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Edqn Prudo Kd}dug dqg Pdunhw Glvflsolqh

Hohqd Fduohwwl�

Ilqdqfldo Pdunhwv Jurxs/ Orqgrq Vfkrro ri Hfrqrplfv

Iluvw Yhuvlrq= Dsulo 4<<:
Wklv Yhuvlrq= Pd| 4<<<

Devwudfw

Zh vkrz wkdw pdunhw glvflsolqh fdq eh h�hfwlyh lq uhvroylqj wkh prudo

kd}dug sureohp zklfk dulvhv zkhq ghsrvlwruv gr qrw nqrz zkhwkhu

edqnhuv duh prqlwrulqj ru qrw wkh surmhfwv wkh| �qdqfh1 Ghpdqgdeoh

ghew/ e| doorzlqj wkh srvvlelolw| ri edqn uxqv/ fdq lqgxfh edqnhuv wr

prqlwru1 Krzhyhu/ pdunhw glvflsolqh frphv dw d frvw1 Zkhq ghsrvl0

wruv duh qrw htxdoo| lqiruphg derxw wkh ixwxuh ydoxh ri edqn dvvhwv/

zlwkgudzdov fdxvhg e| d oltxlglw| vkrfn pd| eh frqixvhg zlwk ixwxuh

lqvroyhqf| dqg fdxvh xqlqiruphg ghsrvlwruv wr suhflslwdwh d uxq1 Olnh0

zlvh/ zlwkgudzdov gxh wr xsfrplqj lqvroyhqf| pd| eh frqixvhg zlwk

d oltxlglw| vkrfn dqg glvvxdgh ghsrvlwruv iurp uxqqlqj1 Edqn uxqv

duh/ wkhuhiruh/ frvwo| dqg lpshuihfw glvflsolqdu| ghylfhv iru edqnhuv1

Rxu uhvxowv r�hu d qhz shuvshfwlyh rq wkh ghedwh rq pdunhw yhuvxv

uhjxodwru| glvflsolqh ri edqnv1

�Fruuhvsrqghqfh wr= Hohqd Fduohwwl/ Ilqdqfldo Pdunhwv Jurxs/ Wkh Orqgrq Vfkrro
ri Hfrqrplfv dqg Srolwlfdo Vflhqfh/ Krxjkwrq Vwuhhw/ Orqgrq ZF5D 5DH/ h0pdlo=
H1Fduohwwl4Covh1df1xn L dp judwhixo wr Vxglswr Ekdwwdfkdu|d/ Pdujduhw Eud|/ Pdunxv
Euxqqhuphlhu/ Ylwwruld Fhudvl/ Pdufr Gd Ulq/ Oxfd Ghlggd/ Ylqfhq}r Ghqlfroõ/ Jlxolr
Ihood/ Sdror Jduhood dqg Fkduohv Jrrgkduw/ Xoulfk Khjh/ Jxhqwhu Vwureo iru ydoxdeoh glv0
fxvvlrqv1 Vhplqdu sduwhflsdqwv dw IPJ/ OVH/ Erffrql Xqlyhuvlw|/ Xqlyhuvlw| ri Erorjqd
dqg dw wkh FHSU2Edqn ri Ilqodqg frqihuhqfh rq �Wkh ixwxuh ri wkh �qdqfldo vhuylfh lq0
gxvwu| dqg qhz fkdoohqjhv iruv vxshuylvlrq� +Khovlqnl/ 55056 Dsulo 4<<<, dovr surylghg
khosixo frpphqwv dqg vxjjhvwlrqv1 Doo huuruv duh/ ri frxuvh/ p| rzq1
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sursrvdov uhfhqwo| dgydqfhg e| vrph srolf|pdnhuv/ zkr kdyh vxjjhvwhg wr
vfdoh edfn ghsrvlw lqvxudqfh fryhudjh lq rughu wr uhvwruh pdunhw glvflsolqh15

Ihz wkhruhwlfdo frqwulexwlrqv kdyh dqdo|vhg wkhvh wrslfv1 Wkh pdlqvwuhdp
olwhudwxuh rq edqn uxqv grhv qrw frqvlghu lvvxhv ri prudo kd}dug/ irfxvlqj
lqvwhdg rq wkh uroh ri edqnv lq surylglqj ghsrvlwruv zlwk  h{lelolw| lq wkh wlp0
lqj ri frqvxpswlrq16 Gldprqg dqg G|eylj +4<;6,/ Mdfnolq dqg Ekdwwdfkdu|d
+4<;;, dqg Fkdul dqg Mdjdqqdwkdq +4<;;,/ doo exlog prghov zkhuh edqnv duh
htxlydohqw wr pxwxdo ixqgv dqg wkhuhiruh wkhuh lv qr frq lfw ri lqwhuhvw eh0
wzhhq ghsrvlwruv dqg edqnhuv1 Wkhvh prghov surylgh gl�huhqw h{sodqdwlrqv
iru wkh rffxuuhqfh ri edqn uxqv1 Gldprqg dqg G|eylj vkrz wkdw uxqv duh dq
xqiruwxqdwh dqg xqghvludeoh vlgh0h�hfw ri ghpdqgdeoh ghew dqg wkh| kdsshq
dv d *vxqvsrw* li ghsrvlwruv orrvh frq�ghqfh lq ixwxuh edqn vroyhqf|1 Mdfnolq
dqg Ekdwwdfkdu|d +4<;;, vxjjhvw/ lqvwhdg/ wkdw edqn uxqv duh lqirupdwlrq0
edvhg lq wkdw wkh| duh ghsrvlwruv* udwlrqdo uhvsrqvh wr wkh duulydo ri qhjdwlyh
lqirupdwlrq uhjduglqj wkh vwdwh ri wkh edqn*v dvvhwv1 Ilqdoo|/ Fkdul dqg Md0
jdqqdwkdq +4<;;, dujxh wkdw edqn uxqv fdq eh erwk lqirupdwlrq0lqgxfhg
dqg sxuh sdqlfv1 Wkh odwwhu kdsshq zkhq ghsrvlwruv ihdu wkdw vrph ri wkhp
srvvhvv +vxshulru, qhjdwlyh lqirupdwlrq derxw ixwxuh edqn uhwxuqv1

Wr wkh ehvw ri rxu nqrzohgjh/ wkh rqo| sdshu zklfk dqdo|}hv wkh lqfhqwlyh
h�hfwv ri ghpdqgdeoh ghew lv Fdorplulv dqg Ndkq +4<<4,1 Wkh| vkrz wkdw
wkh wkuhdw ri edqn oltxlgdwlrq glvflsolqhv wkh edqnhu zkhq kh fdq iudxgx0
ohqwo| glyhuw uhvrxufhv h{ srvw1 Wkhlu dqdo|vlv irfxvhv rq wkh lvvxh ri frvwo|
dftxlvlwlrq ri lqirupdwlrq e| ghsrvlwruv dqg jlyhv d udwlrqdoh iru wkh lpsr0
vlwlrq ri wkh *vhtxhqwldo vhuylfh frqvwudlqw* lq wkh uhsd|phqw ri ghsrvlwruv1
Fdorplulv dqg Ndkq uhjdug edqn uxqv dv dozd|v vrfldoo| ehqh�fldo vlqfh wkh|
suhyhqw iudxg dqg doorz wkh vdoydjh ri vrph ri wkh edqn*v ydoxh1

Rxu dssurdfk surylghv d qryho mxvwl�fdwlrq iru wkh xvh ri ghpdqgdeoh ghew
dv dq lqfhqwlyh ghylfh iru plwljdwlqj wkh prudo kd}dug sureohp vwhpplqj
iurp wkh edqnhu*v glvfuhwlrqdu| fkrlfh ri zkhwkhu wr prqlwru surmhfwv ru
qrw1 Xqolnh Fdorplulv dqg Ndkq/ wklv lv grqh lq d frqwh{w zkhuh edqn uxqv
dulvh iurp wkh fr0h{lvwhqfh ri oltxlglw|/ lqiruphg dqg xqlqiruphg ghsrvlwruv1
Wklv doorzv xv wr prgho erwk +l, krz lqirupdwlrq lv uhyhdohg wr xqlqiruphg
ghsrvlwruv e| wkh zlwkgudzdo ghflvlrqv ri rwkhu ghsrvlwruv +dv lq Fkdul dqg
Mdjdqqdwkdq, dqg +ll, krz wklv ihhgv edfn wr wkh zlwkgudzdo ghflvlrqv ri

