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igj,k\lhmdnpohr�mdn��,khx��,ohqdr,ofs,t�udv\kCigldx,rfy�z
i�y{r\j|i���ldx�rfy �\z ��zdz

igj,k\lhmdn��,o�x�r,vdv iglhx�rfy�z
i�y{r\j|i~}��Aldx�rXy�z���zdz
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igj,k\lhmdn���r�����r��1n�r\j,kwigj,k�v�� ldx�rfy�z
i j,k�ohq��1x,k|i����\x���v���y_k��dv�m,x,k|i%y{u�nwi n,l�u��|i%y{r1jwi���j,k,v�� ldx�rXy�z���zdz
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i��Gjdk�v�����z
i�� �Gj,k�v��_z
i n�r��wiZu�n��,k��,khx�� ldx,rfy�zdz
i��Glhx�rfy!��z
i�� �Gldx�rfy�zhz

n�u\q�z
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ieohr1n�v�lhx�rfy i��,r�����r���n�r\j,k j,k�v��|iZohr1mhn��,khx��dohqdr,oNsdt�udv\k ldx�rfy�zdzdzdz
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ieuXy#��q,u1k�v i��1n,j iZu�n��,k��,khx����_z i���+,� ��zdz

i~k�"hm��dq i������_z
i��1n,j i n�r��|igk�"hm#�dq � ��zdz

i n�r��|igk�"hm#�dq �p�hzdz
i n�r��|igk�"hm#�dq �,%�zdz
i n�r��|igk�"hm#�dq � -�zdz
i n�r��|igk�"hm#�dq ���_zdz
i n�r��|igk�"hm#�dq �,.�zdz
i n�r��|igk�"hm#�dq � '�zdz
i n�r��|igk�"hm#�dq � ��zdzdzhzdzdz
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number of nodes proof of termination shortest path

8

12

16

20

100

0.79

2.44

8.09

18.86

N/A

17.77

6.72 

2.90

0.5 

> 50 minutes
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igj,k\lhmdn n#�dohqdr,oNsdt�udv\kwigldx,rfy8n{z
i�y{r\j|i~}Gldx�rfy �\z n{zdz

igj,k\lhmdn n#�dohr1mdn��dkhx��,ohqhr,oNs,t�uhv\k iglhx�rfy8n{z
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i�y{r\j|i���ldx�rfy �\z n{zdz

igj,k\lhmdn n#���,o1x�r,vhv igldx�rfypn_z
i�y{r\j|i~}Gldx�rfy i���n %�zhz n{zdz
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i j,k�ohq��1x,k|i����\x���v���y_k��dv�m,x,k|i%y{u�nwi n,l�u��|i%y{r1jwi���j,k,v�� ldx�rXy�z n{zdz

i n,l�u��|i%y{r1jwi���ldx,rfypj,k�v��_z n{zdzdzhzdz
ieohr1n,jwidi~r\x|i n�r��|iZu�n��dk��,khx�� jdk�v��_zdz

i��Gjdk�v�����z
i�� i3��n6�hz j,k�v��_z
i n�r��wiZu�n��,k��,khx�� ldx,rfy�zdz
i��Glhx�rfy!��z
i�� i3��n6�hz ldx�rfy�z
i n�r��wiZu�n��,k��,khx�� n{zhz
i���+�n ��z
i n�r��wi~k�"hm#�hq i%y{r\jGn��_z&��zdzdz

n�u\q�z
idigk�"hm#�dq i��Gj,k�v�� ldx�rfy�z$��z�n�u\q�z
idi3�1n,j|i���� i%y{r1j|i��Gj,k,v�� ldx�rXy�z n{zdz

i���+ i%y{r\j i��Gj,k�v�� ldx�rfy�z n{z i�� n,�_zdzhz
ieohr1n�v�lhx�rfy

i n#����r�����r��1n�r1j,k j,k�v��|i n#�,ohqdrdoNs,t�udv1k lhx�rfypn{zcn{zdzdz
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i���+,� ��z
i�� ��n_z
i����Gn_zdz

i~k�"hm��dq i%y{r\j �Gn{z&��zdzdz

igj,k\l���)1y y{r1j�������+������h}���n
ieuXy#��q,u1k�v i��1n,j igx�����u\r1n#�dq����_z

