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Devwudfw

Uhdo0zruog vwrfn pdunhwv duh yrodwloh dqg h{suhvvhv vxfk wudlwv dv ryhu0
ydoxdwlrq/ sv|fkrorjlfdo prrgv/ f|fohv dqg fudvkhv1 Wklv sdshu ghyhorsv
dqg h{soruhv d idluo| vlpsoh prgho zklfk h{suhvvhv wkhvh wudlwv1 Wkh prgho
lv frqwlqxrxv dqg qrq0olqhdu1 Lw lv ghyhorshg lq vwdjhv1 Lq wkh lqlwldo vwdjhv
lw dssolhv wr wkh sulfh g|qdplfv ri rqh w|sh ri vwrfn rqo|1 Odwhu rq lw lv
dssolhg wr d zhljkwhg sulfh lqgh{ ri gl�huhqw vwrfnv/ wr wu| wr fdswxuh
wkh g|qdplfv ri d vwrfn h{fkdqjh dv d zkroh1 Wkh prgho lv qrw edvhg rq
plfur lqglylgxdo djhqwv/ exw rq wkh pdunhw dv d zkroh glvsod|lqj frp0
srvlwh ehkdylru wkdw lv dujxhg wr eh wkh djjuhjdwh uhvxow ri lqglylgxdo
djhqw ehkdylrxu1 Wkh lghd lv wr pdnh vrph ehkdylrxudo dvvxpswlrqv/ dqg
wkhq dgmxvw sdudphwhuv dqg h{soruh zkhwkhu uhdolvwlf txdolwlwdwlyh wudlwv
ri vwrfn pdunhw g|qdplfv vkrz xs1 Iurp wklv iroorzv wkdw wkh prgho fdq
pdnh qr fodlpv zkdwvrhyhu wr suhglfw zkhq dqg krz pxfk d jlyhq vwrfn
pdunhw zloo ulvh ru idoo1 Lwv sxusrvh lv lqvwhdg wr jdlq txdolwdwlyh lqvljkwv
lqwr wkh phfkdqlvpv ri vwrfn pdunhw ehkdylrxu1

4 Lqwurgxfwlrq

Wklv sdshu lv d v|vwhpv hqjlqhhu*v dwwhpsw wr xqghuvwdqg dqg frqvwuxfw d prgho
ri vwrfn pdunhw g|qdplfv1 Wkh prgho lv jhqhulf/ l1h1 lw lv qrw dq dwwhpsw wr
prgho ru suhglfw wkh ehkdylrxu ri d vshfl�f vwrfn h{fkdqjh1 Wkh pdlq dvvxps0
wlrqv ehklqg wkh sdshu duh dv iroorzv=

Lw lv frqvlghuhg d idfw ri olih wkdw d vljql�fdqw vkduh ri vwrfn pdunhw ehkdylrxu
frqvlvwv ri iroorzlqj wkh khug/ �qrlvh wudglqj�/ �wuhqg fkdvlqj�/ �whfkqlfdo wudg0
lqj� hwf1 Wkxv zh gr qrw hqjdjh lq wkh glvfxvvlrq ri �krz fdq vxfk vwrfn pdunhw
djhqwv suhydlo/ zrq*w wkh| eh zhhghg rxw vlqfh wkh| duh qrq0udwlrqdoB�/ dv iru
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lqvwdqfh lq GhOrqj hw do1 ^4`1 Lqvwhdg zh krog wkdw qrq0udwlrqdolw| lv d dq revhuy0
deoh wudlw ri uhdo0zruog vwrfn pdunhwv1 Wklv lv lq wkh wudglwlrq ri M1 P1 Nh|qhv
^5`/ zkr vwdwhv= �111doo vruwv ri frqvlghudwlrqv hqwhu lqwr wkh pdunhw ydoxdwlrq
zklfk duh lq qr zd| uhohydqw wr wkh survshfwlyh |lhog� +s1485,/ �1111Lw pljkw kdyh
ehhq vxssrvhg wkdw frpshwlwlrq ehwzhhq h{shuw surihvvlrqdov111 zrxog fruuhfw
wkh ydjdulhv ri wkh ljqrudqw lqglylgxdo111 Krzhyhu/111wkhvh shuvrqv duh/ lq idfw/
odujho| frqfhuqhg/ qrw zlwk pdnlqj vxshulru orqj0whup iruhfdvwv ri wkh suredeoh
|lhog ri dq lqyhvwphqw ryhu lwv zkroh olih/ exw zlwk iruhvhhlqj fkdqjhv lq wkh
frqyhqwlrqdo edvlv ri ydoxdwlrq d vkruw wlph dkhdg ri wkh jhqhudo sxeolf111 Iru lw
lv qrw vhqvleoh wr sd| 58 iru dq lqyhvwphqw ri zklfk |rx eholhyh wkh survshfwlyh
|lhog wr mxvwli| d ydoxh ri 63/ li |rx dovr eholhyh wkdw wkh pdunhw zloo ydoxh lw
dw 53 wkuhh prqwkv khqfh1� +ss1487088,/ �1111Wkh vrfldo remhfw ri vnloohg lqyhvw0
phqw vkrxog eh wr ghihdw wkh gdun irufhv ri wlph dqg ljqrudqfh zklfk hqyhors
rxu ixwxuh1 Wkh dfwxdo/ sulydwh remhfw ri prvw vnloohg lqyhvwphqw wrgd| lv wr
ehdw wkh jxq/ dv wkh Dphulfdqv vr zhoo h{suhvv lw/ wr rxwzlw wkh furzg/ dqg wr
sdvv wkh edg/ ru ghsuhfldwlqj/ kdoi0furzq wr wkh rwkhu ihoorz1� +s1 488,1

Zh dovr dvvxph wkdw wkhuh h{lvw �ixqgdphqwdov�/ ru dq �dqfkru� vwrfn sulfh
fruuhvsrqglqj wr d vxvwdlqdeoh |lhog�d |lhog wkdw lv dovr �uhdvrqdeoh�/ frpsduhg
wr dowhuqdwlyh �qdqfldo lqvwuxphqwv olnh erqgv1 Ixuwkhupruh/ lw lv dvvxphg wkdw
wkh djjuhjdwh ri djhqwv kdyh vrph vruw ri ihholqj iru zkdw wkhvh ixqgdphqwdov
duh +dw ohdvw zkhq vwrfn sulfhv duh idu dzd| iurp wkhp,/ dqg wkdw wklv lv fuxfldo
iru orqj0udqjh vwrfn pdunhw g|qdplfv1 Wklv lv dw rggv zlwk Gdylgvrq ^6`/ zkr
krogv wkdw dq| vwrfn sulfh lv mxvw dv olnho| wr suhydlo dv dqrwkhu/ edvhg rq wkh
ylhz wkdw wkh ixwxuh lv frpsohwho| xqsuhglfwdeoh dw dq| lqvwdqw lq wlph1

Wkh prgho lv ri wkh wrs0grzq fdwhjru|/ wkxv qrw edvhg rq d srsxodwlrq ri
�plfur� lqglylgxdo djhqwv lq wkh duwl�fldo olih wudglwlrq1 Lw lv ri d frqwlqxrxv qrq0
olqhdu gl�huhqwldo htxdwlrq w|sh/ ri wkh pdunhw dv d zkroh/ glvsod|lqj frpsrvlwh
ehkdylrxu wkdw lv dujxhg wr eh wkh djjuhjdwh uhvxow ri lqglylgxdo djhqw ehkdylrxu1

Wklv sdshu lv txlwh gl�huhqw iurp wkdw ri iru lqvwdqfh Z1 Euldq Duwkxu hw do1
^7`/ erwk lq lwv wrs0grzq sdudgljp/ dqg lq lpsruwdqw ehkdylrxudo dvvxpswlrqv1
Duwkxu hw do1 frqfoxgh wkdw vpdoo exeeohv dqg fudvkhv zloo rffxu +krz riwhq
lv qrw fohdu vlqfh wkh| lq wkhlu sdshu gr qrw sxw dq| vfdoh rq wkh wlph d{lv,
ehfdxvh djhqwv rffdvlrqdoo|/ ehfdxvh ri zloolqjqhvv wr h{shulphqw/ zloo orfn rqwr
hdfk rwkhu lq exeeoh0olnh h{fxuvlrqv dzd| iurp d �fruuhfw� sulfh wkdw zrxog
rwkhuzlvh iroorz iurp d sxuh udwlrqdo h{shfwdwlrqv vfhqdulr1 Uhodwhg wr Duwkxu
hw1 do1 lv d sdshu ri Eurfn dqg Krpphv ^8`/ zkr dujxh wkdw sulfh yrodwlolw|
lv gxh wr djhqwv fkrrvlqj �fkhds� exw ghvwdelol}lqj wudglqj vwudwhjlhv qhdu wkh
fruuhfw sulfh/ exw pruh h{shqvlyh/ ehwwhu dqg vwdelol}lqj +wkxv prylqj wkh sulfh
wrzdugv wkh fruuhfw ohyho, vwudwhjlhv zkhq sulfhv duh reylrxvo| r� wkh pdun1
Frpprq iru erwk sdshuv lv wkh ylhz wkdw g|qdplfv dqg yrodwlolw| fdq eh h{0
sodlqhg vroho| wkurxjk hqgrjhqrxv phfkdqlvpv dqg d edvlfdoo| �udwlrqdo� w|sh
ri djhqw ehkdylrxu1 Wklv sdshu/ dv vwdwhg deryh/ dvvxphv wkdw djhqwv kdyh vlj0
ql�fdqw luudwlrqdo ehkdylrxu wudlwv/ dqg ixuwkhupruh wkdw g|qdplfv duh dovr d
frqvhtxhqfh ri h{rjhqrxv lqsxwv lq wkh irup ri hyhqwv dqg prrg fkdqjhv1

Wkh odujh gl�huhqfhv lq dssurdfkhv wr vwrfn pdunhw prgholqj duh xqghu0
vwdqgdeoh1 Djhqw ehkdylrxu lq d vwrfn pdunhw lv h{wuhpho| frpsolfdwhg dqg
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khwhurjhqrxv1 Dq| vxfk prgho pxvw ehfdxvh ri qhffhvvdu| dqg vwurqj vlpsol�0
fdwlrq eh idluo| vshfxodwlyh1 Wkhuhiruh vhyhudo dqjohv ri dwwdfn rq wklv sureohp
vkrxog eh h{soruhg/ dqg wklv sdshu lv rqh vxfk dwwhpsw1

