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Lq wklv wkhvlv wkh sureohp ri prghoolqj vxvwdlqhg sur0vrfldo ehkdylrxuv lq pxowl0

djhqw v|vwhpv kdv ehhq h{dplqhg1 Zrun zlwklq GDL kdv whqghg wr dgrsw dq hqjlqhhulqj

shuvshfwlyh wr dgguhvv vxfk txhvwlrqv/ exw khuh d fxowxudo hyroxwlrqdu| shuvshfwlyh kdv ehhq

dssolhg1 Hpslulfdo lqyhvwljdwlrqv zhuh shuiruphg rq wkuhh gl�huhqw pxowl0djhqw vlpxodwlrq

prghov +duwl�fldo vrflhwlhv,1 Lq hdfk/ wkh lpsruwdqfh ri jurxs surfhvvhv zdv hpskdvlvhg lq

wkh surprwlrq ri sur0vrfldo ehkdylrxuv1 Lq wkh iroorzlqj vhfwlrqv wkh frqfoxvlrqv dqg gholy0

hudeohv ri wkh wkhvlv duh rxwolqhg +vhfwlrq 4314 ehorz, dv duh gluhfwlrqv ri ixwxuh zrun +vhfwlrq

4316 ehorz,1 Lq vhfwlrq 4315 pruh jhqhudo lpsolfdwlrqv dqg dssolfdwlrqv duh glvfxvvhg1
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Ehorz lv d vxppdu| ri wkh pdlq frqfoxvlrqv dqg gholyhudeohv ri wkh wkhvlv=

� D jhqhudo phwkrgrorjlfdo iudphzrun dssolfdeoh wr hpslulfdo lqyhvwljdwlrq ri duwl�fldo

vrflhw| frpsxwhu prghov zdv sursrvhg +fkdswhu 6,1 Lw lv dujxhg wkdw prvw zrun zlwk

duwl�fldo vrflhwlhv fdq eh fdvw zlwklq wklv iudphzrun1
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� Lw kdv ehhq hpslulfdoo| ghprqvwudwhg wkdw djhqwv hpsor|lqj vlpsoh fxowxudo ohduqlqj

uxohv fdq hyroyh dowuxlvwlf ehkdylrxuv zlwklq dq lq0jurxs ri fxowxudoo| vlplodu djhqwv

+fkdswhu 8,1 Dowkrxjk wkh vsuhdglqj ri fxowxudo xqlwv +phphv, fdq eh vhhq dv vho�vk/

djhqwv ehkdyh lq dq dowuxlvwlf zd| wrzdugv wkhlu lq0jurxs ri %fxowxudo nlq%1

� D jhqhudo sxusrvh vriwzduh wrro kdv ehhq frqvwuxfwhg zklfk doorzv iru vlpxodwlrq uxqv

wr eh vfkhgxohg/ h{hfxwhg dqg uhvxowv froodwhg/ lq sdudooho ryhu d vhw ri frpsxwhuv rq

d qhwzrun +fkdswhu : dqg dsshqgl{ D,1

� Phwkrgv pdnlqj xvh ri pdfklqh ohduqlqj +wkh F718 dojrulwkp,/ orfdo vhdufk +kloo0

folpelqj, dqg foxvwhu dqdo|vlv kdyh ehhq dssolhg wr dq duwl�fldo vrflhw| zlwk pdq|

h{rjhqrxvo| gh�qhg sdudphwhuv lq rughu wr orfdwh uhjlrqv ri lqwhuhvw +fkdswhuv : dqg

;,1 Wkh phwkrgv xvhg duh jhqhudo dqg frxog eh dssolhg wr rwkhu vlpxodwlrq prghov1

� D qryho fr0rshudwlrq iruplqj surfhvv/ edvhg rq lghqwl�deoh fxowxudo pdunhuv ru %wdjv%/

zdv lghqwl�hg dqg ghvfulehg +fkdswhuv ; dqg <,1 Wklv qryho surfhvv zdv lghqwl�hg

xqghu erwk djhqw vdwlv�flqj dqg djhqw rswlplvlqj dvvxpswlrqv1 Lw lv dujxhg wkdw wklv

pd| eh ylhzhg dv d qryho irup ri %fxowxudo jurxs vhohfwlrq% +vhh vhfwlrq 431515 ehorz,1

