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Devwudfw

Wklv sdshu hpsor|v d v|qwkhwlf frkruw whfkqltxh dqg Frqvxphu H{shq0
glwxuh Vxuyh| gdwd wr frqvwuxfw dyhudjh djh0sur�ohv ri frqvxpswlrq dqg
lqfrph ryhu wkh zrunlqj olyhv ri w|slfdo krxvhkrogv dfurvv gl�huhqw hgxfd0
wlrq dqg rffxsdwlrq jurxsv1 Hyhq diwhu frqwuroolqj iru idplo| dqg frkruw
h�hfwv/ w|slfdo frqvxpswlrq sur�ohv duh qrw �dw/ dqg vhhp wr wudfn lqfrph
dw |rxqj djhv1 Xvlqj wkhvh sur�ohv/ zh hvwlpdwh d vwuxfwxudo prgho ri rswl0
pdo olih0f|foh frqvxpswlrq h{shqglwxuhv lq wkh suhvhqfh ri uhdolvwlf lqfrph
xqfhuwdlqw|1 Wkh prgho �wv wkh sur�ohv txlwh zhoo1 Lq dgglwlrq wr surylglqj
wljkw hvwlpdwhv ri wkh glvfrxqw udwh dqg ulvn dyhuvlrq/ zh �qg wkdw frqvxphu
ehkdylru fkdqjhv vwulnlqjo| ryhu wkh olih0f|foh1 \rxqj frqvxphuv ehkdyh dv
_ex�hu0vwrfn% djhqwv1 Durxqg djh 76/ wkh w|slfdo krxvhkrog vwduwv dffx0
pxodwlqj oltxlg dvvhwv iru uhwluhphqw dqg lwv ehkdylru plplfv pruh forvho|
wkdw ri d fhuwdlqw| htxlydohqw frqvxphu1 Wklv fkdqjh lq ehkdylru lv prvwo|
gulyhq e| wkh olih0f|foh sur�oh ri h{shfwhg lqfrph1 Rxu phwkrgrorj| sur0
ylghv d qdwxudo ghfrpsrvlwlrq ri vdylqj lqwr lwv suhfdxwlrqdu| dqg uhwluhphqw
frpsrqhqwv1
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4Lw vkrxog dovr eh qrwhg wkdw pdq| ri wkhvh sdshuv whfkqlfdoo| whvw wkh shupdqhqw lqfrph
k|srwkhvlv udwkhu wkdq wkh OFK1 Wkh gl�huhqfhv fdq eh surqrxqfhg dw wkh djjuhjdwh ohyho/ exw
erwk wkhrulhv suhglfw qr uhvsrqvh ri frqvxpswlrq wr h{shfwhg fkdqjhv lq lqfrph dw wkh krxvhkrog
ohyho1

5Vrph ri wkh prvw uhfhqw sdshuv duh Oxvdugl +4<<6,/ Vkhd +4<<8,/ Vrxohohv +4<<7,/ Ohyhqvrq
+4<<6,/ Fduuroo dqg Vxpphuv +4<<4, dqg Fdpsehoo dqg Pdqnlz +4<;<,1 Vhh Ghdwrq +4<<5, iru dq
h{fhoohqw vxuyh| ri wkh �hog ru G|qdq +4<<6, iru d uhfhqw dssurdfk wr hvwlpdwlqj Hxohu htxdwlrq
zlwk d suhfdxwlrqdu| whup1

6Vhh Fduuroo +4<<6d, dqg Fduuroo +4<<5,1
7Dv uhsruwhg lq Fduuroo dqg Vdpzlfn +4<<7,1 Wklv grhv qrw lqfoxgh Vrfldo Vhfxulw| dqg shqvlrq

zhdowk/ zklfk frqvwlwxwh d odujh iudfwlrq ri zhdowk dw uhwluhphqw1 Qrwh wkdw glvwulexwlrq ri zhdowk
dqg lwv frqvwlwxhqwv lv dozd|v vwurqjo| vnhzhg/ zlwk d phdq idu h{fhhglqj wkh phgldq1
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:Vhh iru h{dpsoh Dwwdqdvlr dqg Zhehu +4<<8,1
;Vlqfh dgmxvwhg sur�ohv duh qrw uhsruwhg/ lw lv qrw fohdu zkhwkhu wkhlu �qglqj lv phuho| wkh

uhvxow ri dgglqj fryduldwhv 0oderu vxsso| dqg idplo| vl}h0 vr wkdw wkh lqvwuxphqwdo yduldeoh whfk0
qltxh wkh| hpsor| qr orqjhu kdv wkh srzhu wr ghwhfw wkh uhodwlrqvkls1 Zh qrwh wkdw rqh ri wkh
ehvw sdshuv zklfk xvhv rffxsdwlrq dqg hgxfdwlrq wr suhglfw h{shfwhg lqfrph jurzwk/ Oxvdugl
+4<<6,/ �qgv wkdw frqvxpswlrq grhv wudfn lqfrph1

<Erwk ri wkhvh sdshuv vhsdudwho| gh�dwh frpsrqhqwv ri frqvxpswlrq/ zklfk fdq holplqdwh
d frqvxpswlrq0lqfrph sdudooho1 Li oltxlglw| frqvwudlqwv duh elqglqj ru frqvxphuv duh ex�hu0
vwrfn wkhq qrplqdo frqvxpswlrq zloo wudfn qrplqdo lqfrph1 Ilqdoo|/ erwk sdshuv orrn rqo| dw
qrqgxudeoh frqvxpswlrq/ zklfk/ dv zh ghprqvwudwh dqg glvfxvv/ lv qrw vlpso| d vfdohg grzq
yhuvlrq ri wrwdo frqvxpswlrq1
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43Wkhvh dxwkruv gr qrw fruuhfw iru idplo|0vl}h ru frkruw h�hfwv1
44Zh gr qrw dgguhvv wklv dowhuqdwh lqwhusuhwdwlrq/ exw vlpso| qrwh wkdw zh eholhyh wkdw wkh

khwhurjhqhlw| lq vnloov/ delolwlhv/ dqg zhdowk dfurvv shrsoh vwduwlqj wkhlu zrunlqj olyhv pdnhv wkh
orz0dvvhw wuds ri wkhlu prgho yhu| uhohydqw iru d vpdoo vxevhw ri wkh srsxodwlrq dqg pxfk ohvv
uhohydqw iru wkh w|slfdo krxvhkrog1 Vhh dovr Fduuroo dqg Vdpzlfn +4<<7, iru d fulwltxh ri wkh
lpsolfdwlrqv ri wkhlu dssurdfk1

45Iru lqvwdqfh/ Sdoxper +4<<7, pxvw xvh d vfdohg0xs phdvxuh ri irrg frqvxpswlrq dv klv
phdvxuh ri krxvhkrog frqvxpswlrq dqg pxvw pdnh ydulrxv dvvxpswlrqv derxw hdfk lqglylgxdo*v
h{shfwhg khdowk g|qdplfv1
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|�i �L�ti�L*_� ì @tt�4i |�@| Thiuihi?Uit |@!i |�i t|@?_@h_ @__�|��i*) tiT@h@M*i
i TiU|i_ �|�*�|) uLh4c ��|� @ _�tUL�?| u@U|Lh qG

L ' .