Wkh g|qdplfv ri wkh pdunhw duh frqvlghuhg wr eh gulyhq e| wkuhh pdlq
ghpdqg frpsrqhqwv= Rqh gxh wr wkh pdunhw*v ydoxdwlrq ri wkh �up*v uhdo0
hfrqrplf survshfwv +wkh �dqfkru� ydoxh ri wkh vwrfn/ vhh deryh,/ dqrwkhu gxh wr
vkruw0whup khug phqwdolw| +ryhu plqxwhv dqg krxuv,/dqg d wklug gxh wr orqj0whup
sxeolf prrg vkliwv +ryhu vhyhudo |hduv,1

Wkh prgho*v g|qdplfv vwhp pdlqo| iurp wkhvh lqwhuqdo ihhgedfn orrsv/ exw
wkh pdunhw lv dovr dvvxphg wr eh gulyhq e| d vhtxhqfh ri h{rjhqrxv vwrfkdvwlf
�hyhqw sxovhv�1 Wklv sxovh surfhvv dffrxqwv iru erwk fkdqjhv lq pdfurhfrqrplf
frqglwlrqv +iru lqvwdqfh d fkdqjh lq lqwhuhvw udwhv,/ iuhvk lqirupdwlrq derxw gli0
ihuhqw �upv +qhzv derxw txduwhuo| hduqlqjv dqg vlplodu,/ dqg lqglylgxdo djhqwv
wdnlqj dfwlrq iru vrph h{rjhqrxv uhdvrq +dv rssrvhg wr �edqgzdjrq�0 ru rwkhu
hqgrjhqrxvo| edvhg ghflvlrqv,1

Wkh prgho zloo eh ghyhorshg lq irxu vwdjhv=

� D prgho ri d udwlrqdo pdunhw +zlwk shuihfw lqirupdwlrq, 0 iru rqh fdwhjru|
ri vwrfn1

� Dpdunhw zlwk lpshuihfw lqirupdwlrq dqg edqgzdjrq h�hfwv 0 rqh fdwhjru|
ri vwrfn1

� D pdunhw zlwk lpshuihfw lqirupdwlrq/ edqgzdjrq h�hfwv dqg orqj0whup
rswlplvwlf ru shvvlplvwlf prrgv 0 iru d vwrfn h{fkdqjh lqgh{1

� D pdunhw zlwk lpshuihfw lqirupdwlrq/ edqgzdjrq h�hfwv/ orqj0whup rswl0
plvwlf ru shvvlplvwlf prrgv/ dqg sdqlfv 0 iru d vwrfn h{fkdqjh lqgh{1

Wkh suhvhqwdwlrq lv edvhg pruh rq eorfn gldjudpv wkdq +htxlydohqw, +gli0
ihuhqwldo, htxdwlrqv1 Wklv fkrlfh iroorzv iurp d frqylfwlrq wkdw lqvljkwv lqwr
ihhgedfn h�hfwv dqg g|qdplfv frph pxfk hdvlhu wklv zd|1

5 Wkh �udwlrqdo� pdunhw

Frqvlghu wkh eorfn gldjudp lq �jxuh 41
Wkh v|perov lq wkh gldjudp duh gh�qhg dv iroorzv +ghqrplqdwlrq lv vkrzq lq

eudfnhwv/ hpsw| eudfnhwv phdqv wkdw wkh fruuhvsrqglqj hqwlw| lv glphqvlrqohvv,=
su @Uhdo ru vxvwdlqdeoh ydoxh ri wkh vwrfn ^ `/ h{suhvvhg e| wkh sulfh2hduqlqjv

udwlr lw fdq |lhog lq wkh orqj uxq1 Dw su wkh vwrfn lv qhlwkhu ryhu0 ru xqghuydoxhg1
Iru frqyhqlhqfh zh zloo xvh wkh whup �sulfh� ru �ydoxh� lq wkh iroorzlqj/ hyhq
li zh duh wdonlqj derxw wkh s2h udwlr1

s @ fxuuhqw pdunhw sulfh +l1h1 s2h udwlr, ri vwrfn ^ `1
bs@s @ shu fhqw fkdqjh lq sulfh shu gd| ^( 2 gd|`1 Wkh grw lpsolhv gl�huhq0

wldwlrq1
v @ gl�huhqwldwlrq rshudwru ^gd|�4`1

6



–

pr p–
p

--------------pr pp· 1
s
---

n
×

multiplication

p·

p---

c2⁄

division
saturation

c1

Iljxuh 4= D �udwlrqdo� pdunhw

q @ qhw fxuuhqw ghpdqg iru vwrfn ^qxpehu ri xqlwv`1 Wklv ghpdqg pd| eh
qhjdwlyh/ l1h1 zkhq wkhuh lv d qhw vxusoxv ri vwrfnv r�huhg1

f4 @ frqvwdqw idfwru ^( 2 +qxpehu ri xqlwv�gd|,` wudqviruplqj qhw ghpdqg
lqwr sulfh lqfuhdvh udwh1 Wkh wrwdo qxpehu ri vwrfnv lvvxhg lv lqfrusrudwhg lq
wklv idfwru1 Wkhuh lv/ dv lqglfdwhg lq wkh �jxuh/ vdwxudwlrq lq sulfh ghfuhdvh udwh/
vlqfh wkh vxusoxv r�huhg fdqqrw h{fhhg wkh wrwdo qxpehu ri vwrfnv lvvxhg1 Lq
wkh prgho/ wklv lv wudqvodwhg lqwr d pd{lpxp udwh ri sulfh ghfuhdvh1

f5 @ frqvwdqw idfwru ^qxpehu ri xqlwv 2 (` wudqviruplqj uhodwlyh sulfh gh0
yldwlrq lqwr fruuhvsrqglqj qhw ghpdqg1 Wkh wrwdo qxpehu ri vwrfnv lvvxhg lv
lqfrusrudwhg dovr lq wklv idfwru1

Wkh prgho lq �jxuh 4 lv d vlpsoh �uvw rughu qrq0olqhdu gl�huhqwldo htxdwlrq/

bs

s
@ f4q @ f4f5

�
su � s

s

�
+4,

zklfk krogv deryh wkh qhjdwlyh vdwxudwlrq olplw iru bs@s1 Li zh frqvlghu rqo| wkh
g|qdplfv iurp su wr s/ wkh v|vwhp lv olqhdu zlwklq vdwxudwlrq olplwv1 Exw zh
vwlfn wr wkh qrq0olqhdu irupxodwlrq vlqfh zh qhhg wr dffhvv vxusoxv ghpdqg q dw
odwhu vwdjhv1

D udwlrqdo pdunhw lpsolhv wkdw doo djhqwv kdyh wkh vdph shuihfw lqirupdwlrq
derxw su1 Dq| fkdqjh lq su lv uhvsrqghg wr e| hdfk djhqw lq wkh vdph pdq0
qhu1 Krzhyhu/ dfwlrq lv khuh dvvxphg wr eh glvshuvhg lq wlph1 Dw wklv vwdjh zh
dvvxph wkdw djhqwv uhfhlyh shuihfw lqirupdwlrq/ exw wkh| gr qrw uhfhlyh lw vlpxo0
wdqhrxvo|/ ru dfw lqvwdqwdqhrxvo| diwhu uhfhlylqj lw1 Lw iroorzv iurp +4, wkdw wkh
wlph vsdq qhhghg iru sulfh dgmxvwphqw lv lqyhuvho| sursruwlrqdo wr wkh idfwruv
f4 dqg f51 Li zh qrz frqvlghu wkh fdvh ri d vwhszlvh lqfuhdvh lq su/ iru lqvwdqfh
ehfdxvh d whfkqrorjlfdo euhdnwkurxjk kdv rffxuhg lq wkh �up/ wkhq wkh uhvxowlqj
sulfh dgmxvwphqw sdwk lv d �uvw rughu vwdeoh h{srqhqwldo vwhs uhvsrqvh dv vkrzq
lq �jxuh 51 Zh kdyh qr ryhuvkrrw/ qr rvfloodwlrqv/ qr xqsuhglfwdeoh h{fxuvlrqv/
mxvw d vprrwk dqg dv|pswrwlfdoo| shuihfw sulfh dgmxvwphqw1 Wklv lv ri frxuvh d
frpsohwho| xquhdolvwlf uhsuhvhqwdwlrq ri zkdw rffxuv lq wkh uhdo zruog1 Dw wkh
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Iljxuh 5= h{srqhqwldo uhvsrqvh��udwlrqdo pdunhw�

vdph wlph/ lw vkrxog eh qrwhg wkdw wklv lv wkh zd| d vwrfn pdunhw rxjkw wr zrun/
uh hfwlqj uhdo0hfrqrplf fkdqjhv lpsdfwlqj wkh olvwhg �upv/ dqg qrwklqj hovh1

6 Dpdunhw zlwk lpshuihfw lqirupdwlrq dqg edqg0
zdjrq h�hfwv

Dw wklv vwdjh zh lqwurgxfh wzr qhz skhqrphqd1 Wkh �uvw lv wkdw lqglylgxdo
djhqwv dfw xsrq lpshuihfw dqg gl�hulqj lqirupdwlrq1 Ghshqglqj xsrq zkhwkhu
kh ru vkh ryhuydoxhv ru xqghuydoxhv wkh vwrfn/ wkh djhqw zloo ghpdqg wrr pxfk
ru wr olwwoh/ frpsduhg wr zkdw ghpdqg zrxog kdyh ehhq/ edvhg rq d fruuhfw
ydoxdwlrq1 Zh dvvxph wkdw wkh glvwulexwlrq ri huurqhrxv lqirupdwlrq ryhu doo
djhqwv 0 dovr zkhq dffrxqwlqj iru djhqwv* gl�huhqw lq xhqfh lq wkh pdunhw 0 lv
vxfk wkdw wkh phdq ri djjuhjdwh huurqhrxv ghpdqg lv }hur/ dqg wkdw wkh ghpdqg
huuru iroorzv d qrupdo glvwulexwlrq durxqg wklv }hur phdq1 Zh dovr dvvxph wkdw
lqglylgxdo djhqwv* huuruv lq ghpdqg fkdqjh zlwk wlph1 Wkh fkrlfh lv wkhq wr
prgho djjuhjdwh ghpdqg huuru dv d }hur0phdq qrupdoo| glvwulexwhg vwrfkdvwlf
surfhvv +pruh rq zkdw vruw ri surfhvv odwhu rq,1

