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� �;&)$6�,+�4;�*+6&)$*\�|U�*�#(7���%A�+^+ �H$.A;/<��$^"35�5;/<DG",$UF_�7/N/�� �b"��CDS�,�-���*+6/K��(*"0/_4;�H(-&)$'&<�,�G=Z�*� ����4{� �#"3�6B,A#"3+�"3�;� �*�H$
� ���
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� �S� ���^�9�3/N/<�3FJ&<��BV/<�*=V=>"eF_�
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�0�?�=¶5	W� �Yê:1�ãñé98
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���MLý�-�������v�m©ON��=ª;ª;��ª;�D�X�±� �m�PL7���m�I«±��JÃ�K���o .¡m¢f£v¤_ .¥=¦§£w¨
� �W+ �H"0/N&<�.D,L�$.�*�#$.�,+�$P"3�#4Z�7®��H(7�-�,+�$�"�+ �����,�P5#�*+.�9�H(7�./<D>+-�7/O&)"3!;/<�
"3�#4Z���3&)$.�^(*"3�S4%&c$a� �,+ �P� ���7&<+_�%5#�*+�"3�a&K�%��\�pJ���
�9�3/N/K�3FJ&<��BS"X+�"3�-���*+k$a`,�*5��.&)(*"0/�$.��"3� �*=Z�*�C�JF�",$P=>",4;�6&<� | ÿ «3� Ð

\<\<\ | $a�*�#$.�,+�$ � \<\<\?$'&<=V5;/<D�4;�X���,�J+ �*� A�+-�>(-/<�H"3�b",(*(7A�+�"3�-��+ �H"%4%&K��B;$*\����P!#�H$.�J� ���*D>4;�7/N&<I,�*+�"��9A�l*l*D
"35�5�+ �0[C&<=>"��.&<�,�X� ��FU�#"3��� ���*D�"�+ ��"35�5#"3+ �*�;�./<DX=V�H",$.A�+.&<��B#L,"��#4X�3�9� �*�X� ���*D
+ �*�-A�+ �V$.�,=V�*� �;&<��B
(7�,=V5;/<�*� �7/<Db4%&N®��*+-�*�C�H\|U�rFJ�*I,�*+0LC�-���^�7®��H(7�U�3������&c$a��4;�*5#�*�#4�$U�,�Q� ���^�.DC5T�^�3�t"r/KB%�,+.&<� ��= � �#"��J&)$J!#�7&<��BSA#$.�H4�&K�Q� ���
$.D�$.� �*=b\ � �

"Z=�A;/<�.&)"3B%�*�C�^$.D�$.� �*=�� ���
���3&)$.�X�#",$6"3���,�-���*+j",$a5#�H(7�6�_�-���^&<�#4%&<I,&)4;A#"0/�"3B,�*�;�j(*"3�����%�j"0/<F�"0D�$k!#�V$.A�+ �X",$
�9�,+^� ���X+ �7/N&)"3!;&N/O&<�.Dn�3�_� ���X�,�-���*+�$*L����*�#(7�W"WB,�C��4Q=XA;/K�a&c"�B,�*�C�X"0/<B,�,+.&<� ��=Ê$a���,A;/)4Y!#�V�-�3/<�*+�"3�;�^� �W�¹"r&O/<A�+ �H$
��(*(7A�+ +.&<��BS&<�Y&<�;� �*+ �M"3B,�*�;�
(7�,=V=XA��;&)(*"3�.&<�,��\VwE�,+ =>"r/O/<D,L�&O���,���V"3B%�*�C�^�#",$^"Z�M"3A;/<�^5�+ �,!#"�!;&O/N&<�.DG�3�³ù�Lq� ���*�
"3�Â"0/<B,�,+.&<� ��=½� �#"3�V+-�7/O&<�H$W�,�Ã� ����(7�%+ + �H(7�V!T�*�#"HI%&<�,+W�3��"0/N/ �o"�B,�*�C�7$XFJ&N/N/
�#"HI%�W�¹"0&N/<A�+ �Y5�+ �,!#"�!;&O/N&<�.DÇ�3�
ÿ Ån1 ÿ ÅDù?8 � LEF��;&)( �Q� �*�#4�$J� � ÿ ",$M�WB,+ �3F�$u\

]i��5�+ �,5#�;$.��� �#"3�?�,A�+f"�5�5�+ �C",(-�^� ��(7�3I,�*+.&<��B�5�+-�,!;/<�*=>$?&)$?FJ�7/N/<�M$.A;&<� �H4��y�%+����3&)$.D
$.�*�#$.�%+�$ � �*�;I,&<+ �%��=V�*�C�7$*L
$'&<�#(7�6&<��4;�;�H$J���,��+-�7/KDW� �;�V$.� + �,��B�/KDZ�,��"��CD>$a5#�H(-&N�:(
4�"3�7"
�%+_�#"�+�4;F�"3+ �,L,!�A��J�,�;/<DW�,�W+ �7/)"3�.&<I,�
R%A#"3�C�a&K�a&K�H$
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F��;&)(-�m4;�S���,�
$.A;®��*+^$.�S=XA#( �Q�9+ �,=�� ���X�*+ + �,+�$U&<�G$.�*�#$.�%+^+ �H",4%&<��BC$*\ ¼ �*�{�Ã!#�X� ���>"�=V�,A��;���3������&c$a�X&<�
� ���V$.�*�#$.�%+�=V�H"%$.A�+ �*=V�*�;�H\^pJ�#"3�U&)$*LT&N�_� ���X$.=V�7/N/_"0/<�,��BS�H4;B,�W1�ãqðwäE8f&)$��HR,A#"0/�� �Du31�ãqðwäE8�L�� ���*�Y� ���@���3&)$.D
$.�*�#$.�%+�=>"0DV� �7/N/fA#$�"��CD;� �;&<��BV!#�*�.FJ�*�*�ºu311ã�ðwäE8IÅRQ í "3�#4Du�1�ã�ð5ä�8��SQ í \Jv,A#(-�b"@/<�*I,�7/f�3�����3&)$.�^&<=V5;/N&<�H$6� �#"3�
"b$a�*�#$.�,+X1M�,+
"��m"0/<B,�,+.&<� ��= � �#"3�^+ �7/N&<�H$@�,�G� ���W$.�*�#$.�,+*8^(*"3�����,�
4%&)$.�.&<��B,A;&)$.�o!T�*�.F_�*�*�o"W� +�"%(7�V� �#"3�^F�",$
/<�7�y�6"3�_$.�%=V�^�.&<=V�6ÿ_"3�#4W�,���6� �#"3�JF�",$�/K�7�9��"3�J�.&<=V�6ÿ��_��\�pk�;&c$U(*"3A#$.�H$J"V4;�*I%&c"��.&<�,�W�y+-�,=õ� ����!#"%$'&)(6+ A;/<�
�3��!T�*�#"HI%&<�,+^F��;&)(-�b&<=V5;/N&<�H$^�-�#"3���-����4%&N®��*+ �*�#(7�X&<�Qd#�rFÑ19&M\s�,\U�CA�=X!#�*+^����5#",$ $ "3B%�H$78�!#�*�.FJ�*�*�Y�.F_�Z�H4;B,�H$
�*=>"3�#"��.&<��BX�y+-�,=õ� ����$ "�=V��I%�*+ � �7[S=>"0DV!#�H(7�,=Z��",$P/)"3+-B,�
",$ ÿ �
�ê1M+�"3� ���*+J� �#"�� ÿ ",$J!T�7�y�,+-�38�\ � �S�%+�4;�*+
� �^�H$.�a&K=W"3� ��� ����R%A#"3�;�.&<��"3�.&<I,���7®��H(7���3��$.A#(-�V���3&)$.�6�,�X� ����5#�*+a�y�,+-=>"3�#(7���3�?�,A�+�Ò�Ó�ÔtÕ9Ö>Ò�×�ØqÕ Ù�"0/<B,�,+a&K�-��=bL
FJ�^+ �*FJ�,+ `V�%A�+�5�+ �*I%&K�%A#$�+ �H$aA;/K�7$�� �V",(*(7�%A��C���-���^5#�C$ $2&K!;/<�V4;�*I%&c"��.&<�,��\¯t�#µÃµ��ÆG ¹ï� Á (´tn�,÷Tû����,�.�>¾ �%� � ÷#�0�Oø � ¾-�,� ÀX�1({s��J�,÷#ûQ� � �VÀ*�H÷EÀÎ�%�
û,�0�H�©�,�9�)�%÷G�<ÀX�,��úX�3À*���§�k� � �H÷Ã�
�,�J�,¿©¿��9�©ú��uÀ
û,ü;���©÷CøW���3���0üC�9�©�,÷Y�1(�Ò�Ó�Ô�Õ9ÖWÒ�×�Ø§� ½q1�sqðwtE8ÂÅ_½q1�sqðw��8" U���D� ÿ ¹ 1 ¦ 8

pk�;&c$�=V��4%&O�:(*"��.&<�,�G&)$X4;A��W� �S� ���X�M",(7�
�-�#"3�
"3�G�H4;B,�Z=>"0Db!#�W� +�"0I,�*+7$.�H4QA�5m� �º�Ã�.&<=V�H$@!T�7�y�,+-�V� ���
���3&)$.Db$.�*�#$a�,+�(*"3�b$.�*�^�-�#"3��� �;&)$U�H4;B,�6&)$J�M"0I,�,+ �H4Z�3I,�*+J� ���
�,�-���*+�$P�*=>"3�#"3�.&<��BZ�y+-�,=�s�\

