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Devwudfw

Wkh sdshu suhvhqwv ydulrxv whvwv iru dvvhvvlqj zkhwkhu d wlph vhulhv lv

vxemhfw wr guliw1 Zh �uvw frqvlghu ghsduwxuhv iurp wkh qxoo k|srwkhvlv ri

qr guliw djdlqvw wkh dowhuqdwlyh ri d ghwhuplqlvwlf dqg2ru d qrq0vwdwlrqdu|

vwrfkdvwlf guliw zlwk lqlwldo ydoxh }hur1 Zh vkrz wkdw wkh vwdqgdug w0whvw

rq wkh phdq ri �uvw gl�huhqfhv dfklhyhv kljk srzhu lq erwk gluhfwlrqv ri

wkh dowhuqdwlyh k|srwkhvlv dqg lw vhhpv suhihudeoh wr orfdoo| ehvw lqyduldqw

whvwv vshfl�fdoo| ghvljqhg wr whvw djdlqvw d qrq0vwdwlrqdu| guliw1 Wkh whvw

pd| eh prgl�hg/ sdudphwulfdoo| ru qrqsdudphwulfdoo| wr ghdo zlwk vhuldo

fruuhodwlrq1 Whvwv iru wkh qxoo k|srwkhvlv ri d qrq0vwdwlrqdu| guliw duh wkhq

h{dplqhg1 Wkh vlpsoh w0vwdwlvwlf/ qrz vwdqgdugl}hg e| wkh vtxduh urrw ri

wkh vdpsoh vl}h/ lv djdlq d yldeoh dowhuqdwlyh/ exw wklv wlph wkhuh lv qr qhhg

wr fruuhfw iru vhuldo fruuhodwlrq1 Zh suhvhqw wkh dv|pswrwlf glvwulexwlrq

ri wkh whvw/ surylgh fulwlfdo ydoxhv dqg frpsduh lwv shuirupdqfh zlwk wkdw

ri wkh vwdqgdug dxjphqwhg Glfnh|0Ixoohu whvw surfhgxuhv1 Zh vkrz wkdw

wkh w0whvw grhv qrw vx�hu iurp wkh odujh vl}h glvwruwlrqv ri wkh dxjphqwhg

Glfnh|0Ixoohu whvw iru fdvhv lq zklfk wkh yduldqfh ri wkh qrqvwdwlrqdu| guliw/

wkh vljqdo/ lv vpdoo frpsduhg wr wkdw ri wkh vwdwlrqdu| sduw ri wkh prgho1

Wkh xvh ri wkh whvwv lv looxvwudwhg zlwk gdwd rq joredo zduplqj dqg hohfwulflw|

frqvxpswlrq1

NH\ZRUGV= Fudp�hu0yrq Plvhv glvwulexwlrq/ orfdoo| ehvw lqyduldqw

whvw/ vwrfkdvwlf wuhqg/ xqlw urrw/ xqrevhuyhg frpsrqhqwv1

MHO fodvvl�fdwlrq= F55/ F851



�� W?|hL_�U|�L?

A�i ^�it|�L? Lu ��i|�ih @ |�4i tih�it i ��M�|t _h�u| �t @? �4TLh|@?| L?i� W? L|�ih
�Lh_tc _Lit |�i tih�it t�L� @ t|i@_) �T�@h_ Lh _L�?�@h_ 4L�i4i?| L�ih |�4i
|�@| U@? Mi i |h@TL*@|i_ �?|L |�i u�|�hiq Wu ?L _h�u| �t Thiti?|c �ht| _�gihi?Uit Lu
|�i tih�it �@�i 3ihL 4i@? @?_ |�i i�i?|�@* uLhiU@t| u�?U|�L? �t UL?t|@?|�

ì Mi}�? M) UL?t�_ih�?} �L� |L |it| |�i ?�** �)TL|�it�t Lu ?L _h�u|� Wu |�i
_h�u| �t |@!i? |L Mi � i_c �| 4@) Mi it|�4@|i_ @?_ @ t�4T*i |�t|@|�t|�U uLh4i_�
A�i 4Lhi }i?ih@* �)TL|�it�t Lu @ t|LU�@t|�U _h�u| 4@) Mi |it|i_ M) @ �@h�@?| Lu
|�i |it| ThLTLti_ M) �)M*L4 @?_ ��@!i*�@�?i? E�bH�� �? ���U� �| �t @tt�4i_ |�@|
|�ihi �t ?L _h�u| �?_ih |�i ?�** �)TL|�it�t� A�i @t)4T|L|�U _�t|h�M�|�L? Lu |�i
|it| t|@|�t|�U �?_ih |�i ?�** �)TL|�it�t Mi*L?}t |L |�i �h@4�ih��L? ��tit u@4�*)
@?_ @ hi�iU|�L? 4@) Mi �?|ihThi|i_ @t �?_�U@|�?} |�i Thiti?Ui Lu @ _h�u| |�@| �t
i�|�ih _i|ih4�?�t|�U Lh t|LU�@t|�U� 5iU|�L? 2 Lu |�i T@Tih @?@*)tit |�i *LU@* TL�ih
Lu |��t |it| @?_ UL4T@hit �| ��|� |�i *LU@* TL�ih Lu |�i |�|it|� �L|� |it|t @hi
UL?t�t|i?| @}@�?t| |�i �)TL|�it�t Lu _i|ih4�?�t|�U Lh%@?_ ?L?�t|@|�L?@h) t|LU�@t|�U
_h�u| ��|� 3ihL t|@h|�?} �@*�i� `�i? tih�@* ULhhi*@|�L? �t Thiti?|c |�i |it|t U@? Mi
�4T*i4i?|i_ ?L?T@h@4i|h�U@**) Lh M) �||�?} @ |�4i tih�it 4L_i*�

5iU|�L? � hi�ihtit |�i hL*it Lu |�i ?�** @?_ @*|ih?@|��i �)TL|�itit� � |it| U@?
@}@�? Mi M@ti_ L? |�i |�t|@|�t|�U M�| |��t |�4i |�i ?�** �t |�@| @ _h�u| �t Thiti?|�
A�i |it| �t ?L?T@h@4i|h�U t�?Ui ��i? |�i |�t|@|�t|�U �t _���_i_ M) |�i t^�@hi
hLL| Lu |�i t@4T*i t�3i �| �@t @? @t)4T|L|�U _�t|h�M�|�L? |�@| _Lit ?L| _iTi?_ L?
@?) ?��t@?Ui T@h@4i|iht ��i? |�i _h�u| �t ?L?t|@|�L?@h)� W? u@U| MiU@�ti Lu |��t
@t)4T|L|�U hit�*|c |�i |it| t|@|�t|�U �t uLh4�*@|i_ 4Lhi ?@|�h@**) @t |�i �?�ihti
Lu |�i ULi�U�i?| Lu �@h�@|�L? uLh �ht| _�gihi?Uit� A�i TihuLh4@?Ui Lu |��t |it| �t
i�@*�@|i_ �?_ih @ ?�4Mih Lu _�gihi?| tUi?@h�Lt ��|� �@h�L�t �?�| hLL| |it|t �ti_
@t @ Mi?U�4@h! uLh UL4T@h�tL?� , |i?t�L?t Lu |�i |it|t |L _i@* ��|� ti@tL?@**)
�?@_��t|i_ _@|@ @hi }��i? �? tiU|�L? ec ���*i tiU|�L? D ThL��_it i4T�h�U@* i @4T*it�
A�i UL?U*�t�L?t @hi Thiti?|i_ �? tiU|�L? S�

2� Ait|�?} @}@�?t| 5|LU�@t|�U @?_ #i|ih4�?�t|�U #h�u|

�L?t�_ih |�i _@|@ }i?ih@|�?} ThLUitt

{+| ' q| n #|c | ' �c ���c A E2���

2



��ihi #| �t @ tih�@**) �?ULhhi*@|i_ _�t|�hM@?Ui |ih4 ��|� 4i@? 3ihL @?_ �@h�@?Ui
j2
#c @?_ q| �t @ _h�u|c Lh t*LTic UL4TL?i?| |�@| uL**L�t @ h@?_L4 �@*!

q| ' q|3� n l|c | ' �c ���c Ac E2�2�

��|� �?�|�@* �@*�ic qfc @?_ l| �t @ tih�@**) �?ULhhi*@|i_ _�t|�hM@?Ui |ih4 ��|� 4i@?
3ihL @?_ �@h�@?Ui j2

l � A�i uLhiU@t| u�?U|�L? �t @ *�?i@h |hi?_ ��|� t*LTi KA c ��ihi
KA �t |�i it|�4@|Lh Lu qA �

Wu |�i _h�u| �t @tt�4i_ |L Mi _i|ih4�?�t|�Uc |�@| �t j2
l ' fc @?_ #| �t ?Lh4@**)