%
�[
|'�

q|� E�
|

c ~
|

� n q�n�T
�n�

E`
�n�

c ~
�n�

�

&
c E2���

��ihi `
|

hiThiti?|t |L|@* �?@?U�@* �i@*|� @?_ ~
|

�t @ �iU|Lh Lu �L�ti�L*_ U�@h@U�
|ih�t|�Ut Ei�}� u@4�*) t�3i�� T

�n�
hiThiti?|t |�i �@*�i |L |�i UL?t�4ih Lu @?) @tti|t

*iu| @| |�i |�4i Lu _i@|�c U@T|�h�?} @?) Mi^�it| 4L|��i� A�i UL?t�4ih 4@ �4�3it
E2��� }��i? @? �?�|�@* �i@*|� *i�i* `

�
c @?_ |�i UL?t|h@�?| |�@| |ih4�?@* �i@*|� �t

?L?�?i}@|��i `
�n�

� f� A�i _)?@4�U M�_}i| UL?t|h@�?| �tG

`
|n�

' - E`
|

n t
|

� �
|

� � E2�2�
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46Htxlydohqwo|/ � lv wkh frh�flhqw ri uhodwlyh ulvn dyhuvlrq1 Wklv lv d zhoo nqrzq ihdwxuh ri
dgglwlyho| vhsdudeoh h{shfwhg xwlolwlhv1 Wklv sdshu zloo qrw h{soruh dowhuqdwlyhv vxfk dv qrq0
h{shfwhg xwlolwlhv +Nuhsv dqg Sruwhxv +4<:;,, ru kdelw irupdwlrq +Khdwrq +4<<3,,1
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.



E�bb2� uLh4�*@|�L?c @?_ _iUL4TLti |�i *@MLh �?UL4i ThLUitt �?|L @ Tih4@?i?|c
�
�|

c @?_ @ |h@?t�|Lh)c L
�|

c UL4TL?i?|t E��ihi � �?_i it LUU�T@|�L? @?_ i_�U@|�L?
}hL�Tt�G

t
�|

' �
�|

L
�|

E2�e�

�
�|

' C
�|

�
�|3�

�
�|

A�i |h@?t�|Lh) t�LU!tc L
�|

c @hi �?_iTi?_i?| @?_ �_i?|�U@**) _�t|h�M�|i_c |@!i |�i
�@*�i f ��|� ThLM@M�*�|) R � fc @?_ @hi L|�ih��ti *L}�?Lh4@**) _�t|h�M�|i_ tL |�@|
*?L

�|

�@t 4i@? 3ihL @?_ �@h�@?Ui j2
��

� A�i *L} Lu |�i Tih4@?i?| UL4TL?i?| Lu
�?UL4ic *?�

�|

c i�L*�it @t @ h@?_L4 �@*! ��|� _h�u|� C
�|

�t @ _i|ih4�?�t|�U }hL�|�
u@U|Lh EtTiU��U |L @}i | @?_ }hL�T �� ���*i *?�

�|

c |�i t�LU! |L |�i Tih4@?i?|
UL4TL?i?| Lu �?UL4ic �t �?_iTi?_i?|*) @?_ �_i?|�U@**) ?Lh4@**) _�t|h�M�|i_ ��|�
4i@? 3ihL @?_ �@h�@?Ui j2

?�

��e A��t �?UL4i i�L*�it @t @ ?L?t|@|�L?@h)c tih�@**)
ULhhi*@|i_ ThLUittc ��|� ML|� Tih4@?i?| @?_ |h@?t�|Lh) t�LU!tc @?_ @ TLt�|��i
ThLM@M�*�|) Lu 3ihL �?UL4i �? i�ih) Tih�L_��D

A�L TL�?|t @hi �Lh|� ?L|�?}� 6�ht|c Tih4@?i?| t�LU!t @hi L?*) @t Tih4@?i?|
@t |�i *i?}|� Lu |�i �Lh!�?} *�uiG @** t�LU!t @hi �*|�4@|i*) |h@?t�|Lh)c @t UL?t�4iht
hi|�hi @?_ _�i� W? |�i *@t| �Lh!�?} Tih�L_c |h@?t�|Lh) @?_ Tih4@?i?| t�LU!t @hi
i^���@*i?|� �t @ UL?ti^�i?Uic |�i ThLTi?t�|) |L UL?t�4i L�| Lu RTih4@?i?|�
t�LU!t |L �?UL4i ��** _iUhi@ti ��|� @}ic @ TL�?| i4T�@t�3i_ M) �*@h�_@ E�bb���
A��t ThLTih|) �L*_t |h�i uLh |�i �," w�O @*tL� 5iUL?_c �? |��t ti|�T UL?t�4iht
��** U�LLti ?i�ih |L MLhhL� @}@�?t| u�|�hi *@MLh �?UL4i� A��t uL**L�t uhL4 E@� |�ihi
Mi�?} @ t|h�U|*) TLt�|��i ThLM@M�*�|) |�@| *@MLh �?UL4i ��** Mi @hM�|h@h�*) U*Lti |L
3ihL uLh |�i hit| Lu |�i �Lh!�?} *�ui @?_ EM� |�i W?@_@ UL?_�|�L? *�4

S<f
�� ES� ' 4��S

W| �t �4TLh|@?| |L ?L|i |�@| |��t �L*_t |h�ic i�i? ��i? Rc |�i ThLM@M�*�|) Lu t|h�U|*)
3ihL �?UL4ic �t ti| |L 3ihL� 5�TTLti |�i �L�ti�L*_ �ihi |L MLhhL� �? |�i ?i |
|L *@t| �Lh!�?} Tih�L_� A�i?c ��|� t|h�U|*) TLt�|��i ThLM@M�*�|) �| �L�*_ Mi *iu|
��|�L�| @?) �i@*|� �? |�i *@t| �Lh!�?} Tih�L_� A�i �L�ti�L*_ �L�*_ |�i? �@�i @?
�?�?�|i i TiU|i_ 4@h}�?@* �|�*�|)� 5�4T*i M@U!�@h_ �?_�U|�L? �4T*�it |�@| �| ��**
?i�ih Mi LT|�4@* |L MLhhL�� A��tc �? |��t ti|�Tc |�i ThiU@�|�L?@h) 4L|��i @U|t @t
@ ti*u��4TLti_ *�^��_�|) UL?t|h@�?|��.

