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� ��ab���da���
�� ¡¢£ ¤¢¢¤¥¡ ¥¦ ¤£  §¨¢ ¥©¨� ª¥££«¡¤ª ¬¤¥¡ ­¤¡®¢¦ ª¨¢   £ ¯ ¥� °�¥± ­¨£ ¤¡ ² ¡³­¤¡§ ¬²¨ ­ �§¨ ¡«£±¨�¥¦ ± ¤¬¢ ¬� ¡¢£ ¤¬¬¨³ ¬¥ �¨°�¨¢¨¡¬ ¬²¨ ¤£  §¨¢ ¦ ¤¬²¦«­­´µ¶¨¡ª¨ ¬²¨ ¨£°² ¢¤¢  ª²¤¨©¨ ±¨¬¬¨� ª¥£°�¨¢¢¤¥¡ � ¬¤¥ ¬ ²¤§²¨� ¢°¨¨³ · ¤¬²  ªª¨°¬ ±­¨ ¸« ­¤¬´µ ¹ ­¢¥ · ¤¬²¬²¨ ¤¡ª�¨ ¢¤¡§ ³¨£  ¡³ ¦¥� ©¤³¨¥ ¬¨­¨°²¥¡´  ¡³ ¥¬²¨�¢«ª² ¤¡¦¥�£ ¬¤¥¡  °°­¤ ¡ª¨¢ º ¬²¨  © ¤­ ±¤­¤¬´ ¥¦ £ ¥�¨¨» ª¤¨¡¬ ª¥£°�¨¢¢¤¥¡ ¬¨ª²¡¥­¥§´ ¬ �§¨¬¨³ ¢° ¨ª¤¼ ª ­­´¦¥�   ° �¬¤ª«­ � ª­ ¢¢ ¥¦ ¤£  §¨¢ ¤¢ ¡¨¨³¨³ ¦¥� ¬²¨ ½¡¾¦¥�£  ¬¤¥¡  §¨ µ �²¨ ¬¨ª²¡¤¸«¨ ¥¦ �uvwxy �{|}w~�|w~x}§¤©¨¢ ©¨�´ §¥¥³ ¤£  §¨ ¼³¨­¤¬´ · ¤¬²   ©¨�´ ¦ ¢¬ ³¨ª¥£ ¾°�¨¢¢¤¥¡ ¬¤£ ¨ µ ¶¥·¨©¨� º ¤¬ ¢«¿¨�¢ ¦�¥£   ©¨�´ ²¤§²°�¥ ª¨¢¢¤¡§ ¥©¨�²¨ ³  ¬ ¬²¨ ¨¡ª¥³¤¡§ ¢¬ §¨ µ½¡ ¬²¨  ±¥©¨ ± ª®§�¥«¡³ º ¬²¤¢ ° °¨� ¢¨¬¢   ¡¨· ³¤¾�¨ª¬¤¥¡ ¦¥� «¢¨ ¥¦ ÀuÁ Á{ Á|y Â{wxÃ |w| �ÀÂ� ¬¨ª²¡¥­¥§´¦¥� ÄÅ ÆÇÈ ÉÊÅËÌÈÍÍÎÊÏ µ Ð¨ ² ©¨ ¦«­­´ ª² � ª¬¨�¾¤Ñ¨³   ¡¨· ª¥£°«¬ ¬¤¥¡ £¥³¨­ ¤¡ ¬¨�£ ¢ ¥¦ ÒÓ Ô�� ÕÉÈÖÖ×ÖÆÌ Ø×ÙÊÅÆÙÆ ¤¡ ÚÛÜ µ Ý ¢¨³ ¥¡ ¬²¤¢ ¬²¨¥�´º·¨ ² ©¨ ³¨©¨­¥°¨³   ¢ª²¨£ ¨ ¦¥� �¨ ­¤Ñ¤¡§ ¬²¨ Þ¨ª¾¬¥� ß« ¡¬¤Ñ ¬¤¥¡ ¨¡ª¥³¨� ·²¨�¨ ¬²¨ ¢¨ �ª² ¬¤£ ¨ ² ¢± ¨¨¡ ¢¤§¡¤¼ ª ¡¬­´ �¨³«ª¨³ µ �²¨ ¢¥¦¬· �¨ ©¨�¢¤¥¡ ¥¦ ¬²¨¢ª²¨£ ¨  ª²¤¨©¨¢   ¢°¨¨³ «° ±´ £¥�¨ ¬² ¡ ¥¡¨ ¥�³¨�¥¦ £  §¡¤¬«³¨ ¥©¨� ¬²¨ ¨à¤¢¬¤¡§ ¢ª²¨£ ¨¢ µ á¤§¡ ¤¼ª ¡¬¢°¨¨³ · ¤¬² �¨ ­ ¬¤£ ¨ °¨�¦¥�£  ¡ª¨ ª ¡ ±¨  ª²¤¨©¨³ ±´
âãäåæ çèæèéçêä åæ ëéçìåéííî æïëëðçìèñ òî óô ó õ öé÷øíðçè õùúûùô

