
A�i ,*iU|h�U�|) �@h!i| B@4i

5|iT�i? ,� 5Ti@h
B5W�

�@h?i}�i �i**L? N?��iht�|)
��||tM�h}�c �� �D2��
tt�u9@?_hi��U4��i_�

a�*) 2ff�

�Mt|h@U|

A��t T@Tih i @4�?it |�i igiU|t Lu �4TihuiU| UL4Ti|�|�L? �? �?hi}�
�*@|i_ i*iU|h�U�|) 4@h!i|t uhL4 @ }i?ih@* i^��*�Mh��4 TihtTiU|��ic @?_
_i4L?t|h@|it |�@| �Lh�3L?|@* 4@h!i| TL�ih U@? i T*@�? ML|� |�i *@h}i
Ti@!�Tih�L_ Th�Ui tT�!it LMtih�i_ hiUi?|*) �? �@*�uLh?�@ @?_ i*ti��ihic
@?_ |�i 4@h!i_ hi_�U|�L? �? @__�|�L?t |L U@T@U�|) |�@| �@�i @*tL LUU�hhi_
_�h�?} |�i |h@?t�|�L? |L UL4Ti|�|��i 4@h!i|t�

� W?|hL_�U|�L?4

D sulpdu| hfrqrplf udwlrqdoh iru uhvwuxfwxulqj ri wkh hohfwulflw| lqgxvwu| kdv
ehhq wkh surplvh ri orzhu sulfhv dqg pruh h�flhqw srzhu jhqhudwlrq wkurxjk
pdunhw frpshwlwlrq pdgh srvvleoh e| whfkqrorjlfdo lqqrydwlrqv wkdw duh doorz0
lqj srzhu jhqhudwlrq wr eh vhsdudwhg iurp glvwulexwlrq1 D nh| dvvxpswlrq
ehklqg wklv suhplvh lv wkdw wkh whfkqrorjlhv lq txhvwlrq zloo uhvxow lq frpshw0
lwlyh pdunhwv/ udwkhu wkdq pdunhwv lq zklfk vpdoo qxpehuv ri �upv h{huflvh
pdunhw srzhu1

Wkh uhfhqw hyhqwv lq wkh Fdoliruqld hohfwulflw| pdunhw ~ wkh odujh shdn0ordg
sulfh vslnhv lq wkh zkrohvdoh hohfwulflw| pdunhwv/ grzqvwuhdp edqnuxswflhv ri wkh
uhjxodwhg glvwulexwlrq xwlolwlhv/ uroolqj eodfnrxwv/ dqg xqghulqyhvwphqw lq qhz
jhqhudwlqj fdsdflw| ~ kdyh wduqlvkhg wkh surplvh ri ghuhjxodwlrq dqg udlvhg wkh
lvvxh ri lpshuihfw frpshwlwlrq lq d sduwlfxoduo| vwdun zd|1 Wkh dqdo|vlv ri wkhvh
hyhqwv e| Eruhqvwhlq/ Exvkqhoo/ dqg Zrodn ^6` surylghv hpslulfdo vxssruw iru
wkh frqwhqwlrq wkdw wkh surfhvv ri ghuhjxodwlrq kdv qrw +dw ohdvw dv |hw, ehhq
vxffhvvixo lq fuhdwlqj wkh nlqg ri frpshwlwlyh hqylurqphqw wkdw zloo gholyhu wkh
ehqh�wv wkdw hfrqrplvwv kdyh ehhq surplvlqj1 Zkloh wkh Eruhqvwhlq/ Exvk0
qhoo dqg Zrodn vwxg| irfxvhv rq wkh Fdoliruqld srzhu pdunhwv/ wkh sureohpv
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ri sulfh vslnhv dqg xqghu0lqyhvwphqw lq qhz jhqhudwlqj fdsdflw| kdyh dovr ds0
shduhg lq wkh Plgzhvw dqg Qhz Hqjodqg hohfwulflw| pdunhwv dv zhoo/ vxjjhvwlqj
wkdw krul}rqwdo pdunhw srzhu pd| eh d vljql�fdqw vlgh0h�hfw ri ghuhjxodwlrq lq
pdunhwv iru hohfwulflw| jhqhudoo|1 Jlyhq wkh idfw ri lpshuihfw frpshwlwlrq lq
qhzo| ghuhjxodwhg pdunhwv iru hohfwulflw|/ wkhq/ rqh ri wkh jrdov ri wklv sdshu
zloo eh wr ghyhors d prgho ri hohfwulflw| sulflqj lq lpshuihfwo| frpshwlwlyh pdu0
nhwv dqg wr h{soruh wkh uhodwlrqvkls ehwzhhq sulflqj gxulqj r�0shdn dqg shdn
shulrgv ri ghpdqg1 D vhfrqg jrdo ri wkh sdshu zloo eh wr h{dplqh wkh lqfhq0
wlyhv iru h{sdqglqj fdsdflw| wkdw idfh surgxfhuv lq dq lpshuihfwo| frpshwlwlyh
pdunhw vhwwlqj1

Wklv lv fhuwdlqo| qrw wkh �uvw sdshu wr h{dplqh lvvxhv ri pdunhw srzhu lq
qhzo| ghuhjxodwhg pdunhwv iru hohfwulflw| +vhh/ h1j1 Jdqv/ Sulfh dqg Zrrgv ^7`/
Juhhq dqg Qhzehu| ^8`/ Krjdq ^9`/ ru Uxgnhylfk/ Gxfnzruwk dqg Urvhq ^<`,/
dowkrxjk lw dsshduv wr eh wkh �uvw wr h{dplqh wkh lvvxh ri krul}rqwdo pdunhw
srzhu lq pdunhwv iru hohfwulflw| xvlqj wkh jhqhudo htxloleulxp iudphzrun ri wkh
Vkdsoh|0Vkxeln pdunhw jdph1 Wkh ghyhorsphqw ri wkh prgho forvho| iroorzv
wkdw ri Edodvnr ^4` iru wkh frpshwlwlyh prgho/ zklfk dovr h{dplqhv wkh pdunhw
iru hohfwulflw| iurp wkh jhqhudo htxloleulxp shuvshfwlyh1 D nh| ihdwxuh ri wklv
iudphzrun lv wkdw ri wuhdwlqj hohfwulflw| gholyhuhg dw gl�huhqw wlphv dv gl�huhqw
frpprglwlhv/ wkxv shuplwwlqj h{solflw frqvlghudwlrq ri ghpdqg gl�huhqfhv rf0
fxuulqj dw gl�huhqw wlphv ri gd| ru gl�huhqw prqwkv ri wkh |hdu1 Wklv dssurdfk
lv dovr d qdwxudo rqh jlyhq wkh idfw wkdw hohfwulflw| pxvw eh jhqhudwhg dv lw lv
frqvxphg1 Lq dgglwlrq/ wkh jhqhudo htxloleulxp dssurdfk doorzv rqh wr prgho
ghpdqg lqwhudfwlrqv dfurvv wkh gl�huhqw ghpdqg shulrgv zlwk uhvshfw wr fkdqjhv
lq hohfwulflw| sulfhv lq hdfk shulrg/ ru zlwk uhvshfw wr fkdqjhv lq uhodwlyh sulfhv
ri qrq0hohfwulflw| jrrgv1 Wkhvh h�hfwv fdqqrw eh fdswxuhg lq d sduwldo htxlole0
ulxp vhwwlqj/ vlqfh ghpdqg lq wkhvh prghov lv vshfl�hg h{rjhqrxvo|1 Ilqdoo|/
lq wkh frqwh{w ri d prgho ri lpshuihfw frpshwlwlrq/ lw lv zhoo0nqrzq wkdw sur�w
pd{lpl}dwlrq lv qrw wkh fruuhfw remhfwlyh iru dq lpshuihfwo| frpshwlwlyh �up/
vlqfh wkh surgxfwlrq dqg sulflqj ghflvlrqv ri wkhvh �upv d�hfw uhodwlyh sulfhv/
dqg khqfh wkh fkrlfh ghflvlrqv ri wkh �up*v rzqhuv1 Ri frxuvh/ fdswxulqj wkhvh
h�hfwv lq d sduwldo htxloleulxp vhwwlqj lv lpsrvvleoh15

Wkh vshfl�f prgho zh dgrsw lv d yhuvlrq ri wkh Vkdsoh|0Vkxeln pdunhw jdph1
Lq Vhfwlrq 5/ zh od| rxw wkh jhqhudo prgho/ edvhg rq wkh irupxodwlrq ri Shfn/
Vkhoo dqg Vshdu ^;`1 Vlqfh wkh frpsoh{lw| ri wkh jhqhudo prgho suhfoxghv wkh
nlqgv ri htxloleulxp fdofxodwlrqv wkdw ehdu rq wkh srolf| lvvxhv ri sulflqj dqg
orqj0uxq lqyhvwphqw lq fdsdflw|/ zh wxuq lq Vhfwlrq 6 wr wkh vwxg| ri dq h{0
whqghg/ exw vlpsol�hg/ h{dpsoh ri wkh prgho1 Wkh vlpsol�fdwlrqv lqyroyh wkh
vshfl�fdwlrq ri suhihuhqfhv dqg frqvlghudwlrq ri v|pphwulf/ ghwhuplqlvwlf htxl0
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oleulxp rqo|1 Ilqdoo|/ Vhfwlrq 7 glvfxvvhv srolf| lpsolfdwlrqv ri wkh prgho1

2 A�i ,*iU|h�U�|) �@h!i| B@4i

Wkh prgholqj vwudwhj| zh dgrsw lv edvhg rq wkh iudphzrun lqwurgxfhg e| Edo0
dvnr ^4` zklfk hpehgv wkh pdunhw iru hohfwulflw| lq d vlpsoh jhqhudo htxloleulxp
vhwwlqj lq zklfk doo surgxfwlrq dqg frqvxpswlrq dfwlylwlhv wdnh sodfh dw wkh vdph
orfdwlrq1 Dv lq Edodvnr*v sdshu/ zh dvvxph wkdw hohfwulflw| fdq eh surgxfhg
dqg glvwulexwhg ryhu W ? 4 shulrgv/ vr wkdw hohfwulflw| lv d gdwhg frpprglw|1
Ixuwkhupruh/ ehfdxvh ri wkh xqltxh sk|vlfdo surshuwlhv ri hohfwulf srzhu/ zh dv0
vxph wkdw hohfwulflw| dydlodeoh lq rqh shulrg fdqqrw eh vwruhg iru frqvxpswlrq
lq dq| odwhu shulrg1

Lq dgglwlrq wr hohfwulflw|/ zh dvvxph wkhuh lv dovr d vlqjoh frqvxpswlrq jrrg
+zklfk zh zloo iuhtxhqwo| uhihu wr dv wkh qxphudluh jrrg/ iroorzlqj Edodvnr*v
whuplqrorj|, zklfk fdq hlwkhu eh frqvxphg gluhfwo|/ ru xvhg lq wkh surgxfwlrq
ri hohfwulflw|1

2�� ,*iU|h�U�|) �hL_�U|�L?

