
�����������	�
���
�������������������
���������� !���"�#�������$�����
%'& �$���
�����(�)�
���*�

+�,.-�,/+1032/46567/8:9';�,.<�,>=@?�?�AB7/C�DE,/F"?�GIH�AB7
��������JK� & ���(������L*J'��� %>M>N

OQPR4TS*U�VBVBW

X ABH�YRGI56C:8B?�Z�7/5T[B?�GI\]56^_S�`a7:83567/?�?�GI567:8�b�?�cRAdG]^]H
?�7e^
f GIP/H
cg567:8B^h037�iK^hG]?�?�^
X ABH�Y/GI5jC:8B? X Flk�Unmpo

`"7:8346AB7/C

`rq_H�AB5j4tsvu3w:u:xeyKze{Bw:|"}I~B����}��/~v}��K�"���B�:|'zK{dw/|a}I~3���1}��/~�}t�'�a�����Rz3u:�e�/�3�K�E}I~B����}��/~v}��K�



���������
	��
�
�
���������������������� "!��#��$�%������'&)(��
*+&"��*-,��.%/����01�2$3�4$5��!3%
��&)���.��*+�� 6�
�. "78$5,9��01�2�;:<�=$.0��
�9$1>�?@��&60#�
�����A!B7/,�&60��
 ) )7C�.��01%+��$5!��.��0D!.���E%��'�-�.��*��� )���F*��.&6�G��%��IHJ&6$����
 )&6$.�
!�&)%+�K�
���L���
!#�K�
�9�
 )7M$5&6$�NPOQ%+$5!
$5!.���������.�R���201%��9$B!.����01!�&)%��Q�� "*+%��.&"!���(�$@�����8�M��$�&)*����2�;!�%�(4&)��&)(4&)$��C01%+(4,��M!.�
!�&)%��9�
 P�.��SJ��&)�.�1�
(4���J!.$T�
���U�M%'��%
!V�1WM,� )%�&"!3!.���G�����M���. )7/&"��*L$5�9�
,X�G%��F!����E���
!.�MNCYZ�8&"�/H+��$5!�&)*+�
!��C?@����!������
��,�,��.%[WM&"(��
!�&)%��'?@&"!��\$�,� )&"����$@��%+ 6��$A���J7;,��.%�(4&6$��C��$A�L]9��!5!.���V���201%+��$B!.���90D!�&)%+��(4��!���%M�^NV_
�#����&)�� 
]��+$5&6$`������0D!.&"%+�LacbA:Idfeg�
,�,���%[WM&)(��
!.&"%+�3(4�1!.��%M�C&6$h&)(4,� )��(4���J!����T�
�9�-01%+(4,��
�.���T?@&"!��
!.���.���V$B!#�
�������.��(4�1!���%/��$1NFij���Vb3:jdlk $j�
�.�m$���%
?@�L!�%E��0�0�%�(4(4%M���
!��@]X%
!����M���9$5��>�%
H����. 6�
,M�
,�&"��*\���
!#�\�
���Z$�,��
�#$������
!#�M>�?@&n!.��%���!-&"�J!.��%M�M��0�&)��*�!�����o/&)���p%
�@�.��0�%���$5!��.��0D!.&)%��Z�
��!�&"�c��01!.$
0�%�(4(4%+�L?@&"!���!����K$B!#�
�����
�#�'(4��!���%M��$�NIij���-%
!.�����3,X%
!.���J!�&6�� h���MH
�
�J!#�
*��2$j%
�Fb3:jdlk $�>9$���0#�
�+$I!����-��&"�.��01!301%�(4,��M!.�
!�&)%���%��q�M����&)H
�
!.&)H���$�>/(��
o��m������!������@&)�JH+��$5!�&)*+�
!�&)%��E?I%���!��/?@��&) )�
N

r sPtEuqvfw�x\y;zIuf{�w8t

Z�4T^hGIAB\h03P/7RC�56\�AQ|�5jC:?�4TS P/\]?�C�56H�Ad83567/8�H
0KCRAB465T^_S ^]2/Ad^�2/AB\1A�46AdG]8B?#[dAdGI5T?�^ S 0M}j~�4j567/5�~�AB4 Adc/cR4j5�~�A�q
^]5T037/\�, X 037e[B?�7Q^]5T037RAB4Ek�q�b C/56Ad837/03\h^]5�~
56H�Ad835j7:8�56\�c ?�G1} 0BGIH
?�C�|�5T^]2 A�2/AB7/C'q_2/?�46C�c/G]0BY ?Q|�2/5�~ 2
^hGIAB7/\IH�5T^]\ P/46^hGIAB\h03P/7/C�cRPR46\h?�\#567e^h0�^]2:?�Y 0'C:S*AB7RC�G]?
~n?�5T[B?�\�^]2:?�?
~I2/0e?�\�, f 2:?�H Ad837/5T^]P/C:?�AB7RC
^]56H�5j7:8!0M}�^]2:? ?
~I2/0e?�\@AdG]?�P/\]?�C�^h0U~nG]?�Ad^h?�A k�q�b 8BGI?�SQq_4T?�[B?�4 56H�Ad8B?p�tFEq_\�~�AB7��a0M}�AR~nGI03\]\�q_\h?
~n^]5T037
0M}l^]2:? Y>0'C:S�567 ^]2:? \1~�AB7 cR46AB7/?B,���q�b P/4T^hG AB\h03P/7/C 5jH�Ad83567:8�?[�'^h?�7/C/\�^]2/56\'~n037h~n?�c/^�9r\h0*^]2/Ad^!A
[B0346P/H�?#0M}v5j7Q^h?�7/\I5T^_S�C/Ad^]A�56\-~nGI?�Ad^h?�C�} G]03H cRP/4j\h?nq�?
~I2:0 567`} 0BGIH�Ad^]5T037
,

f 2/?�G]?�AdGI?�\h?�[B?�G AB4lH
?�^]2:0'C/\�0M}�c>?�G�} 0BGIH 567:8���q�b P/4T^hGIAB\]03P/7/C 5jH�Ad83567:8�� �M��,���7:? H
?�^]2:0'C
9
} G]?�?�2/AB7/C 56H�Ad83567:8:9lH�A/�B?�\�P/\h?*0M}4~n037Q[B?�7e^]5T037/AB4�P/4T^hG AB\h03P/7/C�^h?
~ 2/7:034T0B8BS�^h0 YRP/5j46C P:c A���q�b
C/Ad^]A�\h?�^R} G]03H$A�7KP/H�Y ?�G�0M}#k�q�b Faq_\1~�AB7/\ AM~
�eP/56G]?�C 567 GIAdcR56C \]PP~
~n?�\]\]5T037
, f 2/5j\�5j\�AM~ 2/5T?�[B?�C
YKS Ad^h^]AM~I2/5j7:8�A���q�b c 03\]5T^]5T037 \h?�7/\h0BG�^h0 ^]2/?*c/GI0BY>?B91\h0 ^]2RAd^ ?�AM~ 2 FEq_\�~�AB7�~�AB7 Y ?�46AdY ?�464T?�C
|�5T^]2�^]2:? c 03\]5T^]5T037�AB7RC�0BGI5T?�7e^]Ad^]5T037�0M}v^]2:?�\1~�AB7�cR4jAB7:?B, f 2:?#cg2QS'\]5�~�56AB7 ^]2/?�7(H
0�[B?�\�^]2:?�c/G]0BY ?
\]4T0+|�4TS�AB7/C
\h^h?�ABC/5646S�0 [B?�G"A�cRAdG]^]5�~�PR46AdGrAB7/Ad^h03H�5�~�AB4/G]?�835T037
9Q\]0#^]2/Ad^�^]2:?�\h?�^r0M} AM~
�KP/5TG]?�C
Faq_\1~�AB7/\
?�7h~n03H
cgAB\]\h?�\1^]2:?�[B0346PRH
?�0M}r567e^h?�G]?�\h^G|�5T^]2�} ?
| 83AdcR\�,-��5T83P:GI? U�\I2:0�|�\�^]2:?�?�46?�H
?�7Q^]\@0M}rAp��q�b
} G]?�?�2/AB7/C�\hS'\h^h?�H�,

� 2/564T?@^]2:?#\h?�^p0M} Faq_\1~�AB7R\C~�AB7 Y>?@G]?�['5T?
|"?�C�5j7/C/5T['56C/P/AB4j4TSB9BG]?
~n037/\h^hG Ph~n^]567:8�^]2:?�H 567e^h0�A!GI?�8dq
P/46AdGpAdG]GIA S�H A/�B?�\l5T^pc>03\I\]5TYR4T?�^h0!PR\h?4~n037Q[B?�7e^]5T037/AB4F��q�b	['56\]P/AB465j\]Ad^]5T037 AB7RC�CRAd^]A
AB7/AB4TS'\]56\a^h0e0346\�,
f 2:?�\]?
^h0e0346\�567h~�46P/C/?�AB7eSQq�cg46AB7:?
G]?nq_\]4j5�~�567:8:9
[B0346PRH
?
G]?�7/C:?�G 567:8:9
\]P:G1} AM~n?�G]?�7RC:?�GI567:8:9
\h?�83H�?�7Q^]A�q
^]5T037
9 AB7/C*G]?�8356\h^hG Ad^]5T037�c/GI0X~n?�C/P/G]?�\�, f 2/?�G]?
~n037/\]^hGIPh~n^]5T037�\h^h?�c�56\�5jH
c 0BG]^]AB7Q^1Y ?
~�ABP/\h?�AB7eS(4T03\I\
0M}g5jH�Ad8B?C�eP/AB4j5T^_S 0BG�^]2/?p5j7Q^hG]0'C/Ph~n^]56037�0M}>AdG]^]56} AM~n^]\�H�P/\]^)Y ?pA�[B0356C/?�C
,j�/0BG�?[�'ABH�cR4T?B93A#\]H�AB4j4e4T03\I\
567!56H�Ad8B?-�KP/AB4656^_S�CRP:GI567:81G]?
~n037/\h^hG Ph~n^]5T037Q~�AB7�H�A/�B?�A�YgAdG]?�4TS�C/?�^h?
~n^]AdYR4T?lcRAd^]2:03460B8BS�567!A#Faq_\1~�AB7
Y ?
~n03H
?�P/7RC:?�^h?
~n^]AdYR4T?�5j7
^]2:?�G]?
~n037R\h^hGIPh~n^h?�C C/Ad^]A', f 2/56\�H A�S
G]?�\]PR4T^r567
A�H 56\]C/56Ad837/03\]56\�,F��7
^]2/5j\
cRAdc ?�G�9`|"?#c/G]0Bc 03\h? A�7/?
| G]?
~n037/\h^hG Ph~n^]5T037�^h?
~ 2/7/5��KP:?#^h0 56H�c/G]0 [B?#037�?[�'56\]^]567:8
^h?
~I2R7/5��KP:?�\�,

f 2/?�cgAdc>?�G 5j\10BGI83AB7/56\h?�C�AB\4} 03464T0+|�\�,'��7 iK?
~n^]56037 kK9 ^]2:?!?[�:56\h^]567:8 G]?
~n037R\h^hGIPh~n^]5T037�H�?�^]2:0KCR\
AdG]?�G]?�['5T?
|a?�C AB7/C ^]2:? 7:?
| GI?
~n037/\h^hGIPh~n^]56037 H�?�^]2:0KC 56\�C:?�\1~nGI56Y>?�C ,���7�iK?
~n^]5T037��K9r^]2:?�AM~
�eP/5Tq
\]5T^]56037*\hS'\h^h?�H�9
^�|a0����P�������J��?[�:ABH�567/Ad^]5T037R\�9
AB7/C A�\]?�GI5T?�\@0M}m~n03H
cgAdGIAd^]5T[B?
^h?�\h^]\#AdG]?
C:?�\�~nGI5TY ?�C
,
f 2:?�G]?�\]PR4T^]\�9�} 034j4T0�|"?�C�YeS(A C/5j\1~�P/\]\]56037�037 ^]2:?!c 0B^h?�7Q^]5jAB4 0M}a^]2:?!7:?
| ^h?
~I2/7R5��eP/?B9 AdGI?�8356[B?�7�567
iK?
~n^]5T037��:,3��567/AB464TSB9`~n037h~�4jP/\]5T037/\lAB7RC�\]P:8B8B?�\h^]56037/\C} 0BG-} P/^]P:G]?4|"0BG1��AdGI? 835T[B?�7�567(i'?
~n^]5T037��K,

� � �Az@wGt;¡PuqvFy;zIu�{�wGt£¢ �ju�¤;wLxQ¡

¥j¦B§ ¨�©<ª`«�©@¬Bªh­
i'567P~n?�^]2:?*H
0B^]56037 0M}#^]2:?�cRG]0BY ?(567�} G]?�?�2/AB7/C 56H�Ad83567:8 56\\~n037e^hG]03464T?�C YeS ^]2:?(cR2QS'\]5�~�5jAB7
9a^]2/?
Faq_\1~�AB7/\�~�AB7 Y ? Ad^�AB7QS�GI?�46Ad^]5T[B? c 03\]56^]5T037�AB7/C 0BG 5T?�7Q^]Ad^]56037
, f 2/56\ H�?�AB7/\�^]2/?�cR5)�'?�46\\�tFaq_\1~�AB7
?�4T?�H
?�7e^]\[��465T?�Ad^�56G]G]?�83P/46AdG 460X~�Ad^]5T037R\�567�^]2/? AdG]GIA S 0M}l[B0
�'?�46\U� [B034jP/H
?�?�4T?�H�?�7Q^]\[�], f 2/?�G]?
} 0BGI?B9

U



organ

receiver

transmitter

magnetic field
probe

set of B-scans

move probe by hand

���������
	���
������������������ �"!$#&%(')���+*-,.#&��!0/213�+45/2�"4"67�+�
	8	-9+:<; =>�@?A:����B;���:<CBC�D)EGF7H
9�	JI 9�KLF
�@M8�B:<;
HNDO?PDRQ<	SH
9�	TI+�
D<UV	�W(�
	8	-CBKXFNDYH
9�	SZ\[�F
M8:<;+F]M8:<;^9+:-Q<	_:���U ��HN��:��
K3�
	-CB:�H
��Q<	`C�D�M8:�H
��D�;+FP:<;+=^?]:-K
D)Q<	8�aCB:�IT	-:<M�9�D<H
9�	8�-6cbdFeH
9+	�I+�
D<UV	�?AD)Q<	-F8f�H
9�	gZ\[�F
M8:<;+Fh:��
	GM8:�I H
���
	-=�:<;+=]FNHND<��	-=��@;AMiD�?PI ��HN	8�
?P	-?PD<��K<6eb0?A:���;+	8H
�BMgIVD�F
��H
��D�;�FN	-;+FND<�7?A	-:<F
���
	-FhH
9�	gIVD�F
��H
�BD�;jD<W&:k�
	-Mi	-��Q<	8�mln?PD�� ;oHN	-=`D�;TH
9+	
I+�
D<UV	�pq�
	-CB:�H
�BQ<	PHND_:THN��:<;+F
?]��HNHN	8�]lsr+t�	-=YE���H
9Y�
	-F
I5	-MiHuHND`H
9+	PI :�H
��	-;�H8vwFmUVDL=+K p
6kx79�	k�
	-CB:�H
�BQ<	
C�D�M8:�H
��D�;yD<Wu	-:<Ma9zF
M8:<;{I.CB:<;�	_�BF]H
9�	-;|M8:<CBM8�+CB:�HN	-=|:<;+=yH
9+	}Z\[�F
M8:<;+F�MiD�?~U.�B;�	-=|�B;oHNDX:XF
�@;���C�	
Q<D�CB�+?A	uD<W�= :�H
:�6

H
9�	k�
	-MiD�;+F
HN���+MiH
��D�;YI+��D<U C�	-?�M8:<;YU5	kM8CB:<F
F���r 	-=Y:<Fu�+;+FNHN�a�+MiH
���
	-=�f5D<�mF
M8:�HNHN	8�
	-=�f"=+:�H
:`�B;�HN	8�
IVD�[
CB:�H
��D�;>�����i����6

b�F
���
Q<	8K�D<WgH
9�	SCB��HN	8�a:�H
���
	T�
	8Q<	-:<CBFj:�;��+?�UV	8�PD<Wu=+���V	8�
	-;oHP?P	8H
9+DL=+FAW(D<�A��	-MiD�;+FNHN���+MiH
�BD�;
D<Wu�R[���W(�
	8	-9 :<;+=^�+C�HN��:<F
D��+;+=�=+:�H
:OFN	8H
F-6��}D�FNHAD<WdH
9�	-FN	}?P	8H
9�D�=+FP:��
	`Q<	8�
K�F
�B?PI.C�	jUV	-M8:<�+F
	
H
9�	8K_:���	J=�	-F�����;�	-=SHND`?A�@;+�B?A�BF
	dH
9+	�H
�B?A	�:<;+=>?P	-?PD<�
K_�
	-��� ���
	-=SWsD<�d�
	-MiD�;+FNHN��� MiH
��D�;�6Gx�9+�BF��@F
UV	-M8:<�+FN	PI 9�K�F
�BM8�B:<;+FgEh:<;�HmHNDSQ��BF
�+:<CB�@FN	kH
9�	]�R[���=+:�H
:SF
	8H
F~�B?A?A	-=+�B:�HN	-C�K>:�W(HN	8�J:<M8���+�@F
��H
��D�;�f�F
D
H
9�	k�
	-MiD�;+F
HN���+MiH
��D�;YF
9�D�� CB=_H
:��<	A�@=�	-:<CBC�K`D�;+CBK_:�W(	8E�FN	-MiD�; =+F86~bdC�H
9�D�����9Y:<CB?AD�FNHd:<C@C�Ws�
	8	-9+:<; =
FNK�FNHN	-?AF�IV	8�
W(D<�a?��
	-MiD�;+FNHN�a�+MiH
��D�;3:�HJFND�?P	�FNH
:��<	<fc=�	8H
:<�BCBF~D<WqH
9�	]��	-MiD�;+FNHN���+MiH
�BD�;3?P	8H
9�D�=3:���	
D<WsHN	-;S�+;�I �+U CB�BF
9+	-=]F
�B; Mi	dH
9+	m?P	8H
9�D�=S�BFqMiD�;+F
�@=�	8�
	-=����j�L�-�-6c�d	8Q<	8�
H
9�	-C�	-F
F-f+H
9�	m?P	8H
9�D�=+FqH
9 :�H
9+:)Q<	qU5	8	-;�I ��U.CB�BF
9�	-=~M8:<;�UV	hM8CB:<F
F
��r 	-=��@;oHNDdH
9�	�W(D�CBCBD)E��B;+�GM8:�HN	8�<D<����	-F-
&Q<D)tL	-C�;+	-:��
	-FNH�;�	-����9�UVD����
�B;�HN	8�
IVD�CB:�H
��D�;�f�I ��tL	-C�;�	-:���	-FNH7;�	-����9�UVD����7�B;�HN	8�
IVD�CB:�H
��D�;�f�:<;+=S= �BFNH
:<;+Mi	i[�E�	-����9�HN	-=S�B;�HN	8�
IVD�CB:�H
��D�;�6

���(� �] .¡�¢+£d¤X¢+¥5¦o¢ §R¨Y¤3¢+©�ª�«&¬7 �­c¦�®)¯&¨<¢�¦�°7 "£�¥5¨�©� �¯
x79�	�MiD�;+Mi	8I+HdD<W&Q<D)tL	-C�;�	-:���	-FNHG;�	-�B��9oUVD����ml2±d�G��pq�B;oHN	8��I5D�C@:�H
��D�;S�BFq	-:<F
KSHNDj�+; =�	8��FNH
:<;+=�
c	-:<M�9
Q<D-t�	-C��BF�:<F�F
����;�	-=_H
9�	�Q�:<CB��	~D<W�H
9�	J;+	-:��
	-FNH�I.��tL	-C�6hx�9�	8�
	�:���	J;�D]I :���:<?P	8HN	8��FdHNDTFN	8H86�b²;+:<�BQ<	
�B?PI.C�	-?P	-;�H
:�H
��D�;kE\D�� CB=kHN��:-Q<	8�aFN	�H
9�	7:�����:-KkD�;�	qQ<D)tL	-C5:�He:gH
�B?P	7:<; =AM8:<CBM8�+CB:�HN	qH
9+	7Q�:<C@��	qD<W.H
9+	
;�	-:��
	-F
H�I ��t�	-Cnf-U �+H�H
9+�BF�E�D��+CB=gUV	cMiD�?PI �+H
:�H
��D�;+:<CBC�Kd�B;�	i³jM8�B	-;oH�6&´dF��B;��hH
9�	cW2:<MiH"H
9+:�H"H
9�	e;�	-:��
	-F
H
I ��t�	-C�CB�B	-F7:<C�D�;���:]CB�B;+	m;�D<��?A:<C"HND]H
9�	J;�	-:��
	-FNHdZe[�F�M8:<;_�<�
	-:�H
CBKSFNIV	8	-=+F���I}H
9�	m�
	-MiD�; FNHN���+MiH
��D�;�f
?A:����B;�����HPD�;�	`D<WdH
9�	`W2:<FNHN	-FNHAD<Wg:<CBCq?P	8H
9+DL=+F-6��}D<�
	8DRQ<	8�-fq:O;�	8E��R[��µ�+C�HN�a:<FND��+;+=��B?A:����@;��
FNK�FNHN	-?`f�=�	8Q<	-C�D<IV	-=Y:�HgH
9�	k´d; ��Q<	8��F
��H¶K`D<Wh·h:<?�U+���@=��<	����-¸���f�M8:<;>��:�I.�B=+C�KTI+�
D�=+�+Mi	JF
CB�BMi	-FdD<WcH
9+	
FN	8HmD<WqZ\[�F
M8:<;+F~E���H
9�D��+Hu�
	-MiD�;+FNHN��� MiH
�B;��S:<;O	-;�H
���
	]Q<D-t�	-Ce:��
��:)K<6�Z�K�M8C�	8Q<	8��CBK>�+F��B;��TH
9�	AQ<D)tL	-C
;�	-:��
	-F
Hm;�	-����9�U5D��+�g�@;oHN	8�
IVD�CB:�H
�BD�;}?P	8H
9+DL=YE��BH
9�=�	-=+�BM8:�HN	-=Y�<��:�I.9+�BM8Fg9+:���=�Eh:��
	<f"F�CB�BMi	-FgM8:<;�UV	
�<	-;�	8��:�HN	-=}�B;�HN	8��:<MiH
��Q<	-C�K<6

¹z9+�BC�	eH
9+�BF���	-MiD�;+FNHN���+MiH
�BD�;�?P	8H
9+DL=�9+:<F"H
9+	\:<=�Q�:<;oH
:��<	hD<W+:)Q<D��B=+�B;��G��:�I F&�B;mH
9�	\Q<D-t�	-C�:��
��:-K<f
�
	-MiD�;+F
HN���+MiH
��D�;O:���H
��Ws:<MiH
F�M8:<;OUV	PD<U FN	8��Q<	-=3�B;�F
C@�BMi	-FuH
9��
D��+��9�H
9�	AQ<D)tL	-C\:��
��:-K<6�¹z9�	-;O:SF
C@�BMi	

º�»-¼w½�¾À¿�Á�ÂR¿�Ã�¼ÅÄ)¿ÀÆwÇ"ÈaÆwÆLÆw¼w¿�ÉÊ½gÃRÆËÈa½�¿ÌÇÀÍRÁ�ÂR¿�Î�È
Á�È�¼wÇ&È�¾ÌÁ�Ï�È�ÆËÆÅÐGÑ<¿ÀÇ2Á�ÎR¿ÀÇn¾¶Ò�¼ËÑ<¿ÀÎdÈaÇ"Çn¿ÀÓq¼ÅÔ@Ç2ÁnÒ�Ï�¾ÌÁ�Ï)Ò�¿NÎoÕ

Ö



boundary

���������	�

boundary

��
���
����

unfilled voxels

���������

��5T83P:G]?�kKs����������������! ����#"$���&%'�#�#"$()%'������*p��7��tAX�1A [B0��K?�4a7:?�AdG]?�\h^�7:?�5T832eY>03P/G�5j7Q^h?�G]c 0346Ad^]56037�5j\
P/\h?�C�^h0
G]?
~n037R\h^hGIPh~n^lAB7�?[�'ABH 567/Ad^]5T037 0M} ^]2:?#7:?
~1�>,r; \]H AB464 \]465�~n?@0M} ^]2:?�[B0��K?�4
AdG]G A�S 56\p\]2:0�|17
,
f 2:?�\I465T832e^ H�56\]AB4656837/H
?�7e^@Y ?�^�|a?�?�7 ^]2:?
c/G]0,+h?
~n^]5T037/\�0M}p^]2:?�^5|"0*7/?�AdG]?�\h^�Faq_\1~�AB7/\�AdGI56\]?�\4} GI03H
G]?�8356\]^hGIAd^]5T037�?�G]GI0BGI\�,;��7 � Yf��A�cR5)�'?�4�7:?�AdG]?�\]^ 7:?�5T832eY>03P/G 567Q^h?�GIc>034jAd^]5T037 56\#P/\h?�C�^h0(G]?
~n037/\h^hGIPP~n^
AB7�?[�:ABH�567RAd^]5T037�0M}�^]2:?�^]2QSKG]0356C , f 2/? Y 03P/7/C/AdG]S�Y ?�^5|"?�?�7(^]2/?�[B0
�'?�46\.-g464T?�C YKS�^]2:?/-gGI\h^10�YR5j7'q
-g464j567:8�2p\h^]Ad8B?pAB7/C [B0��K?�46\�-g4646?�C�YeS�^]2:?"\h?
~n037/C30h2/034T?nq4-g46465j7:8�2l\h^]Ad8B?a5j\ ?�['56C:?�7e^�,<��7R�=~J�
A�C/56\h^]AB7P~n?nq
|"?�5T832Q^h?�C�567e^h?�G]c 0346Ad^]5T037*56\�P/\]?�C�^h0�G]?
~n037/\h^hGIPP~n^1AB7*?[�'ABH�5j7/Ad^]5T037�0M}E^]2:?�YR4jABC/C:?�G�, f 2:?�\]465�~n?�5j\
^hGIP/7P~�Ad^h?�C Y ?
~�ABP/\h?�^]2/? 7:?�5T832eY 03P:GI2:0K0'C�} 0BG�\]?�4T?
~n^]567:8�c 03567e^]\ 56\�\h?�^ ^h0K0*\]H AB464t9 46?�A�['567:8(\h03H�?
[B0
�'?�46\1P/75-g4646?�C
,

cR46AB7/?@567e^h?�GI\h?
~n^]\�\h?�[B?�GIAB4
0M} ^]2:?#0BGI5T83567RAB4gFaq_\1~�AB7/\�9h|a?�~�AB7�~n037R\]56C:?�Gl^]2:?#567e^h?�G]c 0346Ad^h?�C 56H�Ad8B? AB\
A;~n034646Ad8B?�0M} cRG]0,+�?
~n^]56037/\T} G]03H ^]2:?#567e^h?�GI\h?
~n^h?�C�Faq_\1~�AB7R\�,r+�?�835j\h^hGIAd^]5T037�?�G]G]0BG \�9:567h~�46P/CR567:8#^]56\]\IP:?
H
0B^]5T037�AB7RC�\]?�7/\h0BG#?�G]G]0BG \�9F~n037Q^hG 5TYRP:^h?!^h0�\]465T832e^#H�56\]AB4j5T837/H
?�7e^�0M}a^]2:?�Faq_\1~�AB7/\�, f 2/56\1G]?�\]P/46^]\
567�A cR56?
~n?�0M}@^]2/?�~n034646Ad8B?(\]4j5T832Q^]46S H�56\]H Ad^1~I2/567/8 56^]\
7:?�5T832eY>03P/GI\�, f 2:?�46567/?�\�0M}�567e^h?�GI\h?
~n^]5T037
Y ?�^5|"?�?�7�^]2:?�cR5T?
~n?�\l^]2:?�7�Y>?
~n03H�? [K5j\]5TYR4T?76 \h?�?L�v5683P:G]? k^�tAX�],

