghqw lv pdlqwdlqhg/ >W
|
'

�nk|
2
>
|3�

�nk|
2
9' � +xqohvv k ' f ru >

|3� ' �,1

Wkh uxoh dssolhg e| wkh wuldo frxuw zkhq suhfhghqw lv pdlqwdlqhg lv eldvhg dzd| iurp

wkh fxuuhqw dsshoodwh mxgjh*v lghdo srlqw +�, lq wkh gluhfwlrq ri wkh rog suhfhghqw

+>
|3�,1

Rq wkh rwkhu kdqg/ zkloh wkh dsshoodwh mxgjh fdq pdnh vxuh wkdw wkh phdq ri wkh

wuldo frxuw*v vljqdo lv htxdo wr khu lghdo srlqw li vkh euhdnv zlwk suhfhghqw/ wkh yduldqfh

ri wklv vljqdo/ l1h1 wkh qrlvlqhvv ri frppxqlfdwlrq/ zloo eh kljkhu1 Djdlq/ wklv fdq eh

vhhq fohduo| lq wkh prgho/ vlqfh j2 : j
2

|

dv orqj dv | : �1 Wkh dsshoodwh mxgjh wkxv

idfhv d wudgh0r� ehwzhhq wkh dffxudf| zlwk zklfk vkh frppxqlfdwhv wkh ohjdo uxoh wr

wkh wuldo frxuwv dqg wkh sur{lplw| ri wkdw uxoh wr khu lghdo1 Vkh ghwhuplqhv zkhwkhu

ru qrw wr euhdn zlwk suhfhghqw e| frpsdulqj wkh h{shfwhg xwlolwlhv dvvrfldwhg zlwk

hdfk fkrlfh> vkh euhdnv zlwk suhfhghqw li dqg rqo| li=

.L EKoe@&�� .LE6@�?|@�?� ' j2
� � |

|
n

k|2

� n k|2

�
� � >

|3�

�2
: f+,

k|�

E|� �� E� n k|2�

�
� � >

|3�

�2 � j2 : f +9,
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8 Uhvxowv

814 Frpsdudwlyh Vwdwlfv

Frpsdudwlyh vwdwlf dqdo|vlv rq wkh sdudphwhuv ri wklv prgho |lhogv d qxpehu ri lq0

whuhvwlqj uhvxowv uhjduglqj krz wkhvh sdudphwhuv d�hfw wkh uhodwlyh ghvludelolw| ri

pdlqwdlqlqj ru euhdnlqj zlwk h{lvwlqj suhfhghqw1

Lw lv fohdu iurp htxdwlrq +9, wkdw wkh ghvludelolw| ri euhdnlqj zlwk suhfhghqw gh0

fuhdvhv dv j2/ wkh qrlvlqhvv ri hdfk lqglylgxdo vljqdo/ lqfuhdvhv1 Wkh lqwxlwlrq lv

wkdw dv frppxqlfdwlrq ehwzhhq dsshoodwh dqg wuldo frxuwv ehfrphv ohvv suhflvh/ wkh

h{wud lqirupdwlrq surylghg e| vlwxdwlqj d ghflvlrq lq d olqh ri suhfhghqw ehfrphv

pruh ydoxdeoh wr wkh dsshoodwh mxgjh1 Rq wkh rwkhu kdqg/ htxdwlrq +9, lpsolhv wkdw

lqfuhdvlqj
��� � >

|3�

��/ wkh glvwdqfh ehwzhhq wkh dsshoodwh mxgjh*v lghdo srlqw dqg h{0

lvwlqj suhfhghqw/ lqfuhdvhv wkh dwwudfwlyhqhvv ri euhdnlqj zlwk suhfhghqw1 Ehfdxvh d

odujh glvwdqfh ehwzhhq h{lvwlqj suhfhghqw dqg wkh dsshoodwh mxgjh*v lghdo srlqw frq0

vwudlqv krz forvh vkh fdq pryh wkh h{shfwhg wuldo frxuw ghflvlrq wr khu lghdo srlqw/

vkh lv ohvv zloolqj wr wudgh0r� frqwuro ryhu wkh vxevwdqwlyh uxoh iru lqfuhdvhg dffxudf|

ri wudqvplvvlrq1

Htxdwlrq +9, dovr vkrzv wkdw euhdnlqj zlwk suhfhghqw ehfrphv pruh dwwudfwlyh dv

k lqfuhdvhv1 Wkh uhdvrq iru wklv lv wkdw/ zkhq k lv forvh wr 3/ wkh dsshoodwh mxgjh fdq

pryh >
|
yhu| forvh wr khu lghdo srlqw/ �/ hyhq zkhq vkh pdlqwdlqv suhfhghqw1 Wkxv/
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wkh lqirupdwlrqdo ehqh�w ri vlwxdwlqj khu ghflvlrq lq d orqj olqh ri fdvhv frphv dw

yhu| olwwoh frvw lq whupv ri vxevwdqfh1 Krzhyhu/ dv k jurzv/ wkh dsshoodwh mxgjh*v

delolw| wr pryh wkh ohjdo uxoh forvh wr khu lghdo srlqw ehfrphv pruh frqvwudlqhg/

pdnlqj dgkhuhqfh wr h{lvwlqj suhfhghqw ohvv dwwudfwlyh1 Rqh fdq vhh wklv e| h{dplqlqj

htxdwlrq +6,1 Dvvxplqj wkdw suhfhghqw lv pdlqwdlqhg/ wkh glvwdqfh wkdw wkh ohjdo uxoh