Iroorzlqj Edodvnr/ zh dvvxph wkdw hohfwulflw| surgxfhuv kdyh dffhvv wr d frq0
vwdqw uhwxuqv wr vfdoh hohfwulflw| jhqhudwlrq whfkqrorj|1 Wkh lqvwdoohg fdsdflw|
ri d jlyhq srzhu sodqw lv ghqrwhg N= Lq wkh vkruw0uxq/ wkh lqvwdoohg fdsdflw|
lv �{hg dqg frqvwlwxwhv d frqvwudlqw rq wkh surgxfhu*v vxsso| ri srzhu1 Lq
wkh orqj0uxq/ fdsdflw| lv yduldeoh dqg zloo eh ghwhuplqhg hqgrjhqrxvo| lq wkh
prgho1 D surgxfhu*v lqvwdoohg fdsdflw| fdq eh lqfuhdvhg e| rqh xqlw +phdvxuhg
lq nlorzdwwv, e| dq lqyhvwphqw ri � xqlwv ri wkh qxphudluh jrrg1 Wr vxsso| rqh
xqlw ri hohfwulfdo hqhuj| +phdvxuhg lq nlorzdww krxuv,/ d surgxfhu pxvw %exuq%
� xqlwv ri wkh qxphudluh1

Zlwk wkhvh gh�qlwlrqv/ zh fdq fkdudfwhul}h d w|slfdo surgxfhu*v vkruw0 dqg
orqj0uxq surgxfwlrq vhwv dv wkh froohfwlrq ri whfkqlfdoo| ihdvleoh dfwlylw| yhfwruv1
Dq dfwlylw| yhfwru zloo eh ghqrwhg e| +t>�,/ zkhuh t3 @

�
t4> ===> tW

�
lv wkh yhfwru

ri nlorzdww krxuv ri hqhuj| wkh surgxfhu vxssolhv wr wkh pdunhw/ dqg � lv wkh
dprxqw ri qxphudluh jrrg xvhg wr surgxfh wklv srzhu1 Dgrswlqj wkh xvxdo
jhqhudo htxloleulxp frqyhqwlrq rq vljqlqj lqsxwv dqg rxwsxwv/ zh dvvxph wkdw
� � 3= Wkh surgxfhu*v vkruw0uxq surgxfwlrq vhw fruuhvsrqglqj wr lqvwdoohg
fdsdflw| N lv wkhq jlyhq e|

\ +N, @

+
+t>�, 5 UW.4 m 3 � t4> ===> tW � N dqg � � � �

W[
w@4

tw

,
=

Wkh orqj0uxq surgxfwlrq vhw lv gh�qhg vlploduo|/ dv

\ @

+
+t>N>�, 5 UW.5 m 3 � t4> ===> tW � N dqg � � � �N . �

W[
w@4

tw

,
=

Iljxuh 4 looxvwudwhv wkh wzr surgxfwlrq vhwv iru wkh fdvh ri d vlqjoh srzhu rxwsxw1
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Iljxuh 4= Vkruw0 dqg orqj0uxq surgxfwlrq vhwv

2�2 A�i �@h!i| B@4i

Wkh prgho lv srsxodwhg e| wzr w|shv ri djhqwv1 Surgxfhu djhqwv rzq srzhu
sodqwv dqg fdq surgxfh hohfwulflw|1 Zh dvvxph wkhuh duh S djhqwv ri wklv w|sh
dqg lqgh{ wkhp e| m @ 4> ===> S= Djhqwv zkr fdqqrw surgxfh hohfwulflw| zloo
eh fdoohg vwdqgdug djhqwv1 Wkhvh djhqwv duh hqgrzhg rqo| zlwk wkh qxphudluh
jrrg1 Zh dvvxph wkhuh duh P djhqwv ri wklv w|sh dqg lqgh{ wkhp e| k @
4> ===>P= Vlqfh wkh ghpdqg iru hohfwulflw| rffxuv +dv lq wkh frpshwlwlyh prgho,
ryhu W � 4 shulrgv/ ixoo| �h{leoh sulflqj ri ghpdqg lq hdfk shulrg uhtxluhv/
lq wkh pdunhw jdph vhwwlqj/ wkdw wudqvdfwlrqv iru srzhu lq hdfk shulrg dqg
iru wkh frqvxpswlrq jrrg rffxu lq W . 4 %wudglqj srvwv%1 Wkh dvvxpswlrq ri
�h{leoh sulflqj ryhu doo shulrgv ri ghpdqg lv reylrxvo| xquhdolvwlf li zh lqwhusuhw
wkh prgho dv ehlqj olwhudoo| rqh lq zklfk surgxfhuv vhoo gluhfwo| wr frqvxphuv
+dowkrxjk dv vpduw krxvhv dqg idfwrulhv hyroyh/ wklv vfhqdulr ehfrphv pruh
uhdolvwlf,/ wklv dvvxpswlrq fdq dovr eh lqwhusuhwhg dv fdswxulqj wkh lqwhudfwlrq
ehwzhhq wkh rshudwruv ri wkh glvwulexwlrq qhwzrun dqg srzhu vxssolhuv rq wkh
zkrohvdoh pdunhw/ rqfh zh dvvxph wkdw wkh lqghshqghqw v|vwhp rshudwru kdv
dffxudwh nqrzohgjh ri uhwdlo fxvwrphu*v suhihuhqfhv1

Wkh irupxodwlrq ri wkh prgho ehorz iroorzv wkh Shfn/ Vkhoo/ dqg Vshdu ^;`
vshfl�fdwlrq lq zklfk elgv duh pdgh lq vrph xqlw ri dffrxqw +lqvlgh prqh|,
udwkhu wkdq lq whupv ri wkh qxphudluh jrrg1 Wklv irupxodwlrq dyrlgv vrph
zhoo0nqrzq sureohpv wkdw fdq rffxu li wkh dydlodelolw| ri wkh qxphudluh hqgv xs
frqvwudlqlqj djhqwv* dffhvv wr fuhglw lq wkh pdunhw1 Zh fdq vwloo pdnh gluhfw
sulfh frpsdulvrqv ri wkh uhvxowv iru wkh lpshuihfwo| frpshwlwlyh pdunhw zlwk
wkrvh iru frpshwlwlyh pdunhwv e| uhqrupdol}lqj wkh sulfhv dssursuldwho|1

51514 Vwdqgdug Djhqwv

Vwdqgdug djhqwv duh hqgrzhg rqo| zlwk wkh qxphudluh jrrg1 Djhqw k3v hq0
grzphqw lv ghqrwhg e| $k  3 iru k @ 4> ===>P= Wkhvh djhqw*v suhihuhqfhv
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duh jlyhq e| d vwdqgdug xwlolw| ixqfwlrq xk = UW.4
.. $ U> k @ 4> ===>P zklfk

lv dvvxphg wr eh dw ohdvw wzlfh frqwlqxrxvo| gl�huhqwldeoh/ vwulfwo| lqfuhdvlqj/
vwulfwo| txdvl0frqfdyh/ dqg vdwlv�hv wkh Lqdgd frqglwlrqv

olp
{$CU

W.4

.

nGxkn @ .4=

Lq wkh pdunhw jdph/ vwdqgdug djhqwv r�hu qxphudluh rq wkh qxphudluh wudglqj
srvw lq rughu wr pdnh elgv rq wkh hohfwulflw| dqg qxphudluh wudglqj srvwv1 Zh
ghqrwh djhqw k*v elg rq hohfwulflw| wudglqj srvw w e| ewk> dqg ohw e

3

k @
�
e4k> ===> e

w
k

�
=

Djhqw k*v elg rq wkh qxphudluh wudglqj srvw lv ghqrwhg e| �k= Lq rughu wr
dyrlg wkh lqghwhuplqdflhv lghqwl�hg e| Shfn/ Vkhoo dqg Vshdu ^;` +dqg wr irfxv
dwwhqwlrq rq wkh uroh ri surgxfhuv lq wkh lpshuihfwo| frpshwlwlyh hqylurqphqw,/
zh lpsrvh d %vhoo0doo% dvvxpswlrq rq wkh vwdqgdug frqvxphuv/ vr wkdw hdfk ri
wkhp r�huv khu ixoo hqgrzphqw rq wkh wudglqj srvw iru wkh frqvxpswlrq jrrg1
Vwudwhjlhv iru djhqwv k @ 4> ===>P duh wkhq jlyhq e|

Vk @
q
^+ek> �k, > +3>$k,` 5 U5+W.4,.

