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Ì=¸º¹»B¹»'½�®l¬?¬?´'±�¾-¹¸¦ªK«'¬�×���Ý§Þ¿¸ºsÃøªlµ¦µÁªIÇv¬s¹»'®¿-�v× � 9 � Ý-w æ Ë��áªl¹½¹»y®^ �; ñ 9 ñ=< �Q× � 9 � Ýh®¿¬ d>< Ü�Ë[àÄ½V«(ÅV½�Ãøª¿·Ä¬?´-ÿ�ÅV¸¦½V«D¹µº¼
µÁ®¿·¹¶l½ d Þ ñ ±p´(¬�v»y®IÒ�½�Ãø´(µ¦µOÅVªlµÁ´(±�«6·¯®¿«'ãÎËhÕ(ªKµ¦µ¦ª^Çv¸¦«(¶�¹»(¸¦¬Ä®^·?°
¶K´(±�½V«DIÞ'ÇW½8ÅÆªK«'ÅÆµÁ´'²(½B¹»y®^IÞ'Ãøª¿·�ÅVªl«D¹¸Á«³´(ªK´'¬á®l«'²?�S¬?´-ÿ�ÅV¸¦½V«D¹µº¼



·¯®¿«y²(ªl±��î©Fñ ¬?ªl´(·¹ÅV½V¬VÞ d �Þ�Î×[��]"É^Ý0c�É�¸¦¬v¬?´(ÿîÅV¸¦½V«DhÇ�Ë ¾~ËZÉKË
àáª^ÇW½VÒ�½Æ·IÞZÃøª¿·8²(¸¦¬?ÅÆ·¹½Æ¹½§°S®¿µ¦¾'»y® Ï ½Æ8¬?ªK´-·¹ÅV½V¬�¸ºBÅI®l«�»y®¿¾'¾Î½V«À¹»y®^
¹»(½F¬¹®l±�½FÅVªl«'¬�¹½Vµ¦µÁ®¿¹¸¦ªK«ÊÒ�½VÅ§¹ªl·[¸¦¬[·¹½VÅÆ½V¸¦Ò�½I²î±p´(µº¹¸Á¾(µ¦½h¹¸Á±�½Æ¬�®¿«y²
»(½V«'ÅV½ d ±�¸Á¶l»Dv»y®IÒ�½Ä¹ª Ï ½�µÁ®^·¹¶K½Æ·IË
Ì�½Q«(½ÆÂ³hÓD´'®l«D¹¸ºÃõ¼8¹»'½Q¾(·¹ª Ï ® Ï ¸Áµ¦¸ºS¼�¹»y®^ d ¬¹®l±�¾'µ¦½V¬[ªlÃZ¹»'½

®^·?·¯®I¼ ªK´(¹¾(´(p®¿·¹½Ê¬?´(ÿ�ÅÆ¸Á½Æ«³IËeÌ ½�Í(·¹¬�î¾(·¹ª^Ò³¸Á²(½Ê®�¬?¸¦±�¾'µ¦½Ê®¿·?°
¶l´'±�½V«DÄÇv»(¸¦Å§»�µÁ½V®K²(¬�¹ª*®6¬?´ Ï °�½ÆÂ-¾ÎªK«'½Æ«³¹¸Á®¿µÁµº¼e²-½VÅÆ·¹½I®¿¬?¸Á«(¶�´'¾-°
¾Î½Æ· Ï ªK´(«y²0ªK«�¹»(½8¾-·¹ª Ï ® Ï ¸¦µ¦¸ºS¼�ª¿ÃW«(ªK«-°b¸Á²-½V«D¹¸¦Íy® Ï ¸Áµ¦¸ºS¼DËáÛ³´ Ï ¬?½Æ°
ÓD´'½Æ«³¹µº¼DÞl¸¦«î¹»'½v«'½ÆÂ³�¬?´ Ï ¬?½VÅÆ¹¸¦ªK«ZÞ�Çh½Q¾(·¹ª^Ò³¸Á²(½v®�±�ªl·¹½Q®lÅÆÅV´(·¯®^¹½
× Ï ´(*®lµ¦¬?ª�±�ª¿·¹½ÀÅVªK±�¾(µÁ½§ÂyÝ�®l«'®lµº¼-¬?¸¦¬0¾(·¹ª^Ò³¸Á²(¸¦«'¶9®l«=½§Â(¾Îªl«'½V«-°
