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uLh |�i _���_i?_c |�i h�t!) @?_ |�i h�t!*itt T@)4i?| @tG

7(|? ' 7(? uLh | � � E2�

f|? ' E)| � )f�
��? uLh | � � E��

(|? ' 7(? nf|? uLh | � �� Ee�

�L44�|4i?|t |L 4@!i T@)4i?|t tTiU��i_ �? |�i �wW�t *@t| uLhi�ihc @?_ @| i@U�

|�4i Tih�L_ | L?i U@? @�L�_ 4@!�?} u�|�hi T@)4i?|t L?*) M) ti**�?} |�i �wW� L?i �t

*L?} �? Lh M�)�?} @ �wW� L?i �t t�Lh| �?( |�ihi �t ?L uhii _�tTLt@* @?_ ?L _iu@�*|� A��tc

|�i Th�Ui �|? Lu |�i ?|� �wW� @| |�4i | U@? Mi i�|�ih TLt�|��i Lh ?i}@|��i @u|ih |�4i fc

_iTi?_�?} L? ���U� �@) �?UL4it |�h?� Wu Th�Ui MiUL4it TLt�|��i @u|ih |�4i f �| 4i@?t

|�@| |�i �wW� �t �@*�@M*i |L *L?}t t�?Ui �| �t i TiU|i_ |L 4@!i TLt�|��i h�t!) T@)4i?|t

|L |�i4� Wu Th�Ui MiUL4it ?i}@|��i @u|ih |�4i f �| 4i@?t |�@| |�i �wW� �t �@*�@M*i |L

t�Lh|t t�?Ui �| �t i TiU|i_ |L 4@!i ?i}@|��i h�t!) T@)4i?|t� k?L��?} |��tc TiLT*i ��**

D



@| |�4i f |h) |L |@!i TLt�|�L?t �? |�i �wW�t |�@| �i*T |�i4 |L Lgti| |�i�h i?_L�4i?|

h�t!tc @?_ i@U� Tih�L_ |�ihi@u|ih ��** hi�i�@*�@|i |�i @M�*�|) Lu |�i �wW�t |L _L |��t(

Th�Uit Lu |�i �wW�t @u|ih |�4i f @?_ |�i �?|ihit| h@|i ��** Mi _i|ih4�?i_ M) |�i 4@h!i|

U*i@h�?} UL?_�|�L?�

��h |�4�?} UL?�i?|�L? �t @t uL**L�tG W? i@U� Tih�L_ | �?_���_�@* �<t i?_L�4i?|c +|�c

�t hi@*�3i_� 5�i @*tL hiUi��it T@)4i?|t uhL4 �ih tiU�h�|�it �L*_�?}tc |�@| �t t�i hiUi��it

ML|� _���_i?_t @?_ �?|ihit| uhL4 |�i �wW�t @?_ |�i L?i�Tih�L_ ML?_� W?_���_�@* � |�i?

_iU�_it �L� 4�U� |L UL?t�4i @?_ �L� 4@?) Lu |�i �wW�t @?_ |�i h�t!*itt ML?_t |L

M�) Lh ti**c |@!�?} @UUL�?| Lu i TiU|i_ u�|�hi T@)Lgt Lu |�i tiU�h�|�it @t �i** @t |�i

Th�Uitc �|?c ? ' �c ���c � c @?_ �?|ihit| h@|i o| |�@| @hi t�4�*|@?iL�t*) _i|ih4�?i_ �? |�i

UL4Ti|�|��i 4@h!i|� �| |�4i fc �? UL?|h@t|c ?L _���_i?_t @hi hiUi��i_c @?_ �?_���_�@*

� U�LLtit ^�@?|�|�it Lu |�i �wW�t @?_ |�i ML?_ |L M�) Lh ti**� A�i h�t! Thi4��4
7(? �t U�Lti? M) |�i UL?|h@U| _it�}?ih tL |�@| i^��*�Mh��4 Th�Uit Lu |�i �wW�t @| |�4i