r
=

Lq nhhslqj zlwk wkh dvvxpswlrq wkdw vwdqgdug djhqwv kdyh qr srzhu surgxfwlrq
fdsdelolwlhv dqg r�hu doo ri wkhlu hqgrzphqw ri wkh frqvxpswlrq jrrg rq wkh
pdunhw/ k*v txdqwlw| r�hu lv mxvw +3>$k, =

Djhqwv idfh exgjhw frqvwudlqwv rq zkdw wkh| pd| elg rq hdfk ri wkh wudglqj
srvwv1 Iru djhqwv k @ 4> ===>P> wkh exgjhw frqvwudlqw lv

W[
w@4

ewk . �k �
E3



$k +4,

zkhuh

E3 @
P.S[
n@4

�n

dqg


 @
P[
k@4

$k=

Wkh frqvwudlqw vwdwhv wkdw wkh dprxqw wkdw djhqw k fdq elg +lq xqlwv ri dffrxqw,
rq hdfk wudglqj srvw pxvw eh ohvv wkdq ru htxdo wr wkh wrwdo dprxqw ri prqh|
dydlodeoh wr wkh djhqw iurp wkh vdoh ri khu hqgrzphqw1 Iru vwdqgdug djhqwv/
wklv lv jlyhq e| d vkduh ri wkh wrwdo elg rq wkh qxphudluh wudglqj srvw/ zlwk wkh
vkduh ghwhuplqhg e| wkh djhqw*v r�hu ri hqgrzphqw +$k, uhodwlyh wr wkh wrwdo
r�hu ri wkh qxphudluh +
,1 Qrwh wkdw wkh wrwdo elg rq wkh qxphudluh wudglqj
srvw ghulyhv erwk iurp wkh elgv ri vwdqgdug djhqwv dqg iurp wkrvh ri hohfwulflw|
surgxfhuv1
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Vlqfh wkh djjuhjdwh elg iru wkh qxphudluh lqfoxghv djhqw k*v elg/ zklfk dovr
dsshduv rq wkh ohiw0kdqg vlgh ri wkh frqvwudlqw/ wkh exgjhw frqvwudlqw fdq eh
vlpsol�hg ixuwkhu e| lvrodwlqj doo ri djhqw k*v elgv rq wkh ohiw/ |lhoglqj

W[
w@4

ewk .

k


�k �

E3
�k



$k +5,

zkhuh


�k @ 
� $k

dqg

E3
�k @ E3 � �k=

51515 Surgxfhuv

Surgxfhuv duh hqgrzhg rqo| zlwk wkh whfkqrorj| wr surgxfh hohfwulflw|/ dqg
pdnh r�huv ri srzhu rq hdfk ri wkh hohfwulflw| wudglqj srvwv lq wkh dprxqw
twm � 3 iru m @ 4> ===> S dqg w @ 4> ===W= Ohw t3m @

�
t4m > ===> t

w
m

�
= Wkhvh djhqwv pdnh

elgv wr sxufkdvh qxphudluh erwk iru frqvxpswlrq dqg dv lqsxwv wr surgxfwlrq/
dv zhoo dv iru hohfwulflw|1 Zh ohw e3m @

�
e4m > ===> e

w
m

�
ghqrwh djhqw m*v elgv iru

hohfwulflw|/ dqg �m wkh elg iru qxphudluh1 Surgxfhu m*v vwudwhj| vhw lv wkhq jlyhq
e|

Vm @
q��

em > �m
�
> +tm >3,

� 5 U5+W.4,.

r
iru m @ 4> ===> S=

Surgxfhuv idfh exgjhw frqvwudlqwv rq zkdw wkh| pd| elg rq wkh hohfwulflw|
dqg qxphudluh wudglqj srvwv1 Djhqw m*v exgjhw frqvwudlqw wdnhv wkh irup

W[
w@4

ewm . �m �
W[
w@4

Ew

Tw
twm +6,

iru m @ 4> ===> S / zkhuh

Ew @
P.S[
n@4

ewn

dqg

Tw @
S[
m@4

twm =

Dv zdv wkh fdvh iru vwdqgdug frqvxphuv/ surgxfhu m*v exgjhw frqvwudlqw zloo
kdyh klv elgv iru hohfwulflw| rq erwk wkh ohiw0kdqg dqg uljkw0kdqg vlghv ri wkh
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exgjhw frqvwudlqw/ vr wkdw wkh frqvwudlqw fdq eh vlpsol�hg e| froohfwlqj wkh
djhqw*v rzq elgv rq wkh ohiw0kdqg vlgh1 Grlqj wklv |lhogv

W[
w@4

Tw
�m

Tw
ewm . �m �

W[
w@4

Ew
�m

Tw
twm +7,

zkhuh

Tw
�m @ Tw � twm

dqg

Ew
�m @ Ew � ewm =

51516 Doorfdwlrqv

Zlwk wkh vshfl�fdwlrqv ri djhqwv vwudwhjlhv jlyhq deryh/ zh qrz vshfli| wkh
doorfdwlrqv wkdw djhqw*v uhfhlyh ri hohfwulflw| dqg wkh qxphudluh jrrg1 Dq djhqw*v
doorfdwlrq ri hohfwulflw| lq dq| shulrg w zloo eh ghqrwhg {wl zkhuh l ghqrwhv hlwkhu
d vwdqgdug djhqw ru d surgxfhu/ dqg w @ 4> ===> W= Dq djhqw*v doorfdwlrq ri wkh
qxphudluh jrrg zloo eh ghqrwhg {3l = Zlwk wklv qrwdwlrq/ doorfdwlrqv duh jlyhq
dv iroorzv1

Iru k @ 4> ===>P dqg w @ 4> ===> W

{wk @
ewk
Ew

Tw +8,

dqg

{3k @
�k
E3


= +9,

Iru m @ 4> ===> S doorfdwlrqv duh jlyhq e|

{wm @
ewm
Ew

Tw +:,

iru w @ 4> ===> W / dqg

{3m @
�m
E3


� �� � tm +;,

tm � N�

zkhuh � ghqrwhv d vxp yhfwru1
Wkh doorfdwlrqv uxohv duh txlwh lqwxlwlwlyh/ vwdwlqj wkdw hdfk djhqw*v doorfdwlrq

ri d frpprglw| lv ghwhuplqhg e| jlylqj wkh djhqw wkh iudfwlrq ri wkh wrwdo r�hu ri
wkh jrrg rq wkh wudglqj srvw/ zlwk wkh vkduh ghwhuplqhg e| wkh djhqw*v elg rq wkh
wudglqj srvw dv d iudfwlrq ri wkh wrwdo elg1 Wkhvh uxohv fdq dovr eh lqwhusuhwhg
dv jlylqj wkh djhqw khu elg glylghg e| wkh sulfh ri wkh jrrg ghwhuplqhg rq
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wkh wudglqj srvw +zklfk lv jlyhq e| wkh udwlr ri wrwdo elg wr wrwdo txdqwlw|
r�huhg,1 Wkhvh vshfl�fdwlrqv ri wkh doorfdwlrqv duh vwdqgdug iru k @ 4> ===>P 1
Iru surgxfhu djhqwv/ wkh doorfdwlrq uxohv lqfrusrudwh wkh frqvwudlqwv lpsrvhg
e| surgxfwlrq1 Djhqw m*v doorfdwlrq uxoh iru hohfwulflw| uh�hfwv wkdw idfw wkdw
kh qhhg qrw r�hu wkh ixoo vkruw0uxq fdsdflw| rq wkh pdunhw dw dq| srlqw lq
wlph/ dowkrxjk wkh dprxqw kh grhv r�hu pxvw eh ohvv wkdq fdsdflw|1 Wkh
vshfl�fdwlrq ri m*v doorfdwlrq ri wkh frqvxpswlrq jrrg uh�hfwv wkh idfw wkdw djhqw
m surgxfhv hohfwulflw|/ dqg khqfh pxvw doorfdwh klv sxufkdvhv ri wkh frqvxpswlrq
jrrg ehwzhhq klv rzq frqvxpswlrq dqg wkh lqsxw uhtxluhphqwv iru surgxflqj
wkh rxwsxw yhfwru tm = Ilqdoo|/ lw lv hdv| wr yhuli| wkdw vxpplqj doorfdwlrqv ryhu
doo wkh djhqwv xvhv h{dfwo| wkh txdqwlwlhv ri doo jrrgv r�huhg rq wkh pdunhwv/ vr
wkdw doo pdunhwv fohdu1

51517 Ehvw Uhvsrqvhv

Erwk w|shv ri djhqw lq wkh prgho fkrrvh wkhlu elg dqg r�hu vwudwhjlhv dv ehvw
uhvsrqvhv wr wkh elgv dqg r�huv ri rwkhu djhqwv/ wkdw lv/ vr dv wr pd{lpl}h xwlolw|
vxemhfw wr wkh exgjhw frqvwudlqwv/ wdnlqj rwkhu djhqwv* dfwlrqv dv jlyhq1

Iru djhqwv k @ 4> ===>P / wkhlu rswlpl}dwlrq sureohpv duh
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+ek>�k,
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vxemhfw wr
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w@4
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Iru surgxfhu djhqwv m @ 4> ===> S wkh rswlpl}dwlrq sureohp lv
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+em >�m >tm,

xm

#
e4m
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T4> ===>
eWm
EW

TW >
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� �� � tm
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vxemhfw wr

W[
w@4

Tw
�m

Tw
ewm . �m �

W[
w@4

Ew
�m

Tw
twm

dqg

tm � N�

Iluvw0rughu frqglwlrqv iru djhqwv k @ 4> ===>P duh

xkw
Ew
�kT

w

+Ew,5
� � @ 3 iru w @ 4> ===> W +<,
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xk3
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+E3,5
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@ 3= +43,

