
���������
	���
���������	���� 	������������
	���� � �"!
��#%$�� ��	&� ���'��� ������� (�	)(
*+�"!���,�-��/.0��12(
*�354 -��'����1"�

6�7 8�9�: ; ; : < ='> ? @ @ ?�A"B
CED F C�G�HIF ? ='H
J�8"K'L : M N�OEO�L : P Q�G&B
CED F C�G�HIF ? ='H
R S T U U VEU W"XIU Y�Z [ \ ] ^�R S _ ] ` S ] aEX�b ^ ` ] c _ ]&d�] V V U `�e�` _ f ] ^ g _ \ h a i�_ \ \ g j [ ^ c T'a�i�kml n o l p�e�R k

qsr�t u v w�x�u
y ] g Z _ \ ]
_ \ g�Z�U Z [ V b ^ _ \ h�W U ^�c ] ` ] ^ b V�S V [ g \ ] ^ _ ` c�a
z�{ Y�] b ` g�g [ |�] ^ g}\ T ^ ] ]0Y�b ~ U ^
g T U ^ \ S U Y�_ ` c g �
_ \�g S b V ] g0Z�U U ^ V h�S U Y�Z [ \ b \ _ U `�b V V h aI\ T ]+` [ Y {
j�] ^
U WIS V [ g \ ] ^ g z T�b g&\ U}j�]�g [ Z Z V _ ] ��j h}\ T ]
[ g ] ^ a�b ` �s\ T ]�g ] b ^ S T�_ g
Z ^ U ` ]}\ U�V U S b V�Y�_ ` {
_ Y�b �
��]�Z ^ U Z�U g ]�g U V [ \ _ U ` g�W U ^&\ T ]�� ^ g \&\ �IU
Z ^ U j V ] Y�g a b ` ��b�Z�b ^ \ _ b V ^ ] Y�] � h
W U ^"\ T ]�\ T _ ^ �'�
� [ _ V � _ ` c&U `�Z ^ _ U ^I�IU ^ ��W U ^�b V c U ^ _ \ T Y�_ S�b S S ] V {
] ^ b \ _ U `0\ T�b \&_ g�` U \�j�b g ] ��U `�b Z Z ^ U � _ Y�b \ _ U `'a
�I]I_ ` \ ^ U � [ S ]�b�` ] �sb V c U ^ _ \ T Y�\ T�b \�] ��S _ ] ` \ V h a
g ] b ^ S T ] g0\ T ]�g Z�b S ]�U W&S V [ g \ ] ^0V U S b \ _ U ` g�b ` �
` [ Y�j�] ^�U W"S V [ g \ ] ^ g&\ U�U Z \ _ Y�_ � ]�\ T ] � b h ] g _ b `
� ` W U ^ Y�b \ _ U `�XI^ _ \ ] ^ _ U `5� �I� X���U ^}\ T ]�k�� b _ � ]
� ` W U ^ Y�b \ _ U `+XI^ _ \ ] ^ _ U `�� k � X��
Y�] b g [ ^ ] �s��T ]
_ ` ` U f b \ _ U ` g"_ ` S V [ � ]�\ �IU
` ] ����b h gIU W'] � Z V U _ \ {
_ ` c�S b S T ] ��g [ ��S _ ] ` \�g \ b \ _ g \ _ S gIb ` ��b�` ] �sf ] ^ h
] ��S _ ] ` \�\ ] g \&\ T�b \�_ `}U ` ] z�{ Y�] b ` g�g �I] ] Z�g ] {
V ] S \ g�\ T ]�Y�U g \"Z ^ U Y�_ g _ ` c�g [ j g ] \�U WES V b g g ] g�W U ^
^ ] � ` ] Y�] ` \ ����T _ g&c _ f ] g&^ _ g ]�\ U0b�W b g \ a'g \ b \ _ g {
\ _ S b V V h�W U [ ` � ] �0b V c U ^ _ \ T Y \ T�b \�U [ \ Z [ \ g&j�U \ T
\ T ]�` [ Y�j�] ^�U WIS V b g g ] g�b ` �0\ T ] _ ^�Z�b ^ b Y�] \ ] ^ g �
� � Z�] ^ _ Y�] ` \ g�g T U ��\ T _ g�\ ] S T ` _ � [ ]&^ ] f ] b V g�\ T ]
\ ^ [ ]&` [ Y�j�] ^IU W'S V b g g ] g�_ `�\ T ]&[ ` � ] ^ V h _ ` c
� _ g {
\ ^ _ j [ \ _ U `'a b ` ��\ T�b \�_ \I_ gIY�[ S T�W b g \ ] ^�\ T�b `�^ ] {
Z�] b \ ] � V h0[ g _ ` c}b S S ] V ] ^ b \ ] � z�{ Y�] b ` g�W U ^�� _ W {
W ] ^ ] ` \�f b V [ ] gIU W z �

�"��� � u v ������x�u � � �
z�{ Y�] b ` g�� y [ ��b&����b ^ \ a�l � � p � � _ g T U Z'a�l � � n ��T�b gIV U ` c
j�] ] `�\ T ]0�IU ^ � T U ^ g ]}W U ^�Y�] \ ^ _ S���b \ b � � \ g}b \ \ ^ b S \ _ f ] {
` ] g g}V _ ] g�_ `�_ \ g�g _ Y�Z V _ S _ \ h a"b ` ��_ `�_ \ g�V U S b V { Y�_ ` _ Y&[ Y
S U ` f ] ^ c ] ` S ]}Z ^ U Z�] ^ \ _ ] g � � \
T�b g a"T U �I] f ] ^ aI\ T ^ ] ]�Y�b _ `
g T U ^ \ S U Y�_ ` c g ����` ] a'_ \�_ g�g V U �5b ` �0g S b V ] g&Z�U U ^ V h}��_ \ T
^ ] g Z�] S \}\ U�\ T ]0\ _ Y�]�_ \�\ b � ] g�\ U+S U Y�Z V ] \ ]�] b S T�_ \ ] ^ b {
\ _ U `'�����IU�a'\ T ]�` [ Y�j�] ^&U WIS V [ g \ ] ^ g z T�b g&\ U}j�]�g [ Z {
Z V _ ] ��j h�\ T ]�[ g ] ^ �"��T ^ ] ] a ��T ] `�S U ` � ` ] �}\ U
^ [ `���_ \ T�b
� � ] �
f b V [ ]IU W z _ \'] Y�Z _ ^ _ S b V V h�� ` � g��IU ^ g ]�V U S b V U Z \ _ Y�b
\ T�b `���T ] `+_ \&S b `+� h `�b Y�_ S b V V h�b V \ ] ^ z ����]�U |�] ^
g U {

V [ \ _ U ` g�W U ^�\ T ] g ]
Z ^ U j V ] Y�g �IR Z�] ] �}_ g�c ^ ] b \ V h�_ Y�Z ^ U f ] �
j h�] Y�j�] � � _ ` c�\ T ]���b \ b g ] \I_ `�b&Y�[ V \ _ ^ ] g U V [ \ _ U `
�   { \ ^ ] ]
b ` ��g \ U ^ _ ` c
g [ ��S _ ] ` \�g \ b \ _ g \ _ S g�b \�_ \ g�` U � ] g �"k�S b ^ ] W [ V
b `�b V h g _ g
U W�\ T ]}S ] ` \ ^ U _ �sV U S b \ _ U ` g�b V V U ��g&W U ^�c ] U Y�] \ {
^ _ S�¡ Z ^ U U W g ¢0b j�U [ \&\ T ]�£"U ^ U ` U _"j�U [ ` ��b ^ _ ] g a"b ` ��� [ ` {
V _ � ]
b V V'U W5� y ] ` c}�md�U U ^ ] a"l � � n �E¤�T�b ` c�] \&b V � a'l � � n �
d�U U ^ ] a
l � � � � �
\ T ] ^ ]0_ g�b j g U V [ \ ] V hs` Usb Z Z ^ U � _ Y�b \ _ U `
b ` h ��T ] ^ ]&_ `�\ T ]&S U Y�Z [ \ b \ _ U `'�"k�`}b � � _ \ _ U `�b VEc ] U Y�] \ {
^ _ S�S U Y�Z [ \ b \ _ U `'a"¥ ¦ § ¨ © ¦ ª « ¬ ª ­ ® a�Y�b _ ` \ b _ ` g�b}V _ g \&U W�~ [ g \
\ T U g ]&S ] ` \ ^ U _ � g�\ T�b \�` ] ] �}\ U�j�]�S U ` g _ � ] ^ ] �}W U ^�b&c _ f ] `
^ ] c _ U `�� i'] V V ] c���d�U U ^ ] a o ¯ ¯ ¯ � � � V b S � V _ g \ _ ` c�_ g�` U \�U ` V h
] � \ ^ ] Y�] V h�W b g \Ij [ \�b V g U
g S b V ] g�f ] ^ h��I] V VE��_ \ T�\ T ]�` [ Y {
j�] ^�U W S ] ` \ ^ U _ � g a b V V U ��_ ` c"\ ^ b S \ b j V ]�l ¯ ° ¯ ¯ ¯ { Y�] b ` g�b V c U {
^ _ \ T Y�g �E��T _ g"W b g \"b V c U ^ _ \ T Y�_ g"[ g ] ��b g"b�j [ _ V � _ ` c { j V U S �
_ `0± { Y�] b ` g ²&b�` ] �mb V c U ^ _ \ T Y \ T�b \&� [ _ S � V h�] g \ _ Y�b \ ] g
z � � \'c U ] g�_ ` \ U�b S \ _ U `
b W \ ] ^'] b S T&^ [ `
U W z�{ Y�] b ` g a Y�b � {
_ ` c�V U S b V�� ] S _ g _ U ` g
b j�U [ \&��T _ S T0g [ j g ] \
U W"\ T ]�S [ ^ ^ ] ` \
S ] ` \ ^ U _ � g�g T U [ V ��g Z V _ \I\ T ] Y�g ] V f ] g�_ `�U ^ � ] ^�\ U
j�] \ \ ] ^�� \
\ T ]���b \ b ����T ]�g Z V _ \ \ _ ` c
� ] S _ g _ U `�_ g�� U ` ]�j h�S U Y�Z [ \ _ ` c
\ T ] � b h ] g _ b ` � ` W U ^ Y�b \ _ U `�XI^ _ \ ] ^ _ U `�� �I� X�� �"��]�g T U �
T U ��\ T ]
j V b S � V _ g \ _ ` c�Y�] \ T U ��`�b \ [ ^ b V V h�] � \ ] ` � g�\ U�] ` {
g [ ^ ]�\ T�b \IU j \ b _ ` _ ` c�\ T ] �I� X�f b V [ ] g"W U ^Ib V V�S [ ^ ^ ] ` \�S ] ` {
\ ] ^ g�b ` ��\ T ] _ ^I\ ] ` \ b \ _ f ]�U |�g Z ^ _ ` c
S U g \ g�` U&Y�U ^ ]�\ T�b `�b
g _ ` c V ] z�{ Y�] b ` g"_ \ ] ^ b \ _ U `'�'��]�W [ ^ \ T ] ^I] ` T�b ` S ]�S U Y�Z [ {
\ b \ _ U `0j h0S b S T _ ` c�g \ b j V ] { g \ b \ ]�_ ` W U ^ Y�b \ _ U `}b ` ��] V _ Y�_ {
`�b \ _ ` c
\ T ]&` ] ] ��\ U�^ ] { S U Y�Z [ \ ]�_ \ �
��]&T�b f ]&] � Z�] ^ _ Y�] ` \ ] �0��_ \ T�± { Y�] b ` g�b c b _ ` g \�b�Y�U ^ ]
\ ^ b � _ \ _ U `�b V Y�] \ T U ��\ T�b \I] g \ _ Y�b \ ] gI\ T ]�` [ Y�j�] ^IU WES V [ g {
\ ] ^ g�j h�c [ ] g g _ ` c z �0± { Y�] b ` g&S U ` g _ g \ ] ` \ V h+Z ^ U � [ S ] �
j�] \ \ ] ^�S V [ g \ ] ^ _ ` c�U `�j�U \ T}g h ` \ T ] \ _ S�b ` �}^ ] b V { V _ W ]���b \ b a
��_ \ Ts^ ] g Z�] S \�\ U �I� X�� � \�b V g U�^ [ ` g�Y�[ S T+W b g \ ] ^ aI] f ] `
��T ] `�\ T ]�j�b g ] V _ ` ]}_ g�U [ ^�b S S ] V ] ^ b \ ] ��j V b S � V _ g \ _ ` c z�{
Y�] b ` g �

³I��´�µE¶�� � u � � � t
��]"� ^ g \�� ] g S ^ _ j�]�\ T ]I`�b _ f ] z�{ Y�] b ` g'b V c U ^ _ \ T Y�W U ^'Z ^ U {
� [ S _ ` c}b�S V [ g \ ] ^ _ ` c}U W"\ T ]�Z�U _ ` \ g�_ `}\ T ]�_ ` Z [ \�_ ` \ U z
S V [ g \ ] ^ g � � \�Z�b ^ \ _ \ _ U ` g�\ T ]
��b \ b { Z�U _ ` \ g�_ ` \ U z g [ j g ] \ g
g [ S T�\ T�b \Ib V V Z�U _ ` \ g�_ `�b�c _ f ] `
g [ j g ] \
¡ j�] V U ` c ¢�\ U�g U Y�]



S ] ` \ ] ^ �&��T ]�b V c U ^ _ \ T Y�� ] ] Z g�\ ^ b S �}U W�\ T ]
S ] ` \ ^ U _ � g&U W
\ T ]Ig [ j g ] \ g a b ` �
Z ^ U S ] ] � g"_ `&_ \ ] ^ b \ _ U ` g � � ] W U ^ ]I\ T ]I� ^ g \
_ \ ] ^ b \ _ U `&\ T ]"S ] ` \ ^ U _ � g"b ^ ]I_ ` _ \ _ b V _ � ] ��\ U�^ b ` � U Y�f b V [ ] g �
��T ]�b V c U ^ _ \ T Y5\ ] ^ Y�_ `�b \ ] g"��T ] `�\ T ]�S ] ` \ ^ U _ ��V U S b \ _ U ` g
g \ b h0� � ] ��� [ ^ _ ` c0b `0_ \ ] ^ b \ _ U `'� � `0] b S T+_ \ ] ^ b \ _ U `'aE\ T ]
W U V V U ��_ ` c�_ g�Z�] ^ W U ^ Y�] �'²

l � � U ^'] b S T�Z�U _ ` \��'a � ` �
\ T ]IS ] ` \ ^ U _ ����T _ S T&_ g�S V U g ] g \
\ U��'�'k�g g U S _ b \ ]�����_ \ T�\ T _ gIS ] ` \ ^ U _ �'�

o ����] { ] g \ _ Y�b \ ]IS ] ` \ ^ U _ ��V U S b \ _ U ` g"j h&\ b � _ ` c�a W U ^�] b S T
S ] ` \ ^ U _ �'a'\ T ]�S ] ` \ ] ^
U WIY�b g g�U WIZ�U _ ` \ g&b g g U S _ b \ ] �
��_ \ T�_ \ �

��T ] z�{ Y�] b ` g�b V c U ^ _ \ T Y _ g�� ` U ��`�\ U
S U ` f ] ^ c ]�\ U�b&V U {
S b V�Y�_ ` _ Y�[ Y U W�\ T ]�� _ g \ U ^ \ _ U `sY�] b g [ ^ ]0� \ T�b \�_ g a�b f {
] ^ b c ]&g � [�b ^ ] �0� _ g \ b ` S ]
W ^ U Y�Z�U _ ` \ g�\ U�\ T ] _ ^�S V b g g�S ] ` {
\ ^ U _ � g � � � \&_ g&b V g U�� ` U ��`0\ U}j�]�\ U U�g V U � W U ^�Z ^ b S \ _ S b V
��b \ b j�b g ] g �"d�[ S T�U W�\ T ]�^ ] V b \ ] ���IU ^ �&� U ] g"` U \Ib \ \ ] Y�Z \
\ U�S U ` W ^ U ` \�\ T ]0b V c U ^ _ \ T Y�_ S�_ g g [ ] g�� _ ^ ] S \ V h � � ` g \ ] b �'a
� _ |�] ^ ] ` \
Y�] \ T U � g�U WIg [ j g b Y�Z V _ ` c�b ` �+b Z Z ^ U � _ Y�b \ _ U `
b ^ ]}Z ^ U Z�U g ] �'� k2��b h+\ U+U j \ b _ `�b�g Y�b V V
¡ j�b V b ` S ] � ¢
g b Y�Z V ]�U W"Z�U _ ` \ g�j h�g b Y�Z V _ ` c&W ^ U Y�\ T ]&V ] b f ] g�U W"b��
	
\ ^ ] ]}_ g�g T U ��`s_ ` � g \ ] ^�] \�b V ��� l � � n � ����c�b ` �s��b `
� l � � 
 ��g [ c c ] g \ ] � b�g _ Y�[ V b \ ] � { b ` ` ] b V _ ` c�b Z Z ^ U b S T�\ U
� _ ^ ] S \�\ T ]&g ] b ^ S T}_ `�\ T ]&g Z�b S ]&U W'Z�U g g _ j V ]&Z�b ^ \ _ \ _ U ` g�U W
\ T ]�_ ` Z [ \&Z�U _ ` \ g ��¤�T�b ` c}] \
b V �}� l � � n ��Z ^ ] g ] ` \�b�\ ^ ] ]
g \ ^ [ S \ [ ^ ]���_ \ T}g [ ��S _ ] ` \�g \ b \ _ g \ _ S g � � \�_ g�[ g ] ��\ U�_ � ] ` {
\ _ W h+U [ \ V _ ] ^ g�b ` �sg Z�] ] ��S U Y�Z [ \ b \ _ U ` g �s��U �I] f ] ^ aI\ T ]
S b V S [ V b \ ] ��S V [ g \ ] ^ g�b ^ ]�b Z Z ^ U � _ Y�b \ _ U ` g a b ` ��� ] Z�] ` ��U `
Y�b ` h
Z�b ^ b Y�] \ ] ^ g �
��U \ ]I\ T�b \�b V \ T U [ c T&\ T ]Ig \ b ^ \ _ ` c�S ] ` \ ] ^ g"S b `
j�]Ig ] V ] S \ ] �
b ^ j _ \ ^ b ^ _ V h a z�{ Y�] b ` g&_ g&W [ V V h}� ] \ ] ^ Y�_ ` _ g \ _ S a�c _ f ] `�\ T ]
g \ b ^ \ _ ` c0S ] ` \ ] ^ g ��k j�b �+S T U _ S ]�U W�_ ` _ \ _ b V"S ] ` \ ] ^ g�S b `
T�b f ]
b
c ^ ] b \�_ Y�Z�b S \IU `}j�U \ T}Z�] ^ W U ^ Y�b ` S ]&b ` �}� _ g \ U ^ {
\ _ U `'� � ^ b � V ] h
b ` � � b h h b ��� l � � � ��� _ g S [ g g"��b h g'\ U�^ ] � ` ]
\ T ]�g ] V ] S \ _ U `�U WEg \ b ^ \ _ ` c
S ] ` \ ] ^ g�\ T ^ U [ c T�^ ] Z�] b \ ] �}g [ j {
g b Y�Z V _ ` c
b ` ��g Y�U U \ T _ ` c��
� U ^�\ T ]
^ ] Y�b _ ` � ] ^�U W"\ T _ g�Z�b Z�] ^&�I]
� ] ` U \ ]�j h����
\ T ]
S U U ^ � _ `�b \ ] g&U W"\ T ]�� { \ T�S ] ` \ ^ U _ �'�&��]
��_ V V'[ g ]�\ T ]
` U {
\ b \ _ U `�� � �
\ U0� ] ` U \ ]�\ T ]�_ ` � ] ��U W�\ T ]�S ] ` \ ^ U _ �s��T _ S T
_ g�S V U g ] g \&\ U�\ T ]�� { \ T���b \ b { Z�U _ ` \ � � U ^�] � b Y�Z V ] a ��� � ��_ g
\ T ]�S ] ` \ ^ U _ �}b g g U S _ b \ ] ��j h�\ T ]
� { \ T�Z�U _ ` \I� [ ^ _ ` c�b `�_ \ {
] ^ b \ _ U `'��� _ g�\ T ]�_ ` Z [ \�g ] \&U W"Z�U _ ` \ g a�b ` ��� ��� �2_ g
\ T ]�g ] \�U WEZ�U _ ` \ gI\ T�b \"T�b f ]�� � b gI\ T ] _ ^IS V U g ] g \�S ] ` \ ^ U _ �'�
��]�V ] \������ ���'b ` � � � ��� � � � �0��T ]�` [ Y�j�] ^&U W�� _ {
Y�] ` g _ U ` g"_ g"!5a b ` ��\ T ]
#&b [ g g _ b `�S U f b ^ _ b ` S ]�Y�b \ ^ _ �&_ g
$ �s� _ b c � %'& � �

(��*) t u � +mw'u � � � ��,.-
��T ]�b V c U ^ _ \ T Y b g"_ \"��b g"� ] g S ^ _ j�] ��[ Z�\ U&\ T _ g"Z�U _ ` \"S b `
U ` V h�j�]I[ g ] �
\ U�Z�] ^ W U ^ Y z�{ Y�] b ` g'��T ] ^ ] z _ g'� � ] ��b ` �

g [ Z Z V _ ] ��j h
\ T ]�[ g ] ^ ����]�Z ^ U S ] ] ��` U �s\ U
� ] Y�U ` g \ ^ b \ ]
T U � \ U}] ��S _ ] ` \ V h}g ] b ^ S T+W U ^&\ T ]�j�] g \ z ����T ]�W ^ b Y�] {
�IU ^ ��` U �5S T�b ` c ] g�g U0\ T ]�[ g ] ^�U ` V h0g Z�] S _ � ] g�b}^ b ` c ]
_ `���T _ S T�\ T ]�\ ^ [ ] z ^ ] b g U `�b j V h
V _ ] g a b ` ��\ T ]�U [ \ Z [ \I_ g
` U \IU ` V h
\ T ]�g ] \�U WES ] ` \ ^ U _ � g a j [ \�b V g U
b&f b V [ ]�W U ^ z _ `
\ T _ g�^ b ` c ]&��T _ S T}g S U ^ ] g�j�] g \�j h}b
Y�U � ] VEg ] V ] S \ _ U `0S ^ _ {
\ ] ^ _ U `�g [ S T�b g �I� X�� g ] ]&R ] S \ _ U `}p � o � �E��]�� ^ g \I� ] g S ^ _ j�]
\ T ]&Z ^ U S ] g g�S U ` S ] Z \ [�b V V h a ��_ \ T U [ \IZ�b h _ ` c�Y�[ S T�b \ \ ] ` {
\ _ U `+\ U0\ T ]}b V c U ^ _ \ T Y�_ S
� ] \ b _ V g ����] � \ aI�I]�� ] ^ _ f ]�\ T ]
g \ b \ _ g \ _ S b V�\ ] g \ g�[ g ] ��W U ^�g S U ^ _ ` c+� _ |�] ^ ] ` \�g \ ^ [ S \ [ ^ ] g �
��]I\ T ] `�S U Y�]Ij�b S �
\ U�\ T ]�T _ c T { V ] f ] V � ] g S ^ _ Z \ _ U `�U W�\ T ]
b V c U ^ _ \ T Y�b ` ��g T U �mT U �5_ \&S b `+j�]�_ Y�Z V ] Y�] ` \ ] �}] � {
S _ ] ` \ V h}[ g _ ` c�_ � ] b g�� ] ^ _ f _ ` c�W ^ U Y j V b S � V _ g \ _ ` c�b ` �}\ T ]
g [ ��S _ ] ` \�g \ b \ _ g \ _ S g�g \ U ^ ] �}_ `�\ T ]
�   { \ ^ ] ]�` U � ] g �

/'0 1 N�O'K': ;�2E: 7 L 3 4�5 8�<
� `�] g g ] ` S ] a"\ T ]�b V c U ^ _ \ T Y g \ b ^ \ g
��_ \ T z ] � [�b VI\ U�\ T ]
V U �I] ^�j�U [ ` �0U WI\ T ]
c _ f ] `}^ b ` c ]�b ` �0S U ` \ _ ` [ ] g�\ U}b � �
S ] ` \ ^ U _ � g"��T ] ^ ]I\ T ] h�b ^ ]I` ] ] � ] ��[ ` \ _ V \ T ]I[ Z Z�] ^"j�U [ ` �
_ g�^ ] b S T ] �'� y [ ^ _ ` c�\ T _ g�Z ^ U S ] g g a�\ T ]
S ] ` \ ^ U _ �0g ] \�\ T�b \
b S T _ ] f ] g�\ T ]�j�] g \�g S U ^ ]�_ gI^ ] S U ^ � ] �'aEb ` ��\ T _ gI_ gI\ T ]�U ` ]
\ T�b \�_ g�� `�b V V h
U [ \ Z [ \ �
��T ]�b V c U ^ _ \ T Y S U ` g _ g \ gIU W�\ T ]�W U V V U ��_ ` c�\ �IU&U Z�] ^ b \ _ U ` g
^ ] Z�] b \ ] �0[ ` \ _ VES U Y�Z V ] \ _ U `'�

±.6 7 : 7 898 :
l ��; 7�< L O =�: 6 9�7 L 7 7 8
o ��; 7�< L O =�: 6 2'> L ?93 > ?�L :
p � � W z�@5z�A9B C g \ U Z�b ` �0^ ] Z�U ^ \&\ T ]�j�] g \ {
g S U ^ _ ` c0Y�U � ] V"W U [ ` ��� [ ^ _ ` c}\ T ]�g ] b ^ S T'�
� V g ] a�#�U \ U�l �

��T ]"; 7�< L O =�: 6 9�7 L 7 7 8 U Z�] ^ b \ _ U `&_ g'g _ Y�Z V ] ² _ \'S U ` g _ g \ g
U W'^ [ ` ` _ ` c�S U ` f ] ` \ _ U `�b V z�{ Y�] b ` gI\ U�S U ` f ] ^ c ] ` S ] �
��T ].; 7�< L O =�: 6 2'> L ?93 > ?'L : U Z�] ^ b \ _ U `+� ` � g
U [ \
_ W�b ` �
��T ] ^ ]�` ] � S ] ` \ ^ U _ � g&g T U [ V ��b Z Z�] b ^ �&��T _ g�_ g&b S T _ ] f ] �
j h�V ] \ \ _ ` c�g U Y�]�S ] ` \ ^ U _ � g�g Z V _ \
_ `+\ �IU��+��U �mS b `s�I]
� ] S _ � ]���T�b \�\ Usg Z V _ \ D���]}j�] c _ `�j hs� ] g S ^ _ j _ ` c�b ` �
� _ g Y�_ g g _ ` c
\ �IU�U j f _ U [ g�g \ ^ b \ ] c _ ] g a'b W \ ] ^���T _ S T}�I]&��_ V V
S U Y�j _ ` ]�\ T ] _ ^�g \ ^ ] ` c \ T g�b ` �}b f U _ ��\ T ] _ ^I�I] b � ` ] g g ] g�_ `
U [ ^�± { Y�] b ` gIg \ ^ b \ ] c h �

E F ¦ ª ¬ ¬ ª ­ ®�ª G H §.I J�K�­ H
§ ¬"§�¬ ª L�H M���T ]�� ^ g \�_ � ] b0�IU [ V �
j�]�\ U}Z _ S �0U ` ]�S ] ` \ ^ U _ �'a�Z ^ U � [ S ]�b�` ] �5S ] ` \ ^ U _ �
` ] b ^ j h a ^ [ ` z�{ Y�] b ` g"\ U&S U Y�Z V ] \ _ U `
b ` ��g ] ]�_ W�\ T ]
^ ] g [ V \ _ ` c0Y�U � ] V"g S U ^ ] g�j�] \ \ ] ^ � � W�_ \&� U ] g aIb S S ] Z \
\ T ]+` ] ��S ] ` \ ^ U _ �'� � W�_ \}� U ] g `ON \ a&^ ] \ [ ^ ` \ U�\ T ]
Z ^ ] f _ U [ g
g \ ^ [ S \ [ ^ ] � � [ \
\ T _ g&��_ V VI` ] ] � P�� z�A9B C �
; 7�< L O =�: 6 2'> L ?93 > ?�L : g \ ] Z g"[ ` \ _ V ± { Y�] b ` g'_ gES U Y {
Z V ] \ ] �'k�` �
\ T _ g'j�] c g�\ T ]I� [ ] g \ _ U `
U W T U ��\ U�S T U U g ]
��T _ S T�S ] ` \ ^ U _ ��_ g�Y�U g \�� ] g ] ^ f _ ` c�\ U+c _ f ]}j _ ^ \ T'�



k�` �&_ W _ \'� U ] g `ON \�_ Y�Z ^ U f ]'\ T ]"g S U ^ ]���T�b \'g T U [ V ��j�]
\ ^ _ ] �}` ] � \ D+i'] ^ T�b Z g�b V VES ] ` \ ^ U _ � g�S U [ V ��j�]&\ ] g \ ] �
_ `�\ T _ gI��b h}� b ` ��\ T ] `��I]�g \ _ S ����_ \ T�\ T ]�j�] g \ ��j [ \
g _ ` S ]I] b S T
\ ] g \"` ] ] � g"b�^ [ `
U W z�{ Y�] b ` gE\ T�b \��IU [ V �
j�]}b `+] � \ ^ ] Y�] V h+] � Z�] ` g _ f ]�U Z�] ^ b \ _ U `sW U ^�b � � _ ` c
U ` V h�U ` ]�S ] ` \ ^ U _ �'�

E F ¦ ª ¬ ¬ ª ­ ®�ª G H § � J���� ��� § ¦ ��¬ � H
¨ H ­ ¬ � 	 ª G « M���T ] g ] S U ` �
_ � ] b�_ g"[ g ] ��_ `
\ T ]�R i�
 � ��
'����i�g h g \ ] YmW U ^9#&b [ g {
g _ b `}Y�_ � \ [ ^ ]&Y�U � ] V'_ � ] ` \ _ � S b \ _ U `+� �+b g g ] ^ Y�b `0�
d�U U ^ ] a�_ `sZ ^ ] g g � � R _ Y�Z V h0S T U U g ]+� g b h ��T�b V W�\ T ]
S ] ` \ ^ U _ � g�b S S U ^ � _ ` c&\ U&g U Y�]IT ] [ ^ _ g \ _ S�S ^ _ \ ] ^ _ U `�W U ^
T U ��Z ^ U Y�_ g _ ` c
\ T ] h}b ^ ]
\ U�g Z V _ \ ��R Z V _ \�\ T ] Y0a�^ [ `
z�{ Y�] b ` g a�b ` ��g ] ]0_ W�\ T ]}^ ] g [ V \ _ ` c+Y�U � ] V�g S U ^ ] g
j�] \ \ ] ^�\ T�b `s\ T ]�U ^ _ c _ `�b V � � W�g U+b S S ] Z \�\ T ]}g Z V _ \ �
��T _ g�_ gsb�Y�[ S T Y�U ^ ]�b c c ^ ] g g _ f ]sg \ ^ [ S \ [ ^ ]�_ Y {
Z ^ U f ] Y�] ` \ a ^ ] � [ _ ^ _ ` c�U ` V h*P�� V U c z�A9B C �O; 7�< L O =�: 6
2'> L ?93 > ?�L : g \ ] Z g
[ ` \ _ VI± { Y�] b ` g�S U Y�Z V ] \ ] g � � [ \
��T�b \�g T U [ V ��\ T ]}T ] [ ^ _ g \ _ S}S ^ _ \ ] ^ _ U `�j�] D R _ � ]}U W
^ ] c _ U `�U ��` ] ��j h�S ] ` \ ^ U _ ��D y _ g \ U ^ \ _ U `�� [ ]�\ U
S ] ` {
\ ^ U _ ��D � [ ^ \ T ] ^ Y�U ^ ] a"�I]���_ V VIY�_ g g�\ T ]�S T�b ` S ]�\ U
_ Y�Z ^ U f ]�_ `�S b g ] g&��T ] `}U ` ]&U ^�\ �IU�S ] ` \ ^ U _ � g�` ] ] �
\ U�g Z V _ \Ij [ \�\ T ]&^ ] g \�� U�` U \ �

��[ ^"g U V [ \ _ U `
b S T _ ] f ] g�\ T ]�j�] ` ] � \ gIU W _ � ] b g�l�b ` ��o a j [ \
b f U _ � gE\ T ]"� ^ b ��j�b S � g�b ` ��� b g'�I]"��_ V V g ] ]"_ `
R ] S \ _ U `
p � p �
S b `+j�]�\ [ ^ ` ] �+_ ` \ U0b `�] � \ ^ ] Y�] V h0W b g \
U Z�] ^ b \ _ U `'����]
��_ V V�] � Z V b _ `�j h�Y�] b ` gIU W"b `�] � b Y�Z V ] �
� _ c [ ^ ]�l�g T U ��g�b&g \ b j V ] z�{ Y�] b ` g"g U V [ \ _ U `���_ \ T�p&S ] ` {
\ ^ U _ � g �&��T ]
j�U [ ` ��b ^ _ ] g�U WI\ T ]
^ ] c _ U ` g�U ��` ] �0j h�] b S T
S ] ` \ ^ U _ �+b ^ ]�b V g U�g T U ��`'����T ]�g \ ^ [ S \ [ ^ ]�_ Y�Z ^ U f ] Y�] ` \
U Z�] ^ b \ _ U `sj�] c _ ` g�j h�g Z V _ \ \ _ ` c�] b S TsS ] ` \ ^ U _ ��_ ` \ U0\ �IU
S T _ V � ^ ] `�� � _ c [ ^ ]�o � ����T ] h�b ^ ]�Y�U f ] �0b�� _ g \ b ` S ]�Z ^ U {
Z�U ^ \ _ U `�b V \ U�\ T ]Ig _ � ]"U W \ T ]I^ ] c _ U `�_ `�U Z Z�U g _ \ ]"� _ ^ ] S \ _ U ` g
b V U ` c�b&^ b ` � U Y�V h
S T U g ] `�f ] S \ U ^ �9��] � \ a _ `�] b S T�Z�b ^ ] ` \
^ ] c _ U `��I]�^ [ `0b
V U S b V z�{ Y�] b ` g�� ��_ \ T z ��o �IW U ^I] b S T
Z�b _ ^
U W�S T _ V � ^ ] `'� � \�_ g�V U S b V�_ `+\ T�b \�\ T ]�S T _ V � ^ ] `�b ^ ]
� c T \ _ ` c}] b S T+U \ T ] ^�W U ^&\ T ]�Z�U _ ` \ g&_ `+\ T ]�Z�b ^ ] ` \ N g
^ ] {
c _ U `'²
` U}U \ T ] ^ g � � _ c [ ^ ]�p}g T U ��g
\ T ]�� ^ g \
g \ ] ZsU W�b V V
\ T ^ ] ]}V U S b V�o { Y�] b ` g&^ [ ` g � � _ c [ ^ ].
�g T U ��g���T ] ^ ]0b V V
\ T ]&S T _ V � ^ ] `}] f ] ` \ [�b V V h�] ` �}[ Z0b W \ ] ^�b V VEV U S b V�o { Y�] b ` g
T�b f ]�\ ] ^ Y�_ `�b \ ] �'�
k�\
\ T _ g&Z�U _ ` \�b�Y�U � ] V"g ] V ] S \ _ U `s\ ] g \
_ g
Z�] ^ W U ^ Y�] ��U `
b V V�Z�b _ ^ g�U W�S T _ V � ^ ] `'� � `�] b S T�S b g ]0\ T ]}\ ] g \}b g � g+¡ _ g
\ T ] ^ ]�] f _ � ] ` S ]�\ T�b \"\ T ]�\ �IU&S T _ V � ^ ] `�b ^ ]�Y�U � ] V _ ` c�^ ] b V
g \ ^ [ S \ [ ^ ]&T ] ^ ] a U ^I�IU [ V ��\ T ]�U ^ _ c _ `�b V Z�b ^ ] ` \IY�U � ] V \ T ]
� _ g \ ^ _ j [ \ _ U `�] � [�b V V h��I] V V ¢ D���T ]&` ] � \�g ] S \ _ U `}c _ f ] gI\ T ]
� ] \ b _ V g�U W�U ` ]�g [ S T�\ ] g \"W U ^ z�{ Y�] b ` g �'k�S S U ^ � _ ` c&\ U�\ T ]
U [ \ S U Y�]�U W"\ T ]
\ ] g \ aE] _ \ T ] ^&\ T ]
Z�b ^ ] ` \�U ^�_ \ g�U |�g Z ^ _ ` c
b ^ ]I� _ V V ] �'�E��T ]IT U Z�]�_ g'\ T�b \�S ] ` \ ^ U _ � g"\ T�b \"b V ^ ] b � h�U ��`
b&g ] \�U W'Z�U _ ` \ gI��T _ S T�W U ^ Ymb&S V [ g \ ] ^�_ `�\ T ]�\ ^ [ ]�[ ` � ] ^ {
V h _ ` c&� _ g \ ^ _ j [ \ _ U `���_ V V�` U \Ij�]&Y�U � _ � ] ��j h�\ T _ g�Z ^ U S ] g g
� \ T�b \"_ g a \ T ] h
��_ V V U [ \ V _ f ]I\ T ] _ ^"S T _ V � ^ ] `�� �"��`�\ T ]�U \ T ] ^
T�b ` �'aE^ ] c _ U ` g&U WI\ T ]�g Z�b S ]���T _ S T�b ^ ]�` U \�^ ] Z ^ ] g ] ` \ ] �


�� � � � ��� � ��� ��� � � � � ��� ��� �   !  "$#&% '�� (  ��)�! � �*� � � � �,+ �  %
� � � ! - � .


�� � � � ��/ � 01( + �,� � ! " !  ( �1+ �  � � � ! -2� 3 � ! � �&!  � ��� )4��+ � ! � - � �  .

�I] V V�j h�\ T ]
S [ ^ ^ ] ` \
S ] ` \ ^ U _ � g���_ V V'^ ] S ] _ f ]�Y�U ^ ]
b \ \ ] ` {
\ _ U `+j h+_ ` S ^ ] b g _ ` c�\ T ]�` [ Y�j�] ^
U W�S ] ` \ ^ U _ � g�_ `+\ T ] Y0�
� _ c [ ^ ]
n
g T U ��g���T�b \�T�b Z Z�] ` g�b W \ ] ^�\ T _ g�\ ] g \�T�b g�j�] ] `
b Z Z V _ ] ��\ U�\ T ]&\ T ^ ] ]&Z�b _ ^ g�U W'S T _ V � ^ ] `�_ ` � _ c [ ^ ]*
��
��T ] ^ ] W U ^ ]�U [ ^�g ] b ^ S T�g Z�b S ]�S U f ] ^ g�b V V Z�U g g _ j V ]�o 5�Z�U g \ {
g Z V _ \ \ _ ` c�S U ` � c [ ^ b \ _ U ` g a�b ` ��_ \�� ] \ ] ^ Y�_ ` ] g&��T _ S T�U ` ]
\ U�] � Z V U ^ ]�j h+_ Y�Z ^ U f _ ` c�\ T ] �I� XmV U S b V V h�_ `+] b S Ts^ ] {
c _ U `'��XIU Y�Z�b ^ ] ����_ \ T�_ � ] b g&l&b ` �}o
b j�U f ] a \ T _ g�b V V U ��g
b `
b [ \ U Y�b \ _ S�S T U _ S ]�U W ��T ] \ T ] ^"\ U�_ ` S ^ ] b g ]�\ T ]�` [ Y�j�] ^
U WIS ] ` \ ^ U _ � g&j h}f ] ^ h}W ] � � _ `0S b g ]�\ T ]�S [ ^ ^ ] ` \
` [ Y�j�] ^
_ g�f ] ^ h�S V U g ]�\ U�\ T ]�\ ^ [ ]&` [ Y�j�] ^ �"U ^�f ] ^ h�Y�b ` h�� ��T ] `
\ T ]IS [ ^ ^ ] ` \"Y�U � ] V g ] f ] ^ ] V h&[ ` � ] ^ ] g \ _ Y�b \ ] g z � � � Y�Z _ ^ {
_ S b V V h a �I]�T�b f ]�b V g U
W U [ ` ��\ T�b \I^ ] c _ U `�b V z�{ Y�] b ` g"^ [ ` g
��_ \ T}~ [ g \�o}S ] ` \ ] ^ g�\ ] ` �s\ U0j�]�V ] g g�g ] ` g _ \ _ f ]�\ U0V U S b V
Y�_ ` _ Y�b �
��]+S U ` \ _ ` [ ]+U g S _ V V b \ _ ` csj�] \ �I] ] ` ; 7�< L O =�: 6 9�7 L 7 7 8
b ` � ; 7�< L O =�: 6 2'> L ?93 > ?'L : [ ` \ _ VI\ T ]�[ Z Z�] ^�j�U [ ` �+W U ^
z _ g�b \ \ b _ ` ] �'�

/'0 687 ; 9 2O3 O�L 5 8�<
k�g g [ Y�]��I]�b ^ ]�c _ f ] `0\ T ]���b \ b���b ` �+b�W b Y�_ V h�U W�b V {
\ ] ^ `�b \ _ f ]�Y�U � ] V g9!�� a ��T ] ^ ]�_ `�U [ ^IS b g ]�� _ |�] ^ ] ` \�Y�U � {
] V g�S U ^ ^ ] g Z�U ` �0\ U
g U V [ \ _ U ` g���_ \ T�� _ |�] ^ ] ` \�f b V [ ] g�U W z �



� � � � � ��� � 	�
 �
� � � ��� � � ��� � � B � B � � � � � � � B �
& � A � B � � ��	�
 � � � � ��� � A � � ��� � ��� ��� B � 
� � � � � � � ��� 
 � ������
 � � ��� � A �  � ��� � �

!�" #�$ %�&(' ) &
* + ' , !�" #�$ %�&-' ) &�' . / 0
!�" #�$ %�&-* ) &�' , 0 . !�" #�$ %�&1* ) &�' 2 , 3

!�" #�$ %�&1* ) &�/ + , ,!�" #�$ %�&-' ) &
* 3 2 '

� � � � � ��4 � 	�
 ��� � � � � � B � � � � B � � � B � B � � � � & �A � B � ��
 B  ��� � � A � � B � � � � � � � � � ��5 ��	�
 ��� � �  �  � � ��� � � � � � � � � B � � � �
B � � � 
 � � � � B � A � � � � � � � � � � ��� � � � � �

��U �5� U}�I]�S T U U g ]�\ T ]�j�] g \ D���]���_ V V"[ g ]�\ T ]�Z�U g \ ] {
^ _ U ^�Z ^ U j�b j _ V _ \ _ ] g�i�^ 6 !�� � �87�\ U+g S U ^ ]}\ T ]0Y�U � ] V g � � `
U [ ^�S b g ]}\ T ]}Y�U � ] V g�b ^ ]0b V VIU W�\ T ]}\ h Z�]}b g g [ Y�] �sj h
z�{ Y�] b ` g�� \ T�b \&_ g a'g Z T ] ^ _ S b V�#&b [ g g _ b ` g � ����U}b Z Z ^ U � _ {
Y�b \ ]&\ T ]�Z�U g \ ] ^ _ U ^ g a�[ Z0\ U}` U ^ Y�b V _ � b \ _ U `'a �I]�[ g ]�\ T ]
W U V V U ��_ ` c�W U ^ Y�[ V b�W ^ U Y:9&b g g�b ` ���+b g g ] ^ Y�b `0� l � � n � ²

;=< > � !�� �9�@?A � � ���
BDC �oFE V U c"�
��T ] ^ ]F?A � � ���&_ g&\ T ]�V U c { V _ � ] V _ T U U �}U W�\ T ]���b \ b}b S S U ^ � {
_ ` c+\ Us\ T ]�� { \ T�Y�U � ] V&b ` ��\ b � ] `�b \�\ T ]0Y�b � _ Y�[ Y {
V _ � ] V _ T U U �}Z�U _ ` \ a'b ` � C �
_ g&\ T ]�` [ Y�j�] ^�U WIZ�b ^ b Y�] \ ] ^ g_ `.!�� ����T _ g�_ g�b V g U
� ` U ��`�b g�\ T ]
R S T ��b ^ ��S ^ _ \ ] ^ _ U `'�
��T ]�Y�b � _ Y
[ Y�V _ � ] V _ T U U �&] g \ _ Y�b \ ]�� d*
 � ��W U ^"\ T ]�f b ^ _ {
b ` S ] a'[ ` � ] ^�\ T ]�_ � ] ` \ _ S b V�g Z T ] ^ _ S b V�#&b [ g g _ b `0b g g [ Y�Z {
\ _ U `'a _ g ²

?% & � l
�GB zIH � � � � B���� � � � & °

��T ]�Z�U _ ` \�Z ^ U j�b j _ V _ \ _ ] g�b ^ ] ²

?J � � � � � �
� � �
� E lK o L ?%�M ] � Z-N�B lo ?% & � � � � B ��� � � � � & O

��T ]�V U c { V _ � ] V _ T U U �
U W�\ T ]���b \ b
_ g

A � ���9��V U c�P � J � � � ���Q �
R V U cTSU & V W X BYS& W Z � � � � B ��� � � � � &
[ V U c=\
] ^ _\:`
� _ �}lbadc-a z � � U S [ g _ ` c�~ [ g \�U `�\ T ]&g ] \��=e�U W'Z�U _ ` \ g
��T _ S T�j�] V U ` c�\ U�S ] ` \ ^ U _ �-c0b ` ��Z V [ c c _ ` c
_ `�\ T ]�Y�b � _ {
Y�[ Y5V _ � ] V _ T U U ��] g \ _ Y�b \ ] g�h _ ] V � g ²

?A � �=e�� �fB �beo V U c�� o LE��B �be E !o V U c�� ?% & ��B �be=B zo[ �beIV U c"�be=B��be�V U c9�

��T ]�` [ Y�j�] ^�U W�W ^ ] ]�Z�b ^ b Y�] \ ] ^ g C ��_ g�g _ Y�Z V h�\ T ]�g [ Y5U Wz B�l�S V b g g�Z ^ U j�b j _ V _ \ _ ] g a ! E z S ] ` \ ^ U _ �}S U U ^ � _ `�b \ ] g ab ` ��U ` ]�f b ^ _ b ` S ]�] g \ _ Y�b \ ] �'��U
] � \ ] ` ��\ T _ gIW U ^ Y�[ V b�W U ^
b V V�S ] ` \ ^ U _ � g
_ ` g \ ] b ��U WIU ` ] a'�I]�[ g ]�\ T ]�W b S \&\ T�b \�\ T ]
V U c { V _ � ] V _ T U U ��U W�\ T ]�Z�U _ ` \ g�\ T�b \"j�] V U ` c�\ U
b V V S ] ` \ ^ U _ � g
_ `}� [ ] g \ _ U `0_ g�\ T ]
g [ Y2U W"\ T ]
V U c { V _ � ] V _ T U U ��U W"\ T ]�_ ` {
� _ f _ � [�b V S ] ` \ ^ U _ � g a b ` ��^ ] Z V b S ]*��b j�U f ]���_ \ T�\ T ]�\ U \ b V
` [ Y�j�] ^IU W'Z�U _ ` \ gI��T _ S T�j�] V U ` c
\ U
\ T ]&S ] ` \ ^ U _ � g�[ ` � ] ^
S U ` g _ � ] ^ b \ _ U `'�
��]�[ g ]I\ T ] �I� X0W U ^ Y�[ V b�c V U j�b V V hI��T ] `&± { Y�] b ` gE� `�b V V h
S T U U g ] g"\ T ]�j�] g \"Y�U � ] V _ \'] ` S U [ ` \ ] ^ ] �'a b ` ��b V g U�V U S b V V h
_ `�b V VE\ T ]&S ] ` \ ^ U _ ��g Z V _ \I\ ] g \ g �

/'0 / J�3 3 : ; : L 7 > 5 O�8
��T ]�± { Y�] b ` g�b V c U ^ _ \ T Y2� ] g S ^ _ j�] �sg U0W b ^
S b `+j�]�_ Y {
Z V ] Y�] ` \ ] ��b g { _ g"W U ^Ig Y�b V V ��b \ b g ] \ g � � [ \Ig U
W b ^I�I]�T�b f ]
` ] c V ] S \ ] �0_ \ g�Y�U g \I_ Y�Z�U ^ \ b ` \IW ] b \ [ ^ ] � � \���b g�_ ` f ] ` \ ] �
g [ j ~ ] S \�\ U
\ T ]�� ] g _ c `�S U ` g \ ^ b _ ` \I\ T�b \I_ \Ig T U [ V ��j�]�Z�U g {
g _ j V ]�\ U
[ g ]&S b S T ] �}g \ b \ _ g \ _ S g�\ U�g S b V ]�_ \I[ Z�\ U���b \ b g ] \ g
��_ \ T�Y�b g g _ f ]�` [ Y�j�] ^ g�U W'^ ] S U ^ � g �
J�3 3 : ; : L 7 > 5 8�<�z 6 7 : 7 898 : ��]�j�] c _ `�j hsS U ` S ] ` \ ^ b \ {
_ ` c�U `0b
g _ ` c V ] z�{ Y�] b ` g�_ \ ] ^ b \ _ U `'����T ]&\ b g ��_ g�\ U�� ] {
\ ] ^ Y�_ ` ] a W U ^�] f ] ^ h���b \ b { Z�U _ ` \ a ��T _ S T�S ] ` \ ^ U _ �}U ��` g�_ \ �
��T ] `'a �I]�S b `�S U Y�Z [ \ ]�\ T ]�S ] ` \ ] ^ { U W { Y�b g gIU W'b V V Z�U _ ` \ g
��T _ S T0j�] V U ` c�\ U}b�c _ f ] `}S ] ` \ ^ U _ ��b ` �0\ T�b \�Y�b � ] g�\ T ]
` ] ��V U S b \ _ U `+W U ^
\ T�b \�S ] ` \ ^ U _ �'� � Y�Y�] � _ b \ ] V h��I]�U j {
g ] ^ f ]�\ T�b \�g T U ��_ ` c�\ T�b \Ib&« g ¥ « H ¬ U W�Z�U _ ` \ g"b V V j�] V U ` c�\ U
b�c _ f ] `
S ] ` \ ^ U _ ��_ gE~ [ g \Ib g"_ ` W U ^ Y�b \ _ f ]Ib g"� U _ ` c�\ T _ g"W U ^
b�g _ ` c V ]
Z�U _ ` \ a�c _ f ] `}\ T�b \��I]
T�b f ]
g [ ��S _ ] ` \�g \ b \ _ g \ _ S g
W U ^�\ T ]
g [ j g ] \�� _ `}U [ ^�S b g ]
\ T ]
g [ ��S _ ] ` \�g \ b \ _ g \ _ S g&b ^ ]
\ T ]�` [ Y�j�] ^�U W"Z�U _ ` \ g
b ` �0\ T ] _ ^&f ] S \ U ^&g [ Y�� ��XIV ] b ^ V h
_ \IY�b h
g b f ]�b
V U \IU WES U Y�Z [ \ b \ _ U `'a Z ^ U f _ � ] ��\ T�b \�� U _ ` c
\ T _ g
_ g&` U \
g _ c ` _ � S b ` \ V h}Y�U ^ ]�] � Z�] ` g _ f ]�\ T�b `�� ] Y�U ` {
g \ ^ b \ _ ` c�\ T ]�U ��` ] ^ g T _ Z�U f ] ^&b�g _ ` c V ]
Z�U _ ` \ ��R _ ` S ]
\ T ]
�   { \ ^ ] ]�_ Y�Z�U g ] g&b�T _ ] ^ b ^ S T _ S b V"g \ ^ [ S \ [ ^ ]�U `0\ T ]���b \ b {
g ] \ a�b ` ���I]�S b `�] b g _ V h�S U Y�Z [ \ ]�g [ ��S _ ] ` \�g \ b \ _ g \ _ S g�W U ^
_ \ g'` U � ] g�b \ES U ` g \ ^ [ S \ _ U `
\ _ Y�] a _ \EY�b � ] gEb�`�b \ [ ^ b V g ] V ] S {



\ _ U `�W U ^"\ T ]�Z�b ^ \ _ \ _ U `�U WE\ T ]�Z�U _ ` \ g � � b S T��   { ` U � ]�^ ] Z {
^ ] g ] ` \ g�b�g [ j g ] \IU W \ T ]���b \ b { g ] \ � � \Ib V g U�T�b gIb�j�U [ ` � _ ` c
j�U �EaE��T _ S T0_ g&b�Y�_ ` _ Y�b V'b � _ g { Z�b ^ b V V ] V�T h Z�] ^ { ^ ] S \ b ` c V ]
\ T�b \&_ ` S V [ � ] g�b V V"Z�U _ ` \ g&_ `�\ T ]�g [ j g ] \ � � `+b � � _ \ _ U `0_ \
S U ` \ b _ ` g�Z�U _ ` \ ] ^ g&\ U�\ �IU�S T _ V � ^ ] `0` U � ] g aE��T _ S T0^ ] Z ^ ] {
g ] ` \�b&j _ g ] S \ _ U `�U W�\ T ]�Z�U _ ` \ g�\ T ] _ ^�Z�b ^ ] ` \�U ��` g �
XIU ` g _ � ] ^"b�g ] \�U W S U [ ` \ ] ^ g a U ` ]IW U ^E] b S T
S ] ` \ ^ U _ �'a ��T _ S T
g \ U ^ ]&b
^ [ ` ` _ ` c
\ U \ b VEU W'\ T ]�` [ Y�j�] ^IU W'Z�U _ ` \ gI\ T�b \�j�] {
V U ` c�\ U�] b S T'a b g��I] V V b g�\ T ] _ ^�f ] S \ U ^�g [ Y0�E��]I` U ��g T U �
T U �+\ U�[ Z���b \ ]�b V V \ T ]�S U [ ` \ ] ^ g"j h&g S b ` ` _ ` c�\ T ]��   { \ ^ ] ]
~ [ g \�U ` S ] ����T ] � < K'7 > : Z ^ U S ] � [ ^ ]�_ g�b�^ ] S [ ^ g _ f ]
U ` ] a
b ` �sb S S ] Z \ g�b g
Z�b ^ b Y�] \ ] ^ g�b}` U � ]�b ` �sb}V _ g \
U W�S ] ` {
\ ^ U _ � g�\ T�b \
Y�b h0U ��`+\ T ]�Z�U _ ` \ g
_ `+_ \ � � \ g�\ b g �+_ g
\ U
[ Z���b \ ]�\ T ]�S U [ ` \ ] ^ g�U W'\ T ]&` U � ] g�_ `�� [ ] g \ _ U `���_ \ T�\ T ]
b Z Z ^ U Z ^ _ b \ ]�f b V [ ] g�U W'\ T ]&Z�U _ ` \ g�_ `�\ T ]�` U � ] �I��T ]�_ ` _ {
\ _ b V�_ ` f U S b \ _ U `�_ gI��_ \ T�\ T ]�^ U U \I` U � ]&b ` ��\ T ]�V _ g \IU W'b V V
S ] ` \ ^ U _ � g ��k�W \ ] ^&_ \�^ ] \ [ ^ ` g
\ T ]�` ] �5V U S b \ _ U ` g�Y�b h�j�]
S b V S [ V b \ ] ��W ^ U Y2\ T ]�S U [ ` \ ] ^ g ����T ]�Z ^ U S ] � [ ^ ]�S U ` g _ � {
] ^ g�\ T ]�c ] U Y�] \ ^ h
U W'\ T ]�j�U [ ` � _ ` c
j�U ��b ` ��\ T ]�S [ ^ ^ ] ` \
S ] ` \ ^ U _ �}V U S b \ _ U ` g�\ U H ¦ ª L
ª ­ § ¬ H�S ] ` \ ^ U _ � g�W ^ U Y�\ T ]&V _ g \
j h�Z ^ U f _ ` c&\ T ] h�S b ` ` U \�Z�U g g _ j V h�U ��`�b ` h�Z�U _ ` \I_ `�\ T ]
S [ ^ ^ ] ` \�` U � ] ����] ` S ]�\ T ]�`�b Y�]0¡ j V b S � V _ g \ _ ` c ¢ �}XIU Y {
Z V ] \ ]&� ] \ b _ V g a b g��I] V V�b g�Z ^ U U W g a S b `�j�]&W U [ ` ��_ `�i'] V V ] c
b ` ��d�U U ^ ]�� o ¯ ¯ ¯ � �E��T ]IZ�U _ ` \'\ U�^ ] Y�] Y�j�] ^ET ] ^ ]�_ g�\ T�b \
b W \ ] ^�g T ^ _ ` � _ ` c�\ T ]&V _ g \ a \ T ]&Z ^ U S ] � [ ^ ]�^ ] S [ ^ g ] g&U `�\ T ]
S T _ V � ^ ] `sU W�\ T ]�S [ ^ ^ ] ` \�` U � ] �s��T ]�T�b V \ _ ` c0S U ` � _ \ _ U `
_ g&��T ] `�\ T ]�V _ g \�S U ` \ b _ ` g�~ [ g \&U ` ]�S ] ` \ ^ U _ �'��\ T ] `'a'\ T ]
S ] ` \ ^ U _ �ON g�S U [ ` \ ] ^ g�b ^ ]�_ ` S ^ ] Y�] ` \ ] �s[ g _ ` c0\ T ]�g \ b \ _ g {
\ _ S gIg \ U ^ ] ��_ `�\ T ]&�   { ` U � ] � � ^ ] � [ ] ` \ V h�\ T _ gIT�b Z Z�] ` g�_ `
b&g T�b V V U �+V ] f ] VEU WE\ T ]&�   { \ ^ ] ] a b ` ��] V _ Y�_ `�b \ ] g�\ T ]��IU ^ �
` ] ] � ] �}\ U�\ ^ b f ] ^ g ]
b V VEU W'_ \ g�� ] g S ] ` ��b ` \ g �
J�3 3 : ; : L 7 > 5 8�< ; 7�< L O =�: 6 2'> L ?�3 > ?�L :�: ��T ]�Z ^ U S ] � [ ^ ]
� ] g S ^ _ j�] ��b j�U f ]��IU ^ � g0�I] V V�\ U�[ Z���b \ ]s\ T ]+S ] ` \ ^ U _ �
V U S b \ _ U ` g�U W}b�c V U j�b V z�{ Y�] b ` g�_ \ ] ^ b \ _ U `'����]s��_ V V
` U �)b Z Z V h2\ T ]mg b Y�]5Z ^ U S ] � [ ^ ]�\ U S b ^ ^ h�W U ^ ��b ^ �
b ` ; 7�< L O =�: 6 2'> L ?93 > ?�L : g \ ] Z'� ��] S b V V�\ T�b \+� [ ^ _ ` c
; 7�< L O =�: 6 2'> L ?93 > ?�L : �I] Z�] ^ W U ^ Y o { Y�] b ` gs_ `�] b S T
£"U ^ U ` U _ ^ ] c _ U `�U W�\ T ]�S [ ^ ^ ] ` \Ig \ ^ [ S \ [ ^ ] �I��]�� ^ g \"Y�b � ]
b&V _ g \IU WE\ T ]�Z�b ^ ] ` \�S ] ` \ ^ U _ � g a�b ` ��[ g ]�\ T�b \�b gI_ ` Z [ \I\ U
\ T ]�e�Z���b \ ]�Z ^ U S ] � [ ^ ] �I��T ]�� _ |�] ^ ] ` S ]
W ^ U Y5\ T ]&c V U j�b V
_ \ ] ^ b \ _ U `0_ g&_ `0\ T ]�b S \ _ U `0\ b � ] `���T ] `�\ T ]�V _ g \�^ ] � [ S ] g
\ U�b
g _ ` c V ]�S ] ` \ ^ U _ �'����T _ g�] f ] ` \�g _ c ` _ � ] g�\ T ]&W b S \�\ T�b \
b V V Z�U _ ` \ g"_ `�\ T ]�S [ ^ ^ ] ` \�` U � ]�j�] V U ` c&\ U&\ T ]�g _ ` c V ]�S ] ` {
\ ^ U _ �'��k�V V'�I]
T�b f ]
\ U�� U�` U ��_ g�� _ f _ � ]&\ T ] Y2j�] \ �I] ] `
_ \ g�S T _ V � ^ ] `'����U�� U
\ T _ g��I]�g _ Y�Z V h
Y�b � ]�[ Z}b&V _ g \�S U ` {
\ b _ ` _ ` c�~ [ g \
\ T ]�\ �IU0S T _ V � ^ ] `'aIb ` �+^ ] S [ ^ g ]}[ g _ ` c0\ T _ g
g T U ^ \�V _ g \�b ` �}\ T ]&S [ ^ ^ ] ` \&` U � ] ����T ]&^ ] g \�U W"\ T ]&�IU ^ �
_ g�� U ` ]�j h�\ T ]}e�Z���b \ ]�Z ^ U S ] � [ ^ ] ��k�W \ ] ^�b0W [ V VIg S b `
U W"\ T ]��   { \ ^ ] ]
T�b g�j�] ] `�S b ^ ^ _ ] �0U [ \�� Z�U g g _ j V h�Z ^ [ ` _ ` c
b ��b h
Y�b ` h
` U � ] g � a \ T ]�S U [ ` \ ] ^ g�U W'\ T ]�S T _ V ��S ] ` \ ^ U _ � g
T�b f ]�\ T ] _ ^�� `�b V'f b V [ ] g�b ` �}\ T ] _ ^�` ] ��V U S b \ _ U ` g�S b `�j�]
S U Y�Z [ \ ] �'�O��U �sb�` ] �s_ \ ] ^ b \ _ U `
S b `�\ b � ]�Z V b S ] a b ` ��g U
U `
[ ` \ _ V \ T ]�V b g \�U W�\ T ]IS ] ` \ ^ U _ ��Z�b _ ^ g�T�b g�g ] \ \ V ] ��� U ��`'�

J�K�KO5 > 5 O�8�7 ;�J�3 3 : ; : L 7 > 5 O�8": k�`+_ ` \ ] ^ ] g \ _ ` c�U [ \ S U Y�]
U W \ T ]�V U S b V � ] S _ g _ U ` { Y�b � _ ` cI_ g�\ T�b \�g U Y�]"^ ] c _ U ` g�U W \ T ]
g Z�b S ]�\ ] ` ��\ U�j�] S U Y�]�b S \ _ f ]&� _ � ] � a b�V U \�U W�g Z V _ \ \ _ ` c&b ` �
^ ] { b ^ ^ b ` c ] Y�] ` \�\ b � ] g�Z V b S ] �'��T _ V ]"U \ T ] ^�^ ] c _ U ` g a ��T ] ^ ]
\ T ]&S ] ` \ ^ U _ � g�g ] ] Y�\ U�T�b f ]�W U [ ` ��\ T ]&\ ^ [ ]�S V b g g ] g aEb Z {
Z�] b ^�� U ^ Y�b ` \ �'��]�S b `�\ ^ b ` g V b \ ]�\ T _ g�Z�b \ \ ] ^ `�_ ` \ U
W [ ^ {
\ T ] ^�b S S ] V ] ^ b \ _ U `�j h+[ g _ ` c�S b S T _ ` c+U W�g \ b \ _ g \ _ S g�W ^ U Y
Z ^ ] f _ U [ g�_ \ ] ^ b \ _ U ` g �IXIU ` g _ � ] ^�b��   { ` U � ]�\ T�b \�S U ` \ b _ ` g
b�j�U [ ` ��b ^ h0j�] \ �I] ] `s\ �IU}S ] ` \ ^ U _ � g�� \ T�b \&_ g a'] _ \ T ] ^�U W
\ T ]&\ �IU�S ] ` \ ^ U _ � g�Y�b h�U ��`}b ` h�U W�\ T ]&` U � ] N g�Z�U _ ` \ g � �
k�V \ T U [ c T��I]�Y�[ g \�^ ] S [ ^ g ]�� U ��`�\ T ]�\ ^ ] ]�_ `0U ^ � ] ^
\ U
[ Z���b \ ]�\ T ]�S U [ ` \ ] ^ g�W U ^I\ T ]�S ] ` \ ] ^ g a�\ T ] ^ ]�_ gI` U&^ ] b g U `
\ U}� U0\ T _ g�b c b _ `0_ `�\ T ]�` ] � \
_ \ ] ^ b \ _ U `'a'Z ^ U f _ � ] �+\ T�b \
\ T ]}S ] ` \ ^ U _ � g�� _ �s` U \�Y�U f ] aIb ` �s\ T�b \�` U�U \ T ] ^�S ] ` {
\ ^ U _ �}T�b g�Y�U f ] ��_ ` \ U�b�Z�U g _ \ _ U `}g [ S T0\ T�b \�_ \�S b `0U ��`
b ` h�U W'\ T ]&` U � ] N g�Z�U _ ` \ g ����]�\ T ] ^ ] W U ^ ]
S b S T ]&\ T ]&S U ` {
\ ^ _ j [ \ _ U `&U W \ T _ g'` U � ]I\ U�] b S T
U W \ T ]IS ] ` \ ^ U _ � g N S U [ ` \ ] ^ g
_ `�\ T ]&` U � ] a�b ` ��g [ j g ] � [ ] ` \�_ \ ] ^ b \ _ U ` g�� U
` U \�` ] ] �}\ U
\ ^ b f ] ^ g ]
\ T ]
\ ^ ] ]�b ` h�W [ ^ \ T ] ^�\ T�b `}\ T ]&S [ ^ ^ ] ` \�` U � ]
_ W
\ T ]�V _ g \�U W'S U Y�Z�] \ _ ` c
S ] ` \ ^ U _ � g�Y�b \ S T ] g �
��U�] `�b j V ]IW b g \'S U Y�Z�b ^ _ g U `�U W S ] ` \ ^ U _ �
V U S b \ _ U ` g�b c b _ ` g \
\ T ] _ ^�Z�U g _ \ _ U `&_ `&Z ^ ] f _ U [ g�_ \ ] ^ b \ _ U ` g��I]I] Y�Z V U h�b���^ _ \ ] {
U ` S ]
��b \ b�g \ ^ [ S \ [ ^ ]���T _ S T}� U ] g&` U \�Z�] ^ Y�_ \�b V \ ] ^ b \ _ U `
U W�S ] ` \ ^ U _ �+S U U ^ � _ `�b \ ] g�b W \ ] ^
\ T ]�_ ` _ \ _ b V�_ ` g ] ^ \ _ U `'� � `
S b g ]}b}S ] ` \ ^ U _ �sV U S b \ _ U `�S T�b ` c ] g a�b�` ] ��] V ] Y�] ` \
T�b g
\ U
j�]&_ ` g ] ^ \ ] �0b ` ��_ \I_ g�c _ f ] `�b&[ ` _ � [ ]�_ � ] ` \ _ � ] ^ ����T _ g
��b h+U ` V hsb�P�� l �
S U Y�Z�b ^ _ g U `+U W�_ � ] ` \ _ � ] ^ g�� Z�] ^�S ] ` {
\ ^ U _ ����_ g�` ] ] � ] �'�&XIV ] b ^ V hs¡ U V � ¢�S ] ` \ ^ U _ � g��IU [ V ��` ] f ] ^
j�]�b S S ] g g ] ��g U&\ T ] ^ ]�_ g"` U�` ] ] ��\ U&� ] ] Z�g \ U ^ _ ` c�\ T ] Y5_ `
\ T ]I��b \ b { g \ ^ [ S \ [ ^ ] �"��T _ g"b V V U ��gEW U ^"b�W b g \"b ` �
Y�] Y�U ^ h {
] ��S _ ] ` \�_ Y�Z V ] Y�] ` \ b \ _ U `�[ g _ ` c�\ T ]�U ^ _ c _ `�b V ! E z Y�] Y {U ^ h}Z V [ g�b�T�b g T { \ b j V ]&W U ^�_ � ] ` \ _ � ] ^�V U U � [ Z'��k5W [ ^ \ T ] ^
] � \ ] ` g _ U `sU W�\ T _ g�_ � ] b}S b `�b V g U}S b S T ]}\ T ]�S T _ V � ^ ] `sU W
b�S ] ` \ ^ U _ ��_ `�b�^ ] c _ U `�b V�_ \ ] ^ b \ _ U `'� � ` g \ ] b ��U W&j�] _ ` c
� _ V V ] �'a"\ T ] h�b ^ ]}Y�U f ] �+\ Usb�¡ � U Y�j _ ] ¢0g \ b \ ]0b ` �s\ T ]
` ] � \�^ ] c _ U `�b VE_ \ ] ^ b \ _ U `�^ ] g [ ^ ^ ] S \ g
\ T ] Y0�"����_ ` c�\ U�\ T ]
W b S \�\ T�b \�\ T ] _ ^�_ � ] ` \ _ � ] ^ g�� _ �}` U \�S T�b ` c ] aE\ T ]
S b S T _ ` c
Y�] S T�b ` _ g Y�_ Y�Y�] � _ b \ ] V h�^ ] S b V V g�\ T ]�U [ \ S U Y�]�U W�\ T ] _ ^
V b g \�V U S b V�_ \ ] ^ b \ _ U `+� ��T _ S T}Y�b h�T�b f ]&j�] ] `�^ ] b S T ] �+b W {
\ ] ^�g ] f ] ^ b V'^ ] { Z�U g _ \ _ U ` _ ` c
g \ ] Z g � �

���*)����&µ v � + µ'� u w���� µ t ��� u t
� `sU [ ^�� ^ g \�] � Z�] ^ _ Y�] ` \��I]�\ ] g \ ] ��\ T ]}� [�b V _ \ h�U W�\ T ]
± { Y�] b ` g�g U V [ \ _ U `sb c b _ ` g \�\ T�b \�U W z�{ Y�] b ` g �s��U�� ] {
� ` ]0� [�b V _ \ h+b g�\ T ] �I� X f b V [ ]�U W&\ T ]}g U V [ \ _ U `��IU [ V �
j�]�[ ` W b _ ^"\ U
\ T ] z�{ Y�] b ` g�b V c U ^ _ \ T Y g _ ` S ]�_ \IU ` V h
\ ^ _ ] g
\ U0U Z \ _ Y�_ � ]�\ T ]�� _ g \ U ^ \ _ U `�� _ � ] � aIb f ] ^ b c ]�g � [�b ^ ] �s� _ g {
\ b ` S ]}W ^ U Y�Z�U _ ` \ g�\ U+\ T ] _ ^�S ] ` \ ^ U _ � g � ����]�\ T ] ^ ] W U ^ ]
S U Y�Z�b ^ ] �+j�U \ Tsb V c U ^ _ \ T Y�g�j h�\ T ]�� _ g \ U ^ \ _ U `+U W�\ T ] _ ^
U [ \ Z [ \ �9#&b [ g g _ b `
��b \ b g ] \ g��I] ^ ]�c ] ` ] ^ b \ ] �}b g"_ `�i'] V V ] c
b ` ��d�U U ^ ]�� o ¯ ¯ ¯ � aI\ T ] `sj�U \ T�b V c U ^ _ \ T Y�g��I] ^ ]0[ g ] �'�
��T _ V ] z�{ Y�] b ` g���b g�c _ f ] `}\ T ]
\ ^ [ ]
` [ Y�j�] ^�U W"S V b g g ] g



0.00066

0.00068

0.0007

0.00072

0.00074

0.00076

0.00078

0.0008

0.00082

0.00084

75000 80000 85000 90000 95000 100000 105000 110000 115000 120000 125000

di
st

or
tio

n

points

K-means
X-means


�� � � � � � � � ! � � � � � ! �  8� ���2% '�� (  �2(  -��2% '�� (  � � � � � )�!  "
( � � � ( " �2- ! � � � � � ! �  3 � ��3 � !  � .	��� � � � � �,( � �,� � �2( � � � ( " �2� �

 � � �  � �  
 % � - ( � (�)�! � �
� � � + � ( � � � � .

z aI\ T ]�± { Y�] b ` g�f b ^ _ b ` \
T�b �s\ U�g ] b ^ S T�W U ^
_ \�_ `+\ T ]
^ b ` c ]�6 o�� � � z 7'� g ] ] � _ c [ ^ ]�� � � � ` \ ] ^ ] g \ _ ` c V h a \ T ]�� _ g \ U ^ {
\ _ U `&f b V [ ] g�W U ^'\ T ]I± { Y�] b ` g�g U V [ \ _ U ` g�b ^ ]IV U �I] ^I� Y�] b ` {
_ ` c�T _ c T ] ^
� [�b V _ \ h}g U V [ \ _ U ` g � ����]�Y�b h}b \ \ ^ _ j [ \ ]�\ T _ g
\ U�\ T ]
c ^ b � [�b V���b h�_ `}��T _ S T0± { Y�] b ` g�b � � g�` ] � S ] ` {
\ ^ U _ � g�_ `}b ^ ] b g���T ] ^ ]
\ T ] h}b ^ ]&` ] ] � ] �'����T _ g�S U ` \ ^ b g \ g
��_ \ T�\ T ]�U ` S ] { U ` V h�Z V b S ] Y�] ` \�U W'_ ` _ \ _ b V�S ] ` \ ^ U _ � g�[ g ] �
j h z�{ Y�] b ` g �
k�` U \ T ] ^�_ ` \ ] ^ ] g \ _ ` c�� [ ] g \ _ U `}_ g�T U ��c U U �}± { Y�] b ` g�_ g
b \}^ ] f ] b V _ ` cs\ T ]+\ ^ [ ]+` [ Y�j�] ^�U W
S V b g g ] g � � U ^�S U Y {
Z�b ^ _ g U `+�I]�[ g ] ��b}f b ^ _ b ` \&U W z�{ Y�] b ` g&��T _ S T+g _ Y�Z V h
\ ^ _ ] g&� _ |�] ^ ] ` \
f b V [ ] g�U W z b ` �0^ ] Z�U ^ \ g
\ T ]�S U ` � c [ ^ b {
\ _ U `0��T _ S T}^ ] g [ V \ ] �+_ `}\ T ]�j�] g \ �I� X��E��T ]�Z�] ^ Y�_ g g _ j V ]
^ b ` c ]}W U ^�± { Y�] b ` g���b g-6 o�� � � o z 7 aIb ` ��W U ^ z�{ Y�] b ` g
�I]
[ g ] �0\ T ]�o ¯�] � [�b V V h { � _ g \ b ` \�f b V [ ] g�[ Z}\ U}o z ��k�f {
] ^ b c ] ��^ ] g [ V \ g�b ^ ]�_ `��"b j V ]�l�b ` ��� ] \ b _ V ] �0^ ] g [ V \ g
W U ^
\ T ]+l ¯ ¯ { S V b g g
S b g ]0b ^ ]}_ ` � _ c [ ^ ]}� ����T ] h+g T U ��\ T�b \
± { Y�] b ` g"U [ \ Z [ \ g�b�S U ` � c [ ^ b \ _ U `���T _ S T�_ gI��_ \ T _ `}l n �
W ^ U Y�\ T ]0\ ^ [ ]0` [ Y�j�] ^�U W&S V b g g ] g �m��]0b V g U+g ] ]�\ T�b \
z�{ Y�] b ` g�� U ] g�j�] \ \ ] ^
_ `}\ T _ g�^ ] g Z�] S \�� b j�U [ \�� � b f ] ^ {
b c ]�� ] f _ b \ _ U `�� ����T ]�^ ] g [ V \ g�b V g U�g T U �m\ T�b \ z�{ Y�] b ` g
\ ] ` � g�\ U
U f ] ^ { ] g \ _ Y�b \ ]�\ T ]�` [ Y�j�] ^IU WES V b g g ] g aEb ` ��b V g U
\ U}U [ \ Z [ \
Y�U ^ ]
S V b g g ] g�b g
\ T ]�` [ Y�j�] ^�U W�^ ] S U ^ � g a��
a
_ ` S ^ ] b g ] g aE��T _ V ]�± { Y�] b ` g�[ g [�b V V h�[ ` � ] ^ { ] g \ _ Y�b \ ] g�\ T ]
\ ^ [ ] z a b ` ��_ g�_ `�c ] ` ] ^ b V'_ ` g ] ` g _ \ _ f ]�\ U��
�
k�g V _ c T \ V h+� _ |�] ^ ] ` \}Z _ S \ [ ^ ]+b ^ _ g ] g���T ] `��I]0] � b Y�_ ` ]
\ T ] �I� X�g S U ^ ]�U W'\ T ]�U [ \ Z [ \IS U ` � c [ ^ b \ _ U ` g ����U \ ]�\ T�b \
U [ ^ z�{ Y�] b ` g�f b ^ _ b ` \
S T U U g ] g�\ T ]0j�] g \�S U ` � c [ ^ b \ _ U `
j h�_ \ g �I� X�g S U ^ ] a�g U�\ T _ g�_ g�b
W b _ ^�S U Y�Z�b ^ _ g U `�` U �&� � `
� _ c [ ^ ]����I]
g ] ]�\ T�b \�± { Y�] b ` g�g S U ^ ] g
` U \�U ` V h�j�] \ \ ] ^
\ T�b ` z�{ Y�] b ` gE_ `�\ T _ g'^ ] g Z�] S \ a j [ \�b V g UIU [ \ Z�] ^ W U ^ Y�gE\ T ]
[ ` � ] ^ V h _ ` c�� _ g \ ^ _ j [ \ _ U `&��T _ S T&��b g'[ g ] �
\ U�c ] ` ] ^ b \ ]I\ T ]
��b \ b �'��T _ g�Y�b h&j�]�] � Z V b _ ` ] ��j h�^ b ` � U Ym� ] f _ b \ _ U ` g"_ `

� � � � ��� � ��� �4'�� (  �( � � � � � � � � � � � ��� � . � � �4 � '�� � �1� � + � ( � � � �
� � � 3 � ��� ��� � ��� )4�&( � " � � ! � � '�� � � � !  "�� % � - ( � (&)�! � ��� � � � � �

 � � � � 3 � !  � � .

S V b g g ] g ] ^ ^ U ^
z�{ Y�] b ` g ± { Y�] b ` g

n ¯ p � n p��+¯ � p � p � ¯ ¯��s¯ � � �
l ¯ ¯ n � � ���+¯ � n � � � ¯ ����l � ¯ ¯
l n ¯ � � � n���
 � o � o l � 
 p��+o � o �

86

88

90

92

94

96

98

100

102

104

106

108

0 5000 10000 15000 20000 25000 30000 35000 40000

ou
tp

ut
 c

la
ss

es

points

K-means
X-means

true


�� � � � �"! � ��� �2 � '�� � �,� � � � � 3 � �,+ � ( � � � �,( �,($� �  + � ! �  � �
!  3 � �4� ! # � � � ��� % � - ( � (&)�! � �"$ � � � � � ��+ � ( � � � � � ( � � � ( " � -�� � � �

 � � (  - � '�� �2" �  � � ( � � -2- ( � ( % � � � � .

\ T ]
��b \ b�\ T�b \�S b [ g ]
_ \�\ U�j�]�j�] \ \ ] ^&Y�U � ] V ] �}j h�W ] �I] ^
S V b g g ] g&\ T�b `}\ T ] ^ ]�b S \ [�b V V h}b ^ ] � � U ^�] � b Y�Z V ] a \ �IU0� U ^
Y�U ^ ] ��S V b g g�S ] ` \ ] ^ g a���T _ S T�b ^ ]�S T U g ] `0b \I^ b ` � U Y0a Y�b h
W b V V ] � \ ^ ] Y�] V h�S V U g ]"\ U�U ` ]Ib ` U \ T ] ^Eg U�\ T ] h&b Z Z ^ U � _ Y�b \ ]
b
g _ ` c V ]�S V b g g �
k�g�W b ^�b g�g Z�] ] ��_ g�S U ` S ] ^ ` ] �'a�± { Y�] b ` g�g S b V ] g�Y�[ S T
j�] \ \ ] ^�\ T�b `}_ \ ] ^ b \ ] � z�{ Y�] b ` g �"k�g�g T U ��`�_ ` � _ c [ ^ ]
� a
± { Y�] b ` g�^ [ ` g�\ ��_ S ]�b g�W b g \�W U ^�V b ^ c ]&Z ^ U j V ] Y�g �
��U \ ]
\ T _ g�_ g�b0S U Y�Z�] \ _ \ _ U `�b c b _ ` g \�b `�b V ^ ] b � hsb S S ] V ] ^ b \ ] �
f ] ^ g _ U `}U W z�{ Y�] b ` g�b g�� ] g S ^ _ j�] �0_ `0i'] V V ] c�b ` �0d�U U ^ ]
� o ¯ ¯ ¯ � �'��T ] `�S U Y�Z�b ^ ] ��b c b _ ` g \I`�b _ f ] z�{ Y�] b ` g�� \ T�b \
_ g a
S U Y�Z [ \ ]+� _ g \ b ` S ] g�W ^ U Y%] f ] ^ h Z�U _ ` \0\ U�b V V
S ] ` {
\ ^ U _ � g�b ` ��Z _ S ��\ T ]"Y�_ ` _ Y�b V � a ± { Y�] b ` g'W b ^ ] g'Y�[ S T�j�] \ {
\ ] ^ ����`�b���b \ b g ] \&U W"U f ] ^&p p ¯ ° ¯ ¯ ¯&c b V b � _ ] g a�± { Y�] b ` g
S U Y�Z V ] \ ] �}_ `0o p ��g ] S U ` � g
��T ] ^ ]
\ ^ b � _ \ _ U `�b V z�{ Y�] b ` g
S T U U g _ ` csb Y�U ` c�l ¯�f b V [ ] g�U W z \ U U ��� � � p�g ] S U ` � g �
� U \ T0b V c U ^ _ \ T Y�g"�I] ^ ]&g ] \�[ Z�\ U�Z�] ^ W U ^ Y5~ [ g \�U ` ]&_ \ ] ^ {
b \ _ U `�_ `�\ T ]�; 7�< L O =�: 6 9�7 L 7 7 8 g \ b c ]�� b ` ��± { Y�] b ` g
_ g�Z ^ U c ^ b Y�Y�] ��\ U�_ \ ] ^ b \ ]�U ` S ]&Y�U ^ ]�_ `�\ T ]�; 7�< L O =�: 6
2'> L ?93 > ?�L : g \ b c ] a b ` �
\ U
b [ c Y�] ` \'\ T ]�g Z V _ \�j h�b ` U \ T ] ^
c V U j�b V _ \ ] ^ b \ _ U `�� �'��T ]�� [�b V _ \ h&U W�\ T ]�± { Y�] b ` g"g U V [ \ _ U `
��b g�g [ Z�] ^ _ U ^�_ `�\ ] ^ Y�g�U W'j�U \ T �I� X�b ` ��� _ g \ U ^ \ _ U `'�



2.1

2.15

2.2

2.25

2.3

2.35

2.4

2.45

2.5

2.55

0 5000 10000 15000 20000 25000 30000 35000 40000

B
IC

points

K-means
X-means

true


�� � � � � � � ��� ��� � �2% '�� (  � (  -��2% '�� (  � .���� � � ( " ����� �$3 � �
3 � !  �4! �4� � � )� . ��� � � � � �4( � ��� � ��( � � � ( " � � � '�� � � ! 3 � ��� �  �1�  
� % � - ( � (�)�! � �
$ � � + � ( � � � � .4��� �&� ( � � ��� � � � � 	�� � (  - ��� � ��� � �
��� � � + � � �&� � � � �&+ �  � � � ! - � � � � -2� ��" �  � � ( � ��� � �&- ( � ( .

k�`�_ ` \ ] ^ ] g \ _ ` c�b Z Z V _ S b \ _ U `+U W&± { Y�] b ` g�b ^ _ g ] g�_ `s\ T ]
b g \ ^ U Z T h g _ S g�� U Y�b _ `'� #�_ f ] `�b���b \ b g ] \�S U Y�Z�U g ] ��U W
c b V b � _ ] g�b ` �s\ T ] _ ^}� �'° 
 ��S U U ^ � _ `�b \ ] g aIU ` ]}�IU [ V �+V _ � ]
\ U0b g ����T�b \&_ g�b�\ h Z _ S b V"g _ � ]�U W�b�S V [ g \ ] ^�U WIc b V b � _ ] g �
��]�g ] V ] S \ ] �s\ T ]�j ^ _ c T \ ] g \
c b V b � _ ] g�_ `�\ T ]���T ]�R V U b `
y _ c _ \ b VER � h�R [ ^ f ] h�� l � � � �"��b \ b �"��T _ g�_ ` Z [ \�g ] \�U W�b Z {
Z ^ U � _ Y�b \ ] V h�� ¯ ¯ ° ¯ ¯ ¯�g � h�U j ~ ] S \ g S ��b g
� _ f _ � ] ��j h�b `
l ���+p0c ^ _ ��� \ T ]}^ b ` c ] g�U W�\ T ]}��b \ b0b ^ ]}` U \�Z ^ U Z�U ^ {
\ _ U `�b VE_ `�j�U \ T0b � _ g � �I��T ]&S ] V V g�T�b �}b Z Z ^ U � _ Y�b \ ] V h
\ T ]
g b Y�]�` [ Y�j�] ^�U W�U j ~ ] S \ g ����`}] b S T}S ] V V���_ \ T�� U j ~ ] S \ g
�I]0^ b ` z�{ Y�] b ` g�_ \ ] ^ b \ ] ��U f ] ^�\ T ]�l ¯�f b V [ ] g�_ `�\ T ]
^ b ` c ]16 ��
 l ¯ ¯ ¯ ° ��
 l ¯ ¯ 7Eb ` �0± { Y�] b ` g�g ] b ^ S T _ ` c}W U ^ z
_ `�\ T ]�g b Y�]�^ b ` c ] a b ` ��^ ] S U ^ � ] �}\ T ]�^ ] g [ V \ _ ` c�` [ Y�j�] ^
U W'S V [ g \ ] ^ g�� ] � [ _ f b V ] ` \ V h a \ T ]&b f ] ^ b c ]�S V [ g \ ] ^�g _ � ] � �
��T ]�b f ] ^ b c ]}S V [ g \ ] ^}g _ � ]�b S S U ^ � _ ` cs\ U+± { Y�] b ` g���b g

 � p ��o n � n a b ` �&n � o ��
 ¯ � �Ib S S U ^ � _ ` c�\ U z�{ Y�] b ` g �E��T _ V ]
_ \'_ g'T�b ^ �&\ U�f b V _ ��b \ ]�\ T ] g ]�Y�b ` [�b V V h a �I]I\ ] ` �
\ U�j�] V _ ] f ]
± { Y�] b ` gIg _ ` S ]�_ \�_ gIW ^ ] ]�\ U�S T U U g ]�\ T ]�` [ Y�j�] ^IU W'S V [ g {
\ ] ^ g�W ^ U Y b
��_ � ]&^ b ` c ]&��T ] ^ ] z�{ Y�] b ` g�S b `}U ` V h�f b V _ {
��b \ ]�b�g Y�b V VE` [ Y�j�] ^�U W"g Z�] S _ � ] � z ����T _ g�W b S \�_ g��I] V V
^ ] � ] S \ ] �+_ `}\ T ]&g Y�b V V ] ^�f b ^ _ b ` S ]&U W"\ T ]
± { Y�] b ` g�U [ \ {
Z [ \ � � `�] b ^ V h�] � Z�] ^ _ Y�] ` \ g a ��T ] ^ ]&\ T ]�^ b ` c ]�W U ^ z ��b g
V b ^ c ]"b ` �&\ T ]"` [ Y�j�] ^EU W g b Y�Z V ]'Z�U _ ` \ g'g Y�b V V a \ T _ gE] |�] S \
��b g&Y�U ^ ]&` U \ _ S ] b j V ]}� b ` ��_ ` � ] ] �'a�_ `0\ T ]�] b ^ V h}g \ b c ] g
U W&b0g S _ ] ` \ _ � S}^ ] g ] b ^ S T�U ` ] N g�c [ ] g g ] g}\ ] ` ��\ U�j�]}V ] g g
] � [ S b \ ] �'a�g U��I]�] � Z�] S \�\ T _ g�\ U�j�]
b&^ ] S [ ^ ^ _ ` c�\ T ] Y�] � �
� `5\ ] ^ Y�g0U W�^ [ ` { \ _ Y�] a
± { Y�] b ` g0_ g0` U \�U ` V h�W b g \ ] ^ a
j [ \�_ ` S ^ ] b g ] g�_ \ g�b � f b ` \ b c ]�b g�\ T ]}` [ Y�j�] ^
U W�Z�U _ ` \ g
_ ` S ^ ] b g ] g a�g _ Y�_ V b ^ V h�\ U�\ T ]s��b h�_ \0� U ] g�g U�W U ^0g h ` {
\ T ] \ _ S���b \ b g ] \ g ��k�`�± { Y�] b ` g&^ [ `�U f ] ^&\ T ]�W [ V V���b \ b {
� � �,� � �$� � � � � � 3 � � " � � � � � � ��)4��� � 3 � + �2� � �$ � '�� � �2� �

" ( � ( � ! � �&� ��" � � ) � ! "  ! � + (  � � � .

50

100

150

200

250

300

350

0 5000 10000 15000 20000 25000 30000 35000 40000

se
co

nd
s

points

K-means
X-means


�� � � � ��� � ���  % � ! '�� ��� � �2% '�� (  ��(  - �2% '�� (  � .���� � � ( " �
� �  % � ! '�� � ( � � � � � )� ,� � � 
 - ! '��  � ! �  ��(  -
� � � + � ( � � � � �  ,(
� 
 
 % �2� #�� �  � ! � '�% � .

g ] \�U W�g U Y�].� ¯ ¯ ° ¯ ¯ ¯�Z�U _ ` \ g�b ` � 
�° ¯ ¯ ¯�^ ] g [ V \ _ ` c0S ] ` {
\ ^ U _ � g'\ b � ] g"b j�U [ \'
 � nIT U [ ^ g�U `
b�� ¯ ¯ { d�T � y�� X0k�V Z T�b �
kmg _ Y�_ V b ^ z�{ Y�] b ` g�_ ` f U S b \ _ U `}^ b `�_ ` \ U}b�T�b ^ � { S U � ] �
V _ Y�_ \"b W \ ] ^�^ [ ` ` _ ` c�W U ^I\ ��_ S ]
b g�V U ` c��
� `�b&g _ Y�_ V b ^'] � Z�] ^ _ Y�] ` \IU `�\ T ]�_ Y�Z�U ^ \ b ` \�\ b g ��U W'S V [ g {
\ ] ^ _ ` c�c b V b � _ ] g�_ `}\ T ],
'b g&X�b Y�Z�b `�b g���] � g T _ W \&R [ ^ f ] h
� l � � � ���I]�S U Y�Z�b ^ ] �+± { Y�] b ` g
b c b _ ` g \
b}T _ c T V h0U Z \ _ {
Y�_ � ] ��j [ \�\ ^ b � _ \ _ U `�b V�� ` U0� � \ ^ ] ] ��_ Y�Z V ] Y�] ` \ b \ _ U `0U W
z�{ Y�] b ` g ����^ b � _ \ _ U `�b V z�{ Y�] b ` g�\ ^ _ ] ��l ¯&� _ |�] ^ ] ` \�f b V {
[ ] g�U W z j�] \ �I] ] `�n ¯
b ` �0n ¯ ¯ � � U \ T}b V c U ^ _ \ T Y�g"W U [ ` �
g U V [ \ _ U ` g"��_ \ T�b V Y�U g \�_ � ] ` \ _ S b V �I� X�g S U ^ ] g a \ T U [ c T�± {
Y�] b ` gIS T U g ]
b&V b ^ c ] ^�f b V [ ]�U W z ��± { Y�] b ` g�S U Y�Z V ] \ ] �
_ \ g�g ] b ^ S T}] _ c T \�\ _ Y�] g"W b g \ ] ^�\ T�b ` z�{ Y�] b ` g �

�I��� � � x � ��t � � �
��]�T�b f ]�Z ^ ] g ] ` \ ] ��b}` ] � z�{ Y�] b ` g
j�b g ] ��b V c U ^ _ \ T Y
\ T�b \
_ ` S U ^ Z�U ^ b \ ] g�Y�U � ] V"g ] V ] S \ _ U `'� � hsb � U Z \ _ ` c0b ` �
] � \ ] ` � _ ` c
b V c U ^ _ \ T Y�_ S"_ Y�Z ^ U f ] Y�] ` \ gE\ U z�{ Y�] b ` g a _ \"_ g
] ��S _ ] ` \�\ U�\ T ]&] � \ ] ` \&\ T�b \�^ [ ` ` _ ` c�_ \�U ` S ]&_ g�S T ] b Z�] ^
\ T�b `0V U U Z _ ` c�U f ] ^ z ��_ \ T0\ T ]
� � ] � { Y�U � ] V"b V c U ^ _ \ T Y0�
� \&[ g ] g&g \ b \ _ g \ _ S b V V h { j�b g ] �0S ^ _ \ ] ^ _ b�\ U�Y�b � ]&V U S b V"� ] S _ {
g _ U ` g
\ T�b \
Y�b � _ Y�_ � ]
\ T ]�Y�U � ] V N g�Z�U g \ ] ^ _ U ^�Z ^ U j�b j _ V _ {
\ _ ] g � � � Z�] ^ _ Y�] ` \ b VE^ ] g [ V \ g�U `�j�U \ T�g h ` \ T ] \ _ S
b ` ��^ ] b V {
V _ W ]���b \ b�g T U ��_ \�_ g�Z�] ^ W U ^ Y�_ ` c�W b g \ ] ^&b ` �}j�] \ \ ] ^&\ T�b `
z�{ Y�] b ` g �
��T ]+S T U _ S ]+U W �I� X/b g0\ T ]+g Z V _ \ \ _ ` csS ^ _ \ ] ^ _ U ` _ g}` U \
\ T ]�U ` V h0Z�U g g _ j V ]�U ` ] �0��T _ V ]��I]�T�b f ]�W U [ ` � �I� X5\ U
Z�] ^ W U ^ Y2�I] V V"W U ^�U [ ^�\ ] g \ { g ] \ g�b ` ��b Z Z V _ S b \ _ U ` g a�[ g _ ` c
U \ T ] ^�S ^ _ \ ] ^ _ b aEg [ S T�b g�k � X�U ^�d y 
"a�Y�b h�Y�b � ]�g ] ` g ]
_ `�U \ T ] ^�b ^ ] b g � � ` S U ^ Z�U ^ b \ _ ` c�\ T ] g ]
Y�] b g [ ^ ] g�_ ` \ U�U [ ^
b V c U ^ _ \ T Y5_ g�g \ ^ b _ c T \ W U ^ ��b ^ �'�
k�` U \ T ] ^�� _ ^ ] S \0] � \ ] ` g _ U ` _ g0\ T ]sb Z Z V _ S b \ _ U `�U W �I� X



