
���������
	���
���������
������
������������� �
�"!#�%$&�'��
)(��*���
���+�,���-� �"�.$/�10��"�%�324�%�5�

6�798:7<;>=3?@7"AB8:CEDBF*G
H 8:I*JKAMLONP8:Q LR=3SUT4=3NVI9W9LB8XAZY"D:CE8:Q&D:8
[ 8XC@\XN]JKQ�Q_^`Q9aMLOCbLOW9LO8>=3S�Y�D:C@8XQ&Dc8

d 8:F9=fe3=3Lhg*ikjflnmpo*q9r
s3t"uvt�wvx
y5z{t9s}|R~�x�u9yf�v|&�K� ��~.����~�y5�

� e C [ C@�v798XABaM=3Q
� F&8���8:��AB8:����Q9Cbev8:AOaMCbL-�vg%�{8:AMW&aBJ{?@8:N

JKQ&7
� F98#^`Q&a.LOCbLOW9LO8�S�=KA � 7�eKJKQ&D:8c7<Y�LOW&7"�vg*�UAOCbQ&Dc8XLB=3Q

�3�
y{wK|&�3� ��~ByK��zU~,uvtv�
� Jh����g*�3�v�v�

�����M .¡�¢f£X 
¤�¥U¦�§}¨*¦�§}¨.©cª¬«�©k­f®f¯°¨M±f²f©:ª�³X¥f²}©c´�¥}¨M¯�¯.µO®{©:¦¬¨O¥:¦°¶·³X¸f¹b±{¥}¶º­»©cª°´R¼5©:½f¯°¨Mª°¾X¨Oª°¯5³:ª¬¨*´4©}²}¨.¸·¨M²¿³:¯vÀKÁ�Â:Ã�Ä:Ã,Å»ÆÇÅÉÈ-ÊbÅÌË

®K©X¸·«}¥}©:´4¶É³k¸ÎÍE¦°¶·´4¨�´�³:Ï-§}¶·¥f¨M¯MÐ�¤�¥Ñ­Ì³XÏ.¦�´�³X¥c«Ò©k­Ó¦°§f¨�Ï,¨O¥c¦°ª�³k¸
ª°¨M¯�±}¸·¦°¯�¶·¥Ô¦�§f³k¦Õ¦°§}¨M©:ª°«Ò³:ª¬¨R®{ª¬©�¾:¨M¥Ò¾h¶·³
®{ª¬©c½f³X½}¶·¸·¶·¯°¦¬¶ÉÏ�®{©:¸Î«}¥}©c´Õ¶É³k¸ÎÍ@¦¬¶É´Õ¨�ª°¨M²f±fÏ.¦¬¶·©:¥f¯MÐ�¤�¥�¦�§}¶É¯�®f³X®K¨MªUÖ%¨×¯°§f©�ÖØ¦°§f³X¦�³X¥f³X¸Î©:ÙX©c±f¯Ú²f¨.¦¬¨Oª°´4¶É¥}¶É¯¬¦°¶·Ï
ª°¨M²{±fÏ,¦°¶Î©c¥f¯
³:ª¬¨Ó±{¥}¸Î¶ÉÛk¨M¸Î«�¦°©Õ§}©:¸·²5Ð9ÜÒ¨ÚÏ.©:¥fÏ.¸·±f²f¨p¦°§{³k¦
ª�³X¥{²}©:´�¥}¨O¯°¯&©X­ ¦°§}¨Ú©:½f¯°¨Mª°¾X¨Oª&¶É¯Ý¨O¯°¯°¨M¥c¦¬¶É³k¸K¦¬©�¦�§}¨
¦�§}¨.©cª¬«�©k­&®f¯¬¨O±f²}©cª°³:¥f²}©:´�¥}¨O¯°¯MÐ

ÜÞ§{³k¦�Ö%¨�³:Ï,¦�±f³k¸·¸Î«Ô®fª°©�¾X¨×¶É¯4¦°§f³X¦�¦�§}¨Z§c«}®K©X¦°§f¨M¯°¨M¯�©X­p¦ßÖ%©�Ï,¨O¥:¦�ª°³X¸Ý¦�§}¨.©cª¬¨O´4¯�¹Ì¶É¥à¦�§}¨�¦�§}¨.©cª¬«Ñ©X­
®{¯¬¨O±f²}©:ª�³X¥{²}©:´�¥}¨O¯°¯-¼"§}©X¸É²×±f¥fÏ.©:¥f²}¶·¦¬¶·©:¥{³k¸·¸Î«ÕÖÓ§}¨M¥�¯°¦°³k¦°¨M²�Öá¶·¦°§×ª°¨M¯�®{¨OÏ,¦&¦°©�âXã.Ê@ã.Á-äÕÅæåKÅÉÈ-ÊbÅÌËÚ®{©:¸Î«}¥}©c´4¶·³X¸ºÍ
¦°¶·´4¨Ô³k¸·ÙX©cª¬¶·¦°§{´4¯MÐèçá§h±f¯.µ�¶Î­Õ¦°§f¨M¯°¨#¦�§}¨.©cª¬¨O´4¯�Ö%¨Mª°¨#¦�ª°±}¨#­»©:ªZ²}¨M¦¬¨Mª�´4¶·¥f¶·¯°¦¬¶ÉÏÒ©:½f¯°¨Mª°¾X¨Oª°¯Mµá¦°§}¨O¥�¦�§}¨.¶Éª
Ï.©:¥fÏ.¸·±{¯¬¶·©:¥f¯�Ö
©c±}¸É²�§}©X¸É²Þ±f¥fÏ.©:¥f²f¶Î¦°¶Î©c¥f³k¸·¸Î«:µÓÖÓ§}¶ÉÏ-§]Ö
¨ÒÏ,©c¥f¯¬¶É²}¨Oª�±f¥}¸·¶ÉÛk¨.¸·«XÐêé{©:ª�¨,ëf³X´�®}¸·¨Xµp¶Î¦�Ö
©c±}¸·²
¶É´�®}¸·«�¹b±{¥fÏ,©c¥f²}¶·¦¬¶·©:¥f³X¸Î¸·«{¼
¦°§f³X¦Ó³X¥c«�±f¥f³:ª¬«×¸É³X¥fÙ:±f³XÙX¨�¶·¥Zì
í¿íê¶·¯n¶É¥�íRÐ

çá§f¨Uª°¨M¯�±}¸·¦°¯Ó³:ª¬¨U®fª°©�¾X¨O¥�±f¯°¶·¥fÙ�²f¶·³XÙX©:¥{³k¸·¶ÎîO³k¦¬¶·©:¥�³X¥f²Z®f³X¶·ª°Öá¶·¯°¨U¶·¥{²}¨M®K¨M¥f²f¨M¥c¦Ó¯°³:´�®}¸Î¨�¯�®f³:Ï,¨M¯MÐ

ïàðKñ&ò�ó"ô:õ
ö}÷ùøÚú,ûkü5ý þ}ÿ����5ý þ���� û�ú,ú��
	Uþ����"ü�
���
��æþ��������������kü���
�������û�ÿ����5ý þ���� �!��
��æþ��"�$#����hÿ%�'&$����(fü)��(}û�ú��
���*��(}þ������ � �!��
��æþ��"�*ø+���æÿ%,-�æú.û/.0� ý û��9û!�5ý û!�1
32��������æû42��)����û�ú!5

6�7!8�9:9�;=<?>A@%B-C!D-E�FHGJI)KML�NPO�;=8:Q�B�R�>TSU;=QWV�XJ@0<TYZR�Q�D�[

\

Electronic Colloquium on Computational Complexity, Report No. 56 (2000)

