
Ulfdugr Fdedoohur
Djjuhjdwh Lqyhvwphqw Wkhru|

Uhsruw e| Wklmv Nqdds +UxJ,

4 Lqwurgxfwlrq
Surihvvru Fdedoohur*v glvfxvvlrq ri djjuhjdwh lqyhvwphqw wkhru| ihdwxuhg erwk
rog vwrfn dqg lqqrydwlrqv lq wkh �hog1 Wklv uhsruw wudfhv wkh pdlq olqh ri wkh
dujxphqw dqg suhvhqwv vrph ri wkh prghov wkdw fdq eh xvhixo lq h{sodlqlqj wr0
gd|*v djjuhjdwh lqyhvwphqw1 Dv zlwk wkh ohfwxuhv/ wklv pdlq olqh lv frqwdlqhg/
wr d odujh h{whqw/ lq Fdedoohur +4<<:,1 Wkh qh{w vhfwlrq eulh | kljkoljkwv
wkh lpsruwdqfh ri wkh vxemhfw pdwwhu1 Vhfwlrqv 6 dqg 7 wkhq fryhu wkh wzr
pdlq lghdv iurp prghuq lqyhvwphqw wkhru|= wkh idfw wkdw lqyhvwphqwv duh
pdmru dqg lqiuhtxhqw hyhqwv dqg wkh rffxuuhqfh ri lqirupdwlrq dqg frqwudfw
sureohpv1

5 Lqyhvwphqw Wkhru|= Klvwru|/ Jrdov
Lqyhvwphqw lv dq lpsruwdqw vxemhfw lq lwv rzq uljkw= lw lv d vxevwdqwldo frp0
srqhqw ri djjuhjdwh rxwsxw dqg lw dffrxqwv iru pxfk ri lwv  xfwxdwlrqv1 Rq
wrs ri wkdw/ lw wxuqv rxw wkdw wkh wkhru| ri lqyhvwphqw fdq eh dssolhg wr
d odujh qxpehu ri rwkhu hfrqrplf duhdv vxfk dv wkh dqdo|vlv ri U)G/ oderu
krduglqj/ kxpdq fdslwdo dffxpxodwlrq dqg �vfdo uhirupv1 Wkhvh vxemhfwv duh
vlplodu lq wkdw wkh| ghvfuleh d vlwxdwlrq zkhuh wkhuh lv d frvw lq wkh vkruw
whup/ zkrvh sd|r� lv froohfwhg lq wkh orqj whup1

Hduo| lqyhvwphqw wkhru| xvhg dq djjuhjdwh surgxfwlrq ixqfwlrq zklfk
h{sodlqhg wkh ohyho ri JGS e| wkh ohyhov ri oderu dqg fdslwdo1 Diwhu lqyhuw0
lqj wkh uhodwlrq dqg wdnlqj gl�huhqfhv lw lv srvvleoh wr h{sodlq fkdqjhv lq wkh
vwrfn ri fdslwdo e| fkdqjhv lq JGS1 Li wkh surgxfwlrq ixqfwlrq doorzv iru vxe0
vwlwxwlrq ehwzhhq idfwruv/ wkh frvw ri fdslwdo vkrxog dovr hqwhu wkh htxdwlrq1
Wkh erwwrp olqh ri wklv dssurdfk lv/ krzhyhu/ wkdw lqyhvwphqw wdnhv sodfh lq
uhvsrqvh wr fkdqjhv lq JGS/ udwkhu wkdq lq uhvsrqvh wr pdunhw rssruwxqlwlhv1
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Wkh t0wkhru| ri lqyhvwphqw grhv qrw vx�hu iurp wklv gh�flhqf|1 Wkh
dyhudjh t/ wkh ydoxh ri wkh �up glylghg e| wkh wrwdo ydoxh ri lwv htxlsphqw dqg
vwuxfwxuhv/ ru wkh pdujlqdo t/ wkh udwlr ri h{wud ydoxh dqg dgghg htxlsphqw/
lv xvhg dv dq lqglfdwru ri lqyhvwphqw rssruwxqlwlhv1

Doo wkh deryh prghov idlo zkhq frqiurqwhg lq d vwudljkwiruzdug zd| zlwk
wkh gdwd1 Wr wkh glvpd| ri pdq| hfrqrplvwv/ lqyhvwphqw fruuhodwhv zlwk
fkdqjhv lq frusrudwh fdvk  rz dqg fkdqjhv lq JGS/ exw qrw zlwk dq| phdvxuh
ri t ru wkh frvw ri fdslwdo1 Rqo| zkhq uh�qhg hfrqrphwulf phdvxuhv duh xvhg
fdq vrph ri wkh odwwhu yduldeohv eh vkrzq wr h{huw lq xhqfh/ exw rqo| lq wkh
orqj uxq ru lq vkruwhu shulrgv zklfk hqfrpsdvv d odujh fkdqjh lq wkhlu ydoxh1
Pruh lpsruwdqwo|/ wkh| ohdyh prvw ri wkh yduldqfh lq lqyhvwphqw xqh{sodlqhg1

