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Devwudfw

Wklv sdshu sursrvhv d wkhru| ri wzlq edqnlqj0fxuuhqf| fulvhv lq zklfk
erwk ixqgdphqwdov dqg vhoi0ixo�oolqj eholhiv sod| fuxfldo urohv1 Ixqgdphq0
wdov ghwhuplqh zkhwkhu fulvhv zloo rffxu1 Vhoi0ixo�oolqj eholhiv ghwhuplqh
zkhq wkh| rffxu1 Wkh ixqgdphqwdo wkdw fdxvhv cwzlq fulvhv* lv jryhuqphqw
jxdudqwhhv wr grphvwlf edqnv* iruhljq fuhglwruv1 Zkhq wkhvh jxdudqwhhv duh
lq sodfh wzlq fulvhv lqhylwdeo| rffxu/ exw wkhlu wlplqj lv d pxowlsoh htxlole0
ulxp skhqrphqrq wkdw ghshqgv rq djhqwv* eholhiv1 Vr zkloh vhoi0ixo�oolqj
eholhiv kdyh dq lpsruwdqw uroh wr sod|/ wzlq fulvhv gr qrw kdsshq mxvw dq|0
zkhuh1 Wkh| kdsshq lq frxqwulhv zkhuh wkhuh duh ixqgdphqwdo sureohpv~
sureohpv vxfk dv jxdudqwhhv wr wkh �qdqfldo vhfwru1

� Zh duh judwhixo wr Nhoorjj*v Edqnlqj Uhvhdufk Fhqwhu iru �qdqfldo vxsssruw1 Wklv surmhfw
zdv vwduwhg zkloh Exuqvlgh zdv d Qdwlrqdo Ihoorz dw wkh Krryhu Lqvwlwxwlrq zklfk kh wkdqnv iru
lwv vxssruw1 Wkh rslqlrqv lq wklv sdshu duh wkrvh ri wkh dxwkruv dqg qrw qhfhvvdulo| wkrvh ri wkh
Ihghudo Uhvhuyh Edqn ri Fklfdjr ru wkh Zruog Edqn1 Zh duh wkdqnixo wr Oduu| Fkulvwldqr dqg
Rolylhu Mhdqqh iru wkhlu frpphqwv1

|Wkh Zruog Edqn1
}Qruwkzhvwhuq Xqlyhuvlw|/ QEHU dqg Ihghudo Uhvhuyh ri Fklfdjr1
{Qruwkzhvwhuq Xqlyhuvlw|/ QEHU dqg FHSU1
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5Vhh Froh dqg Nhkrh +4<<9, iru d wkhru| ri ghew fulvhv lq zklfk erwk ixqgdphqwdov dqg
vhoi0ixo�oolqj eholhiv sod| dq lpsruwdqw uroh1
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ì UL?U*�_i |��t tiU|�L? ��|� @ _i�?�|�L? Lu |�i UL4Ti|�|��i i^��*�Mh��4 |�@|

@TT*�it |L iUL?L4�it ��|� @?_ ��|�L�| }L�ih?4i?| }�@h@?|iit |L uLhi�}? Uhi_�|Lht�

#i�?�|�L? � UL4Ti|�|��i i^��*�Mh��4 uLh |��t iUL?L4) �t @ ti| Lu t|LU�@t|�U ThL�

Uittit uLh ^�@?|�|�it
�
S|c %|c %

�
| c�|c�

7
| c@|n�c s|n�cKc �|c u|

�
@?_ Th�Uit i�|c -

@
| c -

K
| c

�|c 7|c 8|j t�U� |�@|G E�� S|c %
�
| c�|n�c @|n� tL*�i |�i �L�ti�L*_<t ThLM*i4 }��i? |�i

t|LU�@t|�U ThLUitt uLh Th�Uit( E��� |�i }L�ih?4i?|<t �?|ih|i4TLh@* M�_}i| UL?t|h@�?|

E2�2�� � E2�2D� �L*_t( E���� |�i 4L?i) 4@h!i| U*i@ht ��|� �7
| ' �|( E��� |�i *L@?

