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–  �EGF!"�8�îÃÐ��ÌìLîeÃ`é¸-qtyL	��
–  îÃÐ�8��Ügf��ĉY}t��ÌìL
-qtyLēõ��
–  }t�8��AD%��ÌìL
-qtyL	��

•  àÿo~{@dÕ¯SiíÅe-y|�sl�uOyi
gf�

•  ¾Ôì�
–  ĕµ¸�+=+�/�*����������(�:�
�+(�
–  ù¸�+4+�/��*����*�����������(�:�
+)(	�
–  ßì�%�/�����:�
+		�
–  ��%+4+�CE#�+=+��-%+4+�CE#�+=+�:�)�
	��rWf�

•  m�m�TgA-ÁÚĆ<¥āTb�u�<^g�
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•  ���)�Æ A;|^g�

•  ¨¢YßgreSZ-čĈYÕ¯Sie-xwz�wn
iÆáeWAd�Ąiå³gfr<=ßg�
–  čĈYÕ¯SL���(�CE#����
–  �ĄYå³L���)��
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•  čĈYÕ¯S�
–  ��øüiÕ|¯Sfªh|uĖ�Þ����øü�iÕ|¯Sf�

•  Õ|¯Sk�-ĖY}ti��u-ÞY}tiøüuò|�Ef�
•  Ė�ÞYÕ¯S�

–  Û�rÛĉiĕµre-Û}tu�Ügf�.ĉY�uùiê
fÈ�o~{iË>f�

–  ùi<Do@£\-ÛĕµYÊ¸i¤ûYðugf�
–  �ÑYĕµiĄëu�S<B-ĉÑYĕµY=Pà|ÌìYÁ
<Ąuě<T<D-r<=ĜĐ TÆEf�

–  ¾ÔìZñDW|^gA-®�ßTb�u�<^g�
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•  �ĄYíÅ�
–  Ä��uZ3��r�I�
–  kle-3���uxwz�wn3rkn�4iÂ�ek��Z-
MY�TÆáe-3��iÍ¡gf�

–  ÊYt~kzu2��÷YĚĔqOziČi^g�
•  ¾Ôì�

–  3��Y¾Ôìuxwz�wnÆá�Y¾ÔìAèf�
–  3��Z����(��
–  xwz�wnYÆáuZ���xwz�wnuï^gf}tYé
¸��Y¾ÔìA@@f�

–  Ixwz�wnuï^gf}tYé¸�:�}tYé¸���
•  Û}tZxwz�wnYÆáYk\uV}t¹��¶gf�

–  cnSxwz�wnYÆáZ�¾T����)��
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dir[N][N]'//Û}tuÕ¯SdgS<fčĈYºB�
used[N][N]'//MY}tiĎak@V=@(»°ðZfalse)'
state[N][N]'//MY}tADFSYÍýYtvwnu�nS<f@V=@(»°ðZfalse)'
bool'dfs(i,j)'{'//i�¤jĉ¤-ą|ðZxwz�wniÂ�ek@V=@�
''if'(used[i][j])'return'false;'
''if'(state[i][j])'{'
''''state[i][j]'='false;'
''''return'true;'
''}'
''state[i][j]'='true;'
''cur_dir'='dir[i][j];'
''for'((i',j')':'(i,j)@dcur_dirYºBu�krBuă�u;f}t)'{'
'' 'if'(!dfs(i',j'))'{'

'''dir[i'][j']'='cur_dir;'
'''if'(state[i][j])'{'
'''''state[i][j]'='false;'
'''''return'true;'
'''}'else'{'
'''''return'dfs(i,j);'
'''}'
'}'

''}'
''state[i][j]'='false;'
''used[i][j]'='true;'
''output(i,j);'//(i,j)idir[i][j]YºBT�gfėi���
''return'false;'
}'
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•  
�F�"���%��D�"�E �%��%%�H�#��CD%�"�C�G�D����%#GC�
�"6����# E!"C  �-"6�IC"E��.��"6�%�A#%D��DC�
 #��D�#"�

•  
#��C�D# 6�
•  �����CE%���#G�H#E%� �"�E����6�� C�G�D��CD%�"�C�
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•  <+E4E�A4E���O4N%.EL5�A55I*0ED�
��(���������ONI0S5�
•  �E.ECS�A�5ES�NF�O4N%.EL5�SN�5CN4E�EWACS.X���

