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Wkh frqfhsw ri duwl�fldo vrflhwlhv/ dqg h{shulphqwdwlrq zlwklq wkh duwl�fldo grpdlq/

lqglfdwhv d euhdn zlwk pruh wudglwlrqdo frqfhswlrqv ri vlpxodwlrq1 Wudglwlrqdoo| vlpxodwlrq

uhodwhv wr vrph suh0h{lvwlqj %wdujhw% v|vwhp1 D prgho lv vshfl�hg irupdoo| +hlwkhu pdwkh0

pdwlfdoo| ru frpsxwdwlrqdoo|, edvhg rq zkdw lv nqrzq derxw wkh wdujhw/ dorqj zlwk kxqfkhv

frqfhuqlqj zkdw lv qrw nqrzq1 Wkh prgho lv wkhq h{hfxwhg zlwk uhdolvwlf lqlwldo frqglwlrqv

dqg wkh vlpxodwhg uhvxowv frpsduhg wr wkh wdujhw lq vrph zd|1 Wkh djuhhphqw ehwzhhq wkh

prgho dqg wkh wdujhw lv d phdvxuh ri wkh dffxudf| ri wkh prgho1 Wklv frpsdulvrq ri wkh

prgho zlwk wkh wdujhw fdq eh vhhq dv d irup ri ydolgdwlrq zklfk jurxqgv wkh prgho ^76`1

Zlwkrxw wklv jurxqglqj wkh prgho fdq qrw eh vdlg wr uhsuhvhqw dq| sduwlfxodu wdujhw v|vwhp

ru surfhvv1

Wkh zrun grqh lq wkh duhd ri duwl�fldo vrflhwlhv lv ohvv %vlpxodwlrq% dqg pruh %frq0

vwuxfwlrq%1 E| dqdorj| zlwk duwl�fldo lqwhooljhqfh dqg duwl�fldo olih/ wklv v|qwkhwlf dssurdfk

grhv qrw dwwhpsw wr prgho h{lvwlqj wdujhwv/ exw udwkhu wr vwxg| jhqhudo surfhvvhv zklfk



64

fkdudfwhulvh pdq| srvvleoh wdujhwv1 Lq wklv vhqvh/ duwl�fldo v|vwhpv dqg wkhlu vwxg| fdq eh

vhhq dv irup ri wkhru| frqvwuxfwlrq lq dq devwudfw frpsxwdwlrqdo grpdlq1 Phwkrgrorjlfdo

frqixvlrq fdq dulvh gxh wr wkh xvh ri wkh zrug %vlpxodwlrq% zlwk lwv wudglwlrqdo phdqlqj

dqg lpsolfdwlrq ri d uhdo zruog wdujhw1 Vfrsh iru frqixvlrq lv dovr surgxfhg gxh wr wkh

hqjlqhhulqj vwdqfh uhtxluhg iru frqvwuxfwlrq ri d frpsxwdwlrqdo prgho dqg lwv uhodwlrqvkls

wr wkh wudglwlrqdo frqfhswlrqv ri vrfldo wkhru|1 Iru wkhvh uhdvrqv lw lv frqvlghuhg lpsruwdqw

wr eh fohdu derxw wkh phwkrgv xvhg zlwklq duwl�fldo vrflhw| zrun1

D vhw ri phwkrgrorjlhv/ orrvho| edvhg rq wkh Srsshuldq ^469` frqfhsw ri wkhru|

uhixwdwlrq wkurxjk wkh idovl�fdwlrq ri k|srwkhvhv dqg frqvhtxhqw wkhru| ghyhorsphqw/ zloo

qrz eh suhvhqwhg1 Wklv surfhvv rffxuv zlwklq d ghgxfwlyh v|vwhp +wkh duwl�fldo vrflhw|,

zklfk/ gxh wr lwv frpsoh{lw|/ uhtxluhv hpslulfdo lqyhvwljdwlrqv wr uhixwh k|srwkhvhv dqg

jhqhudwh wkhru|1 Hvvhqwldoo| wkhq/ wkh frpsxwdwlrqdo prgho lwvhoi lv vhhq dv d %wdujhw%/ dqg

wkhrulhv duh frqvwuxfwhg edvhg rq hpslulfdo lqyhvwljdwlrq ri wkh prgho yld h{hfxwlrq ri wkh