4@h!i| U*i@ht ��|� u| ' �|�|( @?_ E�� |�i *@MLh 4@h!i| U*i@ht ��|� �| ' ��

�� � 5�t|@�?@M*i 6� i_ , U�@?}i +@|i +i}�4i

W? |��t tiU|�L? �i _itUh�Mi @ �iht�L? Lu L�h iUL?L4) �? ���U� ti*u�u�*�**�?} U�h�

hi?U) @||@U!t @hi h�*i_ L�| M) @tt�4T|�L?� A�i T�hTLti �t |L _i4L?t|h@|i |�@|

|�ihi i �t|t @ t�t|@�?@M*i i^��*�Mh��4 ��|� @ � i_ i U�@?}i h@|i� A�i i �t|i?Ui

Lu |��t i^��*�Mh��4 uL**L�t uhL4 |�L M@t�U @tt�4T|�L?tG E�� @}i?|t @tt�}? ThLM@�

M�*�|) 3ihL |L @ _i�@*�@|�L?c tL |�@| |�ihi �t ?L �?Uih|@�?|) �? |�i iUL?L4)( E���

|�i }L�ih?4i?| _Lit ?L| hi^��hi ti�}?Lh@}i hi�i?�it |L t@|�tu) �|t �?|ih|i4TLh@*

M�_}i| UL?t|h@�?|�

5�?Ui |�ihi �t ?L i U�@?}i h@|i �?Uih|@�?|) M@?!t U@? MLhhL� uhL4 uLhi�}?iht

@| |�i h�t! uhii h@|ic -K ' -� �Mti?| |�i TLtt�M�*�|) Lu @ _i�@*�@|�L?c }L�ih?4i?|

�e



}�@h@?|iit @hi �hhi*i�@?|c tL |�@| K ' f� �*tLc �i_}�?} T*@)t ?L hL*i �? |�i

@?@*)t�tc tL %| ' %�| ' f� 6�?@**)c |�i uLh�@h_ h@|i UL�?U�_it ��|� |�i tTL| h@|i

8 ' 7U �

W| uL**L�t uhL4 E2���� |�@|G

-@ ' -n B�

W? @__�|�L?c i^�@|�L? E2��D� �4T*�it |�@| |�i 4@h!i| U*i@h�?} hi@* �@}i h@|i �t

}��i? M)G

� ' �*E-n B��

A��t UL4T*i|it |�i _itUh�T|�L? Lu |�i i^��*�Mh��4 Th�Uit�

AL _i|ih4�?i |�i �L�ti�L*_<t UL?t�4T|�L? @?_ hi@* M@*@?Uit �i �h�|i �|t �@*�i

u�?U|�L? @tG

T E@|c�|� ' 4@ 
S|c@|n�c�|n�

�
*L} S| n � *L}E�|*7

U� n qT E@|n�c�|n��
�

t�M�iU| |L E2��.�� A�i �ht| Lh_ih UL?_�|�L?t uLh |��t ThLM*i4 @hiG

�*S| ' q

�
�

S|n�
n

�

�|n�*7U

�
c

�*S| ' q-*S|n��

��h @tt�4T|�L? |�@| q ' -3� �4T*�it |�@| UL?t�4T|�L? @?_ 4L?i) �L*_�?}t

@hi UL?t|@?| L�ih |�4i� Nt�?} |��t u@U|c �|ih@|�?} L? E2��.� @?_ �4TLt�?} |�i

|h@?t�iht@*�|) UL?_�|�L? *�4|<" q|@|n�*S|n� ' fc �i LM|@�? |�@| ?i| uLhi�}? @tti|t

@hi UL?t|@?| L�ih |�4i� W? @__�|�L? �i �?_ |�@|G

S| ' E-� ��@f n � � � c E����

@| ' @fc E��2�

6| ' �*7U ' q�S*E�� q�� E����

�D



Oihi �i �@�i �ti_ |�i u@U| |�@| �h4t< ThL�|t @hi 3ihL �? i^��*�Mh��4�

5�?Ui hi@* M@*@?Uit @hi UL?t|@?| @?_ |�i �?�@|�L? h@|i �t 3ihLc |�i }L�ih?4i?|

UL**iU|t ?L ti�}?Lh@}i hi�i?�it� �L?ti^�i?|*)c �|t �?|ih|i4TLh@* M�_}i| UL?t|h@�?|