ISSN 1433-8092




���������
	���
��������

� F&8ZLMF&8c=KAO�P=3SnI&aM8:W&79=KA�JKQ&7�=3NPQ98caOa:g9CEQ9CbLOC@JKLB8:7à� ���Õ?EW�N g";>=3?@7��4J3aMaO8:Acg � CEDhJK?bC`g�JKQ&7��ÕJ3=�� ��g��"g��}����g
C@a�=3Q&8P=3S×LOF98PSßW9Q&79JKN 8XQ L�JK?ÕJ3DBF9CE8:e38:NP8:Q LBaÔ=3S�Dc=3NVI9?@8 ��CEL-� LOF98c=3AM�vr � F98PI9Cbev=3LÒ=3S�LOF�C@aÑJ{I9I9AB=vJ3DBF
C@aPLOF&8 a.W&�v�v8:aMLOCE=3Q�LB=èe C@8X� =3��!,8cD:LOa�J3a�8#"5W*JK?ZCES�LOF&8X�1DhJ{Q9Q&=3L]�
8<LB=K?@7�JKI*J{AOL]� ��JKQ �%$'&)(+*,$+-�.
/�021 (3$5476 0 $98¬C`rº83rÌgvI
=3?E� Q&=3NVCßJ{?;:`LMCENP8U=3Q&8:a3<krU^`QàI*JKAOLMC@DXW9?ßJKAcgvJ�7�CEaMLMAOCE��W9LOCE=3QÑLOF&JKL¿DhJ{Q9Q&=3L¿�
8=$'&)(+*,$+-�.?>A@
47*CB+.D*E-GFH6I*CB3J�$54VSßAO=3N�LOF&8�W9Q9CbS�=3AON)7�CEaMLOAMCE�9W�LOC@=KQP�×Cb?E?&�
8ZDc=KQ&aMCE798:AO8c7ÞJ3a��%8XCEQ&�LK,A�JKQ&7�=3N�MN8°=KA4A�J{LOF&8XA
K.ABJKQ&79=3N�S�=3A�JK?E?ÝI9ABJ3D:LMC@DhJ{?
I9W�AOI
=vaO8:a5M9g9=KAOK.I&aM8:W&7�=3A�JKQ979=3NNMG<Xr�Y�=3N 8�SßW9Q&7&J{N 8XQ�LBJK?%AO8ca.W9?ELOa4CEQPLOF9CEa
LOF98c=3AM�ÞJKAB8�a.W�PVD:C@8XQ L�D:=3Q&7�CbLOCE=3Q&a�S�=3AR8+Q%8:D:LOCbev8�I&aO8XW&79=3ABJKQ&79=KNPQ&8:aOa:gÝ7"C@aODXW&aOaM8c7 �
8:?E=}��r

[ 8]I�AB=3�
8]LOF&8]NP8hJ{Q9CEQ&� =3S�KM8RPVD:CE8:Q LÔI9AO="D:8c7�W9AO8caSMêCbQ'LOF&8�7�8RT9Q9CbLOCE=3Q =3S�JK?E?E=}�48:7è=3�&aO8XAOe38:ABaRU
aMI
8cDXCCT&DcJK?E?b�vgf�×F&8:LMF&8:AÚLOF&8�=3�&aM8:AMev8:AOa¿JKAO8ÕJ{?E?@=}�Õ8c7�LB=��%8¿I9AO=3�*JK�9Cb?ECEaMLOCEDU=3ApQ&=3LcrÚ^`Q#LOF&8�DhJ3aM84=3�9aO8:AMev8XABa
JKAO8ÑQ&=3Q W9Q9CbS�=3AON DXCEAOD:W9CbLBacgnLMF&8à7�C@a.LOCbQ&D:LMC@=3Q<N JWV38ca>Q&=�7�CCQ
8:AO8:Q&D:83rV��=}�Õ8:ev8XAhgp�×F&8:Q =3�&aM8:AOe38:AOaÑJKAO8
W9Q9CbS�=3AON N]J3DBF�CEQ&8:acgp=3Q9?E� LOF&8�8¬Q&JKLOW9ABJK?'<�DcJ3aO8àCEQê�×F9C@DBF LOF&8X�êJKAB8 /�0217X3YZX *E>A*CB+.D*,(ÑI
=3?E� Q&=3NVCßJ{?�LOCbN 8
N J3DBF9CEQ98caU�4J3a¿Dc=3Q9aMC@7�8:AB8:7PaM=>S¬JKAhr � Q*JKLMW9A�JK?�" W98caMLMC@=3QàLMF*JKL�JKAMC@aM8caUC@aÚ�×F��ÒQ&=3L¿LB=�CE798:Q LMCESß�#8RPVD:CE8:Q L
I9AO="D:8c7�W9AO8caR�×CELMF[4\$+.]$ 0 ^ *E-�*CB+.?*,(ZI%=K?E� Q&=3NVCßJK?_:`LMCENP8RJK?@�v=KAOCELMF9NPacr

�UW9LOLMCEQ&��J3aMCE798_LMF&8_I9F�CE?@=3aO=3I9F�C@DhJ{?`8¬=3APDc=3Q&D:8:I9LMW*JK?E<�"5W&8ca.LOCE=3Q1=3S>�×F9CEDBF1DBF&=3CEDc8�C@aaK.Dc=3AMAB8cDXL2M9g
=3Q&8 N Jh��J3aSV1�×F98:LOF98:A�LOF&8ØDBF&=3CEDc8ØC@a]CbNPI
=3AOLBJKQ L]SßAB=KN J LO8cDBF9Q�C@DhJ{?>I%=3CbQ LÞ=3SÒe C@8X��r � F&JKLÞC@acg
79=<LMF&8bV Q&=}�×Q AO8ca.W9?ELOacg¿�×F9C@DBF JKAO8�aMLBJKLB8:7'CEQèLB8XAONPaÑ=3S /�0217X3YZX *E>A*CB+.?*,(P=3�9aO8:AMev8XABacg�F&=3?E7èJK?@aM= �×CELMF
AB8:aMI
8cDXL�LO=c4\$+.d$ 0 ^ *E-�*CB+.D*,( =K�&aO8XAOev8XABa:r [ 8 aMLMAB8:aOa�LOF*J{L�LOF&8eV Q&=}�×Q AB8ca.W9?ELOaÞJKAB8 =KS�LMF&8 S�=3AON * f
$'&)(+*,$+-�. /�021 (3$5476 0 $3Bg( Y -�- 1 .h4 1ji .EJ�$+-k$'&l(+*,$+-�. /�021 (3$5476 0 $3Bg( Y -�- 1 .�4 1jm g*J{Q&7_LMF&8:�ÞF&=3?E7��×F98:Q
8RPVDXC@8:Q L�I9AO="D:8c7�W�AB8caÞJ{AB8_CE798:Q LMCCT&8:7 �×CELOF /�0317X3YZX *E>A*CB+.D*,(�I%=K?E� Q&=3NVCßJK?_:`LMCENP8]JK?E�v=3AOCbLOF9NPacr [ 8 J3aSV
�×F&8XLOF&8XAVJKQ*JK?E=v�v=3W&a�AB8:aMW9?bLBaÒF9=3?@7ê�×F&8:Q 8RPVDXC@8:Q LÑI�AB=�Dc8c7"W9AB8:aàJKAB8 CE798:Q LMCCT&8:7��×CELMFn4\$+.d$ 0 ^ *E-�*CB+.D*,(
I
=3?E� Q&=3NVCßJ{?;:`LMCENP8RJK?@�3=3AOCbLOF9NPacr

� �4=�aMW&DBF1AO8caMW�?ELBao8¬S�=3AVI9AO=3�*JK�9Cb?ECEaMLOCED�=3�&aM8:AOe38:AOa3<VLMF*JKLV�48 S�=�D:W9a =3Qág�JKAB8�aMLBJKLB8:7�CEQ9S�=KAON JK?E?b�
�
8:?@=}��r
p`qsrutwvexzys{s|s}�~I�s�D�7�������?�D�'� ���Drk|��?�'~\�`|��#~\y�����}���{�����r[{s~\���L�_���\�]�+t9� f�$ Y (3Jj-�$S�H.?� X *E.�*E- Y 47*CB+�

. 0 * X 6\.?* 1 -�*CB�6\- /�0 $547*,(+. YZX >C$ X @�$'&)(+*,$+-�. /�021 (3$5476 0 $3B�.EJ�$+-�.'J�$`47*CB+. 0 * X 6I.D* 1 -e*CB / B�$+6�4 1�0SY -�4 1�^
8¬C`rº83rÌg�CbQ&7�C@a.LOCbQ&�3W9CEaMF*JK��?@8�SßAO=3N ABJKQ&79=3N � �Þ8RPVD:CE8:Q LRI9AB=�Dc8:7�W9AB8:a3<kr

p`qsrutw�bxzq���}���{�~\�����Drk|��?�'~\�`|w�R~Iys����}���{s����rk{s~\���������? #t9� f¡.'J�$ 0 $¢$S�H*CB+.'B Y -�$S� /�1 -�$+-�.D* Y >A�].D* ^ $
( 1�^�/ 6I. YZX >C$ /�0 $547*,( Y .d$£.'J Y .�*CB�*E-�� Y /Z/�021 �H* ^�YZX >C$ X @j$'&l(+*,$+-�. /�021 (3$5476 0 $3B£.'J�$+-�$+¤7$ 0 @�> Y -GFH6 Y FI$
*E-�¥§¦�¦¨J Y B Y 4\$+.]$ 0 ^ *E-�*CB+.?*,(©B+6 X �5$S� /�1 -�$+-�.D* Y >�B+* ^ 6I> Y .D* 1 -e.EJ Y .¡*CBg( 1�0 0 $3(+.�ª 1 - Y ¤7$ 0SY FI$G«R¬

� F&8VD:W9AMAB8XQ�L#I9AB=�=3S�a�=3SÕLOF&8:aO8àAB8ca.W9?ELOa�N JWV38P8:aOaO8XQ LOCßJ{?�W9aO8 =KSÕABJKQ&79=3NVC@\:8c7ØAB8:7�W&D:LMC@=3Q9acgÚJKQ&7 LMF W&a
S¬JKCb?%LB=V8ca.L�JK��?EC@a.F_JKQ*JK?E=v�3W&=3W9a�aMLBJKLB8XN 8XQ�LOa�S�=KA=4\$+.d$ 0 ^ *E-�*CB+.D*,(�=3�9aO8:AMev8XABacr

