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Zh h{whqg wkh flwl}hq fdqglgdwh iudphzrun e| doorzlqj iru hqgrjhqrxv sduw| irupd0
wlrq1 Zkhq d sduw| lv iruphg/ dq| phpehu ri wkdw sduw| wkdw zdqwv wr eh d fdqglgdwh
lq wkh hohfwlrq/ �uvw kdv wr uxq lq wkh sulpdu| hohfwlrq ri khu sduw|1 Zh vkrz wkdw
lq htxloleulxp rqh ohiw0zlqj dqg rqh uljkw0zlqj sduw| zloo eh iruphg1 Dovr/ wkhuh
pd| eh d udqjh ri wlq| fhqwulvw sduwlhv1 Dw prvw rqh jurxs ri h{wuhph flwl}hqv pd|
qrw eh d phpehu ri dq| sduw|1 Iru hdfk sduw|/ dw prvw rqh fdqglgdwh uxqv lq lwv
sulpdu| hohfwlrq1 Wkhuh lv d udqjh ri htxloleuld lq zklfk rqh fdqglgdwh uxqv lq wkh
jhqhudo hohfwlrq/ exw zh �qg d xqltxh wzr0fdqglgdwh htxloleulxp1 Zh wkxv vkrz wkdw
doorzlqj iru sduwlhv wr irup vhyhuho| uhvwulfwv wkh udqjh ri srvvleoh htxloleuld lq wkh
flwl}hq fdqglgdwh prgho1
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c � ' �c � � � c �� ì Lh_ih |�i U�|�3i?t t�U�

|�@| /� 	 /2 	 � � � 	 /
�

@?_ hiuih |L |�i 4i_�@? U�|�3i? @t U�|�3i? 6� `�i? �ih Thiuihhi_

TL*�U) �t ?L| �4T*i4i?|i_c �i @tt�4i |�@| @ U�|�3i? }i|t tL4i _�t�|�*�|)� A��t _�t�|�*�|) �t

�?Uhi@t�?} �? |�i _�t|@?Ui Mi|�ii? �ih Thiuihhi_ TL*�U) @?_ |�i TL*�U) |�@| �t �4T*i4i?|i_c

@?_ _Lit tL @| @? �?Uhi@t�?} h@|i� A��tc ��|� tL4i @M�ti Lu ?L|@|�L?c �i U@? �h�|i

�
�

E%� ' �� Em/
�

� %m� uLh |�i �|�*�|) Lu U�|�3i? � ��i? |�i TL*�U) U�L�Ui �t %c ��ihi m+m
_i?L|it |�i @MtL*�|i �@*�i Lu +c @?_ |�i *Ltt u�?U|�L? � �t t|h�U|*) UL?�i � A��tc U�|�3i?t

@hi h�t! @�ihti ��|� hitTiU| |L |�i TL*�U) |�@| ��** Mi �4T*i4i?|i_�

A�i UL44�?�|) ti*iU|t �|t hiThiti?|@|��i �? @? i*iU|�L?� �** U�|�3i?t U@? h�? uLh L�Uic

M�| u@Ui @ �|�*�|) ULt| B �u |�i) _L tL� Wu L?*) L?i U@?_�_@|i h�?t �? |�i }i?ih@* i*iU|�L?c

e



�i �t @�|L4@|�U@**) i*iU|i_� Wu ?L L?i h�?tc tL4i _iu@�*| TL*�U) %f �t �4T*i4i?|i_c ���U�

�t |�i �Lht| TLtt�M*i L�|UL4i uLh @** U�|�3i?tG ��E%f� ' �4 ;��
��|�3i?t U@? U�LLti |L �?�|i �? @ TL*�|�U@* T@h|)� #L�?} tL �t ULt|*itt� Wu @ U�|�3i?

