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Rq wkh Rswlpdolw| ri Dfwlylvw
Srolflhv zlwk d Ohvv
Lqiruphg Jryhuqphqw

Mhdq0Sdvfdo Eìqdvv|�|

Pdufk 4<<:
Uhylvhg Mxqh 4<<;

Devwudfw

Zh lqyhvwljdwh zkhwkhu d jryhuqphqw vkrxog ohdg dq dfwlylvw sro0

lf| lq d uljrurxv xwlolw| pd{lpl}lqj iudphzrun xqghu udwlrqdo h{shf0

wdwlrqv1 Wkh hfrqrp| lv d prqhwdu| rqh zlwk suhvhw zdjhv/ dqg lv

vxemhfw wr erwk ghpdqg dqg vxsso| vkrfnv1 Lw lv dvvxphg wkdw wkh

jryhuqphqw fdq qhyhu dfw rq wkh edvlv ri lqirupdwlrq vxshulru wr wkdw

ri wkh sulydwh vhfwru1 Pruhryhu zdjhv duh vhw diwhu prqhwdu| lqmhfwlrqv

kdyh ehhq fduulhg rxw1 Zh �qg wkdw wkh rswlpdo srolf| lv qhyhuwkhohvv

dq dfwlylvw frxqwhuf|folfdo rqh1 Lw kdv wkh uhpdundeoh surshuw| wkdw/

dowkrxjk wkh hfrqrp| lv klw hdfk shulrg e| vwrfkdvwlf vkrfnv diwhu

zdjhv kdyh ehhq suhvhw/ wklv rswlpdo srolf| zloo qhyhuwkhohvv vxffhhg

lq nhhslqj wkh hfrqrp| rq d ixoo hpsor|phqw wudfn1

�L zlvk wr wkdqn Iudqfn Sruwlhu iru klv frpphqwv rq d �uvw yhuvlrq ri wklv sdshu1 Ri
frxuvh L uhpdlq ixoo| uhvsrqvleoh iru dq| uhpdlqlqj gh�flhqflhv1

|Dgguhvv= FHSUHPDS/ 475 Uxh gx Fkhydohuhw/ :8346 Sdulv/ Iudqfh1 Whohskrqh= 660
4073::;7951 Id{= 6604077576;8:1 H0pdlo= mhdq0sdvfdo1ehqdvv|Cfhsuhpds1fquv1iu
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4 Lqwurgxfwlrq

Wkh sxusrvh ri wklv duwlfoh lv wr uhh{dplqh lq d uljrurxv xwlolw| pd{lpl}lqj
iudphzrun zlwk udwlrqdo h{shfwdwlrqv wkh wudglwlrqdo ghedwh derxw wkh ghvlu0
delolw| ri dq �dfwlylvw� prqhwdu| srolf|1 Zh vkdoo frqvwuxfw iru wkdw sxusrvh
d vlpsoh prgho ri d prqhwdu| hfrqrp| zlwk suhvhw zdjhv1 Wklv hfrqrp| lv
vxemhfw wr erwk ghpdqg dqg vxsso| vkrfnv1 Zh vkdoo �qg rxw wkdw/ hyhq0
wkrxjk wkh jryhuqphqw lv dvvxphg wr kdyh qhyhu pruh lqirupdwlrq wkdq wkh
sulydwh vhfwru/ klv rswlpdo prqhwdu| srolf| zloo eh dq dfwlylvw rqh1

Wkh uhdvrq zk| wklv vwxg| lv fdvw zlwklq wkh iudphzrun ri dq hfrqrp|
zlwk suhvhw zdjhv lv wkdw wkh h{lvwhqfh ri uljlg zdjhv +ru sulfhv, zdv dw wkh
khduw ri wkh wudglwlrqdo �Nh|qhvldq� fdvh iru dfwlylvw vwdelol}dwlrq srolflhv= lq
vxfk d vlwxdwlrq qhjdwlyh ghpdqg vkrfnv ohdg wr lqh!flhqw xqghuhpsor|phqw
ri uhvvrxufhv/ zklfk/ lw zdv eholhyhg/ wkh jryhuqphqw vkrxog doohyldwh wkurxjk
frxqwhuf|folfdo prqhwdu| ru �vfdo srolflhv1

