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Initial quantizer (Uniform =1, Lloyd-Max=10)
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Initial quantizer (Uniform =1, Lloyd-Max=10)
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Comparison for a bimodal distribution

Lloyd-Max = 6.987 dB

Adaptive = 8.821 dB
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Comparison for gaussian stationary distribution

Lloyd-Max = 9.271 dB

Adaptive = 9.222 dB

U;�?X

® ),T-=?>/6:r?°5W�F-DH%?#o>/),1*F-ASF�9�%?6<>�9;F->*DH#oA(N86EF79�cQI,F7.("(e��}#�v¬#&A("�'�C(6�#7"$#o%('*),+&6�#7I,T&F(>/),'�C?D@y z C(6�±?� � )21
'�C(6H#a+&6<>*#7To6
DK6<#71�=?>/68":F7+&6<>Y�(I,F(N¢4o1
F�9�\ ����� 1|#&DH%(I,681<ymU;#oX��£C(6<A�#3�()BDKF("$#7I�1*F-=?>/N86K),1{N8F-A(1*),"?6<>/68"�P '�C(6
%?6<>b9LF->MDH#&A(N86{),1�DK=(N¢C3�?68'M'*6<>�'�C?#&A3#KcQI,F7.-"(e��5#7v3"?681*),T-A@�?#71*68"@F(A3'�C(6�N8F(DH%(I,68'*6{1*68�?=(6<A(N86&y z C(6{1MF-=?>/N86
1*wY),'*N8C(681��d68'bw�686<A¸'bw�F[1*'�#7'*681�6<#7N8C@%?>/F("$=(N8)BA(T@"?)]n�6<>/6<Ao'�DK6<#oA@�?=('Y1�#&DK6�+·#o>/)B#&A(N86�U	
 � e b X8yYU;�?X��£C(6<A
#K1*'|#7'*),F-A?#&>/.JT-#&=(1*1*)B#&A31MF-=?>/N86�U 
 � e b X�),1�N8F-A(1M)2"?6<>�68"�P$'�C(6{I,F&1M1�"$=(6{'*FJ'�C(6
#7"$#&%('�#�'*),F-A3),1tDK)BA()BDH#7I;y

¨&© ��½K¾8É(À � Æ/¨<Ã7Ó,Í � � � � Ò ���?P(+&F&I;y$^dP�UL!t=(1*'M)�AQP z 68v?#71�X8P�%?%Qy$s&i&q��?s&q � P(�YF7+Qy b u&u7_$y

Z]\·` <JyF<Hy&c #&A(T&"?F-A3#&A("��$y ��),1*1�#&A(6<AQP���W�F-DH%?>�681*1*),F-AKF79p�(IB#7N847e�w�C()2'M6�)BDH#7To681kwY),'�C3#&>/),'�C?DK68'M)2N�N8F("?)�A(T�P��
�����	� �QÆ/¾&©?Å<ÓQ¨&© �k¨o½�½HÓ´P?+&F&I;y$W H��Eeb\ou?P?%?%Qy$s&i&s��?s&q&r?P
�-=?AQy b u&s b y

Z]^·`��My�l[y?��),'*'*6<AQP �{y��Sy$��6<#7I;P�#&A("���yK<Jy�W�I26<#o>/.&Pk�M!t>/),'�C?DG68'*),N
N8F("?)�A(T39;F->�"$#�'�#[N8F-DH%?>/681*1M)2F(AQP�� �R¨&½[Ð
½KË(©$ºVÃ�¾&¼;ºV¨&©dÅ
¨/Ç
¼VÎ-À� ����P(+&F&I;y?^ � P$%?%Qy�i&\ � ��i�_ � P��(=?AQy b u&s&rdy

Z�_�`t��y$²�y?��6<A?A(6<�?#&476<>8P��$y$c�y?�:),'*N8C(68I,ILP:<Hy <Jy$c�#&A(T&"?F(AQP$#&A(" �{y$²�y(!{>*%(1<P��*!{A3F7+&6<>/+(),68w£F79p'�C(6
�?#�1*),N
%?>/)BA(N8)B%(I,681@F79�'|C(6�µ�e�N8F("?6<>K#7"$#&%('*),+&6@�()BA?#&>/.h#&>�)2'|C?DK68'*),NHN8F("?6<>8P�� �������dÓ  À8Å<Ó � À � Àaª2¨¢Â�ÓBP�+&FoILy�^&\?P
%?%QyQr b r��?r&\&q?P(�YF7+Qy b u&s&s?y