�P�,�#$.�HR%A��*�C�./<D,L ¼ �*=V=>" « !T�H(7�,=V�H$¯t�#µÃµ��Dü ¹ï�UTS�)� � À*�H÷EÀÎ�,�6û,�0�H�©�,�9�)�%÷G�,��úX�3À*�7�7���©���%¿ � �U&HÀ � �,¿Nû3À
� � �%�=(*�,�^�,¿©¿ ÿ � î þ�

 ê?1�ãÃé98�Å}ê:1�ãñéAò < 8" �� ÿ �
�}� � ÄõX1 î ð î � ÿ 8" ¹

"��#4�2� �;�:�0�Tµ � ¹ï�
ÿ�����
�� � 1 ÿ �
�t8�
� �_�T12ìe8 � ¹��� �0�2�.� �<À
�S¾ �%üC÷Tû>�,÷Y� � �Zû,�H�0�)�,�9�©�,÷Y�1(X� � �@ÀÎ�0÷�À*�,� À�E

��!#$a�*+ I,�S� �#"3�V",$@� ���S����&c$a�b5#"3+�"�=V�*� �*+��ÂB,+ �3F�$uL�� ���*+ �W&)$X=V�%+ ��$a�*�#$.�W&<�ÇA#$'&<��Bo"S/)"3+-B,�*+V�;A�=�!T�*+
�3��+ �,!T�,��$*\ � �;� �*+ �H$.�a&K��B�/KDi�*���,A�B,��L�� �;&)$@�,!#$.�*+ I3"3�.&<�,�Y&)$X$'&<=X&N/)"3+X� �b� ���Z�7[�5T�*+.&<=V�*�C�7"0/�+ �H$.A;/<��$^5�+-�H$.�*�C�-�H4
&<� | ÿ °0� 19&<�m"�+�"3� ���*+X4%&O®��*+ �*�;��(7�%�C� �7[��*8�L?FU���*+ ��"Q(7+ D;5�� �M"3+.&<� ��=V�*�a&c(e5�A�l*l7/K�W&)$@!#�7&<��BG$.�3/<I,�H4i!;D{$a�*I,�*+�"0/
(7�;�,5#�*+�"��.&<��B{"�B,�*�C�7$^� �#"3�X(*"3�n�7[E(-�#"3��B,�S�;&<�;��$@�rI%�*+�"b(7�%=V=V�,�n!;/)",( `;!#�;"3+�4?\YpJ���*+ �,L�&<�XF�",$^�,!#$a�*+ I,�H4
1M�*=V5;&<+.&)(*"0/N/<DT8�� �#"3�J"^B,+ �%A�5V�3�f$.�3/<I,�*+�$t=>"0DV4;�*=V�,�#$.� +7"3� ��"^!T�*� � �*+�(7�C�%5#�*+�"3�a&K�%�VA��#4;�*+J���3&)$.D>(7�,�#4%&<�.&<�,�#$*\

V ]_^K`Da�bc]_dfe�a�WMi¼
��ml^ß_���*�on�põ� ��q ÝVâU
YX����qâ�
YXe�*�on[Z*\^]`_ ßMa
��ßU��	VßJ	 ���
àè�ZÞ �f�7Þ ß7l^ß�ÞVä?ßJâ���
§q

�^$�FJ�^$ "0Fo&<�S� ���^5�+ �*I%&<�,A#$�$.�H(7�a&K�%��LC�-���*+ �j"�+ �j(*"%$.�H$PF����*+ �^Ò�Ó�Ô�Õ9ÖWÒ�×�ØqÕ Ù�B%�*��$t&K�;� �V"X$.�*+.&<�H$P�3�kÄ7�-+�"35#$ Å
� �#"3��(*"3A#$a�
"XA#$.�7/<�H$ $U+ �*�9I,&)$'&<�.&<��BW�3��� ���
$ "3=V�6/<��(*"3�.&<�,�#$*\ � �b�-�;&c$U$.�H(7�.&<�,�SFJ�
$.A�B,B,�H$a�k"����,� ���*+�"0/<B,�%+.&<� ��=
� �#"3�0L�&<�nB,�*���*+�"0/ML�FJ�,+-`�$6=V�%+ �>�7ôS(-&K�*�;�./<D,L�!�A��X+ �HR%A;&<+ �H$V$.�,=Z�V=V�,+ �W(7�,=V5;/N&)(*"3� �H4o�#"�+�4;F�"3+ �,\SpJ�;&)$X"0/<�
B,�,+a&K�-��=¨&)$@�H$ $.�*�;�.&)"0/N/KDÇ"�B,�*���*+�"0/N&<lH"3�.&<�,�o���k�-���V�M"3=V�,A#$@È6�*5�� ���Mwq&<+�$.� �.v,�H"�+�( �o"0/<B,�,+a&K�-��=b\bwq&<+�$.�HLq/<�*�XA#$
�9�,+ =XA;/)"3� �V� ���S(7�,=V=Z�,�mÈ^wPvG12"%$6&<� |s«�Í*� L |h},°*� L |~},¦*� 8�\bpJ���V!#"%$'&)(Z&c4;�H"�&<�ÇÈ6�*5�� ���Mwq&<+�$.�-�.v,�H"3+�(-�Y&)$X� �b�-+ D
"3�#4Ã(7�,�C�a&K�;A��b�-���b$.�H"3+�(-�o� �m"Y���7&<B,�;!#�%+>� �#"��V�#",$X���,�ZD,�*�V!#�*�*�ÂI%&)$'&<� �H4?xJ&N�
���,���Q�7[C&)$.��$uLJ� ���b$.�H"3+�(-�
Ä7!#",(-`;�9� +�",(-`�$-Å^"0/<�,��BX� �����H4;B%��A#$.�H4e&<�S� ���U�#+�$.���*�;� +�"��#(7��� �@� ���^(7A�+ + �*�;�_I%�*+ � �7[�\ � �f����$aA#( �S�H4;B,�6�7[;&c$a��$
19&M\s�,\�� ���^(7A�+ + �*�;��I,�*+-� �7[�F�",$t� ���J�#+�$.�t&<�>� ���6$.�H"3+�(-�?8�L,�-����$.�H"3+�(-�V� �*+-=X&<�#"3� �H$�"��#4X+ �*5#�%+ ��$��-�#"3�_"0/N/?�H4;B,�H$
�3��ìz�#"0I,�^!T�*�*�bI%&c$2&K�-�H4?\_pq�X�9�,+ =>"0/N&<l*�^&<�U&<�b�,A�+��-+�",(7�*�9�,+.&<�*�;� �H4W� �*+ =W$*L�FJ�^FJ&N/N/����*�H4�� ���6�y��/O/<�3FJ&<��BW�2FJ�
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4;�7�#�;&<�.&<�,�#$*L�� �#"3�^=W"3`,�
A#$a�V�3�_�-�����-+�",(7�H$6�,�Y� ���X�H4;B,�H$*ÐU�9�,+^�H",(-�YI,�*+ � �7[_s�LT/<�*�
ÿ�é 8 1�s�8�!#�V� ���X�.&<=V�X�3�
� ���6�#+�$a���*�C�-+ D>�-�2sqL;&M\s�,\

ÿvé 8 11s?8 Ýí =X&<�A���� ? ��B á b ? A�á ��BFcId � u31�tTðws�8r�fð

"3�#4Z/<�*�6ÿ-e �gf 1�s�8�!#�
�-���^�.&<=V�
�3��� ���6�#+�$a���7[C&<�J�9+ �,= s�L;&M\s�,\

