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

+,��������
���-�.�!�����/�0(�*�1

243'57678:9<;>=>?@3A9CBED�53A9CB<F/5G9CHI6JK3'8:57D	5ML

N'O0PGQIRTSVU�WXOY�Z!QI[]\O0^�Z!QIR`_baXO0c0dfegUfRThiOGjIckRlQ'\O�WAO�mnO0UCoOGhiOVdfp]qsr	tAdvuMw'uVuKmnOGU>oO0hiO	d
Nbx/RlQIy0OGjIz{Z	UfWCd'|f}	~i�A�!�����'}��b�i�V~b�M|�}��V�����i�A���b���k�M��d��V~	�X�������'}b��~b�V~i�M|�}	�V�����i�X���i���k�!�

���f���E�����K���v���I���

��8` �D�BE¡A ¢3A8`9<BED	£�¡A �¤>¡fH¥8`678:¡A9¦ �D!67§C¡�BCH�§C3i¨AD©3�ª:¡A9C«�§�8¬H¥67¡A5G¯®E3'ª:57DV3ABE±°�8`D	¨AD�5G«AD	ª{6
²{³V´Aµ'¶A·  �3XBED©67§�D@¸¹¡Xª`ª:¡bº�8:9�«�¨f8¬H78`¡X9C3'5G±HI603b6GD� �D�9f6	®

»7¼ ¡A5�67§CD©ª¬3AH¥6K½'¾�ADV3'50H�¿�¡X9�D@§C3AHn6G578:D	B¦67¡¢H7¤>D	D	B<À�¤<9�À� �D�5G8:£	3'ª�£!¡X �¤�ÀE6G3'Á
678:¡A9� ¢3'8:9�ª:¦Â�<¤�5G¡b¨f8¬BE8:9�«�D�¨XD�5�¸�3XHI6GD�5�£�¡A �¤�ÀE6GD�50H�=v��¡EB�3iX¿C3AH�8`6©3A¤�¤vD	3'50H
67§C3'6#¡A9CD48:H±«AD!67678:9�«Ã£�ª`¡fH¥D	5�67¡Ä6G§�D4 ¢3bÅE8: �3Aª�H7¤>D	D	B-¡'¸�D	ª`DV£M675G¡A9C8:£�£�¡A �Á
¤>¡X9�D�9f60H�¿�D	 �¤�§C3AH78¬H�8:H�¤�ÀE6�¡X9Æ3'ª:ª`¡bº�8:9�«<¡A¤vD�503b678:¡A9>H©67¡4ÂvD¢¤>D	5¥¸¹¡X57 �DVBÇ8:9
¤C3'503'ª:ª:D�ªÈ=�Ék9Ç6G§�D¢9�DV3'5@¸¹ÀE6GÀ�57DX¿� �À>£0§Ç¡A¸n9�À� �D�5G8¬£�3'ª/3A9C3'ª:EH¥8¬H©º�8`ª:ª/§C3i¨XD�67¡
Â>D�5GD	£	3AH¥6�8`9�3� �¡A5GD » ¤C3'503'ª:ª:D�ª¬Ê�¸¹¡A5G �= Ê

°8:D�¨AD	57«XD�ª`6#¤�5G¡A¤v¡XH7D	BË3Ã¤C3'503'ª:ª`D	ªK3Aª`«X¡A5G8{6G§� ÌÂ>3AH7D	BË¡X9Í3ÃBEDV£!¡X �¤v¡XH78`678:¡A9Ë¡'¸�6G§�D
678: �D�BE8:5GD	£M6G8`¡X9Æ¸¹¡X5�6G§�D�H¥¡Xª`ÀE6G8`¡X9Ã¡A¸�¡A50BE8:9C3'5GÎB�8{Ï¯D�5GD�9f678¬3'ª�DVÐXÀ>3b678:¡A9>H�=]ÑË§�8:ª`D�§�8¬H
8:BEDV3�6G3A57«XD!67DVB#ª¬3'5G«AD@HG£�3'ª:D�¤C3A5G3Aª`ª:D�ª:8:H7 �¿�2�8:5G3A9�ÒAD	5�3A9CB�Ó�8:9�8:«AD�5 ²`³	´XµfÔi· ¤C57¡X¤>¡fH¥DVB¦3
ª`8`6¥6Gª`D©ª:3'67D	5n3�¸�3' �8`ª:�¡'¸�9C3'67À�503'ª:ª:�¤>3'503'ª:ª`D	ª>Õ�À�9C«ADKÖ@À�6¥6G3� �D!67§C¡�BCH�¸¹¡X5nH7 ¢3'ª:ª>HG£�3Aª`D
¤C3'503'ª:ª`D	ª`8¬H7 <®

» É×6@3'¤�¤vD	3A5GHK3b6©ØC5GH¥6©H78:«A§f6�6G§C3b6K67§�D�H¥DVÐfÀ�D�9f678¬3'ª$9C3'67À�5GD�¡'¸�67§�D�9fÀC �D	578¬£�3Aª
 �D!67§C¡�BCH�BE¡�9�¡A6/¤>D	57 �8`6g3@¤C3A5G3Aª`ª:D�ª�£�¡A �¤�ÀE603b678:¡A9¢¡X9¢3'ª:ª�¡'¸v67§�D�¤�57¡E£�D	HGH¥¡X5GH
67¡¢ÂvD�¤>D	5¥¸¹¡X57 �DVB�=EÑÇD�HG3i¢6G§C3b6�67§CD�¸¹57¡X9f6�¡A¸$£�¡A �¤�ÀE603b678:¡A9�8¬Hn67¡�¡¢9C3A575G¡bº
67¡#6G3'ÒXD�3XBE¨b3'9f6G3A«AD�¡'¸g �¡X57D�67§C3A94¡A9�D�¤�5G¡�£�D	HGH¥¡X5	=:=:=CÓ�D�6©ÀCH©£!¡X9CH78:BED	5�§�¡bº
ºgD@ �8:«A§f6º�8:B�D�9<67§�D�£�¡A �¤�ÀE603b6G8`¡X9#¸¹5G¡A9f6	= Ê

ÑÎ3i¨XD!¸¹¡A5G Ù5GD�ª¬3bÅ�3b6G8`¡X9± �D!67§C¡�BCH�¿E8:9f675G¡�B�ÀC£!DVB#Â�#Ó�D�ª¬3'503AH7 �D	D�D�6�3Aª�= ²`³	´XÚ ½ · ¸¹¡X5g6G§�D
ª:3A57«XD<HG£�3Aª`D�H¥8: �ÀCª:3'678:¡A9Ã¡A¸©Û©ÓÝÜ�É�BED	H78:«A9�¿/3A57D�3'9�¡A67§�D	5�¸¹À�9CB�3A �D	9f6G3'ª�º�3is67¡s8:9EÁ
675G¡�B�ÀC£!D�6G8` �D±¤C3A5G3Aª`ª:D�ª:8¬H¥ Þ8:9f67¡�6G§�D#H7¡Aª:ÀE678:¡A9Î¡'¸�D�¨X¡Aª:ÀE678:¡A9Î¤�5G¡AÂ�ª:D� ¢H	= ¼ ¡X5�3'9sÀ�¤
67¡�B�3b6GD�§�8¬H¥67¡A5G8¬£�3'ª]5GD�¨�8:D�ºß3'9>B�¸¹À�5767§�D	5@57D�¸¹D�5GD�9C£�D	H	¿¯H7D�D¢?@3'9>BED�5@3'9CBàÛ/3'9CB�D�º�3'ª:ª`D
² ½A¾A¾ µ'· =
��§�D±¤�5GD	H7D�9f6�5GD	H7D	3A5G£0§Îºn3XH� �¡'6G8`¨b3b6GD	BÄÂ�Ç67§�D¦8`9f6G57¡EBEÀC£!678:¡A9Ä¡A¸n6G§�D#¤>3'503'5GD	3'ª

3'ª:«A¡A5G8`67§� áÂ�#Ó�8`¡X9CH�D!6�3Aª�= ² ½A¾A¾ ³�· =�ÑÎD�H¥§C¡bºÍ8:9¦6G§�8¬H�¤C3'¤vD�53�«XD�9�D	5G3Aª�H¥À�¤vD�5Gª:8`9�DV3'5
£!¡A9�¨XD�5G«AD�9>£!Dn57DVH¥À�ª`6/¸¹¡X5�67§�DK¤C3'503'5GD	3AªE3'ª:«A¡A5G8`67§� â3'¤�¤�ª:8:D	B�67¡�3@9�¡A9�ª:8:9�D	3A5�H¥EH¥67D	 ã¡A¸
¡A50BE8`9>3'5G±BE8{Ï¯D�5GD�9f6G8:3Aª�D	ÐfÀC3b6G8`¡X9CH	=



w Y�Z�jkQIRTU����Em�Z�U�WXO7jnZ�U�W���jIUXc×Q��nZ	RljIOGj
�
	����C����$�E�¥���á���±���������$���$����������� �/�/�C�I���"!
��§�D�¤C3'503'5GD	3Aªg3'ª:«A¡X578`67§C  8¬H¢3à678: �D�¤C3A5G3Aª`ª:D�ª�3'ª:«A¡X578`67§C �¸¹¡A5�67§�D�H7¡Aª:ÀE678:¡A9 ¡'¸6G§�D
«AD�9CD�503'ª¯9�¡A9Cª`8:9�D	3A5H¥EH¥67D	 á¡'¸]¡A50BE8:9C3'5G±BE8`ÏvD	57D	9X6G8:3Aª�D	ÐfÀC3'678:¡A9CH

#%$'&)( *,+.-/&0#1&)( * *324(�56& ¾ 2 71*328#1& ¾ *,+�#�9:2 & ³ *
º�§�D�5GD - ®�;�<>=@?A;�< 3'9CB # ®�;.=B?A;�< =

��¡©¡AÂE603'8:9�3�678: �D�¤C3'503'ª:ª`D	ªf3Aª`«X¡A5G8{6G§�  ¸¹¡A5 & ³ * ¿bºnD�BED	£�¡A �¤>¡fH¥Dg67§CDg6G8` �D�BE¡X �3A8`9C +D& ¾ 2E71* 8`9f6G¡GF)678: �D�H¥ÀCÂvBE¡X ¢3'8:9CH C/H +I&)7 H 2E7 HKJ L * ¿�L + ¾ 2 ³ 2NMNMOM FD= ³ ¿Aº�8`67§
¾ +�7 9�P 7 L P MNMNM P 7RQ1S L P 7TQD+�7 ¿v3'9CBVU 7 H ® +�7 HKJ L = 7 H ¿v3'9CB4£�¡A9CH78¬BED�5
¡A9<D	3A£0§¦678: �D�H¥ÀCÂvBE¡X ¢3'8:9¦6G§�D�D�¨X¡Aª:ÀE678:¡A9¦¤�5G¡AÂ�ª:D� 

