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hL�?_ i TiU|i_ T@)Lgt Lu |�i t�M}@4i t|@h|�?} ��|� |�i Lgih Lu @ ?i� U*@�ti

M) Z�Jc Z�@c Z2Jc @?_ Z2@ �

8Dq dowhuqdwlyh zd| wr vhw xs wkh prgho zrxog eh wr doorz rqh sduw| ru wkh rwkhu wr
pdnh wdnh0lu0 ru0ohdyh0lw r�huv dqg fdswxuh wkh hqwluh vxusoxv1 Vhfwlrq : vkrzv krz wklv
fdq eh grqh1 Zklfk dvvxpswlrq lv fkrvhq lv qrw lpsruwdqw1

H



� t�?Uihi U*@�ti )�i*_t |�i �gihLh %r �u @UUiT|i_c @?_ @ 4�t*i@_�?} L?i

)�i*_t ��4 %6� A�i ULt| |L ��4 Lu 4@!�?} @? Lgih �t Sr : f Lh S6 : fc

_iTi?_�?} L? |�i |)Ti Lu U*@�tic ��ihi i�|�ih Lu |�iti 4�}�| Mi |�i }hi@|ih

ULt|c _iTi?_�?} L? ��i|�ih �| �t 4Lhi ULt|*) |L _�tUL�ih @?_ ThLTLti @ 4��

|�@**) Mi?i�U�@* t�?Uihi U*@�ti Lh |L _�t}��ti @ L?i� t�_i_ U*@�ti� �tt�4i

|�@|

%6 � S6 : %r � Sr : f� E��

A�i �ht| �?i^�@*�|) �? E�� t@)t |�@| |�i �gihLh �L�*_ Thiuih @ 4�t*i@_�?}

U*@�ti |L @ t�?Uihi L?ic }��i? |�i ULt| Lu Lgih�?} |�i4c �u ML|� U*@�tit �@_

i^�@* ThLM@M�*�|�it Lu @UUiT|@?Ui� A�i tiUL?_ �?i^�@*�|) t@)t |�@| i�|�ih |)Ti

Lu U*@�ti �i*Tt |�i �gihLhc �u @UUiT|i_�

wi| �t @*tL @tt�4i |�@|

%r n +r � Sr : %6 � +6 � S6� E2�

A��t @tt�4T|�L? t@)t |�@| |�i t�?Uihi U*@�ti �t i�U�i?|( |�ihi �t ?L t�_i

T@)4i?| |�@| |�i �gihLh �L�*_ Mi ��**�?} |L 4@!i |�@| �L�*_ �?_�Ui |�i

�UUiT|Lh |L !?L��?}*) @UUiT| @ 4�t*i@_�?} U*@�ti�

A�i �UUiT|Lh<t Mi?i�| �t +r : f uhL4 @ t�?Uihi U*@�ti @?_ �+6 	 f

uhL4 @ 4�t*i@_�?} L?i� Oi U@??L| ULt|*itt*) �_i?|�u) @ U*@�ti |�@| �t Lgihi_�

W?t|i@_c �i U@? @UUiT| �| L�|h�}�|c hi�iU| �|c Lh �?tTiU| �| @| ULt| S� |L _�tUL�ih