ÿ-e �gf 1�s?87Ýí =X&<�A²�-� ?*��B á b ? � á A BFcId � u311s�ðwtE8r�7¹
� �H(*"0/N/�� �#"3�J&<�Y� ���ihkjmlS"0/<B,�%+.&<� ��=î"��S�H4;B,�^&)$U���*I,�*+�I%&)$'&<� �H4Q�.FJ&)(7�^&<�Y� ���
$ "3=V�X4%&<+ �H(7�.&<�,�n1 ¼ �*=V=W" ¦ \ ÿ
&<� |~},¦0� 8�L;���*�#(7�X� ���
ÿ�é 8 "3�#4�ÿ-e �gf Ir"0/<A��H$*LT�,�#(7�X$.�*�HL�FJ&N/N/����*I,�*+�(-�#"3��B,�,\J]i��",$ $aA�=V�^� �#"3�J&<�;&<�.&)"0/N/<DG"0/N/�ÿ�é 8"3�#4Wÿ�e �gf Ir"0/<A��H$^"3+-�j$.�*�U� � ­ \�pkF_�X�,!#$a�*+ Ir"3�a&K�%�#$�(*"3�b!T�
=>"%4;�,Ð

ÿ \ � ��!#�,� �Sÿ�é 8 1�s�8_"3�#4�noe �gf 1�s?8J"3+ � ­ � ���*��s�&)$�"bÄÎ���*F�ÅXI,�*+ �-�7[�L%&M\s�,\�&<�6�#",$J���*I,�*+�!T�*�*�bI%&)$'&<� �H4?\
} \ � ��ÿ é 8 1�s?8kp ÿ e �gf 1�s?8kp ­ 19&M\s�,\U&<�6Fk"%$J/<�7�9�^!#�7�9�,+ �@&<��F�",$U�*�C�-�*+ �H4T8_�-���*�ös{Fk"%$�"3�Q&<�;&K�a&c"r/�I,�*+ � �7[b�3�

� ���^� �,A�+H\
pJ���
(7�,=Z=V�,�bÈ^wPv>(*"3�S���3Fö!T�^�9�,+ =XA;/)"3� �H4S",$P�9�3/N/<�3F�$*Ð

� A;/<�qhrjmlT1 · I,�*+ � �7[�xN8
�
8�ÿJÐNíÇÿ�� ÿ x
ý 8t&O�kshtKxD~i1�s?8�$*\¬�H\�u311s�ðwtE87þ ÿ

� ���*�
$a�*�Ru31�sqðwtE8�ÐKíÇÿ�x
&N��ÿ é 8 1�tE8ìþ ÿ B,�V� ��tTx �U� "3= � !#",( `Z&<�b� ���^�%+.&<B3&<�ut �;�

��8�&N��ÿvé 8 1�s?8$poÿ�e �gf 1�s?8$p ­ � ���*�GvCp6��Á�\?1'� ���^B,+�"35��W&)$6(7�3I,�*+ �H4T8�\�;� !#",( `;� +�"%( `%&<��BV��"0/N/f���7&<B,�;!#�,+�$6"3+ �^��/c4 �;�
È@8��#�#4b"3�S�H4;B%�X1�s�ð5t�8�$.A#(-�S� �#"3�Ru�1�tTðws?8�íÇÿ�é 8 1�s�8�x
òJ8_$.�*�Yu31�sqðwtE8�ÐNíÃÿ�x
wP8�B,�X� �FtT\
�*�#4`hkj�l?\

ÉU�,� �^� �#"3�P&<�b�%+�4;�*+�� �X5#�*+a�y�,+-=�"X5�+ �,5T�*+�!#"%( `;� +�",(-`%&K��BTLC�%���Vú�ü%À*��!#�
"�!;/K�@� �V=>"�+ `V� ���^�*�;� + DW�H4;B,�^�9�,+
�H",(-�SI,�*+ � �7[�\ ý A��J&N�aL;�9�,+�$.�,=Z��+ �H"%$.�,��L;� �;&)$�=W"3+ `X&)$P/<�C$.�0LC�%+_�-���^B,+�"35��W&)$�(-�#"3��B,�H4?L��-���*�S� ���j4;�H$a5#�*+�"3�-�
$.�H"3+7( ���*+@&)$X���,5T�7/K�H$-$V"3�#4iFJ&N/O/6���*I,�*+V(7�rI%�*+��-���>B,+7"35���\�|U�*�#(7�,LP� ����È^wPvQ&)$@���,�V$.A;&<��"3!;/<�W�y�%+e"����3&)$.D
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� A;/<�oPRQ�STÔRQUT�Õ9Ò�Ó�Ô�Õ9ÖWÒ�×�Øt1 · I,�*+ � �7[�xN8
�
8�ÿJÐNíÇÿ�� ÿ x
ý 8t�#�#4b"XI,�*+-� �7[ te&<��~i1�s�8t$aA#( �S� �#"��u�1�tE8�íÇ=X&<�=���-� ?*��B�� u31���8r�Cx

19&N��� ���*+ �6&)$U=V�,+ �6� �#"3�S�%����$.A#(-�S���7&<B,�C!T�,+6��=>"3`%�j$.�%=V�^���*A�+.&)$.�.&)(X4;�H(-&)$'&<�,�?8�;� ���rFë4;+ �,5b$.�,=Z�^� +�",(7�^�,�ºs �;�
��8_$.�*�Ru�1�s?8�ÐKíÇÿ�x
È@8�B,�X� �FtTx
�*�#4DPRQ�S#ÔYQUT�Õ9Ò�ÓfÔtÕ9Ö>Ò�×�ØP\

pk����� ���*�,+ �*=ö5�+-�rI%&)4;�H$f"kF_�%+�$.�f(*",$a��!#�,A��#4�F��;&)( �@&)$��7[�5#�%���*�C�.&)"0/;&<�
� ���PB,+�"35��
4%&)"3=Z�*� �*+H\�]i��!#�7/N&<�*I,�
� �#"3�@� �;&)$X!#�%A��#4i&c$@I,�*+-DY�¹"�+^�9+ �,=Ê�a&KB%�C�H\YpJ���S$'&<=XA;/c"��.&<�,�#$XFJ��(7�%�#4;A#(7� �H4o$.���3FÏ� �#"����-�;&c$X"0/<B,�%+.&<� ��=
5#�*+a�y�,+-=>"3�#(7�^&)$6(-/<�C$.�X� �V� ���;$.��",$-$.��(-&)"3�-�H4SFJ&<� �Q� ���
�H4;B,�@!#",$.�H4Q"0/<B,�,+.&<� ��=>$uL:"0/<� ���%A�B,�S&<�U&c$6$.�,=Z�*�.&<=V�H$
&<�;�y�*+a&K�%+HL#�H$a5#�H(-&)"0/N/<D�FU���*�b$.�*�#$.�,+J&<�#",(*(7A�+7",(7DW&)$��;&<B,��\

�Ï$aD�$.�-�*=��3�_"�B,�*�C�7$��,!T�*D,&<��BS� �;&)$6+ A;/<�X&)$6B,A#"�+�"3�;� �*�H4S� �W(7�rI%�*+�� ���XI,�*+-�.&)(7�H$*L�"3�#4SFJ�,+-`�$6R,A;&<� �XFJ�7/N/
&<��$'&<=XA;/)"3�.&<�,�#$*\ � �7$�(7�3I,�*+.&<��BV�.&<=V��&c$kA�5�5#�*+^!#�%A��#4;�H4W&<�b� �����y��/O/<�3FJ&<��BV� ���*�%+ �*=b\��� �;�:�0�#µWVý° �,¿©¿N� � �©÷CøX� � �æPRQISTÔRQUT�Õ9Ò�Ó�Ô�Õ9ÖWÒ�×�ØÂ�7üC¿N�²���
ø%�.�,ü*�G�1(M�Y�Hø,�0÷#�©À � �©¿©¿:�7�,�0�H��� � �@�H�0���9�²�
À*�H�
�1(
�Vø%�2�Î� � ì � �)� � �©÷Y�9�)úX�6ÿ��U��À*üC� � � � �,�

ÿ � � 
�� Z���� �0�2�.
Ã�<À
� � ��÷TüCúV¾-�H�^�1(X�H�0���9�©���uÀw�X� �<À
� � �XúX���3�)úXü;ú¨û,�2ø%�.���@�,÷#û�[Y�<À
� � �Vû,�©�,úX�H�9�H�@�1(�ìFEµ
�0�?�=¶5	W� �? è� �^1�sqðwtE8�&)$
"��G�H4;B,�X&<�oì � ���*�Æsm$.���%A;/c4i!#�ZI,&)$'&<� �H4o"3�6/<�H",$a�
�,�#(7�V�*I%�*+ D_�¨I%&c$2&K�7$^� ��t#L
$'&<�#(7�V"0�9� �*+��H",(-�SI,&)$'&<�^� �KtV�,���@�3��&K�7$����7&<B,�;!#�,+7$U&c$UI%&c$2&K�-�H4�"��#4W���*�#(7�e"r�y� �*+Y� I%&)$'&<��$��-�Ft#L�&O�$sQ�#",$k���,�
!#�*�*�nI%&c$2&K�-�H4m$.�W�M"3+HL�"0/N/·tTg~$6���7&<B,�;!#�,+�$��#"0I,��u*�9Ir"r/KA��SB%+�"3� �*+^� �#"��öu�1�s?87L����*�#(7�Dsm$.���%A;/c4{!#�WI,&)$'&<� �H4i���
/)"3� �*+��-�#"3�b"0�9� �*+�� ���^���7[���I%&c$2&K�6� �FtT\7|��*�#(7�@FJ�^B,�*�½q1�s?8�����1�½q1�t�8�� ÿ 8 1 « 8

F����*+ �{½q1�ã�8_4;�*���,� �H$k� ���
�;A�=X!#�*+��3��I%&c$2&K�7$�� �Z����4;�{ãY$.�@�M"3+H\
��¡t  ¼ �*��A#$Z",$ $.A�=V�W� �#"3�V$.�%=V�VI,�*+ �-�7[�L�$-"HD_ã < L��#",$@���,�XD,�*�X!#�*�*�oI%&)$'&<� �H4?L����*�#(7��½q1�ã < 8Xí ­ \GÉ��3F
(7�,�#$'&)4;�*+6� ���U�¹"3+-� ���H$.�JI,�*+ � �7[W�9+ �,=�ã < L#$ "0DFã ø L�"3�#4S"X$.���,+-� �H$.�J5#"3� �S!T�*�2FJ�*�*�S� ���*= ¬ëí ã < ðwã�íHð6¹�¹6¹ ðwã ø \��/<�H"3+./<DDú;LC�-���6/K�*��B%� �S�3�f� ���^5#"�� ��L%&c$U$.=>"0/N/<�*+�� �#"3�S�%+_�HR%A#"0/�� ��[TLC�-���j4%&)"3=V�*�-�*+��3��ìZ\�²�$2&K��BWò�R%A#"3�.&<�,�
« FJ�^B,�*� ½q1�ã ø 8����k�y��½q1�ã ø :=< 8����k�
� í �Ú� í ½q1�ã ø : í08��ë¹�¹6¹h� � ø �
½q1�ã < 8���� Z �y½�11ã < 8w¹ 1 ± 8

ý A���$'&<�#(7�D½q1�ã < 8^í ­ FJ�V�#"0I,��½q1�ã ø 8{�ý� ø L�"3�#4Y� ���Z� �,��"0/�"3=V�%A��C�^�3��I%&)$'&<��$6&<�oìÑ&)$
���*�#(7�W!#�%A��#4;�H4
"3!T�rI%�^!CDD��Z01�
KÅ ÿ 8�\
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��£;  �j$-$.A�=X&<��B>�-�#"3�R�b"�B,�*�C�7$�"3+ �
",(7�a&KI%�
�,�S� ���@B,+�"35���LT"0�y�-�*+�ÿJA��;&K�7$��3���.&<=V�@� ���*+ �^�#"0I,�
!T�*�*��"Z� �,��"r/
�3���;ÿ�I%&)$'&<��$��-�VI,�*+ �.&)(7�H$P&<�Q� ���
B,+7"35���L;���*�#(7�

ÿ1��� 
���Z� »
]i�j",$-$.A�=V�6� �#"3��&<�;&<�.&)"0/N/<D�"0/N/f"3B,�*�;��$P"3+ �U/K��(*"3� �H4W�%��4%&)$.�.&<�#(7��I%�*+ �.&)(7�H$*L;���*�#(7�
F����*�D�����ÇL;ÿ1�^B,�;�H$

� � ­ ",$k� ����(7�3I,�*+P&)$J&<=V=Z�H4%&c"�� �,\
pk���_"3!T�rI%��&)$��,�;/<D�"UFJ�,+�$.� �M(*"%$.��A�5�5T�*+�!#�,A��#4?x%�j(7� A#"r/O/<D,L�$'&<=XA;/)"3�.&<�,�#$�$.���3Fo"�=XA#(-�
!#�*�-� �*+�!#�*�#"0I%&K�%+H\

pJ�;&)$UB3&<I,�H$J+.&)$.�@� �X� ���
���,5T�
� �#"��k"e�.&<B,�C�-�*+�A�5�5#�*+6!#�,A��#4�FJ&N/N/��*I,�*�;� A#"0/N/<DS!#�X4%&)$ (7�3I,�*+ �H4?\
pk����4;D;�#"3=X&)(*$U&<�CI,��/KI%�H4SFJ&<� �Y� �;&)$UI,�*+ � �7[��9�,+.&<�*�;�j"3�;� �9F�"0/<`W�#",$��-���^&<�C�-�*+ �H$.�.&<��BS5�+ �,5T�*+ �.D>�����#"HI%&<��B

(7D�(-/K�b(7�3I,�*+7$6�3��� ���VB%+�"35��m"3=Z�,��BS&<��$���[��H4G5T�3&<�C��$uL�&M\s�,\Q�,�#(7�V�-�����n"3B,�*�;��$^"3+ �e&K�Ç"�/<�C�,5n�3���,���Q1M�,+
=V�,+-�,LCA�5S�-�2�T8�(7D�(-/<�312$78�L;� ���*DS(7�,�;�.&<�CA��^���,5;&<��BV�%�S� ���H$.�^(7D�(-/<�H$k�y�,+-�*I,�*+H\ � �S� ���
(*"%$.������"X$'&<��B3/<��"3B,�*�;�HL
$.A#(-�b"V(7D�(-/K��&)$�"�|6"3=X&N/<� �,�;&)"3�G(7D�(-/<�,xqv,�*�
wq&<B,A�+ � ÿ ± \Pw��,+�"���p ÿ L�&K�7$�" } �©�M",(7� �,+61M�%+�Äu(7D�(-/<��(7�3I,�*+7Å;8f�3�
� ���^B,+7"35���\Pv,�*�
wq&KB%A�+ �H$ ÿ ¯ � ÿ Í �y�,+�$.�%=V���7[#"3=V5;/<�H$*\m|��*�#(7�,L#$aA#( �b"X4;D;�#"3=X&)(6=>"0D>$.�*+ I%�j",$J"@���*A�+.&)$.�.&)(
�9�,+J�#�#4%&<��B�"®|�"3=e&O/<� �%�;&c"��b5#"3� ��\