# $H &)( *�+W-�&0# H &)( * *32/(�5X&07 H 2E7 H�J L *Y2/# H &07 H *,+�Z H 2 L + ¾ 2 ³ 2NMOMNMY2 F[= ³ 2\& ½ *
º�§�D�5GD�6G§�D@8`9C8{6G8:3Aªv¨b3Aª`À�DVH Z H 9�D	D	B±67¡�Â>D@BED�67D�5G �8`9CD	B<H¥ÀC£0§#67§C3'6�67§�D@H¥¡Xª`À�678:¡A9CHn¡A9
67§�D�678: �D@H7À�ÂvB�¡A ¢3'8:9CH C H £�¡A8:9C£!8¬BED�º�8`67§±67§�DK57DVHI6G578¬£M6G8`¡X9¢¡'¸�67§CDKH7¡Aª:ÀE678:¡A9¢¡A¸ & ³ * 67¡C H ¿C8�= DA=E6G§�D Z H 9�D�DVB±6G¡±H73'678¬HI¸¹±67§�D�H7EHI6GD� á¡A¸$DVÐXÀ>3b678:¡A9>H

Z 9 +]# 9 2^Z H +W_1`�acbKdfeg&hZ H S L *Y2 L + ³ 2NMOMNM32 Fi= ³ 2 &'j:*
º�§�D�5GD _"`�agbT&kZl* BED	9�¡'6GD	H±67§�DÎH¥¡Xª`ÀE6G8`¡X9Ë¡'¸ & ³ * º�8`67§ 8:9�8`678¬3'ª@£!¡A9>BE8{6G8`¡X9 Z 3b¸ 6GD�5
678: �DmU 7 H =@��§�8¬H�6G8` �D-BED	£�¡A �¤>¡fH¥8`678:¡A9  �D�67§�¡EB 8¬H49�¡A67§�8:9�«,D�ª¬H¥DÄ6G§C3'9ã3Ë �À�ª`Á
678:¤�ª`DËH7§�¡�¡'6G8`9�«  �D!6G§�¡EBß¸¹¡X5 & ³ * ¿�H7D�D]ng§C3'57678:D�5Ä3'9>Bpo�§�8`ª:8:¤�¤>D ²`³	´X´ j · =�Ó�D�6¥678:9�«Zq+r&hZ a9 2NMOMNMYZ aQ1S L * a ¿E6G§�D�H7�H¥67D	  &)jf* £�3A9¦ÂvD�º�578`6¥6GD�9�8:9¦6G§�D@¸¹¡A5G 

s &kZt*�+
uvvv
w

Z 9 = # 9Z L = _"`�agx:&hZ 9 *===Z Q"S L = _ `�azy{d�| &hZ Q"SR} *

~N���
� +W��2 & ¶ *

º�§�D�5GD�sá®f;�<�� Q =@?A;�<�� Q =AÜE�H¥67D	  & ¶ * BED�ØC9�D	H$6G§�D�À�9�Ò�9�¡bº�9�8:9�8{6G8:3AªE¨b3'ª:À�D	H Z H
¸¹¡A5�DV3A£0§�6G8` �D�H¥À�Â¯BE¡X �3A8`9�¿v3A9CB�9�D�DVB�H�67¡#ÂvD�H7¡Aª:¨ADVB�¿C8:94«XD�9�D	5G3Aª�¿�Â��3'9à8{6GD�503b678:¨AD
 �D�67§�¡EB�= ¼ ¡A5�3<BE8`5GD	£!6© �D�67§�¡EBÇ8`9à67§�D¢£�3XH¥D�º�§�D	57D & ³ * 8¬H©ª`8:9�D	3A5�3'9CB467§�D¢H7�H¥67D	 & ¶ * £	3'9<Â>D@¸¹¡X57 �DVB#D�Å�¤Cª`8¬£!8`67ª:A¿CH7D�D��� �¡EBE8:¡±3'9>B��n5GÀ�«A9C3A9�¡ ²{³V´A´fÔi· =�¤�¤�ª:�8`9C«�°�D�º�6G¡A9CH� �D�67§�¡EB¦67¡ & ¶ * ª`DV3AB�H�3'¸ 67D	53¢H¥§�¡X5¥6�£�3Aª:£�À�ª¬3b678:¡A9¦67¡

Zt� J L9 +W# 9 2
Z � J LH +�_"`�agbKdfez&hZ �H S L *��r� _���� bKdfe

� Z &hZ �H S L *N&hZ � J LH S L = Z �H S L *Y2 &h��*
º�§�D�5GD/L + ³ 2OMNMNMO2 F�= ³ =fng§C3'57678:D�5/3A9CB�o/§�8:ª:8`¤�¤vD ²`³	´X´ j · H7§�¡bºnD	B�67§C3'6�67§�D� �D�67§�¡EB&'��* £�¡A9�¨AD	57«XD	H�ÐfÀC3AB�5G3'678¬£�3'ª:ª:A¿E¡A9>£!D©67§�D�3'¤�¤�5G¡iÅE8` ¢3'678:¡A9CH�3'5GD�£!ª:¡XH7D�D�9�¡XÀ�«A§¦67¡�6G§�D
H¥¡Xª`ÀE6G8`¡X9�=�J�¡bºgD	¨AD�5�8:9�«AD	9�D�503'ªÈ¿!8`6�8¬H¯67¡�¡D�Å�¤vD�9>H¥8:¨AD]6G¡�£!¡X �¤CÀE67D�6G§�D�;f3A£�¡AÂ�8¬3'9K67D	57 ¢H
8`9 &'�:* D�ÅE3X£M6Gª`X=���9¦8:9f67D	57DVHI6G8`9�«�57DV£!D	9X6�3'¤C¤�57¡iÅE8: ¢3b678:¡A9#8:Hg67§CD©¤>3'503'5GD	3'ªv3'ª:«A¡X578`67§� �¿
º�§�8:£0§�ÀCH¥DVH�6Iºn¡K3A¤�¤�5G¡iÅE8` ¢3b6G8`¡X9CH�º�8`67§�BE8{Ï¯D�5GD�9f6]3A£�£�À�503A£!¯®	ª`D�6�s &)7 H 2E7 H S L 2YZ H S L *



p$SVU'hiOGj��	O0UfP0O���U�Z�z��AckRTc��¬S�jgQI[XO�q�Z�j¥Z!jIOMZ	z��gz��VS�jIRTQI[X^ 	
Â>D�3A9<3X£�£!ÀC5G3'67D@3'¤�¤�5G¡iÅE8` ¢3'678:¡A9¢6G¡�6G§�D�H7¡Aª:ÀE678:¡A9 _ `�a bzdfe &hZ H S L * ¡X9#6G8` �D�H7À�ÂvB�¡'Á �3A8`9 C/H S L ¿�3'9CB¦ª:D!6�
 &07 H 2 7 H S L 2 Z H S L * ÂvD�3�ª`DVH7H�3A£	£!À�503b6GD©3A¤�¤�5G¡iÅE8` ¢3b6G8`¡X9�¿X¸¹¡A5D!Å�3' �¤�ª:D�¡A9�3�£!¡f3'50H¥D	5$«X578¬B�¿b¡X5/3@ª`¡bºnD�5�¡X5GBED	5] �D�67§�¡EB�¿X¡A5�D	¨AD�9¢3A9�3A¤�¤�5G¡iÅE8` ¢3b6G8`¡X9
ÀCH¥8:9�«Ä3ÎH¥8: �¤�ª`D	5¢ �¡�B�D�ª�67§>3'9 & ³ * =/��§�D�9�¿�3'¤�¤C57¡iÅE8: �3'678:9�«46G§�D<678: �D4H¥À�Â¯BE¡X �3A8`9
H¥¡Xª`¨XD	Hg8`9 &'�:* Â� _1`�acbKdfeg&hZ �H S L *� s &)7 H 2 7 H S L 2 Z �H S L * ¿�3'9CB±67§�D�;f3A£�¡AÂ�8¬3'9¢6GD�5G Âf
� _1`�agbzdfe
� Z H S L &kZ �H S L *3&kZ � J LH S L = Z �H S L *� 
 &07 H 2E7 H S L 2YZ � J LH S L * =�
 &07 H 2 7 H S L 2 Z �H S L *32
ºgD@¡AÂ�6G3'8:9�3AH�3'¤C¤�57¡iÅE8: ¢3b678:¡A9#67¡ &h��*

Z � J L9 +W# 9 2Zt� J LH + s &07 H 2 7 H S L 2 Zl�H S L *�� 
 &)7 H 2E7 H S L 2YZt� J LH S L * =�
 &07 H 2 7 H S L 2 Zt�H S L *32 & µ *
º�§�8:£0§Ë8¬H�6G§�Dà¤C3A5G3A57DV3'ª�3'ª:«A¡X578`67§C <¿gH¥D	D4Ó�8:¡A9CH¢D�6¦3'ªÈ= ² ½'¾X¾ ³�· ¸¹¡A5#3sª:8`9CD	3'5# �¡EBED	ª
¤�57¡XÂ�ª:D� �¿Ý3A9CB ��3��±£!¡àD!6�3Aª�= ² ½'¾A¾f½ · ¸¹¡X5�6G§�D±¸¹¡X57 �À�ª:3'678:¡A9 & µ * =��á9>3b67ÀC5G3Aª�8:9�8{6G8:3Aª
«AÀ�DVH7H�8¬Hn67§�D�£�¡X3A5GH7D©H7¡Aª:ÀE6G8`¡X9�¿E8�= DA= Z 9 H +���&07 H 2E7 H S L 2YZ 9 H S L * =
���Ç�g��������,���K�R���Ë�"�����������
��¡�H¥8: �¤�ª`8`¸¹¢6G§�DKD�ÅE¤>¡fH¥8`678:¡A9�¿fºnDK3AHGH7À� �D�8:9±67§C8:H�H7D	£M6G8`¡X9¢67§>3b6�3'ª:ª>6G§�DK678: �D@H7À�ÂvB�¡'Á
 �3A8`9>H©3A57D�¡'¸/6G§�D�H73A �D�H78��	DA¿�U 7 H + U 7 ® + aQ ¿RL + ¾ 2 ³ 2NMOMNM32 F = ³ ¿¯3'9>B�67§>3b6s�8¬H�6G§�D�D!Å�3A£!6�H7¡Aª:ÀE6G8`¡X9�¿]8�= DA=,s &07 H 2E7 H S L 2YZ �H S L * + _1`�a bzdfe &kZ �H S L * =�ÑÎD�3'ª¬H¥¡3AHGH¥À� �D�67§C3'6n6G§�D@BE8{Ï¯D�5GD�9>£!D©Â>D�6IºgD	D�9±6G§�D�3'¤�¤C57¡iÅE8: �3'67D�H7¡Aª:ÀE6G8`¡X9#«A8:¨AD	9±Â��
&3'9CB
67§�D�D�ÅE3X£M6H7¡Aª:ÀE678:¡A9�£�3A9¦ÂvD�D!ÅE¤C3A9CBED	B¦¸¹¡X5"U 7 H7 �3Aª`ªÈ¿
s &07 H 2E7 H S L 2 �@* =�
 &)7 H 2E7 H S L 2 �@*�+�!#" J L &$�@* U 7 " J L �%!#" J } &$�R* U 7 " J } � MOMNM32�& Ô *
º�§�8:£0§�8:H$¤v¡XHGH¥8:Â�ª:Dg8`¸C6G§�Dn578:«A§f6Ý§>3'9CB�H¥8¬BEDn¸¹À�9C£!678:¡A9 - 8:9 & ³ * 8¬H]H¥ �¡�¡'6G§�D	9�¡AÀ�«X§�¿b3'9CB
Þ8¬H�3±ÕÀ�9�«AD�Ö@ÀE6¥603¢ �D!67§C¡�B�¸¹¡A5�D�Å�3' �¤�ª:DA=CÑÎD�Ø>9C3'ª:ª`�3AHGH7À� �D@67§C3'6 � H73'678¬HIØ>D	H
67§�D�Ó�8`¤CHG£0§�8`6 ��£!¡X9CBE8`678:¡A9