¤£°­¨£ ¨¡¬¤¡§ ¬²¨ ² �³· �¨ ©¨�¢¤¥¡ ¥¦ ¬²¨ ¢ª²¨£ ¨ ¥¡  Þüá½ ª²¤° µ
½¡ ¬²¨  ±¥©¨ ª¥¡¬¨à¬ º ·¨ ±�¤¨ý´ ¥«¬­¤¡¨ ¬²¨ þ¹ °�¨¾­¤£ ¤¡ �¤¨¢ ¤¡ á¨ª¬¤¥¡ � µ �²¨ ÿ� ��� � þ¹ ± ¢¨³ ¢ª²¨£ ¨¦¥� ¨¡ª¥³¤¡§   �à� ¤£  §¨ ±­¥ª® ¤¢ ¡¨à¬ °�¨¢¨¡¬¨³ ¤¡á¨ª¬¤¥¡ �  ­¥¡§ · ¤¬² ¬²¨ ¨à°¨�¤£ ¨¡¬ ­ �¨¢«­¬¢ µ �²¨Þüá½  �ª²¤¬¨ª¬«�¨ ¥¦ ¬²¨ ¨¡ª¥³¨� ¤¢ ¡¥¬¨³ ¤¡ á¨ª¬¤¥¡
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¹ ÀuÁ Á{ Á|y Â{wxÃ |w| �ÀÂ� ª¥¡¢¤¢¬¢ ¥¦   ¡«£±¨� ¥¦ª¨­­¢  �� ¡§¨³ ¤¡   �¨§«­ � £  ¡¡¨� º ·²¨�¨ ¬²¨ ¢¬ ¬¨¬� ¡¢¤¬¤¥¡ ¢ ¥¦ ¨ ª² ª¨­­ ³¨°¨¡³¢ ¥¡ ¬²¨ ¢¬ ¬¨¢ ¥¦ ¤¬¢¡¨¤§²±¥�¢ µ �¥�  ¡ ¡¾ª¨­­ ¥¡¨ ³¤£¨¡¢¤¥¡ ­ þ¹ º ¤¬ ² ¢± ¨¨¡ ¢²¥·¡ ¤¡ Ú�Ü ¬² ¬ ¬²¨ ­¤¡¨ � ¥° ¨� ¬¥� ¤¢  ¡ 
 � 
£ ¬�¤à �¨¦¨��¨³ ¬¥  ¢ ¬²¨ � £ ¬�¤à º ·²¨�¨ ¬²¨ ¡¨à¬¢¬ ¬¨ ¥¦ þ¹ ¤¢ §¤©¨¡ ±´ � � 
 ����
� � w|wuµ �²¨ ª¥£ ¾°­¨¬¨ ª² � ª¬¨�¤Ñ ¬¤¥¡ ¥¦ þ¹ ±¨² ©¤¥� ± ¢¨³ ¥¡ ¬²¨ �£ ¬�¤à ² ¢ ±¨¨¡ �¨°¥�¬¨³ ¤¡ Ú�Ü µ ¹ ±�¤¨¦ ¤¡¬�¥³«ª¾¬¤¥¡ ¬¥   ¢° ¨ª¤ ­ ª­ ¢¢ ¥¦ þ¹ �¨¦¨��¨³ ¬¥  ¢ � {Áw~� ÁuÂ wwy|vwxy ÀÂ ��Â ÀÂ� Ú�Ü ¤¢ ¡¨à¬ ¤¡¬�¥³«ª¨³  ¢ ¬²¨�¨¢¨ �ª² �¨°¥�¬¨³ ¤¡ ¬²¤¢ ° °¨� ¨£°­¥´¢ �¹þ¹ ¦¥�Þ¨ª¬¥� ß« ¡¬¤Ñ ¬¤¥¡ µ
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�²¨ ¢¬ ¬¨ ¬� ¡¢¤¬¤¥¡ ±¨² ©¤¥� ¥¦   �¾ª¨­­ �¹þ¹ ¤¢¢²¥·¡ ¤¡ � ¤§«�¨ Û� � µ ½¡ §¨¡¨� ­ º  ¡ ¡¾±¤¬ £«­¬¤° ­¨¾ ¬¬� ª¬¥� þ¹ ·¤¬² ®  ¬¬� ª¬¥�¢ ª ¡ ±¨ ©¤¨·¨³  ¢  ¡ ¬«� ­ ª­ ¢¢¤¼¨� µ �²¨ §¨¡¨�¤ª ¬¨�£ ÀÁ|++ ~, uy ¤¢ «¢¨³¤¡ ¬²¨ ¬²¨ ¢¨¡¢¨ ¬² ¬ ¤¬ ª­ ¢¢¤¼¨¢ ¬²¨ ¢¨¬ ¥¦ ¡¾± ¤¬ ° ¬¾¬¨�¡¢ ¤¡¬¥ ® ³¤¢¬¤¡ª¬ ª­ ¢¢¨¢ º ¨ ª² ª­ ¢¢ ª¥¡¬ ¤¡ ¤¡§ ¬²¨¢¨¬ ¥¦ ¢¬ ¬¨¢ ¥¦  ¡  ¬¬� ª¬¥� ± ¢¤¡ Ú�Ü µ -¥· º  ¢ ° ¨� ¬²¨¬²¨¥�¨£ � µ. � Ú�Ü º þ² °¬¨� � � ¤¡ ¬²¨ ± ¤¡ �´ ° ¬¬¨�¡ ¢ ¥¦
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Attractors = {0,3,5,6}

Attractors = {0,3,5,6}

PEF = middle two bit positions
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1 1 0 0
0 1 0 1
0 0 0 1

T = 

0 0 0 0

3

113 15

13 15

1

3

12 14

2

0

(a)

10 48

5 6

11 9 7

(b)

0

212 14

1 1 0 0
1 1 0 1
0 0 0 1

0 0 0 0
T1 =   T*T =

� ¤§«�¨ Û � � � ¹ �¾³¨°¬² �¹þ¹  ¡³ �±� �²¨ ª¥��¨¾¢°¥¡³¤¡§ Û¾³¨°¬² �¹þ¹

®  ¬¬� ª¬¥�¢ ¬²¨�¨ ¨à ¤¢¬¢ ­¥§ �® ±¤¬ °¥¢¤¬¤¥¡¢ ¬² ¬ §¨¡¾¨� ¬¨ °¢¨«³¥¾¨à² «¢¬¤©¨ ° ¬¬¨�¡¢ µ �²¤¢ ¼¨­³ ��¨¦¨��¨³¬¥  ¢ ��Ó Ô� ÍÈ×�Ê ���Æ×ÍÙÎ�È Ó ÎÈÖ� Õ�· ¤­­ ¤³¨¡¾¬¤¦´ ¬²¨ ª­ ¢¢ ¥¦ ° ¬¬¨�¡¢ ¦ ­­¤¡§ ¤¡   ± ¢¤¡ «¡¤¸«¨­´µ ¹¢°¨ª¤ ­ ¬´° ¨ ¥¦ £«­¬¤°­¨  ¬¬� ª¬¥� Û¾³¨°¬² þ¹ �¨¦¨��¨³¬¥  ¢ � Û¾�¹þ¹ ¤¢ ¨£°­¥´¨³ ¬¥ ³¨©¨­¥° ¬²¨ ª­ ¢¢¤¼¨�¦¥� ¤£  §¨ ³ ¬  µ¹¡ �¹þ¹ ² ©¤¡§ ¬²¨ ³¨°¬² ¥¦ Û ¤¢ �¨¦¨��¨³ ¬¥  ¢
� Û¾�¹þ¹ µ�²¨ ¬²¨¥�´  ¡³ ³¨¢¤§¡ °�¥ ª¨³«�¨ ¥¦ ±« ¤­³¤¡§  
�¹þ¹ ¤¢ ³¨¢ª�¤± ¨³ ¤¡ Ú�Ü µ �²¤¢ ¬²¨¥�´ ² ¢ ± ¨¨¡ ¨à¾¬¨¡³¨³ ¤¡ ÚÛÜ ¬¥ ³¨©¨­¥°   ÿ� ��� � �¹þ¹ µ
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¹ ©¨ª¬¥� ¸« ¡¬¤Ñ¨� Ú�Ü £  °¢ ¬²¨ ¡¾³¤£ ¨¡¢¤¥¡ ­ ©¨ª¾¬¥�¢ ¤¡ ¬²¨ ©¨ª¬¥� ¢° ª¨ �� ¾ � ¡§¨ ¥¦ � ¤¢ ¦�¥£ � ¬¥��� ¾ ¬¥   ¼¡¤¬¨ ¢¨¬ ¥¦ ©¨ª¬¥�¢ º ª ­­¨³ ¬²¨ vx�u�xx� µ

