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Foreword

This project originated as an attempt to examine the impact of liberalization on the
Australian Wheat Industry in the wake of the Hilmer reforms. In order to carry out
such an analysis it quickly became clear that existing models of the Australian wheat
industry, both partial and general equilibrium, did not sufficiently incorporate the
institutional structure of the industry.

Partial analyses fail to capture general equilibrium effects, that is, they don't take into
account price equilibrating effects across markets and sectors. However, they have the
advantage of being able to handle institutional aspects such as imperfect competition
and market intermediaries.

Attempts within the literature on computable general equilibrium (CGE) modelling to
incorporate imperfect competition have involved the use of ad-hoc pricing schemes
such as the Lerner markup pricing rule. The CGE literature has failed to keep pace
with the speed and sophistication of much of the theoretical literature on both general
equilibrium with imperfect competition and general equilibrium with market
intermediaries.

In this paper we have attempted to develop a numerical general equilibrium model
that builds on the newer theoretical literature involving general equilibrium with
imperfect competition and middlemen. We have attempted to do this in a way that
makes the analysis and model construction accessible to those economists to whom
this literature would have remained otherwise inaccessible.

A numerical general equilibrium model of the partial deregulation of the Wheat
Industry that followed in the wake of the Hilmer competition reforms is presented.
The model incorporates imperfect competition, in the form of Bertrand competition
between the AWB (Australian Wheat Board) and grain traders, and transaction costs
into a unified framework. The AWB is represented as a Stackelberg leader in its role
as a regulatory agency. Matching of supply and demand for grain between the grain
traders and the growers completes the model. A Welfare analysis is carried out and it
is concluded that the present state of deregulation is of little benefit to industry
stakeholders.

No senior authorship has been assigned. In the initial stages one can attribute the
institutional analysis to Tim Purcell and in the initial stages the theoretical approach
to Rodney Beard, numerical work was carried out by both. Both algebraic and
numerical work was done using MAPLE V3 on a P120, 64MB RAM NT 4.0 Box.

Research was partially funded under the Peel Fellowship, University of Queensland
(Tim Purcell). We would like to thank Colin Brown (Department of Agriculture,
University of Queensland) and Simon Kam (Department of Economics, University of
Queensland) for their comments.

Rodney Beard and Tim Purcell
31/12/96, 11.59 p.m.



Dq Lqvwlwxwlrqdo Dqdo|vlv ri Sduwldo
Ghuhjxodwlrq ri wkh Dxvwudoldq Zkhdw Lqgxvwu|

xqghu Ehuwudqg FrpshwlwlrqW

Urgqh| Ehdug
Ghsduwphqw ri Djulfxowxuh
u1ehdugCpdloer{1xt1hgx1dx

Wlp Sxufhoo
Ghsduwphqw ri Hfrqrplfv
w1sxufhooCpdloer{1xt1hgx1dx

Xqlyhuvlw| ri Txhhqvodqg
Vw1 Oxfld/ 73:5

Dxvwudold

Djulfxowxudo Hfrqrplfv Glvfxvvlrq Sdshu 52<9

Devwudfw

Lq wklv sdshu d qxphulfdo jhqhudo htxloleulxp prgho ri wkh sduwldo ghuhj0
xodwlrq ri wkh Dxvwudoldq zkhdw lqgxvwu| wkdw iroorzhg lq wkh zdnh ri wkh
Klophu frpshwlwlrq uhirupv lv suhvhqwhg1 Wkh prgho lqfrusrudwhv lpshuihfw
frpshwlwlrq/ lq wkh irup ri Ehuwudqg frpshwlwlrq ehwzhhq wkh DZE dqg
judlq wudghuv/ dqg wudqvdfwlrq frvwv lqwr d xql�hg iudphzrun1 Wkh DZE
lv uhsuhvhqwhg dv d Vwdfnhoehuj ohdghu lq lwv uroh dv d uhjxodwru| djhqf|1
Pdwfklqj ri vxsso| dqg ghpdqg iru judlq ehwzhhq wkh judlq wudghuv dqg
wkh jurzhuv frpsohwhv wkh prgho1 D zhoiduh dqdo|vlv lv fduulhg rxw dqg
lw lv frqfoxghg wkdw wkh suhvhqw vwdwh ri ghuhjxodwlrq lv ri olwwoh ehqh�w wr
lqgxvwu| vwdnhkroghuv1

MHO Fodvvl�fdwlrq= F:5/ F:;/ G56/ G76/ G8;

W Qr vhqlru dxwkruvkls dvvljqhg1 Uhvhdufk sduwldoo| ixqghg xqghu wkh Shho Ihoorzvkls/
Xqlyhuvlw| ri Txhhqvodqg1 Zh zrxog olnh wr wkdqn Frolq Eurzq +Ghsduwphqw ri Djulfxowxuh,
dqg Vlprq Ndp +Ghsduwphqw ri Hfrqrplfv, iru wkhlu khosixo frpphqwv1



41 Lqwurgxfwlrq

Wkh lpsohphqwdwlrq ri wkh Klophu Frpshwlwlrq Srolf| uhfrpphqgdwlrqv lq wkh
Dxvwudoldq zkhdw lqgxvwu| kdv ohg wr d jurzlqj ghedwh derxw zkdw lv wkh ehvw
lqvwlwxwlrqdo vwuxfwxuh iru wkh zkhdw lqgxvwu|1 Wkh Judlqv Frxqflo ri Dxvwudold
wkurxjk lwv Judlqv 5333 surmhfw kdv fdqydvvhg rslqlrq iurp doo vhfwruv ri wkh lq0
gxvwu| wr wu| dqg irupxodwh d lqvwlwxwlrqdo srolf| dqg iudphzrun wkdw zloo ehqh�w
doo lq wkh lqgxvwu|1 Ghvslwh h{whqvlyh frqvxowdwlrq dqg wkh frpplvvlrqlqj ri lq0
ghshqghqw uhsruwv h{sorulqj wkh rswlrqv iru ghuhjxodwlrq wkh lqgxvwu| kdv |hw wr
ixoo| h{soruh wkh lqgxvwu|0zlgh lpsolfdwlrqv iru ghuhjxodwlrq iurp d wkhruhwlfdo
shuvshfwlyh1

Wkh dssurdfk suhvhqwhg khuh lqyroyhv dq dwwhpsw wr fdswxuh wkh lqvwlwxwlrqdo
lglrv|qfudvlhv ri wkh Dxvwudoldq zkhdw lqgxvwu|1 Lq grlqj vr zh kdyh doorzhg
iru erwk surgxfw gl�huhqwldwlrq rq erwk lqwhuqdwlrqdo dqg grphvwlf pdunhwv dqg
sulfh glvfulplqdwlrq ehwzhhq wkh lqwhuqdwlrqdo dqg wkh grphvwlf pdunhw1 Wkh
lqfrusrudwlrq ri pdunhw lqwhuphgldulhv lq wkh irup ri wkh Dxvwudoldq Zkhdw Erdug
+DZE, dqg judlq wudghuv ohdgv wr d prgho zlwk wudqvdfwlrqv frvwv1 D qxphulfdo
jhqhudo htxloleulxp prgho lv ghyhorshg wkdw gl�huv iurp wkh xvxdo prghov lq wkdw
dq Duurz0Gheuhx iudphzrun lv qrw xvhg1 Lqvwhdg d prgho wkdw kdv fkdudfwhulvwlfv
ri erwk prghov lqyroylqj jhqhudo htxloleulxp zlwk lpshuihfw frpshwlwlrq/ vxfk dv
Qhjlvkl ^47` dqg Pduvfkdn dqg Vhowhq ^44` dv zhoo dv pdunhw lqwhuphgldulhv dqg
wudqvdfwlrq frvwv lv suhvhqwhg ^;/ 43`1

Vlqfh wkh lqfhswlrq ri wkh Klophu uhirupv wkh Dxvwudoldq zkhdw lqgxvwu| kdv
ehfrph fkdudfwhulvhg e| wzr w|shv ri pdunhw lqwhuphgldulhv 0 wkh DZE dqg judlq
wudghuv Wkh uroh ri wkhvh lqwhuphgldulhv lq wkh lqgxvwu| fdq eh vxppdulvhg e|
zkdw Vsxoehu ^56/ 57` fdoov pdunhw0pdnlqj ehkdylrxu1 Jurzhuv rq wkh rwkhu kdqg
duh fkdudfwhulvhg e| pdunhw0wdnlqj ehkdylrxu1 Pdunhw0pdnlqj �upv duh sulfh
vhwwhuv qrw sulfh wdnhuv dqg idfh frvwv ri sulfh dgmxvwphqw nqrzq dv phqx frvwv1
Pdunhw0wdnhuv rq wkh rwkhu kdqg duh dovr sulfh wdnhuv1 Dffruglqj wr Vsxoehu
^55` wkh ixqfwlrq ri pdunhw0pdnlqj lqwhuphgldulhv lv wr frruglqdwh wudgh ehwzhhq
frqvxphuv dqg pdunhw0wdnlqj �upv1 Wkh ixqfwlrq ri wkh DZE dqg judlq wudghuv
lv wkhuhiruh wkdw ri frruglqdwlqj wudgh ehwzhhq jurzhuv dqg wkh lqwhuqdwlrqdo dqg
grphvwlf frqvxphuv1 Krz zhoo wklv lv grqh lv gl!fxow wr ghwhuplqh1