Wkh vhfrqg skhqrphqrq lv wkh �edqgzdjrq� h�hfw1 Zh h{sodlq wklv e|
uhihuulqj wr d eorfn gldjudp ri d vwdjh 5 prgho/ vkrzq lq �jxuh 6=

Vxusoxv djjuhjdwh ghpdqg lv qrz dvvxphg wr frqvlvw ri wkuhh frpsrqhqwv/

q @ qu . qe . qh +5,

Zh kdyh
qu @Ghpdqg frpsrqhqw gxh wr djhqwv ehlqj lqiruphg derxw wkh vxvwdlqdeoh

ydoxh ri wkh vwrfn1
qe @ Frpsrqhqw gxh wr djhqwv zdwfklqj sulfh lqfuhdvh2ghfuhdvh udwh dqg

grlqj �whfkqlfdo wudglqj� edvhg rq wklv1 Wkh vxvwdlqdeoh ydoxh ri wkh vwrfn kdv
qr gluhfw lq xhqfh rq wklv frpsrqhqw1 Vxevfulsw e vljql�hv �edqgzdjrq�1
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Iljxuh 6= D pdunhw zlwk edqgzdjrq h�hfwv

qh @ Frpsrqhqw gxh wr djhqwv kdylqj gl�huhqw dqg huurqhrxv lqirupdwlrq
derxw wkh vxvwdlqdeoh ydoxh ri wkh vwrfn1 Wklv lv wkh }hur phdq vwrfkdvwlf surfhvv
glvfxvvhg deryh1 Vxevfulsw h vljql�hv �huuru�1

Ixuwkhupruh/ zh kdyh lqwurgxfhg d wudqvihu ixqfwlrq ke+v, lq �jxuh 61 Wklv
ixqfwlrq ghflghv wkh vshfxodwlyh frpsrqhqw ri pdunhw ehkdylrxu1 Wkhuh lv d
srvlwlyh ihhgedfn wkurxjk ke+v, iurp sulfh lqfuhdvh udwh wr wkh vxusoxv ghpdqg
frpsrqhqw qe1 Li iru lqvwdqfh bs@s lv odujh dqg srvlwlyh dw d fhuwdlq prphqw/
pdq| djhqwv zloo mxps rq wkh edqgzdjrq dqg ex| qrz zlwk wkh krsh wkdw
sulfhv zloo frqwlqxh wr ulvh1 Ri frxuvh vrph whfkqlfdo wudglqj vwudwhjlhv duh
pruh hoderudwh wkdq wklv/ iru lqvwdqfh dfwlrq lq frxqwhu0skdvh/ l1h1 ex|lqj zkhq
sulfhv duh idoolqj lq wkh h{shfwdwlrq wkdw wkh| zloo ulvh odwhu rq1 Lw lv dvvxphg
krzhyhu/ wkdw khug phqwdolw| lv wkh grplqdqw w|sh ri vshfxodwlyh ehkdylrxu1
Lqyroylqj Rffdpv ud}ru/ wkh vlpsohvw wudqvihu ixqfwlrq wkdw dffrxqwv iru wklv/ lv

ke+v, @
Ne

4 . Wev
+6,

Khuh We h{suhvvhv wkh vpdoo wlph odj iurp dftxlulqj sulfh lqirupdwlrq wr
ex|lqj +ru vhoolqj,/ wkdw vshfxodwlyh dfwlrq fdqqrw jhw durxqg1 Wklv odj lv gxh
wr ghod|v lq dftxlulqj lqirupdwlrq/ frqvlghudwlrqv/ dqg wkhq jhwwlqj wkh wudglqj
grqh1 Wkh jdlq Ne h{suhvvhv krz vwurqj vshfxodwlyh dfwlrq lv/ edvhg rq wkh
dydlodeoh sulfh fkdqjh udwh lqirupdwlrq1

Qrwh wkdw zh vd| �dfwlrq�/ qrw �djhqwv�1 Lqglylgxdo djhqwv pd| ri frxuvh
rshudwh lq d sxuho| vshfxodwlyh ru khug prgh/ rwkhuv pd| djdlq eh sxuh �uhdo
lqyhvwruv�1 Exw prvw kdyh frpsrvlwh prwlyhv +uhdo0hfrqrplf pruh ru ohvv r� wkh
pdun/ dqg vshfxodwlyh,1 Zkhq wkh pdunhw dv d zkroh lv frqvlghuhg/ krzhyhu/ wklv
glvfxvvlrq ehfrphv xqlqwhuhvwlqj/ vlqfh wkh pdunhw dv d zkroh pxvw qhffhvvdulo|
kdyh d �frpsrvlwh prwlyh�1

Dv douhdg| vwdwhg/ wkh vxusoxv ghpdqg frpsrqhqw qh dffrxqwv iru wkh dj0

9
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Iljxuh 7= D olqhdu prgho

juhjdwh h�hfw ri djhqwv pdnlqj huurqhrxv dqg gl�huhqw dvvxpswlrqv derxw wkh
vwrfn ydoxh/ exw lq vxfk d zd| wkdw wkh phdq huuru lq vxusoxv ghpdqg lv dvvxphg
wr eh }hur1 Zh qrz dovr lqfrusrudwh wkh h�hfwv ri gl�huhqfhv lq lqglylgxdo vshf0
xodwlyh ehkdylrxu lqwr wklv qrlvh surfhvv/ vlqfh lq uhdolw| hdfk vshfxodwlyh djhqw
zloo dfw dffruglqj wr d xqltxh wudqvihu ixqfwlrq1 Lw zloo qrw eh olqhdu dqg lw zloo
eh frpsoh{/ dqg lwv sdudphwhuv dqg hyhq vwuxfwxuh zloo fkdqjh zlwk wlph1 Zh
kdyh dyhudjhg rxw doo wklv lqglylgxdo ehkdylrxu lqwr wkh wudqvihu ixqfwlrq +6,1
Zh wkhq srvlw wkdw zkdw lv orvw wkurxjk wklv vlpsol�fdwlrq pd| eh dvvxphg wr
eh wr d vx!flhqw ghjuhh uhsuhvhqwhg lq wkh huuru surfhvv qh1 Wkxv wklv surfhvv
lv dvvxphg wr kdyh wzr ruljlqv= Huurqhrxv hvwlpdwhv ri wkh vwrfn*v vxvwdlqdeoh
ydoxh/ dqg prgholqj huuruv gxh wr djjuhjdwlrq ri wkh vshfxodwlyh +edqgzdjrq,
ihhgedfn sdwk1

Li zh qrz frqvlghu d vlwxdwlrq zkhuh wkh sulfh ri wkh vwrfn lv dw lwv vxvwdlqdeoh
ydoxh/ wkh pdunhw zloo kdyh qr uhdo0hfrqrplf lqfhqwlyh wr wudgh1 Exw wudglqj
zloo wdnh sodfh doo wkh vdph1 Lqglylgxdo pruh ru ohvv udwlrqdo/ pruh ru ohvv zhoo0
lqiruphg djhqwv kdyh wkhlu rzq dvvhvvphqw/ dqg wkh| wudgh dovr lq wklv vlwxdwlrq1
Lq wkh odqjxdjh ri rxu prgho/ zh pd| vd| wkdw wkh huuru surfhvv lv dq h{rjhqrxv
lqsxw ru glvwxuedqfh wkdw h{flwhv wkh v|vwhp/ vr wkdw wkh pdunhw lv qhyhu lq
htxloleulxp/ exw  xfwxdwhv durxqg lw1

Wkh prgho lq �jxuh 6 lv qrq0olqhdu1 Exw li zh frqvlghu vpdoo  xfwxdwlrqv
durxqg d frqvwdqw vxvwdlqdeoh ydoxh / lw pd| eh dssur{lpdwhg e| d olqhdu prgho/
vhh �jxuh 71

Vlqfh  xfwxdwlrqv duh dvvxphg wr eh vpdoo/ zh pd| ljqruh wkh vdwxudwlrq1
Dqg wkh eorfnv zlwk glylvlrq dqg pxowlsolfdwlrq lq �jxuh 7 pd| qrz eh vzdsshg
zlwk uhvshfwlyho| frqvwdqwv 4@su dqg su1 Zh kdyh d olqhdu v|vwhp zklfk lv
h{flwhg e| wkh huuru surfhvv qh1 Wkh wudqvihu ixqfwlrq iurp qh wr s lv
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Iljxuh 8= Hljhqydoxhv ri olqhdu prgho
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Wkh wzr hljhqydoxhv ri wkh v|vwhp duh lqglfdwhg lq �jxuh 81
Frqvlghu d fdvh zkhuh Ne lv lqfuhdvhg zkloh We lv khog �{hg/ l1h1 vshfxodwlyh

dfwlrq lv vwurqjhu zkloh wkh lqirupdwlrq2ghflvlrq wlph odj uhpdlqv wkh vdph1
Iurp +8, zh vhh wkdw $3 lv lqghshqghqw ri Ne/ zkloh � ghfuhdvhv zlwk lqfuhdvlqj
Ne1 Lq whupv ri �jxuh 8/ wklv phdqv wkdw wkh hljhqydoxhv ri wkh v|vwhp pryh
dorqj wkh flufoh wrzdugv wkh lpdjlqdu| d{lv1 Wkh v|vwhp dssurdfkhv wkh eru0
ghu ri lqvwdelolw|/ zklfk lq wkh odqjxdjh ri wkh pdunhw wudqvodwhv dv lqfuhdvhg
yrodwlolw|= Iru d jlyhq yduldqfh lq wkh huuru surfhvv qh/ wkh yduldqfh lq sulfh zloo
lqfuhdvh zlwk Ne1

Iljxuh 9 vkrzv uhvsrqvhv ri wkh v|vwhp wr d vpdoo dqg vkruw huuru surfhvv
sxovh/ l1h1 zkhuh vrph djhqwv vxgghqo| ghpdqg d fhuwdlq dprxqw ri vwrfn/
hyhq li wkh lqlwldo sulfh lv htxdo wr wkh dqfkru ydoxh su1 Wkh dpsolwxgh ri wkh
sxovh lv 833 xqlwv ri vwrfn ghpdqghg rxw ri 4313331 Wkh sxovh odvwv 8 plqxwhv/
fruuhvsrqglqj wr 42:; ri d wudglqj gd| ri 918 krxuv1 +Wkh 918 krxu wudglqj gd|
lv htxdo wr wkdw ri wkh Qhz \run Vwrfn H{fkdqjh,1