� _X�*à¼�VÞaâk�f� ����äöâ6��	 �ua��Sß_���*àãßU����ä

]G�^$.�*��� ���6=>"0&<�WB,�C"0/#���f� �;&)$P5#"35#�*+P&<��4;�*I%�7/K�%5;&K��BZ� �������H(7�H$-$ "3+ DX� ���*�,+-DX�y�%+�5�+ �3I,&<��BXA�5�5#�*+�!T�,A��#4�$P�,�
� ���V(7�3I,�*+.&<��BS�.&<=V�H$6�3�J�,A�+
"0/<B,�,+a&K�-��=>$*\{|U�3F_�*I%�*+HL#�7[�5#�*+a&K=Z�*�C��$@"3+ �XA#$.�7�9A;/��y�%+�B,�*�-�.&<��Bb"3�Q&c4;�H"��,�Y� ���
5�+�",(7�a&c(*"r/O/<DS=V�%+ ��&<�;� �*+ �H$.�a&K��BS"0I,�*+�"3B%��!#�*�#"0I%&K�%+��3��� ���^B,+ �,A�5W�3��+ �,!T�,��$*\7|U�*�#(7�,L�� ���^� ��+ �*�^Ò�Ó�ÔtÕ9Ö>Ò�×�Ø
"0/<B,�,+a&K�-��=>$�FJ�*+ ��&<=V5;/<�*=V�*�;� �H4@&<�@� ���$õÃ5�+ �,B%+�"3=V=X&<��BJ/)"3��B%A#"3B,���%�
"3� �.ý ùQ�MÁ��3FJ�*+ } FJ�,+ `�$.��"��.&<�,��A��#4;�*+
� ���@� � �Ï�,5T�*+�"3�.&<��BS$.D�$a� �*=b\�pk����"0/<B,�,+a&K�-��=>$�FJ�*+ �@� +.&<�H4Q�,��$a�*I,�*+�"0/�$a�#"35#�H$^"3�#4Q"3B,�*�;� �9�;A�=�!T�*+�$*LTFJ&<� �
"Y$.A�!#$.�*�X�3��� ���Z&<�C� �*B%�*+
/)"3�-�.&)(7�b",$^� ���WA��#4;�*+./<D%&K��BnB,+�"�5���\�pJ���W�;A�=V�*+.&)(*"0/�+ �H$.A;/<��$@�3�j(7�3I,�*+@�.&<=V�S"3+ �
5�+ �H$.�*�;� �H4�&<�Gwq&KB%A�+ �H$ Í � ÿ ¦ \J���Q&<=V5T�,+ ��"3�;�65�+ �,5#�*+-�2DS�����,A�+^"0/<B,�,+a&K�-��=>$J&)$6� ���7&<+
"3!;&N/N&<�.Db� �W�3I,�*+�(7�,=V�
���3&)$.DS(7�,�#4%&<�.&<�,�#$*L#$a��FJ�^$'&<=XA;/c"�� �H4W�H",(-�S+ A;/<�^�,�>�-��+ �*�6/<�*I,�7/)$J�3�f���3&)$.�,LE�#"3=V�7/<D ­ L ÿ ­ "��#4 },­ A��;&K�7$*\�È6A��
� �Y� ���S+�"��#4;�,=è�#"3� A�+-�S�3�j�-���S���3&)$.�,L�&<�X&)$W"0/)$.�Y&<=V5T�,+ ��"3�;�V� �Y+ A��o�-���b"0/<B,�,+.&<� ��= $a�*I,�*+�"0/��.&<=V�H$W"3�#4
�#�#4S�-����"0I,�*+�"3B%�^�.&<=V�
�3��(7�3I,�*+.&<��B#\J�Ï(7�,=Z5#"3+.&)$.�,�S!T�*�2FJ�*�*�Y�,���*�M$.���%��(7�3I,�*+.&<��B>�a&K=Z�H$^12wq&<B,A�+-�H$ Í � ÿ ­ 8
"3�#4Q"HI%�*+�"3B,�
(7�3I,�*+.&<��BW�.&<=V�V1.wq&KB%A�+ �H$ Í � ÿ ¦ 8J$.���3F�$J� �#"3�0L��,�b�-����"0I,�*+�"3B%�,LC=Z�,+ �
+-�,!#�,�7$J!�+.&<��B�"e�M",$.� �*+
(7�3I,�*+.&<��BV5T�*+.&<��4?\

� �mwq&<B,A�+ � � FJ�>$.���3FÑ� ���V�.&<=V�W�3�k(7�3I,�*+a&K��BYI�$*\W� ���V�;A�=X!#�*+X�3��"3B,�*�;��$*L?FJ&<� �nIr"�+ D,&<��BG"3=V�%A��C�^�3�
���3&)$.�Z�y�%+
� ���W� ��+ �*�S"0/<B,�,+.&<� ��=W$*\bÉU�3&)$.�W&)$�$2&K=XA;/)"3� �H4{&<�o� ���Z�y�3/N/<�3FJ&<��BYFk"0D?Ð
FU���*�þ"Q���3&)$.�*�©/<�*I,�7/��3�´�
&)$
",$-$.A�=V�H4?L�"3�#4Y�-���e"%(7� A#"0/_$.=V�7/N/�&)${u%L�� ���V$.�*�#$a�,+^+ �H",4%&<��BS&)$j&K�;� �*+ 5�+-�*� �H4G",$.uY�_ù=�§J } L?FU���*+ �.ùQ&c$@"
+�"3�#4;�%=Ï�;A�=�!T�*+J!#�*�.FJ�*�*�_Å ÿ "3�#4 ÿ \�pJ���65;/K�%��$t&K�bwq&<B,A�+-�H$ ÿ ­ "3�#4 ÿ ¦ $a���rFÂ� ���6$ "3=V�U&<�;�y�,+-=>"3�.&<�,�W!�A��
�,+�4;�*+-�H4V!;DX���3&)$.�*�©/<�*I,�7/Mx�&<��$.���3F�$�� �#"3�PÒ�Ó�Ô�Õ9ÖWÒ�×�Ø�Õ Ù^"3�#4eÕMÚ�"�+ �J�M"3+�!T�*� � �*+��-�#"3��PRQ�S#ÔYQUT�Õ9Ò�ÓfÔtÕ9Ö>Ò�×�Ø
&<�b���3&)$.DS�*�;I%&K+-�,��=V�*�;�HL�F��;&N/<�X� ���6/)"3� � �*+J&)$J!T�*� � �*+6F����*�S���V���3&)$.��&)$�5�+ �H$a�*�C�H\

v,5T�H(-&N�:(^�7[#"3=V5;/<�H$�"3+ �^$.���3F��Z&<�bwq&KB%A�+ �H$ « � Í \ � �S� ���H$.�6�#B,A�+-�H$*L;� ���^B,+�"0D@/<�*I,�7/?&K�Y"@�.&N/K�^+-�*5�+ �H$.�*�;��$
� ���X� +�"%(7�^&<�C�-�*�#$'&<�2D�&M\s�,\^� ���X�.&<=V�V$'&<�#(7�@/)",$.�^I%&c$2&K�^�-�>� �;&)$�5#�3&<�;�H\^wq&KB%A�+ � ÿ « $a���rF6$�"3�Y�7[#"3=V5;/<�XFJ&<� �G"
!;/<��(-`%&K��B@�,!#$.��"%(-/K�J� �#"���&)$�+ �*=V�3I,�H4@4;A�+.&<��B^�7[��H(7A��a&K�%��\ � ��(*"3�X!T�k$a�*�*���-�#"3�f�-���k"�B,�*�C�7$�4;�*� �H(7��� ����(-�#"3��B,�
&<�>�-�,5#�3/<�,B%D
!;De4;��&K��BV"6=XA;/<�.&<�©/<�*I,�7/�È^wPv#L0�9�3/N/K�3FJ&<��BX� ����Ò�Ó�ÔtÕ9Ö>Ò�×�ØqÕMÚ^+-A;/K�,\PpJ�����,� ���*+�"r/KB%�,+.&<� ��=>$tFJ&N/O/
�#"0I,�^���V5�+ �%!;/K�*=W$�FJ&<� �S�-�;&c$6$'&<� A#"3�a&K�%��",$PFJ�7/N/¹\

� �bwq&<B,A�+ �H$ ÿ ± � ÿ Í F_�
$a���rFÂ�7[#"3=V5;/<�H$U�3���-���.PRQISTÔRQUT�Õ9Ò�Ó�Ô�Õ9ÖWÒ�×�Øo4;D;�#"3=X&)(*$UFJ&<� �S� ���
(7D�(-/K�*�M(7�3I,�*+
� �#"3�6�*=V�*+ B%�H$�",$^"e��[��H4b5T�3&<�C�^����� ���X5�+ ��(7�H$-$*\^É��,�-���-�#"3���-���
5�+ ��(7�H$ $^4;�;�H$6���,�����H(7�H$-$ "3+.&N/<DG(7�,�CI%�*+ B,�
� �>"X(7D�(-/<�*�M(7�rI%�*+��*I,�*��&N���,���^�7[C&)$.�7$P&<�b� ���@B,+�"35���\
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]i�_"3+ �P���3FY&<���-����5�+ ��(7�H$ $��3��!�A;&N/c4%&<��BV"3�@�7[�5T�*+.&<=V�*�C�7"0/#+ �,!T�,�.&)(�I,�*�;&)(-/<��� �#"��?&)$�"3!;/<�_����/c"0D%&<��B�� +7",(7�H$
"3�#4YA#$2&K��BY� ���*= �9�,+^�#"0I,&<BC"��.&<�,��\bpJ�;&)$^Fk&O/N/�$.�*+ I%�V� �b�-�H$.�
�,A�+@=V��4;�7/k"3�#4G"r/KB%�,+.&<� ��=>$�&<�þ"nÄ7+ �H"0/<�©/N&N�y�HÅ
$'&<� A#"3�a&K�%��\
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R2