�t }��i? M)G

E-� ��sf ' } � � � E��e�

�) UL?t|h�U|�L?c |��t @?@*)t�t _i4L?t|h@|it |�@| |�ihi �t @ �?�^�i � i_ i U�@?}i

h@|i UL4Ti|�|��i i^��*�Mh��4 ��|� S|c @| @?_�| UL?t|@?| L�ih |�4ic }��i? M) E�����

E����� W? @__�|�L? s| �t UL?t|@?|G s| ' sf� A��t UL4T*i|it |�i _itUh�T|�L? Lu |�i

i^��*�Mh��4 ^�@?|�|�it�

A�hL�}�L�| |�i T@Tih �i @tt�4i |�@| E��e� �L*_tc tL |�@|c �? |�i @Mti?Ui Lu

ti*u�u�*�**�?} tTiU�*@|��i @||@U!tc |�i � i_ i U�@?}i h@|i hi}�4i �t t�t|@�?@M*i�

�L4M�?�?} |�i }L�ih?4i?| @?_ �L�ti�L*_ M�_}i| UL?t|h@�?|t @?_ �t�?} |�i

u@U| |�@| S|c @|c s| @?_ �| @hi UL?t|@?| L�ih |�4ic �i U@? i Thitt |�i iUL?L4)<t

@}}hi}@|i hitL�hUi UL?t|h@�?| @t

Sn } ' E-� ��E@f n sf���
- n B � �

-n B
n �� E��D�

�L|�Ui |�@| |�i �ht| |ih4 L? |�i h�}�| �@?_ t�_i �t ?i| �?|ihit| L? uLhi�}? @tti|t�

A�i tiUL?_ |ih4 �t |�i hi@* ULt| Lu �?|ih4i_�@|�L?� A�i *@||ih hi�iU|t |�i T�)t�U@*

ULt|t Lu ThL_�U�?} *L@?t @?_ |�i �?|ihit| h@|i ULt|t �?U�hhi_ MiU@�ti _L4it|�U

M@?!t MLhhL� u�?_t uhL4 @MhL@_�S 5�?Ui i4T*L)4i?| �t ?Lh4@*�3i_ |L �c |L|@*

L�|T�|c |�i *@t| |ih4c �t i^�@* |L ��

9Edqnv eruurz z @ D@+U.�, grooduv deurdg1 Wkh| xvh �D@+U.�, xqlwv ri rxwsxw wr surgxfh
wkhvh ordqv1 Dw wkh hqg ri wkh shulrg wkh| uhsd| iruhljqhuv dw d qhw frvw ri +U � 4,D@+U. �,1
Wkxv/ wkh wrwdo frvw ri lqwhuphgldwlrq lv +U. � � 4,D@+U. �,1

�S



e� 5i*u�6�*�**�?} ��hhi?U) �||@U!t

W? |��t tiU|�L? �i |�h? |L |�i ^�it|�L?G �@? ti*u�u�*�**�?} tTiU�*@|��i @||@U!t LUU�h

�? @? iUL?L4) ��|� }L�ih?4i?| }�@h@?|iitq AL @?t�ih |��t ^�it|�L? �i Mi}�? M)

@tt�4�?} |�@| t�U� @? @||@U! U@? i �t|� ì |�i? UL?t|h�U| U@?_�_@|i i^��*�Mh��4
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ì t|@h| M) UL?t�_ih�?} |�i �L�ti�L*_<t LT|�4�3@|�L? ThLM*i4� A�i �L�ti�L*_

