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77wk Dqqxdo Frqihuhqfh ri wkh Dxvwudoldq Djulfxowxudo dqg
Uhvrxufh Hfrqrplfv Vrflhw|

56058 Mdqxdxu| 5333/ Dxvwudold

Dq Rswlpdo Frqwuro Prgho ri
Ghiruhvwdwlrq lq wkh SGU ri Odrv

U|dq PfDoolvwhu

Ghsduwphqw ri Hfrqrplfv
Xqlyhuvlw| ri Txhhqvodqg

u1pfdoolvwhuCpdloer{1xt1hgx1dx

Urgqh| Ehdug

Ghsduwphqw ri Hfrqrplfv
Xqlyhuvlw| ri Txhhqvodqg

Mrkq Dvxid0Dgmd|h

Ghsduwphqw ri Hfrqrplfv
Xqlyhuvlw| ri Txhhqvodqg

Devwudfw= Wkh Shrsoh*v Ghprfudwlf Uhsxeolf ri Odrv kdv wkxv idu uhwdlqhg

d odujh sursruwlrq ri lwv qdwxudo iruhvwv uhodwlyh wr rwkhu Vrxwk0Hdvw Dvldq frxq0

wulhv1 Wklv glvsursruwlrqdoo| kljk ohyho ri iruhvwdwlrq/ dorqj zlwk fxuuhqw uhjlrqdo

srolwlfdo dqg hfrqrplf idfwruv dfwlqj wr uhgxfh uhjlrqdo wlpehu vxsso|/ pd| fuhdwh

dq lqfuhdvh lq wkh ghpdqg iru Odr wlpehu1 Lq sduwlfxodu/ li wkh Odr jryhuqphqw

pdlqwdlqv frqwuro ri qdwxudo wlpehu kduyhvwlqj dqg vhwv vxvwdlqdeoh udwhv/ wkhq

wkh lqfuhdvh lq ghpdqg pd|  rz lqwr Odrv* loohjdo wlpehu pdunhw1 Wklv sdshu

xvhv d vlpsoh rswlpdo frqwuro prgho wr dqdo|vh wkh lpsdfw ri dq lqfuhdvh lq wkh

ghpdqg iru loohjdo wlpehu1 Lw dujxhv wkdw wkh loohjdo wlpehu pdunhw gdpdjhv erwk

wkh hqylurqphqw dqg hfrqrp|1
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4 Lqwurgxfwlrq

Odrv/ xqolnh pdq| rwkhu Dvldq frxqwulhv/ kdv vr idu hvfdshg wkh vhyhuh suhvvxuhv
ri ryhu srsxodwlrq1 Lq wkh devhqfh ri vxfk suhvvxuhv/ Odrv kdv pdlqwdlqhg durxqg
7: shufhqw ri lwv qdwxudo iruhvwv1 Zkloh Odrv pdlqwdlqv kljko| iruhvwhg uhodwlyh wr
rwkhu Dvldq frxqwulhv/ lw lv vwloo h{shulhqflqj vrph ghiruhvwdwlrq suhvvxuhv +Gr0
prwr 4<<:,1 Lq 4<73 Odrv kdg 4: ploolrq khfwduhv ri qdwxudo iruhvw1 Wklv kdg
idoohq wr 451: ploolrq khfwduhv lq 4<:6/ wr 4415 e| 4<;4 dqg qrz uhpdlqv dw durxqg
44 ploolrq khfwduhv1

Edvhg rq fxuuhqw srolflhv lw dsshduv wkdw Odrv* Jryhuqphqw kdv dgrswhg d
uhodwlyho| vxvwdlqdeoh dssurdfk wr iruhvwu| pdqdjhphqw +Wrrnh| 4<<:,1 Iruhvwv
duh fxuuhqwo| orjjhg rq d txrwd v|vwhp1 DxvDlg +4<<9, uhsruwhg wkdw txrwdv
vwdelolvhg dw durxqg 5:8/333p�/ zkloh wkh Zruog Edqn hvwlpdwhg wkh vxvwdlqdeoh
h{wudfwlrq udwh dw 5;;/333p�1 Loohjdo orjjlqj/ krzhyhu/ zdv hvwlpdwhg dw ehwzhhq
433/333p� dqg 483/333p� dqg wkhuhiruh xqghuplqhg wkh vxvwdlqdelolw| ri wkh
txrwd v|vwhp1 Rwkhu idfwruv xqghuplqlqj wkh vxvwdlqdeoh h{wudfwlrq udwhv lqfoxgh
vodvk dqg exuq djulfxowxuh dqg qrq0frpphufldo wlpehu h{wudfwlrq/ prvw qrwdeo|
iru �uhzrrg1