Wkh �jxuh vkrzv wkuhh sulfh uhvsrqvhv wr wklv sxovh/ zlwk sdudphwhuv $3

@frqvwdqw/ dqg � @ 3> 3=7> 41 Iroorzlqj +9,/ wkhvh ydoxhv iru � fruuhvsrqg wr
ghfuhdvlqj jdlq Ne1

Lq �jxuh 9 0 dv rssrvhg wr �jxuh 5 0 wkh uhvsrqvhv duh iurp vlpxodwlrqv zkhuh
qxphulfdo ydoxhv iru v|vwhp sdudphwhuv kdyh ehhq fkrvhq1 Wklv kdv ehhq grqh
e| wkh iroorzlqj surfhgxuh= Iluvw/ zh fkrrvh d wrwdo qxpehu ri vwrfnv lvvxhg
@431333/ dqg d vxvwdlqdeoh vwrfn ydoxh su @ 431 Zh pd| fkrrvh wkhvh ydoxhv
iuhho|> wkh fkrlfhv gr qrw pdnh dq| gl�huhqfh iru wkh dqdo|vlv wr iroorz1

;
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Iljxuh 9= Lpsxovh uhvsrqvh lq sulfh gxh wr edqgzdjrq ihhgedfn

Zh dvvxph wkdw zkhq doo 431333 xqlwv duh ghpdqghg/ uhvshfwlyho| r�huhg/
rq wkh pdunhw/ wklv fruuhvsrqgv wr d sulfh fkdqjh udwh ri 	:3( shu gd|1 Wklv
ghflghv wkh frh!flhqw f4 @ : � 43�81 Wkh orzhu vdwxudwlrq rffxuv iru q @
�43=3331

Zh wkhq vhw Ne @ 3> dqg duh edfn wr wkh vwdjh rqh prgho1 Rqo| udwlrqdo
wudglqj ghflvlrqv duh pdgh/ dqg zh pd| srvlw vrph dgmxvwphqw odj +vhh �jxuh
5,1 Zh fkrrvh Wu @ 6 ^gd|v`/ rq wkh edvlv wkdw vxfk ghflvlrqv duh pruh fduhixoo|
frqvlghuhg wkdq whfkqlfdo wudglqj ghflvlrqv +vhh ehorz,/ zklfk duh wdnhq gxulqj
iudfwlrqv ri d vlqjoh gd|1

Vlqfh zh kdyh qrz fkrvhq erwk Wu dqg f4/ dqg Wu @ 4@+f4f5, +vhh �jxuh 5,/
zh jhw f5 @ 4@+f4Wu,1

Lw qrz uhpdlqv wr ghflgh wkh sdudphwhuv Ne dqg We1 Dlplqj iru uhdolvp/
zh zdqw wkh sulfh g|qdplfv gxh wr wkh edqgzdjrq orrs wr eh yhu| idvw/ lq wkh
rughu ri d iudfwlrq ri d gd|1 Dqg wkhuh vkrxog eh dw ohdvw rqh glvwlqfw ryhuvkrrw
+l1h1 vrph yrodwlolw|, ehiruh wkh uhvsrqvh vhwwohv grzq1

Zh vwduw e| fkrrvlqj $3 vxfk wkdw rqh gd| fruuhvsrqgv wr �iwhhq ixoo xq0
gdpshg +� @ 3, rvfloodwlrqv/ vhh �jxuh 91 Zkhq gdpslqj lv lqfuhdvhg wr � @ 3=7/
zh jhw wkh lpsxovh uhvsrqvh gholqhdwhg lq erog lq �jxuh 91 Zh kdyh vrph ryhu0
vkrrw/ lqglfdwlqj d fhuwdlq dprxqw ri yrodwlolw|1 Wklv lv rxu fkrlfh iru wkh g|0
qdplfv ri wkh edqgzdjrq orrs1 Wkh lqlwldo sulfh uhvsrqvh sxovh gxh wr whfkqlfdo
wudghuv mxpslqj rq wkh edqgzdjrq odvwv dssur{lpdwho| 3136 wudglqj gd|v @ 45
plqxwhv/ dqg wkh uhdfwlrq glhv rxw diwhu durxqg 63 plqxwhv1 Iurp wkh fkrlfh ri

<
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Iljxuh := Hljhqydoxhv pryh zlwk lqfuhdvlqj Ne

$3/ � wkh fruuhvsrqglqj sdlu Ne/ We lv fdofxodwhg iurp +8, dqg +9,1 +Vhh hqg ri
sdshu iru frpsohwh olvw ri sdudphwhu ydoxhv1,

Dw wklv vwdjh/ zh hpskdvl}h wkdw wkh deryh/ dqg odwhu/ fkrlfhv ri sdudphwhu
ydoxhv/ pxvw qhffhvvdulo| eh vrphzkdw duelwudu|1 Rxu ghihqvh lv wkdw vlpxodwlrq
h{shulphqwv kdyh ghprqvwudwhg wkdw vlplodu txdolwdwlyh v|vwhp ehkdylrxu vkrzv
xs xqghu d idluo| zlgh vshfwuxp ri ydoxhv1

Wkhuh lv dq lqwhuhvwlqj lqvljkw wkdw hphujhv iurp wkh prgho dw wklv vwdjh1
Frqvlghu �jxuh :/ zklfk vkrzv wkh wkh srvlwlrqv ri hljhqydoxhv +gudzq dv vpdoo
flufohv, dv d ixqfwlrq ri wzr ydoxhv ri jdlq

Zh revhuyh wkdw wkh v|vwhp lv pdujlqdoo| vwdeoh iru Ne @ 478581 Rq wkh
rwkhu kdqg lw lv ryhugdpshg +qrq0yrodwloh, iru Ne @ 474;8$ Vlqfh uhdo vwrfn
pdunhwv duh yrodwloh/ l1h1 xqghugdpshg +3 ? � ? 4,/ wklv vxjjhvwv wkdw wkhuh lv
vrph dgdswlyh phfkdqlvp dw zrun lq wkh pdunhw wr nhhs Ne lq wkh vxusulvlqjo|
qduurz edqg 474;8 ? Ne ? 47858/ l1h1 mxvw xqghu wkh lqvwdelolw| erughu1 Zh
vxjjhvw wkdw wkh phfkdqlvp lv wkh iroorzlqj= Rqh rqh kdqg/ djhqwv mxps lq wr
wudgh rq yrodwloh pryhphqwv1 Exw e| wkhlu hqwu|/ wkh| lqfuhdvh Ne dqg wkxv
yrodwlolw|1 Rq wkh rwkhu kdqg wkh| devwdlq zkhq wkh pdunhw lv wrr yrodwloh
+qhuyrxv pdunhw,/ wkxv ghfuhdvlqj Ne dqg yrodwlolw|1

7 Dq lqgh{ pdunhw zlwk lpshuihfw lqirupdwlrq/
edqgzdjrq h�hfwv dqg orqj0whup rswlplvwlf
ru shvvlplvwlf prrgv

Wkh prgho lv wr eh ixuwkhu hoderudwhg/ exw �uvw zh zloo dujxh wkdw iurp qrz rq
zh pd| frqvlghu lw wr uhsuhvhqw qrw d vshfl�f vwrfn/ exw d �frpsrvlwh vwrfn�
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Iljxuh ;= Prgho lqfrusrudwlqj orqj0whup prrg g|qdplfv

frpsrvhg ri vwrfnv iurp doo �upv olvwhg rq d vwrfn h{fkdqjh/ vxfk wkdw wkh
frpsrvlwh vwrfn sulfh lv sursruwlrqdo wr wkh vwrfn h{fkdqjh lqgh{1 Zh pdnh
vrph dvvxpswlrqv lq frqqhfwlrq zlwk wklv=

� Doo fdwhjrulhv ri vwrfn kdyh vlplodu g|qdplfv1

� Wkh s2h udwlr iru wkh frpsrvlwh vwrfn lv gh�qhg dv ehlqj wkh wrwdo ydoxh
ri doo vwrfnv wudghg rq wkh h{fkdqjh/ glylghg e| wkh wrwdo vxp ri hduqlqjv1

Wkhvh dvvxpswlrqv phdq wkdw wkh frpsrvlwh vwrfn s2h udwlr +iurp qrz rq
fdoohg dq �lqgh{� ru wkh �sulfh� ri wkh frpsrvlwh vwrfn, zloo dovr  xfwxdwh
durxqg su/ zlwk g|qdplfv wkdw duh vlplodu wr wkrvh iru rqh fdwhjru| ri vwrfn1
Wkh gl�huhqfh lv wkdw d sulfh vkrfn iru rqh fdwhjru| ri vwrfn rqo|/ grhv qrw
lpsdfw yhu| vwurqjo| rq wkh lqgh{1

Wkh djjuhjdwlrq vwhs iurp rqh fdwhjru| ri vwrfn wr dq lqgh{ lv frpsdudeoh
wr wkh hduolhu vwhs ri djjuhjdwlqj doo djhqwv lqwr rqh frpsrvlwh djhqw1 Zh xskrog
doo yduldeoh dqg sdudphwhu qdphv dqg qxphulfdo ydoxhv lqwurgxfhg iru wkh vwrfn
prgho/ zlwk wkh qrwh wkdw wkh| qrz shuwdlq wr wkh lqgh{1 E| qrz zh duh uhdg|
wr frqvlghu dq dxjphqwhg prgho dv vkrzq lq �jxuh ;1

Djdlq zh krog wkdw prgho lpshuihfwlrqv dqg dssur{lpdwlrqv/ dqg  xfwxd0
wlrqv lq ghpdqg iru wkh frpsrvlwh vwrfn lpsolhg e| wkh lqgh{/ lv dffrxqwhg iru
e| d }hur phdq qrlvh surfhvv dv lqwurgxfhg hduolhu1 Exw zh kdyh iru wkh wlph
ehlqj uhvflqghg wklv vwrfkdvwlf h{flwdwlrq qh/ vlqfh wkh g|qdplfv wr eh h{dplqhg
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lq wklv vhfwlrq zloo eh vkrzq qrw wr ghshqg xsrq ehlqj gulyhq e| dq h{whuqdo
lqsxw1 Zh zloo uhlqwurgxfh wkh qrlvh lqsxw odwhu rq1