��i|�ih �| �t t�?Uihi Lh 4�t*i@_�?}�

A�i �gihLh �@t |�i LT|�L? Lu ?L| Lgih�?} @?) U*@�ti @| @**c uLh @ T@)Lg

Lu f�

A�i Lh_ih Lu T*@) �t |��t

b



Ef� �gihLh @?_ �UUiT|Lh tT*�| |�i t�hT*�t Lu 2Z i^�@**)�

E�@� A�i �ht| hL�?_ Lu Lgiht LUU�ht� A�i �gihLh Lgiht @ t�?Uihi U*@�ti @|

ULt| Src Lh @ 4�t*i@_�?} U*@�ti @| ULt| S6c Lh i?_t |�i }@4i M) 4@!�?}

?L Lgih @| @**�

E�M� A�i �UUiT|Lh �?tTiU|t |�i U*@�ti @| ULt| S�c _�tUL�ih�?} ��i|�ih �| �t

t�?Uihi Lh 4�t*i@_�?}c Lh _Lit ?L| �?tTiU|�

E�U� A�i �UUiT|Lh @UUiT|t Lh hi�iU|t |�i U*@�ti�

E2@� A�i tiUL?_ hL�?_ Lu Lgiht LUU�ht� A�i �gihLh Lgiht @ t�?Uihi U*@�ti @|

ULt| Src Lh @ 4�t*i@_�?} U*@�ti @| ULt| S6c Lh i?_t |�i }@4i M) 4@!�?}

?L Lgih @| @**�

E2M� A�i �UUiT|Lh �?tTiU|t |�i tiUL?_ U*@�ti @| ULt| S�c _�tUL�ih�?} ��i|�ih

�| �t t�?Uihi Lh 4�t*i@_�?}c Lh _Lit ?L| �?tTiU|�

E2U� A�i �UUiT|Lh @UUiT|t Lh hi�iU|t |�i tiUL?_ U*@�ti�

E�� A�i UL?|h@U| �t �?@*�3i_c T@)Lgt @hi hiUi��i_c @?_ |�i igiU| Lu |�i

U*@�tit �t _�tUL�ihi_�

A��t �t @ }@4i Lu UL4T*i|i �?uLh4@|�L?� A�ihi _L ?L| i �t| _�gihi?|

R|)Tit� Lu �gihLhtc @?_ |�ihi �t ?L|��?} uLh |�i �UUiT|Lh |L *i@h? @ML�| |�i

�gihLh _�h�?} |�i }@4ic @*|�L�}� |�i �UUiT|Lh U@? *i@h? @ML�| |�i �gihLh<t

U�L�Ui Lu U*@�ti� �iU@�ti Lu |��t c �| �L�*_ 4@!i �ih) *�||*i _�gihi?Ui �u |�i

|�L T*@)iht t��|U�i_ hL*it �? 4�_�}@4ic tL |�@| L?i T*@)ih �@t |�i �gihLh

�? |�i �ht| hL�?_ @?_ |�i L|�ih �@t |�i �gihLh �? |�i tiUL?_ hL�?_� A�i

ThLTih|�it Lu |�i }@4i �L�*_ Mi itti?|�@**) �?U�@?}i_( i@U� Lu |�i TLtt�M*i

i^��*�Mh��4 L�|UL4it _itUh�Mi_ Mi*L� �L�*_ UL?|�?�i |L i �t|�

�f



��

AO, V�wN, �6 � +,�NA�AW�� 6�+ O��,5AvG

`O�A W6 AO, �66,+,+ ��� �+,����WAq

`�@| �@TTi?t �u |�i �gihLh U@? ThiUL44�| |L Lgih L?*) t�?Uihi U*@�titq

A�i �UUiT|Lh ��** |�i? ?L| ML|�ih |L �?tTiU|c @?_ ��** @UUiT| ML|� U*@�titc

tL |�i T@)Lgt �? i@U� hL�?_ @hi

ZJ ' %r � Sr E��

@?_

Z@ ' +rc Ee�

uLh @ |L|@* tLU�@* t�hT*�t L�ih |�i |�L hL�?_t Lu

Z�J n Z�@ n Z2J n Z2@ ' 2E%r n +r � Sr�� ED�

A�i tLU�@* t�hT*�tit �? |��t @?_ |�i tUi?@h�Lt Mi*L� @hi |@M�*@|i_ *@|ih �?

A@M*i � uLh UL4T@h�tL?� A�i tLU�@* t�hT*�t �? |��t tUi?@h�L �t |�i ��}�it|

TLtt�M*ic MiU@�ti hi@_�?} UL?|h@U|t U@hiu�**) �t �??iUitt@h) @?_ |�i t�?Uihi

U*@�tit @hi @*�@)t Lgihi_�

W| �t �@h_ |L tii �L� tL4iL?i UL�*_ *�|ih@**) UL44�| |L Lgih�?} L?*)

t�?Uihi U*@�titc M�| �? tL4i U@tit T*@�t�M*i �@)t |L hi@U� |�i t@4i L�|UL4i

@hi @�@�*@M*i� Wu |�i �gihLh hiTi@|i_*) ?i}L|�@|it L�ih |�4ic ��|� L?i Lh

_�gihi?| �UUiT|Lhtc �i 4@) ��t� |L Thitih�i @ hiT�|@|�L? uLh t�?Uih�|)� Wu �i

i�ih Lgihi_ @ 4�t*i@_�?} UL?|h@U|c �| �L�*_ Mi @UUiT|i_c M�| �u �i |h�i_ |L

i?uLhUi �|c �i UL�*_ *Lti ��t hiT�|@|�L?� �hc �| 4�}�| Mi TLtt�M*i |L �?U*�_i

�? |�i UL?|h@U| @ ThL��t�L? |�@| �u |�i �UUiT|Lh |��?!t @ U*@�ti �t 4�t*i@_�?}c

@ UL�h| Lh @? �4T@h|�@* @hM�|h@|Lh ��|� @ hiT�|@|�L? uLh �L?it|) U@? �L�_

��



|�i UL?|h@U|� W? Th@U|�Uic Lu UL�htic �| 4@) Mi _��U�*| uLh @? L�|t�_ih |L

_i|ih4�?i ��i|�ih @ U*@�ti �t 4�t*i@_�?}�

e�

AO, V�wN, �6 � +,�NA�AW�� 6�+ +,�#W�B ���A+��A5

��+,6NwwvG

`O�A W6 AO, ���,�A,+ ��� �+,����WAq

`�@| �@TTi?t �u |�i �UUiT|Lh U@? ThiUL44�| |L �?tTiU|q A�i �gihLh

�t |�i? ��**�?} |L Lgih |�L t�?Uihi U*@�titc @?_ |�i T@)Lgt �? i@U� hL�?_ @hi

ZJ ' %r � Sr ES�

@?_

Z@ ' +r � S�c E.�

uLh @ |L|@* tLU�@* t�hT*�t L�ih |�i |�L hL�?_t Lu

Z�J n Z�@ n Z2J n Z2@ ' 2E%r n +r � Sr � S��� EH�

A�i �UUiT|Lh �t ��**�?} |L ThiUL44�| |L �?tTiU|�L? ��|�L�| @?) tLh| Lu t�_i

T@)4i?| �u +r � S� � f�

A�i �UUiT|Lh 4@) Mi @M*i |L _L i�i? Mi||ihc �L�i�ih�S 5�TTLti �i U@?

ThiUL44�| |L �?tTiU| ��|� @�_�|�?} ThLM@M�*�|) k( i�}�c �i ThiUL44�|t |L

�?tTiU| ��|� @ ThLM@M�*�|) Lu bf TihUi?|� A��t �t U�i@Tih �? i TiU|i_ �@*�i

|�@? |�i ThLM@M�*�|) Lu �ff TihUi?| �ti_ @ML�ic @?_ 4�}�| t|�** _i|ih |�i

�gihLh uhL4 @||i4T|�?} |L t?i@! M) @ 4�t*i@_�?} U*@�ti� W| ��** _i|ih ��4

�u k �t U�Lti? tL |�@|

ZJE7�?Seoe� ' %r � Sr � ZJE��r,e@_�?}� ' E�� k�%6 n kEf�� S6c Eb�

9L wkdqn Zroijdqj Shvhqgruihu iru srlqwlqj wklv rxw wr ph1

�2



���U� hi^��hit |�@|

k �
E%6 � S6�� E%r � Sr�

%6
� E�f�

�tt�4T|�L? E�� i?t�hit |�@| |�i h�}�|��@?_ t�_i Lu E�f� �t Mi|�ii? 3ihL @?_

L?i� Wu k �t ti| @| kWc |�i U�i@Tit| *i�i* ���U� 4@!it �?i^�@*�|) E�f� |h�ic

|�i? |�i T@)Lgt �? i@U� hL�?_ @hi

ZJ ' %r � Sr E���

@?_

Z@ ' +r �
�
%r � Sr n S6

%6

�
S�c E�2�

uLh @ |L|@* tLU�@* t�hT*�t L�ih |�i |�L hL�?_t Lu

Z�J n Z�@ n Z2J n Z2@ ' 2E%r n +r � Sr �
�
%r � Sr n S6

%6

�
S��� E���

A�i �ti Lu @ ThLM@M�*�|) k _Lit ?L| �4T*) |�@| |�i i^��*�Mh��4 �t �?