& 
 &0(�� U 7�2 (Y2#'�* =(
 &0(�� U 7"2 (Y2�) * &+* & ³ �-,�} U 71* & ' = ) & M & Ú *
.0/214365�187:96;=<?>A@ s &07 H 2E7 H S L 2YZ �H S L *1+ _"`�a bKdfe &hZ �H S L *CB >D@FEG>C>#H8IKJL@�MLNPO�QR@TSUN�V
N�V�@TSFWD>XMYQ B[Z NPWDIPSFV C H S L]\ IPV Z O�>A@ 
 &07 H 2 7 H S L 2 Z �H S L *^B >CIPV_I#`a`cb NAHKSFW^I�@�>DMAN�d
O�QR@eSUNPVgf�SF@FEhOiNjJ[I�Ok@TbYQRV�J[I�@TSUN�Vl>AbYb N�b B N�QRV Z > Z�BLmn,po U 7 " J L \ IPV Z MAI�@TSqM$r m SFV8sut[v�w \f2Ex>Ab >X@FEG> !#y \cz +|{�� ³ 2e{�� ½ 2NMNMOM IPb >}J#NPVG@TSFVGQGNPQ4M[O m�Z S ~�>Ab >AVG@TSUI B O�> \ I�V Z I�M[M[QRW^>
@FEGI�@ � MAI�@TSqM$��>LMp@$Ex>p<�S `�MLJ[E4SF@$��J[N�V Z SF@TSUN�V�t��LwP���cEx>AV \ IP@?SF@�>Lb#I�@TSUN�V}�nN�rp@FEG>�`GI�b IPb >[I�O
I�O s8N�bYSF@$E4W�t��#w \ f�>�ExIP�]>X@$Ex> B NPQRV Z

& #�&07 H * = Zt�H &�* , o
, L

&T, L U 7 " J L * � J L& � � ³ *Y� & ³ �-, } U 71* H S � S L ��
y � 9 &

L�= z *
* ,po

, L
&T, L 7 H * � J L& � � ³ *Y�_�]�

|[� agb S a]� � e�� U 7 " � � J L � M



t Y�Z�jkQIRTU����Em�Z�U�WXO7jnZ�U�W���jIUXc×Q��nZ	RljIOGj� b N N�rL� ¼ 5G¡A  67§CD�B�D!ØC9�8`678:¡A9�¡'¸�6G§�D�¤C3'503'5GD	3AªX3Aª`«X¡A5G8{6G§�  & µ * ¿bºgDg¡AÂE603'8:9�¿iÀCH78`9�«K67§>3b6sá8¬H�67§CD�D!Å�3A£!6�H7¡Aª:ÀE6G8`¡X9<3A9CB¦3XB�BE8:9�«¢3'9CB�H7À�ÂE6G5G3X£M678:9�«C
 &07 H 2 7 H S L 2 #1&07 H S L * *#"&07 H * = Z � J LH + s &)7 H 2E7 H S L 2E#1&)7 H S L *E* =�
 &)7 H 2E7 H S L 2 #"&)7 H S L *E*=��gs &07 H 2E7 H S L 2YZt�H S L * =�
 &)7 H 2 7 H S L 2 Zt�H S L *��� 
 &07 H 2 7 H S L 2 #�&07 H S L * * =(
 &07 H 2 7 H S L 2YZt� J LH S L *YM
°¡bº ÀCH78`9C«¦D�Å�¤>3'9CH78`¡X9 & Ô * ¸¹¡X5K6G§�D�ØC5GH¥6�6Iºn¡±6GD�5G ¢HK¡X9�67§CD�5G8`«X§f6K§C3A9CBàH78:B�DA¿�3'9CB& Ú * ¡X9#6G§�D�ª¬3AH¥6�¡X9�DA¿CºgD@¡AÂ�6G3'8:9<¡A9¦6G3'Ò�8:9�«�9�¡A5G ¢H
& #"&)7 H * = Zt� J LH & * , L U 7 " J L & #1&07 H S L * = Zt�H S L & ��& ³ ��,�} U 7�* & #1&07 H S L * = Zt� J LH S L & M
��§�8:H �¡A678:¨b3b67DVHn67¡¢H¥67ÀCBE#67§�D�5GD	£�À�5G57D	9C£!D©57D	ª:3'678:¡A9

� � J LH +�� � �H S L ��� � � J LH S L 2 � 9 H +
	���� � 9 H S L 2 & ´ *
º�§�D�5GD � + , L U 7 " J Lb¿ �6+ ³ �h,�} U 7 3'9CB 	 + ,po U 7 " J Li¿vH78`9>£!D � �H 8:H67§�D	9à3'9À�¤�¤vD�5�Âv¡AÀ�9CB�¡A9 & #"&)7 H * = Z �H & =b2�À�ª`678:¤�ª:�8`9�« & ´ * Âf� H 3A9CB�H7À� � �8`9C«©¡b¨XD�5 L�¿iºgD
ØC9CB#67§C3'6n6G§�D@«AD	9�D�503b6G8`9�«�¸¹À�9C£!678:¡A9�� � & � * ® +�� H�� L � �H � H HG3b6G8:H¥ØCDVH/6G§�D@57DV£!À�5G57D	9C£!D57D	ª:3'678:¡A9 � � J L & � *�+�� ��� � & � *���� ��� � J L & � *Y2 � 9 & � *�+
	 �

³ =�� ��� ��� 9 & � *3M
Ü�¡Aª:¨�8`9�«�¸¹¡X5�� � & � * ¿CºnD©¡XÂE6G3A8`9�3b¸ 6GD�5�8:9CBEÀC£!678:¡A9� � & � *�+
	�� � � � J L& ³ =�� * ³& ³ = � � * � J L M
Õ�D�¤�ª¬3A£�8`9C«¦6G§�D�¸�3A£!67¡A5 ³ =��¦8:9Ç6G§�D±BED	9�¡A �8:9C3b6G¡A5@Â� ³ = � �<¡A9�ª:48:9C£!5GD	3XH¥DVH6G§�D
£!¡�DL�±£!8:D�9f60H�8:9±6G§�D�¤v¡bºgD	5nH7D�5G8:D	H/¡A¸�� � & � * =���H78`9�«�9�¡bº 67§CDKÂ�8:9�¡X �8¬3'ª¯H7D�5G8`DVH/D!ÅE¤C3A9EÁH¥8:¡A9 ³& ³ = � � * � J } +��y � 9

� � � ³ � z
z � � y � y 2

ºgD@¡AÂ�6G3'8:9<¸¹¡A5�6G§�D�L¯Á�6G§<£�¡�DL�±£!8:D�9f6 � �H 6G§�D�Â>¡XÀ�9CB
� �H * 	�� � � H S � S L � L

� � ³ � 2
º�§�8:£0§�£�¡A9C£�ª`ÀCB�D	Hn67§CD�¤�57¡�¡A¸I=

 "! �"! ���C�7�R���$#�%�&����C� ! ���g�x�
ÑÇD�H7§�¡bºÎ9�¡bºsH¥D	¨AD�503'ªb9�À� �D	578¬£�3AªbD!ÅE¤>D	578: �D�9f6GH	¿!Ø>5GH¥6�¸¹¡A5�H7 ¢3'ª:ªXH7EHI6GD� ¢H�¡'¸�¡A50BE8:9C3'5G
BE8{Ï¯D�5GD�9f6G8:3Aª$DVÐfÀC3b6G8`¡X9CH�¿¯º�§�D	57D�6G§�D�¡A9�ª:�¤>¡A67D	9X6G8:3Aª]¸¹¡A5@¤C3A5G3Aª`ª:D�ª:8��V3b6G8`¡X94ª`8:D	H©8:9à6G§�D
678: �D¦BE8`5GD	£!678:¡A9�¿$3'9CBÎ6G§�D�9Æ3Aª:H7¡�¸¹¡A5�3�¤C3'57678¬3'ªgBE8{Ï¯D�5GD�9f6G8:3Aª/D	ÐfÀC3'678:¡A9�¿Ý9C3' �D�ª:46G§�D
¨f8¬HG£!¡AÀ>H/�gÀC57«XD�50H�DVÐXÀ>3b678:¡A9�=



p$SVU'hiOGj��	O0UfP0O���U�Z�z��AckRTc��¬S�jgQI[XO�q�Z�j¥Z!jIOMZ	z��gz��VS�jIRTQI[X^ �

� ;e9��X5������ 1
	���j365
��§�D±Â�5GÀCHGH¥D	ª:3'67¡A5�H¥EH¥67D�  ¡'¸�¡X5GBE8:9C3A57ÎBE8{Ï¯D�5GD�9f6G8:3Aª�D	ÐfÀC3'678:¡A9CH� �¡EBED	ª:H�34£0§C3A8`9Ä¡A¸
£0§�D� �8¬£�3'ª�5GD	3X£M6G8`¡X9CH�3'9CB<8¬H�«A8:¨AD�9<Â�

�� +�� �_� }�� = &���� ³ *���2 �� +��0� = � }�� M
ÑÇD±£0§�¡fH¥D�¸¹¡A5©6G§�D¢¤C3'503' �D�67D�50H � + ³ 3'9>B � + j ¿�3A9CBÇH78:9C£!D ����� } � ³ ¿¯6G§�D
H¥EH¥67D� ãº�8`ª:ªE¸¹¡X57 â3@ª`8: �8{6g£�E£!ª:DA¿AH7D�DJK3'8:57D	5�D!6�3'ªÈ= ²`³	´X´ j · =iÑÇDKHI603'576�67§�DH78` �À�ª¬3b678:¡A9
º�8{6G§467§CD�8:9�8`678¬3'ª�£!¡X9CBE8`678:¡A9CH �{& ¾ *�+ ¾�¿ � & ¾ *�+ ³ ¿¯3'9CBÇ£!¡A �¤�À�67D�3A9à3'¤C¤�57¡iÅE8: ¢3b67D
H¥¡Xª`ÀE6G8`¡X9�¡b¨AD�5n6G§�D@678: �D�8`9f6GD�5G¨i3Aª ( 5 ² ¾ 2E7W+ ³ ½ · ÀCH78`9C«�67§�D�£�ª:3XH7H78:£	3'ª¯¸¹¡XÀ�5¥6G§�¡A50BED�5
Õ�À�9�«XD4Ö@ÀE6¥603s �D�67§�¡EB º�8`67§Ë£!¡f3'50H¥D¦678: �DàHI6GD�¤]U 7 + aoE} ¿�3A9CB ØC9�D�678: �DàH¥67D�¤U (/+ a