tL*�it |�i uL**L��?} _)?@4�U ThL}h@44�?} ThLM*i4 uLh | � A n �G

T 8 E@|c�|� ' 4@ 
S|c@|n�c�|n�

�
*L} S| n � *L}

�|

7|
n qT 8 E@|n�c�|n��

�

t�M�iU| |L

@|n� ' -@| n �| n Z| � � | � S| � E�|n� ��|�*7|� E����

A�i �ht| Lh_ih @?_ i?�i*LTi UL?_�|�L?t @hiG �*S| ' w|

qT 8
� E@|n�c�|n�� ' w| E��e�

qT 8
2 E@|n�c�|n�� ' w|*7| E��D�

T 8
� E@|c�|� ' w|- E��S�

T 8
2 E@|c�|� ' �*�| n w|*7|c E��.�

��ihi w| �t |�i w@}h@?}i 4�*|�T*�ih L? |�i M�_}i| UL?t|h@�?|�

5�Mt|�|�|�?} E��S� �?|L E��S� @?_ ?L|�?} |�@| q ' �*-c �i �@�i w| ' w|n��

A��t �4T*�it |�@| S| ' S|n� ' S8 uLh | � A n �� Nt�?} |��t u@U| @?_ t�Mt|�|�|�?}

E��.� �?|L E��D� �i �@�i

�|n�

7|n�
'

q�S8

7|n�*7| � q
c uLh | � A n �� E��H�

W? Tih�L_ A �L�ti�L*_t u@Ui |�i uL**L��?} _)?@4�U ThL}h@44�?} ThLM*i4

T (E@A c�A c %
�
A � ' 4@ 

SA c�( c@An�c�An�

�
*L} SA n � *L}

�A

7A
n qT 8 E@An�c�An��

�

t�M�iU| |L

@An� ' -@An�AnZA��A�SA��An� ��A

7A
n�(

�
�� 7A3�

7A

�
n%�A

�
�

8A
� �

7A

�
�

�t *L?} @t 7A : 7A3� |�i �L�ti�L*_ ��** �@?| |L 4@!i �( �?�?�|i �u �| U@?� 5�?Ui

�| �t UL?t|h@�?i_ M) |�i u@U| |�@| |�i }L�ih?4i?| ��** L?*) t�TT*) � _L**@ht �i

hiT*@Ui |�i �L�ti�L*_<t ThLM*i4 ��|�

T (E@A c�A c %
�
A � ' 4@ 

SA c@An�c�An�

�
*L} SA n � *L}

�A

7A
n qT 8 E@An�c�An��

�

��



t�M�iU| |L

@An� ' -@An�AnZA��A�SA��An� ��A

7A
n�

�
�� 7A3�

7A

�
n%�A

�
�

8A
� �

7A

�
�

E��b�

A�i �ht| Lh_ih @?_ i?�i*LTi UL?_�|�L?t @hi

S3�A ' wA E���f�

qT 8
� E@An�c�An�� ' wA E�����

qT 8
2 E@An�c�An�� ' wA*7A E���2�

T (
� E@A c�A c %

�
A � ' -wA E�����

T (
2 E@A c�A c %

�
A � ' �*�A n wA*7A E���e�

T (
� E@A c�A c %

�
A � ' wA E�*8A � �*7A � � E���D�

�L|�Ui |�@| E��S� �4T*�it |�@| T 8
� E@An�c�An�� ' -*S8 � 5�?Ui q ' �*- UL4M�?�?}

E���f� @?_ E����� �i |�i? LM|@�? SA ' S8 � Z6hL4 E��.� �i �@�i T 8
2 E@An�c�An�� '

�*�An� n �*ES87An��� Oi?Ui uhL4 E���2� �i �@�i

�An�

7An�
'

q�S8

7An�*7A � q
� E���S�

AL tL*�i uLh S8 �i �|ih@|i L? E���� @?_ UL4M�?i �| ��|� E��b� |L LM|@�?