4� i_ t|h@|i}�it( tL4i|��?} ^��|i _�gihi?| �t }L�?} L? �ihi� �hiUL44�|4i?|

|L @? @�_�|�?} ThLM@M�*�|) �t _�t|�?U| uhL4 @ 4� i_ t|h@|i})c MiU@�ti |�i

�UUiT|Lh 4�t| �?tTiU| ��|� TLt�|��i ThLM@M�*�|) i�i? |�L�}� �i !?L�t |�@|

�? i^��*�Mh��4 |�i �gihLh ��** ?i�ih Lgih @ 4�t*i@_�?} U*@�ti�. `�|�L�|

ThiUL44�|4i?|c �u |�i �UUiT|Lh @??L�?Ui_ �i �@t uL**L��?} |�i t|h@|i})

��t| _itUh�Mi_c �| �L�*_ ?L| Mi @? i^��*�Mh��4� Wu |�i �gihLh Mi*�i�i_ |�i

@??L�?Ui4i?| @?_ L?*) Lgihi_ t�?Uihi U*@�titc |�i �UUiT|Lh �L�*_ U�@?}i

��t 4�?_ @?_ hiti| |�i �?tTiU|�L? ThLM@M�*�|) |L 3ihL ��i? |�i |�4i U@4i |L

T@) |�i �?tTiU|�L? ULt|�

�hiUL44�|4i?| 4�}�| |@!i |�i uLh4 Lu T@)�?} uLh UL?|h@U| �?tTiU|�L?

�? @_�@?Ui Lu |�i ?i}L|�@|�L?c M) ��h�?} @? �?��L�ti *@�)ihc uLh i @4T*ic @?_

:Iru pruh rq wkh glvwlqfwlrq/ vhh Udvpxvhq +4<<7,/ ss1 ;40 ;61

��



Mi�?} U@hiu�* |L ?L| �@�i L|�ih �tit uLh ��t |�4i� �? �?|ihit|�?} @*|ih?@|��i

|�@| �L�*_ hi@U� |�i t@4i hit�*| �L�*_ Mi uLh |�i �gihLh |L T@) uLh |�i

*@�)ihc M�?_*�?} |L}i|�ih |�i Lgih Lu @ ?i� U*@�ti @?_ |�i �?tTiU|�?} Lu

|�i U*@�ti� ROi ��L T@)t |�i T�Tih U@**t |�i |�?ic� �L�i�ihc @?_ t�U� @?

@hh@?}i4i?| 4�}�| ?L| Mi |h�t|i_ M) |�i �UUiT|Lh�

A�i �t�@* t�Mt|�|�|i uLh ThiUL44�|4i?|c hiT�|@|�L?c 4�}�| ?L| �Lh!�

A�i hiT�|@|�L? �ihi �L�*_ Mi @ hiT�|@|�L? uLh hi@_�?} UL?|h@U|t U@hiu�**)� Wu

|�i �UUiT|Lh U@? t�L� �gihLht |�@| �i _Lit hi@_ UL?|h@U|t U@hiu�**)c �i U@?