Dq doprvw pruwdo eorz/ krzhyhu/ zdv eurxjkw wr wklv zlhz e| wkh frq0
wulexwlrqv ri Oxfdv +4<:5/ 4<:9, dqg Vdujhqw dqg Zdoodfh +4<:8/ 4<:9,1 Lq
sduwlfxodu Vdujhqw dqg Zdoodfh +4<:8, vkrzhg wkdw/ lq d fodvv ri prghov
zklfk lqfoxghg wkh prghov zlwk suhvhw sulfhv dqg zdjhv vwxglhg dw wkh wlph/
wkh vfrsh iru rxwsxw dqg hpsor|phqw vwdelol}dwlrq glvdsshduhg li wkh sulydwh
vhfwru kdg udwlrqdo h{shfwdwlrqv dqg zdv doorzhg wr uhdfw wr wkh vdph lq0
irupdwlrqv dv wkh jryhuqphqw1 Wklv fulwltxh lv d frpshoolqj rqh vlqfh/ hyhq
li wkh jryhuqphqw kdv pruh lqirupdwlrq wkdq wkh sulydwh vhfwru/ lw frxog eh
frqvlghuhg dv rqh ri lwv gxwlhv wr uhohdvh wklv vxshulru lqirupdwlrq wr sulydwh
djhqwv/ dqg lqwhuyhqh rqo| li wklv zdv qrw vx!flhqw41

Vxevhtxhqwo| wkh lpsruwdqw lghd wkdw d ohvv lqiruphg jryhuqphqw fdq
qhyhuwkhohvv kdyh vwdelol}lqj srzhuv zdv ghyhorshg lq lqvljkwixo duwlfohv e|
Wxuqryvn| +4<;3,/ Zhlvv +4<;3/ 4<;5,/ Nlqj +4<;5/ 4<;6, dqg Dqghuvhq
+4<;9,1 Doo wkhvh sdshuv lpehg d vrsklvwlfdwhg wuhdwphqw ri udwlrqdo h{0
shfwdwlrqv lqwr dq rwkhuzlvh idluo| wudglwlrqdo iudphzrun/ zlwk d sulrul jlyhq
ghpdqg0vxsso| ixqfwlrqv dqg jryhuqphqw remhfwlyhv1 Ri frxuvh wkh txhv0
wlrq qdwxudoo| dulvhv/ dv iru doo prghov zlwk qr h{solflw plfurirxqgdwlrqv/ ri
zkhwkhu wkhvh lpsruwdqw uhvxowv zloo fduu| ryhu lq d prgho zkhuh ghpdqgv/

4Zh pd| qrwh wkdw pdq| idprxv frqwulexwlrqv idyrxudeoh wr dfwlylvp duh h{solflwo|
edvhg rq wkh dvvxpswlrq wkdw wkh jryhqphqw fdq wdnh dfwlrq rq wkh edvlv ri vxshulru
lqirupdwlrq/ dqg duh wkhuhiruh yxoqhudeoh wr wkh Vdujhqw0Zdoodfh fulwltxh1 Iru h{dpsoh
Ilvfkhu +4<::, klpvhoi vkrzv wkdw/ lq klv prgho/ wkh vfrsh iru vwdelol}dwlrq glvdsshduv li
wkh sulydwh vhfwru lv doorzhg wr uhdfw wr wkh vdph lqirupdwlrqv dv wkh jryhuqphqw1
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vxssolhv dqg wkh remhfwlyhv ri wkh jryhuqphqw doo ghulyh iurp h{solflw pd{l0
pl}dwlrq1

Vr wkh sxusrvh ri wklv duwlfoh lv wr uhh{dplqh wklv lvvxh lq d uljrurxv
pd{lpl}lqj prgho zlwk suhvhw zdjhv/ zkhuh wkh jryhuqphqw lv ohvv lqiruphg
dqg pruh frqvwudlqhg wkdq wkh sulydwh vhfwru1 Pruh suhflvho| zh vkdoo qrwdeo|
dvvxph wkdw= +l, wkh jryhuqphqw wdnhv klv srolf| dfwlrqv rq wkh edvlv ri
lqirupdwlrq zklfk lv qhyhu vxshulru wr wkdw ri wkh sulydwh vhfwru/ +ll, wkh
sulydwh vhfwru vhwv zdjhv diwhu wkh jryhuqphqw kdv ghflghg rq srolf| iru wkh
vdph shulrg/ vr wkdw wkh jryhuqphqw fdqqrw �vxusulvh� wkh sulydwh vhfwru
zkloh wkh odwwhu lv orfnhg lqwr �{hg zdjhv djuhhphqwv1