^`Q]LOF�C@aÕI&JKI%8XA4�Õ8�I9AO=}e�CE798ZaM=3NP8Z8:e CE798:Q&D:8ZLB=}�4JKAB7�a4LOF&8�8caMaO8:Q LMCßJK?
AB=3?E8�=3S%A�JKQ&7�=3NPQ98caOaÕCEQ LMF&8caM8
I9AO="=3S�a#��� 8ca.L�JK��?EC@a.F9CEQ9�9g�8¬�×CbLOF&=KW9LÑW&aM8]=3S�JKQ � CbQ LOA�JKD:L�J{�9CE?bCEL-�êJ3aMaMW9NVI9LOCE=3Q&a2<XgULOF98 F ��I
=3LMF&8caM8caà=3S
LOF98caO8�L-�Õ=VLMF&8c=3AO8:NPacr§­á="=3aO8:?b�]a.I%8cJWV CEQ&�9g9�×CbLOF&=KW9L×W&aMCbQ&�VJKQ �]CEQ LMA�J3DXL�JK�9Cb?ECbL-� JKaOaMW�NPI9LMC@=3Qng��48

�vr�Dc=3Q&a.LOAMW&D:LR7�CEaMLMAOCE��W9LOCE=3Q&a��×CELOF�I
=3?b��Q9=3NPC@JK?;:`aMCE\c8�a.W9I9I
=3AOL×LMF*JKL×J{AB8g8�Q&8+��LS:��9CEL3<�W9Q�I9AB8:7�C@DXL�JK�9Cb?;:
CEL-�]� ��798XLB8XAONVCEQ9CEaMLOCEDZI
=3?E� Q&=3NVCßJ{?;:`LMCENP8RJK?@�3=3AOCbLOF9NPa#U

�"r�I9AB8:aO8:Q L JKQ 8+��I%=KQ&8:Q LOC@JK?;:�LOCbN 8PDc=3NVI9W9LBJK�9?@8]I�AB8c7"C@DhJ{LB8]LOF&JKLàC@aÑCEQI:,JKI9I�AB=���CEN JK�9?@8à� � 798:LO8:A�:
NPCbQ&aMLMC@DZI
=3?E� Q&=KNPC@JK?;:�LOCENP8RJK?E�v=3AOCbLOF9NPacr

®?¯�° @�> ° @0;�<T@0Y B:;�@²± Q:;�>$R�9:9�@%R�< SUQ©³ ´]µS¶ V:C�8 >�· RS±�± >�R�>A@%B C�D¹¸"R�; SUQ�;�<AR�º�9:<T@]±?@0Q�>�R�>TSU;�Q�± ;S» ° S¼±�· ;=<E½�[¾D¿ @+<T@,»�@ < >A; Rz±?9�@]À SÂÁ�ÀJSUQ#À0R�<TQ�R�>TSU;=Q�;�»�> ° @�Ã�@0Q�@ <AR�º�9�R�<AR�B SÄÃ=YaÅÆÀ?»H[ V#»�;�<$@?Ç�R�Y39RºU@=VW³ µ!V�´dµ V#ÈS¶�É [

Ê



� F W&acg&�Õ8�8caMLBJK�9?bC@aMF�LMF&8>F ��I
=3LMF&8caM8ca�=3S � F�N r � J{Q&7��1S�=KA�LOF&8�DcJ3aO8>CEQ��×F�C@DBF�8RPVD:CE8:Q LRC@a�W9Q9798:A�:
aMLO="=�7VJ3a¢4\$+.]$ 0+^ *E-�*CB+.D*,(ÕI%=3?b� Q&=3NVCßJK?_:`LOCbN 8Kr%^`S
LOF&8RJKQ&JK?@=v�3=3W&a�LMF&8c=3AO8:NPa¿�4=3W�?@7ÔF&=3?E7ÑCEQVaMW&DBF J>DhJ3aM8
LOF98:Q �Õ8��Õ=3W9?E7P=K�9L�JKCbQ 8¬�×CELMF&=3W9L�W&aM8Z=3SnJKQ �ÔCEQ LOABJ3D:LBJK�9Cb?ECEL-�ÒJ3aMaMW9NVI9LOCE=3Q&a2<UQ9=3Q�:`LMAOCbe�C@JK?�I9aO8:W979=3A�J{Q�:
79=3N �v8:Q&8XA�JKLO=3ABa�JKQ97P798XA�JKQ979=3NVC@\hJ{LOC@=KQÔAB8ca.W9?ELOacr � =3A�8 ��JKNPI�?@83g�J3a¿LMF&8×AB8hJK798:A�DhJ{QPe38:AOCbSß�vg5CEL¿�Õ=3W9?E7
S�=3?b?@=}� LMF*JKL�8:ev8XAO��W9Q*JKAM�Þ?ßJKQ&�KW*J3�v8�CEQe¥§¦�¦ F*J3a�JPQ&=KQ�:`LMAOCEe C@JK?á798XA�JKQ&7�=3NPCE\hJKLMC@=3Q��cr [ 8�N 8XQ LOC@=KQ
LOF&JKLb¥¹¦=¦ Dc=3Q LBJKCEQ&aVaO=KN 8ÞW9Q*JKAM� ?ßJKQ&�KW*J3�v8:aàLMF*JKL JKAB8ÞQ&=3L�V Q&=}�×Q1LB=ê�%8ÞCEQ ¦�� S�=KAP8 ��JKNPI�?@83g
Dc=KQ&aMCE798:ARLOF98�aM8:L��G�	�
� �UAMCENP8h��J{A�8�� <�
 g9�×F98:AB8#�UAOCbN 8c��JKA#8���<�� ��CbSÓLOF&8>Q W9NÑ�
8:A�=3SpI9AOCbN 8:a�CEQÞLOF98
CEQ LO8:AOeKJK?¡� �����k���������S�áC@a×=�797 8�JKQ&7_�UAOCbN 8c��JKA�8�� <�� �à=KLOF&8XAO�×C@aM8�<kr��

��� � ð �"! ÷ ^`Q#�
=3LOF#DhJKaO8caÓ�Õ84JK?b?@=}�ØLOF&8�D:=3Q&aMLMAOW&DXL£8¬7�C@a.LOAMCE�9W9LMC@=3Q�=KApI�AB8c7"C@DhJ{LB8�<%LO=R�
8¿N =KAB8¿Dc=KNPI9?E8+�
LOF&JKQ LMF&8ZJK7�ev8XABaBJ{AO�vr � F9CEa�CEa�CbQ]JK�3AB8:8:NP8:Q LÕ�×CbLOFPLOF&8�JKI9I9AO=5J3DBF�=KS$#�CEaBJKQ]JKQ&7 [ C@�v798XABaM=3Q�� %W�°g��9W�L
Q&=3L#�×CELMF'LOF&8 JKI9I9AO=5J3DBF =3S¢��?EW9N_g � C@DhJ{?ECÕJKQ&7k�ÕJ3=�� ��g¡�f����r d 8:DhJK?b?ÕLMF*JKLÒLMF&8PS�=KAONP8:AÔJ{I9I9AB=vJ3DBF
aMW�PPD:8ca¿S�=3A¿7�8:A�J{Q&79=3NVC@\cJKLOCE=3QÑ=3S&I�AB=3�*J{�9CE?bC@aMLMC@D�Dc=KNPI9?E8+��CEL-�#D:?@J3aOaM8ca:gv�×F9C@DBFàC@aÚ=3W9AUN JKCbQÑS�="DXW&a�F&8XAB8Kr