��� 9 ¿Cº�§�8¬£0§4«X8`¨XD	H3±H7¡Aª:ÀE6G8`¡X9�º�8{6G§à3'9à3X£�£�À�5G3X£!±¡A¸ � M µ ½ � = µ =>Ék9 ¼ 8`«XÀ�57D ³ ¿
ºgD�H7§�¡bº,67§�D�8`9C8{6G8:3Aª�«AÀCD	HGH�¸¹57¡X  6G§�D�£�¡X3A5GH7D�H¥¡Xª`¨XD�5V¿C3'9CB<6G§�D�ØC50H¥6ØC¨AD�8{6GD�503b67DVH¡A¸
67§�D¤>3'503'5GD	3'ªE3Aª`«X¡A5G8{6G§� �8:9�67§�D¤C§C3AH7D�¤�ª¬3'9�DX¿X3'9>B�3Aª:H7¡©67§�DKBE8{Ï¯D�5GD�9>£!DÂvD!6IºnD�D	9�6G§�D
¤C3'503'5GD	3Aª>3'¤C¤�57¡iÅE8: ¢3b678:¡A9±3A9CB¢6G§�D@£!¡A �¤�ª:D!6GD�Ø>9�D©3A¤�¤�5G¡iÅE8` ¢3b6G8`¡X9±3AH�3�¸¹ÀC9C£M6G8`¡X9¦¡A¸
678: �DX=Ý��§�D¢5GD	BsBE¡A6�8`9s6G§�D¢¤�§C3XH¥D¢¤Cª:3A9�DA¿�3A9CBÇ67§�D#¨AD�57678¬£�3Aª�57DVBÎª`8:9�D¢8:9s67§�D±D	575G¡A5

0 2 4
0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 5 10
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

 
!""#
"$ %
& ' 

0 2 4
0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 5 10
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

 
!""#
"$ %
& ' 

0 2 4
0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 5 10
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

 
!""#
"$ %
& ' 

0 2 4
0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 5 10
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

 
!""#
"$ %
& ' 

0 2 4
0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 5 10
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

 
!""#
"$ %
& ' 

0 2 4
0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 5 10
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

 
!""#
"$ %
& ' 

(*),+.-0/1- q�Z�j¥Z�jIO0Z	z¯Z32
2AjIS�4ART^�Z�QIRTS	U�Sj��QI[XO�ckSVzTaAQIR{S	U¢Sj�¯QI[XO65ÝjIaXckckO0z{Z�QIS	j72XjIS�8fzTO0^��
¤�ª`¡A6GHn8:9CBE8¬£�3b6GDK§C¡bºË¸�3'5n¡A9�D@£!¡XÀ�ª¬B±§C3i¨XDK£!¡X �¤�ÀE67DVB¢6G§�D©ØC9�D@H¥¡Xª`ÀE6G8`¡X9#H7D	ÐfÀ�D�9f6G8:3Aª`ª:
8`9Ä6G§�D¦HG3' �D±£�¡A �¤�ÀE603b678:¡A9Æ678: �DX¿Ý9CD�«Aª:D	£!678:9�«�6G§�D#£!¡fHI6�¡'¸�67§CD¦£!¡f3'50H¥D¢H7¡Aª:¨ADX=Ý��§�D
ØC9�D�B�3AH7§�DVB±ª:8`9�D@8:9CBE8¬£�3'67D	Hn6G§�D�3A£	£!À�503A£��¡A¸�6G§�D©ØC9�D@«A5G8:B¦H¥¡Xª`À�678:¡A9�=�ngª:D	3'5Gª:�67§�D	57D



r Y�Z�jkQIRTU����Em�Z�U�WXO7jnZ�U�W���jIUXc×Q��nZ	RljIOGj
8:H/3©¤C3A5G3Aª`ª:D�ª�H7¤vD�D	B�À�¤¢º�8{6G§�67§�8¬H]6I�¤>D�¡'¸v678: �D�¤>3'503'ª:ª`D	ª`8i�	3'678:¡A9�®iº�8`67§ j ½K¤�5G¡E£!DVH7H7¡A50H�¿
¡A9�D�£!¡XÀ�ª¬B#§C3i¨XD©£�¡A �¤�ÀE6GD	B#67§�D�9�À� �D	578¬£�3Aª¯3A¤�¤�5G¡iÅE8` ¢3b6G8`¡X9¢67¡�6G§�D�H73A �D©3X£�£!ÀC5G3X£!
¡'¸ � M µ ½ � = µ 3'Âv¡AÀE6D	8`«X§f6n6G8` �DVH�¸�3AH¥67D	5�67§C3A9<º�8`67§�¡X9�D@¤�57¡E£�D	HGH¥¡X5	=
� ;�����5�1�� ��j365���3G5��
	 

�5GD�9CH¥67¡X5¥¸¡X57Â�8`6GH�3'5GD¦£�ª`¡fH¥DVBÆ¡X57Â�8`6GH�¡'¸©34ª:8`«X§X6�¡AÂ��ID	£M6 & DX= «>=]3ÎHG3b67D	ª`ª:8`67D *  �¡b¨�8`9�«
À�9CBED	5/67§CD�8:9�CÀ�D	9C£!DK¡'¸�«A503i¨�8{6I�¡'¸¯6Iºg¡�§�D	3i¨��¡AÂ��IDV£M6GH & DX= «>=A¤�ª¬3'9�D�6GH	¿A �¡�¡A9CH * =���§�D
D	ÐfÀC3b6G8`¡X9CH�¡'¸$ �¡'678:¡A9<¸¹¡X5�67§�D�D�ÅE3A �¤�ª`D@¡A¸�6Iºn¡�§CD	3i¨�±¡AÂ��ID	£M60H�3'5GD

���+u��� ½ �� =�� �����
� L

= �
� =��
� } 2 �� + � =Ä½ �� =��

�
� L

= �
�

� } 2
º�§�D�5GD�� y ¿ z + ³ 2 ½�3'5GDK¸¹À�9C£M6G8`¡X9�¡'¸ � 3'9CB � ¿

� L +D& &U������* } � ��} *�� | 2 � } +D& &U� =�� * } � � } *�� | M
É×¸C67§CDn¤>3'503' �D!6GD�50HÝ3A57D ��+ ¾ M ¾ ³ ½X½ ÔXÔi¶�ÔE³ 3'9CB�� + ³ = � ¿i3A9CB�6G§�D�8`9C8{6G8:3Aª�£!¡A9>BE8{6G8`¡X9CH
3'5GD�£0§�¡fH¥D	9�67¡<Â>D � & ¾ *1+ ¾ M ´X´'¶ ¿ ��6+ ¾�¿ � & ¾ *�+ ¾C¿ �� & ¾ *"+ =�½ M ¾A¾ ³ � Ú � ³ ¾ µ j Ôb´ ¾ Ú ¿
67§�D	9467§CD�H7¡Aª:ÀE6G8`¡X948:H@3#9�8:£�D�£�ª`¡fH¥DVB�¡A5GÂ�8`6©º�8`67§Ç¤>D	578:¡EB 7D+ ³bÔ M ¾ µ � ½ ³Vµ � µ ¾ ³ � Ôi´Xµ ¿
H¥D	DgJ�3A8`5GD�5ÝD!6]3'ªÈ= ²`³	´X´ j · =���§�D	57D�§C3i¨AD/ÂvD�D	9�DV3'5Gª`8:D�5�3'6¥6GD� �¤E6GHÝ6G¡K£!¡X �¤�ÀE67Dg¤�ª¬3'9�D�6G3'5G
¡A5GÂ�8{60H�8:9Æ¤C3A5G3Aª`ª:D�ªÈ¿�H7D�D¦ÜE3A§C3�D�6�3'ªÈ= ²`³	´X´fÔi· ¿�º�§�D	57D¦3� �À�ª`678:¤�ª:D¦H7§�¡�¡'6G8`9�«à �D�67§�¡EB
ºn3XH�BED�¨XD�ª:¡A¤vD	B�=bÑÎD�ÀCH7D3'«X3A8`9�67§�D�¤>3'503'5GD	3'ª�3'ª:«A¡X578`67§C  67¡�£�¡A �¤�ÀE6GDg6G§�D��5GD�9>HI6G¡A57¸
¡A5GÂ�8{6¢8:9-¤C3'503'ª:ª`D	ª�¿�º�8`67§ 6G§�D4£!ª¬3AHGH¥8¬£�3Aªn¸¹¡AÀ�5767§-¡A50BED	5�ÕÀ�9�«AD4Ö@À�6¥6G3s �D�67§�¡EB-3'9CB
£!¡X3A5GH7D¢6G8` �D�HI6GD�¤�U 7[+ a}�� 9 ¿�3A9CBÄØC9CD¦6G8` �D�H¥67D�¤mU (�+ a

� 9 9E9 9 ¿/H¥ÀC£0§Ã67§C3'6�6G§�DØC9�D�6G5G3��ID	£!67¡A5G#§>3AH�3A9à3A£	£!À�503A£�#¡A¸ ´ M ´AÚ � = µ =vÑÇD�H¥§�¡bº 8:9 ¼ 8`«XÀ�5GD�½�67§CD�8:9�8{6G8:3Aª
«AÀ�DVH7HK3'9CB<6G§�D�ØC50H¥6ØC¨AD�8{6GD�503b6G8`¡X9CH�¡'¸�6G§�D�¤>3'503'5GD	3'ª�3Aª`«X¡A5G8{6G§� �¿C3AH�8`9467§�D�£�3AH7D�¡A¸
67§�D@Â�5GÀCHGH¥D	ª:3'67¡A5n¤�5G¡AÂ�ª:D� �=�ÑË§�8:ª`D@6G§�D@8`9C8{6G8:3Aª�«AÀ�DVH7Hn8¬H�£!¡A �¤�ª:D!6GD�ª:¢¡'Ï]¿�3'9CB<H78` �¤�ª:
H¥¤�8:503'ª¬H�¡AÀE6Iº�3'50B�¿E6G§�D�ØC50HI68`67D	5G3'678:¡A9�3'ª:5GD	3AB�±57D	¨ADV3'ª¬Hn67§�D�H7§C3A¤>D�¡A¸Ý6G§�DG�5GD�9>HI6G¡A57¸
¡A5GÂ�8{6V¿>3A9CB<67§�D�3'ª:«A¡X578`67§� )§C3XH�£!¡X9�¨AD�5G«ADVB±6G¡¢67§CD�¤�5GD	£�8:H78`¡X9�¡'¸]67§CD�ØC9�D�678: �D�H¥67D�¤
3'¤�¤�5G¡iÅE8` ¢3'678:¡A9Ë3b¸ 6GD�5±¸¹¡XÀ�5#8`67D	5G3'678:¡A9CH	=g°�D�«Xª`DV£M678:9�«Ã67§�DÎ£!¡XH¥6#¡A¸©6G§�Ds£!¡X3A5GH7D�«A5G8:B
H¥¡Xª`¨XDA¿E¡A9CD�£!¡AÀCª:B<§C3i¨XD@£�¡A �¤�ÀE6GD	B<6G§�8:H�67503��ID	£!67¡X57±º�8`67§à½ � ¾�¤�5G¡�£�D	HGH¥¡X5GH�3AÂ>¡XÀE6 µ ½
678: �DVH�¸�3XHI6GD�5�8:9Ä¤C3'503'ª:ª:D�ªÈ¿�67§C3A9Äº�8{6G§Ä¡A9�D¢¤C57¡E£!DVH7H7¡A5�H7D	ÐfÀ�D	9f678¬3'ª:ª`X=���§�D¢¸�3X£M6�67§>3b6
67§�D8:9�8`678¬3'ª�«XÀ�D	HGH]8¬H/H¥¡@¡AÏ¦8¬H/BEÀ�D�6G¡@67§�D�6G57D	 �D	9CBE¡XÀCH/H7D�9CH78{6G8`¨�8`6I�¡A¸>6G§�DH¥¡Xª`À�678:¡A9�67¡
67§�D�8`9�8`678¬3'ª]£!¡X9CBE8`678:¡A9CH	¿>H7¡±8`6Kºn¡AÀ�ª¬B�ÂvD�ÂvD!6¥6GD�5�67¡#À>H¥D�3A943AB�3A¤E678:¨AD� �D�67§�¡EB�§CD�5GDA=
ÑÇD©3'5GD�£!À�5G5GD�9f67ª:�H¥67À>BE�8`9�«�67§�DKÀCH7D�¡'¸�3XB�3'¤�678:¨f8`6I�8`9¢6G§�DK£�¡A9f67D�Å�6g¡'¸�6G§�D�¤>3'503'5GD	3'ª
3'ª:«A¡A5G8`67§� �=

