
���������	��

������������������������ !�"���$#%��&('!)*��+,#-�.��/0�1���2�3�� 4 
'5#��6�0#-�
 

7981:�;�<=;?>A@ 7
BC;?>ED,F6GHBJI*;?>�K
L GHMNGHIPO2GHQ�RTS6U1V?W�W�R

X�Y�Z\[^]`_bac[
dfe1gbh�i`jke�l�m�ncl$oqp�priNh4stiNuve1w�xzy�{}|�~��0iN�Nl�nco���s$n�s�e0l�l�m�n`l4o�s$�������������c�k���C�

� o��Co�uvu����bek{�l�mbe^�f|�~��0ik�Hl�nco���s�n�s�e0l�l�m�ncl�o�s%�����4��h�o��b ��^ikuvgb¡�e0l�e"prikh%|�~
�¢mbe^���^e�£c�Jl�h��bl�mT��l�n � ¡�e��0iNu¤g�¡�e^l�e}� � �bl���icl�¥0��l�h��Tl�mT��l�n � ¡�e��0iNuvgb¡�e^l�e�prikh�|�~�¦
��m���s�l�m�o�s�m�§�g=ikl�mbe}sto�s�o�uvgb¡�o�e\s%n�s�l�h�iN�b �s�e^g=nch�n`l�o�ik�¨icp��^ikuvgb¡�e0l�e\�be\s�s��bik�
l�o�iN��s�priNhf|�~�¦�©4�Tl�ª*nc��«¬�¨n�§kikh�«TiNu¤i�­ ©4��®N¯�°±nc��«¬²�u � iNst��³Tgbo�e}s¨nk��«
´µe^�Hl�ª^o�e^�5­ ²�³T´�yky`°¤gbh�e^j�o�ik��s�¡�§¶i � l�nko��be}«�l�mbe*s�nkuvez�0iN��s�e\·H�be^�=�0e¸��s�o��� 
stl�h�ik�b fm�§�g=ikl�mbe}ste}s±o���jNik¡�jHo��b Ph�e\s�ik�bh��0e^� � ik�b�=«Te\«¹u¤e}nks��bh�e3nk��«=º`ikh��^ncl�e^�
 Nikh�§¨l�mbe^iNh�§N¦¼»���h"m�§�g=ikl�mbe}sto�s"o�s¤½µe\nc¾Ne^h¤nc��«¸o���jkiN¡�jNe\s-��ifnNs�s��buvgTl�o�ik�=s
n � iN�Tl�s�l�i���m=nkstl�o���g�h�iNg=e\htl�o�e}s�icp�|�~�¦

