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±4Å ­ ±�¨ ­ ±4¹ ­ ±�¨4¨ ­ ±�¨q¸%t ��)U%�J#"Kf$	�X�� �QX 
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+��-��J#�,�W^Q�-� � � ��X�+��-��J#�,�W^Q�-�TJ#�-X��Q+�m�� ¾ ­ � ±'± �qf$)*IK"QJ#�W� ��X�%-
�+TIKJ#"QV�� ��	��¢�
¾ ­ � ±4±�Ä¬¸ IK	�+��
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8PSK, IL=5000, enc={031,01,05,013,011,015,017}

6 iter. (0,0,0)  
6 iter. (25,6,1) 
8 iter. (0,0,0)  
8 iter. (25,6,1) 
10 iter. (0,0,0) 
10 iter. (25,6,1)
15 iter. (0,0,0) 
15 iter. (25,6,1)
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����,�K�=M ��� ¾ Ih	�+��������-V���� ���È+�
���IK"LV("$R��O�-)*%-J#"(f$	�X�� � �aN��¬�nS*X�V("QRQ�-�
�-)*%-J#"(f$�-R¶� �-X�V � � r ±4¹�¨ ­ ±�¨ ­ ± � ­ ±�¨²¹ ­ ±�¨4¨ ­ ±�¨ � ­ ±�¨²½Yt � ��X�%-
�+ZIKJ#"QV�� ��	��¢�
¾ ­ � ±4±ÐÄl¸ Ih	�+��#� H m��&	�X�+(����J#�,�#^$�-� 
 ¾'±
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+�m��!�(��X�R�"$) 
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± � 	�X�+(����J#�,�#^$�-�
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6 iter. (0,0,0)  
6 iter. (20,6,0) 
8 iter. (0,0,0)  
8 iter. (20,6,0) 
10 iter. (0,0,0) 
10 iter. (20,6,0)
15 iter. (0,0,0) 
15 iter. (20,6,0)
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���IK"LV("$R��O�-)*%-J#"(f$	�X�� � �aN��¬�nS*X�V("QRQ�-�
�-)*%-J#"(f$�-R¶� �-X�V � � r ±4¹�¨ ­ ±�¨ ­ ± � ­ ±�¨²¹ ­ ±�¨4¨ ­ ±�¨ � ­ ±�¨²½Yt � ��X�%-
�+ZIKJ#"QV�� ��	��¢�
¾ ­ � ±4±QÄ�¸ Ih	�+��#� H m��Ð	�X�+(����J#�,�#^$�-� 
 ¾'±
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�
±
� J#"(bc�-���_+�m��[IKJ#"$V��r�-���K"Q�È �JW"Q"$�

"$ �+�m�� �(��X�R�"$) 	�X�+(����J#�,�#^$�-�
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� ��� � � ����� 	2� �(��	���� �7��� � � �3��� � ��� � � ��� ����� � ���

·,�4��¸��sw��j~-$�~F{�u.$'�'& *¶¦ Ê ¦ w �
wx�j� �¡Ä �2* # w ° Å'¸�( # w «?·$wx�s¥ � ¥x¨ � ¯ �'�F�s{µuq�'}s~��Fwx�j��{q}¢�
{q}�uq�Wys{q��~©wx�[��vz{q�/{q}¢��| ¸��'¹�uq�Wys{��
wx�F� � ° ¨Ã�,|'��wx�>�c|�}sy � 5 ° ¾�~��W~��F{q�[|��jwxu��4���j�����j~��
|'}syÀ�,|g�4{�� ° ¸ �[{��[�4���k{�vz{q�/{q}¢�F~q¥

