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4Iru h{dpsoh/ Kloo/ Ohljkoh| dqg Klqwrq0Dqghuvvrq +4<<8, frqfoxgh wkdw zhoiduh vshqglqj lv
fruuhodwhg zlwk sduwlflsdwlrq ri orzhu lqfrph jurxsv1 Krzhyhu/ wkh frqqhfwlrq ehwzhhq wxuqrxw dqg
rxwfrphv lv glvsxwhg e| Whl{hud +4<<5,1 Vhh dovr Eduwhov +4<<9, dqg Olsmkduw +4<<:,1

5Wkh| dovr lqwurgxfh yrwhuv zkr duh %sduwlvdqv% lq wkh vhqvh wkdw wkhlu suhihuhqfhv gr qrw ghshqg
xsrq wkh vwdwh1

6Vxssrvh wkhuh duh wkuhh yrwhuv zkr pxvw fkrrvh ehwzhhq fdqglgdwh 4 dqg 5 xvlqj pdmrulw| uxoh1
Wkhuh duh wzr vwdwhv ri wkh zruog= vwdwh 4 dqg vwdwh 51 Vwdwh 4 lv pruh olnho| wkdq vwdwh 51 Doo ri
wkh yrwhuv suhihu fdqglgdwh 4 lq vwdwh 4 dqg fdqglgdwh 5 lq vwdwh 51 Doo yrwhuv nqrz wkdw h{dfwo| rqh
ri wkhp nqrzv wkh wuxh vwdwh1 Lw lv dq htxloleulxp iru wkrvh yrwhuv zkr gr qrw nqrz wkh vwdwh wr
devwdlq dqg wr ohw wkh lqiruphg yrwhu ghflgh wkh rxwfrph1 Wr vhh zk| wklv lv wkh fdvh vxssrvh wkdw
lq wkh hyhqw wkh hohfwlrq lv wlhg d frlq lv wrvvhg wr ghwhuplqh wkh zlqqhu1 Lq wkh sursrvhg htxloleulxp
xqlqiruphg yrwhuv vwulfwo| suhihu wr devwdlq ehfdxvh wkhlu yrwh rqo| fkdqjhv wkh rxwfrph zkhq wkh|
yrwh iru wkh zurqj fdqglgdwh~wkh fdqglgdwh qrw vxssruwhg e| wkh shuihfwo| lqiruphg yrwhu~dqg wkh
zurqj fdqglgdwh zlqv wkh frlq wrvv1
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ì @tt�4i |�i ti| Lu t|@|it �t �?�|i @?_c |�ihiuLhic |�ihi �t @ Uh�|�U@* t|@|i �? ���U�

|�i uh@U|�L? Lu |�i i*iU|Lh@|i |�@| Thiuiht @*|ih?@|��i � |L @*|ih?@|��i 2 �t U*Ltit| |L
�%2� �) |�i Uh�|�U@* 4@h}�? �i _i?L|i |�i @MtL*�|i �@*�i Lu |�i _�gihi?Ui �? |�i
i TiU|i_ uh@U|�L? Lu �L|iht ��L Thiuih @*|ih?@|��i � |L @*|ih?@|��i 2 �? |�i Uh�|�U@*
t|@|i� ��h 4@�? |�iLhi|�U@* hit�*| �t |�@| �? @ *@h}i i*iU|Lh@|i |�i uh@U|�L? Lu �L|iht
��L @Mt|@�? �t ThLTLh|�L?@* |L |�i Uh�|�U@* 4@h}�?�

A�i u@U| |�@| @Mt|i?|�L? U@? LUU�h �?_ih tL4i 4L_i* tTiU��U@|�L?t M�| ?L| L|�iht
4@) h@�ti UL?Uih?t @ML�| L�h 4L_i* @t @? i T*@?@|�L? uLh @Mt|i?|�L?� A�i UL?Uih?
�t @t uL**L�tG t�hi*) |�ihi �t @*�@)t tL4i t|@|i Lu |�i �Lh*_ �? ���U� i @U|*) �@*u Lu
@?) TLT�*@|�L? �L�*_ Thiuih L?i @*|ih?@|��i |L |�i L|�ih� ��h hit�*|t �L�*_ |�i?
Mi |@!i? @t i��_i?Ui |�@| @t)44i|h�U �?uLh4@|�L? U@??L| ThL��_i @? i T*@?@|�L? uLh
@Mt|i?|�L?�

5�U� @? @h}�4i?| 4�t�?_iht|@?_t ��@| @ t|@|i hiThiti?|t �? L�h 4L_i*� � t|@|i
hiThiti?|t ��@| @ �ih) *@h}i ?�4Mih Lu TiLT*i 4@) *i@h? @ML�| |�i hi*@|��i ^�@*�|)
Lu |�i |�L @*|ih?@|��it� A��tc �? |�i Mh�_}i i @4T*ic �| 4@) Mi |�i U@ti |�@| |�i
|h�i ULt| Lu |�i Mh�_}i h@?}it UL?|�?�L�t*) uhL4 mDf |L mDfcfffcfff M�| |�i 4Lt| @?)
�ih) *@h}i ?�4Mih Lu TiLT*i UL�*_ i�ih *i@h? �t |�@| |�i |h�i ULt| �t i�|�ih @ML�i Lh

2



Mi*L� m2Dcfffcfff� W? |��t U@ti i�i? |�L�}� |�i |h�i ULt| Lu |�i Mh�_}i �t @ UL?|�?�L�t
h@?_L4 �@h�@M*i �| �t @TThLTh�@|i |L @tt�4i |�ihi @hi |�L t|@|it @?_ �i?Ui |�i 4@h}�?
Lu ��U|Lh) �? |�i Uh�|�U@* t|@|i 4@) Mi *@h}i�

��2 ,4T�h�U@* �hi_�U|�L?t

W? |�i tiUL?_ T@h| Lu |�i T@Tih �i ThL��_i UL4T@h@|��i t|@|�Ut hit�*|t uLh @ tih�it Lu
i @4T*it |�@| @hi UL?t�t|i?| ��|� |�i t|)*�3i_ u@U|t 4i?|�L?i_ @ML�i�

6�ht|c �i @?@*)3i @? i @4T*i Lu @ 4L_i* �? ���U� tL4i �L|iht @hi TihuiU|*) �?�
uLh4i_ ���*i L|�iht �@�i ?L �?uLh4@|�L?� W?uLh4i_ �L|iht @*�@)t T@h|�U�T@|i ���*ic
_iTi?_�?} L? |�i�h Thiuihi?Ui |)Tic �?�?uLh4i_ �L|iht @Mt|@�?� W? |��t ti||�?} �i
t�L� |�@| �?Uhi@t�?} |�i ThLM@M�*�|) @ �L|ih �t TihuiU|*) �?uLh4i_ 4@) hit�*| �? ��}�ih
*i�i*t Lu @Mt|i?|�L?� A��tc i�i? |�L�}� �?uLh4i_ �L|iht @*�@)t T@h|�U�T@|ic @? �?�
Uhi@ti �? |�i uh@U|�L? Lu �?uLh4i_ �L|iht U�@?}it |�i Mi�@��Lh Lu |�i �?�?uLh4i_ tL
|�@| |�i L�ih@** *i�i* Lu @Mt|i?|�L? h�tit�

�i |c �i ThL��_i i @4T*it ��|� ?L�t) t�}?@*t� ��h �?_�?}t @hi @t uL**L�tG

�� W?_���_�@*t ��|� Mi||ih �?uLh4@|�L? @hi 4Lhi *�!i*) |L T@h|�U�T@|i |�@? �?_���_�
�@*t ��|� �Lhti �?uLh4@|�L?� �| |�i t@4i |�4ic �?Uhi@t�?} |�i uh@U|�L? Lu |�i
i*iU|Lh@|i |�@| hiUi��it @ ?L�t) t�}?@* U@? �?Uhi@ti *i�i*t Lu @Mt|i?|�L? @4L?}
ML|� |�i �?uLh4i_ @?_ �?�?uLh4i_ @*�!i�

2� A�i �L|�?} i*iU|Lh@|i �t M�@ti_ |L�@h_t |�i ��??�?} @*|ih?@|��ic ��i�c ��i?i�ih
|�i h�}�| @*|ih?@|��i ��?t |�i? �L|iht ��|� Thiuihi?Ui |)Tit |L |�i *iu| Lu |�i
4i_�@? @hi 4Lhi *�!i*) |L @Mt|@�? @?_ ��Ui �iht@�

�� � M�@ti_ _�t|h�M�|�L? Lu �?uLh4@|�L? 4@) hit�*| �? @? i*iU|Lh@|i |�@| �t t)t|i4�
@|�U@**) �?hiThiti?|@|��i�

e� `��*i |�i T@h|�U�T@|�?} i*iU|Lh@|i 4@) Mi t)t|i4@|�U@**) �?hiThiti?|@|��i �|
_Lit ?L| uL**L� |�@| i*iU|�L? L�|UL4it @hi @*tL �?hiThiti?|@|��i�

2 +i*@|i_ w�|ih@|�hi

A�ihi @hi @ �@h�i|) Lu T@Tiht |�@| uLU�t L? |�i UL?ti^�i?Uit Lu ULt|t |L �L|i L?
|�h?L�|� 5ii �@*uhi) @?_ +Lti?|�@* E�bH�c �bHD�c +�!ih @?_ �h_it�LL! E�bSH�c 6i_�
_ihti? E�bb2�c �Lh|L? E�bb�� @?_ wL�4@?? E�bb��� 6Lh hi��i�t Lu ML|� |�i |�iLhi|��
U@* @?_ i4T�h�U@* *�|ih@|�hi L? |�h?L�| tii 6i__ihti? @?_ �iti?_Lhuih E�bbS�c �*_h�U�
E�bb��c BhLu4@? E�bb�� Lh �@|t�t@!@ E�bb2�� k@|3 @?_ B��h@h_@|L E�bb.� _i�i*LT @
_iU�t�L?�|�iLhi|�U i T*@?@|�L? Lu @Mt|i?|�L? |�@| _Lit ?L| hi*) L? ULt|t |L �L|i� A�i�h
i T*@?@|�L? Lu @Mt|i?|�L? hi*�it L? �L|iht �@��?} ?L?�t|@?_@h_ �|�*�|) u�?U|�L?t�

Ah@_�|�L?@**)c 4L_i*t Lu T@h|�U�T@|�L? �? i*iU|�L?t �@�i Mii? _iU�t�L?�|�iLhi|�Uc
@?_ �@�i uLU�ti_ L? ULt|t |L T@h|�U�T@|i @t |�i !i) �@h�@M*i Thi_�U|�?} T@h|�U�T@�
|�L? E+�!ih @?_ �h_it�LL! �bS.c �@|t�t@!@ �bbe�� OL�i�ihc @ _iU�t�L? |�iLhi|�U
4L_i* Lu T@h|�U�T@|�L? h�?t �?|L |�i uL**L��?} _��U�*|)G i4T�h�U@**)c i_�U@|�L? *i�i*

�



�t TLt�|��i*) ULhhi*@|i_ ��|� |�h?L�|�e AL i T*@�? |��t UhLtt�tiU|�L?@* �@h�@|�L?c @

_iU�t�L?�|�iLhi|�U 4L_i* 4�t| @tt�4i �| �t *itt ULt|*) uLh |�Lti ��|� ��}�ih i_�U@|�L?

|L T@h|�U�T@|i�D OL�i�ihc �? |�i T@t| uLh|) )i@ht i_�U@|�L? *i�i*t �? |�i TLT�*@|�L?

�@�i �?Uhi@ti_ @?_ @| |�i t@4i |�4i |�h?L�| �@t _iU*�?i_ E�hL_) �b.H�� � _iU�t�L?

|�iLhi|�U 4L_i* ��** �@�i |hL�M*i t�4�*|@?iL�t*) i T*@�?�?} |�i *L?}�|�_�?@* T�i?L4�

i?@ Lu _iU*�?�?} L�ih@** |�h?L�| ���*i 4i4Miht��T �? ��}� |�h?L�| U@|i}Lh�it }hL�t�S

A�ihi �t @ t�Mt|@?|�@* i4T�h�U@* *�|ih@|�hi |�@| i @4�?it |�i hi*@|�L?t��T Mi|�ii?