_iU�_it |L h�? uLh L�Uic t�i �ht| �@t |L h�? �? @ Th�4@h) i*iU|�L? Lu �ih T@h|)� A�ihi @hi

?L @__�|�L?@* ULt|t �?�L*�i_ �? _L�?} tL� 6Lh i@ti Lu i TLt�|�L?c �i �?�|�@**) @tt�4i |�@|

@** U�|�3i?t @hi @ 4i4Mih Lu @ TL*�|�U@* T@h|)� A��t �t �@h4*ittG @ T@h|) 4@) i �t| Lu @**

U�|�3i?t� �*tLc @ T@h|) 4@) i �t| Lu L?*) L?i U�|�3i?� Wu |�ihi �t L?*) L?i U@?_�_@|i �? |�i

Th�4@h) i*iU|�L? Lu @ T@h|�U�*@h T@h|)c |�i? t�i �t @�|L4@|�U@**) ti*iU|i_ @t |�@| T@h|)<t

U@?_�_@|i �? |�i }i?ih@* i*iU|�L?� Wu ?L L?i h�?t �? |�i Th�4@h) i*iU|�L? Lu @ T@h|)c |�i?

|�@| T@h|) _Lit ?L| �i*_ @ U@?_�_@|i �? |�i }i?ih@* i*iU|�L?� Wu 4Lhi |�@? L?i U@?_�_@|i

h�?t �? @ T@h|)<t Th�4@h) i*iU|�L?c |�i? |�i 4i4Miht Lu |�@| T@h|) _iU�_i �? @? i*iU|�L?

���U� L?i Lu |�iti U@?_�_@|it ��** h�? �? |�i }i?ih@* i*iU|�L?� ì @tt�4i |�@| U�|�3i?t U@?
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?L� �@�i�

#i�?�|�L? � B��i? |�i T@h|) t|h�U|�hi �c@ T�hi t|h@|i}) i^��*�Mh��4 Lu |�i i?|h) }@4i

�t @ T�hi t|h@|i}) ThL�*i r @?_ �L|�?} �iU|Lht kWEFEr�� @?_ qW EFEr�� t�U� |�@|

�� uLh @** � 5 FEr�c

L
�

EFEr�c kWEFEr��c qWEFEr���� B � L
�

EFEr�*i�jc kWEFEr�*i�j�c qWEFEr�*i�j�� c
ED�

2� uLh @** � *5 FEr�c

L
�

EFEr�c kWEFEr��c qWEFEr��� � L
�

EFEr� ^ i�jc kWEFEr� ^ i�j�c qWEFEr� ^ i�j��� Bc
ES�

�� kWEFEr�� �t @ Th�4@h) i*iU|�L? �L|�?} i^��*�Mh��4c

e� qW EFEr�� �t @ }i?ih@* i*iU|�L? �L|�?} i^��*�Mh��4�

A�i �ht| UL?_�|�L? t@)t |�@| i�ih) U@?_�_@|i � |�@| �t h�??�?}c �t ��**�?} |L t|@) �?

|�i h@Ui� Wu t�i _Litc t�i LM|@�?t i TiU|i_ �|�*�|) L
�

EFEr�c kWc qW� c @t _i�?i_ M) Ee�c @?_

�?U�ht |�i ULt|t Lu h�??�?} B� Wu t�i _hLTt L�|c t�i LM|@�?t L
�

EFEr�c kWc qW� c |�i i TiU|i_

�|�*�|) uhL4 @? i*iU|�L? @4L?} @** L|�ih U@?_�_@|it �? |�i h@Ui� A��t U@?_�_@|i �t ��**�?}

|L t|@) �? |�i h@Ui �uc uLh tL4i �L|�?} i^��*�Mh�@c _hLTT�?} L�| }��it @ *L�ih i TiU|i_

�|�*�|)c �i?Ui ED�� 6Lh @?) U�|�3i? � ?L| h�??�?}c |�i i @U| LTTLt�|i 4�t| �L*_� 6hL4 |�i

U�hhi?| ti| Lu U@?_�_@|itc t�i LM|@�?t i TiU|i_ �|�*�|) L
�

EFEr�c kWc qW� � �*tL h�??�?} )�i*_t

L
�

EFEr� ^ i�jc kWc qW� 4�?�t |�i ULt|t Lu h�??�?} B� A�i �|�*�|) uhL4 t|@)�?} L�| �@t |L Mi

M�}}ihc |��t ES�� A�i |��h_ @?_ uL�h|� UL?_�|�L? t@) |�@| |�i �iU|Lht Lu �L|�?} _iU�t�L?t