� ; �"!�3G5�1#�%$'&)( � ��*	e3+� �

ÑÇDV3b67§CD�5�¤�5GD	B�8:£!678:¡A9Ä£!¡XÀ�ª:BÎÂvD#3'9s8: �¤>¡X5¥603'9f6�3'¤�¤Cª`8¬£�3'678:¡A9s¡'¸n67§�D#¤C3'503'5GD	3Aª]3Aª`«X¡'Á
578`67§� �¿�H78`9>£!D@¤�5GD	BE8¬£M6G8`¡X9CHn§C3i¨AD�67¡�Â>D@ ¢3AB�DK8:9¦5GD	3Aªv678: �DX=EÉ×¸$3�ª¬3'5G«ADKHG£�3Aª`D©¤C3A5G3Aª`ª:D�ª
£!¡A �¤�À�67D�5�8¬H�3i¨b3A8`ª¬3'Â�ª:DA¿]3'9>Bs67§�D<¤C3A5G3Aª`ª:D�ª:8��V3b6G8`¡X9Ä8`9 H¥¤C3X£!D¦¡'¸6G§�D¦¤>3'57678¬3'ª�BE8{Ï¯D�57Á
D�9f678¬3'ªgD	ÐfÀC3b6G8`¡X9Æ �¡EBED�ª:8`9C«�67§�D¦D�¨X¡Aª:ÀE678:¡A9Ä¡A¸�67§�D¦ºgDV3b67§CD�5�8¬H�3Aª`5GD	3XBEsH73'67À�503b6GD	B�¿
67§�D¦¡A9�ª:Çº�3iÇ67¡àH7¤>D	D	BÄÀC¤Ä67§�D<£!¡X �¤CÀE6G3'678:¡A9Æ8¬H�6G¡4675GÇ67¡à¤>3'503'ª:ª`D	ª`8i��D�6G§�D±6G8` �D



p$SVU'hiOGj��	O0UfP0O���U�Z�z��AckRTc��¬S�jgQI[XO�q�Z�j¥Z!jIOMZ	z��gz��VS�jIRTQI[X^ �

−1 0 1
−1.5

−1

−0.5

0

0.5

1

1.5

0 5 10 15
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

�

����
�
� �
	 

�

−1 0 1
−1.5

−1

−0.5

0

0.5

1

1.5

0 5 10 15
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

�

����
�
� �
	 

�

−1 0 1
−1.5

−1

−0.5

0

0.5

1

1.5

0 5 10 15
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

�

����
�
� �
	 

�

−1 0 1
−1.5

−1

−0.5

0

0.5

1

1.5

0 5 10 15
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

�

����
�
� �
	 

�

−1 0 1
−1.5

−1

−0.5

0

0.5

1

1.5

0 5 10 15
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

�

����
�
� �
	 

�

−1 0 1
−1.5

−1

−0.5

0

0.5

1

1.5

0 5 10 15
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

��

�

����
�
� �
	 

�

( ) +.-�� - q�Z!j¥Z�jIOMZ�z�Z�2 2XjIS 4AR{^�Z!QIRTSVU�SA�¯QI[fOk��jIO0UXc×QIS	j���S	j 8XRlQY�
BE8`5GD	£!678:¡A9�=R�ã¨AD�5G�H¥8: �¤�ª`D� �¡EBED�ªÝ¸¹¡A5©ºgDV3b6G§�D�5©¤�5GD	BE8¬£M6G8`¡X948:H�67§CD� �¡EBED�ª$«A8:¨AD	94Â�
67§�D�Ó�¡A5GD�9x�@D	ÐfÀC3'678:¡A9CH	¿

�� + =� ���  � 2 �� + = ���"���]� = � 2 ��G+u� � =�� �BM
��§�D	H7DsD	ÐfÀC3b6G8`¡X9CH<ºgD	57DÇØC50HI64H¥67ÀCB�8`DVBÍÂ�ÍÓ�¡A5GD�9x� ²{³V´fÔ'Úb· ¿nº�§C¡ BE8¬HG£!¡b¨AD	57DVB-67§>3b6
8`9Ä£!D	5¥603'8:9Ä£�3AH7D	H�3A¤�¤�5G¡iÅE8` ¢3b6G8`¡X9CHK67¡�6G§�D�8:5�H7¡Aª:ÀE678:¡A9Ä3'5GD�¨AD	57àH7D�9>H¥8`678:¨AD�6G¡4H¥ ¢3'ª:ª
£0§C3'9�«XD	HÝ8`9�67§CDn8:9�8`678¬3'ª�B�3'6G3 & §�D�9�¡A678¬£!DVB�6G§�8:H]º�§CD�9�§�Dg8:9f67D	575GÀ�¤E6GD	B�3K£�¡A �¤�ÀE603b678:¡A9
3'9CB<º�5G¡'67D©6G§�D�£!ÀC575GD�9f6�¤>¡fH¥8`678:¡A9�¡A¸Ý6G§�D�H7¡Aª:ÀE678:¡A9�BE¡bº�9�Â�#§C3A9CB¦67¡±£!¡X9f678:9fÀCDK6G§�D
9�D!Å�6¢B�3iA¿ÝÂ�ÀE6¢§�8¬H�9�¡A67DVH�8:9C£!ª:ÀCBEDVBÆ¡X9�ª`Î6G§�D#Ø>5GH¥6�¸¹¡XÀ�5�B�8`«X8{60H�¿]3'9CBÃ9�¡'6�67§�D¦¸¹À�ª:ª
¤�57DV£!8¬H¥8:¡A9 * =T��ª`D	«AD	9CB46G§�D�9sHG3i�HK6G§C3b6�ª:¡f¡XÒ�8`9�«�3b6@6G§�D±H¥¡Xª`À�678:¡A9à¡A¸g§�8¬H@D	ÐfÀC3'678:¡A9CH	¿
º�§�8:£0§¢ª:¡�¡AÒEH/¡X9�67§�D©3b6767503A£M6G¡A5�ª:8`ÒXD�3�Â�À�6¥67D	5 >A¿�Ó�¡A5GD�9G��£!¡X9C£!ª:ÀCBEDVB�67§C3'6/67§�DKº�8`9C«XH
¡'¸�3�ÂCÀE6¥6GD�5�C#8:9<F�À�5G¡A¤vD@£�¡AÀ�ª¬B�£!5GD	3'67D@3�6G§�À�9CBED	5GH¥67¡X57 á8:9<67§�D$�©Ü¯=

ÑÇD�£0§C¡XH7D@¸¹¡A56G§�D�¤C3A5G3A �D!67D	5GH8`9�6G§�D�Ó�¡A5GD�9x��DVÐXÀ>3b678:¡A9>H� + ³ ¾�¿ ��+ ½ Ú 3'9CB
� + � o ¿fH¥À>£0§�6G§C3b6/6G§�DH7�H¥67D	 �8¬H�8:9�67§�D£0§C3A¡'6G8:£n5GD�«A8: �DA¿A3A9CB�67503��IDV£M67¡X578:D	H]£�¡A9�¨AD	57«XD
67¡<67§�D�Â�À�6¥67D	5 >à3b6767503A£M6G¡A5V=¯ÑÇD¢H¥6G3'576@º�8{6G§Ç6G§�D�8`9C8{6G8:3Aª/£!¡A9>BE8{6G8`¡X9CH &$�{2 � 2���*3& ¾ *�+& ½'¾ 2 ��2 = ��* ¿b3'9CB�£!¡X �¤CÀE67D�º�8`67§�6G§�D�¤C3'503'5GD	3Aªf3Aª`«X¡A5G8{6G§� �3A9�3A¤�¤�5G¡iÅ�8: ¢3b6GDnH7¡Aª:ÀE678:¡A9
¡A9<67§�D�678: �D�8`9f67D	57¨b3Aª ² ¾ 2 7W+ ³ ¾ · ¿EÀCH78:9�«±3'«f3'8:9¦6G§�D�£!ª¬3AHGH78:£	3'ª¯¸¹¡AÀC5¥6G§�¡A50BED�5Õ�ÀC9�«AD
Ö@ÀE6¥603� �D!6G§�¡EB�º�8`67§�£!¡f3'50H¥D�6G8` �D�H¥67D�¤�U 7�+ a

L � 9 ¿i3A9CB�Ø>9�Dn678: �D�H¥67D�¤�U (�+ a
L � � 9E9 ¿º�§�8:£0§-ª:D	3XB�H�67¡Æ3A9-3X£�£�À�5G3X£!Ä8:9 67§�D�ØC9CD�67503��ID	£!67¡X57Æ¡A¸�½ M ¶ � = µ =/ÑÇD4H7§�¡bº 8`9

¼ 8:«AÀC57D j 67§�D�8:9�8{6G8:3AªE«AÀ�DVH7H]3A9CB�6G§�DnØC50HI6]ØC¨XDg8`67D	5G3'678:¡A9CH$¡'¸>67§�D�¤C3A5G3A57DV3'ª�3'ª:«A¡X578`67§� �¿
67¡A«XD!6G§�D�5nº�8{6G§#D	575G¡A5n£!À�5G¨ADVH/¸¹¡X5�6G§�D�£!¡�¡A50BE8:9C3b6GD	H	¿X3AHn3�¸¹À�9C£M6G8`¡X9#¡A¸�678: �DA=��K9�D@£�3'9
H¥D	D�67§C3'6�¸¹¡A5�6G§�D�ØC50HI6]6Iºn¡�8{6GD�503b6G8`¡X9CH�¿i6G§�D�3A¤�¤�5G¡iÅ�8: ¢3b6GDg¤C3A5G3A57DV3'ªf67503��IDV£M6G¡A5G�8:H/9�¡'6
8`9Ä6G§�D¦HG3' �D±º�8:9�«4¡A¸�67§�D¦Â�ÀE6767D�5�CÄ3b6767503A£!67¡A5�3AH�6G§�D¦£�¡A9�¨AD	57«XD	Bà67503��IDV£M67¡X57X=��n6
8{6GD�503b678:¡A9#67§�5GD�DX¿�67§�D�H78{6GÀC3b6G8`¡X9<£0§>3'9�«XD	H�3'9CB#67§CD©¤>3'503'5GD	3'ª¯3'¤C¤�57¡iÅE8: ¢3b678:¡A9±¸¹¡Aª:ª`¡bºH
9�¡bºÃ6G§�DK£�¡A9�¨AD	57«XD	B�67503��ID	£!67¡X57X= ¼ 5G¡A �67§�8¬H/8`67D	5G3'678:¡A9¢¡A9�¿b67§�D©3'ª:«A¡X578`67§� ã£!¡A9�¨XD�5G«AD	H



� Y�Z�jkQIRTU����Em�Z�U�WXO7jnZ�U�W���jIUXc×Q��nZ	RljIOGj

0 2 4 6 8 10

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

0 2 4 6 8 10
−20

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

0 2 4 6 8 10
−20

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

0 2 4 6 8 10
−20

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

0 2 4 6 8 10
−20

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

0 2 4 6 8 10
−20

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

(*),+ -�� -�� UXRlQIR`Z�z��VaXO0ckc@Z�U�W��XjIc×Q	�fhiO 2�Z�j¥Z!jIOMZ	z]Z�2
2AjIS 4XRT^�Z!QIR{S	Ufc�Sj��QI[fO�ckSVzTaAQIR{S	U4Sj�/QI[fO

 S	jIO0UXy�OM_ba�Z!QIR{S	Ufc �
¡A9�67§�D�D�9f6G8`5GDn678: �D�8:9f67D�5G¨b3'ªÈ¿'3AH$¡A9CD�£	3'9�H¥D	Dg8:9 ¼ 8`«XÀ�57D ¶ ¿bº�§CD�5GDgºnD�H¥§�¡bºÃ8{6GD�503b678:¡A9
H¥8`Å�67¡©D�ª:D�¨XD�9�=K�n6�8`67D	5G3'678:¡A9�6GD�9�¿'3A9�¡b¨XD�503'ª:ªX3X£�£!ÀC5G3X£!@¡'¸ ³ � = µ ¿Vº�§�8:£0§�£!¡X575GD	H7¤v¡A9CB�H
67¡K67§�DnØC9�D�«X578¬B�H7¡Aª:ÀE678:¡A9�3A£	£!À�503A£�A¿V8:H]3A£0§C8`D	¨AD	B�=V°�D�«Aª:D	£!678:9�«K67§�D�£!¡fHI6]¡'¸>67§�D�£!¡f3'50H¥D
H¥¡Xª`¨XD�5V¿C¡A9CD�£!¡XÀ�ª¬B�67§�D	57D�¸¹¡A5GD�§C3i¨XD�£!¡X �¤CÀE67DVBà3�ØC9CD�«X578¬B�3A£	£!À�503b6GD�H¥¡Xª`À�678:¡A94º�8`67§
³	Ú ¾4¤�57¡E£�D	HGH¥¡X5GH�3AÂ>¡XÀE6 ³VÚ 6G8` �D	H�¸�3AH¥67D	5�6G§C3'9 H¥DVÐXÀCD�9f678¬3'ª:ª`X¿$3XH�8:9CBE8¬£�3'67DVBÄÂ�Ç6G§�D
£!¡Aª:¡A5GD	B¦BE¡'60H3'9>B±6G§�D�57DVB#¨XD�57678¬£�3Aª�ª`8:9�D@¡A9<67§CD�«A503'¤�§CH	=

Ék9 ¼ 8`«XÀ�57D � ¡X9Æ67§CD¦ª:D!¸ 6V¿$ºnD¦H7§�¡bºÙ§�¡bº�6G§�D�BE8{Ï¯D�5GD�9>£!D#¡A¸67§CD¦¤C3A5G3A57DV3'ª�3A¤EÁ
¤�57¡iÅE8: ¢3b678:¡A9Ç3'9CB�6G§�D¢£!¡X9f¨XD�5G«ADVB�H¥¡Xª`ÀE6G8`¡X9�¿v �DV3AH7À�5GD	B�8:9à6G§�D�� } Á×9�¡X57 &8:9ÇH7¤C3A£�DA¿



p$SVU'hiOGj��	O0UfP0O���U�Z�z��AckRTc��¬S�jgQI[XO�q�Z�j¥Z!jIOMZ	z��gz��VS�jIRTQI[X^ �

0 2 4 6 8 10
−20

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

0 2 4 6 8 10
−20

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

0 2 4 6 8 10
−20

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

0 2 4 6 8 10
−20

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

0 2 4 6 8 10
−20

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

0 2 4 6 8 10
−20

0

20

40

0 2 4 6 8 10
10

−10

10
−5

10
0

�

�

	 

� 

�

����
��

(*),+ -��.- NAR 4'QI[sQISàOGz{OGhiO0UbQI[ 2�Z!j¥Z�jIOMZ�zZ�2 2XjIS 4AR{^�Z!QIRTSVUÄSj��QI[fO±ckS	z{aAQIRTSVUÃSj�QI[fO 
 S�jIO0Ufy
O0_'afZ�QIRTSVUXc �
3'9CB¦8`9¦67§CD ����ÁÈ9�¡X57 Ù8:9¦678: �DX¿CBE8: �8`9�8¬H7§�D	H�3AH�3�¸¹À�9C£!678:¡A9<¡'¸Ý67§�D@8`67D�503b6G8`¡X9CHn¡'¸�6G§�D
¤C3'503'5GD	3Aªv3Aª`«X¡A5G8{6G§� �= �K9�D�£�3'9�£!ª:D	3A57ª:#H7D�D©67§>3b6�67§CD�£!¡A9�¨XD�5G«AD�9>£!D�8¬HH7À�¤vD�5Gª`8:9�D	3A5	=

Ék9¦6G§�D�£�¡A9f67D�Åf6¡A¸]67§�D�Ó�¡A5GD�9x�@DVÐXÀ>3b678:¡A9>H�¿�8`6�8¬H8:9f67D�5GD	H¥678:9�«�6G¡¢8`9�¨ADVHI6G8`«f3b6GDK6G§�D
Â>D	§C3i¨�8`¡X5�¡'¸�67§�D�¤C3'503'5GD	3Aª�3'ª:«A¡X578`67§C )º�8`67§Ç57DVH¥¤vD	£!6�6G¡#6G§�D�£0§>3'¡'6G8:£�9C3b6GÀ�5GD�¡'¸�6G§�D
H¥EH¥67D� �=$Ék9 ¼ 8`«XÀ�5GD � ¿$ºgD¦H¥§�¡bº�¡X9Ä67§�D¦578:«A§f6�6G§�D¦£�¡A9�¨AD	57«XD�9C£�D¢Â>D	§C3i¨�8`¡X5�¡'¸�6G§�D
¤C3'503'5GD	3Aª¯3Aª`«X¡A5G8{6G§� á¸¹¡X5�3'9�8: �¤�ª`D	 �D�9f6G3'678:¡A9�º�8`67§�¨b3'5G8:3AÂ�ª:D�¤�57DV£!8¬H¥8:¡A9�3A578`67§� �D�678¬£'¿
ÀCH¥8:9�« ³Vµ ¿ j ½¦3A9CB ¶XÚ BE8:«A8`6GH�¡'¸�3A£	£!À�503A£�A=��K9�D±£	3'9ÄH¥D	D�67§C3'6�67§CD¢67§�D	¡A5GD!6G8:£	3'ª�5GD!Á
H¥À�ª`6�¡'¸�H¥ÀC¤>D	57ª:8`9CD	3'5�£�¡A9�¨AD	57«XD�9C£�D�H¥67¡A¤>H�3b6�3�£!D�576G3A8`9Çª`D	¨AD	ª�Â>D�¸¹¡A5GD�6G§�D¢9�À� �D�5G8:£	3'ª
¤�57DV£!8¬H¥8:¡A9Ç§C3AH@ÂvD�D	9s57DV3A£0§�DVB�¿�3'9CBÇ67§CD�3Aª`«X¡A5G8{6G§� �H¥6G3A«A9C3'67D	H	¿¯¡A5@8:9Î¡A67§�D	5�ºg¡X5GBCH�¿



u�� Y�Z�jkQIRTU����Em�Z�U�WXO7jnZ�U�W���jIUXc×Q��nZ	RljIOGj

0 2 4 6 8 10 12
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

b

����
�

0 5 10 15 20 25 30

10
−40

10
−35

10
−30

10
−25

10
−20

10
−15

10
−10

10
−5

10
0 48 digits

32 digits
16 digits

b

����
�

(*),+ -�� - p$SVU'hiOGj��	O0UfPGO 8EO0[fZMhARTS�j$SA�CQI[XO02�Z!j¥Z�jIOMZ�z�Z	z��VS�jIRTQI[X^ Z32
2Xz{RTOMW©QIS�QI[XO 
 S	jIOGUfy/OM_ba�Z��
QIRTS	Ufc �
67§�D¢6G5G3��ID	£!67¡A5G4§C3XH�£!¡X9�¨AD�5G«ADVB�6G¡à3�BE8`ÏvD	57D	9X6�H¥¡Xª`ÀE6G8`¡X9Î¸¹57¡X Þ67§CD±¡A9�D±£�¡A �¤�ÀE6GD	B
H¥DVÐXÀCD�9f678¬3'ª:ª`X¿�BEÀ�D@6G¡�5G¡AÀC9CBE¡'Ï4D	575G¡A50H	=

� ; ��� 	��	�a3.��� � �?5�
�185 �D1#( � ��*	e3+�

ÑÇD�Ø>9C3'ª:ª`-H7§�¡bº 9�À� �D	578¬£�3AªD!ÅE¤vD�5G8` �D�9f60H�¸¹¡A5#3Æ9�¡A9EÁ×ª:8`9�DV3'5¢¤C3A5¥6G8:3Aª�BE8`ÏvD	57D	9f678¬3'ª
D	ÐfÀC3b6G8`¡X9�¿�67§CD�¨f8¬HG£!¡AÀ>H/�gÀC57«XD�50H�DVÐXÀ>3b678:¡A9�¿

