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41 +Vwhidqld Doedqhvl, Frqvlghu dq hfrqrp| lq zklfk d xqlwdu| phdvxuh ri
lghqwlfdo krxvhkrogv ydoxh fdvk jrrgv/ S�c fuhglw jrrgv/ S2c dqg ohlvxuh/ ��?c
dffruglqj wr wkh xwlolw| ixqfwlrq=
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Wkh| hqwhu hdfk shulrg zlwk qrplqdo zhdowk kroglqjv �|c zklfk wkh| doorfdwh
ehwzhhq prqh| kroglqjv �| dqg erqg kroglqjv �|� Wkh| wkhq sduwlflsdwh
lq wkh jrrgv pdunhw/ zkhuh wkh| ex| fdvk jrrgv vxemhfw wr wkh frqvwudlqw=

�|S�| ��|c

dqg fuhglw jrrgv/ dqg vxsso| oderu1 Dw wkh hqg ri wkh shulrg wkh| uhfhlyh
oderu lqfrph/ d oxps0vxp wudqvihu iurp wkh jryhuqphqw dqg erqg sd|phqwv
dqg wkh| sd| iru fuhglw jrrg sxufkdvhv1 Wkhlu hqg ri shulrg qrplqdo zhdowk
lv jlyhq e|=

�|n� ' �| � ��|S�| � �2|S2| n�|-| n`|?| n A|c

zkhuh-| lv wkh jurvv qrplqdo lqwhuhvw udwh dqg A| lv wkh jryhuqphqw wudqvihu1

Wkh ehqhyrohqw prqhwdu| dxwkrulw| vhwv srolf| }| vxemhfw wr lwv exgjhw frq0
vwudlqw=

�|n� ' �| n A|c

zkhuh �|n� ' }|�|c dqg }| lv wkh jurvv udwh ri prqh| jurzwk1 Erqgv duh
sulydwho| lvvxhg dqg lq f qhw vxsso|1

Surgxfwlrq ri fdvk dqg fuhglw jrrgv rffxuv lq gl�huhqw vhfwruv/ lqgh{hg e|
� ' �c 2� Hdfk vhfwru � lv frpsrvhg ri rqh0shulrg olyhg �qdo dqg lqwhuphgldwh
jrrgv surgxfhuv1 Ilqdo jrrgv surgxfhuv duh shuihfwo| frpshwlwlyh dqg wkhlu
surgxfwlrq lv jlyhq e|=
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zkhuh f 	 b 	 � dqg +� E%� lv lqwhuphgldwh jrrg % lv vhfwru �/ zlwk f 	 % 	 ��

Lqwhuphgldwh jrrgv surgxfhuv* whfkqrorj| lv jlyhq e|=

+� E%� ' ?� E%� c iru � ' �c 2c

zkhuh ?� E%� lv hpsor|phqw ri oderu e| lqwhuphgldwh surgxfhu % lq vhfwru
�� Wkh| duh shuihfwo| frpshwlwlyh lq wkh pdunhw iru oderu exw prqrsrolv0
wlfdoo| frpshwlwlyh lq wkhlu rzq rxwsxw pdunhw1 D iudfwlrq f 	 > 	 � ri
lqwhuphgldwh jrrgv surgxfhuv lq hdfk vhfwru vhwv wkhlu sulfh ehiruh wkh prq0
hwdu| dxwkrulw| fkrrvhv srolf|1 Wkh uhpdlqlqj E�� >� surgxfhuv vhw wkhlu
sulfhv diwhu fxuuhqw shulrg prqhwdu| srolf| kdv ehhq vhw1 Zh lqgh{ lqwhu0
phgldwh jrrg surgxfhuv lq hdfk vhfwru vr wkdw surgxfhuv lqgh{hg e| %c zlwk
f 	 % 	 >c vhw wkhlu sulfhv �lq dgydqfh�1

d Zulwh rxw wkh krxvhkrogv* �uvw rughu frqglwlrqv iru d jlyhq sulfh vhtxhqfh1

e Zulwh rxw wkh qhfhvvdu| frqglwlrqv iru rswlpdolw| iru �qdo jrrgv surgxfhuv dqg
iru vwlfn|0 dqg  h{leoh0sulfh lqwhuphgldwh jrrgv surgxfhuv lq hdfk vhfwru1
Frqvlghu v|pphwulf htxloleuld lq zklfk doo dgydqfh sulfh0vhwwhuv vhw wkh vdph
sulfh/ � ec dqg doo  h{leoh0sulfh surgxfhuv vhw wkh vdph sulfh/ 	�� Ghulyh dq
h{suhvvlrq iru wkh htxloleulxp �qdo jrrgv sulfh ohyho/ ��c dv d ixqfwlrq ri 	�
dqg � ec iru � ' �c 21