zloo eh pryhg lv jlyhq e|
��>W

|
� >

|3�

�� ' ��� �3>
|3�

�nk|
2

��� zklfk lv fohduo| ghfuhdvlqj lq k�

Ghulylqj wkh frpsdudwlyh vwdwlfv rq |/ wkh qxpehu ri fdvhv lq wkh olqh ri suhfhghqw/

lv pruh frpsolfdwhg1 | lv d glvfuhwh yduldeoh/ vr udwkhu wkdq xvlqj gl�huhqwldo fdofxoxv/

zh wdnh wkh �uvw gl�huhqfhv ri htxdwlrq +9, zlwk uhvshfw wr |=

d.L
|n�EKoe@&��.L

|n�E6@�?|@�?�o� d.L
|
EKoe@&��.L

|
E6@�?|@�?�o � 8( E|�

' �
�
� � >

|3�

�2
k

k|e n 2k|� n k|2 � 2|� n 2|n �

E� n k|2 n 2k|n k� E� n k|2� | E|� ��
+:,

D olwwoh dojheud ghprqvwudwhv wkdw wklv �uvw0gl�huhqfh fdq eh srvlwlyh ru qhjdwlyh/

ghshqglqj rq k dqg |� Lq sduwlfxodu

8( E|� 	 f li
2|� � 2|� �

|e n 2|� n |2
� 7k E|� 	 k

8( E|� : f li
2|� � 2|� �

|e n 2|� n |2
� 7k E|� : k +;,

Lqfuhdvlqj | ghfuhdvhv wkh ghvludelolw| ri euhdnlqj zlwk suhfhghqw zkhq k : 7k E|�>

rwkhuzlvh lqfuhdvlqj | lqfuhdvhv wkh ghvludelolw| ri euhdnlqj zlwk suhfhghqw1 Lw lv

lpsruwdqw wr qrwh wkdw wklv wkuhvkrog/ 7k E|� ' 2|�32|3�
|
en2|�n|

2
c lv lwvhoi d ghfuhdvlqj ixqfwlrq
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ri |1 Wkhuh duh wzr fdvhv wr frqvlghu lq xqghuvwdqglqj wklv uhvxow1 Wkh �uvw lv zkhq

k : 7kE2� +wkh orzhvw srvvleoh ydoxhv ri 7k E|� zkhq wkh dsshoodwh mxgjh fkrrvhv wr

pdlqwdlq h{lvwlqj suhfhghqw,1 Lq wklv fdvh/ iru doo ydoxhv ri |c wkh dwwudfwlyhqhvv ri

euhdnlqj zlwk suhfhghqw lv ghfuhdvlqj dv | lqfuhdvhv1 Wkdw lv/ iru d vx!flhqwo| odujh

kc roghu suhfhghqwv duh dozd|v ohvv yxoqhudeoh wkdq |rxqjhu suhfhghqwv1 Wklv fdvh

lv looxvwudwhg lq �jxuh E�� � Li/ krzhyhu/ k 	 7kE2�/ wkhq lqfuhdvhv lq | lqfuhdvh wkh

dwwudfwlyhqhvv ri euhdnlqj zlwk suhfhghqw iru d fhuwdlq qxpehu ri shulrgv1 Vshfl�fdoo|/

lqfuhdvhv lq | zloo lqfuhdvh wkh olnholkrrg ri euhdnlqj dv orqj dv k lv ehorz wkh wkuhvkrog

ydoxh ri 7k E|�1 Exw/ dv | lqfuhdvhv/ wklv wkuhvkrog ydoxh ghfuhdvhv/ phdqlqj wkdw k

zloo hyhqwxdoo| eh juhdwhu wkdq wkh wkuhvkrog1 Dw wkdw srlqw/ wkh h�hfw ri lqfuhdvlqj

| vzlwfkhv vr wkdw lqfuhdvhv lq | ghfuhdvh wkh ghvludelolw| ri euhdnlqj zlwk suhfhghqw1

Wklv fdvh lv looxvwudwhg lq �jxuh E2� �

Lq rughu wr xqghuvwdqg wkh lqwxlwlrq ehklqg wkhvh frpsdudwlyh vwdwlfv/ uhfdoo wkdw

dq lqfuhdvh lq | kdv wzr h�hfwv rq wkh ghvludelolw| wr wkh mxgjh ri pdlqwdlqlqj wkh olqh

ri suhfhghqw1 Rq wkh rqh kdqg/ dq lqfuhdvh lq | lqfuhdvhv wkh frqvwudlqw rq krz pxfk

wkh mxgjh fdq pryh wkh vxevwdqwlyh ohjdo uxoh/ pdnlqj roghu suhfhghqwv ohvv dwwudfwlyh1

Rq wkh rwkhu kdqg/ dq lqfuhdvh lq | lpsuryhv wkh dffxudf| zlwk zklfk wkh ohjdo uxoh lv

frppxqlfdwhg wr wkh wuldo frxuw/ pdnlqj roghu suhfhghqwv pruh dwwudfwlyh1 Zkhq k
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Iljxuh 4= HX+Euhdn,0HX+Pdlqwdlq, zlwk k : 7k E2�
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Iljxuh 5= HX+Euhdn,0HX+Pdlqwdlq, zlwk k 	 7k E2�
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lv vx!flhqwo| kljk/ wkh lqirupdwlrq h�hfw dozd|v ryhuzkhopv wkh frqvwudlqlqj h�hfw1