¥j¦98 :R¬<;jª�=?> ª'@q«�ª�A#BC> ªh¬<D�E�F7G�H3«JI�K	BMª`«�L7GM=)@�BM¬<G�K
ma56�K?�4"7:?�AdG]?�\h^
7:?�56832QY 03P:G!567e^h?�G]c 0346Ad^]5T037 � mE-@-L� 56\�037:? 0M}�^]2/?�H
03\]^�c 0BcRPR46AdG�GI?
~n037/\h^hGIPh~n^]56037
H
?�^]2:0'C/\K� �:9eW'9eV'9gU
�'9RU�WJ��, f 2/?lYRAB\]5�~�AB468B0BGI5T^]2/H ~n037R\]56\h^]\E0M}>^�|a0!\h^]Ad8B?�\�,@��7�^]2/?N-RGI\h^r\]^]Ad8B?B9K^]2/?
AB4T8B0BGI56^]2/H \]56H
cg4TS�GIP/7R\p^]2:G]03P:832�?�AM~ 2�cR56�K?�4
567 ?�[B?�GIS Faq_\1~�AB7�AB7/C�-g4j46\p^]2:? 7:?�AdG]?�\]^�[B0
�'?�4<|15T^]2
^]2:?�[�AB4jP:? 0M}�^]2/Ad^�cg5)�K?�4�,CO�P/4T^]5TcR46?R~n037Q^hG 5TYRP:^]5T037R\ ^h0 ^]2:? \]ABH
? [B0
�'?�4lAdG]? P/\]P/AB4646S A [B?�GIAd8B?�C
9
AB4T^]2:03P/832�^]2:?�H�AJ�:56H�P/H [dAB46P:? 2/AB\1AB46\h0
Y ?�?�7�\]P:8B8B?�\]^h?�C�� U
�J��, f 2:? cRAdG ABH
?�^h?�GI\l^h0�\h?�^�Ad^�^]2/5j\
\h^]Ad8B?�AdG]? ^]2:?�G]?
} 0BG]?#^]2:?L|a?�5T832e^]\�037�^]2:?�H�P/4T^]5TcR46?8~n037e^hGI5TYRP/^]5T037/\�,

�.} ^]2:?�[B0
�'?�4 \]5�P�?@56\p\]H AB464g~n03H�cRAdG]?�C�^h0
^]2:?�C/56\h^]AB7h~n?�Y ?�^5|"?�?�7 ^]2:?#AM~
�KP/5TG]?�C�Faq_\1~�AB7/\�9:83AdcR\
~�AB7 0^~
~�P:G�567 ^]2:? [B0
�'?�4�AdG]GIA SB, ��7 c/GIAM~n^]5�~n?B9a^]2/56\!\]5T^]PRAd^]5T037 56\!567:?�['5T^]AdYR4T?U|�5T^]2 [B0
�'?�4�AdG]GIA SK\
0M}�\]56H 5646AdG G]?�\]0346P:^]5T037�^h0�^]2:?�FEq_\�~�AB7/\�, f 2:? \h?
~n037RC \h^]Ad8B?Q-g464j\#^]2:?�\h?�G]?�H�AB567R567:8�83AdcR\�567 ^]2/?
[B0
�'?�4�AdG]GIA SB,�; [dAdGI5T?�^ S(0M}aH�?�^]2:0KCR\12/A [B?
Y ?�?�7*P/\]?�C
9
567h~�46P/CR567:8�A�[B?�G Ad83567:8�0M}R-g4j4T?�C�[B0��K?�46\�567
A!4T0^~�AB4>7/?�5T832QY 03P:G 2:0e0'C��.V:9 U
�/�
AB7RC�5j7Q^h?�G]c 0346Ad^]5j7:8�Y ?�^5|"?�?�7 ^]2:?�^5|"0\~�4T03\h?�\]^p7/037'q�?�H
c/^ S [B0
�'?�46\
567*^]2:?!^hGIAB7/\h[B?�G \h?
C/5TG]?
~n^]5T037�^h0 ^]2:?
Faq_\1~�AB7/\\�.WJ��,;�@^]2:?�G�cRP:YR4j5�~�Ad^]5T037/\�� �'9�U�W+��C/0 7/0B^�C/?�\1~nGI5TY ?
^]2:?!H
?�^]2:0'C�} 0BGS-g46465j7:8
83AdcR\�9
\h0p|a?
AB\]\IP/H
?�^]2RAd^@^]2/?�S(ABC:0Bc/^�\]56H�5j46AdG�Adc/c/GI03AM~I2:?�\�,�0BG4~I2/0e03\h?

�



^]2:? [B0��K?�4 \]5�P�? \]P��U~�5T?�7e^]4TS 46AdGI8B? ^h0 A�[B035jC�83AdcR\�, f 2:?#cRAdGIABH�?�^h?�GI\�^h0 \]?�^�Ad^�^]2/56\l\]^]Ad8B?�AdG]? ^]2/?
|"?�5T832Q^]\�0M} ^]2/?�7:?�AdG]YKS [B0��K?�4j\�P/\h?�C�^h0 -g464>^]2:? 83Adcg\�,

��7*\IP/H�H�AdG]SB9>^]2/56\1H
?�^]2:0'C�~�AB7�Y ?'~n037R\]56C:?�G]?�C*AB\�A ^�|a0�\h^]Ad8B?!c/G]0^~n?�\]\�sl^]2/? -RGI\]^1\h^]Ad8B?!0M}
0�YR567:q4-g4646567/8�2l^]2:?p[B0
�'?�4/AdG]GIA SL|�56^]2�cg5)�K?�4j\ 56\)[B?�G]S'} AB\]^�93YRP:^)^]2:? 0h2:034T?nq4-g4j46567:8�21\h?
~n037/C
\h^]Ad8B?�H A�S
^]A/�B?
4T037:8B?�G�9 C:?�c ?�7/C/5j7:8
037(^]2/?�cRAdGI^]5�~�P/46AdG@H
?�^]2:0'C�~ 2:03\h?�7
,1Z@7`} 0BG]^]P/7RAd^h?�4TSB9>AdGI^]56} AM~n^]\E~�AB7�Y ?
8B?�7:?�GIAd^h?�C(YeS ^]2/5j\p^5|"0 \h^]Ad8B?�cRG]0X~n?�\I\�,@�/0BG�?[�:ABH
cR46?B9RA
\]465�~n?#cg46AB7:?�cRAB\]\]5j7:8!^]2:03P:832�G]?�8356037/\l0M}
Y 0B^]2Q-RGI\h^p\h^]Ad8B? AB7/C�\h?
~n037/C�\h^]Ad8B??->464T?�C�[B0��K?�4j\�H�A�S�\]2:0+| ^]2/?@Y 03P/7RC/AdG]S!Y ?�^5|"?�?�7�^]2:?�2/5T832/4TS
C:?�^]AB5646?�C 0�YR567'q4-g4j4T?�C'2�[B0
�'?�46\�AB7/C�^]2:?�\]H
0K0B^]2:?�C 0h2/034T?nq4-g464T?�C�2�[B0��K?�4j\ 6 \h?�?L�v5683P:G]?�k^� Yf�],

¥j¦�� ��¬)A#B�@ K��^ª��
	 ªh¬)DME	B/ª��&I�K	BMª`«�L7GM=<@�BM¬<GMK
D 5��B?"^]2/?"[B0��K?�4R7:?�AdG]?�\h^�7:?�5T832eY 03P:Gv567Q^h?�GIc>034jAd^]5T037�H�?�^]2:0KC 93C/56\h^]AB7h~n?nqB|"?�5T832e^h?�C�� b-� � 567e^h?�G]c 0346A�q
^]5T037�c/G]0^~n?�?�C/\ [B0
�'?�4eYKS#[B0
�'?�4'YRP:^ AB\]\]5T837/\)A�[dAB46P:?a^h01?�AM~ 2![B0
�'?�4KYRAB\h?�C�037�AG|a?�56832:?�C�A [B?�GIAd8B?l0M}
\h03H
?@\h?�^"0M}
cR5)�'?�46\@} G]03H 7:?�AdGIYeS�Faq_\1~�AB7/\�, f 2:?�cgAdGIABH
?�^h?�GI\a^h0�~ 2:0K03\h?@AdGI?�^]2:?G|a?�5T832e^T} P/7P~n^]5T037
AB7/C�^]2/? \]5�P�?�AB7/C�\I2/Adc ?#0M} ^]2:?�7:?�5T832eY>03P/GI2:0K0KC
,

f 2/?*\]56H�cR4T?�\h^ AdcRc/G]03AM~I2 56\ ^h0�~n037R\]56C:?�G�A -h�'?�C \]cR2:?�GI5�~�AB417:?�5T832eY 03P:GI2:0K0KC 0M}�GIABC/56P/\�
!9
~n?�7e^hG]?�C AdY 03P:^
?�AM~I2 [B0
�'?�4L�.kJ��,�;@464"cR5)�'?�46\!56\!^]2/56\
7:?�56832QY 03P:GI2/0e0'C AdG]?�|a?�5T832e^h?�C�YKS ^]2:?�5j7'q
[B?�GI\h?
C/5j\h^]AB7h~n?�^h0 ^]2:?![B0��K?�4�AB7/C*^]2:?�7 A�[B?�G Ad8B?�C
, f 2/5j\156\@\]56H 5646AdG�^h0�i'2:?�cgAdGIC�� \@H
?�^]2:0'C�� U�V/��,
Z�7`} 0BGI^]P/7/Ad^h?�4TSB9r5T^!2/AB\�^]2:? C/56\]ABC/[�AB7e^]Ad8B? 0M}�7:0B^!G]?�c/G]0'C/Ph~�5j7:8(AB7eS 0M}�^]2:? 4T0^~�AB4p\]2/Adc ? c/GI0Bc:q
?�G]^]5T?�\�56H
cg465T?�C YKS�^]2:?�CRAd^]A(Y ?
~�ABP/\h? ^]2:?�G]?�\]P/4T^]5j7:8�567e^h?�G]c 0346AB7Q^�^_SKcR5�~�AB4646S 2RAB\�4T0^~�AB4r?[�'^hG]?�H�A
Ad^
^]2:?�C/Ad^]A�\I5T^h?�\�� U[�M��,�� ^�AB46\]0�GI?
�eP/56G]?�\�
 ^h0�Y ?�\h?�^
c/G 5T0BG!^h0�G]?
~n037/\h^hGIPP~n^]5T037
,��.}�
 56\
\]?�^
^h0K0(\]H�AB464�9
83AdcR\�H�A S*GI?�\]P/4T^ 6 \]?�?Q�v5683P:G]? k^�=~J�],��r?�^�56}�
 56\�\h?�^#^h0e0*46AdG]8B?B9 ^]2/?�[B0
�'?�4EAdG]G A�S
|�564j4>AdcRc>?�AdG�2R5T832/4TS \IH
0e0B^]2/?�C
9/\]567h~n?#^]2/?#?��>?
~n^10M}v5j7Q[B?�GI\]? C/56\h^]AB7h~n?E|"?�5T832e^]567:8\~�AB7�Y ?4�KP/5�~1�'4TS
0 [B?�G�|�2:?�46H
?�C�YKS�^]2:?#H�Ph~I2 46AdG]8B?�Gl7KP/H�Y>?�G"0M} C/Ad^]A�c 03567e^]\T} AB464j567:8�567e^h0�^]2:?@4jAdG]8B?�Gl4T0X~�AB4 7:?�56832'q
Y 03P:GI2:0K0'C
,E-@?�[B?�G]^]2:?�4T?�\I\�9g|15T^]2�C:?�7/\]?�Faq_\1~�AB7/\@AB7/C(A \]H�AB464 [�AB46P/?�0M}�
!9R?[�`~n?�464T?�7e^�G]?�\IP/4T^]\�AdGI?
~�46AB56H�?�C �.kJ��,

;@7:0B^]2:?�G�CR56\h^]AB7h~n?nqB|"?�5T832e^h?�C 567e^h?�G]c 0346Ad^]5T037�H
?�^]2:0'C�P/\h?�\#A�7:037'q_PR7/56} 0BGIH�4TS�\]2RAdc>?�C 7:?�56832'q
Y 03P:GI2:0K0'C ^h0 AM~
~n03P/7Q^R} 0BG�^]2/?�AB\hSKH H
?�^hGI5�~�\]2RAdc>?�0M}@^]2:?�c 03567e^
\hc/G]?�ABC�} P/7h~n^]56037 0M}1^]2:?�PR4 q
^hGIAB\h03PR7/C Y ?�ABH � U
�J��, `"\]\h?�7e^]56AB464TSB9E^]2:?�G]?�\h0346P/^]5T037 56\
H�PP~I2�2/5T832/?�G�|15T^]2/567 ^]2:?�Faq_\1~�AB7�^]2/AB7
Y ?�^5|"?�?�7 ^]2/?1Faq_\1~�AB7/\�9'\h0�^]2:?�ABP:^]2:0BG \m~nG]?�Ad^h?�A 0�^]2/5c~1�52�Faq_\1~�AB7 YeSQ~n037e[B034T['567:8�^]2/?@k�q�b Faq_\1~�AB7
56H�Ad8B?U|�5T^]2 A�^hGIP/7P~�Ad^h?�C���q�b =�ABP/\]\I56AB7 �B?�GI7/?�4t, f 2:?Z��q�b =�ABP/\I\]56AB7 �B?�G 7:?�4E56\�~I2/03\h?�7 ^h0�Y ?
|�56C/?#c>?�GIc>?�7RC/5�~�P/46AdGa^h0 ^]2:?�FEq_\�~�AB7*AB7/C(7/AdG]G]0+| |�5T^]2R567�^]2:?�Faq_\1~�AB7*cR46AB7:?B,E;	\]5jH�5646AdG 0�^]2/5�~���2
\]46AdY 0M}-|"?�5T832Q^�[�AB4jP:?�\�0M}l^]2/? ^hGIP/7P~�Ad^h?�C���q�b =�ABP/\]\I56AB7 �B?�GI7/?�4a56\'~n03H
cRP:^h?�C , f 2:? [B0
�'?�4"AdG]q
GIA S AM~
~�PRH�P/4jAd^h?�\ Y 0B^]2�|"?�5T832Q^�AB7/C�567e^h?�7/\]5T^ S*[dAB46P:?�\ \]?�cRAdGIAd^h?�4TSB9)Ad^�^]2:03\h? [B0
�'?�46\�567e^h?�GI\h?
~n^h?�C
YKS(^]2:?J0�^]2/5�~���2 Faq_\1~�AB7/\��d, f 2:? -g7/AB4)[B0
�'?�4�567e^h?�7/\]5T^ S([dAB46P:?�\�AdG]?Q~�AB4�~�P/4jAd^h?�C YeS�C/5T['56C/567:8
^]2/?
AM~
~�P/H�P/46Ad^h?�C cR56�K?�4g567Q^h?�7R\]5T^_S [�AB46P/?�\aYKS�^]2:?�AM~
~�P/H�P/46Ad^h?�CZ|"?�5T832e^"[dAB46P:?�\p\h^h0BGI?�C�Ad^p^]2/Ad^p[B0��K?�4t,
��7 \]P/H�H AdG]SB9 ?�AM~I2 [B0
�'?�4a[�AB46P/?
G]?�c/G]?�\h?�7e^]\ A�|"?�5T832e^h?�C A [B?�GIAd8B?�0M}p7/?�AdG]YeS Faq_\1~�AB7/\�9I|�5T^]2�AB7
AB\hS'H�H
?�^hGI5c~�=�ABP/\]\]5jAB7;|a?�5T832e^3} P/7h~n^]5T037!Ad^h^]AM~ 2:?�C ^h0�?�AM~I2 Faq_\1~�AB7 ,@� 2/5j4T?p^]2/56\�H
?�^]2:0'C
2/AB\�^]2/?
ABC:[dAB7Q^]Ad8B? 0M}pY>?�5j7:8�5j7h~nG]?�H
?�7e^]AB4t9 83Adcg\ H�A�S�\h^]5j464)G]?�H�AB567�56}"^]2:?
^hGIPR7h~�Ad^h?�C =�ABP/\I\]56AB7�|"?�5T832e^
} P/7h~n^]5T037�56\l\IH�AB464T?�Gl^]2/AB7�^]2:? 83AdcR\�Y>?�^�|a?�?�7*Faq_\1~�AB7/\�,

;@7:0B^]2:?�G C/5j\h^]AB7h~n?nqB|"?�5T832:?�C�H
?�^]2:0'C |�2/5�~ 2 P/\h?�\�A�7:037'q_P/7R56} 0BG H 7:?�5T832eY 03P:GI2:0K0'C*56\@YRAB\]?�C
037 cRAB5TG]qB|�56\h?�Faq_\1~�AB7�8BG]03P:cg567:8��.k'U[��,3��7 ^]2R56\lH
?�^]2:0'C
9'?�AM~I2�[B0��K?�4 56\ -g464T?�C 037/4TS YeS ^]2:? 7:?�AdG]?�\]^
^5|"0�Faq_\1~�AB7/\4|12/5�~I2�} AB464)037*?�56^]2:?�G \]56C:?�0M}a5T^�,L�/0BG#?�AM~I2�0M}a^]2:?!^5|"0�Faq_\1~�AB7/\�9 4j567:?�\@AdG]?
C:GIA
|17
c ?�G]c ?�7/C/5�~�PR46AdG ^h01^]2:?"Faq_\1~�AB7�cR46AB7:?B9dcRAB\]\I567:8�^]2:03P/832 ^]2:?"[B0
�'?�4t,�Fp5 q_46567:?�AdG 567Q^h?�GIc>034jAd^]5T037�|�56^]2/567
?�AM~I2 Faq_\1~�AB7�C:?�^h?�GIH�5j7:?�\�^]2:?�~n037Q^hG 5TYRP:^]567/8
cR5)�'?�4
[�AB4jP:?L} G]03H ^]2RAd^1Faq_\1~�AB7
, f 2:? [B0
�'?�4v56\�^]2/?�7
\h?�^
^h0 ^]2:?�567e[B?�GI\h?�C/56\]^]AB7h~n?nqB|a?�56832Q^h?�C A [B?�GIAd8B?�0M}@^]2:? ^5|"0 ~n037Q^hG 5TYRP:^]567/8*cR56�K?�4a[�AB4jP:?�\�, f 2R56\

�����! �#"!$ �&%#')( �+* (,%�-/. �0*1"32  ��$ �&-4' 265 �#*1"  7') * �#$  26$ % $ �! 68 �+9  0:�%#; $ �! <-1. $  0.&(,- $>=65 �#*1"  
?@(,% $ � �#$ .& �AB% 5  �' * �+CED
C -1. 96F�D ( � � .!(�A7- *1* % 5  �',A�')- $  �% */2GF�D ( � � . 5 �#*1"  0(0H

�



H
?�^]2:0'C 2RAB\�^]2:?�ABC:[dAB7Q^]Ad8B? 0M}lG]?�^]AB567R567:8�^]2:? G]?�\h0346P/^]5T037 0M}l?�AM~ 2 Faq_\1~�AB7 567 ^]2:? [B0��K?�4pAdG]G A�S
AB7/C A�[B0356C/5j7:8 83AdcR\�,r;@4T^]2:03P/832�5T^E56\m~�4T?�AdGA|12/5�~I2 cRAB5TGI\r0M} Faq_\1~�AB7R\E^h0!P/\h?-|15T^]2�\]56H�cR4T?lH
0B^]5T037/\�9
\]Ph~ 2�AB\#46567:?�AdG�\D|"?�?�cR\�9 5T^�56\�7:0B^�~�4T?�AdGE|�2R5�~I2�cRAB5TG \1^h0�P/\]?�|15T^]2*H�0BG]?
AdG]YR5T^hGIAdG 564TS�4T0^~�Ad^h?�C Faq
\1~�AB7/\�,C� ^@2/AB\�Y ?�?�7*\]P:8B8B?�\h^h?�C�^]2/Ad^1^]2:?�cRAB56GI\�Y ?L~ 2:03\h?�7*^]56H
?�\]?
�eP:?�7e^]56AB4646S�� �J��9>YRP:^�^]2/56\�H A�S
7:0B^�Y ?�0Bc/^]56H AB4f} 0BG1AB464 ^_SKc ?�\l0M}�\1~�AB7/7/567/8!H�0B^]5T037/\�,

¥j¦�� � @��3¬<@ =�� @ AJ¬)A��RH K���BM¬<GMK I#K	B/ªh«�L7GM=<@�BM¬<GMK
��^�56\pc ?�GI2/AdcR\p567e^]P/5T^]5T[B?�46S�0BYe['5T03P/\�^h0�Ad^h^h?�H
c/^�A
^hG ABC/5T^]5T037/AB4q} P/7h~n^]5T037RAB4
567Q^h?�GIc>034jAd^]5T037 H
?�^]2:0'C
} 0BG ^]2:?*G]?
~n037/\h^hG Ph~n^]5T037 cRG]0BYR4T?�H�, ��7 0B^]2:?�Gp|a0BG C/\�9-~I2/0e03\h?�A cgAdG]^]5�~�P/46AdGR} P/7P~n^]5T037 �t\]Ph~ 2 AB\
A�c 034TSK7/03H�56AB4��]9vC:?�^h?�GIH�5j7:? ^]2/?�c 034TS'7:03H�5jAB43~n0e?��p~�5T?�7Q^]\�^h0 H A/�B? 56^�cRAB\I\�^]2/G]03P:832 ^]2:? cR5)�'?�4
[dAB46P:?�\�91^]2:?�7 ?�[�AB4jP/Ad^h? Ad^�G]?�83P/46AdG�5j7Q^h?�G][dAB46\�^h0�c/G]0'C/Ph~n? A [B0
�'?�4 AdG]G A�SB, f 2:?�G]? 2/A [B? Y ?�?�7
7:0 c/G]?�['5T03P/\I4TS cRP:YR465j\]2:?�C�Ad^h^h?�H
cR^]\ Ad^E} P/7P~n^]5T037/AB4v567e^h?�G]c 0346Ad^]5T037*0M}T��q�b } G]?�?�2RAB7/C P/4T^hGIAB\h03PR7/C
C/Ad^]A'9"\]567h~n?�^]2:?�G]?�AdG]?�\h?�[B?�G]?�~n03H�cRP:^]Ad^]5T037/AB4lC/?�H�AB7/C/\�^h0 0 [B?�G�~n03H�?B,��R0BG
?[�'ABH
cg4T?B9E\]56H�cR4T?
[B0346P/H�? \hcR46567/?�\�� U[�M� G]?
�KP/5TG]?#\h0346[K567/8!A \h?�^�0M}�� 46567:?�AdGl?
�KP/Ad^]5T037/\�9h|�2:?�G]?�� 56\l^]2/?�7ePRH�Y ?�Gl0M}
cR5)�'?�46\p\]P/H H
?�C 0 [B?�G@AB464
Faq_\1~�AB7/\�, f 2/56\"G]?
�KP/5TG]?�\
	\���
�+�A~�AB4�~�P/4jAd^]5T037/\�,@�/0BG@H
0'C:?�GI7Z~n03H
cRP:^h?�G
|"0BG1�K\]^]Ad^]5T037/\�9�� ~�AB7�7:0B^1Y ?�H�Ph~ 2*4jAdG]8B?�G�^]2/AB7 ����� Y ?
} 0BGI?�^]2/56\1Y ?
~n03H
?�\1c/G]032/5TYg5T^]5T[B?�4TS \]4T0+|
AB7/C 7ePRH
?�GI5�~�AB41567/AM~
~�P:GIAM~�56?�\ AdGI5j\h?�� U[����, f 2/5j\ H�A/�B?�\�A ^_SKcR5�~�AB4@P/4T^hGIAB\]03P/7/C GI?
~n037/\h^hGIPh~n^]56037
c/G]0BYg4T?�H 0M})\]?�[B?�GIAB4 H�5j46465T037 cR5)�'?�46\l567`} ?�AB\]5TYg4T?B,

f 2/?�G]?
56\#A 8BG]?�Ad^�C:?�AB4v0M}p465T^h?�G Ad^]P:G]?!037 567e^h?�G]c 0346Ad^]5T037
9
\hcgAB7/7/567:8 A [dAdGI5T?�^_S�0M}pC/56\1~�5Tcg46567:?�\�9
AB7/C c/G]0B8BG]?�\I\�2RAB\�G]?
~n?�7e^]4TS Y ?�?�7 H�ABC:? 567 ^]2/?�AdG]?�A�0M}�^]AM~��K4j567:8([B?�GIS 46AdG]8B?�C/Ad^]A \h?�^]\�, f |"0
8B0K0KC�G]?�['5T?
|	cRAdc ?�GI\�AdG]?����K9�U[�M��,���7*0BG C:?�G�^h0 \]?�4T?
~n^#AB7�Adc/c/G]0Bc/G 56Ad^h?�H
?�^]2/0KC } 0BG \h034T['567:8 ^]2/?
��q�b P/46^hGIAB\h03P/7/C�G]?
~n037R\h^hGIPh~n^]5T037�c/G]0BYR4T?�H�9'A 4656\h^p0M})G]?
�ePR5TG]?�H
?�7e^]\�56\l465j\h^h?�C Y ?�4T0�| s

� ^]2/?�H
?�^]2:0'C�H�P/\h^�567e^h?�G]c 0346Ad^h? \1~�Ad^h^h?�G]?�C(^hGI5T[dAdGI56Ad^h? C/Ad^]A

� ^]2/?�H
?�^]2:0'C�H�P/\h^lY ?4} AB\]^�9R5t,.?B,�	Q�����m~n03H
cg4T?[�'56^_S AB7/C�7:037'q_56^h?�GIAd^]5T[B?

� ^]2/?�567e^h?�G]c 0346Ad^]567:8�} PR7h~n^]5T037�H�P/\h^lY ? \]H
0K0B^]2

� Y 0B^]2�5j7Q^h?�G]c 0346Ad^]56037�AB7/C�Adc/c/G]0��'5jH�Ad^]5T037�H�P/\h^lY ?#c 03\]\]5TYg4T?