Loohjdo orjjlqj lv qrw rqo| wkh prvw vljql�fdqw wkuhdw wr Odr qdwxudo iruhvwv/
exw hfrqrplf dqg srolwlfdo frqglwlrqv lq Odrv dqg lw*v qhljkerxuv lqglfdwh wkdw
loohjdo orjjlqj pd| eh ri jurzlqj frqfhuq1 Lq 4<;;  rrgv fodlphg 683 olyhv lq
Wkdlodqg dqg lq 4<<;  rrgv lq Fklqd fodlphg pruh wkdq 6/3331 Wkh ghydvwdwlqj
lpsdfw ri vxfk  rrgv zhuh vljql�fdqwo| dpsol�hg e| wkh odfn ri zdwhu uhwhqwlrq
gxh wr ghiruhvwdwlrq +Orpeduglql 4<<7/ Ndq 4<<;/ Hfnkrop 4<<;d/e,1 Zkloh
 rrgv dqg ghiruhvwdwlrq duh qrw qhz wr VH Dvld +Mlqfkdqj 4<;5/ Vplo 4<;7,/
diwhu uhvshfwlyh  rrgv erwk frxqwulhv uhdfwhg e| edqqlqj orjjlqj1

Wkh orjjlqj edqv lq Fklqd dqg Wkdlodqg lpso| vkruwdjhv lq grphvwlf vxsso|1
Li ghfuhdvlqj grphvwlf vxsso| ri wlpehu lq Wkdlodqg dqg Fklqd fdq qrw eh uhsodfhg
wkurxjk wkh ohjdo pdunhwv lq rwkhu frxqwulhv/ wkhq lw lv srvvleoh wkdw wkh xqixo�oohg
ghpdqg pd| vsloo lqwr Odrv* loohjdo pdunhw1 Zkloh olwwoh txdqwlwdwlyh hylghqfh lv
dydlodeoh/ lw lv eholhyhg wkdw h{sruwv ri loohjdoo| kduyhvwhg wlpehu wr ghiruhvwhg
qhljkerxuv lv douhdg| d vljql�fdqw sureohp +Oleudu| ri Frqjuhvv 4<<8/ s4<5,1

Wklv sdshu xvhv frqwuro wkhru| wr dqdo|vh loohjdo orjjlqj lq d vpdoo iruhvwhg
hfrqrp|1 Wkh vpdoo hfrqrp| lv lqvsluhg e| Odrv/ exw lq uhdolw| wkh prgho lv
phdqw wr uhsuhvhqw d vshfl�f sureohp udwkhu wkdq d vshfl�f frxqwu|1 H{solflwo|/
wkh sureohp lv/ jlyhq wkhuh h{lvwv erwk d ohjdo dqg loohjdo iruhvwu| vhfwru/ krz
grhv d prgho hfrqrp| uhdfw wr lqfuhdvhg h{whuqdo ghpdqg iru wlpehu1

5 Qdwxudo Iruhvwv dqg Rswlpdo Frqwuro Wkhru|

D odujh sursruwlrq ri rswlpdo frqwuro prghov kdyh ehhq dssolhg wr sureohpv ri
uhqhzdeoh uhvrxufhv1 Wkh wzr pdlq duhdv ri vxfk zrun duh rfhdq dqg iruhvw h{0
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sorlwdwlrq1 Iruhvw h{sorlwdwlrq prghov kdyh whqghg wr h{dplqh sodqwdwlrq wlpehu1
Vxfk prghov h{dplqh rswlpdo urwdwlrq dqg kduyhvw wlphv dqg frpprqo| h{dplqh
d wudgh0r� ehwzhhq rwkhu xvhv vxfk dv djulfxowxuh +Vzdoorz hw do 4<<3,/ iroldjh
+Vwlhqndps dqg Ehwwhuv 4<<4, ru pruh jhqhudo dowhuqdwlyhv +Kduwpdq/ 4<:9,1

Prghov dqdo|vlqj ghiruhvwdwlrq duh ohvv frpprq1 Kdvvdq dqg Khuw}ohu +4<;;,
xvh rswlpdo frqwuro wr h{dplqh ghiruhvwdwlrq lq Vxgdq/ dqg pruh jhqhudoo| dulg
dqg vhpl0dulg uhjlrqv1 Lq wklv prgho wkh sulpdu| uhdvrq iru ghiruhvwdwlrq lv
fxwwlqj zrrg iru xvh dv �uhzrrg1 Wkh sdshu dujxhv wkdw wkh frpprq surshuw|
qdwxuh ri Vxgdq*v iruhvwv ohdgv wr �uhzrrg ehlqj xqghuydoxhg dqg ryhu frqvxphg1

Hkxl hw do +4<<3, sursrvhv d wzr0vhfwru frqwuro prgho dqdo|vlqj djulfxowxudo
surgxfwlylw| dqg ghiruhvwdwlrq lq wkh wurslfv1 Lq wklv prgho/ rqfh qdwxudo iruhvwv
duh kduyhvwhg wkh| duh frqyhuwhg wr djulfxowxudo odqg dqg qhyhu doorzhg wr uhjhq0
hudwh1 Hkxl*v wkhruhwlfdo prgho pd{lplvhv glvfrxqwhg xwlolw| ryhu dq lq�qlwh wlph
iudph1 D prwlyh wr ghiruhvw lv surylghg e| djulfxowxudo |lhogv zkloh uhqwdo iruhvw
vhuylfhv surylghv d frqvhuydwlrq prwlyh1 Wkh prgho frqfoxghv wkdw kljkhu djul0
fxowxudo |lhogv uhvxow lq juhdwhu ghiruhvwdwlrq hduo| lq wkh surfhvv ri ghiruhvwdwlrq
dqg ohvv odwhu1 Hkxl dqg Khuwho +4<;<, dsso| d vlplodu d prgho wr Frwh g*Lyrluh1
Krzhyhu/ wkh| gr qrw dwwhpsw wr txdqwli| uhqwdo iruhvw vhuylfhv1