5Vhh/ iru h{dpsoh/ Eurdggxv +4<<7,/ Fklfdjr Ihg Ohwwhu +4<<3, dqg Ndxipdqq +4<<7,1
6Iru dq ryhuylhz ri wklv olwhudwxuh/ vhh Ekdwwdfkdu|d dqg Wkdnru +4<<6, dqg Iuhl{dv

dqg Urfkhw +4<<;,1
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lqiruphg ghsrvlwruv1 Wkhuhiruh/ zh duh deoh wr h{solflwo| prgho wkh frvwv dqg
ehqh�wv ri wkh lqfhqwlyh h�hfwv ri ghpdqgdeoh ghew1 Wkh ehqh�wv frqvlvw
ri wkh lqfhqwlyh h�hfwv ri ghpdqgdeoh ghew1 Wkh frvwv/ lqvwhdg/ vwhp iurp
wkh idfw wkdw/ zlwk ghpdqgdeoh ghew/ lqh!flhqw oltxlgdwlrq +ru frqwlqxdwlrq,
pd| rffxu1

Ghew ghpdqgdelolw| doorzv ghsrvlwruv wr surylgh pdunhw glvflsolqh e|
zdwfklqj wkh ydoxh ri edqn dvvhwv dqg wuljjhulqj d uxq zkhqhyhu wkh| +udwlr0
qdoo|, h{shfw wklv ydoxh wr eh orz1 Dowkrxjk lw uhvroyhv prudo kd}dug/ pdunhw
glvflsolqh frphv dw d frvw1 Vlqfh qrw doo ghsrvlwruv duh htxdoo| lqiruphg rq
wkh ydoxh ri edqn dvvhwv/ lw pd| kdsshq wkdw vrph frpplw huuruv lq ghflglqj
zkhq wr uxq wkh edqn1 Wkh| pd| hlwkhu ohdyh wkhlu ghsrvlwv dw wkh edqn
zkhq uhwxuqv duh lq idfw orz/ ru wkh| pd| zlwkgudz wkhlu ixqgv zkhq uhwxuqv
duh lq idfw kljk1 Wkh huurqhrxv zlwkgudzdo ghflvlrq ri vrph ghsrvlwruv irufhv
wkh rwkhuv wr suhflslwdwh d uxq1 Zkhq wklv lv wkh fdvh/ dq h{ srvw lqh!flhqw
uxq kdv ruljlq dqg d vroyhqw edqn lv irufhg lqwr oltxlgdwlrq1 Wkhuhiruh/ wkh
uholdqfh rq pdunhw glvflsolqh lv d ihdvleoh lqfhqwlyh ghylfh/ exw dq lpshuihfw
dqg frvwo| rqh1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkh prgho lv ghvfulehg lq
vhfwlrq 51 Wkh lqfhqwlyh h�hfw ri ghpdqgdeoh ghew lv dqdo|vhg lq vhfwlrq 61
Vhfwlrq 7 frqfoxghv wkh sdshu1

5 Wkh prgho

Frqvlghu dq hfrqrp| zklfk odvwv wkuhh shulrgv +W @ 3/4/5, dqg zlwk wzr
w|shv ri ulvn qhxwudo djhqwv= d edqn dqg d frqwlqxxp ri ghsrvlwruv ri phdvxuh
rqh1 Wkh edqn/ zklfk dfwv dv d prqrsrolvw/ fdq lqyhvw lq d ulvn| dqg looltxlg
surmhfw/ zklfk uhtxluhv dq rxwod| ri rqh xqlw ri fdslwdo dw gdwh 31 Dw gdwh
5/ wkh lqyhvwphqw |lhogv % ' M shu xqlw lqyhvwhg li lw vxffhhgv dqg % ' f

lq fdvh lw idlov1 Vlqfh wkh edqn kdv qr fdslwdo/ lw qhhgv wr udlvh ixqgv iurp
ghsrvlwruv1 Wkh edqn fdq r�hu hlwkhu d vwdqgdug ru d ghpdqgdeoh ghsrvlw
frqwudfw iru gl�huhqw pdwxulwlhv/ dv vshfl�hg ehorz1 Ghsrvlwruv duh shuihfwo|
frpshwlwlyh dqg hdfk hqgrzhg zlwk rqh xqlw1 Wkh ulvnohvv lqwhuhvw udwh lv
qrupdolvhg wr }hur1
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ghsrvlwruv/ � � h|/ ohdyh wkhlu ixqgv dw wkh edqn xqwlo gdwh 519 Ghqrwh wkhvh

wzr iudfwlrqv *hduo|* dqg *odwh* oltxlglw| ghsrvlwruv/ uhvshfwlyho|1 Zlwkrxw

orvv ri jhqhudolw|/ zh dvvxph wkdw
;

| fdq wdnh wkuhh ydoxhv/ fc |� dqg |2/ zlwk

suredelolwlhv ^fc ^� dqg ^2/ uhvshfwlyho|1
:

Qdwxudoo|/ zh dovr dvvxph wkdw wkh lqwhuphgldwh oltxlglw| vkrfn lv pruh

olnho| wkdq wkh h{wuhph rqhv= ^� :
�

2
: ^fc ^21

Vwudwhjlf ghsrvlwruv/ lqvwhdg/ frpshwh iru uhwxuqv dqg ehkdyh vwudwhjlfdoo|

lq rughu wr pd{lplvh wkhlu xwlolw|/ zklfk lv jlyhq e| L ES�c S2� ' S�n S21 Dw

gdwh 3 wkh| ghsrvlw wkhlu ixqgv dw wkh edqn lq h{fkdqjh iru d uhsd|phqw

-( : � dw gdwh 51 Dw gdwh 4/ diwhu wkh duulydo ri lqirupdwlrq rq wkh ixwxuh
uhwxuq ri wkh surmhfw +dv vshfl�hg ehorz,/ wkh| ghflgh zkhwkhu wr ohdyh wkhlu
ghsrvlwv xqwlo gdwh 5 ru wr zlwkgudz suhpdwxuho|1

Doo ghsrvlwruv zlwkgudzlqj dw gdwh 4 vxeplw wkhlu uhtxhvwv vlpxowdqhrxvo|1
Ghshqglqj rq wkh ydoxh ri djjuhjdwh zlwkgudzdov/` / hdfk ghsrvlwru uhfhlyhv
hlwkhu wkh lqlwldo ghsrvlw ru d sur0udwd vkduh ri wkh ydoxh ri wkh edqn*v dvvhwv1;

Vlploduo|/ ghsrvlwruv zdlwlqj xqwlo gdwh 5 uhfhlyh hlwkhu wkh surplvhg lqwhuhvw
idfwru -( ru d sur0udwd vkduh ri wkh ydoxh ri wkh edqn*v dvvhwv1 Zlwkrxw orvv
ri jhqhudolw|/ zh vlpsoli| wkh dqdo|vlv e| dvvxplqj wkdw ghsrvlwruv zkr gr
qrw zlwkgudz dw gdwh 4 duh qrw wdnhq lqwr dffrxqw lq wkh vsolwwlqj ri wkh
ydoxh ri wkh edqn*v dvvhwv1

516 Lqirupdwlrq

Dw gdwh 4/ d iudfwlrq k ri vwudwhjlf ghsrvlwruv uhfhlyhv d shuihfwo| lqirupdwlyh
vljqdo/ r 5 iMc fj/ rq wkh ixwxuh ydoxh ri wkh edqn*v dvvhwv1 Wkh vljqdo
lv wkh vdph iru doo lqiruphg vwudwhjlf ghsrvlwruv1 Wkh uhpdlqlqj vwudwhjlf
ghsrvlwruv/ ��k/ uhpdlqv xqlqiruphg1 Dw gdwh 3/ d vwudwhjlf ghsrvlwru grhv
qrw nqrz zkhwkhu kh zloo ehfrph lqiruphg ru qrw1