6Wr nhhs wkh qrwdwlrq pdqdjhdeoh/ zh gr qrw xvh �� dv dq dujxphqw ri �� lq wklv gh�qlwlrq1

�f



kW @?_ qW L? ���U� U@?_�_@|it M@ti |�i�h i?|h) _iU�t�L?tc @hi i^��*�Mh�@ �? |�i t�Mti^�i?|

t�M}@4it�

W? |�i hi4@�?_ih Lu |��t T@Tih �i ��** Lu|i? hiuih |L @ T�hi t|h@|i}) i^��*�Mh��4 Lu |�i

i?|h) }@4i @t t�4T*) @? i?|h) i^��*�Mh��4� �}@�?c �| �t i@t) |L tii |�@| @? i^��*�Mh��4 �?

4� i_ t|h@|i}�it @*�@)t i �t|t� OL�i�ihc }��i? |�i ti|��T Lu |�i 4L_i*c �| U@? Mi t�L�?

|�@| @ T�hi t|h@|i}) i^��*�Mh��4 @*tL @*�@)t i �t|t� W? |�i hi4@�?_ih Lu |��t T@Tihc �i ��**

hit|h�U| @||i?|�L? |L |�iti T�hi t|h@|i}) i^��*�Mh�@�

S �@h|�it

S�� �@h|) _i�?�|�L?t

AL _i�?i @? i^��*�Mh��4 �? |�i T@h|) uLh4@|�L? t|@}ic �i �ht| �@�i |L Mi 4Lhi tTiU��U @t

|L ��@| UL?t|�|�|it @ T@h|) @?_ �L� T@h|�it @hi uLh4i_� 6Lh t�4T*�U�|)c �i @tt�4i |�@|

�u ML|� U�|�3i? � @?_ U�|�3i? � n oc @hi @ 4i4Mih Lu tL4i T@h|) &c |�i? @** U�|�3i?t � ��|�

/
�

	 /
�

	 /
�no @hi @*tL @ 4i4Mih Lu |�@| t@4i T@h|)� A��t _Lit ?L| @giU| |�i hit�*|tc M�|

_Lit }hi@|*) t�4T*�u) |�i @?@*)t�t� A��t

#i�?�|�L? e � T@h|) & �t �?�^�i*) _i�?i_ M) �|t |�L 4Lt| i |hi4i 4i4Miht &
,

@?_ &
o

c

@?_ UL?t�t|t Lu @** U�|�3i?t � uLh ��L4 /
&

,
� /

�

� /
&o
�

,�ih) U�|�3i? �t @ 4i4Mih Lu L?i @?_ ��t| L?i T@h|)� 6Lh i@ti Lu i TLt�|�L?c �i hiuih

|L |�i �_iL*L}�U@* TLt�|�L? Lu U�|�3i?t @t Mi�?} *iu|���?} Lh h�}�|���?}c _iTi?_i?| L? |�i�h

TLt�|�L? L? |�i �?�| *�?iG U�|�3i? � �t 4Lhi *iu|���?} |�@? U�|�3i? � �u @?_ L?*) �u /
�

	 /
�

�

A��t _i�?�|�L? _�hiU|*) i |i?_t |L T@h|�it� 5�?Ui T@h|�it UL?t�t| Lu @** U�|�3i?t Mi|�ii?

|�i�h |�L 4Lt| i |hi4i 4i4Mihtc �i ?iUitt@h�*) �@�i |�@| @** 4i4Miht Lu tL4i T@h|) &

@hi i�|�ih 4Lhi *iu|���?} Lh 4Lhi h�}�|���?} |�@? @** 4i4Miht Lu tL4i L|�ih T@h|) | G

#i�?�|�L? D �@h|) & �t 4Lhi *iu|���?} |�@? T@h|) | �u @?_ L?*) �u /
&o
	 /

|

,
�

�@h|�it @hi @_�@Ui?| �u |�ihi �t ?L T@h|) *LU@|i_ Mi|�ii? |�i4� A��t

��



#i�?�|�L? S �@h|�it & @?_ |c ��|� & 4Lhi *iu|���?} |�@? |c @hi @_�@Ui?| �u

i� G /
&o
	 /

�

	 /
|

,
j ' >� E.�

�L| i�ih) T@h|) ?iUitt@h�*) �i*_t @ U@?_�_@|i �? |�i }i?ih@* i*iU|�L?� Wu ?L U�|�3i? |�@|