Lq vslwh ri wkhvh uhvwulfwlrqv/ zh vkdoo vkrz wkdw wkh rswlpdo srolf| lv qhy0
huwkhohvv dq dfwlylvw rqh1 Zh vkdoo qrwdeo| rewdlq wkh uhpdundeoh uhvxow wkdw/
dowkrxjk wkh hfrqrp| lv klw lq hdfk shulrg e| vwrfkdvwlf ghpdqg dqg vxs0
so| vkrfnv diwhu zdjhv kdyh ehhq suhvhw/ rxu rswlpdo srolf| zloo qhyhuwkhohvv
vxffhhg lq nhhslqj wkh hfrqrp| rq d ixoo hpsor|phqw wudfn1

5 Wkh prgho

514 Pdunhwv dqg djhqwv

Zh vkdoo frqvlghu d prqhwdu| ryhuodsslqj jhqhudwlrqv prgho +Vdpxhovrq/
4<8;, zlwk surgxfwlrq1 Wkh hfrqrp| lqfoxghv uhsuhvhqwdwlyh �upv dqg krxvh0
krogv/ dqg wkh jryhuqphqw1

Krxvhkrogv ri jhqhudwlrq | olyh iru wzr shulrgv1 Wkh| zrun u| dqg frq0
vxph �| lq shulrg |/ frqvxph � �

|n� lq shulrg |n�1 Wkh| vdyh xqghu wkh irup
ri prqh|/ zklfk lv wkh vroh dvvhw lq wkh hfrqrp|/ dqg pd{lpl}h wkh h{shfwhg
ydoxh ri wkhlu xwlolw| L|/ zlwk=

L| ' k|uJ} �| n uJ} � �

|n� � E� n k|�u| +4,

zkhuh wkh k|*v duh srvlwlyh l1l1g1 vwrfkdvwlf yduldeohv zkrvh yduldwlrqv uhsuh0
vhqw ghpdqg vkrfnv +wkh surshqvlw| wr frqvxph lq shulrg | lv/ dv zh vkdoo
vhh ehorz/ k|*� n k|,1 Wkh frh!flhqw � n k| lq wkh glvxwlolw| ri oderu kdv
ehhq fkrvhq vr dv wr |lhog d frqvwdqw Zdoudvldq oderu vxsso| lq wkh devhqfh
ri jryhuqphqw lqwhuyhqwlrq +vhfwlrq 6 ehorz,1 Lq wkdw zd|/ yduldwlrqv lq k|

kdyh wkh fkdudfwhulvwlfv ri d �sxuh ghpdqg vkrfn�1
Wkh uhsuhvhqwdwlyh �up lq shulrg | kdv d surgxfwlrq ixqfwlrq=

t| ' ~|u| +5,

zkhuh t| lv rxwsxw/ u| oderu lqsxw dqg ~| d whfkqrorj| vkrfn frpprq wr doo
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�upv1 Zh dvvxph wkdw wkh �upv ehorqj wr wkh |rxqj krxvhkrogv/ wr zklfk
wkh| glvwulexwh wkhlu sur�wv/ li dq|1

Jryhuqphqw kdv rqh srolf| lqvwuxphqw= Lw fdq lqfuhdvh ru ghfuhdvh wkh
prqh| vwrfn wkurxjk wudqvihuv wr wkh rog krxvhkrog1 Dv zh vkdoo vhh qh{w/
zh vkdoo frqvwudlq jryhuqphqw wudqvihuv wr eh frqglwlrqdo rqo| rq yduldeohv
douhdg| nqrzq wr wkh sulydwh vhfwru1

515 Wkh wlplqj ri hyhqwv

Dv lq doo vxfk prghov/ wkh wlplqj ri dfwlrqv dqg lqirupdwlrq lv lpsruwdqw/ vr
zh vkdoo qrz vshoo wklqjv suhflvho|1

Rog krxvhkrogv hqwhu shulrg | kroglqj d txdqwlw| ri prqh| �|3� fduulhg
iurp wkh suhylrxv shulrg1 Wkh jryhuqphqw jlyhv wkhp lq d �uvw vwhs d oxps
vxp prqhwdu| wudqvihu � |/ vr wkdw wkh rog krxvhkrogv duh qrz hqgrzhg zlwk
d txdqwlw| ri prqh| �|=