T@h|�U�T@|�L? @?_ L�|UL4it E�@h|i*t �bbS( O�**c wi�}�*i) @?_ O�?|L?��?_ihttL? �bbD(

Ai� �ih@ �bb2( tii w��T�@h| �bb. uLh @ hi��i� Lu |��t *�|ih@|�hi�� 5L4i T@Tiht UL?U*�_i

|�@| u�** T@h|�U�T@|�L? �L�*_ ?L| U�@?}i i*iU|�L? hit�*|t t�Mt|@?|�@**) EAi� i�h@ �bb2�

���*i L|�iht @h}�i |�@| t�TTLh| uLh T@h|�it L? |�i *iu| �L�*_ t�Mt|@?|�@**) �?Uhi@ti

Ew��T�@h| �bb.��

A�i i4T�h�U@* *�|ih@|�hi @tt�4it |�@| �L|ih Mi�@��Lh ��** t|@) |�i t@4i @t |�i

*i�i* Lu T@h|�U�T@|�L? Lu L|�ih �L|iht U�@?}it� A��t 4@) Mi @TThLTh�@|i �? @ _iU�t�L?�

|�iLhi|�U 4L_i*c �L�i�ihc �? @ }@4i�|�iLhi|�U �L|�?} 4L_i* *�!i L�ht �| �t ?L|� W? @

}@4i�|�iLhi|�U 4L_i* LT|�4@* Mi�@��Lh �t Thi_�U@|i_ L? |�i Mi�@��Lh Lu L|�ih @}i?|t�

W? L�h 4L_i* |�i Mi�@��Lh Lu @** @}i?|t U�@?}it �uc i�}�c �L|�?} �t 4@?_@|Lh) Lh |�i

�?uLh4@|�L? *i�i*t Lu tL4i �L|iht U�@?}i�. OL�i�ihc |�i i*iU|�L? L�|UL4it E@t @

u�?U|�L? Lu |�i t|@|i� �L�*_ hi4@�? �?U�@?}i_�

��h 4L_i* @tt�4it |�@| |�i ?�4Mih Lu �L|iht �t �?Uih|@�? @?_ _�t|h�M�|i_ @U�

ULh_�?} |L @ �L�ttL? _�t|h�M�|�L?� A�i �_i@ Lu �t�?} �L�ttL? _�t|h�M�|�L?t |L @?@*)3i

*@h}i @?L?)4L�t }@4it �t MLhhL�i_ uhL4 �)ihtL? E�bb.@cM�� A�i @_�@?|@}i Lu |�i

�L�ttL? _�t|h�M�|�L? �t |�@| �| Tih4�|t i@t) U@*U�*@|�L? Lu i^��*�Mh��4 ThL�*it @?_

i @4T*it i�i? �? �ih) *@h}i i*iU|Lh@|it�

� �L_i*
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u@U| ir�c r��j ' ir

�
c r

2
j� 5�TTLti |�@| r� : r

� @?_ r
�
: r

��� A�i u@U| |�@| @** Mi*�iut @hi

UL?Ui?|h@|i_ L? |�i ti| ir�c r��j �4T*�it |�@| |�&Er� : 8 E%Er��� : �*2 uLh r � r
� t�?Ui

@** �L|iht ��|� Thiuihi?Ui |)Tit % : %Er�� 4�t| �L|i uLh @*|ih?@|��i � �hhitTiU|��i
Lu |�i�h Th��@|i �?uLh4@|�L? �? t|@|it r � r

�
� ��| ?L� hiU@** |�@| |�i �L|i t�@hi Lu

@*|ih?@|��i � �t _iUhi@t�?} �? r @?_ �i?Ui �*2 	 |�&Er
�� 	 |�&Er

��� @?_ |�ihiuLhi �| �t

4Lhi *�!i*) |�@| |�i i*iU|�L? �t |�i_ �? t|@|i r� |�@? �? i�|�ih r� Lh r�� @?_ �i �@�i @