9Dq dqdo|vlv ri wkh lqvxudqfh surylghg wr ghsrvlwruv e| wkh edqn jrhv eh|rqg wkh
vfrsh ri wklv sdshu/ zklfk frqfhqwudwhv rq wkh lqfhqwlyh h�hfwv ri ghpdqgdeoh ghew1 E|
dvvxplqj ulvn qhxwudolw|/ zh dyrlg zruu| derxw wkh uhodwlrqvkls ehwzhhq wkh vkdsh ri
ghsrvlwruv* xwlolw| ixqfwlrq dqg wkh surmhfw*v oltxlgdwlrq ydoxh1 Rq wklv lvvxh/ vhh Gldprqg
dqg G|eylj +4<;6, dqg Mdfnolq dqg Ekdwwdfkdu|d +4<;;,1

:D vwudljkwiruzdug jhqhudol}dwlrq wr d frqwlqxrxv w zrxog vlpso| uhtxluh lwv ghqvlw|
ixqfwlrq i+w, wr eh vwulfwo| ghfuhdvlqj1

;Vlqfh zh gr qrw frqvlghu wkh lvvxh ri hqgrjhqrxv dftxlvlwlrq ri lqirupdwlrq derxw
surmhfw*v ixwxuh uhwxuqv rq sduw ri ghsrvlwruv/ zh gr qrw qhhg wr lpsrvh wkh vhtxhqwldo
vhuylfh frqvwudlqw uxoh iru ghsrvlwruv* uhsd|phqw1 Rq wkh uroh ri wkh vhtxhqwldo vhuylfh
frqvwudlqw/ vhh Fdorplulv dqg Ndkq +4<<4,1

:



Wkh uhdolvdwlrq ri
;

| dqg
;

% dqg wkh vljqdo r uhfhlyhg e| lqiruphg vwudwhjlf

ghsrvlwruv duh qrw revhuydeoh e| rwkhu djhqwv lq wkh hfrqrp|1 Wkh rqo|

sxeolf lqirupdwlrq lv wkh dprxqw ri djjuhjdwh zlwkgudzdov dw gdwh 4/ ` 1

Lq rwkhu zrugv/ zkdw lv revhuydeoh lv wkh wrwdo iudfwlrq ri ghsrvlwruv zkr

zlwkgudz exw qrw wkh uhdvrq ehklqg wkhlu lqglylgxdo ghflvlrqv1

Ilqdoo|/ zh dvvxph wkdw
;

| dqg
;

% duh lqghshqghqw ri hdfk rwkhu1 Wrjhwkhu/

wkh| ghvfuleh wkh vwdwh ri wkh zruog/ w � E
;

| c
;

%�1

517 Sdudphwhu uhvwulfwlrqv

Lq rughu iru xqlqiruphg ghsrvlwruv wr kdyh d qrq0wulyldo vljqdo h{wudfwlrq

sureohp/ zh dvvxph=

|� ' k +5,

|2 ' |� n k ' 2|� +6,

Frqglwlrq +5, vwdwhv wkdw wkh iudfwlrq ri lqiruphg ghsrvlwruv htxdov wkh lqwhu0
phgldwh iudfwlrq ri hduo| oltxlglw| ghsrvlwruv1 Frqglwlrq +6, vwdwhv wkdw wkh
odujhvw iudfwlrq ri hduo| oltxlglw| ghsrvlwruv htxdov wkh iudfwlrq ri lqiruphg
djhqwv soxv wkh lqwhuphgldwh iudfwlrq ri hduo| oltxlglw| ghsrvlwruv1< Ixuwkhu/
zh dvvxph=

` '
|2
2

+7,

� '
� n |�
2

+8,

Frqglwlrq +7, �{hv wkh wkuhvkrog ohyho ri djjuhjdwh zlwkgudzdov eh|rqg zklfk
wkh oltxlgdwlrq ydoxh ri wkh surmhfw uhgxfhv wr �1 Frqglwlrq +8, vshfl�hv wkh
oltxlgdwlrq ydoxh ri wkh surmhfw zkhq pruh wkdq |2*2 ghsrvlwruv zlwkgudz
dw gdwh 4143 Wrjhwkhu wkhvh wzr frqglwlrqv dwwhpsw wr fdswxuh/ lq d uhgxfhg
irup/ wkh ghwhuplqdwlrq ri wkh dvvhw*v sulfh lq d vhfrqgdu| pdunhw1 Lq wkh

<Zlwk wkhvh frqglwlrqv lq sodfh/ xqlqiruphg vwudwhjlf ghsrvlwruv revhuyh d qrlv| lqgl0
fdwru ri wkh edqn*v ixwxuh dvvhw uhwxuqv iurp zklfk wkh| pd| eh xqdeoh wr lqihu �1 Khqfh/
frqglwlrqv +5, dqg +6, duh qhlwkhu uhvwulfwlrqv rq wkh vwuxfwxuh ri wkh hfrqrp|/ qru duh wkh|
qhfhvvdu| iru wkh h{lvwhqfh ri dq htxloleulxp1 Udwkhu/ wkh| doorz xv wr prgho frqirxqglqj1

43Iurp fdofxodwlrq dydlodeoh iurp wkh dxwkru/ lw fdq eh vkrzq wkdw rxu uhvxowv krog iru
d zlgh udqjh ri ydoxhv ri c1 Frqglwlrq +8, lv wkhq lpsrvhg rqo| iru hdvh ri vlpsolflw|1

;



vslulw ri Vkohlihu dqg Ylvkq| +4<<5,/ frqglwlrq +7, wdnhv lqwr dffrxqw wkdw wkh
dvvhw*v sulfh lv ghwhuplqhg e| wkh dvvhw*v vxsso|1 Wkhuhiruh/ zkhq wkh vxsso|
ehfrphv odujh hqrxjk +` : ` ,/ wkh sulfh idoov ehorz wkh uhsodfhphqw ydoxh
ri fdslwdo1 Lq wkh vslulw ri Dnhuori +4<:3,/ frqglwlrq +8, dfnqrzohgjhv wkh h{0
lvwhqfh ri d �ohprqv� sureohp zklfk vwhpv iurp wkh suhvhqfh ri dv|pphwulf
lqirupdwlrq derxw wkh dvvhw*v ydoxh1 Wkh vhfrqgdu| pdunhw sulfhv wkh dv0
vhw dffruglqj wr wkh rqo| revhuydeoh yduldeoh/ ` / zklfk lv fruuhodwhg�doehlw
lpshuihfwo|�zlwk wkh dvvhw*v ydoxh1 Zkhq zlwkgudzdov h{fhhg ` / wkh oltxl0
gdwlrq ydoxh idoov/ uh hfwlqj wkh pdunhw*v h{shfwdwlrq ri d orzhu ydoxh ri wkh
dvvhw1

518 Wlplqj dqg qrwdwlrq

Wkh wlph vwuxfwxuh ri wkh prgho lv vxppdul}hg lq Iljxuh 41 Dw gdwh 3 wkh
edqn lvvxhv ghew/ lqyhvwruv ghsrvlw wkhlu ixqgv/ -( lv ghwhuplqhg dqg wkh
edqnhu fkrrvhv zkhwkhu wr prqlwru wkh surmhfw ru qrw1 Dw wkh ehjlqqlqj ri
shulrg 4/ wkh iudfwlrq | ri hduo| oltxlglw| ghsrvlwruv lv uhdol}hg dqg wkh vljqdo
r lv revhuyhg e| d iudfwlrq k ri lqiruphg vwudwhjlf ghsrvlwruv1 Wkhq/ djhqwv
pdnh wkhlu zlwkgudzdo ghflvlrqv1 Li doo vwudwhjlf ghsrvlwruv zlwkgudz dw gdwh
4/ dq lqirupdwlrq0lqgxfhg uxq rffxuv= Wkh edqn oltxlgdwhv wkh surmhfw dqg
lv forvhg grzq1 Li d uxq grhv qrw rffxu/ dw wkh ehjlqqlqj ri shulrg 5 wkh
surmhfw*v uhwxuqv duh uhdolvhg dqg fodlpv duh vhwwohg1 Frqglwlrqdo rq wkh edqn
ehlqj vroyhqw/ hdfk uhpdlqlqj ghsrvlwru uhfhlyhv -( dqg wkh edqn uhwdlqv wkh
vxusoxv1