prgho1

��2 �h|��U�@* 5LU�i|�it

Frpsxwdwlrqdo prghoolqj dqg vlpxodwlrq ri vrfldo v|vwhpv kdv d klvwru| ri doprvw

iruw| |hduv ^:;`1 Wkh h{sorudwru| %Duwl�fldo Vrflhwlhv% +DVrf, dssurdfk lv d pruh uhfhqw

wuhqg ^93`1 DVrf prghov dgguhvv %srvvleoh vrflhwlhv%/ wkhlu jhqhudo surfhvvhv/ g|qdplfv/ dqg

hphujhqw surshuwlhv ^96`1 Lq wkh vdph zd| wkdw Duwl�fldo Lqwhooljhqfh lv qrw olplwhg wr wkh

dffxudwh prghoolqj ri sk|vlrorjlfdo eudlq surfhvvhv/ vr DVrf uhvhdufk grhv qrw vwduw iurp

vrph jlyhq vfhqdulr ru sduwlfxodu vrfldo v|vwhp1 Wkh dlp lv wr prgho ihdwxuhv dqg surfhvvhv

zklfk fkdudfwhulvh vrflhwlhv lq jhqhudo= fr0rshudwlrq/ vshfldolvdwlrq/ jurxs irupdwlrq/ klhu0

dufk| hwf1 DVrf zrun grhv qrw vwulyh iru vxshu�fldo uhdolvp ru gluhfw fruuhvsrqghqfh zlwk
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h{lvwlqj vrflhwlhv/ exw iru devwudfw orjlfdo uhodwlrqvklsv wkdw fkdudfwhulvh zkroh fdwhjrulhv ri

skhqrphqd1 Wkh dlp wkhq/ lv wr prgho zkdw pljkw eh whuphg %devwudfw vrfldo surfhvvhv%1

Jhqhudoo|/ DVrfv frqvlvw ri pxowlsoh lqwhudfwlqj djhqwv1 Hdfk djhqw plqlpdoo| frqvlvwv ri=

lqwhuqdo vwdwh> vhwv ri srvvleoh dfwlrqv> shufhswv +ru shufhswxdo lqsxwv,> d vkduhg hqylurq0

phqw dqg vrph irup ri ghflvlrq surfhvv lqiruplqj dfwlrq vhohfwlrq1 Wklv odwwhu frpsrqhqw

ri wkh djhqw %dufklwhfwxuh% pd| ydu| frqvlghudeo|1 Lw pd| frqvlvw plqlpdoo| ri �{hg suh0

frghg uxohv +h1j1 wkh Vxjhuvfdsh ^85`,/ gholehudwlyh/ sodqqlqj dqg jrdo gluhfwhg DL v|vwhpv

+h1j1 HRV ^7;`,/ lqgxfwlyh ohduqlqj +h1j1 yld frqqhfwlrqlvw prghov ^<7`, ru srsxodwlrq ohyho

hyroxwlrqdu| phwkrgv +h1j1 hyroxwlrqdu| jdph wkhru| ^;7`,1

��� � 5TiU�@* �i|�L_L*L}) uLh �h|��U�@* 5LU�i|�itq

Pdq| kdyh uhfhqwo| qrwhg wkdw DVrf zrun grhv qrw �w qhdwo| lqwr h{lvwlqj h{shu0

lphqwdo phwkrgrorjlhv1 Frqvlghu wkh iroorzlqj frpphqwv e| nh| uhvhdufkhuv lq wkh �hog=

%Vlpxodwlrq lv d wklug zd| ri grlqj vflhqfh1 Olnh ghgxfwlrq/ lw vwduwv zlwk d
vhw ri h{solflw dvvxpswlrqv1 Exw xqolnh ghgxfwlrq/ lw grhv qrw suryh wkhruhpv111
lqgxfwlrq fdq eh xvhg wr �qg sdwwhuqv lq gdwd/ dqg ghgxfwlrq fdq eh xvhg wr
�qg frqvhtxhqfhv ri dvvxpswlrqv/ vlpxodwlrq prghoolqj fdq eh xvhg dv dq dlg
wr lqwxlwlrq1% D{hourg ^<`1