4@�?|@�? t�U� @ hiT�|@|�L?c M�| |�@| 4@) ?L| Mi TLtt�M*i� 5�?Ui L?*) t�?�

Uihi U*@�tit @hi Lgihi_ �? i^��*�Mh��4c ?i�|�ih |�i _�*�}i?| UL?|h@U|�hi@_�?}

�UUiT|Lh ?Lh |�i _i��@?| ?L?�hi@_�?} �UUiT|Lh �L�*_ i�ih �?_ @ 4�t*i@_�?}

UL?|h@U|� A�i ThLM*i4 Lu �ih�u)�?} |�@| |�i �UUiT|Lh �t uL**L��?} ��t i^���

*�Mh��4 Mi�@��Lh MiUL4it itTiU�@**) @U�|i ��i? |�@| Mi�@��Lh �t |L �?tTiU|

��|� ThLM@M�*�|) k *itt |�@? L?i( �? i@U� ?i}L|�@|�L? hL�?_c |�i �UUiT|Lh

UL�*_ u@�* |L �?tTiU|c @?_ U*@�4 |�@| ��t u@�*�hi �@t @ 4@||ih Lu U�@?Ui�

Wu |�i �UUiT|Lh U@? tL4i�L� UL44�| |L �?tTiU| i�ih) Lgihc �L�i�ihc |�i

tLU�@* t�hT*�t �t @*4Lt| @t ��}� @t ��i? |�i �gihLh U@? UL44�| |L Lgih�?}

t�?Uihi U*@�tit� A�i L?*) _�gihi?Ui �t |�i ULt| Lu �?tTiU|�L?�

D� ,"NWwW�+W� `WAO�NA �+,����WA�,�AG OW5A�+v

W�#,�,�#,�A

wi| �t ?L� @tt�4i |�@| ?i�|�ih T*@)ih U@? ThiUL44�| |L @?) @U|�L?� A�i

�gihLh 4�}�| Lgih i�|�ih !�?_ Lu U*@�ti @?_ |�i �UUiT|Lh 4�}�| Lh 4�}�|

?L| hi@_ |�i �?i Th�?| Lu i@U� U*@�ti Lgihi_�

�?) i^��*�Mh��4 4�t| �@�i |�i uL**L��?} ThLTih|�itG

�e



E@� A�i �gihLh _Lit ?L| Lgih @ 4�t*i@_�?} U*@�ti ��|� ThLM@M�*�|) L?i� Wu

�i _�_c |�i? |�i �UUiT|Lh �L�*_ ?i�ih �?tTiU| Lh @UUiT|c @?_ tL |�i

�gihLh �L�*_ �?U�h ULt| S6 uLh ?L Mi?i�|�

EM� A�i �gihLh _Lit ?L| Lgih @ t�?Uihi U*@�ti ��|� ThLM@M�*�|) L?i� Wu �i

_�_c |�i �UUiT|Lh �L�*_ ?i�ih �?tTiU| |�i U*@�tic @?_ tL |�i �gihLh

�L�*_ Thiuih |L _i��@|i |L Lgih�?} @ 4�t*i@_�?} U*@�ti |L LM|@�? %6

�?t|i@_ Lu %r�

EU� A�i �UUiT|Lh _Lit ?L| �@�i ThLM@M�*�|) L?i Lu @UUiT|�?} ��|�L�| �?�

tTiU|�L?� Wu �i _�_c |�i �gihLh �L�*_ L?*) Lgih 4�t*i@_�?} U*@�tit�

E_� A�i �UUiT|Lh _Lit ?L| �@�i ThLM@M�*�|) L?i Lu �?tTiU|�?}� Wu �i _�_c

|�i �gihLh �L�*_ ?i�ih Lgih 4�t*i@_�?} U*@�titc 4@!�?} |�i �?tTiU|�L?

TL�?|*itt�

Ei� �L 4� i_�t|h@|i}) i^��*�Mh��4 i �t|t �? ���U� |�i �UUiT|Lh 4� it L?*)

Mi|�ii? �UUiT| @?_ +i�iU|� EA�i �gihLh �L�*_ @*�@)t U�LLti ��t�

*i@_�?} �? hitTL?tic ���U� UL�*_ ?L| Mi |h�i �? i^��*�Mh��4 MiU@�ti Lu

E@���

Eu� �L 4� i_�t|h@|i}) i^��*�Mh��4 i �t|t �? ���U� |�i �UUiT|Lh 4� it L?*)

Mi|�ii? W?tTiU| @?_ +i�iU|� EA�i �gihLh �L�*_ @*�@)t U�LLti 5�?Uihi

�? hitTL?tic ���U� UL�*_ ?L| Mi |h�i �? i^��*�Mh��4 MiU@�ti Lu EM���

A�iti ThLTih|�it t|�** *i@�i @ 4�*|�T*�U�|) Lu i^��*�Mh�@c _iTi?_�?} L? |�i

i TiU|@|�L?t Lu |�i |�L T*@)iht @?_ |�i T@h@4i|iht Lu |�i 4L_i*� 5�?Ui 4@?)

Lu |�i i^��*�Mh�@ ��** Mi t�4�*@hc *i| �t _i�?i |�L ?�4Miht |�@| ��** @TTi@h

�D



�? ti�ih@* Lu |�i4G

wr ' ��
S�

+6
@?_ w@ '

%r � Sr n S6

%6
� E�e�

A��t tiU|�L? ��** _i@* ��|� |�i uL�h i^��*�Mh�@ ���U� @hi ��t|Lh) �?_iTi?�

_i?| �? |�i ti?ti |�@| Mi*�iut �? |�i tiUL?_ Tih�L_ _L ?L| _iTi?_ L? ��@|

�@TTi?i_ �? |�i �ht| Tih�L_c |�L�}� |�i) 4@) _iTi?_ L? |�i Tih�L_ Mi�?}

tiUL?_ �?t|i@_ Lu �ht|�

,"NWwW�+WN� �G �� �?} ,@U� +L�?_�

�gihLhG W? i@U� hL�?_c Lgih |�i t�?Uihi U*@�ti ��|� ThLM@M�*�|) RWr '

wr ' �� S�
+6

@?_ |�i 4�t*i@_�?} U*@�ti L|�ih��ti�

�UUiT|LhG W? i@U� hL�?_c @UUiT| ��|�L�| �?tTiU|�L? ��|� ThLM@M�*�|)

RW@ ' w@ '
%r3SrnS6

%6
c @?_ L|�ih��ti �?tTiU|��

wi| |�i ThLM@M�*�|) ��|� ���U� |�i �gihLh Lgiht |�i t�?Uihi U*@�ti Mi

Rr @?_ |�i ThLM@M�*�|) ��|� ���U� |�i �UUiT|Lh @UUiT|t ��|�L�| �?tTiU|�L?