� ó�&'&�ð"( ! ÷ H 8:A�J{Q&79=3NVC@\cJKLOCE=3Q�=3SÑABJKQ&79=3NVC@\:8c7�Dc=KNPI9?E8+��CEL-� D:?ßJKaOaO8:a_CEaÞL-� I9CEDhJK?b?E��JKDBF&8:Cbev8c7 ���
I&aM8:W&79=KA�JKQ&7�=3NPQ98caOaà��r Ahr LVQ9=3Q W9Q9CES�=KAON DXCEAOD:W9CbLBa�8°DXS,rbg�S�=3Aà8 �9J{NPI9?E83g����f� g)%"g�*�� <Xr'^`Q aMW9DBF1J DhJ3aM8
=3Q&8RDcJKQe8�Q&=3Q�:�LOAMCEe CßJK?b?E��<áaMCENÒW9?ßJKLO8ÕLMF&8×A�JKQ&7�=3NPCE\c8:7PJ{?@�v=3AMCELMF9N/���VJ>798XLB8XAONVCEQ9CEaMLOCED�=3Q&8RaM=�LMF*JKL�LOF98
?ßJ{LOLB8XA�� C@8X?@79aÚLOF&8�D:=3AOAO8cDXL¿=3W9LMI9W9L�=3QÔ8Xev8XAO�ÑCbQ9I9W9Lcr [ F&8XQVW9aMCEQ9��I&aO8XW&79=3ABJKQ&79=3NVQ&8:aOaU��r Ahr L¿W9Q9CES�=KAON
I9AO=3�*JK�9Cb?ECEaMLOCED]N]JKDBF9CEQ&8:acg4LMF&8_AO8ca.W9?ELMCEQ&�êaMCbNÑW9?ßJ{LOC@=KQèC@aV=3Q9?E� D:=3AOAO8cDXL�KM=3Q LOF&8 Jhev8:ABJ3�v8RM)8°DXS,rbg4S�=KA
8+��JKNVI9?E83g�� �9gv�¿AO=3Iár,+�r-+��9JKQ97o�/.W� <XrUY�I
8cD:C;T&DhJ{?E?E�3gKQ&=�I�AB=3�*J{�9CE?bC@aMLMC@DUI
=3?E� Q&=KNPC@JK?;:�LOCENP8¿JK?E�v=3AMCELOF�N N]Jh�
=3W9LMI9W9LO8��×CELMF<Q&=3Q�:�Q&8c�K?EC@�KCE�9?E8�I9AB=3�&JK�9CE?bCEL-��<RJKQ CEQ&a.L�JKQ9Dc8Ñ=3Q �×F9C@DBFØLOF98ÑaMCbNÑW9?ßJ{LOC@=KQ_S¬JKCb?@a:r-0<^`QØ=3W�A
Dc=KQ�LO8+��Lhg
�×F&8:Q W&a.CEQ&�VI&aO8XW&79=3ABJKQ&79=KNPQ&8:aOa���r Ahr LZW9Q�CES�=3AMNù798:LO8:AONVCEQ�C@aMLMC@D>N J3DBF9CEQ98cacgÝLOF&8�AB8:aMW9?bLOCEQ9�
aMCbNÑW9?@JKLOCE=3QPCEaÕ=KQ9?E�VDc=KAOAB8:D:L�CbQ]LOF98�aO8XQ&aO8�LMF*JKL4Q9=Ñ798:LO8:AMNPCbQ9C@a.LOC@DRI
=3?E� Q&=3NVCßJ{?;:`LMCENP8�JK?E�v=3AMCELOF�N N]Jh�
=3W9LMI9W9LRJ{Q�CEQ&a.L�JKQ&D:8�=3Q��×F9CEDBFÞLOF&8�a.CENÑW�?ßJKLMC@=3QVS¬JKCE?Eacr � F W&a:g9S�=3A4W�Q*JKAO�P?ßJKQ9�3W*J3�v8:acg LOF&8>a.CENÑW�?ßJKLMC@=3Q
C@aRJ{?E�4J}��aRDc=KAOAB8:D:Lcr

1 ð 243�(6587:9ÝðKöf÷ � F&84AO8ca.W9?ELOaUJKAO8ÕI9AO=fe38:QàW&a.CEQ&��7�CßJ3�3=3Q*JK?bC@\hJ{LOC@=KQ�JKQ&7ÒI*J{CEAO�×CEaO8�CEQ&798XI%8XQ&798XQ�LUaBJKNVI9?@8
aMI&J3Dc8:acr � F&8#aOJKNP8�LB8cDBF�Q9C "5W&8���JKa�W&aM8c7�8¬S�=3A�JàaMCbNPCb?ßJKA�I9W9AMI%=3aO8�<4CbQ�� .W�°r

; <>= ��	@?��BAz	��5
 = ��ADC

� =3A×LB8:DBF9Q9CEDhJK?áAO8hJ3aM=3Q&a×�48�aMLBJKAOLR�×CbLOFÞLOF&8>AO8caMW�?EL×NP8:Q LOCE=3Q&8c7�aO8:Dc=3Q97�CbQ�LMF&8>CEQ LOAO="7"W&D:LMC@=3Qár

p`q�~G��}�~\r �FE J�$ 0 $g$S�H*CB+.EB Y -[$S� /�1 -�$+-�.?* Y >A�].D* ^ $g( 1�^�/ 6I. YZX >C$ /�0 $547*,( Y .d$�G B 1 .EJ Y .�f 1�0 $+¤7$ 0 @ 4\$+�
.]$ 0+^ *E-�*CB+.D*,( /�1 >A@�- 1�^ * Y >A�].?* ^ $ ^�Y (3J\*E-�$IH Y -�4 Y >E>�B+6 &)(+*,$+-�.?>A@�> Y70 FI$��KJ BML§*E. J 1 >_4�B�.EJ Y .

�UAW�/H%8ON � <��PGN8QN � <]�SR
�
� ���UT �WVX�

Y FHQ�B @0@%B1V�> ° S�±W9�R�9�@ <HÀ0R�Y3@"R�C�;�8:>H· ° @0Q Q�R�S[Z=@,º D+>A<?D SUQRÃ
>A;
9�<T;OZ @,\�]�^$^�_`^ C�D+@]± >�R�CRº S¼± ° SUQ#Ã�Å ´dÉMR�C�;OZ @=V�R�Q�B R�>T>A@0Y39:>TSUQ#Ã
>A; 8#±?@�> ° @+B @ >A@0<TY SUQ:S¼± >TS¼À�R�Q�R�ºU;5Ã3;�» ¯�° @0;�<T@0Y N [a K
@]À0RdºÂº"> ° @z»�R�Y3;=8#±+GJ8�Y C�@0< ¯�° @ ;=<T@ >TS¼À§À ;=Qcb @]À >A8:<T@ZC!D�· ° S�À ° VZ» ;=< R�ºÂº�º R�<EÃ�@edWV�> ° @0<T@3@?Ç S¼± >D± R�9�<?SUY3@ SUQ > ° @ SUQ�>A@0<fZ�R�º
³ d,gfdih�jzÅ ºU;5Ã ¾ d�É;¶ [ ¯�° 8�± V S >h±?@0@0Y¹±ZR�9:9�@%R�º SUQ#Ã >A;�À ;�QkbH@]À >A8�<T@/> ° R�>¹»�;�<-SUQRÁ�Q:S >A@,º D YZR�Q�DKlUm ±)n <?SUY3@Xn�R�<]ÅolWÉp_n´9Å <T@]±?91[UV
n)<?S Y3@qn�R�<]ÅolWÉB_sr5É [$t�@]À�S B!SUQ#Ã-Y3@0Y C�@0<'± ° SU9 SUQ > ° @w±?@ >vu3´Xw�x	n)<?SUY3@Xn�R�<dÅolWÉzy S¼±${ ;�;5½M| <T@%B:8#À SUCRºU@ >A;Z>A@]± >TSUQ#Ã-9�<?SUYZRdºUS >HD�V�R�Q�B
> ° 8�±"> ° @�» ;=<TY3@0<�±?@ >
S¼± SUQ�}$^$^�~�]�^$^ ÅÆ±?@0@§³ ´ V���V7´Xr:V7´S´²¶�É [B�JQ > ° @ ;�> ° @0< ° R�Q�B�V#· @s½!Q:;d·P;S»�Q:;3;�> ° @0<�· R0D�;�» B @]À S B SUQRÃ
Y3@0Y C�@0<'± ° SU9ZS Q-> ° @�» ;=<TY3@0<�±?@ >%[��� @0<T@ R�Q�B C�@?º ;]·+V)> ° @ZYZR5À ° SUQ:@Z>A<?D!SUQ#Ã�>A;�»�R�SÂº > ° @§± SUY 8+º R�>A;=< S�±sÃ�S�Z @0Qg´ w R5± SUQ:9�8:> R�Q�B S¼± <T@Q��8:SU<T@%B >A;�Ã=@ Q�@0<AR�>A@ R�Q
SUQ�± >�R�Q�À @+;�»Zº @ Q#Ã�> ° l�[

