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Devwudfw

D vlpsoh dvvhw sulflqj prgho zlwk wzr w|shv ri dgdswlyho| ohduqlqj wudghuv/ ixqgd0
phqwdolvwv dqg whfkqlfdo dqdo|vwv/ lv vwxglhg1 Iudfwlrqv ri wkhvh wudghu w|shv/ zklfk
duh erwk erxqghgo| udwlrqdo/ fkdqjh ryhu wlph dffruglqj wr hyroxwlrqdu| ohduqlqj/
zlwk whfkqlfdo dqdo|vwv frqglwlrqlqj wkhlu iruhfdvwlqj uxoh xsrq ghyldwlrqv iurp d
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ì Mh�i�) hiU@** |�i @tti| Th�U�?} 4L_i* ��|� �i|ihL}i?iL�t Mi*�iut �?|hL_�Ui_ �? �O
E�bb.Mc �bbHc �bbb�c tii @*tL �hLU! E�bb.�c B@�?iht_Lhuih E2fff@�c @?_ BO E2fff�� �}i?|t
|h@_i �? @ 4@h!i| ��|� L?i h�t!) @?_ L?i h�t!�uhii @tti|� A�i h�t!�uhii @tti| �t UL4T*i|i*)
i*@t|�U@**) t�TT*�i_ @| @ }hLtt hi|�h? - : �� R| _i?L|it |�i Th�Ui Ei �_���_i?_� Lu |�i h�t!)
@tti| @?_ i+|j |�i Et|LU�@t|�U� _���_i?_ ThLUitt� A�i _)?@4�Ut Lu �i@*|� Lu �?�it|Lh |)Ti
� �t _itUh�Mi_ M)

�̀
�c|n� ' -`�| n �-|n�5�|c

��ihi 5�| �t |�i ?�4Mih Lu t�@hit Lu |�i h�t!) @tti| T�hU�@ti_ @| |�4i | @?_ �-|n� '
�R|n� n �+|n� � -R| �t |�i i Uitt hi|�h? Tih t�@hi� V@h�@M*it U@hh)�?} |�*_it _i?L|i h@?_L4
�@h�@M*it� wi| .| @?_ T| _i?L|i UL?_�|�L?@* i TiU|@|�L? @?_ UL?_�|�L?@* �@h�@?Ui M@ti_
L? @ T�M*�U@**) @�@�*@M*i �?uLh4@|�L? ti| I|c t�U� @t T@t| Th�Uit @?_ _���_i?_tc @?_ *i|
.�| @?_ T�| _i?L|i |�i �Mi*�iut< Lh uLhiU@t|t Lu �?�it|Lh |)Ti � @ML�| |�iti UL?_�|�L?@*
i TiU|@|�L? @?_ �@h�@?Ui�

,^��*�Mh��4

�tt�4�?} |�@| �?�it|Lht @hi 4)LT�U 4i@?��@h�@?Ui 4@ �4�3ihtc |�i _i4@?_ uLh t�@hit
5�| M) |)Ti � tL*�it

4@ i.�|
�̀
�c|n� � @

2
T�| �̀ |n�jc ��i� 5�| '

.�|
�-|n�

@T�| �-|n�

� E��

Oihi |�i ?L??i}@|��i T@h@4i|ih @ U�@h@U|ih�3it h�t! @�iht�L?� wi| 5r| @?_ ?�| _i?L|i
hitTiU|��i*) |�i t�TT*) Lu t�@hit Tih �?�it|Lh @?_ |�i uh@U|�L? Lu �?�it|Lht Lu |)Ti � @|
|�4i |� ,^��*�Mh��4 Lu t�TT*) @?_ _i4@?_ �4T*�it

[
�

?�|5�| ' 5r|� E2�

�tt�4�?} UL?t|@?| t�TT*) Lu L�|t�_i t�@hit L�ih |�4i �i 4@) t|�U! |L |�i Ei^���@*i?|�
tTiU�@* U@ti 5r| � f�� 6�h|�ihc �i @tt�4i |�@| _���_i?_t @hi �?_iTi?_i?|*) @?_ �_i?|�U@**)
_�t|h�M�|i_ E��_�c �? T@h|�U�*@hc .|�+|n� � +W�

�i*�iut

W? |�i U@ti ��ihi |�ihi �t L?*) L?i |)Ti Lu |h@_iht |�i i^��*�Mh��4 i^�@|�L? E2� hi_�Uit
|L

-R| ' .|�R|n� n +W�

6Lq wkh jhqhudo fdvh }vw @ frqvw rqh fdq lqwurgxfh d ulvn dgmxvwhg glylghqg |
&
w.4 @ |w.4 � d�5}v/ vhh

Eurfn +4<<:,1

e



W? |�i t|@?_@h_ U@ti - : � |�ihi �t L?*) L?i tL*�|�L? RW| � RW ' +W*E-� �� |�@| t@|�t�it
|�i �?L M�MM*it< UL?_�|�L? *�4|<".�RW|*-

| ' f� A��t Th�Uic }��i? @t |�i _�tUL�?|i_ t�4 Lu
i TiU|i_ u�|�hi _���_i?_tc �L�*_ Thi�@�* �? @ TihuiU|*) h@|�L?@* �Lh*_ @?_ ��** Mi U@**i_
|�i u�?_@4i?|@* Th�Ui�
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ì }i?ih@|i_ |�4i tih�it uhL4 |�i ?Lh4@* uLh4 4L_i* M�gi|i_ ��|� ?L�tic |�@| �tc

o|n� ' �)>Eo|� n 0|c

��ihi 0| �t @ ���|i ?L�ti |ih4c |�@| �tc �_i?|�U@**) @?_ �?_iTi?|i?|*) _h@�? uhL4 @Q Efc j0�
_�t|h�M�|�L?� A�i �@h�@M*i o| t�L�*_ Mi |�L�}�| Lu @t @ Th�Ui _i��@|�L? uhL4 @ u�?_@4i?|@*
Th�Ui RW� A�i hit�*|t Lu |�i t�4�*@|�L? @hi }��i? �? �}�hi �D� A�i |LT T@?i* t�L�t |�i
|�4i tih�it Lu |�i �Th�Uit< R| ' o| n RW @?_ |�i ULhhitTL?_�?} �hi|�h?t<

R|n� � R|
R|

'
o|n� � o|
o| n RW

�

A�i �Th�Ui< tih�it �t ��}*) Tiht�t|i?|c ��ihi@t |�i �hi|�h?t< tih�it �t ��}*) �?Thi_�U|@M*i @?_
U*i@h*) t�L�t �L*@|�*�|) U*�t|ih�?}� A�i @�|LULhhi*@|�L?t Lu t^�@hi_ hi|�h?t @hi t�}?��U@?|*)
TLt�|��i @?_ _iU@) t*L�*)�

45Qrwh krzhyhu/ wkdw wkh Fkhqflqhu qrupdo irup fhdvhv wr eh ydolg lq wklv fdvh vlqfh wkh qrupdo irup
wudqvirupdwlrq lv vlqjxodu iru $ @ 31

2.



