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Sureohp vhw iru Fkdswhu :

Txhvwlrq 4

Lq Fkdswhu 4 zh wrrn dq lqirupdo orrn dw wkh zd| lq zklfk wkh uhsuhvhqwdwlyh krxvhkrog

fkrrvhv lwv rswlpdo vxsso| ri oderxu1 Lq wklv txhvwlrq zh orrn pruh suhflvho| dw wklv pdwwhu1 Lq

sduwlfxodu/ zh irfxv rq wkh lqwhudfwlrq ehwzhhq d surjuhvvlyh wd{ v|vwhp dqg wkh oderxu vxsso|

ghflvlrq1 Wkh uhsuhvhqwdwlyh krxvhkrog kdv d xwlolw| ixqfwlrq zklfk ghshqgv rq frqvxpswlrq/

F/ dqg ohlvxuh/ 4�Q / dffruglqj wr=

X @ X+F> 4�Q,> +4,

zkhuh wkh wlph hqgrzphqw lv xqlw| dqg zkhuh Q lv oderxu vxsso|1 Zh dvvxph wkdw wkh xwlolw|

ixqfwlrq lv krprwkhwlf1 Wkh exgjhw uhvwulfwlrq lv=

SF @ ZQ � W> +5,

zkhuh W lv wkh dprxqw ri wd{ sdlg e| wkh krxvhkrog1 Wd{ sd|phqwv duh dvvxphg wr ghshqg

rq zdjh lqfrph dffruglqj wr=

W @ w�ZQ � �fS> �f A 3> 3 ? w� ? 4= +6,

Dffruglqj wr +6,/ wkh krxvhkrog uhfhlyhv �fS iurp wkh jryhuqphqw +uhjdugohvv ri zkhwkhu lw

zrunv ru qrw, exw pxvw sd| wd{hv ryhu lwv zdjh lqfrph htxdo wr w�ZQ 1

+d, Frpsxwh wkh dyhudjh wd{ udwh +w� � W@+ZQ,, dqg wkh pdujlqdo wd{ udwh +gW@g+ZQ,,1

Vkrz wkdw wkh wd{ v|vwhp lv lqghhg d surjuhvvlyh rqh1

+e, Vkrz wkdw lq wkh rswlpdo srlqw/ wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq ohlvxuh dqg

frqvxpswlrq fdq eh zulwwhq dv iroorzv=

X�3�

X�
@

Z +4� w� ,

S
= +7,

4
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H{sodlq lqwxlwlyho| zk| wkh pdujlqdo +udwkhu wkdq wkh dyhudjh, wd{ udwh ihdwxuhv lq wklv

h{suhvvlrq1

Wkh vxevwlwxwlrq hodvwlflw| ehwzhhq frqvxpswlrq dqg ohlvxuh lv irupdoo| gh�qhg dv iroorzv=

��� @
(jh fkdqjh lq F@+4�Q,

(jh fkdqjh lq X�3�@X�
� g orj+F@+4�Q,,

g orj+X�3�@X�,
A 3= +8,

Wklv frh!flhqw phdvxuhv wkh ghjuhh ri vxevwlwxwdelolw| ri frqvxpswlrq dqg ohlvxuh lq wkh

xwlolw| ixqfwlrq1 Li ��� lv yhu| kljk wkhq vxevwlwxwlrq lv txlwh hdv|/ zkhuhdv vxevwlwxwlrq lv

gl!fxow li ��� lv orz1

+f, Gudz wkh lqgl�huhqfh fxuyhv iru wkh iroorzlqj wkuhh fdvhv= ��� @ 3/ ��� @ 4/ dqg

��� $ 41

+g, Vkrz wkdw wkh wzr �uvw0rughu frqglwlrqv iru xwlolw| pd{lpl}dwlrq fdq eh orjolqhdul}hg

dv iroorzv=

�F .

