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Sureohpv

Wkh sureohpv fryhu exvlqhvv f|fohv/ jurzwk dqg prqhwdu| srolf|1 Iru wkh

vxshuylvlrq2fodvv |rx vkrxog wu| dqg vroyh wkh �uvw irxu rqhv1 Qrq ri wkh txhv0

wlrqv uhtxluh pruh pdwk wkdq |rx ohduqhg lq wkh �uvw |hdu1 Wkh fkdoodqjh lv wr

jr wkurxjk wkh orjlfdo vwhsv wkdw ohdg wr d vroxwlrq DQG wr surylgh dq lqwhu0

suhwdwlrq ri wkh wkdw vroxwlrq1

4 Txhvwlrq 4 +UEF dqg g|qdplf pdfurhfrqrplfv,1

Frqvlghu wkh iroorzlqj prgho/ dgdswhg iurp Eodqfkdug dqg Txdk +4<;<, dqg

Ilvfkhu +4<::,=

\w @Pw � Sw . d�w +4,

\w @ Qw . �w +5,

Sw @Zw � �w +6,

Zw @Z
��iHw�4Qw @ Qj +7,

Wkh yduldeohv \ / Q dqg � ghqrwh wkh orj ri uhdo rxwsxw/ hpsor|phqw dqg

surgxfwlylw| uhvshfwlyho|> Q lv ixoo hpsor|phqw1 Wkh orj ri wkh sulfh ohyho/ wkh

qrplqdo zdjh dqg wkh prqh| vxsso| duh ghqrwhg S / Z dqg P= Wkh hfrqrp|
lv ehlqj klw e| wzr w|shv ri vkrfnv= prqh| vkrfnv dqg surgxfwlylw| vkrfnv1

Dvvxph wkdw surgxfwlylw| dqg wkh prqh| vwrfn iroorz d udqgrp zdon/ l1h1/

Pw @Pw�4 . �w +8,

�w @ �w�4 . %w +9,

zkhuh �w dqg %w duh vhuldoo| xqfruuhodwhg +dqg ruwkrjrqdo, glvwxuedqfhv1
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41 Lqwhusuhqw wkh prgho1

51 Vroyh wkh prgho wr jlyh dq h{suhvvlrq iru rxwsxw dw wlph w1 Zkdw lv gulylqj

wkh exvlqhvv f|fohB

61 Vkrz wkdw prqh| vkrfnv fdq d�hfw rxwsxw rqo| lq wkh vkruw0uxq1

71 Grhv wkh dydlodeoh hpslulfdo hylghqfh vxssruw wkh prghoB

Vshfl�f uhihuhqfhv=

� --Eodqfkdug dqg Txdk/ 4<;</ Wkh g|qdplf h�hfwv ri djjuhjdwh ghpdqg

dqg vxsso| glvwxuedqfhv/ DHU :</ 98809:61

� --Pxhooedxhu M1/ 4<<:/ Wkh dvvhvvphqw= exvlqhvv f|fohv/ R{irug Uhylhz

ri Hfrqrplf Srolf|/ 4<<:/ yro1 46/ qr1 6/ ss1 404;+4;,

� Frroh| dqg Kdqvhq/ 4<<;/ Wkh uroh ri prqhwdu| vkrfnv lq htxloleulxp

exvlqhvv f|foh wkhru|= wkuhh h{dpsohv/ HHU 75/ 938094:1

� Frjoh| dqg Qdvrq +4<<8,/ Rxwsxw g|qdplfv lq uhdo0exvlqhvv0f|foh prghov/

DHU ;8/ 7<508441

5 Txhvwlrq 5 +Qhz Nh|qhvldq Pdfurhfrqrplfv,

Frqvlghu wkh iroorzlqj pdfurhfrqrplf prgho ri lpshuihfw frpshwlwlrq1 Djjuh0

jdwh ghpdqg \ lv ghwhuplqhg e| d yhuwlfdo OP fxuyh \ @P@S / zkhuhP lv wkh

prqh| vxsso| dqg S wkh djjuhjdwh sulfh ohyho1 Hdfk �up l idfhv wkh iroorzlqj
grzqzdug vorslqj ghpdqg fxuyh=
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zkhuh Sl lv wkh sulfh fkdujhg e| �up l1 Ilup l surgxfhv Tl xqlw ri jrrgv

xvlqj Ol xqlwv ri oderxu rqo|/ dqg lw lv dvvxphg wkdw doo �upv ehkdyh lghqwlfdoo|1

Oderxu vxsso| lv dvvxphg wr eh d vlpsoh lqfuhdvlqj ixqfwlrq ri wkh uhdo zdjh=

OV @
Z

S

41 Frpsxwh wkh rswlpdo uhdo sulfh fkdujhg e| dq| �up l> Sl@S / dv d ixqfwlrq
ri wkh uhdo zdjhZ@S / dqg frpphqw eulh | rq wkh uhvxowlqj sulflqj srolf|1