�



� J�$ 0 $ N � 4\$+- 1 .]$3B�.EJ�$�6I-�* f 1�0 ^ 47*CB+. 0 * X 6I.D* 1 - 1 ¤7$ 0 �{� ���,
4��¬

d 8cDhJ{?E?ÝLOF*JKL4aMW&DBF_J#AO8ca.W9?ELÕS�=3A4I9AO=3�*JK��CE?ECEaMLMC@D×I%=K?E� Q&=3NVCßJK?_:`LMCENP8ÕN J3DBF9CEQ98caÕ�Õ=3W9?E7]CENVI9?E�ÒLOF*JKL�¥§¦�¦
DhJ{Q_�
8�aMCENÒW9?ßJKLO8c7ng"Dc=3AMAB8:D:LO?b��=3QÞLOF98#Jhe38:A�JK�v83g&CEQ�798XLB8XAONVCEQ9CEaMLOCEDZa.W9��:-8 ��I%=3Q98:Q LOC@JK?ÓLOCENP8N� .W�°r� }������5x [ 8_J3DXLOW*JK?b?E�êI9AB=}e38 JØaMLMAB=3Q&�38:AàAB8:aMW9?bLW���48�Dc=KQ&aMLMAOW&DXL]J<I9AO8c7�CEDhJKLO8�LMF*JKLÔC@aÔCbQ*JKI9I9AO=��\:
CEN JK�9?E8_8Xev8XQ � � 8 ��I%=3Q98:Q LOC@JK?;:�LOCENP8ÞN]J3DBF�CEQ&8:acg×�×F&8:AO8 LOF9CEa 8+��I
=3Q&8XQ�LÞCEa]aMN JK?E?E8:AVLOF*J{Q1LOF&8 =3Q98
JK?b?@=}�48:7<LB=�8Xe3J{?EW*JKLO8Ñ=3S�LOF98ÑI9AB8:7�C@DcJKLB8KrÔY�I
8cDXCCT&DcJK?E?b�vg%S�=3AZCEQ9I9W�LBa�=3S�?E8:Q&�3LMF ��g%LMF&8ÔI9AB8:7�C@DcJKLB8Ò�×Cb?E?
�
8�CbQ*JKI9I�AB=���CEN JK�9?@8�CEQÞLOCbN 8>� � �9W9L�D:=3NPI�W9L�JK��?@8�CEQÞLMCENP8������ ��� r

T4=3Q&a.C@798XA�JKQê8:Q W9NP8:A�J{LOC@=KQ =3S
8¬NP="7�C;T&8c7�<
	�798XLB8XAONVCEQ9CEaMLOCED#N J3DBF9CbQ&8ca�AMW9Q9Q9CbQ&�]�×CELMF9CEQ<LMCENP8Ô� �
=3Q�CEQ9I�W9LR=3Sp?@8:Q9�3LOF'��g*J{Q&7_a.W9I9I
=vaO8�LOF&JKLRS�=3A×CEQ9I�W9L×?@8XQ&�3LOF'� �Õ8��×CEaMF�LB=ÔS�="=K?�� �
�L8�� <iR����WVX�
N J3DBF9CEQ98caUW9I9LO=�8:AOAO=3A���� � T �4VX�cr�8 � aUW&aMW*J{?s8¬�×F&8XQ]JKI�I9?E� CEQ9��C@7&J3�3=3Q*JK?bC@\hJ{LOC@=KQ�<Xg}CEL�a.W�PVDc8:a�LO=�F&J}e38�@����� � �%8#JKQ<JKAO�9CbLOABJKAO��W9Q �
=3W9Q&7�8c7<SßW9Q&DXLOCE=3Q U&LOF&8#Dc=3Q97�CELMC@=3Q��L8���<�R � �4VX� �×Cb?E?á�
8#W&aM8c7 J{L
LOF98�e38:AM�Þ8:Q&7�=3SÚ=3W9ARI9AB=�=3S,r�<

­á8:L H �%8 =3Q&8]=3SRLMF&8ÞJK�
=fe38:NP8:Q LOCE=3Q&8:7�� N J3DBF9CbQ&8ca:gÕJ{Q&7�� � ���"r'T4=KQ&aMCE798:AÑLMF&8]ev8:D:LO=3A����� �{� ���,
�� AB8XI9AB8:aO8XQ�LMCEQ&��LMF&8Ñ=3W9LMI9W9LZ=3SeH =3Q 8cJ3DBFØ=3S¿LOF98ÒI%=3aOaMCb�9?@8K��:��9CEL�?@=3Q9� aMLMAOCbQ&�va#UÝLOF*J{L
C@a:g ��� � ��� �"!$#� H 8%��<XgÓS�=3A&� � �{� �#�,
4� rP6�W�AÒJ{CEN CEa�LB= T9Q&7�J]ev8cDXLB=3A(' LMF*JKL>F*JKa�?E=f� Dc=KAOAB8X?ßJKLMC@=3Q
�×CELMF_JK?E?nLMF&8 ���*) a:r � F&JKLRC@acgIT9Q&7+' � �{� �#�,
 � aO=àLOF&JKLhg�S�=KA�JK?E? H ) a:g

�UA7� ��� ��N � �6�,' ��N � �_�SR �
� ��� T �4VX� 8S��<

6ZQ&Dc8�a.W&DBF J-'_CEa�S�=3W9Q&7ng9�Õ8�aO8XL G�8%��<.�"!$#�/'z� ����g*JKQ97ÞLMF&8>LOF&8:=3AB8XN S�=3?E?E=}�Racr
[ 8��×CE?b?�aM8:?E8cD:L0' SßAB=3N J aMN JK?E?RaOJKNPI�?@8�aMI*J3D:8<=3S�I&JKCEAM�×C@aO8 :`CbQ&798:I
8:Q9798:Q L1� :`�9CbL aM8#"5W&8XQ&Dc8:acr

[ 8#W&aM8ÒLOF&8#S¬J3D:L�LOF*JKL�LOF98:AB8Ò8+��C@a.LBa�a.W&DBFØaBJKNVI9?E8ÒaMI&J3Dc8:a�=3S�aMCE\c82�   LOF&JKL�DcJKQ<�
8ÒDc=KQ&aMLMAOW&DXLB8c7 CbQ
I
=3?E��83�o<]:`LMCENP8g8°aM8c8 �/+��E<kr4;>=3CbQ&�à=fe38:AZJK?E?%8:?E8:NP8:Q LBa�=3SpLOF&8�aBJ{NPI9?E8�aMI*J3D:83g&�Õ8�N Jh�]DBF&8:D2V_�×F&8XLOF&8XA
8hJKDBF_8X?@8XN 8XQ�L4'ÞaBJKLMC@aST98ca65 "*r 8S��<Xg"S�=KA�8hJKDBFÞ=3SáLOF&87�ùN J3DBF9CbQ&8ca:g"�×CbLOF9CbQ]I%=K?E��83�o<]:`LMCENP83r98 � F�W9acg9CEL
C@aZ=3Q9?E�_?@8XSßLZLB=Þa.F&=}� LOF&JKL�J]I*JKCbAO�×C@aM8+:�CEQ&798XI%8XQ&798XQ�L:� :`�9CbL�?@=KQ&�]aO8R"5W&8:Q&D:8 aOJKLOCEaST&8:a;5¹"*r¹8���<��×CELMF
I9AO=3�*JK�9Cb?ECbL-� a.LOAOCED:LM?E�P�3AB8cJKLB8XA�LMF*JKQ��=<>� T � r?A@CBEDGF(H ­á8XL �*� �{� ���,
 � �
8ÕJKAO�9CbLOABJKAO�3g3JKQ972'Ò�
84JRaO8R"5W&8:Q&D:8×=3SI�+W9Q9CbS�=3AONV?E�Z:`7�C@a.LOAOCb�9W9LO8c7�I*JKCbAO�×CEaO8+:
CEQ9798:I
8:Q&7�8:Q L��9CbLBacr � F&8:Q]LMF&8�I�AB=3�*J{�9CE?bCEL-�ÒLMF*JKL4'�JKQ&7 � JK�3AB8:8�=3Q N =3AO8×LOF*JKQ�8��KJML��N�5<POQ� 8:Q LMAOC@8:a
C@a×a.LOAMC@D:LM?E�P?@8caMa×LOF*JKQ �R ¾ � rSUTWVXV�Y H � =3A48hJ3DBF1� � �{� ���,
4��g �48>7�8RT9Q&8�JÑ��:3��A�JKQ979=3N�eKJKAOC@JK�9?@8=Z�[�aO=ÒLMF*JKL\Z�[=�"!$#� �ZCES � � ���6�
'z� ���
JKQ&7+Z�[]�"!$#� �V=KLOF&8XAO�×C@aM83r4Y�CEQ9Dc8 � C@a£TI��8:7<JKQ97�' CEaRJVaM8#"5W&8XQ&Dc8Ñ=KS � � ���ÔW9Q�CES�=3AMNP?b�G:`7�C@a.LOAMCE�9W9LO8c7
I*JKCbAO�×CEaO8+:�CEQ&7�8:I
8:Q&798XQ L��9CELOacg�CbL4S�=3?b?@=}�RaÕLMF*JKL�LMF&8&Z�[ ) aRJKAO8ZI*JKCbAO�×CEaO8+:�CEQ&7�8:I
8:Q&798XQ LRJKQ&7+5�8^Z�[�<)� �KJML
S�=3AR8cJ3DBF_Z�[5r���a.CEQ&�PTÕF&8X����a.F&8:e ) a>^`Q&8#"5W*JK?bCEL-�3g��48�F*Jhev8

�UA
`aQbbbbbbdc[�egf3hji �3k w Z�[]<è�lJmLnOo� bbbbbbqp �rOo�1st u v J{A�8xw [ Z�[�<8x�y�e<  

