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Vxjjhvwhg Dqvzhuv wr Vhfrqg Plgwhup

41 Wkdw wkh sulfh ohyho dqg rxwsxw duh erwk idoolqj vxjjhvwv wkdw wkh vkrfn
lv wr wkh DG fxuyh1 Wkdw wkh lqwhuhvw udwh lv idoolqj wrr/ vxjjhvwv wkdw wkh
vkrfn lv wr wkh LV fxuyh/ dqg qrw wkh OP fxuyh1 Wkhvh irxu vkrfnv frxog
dffrxqw iru d ohiw vkliw lq wkh LV fxuyh= d idoo lq wkh dxwrqrprxv frpsrqhqw
ri frqvxpswlrq/ ri lqyhvwphqw/ ru jryhuqphqw vshqglqj/ ru d ulvh lq wd{hv1
Dgglwlrqdo gdwd rq wkhvh yduldeohv zrxog eh qhhghg wr ghwhuplqh zklfk
zdv wkh fxosulw1

51 Zlwk iuhh dqg  h{leoh lqwhuqdwlrqdo fdslwdo pdunhwv/ lw pxvw eh wkdw udwhv
ri uhwxuq lq hyhu| frxqwu| lv wkh vdph/ iru rwkhuzlvh shrsoh zrxog rqo|
krog wkh uhwxuq0|lhoglqj dvvhwv ri wkh frxqwu| zlwk wkh kljkhvw uhwxuq1
Udwhv ri uhwxuq pxvw eh wkh vdph/ zkhq ghqrplqdwhg lq wkh vdph fxu0
uhqf|1 Wklv lpsolhv wkdw wkh grphvwlf udwh ri uhwxuq/ l> pxvw eh htxdo wr
wkh iruhljq udwh ri uhwxuq/ l�> soxv wkh dqwlflsdwhg udwh ri ghsuhfldwlrq ri
wkh grphvwlf fxuuhqf|1 Wkh odwwhu lv zkdw |rx jhw iurp h{fkdqjlqj wkh
grphvwlf fxuuhqf| iru d iruhljq fxuuhqf| dqg uhyhuvlqj wkh rshudwlrq odwhu
rq/ zkhq wkh iruhljq dvvhw sd|v r�1 Xqghu d �{hg h{fkdqjh udwh/ wkh
dqwlflsdwhg udwh ri ghsuhfldwlrq lv/ ri frxuvh/ }hur1 Vr/ wkh lpsolfdwlrq lv
wkdw wkh grphvwlf udwh ri lqwhuhvw pxvw htxdo wkh iruhljq udwh ri lqwhuhvw1
Wr lpsohphqw wklv/ wkh prqhwdu| dxwkrulw| pxvw dgmxvw wkh prqh| vxsso|
vr wkdw wkh grphvwlf qrplqdo udwh ri lqwhuhvw lv l� dozd|v1 Wklv wudqvodwhv
lqwr wkh qhhg wr pryh P durxqg vr wkdw/ jlyhq wkh ohyho ri \> wkh OP
fxuyh lqwhuvhfwv wkh LV fxuyh dw l�=

+d, Zlwk S �{hg/ |rx fdq xvh wkh rshq hfrqrp| LV�OP prgho wr gr wkh
dqdo|vlv1 D idoo lq \ � surgxfhv d gurs lq h{sruwv/ [> zklfk kdv wkh
h�hfw ri vkliwlqj wkh LV fxuyh wr wkh ohiw1 Wr nhhs wkh ohyho ri rxwsxw
xqfkdqjhg/ wkh fhqwudo edqn qhhgv wr vkliw wkh OP fxuyh wr wkh uljkw1
Wkh ohiw vkliw lq wkh LV fxuyh dqg wkh uljkw0vkliw lq wkh OP fxuyh erwk
kdyh wkh h�hfw ri gulylqj grzq l= Wkh orz udwh ri lqwhuhvw/ jlyhq wkh
xqfkdqjhg ydoxh ri Hh +wkh vkrfnv zh*uh wdonlqj derxw duh whpsrudu|/
vr wkh zkroh hfrqrp| uhwxuqv wr zkhuh lw zdv lq wkh phglxp uxq,/
phdqv wkdw wkh h{fkdqjh udwh ghsuhfldwhv +l1h1/ H ulvhv,1 Wkhuh lv qr
h�hfw rq frqvxpswlrq/ ehfdxvh wkhuh lv qr h�hfw rq \ ru W= Wkhuh
lv qr h�hfw rq J ehfdxvh zh*yh dvvxphg wkdw*v h{rjhqrxvo| vhw wr
�J= Zkdw kdsshqv/ wkhq/ lv wkdw lqyhvwphqw lv lqfuhdvhg e| wkh ixoo
dprxqw ri wkh gurs lq [= Doo wklv lv dffrpsolvkhg zlwk d whpsrudu|
ulvh lqP> rqh wkdw lv uhyhuvhg rqfh \ � uhwxuqv wr lwv ruljlqdo srvlwlrq1