�� � ����� +�� ���	� 8`9 C + ² ¾ 2 ³�· 2 � &$�{2 ¾ *,+ H78`9 & ½�� �R*Y2
º�8{6G§ §�¡X �¡A«AD	9�D�¡XÀCH�Âv¡AÀC9CB�3'5GÄB�3b603�¿]H¥À>£0§Æ67§>3b6�67§�D�H7¡Aª:ÀE678:¡A9Ä¸¹¡X57 ¢H ¼ 5G8:D	BE5G8:£0§�� H
°�Á×ºn3i¨XDA=CÑÎD�£0§�¡XH7D�¸¹¡A5K67§CD�¨�8¬H7£�¡XH78{6I<¤C3'503' �D�67D�5 �t+ L� 9 ¿¯ÀCH7D	Bà3#£!D	9f67D�5GD	B�ØC9�8`67DBE8{Ï¯D�5GD�9>£!D�BE8¬H7£�57D�678i�	3b6G8`¡X9Æº�8`67§-H¥¤C3'678¬3'ª�H¥67D�¤�U ��+ L� 9 ¿�3'9CB 3àÂ>3A£0Ò�ºn3A5GBÄF�À�ª:D�5BE8:HG£!5GD!6G8��V3b6G8`¡X9 8:9Ë6G8` �DA=nÑÎDà¡A9Cª` ¤C3'503'ª:ª`D	ª`8i��DVB 67§�DÎH¥¡Xª`ÀE6G8`¡X9Ë8`9 678: �DàÀCH¥8:9�«Ä6G§�D
¤C3'503'5GD	3Aª¯3Aª`«X¡A5G8{6G§� �¿�º�8`67§4£!¡f3'50H¥DK678: �D�H¥67D�¤VU 7.+ LL 9 ¿v3'9CB¦ØC9�D�678: �D�HI6GD�¤lU (�+
LL 9 9 ¿iº�§�8¬£0§�«X8`¨XD	H�3�9�À� �D�5G8:£	3'ª�3A£�£�À�503A£!©¡'¸ ¶ � =�½�=�ÑÎDnH7§�¡bºs8`9 ¼ 8`«XÀ�57D µ ¡X9�67§�Dnª:D!¸ 667§�D�£�¡A9�¨AD	57«XD	B#H7¡Aª:ÀE6G8`¡X9<¡b¨XD�5�3¢H7§�¡A576�678: �D�8:9f67D	57¨b3'ªÈ¿ ² ¾ 2E7�+ ¾ M ³!· ¿Eº�§�D	57D@¡A9CD�£�3'9
H¥D	D/§�¡bºÎ67§�Dn°�Á×ºn3i¨XD�8:H�¸¹¡A5G �8`9�«>¿	3A9CB@¡A9�6G§�D�5G8:«A§f6�67§�DnH73A �D�H¥¡Xª`À�678:¡A9�¡b¨AD	5�3�ª:¡A9�«XD�5
678: �D<8:9X6GD�5G¨b3'ªÈ¿ ² ¾ 2E7q+ ³�· =]Ék9 ¼ 8:«AÀ�5GD Ô ¿ÝºnD�H¥§�¡bºÙ¡X9Ä67§CD¦ª:D!¸ 6�67§CD<£�¡A9�¨AD	57«XD�9C£�D
Â>D	§C3i¨�8`¡X5�¡'¸�6G§�D�¤>3'503'5GD	3'ª>3'ª:«A¡A5G8`67§� �3'¤�¤Cª`8:D	B�6G¡�6G§�D��nÀ�5G«AD	5GH/D	ÐfÀC3b6G8`¡X9�¿fº�§�D�9¢6G§�D
¤�57¡XÂ�ª:D� Ù8¬H�¤>¡fH¥DVB#¡b¨XD�5g678: �D@8:9f67D�5G¨b3'ª¬Hn¡'¸Ý¨b3A578:¡AÀCHnª:D�9�«A67§�=���«X3A8`9¦ºgD© �D	3AH7À�5GD�6G§�D
D�5G57¡X5�8:9Ä67§�D � } ÁÈ9C¡A5G  8:9 H7¤C3X£!DA¿$3'9CBÆ67§�D � ��Á×9�¡X57  8`9Ã678: �DA= �K¨AD	5�H7§�¡A576�6G8` �D
8`9f67D	57¨b3Aª:H	¿¯67§�D±£�¡A9�¨AD	57«XD�9C£�D�¡A¸g6G§�D¢¤C3'503'5GD	3Aª$3Aª`«X¡A5G8{6G§� Þ8¬H@¸�3AH¥67D	5@67§C3A9Ç¡b¨XD�5@ª:¡A9�«
678: �D�8:9f67D	57¨b3'ª¬H	=EÉk9#6G§�D�£�3XH¥D@¡'¸ 7W+ ¾ M ³ ¿�6G§�D�3'ª:«A¡X578`67§C á£!¡A9�¨XD�5G«AD	Hn3b6H¥67D	¤¦6Iºn¡�67¡
67§�D±3X£�£!ÀC5G3X£!4¡A¸g6G§�D±BE8¬H7£�57D�678i�	3b6G8`¡X9ÇD	575G¡A5V¿�3'9>Bà¡X9�D±£!¡XÀ�ª:BÇ6G§�D�5GD!¸¹¡X57DX¿�9�D�«Xª`DV£M678:9�«
67§�D¢£!¡f3'50H¥D�H¥¡Xª`¨XDA¿�£!¡X �¤�ÀE67D�6G§�8:H�3'¤�¤�5G¡iÅE8` ¢3'678:¡A94º�8`67§Ç67D	9Ç¤�5G¡E£!DVH7H7¡A50HØ>¨AD�678: �DVH
¸�3AH¥67D�5�8`9�¤C3A5G3Aª`ª:D�ª¯6G§C3'9�º�8`67§�¡A9CD�¤�57¡E£�D	HGH¥¡X5	=E°¡A67D�3Aª:H7¡�67§C3'6�3AH�¡X9�D�£!¡A9f6G8`9�À�DVH�67¡
8{6GD�503b67DX¿�6G§�D�3'ª:«A¡A5G8`67§� �£!¡X9f¨XD�5G«ADVH@¸¹À�5767§�D	5�6G¡bºn3A5GBÇ67§CD#ØC9CD¦«X578¬BÄH¥¡Xª`À�678:¡A9�¿$À�9f678:ª
67§�D±5G¡AÀC9CBE¡'Ï D�5G57¡X5�3A£�£�À�503A£!à8:H�5GD	3X£0§�D	BÎ3b6�HI6GD�¤ ³ ¾C¿�3AH�8:9CBE8¬£�3'67DVBsÂfÎ��§�D�¡X57D	 
³ = �K¨XD�5�ª`¡X9�«AD	5�678: �D�8`9f67D	57¨b3Aª:H	¿�¸¹¡A5¢D�Å�3' �¤�ª:D 7 + ³ ¿/º�8`67§ 67§CDàH73A �D<¤>3'503'5GD	3'ª
£!¡A9�ØC«AÀ�503b6G8`¡X9�¿�6G§�D�3X£�£�À�5G3X£!<¡'¸�6G§�D�B�8:HG£!5GD!6G8��V3b678:¡A9�D	575G¡A5�8:HK57DV3A£0§�DVB�3b6©8{6GD�503b678:¡A9



p$SVU'hiOGj��	O0UfP0O���U�Z�z��AckRTc��¬S�jgQI[XO�q�Z�j¥Z!jIOMZ	z��gz��VS�jIRTQI[X^ uVu

0
0.2

0.4
0.6

0.8
1 0

0.05

0.1

−1

−0.5

0

0.5

1

t

x

so
lu

tio
n

(*),+ -�� - p$SVU'hiO7j��VOMW�Z32
2AjIS�4ART^�Z�QIOnckSVzTaXQIRTSVUD�:S	j�QI[fO65ÝaXj��VO7jIcgOM_bafZ�QIRTSVU�S!hiO7jnZKck[fS	jkQgZ�U�W
zTS	U8�©QIRT^�O�RTUbQIOGjIh	Z	z �

0 5 10 15
10

−14

10
−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

T=4, 400 proc
T=1, 100 proc
T=0.25, 25 proc
T=0.17, 17 proc
T=0.1, 10 proc

b

����
��

0 1 2 3 4 5 6 7 8 9
10

−9

10
−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

h, ∆ t
h/2, ∆ t/4
h/4, ∆ t/16
h/8, ∆ t/64

�

����
��

(*),+ -�� - p$SVU'hiO7j��VO0UXP0O 8EO0[fZMhARTS�j�Sj�fQI[XO�2fZ�j¥Z!jIOMZ	zXZ	z��VS�jIRlQI[f^ËZ32
2fzTRTOMWQIS75$aAj��VOGjIc�O0_'afZ�QIRTSVUCd
S	U�QI[fO�z{O �:Qc�:S	j¯h	Z�jIRTS	afc¯zTO0UK�	QI[fc>Sj�AQI[fO�QIRT^�O�RTUbQIOGjIh	Z	z d!Z�U�W�SVU�QI[fO�jIR��V[bQ¯x/[XO0U�QI[fO�Z	PGP0aXj¥Z�P#�
SA�¯QI[fOWARTckPGjIOGQIRTyMZ�QIRTS	U¢R{c/RTUfP7jIOMZ	ckOMW��
¸¹¡AÀ�5V=@ng¡A �¤�À�678:9�«±º�8`67§�¡A9CD�§�À�9CBE5GD	B<¤�5G¡E£!D	HGH7¡A50H�8`9�¤C3A5G3Aª`ª:D�ªÈ¿E6G§�8:HKH¥¡Xª`À�678:¡A9�£!¡XÀ�ª:B
§C3i¨AD©Â>D	D�9�¡AÂ�6G3'8:9�DVB�½ � 6G8` �DVH�¸�3AH¥67D	5�67§C3A9�H7D	ÐfÀ�D	9f678¬3'ª:ª`±¡X9¦¡X9�D@¤�5G¡�£�D	HGH¥¡X5	=

Ék9 ¼ 8`«XÀ�5GD Ô ¡X9 6G§�DÇ5G8:«A§f6	¿nºgDsH7§�¡bº §�¡bº&67§CDÎBE8¬HG£!5GD!678i�	3'678:¡A9 D	575G¡A5<3bÏ¯D	£!6GH
67§�D�¤C3A5G3A57DV3'ªg3Aª`«X¡A5G8{6G§� �= ¼ ¡A5 7 + ¾ M ³ ¿ÝºnD�£!¡A �¤�À�67D	BÃ �¡A5GD<3A9CBÆ �¡A5GD<57D�ØC9�D	B
H¥¡Xª`ÀE6G8`¡X9CH	¿bÂ>¡A67§¢8:9�H7¤C3X£!D3'9>B�6G8` �DX¿'º�8{6G§�675GÀ�9C£	3b678:¡A9�D	575G¡A5 ¶ � =±½E¿ ³ � =±½E¿f½ M � � = j
3'9CB µ M ½ � = ¶ ¿EÀCH78`9�«�6G§�D@¤C3'503'5GD	3Aªv3Aª`«X¡A5G8{6G§� �º�8{6G§ ³ ¾�£�¡X3A5GH7D6G8` �D@8`9f6GD�5G¨i3Aª:H	=���§�D
£!¡A9�¨XD�5G«AD�9>£!D<¤�ª`¡A6¦H7§�¡bºH�67§>3b6±6G§�Dà£!¡X9�¨AD�5G«AD	9C£!D�503b6GD�Â>DV£!¡A �DVH¢8`9>BED�¤vD�9CB�D�9f6¦¡A¸
67§�DÎ �D	H7§ ¤C3'503' �D�67D�50H	¿�3AH¦8{6<ºn3XH±¤�5G¡b¨ADVB ¸¹¡A5¦67§�DÇª`8:9�DV3'5�£�3AH7D48:9,?@3'9>BED�5�3'9CB
Û/3'9CBED	ºn3Aª`ª:D ² ½A¾A¾ µb· =

