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ì @tt�4i |�@| ��i? |�i t�TT*) Lu T�M*�U i_�U@|�L?c 7c �t *itt |�@? �|t _i4@?_bc

@TT*�U@?|t @hi @_4�||i_ |L tU�LL*t M@ti_ L? |�i�h 4i@t�h@M*i ThL_�U|��i @M�*�|�it��f AL

4@!i |�i ThLM*i4 �?|ihit|�?}c �L�i�ihc �i @*tL @tt�4i |�@| |�i ThL ) uLh 4i@t�h�?}

�?_���_�@*t< ThL_�U|��i @M�*�|�it �t �4TihuiU|� W? T@h|�U�*@hc �i UL?t�_ih |�i ThL ) |L Mi

TL|i?|�@**) �?��i?Ui_ M) |�i U�@h@U|ih�t|�Ut Lu T@hi?|t��� wi| U
�
c U

�
G -2 $ -c _i?L|i |�i

*L} Lu |�i @M�*�|) Lu T@hi?| �<t LgtTh�?} @t 4i@t�hi_ ��|� |�i @�@�*@M*i ThL )� A�i?c

U � '

;A?
A=

@
�
n q ��|� ThLM@M�*�|) R

@
�

��|� ThLM@M�*�|) �� R
Ee�

��ihi q � f� �t Ee� �?_�U@|itc �i @tt�4i |�@| R uh@U|�L? Lu T@hi?|t TLt�|��i*) M�@t |�i�h

LgtTh�?}<t 4i@t�hi_ @M�*�|�itc ��ihi@t �� R uh@U|�L? �@�i ?L �?��i?Ui L? |�i 4i@t�hi_

@M�*�|) *i�i*t Lu |�i�h LgtTh�?}��2

Wu |�i 4i@t�hi_ @M�*�|) *i�i* Lu T@hi?| �<t LgtTh�?} �t }hi@|ih |�@? Lh i^�@* |L |�i

|�hit�L*_ *i�i*c UWc |�i? � �t @_4�||i_ |L @ T�M*�U tU�LL* @?_ t�i i@h?t @
�
�e �? |�i tiUL?_

<Qrwh wkdw/ lq rxu vlpsoh iudphzrun/ wkh ghpdqg iru hgxfdwlrq htxdov rqh dv wkh vhfrqg shulrg zdjh
hduqlqjv ri hgxfdwhg oderu lv kljkhu wkdq wkdw ri xqhgxfdwhg oderu iru doo delolw| ohyhov1

43Iru vdnh ri vlpsolflw|/ zh devwudfw iurp dq| frvw dvvrfldwhg zlwk vfuhhqlqj1
44Dowkrxjk zh gr qrw vshfli| zklfk sduhqwdo fkdudfwhulvwlfv duh lpsruwdqw lq jhqhudwlqj idyrudeoh

eldvhv lq vfuhhqlqj iru kljkhu hgxfdwlrq dgplvvlrqv/ dv zh kdyh qrwhg lq wkh lqwurgxfwlrq/ prvw ri wkhvh
duh vrflr0hfrqrplf lq qdwxuh1 Wkhuh duh dovr rq0jrlqj ghedwhv rq zkhwkhu vwdqgdugl}hg whvwv idyru
phpehuv ri fhuwdlq jhqghu/ udfh ru hwkqlflw|1

45Lq rxu ylhz/ d pruh frpsuhkhqvlyh yhuvlrq ri +7, rxjkw wr lqfoxgh d phdvxuhphqw huuru whup1
Dowkrxjk/ iru vlpsolflw|/ zh devwudfw iurp lw lq wkh yhuvlrq surylghg khuh/ zh vkrz lq wkh dsshqgl{ wkdw
wkh txdolwdwlyh qdwxuh ri rxu uhvxowv duh urexvw wr vxfk d prgl�fdwlrq1
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ì @tt�4i |�@| *@MLh 4@h!i|t @hi UL4Ti|�|��i @?_ |�@| ML|� |)Tit Lu *@MLh @hi

T@�_ |�i�h 4@h}�?@* ThL_�U|t� �@4i*)c

�. ' �.43�d�.4 n E����L 4o
�34

4 c E�b�

��



@?_c

�L ' E����L43�d�.4 n E����L 4o
�34

4 c E2f�

��ihi �. @?_ �L hitTiU|��i*) _i?L|i |�i �@}i h@|it Tih i�U�i?U) �?�|t Lu *@MLh t�TT*�i_

M) i_�U@|i_ @?_ �?i_�U@|i_ �Lh!iht�

A@!i? |L}i|�ihc i^�@|�L?t E�.��E2f� _i4L?t|h@|i �L��Ui|ih�t T@h�M�t���}�ih _i�

}hiit Lu tUhii?�?} M�@tit *L�ih |�i i�U�i?U) �?�|t Lu i_�U@|i_ *@MLh @?_ h@�ti |�i t!�**

Thi4��4 EM) *i@_�?} |L @? �?Uhi@ti �? |�i �@}i h@|i T@�_ |L i_�U@|i_ *@MLhc �.c @?_ @?