� 4jAdG]8B? 0 [B?�G \]2:0K0B^]\�H�P/\h^�Y ?#A�[B0356C/?�C

f 2/?!\IH
0e0B^]2R7:?�\]\�G]?
�KP/5TG]?�H�?�7Q^#AdGI56\]?�\G} G]03H AB7 AB\I\]P/H
c/^]56037(^]2/Ad^�^]2:?
567:cRP:^�C/Ad^]A�� ^]2:?�\]?�^
0M}1Faq_\1~�AB7R\[��56\!\]H
0K0B^]2�5T^]\h?�4�} , f 2/56\!AB\]\]P/H�c/^]5T037 AdGI56\h?�\;} G]03H �'7:0�|�46?�C:8B? 0M}1^]2:?�AM~
�KP/56\]56^]5T037
c/G]0^~n?�\]\�,p� 2/564T?
^]2:? P/7/C:?�GI46SK567/8�AB7/Ad^h03H�S 56\�7:0B^�\]H�0e0B^]2
9)5T^�56\�H
?�AB\]P:G]?�C YeS�A -g7/5T^h?Q|�5jC:^]2
P/4T^hG AB\h03P/7/C�Y ?�ABH |�5T^]2 A*\]H
0K0B^]2 567e^h?�7/\]56^_S c/G]0!-g46?B, f 2R56\ 56\�^]AB7Q^]ABH
03PR7Q^�^h0�~n037e[B0346P:^]5T037 0M}
^]2:?@AB7/Ad^h03H�5�~�AB4g} PR7h~n^]5T037\|15T^]2�^]2:?1Y ?�ABH c/G]0!->4T?B99~nG]?�Ad^]5j7:8�A�\]H
0K0B^]2:?�C 5jH�Ad8B?B,@�RP:G]^]2/?�G"\]56837/AB4
c/G]0^~n?�\]\]5j7:8:9:\]Ph~I2�AB\ ->4T^h?�GI567:8�0M})^]2:?�cRP/46\h?nq�?
~ 2:0�\]5T837RAB46\�9K835T[B?�\l?�[B?�7�H
0BGI?�~n0375-gC:?�7h~n?�^]2/Ad^l^]2/?
56H�Ad8B?�C/Ad^]A
^h0�Y ? 567e^h?�G]c 0346Ad^h?�C�56\l\]H�0e0B^]2
,

f 2/?EAdc/c/G]0��'5jH�Ad^]5T037�G]?
�KP/5TG]?�H�?�7Q^ AdG 56\h?�\f} G]03H ^]2:?a?[�'5j\h^h?�7h~n?r0M}:H
?�AB\]P/G]?�H
?�7e^ ?�G]G]0BGI\�, f 2:?�\]?
?�G]G]0BG \@5j7h~�46P/C:?�^]56\]\]P/?�H
0B^]5T037��t\IPh~I2�AB\@Y/G]?�Ad^]2R567:8:9 cRP/46\IAd^]5T[B?�AB7RC�|12:034T?�Y>0'C:S�H
0B^]56037/\[�]9
c 0dq
\]5T^]56037(\h?�7/\]0BG1?�G]GI0BGI\�AB7/C ~�AB465TYRGIAd^]5T037�?�G]GI0BGI\�, f 2R56\�H
?�AB7/\G|"?'|pAB7Q^@^h0�Y>?�AdYR4T?�^h0Z~I2RAB7:8B?�^]2/?
567e^h?�G]c 0346Ad^]567:88} P/7h~n^]5T037
567e^h0 AB7�Adc/cRG]0
�:56H�Ad^]567/88} P/7h~n^]56037!^]2/Ad^�cRAB\]\h?�\A~�4T03\h?�^h0:9eYRP:^�7:0B^�?[�:AM~n^]4TS
^]2:G]03P/832
9:^]2:?�C/Ad^]A�c>035j7Q^]\�,

f 2/?.-g7RAB4RG]?
�KP/5TGI?�H
?�7Q^"0M} ?�465jH�567/Ad^]567/8 0 [B?�GI\I2:0e0B^]\�G]?�46Ad^h?�\"^h0
^]2:?�C:?�\]5TG]?@^h0
2/A�[B?�^]2:?�GIAB7/8B?
0M}�567e^h?�G]c 0346Ad^h?�C [B0
�'?�41[dAB46P:?�\�567 ^]2:?*\]ABH�?�� �'9 kM�M�+� 8BG]?�Seq_4T?�[B?�4@GIAB7:8B? AB\ ^]2:?�Faq_\1~�AB7R\�, f 2R56\
G]?
�KP/5TG]?�H�?�7Q^r56\rG]?�46Ad^h?�C�^h0�^]2:?�Adc/cRG]0
�:56H�Ad^]5T037�G]?
�ePR5TG]?�H
?�7e^�9Q\]567P~n?�AB7 Adc/cRG]0
�:56H�Ad^]567/84} P/7P~n^]5T037
~�AB7�0M} ^h?�7�G]?�CRPh~n? 0 [B?�G \]2:0K0B^]\K~n03H
cRAdGI?�C�^h0 567e^h?�G]c 0346Ad^]567/8'} P/7h~n^]5T037R\�,

�



;G} ^h?�G@\]P:G][B?�S'567:8!^]2:?#GI?
~n?�7Q^@ABC:[�AB7P~n?�H
?�7Q^]\1567 ^hGI5T[dAdGI56Ad^h? 5j7Q^h?�G]c 0346Ad^]56037 0M})46AdGI8B?�C/Ad^]A�\h?�^]\�9
|"?�C/56\1~n0�[B?�G]?�C A�H
?�^]2:0'C�56C:?�AB4j4TS \]P/56^h?�C ^h0�03P:G
G]?
�KP/5TG]?�H
?�7e^]\�, f 2/56\!H
?�^]2/0KC�|pAB\
G]?
~n?�7e^]4TS
C:?�[B?�4T0Bc ?�C YKS G]?�\h?�AdG�~ 2:?�GI\�Ad^�^]2/? Z@7R5T[B?�GI\]5T^ S 0M};��4646567:035j\\} 0BG(567e^h?�G]c 0346Ad^]5T037 0M}!H�P/46^]5T[�AdG 56Ad^h?
8B?�0B8BGIAdcR2R5�~�AB4�C/Ad^]A \h?�^]\ � � U�k/��, f 2:?�S(CRP:Y/Y ?�C�^]2:?
H
?�^]2/0KC 0D~n03H
cR46?�^h?�4TS(G]?�83PR46AdGI5�P�?�C \hcR4j567:?�\
|�5T^]2 ^h?�7R\]5T037'2', f 2:?E��464j567:0356\"H
?�^]2:0'C�56\�\IP/H�H�AdGI5j\h?�C AB\C} 034j4T0�|�\�s

X 037R\]56C:?�G
A�\h?�^!0M}@cR5)�'?�4a[dAB46P:?�\��������	�$U���
�
�
�� � ^]2/Ad^�AdG]?�4T0^~�Ad^h?�C�Ad^
^]2:?�c 03\]5T^]5T037R\�
��B9
|�2:?�GI?�
���� �����������������/��5j\1?[�'c/G]?�\I\h?�C�|�5T^]2�G]?�\hc ?
~n^�^h0�^]2:?![B0
�'?�4EAdGIGIA�SB, f 2:?!YRAB\]5c~�56C/?�A�5j\�^h0
-g7/C A \hcR4j567:?��C��
j��^]2/Ad^#cRAB\]\h?�\#AB\4~�4603\h?�4TS*AB\�c 03\]\I5TYR4T?�^h0�^]2:?
C/Ad^]A c 03567Q^]\�AB7/C�5j\@AB\#\IH
0e0B^]2
AB\"c 03\]\]5TYR46?B, f 2:?�\]?�^5|"0!G]?
�KP/5TG]?�H
?�7e^]\T~�AB7 Y ?G~n03H�YR567/?�C ^h0B8B?�^]2:?�G�\IPh~I2 ^]2/Ad^T|a? -g7/C ^]2:?��V��
j�
^]2/Ad^-} P/4 ->46\

� ��!#"%$ ���'&	�V��
��M� $ �)(+*-, �/.M�0� H�567/56H�P/H1
 �hUJ�

f 2:? -RG \h^4~n03H
c 037:?�7Q^�56\@^]2:?�C:?�['56Ad^]5T037 0M}"^]2:?�\hcR465j7:?'} G]03H ^]2:?�CRAd^]A�c 03567Q^]\�9 AB7/C ^]2:?�\h?
~n037/C
56\�A \]H
0K0B^]2/7:?�\]\p} P/7h~n^]5T037 , �/.��], f 2:? |a?�56832Q^ * C:?�^h?�G H�567:?�\ ^]2:? G]?�46Ad^]5T[B?�~n03\h^�0M} ^]2/?�^�|a0
~n03H
c 037:?�7e^]\�,

f 2/? \h0346P:^]5T037�~�AB7(Y ?@?[�'c/G]?�\I\h?�C�AB\

�C��
j�0�32'��
j� ( � ��!#"�4 ��� ��
5�6
��M� ��k9�

|�2:?�GI?'2'��
j� 56\v^]2:?l^hG]?�7RCQ} PR7h~n^]5T037!AB7/C�� ��
5�6
 � � 5j\�A#GIABC/56AB4KYRAB\I56\j} PR7h~n^]5T037�� +1FT�T�<|�2/03\h?C} 0BG H
C:?�c ?�7/C/\p037�^]2:?�~I2:035c~n?�0M} , �/.��8�.k��/��,

�/0BG)^]2:?ak�q�b ~�AB\h?B9B56} , �/.��g56\F~ 2:03\h?�7�^h01H�567R56H�56\h?)^]2:?A~n03\]^ 0M}:^]2:?E\]?
~n037/CR� cRAdGI^]56AB4��gC:?�G 5T[�Ad^]56[B?�\
037/4TSB9:^]2/?�7�^]2:?�} ABH�56465jAdG"^]2R567 cR46Ad^h? \hcg46567:?�G]?�\]PR4T^]\�,j��})^]2:?�\IABH
? , �/.��E56\�PR\h?�C�} 0BG�^]2:?L��q�b ~�AB\h?B9
^]2:? -RGI\]^vC/?�GI5T[dAd^]5T[B?�\)0M}g^]2:?p+@Fm��AdG]?lC/56[B?�G]8B?�7Q^rAd^�^]2/?pCRAd^]A�c>035j7Q^]\C� U �/��,�F"S�~�AdGI?
} P/4j4TS�~I2:0K03\]567/8
A�H
0BG]?@8B?�7:?�GIAB4 , �/.��]9'56^a56\ac 03\]\]5TYR46?l^h0�0BY/^]AB5j7 A�\]56H
cg4T?�AB7/AB4TSK^]5�~�?[�Kc/GI?�\]\]5T037R} 0BGp^]2:?1+1FT� |15T^]2
G]?�83P/4jAdG C/?�GI5T[dAd^]5T[B?�\�0M}�AB464@0BGIC:?�GI\�?�[B?�G]SX|�2:?�GI?�� UBU
��, f 2/56\p~I2:035c~n?�GI?�\]P/4T^]\ 56772'��
j�8� 4�9 9@A~n037/\h^]AB7e^�9gAB7RC

����
5�6
 � �:�<; ���=?> U;A@ ?�G1}CBD;A@kFE & UG =IH �B�9�

|�2:?�GI? @ � $ 
1&J
�� $ 56\�^]2:? C/56\h^]AB7P~n?R} G]03HK
 ^h0L
��B9rAB7/C ?�G1}�56\�^]2:?�?�G]G]0BG�} PR7h~n^]5T037 � U[��, f 2:?
cRAdGIABH�?�^h?�G ; 56\ A(8B?�7:?�GIAB465j\h?�C�^h?�7/\]56037�cRAdGIABH
?�^h?�G 9)AB7/C 5T^�~n037Q^hGI0346\�^]2/? C/56\h^]AB7P~n?
0 [B?�G;|�2/5�~ 2
^]2:?�c 03567e^a567�M>P:?�7h~n?�\a^]2:?1GI?�\]P/4T^]567/8�2eSec ?�GI\]P/G1} AM~n?B, f 2/?@H�P/4T^]5Tcg465�~�Ad^]5T[B?K~n037R\h^]AB7Q^ ; �ON ��=�~�AB7 Y ?03H�5T^h^h?�C 9/\]567h~n?#5T^C~�AB7�Y ?E~n03H�YR5j7:?�CZ|�5T^]2�^]2:?�~n0K?��U~�5T?�7e^]\ 4 �B,r; cR4T0B^p0M} ^]2:?#+@FT� 5j\l\]2:0�|17�567
��5T83P:G]?L�K,

f 2/? \hcR46567/?8~n0K?��U~�5T?�7e^]\K~�AB7(^]2:?�7�Y ?4} 03PR7/C YeS \h034T['567:8!^]2:?�\h?�^�0M}v46567:?�AdGl?
�KP/Ad^]5T037/\P�(, � �+* (,%'Q�RSRUTWV�XSXZYSYUY�[�\�]�\Z]U^W[�_�^6`baW[c`ed�fSX�g�^�_�hUhSX�iOdZj�X�kOl�mn[oQ�R�`pf
�



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
−0.7

−0.6

−0.5

−0.4

−0.3

−0.2

−0.1

0

1
φ )2

r

φ=10

φ=25

φ=100

φ=1000

π
φerf(r

1

r

��5T83P:G]?;�Ks��Q%��	"$%�����%'�#"9��(  	�����#"$��� *L��7h~nG]?�AB\]5j7:8�^]2:?�^h?�7/\]5T037*G]?�C/PP~n?�\�^]2:?�GIAB7:8B?�0M}E567�M>P:?�7h~n?
0M}v^]2:?#GIABC/5jAB4 YRAB\]56\V} P/7h~n^]5T037 ,

4�9 ( � �U!#" 4 �m� ����
5�6
���� (���� � * �%� � � ���^�

� �U!#" 4 � � � �B�9�

|�2:?�GI? ��� ��56\l^]2:?
	 G]037:?
~1�B?�G@C:?�4T^]AQ} P/7h~n^]56037
,
f 2/?�G]?
AdG]?!^]2:?�G]?
} 0BG]?
^5|"0�cRAdGIABH�?�^h?�GI\E|�2/5�~ 2�~�AB7�Y ?�ABC,+]P/\h^h?�C ^h0 ^]P/7/?�^]2/?�7/Ad^]P:G]?!0M}E^]2/?

567e^h?�G]c 0346AB7e^�s ; ~n037e^hG]0346\@^]2:?�^h?�7/\]5T037 9 AB7RC * ~n037e^hG]0346\@^]2:?
4T?�[B?�4)0M}EAdcRc/G]0
�:56H�Ad^]56037
, f 2:?�8B03AB4
0M}E^]PR7/567:8 ^]2:?
567Q^h?�GIc>034jAB7Q^�56\1^h0 -g7/C*^]2:?!0Bc/^]56H�AB4)YRAB46AB7P~n?�Y ?�^5|"?�?�7�^]2:?�G]?
�KP/5TG]?�H�?�7Q^]\@0M}E0BY/q
^]AB567/5j7:8*\]H AB464aC/?�[K56Ad^]56037/\L} G]03H ^]2:?�C/Ad^]A�c 03567e^]\�AB7/C A [B0356C/567:8�0 [B?�G \]2:0K0B^]\�, ;@\'��5T83P/G]?U�h�tAX�
\]2:0+|�\�9KA�2/56832�4T?�[B?�4g0M}>^h?�7R\]5T037 4j56H�5T^]\�^]2/?1C/56\]^]AB7h~n?�Ad^T|�2/5�~ 2
?�AM~I2�c 03567e^E567�MgP/?�7h~n?�\�^]2:?10 [B?�GIAB464
567e^h?�G]c 0346AB7e^�, �r?�^�^]2:?
+1FT� Adc/c ?�AdGI\#\]cR56�KS*AB7/C�C:0K?�\ 7:0B^�G]?�cR465�~�Ad^h?
^]2/?
0 [B?�GIAB464E\]2/Adc ?
0M}a^]2/?
C/Ad^]A',�D 0�| ^h?�7R\]5T037�G]?�\]P/46^]\@5j7*0�[B?�GI\]2:0K0B^�,��v5683P:G]? �h� YF�l\I2:0�|�\�^]2RAd^#^]2:?!0 [B?�GI\]2/0e0B^4} G]03H 4T0�|
^h?�7/\]56037�567Q^h?�GIc>034jAd^]5T037 H A�S�Y>?�?�� ?
~n^]5T[B?�4TSZ~n037Q^hGI03464T?�C YKS�AB46460�|�567/8�A
\]H AB464 ABH
03P/7e^"0M}vAdc/c/GI0
�Kq
56H�Ad^]56037
,j��7p} AM~n^�9/5T^m|156464/Y ?�\]2:0+|�7�^]2/Ad^p^]2:?4~n03H�YR5j7/Ad^]5T037�0M} 4T0+| ^h?�7/\]5T037 AB7/C A!\]H�AB464>4T?�[B?�4>0M}
Adc/c/GI0
�:56H�Ad^]5T037Z|"0BG1�'\-|"?�464�|�5T^]2�P/46^hGIAB\h03P/7/C C/Ad^]A',

;@\"c/G]?�['5T03P/\]4TS
H
?�7e^]5T037:?�C 9e^]2:?@+1FT� 567e^h?�G]c 0346AB7Q^T~�AB7/7:0B^pY ?G~�AB4�~�PR46Ad^h?�C P/\]567:8�AB464R^]2/?�CRAd^]A
c 03567e^]\�0M} AB7 P/4T^hGIAB\h03PR7/C�?[�:ABH�567/Ad^]5T037 Ad^�037h~n?B, ��7 0BGIC/?�G ^h0 4T0X~�AB4j56\h?�^]2:?�[B0346P/H�?(\hcR465j7:?�\�9
^]2:?(\�~�Ad^h^h?�G]?�C 5j7:cRP:^!C/Ad^]A H�P/\h^
Y ?�C/56[K56C/?�C 5j7Q^h0 H AB7/Ad8B?�AdYR4T?3������
 �5�����B, f 2:?�YRAB\]5�~�5jC:?�A
56\�^]2/Ad^�^]2:? 5j7Q^h?�G]c 0346Ad^]5j7:8�} P/7h~n^]5T037 567 A�4T0^~�AB4@G]?�835T037 56\ 7:0B^�5j7�MgP:?�7h~n?�C YKS C/Ad^]A�Ad^�\h03H�?
\]P��p~�5T?�7Q^]46S C/56\h^]AB7e^ c 03567e^�, f 2:?�[B0
�'?�4 AdG]GIA S 56\ ^]2:?�G]?
} 0BG]?�C/5T['56C:?�C 567e^h0 H�AB7eS \IH�AB464t9�7/037'q
0 [B?�G 46Adc/cR567/8 G]?
~n^]AB7:83PR46AdG \h?�83H
?�7e^]\�,4��7/C/5T['56C/P/AB4
5j7Q^h?�G]c 0346Ad^]5j7:8\} P/7h~n^]5T037/\@AdG]?�^]2:?�7�~�AB4�~�P/46Ad^h?�C
} 0BG�?�AM~I2�\h?�83H
?�7e^�P/7e^]564
AB464 0M}v^]2:?#[B0��K?�4)AdG]GIA S�56\K~n0 [B?�G]?�C
,

�



0 2 4 6 8
0

10

20

30

40

50

60

70

80

90

100

110

distance

g
r
e
y
 
l
e
v
e
l

φ = 100

φ = 1000

φ = 10

������� . $  �' C % * � $ -1%
.

0 2 4 6 8
0

10

20

30

40

50

60

70

80

90

100

110

distance

g
r
e
y
 
l
e
v
e
l

w

= 1

= 0.01

= 0.1w

w

��
���� C&C ')%��E-�� �#$ -1%
.

��5T83P:G]?'�:s�� & � �,% �	"$%�� ��%'�#"9� (  ������#"$��� "$���#� �
	 � �$% �,"9��� %�� � %�	�	��,� 
�" 
 % �#"$��� * U ��\]ABH
cg4T?
C/Ad^]A
c 03567e^]\l0BY/^]AB5j7:?�CZ} GI03H AB7(56H�cRP/46\h?8} P/7h~n^]5T037�AdG]?�\]2:0�|17�AB\�C/56ABH�037/C/\�,@��7��tAX� * 56\l\h?�^1^h0
P�?�G]0 \h0�^]2:?�+@FT� ?[�:AM~n^]4TS�cRAB\]\]?�\�^]2:GI03P:832(^]2/?�C/Ad^]A c 03567e^]\�, f 2:?�A�[B?�GIAd8B?
0M}E^]2:?�C/Ad^]A c 03567e^]\
\h?�^]\�^]2/?l^hG]?�7/C
cRAdGI^)0M}>^]2:?�567e^h?�G]c 0346AB7e^v^h0�A�[�AB4jP:?l0M}�� �e,j� 5T^]2�2/56832�^h?�7R\]5T037
93^]2/?�567Q^h?�GIc>034jAd^]5T037
�KP/5�~1�'4TS�GI?�^]P:GI7/\�^h0�^]2:?
^hGI?�7/C Y ?�^5|"?�?�7 C/Ad^]A c 03567e^]\�,L� 5T^]2�4T0+| ^h?�7/\]5T037 9
0 [B?�GI\]2/0e0B^]\�Adc/c ?�AdG�,
��7h~nG]?�AB\]567/8�^]2:?#^h?�7R\]5T037Z~�AB7 Y ?@^]2/03P:832Q^p0M})AB\-~I2/AB7/83567:8!^]2:?#7/Ad^]P:G]?�0M} ^]2:?#567Q^h?�GIc>034jAB7Q^T} GI03H A
\h^]5 � cR46Ad^h?p^h0 A�H
?�H�YRGIAB7:?B,j��7Z� Yf�
^]2:?l^h?�7R\]5T037!4T?�[B?�4 ; |"AB\�\h?�^�^h0#A�[dAB46P:?"0M}>k��',@��7h~nG]?�AB\]5j7:81^]2/?4T?�[B?�4
0M}vAdc/c/GI0
�:56H�Ad^]5T037�GI?�C/Ph~n?�\l^]2:? ABH�03P/7Q^�0M} 0�[B?�GI\]2:0K0B^�YRP/^-~�AB7�G]?�\]P/46^�56\l46AdG]8B? C:?�['56Ad^]5T037R\
} G]03H ^]2:? C/Ad^]A c 03567Q^]\�,v;	\]H AB464 4T?�[B?�4 0M}vAdc/c/G]0��'5jH�Ad^]5T037 c/G]0'C/Ph~n?�\lA�G]?�AB\h037/AdYR46?#^hGIABC:?nq�03�v,

��7 0BGIC:?�Gl^h0
8B?�^�\]H�0e0B^]2�~n037R7:?
~n^]5T037/\lABH
037/8
^]2:?�+1FT� � \�0M} 7/?�5T832QY 03P:G 567:8�\]?�83H
?�7Q^]\�9/0 [B?�Ghq
46Adc/cg567:8�
�"$� �	��
Q��AdG]?�P/\h?�C , f 2R56\ H�?�AB7/\�^]2/Ad^rAE|�5j7/C:0�|�56\)?�\h^]AdYg4656\]2:?�C!AdG]03PR7/C�?�AM~I2 \]?�83H
?�7Q^
P/7/C/?�G-~n037/\]56C:?�G Ad^]5T037�\]Ph~ 2�^]2/Ad^156^l?�7h~n03H
cRAB\]\]?�\�7:0B^�037/46S�AB464 ^]2/?�C/Ad^]A
c 03567e^]\l567 ^]2:?�\]?�83H
?�7Q^
YRP:^)AB46\h0#A@\]P��U~�5T?�7e^v7eP/H�Y ?�G 0M}g7:?�5T832eY>03P/GI567:8�C/Ad^]A@c 03567e^]\�, ;@464KC/Ad^]A@c 03567Q^]\)567�^]2:?T|�567/C:0+| AdGI?
^]2:?�7�P/\h?�C(^h0U~�AB4�~�P/4jAd^h?�^]2:?�+1FT� } 0BG1^]2RAd^1\h?�83H
?�7e^�,�i:567h~n? ^]2:?'|�567/C/0�|�\l0�[B?�GI46Adc ?�AM~I2�0B^]2:?�G 9
^]2:?�+1FT��} 0BGl?�AM~I2(\]?�83H
?�7Q^C|156464q~�4T03\h?�4TS�� YgP:^l7:0B^�7:?
~n?�\]\]AdG 564TS�?[�:AM~n^]4TSg�EH�Ad^1~I2�56^]\l7:?�5T832eY>03P/GI\ �
+1FT� � \�,V� 5T^]2(A
GI?�AB\h037/AdYR4T?�ABH
03P/7e^�0M}v0 [B?�GI4jAdc 9R^]2:?�C/5 � ?�G]?�7h~n?�\C|156464 Y ? 7:?�83465T8356YR4T?4~n03H
cRAdG]?�C
^h0�^]2:?'�eP/AB7e^]56\]Ad^]56037 0M})^]2/?#8BG]?�S�4T?�[B?�46\�567 ^]2/?�W�q�YR5T^l[B0��K?�4 AdG]GIA�SB,

iK?�83H�?�7Q^]\ 0M}.-h�'?�C \]5�P�?B9a?�AM~ 2 ~n037e^]AB567/567:8�} ?
|"?�G�^]2/AB7 A H AJ�'56H�P/H$\h?�^�7KP/H�Y ?�G
0M}�CRAd^]A
c 03567e^]\-���������^�]9X|a?�G]?�c/G]0Bc 03\h?�C�567�� UBU[��,@� 5j7/C:0�|1\@|a?�GI?�?[�KcgAB7/C:?�C\} G]03H ��������� \]P:G]G]03PR7/C/567:8
\h?�83H
?�7e^]\1^h0p����������AB7/C(\h0�037
9RPR7Q^]564
A \]P��U~�56?�7Q^�7KP/H�Y>?�G'��� � ��� �E0M}�7:?�5T832eY 03P:GI567:8�c 03567e^]\
|"?�G]? 567h~�46PRC:?�C
, ��7 46Ad^h?�G�|"0BG1�>9@^]2/? \h?�83H
?�7e^]Ad^]5T037 H
?�^]2/0KC |pAB\�C:?�[B?�4T0Bc ?�C P/\I567:8�AB7 0X~n^�q
^hG]?�?�G]?�cRG]?�\h?�7e^]Ad^]5T037 0M}�^]2:?�[B0
�'?�4 AdG]GIA S ^h0 56H
c/G]0�[B? ^]2:? AdYR564656^_S ^h0 567e^h?�G]c 0346Ad^h?�C/Ad^]A�|15T^]2
A 2:?�^h?�G]0B8B?�7:?�03P/\�\]cRAd^]56AB4@C/56\h^hGI56YRP:^]5T037 � U�kJ��, f 2/56\ H
?�AB7/\�^]2:? \h?�83H
?�7e^]\p|a?�G]?�~n037e^]567eP/03P/\]4TS
C/5T['56C:?�C 567e^h0�?�5T832e^ \]P:YR\]?�83H
?�7Q^]\�P/7Q^]5j4v?�AM~I2�~n037e^]AB567:?�C 7:0(H
0BG]?
^]2RAB7���������c 03567e^]\�,;��7 ^]2/5j\
|pA�SB9v\h?�83H
?�7e^]\�0M}"[�AdG 56AdYR4T?�\]5�P�?Q|a?�G]?U~nG]?�Ad^h?�C ^h0�AM~
~n03P/7Q^'} 0BG�^]2:?\~�46P/\h^h?�G 567:8 0M}lC/Ad^]A�c 03567e^]\�,
f 2:?8|�567RC:0�| AdG]03P/7/C ?�AM~I2(\h?�83H
?�7e^l?[�KcRAB7RC:?�C ?
�KP/AB4646S 567�AB464gCR5TG]?
~n^]5T037/\"P/7e^]564>5T^a?�7P~n03H
cRAB\]\h?�C
Ad^�4T?�AB\]^�� � ��� c 03567e^]\�,

�.}
^]2:?1CRAd^]A�56\a037/4TS
H�5j46C/4TS�2:?�^h?�G]0B8B?�7:?�03P/\�9K^]2R56\A|1567/C:0+|�567:8#H
?�^]2:0'CU|a0BG1�'\m|a?�464�,)<@0�|"?�[B?�G�9
^]2:?�c/GI0BYR4T?�H 0M}E��q�b P/4T^hG AB\h03P/7/C G]?
~n037/\h^hG Ph~n^]5T037�567e[B034T[B?�\�2/56832/4TS ~�46P/\]^h?�G]?�C�C/Ad^]A��lAB464p0M}�^]2/?
567:cgP:^�C/Ad^]A�4656?-|�5T^]2/5j7�^]2/?�cR46AB7/?�\�0M}
^]2:?�Faq_\1~�AB7/\�,@�/0BGa^]2R56\rG]?�AB\]037
9�|"?12/A [B?@C/?�[B?�4T0Bc ?�C�A�H
0BGI?