%Fohduo|/ djhqw0edvhg vrfldo vflhqfh grhv qrw vhhp wr eh hlwkhu ghgxfwlyh ru
lqgxfwlyh lq wkh xvxdo vhqvhv1 Exw wkhq zkdw lv lwB Zh wklqn jhqhudwlyh lv dq
dssursuldwh whup111 Zh frqvlghu d jlyhq pdfurvwuxfwxuh wr eh *h{sodlqhg* e| d
jlyhq plfurvshfl�fdwlrq111% Hsvwhlq ) D{whoo ^85`1

%Zh fdq wkhuhiruh krsh wr ghyhors dq devwudfw wkhru| ri pxowlsoh djhqw v|v0
whpv dqg wkhq wr wudqvihu lwv lqvljkwv wr kxpdq vrfldo v|vwhpv/ zlwkrxw d sulrul

frpplwphqw wr h{lvwlqj sduwlfxodu vrfldo wkhru|1% Grudq ^79`1

%Rxu vwuhvv111 lv rq d qhz h{shulphqwdo phwkrgrorj| frqvlvwlqj ri revhuylqj
wkhruhwlfdo prghov shuiruplqj rq vrph whvwehg1 Vxfk d qhz phwkrgrorj| frxog
eh gh�qhg dv *h{sorudwru| vlpxodwlrq*111 % Jloehuw ) Frqwh ^96`1

%Lq wkh sdvw vrfldo vflhqwlvwv kdyh whqghg wr hvsrxvh hlwkhu ghgxfwlrq111 ru lq0
gxfwlrq1 Vlpxodwlrq surylghv d wklug srvvlelolw|/ lq zklfk rqh vwduwv zlwk d vhw ri
dvvxpswlrqv/ exw wkhq xvhv dq h{shulphqwdo phwkrg wr jhqhudwh gdwd zklfk fdq
eh dqdo|vhg lqgxfwlyho|1 Nhhs lq plqg wkh qhhg wr lwhudwh ehwzhhq ghgxfwlyh
dqg lqgxfwlyh vwudwhj| dv rqh ghyhorshv wkh prgho1% Jloehuw ^97`1
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Ehorz d vhw ri phwkrgrorjlhv lv suhvhqwhg zklfk dwwhpsw wr xqwdqjoh dqg lqfru0

srudwh wkhvh ydulrxv vwudqgv ri lqyhvwljdwlrq1

��e �h|��U�@* 5LU�i|) , Tih�4i?|@|�L?

DVrf zrun fdq eh vhhq dv frpsulvlqj d vhw ri dvvxpswlrqv +D, xvhg wr frqvwuxfw

wkh vrflhw|> d vhw ri uxqv +U, surgxfhg e| h{hfxwlrq ri d frpsxwhu surjudp zklfk hperglhv

+D,> d vhw ri phdvxuhphqwv ru revhuydwlrqv +R, ri wkh uxqv> d vhw ri h{sodqdwlrqv +d wkhru|,

+H, zklfk dwwhpswv wr olqn +D, dqg +R, dqg d vhw ri k|srwkhvhv +K, olqnhg wr +H, edvhg rq

+D, dqg +R,1 +H, vkrxog eh wkrxjkw ri dv d +srvvleo| lqfrpsohwh dqg lqwxlwlyh, wkhru| ri

zk| wkh surjudp +D, dfwxdoo| surgxfhv wkh +R, wkdw lw grhv1 +H, lv h{suhvvhg lq wkh whupv

ri wkh wkh vwuxfwxuhv dqg uhodwlrqvklsv vshfl�hg lq wkh surjudp1

+D,/ +U, dqg +R, duh vhpl0irupdolvhg vlqfh +D, uhsuhvhqwv d frpsxwhu surjudp/

+U, vrph vhw ri h{hfxwlrqv ri wkh surjudp dqg +R, vrph vshfl�hg phdvxuhv ri +U,1 +H, dqg

+K, pd| ru pd| qrw eh irupdolvhg1 Wkh| duh riwhq jlyhq lq d pl{wxuh ri qdwxudo odqjxdjh

xvlqj txdolwdwlyh frqfhswv dqg vwdwlvwlfdo ru pdwkhpdwlfdo uhodwlrqvklsv1 Lq hlwkhu fdvh wkh

h{sodqdwlrq +H, dlpv wr looxplqdwh wkh g|qdplf surfhvvhv lq +U, zlwk uhihuhqfh wr +D, dqg