Wkrvh iru djhqwv m @ 4> ===> S duh

xmw
Ew
�mT

w

+Ew,5
� �

Tw
�m

Tw
@ 3 iru w @ 4> ===> W +44,

xm3
E3
�m


+E3,5
� � @ 3 +45,

xmw
ewm
Ew
� �xm3 . �

EwTw
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+Tw,5
� �w @ 3 +46,

�� �N�� tm� @ 3 +47,

zkhuh �3 @
�
�4> ===> �W

�
=

Ilqdoo|/ zh dgrsw wkh vwdqgdug gh�qlwlrq ri wkh Qdvk htxloleulxp dv dq|
froohfwlrq ri elgv dqg r�huv iru doo djhqwv hdfk ri zklfk lv d ehvw uhvsrqvh wr wkh
elgv dqg r�huv ri rwkhu djhqwv1

Wkh prgho dv vshfl�hg khuh lv vljql�fdqwo| pruh frpsoh{ wkdq wkh vwdqgdug
pdunhw jdph/ ehfdxvh ri wkh suhvhqfh ri surgxfwlrq1 Khqfh/ dw dq devwudfw ohyho/
lvvxhv ri h{lvwhqfh dqg xqltxhqhvv ri htxloleuld dulvh1 Zkloh zh zloo qrw sxuvxh
wkhvh lvvxhv lq ixoo jhqhudolw| khuh/ zh gr qrwh wkdw hvwdeolvklqj h{lvwhqfh iru wkh
fdvh zkhuh wkh pdujlqdo frvw ri surgxflqj srzhu lv vpdoo vkrxog eh uhdvrqdeo|
vwudljkwiruzdug1 Wkh dujxphqw lv dv iroorzv1

Lq wkh devhqfh ri fdsdflw| frqvwudlqwv/ li � @ 3> wkhq hohfwulflw| surgxfhuv
zloo �qg lw rswlpdo wr surgxfh dv pxfk dv wkh| srvvleo| fdq/ vlqfh wkh pdujlqdo
xwlolw| ri surgxflqj dq h{wud nlorzdww krxu lv

xmw
ewm
Ew

. �
EwTw

�m

+Tw,5

zklfk lv dozd|v srvlwlyh dv orqj dv wkh djjuhjdwh elg iru wlph w hohfwulflw| lv
srvlwlyh1 Dvvxplqj/ wkhq/ wkdw Ew A 3/ zkhq wkh fdsdflw| frqvwudlqwv duh
suhvhqw/ wkh| zloo elqg zkhq � @ 3> vr wkdw wkh odvw vhw ri �uvw0rughu frqglwlrqv
deryh ehfrphv

xmw
ewm
Ew

. �
Ew

N
@ �w=

Qrwh qh{w wkdw zkhq doo surgxfhuv vxsso| N wr wkh pdunhw zlwk � @ 3
wkh prgho uhgxfhv wr d vhoo0doo pdunhw jdph lq zklfk hohfwulflw| surgxfhuv duh
hqgrzhg zlwk N iru hdfk ri wkh w shulrgv1 Khqfh/ zh qrz kdyh dq doprvw vwdq0
gdug pdunhw jdph prgho lq wkh vhqvh wkdw lw fruuhvsrqgv wr wkh vwdqgdug pdunhw
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jdph vshfl�fdwlrq +zlwk wkh vhoo0doo dvvxpswlrq,/ h{fhsw iru wkh dvvxpswlrq wkdw
vrph djhqwv kdyh }hur hqgrzphqw ri vrph jrrgv1

Wklv dvvxpswlrq srvhv d srwhqwldo sureohp vlqfh wkh dujxphqw lq Shfn0Vkhoo0
Vshdu xvhg wr vkrz wkdw djjuhjdwh elgv fdqqrw eh }hur lq htxloleulxp euhdnv
grzq khuh1 Wklv dujxphqw zdv edvhg rq xvlqj wkh idfw wkdw zkhq doo djhqwv
kdyh vwulfwo| srvlwlyh hqgrzphqwv ri doo jrrgv/ wkh vhw ri lqglylgxdoo| udwlrqdo/
ihdvleoh doorfdwlrqv lv frpsdfw dqg erxqghg iurp ehorz1 Wklv idfw fdq wkhq eh
xvhg wr vkrz wkdw dq| htxloleulxp pxvw kdyh doo djhqwv pdnlqj vwulfwo| srvlwlyh
elgv1 Zlwkrxw vrph frqglwlrq zklfk zloo jxdudqwhh wkdw htxloleulxp elgv duh
vwulfwo| srvlwlyh/ lw lv srvvleoh wr kdyh htxloleuld lq zklfk ehfdxvh qr rwkhu djhqwv
pdnh srvlwlyh elgv/ djhqw k*v exgjhw frqvwudlqw wkhq irufhv khu wr srvw d }hur
elg1

Rqh srvvleoh zd| durxqg wklv lv wr prgli| wkh lqglylgxdo udwlrqdolw| frqgl0
wlrq iurp rqh edvhg rq jxdudqwhhlqj djhqwv dw ohdvw wkh vdph xwlolw| dv wkh|
uhfhlyh dw wkhlu hqgrzphqw +zklfk pd| eh �4 lq rxu iudphzrun, wr rqh wkdw
jxdudqwhhv wkdw hdfk djhqw lv deoh wr sxufkdvh dw ohdvw khu hqgrzphqw1 Wklv
dvvxpswlrq lv fhuwdlqo| frqvlvwhqw zlwk wkh vhoo0doo vshfl�fdwlrq vlqfh zlwkrxw
lw/ djhqwv frxog hqg xs ehlqj irufhg wr sxw doo wkhlu hqgrzphqw rq wkh uhohydqw
wudglqj srvwv/ dqg uhfhlyh qrwklqj lq uhwxuq1 Zlwk wklv dvvxpswlrq/ dq djjuh0
jdwh elg E3 @ 3 iru wkh frqvxpswlrq jrrg lv qrw frqvlvwhqw zlwk htxloleulxp1
Jlyhq wkh Lqdgd frqglwlrqv rq suhihuhqfhv/ wklv zloo wkhq lpso| wkdw doo vwdqgdug
djhqwv pdnh srvlwlyh elgv iru hohfwulflw|/ vr wkdw iru doo w> Ew A 3 lq htxloleulxp1
Khqfh/ zh duh jxdudqwhhg dq lqwhulru htxloleulxp1 Dssolfdwlrq ri wkh nlqgv ri
uhjxodulw| whfkqltxhv ghyhorshg lq Shfn0Vkhoo0Vshdu fdq wkhq eh xvhg wr vkrz
wkdw htxloleulxp zloo frqwlqxh wr h{lvw li wkh pdujlqdo frvw � lv juhdwhu wkdq
}hur/ exw vx�flhqwo| forvh wr }hur1

Vlqfh rxu ixqgdphqwdo lqwhuhvw lq wklv sdshu lv wr frpsduh frpshwlwlyh dqg
lpshuihfwo| frpshwlwlyh rxwfrphv lq wkh hohfwulflw| pdunhw/ zh iruhjr d pruh
ghwdlohg dqdo|vlv ri wkh lvvxhv ri h{lvwhqfh dqg xqltxhqhvv ri htxloleuld lq wkh
hohfwulflw| pdunhw jdph lq idyru ri dq lq0ghswk h{dplqdwlrq ri d pruh wudfwdeoh
h{dpsoh ri wkh prgho1

� �? , |i?_i_ , @4T*iG A�i wL}�*�?i@h ,UL?�
L4)

Lq rughu wr jhw frqfuhwh uhvxowv/ zh zloo vlpsoli| wkh prgho odlg rxw deryh e| ir0
fxvlqj rq d sduwlfxodu vshfl�fdwlrq ri suhihuhqfhv/ dqg e| frq�qlqj rxu dwwhqwlrq
wr wkh v|pphwulf Qdvk htxloleuld ri wkh prgho1 Wkh ixqgdphqwdo vlpsol�fdwlrq
zh pdnh lv wr dvvxph wkdw vwdqgdug djhqwv/ zkr duh hqgrzhg zlwk wkh qxphudluh
jrrg/ ghulyh qr xwlolw| iurp frqvxplqj wkh qxphudluh1 Doo wkhvh djhqwv fduh
derxw lv hohfwulflw| frqvxpswlrq1 Surgxfhu djhqwv/ rq wkh rwkhu kdqg/ rzq
wkh phdqv iru surgxflqj hohfwulflw|/ exw fduh rqo| derxw wkh frqvxpswlrq ri wkh
qxphudluh jrrg1 Wklv vshfl�fdwlrq ri wkh prgho juhdwo| vlpsol�hv wkh pdunhw
lqwhudfwlrqv lq wkh prgho/ vlqfh surgxfhu djhqwv duh wkh rqo| rqhv elgglqj rq
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wkh wudglqj srvw iru wkh qxphudluh jrrg/ zkloh rqo| vwdqgdug djhqwv elg rq wkh
hohfwulflw| pdunhwv1

Iru wkh h{dpsoh/ doo djhqwv kdyh orj0olqhdu suhihuhqfhv1 Vwdqgdug djhqwv*
xwlolw| ixqfwlrqv duh jlyhq e|

xk +{, @
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�w oq
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zkloh wkrvh ri surgxfhu djhqwv duh jlyhq e|

xm +{
r, @ oq

�
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�
=

Qrwh wkdw zh duh dvvxplqj wkdw doo djhqwv ri wkh vdph w|sh kdyh wkh vdph xwlolw|
ixqfwlrq1 Wklv dvvxpswlrq doorzv xv wr uhvwulfw dwwhqwlrq wr v|pphwulf htxloleuld
lq wkh prgho/ zkhuh djhqwv ri wkh vdph w|sh pdnh wkh vdph elgv dqg r�huv1
Ilqdoo|/ zh dovr dvvxph wkdw doo vwdqgdug djhqwv kdyh wkh vdph hqgrzphqw
$k @ $ dqg wkdw doo surgxfhu djhqwv kdyh dffhvv wr wkh vdph whfkqrorj| dqg
idfh wkh vdph vkruw0uxq fdsdflw| frqvwudlqwv1