Mi R@� A�i L?i�hL�?_ T@)Lgt |L |�i �gihLh @hi

ZJEr�?Seoe� ' �Sr n R@%r n E�� R@�%r E�D�

@?_

ZJE6�r,e@_�?}� ' �S6 n R@%6 n E�� R@� � fc E�S�

t�?Ui |�i 4�t*i@_�?} U*@�ti ��** Mi hi�iU|i_ �u |�i �UUiT|Lh U�LLtit |L �?tTiU|�

Wu |�ihi �t @ 4� i_ t|h@|i}) i^��*�Mh��4c |�i |�L T�hi�t|h@|i}) T@)Lgt 4�t|

Mi i^�@|i_c tL

�Sr n R@%r n E�� R@�%r ' �S6 n R@%6c E�.�

�S



@?_

RW@ '
%r � Sr n S6

%6
� E�H�

A�i L?i�hL�?_ T@)Lgt Lu |�i �UUiT|Lh @hi

Z@E@SSeR|� ' Rr+r � E�� Rr�+6 E�b�

@?_

Z@E�?rReS|� ' �S� n Rr+r � E�� Rr� � f E2f�

t�?Ui |�i 4�t*i@_�?} U*@�ti ��** Mi hi�iU|i_ �u |�i �UUiT|Lh �?tTiU|t �|� Wu

|�ihi �t @ 4� i_ t|h@|i}) i^��*�Mh��4c |�i |�L T�hi�t|h@|i}) T@)Lgt 4�t| Mi

i^�@*c tL

Rr+r � E�� Rr�+6 ' �S� n Rr+rc E2��

@?_

RWr ' ��
S�

+6
� E22�

6Lh |�i ThLM@M�*�|�it �? E�H� @?_ E22� |L hi4@�? Mi|�ii? 3ihL @?_ L?i hi^��hit

|�@|

%r � Sr n S6 � fc E2��

���U� �t }�@h@?|ii_ M) @tt�4T|�L? E��c @?_

S� � +6� E2e�

Wu @tt�4T|�L? E2e� �t u@*tic ,^��*�Mh��4 � _Lit ?L| i �t|� �?*) ,^��*�Mh��4

2 _Lit� Wu S� : +6c |�i �UUiT|Lh �t ?L| ��**�?} |L �?tTiU| �? 4L�it E�M� @?_

E2M�c i�i? |�L�}� t�U� �?tTiU|�L? �t ?ii_i_ uLh |�i �gihLh |L Mi ��**�?} |L

Lgih @ t�?Uihi U*@�ti�

W? @__�|�L?c |�i �UUiT|Lh �@t |�i LT|�L? Lu hi�iU|�?} ��|�L�| �?tTiU|�L?c

uLh @ T@)Lg Lu f� �L4T@h�?} |�i T@)Lg Lu f ��|� |�i T@)Lg �? E2f� uhL4 |�i

�.



T�hi t|h@|i}) Lu �?tTiU|�?} E�S�nRr+r�c �| �t @TT@hi?| |�@| uLh ��4 |L hiuh@�?

uhL4 L�|h�}�| hi�iU|�L? hi^��hit |�@|

Rr+r � S�c E2D�

Lhc t�Mt|�|�|�?} uLh |�i i^��*�Mh��4 *i�i* Lu Rr uhL4 E22�c#
��

S�

+6

$
+r � S� E2S�

Wu UL?_�|�L? E2S� �t u@*tic |�i? ,^��*�Mh��4 � _Lit ?L| i �t|( L?*) ,^��*�Mh��4

2� �L|i |�@| UL?_�|�L? E2S� hi^��hit |�@| S� � +r� W?tTiU|�L? 4�t| Mi U�i@T

i?L�}� hi*@|��i |L |�i �@*�i Lu @ t�?Uihi U*@�ti |�@| |�i �UUiT|Lh �t ��**�?}

|L �?_ih|@!i |�i @4L�?| Lu �?tTiU|�L? ?ii_i_ |L }��i |�i �gihLh �?Ui?|��i

|L tL4i|�4it Lgih |�i t�?Uihi U*@�ti�

A�i i^��*�Mh��4 T@)Lgt uLh |�i i?|�hi t�M}@4i @hi |��Ui |�i Tih�hL�?_

T@)Lgt �t�?} |�i i^��*�Mh��4 4� �?} ThLM@M�*�|�itc tL |�i) i^�@*c uhL4 E�D�c

ZW�J n ZW2J ' 2E%r � Sr� E2.�

@?_c uhL4 E2f� @?_ E22�c

ZW�@ n ZW2@ ' 2E+r � S�

#
� n

+r

+6

$
�c E2H�

uLh @ |L|@* tLU�@* t�hT*�t Lu

ZW�J n ZW2J n ZW�@ n ZW2@ ' 2E%r n +r � Sr � S� �
S�+r

+6
�� E2b�

A�i t�hT*�t �? E2b� �t *itt |�@? |�i t�hT*�t ��i? |�i �UUiT|Lh U@?

ThiUL44�| |L �?tTiU|�?} i�ih) Lgih�

,"NWwW�+WN� 2G �L �giht�

�H



�gihLhG #L ?L| Lgih i�|�ih U*@�ti�

�UUiT|LhG +i�iU| @?) U*@�ti |�@| �t Lgihi_�

��|�Lu�i^��*�Mh��4 Mi*�iuG Wu |�i �gihLh _i��@|it @?_ Lgiht @ U*@�tic |�i �UUiT|Lh Mi�

*�i�it �| �t t�?Uihi ��|� @ ThLM@M�*�|) q Lu ?L 4Lhi |�@?

�@%i +6
+rn+6

c S�
+r
j�

,^��*�Mh��4 2 �t @? i^��*�Mh��4 MiU@�ti |�i �gihLh �@t ?L �?Ui?|��i |L

Lgih U*@�tit �u |�i �UUiT|Lh @*�@)t hi�iU|tc @?_ |�i �UUiT|Lh �@t ?L �?Ui?|��i

|L �?tTiU| Lh @UUiT| }��i? ��t Mi*�iut� A��t _�*i44@ �t t�4�*@h |L |�i t�|�@|�L?

�? tL4i t�}?@**�?} @?_ ULLh_�?@|�L? }@4itc M�| �ihi �?*�!i �? |�Lti }@4it

Ei�}�c ��L : khiTt E�bH.� V@? #@44i E�bHb��c |�i �?|��|��i Uh�|ih�L? @?_

uLh�@h_ �?_�U|�L? �@�i ?L M�|i�H

A�i L�|�Lu�i^��*�Mh��4 Mi*�iut ?ii_i_ |L t�t|@�? ,^��*�Mh��4 2 @hi LM�

|@�?i_ @t uL**L�t� Wu q �t |�i �UUiT|Lh<t t�M�iU|��i ThLM@M�*�|) |�@| |�i �u�

uihLh<t L�|�Lu�i^��*�Mh��4 Lgih �t t�?Uihic |�i? |�i �UUiT|Lh<t t�?}*i�hL�?_

t�M}@4i T@)Lg �t

Z@E@SSeR|� ' q+r � E�� q�+6c E�f�

���U� )�i*_t �t q ' +6
+rn+6

uLh |�i �@*�i Lu q ���U� 4@!it |�i �UUiT|Lh Thiuih

|L hi�iU| @?_ hiUi��i |�i T@)Lg Lu f�

W| 4�t| @*tL Mi |h�i |�@| |�i �UUiT|Lh _Lit ?L| |��?! �| �Lh|����*i |L

;Rqh fkdqjh wr wkh prgho zklfk frxog pdnh d elj gl�huhqfh lv lqfrpsohwh lqirupdwlrq1
Li hyhq d vpdoo qxpehu ri krqhvw R�huruv zloo qhyhu pdnh plvohdglqj r�huv +l1h1/ f