¹¸Á®lµ¦µº¼*²(½VÅÆ·¹½V®l¬?¸¦«'¶�´(¾'¾Î½Æ· Ï ªl´'«y² Ë
úZ½Æ @é ; w Éd ñ 9 ñ w Éd ;A�CB�� � ×[vOÝ 9 � ×[v~Ý

òQ¬BÇW½�»y®IÒ�½�¬?»(ª^Çv«ð�Q× @é ; Ý�w æ Ë6Ì�½î«'ªIÇ1®l«'®lµº¼-öV½î¹»'½î·¯®^¹½ª¿Ã�ÅVªK«³Ò�½Æ·¹¶l½V«'ÅÆ½�ªlÃ @é ; ¹ª æ ®¿«y²*¾-·¹ª^Ò-¸Á²-½�®l«0´(¾'¾Î½Æ· Ï ªl´'«'²6ªK«¹»(½F¾(·¹ª Ï ® Ï ¸Áµ¦¸ºS¼�¹»y®^ @é ; ¸¦¬[¬?¸¦«'¶K´(µÁ®¿·IË ï ª�¹»'®¿[½V«y²8Çh½v´'¬?½F¹»'½ÃõªKµ¦µ¦ª^Çv¸¦«(¶ÊÅÆªK«'¬?½VÓ³´(½V«'ÅÆ½�ªlÃ[ùÄ½Æ·¹¬?»(¶Kª¿·¹¸Á«Zý ¬á¹»'½Æªl·¹½V±0Ë
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Í���x 	��Ï�	[Í:Ð)���0Í���� ç{Ï)��¬�	��0Í���LÏ Ê 	IÄ�:Ä Ê Ù.��Ì�Í>���
�� O � � �WT A �YXB � � O � � �Y}��ÇaY�sx 	��=�&�[ÌY	�«���� çÑ����&	��[	�Ú��Ï1��-�a	���:Ä
òQ¬?¬?´'±�½F¹»y®^h®¿µÁµ ª¿âÎ°S²-¸Á®l¶Kªl«y®¿µÎ½Vµ¦½V±�½V«D¹¬Wª¿Ã @é ; »y®IÒ�½v±�®l¶¿°«(¸¦¹´'²(½�µ¦½V¬?¬v¹»y®¿« ���^!���E��_[Z�� Ë ï »'½V«ÊÃøªl·Ä®lµ¦µ��A �\XB � × @é ; ÝS� �^] �Î×[��]9É^Ý�Î×[�Ñ]9ÉIÝEc�É ] × @é ; ÝS���·w É ×`_lÝ

®¿«y² Ï ¼p¹»(½Vªl·¹½V±�_ÄÇh½QÅI®l«�ÅVªl«'ÅVµ¦´'²(½v¹»y®¿ @é ; ¸Á¬�¬�?·¹¸¦ÅÆ¹µº¼�¾ÎªK¬?¸º°¹¸¦Ò�½Ä²(½ÆÍ'«'¸º¹½KË�ßb�·¹½V±�®l¸¦«(¬h¹ª�ÅVªl±�¾'´-¹½Ä® Ï ªK´'«'²�ªK«6¹»(½Ä¾-·¹ª Ï ®^°
Ï ¸Áµ¦¸ºS¼Ê¹»y®^Q®lµ¦µOª¿âÎ°b²(¸Á®l¶lªK«y®¿µO½Vµ¦½V±�½Æ«³¹¬Fª¿Ã @é ; »y®IÒ�½Ä±�®l¶K«(¸º¹´y²(½µ¦½V¬?¬v¹»y®¿« ���^!������_[Z�� Ë ï »(¸¦¬vÇv¸¦µ¦µO¾-·¹ª^Ò-¸Á²-½B®pµ¦ª^ÇW½Æ· Ï ªK´(«y²6ªl«*¹»'½¾-·¹ª Ï ® Ï ¸¦µ¦¸ºS¼9ªlÃ�¾Î½§·¹¬?¸Á¬�¹½Æ«'ÅV½�ª¿Ã�½ÆÂ-ÅV¸º¯®¿¹¸¦ªK«�¬?¸Á«(ÅV½�®¿¬6²-¸¦¬?ÅV´'¬?¬?½I²