Wklv phfkdqlvp pd| kdyh dssolfdwlrqv zlwklq GDL +vhh vhfwlrq 431516 ehorz,1
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Wkh zrun lq wklv wkhvlv kdv fhqwuhg durxqg wkh qrwlrq ri fr0rshudwlrq zlwklq djhqw

vrflhwlhv lq zklfk vlpsoh irupv ri fxowxudo hyroxwlrq zhuh prghoohg1 Fxowxuh kdv ehhq

uhsuhvhqwhg zlwklq wkh prgho dv xqlwv +phphv, zklfk duh frslhg ehwzhhq djhqwv gxulqj

fxowxudo lqwhudfwlrqv1
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Wkh pdmru hohphqw ri wkh wkhvlv zdv wkh frqvwuxfwlrq ri dq duwl�fldo vrflhw| zlwk

d odujh qxpehu ri yduldeoh h{rjhqrxvo| vshfl�hg sdudphwhuv dqg wkh vhdufk zlwklq wkh sd0

udphwhu vsdfh iru qryho fr0rshudwlrq surprwlqj uhjlrqv1 Wkurxjk wklv phwkrg d irup ri

h{sorudwru| %wkhru| frqvwuxfwlrq% zdv dssolhg lq wkh duwl�fldo grpdlq1 Wklv lv d nlqg ri

%uhyhuvh hqjlqhhulqj%/ vwduwlqj zlwk d ghvluhg pdfur +srsxodwlrq ohyho, rxwfrph wkhq vhdufk0

lqj iru vrph vhw ri plfur0uxohv +djhqw ehkdylrxuv, zklfk surgxfh wkdw ghvluhg ehkdylrxu1

Wkh uhvxowv suhvhqwhg khuh ghprqvwudwh wkdw vxfk dq dssurdfk fdq surgxfh uhvxowv1 Wkh

phwkrg frxog eh dssolhg wr hqjlqhhulqj sureohpv zlwklq GDL zkhq vrflhwlhv duh uhtxluhg

zlwk fhuwdlq surshuwlhv exw wkhuh lv qr wkhru| zklfk lqglfdwhv wkh plfur surshuwlhv ri wkh

djhqwv wkdw duh uhtxluhg1 Lq wklv zd| wkh phwkrg suhvhqwhg frxog frqwulexwh wr djhqw edvhg

frpsxwhu vflhqfh1

Wkh duhd ri %phphwlfv% lv zlgho| uhjdughg dv d frqwuryhuvldo %wkhru|% ri fxowxudo

hyroxwlrq ^::`/ ^:5`/ ^7`1 Vshfl�fdoo|/ wkh txhvwlrq uhpdlqv dv wr mxvw zkdw frqvwlwxwhv %phph

wkhru|% dqg krz vxfk wkhru| pljkw eh ghyhorshg dqg frppxqlfdwhg1 Wkh zrun suhvhqwhg

khuh dwwhpswv wr dgguhvv wkhvh sureohpv e| xvlqj djhqw edvhg prghov dv d zd| ri irupdo0

lvlqj fxowxudo skhqrphqd1 Wklv doorzv iru frqfuhwh dqdo|vlv/ frpsdulvrq dqg uhsurgxfwlrq1

Whupv vxfk dv %fxowxuh%/ %phph% dqg %djhqw% duh pdgh frqfuhwh lq wkh dvvxpswlrqv ri wkh

frpsxwhu prgho1 Dowkrxjk wkh xvh ri vxfk whupv lq wklv wkhvlv duh surylvlrqdo dqg uhodwh

rqo| wr wkh duwl�fldo vrflhwlhv suhvhqwhg lw lv krshg wkdw d gldorjxh zlwk uhvhdufkhuv zlwklq

wkh vrfldo vflhqfhv fdq eh rshqhg1 Ghedwhv ryhu wkh phdqlqjv dqg sulqflsohg xvh ri vxfk

whupv zrxog krshixoo| eh fodul�hg1
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Wkh zrun lq wklv wkhvlv fxoplqdwhv zlwk d sursrvhg qryho irup ri fr0rshudwlrq

edvhg rq d jurxs surfhvv1 Lw lv dujxhg khuh wkdw wklv pd| eh ylhzhg dv d qhz nlqg ri