ONI0S5����
•  V+I.E�LI0ILIYI0*�S+E�LAWILTL�5CN4E�NF�A�5N.8ED�

O4N%.EL�
•  5I0D�A0X�5TC+�5ES�

•  2N05S4AI0S5�
–  
�c���c�
	-‐‑‒�
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•  !E�VA0S�SN�A0D�S+E�LI0ILIYED�@LAWILTL�5CN4E�
NF�A�5N.8ED�O4N%.ELC�
–  5N4�EAC+�I0SE*E4�"�5SA4SI0*�F4NL�
��SE5S�IF�IS�I5�ON55I%.E�SN�
5E.ECS�A�5T%5ES�NF�=
��(��b��">�SNSA.I0*���

–  <+E�8A.TE�NF�"�V+E0�S+E�4E5T.S�I5�@ON55I%.EC�FN4�S+E�A45S�
SILE��I5�S+E�A05VE4�
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•  <E5SI0*�IF�IS�I5�ON55I%.E�SN�5E.ECS�A�5T%5ES�NF�=
��(��b��
">�SNSA.I0*���
–  1CSTA..X��IS�I5�A.VAX5�ON55I%.E�IF�S+E�5TL�NF�
�S+4NT*+�"�I5���N4�
A%N8E�
•  7ES�#�%E�A�0TL%E4�5TC+�S+AS�S+E�5TL�NF�
�S+4NT*+�#�I5�@%A4E.XC���
N4�A%N8E�
–   S+E�5TL�NF�
�?�#�
������c�  S+E�5TL�NF�
�?�#��

•  <+E0��S+E�5TL�NF�
�?�#�A0D���DIaE45�%X�.E55�S+A0�#�
– 	�c�  S+E�5TL�NF�
�?�#��B�����#��

•  <+T5��VE�CA0�4ELN8E�AS�LN5S�N0E�E.ELE0S�F4NL�
�?�#�SN�LA-E�
S+E�5TL�EPTA.�SN���

•  5N4�I05SA0CE��V+E0��0
(.�
– �I0CE�#0+�A0D�  
�(�)�
�+��
(0)��VE�CA0�5E.ECS�
�(�
�+�

•  6F�S+E�DIaE4E0CE�I5�	��DN�0NS�4ELN8E�A0XS+I0*�
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•  10NS+E4�5N.TSIN0�
–  2+NN5E�O4N%.EL5�I0�DE5CE0DI0*�N4DE4�NF�A55I*0ED�5CN4E��
V+I.E�-EEOI0*�S+E�SNSA.�5CN4E�AS�LN5S���
•  8A.IDASED�%X�LAS+ELASICA.�I0DTCSIN0�ESC��

•  :A4SIA.��CN4E�
–  CA0�%E�N%SAI0ED�T5I0*�3X0ALIC�:4N*4ALLI0*�ESC��
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•  6A!I!��I!���+!I-*F-��F �2�D�F#L�#!-�
•  �*I�!��A�+!I-*F��KA!�DB-K�*"�D�F#L�#!-�-+*C!F��3�KA�K�

+!I-*F�B-�#BM!F�
•  ,!K!IEBF!�B"��F3�+!I-*F���F��*EELFB��K!�NBKA��F3�

*KA!I�+!I-*F��3�-+!�CBF#� BI!�KD3�*I�L-BF#�*KA!I�
+!I-*F-��-�BFK!I+I!K!I-�

•  +*F-KI�BFK-�
–  	�5���5���
�
–  ��5�2�5���
�
–  1!K�KA!�-LE�*"�KA!�DB-K-�*"�D�F#L�#!-��!�40��KA!F�40�5���
�
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•  )  BKB*F�D��*F-KI�BFK-�"*I�+�IKB�D�-�*I!�
–  ���2��40�5������

•  +*F-B !I���#I�+A�NBKA���M!IK!O�"*I�!��A�+!I-*F�
•  +*FF!�K�!��A�+�BI�*"�+!I-*F-�NA*���F�-+!�C� BI!�KD3��NBKA�

�F�! #!�
–  �*I�!��A�+�BI���*FF!�K�KA!E�B"�KA!I!�B-���D�F#L�#!�-+*C!F��3��*KA��

•  +A!�C�B"�KAB-�#I�+A�B-��*FF!�K! �
–  )F�!�-3�N�3�B-�L-BF#��FB*F��BF �
–  ,�5��
�5��F �-L�A���F��D-*��!�L-! �

•  �*K�!F*L#A�"*I�"LDD��I! BK��-BF�!�KA!I!��I!��  �	��! #!-�
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•  6A!�FLE�!I�*"�! #!-�EL-K��!�I! L�! �
•  +*F-B !I����B+�IKBK!�#I�+A�

NBKA�+!I-*F-��F �D�F#L�#!-�
•  �A�K�N!�N�FK�K*�CF*N�B-�B"��DD�

+!I-*F-��I!��*FF!�K! �BF�KAB-�#I�+A�
–  �K�B-�F*K�F!�!--�I3�"*I�KA!�D�F#L�#!-�
K*��!��*FF!�K! ��DBC!�D�F#L�#!�
�
BF�KA!�#I�+A�K*�KA!�IB#AK�

•  +A!�CBF#��*FF!�KBMBK3�B-�-BEBD�I�K*�
KA�K�"*I�+�IKB�D�-�*I!�

•  6AB-�-*DLKB*F�NBDD�ILF�NBKABF�KA!�KBE!�
-BF�!�KA!I!��I!�*FD3���2�M!IKB�!-��F �40�! #!-�

Lang 
1 

Lang 
2 

Lang 
3 

Lang 
4 

Lang 
5 

Lang 
6 

Person 
1 

Person 
2 

Person 
3 

Person 
4 
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•  !-*5*�C5*�:�EC5FS�
•  !-*�.�T-�EC5F�-CS�CN�.NT*I*5�#.�ON�.T�
•  !:O�EC5FS�ECN�D*�PC.5*F�.H�T-*�SCM*�.NT*I*5�.S�

:5.TT*N�ON�T-*M#�O5�T-*�S8M�OH�T-*�.NT*I*5S�.S�C�
M8LT.PL*�OH���

•  6O:�MCN<�PC.5S�ECN�D*�E5*CT*F�CT�MOST/�

•  2ONST5C.NTS�
–  )�A�:�A�(

�
–  (�A���A�(

�
–  (�A�#.�A�(

�
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•  2LCSS.H<�T-*�:5.TT*N�.NT*I*5S�MOF8LO���

•  �XCMPL*�:-*5*��.(
,�

1mod
M 

9mod
M 

1 

11 

11 

11 

21 

99 

99 

99 
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•  2ONS.F*5�T-*�MCX.M8M�MCTE-.NI�

•  0�NON�MCX.M8M�MCTE-.NI,�

1modM 9mod
M 

1 

11 

11 

11 

21 

99 

99 

99 
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•  0�MCX.M8M�MCTE-.NI,�

1mod
M 

9mod
M 

1 

11 

11 

11 

21 

99 

99 

99 
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•  !-*�HOLLO:.NI�I5**F<�CLIO5.T-M�?NFS�C�MCX.M8M�MCTE-.NI�
–  <5*PC5CT.ON�

•  �*T�T-*�I5O8P�OH�[X�MOF8LO��]�D*�=#�CNF�[��X�MOF8LO��]�D*�!�
•  �*T�===�CNF�=!=�F*NOT*�T-*�N8MD*5�OH�*L*M*NTS�.N�=�CNF�!�
•  �H�===�-‐‑‒�=!=#�S:CP�=�CNF�!�

– :-.E-�I8C5CNT**S�=!=�A�===�
–  !-*�CLIO5.T-M�

• MCTE-�*V*5<�*L*M*NT�.N�!�:.T-�C�*L*M*NT�.N�=�
•  E5*CT*�CS�MCN<�PC.5S�CS�POSS.DL*�CMONI�=#�CS�LONI�CS�CT�L*CST�=!=�*L*M*NTS�
5*MC.NS�.N�=�
– E5*CT*�*CE-�PC.5�H5OM�T:O�*48CL�N8MD*5S�

•  !-*N#�MCTE-�CLL�*L*M*NTS�.N�!�:.T-�T-*�5*MC.N.NI�*L*M*NTS�.N�=�
– E5*CT*�PC.5S�:-OS*�S8MS�C5*�M8LT.PL*S�OH���

–  !-.S�CLIO5.T-M�.S�VCL.FCT*F�CT�T-*�*NF�OH�T-.S�SL.F*�S-O:�
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•  !-*�I5O8PS�OH�[
�MOF��]�CNF�[�	)�MOF��]�
–  5O5�.NSTCNE*#�I5O8PS�A(
#�)
B�CNF�A
#�(
B�:-*5*��.(
�
–  !-*S*�I5O8PS�C5*�*XE*PT.ONS�
–  0MONI�*CE-�OH�T-*�I5O8PS�[
�MOF��]�CNF�[�	)�MOF��]#�

CN<�T:O�*L*M*NTS�ECN�D*�PC.5*F�
•  !-*�S8M�:.LL�CL:C<S�D*�C�M8LT.PL*�OH���

–  !-8S#��  �OH�*L*M*NTS�	)�PC.5S�ECN�D*�E5*CT*F�HO5�*CE-�
I5O8P�
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•  =8MMC5<�
–  2LCSS.H<�T-*�.NT*I*5S�MOF8LO���
–  5O5�T-*�I5O8PS�[
�MOF��]�CNF�[�	)�MOF��],�

•  �  �OH�*L*M*NTS�	)�PC.5S�ECN�D*�E5*CT*F�
–  5O5�OT-*5�I5O8PS,�

•  �*CL�:.T-�T:O�I5O8PS�[X�MOF��]�CNF�[��X�MOF��]�CT�C�T.M*�
•  5.NF�C�MCX.M8M�MCTE-.NI�8S.NI�T-*�I5**F<�CLIO5.T-M�
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•  ?CL.FCT.ON�OH�T-*�I5**F<�CLIO5.T-M�
–  [MCTE-�*V*5<�*L*M*NT�.N�!�:.T-�C�*L*M*NT�.N�=]�

•  .H�T-.S�PC5T�.S�VCL.FCT*F#�T-*�5*ST�.S�*CS<�
–  :-CT�:*�M8ST�P5OV*�.S,�[T-*5*�*X.STS�C�MCX.M8M�

MCTE-.NI�:-*5*�*V*5<�*L*M*NT�.N�!�.S�MCTE-*F�:.T-�C�
*L*M*NT�.N�=]�
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•  !-*�P5OOH�OH�[T-*5*�*X.STS�C�MCX.M8M����.N�=]�
–  �H�C�*L*M*NT�.S�L*HT�8NMCTE-*F�.N�SOM*�MCX.M8M�

MCTE-.NI,�
•  �*T�T-*�8NMCTE-*F�*L*M*NT�.N�!�D*�X�
•  =.NE*�=!=�A�===#�T-*5*�*X.STS�C�*L*M*NT�.N�=�T-CT�.S�NOT�
MCTE-*F�TO�C�*L*M*NT�.N�!��L*T�T-.S�*L*M*NT�.N�=�D*�<��
–  �H�<�.S�MCTE-*F�:.T-�CNOT-*5�*L*M*NT�.N�=#�ECNE*L�T-CT�MCTE-.NI�

» �.N�T-*�?5ST�PLCE*#�-O:*V*5#�T-*�MCTE-.NI�.S�NOT�MCX.M8M�.H�<�.S�L*HT�
8NMCTE-*F��

•  1<�MCTE-.NI�X�:.T-�<#�:*�ECN�EONST58ET�C�MCX.M8M�MCTE-.NI�
:-*5*�X�.S�MCTE-*F�:.T-�C�*L*M*NT�.N�=�



	
���
����������
���

���  ���������

•  !-*�P5OOH�OH�[T-*5*�*X.STS�C�MCX.M8M����.N�=]�
–  �H�T:O�*L*M*NTS�.N�!�.S�PC.5*F�.N�SOM*�MCX.M8M�MCTE-.NI,�

•  �*T�T-*�*L*M*NTS�.N�T-*�PC.5�D*�X�CNF�<�
•  =.NE*�=!=�A�===#�T-*5*�*X.STS�CT�L*CST�T:O�*L*M*NTS�.N�=�T-CT�
C5*�NOT�MCTE-*F�:.T-�*L*M*NTS�.N�!�
–  �H�T:O�*L*M*NTS�.N�=�.S�PC.5*F,�ECNE*L�T-CT�PC.5.NI#�CNF�L*T�T-*S*�
*L*M*NTS�D*�8�CNF�V�

–  �H�NO�T:O�*L*M*NTS�.N�=�.S�PC.5*F,�T-*5*�*X.STS�CT�L*CST�T:O�
*L*M*NTS�L*HT�8NMCTE-*F#�CNF�L*T�T-*S*�*L*M*NTS�D*�8�CNF�V�

» �.N�T-*�?5ST�PLCE*#�-O:*V*5#�T-*�MCTE-.NI�.S�NOT�MCX.M8M�.N�S8E-�C�
ECS*��

•  1<�ECNE*L.NI�T-*�PC5.NI�OH�X�CNF�<�CNF�T-*N�MCTE-.NI�X�:.T-�8�
CNF�<�:.T-�V#�:*�ECN�EONST58ET�C�MCX.M8M�MCTE-.NI�:-*5*�X�
CNF�<�C5*�MCTE-*F�:.T-�*L*M*NTS�.N�=�
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•  4�TI8VS5�0V�FEO05.�*SSO0IV�
–  :50W0EPP?��S5I�*SSO0I�*E5�FI�FEOIH�TI8�VI*S5H�
–  %LI5�WLI8I�E8I�[�*SSO0IV��F?�IEW05.�EPP�S-�WLI4�VTI5H05.�
4�VI*S5HV��[�*SSO0IV�*E5�FI�FEOIH�TI8�VI*S5H�E-WI8=E8HV�

•  �S=�4E5?�VI*S5HV�HSIV�0W�WEOI�WS�T8ITE8I�EW�
PIEVW�<�*SSO0IV3�

�
•  �S5VW8E05WV�

–  *�e�<�e�*)*+�
–  )�e�4�e�*)*+�
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•  4HH0W0S5EP�*S5VW8E05WV�-S8�TE8W0EP�V*S8I�
–  <�4�e�*).�

•  6?5E40*�!8S.8E4405.�!6!��
–  HTC0D�2�WLI�40504;4�W04I�0W�WEOIV�WS�T8ITE8I����
����0�*SSO0IV�
–  :50W0EP0]EW0S5/�HTC)D�2�)��f�-S8�WLI�SWLI8�<EP;IV�
–  #8E5V0W0S5/�

•  -S8�!02*0�01<0�0����-S8�!N�2�00�N�12�<�+0�N��2�0��
������������������������������������HTCND�2�4E[!HTCND��HTC0D�4�N(0�0�

–  45V=I8/�WLI�40504;4�<EP;I�E4S5.�HTC<D�WL8S;.L�HTC+<D�
•  <SWI�WLEW�HTC<D�0V�5SW�5I*IVVE80P?�40504;4�E4S5.�WLI4�

–  #04I�*S4TPI[0W?/�=!<�PS.�<��
•  =!c!<(0�A�*e0e<���2�=!<�PS.�<��
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•  6I*0HI�WLI�5;4FI8�S-�W04IV�WS�IEW�*SSO0IV�B8VW�
–  :WI8EW05.�-8S4�)�W04IV�WS�E8S;5H�-‐‑‒)�W04IV�0V�I5S;.L�

•  :5�WLI�STW04EP�VW8EWI.?��*SSO0IV�E8I�IEWI5�=!PS.�<��W04IV�

•  ;IW�WLI�5;4FI8�S-�W04IV�*SSO0IV�E8I�IEWI5�FI�O��
E5H�WLI�*S5VI*;W0<I�5;4FI8�S-�VI*S5HV�*SSO0IV�
E8I�FEOIH�FI�V*��V+��


��VO�*���8IVTI*W0<IP?�
–  #LI�WSWEP�W04I�WEOI5/�4�O���!V*�V+�
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–  #LI�5;4FI8�S-�*SSO0IV�T8ITE8IH/�V*�V+�d�VO�*�
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•  %I�4;VW�B5H�WLI�40504;4�TSVV0FPI�V;4�S-�V�=LI5�WLI�
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k 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

dp[3][k] 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

dp[4][k] 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 10 

dp[5][k] 2 3 4 5 4 3 2 1 0 1 2 3 4 5 6 7 

dp[6][k] 4 5 4 3 2 3 4 5 4 3 2 1 0 1 2 3 
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•  #I<I8VI�WLI�VI*R4H�*RO;P4�
•  #I<I8VI�WLI�A8VW�8R=�E.EM4�
•  #I<I8VI�WLI�VI*R4H�*RO;P4�E.EM4�

–  :4�WLMV�=E?	�=I�*E4�SI8-R8P�E�*M8*;OE8�VLM-W�R-�WL8II�
*LE8E*WI8V�



���������

•  �IW�;V�WLM4N�R-�E�VIT;I4*I�WLEW�=MOO�*LE4.I�WLI�
SOE*IPI4W�R-�*LE8E*WI8V�=MWLM4�VRPI�.8R;S	�=MWLR;W�
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•  :W�MV�N4R=4�WLEW��!�R-�I<I4�SI8P;WEWMR4V#�1��!�R-�RHH�
SI8P;WEWMR4V#�1��!�R-�EOO�SI8P;WEWMR4V#�)�,�
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��!�R-�*R44I*WIH�*RPSR4I4WV##�



���������

•  A;PPE8?�
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–  �R4VW8;*W�E�FMSE8WMWI�.8ESL	�WLI4�P;OWMSO?�
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•  :<VT�MI.P�VN�>PM�.#�=V.RM>=�I<V?UL�>PM�O<4L	�AM�

W?=P�I�dBML�U?T-M<�VN�WIUMS=�4U>V�>PM�O<4L�
•  =U�API>�V<LM<�=PV?SL�WIUMS=�-M�W?=PML�4U>V�>PM�

O<4L�>V�dSS�ISS�>PM�=;?I<M=4�

•  7VU=><I4U>=�
–  +�M�#�M�-‐‑‒**�
–  �.�=M.VUL=�WM<�.I=M#�
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•  EPM�VWM<I>4VU�VN�W?=P4UO�I�>4SM�N<VT�I�=V.RM>�
–  =U�>PM�dO?<M	�I�.4<.SM�A4>P�I�U?T-M<�4�<MW<M=MU>=�>PM�>4SM�

4U=M<>ML�-C�>PM�4
>P�VWM<I>4VU�

•  EVV�.VTWS4.I>ML  �
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•  =U=>MIL�VN�W?=P4UO�I�>4SM�N<VT�I�=V.RM>(((�
•  HM�.IU�=4TWSC������!�%��"!���!������!��!���

����� !�#����!� �"���������!��� ����!�

•  #VA�4>�SVVR=�TIUIOMI-SM�



��!�����������  �����!%�

•  EV�MI.P�=;?I<M	�AM�ISSV.I>M�I�L4<M.>4VU�N<VT�AP4.P�
I�>4SM�.VTM=�
–  =UL4.I>ML�-C�IU�I<<VA�4U�>PM�dO?<M�

•  HM�T?=>�������!������$ �>V�MI.P�=;?I<M�=V�>PI>�
NV<�MI.P�<VA�IUL�MI.P�.VS?TU	�>PM�U?T-M<�VN�
I<<VA=�4U�MI.P�L4<M.>4VU�4=�.VU=4=>MU>�A4>P�>PM�4UW?>�
–  =N�AM�.IUUV>�ISSV.I>M�I<<VA=	�>PM�IU=AM<�4=�c=TWV==4-SMf�
–  =N�AM�.IU	�4=�4>�ISAIC=�WV==4-SM4�
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•  =N�AM�.IU�ISSV.I>M�I<<VA=	�4=�4>�ISAIC=�WV==4-SM4�
•  !M>�?=�><C�>V�<M=>V<M�>PM�=M;?MU.M�VN�VWM<I>4VU=�

–  CMWMI>MLSC�dSS�>PM�c<MILCf�=;?I<M=�
•  I�=;?I<M�4=�<MILC�APMU�ISS�.SV=M<�=;?I<M=�I<M�V..?W4ML�

–  7VU=4LM<�>PM�<MSI>4VU=P4W=�c=;?I<M���T?=>�-M�dSSML�-MNV<M�
=;?I<M�6f�I=�I������!�������� �

–  =N�>PI>�O<IWP�4=�I�8��	�AM�.IU�dSS�ISS�>PM�=;?I<M=�4U�<M@M<=M�
>VWVSVO4.IS�V<LM<�

•  BV==4-SM�4U�>P4=�.I=M2�
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•  =N�AM�.IU�ISSV.I>M�I<<VA=	�4=�4>�ISAIC=�WV==4-SM4�
–  =N�>PM<M�I<M�.C.SM=�4U�>PM�<MSI>4VUIS�O<IWP	��������� �V..?<�

•  �BITWSM=�VN�LMILSV.R=2�
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•  =N�AM�.IU�ISSV.I>M�I<<VA=	�4=�4>�ISAIC=�WV==4-SM4�
–  8MILSV.R=�TIC�V..?<�

•  �.>?ISSC	�AM�.IU�ISAIC=��������!���������� �
–  DP4N>�>PM�I<<VA=�ISVUO�>PM�.C.SM�-C�VUM�=;?I<M�
–  EPM�LMILSV.R=�I<M�MS4T4UI>ML�AP4SM�RMMW4UO�>PM�.VU=><I4U>=�

VU�>PM�U?T-M<=�VN�I<<VA=�



•  =N�AM�.IU�ISSV.I>M�I<<VA=	�4=�4>�ISAIC=�WV==4-SM4�
–  ��   �
–  HM�.IU�ISAIC=�MS4T4UI>M�LMILSV.R=�

•  �VAM@M<	�APMU�LMILSV.R=�I<M�MS4T4UI>ML	�UMA�
LMILSV.R=�TIC�V..?<�
–  EPMC�A4SS�L4=IWWMI<�IN>M<�I�dU4>M�U?T-M<�VN�MS4T4UI>4VU�

•  EP4=�4=�-M.I?=M�!��� "�����!����� !���� ������!�������$ �
!��!��� ����! �LM.<MI=M=�IN>M<�MI.P�MS4T4UI>4VU�

��!�����������  �����!%�
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•  �LL4>4VUIS�.VU=><I4U>=�NV<�>PM�WI<>4IS�=.V<M�
–  #�M�.*�

•  :4UL�>PM�ISSV.I>4VU�VN�I<<VA=�APM<M�>PM�=?T�VN�c>PM�
L4=>IU.M�N<VT�MI.P�I<<VA�>V�>PM�.V<<M=WVUL4UO�
=V.RM>f�4=������"��WV==4-SM�
–  EPM<M�4=�UV�LMILSV.R�4U�=?.P�ISSV.I>4VU�

•  =N�>PM<M�I<M�LMILSV.R=	�>PM�>V>IS�L4=>IU.M�4=�UV>�T4U4T4aML�

•  D?.P�ISSV.I>4VU�4=�NV?UL�-C(((�
–  �����"��!� !����$�



���"!�����������!����������

•  7VU=><?.>4UO�>PM�O<IWP�
–  DV?<.M�i�DV.RM>=��7IWI.4>C2�!�VN�>4SM=�>V�4U=M<>	�7V=>2�*#�
–  DV.RM>=�i�D;?I<M=�4U�>PM�<VA).VS?TU��7IWI.4>C2�+	�7V=>2�>PM�L4=>IU.M#�
–  D;?I<M=�i�D4UR��7IWI.4>C2�+	�7V=>2�*#�

•  CM=>V<M�>PM�ISSV.I>4VU�N<VT�>PM�<M=4L?IS�O<IWP	�>PMU�WM<NV<T�
>VWVSVO4.IS�=V<>�

•  EPM�>4TM�.VTWSMB4>C�
–  !�VN�@M<>4.M=�bGb�3�.#���#�#���,�M�+0/,�
–  !�VN�MLOM=�b�b�3��.#���.#�#���#�##�,�M�+/-‐‑‒,*�
–  EPM�@IS?M�VN�eVA�R�3�#�#�M�+/**�
–  A�Rb�b�SVO�bGb#	�APM<M�Rb�b�SVO�bGb�M�-‐‑‒�+*1�

•  7SV=M	�-?>�>PM<M�4=�<VVT�NV<�=SVAM<�4TWSMTMU>I>4VU�>V�WI==�
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•  EPM<M�4=�IU�A�#-‐‑‒#�=VS?>4VU�

•  =U�=?TTI<C	�AM�d<=>�ISSV.I>M�I<<VA=�>V�>PM�
=;?I<M=	�>PMU�.VU=><?.>�>PM�W<V.ML?<M�VN�4U=M<>4VU�
AP4SM�MS4T4UI>4UO�LMILSV.R=�
–  �SSV.I>4UO�I<<VA=2�A�#,�SVO�##�
–  7VU=><?.>4UO�>PM�W<V.ML?<MhA�#-‐‑‒#�
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•  �SSV.I>4UO�I<<VA=�
–  =U=>MIL�VN�L4<M.>SC�ISSV.I>4UO�>PM�NV?<�L4<M.>4VU=	�AM�d<=>�ISSV.I>M�

cGf��@M<>4.IS#�V<�c�f��PV<4aVU>IS#�
•  EPMU	�ISSV.I>M�FW)8VAU�>V�G�IUL�!MN>)C4OP>�>V���

•  �SSV.I>4UO�G)��
–  7VU=4LM<�>PM�-4WI<>4>M�O<IWP�APM<M�>PM<M�4=�I�@M<>MB�NV<�MI.P�<VA�IUL�

MI.P�.VS?TU	�IUL�>PM<M�4=�I�MLOM�NV<�MI.P�=;?I<M�.VUUM.>4UO�>PM�
.V<<M=WVUL4UO�<VA�IUL�.VS?TU�

–  7PVV=M�I�=M>�VN�MLOM=�=V�>PI>�>PM�LMO<MM�VN�MI.P�@M<>MB�4=�M;?IS�>V�>PM�
=WM.4dML�@IS?M�

–  DVS@ML�-C�=.IUU4UO�>PM�c<VAf�@M<>4.M=�N<VT�>VW�>V�-V>>VT	�O<MML4SC�
.VUUM.>4UO�>PMT�>V�>PM�c.VS?TUf�@M<>4.M=�4U�LM.<MI=4UO�V<LM<�VN�
<MTI4U4UO�.IWI.4>C�

–  �S>PV?OP�=SVAM<	�?IB4T?T�:SVA�A4SS�IS=V�<?U�4U�>4TM�
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•  CM=>V<4UO�>PM�W<V.ML?<M�
–  D4T4SI<�>V�8:D�
–  �VAM@M<	�APMU�I�LMILSV.R��.C.SM#�4=�LM>M.>ML�L?<4UO�8:D	�

MS4T4UI>M�4>�VU�>PM�=WV>�IUL�<M=?TM�8:D�
–  7��
M=;?M�W=M?LV.VLM�4=�VU�>PM�UMB>�=S4LM�

•  EPM�>4TM�.VTWSMB4>C�
–  EPM�>4TM�.VTWSMB4>C�VN�MS4T4UI>4UO�LMILSV.R=�VU�>VW�VN�8:D�
–  A�#,#�NV<�8:D�4>=MSN�
–  �S4T4UI>4UO�I�LMILSV.R�>IRM=�A�!�VN�=;?I<M=�4U�>PM�LMILSV.R#�
–  g�!�VN�=;?I<M=�4U�>PM�LMILSV.R#�M��!�VN�ISS�>PM�=;?I<M=#�#�

•  �I.P�>4TM�I�LMILSV.R�4=�MS4T4UI>ML	�MI.P�=;?I<M�IL@IU.M=�I>�SMI=>�VUM�
=;?I<M�

–  EP?=	�A�#-‐‑‒#�4U�>V>IS�NV<�MS4T4UI>4UO�LMILSV.R=�
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dir[N][N]'//'direction'allocated'to'the'square 
used[N][N]'//'whether'the'square'is'filled'(false'initially)'
state[N][N]'//'whether'the'square'is'in'the'stack'of'DFS (false'initially)'
bool'dfs(i,j)'{'//'i:'row,'j:'column,'returns'whether'a'deadlock'is'detected 
''if'(used[i][j])'return'false;'
''if'(state[i][j])'{'
''''state[i][j]'='false;'
''''return'true;'
''}'
''state[i][j]'='true;'
''cur_dir'='dir[i][j];'
''for'((i',j')':'squares'to'the'cur_dir'of'(i,j))'{'
'' 'if'(!dfs(i',j'))'{'

'''dir[i'][j']'='cur_dir;'
'''if'(state[i][j])'{'
'''''state[i][j]'='false;'
'''''return'true;'
'''}'else'{'
'''''return'dfs(i,j);'
'''}'
'}'

''}'
''state[i][j]'='false;'
''used[i][j]'='true;'
''output(i,j);'//'reports'that'the'direction'of'(i,j)'is'dir[i][j] 
''return'false;'
}'