�
Q

4�Q

�
�Q @ ��� + �Z � �S � �w� ,> +9,

�S . �F @ �Z � �w� . �Q> +:,

zkhuh �F � gF@F/ �Q � gQ@Q / �Z � gZ@Z / �S � gS@S / �w� � gw�@+4 � w� ,/

dqg �w� � gw�@+4 � w�,1 Ghulyh wkh orjolqhdul}hg h{suhvvlrqv iru oderxu vxsso| dqg

frqvxpswlrq1

+h, Vkrz +iru wkh wzr fdvhv ��� @ 3 dqg ��� @ 4, zkdw kdsshqv wr frqvxpswlrq dqg

oderxu vxsso| li wkh wd{ v|vwhp lv pdgh pruh surjuhvvlyh1 Dvvxph wkdw wkh dyhudjh wd{

udwh +hydoxdwhg dw wkh lqlwldo rswlpxp, uhpdlqv xqfkdqjhg1 H{sodlq |rxu dqvzhuv zlwk

wkh dlg ri gldjudpv1
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^Lqglylvleoh oderxu ` Dvvxph wkdw mrev frph lq d �{hg qxpehu ri krxuv shu gd|1 Lq wklv vhwwlqj/

d krxvhkrog hlwkhu kdv qr zrun dw doo +Q @ 3, ru zrunv dq h{rjhqrxvo| ghwhuplqhg qxpehu

ri krxuv shu gd| +Q @ �Q ? 4,1 Li wkh krxvhkrog grhv qrw zrun/ lw uhfhlyhv dq xqhpsor|phqw

ehqh�w htxdo wr E1 Xqhpsor|phqw ehqh�wv duh qrw wd{hg1 Wkh exgjhw uhvwulfwlrq ri dq

xqhpsor|hg krxvhkrog lv wkhq=

SF @ E> +4,

zkhuh S lv wkh sulfh ohyho dqg F lv frqvxpswlrq1 Dq hpsor|hg krxvhkrog kdv wkh xvxdo exgjhw

uhvwulfwlrq=

SF @ Z �Q+4� w,> +5,
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zkhuh w lv wkh +frqvwdqw, wd{ udwh dqg Z lv wkh qrplqdo zdjh1 Dvvxph wkdw wkhuh lv d olqndjh

ehwzhhq wkh xqhpsor|phqw ehqh�w lv sursruwlrqdo wr wkh diwhu0wd{ lqfrph ri wkh hpsor|hg

krxvhkrogv1

E @ �Z �Q+4� w,> +6,

zkhuh � lv wkh vr0fdoohg uhsodfhphqw udwh +3 ? � ? 4,1 Wkh xwlolw| ixqfwlrq ri krxvhkrog l lv

jlyhq e|=

X �+F> 4�Q, � Fk+4�Q,q� > +7,

zkhuh � A 3 dqg �� � 31

+d, Ghulyh wkh oderxu vxsso| ghflvlrq iru krxvhkrog l1 Vkrz wkdw lw ghshqgv rq wkh pdjql0

wxgh ri ��1 +Klqw = gr qrw gl�huhqwldwh dq|wklqj1,

+e, Dvvxph wkdw wkh srsxodwlrq vl}h lv ] dqg wkdw wkh ��*v duh glvwulexwhg xqlirupo| ryhu wkh

lqwhuydo ^3> ��`1 Vkrz wkdw wkh uhsodfhphqw udwh h{huwv d qhjdwlyh lq xhqfh rq djjuhjdwh

oderxu vxsso| lq wklv hfrqrp|1

+f, Dvvxph qrz wkdw wkh xqhpsor|phqw ehqh�w lv sursruwlrqdo wr jurvv zdjh lqfrph/ l1h1

E @ �Z �Q 1 Dvvxph ixuwkhupruh wkdw � ? 4� w1 Uhgr sduw +d, dqg ghulyh wkh h�hfw rq

djjuhjdwh oderxu vxsso| ri d kljkhu wd{ udwh1
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+d, Surylgh wkuhh uhdvrqv zk| lw pd| eh dgydqwdjhrxv iru d �up wr sd| lwv zrunhuv d zdjh

lq h{fhvv ri wkh pdunhw fohdulqj zdjh1

+e, H{sodlq zk| xqhpsor|phqw lv d �qhfhvvdu| hylo� iru �upv wr jhw d zhoo0glvflsolqhg oderxu

irufh lq wkh Vkdslur0Vwljolw} +4<;7, prgho1 Lv xqhpsor|phqw yroxqwdu| ru lqyroxqwdu|

lq wklv prghoB

Uhihuhqfhv

Vkdslur/ F1 dqg Vwljolw}/ M1 H1 +4<;7,1 Htxloleulxp xqhpsor|phqw dv d zrunhu glvflsolqh

ghylfh1 Dphulfdq Hfrqrplf Uhylhz/ :7=766�7771