%fxowxudo jurxs vhohfwlrq%1 Wkh frqfhsw ri fxowxudo jurxs vhohfwlrq lv d frqwuryhuvldo duhd ri

ghedwh zlwklq wkh dqwkursrorjlfdo frppxqlw| ^483`1 Jurxs vhohfwlrq zlwklq wkh elrorjlfdo

vflhqfhv lv fxuuhqwo| d qrq0ruwkrgr{ wkhru| exw lv sursrvhg e| vrph ^498`1 Wkh zrun

suhvhqwhg khuh ghprqvwudwhv wkdw jurxs ixqfwlrqdo ehkdylrxuv fdq hphujh lq vrflhwlhv ri

djhqwv hyhq zkhq wklv lv wr wkh ghwulphqw ri lqglylgxdov zlwklq wkrvh jurxsv1

Wkh uhvxowv rewdlqhg zlwk wkh WdjZruogLL vrflhw| suhvhqwhg lq fkdswhu < vkrz wkdw

hyhq hjrwlvwlfdo djhqwv hyroylqj dv xqlwv ri hyroxwlrq xqghu wkh dvvxpswlrqv ri wkh uhsolfdwru

g|qdplfv fdq surgxfh kljk0ohyhov ri jurxs ixqfwlrqdo ehkdylrxu +fr0rshudwlrq lv vhohfwhg

iru lq wkh rqh0vkrw Sulvrqhu*v Glohppd,1

Vrowlv hw do ^483` frpsduhg dqwkursrorjlfdo gdwd djdlqvw wkh fxowxudo jurxs vhohfwlrq

k|srwkhvlv dqg frqfoxghg wkdw wkh udwh ri h{wlqfwlrq ri jurxsv zdv wrr orz wr eh h�hfwlyh lq

surgxflqj uhfhqw jurxs0ixqfwlrqdo ehkdylrxuv lq prghuq vrflhwlhv1 Krzhyhu/ lq wkhlu zrun

wkh| ylhz fxowxudo jurxsv dv iroorzv=

%Zh gh�qh d jurxs dv d whuulwruldo srsxodwlrq wkdw fdq frqgxfw zduiduh dv d
xqlw1 Dq h{wlqfwlrq lv vdlg wr rffxu zkhq +4, doo phpehuv ri d jurxs duh nloohg
ru +5, phpehuv ri d jurxs duh dvvlplodwhg lqwr dqrwkhu jurxs hlwkhu zkroo| ru
lq sduw1 Zkhq d jurxs lv urxwhg iurp lwv whuulwru| exw uhpdlqv lqwdfw dv d vrfldo
xqlw +ru lwv idwh lv xqnqrzq,/ wkhq d irufhg pljudwlrq/ qrw dq h{wlqfwlrq/ lv vdlg
wr kdyh rffxuuhg1% ^483`1

Wklv %frpprq vhqvh% gh�qlwlrq ri d fxowxudo jurxs lv yhu| gl�huhqw iurp wkdw

zklfk lv xvhg zlwklq wkh WdjZruogLL prgho1 Lq wkh WdjZruogLL prgho sk|vlfdo vsdfh lv

luuhohydqw1 Lw lv qrw prghoohg1 Jurxsv lqkdelw %wdj vsdfh%1 Wkh wdjv +vrfldo pdunhuv ru

odehov, ghpdufdwh fxowxudo jurxsv1 Wdjv duh fxowxudoo| dftxluhg dqg fdq eh fkdqjhg e|