�| ' �|3� n � | +6,

Fdoo U| wkh lqirupdwlrq vhw lq shulrg |/ zklfk lqfoxghv wkh ydoxhv ri doo
revhuydeoh pdfurhfrqrplf yduldeohv xs wr | lqfoxghg1 Lq rughu wr uh hfw wkh
idfw wkdw jryhuqphqw srolf| lq shulrg | fdq rqo| uhdfw wr sdvw ghyhorsphqwv/
zh vkdoo dvvxph wkdw wkh jryhuqphqw*v srolf| yduldeoh � | lv d ixqfwlrq

5 rqo|
ri yduldeohv ehorqjlqj wr U|3�/ zklfk wkh sulydwh vhfwru douhdg| nqrzv1

Lq d vhfrqg vwhs wkh zdjh lv vhw e| wkh sulydwh vhfwru dw lwv h{shfwhg
pdunhw fohdulqj ydoxh/ zlwkrxw nqrzlqj wkh ydoxhv ri shulrg | vkrfnv k| dqg
~|1

Ilqdoo| wkh vkrfnv ehfrph sxeolf nqrzohgjh dqg wudqvdfwlrqv duh fduulhg
rxw1

Zh pd| qrwh wkdw/ dv lqglfdwhg lq wkh lqwurgxfwlrq/ wkh jryhuqphqw grhv
qrw kdyh wkh rssruwxqlw| wr �vxusulvh� wkh sulydwh vhfwru zlwk prqhwdu|
vkrfnv zkloh kh lv orfnhg lqwr elqglqj qrplqdo frqwudfwv/ vlqfh wkh frqwudfwv
duh vljqhg diwhu wkh jryhuqphqw kdv pdgh lwv prqhwdu| lqmhfwlrq1 Dovr wkh
prqhwdu| lqmhfwlrq lq shulrg | lv edvhg rq lqirupdwlrq xs wr | � �/ vr wkdw
wkh jryhuqphqw lv qr pruh lqiruphg wkdq sulydwh djhqwv1

5Zh vkdoo wkxv frqvlghu rqo| ghwhuplqlvwlf srolf| uxohv lq wklv sdshu1 Dv zh vkdoo
vhh ehorz/ ghwhuplqlvwlf srolflhv duh vx!flhqw wr uhdfk rswlpdo doorfdwlrqv/ dqg vwrfkdvwlf
srolflhv zrxog rqo| dgg xqzdqwhg qrlvh1 Dowkrxjk wklv zloo qrw eh wkh fdvh iru wkh rswlpdo
srolf| irxqg ehorz/ wkhvh srolflhv frxog eh wlph ghshqghqw1
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6 Zdoudvldq htxloleulxp

Lq rughu wr frqwudvw wkh uhvxowv zlwk wkh suhvhw zdjh hfrqrp|/ zh vkdoo vwxg|
�uvw wkh Zdoudvldq htxloleuld ri wklv hfrqrp|1

Fdoo �| dqg `| wkh sulfh dqg qrplqdo zdjh1 Wkh uhdo zdjh lv htxdo wr
wkh pdujlqdo surgxfwlylw| ri oderu=

`|

�|

' ~| +7,

Qrz ohw xv zulwh wkh pd{lpl}dwlrq surjudp ri wkh |rxqj krxvhkrog eruq
lq |1 Kh uhfhlyhv sur�wv �| ' �|t| � `|u| zkhq |rxqj/ dqg d prqhwdu|
wudqvihu � |n� iurp wkh jryhuqphqw zkhq rog1 Kh wudqvihuv d txdqwlw| ri prqh|
6| wr wkh vhfrqg shulrg1 Vr klv surjudp lv=

Pd{lpl}h .|

k
k|uJ}�| n uJ}� �

|n� � E� n k|�u|

l
r�|�

�|�| n6| ' `|u| n�|

�|n��
�

|n� ' 6| n � |n�

Qrwh wkdw/ vlqfh � |n� lv d ixqfwlrq ri yduldeohv xs wr shulrg |/ lw lv nqrzq
wr wkh krxvhkrog zkhq ghflglqj rq txdqwlwlhv vxssolhg dqg ghpdqghg1 Wkh
�uvw rughu frqglwlrqv iru wklv surjudp |lhog=

�|�| '
k|

� n k|

E`|u| n�| n � |n�� '
k|

� n k|

E�|t| n � |n�� +8,

ur

|
'

`| ��| � � |n�

`|

+9,

Htxdwlrq +8, lv wkh xvxdo frqvxpswlrq ixqfwlrq/ zkloh htxdwlrq +9, jlyhv
wkh Zdoudvldq vxsso| ri oderu1