Qxphulfdo dqg frpsxwdeoh jhqhudo htxloleulxp prghov ri wkh Duurz0Gheuhx
w|sh kdyh suryhg xvhixo dv srolf| hydoxdwlrq lqvwuxphqwv lq d zlgh udqjh ri dssol0
fdwlrqv1 Wkh| kdyh/ krzhyhu/ vrph olplwdwlrqv/ qrw wkh ohdvw ri zklfk lv wkdw wkh|
gr qrw uh hfw wkh lqvwlwxwlrqdo vwuxfwxuh ri wkh uhdo hfrqrp| lq dq| phdqlqjixo
zd|1 Wkh uhdo hfrqrp| lv fkdudfwhulvhg e| gl�huhqwldwhg surgxfwv/ sulfh vhwwlqj
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ehkdylrxu/ lqfuhdvlqj uhwxuqv/ pdunhw lqwhuphgldulhv dqg wudqvdfwlrq frvwv1
Wkh ghyhorsphqw ri jhqhudo htxloleulxp prghov wkdw lqfrusrudwh vrph ri wkhvh

ihdwxuhv kdv ehhq iudxjkw zlwk wkhruhwlfdo dqg frqfhswxdo gl!fxowlhv1 Wklv kdv
phdqw wkdw wkh ghyhorsphqw ri qxphulfdo dqg frpsxwdeoh jhqhudo htxloleulxp
prghov zlwk lpshuihfw frpshwlwlrq dqg wudqvdfwlrq frvwv kdv odjjhg idu ehklqg
wkh ghyhorsphqw ri wkhvh prghov iru Duurz0Gheuhx hfrqrplhv1 Uhdolvwlf srolf|
hydoxdwlrq zloo/ krzhyhu/ hyhqwxdoo| uhtxluh wkh ghyhorsphqw ri vxfk prghov1

D qxpehu ri dssurdfkhv wr sulflqj kdyh ehhq dwwhpswhg lq wkrvh ihz qxphulfdo
dqg frpsxwdeoh jhqhudo htxloleulxp prghov wkdw kdyh dwwhpswhg wr lqfrusrudwh
lpshuihfw frpshwlwlrq1

D frpprq dssurdfk kdv ehhq wr xvh vrph pdun0xs sulflqj uxoh +vxfk dv wkh
Ohuqhu Uxoh,1 Wklv/ krzhyhu/ dowkrxjk ehlqj d vlpsoh dssurdfk/ lv vrphzkdw dg0
krf ehfdxvh lv qrw irxqghg rq udwlrqdo ghflvlrq0pdnlqj ^46/ ss1 48404851`1 Rwkhu
dssurdfkhv lqfoxgh frqwhvwdeoh pdunhwv dqg Frxuqrw frpshwlwlrq ^49/ 4:`1 Lq wkh
odwwhu fdvh d frpprq whfkqltxh lv wr pdnh xvh ri frqmhfwxudo yduldwlrqv wr vlpsoli|
wkh prgho1 Wklv dssurdfk dovr vx�huv iurp wkh fulwltxh wkdw lw lv vrphzkdw dg0
krf lq qdwxuh ^:/ s15471` Dqrwkhu dssurdfk kdv ehhq wr xvh d irfdo sulflqj uxoh lq
zklfk grphvwlf sulfhv duh pdunhg0xs iurp wkh zruog pdunhw sulfhv/ l1h1 grphvwlf
sulfh htxdov zruog pdunhw sulfh soxv d wdul� ^:/ s15471`1

Vrph dwwhpswv kdyh ehhq pdgh wr lqfrusrudwh Ehuwudqg frpshwlwlrq lqwr qx0
phulfdo dqg frpsxwdeoh jhqhudo htxloleulxp prghov exw wkhvh lqyroyh frpshwlwru
sulfhv ehlqj dvvxphg wr eh �{hg dqg gr qrw lqyroyh dq h{solflw vroxwlrq ri wkh
Ehuwudqg jdph ^:/ s15471`1

Wkh lpsuhvvlrq jlyhq e| pxfk ri wklv olwhudwxuh lv wkdw lq rughu wr lqfrusrudwh
lpshuihfw frpshwlwlrq dqg surgxfw gl�huhqwldwlrq lqwr qxphulfdo dqg frpsxwdeoh
jhqhudo htxloleulxp prghov/ dg0krf dgmxvwphqwv wr shuihfwo| frpshwlwlyh Duurz0
Gheuhx prghov qhhg wr eh fduulhg rxw ^<` zklfk pd| qrw eh dssursuldwh ^48/ s1
:59`1

Lq wklv sdshu zh wdnh d gl�huhqw dssurdfk1 D qxphulfdo jhqhudo htxloleulxp
zlwk lpshuihfw frpshwlwlrq ri Ehuwudqg w|sh wkdw dovr lqfoxghv pdunhw lqwhu0
phgldulhv dqg wudqvdfwlrqv frvwv lv ghyhorshg iurp �uvw sulqflsohv1 Wkh DZE*v
uhjxodwru| ixqfwlrq lv lqfrusrudwhg yld Vwdfnhoehuj sod| ehwzhhq wkh erdug dqg
jurzhuv/ zlwk wkh erdug ehlqj Vwdfnhoehuj ohdghu1 Ehuwudqg frpshwlwlrq ehwzhhq
wkh erdug dqg judlq wudghuv rq wkh grphvwlf uhwdlo pdunhw dqg d Qdvk pdwfklqj
htxloleulxp^9/ 4<` ehwzhhq judlq wudghuv dqg jurzhuv frpsohwhv wkh prgho1 Wkh
uhvxowdqw v|vwhp ri htxdwlrqv lv wkhq vroyhg qxphulfdoo| iru dq htxloleulxp v|vwhp
ri sulfhv1

Wklv zrun lv vwloo dw wkh suholplqdu| vwdjh dqg wkh uhvxowv ri wkh zrun wkhuh0
iruh qhhg wr eh lqwhusuhwhg zlwk fdxwlrq1 Qhyhuwkhohvv/ zh ihho wkdw ehwwhu srolf|
lqirupdwlrq uhtxluhv wkh ghyhorsphqw ri vxfk prghov1 Dg0krf vroxwlrqv wr wkh lq0
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frusrudwlrq ri qxphulfdo dqg frpsxwdeoh jhqhudo htxloleulxp prghov kdyh whqghg
wr ljqruh wkh pruh uhfhqw wkhruhwlfdo olwhudwxuh rq lpshuihfw frpshwlwlrq ^6`1 Lq
sduwlfxodu/ vljql�fdqw euhdnwkurxjkv kdyh ehhq pdgh lq pdfurhfrqrplf prghov
zlwk plfur0irxqgdwlrqv wkdw lqfrusrudwh lpshuihfw frpshwlwlrq ^5`1 Zh kdyh lq
sduw gudzq rq wklv dssurdfk lq wklv sdshu1

Wkh uhvw ri wkh sdshu lv rujdlqlvhg dv iroorzv= Lq vhfwlrq 5 zh jlyh dq ryhuylhz
ri wkh klvwrulfdo dqg lqvwlwxwlrqdo edfnjurxqg ri wkh Dxvwudoldq zkhdw lqgxvwu|41
Lq vhfwlrq 6 zh suhvhqw d Vwdfnhoehuj sulfh0txdqwlw| jdph ri uhjxodwhg wudgh eh0
wzhhq wkh erdug dqg jurzhuv1 Lq vhfwlrq 7 zh jlyh dq ryhuylhz ri wkh 4<;604<;<
uhirupv ri wkh lqgxvwu| dqg wkh rswlrqv iru ixuwkhu plfurhfrqrplf uhirup1 Lq
vhfwlrq 8 zh jhqhudolvh wkh Vwdfnhoehuj sulfh0txdqwlw| jdph wr d Ehuwudqg prgho
ri ghuhjxodwlrq lqyroylqj wkuhh w|shv ri djhqwv1 Wkh �uvw w|sh duh jurzhuv ru sur0
gxfhuv1 Wkh rwkhu wzr w|shv duh pdunhw lqwhuphgldulhv ri wkhvh rqh ri wkh pdunhw
lqwhuphgldu| vxe0w|shv lqfoxghv rqo| d vlqjoh djhqw= wkh erdug1 Lq vhfwlrq 9 zh
hvwlpdwh sulfhv iru wkh ghuhjxodwhg prgho lq d jhqhudo htxloleulxp iudphzrun1
Ilqdoo|/ lq vhfwlrq :/ zh gudz srolf| frqfoxvlrqv dqg vxjjhvw vrph zd|v lq zklfk
wkh prgho pd| eh h{whqghg1

51 Wkh uroh ri d uhjxodwru| erg| lq uhjxodwlqj frpshwlwlrq=
Wkh fdvh ri wkh Dxvwudoldq Zkhdw Erdug

Wkh irupdwlrq ri wkh DZE dv d vwdwxwru| pdunhwlqj dxwkrulw| suhfhhghg d shulrg
ri orz sulfhv dqg lqvwdelolw| lq wkh pdunhw iru zkhdw1 Wkh erdug zdv iruphg lq
4<7; lq dq dwwhpsw wr lpsrvh vrph rughu dqg vwdelolw| wr wkh zkhdw lqgxvwu| dqg
jxdudqwhh jurzhu sulfhv dqg hqvxuh wkh vxsso| ri zkhdw wr frqvxphuv1 Wkh erdug
kdg ixoo frqwuro ryhu wkh dftxlvlwlrq/ glvwulexwlrq dqg pdunhwlqj ri wkh zkhdw
kduyhvw1 Jurzhuv zhuh reoljhg wr gholyhu doo zkhdw wr wkh erdug dqg uhfhlyh dv
sd|phqw d zhljkwhg dyhudjh ri grphvwlf dqg lqwhuqdwlrqdo vdohv ohvv dq| ohylhv
lpsrvhg dqg iuhljkw/ kdqgolqj dqg dgplqlvwudwlrq fkdujhv1

Zkhq wkh erdug zdv iruphg d frvw ri surgxfwlrq lqgh{ zdv hvwdeolvkhg wr
ghwhuplqh wkh krph frqvxpswlrq sulfh +KFS, iru zkhdw dqg d jxdudqwhhg h{sruw
sulfh wlhg wr wkh KFS1 Dw ydulrxv wlphv lq wkh �uvw vwdelolvdwlrq vfkhph +4<7;27<
0 4<85286, xs wr irxu sulfh v|vwhpv zhuh suhydlolqj lpsdfwlqj rq wkh uhwxuqv wr
jurzhuv= wkh jxdudqwhhg plqlpxp sulfh/ wkh dfwxdo h{sruw sulfh rq wkh iuhh zruog
pdunhw/ wkh ihhg zkhdw sulfh/ dqg wkh Lqwhuqdwlrqdo Zkhdw Frxqflo +L1Z1F1, 4<7<
Lqwhuqdwlrqdo Zkhdw Djuhhphqw +L1Z1D1, sulfh +Vhh Iljxuh 514,1

