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4L_i �t Lu |�i �ht| Lh_ihc t�?Ui |�i }@�? |�hit�L*_t }i?ih@**) @hi i TiU|i_ |L
�?Uhi@ti ��|� 4L_@* Lh_ihc U�u� 5�MtiU|�L? 2�2��� A�i hi*@|��i*) t4@** ��_|� Lu
|�i _�T �? BD ?i@h 5 ' f @*tL t�TTLh|t |��t UL?U*�t�L?�



2f �@h| WG 5T@|�@* 5i?t�|���|) @?_ W?|i?t�|) #�t|h�M�|�L?t

10
-2

10
-1

-
δν

 (
G

H
z)

(a)

Order +1
Order -1

-30 -20 -10 0 10 20 30
0

100

200 ←

P
le

ft
 (

µW
)

→

(b)

-30 -20 -10 0 10 20 30
0

20

40

g th
 (

dB
/m

)

Heating position z (mm)

Iljxuh 5191 +d, Odvhu iuhtxhqf| uhvsrqvh +vtxduhv, wr khdw vfdq phdvxuhg iru 930pp
GIE odvhu &7 zlwk vlplodu judwlqj sdudphwhuv wr wkrvh fkdudfwhul}hg lq Iljxuhv 6
dqg 71 Fdofxodwhg uhvsrqvhv ri wkh .40 +vrolg fxuyhv, dqg �40 +grwwhg fxuyhv, rughu
prghv zlwk �! @ 3=5 udg duh dovr vkrzq1 +e, Phdvxuhg rxwsxw srzhu iurp wkh ohiw
hqg S

,es|
+furvvhv, dqg fdofxodwhg wkuhvkrog jdlq iru wkh .4 +vrolg fxuyhv, dqg 04

+grwwhg fxuyhv, rughu prghv sorwwhg yhuvxv khdwlqj srvlwlrq zkhq �! @ 3=5 udg1



��@T|ih 2G ��@h@U|ih�3@|�L? Lu 6�Mih #6� *@tiht ��@ @?��� 2�

A�i U@*U�*@|i_ uhi^�i?U) hitTL?tit Lu |�i n�� @?_ ���Lh_ih 4L_it |L @
Tih|�hM@|�L? Lu B� ' f�2 h@_ @hi @*tL t�L�? �? |�i �}�hi� A�iti hitTL?tit @hi
?L| �_i?|�U@*c @t |�i) �L�*_ Mi uLh 4�U� t4@**ih Tih|�hM@|�L?t� A��t _�gihi?Ui
�t _�i |L |�i �ih) U*Lti uhi^�i?U) tT@U�?} Lu |�i �ht| @?_ tiUL?_ Lh_ih 4L_itc
*i@_�?} |L @ ��}�*) ?L?�*�?i@h hi*@|�L?t��T Mi|�ii? B� @?_ BDc U�u� hi^��hi4i?|
�� �? 5�MtiU|�L? 2�2�2 d.o� `�i? B� �?Uhi@ti_c |�i U@*U�*@|i_ 4@ �4�4 �@*�i Lu
|�i �� 4L_i hitTL?ti t@|�h@|i_ |L�@h_t f�fb BO3 uLh B� ) f�.h@_� A��t �t �i**
Mi*L� |�i 4i@t�hi_ 4@ �4�4 Lu f��b BO3c �?_�U@|�?} |�@| |�i U�@h@U|ih�3i_
4L_i �t Lu |�i n� Lh_ih�
A�i *iu| L�|T�| TL�ih uhL4 |�i �?Tih|�hMi_ *@tih �@t �

,es|
' �2f>`c ULh�

hiU|i_ uLh *Lttit �? |�i �@�i*i?}|��_���t�L? 4�*|�T*i ih @?_ �tL*@|Lh� OL�i�ihc
�
,es|

�@t uL�?_ |L Mi t|hL?}*) @giU|i_ M) |�i TLt�|�L? Lu |�i �i@|�Tih|�hM@|�L?c
@t U@? Mi tii? uhL4 6�}� 2�S EM� EUhLttit�� �| |�i �i@|�?} TLt�|�L?t 5 ' �2��D
44 @?_ n�.�D 44 |�i *@tih �t MhL�}�| ��t| Mi*L� |�hit�L*_ ���*i |�i TL�ih
�?Uhi@tit M) HD I UL4T@hi_ |L |�i �?Tih|�hMi_ t�|�@|�L? @| 5 ' �H 44�
A��t �@h�@|�L? �? L�|T�| TL�ih ��|� �i@|�?} TLt�|�L? 4@) i T*@�? |�i _�tUhiT�
@?U) Mi|�ii? |�iLh) @?_ i Tih�4i?| �? 6�}� 2�S E@�c @t |�i *@tih uhi^�i?U) �t
i TiU|i_ |L _iUhi@ti ��|� �?Uhi@t�?} *@t�?} TL�ih _�i |L �i@|�?} Lu |�i U@��
�|) uhL4 ?L?�h@_�@|��i *Lttit @| |�i *@t�?} �@�i*i?}|� @?_ UL?�iht�L? Mi|�ii?
T�4T @?_ *@tih T�L|L? i?ih}�it� A�i _i��@|�L?t Mi|�ii? |�i 4i@t�hi4i?|t @?_
|�i t�4�*@|i_ n��4L_i hitTL?ti �? 6�}� 2�S E@� ULhhi*@|it �i** ��|� |�i LMtih�i_
�@h�@|�L?t �? L�|T�| TL�ih� `�i? �i �@h�i_ |�i *@t�?} TL�ih M) U�@?}�?} |�i
T�4T TL�ihc @ uhi^�i?U) t��u| Lu f�H. �O3 Tih >` Lu L�|T�| TL�ih UL�*_ Mi
LMtih�i_� 5L4i Lu |��t t��u| 4@) Mi _�i |L ?L?�h@_�@|��i *Lttit @| |�i T�4T
�@�i*i?}|�� A�i _�tUhiT@?U) uhL4 |�iLh) tii? �? 6�}� 2�S E@� ULhhitTL?_t |L @
t��u| Lu f�e�f�S �O3%>`�
A�i u�?_@4i?|@* 4L_i �L�*_ @*tL Mi i TiU|i_ |L *@ti �? |��t _i��Uic MiU@�ti

|�i }@�? |�hit�L*_ uLh |��t 4L_i t�L�*_ ?Lh4@**) Mi 4�U� *L�ih |�@? uLh |�i
��}�ih�Lh_ih 4L_it� OL�i�ihc |�i u�?_@4i?|@* 4L_i UL�*_ ?L| Mi LMtih�i_
��|� |�i 6@Mh) �ihL| �?|ihuihL4i|ihc TLtt�M*) T@h|*) MiU@�ti Lu @t)44i|h�U
}h@|�?} �4TihuiU|�L?t |�@| UL�*_ �@�i U@�ti_ 4Lt| Lu |�i u�?_@4i?|@* 4L_i
L�|T�| TL�ih |L i �| @| |�i h�}�|��@?_ i?_c ���U� �@t ?L| 4L?�|Lhi_ �? |�i
i Tih�4i?|� A�i @t)44i|h�U t�@Ti Lu |�i 4i@t�hi_ hitTL?ti �? 6�}� 2�S E@�
t�TTLh|t |��t i T*@?@|�L?� �L4Ti|�|�L? ��|� |�i ��}�ih Lh_ih 4L_i 4@) @*tL
T*@) @ hL*i �? hi_�U�?} |�i u�?_@4i?|@* 4L_i *@t�?} TL�ih� 6�h|�ihc @?) *Lttit
��|��? |�i U@��|) �L�*_ hi_�Ui |�i t*LTi i�U�i?U) 4�U� 4Lhi uLh |�i u�?_@�
4i?|@* 4L_i |�@? uLh |�i ��}�ih Lh_ih 4L_i MiU@�ti Lu |�i ��}� UL*_�U@��|) "
u@U|Lh Lu |�i u�?_@4i?|@* 4L_i�
A�i U@*U�*@|i_ |�hit�L*_ }@�? �iht�t �i@|�?} TLt�|�L? uLh |�i n� @?_�� Lh_ih

4L_it @hi @*tL t�L�? �? 6�}� 2�S EM�� �}@�? |�ihi �t @ ^�@*�|@|��i @}hii4i?|
Mi|�ii? |�i U@*U�*@|i_ n��Lh_ih 4L_i |�hit�L*_ @?_ |�i 4i@t�hi_ L�|T�|



22 �@h| WG 5T@|�@* 5i?t�|���|) @?_ W?|i?t�|) #�t|h�M�|�L?t

TL�ih� A�i 4@ �4�4 }@�? Lu |�i �Mih �ti_c 4i@t�hi_ MiuLhi NV�i TLt�hi
@?_ ��|� �eHf ?4 T�4T�?}c �@t �D�2	� _�%4 @| |�i *@tih �@�i*i?}|�� A��t �t
Mi*L� |�i U@*U�*@|i_ @?_ T*L||i_ |�hit�L*_ }@�?tc ���U� @hi �? |�i h@?}i uhL4
�H |L �f _�%4� #�t|h�M�|i_ }h@|�?} T�@ti ihhLht 4@)c �L�i�ihc Mh�?} |�i n�
Lh_ih 4L_i |�hit�L*_ _L�? Mi*L� �D _�%4 ��|�L�| U�@?}�?} |�i ^�@*�|@|��i
t�@Ti Lu |�i Tih|�hM@|�L? hitTL?ti� 5�U� T�@ti ihhLht UL�*_ @h�ti uhL4 ti*u
�i@|�?} L��?} |L U�hU�*@|�?} ��}� �?|i?t�|�it �? |�i u�?_@4i?|@* 4L_i ?i@h
5 ' f�

2�e �L?U*�t�L?