Zlwk wklv vshfl�fdwlrq ri suhihuhqfhv/ wkh pdujlqdo xwlolwlhv wkdw hqwhu lqwr
wkh �uvw0rughu frqglwlrqv iru wkh rswlpdo elgv dqg r�huv duh jlyhq e|
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Zh xvh wkh �uvw0rughu frqglwlrqv fdofxodwhg lq wkh suhylrxv vhfwlrq wr ghwhuplqh
wkh ehvw uhvsrqvh ixqfwlrqv ri hdfk ri wkh djhqwv iru wkh h{dpsoh hfrqrp|1

61414 Vwdqgdug Djhqwv

Iru vwdqgdug djhqwv/ wkh jhqhudo �uvw0rughu frqglwlrqv duh
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Vxevwlwxwlqj xkw iurp wkh h{suhvvlrq deryh wkhq |lhogv
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Vxevwlwxwlqj lqwr wkh exgjhw frqvwudlqw
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Khqfh/ zh rewdlq wkh vwdqgdug djhqw*v rswlpdo elg dv
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Zh qrz lpsrvh wkh uhtxluhphqw wkdw elgv eh v|pphwulf +r�huv iru wkh vwdqgdug
djhqwv duh douhdg| v|pphwulf/ jlyhq wkh dvvxpswlrq wkdw djhqwv kdyh wkh vdph
hqgrzphqw dqg wkh uhtxluhphqw wkdw wkh| r�hu lw doo rq wkh pdunhw,1 ZlwkP
vwdqgdug djhqwv dqg S surgxfhu djhqwv/ zh kdyh
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Pdnlqj wkhvh vxevwlwxwlrqv rq wkh uljkw0kdqg vlgh deryh/ zh jhw
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61415 Surgxfhuv

Iru surgxfhu djhqwv/ wkh jhqhudo �uvw0rughu frqglwlrqv iru wkh fkrlfh ri t dqg
{3 duh
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Vxevwlwxwlqj iru xm3 lq wkh �uvw0h{suhvvlrq/ zh kdyh%
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Iru wkh wlph ehlqj/ zh irfxv rq wkh fdvh zkhuh wkh fdsdflw| frqvwudlqw lv qrw
elqglqj/ vr wkdw �w @ 3= Lq wklv fdvh/ vxevwlwxwlqj iru xm3 lq wkh vhfrqg �uvw0
rughu frqglwlrq |lhogv
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Qrz/ lpsrvlqj wkh dvvxpswlrq wkdw zh duh dw d v|pphwulf htxloleulxp/ wklv
h{suhvvlrq ehfrphv
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Vxevwlwxwlqj iru aew iurp wkh h{suhvvlrq ghulyhg deryh/ zh jhw
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Ilqdoo|/ zh pd| qrupdol}h wkh elg � @ 4 vlqfh wkh exgjhw frqvwudlqw iru d
surgxfhu djhqw
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zkhq hydoxdwhg xvlqj wkh elgv dqg r�huv rewdlqhg deryh |lhogv dq lghqwlw|1 Wklv
dovr pdnhv vhqvh iurp dq hfrqrplf shuvshfwlyh/ vlqfh elgv duh ghqrplqdwhg lq
xqlwv ri dffrxqw/ dqg xqwlo zh vshfli| krz pxfk ri wklv xqlw ri dffrxqw lv
dydlodeoh/ sulfh +ru elg, ohyhov duh xqghwhuplqhg1

��2 �g�Ti@! ,*iU|h�U�|) �h�Uit

Kdylqj ghwhuplqhg wkh rswlpdo elgv dqg r�huv iru wkh h{dpsoh/ zh fdq qrz
frpsxwh wkh sulfh ri hohfwulflw| +lq xqlwv ri dffrxqw, lq dq| r�0shdn shulrg dv
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Lq rughu wr pdnh frpsdulvrqv ehwzhhq wklv uhvxow dqg wkh fruuhvsrqglqj sulflqj
uhvxowv iru wkh frpshwlwlyh pdunhw +vhh/ h1j1 Edodvnr ^4`,/ zh qhhg wr frqyhuw
wklv sulfh +zklfk lv lq whupv ri xqlwv ri dffrxqw, lqwr rqh zklfk lv lq whupv ri
wkh qxphudluh jrrg1 Wr gr wklv/ zh glylgh asw e| wkh sulfh ri wkh qxphudluh
jrrg/ zklfk lv as3 @ S@P$= Wklv |lhogv
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Wkhuh duh vhyhudo wklqjv wr qrwh derxw wklv uhvxow1 Iluvw/ lw uhsuhvhqwv d pdun0xs
ri pdujlqdo frvw wkdw ghshqgv rq wkh qxpehu ri surgxfhuv ~ exw qrw frqvxphuv
~ lq wkh pdunhw1 Dv wkh qxpehu ri surgxfhuv jhwv odujh/ wkh pdun0xs idfwru
dssurdfkhv rqh/ frqvlvwhqw zlwk wkh vwdqgdug uhvxow wkdw lq shuihfwo| frpshw0
lwlyh hqylurqphqwv/ r�0shdn sulfhv htxdo pdujlqdo frvwv1 Vhfrqgo|/ iurp wkh
sulflqj h{suhvvlrq/ lw lv hdv| wr fdofxodwh wkh pdun0xs ryhu pdujlqdo frvw gxh wr
lpshuihfw frpshwlwlrq lq wkh hohfwulflw| pdunhw=
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Iru wklv h{dpsoh/ li zh wdnh S @ : +dv lq Fdoliruqld,/ wkhq apw @ 46@69
=
@ 3=69=

Wklv qxpehu lv derxw wzlfh wkh dqqxdo pdun0xs hvwlpdwhg e| Eruhqvwhlq/ Exvk0
qhoo dqg Zrodn ^6` ri 4;16( iru wkh Fdoliruqld pdunhw lq 4<<;1 Dv wkhvh dxwkruv
qrwh/ krzhyhu/ wkh qxpehu ri surgxfhuv rshudwlqj lq wkh Fdoliruqld pdunhw
fkdqjhv ehwzhhq shdn dqg r�0shdn shulrgv/ zlwk srzhu lpsruwv iurp rwkhu
vwdwhv dffrxqwlqj iru wkh vxsso| gl�huhqfhv1 Zkloh wkh pdun0xs shufhqwdjh iru
wkh Fdoliruqld pdunhw lv idluo| odujh/ wkh fruuhvsrqglqj qxpehuv iru rwkhu uhjlrqv
ri wkh frxqwu| duh pruh uhdvrqdeoh1 Lq wkh Qhz Hqjodqg srro/ iru h{dpsoh/
wkhuh duh 5< jhqhudwruv/ lpso|lqj d pdun0xs ri rqo| :15( lq wkdw pdunhw1 Vlp0
loduo|/ lq wkh Plvvrxul0Ndqvdv uhjlrq/ zlwk 55 jhqhudwruv/ wkh lpsolhg pdun0xs
lv <19(1 Wkhvh qxpehuv duh vljql�fdqwo| vpdoohu wkdq wkh 43( wr 58( ghdg0
zhljkw orvvhv gxh wr uhjxodwru| lqh�flhqf|6 hvwlpdwhg e| Pdorqh|/ PfFruplfn
dqg Vdxhu ^:`1 Zh dovr qrwh wkdw li wkhuh duh 73 srzhu surylghuv lq rxu prgho/
wkh suhglfwhg pdun0xs ryhu pdujlqdo frvw lv derxw 815( zklfk lv fhuwdlqo| lq
wkh edoosdun iru wkh Mxvwlfh Ghsduwphqw*v ehqfkpdun iru ghwhuplqlqj zkhwkhu
d pdunhw lv frpshwlwlyh1 Zh frqfoxgh iurp wklv/ wkhq/ wkdw zkloh ghuhjxodwhg
pdunhwv zloo doprvw qhyhu eh shuihfwo| frpshwlwlyh/ uhdvrqdeoh dprxqwv ri frp0
shwlwlrq zloo ohdg wr h�flhqf| lpsuryhphqwv ryhu wkh uhjxodwhg hqylurqphqw/ dw
ohdvw iru r�0shdn shulrgv1

��� �i@!�Tih�L_ ,*iU|h�U�|) �h�Uit

Wkh uhvxowv rewdlqhg deryh duh dssolfdeoh wr r�0shdn shulrgv/ wkdw lv/ shulrgv lq
zklfk r�huv duh vxfk wkdw wkh fdsdflw| frqvwudlqwv duh qrw elqglqj1 Khqfh/ zh
wxuq qh{w wr wkh fdvh zkhuh vrph fdsdflw| frqvwudlqw elqgv1 Iru wklv vhfwlrq/
lw zloo eh frqyhqlhqw wr ohw �w @ �w@

S
�w= Wkhq

atw @
+S � 4,5P$

�S 6
�w=

Qrz/ vxssrvh atw � N vr wkdw wkh fdsdflw| frqvwudlqw lv elqglqj1 Wkhq wkh
�uvw0rughu frqglwlrqv iru d surgxfhu djhqw ehfrph%
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Vxevwlwxwlqj iru � iurp wkh �uvw htxdwlrq lq wkh vhfrqg |lhogv%
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Dw wkh v|pphwulf htxloleulxp/ zh kdyh