Wkh uhdvrq iru wklv lv wkdw zkhq k lv kljk/ wkh mxgjh*v delolw| wr pryh wkh ohjdo uxoh lv

douhdg| vr frqvwudlqhg wkdw wkh pdujlqdo h�hfw ri dq lqfuhdvh lq | rq wklv frqvwudlqw

lv qhjoljleoh1 Krzhyhu/ zkhq k dqg | duh vx!flhqwo| orz/ wkh frqvwudlqlqj h�hfw ri dq

lqfuhdvh lq | lv pruh lpsruwdqw wr wkh mxgjh wkdq wkh h�hfw rq lqirupdwlrq/ wkhuhe|

pdnlqj dq lqfuhdvh lq | lqfuhdvh wkh dwwudfwlyhqhvv ri euhdnlqj zlwk suhfhghqw1 Dv

| lqfuhdvhv ixuwkhu/ wkh lqirupdwlrq h�hfw ri pdujlqdo lqfuhdvhv lq | zloo hyhqwxdoo|

ryhuzkhop wkh frqvwudlqlqj h�hfwv> qr pdwwhu krz orz k lv/ zkhq | lv vx!flhqwo|

kljk wkh mxgjh lv douhdg| vr frqvwudlqhg wkdw wkh pdujlqdo frqvwudlqlqj h�hfw ri dq

lqfuhdvh lq | lv djdlq qhjoljleoh1

815 Olplwv ri Ohjdo Fkdqjh

Dq lqwhuhvwlqj txhvwlrq lq wkh frqwh{w ri rxu prgho lv/ krz idu rq wkh vxevwdqfh

glphqvlrq fdq d ohjdo uxoh pryh zlwkrxw d mxgjh hyhu fodlplqj wr kdyh eurnhq iurp

suhfhghqwB Lv wklv glvwdqfh erxqghg ru xqerxqghgB Wkdw lv/ krz idu zrxog suhfhghqw

pryh li/ ryhu dq lq�qlwh vhulhv ri wxuqv/ hdfk dsshoodwh mxgjh*v lghdo srlqw zdv vxfk

wkdw vkh zdv h{dfwo| lqgl�huhqw ehwzhhq prylqj h{lvwlqj suhfhghqw dqg euhdnlqj/

ohdglqj wkhvh mxgjhv wr pryh >
|
dv idu iurp >

|3� dv lv srvvleoh +dozd|v lq wkh vdph

gluhfwlrq, zlwkrxw ghfodulqj d euhdn iurp h{lvwlqj suhfhghqwB Zh fdq �qg wkh pd{l0

pxp glvwdqfh wkh ohjdo uxoh fdq pryh xqghu wkhvh frqglwlrqv +l1h1/ 4@ m>
"

� >�m, e|

58



vroylqj wkh iroorzlqj frqvwudlqhg lq�qlwh vxp=
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E| pdnlqj wkh frqvwudlqw dq htxdolw|/ zh lpsrvh wkh frqglwlrq wkdw lq hdfk urxqg

wkh mxgjh kdv suhihuhqfhv wkdw ohdg khu wr pryh wkh ohjdo uxoh dv idu dv srvvleoh

zlwkrxw suhihuulqj wr euhdn zlwk suhfhghqw1 Vroylqj wkh frqvwudlqw iru
�
� � >

|3�

�
dqg

vxevwlwxwlqj/ zh �qg wkdw wkh vxp lv htxdo wr=

js
k

"[
|'2

�

|

s
|� �s

|
s
� n k|2

+43,

Qrwlfh wkdw li k 9' f wklv fdq eh erxqghg deryh dv iroorzv=
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Wkxv/ wkh glvwdqfh wkdw fdq eh pryhg lv �qlwh/ hyhq ryhu dq lq�qlwh qxpehu ri

fdvhv1 Wkh ohjdo uxoh fdqqrw pryh d glvwdqfh juhdwhu wkdq
�

Z
2

S
� �

�
j

k

iurp wkh

ghflvlrq ri wkh �uvw fdvh lq wkh olqh ri suhfhghqw zlwkrxw dw ohdvw rqh mxgjh ghflglqj

wr euhdn zlwk suhfhghqw1 Zh fdq �qg frpsdudwlyh vwdwlfv rq wkh dfwxdo srlqw ri

frqyhujhqfh e| uhihuulqj gluhfwo| wr htxdwlrq E�f� � Qrwlfh wkdw li k lv yhu| vpdoo/ vr

wkdw mxgjhv duh uhodwlyho| xqfrqvwudlqhg e| wkh suhfhghqwldo olqh lq zklfk wkh| duh

zulwlqj/ wklv glvwdqfh lv txlwh odujh/ zkhuhdv dv k jhwv odujh wkh glvwdqfh vkulqnv1
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Vlploduo|/ dv j ehfrphv odujh/ wkh glvwdqfh wkdw fdq eh pryhg jhwv odujhu ehfdxvh

mxgjhv duh zloolqj wr zulwh rslqlrqv lq olqh zlwk suhfhghqw hyhq zkhq wkh vxevwdqwlyh

kroglqjv ri wkrvh ghflvlrqv duh yhu| idu dzd| iurp wkh vxevwdqwlyh srvlwlrq ri wkh

h{lvwlqj suhfhghqw1

9 Glvfxvvlrq

914 Uhvroxwlrq ri Vrph Hpslulfdo Sx}}ohv

Rxu prgho surylghv d qhz shuvshfwlyh rq zkhq/ zk|/ dqg krz mxglfldo ghflvlrqv

duh frqvwudlqhg e| h{lvwlqj suhfhghqwv1 Wklv shuvshfwlyh khosv dffrxqw iru hpslul0

fdo revhuydwlrqv ri mxglfldo ehkdylru wkdw duh rwkhuzlvh gl!fxow wr uhfrqfloh1 Wr wdnh

d vwulnlqj h{dpsoh/ frqvlghu wkh uroh ri ghihuhqfh wr suhfhghqw lq Vxsuhph Frxuw

ghflvlrq0pdnlqj1 Rq wkh rqh kdqg/ d uljrurxv dqdo|vlv ri yrwlqj sdwwhuqv rq wkh

Frxuw �qgv wkdw mxvwlfhv zkr yrwh djdlqvw d �odqgpdun� fdvh � wkdw lv/ d fdvh wkdw