Wkh htxloleulxp frqglwlrq rq wkh jrrgv pdunhw lv=

�| n � �

|
' t| ' ~|u| +:,

zkhuh � �

|
/ frqvxpswlrq ghpdqg e| rog frqvxphuv/ lv vlpso|=

� �

|
'

�|

�|

+;,

Htxdwlrqv +7,0+;, ghwhuplqh doo htxloleulxp ydoxhv/ zklfk ghshqg rq �|

dqg �|n� ' �| n � |n�1 Wkh| duh frpsxwhg dv=

�| '
k|~|

� n k|

� �

|
'

~|�|

E� n k|��|n�

+<,
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u| '
�

� n k|

#
k| n

�|

�|n�

$
+43,

` W

|
' E� n k|��|n� � W

|
'

E� n k|��|n�

~|

+44,

Zh vhh iurp htxdwlrq +43, wkdw/ dv zh lqglfdwhg lq vhfwlrq 5 deryh/ li
wkhuh duh qr wudqvihuv/ l1h1 li �|n� ' �|/ wkhq wkh Zdoudvldq txdqwlw| ri
oderu lv frqvwdqw dqg htxdo wr rqh1

7 Rswlpdolw|

714 Wkh fulwhulrq

Lq rughu wr dvvhvv wkh rswlpdolw| surshuwlhv ri ydulrxv jryhuqphqw srolflhv/
erwk lq wkh Zdoudvldq dqg wkh qrq Zdoudvldq fdvh/ zh qhhg wr kdyh d fulwh0
ulrq1 Fohduo| zlwk dq lq�qlw| ri jhqhudwlrqv wkh Sduhwr rswlpdolw| fulwhulrq
zrxog qrw eh ghpdqglqj hqrxjk1 Zh vkdoo wkxv xvh wkh fulwhulrq sursrvhg
e| Vdpxhovrq iru wkh ryhuodsslqj jhqhudwlrqv prgho +Vdpxhovrq/ 4<9:/ 4<9;/
Deho 4<;:, dqg dvvxph wkdw lq shulrg | wkh jryhuqphqw pd{lpl}hv wkh ixqf0
wlrq T|/ zlwk=

T| ' .|

"[
r'|3�

qr3|Lr +45,

Qrwh wkdw wkh vxp vwduwv dw r ' | � � ehfdxvh wkh krxvhkrog eruq lq
| � � lv vwloo dolyh lq |1 Wkh olplw fdvh q ' � fruuhvsrqgv wr pd{lpl}lqj wkh
uhsuhvhqwdwlyh krxvhkrog*v h{shfwhg xwlolw|1

Uhduudqjlqj d olwwoh wkh whupv lq wkh lq�qlwh vxp +45,/ zh �qg wkdw/ xs
wr d frqvwdqw/ wkh fulwhulrq T| fdq eh uhzulwwhq xqghu wkh pruh frqyhqlhqw
irup=

T| ' .|

"[
r'|

qr3|{r +46,

{| ' k|uJ}�| n
uJ}� �

|

q
� E� n k|�u| +47,

715 Rswlpdo srolf| lq wkh Zdoudvldq fdvh

Ohw xv ehjlq rxu lqyhvwljdwlrq ri rswlpdo srolflhv zlwk wkh Zdoudvldq fdvh1 Lq
rughu wr �qg wkh ehvw srolf|/ zh vlpso| lqvhuw wkh htxloleulxp ydoxhv irxqg lq
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+<, dqg +43, lqwr wkh fulwhulrq +46,0+47,1 Wkh whup fruuhvsrqglqj wr shulrg
| lv htxdo wr=

{| ' k|uJ}
�
k|~|

� n k|

�
n

�

q
uJ}

%
~|�|

E� n k|��|n�

&
�

#
k| n

�|

�|n�

$
+48,

Pd{lpl}lqj wklv zlwk uhvshfw wr �|n�/ zh lpphgldwho| �qg wkh rswlpdo
srolf| xqghu wkh Zdoudvldq uhjlph=

�|n� ' q�| +49,

Orrnlqj dw wklv rswlpdo srolf| zh pd| qrwh wzr wklqjv=
0 Wkh �uvw lv wkdw wkh rswlpdo srolf| +49, lv lghqwlfdo wr wkdw irxqg/

iroorzlqj Iulhgpdq*v +4<9<, idprxv �rswlpdo txdqwlw| ri prqh|� duwlfoh/ e|
qxphurxv dxwkruv6 zrunlqj zlwk lq�qlwho| olyhg uhsuhvhqwdwlyh djhqwv zlwk d
glvfrxqw udwh q1