� �i@|�tU@? |iU�?�^�i uLh U�@h@U|ih�3@|�L? Lu #6� *@tiht �@t Mii? _i4L?�
t|h@|i_ i Tih�4i?|@**) @?_ �?�it|�}@|i_ ?�4ih�U@**) @?_ |�hL�}� UL4T@h�tL?
��|� @? i �t|�?} Tih|�hM@|�L? |�iLh) uLh i*iU|hL4@}?i|�U hitL?@|Lht d.c Ho� �L|�
|�i |�iLh) @?_ |�i LM|@�?i_ ?�4ih�U@* hit�*|t �?_�U@|i |�@| |�i Tih|�hM@|�L?
ti?t�|���|) ��** |L @ *@h}i i |i?| Mi ThLTLh|�L?@* |L |�i 4L_@* �?|i?t�|) _�t|h��
M�|�L?�
Bh@|�?} ThLTih|�it t�U� @t |�i UL�T*�?} T@h@4i|ih Vc |�i TL*@h�3@|�L? _i�

Ti?_i?Ui {V Lu Vc @?_ |�i TLt�|�L? Lu |�i }h@|�?} T�@ti�t��u| U@? Mi _i_�Ui_
uhL4 |�i 4i@t�hi_ �i@|�?} ti?t�|���|) _�t|h�M�|�L?t D @?_ D

�
� �iU@�ti |�i Tih�

|�hM@|�L? ti?t�|���|) _iTi?_t L? ML|� |�i V _�t|h�M�|�L? @?_ |�i }h@|�?} T�@ti
_�t|h�M�|�L?c L?i }i?ih@**) ?ii_t |L !?L� ?L?i L?i Lu |�iti _�t|h�M�|�L?t �t �?
}i?ih@* hi^��hi_ |L _i|ih4�?i |�i L|�ih� 6Lh �?t|@?Uic |L _i_�Ui VE5� uhL4 |�i
4i@t�hi_ {DE5� �? 6�}t� 2�e @?_ 2�Dc �i �@_ |L @tt�4i @ TihuiU| }h@|�?} T�@ti�
A�ihi �t @ t�4�*@h hi*@|�L? Mi|�ii? |�i @M�*�|�it |L _i|ih4�?i {VE5� Lh �E5�
uhL4 {D

�
E5�c @t �**�t|h@|i_ M) |�i _�gihi?| Mi@|�uhi^�i?U) t�4�*@|�L?t �? 6�}�

2�D E@� @?_ EM��
`�|�L�| @ Th�Lh� !?L�*i_}i Lu @?) Lu |�i }h@|�?} T@h@4i|ihtc |�i 4i|�L_

t|�** hi�i@*t |�i t�@Ti Lu |�i 4L_@* �?|i?t�|) _�t|h�M�|�L?t ��|� }LL_ @UU�h@U)�
A��t �?uLh4@|�L? �t _�hiU|*) hi*@|i_ |L �4TLh|@?| |LT�Ut t�U� @t |�i UL*_ U@��|)
" u@U|Lhc }@�? |�hit�L*_tc T�4T i�U�i?U�it @?_ ?L?�*�?i@h igiU|t t�U� @t }@�?
�L*i M�h?�?}c }@�?�_iTi?_i?| hiuh@U|��i��?_i U�@?}it @?_ kihh ?L?*�?i@h�|�it�
A�i i Tih�4i?|@* ti|�T _itUh�Mi_ �? |��t T@Tih �t hi*@|��i*) t�4T*ic @?_ i@t)

|L �4T*i4i?|� 5�}?��U@?| �4ThL�i4i?| �? @UU�h@U) �t �L�i�ih i TiU|i_ ��|� @
4Lhi hi�?i_ ti|�T� �i||ih |i4Tih@|�hi t|@M�*�3@|�L? Lu |�i *@tihc uLh �?t|@?Ui
M) �44iht�L? Lu |�i *@tih �?|L @ *�^��_ ��|� @ ��}� tTiU��U �i@| U@T@U�|)c �L�*_
hi_�Ui ML|� |�i h@?_L4 uhi^�i?U) ?L�ti @?_ |�i t)t|i4@|�U ihhLht hi*@|i_ |L
ti*u��i@|�?} Lu |�i *@tih _�tU�tti_ �? 5�MtiU|�L? 2���e�
Wu |�i �i@| Tih|�hM@|�L? |iU�?�^�i �t |L Mi �ti_ |L U�@h@U|ih�3i ti4�UL?_�U|Lh

#6� *@tihtc @ 4�U� 4Lhi *LU@*�3i_ �i@|�?} tTL| �L�*_ Mi hi^��hi_c MiU@�ti Lu
|�i 4�U� t4@**ih _�4i?t�L?t Lu |�i _i��Uit� A��t |)Ti Lu �i@|�?} tTL| UL�*_



��@T|ih 2G ��@h@U|ih�3@|�L? Lu 6�Mih #6� *@tiht ��@ @?��� 2�

Mi @U��i�i_ M) �ti Lu @ uLU�ti_ *@tih Mi@4 uLh |�i �i@|�?}� � hi*@|��i*) ��}�
�i@|�4L_�*@|�L? uhi^�i?U) �L�*_ ThLM@M*) Mi hi^��hi_ |L @�L�_ MhL@_i?�?} Lu
|�i �i@|i_ hi}�L? M) |�ih4@* _�g�t�L?�
�? �4TLh|@?| @TT*�U@|�L? Lu |�i �i@| Tih|�hM@|�L? 4i|�L_ �t U�@h@U|ih�3@|�L?

Lu |�i tT@|�@* ti?t�|���|) _�t|h�M�|�L? Lu �Mih *@tih ti?tLht ��|� *@tih uhi^�i?U)
hi@_L�|c TL*@h�3@|�L? Mi@| uhi^�i?U) hi@_L�|c Lh ML|� d2�o� A�iLhi|�U@**)c |�i
ti?t�|���|) Lu t�U� #6��*@tiht ��** _iU@) uhL4 |�i Ui?|ih TLt�|�L? ThLTLh|�L?�
@**) |L i TE�2Vm5m�c }���?} @? igiU|��i ti?t�|��i *i?}|� Lu V3�� A�i ti?t�|���|)
_�t|h�M�|�L? Lu TL*@h�4i|h�U ti?tLht 4@)c �L�i�ihc _i��@|i t�}?��U@?|*) uhL4
|�i �_i@* U@ti �? |�i Thiti?Ui Lu @ 4L_ih@|i TL*@h�3@|�L? _iTi?_i?Ui Lu |�i
}h@|�?} t|hi?}|� Lh ��|� ?L?��?�uLh4 M�hiuh�?}i?Ui _�t|h�M�|�L?tc @t �**�t|h@|i_
M) |�i t�4�*@|i_ U�h�it �? 6�}� 2�D�

2�D �U!?L�*i_}4i?|

A��t t|�_) �@t tTL?tLhi_ M) �T|LT*@? �5c |�i �Lh�i}�@? +iti@hU� �L�?�
U�* @?_ �h�|�t� �L�?U�*� A�i �T|Li*iU|hL?�Ut +iti@hU� �i?|ih �t @? �?|ih_�tU��
T*�?@h) hiti@hU� Ui?|ih u�?_i_ M) |�i ,?}�?iih�?} @?_ ��)t�U@* 5U�i?Uit +i�
ti@hU� �L�?U�*c Nk�

+iuihi?Uit

d�o w� a� �� ki|i*ti?c W� OLt��?Lc @?_ #� �� �U!ih4@?c �A�i +L*i Lu � �
�@**) �L?�?�uLh4 �@hh�ih #i?t�|) �? �*|ih�?} |�i A,�A, B@�? �@h}�?
�? W?B@�t��W?� #6� w@tiht�c W,,, a� "�@?|�4 ,*iU|hL?� 2.c bD.�bSe
E�bb���

d2o �� +� ���**�Ttc A� ,� #@hU��ic @?_ ,� a� 6*)??c �, Tih�4i?|@* �i@t�hi Lu
#)?@4�U 5T@|�@*�OL*i ��h?�?} �? #6� *@tiht�c W,,, ��L|L?�Ut AiU�?L*�
wi||� ec �2f���2f� E�bb2��

d�o `� O� wL�c �� �� 5@4tL? @?_ a� �� _i 5@?_hLc �W?|i?t�|) ThL�*i �? @ _�t�
|h�M�|i_ uii_M@U! �Mhi *@tih U�@h@U|ih�3i_ M) @ }hii? ��LhitUi?Ui tU@??�?}
|iU�?�^�i�c �TT*� ��)t� wi||� Sbc �..���..D E�bbS��

deo `� �@h}�*�tc W� �� 5� �@h�@*�Lc �� �� �� BL��	i@c @?_ �� witU�ic �Oi@|
tU@?G @ t�4T*i |iU�?�^�i |L U�@h@U|ih�3i }h@|�?}t �? �Miht�c �T|� wi||� �Hc
TT� �f�S��f�Hc �bb��

dDo 5� 5@?_}hi?c �� 5@�*}hi?c �� �tti�c `� �@h}�*�tc 6� w@�hi**c +� 5|�MMic
@?_ �� w�_}@h_c ���@h@U|ih�3@|�L? Lu �h@}} }h@|�?}t �? �Miht �t�?} |�i
�i@|�tU@? |iU�?�^�i�c ,*iU|hL?� wi||� ��c TT� SSD�SSSc �bbD�



2e �@h| WG 5T@|�@* 5i?t�|���|) @?_ W?|i?t�|) #�t|h�M�|�L?t

dSo ,� �h�?!4i)ihc B� 5|L*3ic @?_ #� aL�*i?c ��T|�U@* tT@Ui _L4@�? hi�iU|L4�
i|h) E�5#+�� uLh _i|ih4�?@|�L? Lu t|hi?}|� @?_ U��hT _�t|h�M�|�L? @*L?}
LT|�U@* �Mih }h@|�?}t� �? �h@}} Bh@|�?}tc ��L|Lti?t�|���|) @?_ �L*�?} �?
B*@tt 6�Miht @?_ `@�i}��_itc VL*� �. Lu �bb. �5� AiU�?�U@* #�}it| 5ih�itc
E�T|�U@* 5LU�i|) Lu �4ih�U@c @̀t��?}|L? #���c �bb.��

d.o �� ��?*�gi @?_ w� ,� 5� �@|��@tc �5L4i Tih|�hM@|�L? igiU|t �? U@��|)
hitL?@|Lht�c �hLU� W?t|� ,*iU|hL?� ,?}� b.c �S.��.S E�bDf��

dHo O� �� B� �@t�4�hc ��? |�i |�iLh) Lu i*iU|hL4@}?i|�U �@�it �? hitL?@?|
U@��|�it�c ���**�Tt +it� +iT� Sc �S2��H2 E�bD���

dbo ,� +�??i!*i��c �� WMti?c �� �� ~ih�@t @?_ +� W� w@4�?}c ���@h@U|ih�3@|�L?
Lu �?|i?t�|) _�t|h�M�|�L? �? t)44i|h�U @?_ @t)44i|h�U �Mih #6� *@tiht�c
�? �L?uihi?Ui L? w@tiht @?_ ,*iU|hL��T|�Utc VL*� Sc Lu �bbH �5� AiU�?�U@*
#�}it| 5ih�itc E�T|�U@* 5LU�i|) Lu �4ih�U@c @̀t��?}|L? #���c �bb.��

d�fo a� A� kh�?}*iML|?c a� w� �hU�@4M@�*|c w� +ii!�ic @?_ #� �� �@)?ic
�,h�nGvM�n�UL_LTi_ �Mih _�t|h�M�|i_�uii_M@U! *@tih�c �T|� wi||�c �bc
2�f��2�f� E�bbe��

d��o V� �� w@�h�_ti?c A� 5�?_ih}@@h_c �� V@h4�?}c @?_ a� O� �L�*ti?c �#i�
t�}? Lu #�t|h�M�|i_ 6ii_M@U! 6�Mhi w@tiht� �? �hLUii_�?}t Lu |�i ,�hLTi@?
�L?uihi?Ui L? �T|�U@* �L44�?�U@|�L?t <b.c E�?t|�|�|�L? Lu ,*iU|h�U@* ,?�
}�?iihtc wL?_L?c �bb.� VL*� �c TT� �b�e2�

d�2o O� 5L_@c v� kL|@!�c O� 5�_Lc O� Wt��!@�@c 5� v@4@!Lt��c @?_ O� W4@�c
�5|@M�*�|) �? 5�?}*i wL?}�|�_�?@* �L_i �Tih@|�L? �? B@W?�t�%W?� ��@ti�
�_��t|i_ #6� w@tiht�c W,,, a� "�@?|�4 ,*iU|hL?� ",�2�c Hfe�H�e
E�bH.��

d��o ,� +�??i!*i�� @?_ �� O@_i*ihc �5|@M�*�|) Lu @? ,h�vM�_LTi_ �Mih
_�t|h�M�|i_�uii_M@U! *@tih ��|� i |ih?@* hi�iU|�L?t�c �T|� wi||� 2ec S�.�
S�b E�bbb��

d�eo B� �� �@**c �� B� O�**��**i? @?_ a� w��@tc �6hi^�i?U) �L�ti Lu @ �h@}}
}h@|�?} �Mhi *@tih�c ,*iU|hL?� wi||� �fc �22b��2�f E�bbe��

d�Do B� ���Lh! @?_ �� ��*ttL?c �� �i� , @U| @?_ ,�U�i?| ��4ih�U@* �@|h� 
A�iLh) Lu �L4T*�U@|i_ w@tih 5|h�U|�hitG �hLTih|�it Lu �t)44i|h�U ��@ti�
5��u|i_ #6� w@tiht�c a� w�}�|�@�i AiU�?L*�c wA�Dc TT� �ef��eS E�bH.��

d�So �� v@4@_@ @?_ k� 5@!�_@c ��?@*)t�t Lu @*4Lt|�Tih�L_�U uii_M@U! t*@M
�@�i}��_it ��@ @ u�?_@4i?|@* 4@|h� �@TThL@U��c �TT*� �T|�c 2Sc TT� �e.e�
�e.H E�bH.��



��@T|ih 2G ��@h@U|ih�3@|�L? Lu 6�Mih #6� *@tiht ��@ @?��� 2D

d�.o B� �� �}h@�@*c �� O� +LMiU!c ��L_i*�?} Lu #�t|h�M�|i_ 6ii_M@U! 5i4��
UL?_�U|Lh w@tiht ��|� � �@**)�V@h)�?} �@h@4i|iht�c W,,, a� "�@?|�4
,*iU|hL?�c 2ec TT� 2ef.�2e�e E�bHH��

d�Ho ,� +�??i!*i��c �� �� ~ih�@t @?_ a� A� kh�?}*iML|?c ��L_i**�?} Lu �L�
*@h�3@|�L? �L_i �L4Ti|�|�L? �? 6�Mih #6� w@tiht�c W,,, a� "�@?|�4
,*iU|hL?� �ec �DDb��DSb E�bbH��

d�bo w� #L?}c `� O� wL�c a� ,� �@T*i?c a� #� ��?i**) @?_ w� +ii!�ic �,��
U�i?| t�?}*i�uhi^�i?U) �Mih�*@tiht ��|� ?L�i* T�L|Lti?t�|��i ,h%vM LT|�U@*
�Miht�c �T|� wi||� 22c Sbe�SbS E�bb.��

d2fo a� W� 5@!@� @?_ A� k�4�h@c ���hiuh�?}i?Ui �@�ti_ M) A�ih4@* 5|hitt �?
,**�T|�U@**) #iuLh4i_ �Lhi �T|�U@* 6�Miht�c W,,, a� "�@?|�4 ,*iU|hL?�
",��Hc �Hbb��bfb E�bH2��

d2�o �� 5�4L? @?_ +� N*h�U�c �,�L*�|�L? Lu TL*@h�3@|�L? @*L?} @ t�?}*i�4L_i
�Mih�c �TT*� ��)t� wi||� ��c D�.�D2� E�b..��

d22o A� ,h_L}@? @?_ V� ��3h@��c ���@h@U|ih�3@|�L? Lu NV��?_�Ui_ M�hiuh�?�
}i?Ui �? T�L|Lti?t�|��i Bi�_LTi_ t�*�U@ LT|�U@* �Miht�c a� �T|� 5LU� �4�
� �fc 2�ff�2�fD E�bbe��

d2�o �� O@_i*ihc ,� +�??i!*i��c �� WMti? @?_ +� W� w@4�?}c ��L*@h�4i|h�U �Mih
_�t|h�M�|i_ uii_M@U! *@tih ti?tLh uLh t�4�*|@?iL�t t|h@�? @?_ |i4Tih@|�hi
4i@t�hi4i?|t�c �TT*� �T|� �Hc �bD���bDb E�bbb��



2S �@h| WG 5T@|�@* 5i?t�|���|) @?_ W?|i?t�|) #�t|h�M�|�L?t



��@T|ih �
6hi^�i?U) @?_ W?|i?t�|) �L�ti Lu ,h�_LTi_
6�Mih #6� w@tiht

�@h| WWG
5|@M�*�|) @?_ �L�ti

�Mt|h@U| Q A�i hi*@|��i �?|i?t�|) E-U�� @?_ LT|�U@* uhi^�i?U) ED
o6r

�
?L�ti Lu ,h�_LTi_ �Mih #6� *@tiht @hi �?�it|�}@|i_ |�iLhi|�U@**) @?_ i �
Tih�4i?|@**)� 6Lh @ uhii h�??�?} �eHf�?4 T�4Ti_ �Mih #6� *@tih ��|�
�.f >` L�|T�| TL�ih �i LMtih�i @ |)T�U@* -U� �LLh Lu ���H _� O33�*2

uLh uhi^�i?U�it @ML�i �f O3c ��|� @ t|hL?} hi*@ @|�L? LtU�**@|�L? hitL?@?Ui
Ti@! hi@U��?} @ Ti@! �@*�i Lu �.. _� O33�*2 @| 222 !O3� A�i 4i@t�hi_
D
o6r

h@?}it uhL4 2S _� O3%
s
O3 @| � !O3 |L 2 _� O3%

s
O3 @| � �O3c

��|� @ t�@hT Ti@! @| |�i hi*@ @|�L? LtU�**@|�L? uhi^�i?U)� �i*L� � !O3 �*s
?L�ti �t LMtih�i_ �? |�i *@tih uhi^�i?U) 4i@t�hi4i?|t� �i}@|��i uii_M@U!
|L |�i T�4T uhL4 @ 4L?�|Lh _i|iU|Lh hi_�Uit |�i -U� |L |�i _i|iU|�L?
?L�ti *i�i*c ���*i |�i hi*@ @|�L? LtU�**@|�L? ?L�ti Ti@! �t hi4L�i_ uhL4
D
o6r

� �) UL4T@h�?} 4i@t�hi_ �?|i?t�|) @?_ uhi^�i?U) ��U|�@|�L?tc �i
it|�4@|i |�i igiU|��i *�?i��_|� MhL@_i?�?} u@U|Lh @| |�i hi*@ @|�L? Lt�
U�**@|�L? uhi^�i?U�it Lu |�i �?�it|�}@|i_ *@tiht |L Mi Mi|�ii? 2�� @?_ ��Hc
@t UL4T@hi_ |L |)T�U@**) Mi|�ii? � @?_ . uLh ti4�UL?_�U|Lh *@tiht� A�i
?L�ti TihuLh4@?Ui Lu uL�h tih�@**) 4�*|�T*i i_ �Mih #6� *@tiht @hi uL�?_
|L Mi t�4�*@h |L |�@| Lu |�i uhii h�??�?} t�?}*i *@tiht�

��� W?|hL_�U|�L?