_�t|h�M�|i_ @?_ tih�@**) �?_iTi?_i?|c |�@| �t #| � �U(Efc j2
#�c |�i |�t|@|�t|�U uLh

|it|�?} |�i ?�** �)TL|�it�t |�@| q ' f �t

|q ' A �*2 eq*ej ' A3�*2E+A � +f�*ej E2���

��ihi eq ' A3�
SA

|'�{+| ' E+A � +f�*A @?_ ej2 ' A3�
SA

|'�E{+| � eq�2�
A�i |it| U@? Mi }i?ih@*�3i_ M) �||�?} @ T@h@4i|h�U 4L_i* @?_ |it|�?} |�i

t�}?��U@?Ui Lu |�i it|�4@|i Lu |�i � i_ t*LTi q� ,�|�ih @? �+�� 4L_i* U@? Mi
�||i_ |L �ht| _�gihi?Uit Lh @ t|h�U|�h@* |�4i tih�it 4L_i*c M@ti_ L? �?LMtih�i_
UL4TL?i?| uLh4�*@|�L?c 4@) Mi it|�4@|i_c Tih�@Tt M) �t�?} |�i 5A��� T@U!@}i
Lu kLLT4@? i| @* E2fff�� A�i *@||ih 4@) �@�i tL4i @||h@U|�L? ��i? |�i tih�it �t
t�U� |�@| �| �t ?@|�h@* |L �?U*�_i UL4TL?i?|t *�!i U)U*it @?_ ti@tL?@*t �? @ 4L_i*
uLh |�i *i�i*t�

� ?L?T@h@4i|h�U |it| U@? Mi ti| �T �? �ht| _�gihi?Uit M) hiT*@U�?} ej2 �? E2���
M) @? it|�4@|i Lu |�i *L?}�h�? �@h�@?Ui

	j2
u E6� ' 	�Ef� n 2

6[
�'�

� E�c6� 	�E�� E2�e�

��ihi � E�c6� �t @ �i�}�|�?} u�?U|�L?c t�U� @t |�i �@h|*i|| ��?_L�c �E�c6� '
�� m� m*E6n ��c @?_ e�E�� �t |�i t@4T*i @�|LUL�@h�@?Ui Lu |�i hit�_�@*tc {+| � eqc
@| *@} �� �*|ih?@|��i LT|�L?t uLh |�i !ih?i* �E�c �� @?_ }��_i*�?it uLh U�LLt�?} 6
4@) Mi uL�?_ �? �?_hi�t E�bb��� �L|i |�@| eq �t t|�** @t)4T|L|�U@**) i�U�i?| i�i?
|�L�}� �| �t UL4T�|i_ ��|�L�| |@!�?} @UUL�?| Lu @?) tih�@* ULhhi*@|�L? �? #|�

`�i? 4L_��i_ |L _i@* ��|� tih�@* ULhhi*@|�L?c |�i _�t|h�M�|�L? Lu ML|� |�i T@h@�
4i|h�U @?_ ?L?T@h@4i|h�U |�t|@|�t|�Utc |�i *@||ih _i?L|i_ |qE6�c ��** Mi @t)4T�
|L|�U@**) ?Lh4@* �?_ih u@�h*) 4�*_ UL?_�|�L?t @t ti| L�| �? |�i �ht| t�M�tiU|�L?
Mi*L�� �L|i |�@| �u �i �ihi |L �| @ T�hi @�|Lhi}hitt��i 4L_i* |L |�i _�gihi?Uit

�



��|� *@} *i?}|� _i|ih4�?i_ M) tL4i h�*i Lu |��4Mc @t �t ?Lh4@**) _L?i uLh E2�e�c
|�i? |�i |it| UL�*_ ^��|i hi@tL?@M*) Mi U*@tti_ @t ?L?T@h@4i|h�U�

Wu #| � �U(Efc j2
#� @?_ l| � �U(Efc j2

l �c|�i w�W |it| Lu |�i ?�** �)TL|�it�t Lu
@ _i|ih4�?�t|�U t*LTi @}@�?t| |�i @*|ih?@|��i Lu @ ?L?t|@|�L?@h) t|LU�@t|�U t*LTic
|�@| �t Mf G j

2
l ' f @}@�?t| M� G j

2
l : f �t |L hi�iU| uLh *@h}i �@*�it Lu

l ' A32ej32 A[
|'�

#
|[

�'�

E{+� � eq�
$2

' A32ej32 A[
|'�

�
+| � +f � | eq�2 c

E2�D�

��ihi ej2 �t @t �? E2���( |��t �t |�i |it| Lu �)M*L4 @?_ ��@!i*�@�?i? E�bH�� @TT*�i_
|L �ht| _�gihi?Uit� W? _ih���?} |�i |it| uhL4 |�i w�W Th�?U�T*ic L?i �?�|�@**)
LM|@�?t |�i t�44@|�L?t h�??�?} �? hi�ihtic |�@| �t uhL4 | ' A |L �c M�|c @t
@ UL?ti^�i?Ui Lu �||�?} |�i t*LTi �| U@? Mi t�L�? |�@| |�i |�L t|@|�t|�Ut @hi
�_i?|�U@*� �t)4T|L|�U@**)c l �@t |�i �h@4�ih��L? ��tit _�t|h�M�|�L? �?_ih |�i ?�**
�)TL|�it�tc |�@| �t

l
_$
] �

f
�Eo�2_o c E2�S�

��ihi �Eo� ' ` Eo� � o` E��c ��|� ` Eo� Mi�?} @ t|@?_@h_ `�i?ih ThLUitt Lh
�hL�?�@? 4L|�L? tL |�@| �Eo� �t @ �hL�?�@? Mh�_}i� B@�tt�@?�|) �t ?L| hi^��hi_
uLh |�i hit�*| |L �L*_ @?_ |�i #�|r 4@) t�4T*) Mi 4@h|�?}@*i _�gihi?Uit�

Wu |�i |it| t|@|�t|�U �t uLh4i_ ��|�L�| t�M|h@U|�?} @ _i|ih4�?�t|�U _h�u| �| ��**
Mi *LU@**) Mit| �?�@h�@?| Ew�W� @}@�?t| M� G j2

l : f uLh 3ihL �?�|�@* UL?_�|�L?tc
|�@| �t qf ' f� OL�i�ihc �| �t @*tL @ UL?t�t|i?| |it| @}@�?t| _i|ih4�?�t|�U _h�u|�
W|t @t)4T|L|�U _�t|h�M�|�L? �?_ih |�i ?�** �t @t �? E2�S�c M�| ��|� �Eo� hiT*@Ui_
M) ` Eo�� A��t _�t|h�M�|�L? �t t|�** @ 4i4Mih |�i �h@4�ih��L? ��tit u@4�*)c M�|
_i?L|i_ ���f @t LTTLti_ |L ���� uLh E2�S�� A�i t|@|�t|�Ut UL?t|h�U|i_ ��|�
uLh�@h_ @?_ hi�ihti T@h|�@* t�4tc _i?L|i_ M) lf8 @?_ lf- hitTiU|��i*)c @hi ?L *L?}ih
�_i?|�U@*c M�| �@�i |�i t@4i @t)4T|L|�U _�t|h�M�|�L? �?_ih |�i ?�** �)TL|�it�t�
�*|�L�}� lf- �t |�i w�W |it|c �| �t ?L 4Lhi hi@tL?@M*i |L |hi@| qf @t 3ihL |�@? �|
�t |L *i| qAn� Mi 3ihLc ���U� �t ��) lf8 �t UL?t�_ihi_ @t �i**�

AL Mi t|h�U|*) w�Wc |�i t|@|�t|�Ut� lf8 @?_ lf- t�L�*_ �@�i |�i t@4T*i 4i@?
t^�@hi h@|�ih |�@? |�i t@4T*i �@h�@?Ui �? |�i _i?L4�?@|Lh� OL�i�ihc |�i *�4�
�|�?} _�t|h�M�|�L? �?_ih |�i ?�** �)TL|�it�t �t |�i t@4i� A�i *LU@* @t)4T|L|�U

4Xvlqj wkh phdq vtxduh lq +516, pdnhv lw dq OEL +OP, whvw/ udwkhu wkdq d Zdog whvw1

e



_�t|h�M�|�L? �t @*tL |�i t@4ic M�| MiU@�ti |�i 4L_��i_ |it| t|@|�t|�U �t M�}}ih2c �|
_�tT*@)t ��}�ih TL�ih �? t4@** t@4T*it @?_ |�ihi @TTi@ht |L Mi ?L @_�ihti igiU|
L? t�3i�

�@h@4i|h�U @?_ ?L?T@h@4i|h�U uLh4t Lu |�i @ML�i w�W |it|t 4@) Mi UL?�
t|h�U|i_� W? |�i ?L?T@h@4i|h�U U@tic ej2

uE6� hiT*@Uit ej2 ��t| @t �? |�i |�|it|(
|��t _i��Ui �t �ti_ M) k��@|!L�t!�c ���**�Ttc 5U�4�_| @?_ 5��? E�bb2� �? |�i�h
4L_��U@|�L? Lu |�i |it| Lu �)M*L4 @?_ ��@!i*�@�?i?� � T@h@4i|h�U t|@|�t|�U U@?
Mi UL?t|h�U|i_ �? |�i �+W�� uh@4i�Lh!c @t �? wi)ML�h?i @?_ �U�@Mi E�bbe�c
Lh M) �||�?} @ t|h�U|�h@* |�4i tih�it 4L_i*c @t �? O@h�i) @?_ 5|hi�Mi* E�bb.��

2��� �t)4T|L|�U _�t|h�M�|�L?t �?_ih *LU@* @*|ih?@|��it

6Lh @ 4L_i* }��i? M) E2����E2�2� �? ���U� #| 4@) Mi tih�@**) ULhhi*@|i_ @?_%Lh
UL?_�|�L?@**) �i|ihLtUi_@t|�Uc ��|� TLt�|��i *L?} h�? �@h�@?Uic j2

uc �i UL?t�_ih |�i
*�4�|�?} Mi�@��Lh Lu |�i t|@|�t|�Ut

|qE6� '
s
A eq*ejE6�c

lf8 E6� '

SA
|'�

�S|
�'�{+�

�2
A 2ej2

uE6�
c

lf-E6� '

SA
|'�

�SA
�'|{+�

�2
A 2ej2

uE6�
c

lE6� '

SA
|'�

�S|
�'�E{+� � eq��2

A 2ej2
uE6�

c

��ihi 6$4 t�U� |�@| 62*A $ fc �?_ih |�i *LU@* @*|ih?@|��i �)TL|�it�t

M�cA G qf ' S_ju*
s
A c j2

l ' S2rj
2
u*A

2c E2�.�

��ihi S_c Sr @hi � i_ UL?t|@?|t� A��tc �i UL?t�_ih _iT@h|�hit uhL4 |�i ?�** Lu
?L _h�u| �? |�i _�hiU|�L?t Lu ML|� _i|ih4�?�t|�U @?_ t|LU�@t|�U _h�u|� A�i uL**L��?}
ThLTLt�|�L? ThL��_it |�i *�4�|�?} _�t|h�M�|�L? Lu |�i t|@|�t|�Ut �?_ih |�i *LU@*
@*|ih?@|��i �)TL|�it�t M�cA ( @ t!i|U�i_ ThLLu �t UL?|@�?i_ �? |�i @TTi?_� � A�iti
hit�*|t @hi |�i? �ti_ |L i�@*�@|i |�i *LU@* @t)4T|L|�U TL�ih Lu |�i |it|t�

5Zkhq wkhuh lv rqo| ghwhuplqlvwlf guliw/ wkh suredelolw| olplw ri wkh ghqrplqdwru ri wkh

prgl�hg vwdwlvwlf lv htxdo wr +�5 . �
5,@�5 wlphv wkdw ri wkh OEL vwdwlvwlf1

D



�hLTLt�|�L? 2��� �L?t�_ih |�i 4L_i* E2����E2�2� ��|� #| Mi�?} @ �i@!*) _iTi?�
_i?| ThLUitt @t �? 5|LU! E�bbec T�2.eD�c ��|� *L?} h�? �@h�@?Ui j2

u : f� wi| `fEo�
@?_ `�Eo� Mi �?_iTi?_i?| t|@?_@h_ `�i?ih ThLUittit uLh o 5 dfc �o� A�i? �?_ih
M�cA c

|qE6�
_$ T E�( S_c Sr�c E2�H�

lf8 E6�
_$
] �

f
T Eo( S_c Sr�

2_oc E2�b�

lf-E6�
_$
] �

f

ET E�( S_c Sr�� T Eo( S_c Sr��
2 _oc E2��f�

lE6�
_$
] �

f

T WEo( Sr�
2_oc E2����

��ihi

T Eo( S_c Sr� ' `fEo� n S_o n Sr

] o

f
`�Er�_rc

T WEo( Sr� ' `fEo�� o`fE�� n Sr

] o

f

�
`�Er��

] �

f

`�E��_�
�
_r�

+i4@h! �� 6Lh Sr ' fc |�i *�4�|�?} _�t|h�M�|�L? Lu |2qE6� �t @ ?L?Ui?|h@* U���
t^�@hi ��|� L?i _i}hii Lu uhii_L4 @?_ ?L?Ui?|h@*�|) T@h@4i|ih i^�@* |L S2_c |�@|
Lu lE6� �t @ t|@?_@h_ �h@4�ih��L? ��titc ����c @t _i�?i_ �? E2�S��

+i4@h! 2� 6Lh Sr ' S_ ' fc |qE6� �t @t)4T|L|�U@**) t|@?_@h_ ?Lh4@*c ���*i |�i
*�4�|�?} _�t|h�M�|�L?t Lu lf8 E6� @?_ lf-E6� @hi ���f� A�i DI Uh�|�U@* �@*�i uhL4
���f �t ��SDS( tii |@M*i � �? �)M*L4 E�bHb��

W| U@? @*tL Mi t�L�? |�@| @** |it|t @hi UL?t�t|i?| @}@�?t| |�i � i_ @*|ih?@|��i
�)TL|�it�t Lu @ t|LU�@t|�U _h�u|c j2

l : fc @?_ @** M�| |�i l |it| @hi UL?t�t|i?|
@}@�?t| |�i @*|ih?@|��i �)TL|�it�t Lu _i|ih4�?�t|�U _h�u|� A��t �t UL?�h4i_ M) |�i
UL4T�|@|�L?t hiTLh|i_ �? |@M*i � Mi*L��

S



2�2� �L4T�|@|�L? Lu *LU@* @t)4T|L|�U TL�ih

A�i @t)4T|L|�U hiThiti?|@|�L?t }��i? �? ThLTLt�|�L? 2�� @hi �ti_ |L UL4T@hi |�i
TL�ih Lu |�i |it|t @}@�?t| *LU@* _i��@|�L?t uhL4 |�i ?�** �)TL|�it�t �? |�i _�hiU�
|�L? Lu _i|ih4�?�t|�U @?_%Lh t|LU�@t|�U _h�u|� A�i hit�*|t @hi hiTLh|i_ �? |@M*i � �?
|ih4t Lu |�i TihUi?|@}i Lu hi�iU|�L?t� 5TiU��U@**)c �i �@�i }i?ih@|i_ Dffff hiT*��
U@|�L?t Lu |�i *�4�|�?} h@?_L4 �@h�@M*it _i�?i_ �? E2�H��E2���� M) hiT*@U�?} |�i
UL?|�?�L�t |�4i `�i?ih ThLUittit `f @?_ `� M) |�i�h _�tUhi|i UL�?|ihT@h|t E_��
��_�?} |�i �?�| �?|ih�@* �?|L �fff T@h|t� @?_ UL4T�|�?} |�i hi�iU|�L? ThLM@M�*�|�it
uLh |it|t h�? @| |�i DI *i�i* Lu t�}?��U@?Ui�

�t i TiU|i_c |�i @̀*_ |it|c |qE6�c �t 4Lt| TL�ihu�* @}@�?t| @ _i|ih4�?�t|�U
_h�u|� 6Lh i @4T*i uLh S_ ' 2 E @?_ Sr ' f�c �|t *LU@* @t)4T|L|�U TL�ih �t f�D�Hc @t
LTTLti_ |L f�ee� @?_ f�ee� uLh |�i |it|t M@ti_ L? lf8 E6� @?_ lf-E6� hitTiU|��i*)�
�L|i |�@| |�i @t)4T|L|�U TL�ih Lu |�i lE6� |it| @}@�?t| @ _i|ih4�?�t|�U _h�u| �t
@*�@)t i^�@* |L �|t t�3i�

A�i lf-E6� |it| @U��i�it |�i ��}�it| TL�ih @}@�?t| @ t|LU�@t|�U _h�u| t|@h|�?}
@| 3ihLc |�@| �t S_ ' qf ' f( �?_ii_ �| ULhhitTL?_t |L |�i w�W |it| uLh |��t U@ti�
A��t ��|� Sr ' Dc |�i TL�ih Lu |�i lf-E6� |it| �t f�DSb ���*i |�@| Lu |qE6� �t
L?*) f�D2e� OL�i�ihc |�i |qE6� |it| _L4�?@|it ML|� |�i lf8 E6� @?_ lE6� |it|tc
uLh ���U� |�i TL�iht @hi f�e�S @?_ f���f hitTiU|��i*)� �? |�i L|�ih �@?_c |�i
TL�ih Lu lf8 E6� �t t*�}�|*) }hi@|ih |�@? |�@| lf-E6� ��i? S_ �t ��}� @?_ Sr �t ?L|
|LL *@h}i� �u UL�htic �u qAn� h@|�ih |�@? qf �@_ Mii? @tt�4i_ |L Mi 3ihLc |�i
TL�iht Lu lf8 E6� @?_ lf-E6� �L�*_ �@�i Mii? �?|ihU�@?}i_� ��ih@**c �| tii4t |�@|
|�i @̀*_ |it| �t |�i Mit| UL4ThL4�ti� ,�i? ��i? S_ ' f @?_ Sr ' Df �|t TL�ih
�t L?*) @ *�||*i Mi*L� |�Lti Lu |�i lf8 E6� @?_ lf-E6� |it|t� 6�h|�ih4Lhi |�ihi 4@)
Mi LUU@t�L?t ��i? @ L?i�t�_i_ @*|ih?@|��i �t T*@�t�M*ic �? ���U� U@ti |�i |qE6�
�L�*_ MiUL4i i�i? 4Lhi TL�ihu�*�

A�i lE6� |it| �t �?�@h�@?| |L S_ @?_ �| �t _L4�?@|i_ M) @** |�i L|�ih |it|t
i UiT| ��i? Sr ' Df� OL�i�ihc |��t 4@) Mi �tiu�* �?tLu@h @t @ ?L?�hi�iU|�L? M)
lE6� @?_ hi�iU|�L? M) |�i L|�ih |it|t �t @? �?_�U@|�L? Lu _i|ih4�?�t|�U _h�u|�

.



A@M*i � 5�4�*@|i_ *LU@* @t)4T|L|�U TL�ih E��ff�
S_ f f�D ��f ��D 2�f 2�D ��f ��D e�f

Sr
|qE6� e�b .�. �S�. �2�2 D��H .f�S HD�2 b��H b.�b

f lf8 E6� D�f .�� �e�D 2.�2 ee�� S2�� .H�f Hb�� bD�e
lf-E6� e�b .�� �e�S 2.�e ee�� S2�� ..�H HH�H bD��
lE6� e�b e�b e�b e�b e�b e�b e�b e�b e�b
|qE6� ���f ���b 22�S �D�H D��. SS�b Hf�f Hb�e bD��

��2D lf8 E6� H�S ���� �H�D �f�� eD�e Sf�H .D�� HD�b b���
lf-E6� �2�S �D�f 2��S �2�S eS�� Db�H .2�D H��� bf�.
lE6� S�b S�b S�b S�b S�b S�b S�b S�b S�b
|qE6� 2S�e 2H�D �e�� e2�e D2�e S2�D .2�S H��� H.�.

2�Df lf8 E6� �b�2 2��� 2.�e �S�e e.�D Db�� .f�2 .b�H H.�2
lf-E6� �f�� ���D �D�D e2�f eb�b DH�f SS�. .e�. H��H
lE6� �2�. �2�. �2�. �2�. �2�. �2�. �2�. �2�. �2�.
|qE6� D2�e D��� De�H D.�2 Sf�D Se�2 SH�S .��f ..��

D�ff lf8 E6� e��S ee�. eS�b Df�. DD�D Sf�H SS�D .2�D ..�b
lf-E6� DS�b D.�e DH�e Sf�2 S2�e SD�f SH�f .��e .e�H
lE6� ���f ���f ���f ���f ���f ���f ���f ���f ���f
|qE6� .e�� .e�2 .e�D .D�f .D�S .S�2 .S�H ..�H .H�b

�f�f lf8 E6� .f�D .f�. .��� .��b .2�b .e�2 .D�S ..�e .b��
lf-E6� .H�. .H�b .b�f .b�2 .b�S Hf�� Hf�S H��� H2�f
lE6� S��� S��� S��� S��� S��� S��� S��� S��� S���
|qE6� HS�b H.�f H.�f H.�� H.�� H.�2 H.�2 H.�� H.�e

2f�f lf8 E6� Hb�� Hb�� Hb�� Hb�� Hb�D Hb�H bf�f bf�e bf�S
lf-E6� b2�2 b2�2 b2�e b2�� b2�� b2�D b2�. b2�. b2�H
lE6� HS�b HS�b HS�b HS�b HS�b HS�b HS�b HS�b HS�b
|qE6� be�H be�H be�b be�b be�H be�H be�H be�b be�H

Df�f lf8 E6� bH�H bH�H bH�. bH�H bH�H bH�H bH�H bH�H bH�H
lf-E6� bb�� bb�� bb�� bb�� bb�2 bb�2 bb�� bb�� bb��
lE6� bb�� bb�� bb�� bb�� bb�� bb�� bb�� bb�� bb��

�� �ih4@?i?| _h�u| @t |�i ?�**

� |it| Lu |�i ?�** �)TL|�it�t |�@| |�ihi �t @ Tih4@?i?| _h�u| �? E2��� 4@) Mi M@ti_
L? |�i t�4T*i |q t|@|�t|�U @t _i�?i_ �? E2���� �L 4L_��U@|�L? �t ?ii_i_ @*L?} |�i

H



*�?it Lu E2�e� t�?Ui ��i? j2
l : fc |q*

s
A �@t @ *�4�|�?} _�t|h�M�|�L? |�@| _Lit ?L|

_iTi?_ L? |�i ThLUitt }i?ih@|�?} |�i t|@|�L?@h) UL4TL?i?|c #|� 5TiU��U@**)c

|q*
s
A

_$
U �
f ` Eo�_okU �

f ` Eo�2_o
l�
2

c E����

��ihi ` Eo� � ` Eo� � U �
f ` Eo�_o( tii t�M�tiU|�L? ��2 Mi*L�� �L|i |�@| |�i

?�4ih@|Lh �t _�t|h�M�|i_ @t � Efc �*�� � A�i |it| hi�iU|t uLh t4@** �@*�it Lu |q(
|�@| �t |�i Uh�|�U@* hi}�L? �t m|qm 	 &

s
A� A�i �Ic DIc �fI Uh�|�U@* �@*�itc M@ti_

L? |�i @t)4T|L|�U _�t|h�M�|�L?c @hi LM|@�?i_ M) ti||�?} & ' f�f2ec f���Hc f�2�b
hitTiU|��i*)� �? @*|ih?@|��i �?|ihThi|@|�L? Lu |�i t|@|�t|�U |q*

s
A �t @t |�i �?�ihti

Lu |�i ULi�U�i?| Lu �@h�@|�L? Lu �ht| _�gihi?Uit� ì ��** U@** |��t |�i t|@?_@h_�3i_
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�hi ì |�@| ,UL?L4�U A�4i 5ih�it O@�i @ N?�| +LL| q aL�h?@* Lu ,UL?L4i|h�Utc
eec �Db�.H�

wi)ML�h?ic 5�a� @?_ ������ �U�@Mi E�bbe�c � UL?t�t|i?| |it| uLh @ �?�| hLL|c
aL�h?@* Lu ��t�?itt @?_ ,UL?L4�U 5|@|�t|�Ut �2c �D.��SS�

�b



�)M*L4c a� E�bHb�c Ait|�?} uLh |�i �L?t|@?U) Lu �@h@4i|iht L�ih A�4ic aL�h�
?@* Lu |�i �4ih�U@? 5|@|�t|�U@* �ttLU�@|�L?c Hec 22���f�

�)M*L4c a� @?_ A� ��@!i*�@�?i? E�bH��c �L4T@h�tL? Lu |it|t uLh |�i Thiti?Ui
Lu h@?_L4 �@*! ULi�U�i?|t �? @ t�4T*i *�?i@h 4L_i*c aL�h?@* Lu |�i �4ih�U@?

5|@|�t|�U@* �ttLU�@|�L?c .Hc HDS�Se�

�@h!ihc #�,�c 6L**@?_c ��k� @?_ �� a@U!tL? E�bbD�� �@h�?i t�hu@Ui |i4Tih@�
|�hiG LMtih�i_ �@h�@|�L?t @?_ _@|@ hi^��hi4i?|t� �*�4@|�U ��@?}i ��c DDb�Sff�

���**�Ttc ������ E�bH.�c A�4i tih�it hi}hitt�L? ��|� @ �?�| hLL|c ,UL?L4i|h�U@

DDc 2..��f��
���**�Ttc ������ @?_ �� �ihhL? E�bHH�c Ait|�?} uLh @ �?�| hLL| �? |�4i tih�it

hi}hitt�L?c ��L4i|h�!@ .Dc ��D��eS�
5|LU!c a�O� E�bbe� N?�| hLL|tc t|h�U|�h@* Mhi@!t @?_ |hi?_tc �? +�6� ,?}*i @?_

#�w� �U6@__i? Ei_t��c O@?_MLL! Lu ,UL?L4i|h�Ut ec ,*ti��ih 5U�i?Uic 2.�b�2Hef�
A@?@!@c k�c �bbSc A�4i tih�it @?@*)t�tG ?L?t|@|�L?@h) @?_ ?L?�?�ih|�M*i _�t�

|h�M�|�L? |�iLh)c `�*i)G �i� vLh!�

2f


