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1HZ 'LUHFWLRQV IRU 6WRFKDVWLF 2SHQ (FRQRP\

0RGHOV

0DXULFH 2EVWIHOG DQG .HQQHWK 5RJRn

��}�t| 2�c �bbb

Devwudfw

Wkh sdshu ghyhorsv d vlpsoh vwrfkdvwlf qhz rshq hfrqrp| pdfurh0

frqrplf prgho edvhg rq vwlfn| qrplqdo zdjhv1 H{solflw vroxwlrq ri

wkh zdjh0vhwwlqj sureohp xqghu xqfhuwdlqw| doorzv rqh wr dqdo|}h wkh

h�hfwv ri wkh prqhwdu| uhjlph rq zhoiduh/ h{shfwhg rxwsxw/ dqg wkh

h{shfwhg whupv ri wudgh1 Ghvslwh wkh srwhqwldo lqwhusod| ehwzhhq lp0

shuihfwlrqv gxh wr vwlfn| zdjhv dqg prqrsro|/ wkh rswlpdo prqhwdu|

srolf| uxoh kdv d forvhg0irup vroxwlrq1 Wr prwlydwh rxu prgho/ zh

vkrz wkdw revhuyhg fruuhodwlrqv ehwzhhq whupv ri wudgh dqg h{fkdqjh

udwhv duh pruh frqvlvwhqw zlwk rxu wudglwlrqdo dvvxpswlrqv derxw qrp0

lqdo uljlglwlhv wkdq zlwk d srsxodu dowhuqdwlyh edvhg rq orfdo0fxuuhqf|

sulflqj1

Dfnqrzohgjphqwv= Wklv zrun zdv vxssruwhg e| Qdwlrqdo Vflhqfh

Irxqgdwlrq judqwv wr wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk dqg

Sulqfhwrq Xqlyhuvlw|1 Zh wkdqn Md| Vkdpedxjk iru h{fhoohqw uhvhdufk

dvvlvwdqfh dqg Plfkdho Ghyhuhx{/ Fkduohv Hqjho/ Kdudog Kdx/ dqg dq

dqrq|prxv uhihuhh iru khosixo vxjjhvwlrqv1 Zh dorqh duh uhvsrqvleoh

iru dq| huuruv1
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ì ?L� @tt�4i |�@| ?@|�L?@* 4L?i|@h) @�|�Lh�|�it U@? LMtih�i |�i ThL_�U�
|���|) t�LU!t g @?_ gW @u|ih �@}it @hi ti| @?_ |�i? ti| 4L?i) t�TT*�it �?
hitTL?ti� N?_ih |�i @tt�4T|�L? Lu ThiUL44�|4i?|c �L� _L i�U�i?| 4L?i�
|@h) TL*�U) h�*it *LL!q

wi| �t �ht| U*@h�u) |�i ti?ti �? ���U� �i ��** �?_iht|@?_ Ri�U�i?|� 4@h!i|
@**LU@|�L?t �ihi� 5�?Ui �i @hi *LL!�?} @| ThiUL44�|4i?| |L TL*�U) h�*itc
|�ihi �t ?L tULTi uLh 4L?i|@h) t�hTh�tit |L Lgti| 4L?LTL*�t|�U _�t|Lh|�L?t�
W?t|i@_c �i ��t� |L U�@h@U|ih�3i TL*�U) h�*it |�@| @hi UL?t|h@�?i_�i�U�i?|c
�? |�i ti?ti Lu 4@ �4�3�?} @? @�ih@}i Lu OL4i @?_ 6Lhi�}? �|�*�|�it t�M�iU|
|L |�i LT|�4@* �@}i ti||�?} Mi�@��Lh Lu �Lh!iht @?_ Th�Ui ti||�?} Mi�@��Lh
Lu �h4t |�@| �i @?@*)3i_ �? tiU|�L? e� `�i? �i hiuih |L @? Ri�U�i?|�
@**LU@|�L? Mi*L�c �i |��t 4i@? @ 4@h!i| @**LU@|�L? |�@| U@??L| Mi @*|ihi_
��|�L�| 4@!�?} L?i UL�?|h) �Lhti Lgc }��i? |�i UL?t|h@�?| �4TLti_ M) |�i

2.