4Wklv vhfwlrq kljkoljkwv wkh dvshfwv ri wkh DZE*v lqvwlwxwlrqdo vwuxfwxuh uhohydqw wr rxu
prgho1 Iru pruh frpsohwh klvwrulhv ri wkh Dxvwudoldq zkhdw lqgxvwu| vhh/ iru h{dpsoh/ ^8` dqg
^4;`
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Wkh w|lqj ri wkh KFS wr wkh frvw ri surgxfwlrq fdxvhg vrph uhvhqwphqw
dprqjvw jurzhuv/ gxh wr wkh suhydlolqj zruog sulfh ehlqj idu deryh wkdw ri wkh
KFS1 Wkh vhfrqg vwdelolvdwlrq vfkhph +4<86287 0 4<8:28;, vdz KFS*v ehlqj wlhg
wr wkh suhydlolqj L1Z1F1 sulfh/ ru h{sruw sulfhv lq wkh devhqfh ri d L1Z1D1 udwkhu
wkdq wkh frvw ri surgxfwlrq1

Ulvlqj frvwv ri surgxfwlrq dqg idoolqj zruog sulfhv ohdg wr wkh uhlqwurgxfwlrq ri
wkh frvw ri surgxfwlrq ehlqj wkh ghwhuplqdwh ri wkh KFS lq wkh wklug vwdelolvdwlrq
vfkhph +4<8;28< 0 4<95296,1 Zlwk zlogo|  xfwxdwlqj lqwhuqdwlrqdo sulfhv lq wkh
4<93v dqg *:3v grphvwlf sulfhv ehlqj wlhg wr frvwv ri surgxfwlrq uhgxfhg jurzhu
lqfhqwlyhv zkhq zruog sulfhv zhuh kljk dqg lqfuhdvhg lqfhqwlyhv zkhq zruog sulfhv
dqg ghpdqg zdv orz1 Wkh ryhusurgxfwlrq ri zkhdw lq shulrgv ri orz zruog ghpdqg
dqg sulfhv surpswhg wkh lpsrvlwlrq ri zkhdw gholyhu| txrwdv ehjlqqlqj lq 4<9<2:31
E| wkh �iwk vwdeolvdwlrq vfkhph +4<9;29< 0 4<:52:6, wkh jxdudqwhhg plqlpxp
sulfh zdv vhw uhodwlyh wr zruog pdunhw sulfhv dqg qrw wlhg wr wkh frvw ri surgxfwlrq
dv ulvlqj odqg ydoxhv kdg lq dwhg wkh frvw ri surgxfwlrq ixhoolqj lqfuhdvhv lq vxsso|
ri zkhdw1 Ryhu wkh qh{w wzr vfkhphv +4<:72:8 0 4<:;2:</ 4<:<24<;3 0 4<;62;7,
wkh grphvwlf sulfh irupxod zdv vxffhvvlyho| prgl�hg wr htxdwh grphvwlf sulfhv
zlwk frvwv dqg lqwhuqdwlrqdo sulfhv dqg wr ghfrxsoh wkh KFS iurp wkh jxdudqwhhg
plqlpxp sulfh1

Lq uhvsrqvh wr jurzhu frqfhuqv derxw wkh odujh gl�huhqwldo ehwzhhq grphvwlf
dqg lqwhuqdwlrqdo sulfhv +Vhh Iljxuh 515, dqg wkh sulfh srrolqj irupxod ri wkh
erdug/ lq 4<;6 wkh jryhuqphqw wrrn wkh �uvw vwhs wr ghuhjxodwlrq ri wkh lqgxvwu|1
Wklv vhw wkh vfhqh iru wkh judgxdo uhprydo ri wkh erdug*v vwdwxwru| pdunhwlqj
dxwkrulw| srzhuv rq wkh grphvwlf pdunhw1 Jurzhuv iru wkh �uvw wlph zhuh doorzhg
wr vhhn frqwudfwv hovhzkhuh iru grphvwlf zkhdw exw wkh erdug vwloo uhwdlqhg vlqjoh
ghvn vhoohu vwdwxv rq wkh lqwhuqdwlrqdo pdunhw1

61 Jhqhudo htxloleulxp lq d uhjxodwhg pdunhw

Frqvlghu wkh vlwxdwlrq sulru wr wkh 4<;6 uhirupv ri wkh Dxvwudoldq zkhdw lqgxvwu|1
Xqghu wkh vwdwxwru| pdunhwlqj dxwkrulw| srzhuv ri wkh DZE jurzhuv zhuh reoljhg
wr gholyhu doo zkhdw wr wkh erdug1 Wkh erdug wkhq glvwulexwhg wkh zkhdw wr wkh
grphvwlf dqg lqwhuqdwlrqdo uhwdlo pdunhwv ehiruh uhglvwulexwlqj wkh surfhhgv ri wkh
vdohv edfn wr wkh jurzhuv +Vhh Iljxuh 614,1

Lq wklv vhfwlrq zh irupxodwh d prgho ri uhjxodwlrq lqfrusrudwlqj frqvxphu
ghpdqgv dqg jurzhu uhvsrqvhv wr wkrvh ghpdqgv1 Zh wkhq ghulyh wkh uhdfwlrq
fxuyhv ri wkh ydulrxv djhqwv lq wkh lqgxvwu|/ jurzhuv/ frqvxphuv dqg wkh erdug/
ehiruh vshfli|lqj d jhqhudo htxloleulxp prgho ri wkh lqvwlwxwlrqdo vwuxfwxuh ri wkh
lqgxvwu|1
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Iljxuh 514= Sulflqj v|vwhpv lpsdfwlqj rq jurzhu uhwxuqv ^4`

Iljxuh 515= Kxpdq dqg Lqgxvwuldo grphvwlf sulfhv dqg DVZ h{sruw sulfhv ^4`
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Iljxuh 614= Lqvwlwxwlrqdo vwuxfwxuh ri wkh Dxvwudoldq zkhdw lqgxvwu| xqghu uhjx0
odwlrq

:



6141 Wkh frqvxphu*v ghflvlrq

Zh srvwxodwh wkh h{lvwhqfh ri wzr uhsuhvhqwdwlyh frqvxphuv/ dq lqwhuqdwlrqdo dqg
grphvwlf frqvxphu1 Wkh frqvxphuv fkrrvh ehwzhhq sxufkdvlqj zkhdw dqg dq
rwkhu frpsrvlwh jrrg/ zklfk lqfoxghv iruhljq vrxufhv ri zkhdw lq wkh fdvh ri wkh
lqwhuqdwlrqdo frqvxphu1 Lq wkh fdvh ri wkh lqwhuqdwlrqdo frqvxphu wkhuh h{lvwv d
Ehuwudqg0olnh ehkdylrxu ehwzhhq wkh Dxvwudoldq Zkhdw Erdug dqg iruhljq plg0
gohphq yld wkh frqvxphu zklfk lv qrw h{solflwo| prghoohg1

614141 Wkh lqwhuqdwlrqdo frqvxphu

Wkh lqwhuqdwlrqdo frqvxphu pd{lplvhv d Free0Grxjodv xwlolw| ixqfwlrq

4@ 
%c�

LE%c �� ' @%k�E�3k�

zkhuh % lv wkh txdqwlw| ri Dxvwudoldq zkhdw vrog wr wkh lqwhuqdwlrqdo frqvxphu/
� lv d frpsrvlwh jrrg lqfoxglqj rwkhu zkhdw vrog e| iruhljq wudghuv wr wkh lqwhu0
qdwlrqdo frqvxphuv dqg k lv wkh hodvwlflw| ri vxevwlwxwlrq1 Wklv lv vxemhfw wr wkh
exgjhw frqvwudlqw

R%n�� ' K

zkhuh R lv wkh sulfh ri Dxvwudoldq zkhdw vrog rq wkh lqwhuqdwlrqdo pdunhw/ �
lv wkh sulfh ri wkh frpsrvlwh jrrg/ dqg K lv wkh lqwhuqdwlrqdo frqvxphu*v exgjhw1

Wkh odjudqjldq lv ri wkh irup
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Wkh �uvw rughu frqglwlrqv iru wklv duh
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Vroylqj iru b dqg wkhq iru � zh rewdlq wkh lqwhuqdwlrqdo ghpdqg iru Dxvwudoldq
zkhdw1
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dqg wkh ghpdqg iru wkh frpsrvlwh rwkhu jrrg
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614151 Wkh grphvwlf frqvxphu

Wkh grphvwlf frqvxphu pd{lplvhv d Free0Grxjodv xwlolw| ixqfwlrq
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L E+c � �� ' S+q� �
E�3q�

zkhuh + lv wkh txdqwlw| ri zkhdw sxufkdvhg e| wkh grphvwlf frqvxphu/ � � lv
d frpsrvlwh rwkhu jrrg sxufkdvhg e| wkh frqvxphuv dqg q/ lv wkh hodvwlflw| ri
vxevwlwxwlrq1 Wklv lv vxemhfw wr wkh exgjhw frqvwudlqw

^K+ n r� � ' _

zkhuh ^K lv wkh sulfh ri zkhdw vrog wr wkh grphvwlf frqvxphu/ r lv wkh sulfh ri
wkh frpsrvlwh rwkhu jrrg dqg _ lv wkh grphvwlf frqvxphu*v exgjhw1

Wkh odjudqjldq lv ri wkh irup
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6151 Wkh jurzhu*v ghflvlrq