W@3 W@4 W@5
m m m m m

lqyhvwruv iudfwlrq ri ghsrvlwruv m m
ghsrvlw wkhlu hduo| oltxlglw| pdnh wkh surmhfw ghsrvlwruv

ixqgv> ghsrvlwruv zlwkgudzdo uhwxuqv duh uhsdlg>
wkh edqnhu uhdolvhg> ghflvlrq> duh uhdolvhg wkh edqn
fkrrvhv lqiruphg wkh edqn pd| uhwdlqv wkh
zkhwkhu vwudwhjlf oltxlgdwh vxusoxv

wr prqlwru ghsrvlwruv wkh surmhfw
wkh surmhfw uhfhlyh

ru qrw wkh vljqdo

Iljxuh 4= Wlplqj

<



Wdeoh 4 surylghv wkh olvw ri qrwdwlrq zklfk ghvfulehv wkh prgho1

h% ' udqgrp uhwxuq ri wkh surmhfw dw gdwh 5 E% ' Mc f�
R}ERK� ' vxffhvv suredelolw| ri wkh surmhfw zkhq prqlwrulqj +qr prqlwrulqj,
� ' sulydwh ehqh�w
7 ' vwdqgdug ghew
-7 ' idfh ydoxh ri V
�7
} E�

7
K � ' edqn*v h{shfwhg sur�wv zkhq prqlwrulqj +qr prqlwrulqj, zlwk V

( ' ghpdqgdeoh ghew
-( ' idfh ydoxh ri G
�(
} E�

(
K � ' edqn*v h{shfwhg sur�wv zkhq prqlwrulqj +qr prqlwrulqj, zlwk G

` ' djjuhjdwh zlwkgudzdov
` ' djjuhjdwh zlwkgudzdov eh|rqg zklfk uT ' �

� ' oltxlgdwlrq ydoxh zkhq ` A `
h| ' iudfwlrq ri *hduo|* oltxlglw| ghsrvlwruv E| ' fc |�c |2�

^� ' suredelolw| glvwulexwlrq ri h|/ � ' fc�c 2
k ' iudfwlrq ri lqiruphg vwudwhjlf ghsrvlwruv

Wdeoh 4= Qrwdwlrq

6 Wkh lqfhqwlyh h�hfwv ri ghpdqgdeoh ghew

Wkh htxloleulxp frqvlvwv ri wkuhh hohphqwv= wkh idfh ydoxh ri ghew -(/ wkh

edqnhu*v prqlwrulqj fkrlfh dw gdwh 3/ dqg ghsrvlwruv* zlwkgudzdo ghflvlrqv dw

gdwh 41 Wr �qg wkh htxloleulxp/ zh vroyh wkh prgho e| edfnzdug lqgxfwlrq1

Jlyhq -( dqg wkh edqnhu*v prqlwrulqj fkrlfh/ zh �uvw dqdo|vh ghsrvlwruv*

zlwkgudzdo ghflvlrqv dw gdwh 41 Wkhq zh frpsxwh -( dqg wkh edqnhu*v prq0

lwrulqj fkrlfh dw gdwh 3/ wdnlqj lqwr dffrxqw ghsrvlwruv* zlwkgudzdo ghflvlrqv1

614 Ghsrvlwruv* Zlwkgudzdo Ghflvlrqv dw gdwh 4

Dw wkh ehjlqqlqj ri shulrg 4/ wkh oltxlglw| vkrfn lv uhdolvhg dqg lqiruphg

vwudwhjlf ghsrvlwruv uhfhlyh wkh vljqdo r1 Wkhq/ doo djhqwv fkrrvh vlpxowdqh0

rxvo| zkhwkhu wr zlwkgudz ru qrw/ dffruglqj wr wkhlu w|sh/ wr wkh dydlodeoh

lqirupdwlrq dqg wr rwkhuv* ghflvlrqv1 Zh dqdo|vh wkh ghflvlrq ri hdfk w|sh

ri ghsrvlwruv lq wxuq1

Wkh ghflvlrq ri oltxlglw| ghsrvlwruv lv wulyldo= D iudfwlrq htxdo wr wkh

uhdolvdwlrq ri
;

| zlwkgudzv ghsrvlwv dw gdwh 41
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vwdwh w ' E|c %� suredelolw| `(

4 f/M ^fR}
�

2
dk�UErc` � n E�� k��LE` �o

5 fc f ^fE� � R}�
�

2
dk�UErc` � n E�� k��LE` �o

6 |�cM ^�R}
�

2
d|� n k�UErc` � n E�� k��L E` �o

7 |�c f ^�E� � R}�
�

2
d|� n k�UErc` � n E�� k��L E` �o

8 |2cM ^2R}
�

2
d|2 n k�UErc` � n E�� k��L E` �o

9 |2c f ^2E� � R}�
�

2
d|2 n k�UErc` � n E�� k��L E` �o

Wdeoh 5= Djjuhjdwh zlwkgudzdov ghpdqg

D udwlrqdo h{shfwdwlrqv Qdvk htxloleulxp iru ghsrvlwruv* zlwkgudzdo gh0
flvlrqv uhtxluhv wkdw djhqwv pdnh wkhlu rswlpdo ghflvlrq vlpxowdqhrxvo|/ frq0
glwlrqdo rq wkh lqirupdwlrq wkh| kdyh dqg wdnlqj lqwr dffrxqw wkh lq xhqfh
wkdw wkhlu ghflvlrq +dqg khqfh wkdw ri doo ghsrvlwruv ri wkhlu w|sh, kdv rq
djjuhjdwh zlwkgudzdov1 Irupdoo|/ d udwlrqdo h{shfwdwlrqv Qdvk htxloleulxp
frqvlvwv ri=

+l, dq djjuhjdwh zlwkgudzdo ixqfwlrq ` Ew� wkdw vshfl�hv djjuhjdwh zlwk0
gudzdov iru hdfk vwdwh ri qdwxuh wc dqg

+ll, zlwkgudzdo ghpdqgv �UErc` Ew�� dqg �L E` Ew�� iru lqiruphg dqg
xqlqiruphg vwudwhjlf ghsrvlwruv/ vxfk wkdw=

+d, ` Ew� ' �

2
d|n k�UErc` Ew�� n E� � k��LE` Ew��o/ iru doo w

+e, �UErc` Ew�� dqg �LE` Ew�� duh wkh rswlpdo vroxwlrq wr lqiruphg
dqg xqlqiruphg ghsrvlwruv* ghflvlrq sureohpv

+f, li`(Ew� ' `(Ew
��/ wkdw lv li �

2
d|nk�UErc` Ew��nE��k��L E` Ew��o '

�

2
d|� n k�UErc` Ew��� n E� � k��LE` Ew���o/ iru dq| wzr vwdwhv w ' E|c %� dqg
w� ' E|�c %��/ iru doo �UErc` Ew�� dqg �LE` Ew��/ wkhq ` Ew� '` Ew��1

D udwlrqdo h{shfwdwlrqv Qdvk htxloleulxp lv wkhq fkdudfwhul}hg e| wkh yhf0
wru ri djjuhjdwh zlwkgudzdov lq hdfk vwdwh ri wkh zruog/` ' E`�c`2c`�c`ec`Dc`S�/
zklfk vdwlv�hv frqglwlrqv +d,/ +e, dqg +f,1 Frqglwlrq +d, uhvhpeohv d pdunhw0
fohdulqj frqglwlrq/ zklfk uhtxluhv wkdw djjuhjdwh zlwkgudzdov htxdo wkh vxp
ri lqglylgxdo zlwkgudzdov1 Frqglwlrq +e, uhtxluhv wkdw ghsrvlwruv ehkdyh rs0
wlpdoo|1 Frqglwlrq +f, uhtxluhv wkdw li wkh djjuhjdwh zlwkgudzdov ghpdqg lv
wkh vdph iru wzr vwdwhv ri wkh zruog/ wkhq wkh htxloleulxp rxwfrph vkrxog
dovr eh wkh vdph1 Zh qrz fkdudfwhul}h wkh htxloleulxp1

Sursrvlwlrq 4 = Xqghu frqglwlrqv +5, dqg +6,/ wkhuh h{lvwv d udwlrqdo h{0
shfwdwlrqv Qdvk htxloleulxp ` ' Efc k

2
c |�
2
c �n|�

2
c �n|2c

2
c �n|2

2
�/ surylghg wkdw=
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Zh qrz jr wkurxjk hdfk vwhs lq ghwdlo1

