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Devwudfw

Wklv sdshu dujxhv wkdw dvvhw sulfh surfhvvhv dulvlqj iurp pdunhw

fohdulqj frqglwlrqv vkrxog eh prghohg dv sxuh mxps surfhvvhv/ zlwk qr

frqwlqxrxv pduwlqjdoh frpsrqhqw1 Krzhyhu/ zh vkrz wkdw frqwlqxlw|

dqg qrupdolw| fdq dozd|v eh rewdlqhg diwhu d wlph fkdqjh1 Zh vwxg|

ydulrxv h{dpsohv ri wlph fkdqjhv dqg vkrz wkdw lq doo fdvhv wkh| duh

uhodwhg wr phdvxuhv ri hfrqrplf dfwlylw|1 Iru wkh prvw jhqhudo fodvv

ri surfhvvhv/ wkh wlph fkdqjh lv d vl}h0zhljkwhg vxp ri rughu duulydov1

Wkh sdshu surylghv d qxpehu ri qhz surfhvvhv iru prgholqj sulfhv1

Fkdudfwhulvwlf ixqfwlrqv iru wkhvh surfhvvhv duh dovr jlyhq lq forvhg

irup1

�Wklv sdshu zdv frpsohwhg gxulqj wkh wlph Glols Pdgdq zdv ylvlwlqj wkh Fhqwuh gh

Uhfkhufkhv srxu o*Hqvhljqhphqw gh od Jhvwlrq/ dw wkh Xqlyhuvlw| ri Sdulv L[ Gdxsklqh1
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ì ^�it|�L? |�i �@*�_�|) Lu _�g�t�L?t @t @? @TThLTh�@|i 4L_i* uLh |�i
�?_ih*)�?} �?Uih|@�?|�it� W?t|i@_c �i hiThiti?| |�i Th�Ui ThLUitt @t �?t|@?|@�
?iL�t*) @?_ UL?|�?�L�t*) @_��t|�?} |L i L}i?L�t _i4@?_ @?_ t�TT*) t�LU!t�
ì ��i� |�i �?_ih*)�?} �?Uih|@�?|�it EhiThiti?|i_ M) U�4�*@|i_ t�LU!t� @t

UL?t�t|�?} Lu �?Uhi@t�?} h@?_L4 ThLUittit� �t t�U�c L�h Th�Ui ThLUittit |�h?
L�| |L Mi |�i _�gihi?Ui Lu |�L �?Uhi@t�?} h@?_L4 ThLUittitc hiThiti?|�?} hi�
tTiU|��i*) |�i �T @?_ _L�? 4L�it Lu |�i 4@h!i|� W? UL?|h@t| ��|� �hL�?�@?
4L|�L?c t�U� ThLUittit @hi Lu �?�|i �@h�@|�L?� 6�h|�ih4Lhic �i _i4L?t|h@|i
|�@| �? |�i Thiti?Ui Lu *LU@* �?Uih|@�?|) t�U� ThLUittit @hi }i?ih@**) T�hi*)
_�tUL?|�?�L�t��

A�i �4T*�U@|�L?t Lu L�h |�iLh) uLh iUL?L4�U @?@*)t�t @?_ h�t! 4@?@}i4i?|
@hi ThLuL�?_� �| �@h�@?Ui ��|� |�i �*@U! 5U�L*it �ih|L? ti||�?}c LT|�L?t
U@? ?L *L?}ih Mi hiT*�U@|i_ M) |h@_�?} �? |�i t|LU! @?_ 4L?i) 4@h!i| @U�
UL�?|� W? u@U|c |�i Th�4@h) 4L|��@|�L? uLh |�i �ti Lu UL?|�?�L�t ThLUittit @t
hiThiti?|�?} Th�Ui 4L�i4i?|t �@t ?L| �|t @UU�h@U)c M�| h@|�ih |�i _)?@4�U
�i_}�?} @h}�4i?|c �@*�_ �? |��t UL?|i |c |�@| 4@_i LT|�L?t hi_�?_@?| @tti|t
@?_ *i_ |L |�i O@!@?ttL? E�b.b� T@h@_L � W? L�h iUL?L4)c ?L| L?*) _L �i
LM|@�? TL|i?|�@**) }hi@|ih @UU�h@U) �? _itUh�M�?} t|LU! Th�Ui U�@?}itc M�| LT�
|�L?t MiUL4i Th�4@h) 4@h!i| UL4T*i|�?} @tti|t �tiu�* �? �i_}�?} ��4T h�t!t