@ttLU�@|i_ _iU*�?i �? |�@| T@�_ |L �?i_�U@|i_ *@MLhc �L�� �Lhi uLh4@**)c �i U@? t�L�

|�@|

Y�.

Yq
'

Y�.

Y.

Y.

Yq
' E2��

E4� ��
�.

.

;?
=�� �

� n �3�

�

�
L

.

�
4

<@
> E�� R��EUW�

� n �3R

R

�EUW�

�EUW3q�

ii TEUW � q� � i TEUW�j �

@?_ |�@|

Y�L

Yq
'

Y�L

Y.

Y.

Yq
' E22�

� E4� ��
�L

.

�

� n �3�

�

�
L

.

�
4

E�� R��EUW�

� n �3R

R

�EUW�

�EUW3q�

ii TEUW � q� � i TEUW�j �

��ihi Y�
.

Yq

: f @?_ Y�
L

Yq

	 f uLh 4 	 � @?_ q : f�

`�i? �@}it @hi _i|ih4�?i_ i?_L}i?L�t*)c �L|iht |@!i �?|L @UUL�?| ?L| L?*) �L�

�?Uhi@tit �? |�i t�@hi Lu hitL�hUit _i�L|i_ |L T�M*�U i_�U@|�L? U�@?}it |�i L__t Lu @_�

4�tt�L? uLh |�i�h LgtTh�?} M�| @*tL �L� t�U� �?Uhi@tit @*|ih |�i t!�** Thi4��4� +i�h�|�?}

i^�@|�L? EH� |L U@T|�hi |��t U�@?}ic �i }i|

�e



Y�
u

YU
W

' � b

�3�W

Y�
W

YU
W
� E�� b� *?

�
�
e

�
�

�
�EUW�

n
�
xEU

W

�

�
.

Y�
.

Y.

n �3xEU
W

�

�
L

Y�
L

Y.

�
Y.

YU
W
' f

c E2��

��ihi Y.

YU
W

	 f @?_

xEUW�

�.

Y�.

Y.
n

�� xEUW�

�L

Y�L

Y.
'

4� �

.

3
CxEUW� � �

� n �3�

�

�
L

.

�
4

4
D � E2e�

A�i *@t| |ih4 �? E2�� t�L�t |�i igiU|t Lu U�@?}�?} |�i t�@hi Lu hitL�hUit _i�L|i_ |L

T�M*�U i_�U@|�L? L? |�i t!�** Thi4��4� �t �i t�L� �? |�i @TTi?_� c |��t |ih4 �t t|h�U|*)

TLt�|��i uLh ;4 	 �� A�@| �tc ��i? |�i ULt| Lu i_�U@|�L?c Sc �t t|h�U|*) TLt�|��i Lh ��i?

T@hi?|t T�| tL4i TLt�|��i �i�}�| L? �|�*�|) uhL4 |�i�h L�? UL?t�4T|�L? �? Tih�L_ L?ic

b : fc |�i i^��*�Mh��4 t�@hi Lu hitL�hUit _i�L|i_ |L T�M*�U i_�U@|�L? t�TT*) �t @*�@)t *itt

|�@? |�@| @4L�?| ���U� �L�*_ 4@ �4�3i tiUL?_ Tih�L_ L�|T�|c +2� �L?ti^�i?|*)c ��i?

�@}i h@|it @hi i?_L}i?L�t*) _i|ih4�?i_c tUhii?�?} M�@tit �@�i @? @__�|�L?@* TLt�|��i

�4T@U| L? |�i t�@hi Lu hitL�hUit _i�L|i_ |L T�M*�U i_�U@|�L? �?@?Ui� A��t _�hiU|*)

uL**L�t uhL4 |�i u@U| |�@|c ��|� *itt i�U�i?| tUhii?�?} E��i� ��}�ih q�c @}}hi}@|i �?�|t Lu

i_�U@|i_ *@MLh �?T�|c .c _iU*�?it @?_ |�@| Lu �?i_�U@|i_ *@MLh �?T�|c L c h�titc |�ihiM)

*i@_�?} |L @? �?Uhi@ti �? |�i �@*�i Lu E2e�� W? t�4c i?_L}i?�3�?} |�i �@}i h@|it ?L| L?*)

h�*i L�| ULh?ih tL*�|�L?t �? ���U� ?L hitL�hUit @hi _i�L|i_ |L T�M*�U ��}�ih i_�U@|�L?c M�|

�| @*tL _i4L?t|h@|it @? @__�|�L?@* TL|i?|�@* igiU| L? |�i TL*�|�U@* iUL?L4) Lu i_�U@|�L?