Vwhs +l,= wkh zlwkgudzdo ghflvlrq ri lqiruphg ghsrvlwruv frqglwlrqdo rqo|
rq wkh vljqdo r lv=

�UEr� '

;?
=

� li r ' f

f li r ' M

+44,

Jlyhq �UEr�/ wkh djjuhjdwh zlwkgudzdo ghpdqg dw vwhs +l,/ `
E��
(
/ lv vkrzq lq

Wdeoh 7 iru hyhu| vwdwh ri wkh zruog1
Wkh lqirupdwlrq sduwlwlrq ri xqlqiruphg vwudwhjlf ghsrvlwruv lq wkh frq0

mhfwxuhg htxloleulxp ` E�� +vkrzq lq Wdeoh 7, lv=

` E�� ' f lpsolhv w ' i�j
` E�� ' |�

2
' k

2
lpsolhv w ' i2c �j

` E�� ' |�n�
2

' |2nE�3k�
2

lpsolhv w ' iec Dj
` E�� ' |2n�

2
lpsolhv w ' iSj

vwdwh w ' E|c %� suredelolw| `
E��
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4 fcM ^fR}
�
2
E�� k��LE` E��� f

5 fc f ^fE�� R}�
�
2
dk n E�� k��L E` E���o k

2

6 |�cM ^�R}
�
2
d|� n E�� k��L E` E���o |�

2

7 |�c f ^�E�� R}�
�
2
d|� n kn E� � k��LE` E���o |�n�

2

8 |2cM ^2R}
�
2
d|2 n E�� k��L E` E���o |2nE�3k�

2
' |�n�

2

9 |2c f ^2E�� R}�
�
2
d|2 n kn E� � k��LE` E���o |2n�

2

Wdeoh 7= Djjuhjdwh zlwkgudzdo ghpdqg dqg frqmhfwxuhg htxloleulxp lq vwhs +l,

Djjuhjdwh zlwkgudzdov duh shuihfwo| lqirupdwlyh lq vwdwhv 4 dqg 9 exw qrw
lq vwdwhv 5/ 6/ 7 dqg 81

Vlqfh -( : �/ xqlqiruphg ghsrvlwruv �qg lw rswlpdo qrw wr zlwkgudz
zkhq ` E�� ' f/ wkdw lv lq vwdwh 4� Vlqfh % ' f/ xqlqiruphg ghsrvlwruv �qg lw
rswlpdo wr zlwkgudz zkhq ` E�� ' |2n�

2
/ wkdw lv lq vwdwh 91

Zkhq ` E�� ' |�
2
c xqlqiruphg ghsrvlwruv frpsxwh wkh h{shfwhg xwlolw|

iurp zdlwlqj xqwlo gdwh 5 frqglwlrqdo rq w ' i2c�j/ zklfk lv jlyhq e| wkh
ohiw vlgh ri +;,1 Vlqfh wklv h{shfwhg xwlolw| lv juhdwhu wkdq zkhq zlwkgudzlqj
hduo|/ xqlqiruphg ghsrvlwruv �qg lw rswlpdo qrw wr zlwkgudz lq vwdwhv 5 dqg
61
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Ilqdoo|/ zkhq ` E�� ' |2n�
2

/ xqlqiruphg ghsrvlwruv frpsxwh wkh h{shfwhg
xwlolw| iurp zdlwlqj xqwlo gdwh 5 frqglwlrqdo rq w ' iec Dj/ zklfk lv jlyhq
e| wkh ohiw vlgh ri +<,1 Vlqfh wklv h{shfwhg xwlolw| lv vpdoohu wkdq zkhq
zlwkgudzlqj hduo|/ xqlqiruphg ghsrvlwruv �qg lw rswlpdo wr zlwkgudz1

Wkh vroxwlrq wr xqlqiruphg ghsrvlwruv* ghflvlrq sureohp lq wkh frqmhf0
wxuhg htxloleulxp ` E��c jlyhq �UEr�c lv wkhq=

�L E�UEr�*` E��� '

;?
=

f li ` E�� ' fc k
2
c |�
2

� li ` E�� ' |�n�
2
c |2n�

2

Vwhs +ll,= Qrwlfh wkdw ` E�� lv qrw dq htxloleulxp vlqfh �UEr� lv qrw d ehvw

uhvsrqvh wr �L E�UEr�*` E���1 Lq vwdwh 8/ lq idfw/ lqiruphg ghsrvlwruv zrxog
jhw qrwklqj iurp zdlwlqj xqwlo shulrg 5/ hyhq li r ' M1 Jlyhq ` E�� ' �n|�

2
:

|2
2
dqg � ' �n|�

2
/ wkh edqn oltxlgdwhv wkh surmhfw lq rughu wr sd| r� ghsrvlwruv

zlwkgudzlqj hduo|1 Lqiruphg vwudwhjlf ghsrvlwruv wkhq mrlq wkh zlwkgudzdo
txhxh vr dv wr vkduh wkh edqn*v uhvrxufhv dw gdwh 41 Wkh vroxwlrq wr lqiruphg
ghsrvlwruv* ghflvlrq sureohpc jlyhq �LE�UEr�*` E���c lv wkhq=

�UErc` E���� '

;?
=

� li r ' f ru ` E��� � �n|�
2

f li r ' M dqg ` E��� 	 �n|�
2

+45,

zkhuh ` E��� lv wkh frqmhfwxuhg htxloleulxp dw wklv vwdjh1

Vwhs +lll,= Zh qrz yhuli| wkdw �LE�UEr�*` E��� frqvwlwxwhv xqlqiruphg

ghsrvlwruv* ehvw uhvsrqvh wr �UErc` E�����

Wdeoh 8 jlyhv wkh djjuhjdwh ghpdqg zlwkgudzdo/ ` E���
(

/ iru hyhu| vwdwh ri

wkh zruog/ dqg jlyhq �UErc` �� ` E���
(

gl�huv iurp ` E��
(

rqo| lq vwdwh 81
Wkh lqirupdwlrq sduwlwlrq ri xqlqiruphg ghsrvlwruv lq wkh frqmhfwxuhg

htxloleulxp ` E��� +vkrzq lq Wdeoh 8, lv=

` E��� ' f lpsolhv w ' i�j
` E��� ' |�

2
lpsolhv w ' i2c �j

` E��� ' |�n�
2

lpsolhv w ' iej
` E��� ' |2n�

2
lpsolhv w ' iDc Sj

48
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Wdeoh 8= Djjuhjdwh zlwkgudzdov ghpdqg dqg frqmhfwxuhg htxloleulxp lq
vwhs +ll,

Djjuhjdwh zlwkgudzdov duh qrz shuihfwo| lqirupdwlyh rqo| lq vwdwhv 4 dqg
71 Dv lq vwhs +l,/ xqlqiruphg ghsrvlwruv �qg lw rswlpdo qrw wr zlwkgudz lq
vwdwhv 4/ 5 dqg 61 Vlqfh % ' fc xqlqiruphg ghsrvlwruv �qg lw rswlpdo wr
zlwkgudz zkhq revhuylqj ` E��� ' |�n�

2
/ wkdw lv lq vwdwh 71

Zkhq ` E��� ' |2n�
2

/ xqlqiruphg ghsrvlwruv frpsxwh wkh h{shfwhg xwlolw|
iurp zdlwlqj xqwlo gdwh 5 frqglwlrqdo rq w ' iDc Sj c zklfk lv jlyhq e| wkh ohiw
vlgh ri +43,1 Vlqfh wklv h{shfwhg xwlolw| lv vpdoohu wkdq zkhq zlwkgudzlqj
hduo|/ xqlqiruphg ghsrvlwruv �qg lw rswlpdo wr zlwkgudz lq vwdwhv 8 dqg 9145

Qrwh wkdw wkh h{ dqwh dqg wkh h{ srvw suredelolwlhv ri vxffhvv ri wkh surmhfw
frlqflgh/ vlqfh wkh uhdolvdwlrq ri | lv wkh vdph lq vwdwhv 8 dqg 9=

RoE% ' M*` E��� '
� n |2

2
� '

R}^2
R}^2 n E�� R}�^2

' R}

Wkh vroxwlrq wr xqlqiruphg ghsrvlwruv* ghflvlrq sureohp lq wkh frqmhfwxuhg
htxloleulxp ` E��� lv wkhq=