W



MR?[�:5TYR4T?E|�5j7/C:0�|1567:8!H
?�^]2:0'C
,
f 2/? YRAB\]5c~�c/G]0BYg4T?�H |�5T^]2 ?[�KcgAB7/C/567:8*A�|�5j7/C:0�| P/7e^]564rA3-h�K?�C 7KP/H�Y ?�G�0M}�C/Ad^]A(c 03567e^]\�5j\

?�7h~n03H
cgAB\]\h?�C
9v56\#^]2/Ad^�AB464�^]2:?�C/Ad^]A�c 03567e^]\ H�A S 465T?
037 037/4TS 037:? \]5jC:?
0M}l^]2:? \h?�83H�?�7Q^�, f 2R56\
~�AB7�~nG]?�Ad^h?!c/G]0BYR46?�H�\C|�5T^]2�~n037Q^]5j7eP/56^_S�0M}�^]2:?!567e^h?�G]c 0346Ad^]567:8Q} P/7h~n^]56037�Y ?�^5|"?�?�7 \h?�83H
?�7e^]\�,G��?
c/G]0Bc 03\h?*^h0 ?[�'cRAB7/C ^]2:? |�567/C/0�| AdGI03P/7/C ^]2:?�\]?�83H
?�7Q^�P/7e^]5641C/Ad^]A c 03567e^]\�AdG]?�} 03P/7/C 567 AB4j4
C/5TGI?
~n^]5T037/\�AdGI03P/7/C ^]2/? \h?�83H
?�7e^�,�`3�:ABH
cR4T?�\�0M}�^]2:?U~n037e[B?�7e^]5T037/AB4pAB7/C 56H
c/G]0�[B?�C�|1567/C:0+|�567:8
H
?�^]2:0'C/\�AdGI? \]2:0�|17�567Z��5T83P:G]?L�K,

��7(^]2/?;��q�b ~�AB\h?B9
^]2:?�|�567/C/0�| 5j\�?[�'cRAB7/C:?�C�567*AB464 CR5TG]?
~n^]5T037/\1Ad^.-gGI\h^�9>YRP:^�?�AM~ 2 0M}r^]2:?!\]5)�
} AM~n?�\
0M}1^]2/?�|�567/C:0+| \h^h0BcR\!?[�'cRAB7/C/567/8�037R4TS |�2:?�7�A�\IP��U~�5T?�7e^
7eP/H�Y ?�G!0M}@C/Ad^]A c 03567e^]\;} AB464
|�5T^]2R567 ^]2:? G]?�8356037(C:? -g7/?�C�YeS ^]2/Ad^@C/5TG]?
~n^]56037�6 \h?�?'��5T83P:G]? �K,V��7�c/GIAM~n^]5c~n?B9R?[�'cRAB7/\]5T037�0M})^]2/?
|�567RC:0�| 567�A�835T[B?�7�C/5TGI?
~n^]5T037�AB46\h0�\h^h0Bcg\-|�2:?�7�56^lG]?�AM~I2:?�\�^]2:? ?[�'^h?�7Q^]\10M})^]2:? [B0
�'?�4 AdGIGIA�SB,

f 2/?m��4646567/0356\ \h0M} ^5|pAdG]?C|pAB\�C:?�\]5T837/?�C�^h04|"0BG1�'|�5T^]2�U �����#^h0
U ������� C/Ad^]A�c 03567e^]\�9B\h0#A#7eP/H�Y ?�G
0M} c/GIAM~n^]5�~�AB4P~I2/AB7:8B?�\A|a?�GI?�H�ABC:?B,j��7
0BGIC:?�Gr^h0�AM~
~n03H�H
0'C/Ad^h?1\h?�[B?�G AB4RH�564j465T037�C/Ad^]A#c 03567e^]\@} GI03H
AB7 P/46^hGIAB\h03P/7/C ?[�:ABH�567/Ad^]56037
9�c>035j7Q^]\�567 ^]2/? 0X~n^�q�^hGI?�? AdG]? \h^h0BGI?�C P/\]5j7:8 G]?
~�P:GI\]56[B? C/SK7/ABH 5�~
H
?�H
0BGIS*AB464T0^~�Ad^]5T037
,4��?�AB4j\h0�C:?�\]5T837:?�C*^]2:?!0^~n^�q�^hG]?�? \h?�83H
?�7e^]Ad^]5T037�^h0�AB46460�| \h?�83H
?�7e^]\�^h0�Y ?
C/5T['56C:?�C 567e^h0�} 03P:G��=�KP/ABC'q�^hGI?�?/��0BG ^�|a0 � YR567RAdG]SQq�^hGI?�?/��\]P:YR\]?�83H
?�7Q^]\R|�2:?�7�037/?*C/56H�?�7/\]5T037 0M}
^]2:?
\h?�83H
?�7e^�56\@037/46S�037:?![B0
�'?�4@|�56C/?B, f 2/56\�56H�c/G]0 [B?�\@^]2:?�AdYg56465T^ S�^h0�C/5T['56C:?�^]2/?�[B034jP/H
?
567e^h0
H�AB7/Ad8B?�AdYg4T? \h?�83H�?�7Q^]\�,*<10+|a?�[B?�G 9E\h03H
? [B?�G]S 46AdG]8B?�\h?�83H
?�7e^]\�~�AB7 G]?�H�AB5j7
,��/0BG�?[�'ABH
cg4T?B9�A
\]567/834T?l?�H
c/^ S�\h?�83H
?�7e^aY ?�^5|"?�?�7 ^5|"0�7:?�AdG 4TS�cgAdGIAB464T?�4/Faq_\1~�AB7R\m~�AB7 ?[�K^h?�7RC�0^~
~�AB\]5T037/AB4646S�^]2/?K} P/464
4T?�7:8B^]2*AB7/C�|156C:^]2 0M}�^]2:?�FEq_\�~�AB7/\�, f 2:?L|�567/C:0+| AdG]03P/7RC�^]2/56\�\]?�83H
?�7Q^�9 ?[�'cRAB7/C/5j7:8
037:? [B0��K?�4
Ad^ A�^]56H
?B9�|�564j4 \]P/CRC:?�7/4TS�?�7h~n03H�cRAB\]\#AB7�?�7Q^]56G]?
7:?�5T832eY>03P/GI567:8 Faq_\1~�AB7 567*A�\I567:834T?�\h^h?�c , f 2R56\
c/G]0'C/Ph~n?�\�AB7 567e^hGIAM~n^]AdYR4T?
7KP/H�Y>?�G@0M}aCRAd^]A c>035j7Q^]\�9
\h0Z|"?Q~I2:0K03\h?
^h0�~I2:0Bc ^]2:?�\h?
46AdG]8B?B9
?�H
cR^_S
\h?�83H
?�7e^]\�5j7Q^h0 \IH�AB464T?�G�\h?�83H�?�7Q^]\�^h0e0:,

��7�\]P/H�H AdG]SB9^|a?�2RA�[B?�A
4T0^~�AB4656\]?�C ^hG 5T[�AdG 56Ad^h?#\hcR46567/?K|�5T^]2�	\��� �A~n03H�cR4T?[�:5T^_SB, f 2:?#H
?�^]2:0'C
56\
?��p~�5T?�7Q^ ?�7:03P:832�^h0 2RAB7/C/4T? [B?�G]S�46AdG]8B?*C/Ad^]A \h?�^]\ AB7/C+MR?[�:5TYR4T? ?�7:03P/832�^h0 2/AB7/CR4T?�2/5T832/4TS
2:?�^h?�G]0B8B?�7/?�03P/\ C/Ad^]A', f 2:?!\]H
0K0B^]2�567Q^h?�GIc>034jAd^]567:8R} P/7h~n^]56037*2/AB\�GI?�83P/46AdG#C:?�GI5T[dAd^]5T[B?�\@0M}aAB4j4 0BG]q
C:?�GI\�9gAB7/C*2/AB\�8B0K0KC�AM~
~�P:GIAM~nS�~n03H
cRAdG]?�C(^h0 0B^]2:?�G�567e^h?�G]c 0346Ad^]5T037�H�?�^]2:0KCR\'� UBU[��,C��^1AB46\]0 2/AB\@A
[dAdGI56AdYR4T?�^h?�7/\I5T037�AB7/C�~�AB7�Y>?#^]PR7:?�C�Y ?�^5|"?�?�7(567e^h?�G]c 0346Ad^]5T037 AB7/C(Adc/c/G]0��'56H Ad^]5T037
,

� � w������CvF{�¡qwGt;¡

8j¦B§ � L L @q« @�B!H A
f 2:?�} G]?�?�2/AB7/C�AM~
�ePR56\]5T^]5T037*\hS'\h^h?�H ~n03H
c/GI5j\h?�\1AB7 P/46^hGIAB\h03P/7/C*\1~�AB7/7:?�G 9 A�c 03\]5T^]56037(\h?�7/\]0BG�AB7RC
Ap~n03H
cRP:^h?�GE} 0BG�CRAd^]A AM~
�KP/56\]56^]5T037
,1; f 03\]2R5TYRA�mv0+|a?�G]['56\]56037 � ����� \1~�AB7R7:?�GQ� f 03\]2R5TYRA ;@H
?�GI5c~�A
O*?�C/5�~�AB4�iKS'\h^h?�H�\�9 f P/\h^]567 9 X AB465�} 0BGI7R56AX��|pAB\�P/\]?�C |�5T^]2 A mv03462:?�H�P/\��:;#i f +1; 	$H�Ad837:?�^]5c~
c 03\]5T^]5T037 \h?�7/\]0BG�� mv03462/?�H�P/\Z��7h~n0BG]c 0BGIAd^h?�C 9 X 034�~ 2:?�\h^h?�G�9
	�?�GIH
037e^[� H
03P/7e^h?�C 037 ^]2:? c/G]0BY ?B,
X AB4656Y/GIAd^]5T037
^h0!C:?�^h?�GIH 567:?�^]2/?14T0^~�Ad^]5T037 0M} ^]2:?@c>03\I5T^]5T037�\h?�7R\h0BGm|15T^]2�G]?�\]c>?
~n^"^h0�^]2:?1cRG]0BY ?-|"AB\
c ?�G1} 0BGIH
?�C P/\]567/8 ^]2:? X ABH�Y/GI5jC:8B?�cg2/AB7Q^h03H � U �J��, f 2/?�i'^hGIABC^�*AM~
�KP/56\]56^]5T037 \h0M} ^�|"AdGI?�� U �J�3|"AB\
P/\h?�C�5j7p~n037!+hP/7P~n^]5T037p|�5T^]2 AB7�W�q�YR5T^C} GIABH
?�8BGIAdY/Y ?�GlAB7/C�A i'5j465�~n037�=@GIAdcR2/5c~�\m��7/C:SR|a0BG1�'\h^]Ad^]5T037
�_i'564j5�~n037 =@GIAdcR2R5�~�\���7h~n0BG]c 0BGIAd^h?�C
9 O*03P/7Q^]AB5j7�	�5T?
| 9 X AB4656} 0BGI7/56AX�], f 2:? 5jH�Ad8B?�\�|"?�G]? H Ad^1~I2:?�C
^h0�^]2:?�c>03\I5T^]5T037 \h?�7/\h0BG�G]?�ABC/567:83\lAB7RC�G]?
~n0BGIC:?�C(Ad^1A!GIAd^h? 0M}rkM�;} GIABH
?�\
��\�,

8j¦ ¥ ��������������� ;R@�� ¬<K @�B/¬)GMK A
f |"0����P�������J��?[�'ABH�5j7/Ad^]5T037/\K|a?�G]?�c ?�G1} 0BGIH
?�C�037�A 2/?�AB4T^]2QS�2KP/H�AB7*\]P:Y5+h?
~n^�,-��5TGI\]^�9gAB7*?[�'ABH�5Tq
7/Ad^]5T037�0M}>A�^]2eSeGI0356C
8346AB7/C;|pAB\�c ?�G1} 0BGIH
?�C;|�56^]2
A �?O(<SP�465j7:?�AdG�AdG]GIA�S!c/GI0BY>?B,v; C:?�c/^]2
\h?�^h^]567/8
0M}T� ��H�H |"AB\�P/\h?�C 835T['567:8 A G]?�\h0346P/^]5T037�0M} �', �3W � H H���cR5)�'?�4t,�`"AM~I2 Faq_\1~�AB7 |"AB\�~nGI0Bc/c ?�C ^h0

V



0 5 10 15 20 25 30 35 40
0

50

100

150

200

250

segment 6

spline from standard windows

segment 5segment 3segment 2 segment 4

small
discontinuity

segment 1

120+100sin((x-30)/10)

discontinuity
large

20+ -(x+3)/3200e

spline from improved windows

STANDARD WINDOWS

window 4

IMPROVED WINDOWS

window 3

window 5

grey level

distance

window 2
window 1

window 1

window 3
window 4

window 6
window 5

window 6

window 2

��5T83P:G]?Z�Ks
� 
M% 
 	 �$� ��( " 
 		�,������� 
Q" � �	� 
Q" � � 
 � ����� � * f 2/56\L~n037e^hGI5T[B?�C U q�b ?[�'ABH
cg4T?
56464jP/\h^hGIAd^h?�\ ^]2:?"c>0B^h?�7e^]56AB4Kc/G]0BYg4T?�H 0M}g^]2:?p\h^]AB7/C/AdGIC�|�5j7/C:0�|1567:8�H
?�^]2/0KC
,riK?�83H
?�7e^]\�AdG]?C~nG]?�Ad^h?�C
YKS \]P:Y
C/5T['56C/567/8 ^]2:? 4T?�7:8B^]2 0M}�567e^h?�G]?�\h^�5j7 A�Yg567/AdG]Seq�^hG]?�? \]0(^]2/Ad^�?�AM~I2�\h?�83H�?�7Q^;~n037Q^]AB5j7/\�7/0
H
0BG]? ^]2/AB7 ����� � � �^�#CRAd^]A c>035j7Q^]\�, f 2:? +1FT� � \�AdG]?�~�AB4�~�P/4jAd^h?�C���|�5T^]2 ^h?�7/\]5T037 ; � �K9aAB7RC
\]H
0K0B^]2/567/8 * � �', �:UJ�F} 0BGv?�AM~I2�\h?�83H�?�7Q^rP/\I567:8�^]2/?"C/Ad^]A@^]2/Ad^@} AB4646\)567�^]2:?p\]P:G]G]03PR7/C/567:8K|�567/C:0+| ,
f 2:?
\h^]AB7RC/AdGIC�|�5j7/C:0�|1567:8 H�?�^]2:0KC ?[�KcRAB7RC/\#567�Y 0B^]2 C/5TG]?
~n^]56037/\8} G]03H ^]2:?�\h?�83H
?�7e^�567�\]5j7:834T?
567h~nGI?�H
?�7Q^]\�PR7Q^]564>U �Q����� ��� � C/Ad^]A�c 03567e^]\v567�^h0B^]AB4/AdG]?p0BY/^]AB567/?�C
, f 2:?p\h^]AB7/C/AdGIC;|1567/C:0+|�\I��AB7RC
��037/4TS�~n037Q^]AB5j7�CRAd^]A 037*037:?!\]56C:? 0M}�^]2/?�\h?�83H�?�7Q^�, f 2/56\K~nG]?�Ad^h?�\#A 4jAdG]8B?�C/5j\1~n037Q^]5j7eP/56^_S�567�^]2/?
567e^h?�G]c 0346Ad^]567:84} P/7h~n^]56037�Y ?�^5|"?�?�7 \]?�83H
?�7Q^]\C��AB7/C\�:, f 2:?�7:?
| |�567/C/0�|�567/8�H�?�^]2:0KC ?[�'cRAB7/C/\a567
Y 0B^]2 C/5TG]?
~n^]5T037R\"PR7Q^]564>Ad^�4T?�AB\h^C�!c 03567e^]\pAdG]?4} 03PR7/C 037 ?�AM~ 2(\]5jC:?10M} ^]2:?#\h?�83H
?�7e^�9/0BGl^]2:? 465jH�5T^]\
0M}�^]2:?�C/Ad^]A \h?�^�AdG]?�?�7h~n03P/7e^h?�G]?�C
, f 2/5j\C|"A SB9 ^]2:?�567e^h?�G]c 0346AB7e^]\-} 0BG@\]?�83H
?�7Q^]\E� AB7/C��p~n037Q^]AB567
C/Ad^]AQ} G]03H Y 0B^]2�\I56C:?�\p0M})^]2:?�\h?�83H
?�7e^]\�AB7RC�^]2:?�G]?
} 0BG]?�H
?�?�^1H�Ph~ 2�~�4T03\]?�G�^h0B8B?�^]2:?�G�,

U �



region 1

segment window

��5T83P:G]?��Ks � � � 
 ����� %�� � �# ��,�#�� �� � "$� � 
Q" � ��� 
 * f 2:?�\]?�83H
?�7Q^�56\!^]2:?(\I2/ABC:?�C [B0346P/H�?
\]P:GIG]03P/7/C:?�C*YKS(^]2:?Q|�5j7/C:0�|�, f 2:?;|�567RC:0�| H�P/\h^�?�7h~n03H
cRAB\I\ C/Ad^]A c 03567e^]\@5j7*?�AM~ 2 0M}"^]2:?
\]5)�
G]?�835T037R\)AdGI03P/7/C�^]2:?l\h?�83H
?�7e^�93037:?p0M}P|12/5�~I2!56\v2/56832/465T832e^h?�C
, f 2R56\ 5j\)C/037:?aYKS�?[�'cRAB7/CR567:8�?�AM~ 2
0M}
^]2:? \]56�U} AM~n?�\�0M})^]2:?�|�567RC:0�| P/7e^]564 ?�AM~I2(G]?�835T037�~n037e^]AB567/\1A
H�567/56H�P/H 7ePRH�Y ?�Gl0M}vC/Ad^]A
c 03567e^]\�,
b�?�^h?�GIH�567RAd^]5T037 0M}C|�2/5�~ 2 G]?�8356037 A�c 03567e^�} AB4j46\�5j7Q^h0 56\�~�AB4�~�P/46Ad^h?�C ?��U~�5T?�7e^]4TS P/\I567:8�^]2:?Z~nG]03\]\
c/G]0'C/Ph~n^]\p0M}v^]2:?#[B?
~n^h0BG \�^h0�^]2/?L~n0BGI7:?�GI\�0M} ^]2:?�cR46AB7:?�\l\h?�cgAdGIAd^]567:8
^]2:?�G]?�835T037/\�,

�BkBW �\� �3V�cR5)�'?�46\�,v; \I567:834T?@\D|a?�?�c�0M} ^]2:?�0BG]83AB7Z|�5T^]2�A!\]4T0�| AB7/C \h^h?�ABC/S H
0B^]5T037�G]?�\IP/4T^h?�C 567�A
C:?�7/\]?�\]?�^l0M}vk'U�V
7/?�AdGI4TS cgAdGIAB464T?�4>Faq_\1~�AB7/\�,m�v5683P:G]? ��\]2:0+|�\p^]2:?#03P:^]465j7:?�\"0M} ^]2:? \]?�^l0M})Faq_\1~�AB7/\
AB7/C�A�^_SKcR5�~�AB4 Faq_\1~�AB7
,

f 2/?!\]?
~n037/C�?[�:ABH�567/Ad^]5T037 |pAB\#c ?�G1} 0BGIH
?�C |�5T^]2 AZ} AB7�\]2/Adc ?�C \D|a?�?�c 0 [B?�G�^]2/?�?[�'^h?�7e^]\ 0M}
^]2:?�YR46ABCRC:?�G�,v; �K, �/� O(<SP�~n037e[B?[�Z~�P:GI[K564j567:?�AdGEAdG]G A�S cRG]0BY ?G|pAB\pP/\h?�Cp|�5T^]2�A!C:?�c/^]2 \h?�^h^]567:8�0M}
U[� �
H�H�9K835T['567:8�A�GI?�\h0346P:^]5T037 0M} �', �J��H�H ��cR5)�'?�4t,�Fa?
~�ABPR\h?�^]2:?�c/G]0BY ?�c/GI0KC/PP~n?�\a\h?
~n^h0BG1\]2/Adc ?�C
Faq_\1~�AB7/\�9E^]2:?�AM~
�eP/56G]?�C��QW�� ���/U
�*cR5)�'?�4a5jH�Ad8B?�\�|a?�G]?�H�AB\1�B?�C \]0�^]2RAd^�037R4TS�^]2:? P/4T^hGIAB\h03PR7/C
567e^h?�7/\]5T^ S C/Ad^]A;|pAB\lP/\h?�C 567�?�AM~I2�0M} ^]2:?#567e^h?�G]c 0346Ad^]5T037�H
?�^]2:0'C/\�,j��5T83P:G]? W�\]2:0+|�\p^]2:?�03P:^]465j7:?�\
0M}v^]2:? \h?�^�0M}�Faq_\1~�AB7/\1AB7/C�A
^ SecR5c~�AB4 Faq_\1~�AB7
,

f 2/?�\h? ^5|"0 ?[�'ABH 567/Ad^]5T037/\�|"?�G]?�~I2/03\h?�7�Y ?
~�ABP/\h? ^]2:?�S AB464T0�| ^h?�\]^]\
0M}�^]2:?�GI?
~n037/\h^hGIPh~n^]56037
H
?�^]2:0'C/\L|�5T^]2 CR5 �>?�GI?�7Q^ 0BGI83AB7/\�9�c/G]0BY ?�\�9)C:?�c/^]2 \h?�^h^]567:83\�9�P/46^hGIAB\h03P/7/C H�AM~I2/5j7:? \h?�^h^]5j7:83\�AB7RC
^_SKc ?�\l0M}vc/G]0BY ?#H
0B^]5T037
,

8j¦98 �8ª�A#B�A
f 2:?�^h?�\h^]\pAdG]?1C:?�\I5T837:?�C
^h0�?�[�AB46PRAd^h?1^]2:?@AdYR564656^_S�0M}>^]2/?�G]?
~n037/\]^hGIPh~n^]5T037 H
?�^]2:0'C/\r^h0!567e^h?�G]c 0346Ad^h?
^]2:?�P/46^hGIAB\h03P/7/C C/Ad^]A AB7/C -g464p567 83Adcg\�, i'567h~n? ^]2:?(^hGIP:?�P/7/C/?�GI4TS'567:8*AB7RAd^h03H�5�~�AB4C} P/7h~n^]5T037�5j\
P/7`�'7:0+|�7
9�|"?�2/A [B?1C:?
~�56C/?�C
^h0�^h?�\h^E^]2:?�C/5 � ?�G]?�7e^EH
?�^]2:0'C/\�YKS
AdG]^]5 -g~�5jAB464TS G]?�H�0 ['567:8�C/Ad^]AL} GI03H
^]2:?�^�|a0(?[�'ABH�5j7/Ad^]5T037/\�, f 2:?Q} 03P/G�C/5 � ?�G]?�7e^#G]?
~n037/\h^hGIPP~n^]5T037 H
?�^]2:0'C/\ AdGI?�^]2:?�7�?�[dAB46P/Ad^h?�C�037
^]2:?�5TG@AdYR564656^_S�^h0 c/G]?�CR5�~n^�^]2:?�567Q^h?�7R\]5T^_S [dAB46P:?�\�Ad^@^]2:?�4T0X~�Ad^]56037/\-|�2/?�G]? ^]2:?�C/Ad^]A\|pAB\�GI?�H
0 [B?�C
,
��7 0B^]2:?�G�|a0BG C/\�9�A�8B0K0KC G]?
~n037/\]^hGIPh~n^]5T037 H
?�^]2:0'C�|�5j464�567e^h?�G]c 0346Ad^h? ^]2:? G]?�H
0�[B?�C CRAd^]A�c 03567e^]\
|�5T^]2 [dAB46P:?�\�[B?�G]S�7:?�AdG�^h0�^]2:? CRAd^]A�^]2/Ad^-|pAB\l0BGI5683567/AB464TS ^]2:?�G]?B,

��5TGI\]^�9/A�Faq_\1~�AB7(7:?�AdG1^]2:? H�56CRC/4T?�0M} ^]2/?�\D|"?�?�c*56\l\h?�46?
~n^h?�C
, f 2/?#[B0
�'?�4 AdG]GIA S���|�5T^]2 [B0
�'?�46\
?
�KP/AB4 567 \]5�P�?@^h0
^]2:?1cg5)�K?�4j\[�v5j\aAB4656837:?�C�?[�'AM~n^]4TSU|�5T^]2�^]2/56\"Faq_\1~�AB7�\]PP~I2�^]2/Ad^pcR5)�'?�46\m} AB464g?[�:AM~n^]4TS
037e^h0#[B0
�'?�46\�,r; c ?�G�~n?�7e^]Ad8B?l0M}>^]2:?pcR5)�'?�46\ AdGI?l^]2:?�7!G]?�H
0�[B?�C
GIAB7/C:03H 4TS4} GI03H	^]2:?lFEq_\�~�AB7
99~nG]?�Ad^�q
567:8�83AdcR\E0M} [dAdGI5T03P/\a\]5�P�?�\�, f 2/?�G]?�\h^a0M}
^]2:?�cR56�K?�46\EAB7/C AB464/0B^]2:?�G"Faq_\1~�AB7R\a567 ^]2:?�GI?
~n037/\h^hGIPh~n^]56037
AdG]?(PR\h?�C�567 ^]2:?(5j7Q^h?�G]c 0346Ad^]56037 ^h0J-g464p567�AB464p[B0��K?�4j\ 567 ^]2:?([B0
�'?�4�AdG]GIA SB, f 2/?�[�AB46P/?�\
0M}1^]2/?
G]?�H
0�[B?�C � 0BG 5T83567/AB4���cg5)�K?�4j\4~�AB7 7:0+| Y ?\~n03H
cRAdG]?�C ^h0�^]2:?�[dAB46P:?�\ 0M}"^]2/?�[B0
�'?�46\�AB465T837:?�C�|15T^]2
^]2:?�H�, f 2:? [B0��K?�4)AdG]GIA S�\h^h0BG]?�\1^]2:?�567e^h?�G]c 0346Ad^]5T037 G]?�\IP/4T^]\�AB\CMR03Ad^]567:8�c 03567e^�7KP/H�Y ?�GI\p^h0�A�[B0356C

UBU



��� ��� "!$)* -1.& 0( ��
�� F�D ( � � .