�t @ 4i4Mih Lu tL4i T@h|) & _iU�_it |L h�? �? |�i Th�4@h) i*iU|�L? Lu �ih T@h|)c |�i? |�@|

T@h|) _Lit ?L| �@�i @ U@?_�_@|i �? |�i }i?ih@* i*iU|�L?� ì hiuih |L t�U� @ T@h|) @t Mi�?}
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ì U@? @*tL t�L�

wi44@ � �L T@h|) uLh4@|�L? i^��*�Mh��4 �@t ,EB� @?_ oEB� Mi�?} @ 4i4Mih Lu |�i t@4i

T@h|)�

�iNNu� 6hL4 *i44@ 2 �@��?} @** U�|�3i?t �? L?i T@h|) �t ?L| @? i^��*�Mh��4� 5�TTLti ?L|

@** U�|�3i?t @hi 4i4Mih Lu L?i T@h|)c M�| ,EB� @?_ oEB� @hi� 6�ht|c @tt�4i �i �@�i T@h|)

t|h�U|�hi � ' ii�c ,EB��_j( i,EB��_n�c oEB�n_��j( i,EB�n_c�jjcuLh tL4i _ � �� A�i?c

�i �@�i |�i |�L�T@h|) i^��*�Mh�@ uhL4 |�iLhi4 �c �? ���U� � @?_ � @hi ML|� @ 4i4Mih Lu

|�i Ui?|ih T@h|)c T*�t @ |�L�U@?_�_@|i i^��*�Mh��4 �? ���U� ,EB� � _ @?_ oEB� n _ h�?� Wu

T@h|) i,EB� n _c�j ?L� �L�?t |�i Ui?|ih T@h|) i,EB�c oEB�jc |�i L?*) U�@?}i �? |�i ti| Lu

|�L�U@?_�_@|i i^��*�Mh�@ �t |�@| |�i *@||ih �t ?L *L?}ih @? i^��*�Mh��4�A�@| 4@!it @** |�i

4i4Miht Lu |�i Lh�}�?@* T@h|) i,EB� n _c�j Mi||ih Lgc �i?Ui |�i) �@�i @? �?Ui?|��i |L _L

tL� 6�?@**) UL?t�_ih |�i U@ti �? ���U� ,EB� @?_ oEB� @hi 4i4Mih Lu L?i T@h|)c M�| |�@|

2�



T@h|) �t @t)44i|h�U @hL�?_ |�i 4i@?c tL �i �@�i @ T@h|) i,EB�� _c oEB� n Kj ��|� _ 9' K�

�}@�?c �i hiuih |L |��t T@h|) @t |�i Ui?|ih T@h|)� `�|�L�| *Ltt Lu }i?ih@*�|)c UL?t�_ih |�i

U@ti �? ���U� K : _� �L�c |�i L?*) |�L U@?_�_@|i�i^��*�Mh�@ @hi |�Lti uhL4 |�iLhi4 �c �?

���U� � @?_ � @hi ML|� @ 4i4Mih Lu |�i Ui?|ih T@h|)c |��t i^��*�Mh�@ �? ���U� ,EB�� s h�?t

@}@�?t| oEB� n sc uLh s ' fc �c 2c � � � c _� ��| |�i? U�|�3i? ,EB� � _ �@t @? �?Ui?|��i |L *i@�i

|�i Ui?|ih T@h|)� �) _L�?} tLc �i �t ?L *L?}ih T@h| Lu @?) �@t� i^��*�Mh��4c ���U� 4@!it

��4 Mi||ih Lgc t�?Ui |�i L?*) hi4@�?�?} |�L�U@?_�_@|i i^��*�Mh�@ @hi |�i? |�Lti �? ���U�

,EB�� s h�?t @}@�?t| oEB� n sc uLh s ' fc �c 2c � � � c _� �� A��t it|@M*�t�it |�i *i44@� �
A��tc U@?_�_@|it ,EB� @?_ oEB� @hi 4i4Miht Lu _�gihi?| T@h|�it� ì U@? @*tL t�L� |�i
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