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1.3.1. ���������
	 (�������
	 , depth-first search)
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: (� � ) !
"$# G = (V, A), %�&$' s ∈ V( �
: '�+)"�*�+ label: V → Z, s ,�- &/.�0��)��1 T .

1: 2
3 i← 0.

2: !�"�#%$ S ← ∅.

3: for v ∈ V do

4: label(v) ← 0. { 4
�
��+5' +)"�*�+�, 0 &�.�0 .}

5: end for

6: %�&�' s , S 6�7)8 .

7: i← 1.

8: label(s)← i.

9: while S 95:);
<
= do

10: v , S +�>
?$@)6�A)0�' &B.)0 .

11: if v C�D�%)0BE�,�F)G�H)I$J then

12: v , S C�D�KML�N�O .

13: else

14: v C�D�%)0�E�;)P�Q5H)I
G$=
<
=�E�, a &�.)0 .

15: w ← ∂−a.

16: if w R�4
�
�);$A 0 then

17: T ← T ∪ {a}.

18: w , S 6�7)8 .

19: i← i + 1.

20: label(w)← i.

21: end if

22: end if

23: end while
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1.2 +�����<�����	�
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"$# G = (V, A) ,����)0 . G 6�����G , '

v1 C D���P
0������$�
����,���� . >��.+�')C�D/%$G
=)0�E�,�H�I)0�&���6
R , ?�� 9��
��= E)C D! �6�H�I�0 ("�# R�E ,�H I)0� $?�R%$��B;�&('
= ). )$' v +�* O + +,+
6 label(v) +�- ,�.0/�� , �)��1 T +�E�,�102�;�3�4 .
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1.3.2. �
�)���
	 (breadth-first search)
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: (� � ) !
"$# G = (V, A), %�&$' s ∈ V .( �
: '�+)"�*�+ label: V → Z, s ,�- &/.�0��)��1 T .

1: 2
3 i← 0.

2: '�(�* Q← ∅.

3: T ← ∅.

4: for v ∈ V do

5: label(v) ← 0. { 4
�
��+5' +)"�*�+�, 0 &�.�0 .}

6: end for

7: %�&�' s , Q 6��������)0 .

8: i← 1.

9: label(s)← i.

10: while Q 6= ∅ do

11: v , Q +5���)6
A)0�' &/.)0 .

12: for a ∈ δ+v do

13: w ← ∂−a.

14: if w R�4
�
�);$A 0 then

15: T ← T ∪ {a}.

16: w , Q +�	�
��)6�/�
)0 .

17: i← i + 1.

18: label(w)← i.

19: end if

20: end for

21: v , Q C�D�K L N O .

22: end while
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1.3 +�����<�����	�
�����,�
��)!
"$# G = (V, A) ,����)0 . G 6�����G , '

v1 C D���P
0������$�
����,���� . >��.+�')C�D/%$G
=)0�E�,�H�I)0�&���6
R , ?�� 9��
��= E�C D! �6 H�I)0 ("�# R�E�, H�I�0  $? R%$�� ;�&�' = ).

 + +�)$' v +�* O +
+0+
6 label(v) +�-�, .�/�� , ���51 T +�E�,�102);�3�4 .
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1.3.3. ���������
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1.4(a) + � �/<���� 9�� ��D 
�J�&��56 , /���&/%����.+���,�� � � 05J���65���/�
� �
� ,��)=�0���&B9 ;��$0 . �)+$J��$6 , � ��D 
$J�����C D! �" +����B6�!$"$# ( +
����	 
���� ) ,$#�%�. 0 .

(1) /&��&B%���65'�,$' O .

(2) ����+�+
;�� 9�(��� 
@)6�))C�
�0$)�*
')6�'�,$' O .

(3) ����+�+
;�� �$+�P L�6
<�,�G�=�0$-
')6�' ,
' O .

(4) ����+�+�+�� 6�.&,�G , (1)∼(3) ;�')=$J�'�$0����,0/�1 .

 
1.4(b) R , @�.�+ (1)2 (4) 6�3&,�G�#�% ��

J)!
"$# ( +�����	�
���� ) ;
A)0 .
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1.4: (a) ����& (b) ��+)!$"
#��0�

1�4)6
R , ���)95����D 
 J &���6���+)!
" #�����,$' C
<�O�G & , ����+���� �
�
�
��9 $ +�����6$<)0�C
R�6�7�;��
0�;
A�8�� .

Q: � ���
�
����,0�)=
G ,
 

1.5 +�����+�/9�5C�D�%��
P�;�+���,$:���� .
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