R ��   �z K
@]À0RdºÂº > ° R�> ;=Q:@£À0R�Q�Q�;�> @3{�@²À >TS�Z @,º D @0Q!8�Y3@ <AR�>A@ZYZR5À ° SUQ�@²± <T8�Q:Q:SUQ#Ã£· S > ° S Q=±?;=Y3@§Ã�S�Z @ Q�>TSUY3@ZC�;=8:Q�B�[
¸ @ >%V�;=Q:@£À0R�Q
@0Q!8�Y3@ <AR�>A@�RdºÂº�YZR5À ° SUQ:@]± V R�Q�B Y3;!B!SÄ» D�@%R5À ° YZR5À ° SUQ:@ SUQ > ° @ @0Q!8�Y3@0<AR�>TS ;�Qj±?; > ° R�>3> ° @/<T8�Q�Q SUQ#Ãc|*>TSUY3@-;S»+> ° @ Y3;!B SÂÁ�@%B
YZR5À ° SUQ:@�<T@]±?9�@]À >D±"> ° @�Ã�S�Z @0Q >TS Y3@$C�;=8:Q�B R�Q�B¡±?; > ° R�>
> ° @�Y3;!B SÂÁ�@%B-YZRSÀ ° SUQ�@�YZR�S Q�>�R�S Q#± > ° @�» 8�Q�À�>TS ;�Q�RdºUS >HD ;�»�> ° @�;�<?SÄÃ�SUQ�Rdº
;=Q:@�SUQ£À0RS±?@ > ° @�;=<?SÄÃ�S Q�R�º�<T@²±?9�@]À >D±"> ° @J>TSUY3@�C�;�8�Q�B1[ ¯�° S¼±"S¼±$B ;=Q:@�C�D-SUQ#À ;=<T9�;�<AR�>TSUQ#ÃZR >TSUY3@q| ;�8:> Y3@]À ° R�Q:S¼±?Y�[| K
@]À0RdºÂºM> ° R�> > ° @�<T8:Q�Q S QRÃ >TSUY3@�;�»�@%R5À ° YZR5À ° SUQ:@$S¼±
C�;�8�Q�B:@%BZC�D£µ w�_~} [

�



JKQ&7ÞLOF98�DX?ßJKCbN S�=K?E?@=}�Ra:r��
��a.CEQ&�*�   � � ���WVX��� � CEQÞLMF&8�JK�%=}e38�DX?ßJKCbN g��48�Dc=KQ&D:?bW&798>LOF*J{L�JàI*J{CEAO�×CEaO8 :`CEQ9798:I
8:Q&7�8:Q L�aBJKNVI9?@8
aMI&J3Dc8ÔD:=3Q L�JKCbQ&a�JKQ ��:��9CEL�?@=3Q9�]aO8R" W98:Q&D:8*'ØLOF*J{L>aBJKLMC@a�T&8ca;5 "*r 8S��<�S�=3A>8cJ3DBFê=3S�LOF&8q� N J3DBF9CEQ98cacg
JKQ&7ÞLOF98�LMF&8c=KAB8:N S�=3?E?E=f�Ra:r

� � A��©�	��
����n����?��:Aw	��5
 = 
��
�5�����

[ 8�aOJh�ÔLOF*JKL�LMF&8RaO8:L�� ��� � e�� � � g5�×F&8XAB8�� ��� �{� ���,
4��g5C@a���V @ ��� V F;DCB @ ���"DGF ��! V �#"$� T&% !'�"D)(E@ � CbS
LMF&8:AO8
8+��CEaMLBa�JÔI%=K?E� Q&=3NVCßJK?_:`LMCENP8RJK?@�v=KAOCELMF9N�LOF*J{L�=KQ�CbQ9I9W9L�� � =3W9LMI9W9LBaRLOF98�?bC@a.L×=3S�JK?E?%aMLOAMCEQ&�3aRCbQ*� � r

p`q�~G��}�~\r �,+ 1�0 $+¤7$ 0 @ /�1 >A@�- 1�^ * Y >.-6L�.'J�$ 0 $�$S�H*CB+.EB YN/�1 >A@W- 1�^ * Y >A�].D* ^ $ ( 1 -�B+. 0 6�(+.D* X >C$NB�$+./� �
� � e�� � � B 1 .EJ Y .�f 1�0 $+¤7$ 0 @N4\$+.]$ 0 ^ *E-�*CB+.?*,( Y >ÂF 1�0 *E.EJ ^ 1 f 0 6\-�-�*E-GFH�].D* ^ $0-�L¹.EJ�$ f 1 >E> 1�� *E-GFgJ 1 >_4�B21 1 -
*E- / 6\.§� � Y -�4 Y9/�0 $43s� 1 f Y B+. 0 *E-GFN6\-�* f 1�0 ^ >A@`B�$+>C$3(+.d$54O*E-5� � L .EJ�$ Y >ÂF 1�0 *E.'J ^ /�0 $547*,(+.'B©.'J�$�-�$S�H. X *E.
*E-�.EJ�$©B+. 0 *E-GF � *E.EJ /�0217X3YZX *E>A*E.?@ Y . ^�1 B+. �  � �6 � �g� ¬
d 8cDhJ{?E?�LOF*J{L#a.W&DBF J�AO8ca.W9?EL�S�=3A�I9AB=K�*JK�9Cb?EC@a.LOCEDÑI%=3?b� Q&=3NVCßJK?_:`LOCbN 8>N J3DBF9CbQ&8ca��4=3W�?@7 CbNPI�?E� J�798:LO8:A�:
NVCEQ9CEaMLOCEDÕI
=3?E� Q&=KNPC@JK?;:�LOCENP8�I9AO=v�3ABJKN LMF*JKLhg5=KQPCbQ9I9W9L�� ��JKQ&7VJ�?@=v�vJKAOCbLOF9NVC@DcJK?E?b�Z?@=KQ&��A�JKQ979=3N+aM8c8c7%g
I9AO="7�W9Dc8ca ��:`��CEL#aO8#"5W&8XQ&Dc8:aÔLOF*JKLÒDhJKQ�Q&=3LÒ�
8]7�CEaMLMCEQ&�3W�C@aMF98c7 SßAO=3N A�JKQ979=3N =3Q&8:aÒ� � I9AO=3�*JK��CE?ECEaMLMC@D
N J3DBF9CEQ98caPAMW9Q9Q9CbQ&��CbQ�LOCbN 8�-�8�� <Xr � F9CEa �4=KW9?@7�CbQ�LMW9AOQ CbNPI�?E�'LMF*JKL ¥¹¦=¦ DhJKQ �
8 a.CENÑW�?ßJKLO8c7ng
Dc=KAOAB8:D:LM?E��=3QÞLMF&8�J}e38:ABJ3�v83g&CbQ_7�8:LB8XAONVCEQ9CEaMLMC@DZI
=3?E� Q&=KNPC@JK?;:�LOCENP83r� }������5x T4=3Q&aMCE798:A�JKQ�8XQ�W�N 8XA�JKLMC@=3Q =3S§8¬NP="7"CCT&8:7�<�7�8:LB8XAONVCEQ9CEaMLMC@D×N]JKDBF9CEQ&8:aÕAMW9Q9Q9CbQ&�#�×CbLOF9CbQ LOCbN 8
-�8�� <�=3QàCEQ�I9W9L¿=3SÝ?@8XQ&�3LMF ��g�JKQ&7àaMW�I9I%=3aO8×LOF*J{L¿�48×�×C@a.FàLB=>S�="=K? � � �L8�� <iR7-�8���<ÚN]J3DBF�CEQ&8:aUSßAB=3N
�3W&8:aOa.CEQ&�VLOF&8�Q&8+��L��9CELR�
8:LMLB8:ARLMF*JKQ �lJmL�� �:g&�×F&8XAB8q� �%�98:- 8�� <kr£­á8:L H �
8�=3Q&8�=3S�LMF&8�N]J3DBF�CEQ&8:a
�Õ8��×CEaMFÞLB=àS�="=K?`r