+e, Wr nhhs wkh h{fkdqjh udwh xqfkdqjhg/ wkh fhqwudo edqn kdv wr nhhs
wkh lqwhuhvw udwh/ l> htxdo wr l�> wkh iruhljq lqwhuhvw udwh1 Wklv phdqv
wkdw/ dv wkh LV fxuyh vkliwv ohiw/ wkh fhqwudo edqn pxvw ghfuhdvh wkh
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prqh| vxsso|1 Wklv ohdgv wr d odujh idoo lq rxwsxw/ fhuwdlqo| e|
frpsdulvrq zlwk zkdw zh jhw lq sduw +d,1 Wkh idoo zrxog rqo| rffxu
lq wkh vkruw uxq/ vlqfh lq wkh phglxp uxq wkh vkrfn uhyhuvhv lwvhoi/
dqg hyhu|wklqj jrhv edfn wr zkhuh lw zdv ehiruh1 Wkh rwkhu wklqjv
wkdw kdsshq lq wkh vkruw uxq duh= d idoo lq frqvxpswlrq/ vlqfh \ idoov>
d ulvh lq xqhpsor|phqw> d idoo lq wkh prqh| vxsso|> dqg qr fkdqjh
lq lqyhvwphqw1 Wkh �{hg h{fkdqjh udwh srolf|/ lq h�hfw/ irufhv wkh
fhqwudo edqn wr gr wkh rssrvlwh ri zkdw lw zrxog olnh wr gr/ li lw rqo|
kdg grphvwlf rxwsxw dqg hpsor|phqw remhfwlyhv wr wklqn derxw1 Lw
zrxog fhuwdlqo| ihho d orw ri suhvvxuh wr dedqgrq wkh �{hg h{fkdqjh
udwh srolf| dqg ohw wkh fxuuhqf| ghsuhfldwh1

+f, Wkh idoo lq \ � pd| ohdg hyhu|rqh wr eholhyh/ iru wkh uhdvrqv vnhwfkhg
lq +d, dqg +e,/ wkdw wkh fhqwudo edqn zloo fxw lwv lqwhuhvw udwh dqg
dffhsw d ghsuhfldwlrq ri wkh fxuuhqf|1 Li wkh| h{shfw/ vd|/ d 43(
ghsuhfldwlrq qh{w zhhn/ wkhq pdunhwv zloo uhtxluh wkdw l mxps e|
43( shu zhhn li wkh| duh wr eh kdss| nhhslqj wkhlu ixqgv lq wkh
grphvwlf hfrqrp|1 Wkdw wudqvodwhv lqwr 853( dw dq dqqxdo udwh$ Vr/
ghihqglqj wkh h{fkdqjh udwh qrz zloo uhtxluh qrw mxvw nhhslqj wkh
lqwhuhvw udwh frqvwdqw +zklfk lv edg hqrxjk$, exw udlvlqj lw e| dq
hqruprxv dprxqw$ Wklv kljk lqwhuhvw udwh zloo uhgxfh lqyhvwphqw
+ehfdxvh ri wkh kljk ydoxh ri l,> uhgxfh frqvxpswlrq +ehfdxvh ri wkh
orz \ ,> dqg uhgxfh rxwsxw1

+g, Lw lv srvvleoh wkdw wkh fhqwudo edqn grhv qrw kdyh wkh vwrpdfk wr udlvh
wkh lqwhuhvw udwh e| 853( wr ghihqg djdlqvw dq dwwdfn/ hyhq wkrxjk lw
pljkw zhoo kdyh ehhq deoh wr pdlqwdlq wkh h{fkdqjh udwh li rqo| \ �

kdg idoohq dqg qr dwwdfn kdg rffxuuhg1

+d, \rx jhw l @ v| iurp wkh qdwlrqdo lqfrph lghqwlw|/ f . l @ |= Exw/
f @ +4 � v,|> vr wkdw +4 � v,| . l @ |> ru/ l @ v|= \rx jhw wkh shu0
fdslwd fdslwdo hyroxwlrq htxdwlrq e| glylglqj e| O= Wkh surgxfwlrq
ixqfwlrq lv | @ n�=