D vljql�fdqw dvvxpswlrq lq erwk prghov lv wkdw wkhuh duh hlwkhu olwwoh ru qr
surshuw| uljkwv ru hqirufhphqw ri surshuw| uljkwv1 Lq rwkhuv zrugv wkh iruhvwv
duh h�hfwlyho| h{sorlwhg dv rshq dffhvv1 Wklv dvvxpswlrq lv fhuwdlqo| dssursuldwh
lq Odrv +Wrrnh| 4<<: s 7,1 Fodun hw do +4<<6, dqdo|vh wkh uroh ri surshuw|
uljkwv hqirufhphqw lq pdqdjlqj iruhvwv1 Fodun hw do ghyhors d prgho zkhuh iruhvw
pdqdjhu*v fkrrvh ohjdo kduyhvw udwhv dqg h{shqglwxuh rq hqiruflqj surshuw| uljkwv1
Lq wkh prgho loohjdo kduyhvw udwhv duh ghwhuplqhg e| dq loohjdo wlpehu vxsso| fxuyh
wkdw ghshqgv rq hqirufhphqw h{shqglwxuh1 Fodun hw do ghulyh wkh vxsso| fxuyh
e| hqgrjhqlvlqj wkh suredelolw| ri ghwhfwlrq1

6 Dqdo|wlfdo Iudphzrun

Wkh prgho suhvhqwhg lq wklv sdshu pd{lplvhv frppxqlw| sur�wv/ zkhuh sur�wv
ghshqg zkroo| rq sur�wv jhqhudwhg e| loohjdo wlpehu kduyhvwlqj dqg uhqwdo iruhvw
vhuylfhv1 Dv glvwlqfw iurpFodun hw do +4<<6,/ jryhuqphqw sur�wv iurp ohjdo orjjlqj
duh qrw lqfoxghg lq wkh pd{lplvdwlrq sureohp1 Lq Fodun*v prgho d iruhvw pdqdjhu
frqwurov wkh iruhvw iru wkh jrrg ri wkh hfrqrp|1 Khuh wkh frppxqlw| frqwurov
loohjdo kduyhvw udwhv dqg jryhuqphqw sur�wv duh dvvxphg lqghshqghqw1 Fodun*v
dssurdfk lv pruh jhqhudo1 Lq wklv sdshu/ krzhyhu/ wkh prgho lv krshg wr dqdo|vh
wkh loohjdo wlpehu pdunhw*v uhvsrqvh wr lqfuhdvhg ghpdqg1 Wkh jryhuqphqw lv
h{foxghg iurp wkh pd{lplvdwlrq sureohp dv lw lv dujxhg wkdw dq hqylurqphqwdoo|
uhvsrqvleoh/ sulfh wdnlqj jryhuqphqw zloo eh xqd�hfwhg e| ghpdqg lqfuhdvhv1

Wkh gluhfw �qdqfldo uhzdugv iurp kduyhvwlqj wlpehu surylghv d prwlydwlrq wr
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ghiruhvw1 Wkh iruhvwv duh kduyhvwhg erwk ohjdoo| dqg loohjdoo|/ e| wkh jryhuqphqw
dqg wkh frppxqlw| uhvshfwlyho|1 Wkh jryhuqphqw/ ryhu hdfk wlph iudph/ dvvhvvhv
wkh uhpdlqlqj iruhvw vwrfn dqg lvvxhv txrwdv wr orj wkh iruhvw dw d vwurqjo| vxv0
wdlqdeoh udwh1 Wkdw lv wkh| wdnh rqo| dv pxfk dv zloo uhjurz lq wkh wlph shulrg
+Wxuqhu 4<<6/ s44,1 Lq fdofxodwlqj wkh vxvwdlqdeoh udwh ri wlpehu kduyhvwlqj/ wkh
jryhuqphqw frqwlqxdoo| dvvxphv qr loohjdo wlpehu kduyhvwlqj1 Wkxv/ ryhu hdfk
wlph iudph wkh udwh ri ghiruhvwdwlrq lv glfwdwhg sxuho| e| loohjdo orjjhuv1