® Ï ª¿ÒK½KÞ'¸ºÃ @é ; ¸¦¬v«'ªl«(°�¬?¸¦«'¶l´'µÁ®¿·v¹»'½Æ« ñ ¸¦¬vÃø´'µ¦µ ·¯®l«(ã Ëï ª8ª Ï ¯®l¸¦«�¹»'½vÍ'·¹¬� Ï ªl´'«y²îÇW½�´'¬?½QµÁ®¿·¹¶K½B²-½VÒ³¸Á®¿¹¸¦ªK«�¹»'½Vª¿·?¼
®¿¬Q¸¦« ó a^ô�Ë ï »(¸Á¬Qµ¦½I®K²-¬F¹ªp¹»'½ÄÃõªKµ¦µ¦ªIÇv¸Á«(¶Ê·¹½Æ¬?´'µºIÐ
è�ÒE¾9Ó$Ô�¾
¿Db Å�Ça�$ÌL�>ãKÍ>ã�	[� 	��[ç��SÙ�Ç
Í�Ú:	��9Ð�Í�Ï>Í��IÍ��.Y����Ç
Í���	����$���
YÌK�&	��&��Y�a��� ç�L®)«�	��[	��9Ð�	��ÑÍ��&ç�¬o$�I���[	�«&Í>��� ç���Y�&����Ç
Í���Wc.� �.de ^��L��fL_ ghHi�hjilk d`mon+dpmrq sNtCq sptWgu Ù.��Ì�Í��açwvxTy��z�Ä
ï »(½�¾(·¹ªDªlÃ�ª¿Ãs¹»'½á¹»'½Vª¿·¹½V±Y¸¦¬áªl±�¸¦?¹½V² Ï ´(FÇv¸¦µ¦µs®l¾(¾Î½I®¿·Q¸¦« ó {^ôÙË�áªl¹½B¹»y®¿á¹»'¸¦¬Ä¸¦¬Ä®l«e®l¬�¼-±�¾(¹ª¿¹¸¦Å8·¹½V¬?´(µºî× µÁ®¿·¹¶l½ d Ý§ÞZ®¿«y²0¹»y®^
¹»(½�²(½V¾Î½Æ«y²(½Æ«'ÅV½�ªl« d ¸¦¬v¬?´ Ï °�½ÆÂ-¾Îªl«'½V«D¹¸Á®lµ Ë	Zå f å9í�ÒE¾9Ô��EÓ+| � Ó� "�"� � �!�~}��"� � ¾ �*) � Ò �+� ¾ � í�n z ����� �+)�z
Ì�½á«(ª^Ç�¾(·¹ª^Ò³¸¥²-½�®B±�ªl·¹½á®lÅVÅÆ´(·¯®¿¹½ Ï ªK´'«'²(¸¦«'¶B´(¬?¸Á«(¶8¹»(½�©W»(½Æ·?°
«(ªlâ Ï ªK´(«y²�ªK«eÍy«(¸¦¹½p®lµ¦¾'»'® Ï ½Æ8Ø�°bÚWÛ³ÜY¬?¸¦¶K«y®¿µ¦¬VË ï »'¸¦¬ Ï ªK´(«y²
»(ªKµÁ²(¬BÃøª¿·î®¿µÁµ�ÒK®¿µ¦´'½V¬8ªlÃ d Ë0Õ'´(·?¹»(½Æ·¹±�ªl·¹½p¸¦p®lµ¦¬?ª�¬?»(ª^Çv¬8¹»y®^
Ãõªl·Ê®l«D¼"Í(Â(½V² d T×�Î×[��]¤É^Ý§ÞW¸¦«'ÅÆ·¹½I®¿¬?¸¦«'¶�¹»(½0®lµ¦¾(»y® Ï ½§�¬?¸ÁöÆ½