P +S � 4,

S 5tw
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^P$ � S�� � t`�w=

Vxevwlwxwlqj iru aew dqg vroylqj wklv iru tw |lhogv

tw @
+S � 4,5P$�w

�S 6 . S 5 +P$ � S�� � t,�w =

Zh qrwh lq sdvvlqj wkdw zkhq wkh fdsdflw| frqvwudlqw grhv qrw elqg/ vr wkdw
�w @ 3> wklv uhgxfhv wr wkh h{suhvvlrq ghulyhg deryh iru tw= Qrz/ vlqfh tw @ N
zkhq wkh fdsdflw| frqvwudlqw lv elqglqj/ zh pd| xvh wkh h{suhvvlrq deryh wr
vroyh iru wkh pxowlsolhu �w dv
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Qrwh wkdw wr ixoo| ghwhuplqh a�w zh qhhg wr fdofxodwh � � t= Iru wklv/ ohw W @
i4> ===> Wj > K @ iwmtw @ Nj dqg O @ WqK= Wkhq
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Zlwk tw @ N> lw iroorzv wkdw wkh shdn0shulrg sulfh lv
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Uhqrupdol}lqj wklv wr sxw lw lq whupv ri wkh qxphudluh/ zh jhw
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Qrwh wkdw wkh shulrg w exgjhw vkduh �w vxfk wkdw N lv wkh rswlpdo txdqwlw| iru
dq hohfwulflw| surgxfhu wr r�hu lv jlyhq e|

�tw @
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Dw wklv exgjhw vkduh/ wkh shdn0ordg sulfh lv
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lq djuhhphqw zlwk wkh r�0shdn sulfh dw wklv ghpdqg ohyho1
Rqh wklqj wr qrwh derxw wkh shdn sulfh lv wkdw iru d �{hg qxpehu ri sur0

gxfhu djhqwv S> wkh shdn sulfh lqfuhdvhv olqhduo| zlwk wkh qxpehu ri hohfwulflw|
frqvxphuv/ vr wkdw wkh odujhu wkh ghpdqg/ wkh odujhu wkh shdn0ordg sulfh1 Wklv
lv lq frqwudvw zlwk wkh idfw wkdw r�0shdn sulfhv ghshqg rqo| rq wkh pdujlqdo
frvw ri surgxflqj srzhu dqg rq wkh qxpehu ri surgxfhu djhqwv lq wkh pdunhw1

Wkh idfw wkdw wkh shdn0shulrg sulfh ri hohfwulflw| lq xqlwv ri dffrxqw ghshqgv
rqo| rq wkh fdsdflw| dqg wkh exgjhw vkduh jrlqj wr srzhu lq shulrg w lv vrphwklqj
ri dq duwlidfw ri wkh vwurqj dvvxpswlrqv rq suhihuhqfhv lq wkh h{dpsoh1 Lw
vhhpv olnho| wkdw zkhq erwk surgxfhuv dqg vwdqgdug djhqwv duh elgglqj iru
wkh qxphudluh jrrg/ wkh qxpehu ri vwdqgdug frqvxphuv zloo olnho| hqwhu lqwr
wkh ghwhuplqdwlrq ri wklv sulfh1 Lq dq| fdvh/ wkh h{dpsoh grhv gholyhu wkh
fohdu phvvdjh wkdw wkh uhodwlyh sulfh ri hohfwulflw| gxulqj shdn shulrgv fdq eh
duelwudulo| odujh ~ hyhq rughuv ri pdjqlwxgh odujhu wkdq wkh r�0shdn uhodwlyh
sulfh1 Wkxv/ wkh prgho lv frqvlvwhqw zlwk wkh dsshdudqfh ri odujh sulfh vslnhv
gxulqj shdn shulrgv ri wkh nlqg revhuyhg rq wkh Fdoliruqld zkrohvdoh srzhu
pdunhwv uhfhqwo|1 Ilqdoo|/ zh dovr qrwh wkdw li zh ohw wkh qxpehu ri surgxfhuv
dqg vwdqgdug djhqwv jr wr lq�qlw| dw wkh vdph udwh/ zh rewdlq wkh frpshwlwlyh
htxloleulxp uhodwlyh sulfh iru wkh dvvrfldwhg frpshwlwlyh orj0olqhdu hfrqrp|

�wFK @
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zklfk zloo eh vpdoohu wkdq wkdw ri wkh lpshuihfwo| frpshwlwlyh prgho zkhqhyhu
wkhuh duh pruh hohfwulflw| frqvxphuv wkdq surgxfhuv1 Edodvnr ^4` qrwhv wkdw lq
d frpshwlwlyh hqylurqphqw/ shdn0shulrg htxloleulxp sulfhv qhfhvvdulo| h{fhhg
pdujlqdo frvw/ dqg qhhg qrw eh xqltxh1 Khqfh/ wkh revhuydwlrq wkdw shdn
sulfhv h{fhhg pdujlqdo frvw/ ru wkdw wkh| gl�hu lq vlplodu flufxpvwdqfhv lv qrw
lqfrpsdwleoh zlwk wkh pdunhw ehlqj frpshwlwlyh1 Lw lv dq rshq txhvwlrq/ krz0
hyhu/ zkhwkhu uhdvrqdeoh vshfl�fdwlrqv ri frpshwlwlyh pdunhwv zloo gholyhu wkh
nlqgv ri vslnhv lq uhodwlyh sulfhv wkdw hphujh iurp wkh lpshuihfwo| frpshwlwlyh
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prgho1 Vrph dqvzhu wr wklv txhvwlrq zrxog dsshdu wr eh lpsruwdqw/ frqvlghu0
lqj wkh ylhzv lq wkh phgld wkdw wkh sulfh vslnhv frqvwlwxwh sulpd idfld hylghqfh
ri %pdunhw pdqlsxodwlrq%1 Li zh wdnh %pdunhw pdqlsxodwlrq% wr phdq loohjdo
frooxvlyh ehkdylru e| �upv lq wkh pdunhw/ wkhq wkh uhvxowv suhvhqwhg khuh duh
d frxqwhu0h{dpsoh wr wkh srsxodu frqfhswlrq/ ehfdxvh wkh lpshuihfwo| frpshw0
lwlyh hqylurqphqw grhv gholyhu wkh revhuyhg shdn0shulrg sulfh vslnhv/ exw wkh|
rffxu dv qrq0frrshudwlyh rxwfrphv ri wkh pdunhw jdph/ zklfk lq qr zd| lqyroyh
frooxvlrq wr prqrsrol}h wkh pdunhw1 Wkh| duh vlpso| d frqvhtxhqfh ri wkh
rswlpl}lqj ehkdylru ri wkh vpdoo qxpehu ri �upv lq wkh pdunhw/ dqg khqfh/ dq
dwwulexwh ri wkh pdunhw lwvhoi1

��e wL?}�h�? �?@*)t�t

Dffruglqj wkh sxeolfdwlrqv ri wkh Fdoliruqld Sxeolf Xwlolwlhv Frpplvvlrq/ hohf0
wulflw| ghpdqg lq Fdoliruqld lv jurzlqj dw udwhv wkdw vljql�fdqwo| h{fhhg wkh
jurzwk lq jhqhudwlrq fdsdflw| ri hohfwulflw| vxssolhuv1 Lqghhg/ dgglwlrqv wr
jhqhudwlrq fdsdflw| gxulqj wkh 4<<;0<< shulrg soxqjhg e| ryhu <3( iurp wkhlu
4<<90<; ohyhov1 Zkloh Fdoliruqld*v sureohpv kdyh ehhq wkh prvw ylvleoh/ wkh
Xqlwhg Vwdwhv dv d zkroh kdv vx�huhg iurp d idloxuh ri qhz jhqhudwlqj fdsdflw|
wr nhhs xs zlwk wkh jurzwk lq ghpdqg iru hohfwulflw|1 Khqfh/ lq wklv vhfwlrq/ zh
h{dplqh wkh vxsso| ghflvlrqv surgxfhuv pdnh zkhq fdsdflw| lv yduldeoh zkhq
pdunhwv duh lpshuihfwo| frpshwlwlyh1

Wkhuh duh wzr zd|v wr dssurdfk wklv txhvwlrq1 Wkh �uvw lqyroyhv frpsdulqj
wkh htxloleulxp txdqwlw| r�huv ri surgxfhuv zlwk wkrvh wkdw zrxog eh r�huhg
lq d frpshwlwlyh vhwwlqj1 Zkloh wklv frpsdulvrq lv vwudljkwiruzdug wr pdnh lq
wkh prgho/ wkh lqwhusuhwdwlrq ri wkh uhvxow lv vhqvlwlyh wr wkh zd| lq zklfk zh
hydoxdwh wkh olplwv dv wkh qxpehu ri surgxfhuv dqg frqvxphuv jhwv odujh1 Wr
vhh wklv/ qrwh wkdw wkh frpshwlwlyh txdqwlw| r�hu ri d surgxfhu lv jlyhq e|
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dv orqj dv zh hydoxdwh wkh olplw e| ohwwlqj P dqg S dssurdfk lq�qlw| dw wkh
vdph udwh1 Wkh udwlr ri wkh frpshwlwlyh r�hu wr wkh lpshuihfwo| frpshwlwlyh
r�hu lv wkhq jlyhq e|
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Li zh h{dplqh wklv udwlr dorqj d vhtxhqfh riP *v dqg S *v dw zklfkP @ S> zh zloo
frqfoxgh wkdw lpshuihfwo| frpshwlwlyh surgxfhuv dozd|v r�hu ohvv wr wkh pdunhw
wkdq zrxog wkhlu frpshwlwlyh pdunhw frxqwhusduwv1 Rq wkh rwkhu kdqg/ iru dq|
�{hg S / e| wdnlqj P vx�flhqwo| odujh/ zh fdq pdnh wkh udwlr deryh juhdwhu
wkdq 4/ lq zklfk fdvh/ li wkhuh lv dghtxdwh fdsdflw| iru surgxfhuv wr surgxfh wkh
dvvrfldwhg rxwsxw/ zh duh irufhg wr frqfoxgh wkdw wkh lpshuihfwo| frpshwlwlyh
�upv surgxfh pruh wkdq wkhlu frpshwlwlyh frxqwhusduwv1 Ehfdxvh ri wklv dpel0
jxlw| lq lqwhusuhwlqj wkh uhodwlrqvkls ehwzhhq wkh lpshuihfwo| frpshwlwlyh dqg