Z]i·`��$yQgQ),+@#&A("E!Ky$cQ6<DH%d68I;Pk�*!�=?A(),+&6<>/1�#�I¤#7I,T&F(>/),'�C?D¶9;F->R1*68��=(6<Ao'*)B#7I�"$#7'�#[N8F-DH%?>�681*1*),F-AQP�� ���	�	� �QÆ/¾&©dÅjÓ
¨&© ��©jÇ¢¨(Ó ��Î�Ó´P-+oF&I;y$� z eb\o^?P$%?%Qy$^&^or���^7_-^dP&�5#a. b u&r&rdy

Z]q·` �{y�±Qy(<
#7I,IB#7T&6<>jPY� !k#&>�)�#�'*),F-A(1{F-A:#3'�C(6<DK6m�o.�l�=onpDH#&AQP�� ���	�	� �QÆb¾o©?Å<Ó�¨&© ��©8Ç8¨-Ó ��Î�Ó´P�+&F&I;y�� z eb\7_$P
%?%QyQq&q&s��?q&r7_$P(�YF7+Qy b u&r&s?y

Z]r·`t�Hy���y��{A(=('�CQP��*�{.?A?#&DK),N
l�=on DJ#&A3N8F-"?)BA(T$P~���$Ó��{ª É-¨&Æ|ºV¼VÎ-½[Å¢P?A(F$y$qdP�%?%Qy b q&^ � b s � P b u&s&i?y

Z]s·`��$y�±Qy�!�),'*'*6<>8P3�*�{.?A?#&DK),N5C(=on DJ#&A¥N8F-"?)BA(T$P���� ��� �QÆ/¾&©?Å<ÓY¨o©��:¾&¼VÎ�Ó���¨/Ç8¼ Ñ ¾&Æ/À<P�+&F&I;y b i?P�A(F$yY\?P
%?%Qy b i&s�� b q&r?P b u&s&u?y

Z]u·` z y�W{y$²R68I,ILP��$y�<Jy?W�I,6<#&>/.&P$#&A(":�*y$l[y?��),'*'*6<AQP��QÀjÁ·¼ �k¨o½YÂQÆbÀjÅ�Å8ºV¨&©$y �kA(T&I,68w�F-F("�W�I2)fn�1<P$� �$°$�R>/6<Ao'*),N86
l�#7I,I;P b uou � y

Z b�� ` �Ky$±('*68)BA(�?6<>/TE#&A("@�Sy�<[=('�DH#&AQP��*!{A@#7I,T&F->�)2'|C?D�9;F->R1*F-=?>/N86[N8F-"?)BA(T31�=?���/68N8'Y'*Fm#��$"?68I2),'/.@N<>/),'*6<>/),F-AQP
�?#71M68"EF-A31*'|>/)BA(TmDH#7'*N8C()BA(T$P�� ���	�	���QÆ/¾&©?Å<Ó�¨o© �|©8Ç8¨-Ó��¤Î�ÓBPd+&F&I;y?^&u?P$%?%Qy$sor&r���s&soq?P&�5#a. b u&uo^?y

\ �



1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
7

8

9

10

11

12

13

14

15

16

Entropy (bits/sample)

S
N

R
 (

dB
)

Comparison AQ and optimal for bimodal source

U;#&X
1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

5

6

7

8

9

10

11

12

13

14

15

Entropy (bits/sample)

S
N

R
 (

dB
)

Comparison AQ and optimal for gaussian source

U;�?X

® ),T-=?>/6Es?°@W�F(DH%?#&>/),1*F-A§F79t%d6<>�9;F->*DH#&A(N86@F�9�cQI,F7.("(e��}#�v¦#&A("S'|C(6E#7"$#&%('*),+&6@#7I,T&F->/),'�C?D )�A '�C(6@6<Ao'�>/F-%o.
N8F-A(1*'|>*#7)BA(68"£N<#71*6&y z C(6h#a+&6<>*#7T&6O6<A&'|>/F-%o.¬F79K'�C(6:��=?#&Ao'*),�86<>@),1:=(1*68"�y U;#oXH�£C(6<A£#S�()BDKF("$#7I
1MF-=?>/N86
),1mN8F(A(1*),"?6<>/68"�P�'�C(6E%?6<>b9LF->MDH#&A(N86@),1�DK=(N8CS�?68'*'M6<>K'�C?#&AS#5c�I2F7.("(e��5#7vh"?681M)2T(A¡�?#�1*68"SF-A0'�C(6@N8F-DJ%(I268'M6
1*68�?=(6<A(N86&y U¯�?XH�£C(6<A�#01*'�#7'M)2F(A?#&>/.ST-#&=(1M1*)B#&AS1*F(=?>/N86¬U	
 � e b XJ)21@N8F(A(1*),"?6<>/68"�P{'�C(6OI2Fo1*1@"$=(65'*F0'�C(6
#7"$#&%('|#7'*),F-A3),1tDG)�A()BDH#�ILy