i����,��z
i�� i�����z�n{z
iZu�n��,k��,khx�� n{z
i�� ��n_zdz

i~k�"hm��dq i%y{r\j �Gn{z
i~}��Gn{zdzdz
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Ó?§ µÀ³[´U�~� ëf�À�2��������»��q���G� �[�À�¡«n±[¬q§f�q���?�q¢~»3� �[�À�n� §_§|¨B§q¨/� �[��� �©� ª���¢[�|� ��§l¢j§q¨�� �[��� §q«n� ��¢[¬��|��¬l§q� �Ã� �nª
����§|ël�0� � ç
igj,k\lhmdn n#����r�����r��1n�r\j,kwigjdk�v�� ldx�rXy8n{z
i j,k�ohq��1x,k|i����\x���v���y_k��dv�m,x,k|i%y{u�nwi n,l�u��|i%y{r1jwi���j,k,v�� ldx�rXy�z n{zdz

i n,l�u��|i%y{r1jwi���ldx,rfypj,k�v��_z n{zdzdzhzdz
ieohr1n,jwidi~r\x|i n�r��|iZu�n��dk��,khx�� jdk�v��_zdz

i��Gjdk�v�����z
i�� i3��n6�hz j,k�v��_z
i n�r��wiZu�n��,k��,khx�� ldx,rfy�zdz
i��Glhx�rfy!��z
i�� i3��n6�hz ldx�rfy�z
i n�r��wiZu�n��,k��,khx�� n{zhz
i���+�n ��z
i n�r��wi~k�"hm#�hq i%y{r\jGn��_z&��zdzdz

n�u\q�z
idigk�"hm#�dq i��Gj,k�v�� ldx�rfy�z$��z�n�u\q�z
idi3�1n,j|i���� i%y{r1j|i��Gj,k,v�� ldx�rXy�z n{zdz

i���+ i%y{r\j i��Gj,k�v�� ldx�rfy�z n{z i�� n,�_zdzhz
ieohr1n�v�lhx�rfy

i n#����r�����r��1n�r1j,k j,k�v��|i n#�,ohqdrdoNs,t�udv1k lhx�rfypn{zcn{zdzdz
idi3�1n,j|i���+ i�� n|i���n,��zdz i%y{r1j|i��Gj,k,v�� ldx�rXy�z n{zdz

i�� i%y{r\j|i3��j,k�v�� ldx�rfy�z�n{z n{zdz
ieohr1n�v�lhx�rfy

i n�����r����,r��1n�r\jdk jdk�v��wi n#�dohr1mdn��dkhx��,ohqhr,oNs,t�uhv\k8lhx�rfypn{zcn{zdzdz
i��
ieohr1n�v�lhx�rfy

i n#����r�����r��1n�r1j,k j,k�v��|i n#���,o1x,r,vdvAldx�rfy n{z n{zdzhzdzdz

´Y�²���|�f���#£Æ¤U¥G¦�× Öy® áqá6�¡�0¸�§l¢[»n�#� §6�q»nª��Ã�²� �[��¨¼«n¢[¸0� ��§q¢z®�´À�¡�n§>µß§l¢1¹[¬n®�ä¯� �n�3�y� §_§q¨�� ��ª���§q¨
� �|¸©�.�¡«[±[¬q§f�|�Ù®9�U�[�Æ� §q���q�M�n� §_§|¨/� ��ª��?�����
�  Ö �Å×l×
� ÖqÖ �  �� � ÖlÖ �Å× Ö�� áqá 5ðá � � �lÖ­�¡�0¸�§l¢[»n��®��U�[��� ��ª��
ª�� �|�¡«n� �$¸ �q¢�±Á�.Ý_«[�Ã� �3»n�P#8�0� ��¢_�·¨°� §lª��q¢��0½y��¸�«y� ��§l¢1� §*�q¢n§q� �[�©� ³B� �[�|�@���·µ��_¶1� �[���¡��¹[¬l«n� �0�­�|� �
Ü¡� §q«[¢[»n� »yÞn®
I9«y��´U�~� ëf��¢n§q���y� §|ël� »3� �[�|�C� �[�À¢2«nª@±Á�0�9§q¨��[§q�[�C���K� Ý_«~�q�8§|�Æ�����¡��� �~�|¢ F H��
igj,k\l���)1y qhk1n#�1n#���,r�����r���n�r\j,k�����+��1n ���
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i3��+ ieqhk1nwi n#���,r�����r���n�r\j,k j,k�v�� ldx�rfy8n_zdz i�& �����An{zhzdz
I9«y�C� �[��������¢n§q�K�º�¡� §l¢n¬­��¢[§q«[¬q�z®�´C»y���¡¸0«[�¡�C� �[���C� �[��§|� ��ªE��¢j�¡��¸©� ��§q¢ � ®