Sulru wr ghuhjxodwlrq wkh erdug kdg frpsxovru| dftxlvlwlrq ri doo zkhdw surgxfhg
dqg sdlg d zhljkwhg dyhudjh ri wkh grphvwlf uhyhqxh dqg h{sruw uhyhqxh iurp lwv
vdohv ri zkhdw1 Jurzhuv dwwhpswhg wr pd{lplvh sur�wv vxemhfw wr wkh �srro� sulfh
wkdw zdv vhw e| wkh erdug1 E| vhwwlqj wkh sxufkdvh sulfh iru zkhdw wkh erdug wkxv
lq xhqfhg jurzhuv ghflvlrqv dv jurzhuv wkhq pdgh surgxfwlrq ghflvlrqv edvhg rq
wkh �srro� sulfh1 Wkh erdug zdv wkxv d �ohdghu� dqg wkh iduphuv �iroorzhuv� lq d
Vwdfnhoehuj jdph1

Wkh zhljkwhg dyhudjh ru srro sulfh RK lv gh�qhg dv

RK '
R%W n ^K+

W

%W n +W

Wkh remhfwlyh ixqfwlrq ri wkh zkhdwjurzhu lv jlyhq e|
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' RK� 3 e�B

zkhuh � lv wkh txdqwlw| ri zkhdw surgxfhg dqg e�B lv wkh frvw ri surgxflqj
zkhdw zlwk B ehlqj wkh hfrqrplhv ri vfdoh dvvrfldwhg zlwk surgxfwlrq1

Wkh �uvw rughu frqglwlrq iru wklv lv

Y
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Iurp wklv zh rewdlq wkh rswlpdo uhvsrqvh ri wkh jurzhu
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6161 Wkh erdug*v ghflvlrq

Wkh erdug*v uroh kdv fkdqjhg ryhu wlph wkurxjk wkh gl�huhqw vwdelolvdwlrq sodqv1
Lq wkh lqlwldo vwdelolvdwlrq sodqv diwhu Zruog Zdu LL dqg wkurxjk wkh shulrg ri
udwlrqlqj wkh erdug*v uroh zdv wr gholyhu zkhdw dw d orz sulfh wr frqvxphuv e|
vhwwlqj wkh krph frqvxpswlrq sulfh htxdo wr wkh jurzhu*v frvw ri surgxfwlrq1
Dv lqwhuqdwlrqdo flufxpvwdqfhv fkdqjhg dqg wkh irrg vhfxulw| lvvxh vwdelolvhg wkh
erdug*v uhplw fkdqjhg wr rqh ri pd{lplvlqj jurzhu uhwxuqv e| rewdlqlqj wkh kljk0
hvw srvvleoh sulfhv1 Lq wkh prgho wkh erdug wdnhv lqwr frqvlghudwlrq wkh grphvwlf
dqg lqwhuqdwlrqdo ghpdqg iru Dxvwudoldq zkhdw dqg vhwv lwv sulfhv dffruglqjo|1
Wkh lqwhuqdwlrqdo pdunhw sodfh lv fkdudfwhulvhg e| prqrsrolvwlf ru roljrsrolvwlf
frpshwlwlrq zkhuhdv wkh erdug dfwv dv d prqrsrolvw lq wkh grphvwlf uhwdlo pdunhw1

Dv d prqrsrolvw/ wkh erdug qhhgv wr fkrrvh lwv sulfhv wr pd{lplvh lwv sur�w
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zkhuh �RR
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) duh wudqvdfwlrq frvwv ri fkdqjlqj sulfhv +phqx frvwv,1 Wkh
phqx frvwv fdq eh vhhq dv dqdorjrxv wr dgplqlvwudwlrq frvwv exw rq d shu ' edvlv
udwkhu wkdq rq d shu wrqqh edvlv dv lv xvxdoo| uhsruwhg1 Vlqfh wkh erdug*v uhplw lv
wr uhwxuq doo uhyhqxh wr wkh jurzhu zh fdq vhh wkdw RK�W ' R%Wn^K+

W1 Ixuwkhu/ wkh
erdug lq lwv uroh dv d vwdwxwru| pdunhwlqj dxwkrulw| dfwv dv d plggohpdq lq wkh
pdunhwlqj ri wkh jurzhuv* kduyhvw dqg dwwhpswv wr pd{lplvh uhwxuqv wr jurzhuv
e| nhhslqj lwv frvwv dv orz dv srvvleoh1

Lq vxfk d iudphzrun/ wkh remhfwlyh ixqfwlrq ri wkh zkhdw pdunhwlqj erdug lv
jlyhq e|
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vxemhfw wr d pdwhuldov edodqfh frqvwudlqw wkdw wkh erdug fdqqrw vhoo pruh wkdq
lw sxufkdvhv iurp wkh jurzhuv1

%W n +W $ �W

Wkh odjudqjldq iru wkh zkhdw erdug*v ghflvlrq sureohp lv
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Holplqdwlqj wkh odjudqjldq sdudphwhuv zh rewdlq d v|vwhp ri wzr htxdwlrqv1
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Lq rwkhu zrugv wkh udwlr ri wkh pdujlqdo phqx frvwv lv htxdo wr wkh udwlr ri wkh
vorshv ri wkh vxsso| dqg ghpdqg iru zkhdw zlwk d exgjhw frqvwudlqw1

Vroylqj wklv v|vwhp ri htxdwlrqv +Vhh Dsshqgl{ G, zh rewdlq

^WK ' s ERc ^K�

RW ' s ERc ^K�

zklfk duh uhfxuvlyh +Vhh Dsshqgl{ D, dqg qhhg wr eh vroyhg qxphulfdoo|1

71 Prghoolqj wkh Klophu Frpshwlwlrq Srolf| uhirupv

Zlwk wkh 4<;90;; Ur|do Frpplvvlrq Lqtxlu| lqwr Judlq Vwrudjh/ Kdqgolqj dqg
Wudqvsruw dqg wkh 4<;; Lqgxvwulhv Dvvvlvwdqfh Frpplvvlrq Lqtxlu| lqwr wkhZkhdw
Lqgxvwu| wkhuh zdv dq lqfuhdvlqj dzduhqhvv wkdw

111 wkh Dxvwudoldq judlqv lqgxvwu| zrxog uhpdlq xqsur�wdeoh dqg
odujho| xqvxvwdlqdeoh zkloh lw frqwlqxhg wr eh surgxfhu0uhvsrqvlyh/
surgxfwlrq0gulyhq/ phuho| wudglqj dqg glvsrvlqj ri exon xqgl�huhq0
wldwhg frpprglwlhv lq d surirxqgo| frqfhqwudwhg dqg fruuxsw zruog
pdunhw1^8/ s1 85`

Dv d uhvxow/ lw zdv uhdolvhg wkdw wkh rqo| zd| iruzdug zdv wr uhdvvhvv wkh lqvwlwx0
wlrqdo pdunhwlqj duudqjhphqwv dqg lwv dvvrfldwhg sulflqj dqg lqfhqwlyhv vwuxfwxuh
wr pdnh wkh lqgxvwu| pruh h!flhqw dqg deoh wr frpshwh rq wkh zruog pdunhw1 Wkh
4<;< uhirupv wr wkh Zkhdw Pdunhwlqj Dfw uhpryhg wkh grphvwlf prqrsro| ri wkh
erdug dqg hqdeohg judlq wudghuv wr frpshwh djdlqvw wkh erdug lq wkh grphvwlf
pdunhw exw wkhuh zdv frqvlghudeoh rssrvlwlrq iurp jurzhu rujdqlvdwlrqv wr wkh
uhprydo ri wkh vlqjoh ghvn vhoohu *vdfuhg frz*1

Lq 4<<6 wkh Klophu Qdwlrqdo Frpshwlwlrq Srolf| uhsruw zdv kdqghg grzq
zklfk uhfrpphqghg wkdw dqwl0frpshwlwlyh ehkdylrxu eh olplwhg dqg sxeolf pr0
qrsrolhv eh uhiruphg1 Lq whupv ri wkh zkhdw lqgxvwu|/ wklv phdqw wkdw wkh vlqjoh
ghvn vhoohu vwdwxv ri wkh erdug dqg lwv wudglqj rq wkh grphvwlf uhwdlo pdunhw
zhuh jrlqj wr eh xqghu uhylhz1 Lq uhvsrqvh wr suhvvxuh iurp wkh jryhuqphqw dqg
jurzhuv wkh Judlqv Frxqflo ri Dxvwudold dqg wkh DZE hpedunhg rq d surfhvv ri
frqvxowdwlrq dqg uhylhz ri h!flhqf| dqg frpshwlwlrq lq wkh lqgxvwu|1
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Lq 4<<8 wkh lqgxvwu| frpplvvlrqhg d uhsruw lqwr wkh erdug*v vlqjoh ghvn vhoohu
vwdwxv dqg wkh yldelolw| ri jurzhuv dqg wudghuv lq wkh lqgxvwu|1 Wkh pdlq frq0
foxvlrqv ri wkh Err}/ Doohq dqg Kdplowrq frqvxowdqw*v uhsruw zhuh wkdw dowkrxjk
wkh vlqjoh ghvn vhoohu vwdwxv vkrxog eh uhwdlqhg lq wkh vkruw wr phglxp whup dv
ehqh�wv wr jurzhuv zhuh lq wkh rughu ri '62pw/ zlwk frqwlqxhg olehudolvdwlrq ri
lqwhuqdwlrqdo djulfxowxudo wudgh/ holplqdwlrq ri vlqjoh ghvn vhoohu vwdwxv dsshduv
wr eh lqhylwdeoh1 Wkh kljk dgplqlvwudwlrq frvwv ri wkh erdug uhodwlyh wr vlplodu
vl}hg lqwhuqdwlrqdo judlq wudghuv phdqw wkdw lq d ixoo| ghuhjxodwhg pdunhw/ zlwk
wkh erdug frpshwlqj gluhfwo| djdlqvw wudghuv/ wkh erdug zrxog qrw vxuylyh xqohvv
lw rzqv ru kdv d vwdnh lq kdqgolqj dqg vwrudjh idflolwlhv1 Wkh uhsruw uhfrpphqghg
wkdw/ lq rughu wr phhw wkh fkdoohqjhv ri wkh ixwxuh/ wkh DZE qhhghg wr frusrudwlvh
zlwk jurzhuv ehlqj sulqflsoh vkduhkroghuv1 Lq frqmxqfwlrq zlwk frusrudwlvdwlrq wkh
erdug qhhghg fdslwdo dvvhvwv dqg lw zdv ixqgdphqwdo wkdw Zkhdw Lqgxvwu| Ixqg
+ZLI, eh frqwlqxhg wr eh froohfwhg wr exlog xs fdslwdo edvh ^53`1