� ª² ©¨ª¬¥� ¥¦ ¬² ¤¢ vx�u�xx� ¤¢ ª ­­¨³   vx�u tuvwxyµ¹ ¢¢¥ ª¤ ¬¨³ · ¤¬² ¨ ª² vx�u tuvwxy ¤¢   ¡¨ �¨¢¬ ¡¨¤§²±¥��¨§¤¥¡ ª ­­¨³ ¬²¨ �xyx}x~ yu� ~x}µ �²¨ ¢¨¬ ¥¦ �xyx}x~yu� ~x}+ ° �¬¤¬¤¥¡ ¬²¨ ¨¡¬¤�¨ ©¨ª¬¥� ¢° ª¨ �� ¤¡¬¥ ¡¥¡¾¥©¨�­ °°¤¡§ �¨§¤¥¡¢ µ �²¨ ª¥³¨ ©¨ª¬¥� ª²¥¢¨¡ ¬¥ �¨°¾�¨¢¨¡¬  ¡´  �±¤¬� �´ ¤¡°«¬ ©¨ª¬¥� ¤¢ ¬²¨ �¨°�¨¢¨¡¬ ¬¤©¨©¨ª¬¥� ¥¦ ¬²¨ �xyx}x~ yu� ~x} ¤¬ ± ¨­¥¡§¢ ¤¬ µ �²¤¢ �¨°¾�¨¢¨¡¬ ¬¤©¨ ©¨ª¬¥� ¤¢ ª ­­¨³   �Ê�È ÊÌ� µ �²¨ ¢¨¬ ¥¦ª¥³¨·¥�³¢ �¨°�¨¢¨¡¬¢ ¬²¨ vx�u�xx� µ¹ ©¨ª¬¥� ¸« ¡¬¤Ñ ¬¤¥¡ ± ¢¤ª ­­´ ª¥¡¢¤¢¬¢ ¥¦ ¬·¥ ¥°¾¨� ¬¤¥¡¢ µ �²¨ ¨¡ª¥³¨� ¾ ¬¥ ¨¡ª¥³¨ ¨ ª² ±­¥ ª® º  ¡³  ³¨ª¥³¨� ¾ ¬¥ §¨¬ ± ª® ¬²¨ ±­¥ ª® ¦�¥£ ¬²¨ ª¥³¨ µ �²¨¨¡ª¥³¨� º  ¢ ¢²¥·¡ ¤¡ � ¤§«�¨ � º ¬ ®¨¢ ¤¡ ¬²¨ ¤¡°«¬ ©¨ª¾¬¥�  ¡³ ¥«¬°«¬¢ ¬²¨ ¤¡³¨à ¥¦ ¬²¨ ª¥³¨ ©¨ª¬¥� ¤¡ ¬²¨ª¥³¨±¥¥® ¬² ¬ §¤©¨¢ £ ¤¡¤£«£ ³¤¢¬¥�¬¤¥¡ µ

!¡ª¨ ¬²¤¢ ¤¡³¨à ¥¦ ª¥³¨ ©¨ª¬¥� ¤¢ ¦¥«¡³ º ¤¬ ¤¢ ¢¨¡¬ ¬¥¬²¨ �¨ª¨¤©¨� ¨¡³ ¥¦ ¬²¨ ª¥££«¡¤ª ¬¤¥¡ ª² ¡¡¨­ µ �²¨³¨ª¥³¨� ¥¡ �¨ª¨¤©¤¡§ ¬²¤¢ ¤¡³¨à º �¨°­ ª¨¢ ¤¬ · ¤¬² ¬²¨