Wkh dgglwlrqv wr wkh prgho duh lqglfdwhg e| wkh vkdghg duhd1 Frqvlghu wkh
eorfn lq wkh xsshu uljkw0kdqg fruqhu1 Wkh lqvwdqwdqhrxv sulfh lqfuhdvh udwh lv
dq lqsxw wr wkh eorfn/ d orz sdvv �owhu zlwk wlph odj Wi ri d rqh |hdu pdjql0
wxgh1 Wkh udwlrqdoh iru wklv �owhu lv wkdw wkh lqfuhdvh udwh ri �rswlplvp� +ru
frq�ghqfh/ exoolvkqhvv/ srvlwlyh �dqlpdo vslulwv� lq wkh whuplqrorj| ri Nh|qhv,
lv dvvxphg sursruwlrqdo wr wkh orqj0whup wuhqg lq lqgh{ lqfuhdvh1 Krxuo|/ gdlo|/
hyhq zhhno| dqg +wr vrph ghjuhh, prqwko|  xfwxdwlrqv duh glvuhjdughg> wkhuh
lv d voxjjlvkqhvv lq pdunhw prrg1 Sulfh ulvh kdv wr eh shuvlvwhqw ryhu d orqj
wlph +|hduv, ehiruh wkh pdunhw uhdoo| slfnv xs1 Rq wkh rwkhu kdqg/ zkhq wkh
sulfh fxoplqdwhv dqg vwduwv idoolqj/ wkh pdunhw zloo qhhg d fruuhvsrqglqj dprxqw
ri wlph iru vxfk d fkdqjh ri d�dluv wr vlqn lq1 Wkh lqfuhdvh udwh lq rswlplvp
lv vhw htxdo wr wkh pdunhwv* shufhswlrq ri wkh orqj0whup lqgh{ lqfuhdvh udwh1
Rswlplvp lv jlyhq d qxphulfdo ydoxh/ dqg d udqjh zklfk lv erwk srvlwlyh dqg
qhjdwlyh1 +Wkxv shvvlplvp fruuhvsrqgv wr qhjdwlyh rswlplvp1,

E| qrz lw vkrxog eh fohdu zk| lw kdv ehhq qhffhvvdu| wr wudqvlw iurp dq lq0
ylgxdo fdwhjru| ri vwrfn wr dq lqgh{= Pdunhw prrg lv d ixqfwlrq ri wkh ehkdylrxu
ri wkh djjuhjdwh ri doo vwrfnv/ qrw rqh fdwhjru| rqo|1

Lq wkh devhqfh ri dq| shufhswlrq ri d orqj0whup whqghqf| iru sulfh wr fkdqjh
+l1h1 d  dw sulfh ohyho ryhu d orqj shurg,/ wkh fxuuhqw ohyho ri rswlplvp zloo vorzo|
hurgh wr }hur/ wkurxjk wkh idfwru f61 Wkh dujxphqw iru wklv lv wkdw wkh pdunhw
zloo judgxdoo| irujhw lwv lqlwldo prrg dqg whqg wrzdugv d qhxwudo dwwlwxgh +}hur
rswlplvp ru shvvlplvp, li wkh fxuuhqw prrg lv qrw pdlqwdlqhg e| d vxvwdlqhg
lqfuhdvh ru ghfuhdvh lq vwrfn sulfh1

Zh pd| qrz wu| dq h{shulphqw1 Zh lvrodwh wkh wzr eorfnv lq wkh xsshu
sduw ri wkh �jxuh iurp wkh prgho/ lqsxw d uhfwdqjxodu sulfh lqfuhdvh sxovh/ dqg
revhuyh wkh uhvsrqvh lq rswlplvp jlyhq e| wklv prgho1 Zh dvvxph d rqh0|hdu
+gh�qhg dv 583 wudglqj gd|v, frqvwdqw sulfh lqfuhdvh udwh sxovh1 Wklv sxovh/ dqg
wkh fruuhvsrqglqj uhvsrqvh lq rswlplvp/ lv looxvwudwhg lq �jxuh <1

Wkh lqsxw sxovh lv qrw vkrzq wr vfdoh1 Sdudphwhu ydoxhv iru wkh vlpxodwlrq
duh fkrvhq wkurxjk d surfhgxuh ghvfulehg ehorz1 Qrwh krz rswlplvp fxoplqdwhv
diwhu durxqg 833 wudglqj gd|v +5 |hduv,1 Li zh frpsduh wkh wlph vfdohv ri �jxuhv
9 dqg </ zh revhuyh d yhu| odujh gl�huhqfh ehwzhhq wkh idvw g|qdplfv ri wkh
edqgzdjrq orrs/ dv rssrvhg wr wkh orqj0whup prrg orrs1 Wkxv zh duh ghdolqj
zlwk d vwl� v|vwhp ri gl�huhqwldo htxdwlrqv1

Wr frpsohwh wkh h{sodqdwlrq ri wkh orqj0whup prrg orrs/ zh qrz wxuq wr wkh
qrqolqhdu vljprlg ixqfwlrq 1 +Wkh fruuhvsrqglqj eorfn lq �jxuh ; lv rxwolqhg lq
erog/ wr vljqli| d qrqolqhdu ixqfwlrq1, Wkh udwlrqdoh iru xvlqj wkh vljprlg lv wr
dffrxqw iru xsshu dqg orzhu vdwxudwlrq lq wkh v|vwhp1 Wkh vljprlg ixqfwlrq lv
vkrzq lq �jxuh 431

Wkh ixqfwlrq/ lqfoxglqj d jdlq f7 lqwurgxfhg iru frqyhqlhqfh +vhh �jxuh ;,/
rxwsxwv dq dgglwlrqdo ghpdqg frpsrqhqw +phdvxuhg lq fdvk whupv, zklfk vwhpv
iurp wkh orqj0whup prrg ri wkh pdunhw1 Lw pd| eh srvlwlyh ru qhjdwlyh1 Wklv
prqh| whup wudqvodwhv lqwr fxuuhqw dgglwlrqdo frpsrvlwh vwrfn ghpdqg qr +�r�
iru rswlplvp, wkurxjk glylvlrq e| wkh fxuuhqw lqgh{1 Xsshu vriw vdwxudwlrq lv
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dvvxphg wr pdnh lwvhoi ihow zkhq wkh pdunhw lv hxskrulf/ l1h1 rswlplvp lv dw d
pd{lpxp1 Wkh zloo wr vshqg prqh| rq dgglwlrqdo vwrfn dftxlvwlrq lv wkhuh/ exw
d yhu| odujh dprxqw ri prqh| kdv douhdg| ehhq vshqw lq wkh vwrfn pdunhw/ dqg
iuhvk fdvk dqg fuhglw lv jhwwlqj vfdufh1 Dw wkh rwkhu h{wuhph/ zkhq shvvlplvp lv
dw lwv pd{lpxp/ djhqwv kroglqj vwrfn duh uhoxfwdqw wr vhoo lw dw wkh jrlqj erwwrp
sulfh/ vlqfh wkhuh lv yhu| olwwoh wr jdlq1 Wklv h{sodlqv wkh orzhu vdwxudwlrq1 Wkh
vljprlg ixqfwlrq lv h{suhvvhg lq wkh irup

�+{, @

#
s. q

4 .
�
s
q

�
h�Nv^+s.q,@sq`{

$
� q +:,

Wkh sdudphwhuv duh=
s> q @ Wkh pd{lpxp vdwxudwlrq +dv|pswrwlf, ydoxh ri �+{, lv s1 Wkh plql0

pxp vdwxudwlrq lv 0q1
Nv @ Wkh vorsh ri �+{, iru { @ 3= Wkxv Nv h{suhvvhv wkh jdlq ri �+{, iru

vpdoo h{fxuvlrqv iurp d qhxwudo prrg/ lqwr rswlplvp ru shvvlplvp1
Qrwh wkdw +:, kdv wkh qhffhvvdu| surshuw| �+3, @ 3/ l1h1 d qhxwudo pdunhw

prrg uhvxowv lq }hur dgglwlrqdo ghpdqg1 Vhh dovr �jxuh 431
Zh kdyh lq wklv vhfwlrq lqwurgxfhg wzr �uvw0rughu olqhdu eorfnv dqg rqh qrq0

olqhdu uhodwlrq/ zklfk wrjhwkhu irup wkh orqj0whup prrg orrs1 Iljxuhv < dqg
43 lpso| wkdw qxphulfdo ydoxhv iru wkh sdudphwhuv dvvrfldwhg zlwk wklv orrs
kdyh ehhq fkrvhq1 Wklv lv grqh lq wkh iroorzlqj zd|= Lw lv uhtxluhg wkdw wkh
v|vwhp vkdoo f|foh uhjxoduo| ehwzhhq hxskruld dqg uhfhvvlrq/ exw iru wkh wlph
qrw doorzlqj sdqlfv wr rffxu1 Wkh pd{lpxp sulfh +l1h1 s2h udwlr, lv vhw wr
dssur{1 58/ wkh plqlpxp wr dssur{1 81 Ixuwkhupruh/ d ixoo f|foh +zklfk lv dw
wklv vwdjh qrw vkruwhqhg e| sdqlfv rq wkh grzqvzlqj/ vhh qh{w vhfwlrq,/ vkdoo odvw
43 |hduv +rqh |hdu lv gh�qhg dv 583 wudglqj gd|v,1 Lw lv ghpdqghg wkdw xsvzlqjv
vkdoo kdyh dq hvvhqwldoo| h{srqhqwldo jurzwk vkdsh/ dqg wkdw grzqvzlqjv vkdoo
eh idvwhu wkdq xsvzlqjv1 Edvhg rq wkhvh frqglwlrqv/ doo sdudphwhuv kdyh ehhq
ghflghg wrjhwkhu/ wkurxjk hgxfdwhg jxhvvlqj dqg d frpsuhkhqvlyh vlpxodwlrq0
edvhg wuldo0dqg0huuru surfhvv1