4Dq h{fhswlrq lv surylghg e| wkh orfdo wlphv ri Eurzqldq prwlrq1

2



���*i LT|�L? Th�Uit UL?t|�|�|i @ h�U� tL�hUi Lu �?uLh4@|�L? |L Mi i4T*L)i_ �?
_it�}?�?} LT|�4@* h�t! i TLt�hit�

A�i TLtt�M�*�|) Lu _�tUL?|�?��|�it Lh ��4Tt �? @tti| Th�Uit �@t @ *L?} ��t�
|Lh) �? |�i iUL?L4�Ut *�|ih@|�hi� �ih|L? E�b.S� UL?t�_ihi_ |�i @__�|�L? Lu @
��4T UL4TL?i?| |L |�i U*@tt�U@* }iL4i|h�U �hL�?�@? 4L|�L? 4L_i* uLh |�i
Th�U�?} Lu LT|�L?t L? t|LU!t� W? i T*@�?�?} |�i _�t|h�M�|�L? Lu hi|�h?t t�U�
4L_i*t �ihi �ti_ @t i@h*) @t �hitt E�bSD�� � ?�4Mih Lu @�|�Lht �@�i t�?Ui
UL?t�_ihi_ |�i �tt�i Lu 4@h!i| UL4T*i|i?itt �? |��t UL?|i | Etii uLh �?t|@?Ui
aL?it E�bHe��c a@hhL� @?_ �@_@? E�bbD��c ���*i L|�iht �@�i @ttitti_ @?_
@h}�i_ uLh |�i�h ?iUitt�|) �? i T*@�?�?} �4T*�i_ �L*@|�*�|) t4�*it �? *L� 4@�
|�h�|) LT|�L?t Etii uLh �?t|@?Ui �@|it E�bbS�c �@!t��c �@L @?_ ��i? E�bb.���
OL�i�ihc |�iti 4L_i*t @** UL?|@�? @ _�g�t�L? UL4TL?i?| �? @__�|�L? |L @
*L� Lh �?�|i @U|���|) ��4T T@h|G |�i _�g�t�L? UL4TL?i?| @UUL�?|t uLh ��}�
@U|���|) �? Th�Ui ��U|�@|�L?t ���*i |�i ��4T UL4TL?i?| �t �ti_ |L @UUL�?|
uLh h@hi @?_ i |hi4i 4L�i4i?|t�

�) UL?|h@t|c �i @UUL�?| uLh |�i t4@**c ��}� @U|���|) @?_ h@hi *@h}i 4L�it
Lu |�i Th�Ui ThLUitt �? ML|� @ �?��i_ @?_ UL??iU|i_ 4@??ih� 6Lh |�i ThL�
Uittit �i UL?t�_ihc Th�Ui ��4Tt @hi |�i h�*i @?_ @** 4L|�L? LUU�ht ��@ ��4Tt�
O�}� @U|���|) �t @UUL�?|i_ uLh M) @ *@h}i E�? u@U| �?�?�|i� ?�4Mih Lu t4@**
��4Tt� A�i @U|���|) @| �@h�L�t ��4T t�3it �t @?@*)|�U@**) UL??iU|i_ M) |�i
hi^��hi4i?| |�@| t4@**ih ��4Tt LUU�h @| @ ��}�ih h@|i |�@? *@h}ih ��4Tt�

A�i ThLTih|) Lu @? �?�?�|i ?�4Mih Lu t4@** 4L�it �t t�@hi_ ��|� |�i
_�g�t�L?�M@ti_ 4L_i*tc ��|� |�i @__�|�L?@**) @||h@U|��i ui@|�hi |�@| |�i t�4
Lu @MtL*�|i U�@?}it �? Th�Ui �t �?�|i uLh L�h ThLUittit ���*i uLh _�g�t�L?t |��t
�t �?�?�|i EuLh _�g�t�L?tc |�i Th�Ui U�@?}it 4�t| Mi t^�@hi_ MiuLhi |�i) t�4
|L @ �?�|i �@*�i�� A��t 4@!it �| TLtt�M*i uLh �t |L Uhi@|i @?_ Th�Ui UL?|h@U|t
M@ti_ L? |�i �?t|@?|@?iL�t �T�@h_c _L�?�@h_ Lh |L|@* �@h�@M�*�|) ETLt�|��ic
?i}@|��ic Lh @MtL*�|i Th�Ui ��4T t�3i� Lu �?_ih*)�?} @tti| Th�Uitc �? @__�|�L?
|L |�i 4Lhi |h@_�|�L?@* UL?|h@U|t ��|� T@)Lgt |�@| @hi u�?U|�L?@**) hi*@|i_
|L |�i *i�i* Lu |�i �?_ih*)�?} Th�Ui� �hLUittit t�4�*@h |L L�ht �@�i hiUi?|*)
Mii? �ti_ �? LT|�L? Th�U�?} 4L_i*t M) Oit|L? E�bb��c �@_@? @?_ ��*?i
E�bb��c @?_ �?U*�_i |�i k� t|@M*i �?Uhi4i?|t uLh k 	 � |�@| �ihi t|�_�i_ M)
�@?_i*MhL| E�bS�� @?_ �U��**LU� E�b.H��

A�L�}� |�i ThLUittit �i @_�LU@|i @hi T�hi ��4T ThLUittit @?_ Lu �?�|i
|L|@* �@h�@|�L?c �i }i?ih@*�3i |�i hit�*|t Lu �*@h! E�b.�� @?_ t�L� |�@| |�i)
4@) @*�@)t Mi ��i�i_ @t UL?|�?�L�t ThLUittit �? @? iUL?L4�U 4i@t�hi Lu
|�4i� �*@h! E�b.�� UL?t�_ihi_ t�MLh_�?@|i_ ThLUittit ��ihi Th�Uit �ihi hiT�
hiti?|i_ M) @ }iL4i|h�U �hL�?�@? 4L|�L? @?_ |�4i �@t }��i? M) @?L|�ih

�



�?_iTi?_i?| }iL4i|h�U �hL�?�@? 4L|�L?� A�i ThLUittit �i ThLTLti U@?
@*tL Mi �h�||i? @t �hL�?�@? 4L|�L? i�@*�@|i_ @| @ h@?_L4 |�4i U�@?}i ELh @
t|LU�@t|�U U*LU!�c M�| �? }i?ih@* |�i ThLUitt Lu |�i U*LU! ?ii_ ?L| Mi �?_iTi?�
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|�i �?uLh4@|�L? ThL��_i_ M) _i4@?_ @?_ t�TT*) t�LU!t �? |�i 4@h!i|� 2

5Wkh uhvxowlqj mxps surfhvv qhhg qrw eh rqh ri erxqghg yduldwlrq dqg lw pd| qrw eh

fdsdeoh ri ehlqj ghfrpsrvhg lqwr wkh gl�huhqfh ri wzr lqfuhdvlqj surfhvvhv li wkh lq�qlwh

dfwlylw| ri vpdoo fkdqjhv lv wrr odujh> krzhyhu/ zh ylhz wkh k|srwkhvlv ri lq�qlwh yduldwlrq

dv xquhdolvwlf dqg frqvlghu pdlqo| surfhvvhv ri erxqghg yduldwlrq dv jrrg sulflqj prghov1
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ì ?L|i |�@| |�i Th�Ui ThLUitt ��** Mi UL?|�?�L�t �? U@*i?_@h |�4i L?*) �u
|�i |�4i U�@?}i �t UL?|�?�L�t� A��t LMtih�@|�L? �@t tL4i hit|h�U|��i �4T*��
U@|�L?t� Wu |�i |�4i U�@?}i �t UL?|�?�L�t �| 4�t| itti?|�@**) Mi @ t|LU�@t|�U
�?|i}h@* ��|� hitTiU| |L �hL�?�@? 4L|�L? E+i��3 @?_ vLh E�bbe�c T@}i �bf
A�iLhi4 ��b���f 6Lh @ |�4i U�@?}ic �| uL**L�t |�@| |�i _�g�t�L? UL4TL?i?|
4�t| Mi 3ihLG L|�ih��ti �| ��** ?L| Mi @? �?Uhi@t�?} ThLUitt @?_ tL U@?�
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ì �ht| UL?t�_ih hiThiti?|@|�L?t Lu |�i |)Ti }��i? M) i^�@|�L? E2b� �?
���U� |�i �hL�?�@? 4L|�L? �t �?_iTi?_i?| Lu |�i |�4i U�@?}i� 6�h|�ih4Lhic
|L @**L� uLh @__�|�L?@* }i?ih@*�|) �i UL?t�_ih t|LU�@t|�U |�4i U�@?}it @TT*�i_
|L UL?|�?�L�t W|L ThLUittit� 6hL4 |��t TihtTiU|��ic *i| %E|� Mi @? W|L ThLUitt
Lu |�i }i?ih@* uLh4