� ¤§«�¨ � � �¡ª¥³¨�  ¡³ �¨ª¥³¨�
 ¢¢¥ ª¤ ¬¨³ vx�u" xy� ¦¥«¡³ ¦�¥£ ¬²¨ ª¥³¨±¥¥® ®¨°¬ ¥¡¬²¨ �¨ª¨¤©¨� ¢¤³¨ µ½¡ ±«¤­³¤¡§ ¬²¨ ª¥³¨±¥¥® º   ¬� ¤¡ ¤¡§ ¢¨¬ ¥¦ Û� ° ¤ª¾¬«�¨¢  �¨ «¢¨³ ¦¥� ¬²¨ °�¨¢¨¡¬ ·¥�® µ ¹ ­­ ¬²¨ °¤ª¬«�¨¢ �¨ ¬²¨ «°°¨� ² ­¦ ¥¦ ¬²¨ ²«£  ¡ ±¥³´µÐ¨ ² ©¨ «¢¨³ ¬²¨ ¢¬ ¡³ �³ üÝÿ  ­§¥�¤¬²£ Ú�Ü ¬¥³¨¢¤§¡ ¬²¨ ª¥³¨±¥¥® µ �²¨ ¢¤Ñ¨ ¥¦ ¥«� ª¥³¨±¥¥® ¤¢ � Û#�·²¤ª² ¤¢ ª¥¡¢¬�«ª¬¨³ «¢¤¡§ Û�#�� ¬� ¤¡¤¡§ ©¨ª¬¥�¢ ª¥­¾­¨ª¬¨³ ¦�¥£ ¬²¨ Û� ¤£  §¨¢ µ � ª² ©¨ª¬¥� ¤¢  ¡ ¤£  §¨±­¥ ª® ¥¦ �$� °¤à¨­¢ �¨ ª² °¤à¨­ ¥¦ � ±¤¬¢� º ¬² ¬ ª ¡±¨ �¨°�¨¢¨¡¬¨³  ¢   ¢¬�¤¡§ ¥¦ ¢´£±¥­¢ �¤¡ �� ��% �� ¥¦­¨¡§¬² .� µ
& �� ' !��(&�&( ))! �#*!+##,
Ð¨ ¡¥· ³¤¢ª«¢¢ ¬²¨ ³¨¢¤§¡  ¡³ ·¥�®¤¡§ ¥¦ ¬²¨ÒÓ Ô�� Õ ÉØ -ÆÍÈ� � ÖÆÍÍÎ.ÈÌÍ  � Î�� È/È�ÙÎ�ÈÖ0Æ�Ù ÆÍ Æ �Ê�È- ÊÊ1 ¦¥� ¥«� ¢ª²¨£¨ µ ½¡ ¥�³¨� ¬¥ ¨à¾°¥¢¨ ¬²¨ «¡³¨�­´¤¡§ °�¤¡ª¤° ­¨ ·¨ ¤­­«¢¬� ¬¨ ¬²¨ ³¨¢¤§¡· ¤¬²   ¢¤£°­¨ ¨à £°­¨ µ Ð¨  ¢¢«£ ¨ ¬² ¬ ¨ ª² ¥¦ ¬²¨°¤à¨­ © ­«¨ ¤¢ ª¥³¨³ · ¤¬² � ±¤¬¢ º ¬² ¬ ¤¢ ¬²¨ ° ¤à¨­ © ­«¨¢� ¡§¨ ¦�¥£ � ¬¥ � µ Ð¨  ­¢¥  ¢¢«£ ¨ ¬² ¬ ¬²¨�¨  �¨ ¦¥«�ª­ ¢¢¨¢ ¤¡ ·²¤ª²  ­­ ¬²¨ ¬� ¤¡ ¤¡§ ¤£  §¨ ±­¥ ª®¢ ¥¦ ¢¤Ñ¨� � � ª ¡ ±¨ ª­«¢¬¨�¨³ µ � ª² ±­¥ ª® ¤¢ �¨°�¨¢¨¡¬¨³ ±´  ÿ� ��� � ¢´£±¥­ ¢¬�¤¡§ ¥¦ ­¨¡§¬² � µ ¹ ¦¨· ¨à £°­¨ª­ ¢¢¨¢  �¨ ¤­­«¢¬� ¬¨³ ±¨­¥· �
þ­ ¢¢ 2 Û � 3 ��Û� ºÛ� Û� º� Û�� º� ÛÛÛ4 ¾ Û� Û�þ­ ¢¢ 2� � 3 �� Û� ºÛ�� ÛºÛ��� ºÛ� ÛÛ4 ¾ Û��Ûþ­ ¢¢ 2� � 3 ��� ÛºÛÛ�� ºÛ� Û� º� Û�Û4 ¾ ÛÛ��þ­ ¢¢ 2� � 3 ��ÛÛº� Û�� º� Û�Ûº� ÛÛ�4 ¾ � Û��

ü¨¬ «¢  ¢¢«£ ¨ ¬² ¬ ¬²¨ ¢¨ª¥¡³ ¨­¨£ ¨¡¬ ¤¡ ¨ ª² ª­ ¢¢�¨°�¨¢¨¡¬¢ ¬²¨ ª¥³¨·¥�³ ¥¦ ¬² ¬ ª­ ¢¢ µ �²¨�¨¦¥�¨ ¥«�ª¥³¨·¥�³  �� ´ ¤¢ ¬²¨ ¢¨¬ 3Û� Û� ºÛ��ÛºÛÛ�� º� Û��4 ¾ ¬²¤¢¤¢ ¬²¨ Àx�u�xx� ¦¥� ¬²¨ °�¨¢¨¡¬ ª ¢¨ µ �²¤¢ ¤¢ ¢¬¥�¨³ ¤¡  ­¤¡¨ �  �� ´ ¬² ¬ ª ¡ ±¨  ³³�¨¢¢¨³ ±´ ¬·¥ ±¤¬¢  ¢¢²¥·¡ ¤¡ ¬²¨ ¦¥­­¥· ¤¡§ ¬ ± ­¨ µ
�� Û� Û�
� Û Û��ÛÛ� ÛÛ��ÛÛ �Û��



�²¤¢ ¬ ±­¨ ¤¢ ¢¬¥�¨³  ¬ ¬²¨ ³¨ª¥³¨� µ �²¨ ¤¡³¨à ¬¥ ¬²¨¬ ±­¨ ¤¢ ¢¨¡¬ ¦�¥£ ¬²¨ ¢¥«�ª¨  ¦¬¨� ¨¡ª¥³¤¡§ ¬²¨ ¤£ ¾ §¨ ±­¥ ª® · ¤¬² ¬²¨ ¤¡³¨à © ­«¨ µ �²¨ ¢¬ ¡³ �³ Þ¨ª¬¥�ß« ¡¬¤Ñ ¬¤¥¡ ¬¨ª²¡¤¸«¨¢ ¢¬¥�¨ ¬²¤¢ ª¥³¨±¥¥®  ¬ ¬²¨¢¥«�ª¨  ¡³ ¤³¨¡¬¤¦´ ¬²¨ ¤¡³¨à ±´ ¢¨ �ª²¤¡§ ¬²¨ ª¥³¨¾±¥¥® µ �0 �ÊÏÙÌÆÍÙ ÎÏ Ê×Ì Í��ÈÅ È  È ÍÙÊÌÈ Ù�ÈÍÈÙ Ê � ÉØ �ÊÏ.Ç×ÌÆÙÎÊÏÍ Ù�ÆÙ ÆÌÈ ×ÍÈ� ÙÊ -×ÎÖ�Ù�È Å×ÖÙÎ �ÖÆÍÍ ÉÖÆÍÍÎ.ÈÌ �á¨ª¬¤¥¡ � µ� � ¦¥� ¬²¨ �ª­ ¢¢¨¢ �2 Û ¬¥ 2� � ¥«¬ ¥¦ ·²¤ª² ¬²¨ ª¥³¨±¥¥® ² ¢ ±¨¨¡±«¤­¬ µ �²¨ ¢«±¢¨¸«¨¡¬ ³¤¢ª«¢¢¤¥¡¢ ¤­­«¢¬� ¬¨ ¬²¤¢ ³¨¢¤§¡£ ¨¬²¥³¥­¥§´ · ¤¬² �¨¦¨�¨¡ª¨ ¬¥ ¬²¨  ±¥©¨ ¨à £°­¨ µá¤¡ª¨ ·¨ ² ©¨ «¢¨³ � � � ±­¥ ª®¢ · ¤¬² � °¤à¨­ © ­¾«¨¢ º ·¨ ¡¨¨³   � ª¨­­ ÿ� ��� � þ¹ ·²¤ª² · ¤­­ ± ¨ «¢¨³ ¤¡¬·¥ ¢¬ §¨¢ ¬¥ ±«¤­³ ¬²¨ ª­ ¢¢¤¼¨� µ ¹ ¢ ³¤¢ª«¢¢¨³ ¨ �­¤¨� º·¨ ¼�¢¬ ¥±¬ ¤¡ ¬²¨ þ¹ � Û ·²¤ª² ª­ ¢¢¤¼¨¢ ¬²¨ ¬¨£°¥¾� �´ ª­ ¢¢¨¢ � Û §¤©¨¡ ±´ 332 Û4 º32�44  ¡³ � � §¤©¨¡ ±´
332� 4 º32� 44 µ - ¨à¬ ·¨ ¼¡³ ¬²¨ þ¹ �� ·²¤ª² ª­ ¢¢¤¼¨¢
32 Û4  ¡³ 32�4  ¡³  ­¢¥ þ¹ �� ·²¤ª² ª­ ¢¢¤¼¨¢ 32�4 ¡³ 32� 4 µ � ¤§«�¨ � ¤­­«¢¬� ¬¨¢ ¬²¨ ¢ª²¨£¨ µ �²¨¢¨ þ¹ª¥¡¼§«� ¬¤¥¡¢ 3� Ûº�� º��4  �¨ ¢¬¥�¨³ ¤¡   £¨£¥�´ �¨¾¦¨��¨³ ¬¥  ¢ þ¹ ª¥¡¼§«� ¬¤¥¡ ÔÉØÉÕ ÅÈÅÊÌ0 µ Ð¨ ­¢¥ ¢¬¥�¨ � ¥� Û ¤¡ ¬²¨ ��Ó Ô� ÍÈ×�Ê ���Æ×ÍÙÎ�ÈÓ ÎÈÖ� Õ � ÈÅÊÌ0 ¬¥ ±¨  ªª¨¢¢¨³ · ¤¬² ¬²¨ °¢¨«³¥ ¨à¾² «¢¬¤©¨ ¼¨­³ ¥¦ ¬²¨  ¬¬� ª¬¥� ¥¦ ¬²¨ þ¹ ª²¥¢¨¡  ¢ ¬²¨¬·¥ ª­ ¢¢ ª­ ¢¢¤¼¨�  ¬   ° �¬¤ª«­ � ­¨©¨­ � � ¦¥� ¬²¨ª­ ¢¢ ª¥��¨¢°¥¡³¤¡§ ¬¥ ¬²¨ ­¨¦¬ ¨³§¨  ¡³ Û ¦¥� ¬²¨ ª­ ¢¢ª¥��¨¢°¥¡³¤¡§ ¬¥ ¬²¨ �¤§²¬ ¨³§¨  ¢ ¢²¥·¡ �� ¤§«�¨ �� µ�²«¢ ¬²¨ ª¥¡©¨¡¬¤¥¡ ­ ª¥³¨±¥¥® ¦¥� ¥«� ª ¢¨ §¨¬¢ �¨¾°­ ª¨³ · ¤¬² ¬²¨ þ¹ ª¥¡¼§«� ¬¤¥¡¢ ¢¬¥�¨³ ¤¡ ¬²¨ þ¹þ£¨£¥�´µ

P1 P2 P3 P4

P1 P2 P3 P4

0

0 01 1

(00) (01) (10) (11)
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1

� ¤§«�¨ � � �²¨ ­¥§¤ª ­ ¢¬�«ª¬«�¨ ¥¦ þ­ ¢¢¤¼¨�
3� Ûº�� º��4
ÒÓ Ô�% Õ ÉØ �ÆÍÈ� ÉÖÆÍÍÎ.ÈÌÍ
!«� ¬� ¤¡¤¡§ ¢¨¬ ª¥¡¢¤¢¬¢ ¥¦ Û�#�� ©¨ª¬¥�¢ º ¨ ª² ±¨¾¤¡§   � � � °¤à¨­ ± ­¥ ª® µ Ý´ ¨£°­¥´¤¡§ üÝÿ  ­§¥�¤¬²£�¡¥¬¨³  ±¥©¨� º ¬²¨ Û�#�� ±­¥ ª®¢  �¨ §�¥«°¨³ ¤¡ � Û#�ª­ ¢¢¨¢ µ

& �� �!�"�) �&( ))! �#*!+##,
�¥�   §¤©¨¡ ¤¡°«¬ ª¥³¨·¥�³ �ª� º ·¨ ¡¨¨³ ¬¥ ¤³¨¡¬¤¦´¬²¨ ª¥³¨±¥¥® ¨¡¬�´ �¬² ¬ ¤¢ º ¬²¨ ª¥³¨·¥�³� ª­¥¢¨¢¬ ¬¥