3ihLc �f?c ? ' �c ���c � c @hi 3ihL� A��tc @| |�4i 3ihL |�i �ih) �4TLh|@?| h�t!�t�@h�?}

UL44�|4i?|t @hi 4@_i @?_ |�i L?*) hitL�hUit |�@| U�@?}i �@?_t @hi |�Lti uLh |�i

T�hU�@ti @?_ t@*i Lu ML?_t @t �i** @t T@)4i?| Lu �?|ihit| @?_ Th�?U�T@* uLh ML?_t �tt�i_

@| |�4i |� ��

wi| j| _i?L|i |�i � �i*i4i?| hL� �iU|Lh ��Lti ?|� i*i4i?| �t f|?� A�i?c j| '

E)|�,f)|�
�� ��ihi � �t |�i U �� 4@|h� ��Lti ?|� UL*�4? �t �?� wi| �| _i?L|i |�i

� �i*i4i?| hL� �iU|Lh ��Lti ?|� i*i4i?| �t �|?( 7# _i?L|it |�i � �i*i4i?| hL� �iU|Lh

��Lti ?|� i*i4i?| �t 7(?( #| _i?L|it |�i � �i*i4i?| hL� �iU|Lh ��Lti ?|� i*i4i?| �t
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tL*�|�L?�2 ì @tt�4i |�@| *?E� n 4� : �
2
�2 �

U

SU
�'� j

2
"�
c ��ihi j2"� �t |�i �@h�@?Ui Lu |�i

�??L�@|�L? |L �?UL4i uLh @}i?| �� �t ��** Mi tii? Mi*L�c |��t i?t�hit @ TLt�|��i 4@h!i|�
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ì U@? hi�h�|i |��t UL?_�|�L?c i^�@|�L? E���c @t(.

7Zh dvvxph wkdw djhqwv wudgh dw htxloleulxp sulfhv dqg wkhuh duh qr duelwudjh rssruwxqlwlhv1 Krz0

hyhu/ zkhq pdunhwv duh lqfrpsohwh/ wkhuh lv qrw d xqltxh zd| wr hydoxdwh rqh*v eruurzlqj rssruwxqlwlhv1

Wkxv zh pxvw gh�qh iru hdfk lqglylgxdo krz vkh hydoxdwhv ixwxuh lqfrph vwuhdpv/ vhh Pdjloo dqg Txlq}ll

^4<<7`1
8Vhh Kxdqj dqg Olw}hqehujhu ^4<;;` iru dq h{dpsoh ri krz wr frqvwuxfw wklv phdvxuh1
9Iru wkh jhqhudo wkhru| ri htxlydohqw pduwlqjdoh phdvxuhv dqg qr duelwudjh/ vhh Kduulvrq dqg Nuhsv

^4<:<`1 Gx�h ^4<<9` dovr fryhuv wklv wkrxjk lq d gl�huhqw idvklrq1 Iru d ohvv whuvh kdqgolqj ri wkhvh

lvvxhv vhh Kxdqj dqg Olw}hqehujhu ^4<;;`1 Iru d glvfxvvlrq ri htxlydohqw suredelolw| phdvxuhv lq dq

lq�qlwh krul}rq vhwwlqj/ vhh Kxdqj dqg Sdj�hv ^4<<5`1 Vhh wkh dsshqgl{ iru d vkruw glvfxvvlrq rq wkh

exgjhw frqvwudlqw dqg wkh qr0srq}l0jdph frqglwlrq1
:Iru wkh jhqhudo wkhru| dqg glvfxvvlrq ri d wudqvyhuvdolw| frqglwlrq htxloleulxp iru lq�qlwh krul}rq

hfrqrplhv vhh Pdjloo dqg Txlq}ll ^4<<7`1
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44Lq vrfldo zhoiduh wkhru|/ lw lv qrupdoo| dvvxphg wkdw wkh vrfldo zhoiduh ixqfwlrq lv dq lqfuhdvlqj

dqg frqfdyh ixqfwlrq ri lqglylgxdo xwlolwlhv/ vhh iru h{dpsoh Pdv0Frohoo/ Zklqvwrq dqg Juhhq ^4<<8`1