hvwdeolvkhv dq lpsruwdqw suhfhghqw � whqg qrw wr vzlwfk wkhlu yrwlqj sdwwhuq lq vxe0

vhtxhqw fdvhv/ hyhq wkrxjk wkh �odqgpdun� fdvh ghflvlrq rxjkw wr frqvwlwxwh d ohjdo

suhfhghqw +Vhjdo dqg Vsdhwk 4<<9d,1 Wklv vhhpv wr eh vwurqj hylghqfh wkdw mxgjhv/

dw ohdvw dw wkh Vxsuhph Frxuw ohyho/ gr qrw ihho frqvwudlqhg e| ohjdo suhfhghqwv dv

vxfk1 Rq wkh rwkhu kdqg/ li lw lv uhdoo| wkh fdvh wkdw wkh mxvwlfhv gr qrw dwwdfk pxfk

lpsruwdqfh wr suhfhghqw/ wkhq lw lv kdug wr h{sodlq zk| wkh| ghyrwh vr pxfk wlph dqg
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lqwhoohfwxdo hqhuj| wr lw lq wkhlu gholehudwlrqv/ dqg zk| wkh| sodfh vr pxfk hpskdvlv

rq lw lq prvw ri wkhlu ghflvlrqv1 Dqdo|vlv ri wkh X1V1 Vxsuhph Frxuw ghflvlrq0pdnlqj

surfhvv/ diwhu doo/ uhyhdov wkdw dujxphqwv iurp suhfhghqw ydvwo| rxwqxpehu doo rwkhu

nlqgv ri dujxphqwv lq dwwruqh|v* zulwwhq eulhiv/ wkh Frxuw*v zulwwhq rslqlrqv/ dqg wkh

mxvwlfhv* dujxphqwv lq frqihuhqfh glvfxvvlrqv +Skhosv dqg Jdwhv 4<<4/ Nqljkw dqg

Hsvwhlq 4<<9,1 Li lw zhuh uhdoo| wkh fdvh wkdw mxgjhv fduhg derxw fdvh rxwfrphv udwkhu

wkdq suhfhghqw/ wkhq doo wkh hpskdvlv rq dujxphqwv iurp suhfhghqw zrxog vhhp dq

luudwlrqdo zdvwh ri uhvrxufhv1 Exw li suhfhghqw zhuh uhdoo| lq xhqflqj mxvwlfhv* ghfl0

vlrqv/ wkhq wkh shuvlvwhqw sdwwhuqv ri frqwlqxrxv glvvhqw iurp odqgpdun ghflvlrqv lv

gl!fxow wr h{sodlq1

Rxu prgho lv deoh wr dffrxqw txlwh vlpso| iru wklv vhhplqj frqwudglfwlrq1 Mxvwlfhv

fduh derxw suhfhghqw suhflvho| ehfdxvh wkh| fduh derxw srolf|> li wkh| fdq vx!flhqwo|

lpsuryh wkhlu frppxqlfdwlrq ri wkh surshu ohjdo uxoh e| lqwhjudwlqj wkhlu ghflvlrq

zlwk dq h{lvwlqj olqh ri fdvhv/ wkh| zloo gr vr/ hyhq li lw phdqv vrphzkdw prgli|lqj

wkh ohjdo uxoh wkh| dqqrxqfh dqg h{shqglqj vrph hqhuj| rq zulwlqj d frpshoolqj

dqg frkhuhqw rslqlrq wkdw lqwhjudwhv vhhplqjo| glyhujhqw uxolqjv1 Wkxv/ wkrxjk rxu

prgho grhv qrw irupdol}h wkh surfhvv ri irupxodwlqj d mxglfldo rslqlrq/ lw lv hqwluho|

frqvlvwhqw zlwk wkh revhuydwlrq wkdw mxgjhv sxw d orw ri wlph dqg dwwhqwlrq lqwr wu|lqj

wr lqwhjudwh wkhlu suhihuuhg rxwfrph lqwr dq hvwdeolvkhg olqh ri fdvhv1

Krzhyhu/ lq rxu prgho/ li d mxgjh ghflghv wkdw wkh dgglwlrqdo dffxudf| lv qrw zruwk
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wkh vdful�fh lq whupv ri vxevwdqwlyh srolf|/ wkhq vkh zloo yrwh wr euhdn zlwk suhfhghqw1

Li vkh glvvhqwv lq d odqgpdun fdvh/ vkh zloo xvxdoo| frqwlqxh wr glvvhqw lq vxevhtxhqw

fdvhv1 Diwhu doo/ lq rxu prgho mxgjhv gr qrw fduh derxw suhfhghqw shu vh/ vr wkhuh lv

qr uhdvrq iru d mxgjh wr yrwh wr xskrog d ohjdo uxoh wkdw lv idu iurp khu lghdo vlpso|

ehfdxvh wkdw uxoh kdg ehhq hvwdeolvkhg lq d sulru fdvh1 Vkh zloo rqo| yrwh wr dgkhuh wr

suhfhghqw li vkh fdq/ lq wkh surfhvv/ vkliw wkh ohjdo uxoh vx!flhqwo| forvhu wr khu lghdo

srlqw wkdw wkh jdlq lq whupv ri dffxudf| lv zruwk wkh frvw lq whupv ri vxevwdqfh1