�L E` E���� '

;?
=

f li ` E��� ' fc k
2
c |�
2

� li ` E��� ' |�n�

2
c |2n�

2

+46,

Jlyhq �L E` E����/ lw lv vwudljkwiruzdug wr yhuli| �UErc` E���� lv wkh ehvw uh0
vsrqvh iru lqiruphg vwudwhjlf ghsrvlwruv1 Wkhuhiruh/ wkh frqmhfwxuhg htxlole0
ulxp ` E��� frlqflghv zlwk wkh dfwxdo htxloleulxp ` 1 �

45Qrwh wkdw xqlqiruphg ghsrvlwruv rqo| jhw 5c
w5.4 @

w4.4
w5.4 li wkh| zlwkgudz zkhq revhuylqj

Z +ll,
@

w5.4
5 / wkdw lv lq vwdwhv 8 dqg 9/ ehfdxvh o ? 41
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Sursrvlwlrq 4 lpsolhv wkdw lqirupdwlrq0lqgxfhg edqn uxqv wdnh sodfh rqo|
lq vwdwhv 7/ 8 dqg 91 Frqglwlrq +;, dvvxuhv wkdw xqlqiruphg vwudwhjlf gh0
srvlwruv gr qrw zlwkgudz lq vwdwhv 5 dqg 6 vlqfh wkh| h{shfw wr qhw pruh
iurp ohdylqj wkhlu ixqgv wkdq iurp zlwkgudzlqj1 Frqglwlrq +<, dqg +43,/
lqvwhdg/ dvvxuhv wkdw xqlqiruphg vwudwhjlf ghsrvlwruv zlwkgudz lq vwdwhv 7/8
dqg 9 vlqfh wkh| h{shfw wr qhw pruh iurp zlwkgudzlqj wkdq iurp ohdylqj
wkhlu ixqgv1

Uxqv rffxuulqj lq vwdwhv 7 dqg 9 duh h!flhqw vlqfh wkh| lqgxfh wkh olt0
xlgdwlrq ri dvvhwv wkdw zrxog |lhog qrwklqj li frqwlqxhg xqwlo shulrg 51 Wkh
uxq rffxuulqj lq vwdwh 8 lv krzhyhu lqh!flhqw/ vlqfh lw irufhv wkh oltxlgdwlrq
ri ydoxdeoh dvvhwv1 Olnhzlvh/ frqwlqxdwlrq lq vwdwh 5 lv lqh!flhqw/ vlqfh lw
zrxog eh rswlpdo wkdw zlwkgudzdov irufhg oltxlgdwlrq ri wkh surmhfw lq rughu
wr uhfryhu dw ohdvw sduw ri wkh lqyhvwphqw1

Zkhuh gr wkhvh lqh!flhqflhv frph iurpB Erwk vwhp iurp wkh idfw wkdw
xqlqiruphg ghsrvlwruv* lqihuhqfh sureohp lv qrlv|= Frqglwlrqdo rq wkh revhu0
ydwlrq ri djjuhjdwh zlwkgudzdov/ xqlqiruphg ghsrvlwruv duh qrw dozd|v deoh
wr lqihu wkh vwdwh ri qdwxuh dqg/ wkhuhiruh/ zkhwkhu wkh edqn lv idflqj dq lqvro0
yhqf| ru mxvw d oltxlglw| vkrfn1 Jlyhq wklv frqirxqglqj/ xqlqiruphg vwudwhjlf
ghsrvlwruv pd| pdnh huurqhrxv zlwkgudzdo ghflvlrqv1 Wkh| pd| zlwkgudz
zkhq wkh surmhfw*v uhwxuqv duh kljk +w|sh L huuru, ru ohdyh wkhlu ghsrvlwv xqwlo
shulrg 5/ zkhq wkh surmhfw*v uhwxuqv duh orz +w|sh LL huuru,1 Xqlqiruphg gh0
srvlwruv uhdolvh wkdw wkh pdjqlwxgh ri wkh djjuhjdwh zlwkgudzdo lv srvlwlyho|
fruuhodwhg zlwk wkh suredelolw| ri wkh edqn ehlqj lqvroyhqw1 Wkhuhiruh/ wkh|
frpplw d w|sh L huuru zkhq djjuhjdwh zlwkgudzdov duh odujh +vwdwh 8, dqg d
w|sh LL huuru zkhq djjuhjdwh zlwkgudzdov duh orz +vwdwh 5,146

Qrwh wkdw wkhvh wzr lqh!flhqflhv vwhp iurp *udwlrqdo* frruglqdwlrq sure0
ohpv dprqj ghsrvlwruv/ exw wkdw wkh frruglqdwlrq idloxuh lv gl�huhqw lq hdfk
fdvh1 Lq vwdwh 5/ lqh!flhqw frqwlqxdwlrq lv gxh wr wkh lqdelolw| ri xqlqiruphg
ghsrvlwruv wr uhdolvh wkdw wkh txhxh frqvlvwv rqo| ri lqiruphg ghsrvlwruv1 Lq
vwdwh 8/ lqvwhdg/ wkh lqh!flhqw uxq lv gxh wr wkh lqdelolw| ri xqlqiruphg gh0
srvlwruv wr uhdolvh wkdw wkh txhxh frqvlvwv rqo| ri hduo| oltxlglw| ghsrvlwruv1
Lq wklv odwwhu fdvh/ wkh huurqhrxv ghflvlrq ri xqlqiruphg ghsrvlwruv irufhv
lqiruphg ghsrvlwruv wr suhflslwdwh d uxq hyhq li wkh| nqrz wkdw wkh edqnv
zloo eh vroyhqw1

46Vlqfh t4 A t3> t5/ zkhq xqlqiruphg ghsrvlwruv revhuyh kljk djjuhjdwh zlwkgudzdov

wkh| h{shfw wkh edqn ehlqj lqvroyhqw zlwk d kljkhu suredelolw| wkdq zkhq wkh| revhuyh

orz djjuhjdwh zlwkgudzdov1

4:





zkhuh=

l, wkh �uvw wzr whupv duh wkh h{shfwhg uhsd|phqw iru +lqiruphg dqg xqlq0
iruphg, vwudwhjlf ghsrvlwruv dw gdwh 5/ frqglwlrqdo rq wkh edqn ehlqj vroyhqw
dqg rq qr uxq rffxuulqj dw gdwh 4 +vwdwhv 4 dqg 6,>

ll, wkh wklug whup lv wkh h{shfwhg uhsd|phqw zkhq lqiruphg ghsrvlwruv
fruuhfwo| zlwkgudz wkhlu ixqgv dw gdwh 4 diwhu uhfhlylqj d qhjdwlyh vljqdo/
zkloh xqlqiruphg ghsrvlwruv huurqhrxvo| zdlw xqwlo gdwh 5 +vwdwh 5,>

lll, wkh irxuwk whup lv wkh h{shfwhg uhsd|phqw iru +lqiruphg dqg xqlq0
iruphg, vwudwhjlf ghsrvlwruv zkhq wkh| fruuhfwo| zlwkgudz dw gdwh 4 dqg wkh
edqn kdv hqrxjk ixqgv wr uhsd| wkhp lq ixoo +vwdwh 7,>48

ly, wkh �iwk whup lv wkh h{shfwhg uhsd|phqw iru erwk lqiruphg dqg xq0
lqiruphg vwudwhjlf ghsrvlwruv zkhq wkh| zlwkgudz dw gdwh 4 dqg jhw rqo| d
sur0udwd vkduh ri edqn*v ixqgv1 Lw lqfoxghv erwk wkh fdvh ri h{ srvw lqh!flhqw
uxq +vwdwh 8, dqg wkh fdvh ri h!flhqw uxq zlwk wkh kljkhvw uhdol}dwlrq ri wkh
oltxlglw| vkrfn +vwdwh 9,1

Wkh idfh ydoxh ri ghew/ -(/ lv wkhq htxdo wr=

-( '
�

R}E^f n ^��

�
� � E� � R}�E^fkn ^��� ^2E

� n |�

� n |2
�

�
+47,

Qrwh wkdw frqglwlrq +43, lpsolhv wkdw � 	 -( 	 -71 Wklv lv ehfdxvh R}-
7 '