� � ú�Ï�� Ê9Ì'ÊUö1÷�����÷²Í �9Ð��À÷øü Ì6Í"÷·û
Ó?§ µÀ³Áµ9�#�[�>ël�@��¢[��¸��#�¡§l��«n� ��§q¢*� §$�n� §>ëf�À� �n�·� �0� ª���¢[�|� ��§l¢6§q¨B� �[���?�q��¬l§|� ��� �nª¯® ���·�¡�n§l«n�ó»�±Á�#�q±n���
� §­«n�¡�À���K� §­�y� §|ël��� �[�?� �0� ª���¢[�|� ��§l¢¯§|¨/� �[��¹n½n��».�¡��¾��·�q��¬l§|� �Ã� �[ª¯® I�«n� ³n§q¨�¸�§q«n� �¡�l³nµU�²¸ �q¢n¢[§|�Æ«n�¡� »
�q���[� �n���n� ���¡��¢_� � »­����ª�ª$�|��³_±Á��¸ �|«[�¡��� �[���_¶y�Á§q� �[�0�¡�����¡�n§l«n�ó»�¢n§q��¢[��¸��0�¡� �|�¡¶­¹n� �l®�£Æ¢_¶2µC��¶_³l´/�¡«[±[ª��Ã�
� �[��»n�0¹[¢[�Ã� ��§l¢�Ü°è¡«n�º�Æ� §#�¡���Àµ��~�|�K�[�q�[�Á�0¢[�¡Þ��
igj,k\lhmdnpohqhr,oNs,t�uhv\kwigldx�rfy�z
i�y{r\j|i~}p��ldx�rXy�z���zdz

igj,k\lhmdnpohr�mdn��,khx��,ohqdr,ofs,t�udv\kCigldx,rfy�z
i�y{r\j|i���ldx�rfy �\z ��zdz

igj,k\lhmdn��,o�x�r,vdv iglhx�rfy�z
i�y{r\j|i~}��Aldx�rXy�z���zdz

�q¢[»3µ9���¡�¡¶3� §­»n�0¹[¢[�?� �n� �dOda ^�Oda ]_O�
,WÆ¨°«[¢[¸©� ��§q¢C�
igj,k\lhmdn���r�����r��1n�r\j,kwigj,k�v�� ldx�rfy�z
i j,k�ohq��1x,k|i����\x���v���y_k��dv�m,x,k|i%y{u�nwi n,l�u��|i%y{r1jwi���j,k,v�� ldx�rXy�z���zdz

i n,l�u��|i%y{r1jwi���ldx,rfypj,k�v��_z���zdzdzhzdz
ieohr1n,jwidi~r\x|i n�r��|iZu�n��dk��,khx�� jdk�v��_zdz

i��Gjdk�v�����z
i�� �Gj,k�v��_z
i n�r��wiZu�n��,k��,khx�� ldx,rfy�zdz
i��Glhx�rfy!��z
i�� �Gldx�rfy�zhz

n�u\q�z
idigk�"hm#�dq i��Gj,k�v�� ldx�rfy�z$��z�n�u\q�z
idi~r\x|i~k�"\m#�dq i%y_r\j|i��Gjdk�v�� ldx,rfy�z���zA�hz

i~k�"\m#�dq i%y_r\j|i��Gjdk�v�� ldx,rfy�z���z&%�zdz
ieohr1n�v�lhx�rfy i��,r�����r���n�r\j,k j,k�v��|iZohqdrdoNs,t�udv1k lhx�rfy�zdzhzdz
idi~r\x|i~k�"\m#�dq i%y_r\j|i��Gjdk�v�� ldx,rfy�z���z('�z