0 Vhfrqgo| wklv rswlpdo srolf| lv d w|slfdo qrqdfwlylvw rqh/ vlqfh prqh|
lqfuhdvhv jlyhq e| +49, gr qrw ghshqg rq dq| hyhqw/ sdvw ru suhvhqw1

Zh vkdoo qrz vhh wkdw wkh lqwurgxfwlrq ri suhvhw zdjhv fkdqjhv wklqjv
txlwh gudvwlfdoo|1

8 Suhvhw zdjhv

Zh vkdoo qrz dvvxph wkdw �upv dqg zrunhuv vljq zdjh frqwudfwv dw wkh
ehjlqqlqj ri shulrg |/ edvhg rq lqirupdwlrq dydlodeoh wkhq +zklfk grhv qrw
lqfoxgh wkh ydoxhv ri k| dqg ~|, dqg wkdw dw wklv zdjh krxvhkrogv zloo vxsso|
wkh txdqwlw| ri oderu ghpdqghg e| �upv1 Lw zloo eh dvvxphg khuh/ lq rughu qrw
wr dgg dq| ixuwkhu glvwruvlrq/ wkdw wkh suhvhw zdjh lv htxdo wr wkh h{shfwhg
ydoxh ri wkh Zdoudvldq zdjh/ l1h1 xvlqj irupxod +44,=

`| ' .|3�`
W

|
' .|3� dE� n k|��|n�o +4:,

814 Frpsxwlqj wkh htxloleulxp

Zh pd| qrwh wkdw doo htxloleulxp htxdwlrqv +7, wr +;, vwloo krog/ zlwk wkh rqo|
h{fhswlrq ri htxdwlrq +9,/ h{suhvvlqj wkdw wkh krxvhkrog lv rq klv oderu vxsso|
fxuyh/ zklfk lv uhsodfhg e| htxdwlrq +4:,1 Frpelqlqj wkhvh htxdwlrqv/ zh �qg
wkdw wkh suhvhw zdjh htxloleulxp lv fkdudfwhul}hg e| wkh iroorzlqj uhodwlrqv=

6Vhh Gruqexvfk dqg Iuhqnho +4<:6,/ Judqgprqw dqg \rxqëv +4<:6,/ Eurfn +4<:8,/ dqg
pdq| rwkhuv vlqfh
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815 Wkh vxerswlpdolw| ri qrq dfwlylvw srolflhv

Lq rughu wr vkrz wkh vxerswlpdolw| ri qrqdfwlylvw srolflhv/ zh vkdoo qrz vwxg|
zkdw zloo kdsshq li wkh jryhuqphqw iroorzv srolf| +49,/ zklfk zdv rswlpdo
xqghu Zdoudvldq pdunhw fohdulqj1 Lq ylhz ri +49, dqg +4:,/ wkh suhvhw zdjh
`| lv htxdo wr=

`| ' q E� n k@��| +56,

zkhuh k@ ' .|3�k| +wkh vxevfulsw @ phdqlqj dyhudjh,1 Htxdwlrqv +4;,0+55,
|lhog wkh iroorzlqj ydoxhv=

u| '
� n qk|

q E� n k@�
+57,
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q E� n k@�
+58,

Lw lv hdv| wr fkhfn wkdw wkh doorfdwlrqv gh�qhg e| +57,0+58, duh qrw hyhq
d Sduhwr rswlpxp1 Orrnlqj qrz dw wkh oderu pdunhw/ zh vhh/ frpelqlqj +9,/
+49, dqg +56,/ wkdw wkh vxsso| ri oderu ur

|
lv htxdo wr=

ur

|
'

� n qk@

q E� n k@�
+59,

Frpsdulqj +57, dqg +59,/ zh vhh wkdw wkh hfrqrp| zloo glvsod| hlwkhu
xqhpsor|phqw +zkhq k| 	 k@, ru ryhuhpsor|phqw +zkhq k| : k@,/ erwk
fuhdwlqj lqh!flhqflhv1

Zh vkdoo qrz vkrz wkdw dq dfwlylvw srolf| doorzv wr gr pxfk ehwwhu1

;