�ª� µá«°°¥¢¨ ·¨ ² ©¨ ¬¥ ¤³¨¡¬¤¦´ ¬²¨ ª­ ¢¢ ¥¦  ¡ ¤¡°«¬° ¬¬¨�¡ � � 	 ��� Ûµ �²¨ þ­ ¢¢¤¼¨� ¤¢ ª¥¡¼§«�¨³ · ¤¬²¬²¨ þ¹ ª¥¡¼§«� ¬¤¥¡ � Û  ¡³  ­­¥·¨³ ¬¥ �«¡ ¦¥� ¥¡¨ª­¥ ª® °«­¢¨ · ¤¬² � �  ¢ ¬²¨ ¤¡¤¬¤ ­ ¢¬ ¬¨ µ �²¨ 2�� £¨£¾¥�´ ­¥ ª ¬¤¥¡  ³³�¨¢¢¨³ ±´ ¬²¨ 2� ¼¨­³ ¥¦ ¬²¨  ¬¬� ª¬¥�¥¦ ¬²¨ þ¹ ��¨°�¨¢¨¡¬¨³ ±´ 
�� · ¤­­ ² ©¨   �Û�  ¡³ ¬²«¢¤¡³¤ª ¬¨¢ ¬² ¬ � � ±¨­¥¡§¢ ¬¥ ª­ ¢¢ � � µ Ð¨ ¬²¨¡ �¨ª¥¡¾¼§«�¨ ¬²¨ þ¹ ·¤¬² ª¥¡¼§«� ¬¤¥¡ ��  ¡³ · ¤¬² � �  ¢¬²¨ ¤¡¤¬¤ ­ ¢¬ ¬¨ º �«¡ ¤¬ ¦¥� ¥¡¨ ª´ª­¨ µ �²¨ ��� © ­«¨¥¦ ¬²¨ 2�� £¨£¥�´ ­¥ ª ¬¤¥¡ ¦¥� ¬²¨  ¬¬� ª¬¥� ¥¦ 
�¤¡³¤ª ¬¨¢ ¬² ¬ � � 	 ��� Û ±¨­¥¡§¢ ª­ ¢¢ 2�  ³³�¨¢¢¨³±´ ¬²¨ ±¤¬¢ Û� µ �²«¢ ·¨ ¡¨¨³ ¬¥ ¢¨¡³ ¬²¨ ª¥³¨±¥¥®¤¡³¨à �Û� � ¬¥ ¬²¨ ³¨ª¥³¨� ¬² ¬ ¤³¨¡¬¤¼¨¢ ¬²¨ ¤¡°«¬  ¢ÛÛ�� ¦�¥£ ¬²¨ ¬ ± ­¨ ¬² ¬ �¨°�¨¢¨¡¬¢ ¬²¨ ª¥¡©¨¡¬¤¥¡ ­ª¥³¨±¥¥® µ�²¨  ­§¥�¤¬²£ ¤ª ¢¬¨°¢ ¦¥� ¬²¨ §¨¡¨� ­ ¢¨ �ª² ¢ª²¨£ ¨¬¥ §¨¡¨� ¬¨ ¬²¨ ª¥³¨±¥¥® ¤¡³¨à  �¨  ¢ ¦¥ ­­¥· ¢ �
��Ë ÈÌÎÅ ÈÏÙÆÖ 
 ÈÍ×ÖÙÍ�²¨  ­§¥�¤¬²£ ¢  �¨ ª¥³¨³ ¤¡ þ  ¡³ �«¡ ¥¡   ��þ·¥�®¢¬ ¬¤¥¡ µ �²¨  ­§¥�¤¬²£ ¤¢ ¬¨¢¬¨³ · ¤¬² £ ¡´ ³¤¦¾¦¨�¨¡¬ °¤ª¬«�¨¢ ¥«¬¢¤³¨ ¬²¨ ¬� ¤¡¤¡§ ¢¨¬ µ �²¨ �¨¢«­¬¢ ¥¦¬²¨ ¨à°¨�¤£ ¨¡¬¢  �¨ ¢²¥·¡ ±¨­¥· µ � ±­¨ Û §¤©¨¢ ¬²¨

2á-� © ­«¨¢ ¥¦ ¬²¨ ¬� ¤¡¤¡§ ¢¨¬ ¤£  §¨¢ ·²¨¡ ª¥£ ¾°�¨¢¢¨³  ¡³ ³¨ª¥£°�¨¢¢¨³ «¢¤¡§ ¬²¤¢ ¢ª²¨£ ¨ µ � ±­¨ �§¤©¨¢ ¬²¨ �¨¢«­¬¢ ¥¦ ¨£°­¥´¤¡§ ¬²¨ ¢ª²¨£ ¨ ¥¡ ¤£  §¨¢¥«¬¢¤³¨ ¬²¨ ¬� ¤¡¤¡§ ¢¨¬ µ
� ±­¨ ÛÛµ ü¨¡  �� µ��� µ �«­¤¨ �� µ�.

� µ ÿ ¤�­ Û��. �� µ.#
� µ ÿ ¤�­� �� µ#�
� µ  ¢² �� µ#�
. µ � ¤ª²¨­­¨ �� µ�#

� ±­¨ �Ûµ ¢ £°­¨ Û �� µ��� µ ¢ £°­¨ � �� µ�.
� µ ¢ £°­¨ � �. µ.#
� µ ¢ £°­¨ � �� µ#�
� µ ¢ £°­¨ � �� µ#�

�}vx�~}� �� uu� � Ð¨ ¡¥¬¨ ± ¨­¥·   ª¥£° �¤¢¥¡ ¥¦¬²¨ ¬¤£ ¨ �¨¸« ¤�¨³ ¬¥ �«¡ ¬²¨ ¢¥¦¬· �¨ ©¨�¢¤¥¡ ¥¦ ¬²¨°�¥°¥¢¨³  ­§¥�¤¬²£ · ¤¬² ¬² ¬ ¥¦   ª¥��¨¢°¥¡³¤¡§ �«­­á¨ �ª²  ­§¥�¤¬²£ µ
2¨� Ý ­¥ ª® þ¹ á¨ �ª² �«­­ á¨ �ª²
� ¨£¥�´ ¹ªª¨¢¢¨¢ � � .� � Û� .� � .� � � Û#�
-«£±¨� ¥¦ ª¥£° �¤¢¥¡¢ Û � Û� � Û#� � .�
�²¨¢¨ ¬ ±­¨¢ ¨¢¬ ±­¤¢² ¬²¨ ª­ ¤£ ¬² ¬ ¬²¨ ¢¥¦¬· �¨©¨�¢¤¥¡ ¥¦ ¬²¨ ¢ª²¨£¨  ª² ¤¨©¨¢   ¢° ¨¨³«° ¥¦ £¥�¨¬² ¡ ¥¡¨ ¥�³¨� ¥¦ £  §¡¤¬«³¨ ¥©¨� ¬²¨ ¨à ¤¢¬¤¡§ ¨¡ª¥³¾¤¡§ ¢ª²¨£ ¨¢ µ �²¨ ² �³· ¤�¨³ ©¨�¢¤¥¡  ª² ¤¨©¨¢   ¢¤§¾¡¤¼ª ¡¬­´ ² ¤§²¨� ¢° ¨¨³«°  ª² ¤¨©¤¡§ �¨ ­ ¬¤£ ¨ °¨�¦¥�¾£  ¡ª¨ µ �²¤¢ ª­ ¤£ ² ¢ ± ¨¨¡ ¢«±¢¬ ¡¬¤ ¬¨³ ¤¡ ¬²¨ Þüá½³¨¢¤§¡ ¥¦ ¬²¨ ¨¡ª¥³¨� °�¥°¥¢¨³ ¡¨à¬ µ