��5T83P:G]? �es#� ���M�,��" � � 
M% 
 " ��% �#"$��� * f 2:?!03P:^]465j7:?�\�0M}"^]2:?
Faq_\1~�AB7/\ AdGI?!\I2:0�|�7�5j7��tAX�-|15T^]2 A
^_SKcR5�~�AB4 FEq_\�~�AB7(\]2:0+|�7�567�� YF�],

��� ��� "!$)* -1.& 0( ��
�� F�D ( � � .

��5T83P:G]?�WKs#� �$% � �	���C��
M%�
 "$��% �#"$��� * f 2/?�03P/^]46567:?�\@0M}"^]2:?
FEq_\�~�AB7/\�AdG]?
\]2/0�|�7�567��tAX�K|15T^]2 A
^_SKcR5�~�AB4 FEq_\�~�AB7(\]2:0+|�7�567�� YF�],

U�k



^]2:?�5j7�MgP:?�7h~n?�0M}@�KP/AB7Q^]5j\]Ad^]5T037
, f 2:? A�[B?�GIAd8B?�0M}v^]2:?�C/5 �>?�G]?�7P~n?#Y>?�^�|a?�?�7(^]2:?�567e^h?�G]c 0346Ad^h?�C�AB7RC
^]2:? 0BG 5T83567/AB4 C/Ad^]A
0�[B?�G@AB4j4
H�56\]\]5j7:8�CRAd^]A
c 03567Q^]\�56\C~�AB4�~�P/46Ad^h?�C�YeS

� � U
�

� 
� !#" $ � � &�� � $ � �9�

|�2:?�GI?I� � 56\"^]2:?#0BG 5T83567/AB4>cR5)�'?�4>^]2/Ad^C|pAB\lG]?�H
0�[B?�C�} G]03H ^]2:?#G]?
~n037/\]^hGIPh~n^]5T037
9�� � 56\p^]2:? 567e^h?�G]c 0dq
46Ad^h?�C�[dAB46P:?
0M}"^]2:?�[B0��K?�4aAB465T837:?�C�|15T^]2 � � AB7/C�� 56\�^]2:?�7KP/H�Y ?�G#0M}pG]?�H
0�[B?�C cR56�K?�46\�,�; 4T0�|
[dAB46P:?#0M} 		5j7/C/5�~�Ad^h?�\lA
8B0K0'C�AdYR564656^_S ^h0 567Q^h?�GIc>034jAd^h?#0 [B?�G@^]2:?#83AdcR\�,

f 2/?�^h?�\]^]\�AdG]?
c ?�G1} 0BGIH
?�C |�5T^]2 ?�56832Q^ C/5 �>?�G]?�7e^�c ?�G�~n?�7Q^]Ad8B?�\�0M}aGI?�H
0 [B?�C C/Ad^]A's�����9 kM�	��9
������9 �/�	��9 U ����� 9f������� 9�������� AB7/C � ����� ,-�/0BG@^]2:?�kM�	��9f������9 �/�	� AB7RC U ����� ^h?�\h^]\�9>cR5)�'?�46\
AdG]? G]?�H
0�[B?�C�037/4TS�} G]03H ^]2/? \]?�4T?
~n^h?�C�Faq_\1~�AB7�
v, f 2/?Z������� ^h?�\]^
G]?
} ?�G \!^h0�GI?�H
0 ['567:8�AB464"0M}
^]2:? cR5)�'?�46\�0M}1Faq_\1~�AB7�
 AB7/C�AB4j4a0M}@Faq_\1~�AB7/\

L& U�AB7RC�
 ( Ud, f 2:?�������� AB7/C � ����� ^h?�\h^]\
} P:G]^]2:?�G1G]?�H
0 [B?
Faq_\1~�AB7/\�
�� k AB7/C�
�� � G]?�\hc ?
~n^]5T[B?�4TSB, f 2:? ��� ^h?�\]^@56\@AB46\h0�567h~�46PRC:?�C
9R\]5j7h~n?
A�G]?
~n037/\h^hG Ph~n^]5T037�H
?�^]2:0'C H�A�S 7:0B^p?[�:AM~n^]4TS GI?�cR465�~�Ad^h?@^]2:?#0BGI5T835j7/AB4gCRAd^]A�c 03567e^]\�,@�/0BGl?[�:ABH
cR46?B9
A�} PR7h~n^]5T037/AB4 Adc/c/GI0
�:56H�Ad^]5T037 H
?�^]2:0'Cp|�56464>H�56\I\E^]2:? CRAd^]A�c 03567e^]\�,j�/0BG�^]2/? ��� ^h?�\h^lAB4T037:?B9�� 5j\
~�AB4�~�P/4jAd^h?�C�0 [B?�G�AB464 cR5)�'?�46\p0M})^]2:?�\h?�46?
~n^h?�C(Faq_\1~�AB7
,

`"AM~I2�0M} ^]2:?l?�56832Q^r^h?�\]^]\EAdG]?�GI?�c>?�Ad^h?�C\} 0BGr^h?�7 C/5 � ?�G]?�7e^vFaq_\1~�AB7R\r^h0 835T[B?1H
?�AB7 AB7/C![dAdGI56AB7P~n?
?�\h^]56H Ad^h?�\a0M}���,@��7�^]2/56\A|"A SB9RW�� [B0��K?�4
AdG]G A�S'\aAdG]?8~nG]?�Ad^h?�CZ} 0BGE?�AM~I2 0M}
^]2/?K} 03P:GaGI?
~n037/\h^hGIPh~n^]56037
H
?�^]2:0'C/\�9
cRG]0KCRPh~�567:8��Bk���[B0
�'?�4rAdG]G A�S'\ 567 ^h0B^]AB4t,
; } P:GI^]2:?�G��Bk���[B0
�'?�4EAdG]G A�S'\ AdG]?\~nG]?�Ad^h?�C 567
^]2:?�\IABH
?4|"A S�} 0BG�^]2:?#YR46ABC/C/?�Gl?[�'ABH�5j7/Ad^]5T037
,

8j¦�� ��ª �5GMK A�B/« H���BM¬<GMK�� ª B�E G�� A
f 2:?@[B0
�'?�4
7:?�AdG]?�\]^p7/?�5T832QY 03P:G"567e^h?�G]c 0346Ad^]5T037�H
?�^]2:0'C�5j\a56H�cR4T?�H
?�7e^h?�C YKS�^hGIA [B?�GI\]567/8�^]2/?1[B0��K?�4
AdG]GIA S�AB7/C -g464j567:8�?�AM~ 2![B0
�'?�4^|�5T^]2�^]2:?a[dAB46P:?"0M}/^]2:?l7:?�AdGI?�\h^vcR5)�'?�4t, f 2:?"cR5)�'?�4Q7/?�AdG]?�\h^�7:?�5T832eY 03P:G
567e^h?�G]c 0346Ad^]5T037 H
?�^]2:0'C�5j\a56H�cR4T?�H
?�7e^h?�C 567 ^5|"0
\h^h?�cR\�, f 2:?7-RG \h^"\]^h?�c AB\I\]5T837/\a?�AM~I2 cR56�K?�4R^h0�^]2/?
7:?�AdG]?�\]^l[B0
�'?�4 567 ^]2:? AdGIGIA�SB, O*P/46^]5TcR4T?8~n037Q^hGI56YRP:^]5T037/\p^h0�A \]567:834T?@[B0
�'?�4 AdGI? A�[B?�GIAd8B?�C�^h0B8B?�^]2:?�G�,
f 2:?�\]?
~n037/C \h^h?�c -g4646\@^]2:?
G]?�H AB567/567:8 83AdcR\�,
`aH
c/^ S [B0
�'?�46\�AdG]? ->464T?�C YKS*^]A/�'567:8�^]2:? A�[B?�GIAd8B?
0M}�^]2:? -g464T?�C�[B0
�'?�46\�567(AZ��� ����� 7:?�5T832eY 03P:GI2:0K0'C
, f 2:?�G]?�H AB567/567:8 P/75-g4646?�C [B0
�'?�46\�AdG]?�^]2/?�7
-g4646?�C�YKS A�[B?�GIAd835j7:8
0BGI5T83567RAB464TS -g464T?�C [B0
�'?�46\l567 A;���U� �p��7/?�5T832QY 03P:G 2:0e0'C�AB7/C \h0�037
9:P/7e^]564RAB4j4
[B0
�'?�46\1AdG]?/-g4646?�C
, f 2/56\p56\�\I56H�5646AdG"^h0�^]2:?�H
?�^]2:0'C�C:?�\1~nGI56Y>?�C 567 � U
�/��,

f 2/?@GI?�c>0BGI^h?�C�2R5T832Z�eP/AB4j5T^_S�GI?
~n037/\h^hGIPh~n^]56037/\lC:?�\1~nGI56Y>?�C�567��.k+� 4T?�C P/\"^h0\~I2/0e03\h?#^]2/?�5j7Q[B?�GI\]?
C/56\]^]AB7h~n?nqB|a?�56832Q^h?�C H
?�^]2:0'C |�5T^]2 A�\hcR2/?�GI5�~�AB464TS \]2/Adc ?�C 4T0^~�AB4a7:?�56832QY 03P:GI2/0e0'C
, f 2:? 037:? cgA�q
GIABH
?�^h?�G�^h0�~I2/0e03\h? 567 ^]2/56\ H�?�^]2:0KC�5j\#^]2:?
GIABC/5jP/\�97
!9 0M}"^]2:? 7/?�5T832QY 03P:G 2:0e0'C
,'��} 
 56\ \h?�^�^h0
~n0 [B?�G
^]2/? 46AdG]8B?�\]^�83AdcR\�567 ^]2:? � ����� ^h?�\h^]\�9r5T^�|"03P/46C Y ?�H�Ph~ 2 ^h0K0 46AdG]8B?R} 0BG�^]2:? ^h?�\]^]\'|15T^]2
\]H�AB4j4T?�G�83AdcR\@AB7/C*?[�^~n?�\I\]5T[B?!\]H
0K0B^]2/567:8\|"03P/46C(0X~
~�P/G�, 
 H�P/\h^1Y ?�\h?�^@^h0 G]?�AB\]037/AdYR4T?�YRP:^17/0B^
AdG]YR56^hGIAdG]S [dAB46P:?�\-} 0BG�?�AM~ 2(0M})^]2:? ^h?�\]^]\�,

��7 �.kJ��9 A ��O*< P�4j567:?�AdG#AdG]GIA S�cRG]0BY ?'|pAB\ P/\h?�C ^h0�?[�:ABH�567/?
^]2:?\~�AdG]0B^]56C�AdG]^h?�GISB9 A�\]56H 5646AdG
?[�:ABH�567/Ad^]5T037�^h0 ^]2:?!^]2eSeG]035jC(8346AB7RC
, f |a0 
 [�AB4jP:?�\8|a?�G]?
\]P/8B8B?�\h^h?�C
s �', kM� H H AB7RC �', � H H�,
��7 03P/G"?[�:ABH�567RAd^]5T037�0M} ^]2:?@^]2QSKG]0356C�8346AB7RC
9e^]2/?�CR56\h^]AB7h~n?�\"Y ?�^5|"?�?�7�^]2:?E~n?�7Q^hGI?�\l0M} ^]2:?#Faq_\1~�AB7/\
GIAB7:8B?p} G]03H �', �3V�H�H ^h0 �', �Bk�H�H�9j|�5T^]2 A*H�?�AB7 0M}
�', �Bk�H�H�,(Z�\]567:8�A*7:?�56832QY 03P:GI2/0e0'C�0M}
GIABC/5jP/\�
 ?
�KP/AB4v^h0 �', kM��H�H 56\@^]2:?�G]?
} 0BG]?
7:0B^#46AdG]8B?!?�7:03P:832�^h0 -g4j4 567�AB464)83AdcR\�9 \]0 �', � H H 5j\
P/\h?�C 567*^]2:? ����9 kM�	��9<������9 �/�	� AB7RC U ����� ^h?�\]^]\��B,8�R0BG ^]2:?Q��������9l������� AB7/C � ����� ^h?�\h^]\�9
� � $ �#C&C  � ')( $ � � $ (, $,$ -/. 9�� $ % � �+* ; %#; $ �& � � �E-�� " � �  0. $ ') 2 -1( $)� . �  
  $ A� � 0. F�D ( � � .!(�A�% "&*/2��3*1*&$ �!  �. $ -4') 

5 % */" �6 A7- $ �&% "E$ 9 �+C (0H F "E$ 
  � �#" (, $ �& ( � � . C!* � .& �( � ') .&% $  � ����$)*4= C!� ' �+*1*  * ? * � ' 9  �' 9 �+C ( $ � � .
�EH �! � �
 �E-1( $ H � .�; � ��$ ? $ �& 5 �+*1"  %+;"�@H � � � -1($# " ( $ ( "&% � -1 0. $ $ % � % 5  �' �+*1* 9 �+C (0H

U
�




 H�P/\h^@Y ?�567P~nG]?�AB\h?�C*^h0Z~n0�[B?�G AB464 83AdcR\�,8��?�~ 2:0e03\]?�^h0�567P~nG]?�AB\h? 
 YKS�^]2:?�H�?�AB7����', �Bk�H�H��
0M})^]2:?�Faq_\1~�AB7(\]cRAM~�567:8:, f 2R56\pH
?�AB7/\ 
 |pAB\�\h?�^�^h0 �', WBk�H�H ���', � H�H ( �', �Bk H�HZ�]9 Ud,6U[� H H
���', �
H�H ( k � ��
 �Bk�H�HZ�]9/AB7/C�Ud, � �
H H ���', �dH�H ( � � ��
 �Bk
H HZ�@} 0BG�^]2/?L��������9g������� AB7RC
� ����� ^h?�\]^]\�G]?�\]c>?
~n^]56[B?�4TSB,

f 0*Y ?R~n037R\]56\h^h?�7e^�9v^]2:? [dAB46P:?�\�0M} 
 } 0BG�^]2:? YR46ABC/C/?�G G]?
~n037/\h^hG Ph~n^]5T037 AdG]? \h?�^!567 A(\]56H 5646AdG
} AB\]2/5T037
,G
 56\1\]?�^@^h0 ^]2:?!H�AJ�:56H�P/H CR56\h^]AB7h~n?�Y ?�^5|"?�?�7�FEq_\�~�AB7/\E} 0BG�^]2:? ����9 kM�	��9<������9 �/�	�
AB7/C*U ����� ^h?�\h^]\�9e^]2:?�7 567h~nG]?�AB\]?�C�YKS�^]2/?1H
?�AB7 C/56\h^]AB7h~n?�Y>?�^�|a?�?�7�Faq_\1~�AB7/\m} 0BGa^]2:?8������� 9^�������
AB7/C�� ����� ^h?�\]^]\�,*i'567h~n? ^]2:? ?[�:ABH�567/Ad^]56037 P/\h?�C A�} AB7'q_\]2/Adc ?�C \1|a?�?�c 9v^]2:?�Faq_\1~�AB7 \]cRAM~�567:8(5j\
H
?�AB\]P/G]?�C Ad^ ^]2/?�Y 0B^h^h03H ~n?�7e^hG]?(0M}�^]2:?(Faq_\1~�AB7 9C|�2:?�G]?�^]2:?*83AdcR\ AdGI?(46AdG]8B?�G�, f 2:?�Faq_\1~�AB7
\hcRAM~�5j7:8�GIAB7:8B?�\U} GI03H �', �/U*H H$^h0 �', W�� H�H�9V|�5T^]2�A H
?�AB7 0M} �', ��� H H�, f 2/?�[�AB4jP:?�0M} 

56\�^]2:?�G]?
} 0BG]?�\h?�^!^h0 �', W���H�H } 0BG!^]2:? ����9akM�	��9V������9 �/�	� AB7/C U ����� ^h?�\]^]\�9aAB7/C Ud, � � H H
���', W�� H�H ( �', ��� H�HZ�]9�kK, ���*H�H£���', W���H�H ( k � ��
 ���*H HZ�@AB7/C kK, ���*H H ���', W���H�H (
��� ��
 ��� H�HZ�A} 0BG�^]2:?L��������9�������� AB7/C � ����� ^h?�\h^]\�G]?�\hc ?
~n^]5T[B?�4TSB,

f 2/?#+1FT� H
?�^]2:0'C�56\�56H
cR4T?�H�?�7Q^h?�C�P/\I567:8
^]2:? 0^~n^�q�^hG]?�?�\h?�83H
?�7e^]Ad^]5T037*AB7RC�56H
c/GI0 [B?�C�|1567'q
C:0+|�567:8�^h?
~I2/7/5c�eP:?�C:?�\1~nG 5TY ?�C 567�iK?
~n^]5T037�kK, �K, � � ���!56\p\h?�^"^h0\����CRAd^]A�c 03567e^]\�9'AB7/C ?�AM~I2�G]?�8356037
0M}v^]2:?4|�567RC:0�| 56\pGI?
�eP/56G]?�C ^h0R~n037e^]AB567(Ad^�46?�AB\h^K�
C/Ad^]A
c 03567e^]\�,

�/0BG!^]2:?Z��������93������� AB7/C � ����� ^h?�\h^]\�0M}l^]2:? ^]2QSKG]0356C ?[�'ABH�5j7/Ad^]5T037
9v46AdG]8B?�83Adcg\�AB7/C ?[�Kq
^hG]?�H
?�46S�4T037/8�~n03H
cRP:^]Ad^]5T037 ^]56H
?�\#GI?�\]P/4T^�, f 2/?Q|�567/C:0+| 56\#^]2:?�GI?
} 0BG]? ?[�KcRAB7RC:?�C�} AB\h^h?�G�567 ^]2/?
^5|"0 C/5TG]?
~n^]5T037R\#c ?�G]c ?�7/C/5�~�P/4jAdG1^h0�^]2:? \h?�46?
~n^h?�C Faq_\1~�AB7 � ^h0�|pAdGIC/\�^]2:? 7:?�5T832eY>03P/GI567:8�Faq_\1~�AB7/\[�
^]2/AB7�567
^]2:?G} 03P/GaC/5TGI?
~n^]5T037/\E5j7
^]2:?�cg46AB7:?�0M}
^]2:?@Faq_\1~�AB7
, f 2R56\rA�[B035jC/\aH A/�K567/8 ^]2:?K|1567/C:0+| ^h0K0
46AdG]8B? AB7/C ?�7Q[B?�460BcR567:8�AB7 567Q^hG AM~n^]AdYR4T?�7KP/H�Y ?�G#0M}lC/Ad^]A�c 03567e^]\�,Q��? C/0�^]2/56\#\]5jH
cR4TS�^h0*\hc ?�?�C
P:c ^]2/?R~�AB4�~�P/46Ad^]56037/\�9 \I567h~n?�\]Ph~ 2 A(4jAdG]8B?�0 [B?�G 46Adc 56\�7:0B^ G]?
�KP/5TG]?�C ^h0*8B?�^�\]H�0e0B^]2 ^hGIAB7/\]5T^]56037/\
ABH
037:8�^]2:?1\]?�83H
?�7Q^]\�,E;1\"A GI?�AB\]\]P:GIAB7P~n?B9eAd^p4T?�AB\h^"k���c 03567Q^]\Ec ?�GEG]?�835T037 AdG]?�GI?
�eP/56G]?�CQ} 0BGa^]2:?�\]?
��������9`������� AB7RC � ����� ^h?�\]^]\�9X~n03H�cRAdG]?�C�^h0�^]2:?�H�567R56H�PRH 0M}F� c>035j7Q^]\vc ?�GrG]?�8356037\} 0BGEAB464:0B^]2:?�G
^h?�\h^]\�,

f 2/?�^h?�7/\]5T037 AB7/C Adc/cRG]0
�:56H�Ad^]5T037 cRAdGIABH
?�^h?�G \ AdG]?*^]P/7:?�C H AB7eP/AB4j4TS YKS ^h?�\h^]567:8 � } 0BG�A
GIAB7/C/03H�4TS�\h?�4T?
~n^h?�C�Faq_\1~�AB7
,1; } AB5TGI46S 460�| ^h?�7/\]5T037 ; ~n03H�Yg567:?�C�|�5T^]2�A�\]H�AB464 ABH
03P/7e^�0M}ECRAd^]A\]H
0K0B^]2/567/8 * G]?�\]P/46^]\@5j7�A 8B0e0'C ^hGIABC:?nq�03��Y ?�^5|"?�?�7 H�5j7/56H�56\I567:8
0 [B?�G \]2:0K0B^�AB7/C cRAB\]\I567:8 [B?�G]S
7:?�AdG
^]2:?�C/Ad^]A�c 03567e^]\�, f 2/5j\�9�567 ^]P:GI7
9�c/GI0KC/PP~n?�\�A�\]H AB464E[dAB46P:?�0M}���, �/0BG ^]2:? ^]2QSKG]0356C ?[�Kq
ABH�567RAd^]5T037
9<|"? \]?�^ ; � U ��AB7/C * � �', �:Ud, f 2/?�YR46ABC/C/?�G ?[�'ABH 567/Ad^]5T037 P/\h?�\ ; � kM�*AB7/C *� �',6Ud, f 2:?�\h?�[dAB46P:?�\;} AB464V|�56^]2/567 ^]2:?�GIAB7/8B?�0M}�[�AB46P/?�\!^_SKcR5�~�AB464TS P/\h?�C�} 0BG 8B?�0B8BG AdcR2/5�~�CRAd^]A
567e^h?�G]c 0346Ad^]5T037 � U�kJ��,

� � �A¡qy��1uq¡

f 2:?�0�[B?�GIAB464 ^hG]?�7/CR\p0M} ^]2:?#^h?�\h^lGI?�\]P/4T^]\pAdG]?#56464jP/\h^hGIAd^h?�C�567p��5T83P:G]? V!AB7/C�^]AdYRP/4jAd^h?�C�567 f AdYR46?�\#U
AB7/C kK, f 0!835T[B? AB7 567RC/5�~�Ad^]5T037 0M} ^]2:?#C/5j\h^hGI5TYRP/^]5T037/\v0M} � 0 [B?�G�^]2/?!U �!^hG 56AB46\�9KY 0
�Kq_AB7/C'qB|�2/5j\D�B?�G
cR4T0B^]\!AdG]?�\]2/0�|�7 567 ��5T83P:G]?�\ U ��AB7/C UBUd, ; \]H�AB464aYRP:^�G]?�c/G]?�\]?�7Q^]Ad^]5T[B?�\]?�^�0M}@56H�Ad8B?�\�0M}�^]2/?
567e^h?�G]c 0346Ad^h?�C�C/Ad^]A�AdGI?�\]2:0+|�7�567Z��5T83P:GI?�\ U�kK9 U
�K9 U[� AB7/C U
�K,

�3¦B§ �1G�;@ª'=S> ª'@q«�ª�A#B >�ªh¬)DME	F7GMH3«JI�K	BMª`«�L7G�=<@�B/¬)GMK
�/0BG
Y 0B^]2 ?[�'ABH�5j7/Ad^]5T037/\�9 � 56\ P�?�GI0 Ad^ ��� C/Ad^]A*G]?�H
0�[�AB4t9a\]567h~n? ^]2:? [B0
�'?�46\!AdG]?�\h?�^�^h0 ^]2:?�56G
7:?�AdG]?�\]^17:?�5T832eY 03P:GI\�sv^]2:?�0BGI5T83567RAB4 cR5)�'?�46\p0M}v^]2:?�Faq_\1~�AB7
,l;p^@kM�	� 9q����� AB7RC �/�	��9g^]2:?�7:?�AdG]?�\]^
7:?�5T832eY 03P:GI\ 0M}g^]2/?l[B0
�'?�46\rAdG]?�H�AB5j7/4TS#^]2:?lG]?�H AB567/567:8@cR5)�'?�46\ 0M}g^]2/?�\h?�4T?
~n^h?�C�Faq_\1~�AB7
, f 2/?�G]?
} 0BGI?B9
^]2:?�G]?�\]P/4T^]5j7:8
567Q^h?�GIc>034jAd^h?�C(56H�Ad8B?�\1Adc/c ?�AdG1AB\@A�cRAd^1~ 2�|"0BG1��0M}r56G]G]?�83P/46AdG 4TS \]2/Adc ?�C(cR5T?
~n?�\�AB7RC
G]?�46Ad^]56[B?�4TS�4jAdG]8B?#[�AB4jP:?�\l0M} � GI?�\]P/4T^�,

U[�



f ?�\h^ 	@-1- ma-1- bK� +1FT�
� � � � � � � �

��� �', ����� �', ��� �', ����� �', ��� �', ����� �', ��� �', �J� �', ���
kM�	� �K, �M��� �',6U�k �e, ����� �',6U�k �e, �/��� �', k � �:, WBk �', kM�
����� �K, VM��� �',6U[� �e, �'U�� �',6U
� �e, WBk�� �', ��� �K,6U[� �', �M�
�/�	� �e, W�� � �',6U � �e, WBk � �',6U
� �e, WJ� � �', �M� �K, WBV �', �BV
U ����� WK, WJ� kK, ��� �e, �dW�� �', �J� �e, V�� �', �Qk �e, �'U �', �dW
������� UBUd, ��� � kK, ��� VK, WM� �', �/� VK, �QW �', ��� VK, ��� �', �J�
������� U�kK, V���� Ud, �M� UBUd, k ��� �', �/� U �', ��� �', �M� U �', � � �', kBV
� ����� U
�K, VBV�� Ud, �Bk U
�K, ����� Ud, ��� U �', VM� � �', �Bk UBUd, �Bk �', kM�

f AdYR4T?�Uds@� ���#� �
	 � �$% �,"9��� ���#�,���
	 ()���C�����J�����M�,��" � � 
M%�
 " ��%'�#"$���E, � 5j\1^]2/?!H�?�AB7 0M}��
AB7/C � 56\p^]2/? \h^]AB7/C/AdGIC�C/?�[K56Ad^]56037
,��@H
?�AB7/\l^]2RAd^l^]2:? AB\]\h?�G]^]56037 ��
�������� 56\l\h^]Ad^]56\h^]5c~�AB464TS \]568dq
7/5 -q~�AB7Q^m} 0BGpAL~n0375->C:?�7h~n?�4T?�[B?�4R0M} �', ���K,�� H
?�AB7R\E^]2/Ad^"^]2:?@AB\]\h?�G]^]5T037 ����������� 5j\E\h^]Ad^]56\]^]5�~�AB464TS
\]5T837R5 -g~�AB7e^m} 0BGlAQ~n0375-gC:?�7h~n?#4T?�[B?�4>0M} �', ���K, f 2:?�AB\]\h?�GI^]5T037/\lAdG]?�^h?�\h^h?�CZ|�56^]2 ^]2/?@cgAB5TG]?�C'q_\]ABH�cR4T?
^�q�^h?�\h^@\h^]Ad^]56\h^]5�~�AB4 H
?�^]2:0'C�� �+��,

f ?�\]^ 	@-@- ma-1- b-� +1FT�
� � � � � � � �

��� �', ��� � �', ��� �', ��� � �', ��� �', ��� � �', ��� �', V�� �', ���
kM�	� �K, ��� � �', �BV �K, �:U � �', kBk �K, � � � �', �3V �K, � � �', kM�
����� �K, ����� �', � � �K, �3W�� �', kM� �K, �Bk�� �', �3V �K, WM� �', �'U
�/�	� �K, k � � �', ��� �K,6U�V � �', �M� �K, kJ� � �',6U � �:,6U
� �', � �
U ����� �:,6U
� �', �BW �K, kM��� �', � � �K,6UBU�� �',6U[� �:, kBV �', � �
������� �K, VBk �', � � �e, ����� �',6U
� �K, WM��� �',6U�k �K, �BV �',6U�V
������� WK, ��� � �', kM� �e, W�� � �',6U[� �e, �Bk�� �',6UBU �e, �/� �',6U �
� ����� VK, � ��� �', k�� WK, ��� �',6U�W WK, � � � �', �3V WK, � � �',6U �

f AdYR4T? kKs�� ����� �
	 ���9%'�#"$��� � �,�,����	 ( ��� ������� �$% � �����J��
M%�
 " ��% �#"$���E, i'?�?�^]2:?R~�Adc/^]56037 0M}
f AdYR4T?�U4} 0BG�AB7�?[�'cR46AB7/Ad^]56037�0M} ^]2/? ^]AdYRP/46Ad^h?�C�^h?�GIH�\�AB7/C(\hSKH�Y 0346\�,