Wkh wkhru| wkdw zloo eh lqwurgxfhg lq wkh qh{w vhfwlrq dlpv dw d zd|
ri h{sodlqlqj lqyhvwphqw wkdw lv frqvlvwhqw ciurp wkh jurxqg xs1* Dw wkh
�up0ohyho/ zh uhdoo| vhh dw ohdvw wkuhh vruwv ri lqyhvwphqw wdnh sodfh=

� Rqjrlqj lqyhvwphqw/ olnh pdfklqh pdlqwhqdqfh/ wkdw wdnhv sodfh doprvw
hyhu| gd| lq d odujh sodqw1 Frvwv duh vpdoo uhodwlyh wr wkh wrwdo vwrfn
ri wkh frpsdq|*v fdslwdo1

� Judgxdo lqyhvwphqw/ olnh vpdoo uh�qhphqwv ri dq h{lvwlqj pdfklqh/ ru
d vriwzduh xsjudgh1

� Pdmru dqg lqiuhtxhqw lqyhvwphqwv/ lq zklfk d odujh dprxqw ri qhz
fdslwdo lv sxufkdvhg dqg frvwv duh vljql�fdqw uhodwlyh wr wkh �up*v wrwdo
vwrfn ri fdslwdo1

Grpv dqg Gxqqh +4<<6, xvh plfurhfrqrplf gdwd wr vkrz wkdw wkh w|slfdo
�up kdv d coxps|* lqyhvwphqw sdwwhuq/ h1j1 vshqglqj 58073( ri vhyhqwhhq
|hduv ri lqyhvwphqw lq rqh |hdu1 Wklv vxjjhvwv wkdw wkh odwwhu w|sh ri lqyhvw0
phqw dffrxqwv iru dq lpsruwdqw vkduh ri wkh wrwdo h{shqglwxuh1 Wkh qh{w
vhfwlrq zloo wkhuhiruh fkdudfwhul}h wklv w|sh ri lqyhvwphqw dw wkh plfur ohyho/
dqg suhvhqw d frqvlvwhqw pdfur prgho1

6 Pdmru dqg Lqiuhtxhqw Lqyhvwphqwv

614 Wkhruhwlfdo Iudphzrun

Wkh nh| wr pdnlqj lqyhvwphqw wdnh sodfh lq fkxqnv udwkhu wkdq d frqwlqxrxv
 rz/ lv lqwurgxflqj d frvw ri dgmxvwphqw ryhu dqg deryh wkh uhqwdo frvw ri
fdslwdo1 Hvshfldoo| d frvw wkdw lv vljql�fdqw hyhq dw lq�qlwhvlpdo dgmxvwphqwv
zloo fdxvh wkh �up wr lqyhvw lqiuhtxhqwo|/ dqg zlwk odujh iudfwlrqv ri wrwdo
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Iljxuh 4= Wkh dgmxvwphqw frvwv uhodwlyh wr gW dv d ixqfwlrq ri wkh uhodwlyh
fkdqjh lq fdslwdo1

lqyhvwphqw dw d wlph1 Fdedoohur dvvxphv dq dgmxvwphqw frvw vwuxfwxuh dv lq
�jxuh 41 Wkh dgmxvwphqw lq fdslwdo lv rq wkh krul}rqwdo d{lv/ dqg lv wdnhq dv
d iudfwlrq ri wkh lghdo vwrfn ri fdslwdo gW1 Li wkh iudfwlrq lv # frvwv duh

� E#cgW� ' gW �
;A?
A=

S
s

n Sn
R

� # li # : f
f li # ' f
S
s

� S3
R

� # li # 	 f

Wr frpsxwh wkh lghdo vwrfn ri fdslwdo zh frqvwuxfw wkh iroorzlqj prgho=
D �up zrxog olnh wr/ dw dq| srlqw lq wlph/ pd{lpl}h d  rz ri sur�w/

� �{| ' 4@ 
gcu

E� Et � � t � � � u� o �g� �{|1

t Egcuc�� ' � �gk � u�3k

Wlph lv glvfuhwh dqg pryhv zlwk lqfuhphqwv {|1 Zh dvvxph wkh �up df0
wxdoo| shuirupv wklv frqwlqxrxv pd{lpl}dwlrq zlwk uhvshfw wr u1 Xvh w wr
ghqrwh d vx!flhqw +vfdodu, vwdwlvwlf iru frqglwlrqv idfhg e| wkh �up +lqfoxg0
lqj wkh vkdsh ri wkh ixqfwlrq � / whfkqrorj| � dqg zdjhv �,1 Lw lv dvvxphg
wkdw {w*w lv LLG vr wkdw *? w lv d udqgrp zdon/ srvvleo| zlwk d guliw1 Wkh
pd{lpl}dwlrq sureohp qrz ehfrphv