�?@?Ui� A�@| *@||ih igiU| @h�tit MiU@�ti�Ui|ih�t T@h�M�t�tUhii?�?} _�t|Lh|�L?t �?�@|i |�i

t!�** Thi4��4 M) *i@_�?} |L 4Lhi �?i�U�i?| @_4�tt�L?t�

S� +i*@|i_ w�|ih@|�hi

��h 4L_i* �t U*Lti*) hi*@|i_ |L @ ?�4Mih Lu L|�iht �? |�i i �t|�?} *�|ih@|�hi� W?

|�L T@Tihtc 6ih?@?_i3 @?_ B@*� E�bb.� @?_ 6ih?@?_i3 E�bbH� i T*Lhi |�i hL*i MLhhL��?}

�D



UL?t|h@�?|t T*@) �? |�i TihuLh4@?Ui Lu i @4t �iht�t 4@h!i|t @t @**LU@|��i 4iU�@?�t4t�

W? @ 4L_i* �? ���U� @}i?|t ��L _�gih �? |�i�h �?�|�@* �i@*|� @?_ @M�*�|) @hi @tt�}?i_ |L

�@h�L�t �?�it|4i?| LTTLh|�?�|�it Lh �@h�L�t ^�@*�|) tU�LL*tc |�i) t�L� |�@| i @4t _L4�

�?@|i 4@h!i|t �? |ih4t Lu @}}hi}@|i L�|T�|� 6Lh t��U�i?|*) TL�ihu�* E*itt M�@ti_� i @4

|iU�?L*L}�itc i @4t @hi t�Tih�Lh |L 4@h!i|t �? |ih4t Lu @}}hi}@|i UL?t�4T|�L? @t �i**�

B*L44 @?_ +@��!�4@h E�bb2� UL4T@hi |�i �?UL4i _�t|h�M�|�L? @?_ }hL�|� �4T*�U@|�L?t

Lu T�M*�U �iht�t Th��@|i i_�U@|�L?� A�i�h 4L_i* �t L?i �? ���U� @** @}i?|t �? |�i iUL?L4)

_i4@?_ i_�U@|�L?@* tih��Uit |L �@h)�?} _i}hiit @?_ |�i ^�@*�|) Lu i_�U@|�L?@* tih��Uit

_iTi?_ L? |�i |L|@* hitL�hUit @**LU@|i_ |L i_�U@|�L?� A�i) �?_ |�@| Th��@|i i_�U@|�L?c

���U� ��** Mi U�Lti? M) ��}�ih �?UL4i �?_���_�@*tc hit�*|t �? *itt t�Mti^�i?| 4LM�*�|) M�|

��}�ih }hL�|� h@|it� W? UL?|h@t| T�M*�U i_�U@|�L?c ���U� ��** Mi Thiuihhi_ M) *L�ih �?�

UL4i }hL�Ttc *i@_t |L }hi@|ih tLU�@* 4LM�*�|) @| |�i i Ti?ti Lu *L?}�h�? iUL?L4�U }hL�|��

�t @ hit�*|c |L |�i i |i?| |�@| |�i 4i_�@? �L|ih �t TLLhih |�@? |�i 4i@? �?UL4i �L|ihc

T�M*�U i_�U@|�L? �t U�Lti? �? @ 4Lhi �?i^�@* tLU�i|)� Bh@_t|i�? @?_ a�t|4@? E�bb.�

uLU�t L? ��) �? @ 4Lhi _i4LUh@|�U tLU�i|) |�@| �t �?i^�@* T�M*�U i_�U@|�L? t�L�*_ Mi

4Lhi *�!i*) |L Mi U�Lti? L�ih Th��@|i� A�i) _i4L?t|h@|i |�@|c MiU@�ti h@|�L?@* �L|iht