[ 8�Dc=KQ&aMLMAOW&DXL;� � CbQ�8�AB=3W9�3F9?E��<��ÔCELO8:ABJKLOCE=3Q&acgfaM=�LMF*JKLÓCEQ�CELO8:ABJKLOCE=3Q=<&�48�Dc=3Q9aMLOAMW&D:L0� � i >@? �{� �#�,
 > r
[ 8 aMLBJKAOL#�×CELMFA� � i B�� �{� ���,
 B gÚ�×F98:AB8DC � ��?E=v�   8%�E8E�2<#J{Q&7GF � � B r�^`Q'LMF&8H< � �2IKJ�CELO8:ABJKLOCE=3Qág
�Õ8�D:=3Q&a.C@798XA×LOF&8�e38cD:LO=3A ��� � �{� �#�,
MLVAO8:I9AO8caO8XQ LOCEQ9�VLMF&8>=3W9LMI9W9LR=3S H =3QÞ8hJ3DBF_=3SÓLOF98NF I%=3aOaMCb�9?@8
<D:��9CEL�?E=3Q&��aMLMAOCEQ9�va#U LOF*J{L�CEacg ��� � OH�:� H � � �QP �'��g5�×F&8XAB8 � �QP �nCEa�LMF&8RO JKS aMLOAMCEQ&��CEQT� � i >�? �{� �#�,
 > r£8 � F9CEa
AB8XI9AB8:aO8XQ�LOaIH ) a��3W&8:aOa�=3S%LOF&8�<U��� IKJ �9CELÕ=3SÓJ�aMLOAMCEQ&��W9Q9CbS�=3AONV?E�ÔaM8:?E8cD:LO8c7 CbQU� � g"�*JKaO8c7 =3Q]LOF98�<D:��9CEL
?@=KQ&�VI�AB8RTI�<=3S�LOF*JKLZaMLMAOCEQ9�9r <�6ZW9AZJKCEN CEa�LO=NT9Q&7<JPev8:D:LB=KAn' � �{� ��� 
 L LOF*JKL�F*J3a�?@=}��Dc=KAOAB8X?ßJKLMC@=3Q
�×CELMF<J{?E?nLMF&8 ���0) a`8�C`rº83rÌgI' J3�3AO8c8:a��×CbLOF_8hJ3DBF ��� =3Q JKLRNP=vaML�J{Q �KJML�� �×SßABJ3D:LMC@=3Q_=3SpLOF&8�8:Q LMAOC@8:a3<kr
6ZQ&Dc8�a.W&DBF JÔev8:D:LB=KA '�C@a�S�=3W�Q&7ng9�Õ8#8 �"LO8:Q&7V� � i >áCbQ�LO=W� � i >YX � CEQÞLMF&8>Q*JKLOW�A�JK?nN JKQ9Q98:A�U9LMF*JKL×CEacg

� � i >YX � �j! #� �g� �QP � 'z� OH�$���×F&8XAB8;�P�ZP � C@a�LOF98�O�JKS�aMLOAMCEQ&�ÔCbQV� � i >�
 � �{� ���,
 >)X � 8`�7<

^`LZS�=K?E?@=}�RaRLOF*J{L=� � �"!$#�[� � i � aOJKLOCEaST&8:a�LMF&8ÒW9Q9I�AB8c7"C@D:LBJK�9Cb?ECEL-� AB8#"5W9CbAB8XN 8XQ�L#U%LOF&JKLZCEacg*S�=3A�8cJ3DBFØ=3S¿LOF98
JK�
=}ev8 H ) acgáLOF98ÑI9AB=3�&JK�9CE?bCEL-��LMF*JKL�H Dc=3AMAB8:D:LO?b�_I�AB8c7"C@D:LOa�LOF&8ÑQ98+��L��9CEL�CEQêJ]aO8R"5W&8:Q&D:8VW�Q9CES�=3AMNP?b�
aO8X?@8:D:LB8:7_CbQ\� � C@aRJKL×NP=vaML��lJmL�� �Xr

^`LZAO8:N JKCEQ&aRLB= aMI
8cD:CbSß�ÞF&=}� JPaMW9CbL�JK�9?E8�e38cDXLB=3A&' � �{�����,
 L C@a�S�=3W9Q&7ngÝCEQ 8hJ3DBF CbLB8:ABJKLOCE=3Qár � F9CEa
C@a×7�=3Q&8�JKQ*JK?E=v�v=3W9aM?E�VLB=ÔLMF&8>��Jh�Þ798:aOD:AMCE�
8c7ÞCEQÞLOF98�I�AB=�=3S�=KS � F&8:=3AB8XN �vr [ 8�a.LOAO8caOaRL-�Õ=PI
=3CEQ LBa �

�vr � =VI9AB=}ev8ÒJKQ JKQ*JK?E=v�v=3W&a×DX?ßJKCbN AO8c�5JKAO7�CEQ9�VLMF&8#7�8:Q&a.CEL-�Þ=3S�aMW9CbL�JK�9?E8>ev8cDXLB=3AOa7' CbQ_LMF&8�aBJKNVI9?@8
aMI*J3D:83gÓ�48ÔQ&8:8c7 �   F]� � LB=�F&=3?E7nr � F9CEa�C@a�CbQ&798c8:7êLMF&8ÔDhJKaO83gÓ� � =3W9A�DBF9=3C@D:8V=KS^F �)� B �
�  9_a`cb ¾ �ed V R �S� d ¾R ¾ r

f



�"r � F&8Ôev8cDXLB=3A('êDhJKQê�%8ÑS�=KW9Q&7ØCEQ LOCbN 8#I%=3?b��8&F§< O���O:-�8���<Xgn�×F&8XAB8àLOF&8jT9AOaML�S¬J3DXLB=3A�J3D:Dc=3W�Q�LOa
S�=3AÕLMF&8ZD:=3Q&a.LOAOW9D:LOCE=3Q�J{Q&7 LOF98ZaMCE\c8�=3SnLMF&8ZaOJKNPI�?@8�aMI*J3D:83g�JKQ&7PLMF&8�?@J3aML�S�=3A�LOF&8RAOW�Q9Q9CEQ9�#LOCbN 8
=3S�8cJ3DBF�N]J3DBF�CEQ&8�H r¡����=3W9ARDBF&=KC@Dc8>=KSpI&JKA�JKNP8:LO8:AOacg9I
=3?E��8 F§<AO � O
-�8���<ÕC@aRJÒI
=3?E� Q&=3NVCßJ{?
CbQ
-�8���<Xg*JKQ&7�aO=ÔCEa�I%=3?b� Q&=3NVCßJK?ÝCEQ'��r

� F W&acg�=3W�AÔ8:Q LOCbAB8PDc=3Q&a.LOAMW&D:LMC@=3Q =3I
8:ABJKLB8:aÒCEQ�LOCENP8àI%=3?b� Q&=3NVCßJK?¿CbQ ��g�JKQ97'LOF&8 LMF&8c=KAB8:N S�=3?b?@=}�Racr

� � ?`Aw���a����
=�cA�� C

^`Q'D:=3Q LOABJ37�C@DXLOCE=3QØLB=ÞLOF&8àS�8c8X?ECEQ9�va>8+��I9AO8caOaM8c7 JK�
=}ev8KgÚCEL>N Jh�<�
8VLMF*JKL�LOF&8V7�CEaMLOAMCE�9W�LOC@=KQØ8:Q&aM8:NÑ�9?E8
Dc=KQ&aMLMAOW&DXLB8c7_CEQ�LOF&8�I9AB=�=3SÚ=3S � F98c=3AO8:N �ÔF&J3a�a.LOAO=3Q&�v8XA�I&aM8:W&7�=3A�JKQ979=3NùS�8hJKLMW9AB8:a�LMF*JKQ aML�J{LB8c7%r�^`Q
I*JKAMLOCED:W9?@JKAhg��48�I9AB=KI%=vaM8�LOF&8>S�=3?b?@=}�×CEQ9�Ñ=3I
8:Q�I9AB=3��?@8:N_r

� | ~\{ � }������D~\r �c� B
.EJ�$�47*CB+. 0 * X 6I.D* 1 -L$+-�B�$ ^�X >C$�( 1 -�B+. 0 6�(+.]$54O*E-�.EJ�$ /�021�1 f 1 f E J�$ 1�0 $ ^
	9/ B�$+6\�
4 1�0SY -�4 1�^ � *E.EJ 0 $3B / $3(+.¹. 1 4\$+.]$ 0 ^ *E-�*CB+.?*,( Y >ÂF 1�0 *E.EJ ^ B 0 6\-�-�*E-GF�*E-e.D* ^ $;-s¬ E J Y .¹*CBML¹*CB�*E.¹.EJ�$g( Y B�$
.EJ Y .�f 1�0 $+¤7$ 0 @�4\$+.d$ 0 ^ *E-�*CB+.D*,( Y >ÂF 1�0 *E.'J ^�� 1 f 0 6\-�-�*E-GFH�].?* ^ $;-6L Y -�4¢f 1�0�Y >E>�B+6 &l(+*,$+-�.D>A@�> Y70 FI$p�KJ B
*E. J 1 >_4�B�.'J Y .