Wkh Judlqv 5333 Vwudwhjlf Sodqqlqj surfhvv lq 4<<8 lghqwl�hg vhyhudo rswlrqv
iru frqwlqxhg uhirup ri wkh zkhdw lqgxvwu| ^54`=

Rswlrq 4 Uhuhjxodwlrq

D uhwxuq wr frpsxovru| dftxlvlwlrq ri wkh kduyhvw e| wkh erdug1

Rswlrq 5 Ghuhjxodwlrq

Ixoo ghuhjxodwlrq zlwk wkh holplqdwlrq ri wkh erdug*v vlqjoh ghvn vhoohu vwdwxv1

Rswlrq 6 Gr qrwklqj

Nhhs wkh fxuuhqw/ wudqvlwlrq shulrg/ lqvwlwxwlrqdo vwuxfwxuh ri wkh lqgxvwu|
zkhuh wkh erdug*v vlqjoh ghvn vhoohu vwdwxv zdv xqghu frqvwdqw uhylhz zlwk jry0
huqphqw frqwuro ri ghflvlrq pdnlqj1

Rswlrq 7 Vlqjoh ghvn frusrudwlvdwlrq

Uhwhqwlrq ri wkh vlqjoh ghvn vhoohu vwdwxv lq d jryhuqphqw rzqhg/ jurzhu uhs0
uhvhqwhg/ frpphufldoo| rulhqwdwhg frusrudwlrq1

Rswlrq 8 Vlqjoh ghvn sulydwlvdwlrq

Uhwhqwlrq ri wkh vlqjoh ghvn vhoohu vwdwxv lq d sulydwh frpsdq| zlwk jurzhuv
dv pdmrulw| vkduhkroghuv zlwk wkh Zkhdw Lqgxvwu| Ixqg htxlw| xvhg dv lwv fdslwdo
edvh1
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Iljxuh 814= Lqvwlwxwlrqdo vwuxfwxuh ri wkh Dxvwudoldq zkhdw lqgxvwu| xqghu ghuhj0
xodwlrq

81 Jhqhudo htxloleulxp lq d ghuhjxodwhg pdunhw

Frqvlghu wkh vlwxdwlrq lq zklfk wkh Dxvwudoldq zkhdw lqgxvwu| zhuh wr ghuhjxodwh
exw wkh erdug zdv vwloo dfwlyh dv d vlqjoh ghvn vhoohu lq wkh lqwhuqdwlrqdo pdunhw
+Rswlrqv 7 dqg 8,1 Rq wkh grphvwlf pdunhw wkh erdug idfhv frpshwlwlrq iurp
plggohphq zkr sod| d Ehuwudqg jdph djdlqvw wkh erdug +Vhh Iljxuh 814,1

8141 Wkh frqvxphu*v ghflvlrq

814141 Wkh lqwhuqdwlrqdo frqvxphu

Wkh lqwhuqdwlrqdo frqvxphu*v ghflvlrq uhpdlqv xqfkdqjhg xqghu wkh ghuhjxodwlrq
ri wkh Dxvwudoldq zkhdw lqgxvwu|1 Wkh lqwhuqdwlrqdo frqvxphu pd{lplvhv d Free0
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Grxjodv xwlolw| ixqfwlrq
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zkhuh % lv wkh txdqwlw| ri Dxvwudoldq zkhdw vrog wr wkh lqwhuqdwlrqdo frqvxphu/
� lv d frpsrvlwh rwkhu zkhdw vrog e| iruhljq wudghuv wr wkh lqwhuqdwlrqdo frqvxphuv
dqg k lv wkh hodvwlflw| ri vxevwlwxwlrq1Wklv lv vxemhfw wr wkh exgjhw frqvwudlqw

R%n�� ' K

zkhuh R lv wkh sulfh ri Dxvwudoldq zkhdw vrog rq wkh lqwhuqdwlrqdo pdunhw/ �
lv wkh sulfh ri wkh frpsrvlwh jrrg/ dqg K lv wkh lqwhuqdwlrqdo frqvxphu*v exgjhw1

Wkh odjudqjldq lv ri wkh irup
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Vroylqj iru b dqg wkhq iru � zh rewdlq wkh lqwhuqdwlrqdo ghpdqg iru Dxvwudoldq
zkhdw1
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814151 Wkh grphvwlf frqvxphu

Wkh grphvwlf frqvxphu*v ghpdqg iru zkhdw fkdqjhv xqghu wkh ghuhjxodwlrq ri wkh
Dxvwudoldq zkhdw lqgxvwu|1 Xqghu ghuhjxodwlrq wkh frqvxphu qrz kdv d fkrlfh ri
vxssolhu ri zkhdw/ wkh plggohphq dqg wkh erdug1 Wkh txdqwlw| ri zkhdw sxufkdvhg
e| wkh frqvxphu zloo eh � ' s E+c 5� zkhuh � lv wkh txdqwlw| ri zkhdw sxufkdvhg
e| wkh grphvwlf frqvxphu frpsulvlqj ri zkhdw sxufkdvhg iurp wkh erdug + dqg
iurp wkh plggohphq 51 Xqghu Ehuwudqg frpshwlwlrq ^45/ ss1 6;:06;<` vdohv ri
zkhdw e| wkh plggohphq dqg wkh erdug duh jlyhq e|

� E^Kc ^6� '

�j�
j


� E^K� �s ^K 	 ^6
�
2
� E^K� �s ^K ' ^6
� E^6� �s ^6 	 ^K

Vlqfh wkh frqvxphu lv lqgl�huhqw ehwzhhq vxssolhu iru d sduwlfxodu txdolw|
ri zkhdw dw d sduwlfxodu sulfh/ li wkh sulfh r�huhg e| wkh erdug/ ^K/ lv orzhu
wkdw ri wkh plggohphq/ ^6/ wkh erdug zloo fdswxuh doo ri wkh pdunhw dqg wkh
plggohphq zloo vhoo qr zkhdw E� ' +�1 Li wkh sulfhv duh htxlydohqw wr hdfk rwkhu/
wkhq wkh plggohphq dqg wkh erdug zloo hdfk vxsso| kdoi ri wkh zkhdw wr wkh
pdunhw

`
� ' �

2
+ n �

2
5
�
1

Wkh grphvwlf frqvxphu pd{lplvhv d Free0Grxjodv xwlolw| ixqfwlrq
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zkhuh � � lv d frpsrvlwh rwkhu jrrg dqg q lv wkh hodvwlflw| ri vxevwlwxwlrq1
Wkh hodvwlflw| ri vxevwlwxwlrq lv wkh vdph dv wkh rqh lq wkh uhjxodwhg fdvh dv lw*v
dvvxphg wkdw frqvxphu suhihuhqfhv iru zkhdw yhuvxv wkh frpsrvlwh rwkhu jrrg
grhv qrw fkdqjh1 Wklv lv vxemhfw wr wkh exgjhw frqvwudlqw
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zkhuh ^� E� ' 6c K�/ r lv wkh sulfh ri wkh frpsrvlwh rwkhu jrrg vrog wr wkh
grphvwlf frqvxphu/ dqg _ lv wkh grphvwlf frqvxphu*v exgjhw1

Wkh odjudqjldq lv ri wkh irup
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8151 Wkh jurzhuv* ghflvlrq

Wkh jurzhuv uhfhlyh sd|phqw iru wkhlu surgxfh iurp wkh wudghuv dqg wkh erdug1
Wkh sulfh sdlg e| wkh wudghuv iru wkh jurzhu*v surgxfh lv gh�qhg dv R� zkhuhdv
wkh erdug sd|v d zhljkwhg dyhudjh ri wkh grphvwlf uhyhqxh dqg h{sruw uhyhqxh
iurp lwv vdohv ri zkhdw1

Wkh zhljkwhg dyhudjh ru srro sulfh RK lv gh�qhg dv
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Wkh remhfwlyh ixqfwlrq ri wkh zkhdwjurzhu lv jlyhq e|
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zkhuh w lv wkh pdunhw vkduh ri wkh jurzhu*v furs � vrog wr wkh zkhdw erdug dqg
e�B lv wkh frvw ri surgxflqj zkhdw zlwk B ehlqj wkh hfrqrplhv ri vfdoh dvvrfldwhg
zlwk surgxfwlrq1

Wkh �uvw rughu frqglwlrq iru wklv lv
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Iurp wklv zh rewdlq wkh rswlpdo uhvsrqvh ri wkh jurzhu
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8161 Wkh erdug*v ghflvlrq

Diwhu ghuhjxodwlrq wkh erdug idfhv frpshwlwlrq iurp plggohphq lq wkh grphvwlf
uhwdlo pdunhw exw frqwlqxhv wr uhwdlq lwv prqrsro| rq wkh h{sruw pdunhw1 Udwkhu
wkdq dftxlulqj wkh ixoo kduyhvw lw pxvw dovr frpshwh zlwk wkh plggohphq rq wkh
idfwru pdunhw1 Lq vxfk d iudphzrun wkh remhfwlyh ixqfwlrq ri wkh erdug lv jlyhq
e|
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vxemhfw wr wkh frqvwudlqw

%W n �W $ w�W

Wkh odjudqjldq iru wkh erdug*v ghflvlrq sureohp lv
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Holplqdwlqj wkh odjudqjldq sdudphwhuv zh rewdlq d v|vwhp ri wzr htxdwlrqv1
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Lq rwkhu zrugv wkh udwlr ri wkh pdujlqdo phqx frvwv lv htxdo wr wkh udwlr ri
wkh vorsh ri wkh vxsso| iru zkhdw dqg wkh vorsh ri wkh ghpdqg iru zkhdw zlwk d
exgjhw frqvwudlqw1