¿ À$Á¤Â�ÃAÄ�Å�Æ3ÇµÂ�È^Ä"Á

ÉËÊ¤ÌTÍ4Î0ÏTÐrÑPÏ
ÒÓÎÓÔ^ÌbÑ�Õ�Ò0Ê`Ö4Ï�Ô^Ï�Î0Ð×ÌbÑfÌTØ1Ö�ÌbÙ×Ú�Ñ�ÌbÛ�ÐrÏTÙ×Ü�Î0ÐrÛ�Ê-Ý�ÌbÛ�Ö4ÙrÊ`ÎÓÊcÑ�ÊcÒ0Ò%Ñ�ÌTÎ0Ð×ÌbÑ4Ò�Þ$Ñ�Ü
ß Ê`Ô1Î0à�Ê�à=Ú?Ö�ÌTÎ0à$ÊcÒ0ÐrÒ�Î0à$Ï�Î1Ø�ÌTÔ2ÒÓÌbÛ�Ê�á-â¬ã�ä�å"æzÝ�ÌbÑ�Î0ÏTÐ¢Ñ$Ò2Ï%ÒÓÊ`Î2Î0à$Ï�Î2ÐrÒAçvè%éÓê¹ëvì�íHî�ïÓðtÜ
Í4Ð�ÜtÐrÛ�Û�Þ$Ñ�ÊTñEÉËÊ¼Ö$Ô0ÌNòTÊ¼Þ$Ñ ß Ê`Ô3Î0à$ÐrÒ3à=Ú=Ö�ÌTÎ0à�ÊcÒ^ÐrÒ�Î0à$Ï�Î�å"æóÝ�ÌbÑ�Î0ÏTÐ¢Ñ$Ò�ÏôÒÓÊ`Î�Î0à$Ï�Î
ÐrÒ¹õ%ö÷}ø�ù�ÜtÝ�ÌbÛ�Ö6Ù×Ê`ÎÓÊ�ìCà�ÊcÑ4Ý�Ê¶õ%öú ø$û×û ÜtÝ�ÌbÛ�Ö6Ù×Ê`ÎÓÊNð3Ø�ÌTÔ9å¤æüÍ6Þ�Î¨Ñ�ÌTÎ¹õ-ö ý ø$û×û ÜtÝ�ÌbÛ�Ö4Ù×Ê`ÎÓÊ
ØJÌTÔ¸å¤æ�ñ�é�ÑþÏ ß4ß Ð×Î0Ð×ÌbÑAä%ÿ�Ê*Ö$Ô0ÌkòTÊôÎ0à$Ï�Î¸Ð×Ø±Ø�ÌTÔPÒÓÌbÛ�Ê áEâ(ã�ä"å¤æ ����� Ütå¤æ Ý�ÌbÑ�Ü
Î0ÏTÐrÑ$Ò±ÏPÒÓÊ`Î±Î0à$Ï�Î�ÐrÒvçvè%éÓê¹ë¤ì�í î ï^ðtÜ�Í6Ð�ÜtÐrÛ�Û�Þ$Ñ�ÊTä�Î0à�ÊcÑËå¤æ5Ý�ÌbÑ=Î0ÏTÐrÑ$Ò±Ï¸ÒÓÊ`ÎvÎ0à$Ï�Î�ÐrÒ
õ ö ÷}ø$û×û ÜtÝ�ÌbÛ�Ö4Ù×Ê`ÎÓÊvØ�ÌTÔ�å¤æ Í4Þ�Î�Ñ�ÌTÎvõ ö ý ø$û×û ÜtÝ�ÌbÛ�Ö4Ù×Ê`ÎÓÊ¤Ø�ÌTÔ�å¤æµñAì�ÉËÊvÔ0Ê`ò�Ð×Ê`ÿ Ý�ÌbÛ�Û�ÌbÑ
Ñ�ÌTÎ0Ï�Î0Ð×ÌbÑ¼Ø�ÌTÔ-Ö�ÌbÙ×Ú�Ñ�ÌbÛ�ÐrÏTÙ×Ü�Î0ÐrÛ�Ê¤Ô0Ê ß Þ$Ý`Ð×Í6ÐrÙrÐ×Î0Ð×ÊcÒ�ÐrÑPÎ0à�Ê�Ñ$Ê��?Î-ÒÓÊcÝ�Î0ÐrÌbÑAñ�ð

è-à�Ê��=Þ�ÊcÒ0Î0Ð×ÌbÑ�ÌTØ4ÿ�à�Ê`Î0à�Ê`Ô�òHÏ�Ô^ÐrÌbÞ$Ò�Ý�ÌbÛ�Ö4Ù×Ê`ÎÓÊcÑ�ÊcÒ0ÒµÑ�ÌTÎ0Ð×ÌbÑ4Ò2Ø�ÌTÔµå¤æËÏ�Ô0Ê ß ÐrÒÓÎ0Ð¢Ñ$Ý�Î
à$ÏTÒ�Ï�òTÊ`Ô^ÚPÙrÌbÑ�Õ�à$ÐrÒÓÎÓÌTÔ^Ú
	 ����
�������ä4ÏTÑ ß à$ÏTÒ-ÏTÙ×ÿ�ÏcÚ�Ò-Í�Ê`ÊcÑ¸ÌTØ�ÐrÑ=ÎÓÊ`Ô0ÊcÒÓÎ%Í�ÊcÝ`ÏTÞ$Ò0Ê�ÌTØ