ØÈ²(½ÆÅÆ·¹½I®l¬?½Æ¬h¹»'½Ä¾-·¹ª Ï ® Ï ¸¦µ¦¸ºS¼�ª¿Ãs«(ªK«(°�¸Á²(½Æ«³¹¸ºÍy® Ï ¸¦µ¦¸ºS¼�®^Fµ¦½I®l¬�Q®¿¬�� g k d Ë��Ä´-·v¶KªK®lµO¸¦¬F¹ª Ï ªl´'«y²�~� × @é ; ÝS� � T É�Î×[�=c=ÉIÝC��� �~� Éd ;A�CB��C� ö� ×[v~Ý � � ×[v~Ý�T É�Î×[�oc=ÉIÝC�

×�aKÝ
×[��-w>/DÝpÇv»'½Æ·¹½ � �?×[vOÝY} � � ×[vOÝ�®^·¹½0¹»'½��?ý ¹»=®l«'²�/(ý ¹»�½V«D?·?¼9ªlÃ� ×[vOÝ§Þ'¹»'½�v °Ù¹»0·¹ªIÇ.ª¿Ã ñ ®¿¬�²(½§Íy«'½V²0¸Á«"×[e�Ý§Ë ï ª�¹»'®¿á½V«y²*Í(Â

��-w4/(Ë�úZ½Æ�| � w � � ×[v~Ý ö � � ×[v~Ý§Ë�Õ'ª¿·�½VÒK½Æ·?¼�v�ÞW| � ¸¦¬Ä´(«'¸ºÃøª¿·¹±�µº¼²(¸¦¬�?·¹¸ Ï ´-¹½I²*ª^Ò�½Æ·Q¹»'½BØFý ¹»0ªl·¯²-½Æ·Q·¹ªDªl¹¬Äª¿Ã�´'«(¸¦b¼e×ø¹»'½�·¹ªDªl¹¬áªlÃ
´'«(¸ºS¼ÊÃøªl·¹±Ñ®p±�´'µº¹¸¦¾'µ¦¸¦ÅI®¿¹¸¦Ò�½�¶¿·¹ªK´(¾�®l«'²6¹»'½�ÅVªl«³Ò�ªKµ¦´(¹¸¦ªl«0ªlÃ[®
´'«(¸ºÃøªl·¹±Ñ²-¸Á¬�?·¹¸ Ï ´(¹¸¦ªK«0ªl«*¹»'½Ä¶l·¹ªK´(¾*Çv¸º¹»�®l«D¼Êªl¹»(½Æ·á²(¸¦¬�?·¹¸ Ï ´-°
¹¸¦ªK«Ê¸¦¬h´'«(¸¦Ãõªl·¹±ÊÝ§Ë[Û³¸¦«'ÅV½Q¸¦«6¾-·¯®lÅÆ¹¸¦ÅI®¿µ ®l¾'¾(µ¦¸ÁÅV®¿¹¸¦ªK«(¬vØÈ¸¦¬F®¿µºÇF®V¼-¬
½VÒ�½Æ«�×Ù®l«'²�®lÅ§¹´y®lµ¦µº¼"®6¾Îª^ÇW½Æ·�ªlÃQþlÝ§Þ�µ¦½Æ�Ø¥wYþ\��ËptÄ¬?¸¦«(¶*¹»'½
Ã ®¿ÅÆÄ¹»'®¿áØ�¸¦¬Q½VÒ�½V«6Çh½Bª Ï ¯®l¸¦«0¹»y®^á¸ºÃ�OÊ¸¦¬Ä®î¬�¼-± Ï ªlµO®¿µ¦¬?ª�]�O
¸¦¬Ä®�¬�¼(± Ï ªKµ Ë�úZ½Æv¹»'½�®¿µÁ¾(»y® Ï ½Æ Ï ½� w §&O � }.]�O � }�O ÷ }.]�O ÷ } ½.½�½ }�O���}.]�O���ª
Ì ½�«(ªIÇ »'®IÒ�½Ä¹»y®^;A�CB�� | � w �A � B�� ×[v��`O���]ºv � ��O���Ý ×`{KÝ