Wklv v|vwhp lv qrz hydoxdwhg iru hdfk ri wkh Ehuwudqg frpshwlwlrq fdvhv +Vhh
Dsshqglfhv H dqg E,1
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Wkhvh wzr v|vwhpv duh uhfxuvlyh lq R/ R� dqg ^K dqg qhhg wr eh vroyhg qxphu0
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Fdvh 6 ^K : ^6

Lq wklv fdvh/ wkh erdug grhv qrw frpshwh rq wkh grphvwlf pdunhw dqg lwv
vdohv duh uhvwulfwhg wr wkh h{sruw pdunhw1 Wkh remhfwlyh ixqfwlrq dqg wkxv wkh
odjudqjldq fkdqjh jlylqj d v|vwhp ri wzr htxdwlrqv1
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Wkhuh lv qr forvhg irup vroxwlrq wr wklv1 Wkh Erdug fdq rqo| vhoo wr wkh h{sruw
pdunhw/ dqg lwv ghflvlrq wr vhw lwv sulfhv R dqg ^ duh ghshqghqw rq �W/ wkh uhdfwlrq
fxuyh ri wkh jurzhu1 Ehfdxvh grphvwlf frqvxphuv suhihu vhoolqj wr wkh plggohphq
wkh jurzhuv zloo vhoo dv pxfk zkhdw wr wkh plggohphq �uvw/ xqwlo wkh grphvwlf
pdunhw lv vdwlv�hg/ dqg wkhq vhoo wkh uhvlgxdo wr wkh erdug dw RK ' R1 Wkxv wkh
txdqwlw| vrog wr wkh plggohphq ghshqgv rq wkh frqvxphuv xwlolw| ixqfwlrq zlwk
wkh uhvlgxdo ri wkh kduyhvw ehlqj vrog wr wkh erdug1 Wkh txhvwlrq ri zkdw sulfh
wkh erdug vhwv iru R lq wklv vfhqdulr lv rqh wkdw fdq rqo| eh dqvzhuhg zlwk dq
h{whqvlrq ri wkh prgho wr lqfoxgh wkh lqwhuqdwlrqdo frqvxphu dqg iruhljq wudghuv
lq wkh Ehuwudqg frpshwlwlrq vhwwlqj1

8171 Wkh plggohphq*v ghflvlrq

Frqvlghu wkh sureohp idfhg e| wkh ghuhjxodwhg vhfwru/ zkr fkrrvh
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Iurp wklv vroxwlrq zh fdq vhh wkdw d Ehuwudqg htxloleulxp zloo h{lvw rq wkh
uhwdlo pdunhw dqg d Qdvk htxloleulxp zloo h{lvw rq wkh idfwru pdunhw1
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Iurp wklv vroxwlrq zh fdq ghwhuplqh wkdw wkh htxloleulxp sulfh vrog wr wkh
grphvwlf frqvxphu e| wkh plggohphq/ ^W6czloo rqo| h{lvw zkhq wkh sulfh r�huhg
wr wkh jurzhuv e| wkh plggohphq/ R�/ lv }hur1
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91 Qxphulfdo Dqdo|vlv

D jhqhudo htxloleulxp lq wkh ghuhjxodwhg fdvh zloo lq jhqhudo h{lvw rqo| lq wkh fdvh
zkhuh ^6 ' ^K1 Zh qhhg wr vroyh wkh rswlpdo ghflvlrqv ri wkh jurzhuv/ plggohphq
dqg wkh erdug lq rughu wr rewdlq d jhqhudo htxloleulxp vroxwlrq1 D vroxwlrq ri wkh
prgho lv jlyhq e| wkh rswlpdo sulfhv ERWc RW�c ^

W�1 Wkh jhqhudo htxloleulxp prgho
lv rxwolqhg lq Dsshqgl{ F1

Lq rughu wr qxphulfdoo| vroyh iru wkh rswlpdo sulfhv ERW�c R
Wc ^W� zh �uvw qhhg wr

hvwlpdwh wkh iroorzlqj htxdwlrqv hfrqrphwulfdoo| wr rewdlq hvwlpdwhv iru hodvwlfl0
wlhv ri vxevwlwxwlrq Eqc k� dqg exgjhw wrwdov E_c K�

% ' Kk
�

R

� ' q_
�

^

Zh hfrqrphwulfdoo| hvwlpdwh hdfk ri wkhvh htxdwlrqv xvlqj sulfh dqg txdqwlw|
gdwd +DZE/ ydulrxv lvvxhv,1

	% ' ���e
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R

E��2WW�

	� ' ��2b
�

^

Eb��HWW�

Wkh zkhdw kduyhvw sdudphwhuv/EBc e� dqg wkh plggohphq*v frvw sdudphwhuv/
E&^c D� zhuh fkrvhq wr rewdlq d vroxwlrq1 Zh kdyh qrw fdoleudwhg wkh prgho djdlqvw
d ehqfkpdun htxloleulxp dw wklv vwdjh dqg wkh uhvxowv vkrxog eh lqwhusuhwhg zlwk
fdxwlrq/ krzhyhu/ wkh uhodwlyh fkdqjhv lq sulfhv dqg wkh fruuhvsrqglqj zhoiduh
dqdo|vlv duh lqglfdwlyh ri wkh gluhfwlrq ri fkdqjh/ exw qrw wkh pdjqlwxgh1

Wkh �qdo htxloleulxp ghshqgv rq w 1 D vhulhv ri htxloleuld pd| wkhuhiruh eh
fdofxodwhg iru gl�huhqw w ydoxhv/ iru f 	 w 	 �1 +Vhh Wdeohv 914 dqg 915,1

Zh rewdlq pxowlsoh sxqfwxdwhg htxloleuld ^7` iru wkh rswlpdo sulfhv +vkrzq lq
eudfnhwv, exw rqo| rqh htxloleuld h{lvwv zkhq wkh erdug*v pdunhw vkduh uhdfkhv
.fI1 Wkh rqo| rwkhu pdunhw vkduh ohyho zkhuh wkhuh duh pxowlsoh htxloleuld lv dw
HfI1 Dv lw lv xqolnho| wkdw sulfhv zloo mxps/ iru h{dpsoh iurp f�.bbc f�..ec wr
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Wdeoh 914= Sulfhv xqghu ghuhjxodwlrq
Sulfhv

w RW ^W RW� RWK
f�b f�.bb ���SD efSS�D.D ���2D
f�H f�..e E�D�f22� f�H.S E�S�bbH� �SHf��H. E�2.�ff2� f�H2D E�S�f��
f�. �*� E2���He� �*� Ee�f��� �*� E��D�HH2� �*� ES�D���
f�e 3��H.S ��e�S 2Sf�bH� ��e�S
f�� 3��SS� ��e.. �H���2. ��e..
f�2 3��Dfb ��eb� ��S�2H� ��eb�
f�� 3���b� ��eH. �f.�Df� ��eH.

Wdeoh 915= Jurzhuv zhoiduh xqghu ghuhjxodwlrq
Jurzhuv

w �W
4

f�b 2f�b2�eHD 3e��Df �f�f

f�H �SH�e�HDD E��f��ff�� 3���D.f �f�� E3���D.f �f���
f�. �*� EDf�H�22S� �*� E32�D�Hf �fb�
f�e .HD.�.ee 3S��.�f �fb

f�� S�SH�S�e 3e�fDDf �fb

f�2 DeSS�2�2 32�bH.f �fb

f�� eHee�b.� 32��e.f �fb

2���He lq wkh fdvh ri RW/ zh frqfoxgh wkdw wkh uhdolvwlf htxloleuld dw HfI dqg .fI
pdunhw vkduh ri wkh erdug lv dw wkh vhfrqg fdvh1 Lw lv lqwhuhvwlqj wr qrwh wkdw
zh rewdlq dq htxloleuld dw .fI pdunhw vkduh/ yhu| forvh wr wkh Err} Doohq dqg
Kdplowrq Frqvxowdqw*v uhsruw hvwlpdwh ri SSI ^53`1

Lw fdq eh vhhq iurp wkh uhvxowv wkdw dv wkh erdug*v pdunhw vkduh idoov wkh
lqwhuqdwlrqdo sulfh/ RW/ ri Dxvwudoldq zkhdw wkdw wkh erdug r�huv lqlwldoo| lqfuhdvhv
exw hyhqwxdoo| idoov dv wkh erdug lv irufhg rxw ri wkh grphvwlf pdunhw1 Iurp wkh
uhvxowv lq Wdeoh 914 lw vhhpv wkdw wkh erdug/ wr uhpdlq yldeoh lq wkh grphvwlf uhwdlo
pdunhw lq wkh idfh ri idoolqj idfwru pdunhw vkduh/ zloo kdyh wr hlwkhu vwrs vhoolqj rq
wkh lqwhuqdwlrqdo pdunhw/ ru lpsruw zkhdw1 Wklv lv vkrzq e| wkh qhjdwlyh sulfhv
dv zh kdyh qrw lqfrusrudwhg qhw wudgh lqwr wkh ghflvlrq sureohp ri wkh erdug1 Wkh
uhvxowv ri wkh vlpxodwlrq lpso| wkdw xqohvv sk|wrvdqlwdu| uhvwulfwlrqv rq lpsruwv
duh oliwhg wkh erdug zloo fhdvh wr h{lvw rq wkh lqwhuqdwlrqdo uhwdlo pdunhw1 Li
sk|wrvdqlwdu| uhvwulfwlrqv duh oliwhg wkh lpsolfdwlrqv duh wkdw/ �uvwo|/ wkh erdug
zloo ehfrph dq lpsruwhu ri zkhdw/ e| wdnlqj dgydqwdjh ri wkh kljkhu grphvwlf
sulfh uhodwlyh wr wkh lqwhuqdwlrqdo sulfh1 Vhfrqgo|/ wkh rqo| zd| wkh Dxvwudoldq
zkhdw lqgxvwu| fdq uhpdlq dq h{sruwhu lv wr gurs vlqjoh ghvn vhoolqj vwdwxv iru wkh
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erdug doorzlqj wudghuv dffhvv wr wkh h{sruw pdunhw1
Wkh sulfh r�huhg wr wkh jurzhuv e| wkh plggohphq/ RW�/ zloo idoo dv wkh plg0

gohphq jdlq pdunhw vkduh1 Zlwk RW� ehlqj kljkhu wkdq wkh grphvwlf uhwdlo sulfh/
^W/ wkh plggohphq duh dfwxdoo| orvlqj prqh| +exw dw d glplqlvklqj udwh dv wkhlu
pdunhw vkduh lqfuhdvhv, vr orqj dv wkh erdug uhpdlqv dq dfwlyh sod|hu lq wkh pdu0
nhw1 Djdlq/ wklv ehduv rxw wkh hpslulfdo hylghqfh ri wkh Err} Doohq dqg Kdplowrq
uhsruw1