@A ' -3�
"[
�'f

-3�ESAn� ��An� � ZAn� n �An�� n-3�
"[
�'f

-3�
�An�n� ��An�

7An�
�

-3�d�E�� 7A3�*7A � n %�A E�*8A � �*7A �o� E���.�

��ihi �i �@�i �4TLti_ *�4�<"-3�@|n� ' f� Nt�?} S| ' S8 c uLh | � A c E��H� @?_

E���S�G

@A ' E� n q��S8*E-� ���-3�
"[
�'f

-3�E�An� n ZAn� � �An���-3��A*7A �

-3�d�E�� 7A3�*7A � n %�A E�*8A � �*7A �o E���H�

�e



6Lh | 	 A c �L�ti�L*_t tL*�i |�i uL**L��?} _)?@4�U ThL}h@44�?} ThLM*i4

T UE@|c�|c %
�
| � ' 4@ 

S|c@|n�c�|n�c%
�

|n�

i*L} S| n � *L}E�|*7|� n

qdE�� ^�T UE@|n�c�|n�c %
�
|n�� n ^T (E@|n�c�|n�c %

�
|n��oj

t�M�iU| |L

@|n� ' -@| n �| n Z| � � � S| � E�|n� ��|�*7| n %�| E�*8| � �*7|� � E���b�

A�i �ht| Lh_ih @?_ i?�i*LTi UL?_�|�L?t @hi

�*S| ' w| E��2f�

qE�� ^�T U
� E@|n�c�|n�c %

�
|n�� n q^T (

� E@|n�c�|n�c %
�
|n�� ' w| E��2��

qE�� ^�T U
2 E@|n�c�|n�c %

�
|n�� n q^T (

2 E@|n�c�|n�c %
�
|n�� ' w|*7| E��22�

E�� ^�T U
� E@|n�c�|n�c %

�
|n�� n ^T (

� E@|n�c�|n�c %
�
|n�� ' f E��2��

T U
� E@|c�|c %

�
| � ' w|- E��2e�

T U
2 E@|c�|c %

�
| � ' �*�| n w|*7| E��2D�

T U
� E@|c�|c %

�
| � ' w| E�*8| � �*7|� � E��2S�

Wu �i t�Mt|�|�|i E���D� @?_ E��2S� �?|L E��2�� �i LM|@�?

E�� ^�wU|n�
�
�*8 U

|n� � �*7U
|n�

�
n ^w(|n�

�
�*8(

|n� � �*7(
|n�

�
' f� E��2.�

Oihi 8 U
|n�c 7

U
|n� @?_ wU|n� hiThiti?| |�i �@*�it |@!i? L? M) 8|n�c 7|n� @?_ w|n�

�u |�i i U�@?}i h@|i hi4@�?t � i_ @| | n �c ���*i 8(
|n�c 7

(
|n� @?_ w(|n� hiThiti?|

|�i �@*�it |@!i? L? M) 8|n�c 7|n� @?_ w|n� �u @ _i�@*�@|�L? LUU�ht @| _@|i | n ��

5�?Ui 8|n� �t hi@*�3i_ Th�Lh |L 7|n�c �| uL**L�t |�@| �*8
(
|n� ' �*8 U

|n� ' �*8|n� '

E�� ^�*7U
|n� n ^*7(

|n�� Nt�?} |��t hit�*| E��2.� �4T*�it w(|n� ' wU|n� ' w|n�� 6hL4

E��2f� @?_ E���f� |��t �4T*�it |�@| |�i �@*�i Lu S|n� ' �*w|n� _Lit ?L| _iTi?_ L?

��i|�ih @ _i�@*�@|�L? LUU�ht Lh ?L| @| |n ��

�L|�Ui |�@| E����� �4T*�it T (
� E@|n�c�|n�c %

�
|n�� ' -*S|n�� 5�Mt|�|�|�?} |��tc

E��2f� @?_ E��2e� �?|L E��2�� �i }i| S| ' S uLh @** |� �i | �i t�Mt|�|�|i E���e�c

E��2D�c E���f�c E��2f�c @?_ L�h Thi��L�t hit�*|t �?|L E��22� |L }i|

�|n� '
q�S�

�
7|
� q �

8|n�

� c uLh | 	 A� E��2H�

�D



AL tL*�i uLh |�i i^��*�Mh��4 ti^�i?Uit Lu 7| �i ?L|i |�@| |�i }L�ih?4i?| �tit

|�i 4L?i) t�TT*) h�*i �| ' � U uLh | � A c @?_ �An� ' ��E�A � �7A3�� uLh

� � �� 6hL4 E��H� @?_ E���S� �i �@�i 73�| ' q73�|n� n q�S8�3�
|n� uLh | � A �

W|ih@|�?} uLh�@h_ L? |��t i^�@|�L?c �t�?} |�i 4L?i) t�TT*) h�*ic @?_ �4TLt�?}

*�4�<" q�73�|n� ' fc�� �i LM|@�? 7An� ' ��7A uLh � � fc @?_ 7A ' -E��q�E� U �
�7A3��*�S� 6hL4 E��2H� �i �@�i 7| ' 7U uLh | 	 A c @?_ 7A ' 7( ��ihi

