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Vector Quantization
input data: homogeneous distribution on a square
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=0
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=1000
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=2000
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=3000
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=4000
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=5000
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Vector Quantization
input data: homogeneous distribution on circular disc
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=0
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=1000
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=2000
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=3000
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=4000
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=5000
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Vector Quantization
input data: inhomogeneous distribution near borders
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=0
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=1000
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=2000

−1 1
x1

−1

1
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Vector Quantization, learning rate = 0.5
100 codebook vectors at t=3000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=4000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=5000
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�-,�?O��P � B w�� ?O,UG)G)T/�%"L �q%��T/��8b� ��� � B ��w#w#w � ?O,�G)G[T/�%"- �q%������*+�!��"&��� � B �0w#w#w � ?O,�G)G)T��%"- �q3��"�,/M1vj� ���
� B <0w#w#w �b�F #�!�! 1?Q"- �q%�gT���8�� ��� � B R1w#w#w �b�� #�!�! 1? "- �q%�r?O,�G)G[T/� �2(#*)G � B 40w#w#w �b�F #�!�! 1?Q"L �q%�
"L,�M1vj� ���
=y,U?@��P%(0"-��?@��(#P-&H"L��P3,�* �-vH� *�&)?�����"� #8y,/�!��"L(0�-,/ 1*[P���hW*),��-,�(#T�,�P-(0�-,� 1*  #8y�� �GH��A|�F � #su�#�����! #"
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−1 1
x1

−1

1

x2

Vector Quantization
input data: homogeneous distribution on curved strip

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=0

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=1000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=2000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=3000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=4000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=5000
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 #8D�-vH�:E)"- 7����P-P �Ed B �#HIJIJIJ2H���w#w ���y(0�O�-,�?@��P�� B w � ?f,�G)G)T/��"- �q%�gT/��8b� ��� � B ��w#w#w � ?O,�G[G)T/��"- �q%�
����*+�!��"&��� � B �0w#w#w � ?O,�G)G)T���"- �q%�o"L,/M1v+� ����� B <0w#w#w �b�F #�!�! 1? "- �q%�oT���8�� ����� B R1w#w#w �b�F #�!�! 1? "- �q%�
?O,UG)G)T/� �r(#*)G�� B 40w#w#w �b�F #�!�! 1? "- �q3��"L,�M1vj� ���y=y,U?@��Py(0"-�Y?@��(#P-&H"-��PD,�*:�-v)��*�&)?3�F��"p #8},/�!��"L(0�-,/ 1*)P��
hi*),/�-,�(#TU,�P-(0�-,/ 1*3 #8��� 7GH��A|�F + #s��#�����! #"g(#T�T/ 7��(0�-,/ 1*)P�zKEF 1P-,/�-,/ 1*[,�*HM>(0���-vH�9T/ 7��(0�-,/ 1*)P� #8��-vH�r�["LP!�9��w#w2G)(0�-(
EF 1,�*+�-PJE[,��Ls#��G
��l �-vH�3E)"- 7����P-P��
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−1 1
x1

−1

1

x2

Vector Quantization
input data: homogeneous distribution on unit circle

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=0

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=1000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=2000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=3000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=4000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=5000
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� B �0w#w#w � ?O,UG)G)T/�r"- �q3�1"L,/M1v+� ��� � B <0w#w#w �b�F #�!�! 1? "- �q%�jT/��8b� ��� � B R1w#w#w �b�F #�!�! 1? "L �q%��?O,�G)G)T�� ��(#*)G
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−1 1
x1

−1

1

x2

Vector Quantization
input data: inhomogeneous distribution near borders

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=0

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=1000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=2000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=3000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=4000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=5000
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� B <0w#w#w �b�F #�!�! 1? "L �q%�rT/��8�� ����� B R1w#w#w �b�F #�!�! 1?Q"- �q3�g?O,�G[G)T/� �2(#*[G � B 40w#w#w �b�� #�!�! 1? "- �q%�
"L,�M1vj� ���
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−1 1
x1

−1

1

x2

Vector Quantization
input data: homogeneous distribution on curved strip

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=0

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=1000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=2000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=3000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=4000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=5000
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−1 1
x1

−1

1

x2

Vector Quantization
input data: homogeneous distribution on unit circle

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=0

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=1000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=2000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=3000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=4000

−1 1
x1

−1

1

x2

Vector Quantization, learning rate = 0.5
100 codebook vectors at t=5000
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−1 1
x1

−1

1

x2

Vector Quantization
input data: homogeneous distribution on curved strip

−1 1
x1

−1

1

x2

Soft Vector Quantization, beta=10, learning rate = 0.1
100 codebook vectors at t=0

−1 1
x1

−1

1

x2

Soft Vector Quantization, beta=10, learning rate = 0.1
100 codebook vectors at t=1000

−1 1
x1

−1

1

x2

Soft Vector Quantization, beta=10, learning rate = 0.1
100 codebook vectors at t=2000

−1 1
x1

−1

1

x2

Soft Vector Quantization, beta=10, learning rate = 0.1
100 codebook vectors at t=3000

−1 1
x1

−1

1

x2

Soft Vector Quantization, beta=10, learning rate = 0.1
100 codebook vectors at t=4000

−1 1
x1

−1

1

x2

Soft Vector Quantization, beta=10, learning rate = 0.1
100 codebook vectors at t=5000
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−1 1
x1

−1

1

x2

Soft Vector Quantization
input data: homogeneous distribution on square

−1 1
x1

−1

1

x2

Vector Quantization, beta=50, learning rate = 0.5
100 codebook vectors at t=10000

−1 1
x1

−1

1

x2

Soft Vector Quantization, beta=10, learning rate = 0.5
100 codebook vectors at t=10000

−1 1
x1

−1

1

x2

Soft Vector Quantization, beta=5, learning rate = 0.5
100 codebook vectors at t=10000

−1 1
x1

−1

1

x2

Soft Vector Quantization, beta=1, learning rate = 0.5
100 codebook vectors at t=10000
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�#�����! #"LP���,/�
q>,UT�T����%��T���(0"y�-v)(0�>�-v) 1P!�3*H��&H"L 1*)PJq>v),���v:(0"-��(0�>�-vH�%�F 1&)*)G)(0"LlO #8��-vH�3(0"-"L(�l�q>,�T�T�8b����TK(#*:� $F�����-,/�#�
8b #"L����GH"L(0M#M1,�*HM��-vH��,/"'�� 7GH��A|�F + #s
�#�����! #"�P2�! �qJ(0"LG)P'�-vH 1P-�� #8g�-vH�Y,U*)*H��">"L��M1,/ 1*Z #8}�-vH�@(0"-"L(�l � P-,�*)���
�-vH��"L� (0"L� *) *)��&H"- 1*)P E[&)T�TU,�*HM¢8b"- 1? �-vH�u 1&H�-P-,UGH� ����=yv),UP P-v) �q>P�,/�-P!��T�83,�* ( �!��*)GH��*)��l�8� #":�-vH�
�F 1&)*)G[(0"L,/��Pp #8r�-v)� �S��P-v),�*)M�*H�����K�! 
s#����E�(
����"L�-(#,�* ��ACGH��EF��*)GH��*+�2G),�P!�-(#*[���@8�"- 1? �-vH�@�F 1&)*)G)(0"L,���P
 #82�-vH�ZG)(0�-(¢"L��M1,/ 1*�� hi* E)"L(#���-,U���m 1*H���-vH��"-��8b #"-�Z��vH � 1P!��P (��-,�?@��ACG)��E���*[GH��*j� ���yP-,�?O,�TU(0"@�! ��-vH�
�-,�?O��ACGH��EF��*)GH��*+�JT���(0"L*),�*HM�"L(0�!�#��, �S�#�
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1 %j> -�� � � 	�+ /)0 (7�,+,-#/i@ =yvH�%��M1&H"-��Pp����T� �q ,�T�T�&)P-�!"L(0�!�%�-vH�Y8b&[*)���-,/ 1*),�*)M@ #8}�-vH�O6)V'XQ(#T/M# 0A
"L,��-v)? 8b #"�(p*+&[?3�F��"o #8)P-,�?@E[T��}���7(#?OE[T/��P�q>,/�-ve[ B � � , �S�#��q>vH��"L�e 1*H�rv)(#P�G[(0�-(pEF 1,�*+�-P A B �EDGF*HKD
� �
,�*:(OE[T�(#*H� �J(#*[G
(
��w � ��wf(0"-"L(�l� #8�*)��&H"- 1*)P�� ,|�S�#�g(OEF #E[&[T�(0�-,/ 1*� #89��w#w �� 7GH��A|�F + #s��#�����! #"LP ���F�[&)�8b #"OG), $F��"-��*+�Y��vH 1,�����P@ #8D�-vH�:G),�P!�-(#*[����E�(0"L(#?@���!��" � (#*)G �-v)���-,U?@��ACGH��EF��*)GH��*)���� #8D�-vH�:T/��(0"L*),�*)M
"L(0�!�#�
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−1 1
x1

−1

1

x2

Vector Quantization
input data: homogeneous distribution on curved strip

−1 1
x1

−1

1

x2

Self−Organizing Map, sigma=0.1, eta=0.5
400 codebook vectors at t=20000

−1 1
x1

−1

1

x2

Self−Organizing Map, sigma=0.3, eta=0.5
400 codebook vectors at t=20000

−1 1
x1

−1

1

x2

Self−Organizing Map, sigma=0.5, eta=0.5
400 codebook vectors at t=20000

−1 1
x1

−1

1

x2

Self−Organizing Map, sigma=0.7, eta=0.5
400 codebook vectors at t=20000

−1 1
x1

−1

1

x2

Self−Organizing Map, sigma=0.9, eta=0.5
400 codebook vectors at t=20000

−1 1
x1

−1

1

x2

Self−Organizing Map, sigma=1.1, eta=0.5
400 codebook vectors at t=20000

−1 1
x1

−1

1

x2

Self−Organizing Map, sigma=1.3, eta=0.5
400 codebook vectors at t=20000

−1 1
x1

−1

1

x2

Self−Organizing Map, sigma=1.5, eta=0.5
400 codebook vectors at t=20000

~�,/M1&H"L��������;�z'x��H(#?@E[T/�#zy*�&)?@��"�,���(#T�PL,�?�&[T�(0�-,/ 1*
 #8r(�67��T/8UAWV'"-M1(#*),�P-,U*HMfXZ(0E��Fq>,/�-va[ B ��� 
 B w J54
(#*)G f B ��w#w7� =� #E�T���8��2M#"L(0E�v�z3G)(0�-(
G[,�P!�!"L,/��&H�-,/ 1* Q � A ����vH 1?O #M#��*H�� 1&)P-T/luG),UP!�!"L,/�[&)�!��Gm ��#��"��-vH�P!�!"�,/E F� � l A l � �0�pVD�-v)��">��,/M1v+�>M#"L(0E�v)P�zgP-l�P!�!��? P!�-(0�!��(08��!��"2�0w#w#w#w�,/�!��"L(0�-,/ 1*�P!�!��E[P���8� #"DG), $F��"-��*+�
�0(#T�&H��Pg #8��-vH�>"�(#*HM#�>E[(0"�(#?@���!��"�� � �;N ��w J��#H9w J5< H9w J54 Hrw J �5H9w J5� H'�#J��#HD�#J5< H2�#J54 �1�78b"- 1?��! #E�?O,�G[G)T/�
�! :�F #�!�! 1? "L,/M1v+� ���YV'*H����T/��(0"LT�l
 #�[P!��"-�#��P'�-v)�Y��qg :� $F�����-P2 #8eT� + 1P-,U*HM �-v)�Y�� #"-"L�����2�! #E� 1T� #M#lm8b #" �
�! � ¢P-?O(#T�T|�oqp,/�-v  1*)T/l¢T/ 7��(#TJ�� #"-"-�����-*H��P-PO8� #"@,�*+�!��"L?@��G),U(0�!� ���g(#*)G  #8>�-vH�:�� 7GH��A|�F + #s¢�#�����! #"�P@ #8
�F 1&)*)G[(0"-l *H��&)"- 1*)PJs#����E[,�*)MO( ��ACGH��EF��*)GH��*+�yG),�P!�-(#*[���28�"- 1?��-vH�%G)(0�-(@�F 1&)*)G[(0"-l#�
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−1 1
x1

−1

1

x2

Vector Quantization
input data: homogeneous distribution on curved strip

−1 1
x1

−1

1

x2

SOM, sigma=1.5, eta(t)=const (tau=10, eta(0)=0.5)
400 codebook vectors at t=20000

−1 1
x1

−1

1

x2

SOM, sigma=1.5, eta(t)=1/t (tau=10, eta(0)=0.5)
400 codebook vectors at t=20000

−1 1
x1

−1

1

x2

SOM, sigma=1.5, eta(t)=1/t*t (tau=10, eta(0)=0.5)
400 codebook vectors at t=20000

−1 1
x1

−1

1

x2

SOM, sigma=1.5, eta(t)=expon (tau=10, eta(0)=0.5)
400 codebook vectors at t=20000

~�,/M1&H"L���������+z9x��H(#?@E[T/�#zJ*+&[?@��"L,���(#T�PL,�?�&[T�(0�-,/ 1*� #8}(�67��T/8UAWV'"-M1(#*),�P-,U*HM@X�(0E���q>,/�-v1[ B ��� � B �#J54��

 � w � B w J54��[(#*[G f B ��w#w7�e=� #E
T/��8b�gM#"�(0E[v�z�G)(0�-(@G),�P-�!"L,/�[&H�-,� 1* Q � A ���HvH 1?@ #M#��*H�� 1&[P-T/l G[,�P!�!"L,/��&H�!��G ��#��"@�-vH�:P!�!"L,/E F� � l A l � �0��VD�-vH��"���,/M1v+�YM#"L(0E[v)P�z P!l�P-�!��?QP!�-(0�!�:(08��!��"f�0w#w#w#w¢,��!��"L(0�-,/ 1* P!�!��E[P��
8b #"pG), $���"-��*+�>��vH 1,�����PD #8��-vH�3�-,U?@��ACGH��EF��*)GH��*)���3 #8��-vH��T/��(0"�*),�*HM@"L(0�!� 
��p6����� 1*)G�"- �q T/��8b��z 
 B w J54
� �� 1*)P-�-(#*j� ���`67���� 1*)G "- �q3�r?O,UG)G)T/�#z 
 � � � B 
 � w � ���{� 	 � ��� �|�rq>,/�-v � B ��w7��6����� 1*)G "- �q%�g"�,/M1vj��z

 � � � B 
 � w � ���{� 	 � � ��� � �|�}q>,/�-v � B ��w7�¢kr #�!�! 1?:z�
 � � � B 
 � w �+����E � m � ��� �|�eq>,/�-v � B ��w7��V'*H�
��T/��(0"�T/lf #�[P-��"-�#��P9�-v)(0�9�-vH��P!l�P-�!��?���(#*:M#��� �5P!�-&[�-s �[,�*�(@P-&H�F #E)�-,�?f(#T�P-�-(0�!�#�)q>vH��"-�2�-v)�2�! #E� 1T� #M#l�,�P
 1*)T�l T/ 7��(#T�T/l��� #"-"-�������



� �������	��
 �

� ��� �
� � ��� � �
��� � ����� �G� �*� � � � � � � �A� �
�

� � � � � �*� 	

hi*m�-v[,�P>��v)(0E)�!��"Dqg��G),�P-��&[P-P9�-vH�Ykr(�l#��P-,�(#*u(0E)E["- 1(#�Lv��! �PL&HEF��"-��,UP!��G:T/��(0"L*),U*HMO8b"- 1?����H(#?@E[T/��P��yh��-P
,�*+�!"- 7G)&)���-,/ 1* ,�*`�-vH� ���#�0w!� P�v)(#P��F����* ( �#��"-l`qg��T��� 1?O�¢GH���#��T/ #E[?@��*+���2,�*`�-v)(0�
,/�:�� 1*+�!"L,/�[&H�!��G
P-,�M1*),{����(#*+�-T/l¢�! ¢�� 1*+�#��"-�-,�*HM�P!l�*+�-vH���-,���*H��&)"L(#T9�� 1?@E[&H�-(0�-,� 1*��e��P!EF����,�(#TUT/l T/��(0"L*[,�*HM ,�* ?�&)T��-,{ACT�(�l#��"
*H����qg #"Ls�P��e8�"- 1? (Z�� 1T�T/�����-,/ 1*� #8>,�*+�!��"-��P!�-,�*)Mm�[&H�Y(#G vH �� (#T/M# #"L,/�-v[?OP � �5,U*j�#��*+�Y(�"L&)T��#�oE�T�(�luq>,��-v
E[(0"�(#?@���!��"LP��jG)"L(�q EF��"-8b #"L?O(#*[���gM#"L(0E�v)P��j(#*)G@v) #E��r8b #"}�-vH�J�F��P!�������! %(2P! 1&)*)G��#qg��T�T�M#"- 1&[*)GH��G��1(#*)G
P!l7P!�!��?O(0�-,U�DPL��,/��*j�-,/���yE)"L �����G)&)"-�#��h��J(#T�P! ��� 1*j�!"�,/�[&H�!��G��! ��-vH�'(0"-��(Y������ 1?f,�*HM�?O #"-�D?f(0�-vH��?O(0�-,���(#T
,�*:*[(0�-&H"-�#�

8e
 > 	 $&� �?� E �?���*$G� ��, ������
)�4 #$&( �_"%�! �� (��
� '�6 %I=?02+ >*%h& 
 %h�#=j/)+E/ 2 �j=Y- 3 ��� � 3 6
1 %j>I@ I����Y&)P'�["�P!�3P!�����-vH�fP-����*H��(#*)G¢GH����*H�O 1&H"%�!��"�?O,�*H 1T/ #M#l#�
hi*�P-&HEF��"-�7,�P!��GOT/��(0"�*),�*HM�8�"- 1? ���H(#?@E[T/��Prqr�D(0"-�2�� 1*H8b"- 1*+�!��G�q>,/�-v�( � �-(#P-s �/�)GH����*H��GO��lf(��� 1T�T/�����-,/ 1*
 #8 �+&H��P-�-,/ 1*)P
������GH"L(�qp*m"L(#*[GH 1?OT/l:8b"- 1? P! 1?@��P!����	�� P � �bq>,/�-v�E)"- #�[(0��,�T�,/�-,/��P��) #"'E)"- #�[(0�[,UT�,/�Cl
GH��*[P-,/�Cl#� Q ��� ���Hq>,/�-v
�� #"-"L��P!EF 1*)G),�*HM�(#*)P!qr��"LP � � z

�-vH�%�-(#P-s z ����&H��P!�-,/ 1*)P � z ��� F HIJIJIJ2H���� � H � � N 	��`P �
�5(#*)P!qr��"LP � z � � F HIJIJIJ7H � � � H � � NaP

=yv[,�P3�-(#P-s��e(#PLP-&)?@��G �! uv)(��#���F����* M#��*H��"L(0�!��G ��l ( � �!��(#�Lv)��"��/�g,�PY�! �F��T���(0"L*H��G��+l ( �5P!�-&[GH��*j���
�b�-vH� *H��&H"L(#T}*)���Cqr #"-s"����=yvH�OP-�-&)GH��*+�%��������&)�!��P�(:E�(0"L(#?@���!"L,/.���G¢ #E���"�(0�-,/ 1*�� zGP � � P2�Kq>vH��"L�
����� � B W���� ��� ����=yvH�JE[(0"L(#?O���!��"LP�� GH���!��"L?O,�*)�g�-vH�yG)���-(#,�T�P� #8[�-v)�9 #E���"�(0�-,/ 1*��1(#*)G��-v�&)P�"-��E["-��P!��*+�
�-vH� � E)"- #M#"�(#? � �g,�* ?Y&)T/�-,{ACT�(�l#��"Y*)��&H"L(#Tr*H���Cqr #"-s7P��-v)��l¢qg 1&[T�G �F� �-vH��P-l�*)(0E[�-,��Oqr��,/M1v+�-PY(#*[G �-vH�
*H��&)"- 1*)(#T��-vH"L��P-vH 1T�G)P��ghW8��-vH�3 1&H�!E�&H�-P �b #" � �-(0"-M#���-P����p(0"-���[,�*)(0"-l#�[�#�SMH� � � N ��w H�� �Y #" � � N � m �#H�� �qr�mqr 1&)T�G���(#T�Ty�-vH���-(#P!s � +E/M�#= � (�1 �9>�>j+ �c(?� �,+.-#/ �chW8'�-vH�m 1&H�!E�&H�-Pf��(#*��!"L&)T/l �-(0s#�Z�\(#TU&H��PO8b"- 1? (
�� 1*+�-,�*�&H 1&)PyP!�����[qg�%qr 1&)T�G:P-E���(0s�(0�F 1&H� =h% 2 =K%�>�>?+.-#/ �

hW�O,�P@(#P-PL&)?@��G �-v)(0�@�-vH�
G[(0�-( �b #" �5(#*)P!qr��"LP�����qr��"-�
*H #�O(#P-PL,/M1*H��G "L(#*)G) 1?OT/l¢��l �-vH�:�!��(#��vH��"
�b #�-vH��"Lq>,�P!�Y�-vH��"-�Yqg 1&[T�Gm�F��*H fEF 1,�*+�',�*mT/��(0"�*),�*HM �����[&H�p�-v)(0�'�-vH��l
qr��"-��M#��*H��"L(0�!��Gu(#���� #"LG),U*HM �! 
P! 1?O�@8b&)*[���-,/ 1*�� ziP � ��P'�3=yv)��P-�-&)GH��*+�'v[(#P2*H :G),/"-�����2,�*H8b #"L?O(0�-,� 1*m 1* �-vH��8 &)*)���-,/ 1*����b�-vH�
�!��(#��vH��"9,�Pe(	� �[T�(#�-s@�F �� �/�� #" �  #"L(#��T�� ��������&H�ev)(#Pe�! Y,�*)8���" �`8�"L 1? �-vH�\Q�,�*HE�&H�iA| 1&H�!E[&H��E�(#,/"LP ��� � H � � � �
�-v),UPr,UPe�-vH�' #�! !�����-,/�#�2 #8��-vH�DT���(0"L*),�*HM�E)"- 7����P-P��}=yv)�pE)"L #�[T/��? 8b(#����G���lf�-vH�2P!�-&[GH��*j�J,�PJ?O(#GH�'?@ #"-�
G), � ��&)T/�J��l��-v)�38 (#��� �bq>v),U�Lv
,�P �+&),��!�%"-��(#T�,�P-�-,��',�*:�-vH��"-��(#T�qr #"LT�G �r�-v[(0�y�-vH��G[(0�-(f(0"-�3*) #�yEF��"-8��������
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~�,/M1&H"L�p<����0z}=yvH� � �!��(#��vH��"!ACP!�-&[GH��*j���HP-����*[(0"L,/ % #8� 1*7ACTU,�*H�yP-&HEF��"-�7,�P!��G@T���(0"L*),�*HMH��=yvH�pP!�-&)GH��*+�g��(#*f���
(#*+l ��l+EF�% #8oE[(0"L(#?O���!"L,�P!��G: #EF��"L(0�-,� 1* � *H #�>*H������PLP-(0"L,�T/l�*H��&H"L(#TF #"p*H��&H"L(#T{AC,U*)P!E[,/"L��G ���

, �S�#�>�-vH�3�!��(#��vH��"%��(#*�?f(0s#�Y?O,UP!�-(0s#��P��F #"D,UP>P-&H�" i�����p�! �*H 1,UP!�#�yhW8���8� #"'P-,�?@E�T�,���,/��l#�)qg�Y(#P-P-&)?O�3�-v)(0�
�-vH� ,�*)(#����&H"L(#��l  #"Y*H 1,�P!�O,�P�,�*)GH��EF��*)G)��*j�'8b #"%�-vH� G[, $���"L��*j�2 1&H�!E�&H�-P � , �S�#���-vH�O�!��(#��vH��"@,�P%P-T� #E)E+l#�
"L(0�-v)��"y�-v)(#*
�� 1*)PL,�P!�!��*+�-T/l�&[P-,�*HM��-vH�2qy"L 1*HM@"L&)T/� ���Hqr�3v)(��#�

�[,�*[(0"-l���TU(#P-P-,{����(0�-,� 1*�z d}"- #� � � � B � ��� � � � B � m,+ w�� + � �
"-��M#"-��PLP-,/ 1*:z � � B � ��� � � 	 � � � � NaP GH"L(�qp*:"L(#*)GH 1?fT/l

(#���� #"LG[,�*HMf�! .- � � � � <���� �

hi*��-vH�>��(#P!�> #8���,�*)(0"-l3��TU(#P-P-,{����(0�-,� 1*��1�-vH�9E[(0"�(#?@���!��" + ?@��(#P-&H"-��Pe�-vH�y(#?@ 1&)*+�} #8�*H 1,�P-�J,U*��-vH�>G)(0�-(7�q>,��-v +�B w:�� #"L"-��P!EF 1*)G),�*)Mf�! :EF��"-8b�����'G[(0�-(7��hi*Z�-vH�O��(#P!�@ #8e"L��M#"-��P-P-,/ 1* qr�@?O(�lZq>,/�-v) 1&H�DT� 1P-P' #8
M#��*H��"�(#T�,/�ClZ(#P-P-&)?O�4U � X B RTS � � - � � � B w � P-,�*[����(�*H 1*HA|.���"- 
(��#��"L(0M#� qg 1&[T�GZ��������&),/�0(#T/��*+�p�! 
(
P!�!"�&)���-&H"L(#Tr?@ 7G),{����(0�-,/ 1*  #8>�-vH��&)*)G)��"LT/l7,�*HM
"L&[T/� �3�}(#*[G �� 1&[T�G �F��(0�[P! #"-�F��G ,�* ,/�-P�GH����*),/�-,� 1* � �
vH��*[���p�-vH�'(#?@ 1&)*+�r #8�*H 1,�P-�p,�* �-vH�'G)(0�-(�,�Pgv)��"-�D?O��(#P-&H"-��G �+lf�-vH�p�0(0"L,�(#*[���p #8/- � � ���7q>,/�-v EF��"-8������
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