UL?|h@_�U|�L?�
W? |�i uL**L��?} wi44@ �i hi�?i |�i U�@h@U|ih�3@|�L? Lu |�i *�4�| t�TTLh| Lu |�i

_�t|h�M�|�L? q&ErmR���G �i }��i UL?_�|�L?t �?_ih ���U� ML|� r
�@?_ r

2 �@�i TLt�|��i
ThLM@M�*�|) UL?_�|�L?@* L? @ �L|ih Mi�?} T��L|@*� wi|

7� ' i6 G RE6c r
��RE6cr

2� ' f @?_ RE6c r
�� n RE6c r

2� : fj

_i?L|i |�i ti| Lu t�}?@*t |�@| @**L� @? @}i?| |L _�t|�?}��t� t|@|it r
� @?_ r

2 ��|�

Uih|@�?|)� W? L|�ih �Lh_tc @? @}i?| ��L hiUi��it @ t�}?@* 6 5 7� @?_ !?L�t |�@|
r 5 ir

�
c r

2
j �t TihuiU|*) �?uLh4i_� A�i i Thitt�L? E8 E%Er����8 E%Er2��

S
6M 7� RE6mr�

��



_i?L|it |�i i TiU|i_ uh@U|�L? Lu �L|iht ��L hiUi��i t�}?@*t �? 7� �? t|@|i r @?_ ��L
�@�i t|@|i _iTi?_i?| Thiuihi?Uit L�ih |�i t|@|it �? ir�c r2j� ì U@** t�U� �L|iht
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ì ?L� t�L� |�@| |�i uh@U|�L? Lu |�i i*iU|Lh@|i |�@| @Mt|@�?t �? @ *@h}i i*iU|�L?

}Lit |L 3ihL @t |�i uh@U|�L? Lu |�i i*iU|Lh@|i |�@| Thiuiht @*|ih?@|��i � �? t|@|i rW }Lit

|L �*2�

45Li wkhuh lv d vwdwh iru zklfk mw4n+v,� w5n+v,m $ 3 wkhq yrwhuv pxvw eholhyh wkdw wklv vwdwh kdv

rffxuuhg zlwk suredelolw| frqyhujlqj wr rqh frqglwlrqdo rq ehlqj slyrwdo 0 djdlq d frqwudglfwlrq wr

Ohppd 61

�e



�hLTLt�|�L? S 5�TTLti �tt�4T|�L?t ��S �L*_� 6Lh i�ih) 0 : f |�ihi �t @? # : f

t�U� |�@| m8 E%ErW�� � �*2m � # �4T*�it |�@| *�4 t�T
&
E� � |�&Er� � |2&Er�� � 0 uLh @**

r 5 7c ��i�c |�i i TiU|i_ uh@U|�L? Lu �L|iht ��L @Mt|@�? �t ML�?_i_ @ML�i M) 0 uLh

t��U�i?|*) *@h}i &�

� !i) t|iT �? |�i ThLLu �t |L t�L� |�@| �u |�i uh@U|�L? Lu |�i i*iU|Lh@|i |�@|

Thiuiht @*|ih?@|��i � |L @*|ih?@|��i 2 �? |�i Uh�|�U@* t|@|i �t �ih) U*Lti |L �*2 |�i? |�i

i^��*�Mh��4 �L|i t�@hi Lu i@U� @*|ih?@|��i 4�t| Mi U*Lti |L �*2 �? ML|� Lu |�i t|@|it

r� @?_ r2 �? ���U� @ �L|i �t 4Lt| *�!i*) |L Mi T��L|@*� ��| |�i? @ t�?}*i �L|i ThL��_it

�ih) *�||*i �?uLh4@|�L? @ML�| |�i |h�i t|@|i t�?Ui �L|iht @hi i TiU|i_ |L �L|i uLh i�|�ih

@*|ih?@|��i ��|� U*Lti |L i^�@* ThLM@M�*�|) �? ML|� r� @?_ r2� Oi?Ui UL?_�|�L?�?} L?

|�i i�i?| R��� ThL��_it �ih) t�4�*@h �?uLh4@|�L? |L UL?_�|�L?�?} L? |�i i�i?| R��2 @?_

@ t4@** uh@U|�L? Lu |�i i*iU|Lh@|i @Mt|@�?t�
��

�t @ ULhL**@h) |��t �4T*�it |�@| �u |�i t|@|i tT@Ui �t R�?i�c ��i�c �u |�i �|�*�|)

�@h�@|�L? Mi|�ii? @?) T@�h Lu UL?tiU�|��i t|@|it �t t4@** |�i? |�i *i�i* Lu @Mt|i?|�L?