D vhfrqg hpslulfdo dqrpdo| wkdw rxu prgho looxplqdwhv lv wkh vhhplqjo| vfkl}rskuhqlf

dwwlwxgh ri mxgjhv wrzdug orqj0hvwdeolvkhg suhfhghqwv1 Rq wkh rqh kdqg/ pdq| zrxog

txrwh dssurylqjo| Mxvwlfh Krophv* txls wkdw �lw lv uhyrowlqj wr kdyh qr ehwwhu uhd0

vrq iru d uxoh ri odz wkdq wkdw lw zdv odlg grzq lq wkh wlph ri Khqu| LY1 Lw lv vwloo

pruh uhyrowlqj li wkh jurxqgv xsrq zklfk lw zdv odlg grzq kdyh ydqlvkhg orqj vlqfh/

dqg wkh uxoh vlpso| shuvlvwv iurp eolqg lplwdwlrq ri wkh sdvw� +4;<:,1 Rq wkh rwkhu

kdqg/ lw lv riwhq wkrxjkw wkdw d ohjdo uxoh zlwk d orqj klvwru| lv zruwk| ri sduwlf0

xodu ghihuhqfh1 Wkxv/ odz|huv dqg mxgjhv vrphwlphv dujxh/ lpsolflwo| ru h{solflwo|/

djdlqvw wdpshulqj zlwk orqj0hvwdeolvkhg ohjdo uxohv/ hyhq zkloh glvdjuhhlqj zlwk wkhlu

vxevwdqwlyh frqwhqw1 Djdlq/ rxu prgho vxjjhvwv d vlpsoh uhfrqfloldwlrq ri wkhvh dssdu0

hqwo| frqwudglfwru| qrwlrqv1 Uhfdoo iurp wkh frpsdudwlyh vwdwlfv wkdw lqfuhdvlqj | kdv

wzr h�hfwv1 Lw frqvwudlqv wkh mxgjh*v delolw| wr d�hfw wkh vxevwdqfh ri wkh ohjdo uxoh/

ohdglqj wr wkh iuxvwudwlrq hperglhg lq Krophv* uhpdun1 Krzhyhu/ dq rog suhfhghqw �

5<



l1h1 d orqj olqh ri fdvhv � wkrxjk gl!fxow wr pryh/ kdv d juhdw ghdo ri lqirupdwlrqdo

ydoxh1 Wkh frqvhtxhqfh lv wkdw rog suhfhghqwv ehfrph hqwuhqfkhg vr wkdw hyhq zkhq

mxgjhv glvdjuhh zlwk wkh vxevwdqwlyh uxohv wkh| duh uhoxfwdqw wr ryhuuxoh wkhp1

915 Qhz K|srwkhvhv

Lq dgglwlrq wr r�hulqj qhz lqvljkwv lqwr wkhvh lpsruwdqw hpslulfdo sx}}ohv/ rxu prgho

dovr vxjjhvwv d qxpehu ri qhz k|srwkhvhv uhjduglqj sdwwhuqv ri mxglfldo ghflvlrq0

pdnlqj1 Iluvw/ uhfdoo wkh frpsdudwlyh vwdwlfv rq wkh sdudphwhu j zklfk phdvxuhv

wkh lqkhuhqw gl!fxow| lq frppxqlfdwlrq ehwzhhq dsshoodwh dqg wuldo mxgjhv1 Wkh

prgho ghprqvwudwhg wkdw dv j lqfuhdvhv wkh dwwudfwlyhqhvv ri euhdnlqj zlwk suhfhghqw

ghfuhdvhv1 Vxevwdqwlyho|/ wklv lpsolhv wkdw duhdv ri odz wkdw duh kljko| frpsoh{ dqg

qrw dphqdeoh wr vlpsoh ohjdo uhjxodwlrq duh pruh olnho| wr ghyhors orqj olqhv ri fdvhv/

zlwk erwk kljk ohyhov ri ghihuhqfh wr suhfhghqw dqg hyroxwlrq dqg fkdqjh ri ohjdo

uxohv zlwklq wkh suhfhghqw1 Krzhyhu/ zkhq wkh ohjdo lvvxh lv txlwh vlpsoh/ pdnlqj

frppxqlfdwlrq ri wkh ohjdo uxoh ohvv gl!fxow/ mxgjhv kdyh olwwoh xvh iru suhfhghqw1

Wkh| zloo hlwkhu iroorz wkh rog uxoh h{dfwo| ru fkdqjh lw frpsohwho|1

Qh{w rxu prgho r�huv d qhz shuvshfwlyh rq wkh orqj0vwdqglqj ghedwh derxw wkh

uhodwlyh phulwv ri uxohv dqg vwdqgdugv +Vfkodj 4<;8/ Ndsorz 4<<5/ Vxoolydq 4<<5/

Nrurenlq 5333,1 W|slfdoo|/ vwdqgdugv frqwdlq jhqhudo sulqflsohv � iru h{dpsoh/ �gxh

surfhvv� ru qhjoljhqfh� � zkhuhdv uxohv xvh pruh vshfl�f dqg suhflvh odqjxdjh1 Vwulfw
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oldelolw| wruw uhjlphv dqg vwdwxwhv ri olplwdwlrqv duh h{dpsohv ri vxfk ohjdo uxohv1 Lq

whupv ri rxu prgho/ uxoh0olnh kroglqjv pljkw fruuhvsrqg wr uhodwlyho| kljkhu ydoxhv ri

k zkhuhdv vwdqgdugv pljkw fruuhvsrqg wr orzhu ydoxhv ri k +uhfdoo wkdw k phdvxuhv

wkh frvwv wr mxgjhv ri h�hfwlqj vxevwdqwlyh ohjdo fkdqjhv zkloh fodlplqj frqvlvwhqf|

zlwk dq h{lvwlqj olqh ri suhfhghqw,1 Wklv lv ehfdxvh lw lv hdvlhu iru mxgjhv wr dgdsw wkh