4:;

pxwdwlrq ru lplwdwlrq�1 D fxowxudo jurxs lv gh�qhg dv d vhw ri djhqwv vkdulqj wkh vdph

wdjv1 Djhqwv olplw wkhlu jdph lqwhudfwlrqv wr wkrvh zlwklq wkhlu rzq jurxs1 Vlqfh wdjv

fdq eh fkdqjhg yhu| txlfno|/ jurxsv frph dqg jr yhu| txlfno|1 Wkh| duh kljko| hskhphudo

dqg shuphdeoh 0 lqglylgxdov pd| hqwhu dqg ohdyh hdvlo|1 Lw lv dujxhg wkdw wklv ylhz ri

fxowxudo jurxsv lv pruh dssolfdeoh wr odujh prghuq vrfldo v|vwhpv +h1j1 wkh srvw0lqgxvwuldo

phwursrolv, lq zklfk fxowxudo lghqwlw| lv fkdqjhdeoh dqg hskhphudo 0 d idvklrq vwdwhphqw ru

eudqg lpdjh1 Lw lv wkh yhu| idfw wkdw vxfk fxowxudo jurxsv duh suhfdulrxv dqg lqvxevwdqwldo

wkdw doorzv wkhp wr ehfrph d irufh iru vhohfwlrq vlqfh h{wlqfwlrq udwhv fdq eh yhu| kljk1

H{wlqfwlrq lq wklv ylhz lv qrw uhodwhg wr djhqw ghdwk exw vlpso| wr wkh pryhphqw ri djhqwv

lq wdj vsdfh +vhohfwlqj gl�huhqw wdjv,1 Wkh WdjZruogLL prgho grhv qrw prgho sk|vlfdo

vsdfh ru djhqw ghdwk1 Wkh prgho dwwhpswv wr vkrz krz jurxsv fdq irup dqg hyroyh lqwud0

jhqhudwlrqdoo| wkurxjk fxowxudo surfhvvhv1 Wkh dvh{xdo vhohfwlrq dqg uhsurgxfwlrq surfhvv

lq wkh WdjZruogLL prgho lv phdqw wr fdswxuh wkh vsuhdg ri ehkdylrxuv yld dq lplwdwlyh

surfhvv/ qrw djhqw eluwk dqg ghdwk1

Wklv gl�huhqw ylhz ri fxowxudo jurxsv udlvhv wkh txhvwlrq ri krz dq hpslulfdo dqdo0

|vlv pljkw eh dssolhg wr uhdo vrflhwlhv lq rughu yhuli| wklv fxowxudo jurxs vhohfwlrq k|srwkhvlv1

Wklv dsshduv sureohpdwlf1 Iluvwo|/ lqglylgxdov zloo eh phpehuv ri pdq| +srvvleo| ryhuods0

slqj, fxowxudo jurxsv1 Lw zrxog dovr vhhp xqolnho| wkdw phpehuvkls ri d vshfl�f jurxs frxog

eh hdvlo| uhgxfdeoh wr wkh suhvhqfh ru devhqfh ri d ihz revhuydeoh fkdudfwhulvwlfv1 Hyhq li

vxfk d jurxs frxog eh lghqwl�hg krz frxog lw eh phdvxuhg ryhu wlphB Shukdsv pruh sure0

ohpdwlfdoo|/ krz frxog vxfk jurxsv eh lghqwl�hg uhwurvshfwlyho|B Dqwkursrorjlfdo hylghqfh

fdq grfxphqw wkh h{wlqfwlrq ri vsdwldoo| orfdwhg dqg erxqghg jurxsv ryhu wlph exw grhv

vxfk hylghqfh h{lvw iru wkh hskhphudo fxowxudo jurxslqjv lq prghuq vrflhwlhv uhdolvhg zlwklq

�A@} L̀h*_WW _Lit ?L| 4L_i* |�i �4�|@|�L? ThLUitt _�hiU|*)� W| �t @tt�4i_ |�@| ti*iU|�L? M@ti_ L?
�|�*�|) @?_ @ti �@* hiThL_�U|�L? @TThL �4@|it |L �| E��i? @}i?|t �4�|@|i |�Lti ��L �@�i ��}�ih �|�*�|) |�@?
|�i4ti*�it��



4:<

WdjZruogLLB

Wkhvh sureohpv vxjjhvw wkdw hpslulfdo yhul�fdwlrq ri wkh fxowxudo jurxs surfhvvhv

irxqg zlwklq WdjZruogLL zrxog uhtxluh vljql�fdqw vrfldo vflhqwl�f zrun1 Krzhyhu/ shukdsv

rqh zd| iruzdug lv wr vwxg| wkh qhz nlqgv ri vrfldo vsdfh hphujlqj wkurxjk wkh lqwhuqhw1 Lw

lv zhoo grfxphqwhg wkdw wkh lqwhuqhw idflolwlhv wkh udslg fuhdwlrq +dqg glvvroxwlrq, ri pdq|

%hohfwurqlf frppxqlwlhv% lq zklfk vrfldo lqwhudfwlrq dqg hyhq hfrqrplf lqwhudfwlrq wdnhv

sodfh1 Lw zrxog vhhp wkdw sk|vlfdo vsdfh lv luuhohydqw lq vxfk d vhwwlqj1 Dovr lqglylgxdov

fdq rqo| mxgjh hdfk rwkhu e| d olplwhg vhw ri fxhv1 Shukdsv wklv frxog eh d edvlv iru dq

hpslulfdo lqyhvwljdwlrq21

Dowhuqdwlyho| wdjv frxog eh dssolhg wr h{lvwlqj duwl�fldo vrflhw| prghov zklfk fds0

wxuh vljql�fdqw dvshfwv ri kxpdq vrflhwlhv1 Iru h{dpsoh/ lq Fhffrql dqg Sdulvl*v ^57` prgho

ri wkh qrq0hphujhqfh ri %vrfldo vxuylydo vwudwhjlhv%/ lq jurxsv ri djhqwv/ wkh dssolfdwlrq ri

wdjv frxog eh xvhg wr hyroyh vxfk vrfldo vwudwhjlhv�1
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Ndohqnd ) Mhqqlqjv ^433` dssolhg dqg frpsduhg ydulrxv irupv ri %vrfldo udwlrqdo0

lw|% lq d vlpxodwhg zduhkrxvh xqordglqj vfhqdulr1 Lqglylgxdo djhqwv kdyh uhvsrqvlelolw| iru

xqordglqj lqglylgxdo ed|v exw pd| khos rwkhuv li wkh| kdyh iuhh wlph ehwzhhq xqordglqj1 Lq

wkhvh h{shulphqwv djhqwv zhuh vhw zlwk ydulrxv lqwhudfwlrq ehkdylrxuv udqjlqj iurp vho�vk

wr dowuxlvwlf1 Wkh uhvxowv ghprqvwudwhg wkdw wkh djhqwv lqfolqhg wr ehkdyh dowuxlvwlfdoo|
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whqghg wr lqfuhdvh wkh shuirupdqfh ri wkh v|vwhp ryhudooe1

Ixwxuh zrun frxog h{dplqh wkh dssolfdwlrq ri wdj edvhg fxowxudo jurxs vhohfwlrq wr

wkh vdph vfhqdulr1 Vxfk dq dssolfdwlrq zrxog lqyroyh vhwv ri frpshwlqj jurxsv +ru whdpv,

ri djhqwv1 Djhqwv zrxog rqo| eh deoh wr holflw ru jlyh khos wr wkrvh zlwklq wkhlu whdp exw

zrxog eh deoh wr pryh ehwzhhq whdpv dw jlyhq lqwhuydov1 Wkh ghflvlrq pdgh e| dq djhqw

ri zkhq wr khos dqrwkhu jurxs phpehu zrxog frqvwlwxwh wkh hyroylqj %vwudwhj|% lq vxfk d

vfhqdulr1

Dowkrxjk lqwxlwlyho| lw vhhpv wkdw vxfk dq hyroxwlrqdu| surfhvv vkrxog surgxfh

ghvludeoh uhvxowv wkh pruh uhdolvwlf qdwxuh ri wkh zduhkrxvh vfhqdulr zrxog udlvh lqwhuhvwlqj

lvvxhv zklfk duh qrw suhvhqw lq wkh yhu| devwudfw WdjZruogLL prgho1 E| dwwhpswlqj wr

dsso| fxowxudo jurxs vhohfwlrq lq wklv pruh frqfuhwh irup surjuhvv frxog eh pdgh wrzdugv

d sudfwlfdo dssolfdwlrq ri wkh whfkqltxh zlwklq pxowl0djhqw v|vwhpv hqjlqhhulqj1
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Wkh %wkhru| frqvwuxfwlrq% phwkrg xvhg lq wkh wkhvlv kljkoljkwhg d qxpehu ri

sureohpv1 Wkh sureohp ri h{sorulqj d odujh sdudphwhu vsdfh zdv wdfnohg e| dxwrpdwlfdoo|

fdwhjrulvlqj lqglylgxdo vlpxodwlrq uxqv edvhg rq d vlqjoh rxwsxw phdvxuh +fr0rshudwlrq,1

Lq rughu wr orfdwh pruh frpsoh{ hphujhqw surshuwlhv/ pruh frpsoh{ phdvxuhv zrxog eh

uhtxluhg1 Lw vhhpv kdug wr hqylvdjh krz vxfk frpsoh{ phdvxuhv ri hphujhqw surshuwlhv

fdq eh vshfl�hg dojrulwkplfdoo| dqg d sulrul1 Suhylrxv zrun zlwk wkh VwhuhrOde ^:4` zklfk

dwwhpswhg wr �qg uhjlrqv lq wkh sdudphwhu vsdfh zlwk sduwlfxodu jurxs surshuwlhv zdv

rqo| pdujlqdoo| vxffhvvixo 0 wkh phdvxuhv ehfdph lqfuhdvlqjo| frpsoh{ dqg lqwhusuhwdwlrq

ri uhvxowv ehfdph qrq0wulyldo1 Hyhq zkhq dqdo|vlv zdv irfxvhg rq d vlpsoh phdvxuh +fr0
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rshudwlrq, txhvwlrqv vwloo uhpdlqhg zklfk zhuh kdug wr dqvzhu d sulrul1 Iru h{dpsoh/ lq

wkh zrun suhvhqwhg lq fkdswhu ; hdfk vlpxodwlrq uxq zdv h{hfxwhg wr 433 f|fohv1 Wkh

ydoxh zdv hvvhqwldoo| duelwudu|/ fkrvhq ehfdxvh lw pdgh wkh odujh qxpehu ri uxqv uhtxluhg

frpsxwdwlrqdoo| wudfwdeoh +vhh ixwxuh zrun ehorz,1 Fr0rshudwlrq zdv phdvxuhg ryhu wkh

odvw f|foh/ exw wklv frxog mxvw dv hdvlo| kdyh ehhq dq dyhudjh ri doo f|fohv1 Sduwlfxoduo|

uhohydqw khuh lv wkh vwrfkdvwlf qdwxuh ri wkh prgho +dqg pdq| djhqw edvhg prghov kdyh

vrph vwrfkdvwlf hohphqwv,1 D vlqjoh uxq iurp d jlyhq srlqw lq wkh sdudphwhu vsdfh pd|

surgxfh pdq| gl�huhqw wudmhfwrulhv ghshqglqj rq wkh svhxgr0udqgrp vhhg xvhg1 Vkrxog

d vlqjoh uxq frxqw dv hylghqfh wkdw sduwlfxodu skhqrphqd lv olnho| iru vrph jlyhq vhw ri

sdudphwhuvB Li pxowlsoh uxqv duh xvhg zlwk gl�huhqw svhxgr0udqgrp vhhgv wkhq krz pdq|

vkrxog eh xvhgB Lw vhhpv kdug wr dqvzhu vxfk txhvwlrqv d sulrul zlwkrxw vrph qrwlrq ri