� �{| ' 4@ 
g

Eg� � w � o �g� �{|1

zlwk � 	 �1 Wklv jlyhv xv gW/ wkh vwdwlf rswlpxp/ wkh vwrfn ri fdslwdo wkdw
wkh �up zrxog olnh wr hqwhuwdlq=
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g
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#
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Ehlqj dq d!qh wudqvirupdwlrq ri *? w/ *?gW iroorzv d udqgrp zdon1
Dw wklv srlqw/ lw lv lpsruwdqw wr uhphpehu wkh frvwv ri fdslwdo dgmxvwphqw

wkdw zhuh lqwurgxfhg deryh1 Lw zloo suredeo| qrw eh sur�wdeoh wr vhw g ' gW

dw hyhu| srlqw lq wlph ehfdxvh xqolnh oderu/ hyhu| +vpdoo, dgmxvwphqw lq
fdslwdo fdxvhv wkh �up wr lqfxu dw ohdvw wkh �{hg frvw S

s

� gW1 Vr/ lqvwhdg
ri iroorzlqj wkh vwdwlf rswlpxp/ wkh �up zloo fkrrvh pd{lpl}dwlrq ri lwv
suhvhqw ydoxh T dv d jxlgholqh iru lqyhvwphqw1 Wklv qhz jxlgholqh zloo fdxvh
wkh �up*v prvw suhihuuhg fdslwdo vwrfn gWW wr eh gl�huhqw iurp gW +gxh wr/
iru lqvwdqfh/ d guliw lq w, dqg fdq pdnh lqdfwlrq wkh prvw sur�wdeoh vwudwhj|1

Iurp wklv vhwxs/ d ihz wklqjv fdq eh vhhq lpphgldwho|1

� Li g lv forvh wr gWW/ wkh lqfuhdvh lq suhvhqw ydoxh iurp dgmxvwlqj g lv
suredeo| ohvv wkdq wkh frvw ri dgmxvwphqw1 Wkxv/ wkhuh zloo eh d uhjlrq
durxqg gWW lq zklfk wkh �up grhv qrw uhsdlu lpedodqfhv ehwzhhq g
dqg gWW1

� Li lw lv sur�wdeoh wr fkdqjh wkh fdslwdo vwrfn zkhq lw lv dw gf/ lw
pxvw dovr eh sur�wdeoh wr gr vr zkhq lw lv dw g� zlwk mgWW �gfm 	
mgWW �g�m14

� Li wkh yduldeoh uhodwlyh dgmxvwphqw frvwv Sn
R

dqg S3
R

duh srvlwlyh dqg
vljql�fdqw/ dgmxvwphqwv zloo qrw eh frpsohwh1 Lw zloo eh rswlpdo wr
dgmxvw g wr d ydoxh forvhu wr gWW/ exw qrw wr gWW lwvhoi +wkh vorsh ri
wkh T 0ixqfwlrq/ ru pdujlqdo ehqh�w/ lv }hur wkhuh,1

Vxppdul}lqj/ d �up qrz ehkdyhv dv iroorzv1 Hyhu| shulrg/ lw dgmxvwv oderu
u wr lwv rswlpdo ydoxh1 Wkh rswlpdo vwdwlf vwrfn ri fdslwdo gW lv frpsxwhg
iurp frqglwlrqv w/ dv zhoo dv wkh lpedodqfh ~ ' g*gW1 Wkhq/

;A?
A=

li ~ 	 u/ ~ lv dgmxvwhg wr ~ ' ,
li u � ~ � L / ~ uhpdlqv xqfkdqjhg
li L 	 ~/ ~ lv dgmxvwhg wr ~ ' �

+4,

zlwk u � , � gWW � � � L 1 Fdedoohur dujxhv wkdw wkhvh yduldeohv pd|
eh irxqg xvlqj wkh cvprrwk sdvwlqj frqglwlrqv* T