�?|ih?@*�3i @** TLtt�M*i TLt�|��i i |ih?@*�|�it Lu @? i_�U@|�L? t)t|i4c |�i) _L ?L| ?iU�

itt@h�*) U�LLti L?i ��|� 4Lhi hi_�t|h�M�|�L?�T�M*�U i_�U@|�L? �? T@h|�U�*@h�L�ih L|�iht

|�@| *i@_ |L ��}�ih *L?}�h�? iUL?L4�U }hL�|�� �i?@ML� E�bbS� hiUL?U�*it |�i i4T�h�U@*

LMtih�@|�L?t |�@| �?i^�@*�|) �t @ttLU�@|i_ ?i}@|��i*) ��|� }hL�|� M�| ?L| ��|� hi_�t|h��

M�|�L?� W? ��t 4L_i*c t�TTLh| uLh hi_�t|h�M�|�L? _iU*�?it L�ih @| *i@t| tL4i h@?}i MiU@�ti

�?Uhi@tit �? �?i^�@*�|)��? @__�|�L? |L T�||�?} 4Lhi Thitt�hi uLh hi_�t|h�M�|�L?�@*tL *i@_

|L @? �?Uhi@ti �? |�i uh@U|�L? Lu |�Lti ��L t|@?_ |L *LLti uhL4 t�U� TL*�U�it�

A�ihi @hi @ ?�4Mih Lu L|�ih T@Tiht hi*@|i_�tL4i��@| *itt |�@? |�Lti @ML�i�|L

��@| �i Thiti?| Mi*L�� W? T@h|�U�*@hc 6ih?@?_i3 @?_ +L}ihtL? E�bbS� Thiti?| @ 4L_i* �?

���U� �?_���_�@*t t|h@|�u) |�i4ti*�it �?|L UL44�?�|�it @UULh_�?} |L �?UL4ic @?_ _i4L?�

t|h@|i |�@| TL*�U�it |�@| hi_�t|h�M�|i �?UL4i |L |�i hi*@|��i*) �i@*|�) �? TLLhih ?i�}�MLh�

�LL_t �4ThL�i �i*u@hi� 5|�}*�|3 E�b.D� i @4�?it |�i hL*i Lu tUhii?�?} �? t�}?@**�?} Th��@|i

�?uLh4@|�L? L? �?_���_�@* @M�*�|�it @?_ �L� �| 4@) @giU| |�i _�t|h�M�|�L? Lu �?UL4i� W? @

t|@|�U 4L_i* �? ���U� |�i @4L�?| Lu hitL�hUit tTi?| L? T�M*�U i_�U@|�L? 4@!it tUhii?�?}

�S



4Lhi @UU�h@|ic �i _i4L?t|h@|it |�@| |�i 4i_�@? �L|ih ��** Thiuih |L @**LU@|i 4Lhi |�@?

|�i tLU�@**) LT|�4@*c ?i| L�|T�| 4@ �4�3�?}c t�@hi Lu hitL�hUit L? T�M*�U i_�U@|�L? �u

�?_���_�@*t @hi �?uLh4i_ @ML�| |�i�h @M�*�|�it�

.� �L?U*�t�L?

#�t|Lh|�L?t �? tUhii?�?} uLh @_4�tt�L? |L tU�LL*t @hi hi*i�@?| uLh |�i TL*�|�U@* iUL?�

L4) Lu T�M*�U i_�U@|�L? �?@?Ui MiU@�ti |�i) �?��i?Ui �L|iht< Thiuihi?Uit� A�i 4L_i*

�i Thiti?| @ML�i ��}�*�}�|t �L� t�U� _�t|Lh|�L?t �? tUhii?�?} @giU| hitL�hUit _i�L|i_

|L T�M*�U i_�U@|�L? �?@?Ui @?_ |�i�h �?|ihT*@) ��|� �?UL4i �?i^�@*�|)� W| _i4L?t|h@|it

|�@|c ���*i *L�ih tUhii?�?} M�@tit *i@_ |L ��}�ih @**LU@|��i i�U�i?U)c |�i) _L ?L| ?iUit�

t@h�*) *i@_ |L 4Lhi TL*�|�U@* t�TTLh| uLh T�M*�U ��}�ih i_�U@|�L?c @?_ |�ihiM) |L ��}�ih

@}}hi}@|i ��4@? U@T�|@* @?_ L�|T�|�

W? T@h|�U�*@hc �i �?_ |�@| tUhii?�?} M�@tit @giU| |�i t�@hi Lu hitL�hUit _i�L|i_

|L T�M*�U i_�U@|�L? |�hL�}� |�hii U�@??i*tG 6�ht|c |�i) t��u| |�i hi*@|��i TLt�|�L? Lu