Çv»'½§·¹½kv � ¸¦¬Ä¹»'½8«³´'± Ï ½§·Äª¿ÃWªDÅVÅÆ´(·¹½V«(ÅV½V¬�ª¿Ã�O � ®l«'²·v � � ¸¦¬Ä¹»'½«³´'± Ï ½Æ·Wª¿ÃOªDÅÆÅV´(·¹½V«(ÅV½V¬hª¿Ã�]�O��SÞ-®l±�ªl«'¶�| � } ½�½.½ }L| ; Ë ï »'½§·¹½ÆÃøª¿·¹½Çh½BÅI®¿« Ï ªl´'«y²�$� �;$��� � ;�CB�� | � ��� Ty3W�kw �^� �;$��� � �� B@� ×[v���]ºv � ��ÝNO�� ��� T�3W�� � � �; � �� B@� � v���]ºv � �Y�WTy3 �w �^� � �� B�� � v���]ºv � �Y��T�3 d � ½ ×���ÝtÄ¬?¸¦«(¶8¹»(½Ä´'«(¸ºÃøªl·¹±�¸ºb¼�ªlÃZ¹»'½Ä²(¸¦¬�?·¹¸ Ï ´(¹¸¦ªl«�ÇW½�ª Ï ¯®l¸¦«�¹»y®¿�¹»'½
¾(·¹½ÆÒ-¸¦ªl´'¬v½IÓD´y®^¹¸Áªl« Ï ½VÅVªl±�½V¬��� �; ��� � ;�YB@� | � ��� T�3W� � � �� B�� � ×&� v���]Àv � �K�WT�3 d Ý� � � ×&� v � ]Àv �E� �WT�3 d ÝwÈþ\� � ×[v � ]ºv ��� T�3 d Ýw"Ø � ×[v � ]ºv ��� Ty3 d Ý ×���Ý
ï »'½Q¸¦«'½IÓD´'®lµ¦¸ºS¼î´(¬?½V¬�¹»(½FÃ ®lÅ§W¹»y®^W¹»(½Æ·¹½v±p´'¬� Ï ½Q®¿Wµ¦½I®l¬�Fªl«'½
½Vµ¦½V±�½V«D�¶¿·¹½I®¿¹½Æ·�¹»'®l«�ª¿·�½IÓD´y®¿µQ¹ªe¹»'½0±�½I®¿«~Þh®l«y²È¹»'½0µÁ®¿¬�
¸¦«'½IÓD´'®lµ¦¸ºS¼ ´(¬?½V¬8¬�¼(±�±�½§?·¹¸ÁÅÆ¸¦b¼ÀªlÃv¹»'½�²-¸¦¬�?·¹¸ Ï ´(¹¸¦ªK«ZË0Ì ½�«(ªIÇ
Íy«(¸¦¬?»*¹»'½ Ï ªl´'«'²(¸¦«'¶�´'¬?¸¦«'¶p¹»(½B©W»'½§·¹«'ªlâ Ï ªl´'«'²�ó �¿ôÙË 8 ½ÆÍy«(½�®
¬?½IÓD´'½Æ«'ÅV½�ª¿Ã�¸ Ë ¸ Ë ²ZË(·¯®l«'²(ªK±YÒl®¿·¹¸Á® Ï µ¦½V¬�� � Çv¸º¹»�²(¸¦¬�?·¹¸ Ï ´-¹¸Áªl«

�)��w��� � É5Çv¸¦¹»*¾(·¹ª Ï ® Ï ¸Áµ¦¸ºS¼ ��]�ÉOÇv¸¦¹»*¾(·¹ª Ï ® Ï ¸Áµ¦¸ºS¼ ��� Çv¸¦¹»*¾(·¹ª Ï ® Ï ¸Áµ¦¸ºS¼ � � ÷� ×�É(�KÝ
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ï »'½�¾'®¿·¯®l±�½§¹½Æ·ª �¸Á¬8´'¬?½V²�¹ª�ª Ï ¯®¿¸¦«"®*¹¸¦¶K»D¹½Æ·8Í'8ªlÃv¹»'½�¸¦«-°