R1

- smell trace, directed from tile u to tile v 

ch
air

bed

table

- robotic cleaner
R1 started here

R2 started here

R

chair
wheel-

(in motion)

uv

wq&<B,A�+ � ÿ ÐZ��$.D�$.� �*=è����+ �;�,=>$
4%&<I%&)4;�H4o&<�;� �m$ R%A#"3+ �W�.&N/<�H$*LPFJ&<� �Ç"Y4;DC�#"3=e&c(��,!#$.��"%(-/K�,\npJFJ��(-/<�H"3�;&<��B
+ �,!T�,��$�"�+ �j$a���rFU�SFJ&<� �b� ���7&<+^4%&<+ �H(7�.&<�,�#"0/�$a=V�7/N/�� +7",(7�H$*\�É��%� �^� �#"3���-���^� +�",(7�H$�4;�*B%+�",4;�^FJ&<� �S�.&<=V�,\

ÿ �

T
ec

hn
io

n 
- C

om
pu

te
r S

ci
en

ce
 D

ep
ar

tm
en

t -
 T

ec
hn

ic
al

 R
ep

or
t  

C
IS

96
10

 - 
19

96



1 2

34

s(1,2) s(2,1)

s(2,3)

s(3,2)
s(3,4)s(4,3)

s(4,1)

s(1,4)

t = 3 t = 5

t = 0 t = 1 t = 2

t = 4

wq&<B,A�+ � } Ð�w��,A�+J(7D�(-/<�H$J����Ò�Ó�ÔtÕ9Ö>Ò�×�ØqÕ Ù^"3+ �����*�H4;�H4W�-�
� +�"0I,�*+7$.��"6d#�;�,+JFJ&<� � « �.&N/<�H$*\��U/c$a�e$a���rFU�V&)$P� ���
(7�,+ +-�H$.5#�,�#4%&<��BS4%&<+ �H(7� �H4QB,+�"35��SFk&K�-�S� ���
$.=V�7/N/<�©/)"3!#�7/y$��,�W&<��$J�H4;B,�H$u\_ÉU�,� �^� �#"��_�-���*+ �
"3+ �^�.FJ�@/c"�!#�7/)$6�,�
�H",(-�S�H4;B,�,L�� �W4;�H$'&<B,�#"3� �@� ���^� +�",(7�6&<�;� �*�#$'&<�.DW&<�b�H",(-�b4%&<+ �H(7�.&<�,�b����� ���@�H4;B,�,\

D

wq&<B,A�+ � ¦ Ðf�Â�#"3+74V(*",$.�J�9�,+P� ����Ò�Ó�Ô�Õ9ÖWÒ�×�ØqÕ Ù�+ A;/<�,\JpJ���*+ ��"3+-�R
WI,�*+ �.&)(7�H$*L�"3�#4Z"3!#�,A�� ÿ ¹ },± 
V�H4;B,�H$u\�pJ���
4%&)"3=V�*� �*+6&)$@"3!#�,A�� ­ ¹ ° 
fL�"��#4b�-�����a&K=Z�����*�H4;�H4{� �>�-+�"0I,�*+�$.��&K�^=W"HDS!T�>",$k/<�,��Bb",$�+X11
 í 87\jpk���e4;�%� � �H4
"3+ +-�rF6$^$.���3Fz� ���VFJ�,+�$.�
(*"%$.�VF����*+ �W�H",(-�G� +.&)"3��B�/K�W�3��I,�*+ �a&c(7�H$j&)$�"GÄÎ� +�"35#Å�� �#"3�
(*"3A#$.�H$�� ���S"3�C�^�-�bB,�
!#",(-`>�-�X&<��$�$.��"�+ �.&<��BV5#��&K�;�H\
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Covering by ANT-WALK-1, shape #3, on a 14 x 14 matrix

Num of Ants = 3; Total area = 161; Cleaned area =  161

Noise level = 0 units; Cover time = 550;

Rule: ANT_WALK_1 (no backtracking);

1%, time = 0 3%, time = 1 5%, time = 2

58%, time = 110 77%, time = 220 81%, time = 330

91%, time = 440 99%, time = 549 100%, time = 550

wq&<B,A�+ � « Ð6v3&<=XA;/)"3� �H4Y�*I,��/KA��a&K�%�G�3��� ��+ �*�V"3B%�*�C��$uL��,+.&<�*�;� �H4Y!;DS� ���XÒ�ÓfÔtÕ9Ö>Ò�×�ØqÕ ÙX+ A;/<�,\
pk���
B,+�"0D;�©/<�*I,�7/
&)$�5�+-�,5#�,+-�.&<�,�#"0/�� �V� ���^�;A�=X!#�*+6�3�fI%&)$'&<��$J&<�Q�H",( �Q�.&N/<�,\_ÉU�,� �6� �#"3��=Z�C$.�61 � �,­¡� 8��3���-���
"3+ �H"@&)$6(-/K�H"����H4
FJ&<� �;&<� ±%­
� �3��� ���^�.&<=V�,\
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Covering by ANT-WALK-1, shape #3, on a 14 x 14 matrix

Num of Ants = 3; Total area = 161; Cleaned area =  161

Noise level = 10 units; Cover time = 1341;

Rule: ANT_WALK_1 (no backtracking);

1%, time = 0 3%, time = 1 4%, time = 2

74%, time = 268 94%, time = 536 98%, time = 804

98%, time = 1072 99%, time = 1340 100%, time = 1341

wq&<B,A�+ � ± Ð�pJ��+-�*�j"3B%�*�C��$uLC�%+.&<�*�C� �H4W!;DV� ���^Ò�Ó�ÔtÕ9Ö>Ò�×�ØqÕ Ù6+ A;/<�,L�FJ&<� �S+�"��#4;�,= $.�*�#$.�,+ D;�9���3&)$.�^�3� ÿ ­ A��;&K�7$*\
pJ�;&)$X���3&)$.�b4;�;�H$X���,�X"0I,�3&)4n� ���S"3B,�*�;��$6�9+ �,= �9A;/O��/N/N&<��Bo� ���7&<+V=X&)$ $'&<�,��xJ���3FJ�*I,�*+X"�$2&KB%�;&O�:(*"��C�S4;�7/)"HD{&c$
&<�C�-+ ��4;A#(7�H4?\
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Covering by ANT-WALK-2, shape #3, on a 14 x 14 matrix

Num of Ants = 3; Total area = 161; Cleaned area =  161

Noise level = 0 units; Cover time = 691;

Rule: ANT_WALK_2 (backtracking);

1%, time = 0 3%, time = 1 5%, time = 2

60%, time = 138 60%, time = 276 77%, time = 414

77%, time = 552 99%, time = 690 100%, time = 691

wq&<B,A�+ � ¯ Ð�pJ��+ �*�W"3B,�*�;��$*L?�,+.&<�*�;� �H4Q!CDQ� ���VÒ�Ó�Ô�Õ9ÖWÒ�×�ØqÕMÚW+ A;/<�,L�F��;&)( �Y&)$^"WB,�*���*+7"0/N&KlH"��.&<�,�m���_� ���VÈ^wPv
"0/<B,�,+a&K�-��=b\^���3I,�*+a&K��BZ���*+ �@&c$6=XA#(-�b=V�%+ �
�7ô�(-&<�*�;�
1 };Ím� �3���-���
�.&<=V�X+ �HR%A;&<+ �H4Q!CDSÒ�Ó�Ô�Õ9ÖWÒ�×�ØqÕ Ù
+-A;/K�38
4;A��
�-�
&<��$U!#",(-`C�-+�",(-`,&<��B>"3!;&N/N&<�.D,\
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Covering by ANT-WALK-2, shape #3, on a 14 x 14 matrix

Num of Ants = 3; Total area = 161; Cleaned area =  161

Noise level = 10 units; Cover time = 663;

Rule: ANT_WALK_2 (backtracking);

1%, time = 0 3%, time = 1 5%, time = 2

36%, time = 132 52%, time = 265 53%, time = 397

91%, time = 530 99%, time = 662 100%, time = 663

wq&<B,A�+ � Í ÐXpJ��+ �*�S"3B,�*�;��$*L��%+.&<�*�C� �H4i!;DG� ���WÒ�ÓfÔtÕ9Ö>Ò�×�ØqÕMÚ�+ A;/<�,L�FJ&<� �o$.�*�#$.�,+ D;�9���3&)$.�Z/<�*I,�7/��3� ÿ ­ A��;&K�7$*\
ÉU�,� ��� �#"����*I,�*�VFJ&<� �V����&c$a�,LC�-�;&c$P"0/<B,�,+.&<� ��= &)$�=XA#( �e�¹",$a� �*+�� �#"3�VÒ�Ó�ÔtÕ9Ö>Ò�×�ØqÕ Ù,x�&K�t&)$_"r/c$a��",4;I3"3�C�7"3B,�*�,A#$
�3I,�*+J� ���
�%+�4%&<�#"3+ DSÈ^wPvVF��;&)( ��&c$U�7[�� + �*=V�7/<DWICA;/<���*+�"3!;/<�X� �>$a�*�#$'&<��B>�*+ +-�,+�$*\
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+ A;/<� ���3&)$.� ¢
+ �%!#�,��$uÐ ÿ } ¦ « ± ¯ Í ° � ÿ ­
�jÉ6pJ� ­ ÿHÿ ±,� ¦,},± ±,±,­ ¦,},­ ¦%},­ ¦,­;Í ÿ «C¦ };Ír± ÿ },¦ ÿ }%¦