LT|�4�3�?} Th�Ui ti||�?} Mi�@��Lht Lu |�i 4L?LTL*�t|�U @U|Lht�

S���� 6*i �M*i�Th�Ui i^��*�Mh��4

AL U�@h@U|ih�3i i�U�i?| 4L?i|@h) TL*�U)c �i �ht| hiU@** |�@|c @Mti?| @? i?�
_L}i?L�t 4L?i|@h) hitTL?tic t�LU!t |Lg @?_ gW �@�i ?L igiU| L? @?) �@h��
@M*i i UiT| |�i �|�*�|) uhL4 *i�t�hi EMiU@�ti *@MLh �t _i4@?_ _i|ih4�?i_��
A�@| �L�*_ ?L| Mi |�i U@ti �?_ih �i �M*i �@}itc Lu UL�hti� wi| |�*_it _i?L|i
�i �M*i��@}i i^��*�Mh��4 �@*�it� A�i? �| �t i@t) |L t�L� |�@| |�i i^�@|�L?t

�u ' �u� n �uA '

%
E�� �� Ew � ��

g�w

&�*D
c

�uW ' �uW
8
n �uW

A
'

%
E�� �� Ew � ��

gW�w

&�*D
c

_i|ih4�?i |L|@* i^��*�Mh��4 *@MLh igLh|��� �*i@h*)c �?_ih �i �M*i �@}itc

_,

_V
'

_,W

_VW
' �

�

D
	 f�

L̀h!iht ��t� |L t�TT*) 4Lhi *@MLh @u|ih @ TLt�|��i ThL_�U|���|) t�LU! Eu@**
�? g Lh gW�c @?_ �?_ih �@}i �i �M�*�|) |�i) U@? _L tL �L|i @*tL |�@| i�i?
�?_ih �i �M*i �@}itc �u @?_ �uW @hi Mi*L� |�i *i�i*t g3�*D @?_ gW3�*D |�@|
�L�*_ Mi _�U|@|i_ M) @ T*@??ih ��|� i^�@* UL�?|h) �i�}�|t Etii �Mt|ui*_ @?_
+L}Lgc �bbSc U�� �f�� 6Lh �ti �? @ 4L4i?|c L?i U@? i@t�*) U@*U�*@|i i TiU|i_
�i*u@hi �?_ih �i �M*i �@}it @t

, �L '
�

D

+
*L}

%
E�� �� Ew � ��

�w

&
�

E�� �� Ew � ��

�w
� ,V

,
' ,�LWc E2D�

��ihi �i �@�i �4TLti_ ,V ' ,VW��e A�i �@h�@?Ui |ih4t UL?|@�?i_ �? l i?|ih
i^� E2e� M�| ?L| i^� E2D� MiU@�ti �? |�i uLh4ih U@tic �@}it @hi ti| �? @_�@?Ui
��|� @? i)i |L �?Uih|@�?|)� �Mtih�i @*tL |�@| i�i? |�L�}� ,�L ' ,�LW ��i?
,V ' ,VWc ,L ?ii_ ?L| i^�@* ,LW E|�@| �tc l @?_ lW U@? _�gih� MiU@�ti Lu
@t)44i|h�it �? |�i �L�?| _�t|h�M�|�L? Lu iUL?L4�U t�LU!t�

S���2 #�@* _�t|Lh|�L?t @?_ |�i i�U�i?U) Lu |�i �i �M*i�Th�Ui i^���

*�Mh��4

Wt �| i�U�i?| |L �@�i 4L?i|@h) TL*�U) h�*it @�4 |L 4�4�U |�i �i �M*i��@}i
i^��*�Mh��4c @t �? �b.ft�t|)*i h@|�L?@* i TiU|@|�L?t 4L?i|@h) 4L_i*tq W?

2H



}i?ih@*c |�i @?t�ih �t ?L| |h���@*c t�?Ui �@}i t|�U!�?itt �t ?L| |�i L?*) _�t�
|Lh|�L? �ihi� W? @__�|�L?c 4L?LTL*) Tih�@_it *@MLh @?_ }LL_t 4@h!i|tc @?_
�?|ih@U|�L?t Mi|�ii? |�i t|�U!)��@}i @?_ 4L?LTL*) _�t|Lh|�L?t U@? }hi@|*)
UL4T*�U@|i TL*�U) @?@*)t�t �? }i?ih@*� Oihic �L�i�ihc |�@| �t ?L| |�i U@tic @t
�i ?L� t�L���D

�hLTLt�|�L? � � }*LM@* 4L?i|@h) TL*�U) |�@| }��it |�i t@4i hi@* @**LU@|�L?