-0.6 -0.4 -0.2 0.2 0.4 0.6

-0.3

-0.2

-0.1

0.1

0.2

0.3

-0.04 -0.02 0.02 0.04

-4·10-6

-2·10-6

2·10-6

4·10-6

6�}�hi �eG Bh@T� Lu |�i _i}i?ih@|i T�|U�uLh! ?Lh4@* uLh4 4@T �)> uLh >� ' ��f3ec >2 '
f��SH @?_ ��}�ih Lh_ih |ih4 T@h@4i|iht �� ' 2D�Sc �2 ' DH2De�2 @?_ �� ' ��eD.2�H E*iu|�
@?_ }h@T� Lu |�i _�gihi?Ui �)>Eo�� o� A�i 4@T �@t ��i � i_ TL�?|tc L?i t|@M*i @| fc |�L
�?t|@M*i � i_ TL�?|t U*Lti |L f @?_ |�L t|@M*i � i_ TL�?|t u�h|�ih @�@) uhL4 f� �L|�Ui
@*tL |�@| |�ihi �t @? �?|ih�@* @hL�?_ f ��ihi |�i }h@T� Lu �)> �t U*Lti |L |�i _�@}L?@*�

W| �t hi4@h!@M*i |�@| L�h i @4T*i Mi@ht tL4i hiti4M*@?Ui |L @? i @4T*i Lu @ t�4T*i �ht|
Lh_ih ?L?*�?i@h @�|Lhi}hitt��i |�4i tih�it 4L_i*c i ��M�|�?} t*L�*) _iU@)�?} @�|LULhhi*@�
|�L? u�?U|�L?t @?_ *L?} 4i4Lh) igiU|t @t �? Bh@?}ih @?_ Aih�@t��h|@ E�bbb�� A�i hi@_ih �t
�h}i_ |L UL4T@hi �}�hi � �? Bh@?}ih @?_ Aih�@t��h|@ E�bbb� |L L�h �Th�Ui< tih�it �? �}�hi �D
E|LT *iu|�� Bh@?}ih @?_ Aih�@t��h|@ E�bbb� �@�i |�L t|@M*i t|@|itc L?i ��}� @?_ L?i *L�c
@?_ �u |�i ThLM@M�*�|) Lu t��|U��?} Mi|�ii? |�i |�L t|@|it �t *L�c |�i t)t|i4 �@t t*L�*)
_iU@)�?} @�|LULhhi*@|�L?t @?_ *L?} 4i4Lh)� ��h t)t|i4 �@t |�hii t|@M*i t|@|itc @ ��}�
t|@|ic @ *L� t|@|i @?_ |�i 4�__*i u�?_@4i?|@* t|@|i� A�i �Th�Ui< tih�it �? �}�hi �D E|LT
*iu|� t�L�t �hhi}�*@h t��|U��?} Mi|�ii? |�iti |�hii t|@M*i t|@|it @?_c @t @ UL?ti^�i?Uic
|�i ULhhitTL?_�?} hi|�h?t tih�it E|LT h�}�|� t�L�t �hhi}�*@h t��|U��?} Mi|�ii? T�@tit Lu
��}� @?_ *L� �L*@|�*�|)�

��h t�4�*@|�L?t t�L� |�@| ?Lh4@* uLh4 4L_i*t M�gi|i_ ��|� ?L�ti U@? hiThL_�Ui �L*@|�*�
�|) U*�t|ih�?} @?_ *L?} 4i4Lh) igiU|t� A�i ?Lh4@* uLh4 E22� )�i*_t |�i Mit| hit�*|t uLh
|�i hL|@|�L? T@h@4i|ih / U*Lti |L 3ihLc �4T*)�?} |�@| |�i |�L UL4T*i i�}i?�@*�it @hi
U*Lti |L @? i�}i?�@*�i n�� 6Lh |�i @_@T|��i Mi*�iu t)t|i4 @ _L�M*i i�}i?�@*�i n� LUU�ht
��i? } ' 2- @?_ � ' 2-��� W? T@h|�U�*@hc uLh � ' 2-�� |�i @_@T|��i Mi*�iu t)t|i4 �@t
@*�@)t @? i�}i?�@*�i n�� 5�?Ui - �t U*Lti |L �c |��t �4T*�it |�@| uLh � ' � |�i t)t|i4 �t
U*Lti |L �@��?} @ �?�| hLL|c @?_ |��t 4@) i T*@�? ��) BO E2fff� }i| |�i Mit| t|@|�t|�U@*
ThLTih|�it @?_ t|hL?} �L*@|�*�|) U*�t|ih�?} �? |�i @_@T|��i Mi*�iu t)t|i4 ��|� ?L�ti uLh
� ' ��

2H



0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

-0.2

0

0.2

0.4

0.6

0.8

1

0 5 10 15 20 25 30 35 40
-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

6�}�hi �DG A�i ?Lh4@* uLh4 t)t|i4 Lu |�i _i}i?ih@|i T�|U�uLh! M�u�hU@|�L? uLh |�i T@h@4i�
|iht >� ' ��f3ec >2 ' f��SHc �� ' 2D�Sc �2 ' DH2De�2 @?_ �� ' ��eD.2�Hc ��|� B@�tt�@?
?L�ti Ej0 ' f�ff2� @__i_� A�i u�?_@4i?|@* Th�Ui *i�i* �@t U�Lti? |L Mi RW ' f�fDD� ALT
*iu|c |�4i tih�it Lu |�i Th�Uit� ALT h�}�|c hi|�h?t Lu |��t |�4i tih�it @hi t�L�?� �L||L4
*iu| |�i �ht| ef @�|LULhhi*@|�L?t Lu |�i hi|�h?t EUhLttit� @?_ Lu |�i t^�@hi_ hi|�h?t E_h@�?
M@ht�( ML||L4 h�}�|c uLh UL4T@h�tL?c |�i |�4i tih�it Lu |�i hi|�h?t Lu _@�*) 5:� Dff �?_i 
uhL4 |�i *@t| Hf )i@ht�

2b



. �L?U*�t�L?t

W? |��t T@Tih �i Thiti?| @ t�4T*ic ?L?*�?i@h t|h�U|�h@* 4L_i* uLh �L*@|�*�|) U*�t|ih�?}c
M@ti_ L? |�i UL?UiT| Lu i�L*�|�L?@h) @_@T|��i Mi*�iu t)t|i4t �?|hL_�Ui_ M) �O E�bb.@��
VL*@|�*�|) U*�t|ih�?} @h�tit i?_L}i?L�t*) _�i |L |�i �?|ih@U|�L? Mi|�ii? u�?_@4i?|@*�t|t
@?_ |iU�?�U@* @?@*)t|t _h��i? M) @_@T|��i *i@h?�?}� A�L 4iU�@?�t4t @hi ThLTLti_ @t @?
i T*@?@|�L?G �?|ih4�||i?U) @?_ ULi �t|i?Ui Lu @||h@U|Lht� ��@Lt @h�tit uhL4 |�i UL4M�?@�
|�L? Lu t|hi|U��?} _�i |L |hi?_ i |h@TL*@|�L? M) U�@h|�t|t @?_ uL*_�?} _�i |L UL?_�|�L?�?}
Lu |�i uLhiU@t|�?} h�*it �TL? 4@h!i| u�?_@4i?|@*t� �Li �t|i?Ui Lu @||h@U|Lht @h�tit _�i
|L @ UL_�4i?t�L? |�L ��i?U�?ih M�u�hU@|�L?� �*Lti |L |�i ��i?U�?ih M�u�hU@|�L? |�ihi �t @
R�L*@|�*�|) U*�t|ih�?} hi}�L?�c |�@| �tc @? LTi? ti| �? T@h@4i|ih tT@Ui ��ihi @ t|@M*i t|i@_)
t|@|i @?_ @ t|@M*i �?�@h�@?| U�hU*i ULi �t|� �L|� 4iU�@?�t4t ThLTLti_ @hi }i?ih�U T�i�
?L4i?@ @?_ |��t 4@) tih�i @t i T*@?@|�L?t Lu �L*@|�*�|) U*�t|ih�?} �? 4Lhi UL4T*�U@|i_
UL4T�|@|�L?@* 4�*|��@}i?| t)t|i4t�
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�f



� �Lh4@* uLh4 UL4T�|@|�L?t

A�i T�hTLti Lu |��t @TTi?_� �t |L }��i @ ?Lh4@* uLh4 @?@*)t�t Lu |�i OLTu M�u�hU@|�L?t
@| |�i Lh�}�? �? |�i BO�4L_i* @?_c �? T@h|�U�*@hc UL4T�|i |�i U�h�i Lu UL_�4i?t�L? |�L
��i?U�?ih M�u�hU@|�L? TL�?|t @t t�L�? �? �}�hi �� A��t tiU|�L? hiU@**t Mh�i�) |�@| T@h|
Lu ?Lh4@* uLh4 |�iLh) |�@| �t hi*i�@?| uLh |�i @?@*)t�t Lu @ OLTu M�u�hU@|�L?� 6Lh @ u@�h*)
UL4T*i|i |hi@|4i?| Lu M�u�hU@|�L? |�iLh) tiic uLh i @4T*ic B�U!i?�i�4ih @?_ OL*4it
E�bHS� @?_ k�3?i|tL� E�bbH��

#i�?�|�L?t

�L|i |�@| �? i�ih)|��?} |�@| uL**L�tc _i��@|�L?t %| ' %E|� @hi �ti_ �?t|i@_ Lu Th�Uit R| '
RE|�� A�i) @hi �?|hL_�Ui_ �? |ih4t Lu |�i u�?_@4i?|@* Th�Ui RWG

%E|� ' RE|�� RW�

�L|i |�@| |�i �u�?_@4i?|@*< � i_ TL�?| RW ULhhitTL?_t ��|� % ' f� A��t UL?�i?�i?Ui �t
|�i 4@�? hi@tL? uLh |�i U�@?}i Lu �@h�@M*it�

�L?t�_ih @ u@4�*) Lu 4@Tt )> G U6 $ U6 t�U� |�@| )>Ef� ' f( |�@| �tc f �t @ � i_ TL�?|
Lu @** 4@Tt Lu |�i u@4�*)� Oihi > �t @ 4�*|��_�4i?t�L?@* T@h@4i|ihc |@!�?} �@*�it �? @?
LTi? t�Mti| � �? U

r( � �t U@**i_ |�i T@h@4i|ih tT@Ui� �L|i |�@| |�i _iTi?_i?Ui L? > ��**
?L| @*�@)t Mi �?_�U@|i_c �? Lh_ih ?L| |L L�ihM�h_i? |�i ?L|@|�L?�

B��i? @? �?�|�@* �@*�i %fc @? LhM�| i%E|�j Lu |�i t)t|i4 �t _i�?i_ M)G

%E|� ' )>E%E|� ��� ' )|
>E%f�c uLh | : f�

�L|@|�L?

6Lh ?L??i}@|��i u�?U|�L?t sE%�c |�i �M�}��< ?L|@|�L? ��** Mi �ti_ uLh hi4@�?_ih |ih4t -E%�
���U� @hi Lu |�i uLh4 - ' -� n-2 n � � �n-?c t�U� |�@|G

*�4
�%�<f

m-�E%�m
s�E%�

' fc

uLh ?L??i}@|��i u�?U|�L?t s�E%�� A��t ��** Mi _i?L|i_ M)G

� Es�E%�c � � � c s?E%�� �

��



w�?i@h�3@|�L?

wi| � _i?L|i ()>Ef� ' _)>* _%Ef�c |�i a@ULM�@? 4@|h� Lu )> @| f� A�i? )> U@? Mi
�h�||i? @tG

)>E%� ' �%n�E%�c

��ihi �E%� ' �Em%m2��
Wu @? i�}i?�@*�i Lu� �@t @MtL*�|i �@*�it _�gihi?| uhL4 �c �| �t U@**i_ @ �)TihML*�U i�}i?�@*�i�
Wu @** i�}i?�@*�it Lu� @hi �)TihML*�Uc |�i TL�?| f �t U@**i_ @ �)TihML*�U � i_ TL�?|� OL�i�ihc
�u uLh tL4i > ' >fc |�ihi �t L?i Lhi 4Lhi i�}i?�@*�i b t�U� |�@| mbm ' �c |�i � i_ TL�?| f
�t U@**i_ ?L?�)TihML*�Uc @?_ |�i u@4�*) )> �t t@�_ |L M�u�hU@|i @| > ' >f�

A��t ?L|i �t �?|ihit|i_ �? |�i U@ti |�@| |�ihi @hi ThiU�ti*) |�L ?L?�)TihML*�U i�}i?�@*�
�it b�c ���U� t@|�tu) |�i uL**L��?} ?L?hitL?@?Ui UL?_�|�L?G

b� 95
q
i2Z�

R

^ G Rc ^ ' �c � � � c S
r
� E2��

�i?|hi tT@Ui @?_ Ui?|hi 4@?�uL*_

A�i i�}i?�iU|Lht @ttLU�@|i_ |L |�iti i�}i?�@*�it tT@? @ |�L�_�4i?t�L?@* *�?i@h tT@Uic |�i
*�?i@h Ui?|hi tT@Ui .S� A�i hi4@�?�?} i�}i?�iU|Lht tT@? |�i tL�U@**i_ �)TihML*�U tT@Ui .��
�L|i |�@| |�i t�4 Lu |�iti |�L tT@Uit �t i^�@* |L U?G

.S n.� ' U
?�

A�i 4@T ) U@? Mi �h�||i? @t ) ' Elc #�c ��ihi uLh %S 5 .S @?_ %� 5 .�G

lE%Sc %�� 5 .Sc #E%Sc %�� 5 .��

�| @ M�u�hU@|�L?c |�i ��?|ihit|�?}< _)?@4�Ut LUU�ht L? @? �?�@h�@?| 4@?�uL*_ ` S ���U� �t
|@?}i?| |L |�i *�?i@h tT@Ui .S @| fc |�i tL�U@**i_ Ui?|hi 4@?�uL*_ Etii B�U!i?�i�4ih @?_
OL*4it E�bHS� uLh 4Lhi �?uLh4@|�L?�� wLU@**) @hL�?_ fc |��t 4@?�uL*_ U@? Mi _itUh�Mi_
@t |�i }h@T� Lu @ u�?U|�L? �E%S�G

� G .S $ .�c �E%S� ' �Em%m2��

A�i ��?|ihit|�?}< _)?@4�Ut � @hi ThiU�ti*) }��i? M) |�i 4@T ) hit|h�U|i_ |L |�i Ui?|hi
4@?�uL*_ ` SG

�E%S� ' l E%Sc �E%S�� �

�L|i |�@| � 4@Tt .S |L �|ti*uG |�i _)?@4�Ut �@�i Mii? �T�**i_< |L |�i *�?i@h Ui?|hi tT@Uic
|�@| �t |L |�i T*@?i U2 �? |�i Thiti?| U@ti Lu |�L ?L?�)TihML*�U i�}i?�@*�it�

�2



�Lh4@* uLh4

5�?Ui |�i ?L?�)TihML*�U i�}i?�@*�it b� @hi UL4T*i c �| |�h?t L�| |L Mi UL?�i?�i?| |L
�?|hL_�Ui UL4T*i ULLh_�?@|it E5c 75� �? |�i T*@?i� W? |�iti ULLh_�?@|itc |�i 4@T � U@? Mi
�h�||i? @tG