A�i @UU�h@U) Lu LT|�U@* ti?tLhtc t�U� @t �?|ihuihL4i|ihtc �Mih �h@}} }h@|�?}
ti?tLht @?_ ��}��hitL*�|�L? tTiU|hLtULT�U ti?tLhtc @hi �? 4@?) U@tit *�4�|i_
M) |�i @UU�h@U) M) ���U� |�i LT|�U@* uhi^�i?U) Lu |�i �?|ihhL}@|�?} tL�hUi
U@? Mi UL?|hL**i_ Lh t|@M�*�3i_� 5L4i Lu |�i 4Lt| @UU�h@|i tL�hUit !?L�? L?



2H �@h| WWG 5|@M�*�|) @?_ �L�ti

|�i 4@h!i| |L_@) @hi h�?}�U@��|) �_Gv�B *@tiht d�o @?_ ,hGvM�_LTi_ M�*!
}*@tt *@tiht d2c �o� �L4T@hi_ |L t�?}*i uhi^�i?U) �Mih *@tiht |�iti tL�hUit @hi
hi*@|��i*) UL4T*�U@|i_ |L 4@�?|@�? @?_ ThL_�Ui� A�i) @hi @*tL tT@Ui UL?t�4�?}c
@?_ ?L| i@t�*) |�?@M*i L�ih *@h}i uhi^�i?U) h@?}it�
6�Mih *@tiht U@? @*tL Mi �ti_ @t ti?t�?} i*i4i?|tc @t _i4L?t|h@|i_ �? dec Dc Soc

@t �i** @t �? ��@T|iht .c Hc @?_ b� A�i LT|�U@* T�4T�?} @?_ uhi^�i?U) �?|ihhL�
}@|�L? t)t|i4t 4@) |�i? Mi t�|�@|i_ u@h uhL4 |�i ti?tLh *@tiht� A�i �*|�4@|i
ti?tLh @UU�h@U) ��** @*tL �? |��t U@ti Mi *�4�|i_ M) |�i �?|h�?t�U uhi^�i?U) ?L�ti
Lu |�i *@tiht� W| �t |�ihiuLhi Lu �?|ihit| |L �?�it|�}@|i |�i |)T�U@* ?L�ti *i�i*
Lu t�U� *@tihtc @?_ |L �?�it|�}@|i |�i Lh�}�?t Lu |��t ?L�ti �? Lh_ih |L �_i?|�u)
TLtt�M*i hL�|it |L�@h_t @ u�h|�ih hi_�U|�L? Lu |�i ?L�ti�
#i}h@_�?} Lu ti?tLh @UU�h@U) _�i |L tL�hUi �?|i?t�|) ?L�ti U@? �? Th�?U�T*i Mi

i*�4�?@|i_c uLh �?t|@?Ui M) 4L?�|Lh�?} |�i tL�hUi TL�ih L? @ tiT@h@|i _i|iU|Lh
Lh M) �ti Lu M@*@?Ui_ �?|ihuihi?Ui _i|iU|�L? tU�i4it� OL�i�ihc |�iti |iU�?�^�it
|i?_ |L UL4T*�U@|i |�i ti?tLh _it�}?� 6�h|�ih4Lhic T@h|t Lu |�i *@tih uhi^�i?U)
?L�ti 4@) @U|�@**) @h�ti uhL4 |�i �?|i?t�|) ?L�ti |�hL�}� |�ih4@* igiU|t @?_ |�i
*�?i��_|� i?�@?Ui4i?| u@U|Lh Lu |�i }@�? 4i_��4� 6�h|�ih4Lhic W| �t |�ihiuLhi
@*tL Lu �?|ihit| |L �?�it|�}@|i |�i �?|i?t�|) ?L�ti U�@h@U|ih�t|�Ut Lu |�i �Mih #6�
*@tiht�
A��t U�@T|ih �t Lh}@?�3i_ @t uL**L�tG � |�iLhi|�U@* uh@4i�Lh! uLh |�i t|�_)

Lu *@tih ?L�ti @?_ ?L�ti }i?ih@|�?} 4iU�@?�t4t �t Thiti?|i_ �? 5iU� ��2� A�i
@tTiU|t Lu |�ih4@**) @?_ @UL�t|�U@**) �?_�Ui_ ?L�ti �? �Mih #6� *@tiht @hi
hi��i�i_ �? 5iUt� ��� @?_ ��ec hitTiU|��i*)� W? 5iU� ��D �i U�@h@U|ih�3i |�i ti?�
t�|���|) Lu |�i �?|i?t�|) @?_ LT|�U@* uhi^�i?U) Lu @ �Mih #6� *@tih |L T�4T
4L_�*@|�L?c @?_ �i _�tU�tt |�i 4iU�@?�t4t U@�t�?} |��t ti?t�|���|)� �i@t�hi�
4i?|t Lu |�i �?|i?t�|) @?_ uhi^�i?U) 4L_�*@|�L? ?L�ti tTiU|h@ uhL4 |�i *@tiht
@hi Thiti?|i_ �? 5iU� ��Sc ���*i @U|��i ?L�ti t�TThitt�L? M) @TT*)�?} ?i}@|��i
uii_M@U! uhL4 |�i �Mih *@tih L�|T�| |L |�i T�4T *@tih _h��i U�hhi?| �t �?�it�
|�}@|i_ �? 5iU� ��.� A�i ?L�ti TihuLh4@?Ui Lu tih�@**) 4�*|�T*i i_ �Mih #6�
*@tiht �t �?�it|�}@|i_ i Tih�4i?|@**) �? 5iU� ��H� 5iU� ��b UL?|@�?t tL4i UL?�
U*�_�?} hi4@h!t�

��2 A�iLh)

� }i?ih@* |�iLhi|�U@* uh@4i�Lh! uLh |�i t|�_) Lu *@tih �?|i?t�|) @?_ uhi^�i?U)
?L�ti U@? Mi uL�?_ �? t|@?_@h_ |i |MLL!t d.o� � T�hTLti Lu |��t tiU|�L? �t |L
_i�?i T@h@4i|iht @?_ _ih��i hi*@|�L?t |�@| U@? Mi hi*@|i_ _�hiU|*) |L |�i �Mih
#6� *@tih T@h@4i|iht�



��@T|ih �G 6hi^�i?U) @?_ W?|i?t�|) �L�ti Lu ,h�_LTi_ ��� 2b

��2�� #i�?�|�L?t Lu -U� c 6hi^�i?U) �L�tic @?_ w@tih w�?i��_|�
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Iljxuh 7161 Odvhu lqwhqvlw| +ohiw, dqg iuhtxhqf| +uljkw, uhvsrqvh dv d ixqfwlrq ri
skdvh prgxodwlrq iuhtxhqf| ri ihhgedfn iurp d glvwdqfh ri 5;18 p +GIE4, dqg 5<18
p +GIE5,1
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Iljxuh 7171 Pd{lpxp ihhgedfn doorzhg iurp glvfuhwh uh�hfwruv iru vwdeoh rshudwlrq lq
iuhtxhqf| dqg lqwhqvlw| ri GIE4 dqg GIE51 Fxuyhv zlwk flufxodu +�, dqg vtxduh +�,
pdunhuv vkrz wkh odujhvw ihhgedfn doorzhg wr jhw d pd{lpxp uhod{dwlrq rvfloodwlrq
dpsolwxgh ri 	53 nK} iru d edfn0uh�hfwlrq skdvh prgxodwlrq vshhg ri 4 dqg 43 nK}/
uhvshfwlyho|1 Fxuyhv zlwk gldprqg +�, pdunhuv vkrz pd{lpxp ihhgedfn doorzhg iru
FZ rshudwlrq iru d edfn0uh�hfwlrq skdvh prgxodwlrq vshhg ri 4 nK}1
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*@tih LTih@|�L? M) �h�|�?} @ t)44i|h�U Z T�@ti�t��u|i_ }h@|�?} Lu *i?}|� u 'ef
44 �?|L @ NV�ti?t�|�3i_ ��Bi _LTi_ h�?} i?U*Lt�?} |�i ,h�vM _LTi_ ULhi Lu
|�i �Mih d�o� #

2

�*L@_�?} �@t �ti_ |L i?�@?Ui |�i NV�ti?t�|���|)� A�i }h@|�?}
UL�T*�?} ULi�U�i?| Lu |�i *@tih �@t 4i@t�hi_ M) @ �i@|�Tih|�hM@|�L? 4i|�L_
deo |L Mi V '2�f 43�	�fI� �iuLhi NV i TLt�hi M�| @u|ih #

2

�*L@_�?} Lu |�i
�Mihc |�i �Mih |h@?t4�tt�L? tTiU|h�4 �@t 4i@t�hi_ uLh �@h�L�t T�4T TL�iht�
6hL4 |�iti 4i@t�hi4i?|tc |�i @MtLhT|�L? E@

%

� @?_ }@�? E}
%

� @| 3ihL @?_ u�** �?�
�iht�L?c hitTiU|��i*)c @| |�i *@tih t�}?@* E% ' r� @?_ T�4T E% ' R� �@�i*i?}|�t
�ihi uL�?_ |L Mi d @

r

c @
R

c }
r

c }
R

o ' d���.c H�bc �D�bc ��fo _�%4� A�i tTL?|@?iL�t
i4�tt�L? TL�ih @| u�** �?�iht�L? �@t �

rR

' e�� 4`%4�
6�}�hi D�� t�L�t |�i 4i@t�hi_ *iu| n h�}�| L�|T�| TL�ih EUhLttit� i4�||i_

uhL4 |�i *@tih �iht�t T�4T TL�ih� ��h�i � t�L�t |�i |�iLhi|�U@* L�|T�| TL�ihc
LM|@�?i_ uhL4 |�i 4i@t�hi_ }@�? T@h@4i|iht Lu |�i �?i TLti_ �Mih @?_ @ #6�
*@tih 4L_i* _itUh�Mi_ i*ti��ihi dDo� A�i 4i@t�hi_ t*LTi i�U�i?U) �?Uhi@tit @|
*L� T�4T TL�ih @?_ @TThL@U�it @ UL?t|@?| �@*�i Lu f�.I @ML�i ef 4`� A��t
�?_�U@|it |�@| M*i@U�@M*i @MtLhMiht @hi Thiti?| ���U� t@|�h@|i uLh T�4T TL�iht
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�ihi UL4M�?i |�iti igiU|t �? @ e�4L_i 4@|h� UL�T*�?} i^�@|�L?G

_ O�

_5
' �

|J|

O� ( �
|J|

' �nB n#� ES�2�



bf �@h| WWWG �L*@h�3@|�L? �L_it

Oihi

# '

5

9
9
7

�� f f f
f �� f f
f f � f
f f f �

6

:
:
8 �B

B '

5

9
9
7

} f }
}o

f
f } n{} f }

}o

n{}
}o

�}W
}o

f �} f
f �}W

}o

�{}W
}o

f �} �{}

6

:
:
8

� '

5

9
9
7

�_
%

o n 4 �V
%

f
�o � 4 �_

+

f �V
+

��VW
%

f _
%

o � 4
f ��VW

+

�o n 4 _
+

6

:
:
8

@?_

_
6

' �{q
6

� @ �

6Lh Th@U|�U@* hi@tL?t �i �@�i _���_i_ |�i |L|@* UL�T*�?} 4@|h� �
|J|

�?|L |�hii
T@h|t� # UL?|@�?t |�i uhi^�i?U) _iTi?_i?Ui� B UL?|@�?t T@h@4i|iht |�@| @hi
_iTi?_i?| L? |�i T�4T�?} @?_ t@|�h@|�?} �i*_tc @?_ � UL?|@�?t |�i hi4@�?�?}
t�}?@*� @?_ uhi^�i?U)��?_iTi?_i?| T@h@4i|iht�
} �t |�i @4T*�|�_i }@�? ULi�U�i?| Ehit�*|�?} uhL4 |�i }@�? 4i_��4� @?_ }

}o

�t |�i EUL4T*i � }@�? }h@|�?} @4T*�|�_i� {} @?_ {}
}o

@hi |�i }@�? @?_ }@�?
}h@|�?} _�gihi?Uit Mi|�ii? |�i M�hiuh�?}i?Ui @ it _�i |L TL*@h�3@|�L? �L*i�
M�h?�?} E�O��� @ �t |�i �?|h�?t�U *Ltt ULi�U�i?| @?_ V

6

�t |�i �?_i UL�T*�?}
t|hi?}|� �? |�i 6 ' % Lh + 4L_i� A�i UL4T*i UL?��}@|�L? Lu V

6

�? |�i
*L�ih *iu| T@h| Lu � �t �?U*�_i_ uLh UL4T*i|i?itt L?*)c t�?Ui |�i @tt�4T|�L?
Lu @ 3��?_iTi?_i?| �h@}} Tih�L_ 4i@?t |�@| V

6

U@? @*�@)t Mi @tt�4i_ |L Mi
hi@*� A�i TL*@h�3@|�L? UL�T*�?} T@h@4i|iht o @?_ 4 Eh@_%4� hiThiti?| |�i |��t|
h@|i Lu |�i M�hiuh�?}i?Ui @ it @?_ |�i 6@h@_@) hL|@|�L? ULi�U�i?| E�? U@ti Lu
4@}?i|�U �i*_t Thiti?|�c hitTiU|��i*)� �L|i |�@| �? |�i U@ti Lu |��t|c |�i �i*_

�iU|Lh UL4TL?i?|t Lu O� hiuih |L @ |��t|i_ ULLh_�?@|i t)t|i4 |�@| uL**L�t |�i
M�hiuh�?}i?Ui @ it Lu |�i �Mih�
A�i }i?ih@* tL*�|�L? Lu ES�2� 4@) Mi �h�||i? @t @ *�?i@h UL4M�?@|�L? Lu uL�h

}h@|�?} �t�Tih�4L_it�G

O� '
e[

�'�

@
�

O�
�

e3E��n�l��5 ES���

A�i i�}i?�iU|Lht O�
�

@?_ ThLT@}@|�L? UL?t|@?|t � E�
�

n �l
�

� @hi |�i i�}i?�iU|Lht
@?_ i�}i?�@*�it Lu �

|J|

� l
�

4@) Mi �?|ihThi|i_ @t |�i _�gihi?Ui Mi|�ii? |�i



��@T|ih SG �L_i*�?} Lu TL*@h�3@|�L? 4L_i UL4Ti|�|�L?��� b�

tT@|�@* uhi^�i?U) Lu |�i t�Tih�4L_i @?_ |�i �h@}} �@�i�?�4Mih g
�

� �
�

�t |�i
4L_@* @||i?�@|�L? ULi�U�i?|� W? }i?ih@* |�i i�}i?�@*�it LUU�h �? hiU�ThLU@*
T@�ht ��|� LTTLt�|i t�}?t Lu l

�

@?_ �
�

�
`�|� ?L UhLtt�UL�T*�?} Mi|�ii? |�i TL*@h�3@|�L? t|@|it Eoc 4 ' f� |�i *�?i@h

TL*@h�3@|�L?t @hi _iUL�T*i_c *i@_�?} |L |�L  � @?_ |�L )�TL*@h�3i_ t�Tih�4L_it�
A�i u�** _�tTiht�L? 4@T Lu L?i t�U� 4L_ic �? @Mti?Ui Lu @?) }@�?c *Ltt Lh }@�?
}h@|�?}c �@t �**�t|h@|i_ �? d�Do� `�|��? |�i t|LT�M@?_ Lu i@U� TL*@h�3@|�L?c }��i?
M) mB n{q

6

m 	 V
6

c |�ihi �t @ hiU�ThLU@* ti| Lu |�L t�Tih�4L_it ��|� l
�

' f
@?_ �

�

' 	sEB n{q
6

�2 n V2
6

�
`�|� |�i }@�? Lh *Ltt 4@}?�|�_it �t�@**) Thiti?| �? �Mih #6� *@tiht E}c }

}o

c @�
V
6

�c |�i 4L_��U@|�L?t Lu |�i i�}i?�tL*�|�L?t �? ES��� @hi t4@**� W? @? �_i@* �@*u�
Tih�L_ T�@ti�t��u|i_ #6� *@tih LTih@|�?} �? |�i u�?_@4i?|@* *L?}�|�_�?@* *@tih
4L_ic |�i t�Tih�4L_it ��|� �

�

	 f ��** _L4�?@|i |L |�i *iu| Lu |�i }h@|�?}
T�@ti�t��u| @?_ |�Lti ��|� �

�

: f ��** _L4�?@|i |L |�i h�}�|� 5�?Ui |�i *@tih
LTih@|it @| |�i Ui?|ih Lu |�i t|LT�M@?_c |�i �?|i?t�|) ��** _iU@) ��|� @? i TL�
?i?|�@* h@|i Lu 2�

6@%

' 	2V
6

uhL4 |�i T�@ti�t��u| TLt�|�L?c ��ihi �
6@%

�t |�i
�@*�i Lu �

�

@| |�i Ui?|ih Lu |�i t|LT M@?_� A��t V
6

�_iTi?_i?Ui Lu |�i _iU@)
h@|i �t �4TLh|@?| uLh |�i �?|ihThi|@|�L? Lu t�4�*@|�L? hit�*|t �? tiU|�L? S�D

S�� B@�? �L_i*
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d�2o v� ì�tt4@?c �T|�U@* �i|�Lh! A�iLh)� �Lt|@L?c ��G �hU�|iU� OL�tic
�bb2c TT� ���ee�

d��o �� v� @?_ �� 5� 5�__�^��c �5)t|i4@|�U 4i|�L_ uLh |�i @?@*)t�t Lu LT|�U@*
�Mhi U�hU��|t�c �hLU� W?t| ,*iU� ,?}�c �L*� �e2c TT� �SD��.Dc �bbD�



��@T|ih .
�L*@h�3@|�L? ��@h@U|ih�t|�Ut Lu 6�Mih #6�
w@tiht +i*@|i_ |L 5i?t�?} �TT*�U@|�L?t�

�Mt|h@U| Q �? i Tih�4i?|@* @?_ |�iLhi|�U@* �?�it|�}@|�L? Lu _�@* TL�
*@h�3@|�L? ,h�_LTi_ �Mih #6� *@tihtc @?_ �L� |�i TL*@h�3@|�L? 4L_i
UL4Ti|�|�L? @?_ TL*@h�3@|�L? Mi@| uhi^�i?U) _iTi?_ L? *LU@*�3i_ |h@?t�
�ihti uLhUi Tih|�hM@|�L?tc M@U! hi�iU|�L?tc Lh U�@?}it �? T�4T TL*@h�3@�
|�L? t|@|i �t hiTLh|i_� BLL_ @}hii4i?| Mi|�ii? |�i i Tih�4i?|t @?_ @
UL4Thi�i?t��i |�iLhi|�U@* 4L_i* �t LM|@�?i_� Nti Lu @ _�@* TL*@h�3@|�L?
*@tih @t @ |h@?t�ihti uLhUi ti?tLh ��|� @ hitL*�|�L? �? |�i Lh_ih Lu ���ff
?�%
s
O3 @ML�i 2f O3 �t @*tL _�tU�tti_�

W?_i Aih4t Q 6�Mih *@tihtc #6� *@tihtc w@tih 4L_i UL4Ti|�|�L?c B@�?
�L*i�M�h?�?}c �T|�U@* �Mih ti?tLht�

.�� W?|hL_�U|�L?

6�Mih _�t|h�M�|i_ uii_M@U! E#6�� *@tiht @hi @||h@U|��i _i��Uit uLh ML|� uLh
|i*iUL44�?�U@|�L? @?_ ti?t�?} @TT*�U@|�L?t d�c 2c �oc _�i |L |�i�h ?@hhL� *�?i��_|�c
hLM�t| t�?}*i *L?}�|�_�?@* 4L_i LTih@|�L?c UL4T@U| �?��Mih _it�}?c �i �M*i @?_
@UU�h@|i �@�i*i?}|� ti*iU|�L? �? ThL_�U|�L?c @t �i** @t i@t) |�?�?} Lu |�i �@�i�
*i?}|��
+LM�t| t�?}*i TL*@h�3@|�L? tL�hUit @hi }i?ih@**) hi^��hi_ uLh �?|ihhL}@|�L? Lu

�?|ihuihL4i|h�U @?_ �h@}} }h@|�?} �Mih ti?tLhtc @t �i** @t �? |i*iUL44�?�U@|�L?
@TT*�U@|�L?t� � t�?}*i TL*@h�3@|�L? �Mih #6� *@tih 4@) @*tL Mi �ti_ @t @ �ih)

�
�@?�tUh�T| @UUiT|i_ uLh T�M*�U@|�L? �? aL�h?@* Lu "�@?|�4 ,*iU|hL?�Ut� ��?Lh hi��t�L?t ��** Mi 4@_i

Th�Lh |L T�M*�U@|�L?� ��|�LhtG ,h*i?_ +�??i!*i��c �Lh|i? WMti?c @?_ Bhi}Lh) a� �L�*i�



��H �@h| WWWG �L*@h�3@|�L? �L_it

ti?t�|��i ti?tLh i*i4i?| L? �|t L�?c @t |�i *@tih uhi^�i?U) �t ti?t�|��i |L t|h@�?c
|i4Tih@|�hi @?_ L|�ih Tih|�hM@|�L?t |�@| U�@?}i |�i LT|�U@* Tih�L_ Lu |�i
#6� }h@|�?}� A�L 4i|�L_t uLh i?t�h�?} t�?}*i TL*@h�3@|�L? LTih@|�L? �@�i
Mii? hiTLh|i_ i Tih�4i?|@**)c ���U� i T*L�| |�i TL*@h�3@|�L? _iTi?_i?Ui Lu
|�i NV��?_�Ui_ �?_i U�@?}i� �?i �t M@ti_ L? i |h@ NV�i TLt�hi Lu @ }h@|�?}
tiU|�L? |L ThL_�Ui @ _�t|h�M�|i_ M�hiuh�?}i?| }h@|�?} T�@ti�t��u| dec Do� A�i
L|�ih �t M@ti_ L? �?_�U�?} @ TL*@h�3@|�L? _iTi?_i?Ui Lu |�i }h@|�?} UL�T*�?}
ULi�U�i?| V dSo� �?L|�ih 4i|�L_ hiTLh|i_ �? d.o �t M@ti_ L? |��t|�?} @ _�@*
TL*@h�3@|�L? �Mih #6� *@tih |L 4@!i �| t�?}*i TL*@h�3@|�L?�
A�i TL*@h�3@|�L? Mi@| uhi^�i?U) Lu _�@* TL*@h�3@|�L? �Mih #6� *@tiht �t ti?�

t�|��i |L Tih|�hM@|�L?t |�@| U�@?}i |�i �Mih M�hiuh�?}i?Uic t�U� @t |i4Tih@|�hi
Lh *@|ih@* uLhUit� 5�4�*|@?iL�t 4L?�|Lh�?} Lu |�i Mi@| @?_ *@tih uhi^�i?U�it
uhL4 t�U� *@tiht @**L�t uLh t�?}*i TL�?| _�@* T@h@4i|ih ti?tLht t�U� @t |�i
uLhUi�|i4Tih@|�hi ti?tLh _i4L?t|h@|i_ �? d2o Lh |�i t|h@�?�|i4Tih@|�hi ti?tLh
_i4L?t|h@|i_ �? d�o� 6Lh |�iti @TT*�U@|�L?tc hLM�t| _�@* TL*@h�3@|�L? LTih@|�L?
Lu |�i *@tih �t hi^��hi_�
W? ML|� t�?}*i @?_ _�@* TL*@h�3@|�L? ti?t�?} @TT*�U@|�L?t |�i ?ii_ uLh @ _�hiU|

T�)t�U@* UL?|@U| Lh �?|ih@U|�L? Mi|�ii? |�i *@tih @?_ |�i 4i@t�h@?_ 4@) *i@_
|L ?L?��?�uLh4 M�hiuh�?}i?Ui @*L?} |�i #6� t|h�U|�hic ���U� 4@) �? |�h? @u�
uiU| |�i TL*@h�3@|�L? 4L_i UL4Ti|�|�L? E���� ��|��? |�i *@tih� , |ih?@* M@U!
hi�iU|�L?t @?_ |�i t|@|i Lu TL*@h�3@|�L? E5��� Lu |�i T�4T @hi @*tL i TiU|i_
|L @giU| |�i ��� Mi�@��Lh Lu |�i *@tiht� W? @__�|�L?c M@U! hi�iU|�L?t ��** @giU|
|�i TL*@h�3@|�L? Mi@| uhi^�i?U)� �@?) ti?t�?} @TT*�U@|�L?t ��** ?L| @**L� |�i
�Mih *@tih ti?tLh |L Mi *LU@|i_ U*Lti |L |�i T�4T *@tih @?_ LT|�U@* �tL*@|Lht�
�L?|hL* ��|� |�i T�4T 5�� *@�?U�i_ �?|L |�i *@tih 4@) |�ihiuLhi ?L| Mi hi�
@*�t|�Uc @?_ �tL*@|�L? @}@�?t| i |ih?@* M@U! hi�iU|�L?t 4@) Mi hi*@|��i*) TLLh�
W| �t i TiU|i_ |�@| ThLM*i4t _�i |L _h�u| �? |�i T�4T 5�� U@? Mi hi_�Ui_
Lh i*�4�?@|i_ M) tUh@4M*�?} |�i T�4T TL*@h�3@|�L?� OL�i�ihc @ TL*@h�3@|�L?
tUh@4M*�?} UL4TL?i?| �L�*_ �?Uhi@ti |�i UL4T*i �|) @?_ ULt| Lu @ ti?tLh �?�
|ihhL}@|�L? t)t|i4c @?_ �| �t |�ihiuLhi Lu �?|ihit| |L !?L� �u @ ti?tLh t)t|i4
U@? Mi LTih@|i_ ��|�L�| t�U� tUh@4M*�?}�
A�i @ML�i 4i?|�L?i_ ThLM*i4t U@** uLh @ ^�@?|�|@|��i �?_iht|@?_�?} Lu |�i

4iU�@?�t4t }L�ih?�?} |�i ��� Mi�@��Lh @?_ TL*@h�3@|�L? Mi@| uhi^�i?U) ��U�
|�@|�L?t �? �Mih #6� *@tiht� � UL4Thi�i?t��i |�iLhi|�U@* 4L_i* �@t _i�i*LTi_
�? dHo @?_ ti�ih@* i @4T*it _�tU�tt�?} |�i ��� Mi�@��Lh �@t }��i?� �?i T�h�
TLti Lu |�i Thiti?| �Lh! �t |L �ih�u) |�i 4L_i* i Tih�4i?|@**)c @?_ |L i |i?_
�| |L @*tL UL�ih T�4T �?_�Ui_ TL*@h�3@|�L? _iTi?_i?| }@�? E�#B�� � u�h|�ih
T�hTLti �t |L �?�it|�}@|i |�i _iTi?_i?Ui Lu |�i TL*@h�3@|�L? Mi@| uhi^�i?U) L?
*LU@*�3i_ *@|ih@* uLhUit @?_ i |ih?@* hi�iU|�L?t� A�iti �?�it|�}@|�L?t U@? hi�i@*
�tiu�* �?t�}�| �?|L |�i LM|@�?@M*i ti?t�|���|) uLh TL*@h�4i|h�U �Mih #6� *@tih



��@T|ih .G �L*@h�3@|�L? �hLTih|�it Lu 6�Mih #6� w@tiht��� ��b

ti?tLht |L *@|ih@* uLhUit @?_ |�i *�4�|@|�L?t ti| M) i |ih?@* M@U! hi�iU|�L? |L
|�i @UU�h@U) Lu TL*@h�4i|h�U �Mih #6� *@tih ti?tLht �? }i?ih@*�

.�2 A�i W?�it|�}@|i_ w@tiht

A�L _�@* TL*@h�3@|�L? �Mih #6� *@tiht LTih@|�?} @| �Deb ?4c �? |�i uL**L��?}
_i?L|i_ #6�@ @?_ #6�Mc �@�i Mii? �?�it|�}@|i_� A�i *@tiht UL?t�t| Lu |�L
UL?tiU�|��i �?�uLh4 t�M}h@|�?}t Lu *i?}|�t u

�

@?_ u
2

��|� @ *LU@*�3i_ Z }h@|�?}
T�@ti�t��u| �? Mi|�ii?� #6�@ �t t)44i|h�U ��|� u

�

' u
2

' 2f 44c ���*i
#6�M �t @t)44i|h�U ��|� u

�

' �.�e 44 @?_ u
2

' 2D 44� �L|� *@tiht �ihi
U�@h@U|ih�3i_ ��|� @ �i@| Tih|�hM@|�L? |iU�?�^�i �? dboc �ih�u)�?} u�?_@4i?|@*
*L?}�|�_�?@* 4L_i LTih@|�L? @?_ @ }h@|�?} UL�T*�?} T@h@4i|ih Lu V ' 2�f
43� 	�fI� W? dboc #6�@ @?_ #6�M �ihi ?@4i_ �*@tih r�� @?_ �*@tih r��c
hitTiU|��i*)�
#6�@ ThL_�Ui_ @? L�|T�| TL�ih Lu 2fD >` 	�fI �? i@U� _�hiU|�L? ��i?

T�4Ti_ uhL4 i�|�ih i?_ M) H� 4` Lu �eHf�?4 T�4T TL�ih� N?_ih |�i t@4i
T�4T�?} UL?_�|�L?tc |�i @t)44i|h�U #6�M ThL_�Ui_ �bD >` 	�fI uhL4 L�|�
T�| TLh| � E}h@|�?} tiU|�L? u

�

�c @?_ ���D >`	�fI uhL4 TLh| 2 E}h@|�?} tiU|�L?
u
2

��
A�i *@tih }h@|�?}t �ihi ThL_�Ui_ M) NV i TLt�hi Lu @ #

2

�*L@_i_ �Mih ��|�
@? ,h�vM�_LTi_ ULhi @?_ @ NV�ti?t�|�3i_ ��Bi�_LTi_ h�?} L�|t�_i |�i ULhi
d�fo� �iuLhi NV i TLt�hic M�| @u|ih #

2

�*L@_�?} Lu |�i �Mihc |�i �Mih |h@?t4�t�
t�L? tTiU|h�4 �@t 4i@t�hi_ uLh �@h�L�t T�4T TL�iht� 6hL4 |�iti 4i@t�hi�
4i?|tc |�i @MtLhT|�L? E@

%

� @?_ }@�? E}
%

� ULi�U�i?|t @| 3ihL @?_ u�** �?�iht�L?c
hitTiU|��i*)c @| |�i *@tih t�}?@* E% ' r� @?_ T�4T E% ' R� �@�i*i?}|�t �ihi
uL�?_ |L Mi d @

r

c @
R

c }
r

c }
R

o ' d���.c H�bc �D�bc ��fo _�%4� A�i tTL?|@?iL�t i4�t�
t�L? TL�ih @| u�** �?�iht�L? �@t �

rR

' e�� 4`%4�
6�||�?} Lu t�4�*@|�L?t |L |�i 4i@t�hi_ t*LTi i�U�i?U) Lu #6�@ T�M*�t�i_ �?

d��o �?_�U@|it |�@| |�i *�ui|�4i Lu @ uh@U|�L? 1 ' �H I Lu |�i ,h��L?t �@�i Mii?
hi_�Ui_ E^�i?U�i_� M) @ u@U|Lh l ' 2S _�h�?} |�i NV�i TLt�hi� W? @__�|�L?c
@? �?M*i@U�@M*i *Ltt Lu @

f

' f�2e _�%4 tii4t |L Mi Thiti?|� NV��?_�Ui_
^�i?U��?} �? ,h�n�_LTi_ }*@ttit �@t i@h*�ih Mii? hiTLh|i_ �? d�2o� A�i t*LTi
i�U�i?U) Lu #6�M �@t @*tL Mii? 4i@t�hi_c �?_�U@|�?} �ih) t�4�*@h T@h@4i|iht
uLh |�@| *@tihG 1 ' �b Ic l ' 2Dc @?_ @

f

' f�2e _�%4�

.�� +itTL?ti |L Ah@?t�ihti 6LhUi

� TL*@h�3@|�L? _iTi?_i?| T�@ti�t��u| 4@) Mi �?|hL_�Ui_ �? @ �Mih M) @TT*)�?} @
|h@?t�ihti uLhUic hit�*|�?} �? t|hitt��?_�Ui_ M�hiuh�?}i?Ui� ì �@�i �?�it|�}@|i_
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ì �@�i uL�?_ |�@| TLtt�M*i NV��?_�Ui_ *Ltt }h@|�?}tc i�|�ih uLh4i_ M)
*�ui|�4i�^�i?U�i_ �L?t Lh M) �?M*i@U�@M*i *Lttitc ��** �?��i?Ui �L� |�i ���
_iTi?_t L? @ TL*@h�3@|�L? _iTi?_i?| }h@|�?} T�@ti�t��u|� A�i igiU|t L? |�i
��� Lu t�U� @ *Ltt }h@|�?} �t t�4�*@h |L |�i igiU|t Lu @ TL*@h�3@|�L? �?_iTi?�
_i?| M�@t �? |�i }h@|�?} T�@ti�t��u|� A�ihi i �t| U*i@h �?_�U@|�L?tc ML|� uhL4
�?�it|�}@|�L?t Lu |�i *@tih t*LTi i�U�i?U�it @?_ hi*@ @|�L? LtU�**@|�L? t|@M�*�
�|) 4@h}�?tc |�@| NV��?_�Ui_ *�ui|�4i�^�i?U��?} �t Thiti?| �? |�i �?�it|�}@|i_
*@tiht d��o� W| �t ?L|c �L�i�ihc �ih��i_ |L ���U� _i}hii |�i ^�i?U��?} �@t @
}h@|�?} UL4TL?i?|�
A�i |L*ih@M*i i |ih?@* M@U! hi�iU|�L? *i�i* |L 4@�?|@�? _�@* TL*@h�3@|�L?

LTih@|�L? �t uL�?_ |L Mi�2e _� uLh |�i t)44i|h�U #6�@� A��t *�4�| �t i TiU|i_
|L �?Uhi@ti ��|� �?Uhi@t�?} #� W| �t ?L| i TiU|i_ |L _iTi?_ 4�U� L? |�i }h@|�?}
t|hi?}|� Vuc ThL��_i_ |�@| Vu �t �i** @ML�i �|t |�hit�L*_ �@*�i uLh *@t�?} dHMo�
6Lh |�i @t)44i|h�U #6�Mc |�i |L*ih@M*i M@U! hi�iU|�L? *i�i* �@t ��2 _� @|
|�i ��}� L�|T�| TLh| @?_ �e�e _� Et�4�*@|i_� @| |�i *L� L�|T�| TLh|�



�TTi?_� |L ��@T|ih . ��D

A�i Mi@| uhi^�i?U) ?L�ti �@t Mii? 4i@t�hi_ uLh L?i Lu |�i *@tiht |L _iUhi@ti
uhL4 �2f |L 2�� O3*

s
O3 Mi|�ii? 2f O3 @?_ ef !O3� 6Lh @ uLhUi ti?tLh |��t

ULhhitTL?_t |L @ ?L�ti i^���@*i?| uLhUi h@?}�?} uhL4 .D @?_ ��� ?�*
s
O3� Wu

|�i #� |i4Tih@|�hi ti?t�|���|) hiTLh|i_ �? d�o �t @tt�4i_ |L Mi �@*�_ �T |L ef
!O3c @ ?L�ti i^���@*i?| |i4Tih@|�hi ��U|�@|�L? Mi|�ii? .D @?_ ��� >k*

s
O3

�t uL�?_� A�i ti?t�|���|) |L i |ih?@* |i4Tih@|�hit �tc �L�i�ihc i TiU|i_ |L _i�
Uhi@ti @ML�i �ff O3 _�i |L |�i *�4�|i_ h@_�@* |�ih4@* UL?_�U|���|) Lu |�i �Mih�
A�i tL�hUi Lu |�i LMtih�i_ ?L�ti �LLh �@t ?L| Mii? �_i?|��i_� �i@| uhi^�i?U)
?L�ti UL?|h�M�|�L?t uhL4 5U�@�*L��AL�?it ?L�tic t�L|�?L�tic @?_ u�?_@4i?|@*
|i4Tih@|�hi ?L�ti @hi @** it|�4@|i_ |L Mi Mi*L� f�� O3*

s
O3� A�i hit�*|t �?