@t �?_ih �i �M*i �@}it �t i�U�i?|�

�hLLu� �t �t �i** !?L�?c |�i 4L?LTL*) _�t|Lh|�L?t |L *@MLh t�TT*) @?_ L�|�
T�| U@? Mi i*�4�?@|i_ UL4T*i|i*) �ihi M) @ }���?} �Lh!iht @ EThLTLh|�L?@*�
�@}i t�Mt�_) Lu �*E�� �� @?_ T@)�?} �h4t @ EThLTLh|�L?@*� ThL_�U|�L? t�M�
t�_) Lu �*Ew � ��� W?|hL_�U�?} |�iti t�Mt�_�it E�? ML|� UL�?|h�it� 4�?�4�3it
|�i 4L?LTL*) _�t|Lh|�L? |ih4

sEwc �( D� �
�

D
*L}

%
E�� �� Ew � ��

�w

&
�

E�� �� Ew � ��

D�w

�? i^� E2e� @?_ �|t 6Lhi�}? @?@*L}c M�| �@t ?L igiU| L? |�i @__�|��i UL�@h�@?Ui
|ih4t l @?_ lW uLh }��i? 4L?i|@h) TL*�U) h�*it� EA�i *@||ih U*@�4 �t i@t) |L
ThL�i M) |�i t@4i *L}�U t�L��?} |�@| w @?_ � _L ?L| i?|ih l�� w�!i��tic �|
�t U*i@h |�@| �?|hL_�U�?} |�i LT|�4@* t�Mt�_�it }*LM@**) �?_ih �i �M*i Th�Uit
��** @giU| i TiU|i_ �|�*�|) L?*) M) 4�?�4�3�?} |�i |ih4 sEwc �( D� �? i^� E2D��

�tt�4i |�@| LT|�4@* t�Mt�_�it @hi �? T*@Ui @?_ UL?t�_ih OL4i @?_ 6Lh�
i�}? 4L?i|@h) TL*�U) h�*it |�@| hiT*�U@|i |�i �i �M*i��@}i @**LU@|�L? i TLt|c
_itT�|i �@}i t|�U!�?itt� A�i hit�*|�?} @**LU@|�L? U*i@h*) �t i�U�i?|c |�@| �tc
�| �t �4TLtt�M*i |L 4@!i L?i UL�?|h) Mi||ih Lg E�? |ih4t Lu i TiU|i_ �|�*�
�|)� ��|�L�| ��h|�?} |�i L|�ih� �L� t�TTLti |�@|c �? |�i @Mti?Ui Lu LT|�4@*
t�Mt�_�itc �i UL�*_ �?_ 4L?i|@h) TL*�U) h�*it t�U� |�@| Et@)� ,L : ,�L M�|
,LW � ,�LW� �iU@�ti |�i igiU|t Lu |�i _�t|Lh|�L?t @giU| t|�U!)��@}i @?_
�i ��@}i �|�*�|) �_i?|�U@**) @?_ @__�|��i*) |�hL�}� |�i |ih4 sEwc �( D�c �i
�L�*_ |�i? UL?U*�_i |�@| |�i t@4i TL*�U�itc ��i? @TT*�i_ �? |�i Thiti?Ui
Lu LT|�4@* t�Mt�_�itc )�i*_ @? @**LU@|�L? |�@| �@hi|L�_L4�?@|it |�i �i �M*i�
�@}i @**LU@|�L? ��|� LT|�4@* t�Mt�_�it� ��| �i �@�i @*hi@_) tii? |�@| |��t �t
�4TLtt�M*i� A��t t�L�t |�@| i�i? �? |�i @Mti?Ui Lu LT|�4@* t�Mt�_�itc 4L?i�
|@h) TL*�U�it |�@| hiT*�U@|i |�i �i �M*i��@}i i^��*�Mh��4 ThL_�Ui @? i�U�i?|
@**LU@|�L?�

A�i L?*) hi4@�?�?} ^�it|�L? �t ��i|�ih 4L?i|@h) TL*�U) U@? �?_ii_ �?�
_�Ui |�i �i �M*i�Th�Ui @**LU@|�L? i TLt|� W? |�i tTiU�@* U@ti @tt�4i_ @ML�ic

2b



��ihi |�i V t�LU! 4L�it �u� @?_ �uA �?�uLh4*)c @t _Lit 4L?i|@h) TL*�U)c
|�i @?t�ih T*@�?*) �t )it� �) t��|@M*) @_��t|�?} OL4i @?_ 6Lhi�}? 4L?i|@h)
TL*�U�itc |�i iUL?L4) U@? @U��i�i @ EUL?t|h@�?i_� i�U�i?| @**LU@|�L?� wLLti*)
tTi@!�?}c |�ihi @hi |�L |@h}i|t @?_ |�L �?t|h�4i?|t �? |��t U@ti� �L*�U) h�*it
hiT*�U@|�?} |�i �i �M*i�Th�Ui i^��*�Mh��4�S U@? Mi t�L�? |L �@�i |�i uLh4