4;



frpshwlwlyh txdqwlw| r�huv/ zh wxuq wr dq h{dplqdwlrq ri wkh lqfhqwlyhv sur0
gxfhuv kdyh wr hlwkhu h{sdqg ru frqwudfw jhqhudwlqj fdsdflw| ryhu wkh orqj0uxq
lq wkh prgho1

Lq wkh orqj0uxq/ surgxfhu djhqwv duh iuhh wr h{sdqg fdsdflw| wr phhw shdn0
ordg ghpdqg1 Lq wkh frqwh{w ri wkh pdunhw0jdph prgho/ wkh| zloo edvh wkhlu
ghflvlrqv rq fdsdflw| rq wkh h�hfw lw kdv rq wkhlu frqvxpswlrq ohyhov +jlyhq
wkh prqrwrqlflw| ri wkh xwlolw| ixqfwlrq,/ dqg zloo h{sdqg fdsdflw| zkhq grlqj
vr lqfuhdvhv wkhlu frqvxpswlrq1 Iru wklv dqdo|vlv/ zh rughu wkh shdn0ghpdqg
exgjhw vkduhv �w iurp orzhvw wr kljkhvw dqg ohw
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Zkhq wkh fdsdflw| frqvwudlqw lv elqglqj dw vrph ohyho N3/ d surgxfhu djhqw*v
frqvxpswlrq lv jlyhq e|
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Li wklv surgxfhu h{sdqgv fdsdflw| wr N4 @ N3. �N wr fryhu wkh �uvw � shdn0
shulrgv ri ghpdqg/ khu frqvxpswlrq lv
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Wkh jdlq wr h{sdqglqj fdsdflw| lv wkhq
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Wklv zloo eh qrq0qhjdwlyh dv orqj dv
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Vlqfh wkh fdsdflw| N4 fryhuv wkh ghpdqgv lq wkh vxe0shulrgv K� > lw iroorzv wkdw
N4 @ vxs ^atw`w5K�

= Ohw w� eh wkh shulrg lq zklfk wkh vxsuhpxp lv dwwdlqhg/ vr

wkdw N4 @ atw
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= Wkh frqglwlrq deryh fdq wkhq eh zulwwhq dv
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Wkhq/ vlqfh �N @ atw
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Vlqfh wkh uljkw0kdqg0vlgh lv d frqyh{ frpelqdwlrq ri wklqjv vwulfwo| odujhu wkdq
N3> lw iroorzv wkdw qr surgxfhu zloo zlvk wr h{sdqg fdsdflw|1 Lq idfw/ dv wkh
iroorzlqj fdofxodwlrq vkrzv/ surgxfhuv zloo jhqhudoo| kdyh lqfhqwlyhv wr uhgxfh
fdsdflw| li wkh| fdq1

Dv ehiruh/ d surgxfhu*v frqvxpswlrq jlyhq vrph fdsdflw| N3 lv

a{3K @
P$

S

%
4�

�
S � 4

S

�5[
w5O

�w
&
� � +&K,N3=

Li wkh surgxfhu uhgxfhv fdsdflw| mxvw vx�flhqwo| wr pdnh wkh kljkhvw r�0shdn
ghpdqg d shdn ghpdqg/ wkhq
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Wkh surgxfhu*v frqvxpswlrq diwhu wkh fdsdflw| uhgxfwlrq zloo eh
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Khuh/ zh xvh K. wr ghqrwh wkh h{sdqghg vhw ri shdn shulrgv/ dqg O� wr ghqrwh
wkh uhgxfhg vhw ri r�0shdn shulrgv1 Qrwh dovr wkdw zh duh dvvxplqj wkdw wkhuh
lv qr diwhu0pdunhw iru fdsdflw|/ vr wkdw li d surgxfhu uhgxfhv fdsdflw| e| rqh
nlorzdww0krxu/ vkh grhv qrw uhfryhu wkh lqyhvwphqw frvw �= Qrz/ uhzulwh wklv
h{suhvvlrq dv
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zklfk lv dozd|v wuxh1 Khqfh/ surgxfhuv dozd|v kdyh dq lqfhqwlyh lq wkh orqj0uxq
wr uhgxfh fdsdflw|1

Wkh dqdo|vlv suhvhqwhg khuh reylrxvo| ghshqgv khdylo| rq wkh dvvxpswlrq
wkdw wkh whfkqrorj| h{klelwv frqvwdqw uhwxuqv wr vfdoh/ dqg wkh uhvxowv rq orqj0
uxq lqfhqwlyhv wr h{sdqg fdsdflw| zloo fkdqjh li vxfk h{sdqvlrq h{klelwv dq|
nlqg ri lqfuhdvlqj uhwxuqv h�hfw1 Rq wkh rwkhu kdqg/ wkh frqvwdqw uhwxuqv wr
vfdoh dvvxpswlrq grhv dsshdu wr eh frqvlvwhqw zlwk wkh hphujhqfh ri uhodwlyh
orz frvw vlpsoh dqg frpelqhg f|foh jdv wxuelqh jhqhudwlrq whfkqrorjlhv1

Jlyhq wkh frqvwdqw uhwxuqv dvvxpswlrq/ rqh txhvwlrq zh fdq dvn lv krz
frpshwlwlrq d�hfwv wkh lqfhqwlyh wr h{sdqg fdsdflw|1 Zkloh wkh fxuuhqw prgho
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grhvq*w jlyh d frpsohwh dqvzhu wr wklv txhvwlrq/ lw fdq surylgh vrph sduwldo
dqvzhuv1 Lq sduwlfxodu/ li zh nhhs wkh ohyho ri ghpdqg �{hg e| �{lqj wkh
qxpehu ri hohfwulflw| frqvxphuv P / wkhq dv wkh qxpehu ri surgxfhuv lqfuhdvhv/
wkh rxwsxwv tw ri hdfk surgxfhu ghfuhdvh1 Li wkh qxpehu ri surgxfhuv lv odujh
hqrxjk/ wkhq/ wkh fdsdflw| frqvwudlqwv lq wkh prgho zloo qrw elqg/ dqg hdfk
surgxfhu*v frqvxpswlrq ehfrphv lqghshqghqw ri khu lqyhvwphqw lq jhqhudwlqj
fdsdflw|1 Khqfh/ wr wkh h{whqw wkdw hqwu| lqwr wkh jhqhudwlrq pdunhw surylgh
vx�flhqw fdsdflw| wr fryhu doo ghpdqg shulrgv/ wkh lqfhqwlyh wr uhgxfh fdsdflw|
jrhv dzd|1 Ri frxuvh/ wkh txhvwlrq wkh fxuuhqw prgho fdqqrw dqvzhu lv zkhuh
qhz hqwudqwv wr wkh jhqhudwlqj vhfwru frph iurp dqg lq uhvsrqvh wr zkdw lqfhq0
wlyhv1 Wkxv/ rqh vxemhfw ri ixwxuh uhvhdufk zloo eh wr prgho wkh hqwu| ghflvlrq
e| doorzlqj vwdqgdug djhqwv wr sd| d fhuwdlq frvw lq h{fkdqjh iru wudqviruplqj
wkhpvhoyhv iurp hohfwulflw| frqvxphuv wr hohfwulflw| surgxfhuv1

��D +LM�t|?itt Wtt�it

Dq reylrxv txhvwlrq derxw wkh vshfl�fdwlrq ri wkh prgho rxwolqhg khuh lv zkhwkhu
wkh uhvxowv lw |lhogv duh urexvw wr shuwxuedwlrqv lq wkh vshfl�fdwlrq ri wkh prgho1
Wkh vlpsoli|lqj dvvxpswlrq wkdw surgxfhu djhqwv grq*w wkhpvhoyhv gluhfwo| frq0
vxph hohfwulflw| lv xvhixo lq wkdw lw surylghv dq h{solflw vhsdudwlrq ri wkh vxsso|
dqg uhvxowlqj sulflqj ghflvlrqv ri surgxfhuv iurp wkhlu lqwhuhvwv dv frqvxphuv1
Wklv grhv qrw vhhp xquhdvrqdeoh/ vlqfh/ lq d uhdo zruog vhwwlqj/ wkh vxsso| dqg
sulflqj ghflvlrqv zrxog eh frusrudwh/ dqg zkloh frusrudwh hpsor|hhv pljkw qrw
eh kdss| +dv frqvxphuv, zlwk wkh uhvxowlqj rxwfrphv/ wklv zrxog qrw eh olnho|
wr kdyh pxfk h�hfw rq wkh frusrudwh hqwlw|1 Rq wkh rwkhu kdqg/ wkh idfw wkdw
rqo| surgxfhuv sxufkdvh wkh qxphudluh jrrg pdnhv lw lpsrvvleoh wr h{dplqh
wkh olplwlqj fdvh ri d prqrsro| surgxfhu/ vlqfh wkh prgho kdv d vlqjxodulw| dw
S @ 4= Wkh dgglwlyh vhsdudelolw| lq wkh vshfl�fdwlrq ri suhihuhqfhv vhhpv wr eh
idluo| vwdqgdug lq wkh hpslulfdo olwhudwxuh zklfk wulhv wr hvwlpdwh wlph0ri0gd|
hohfwulflw| ghpdqgv iurp plfur gdwd/ dqg vhhpv uhdvrqdeo| lqqrfxrxv dv dq dv0
vxpswlrq derxw vkruw0uxq ghpdqg1 Lw lv dovr vwudljkwiruzdug wr vkrz wkdw wkh
vshfl�f orj0olqhdu vshfl�fdwlrq fdq eh uhod{hg wr doorz iru dgglwlyho|0vhsdudeoh
FUU suhihuhqfhv ri wkh irup