U
�



0 100 200 300 400 500 600 700
0

2

4

6

8

10

12

14

Data removed (%)

V
 
(
a
v
e
r
a
g
e
 
g
r
e
y
 
l
e
v
e
l
 
e
r
r
o
r
)

VNN

PNN

DW

RBF

��� � ��� = ')%+- 2

0 100 200 300 400 500 600 700
0

2

4

6

8

10

12

14

Data removed (%)

V
 
(
a
v
e
r
a
g
e
 
g
r
e
y
 
l
e
v
e
l
 
e
r
r
o
r
)

VNN

PNN

DW

RBF

��
�� F * �
2!2  �'

��5T83P:G]?�VKs�� �����#%���� ���,� � �$� ��� �?���,�#���J()��� � ��� �����M�,��" � %�� � � �$% � ����� �	% ��% ��� ���3,R�/0BG
?�AM~I2!0M}:^]2/?m} 03P:G)G]?
~n037/\h^hGIPP~n^]5T037�H�?�^]2:0KCR\�9�� 56\<~�AB4c~�P/46Ad^h?�C�} 0BG)[dAdGI5T03P/\ c ?�G�~n?�7Q^]Ad8B?�\v0M}:GI?�H
0 [B?�C
C/Ad^]A',

�/0BGp^]2:?�U ����� ^h0 � ����� ^h?�\h^]\�9'^]2:?@567e^h?�G]c 0346Ad^h?�C 56H Ad8B?@56\aH�ABC:?G} G]03H ^]2:?1c/G]0,+h?
~n^]5T037 0M}
^]2/?
cR5)�'?�46\V} G]03H ^]2:?�7:?�AdG]?�\h^�Faq_\1~�AB7 9g\h0
^]2:?�cRAd^1~I29|a0BG���Adc/c ?�AdGIAB7h~n?�C/5j\]Adc/c ?�AdGI\�,j�/0BG1^]2:? ^]2eSeG]035jC
?[�:ABH�567/Ad^]5T037 93^]2:?l[dAdGI56AB7h~n?�0M} � 56\�46AdG]8B?lY ?
~�ABP/\]?�\h03H
?�0M}>^]2:?�cRG]0,+�?
~n^]56037/\v0M}
7:?�5T832eY>03P/GI567:8�Faq
\1~�AB7/\m~�4T03\h?�4TS!H�Ad^1~ 2 ^]2:?�0BGI5T83567/AB4'Faq_\1~�AB7
9KYRP:^�0B^]2/?�GI\EC:0�7:0B^�, f 2/56\�C:?�c ?�7/CR\v037�Y 0B^]2
^]2:?�46?�[B?�4
0M}rG]?�835j\h^hGIAd^]5T037(?�G]G]0BG�AB7/C(^]2/?�\]5jH�5646AdGI56^_S�0M}�^]2:?�cg5)�K?�4 [�AB46P/?�\�, f 2/? [�AB4jP:?�\�0M}�� AdG]?�8B?�7/?�GIAB464TS
8BG]?�Ad^h?�G@^]2/AB7�^]2:?#0B^]2/?�G�^]2:G]?�?#GI?
~n037/\h^hGIPh~n^]56037�H
?�^]2:0'C/\�,

�/0BG�^]2/?EYR46ABCRC:?�G ?[�:ABH�567/Ad^]56037
9d^]2:?@U ����� ^h0 � ����� ^h?�\h^]\�\]2:0+| A@\]H�AB4j4T?�G [dAdGI56AB7h~n?"0M} � ^]2/AB7
^]2:?�^]2eSKG]0356C�?[�:ABH�567/Ad^]56037
9 YRP/^#^]2:?�[dAdGI56AB7h~n? 5j\ \h^]56464�4jAdG]8B?R~n03H
cRAdGI?�C ^h0�^]2:? 0B^]2:?�G�H�?�^]2:0KCR\�,
f 2:?�H�?�AB7
9e2:0+|a?�[B?�G 9K56\E4T0�|"?�\h^EAd^�U ����� 9KAB7/C 567h~nG]?�AB\h?�\EAd83AB567\} 0BGr^]2:?�2R5T832:?�G�c ?�G�~n?�7e^]Ad8B?�^h?�\h^]\�,
f 2/5j\1H�A S(Y ?�?[�KcR4jAB567:?�C*YeS ~n03H
cRAdGI567/8 ^]2:?
4T?�[B?�4)0M}aG]?�8356\h^hGIAd^]56037 ?�G]G]0BGI\@^h0 ^]2:?![B0
�'?�4r\]5�P�?B,L��}
G]?�8356\]^hGIAd^]5T037 ?�GIG]0BGI\�9v\]Ph~ 2 AB\�c 03\]5T^]5T037 \]?�7/\h0BG�?�GIG]0BG�9�AdG]? 0M}�\I56H�5646AdG AdYg\h0346P:^h?�H�Ad837/5T^]P/C/?�\4} 0BG
^]2:?�^�|a0 ?[�:ABH�567/Ad^]5T037R\�9a^]2/?�?�G]G]0BGI\\|�56464l2/A [B?*A \IH�AB464T?�G�?�� ?
~n^ 037 ^]2:?�YR4jABC/C:?�G�^h?�\h^]\�, f 2R56\
56\�Y ?
~�ABP/\h?�^]2:? [B0��K?�4l\I5�P�?�5j\�46AdGI8B?�G!5j7 ^]2:?�YR46ABC/C/?�G�^h?�\h^]\�^]2/AB7 567 ^]2:?�^]2QSKG]0356C ^h?�\h^]\�9a\h0*^]2/?
?�� ?
~n^#0M}a^]2:?!?�G]GI0BGI\�56\@G]?�C/Ph~n?�C
, �r?�^�9 AB\#H
0BG]?
AB7/C�H
0BGI?!Faq_\1~�AB7R\ AdG]?!G]?�H
0�[B?�C
9 ^]2:?!G]?�46Ad^]56[B?
G]?�8356\]^hGIAd^]5T037�?�G]GI0BGI\�567h~nGI?�AB\h?B9:^]2:?�G]?�YKS�H�A/�K5j7:8 � 5j7h~nG]?�AB\h? Ad83AB567 ,

��7 8B?�7:?�GIAB4t9)2:0�|"?�[B?�G�9 ^]2:?
G]?�\]P/46^]\#4T0e0M��\]2/AdG]c AB7RC�C:?�^]AB564T?�C�} 0BG ^]2:?�U ����� ^h0 � ����� ^h?�\h^]\�9
\]567P~n?*^]2:?�cRG]0,+�?
~n^h?�C CRAd^]A ?[�'2/56YR5T^]\�7:0 YR46P:G]G 567:8:, O(0BGI?�0 [B?�G�9�^]2:?�Y 03P/7/CRAdGI5T?�\�Y ?�^�|a?�?�7 ^]2/?
c 0BG]^]5T037/\v0M} ^]2:?�c/G]0,+h?
~n^h?�C C/Ad^]A�AdG]?�7:0B^ECR56\1~n?�GI7/56YR4T?A} 0BGaAB7eS!^h?�\h^]\r0M} ?�5T^]2/?�GE?[�:ABH�567/Ad^]5T037 , f 2R56\
\]P:8B8B?�\]^]\E^]2/Ad^a^]2:?�G]?�835j\h^hGIAd^]5T037 ?�G]G]0BGI\rAdGI?1H�AB567R4TS�\]H AB464/AB7/C
^]2/?156H�Ad8B?�\E[�AdGIS!\I4T0�|�46S'} G]03H 037/?
Faq_\1~�AB7�^h0 ^]2:?�7:?[�'^�,

�3¦ ¥ :R¬<;jª�=?> ª'@q«�ª�A#BC> ªh¬<D�E�F7G�H3«JI�K	BMª`«�L7GM=)@�BM¬<G�K
�/0BGlY 0B^]2�?[�'ABH 567/Ad^]5T037/\�9�� 56\ P�?�G]0�Ad^ ��� C/Ad^]A�G]?�H
0 [dAB4t9/\]5j7h~n?1^]2/?�7/?�AdG]?�\h^l7:?�5T832eY 03P:GI\a^h0�^]2/?
[B0
�'?�46\#AdG]?!^]2:?!0BGI5683567/AB4 cg5)�K?�4j\�,@;p^�kM�	� 9<����� AB7/C �/�	� 9
^]2:?!83AdcR\#AdG]? -g464T?�C�H�AB567/46Sp|15T^]2*AB7
A�[B?�G Ad8B? 0M} ^]2:?@G]?�H�AB5j7/567:8�cR5)�'?�46\E567 ^]2:?�0BGI5T835j7/AB4gFaq_\1~�AB7 , f 2:?�567Q^h?�GIc>034jAd^h?�C�5jH�Ad8B?@AdcRc>?�AdG \"AB\

U �



VNN PNN DW RBF
0

0.2

0.4

0.6

V

��� � ���
VNN PNN DW RBF

5

6

7

8

��
��  !���
VNN PNN DW RBF

5.5

6

6.5

7

7.5

8

��� � � ���
VNN PNN DW RBF

6

6.5

7

7.5

8

8.5

��2!��� ���

PNN VNN DW RBF

6

7

8

9

10

11

V

�  ��� �!���
VNN PNN DW RBF

9

10

11

12

13

14

� ; �	� �!���
VNN PNN DW RBF

10

11

12

13

14

15

� 9 � � � ���
VNN PNN DW RBF

10

12

14

16

� � ��� �!���

��5T83P:G]?�U �'s�� ������� 	 � �$% �#"$��� ���#�,��� 	 ( ��� ����� � ���M�#��" � ��
M%�
 " ��% �,"9��� * f 2:?*Y 0��eq_AB7/C:q
|�2/5j\D�B?�GpcR4T0B^]\p\]2:0+| ^]2:?�^]2:G]?�?4�ePRAdG]^]564T?�\"AB7/C ^]2:?�?[�'^hG]?�H
?�\p0M} � ~�AB4�~�P/4jAd^h?�C 0�[B?�G�^]2:?
U �!^hGI5jAB46\
Ad^#?�AM~I2 c ?�G�~n?�7Q^]Ad8B? 0M}EG]?�H
0�[B?�C C/Ad^]A', f 2:?
H
?�CR56AB7��B���d^]2�c ?�G�~n?�7Q^]5j4T?/��56\�^]2:?
46567:?!567/\I56C:?�^]2/?
Y 0
��0M}g^]2:?�kM��^]2 AB7/C �/��^]2
c ?�G�~n?�7Q^]5j4T?�\v0M} � , f 2:?V|�2/56\1�B?�GI\v\]2:0�|�^]2/?�H�567/56H�P/H AB7/C!H�AJ�:56H�PRH
[dAB46P:?�\�,

A
cRAd^1~ 2�|"0BG1��Ad83AB567
9gAB7/C�G]?�46Ad^]56[B?�4TS�4jAdG]8B?#[�AB4jP:?�\l0M} � GI?�\]P/4T^�,
�/0BG@^]2:? ^]2eSKG]0356C�?[�:ABH�567RAd^]5T037
9/^]2:?�H
?�AB7�0M} � 567h~nGI?�AB\h?�\�c/GI0B8BG]?�\]\]5T[B?�46SU} 0BG�^]2:?;������� AB7RC

� ����� ^h?�\h^]\A~n03H
cgAdG]?�C
^h0 ^]2:?�G]?�46Ad^]5T[B?�4TS�8B0K0KC
c ?�G1} 0BGIH�AB7P~n?�567!^]2:?�YR4jABC/C:?�G�?[�:ABH�567/Ad^]5T037 , f 2R56\
~�AB7 Y ?
?[�'cR46AB567/?�C*YKS�7:0B^]5�~�567/8�^]2RAd^ ^]2:?�83AdcR\�567 ^]2:?
YR4jABC/C:?�G C/Ad^]A�\]?�^�AdG]? H�Ph~I2 \]H�AB4646?�G Ad^
^]2:?#^h0Bc�^]2/AB7�^]2:?�Y>0B^h^h03H�9`|�2/5�~ 2�4656H�5T^]\a^]2:?�YR46P/G]GI567:8�?��>?
~n^�0M})^]2:? 0h2:0346?nq4-g4646567/8�2�\h^]Ad8B? ^h0
^]2/?
46AdG]8B?
83Adcg\ Ad^ ^]2:?
Y 0B^h^h03H 0M}p^]2:?
YR4jABC/C:?�G#56H�Ad8B?�\�,Q� 5T^]2�4T0+|a?�G�ABH
03P/7e^]\ 0M}"YR46P:G]G 567:8 567 ^]2/?
YR46ABCRC:?�Gl^h?�\h^]\�9R460�|"?�G�[dAB46P:?�\p0M}�� GI?�\]P/4T^�,

Z�7`} 0BG]^]P/7/Ad^h?�4TSB9
^]2/?�56H Ad8B?�\�?[�'2/56YR5T^1\I5T837/5 -g~�AB7e^@G]?
~n037/\h^hGIPP~n^]5T037 AdG]^]56} AM~n^]\E} 0BG�Y 0B^]2�?[�'ABH�5Tq
7/Ad^]5T037R\�9
?�\hc ?
~�56AB464TS�} 0BG#^]2:?\������� AB7/C � ����� ^h?�\h^]\S6 \h?�?!?�\hc ?
~�56AB4646S���5T83P:G]?�\!U
�^�tC���AB7/C��t2f�],
; [K56\I5TYR4T? Y 03P/7RC/AdG]S�?[�:56\h^]\�Y ?�^5|"?�?�7�c 0BG]^]5T037R\G|12/5�~I2 AdG]? ->464T?�C
9q} 0BG#?[�:ABH
cR46?B9 YeS�A�[B?�GIAd8B?�\�0M}
A ��� ��� � 7:?�5T832eY>03P/GI2:0K0KC
9/AB7RC�c 0BG]^]5T037/\7-g464T?�C YKS�A�7:?�5T832eY>03P/GI2:0K0KC 0M}EV �*V���VK9gY ?
~�ABP/\]?
^]2:?�S�567Q[B0346[B?�CR5 �>?�GI?�7Q^pABH
03P/7e^]\l0M} \IH
0e0B^]2R567:8:, f 2:?@Y 03P/7/C/AdGI56?�\rY ?�^5|"?�?�7�^]2:?�[B0
�'?�46\ ->464T?�C�YKS
^]2:?/-gGI\h^ 0�YR567'q4->464�2�\h^]Ad8B?�AB7/C(\h?
~n037/C 0h2:0346?nq4-g464�2!\h^]Ad8B?�AdG]?�AB46\h0
['56\]56YR4T?B,

�3¦98 ��¬)A#B�@ K��^ª��
	 ªh¬)DME	B/ª��&I�K	BMª`«�L7GM=<@�BM¬<GMK
�/0BGlY 0B^]2�?[�'ABH 567/Ad^]5T037/\�9�� 56\ P�?�G]0;} 0BGl^]2/? ��� ^h?�\h^]\�9R\]567h~n?@^]2:?E|"?�5T832Q^]\p037�^]2:?�0BGI5683567/AB4gcR5)�'?�46\
^]2/Ad^E} AB464 ?[�:AM~n^]4TS�037�^]2:?![B0
�'?�46\#Adc/c/G]03AM~ 2�5675-g7R5T^_SB,�;p^ kM�	��9l����� AB7/C �/�	��9
^]2:?!56H�Ad8B?�\4~�AB7
Y ?\~n037/\]56C/?�G]?�C AB\ ^]2/?�\]P:c ?�G]c 03\]5T^]5T037�0M}p^5|"0(?�� ?
~n^]\�, f 2:? -RG \h^#?��>?
~n^�AdGI56\h?�\�} G]03H ^]2:?
[B0
�'?�46\
-g4646?�C�YKS ^]2:?@0BGI5T83567RAB4gC/Ad^]A�|"?�5T832e^h?�C YeS 5j75-g7/5T^ SB, f 2:?@\]?
~n037/C ?��>?
~n^�AdG 56\h?�\T} GI03H ^]2/?1[B0��K?�46\�567
^]2:?
83AdcR\�^]2RAd^ AdG]?\~�AB4�~�P/46Ad^h?�C } G]03H AZ|"?�5T832e^h?�C�A�[B?�GIAd8B?�0M}aH AB7QS 7:?�5T832eY 03P:GI567:8 cR5)�'?�46\�, f 2:?
G]?�\]PR4T^]567:8�567Q^h?�GIc>034jAd^h?�C CRAd^]A�56\�^]2:?�G]?
} 0BG]?�A�~n03H�YR5j7/Ad^]5T037 0M}�^]2:? G]?�H AB567/567:8*cR5)�'?�46\�} GI03H ^]2/?

U �



VNN PNN DW RBF
0

0.2

0.4

0.6

0.8

1

V

����� ���
VNN PNN DW RBF

3

4

5

6

��
��  ���
VNN PNN DW RBF

3.5

4

4.5

5

5.5

6

����� � ���
VNN PNN DW RBF

3.5

4

4.5

5

5.5

6

��2���� ���

PNN VNN DW RBF
3.5

4

4.5

5

5.5

6

V

�  � � �!���
VNN PNN DW RBF

6.4

6.6

6.8

7

7.2

7.4

� ; �	� �!���
VNN PNN DW RBF

7.5

8

8.5

9

� 9�� � �!���
VNN PNN DW RBF

8

8.5

9

9.5

� � ��� �!���

��5T83P:G]?�UBUds"� ������� 	 ���$% �#"$��� � �,�,��� 	 ()���Q� ��� � �$% � ����� � 
M% 
 " ��% �#"$��� *�iK?�? ^]2:?L~�AdcR^]5T037�0M}
��5T83P:G]?�U �\} 0BG�AB7�?[�KcR4jAB7/Ad^]5T037�0M})^]2:? Y 0
�Kq_AB7/C'qB|12/56\D�B?�GlcR460B^]\�,

0BGI5T835j7/AB4
Faq_\1~�AB7(AB7/C(\]H
0K0B^]2:?�C�C/Ad^]A�5j7 ^]2:?#83AdcR\�,
i'5j7h~n?p^]2:?lGIABC/56PR\ 
 0M}>^]2:?�7:?�5T832eY 03P:GI2:0K0'C�56\v^]AB5j4T0BG]?�C;} 0BG�?�AM~I2�^h?�\]^r0M})U ����� AB7/C
AdY 0 [B?L�tAB\

?[�'cR46AB567:?�C 567�i'?
~n^]5T037p�K, �^�]9'^]2:?@[dAB46P:?�\r0M} � } 0BGp^]2:?1^]2QSKG]0356C ?[�'ABH�5j7/Ad^]5T037�AdG]?1GI?�46Ad^]5T[B?�4TS
\]H�AB4j4t,
<@0�|"?�[B?�G�93} 0BG�^]2:?�U ����� ^h?�\]^�037 ^]2:? YR4jABC/C:?�G#?[�:ABH�567/Ad^]5T037 9 ^]2:?�H
?�AB7 0M} � 5j\L~n037/\]5jC:?�GIAdYR4TS
2/5T832/?�G�^]2RAB7�^]2:?�+1FT� H
?�^]2:0'C
, f 2/5j\�5j\!Y>?
~�ABPR\h? 
 56\!^h0e0 4jAdG]8B?�Ad^�^]2:?�^h0Bc 0M}@^]2:?�56H Ad8B?
|�2:?�GI?�^]2/?!CRAd^]A�56\�C:?�7/\h?Z� YRP:^ +]P/\h^#46AdG]8B?!?�7:03P:832 ^h0 ->464 ^]2/?�83Adcg\#Ad^#^]2:?!Y>0B^h^h03H��]9 G]?�\]P/46^]567:8
567�?[�`~n?�\]\]56[B?�\]H
0K0B^]2/567:8�Ad^1^]2:? ^h0Bc ,m�/0BG4������� ^h0 � ����� 9g^]2:?�[�AB46P/?�\l0M}�� 5jH
c/G]0�[B?B9R\]567h~n?#^]2/?
G]?�H
0�[�AB4 0M})CRAd^]A
03� \]?�^]\�^]2:? 5j7h~nG]?�AB\h? 567 
!,

f 2/?�56H�Ad8B?�\�\]2/0�| c/GI0B8BG]?�\]\]5T[B?�Yg46P:G]GI5j7:8(AB\�^]2/?�c>?�G�~n?�7Q^]Ad8B?�0M}�G]?�H�0 [B?�C CRAd^]A�567h~nG]?�AB\h?�\�9
YRP:^ 7/0�G]?
~n037/\h^hG Ph~n^]5T037 AdG]^]5�} AM~n^]\�AdG]? 8B?�7:?�G Ad^h?�C
,U�R0BG�^]2:?�^]2eSKG]0356C�?[�:ABH�567/Ad^]56037
9 ^]2:? 4T?�[B?�4�0M}
YR46P/G]GI567:8
56\@P/7/5�} 0BGIH�,C�/0BG�^]2:?�Yg46ABC/C:?�G1?[�'ABH�5j7/Ad^]5T037
9>YR46P:GIGI567:8
56\�8BG]?�Ad^h?�G 7:?�AdG�^]2:?�^h0Bc 0M}r^]2/?
56H�Ad8B?�\�,

�3¦�� � @��3¬<@ =�� @ AJ¬)A��RH K���BM¬<GMK I#K	B/ªh«�L7GM=<@�BM¬<GMK
�/0BG�Y>0B^]2 ?[�'ABH�5j7/Ad^]5T037/\�9 � 5j\�8BG]?�Ad^h?�G�^]2RAB7JP�?�G]0�} 0BG�^]2:? ��� ^h?�\h^�9v\]567h~n?
^]2:?�AdcRc/G]0
�:56H�Ad^]5j7:8
} P/7h~n^]5T037*C:0e?�\@7:0B^@cRAB\]\1?[�'AM~n^]46S�^]2:G]03P:832*^]2:?�0BGI5T83567/AB4 cR5)�'?�4 [dAB46P:?�\�,K�/0BG�Y>0B^]2*?[�:ABH�567/Ad^]5T037R\�9
2:0+|a?�[B?�G�9g^]2:?�H
?�AB7�0M} � Ad^
��� 56\l4T?�\]\l^]2RAB7�037:?B,

;p^�kM�	��9<����� AB7RC �/�	��9
^]2:?
H
?�AB7 0M} � 56\E~n037/\]56C:?�G AdYR4TS�4T0+|a?�G#^]2/AB7�^]2:?!0B^]2:?�G H�?�^]2:0KCR\
AB7/C�^]2/? G]?�\]P/46^]567:8
567e^h?�G]c 0346Ad^h?�C�C/Ad^]A�AdcRc>?�AdG \l^]2:?�H
03\]^1C:?�^]AB5646?�C�AB7/C(4T?�AB\]^�AdG]^]5 -g~�5jAB4t, f 2/56\l5j\
Y ?
~�ABP/\h?1^]2:?�567e^h?�G]c 0346Ad^]5T037�P/^]564656\h?�\rY>0B^]2�^]2:?�G]?�H AB567/567:8#cg5)�K?�4RC/Ad^]A 0M}
^]2:?10BGI5T83567RAB4:FEq_\�~�AB7�AB7RC
^]2:? 7:?�5T832eY 03P:GI567:8�Faq_\1~�AB7R\�, f 2:? 4T0+| [dAB46P:?�\�0M} � C:?�H�037/\h^hGIAd^h?�^]2:? AdYR56465T^ S 0M}�A�} P/7h~n^]56037/AB4
H
?�^]2:0'C*^h0�P/\]?�^]2:?�8B?�7:?�GIAB4v\]2/Adc ? 0M}r^]2/?�P/7/C/?�GI4TS'567:8
AB7/Ad^h03H�5�~�AB4vC/Ad^]A ^h0 567Q^h?�GIc>034jAd^h?�AM~nG]03\]\
^]2:? 83Adcg\�,

U�W



����� ��� ��
�� � ��� ����� � � ��� ��2�� � �!���

�  � ��� � ; � � ��� � 9 � � �!��� � � � � �!���

� - � ��� � # � � ��� � � � � �!��� � * � � � ���

� � �
���

� . �
���

� % �
� ���

� C��
� ���

���#�
� � ���

� ' �
� �!���

� ( �
� �!���

� $ �
� � ���

��5T83P:G]?�U�kKsr� � 		"$��% �
� & � ��%���� " ����� �
	 ���9%'����� ��� ����� ��� 
M� ����� %'�,�����?���5" � � � �� �� 
 � � ��� �a,
;@464�56H�Ad8B?�\ AdGI?�\]2:0�|17�} 0BG A�cRAdG]^]5�~�P/4jAdG�Faq_\1~�AB7�|�5T^]2 [dAdGI5T03P/\�c ?�G�~n?�7e^]Ad8B?�\ 0M}pC/Ad^]A�GI?�H
0 [B?�C
,
��H�Ad8B?�\��tAX�!^h0 �tCf��AdG]?�} G]03H ^]2:?(^]2eSeGI0356C�?[�:ABH�567/Ad^]5T037 9T|15T^]2�?[�'cRAB7/C:?�C [K5T?
|1\
0M}#^]2:?(AdG]?�A
567/CR5�~�Ad^h?�C�567�5jH�Ad8B?U�tAX�l\]2:0+|�7(567(56H�Ad8B?�\�� ?/�"^h0 �t2��],C��H Ad8B?�\'�t5��a^h0 �t4��"AdG]?L} G]03H ^]2/?�YR46ABCRC:?�G
?[�:ABH�567/Ad^]5T037 9<|�5T^]2 ?[�KcRAB7RC:?�C 56H Ad8B?�\ 0M}p^]2:? ^h0Bc AB7/C Y 0B^h^h03H AdG]?�AB\�5j7/C/5�~�Ad^h?�C 5j7 56H�Ad8B?��t5=�
\]2:0+|�7�567�5jH�Ad8B?�\��tHZ�E^h0�� ^[�],