+e, Orqj0uxq htxloleulxp rffxuv zkhuh lqyhvwphqw/ l> htxdov wkh ghsuh0
fldwlrq rq fdslwdo/ �n> vr wkdw �n @ 3= Judsklfdoo|/ wklv lv zkhuh
wkh lqyhvwphqw ixqfwlrq/ h{suhvvhg dv d ixqfwlrq ri n> lqwhuvhfwv wkh
ghsuhfldwlrq ixqfwlrq/ �n= Li n lv ehorz wklv/ wkhq lqyhvwphqw h{fhhgv
vdylqj dqg lqyhvwphqw dqg n kdv d whqghqf| wr ulvh1 Vlploduo|/ li n lv
deryh wklv srlqw/ wkhq lw idoov1

+f, Wkh zdjh udwh rq oderu fruuhvsrqgv wr wkh pdujlqdo surgxfw ri fds0
lwdo/ PSO= Sur�w0pd{lpl}lqj �upv kluh oderu xs wr wkh srlqw zkhuh
PSO htxdov wkh uhdo zdjh udwh/ z> zkhuh PSO lv wkh ghulydwlyh
ri wkh surgxfwlrq ixqfwlrq zlwk uhvshfw wr oderu1 Vlploduo|/ wkh|
kluh fdslwdo xs wr wkh srlqw zkhuh PSN htxdov wkh uhdo uhqwdo udwh
rq fdslwdo/ u> zkhuh PSN lv wkh ghulydwlyh ri wkh surgxfwlrq ixqf0
wlrq zlwk uhvshfw wr fdslwdo1 Wkhvh uhvxowv fdq hdvlo| eh hvwdeolvkhg
judsklfdoo|/ e| vkrzlqj wkdw sur�wv/ | � z�O � u �N> lv kljkhvw zkhq
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PSO @ z dqg PSN @ u> zkhuh | @ �N� �O4�� dqg �N> �O ghqrwh wkh
dprxqw ri fdslwdo dqg oderu kluhg e| dq lqglylgxdo �up1 Wkh irupxod
iru PSN dqg PSO lv=

PSN @ �

� �O
�N

�4��

> PSO @ +4� �,

� �N
�O

�
�

=

Zlwk doo �upv fkrrvlqj oderu dqg fdslwdo lq wklv zd|/ lw pxvw eh wkdw
O@N> wkh hfrqrp|*v djjuhjdwh oderu ryhu fdslwdo udwlr/ lv htxdo wr
�O@ �N= Wdnlqj wklv lqwr dffrxqw/ wkhvh htxdwlrqv fdq eh xvhg wr vroyh
iru u dqg z dv d ixqfwlrq ri N dqg O =

u @ �

�
O

N

�4��

> z @ +4� �,

�
N

O

�
�

=

+g, Wkh idfw wkdw N gursv e| d vpdoohu shufhqw wkdq O phdqv wkdw wkhuh
lv d ulvh lq n1 Wklv lv olnh fdslwdo ghvwuxfwlrq lq d zdu/ h{fhsw wkh
hfrqrplf h�hfw lv wkh rwkhu zd| durxqg1 Zlwk hyhu| �up lq wkh
hfrqrp| grlqj wklv/ Lqlwldoo|/ wkh pdujlqdo surgxfw ri oderu ulvhv1
Wklv fdq eh zulwwhq dv iroorzv=

PSO @ +4� �,

�
N

O

�
�

=

61 Lq wkh frxqwu| zlwk qr wrwdo idfwru surgxfwlylw| jurzwk/ wkh lqfuhdvh lq \
pxvw eh rffxuulqj ehfdxvh wkh hfrqrp| lv frqyhujlqj wr lwv orqj0uxq htxl0
oleulxp n= Lq wklv fdvh/ jurzwk zloo hyhqwxdoo| vwrs1 Wklv vruw ri vlwxdwlrq
frxog rffxu li jurzwk lv kdsshqlqj ehfdxvh wkh jryhuqphqw kdv lqfuhdvhg
wkh vdylqj udwh ru li vrphwklqj kdv fdxvhg wkh fdslwdo oderu udwlr wr gurs1
Lq wkh frxqwu| zlwk wrwdo idfwru surgxfwlylw| jurzwk/ wkh lqfuhdvh lq \ lv
suredeo| d uh hfwlrq ri wkh ulvh lq D= Wklv erghv zhoo iru wkh ixwxuh eh0
fdxvh h{shulhqfh vxjjhvwv wkdw wklv fdq jr rq iru hyhu/ xqolnh/ iru h{dpsoh/
lqfuhdvhv lq v=
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