�E5c 75� ' b5 n sE5c 75�c

��ihi s ' �Em5m2�� �? LhM�| iE5E|�c 75E|��j �t ?L� }��i? M)G

5E|� ' �E5E|� ��c 75E|� ���c 75E|� ' �E5E|� ��c 75E|� ����

A�i ?Lh4@* uLh4 ThLUi_�hi TihuLh4t @ tih�it Lu ULLh_�?@|i U�@?}itG

� ' M�E5c 75� ' 5 n
[

6n?'�

�6?5
675?c

��ihi6c ? |@!i L?*) ?L??i}@|��i �?|i}ih �@*�itc t�U� |�@| �? |�i ?i� ULLh_�?@|it |�i uLh4
Lu � �t @t �t�4T*i< @t TLtt�M*i� W? |�i Thiti?| U@tic @?_ �?_ih |�i Thiti?| ?L?hitL?@?Ui
UL?_�|�L? E2��c � U@? Mi |h@?tuLh4i_ �?|L |�i uL**L��?} uLh4G

��E5c 75� ' b5 n @�5m5m2 n @25m5me n�Em5mS��

WuG
+i 7b@� 9' fc E2e�

|�i? |�i TL�?| f �t t@�_ |L �?_ih}L @ OLTu M�u�hU@|�L? @| > ' >f� OL�i�ihc �u UL?_�|�L? E2e�
�t ��L*@|i_c M�| |�i uL**L��?} UL?_�|�L? �L*_tG

+i 7b@2 9' fc

|�i? f �?_ih}Lit @ ��i?U�?ih M�u�hU@|�L? @| f�

��� �hi*�4�?@h) |h@?tuLh4@|�L?t

A�i hi4@�?_ih Lu |��t ?L|i UL4T�|it @ |��h_ Lh_ih ?Lh4@* uLh4 @| |�i Lh�}�? Lu |�i
BO�4@Tc uL**L��?} |�i t|h@|i}) t!i|U�i_ �? |�i Thi��L�t t�MtiU|�L?�

A�i t)t|i4

�L?t�_ih |�i u@4�*) Lu 4@Tt x>E%� ' E)E%c >�c %�c %2c %��c ���U� 4@T |�i t|@|i tT@Ui f '
Ue �?|L fc ��|� 4�*|�_�4i?t�L?@* T@h@4i|iht > 5 � c ��ihi |�i T@h@4i|ih tT@Ui � �t @?
LTi? t�Mti| Lu Ur� A�i i�L*�|�L? 4@T ) �t @tt�4i_ |L Mi Lu |�i uLh4G

)E%c >� '
�

-
EE�� ?��%� n ?E%� n }E%� � %2��� �

��



Oihi -c �c } @hi T@h@4i|ihtc @?_ ? �t @ u�?U|�L? Lu |�i uLh4G

? ' i3%
2
�*k�?c

��|�G

�? '
i3

	qE%�3d%�n}E%�3%e�o�2

i3	qE%�3d%�n}E%�3%e�o�2 n i3	qE%�3�%��2
c

��ihi k @?_ 	q ' q*E2@j2� @hi @__�|�L?@* T@h@4i|iht� A��t �t |�i 4L_i* uLh ?L?*�?i@h
�L*@|�*�|) U*�t|ih�?} @t Thiti?|i_ �? BO� �L|�Ui |�@|G

> ' Ekc 	qc �c }c -��

�hi*�4�?@h) tU@*�?}

�? �?�|�@* t|@|i %f *i@_t |L @? LhM�| i%E|�j"|'f M) �|ih@|�?} |�i 4@T x>G

%E|n �� ' x> E%E|�� �

��@?}i |L ?i� ULLh_�?@|it % '
s
k �%� A�i? |�i �|ih@|�L? i^�@|�L? U�@?}it |LG

s
k �%E|n �� ' x>

�s
k �%E|�

�
c

@?_ �| uL**L�tc M) tL4i @*}iMh@c |�@|G

�%E|n �� ' x�> E�%E|�� c

��ihi |�i ?i� T@h@4i|ih �> �t i^�@* |LG

�> ' E�c k	qc �c }c -��

�||i?|�L? 4@) Mi hi_�Ui_ |L |�i U@ti |�@| k ' �c @?_ |�i T@h@4i|ih > ��** Mi UL?t�_ihi_
|L Mi uL�h�_�4i?t�L?@*� W? |�i uL**L��?}c |�i T@h@4i|ih k @t �i** @t |�i �@| Lu 	q @hi
_hLTTi_c �? Lh_ih ?L| |L L�ihM�h_i? |�i ?L|@|�L?�

����� w�?i@h�3@|�L? @hL�?_ |�i Lh�}�?

A��t ?L|i �?�it|�}@|it |�i M�u�hU@|�L?t Lu |�i Lh�}�?� 6Lh |��tc |�i *�?i@h�3@|�L? (xEf� Lu x
@| f �@t |L Mi UL4T�|i_G

(xEf� '
_x

_%
Ef� '

3
EEC

�
2-
E� n � n }� � }

2-
f f

� f f f
f � f f
f f � f

4
FFD

�e



Oihi �| �t �ti_ |�@| uLh % ' fc ? ' �
2
� W?|hL_�Ui T@h@4i|iht @ @?_ K M)G

@ '
�

e-
E� n � n }�c @?_ K '

}

2-
�

A�i U�@h@U|ih�t|�U i^�@|�L? Lu |�i 4@|h� |�i? hi@_tG

b2Eb2 � 2@bn K� ' f

A�i hLL| b ' f �@t 4�*|�T*�U�|) 2c ��ihi@t |�i L|�ih |�L hLL|t @hiG

b� ' @	
s
@2 � K� E2D�

�iUitt@h) UL?_�|�L?t uLh @ OLTu M�u�hU@|�L?

� ?iUitt@h) UL?_�|�L? uLh |�i LUU�hi?Ui Lu @ OLTu M�u�hU@|�L? �t |�@| mb�m ' � @?_ b� 95
i��c �j� ,^���@*i?|*)c |�@|G

K ' �c @?_ @2 � � 	 f�

W? |ih4t Lu |�i Lh�}�?@* T@h@4i|ihtG

} ' 2-c @?_ � S-� � 	 � 	 2-� ��

W? |�i uL**L��?} |�iti UL?_�|�L?t @hi @tt�4i_ |L Mi u�*�**i_� wi| b ' bn( ?L|i |�@|
|�i? b3 ' 7b�

,�}i?�iU|Lht

�L4T*i i�}i?�iU|Lht Lu � @hi ^ @?_ 7̂5 Fec }��i? M)G

^ ' E�c 7bc 7b2c 7b��c E2S�

t@|�tu)�?} �^ ' b^c �7̂ ' 7b7̂c @?_ i� @?_ iec t@|�tu)�?} �i� ' eec �ie ' f� Oihi i� _i?L|it
|�i �<|� �?�| �iU|Lh�

����2 �i?|hi tT@Ui @?_ Ui?|hi 4@?�uL*_

A�i Ehi@*� t�MtT@Ui tT@??i_ M) i�}i?�iU|Lht Lu � ��|� i�}i?�@*�it �@��?} ?Lh4 i^�@* |L �
�t U@**i_ |�i *�?i@h Ui?|hi tT@Ui .S( i�}i?�iU|Lht |L i�}i?�@*�it ��|� ?Lh4 ?L| i^�@* |L �
tT@? |�i �)TihML*�U tT@Ui .�� W? |�i Thiti?| U@tic .S �t |�L�_�4i?t�L?@*� W| �t tT@??i_ M)
*�?i@h UL4M�?@|�L?t Lu ^ @?_ 7̂ Lu |�i uLh4 5^n 75 7̂� A�i tT@Ui tT@??i_ M) i� @?_ ie �t |�i
tT@Ui .�� A�i tT@Uit .S @?_ .� tT@? |L}i|�ih |�i |@?}i?| tT@Ui Lu f @| 3ihLc ���U�c �?
|�i uL**L��?}c ��** Mi �_i?|��i_ ��|� f�

�D



A�i OLTu M�u�hU@|�L? U@? ?L� Mi t|�_�i_ M) hi_�U�?} |�i t)t|i4 |L @ Ui?|hi 4@?�uL*_ Lu
|�i ?L?�)TihML*�U t�?}�*@h�|) f� A��t 4@?�uL*_ �t |@?}i?| |L |�i tT@? Lu |�i i�}i?�iU|Lht ^
@?_ 7̂� 5�?Ui i�ih) �iU|Lh % 5 f U@? Mi �h�||i? @tG

% ' 5^ n 75 7̂n +c E2.�

��ihi 5 5 F @?_ + 5 .�c |�i Ui?|hi 4@?�uL*_ U@? Mi _itUh�Mi_ M) @ u�?U|�L? � G .S $ .�c
� ' �E5c 75�c ��|� |�i ThLTih|) |�@|G

�Efc f� '
Y�

Y5
Efc f� '

Y�

Y75
Efc f� ' f�

�U|�@**)c MiU@�ti Lu |�i TL�?| t)44i|h) Lu |�i t)t|i4c |�i Ui?|hi 4@?�uL*_ �@t |L Mi
TL�?| t)44i|h�U @t �i**( UL?ti^�i?|*)c |�i u�?U|�L? � �@t |�i ThLTih|) |�@|G

�E�5c�75� ' ��E5c 75��

��| |�i? � �@t |L t|@h| ��|� |��h_ Lh_ih |ih4t( |�@| �tc � ' �Em5m��� W| ��** t��Ui |L
UL?t�_ih |�i hit|h�U|�L? Lu |�i _)?@4�Ut |L |�i *�?i@h Ui?|hi tT@Ui .S�

�_�L�?| i�}i?�iU|Lht

W| �t UL?�i?�i?| |L �?|hL_�Ui @| |��t TL�?| |�i ?L|�L? Lu @_�L�?| i�}i?�iU|Lht� A��t @TThL@U�
�t |@!i? uhL4 k�3?i|3L� E�bbD��

Wu |�i UL4T*i �??ih ThL_�U| k�c �l �t }��i? M)G

k%c +l '
?[
�'�

7%�+�c

|�i? |�ihi �t @ �?�^�i �iU|Lh R 5 Fec |�i @_�L�?| i�}i?�iU|Lh Lu ^c t@|�tu)�?}G

�AR ' 7bR @?_ kRc ^l ' ��

Oihi �A _i?L|it |�i |h@?tTLti Lu ��

�hLTih|�it

�� kRc 7̂l ' f
2� �?) hi@* �iU|Lh + t@|�t�it kRc +l ' f �u @?_ L?*) �u + 5 .��

�hLLu

6Lh |�i �ht| ThLTih|)c LMtih�i |�@|G

bkRc 7̂l ' 
7bRc 7̂

�
'


�ARc 7̂

�
' kRc�7̂l ' 7bkRc 7̂l�

�S



5�?Ui b 9' 7bc |�i �ht| ThLTih|) uL**L�t�

�L|i uLh |�i tiUL?_ ThLTih|) |�@| .� �t |�i tT@? Lu E}i?ih@*�3i_� i�}i?�iU|Lht ��|� i�}i?�
�@*�i �@��?} ?Lh4 ?L| i^�@* |L �� Wu + �t @? Lh_�?@h) i�}i?�iU|Lh ��|� i�}i?�@*�i >c |�i?c
@t @ML�iG

bkRc +l ' kRc�+l ' >kRc +lc
@?_ t�?Ui m>m 9' mbm ' �c �| uL**L�t |�@| kRc +l ' f� Wu + �t @ }i?ih@*�3i_ i�}i?�iU|Lh Lu �
��|� i�}i?�@*�i >c |�i? |�ihi �t @ & : f t�U� |�@| �+ ' �&+ �t @? Lh_�?@h) i�}i?�iU|Lh�
Oi?UiG

b&kRc +l ' 
Rc�&+

�
' kRc �+l ' f(

|�i *@t| i^�@*�|) uL**L�t uhL4 |�i Thi��L�t hit�*|� AL ThL�i |�i UL?�ihtic ?L|�Ui |�@| @?)
�iU|Lh % U@? Mi �h�||i? @tG

% ' 5^ n 75 7̂n +c

��|� + 5 .�� �tt�4i |�@| kRc %l ' f� ��| |�i? |�i �ht| ThLTih|) @?_ |�i ?Lh4@*�3@|�L?
Lu R �4T*) |L}i|�ih |�@|G

f ' kRc %l ' 5kRc ^l ' 5c

@?_ �i?Ui % ' + 5 .��

6Lh ^ }��i? M) E2S�c |�i �iU|Lh R �t i^�@* |LG

R '
�

�� b2
E�c�bc fc f��

�hL�iU|�L? Lu |�i t)t|i4 @*L?} i�}i?�iU|Lht

W? |�i ?i� ULLh_�?@|it 5c 75 @?_ + �?|hL_�Ui_ �? E2.�c |�i _)?@4�Utc |@!i |�i uLh4G

xE5^ n 75 7̂n +� ' lE5c 75c +�^ n lE5c 75c +�7̂n #E5c 75c +�c

��ihi # |@!it �@*�it �? .�� Nt�?} |�i @_�L�?| i�}i?�iU|Lhc |�i ThL�iU|�L?t Lu x L? .S U@?
Mi UL4T�|i_ i@t�*)G

lE5c 75c +� ' kRcxE5^ n 75 7̂n +�l
'

�

�� 7b2
E)E5^ n 75 7̂n +�� 7bE5 n 75��( E2H�

#E5c 75c +� ' xE5^ n 75 7̂n +�� l^ � 7l 7̂� E2b�

W?|hL_�Ui |�i 4@T [ M)G

[E5c 75c +� '
�
lE5c 75c +�c lE5c 75c +�c #E5c 75c +�

�
�

�.



��2 �Lh4@* uLh4 UL4T�|@|�L?t

Oihi |�i ?Lh4@* uLh4 UL4T�|@|�L?t hiuihhi_ |L �? t�MtiU|�L? ����2 @hi TihuLh4i_� +iU@**
|�@| |�i 4@T x _i�?�?} |�i t)t|i4 �t Lu |�i uLh4 xE%c >� ' E)E%c >�c %�c %2c %��c ��|�G

)E%c >� '
�

-
dE�� ?��%� n ?E%� n }E%� � %2��oc

��ihiG

? ' i3%
2
�

i3q�2

i3q�� n i3q�2
�

Oihi �� @?_ �2 @hi Lu |�i uLh4G

�� ' E%� � � %��
2c

�2 ' E%� � E%� n }E%� � %e��
2�

W? Lh_ih |L UL4T�|i |�i ?Lh4@* uLh4 Lu @ ��i?U�?ih M�u�hU@|�L?c @ A@)*Lh _i�i*LT4i?|
�T |L @?_ �?U*�_�?} �u|� Lh_ih |ih4t Lu ) �t hi^��hi_�

��2�� , T@?t�L?t

, T@?_�?} ? �T |L tiUL?_ Lh_ih )�i*_tG

i3q�2

i3q�� n i3q�2
'