51 Xvlqj wkh htxloleulxp frqglwlrq rq wkh pdunhw iru jrrgv/ �qg wkh htxl0

oleulxp uhdo zdjh Z@S dv d ixqfwlrq ri P dqg S 1 Xvh wklv uhodwlrq wr

frpsxwh wkh rswlpdo sulflqj srolf| ri d w|slfdo �up/ S �l / dv d ixqfwlrq ri

P 1
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61 Iurp qrz rqzdugv/ qdwxudo orjdulwkpv/ ghqrwhg e| orzhu fdvh ohwwhuv/

vkrxog eh xvhg1 Frpsxwh s� +wkh djjuhjdwh sulfh ohyho xqghu  h{leoh

sulfhv,> |� +rxwsxw xqghu  h{leoh sulfhv,/ dqg frpphqw eulh | rq wkhlu

surshuwlhv1

71 Vxssrvh qrz wkdw/ iroorzlqj d prqhwdu| vkrfn/ d vkduh 4� � ri �upv duh

suhyhqwhg iurp fkdqjlqj wkhlu sulfh dqg nhhs wkhp dw vrph suh0ghwhuplqhg

sulfh ohyho �s1 Wkh sulfh lqgh{ diwhu wkh prqhwdu| vkrfn lv wkhuhiruh s @

�s�.+4� �, �s1 H{suhvv s dqg | dv ixqfwlrqv ri p/ dqg xvh wkhvh uhodwlrqv

wr frpsxwh wkh sursruwlrqdo fkdqjh lq S dqg \ iroorzlqj d 4( lqfuhdvh

lq P 1 Fkhfn wkdw |rxu dqvzhu lq 61 lv d olplwlqj fdvh ri wkdw lq 71

Vshfl�f uhdglqjv

� Khlmgud ydq ghu Sorhjk +5335/ fkdswhu 4615, dqg Urphu +5334/ fkdswhu 9

sduw F,1

6 Txhvwlrq 6 +jurzwk,

� Wulsrv 5336/ txhvwlrq 5 +jhw d frs| iurp wkh idfxow| zhesdjh,1

� Vshf�f uhdglqjv= Mrqhv/*v wh{w errn1

7 Txhvwlrq 7 +Hfrqrplf srolf|,

� Wulsrv/ 5336/ txhvwlrq <1

8 H{wud txhvwlrqv +qrw fryhuhg lq vxshuylvlrq,

814 Txhvwlrq +g|qdplf pdfurhfrqrplfv dqg UEF,1

Frqvlghu dq hfrqrp| frqvlvwlqj ri d frqvwdqw srsxodwlrq ri lq�qlwho| olyhg

lqglylgxdov1 Wkh uhsuhvhqwdwlyh lqglylgxdo pd{lplvhv wkh h{shfwhg ydoxh riS
4

w@3 �
wFw/ zkhuh � 5 +3> 4, lv wkh glvfrxqw idfwru1 Oderxu lv vxssolhg lqhodv0

wlfdoo|/ dqg wrwdo oderxu lv qrupdolvhg wr 41 Wkh surgxfwlrq ixqfwlrq lv jlyhq

e|
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zkhuh � 5 +3> 4, dqg ]w lv d wlph0ydu|lqj surgxfwlylw| sdudphwhu1 ]w lv dvvxphg

wr iroorz wkh surfhvv=

]w @ +]w�4,
� ��w /

zkhuh � 5 +3> 4, dqg i�wj
4

w@3 lv d zklwh qrlvh surfhvv zlwk phdq 4 +vr wkdw

Hw +�w.4, @ 4 iru doo w,1 Fdslwdo ghsuhfldwhv dw udwh � 5 +3> 4,/ vr wkdw wkh

djjuhjdwh uhvrxufh frqvwudlqw lv=

Nw.4 @ \w � Fw . +4� �,Nw

41 Ghulyh wkh Hxohu htxdwlrq dvvrfldwhg zlwk wklv rswlplvdwlrq sureohp xvlqj

wkh Odjudqjh phwkrg1

51 Frpsxwh wkh vwhdg| vwdwh ri wkh prgho + �N/ �\ / �F, dv d ixqfwlrq ri �/ � dqg

�1

61 Xvh wkh Hxohu htxdwlrq wr h{suhvv Nw.4 dqg \w dv ixqfwlrqv ri ]w dqg
]w�41

71 Ohw orzhu fdvh ohwwhuv ghqrwh orjdulwkpv ri wkh fruuhvsrqglqj fdslwdo ohw0

whuv1 Zulwh grzq wkh surfhvv iru }w1 Ghulyh dq h{suhvvlrq vlplodu wr wkdw

lq +5, iru nw.4 dqg |w +wkdw lv/ h{suhvv wkhp dv ixqfwlrqv ri }w dqg }w�4,1

81 Vhw � @ 3=<; dqg � @ 3=61 Frqvlghu wkh iroorzlqj wkuhh vfhqdulrv iru �=
� @ 3> � @ 3=8 dqg � @ 3=<81 Xvlqj Plfurvriw H{fho/ vlpxodwh wkh g|qdplf

uhvsrqvh ri d whfkqrorj| vkrfn # @ 4 rq n/ | dqg f lq wkh wkuhh vfhqdulrv/

zkhuh wkrvh yduldeohv duh ruljlqdoo| vhw wr wkhlu vwhdg| vwdwh ydoxhv +Klqw=

Iurp wkh uhvrxufh frqvwudlqw/ zh kdyh fw @ orj
�
h|w . +4� �, hnw � hnw.4

�
,1

Zkhuh grhv wkh shuvlwhqfh lq |/ f dqg n frph iurpB

� Wulsrv 5335= Txhvwlrq ; +srolf|,

� Wulsrv 5335= Txhvwlrq 5 +jurzwk,
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