·,�4��wz}¢�j{��Fvx{g|g�4{��/vx{q}s���j��¸ ­ ± É Å¬~��W�����4vz~Æ«=wx}s�s��� ��vz�Wu;:!~Fw &q{§wz}��sw��j~ nc¸ ­ ± É ÅÀÄO¸ ¯ �
|'}sy «?¹4± ­ ± ­ ± ¯ wz}¢�j{��Fvz{q|g�4{q���¡�j��{È��{q��ÂË�'�F�[|'}suq{À|�����´A5 ¨²±53 � wz~��
wx�F�swz}&±�»ºÅly � �'Â
uq�'}s~��F�j|'wx}s{qyÆug|'�,|�uqwx�>�'¥©¦¡�4�/�,|'�F{�yÆ�
w��j�Æ�F�s{���wx���Cwz}¢�j{��Fvx{g|g�4{�yÆ~���~��j{�� ��{q��ÂË�4�F�[|'}su�{owx}
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6 iter    
6 iter bit
8 iter    
8 iter bit
10 iter   
11 iter   
12 iter   
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���� �K�?M(�K� ¸ IK	�+(� �����-V���� ����+�
���Ih" V("QRQ�L�-)*%-JW"Kf$	�X�� � � ��
 �*����%'��V-i
	�+hf � » ½�¸ R��/�¶�Ã"QX��²+��(��	�X��-RL����%'�(V(	�+hf Å�»ºÅ R �/� ��X�+��-��J#�,�W^Q�-��JW�-X��$+�m ¸ ­ ± É Å
�qf$)*IK"QJW�#����X�%-
�+&IKJ#"QV��Í��	��¢� ¸ ­ ± É Å�ÄÈ¸ Ih	�+��
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 �/l w É Å � ÂË�4�a¸¬�sw��j~-$�~F{�u.$'�'& *¶¦ Ê ¦ w �
wx�j�!Å'¸�( # w��Q¸Æ�[{��[�'���r{qvx{q�/{q}¢�j~���wz}¢�F{q���
vz{q|g�4{q�¶vz{�}s�'�F�[¸ ­ ± É Å�~��W�����4vz~_«Ëwz}s�s���Á��vz�Wu;:�~Fw &q{©wz}/�swx�F~Ln$¸ ­ ± É Å_Ä ¸ ¯ �¢|'}�y�«?¹'±�0À±�0À± ¯
wz}¢�F{q�Fvx{g|g�4{��q�¶�j�s{§�s���4�h�'~F{qy&~��W�����4vµwz}¢�F{q�Fvx{g|g�4{�y&~��W~��j{�� ug|'}&uq�4}¢�4{��F�4{À{g|��Fvzwx{q�À«Ë{'¥ �s¥x�
|'�s���F� � wz�[|��j{�vx�c±�»x¨ay �LÂË�'� �[wx�F{q�F|��jwx�4}s~ ¯ �s���_�,|'~_|'}Æ{��F���4�/0,���'�_|��F�4�s}�y¬|'}À�4�Fy�{q�
�'Â
�[|'�4}sw��j�sys{o�swz�'�s{q��¥ Ê �s{��s�F�'�h�4~�{qy�~���~��j{�� |'vz~��k�,|'~_�j�s{��s���4��{q���>�Æ�'Â¶uq�'}#�'{q���4wz}s�§|��
|�vz�²�Á{q�_Ì v 5 |�~��j�s{Ã}#�s����{q�
�'ÂQys{qu���y�{q�©wx�j{��j|��Fwz�4}�~�wz}su��F{q|'~F{[«=���À�F�[|����4wz}¢� ¯ ¥
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6 it. reproduction 
6 it. original     
8 it. reproduction 
8 it. original     
10 it. reproduction
16 it. reproduction
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���� �K�=M¢��� ¸ IK	�+��������-V���� ���!+(
���Ih" V("$R�� �-)*%-J#"Kf$	�X�� � � ��
 �©NK	�)*
�J¢�(i
+�	�"QX��l���-%-�K"$R�
�VK+�	�"QXZ"Q ÏIK	�+ 	�X�+��-��J#�,�W^Q�-R �qf$�²+��-) 	�X � �aY 
 �,�
�F� ��X�+��-�hi
J#�,�W^Q�-�&J#�-X��$+�m ¸ ­ ± É Å �qf$)*IK"QJ#�W����X�%-
�+ IhJW"QV��Í��	��¢� ¸ ­ ± É Å�ÄÈ¸ IK	�+��

·$wz��¥ � ¥x¨gÅÆ�F{��s�F�Wys�su�{q~a�j�s{[~��W~��F{q� wz} 
 �/l w É Å � |'uqu��4�Fyswx}s�§�j�Æ�F�s{Ð~��h{�uqw�ª,ug|��Fwz�4}�~
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�j��{q�F{�wz}(¥ Ê �s{Æ{q�/�svz�²�'{qy u���ys{Æys�W{q~Ð}��'�Ð~�{q{�� �F�!�>hh{q�/�h{��F�F{q�Ð��{q��ÂË�4�F�[|'}su�{À�
��{q}
wz}�uq�F{q|'~Fwx}s���j�s{Ã}#�s����{q�
�'ÂQys{�uq�Wys{q�
wx�F{q�F|��jwx�4}s~q¥

·$wz��¥ � ¥�¨�½È�svx�'�j~a�j�s{c��vz�Wu;:�{��F�F�'���j|��F{k�'Â
�j��{k�s�F�'�h�4~�{qy�~��W~��j{q�À¥ Ê �s{c~j|'�/{kª,���
�s��{ |'vz~��c�svz�'�F~U�j��{��svz�Wu;:Æ{��F���4���j|��F{��'ÂÁ�F{��s�F�Wys�su�{qy��j�s���4�s�4�r~�wz���svz|��jwx�4}s~©~��W~��F{q� wx}
 �/l w É Å � ¥ Ê �s{ ~���~��j{�� wx} 
 � l w É Å � �s|'~a|§vx�²�¡{����svz�Wu;:È{��F�F�'� 0,���'���#��|'}r�4�Fys{����'Â
�[|'�4}sw��j�sys{�¥ Ê �¬wx�[���F�²�4{ �j�s{Ð{q�F���4�20,���'���'Â��F�s{Ð���F�4���4~F{�yO~��W~��F{q�À�n|'} wx}¢�j{q��vz{q|²�'{q�D�
{q}�uq�Wys{q���4���Fwz�/w &q|��jwx�4}_���F�Wuq{qy��s�F{t�[|²�_ÂË�4vzvx�²���j�s{t~��F{q�s~��s��{q~�{q}¢�j{�y�wz}�y�{���|�wzv'ÂË�4� ���)*¶Ì,+
{q}�uq�Wys{q��~_wx}ÈÌW{qu��Fwz�4} � ¥¿¾�¥
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6 iter     
6 iter bit 
8 iter     
8 iter bit 
10 iter    
10 iter bit
11 iter    
11 iter bit
12 iter    
12 iter bit
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������K�=M �h� ¸ IK	�+��������-V���� ����+(
���Ih"�V("$R��Ð�-)*%-J#"Kf$	�X�� � � ��
 � �aJ#"$V���SU�hi
�K"Q� `��s+���%-�-�� #"$��)U��X�V(�¬"Q Æ+�m��¬%-�h"$%-"$���-RO�qf��²+��-)2��X�R�+�m��¬��	�)*
�J¢�s+�	�"QX��
���-%-�K"$R�
�V(�-R\�qf$�²+��-) 	�X � �oY 
 �,�
�F� ��X�+��-��JW�,�#^Q���ÏJ#�-X��$+�m ¸ ­ ± É Å �qf$)*IK"QJ#�W�
��X�%-
�+&IKJ#"QV��Í��	��¢� ¸ ­ ± É Å�ÄÈ¸ Ih	�+��
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Ê �swz~��F�s{q~�wz~�{ � |'�/wz}s{�ya|
�/{��F�s�WyÃ�F�©|'u��swz{��4{¶�swz�'��~F��{qu��F�j|'v#{9z[u�wz{�}su��Ã�s~�wz}s�
~������h�4v
wz}¢�F{q�Fvx{g|g�4{�y��,|'�j|�vzvz{�vtuq�4}suq|��j{�},|��F{qy��j�F{�vzvxwz~auq�Wys{qy��/��ys��v�|��Fwz�4}(¥ Ê �s{k�j���F����{q}su���ys{��
ys{�~Fwz�'}!uq�'}s~Fwx~��j~a�'Â��>�Á�È�s|'���F~q�$u��4}s~��jwx�F�s{q}¢�o{q}su���y�{q��y�{q~Fwx�4} |�}sy!wx}#�F{q��vz{g|g�'{q�ays{q~�wz�4}(�
{ � |'�/wz}�{qy§wz}Æ¦¡�,|'���j{q��~U¹ |'}�y ¸[��{q~��h{�u��jw��4{�vx�4¥