Zlwk wkh uhvxowlqj fkrlfh ri sdudphwhuv/ wkh f|fohv orrn olnh lq �jxuh 441
Wklv lv d vwdeoh olplw f|foh1 Lq wkh qh{w vxevhfwlrq zh zlo vhh krz wklv sdwwhuq lv
glvwruwhg e| sdqlfv rffxulqj qhdu shdn sulfh ohyhov/ exw zh zloo dovr revhuyh krz
wklv f|foh uhpdlqv dq dwwudfwru wkdw ghflghv wkh ixqgdphqwdo orqj0uxq g|qdplfv
ri wkh v|vwhp1 Zh hpskdvl}h wkdw iurp wklv lw iroorzv wkdw rxu prgho lv qrw
ghshqghqw xsrq d fudvk0dqg0vxevhtxhqw0uhfryhu| phfkdqlvp iru f|fohv wr rffxu1
Wkh xsvzlqj lv gxh wr wkh vsuhdglqj dqg vhoi0uhlqiruflqj eholhi wkdw �li L jhw lq
qrz/ L fdq fdvk lq p| lqyhvwphqw zlwk d sur�w dw d odwhu vwdjh�1 Exw wkh xsvzlqj
vrrqhu ru odwhu kdv wr fxoplqdwh dw vrph ohyho/ zkhq wkh shufhswlrq kdv vsuhdg
vx!flhqwo| wkdw fxuuhqw sulfhv kdyh jurzq wrr kljk lq uhodwlrq wr wkh vxvwdlqdeoh
ydoxh ri wkh vwrfn/ dqg dovr gxh wr lqfuhdvlqj vfduflw| ri dgglwlrqdo prqh| wr
lqyhvw lq vwrfnv1 Wklv uhgxfhv wkh jurzwk udwh ri vxusoxv ghpdqg dqg wkurxjk
wklv/ wkh vwrfn sulfh jurzwk udwh1 Lq wkh qh{w urxqg wklv uhgxfhv wkh jurzwk udwh
lq rswlplvp/ ixuwkhu uhgxflqj wkh ghpdqg jurzwk udwh/ dqg vr rq1 Rswlplvp
uhdfkhv d shdn/ dqg d ihholqj vrrqhu ru odwhu ryhuzkhopv wkh rswlplvwlf prrg
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Iljxuh 44= F|fohv gxh wr orqj0whup prrg g|qdplfv

ri wkh xsvzlqj/ dqg pruh vwrfn lv r�huhg wkdq ghpdqghg rq wkh pdunhw1 Wklv
ixuwkhu hurghv rswlplvp/ dqg zh duh judgxdoo| lqwr d grzqvzlqj/ zklfk dovr
qhhgv wlph wr exlog xs prphqwxp1 Wklv prphqwxp fdxvhv wkh sulfh wr idoo
ehorz vxvwdlqdeoh ydoxh1 Exw wklqjv zloo odwhu slfn xs djdlq zkhq wkh hduolhu
shvvlplvwlf prrg lv prvwo| irujrwwhq/ frpelqhg zlwk d vsuhdglqj uhfrjqlwlrq
wkdw wkh vwrfn pdunhw lv qrz jhqhudoo| xqghuydoxhg1 Wkh xsvzlqj vwduwv/ dqg
rqh f|foh lv frpsohwhg1 Wkh shulrg ri d f|foh lv lq wkh pdlq ghflghg e| wkh
lqhuwld ri pdunhw shufhswlrq= Lw qhhgv wlph wr devrue d shuvlvwhqw whqghqf| lq
sulfh fkdqjh/ dqg lw qhhgv wlph wr irujhw1

Qrwh wkdw rxu h{sodqdwlrq iru vwrfn pdunhw f|fohv lv d yhu| sv|fkrorjlfdo
rqh1 Lw kdv olwwoh frqqhfwlrq zlwk vxfk rwkhu pdfurhfrqrplf f|foh h{sodqdwlrqv
dv Jrrgzlq*v exvlqhvv f|foh prgho ^9` zkhuh f|fohv duh gxh wr zrunhu0fdslwdolvw
vwuxjjoh ryhu rxwsxw/ ru exlog0xs ri lqghewhgqhvv dqg uhodwhg �qdqfldo iudjlolw|
+Plqvn|*v c�qdqfldo lqvwdelolw| k|srwkhvlv* ^:`/ dv prghohg dqg vlpxodwhg e|
Nhhq ^;`/ ru Dqguhvhq ^<`,1

Rxu sxusrvh lv qrw/ krzhyhu/ wr frqwhvw wkh ydolglw| ri wkhvh rwkhu prghov�lw
lv wr irfxv rq rqh vshfl�f dssurdfk wkdw pd| eh frqwdlq vrph wuxwk wrjhwkhu
zlwk rwkhu dssurdfkhv1 Exw zh vxjjhvw wkdw wkh phfkdqlvpv suhvhqwhg khuh kdyh
ehfrph uhodwlyho| pruh lpsruwdqw dv wkh �qdqfldo vhfwru kdv jurzq lq vl}h dqg
lq xhqfh/ dv xqlrqv kdyh orvw srzhu/ dv wkh irfxv ri wkh phgld dqg wkxv sxeolf
rslqlrq/ kdv wxuqhg iurp �qdqfh dv dq lqvwuxphqw iru hqkdqflqj surgxfwlrq/
wr wkh �qdqfldo pdunhw dv d sodfh iru sod|lqj jdphv iru sur�w> l1h1 Nh|qhv*
�Fdvlqr�1

Wkh uhdghu pd| dw wklv vwdjh remhfw wkdw wkh grzqvzlqj suhglfwhg e| rxu
prgho lv yhu| vorz dqg zhoo0ehkdyhg1 Zkhuh duh wkh sdqlfv/ zklfk pd| hudvh d
vxevwdqwldo sduw ri dq lqgh{ lq d vlqjoh wudglqj gd|B Lq wkh qh{w vhfwlrq zh zloo
h{whqg wkh prgho wr dffrxqw iru wklv1
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Iljxuh 45= Prgho lqfoxglqj sdqlf phfkdqlvp

8 D pdunhw zlwk lpshuihfw lqirupdwlrq/ edqg0
zdjrq h�hfwv/ orqj0whup rswlplvwlf ru shvvlplvwlf
prrgv/ dqg sdqlfv

D prgl�hg prgho dxjphqwhg zlwk d sdqlf phfkdqlvp lv vkrzq lq �jxuh 451
Wkh dgglwrqv wr wkh prgho lq wkh suhylrxv vxevhfwlrq +�jxuh ;, duh lqglfdwhg
e| wkh vkdghg duhd lq �jxuh 451

Zh ghvljqdwh wklv �wkh sdqlf vxev|vwhp�1 Zh qrwh wkdw wklv vxev|vwhp kdv
wzr lqsxwv= Wkh udwlr s@su/ dqg uhodwlyh sulfh fkdqjh udwh/ bs@s1 Wkh rxwsxw lv d
qhjdwlyh sxovh/ ghvljqdwhg � lq wkh �jxuh1 Vxfk d sxovh kdv wkh h�hfw ri deuxswo|
uhgxflqj rswlplvp dqg wkxv wkh ghpdqg frpsrqhqw qr1 Zh zloo h{sodlq wkh
sdqlf vxev|vwhp e| vwduwlqj wr wkh uljkw lq wkh vkdghg sduw ri wkh �jxuh/ zlwk
wkh h{suhvvlrq orj+s@su,1 Zh kdyh

orj+s@su, @ orj+s,� orj+su, @

] s

su

g{

{
@

] w4

w3

bs

s
+w,gw +;,

Khuh wkh fxuuhqw sulfh dqg wlph lv s+w4,/ dqg wkh v|vwhp vwduwv zlwk s+w3, @
su/ l1h1 sulfh ohyho htxdo wr vxvwdlqdeoh/ �ixqgdphqwdo� ydoxh1 Wkh orjdulwkplf
h{suhvvlrq lv htxlydohqw wr lqwhjudwlqj uhodwlyh sulfh fkdqjh udwh bs@s/ zlwk lqlwldo
ydoxh s+w3, @ su1 Wkxv zh kdyh dq h{suhvvlrq wkdw zloo eh odujhu wkh ixuwkhu
dzd| iurp vxvwdlqdeoh ydoxh wkh sulfh lv1 Wklv h{suhvvlrq lv dvvxphg wr jlyh
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d phdvxuh ri �zdulqhvv� lq wkh pdunhw1 E| wklv zh phdq wkdw djhqwv zloo rq
wkh dyhudjh eh pruh vhqvlwlyh wr odujh grzqzdug eolsv lq vwrfn sulfhv zkhq wkh
fxuuhqw sulfhv duh pxfk kljkhu wkdq vxvwdlqdeoh ydoxh1 Wkh zdulqhvv idfwru lv
pxowlsolhg zlwk wkh rxwsxw ri d ghdg0}rqh eorfn wkdw hqvxuhv wkdw rqo| grzqzdug
sulfh eolsv deryh d fhuwdlq pdjqlwxgh duh sdvvhg rq +l1h1 qrwlfhg e| wkh pdunhw,/
dv lqglfdwhg e| wkh judsklfv lq wkdw eorfn1 Li sulfhv duh qrw wrr idu dzd| iurp
vxvwdlqdeoh ydoxh/ krzhyhu/ hyhq odujh grzqzdug pryhphqwv duh qrw frqvlghuhg
wr eh gdqjhu vljqdov1 Wkh �owhuhg eolsv duh sdvvhg rq wkurxjk d frqvwdqw jdlq dqg
wudqvihu ixqfwlrq lq sdudoohoo/ dv vkrzq lq wkh ohiw sduw ri wkh vkdghg duhd/ dqg
wkhq lqsxw wr wkh rswlplvp vxev|vwhp1 Wkh udwlrqdoh iru wkh wudqvihu ixqfwlrq/
zklfk kdv orz0sdvv fkdudfwhu zlwk d wlph odj 4@f; +ri pdjqlwxgh d frxsoh ri
zhhnv,/ lv wr dffrxqw iru phglxp0whup phpru| lq wkh pdunhw ri uhfhqw vwurqj
grzqzdug eolsv lq dq ryhuydoxhg vlwxdwlrq1

Dw wklv vwdjh lw vkrxog eh qrwhg wkdw lw lv qrw vhoi0hylghqw wkdw wklv sdqlf
vxe0v|vwhp zloo dfwxdoo| ohdg wr sdqlfv dqg fudvkhv1 Zh kdyh mxvw pdgh vrph
uhdvrqdeoh ehkdylrxudo dvvxpswlrqv derxw zdulqhvv hwf1 iru djhqwv/ dqg lpsoh0
phqwhg wkhp lq wkh prgho1 Exw zh zloo vhh wkdw sdqlfv zloo rffxu1