�c zkloh R}-
( 	 �1 Ghsrvlwruv kdyh gl�huhqw uljkwv xqghu wkh wzr w|shv

ri frqwudfwv1 Zlwk vwdqgdug ghew wkh| pxvw nhhs wkhlu prqh| zlwk wkh
edqn xqwlo gdwh 5/ dqg wkhq jhw hlwkhu -7 ru f1 Zlwk ghpdqgdeoh ghew/
lqvwhdg/ wkh| fdq surwhfw�doehlw sduwldoo| dqg vrphwlphv huurqhrxvo|�wkhlu
lqyhvwphqw e| zlwkgudzlqj dw gdwh 41 Wkhuhiruh/ wkh| duh uhdg| wr sd|
d *sulfh* iru wklv uljkw1 Wklv lv wkh ehqh�w ri wkh *glvflsolqh* ixqfwlrq ri
ghpdqgdeoh ghew149

Lw lv zruwk srlqwlqj rxw wkdw -( 	 -7 ghvslwh wkh idfw wkdw lqirupdwlrq
lv lpshuihfw1 Khqfh/ zlwk ghpdqgdeoh ghew/ wkh odujhu sd|r�v uhfhlyhg e|
vwudwhjlf ghsrvlwruv zkr zlwkgudz fruuhfwo| +vwdwhv 7 dqg 9, dqg e| lqiruphg
ghsrvlwruv lq fdvh ri lqh!flhqw frqwlqxdwlrq +vwdwh 5, pruh wkdq frpshqvdwh
+h{ dqwh, wkh vpdoohu sd|r� uhfhlyhg e| vwudwhjlf ghsrvlwruv zkr lqfruuhfwo|

48Wklv lv wkh fdvh zkhq doo orvvhv duh eruqh e| *odwh* oltxlglw| ghsrvlwruv + 4�w4
5

, wkdw
uhfhlyh qrwklqj ehfdxvh wkh| duh qrw lq wkh zlwkgudzdo txhxh dw gdwh 4 zkhq wkh edqn
vhoov doo lwv dvvhwv1

49Ri frxuvh/ UG zrxog eh hyhq orzhu kdg doo vwudwhjlf ghsrvlwruv shuihfw lqirupdwlrq rq
wkh ixwxuh ydoxh ri wkh edqn*v dvvhwv1
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zlwkgudz suhpdwxuho| +vwdwh 8, dqg e| xqlqiruphg ghsrvlwruv lq fdvh ri
lqh!flhqw frqwlqxdwlrq +vwdwh 5,1

Zh qrz wxuq wr wkh edqnhu*v prqlwrulqj fkrlfh1 Wdeoh : vkrzv wkh
edqnhu*v sd|r�v zkhq kh prqlwruv wkh surmhfw dqg zkhq kh grhv qrw/ gh0
shqglqj rq wkh vwdwh ri qdwxuh +dqg rq ghsrvlwruv* zlwkgudzdo ghflvlrqv dv
lq Sursrvlwlrq 4,14:

Li wkh surmhfw lv prqlwruhg/ wkh edqn pdnhv srvlwlyh sur�wv rqo| li wkhuh lv
qr uxq dqg uhwxuqv duh kljk +vwdwhv 4 dqg 6,1 Li wkh surmhfw lv qrw prqlwruhg/
wkh edqn pdnhv srvlwlyh sur�wv zkhqhyhu qr uxq rffxuv1 Lq sduwlfxodu/ wkh
edqn jhwv wkh shfxqldu| sd|r� li wkhuh lv qr uxq dqg wkh surmhfw lv vxffhvvixo
+vwdwhv 4 dqg 6, dqg wkh sulydwh ehqh�w zkhqhyhu lw uhpdlqv dfwlyh xqwlo gdwh
5/ luuhvshfwlyh ri wkh surmhfw*v uhvxow +vwdwhv 4/ 5 dqg 6,1

vwdwh prqlwrulqj qr prqlwrulqj
suredelolw| h{shfwhg sur�wv suredelolw| h{shfwhg sur�wv

4 ^fR} M �-( ^fRK EM �-(� n�

5 ^fE� � R}� f ^fE�� RK� E� � k

2
��

6 ^�R} E�� |�
2
�EM �-(� ^�RK E� � |�

2
�
�
M �-( n�

�

7 ^�E� � R}� f ^�E�� RK� f
8 ^2R} f ^2RK f
9 ^2E� � R}� f ^2E�� RK� f

Wdeoh := Edqn*v h{shfwhg sur�wv

Wkh edqn*v h{shfwhg sur�wv duh wkhq jlyhq e|=

�(
} ' ^fR}EM �-(� n ^�R}E� �

|�

2
�EM �-(� +48,

zkhq ghsrvlwruv fruuhfwo| dqwlflsdwh wkdw wkh edqnhu zloo prqlwru wkh surmhfw/
dqg e|=

�(
K ' ^fRK

�
EM �-(� n�

�
n^fE��RK�E��

k

2
��n^�RKE��

|�

2
�
�
EM �-(� n�

�

+49,

4:Lq frpsxwlqj wkh edqn*v h{shfwhg sur�wv zh wdnh lqwr dffrxqw wkdw/ dw gdwh 5/ wkh

edqn uhsd|v UG wr doo ghsrvlwruv�erwk vwudwhjlf dqg *odwh* oltxlglw|�ehfdxvh lw fdqqrw

glvwlqjxlvk dprqj wkhp1
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zkhq ghsrvlwruv dqwlflsdwh wkdw wkh edqnhu zloo prqlwru exw kh grhv qrw14;

Fohduo|/ li �(} : �
(
K / wkh edqnhu �qgv lw rswlpdo wr prqlwru wkh surmhfw/ dqg

wkh prudo kd}dug sureohp lv vroyhg1

Sursrvlwlrq 5 Jlyhq -( dqg ghsrvlwruv* rswlpdo zlwkgudzdo ghflvlrqv/ wkhuh

h{lvwv d ohyho ri wkh sulydwh ehqh�w/
2

�/ vxfk wkdw ghpdqgdeoh ghew vroyhv wkh

edqnhu*v prudo kd}dug sureohp iru doo � �
2

�1

Surri1 Zh gh�qh
2

� dv wkh ydoxh ri � zklfk pdnhv wkh edqnhu lqgl�huhqw
ehwzhhq prqlwrulqj dqg qrw/ wkdw lv �(

} ' �
(
K � Diwhu vxevwlwxwlqj wkh h{0

suhvvlrqv iru wkh edqn*v h{shfwhg sur�wv jlyhq lq +48, dqg +49,/ zh rewdlq
wkdw=

2

�'
d^f n ^�E��

|�
2
�oER} � RK�EM �-(�

d^f n ^�E� �
|�
2
�� ^f

|�
2
E�� RK�o

+4:,

Lw iroorzv lpphgldwho| wkdw/ iru doo � �
2

�c �(
} � �(

K / zkloh iru doo � :
2

�/ �(
} 	 �(

K � �

Sursrvlwlrq 5 vwdwhv wkdw pdunhw glvflsolqh lv h�hfwlyh lq uhvroylqj wkh
edqnhu*v prudo kd}dug sureohp/ surylghg wklv lv qrw wrr vhyhuh1 Wkh lqfhqwlyh
h�hfwv ri ghpdqgdeoh ghew ghshqg rq wkh gl�huhqw frqvhtxhqfhv ri wkh wkuhdw
ri d edqn uxq rq wkh edqn*v h{shfwhg sur�wv1 Zkhq wkh edqnhu grhv qrw
prqlwru/ kh lv dozd|v shqdol}hg zkhq d uxq wdnhv sodfh lq wkdw kh orvhv klv
sulydwh ehqh�wv lq vwdwhv 7/ 8 dqg 9�dqg klv shfxqldu| sur�wv lq vwdwh 81
Krzhyhu/ zkhq kh prqlwruv/ kh lv shqdol}hg ohvv riwhq/ vlqfh kh rqo| orvhv
klv shfxqldu| sur�wv +lq vwdwh 8, zkhq d uxq irufhv klp wr oltxlgdwh wkh
+ydoxdeoh, surmhfw1 Kh grhv qrw orrvh dq|wklqj zkhq h!flhqw uxqv wdnh sodfh
+vwdwhv 7 dqg 9,1 Wklv lv zk| wkh wkuhdw ri edqn uxqv lv h�hfwlyh lq lqgxflqj
wkh edqnhu wr prqlwru wkh surmhfw1