¦¡�,|'���F{q�Ð¾¬wz}¢�j����ys��uq{qy��j��{c~���|��j{��C~F�,|�uq{À�F{q���F{q~�{q}¢��|��jwz�'}&�'Â_uq�'}#�'�4vz���jwz�'},|'v�u���ys{�~
|'}sy��F�s{
}s�'�jwx�4}��'ÂK|'vx�4{q�s�F|'wzuÁ{q³#�sw��'|�vz{q}�uq{'¥ Ê �s{
�j|��Fwz�4},|�v�ÂË�4���]�F�s{q�4��{q�T~��s�²�
~¶�F�,|��twx}
�4��ys{q���j�_{ � |'�/wz}s{¶|'vxv#|'vz�4{��s�j|�wzug|�vzvx�©yswx~��Fwz}su��Q{�}suq�Wys{��F~q�'wx��wz~�~F�%z/u�wz{q}¢�Q�j�©uq�4}s~�wzys{��Q�'}svx�
�j��{kug|'}��4}swzuq|'v¶�[{��[�4���l~��j���su��F�s�F{�~��
wx�j��� ���²�
~q¥ # }�|'vx�4{q���j|'wxu[u��Fwx�F{q��wz�4}(�Qys{q��wx�'{qy
ÂË�F�'� |'�s�svxwzug|��jwz�'}l��Âµuq�4}¢�F�F�4vt�j�s{��4����}s�'�Fwz�4}�~a�F�Èuq�'}#�'�4vz���jwz�'},|'vtuq�Wys{Ðy�{q~Fwx�4}(�$|'vzvx���
~
�j��u��s{qu;:��/wz}swx�Ð|'vxwx�>��|'�/�4}s�l�j|'}��4{Æ{�³#�swx��|'vx{q}¢�Ð{�}suq�Wys{��F~q¥ # ~Ð|'} |��s�svzwxug|��Fwz�4}K�¶�Á{
�s���4�h�'~F{qy�|Æ�[{��j�s�Wy!�j�Èu��s{qu;: �/wz}�wz�[|'vzw��>�È�s}�ys{q����{q��wz�Wyswzu/�s�s}su��j�s��wz}s���n|'}sy�|'~�~F{�~F~
�j��{_��{q��ÂË�4�F�[|'}su�{_�'Â(}s�4}Ð�/wz}�wz�[|'v�{�}suq�Wys{��F~q¥ÁÌ�wx���svz|��jwx�4}��F{�~F�sv��j~Á|'}syÐu���y�{_��|��svz{�~tÂË�'�
¨���¸§u���ys{�~Ã�4���jwx�[w &q{�y¬ÂË�4�Ã�U|'�/�/wz}s�Ð�Á{qwx�4�¢�a�s}sys{��a���'�F���sw���� �
wz~F{�|'}syl~��W�����4v�� �
wz~F{
�s�s}�u��j���Fwz}��Ð|'��{�wz}su�vz�sy�{qy(¥