~

E,� ' T
~

Eu� ' Sn
R

dqg
T
~

E�� ' T
~

EL� ' �S3
R

1

4Wklv ehfdxvh olnh wkh�0ixqfwlrq/ wkh vhfrqg ghulydwlyh ri wkh qhw suhvhqw ydoxh ixqfwlrq
Y z1u1w1 N lv dozd|v qhjdwlyh1 Wkh �uvw ghulydwlyh ri Y lv }hur dw N��1 Zh nqrz wkdw
N3 lv idu hqrxjk dzd| iurp N�� wr lqfxu erwk �{hg dqg yduldeoh dgmxvwphqw frvwv1 Wkxv/
+Y �� � Y3, @ mN� �N3m lv vxuho| odujhu wkdq wkh yduldeoh frvwv ri dgmxvwlqj1 Exw iurp wkh
vhfrqg ghulydwlyh YNN zh nqrz wkdw wkh vorsh wkh Y 0ixqfwlrq dorqj wkh vwuhwfk N3 $ N4

fdq rqo| eh vwhhshu wkdq wkh deryh vx!flhqw phdvxuh1 Wkxv/ li lw lv sur�wdeoh wr dgmxvw
iurp N3/ lw pxvw eh sur�wdeoh wr gr lw iurp N41
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615 Hpslulfdo Yhul�fdwlrq

61514 Wkh kd}dug ixqfwlrq

D uhdolw| fkhfn ri wkh deryh prgho pd| eh frqgxfwhg zlwk erwk plfur0 dqg
pdfur0hfrqrplf gdwd1 D �uvw revhuydwlrq iurp plfur gdwd lv wkdw �upv gr
qrw dozd|v uhdfw wkh vdph wr dq lpedodqfh lq fdslwdo1 Wkxv/ lw lv qhfhvvdu| wr
lqfrusrudwh d udqgrp hohphqw lq wkh +ghwhuplqlvwlf, dgmxvwphqw vfkhph +4,1
Fdedoohur +4<<:/ s1 54, grhv wklv e| ohwwlqj S

s

eh d udqgrp yduldeoh ri zklfk
d qhz ydoxh lv gudzq iru hdfk �up iru hyhu| shulrg1 Wklv phdqv wkdw wuljjhu
ydoxhv u dqg L dovr ehfrph udqgrp/ dqg zh fdq wdon derxw d suredelolw|
ri dgmxvwphqw \ E%� zlwk % � *? Eg*gWW�1 \ lv wkh kd}dug ixqfwlrq/ d whup
eruurzhg iurp wudqvlwlrq hfrqrphwulfv1 Iru frqyhqlhqfh/ yduldeoh dgmxvwphqw
frvw lv vhw wr }hur/ vr wkdw zkhq d �up dgmxvwv/ lwv qhz vwrfn ri fdslwdo zloo
eh gWW1 Lq whupv ri %/ wkh qhw lqyhvwphqw zloo eh e3% � � � �%1 Wklv doorzv
xv wr zulwh h{shfwhg lqyhvwphqw dv �% � \ E%�1

61515 Txdgudwlf frvwv ri dgmxvwphqw

Lw lv xvhixo wr vhh krz wkh kd}dug ixqfwlrq \ zrxog orrn lq d ulydo prgho/
wkh txdgudwlf dgmxvwphqw frvw prgho1 Lq wklv vhwxs/ dgmxvwphqw frvwv duh
� ' S � Eg

|

�g
|3��

21 Wkhuh duh qr �{hg frvwv ri dgmxvwphqw/ dqg S lv
srvlwlyh1 Urwhpehuj +4<;:/ s1 <5, vkrzv wkdw wkh rswlpdo sdwk ri fdslwdo
qrz lv

g
|

' k �g
|3� n dE�� k� EB � �� *Bo

[
�Df

E�*B�� .
|

gW

|n�

Dvvxplqj .
|

gW

|n�
' gW iru doo � dqg qrwlqj wkdw gWW ' gWzh fdq zulwh

wklv/ diwhu orj0olqhdul}dwlrq/ dv5

.
�
U

g

�
' �q � *? Eg*gW�

zlwk q : f1 Exw khuh zh fdq xvh wkh lghqwlwlhv iurp deryh wr jhw

�% � \ E%� ' �q � %

Glylglqj wkurxjk e| % zh vhh wkdw wkh txdgudwlf dgmxvwphqw frvw prgho
suhglfwv d frqvwdqw kd}dug udwh1

5Wklv wulfn lv riwhq dssolhg wr dssur{lpdwh wkh qhrfodvvlfdo prgho ri jurzwk1 Vhh/ iru
lqvwdqfh/ Eduur dqg Vdod0l0Pduwlq +4<<8/ s1 86,1
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61516 Hvwlpdwhv

Li zh fdoo wkh ixqfwlrq wkdw ghvfulehv wkh glvwulexwlrq ri fdslwdo lpedodqfhv
s E%c |�/ zh fdq qrz zulwh wrwdo h{shfwhg lqyhvwphqw lq shulrg | dv

U
|

g
|

' �
]
"

3"