xk @
W[
w@4

�w
^{wk`

4��

4� �

zlwkrxw fkdqjlqj wkh edvlf uhvxowv ghulyhg deryh/ h{fhsw iru d uh0zhljkwlqj ri
wkh exgjhw vkduhv �w1 Vlploduo|/ ehfdxvh surgxfhuv rqo| frqvxph wkh qxphudluh
jrrg/ wkhlu rswlpdo elgv dqg r�huv duh lqghshqghqw ri wkh dfwxdo vshfl�fdwlrq ri
wkh xwlolw| ixqfwlrq +vlqfh prqrwrqlf wudqvirupdwlrqv |lhog wkh vdph ghpdqgv,1
Wkhuh duh reylrxv gluhfwlrqv lq zklfk wkhvh vshfl�fdwlrqv fdq eh uhod{hg/ iru h{0
dpsoh e| holplqdwlqj wkh krprwkhwlflw| dvvxpswlrq dqg doorzlqj wkh h{srqhqwv
lq wkh FUU vshfl�fdwlrq deryh wr gl�hu ryhu wlph shulrgv/ ru e| shuplwwlqj
surgxfhuv wr frqvxph hohfwulflw|/ exw hdfk ri wkhvh jhqhudol}dwlrqv frphv dw wkh
sulfh ri uhgxfhg wudfwdelolw| ri wkh prgho1
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Wkh jhqhudo htxloleulxp dqdo|vlv ri krul}rqwdo pdunhw srzhu lq wkh pdunhw iru
hohfwulflw| yld wkh pdunhw jdph prgho kdv d qxpehu ri lpsruwdqw lpsolfdwlrqv
iru wkh rq0jrlqj surfhvv ri ghuhjxodwlqj hohfwulflw| pdunhwv1

Wkh prgho h{dplqhg khuh vxjjhvwv wkdw olplwhg frpshwlwlrq dprqj jhqhud0
wruv gxulqj r�0shdn shulrgv zloo ohdg wr sulfhv zklfk h{fhhg pdujlqdo frvw/ lq
olqh zlwk d qxpehu ri rwkhu vwxglhv ri krul}rqwdo pdunhw srzhu lq hohfwulflw|
pdunhwv edvhg rq sduwldo htxloleulxp iudphzrunv1 Wkh h{whqw ri wkh pdun0xs
ghshqgv rq wkh qxpehu ri jhqhudwlqj �upv lq wkh pdunhw> zkhq wkhuh duh 53
surgxfhuv lq wkh prgho/ wkh pdun0xs lv durxqg 44(1 Zlwk 83 �upv/ wklv gursv
wr ehorz 8(1

D pruh lqwhuhvwlqj ihdwxuh ri wkh prgho lv lwv delolw| wr pdwfk wkh shdn0
shulrg sulfh0vslnh skhqrphqrq revhuyhg lq d qxpehu ri zkrohvdoh hohfwulflw|
pdunhwv1 Wkhvh vslnhv fdq eh txlwh odujh li wkh qxpehu ri shdn0shulrg hohfwulflw|
frqvxphuv lv odujh uhodwlyh wr wkh qxpehu ri surgxfhuv1 Dv lq wkh fdvh ri r�0
shdn sulfhv/ kdylqj pruh surgxfhuv uhgxfhv wkh sulfh vslnh h�hfw/ dowkrxjk
vrph vslnlqj ri sulfhv zloo dozd|v eh suhvhqw +hyhq lq shuihfwo| frpshwlwlyh
hqylurqphqwv, gxulqj shdn shulrgv vlqfh wkhvh sulfhv duh wkh rqo| phfkdqlvp
e| zklfk ghpdqg lv udwlrqhg gxulqj wkhvh shulrgv1

Ilqdoo|/ wkh prgho dovr ghprqvwudwhv d fohdu lqfhqwlyh iru surgxfhuv wr uh0
gxfh fdsdflw| zkhq srvvleoh/ zklfk pd| lq sduw h{sodlq wkh h{wuhph gurs lq
dgglwlrqv wr qhz fdsdflw| lq Fdoliruqld dqg hovhzkhuh lq wkh shulrg iroorzlqj
lpsohphqwdwlrq ri ghuhjxodwlrq1

Iurp d srolf| shuvshfwlyh/ krul}rqwdo pdunhw srzhu lq pdunhwv iru hohfwulf0
lw| srvhv d fkdoohqjh wr wkh surfhvv ri ghuhjxodwlrq/ dqg udlvhv wkh txhvwlrq ri
zkhwkhu ghuhjxodwlrq lv surfhhglqj wrr txlfno| ru hyhq zkhwkhu lw vkrxog eh
uroohg edfn1 Li wkh ghuhjxodwlrq surfhvv uhvxowv lq d vkdnh0rxw lq zklfk jhq0
hudwlqj fdsdflw| hqgv xs frqfhqwudwhg lq wkh kdqgv ri d ihz odujh �upv/ wkhq
uhfhqw hyhqwv lq Fdoliruqld pd| suryh wr eh wkh qrup udwkhu wkdq wkh h{fhswlrq1
Wklv vfhqdulr frxog rffxu/ iru h{dpsoh/ li srolf|pdnhuv hqg xs hqfrxudjlqj uh0
oldqfh rq odujh �{hg frvw jhqhudwlqj whfkqrorjlhv/ vxfk dv frdo0�uhg ru qxfohdu
srzhu sodqwv1 D vlplodu uhvxow frxog rewdlq li wkh qdwxudo jdv lqgxvwu| ehfrphv
vljql�fdqwo| frqfhqwudwhg dqg hqgv xs lqfuhdvlqj wkh sulfh ri qdwxudo jdv iru
frpelqhg f|foh jdv wxuelqh jhqhudwruv/ pdnlqj wkh roghu exw odujhu sodqwv pruh
hfrqrplfdo1 Dq reylrxv txhvwlrq khuh lv zkhwkhu lqfuhdvhg gloljhqfh e| dq0
wlwuxvw dxwkrulwlhv fdq uhgxfh wkhvh sureohpv1 Zkloh dwwhqwlrq wr vxfk reylrxv
dexvhv dv wdnlqj jhqhudwruv r�lqh iru xqqhhghg pdlqwhqdqfh lv zduudqwhg/ wkh
idfw uhpdlqv wkdw prvw ri wkh xqghvluhg h�hfwv lq wkh prgho +vxfk dv shdn0
shulrg sulfh vslnhv ru wkh lqfhqwlyh wr uhgxfh fdsdflw|, duh vlpso| wkh uhvxow
ri djhqw*v orrnlqj diwhu wkhlu rzq lqwhuhvwv lq dq lpshuihfwo| frpshwlwlyh/ exw
qrq0frrshudwlyh hqylurqphqw1

Shukdsv wkh fohduhvw srolf| lpsolfdwlrq wr frph rxw ri wkh prgho lv wkh
qhhg wr hqfrxudjh frpshwlwlrq dv wkh hohfwulflw| lqgxvwu| uhvwuxfwxuhv lwvhoi1
Frpshwlwlrq kdv ehqh�fldo h�hfwv erwk rq sulflqj dqg rq wkh orqj0uxq ghfl0
vlrq wr lqyhvw lq qhz fdsdflw|1 Irvwhulqj frpshwlwlrq fdq eh dffrpsolvkhg
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gxulqj uhvwuxfwxulqj e| uhtxlulqj qrw rqo| glyhvwlwxuh ri jhqhudwlrq dvvhwv e|
xwlolwlhv gxulqj wkh skdvh zkhq jhqhudwlrq lv vhsdudwhg iurp glvwulexwlrq/ exw
dovr e| pd{lpl}lqj wkh qxpehu ri qhz jhqhudwlqj �upv fuhdwhg lq wkh sur0
fhvv/ vxemhfw/ ri frxuvh/ wr wkh whfkqlfdo frqvwudlqwv lpsrvhg e| wkh qxp0
ehu dqg qdwxuh ri h{lvwlqj jhqhudwlqj sodqwv1 Zkloh lw lvq*w fohdu zkhwkhu d
eurdghu glyhvwlwxuh frxog kdyh ehhq rujdql}hg lq wkh Fdoliruqld pdunhw/ wkhuh
zdv dw ohdvw rqh lqvwdqfh lq zklfk jhqhudwlqj dvvhwv iurp gl�huhqw xwlolwlhv
+Sdfl�f Jdv dqg Hohfwulf/ dqg Vrxwkhuq Fdoliruqld Hglvrq, zhuh vrog wr wkh
vdph frpsdq| +QUJ Hqhuj|> vhh wkh Fdoliruqld Hqhuj| Frpplvvlrq*v zhe vlwh
kwws=22zzz1hqhuj|1fd1jry2hohfwulflw|2glyhvwlwxuh1kwpo,1 Wkhuh kdyh dovr ehhq
lqglfdwlrqv lq wkh exvlqhvv suhvv wkdw frqwlqxhg uhjxodwru| lpshglphqwv wr qhz
srzhu sodqw frqvwuxfwlrq +edvhg rq frppxqlw| vlwlqj dqg hqylurqphqwdo frq0
fhuqv, vljql�fdqwo| udlvhg wkh frvw ri hqwu| lqwr wkh Fdoliruqld jhqhudwlrq lq0
gxvwu|1 Hyhq vr/ wkh idfw wkdw rwkhu uhjlrqv ri wkh frxqwu| zklfk lpsrvh ohvv
uhjxodwru| exughq rq qhz srzhu sodqw frqvwuxfwlrq kdyh h{shulhqfhg vlplodu
uhgxfwlrqv lq qhz lqyhvwphqw lq jhqhudwlqj fdsdflw| vxjjhvwv wkdw srolf|pdnhuv
qhhg wr sd| lqfuhdvhg dwwhqwlrq wr irvwhulqj frpshwlwlrq dv sduw ri wkh ghuhjx0
odwru| surfhvv17
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