+R, dqg srvvleo| yld wkh lghqwl�fdwlrq ri vrph hphujhqw surshuwlhv +vhh vhfwlrq 41418 lq

fkdswhu 4,1
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Frqqhfwlqj wkh deryh frpsrqhqwv lq gl�huhqw zd|v uhyhdov vhyhudo prghv ri lq0

txlu|/ vrph ri zklfk duh qrz ghwdlohg1 Dq h{lvwhqfh surri grhv qrw uhtxluh dq lqwldo +H, dw

doo1 Khuh vrph +D, lv ghprqvwudwhg wr eh vx�flhqw wr surgxfh vrph +R, zklfk wkhq pd|
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Iljxuh 614= H{lvwdqfh Surri1 Khuh d vhw ri dvvxpswlrqv +D,/ uhsuhvhqwhg e| d surjudp lv
h{hfxwhg wr surgxfh d vhw ri uxqv +U,1 D vhw ri revhuydwlrqv +R, ryhu wkh uxqv pd| eh xvhg
wr vxssruw d vshfl�f k|swkhvlv +K,/ qdpho| wkdw +D, lv vx�flhqw wr surgxfh +R,1

=

O’

A R O

Revise Assumptions

Visual / Qualitative

Iljxuh 615= Ehkdylrxu Prghoolqj ru Uhyhuvh Hqjlqhhulqj1 Jlyhq vrph ghvluhg vhw ri re0
vhuydwlrqv +R*, wkh dvvxpswlrqv +D, uhsuhvhqwhg e| wkh surjudp fdq eh uhylvhg xqwlo vrph
ohyho ri fruuhvsrqgdqfh lv surgxfhg1

eh xvhg wr mxvwli| vrph +K, +vhh �jxuh 614,1

Ehkdylrxu prghoolqj +ru uhyhuvh hqjlqhhulqj, grhv qrw uhtxluh +H, ru +K,1 Khuh

vrph ghvludeoh revhuydwlrq lv irupxodwhg +R*, dqg frpsduhg +srvvleo| ylvxdoo| 2 txdolwd0

wlyho|, djdlqvw dfwxdo revhuydwlrqv +R, dqg/ edvhg rq glyhujhqfh/ +D, lv uhylvhg +vhh �jxuh

615,1 Wklv surfhvv lv frqwlqxhg xqwlo d vdwlvidfwru| ohyho +krzhyhu gh�qhg, ri fruuhvsrqghqfh

lv revhuyhg1

Wkhru| whvwlqj lqyroyhv wkh wudqvodwlrq 2 devwudfwlrq ri vrph h{lvwlqj wkhru| frq0

fhuqlqj uhdo vrfldo surfhvvhv +W, lqwr +H,/ +D, dqg +K, dqg wkhq wkh whvwlqj ri +K, djdlqvw

+R, lq rughu wr hlwkhu vxssruw ru uhixwh +K, dqg e| lpsolfdwlrq +W, +vhh �jxuh 616,1 Lq

rughu wr %wudqvodwh% h{lvwlqj wkhru|/ riwhq h{suhvvhg lq txdolwdwlyh dqg qduudwlyh irup/ lqwr

d frpsxwdwlrqdo prgho jhqhudoo| uhtxluhv dgglwlrqdo dvvxpswlrqv wr eh pdgh zklfk duh qrw
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Iljxuh 616= Wkhru| Whvwlqj1 Khuh vrph h{lvwlqj wkhru| +W, zklfk uhodwhv wr vrph uhdo vrfldo
wdujhw v|vwhp lv wudqvodwhg lqwr d surjudp +D, wkdw dwwhpswv wr fdswxuh wkh dvvxpswlrqv ri
wkh wkhru| dqg dq h{sodqwlrq +H, zklfk h{suhvvhv wkh wkhru| lq wkh whupv ri wkh surjudp
+D,1 Iurp +H, vrph vhw ri k|srwkhvhv fdq eh jhqhudwhg zklfk fdq wkhq eh frpsduhg wr
revhuydwlrqv +R, ri dfwxdo uxqv +U, ri wkh surjudp +D,1

sduw ri wkh ruljlqdo wkhru|1 Wklv uhtxluhphqw wr dxjphqw d wkhru| zlwk rwkhu dvvxpswlrqv

lq rughu wr uhdfk d ohyho dw zklfk d surjudp fdq eh frqvwuxfwhg lv wkh qrup ^7<`1 Lw lv reyl0