�?��i?|�@* �L|iht< U��*_hi? ��L Mi?i�| uhL4 M�@tit �? |�i UL4Ti|�|�L? |L ^�@*�u) uLh

@_4�tt�L? |L tU�LL*t� `�i? M�@tit @hi hi*@|��i*) *@h}ic L|�ih �L|iht Mi?i�| uhL4 |��t

t��u| MiU@�ti |�i�h L__t Lu i?|h) |L @ T�M*�U tU�LL* @| |�i 4@h}�? h�ti� W? UL?|h@t|c

��i? M�@tit @hi h@|�ih 4L_ih@|ic |�i) *Lti uhL4 t�U� @ t��u| MiU@�ti ��}�ih M�@tit �?

|�@| U@ti 4i@?t 4Lhi UL4Ti|�|�L? uhL4 |�i U��*_hi? Lu �?��i?|�@* T@hi?|t� 5iUL?_c

��i? |�ihi @hi tUhii?�?} M�@titc 4Lhi hitL�hUit ?ii_ |L Mi _i�L|i_ |L T�M*�U i_�U@|�L?

t�TT*) @t @ ��}�ih uh@U|�L? Lu �?_���_�@*t ^�@*�u) uLh @_4�tt�L? |L tU�LL*t� 6Lh � i_

�@}i h@|itc |�i i U*�t�L? igiU| Lu tUhii?�?} _�t|Lh|�L?t @hi t|hL?}it| ��i? M�@tit @hi

4L_ih@|i @?_ *itt �?��i?|�@* �L|iht ��** U�LLti |L @**LU@|i @ t4@**ih uh@U|�L? Lu hitL�hUit

|L T�M*�U i_�U@|�L? ��i? M�@tit @hi hi*@|��i*) t4@**� `�i? �@}i h@|it @hi i?_L}i?L�t

@?_ |�ihi i �t| UL4T*i4i?|@h�|�it Mi|�ii? i_�U@|i_ @?_ �?i_�U@|i_ *@MLh �? ThL_�U|�L?c

�i t�L� |�@| tUhii?�?} M�@tit ?ii_ |L Mi i�i? t4@**ih uLh M�@tit |L *i@_ |L ui�ih hitL�hUit

Mi�?} _i�L|i_ |L T�M*�U ��}�ih i_�U@|�L? t�TT*)� A�@| �t MiU@�ti M�@titc ���U� *i@_ |L

�?i�U�i?U�it �? ��}�ih i_�U@|�L? @_4�tt�L?tc @h|��U�@**) �?�@|i |�i t!�** Thi4��4�

A��tc |�i 4L_i* @ML�i t�L�t |�@| ���*i 4L_ih@|i |L *L� _i}hiit Lu tUhii?�?} M�@t

*L�ih |�i i^��*�Mh��4 t�@hi Lu hitL�hUit _i�L|i_ |L T�M*�U i_�U@|�L?c ��}�ih *i�i*t Lu M�@t

�.



4@) �@�i TLt�|��i igiU|t L? T�M*�U i_�U@|�L? t�TT*)� � ULhL**@h) �t |�@| ��}�ih �?i^�@*�|)

��** *i@_ |L @ *L�ih t�@hi Lu hitL�hUit Mi�?} @**LU@|i_ |L T�M*�U ��}�ih i_�U@|�L? ��i?

M�@tit @hi hi*@|��i*) 4L_ih@|i�

A�ihi @hi @ ?�4Mih Lu �4TLh|@?| i |i?t�L?t Lu |��t uh@4i�Lh! ���U� �i T*@? |L

�?�it|�}@|i �? u�|�hi hiti@hU�� 6Lh i @4T*ic �? |�i @?@*)t�t @ML�ic �i �@�i @Mt|h@U|i_

uhL4 |�i igiU|t Lu tUhii?�?} M�@tit L? |�i _)?@4�U i�L*�|�L? Lu @? iUL?L4)� �L?i|�i*ittc

}��i? |�@| |�iti M�@tit �?|ih@U| ��|� �?UL4i �?i^�@*�|) |L _i|ih4�?i |�i t�@hi Lu hitL�hUit

_i�L|i_ |L |�i t�TT*) Lu T�M*�U ��}�ih i_�U@|�L?c ���U� �? |�h? _i|ih4�?i |�i uh@U|�L?

Lu i_�U@|i_ �Lh!iht �? @? iUL?L4)c @ U*Ltih i @4�?@|�L? Lu �L� iUL?L4�it i�L*�i ��i?
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