� ��� ���� ^bd� �a�da�b� � � a�� ���
d���b

�²¨ ² �³· ¤�¨³ ©¨�¢¤¥¡ ¥¦ ¬²¨ °�¥°¥¢¨³ þ¹ ± ¢¨³¢ª²¨£ ¨ ª ¡ ±¨ ¨ª¥¡¥£ ¤ª ­­´ �¨ ­¤Ñ¨³ µ �²¨ ¢¤£°­¨ º �¨§¾«­ � º £ ¥³«­ �  ¡³ ª ¢ª ³ ±­¨ ¢¬�«ª¬«�¨ ¥¦ þ¹ £ ®¨¢¤¬  £ ¨¡ ±­¨ ¦¥� Þüá½ ³¨¢¤§¡¢ µ �²¨ ± ¢¤ª ¡¥³«­¨¢ ¥¦¬²¨ ¨¡ª¥³¨� ±­¥ª® º ¡¥¬¨³ ¤¡ � ¤§«�¨ �  �¨ ³¨¢ª�¤± ¨³±¨­¥· µ
Ûµ ½¡°«¬ �¨§¤¢¬¨� � ½¬ ²¥­³¢ ¬²¨ � � � ¤£  §¨ ±­¥ª® ¬¥± ¨ ¨¡ª¥³¨³ µ
� µ 2 �¥§� ££ ±­¨ þ¹ �2þ¹� Ú�Ü � ¹ þ¹ ·¤¬²¢· ¤¬ª²¨¢ �� ¤§«�¨ � � �� ¬² ¬ ª ¡ ±¨ °�¥§� ££¨³¬¥ �¨ ­¤Ñ¨ ³¤¿¨�¨¡¬ þ¹ ª¥¡¼§«� ¬¤¥¡¢  ¬ ³¤¿¨�¨¡¬¬¤£ ¨ ¢¬¨°¢ µ ½¬ ª¥¡¢¤¢¬¢ ¥¦ � £¥³«­¨¢ ­¤¢¬¨³ ± ¨­¥· �

� � .� ª¨­­ � ¡¨¤§²±¥�²¥¥³ ÿ� ��% � þ¹ ��� ¢ �
.� � � 	 � Û� ��� ¢

�± � �Û� � � ¢· ¤¬ª²  �� ´ � ¨ ª² ��� ª ¡ ² ©¨°�¥§� ££ ±­¨ � ¡¨¤§²±¥�²¥¥³ �
�ª� �Û� � � ±¤¬ þ¹ þ¥¡¼§«� ¬¤¥¡ �¨§¤¢¬¨��þ¹þ� � � ¬¥ ª¥¡¬�¥­ ¬²¨ � Û� � � ¢· ¤¬ª²¨¢ µ
�³� �Û� � � �¾¤¡°«¬ �!� § ¬¨¢ � �²¨ ¤¡°«¬ ¬¥  ��� ª¥£ ¨¢ ¥«¬ ¥¦   � ¤¡°«¬ �!� § ¬¨

� µ 2 ¢¨«³¥ �à² «¢¬¤©¨ � ¤¨­³ �2�� � �à¬� ª¬¥� � ¾ ¬²¨
2� ¼¨­³ ­¥ ª ¬¤¥¡ ª ¡ ±¨ °�¨ª¥£°«¬¨³ � ¢ ¡¥¬¨³¤¡ þ² °¬¨� � ¥¦ Ú�Ü�  ¡³ ¢¬¥�¨³ ¤¡ ¬²¨ þ¹þ £¨£¾¥�´ �¡¥¬¨³ ±¨­¥· � µ

� µ � Û� �Û 2�� � ¨£¥�´ � ¾ ½¬ ¢¬¥�¨¢   �	Û ¬¥ ¤³¨¡¬¤¦´¬²¨ ¡¨à¬ ­¥·¨� ­¨©¨­ ª­ ¢¢ ¬²¨ ¤¡°«¬ � � � ¤£  §¨± ­¥ ª® ±¨­¥¡§¢ ¬¥ µ
� µ ¹ Û� ±¤¬  ³³�¨¢¢ §¨¡¨� ¬¤¥¡ ª¤�ª«¤¬ � �²¤¢  ªª«¾£«­ ¬¨¢ ¬²¨ Û�  ³³�¨¢¢ ±¤¬¢ ¬² ¬ ¨¡ª¥³¨ ¬²¨ ¤¡°«¬