i~k�"\m#�dq i%y_r\j|i��Gjdk�v�� ldx,rfy�z���z(��zdz
ieohr1n�v�lhx�rfy i��,r�����r���n�r\j,k j,k�v��|iZohr1mhn��,khx��dohqdr,oNsdt�udv\k ldx�rfy�zdzdzdz
i��
ieohr1n�v�lhx�rfy i��,r�����r���n�r\j,k j,k�v��|i��,o1x,r,vdvGldx�rXy�zdzdzdzhzdz
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��¢2ëf§l��ë2��¢[¬@§q¢[�Ã¶��~§_§q� ³n� Ý_«~�|����� �����Æ�q¢[».��¢[��Ý2«[�q���Ã� ������®
��þ ÿ � �C	^	�� 	�� ���"� B ���8���]�[	�� �R� � �J���8��E�� �	�
�����

�U�[��¹n� �º����»n� �­�¡«n¬l¬l�0�º� � »¯»n«y� ��¢[¬@� �n�?���q���3����� §@�¡�¡¶$� §@� �0ÚY»y§@� �[���y� §_§q¨Y³~±[«y�K�q�Æ�@�¡��¢[¬q���²��ël��¢_� ®�òy§
´C�º���|�¡��±2¶.�n� §>ë2��¢[¬3�q���S� �n�·����ª�ª$�|�K� �[�|�ÆµU�0� �#«[�¡� »8®?�U�n��¢z³8´K�q»[»j� �[�·�[��¢_� ��� §$� �n�#ª����q�¡«n� �·�|¢~»
�¡«[±nª��Ã�9� �[�K� �[��§|� ��ª¯®/´d¨G´Áè¡«n�º���[«n�U�q���8� �[�?�n��¢2� ��³_� �n�0� ���>� ��ª�§q� �K� �~�|¢¯à � ÖlÖ#�¡«[±[¬q§f�|�����|¢~»$�¡��ëf�0���|�
� ��ª$�|��¢.«[¢n�n� §>ëf� »8®;I9«n� ³n´Y¨S´Mè¡«n�º�K�[«n�C� �n�?¨¼§q����§ µ���¢[¬$�n��¢_� ���
� )�uNn���v idi �$��������� � m�v\k ihi��~u�n�v����1n�o\k l,r\x�o\k��do��,v\k��dv���q,u���z

i��~u�n�v����1n�o\k ��+���+������dr\x���+wi���j,k�v��_z6i 
wi~}����cn{zdzhz
i��~u�n�v����1n�o\k ��+���+������dr\x���+wi���ldx�rfy�z6i 
wi~}����cn{zdzhz
i��~u�n�v����1n�o\k y_r\j��h}���n ��%�����r,vwi � i~} i3�Gj,k�v���z ldx�rfy�zdzdzdz

�~u�n#����)�k,r\x �wi j�udv���
�qhk(����
���
��#����� � ������
�
#��������
���� � ���
y{r1j��h}��1n���%�����rdv zhzdz

� �[�0¢¯� �[�0� �#�|� �.ã §l¢[�Ã¶~çC�3���Ã�¡� ���@ª�§q� �À� �[�q¢"×>à|ÖlÖ.�¡«n±[¬q§f�q���À�|¢~»�§l¢n�Ã¶�§l¢n�.ã �¡«n±[¬l§l�q��âqÖlây® ä_çK� ��ª$�q��¢[�
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�îÖ#§|�
<_-1/\:|7í× $îÖy®9òy§y³[´U�l»[»$� �[���n��¢2�.�
i � � m�
���r��hq ���d� � � � �~o��,v\k,v idi���+ � i~},��� ldx�rfy�zdz

i�� ig}�����lhx�rfy�z$��zhzdzdzdzdz
�q¢[»3� �n�?¨¼«n¢[¸0� ��§l¢j���K�q»nª��Ã�¡� � ».��¢j�|� §l«n¢~»,×�ÖlÖ­�¡��¸0§l¢~»y��®�£Æ¢~»$´U«n�¡��§l¢n��¶3� �[�Æ¨¼§l����§ µ���¢[¬$����ª�ª$�q���
<������ 7 $ 7À× 7������ 7�. $��A7��,.��
< �8$'& 7���7A5 7����,. ( � �C7��'$ �
< �8$'& 7���7A5 7��
< �8$'& 7���7A5 7��w7 � 7c.
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