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Devwudfw

Lw lv vxjjhvwhg wkdw wkh txdqwl}dwlrq ri �x{/ fkdujh/ dqg dqjxodu

prphqwxp eh lqwhusuhwhg dv d vhw ri lqghshqghqw qdwxudo frqfhswv zklfk

sk|vlfdoo| h{klelw fhuwdlq wrsrorjlfdo surshuwlhv ri wkh �hogv rq d vsdfh0wlph

pdqlirog1 Wkhvh txdqwxp/ ru wrsrorjlfdo/ surshuwlhv pd| eh ghvfulehg lq

whupv ri rqh0/ wzr0/ dqg wkuhh0glphqvlrqdo shulrgv/ uhvshfwlyho|1 Lq whupv ri

wklv ylhzsrlqw/ wrsrorjlfdo frqvwudlqwv ehwzhhq wkh rqh0/ wzr0/ dqg wkuhh0

glphqvlrqdo shulrgv fdq eh sxw lqwr fruuhvsrqghqfh zlwk ydulrxv jdxjh

wkhrulhv1 Li d g|qdplfdo v|vwhp lv wr eh qrqglvvlsdwlyh/ lq wkh vhqvh wkdw

lwv rqh0/ wzr0/ dqg wkuhh0glphqvlrqdo0wrsrorjlfdo shulrgv duh uhyhuvleoh lq0

yduldqwv ri wkh prwlrq/ wkhq lw lv suryhg khuhlq wkdw wkh g|qdplfdo �hog Y

pxvw eh d Kdplowrqldq yhfwru �hog/ wkf �hog fxuuhqwv pxvw eh sursruwlrqdo

wr Y/ dqg wkh Odjudqjldq gl�huhqfh ehwzhhq wkh hodvwlf dqg1lqhuwldo hqhuj|

ghqvlw| pxvw eh wzlfh wkh lqwhudfwlrq hqhuj| ghqvlw|/ uhvshfwlyho|1
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�t ?L LM��L�t hi@tL? ��) |�i *i?}|� Lu |�i �iU|Lh t�L�*_ Mi |�i t@4i @t �| �@t
��i? �| t|@h|i_� A�i �iU|Lh *i?}|� �@TTi?t |L Mi *i?}|�c Lh }@�}ic �?�@h�@?| ��|�
hitTiU| |L T@h@**i* |h@?tTLh| L? ,�U*�_i@? tT@Uitc M�| �| ?ii_ ?L| Mi �?�@h�@?| L?
L|�ih tT@Uit�

� 4Lhi }i?ih@* ��i�TL�?| ?L|it |�@| �TL? hi|�h? |L |�i t|@h|�?} TL�?| |�i �?@*
�iU|Lh 4@) Mi Lu _�gihi?| *i?}|�c @?_ @*tL �| 4@) �@�i @ *�?i Lu @U|�L? ?L| T@h@**i*
|L |�i �?�|�@* �iU|Lh� A�i _iUhi4i?| �iU|Lh Mi|�i? |��t �?�|�@* @?_ �?@* t|@|i 4@)
�@�i @ UL4TL?i?| �? |�i �T*@?i� Lu |�i U�h�it @?_ |�i �?�|�@* �iU|Lhc @?_ Tih�@Tt
@ UL4TL?i?| L�| Lu |�i �?�|�@* T*@?i� � A�i _iUhi4i?| @?}*i L�| Lu |�i T*@?i
�t hi*@|i_ |L |�i |Lht�L? Lu |�i tT@Uic @?_ |�i _iUhi4i?| @?}*i �? |�i T*@?i �t
hi*@|i_ |L |�i U�h�@|�hi Lu |�i tT@Ui� Wu |�i U*Lti_ *LLT �t _i�?i_ M) ti}4i?|t
Lu �iU|Lh �i*_tc |�i ThLT@}@|i_ �iU|Lh 4@) Lh 4@) ?L| Mi @*}iMh@�U@**) U*Lti_
��|� hitTiU| |L |�iti �iU|Lht� Wu |�i ThLT@}@|i_ �iU|Lhc �TL? Mi�?} |h@?tTLh|i_
@hL�?_ |�i *LLTc �t ?L| U*Lti_ ��|� hitTiU| |L |�i �iU|Lh }i?ih@|Lht Lu |�i *LLTc
M�| �? @ ti?ti TL�?|t L�| Lu |�i T*@?i Lu |�i *LLTc |�i? |�i tT@Ui �@t |Lht�L?�
W44ihti_ tT@Uit _L ?L| �@�i |Lht�L?( t�M4ihti_ tT@Uit U@? �@�i |Lht�L?� �L�
@ }hi@| i4T�@t�t �t T*@Ui_ L? |�i }@�}i �?�@h�@?Ui Lu T�)t�U@* |�iLh�itc tL4i Lu