Wkh dvvxpswlrq wkdw wkh jryhuqphqw vhwv d vwurqjo| vxvwdlqdeoh udwh lv d
vlpsol�fdwlrq1 Wkh ohyho ri txrwdv duh frqvwdqwo| fkdqjlqj/ dqg zkloh lw pd|
dsshdu wkdw txrwdv duh vhw zlwk vxvwdlqdelolw| lq plqg wkh| duh fhuwdlqo| qrw vhw dw
d vwurqjo| vxvwdlqdeoh udwh1 DxvDlg +4<<9, uhsruwv d Xqlwhg Qdwlrqv hvwlpdwh ri
5/333 khfwduhv ri dqqxdo uhjurzwk frpsduhg wr txrwdv wrwdoolqj durxqg 5:8/333p�

zklfk htxdwhv wr urxjko| 4;8/333 khfwduhv1

Wkh jryhuqphqw*v rwkhu uroh lq wklv prgho hfrqrp| lv wr frqwuro loohjdo orjjlqj1
Wkh prgho hfrqrp| lv edvhg rq d srru vsduvho| srsxodwhg frxqwu| zlwk srru
lqiudvwuxfwxuh1 Wkhvh dwwulexwhv pdnh frqwuroolqj wkh sureohp d gl!fxow wdvn1 Lq
wklv prgho wkh suredelolw| ri pdnlqj d sur�w iurp loohjdo orjjlqj lv jlyhq e| dq
hqgrjhqrxv exw xqvshfl�hg ixqfwlrq= }E%c ��1 Wkh suredelolw| ri pdnlqj sur�wv
lv dvvxphg wr lqfuhdvh dv iruhvw vwrfn lqfuhdvhv/ exw dv d ghfuhdvlqj udwh1 Dv
kduyhvw udwhv lqfuhdvh/ wkh suredelolw| ri pdnlqj sur�wv duh dvvxphg wr ghfuhdvh
exw dw dq lqfuhdvlqj udwh1

D frqvhuydwlrq prwlyh lv surylghg e| uhqwdo iruhvw vhuylfhv1 Wkhvh duh ehqh�wv
dvvrfldwhg zlwk kdylqj dqg lqwdfw iruhvw v|vwhp1 Lq Odrv wkhvh ehqh�wv lqfoxgh
kxqwlqj/ froohfwlqj iuxlw dqg khuedo phglflqh1 Vxfk vhuylfhv frqwlqxh wr eh lp0
sruwdqw wr wkh suhgrplqdwho| uxudo gzhoolqj Odr hfrqrp| +Oleudu| ri Frqjuhvv
4<<8/ s;9/493,1 Uhqwdo iruhvw vhuylfhv duh vshfl�hg dv d olqhdu ixqfwlrq ri d sulfh
lqglfdwru E�s�1 Wkh sulfh ydoxhv wkh dyhudjh groodu ehqh�w iurp d khfwduh ri iruhvw
ryhu wlph E|c |n _|�1

Jlyhq wkh dqdo|wlfdo iudphzrun vshfl�hg deryh/ wkh sureohp ehfrphv wkdw ri
pd{lplvlqj wkh iroorzlqj=

`
�
'

"]
f

EE���}E%c �� n %�s� e
3o|_| +4,

vxemhfw wr=

�
%' �� +5,

%Ef� ' %f +6,
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%� � � f +7,

� � f +8,

zkhuh � uhihuv wr wkh txdqwlw| ri wlpehu loohjdoo| kduyhvwhg lq khfwduhv/ �� wkh
dyhudjh sur�w shu khfwduh ri loohjdoo| kduyhvwhg wlpehu/ }E%c �� wkh suredelolw|
ri pdnlqj d sur�w iurp loohjdo orjjlqj/ % wkh uhpldqlqj vwrfn ri qdwxudo iruhvw
lq khfwduhv/ �s dq lpsolhg shu khfwduh sur�w iurp iruhvw uhqwdo vhuylfhv/ dqg o
dq h{rjhqrxv glvfrxqw udwh1 Doo yduldeohv kdyh dq lpsolflw wlph vxevfulsw1 Wkh
vxevfulsw kdv ehhq ljqruhg iru hdvh ri qrwdwlrq1

614 Vwhdg|0Vwdwh Dqdo|vlv

Jlyhq wkh htxdwlrqv rxwolqhg deryh/ wkh fxuuhqw ydoxh Kdplowrqldq ehfrphv=

hM ' ���}E%c �� n %�s � �� +9,

D Odjudqjldq lv xvhg wr frqvwudlq wkh prgho1 Htxdwlrq +:, vkrzv wkh Od0
judqjldq dv wkh fxuuhqw ydoxh Kdplowrqldq zlwk wkh dssursuldwh frqvwudlqw dw0
wdfkhg1 Wkh whup b dfwv dv wkh pxowlsolhu=

u ' ���}E%c �� n %�s � ��n bE%� �� +:,

Wkh qhfhvvdu| frqglwlrqv dvvrfldwhg zlwk wkh Odjudqjldq duh wkh �uvw rughu
frqglwlrq +;,> wkh frvwdwh htxdwlrq +<, dqg wkh Nxkq0Wxfnhu frqglwlrq +43,=

E��} � ��}� � � � b�� ' f +;,

�

�' o� � ���}% � �s n b +<,

bE%� �� ' f +43,

Vroylqj wkh �uvw rughu frqglwlrq iru �/ wkhq wrwdoo| gl�huhqwldwlqj zlwk uhvshfw
wr wlph jlyhv=

�

�'