% � \ E%� � s E%c |�g%

Fdedoohur/ Hqjho dqg Kdowlzdqjhu +4<<8, hvwlpdwh wkh kd}dug ixqfwlrq \ E%�
iurp sdqho gdwd ri dssur{lpdwho| :/333 �upv gxulqj 4: |hduv1 Wkh ixqfwlrq
lv hvwlpdwhg erwk qrq0sdudphwulfdoo| iurp plfur gdwd/ dqg e| �wwlqj d 7wk

ghjuhh sro|qrpldo rq \ E%� xvlqj pdfur0gdwd dqg vhyhudo glvwulexwlrqdo dv0
vxpswlrqv1 Dq duwlvw*v lpsuhvvlrq ri wkh uhvxowv6 lv lq �jxuh 51 Iurp erwk
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A B
x x

Iljxuh 5= Kd}dug udwh \ yhuvxv lpedodqfh %1 D= hvwlpdwhg iurp plfur gdwd1
E= hvwlpdwhg iurp djjuhjdwh gdwd xvlqj glvwulexwlrqdo dvvxpswlrqv1

sdqhov ri wklv �jxuh/ lw lv fohdu wkdw wkh kd}dug udwh lv qrw frqvwdqw dfurvv
%/ wkhuhe| uhmhfwlqj txdgudwlf dgmxvwphqw frvwv1 Udwkhu/ d vpdoo ydoxh ri %
ohdgv wr d kljkhu suredelolw| ri lqyhvwphqw1 D odujh % grhv qrw riwhq ohdg wr
glvlqyhvwphqw1 Wklv vhhpv wr lqglfdwh d vwurqj luuhyhuvlelolw| ri lqyhvwphqw1

7 Lqirupdwlrqdo dqg Frqwudfwxdo Sureohpv
Zkhuhdv wkh odvw vhfwlrq zdv pxfk frqfhuqhg zlwk wkh whfkqlfdo vlgh ri lq0
yhvwphqw/ wklv vhfwlrq fryhuv wkh frqvhtxhqfhv ri vwudwhjlf dfwlrqv ri lqyhvwlqj
djhqwv1 Vwudwhjlhv fdq lqyroyh zdlwlqj iru rwkhuv wr jdlq lqirupdwlrq rq wkh
lqyhvwphqw folpdwh dqg uhqhjlqj rq lpshuihfw frqwudfwv1

6L*p wkh duwlvw1
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714 Lqirupdwlrqdo Sureohpv

Jdoh +4<<8, glvfxvvhv vrfldo ohduqlqj/ ru vlwxdwlrqv lq zklfk sulydwh lqirupd0
wlrq lv sduwo| uhyhdohg e| wkh dfwlrqv ri djhqwv1 Lq wkh lqyhvwphqw frqwh{w/
lw frxog eh wkdw doo djhqwv uhfhlyh d sulydwh vljqdo rq wkh uhwxuq ri d fhuwdlq
nlqg ri lqyhvwphqw/ dqg wkdw wkh wuxh uhwxuq lv wkh dyhudjh ri doo wkhvh vljqdov1
Wkhvh djhqwv frxog doo eh ehwwhu r� e| vkdulqj wkh lqirupdwlrq/ exw dvvxp0
lqj wkh| gr qrw lw pd| eh uhyhdolqj wr zdlw dqg vhh krz pdq| froohdjxhv
dfwxdoo| lqyhvw1 Wkhlu dfwlrq lq wklv fdvh fduulhv h{wud lqirupdwlrq derxw wkh
wuxh uhwxuq/ lqirupdwlrq wkdw fdq eh dgghg wr rqh*v sulydwh vljqdo1

Jdoh dujxhv wkdw lw pd| zhoo eh srvvleoh lq d ydulhw| ri prghov wkdw lp0
lwdwlrq grplqdwhv sulydwh lqirupdwlrq1 Wkdw lv/ hyhq wkrxjk hyhu| djhqw
uhfhlyhv d srvlwlyh vljqdo/ qrerg| lqyhvwv ehfdxvh wkh| doo zdlw iru vrphrqh
hovh wr pdnh wkh �uvw pryh1 Wklv vlwxdwlrq lv pruh olnho| li wkh vsdfh ri df0
wlrqv lv olplwhg/ dv zdv wkh fdvh zlwk oxps| lqyhvwphqwv deryh1 Dq| djhqw*v
lqirupdwlrq lv wkhq �owhuhg dqg rqo| revhuyhg dv d elqdu| yduldeoh= wkh lq0
yhvwphqw jr ru qr0jr1 Wkh srvvlelolw| wkdw lqyhvwphqwv duh luuhyhuvleoh dovr
pdnhv wkhp surqh wr lqirupdwlrqdo sureohpv/ dv wkh srwhqwldo orvvhv ri d edg
lqyhvwphqw surmhfw duh reylrxvo| odujh frpsduhg wr wkh frvwv ri zdlwlqj rqh
shulrg wr jhw lqirupdwlrq1

