
Ait|�?} @?_ |�i �i|�L_ Lu 5�i�it

�i|ih a� ��U!i*
N?��iht�|) Lu �@*�uLh?�@ @| �ih!i*i)

v@<@UL� +�|L�
OiMhi� N?��iht�|)

A�L4@t �� 5|L!ih
�@tt@U��ti||t W?t|�|�|i Lu AiU�?L*L})

a�*) �bbH

Devwudfw

Wklv sdshu ghyhorsv whvw vwdwlvwlfv edvhg rq vfruhv iru wkh vshfl�fdwlrq

ri uhjuhvvlrq lq qrqsdudphwulf dqg vhplsdudphwulf frqwh{wv1 Zh vwxg|

krz gl�huhqw w|shv ri whvw vwdwlvwlfv irfxv srzhu rq gl�huhqw gluhfwlrqv

ri ghsduwxuh iurp wkh qxoo k|srwkhvlv1 Zh frqvlghu lqgh{ prghov dv ed0

vlf h{dpsohv/ dqg xwlol}h vlhyhv iru qrqsdudphwulf dssur{lpdwlrq1 Zh h{0

dplqh ydulrxv jrrgqhvv0ri0�w vwdwlvwlfv/ lqfoxglqj Fudphu0yrq Plvhv dqg

Nroprjrury0Vpluqry irupv1 Iru d _er{0vw|oh% vlhyh dssur{lpdwlrq/ zh hv0

wdeolvk olplwlqj glvwulexwlrqv ri wkhvh vwdwlvwlfv1 Zh ghyhors d errwvwuds

uhvdpsolqj phwkrg iru hvwlpdwlqj fulwlfdo ydoxhv iru wkh whvw vwdwlvwlfv/ dqg

looxvwudwh wkhlu shuirupdqfh zlwk d Prqwh Fduor vlpxodwlrq1

�� W?|hL_�U|�L?

A�i Th@U|�Ui Lu t|@|�t|�U@* |it|�?} T*@)t ti�ih@* hL*it �? i4T�h�U@* hiti@hU�� A�iti
hL*it h@?}i uhL4 |�i U@hiu�* @ttitt4i?| Lu |�i i��_i?Ui @}@�?t| tTiU��U tU�i?�
|��U �)TL|�itit |L |�i ��_}i4i?| Lu ��i|�ih @? it|�4@|i_ 4L_i* _�tT*@)t _iUi?|
}LL_?itt�Lu��| |L |�i i4T�h�U@* _@|@� A�i U@hiu�* @?@*)t�t Lu t�3i @?_ TL�ih �?
t|@|�t|�U@* |�iLh) �t Lu|i? LMtU�hi_ M) |�i Thiti?|@|�L? Lu @ M@||ih) Lu |it| hit�*|t
�? t�TTLh| Lu @ M@t�U 4L_i* Lh @ ��i� @ML�| |�i Mi�@��Lh@* ThLUittit |�@| }i?ih@|i
|�i i4T�h�U@* _@|@� �? itti?|�@* T@h| Lu |�i @ttitt4i?| Lu |�i hit�*|t Lu t|@|�t|�U@*



|it|�?} �t @? �?_iht|@?_�?} Lu ��@| !�?_t Lu _iT@h|�hit uhL4 |�i M@t�U 4L_i* �@�i
Mii? U�iU!i_�

W? |��t T@Tih �i _i�i*LT tL4i }i?ih@* |�iLh) uLh tULhi |it|t �? ti4�T@h@4i|h�U
@?_ ?L?T@h@4i|h�U UL?|i |t� A�i @TThL@U� Lu tULhi |it|�?} �t M@ti_ L? |�i tTiU��U
_i*�?i@|�L? Lu @*|ih?@|��i �)TL|�ititc @?_ Tih4�|t @ UL�it��i _�tU�tt�L? Lu |it|�?}
uLh _iT@h|�hit �? tTiU��U _�hiU|�L?t @t �i** @t |�i UL4M�?@|�L? Lu |it|t �? 4�*|�T*i
_�hiU|�L?t� ��h uLU�t �t L? @TThL �4@|�L? Lu *@h}i tT@Uit Lu @*|ih?@|��it M) t�i�itc
Lh |�i ti| @?@*L}�i Lu tih�it i T@?t�L?t Lu u�?U|�L?t� A��t u@U�*�|@|it |�i Lh_ih*)
UL?t�_ih@|�L? Lu �?Uhi@t�?} h@?}it Lu @*|ih?@|��i _�hiU|�L?t� `��*i L�h 4@�? hi�
t�*|t i?UL4T@tt 4@?) u@4�*�@h |it|tc L�h ��i� �t |�@| |�i @TThL@U� ��** ThL��_i
t|h�U|�hi |L |�i �?_iht|@?_�?} Lu i @U|*) �L� �?L?T@h@4i|h�U< @TThL �4@|�L? Lu
@*|ih?@|��it �t Mi�?} @U��i�i_ �? @ Th@U|�U@* |it|�?} UL?|i |�

A�i *�|ih@|�hi L? |it|�?} ��|� ?L?T@h@4i|h�U @*|ih?@|��it �t hi@tL?@M*) *@h}i
@?_ }hL��?} h@T�_*)� O@h| E�bb.� ThL��_it @? i Ui**i?| L�ih��i� Lu |�i t|@|�t|�U@*
*�|ih@|�hi �? |�i UL?|i | Lu @?@*)3�?} EL?i�_�4i?t�L?@*� hi}hitt�L? t|h�U|�hi� L̀h!
4Lhi U*Lti*) �? *�?i ��|� L�h uLU�t L? tULhi |it|�?} �?U*�_i ��L�c O@** @?_ 5U��U!
E�bbS� @?_ 6@? E�bbS�� v@|U�i� E�bbH� ThL��_it UL�ih@}i Lu |�i iUL?L4i|h�U
*�|ih@|�hi L? |it|�?} ��|� ?L?T@h@4i|h�U @*|ih?@|��it( @*tL tii ���| 5@�@*�@c ��U!i*
@?_ 5|L!ih E�bbH� uLh hiuihi?Uit� ��h uLU�t L? @*|ih?@|��i _�hiU|�L?t �t hi@tL?@M*)
U*Lti �? tT�h�| |L |�i |it|�?} Lu UL?_�|�L?@* 4L4i?| hit|h�U|�L?t �? iUL?L4i|h�U
4L_i*t( tii ��ihi?t E�bbf�c wi�Mi* E�bbD�c ��ihi?t @?_ �*LMih}ih E�bb.� @?_
��i? @?_ 6@? E�bbH�c @4L?} L|�iht�
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ì ?L� _�tU�tt �L� |L T�| tULhi |it|t Lu L?i�_�4i?t�L?@* @*|ih?@|��it |L}i|�ih uLh
|it|�?} UL4TLt�|i @*|ih?@|��it� �L?t�_ih |�i t�|�@|�L? ��ihi |�i ?�** �)TL|�it�t
�t t�4T*iG

Sf ' i�fj
@?_ *i|

T ' i�w G w 5 +j
_i?L|i @ hi}�*@h 4L_i* |�hL�}� �f� �*i@h*)c |�i tULhi �� � �% _iTi?_t L? |�i T
_�hiU|�L?� � UL4TLt�|i @*|ih?@|��iS �t |�i �?�L? Lu ti�ih@* t�U�T<t� A�i hi*i�@?|

ti| Lu E@*|ih?@|��i� tULhit �t |�i |@?}i?| tT@Ui
�S E�f� _i�?i_ @t |�i *�?i@h U*Lt�hi

Lu @** |�i @ttLU�@|i_ tULhit �%�
�?i �@) Lu UL4M�?�?} |�i tULhi |it|t @ttLU�@|i_ ��|� _�gihi?| L?i�_�4i?t�L?@*

t�M4L_i*t �t U*@tt�U@*� �L?t�_ih |�i t�|�@|�L? Lu @ �?�|i ?�4Mih Lu t�M4L_i*t
E_�hiU|�L?t�c ��|� �?_���_�@* tULhit _i?L|i_ ��c � � � c �R� �i}�? M) @tt�4�?} |�@|
|�i tULhit @hi 4�|�@**) Lh|�L}L?@* �?_ih �fc ��i� E�@c �K�f ' B@K uLh @c K ' �c � � � c R�
W? |��t U@ti �| �t i@t) |L �ih�u) |�@|

A '
&[

�'�

#
�s
?

?[
�'�

�� Ef��

$
2

$ �2R

�?_ih Mc @t �L�*_ Mi i TiU|i_�
`�i? |�i tULhit uhL4 _�gihi?| t�M4L_i*t @hi ULhhi*@|i_c |�i? |�i�h UL�@h�@?Ui

t|h�U|�hi U@? Mi _�@}L?@*�3i_ �? |�i t|@?_@h_ �@) |L ThL_�Ui @? @?@*L}L�t |it|
t|@|�t|�U� A�@| �tc t�TTLti |�@|

nE�@c �K�fn2 ' Pf

@?_ Pf �t ?L?t�?}�*@hc |�i? |�i ?@|�h@* |it| t|@|�t|�U �t

A '

����� �s
?

?[
�'�

P
3�*2
f

�� Ef��

�����
2

'
�

?