9 Wkh rswlpdolw| ri dfwlylvw srolflhv

Ilqglqj dq rswlpdo srolf| frqvlvwv lq �qglqj d vwudwhj| zkhuh= +l, � |/ ru �|/
duh ixqfwlrq rqo| ri yduldeohv lq U|3�> +ll, wkh uhvxowlqj htxloleulxp ydoxhv
pd{lpl}h wkh xwlolw| ixqfwlrq T| lq +45,0+47, iru wklv fodvv ri srolflhv1

Lq rughu wr �qg wkh rswlpdo srolf| lq d vlpsoh pdqqhu/ zh lqvhuw lqwr
wkh fulwhulrq +47, wkh ��{zdjh htxloleulxp� ydoxhv ri �|/ �

�

|
/ dqg u| irxqg

deryh +htxdwlrqv 4; wr 55,1 Lq shulrg | wkh jryhuqphqw zloo wkxv pd{lpl}h
wkh h{shfwhg ydoxh ri wkh iroorzlqj txdqwlw|=

k|uJ}
�
k|�|n�~|

`|

�
n

�

q
uJ}

�
�|~|
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Lq wklv pd{lpl}dwlrq �| lv lqkhulwhg iurp wkh suhylrxv shulrg/ �|n� fdq
eh fkrvhq frqglwlrqdo rq wkh ydoxh ri doo vkrfnv/ zkloh `| lv suhghwhuplqhg
dffruglqj wr htxdwlrq +4:,1 Pd{lpl}lqj wkh h{shfwhg ydoxh ri +5:, vxemhfw wr
frqvwudlqw +4:, lv d elw foxpv|/ exw lw wxuqv rxw wkdw frqvwudlqw +4:, lv dfwxdoo|
qrw elqglqj dw wkh rswlpxp/ dqg frqvhtxhqwo| wkdw rqh rewdlqv h{dfwo| wkh
vdph vroxwlrq pd{lpl}lqj wkh h{shfwhg ydoxh ri +5:, zlwk uhvshfw wr �|n�

dqg `|1 Zh vkdoo zrun rxw wklv pd{lpl}dwlrq lq wzr vwhsv1 Ohw xv �uvw
pd{lpl}h +5:, lq �|n�1 Wklv |lhogv=

�|n� '
`|

� n k|

+5;,

Zh pd| lpphgldwho| qrwh wkdw/ e| frpelqlqj +44, dqg +5;,/ zh rewdlq=

` W

|
' E� n k|��|n� ' `| +5<,

Xqghu srolf| uxoh +5;, wkh Zdoudvldq zdjh lq shulrg | lv lqghshqghqw ri
shulrg | vkrfnv/ k| dqg ~|/ dqg wkxv ixoo| suhghwhuplqhg1 Dv d uhvxow wkh
frqwudfw zdjh `|/ zklfk lv htxdo wr wkh h{shfwhg ydoxh ri ` W

|
/ lv dozd|v dw

lwv pdunhw fohdulqj ydoxh/ dqg wkhuhiruh xqghu srolf| +5;, wkh hfrqrp| zloo
dozd|v eh dw ixoo hpsor|phqw$

Qrz lqvhuwlqj wkh ydoxh ri �|n� vr rewdlqhg lqwr wkh h{suhvvlrq ri wkh
h{shfwhg ydoxh ri {|/ zh rewdlq/ xs wr d frqvwdqw whup=

�

q
uJ}

�
�|

`|

�
�

E� n k@��|

`|

Pd{lpl}dwlrq ri wklv whup lq `| |lhogv=

`| ' q E� n k@��| +63,

<



Frpelqlqj +5;, dqg +63,/ zh �qdoo| rewdlq wkh irupxod iru wkh rswlpdo
prqhwdu| srolf|=

�|n�

�|

'
q E� n k@�

� n k|

+64,

Zh vhh wkdw uxoh +64, frpelqhv lq d qxwvkhoo erwk vrph Iulhgpdqldq dqg
Nh|qhvldq lqvljkwv1 Lqghhg zh fdq qrwh �uvw wkdw li wkhuh zhuh qr ghpdqg
vkrfnv/ l1h1 li k| zdv frqvwdqw/ htxdwlrq +64, zrxog |lhog �|n� ' q�|c wkh
wudglwlrqdo �Iulhgpdqldq� uxoh +49,/ zklfk zh irxqg wr eh rswlpdo lq wkh
Zdoudvldq fdvh1 Krzhyhu zh vhh dovr wkdw/ dv vrrq dv ghpdqg vkrfnv duh
suhvhqw/ rswlpdo srolf| zloo fdoo iru wkh jryhuqphqw wr uhvsrqg frxqwhuf|fol0
fdoo| wr wkhvh vkrfnv/ vlqfh d qhjdwlyh ghpdqg vkrfn wrgd| +orz k|, zloo
wuljjhu d prqhwdu| h{sdqvlrq wrpruurz +kljk �|n�, dqg frqyhuvho| iru d
srvlwlyh ghpdqg vkrfn1 Rswlpdo srolf| lv wkxv dq dfwlylvw rqh1