 �UAW� � 8QN � <�� �#� <è�UA7� � 8�� � <�� �#� 
 R �
-�8���<� J�$ 0 $ N � Y -�4�� � 4\$+- 1 .]$�.'J�$�6\-�* f 1�0 ^ 47*CB+. 0 * X 6\.?* 1 - 1 ¤7$ 0 �{�����,
4� Y -�4 � � L 0 $3B / $3(+.D*E¤7$+>A@7¬

^`Q&798:8c7ng�J{Q JWPàAON JKLOCbev8VJKQ&a.�48XAÑLB=_LOF9CEa="5W&8:aMLOCE=3Q'�×Cb?E?¿�
8]J =3S��3AB8cJKL#CbQ LB8:AO8ca.Lhg��9W�LÔJKQ'Q98c�5JKLMCEe38
JKQ&a.�48XAÑ�×CE?b?¿�%8VCEQ LB8XAB8:aMLOCbQ&�_LO="=�r�^`Q�LOF&8V?ßJKLMLB8:A�e38:CEQ�CEL�N]Jh� �
8 8:e38:QèCbQ�LO8:AO8caMLMCEQ&��LB=_aMF&=}��LOF*J{L
8:Q9aO8:NÒ�9?@8ÕDc=3Q&a.LOAMW&D:LO8c7ÑCEQ#LOF&8�I9AB=�=3S�=3S � F&8:=3AB8XN+�×C@ap8hJ3a.�#LO=�I9AO8c7�CED:Lpe�C@J�I9AO=3�*JK��CE?ECEaMLMC@D�JK?E�v=3AOCbLOF9NPa
AOW�Q9Q9CEQ9�àCbQ_LMCENP8^-ár�^`Q&798:8c7ng&CEL×�Õ=3W9?E7��
8>N =KAB8�CEQ LO8:AB8:aMLMCEQ&� 8¬LO=PaOJ}� LOF&8�ev8XAO��?@8cJ3aML3<4LB=ÔI9AB=}e38#LOF98
=3I9I
=va.CELB8Kg��9W9LR�Õ8#7�=3Q ) LR8+��I%8:D:L�LOF9CEa�LB=à�%8>7�=5JK�9?E83r��

� 
��
�9��� � Az	��iA�� Aw����C

[ 8�LMF*JKQ�V ­áW9DhJ � AO8:e C@aOJKQ_S�=KA�JÔF98:?EI�SßW9?Ó7�C@aMD:W&aMaMCE=3Qár

� A�� Aw�:Aw��
SA C

���#�
­�r � r � 7"?@8:N JKQ�JKQ&7 � r���W*J{Q&�9r�� 0 * ^�Y >A*E.D@ E $3B+.D*E-GF Y -�4 i9X $+>A* Y - � Y70 *,$+.D*,$3B"!£¤7$ 0 + *E-�*E.]$
+ *,$+>_4�BXr�Y�I9AMCEQ&�38:AS: v 8:AM?ßJ3�O­S#�T×YL8 v =K?`r��oL\�f�H<Xg��4% %5��r

�Ç��� � r��Õ?EW�N�JKQ&7#Y
r � C@DhJ{?EC`r{��=f� LB=�;>8:Q&8XA�JKLO8�TÕAO� I9LB=3�3A�JKI�F9C@DcJK?E?b�>Y�LMAB=3Q9�ZY�8#"5W&8:Q9Dc8caÚ=3S���aM8:W&7�=W:
d JKQ979=3N �ÕCbLBa:r$# � i&% ' ¬ 1 -)( 1�^�/ 6\.²¬Eg v =3?`r��W+�g�I*J3�38caI. L3�+* .H�3�9g��4% .3�9r

� +W�
�Zr�TÕF9=3A�JKQ97�6Ñr4;>=3?E7�AB8XC@DBFár 6ZQ LMF&8<�p=f�Õ8:A]=3S � �Õ=,*"�Ú=KCEQ L���J3aM8c7�Y"JKNPI�?ECEQ9�9r 'I1 6 0 ¬ 1 f
( 1�^�/ >C$S�H*E.?@{g v =3? L�g �4% . %�g"I*J3�v8:a�%7�+*��}�H�"r
- K
@]À0RdºÂº > ° R�> > ° @Z@0Q#±?@0Y C+º @3S¼± 8:Q�9�<T@0B S¼À >�R�C+ºU@�Z�S R 9�<T;=C�R�C SÄº S¼± >TS¼À 9�;�ºUD Q:;=Y S R�º |*>TSUY3@ RdºÄÃ=;=<?S > ° Y¹± S { S > S¼± 9#±?@08�B ;=<AR�Q�B:;�Y

· S > ° <T@]±?9�@]À�>
>A;z±?8�À ° R�ºÄÃ�;=<?S > ° Y¹± [

.



� �7��6Ôrá;�=3?E7�AB8XC@DBFár %�1 4\$ 0 -�( 0 @ / . 1 F 0SY / J\@4L � 0217X3YZX *E>A*CB+.D*,( � 021�1 f2B Y -�4 �¡B�$+6�4 1�05Y -�4 1�^ -�$3B3BXr i >A�
F 1�0 *E.EJ ^ B Y -�4 ( 1�^�X *E- Y . 1�0 *,(3B
B�$ 0 *,$3BN8 � 1 >_¬ ��� <kg # /�0 *E-GFI$ 0 g��4% % %"r

�CL���Y
rn;>=3?E7���JKaOaO8XA�JKQ&7ê��r���CE?bCßJKQnr×�UAOCEN JK?bCEL-� � 8ca.LOCbQ&����a.CEQ&� 5¿?b?ECbI9LOCED�TÕW9AOe38cacr ' ¬ 1 f=.'J�$ i ( % gv =3?`r9�H��g�I*J3�38caR� L3�+* �U*v�"g��4% % %�r
� �W��Y
r×;>=3?@7"��J3aMaO8XA�JKQ&71Y
r � C@DhJ{?EC`r �UAB=K�*JK�9Cb?EC@a.LOCED 5¿Q9D:AO� I9LMC@=3Qnr ' ¬ 1 f ( 1�^�/ ¬ Y -�4 #�@�B#¬ #�(+*D¬Egv =3?`r*� .�g #�=�r*�"g9I*J3�38ca�� *3�+*"�,% %�g��4% .3�9r
�/*�� d rn^`NVI*J3�K?ECßJK\c\c=]JKQ&7 � r [ CE�v798XABaO=KQárÑ���9����� CES�5�AB8#"5W9CbAB8:a�8 ��I%=3Q98:Q LOC@JK?¿D:CbABDXW9CELOa	� H 8XA�JKQ�:

79=3NVC@\:CbQ&�ÒLMF&8���6 d ­á8XNPN J�rU^`Q 		� .'J # E !�(Ug�I*J3�v8:a��v�3�+*��3�,%�g��W% %"*"r
� .W� d rn^`NVI*J3�K?ECßJK\c\c=]JKQ&7 � r [ CE�v798XABaO=KQár d JKQ&79=3NVQ&8:aOa�e�acr � CbN 8 � H 8+:�A�JKQ&7�=3NPCE\hJKLMC@=3Q�W9Q&7�8:A#J

W9Q9CES�=KAON JKaOaMW�NPI9LMC@=3Qnr¿^`Q�
 � .EJ + !�(�#*g"I*J3�38ca�*,+3�,*�*K�"+�g��4% % .�r
� %W� ##r�#�CEaBJKQ JKQ&7 � r [ CE�v798:AOaO=3Qnr���JKAB7�Q98caOaVe�a d JKQ&79=KNPQ&8:aOa:r ' ¬ 1 f ( 1�^�/ ¬ Y -�4 #�@�B#¬ #�(+*D¬Egv =3?`r9� %�g #�=�r*�"g9I*J3�38ca��h�"%+*����"*"g��4% %3�9r

���}�W� � rÉ6Ñr d J{�9CEQárn�¿AO=3�*JK��CE?ECEaMLMC@D � ?@�v=3AMCELMF9N S�=3A � 8:aMLMCEQ&�Ò�¿AMCEN JK?ECbL-�vr 'I1 6 0 - Y > 1 f
�96 ^�X $ 0 E J�$ 1�0 @Kgv =3?`r��}�"g�I*J3�38ca��f�,.+*��4+ .�g��4% .v��r
���H�#� d rRY�=3?@=}eKJh��JKQ&7 v r�Y LOA�JKaOaO8XQár � � J3aML � =KQ�LO8+:,T�JKAO?E= � 8ca.LÞS�=3A��UAOCEN JK?bCEL-�vr
# � i&% ' ¬ 1 -
( 1�^�/ 6I.,¬Eg v =3?�r��"g
I*J3�38ca .3�+*�. L"gs�4%"* *�r � 797�8:Q&7�W�N CEQ # � i&% ' ¬ 1 - ( 1�^�/ 6I.,¬Eg v =3?�r *�g
I*J3�38�H�4.�g��W%"*,.�r

���f��� � r·TZrG�ÕJ3=�r � F&8c=3AM�PJKQ&7 � I9I9?ECEDhJKLMC@=3QV=3S � ABJKI%7�="=3A � W9Q&DXLOCE=3Q&acrá^`Q 	 
 0 4 + !�(�#*gvI*J3�v8:ai.v� *�%��vg
�4% .5�"r

�

ftpmail@ftp.eccc.uni-trier.de, subject ’help eccc’
ftp://ftp.eccc.uni-trier.de/pub/eccc
http://www.eccc.uni-trier.de/eccc
ECCC
 ISSN 1433-8092