6 ' ,6n
�

2D0
i�E0� �� EVW � ,VW�� d2 n �E0� ��o EV� ,V�j c

6W ' ,6W n
�

2D0
i�E0� �� EV� ,V�� d2 n �E0� ��o EVW � ,VW�j �

5�hTh�t�?}*)c @*|�L�}� �i �@�i L?*) ThL�i_ |�@| |�i ThiUi_�?} TL*�U)
h�*it @hi i�U�i?|c |�i) @hi @*tL LT|�4@* uhL4 i�|�ih UL�?|h)<t �?_���_�@*
TihtTiU|��i� A�@| hit�*| @?_ �|t u@h�hi@U��?} �4T*�U@|�L?t uLh TL*�U) _it�}?
@hi _�tU�tti_ �? �Mt|ui*_ @?_ +L}Lg E�bbb��

�L|�Ui |�@| L?*) ��i? � ' f E?L }LL_t |h@_i_� Lh 0 ' � E?L L�ih%�?_ih�
t�LL|�?}� �t �| LT|�4@* uLh @ UL�?|h)<t 4L?i|@h) TL*�U) |L hitTL?_ i U*�t��i*)
|L |�i _L4it|�U ThL_�U|���|) t�LU!� 6Lh 0 : �c uLh i @4T*ic _L4it|�U 6c �?
hitTL?ti |L @ 6Lhi�}? VW t�LU!c 4�t| Lgti| |�i igiU| Lu6W L? �Lh*_ tTi?_�?}
5 M�| hi�?uLhUi |�i igiU| L? |�i i U�@?}i h@|i e��.

�u UL�htic @? LT|�4@* TL*�U) ��** ?L|c �? }i?ih@*c i?|@�* � i_ i U�@?}i
h@|it �?*itt |�i OL4i @?_ 6Lhi�}? ThL_�U|���|) t�LU!t @hi TihuiU|*) ULh�
hi*@|i_� �T|�4@* 4L?i|@h) TL*�U�it @hic �? @ ti?tic ThLU)U*�U@*� 6Lh i �
@4T*ic @ u@** �? gc ���U� �t @ TLt�|��i RThL_�U|���|)� t�LU! |�@| �L�*_
i*�U�| }hi@|ih *@MLh t�TT*) @?_ L�|T�| �?_ih �i �M*i �@}itc LT|�4@**) �?_�Uit
@? i T@?t�L?@h) OL4i 4L?i|@h) hitTL?ti ��i? �@}it @hi ti| �? @_�@?Ui�
A�i t@4i t�LU! t�4�*|@?iL�t*) i*�U�|t @ UL?|h@U|�L?@h) 6Lhi�}? 4L?i|@h)
hitTL?ti ��i? 0 : �c M�| |�i ?i| }*LM@* 4L?i|@h) hitTL?ti E|�i hitTL?ti
Lu 6 n6W� �t @*�@)t TLt�|��i� A�i �4T*�i_ }*LM@* 4L?i|@h) h�*i |@!it |�i
ThLU)U*�U@* uLh4G

6n6W ' ,6n ,6W �
�

D0
dEV� ,V� n EVW � ,VW�o �

W? @ 4Lhi }i?ih@* U@tic ��ihi |�ihi U@? Mi tiT@h@|i ThL_�U|���|) t�LU!t |L
|�i OL4i E6Lhi�}?� |h@_i_ @?_ ?L?|h@_i_ }LL_t tiU|Lhtc L�h hit�*|t t|�** }L
|�hL�}� MiU@�ti Th�Uit @hi �i �M*i �? |��t 4L_i*� W? @ 4L_i* ��ihi hi*@|��i
}LL_t Th�Uit U@??L| @_��t| �44i_�@|i*)c �L�i�ihc |�i ThLM*i4 MiUL4it 4Lhi
UL4T*i ��H

�f



S�2 Zhoiduh xqghu dowhuqdwlyh prqhwdu| uhjlphv
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�b� ì hi4�?_ |�i hi@_ih Lu |�i ^�@*��U@|�L? |�@| L�h *�?i@h�3@|�L? �t @U�
|�@**) L?*) @TThL �4@|ic t�?Ui �| _Lit ?L| |@!i �?|L @UUL�?| |�i �L*�?|@h)
T@h|�U�T@|�L? UL?t|h@�?|t |�@| U@? @h�ti uLh *@h}i t�LU!tQ��i? |�i hi@* �@}i
?L *L?}ih i Uii_t |�i 4@h}�?@* ULt| Lu �Lh!�?}�

ee



ef� �Lhti||� @?_ �iti?|� E�bbH� @TT*) |�i�h i*i}@?|*) t�4T*i ?L?t|LU�@t|�U
?i� LTi? iUL?L4) 4@UhLiUL?L4�U 4L_i* |L @?@*)3i TL*�U) ULLh_�?@|�L? �?
@ _i|ih4�?�t|�U ti||�?}�

eD