: Frqfoxvlrqv

Zh frqvwuxfwhg lq wklv duwlfoh d prgho ri d prqhwdu| hfrqrp| zlwk suhvhw
zdjhv zkhuh djhqwv pd{lpl}h xqghu udwlrqdo h{shfwdwlrqv/ dqg vkrzhg wkdw
lw zdv rswlpdo iru d �ohvv lqiruphg� jryhuqphqw wr ohdg qhyhuwkhohvv dq df0
wlylvw frxqwhuf|folfdo srolf|1 Wklv srolf| dfwxdoo| doorzv wkh jryhuqphqw wr
pdlqwdlq wkh hfrqrp| dw doo wlphv rq d ixoo hpsor|phqw wudmhfwru|1

Wkh idfw wkdw d jryhuqphqw zlwk qr pruh lqirupdwlrq wkdq wkh sulydwh
vhfwru fdq qhyhuwkhohvv vxffhhg lq pdlqwdlqlqj wkh hfrqrp| lq shushwxdo ixoo
hpsor|phqw/ hyhqwkrxjk zdjhv duh vhw lq dgydqfh zlwkrxw nqrzohgjh ri wkh
vkrfnv/ pd| eh d olwwoh vxusulvlqj/ vr zh vkdoo jlyh khuh d txlfn lqwxlwlrq iru wkh
fdxvh ri wkdw uhpdundeoh uhvxow1 Ohw xv uhzulwh wkh krxvhkrog*v frqvxpswlrq
ixqfwlrq +8,=

�|�| '
k|

� n k|

E�|t| n � |n��

Qrz frqvlghu wkh vlwxdwlrq zkhuh wkh zdjh kdv ehhq douhdg| vhw dqg dv0
vxph wkdw d qhjdwlyh ghpdqg vkrfn +d orz k|, klwv wkh hfrqrp|1 Li wkh
jryhuqphqw ohg qr v|vwhpdwlf srolf| wklv vkrfn zrxog fohduo| ohdg/ lq ylhz
ri wkh deryh frqvxpswlrq ixqfwlrq/ wr d ghfuhdvh lq wkh ghpdqg iru jrrgv
dqg oderu/ dqg wkhuhiruh wr dq xqghuhpsor|phqw ri oderu1 Exw li wkh jry0
huqphqw lv nqrzq wr ohdg wkh frxqwhuf|folfdo srolf| +64,/ wkhq wkh sulydwh
vhfwru zloo nqrz lq dgydqfh wkdw wkh ixwxuh oxps vxp wudqvihu � |n� zloo eh
kljk/ dqg iurp wkh deryh irupxod wklv zloo whqg lq wkh frqwudu| wr lqfuhdvh

wkh ghpdqg iru jrrgv dqg oderu1 Zkhq wkh srolf| lv fdoleudwhg wr eh +64,
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wkhvh wzr frq lfwlqj h�hfwv h{dfwo| fdqfho rxw/ dqg wkh hfrqrp| uhpdlqv dw
ixoo hpsor|phqw1

Dq lvvxh riwhq udlvhg djdlqvw wudglwlrqdo dfwlylvw srolflhv lv wkdw wkh| pljkw
lpsduw dq lq dwlrqdu| eldv wr wkh hfrqrp|1 Vr zh vkrxog qrwh wkdw wklv lv
qrw dw doo wkh fdvh zlwk wkh rswlpdo srolf| lq wklv sdshu/ vlqfh doo qrplqdo
ydoxhv zloo lqfuhdvh rq dyhudjh dw wkh udwh q/ wkxv iroorzlqj d qrqlqfuhdvlqj
wuhqg1 Wkh wudglwlrqdo rssrvlwlrq ehwzhhq hpsor|phqw vwdelol}dwlrq dqg
sulfh vwdelolw| wkhuhiruh grhv qrw krog khuh1
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