BL�?} uhL4 |�i 4L_i* |L |�i _@|@c �i ?ii_ |L 4@!i |�hii @tt�4T|�L?t� 6�ht|c
?L|i |�@| �? Lh_ih |L tL*�i |�i UL?t�4ih<t ThLM*i4 @t t|@|i_c �i ?ii_ |L tTiU�u)
ML|� |�i ?@|�hi Lu �?Uih|@�?|) _�h�?} hi|�hi4i?| @?_ @ Mi^�it| u�?U|�L?� `��*i
|�ihi �@�i Mii? }LL_ @||i4T|t @| 4L_i**�?} UL?t�4ih Mi�@��Lh @u|ih hi|�hi4i?|c�H

47Dffruglqj wr wklv ghfrpsrvlwlrq/ wkh shupdqhqw ohyho ri lqfrph lv wkdw ohyho wkdw zrxog
rewdlq zlwkrxw wudqvlwru| vkrfnv/ qrw wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh lqfrph vwuhdpv1
Wklv pdwfkhv Iulhgpdq*v +4<8:, lqwhusuhwdwlrq1

48Zkloh Derzg dqg Fdug +4<;<, irxqg wkdw fkdqjh lq oderu lqfrph zdv ehvw fkdudfwhul}hg e|
dq PD +5, surfhvv/ wkh| dovr irxqg olwwoh jdlq lq prylqj iurp dq PD+4, wr dq PD+5,1

49D frqglwlrq dozd|v vdwlv�hg zlwk lvrhodvwlf xwlolw| dqg srvlwlyh ulvn dyhuvlrq1
4:Li lqvwhdg zh kdg dvvxphg d vwulfwo| srvlwlyh orzhu erxqg rq lqfrph/ frqvxphu frxog eruurz

xs wr wkh suhvhqw glvfrxqwhg ydoxh ri fhuwdlq ixwxuh lqfrph1
4;Vhh Kxeedug hw do1 +4<<7, dqg Sdoxper +4<<7,1
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4<Rxu dssurdfk grhv qrw hpskdvl}h wkh uhodwlyh lpsruwdqfh ri uhwluhphqw yhuvxv ehtxhvw
zhdowk1 Wkh vdoydjh ydoxh ixqfwlrq dffrprgdwhv d ehtxhvw prwlyh1 Vhh Prgljoldql dqg Euxpehuj
+4<89, dqg wkh hqvxlqj ghedwh zlwk Nrwolnr� dqg Vxpphuv +4<;4, derxw wkh uhodwlyh lpsruwdqfh
ri olih f|foh dqg ehtxhvw vdylqjv1

53Vrfldo vhfxulw| zhdowk lv gh�qlwho| looltxlg dqg lv rqo| dydlodeoh dv dqqxlwlhv diwhu uhwluhphqw1
Hduo| zlwkgudzdo ri shqvlrq dqg vdylqjv yhklfohv wdujhwhg iru uhwluhphqw sxusrvhv/ vxfk dv LUD*v/
734n sodqv dqg Nhrjk/ lv riwhq shqdol}hg/ li doorzhg dw doo1 Rqh pljkw dovr frqvlghu krxvlqj zhdowk
dv sduw ri uhwluhphqw zhdowk1 Hpslulfdo hylghqfh vxjjhvwv wkdw krxvhkrogv uxq grzq wkhlu krxvlqj
zhdowk rqo| h{wuhpho| odwh lq olih1
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55Wkh frqvxpswlrq uxohv kdyh wr eh irxqg qxphulfdoo|/ dv qr forvhg irup vroxwlrq h{lvwv iru
wklv sureohp1 Zh glg wklv xvlqj d glvfuhwl}dwlrq phwkrg +vhh Mxgg +4<<6,,1 Zh vroyhg wkh Hxohu
htxdwlrq +51;, uhfxuvlyho| rq d julg ri qrupdol}hg fdvk0rq0kdqg ydoxhv1 Wkh frqvxpswlrq ixqfwlrq
zdv wkhq lqwhusrodwhg ehwzhhq wkh srlqwv rq wkh julg1 Lq rughu wr fdswxuh wkh fxuydwxuh ri wkh
frqvxpswlrq uxohv dw orz ydoxhv ri fdvk rq kdqg/ wkh glvfuhwl}dwlrq julg zdv �qhu iru { 5 ^3> 5`1
Vhh Fdedoohur +4<<3, iru d forvhg irup vroxwlrq xqghu h{srqhqwldo xwlolw|1

56Rwkhu uhohydqw sdudphwhuv duh � @ 3=<64/ � @ 4=46 dqgU @ 4=381 Wkhvh sdudphwhuv jhqhudwh
ex�hu0vwrfn ehkdylru1 Lqfrph xqfhuwdlqw| lv wkh dyhudjh dprxqw/ glvfxvvhg odwhu/ dqg suhvhqwhg
lq Wdeoh 51

57Lq rwkhu zrugv/ wkh vroxwlrq wr wkh vxsuhpxp sureohp lq wkh lq�qlwh krul}rq fdvh lv rewdlqhg
dv wkh �{hg srlqw ri wkh dvvrfldwhg ixqfwlrqdo htxdwlrq1 Wkhruhp <145 lq Vwrnh|/ Oxfdv dqg
Suhvfrww +4<;<, dssolhv hyhq wkrxjk uhwxuqv duh xqerxqghg/ dv orqj dv wkh glvfrxqw idfwru lv
vwulfwo| ohvv wkdq 41

58Wklv frqglwlrq lv dqdo|}hg lq pruh ghwdlov lq Ghdwrq +4<<4, dqg D|djdul +4<<6,1 Lq wkh
lq�qlwh krul}rq fdvh/ wklv jxdudqwhhv wkdw fdvk rq kdqg kdv dq hujrglf glvwulexwlrq1