�

i3qE��3�2� n �

'
�

2� qE�� � �2� n
�
2
q2E�� � �2�2

n�Em%mS�

'
�

2
n

q

e
E�� � �2� n �Em%me��

Oi?Uic �| uL**L�t uLh ?E%� |�@|G

?E%� '
�
�� %2�

���

2
n

q

e
E�� � �2�

�
n�Em%mS��

5�Mt|�|�|�?} |��t �? |�i i Thitt�L? uLh ) @ML�ic @?_ hi@hh@?}�?} |ih4t *i@_t |LG

)E%c >� '
�

-

�
�%� n E%� n }E%� � %2�� �%��

� ��� %2�
���

2
n

q

e
E�� � �2�

�
n�Em%m.�

�

�H



��2�2 ��@?}i Lu �@h�@M*it

A�i ?i | t|iT �t |L �?_ @? i Thitt�L? Lu x �? E5c 75c +� �@h�@M*it� �L|i |�@|G

E%�c %2c %�c %e� ' E5 n 75c 7b5 n b75c +� n 7b25 n b275c +e n 7b�5 n b�75�

W? |�i ?i� ULLh_�?@|itc |�i u@U|Lht Lu ) �@�i |�i uL**L��?} uLh4G

%� n }E%� � %2�� �%� ' Sf5 n Sf5c

�� %2� ' �� 52 � 2m5m2 � 752

q

e
E�� � �2� ' S�5

2 n S2m5m2 n S�75
2 n�Em5mm+m�c

��ihi |�i S� �@�i |�i uL**L��?} �@*�itG

Sf ' � n } � � � }7bc E�f�

S� '
q

e
E�� �7b2�2 � q

e
E�� E� n }�7b2 n }7b��2c E���

S2 '
q

2
m�� �b2m2 � q

2
m�� E� n }�b2 n }b�m2� E�2�

A�i ThL�iU|�L? l Lu x @*L?} ^c }��i? M) E2H�c ?L� hi@_tG

lE5c 75c +� ' b5 n
�

�� 7b2

[
6n?'�

6:fc?:f

l6?5
675? n �Em5mec m5m2m+mc m+m2��

A�i L?*) ULi�U�i?| ���U� @U|�@**) �@t |L Mi UL4T�|i_c l2�c �t }��i? M)G

l2� ' SfES2 � �� n Sf

�
S� � �

2

�
� E���

��2�� �Lh4@* uLh4 |h@?tuLh4@|�L?

5�?Ui � ' �Em5m��c |�i _)?@4�Ut L? |�i Ui?|hi 4@?�uL*_ �T |L uL�h|� Lh_ih @hi }��i? M)G

�E5c 75� ' lE5c 75c�E5c 75�� ' b5 n
�

�� 7b2

[
6n?'�

6:fc?:f

l6?5
675? n�Em5mD��

A�i uLh4 Lu � U@? Mi t�4T*��i_ M) U�LLt�?} ULLh_�?@|it @TThLTh�@|i*)G UL?t�_ih |�i
|h@?tuLh4@|�L? �c ��ihiG

5 ' ME�c 7�� ' �n �E�c 7�� ' �n
[
6n?'�

6:fc?:f

�6?�
67�?�

�b



W? ?i� ULLh_�?@|itc |�i _)?@4�Ut ��E�c 7�� �@�i |�i uLh4G

��E�c 7�� ' b�n
[

6n?'�

�
l6?

�� 7b2
n b�6? � b63?�6?

�
�67�? n�Em�mD��

,^�@|�?} |L 3ihL @t 4@?) ULi�U�i?|t Lu |��h_ Lh_ih |ih4t @t TLtt�M*i *i@_t |LG

��f ' � l�f
bm�� b2m2 c �2� ' fc ��2 ' � l�2

bE�� 7b2�2
c �f� ' � lf�

bE�� 7b2�E�� 7be�
�

Oihi �| �t @tt�4i_ |�@| b 95 i�c �c��c��j� �u|ih |�i |h@?tuLh4@|�L?c |�i 4@T � hi@_tG

�E�c 7�� ' b�n
l2�

�� 7b2
�m�m2 n�Em�mD��

Oi?Uic |�i OLTu M�u�hU@|�L? @| f �t _i}i?ih@|i �uG

+i
7bl2�
�� 7b2

' +i
l2�

b� 7b
' fc

Lhc i^���@*i?|*)c �uG
W4 l2� ' f� E�e�

��2�e ��u�hU@|�L? U�h�it

Nt�?} i^�@|�L?t E2D�c E�f��E�2�c E���c E�e�c @?_ �@|�i4@|�U@c |�i U�h�i Lu TL�?|t ��ihi
|�i ?iUitt@h) UL?_�|�L? uLh @ ��i?U�?ih M�u�hU@|�L? E�e� �t t@|�t�i_ �@t Mii? T*L||i_ �?
�}�hi � �? |�i 4@�? |i |� A��t �@t Mii? _L?i uLh |�i U@ti |�@| - ' ��f�c �t�?} |�i u@U| |�i
?iUitt@h) UL?_�|�L? uLh @ OLTu M�u�hU@|�L? } ' 2- �t t@|�t�i_ uLh ��i?U�?ih M�u�hU@|�L?t
@t �i**�

ef



+iuihi?Uit

^4` Duqro*g/ Y1L1/ +4<;6, Jhrphwulf phwkrgv lq wkh wkhru| ri ruglqdu| gl�huhqwldo htxdwlrqv/ Vsulqjhu1

^5` Duwkxu/ Z1E1/ Kroodqg/ M1K1/ OhEdurq/ E1/ Sdophu/ U1 dqg Wd|oru/ S1/ +4<<:, Dvvhw sulflqj xqghu
hqgrjhqrxv h{shfwdwlrqv lq dq duwl�fldo vwrfn pdunhw1 Lq Duwkxu/ Z1E1/ Gxuodxi/ V1Q1/ dqg Odqh/
G1D1/ hgv1/ Wkh hfrqrp| dv dq hyroylqj frpsoh{ v|vwhp LL/ Uhgzrrg Flw|/ Dgglvrq0Zhvoh|1

^6` Edfn/ D1/ Jxfnhqkhlphu/ M1/ P|huv/ P1U1/ Zlfnolq/ I1M1/ dqg Zruiron/ S1D1/ +4<<5,/ GvWrro= Frp0
sxwhu dvvlvwhg h{sorudwlrq ri g|qdplfdo v|vwhpv/ Qrwlfhv Dphu1 Pdwk1 Vrf1 6</ 636~63<1

^7` Eroohuvohy/ W1/ 4<;9/ Jhqhudol}hg dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw|/ Mrxuqdo ri Hfrqr0
phwulfv 64/ 63:~65:1

^8` Em�rujhuv/ W1 dqg Vdulq/ U1/ +4<<:,/ Ohduqlqj Wkurxjk Uhlqirufhphqw dqg Uhsolfdwru G|qdplfv/
Mrxuqdo ri Hfrqrplf Wkhru| ::/ 4~471

^9` Eurfn/ Z1D1/ +4<<6, Sdwkzd|v wr udqgrpqhvv lq wkh hfrqrp|= hphujhqw qrqolqhdulw| dqg fkdrv lq
hfrqrplfv dqg �qdqfh/ Hvwxglrv Hfrq�rplfrv ;/ 6~881

^:` Eurfn/ Z1D1/ +4<<:, Dvvhw Sulfh Ehkdylru lq Frpsoh{ Hqylurqphqwv/ lq= Duwkxu/ Z1E1/ Gxuodxi/
V1Q1/ dqg Odqh/ G1D1/ hgv1/ Wkh Hfrqrp| dv dq Hyroylqj Frpsoh{ V|vwhp LL/ Dgglvrq0Zhvoh|/
Uhdglqj/ PD/ 6;8~7561

^;` Eurfn/ Z1D1/ dqg Krpphv/ F1K1/ +4<<:d, D udwlrqdo urxwh wr udqgrpqhvv/ Hfrqrphwulfd 98/ 438<~
43<81