eurdghu/ pruh jhqhudo odqjxdjh ri vwdqgdugv/ zkloh fodlplqj �gholw| wr wkh ruljlqdo

sulqflsoh wkdq lw lv iru mxgjhv wr dowhu dq xqdpeljxrxv ohjdo uxoh1 Dv vkrzq deryh/ dv k

lqfuhdvhv wkh glvwdqfh wkdw d mxgjh zloo pryh wkh vxevwdqfh ri h{lvwlqj suhfhghqw zkloh

pdlqwdlqlqj wkdw suhfhghqw ghfuhdvhv exw/ dv d uhvxow/ wkh ghvludelolw| ri euhdnlqj zlwk

suhfhghqw lqfuhdvhv1 Wkxv/ rxu prgho fdoov lqwr txhvwlrq wkh frqyhqwlrqdo ylhz wkdw

uxohv duh pruh vwdeoh dqg suhglfwdeoh wkdq vwdqgdugv1 Zh �qg d wudgh0r� ehwzhhq

wzr w|shv ri vwdelolw|1 Uxohv zloo eh dvvrfldwhg zlwk shulrgv ri olwwoh vxevwdqwlyh

fkdqjh sxqfwxdwhg/ pruh iuhtxhqwo|/ e| vxgghq euhdnv1 Vwdqgdugv/ rq wkh rwkhu

kdqg/ zloo eh fkdudfwhul}hg e| pruh frqvwdqw/ exw judgxdo/ vxevwdqwlyh fkdqjh exw

zloo eh ryhuwxuqhg rxwuljkw/ ohvv riwhq1 Zkloh zh gr qrw kdyh d qrupdwlyh srvlwlrq

uhjduglqj wklv wudgh0r�/ rxu prgho ghprqvwudwhv wkdw wkh txhvwlrq ri zkhwkhu uxohv ru

vwdqgdugv irvwhu juhdwhu vwdelolw| dqg suhglfwdelolw| lv pruh frpsoh{ wkdq lv frpprqo|

dssuhfldwhg1

Ilqdoo|/ rxu prgho vxjjhvwv sdwwhuqv wkh vkrxog hphujh lq wkh orqj0whup hyroxwlrq

dqg ghyhorsphqw ri odz lq dq Dqjor0Dphulfdq frpprq odz v|vwhp1 Uhfdoo wkdw
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zkhq k lv vx!flhqwo| orz/ ohjdo uxohv duh ohvv yxoqhudeoh wr ehlqj ryhuuxohg zkhq

wkh| duh yhu| |rxqj dqg zkhq wkh| duh yhu| rog1 D mxgjh fdq hdvlo| dgdsw wkh

vxevwdqfh ri d |rxqj suhfhghqw wr uh hfw khu srolf| suhihuhqfhv/ pdnlqj d euhdn zlwk

suhfhghqw xqqhfhvvdu|1 Dqg/ zkloh d yhu| rog suhfhghqw vwurqjo| frqvwudlq mxgjh*v

delolw| wr lq xhqfh wkh vxevwdqfh ri wkh odz/ lw surylghv wuhphqgrxv lqirupdwlrqdo

ydoxh1 Plggoh0djhg suhfhghqwv duh pruh yxoqhudeoh wr ehlqj ryhuuxohg1 Wkxv/ zkhq k

lv vx!flhqwo| orz/ zh pljkw h{shfw wkh iroorzlqj sdwwhuq ri ohjdo ghyhorsphqw1 Zkhq

frxuwv lqlwldoo| frqiurqw d qhz ohjdo lvvxh/ wkh odz zloo olnho| eh fkdudfwhul}hg e| d

qxpehu ri idovh vwduwv1 Wkh ohjdo uxoh vshfl�hg e| wkh �uvw mxgjh wr frqiurqw wkh lvvxh

zloo eh uh�qhg e| d qxpehu ri vxevhtxhqw mxgjhv/ exw dv wkh uxoh vrolgl�hv/ lw ehfrphv

pruh yxoqhudeoh wr ehlqj ryhuuxohg1 Wklv rffxuv ehfdxvh dv wkh uxoh ghyhorsv lw pd|

ehjlq wr h{huw d vljql�fdqw frqvwudlqw rq wkh ghflvlrqv ri mxgjhv ehiruh lw fdq surylgh

vx!flhqw lqirupdwlrqdo ehqh�wv wr frpshqvdwh iru wklv frqvwudlqlqj h�hfw1 Wkxv/

zh h{shfw vhyhudo uxohv wr eh sursrvhg/ uh�qhg/ dqg xowlpdwho| uhmhfwhg1 Krzhyhu/

rqfh d ohjdo uxoh vxuylyhv wkh suhfdulrxv lqwhuphgldwh vwdjh ri lwv ghyhorsphqw lw zloo

ehfrph lqfuhdvlqjo| hqwuhqfkhg/ ryhuwxuqhg rqo| li lw lv frqiurqwhg e| d mxgjh zlwk

vxevwdqwldoo| glyhujhqw suhihuhqfhv1
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: Frqfoxvlrq

Zh kdyh ghyhorshg dq lqirupdwlrqdo prgho ri mxglfldo ghflvlrq0pdnlqj lq zklfk ghihu0

hqfh wr suhfhghqw lv xvhixo wr rxwfrph0rulhqwhg dsshoodwh mxgjhv ehfdxvh lw lpsuryhv

wkh dffxudf| zlwk zklfk wkh| fdq frppxqlfdwh ohjdo uxohv wr wuldo mxgjhv1 Dowkrxjk

rxu prgho pdnhv d vljql�fdqw frqwulexwlrq wr xqghuvwdqglqj mxglfldo ghflvlrq0pdnlqj

lw lv lpsruwdqw wr kljkoljkw wkdw pxfk zrun uhpdlqv wr eh grqh lq ghyhorslqj lq0

irupdwlrqdo wkhrulhv ri mxglfldo ehkdylru1 Iru h{dpsoh/ zkloh zh kdyh glvfxvvhg d

vhulhv ri mxglfldo ghflvlrqv pdgh ryhu wlph/ zh kdyh rqo| prghoohg mxgjhv dv rqh0vkrw

ghflvlrq0pdnhuv1 D irupdo wuhdwphqw ri uhshdwhg ghflvlrq pdnlqj pljkw r�hu lpsru0

wdqw lqvljkwv/ hvshfldoo| uhjduglqj wkh srwhqwldoo| prghudwlqj h�hfw ri wkh eholhi wkdw

rqh kdv pxowlsoh rssruwxqlwlhv wr h�hfw fkdqjhv lq d vxevwdqwlyh ohjdo uxoh1 Ixuwkhu/

vhyhudo srvvlelolwlhv h{lvw iru jdph0wkhruhwlf h{whqvlrqv ri rxu vlpsoh ghflvlrq0wkhruhwlf

prgho1 D sduwlfxoduo| lqwhuhvwlqj dyhqxh wr h{soruh zrxog eh d jdph zlwk pxowlsoh

dsshoodwh mxgjhv zlwk glyhuvh srolf| suhihuhqfhv1 Dqrwkhu srvvlelolw| lv wr prgho wuldo

frxuw mxgjhv dv vwudwhjlf dfwruv zlwk srolf| suhihuhqfhv ri wkhlu rzq1

Qrqhwkhohvv/ rxu vlpsoh prgho |lhoghg d krvw ri lqwhuhvwlqj lpsolfdwlrqv dqg k|0

srwkhvhv uhjduglqj frqglwlrqv xqghu zklfk mxgjhv zloo pdlqwdlq ru euhdn zlwk suhfh0

ghqw/ wkh frqvwudlqlqj h�hfw wkdw suhfhghqw kdv rq mxglfldo ghflvlrq0pdnlqj/ wkh yrwlqj

ehkdylru ri Vxsuhph Frxuw Mxvwlfhv/ wkh uhodwlrqvkls ehwzhhq d suhfhghqw*v djh dqg
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lwv dxwkrulw|/ wkh h�hfw ri ohjdo frpsoh{lw| rq wkh ohyho ri ghihuhqfh wr suhfhghqw/

wkh uhodwlyh vwdelolw| ri uxohv dqg vwdqgdugv/ dqg orqj0whup sdwwhuqv ri ohjdo hyrox0

wlrq1 Shukdsv prvw lpsruwdqwo|/ zh ghprqvwudwhg wkdw �ohjdolvw� ihdwxuhv ri mxglfldo

ghflvlrq0pdnlqj duh frqvlvwhqw zlwk dq dvvxpswlrq ri srolf|0rulhqwhg mxgjhv1 Wkxv/

wkh lqirupdwlrqdo dssurdfk wr wkh vwxg| ri mxglfldo ehkdylru fdq jhqhudwh qhz lqvljkwv

dqg khos wr uhfrqfloh orqj0vwdqglqj ghedwhv lq wkh olwhudwxuh1

Uhihuhqfhv

Eulvelq/ Ulfkdug D1 4<<91 �Vod|lqj wkh Gudjrq= Vhjdo/ Vsdhwk dqg wkh Ixqf0

wlrq ri Odz lq Vxsuhph Frxuw Ghflvlrq Pdnlqj1� Dphulfdq Mrxuqdo ri Srolwlfdo

Vflhqfh 73=43370434:1

Furvv/ Iudqn E1 dqg Hphuvrq K1 Wloohu1 4<<;1 �Mxglfldo Sduwlvdqvkls dqg Reh0

glhqfh wr Ohjdo Grfwulqh= Zklvwoheorzlqj rq wkh Ihghudo Frxuwv ri Dsshdov1�

\doh Odz Mrxuqdo 43:=54881

Fr{/ Dufkledog1 4<:91 Wkh Uroh ri wkh Vxsuhph Frxuw lq Dphulfdq Jryhuqphqw

+Qhz \run= R{irug Xqlyhuvlw| Suhvv,1

Hgzdugv/ Kduu| W1 4<<;1 �Froohjldolw| dqg Ghflvlrq pdnlqj rq wkh G1F1 Flu0

fxlw1� Ylujlqld Odz Uhylhz ;7=4668046:31
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Krophv/ Rolyhu Zhqghoo1 4;<:1 �Wkh Sdwk ri wkh Odz1� Kduydug Odz Uhylhz