f Gh�qh d prphqwdu| sulydwh vhfwru htxloleulxp dv dq doorfdwlrq iS�c S2c ?c +�c +2j
dqg sulfhv -c ��c �2c 	� dqg � e vxfk wkdw wkh krxvhkrogv* Hxohu htxdwlrqv
duh vdwlv�hg dw d jlyhq ydoxh ri lqlwldo prqh| kroglqjv � / �qdo jrrgv �upv
rswlpdolw| frqglwlrqv duh vdwlv�hg dw wkh jlyhq sulfhv dqg vxfk wkdw wkh
 h{leoh0 dqg vwlfn|0sulfh lqwhuphgldwh surgxfhuv* rswlpdolw| frqglwlrqv duh
vdwlv�hg dw 	� dqg � e1 Vroyh iru wkh prphqwdu| htxloleulxp dv d ixqfwlrq ri
	� iru d jlyhq � e�

g Dvvxph � e lv jlyhq dq wkdw wkh prqhwdu| dxwkrulw| rswlpdoo| fkrrvhv 	�� Gh�qh
dqg fkdudfwhul}h d vwdwlrqdu| Pdunry htxloleulxp lq wklv hqylurqphqw1 Lv
wkh Pdunry htxloleulxp xqltxhB

51 Frqvlghu wkh fdvk0fuhglw jrrg hfrqrp| glvfxvvhg lq wkh ohfwxuhv rq prqhwdu|
srolf| lq wkh devhqfh ri frpplwphqw1 Wkh hfrqrp| lv dqdo|}hg lq ghwdlo
lq wkh pdqxvfulsw/ cKrz Elj lv wkh Wlph Frqvlvwhqf| Sureohp lq Prqhwdu|
Srolf|B*/ zklfk lv rq wkh zhe vlwh iru wklv fodvv1
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41 Krxvhkrog suhihuhqfhv duh jlyhq e|
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Krxvhkrogv kdyh wkh fdvk lq dgydqfh frqvwudlqw dqg wkh dvvhw hyroxwlrq
htxdwlrq vshfl�hg lq fodvv +dqg lq wkh pdqxvfulsw,1 Hdfk jrrg lv surgxfhg
e| d prqrsrolvw xvlqj rqo| oderu/ xvlqj d surgxfwlrq ixqfwlrq zlwk frq0
vwdqw pdujlqdo surgxfw ri oderu/ w� Dv lv vwdqgdug lq wklv w|sh ri vhwwlqj/
prqrsrolvwv vhw sulfhv dv d �{hg pdunxs ryhu pdujlqdo frvw1 D iudfwlrq/ >c
ri prqrsrolvwv vhw sulfhv ehiruh wkh prqhwdu| dxwkrulw| pryhv/ dqg wkh uhvw
vhw sulfhv diwhu wkh prqhwdu| dxwkrulw| pryhv1 Wkh iudfwlrq ri jrrgv wkdw
duh fdvk jrrgv lv 5c dqg wkh iudfwlrq wkdw lv fuhglw jrrgv lv �� 5�

Lq fodvv/ zh h{suhvvhg wkh prqhwdu| dxwkrulw|*v �uvw rughu frqglwlrq hydo0
xdwhg dw 	� ' � e dv wkh vxp ri d prqrsro| glvwruwlrq dqg dq lq dwlrq
glvwruwlrq1 Wkhvh duh dovr jlyhq lq htxdwlrq +58, lq wkh pdqxvfulsw/ dqg fdq
eh h{suhvvhg dv d ixqfwlrq ri S�*S2/ zkhuh S� lv wkh txdqwlw| ri hdfk fdvk
jrrg frqvxphg dqg S2 wkh txdqwlw| ri hdfk fuhglw jrrg frqvxphg/ zkhq
	� ' � e�

41 Judsk/ iru S�*S2 5 Efc ��c wkh lq dwlrq glvwruwlrq dqg wkh prqrsro|
glvwruwlrq1 Gr vr iru wkh sdudphwhu ydoxhv/ 5 ' f��c > ' f��c 4 ' f�H�c
� ' ec w ' ��4 Vkrz wkdw wkhuh duh wzr Pdunry htxloleuld1 Uhsruw zkdw
S�c S2c -c ?c �*� dw hdfk htxloleulxp/ zkhuh� ghqrwhv wkh ehjlqqlqj
ri shulrg vwrfn ri prqh| +klqw= xvh wkh ydulrxv �uvw rughu frqglwlrqv
dqg rwkhu frqglwlrqv wkdw pxvw krog iru ^ ' �/ wr jr iurp S�*S2 wr
wkhvh rwkhu yduldeohv1,

51 Gr wkh vdph dv deryh/ zlwk 5 vhw wr 319 lqvwhdg1 Vkrz wkdw wkhuh duh
vwloo wzr htxloleuld/ exw qrz rqh lqyroyhv - ' �� Frpsxwh doo wkh rwkhu
htxloleulxp sulfhv dqg doorfdwlrqv lq wkh wzr htxloleuld1

4Lq wkh prgho lq wkh sdshu/ jryhuqphqw vshqglqj lv srwhqwldoo| qrq0}hur +wklv lv �qdqfhg e|
oxps0vxp wd{hv,1 Lq wkh krphzrun/ mxvw vhw jryhuqphqw vshqglqj wr }hur1
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