� � � ¤£  §¨ ±­¥ª® µ
. µ þ¹ þ¥¡¼§«� ¬¤¥¡ �þ¹þ� � ¨£¥�´ � ½¬ ¤¢  

� Û#� � �Û� � � ±¤¬ ��¹� £¨£¥�´ ¥�§ ¡¤Ñ¨³  ¢
�� ± ¡®¢ ¥¦ � Û#� � Û�� µ

� µ �²¨ ª¥¡¬�¥­­¨� � �²¤¢ ± ­¥ ª® ª¥¡¬�¥­¢ ¬²¨ ¢¨¸«¨¡¾¬¤ ­ ¥° ¨� ¬¤¥¡¢ ¥¡ ¬²¨ ³ ¬  ° ¬² µ
��È�×ÙÎÊÏ 
 ÎÅ È�²¨ ¢¬¨°¢ � ¬¥ �  �¨ ¨à¨ª«¬¨³ Û� ¬¤£ ¨¢ ¬¥ ¨¡ª¥³¨   � ��¤£  §¨ ±­¥ ª® · ¤¬² Û� ±¤¬¢ µ � ª² ¥¦ ¬²¨ ¢¬¨°¢ �± � ¬¥ �¨�ª ¡ ±¨ ª¥£°­¨¬¨³ ¤¡ ¥¡¨ ª­¥ ª® ª´ª­¨ µ �²¨ ¢­¥·¨¢¬ ¥° ¨�¾ ¬¤¥¡ · ¤­­ ± ¨ ¬²¨  ªª¨¢¢ ¬¤£ ¨ ¬¥ ¬²¨ ��¹� ± ¡® µ 2 �¥¾©¤³¤¡§  ­­¥· ¡ª¨ ¦¥� ­¥· ª¥¢¬ ��¹� ·¤¬² ª´ª­¨ ¢°¨¨³¥¦ ���¡¢¨ª  ¡³ ¥¬²¨�  ¢¢¥ª¤ ¬¨³ ³¨­ ´ ¥¦ ¬²¨ ª¥¡¬�¥­ª¤�ª«¤¬ º ¬²¨ ¨¡ª¥³¨� ¥¦ � ¤§«�¨ � ª ¡ ±¨ ¥°¨� ¬¨³ · ¤¬²  ���¶Ñ ª­¥ ª® · ¤¬² ª´ª­¨ ¬¤£ ¨ ¥¦ ��� ¡¢¨ª µ á¥ ¦¥� ¬²¨
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Controller

Output

PCA

X

C i-1 i i+1 CA FFs

8 x 8 Image Block

512 DFF of 64 Cell GF(2  ) CA8

C

A

C

R

512 x 23 2-input XOR

XOR Bank

P E Field  Extractor

13 Bit shift Register

13 bit Codebook Address

Address Generation Circuit

0/1

PEF 

Memory

32 banks

Programmable CA with programmability on the 

ith cell - inteconnections from left & right neighbours

((i-1) & (i+1)) are fixed.

A

C

R

Input

88

512 x 8 switches

           Switch Array

Control

Address

CACR   CA Configuration Register

(b) CA Based Encoder

(a) Logical Structure of PCA

of

8192 x 128 bit
CA

(CAC Memory)

Configuration

(Attractor field position)

� ¤§«�¨ � � �²¨ Þüá½  �ª² ¤¬¨ª¬«�¨ ¥¦ ÿ� ��� � þ¹ Ý ¢¨³Þß �¡ª¥³¨�
¨à¨ª«¬¤¥¡ ¥¦ ¢¬¨°¢ �± � ¬¥ �¨� ¤¬ ¡¨¨³¢ � � ��� 	 � £ ¤¾ª�¥¢¨ª¥¡³¢ µ �²¤¢ ² ¢ ¬¥ ±¨ �¨° ¨ ¬¨³ Û� ¬¤£ ¨¢ ¬¥ ¨¡ª¥³¨  � � � ±­¥ª® µ �² ¬ ¤¢ º ¬²¨ ¡¨¬ ¬¤£ ¨ ¬¥ ¨¡ª¥³¨   ±­¥ ª®¤¢ �. £ ¤ª�¥¢¨ª¥¡³¢ µ ¶¨¡ª¨ ¬¤£ ¨ ¬¥ ¨¡ª¥³¨   ��� � ���¤£  §¨ ¤¢ �. � ����� ������ �� ���� 	 �. � Û��� 	 �� ���£ ¤­­¤¢¨ª¥¡³ µ �²«¢ ¬²¨ °�¥°¥¢¨³ ÿ� ��� � þ¹ ± ¢¨³ ¨¡¾ª¥³¨�  ª² ¤¨©¨¢ �¨ ­ ¬¤£ ¨ °¨�¦¥�£  ¡ª¨ ¤¡ ¬²¨ ¢¨¡¢¨ ¬² ¬¤¬ ª ¡ ² ¡³­¨ ª­¥¢¨ ¬¥ �� ¤£  §¨¢ ° ¨� ¢¨ª¥¡³ µ

 ���d ��`���
�²¤¢ ° °¨� ² ¢ �¨°¥�¬¨³   ¡¨·  ­§¥�¤¬²£ ¦¥� ¢¤§¡¤¦¾¤ª ¡¬­´ �¨³«ª¤¡§ ¬²¨ ¨¡ª¥³¤¡§ ¬¤£ ¨ ¥¦ Þ¨ª¬¥� ß« ¡¬¤¾Ñ ¬¤¥¡ ± ¢¨³ ¤£  §¨ ª¥£°�¨¢¢¤¥¡ ¢ª²¨£ ¨¢ µ

� ���b��d�`
ÚÛÜ � µ 2 «­ º 
� uxy� |}� Â�� Á~v|w~x} x� �� ��� � ÀuÁ Á{�Á|y Â{wxÃ |w|µ 2²� ¬²¨¢¤¢ º Ý µ � µ þ¥­­¨§¨ º �� ¨¨£¨³

�¡¤©¨�¢¤¬´ � º ¶¥·� ² º ½¡³¤  º Û### µ
Ú�Ü 2 µ 2 µ þ²¥«³²«�¤ º � µ � µ þ²¥·³²«�´º á µ - ¡³¤ º  ¡³á µ þ² ¬¬¨�¯ ¨¨ º Â��~w~tu ÀuÁ Á{ Á|y Â{wxÃ |w| � 
� u�xy� |}� Â�� Á~v|w~x}+ º ©¥­ µ Ûµ ½��� þ¥£°«¬¨� á¥¾ª¤¨¬´ 2 �¨¢¢ º þ ­¤¦¥�¡¤  º � á¹ º ½áÝ- �¾� Û�.¾��Û�¾ Û ºÛ##� µ
Ú�Ü - µ � µ - ¢� ± ³¤  ¡³ � µ ¹ µ � ¤¡§ º �½£  §¨ ª¥³¾¤¡§ «¢¤¡§ ©¨ª¬¥� ¸« ¡¬¤Ñ ¬¤¥¡ º� ���� 
y|}+ � ÀxÃ�Ã{} �º ©¥­ µ ¹ áá2 ¾�. º °° µ #���#�Ûº Û#�� µ
Ú� Ü Ý µ � £  £«�¬²´  ¡³ ¹ µ ÿ¨�¢²¥ º �þ­ ¢¢¤¼¨³ ©¨ª¬¥�¸« ¡¬¤Ñ ¬¤¥¡ ¥¦ ¤£  §¨¢ º� ���� 
y|}+ � ÀxÃÃ{} �º©¥­ µ ¹ áá2 ¾�� º °° µ Û���� Û�.� º Û#�. µ