]Y� ¼o� � ÿ ­ };Ír} ÿ °,¦,¯ ÿ ¦3« ÿ ±;Ír¦ °%°,¦ ±,¯,° }%¯;Í ¯,±,¦ ±%­ ÿ «C°�«
ÿ },­ ÿ ¦�«C¯ ÿ };Í3­;Íå}3«C­%} },¦�Ír± ÿ ¯,±%¯ ± ÿ ¦ °%¦,¯ �;Ír} }%¯,± },¯%}

�jÉ6pJ� ­ ÿ ­,¦,° ÿ } ÿ � ¯,� ÿ };Ír­ }�Ír­ };Ír­ }%¯,¯ ÿ °,¦ ¯,­ ¯,­
]Y� ¼o� � ÿ ­ }3«�Ír} ± ÿ Í ¯,¯,¦ °,¦,¯ ±�«C¯ ±;Ír¯ ¯%±,} ±,° ÿ } ÿHÿ };Í3­

} },­ « ÿ ­,± ÿ ¦�«C� ÿ ­;Í3� �,± ÿ °�«C­ Ír¦3« ¯ ÿ ¦ ¦,°,¦ ¦�Ír­ ÿ ¯%±�^ò � p�ò£��� ­ «,«C± },±,} ÿ Ír} ÿ «C­ ÿDÿ ° ÿ },± °,° ÿ },¦ ¯,� ¯,�
�jÉ6pJ� ÿ ­ ¯,�,¯,± }3«EÍr° },­,¯%­ ÿ «EÍH« ÿ «C¯%� ÿ } ÿ } ÿ ­,¦%± ÿ ­ ÿ ­ °%¯,¦ Ír¦�«
]Y� ¼�� },­ ÿ }%°,¦,� ¯,}%},} «C¦,}%­ ¦,} ÿ } };Ír¯%° ÿ Ír};Í ÿ ¯,° ÿ ÿ ¯,� ÿ ÿ ¯;Í ÿ ÿ ¦,},}

wq&<B,A�+ � ° ÐP���3I,�*+a&K��BX�.&<=V�H$_�y�,+P� ���^� ��+ �*�^"0/<B,�,+a&K�-��=>$J+ A����;&<��BV�,�b" ÿ « ) ÿ « =>"3l*�*�M$a�#"35#�@FJ&<� ��"@I3"3+ D%&K��B
"3=V�%A��C�����C���3&)$.�,\�É��%� ��� �#"3���-�����.&<=V��&)$q���,�f"0/<F�"0D�$T=V�,���%� �,�;&)(*"0/N/<D�4;�H(7+ �H",$2&K��BTx0&K�X$.�,=V��(*"%$.�H$f"%4�4%&K�a&K�%�#"0/
+ �,!T�,��$�4%&)$.�-A�+ !S� ���
�7ôS(-&K�*�#(7DS����� ���@F����3/<�^B,+ �%A�5�\

1 2 3 4 5 6 7 8 9 10
0

5000

10000

15000

tim
e

(a) ANT_WALK_1

1 2 3 4 5 6 7 8 9 10
0

2000

4000

6000
(b) ANT_WALK_2

1 2 3 4 5 6 7 8 9 10
0

5000

10000

15000

--- no noise,  -+- noise=10,  -*- noise=20

(c) VERTEX_ANT_WALK

wq&<B,A�+ � � Ð�pP&<=V�@�3�t(7�3I,�*+a&K��BYL�ÿ � LEI,�*+ �
$.A#$}�;�>� ���n�;A�=�!T�*+b�3�V+ �%!#�,��$uL^FJ&<� �
Ir"�+ D,&<��BS"3=V�,A��;�6�3�t$a�*�#$'&<��B,�9���3&)$.�,L?�9�,+
� ��� �-��+ �*� Ò�Ó�Ô�Õ9ÖWÒ�×�Ø "0/<B,�,+.&<� ��=W$*\
ÉU�,� �
�-���e4%&N®��*+ �*�;�
$ (*"0/<�H$6�,�Q� ���XI,�*+ �
�.&)(*"0/�"0[;&c$u\ � �^(*"3�Q!#�V$.�*�*�Y� �#"3��Ò�Ó�ÔtÕ
ÖWÒ�×�Ø�ÕMÚ6�#"%$�!#�H$.�P5#�*+.�9�,+ =>"��#(7�J&<�V� ���
B3&<I,�*�Q� �H$.��(*",$.�,\

1 2 3 4 5 6 7 8 9 10
0

500

1000

1500

tim
e

noise level = 0

1 2 3 4 5 6 7 8 9 10
0

5000

10000
noise level = 10

1 2 3 4 5 6 7 8 9 10
0

5000

10000

15000

--- ANT-WALK-1,  -+- ANT-WALK-2,  -*- VERTEX-ANT-WALK

noise level = 20

wq&<B,A�+ � ÿ ­ Ð�pJ����$ "3=V��4�"3�7"��3�?� ���J5�+ �*�
I%&K�%A#$^�#B%A�+ �X&)$@���*+ �>$.�,+-� �H4Y!;D�����&c$a�*�
/<�*I,�7/M\ � �j(-/<�H"3+./<DY$.���3F�$��-���{PRQ�S#ÔYQUT�Õ
Ò�Ó�Ô�Õ9ÖWÒ�×�ØÑ&)$Y!T�H$.�Q&K�z�-���þ"3!#$a�*�#(7�
�3�f����&c$a�,LCFU�;&O/<�@Ò�ÓfÔtÕ9Ö>Ò�×�ØqÕMÚ@FJ&<�#$t&<�
���3&)$.Db(7�,�#4%&<�.&<�,�#$u\
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+ A;/<� ���3&)$.� ¢
+ �%!#�,��$uÐ ÿ } ¦ « ± ¯ Í ° � ÿ ­
�jÉ6pJ� ­ «C±,¯ ÿ ¯,¯ ÿ ¦,± ÿ ­,± °�« °%° ±,± ±,} «C¦ ¦,¯

]Y� ¼o� � ÿ ­ },¯�Ír¦ ÿ },±�« �,±,± ¯,¦,¯ ±,±,± ±,­;Í «C±;Í ¦,}3« ¦ ÿ Í },¯%¦
ÿ },­ ¦,°%­,} ÿ �,°�Í ÿ },¦,­ �,¯,¦ °,±,¯ Í,Í ÿ ±,¦ ÿ «�Ír¦ « ÿ ¦ « ÿ �

�jÉ6pJ� ­ °,°3« «;°,­ ¦,±,¯ ÿ °,± ÿ ±,­ ÿ };Í ÿ ­,° ÿHÿ ° Í,Í ¯,¯
]Y� ¼o� � ÿ ­ ¦,¦%�,¯ Í3� ÿ ±,� ÿ ±,­,¯ ¦;Í,Í };Ír� },¦,± },­,­ ÿ ¯�Í ÿ ��«

} },­ ¦,°%±,± °%�;Í ¯3«C� «�Ír° «C±3« «,«C¯ ¦,­,} },±3« }3«;¦ },¦%±�^ò � p�ò£��� ­ ¯,¯,­ ¦ ÿ } },¦,� ÿ ¯,� ÿ «�Í ÿHÿ ° ÿHÿ ­ �,¦ ÍH« ¯,±
�jÉ6pJ� ÿ ­ ¦;Í ÿ ­ ÿ ­,°%¦ ¯3«�Í ¦,�,± ¦;ÍH« ¦,¦,� },¯,� ¦,¦ ÿ },¯%} },¦ ÿ
]Y� ¼�� },­ «C¯�«C¯ ÿ �,� ÿ ÿ },},° °,¦,¯ ¯,�,¯ ¯,¯,­ «C},¦ «C°,­ ¦,­%­ ¦;Í3}

wq&<B,A�+ � ÿDÿ ÐP���3I,�*+.&<��B^�.&<=V�H$t�y�%+�� �����-��+ �*��"0/<B,�,+a&K�-��=>$�+ A����;&<��BX�,�S" ÿ « ) ÿ « =>"3l*�*�M$.�#"35T��Fk&K�-��"6I3"3+ D%&K��B
"3=V�%A��C�P�3�����3&)$.�,L�"HI%�*+�"3B,�H4X�%� ÿ ­ (7�3I,�*+a&K��B;$*x�pJ������"3!;/<�^$.���3F�$��-�#"3���,�Z� ���j"0I,�*+7"3B,�,L3=V�,+-��+ �,!T�,��$�!�+a&K��B
"@�M",$.� �*+�(7�3I,�*+.&<��B#LEFJ&<� ��$.�%=V���7[#(7�*5��.&<�,�#$^(*"3A#$a�H4W!CDS� ���^+7"3�#4;�,= �#"3�-A�+ �^�3�f� ���@���3&)$.�,\

1 2 3 4 5 6 7 8 9 10
0

2000

4000

6000

tim
e

(a) ANT_WALK_1

1 2 3 4 5 6 7 8 9 10
0

2000

4000
(b) ANT_WALK_2

1 2 3 4 5 6 7 8 9 10
0

2000

4000

--- no noise,  -+- noise=10,  -*- noise=20

(c) VERTEX_ANT_WALK

wq&<B,A�+ � ÿ } Ð�pP&<=V�J�3��(7�3I,�*+a&K��BVL3ÿ1�;L3I,�*+ �
$.A#$}�;�>� ���n�;A�=�!T�*+b�3�V+ �%!#�,��$uL^FJ&<� �
Ir"�+ D,&<��BS"3=V�,A��;�6�3�t$a�*�#$'&<��B,�9���3&)$.�,L?�9�,+
� ��� �-��+ �*� Ò�Ó�Ô�Õ9ÖWÒ�×�Ø "0/<B,�,+.&<� ��=W$*L
"0I,�*+�"3B�&K��BX�,� ÿ ­ (7�3I,�*+.&<��BC$*\

1 2 3 4 5 6 7 8 9 10
0

500

1000

tim
e

noise level = 0

1 2 3 4 5 6 7 8 9 10
0

2000

4000
noise level = 10

1 2 3 4 5 6 7 8 9 10
0

2000

4000

6000

--- ANT-WALK-1,  -+- ANT-WALK-2,  -*- VERTEX-ANT-WALK

noise level = 20

wq&<B,A�+ � ÿ ¦ ÐVpJ���S$ "3=Z�>4�"3��"{12"0I,�*+�"3B,�
�3� ÿ ­ (7�rI%�*+�$78��3��� ���W5�+ �*I%&K�%A#$^�#B%A�+ �,L
$.�,+-� �H4Ñ!CDÑ���3&)$.�*�©/<�*I,�7/M\ |U�*+ �ö"3BC"0&<�
Ò�Ó�Ô�Õ9ÖWÒ�×�ØqÕMÚoFJ&<�#$SFk&K�-�Æ����&c$aD $a�*���
$.�,+7$*\
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Covering by ANT-WALK, shape #5, on a 30 x 30 matrix

Num of Ants = 10; Total area = 338; Cleaned area =  338

Noise level = 0 units; Cover time = 1149;

Rule: ANT_WALK_2 (backtracking);

Region changed at time 1000;

2%, time = 1 22%, time = 38 39%, time = 57

68%, time = 229 68%, time = 459 68%, time = 689

68%, time = 919 68%, time = 1034 100%, time = 1149

wq&<B,A�+ � ÿ « Ð6p��*�n"3�C�7$��3I,�*+�(7�%=X&<��Bb">(-�#"3��B,�@&<�G� ���X�*�;I,&<+ �,��=Z�*�C�HLq!CDY4;�3&<��Bb"W=XA;/K�a&K�©/<�*I,�7/�È^wPvY1MÒ�Ó�Ô�Õ
ÖWÒ�×�Ø�ÕMÚ�8�\ � ��4;�*=V�%�#$.� +�"3�-�H$J� ���
"3!;&N/N&<�2DS����� ���
"r/KB%�,+.&<� ��=�� �V(7�,5#�@FJ&<� ��"X4;D;�#"3=X&)(^�*�;I,&<+ �%��=V�*�C�0\
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Covering by VERTEX-ANT-WALK, shape #0, on a 8 x 8 matrix

Num of Ants = 1; Total area = 64; Cleaned area =  0

Noise level = 0 units; Cover time = 0;

Heuristic: (visits, time);

1%, time = 0 3%, time = 1 4%, time = 2

100%, time = 920 100%, time = 1840 100%, time = 2760

100%, time = 3680 100%, time = 4599 100%, time = 4600

wq&<B,A�+ � ÿ ± Ð
pk���FPRQ�STÔRQUT�Õ9Ò�Ó�Ô�Õ9ÖWÒ�×�Øó4;D;�#"3=X&)(*$@�#",$@� ���X&<�;� �*+ �H$.�a&K��BY5�+ �%5#�*+ �.DY� �#"3�X(7D�(-/<�b(7�3I,�*+�$6�3�
� ���^B,+7"35���"3+-�
"3=V�,��BX� ����/O&<=X&<�^(7D�(-/<�H$*\M|U�*+ �X"�|�"�=X&N/K�-�,�;&)"3�b5#"3�-�Y19&M\s�,\<L#"V$a5#�H(-&)"0/�(*",$.�
���t(7D�(-/<�*�M(7�rI%�*+*8
F�",$P�9�,A��#4Y",$6"X/N&<=X&<�
(7D�(-/<�V����� ���
5�+ ��(7�H$ $*\6pJ���X!;/)",( `W/N&<���H$
4;�H$-(7+.&<!#�V� ���@�H4;B,�H$6� +�"0I,�*+7$.�H4W!CDS�-���e"��C�
&<�b� ���^=Z�C$.��+ �H(7�*�;�R
QA��;&<��$U�3���a&K=Z�,\
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Covering by VERTEX-ANT-WALK, shape #0, on a 8 x 8 matrix

Num of Ants = 2; Total area = 64; Cleaned area =  0

Noise level = 0 units; Cover time = 0;

Heuristic: (visits, time);

3%, time = 0 6%, time = 1 9%, time = 2

100%, time = 4600 100%, time = 9200 100%, time = 13800

100%, time = 18400 100%, time = 22999 100%, time = 23000

wq&<B,A�+ � ÿ ¯ Ðf|U�*+ �V"3BC"0&<��"W(7D�(-/K�*�M(7�3I,�*+6&)$U�9�,A��#4Y",$6"X/N&<=X&<�
(7D�(-/<�V����� ���{PRQ�STÔRQUT�Õ9Ò�Ó�Ô�Õ9ÖWÒ�×�ØÃ5�+ ��(7�H$-$*x
� �;&)$U�.&<=V�^FJ�^B,�*�HL%&<���-���6/O&<=X&<�HLT�.FJ�e(7D�(-/<�H$�(7�3I,�*+a&K��BZ� ���
B,+7"35��S�3�f�.&N/<�H$*\
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Covering by VERTEX-ANT-WALK, shape #0, on a 8 x 8 matrix

Num of Ants = 4; Total area = 64; Cleaned area =  0

Noise level = 0 units; Cover time = 0;

Heuristic: (visits, time);

6%, time = 0 12%, time = 1 18%, time = 2

100%, time = 8800 100%, time = 17600 100%, time = 26400

100%, time = 35200 100%, time = 43999 100%, time = 44000

wq&<B,A�+ � ÿ Í Ð�vC"3=Z��+ �*B3&<�,�>"%$q&K�W� ����5�+-�*I,&<�,A#$t�2FJ�6�#B,A�+-�H$*L,!�A��P� �;&)$��.&<=V��Fk&K�-� « "3�;��$*xC"6�-+.&<5;/K�^(7D�(-/K�*�M(7�3I,�*+
�3��ì &c$6",(-�;&<�*I,�H4�&K�Q� ���^/N&<=X&<�H\U���Q�,5#�*�YR,A��H$.�a&K�%�b&)$UF����*� ���*+6�,+����,�U� ���
�.&<=V�@�3�_(7�,�;I,�*+ B,�*�#(7�@� �>$.A#(-�
"@/N&<=X&<� �M(7D�(-/K�W(*"3�S!#�@+ �H",$.�,�#"�!;/KDW!#�%A��#4;�H4?\
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¤ ßJéHßJ��ßU��
�ßJä

| ÿ � wJ\ � \J�j4%/<�*+HL
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