������������� �"!$#&%('*),+-�/.&01.&23.&�54768),+�9-��:;��+�9-��+-%��=<=!�>?47@A#&01+�%���.&BC+D43��EGF5H5I$65F3JLKMBC#&N�9-BC+��O<O'�01P1�
.&'-�8!C23.&'�BC#=<Q!C�R!$.�ST+-01U���#&� 0V.,>W!X.TY�2-Z[!CP1B3JQ��\*!C01P^]L!C:�!XUC!C+�_R#&��� �"!X#&%`'[J +$a�J +���%5J %�B5\

b&c ��:�!X# .&\d��+?.ABCeD�fBC\d:�23.&��#�g3%�01��+-%��O!C+�9h��+�i501+-����#&01+�i34?ST+-0jU5��#&� 0V.,>k!$.fYf2-Z[!$P1B-47Yf23Z[!CP1B-4��Rl
m 6?n$o5F3JQ�L\*!$01Pp]L� ��P1\*!$+;_T%�� �5J q-2-Z[!CP1B3J ��9-2

r

Electronic Colloquium on Computational Complexity, Report No. 5 (2002)

ISSN 1433-8092




Î0à�Ê�Ò^Þ�Ô0Ö$Ô^Ð¢Ò0ÐrÑ�Õ�Ö4à�ÊcÑ�ÌbÛ�ÊcÑ�ÌbÑ¹Î0à4Ï�Î¤Ñ�ÌfÑ$Ï�Î0Þ�Ô^ÏTÙ�å"æ�ÜtÝ�ÌbÛ�Ö4Ù×Ê`ÎÓÊ�Ö$Ô0ÌTÍ6Ù×ÊcÛ�à$ÏTÒ"Ê`òTÊ`Ô
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Ö4Ï�Ö�Ê`Ô^Ò%ÏTÒ-Ø�ÌbÙrÙ×ÌNÿ�Ò��
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ÏTÑ ß ä�Ø�ÌTÔ-ÊcÏTÝ^à7/�2 r ä ß Ê+�4Ñ�Ê
8 1 � 6 . \ . ý:9 #1 õ \ . \<; . #1 >>=
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G � F 1 Ì ß$ß 8 1 :
V�H � V � E :
V � � V � G :
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#8�è � E =
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Þ$Ñ$ÊTäTÍ=Ú3æ�Ô0ÌTÖ�ÌbÒ0ÐrÎ0Ð×ÌbÑ r äbÍ�ÌTÎ0à3Î0à�Ê�ÒÓÊ`Î0Ò
� � V ÏTÑ ß � � VþÏ�Ô0Ê�ÐrÑ��6Ñ$Ð×ÎÓÊTñ�è-à=Þ4Ò`ä�� � V � ÏTÑ ß � � V � Ï�Ô0Ê�ÐrÑ��4Ñ$Ð×ÎÓÊTñ
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2�0 �Q��N�. � OQ� ) 2 OQP V � . O���j1�C%#0d� .�%#0>,�0+.