715 Frqwudfwv/ Vshfl�flw|/ Rssruwxqlvp

Li dq lqyhvwphqw sureohp lqyroyhv pruh wkdq rqh sduw|/ frqwudfwv kdyh wr eh
pdgh derxw hdfk sduw|*v ehkdylru diwhu wkh frvwv kdyh ehhq vxqn1 Ehfdxvh
lqyhvwphqwv duh riwhq luuhyhuvleoh dqg wdloruhg wr wkh rwkhu sduwlhv/ lw fdq eh
sur�wdeoh wr uhqhjh rq d frqwudfw rqfh wkh rwkhu sduw| kdv frpplwwhg lwvhoi1
Surihvvru Urehuwv jdyh dq h{dpsoh ri wklv ckrog0xs sureohp* gxulqj klv sduw
ri wkh zrunvkrs= diwhu lqyhvwlqj lq d pdfklqh wkdw pdnhv vhdwv wkdw fdq rqo|
eh xvhg lq d vshfl�f w|sh ri Wr|rwd fdu/ |rx kdyh olwwoh rxwvlgh rssruwxql0
wlhv li |rxu vroh srvvleoh fxvwrphu/ Wr|rwd/ xqlodwhudoo| ghflghv wr orzhu wkh
sulfh lw lv zloolqj wr sd| iru wkh vhdwv1 Surihvvru Fdedoohur hyhq dgplwwhg
wkdw P1L1W1 lwvhoi kdg wulhg wr uhqhjrwldwh d frqwudfw zlwk wkh Fdpeulgjh
hohfwulflw| frpsdq| uhfhqwo|/ diwhu wkdw �up kdg mxvw lqyhvwhg wr frsh zlwk
wkh lqvwlwxwlrq*v ghpdqg iru hohfwulflw|1

71514 Wkhru|

Fdedoohur dqg Kdpprxu +4<<9, ghyhors d prgho wkdw vkrzv wkh pdfurhfr0
qrplf frqvhtxhqfhv ri wkh krog0xs sureohp1 Surgxfwlrq wdnhv sodfh zlwk
wzr idfwruv/ � dqg 2/ erwk phdvxuhg vr wkdw wkhlu vxsso| htxdov rqh1 Dq

:



dprxqw L
�

lv xvhg ri hdfk idfwru lq d idfwru0vshfl�f +dxwdunlf, ghfuhdvlqj
uhwxuqv vhfwru/ wkh uhpdlqlqj xqlwv .

�

duh lqsxwv lq d frqvwdqw uhwxuqv mrlqw
surgxfwlrq vhfwru +� ' �c 2,1 Wkh rxwsxw lq idfwru �*v rzq vhfwru lv 8

�

EL
�

�/
dqg wkh mrlqw surgxfwlrq rxwsxw lv +? � E�� L�� *%� ' +? � E�� L2� *%2 zlwk
whfkqlfdo frh!flhqwv %

�

jlyhq1 Gh�qh .
�

' E�� L
�

� *%
�

1
Mrlqw surgxfwlrq uhtxluhv vrph vxqn frvwv= ri .

�

xqlwv vxqn lq wklv vhfwru/
rqo| �

�

� .
�

fdq eh uhwulhyhg wr zrun lq wkh idfwru*v cdxwdunlf* vhfwru +f 	
�
�

	 �,1 Li frqwudfwv duh lqfrpsohwh/ hdfk sduw| wr d mrlqw surgxfwlrq surmhfw
h{shfwv wr eh khog xs xqwlo wkh uhwxuq wr wkh surmhfw lv qr pruh wkdq wkh
uhwxuq wr klv ru khu rxwvlgh rssruwxqlw|1 Fdoo idfwru frpshqvdwlrq lq wkh
dxwdunlf vhfwru R

�

/ wkhq/ h{shfwlqj d krog0xs/ wkh dqwlflsdwhg zdjh lq wkh
mrlqw vhfwru fdq qhyhu h{fhhg E�� �

�

� � R
�

1 Wklv zloo fdxvh d uhqw lq wkdw
vhfwru/

r? ' +? � E�� ��� � R� � %� � E�� �2� � R2 � %2
zklfk lv dvvxphg wr eh glylghg htxdoo|1 Idfwru frpshqvdwlrq lq wkh mrlqw
vhfwru qrz lv �?

�

' E�� �
�

� � R
�

� %
�

n �

2
r?1

Zh frpsduh vlwxdwlrqv zlwk frpsohwh dqg lqfrpsohwh frqwudfwv1 Zlwk
frpsohwh frqwudfwv +�

�

' f/ � ' �c 2,/ zh kdyh wkdw wkh uhwxuqv lq erwk
vhfwruv pxvw htxdol}h= R

�

' �
�

1 Zlwk lqfrpsohwh frqwudfwv/ erwk sduwlhv
uhtxluh R

�

� �?