^<` Eurfn/ Z1D1/ dqg Krpphv/ F1K1/ +4<<:e, Prghov ri frpsoh{lw| lq hfrqrplfv dqg �qdqfh/ Lq= Kh|/
F1/ Vfkxpdfkhu/ M1P1/ Kdq}rq/ E1/ dqg Suddjpdq/ F1/ hgv1/ V|vwhp G|qdplfv lq Hfrqrplf dqg

Ilqdqfldo Prghov/ Fkdswhu 4/ Zloh| Sxeo1/ ss1 6~741

^43` Eurfn/ Z1D1/ dqg Krpphv/ F1K1/ +4<<;,/ Eurfn/ Z1D1/ dqg Krpphv/ F1K1/ +4<<;, Khwhurjhqhrxv
eholhiv dqg urxwhv wr fkdrv lq d vlpsoh dvvhw sulflqj prgho/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg

Frqwuro 55/ 4568~:71

^44` Eurfn/ Z1D1/ dqg Krpphv/ F1K1/ +4<<<, Udwlrqdo Dqlpdo Vslulwv/ Lq= Khulqjv/ S1M1M1/ Oddq/ ydq
ghu J1 dqg Wdopdq/ D1M1M1 hgv1/ Wkh Wkhru| ri Pdunhwv/ Qruwk0Kroodqg/ Dpvwhugdp/ 43<~46:1

^45` Eurfn/ Z1D1/ Odnrqlvkrn/ M1 dqg OhEdurq/ E1/ +4<<5, Vlpsoh whfkqlfdo wudglqj uxohv dqg wkh vwr0
fkdvwlf surshuwlhv ri vwrfn uhwxuqv/ Mrxuqdo ri Ilqdqfh 7:/ 4:64~971

^46` Eurhu/ K1Z1/ Kxlwhpd/ J1E1/ Wdnhqv/ I1/ dqg Euddnvpd/ E1/ +4<<3, Xqiroglqjv dqg elixufdwlrqv ri
txdvl~shulrglf wrul/ Phprluv ri wkh DPV ;6

^47` Fkhqflqhu/ D1/ +4<;8, Elixufdwlrqv gh srlqwv �{hv hoolswltxhv1 L1 Frxuehv lqyduldqwhv/ LKHV~

Sxeolfdwlrqv pdwk�hpdwltxhv 94/ 9:~45:1

^48` Fkhqflqhu/ D1/ +4<;8, Elixufdwlrqv gh srlqwv �{hv hoolswltxhv1 LL1 Ruelwhv shulrgltxhv hw hqvhpeohv
gh Fdqwru lqyduldqwv/ Lqyhqwlrqhv pdwkhpdwlfdh ;3/ ;4~4391

^49` Fkhqflqhu/ D1/ +4<;;, Elixufdwlrqv gh srlqwv �{hv hoolswltxhv1 LLL1 Ruelwhv s�hulrgltxhv gh _sh0
wlwhv% s�hulrghv hw �holplqdwlrq u�hvrqqdqwh ghv frxsohv gh frxuehv lqyduldqwhv/ LKHV~Sxeolfdwlrqv
pdwk�hpdwltxhv 99/ 8~<41

^4:` Fklduhood/ F1/ +4<<5, Wkh g|qdplfv ri vshfxodwlyh ehkdylrxu/ Dqqdov ri rshudwlrqv uhvhdufk 6:/
434~4561

^4;` Fklduhood F1/ Kh [10]1/ +5333, Khwhurjhqhrxv Eholhiv/ Ulvn dqg Ohduqlqj lq d Vlpsoh Dvvhw Sulflqj
Prgho1 Frpsxwdwlrqdo Hfrqrplfv/ iruwkfrplqj1
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^4<` Grhgho/ H1M1/ Fkdpsqh|v/ D1U1/ Idlujulhyh/ W1I1/ Nx}qhwvry/ \x1D1/ Vdqgvwhgh/ E1/ dqg Zdqj/ [1/
+4<<;, DXWR <:= Frqwlqxdwlrq dqg Elixufdwlrq Vriwzduh iru Ruglqdu| Gl�huhqwldo Htxdwlrqv +zlwk
KrpFrqw,1 kwws=22lqg|1fv1frqfrugld1fd2dxwr2pdlq1kwpo

^53` Gh Orqj/ M1E1/ Vkohlihu/ D1/ Vxpphuv/ O1K1/ dqg Zdogpdqq/ U1M1/ +4<<3, Qrlvh wudghu ulvn lq
�qdqfldo pdunhwv/ Mrxuqdo ri Srolwlfdo Hfrqrp| <;/ :36~:6;1

^54` Hqjoh/ U1I1/ +4<;5, Dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw| zlwk hvwlpdwhv ri wkh yduldqfh ri
Xqlwhg Nlqjgrp lq�dwlrq/ Hfrqrphwulfd 83/ <;:~433:1

^55` Hydqv/ J1 dqg Krqndsrkmd/ V1/ +4<<;, Ohduqlqj G|qdplfv/ lq Wd|oru/ M1E1 dqg Zrrgirug/ P1/
Kdqgerrn ri Pdfurhfrqrplfv/ Hovhylhu/ Dpvwhugdp1

^56` Iduphu/ M1G1/ 5333/ Pdunhw irufh/ hfrorj| dqg hyroxwlrq/ Mrxuqdo ri Hfrqrplf Ehkdylrxu dqg Ru0

jdql}dwlrq/ iruwkfrplqj1

^57` Iudqnho/ M1D1 dqg Iurrw/ N1D1/ +4<;;, Fkduwlvwv/ Ixqgdphqwdolvwv dqg wkh Ghpdqg iru Grooduv/
Juhhn Hfrqrplf Uhylhz 43/ 7<~4351

^58` Iulhgpdq/ P1/ +4<86, Wkh fdvh ri �h{leoh h{fkdqjh udwhv/ Lq= Hvvd|v lq srvlwlyh hfrqrplfv/ Fklfdjr/
Xqly1 Fklfdjr Suhvv1

^59` Jdxqhuvgruihu D1/ +5333d, Hqgrjhqrxv �xfwxdwlrqv lq d vlpsoh dvvhw sulflqj prgho zlwk khwhurjh0
qhrxv eholhiv/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 57/ 8~:= :<<0;641

^5:` Jdxqhuvgruihu D1/ +5333d, Dgdswlyh Eholhiv dqg wkh Yrodwlolw| ri Dvvhw Sulfhv/ Zrunlqj Sdshu/
Xqlyhuvlw| ri Ylhqqd1

^5;` Jdxqhuvgruihu D1 dqg Krpphv F1K1/ +5333,/ D Qrqolqhdu Vwuxfwxudo Prgho iru Yrodwlolw| Foxvwhulqj/
VIE Zrunlqj Sdshu Qr1 96/ Xqlyhuvlw| ri Ylhqqd dqg Ylhqqd Xqlyhuvlw| ri Hfrqrplfv dqg Exvlqhvv
Dgplqlvwudwlrq/ dqg FhQGHI Zrunlqj Sdshu1

^5<` Judqgprqw/ M10P1/ +4<<;, H{shfwdwlrqv Irupdwlrq dqg Vwdelolw| lq Odujh Vrflr0Hfrqrplf V|vwhpv1
Hfrqrphwulfd 99/ :74~;41

^63` Judqjhu/ F1Z1M1 dqg Whu�dvyluwd/ W1/ +4<<<, D vlpsoh qrqolqhdu wlph vhulhv prgho zlwk plvohdglqj
olqhdu surshuwlhv1 Hfrqrplf Ohwwhuv 95/ 494~4981

^64` Jxfnhqkhlphu M1 dqg Krophv S1/ +4<;9, Qrqolqhdu rvfloodwlrqv/ g|qdplfdo v|vwhpv/ dqg elixufdwlrqv
ri yhfwru �hogv/ Vsulqjhu/ Qhz \run1

^65` Khupdq P1/ +4<:<, Vxu od frqmxjdlvrq gl��huhqwldeoh ghv gl��hrprusklvphv gx fhufoh �d ghv urwdwlrqv/
Sxeo1 Pdwk LKHV 7</ 8~5671

^66` Krpphv F1K1/ +4<<5, Shulrglf/ Txdvl0Shulrglf dqg Fkdrwlf G|qdplfv lq d Vlpsoh Pdfur Prgho
zlwk Klfnvldq Qrqolqhdulwlhv/ Lq= Ihlfkwlqjhu J1/ hg1/ G|qdplf dqg Hfrqrplf Prghov dqg Rswlpdo

Frqwuro/ Hovhylhu Vflhqfh Sxeolvkhuv1

^67` Krpphv F1K1/ +5333, Ilqdqfldo Pdunhwv dv Qrqolqhdu Dgdswlyh Hyroxwlrqdu| V|vwhpv/ FhQGHI
Zrunlqj Sdshu/ Xqlyhuvlw| ri Dpvwhugdp1

^68` Mdfrevrq/ P1Y1/ +4<;4, Devroxwho| frqwlqxrxv lqyduldqw phdvxuhv iru rqh0sdudphwhu idplolhv ri
gl�hrprusklvpv/ Frpxqlfdwlrqv lq Pdwkhpdwlfdo Sk|vlfv ;4/ 6<~;;1

^69` Nlupdq/ D1/ +4<<4, Hslghplfv ri rslqlrq dqg vshfxodwlyh exeeohv lq �qdqfldo pdunhwv/ Lq P1 Wd|oru
+hg1,/ Prqh| dqg �qdqfldo pdunhwv/ Pdfploodq/ Orqgrq1

^6:` Nudxvnrsi/ E1 dqg Rvlqjd/ K1P1/ +4<<;, Lqyhvwljdwlqj wruxv elixufdwlrqv lq wkh irufhg Ydq ghu Sro
rvfloodwru/ LPD Yro1 Pdwk1 Dsso1/ Vsulqjhu0Yhuodj1

^6;` Nx}qhwvry/ \1D1/ +4<<;d, Hohphqwv ri Dssolhg Elixufdwlrq Wkhru| +5qg hg1,/ Vsulqjhu Yhuodj/ Qhz
\run1
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^6<` Nx}qhwvry/ \1D1/ +4<<;e, FRQWHQW ~ Lqwhjudwhg hqylurqhphqw iru dqdo|vlv ri g|qdplfdo v|vwhpv1
Wxwruldo1 iws=22iws1fzl1qo2sxe2FRQWHQW2

^73` OhEdurq/ E1/ +5333, Hyroxwlrq dqg wlph krul}rqv lq dq djhqw edvhg vwrfn pdunhw/ Zrunlqj sdshu

Eudqghlv Xqlyhuvlw|/ Mxqh 53331

^74` OhEdurq/ E1/ Duwkxu/ Z1E1 dqg Sdophu/ U1/ +4<<<,/ Wlph vhulhv surshuwlhv ri dq duwl�fldo vwrfn
pdunhw/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 56/ 47;:~48491

^75` Ox{/ W1/ +4<<8, Khug Ehkdylru/ Exeeohv dqg Fudvkhv/ Wkh Hfrqrplf Mrxuqdo 438/ ;;4~;<91

^76` Ox{/ W1 dqg Pdufkhvl/ P1/ +4<<<d, Vfdolqj dqg fulwlfdolw| lq d vwrfkdvwlf pxowl0djhqw prgho ri d
�qdqfldo pdunhw/ Qdwxuh 6<:/ Iheuxdu| 4<<</ 7<;~8331

^77` Ox{/ W1 dqg Pdufkhvl/ P1/ +4<<<e, Yrodwlolw| foxvwhulqj lq �qdqfldo pdunhwv= d plfur0vlpxodwlrq ri
lqwhudfwlqj djhqwv/ Lqwhuqdwlrqdo Mrxuqdo ri Wkhruhwlfdo dqg Dssolhg Ilqdqfh/ lq suhvv1

^78` Pdqghoeurw/ E1/ 4<96/ Wkh yduldwlrq ri fhuwdlq vshfxodwlyh sulfhv/ Mrxuqdo ri Exvlqhvv 69/ 6<7~74<1

^79` Prud/ O1/ dqg Yldqd/ P1/ +4<<6, Dexqgdqfh ri vwudqjh dwwudfwruv/ Dfwd Pdwkhpdwlfd 4:4/ 4~:41

^7:` Prvhu/ M1/ +4<:6, Vwdeoh dqg Udqgrp Prwlrqv lq G|qdplfdo V|vwhpv/ Sulqfhwrq Xqlyhuvlw| Suhvv1

^7;` Qhzkrxvh/ V1/ Sdolv/ M1 dqg Wdnhqv/ I1/ +4<;6, Elixufdwlrqv dqg vwdelolw| ri idplolhv ri gl�hrpru0
sklvpv/ LKHV~Sxeolfdwlrqv pdwk�hpdwltxhv/ 8~:51

^7<` Sdolv/ M1 dqg Wdnhqv/ I1/ +4<<6, K|shuerolflw| dqg vhqvlwlyh fkdrwlf g|qdplfv dw krprfolqlf elixu0

fdwlrqv/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^83` Srphdx/ \1 dqg Pdqqhylooh/ S1/ +4<;3, Lqwhuplwwhqw wudqvlwlrq wr wxuexohqfh lq glvvlsdwlyh g|qdp0
lfdo v|vwhpv/ Frppxqlfdwlrqv lq Pdwkhpdwlfdo Sk|vlfv :7/ 4;<~4<:1

^84` Slqwxv/ S1/ Vdqgv/ G1/ dqg Yloghu/ gh U1/ +5333, Rq wkh wudqvlwlrq iurp orfdo uhjxodu wr joredo
luuhjxodu �xfwxdwlrqv/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 57/ 57:~5:51

^85` Vdujhqw/ Wkrpdv M1/ +4<<6, Erxqghg Udwlrqdolw| lq Pdfurhfrqrplfv/ Foduhqgrq Suhvv/ R{irug1

^86` Vdujhqw/ Wkrpdv M1/ +4<<<, Wkh Frqtxhvw ri Dphulfdq Lq�dwlrq/ Sulqfhwrq Xqlyhuvlw| Suhvv/
Sulqfhwrq1

^87` Wlpphupdqq/ D1/ 4<<6/ Krz ohduqlqj lq �qdqfldo pdunhwv jhqhudwhv h{fhvv yrodwlolw| dqg suh0
glfwdelolw| lq vwrfn sulfhv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43;/ 4468~44781

^88` Wlpphupdqq/ D1/ 4<<9/ H{fhvv yrodwlolw| dqg suhglfwdelolw| ri vwrfn sulfhv lq dxwruhjuhvvlyh glyl0
ghqg prghov zlwk ohduqlqj/ Uhylhz ri Hfrqrplf Vwxglhv 96/ 856~88:1

^89` Yloghu/ gh U1J1/ +4<<9, Frpsolfdwhg g|qdplfv lq d wzr0glphqvlrqdo ryhuodsslqj jhqhudwlrqv prgho1
Mrxuqdo ri Hfrqrplf Wkhru| :4/ 749~7751

^8:` ]hhpdq/ H1F1/ +4<:7, Wkh xqvwdeoh ehkdylru ri vwrfn h{fkdqjh/ Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv

4/ 6<~7<1
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