Jurzhuv dfwxdoo| kdyh d qhjdwlyh exw lqfuhdvlqj sur�wdelolw| dv wkh pdunhw
vkduh ri wkh erdug ghfolqhv1 Wklv lv d uh hfwlrq ri �uvwo|/ wkh odujh xqlw frvwv ri
kduyhvwlqj xvhg lq wkh vlpxodwlrq wr rewdlq dq htxloleuld zklfk pd| gl�hu zkhq
wkh prgho lv dfwxdoo| fdoleudwhg dqg vhfrqgo|/ gxh wr wkh devhqfh ri dowhuqdwlyh
idup dfwlylwlhv lq wkh prgho vxfk dv zrro surgxfwlrq1 Dv wkh pdunhw vkduh ri wkh
erdug ghfolqhv wkh erdug vkliwv rxw ri vxsso|lqj wkh lqwhuqdwlrqdo pdunhw zlwk
Dxvwudoldq zkhdw dqg wkh jurzhuv* uhwxuq iurp wkh srro sulfh lv dfwxdoo| mxvw
wkhlu uhwxuq iurp wkh grphvwlf uhwdlo sulfh/ ^W51 Wkh txdqwlw| ri zkhdw surgxfhg
ghfolqhv dv w ghfolqhv/ lpso|lqj wkdw dowkrxjk jurzhu sur�wdelolw| lqfuhdvhv/ wkhuh
zloo eh ihzhu jurzhuv wr uhds wkh ehqh�wv ri ghuhjxodwlrq1

:1 Frqfoxvlrq

Lq wklv sdshu zh kdyh ghyhorshg d wkhruhwlfdo jhqhudo htxloleulxpprgho ri wkh sdu0
wldo ghuhjxodwlrq ri wkh Dxvwudoldq zkhdw lqgxvwu|1 Wklv prgho xwlol}hv Ehuwudqg
frpshwlwlrq wr prgho lpshuihfw frpshwlwlrq dqg surgxfw gl�huhqwldwlrq lq dq
h{solflw pdqqhu1 Lq dgglwlrq/ lw lqfrusrudwhv wkh uroh ri judlq wudghuv dqg wudqvdf0
wlrqv frvwv lq wkh grphvwlf pdunhw diwhu wkh Klophu frpshwlwlrq uhirupv1 Zh kdyh
qxphulfdoo| sdudphwhulvhg wkh prgho edvhg rq hpslulfdo gdwd dqg fdofxodwhg dq
htxloleulxp vhw ri sulfhv1

Xqghu ghuhjxodwlrq wkhuh duh rqo| d ihz fdvhv zkhuh wkhuh lv h{lvwhqfh ri d jhq0
hudo htxloleulxp1 Wkh plggohphq fhdvh wr h{lvw lq wkh vlwxdwlrq zkhuh wkh erdug*v
uhwdlo sulfh lv ohvv wkdq wkh plggohphq*v dv frqvxphuv suhihu wr sxufkdvh zkhdw
iurp wkh erdug xqghu wkhvh flufxpvwdqfhv1 Zkhuh wkh plggohphq fkdujh d orzhu
sulfh wkdq wkh erdug wkh h{lvwhqfh ri dq htxloleulxp lv ghshqghqw rq wkh qxphu0
lfdo ydoxhv fkrvhq lq wkh rswlpdo sulfh r�huhg1 Lq jhqhudo dq htxloleulxp h{lvwv
rqo| zkhuh wkh uhwdlo sulfhv r�huhg e| wkh erdug dqg wkh plggohphq duh lghqwlfdo
dqg wkh frqvxphuv sxufkdvh htxdo txdqwlwlhv iurp hdfk1 Wklv lv frqvlvwhqw zlwk
uhvxowv irxqg lq pruh vlpsoh prghov ri Ehuwudqg ehkdylrxu^45`

5Wklv lv dfwxdoo| qrw hqgrjhqlvhg lq wkh prgho dqg zh kdyh suhvhqwhg lq wkh uhvxowv wkh gdwd
wkdw zrxog kdyh ehhq rewdlqhg li wklv zhuh vr +l1h1 wkh ydoxhv iru RW

K
zkhq RW ehfrphv qhjdwlyh

duh vhw htxdo wr ^W dqg wkh jurzhuv* surgxfwlrq �W dqg sur�w
4

duh uhfdofxodwhg,1
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Lq wkh uhdfwlrq fxuyhv ri wkh plggohphq wkh fulwlfdo yduldeoh lq ghwhuplqlqj
h{lvwhqfh lv wkh txdqwlw| ri zkhdw sxufkdvhg iurp wkh jurzhuv/ �1 Lq wkh erdug*v
rswlplvdwlrq sureohp wkh erdug wdnhv lqwr frqvlghudwlrq wkh uhdfwlrq fxuyh ri
wkh jurzhuv/ �W zkhq ghwhuplqlqj wkhlu rswlpdo sulflqj vwuxfwxuh zkhuhdv wkh
plggohphq grq*w1 Li wkh plggohphq wrrn lqwr frqvlghudwlrq �W zkhq ghwhuplqlqj
wkhlu rswlpdo sulflqj vwuxfwxuh/ h{lvwhqfh ri dq htxloleulxp lq wkh fdvh zkhuh wkh
plggohphq*v uhwdlo sulfh lv orzhu wkdq wkdw ri wkh erdug zrxog eh jxdudqwhhg1

Lq vxppdu|/ wkh lqvwlwxwlrqdo vwuxfwxuh ri wkh prgho/ zkhuh plggohphq gr
qrw kdyh wkh qhfhvvdu| lqirupdwlrq wr pdnh fruuhfw ghflvlrqv/ ohdgv wr d vlwxdwlrq
zkhuh wkh plggohphq fdq eh irufhg iurp wkh pdunhw1 Lq d jhqhudo htxloleulxp
dowkrxjk judlq wudghuv wkhruhwlfdoo| h{lvw wkh| pdnh d orvv1 Wklv pd| phdq wkdw
wkh| duh irufhg iurp wkh pdunhw ru lw frxog eh gxh wr wkh idfw wkdw zh kdyh
qrw |hw fdoleudwhg wkh prgho djdlqvw dq hpslulfdo htxloleulxp1 Zh prgho wkh
lqvwlwxwlrqdo vwuxfwxuh lq wklv zd| dv plggohphq duh qhz hqwudqwv wr wkh pdunhw
frpshwlqj djdlqvw dq h{lvwlqj �up/ wkh erdug1 Wkh erdug srvvhvvhv ghwdlohg
pdunhw nqrzohgjh +dqg jurzhu uhsuhvhqwdwlrq rq lwv jryhuqlqj erdug, dqg lv wkxv
lq d ehwwhu srvlwlrq wr h{huflvh pdunhw srzhu1 Lqwhuhvwlqjo|/ frpphqwdulhv rq wkh
Err} Doohq dqg Kdplowrq Frqvxowdqw*v uhsruw lqglfdwh wkdw

111 wudghuv kdyh pryhg rxw ri ploolqj zkhdw lq uhvsrqvh wr zkdw wkh|
vhh dv xqidlu wudglqj dqg pdunhw pdqlsxodwlrq1

^Wkh uhsruw` uhyhdov wudghu frqfhuqv wkdw wkh DZE vkduhv lqirupdwlrq
ehwzhhq lwv wudglqj glylvlrq dqg lwv srro rshudwlrqv 0 vrphwklqj wkh
DZE yljrurxvo| ghqlhv1

Dovr ri frqfhuq zdv d shufhswlrq wkdw frpphufldoo| vhqvlwlyh lqirupd0
wlrq zdv vkduhg ehwzhhq wkh DZE dqg wkh exon kdqgolqj dxwkrulwlhv
dqg wkdw wkh wudgh kdg xqhtxdo dffhvv wr vwrfn vzdsv1

Dv d uhvxow ri wudghuv* uhoxfwdqfh wr sduwlflsdwh ixoo| lq wkh pdunhw/
jurzhuv kdg qrw |hw uhdshg wkh ixoo ehqh�wv ri grphvwlf ghuhjxodwlrq1^53`

Wkh prgho vkrzv wkdw lw*v qrw qhfhvvdu| iru wkh erdug wr dfwlyho| xvh lwv pdunhw
srzhu lq rughu wr lqgxfh plggohphq wr ohdyh wkh pdunhw/ dv wkh lqvwlwxwlrqdo
vwuxfwxuh ri wkh pdunhw lwvhoi ohdgv wr wklv srvlwlrq qdwxudoo|1