7( ' -E�� q�E� U ��7U�*�S @?_ 7U ' -d�� qE�� ^�o*E�S*� U n ^*7(�� A��tc

}��i? �( ' � U � �7U c �i �@�i �(*7( ' �S*E-� � ��� ì �@�i ThL�i? |�i
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ì }i| S�E�W( ^� ' S7d� n 7KE^�o*d� n 7KEf�o� A��t �4T*�it S�E�Wc f� ' S7 @?_ |�@|

S�E�Wc ^� : S7 uLh @** ^ : f� 6Lh @?) � 	 �Wc S�E�c ^� : S7 uLh @** ^� 6Lh @?) � : �Wc

S�E�c f� 	 S7�

S� �t �**�t|h@|i_ @t @ u�?U|�L? Lu ^ �? 6�}�hi � �t�?} |�iti hit�*|t� W? _h@��?} |�i

�}�hi �i �@�i �ti_ |�i L|�ih��ti �?�4TLh|@?| u@U|t |�@| S�^^ : f @?_ S�^�m^'f 	 f�

�L?U*�t�L?� `�|� hiuihi?Ui |L 6�}�hi � �| �t U*i@h |�@| ?L i^��*�Mh�@ i �t|

uLh � 	 �W� �L?t�_ihc �?t|i@_c @?) � : �W� �*i@h*) S�E�c f� 	 ��E�c f� ' S7�

6�h|�ih4Lhic t�?Ui S� �t @ UL?|�?�L�tc �?Uhi@t�?} u�?U|�L? Lu ^c @?_ �t _i�?i_ uLh

@** f � ^ � �c @?_ t�?Ui �� �t @ UL?|�?�L�t u�?U|�L? Lu ^c @ t��U�i?| UL?_�|�L?

uLh �� |L UhLtt S� @| *i@t| L?Ui uLh f 	 ^ 	 � �t S�E�c f� � ��E�c 7̂E����

�L|�Ui |�@| ��i? 7̂E�� 	 �c ��E�c 7̂E��� ' S2E�c �� @?_ |�i t��U�i?| UL?_�|�L?

uLh @? �?|ihtiU|�L? MiUL4it S�E�c f� � S2E�c ��( tL4i @*}iMh@ t�L�t |�@| |��t �t

i^���@*i?| |L 7KEf� � f ���U� @*�@)t �L*_t� 5L uLh @?) � : �W ��|� 7̂E�� 	 �c |�ihi

�t @| *i@t| L?i f 	 ^ 	 � uLh ���U� @? i^��*�Mh��4 i �t|t ��|� S 	 S7 @?_ j 	 ��

A�i L?*) t�|�@|�L? |�@| hi4@�?t uLh �t |L UL?t�_ih �t |�i TLtt�M�*�|) |�@| |�ihi

@hi ?L � : �W uLh ���U� 7̂E�� 	 �� A�@| �t 7̂E�� ' � uLh @** � : �W� A��t �4T*�it

|�@| ��E�c 7̂E��� ' ��E�c �� ' S�E�c jE�c ��( ��� �L|�Ui |�@| *�4�W{� S
�E�c f� ' S7�

�? |�i L|�ih �@?_c

*�4
�W{�

S�E�c jE�c ��( �� ' S7 ��

�
-�W � �

-�WE-n B�
n
-� �

-

-� jE�Wc ��

B n /

�
	 S7�

e2



A��t �4T*�it |�@| |�i t��U�i?| UL?_�|�L? uLh @? �?|ihtiU|�L? �t t@|�t�i_c @| *i@t|c

uLh � t��U�i?|*) U*Lti |L �W� 6Lh |�iti �c |�ihi �t @| *i@t| L?i f 	 ^ 	 � uLh ���U�

@? i^��*�Mh��4 i �t|t ��|� S 	 S7 @?_ j 	 ��
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Figure 1

Diagram for Propositions 3-5
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Figure 2

Diagram for Proposition 4
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Figure 3

Diagram for Proposition 3
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