rxvo| d pdwwhu ri ghedwh dv wr krz zhoo wkh �qdo lpsohphqwdwlrq +D, fdswxuhv wkh ruljlqdo

wkhru|1 Wkh surfhvv ri lpsohphqwlqj wkh wkhru| lq wklv zd| krzhyhu lv ehqh�fldo lq lwv rzq

uljkw vlqfh lw fodul�hv zkdw lv plvvlqj/ zkdw lv ydjxh/ zkdw lv frqwhqwlrxv hwf1

Zkdw grhv wklv nlqg ri %wkhru| whvwlqj% whoo xv derxw wkh ruljlqdo wkhru| +W,B Lw

fhuwdlqo| grhv qrw %whvw% wkh wkhru| hpslulfdoo| lq wkh uhdo zruog1 Wkh hpslulfdo %whvw%

khuh lv lq dq duwl�fldo dqg kljko| devwudfw zruog +riwhq whuphg whvwlqj lq vlolfr ^85`/ ^;4`,1

Dovr wkh wudqvodwlrq ri +W, lqwr +D, irufhv d irupdo +dojrulwkplf, uhsuhvhqwdwlrq ri wkh

vdolhqw hqwlwlhv dqg uhodwlrqvklsv1 Lq rughu wr surgxfh dq h{hfxwdeoh surjudp/ +D, pxvw eh

frqvlvwhqw ^457`1 Dq| lqfrqvlvwhqfhv lq +W, zrxog wkhuhiruh eh eurxjkw wr oljkw1 Wklv lv d

vhfrqg irup ri %whvw%1 Zkhq +W, lv qrw irupdoo| vshfl�hg lw lv d pdwwhu ri ghedwh dv wr

zkhwkhu +D, fdswxuhv wkh vdolhqw ihdwxuhv ri +W,1

Wkhru| exloglqj lqyroyhv wkh devwudfwlrq iurp +W, lqwr +H,/ +D, dqg +K,1 +H, fdq

wkhq eh xvhg wr surgxfhg +K,1 Li wkh frpsdulvrq ehwzhhq +R, dqg +K, ohdgv wr uhixwdwlrq

ri +K, wkhq +H, dqg 2 ru +D, fdq eh uhylvhg1 Wkh uhylvlrq ri hlwkhu ri wkhvh phdqv wkdw qhz
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Iljxuh 617= Wkhru| Exloglqj1 Dq h{lvwlqj wkhru| +W, lv wudqvodwhg lqwr d vhw ri dvvxps0
wlrqv +D, uhsuhvhqwhg e| d surjudp dqg dq h{sodqdwlrq +H, zklfk h{suhvvhv wkh wkhru| lq
whupv ri wkh surjudp1 Wkh jhqhudwlrq ri k|srwkhvhv +K, iurp +H, dqg frpsdulvrq djdlqvw
revhuydwlrqv +R, ri uxqv +U, ri wkh surjudp doorzv iru erwk +D, dqg +H, wr eh uhylvhg1
Li hyhqwxdoo| +K, dqg +R, fruuhvsrqg wkhq +D,/ +H, dqg +K, pd| eh ihg edfn lqwr d qhz
uhylvhg wkhru| +W, zklfk pd| eh dssolfdeoh wr d uhdo wdujhw1

wkhru| lv ehlqj fuhdwhg1 Li d vwdwh lv uhdfkhg lq zklfk +H,/ +K, dqg +R, fruuhvsrqg/ +H, dqg

+D, fdq wkhq srvvleo| eh %gh0devwudfwhg% lqwr +W, surgxflqj d wkhru| whvwdeoh djdlqvw uhdo

vrfldo surfhvvhv +vhh �jxuh 617,1

H{sodqdwlrq �qglqj lqyroyhv lwhudwlyh uh�qhphqw ri +H, edvhg rq frpsdulvrq ri

+K, zlwk +R, zlwkrxw fkdqjlqj +D, +vhh �jxuh 618,1 Wklv prgh ri lqyhvwljdwlrq pluuruv

wudglwlrqdo hpslulfdo phwkrgv hpsor|hg lq wkh qdwxudo vflhqfhv1 Wkh gl�huhqfh lv wkdw khuh

wkh frpsxwdwlrqdo prgho/ udwkhu wkdq vrph dvshfw ri wkh %qdwxudo% zruog/ ehfrphv wkh

remhfw ri vwxg| iru zklfk h{sodqdwlrqv dqg k|srwkhvhv duh jhqhudwhg dqg whvwhg1

Pdq| ri wkhvh prghv frpelqh ghgxfwlrq dqg lqgxfwlrq riwhq lq dq lwhudwlyh zd|1

Hovhzkhuh L kdyh fdoohg wklv %Fhgxfwlrq% ^9<`/ ^:7`1 Wkh lqgxfwlyh surfhvv khuh lv ylhzhg

dv lwhudwlyh revhuydwlrq dqg uhylvlrq ri +H, dqg +D,1 Wkh +R, lv surgxfhg ghgxfwlyho|