Ê �s{�uq�'}s~��Fwx�j��{q}¢�µ{q}�uq�Wys{q�µys{�~Fwx�4}l« ¦¡�,|����j{��µ¹ ¯ y�{��j{��F�/wz}s{�yk�j�s{U�4���jwx�[w &g|��Fwz�4} u��Fw��
�j{��Fwz|�|'}syÐ{ � �j{�}sys{qyc�F�s{U{9hK{�u��jw��4{*y�wz~��j|'}su�{U���4�s}syÐ�F��~��W�����4v��C�
wz~�{_wx}s�s���F~q¥ �¡|'~F{�yc�4}
�j��{aÂË�F|'�[{��¡�'� :kys{��4{�vz�4��{qyÆwz}È¦¡�,|'���F{q�U¾��Á{owxys{q}¢�Fwxª,{�yÀ�F�s{ouq|'}s�4}�wzug|�v(~��F�F�su��j�s��{q~_ÂË�'�
�j��{Uuq�'}s~��Fwx�j��{q}¢��{�}suq�Wys{q�Á~F{q|'�Fu��c~��,|'uq{�¥ >>}k�[|'}¢� ug|'~�{q~��'Â(�s�j|'u��jwxug|'v-wz}¢�F{q�F{�~��q���j��{U�4���
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�jwx�Ð|�v�~��j�F��u��j���F{
ÂË�4�$�j��{q~F{©uq�'}s~��Fwx�j��{q}¢�t{q}su���y�{q�F~¶uq�'}s}s{qu��j~t�j�s{µ�/{q�/�4����{�vz{q�/{q}¢�F~¶wx} |
~Fwx}s�4vx{a���²�Ã¥ Ê �swz~©~Fwx}s�4vz{Ã����� �4{q}s{��j|'vxvx�§|��s�svzwx{q~µ�j�/�j�s���h���>uq�Wys{Ãuq�'}s~��Fwx�j��{q}¢�*{�}suq�Wys{q��~
ÂË�4�Ã�,|'�F|'vzvx{qv�u��4}suq|��j{�},|��jwx�4}�|'}sy!wx~Ã}s�'�a�F{�~��j��wzu��j{qyl�j�Æ~��W�����4vnwz}¢�j{��Fvx{g|g�Wwz}s�À�4���j��{qvzvxwz~
uq�Wys{�y&�/��y��sv�|��Fwz�4}K¥ # ~/|'}�{ � |��[�svx{'�t�¡{À�s��{q~F{�}¢�j{qy uq�Wys{q~ �4���Fwz�/w &�{qy ÂË�4���sw���� �
wz~F{
{ hh{qu��jw��4{ayswz~���|'}su�{Ãuq�4�s��vz{qyc�
w��j� � *¶Ì,+�¥

Ê �s{�wx}¢�j{q��vz{q|²�'{q�
ys{�~Fwz�'} «?¦¡�,|'���F{q�©¸ ¯ { � �j{�}sys{qy¬�F�s{Ã~F�s��{g|'yÆwz}¢�j{��Fvx{g|g�4{��_ys{�~Fwx�4}À�F�
��| :'{Ãwz}¢�j� |�uquq�'�s}¢�_���svx�Fwz�svx{U{q���F�4�µ{��4{�}#�F~q�h|'}sy§�s���4�h�'~F{qyÆ|�~F{��[w��>�j|�}sys�4� wz}¢�j{��Fvx{g|g�4{��
uq�'}s~��F�F�su��jwz�'}Æ�/{��F�s��yK¥

Ì�wz���sv�|��Fwz�4}��F{q~��svx�F~©« ¦¡�,|����j{�� � ¯ ÂË�'�¶¾���wx�j~-$�~F{�u.$'�'&µ�
wx�j�§¨²Å�� ( # w��¢¾���wx�j~-$�~F{�u.$'�'&
�
wx�F� ���)*¶Ì,+��n|�}syO¸r�swx�F~%$�~�{qu.$�� &k�
wx�F��Å'¸��)( # w ~F�s�²� �j�,|����j�s{§�s���4�h�'~F{qy�~������h�4v
wz}¢�F{q�Fvx{g|g�4{�yO~��W~��F{q�À�t|'~�u��4�/�,|'�F{�y!�j�Æ�j�s{[~��W~��F{q�/~��F{q���4���j{qy!wz}!�F�s{Ðvxwx�j{��j|��F�s�F{��$uq|'}
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