59Zh glvfxvv fdoleudwlrq ri � lq vhfwlrq 71
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5;Lq rxu �qlwh krul}rq iudphzrun/ wklv fkdudfwhul}dwlrq zloo eh qhfhvvdu| exw qrw vx�flhqw lq wkh

iroorzlqj vhqvh1 Zkhq wkh lqwhuhvw udwh lv orzhu wkdq wkh glvfrxqw udwh/ djhqwv zloo kdyh d wdujhw
ohyho ri fdvk rq kdqg wkurxjkrxw wkhlu zrunlqj olyhv1 Iru odujh ohyhov ri fdvk rq kdqg/ lpsdwlhqfh
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zloo fdxvh frqvxphuv wr uxq grzq wkhvh dvvhwv1 Dw orz ohyhov ri fdvk rq kdqg/ frqvxphuv pxvw
vdyh hlwkhu iru oltxlglw| qhhgv ru uhwluhphqw1 Krzhyhu/ qhdu uhwluhphqw/ wklv wdujhw ohyho zloo
uh�hfw olih0f|foh frqvlghudwlrqv dqg lv olnho| wr eh h{wuhpho| odujh1 Wkh ehkdylru ri vxfk djhqwv
lv xqolnh ex�hu vwrfn ehkdylru dv suhylrxvo| ghvfulehg1

5<Wklv srlqw kdv ehhq hpskdvl}hg uhfhqwo| e| Dwwdqdvlr dqg Zhehu +4<<8,1
63Dwwdqdvlr hw do1 +4<<8, pdnh wklv dujxphqw/ dqg �qg wkdw/ diwhu fruuhfwlqj iru idplo| vl}h/

frqvxpswlrq lv qr orqjhu vljql�fdqwo| ghshqghqw rq h{shfwhg fkdqjhv lq lqfrph dw kljk iuhtxhqf|1
Wkhvh dxwkruv gr qrw ghprqvwudwh wkdw wkh sur�ohv duh �dw diwhu pdnlqj wklv fruuhfwlrq1 Lw lv
zruwk qrwlqj wkdw erwk wklv sdshu dqg rxuv dvvxph wkdw idplo| vl}h lv h{rjhqrxv1 Li wkh ex�hu
vwrfn prgho lv fruuhfw dqg kdylqj fkloguhq lv d irup ri frqvxpswlrq/ wkhq wkh ghflvlrq wr kdyh
fkloguhq lv d�hfwhg e| wkh h{shfwhg sdwk ri lqfrph1 E| fruuhfwlqj iru idplo| vl}h frpsrvlwlrq ryhu
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wkh olihf|foh/ rqh lv uhprylqj wkdw sruwlrq ri fkdqjhv lq frqvxpswlrq gulyhq e| h{shfwhg lqfrph
fkdqjhv1 Dv zh zloo vhh/ krzhyhu/ wkh sur�ohv suhvhqwhg vxevhtxhqwo| vxjjhvw wkdw fruuhfwlqj iru
idplo| vl}h dwwhqxdwhv exw grhv qrw holplqdwh wkh frqvxpswlrq lqfrph sdudooho1
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ru iru lqfrph dqg frqvxpswlrq1 Wklv frxog euhdn wkh uhodwlrqvkls ehwzhhq fdvk rq kdqg dqg
frqvxpswlrq lq qrplqdo whupv zklfk lv wkh uhodwlrqvkls suhglfwhg e| wkh ex�hu0vwrfn wkhru|1
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zlwk idplo| vl}h gxpplhv rq wkh uljkw kdqg vlgh1 Wkh h�hfwlyh idplo| vl}h lv wkhq 5=; +wkh vdpsoh
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idplo| vl}h udlvhg wr wkh srzhu �3=:1 Wklv ohg wr sur�ohv zklfk zhuh qrlvlhu dqg �dwwhu hduo| lq
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�? �?UL4ic uLh i @4T*ic L�h 4i@t�hi Lu *�^��_ @tti|t ���U� UL�*_ Mi �ti_ |L M�gih
M@_ �?UL4i t�LU!t �L�*_ �?U*�_i Ti?t�L? �i@*|�� ì hi4L�i @tti| �?UL4i t�?Ui
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�e� ì _L �L�i�ih LMtih�i � @?_ @�ih@}i UL?t�4T|�L? @| i@U� @}ic

*? 7�
|
c @t _i�?i_ �? |�i Thi��L�t tiU|�L?� A��t t�}}it|t |�@| �i U@? *LL! _�hiU|*) @|

|�i �?UL?_�|�L?@* i TiU|@|�L? Lu *L}�UL?t�4T|�L? @| i@U� @}iG

*? 	�
|
Ew(�c.

A
� � . d*?�

|
E5c w(�c.

A
�o '

]
*?�

|
E5c w(�c.

A
� _8

|
E5�� Ee�2�

A��t t@)t |�@| @�ih@}i UL?t�4T|�L? Lu �L�ti�L*_t i^�@*t |�i @�ih@}i *i�i* Lu UL?�
t�4T|�L? L�ih ML|� �@*�it Lu U@t��L?��@?_ @?_ *i�i*t Lu Tih4@?i?| �?UL4i� ��h
@TThL@U� UL?t�t|t �? 4@|U��?} |�i A 4L4i?| UL?_�|�L?tG

.
k
*?�

|
� *? 	�

|
Ew(�c.

A
�
l
' f�

#i�?�?} |�i t@4T*i 4L4i?| @| @}i |c }
|
Ew(�c.

A
� ' *? 7�

|
� *? 	�

|
Ew(�c.

A
�c

@?_ } Ew(�c.
A
�|�i �iU|Lh Lu 4L4i?|tc |�i it|�4@|�L? ThLUi_�hi 4�?�4�3it

} Ew(�c.
A
��`

A
} Ew(�c.

A
�

6<Iru hdvh ri qrwdwlrq dqg frqvlvwhqf| zlwk rxu wkhruhwlfdo prgho/ zh dvvxph lq wklv vxevhfwlrq
wkdw djh uxqv iurp 4 wr W 1

73�l
w
pd| dovr hqfrpsdvv plvvlqj yduldeohv vxfk dv fodvv1 Rxu dssurdfk uhpdlqv fruuhfw dv orqj

dv �l
w
dqg wkh vwdwh yduldeohv duh lqghshqghqw1

74Wklv lv wkh dssurdfk wdnhq e| Sdoxper +4<<7, zkr xvhv Pd{lpxp Olnholkrrg dqg SVLG gdwd
wr hvwlpdwh vwuxfwxudo sdudphwhuv gxulqj wkh uhwluhphqw shulrg1 Rqh frxog dovr hvwlpdwh frq0
vxpswlrq ixqfwlrqv qrq0sdudphwulfdoo|/ pxfk olnh Jurvv +4<<7,/ xvlqj Nhuqho phwkrgv/ hvwlpdwhv
lqyhvwphqw ixqfwlrqv ri �upv idflqj oltxlglw| frqvwudlqwv1

2f



��ihi `
A
�t @ �i�}�|�?} 4@|h� � `�|� @ �i�}�|�?} 4@|h� i^�@* |L |�i �_i?|�|)c

|��t �t i^���@*i?| |L 4�?�4�3�?} |�i _�t|@?Ui Mi|�ii? |�i @�ih@}i @?_ |�i it|�4@|i_
ThL�*i� A�@| �tc UL?t�_ih�?} |�i *�ui�U)U*i ThL�*ic �i 4�?�4�3iG

7 Ew(�c.
A
� '

A[
|'�

�
*? 7�

|
� *? 	�

|
Ew(�c.