�

zlwk wkh odwwhu gh�qhg deryh1 Wklv lv htxlydohqw wr
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� %
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zlwk =� ' � � �1 Lq wkh shuihfw frqwudfw htxloleulxp wkh whup lq eudfnhwv
grhv qrw dsshdu1

Iurp +5, zh fdq vhh wkdw wkhuh pd| h{lvw surmhfwv wkdw zloo eh h{hfxwhg
lq d shuihfw frqwudfw htxloleulxp/ dqg zloo qrw eh h{hfxwhg lq dq lpshuihfw
frqwudfw htxloleulxp/ li wkh whup lq eudfnhwv lv gl�huhqw iurp }hur1 Wkh whup
lq eudfnhwv uhsuhvhqwv wkh gl�huhqfh lq vxqn frvwv ehwzhhq wkh wzr sduwlhv1 Li
wkhuh h{lvwv vxfk d gl�huhqfh/ wkh sduw| zlwk wkh odujhvw vxqn frvwv +ru/ wkh
odujhvw dssursuldeoh vxp, zloo ghpdqg wkh kljkhvw uhwxuq1 Lq �jxuh 6/ wkh
jhqhudo htxloleulxp yhuvlrqv ri +5, duh gudzq rxw1 Wkh krul}rqwdo gl�huhqfh
ehwzhhq olqhv +4, dqg +5, lv wkh deryh cwhup lq eudfnhwv1* Doo hovh htxdo/ idfwru
� vwdqgv wr orvh wkh prvw iurp lqyhvwlqj lq wkh mrlqw vhfwru +ehfdxvh ri/ vd|/
d kljk ydoxh ri ��,1 Iru hdfk +? +yhuwlfdo d{lv, wklv idfwru sxwv pruh lqwr
wkh dxwdunlf vhfwru wkdq idfwru 217 Wkxv/ lq htxloleulxp/ wkhuh lv dq h{fhvv
vxsso| ri idfwru 2 iru wkh mrlqw vhfwru1

Fdedoohur dqg Kdpprxu +4<<9, ghulyh d qxpehu ri surshuwlhv ri wklv
prgho1 Wkhvh surshuwlhv lqfoxgh d vhjphqwhg pdunhw iru wkh idfwru lq h{fhvv

7Wklv phdqv wkdw wkh uhwxuq lq wkh dxwdunlf vhfwru iru idfwru 4zloo eh orzhu/ lqglfdwlqj
d orzhu h{shfwhg sd|ri iurp wkh mrlqw vhfwru1
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Iljxuh 6= Idfwru � dqg 2*v uhtxluhg +? iru gl�huhqw ydoxhv ri frpplwhg fdslwdo
.�c21 Wkh h!flhqw olqh lv iurp wkh shuihfw0frqwudfw zruog/ lq zklfk �W lv sxw
lqwr wkh mrlqw vhfwru1 Lpshuihfw frqwudfwv fdxvh wklv dprxqw wr idoo wr �1

vxsso|8 dqg vfohurvlv ru wrr olwwoh vfudsslqj ri rog mrlqw surmhfwv1 Zkhq
wkh idfwruv duh dfwxdoo| fdoohg fdslwdo dqg oderu d qxpehu ri surshuwlhv ri
exvlqhvv f|fohv pd| eh ghulyhg1

Lw lv dovr vkrzq wkdw/ zkhq idfwruv jhw wr frqwuro wkhlu rzq ohyho ri dssur0
suldelolw| �

�

/ wkh| zloo jhqhudoo| qrw dlp dw �
�

' f1 Wklv ehfdxvh d srvlwlyh
ohyho ri dssursuldelolw| ohdgv wr srvlwlyh uhqwv hduqhg1 Krzhyhu/ lw lv sodxvl0
eoh wkdw pryhphqwv lq �

�

duh voxjjlvk/ dqg pd| qrw uhdfw txlfn hqrxjk wr
pdfurhfrqrplf vkrfnv +vkrfnv lq +?,1 Wklv fdxvhv lqh!flhqflhv lq d yrodwloh
hqylurqphqw1