Ghpdqgdeoh ghew/ wkhuhiruh/ pd| frqvwlwxwh d vroxwlrq wr wkh frqvh0
txhqfhv ri dv|pphwulf lqirupdwlrq1 Zkhq fuhglw pdunhwv gr qrw zrun zlwk
vwdqgdug ghew/ wkh lqwurgxfwlrq ri ghpdqgdeoh ghew pd| eh wkh vroxwlrq=

4;Qrwh wkdw wkh dvvxpswlrq seK ? 4 lpsolhv wkdw/ li wkh edqnhu grhv qrw prqlwru/

udwlrqdo ghsrvlwruv zrxog qrw ohdyh wkhlu ixqgv zlwk wkh edqn ehfdxvh wkh| zrxog h{shfw

wr pdnh orvvhv1
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Sursrvlwlrq 6 Vlqfh �7 	
2

�/ iru doo � 5 d�7c
2

�o/ ghpdqgdeoh ghew vroyh

wkh edqnhu*v prudo kd}dug sureohp exw vwdqgdug ghew grhv qrw1

Surri1 E| frpsdulqj h{suhvvlrqv +4:, dqg�7 ' ER}�RK�EM�-
7�/ lw iroorzv

wkdw �7 	
2

�1 Wkhuhiruh/ iru doo � 5 d�7 c
2

�o/ lw iroorzv wkdw �(
} � �(

K 1 Wklv
lpsolhv wkh vhfrqg sduw ri wkh fodlp1 �

Sursrvlwlrq 6 vkrzv wkdw ghpdqgdeoh ghew lv dwwudfwlyh ehfdxvh lw doorzv
ghsrvlwruv wr uhdfw/ dowkrxjk lpshuihfwo|/ wr wkh duulydo ri lqirupdwlrq/ lq wkh
lqwhulp shulrg/ rq wkh ixwxuh ydoxh ri wkh edqn*v dvvhwv1

7 Frqfoxvlrq

Lq wklv sdshu zh dgguhvvhg wzr txhvwlrqv= +l, fdq edqn uxqv glvflsolqh
edqnhu*v prudo kd}dugB +ll, zkdw duh wkh frvwv dqg ehqh�wv ri ghpdqg0
deoh ghewB Zlwk uhjdug wr wkh �uvw txhvwlrq/ zh kdyh vkrzq wkdw wkh wkuhdw
ri edqn uxqv pd| frqvwlwxwh dq h�hfwlyh lqfhqwlyh ghylfh1 Lq sduwlfxodu/ zh
kdyh vkrzq wkdw ghpdqgdeoh ghew fdq lqgxfh edqnhuv wr prqlwru wkh surmhfwv
wkh| �qdqfh lq vlwxdwlrqv zkhq vwdqgdug ghew frqwudfw fdqqrw1 Zlwk uhjdug
wr wkh vhfrqg txhvwlrq/ zh kdyh dovr vkrzq wkdw pdunhw glvflsolqh lv frvwo|1
Li vrph ghsrvlwruv duh lpshuihfwo| lqiruphg rq wkh ydoxh ri edqn dvvhwv/ wkh|
pd| pdnh plvwdnhv zkhq ghflglqj zkhwkhu wr uxq rq d edqn ru qrw= Dq
lqvroyhqw edqn pd| wkhq eh doorzhg wr frqwlqxh ru d vroyhqw edqn pd| eh
huurqhrxvo| irufhg lqwr oltxlgdwlrq1

Wkhvh uhvxowv vxjjhvw d qhz shuvshfwlyh rq edqn uhjxodwlrq1 Vlqfh pdu0
nhw glvflsolqh zrunv/ exw lpshuihfwo|/ dq| vhqvleoh dwwhpsw wr pdnh lw zrun
vkrxog hqwdlo dghtxdwh uhjxodwru| phdvxuhv dlphg dw holplqdwlqj wkh lqhi0
�flhqflhv ri pdunhw glvflsolqh1 Rqh srvvlelolw| zrxog eh wr lqfuhdvh wkh
dprxqw ri lqirupdwlrq dydlodeoh wr ghsrvlwruv1 Vkrxog ghsrvlwruv eh shu0
ihfwo| lqiruphg/ pdunhw glvflsolqh zrxog zrun vhdpohvvo|1 Wkh uhfhqw h{sh0
ulhqfh ri Dujhqwlqd/ Fkloh dqg Ph{lfr fdq eh uhdg lq wklv shuvshfwlyh +Shuld
dqg Vfkpxnohu +4<<;,,1 Dowhuqdwlyho|/ uhjxodwruv vkrxog vhfxuh wkh vxuylydo
ri vroyhqw edqnv zklfk duh remhfw ri d uxq1 Wkh klvwrulfdo h{shulhqfhv ri
vxvshqvlrq ri frqyhuwlelolw| fdq eh orrnhg dw iurp wklv dqjoh1 Iru lqvwdqfh/
ehiruh wkh fuhdwlrq ri wkh Ihghudo Uhvhuyh v|vwhp lq 4<47/ wkh XV uholhg rq wkh
h{lvwhqfh ri fohdulqjkrxvhv wr uhgxfh wkh suredelolw| ri lqh!flhqw edqn uxqv1
Fohdulqjkrxvhv fkhfnhg wkh vroyhqf| ri phpehu edqnv zkhq d uxq rffxuuhg/
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dfwlqj dv d ghohjdwhg fhuwl�hu rq sduw ri ghsrvlwruv dqg sxqlvklqj edqnv
zklfk vxvshqghg frqyhuwlelolw| zlwkrxw ehlqj vroyhqw +Jruwrq +4<;8e,,1

Uhfhqw hpslulfdo vwxglhv surylgh lqlwldo vxssruw iru wkh h!fdf| ri pdu0
nhw glvflsolqh1 Sdun dqg Shulvwldql +4<<;, dqg Shuld dqg Vfkpxnohu +4<<;,/
dprqj rwkhuv/ vkrz wkdw lq erwk ghyhorshg dqg ghyhorslqj hfrqrplhv ghsrv0
lwruv gr uhdfw wr wkh ghwhulrudwlrq ri edqnv* edodqfh vkhhw1 Wkh| �qg wkdw
ghsrvlwruv/ zkhwkhu vpdoo ru odujh/ sxqlvk ulvn| edqnv e| zlwkgudzlqj wkhlu
ixqgv ru e| uhtxlulqj kljkhu lqwhuhvw udwhv1

Rxu iudphzrun frxog eh h{whqghg lq vhyhudo gluhfwlrqv1 Wkh �uvw frqfhuqv
wkh dqdo|vlv ri lqirupdwlrq1 Zh kdyh dvvxphg wkdw vrph ghsrvlwruv uhfhlyh
d frvwohvv vljqdo rq wkh ydoxh ri edqn dvvhwv1 Zh frxog pdnh wkh dftxlvlwlrq
ri lqirupdwlrq frvwo| dqg hqgrjhqrxv1 Dovr/ zh frxog vwxg| wkh fkdqqhov
wkurxjk zklfk lqirupdwlrq lv glvvhplqdwhg1 Vhfrqg/ zh frxog h{dplqh gh0
srvlwruv* ulvn dyhuvlrq lq rughu wr dvvhvv wkh h{whqw wr zklfk ghpdqgdeoh ghew
fdq eh vxffhvvixo lq vroylqj prudo kd}dug/ zkloh dw wkh vdph wlph ehlqj deoh
wr jxdudqwhh rswlpdo ulvn vkdulqj dprqj ghsrvlwruv1 Ilqdoo|/ zh frxog h{whqg
rxu iudphzrun e| lqwurgxflqj h{solflwo| d uroh iru d uhjxodwru1 Wklv zrxog
doorz xv wr vwxg| irupdoo| wkh frpsohphqwdulw| ehwzhhq pdunhw glvflsolqh
dqg vxshuylvlrq/ zklfk dulvhv iurp rxu uhvxowv1 Wklv ulfk uhvhdufk djhqgd
pljkw khos uhjxodwruv dfklhyh pruh lqiruphg dqg h!flhqw ghflvlrq pdnlqj1
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