2�



�| �? @? @*4Lt| 4)t|�U@* ti?ti� OL�i�ihc @UULh_�?} |L |�i �_i@t i Thitti_ �? |��t
|i | |�i ?L|�L? Lu }@�}i �?�@h�@?Ui hi*@|it |L @ UL?UiT| Lu |LTL*L}�U@* �?�@h�@?Uic
@?_ |��t UL?UiT| 4�t| Mi i |i?_i_ @*tL |L |�L @?_ |�hii�_�4i?�t�L?@* }@�}it� W|
�t |L Mi ?L|i_ |�@| �u |�i L?i�_�4i?t�L?@* }@�}it EL?i�_�4i?t�L?@* Tih�L_t� @hi
|L Mi �?�@h�@?| ��|� hitTiU| |L @ _)?@4�U@* |h@?tuLh4@|�L? }i?ih@|i_ M) |�i �i*_
Vc uLh @?) T@h@4i|h�3@|�L? �c |�i?

uE�V�

L
� S+S,e

D ' f E.�S�

OL�i�ihc t�U� @ hi^��hi4i?| *i@_t |L |�i ?iUitt@h) @?_ t��U�i?| UL?_�|�L?t E�@h�
|@?<t |�iLhi4� |�@| |�i i^�@|�L?t Lu 4L|�L? @hi _itUh�Mi_ M) O@4�*|L?<t T@h|�@*
_�gihi?|�@* i^�@|�L?t�d�2o

� ?iUitt@h) @?_ t��U�i?| UL?_�|�L? uLh @ |�iLh) |L Mi L?i�_�4i?t�L?@**)
}@�}i �?�@h�@?| EuLh @?) �� �t |�i? |�@| |�i |�iLh) Mi @ O@4�*|L?�@? |�iLh)� W|
�L�*_ @TTi@h |�@| |�i Thi_�*iU|�L? uLh }@�}i �?�@h�@?Ui TLtt�M*) U@? Mi hi*@|i_
|L |�i _i4@?_ uLh @ ^�@?|�4 |�iLh)c ���U� hi^��hit @ O@4�*|L?�@? M@t�t uLh
^�@?|�3@|�L? �? |�i #�h@U ti?ti�

W| t�L�*_ Mi hiUL}?�3i_ |�@| @ }@�}i �?�@h�@?| |�iLh) U@??L| i T*@�? |�i _i|@�*t
Lu ?L?@_�@M@|�U T�i?L4i?@c uLh _�tt�T@|�L? �4T*�it |�@| }@�}i �t ?L| �?�@h�@?|�
�t �@t 4i?|�L?i_ �? |�i |i |c |�i �?�@h�@?Ui Lu |�i L?i�_�4i?t�L?@* }@�}it _Lit
?L| }�@h@?|ii |�i �?�@h�@?Ui Lu |�i |�L� @?_ |�hii�_�4i?t�L?@* Tih�L_tc �?*itt
u�h|�ih UL?t|h@�?|t @hi T�| L? |�i t)t|i4� Oi?Uic |�ihi 4@) Mi _�tt�T@|��i igiU|t
�? @ T�)t�U@* t)t|i4 �u |�i |�L�_�4i?t�L?@* @?_ |�hii�_�4i?t�L?@* Tih�L_t @hi
?L| �?��@h�@?|� � O@4�*|L?�@? |�iLh) 4@) t|�** Mi _�tt�T@|��i �? |�i ti?ti |�@|
|�i |�L� @?_ |�hii�_�4i?t�L?@* Tih�L_t 4@) ?L| Mi �?�@h�@?|c i�i? |�L�}� |�i
L?i�_�4i?t�L?@* Tih�L_t @hi �?�@h�@?|� 6Lh |�Lti |LTL*L}�U@* t)t|i4t ��ihi |�i
T @?_ E��T� _�4i?t�L?@* Tih�L_t @hi _�@*�t|�U@**) hi*@|i_ E�� _�@* |L @?}�*@h
4L4i?|�4� |�i? @ O@4�*|L?�@? @?@*)t�t �4T*�it ML|� UL?tih�@|�L? Lu �� @?_
@?}�*@h 4L4i?|�4c M�| t|�** _Lit ?L| }�@h@?|ii UL?tih�@|�L? Lu |�L�_�4i?t�L?@*
Tih�L_t EU�@h}i T@�ht U@? Mi Uhi@|i_ �? @? �?_iTi?_i?| _�tt�T@|��i 4@??ih��

6Lh �)_hL_)?@4�U t)t|i4t ��ihi |�i �?�| tL�hUi �t 4@tt E?L| U�@h}i� |�i
�?|i}ih hi*@|�L?t Lu |�i L?i�_�4i?t�L?@* Tih�L_t �@�i Mii? i Tih�4i?|@**) LM�
tih�i_c @?_ |�i ^�@?|�4 Lu �Lh|�Uit �? t�Tih���_t �t �*6 E?L| �*e�� ��)t�U@**)c
��@| |�i |�L�_�4i?t�L?@* Tih�L_t @hi uLh t)t|i4t ��|� 4@tt @t |�i tL�hUi E}h@��
�|)� �t ?L| !?L�?� �i�|�ih �t |�ihi i Tih�4i?|@* i��_i?Ui @�@�*@M*i @| |��t |�4i
uLh |�hii�_�4i?t�L?@* Tih�L_t �? @ �)_hL_)?@4�U t)t|i4� A�i hi*@|�L?t��T Mi�
|�ii? Uhi@|�L? Lu ?L?3ihL Tih�L_t @?_ �?t|@M�*�|) UL?UiT|t *i@_t |L |�i UL?�iU�

2e



|�hi |�@| |�iti igiU|t @hi |L Mi LMtih�i_ �? |�i |�hM�*i?| t|@|i� EOL�i�ih tii
�||TG%%�������i_�%�h!�i�? �bb.�

.�S� ���,�#Wj 6G #N�wWAv ��# �,+W�#5

W| �t !?L�? |�@| |LTL*L}�U@* Tih�L_t @hi hi*@|i_ |L �i||� ?�4Miht @?_ |�@| uLh
Uih|@�? tT@Uit |�i �i||� ?�4Miht LMi) |�i �L�?U@hi�*i @?_ih _�@*�|) Th�?U�T*i(
|�@| �R ' ��3Rc L? UL4T@U| Lh�i?|i_ tT@Uit�d�So A�i �_i@ Lu _�@*�|) U@? Mi �ti_
|L i T*@�? |�i @TT@hi?| T@h@_L Mi|�ii? |�i �L�h 5L44ihui*_ ^�@?|�3@|�L? h�*icL

R>_^
> ' ?| E.�.�

���U� �4T*�it |�@| 4iU�@?�U@* @U|�L? �t hi*@|i_ |L @ L?i�_�4i?t�L?@* Tih�L_c @?_
|�i i*iU|hL4@}?i|�U UL?UiT| |�@| @U|�L? �t hi*@|i_ |L @ |�hii�_�4i?t�L?@* Tih�L_
dtii ,^� ES�o� AL hitL*�i |�i T@h@_L c UL?t�_ih |�Lti t)t|i4t ��ihi |�i u@U|Lh�3@�
|�L? Lu ,^� E�b� �t @_4�tt�M*i( |�i? |�i |�hii�_�4i?t�L?@* Tih�L_ Lu @U|�L? MiUL4it
ThLTLh|�L?@* |L |�i L?i�_�4i?t�L?@* Tih�L_ Lu �� 4L_ |�i |�L�_�4i?t�L?@* Ti�
h�L_ Lu U�@h}i� �*@tt�U@**) |��t hit�*| �t i Thitti_ M) |�i t|@|i4i?| |�@| |�i
i*iU|hL4@}?i|�U 4L4i?|�4 �t ' |�4it |�i �iU|Lh TL|i?|�@*� ALTL*L}�U@**)c |�i
UL?UiT| �t @ _�@*�|) UL?t|h@�?| L? |�i Tih�L_t Lu _�4i?t�L? R ' � @?_ � � R ' �
uLh � i_ �@*�it Lu 'c @?_ t|@|it |�@| |�i �� Tih�L_t @hi ThLTLh|�L?@* |L |�i
@U|�L? Tih�L_t� N?_ih |��t |LTL*L}�U@* UL?t|h@�?| |�i |�hii�_�4i?t�L?@* Tih�L_c Lh
�?|i}h@*c Lu @U|�L? 4@) Mi hi_�Ui_ |L @ L?i�_�4i?t�L?@* Tih�L_c Lh �?|i}h@*c �? |�i
�L�h�5L44ihui*_ U@ti�

W? 4iU�@?�Utc @ t�4�*@h T@h@_L @h�tit ��i? |�i w@}h@?}�@? @TThL@U� �t UL4�
T@hi_ |L |�i O@4�*|L?�@? @U|�L? |�iLh)� A�i ^�it|�L? @t!i_ �tG `�i? �t |�i w@�
}h@?}i �?|i}h@?_c u_|c i^���@*i?| |L |�i O@4�*|L?�@? @U|�L?c � ' R>_^

> �M_|q
Wu |�i i^���@*i?Ui �t |L Mi }*LM@**) �@*�_c |�i? �| uL**L�t |�@| �	_� ' f�( ��i�c
|�i O@4�*|L?�@? @U|�L? 4�t| Mi �?|i}h@M*i� 5�U� tTiU�@* U@tit �4T*) |�@| |�i
4L4i?|�4 �iU|Lh i�|�ih �@t 3ihL U�h*c Lh |�@| |�i U�h* Lu T Mi TihTi?_�U�*@h |L
T� �@?) T�)t�U@* t)t|i4t @_4�| t�U� _itUh�T|�L?tc M�| L|�iht _L ?L|� � ���_
��|� �Lh|�U�|) �t @ U*@tt�U UL�?|ih i @4T*i |L |�i i @U| U@tic @?_ @ ���_ ��|� @
|��t|i_ tiUL?_@h) �L� )�i*_t @? i @4T*i uLh |�i ?L?�?|i}h@M*i U@ti�

A�i hitL*�|�L? |L |�i T@h@_L Lu w@Bh@?}i�O@4�*|L?�@? @U|�L? i^���@*i?Ui �t
?L| L?*) hi*@|i_ |L |�i _�@*�|) Th�?U�T*ic M�| @*tL t�i_t tL4i *�}�| L? |�i ih}L_�U
ThLM*i4 Lu ��i? T�@ti @�ih@}it @hi i^���@*i?| |L |�4i @�ih@}it� W? |�i _�@*�|)
ti?tic |�i w@}h@?}i u�?U|�L? �t �?|ihThi|i_ ?L| @t |�i ULi�U�i?| Lu @ ��uLh4c M�|
@t |�i _iUL4TLti_ ULi�U�i?| Lu @ 2� _i?t�|) �? 2� n � tT@UiG

2D



O ' uERc ^c |�_^�	���_R E.�H�

�** 2� uLh4t @hi _iUL4TLt@M*ic M�| |�i) _L ?L| ?iUitt@h�*) hiThiti?| 2� �L*�4it�
A�i @ML�i uLh4@| t�}}it|t |�@| |�i w@}h@?}i _i?t�|) @TThL@U� @TTi@ht |L Mi
@ttLU�@|i_ ��|� T�@ti @�ih@}it� 6Lh i@U� 2� uLh4 �? 2� n � tT@Ui |�ihi i �t|t @
4i|h�U _�@* ���U� �t @ ��uLh4c �� A�@| �tc

�O ' Dc E.�b�

M) 4i@?t Lu |�i OL_}i _�@*�3@|�L? LTih@|Lh 8� A�i ^�it|�L? 4@) ?L� Mi @t!i_G
#Lit |�i _�@* Lu O @_4�| @ t�?}*i T@h@4i|ih E|�4i� hiThiti?|@|�L?q Wu |h�ic |�i?
|�ihi i �t|t @? ih}L_�U i^���@*i?Ui Mi|�ii?

U � � � U O @t @ T�@ti @�ih@}i @?_
U D

@t @ |�4i @�ih@}i� A�i i^���@*i?Ui Lu |�i |�L 4i|�L_t hi^��hit @}@�? |�@| |�i
O@4�*|L?�@? @U|�L?c �c Mi �?|i}h@M*iG

�	_� ' f ' E�O�	_E�O� E.��f�

A�i O@4�*|L?�@?�w@}h@?}i i^���@*i?Ui t�Mt�4it |�i ih}L_�U Th�?U�T*i�
A�i hi�ihti ^�it|�L? �t tL4i��@| _�gihi?|G 5�TTLti |�ihi i �t|t @? �?|i}h@M*i

��uLh4c �u�_� ' �� Wt |�i 4i|h�U@**) hi*@|i_ _�@* �� '
s
}}fDu_^�	��f_^D	���	_R�

_��ih}i?Ui uhiiq EW? Lh_ih �Lh_t �t |�i �T�@ti �L*�4i� U*Lti_q� A�i @?t�ih �t
)it �u

s
}u �t @? �?|i}h@|�?} u@U|Lh uLh |�i |�4i *�!i UL4TL?i?| Lu |�i 4i|h�U }fD�

� tL4i��@| 4Lhi }i?ih@* ��i� UL?t�_iht |�i _�@*�|) UL?t|h@�?|t Mi|�ii? 5T
@?_ D �? |ih4t Lu @ UL�L4L*L}) |�iLh)c @?_ UL4T@hit |�i U*Lti_ L?i�_�4i?t�L?@*
�?|i}h@*t @?_ |�i U*Lti_ 2�n� _�4i?t�L?@* �?|i}h@*t L? @ t|@|i tT@Ui Lu 2� n �
�@h�@M*it Rc ^c |� W? @ Thi*�4�?@h) �@)c @tt�4i |�@| |�i t�?}*i�_�4i?t�L?@* �?|i}h@*
�4T*�it |�i i �t|i?Ui Lu @ *�uLh4 D ' R>_^

> � M_| L? t|@|i tT@Uic @?_ @ L?i�
T@h@4i|ih 4@T � G � $ Rc ^c |c t�U� |�@| |�i T�**M@U! Lu |�i �?|i}h@* Lu |�i ��uLh4
i �t|t @t @ u�?U|�L? L? � ( �� i�c

�W
]

D '

]
u_�� E.����

W? |�i tiUL?_ t�|�@|�L?c UL?t�_ih @ 4@T � G ^c R $ ^c Rc | t�U� |�@| |�i 2� _��

4i?t�L?@* uLh4 V ' 4_^�	���_^�	_R�	���_R� � a�_|	f_^�	���_^�	_R�	���_R� ����� �@t
@ T�**M@U! �4@}ic

� �
]

� � �
]

V ,
]

� � �
]

7E^c R�_^�	���_R� E.��2�

2S



A�4i @�ih@}it @hi i^�@* |L T�@ti @�ih@}it ��i? �| �t TLtt�M*i |L i^�@|i E_�@**)�
|�i uLh4t Lu @U|�L? u |L @U|�L? _i?t�|) V� �t |�i ih}L_�U �)TL|�it�t @ttih|t |�@|
|�i LTi? �?|i}h@*t @hi i^���@*i?|c �| uL**L�t |�@| @ t�4�*@h ^�it|�L? 4@) Mi TLti_
@ML�| |�i U*Lti_ �?|i}h@*t( M�| |�i? |�i ^�it|�L? MiUL4it ��i? @hi |�i L?i�
_�4i?t�L?@* Tih�L_t i^���@*i?| |L |�i E�� ���_�4i?t�L?@* Tih�L_t� A�@| �tc @ttih|

_ eD ' f @?_ _ eO ' f tL |�@| |�i ^�it|�L? MiUL4itL eD '

]
� � �

]
2?S+S,e

eV E.����

M�| |��t ^�it|�L? �t t�4�*@h |L |�i ?L|�L? |�@| |�i �� ^�@?|@ @hi i^���@*i?|*)
hi*@|i_ |L |�i @U|�L? ^�@?|@� A�i M@t�U �_i@ Lu �4TLh|@?Ui �ihi �t |�i ?L|�L?
|�@| |�i Tih�L_t Lu eD @?_ |�i Tih�L_t Lu eV @hi _�@**) hi*@|i_ �? ih}L_�U t)t|i4t�
Wu |�i L?i�_�4i?t�L?@* Tih�L_t Lu eD @hi ^�@?|�3i_ �� @?_ �u |�i Tih�L_t Lu eV
@hi ^�@?|�3i_ @?}�*@h 4L4i?|�4c |�i? |�i) @hi �?_���_�@**) �? |�i h@|�L Lu |�i
�?|i}iht M) �hL��ih<t A�iLhi4 @?_ _�hiU|*) hi*@|i_ |L L?i @?L|�ih E|�@| �tc _�@**)
i^���@*i?|� �u �? ' �?3Rc i� }�c �u |�i tT@Ui �t UL4T@U| @?_ Lh�i?|@M*i� �t ?L| @**
tT@Uit �@�i �? ' �?3Rc |�i �� @?_ @U|�L? ^�@?|@ @hi ?L| @*�@)t _�@**) hi*@|i_c
@?_ ?L| @** t)t|i4t @hi ih}L_�U�

H� +iuihi?Uit

d�o �� Ah�it_i** @?_ +� �� AL�T�?c O@?_M�U� _ih ��)t�! E5Th�?}ih�Vih*@}c �ih*�?c
�bSf�c WWW%*c T� SSf�

d2o A��t @�|�Lh �@t @*ih|i_ |L |�i �hL��ih |�iLhi4 M) O� 6*@?_ihtc #�gihi?|�@*
6Lh4t E�U@_i4�Uc �i� vLh!c �bS��c T� .2( |�i |�iLhi4 �t }��i? �? 4@?) |i |tc uLh
i @4T*ic tii a�B� OLU!�?} @?_ B�5� vL�?}c ALTL*L}) E�__�tL?� ìt*i)c +i@_�?}c
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