%
?[

�'�

�� Ef��

&�

P3�
f

%
?[

�'�

�� Ef��

&
$ �2R

��ihi ��
� � E��c � � � c �R��

H



A�iti uLh4�*@i @h�ti ?@|�h@**) �? |�i T@h@4i|h�U U@ti @t uL**L�t� Wu

S ' i�w G w 5 +Rj

|�i? |�i |@?}i?| tT@Ui
�S E�f� �t |�i *�?i@h U*Lt�hi Lu iY�*Yw� G � ' �c � � � c Rjc @?_

|�i |it| t|@|�t|�U �t

A '
�

?

%
?[

�'�

Y� Ef��

Yw

&�

L3�
f

%
?[

�'�

Y� Ef��

Yw

&

��ihi Lf �t |�i �?uLh4@|�L? 4@|h� �
5ULhi |it|t Lu |��t u@4�*�@h uLh4 u@** �?_ih |�i h�Mh�U Lu w@}h@?}i 4�*|�T*�ih

|it|t �? iUL?L4i|h�Utc ���U� hiuih |L |it|t |�@| i @4�?i _iT@h|�hit 4@!�?} �ti L?*)
Lu it|�4@|it Lu |�i t|@|�t|�U@* 4L_i* �?_ih |�i ?�** �)TL|�it�t� W? UL?|h@t|c @̀*_
|it|t Lh *�!i*��LL_ h@|�L |it|t @hi M@ti_ L? UL4T@h�?} it|�4@|it Lu |�i 4L_i* �?_ih
@*|ih?@|��it ��|� |�Lti Lu |�i 4L_i* it|�4@|i_ �?_ih |�i ?�**� W? |�i T@h@4i|h�U
UL?|i |c |L �ht| Lh_ihc ML|� @̀*_ @?_ *�!i*��LL_ h@|�L |it|t @hi i^���@*i?| |L tULhi
M@ti_ |it|t�

W| �t �4TLh|@?| |L ?L|i |�@| A �t ��t| L?i �@) Lu UL4M�?�?} |�i _�gihi?| |it|
_�hiU|�L?t� A�ihi �t ?L|��?} 4@}�U �? |�i �@�@*@?LM�t _�t|@?Ui Lh |�i *�!i*��LL_
h@|�L |it|� A�i @TThLTh�@|i �i�}�|i_ @�ih@}i t�L�*_ Mi t�U� |�@| |�i _�hiU|�L?t
Lu �?|ihit| �L�*_ }i| 4Lhi �i�}�| |�@? |�i L|�ih _�hiU|�L?tc tL |�@| |�i |it| ��**
�@�i TL�ih �? |�Lti _�hiU|�L?t�

A��t @TThL@U� @TT*�it i^�@**) �i** |L |�i t�|�@|�L? ��ihi |�i @*|ih?@|��i �)�

TL|�it�t UL?|@�?t @? �?�?�|i ?�4Mih Lu _�hiU|�L?tc Lh ��ihi
�S E�f� �@t �?�?�|i

M@t�t� W? T@h|�U�*@hc t�TTLti |�@| |�i |@?}i?| tT@Ui �t |�i *�?i@h U*Lt�hi Lu |�i ti|
Lu _�hiU|�L?t

i�� G � 5 +^j
@?_ > �t @ 4i@t�hi L? +^ ��|� _i?ti t�TTLh|� A�L uLh4t Lu t|@|�t|�Ut @h�ti �?
@?@*L}) |L |�i �?�|i _�4i?t�L?@* U@tic ?@4i*) |�i �i�}�|i_ t^�@hi_ @�ih@}i tULhi

A@ '
] #

�s
?

?[
�'�

�� Ef��

$
2

_> E�� E����

@?_ |�i 4@ �4�4 @�ih@}i tULhi

AK ' t�T
�

����� �s
?

?[
�'�

�� Ef��

����� � E��2�

b



5L4i u@4�*�@h t|@|�t|�Ut uhL4 _i?t�|) it|�4@|�L?c @t �i** @t U*@tt�U@* ?L?T@h@4i|h�U
}LL_?itt�Lu��| |it|tc u@** �?|L |��t U@|i}Lh) Lu tULhi |it|t�

, @4T*i ��� EBLL_?itt�Lu�6�| 5|@|�t|�Ut�� �L?t�_ih |it|�?} |�i ?�** �)TL|��
it�t |�@| @ _�t|h�M�|�L? L? + �t �f @}@�?t| R@**� @*|ih?@|��itc ?@4i*) ��ihi