p
@4

iru wkhp,/ wkhq Htxloleulxp 5 euhdnv grzq/ ehfdxvh dq r�hu revhuyhg rxw0ri0htxloleulxp
zrxog kdyh wr eh d vlqfhuh fodxvh r�huhg e| rqh ri wkhvh krqhvw R�huruv1 Lqfrpsohwh
lqirupdwlrq/ krzhyhu/ eulqjv lq rwkhu frpsolfdwlrqv> li zh dovr dgghg d qxpehu ri glvkrqhvw
R�huruv iru zkrp fp @ 3/ wkhq wkh rxw0ri0htxloleulxp r�hu pljkw frph iurp rqh ri wkhp/
dqg Htxloleulxp 5 lv uhylyhg1

�b



�?tTiU|� A�i T@)Lg uhL4 �?tTiU|�?}c }��i? |�i Mi*�iu qc �t

Z@E�?rReS|� ' q+r � E�� q�Ef�� S�c E���

���U� }��it �t q ' S�
+r

uLh |�i �@*�i Lu q ���U� 4@!it |�i �UUiT|Lh Thiuih |L

hi�iU| @?_ hiUi��i |�i T@)Lg Lu f�

A�i i^��*�Mh��4 T@)Lgt @hi 3ihL �? i@U� hL�?_ �? ,^��*�Mh��4 2� , �t�

|i?Ui Lu ,^��*�Mh��4 2c �?*�!i i �t|i?Ui Lu ,^��*�Mh��4 �c hi^��hit ?L tTiU�@*

@tt�4T|�L?t Mi)L?_ |�Lti 4@_i ti||�?} �T |�i 4L_i* �? 5iU|�L? 2�

,"NWwW�+WN� �G a�t| �?i �gih�

�gihLhG �gih @ t�?Uihi U*@�ti �? |�i �ht| hL�?_ ��|� ThLM@M�*�|)

RWr ' wr ' �� S�
+6
� #L ?L| Lgih @ tiUL?_ U*@�ti�

�UUiT|LhG �UUiT| |�i �ht| U*@�ti ��|� ThLM@M�*�|) RW@ ' w@ '
%r3SrnS6

%6
c

@?_ L|�ih��ti �?tTiU|� +i�iU| |�i tiUL?_ U*@�ti �u �| �t Lu�

uihi_�

��|�Lu�i^��*�Mh��4 Mi*�iuG Wu |�i �gihLh Lgiht @ tiUL?_ U*@�tic |�i �UUiT|Lh Mi*�i�it �|