+frpsxwdwlrqdoo|, iurp +D, exw wkh uhylvlrq ri +H, dqg +D, lv dq lqgxfwlyh surfhvv edvhg

rq revhuydwlrqv +R, jxlghg e| +K,1
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Iljxuh 618= H{sodqdwlrq Ilqglqj lqyroyhv lwhudwlyh uh�qhphqw ri wkh h{sodqwlrq +H, edvhg
rq frpsdulvrq ri k|srwkhvhv +K, zlwk revhuydwlrqv +R, zlwkrxw fkdqjlqj wkh dvvxpswlrqv
h{suhvvhg e| wkh surjudp +D,1

��S �L?U*�t�L?

Duwl�fldo vrflhwlhv gr qrw dlp wr prgho uhdo vrflhwlhv lq dq| gluhfw vhqvh1 Wkh|

fdq eh vhhq dv dq dlg wr lqwxlwlrq lq zklfk wkh uhvhdufkhu irupdolvhv devwudfw dqg orjlfdo

uhodwlrqvklsv ehwzhhq hqwlwlhv1 Zkhq frqvwuxfwhg frpsxwdwlrqdoo| wkh| fdq eh lqyhvwljdwhg

hpslulfdoo| e| surgxflqj h{sodqdwlrqv dqg k|srwkhvhv zklfk fdq eh uhixwhg e| revhuydwlrq

ri wkh ehkdylrxu ri wkh frpsxwdwlrqdo prgho1 Pruh lqwhuhvwlqjo|/ vlqfh wkh dvvxpswlrqv

xsrq zklfk wkh vrflhw| lv frqvwuxfwhg fdq eh fkdqjhg/ wkhuh lv qr qhhg wr vlpso| revhuyh1

Rwkhu prghv ri lqyhvwljdwlrq duh srvvleoh lq zklfk dvvxpswlrqv duh fkdqjhg wr surgxfh

ghvluhg ehkdylrxu1 Zkdwhyhu wkh uhodwlrqvkls ehwzhhq uhdo vrflhwlhv dqg duwl�fldo rqhv +d

sureohpdwlf duhd, lw lv dujxhg wkdw vxfk v|vwhpv fdq eh xvhg dv dq dlg wr wkhru| frqvwuxfwlrq

e| vkdushqlqj lqwxlwlrq lq wkh irupxodwlrq ri k|srwkhvhv zklfk fdq eh whvwdeoh djdlqvw uhdo

gdwd1 Vxfk fodlpv pd| vrxqg idu0ihwfkhg exw zlwklq hyroxwlrqdu| elrorj| d uhfhqw h{dpsoh

ri wklv nlqg ri surjuhvv ^494` kdv ehhq ghprqvwudwhg1

Duwl�fldo vrflhwlhv idflolwdwh h{shulphqwdwlrq/ glvfrxuvh dqg wkhru| irupxodwlrq

frqfhuqlqj devwudfw vrfldo surfhvvhv1 Lq wkdw frqwh{w wkh| r�hu d zd| ri prylqj vrfldo
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wkhru| lqwr dq h{shulphqwdo dqg vhpl0irupdo uhdop1 Lq wklv uhdop k|srwkhvhv fdq eh whvwhg/

h{shulphqwdo uhvxowv lqghshqghqwo| uhsurgxfhg dqg prghov xqdpeljxrxvo| frppxqlfdwhg

+yld frpsxwhu surjudpv,1 Rq wklv edvlv devwudfw vrfldo wkhru| fdq eh ghyhorshg lq d pruh

remhfwlyh zd| wkdq wudglwlrqdo vrfldo wkhru|/ zkhuh lqwxlwlrq dqg ukhwrulf duh riwhq xvhg

lqvwhdg ri h{shulphqwdwlrq1