Z bBb `�W{y�W�C?#&AE#&A(":�Sy�!�68'*'*6<>�I2);P���c�F&1*1*.ON8F-DH%?>/681*1M)2F(AEF�9�)BA("?),+-),"$=?#7I�1*),T-A?#7I,1
�?#71M68"�F(AE1M'�>/)BA(TEDH#7'*N8C()BA(T
#&A("0F-A(6m%?#�1*1
N8F("?6<�?F(F-4O"?681*),T-AQP��:)BA � Æ/¨<Ã·Ó�¨/Ç � � ����� � Ò � � P�UV�{68'�>/Fo)2'aP��5��X8P�%?%Qy�\7_-u b ��\7_-u7_�P$�5#a.
b uou&i?y

Z b \·`�g�y&g C?#&A(Tt#oA(" !Ky��Ky7�568);P��M!tA[F-Aoe�I,)BA(6�=?A(),+&6<>/1�#�I?I2Fo1*1*.
"$#�'�#�N8F-DH%?>/681M1*),F-AK#7I,T&F->/),'�C?D��o.
N8F-Ao'*)BA(=(F-=(1
N8F("?6<�?F(F-4@>/6|��A(6<DK6<Ao'<P��J)�A � Æ/¨<Ã7Ó�¨/Ç�¼VÎ(À ���	�	� ��©$¼<Ò ªBÓ��Q«7½YÂ�Ó�¨&© ��©jÇ¢¨-Ó
��Î�Ó�Í ��� � �
Ò ���?P-%Qy�\&q&\?P b u&u�_$y

Z b ^·`t�Sy��¤n >�F&1<P?��y?!�y�WYC(F-=QP$#&A(" �{y?�Sy�<[>*#a.&Pp� !k#&>/)B#&�(I,6K"?)�DG6<A(1*),F-AOw�68),T-Co'*68"E=?A(),+&6<>/1|#7Ip+o68N8'*F->��?=?#&Aoe
'*),�<#7'M)2F(Am#&A("@A(F&),1*68I,681*1YN8F("?)BA(T$P��K)BA � Æ/¨<Ã·Ó�¨/Çt¼VÎ(À � ¾&¼;¾ �k¨&½�Â�Æ/ÀjÅ�Å8ºÄ¨o© �k¨o©8Ç8À<Æ/À<©�Ã�ÀjÍ � � ��Ò ���?PQU;±?A(F7w�e
�()B>/"�P�� z X8P$%?%Qy$\�� bBb P&�5#&>jy b u&u7_$y

Z b _�`��[yp±Qy��-#a.-#oA&'<P��M!�"$#&%('M)2+o6��?=?#&Ao'*),�<#7'*),F-A:w�)2'|C5#3F-A(6|e�w�F->/"hDG6<DKF->/.&P�� �YÀaªÄª �Q«<Å<Ó �QÀ|Ã8Î?Ó �$ÓBP +&F&I;y�i&\?P
%?%Qy bBbBb u � bBb _&_�P&±(6<%('<y b u&ro^?y

Z b i·`�±Qy�WY>/),1�#a9�=(I,I2)K#&A(" �{y�²�yY²R),'�DK6<#7"�P3�*!�"$#&%('*),+&6§��=?#&Ao'*),�<#7'*),F-AQ°01*FoI�=('M)2F(A�+-)B#¥A(F-A?#7"$#&%('*),+&6§I2)BA(6<#&>
N8F-Ao'�>/FoILP~� ���	��� �QÆ/¾&©dÅjÓQ¨o© �R¨&½K½GÓ´P?+&FoILyd_ b P?%?%Qy�r�_ b ��r7_(s?P&�5#a. b u&uo^?y