�t t�?Uihi ��|� @ ThLM@M�*�|) q Lu ?L 4Lhi |�@?�@%i +6
+rn+6

c S�
+r
j�

,^��*�Mh��4 � �t @ UL4M�?@|�L? Lu ,^��*�Mh�@ � @?_ 2c ��|� _�gihi?|

Mi�@��Lh �? i@U� hL�?_� ,^��*�Mh��4 T@)Lgt @hi �@*u |�Lti �? ,^��*�Mh��4 ��

�tt�4T|�L?t E2e� @?_ E2S� 4�t| Mi |h�i uLh ,^��*�Mh��4 � |L i �t|c uLh |�i

t@4i hi@tL?t @t uLh ,^��*�Mh��4 ��

,"NWwW�+WN� eG ��t|L4@h) #i*@)�

2f



�gihLhG �gih @ t�?Uihi U*@�ti �? |�i �ht| hL�?_ ��|� ThLM@M�*�|) Lu

?L 4Lhi |�@? �@%i +6
+rn+6

c S�
+r
jc @?_ L|�ih��ti Lgih @ 4�t�

*i@_�?} U*@�ti� �gih @ t�?Uihi U*@�ti �? |�i tiUL?_ hL�?_

��|� ThLM@M�*�|) RWr ' wr ' � � S�
+6
c @?_ L|�ih��ti Lgih @

4�t*i@_�?} U*@�ti�

�UUiT|LhG +i�iU| |�i �ht| U*@�ti Lgihi_� �UUiT| |�i tiUL?_ U*@�ti ��|�

ThLM@M�*�|) RW@ ' w@ '
%r3SrnS6

%6
c @?_ L|�ih��ti �?tTiU| �|�

,^��*�Mh��4 e �t @*tL @ UL4M�?@|�L? Lu ,^��*�Mh�@ � @?_ 2c ��|� _�gihi?|

Mi�@��Lh �? i@U� hL�?_c M�| �ihi |�i i^��*�Mh��4 T@)Lgt @hi *itt |�@? �@*u

|�Lti �? ,^��*�Mh��4 �c MiU@�ti @ �@t|iu�* Lgih 4�t| Mi 4@_i �? +L�?_ ��

A�i �gihLh �t ��**�?} |L �?U�h |�i ULt| Lu Lgih�?} @ �ht|�hL�?_ U*@�ti ���U�

�t t�hi |L Mi hi�iU|i_ MiU@�ti M) _L�?} tL �i ThL*L?}t |�i ?i}L|�@|�L?t �?|�*

|�i tiUL?_ hL�?_c ��i? ��t Lgih 4@) Mi @UUiT|i_�

,^��*�Mh��4 t�M}@4i T@)Lgt @hi

ZW�J n ZW2J ' �S6 n E%r � Sr� E�2�

@?_c |@!�?} �@*u Lu ,^��*�Mh��4 �<t T@)Lgc E2H�c

ZW�@ n ZW2@ ' +r � S� �
S�+r

+6
c E���

uLh @ |L|@* Lu

ZW�J n ZW2J n ZW�@ n ZW2@ ' %r n +r � Sr � S6 � S� �
S�+r

+6
� E�e�

�tt�4T|�L?t E2e� @?_ E2S� 4�t| Mi |h�i uLh ,^��*�Mh��4 e |L i �t|c

uLh |�i t@4i hi@tL?t @t �? ,^��*�Mh��4 �� 5�?Ui |�i �gihLh 4�t| �?U�h |�i

2�



UL?|h@U|��h�|�?} ULt| |��Uic ���*i L?*) L?i U*@�ti �t TLtt�M*) @UUiT|i_c uLh

,^��*�Mh��4 e |L i �t| hi^��hit |�@| i Thitt�L? E�2� Mi TLt�|��ic @ t|hL?}ih

UL?_�|�L? |�@? @tt�4i_ tL u@h�

, �t|i?Ui Lu ,^��*�Mh��4 e hi^��hit L?i L|�ih @tt�4T|�L?G |�@| Sr �

S6� Wu |��t �t u@*tic |�i? |�i �gihLh �L�*_ _i��@|i |L Lgih |�i U�i@Tih

t�?Uihi U*@�ti �? +L�?_ � ��|� ThLM@M�*�|) �c ���U� UL?_�|�L? EM� t�L�i_ �t

�4TLtt�M*i �? @?) i^��*�Mh��4�

S� ,"NWwW�+W� `WAO�NA �+,����WA�,�AG

OW5A�+v�#,�,�#,�A ,"NWwW�+W�

wi| �t ?L� i @4�?i @ �@h�i|) Lu i^��*�Mh�@ ���U� @hi ��t|Lh)�_iTi?_i?|

�? |�i ti?ti |�@| |�i L�|UL4i �? |�i �ht| Tih�L_ @giU|t Mi*�iut uLh |�i tiUL?_

Tih�L_� W ��** _i?L|i |�iti @t ,^��*Mh�@ D@ |L Duc t�?Ui |�i) @hi @** �@h�@?|t

L? L?i |�i4i�

,"NWwW�+WN� D@G W?tTiU|�L? @?_ #�tUL�ih) Lu @ ��t*i@_�?}

�*@�ti ,?_t �i}L|�@|�L?

�gihLhG �gih @ t�?Uihi U*@�ti �? |�i �ht| hL�?_ ��|� ThLM@M�*�|)

RW�r '
+6n

S�+r

+6
3+r

+6n
S�+r

+6
3trnS�

� Wu |�i �ht| U*@�ti �t @UUiT|i_c Lgih @

t�?Uihi U*@�ti �? |�i tiUL?_ hL�?_ ��|� ThLM@M�*�|) RW2r '

wr ' � � S�
+6
� Wu |�i �ht| U*@�ti �t hi�iU|i_c _L ?L| Lgih @

U*@�ti �? |�i tiUL?_ hL�?_�

�UUiT|LhG �UUiT| |�i �ht| U*@�ti ��|� ThLM@M�*�|) RW�@ '
E%r3SrnS6�nE%r3Sr�

E%r3Srn%6�
c

@?_ L|�ih��ti �?tTiU|� Wu |�i �ht| U*@�ti �@t �?tTiU|i_

22



@?_ uL�?_ |L Mi 4�t*i@_�?}c hi�iU| @?) tiUL?_�hL�?_ Lu�

uih� Wu |�i �ht| U*@�ti �@t ?L| �?tTiU|i_ Lh ?L| uL�?_ |L

Mi 4�t*i@_�?} c @UUiT| |�i tiUL?_ U*@�ti ��|� ThLM@M�*�|)

RW2@ ' w@ '
%r3SrnS6

%6
�

��|�Lu�i^��*�Mh��4 Mi*�iuG Wu |�i �gihLh Lgiht @ tiUL?_ U*@�ti @u|ih |�i �ht| �@t hi�

�iU|i_c |�i �UUiT|Lh Mi*�i�it |�i tiUL?_ U*@�ti �t t�?Uihi

��|� @ ThLM@M�*�|) q Lu ?L 4Lhi |�@? �@%i +6
+rn+6

c S�
+r
j�

Oihic |�i |�L hL�?_t @hi UL??iU|i_ �? @ 4Lhi UL4T*�U@|i_ �@) |�@?