71515 Dq hpslulfdo h{dpsoh

Surihvvru Fdedoohur dujxhv wkdw wklv prgho jrhv d orqj zd| lq h{sodlqlqj vrph
ri wkh skhqrphqd lq Hxursh lq wkh 4<:3v dqg 4<;3v1 Orrnlqj vshfl�fdoo| dw
Iudqfh/ kh srlqwv rxw wkdw lqvwlwxwlrqv lq wkh hduo| vhyhqwlhv fkdqjhg lq idyru
ri wkh idfwru oderu1 Wkh fkdqjhv wrrn sodfh lq wkh Juhqhooh dffrugv/ dqg zlwk
wkh lqvwlwxwlrq ri oderu lqvshfwruv1 Lqghhg lw vhhpv olnh oderu zdv wkh vfdufh
idfwru lq wkrvh |hduv/ dqg zhoiduh0lqvwlwxwlrqv zhuh lwv zd| ri udlvlqj �

u

1 Zlwk

8Lq �jxuh 6/ dw wkh jrlqj sulfhv/ idfwru 5 hduqv pruh lq wkh mrlqw vhfwru wkdq lq wkh dx0
wdunlf vhfwru1 Wkhuh lv qr duelwudjh ehfdxvh wkhuh duh qr pruh xqlwv 4 zloolqj wr frrshudwh1
Wkxv wkh pdunhw iru idfwru 5 lv vhjphqwhg1

<



wkh wxuqlqj ri wkh wlgh lq idyru ri wkh idfwru fdslwdo/ Iudqfh dqg wkh frqwlqhqw
irxqg wkhpvhoyhv vx�hulqj iurp cHxurvfohurvlv*1 Uhgxflqj dssursuldelolw|
djdlq zdv qrz uhvlvwhg e| wkh iruwxqdwh clqvlghu* zrunhuv ri wkh vhjphqwhg
oderu pdunhw1

Vrph ri wkhvh dvvhuwlrqv zhuh whvwhg gxulqj wkh zrunvkrs zlwk dq dphqghg
yhuvlrq ri wkh deryh prgho1 Xvlqj cvxlwdeoh* sdudphwhuv/ wkh pdlq ihdwxuhv
ri Iuhqfk zdjhv/ sur�wv/ dqg lqwhuhvw udwhv frxog wkxv lqghhg eh plplfhg1

8 Frqfoxglqj Uhpdunv
Wklv uhsulvh ri surihvvru Fdedoohur*v ohfwxuhv wrxfkhg xsrq wkh klvwru| ri lq0
yhvwphqw wkhru| dqg vkrzhg wzr qhz zd|v ri orrnlqj dw wklv djh0rog hfrqrplf
�hog1 Kdylqj lqfrusrudwhg plfurhfrqrplf revhuydwlrqv dqg lqirupdwlrq0 dqg
dssursuldelolw|0dvshfwv/ lqyhvwphqw wkhru| vhhpv fdsdeoh ri jhqhudwlqj pruh
lqvljkw lqwr d ydulhw| ri hfrqrplf sureohpv1

Uhihuhqfhv
Eduur/ U1 M1 dqg Vdod0l0Pduwlq/ [1= 4<<8/ Hfrqrplf Jurzwk/ PfJudz0Kloo/

Qhz \run1

Fdedoohur/ U1 M1= 4<<:/ Djjuhjdwh Lqyhvwphqw= D <3*v Ylhz1 Iruwkfrplqj lq
wkh Kdqgerrn ri Pdfurhfrqrplfv/ M1 Wd|oru dqg P1 Zrrgirug/ hgv1

Fdedoohur/ U1 M1/ Hqjho/ H1 P1 U1 D1 dqg Kdowlzdqjhu/ M1 F1= 4<<8/ Sodqw0Ohyho
Dgmxvwphqw dqg Djjuhjdwh Lqyhvwphqw G|qdplfv/ Eurrnlqjv Sdshuv rq
Hfrqrplf Dfwlylw| 3+5,/ 4�871

Fdedoohur/ U1 M1 dqg Kdpprxu/ P1 O1= 4<<9/ Wkh Pdfurhfrqrplfv ri Vshfl0
�flw|1 QEHU Zrunlqj Sdshu & 8:8:/ Fdpeulgjh/ PD1

Grpv/ P1 dqg Gxqqh/ W1= 4<<6/ Dq Lqyhvwljdwlrq lqwr Fdslwdo dqg Oderu
Dgmxvwphqw dw wkh Sodqw Ohyho1 plphr/ Fhqwhu iru Hfrqrplf Vwxglhv/
Fhqvxv Exuhdx1

Jdoh/ G1= 4<<8/ Zkdw Kdyh Zh Ohduqhg iurp Vrfldo OhduqlqjB Plphr/
Ervwrq Xqlyhuvlw|/ Ervwrq/ PD1

Urwhpehuj/ M1= 4<;:/ Wkh Qhz Nh|qhvldq Plfurirxqgdwlrqv/ lq R1 M1 Eodq0
fkdug dqg V1 Ilvfkhu +hgv,/ QEHU Pdfurhfrqrplfv Dqqxdo/ PLW Suhvv/
Fdpeulgjh/ PD/ ss1 9<�4371
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