Z b q·`t!Ky �{y?WY#�I2"?6<>M�?#&A?4$P?±Qyo��yo�:N<c�#&=(T-C(I,)BAQP$#&A("H�Hy ® y&cQ.&F-A(1aPp�M!¡I,F7w¬N8F(DH%(I,68v-),'/.H'/w�F7e�1*'�#7To6�#�"$#&%('*),+&6
+&68N8'MF->��?=?#&A&'M)2�86<>jP��H)BA � Æb¨aÃ·Ó�¨/Ç
¼VÎ(À�� � ¼VÎ � ������PQU;²�#7I,'*)BDKF->/6&P(�:"�y]X8P?%?%QyQi&s&\��?i&s&r?Po�}#o>8y b u&u b y

Z b r·`t�Hy��$y�<�F-F("$DH#&AO#&A("E!Ky�<{6<>�1�C(F$PR� z C(68F->/.3F79k#&AE#�"$#&%('*),+&6
�?=?#&Ao'*),�86<>8P�� ���	��� �QÆb¾o©?Å<Ó�¨&© �k¨o½�½HÓ´P
+&FoILy�W�H��Oeb\&\?P$%?%Qy b � ^&r�� b � _-i?P7!{=(T$y b uor7_$y

Z b s·`��[y?±Qy �(#<.(#&A&'k#oA("���y?�YFoI2I;P � º]É(ºÄ¼;¾&ª �k¨aÈ&ºV©&ÉH¨/Ç��@¾ � À;Ç8¨&Æ|½
Å�� � Æ|ºÄ©�Ã<º~Â�ª,À8Å�¾&©�È��Â&Â�ª,ºÄÃ|¾&¼;ºV¨&©?Å�¼;¨ �&Â?À�À|Ã8Î
¾&©�È��pºVÈ&À|¨&y �kA(T&I,68w�F(F-":W�I,)]n�1<P��Y68w �&6<>/1*68.Q°k�R>/6<A&'M)2N86|ebl�#7I,I;P b u&s7_$y

\ b



��68N<=?>*>�6<A(N86�'M)�DG6 � UV1�#&DJ%(I2681|X
�:6<DKF->�.�UV'*)BDK681 � X _ � \ ��� _ ��� \ � ���

b y]\&i s?y]so\7_ u?y b i&r u?y]\&\ � u?y]\&iou
b y]q&r s?y]u � ^ u?yf\ b�� u?y]\7_ b u?y]\&q�_
\?yfi u?y b � u u?yf\7_ � u?y]\&ior u?y]\&qoq
i u?y b i7_ u?yf\&q � u?y]\&qoi u?y]\&qorQ`w u?y]\�_ b u?yf\&q7_ u?y]\&qoq u?y]\&qor

z #&�(I,6 b °���6<>�9;F->*DH#&A(N86Y#7'�"?)fn�6<>/6<Ao'�1�%?6868"?1RF79p#7"$#&%('�#7'M)2F(A{9;F->R#�1*'�#7'*),F-A?#o>/.
1*F(=?>/N86&y��YF&'M6Y'�C?#7'�'�C(6�#7"$#&%oe
'*),+&6K#7I,T&F->/),'�C?D�wY#71�)�A(),'*)B#7I,),�868"0wY),'�C@'�C(6[F-%('*)BDH#7I ��=?#&Ao'*),�86<>�#71Y"?681*),T-A(68"5�o.m'�C(6KcQI,F7.-"(e��5#7vE#7I,T&F(>/),'�C?D
F-A3'�C(6
#�N8'�=?#7I�"$#7'|#?y z C(6
cQ�5µ�%d6<>�9LF(>*DH#&A(N86{),1{u?y]\&r b "$²�y

Z b u·` �{yRWYC?#&A(T$PR��y¤W�C(6<AQPY#&A(" �$y��h#oA(T$P{����DH#7T&6@1*68�?=(6<A(N86EN8F("?)BA(T¦=(1M)�A(TS#7"$#&%('M)2+o6@'�>/686|e�1*'�>M=(N8'�=?>/68"
+&68N8'MF->��?=?#&A&'M)21|#7'*),F-A3wY),'�COD�=(I,'*)B%?#7'|C@1*6<#&>�N¢C()BA(T$P�� ���	� � Æ/¨<Ã7Ó ��P(+&F&I;y b ^&udP�%?%Qy�u�� b _$P ® 6<�Qy b u&u&\dy