	��Ç�g���T�¥� ���I��� �
ÑÇD�H¥§C¡bºgDVB�67§C3'6K6G§�D�¤C3'503'5GD	3Aª�3'ª:«A¡X578`67§�  3A¤�¤�ª:8`DVB�67¡<3#9C¡A9�ª:8`9CD	3'5@H7�H¥67D	 &¡'¸�¡X5¥Á
BE8`9>3'5G-B�8{Ï¯D�5GD�9f678¬3'ª©D	ÐfÀC3'678:¡A9CH¦£!¡X9f¨XD�5G«ADVH±H¥ÀC¤>D	57ª:8`9CD	3'5Gª: ¡X9Í3'9� Â>¡XÀ�9CBEDVBË6G8` �D
8`9f67D	57¨b3Aª�=XÑÇD8:ª:ª`ÀCH¥67503b6GD	B�6G§�8:Hg5GD	H7À�ª{6gº�8{6G§�¸¹¡AÀ�5g9�¡A9EÁ×ª:8`9�DV3'5/D�Å�3' �¤�ª:D	H/£�¡A �8`9C«�¸¹57¡X 



uMw Y�Z�jkQIRTU����Em�Z�U�WXO7jnZ�U�W���jIUXc×Q��nZ	RljIOGj
£0§�D� �8¬£�3'ªE5GD	3X£M6G8`¡X9CH�¿i¤�ª¬3'9CD!6G3A57�¡X57ÂC8{60H�¿bºnD	3'67§�D	5Ý¸¹¡X57DV£�3XHI6�3'9CB CÀ�8¬B C¡bºÆ¤�5G¡AÂCª`D	 �H	=
��§�D	H7D�D!Å�3A �¤Cª`DVH�H7§�¡bºÍ6G§C3b6©¤C3'503'ª:ª:D�ª�H7¤>D	D	BEÀC¤�8`9�6G8` �D�8:H�¤>¡fH7H78`ÂCª`DX¿>3'ª`67§C¡AÀ�«X§�9�¡'6
3b6�67§CDH73A �D�ª:D�¨XD�ª�3AH]8:9¢H¥¤>3A£!DX¿bº�§�D�5GD�¡A9�D�¡A¸ 67D�9¢3XH¥ÒEH$¸¹¡A5�¤vD�57¸¹D	£!6�H¥¤vD�DVBEÀ�¤�¿A8�= DA=b6G§�D
£!¡A �¤�À�6G3b6G8`¡X9�º�8`67§�¡A9CDg§�À�9CB�57DVB�¤�5G¡E£!DVH7H7¡A50H�H7§�¡AÀCª:B�Â>D�¡X9�D�§fÀC9CBE5GD	B�6G8` �DVH$¸�3AH¥67D�5V=
¼ ¡A5©6G8` �D¢¤C3A5G3Aª`ª:D�ª:8��V3b6G8`¡X94º�8{6G§Î67§�D�¤C3A5G3A57DV3'ª]3'ª:«A¡A5G8`67§� �¿¯¡A9�D�§C3XH©67¡�Â>D¢HG3b6G8:H¥ØCD	B
º�8{6G§Îª:D	HGH	¿�Â�ÀE6�8`¸n6G§�8¬H@8:H@6G§�D¢¡A9Cª`4¡X¤E678:¡A9Îª:D!¸ 6�6G¡�H7¤vD�D	B�À�¤Î67§�D±H7¡Aª:ÀE678:¡A9Ç678: �DA¿�8`6
 �8:«A§f6ÂvD�ºg¡X5¥6G§�º�§�8`ª:D@£!¡A9>H¥8¬BED�5G8:9�«�8`6	=

� ��� ���������R�2�
o/8:D�5Gª`À�8:«A8�� �¡EBE8:¡,3'9>B Ó�À�8:«A8��n57À�«X9C3'9C¡C=>o�3'503'ª:ª`D	ª�8: �¤Cª`D	 �D	9f6G3b6G8`¡X9 ¡'¸±Â�ª:¡E£0Ò
Âv¡AÀ�9>B�3'5GÆ¨b3'ª:À�D� �D!67§C¡�BCH�¸¹¡A5 ���©F�H	=�� ���N�W�`=����`a`cO���	�I�@$Ex� ¿ ÔbÚ ® ³	´�Ô�
 ½ ³A³ ¿
³V´A´fÔ =

Ó�D�¡X9C3'50BE¡W��3P�¢£�¡C¿�Üf67D	¤�§C3A9�D �nD	579C3A5GB�¿�K¨X¡A9â243AB�3iX¿@?@3AÂ�5G8`D	ª��ÝÀ�5G8`9�8¬£!8È¿�3'9CB
?©8:ª`ª:D	H����D	5G3A§�=�o�3'503'ª:ª`D	ª{Á×8`9�Á�6G8` �D� �¡Aª:D	£!ÀCª:3A5¥ÁkBE�9C3' �8¬£�H±H78: �À�ª¬3b6G8`¡X9CH�= � E m MYSUJ[I�O
� >L� SU>Lf�� ¿ µAµ ® ¾ � ÔAÔ ¾ µ�
v³�
�¶ ¿A½A¾A¾X½�=o/§�8:ª`8:¤�¤vDtng§>3'57678:D�5�3A9CB �nD�5G9C3A5GBXo�§�8`ª:8:¤�¤>DX=X� ¤C3A5G3Aª`ª:D�ªnH¥§C¡f¡A678:9�«46GD	£0§�9C8:ÐfÀ�D#¸¹¡A5
H7¡Aª:¨�8`9�«¢BE8¬HGH¥8:¤C3b6G8`¨XD ���©F�H	= �N�W�`�QR@TSFV8s ¿ � ³ ® ½A¾ ´�
 ½ j µ ¿ ³V´A´ j =

243'57678:9Í;>=�?@3A9CBED�5�3'9>BÍÜf67D�¸�3'9,Û/3'9CBED	ºn3Aª`ª:DA= �9C3Aª`EH78:H#¡'¸�6G§�Dà¤>3'503'5GD	3'ª678: �D�Á
¤C3A5G3Aª`ª:D�ªv6G8` �D!Á×8:9X6GD�«X5G3'678:¡A9< �D�67§�¡EB�=���� ��	 � � � JASU���N�W�`�QR@�� ¿>½A¾A¾ µ =Ý8:9�¤�5G8`9f6	=

F/5G9CHI6�J�3A8`5GD�5V¿�ÜEf¨XD�576%o]=�°��A5GH7D!676	¿�3'9CB<?©D�5G§C3'50B�ÑÎ3A9�9�D	5	=�� N�O �jSFV4s��kb Z SFVcI�b m � S r[d
rL>Ab >AVG@TSUI�O!�#"AQGI�@TSUN�VxM �%$'& NPVxMY@eS ~ � b N B O�>AWXM =�Ü�¤C578:9�«AD	5¥Á×Û�D�5Gª¬3'«C¿vÜ�D	£�¡A9CB4ÕD�¨�8:H7D	B
FgBE8{6G8`¡X9�¿ ³	´X´ j =

F/Òb3A£0§C3A8'Ó�D	ª:3A5G3XH¥ �D�DX¿3�ª:Â>D	5¥6$F=�Õ�ÀCD�§�ª:8�¿V3'9CB���ª`ÂvD�5767¡Ó�=VÜE3A9�«A8:¡b¨b3'9�9C8{Á×Û�8:9C£!D	9f67D�ª:ª:8�=
��§�D�º�3i¨AD�¸¹¡A5G .5GD�ª¬3bÅ�3b6G8`¡X9Æ �D!6G§�¡EBÆ¸¹¡X5�6G8` �D�Á×BE¡X ¢3'8:9 3'9>3'ª:�H78¬H�¡A¸�ª:3A57«XD¦HG£�3Aª`D
8:9f67D�«X5G3'67DVB�£�8`50£!ÀC8{60H�=!� �(�(� �Rb IPVxMA�?NPV)�*� � N�r � �-IPV Z � m MY@�� ¿ ³ ® ³ j ³�
¯³�¶ � ¿ ³	´AÚ ½E=

;X3X£�ÐfÀ�D	H¥ÁkÓ�¡AÀC8:HÎÓ�8:¡A9CH	¿��K¨X¡A9�243ABC3iA¿�3'9>Bâ?@3AÂ�578:D�ª±�ÝÀ�5G8`9C8:£�8�= � ¤C3A5G3A57DV3'ª�8`9
6G8` �D-BE8:HG£!5GD!6G8��V3b6G8`¡X9ß¡'¸±¤¯BED � H	= �� � �+��J[I Z � � JLSU� � I�bYSqM \ � >AbYSU> �M¿ j�j ½E® µAµ�³,

µXµAÚ ¿v½'¾A¾ ³ = �KÕÓ)-�./.103254/476/616�8:9�;=<79?>A@�9CBD8FEG;?4CH�91I�J/E/H=4LKNM141O1P/4LKRQ�4�S=P/4?T/P/41O?U�4
V B/.A@?W?;19�8F0�X/Yv=

F�BEº�3'50B4°�=�Ó�¡A5GD�9x�X= �K9467§CD�¤�5GD�¨b3Aª`D	9C£!D�¡'¸g3A¤>D	578:¡EBE8¬£!8`6I�8`9ÎH¥8: �¤�ª`D�H7�H¥67D	 ¢H�=�Ék9
2Ä=�?©5G �D	ª:3#3'9CB4;>= F=>2à3'50H7BED	9�¿CDVBE8`67¡A50H	¿�Z O�N B IPO*� VcI�O m MYSqM ¿v¨A¡Aª:À� �D Ô ��� ¿>¤C3'«XD	H��j 
�Ô � ¿�nn3'ª:«X3A57X¿ ³V´fÔ'Ú =EÓ�DV£M67ÀC57D�°¡A67DVH�8`9�243'67§�D	 �3'678¬£�H	=

ÑË8`ª:ª:3A5GB<Ó/=>2�8`503'9CÒAD�5�3'9>B¦ÑÎD�5G9�D	5�Ó�8`9C8`«XD�5V=�o�3A5G3Aª`ª:D�ªv �D!6G§�¡EB�H�¸¹¡A5�6G§�D�9�À� �D�5G8:£	3'ª
8:9f67D�«X5G3'678:¡A9 ¡'¸K¡X5GB�8`9C3A57ÆB�8{Ï¯D�5GD�9f678¬3'ª�DVÐXÀ>3b678:¡A9>H�= 	�I�@$Ex�+�N�W�`=� ¿ ´�³ ® j ¾ j 
 j ½'¾C¿
³V´AµfÔ =

; �¡X57«<°8:D�¨AD	57«XD�ª`6	=�o�3'503'ª:ª`D	ªÝ �D!6G§�¡EB�H©¸¹¡A5@8:9f67D�«X5G3'678:¡A9Ç¡A50BE8`9>3'5G�B�8{Ï¯D�5GD�9f678¬3'ª�DVÐfÀC3bÁ
6G8`¡X9CH�= �NPWXW^�*���'	 ¿ Ô ® Ô j ³�
�Ô j�j ¿ ³	´Xµ'¶ =o/503AH7D�9��I8`6�Ü�3'§C3C¿�;A¡f3A£0§�8: ÞÜf6G3XBED�ªÈ¿�3'9CBsÜE£�¡'6¥6��Ý5GD� ¢3'8:9�DA=��â¤C3'503'ª:ª`D	ª]8`9f67D	«A503b6G8`¡X9
 �D!6G§�¡EB¦¸¹¡A5H7¡Aª¬3'5�H¥EH¥67D	  BE�9C3A �8¬£�H	= �+MY@Tb N�Vc� � � ¿ ³X³�¶ ® ¶ ¾ ´N
�¶C³ � ¿ ³V´A´fÔ =