U�V



����� ��� ��
�� � ��� ����� � � ��� ��2�� � �!���

�  � ��� � ; � � ��� � 9 � � �!��� � � � � �!���

� - � ��� � # � � ��� � � � � �!��� � * � � � ���

� � �
���

� . �
���

� % �
� ���

� C��
� ���

���#�
� � ���

� ' �
� �!���

� ( �
� �!���

� $ �
� � ���

��5T83P:G]? U
�Ksr� � 	 "$��%�� � & ����%���� " ����� �
	 ���9%'����� ��� ����� 		"o
M� �	����%'�#����� ����" � � � �� �� 
 � � ��� �a,
iK?�? ^]2/?�~�Adc/^]5T037�0M}j��5T83P:G]?�U�kQ} 0BG�AB7�?[�KcR4jAB7/Ad^]5T037�0M})^]2:?�56H Ad8B?�\�,

k��



����� ��� ��
�� � ��� ����� � � ��� ��2�� � �!���

�  � ��� � ; � � ��� � 9 � � �!��� � � � � �!���

� - � ��� � # � � ��� � � � � �!��� � * � � � ���

� � �
���

� . �
���

� % �
� ���

� C��
� ���

���#�
� � ���

� ' �
� �!���

� ( �
� �!���

� $ �
� � ���

��5T83P:G]? U[�:s@� � 	 "$��%��1� & � ��%���� " ����� �
	 ���9%'����� ��� � ��� � "$����%������ & 
 �5" � ����� � 
 � � ��� �a,#i'?�?
^]2:?L~�AdcR^]5T037�0M}I�v5683P:G]?�U�k;} 0BG1AB7�?[�'cR46AB7RAd^]5T037 0M}v^]2:? 56H�Ad8B?�\�,

k'U



����� ��� ��
�� � ��� ����� � � ��� ��2�� � �!���

�  � ��� � ; � � ��� � 9 � � �!��� � � � � �!���

� - � ��� � # � � ��� � � � � �!��� � * � � � ���

� � �
���

� . �
���

� % �
� ���

� C��
� ���

���#�
� � ���

� ' �
� �!���

� ( �
� �!���

� $ �
� � ���

��5T83P:G]? U
�Ks�� � 	 "$��%���� & � ��%���� " ������� 	 ���$% ��� � ���&����� �#%��	"$%�� ��%'�#"9� (  	�����,"9��� 
 � � ��� �a,
iK?�? ^]2/?�~�Adc/^]5T037�0M}j��5T83P:G]?�U�kQ} 0BG�AB7�?[�KcR4jAB7/Ad^]5T037�0M})^]2:?�56H Ad8B?�\�,

kBk



�r?�^�Ad^
c ?�G�~n?�7e^]Ad8B?�\!0M}�U ����� AB7RC 8BGI?�Ad^h?�G�9E^]2:? +@Fm�	56\!7:0B^
AB46|pA�S'\
\]5T837/5�-g~�AB7Q^]46S�Y>?�^h^h?�G
^]2/AB7 ^]2:? 0B^]2:?�G*H
?�^]2:0'C/\�, ��7 cRAdG]^]5�~�PR46AdG�9�^]2/? 	@-@- H
?�^]2/0KC H�Ad^1~ 2:?�\�5T^�Ad^ U ����� 5j7 ^]2/?
^]2eSeG]035jC ?[�:ABH�567/Ad^]5T037�AB7/C�Ad^"U ����� AB7/C�������� 5j7 ^]2:?"YR46ABC/C/?�G ?[�'ABH 567/Ad^]5T037
, f 2:?amE-@- H
?�^]2:0'C
H�Ad^1~ 2:?�\�5T^�Ad^E������� 567�^]2/?�^]2eSeG]035jC�?[�'ABH 567/Ad^]5T037*AB7/C(Ad^ � ����� 567(^]2:? YR4jABC/C:?�G�?[�:ABH�567/Ad^]56037
,
f 2:?#bK� H
?�^]2:0'C�56\l?�[B?�7�~�4T03\h?�G�9RH Ad^1~I2/567/8�^]2:?#+1FT� H�?�^]2:0KC(Ad^�U ������9q������� AB7/C�������� } 0BG
^]2:? ^]2eSKG]0356C�?[�:ABH�567/Ad^]56037
9/AB7/C�?�[B?�7*\]465T832e^]4TS Y ?�^h^h?�GI\15T^�Ad^ � ������,T��^�AB46\h0�\]4j5T832Q^]46S Y ?�^h^h?�GI\�^]2/?
+1FT� H
?�^]2/0KC�Ad^8������� AB7/C � ����� 567�^]2:?#Yg46ABC/C:?�Gl?[�:ABH�567/Ad^]56037
,

��7/?�0M}r^]2:?�G]?�AB\h037/\@^]2:?�+1FT� 4603\h?�\1\]03H
?�0M}a5T^]\�ABC:[dAB7e^]Ad8B?�56\�^]2/Ad^@^]2:?!P/7/C:?�G 4TSK5j7:8
\]2/Adc ?
0M}r^]2:?�AB7/Ad^h03H�5�~�AB4vC/Ad^]A�56\@4T03\h^G|�2:?�7�^]2/?�83AdcR\@Y ?
~n03H
?�^h0e0 46AdG]8B?B,@;17/0B^]2:?�G1cRG]0BYR4T?�H 56\�^]2RAd^
^]2:?!+1FT� Adc/c/GI03AM~I2:?�\#^]2/?�^hGI?�7/C�567�^]2:?
46AdG]8B?�\h^#83Adcg\�, f 2R56\15j\�Y>?
~�ABPR\h?!^]2:?!^h?�7/\]5T037�7:?�?�CR\�^h0
Y ?12/56832 ?�7:03P/832�\]0�^]2/Ad^l7:0�0 [B?�G \]2:0K0B^]\�Adc/c ?�AdGm|15T^]2/567 ^]2:?@Faq_\1~�AB7 ,��r?�^l567 ^]2/?183AdcR\�9'A!2/56832:?�G
^h?�7/\]56037�G]?�\]P/46^]\l567�AQ} AB\h^h?�G�Adc/c/GI03AM~I2�0M}v^]2:? 5j7Q^h?�G]c 0346Ad^]5j7:8;} P/7P~n^]5T037 ^h0�|pAdGIC/\�^]2:? ^hG]?�7/C ,

��7�8B?�7:?�G AB4t9e2:0+|a?�[B?�G 9K^]2/?�+1FT� H�?�^]2:0KC c/G]0'C/Ph~n?�\r7RAd^]P:GIAB4 q_4T0K0M�'567:8 56H�Ad8B?�\m|�5T^]2 7:0�Adc/cRAdG]q
?�7e^ AdG]^]56} AM~n^]\�, f 2/?�Y 03P/7RC/AdGI5T?�\1Y ?�^5|"?�?�7 \h?�83H
?�7e^]\ AdG]?
7:0B^#['56\]5TYg4T?B9>\I567h~n?�^]2:?�S*AdG]?
8B?�7/?�GIAB464TS
4T?�\]\@\]5T837R5 -g~�AB7e^�^]2/AB7*^]2:?�8BG]?�S*4T?�[B?�4I�KP/AB7Q^]5j\]Ad^]5T037
,1-10 0 [B?�G \]2:0K0B^]\#AdG]?�8B?�7/?�GIAd^h?�C ?�5T^]2:?�G�sl^]2/?
GIAB7:8B?�0M} ^]2:?�567Q^h?�GIc>034jAd^h?�C�C/Ad^]A�H�Ad^1~ 2:?�\�^]2/?#GIAB7:8B? 0M}v8BG]?�S 4T?�[B?�46\�5j7 ^]2:? 0BGI5T835j7/AB4 FEq_\�~�AB7/\�,

�/0BG�^]2:?#^]2QSKG]0356C�?[�:ABH�567/Ad^]56037
9:^]2:?#567e^h?�G]c 0346Ad^h?�C�56H�Ad8B?�\pY ?
~n03H
?#c/GI0B8BG]?�\]\]5T[B?�46S�YR46P:GIG]?�C AB\
^]2:? c ?�G�~n?�7e^]Ad8B?�0M}�G]?�H�0 [B?�C C/Ad^]A 567P~nG]?�AB\h?�\�, f 2:? 4T?�[B?�4p0M}�YR4jP:G]GI567/8(56\!P/7/56} 0BGIH ^]2:G]03P:832/03P:^
^]2:?�56H�Ad8B?B, �R0BG�^]2:?�YR46ABC/C:?�G�?[�:ABH�567/Ad^]5T037 9�2:0�|"?�[B?�G�9�^]2:?�C:?�7/\]?�G�C/Ad^]A�Ad^ ^]2:? ^h0Bc 0M}�^]2/?
56H�Ad8B?�\�AB464T0+|�\ ^]2:? +1FT� ^h0(GI?�^]AB567 A*2/5T832 4T?�[B?�4E0M}lC:?�^]AB564t, f 2:?
YR4jP:G]GI567/8 ^]2:?�7 c/G]0B8BG]?�\I\]5T[B?�4TS
AB7/C*\]H
0K0B^]2/4TS�567h~nG]?�AB\]?�\�^h0+|"AdGIC�^]2:?�Y 0B^h^h03H 0M}�^]2:?�56H�Ad8B?�\G|�2:?�G]?�^]2:?�83AdcR\�AdG]?�46AdG]8B?�G�, f 2:?
4T?�[B?�4 0M})Yg46P:G]GI5j7:8�^]2/?�G]?
} 0BGI?�G]?SMR?
~n^]\�^]2:?�46?�[B?�4
0M}rP/7h~n?�G]^]AB5j7Q^ S 5j7�?�\h^]56H�Ad^]56037�0M}v^]2:?�P/7RC:?�GI4TS'567:8
} P/7h~n^]5T037
,I��7U~n03H
cgAdGI56\h037
9e^]2:?�bK� H
?�^]2:0'C \I2:0�|�\�99~n03P/7e^h?�Ghq_567e^]P/5T^]5T[B?�46SB9e^]2:?18BG]?�Ad^h?�\h^pYR46P/G]GI567:8
7:?�AdG�^]2/? ^h0Bc�0M}v^]2:? YR4jABC/C:?�Gl56H�Ad8B?�\�,

�3¦�� ��¬)A3�5H A,AJ¬<G�K
f 2:? +1FT� H
?�^]2/0KC Adc/c ?�AdGI\ ^h0 |"0BG1� [B?�G]S�|"?�464ts!4T0�| [dAB46P:?�\�0M} � AdG]? cRG]0KCRPh~n?�C AB7/C 7:0(GI?nq
~n037/\h^hG Ph~n^]5T037 AdG]^]56} AM~n^]\#AdG]?!8B?�7:?�GIAd^h?�C
,4��^#H�PR\h^1Y ?!7:0B^h?�C
9
2:0+|a?�[B?�G�9 ^]2/Ad^�^]2:?Q~n03H
cRP:^]Ad^]5T037RAB4
C:?�H�AB7RC/\�AdG]? H�Ph~I2 8BG]?�Ad^h?�G!^]2/AB7 } 0BG�^]2:? 0B^]2/?�G�^]2:GI?�?�H
?�^]2/0KC/\�, f 2:?�^]2eSeGI0356C AB7RC YR46ABCRC:?�G
C/Ad^]A�\h?�^]\T~�AB7 Y ?�GI?
~n037/\h^hGIPh~n^h?�C YKS
^]2:?�	@-1-�9KmE-@- AB7/C bK� H
?�^]2:0'C/\E5j7 A�} ?
| H�567KP:^h?�\�9QYgP:^
^]2:?�+1FT� H
?�^]2/0KC G]?
�KP/5TG]?�\�A�} ?
| 2/03P:GI\�, �r?�^!Y ?
~�ABP/\h? 0M}�\h?�83H
?�7e^]Ad^]5T037
9�^]2:?�+1FT� H
?�^]2:0'C
56\1ABH
?�7/AdYR4T?�^h0�cRAdGIAB464T?�4 c/G]0^~n?�\]\]567:8:, f 2:?�\]?�83H
?�7Q^]\4~�AB7*Y ?�567e^h?�G]c 0346Ad^h?�C�567�cgAdGIAB464T?�4
Y ?
~�ABP/\]?
^]2:? H
?�H�0BG]S \h^h0BG 567:8!^]2:?�cR5)�'?�4>[�AB46P/?�\lC:0e?�\l7/0B^V~ 2/AB7:8B?R� ?�4j56H�567/Ad^]5j7:8�G]?�ABC ?�GIG]0BGI\[�],�`"AM~I2�c/GI0dq
~n?�\]\1AB46\h0Q|�GI56^h?�\l^h0 A�C/5 �>?�G]?�7e^l\h?�83H
?�7e^1567 ^]2/? [B0
�'?�4 AdG]G A�S�� ?�4656H�5j7/Ad^]567:8�|�GI5T^h?#?�GIG]0BGI\[�],ai'5j7h~n?
H�AB7eS�H
0KC/?�GI7�P/4T^hG AB\h03P/7/C�H�AM~ 2/567:?�\1AB4TG]?�ABC:S�2/A [B?�^]2:?�~�AdcRAM~�5T^ S�} 0BG1cRAdGIAB464T?�4 c/G]0^~n?�\]\]567:8�� ^]2/?
f 03\]2/5TYRA�mv0�|"?�G][K5j\]5T037 � �����;|a?�P/\h?�CU} 0BGp^]2:?�\]?1?[�:ABH�567/Ad^]56037/\m~n037e^]AB567/\pH
0BGI?1^]2/AB7 ����mv?�7Q^]56PRH
c/G]0^~n?�\]\h0BG \[�]9/A
c/GIAM~n^]5c~�AB4 56H
cR46?�H
?�7Q^]Ad^]56037 0M})^]2/?#+1FT� H
?�^]2:0'C�56\l7:0B^1567`} ?�AB\]5TYR4T?B,

f 2/?18BG]?�Ad^h?�\]^�ABC:[dAB7Q^]Ad8B?#0M} ^]2:?�+1FT� H�?�^]2:0KC�0^~
~�P:GI\T|�5T^]2 \]H AB464Rc ?�G�~n?�7e^]Ad8B?�\p0M} GI?�H
0 [B?�C
C/Ad^]A', f 2/56\�56\�Y ?
~�ABP/\h?�^]2/?�P/7/C/?�GI4TS'567:8
\]2/Adc ? 0M}�^]2:?�C/Ad^]Ap~�AB7(Y ?�P/\]?�C(^h0�567Q^h?�GIc>034jAd^h?�AM~nG]03\]\
\]H�AB4j4 83AdcR\@AB7/C*G]?�C/Ph~n?�^]2:?�?�� ?
~n^]\�0M}�03P:^]465T?�G \L�=~�ABP/\h?�C�YKS�G]?�8356\h^hG Ad^]5T037(?�GIG]0BGI\�9g} 0BG�567/\h^]AB7P~n?/�],
f 2/5j\"5j\acgAdG]^]5�~�P/46AdG 4TS
?�[K5jC:?�7Q^l567�^]2:?#Yg46ABC/C:?�Gp?[�:ABH�567/Ad^]5T037 9X|12:?�G]?�^]2:?#C/Ad^]A�56\"[B?�G]S C:?�7/\]?�AB7RC
^]2:?E\I2/Adc ?�0M}K^]2/?aC/Ad^]AlGI?�ABC/564TS�C:?�C/Ph~�56YR4T?I} G]03H ^]2:?rG]?�H AB567/567:8lC/Ad^]A�c>035j7Q^]\�, f 2:?r\]P/Y:qIU ����� CRAd^]A
G]?�H
0�[�AB4g?[�'c>?�G 56H
?�7e^]\rAdG]?�56H�c>0BGI^]AB7Q^E5j7
^]2:?K~n037e^h?[�K^"0M}
037:?�0M}
^]2/?�H
03\h^ac>0BcgP/46AdG�['56\]P/AB465j\]Ad^]5T037
^h?
~I2R7/5��KP:?�\�93AB7eSQq�cR4jAB7:?"\I465�~�567:8:, f SKcR5�~�AB4j4TSB9d^]2:?lP/\h?�Gj|�56\]2/?�\ ^h0�['5T?
|�\]465�~n?�\)0BG]^]2:0B8B037RAB4'0BGr7:?�AdGI4TS
0BG]^]2:0B8B037RAB4
^h0�^]2:?#0BGI5683567/AB4 Faq_\1~�AB7/\�, f 2ePR\�9'^]2:? \]465�~n?�cR4jAB7:?#56\l567e^h?�GI\h?
~n^h?�C�YKS�H AB7QS�0M} ^]2/?�Faq
\1~�AB7/\lAB7RCp~n037e^]AB567/\�H�AB7QS ^hGIP:?#C/Ad^]A�c 03567e^]\�9:AB\V|a?�464 AB\lH�AB7eS 83Adcg\V|�2/5�~ 2�7/?�?�C�567Q^h?�GIc>034jAd^]567:8
AM~nG]03\]\�,3� ^lAdc/c ?�AdGI\"^]2/Ad^l^]2/?@+@FT� H
?�^]2/0KC c ?�G1} 0BGIH�\a?�\hc ?
~�56AB464TSQ|"?�464 567�^]2/56\p\h0BGI^"0M})\]5T^]P/Ad^]56037
,

kM�



f 2/?12/5T832/?�GEc ?�G�~n?�7e^]Ad8B?1^h?�\h^]\pAdG]?@G]?�c/GI?�\h?�7Q^]Ad^]56[B?10M}f|�2RAd^A|"03P/46C 2RAdc/c ?�7\|�5T^]2R} AB\]^h?�G"2/AB7RC
H
0B^]5T037 C/P:G 567:8�^]2:?�?[�'ABH 567/Ad^]5T037 0BG�A�\]4T0+|a?�G!GIAd^h?�0M}�AM~
�KP/56\]56^]5T037�YKS ^]2:?U~n03H�cRP:^h?�G�,�� 2:?�7
^]2:? 83AdcR\�Y ?
~n03H
?�46AdG]8B?�G�9�^]2:? +1FT� H�?�^]2:0KC 4T03\h?�\ \h03H�?�0M}�5T^]\�ABC:[�AB7e^]Ad8B?B, f 2:?�\I2/Adc ?(0M}
^]2:?�P/7/C:?�GI46SK567/8 C/Ad^]A 5j\�?�[B?�7e^]P/AB464TS 4T03\]^R|�2:?�7 ^]2:?�83AdcR\ Y ?
~n03H
?�^h0K0 46AdGI8B?B, -1?�[B?�GI^]2:?�4T?�\]\�9
|�5T^]2;} ?
| ?[�`~n?�c/^]5T037R\�9Q^]2:?�+1FT� H
?�^]2:0'C
c ?�G1} 0BGIH�\�Ad^a46?�AB\h^EAB\3|"?�464:AB\E^]2:?�0B^]2:?�G"H
?�^]2:0'C/\�,I� ^E5j\
c 03\]\]5TYg4T?a^]2RAd^r^]2:?lc ?�G1} 0BGIH�AB7h~n?l0M}>^]2:?�+@Fm��H
?�^]2/0KC\~�AB7 Y ?p5jH
c/G]0�[B?�C
YeS;~I2/0e03\]5j7:8 A C/5 � ?�G]?�7e^
~n03H�YR567/Ad^]5T037�0M}
^h?�7/\]5T037 ; AB7RC \]H
0K0B^]2/567/8 * ,rFpP:^EAB7eS�ABC:[dAB7Q^]Ad8B?�Ad^a4T0+| c ?�G�~n?�7e^]Ad8B?�\E0M} CRAd^]A
G]?�H
0�[�AB4 GI?�\]P/4T^]\"567 A�^hGIABC:?nq�03��Ad^�2R5T832 c ?�G�~n?�7e^]Ad8B?�\�, O*0BG]?�0�[B?�G�9R^]2:?#56H�c/G]0 [B?�H�?�7Q^]\pAdG]?#\]H�AB4j4t,
f 2:?�G]?�\]P/4T^]\�AdG]?�H�AB5j7/4TS PR7h~I2/AB7/8B?�C(AB\@4T037:8 AB\�^]2:?�^h?�7/\I5T037 ; 56\1567�^]2:?�GIAB7:8B?�0M}-� U �'9
kM�+�vAB7RC^]2:?�\IH
0e0B^]2R567:8 * 5j\l567 ^]2:? GIAB7/8B?U� �', �:Ud9 �',6U2��,

; H�PP~I2	8BG]?�Ad^h?�G c>0B^h?�7e^]56AB4!56H
cRG]0 [B?�H
?�7e^�0M}�^]2:? +1FT� 465T?�\ |�5T^]2 ^]2:? 567e^hG]0'C/Ph~n^]5T037 0M}
AB7/56\]0B^hG]0BcR5�~ ^h?�7/\]5T037
,���^
56\�c 03\]\I5TYR4T?\} 0BG!^]2:? ^h?�7/\]5T037 ^h0 Y ?�C/5 �>?�G]?�7e^!567 CR5 �>?�GI?�7Q^�C/5TG]?
~n^]5T037R\�,
f 2/5j\E56\EY>?
~�ABPR\h?1^]2/?1+@Fm� } PR7h~n^]5T037/\aAdG]?@5j7Q[dAdGI56AB7e^E^h0�^hGIAB7/\]4jAd^]5T037/\"AB7/C GI0B^]Ad^]5T037/\�9KYRP:^"AdG]?@7/0B^
\1~�AB4T? 5j7Q[dAdGI56AB7e^�� UBU[��, f 2/5j\"H�?�AB7/\lAQ~I2/AB7/8B?�567�^]2:? \1~�AB4T?#0M})^]2:? C/5jH
?�7/\]5T037R\a56\"?
�KP/5T[dAB4T?�7e^"^h0 A
~I2RAB7:8B?#567�^]2:?1^h?�7/\]5T037 cRAdGIABH�?�^h?�G�,rF"SR~I2/AB7/83567:8�^]2/?@\1~�AB46?10M}
^]2:?@^]2:G]?�?�AJ�'?�\"5j7/C/5T['56C/P/AB4j4TSB9�^]2/?
^h?�7/\]56037
56\j~I2/AB7:8B?�C\} 0BG�^]2:?�\]?"^]2/G]?�?�C/5TG]?
~n^]56037/\�, f 2:?p^h?�7/\]5T037!\]2:03PR46C!56C:?�AB464TS#Y ?p2/5T832�|�5T^]2R567�^]2/?
567/CR5T[K5jC/P/AB4KFEq_\�~�AB7/\"^h0�A�[B035jC 0�[B?�GI\]2:0K0B^]\�9:AB7/C�4T0�| 567�^]2:?1C/5TG]?
~n^]5T037 0BG]^]2:0B8B037/AB4g^h0�^]2:?1Faq_\1~�AB7/\
^h0 ->464
^]2:?�83AdcR\�Y ?�^�|a?�?�7*^]2:?�H�, f 2/5j\C|�56464 GI?�C/Ph~n? ^]2:?�YR46P:GIGI567:8!567�^]2/? 83AdcR\1Y>?�^�|a?�?�7 Faq_\1~�AB7/\
^]2/Ad^�5j\p?�[K56C/?�7Q^�5j7 ^]2:?�\h?#^h?�\h^]\�,

;@4T^]2:03P:832�^]2:?#+@FT� H
?�^]2/0KC c/GI0KC/PP~n?�\a^]2/?�460�|"?�\h^l[�AB4jP:?�\"0M} � 9:5T^lH�P/\]^"Y ?�ABC/H�5T^h^h?�C ^]2RAd^
^]2:? 	@-@- H�?�^]2:0KC c/G]0'C/Ph~n?�\ [B?�G]S#C:?�^]AB5646?�C 56H�Ad8B?�\ Ad^)2/5T832�c ?�G�~n?�7e^]Ad8B?�\ 0M}'G]?�H�0 [B?�C�CRAd^]A',�i'5j7h~n?
^]2:?@G]?�8356\h^hG Ad^]5T037 ?�GIG]0BGI\"AdG]?@\IH�AB464t9e^]2:?@7/?�AdG]?�\h^p7:?�5T832eY>03P/GEc/G]0,+h?
~n^]5T037/\pAdc/c ?�AdG"^h0�Y ?@\h?�ABH�4T?�\]\�,
F"0B^]2�?[�:ABH�567/Ad^]56037/\l0M}v^]2:? ^]2eSeGI0356C�AB7/C�Yg46ABC/C:?�G�AdG]?�0M}v0BG]83AB7/\-|15T^]2�A�\]4T0+|�4TS�[�AdGISK567/8�\]2/Adc ?B9
\h0*^]2:? cRG]0,+�?
~n^]56037/\�} G]03H C/5 � ?�G]?�7Q^�FEq_\�~�AB7/\!AdG]?�\I56H�5646AdG ,�FpP:^�56}lH
0BG]?Z~n03H
cR4T?[� \]2/Adc ?�\�\]Ph~ 2
AB\�} 0K?�^]P/\h?�\
AdGI?�\1~�AB7R7:?�C
9�0BG!^]2:? G]?�8356\h^hG Ad^]5T037 ?�GIG]0BGI\!567h~nG]?�AB\]?B9�^]2:? Y>03PR7/C/AdGI5T?�\�|�56464EY>?
~n03H�?
H
0BG]? [K56\I5TYR4T?B, O(0BGI?�0 [B?�G�9�56H�Ad8B?�\�567Q^h?�GIc>034jAd^h?�C AM~nG]03\]\ 4jAdG]8B?�83AdcR\U��|�2/5�~ 2�C:?�cR5�~n^#c/GI0,+�?
~n^]5T037R\
0M}�C/56\h^]AB7e^�Faq_\1~�AB7/\
�pAdc/c ?�AdG�\I2/AdG]c 9/YgP:^�AdG]?�\]^hGI5�~n^]4TS 567h~n0BG]GI?
~n^�\]567h~n?�^]2:?�AB7/Ad^h03H�S(56\C} ?�Ad^]P:G]?�C
567 ^]2:?L|�G]037:8
cR4jAM~n?B,

��7*\IP/H�H�AdG]SB9 2:0+|a?�[B?�G�9 AB4j4<} 03P:G�H
?�^]2:0'C/\�c ?�G1} 0BGIH |a?�464 037*Y>0B^]2�?[�:ABH�567/Ad^]56037/\�9gAB7RC(c/GI0dq
C/Ph~n?1G]?�AB\h037/AdYg4T?�56H�Ad8B?�\m|�2:?�7 ^]2:?�83Adcg\aAdG]?8�B?�c/^"Ad^aG]?�AB4j56\h^]5�~l4T?�[B?�4j\�,j� ^"56\EAB46\]0�^hGIP:?1^]2/Ad^aAB4j4/0M}
^]2:?
H
?�^]2:0'C/\E~n03P/46C*Y ?�5jH
c/G]0�[B?�C*0BG#^]AB5j4T0BG]?�C�^h0�A cgAdG]^]5�~�P/46AdG@^_SKc ?!0M}r?[�'ABH 567/Ad^]5T037
,G�r?�^#^]2/?
c 03567e^r0M} ^]2/56\EcRAdc ?�Ga56\a7:0B^"^h0�C:?
~�4jAdG]?1A'|�567/7/?�GEABH
037:8�^]2:?1CR5 �>?�GI?�7Q^aG]?
~n037/\h^hGIPP~n^]5T037 H�?�^]2:0KCR\�,
+1Ad^]2/?�G�9R5T^�56\�^h0 567e[B?�\h^]5T83Ad^h? ^ Secg5�~�AB4 G]?
~n037R\h^hGIPh~n^]5T037�^h?
~I2/7/5c�eP:?�\�037�^_SKcR5�~�AB4 ?[�'ABH�5j7/Ad^]5T037/\�AB7RC
C:?�^h?�GIH 567:?E|�2:?�^]2:?�G1AQ} PR7h~n^]5T037/AB4
567e^h?�G]c 0346Ad^]5T037 H
?�^]2/0KC�03� ?�GI\1AB7QS�ABC:[dAB7Q^]Ad8B?�\�,