Z]\ � `t��y$²�yQ��6<A?A(6<�?#&476<>�#&A("��$yQc�y?�:),'*N8C(68I,ILP����k>�F-�?#&�(),I,)2'/.@681*'M)�DJ#7'*),F-A39;F->�'|C(6�µ�e�N8F("?6<>8P�� ����� �$Ó  À8Å<Ó
� À � À<ª,¨|Â�Ó´P?+&F&I;y$^o\?P?%?%Qy�r&^or���r&i&\dP-��F·+Qy b u&s&sdy

Z]\ b `�l[y ebW{y?l�=?#&A(TH#&A(" ��y ebc�y?�h=QP��*��)BA("?F7w�68"�C(=onpDH#&AJN8F-"?)BA(Tm#7I,T&F(>/'�C()BD¶wY),'�CH1M)2�86
#�"$#&%('�#7'*),F-AQP~� ���	�
� Æb¨aÃ·Ó ��P(+&FoILy b _ � P?%?%Qy b�� u�� bEb ^?P7!{%?>8y b u&uo^?y

Z]\&\·`��$y ��),1*1�#&A(6<AQP�� ��A(),+&6<>/1�#�I?N8F-"?)BA(T$Po)�Ao9;F->*DJ#7'*),F-AQP-%?>�68"?)2N8'M)2F(Am#&A("K681*'M)�DJ#7'*),F-AQP�� ���	��� �QÆ/¾&©dÅjÓ(¨&© �|©8Ç8¨-Ó
��Î?ÓBP?+oF&I;y$� z eb^ � P?%?%Qy�q&\ou���q&^&qdP��-=(I;y b u&s7_$y

Z]\&^·`��$y ��),1*1�#oA(6<AQP �Q¼;¨<Ã8Î(¾7Å¢¼;ºVÃ
Ã|¨&½�Â�ª,À8Á7ºÄ¼;«3ºV©@Å8¼;¾&¼;ºBÅ8¼;ºVÃ�¾&ª ºÄ©�Ê<Ë(ºÄÆ|«7y¤±()BA(T-#o%?F->/6&°R�5F->�I2"O1*N8),6<A&'M)]�$N&P b u&sou?y

Z]\7_�`t��y$l[y$�k>�681*1<P$±Qy�!�y z 6<=?47FoI21|4&.&P���y z y�!�68'*'*6<>/I,)BA(T$PQ#&A("�²�y$��y ® IB#&A?A(6<>�.&P��{Ë-½KÀaÆ�ºVÃ�¾oª  À�Ãaº�Â?À8Å{ºÄ© �ky
WY#oD��?>�)2"?To6 ��A()2+o6<>/1*),'/.��R>/681*1<P$\oA("@68"�yBP b u&uo\?y

Z]\&i·`��My�l[y��¡),'*'M6<AS#&A(" z y�W{yR²k68I,I;PK� z C(6@�86<>�F7e;9¯>�68��=(6<A(N8.¬%?>/F(�(I26<D¸°E681*'M)�DJ#7'*)BA(T5'�C(6E%?>/F(�?#&�(),I2),'*),681@F79
A(F7+&68I�68+&6<A&'M1�)BA3#7"$#&%('*),+&6�'*68v('�N8F-DH%?>/681*1M)2F(AQP�� �����	� �QÆ/¾&©dÅjÓ�¨&© ��©8Ç8¨-Ó ��Î?ÓBP(+&F&I;y(^&r?P-%?%Qy b�� s&i�� b�� u7_$P
�-=(I;y b u&u b y

Z]\&q·`t!Ky�H{>/'*68T-#dP���Â�¼;ºV½KºBÌ8¾&¼;ºV¨&© �QÀ|Ã8Î-©�ºÄÊaË-ÀjÅ�Ç8¨&Æ���È&¾|Â�¼;º � À��YË(¾&©�¼;ºBÌ8¾&¼;ºV¨&©£¨/Ç ��½K¾8É(À5¾&©$È �pºVÈ&À|¨SË-©�È&À<Æ
� À<ª,¾&« �R¨&©?Å8¼;Æ/¾&ºÄ©�¼VÅ¢y5�RC(� '|C(681*),1<Pk�{6<%('aypF�9 ��I268N8'|>/),N<#7I �kA(To)�A(686<>�)�A(T�PYW�F&IB=?DK�()�# ��A()2+o6<>/1*),'/.&P���68w
��F->M4$P$� �KP b u&u7_�y