%E|� ' %Ef� n

|]
f

wE��_�n

|]
f

jE��_` E��� E�f�
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ì ?L� �?�it|�}@|i @?_ UL44i?| L? |�i hi*@|�L?t��T LM|@�?i_ �? EeD�
Mi|�ii? |�i |�4i U�@?}i @?_ |�i Lh_ih @hh��@* ThLUitt� �? Lh_ih Lu t�3i
+c Mi �| M�) Lh ti**c @hh��it @| |�i h@|i 2 i TE�@+�� AL UL?t|h�U| |�i |�4i
U�@?}i �i �@�i |L �i�}�| |�i Lh_iht Lu _�gihi?| t�3it _�gihi?|*)( �? u@U|c
Lh_iht Lu t�3i + @4L�?| |L @ i TE�@E@���+� �?�|t Lu |�4i U�@?}i� 6Lh @ ' �
i@U� Lh_ih @4L�?|t |L @ �?�| Lu |�4i U�@?}ic @t �? |�i U@ti Lu |�i hi�iU|i_
?Lh4@* ThLUittc M�| uLh @ : � E��i? 4Lt| Lu |�i Lh_iht @hi t4@**�c |�i
t4@** Lh_iht UL�?| uLh @ }hi@|ih |�4i U�@?}i�A�i LTTLt�|i �L*_t uLh @ 	 �c
�? ���U� U@ti *@h}i Lh_iht UL�?| uLh }hi@|ih |�4i U�@?}it� A�i Mhi@! i�i?
TL�?| Lu Lh_ih t�3it |�@| UL�?| uLh @ �?�| |�4i U�@?}i �t }��i? �? ML|� U@tit
M) *?E@�*E@E@� ����

��h ?i | i @4T*i UL?t�_iht |�L ��}� @U|���|) ThLUittit uLh |�i Thi�@�*�
�?} Th�Ui M�) @?_ ti** Lh_ih ThLUittit� W? T@h|�U�*@h �i UL?t�_ih uLh LE|�
@?_ T E|�c |�L �?_iTi?_i?| }@44@ ThLUittit ��|� @ UL44L? ULi�U�i?| Lu
�@h�@|�L?�

22



e�2 B@44@ ThLUitt #i4@?_ @?_ 5�TT*) 5�LU!t

5�TTLti |�@| |�i Thi�@�*�?} Th�Ui M�) Lh_ih ThLUittc LE|�c �t @ }@44@ ThLUitt
��|� 4i@? @?_ �@h�@?Ui h@|it >�c D�c hitTiU|��i*)c ���*i |�i Thi�@�*�?} Th�Ui
ti** Lh_ih ThLUittc T E|�c �t @*tL @? �?_iTi?_i?| }@44@ ThLUitt Lu 4i@? @?_
�@h�@?Ui h@|it >2c D2 hitTiU|��i*)� W| �t �tiu�* |L �h�|i |�iti ThLUittit �? |ih4t
Lu |�i t|@?_@h_ }@44@ ThLUitt ��|� �?�| 4i@? @?_ �@h�@?Ui h@|it�

wi| �E|� _i?L|i |�i t|@?_@h_ }@44@ ThLUitt Lu �?�| 4i@? @?_ �@h�@?Ui
h@|i� A�i t|@?_@h_ }@44@ ThLUitt �t @ T�hi ��4T �?Uhi@t�?} h@?_L4 ThLUitt
��|� U�@h@U|ih�t|�U u�?U|�L?

��E|�E�� '

�
�

� � ��

�|

EeS�

@?_ w�i�) 4i@t�hi

g�E%�_% '
i TE�%�

%
_% uLh % : f Ee.�

|�@| �?|i}h@|it |L �?�?�|)c @?_ �i?Ui �i �@�i @ ThLUitt |�@| ��4Tt �?�?�|i*)
Lu|i? �? @?) �?|ih�@* ELh @ ��}� @U|���|) ThLUitt�c �? t�@hT UL?|h@t| |L |�i
ThLUittit UL?t�_ihi_ �? |�i *@t| t�MtiU|�L?�

�?i 4@) �h�|i |�i Thi�@�*�?} Th�Ui M�) @?_ ti** Lh_ih ThLUittitc LE|� @?_
T E|�c �? |ih4t Lu |�i t|@?_@h_ }@44@ ThLUitt M)

L E|� '
D�

>�
�E
>2�
D�
|�c ���*i T E|� '

D2

>2

�E
>2
2

D2
|��
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