krz wkh sduwlfxodu prgho ehkdyhv1 Exw wkh lghd ehklqg %wkhru| frqvwuxfwlrq% vxjjhvwv wkdw

zh kdyh ihz d sulrul dvvxpswlrqv1 Li zh nqrz zkdw wkh prgho lv jrlqj wr gr wkhq lq vrph

vhqvh zh douhdg| kdyh d wkhru|1

Dowkrxjk wkh zrun suhvhqwhg khuh glg surgxfh d qryho wkhru| ri jurxs edvhg fr0

rshudwlrq +dv hylghqfhg lq fkdswhu <, wkh phwkrg hpsor|hg glg qrw jxdudqwhh wklv1 D ohvv

ulvn| dssurdfk zrxog uhtxluh d pruh irfxvhg vhw ri h{shulphqwdo remhfwlyhv exw wklv zrxog

uhtxluh pruh d sulrul wkhrulvlqj1 Lq wkh zrun suhvhqwhg lq fkdswhu ; erwk F718 dqg n0phdqv

foxvwhu dqdo|vlv zhuh xvhg wr �qg uhjlrqv lq wkh sdudphwhu vsdfh1 Dowkrxjk erwk surgxfhg

lqvljkw/ foxvwhu dqdo|vlv jdyh wkh pruh lqwhuhvwlqj uhvxowv 0 krzhyhu/ F718 zdv qrw dssolhg

wr wkh %h{whqghg vsdfh% zklfk surgxfhg wkh uhvxowv wkdw ohdg wr %fxowxudo jurxs vhohfwlrq%

wkhru|1
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�f�� 6�|�hi L̀h!

�f���� 5�Lh| Aih4 6�|�hi L̀h!

Jlyhq wkh zrun suhvhqwhg lq wklv wkhvlv/ ehorz lv d vxppdu| ri srvvleoh lpphgldwh

ixwxuh zrun=

� Prgli| wkh WdjZruogLL duwl�fldo vrflhw| +fkdswhu <, vxfk wkdw djhqwv pd| hyroyh wkh

ohyho ri wdj eldvlqj wkh| dsso|1 Wkh elw vwulqj uhsuhvhqwlqj hdfk djhqw zrxog eh

dxjphqwhg zlwk dq lqglylgxdo %uhixvdo% ydoxh1 Wklv ydoxh zrxog lqglfdwh wkh qxpehu

ri uhixvdov wkh djhqw zrxog eh doorzhg wr pdnh ehiruh irufhg jdph lqwhudfwlrq1 Lw

zrxog eh ri lqwhuhvw wr nqrz li kljk uhixvdo ydoxhv zrxog hyroyh1 Li wklv zhuh wkh fdvh/

wkh fxuuhqw dvvxpswlrq ri d kljk uhixvdo ydoxh frxog eh mxvwl�hg e| uhihuhqfh wr dq

hyroxwlrqdu| surfhvv1

� Prgli| dqg dsso| h{lvwlqj dqdo|wlfdo sdwfk edvhg prghov ri dowuxlvp ghyhorshg zlwklq

vrflrelrorj| wr wkh wrsrorj| ri wkh %wdj vsdfh% dqg wkh jurxs g|qdplfv zlwklq wkh

WdjZruogLL1 Vxfk dq dqdo|vlv zrxog uhtxluh hvwlpdwhv ri jurxs irupdwlrq/ jurxs h{0

wlqfwlrq dqg jurxs pljudwlrq udwhv1 Lqlwldoo| wkhvh ydoxhv frxog eh hvwlpdwhg hpslul0

fdoo| iurp wkh WdjZruogLL prgho1 Li dq dqdo|wlfdo sdwfk edvhg prgho frxog eh sur0

gxfhg/ zklfk fdswxuhg wkh WdjZruogLL g|qdplfv/ wkhq suhglfwlrqv frxog eh pdgh dv

wr wkh udqjh ri sdudphwhuv zklfk zrxog vxssruw fr0rshudwlrq ehwzhhq djhqwv1 Wkrvh