K � 6 .[? G \C\ *�ì�.Að�\ ; \ .E\ ý:9 # >
��,���� � .109j

* 2 O;O )�j
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Ý�ÌTÔ0Ô0ÊcÝ�Î0Ù×Ú ß ÊcÝ`Ð ß ÊcÒ$V�ñ �1Ê`Î
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Ø�ÌbÙrÙ×ÌNÿ�ÐrÑ�ÕfÏTÙ×ÕTÌTÔ^Ð×Î0à$Û
Ý�ÌTÔ0Ô0ÊcÝ�Î0Ù×Ú ß ÊcÝ`Ð ß ÊcÒ$V ÏTÑ ß Ô^Þ4Ñ$ÒvÐrÑ í î Î0ÐrÛ�Ê�ÌbÑ ÏTÙrÙ�ÒÓÎÓÔ^Ð¢Ñ�ÕbÒ¤Í�ÊcÙrÌbÑ�ÕbÐrÑ�ÕPÎÓÌFKe� � Ñ
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å�Ê���Î%ÿ�Ê¤Ò0à$Ìkÿ Î0à$Ï�Î�Î0à�ÊvÔ0Ê ß Þ$Ý�Î0ÐrÌbÑ9Ò0à$ÌbÞ$Ù ß Û¨Ï�ÖPÏTÙ¢Û�ÌbÒÓÎ�ÏTÙrÙ4Î0à$ÊvÒ0ÎÓÔ^ÐrÑ�ÕbÒ�ÌTØ G
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ë8��ÏTÝ�Î0ÙrÚTä1ÿ�Ê
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� ý � 6 .c? � \ ��ì�.Að � r � > : ÏTÑ ß
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 ÌbÑ$Ò0Ð ß Ê`Ô%Î0à�Ê�Ø�ÌbÙrÙ×ÌNÿ�ÐrÑ�Õ�Ö4Ï�Ô0Î0Ð×Î0ÐrÌbÑPÌTØ 	 ñ
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�ÐrÑ$Ý�Ê 	 ÷ � 	 � � ä \ .E\ � .21 ä�Ø�ÌTÔvÒÓÌbÛ�Ê�Ì ß$ß
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�Þ$Ö$Ö�ÌbÒÓÊ 	 ú ÐrÒPÐrÑ��6Ñ$Ð×ÎÓÊTñ ç¤Ê+�4Ñ�Ê 	�� �

	 ú C V � ñ ÉËÊ �4Ô^ÒÓÎ�Ò0à�ÌNÿ�ä%Þ$Ñ ß Ê`Ô�Î0à$Ê¹ÏTÒ0Ò0Þ$Û�Ö$Î0Ð×ÌbÑ 	 ú ÐrÒ�Ð¢Ñ��4Ñ$Ð×ÎÓÊTä�Î0à$Ï�Î 	 � ÐrÒÐrÑ��4Ñ$ÐrÎÓÊTñ 
�Þ$Ö$Ö�ÌbÒÓÊ 	�� ÐrÒ �4Ñ$ÐrÎÓÊTñ�è�à�ÊcÑfÎ0à�Ê�ÒÓÊ`Î 	�� � 	 ú � V � ß Ð43�Ê`Ô^Ò�ØJÔ^ÌbÛ 	 ú Í?ÚÏ��4Ñ4Ð×ÎÓÊ
ÒÓÊ`Î`ñvè-à?Þ$Ò`ä�Ò0ÐrÑ$Ý�Ê 	 ú ?Ëæ-ä 	�� ?Ëæ ÏTÙrÒ0Ì�ñ 8�Î¤Î0à$ÐrÒ"Ö�ÌbÐrÑ�Î`ä�ÿ�Ê ��Ñ�Ìkÿ Î0à$Ï�Î
	�� Ð¢Ò¤ÏTÑËÐ¢Ñ��4Ñ$Ð×ÎÓÊ�Ò0Þ�Í4Ò0Ê`Î"ÌTØ G Î0à$Ï�Î±Í�ÊcÙ×ÌbÑ�ÕbÒ¤ÎÓÌ¼æ-ä1ÏTÑ ß Î0à$Ï�Î 	�� Ð¢Ò¤ÏPÒ0Þ$Í4ÒÓÊ`ÎvÌTØ
V � ñfè-à?Þ$Ò`ä 	�� � V � ÐrÒ±ÊcÛ�Ö$Î�ÚTä�ÿ�à$ÐrÝ\à Ý�ÌbÑ�ÎÓÔ\Ï ß ÐrÝ�Î0Ò �2ÊcÛ�Û�Ï r ñfè-à?Þ$Ò`ä 	�� ÐrÒ�ÏTÑ
ÐrÑ��4Ñ$ÐrÎÓÊ¤Ò0Þ$Í4ÒÓÊ`Î%ÌTØ 	 ú ñ
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