�t t4@**�

�LhL**@h) � 5�TTLti �tt�4T|�L?t ��S �L*_� A�i? uLh i�ih) " : f |�ihi �t @? D @?_

@ &� t�U� |�@| �u 4@ % m�E%c r
2
�� �E%c r��m 	 D |�i? |�i i TiU|i_ uh@U|�L? Lu �L|iht ��L

@Mt|@�? �t *itt |�@? " uLh @** & : &��
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47Wkh uhdghu pd| zrqghu li wkhuh lv d wkhruhp wkdw pljkw eh suryhg wr wkh h�hfw wkdw wkrvh zlwk

ehwwhu lqirupdwlrq dozd|v sduwlflsdwh pruh iuhtxhqwo| dqg wkdw devwhqwlrq dprqj wkh xqliruphg do0

zd|v lqfuhdvhv idvwhu dv wkh hohfwrudwh dv d zkroh ehfrphv pruh lqiruphg1 Zkloh wklv sdwwhuq dsshduv

wr eh urexvw iru d ydulhw| ri h{dpsohv lw lv srvvleoh wr frqvwuxfw d frxqwhuh{dpsoh lq zklfk wkrvh

zlwk ehwwhu lqirupdwlrq devwdlq zlwk kljkhu suredelolw| wkdq wkrvh zlwk zruvh lqirupdwlrq1 Wkh

h{dpsoh uhtxluhv wkh lqwurgxfwlrq ri frqvlghudeoh dv|pphwu| lq suhihuhqfhv1 Ghwdlov duh dydlodeoh

xsrq uhtxhvw iurp wkh dxwkruv1
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48Wr frpsxwh wkh phgldq yrwhu w|sh lq vwdwh 3 zh qhhg wr nqrz wkh glvwulexwlrq ri yrwhuv lq vwdwh

3= Xvlqj wkh fxwsrlqwv wkh ghqvlw| ri wkh suhihuhqfhv ri yrwhuv zkr sduwlflsdwh lq vwdwh 3 lv
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49Ihgghuvhq dqg Shvhqgruihu +4<<:, ghprqvwudwh ixoo lqirupdwlrq htxlydohqfh lq d prgho zlwkrxw

devwhqwlrq1 Wkhlu dujxphqwv fdq eh dgdswhg wr |lhog ixoo lqirupdwlrq htxlydohqfh khuh1 Lw lv dovr

vwudljkwiruzdug wr dgdsw wkh dujxphqwv ri Sursrvlwlrq 7 wr wkh fdvh zlwkrxw devwhqwlrq1
4:Lq jhqhudo1 vlqfh wkh vwdwhv qhhg qrw eh htxdoo| olnho| lw lv dovr wkh fdvh wkdw wkh h{ dqwh +sulru

wr wkh uhdol}dwlrq ri wkh vwdwh, h{shfwhg phgldq sduwlflsdqw qhhg qrw eh htxdo wr wkh srsxodwlrq

phgldq w|sh1
4;Dgdswlqj wkh dujxphqw lq wkh surri ri Sursrvlwlrq 7 wr wkh fdvh lq zklfk devwhqwlrq lv qrw

shuplwwhg lv vwudljkwiruzdug1 Iru d surri lq d uhodwhg vhwwlqj vhh Ihgghuvhq dqg Shvhqgruihu +4<<:,1
4<Vhh Ulqjtxlvw/ Kloo/ Ohljkoh| dqg Klqwrq0Dqghuvvrq +4<<:, dv zhoo1
53Iru h{dpsoh/ gxulqj d uhfhvvlrq hyhu|rqh pd| eh pruh glvsrvhg wr vxssruw jryhuqphqw vshqglqj1
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