� � wGt;z �2y;¡q{�wGt;¡ �-t;x���y'u�y;vf��� wKv��

f 2:? +1FT� GI?
~n037/\h^hGIPh~n^]56037 H
?�^]2/0KC 56\�\I2:0�|�7 ^h0�c>?�G�} 0BGIH Ad^�46?�AB\h^�AB\'|"?�464aAB\�^hGIABC/56^]5T037/AB4rGI?nq
~n037/\h^hG Ph~n^]5T037(H�?�^]2:0KCR\�, f 2/? +1FT� H
?�^]2/0KC�c ?�G1} 0BGIH�\�cRAdG]^]5�~�P/4jAdGI4TS\|"?�464F|15T^]2�\]H�AB464 83AdcR\�9RYgP:^
4T03\h?�\E\h03H
?l0M} 5T^]\rABC:[dAB7Q^]Ad8B?G|�2:?�7
46AdGI8B?�G�83AdcR\rAdG]?�cRG]?�\h?�7e^�, f 2/56\v56\vY ?
~�ABP/\h?l^]2:?l+@FT� H
?�^]2:0'C
AB4T037:?
H�A/�B?�\�P/\h?!0M}E^]2:?�PR7/C:?�GI4TS'567:8 \]2/Adc ?�0M}"^]2:?
C/Ad^]A ^h0�567e^h?�G]c 0346Ad^h?!AM~nG]03\]\#^]2/?
83AdcR\�, �r?�^
|�5T^]2 46AdG]8B? 83Adcg\�9v^]2/56\ \]2RAdc>?U~�AB7 7:0�4T037:8B?�G�Y>?R} 0346460�|"?�C AB7/C ^]2:? +@Fm� c/G]0'C/Ph~n?�\ \]H�0e0B^]2:?�C
A�[B?�G Ad8B?�\10M})^]2:?�7/?�AdG]YeS Faq_\1~�AB7/\�,

f 2/?�+1FT� H
?�^]2/0KC ~�AB7 G]?
~n037R\h^hGIPh~n^�\I56H�PR4T^]AB7:?�03P/\]46S�AdG]?�AB\'|�5T^]2 C:?�7/\h?�4TS�0 [B?�G 46Adc/cR567/8(Faq
\1~�AB7/\�AB7/C AdGI?�AB\�|�5T^]2 46AdG]8B?�83AdcR\�9l|�2R564T?�H�A/�'567:8�A*\]H
0K0B^]2�^hGIAB7/\]56^]5T037�Y ?�^5|"?�?�7 ^]2/?�H�, f 2:?
G]?�\]PR4T^]567:8Q�KP/AB465T^ S�0M}v^]2:?�567Q^h?�GIc>034jAd^h?�C�C/Ad^]A 5j\l8B0e0'C
9g|�5T^]2�7:0 [K56\I5TYR4T?@G]?
~n037/\h^hG Ph~n^]5T037(AdGI^]56} AM~n^]\
c/G]0'C/Ph~n?�C 567�AB7eS�0M} ^]2:?#^h?�\]^]\�,rZ�7`} 0BGI^]P/7/Ad^h?�4TSB9:^]2:?#+@FT� H�?�^]2:0KC(56\C~�P:G]G]?�7e^]4TS�^]2/? \]4T0�|"?�\h^�GI?nq
~n037/\h^hG Ph~n^]5T037�H
?�^]2:0'C�AB7RC�56\)7:0B^)SB?�^vc/GIAM~n^]5�~�AB4K567�5T^]\l~�P/G]G]?�7e^l} 0BGIH�,<�r?�^�5T^ 56\ ?�AB\]5646S#cRAdGIAB464T?�4j56\h?�C

kJ�



AB7/C
9:8356[B?�7�H
0BG]? ?��p~�5T?�7Q^G~n0KC/5j7:8!^h?
~I2/7/5c�eP:?�\�9/A
c/GIAM~n^]5�~�AB4 56H
cR4T?�H�?�7Q^]Ad^]5T037�5j\C} ?�AB\I5TYR4T?B,
f 2/?�G]?�56\;~n037/\]56C:?�G AdYR4T? \1~n0Bc ?�} 0BGQ} P:^]P:G]?�C:?�[B?�460BcRH
?�7e^�0M}@^]2:?�+@Fm� H
?�^]2/0KC
, ��5TGI\h^�9r^]2/?

^h?�7/\]56037*\]2/03P/46C*Y>?�ABC,+]P/\h^h?�C*^h0 AM~
~n03H H
0KCRAd^h?
^]2:?
7/Ad^]P:G]?�0M}E^]2:?�} GI?�?�2/AB7/C�P/4T^hGIAB\h03PR7/C(C/Ad^]A',
i'567P~n?
^]2:?
cR5)�'?�4�C/Ad^]A(AB4j4�465T?�567 cR4jAB7:?�\�9 AB7/C AdG]? P/\]PRAB464TS*\]?�cRAdGIAd^h?�C YKS�83AdcR\�46AdGI8B?�G�^]2/AB7�^]2/?
cR5)�'?�4�\I5�P�?B9l^]2:?(^h?�7R\]5T037 \]2:03P/46C Y>?�2/5T832:?�GU|�5T^]2/5j7�^]2:?*Faq_\1~�AB7 AB7/C 4T0+|a?�G�c ?�G]c ?�7/C/5�~�P/4jAdG
^h0
^]2:?!Faq_\1~�AB7
,8� ^�56\�AB4j\h0 c 03\]\I5TYR4T?#^h0 567e^hG]0KCRPh~n?L|"?�5T832e^]\1037*^]2:?�cR5)�'?�46\'� U�k/�I|�2/?�7
9P} 0BG1?[�:ABH
cR46?B9
?�\h^]56H Ad^h?�\�0M}�G]?�8356\h^hG Ad^]5T037 ?�G]G]0BG�0BG�\]5T837/AB4V} AB464 q�03P/^�AdG]?�A�[dAB5646AdYR46?B, ��567/AB464TSB9a5T^�56\
c 03\]\]56YR4T?�^h0
-g7/C�^]2:?!0Bc/^]5jH�AB4j~n03H�YR5j7/Ad^]5T037�0M}a^h?�7R\]5T037 AB7/C \]H
0K0B^]2/567:8 YKS*\h^]Ad^]5j\h^]5�~�AB4v^h?
~I2R7/5��KP:?�\�\]Ph~I2�AB\
~nG]03\]\hq�[�AB465jC/Ad^]5T037 � U�kJ��,

i'5j7h~n? ^]2:? +@Fm�	H
?�^]2:0'C AB4T037:?�P/\h?�\!A�} P/7P~n^]5T037/AB4"Adc/c/G]03AM~ 2
9E5T^!AB46\h0�03�>?�G \�A 7KP/H�Y>?�G�0M}
P/7/5c�eP:?�0Bc/c 0BG]^]P/7R5T^]5T?�\�,��/0BG ?[�'ABH
cg4T?B9"C/?�GI5T[dAd^]5T[B?�\
0M}�AB7QS 0BGIC:?�GU~�AB7 Y ?�~n03H
cRP:^h?�C C/5TG]?
~n^]4TS
} G]03H$^]2:?�567e^h?�G]c 0346Ad^]567/8 } P/7h~n^]56037
, f 2/56\!H�A S Y ?�P/\h?
} P/4V} 0BG�['56\]P/AB465j\]Ad^]5T037
9�G]?�835j\h^hGIAd^]5T037 AB7RC
\h?�83H
?�7e^]Ad^]5T037
, f 2:?-} P/7h~n^]5T037/AB4'GI?�c/G]?�\h?�7e^]Ad^]5T037 H A�S�AB46\h0�Y>?�PR\h?
} PR4^} 0BG"C/Ad^]A�~n03H
c/GI?�\]\]5T037
,I�/0BG
4T0+|a?�G#G]?�\]0346P:^]5T037*[B0
�'?�4�AdG]GIA SK\�9
^]2/?�} P/7h~n^]56037/\G~�AB7 AB46\]0�Y ?�cRAB\]\h?�C C/56G]?
~n^]4TS�^]2:G]03P/832*4T0+|lq�cRAB\]\
-g4T^h?�G \l} 0BGrc/GI0Bc>?�G�AB7e^]5 q_AB4656AB\I567:8:,vi:567h~n?p^]2:?C} P/7h~n^]5T037!P/\]PRAB464TS#cRAB\]\]?�\@} P/G]^]2:?�G�A
|pA�SQ} G]03H	03P:^]4656?�GI\
��|�2:?�7 A#7:037'q<P�?�G]0�\IH
0e0B^]2R567:8#cRAdGIABH�?�^h?�Ga56\�P/\]?�C��]93^]2:?�GI?�835T037/\@|�56^]2
2/5T832!c/G]?�CR5�~n^]5T[B?p?�G]G]0BGA~�AB7
Y ?lC:?�^h?�GIH�567/?�C
, f 2/56\vH�A�S!Y ?�P/\h?
} P/4t9/} 0BGr?[�:ABH
cR4T?B9�} 0BGE567e[B?�\h^]5T83Ad^]56037/\r567e^h0#G]?�8356\h^hG Ad^]5T037
?�G]G]0BG \�,

��7 \]P/H�H�AdGISB9g^]2/5j\1cgAdc>?�G�C:?�H
037R\h^hGIAd^h?�\�^]2/Ad^�^]2:?�+1FT� 567Q^h?�GIc>034jAd^]5T037*H�?�^]2:0KC 2:034jC/\G~n037:q
\]56C/?�GIAdYR4T?�c/G]03H�56\]?L} 0BG#G]?
~n037/\h^hGIPP~n^]567:8���q�b } G]?�?�2/AB7RC�PR4T^hGIAB\h03P/7RC*C/Ad^]A', f 2:?!+1FT� H
?�^]2:0'C�5j\
\]2:0+|�7�^h0�Y ?�Ad^@4T?�AB\h^�AB\�8B0K0KC�AB\1^]2:?�^hGIABCR5T^]5T037/AB4 G]?
~n037/\h^hGIPP~n^]5T037(H
?�^]2/0KC/\G} 0BG�^5|"0 G]?�c/G]?�\]?�7'q
^]Ad^]5T[B?@?[�'ABH 567/Ad^]5T037/\�, O�AB7eS�0Bc/c 0BG]^]P/7/56^]5T?�\rAB46\h0�?[�'5j\h^E^h0�?[�Kcg4T035T^r^]2:?�P/7/5c�eP:?lcRG]0Bc ?�G]^]5T?�\r0M}
^]2/?
+1FT� H
?�^]2/0KC
,

� z �Lt;w � ���Ax��K� � �At8u�¡

f 2:?�0BGI5T83567/AB4Rc/G]0B8BGIABH ~n0KC/?G} 0BGE^]2:?@G]?�83P/4jAdGI5�P�?�C�\hcg46567:?�\@|15T^]2�^h?�7/\I5T037\|pAB\A�'567/CR4TS�cRG]0 ['56C:?�C
YKS
D P/Y>03\NO�5T^��A��\�AB7RC <1?�4T?�7RA O*56^��A��\]0 [��A',aD)P:Y 03\NO*5T^��A��\156\lAd^�^]2:?#-�Ad^]5T037/AB4 X ?�7Q^h?�G-} 0BG@i'P/c>?�G�~n03H!q
cRP:^]5j7:8�;�cRcR465�~�Ad^]5T037R\#Ad^�^]2:? Z@7/56[B?�GI\]5T^ S�0M}V��4646567/0356\�,�<@?�4T?�7/ACO*5T^��A��\h0�[��A 56\�Ad^�^]2:?�=@?�0B8BGIAdcR2/5c~
O*0KC:?�4j567:8(iKS'\h^h?�H�\ D)AdY 0BGIAd^h0BG]S�Ad^ ^]2:?�Z�7/5T[B?�G \]5T^_S�0M}V��4j46567:0356\�,�b�?�[B?�4T0BcgH
?�7Q^�0M}p^]2:?�0BGI5T835j7/AB4
\hcR4j567:?�~n0KC/?�|"AB\U~�AdG]GI5T?�C 03P:^ 567 ~n0K0Bc ?�GIAd^]5T037�|15T^]2�^]2:?�Z�7/5T^h?�C iK^]Ad^h?�\ ;1GIH�S X 037/\h^hGIPh~n^]56037
`a7/83567:?�?�GI567/8�+�?�\h?�AdG�~I2 D AdY 0BGIAd^h0BG 5T?�\�, f 2:?p} G]?�?�2RAB7/C AM~
�KP/56\I5T^]5T037 \]SK\h^h?�H |pAB\!C:?�[B?�4T0Bc ?�C YKS
+15c~I2/AdGIC�mEGIAd8B?�G@AB7/C�m�Ad^hGI5�~���=�03\]46567:8�Ad^�^]2:? Z�7/5T[B?�GI\]56^_S�0M} X ABH�Y/G 56C:8B?B, f 2:?L��q�b G]?�7/C:?�GI5j7:83\
|"?�G]?�c/GI0KC/PP~n?�C�P/\]567/8
^]2:?'��b 	�5T?
|�7/56� ['56\]PRAB4656\]Ad^]5T037 cgAM~1�dAd8B?B, f 2:?�H AB7QS�2:?�4TcP} P/4
CR56\1~�P/\]\I5T037/\
|�5T^]2(O3037/Ad^]2:037 X AdG]G�AdGI?�AB46\h0 Adc/c/G]?
~�56Ad^h?�C ,a+10BY>?�GI^�+�032/4j567:8
56\�\]P/c/c 0BG]^h?�C�YKS X 2eP:G�~I2/564j4 X 034 q
4T?�8B?�AB7RC�AB7��@+#i�A
|pAdGIC
,

� � �
�Avf�At;z@�3¡

� U2� O ,B;�YRGIABH
0�|15T^ PlAB7/C;� , ;�,QiK^h?�83P/7
,
	��/�

����
���'��������������������� �!�#"�$&%^�
�'���=�/�)( ,h� 5j4T?�SB9Bb�0 [B?�G�9
-@?
| �r0BG1�>9 U�V��M�K,

�.k+� X ,.b�,gF"AdGIG]SB9 X ,.mv,R;@464T0B^h^�9:-�, � ,gO3032/7
9:mv, O ,�O*?�464T0BG�9'mv, ;�,g;1GIP/7/C:?�4�9eb!, i>, f 2:03H�\h037
9/AB7RC
OR, X ,j� Ad^h?�G]^h037
, f 2/G]?�?nq_C/56H
?�7R\]5T037/AB4m} GI?�?�2/AB7/C�P/4T^hG AB\h03P/7/C
s�56H�Ad8B?�G]?
~n037R\h^hGIPh~n^]5T037�AB7RC
[B034jP/H
? AB7/AB4TS'\]56\�,+*,"-� ./��(
�#%^�

Z���0�1�2
/�3�
���4�5�/�4
56K�=�#"6�27�8d9>kM�^��W9�]s6U�k��3V:9gU�kBkJ�:9"U�VBV �e,

� �+��OR, X AdG]G ,<;=%�.>���?�@�BAC�2���/�)(@� .@%��'���=�/�����EDGFH�1�2
/�3�I�#"&J!���'7M���K7B,ama2
,.b!, f 2:?�\]56\�9:Z�7/5T[B?�G \]5T^_S�0M}
X AB7Q^h?�G]YgP:G]SB9 X 2:G 56\h^1~I2KP:G�~ 2
9'-1?
| o>?�AB46AB7/C 9 U�VBV��K,

kM�



� �/��;�,/�/?�7/\h^h?�GrAB7RC�b!,BF@,�b�0+|�7:?�SB,P��q�b P/4T^hGIAB\]03P/7/C�5jH�Ad83567:876 A�G]?�['5T?
| ,=J��������C�K7M���4�!� .2� �K7
��� � �2
M� �
� �4�5�M�

�6-�=�#"6�27�8����:7����
� �4��9 U
�^� �9�]s �/U!9X�'Ud9rU�VBV��K,

� �+��b!,g�v5j7:?B9>i>,/mv?�G]G 567:8:9ROR,/<1?�GIY>?�^D�B0:9 X ,/-�,R<�AM~1�'567:8:9>O/,
i>,h��4T?�H�567/8:9/AB7/C 	
, X ,Rb�?
|�YRP/G]SB,
f 2:G]?�?nq_C/56H�?�7/\]5T037/AB4^�B��b��>PR4T^hGIAB\h03P/7RC#56H�Ad83567:8l0M}'^]2:?a83AB464TYR4jABC/C:?�G
AB7/C C/5j46Ad^h?�C#YR564j56AdG]S�^hG]?�?Bs
GI?
~n037/\h^hGIPh~n^]56037 } G]03H G]?�AB4Tq�^]56H
? Faq_\1~�AB7/\�, 6 .2�����>(I���^�#%�.2�
�#"T���5A<�?
M���#"6�27?8�9 �J�:s6U �����:9gU ��� �e9
U�VBV'Ud,

���+��+�,3�/GIAB7h�B?B, i^~�Ad^h^h?�G]?�C C/Ad^]A 5j7Q^h?�G]c 0346Ad^]56037
s�^h?�\h^]\ 0M}�\]03H
?(H
?�^]2:0'C/\�, ����������������� ��(��/�
� ���
	4%�� �?�����/�R9��BW^�hU
� ���]s6U�W'U!9Kk����'9)OQAB7KP/AdG]S U�VBWBkK,

� ����+�, 	�,R<10B8B8 AB7/C�OR,/D ?�C:0346^h?�G�,��C�K7M���4�I��.����K7 ;
� �����>(@���3� ( ,NO*AM~�H�5j4646AB7 maP/YR4656\]2R567:8 X 03H
cRAB7eSB9
-@?
| �r0BG1�>9R-@?
| �r0BG1�>9/Z i';�9 U�VBW �e,

�.W+�'�p,v<@0B^h^]5T?�G�AB7/C ;�, X 034j4T?�^�Fp564j4T037
,���b ?
~ 2:0B8BGIAdcR2eSgs \h^]Ad^]P/\
AB7RC c ?�GI\]c>?
~n^]56[B?B, ��7�	
,.<�,
<@032/7:?B91<�,C�gPh~I2/\�9@AB7/C i>, O ,pma5�P�?�G 9�?�C/5T^h0BG \�9�DGF J!���'7�� �K7 ��� � �I
/� �
� � ����
 " 7��#.2�����K��(��
;
8G( � � �+(���
�	�	4"n�3�I�����=�/�)( 9gcgAd8B?�\1k'U!9��/Ud, iKc/GI567/8B?�Ghq 	�?�GI46Ad8:9:F"?�GI46567 9/=�?�GIH�AB7eSB9 U�VBV��',

�.V+��<�, ;�,�O�~ X AB7/7
9/O/, X ,>i'2/AdG]c 9 f , O ,�	�567Q^h?�G 9 X ,.-�,�O ~n`A|pAB7
9 X ,RFpAdGI56464T0B^�9:AB7/C(O/, �p,>=@G]?�?�7:q
46?�A/} , O*PR4T^]56C/56H�?�7/\]5T037/AB4)P/4T^hG AB\h037/5�~
56H Ad83567:8�} 0BG�~�AdGICR5T034T0B8BSB,���.D�'�!�!�2
/���K7#(��/� ���)��J������l9
���^��V9�]s6U � �M�:9gU � �dkK9"U�VBWBWK,

� U �J��Da,,O�5T^��A��\rAB7/C�<�,�O*5T^��A��\h0�[��A',
=@?�7:?�GIAB4K[dAdGI56Ad^]5T037RAB4KAdcRc/G]03AM~I2!^h0�^]2:?l567e^h?�G]c 0346Ad^]5T037�c/G]0BYg4T?�H�,
� ���
	4%�� ��.I(5�/�

����?����� �������3� (��@� ����
�	�	
"n�3�I�?�����/��( 9vU �^�hU�k9�]s VBWM�:9KVBVBkK9EU�VBWBWK,

� UBU2��<�,5O*5T^��A��\h0�[��A!AB7/C DE,5O�5T^��A��\�,F��7Q^h?�G]c 0346Ad^]56037 YKS
G]?�83P/46AdG 5�P�?�C \hcg46567:?C|�56^]2�^h?�7/\]56037
sj� ,e^]2:?�0BG]S
AB7RC�56H
cR46?�H
?�7Q^]Ad^]56037
, ����������������� �!�#"�� �1�#"6�27�8d9 kM�^� �9�]s �J�/U!9 �M�M�K9EU�VBVM�K,

� U�k+��<�,�O*56^��A��\]0 [��A'9KDa,�O*5T^��A��\�99� , O ,3F"G]0�|17
93b!,.mv,e=@?�GIC:?�\�9�� , 	#03\]5j7:0 ['\D�KSB9QAB7/C f ,BFpA/�B?�G�,�O*0KC:q
?�4j46567:8�\hcgAd^]56AB464TS AB7/C ^h?�H�c>0BG AB464TS C/56\h^hGI56YRP:^h?�C cR2:?�7/03H
?�7/A's!7:?
| H�?�^]2:0KCR\�AB7/C ^h0e0346\L} 0BG
=�+1;#i/i*=E�hi>, J��=� ��.��
�?�����/�4�#"��^�#%�.��
��"@����� ���27�.���	=���3�I��" J��'�
�#.@���?�����/�1;=8�(@� ���+( 9 V^���^�]s ���M�:9
�M� �K9)U�VBVM�K,

� U
�+� f ,.+�,Q-@?�46\h037 AB7/C�b!,.<�,emaG]?�^h0BGI56PR\�,���7e^h?�GIAM~n^]5T[B?�AM~
�ePR56\]5T^]5T037 9QAB7/AB4TS'\]56\rAB7RC�['56\]P/AB465�P�Ad^]5T037
0M}
\]037:0B8BGIAdcR2/5c~�[B0346P/H�?1C/Ad^]A', J��=� � .2�
�����=�/�
�#"��^�#%�.2�
�#"F�/�CJ!���:7M���K75;=8�( � � �+(B�M�

��4�2�����g�#"6�27�8d9
WKs k��:9X� �e9vU�VBV �e,

� U[�/�
=!, O ,'-�5T?�46\h037
,vi^~�Ad^h^h?�G]?�C�C/Ad^]A!H
0'C:?�46567/8:, J������ � �#��	
%)� � . ��.���	=���3� (��/�4
!
�	�	
""� �!�������M�)( 9
U
�^�hUJ�]s ���G9 � �'9 OeAB7ePRAdG]S�U�VBVM�K,

� U
�+��+�,/��2eYRPh~ 2/5t9�b�, X 2:?�7
9dAB7/C�<�,+�RPh~I2R\�,���7h~nG]?�H
?�7e^]AB4e[B0346P/H
?aG]?
~n037/\h^hGIPP~n^]5T037�AB7/C�G]?�7/C:?�G 567:8
} 0BGR��b P/4T^hG AB\h03P/7/C 56H�Ad835j7:8:,"�<.#�'�@�I�I
/� � 7#(��/� ;#��J��%$ � ��� J��=� ��.��
�?�����/�4�#"C;q�:�
� ��� 8��
�#.
& 	 ��� �!�#"'�C�K7M���4�I��.����K739 U�W��3WKs �'U�k:9X�BkM�K9EU�VBVBkK,

� U �+��+�,f� ,
maGIAd8B?�G�9 ;�,
<�,)=@?�?B9 AB7RC DE, F"?�GIH�AB7
,Q��b P/4T^hG AB\h03P/7/C�|�5T^]2:03P/^@[B0��K?�4j\�,;��7��<.#�'�)(
�1�2
/�3�I��"4J!���'7K� *I�

���.I( � �/�

/���K7 �/�4
 
8�
�#" 8�(��>( 9/D ?�?�C/\�9:Z 	
9 U�VBVBWK,

� U ����+�, � ,�mEG Ad8B?�G�9B+�,�+�032/4j567:8:9d;�,3=@?�?B93AB7/C�DE,dF"?�GIH�AB7
,K+1AdcR5jCL~�AB465TYRGIAd^]5T037'} 0BG@��q�b } G]?�?nq_2/AB7RC
PR4T^hGIAB\h03P/7RC
,�*,"-� ./��(
�#%^�

Z��� � �2
M� �
� �4�+�/�4
56K�=�#"6�27�8d9 U�VBVBWK,T��7 c/G]?�\]\�,

� U�W+��+�,'+�032/465j7:8:9K;�,g=@?�?B9RAB7RC Da,/F"?�GIH�AB7
,@��q�b \hcRAd^]56AB4�~n03H
c 03P/7RC/567:8�0M})P/46^hGIAB\h03P/7/C�56H�Ad8B?�\�,
�1�2
/�3�I��"4J!���'7K�*
8�4�#" 8�(2� ( 9 UM�B�9�]s6U � �'9gU�VM�K9 ;1c/GI564vU�VBV �e,

k��



� U�V+��b i:2:?�cRAdGIC
,v; ^5|"0dq_C/56H
?�7R\]5T037/AB4
567e^h?�G]c 0346Ad^]5T037Z} P/7h~n^]56037Z} 0BG�56G]G]?�83P/46AdG 4TS�\hcRAM~n?�C*C/Ad^]A',3��7
�<.#�:�!�I�I
/���K7#(Q�/� ��������D�.�
��������=�/�
�#" � �/�'�'� .2�[�
�@�;�/� �����*
 � ��9:cRAd8B?�\G�'U �'9X�BkM�K9vU�V��BWK,

�.k��J��;�, f AB46H�5#AB7/C =�,@=�564jAd^�, O(?�^]2:0'C } 0BG(\]H�0e0B^]2 Adc/c/G]0��'56H Ad^]5T037 0M}
C/Ad^]A', �^�#%�.��
��"'�/�
� ���
	4%�� �?�����/�4�#" ����8�(��3� ( 9RkM�Ks VM�:9gU�kM�K9rU�V � �e,

�.k'U2��OR,V� , f G]0BYRABP:832 91b!,�O/, f G]0BYRABP:832 9@AB7/C � ,lb!,l+15�~ 2/AdGIC
, f 2:G]?�?nq_CR56H
?�7/\]56037/AB4�56H Ad8dq
5j7:8Q|�5T^]2�\h^h?�GI?�0B^]AM~n^]5�~�PR4T^hGIAB\h037:0B8BG AdcR2QSB, � �#��	
%)� � .2� ���2
 �1�2
/�3�I��" J!���'7M���K70�/�4
 ��./��	
��� ��( 9
U�W^�B�9�]s �'U
�:9X�BkM�K9aU�VBVJ�:,

k �


