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«�PWL>PW�2V'�0�hH�T�J�XCP R NEPQK#Lr��H�L'��NW[5��Y?[.H-K�XC]�O�LGMv· R�R ´fPWJ-O#NEPQK�LaTU���j�<g = & ��1+1��
� ^



n �� ; 1���=?�8��oG� g &0$'( : ���  .9 =?��id�f*���  #/ � ± ¦���� `�² � %e6fq�$'& �{*C, ( � ; 1+*-��*)�{1)*+� ; 1�� ¬ 	)	)	�YIX0O�L5T�O�J�NEPQK�LaT
K�L ¬ L���K�XC�2O�NEPQK#LZY\['H-K#X-]z¥�� ± ^�² �5¦ % ^ % » ¦ % ��� �

n &��45 uA� 6f9 �®=?� ��� ± ` ��� ^�² � % ( �  � (245(¡9 ��1 ;�& � : *)� $. °6 �  .q *-,�� :5: &0$ � ; ,�* $2q'& � (�( � & �  #" � &���  .; ���p�  nv�kwI�?wI� ª � &)( *)� & � D � l � 6f$ � ± D 9 � ² �S¸�K�LGL>HCJ�NEPWK�L>P³TUN � FINEO�NEP8T�NEPWJ-O�´pO#L>M�F�]���¤
�+K#´{PWJ�· R�R X0K�O#J�['H�TsNEKy��H-O�XCL>PWL'�§�UK#X�|hO�NEV.X0O�´?��O�L'�#V'O��#H ��X0K�J-H�T-T�PQL.���>­ 45(2t � & ` � % ���  
w : & �  .q � & �I� ; * 45& �2­ $ *)��1A�  ��h& *+� µ>; �8� 6 �  *)� 6{6 � q �  .; ��� :5: �>¦�� -�» ¦ `�^ �

n &��45 uA� 6f9 �®=?�%��� ± ` ��� _�² ��Y?['Hh«�PQLGPQ�2V.� �~H�TUJ�X-P R NEPWK�L°��H�L.��NW[ ��XCPWL>J�P R ´fH�O#L>M2��H-O�T�K�LGPQL.�V'LGM�H�X��?L>JCH�XCNEO�PWL>NE]��p=�,I�����p*-,.��1)�{1��	�  � @ � & 1+�f* /�$�"
�h( 1+*+� &�9 � ( ��gA,.�r­A��*C,.� &06 �  .9 1��
�e@ ��� 6 � t.6 � ��1A���
�}B��h�{1)1+� & *-��*)� $. w.� & �f��1 ` �#� _ � � - �

n &��45 uA� 6f9 ��=?����� ± ` ���#� ² �.ie�f��uA�  .q � 6f6\(2$.9 � 6 1���1�� : &0$'t � t � 6 �f1+*+� ;�x ���  ��X0K�JCH-HCM�PWL'��ThK0�2NW['H
Y #pH�´ ��NW[ ·hL>LGV'O#´
�°K�X���TC['K R K�L ¸�K�� R V.NEO�NEPQK#L>O�´?��HCO�X-LGPQL.��Y?['HCK�X-]��)¸����\Y��5�#���7� :5: �`��5` » `�_ ¦5�

n &��45 uA� 6f9 �'=?����� ± ¦������ ² � �j���.� (v45( �  * &0$ : / �  .9 *-,.� q#6 �71+1+��1 /�$'4 � & � 6f$.$'¯ �  .q *-, &0$'4.q ,I��  ��X�K�J-HCHCM�PQL.��T�K0�°NW['H�F�P � NEHCH�LGNW[Z¸�K�L���H�X0H�LGJ-HzK�L!�kLGJ-H�X-NEO�PWL>NE]�PWLj·hXCNEP "�J�PWO�´ ¬ L>NEH�´Q´fP³¤
��H�L>JCH#�$��· ¬ ��/�/�/%�7� :5: ��¦ - _ » ¦ % ^ ��� $'&0q �  ch� 4#"<( �  5 = 45t.6 �{1C,.� & 1��

n &��45 uA� 6f9 ��=k�&�����  .9'� ��=?������uA� 9�± ¦���� % ² ��n~� ( ��*-,.� $'&�/ � ( ���.� (245( �  * &0$ : / � ( �  � (245(9 �f1 ;�& � : �  .;�/ �I�  .9�&�$'t54 1+*
(�� / ��1+�8�  z9 � ; �f1+� $' *-,.� $'&�/ �>·hL>LGO�´ TeK0�hFINEO�NEP8T�NEPWJ�T���� ±&% ² �
n &��45 uA� 6f9 �>=?�)���>�  .9 o>�*���  .q�"E$'&09¢± ¦���� % ² �®w 45ta$ : *+� ( � 6pt ��,5� @ � $'45&d$�" (�� / ��1h�  .9 �+���

�  z;�6 �71+1+� µ>; ��*+� $' °45 .9 � &A( �{1)1 : � ; � µ>; ��*+� $' �G�  ��X0K�J-HCH-M#PQL.��TAK0�hNW['HhFIH���H�L>NEHCH�LGNW[~·hLGL>V.O�´
¸�K�L��UH�X�H�L>JCHhK�L3¸�K�� R V.NEO�NEPWK�L>O�´}��H-O#X-LGPQL.�rY?['HCK�XC],�)¸����\Y�� /�¥-�7�

n &��45 uA� 6f9 �®=?�.���³�®�)�5o>�(� /545 .q �>�  .9 ��� � �>=p�f*+* ± D 9 1�� ² ± ¦���� % ² ��·dM���O�L>JCH�ThPWLr«�PQLGPQ�2V.�
�~H�TUJ�X-P R NEPWK�L���H�L'�#NW[®��Y?['HCK�X-]�O�L>M2· R#R ´fPQJCO�NEPWK�L5T���� �!g�= & ��1+1��

�e�  1)�  � ���k�  .9 (d�k� 4�± ¦������ ² � ª � @ � 6 ��*�*-, & ��1-, $�6f9 �  .q3@ �8�*����� "E$'&� ��* 45& � 6 � ( � q ��1��
¬ 	)	,	 YIX0O�LaTUO�J�NEPQK#L5TeK�L ¬ L��UK#X-�2O�NEPWK�L�Y?['HCK�XC] ¥���� `��/�#_ » `���_#_ �

�e�  1)�  ����� �  .9 (d��� 4 ± ¦���� `�² � � $.9 � 6 1+� 6 � ; *+� $' �  .9 *C,.� : & �  .; � : 6 � $�"�( �  � (245( 9 ��1 ;�& � : �*+� $' z6 �  .q *-,I� ¶ K#V'XCL>O�´}K0�vNW['Hh·h�2H�X-PWJ-O#LrFINEO�NEP³TUNEPWJ-O#´®· TCTUK�J�PWO�NEPQK#L¢��� ±&% � % ² � � % ^ » �/� % �
�e�  1 $' � � �Go>���  .9 =?��B � �<ª �(� 43± ¦���� % ² � � :5: 6 � ; ��*+� $' 1 $�" �����j* $ 1+� 6 � ; *+� 9�" � ( � 6 �{��1 $�"

(2$.9 � 6 1����  =k�0����n &��45 u§� 6{9 ���+�¹o>� � /®45 .q ���  .9 ��� � �\=¹�f*+* ± D 9 1�� ² ��·dM���O�L>JCH�TzPQL
«�PWL>PW�2V'�0�hH�T�J�XCP R NEPQK#Lr��H�L'��NW[5��Y?[.H-K�XC]�O�LGMv· R�R ´fPWJ-O#NEPQK�LaTU���j�<g = & ��1+1��

�21 $'& *-,I����� ± ` � _ ¦ ² ��� $'9 � 6 1+� 6 � ; *+� $' �  .9z"E$'& uA� &09°@ � 6 � 9 ��*+� $' �}F�JCO�L>M�PWL>O#��PWO�L ¶ K�V.XCL>O�´�K��
F�NEO�NEP³T�NEPQJ�T��7� � � » ` ���5�

o'� /® ��1�� D � ± ¦���� - ² �,��X0K��)O���PW´fPQNE]�Y?['HCK�XC]��jNW['H�´fK-�#PQJ�K0�°T�J�PWH�LGJ-H��kBA� (vt5& � 95q �+�  � @ � & 1+�f* /
= & ��1)1�� D 9 �f*+� 9�t�/ nv�.��� &+&0/ ( & ��*+*-, $'& 1)*��

o��%� & � / 1������ ± ` � % ^�² � �~ �  #@ � & �b�  * "E$'&+( "E$'& *-,.� : & � $'& : &0$.t � t � 6 �f* / �  ��1+*)� ( ��*+� $' : &0$'t��6 � ( 1�����X0K�J-HCH-M#PQL.��TpK0�ANW['HA��K�]�O�´.F�NEO#NEP8T�NEPQJCO�´�FIK�J�PQH�NE]3�¨��K�L>M�K#L&�AF�H�X-PWH�Tp·�º ����� % � -�» % ^5` �
o��%� & � / 1��\��� ± ` � ^a`�² �AY?['HCK�XC]�K0� ��X0K��+O���PW´{PWNE] ± gA,.� &09 � 9 � ² �2� $' .95$' *465 � "E$'&09 �  � @ � & 1+�f* /

= & ��1)1��
ch��1+1�� l ���  .97� � D � l � " *+� &0/ ± ` �#� � ² ��(�� / ��1 " � ; * $'& 1�� ¶ K�V.X-LGO�´>K��eNW['HA·h�2H�XCPWJ-O�LsF�NEO�NEP³TUNEPWJCO�´

·hTCT�K�J�PWO�NEPWK�L¢� / ±&% - � ² � �/� -�» � � �5�

�/�



ch��1+1�� l ���  .9 =?��i $ 1+1 ± ` ��� ��² ���AHCK��2H�NEXCPWJ-O�´#��K�V.L>M�O�NEPWK�LaT�K0�\· TU]�� R NEK�NEPWJ ¬ L��UH�X0H�L>JCH�� ª � 6 � /
�  *+� & 1 ; �f�  .; ���

ch��1+1�� l �k�  .9 �p� ª ��1+1)� &+( �  �± ` ��� ^�² ��gA,.� 1)� 6 � ; *)� $. 3$�" : & � $'&�9 �f1+* & � t54 *+� $' 1 t�/�"E$'&+( � 6&+4.6 ��1�� ¶ K�V.XCL>O�´�K���NW['H�·h�2H�XCPWJ-O�LyF�NEO�NEP³T�NEPQJCO�´>· T-T�K�J�PQO#NEPQK�L3��º�� ` - % -�» ` - � �5�
cd��� &+ 1�� ���8���2� �j�  1 $'45& � � ��­ q ���  .9 ��� ld$' ± ` ��� ��² � �~ ��� : � & � ( �  *-� 6 �  .9 *-,.� $'& ��*+� ; � 6;�$'( : � & �{1 $' z$�"�(2$'9 � 6 1+� 6 � ; *+� $' �( ��*-, $.9 1��I«�O#J�['PWL>H���H-O#X-LGPQL.� �>��� � » ���5�
c $�68(2$�q�$'&�$ @ � � � ± ` � ^ � ² �.gA, & ���v� :5: &0$ � ; ,.��1A* $ *C,.��� 4 �  *)�{*C��*+� @ � 9 � µ� �f*+� $' �$�" �  #"%$.&+( � �*+� $' � ��X�K���´fH���T ¬ L���K�XC����YIX0O�LaTU�2P³T-T�PWK�Ljº ± `�² � ` » � �
c $' * ¯ �  �  �A=?�8�A=?� � /.6{6f/5(°�� ¯ �E� ª � ( 45 *)�  ���So>� l �f1+1-�  �  �A�  .9 ����g�� &+& � ± ¦���� % ² � �~ 

����� "¨& � ( ��u $'&+¯ "E$'&�9 ��*-� ;�684 1+*+� & �  .q �>�  =k� ���>n &��45 u§� 6{9 �5�)�5o>�(� /545 .q �5�  .9 ��� � �
=p�f*+* ± D 9 1�� ² ��·dM���O�L>JCH�T�PQL�«�PWL>PW�2V'� �hH�T�J�XCP R NEPQK#Lz��H�L'�#NW[®�dY?['HCK�X-]hO#L>Mh· R#R ´fPQJCO�NEPWK�L5T��
�j�<g�= & ��1+1��

c $' * ¯ �  �  �>=?�8�5=?��� /'6f6f/®(y�� ¯ �E�>g �®w.� 6 �  .9 � & �I�  .9 ���5g�� &+& � ± ` ���#� ² � 5h 1 4 : � &0@ �f1+� 9 1+� 6 � ; �*+� $' z$�" (�� / ��1+�8�  ° ��*0u $.&+¯ 1��®�  c2�)����1 ¯ � / �  .9 ���®= & � 9 � ± D 9 1�� ² � ��X�K�J-HCHCM�PQL.��TeK���NW['H
º���NW[ ¬ L>NEH�XCL>O#NEPQK�LGO�´I¸�K�L��UH�X0H�L>JCHdK�L��kLGJ-H�X-NEO#PQLGNE]hPQL�·hXCNEP "�J�PWO�´ ¬ LGNEH�´W´fP{�#H�L>JCH��$��· ¬ � �������
� $'&0q �  ch� 4#"<( �  5 = 45t.6 �f1-,.� & 1��

���  *+� &+( �  � � � ��� ± ¦���� % ² �p� / : $ *-,.��1+�f1°*+��1+*+�  .q3"E$'& = $ �f1+1 $' �@ � & 1 4 1 q � $'( ��* & � ;�9 �{1)* & � �t54 *+� $' 1 4 1+�  .q 1+* $'; ,5��1+*+� ;h;�$'( : 6 ���.�f* / ���  =?�)���Gn &��45 uA� 6f9 �>�)�5o>� � /®45 .q �G�  .9 ��� � �
=p�f*+* ± D 9 1�� ² ��·dM���O�L>JCH�T�PQL�«�PWL>PW�2V'� �hH�T�J�XCP R NEPQK#Lz��H�L'�#NW[®�dY?['HCK�X-]hO#L>Mh· R#R ´fPQJCO�NEPWK�L5T��
�j�<g�= & ��1+1��

�I�����p=k� ± ` ��� ��² �}©AO�]�H�T�PQO#LjFINEO�NEP8T�NEPWJ�T���O�L�PWL>NEX0K�M#V'J�NEPQK�LG� �h&+ .$�6f9 � 5 � "E$'&09 �  � @ � & 1+�f* /
= & ��1)1��

�I�E�����8�	�2�'BS,.�  ���2� �I�E�.(d���j�5���  .9 =?��ie�f*���  #/ � ± ¦���� - ² ��gA,.�A1+� ( � 6 � & �f* / ( ��* & � ; �'�  ��X0K�J
�
º�¥5NW[ ·2¸¹«r¤<F ¬ · « F�]�� R �'�~P³T�J�X0H�NEHh·h´ ��K#X-PWNW['��T#�EF�� ��· �7�

�I�E�)���p�  .9 =?�?ie�f*���  #/ � ± ` ��� ��² ��·hL ¬ L>NEX0K�M#V'J�NEPQK�L�NEK !�K�´f�2K-�#K�X0K��3¸�K�� R ´fH ��PQNE]�O�LGM ¬ NWT· R#R ´fPQJCO�NEPWK�L5T ±E& � @ �f1+� 9 �  .9 ��� : �  .9 � 9 1+� ;�$' .9 � 9 � ² �>­S��u�� $'&+¯�4 w : & �  .q � & � ip� &06 � q �
�I�8�  .q � �A�>�  .9,� �)(�� &+&�$' j± ¦���� % � ² � D �5� ; * ( �  � ( �7� : & � 9 � ; *+� @ � 9 �  1+�f* / ��1+*+� ( ��*)� $. �  .9

�����p�A�  =?� ���dn &��45 uA� 6f9 �e�)�Ao>� � /545 .q �e�  .9 �Z� � �A=p�f*+* ± D 9 1�� ² �d·eM#��O�LGJ-H�TrPQL
«�PWL>PW�2V'�0�hH�T�J�XCP R NEPQK#Lr��H�L'��NW[5��Y?[.H-K�XC]�O�LGMv· R�R ´fPWJ-O#NEPQK�LaTU���j�<g = & ��1+1��

�I�8�  .q � �A�?�  .9 � �2(�� &+&0$' �± ¦���� %.t ² � D �5� ; * ( �  � ( ���31+* & ��*)� q �f��1 "E$'& : & � 9 � ; *+� @ � 9 �  1+�f* /��1+*+� ( ��*)� $. �>g $ � :5: ��� & �  ¬ 	)	,	 YIX�O#L5T�O�J�NEPWK�L5TdK�L ¬ L���K�XC�vO#NEPQK�L�Y?[.H-K�XC]��
� $.9 ,5�5�����>wI�I�  .9 D �(�j��1 &0/j± ` ��� _�² �5= & ��� 4 �  *+�8� 6 �  .9r;�&0$ 1)1 �<@ � 6 � 9 ��*+� 93& � q'& ��1+1)� $. ��1+*+� �

( ��*+� $' ��«�O�J�['PQLGHh��HCO�X-LGPQL.�r�#� ± `�² �(� » -�� �
� /545 .q �.�+�.o>�8�.i2� (�� 6 ��1 45t5& � ( �  �8�  �5�  .9 ��� � �5=p�f*+* ± ¦������ ² ��B $'45 *+�  .q : &�$'t � t � 6 �{* /°9 �f1 �* & � t54 *+� $' 1 4 �h� ��� & �  *+�8� 6'q � $'( ��* &0/ �  .9s(s$'9 � 6 1+� 6 � ; *+� $' � ��X0K�JCHCH-M�PWL'�7T\K��§NW[.Hd|~O�NEPWK�LGO�´

·dJ-O�M#H��2]�K0�hFIJ�PWH�L>JCH�T��}F®· �5��� `�`�`�� � » `�`�`$� �5�
­e� @ � &+&0$ ����� ± ¦���� % ² �����f1 t ��,5� @ � $'45&S$�" *-,.���p�f1-,.� & �  #"%$'&)( ��*+� $' � :5: &�$ �.� ( ��*+� $' * $ ���  � �

(245( �h��1 ;�& � : *+� $' �I�  .q *-,I�)�  .9 � & 1 45t5( �f1+1+� $' �
=?� 9> � 4.6 *�� D � ± ¦���� - ² �'=?� & 1 $' � 6I;�$'(�(245 � ; ��*+� $' �

��_



� 4 �  .6 �  ��oG���  .9�l � l � @ ��1+* ± ` � _ � ² �k�  #" � &+& �  .qm9 � ; �{1)� $. * & ����1 4 1+�  .q *-,.� ( �  � (245(	9 � �
1 ;�& � : *+� $' y6 �  .q *-, : & �  .; � : 6 ��� ¬ L��UK#X-�2O�NEPWK�L�O�L>M�¸�K�� R V.NEO�NEPWK�L ��/��I¦�¦ � » ¦ % _ �

l � : 6 � / �
(d� ± ` ��� ^�² � ��O�NENEH�XCL���HCJCK-��LGPQNEPWK�L�O�LGMz|~H�V'X0O�´}|~H�N #pK�X���T���BA� (vt5& � 95q �3�  � @ � & 1+�f* /
= & ��1)1��

l �f1+1-�  �  �'oG� ± ` � ��_�² � � $.9 � 6 �  .q t#/ *-,.�d1-, $'& *+��1)* 9 ��*-� 9 ��1 ;�& � : *+� $' �>· V'NEK��2O�NEPWJCO�º�¥5� % ^ � »
% �5` �

l �f1+1-�  �  ��o>� ± ` � _ - ² � � 45 � @ � & 1-� 6 : & � $.&S"%$'& �  *+� q � & 12�  .9 ��1+*+� ( ��*)� $. jt�/�( �  � (v45(�9 � �
1 ;�& � : *+� $' y6 �  .q *-,I��Y\['Hh·hL>LGO�´ TeK0��FINEO�NEP³TUNEPWJ�T º�º�� % `�^ » % - ` �

l �f1+1-�  �  �'oG� ± ` � _ % ² �/�  � @ � & 1C� 6I;�$'9 �  .q �5�  #"E$'&+( �7*+� $' � : & � 9 � ; *+� $' �  .9 ��1+*+� ( �7*+� $' � ¬ 	,	)	YIX0O�L5T�O�J�NEPWK�LaTeK�L ¬ L���K�XC�2O�NEPQK#LZY\['H-K#X-]���/�� ^ ¦ ��» ^ - ^ �
l �f1+1-�  �  ��o>� ± ` � _�^�² ��w.* $.; ,5�71+*+� ;�;�$'( : 6 ���.�f* / �  .9v(2$.9 � 6 �  .q ��Y?['H�· L>L>O#´ T�K���F�NEO#NEP8T�NEPQJ�Teº�¥5�` � _ � » `�` ���a�
l �f1+1-�  �  �Io>� ± ` � _/��² �®w.* $'; ,5��1+*+� ;2;�$'( : 6 ���.�f* / � ¶ K�V.X-LGO�´?K0��NW['H2��K#] O#´?F�NEO�NEP³TUNEPWJCO�´IF�K�J�PWH�NE]��TUH�X-PWH�Td© ¥>���>¦#¦ -�» ¦ -#� �/�h�f1 ;�4 1+1)� $. *4 : � q ��1e¦���¦ » ¦ ^ �5�
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w5,�*-� &+¯�$�@ �G�2� �Z� ± ` � _/��² � �  � @ � & 1-� 6 1)��� 4 �  *+�8� 6�;�$.9 �  .qr$�" 1+�  .q�6 � ( ��1+1-� q ��1����<NEX0O�LaTU´fO�NEHCM

�UX0K�� �.��X�K���´fH���ThK0� ¬ L��UK#X-�2O�NEPWK�L�YIX0O�L5T��2P8TCTUPWK�L ��� ± - ² � -�» `�� �
w $�6f$'(2$' .$ ��� l � ± ` � ^ % ² � �¡"E$'&+( � 6 *-,.� $'&�/j$�" �  .9>4.; *+� @ ���  #" � & �  .; ��� : � & * ` �  .9 : � & *�¦5�¬ L���K�XC�2O�NEPQK#L�O#L>M�¸�K�L>NEX0K�´d��� ` » ¦�¦5�5¦�¦ % » ¦�� % �
w $�6f$'(2$' .$ ��� l � ± ` � ��_�² �5B $'( : 6 ���.�f* /���t ��1)� 9 �  .9>4.; *+� $' 1 / 1+*)� ( 1 4�;�$'( : � & �f1 $' 1��  .9�;�$' ��@ � &0q �  .; �h*C,.� $'& � ( 1�� ¬ 	)	,	 YIX0O�L5T�O�J�NEPQK�LaTeK�L ¬ L��UK�XC�2O�NEPWK�L�Y?['HCK�X-]*��¥5� % ¦�¦ » % - ¦5�

� �



w : ��� 9 �5gh���  .9 (d��� 4r± ` �#��- ² � � $.9 � 6 1+� 6 � ; *+� $' �  .9 : & � 9 � ; *+� $' *4� .$'&+( � 6®& � q'& ��1+1+� $' ��· L>L �
¬ L5T�N ��F�NEO�NEP³TUN �}«�O�NW[ �G¥�� ± `�² � - � » � % �

gk� ¯ � 4.; ,.�E��o>� ± ¦������ ² � 5h 2( �  � ( ��� & � q.& ��*�uA�f*-, & ��1 : � ; *k* $A" � ( � 6 �f��1 $�" 1+*-��*)� $. � &0/ 1+* $.; ,5��1 �*+� ; : &0$.; ��1+1+��1 ± �  o'� : �  ��1+� ² �>�  ��X0K�J-HCH-M#PQL.��T ¬ © ¬ F ��/�/�/#� :5: � ^ -�» ^�_ �
gk� ¯ � 4.; ,.�E�Io>���  .9�� � (�� &)&0$' �± ` ��� ��² � � 1 /®( : * $ *+� ; � 6f6f/ ( �  � ( �7� & � q'& ��* "%$'& ��� : $' �  *+�8� 6" � ( � 6 �f��1��I�  ��X0K�JCHCH-M�PWL'�7TAF ¬ Y5· � �a��� :5: � ^�^ � » ^#^�_ �
gk� ¯ � 4.; ,.�E�?o>�k�  .9 � ��(�� &+&0$' �± ` ��� _�² � � 1 /®( : * $ *+� ; � 6f6f/¢( �  � ( ��� & � q'& ��* t#/ (�� / ��1 ( �f� �

* 45& ��1����  ��X0K�JCHCH-M�PWL'�7T\K���NW['Heº#��� � ¬ L>NEH�X-LGO�NEPWK�L>O�´�FI] � R K�TUPWV.� K�L ¬ L��UK�XC�2O�NEPWK�LrY?['HCK�XC]
� ¬ F ¬ Y�� �%���

g $ u  1+�  .9 �5=?� ± ` � � � ² ��gA,.� ( �  .9���ta$'95/ ��� 4 ��*+� $' z& � @ �f1+�f*+� 9 �G�  Bh� � �2�'BA,.�  .qr± D 9 � ² �(��TU]�¤
J�['K#´{KC��PWJ-O#´
��X�K���´fH���TvPWL ��['PQ´fK�T�K R [.] � :5: ��¦���� » ¦ `�_ �G� $' .$#6b4.684*4 �  � @ � & 1+�f* /r$�" �d��u§�7�{�
= & ��1)1��

i�� :  � ¯ �Giv� ± ` ��� _#² �5FINEO�NEP8T�NEPWJ-O�´G��HCO�X-LGPQL.�°Y?['HCK�XC] �ao $ ,  yª � 6 � / �
ip� & ��1-, ; ,5� q �  �'­�� �  .9 =?� ���-(d��id�{* ��  �/ � ± ¦�����¦ ² ��c $�68(2$�q�$'&�$ @Ix 1�1)* &+4.; * 45& � "<45 .; *+� $' 1puA�f*-,

�  � :5: 6 � ; ��*)� $. * $ *-,.� "%$.45 .9 ��*+� $' 1 $�"¹(s$'9 � 6 1+� 6 � ; *+� $' ���  ��X�K�J
�I¥���NW[ ¬ 	,	)	�FI]�� R ���K�V'LGM ��¸�K�� R V.N �?FIJ�P � �¨� �h¸pF � /��%���
ie�f1+uA�  ��*C,5�  �8� �Z�³�>Bh� ª � 6f6 � ; ���*���)� $ u����>�  .9 c2�Ic $'&+t�± ` �#��� ² ���p�  .9 �  .qr;�4 * : $ �  *+1h�   .$ �f1 /°t �  � &0/ 1+��� 4 �  .; ��1 � � & � @ �f1+� 9 � ( : � & � ; � 6 � @ � 684 ��*+� $' �>�  ��X�K�J
�?º ��NW[ ·hV#T�NEX�O#´{PWO�L

¶ K#PQLGN ¸�K�L�� �dK�L�·hXCNEP � � ¬ L>NEH�´Q´fPf��H�LGJ-H��pi $�6845( � `$� % � $�" ��H-J�NEV'X0H�|~K#NEH�T�PWL�·hXCNEP "�J�PWO�´
¬ L>NEH�´Q´fPf��H�L>JCH'�E�?|§· ¬ ����w.� 9> � / � �~4 1+* & � 6 �8�5� :5: � % ��� » % `�^ �

ie�f*���  #/ �%�p=?� ��� ± ¦���� % ² � �e6fq�$'& �{*C, ( � ; 1+*C��*+�f1+*+� ; 1v�  .9 c $�68(2$�q�$.&0$�@�x 1d1+* &)4.; * 45& � "<45 .; *+� $' �
�  =?�����?n &��45 uA� 6f9 ���+�Io>� � /545 .q ���  .9 ��� � ��=p�f*+* ± D 9 1�� ² ��·dM���O�L>JCH�T�PWLj«�PQLGPQ�2V.�
�~H�TUJ�X-P R NEPWK�L���H�L'�#NW[®��Y?['HCK�X-]�O�L>M2· R#R ´fPQJCO�NEPWK�L5T���� �!g�= & ��1+1��

ª � 6f6 � ; ���>Bh�.�  .9 ��� ( $'4.6 * $' j± ` � ^�_�² � �~ �  #"%$'&)( ��*+� $' z( ����1 45& � "%$'&¹;�6 ��1+1+� µ>; ��*+� $' �¹¸�K���¤
R V.NEPQL.� ¶ K�V.X-LGO�´Aº�º�� `�_ � » ` � �5�

ª � 6f6 � ; ���5Bh���  .9 ���/( $.4.6 * $' �± ` � � � ² � �h �  �@ � & �8�  *�(�� / ��1 ( ��*-, $'9s"%$'& : $ �  *���1+*+� ( ��*+� $' �¸�´fO�TCTUP "�JCO�NEPWK�LzF�K�J�PWH�NE]2©AV.´Q´fH�NEPWL3� ± - ² � `�` » - % �
ª � 6f6 � ; ����Bh�?�  .9 =?� � & ��� ( �  �± ` � _/��² � D 1+*+� ( ��*)� $. �  .9 �  #" � & �  .; � t�/�;�$'( : � ; * ;�$.9 �  .q �¶ K#V'XCL>O�´}K0��NW['H���K�]�O�´�F�NEO�NEP³TUNEPWJCO�´GF�K�J�PQH�NE]��kFIH�XCPQH�Te© ¥>���>¦ % � » ¦�� ` �/�h�f1 ;�4 1+1+� $' *4 : � q ��1¦���¦ » ¦ ^ �5�
ª � t5t �5n2� ± ` ��� ^�² � � 45& *-,.� & ��� : � & � ( �  *-� 6 � @ � 9 �  .; �h� q �7�  1)*k*-,.� 4 *+� 6 �f* /2$�" 5d;�; � (°x 1 & � 
 $.& �

¶ K#V'XCL>O�´}K0�~·hXCNEP "�J�PWO�´ ¬ LGNEH�´W´{Pf��H�L>JCHd��H�TUHCO�X0J�[°¥5� -�� � » % `�� �
��� ( �  �f1-,.�E��c2� ± ` �#� _�² � �¡9 � ; �f1+� $' �� *C,.� $'& ��*+� ; ���.*+�  1+� $' 3$7" 1+* $.; ,5�71+*+� ;�;�$'( : 6 ���.�f* / �  .9�f*+1 � :5: 6 � ; ��*+� $' 1°* $�6 ��� &+ �  .q � ¬ 	,	)	 YIX0O�L5T�O�J�NEPQK�LaT K�L ¬ L���K�XC�vO#NEPQK�L Y?['HCK�XC]¢¥�¥ ±&% ² �

` % ¦ % » ` % -�� �
� ,5�  .q �5gh� ± ¦���� % ² � 5h *-,.� ;�$' #@ � &0q �  .; � $�" ����� 9 �  1)�{* / ��1+*)� ( ��*+� $' �>�  �2�®w.�  .q � & �  .9

o>��w5,5��u�� � g?� /'6f$'&r± D 9 1�� ² � ��X�K�J-HCHCM�PQL.��T K���NW['H�FIH���H�L>NEHCH�LGNW[�·hLGL>V.O�´d¸�K�L���H�X0H�L>JCHrK�L
¸�K�� R V.NEO�NEPWK�L>O�´.��HCO�XCL>PWL'��Y\['H-K#X-]��)¸����pY���/�¥$�7�&�I� ; * 45& ��­ $ *+��1��  B $'( : 4 *)� & w ; �f�  .; ���w : & �  .q � &�� ip� &06 � q �

_ �


	Introducing MDL
	Introduction and Overview
	The Fundamental Idea:  Learning as Data Compression
	Kolmogorov Complexity and Ideal MDL
	Practical MDL

	MDL and Model Selection
	Crude and Refined MDL
	The MDL Philosophy
	MDL and Occam's Razor
	History
	Summary and Outlook

	Tutorial on MDL
	Plan of the Tutorial
	Information Theory I: Probabilities and Codelengths
	Prefix Codes
	The Kraft Inequality - Codelengths & Probabilities, I
	The Information Inequality - Codelengths & Probabilities, II

	Statistical Preliminaries and Example Models
	Crude MDL
	Description Length of Data given Hypothesis
	Description Length of Hypothesis

	Information Theory II: Universal Codes and Models
	Two-part Codes as simple Universal Codes
	From Universal Codes to Universal Models
	NML as an Optimal Universal Model

	Simple Refined MDL and its Four Interpretations
	Compression Interpretation
	Counting Interpretation
	Bayesian Interpretation
	Prequential Interpretation

	General Refined MDL: Gluing it All Together
	Model Selection with Infinitely Many Models
	The Infinity Problem
	The General Picture

	Beyond Parametric Model Selection
	Relations to Other Approaches to Inductive Inference
	What is `MDL'?
	MDL and Bayesian Inference
	MDL, Prequential Analysis and Cross-Validation
	Kolmogorov Complexity and Structure Function; Ideal MDL

	Problems for MDL?
	Conceptual Problems: Occam's Razor
	Practical Problems with MDL

	Conclusion