suhglfwlrqv frxog eh whvwhg hpslulfdoo| djdlqvw wkh WdjZruogLL prgho1

� Sruw/ whvw dqg lpsuryh wkh VdpsWrro vriwzduh vxfk wkdw lw frxog eh hdvlo| ghsor|hg

rq prvw srsxodu frpsxwlqj sodwirupv dqg uhohdvh lw iru xvh e| rwkhu uhvhdufkhuv1

� Dsso| wkh F718 dojrulwkp wr wkh %h{whqghg vsdfh% +wr zklfk n0phdqv foxvwhu dqdo|vlv



4;6

zdv dssolhg lq fkdswhu ;, iru sxusrvhv ri frpsdulvrq1 Zrxog F718 �qg wkh uhjlrqv ri

lqwhuhvw wkdw ohdg wr wkh %jurxs vhohfwlrq% wkhru|B

� Lw zrxog eh ri lqwhuhvw wr wu| uxqqlqj wkh VwhuhrOde vlpxodwlrqv iru orqjhu qxpehuv

ri f|fohv1 Wkh fxuuhqw olplw ri 433 f|fohv lv duelwudu|1 Zrxog orqjhu uxqv surgxfh

vljql�fdqwo| gl�huhqw uhvxowvB Vshfxodwlyho| lw frxog eh k|srwkhvlvhg wkdw orqjhu uxqv

zrxog surgxfh pruh fr0rshudwlrq/ vlqfh djhqwv kdyh pruh wlph wr fr0ruglqdwh wkhlu

dfwlrqv1

�f���2 wL?} Aih4 6�|�hi L̀h!

Pruh jhqhudo gluhfwlrqv iru ixwxuh zrun ohdglqj iurp wklv wkhvlv=

� Dssolfdwlrq ri %fxowxudo jurxs vhohfwlrq% wr wkh vlpxodwlrq ri d pruh frpsoh{ wdvn

rulhqwhg GDL vfhqdulr +h1j1 wkh urerw xqordglqj vfhqdulr dv ghvfulehg lq vhfwlrq 431516

deryh,1 Uhvxowv frxog eh frpsduhg wr lqglylgxdo dqg vrfldoo| udwlrqdo djhqwv1

� Dssolfdwlrq ri %fxowxudo jurxs vhohfwlrq% wr Fhffrql dqg Sdulvl*v vfhqdulr ^57`1 Lw zrxog

vhhp wkdw wkh wdj edvhg surfhvv ghvfulehg khuh pd| eh vx�flhqw wr hyroyh wkh %vrfldo

vxuylydo vwudwhjlhv% zklfk zhuh srvhg e| wkh dxwkruv dv fuxfldo lq xqghuvwdqglqj wkh

hphujhqfh ri kxpdq vrflhwlhv1

� Wkh Dssolfdwlrq dqg frpsdulvrq ri rwkhu pdfklqh ohduqlqj whfkqltxhv +h1j1 EDFRQ

^438`, lq wkh xqghuvwdqglqj ri uhvxowv ghulyhg iurp vlpxodwlrq prghov1 Vshfl�fdoo| wr

h{soruh zkdw nlqgv ri lqgxfwlrq phwkrgv zrun ehvw lq zkdw nlqgv ri vlwxdwlrqv1 Pruh

vshfl�fdoo|/ wr dvfhuwdlq li wkhuh lv dq|wklqj xqltxh wr djhqw edvhg vlpxodwlrq wkdw fdq

eh h{sorlwhg e| vxfk lqgxfhuv1

� Wr h{soruh phwkrgv e| zklfk wkh ydulrxv phwkrgrorjlhv ghwdlohg lq fkdswhu 6 pd|



4;7

eh vhpl0dxwrpdwhg +h1j1 lq d vlplodu zd| wr wkh Zhdyhu v|vwhp ^;4`, vxfk wkdw d

uh0xvdeoh dqg jhqhudo %vlpxodwruv oderudwru|% lv surgxfhg1