A
�
�
2

� Ee���

N?uLh|�?@|i*) �i _L ?L| _�hiU|*) LMtih�i *? 	�
|
Ew(�c.

A
�c t�?Ui �i _L ?L| LM�

tih�i |�i _�t|h�M�|�L?t Lu Tih4@?i?| �?UL4i Lh Lu U@t��L?��@?_� 6�h|�ihc �i _L
?L| �@�i @?@*)|�U tL*�|�L?t uLh |�i UL?t�4T|�L? u�?U|�L?t Lh �L� |�i) U�@?}i ��|�
@*|ih@|�L? Lu L�h !i) T@h@4i|iht� A��tc �?t|i@_ Lu UL4T�|�?} |�i @U|�@* i TiU|@�
|�L? ��|� hitTiU| |L |�i |h�i _�t|h�M�|�L? Lu 5c �i �ti @ �L?|i��@h*L �?|i}h@|�L?
4i|�L_ @?_ TihuLh4 @ �i|�L_ Lu 5�4�*@|i_ �L4i?|t E�7�� it|�4@|�L?� ì
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ì t|@h| M) @t!�?} ��@| |�i t|@?_@h_ w�ui��)U*i |�iLh) �L�*_ Thi_�U|c @tt�4�?}
@�@) @** �?Uih|@�?|)� �*|�L�}� |��t UL?t|�|�|it @ Uh�_i @||i4T| @| 4@|U��?} |�i
_@|@c �| tih�it @t @ �tiu�* Mi?U�4@h! @}@�?t| ���U� |L i�@*�@|i |�i hit| Lu L�h
hit�*|t� AL }��i |�i Mit| U�@?Ui |L |�i �," w�Oc �i TihuLh4 �ht| _�gihi?Ui
it|�4@|�L? Lu |�i �," w�Oc ?L| @t!�?} �| |L �| |�i 4i@? Lu |�i UL?t�4T|�L?
ThL�*ic @t _�tU�tti_ @| |�i i?_ Lu tiU|�L? e��� N?_ih Uih|@�?|)c i^�@|�L? E2���
�L*_tc �4T*)�?}c @u|ih UL?|hL**�?} uLh �?_���_�@* U�@h@U|ih�t|�Utc @ UL?t|@?| }hL�|�
h@|i Lu UL?t�4T|�L? L�ih |�i �Lh!�?} Tih�L_G

{ *? 7�
|
'

�

4
*? Eq-� � 1� ED���
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khuh wkh| duh qrw vhsdudwho| lghqwl�hg1
7:Wklv hvwlpdwlrq surfhgxuh rqo| fdswxuhv wkh vxevwlwxwlrq h�hfw/ dv lv fohdu iurp +814,1 Lqfrph

dqg zhdowk h�hfwv fkdqjh wkh ohyho ri wkh frqvxpswlrq sdwk/ qrw lwv vorsh1
7;Wkh vwdqgdug huuru lv qrw urexvw wr vhuldo fruuhodwlrq dqg suredeo| lv xqghuhvwlpdwhg e| dq

rughu ri pdjqlwxgh1
7<PVP hvwlpdwlrq lv shuiruphg lq 6 vwhsv1 Iluvw/ zh gr d eurdg julg vhdufk ryhu wkh sdudphwhu

vsdfh/ wkhq d �qhu julg vhdufk dqg odvwo| xvh dq rswlpl}dwlrq urxwlqh1 Wklv hqvxuhv wkdw wkh
surjudp lghqwl�hv wkh joredo plqlpxp1 Wkh surjudpv duh FSX0lqwhqvlyh= rqh hydoxdwlrq ri
wkh remhfwlyh ixqfwlrq uhtxluhv dssur{lpdwho| 78 plqxwhv rq dq h{shulphqwdo S9 +ru _9;9%, fkls
uxqqlqj dw 466 Pk} +frxuwhv| ri Lqwho Frus1,1 D 58{58 julg vhdufk wkhuhiruh uhtxluhv 45 gd|v1
Iru ghwdlov/ vhh Dsshqgl{ D1

83Dq hduolhu yhuvlrq ri wklv sdshu suhvhqwhg slfwxuhv ri rxu remhfwlyh ixqfwlrq zklfk ghprq0
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ì U@? T�| tL4i @__�|�L?@* t|h�U|�hi L? |�iti |�L T�@tit M) *LL!�?} @| |�i

|@h}i| *i�i* Lu U@t� L? �@?_ @| i@U� @}ic @t _i�?i_ �? tiU|�L? 2� 6�}�hi 2��c @*hi@_)
hiTLh|i_c T*L|t ?i | Tih�L_ i TiU|i_ U@t� L? �@?_ @t @ u�?U|�L? Lu U�hhi?| U@t�
L? �@?_ uLh �@h�L�t @}it� 6�}�hi D�. _�hiU|*) UL4T�|it |�i |@h}i| *i�i* Lu U@t� L?
�@?_ uLh UL?t�4iht @}i_ 2D�eH� �?i U@? tii uhL4 |�i }h@T� |�@| |�i |@h}i| *i�i*
Lu U@t� L? �@?_ hi4@�?t t4@** i@h*) �? *�uic @hL�?_ ��� |�4it Tih4@?i?| �?UL4i�
5�Lh|*) @u|ih efc |�i |@h}i| �?Uhi@tit t�Mt|@?|�@**)c @t UL?t�4iht |h) |L M��*_ |�i�h
hi|�hi4i?| ?it|�i}}� A��t �}�hi t�L�t @ _h@4@|�U U�@?}i �? Mi�@��Lh� `�i? |�i
|@h}i| *i�i* Lu *�^��_ �i@*|� �t t4@**c @}i?|t @hi RM�gih t|LU!�� A�i�h UL?t�4T|�L?
U*Lti*) uL**L�t |�i�h �?UL4i� �hL�?_ @}i e�c @}i?|t _it�hi |L @UU�4�*@|i @tti|t uLh
hi|�hi4i?|� `�|� @ *@h}i t|LU! Lu �i@*|� hi*@|��i |L Tih4@?i?| �?UL4ic UL?t�4iht
U@? t4LL|� ��}� uhi^�i?U) 4L�i4i?|t �? �?UL4i� A�i�h Mi�@��Lh 4Lhi U*Lti*)
4�4�Ut |�@| Lu Uih|@�?|)�i^���@*i?| UL?t�4iht�

�L?i Lu |�iti hit�*|t @hi @tt�4i_ �? L�h 4L_i*� Wu �i �@_ uL�?_ i�|�ih UL?�
t�4iht |L Mi 4Lhi T@|�i?| Lh �@||ih @_��t|i_ �?UL4i ThL�*itc �L�ti�L*_t UL�*_
�@�i Mi�@�i_ @t *�ui�U)U*i UL?t�4iht uLh |�i�h i?|�hi *��it� 5�4�*@h*)c �ih) �4T@�
|�i?| UL?t�4iht UL�*_ �@�i Mii? M�gih t|LU! UL?t�4iht @** Lu |�i�h �Lh!�?} *��itc
hi*)�?} L? �**�^��_ �i@*|� |L �?@?Ui UL?t�4T|�L? _�h�?} hi|�hi4i?|�
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87Lq rughu wr gr wklv/ zh fdoleudwh wkh fhuwdlqw| fdvh/ vr dv wr |lhog wkh vdph frqvxpswlrq uxoh
dw uhwluhphqw1 Frqvxphuv h�hfwlyho| kdyh vwurqj ehtxhvw prwlyhv xqghu wkhvh dvvxpswlrqv1
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�� Vroylqj wkh frqvxphu*v sureohp1

Lq wklv dsshqgl{ zh ghvfuleh rxu dssurdfk wr vroylqj qxphulfdoo| wkh frqvxphu sureohp1

���� Hxohu htxdwlrq1

Wkh dojrulwkp h{sorlwv wkh uhfxuvlyh vwuxfwxuh ri wkh frqvxphu sureohp e| vroylqj wkh
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Rqh fdq wkhq �qg wkh urrw ri wkh Hxohu htxdwlrq dw dq| srlqw { xvlqj d vwdqgdug

Qhzwrq phwkrg1 Lq sudfwlfh/ zh frqvwudlq wkh urrw wr eh srvlwlyh dqg ohvv wkdq {/ wkh

fxuuhqw fdvk rq kdqg1 Dv glvfxvvhg lq wkh wh{w/ wklv uhvwulfwlrq lv dozd|v vdwlv�hg zkhq

wkhuh duh qr looltxlg dvvhwv1 Vlqfh looltxlg dvvhwv fdqqrw eh eruurzhg djdlqvw/ lw lv dovr

vdwlv�hg lq wkhlu suhvhqfh1

���� Frqvxpswlrq uxohv1

Zh lqlwldol}h wkh dojrulwkp zlwk wkh frqvxpswlrq uxoh dw uhwluhphqw= f
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Rqh fdq vkrz wkdw wkh frqvxpswlrq uxohv iru wklv sureohp duh frqwlqxrxvo| gl�huhq0

wldeoh dv orqj dv wkhuh duh qr oltxlglw| frqvwudlqwv1 Krzhyhu/ lq wkh suhvhqfh ri oltxlglw|

frqvwudlqwv/ wkh frqvxpswlrq uxohv pd| h{klelw d nlqn1 Vhh Ghdwrq +4<<4,dqg D|djdul

+4<<6,1 Zh h�hfwlyho| lpsrvh d oltxlglw| frqvwudlqw e| qrw doorzlqj wkh krxvhkrog wr eru0

urz djdlqvw looltxlg dvvhwv1 Wklv lqglfdwhv wkdw vprrwk dssur{lpdwlrq phwkrgv/ dv dgyr0

fdwhg e| Mxgg +4<<5, duh lqdssursuldwh lq wkdw fdvh1 Lqvwhdg/ zh zloo xvh d vwdqgdug glv0

fuhwl}dwlrq phwkrg= zh vshfli| dq h{rjhqrxv julg iru fdvk0rq0kdqg=
�
{�

�
a
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Lq rughu wr fdswxuh wkh fxuydwxuh ri wkh frqvxpswlrq uxoh dw orz ydoxhv ri fdvk rq kdqg/

wkh julg zloo eh �qhu iru { 5 ^3> 5`1 Lq sudfwlfh/ iru hdfk ydoxh ri fdvk rq kdqg rq wkh

julg/ {� / zh �qg wkh dvvrfldwhg frqvxpswlrq f� wkdw vdwlv�hv +D14,1 Lq fkrrvlqj wkh vl}h

dqg frduvhqhvv ri wkh julg/ zh idfh wkh xvxdo wudgh0r� ehwzhhq suhflvlrq dqg frpsxwlqj

wlph1 Dgglqj srlqwv rq wkh julg jlyhv d �qhu dssur{lpdwlrq ri wkh frqvxpswlrq uxohv1

Vlqfh wkh frqvxpswlrq uxoh dw djh w . 4 lv wkh lqsxw qhfhvvdu| wr jhw wkh frqvxpswlrq

uxoh dw djh w/ lpsuhflvlrqv frxog frpsrxqg ryhu wlph1 Rq wkh rwkhu kdqg/ wkh Hxohu

htxdwlrq lv wkh lqqhuprvw orrs ri wkh hqwluh dojrulwkp1 Zlwk 433 srlqwv rq wkh julg

dqg 73 wlph shulrg/ zh pxvw vroyh 7333 vroxwlrqv wr +D14,1 Wklv wdnhv dssur{lpdwho| 78

plqxwhv rq d S9 fkls uxqqlqj dw 466Pk}/ frxuwhv| ri Lqwho Frusrudwlrq1 Zh dovr idfh

d gl�fxow ghflvlrq uhjduglqj wkh udqjh ri fdvk rq kdqg/ {4@ 1 Iru vpdoo ydoxhv/ fdvk rq

kdqg lq vdpsoh lv olnho| wr pryh rxw ri wkh julg1 Frqvxpswlrq zloo wkhq eh hydoxdwhg

xvlqj h{wudsrodwlrq phwkrgv/ dozd|v pxfk ohvv suhflvh wkdq lqwhusrodwlrq1 Rq wkh rwkhu

kdqg/ lqfuhdvlqj wkh udqjh zlwk d �{hg qxpehu ri srlqwv lpsolhv ohvv suhflvh hvwlpdwlrq

ri wkh fxuydwxuh1 Rqh vroxwlrq frqvlvwv lq hqgrjhql}lqj wkh julg vr wkdw/ iru lqvwdqfh/

fdvk rq kdqg uhpdlqv zlwklq wkh julg zlwk suredelolw| 3=<81 Zh dgrswhg wkh vlpsohu

dssurdfk frqvlvwlqj lq fkhfnlqj wkdw fdvk rq kdqg/ lq wkh vlpxodwlrqv/ uhpdlqv vwulfwo|

lqvlgh wkh julg1 Lq sudfwlfh/ zh wrrn {4@ @ 73 dqg M @ 433> zlwk 83 srlqwv ehwzhhq 3

dqg 51 Zh fkhfnhg wkh txdolw| ri wkh dssur{lpdwlrq e| vroylqj wkh vwdwlrqdu| lq�qlwh

krul}rq sureohp dqg fkhfnlqj wkh udwh ri frqyhujhqfh wr wkh �{hg srlqw ri wkh ixqfwlrqdo

Ehoopdq htxdwlrq1

�� Gdwd1

Zh xvh wkh FH[ idplo|/ phpehu dqg ghwdlohg h{shqglwxuh �ohv iru |hduv 4<;3 wr 4<<6/

dv nlqgo| surylghg e| wkh QEHU1 Prvw ri rxu lqirupdwlrq derxw wkh FH[ lv rewdlqhg

iurp Exuhdx ri Oderu Vwdwlvwlfv +4<<6/ dqg |hduv 4<;304<<5, dqg frqyhuvdwlrqv zlwk EOV

vwdwlvwlfldqv1 Krxvhkrogv duh glvfdughg li wkh| duh plvvlqj dq| ri wkh lqirupdwlrq qhfhv0
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vdu| iru wkh uhjuhvvlrqv/ li wkh| uhsruw fkdqjhv lq djh iurp wkh vhfrqg wr �iwk lqwhuylhz

ri pruh wkdq d |hdu ru ohvv wkdq }hur |hduv/ li wkh| duh fodvvl�hg dv lqfrpsohwh lqfrph

uhsruwhuv/ ru li wkhlu uhsruwlqj lpsolhv ohvv wkdq m�fff lq dqqxdo lqfrph ru frqvxpswlrq1

Zh xvh lqirupdwlrq derxw wkh uhihuhqfh shuvrq wr dvvljq wkh krxvhkrog wr fhoov/ xqohvv

wkh uhihuhqfh shuvrq lv ihpdoh1 Lq wklv fdvh zh xvh wkh vsrxvhv lqirupdwlrq1 Li wkhuh lv

qr vsrxvh/ ru klv lqirupdwlrq lv plvvlqj/ wkh krxvhkrog lv glvfdughg1 Zkhq wklv fxw zdv

pdgh lw holplqdwhg 53( ri wkh vdpsoh1 Doo lqirupdwlrq ehvlghv lqglylgxdo oderu lqfrph

dqg frqvxpswlrq lv wdnhq iurp wkh idplo| �ohv1 Ydoxhv duh dvvljqhg wr d krxvhkrog edvhg

rq lqirupdwlrq jdwkhuhg lq wkh �iwk lqwhuylhz/ rwkhuzlvh lqirupdwlrq lv xvhg iurp wkh

vhfrqg lqwhuylhz/ ru/ li lw lv qrw dydlodeoh/ wkh krxvhkrog lv glvfdughg1 Krxvhkrogv vkrxog

qrw eh pdwfkhg dfurvv 4<;8 wr 4<;9/ dqg duh qrw1 Fduh lv wdnhq wr dvvxuh frqvlvwhqf| lq

rxu gdwd ghvslwh yduldeoh fodvvl�fdwlrq fkdqjhv wkurxjk wlph/ dqg dfurvv uhihuhqfh shuvrq

dqg vsrxvh1 Lqirupdwlrq zdv nlqgo| surylghg e| wkh Glylvlrq ri wkh FH[ lq wkh Exuhdx

ri Oderu Vwdwlvwlfv derxw ydulrxv lvvxhv lqfoxglqj wkh pdwfklqj ri rffxsdwlrq frghv iurp

4<;30;4 wr odwhu |hduv1

Shqvlrq frqwulexwlrqv/ lqfrph/ Vrfldo Vhfxulw| frqwulexwlrqv/ dqg doo dvvhw lqfrph doo

uhihu wr wkh sdvw wzhoyh prqwkv1 Rxu gh�qlwlrq ri shqvlrq frqwulexwlrqv lv wkh vxp ryhu

wkh FH[ vxefdwhjrulhv dqg wkxv lqfoxghv sulydwh shqvlrqv/ sxeolf shqvlrqv/ Udlourdg

Uhwluhphqw shqvlrqv/ dqg vhoi0hpsor|hg/ LUD/ dqg Nhrjk sodqv1 Li wkh diwhu0wd{ idplo|

lqfrph yduldeohv lv wrsfrghg/ uhihuhqfh shuvrq dqg vsrxvh oderu lqfrphv duh vxewudfwhg

dqg zh dgg/ iru hdfk/ wkh yduldeoh fuhdwhg e| pxowlso|lqj wkh hduqlqjv lq odvw sd|fkhfn

e| wkh dssursuldwh sd| shulrg1 Wkhvh oderu lqfrph yduldeohv duh wkh vroh yduldeohv iurp

wkh phpehu �ohv xvhg1 Dvvhwv dqg dvvhw lqfrph uhihuv wr wkh vxp ryhu vdylqjv dffrxqwv/

fkhfnlqj dffrxqwv/ erqgv/ dqg vwrfnv/ dv ri wkh wlph ri lqwhuylhz1 Hdfk krxvhkrog lv

dvvljqhg wr d |hdu edvhg rq wkh plgsrlqw ehwzhhq wkh �uvw dqg �iwk lqwhuylhz li erwk

gdwd duh dydlodeoh> rwkhuzlvh vlpso| wkh vlqjoh lqwhuylhz gdwh lv xvhg1 Djh lv wkh dyhudjh

ri erwk lqwhuylhzv li erwk duh dydlodeoh/ rwkhuzlvh lw lv wkh vlqjoh rqh dydlodeoh1 Gxh wr

vrph h{wuhph uhsruwv/ zh uhvhw uhsruwhg wd{ udwhv deryh 83( edfn wr 83(/ dqg ehorz

}hur shufhqw wr }hur1 Zh shuirup d vlplodu h{huflvh iru Vrfldo Vhfxulw| frqwulexwlrq udwhv

dqg shqvlrq frqwulexwlrq udwhv/ xvlqj 58( dv wkh xsshu erxqg1

Frqvxpswlrq gdwd lv frpslohg iurp wkh ghwdlohg h{shqglwxuh �ohv dv doo h{shqglwxuhv

e| d krxvhkrog h{fhsw iru wkrvh iru khdowk fduh/ pruwjdjh lqwhuhvw/ dqg hgxfdwlrq1 Wkh

frqvxpswlrq ohyho lv wkhq wkh dyhudjh prqwko| h{shqglwxuh wlphv wzhoyh1 Ilyh shufhqw ri

krxvhkrogv kdyh frqvxpswlrq gdwd iru 7/ :/ 43/ 46/ ru 47 prqwkv dqg wkhvh krxvhkrogv*

frqvxpswlrq duh wuhdwhg dv li wkh| zhuh ryhu 6/ 9/ </ dqg 45 prqwkv1 Wkdw lv wkh uhfdoo

lqwhuylhz shulrg h{whqghg eh|rqg wkh edvlf wkuhh prqwkv dqg vrph h{shqglwxuhv duh

uhfrughg lq d odwhu prqwk1 EOV vwdwlvwlfldqv uhfrpphqg wuhdwlqj wkhvh h{shqglwxuhv dv

li wkh| rffxuuhg lq wkh suhfhglqj prqwk1 Wkrvh fryhulqj 4 ru 5 prqwkv +rqh shufhqw ri

wkh vdpsoh, zhuh gursshg1

Wkh xqhpsor|phqw udwhv phujhg wr wkh FH[ duh wkh uhjlrqdo xqhpsor|phqw udwhv

iru flyloldq srsxodwlrq iurp wkh Krxvhkrog vxuyh| frqgxfwhg dqg sxeolvkhg e| wkh Ex0

uhdx ri Oderu Vwdwlvwlfv lq _Hpsor|phqw dqg Hduqlqjv1% Wkh JQS LSG SFH lv iurp

Frxqflo Ri Hfrqrplf Dgylvruv +4<<8,1
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�� Phwkrg ri Vlpxodwhg Prphqwv +PVP,1

Dffruglqj wr vhfwlrq 5/ frqvxpswlrq dw djh w iru lqglylgxdo l ghshqgv rq fdvk rq kdqg
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Wkh hohphqwv ri " zloo eh lqsxwv lqwr wkh hvwlpdwlrq surfhgxuh1 Gh�qlqj wkh yhfwru ri

vwdwh yduldeoh }�
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lv dq lglrv|qfudwlf vkrfn wkdw uhsuhvhqwv phdvxuhphqw huuru lq frqvxpswlrq

ohyhov1 Zh duh lqwhuhvwhg lq hvwlpdwlqj �1 Li zh zhuh deoh wr revhuyh vlpxowdqhrxvo| wkh
ohyho ri fdvk rq kdqg ri frqvxphuv dqg wkh ohyho ri wkhlu shupdqhqw frpsrqhqw ri lqfrph
+dv zhoo dv wkhlu frqvxpswlrq,/ � frxog eh hvwlpdwhg xvlqj Kdqvhq*v JPP +4<;5, rq
lqglylgxdo ohyho gdwd1 Pruh suhflvho|/ rqh zrxog zulwh wkh iroorzlqj prphqw frqglwlrqv=
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Wkh hvwlpdwlrq surfhgxuh zrxog wkhq plqlpl}h=
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lv d 5W{4 yhfwru dqg Z lv d zhljkwlqj

pdwul{1 Lq sudfwlfh/ wkh qxpehu ri furvv0vhfwlrq revhuydwlrqv iru hdfk djh ydulhv lq wkh

vdpsoh/ vr wkdw L @ L
|
= Zh gr qrw zulwh h{solflwo| wklv h{wud wlph0ghshqghqfh lq rughu wr

nhhs wkh qrwdwlrqv vlpsohu1 Wkh �uvw gl�fxow| zlwk +F15, lv wkdw txdolw| sdqho gdwd rq

frqvxpswlrq/ dvvhw dqg lqfrph lqirupdwlrq iru lqglylgxdo krxvhkrogv duh qrw dydlodeoh lq

dq| XV gdwdvhw1 Wkhuhiruh gluhfw hvwlpdwlrq xvlqj +F16, lv qrw srvvleoh1 Zh gr krzhyhu

revhuyh " dqg dyhudjh frqvxpswlrq dw hdfk djh oq �F
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wkdw zh fdq flufxpyhqw wkh sureohp e| orrnlqj gluhfwo| dw wkh xqfrqglwlrqdo h{shfwdwlrq

ri frqvxpswlrq dw hdfk djh=
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ghshqg rq djh w1Zh zulwh wkh W prphqw frqglwlrqv dv
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Krzhyhu/ dw wklv srlqw zh hqfrxqwhu d vhfrqg gl�fxow|1 Wkh xqfrqglwlrqdo glvwulex0

wlrq iru wkh vwdwh yduldeohv dw djh w/ gI
|
+},/ lv h{wuhpho| fxpehuvrph wr hydoxdwh/ dv zhoo

dv wkh xqfrqglwlrqdo h{shfwdwlrq +F17,1

Wkh Phwkrg ri Vlpxodwhg Prphqwv/ dv ghyhorshg e| Sdnhv dqg Sroodug +4<;<, dqg

Gx�h dqg Vlqjohwrq +4<<6, doorzv xv wr flufxpyhqw wklv gl�fxow|1 Zh fdq gh�qh d

phdvxudeoh wudqvlwlrq ixqfwlrq - = ?2{?2{?A{� $ ?2 wkdw ghvfulehv wkh g|qdplfv ri

wkh vwdwh yduldeohv }
|n�

@ +{
|n�

> S
|n�

, @ - +}
|
> �

|n�
>.

A
> �,/ zkhuh �

|
@ +X

|
> Q

|
, dffruglqj

wr=

{
|n�

@
U

J
|n�

Q
|n�

�
{
|
� f

|

�
{�
|
> �>.

A

��
.X

|n�
+F19,

S
|n�

@ J
|
S
|
Q
|n�

=

Zh rplw wkh ghshqghqfh lq wkh fdoleudwhg sdudphwhuv "= X
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dqg Q
|n�

duh uhvshfwlyho|

wkh shupdqhqw dqg wudqvlwru| vkrfnv wr lqfrph1 Wkh �uvw olqh ri +F=9, lv wkh qrupdol}hg

exgjhw htxdwlrq zkloh wkh vhfrqg olqh iroorzv iurp rxu dvvxpswlrqv derxw wkh lqfrph

surfhvv1 Wklv wudqvlwlrq ixqfwlrq fdq wkhq eh xvhg wr uhzulwh wkh xqfrqglwlrqdo h{shf0

wdwlrq +F17,=
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Qrwh wkdw wkh wudqvlwlrq ixqfwlrq ghshqgv rq �/ wkurxjk wkh frqvxpswlrq uxoh1 +F1:,
surylghv d frqyhqlhqw zd| wr fdofxodwh wkh xqfrqglwlrqdo h{shfwdwlrq lv wr xvh d Prqwh0
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