Qrz wr wkh wdvn ri ghflglqj ydoxhv iru wkh sdudphwhuv/ wklv wlph iru wkh
sdqlf vxe0v|vwhp1 Wkh surfhgxuh kdv ehhq wkh vdph dv ghvfulehg lq wkh suhfhg0
lqj vhfwlrqv= edfn dqg iruwk ehwzhhq vlpxodwlrqv/ hgxfdwhg jxhvvhv/ sdudphwhu
dgmxvwphqwv/ qhz vlpxodwlrqv1 Wkh uhvxowlqj sdudphwhu ydoxh vhw lv jlyhq dw wkh
hqg ri wklv sdshu1 Wkh yduldqfh dqg fkdudfwhu ri wkh vwrfkdvwlf qrlvh surfhvv
qh kdv dovr ehhq ghflghg dv sduw ri wklv vhohfwlrq surfhvv1 Lqlwldoo| zklwh qrlvh
zdv wulhg/ zklfk lv xqfruuhodwhg zlwk lwvhoi ehwzhhq vdpsolqj lqwhuydov +46 vdp0
sohv shu wudglqj gd|/ l1h1 d vdpsoh hyhu| kdoi krxu,1 Wklv/ krzhyhu/ jdyh sulfh
pryhphqwv wkdw glvsod|hg glvwlqfw vzlqjv rqo| iurp krxu wr krxu/ exw qrw ryhu
d frxsoh ri gd|v1 Wkh zklwh qrlvh surfhvv zdv wkhuhiruh vxevwlwxwhg zlwk zklwh
qrlvh �owhuhg wkurxjk d �uvw rughu orz0sdvv �owhu zlwk wlph odj @ 6 wudglqj gd|v1
Wklv fruuhvsrqgv wr d wudlq ri ryhuodsslqj h{srqhqwldoo|0wdlohg sxovhv h{flwlqj
wkh v|vwhp/ dqg jdyh dxwrfruuhodwhg sulfh g|qdplfv ryhu wkh zhhn wkdw +e| yl0
vxdo lqvshfwlrq, uhvhpeohg uhdo0zruog lqgh{ pryhphqwv zhoo1 Zh hpskdvl}h wkdw
sdqlfv dqg fudvkhv rffxu zkhwkhu rqh hpsor|v zklwh qrlvh/ fruuhodwhg qrlvh ru
d shulrglf sxovh surfhvv wr h{flwh wkh v|vwhp1

Iljxuh 46 vkrzv d vlpxodwlrq zlwk wkh fkrvhq sdudphwhu ydoxhv1
Wkh vlpxodwlrqv grqh zhuh txlwh wlph0frqvxplqj= Zh zdqwhg wr vlpxodwh

ryhu d frxsoh ri shdnv/ zkhuh wkh wlph vsdq lv vrphzkdw ohvv wkdq whq |hduv @
5833 wudglqj gd|v/ exw zkhuh zh dovr kdg wr dffrxqw iru sulfh pryhphqwv zklfk
pd| fkdqjh vljql�fdqwo| iurp kdoi krxu wr kdoi krxu1 Zh wkxv kdg wr xvh d vwl�
gl�huhqwldo htxdwlrq vroyhu1 Wr uhgxfh vlpxodwlrq wlph/ vlpxodwlrqv zhuh vwduwhg
iurp d v|vwhp vwdwh vrphzkdw lqwr wkh shdn +hxskrulf, skdvh ri wkh �uvw f|foh1
Zh revhuyh iurp �jxuh 46 wkdw erwk wkh shdn skdvhv glvsod|v sdqlfv1 Hdfk
sdqlf lv lqglfdwhg e| vslnhv/ irxu gxulqj wkh �uvw hxskrulf skdvh/ wzr gxulqj
wkh vhfrqg1 Wkhvh vslnhv duh wkh ydoxh ri wkh yduldeoh � gh�qhg lq �jxuh 45
+qrwh= wkh vfdoh rq wkh ruglqdwh d{lv shuwdlqv wr sulfh rqo|/ wkh rwkhu yduldeohv
duh qrw vkrzq wr vfdoh1 Iru frqyhqlhqfh/ 0� lv vkrzq/ vr wkh vslnhv wxuq xs
srvlwlyh lq �jxuh 46,1 � lv }hur zkhq wkh qhjdwlyh sulfh eols lv zlwklq wkh olplw
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Iljxuh 46= Wzr shdnv zlwk vhyhudo fudvkhv

lq wkh ghdg0}rqh ixqfwlrq/ wkh �edfnjurxqg qrlvh ohyho� wkdw kdv wr eh vxusdvvhg
ehiruh wkh pdunhw lv doduphg1 Li lw lv eljjhu wkdq wklv olplw/ krzhyhu/ lwv lpsdfw
lv ghflghg e| wkh ydoxh ri wkh �zdulqhvv idfwru� +;,/ wkurxjk pxowlsolfdwlrq zlwk
wklv idfwru1 Wkh surgxfw/ d qhjdwlyh sxovh/ lv wkhq wudqvplwwhg wr wkh vwdwh wkdw
uhsuhvhqwv rswlplvp/ dqg wklv vwdwh lv deuxswo| uhgxfhg1 Wkh wudmhfwru| iru wkh
rswlplvp vwdwh lv dovr jlyhq lq �jxuh 461 Wkh deuxsw ghfuhdvh lq rswlplvp vhwv
r� d vlploduo| deuxsw ghfuhdvh lq ghpdqg/ zklfk djdlq wudqvplwv dq dpsol�hg
qhjdwlyh sulfh eols wr wkh lqsxw ri wkh ghdg0}rqh ixqfwlrq1 Wkh orrs lv forvhg1
Zh kdyh srvlwlyh ihhgedfn dqg d phfkdqlvp wr h{sodlq sdqlfv1 Pruh rq wklv
ixuwkhu ehorz1

Iljxuh 47 vkrzv pdjql�hg sruwlrqv ri wkh wzr shdn sduwv ri wkh sulfh fxuyh1
Qrwh wkh wlph vfdoh/ d udqjh ri 633 wudglqj gd|v1

Zh revhuyh wkdw wkh wzr elj sdqlfv gxulqj hdfk ri wkh wzr shdn skdvhv uhvxow
lq uhvshfwlyho| d 45( dqg 9( sulfh idoo lq d yhu| vkruw wlph1 Zh kdyh e| wklv
hvwdeolvkhg wkdw wkh sdqlf phfkdqlvp zrunv dv suhglfwhg1

Wr jhw d fohduhu slfwxuh/ zh vwuhwfk wkh wlph d{lv hyhq ixuwkhu/ wr jhw d
jolpsvh ri g|qdplfv ryhu d ihz gd|v1 Wkh uhvxow lv vkrzq l �jxuh 481 Rqh gd|
lv glylghg lqwr 46 vdpsolqj lqwhuydov1 Dq lqlwldo grzqzdugv eols wkdw lv odujh
hqrxjk wr sdvv wkh ghdg0}rqh ixqfwlrq/ odvwv rqo| rqh vdpsolqj lqwhuydo1 Wkh
ixuwkhu grzqvolgh wkdw pd| eh revhuyhg iru erwk shdn skdvhv/ pxvw wkhuhiruh
eh d uhvxow ri wkh diruhphqwlrqhg srvlwlyh ihhgedfn orrs1

Li zh ljqruh wkh sdqlf hyhqwv/ dqg dovr wuhqgv/ rq wkh judskv lq �jxuhv 47
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Iljxuh 47= Wzr shdn skdvhv ryhu 633 gd|v
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Iljxuh 48= ]rrplqj lq rq wkh 43 gd|v durxqg d sdqlf

53



0 500
0

5

10

15

20

25
123456

0 500
0

5

10

15

20

25
2106

0 500
0

5

10

15

20

25
314

0 500
0

5

10

15

20

25
1310

0 500
0

5

10

15

20

25
101

0 500
0

5

10

15

20

25
2103

0 500
0

5

10

15

20

25
29

0 500
0

5

10

15

20

25
608

Iljxuh 49= Hxskrulf skdvhv iru gl�huhqw vhhg lqwhjhuv

dqg 48/ dqg lqvshfw wkh sulfh h{fxuvlrqv xqghu qrupdo frqglwlrqv/ zh qrwh wkdw
sulfhv  xfwxdwh ehwzhhq dssur{1 	3=5 wr 	3=6/ zklfk uhodwhg wr d ohyho ri 53 wr
54/ fruuhvsrqgv wr 	4=3 wr 	4=8 ( 1 Wklv lv frqvlghuhg d uhdolvwlf pdjqlwxgh ri
gd|0wr0gd| yrodwlolw|1

Li zh frpsduh wkh wzr hxskrulf skdvhv lq �jxuhv 46 wr 47/ zh revhuyh wkdw
wkh| duh txlwh gl�huhqw lq fkdudfwhu1 Wklv fdq rqo| vwhp iurp gl�huhqfhv lq wkh
udqgrp qrlvh surfhvv wkdw h{flwhv wkh v|vwhp/ vlqfh doo rwkhu frqglwlrqv dw wkh
vwduw ri d hxskrulf skdvh duh vlplodu1 Zh zloo qrz glvfxvv wklv sursrvlwlrq pruh
forvho| e| suhvhqwlqj d vhulhv ri vlpxodwlrq uxqv zkhuh wkh rqo| sdudphwhu wkdw
lv fkdqjhg/ lv wkh �vhhg� lqwhjhu lqlwldwlqj wkh udqgrp jhqhudwru1 Wklv phdqv
wkdw zh kdyh h{dfwo| wkh vdph g|qdplf v|vwhp/ vwduwlqj iurp h{dfwo| wkh vdph
lqlwldo vwdwh/ exw h{flwhg e| gl�huhqw uhdol}dwlrqv ri wkh vdph vwrfkdvwlf surfhvv1
Wkh uhvxowv iru hljkw vxfk uxqv duh jlyhq lq �jxuh 491

Wkh lqwhjhu olvwhg rq hdfk judsk lv wkh fruuhvsrqglqj vhhg lqwhjhu1 Wkh
xsshu ohiw uxq lv lghqwlfdo wr wkh fdvh douhdg| suhvhqwhg lq �jxuhv 46 wr 481 Li zh
frqvlghu wkh hljkw judskv dv d zkroh/ wkh iroorzlqj revhuydwlrqv pd| eh pdgh=

Dq hduo| fudvk ehiruh sulfh kdv jrqh wr kljk/ lv d jrrg wklqj lq wkh vhqvh
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wkdw wkh fudvk zloo xvxdoo| qrw eh wr elj/ dv rssrvhg wr wkh fdvh zlwk vhhg @
5439/ zkhuh d sdqlf0iuhh jurzwk idu deryh 53 uhvxowv lq d elj 63( fudvk1