� U ^�g _ Y�_ V b ^�S ^ _ \ ] ^ _ b ��\ U�� _ ^ ] S \0b+Y�U � ] V�g ] b ^ S T�_ `�b `
[ ` ^ ] g \ ^ _ S \ ] � { #&b [ g g _ b ` � d b V c U ^ _ \ T Y�� g _ ` S ]�j V b S � V _ g \ {
_ ` c
_ g�b g g [ Y�_ ` c
T�b ^ ��Y�] Y�j�] ^ g T _ Z'a \ T _ g�_ g�` U ` { \ ^ _ f _ b V � �
��U ^ �
_ `�\ T _ gIf ] _ `�_ gIS [ ^ ^ ] ` \ V h�_ `�Z ^ U c ^ ] g g&� �+b g g ] ^ Y�b `
�md�U U ^ ] � ����` ]�S b `�b V g U�\ T _ ` �}U W"U \ T ] ^&��b h g�\ U�S U ` {
� [ S \�\ T ]�g ] b ^ S T}W U ^�b
Y�U � ] V a ] f ] `�[ ` � ] ^�\ T ] z�{ Y�] b ` g
b g g [ Y�Z \ _ U `�� ] � c�� a ^ ] Y�U f _ ` cIS ] ` \ ^ U _ � g a b g'�I] V V b g�b � � _ ` c
\ T ] Y�� �
e�g _ ` c}U [ ^&W b g \
b V c U ^ _ \ T Y�g a�g \ b \ _ g \ _ S b V�b `�b V h g _ g�U W�Y�_ V {
V _ U ` g
U W���b \ b { Z�U _ ` \ g�b ` �+\ T U [ g b ` � g�U W�S V b g g ] g�_ g�Z�] ^ {
W U ^ Y�] �+_ `�b0Y�b \ \ ] ^�U W�T U [ ^ g ��XIU ` g ] � [ ] ` \ V h a��I]0b ^ ]
b j V ]�\ U}\ ] g \�b g \ ^ U Z T h g _ S b VI\ T ] U ^ _ ] g
[ g _ ` c}U j g ] ^ f b \ _ U ` g
\ T�b \�b ^ ]&Y�[ S T�V b ^ c ] ^�_ `�g S b V ]&\ T�b `��I] ^ ]&] f ] ^�b f b _ V b j V ]
_ `0\ T ]
Z�b g \ �
k�g&T _ ` \ ] ��b j�U f ] aE\ T _ g��IU ^ �}U Z�] ` g&[ Z�b `
U Z Z�U ^ \ [ ` _ \ h�W U ^�b}V b ^ c ]�S V b g g
U W�b V c U ^ _ \ T Y�g�\ U+b _ ��_ `
g [ S T}] ` � ] b f U ^ g �
� _ `�b V V h a �I]I` ] ] ��\ U�S U ` g _ � ] ^"\ T ]�� [ ] g \ _ U `
U W�\ T ]I� _ Y�] ` {
g _ U `�b V _ \ h�U W'\ T ]&��b \ b �"��T _ g�Z�b Z�] ^�T�b g�U ` V h�] Y�Z _ ^ _ S b V V h
� ] Y�U ` g \ ^ b \ ] � ± { Y�] b ` g�U ` [ Z \ UmW U [ ^ { � _ Y�] ` g _ U `�b V
��b \ b a�b V \ T U [ c T+g _ Y�Z V ] ^�b V c U ^ _ \ T Y�g�� i'] V V ] cs�2d�U U ^ ] a
o ¯ ¯ ¯ �'g \ _ V V c _ f ]Ig _ c ` _ � S b ` \"b S S ] V ] ^ b \ _ U ` gI[ Z�\ U&g ] f ] `�� _ {
Y�] ` g _ U ` g � � [ \
b ^ ]�] f ] `+g ] f ] `s� _ Y�] ` g _ U ` g�] ` U [ c T�\ U
j�]&_ ` \ ] ^ ] g \ _ ` c D���]�g b h�h ] g�W U ^I\ �IU�^ ] b g U ` g �
� _ ^ g \ a}Y�b ` h j _ c { g S _ ] ` S ]�� _ g S _ Z V _ ` ] gs` ] ] � \ U5S V [ g \ ] ^
��b \ b { g ] \ g���_ \ T�j�] \ �I] ] `�Y�_ V V _ U ` g
b ` ��j _ V V _ U ` g�U W�V U � {
� _ Y�] ` g _ U `�b V�^ ] S U ^ � g�f ] ^ h�� [ _ S � V h � R Z�b \ _ b V�c b V b � h a
S U V U ^ { g Z�b S ]&g � h�U j ~ ] S \ g aEb ` ��Z ^ U \ ] _ `�c ] V'S V [ g \ ] ^ _ ` c�b ^ ]
~ [ g \'\ T ^ ] ]�g [ S T
] � b Y�Z V ] gEU `&��T _ S T&�I]�b ^ ]IS U V V b j�U ^ b \ _ ` c
��_ \ T�`�b \ [ ^ b VEg S _ ] ` \ _ g \ g �
R ] S U ` �'a W U ^IT _ c T { � _ Y�] ` g _ U `�b V ��b \ b
g ] \ g�_ \I_ g�W ^ ] � [ ] ` \ V h
Z ^ ] W ] ^ b j V ]�\ U�Y�U � ] V�\ T ]�i y*� j h0b�W b S \ U ^ ] ��^ ] Z ^ ] g ] ` {
\ b \ _ U ` � d�] _ V b a�l � � � ��g [ S T�b g�b � b h ] g _ b `�` ] \ �IU ^ �s_ `
��T _ S T�` U � ]�� _ g \ ^ _ j [ \ _ U ` gIS b `�j�]�^ ] Z ^ ] g ] ` \ ] �0j h
V U �I] ^ {
� _ Y�] ` g _ U `�b V S V [ g \ ] ^ g �"± { Y�] b ` g�_ g"b�g \ ] Z�\ U ��b ^ � g"b�W b g \
_ ` ` ] ^ { V U U Z�W U ^�\ T ] g ]&] � Z�] ` g _ f ]
b V c U ^ _ \ T Y�g �

qsx � � ��� � µ ��� µ + µ'� u t
��]
\ T�b ` � 
'b ^ ^ h0�+b g g ] ^ Y�b `}W U ^&_ ` f b V [�b j V ]&T ] V Z0��_ \ T
\ T ]&g \ b \ _ g \ _ S b V�W U [ ` ��b \ _ U ` g�U W�\ T _ g��IU ^ �E��R [ Z Z�U ^ \�Z ^ U {
f _ � ] �&j h&b `
��R � 9 y�� k���b ^ �&\ U�k�` � ^ ] �sd�U U ^ ] ² y d}R {
� � � p 
 
 o �

� µ , µ v µ'� x µ t
� _ g T U Z'a�X���d���� l � � n � ���
H g � § ¦�­ H ¬ ��	 � © «2� 	 ��F § ¬ ¬ H � ­
� H ¨ 	 ® ­ ª ¬ ª 	 ­ ����� W U ^ �'²"XIV b ^ ] ` � U `}i�^ ] g g �

� ^ b � V ] h a�i��ERE� a�� � b h h b �'a e
��d���� l � � � � ����] � ` _ ` c�_ ` _ {
\ _ b VIZ�U _ ` \ g
W U ^=9 { d�] b ` g�S V [ g \ ] ^ _ ` c��	�&� 	 ¨ H H G ª ­ ® «$	 �
¬ � H�
Iª � ¬ H H ­ ¬ �
� ­ ¬ H � ­ § ¬ ª 	 ­ § ¦���	 ­ � H � H ­ ¨ H�	 ­��0§ ¨ � ª ­ H
� H § � ­ ª ­ ®�� Z Z'� � l � � � � � d�U ^ c b `=9&b [ W Y�b ` `'a R b ` � ^ b ` {

S _ g S U�a XIk
�
y ] ` c�a�9�� a��2d�U U ^ ] a�k
��� ��� l � � n � ��d�[ V \ _ ^ ] g U V [ \ _ U `
_ ` g \ b ` S ] { j�b g ] �0V ] b ^ ` _ ` c����&� 	 ¨ H H G ª ­ ® «,	 ��¬ � H*���9H ¦ � ¬ �
� ­ ¬ H � ­ § ¬ ª 	 ­ § ¦�� 	 ª ­ ¬���	 ­ � H � H ­ ¨ H 	 ­	��� ¬ ª ��¨ ª § ¦�� ­ ¬ H ¦ �
¦ ª ® H ­ ¨ H�� Z Z'�&l o p p ��l o p � � �5R b ` � ^ b ` S _ g S U�²�d�U ^ c b `9&b [ W Y�b ` `'�
y [ ��b a'�&�E�
� a'�5��b ^ \ a'i�� � �"� l � � p � ����§ ¬ ¬ H � ­���¦ § « « ª ���
¨ § ¬ ª 	 ­}§ ­ G�E�¨ H ­ H���­ § ¦ � « ª « ��� U T `���_ V ] h�� R U ` g �
� g \ ] ^ a d�� a 9�^ _ ] c ] V a �
� { i�� a ����['a �
� � l � � n � � ks��b \ b j�b g ]
_ ` \ ] ^ W b S ]0W U ^�S V [ g \ ] ^ _ ` cs_ `�V b ^ c ]}g Z�b \ _ b V���b \ b j�b g ] g �
�&� 	 ¨ H H G ª ­ ® « 	 �

Iª � « ¬�� ­ ¬ H � ­ § ¬ ª 	 ­ § ¦
��	 ­ � H � H ­ ¨ H8	 ­
� ­ 	 �I¦ H G ® H! &ª « ¨ 	 " H � � § ­ G# &§ ¬ §#�0ª ­ ª ­ ® � d�] ` V U
i�b ^ �E²�k�k�k � �

9&b g g a �&� a}�%�+b g g ] ^ Y�b `'a$
"��� l � � n � � k ^ ] W ] ^ ] ` S ]
� b h ] g _ b `
\ ] g \IW U ^�` ] g \ ] ��T h Z�U \ T ] g ] g�b ` �
_ \ g"^ ] V b \ _ U ` {
g T _ Z�\ U
\ T ]&R S T ��b ^ ��S ^ _ \ ] ^ _ U `'�$� 	 g � ­ § ¦1	 ��¬ � H��*L�H � �
ª ¨ § ­.E�¬ § ¬ ª « ¬ ª ¨ § ¦%��« « 	 ¨ ª § ¬ ª 	 ­ a�& ' a�� � p � � � n �


'b g�X�b Y�Z�b `�b g"��] � g T _ W \�R [ ^ f ] h � l � � � � �
T \ \ Z'² ( ( Y�b `�b g V ['� b g \ ^ U�� [ \ U ^ U ` \ U�� S b ( )�V _ `%( V S ^ g � T \ Y�V �
d�] _ V b a�d��I� l � � � � ��*�++¨ ª H ­ ¬2��� H H � H § � ­ ª ­ ® � y U S \ U ^ b V
� _ g g ] ^ \ b \ _ U `'a d}b g g b S T [ g ] \ \ g � ` g \ _ \ [ \ ]�U W'��] S T ` U V U c h a
y ] Z�b ^ \ Y�] ` \IU W'XIU Y�Z [ \ ] ^�R S _ ] ` S ] aEX�b Y�j ^ _ � c ] a d�k
�
d�U U ^ ] a�k
� � �'� l � � � � �"£"] ^ h�W b g \�Y�_ � \ [ ^ ] { Y�U � ] V { j�b g ] �
S V [ g \ ] ^ _ ` c�[ g _ ` c�Y�[ V \ _ ^ ] g U V [ \ _ U `�� � { \ ^ ] ] g ����G " § ­ ¨ H «
ª ­
�
H g � § ¦�� ­ � 	 � L
§ ¬ ª 	 ­,�&� 	 ¨ H « « ª ­ ®�E�� « ¬ H L&« I '0� Z Z'�
n 
 p � n 
 � � �'d�U ^ c b `�9&b [ W Y�b ` `'�

��c�a9�&�'�&� a"����b `'a������ l � � 
 � � � ��S _ ] ` \�b ` �+] |�] S \ _ f ]
S V [ g \ ] ^ _ ` c+Y�] \ T U � g�W U ^�g Z�b \ _ b V���b \ b�Y�_ ` _ ` c��-�&� 	 �
¨ H H G ª ­ ® «�	 ��. �  0/��
i'] V V ] c�a y � a�� d�U U ^ ] a�k
��� o ¯ ¯ ¯ � �1��¨ ¨ H ¦ H � § ¬ ª ­ ® H 2 �
§ ¨ ¬��%� L�H § ­ «!�"ª ¬ ��® H 	 L�H ¬ � ª ¨8� H § « 	 ­ ª ­ ® � ��] S T ` _ S b V
��] Z�U ^ \+X�d�e { X�R { ¯ ¯ { l ¯ n � � X�b ^ ` ] c _ ]�d�] V V U ` e�` _ {
f ] ^ g _ \ h a i�_ \ \ g j [ ^ c T'a i�k
� k�V g U�b f b _ V b j V ]mW ^ U Y
3 4 4 5$6 7 7 8 8 8$9 : ;�9 : < =$9 > ? = 7 ) ? 5 > @ @ > A 7 �
��T ]&R V U b ` y _ c _ \ b VER � h�R [ ^ f ] h0� l � � � � � 8 8 8$9 ; ?%; ;�9 B C A �
�+b g g ] ^ Y�b `'a 
"� a ��d�U U ^ ] a k
� y ] ` g _ \ h � g \ _ Y�b \ _ U `&��_ \ T
k�S S ] V ] ^ b \ ] �'a � � b S \ a�d�_ � \ [ ^ ]&d�U � ] V g � � `�Z ^ ] g g �
¤�T�b ` c�a��&� a���b Y�b � ^ _ g T `�b `'a"�&� a�� 
E_ f ` h a�d���� l � � n � �
�I� ��XI�
² k�`
] ��S _ ] ` \���b \ b�S V [ g \ ] ^ _ ` c�Y�] \ T U �&W U ^'f ] ^ h
V b ^ c ]���b \ b j�b g ] g a � �&� 	 ¨ H H G ª ­ ® « 	 ���D��� E � EF� KF �� Z Z'�
l ¯ p ��l l 
 � �


