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|)Ti� ì 4L_i* |��t �?Uih|@�?|) @t uL**L�t� �| |�i Mi}�??�?} Lu |�i �ht|
Tih�L_c ?@|�hi U�LLtit ML|� |�i |)Tit Lu |�i �?U�4Mi?| }L�ih?4i?| @?_ |�i
|)Ti Lu �|t LTTL?i?|� A�iti U�L�Uit @hi ?L| LMtih�i_ M) |�i U�|�3i?c M�| L?*)
M) |�i }L�ih?4i?|t |�i4ti*�it� A��tc �|t L�? |)Ti �t Th��@|i �?uLh4@|�L?
|L i@U� }L�ih?4i?|� A�i U�|�3i? @tt�}?t @ Th�Lh ThLM@M�*�|) w 5 dfc �o |L
|�i i�i?| |�@| |�i �?U�4Mi?| }L�ih?4i?| �t Lu @ }LL_ |)Tic @?_ @ Th�Lh
ThLM@M�*�|) w 5 dfc �o |�i i�i?| |�@| |�i LTTL?i?| �t Lu @ }LL_ |)Tic ��ihi

7Wkh whuplqrorj| lv eruurzhg iurp Frdwh dqg Pruulv +4<<8,1
8Iru d ghwdlohg glvfxvvlrq rq wkh h�hfw ri gl�huhqw %whfkqrorjlhv ri fruuxswlrq% rq

htxloleuld lq sulqflsdo0vxshuylvru0djhqw prghov/ vhh Wluroh +4<<4,1

.



w @?_ w 4@) _�gih� A�i �_i@ �?_ih*)�?} |�i ETLtt�M*i� _�gihi?Ui Mi|�ii?
w @?_ w �t |�@| |�i U�|�3i? �@t Mii? @M*i |L uLh4 tL4i i TiU|@|�L?t L? |�i
|)Ti Lu |�i �?U�4Mi?| }L�ih?4i?| M) LMtih��?} �|t Mi�@��Lh �? L|�ih hi*@|i_
TL*�U) t�|�@|�L?t� �L t�U� i Tih�i?Ui �t @�@�*@M*i uLh |�i LTTL?i?|c @t |��t
�@t ?L| Mii? �|it|i_� )i|� �L|i |�@| �? |��t �?|ihThi|@|�L?c w @*tL U@T|�hit
|�i �hiT�|@|�L?� Lu |�i �?U�4Mi?|�

A�i tiUL?_ tL�hUi Lu @t)44i|h�U �?uLh4@|�L? �? |�i 4L_i* UL?Uih?t |�i
@}i?U)<t igLh|� W?U�4Mi?| }L�ih?4i?|t �@�i Mi||ih �?uLh4@|�L? |�@? U�|��
3i?t _L L? |�i U�L�Uit Lu |�i @}i?U)S� AL !iiT |��?}t @t t�4T*i @t TLtt�M*ic
�i @tt�4i |�@| |�i �?U�4Mi?| }L�ih?4i?| U@? _�hiU|*) LMtih�i |�i igLh|
4@_i M) |�i @}i?U)c tL |�@| |�ihi �t ?L ThLM*i4 Lu @t)44i|h�U �?uLh4@|�L?
Mi|�ii? |�i }L�ih?4i?| @?_ |�i @}i?U)� A�i U�|�3i?c L? |�i L|�ih �@?_c
U@??L| LMtih�i |�i @}i?U)<t *i�i* Lu igLh|� �| Mit|c t�i U@? |h) |L hiUL�ih �|
uhL4 |�i LMtih�@|�L? Lu |�i hi@*�3i_ *i�i* Lu L�|T�| @?_ |�i |@ t�i �@t |L
T@)� �L|i |�@| |�iti i |hi4i �?uLh4@|�L?@* @tt�4T|�L?t @hi L?*) 4@_i uLh
|�i t@!i Lu t�4T*�U�|)� W?_ii_c @t ��** Mi U*i@h uhL4 ��@| uL**L�tc |�i Thiti?Ui
Lu @ }i?��?i @}i?U) ThLM*i4 Mi|�ii? |�i }L�ih?4i?| @?_ |�i @}i?U) �L�*_
L?*) hi�?uLhUi L�h @h}�4i?|c @t �| �L�*_ uLhUi i�i? |�i }LL_ }L�ih?4i?| |L
*i@�i tL4i hi?| |L |�i @}i?U)�

� A�i }@4i

6�}�hi � �**�t|h@|it |�i ti^�i?Ui Lu i�i?|t� �| |�4i fc |�i �L?t|�|�|�L? ti|t
�T |�i h�*it uLh �?@?U�?} |�i @}i?U)( �? T@h|�U�*@hc �| _iU�_it ��i|�ih @
�t�4T*i� Lh @ �UL4T*i � h�*i U@? Mi �ti_ M) |�i �?U�4Mi?| }L�ih?4i?|� �|
|�i Mi}�??�?} Lu |�4i �c ?@|�hi 4L�it @?_ ti*iU|t @ |)Ti uLh |�i �?U�4Mi?|
}L�ih?4i?| bc @ |)Ti uLh |�i LTTL?i?| }L�ih?4i?|c @?_ @ t�}?@* w uLh |�i
U�|�3i?� A�i?c |�i �?U�4Mi?| 4L�it @?_ U�LLtit |�i UL?|h@U| |L Mi Lgihi_
|L |�i @}i?U)c ��|��? |�i UL?t|h@�?|t �4TLti_ M) |�i �L?t|�|�|�L?� A��t
UL?|h@U| �?�L*�it |�i U�L�Ui Lu |�i |@ |L Mi �4TLti_ L? |�i U�|�3i? @?_ |�i

9Zh gr qrw qhhg wr pdnh dq| dvvxpswlrqv derxw wkh lqirupdwlrq rq wkh djhqf|*v

h�ruw khog e| wkh rssrqhqw jryhuqphqw/ dv wklv lqirupdwlrq grhv qrw sod| dq| uroh lq rxu

dqdo|vlv1 Lq jhqhudo/ rqh zrxog h{shfw dq rssrvlqj sduw| wr eh ehwwhu lqiruphg rq djhqf|

ehkdylru wkdq wkh dyhudjh flwl}hq lv1 Wkh srlqw lv/ krzhyhu/ wkdw wkh rssrqhqw kdv qr zd|

ri fuhgleo| frqyh|lqj wklv lqirupdwlrq wr wkh flwl}hq/ dv lw zrxog dozd|v eh lq lwv lqwhuhvw

wr ghslfw wkh lqfxpehqw dv %plvehkdylqj%1

H



|h@?tuih |L Mi T@�_ |L |�i @}i?U)c |c @?_ 4�t| t@|�tu) |�i �?_���_�@* h@|�L?@*�|)
UL?t|h@�?|t Lu ML|� |�i @}i?U) @?_ |�i U�|�3i? Etii ?i | tiU|�L?�� W| �t |�i?
@}i?U)<t |�h? |L 4L�i @?_ U�LLti |�i LT|�4@* *i�i* Lu igLh|c @ c }��i? |�i
UL?|h@U| Lgihi_ M) |�i �?U�4Mi?| }L�ih?4i?|� A�i?c ?@|�hi 4L�it @}@�?
@?_ _i|ih4�?it |�i *i�i* Lu ThL_�U|�L? Lu |�i T�M*�U }LL_ }�c }��i? |�i igLh|
U�Lti? M) |�i @}i?U)� 6�?@**)c @| |�i i?_ Lu Tih�L_ � @?_ @u|ih |�@| }� �@t
Mii? hi@*�3i_c i*iU|�L?t |@!i T*@Ui� W| �t ?L� U�|�3i?<t |�h? |L 4L�ic @?_
i�|�ih hi�i*iU| |�i �?U�4Mi?| }L�ih?4i?| Lh i*iU| |�i LTTL?i?|�

�t |�i ThLM@M�*�|) Lu Mi�?} Lu @ }LL_ |)Ti �t |�i L?*) T@h@4i|ih ���U�
_�t|�?}��t�it |�i |�L U@?_�_@|i }L�ih?4i?|tc |�i LT|�4@* t|h@|i}) uLh |�i
U�|�3i? �t |L U�LLti |�i U@?_�_@|i ��|� |�i ��}�ih ThLM@M�*�|) Lu Mi�?} Lu @
}LL_ |)Ti @| |�i i?_ Lu Tih�L_ �� A��t ThLM@M�*�|) �t w uLh |�i LTTL?i?|c @?_
�| _iTi?_t L? U�|�3i?<t hi��ti_ Mi*�iu uLh |�i �?U�4Mi?|� A��t TLt|ih�Lh Mi*�iuc
���U� �i �?_�U@|i ��|� >E|c }�c w�c _iTi?_t L? |�i LMtih�@|�L?t 4@_i M) |�i
U�|�3i? _�h�?} Tih�L_ �c @?_ L? |�i @�Th�Lh� hiT�|@|�L? Lu |�i �?U�4Mi?| }L��
ih?4i?|� A�i LT|�4@* t|h@|i}) uLh |�i U�|�3i? �t |�i? |L i*iU| |�i �?U�4Mi?|
�u > : w @?_ |L i*iU| |�i LTTL?i?| �u > 	 w� A�i U�|�3i? �t �?_�gihi?| �u > ' w
( �i @tt�4i |�@| �? t�U� @ U@ti |�i U�|�3i? i*iU|t |�i �?U�4Mi?|�

`�|� |�i hit�*|t Lu |�i i*iU|�L?c Tih�L_ � UL4it |L @? i?_ @?_ Tih�L_ 2
Mi}�?t� `��U�i�ih }L�ih?4i?| �t �? U�@h}i @| |��t |�4i ��** @}@�? U�LLti
@ |@ L? |�i U�|�3i? @?_ @ UL?|h@U| uLh |�i @}i?U)c }��i? |�i UL?t|h@�?|t
�4TLti_ M) |�i �L?t|�|�|�L? @?_ �?_���_�@* h@|�L?@*�|)c |L ���U� |�i @}i?U)
��** hitTL?_ M) ti*iU|�?} @? LT|�4@* *i�i* Lu igLh|� �?Ui @}@�?c }��i? |�i
igLh| U�Lti? M) |�i @}i?U)c ?@|�hi ��** ti*iU| @ hi@*�3@|�L? Lu }� �L|� Tih�L_
2 @?_ |�i }@4i i?_ @| |��t TL�?|�

W�5,+A 6WBN+, � ���+�jW��A,wv O,+,

�*i@h*)c @t |�i t|h�U|�hi Lu |�i }@4i �t �_i?|�U@* �? |�i |�L Mh@?U�itc
@?) _�gihi?Ui �? |�i TLtt�M*i hit�*|t U@? L?*) ��?}i L? |�i |�L �?@?U�?}
h�*it� �t �@t 4i?|�L?i_ �? |�i W?|hL_�U|�L?c |�i t�4T*i h�*i L?*) @**L�
uLh ��@|� UL?|h@U|t� BL�ih?4i?|t U@??L| 4@!i |�i T@)4i?| Lu |�i |h@?tuih
|L |�i @}i?U) UL?_�|�L?@* �TL? LMtih�@|�L?t Lu �|t igLh| Lh hi@*�3i_ L�|T�|
*i�i*� N?_ih |�i UL4T*i h�*ic L? |�i L|�ih �@?_c }L�ih?4i?|t @hi i?|�|*i_
|L �ti |�i�h @M�*�|) |L LMtih�i |�i @}i?U)<t U�L�Uic @?_ U@? _�hiU|*) tTiU�u)

b



|�i @U|�L? |L Mi |@!i? @?_ |�i ULhhitTL?_�?} T@)4i?|� A�i U�|�3i?c ��L U@?
LMtih�i |�i @U|�L? ThitUh�Mi_ M) |�i }L�ih?4i?| @?_ |�i T@)4i?|c M�| ?L|
|�i U�Lti? *i�i* Lu igLh|c U@??L| �ih�u) ��i|�ih |�i T@)4i?| |L |�i @}i?U)
ULhhitTL?_t |L |�i ThitUh�Mi_ igLh| *i�i*c Lh |L tL4i L|�ih U�L�Ui� �*i@h*)c
|��t 4@) LTi? |�i �@) |L UL**�t�L? Mi|�ii? |�i M@_ }L�ih?4i?| @?_ |�i
@}i?U).�

�@hiu�**) ?L|i |�@| |�i �L?t|�|�|�L? L?*) _i|ih4�?it |�i uLh4 Lu |�i
UL?|h@U|tG �?_ih ML|� h�*itc }L�ih?4i?|t @hic �L�i�ihc uhii |L ti| |�i |h@?tuih
E@?_ |�i igLh| *i�i* �?_ih |�i UL4T*i h�*i� @| |�i *i�i* |�i) ��t�� ì |@!i
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wkh jrrg jryhuqphqw pljkw suhihu wkh vlpsoh uxoh1 Lq rxu ylhz/ rxu prgholqj vwudwhj|
kdv wkh dgydqwdjh ri vwuhvvlqj wkh vhsdudwlrq ehwzhhq wkh dqdo|vlv ri ruglqdu| gd| 0 e| 0
gd| srolwlfv dqg wkh frqvwlwxwlrqdo vwdjh gxulqj zklfk uxohv duh fkrvhq1 Iru dq rssrvlwh
prghoolqj fkrlfh lq wkh frqwh{w ri d vljqdoolqj prgho ri srolf| dssolhg wr d sureohp ri
hqylurqphqwdo wd{dwlrq/ vhh Euhww dqg Nhhq +4<<;,1

4;Wkh odeho %Frqvwlwxhqw% pxvw qrw ri frxuvh eh wdnhq wrr olwhudoo|1 Dffruglqj wr wkh
lqwhusuhwdwlrq jlyhq wr rxu prgho/ wkh Frqvwlwxhqw frxog dovr eh wkh Frqjuhvv/ wkh Kljk
Frxuw/ ru hyhq wkh Fhqwudo Jryhuqphqw1 Iru lqvwdqfh/ li zh lqwhusuhw rxu srolf| pdnhuv
ri wkh suhylrxv vhfwlrqv dv ehlqj orfdo jryhuqphqwv/ wkh Frqvwlwxhqw frxog zhoo eh wkh
Fhqwudo Jryhuqphqw �{lqj wkh uxohv iru wkh ixqglqj ri orfdo xwlolwlhv1

4<Zh dvvxph khuh wkdw vrfldo zhoiduh frlqflghv zlwk wkh frqvxphu +h{shfwhg, xwlolw|1
Wklv dvvxpswlrq lv qr uhvwulfwlyh lq rxu frqwh{w1 Hyhq li wkh sur�wv ri wkh djhqf| xowlpdwho|
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rxu vlpsol�hg iudphzrun wkh glvwulexwlrq ri vxusoxv dprqj wkh flwl}hqv dqg wkh djhqf|
lv d }hur0vxp jdph1 Ixuwkhupruh/ li wd{hv duh dovr plogo| uhvwulfwlyh/ 4 groodu ri sur�wv
ohiw wr wkh djhqf| uhgxfhv frqvxphu +h{shfwhg, zhoiduh e| pruh wkdq 4 groodu1 Wkhq/ d
zhoiduh0pd{lpl}lqj Frqvwlwxhqw zrxog qhyhu rsw wr ohdyh srvlwlyh sur�wv wr wkh djhqf|1
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L|�ih �@?_� ì t�L� |�@| �| 4@) Mi LT|�4@* |L UL?t|h@�? }L�ih?4i?|t |L
�ti t�4T*i h�*itc i�i? @| |�i ULt| Lu tL4i �?i�U�i?U)c ThiU�ti*) MiU@�ti |�i

2.



�?uLh4@|�L?@* UL?|i?| Lu |�i t@4i LMtih�i_ @U|�L?t �t ��}�ih @| i^��*�Mh��4�
A�i |h@_i � Lg Mi|�ii? @UUL�?|@M�*�|) @?_ i�U�i?U) 4@) ?L| Mi *�4�|i_

|L |�i U�|�3i? � }L�ih?4i?| hi*@|�L?t��Tc �L�i�ih� W? itti?Uic |�i 4L_i* _�t�
U�tti_ �? |��t T@Tih �t L?i �? ���U� @ ti�ihi*) UL?t|h@�?i_ �h�?U�T@* u@Uit
ML|� @? @_�ihti ti*iU|�L? @?_ @ 4Lh@* �@3@h_ ThLM*i4� B��i? |�i *�4�|i_ ti|
Lu �?t|h�4i?|t @| �ih _�tTLt@* |L _i@* ��|� @_�ihti ti*iU|�L? ThLM*i4 E��i�c
�? |��t T@Tihc L?*) �ih i*iU|Lh@* Mi�@��Lh� �| 4@) Mi LT|�4@* |L u�h|�ih UL?�
t|h@�?| |�i ti| Lu �?t|h�4i?|t @�@�*@M*i |L �@?_*i |�i 4Lh@* �@3@h_ ThLM*i4�
�t t�U�c |�i 4L_i* 4@) �@�i @TT*�U@|�L?t ���U� }L Mi)L?_ |�i @?@*)t�t �i
�@�i _i�i*LTi_ �ihi�

2H



b �TTi?_� 

�hLLu Lu �hLTLt�|�L? � � ?iUitt@h) UL?_�|�L? uLh |�i i �t|i?Ui Lu @ T@h�
|�@* TLL*�?} i^��*�Mh��4 �t |�@| ?i�|�ih |)Ti Thiuiht |L tiT@h@|i @?_ U�LLti
|�i t�Lh| |ih4 4@ �4�3�?} |@ *i�i*c �? |�i �Lht| TLtt�M*i U@ti �? ���U� |��t
U�L�Ui U@�tit *Ltt Lu L�Ui uLh t�hiG

E
[

�

sM
�
}� � 	|� n BCMEwc w�`M � `M

E	|� Su� n BCuEwc w�`M � `M �

A�iti |�L UL?_�|�L?t _i�?i @? �?|ih�@* Lu U@?_�_@|i �@*�it uLh 	|G

Su n E�� BCuEwc w��`M � 	| �
[

�

sM
�
}� � E�� BCMEwc w��`M �

A��t �?|ih�@* �t ?L| i4T|) �uG

CuEwc w� nCMEwc w� �
�� �

B
E��

A�i ThLTLti_ 	| 4�t| @*tL t@|�tu) |�i �?_���_�@* h@|�L?@*�|) UL?_�|�L?tG

SM � 	| �
[

�

su
�
}��

A�i �?|ihtiU|�L? Lu |�iti |�L �?|ih�@*t �t ?L| i4T|) �u Mit�_it E�� |�i
uL**L��?} UL?_�|�L? �t t@|�t�i_G

CuEwc w� �
�� �

B
E���

�L?t�_ih ?L� |�i UL?_�|�L?G

CuEwc w� �
�� �

B
E���

�) �� @?_ Ee�U�c �� �4T*�it ML|� E�� @?_ E���� �L?_�|�L? �� �t @U|�@**)
t*�}�|*) t|hL?}ih |�@? ?iUitt@h)c M�| �| @**L� �t |L t�4T*�u) ML|� |�i U@*U��
*@|�L?t @?_ |�i _�tU�tt�L? Lu |�i hit�*|t� �iU@�ti Lu �2c |�i +O5 Lu �� �t
t4@**ih |�@? L?i� �? |�i L|�ih �@?_c �u �i _i�?i G

2b



�w '
w

w n E�� w�sM� *su�
c

�i LM|@�?c �t�?} �w+c |�@| CuE�wc w� ' �c tL |�@| �� �t Uih|@�?*) t@|�t�i_
uLh @** w � �w� W? |�i ?L? _i}i?ih@|i U@tic w 	 �c tL |�@| �w 	 �� A��tc |�ihi
@*�@)t i �t| w 	 � t�U� |�@| �� �t t@|�t�i_� wi| �t �?_�U@|i ��|� wW |�i
4�?�4�4 *i�i* Lu w t�U� |�@| �� �L*_t( ��i� �� �L*_t uLh @** w � wW�

6Lh �@*�it Lu w t@|�tu)�?} ��c SM n BCMEwc w�`M �
S

� s
u

�
}�� Oi?Uic �u

SM � 	| �
S

� s
u

�
}� @?_ w � wW c @** ?iUitt@h) UL?_�|�L?t uLh |�i i �t|i?Ui Lu

@ T@h|�@* TLL*�?} i^��*�Mh��4 @hi t@|�t�i_� AL t�t|@�? |�iti i^��*�Mh�@c �|<t
i?L�}� |L @TThLTh�@|i*) tTiU�u) |�i U�|�3i?<t Mi*�iu L�| Lu i^��*�Mh��4c uLh
i @4T*i M) ti||�?} >E|c }�c w� ' f uLh @** | 9 '	|� �@?) Lu |�iti i^��*�Mh�@c
|�L�}�c U@? L?*) Mi t�TTLh|i_ M) �?hi@tL?@M*i Mi*�iut� �) |�i _L4�?@?Ui
@h}�4i?| _�tU�tti_ �? |�i |i |c |�i }LL_ |)Ti U@? @*�@)t t�}?@* �|ti*u M)
T*@)�?} | ' Su �? Tih�L_ � @?_ Mi hi�i*iU|i_ uLh t�hi �? Tih�L_ 2� ì 4�t|
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