43=78:1

K|gh/ Dodq1 4<;61 �Wkh Frqfhsw ri Ohjlwlpdwlrq lq wkh Vrflrorj| ri Odz1�

Zlvfrqvlq Odz Uhylhz 4<;6=6:<1

Ndsorz/ Ohzlv1 4<<51 �Uxohv Yhuvxv Vwdqgdugv= Dq Hfrqrplf Dqdo|vlv1� Gxnh

Odz Mrxuqdo 75=88:1

Nqljkw/ Mdfn dqg Ohh Hsvwhlq1 4<<91 �Wkh Qrup ri Vwduh Ghflvlv1� Dphulfdq

Mrxuqdo ri Srolwlfdo Vflhqfh 73=434;043681

Nqljkw/ Mdfn dqg Ohh Hsvwhlq1 4<<;1 Wkh Fkrlfhv Mxvwlfhv Pdnh +Zdvklqjwrq/

G1F1= FT Suhvv,1

Nruqkdxvhu/ Ohzlv D1 4<;<1 �Dq Hfrqrplf Shuvshfwlyh rq Vwduh Ghflvlv1�

Fklfdjr0Nhqw Odz Uhylhz 98=960<51

Nrurenlq/ Uxvvhoo E1 53331 �Ehkdylrudo Dqdo|vlv dqg Ohjdo Irup= Uxohv yv1

Vwdqgdugv Uhylvlwhg1� Ruhjrq Odz Uhylhz :<=561

Odqghv/ Zlooldp dqg Ulfkdug D1 Srvqhu1 4<:91 �Ohjdo Suhfhghqw= D Wkhruhwlfdo

dqg Hpslulfdo Dqdo|vlv1� Mrxuqdo ri odz dqg Hfrqrplfv 4<=57<1

Pdfh|/ Mrqdwkdq U1 4<;<1 �Wkh Lqwhuqdo dqg H{whuqdo Frvwv dqg Ehqh�wv ri

Vwduh Ghflvlv1� Fklfdjr0Nhqw Odz Uhylhz 98=<604461
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Pdow}/ Hduo1 4<;31 �Vrph Wkrxjkwv rq wkh Ghdwk ri Vwduh Ghflvlv lq Frqvwlwx0

wlrqdo Odz1� Zlvfrqvlq Odz Uhylhz 4<;3=79:1

Qhovrq/ Fdohe1 53341 �Vwduh Ghflvlv dqg Ghprqvwudeo| Huurqhrxv Suhfhghqwv1�

Ylujlqld Odz Uhylhz ;:=40;71

Skhosv/ Johqq D1 dqg Mrkq E1 Jdwhv1 4<<41 �Wkh P|wk ri Mxulvsuxghqfh= Lq0

whusuhwlyh Wkhru| lq wkh Frqvwlwxwlrqdo Rslqlrqv ri Mxvwlfhv Uhkqtxlvw dqg

Euhqqdq1� Vdqwd Fodud Odz Uhylhz 64=89:08<91

Srvqhu/ Ulfkdug D1 4<<61 �Zkdw gr Mxgjhv dqg Mxvwlfhv Pd{lpl}hB +Wkh Vdph

Wklqj Hyhu|erg| Hovh Grhv,1� Vxsuhph Frxuw Hfrqrplf Uhylhz 63+3,=40741

Udvpxvhq/ Hulf1 4<<71 �Mxglfldo Ohjlwlpdf| dv d Uhshdwhg Jdph1� Mrxuqdo ri

Odz/ Hfrqrplfv/ dqg Rujdql}dwlrq 43=960;61

Uhkqtxlvw/ Mdphv F1 4<;91 �Wkh Srzhu wkdw Vkdoo eh Yhvwhg lq d Suhfhghqw=

Vwduh Ghflvlv/ wkh Frqvwlwxwlrq dqg wkh Vxsuhph Frxuw1� Ervwrq Xqlyhuvlw|

Odz Uhylhz 99=67806:91

Uhyhv}/ Ulfkdug O1 4<<:1 �Hqylurqphqwdo Uhjxodwlrq/ Lghrorj|/ dqg wkh G1F1

Flufxlw1� Ylujlqld Odz Uhylhz ;6=4:4:04::51

Uhyhv}/ Ulfkdug O1 4<<<1 �Lghrorj|/ Froohjldolw|/ dqg wkh G1F1 Flufxlw= D Uhso|

wr Fklhi Mxgjh Kduu| W1 Hgzdugv1� Ylujlqld Odz Uhylhz ;8=;380;841
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Vfkodj/ Slhuuh M1 4<;81 �Uxohv dqg Vwdqgdugv1� XFOD Odz Uhylhz 66=6:<1

Vhjdo/ Mh�uh| D1 dqg Kdurog Vsdhwk1 4<<61 Wkh Vxsuhph Frxuw dqg wkh Dwwlwx0

glqdo Prgho +Qhz \run= Fdpeulgjh Xqlyhuvlw| Suhvv,1

Vhjdo/ Mh�uh| D1 dqg Kdurog M1 Vsdhwk1 4<<9+d,1 �Wkh Lq xhqfh ri Vwduh Ghflvlv

rq wkh Yrwhv ri Xqlwhg Vwdwhv Vxsuhph Frxuw Mxvwlfhv1� Dphulfdq Mrxuqdo ri

Srolwlfdo Vflhqfh 73=<:4043361

Vhjdo/ Mh�uh| D1 dqg Kdurog M1 Vsdhwk1 4<<9+e,1 �Qrupv/ Gudjrqv/ dqg Vwduh

Ghflvlv= D Uhvsrqvh1� Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfh 73=4397043;51

Vkdslur/ Pduwlq1 4<:51 �Wrzdug d Wkhru| ri Vwduh Ghflvlv1� Mrxuqdo ri Ohjdo

Vwxglhv 4=45804671

Vrqjhu/ Grqdog U1 dqg Vwhidqlh D1 Olqgtxlvw1 4<<91 �Qrw wkh Zkroh Vwru|=

Wkh Lpsdfw ri Mxvwlfhv* Ydoxhv rq Vxsuhph Frxuw Ghflvlrq Pdnlqj1� Dphulfdq

Mrxuqdo ri Srolwlfdo Vflhqfh 73=437<043961

Vxoolydq/ Ndwkohhq P1 4<<51 �Wkh Mxvwlfhv ri Uxohv dqg Vwdqgdugv1� Kduydug

Odz Uhylhz 439=551

Wdooh|/ Hulf1 4<<<1 �Suhfhghqwldo Fdvfdghv> Dq Dssudlvdo1� Vrxwkhuq Fdoliruqld

Odz Uhylhz :6=;:046:1
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