Zh dovr qrwh wkdw +vpdoo, fudvkhv dw dq hduo| vwdjh frqwulexwh wr uhgxflqj
wkh gdqjhu ri elj fudvkhv odwhu1 Wklv/ e| wkh zd|/ wr vrph ghjuhh mxvwl�hv wkh
vrphwlphv hxskhplvwlfdo whup �fruuhfwlrq� iru fudvkhv/ vr frpprqo| xvhg wr
fdop pdunhw qhuyhv1

Ixuwkhupruh/ zh qrwh wkdw hduo| fudvkhv zloo qrw vwrs sulfhv iurp frqwlqxlqj
wkhlu ulvh odwhu rq/ ehiruh fxoplqdwlqj1 Wklv lv gxh wr wkh lqhuwld ri d jhqhudo
dqg vwloo jurzlqj rswlplvwlf prrg/ d prrg wkdw qhhgv pruh wlph dqg dgyhuvlw|
wr wxuq vrxu1 Rq wkh rwkhu kdqg/ li d elj fudvk rffxuv zkhq wkh hxskrulf skdvh
lv lq d odwhu dqg pruh pdwxuh vwdjh/ wklv fudvk zloo frqwulexwh wr dq hduolhu
vwduw ri wkh lqhylwdeoh jhqhudo grzqvolgh1 Jhqhudoo|/ wkh suhvhqfh ri sdqlfv dqg
hqvxlqj fudvkhv zloo ohdg wr d vkruwhu shulrg iru wkh orqj0whup f|foh wkdq zkdw
lv glvsod|hg e| wkh sdqlf0iuhh olplw0f|foh prgho lq �jxuh 441

Wr jdlq lqvljkw lqwr wkh fkdudfwhu ri wkh hxskrulf skdvh glvwxuehg e| sdqlfv/
frqvlghu wkh judskv iru wkh rswlplvp vwdwh +dovr vkrzq lq wkh sorwv lq �jxuh
49,1 Qrwh wkh �flufxodu0vdz0wrrwk� dsshdudqfh ri wkhvh judskv1 Diwhu d fudvk
rswlplvp jurzwk lv vorzhu/ li wkh fudvk kdsshqv rq wkh xsvzlqj1 Li wkh fudvk
kdsshqv rq wkh grzqvzlqj/ wkh grzqzdugv volgh lv vwhhshu diwhuzdugv1

Dv phqwlrqhg/ wkh fdvh zlwk vhhg @ 5439 glvsod|v wkh eljjhvw fudvk ri wkh
hljkw fdvhv1 Dw wkh erwwrp ri wkh fruuhvsrqglqj sdqlf vslnh rqh pd| revhuyh
d vpdoo ghfd|lqj h{srqhqwldo wdlo1 Wklv dffrxqwv iru wkh phglxp whup phpru|
lq wkh pdunhw ri wkh fudvk/ dqg vwhpv iurp wkh orz sdvv �owhu eorfn zlwk wkh
frh!flhqwv f:> f;> f< lq �jxuh 451 Uhprylqj wklv eorfn +dqg wkdw phpru| h�hfw,/
krzhyhu/ grhv qrw vljql�fdqwo| fkdqjh v|vwhp g|qdplfv1

9 Frqfoxvlrq dqg vxjjhvwlrqv
Wkhuh duh d frxsoh ri lpsruwdqw phfkdqlvpv wkdw duh qrw lqfrusrudwhg lq wkh
fxuuhqw prgho1 Rqh skhqrphqrq lv �udoo|lqj�/ zklfk wdnhv sodfh ryhu d frxsoh
ri gd|v/ ru hyhq vhyhudo zhhnv1 Wklv skhqrphqrq pd| rffxu dv d frqvhtxhqfh
ri d ihholqj diwhu d uhfhqw sdqlf ru vwurqj idoo/ wkdw qrz lv wkh wlph wr ex|
fkhds ehfdxvh vwrfnv kdyh idoohq wrr pxfk dqg zloo ulvh�zklfk ri frxuvh lv d
vhoi0ixo�oolqj surskhf| li hqrxjk djhqwv wklqn wklv zd|1 Ru lw pd| wdnh sodfh
gxh wr h{rjhqrxv lpsxovhv/ iru lqvwdqfh dq dqqrxqfhphqw ri orzhu Fhqwudo Edqn
lqwhuhvw udwhv/ ru dq dqqrxqfhphqw ri d zkdw lv eholhyhg wr eh d fuhgleoh LPI
uhvfxh rshudwlrq wrzdugv dq lpsruwdqw frxqwu| ru jurxs ri frxqwulhv1

Lq whupv ri rxu prgho/ wklv pd| eh wdnhq fduh ri e| lqwurgxflqj dgglwlrqdo
sdudooho ihhgedfn orrsv frqwdlqlqj �uvw0 ru vhfrqg0rughu orz sdvv wudqvihu ixqf0
wlrqv zlwk wlph odjv ri d gd|v2zhhnv pdjqlwxgh/ wkxv �oolqj rxw wkh �jds�
ehwzhhq wkh yhu| vkruw0 dqg yhu| orqj0whup g|qdplfv h{suhvvhg e| wkh fruuh0
vsrqglqj orrsv lq wkh fxuuhqw prgho1 Vxfk dgglwlrqdo orrsv vkrxog hqdeoh wkh
v|vwhp wr h{suhvv vzlqjv ryhu gd|v dqg zhhnv/ iru lqvwdqfh udoo|lqj1 Ixuwkhu0
pruh/ rqh frxog orrn pruh forvho| lqwr wkh prgholqj ri h{rjhqrxv lpsxovhv1 Lq
wkh fxuuhqw prgho/ wkhlu lpsdfw doo ghfd| dw wkh vdph udwh/ zlwk d wlph frqvwdqw
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ri wkuhh gd|v/ dqg wkh| duulyh uhjxoduo| +hyhu| kdoi krxu,1 D suredeo| pruh
uhdolvwlf dvvxpswlrq lv wr ohw wklv qrlvh eh d Srlvvrq surfhvv/ wkxv jhqhudwlqj
lpsxovhv dw luuhjxodu lqwhuydov/ dqg pruh lpsruwdqw�ohw wkhvh sxovhv ghfd| dw
gl�huhqw udwhv/ vr wkdw wkh prgho dffrxqwv iru wkh idfw wkdw vrph qhzv kdyh
pruh odvwlqj lq xhqfh rq wkh pdunhw wkdq rwkhu1

Wkhvh vxjjhvwhg prgl�fdwlrqv zloo qrw/ krzhyhu/ lqydolgdwh vrph lqvljkwv
dqg vxjjhvwlrqv iru ixuwkhu uhvhdufk wkdw hphujh iurp zrunlqj zlwk fxuuhqw
prgho=

� D srvlwlyh �edqgzdjrq� ihhgedfn vwuxfwxuh/ dqg revhuyhg ryhuvkrrwlqj
gxulqj iudfwlrqv ri d wudglqj gd|/ lpso| wkdw wkh v|vwhp lv doo wkh wlph
yhu| forvh wr lqvwdelolw|1 Vxfk d nqlih0hgjh edodqfh fdq rqo| eh hqvxuhg e|
wkh pdunhw dv d zkroh dgdswlyho| wxqlqj wkh ihhgedfn jdlq lq wklv orrs1

� D sxuh sv|fkrorjlfdo prrg sursdjdwlrq phfkdqlvp/ frpelqhg zlwk d urri
dqg d  rru iru ghpdqg/ zloo e| lwvhoi jhqhudwh orqj0udqjh f|fohv1 Wkh wlph
odjv ri prrg sursdjdwlrq dqg irujhwwlqj duh ghflvlyh iru wkh f|foh shulrg1

� Fuhgleoh0orrnlqj sdqlfv dqg fudvkhv fdq eh jhqhudwhg e| wkh phfkdqlvp
ghvfulehg lq wklv sdshu/ zklfk edvlfdoo| vd|v wkdw sdqlfv duh wuljjhuhg zkhq
wzr frqglwlrqv duh ixo�oohg= Jurvv ryhuydoxdwlrq/ dqg d udqgrp grzqzdug
sulfh eols wkdw lv vr odujh wkdw lw �vwdqgv rxw�1

� E| lqwurgxflqj pdunhw prrg +�rswlplvp�, dv d v|vwhp vwdwh/ zh kdyh
d srvvleoh phdqv ri prgholqj dqg vlpxodwlqj frxsolqjv ehwzhhq gl�huhqw
vwrfn pdunhwv1 Reylrxvo|/ zkdw kdsshqv rq wkh Q\VH lq xhqfhv wkh rwkhu
h{fkdqjhv/ dqg ylfh yhuvd1 Lqwhudfwlrqv fdq eh uhdol}hg e| frqqhfwlrqv
iurp sulfh udwh fkdqjh lq rqh prgho wr wkh prrg vwdwh ri dqrwkhu vhsdudwh
vwrfn h{fkdqjh prgho1

D �qdo qrwh= L zlvk wr h{suhvv p| wkdqnv wr Gu1 Vwhyh Nhhq/ wkh Xqlyhuvlw|
ri Zhvwhuq V|gqh|/ iru vwlpxodwlqj glvfxvvlrqv/ khos dqg vxjjhvwlrqv1

: Olvw ri sdudphwhuv
Vdpsolqj shulrg +l1h1 vlpxodwlrq vwhs ohqjwk, W @ 4@46 @ :=9<563; � 43�5/

Wu @ 6/ f4 @ :=3 � 43�8> f5 @ 7=:94<38 � 436>
Ne @ 4=75787: � 437> We @ 6=:85969 � 43�8>

fdofxodwhg iurp � @ 3=7> dqg $3 @ <7=57::;/
Wi @ 533> f6 @ 4=7 � 43�6> f7 @ 437>
s @ 48> q @ 5=8>
f8 @ 3=4;4;4;5> f9 @ 47=;9583> f: @ 5=59 � 43�5>

f; @ 3=48> f< @ 3=66<>ghdg}rqh@ 3=4;
yduldqfh ri glvfuhwh zklwh qrlvh @438> �owhu wlph odj wr pdnh wkh qrlvh fru0

uhodwhg @ 6/
Lqlwldo ydoxhv iru wkh v|vwhp*v wkuhh pdlq vwdwhv +idvwhu v|vwhp prghv kdyh

lqlwldo ydoxhv @ 3,=
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rswlplvp @ 5=699:77 � 43�4> orqj0whup prrg �owhu vwdwh @ 4=858 � 43�6>sulfh
@ 4=767 =

vhhg @ 456789 lq wkh �uvw urxqg/ exw lv wkhq ydulhg dv vkrzq lq �jxuh 491
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