½IÓD´y®¿µ¦¸¦b¼DË-tÄ¬?¸¦«'¶�¹»'½�²-¸Á¬�?·¹¸ Ï ´(¹¸¦ªK«0ª¿Ã:�)�v×�É(�KÝWÇh½�ª Ï ¯®l¸¦«¥ ×���¦ © d Ý�w þØ ¬?¸¦«'»O×� 'Ý ½ ×�É^þlÝ�Ä¾(¹¸¦±�¸¦öV¸¦«'¶� 0× ¬?½Æ½á®¿¾'¾Î½V«'²(¸ºÂ'ÝOÇh½Qª Ï ¯®¿¸¦«î¹»y®¿[¹»'½ Ï ½V¬��Å¯»'ªK¸¦ÅV½
¸¦¬  �w�¯®l«(» ��� ×�3(Ý ½ ×�É:�KÝ
Û-´ Ï ¬�¹¸º¹´(¹¸¦«(¶p¸¦«D¹ª0×�ÉKÉIÝv®¿«y²Ê¬?¸Á±�¾(µ¦¸¦Ã¥¼-¸Á«(¶pÇh½�Í'«y²

� ¢ ;A � B�� � � T�3 d ¤ �=« þØ�¬ ; � � 1��®�¯±° k d.^ 1 _ ; « 3² É�]�3 ÷ ¬ ;
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Talwar bound: L=8, d=3
New bound: L=8, d=3
Talwar bound: L=4, d=2
New bound: L=4, d=2
New bound: L=4, d=10

q����� �Ô�¾6ä Ë�Õs¸¦«'¸º¹½�®¿µÁ¾(»y® Ï ½ÆÊ©Fñ ¬?ªK´-·¹ÅV½V¬VÐstÄ¾'¾Î½§· Ï ªK´(«y²"ªK«
¹»'½Ê¾(·¹ª Ï ® Ï ¸¦µ¦¸¦b¼ ¹»y®^ d ¬?ªK´(·¹ÅÆ½*¬¹®l±�¾(µ¦½V¬�®¿·¹½6«'ª¿
¾Î½Æ·¹¬?¸¦¬�¹½V«D¹µº¼�½ÆÂ-ÅV¸º¹¸¦«'¶(Ë���¬?ªK´(·¹ÅÆ½V¬v®l«'²6Ø�°bÚWÛ³Ü.ÅVªK«-°
¬�¹½Vµ¦µÁ®¿¹¸¦ªK«(¬VË

Û³´ Ï ¬�¹¸º¹´-¹¸Á«(¶�3Gw ���^!�±Z���_ ®l¬h¸¦«�×�aKÝ[®¿«y²î´'¬?¸¦«(¶8½VÓ³´'®¿¹¸¦ªK«�×��KÝ�ÇW½ª Ï ¯®l¸¦«� � × @é ; Ý � � T ���^!�lZ���_ �w � ���; � ;�CB�� � � ×[v~Ý&ö � � ×[v~Ý³T ���^ �±Z���_ �� Ø � � � ;� B�� � � T?3 d �� þ � ÷� � ; �E� � � gi�hji n+dpm [®�¯±° k dY´ dirhHi n*d`m¶µ « �² � e ^!�lZ@��_ e �E� ¬ ; ×�É&_lÝ
ï »(½�±�®¿?·¹¸ºÂ @é ; ¸¦¬8«(ªK«(¬?¸Á«(¶K´(µ¥®^·p¸ºÃv®¿µ¦µW½V«D?·¹¸¦½V¬�× @é ; ÝS� � ® Ï ª¿ÒK½¹»(½�±�®l¸¦«�²-¸¥®¿¶Kªl«y®lµ�®¿·¹½À¬?±�®lµ¦µ¦½Æ·�¹»y®¿«¤É&·³×[�Î×[��c�É^Ý?Ý§Ë ï »'½§·¹½
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