Rxuv ehlqj frqyh{ lq lqglylgxdo xwlolwlhv/ dqg xwlolwlhv ehlqj qhjdwlyh h{srqhqwldo/ h�hfwlyho| r�vhwv

glplqlvklqj pdujlqdo xwlolw| dqg uhvxowv lq rxu pd{lpl}lqj ulvn vkdulqj/ l1h1 plqlpl}lqj frqvxpswlrq

yduldqfh/ zlwkrxw uhjdug wr lqfrph ohyhov1 Lq sudfwlfh zkhq zh h{shulphqwhg zlwk frqfdyh vrfldo zhoiduh

ixqfwlrqv/ rswlpdo frqwudfwv zhuh lq h�hfw ghvljqhg iru shrsoh lq wkh srruhvw uhjlrqv ri wkh zruog1 Wkhvh

duh wkh uhjlrqv zkhuh zh vxvshfw wkdw lqqrydwlyh ulvn0vkdulqj lqvwlwxwlrqv duh ohdvw olnho| wr vxffhhg lq

sudfwlfh1
45Wr rewdlq wklv sduwlfxodu h{suhvvlrq vhh wkh dsshqgl{1
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ì it|�4@|i @** T@h@4i|iht �? |�i �@h�@?Ui 4@|h� ��|� _@|@ L? Tih U@T�|@ }hLtt _L�

4it|�U ThL_�U|t �? �bHD N5 _L**@ht uhL4 |�i �i?? L̀h*_ A@M*ic tii 5�44iht @?_ Oit|L?

d�bb�o �T_@|i_ |L �bb2 uhL4 �||TG%%����?Mih�Lh}� � �@ �4�4 *�!i*��LL_ it|�4@|i �t

|@!i? �t�?} |�i e2 LMtih�@|�L?t L? Tih U@T�|@ �?UL4i U�@?}it uLh i@U� UL�?|h)� 6�|�hi

�Lh! ��** i @4�?i t�4�*@h 4L_i*t Lu |�i �@h�@?Ui 4@|h� ��|� L|�ih RUL44L? ti?ti�

Th�Lht�

2D



D�2 �@*�Mh@|�L? Lu oc � @?_ 4

W? |��t tiU|�L? �i tTiU�u) |�i hi@* h�t! uhii �?|ihit| h@|ic oc @?_ |�i ULi�U�i?| Lu @MtL*�|i

h�t! @�iht�L?c �� �?Ui �i tTiU�u) |�iti |�L T@h@4i|ihtc |�i t�M�iU|��i h@|i Lu _�tUL�?|c 4c

�t _i|ih4�?i_ M) i^�@|�L? E�D�� ,4T�h�U@* t|�_�it �@�i uL�?_ ��*_*) _�gihi?| it|�4@|it

Lu |�i ULi�U�i?| Lu hi*@|��i h�t! @�iht�L? T@h@4i|ih E@?_ |�i _�tUL�?| h@|i�c _iTi?_�?}

L? |�i !�?_ Lu U�hU�4t|@?Uit |�@| }i?ih@|i |�i _@|@c tii A�@*ih d�bbfo� V@*�it Lu |�i

ULi�U�i?| Lu hi*@|��i h�t! @�iht�L? �@�i Mii? it|�4@|i_ �? |�i �fftc M�| |�iti 4@)

Mi hi}@h_i_ @t �4T*@�t�M*) ��}�( �i U�LLti �| i^�@* |L |�hii @t hiThiti?|�?} @ tLh| Lu

UL?ti?t�t M) 4@?) ��L �Lh! �? |��t *�|ih@|�hi @t @ hi@tL?@M*i �@*�i |L @tt�4i� W? Lh_ih

|L LM|@�? |�i ULi�U�i?| Lu @MtL*�|i h�t! @�iht�L?c �c �i |@!i |�i @�ih@}i �?UL4i �? �bb2c

7+ ' �e.H��e�c tii |@M*i �c @?_ ti||�?} � ' �
7+
c �i LM|@�? � ' f�fff2f��

AL LM|@�? @? it|�4@|i Lu oc �i �ti |�i _@|@ uhL4 �U��**LU� @?_ k�L? d�bb�o uLh

L?i 4L?|� 4@|�h�|) 3ihL UL�TL? ML?_t uLh |�i ��L*i t@4T*ic �beSG�2��bb�G2 uLh |�i

?L4�?@* �?|ihit| h@|i� AL LM|@�? @? �?�@|�L? tih�it �i �ti |�i ��W�N ?L| ti@tL?@**)
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ì !?L� |�@| �?_ih �?_���_�@* �<t i^���@*i?| ThLM@M�*�|) 4i@t�hic � W| n ~W| uL**L�t @

4@h|�?}@*ic tii uLh i @4T*i O�@?} @?_ w�|3i?Mih}ih d�bHHo� A@!�?} i TiU|@|�L?t �?_ih

|�i i^���@*i?| ThLM@M�*�|) 4i@t�hic ,W� c Lu i^�@|�L? ES2�c �i LM|@�?(

,Wf�d
A[
|'f

ESW|� � +W|��o ' �,Wf�dwA�� WA ��W
A �o� ES��

A�i |ih4 L? |�i h�}�| �@?_ t�_i Lu ES�� �t |�i Thiti?| �@*�i Lu �?_���_�@* �<t �i@*|�

@| |�4i A � W? @ �?�|i Tih�L_ iUL?L4) |�i @tt�4T|�L? �t 4@_i |�@| �A ' f @?_ �A ' f

tL |�@| �i@*|� @| |�i �?@* _@|i �t 3ihL� Wu �i *i| A }L |L �?�?�|)c |�i? |�i ?L�TL?3��}@4i

UL?_�|�L? �t |�@| |�i Thiti?| �@*�i Lu �i@*|� @| |�4i A @t A }Lit |L �?�?�|) 4�t| Mi

?L?�?i}@|��i� 5�?Ui |�i @}i?| �tit ,W� |L i�@*�@|i |�i Thiti?| �@*�i Lu u�|�hi �?UL4i

t|hi@4tc |�i M�_}i| UL?t|h@�?| t|@|it |�@| |�i Thiti?| �@*�i Lu UL?t�4T|�L? i^�@*t |�i

Thiti?| �@*�i Lu *@MLh �?UL4i�

4:Pxfk ri wklv/ h{fhsw iru wkh qr0srq}l0jdph frqglwlrq lwvhoi/ fdq eh irxqg lq Kxdqj dqg Olw}hqehujhu

^4<;;`1

��



#ih��@|�L? Lu ,^�@|�L? E�2�

AL LM|@�? i^�@|�L? E�2� �i Mi}�? M) tL*��?} i^�@|�L? E2S� M@U!�@h_ |L |�4i 3ihL |L

LM|@�?G

�|� '
|3�[
�'f

E+|3�� n ^�j
�
|3� n ^� 7#

� � S|3���E� n o�� n E� n o�|�f�� ESe�
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lq wkh ohiwprvw froxpq1 Wkh Dlq hohphqwv vkrzq wkhuhiruh jlyh wkh zhljkw jlyhq wr wkh lqfrph ri
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Xqghu rxu dvvxpswlrqv/ zlwk 9 ZLFv ulvn vkdulqj lv frpsohwh/ dqg vr Il9 uhsuhvhqwv wkh wrwdo

srvvleoh zhoiduh jdlq iurp ulvn vkdulqj1 Il4
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