Z]\&r·`t!Ky(<{6<>/1|C(F�#&A(" �{y��SyK<[>*#a.&P ��À�Ãa¼;¨&Æ��YË(¾&©�¼;ºBÌ8¾&¼;ºV¨&©5¾&©�È���ºfÉ-©�¾&ª �k¨o½YÂQÆbÀjÅ�Å8ºV¨&©$y ��I�=ow�6<>�!�N<#�"?6<DK),N
�R=?�(I2),1�C(6<>�1<P b u&u&\dy

Z]\&s·`���y�!Ky�WYC(F(=QP z ykc�F-F-4a#&�?#&=(T-CQP{#&A(" �{y��Sy <[>*#a.&P
� �kAo'�>/F-%o.&e�N8F(A(1*'�>*#7)BA(68"¥+&68N8'*F->J��=?#oA&'*),�<#7'M)2F(AQP��
�����	� �QÆ/¾&©?Å<ÓQ¨&© �Qº]É(©$¾&ª � Æ/¨aÃ·Ó´P?+&F&I;y?^&r?P$%?%Qy�^ b �-_-\dP��-#&AQy b u&s&u?y

Z]\&u·`t!Ky�<{6<>�1�C(Fm#&A("O�Hy ��y�<{F(F-"$DJ#&AQP��*!x'�>*#7)BA()BA(T@DKF-"?6
#�"$#&%('*),+&6
�?=?#&Ao'*),�86<>8P�� ���	�	���QÆ/¾&©?Å<Ó�¨o© �|©8Ç8¨-Ó
��Î?ÓBP?+oF&I;y$� z eb\ � P?%?%Qy�r7_(q���r7_-udP-��F·+Qy b u&r7_�y

\&\



Z]^ � `�²�y �k=QP��*!�1*'|#7'*),1*'*),N<#7Ik#&A?#�I2.(1*),1KF79�#7"$#&%('*),+&6J��=?#&Ao'*),�<#7'*),F-A§�?#71*68"0F-AON<#&=(1�#7I�%?#71*'<P��O)BA ���	��� �|©$¼<Ò ª
�Q«·½�Â�Ó�¨&© ��©8Ç8¨-Ó
��Î�Ó�Í ��� � �
Ò � � P b uou&i?y

Z]^ b `�c�y��{68+?>/F7.&6&P ��Ã�¨&Ë(ÆMÅ¢ÀKºV©EÈ&Àa©?Å8ºÄ¼;«HÀjÅ¢¼;ºV½K¾&¼;ºV¨&©$yk²RF&1M'*F-AQP(�:!�°?²R)B>*4-C?#o=(1*6<>8P b u&s&r?y

Z]^&\·`�²�y �k=QyQ��6<>/1*F-A?#�I�N8F(DHDK=?A()2N<#�'*),F-AQP?�5#&>8y b u&uoi?y

Z]^&^·`�²�y �k=QP��M!£1*'�#7'M)21M'*),N<#7I�#&A?#7I,.-1M)21�F79¤#�"$#&%('*),+&6{1*N<#7IB#&>���=?#&Ao'*),�<#7'*),F-A@�?#�1*68"@F-A3�?=?#&A&'M)2�868"E%?#�1*'<P�� �����	�
�QÆ/¾&©dÅjÓ ¨&© ��©8Ç8¨-Ó
��Î-À|¨&Æ|«·P b u&u&q?y�±?=?�?DK),'*'M68"�y

Z]^7_�`���y��Yy ® I,68),1*N¢C(6<>jP���±?=��mN8),6<Ao'�N8F(A("?)2'M)2F(A(1Y9;F->k#�N¢C(),68+()�A(T3DK)BA()�DK=?D�"?),1*'MF->/'*),F-A3)BA3#
�?=?#&Ao'*),�86<>8P�� �����	�
��©�¼�Ó �k¨&© � Ó  À|Ã·Ó´P�%?%Qy b�� _ � bBbBb P b u&q7_$y