�? ,^��*�Mh�@ � |�hL�}� e� Wu |�i }@4i hi@U�it |�i tiUL?_ hL�?_ ��|�L�|

�| Mi�?} hi�i@*i_ |�@| |�i �ht| U*@�ti �@t 4�t*i@_�?}c |�i �gihLh<t tiUL?_�

hL�?_ i TiU|i_ T@)Lg ��** Mi %r�Src @t �? ,^��*�Mh��4 �� Wu |�i }@4i hi@U�it

|�i tiUL?_ hL�?_ @u|ih �| �t hi�i@*i_ |�@| |�i �ht| U*@�ti �@t 4�t*i@_�?}c |�i

�gihLh<t tiUL?_�hL�?_ i TiU|i_ T@)Lg ��** Mi fc MiU@�ti |�i �UUiT|Lh ��**

t|LT *�t|i?�?} |L ��4� Oi?Uic |�i L�ih@** t�M}@4i T@)Lgt uhL4 |�i �gihLh<t

|�L �ht|�hL�?_ @U|�L?t @hiG

EZW�J n ZW2J�mE7�?Seoe �? |�e s�or| oJ�?_� ' �Sr n %r n E%r � Sr� E�D�

@?_

EZW�JnZ
W

2J�mE��r,e@_�?} �? |�e s�or| oJ�?_� ' �S6nR@d%6nE%r�Sr�ond��R@odfo�

E�S�

,^�@|�?} E�D� @?_ E�S� |L tL*�i uLh |�i 4� i_�t|h@|i}) i^��*�Mh��4 )�i*_t

�Sr n %r n E%r � Sr� ' �S6 n R@d%6 n E%r � Sr�oc E�.�

tL

RW�@ ' ��
E%r � Sr�

E%r � Sr n %6�
� E�H�

2�



A��t �t }hi@|ih |�@? |�i RW@ uL�?_ �? ,^��*�Mh��4 �Q |�ihi �t @ }hi@|ih *�!i�

*��LL_ |�@| |�i �UUiT|Lh ��** @UUiT| |�i �ht| U*@�ti� �iU@�ti |�i �UUiT|Lh

�L�*_ Mhi@! Lg ?i}L|�@|�L?t MiuLhi |�i tiUL?_ hL�?_ @u|ih _�tUL�ih�?} |�@|

|�i �ht| Lgih �@t 4�t*i@_�?}c �| �t ?L� *itt |i4T|�?} uLh |�i �gihLh |L Lgih

@ 4�t*i@_�?} U*@�ti�

Wu |�i }@4i hi@U�it |�i tiUL?_ hL�?_ ��|�L�| �| Mi�?} hi�i@*i_ |�@| |�i

�ht| U*@�ti �@t 4�t*i@_�?}c |�i �UUiT|Lh<t tiUL?_�hL�?_ i TiU|i_ T@)Lg ��**

Mi +r � S� �
S�+r
+6

c @t �? ,^��*�Mh��4 �� A�i L�ih@** t�M}@4i T@)Lgt uhL4 |�i

�UUiT|Lh<t |�L �ht|�hL�?_ @U|�L?t @hiG

EZW�@nZW2@�mE�SSeR| �? |�e s�or| oJ�?_� ' Rr+r�E��Rr�+6n

%
+r � S� �

S�+r

+6

&

E�b�

@?_

EZW�@nZ
W

2@�mEU?rReS| �? |�e s�or| oJ�?_� ' �S�nRr

#
+r n

%
+r � S� �

S�+r

+6

&$
�E��Rr�Efnf�

Eef�

,^�@|�?} E�b� @?_ Eef� |L tL*�i uLh |�i 4� i_�t|h@|i}) i^��*�Mh��4 )�i*_t

Rr+r� E��Rr�+6n

%
+r � S� �

S�+r

+6

&
' �S�nRr

#
+r n

%
+r � S� �

S�+r

+6

&$
Ee��

tL

RW�r '
+6 n S�+r

+6
� +r

+6 n S�+r
+6

� tr n S�
Ee2�

A�i Uh�|�U@* L�|�Lu�i^��*�Mh��4 Mi*�iut @hi |�i t@4i @t �? ,^��*�Mh��4 �

MiU@�ti |�i t@4i �?Ui?|��it u@Ui @? �UUiT|Lh ��L !?L�t |�i Lgihi_ U*@�ti

4�}�| Mi 4�t*i@_�?}�

A�i T@)Lgt �? ,^��*�Mh��4 D@ ��** Mi

ZW�J n ZW2J ' 2E%r � Sr� Ee��

2e



@?_

ZW�@ n ZW2@ ' ERW�r+r � S�� n RW�r

#
+r � S� �

S�+r

+6

$
� Eee�

A��t T@)Lg �t *L�ih |�@? |�i T@)Lg �? ,^��*�Mh��4 � MiU@�ti E@� RW�r �t *L�ih

�? ,^��*�Mh��4 D@c tL |�i �ht|�hL�?_ T@)Lg Lu Rr+r � S� �t *L�ihc @?_ EM� |�i

tiUL?_�hL�?_ T@)Lg �t 4�*|�T*�i_ M) Rr 	 � �? ,^��*�Mh��4 D� A�i |L|@* �t

ZW�JnZW2JnZW�@nZW2@ ' 2E%r� Sr�n ERW�r+r� S��n RW�r

#
+r � S� �

S�+r

+6

$
� EeD�

5�?Ui |�i T@)Lg |L |�i �gihLh �t |�i t@4i @t �? ,^��*�Mh��4 �c @?_ |�i T@)Lg

|L |�i �UUiT|Lh �t *L�ihc ,^��*�Mh��4 D@ �@t @ *L�ih tLU�@* t�hT*�t�

NT |L |��t TL�?|c i@U� Lu |�i i^��*�Mh�@ �@t tL4i �?|��|��i T*@�t�M�*�|)�

A��t T*@�t�M�*�|) �t _iUi���?} �? |�i U@ti Lu ,^��*�Mh��4 D@c |�L�}�c @t ��** Mi

tii? uhL4 |�i �@h�i|) Lu L|�ih ��t|Lh)�_iTi?_i?| i^��*�Mh�@ |�@| i �t|c i@U�

_i|ih4�?i_ M) @ _�gihi?| ti| Lu i TiU|@|�L?t� �L?t�_ih |�i �@h�L�t �?uLh4@�

|�L? ti|t @| ���U� �UUiT|Lh 4�}�| @hh��i @u|ih +L�?_ � �t L�ih E@tt�4�?} |�@|

�UUiT|Lh �@t @UUiT|i_ @?) U*@�ti �i �@t �?tTiU|i_ @?_ uL�?_ |L Mi t�?Uihic

@?_ hi�iU|i_ @?) U*@�ti �i �?tTiU|i_ @?_ uL�?_ |L Mi 4�t*i@_�?}�G

�� �L �ht|�hL�?_ U*@�ti �@t Lgihi_c tL |�i }@4i �@t i?_i_�

2� � U*@�ti �@t Lgihi_ M�| ?L| �?tTiU|i_c @?_ �@t hi�iU|i_� A��t UL�*_ L?*)

�@�i LUU�hhi_ �? @ T�hi�t|h@|i}) i^��*�Mh��4c t�?Ui �i uL�?_ i@h*�ih |�@|

?L i^��*�Mh��4 i �t|t �? ���U� |�i �UUiT|Lh 4� it Mi|�ii? �?tTiU|�?} @?_

hi�iU|�?}�

�� � U*@�ti �@t Lgihi_c �?tTiU|i_c @?_ uL�?_ 4�t*i@_�?}� E,^� �c D@c DUc Du�

e� � U*@�ti �@t Lgihi_c �?tTiU|i_c @?_ uL�?_ t�?Uihi� E,^� �c DMc DUc Di�

D� � U*@�ti �@t Lgihi_c ?L| �?tTiU|i_c @?_ @UUiT|i_� E,^� �c D_cDic Du�

2D
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