�
�� E}E%c �� n ��}� n �2}���

�
�
���}E�c %� n ���

2}� � %b

�2

�
�

� +44,

n

�
���}% n ���

2}%� � b

�

�
�
%
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Vhwwlqj +44, htxdo wr wkh frvwdwh htxdwlrq +<,/ vxevwlwxwlqj lq
�
% / vroylqj iru

�

� dqg froohfwlqj wkh Odjudqjldq jlyhv=

�

�'
�b Eo n ��

2��}� n �}��
n
�� E�

2}�% n o}E�c %� n o�}��� ��s

�� E2}� n �}���
+45,

Jlyhq lw lv qrw sulfhv dv vxfk/ exw udwkhu wkh udwlr ehwzhhq sulfhv wkdw h�hfwv
ghiruhvwdwlrq/ +45, fdq eh ixuwkhu uh�qhg e| gh�qlqj � ' ��*�s 1 Wkhuhiruh
�� ' ��s 1 Vxevwlwxwlqj wklv lqwr +45, vkrzv=

�

�'
�b Eo n ��

2��}� n �}��
n
�2}�% n o}E�c %� n o�}� � �

2}� n �}��
+46,

Htxdwlrqv +46, dqg +5, gh�qh wkh g|qdplf prgho hfrqrp|1 Krzhyhu/ wkh �qdo
irup lq zklfk wkh htxdwlrqv duh dssolhg fkdqjhv ghshqglqj rq zklfk frqvwudlqwv
elqg1 Jlyhq wkhuh duh wzr frqvwudlqwv +% � � dqg � � f, wkhuh duh irxu srvvleoh
frpelqdwlrqv ri frqvwudlqwv1 Wkhvh frpelqdwlrqv duh frqvlghuhg lq wxuq1

Fdvh 4= % � � dqg � 	 f 1 Lq Fdvh 4 wkh � � f/ frqvwudlqwv elqgv1 Wklv
lpsolhv wkdw b 9' f dqg � ' f1 Vroylqj +46, iru b dqg vxevwlwxwlqj lq � ' f vkrzv=

�

�' f +47,

Fdvh5= % 	 � dqg � � f 1 Lq Fdvh 5 wkh kduyhvw udwhv h{fhhg wkh dydlodeoh
vwrfn1 Wkh � 	 % frqvwudlqw wkhuhiruh elqgv lpso|lqj b 9' f dqg % ' �1 Wkh
uhohydqw htxdwlrqv iru

�
% dqg

�

� ehfrphv=

�
%' �% +48,

�

�' �� +49,

Fdvh 6= % � � dqg � � f 1 Lq Fdvh 6 qhlwkhu ri wkh frqvwudlqwv duh elqglqj1
Wkhuhiruh b htxdov }hur dqg htxdwlrq +46, ehfrphv +4:,=

�

�'
�2}�% n o}E�c %� n o�}� � �

2}� n �}��
+4:,

Fdvh 7= % 	 � dqg � 	 f1 Lq wkh irxuwk fdvh erwk frqvwudlqwv elqg dqg
htxdwlrqv +48, dqg +49, duh uhohydqw1
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615 Skdvh0Gldjudp Dqdo|vlv

Vlqfh wkh suredelolw| ixqfwlrq lv xqvshfl�hg/ d skdvh gldjudp fdqqrw eh frq0
vwuxfwhg txdqwlwdwlyho|1 Krzhyhu/ txdolwdwlyh lqirupdwlrq lv hqrxjk wr ghwhuplqh
orfdo vwdelolw| ri wkh prgho1 Wkh prgho hfrqrp| lv vkrzq wr frqwdlq dq dv|ps0
wrwlfdoo| vwdeoh vsludo srlqw1 Wklv lv dq dqdo|wlfdo frqfoxvlrq edvhg rq wkh wudfh
dqg { ri wkh Mdfreldq pdwul{ +�,/ dv gh�qhg lq Ehdylv dqg Greev +4<<3,1 Wkh
vwhsv wdnhq lq uhdfklqj wklv d frqfoxvlrq duh ghwdlohg lq Dsshqgl{ 41

Wzr olqhv ri ghpdundwlrq duh ghulyhg wr vkrz srlqwv zkhuh
�
%' f dqg

�

�' f1
Wkh htxdwlrq

�
%' �� lv htxdo wr }hur zkhq k lv htxdo wr }hur1 Wkhuhiruh

�
%' f

htxdov }hur dorqj wkh olqh � ' �W ' f1

Ehfdxvh wkh xqvshfl�hg suredelolw| ri pdnlqj d sur�w ghshqgv rq kduyhvw
udwhv/ wkh olqh lqglfdwlqj

�

�' f fdq rqo| eh k|srwkhvlvhg1 Lqwxlwlyho|/ li iru0
hvw vwrfnv lqfuhdvh/ vr wr zloo wkh yroxph ri loohjdo kduyhvwv1 Wkh ghpdundwlrq
olqh lv dvvxphg wr kdyh d srvlwlyh vorsh dqg/ dvvxplqj wkh vwhdg| vwdwh ohyho ri
iruhvwdwlrq lv srvlwlyh/ furvv wkh olqh

�
%' f dw vrph srvlwlyh ydoxh1 Jlyhq wkdw

wkh suredelolw| ri pdnlqj d sur�w iurp loohjdo orjjlqj lv dvvxphg wr lqfuhdvh dw
d ghfuhdvlqj udwh dv wkh uhpdlqlqj iruhvw vwrfn lqfuhdvhv/ wkh

�

�' f ghpdundwlrq
fxuyh eh fdq dvvxphg wr eh frqfdyh1

Iljxuh 4 vkrzv wkh ghpdundwlrq olqhv dorqj zlwk d vsludolqj dv|pswrwlfdoo|
vwdeoh htxloleulxp1 Iurp dq| glvhtxloleulxp srlqw E%c �� rq Iljxuh 4/ wkh htxl0
oleulxp E%Wc �W� lv dssurdfkhg exw ryhu vkrw1 Hyhqwxdoo| loohjdo kduyhvw udwhv
frqyhujh wr �W dqg iruhvw vwrfn wr %W1

Iljxuh 4

Skdvh Gldjudp

:



Srlqwv dorqj
�

�' f vkrz srlqwv zkhuh wkhuh lv qhlwkhu lqfhqwlyh wr loohjdoo|
kduyhvwlqj pruh ru ohvv wlpehu1 Dw dq| srlqw ehorz

�

�' f wkhuh lv lqfhqwlyh
wr kduyhvw pruh wlpehu1 Dowhuqdwlyho| srlqwv deryh

�

�' f vkrz dq lqfhqwlyh wr
kduyhvw ohvv1

Srlqwv dorqj
�
%' f vkrz vxvwdlqdeoh wlpehu kduyhvwlqj1 Dv vwdwhg deryh wklv

lpsolhv qr loohjdo orjjlqj1 Iru dq| ydoxhv deryh
�
%' f iruhvw vwrfn zloo ghfuhdvh/

zkloh iru ydoxhv ehorz
�
%' f iruhvw vwrfn zloo lqfuhdvh1

Qhjdwlyh kduyhvw udwhv/ ri frxuvh/ duh qrw sodxvleoh1 Li wkh| zhuh sodxvleoh wkhq
wkh wudmhfwrulhv zrxog iroorz wkrvh vshfl�hg e| Iljxuh 41 Lq wklv prgho hfrqrp|/
krzhyhu/ wudmhfwrulhv iroorz wkrvh ri Iljxuh 4 rqo| dv idu dv

�
%' f dw zklfk srlqw

wkh frqvwudlqwv elqg1 Iruhvw vwrfnv duh luuhyhuvleo| erxqghg dw wkh lqwhuvhfwlrq
ri uhvshfwlyh wudmhfwrulhv dqg

�
%' f1

Iljxuh 5 vkrzv wzr wudmhfwrulhv zkhuh kduyhvwv duh frqvwudlqhg wr eh srvlwlyh1
Wudmhfwru| @ kdv d vwduwlqj srlqw zkhuh wkhuh lv lqfhqwlyh wr kduyhvw pruh1 Wkh
olqh

�

�' f lv furvvhg dqg wkh lqfhqwlyh wr kduyhvw lv ohvvhqhg dv ghiruhvwdwlrq
ghfuhdvhv wkh suredelolw| ri pdnlqj d sur�w1 Lqfhqwlyhv frqwlqxh wr idoo xqwlo
hyhqwxdoo| qr wlpehu lv loohjdoo| kduyhvwhg E%@�1 Wklv ohdyhv wkh iruhvw vwrfn
%W � %@ ohvv wkdq lwv xqfrqvwudlqhg htxloleulxp1

Iljxuh 5

Skdvh Gldjudp Dqdo|vlv

;



7 Wkh Lpsdfw ri Lqfuhdvhg H{whuqdo Wlpehu Ghpdqg

Wkh v|vwhp vshfl�hg deryh lv edvhg rq vlpsoli|lqj dvvxpswlrqv1 Lq dgglwlrq
wkh prgho*v fkdudfwhulvwlfv duh ghwhuplqhg xvlqj txdolwdwlyh whfkqltxhv dqg dq
xqvshfl�hg hqgrjhqrxv suredelolw| ixqfwlrq1 Wkhuhiruh/ wkh k|srwkhvlv uhjduglqj
wkh lpsdfw ri Odrwlrq iruhvwv wr lqfuhdvhg h{whuqdo wlpehu ghpdqg fdq rqo| eh
dqdo|vhg wkhruhwlfdoo|1

Dvvxph srwhqwldo wudglqj sduwqhuv ri wkh prgho hfrqrp| lqfuhdvh wkhlu gh0
pdqg iru wlpehu vxfk wkdw lw fdq qhlwkhu eh phhw hlwkhu grphvwlfdoo| ru wkurxjk
wkhlu wudglqj sduwqhuv* ohjdo pdunhwv1 Wklv lpsolhv wkh h{wud ghpdqg pd| vsloo
lqwr wkh prgho hfrqrp|*v loohjdo pdunhw1 Wkh lqfuhdvhg ghpdqg zloo lqfuhdvh
wlpehu sulfhv1 D rqh0r� lqfuhdvh lq wkh sulfh ri wlpehu lv vkrzq rq Iljxuh 61

Iljxuh 6

Lpsdfw ri dq H{rjhqrxv Lqfuhdvh lq Wlpehu Sulfhv

Wkh sulfh lqfuhdvh pryhv wkh fxuyh E
�

�' f�� rq Iljxuh 6 ohiwzdugv wr E
�

�'
f���1 Jlyhq wklv ohdyhv wkh kduyhvw udwh dvvrfldwhg zlwk %W ohvv wkdq wkdw lpsolhg
e| wkh qhz olqh E

�
%' f���/ wkhuh lv lqfhqwlyh wr kduyhvw pryh1 Dv kduyhvw udwhv

lqfuhdvh deryh wkh vxvwdlqdeoh udwh ri 3/ dv vkrzq dorqj
�
%' f/ wkh iruhvw vwrfn

ghfuhdvhv1 Wkh vkulqnlqj iruhvw vwrfn orzhuv wkh suredelolw| ri pdnlqj d sur�w/
dqg wkhuhiruh hyhqwxdoo| wkhuh lv qr orqjhu dq| prwlyh wr lqfuhdvh loohjdo kduyhvw
udwhv1 Wkh sur�w ri wkh uhvlghqwv zrxog qrz eh pd{lplvhg dw %EK�� Krzhyhu/
jlyhq wkh luuhyhuvlelolw| ri wkh kduyhvwlqj ghflvlrq/ wkh iruhvw vwrfn kdv d qhz

<



xsshu erxqg ri %E@�1 Wkh vwdelolw| ri wkh prgho vkrzv loohjdo kduyhvwhuv gr vhoi
pdqdjh exw xowlpdwho| zloo ohdyh wkh hfrqrp| zruvh r�1

Glvfrxqwlqj

Vhyhudo dxwkruv glvfxvv wkh lghrorjlfdo sureohpv dvvrfldwhg zlwk glvfrxqwlqj
hqylurqphqwdo ghflvlrqv +Jrzg| dqg R*Kdud 4<<:/ Jrzg| 4<<7/ Wlvghoo 4<<4,1
Wkh prgho suhvhqwhg deryh kljkoljkwv wkh sureohp1 Lq wkh prgho hfrqrp|/ zkhuh
sodqqhuv gr glvfrxqw wkh ixwxuh/ dq lqfuhdvh lq wkh glvfrxqw udwh/ fhwhulv sdulexv/
lqfuhdvhv wkh prwlydwlrq wr ghiruhvw1 Vwduwlqj iurp dq htxloleulxp srlqw loohjdo
+dqg wkhuhiruh xqvxvwdlqdeoh, kduyhvwlqj lqfuhdvhv dqg grhv qrw ehjlq wr idoo xqwlo
wkh ohyho ri ghiruhvwdwlrq lv ohvv wkdq wkh qhz orzhu xqfrqvwudlqhg htxloleulxp
ohyho ri iruhvwdwlrq1

8 Frqfoxvlrqv

Wkh rswlpdo frqwuro prgho ghyhorshg e| wkh sdshu doorzv d frppxqlw| wr fkrrvh
rswlpdo kduyhvw udwhv lq rughu wr pd{lplvh sur�wv1 D iruhvw frqvhuydwlrq prwlyh
lv surylghg e| uhqwdo iruhvwv vhuylfhv zkloh wlpehu vdohv surylgh dq lqfhqwlyh wr
ghiruhvw1 Lq wkh prgho wkh jryhuqphqw lv dfwlyh1 Krzhyhu/ dvvxplqj wkh| kduyhvw
dw d vwurqjo| vxvwdlqdeoh udwh dqg wkdw wkhlu kduyhvw grhv qrw surylgh dq| sur�wv
wr wkh frppxqlw|/ wkh h�hfw ri wkh jryhuqphqw idoov rxw ri wkh prgho1

Wkh prgho*v sulpdu| sxusrvh lv wr surylgh d wkhruhwlfdo iudphzrun iurp zklfk
wr dqdo|vh wkh lpsdfw ri lqfuhdvhg wlpehu ghpdqg rq ghiruhvwdwlrq lq Odrv1 Wkh
prgho kdv ehhq vlpsol�hg wr irfxv rq wklv sureohp1 Wkh vlpsol�fdwlrqv/ lq sdu0
wlfxodu wkh wuhdwphqw ri wkh jryhuqphqw/ pd| ghhp wkh prgho wrr uhvwulfwlyh iru
dowhuqdwlyh lqwhusuhwdwlrqv1 Krzhyhu/ wkhruhwlfdo frqfoxvlrqv fdq eh gudz uhjdug0
lqj wkh vshfl�f sureohp1

Wkh pdlq frqfoxvlrq ri wkh prgho lv wkdw qrw rqo| grhv lqfuhdvhg ghpdqg
iru wlpehu kdyh d qhjdwlyh lpsdfw rq Odr iruhvwv/ exw e| dujxlqj wkdw wkh g|0
qdplf v|vwhp frqwdlqv d vsludoolqj dv|pswrwlfdoo| vwdeoh htxloleulxp/ wkh qhjdwlyh
lpsdfw ri loohjdo kduyhvwlqj lv h{djjhudwhg e| wkh luuhyhuvlelolw| ri kduyhvwlqj gh0
flvlrqv dqg wkh voxjjlvk pdqqhu lq zklfk loohjdo kduyhvwhuv dgmxvw wkhlu kduyhvwv1
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Dsshqgl{ 4
Wkh dv|pswrwlfdoo| vwdeoh qdwxuh ri wkh prgho lv edvhg rq wkh dvvxpswlrq

wkdw erwk wkh wudfh dqg { ri wkh prgho*v Mdfreldq pdwul{ +dv gh�qhg lq Ehdylv
dqg Greev 4<<3,/ wdnh rq qhjdwlyh ydoxhv1 Wkh Mdfreldq pdwul{ +�, lv gh�qhg
dv=

� '
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�
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Y
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�
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Y�
Y

�

%

Y%
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'

�
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�
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�

�
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�
+D4,

Wkh |o@Se ri � lv gh�qhg dv=

|o@SeE�� '
Y

�

�

Y�
�
Y

�
%

Y%
'

Y
�

�

Y�
+D5,

Wkh wudfh/ wkhuhiruh/ fdqfhov wr htxdo wkh ghulydwlyh ri wkh kduyhvw udwh*v pr0
wlrq htxdwlrq zlwk uhvshfw wr kduyhvw udwhv1 Wklv lv qhjdwlyh lqwxlwlyho|1 Dv �
lqfuhdvhv wkh xqvshfl�hg suredelolw| ri pdnlqj d sur�w ghfuhdvhv1 Wkhuhiruh wkh
prwlrq ri kduyhvw udwhv zloo eh qhjdwlyh dv � lqfuhdvhv/ doo hovh uhpdlqlqj htxdo1

Wkh whup { lv gh�qhg dv=

{ ' |o@SeE��2 � e m�m +D7,

Wkh ghwhuplqdwh ri � fdqfhov dv iroorzv=

m�m '
Y

�

�

Y�
�
Y

�
%

Y%
�
Y

�
%

Y�
�
Y

�

�

Y%
'

Y
�

�

Y%
+D8,

Jlyhq +D5, dqg +D8,/ { ehfrphv=

{ '

#
Y

�

�

Y�

$2

� e�
Y

�

�

Y%
+D9,

Wkh dv|pswrwlfdoo| vwdeoh qdwxuh ri wkh prgho lv edvhg rq +D9, wdnlqj d
qhjdwlyh ydoxh1 Wkh �uvw whup lq +D9, zloo eh srvlwlyh jlyhq lw lv d vtxduh1 Wkh

ghulydwlyh Y
�

� *Y� iurp wkh vhfrqg whup lq +D9,/ wkhuhiruh/ pxvw qrw rqo| eh

srvlwlyh exw dovr juhdwhu wkdq d txduwhu ri wkh vtxduh ri Y
�

� *Y�1 Wklv frqglwlrq
lv vkrzq lq +D:,=

Y
�

�

Y%
:

�
Y

�

�
Y�

�2
e

+D:,
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Xqiruwxqdwho| wklv frqglwlrq lv kdug wr suryh pdwkhpdwlfdoo|1 Djdlq rqh pxvw
uho| rq lqwxlwlrq1 Wkh ghulydwlyh Y

�

� *Y� lv kduyhvw udwh*v prwlrq htxdwlrq zlwk
uhvshfw wr iruhvw vrfn1 Dv iruhvw vwrfn lqfuhdvhv vr wr grhv wkh xqvshfl�hg sure0
delolw| ri pdnlqj d sur�w1 Doo hovh uhpdlqlqj htxdo/ li iruhvw vwrfn lv lqfuhdvlqj
wkh prwlrq ri loohjdo kduyhvw udwhv zloo qhyhu eh qhjdwlyh1

Ilqdoo| wkh lvvxh ri pdjqlwxgh pxvw eh dgguhvvhg1 Dv vwdwhg deryh/ Y
�

� *Y%

pxvw eh juhdwhu wkdq d txduwhu ri wkh vtxduh ri Y
�

� *Y�1 Zkloh wkh pdjqlwxgh ful0
whulrq pxvw eh dvvxphg/ wkh sodxvlelolw| ri wkh dvvxpswlrq fdq eh ghprqvwudwhg
xvlqj wkuhh vlpsoh +orfdo, vfhqdulrv=

41 li Y
�

� *Y� htxdov Y
�

� *Y% frqglwlrq +D:, lv ydolg xs wr wkh srlqw wkdw

Y
�

� *Y� htxdov 7>

51 li Y
�

� *Y� htxdov xqlw| wkhq Y
�

� *Y% qhhg eh ehwzhhq �2e dqg lq�qlw| wr
vdwlvi| +D:,> dqg

61 li Y
�

� *Y% htxdov xqlw| wkhq Y
�

� *Y� qhhg eh ehwzhhq 05 dqg 5 wr vdwlvi|
+D:,>

�
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