Z]^&i·`t!Ky�!Ky z >*=(1�C?4o)BAQPk�|±?=��mN8),6<A&'YN8F(A("?)2'M)2F(A(1Y9;F->�=?A(),��=(6<A(681*1�F79¤#GI2F(N<#7I,I,.@F-%('*)BDH#7IQ�?=?#&Ao'*),�86<>R9LF(>�#GN8I�#�1*1
F79�N8F-A&+o68vH6<>*>/F->�w�68)2T(C&'*)BA(TK9�=?A(N8'*),F-A(1<P~� ���	�	���QÆ/¾&©?Å<Ó�¨&© ��©jÇ¢¨(Ó���Î?ÓBPo+&F&I;y?� z ebs&\dP�%?%Qy b sor�� b u&sdP b u&s&\
b uos&\?y

Z]^&q·`t�Sy���y��5#&>/N868I,I,)BA�#&A(" z y �{y ® ),1*N8C(6<>8PK� z >/68I,I,),1@N8F-"?68"��?=?#&A&'M)2�<#�'*),F-ASF79
DK6<DKF(>/.-I,681*13#&A("¬T-#o=(1*1/e
DH#o>*47F7+H1*F-=?>�N8681<P�� �����	���QÆb¾o©?Å<ÓQ¨&© �k¨o½�½HÓ´P(+&F&I;y$^&s?P?%?%QyQs&\���uo^?P��-#oAQy b u&u � y

Z]^&r·` �{yRc�#&>/F&)B#:#&A("S�
y ® #&>/+·#o>/"?)BAQP{� z >/68I,I2),1/eb�?#�1*68"¬1*N<#�I�#o>�e�+&68N8'*F->���=?#oA&'*),�86<>[9;F->[DK6<DKF->/.(I,681*1H1*F(=?>/N8681<P��
�����	� �QÆ/¾&©?Å<ÓQ¨&© ��©jÇ¢¨(Ó ��Î�Ó´P-+oF&I;y?_ � P?%?%QyQs&q � ��sor � P7�5#a. b uou7_$y

Z]^&s·` �Ky ��F(F�#&A("§!�y H{>/'*68T-#?P��M!�"$#&%('M)2+o6m�?=?#&Ao'*),�<#7'*),F-A:wY),'�C(F(=('
1*),"?63)�Ao9;F->*DJ#7'*),F-A5=(1*)BA(TO1*N<#7IB#&>�e�+&68N8'MF->
�?=?#&Ao'*),�<#7'*),F-A:#&A("E'|>/68I,I2),1{N8F("?68"E�?=?#&Ao'*),�<#7'*),F-AQP��3)BA � Æ/¨<Ã·Ó�¨�Ç�¼VÎ-À�� �7¼VÎ ��Å¢ºVª,¨&½K¾&Æ �k¨&©jÇjÓ�¨o© ��ºfÉ-©�¾&ªfÅ�Í
�Q«<Å8¼;À<½[Å
¾&©�È �R¨&½�Â�Ë-¼;ÀaÆ*Å8PpU;��#�N8)]�$N�<
>/F7+&6&P(W�!{X8P�H�N8'<y eb��F7+�y b uou&i?y

Z]^&u·`���y e���y7�5F-A(T�PQ���k>/FoT->/681*1*),+&68I,.K#7"$#&%('*),+&6Y1MN<#7IB#&>���=?#oA&'*),�<#7'M)2F(AQP��{)BA � Æ/¨<Ã7Ó�¨/Ç�¼VÎ-À ��©�¼;ªBÓ��k¨&©jÇjÓ�¨&© ��½K¾8É(À
� Æb¨aÃ·Ó�Í � � � � Ò � � P�U;c�#&=(1�#oA?A(6&P$±(wY),'*�86<>/IB#&A("$X8PQ±(6<%('<y b u&u&q?y

Z�_ � ` �Ky ��F(F$P?!Ky�H{>/'*68T-#dP�#oA("E²�y �k=QPk�*!�"$#&%('*),+&6{�?=?#&Ao'*),�<#7'*),F-A3F79�)BDH#7T&6{1|=?�?�?#&A("?1�w�)2'|C@6 �mN8),6<Ao'�F7+&6<>�e
C(6<#7"E>M#7'*6�1*68I,68N8'*),F-AQP��3)�A � Æ/¨<Ã·Ó ¨/Ç
¼VÎ-À ��©�¼;ªBÓ �k¨&©jÇjÓ ¨&© �|½�¾jÉ-À � Æ/¨<Ã·Ó�Í � � � � Ò � � P�U¯c�#&=(1�#&A?A(6&P?±(wY),'*�86<>be
IB#&A("$X8PQ±(6<%('<y b u&u&q?y

\&^