�S E�f� ' i� 5 u2 E�f� G .f d� E%�o ' fj
Wu �i UL?t�_ih |�i u@4�*) Lu _�hiU|�L?t

�� E�� ' � E� � ��� 8f E�� ( � 5 +

��ihi 8f �t |�i U�4�*@|��i _�t|h�M�|�L? u�?U|�L? Lu�fc |�i? |�i uL**L��?} |�L t|@�
|�t|�Ut @h�ti �? @ttLU�@|�L? ��|� |�Lti @ML�i� �ttLU�@|i_ ��|� E���� �t |�i u@4�*�@h
�h@4ih�VL? ��tit }LL_?itt�Lu��| t|@|�t|�U

A@ ' ?
]
E8? E��� 8f E���

2 _8f E��

��ihi 8? �t |�i i4T�h�U@* _�t|h�M�|�L? u�?U|�L?c @?_ |�i �i�}�|�?} 4i@t�hi �t
> ' 8f� �LhhitTL?_�?} |L E��2� �t |�i u@4�*�@hkL*4L}LhL��54�h?L� }LL_?itt�Lu�
�| |it| t|@|�t|�U

AK ' t�T
�

���s? E8? E��� 8f E���
��� �

A��t @TThL@U� �t @*tL !?L�? @t |�i �?�L?��?|ihtiU|�L? |it| ENWA��

W| �t i@t) |L i |i?_ |�iti �_i@t |L t�|�@|�L?t ��ihi |�i @*|ih?@|��i _�hiU|�L?t
_iTi?_ L? |�i t�3i Lu |�i t@4T*i @?_ i@U� @*|ih?@|��i @TThL �4@|it _iT@h|�hi
�? |�i _i?t�|) 4Lhi @?_ 4Lhi �?i*) @t ? �?Uhi@tit� 6Lh �?t|@?Uic �u |�i |@?}i?|
tT@Ui �t |�i *�?i@h U*Lt�hi Lu @ �?�|i ti| Lu t�U� _�hiU|�L?t i��? G � � � � &?jc |�i?
�2&? t|@|�t|�Ut @hi _ih��i_ @t @ML�i� Wu |�i ?�4Mih Lu _�hiU|�L?t �t �?*�4�|i_ @t
�? i��? G �? 5 +^jc |�i? |it| t|@|�t|�Ut Lu |�i ��U!i* @?_ +Lti?M*@|| E�b.�� uLh4
@h�ti�

e� 5ULhi Ait|t @?_ |�i �i|�L_ Lu 5�i�it

e��� Ait|�?} �@h@_�}4

A�i @ML�i �_i@t 4L|��@|i L�h }i?ih@* |it|�?} T@h@_�}4� 6Lh @ t�4T*i ?�** �)TL|��
it�tc �i UL?t�_ih @ M@t�U tULhi t|@|�t|�U Lu |�i uLh4

~? E�� � �s
?

?[
�'�

� Ef��

�f



��ihi � �t @ _�hiU|�L? �? |�i |@?}i?| tT@Ui

� 5 �S E�f�

��h L�ih@** @TThL@U� �t |L M��*_ |it| t|@|�t|�Ut �t�?} ~
?
E���

6Lh UL4TLt�|i �)TL|�ititc UL?t�_ih |�i tT@Ui Lu @*|ih?@|��it

S '
q
�Ekcq� G k 5 �cq 5 �

r

��ihi �c � @hi u�?U|�L? tT@Uit� A�i ?�** �)TL|�it�t Lu �?|ihit| �t

M G q ' f

#i�?i |�i Ru�**�c R?�**� @?_ R@*|ih?@|��i� |@?}i?| tT@Uit

�S Ekc q� ' A@?}i?| 5T@Ui Lu |�i �L_i* S @| �Ekcq�
�Sf Ekc f� ' A@?}i?| 5T@Ui Lu

q
�Ekcf� G k 5 �

r
@| �Ekcf�

�S
z

f Ekc f� ' �h|�L}L?@* �L4T*i4i?| Lu
�Sf Ekc f� �?

�S Ekc f�

A�@| �tc
�Sf Ekc f� B �S

z

f Ekc f� @?_
�S Ekc f� '

�Sf Ekc f�� �S
z

f Ekc f�� 5�TTLti
�S
z

f Ekc f� �t hiThiti?|@M*i @t |�i �4@}i Lu @ � i_ O�*Mih| tT@UiK �?_ih � E�c k� G
K $ �S

z

f Ekc f�� #i�?i |�i tULhi ThLUitt M)

~? E�ck� � �s
?

?[
�'�

�E�c k� Ef�� �

�L�c �u �E	kcf� �t @ RUL?t�t|i?|� it|�4@|i Lu �f �?_ih Mc |�i? �i uLh4 @ ThL ) uLh
~? E�ck� M)

	~? E�� � �s
?

?[
�'�

�W Ef�c 	k�

@?_ M��*_ |it| t|@|�t|�Ut �t�?} |��t ThL )�
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