Wkh qxphulfdo uhvxowv lqglfdwh wkdw dv wkh erdug orvhv pdunhw vkduh/ lw surjuhv0
vlyho| zlwkgudzv iurp dfwlyh lqyroyhphqw lq h{sruwv dqg frqfhqwudwhv rq wkh pruh
oxfudwlyh grphvwlf pdunhw1 Jurzhuv ehqh�w wkurxjk lqfuhdvhg sur�wv exw ryhudoo
wkh vl}h ri wkh vhfwru/ dv phdvxuhg e| wrwdo kduyhvw/ glplqlvkhv1 Frqvxphuv ds0
shdu odujho| xqd�hfwhg e| wkhvh ghyhorsphqwv dv zkhdw lv rqo| d vpdoo sursruwlrq
ri wkhlu wrwdo frqvxpswlrq1
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Zh frqfoxgh iurp wklv wkdw wkh suhvhqw vwdwh ri ghuhjxodwlrq lv ri olwwoh ehq0
h�w wr dq|rqh lq wkh lqgxvwu| dqg wkdw ixuwkhu ghuhjxodwlrq/ hlwkhu wkh derolwlrq
ri sk|wrvdqlwdu| uhvwulfwlrqv/ zlwk doo lwv lqkhuhqw gdqjhuv/ dqg2ru wkh vfudsslqj
ri wkh vlqjoh ghvn vhoolqj vwdwxv ri wkh erdug zloo eh qhfhvvdu| iru Dxvwudold wr
pdlqwdlq lwv suhvhqfh +hlwkhu dv dq lpsruwhu ru h{sruwhu ri zkhdw, lq wkh lqwhu0
qdwlrqdo pdunhw1 Wkhvh frqfoxvlrqv vkrxog krzhyhu eh lqwhusuhwhg zlwk fdxwlrq
dv wkh zhoiduh lpsolfdwlrqv ri ixoo ghuhjxodwlrq yhuvxv uhuhjxodwlrq kdyh qrw ehhq
h{solflwo| dqdo|vhg zlwklq wkh prgho suhvhqwhg lq wklv sdshu1

Rswlrqv iru ixuwkhu prgho ghyhorsphqw lqfoxgh=

41 Wkh lqfrusrudwlrq ri qhw iruhljq wudgh lqwr wkh erdugv sulfh vhwwlqj ghfl0
vlrqv/ wr dqdo|vh wkh lpsolfdwlrqv ri vlqjoh ghvn vhoolqj vwdwxv yhuvxv ixoo
ghuhjxodwlrq dqg uhuhjxodwlrq ixoo|1

51 Fdoleudwlrq dqg ydolgdwlrq ri wkh prgho iru dq htxloleulxp vhw ri sulfhv1

61 Wkh lqfrusrudwlrq ri dq dqdo|vlv ri frpshwlwlrq lq wkh lqwhuqdwlrqdo pdunhw
lqwr wkh prgho wkurxjk wkh lqwurgxfwlrq ri rwkhu judlq wudglqj qdwlrqv lqwr
wkh prgho1

71 H{sdqvlrq ri wkh prgho wr dqdo|vh wkh lpsdfw ri ghuhjxodwlrq dw wkh vwdwh
ohyho zlwklq Dxvwudold1

81 Wkh ghfrxsolqj ri jurzhuv* ghflvlrqv iurp wkh erdug*v rswlplvdwlrq ixqf0
wlrq +� udwkhu wkdq �W, zklfk zloo holplqdwh wkh Vwdfnhoehuj jdph sod|hg
ehwzhhq wkh jurzhuv dqg wkh erdug1 Wklv zloo h{soruh wkh sulydwlvdwlrq ri
wkh erdug rswlrq6 zklfk uhpryhv wkh dv|pphwulf lqirupdwlrq dgydqwdjh wkh
erdug krogv ryhu wkh rwkhu wudghuv lq wkh pdunhw1

Ixuwkhu uhvhdufk dqg ghyhorsphqw ri wkh prgho suhvhqwhg khuh lv suredeo|
qhfhvvdu| ehiruh wkh srolf| lpsolfdwlrqv ri wkh prgho fdq eh lqwhusuhwhg zlwk
frq�ghqfh1

6Rswlrq 8 ri wkh Judlqv Frxqflo ri Dxvwudold Vwudwhjlf Sodqqlqj surfhvv +Vhh vhfwlrq 7,1
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Uhihuhqfhv

^4` Dxvwudoldq Zkhdw Erdug 1ydulrxv lvvxhv1 Dqqxdo uhsruw1

^5` Eìqdvv|/ M10S1 4<<81 Fodvvlfdo dqg Nh|qhvldq ihdwxuhv lq pdfurhfrqrplf prg0
hov zlwk lpshuihfw frpshwlwlrq1 Lq Wkh qhz pdfurhfrqrplfv= Lpshuihfw pdu0
nhwv dqg srolf| h�hfwlyhqhvv/ hg1 K1 G1 Gl{rq dqg Q1 Udqnlq/ 480661 Fdp0
eulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

^6` Erqdqqr/ J1/ 4<<31 Jhqhudo htxloleulxp wkhru| zlwk lpshuihfw frpshwlwlrq/
Mrxuqdo ri Hfrqrplf Vxuyh|v 7+4,=5<:065;1

^7` Erxoglqj/ N1 H1 4<<41 Zkdw lv hyroxwlrqdu| hfrqrplfvB Mrxuqdo ri Hyrox0
wlrqdu| Hfrqrplfv 4=<04:1

^8` Frrpev/ E1/ hg1 4<<71 Dxvwudoldq judlqv= D frpsohwh uhihuhqfh errn rq wkh
judlqv lqgxvwu|1 Fdpehuzhoo= Pruhvfrsh1

^9` Frvlpdqr/ W1I1/ 4<<91 Lqwhuphgldwlrq/ Hfrqrplfd 96=4640761

^:` Ghoruph/ I1/ dqg G1 ydq ghu Phqveuxjjkh1 4<<31 Dvvhvvlqj wkh uroh ri
vfdoh hfrqrplhv dqg lpshuihfw frpshwlwlrq lq wkh frqwh{w ri djulfxowxudo
wudgh olehudolvdwlrq= d Fdqdgldq fdvh vwxg|1 RHFG Hfrqrplf Vwxglhv 46
+Zlqwhu,=5380691

^;` Kdkq/ I1 K1 4<:41 Htxloleulxp zlwk wudqvdfwlrq frvwv1 Hfrqrphwulfd 6<
+6/Pd|,=74:06<1

^<` Kduulv/ U1 J1 4<;71 Dssolhg jhqhudo htxloleulxp dqdo|vlv ri vpdoo rshq
hfrqrplhv zlwk vfdoh hfrqrplhv dqg lpshuihfw frpshwlwlrq1 Dphulfdq Hfr0
qrplf Uhylhz :7=43490651

^43` Mrxlql/ H1/ dqg K1 Ndoodo1 4<<61 Jhqhudo htxloleulxp zlwk surgxfhuv dqg eur0
nhuv= H{lvwhqfh dqg uhjxodulw|1 Hfrqrplfv Ohwwhuv 74=58:0961

^44` Pduvfkdn/ W1/ dqg U1 Vhowhq1 4<:71 Jhqhudo htxloleulxp zlwk sulfh0pdnlqj
�upv1 Qhz \run= Vsulqjhu0Yhuodj1

^45` Pdv0Frooho/ D1/ P1 G1 Zklqvwrq/ dqg M1 U1 Juhhq1 4<<81 Plfurhfrqrplf wkh0
ru|1 Qhz \run= R{irug Xqlyhuvlw| Suhvv1
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^46` gh Phor/ M1/ dqg G1 Wduu1 4<<51 D jhqhudo htxloleulxp dqdo|vlv ri XV iruhljq
wudgh srolf|1 Fdpeulgjh= Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|1

^47` Qhjlvkl/ W1 4<941 Prqrsrolvwlf frpshwlwlrq dqg jhqhudo htxloleulxp1 Uhylhz
ri Hfrqrplf Vwxglhv 5;=4<905341

^48` Qrupdq/ Y1 G1 4<<31 Dvvhvvlqj Wudgh dqg Zhoiduh H�hfwv ri Wudgh Olehudo0
l}dwlrq= D Frpsdulvrq ri Dowhuqdwlyh Dssurdfkhv wr FJH Prghoolqj zlwk
Lpshuihfw Frpshwlwlrq1 Hxurshdq Hfrqrplf Uhylhz 67 +7,=:580781

^49` Qryvkhn/ Z1dqg K1 Vrqqhqvfkhlq1 4<:;1 Frxuqrw dqg Zdoudv htxloleulxp/
Mrxuqdo ri Hfrqrplf Wkhru| 4<=55605991

^4:` Urehuwv/ M1/ dqg K1 Vrqqhqvfkhlq1 4<::1 Rq wkh irxqgdwlrqv ri wkh wkhru| ri
prqrsrolvwlf frpshwlwlwlrq/ Hfrqrphwulfd 78+4,43404461

^4;` Urvhqwkdo/ E1 H1 4<;31 Dxvwudoldq zkhdw pdunhwlqj duudqjhphqwv1 Eulvedqh=
Txhhqvodqg Ghsduwphqw ri Sulpdu| Lqgxvwulhv1

^4<` Uxelqvwhlq/ D1/ dqg D1 Zrolqvn|/4<;:1 Plggohphq/ Wkh Txduwhuo| Mrxuqdo ri
Hfrqrplfv/ +Dxjxvw,=8;408<6

^53` Vkhowrq/ O1 4<<81 Wkh hqg ri wkh DZE dv zh nqrz lwB Txhhqvodqg Frxqwu|
Olih +< Iheuxdu|,=<1

^54` Vkhowrq/ O1 4<<81 Zkdw duh wkh rswlrqvB Txhhqvodqg Frxqwu| Olih +47 Vhs0
whpehu,=551

^55` Vsxoehu/ G1 I1 4<;<1 Edujdlqlqj dqg uhjxodwlrq zlwk dv|pphwulf lqirupdwlrq
derxw ghpdqg dqg vxsso|1 Mrxuqdo ri Hfrqrplf Wkhru| 77=58409;1

^56` Vsxoehu/ G1/ I1 4<<91 Pdunhw plfurvwuxfwxuh dqg lqwhuphgldwlrq1 Mrxuqdo ri
Hfrqrplf Shuvshfwlyhv 43 +6/Vxpphu,=4680851

^57` Vsxoehu/ G1 I1 4<<91 Pdunhw pdnlqj e| sulfh0vhwwlqj �upv1 Uhylhz ri Hfr0
qrplf Vwxglhv 96=88<0;31
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