6�}� .�. EU� �?_�U@|i |�@| i |ih?@* M@U! hi�iU|�L?t ��|� h@?_L4 T�@ti ��U|��
@|�L?t 4@) Mi @ t�}?��U@?| ?L�ti tL�hUi� 5�U� T�@ti ��U|�@|�L?t UL�*_ i�|�ih
Lh�}�?@|i uhL4 LT|�U@* T@|� *i?}|� ��U|�@|�L?t �? |�i i |ih?@* U@��|)c Lh uhL4
UL44L?�4L_i *@tih uhi^�i?U) ?L�ti�

.�. �U!?L�*i_}4i?|

A�i �ht| @�|�Lh @U!?L�*i_}it k� �*�|i!�&hc 5� `� w��ti|� @?_ a� A� kh�?}*i�
ML|? uLh �@*�@M*i �i*T ��|� hi@_�?} |�hL�}� @?_ UL44i?|�?} i@h*�ih �iht�L?t
Lu |��t 4@?�tUh�T|� A��t �Lh! �@t tTL?tLhi_ M) �T|LT*@? �5c �Lh�i}�@? +i�
ti@hU� �L�?U�* @?_ �h�|�t� �L�?U�*� A�i �+� �t @? ,�5+� ENk� u�?_i_ �?�
|ih_�tU�T*�?@h) +iti@hU� �i?|hi�

�TTi?_� G

.�� �L_��U@|�L?t |L |�i B@�? @?_ �O� �L_i*t

A�i }@�? 4L_i* �ti_ uLh |�i t�4�*@|�L?t �? |��t T@Tih �t M@ti_ L? |�i 4L_i*
_ih��i_ �? dHo� A�i }@�? UL�T*�?} 4@|h� B �@t Mii? t*�}�|*) 4L_��i_c |@!�?}
|�i uLh4G

B '

5

9
9
7

}
%

f }
}oc%

f
f }

+

f }
}oc+

�}W
}oc%

f �}
%

f
f �}W

}oc+

f �}
+

6

:
:
8 E.���

��|�

}
%

' } � E��(
R

� E{}
r

n{}
R

�

}
+

' } n E� n(
R

� E{}
r

n{}
R

�

}
}oc%

' }
}o

� E��(
R

� E{}
}ocr

n{}
}ocR

�

}
}oc+

' }
}o

n E� n(
R

� E{}
}ocr

n{}
}ocR

� � E.�e�



��S �@h| WWWG �L*@h�3@|�L? �L_it

Oihic }
^

@?_ }
}oc^

@hi |�i }@�? @?_ }@�? }h@|�?} ULi�U�i?|tc hitTiU|��i*)c �?
|�i ^ ' %c + TL*@h�3@|�L? ThLT@}@|�L? 4L_it� }

%

� }
+

' {}
r

n {}
R

@?_
}
}oc%

� }
}oc+

' {}
}ocr

n{}
}ocR

@hi |�i TL*@h�3@|�L? _iTi?_i?U�it Lu |�i }@�? @?_
}@�? }h@|�?}t _�i |L TL*@h�3@|�L? �L*i M�h?�?} E�O�� @| |�i t�}?@* Et�MtUh�T|
r� @?_ T�4T Et�MtUh�T| R� �@�i*i?}|�t� (

R

�t |�i *�?i@h _i}hii Lu TL*@h�3@|�L?
E#��� Lu |�i *@t�?} t�}?@*c _i�?i_ M) dH@o EH�� A�i 4@�? 4L_��U@|�L? |L |�i
uLh4 LuB UL4T@hi_ |L dHo �t |�@| |�i T�4T TL*@h�3@|�L? _iTi?_i?| T@h@4i|iht
{}

R

@?_ {}
}ocR

�@�i Mii? �?U*�_i_� � u�h|�ih 4L_��U@|�L? �t |�@| |�i TL*@h�
�3@|�L? _iTi?_i?| }@�? E�#B� UL4TL?i?|t �? E.�e� @hi _���_i_ Mi|�ii? |�i
 @?_ ) 4L_it E|�hL�}� |�i u@U|Lht E�	(

R

�� �? @ �@) t�U� |�@| |�i i?ih})
UL?tih�@|�L? M�_}i|c |@!�?} �?|L @UUL�?| T�4T @MtLhT|�L?c t�}?@* }@�?c @?_
tTL?|@?iL�t i4�tt�L?c �t t@|�t�i_ �?_iTi?_i?| L? (

R

�
w�ui|�4i ^�i?U��?} Lu @ uh@U|�L? 1 Lu |�i �L?t M) @ u@U|Lh l �t 4L_i*i_ M)

@tt�4�?} |�L }@�? 4i_�@ ?�4Mihi_ & ' �c 2 ��|� �L? UL?Ui?|h@|�L?t ?
&

' �
&

� �
�
�

' E�� 1�c �
2

' 1c @?_ � �t |�i |L|@* �L? UL?Ui?|h@|�L?� A�i *LU@* t@|�h@|i_
@4T*�|�_i }@�? }

,JSc&

uLh 4i_��4 &c 4@) Mi i Thitti_ @UULh_�?} |L dH@o @tG

}
,JSc&

E�� ' ?
&

�3� }
�?r@|c&

E� n �
r

E�� *�
r@|c&

�3�

}
�?r@|c&

' �
&

E@
R

o
�,

�
R

*�
r@|c&

� @
r

�

�
r@|c&

' dE}
R

n @
R

� o
�,

�
R

n �
rRc&

*2o E}
r

n @
r

�3� E.�D�

Oihic }
�?r@|c&

�t |�i 4i@? �?t@|�h@|i_ }@�? @?_ �
r@|

�t |�i t@|�h@|�L? TL�ih�

�
R

�t |�i T�4T TL�ihc @?_ �
r

E�� '
S

^'%c+

mO-
^

n O7
^

i T E��� m2 �t |�i |L|@*

t@|�h@|�?} TL�ih ��ihi O-
^

@?_ O7
^

@hi |�i h�}�| @?_ *iu| ThLT@}@|�?} �i*_t Lu
|�i ^ ' %c + *@t�?} 4L_it� �

rR

c }
r

c }
R

c @
r

c @?_ @
R

@hi |�i }@�? 4i_��4 T@h@4i|iht
��|�L�| ^�i?U��?}c @t _i�?i_ �? 5iU� .�2c �

rRc�

' E��1��
rR

c @?_ �
rRc2

' l1�
rR

�
o
�,

' �eHf*�Deb �t |�i h@|�L Lu |�i T�4T �@�i*i?}|� |L |�i t�}?@* �@�i*i?}|��
A�i }@�? }

&

@?_ }@�? }h@|�?} }
}oc&

ULi�U�i?|t Lu i@U� }@�? 4i_��4 4@) Mi
i Thitti_ @t

}
&

'
}
�?r@|c&

-
( }

}oc&

' }
&

-� @

KW
c

��|�

@ ' � n
�
|

�
r@|c&

c K '
2�

S

�
r@|c&

c - '

t
@2 � mKm2c E.�S�

�
|

'
[

^'%c+

�
�
�O-

^

�
�
�
2

n
�
�
�O7

^

�
�
�
2

c �
S

'
[

^'%c+

O7
n

^

O-
^

� E.�.�

O7
n

^

�t |�i UL?��}@|i |h@?tTLti Lu O7
^

�



�TTi?_� |L ��@T|ih . ��.

�? i Thitt�L? uLh |�i *LU@* t�}?@* �?_�Ui_ TL*@h�3@|�L? _iTi?_i?Ui Lu |�i
}@�? _�i |L |�i �L? UhLtt tiU|�L? @?�tL|hLT�it �@t _i_�Ui_ �? dHMo E��G

{}
,JSc&

E�� '
(

R

#}
�?r@|c&

?
&

E��

�
� �

r

E��*�
r@|c&

E� n �
r

E��*�
r@|c&

�2
� E.�H�

Oihic # �t |�i �O� T@h@4i|ih @| |�i t�}?@* �@�i*i?}|�� E.�H� 4@) Mi i Thitti_
@t {}

,JSc&

' s
&

E�� ��ihi

s
&

E�� ' �
Sn+i

�
Ke��

�

E@n+i iKe��j�2 c E.�b�

� ' �
&

#(
R

}
�?r@|c&

c S ' @� �c @?_ @ @?_ K @hi _i�?i_ M) E.�S�� A�i 3ihL|� @?_
�ht| Lh_ih 6L�h�ih UL4TL?i?|t Lu s

&

E�� @hiG

8
fc&

'
�

2Z

]
2Z

f

s E�� _� ' �
@�2S��e

'�2

c E.��f�

8
�c&

'
�

2Z

]
2Z

f

s E�� e3��_� ' �KW
@�2 � @� ��2Sn'

'�2

E.����

hitTiU|��i*)c ��ihi

� ' mKm @?_ ' '
�
@2 ��2

�
�*2

�

A�i t�}?@* �?_�Ui_ TL*@h�3@|�L? _iTi?_i?Ui Lu |�i }@�? @?_ }@�? }h@|�?} ULiu�
�U�i?|t @hi uL�?_ @t {}

r

' 8
fc�

n 8
fc2

@?_ {}
}ocr

' 8
�c�

n 8
�c2

c hitTiU|��i*)
A�i T�4T �?_�Ui_ �#B 4@) Mi 4L_i*i_ L? M@t�t Lu |�i t@4i |�iLh) dHMo

|�@| �@t �ti_ |L @hh��i @| E.�H� M) @tt�4�?} |�i i �t|i?Ui Lu �L? UhLtt�tiU|�L?
@?�tL|hLT) @*tL @| |�i T�4T �@�i*i?}|�� ì �ht| i U�@?}i |�i hL*it Lu |�i
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